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ʈɽʌɽʈɸʊ 

ɿʚʽʪ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ ʅɼʈ: 151 ʩ., 40 ʨʠʩ., 39 ʪʘʙʣ., 227 ʜʞʝʨʝʣ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʬʣʦʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʤʽʢʨʦʬʣʦʨʠ ʫ ˇʨʫʥʪʽ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʤʽʢʨʦʬʣʦʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ, ʨʘʜʽʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ, 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʡ, ʘʛʨʦʭʽʤʽʯʥʽ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ. 

ɺʧʝʨʰʝ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʤʽʢʨʦʬʣʦʨʦʶ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜ Tea Bag ɯndex 

(TBI), ʱʦ ʙʫʚ ʘʧʨʦʙʦʚʘʥʠʡ ʜʣʷ ʨʽʟʥʠʭ ʝʢʦʩʠʩʪʝʤ ʫ ʙʽʣʴʰ, ʥʽʞ 2000 ʤʽʩʮʷʭ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ ʽ ʥʘʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟʽ ʩʚʽʪʦʚʠʤʠ 

ʜʦʩʷʛʥʝʥʥʷʤʠ. 

ʋ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ ʥʘ 

ʦʩʥʦʚʽ ʨʝʪʝʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʫʤʦʚ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʟʥʘʯʝʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ, ʱʦ ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ 

0,2 ʤʢɻʨ/ʛʦʜ ʜʦ 1.6 ʤʢɻʨ/ʛʦʜ. ɺʝʣʠʯʠʥʘ ʩʬʦʨʤʦʚʘʥʠʭ ʜʦʟ ʟʘ ʧʝʨʽʦʜ 

ʩʧʦʩʪʝʨʝʞʝʥʴ (ʧʝʨʽʦʜ ʦʜʥʽʻʾ ʟʘʢʣʘʜʢʠ ï 90 ʜʽʙ) ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ 0,4 ʜʦ 3,5 ʤɻʨ.   

ʋ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ʚʽʜʽʙʨʘʥʦ ʪʘ  ʦʙʩʪʝʞʝʥʦ ʯʦʪʠʨʠ  ʜʽʣʷʥʢʠ 

ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʥʘ ʷʢʠʭ  ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʩʢʣʘʜʘʣʘ: ʥʘ 1-ʡ ʜʽʣʷʥʮʽ ï 3,7 ʤʢɻʨ/ʛʦʜ, ʥʘ 2-ʡ ʜʽʣʷʥʮʽ 

ï 22,2  ʤʢɻʨ/ʛʦʜ, ʥʘ 3 ï ʡ ʜʽʣʷʥʮʽ ï 61,6  ʤʢɻʨ/ʛʦʜ , ʥʘ 4 ï ʡ ʜʽʣʷʥʮʽ ï 84,0  

ʤʢɻʨ/ʛʦʜ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʦʟʠʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ 

ʬʦʨʤʫʚʘʣʘʩʷ ʜʦʟʘ ʚʽʜ 8 ʜʦ 181ʤɻʨ. 

ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʬʣʦʨʠ (TBI-ʽʥʜʝʢʩʠ) ʚʽʜ ʨʽʟʥʠʭ ʜʦʟ  ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ, ʘ ʪʘʢʦʞ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ ʡ ʛʫʤʽʥʦʚʠʭ ʩʧʦʣʫʢ. 

ʇʨʦʚʝʜʝʥʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʥʘʧʨʷʤʢʫ ʧʨʦʻʢʪʫ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ 

(EGU General Assembly, 2021) ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ (ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʏʦʨʥʦʙʠʣʴʩʴʢʘ ʢʘʪʘʩʪʨʦʬʘ. ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ, 

ʥʘʧʨʷʤʢʠ ʪʘ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷè, 2021; ɺʩʝʫʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʡ ʚʝʙʽʥʘʨ çʋʈʆʂʀ ʏʆʈʅʆɹʀʃʗè, 2021) ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʧʫʙʣʽʢʘʮʽʻʶ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʴ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʌʦʥʜʫ.  
 

ʈ̂ʋʅʊʆɺɸ ʄɯʂʈʆʌʃʆʈɸ, ɿɸɹʈʋɼʅɽʅɸ ʈɸɼɯʆʅʋʂʃɯɼɸʄʀ ʊɽʈʀʊʆʈɯʗ, 

ʇʀʊʆʄɸ ɸʂʊʀɺʅɯʉʊʔ ʈɸɼɯʆʅʋʂʃɯɼʋ, 137Cs, 90Sr.  
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ABSTRACT 

The Report of the Project Research Work implementation: 151 pages, 40 figures, 

39 tables, 227 sources. 

Purpose - study of microflora cellulose-destroying activity state of 

Ukrainian Polissya soils contaminated with radionuclides. 

Research object ï patterns of changes in the functional activity of cellulose-

destroying microflora in soil with different levels of radionuclide contamination. 

Research subject - parameters of functional activity of cellulose-destroying 

microflora of soils contaminated with radionuclides. 

Research methods - spectrometric, radiochemical analysis, microbiological, 

agrochemical, and statistical analysis. 

For the first time on the radionuclide-contaminated territory, the world-

standard Tea Bag Index (TBI) method has been used to determine the rate of 

organic matter decomposition. TBI has been tested for various ecosystems in more 

than 2,000 locations around the world and allows us to compare results with global 

achievements. 

The absorbed dose rate ranging from 0.2 ɛGy/h to 1.6 ɛGy/h for soil 

microorganisms was determined in the zone of unconditional (compulsory) 

resettlement based on a thorough examination of the radionuclide contamination 

conditions. The value of the formed doses for the observations period (incubation 

time c. 90 days) ranged from 0.4 to 3.5 mGy.  

In the ChNPP Exclusion Zone, four research sites of natural ecosystems 

were selected and surveyed. The absorbed dose rate for soil microflora was: 3.7 

ɛGy/h in the 1st site, 22.2 ɛGy/h in the 2nd site, 61.6 ɛGy/h in the 3rd site, 84.0 

ɛGy/h in the 4th site and, accordingly, during the period of plant substrate 

incubation, a dose of 8 to 181 mGy was formed. 

Changes of the TBI coefficients at different doses of ionizing radiation 

generated at different research sites, as well as the enzymatic activity of the 

microflora and humic compounds have been studied. 

The project direction was popularized at the international level and 

previously obtained results were demonstrated at the international foreign (EGU 

General Assembly, 2021) and domestic (International scientific-practical 

conference "Chernobyl disaster. Current problems, directions and ways to solve 

them", 2021; All-Ukrainian scientific-practical webinar "CHERNOBYL 

LESSONS", 2021) conferences with the publication of research materials 

implemented at the expense of the Foundation. 

 

SOIL MICROFLORA, TERRITORY CONTAMINATED WITH 

RADIONUCLIDES, RADIONUCLID ACTIVITY  CONCENTRATION, 137Cs, 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ, ʋʄʆɺʅʀʍ ʇʆɿʅɸʂ, ʉʀʄɺʆʃɯɺ, 

ʆɼʀʅʀʎʔ ɯ ʊɽʈʄɯʅɯɺ 

 

 

ɸɽʉ ï ʘʪʦʤʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ɹʢ ï ɹʝʢʝʨʝʣʴ, ʦʜʠʥʠʮʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʉɯ.  

ɹʢ/ʢʛ ï ɹʝʢʝʨʝʣʴ ʥʘ ʢʽʣʦʛʨʘʤ (ʦʜʠʥʠʮʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ) 

ɻʅʇɸʈ ï ʛʽʛʽʻʥʽʯʥʠʡ ʥʦʨʤʘʪʠʚ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʽ 90Sr 

ɼʈ-2006 ï ʜʝʨʞʘʚʥʽ ʛʽʛʽʻʥʽʯʥʽ ʥʦʨʤʘʪʠʚʠ çɼʦʧʫʩʪʠʤʽ ʨʽʚʥʽ 

ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʽ 90Sr ʫ ʧʨʦʜʫʢʪʘʭ 

ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʧʠʪʥʽʡ ʚʦʜʽè 

ʢɹʢ/ʤ2 ï ʢʽʣʦʙʝʢʝʨʝʣʴ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ 

ɻʨ ï ɻʨʝʡ, ʦʜʠʥʠʮʷ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ 

ʂʅ  ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ 

ʂʇ  ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ  

ʏɸɽʉ ï ʏʦʨʥʦʙʠʣʴʩʴʢʘ ʘʪʦʤʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

137Cs ï ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ ʮʝʟʽʡ-137 

90Sr ï ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ ʩʪʨʦʥʮʽʡ-90 

ɿɺ ï ɿʦʥʘ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ 

ɿɹ(ʆ)ɺ  ɿʦʥʘ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ 
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ɺʉʊʋʇ 

 

ʃʽʢʚʽʜʘʮʽʷ ʥʘʩʣʽʜʢʽʚ ʤʘʩʰʪʘʙʥʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ 

ɸɽʉ, ʱʦ ʩʪʘʣʘʩʷ 35 ʨʦʢʠ ʪʦʤʫ ʚ ʋʢʨʘʾʥʽ, ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʣʘ ʥʝ ʣʠʰʝ ʨʝʘʣʴʥʫ 

ʥʝʙʝʟʧʝʢʫ ʚʽʜ çʤʠʨʥʦʛʦè ʘʪʦʤʫ, ʘʣʝ ʡ ʜʦʚʝʣʘ, ʱʦ ʣʶʜʩʪʚʫ ʥʝ ʣʠʰʘʻʪʴʩʷ 

ʚʠʙʦʨʫ ʫ ʪʦʤʫ, ʱʦ ʞʠʪʠ ʜʦʚʦʜʠʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʧʨʠʩʫʪʥʽʩʪʶ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʜʣʠʰʢʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʰʪʫʯʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ï ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. ɿʘ ʮʝʡ ʯʘʩ ʥʘʢʦʧʠʯʝʥʠʡ ʚʝʣʠʯʝʟʥʠʡ 

ʜʦʩʚʽʜ, ʟʦʢʨʝʤʘ ʥʘʫʢʦʚʠʡ, ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʧʨʦʪʠʨʘʜʽʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. ʅʘ ʙʘʛʘʪʴʦʭ ʤʽʞʥʘʨʦʜʥʠʭ ʏʦʨʥʦʙʠʣʴʩʴʢʠʭ 

ʬʦʨʫʤʘʭ ʜʦʚʝʜʝʥʦ, ʱʦ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ 

ʟʘʭʦʜʽʚ ʚʜʘʣʦʩʷ ʟʥʠʟʠʪʠ ʬʘʢʪʠʯʥʦ ʫʜʚʽʯʽ [1ï5]. ɿʘʚʜʷʢʠ ʥʝʡʤʦʚʽʨʥʠʭ ʟʫʩʠʣʴ ʫ 

ʛʦʩʪʨʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʾ ʥʝ ʙʫʣʦ ʜʦʧʫʱʝʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʜʦʟ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤ. ʇʨʠʧôʷʪʴ ʽ ʤʘʡʞʝ ʫ ʩʪʘ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʟʦʥʠ 

ʚʽʜʯʫʞʝʥʥʷ ʽ ʟʦʥʠ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ. ʊʦʙʪʦ ʫ 

ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ, ʱʦ ʙʫʣʠ ʥʘʢʦʧʠʯʝʥʽ ʫ 

ʜʦʘʚʘʨʽʡʥʠʡ ʧʝʨʽʦʜ, ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʚʝʣʠʢʠʭ ʫʩʧʽʭʽʚ. ʑʦʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʪʦ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʥʘʤʘʛʘʥʥʷ ʙʘʛʘʪʴʦʭ 

ʥʘʫʢʦʚʠʭ ʮʝʥʪʨʽʚ ʽ ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʮʽʚ, ʜʦʩʷʛʥʝʥʥʷ ʫ ʮʴʦʤʫ ʧʣʘʥʽ ʙʽʣʴʰ 

ʩʢʨʦʤʥʽ. ʇʨʠʯʠʥʦʶ ʪʦʤʫ ʻ ʥʝ ʣʠʰʝ ʧʨʦʨʘʭʫʥʢʠ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʘʣʝ ʡ ʫ 

ʪʦʤʫ, ʱʦ ʙʘʛʘʪʦ ʯʘʩʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʩʘʤʝ ʧʨʘʢʪʠʯʥʽʡ ʨʦʙʦʪʽ, ʩʧʨʷʤʦʚʘʥʽʡ ʥʘ 

ʟʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ. ʄʝʪʦʜʠʯʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʧʣʠʚʫ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʦʢʨʝʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʽʦʪʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʤʽʢʨʦʙʽʦʪʠ, ʥʘʚʽʪʴ ʫ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʜʫʞʝ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ ʽ 

ʧʦʢʠ ʱʝ ʥʝ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʡ ʥʝ ʛʘʨʤʦʥʽʟʦʚʘʥʽ ʤʝʪʦʜʠʯʥʦ. ɿʘ ʦʩʪʘʥʥʽʡ ʯʘʩ ʫ 

ʙʽʦʣʦʛʽʯʥʽʡ ʥʘʫʮʽ ʚʽʜʙʫʚʩʷ ʧʝʚʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʨʦʨʠʚ ʫ ʛʣʠʙʠʥʫ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʡ ʛʝʥʝʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʟʤʽʥʘʤʠ ʚ ʦʨʛʘʥʽʟʤʽ ʫ ʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ 

ʤʽʥʽʤʘʣʴʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʙʽʦʪʫ. ɼʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʯʘʩʫ 

ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʨʦʙʣʝʤʫ ʚʧʣʠʚʫ ʤʘʣʠʭ ʜʦʟ ʨʘʜʽʘʮʽʾ ʥʘ ʙʽʦʪʫ, 
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ʘ ʩʘʤʝ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʧʨʦʞʠʚʘʶʪʴ ʩʴʦʛʦʜʥʽ ʣʶʜʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʟʘʙʨʫʜʥʝʥʠʭ 

ʰʪʫʯʥʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʧʽʩʣʷ ʘʚʘʨʽʡ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʽ ɸɽʉ 

çʌʫʢʫʩʽʤʘ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʥʘʢʦʧʯʝʥʠʡ ʜʦʩʚʽʜ ʣʽʢʚʽʜʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ 

ʧʝʨʝʜʯʘʩʥʦ ʚʚʘʞʘʪʠ ʧʨʦʙʣʝʤʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ 

ʚʠʨʽʰʝʥʦʶ. ʉʘʤʝ ʪʦʤʫ  ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʩʪʘʥʽ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʪʘ ʦʮʽʥʢʫ ʾʭ ˇʨʫʥʪʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʫ ʪʝʨʠʪʦʨʽʶ ʷʢ ʧʦʣʽʛʦʥ ʜʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʚʯʝʥʥʷ ʩʪʘʥʫ ʤʽʢʨʦʙʽʦʪʠ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ (ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʝʣʠʢʠʤ ʨʘʜʽʘʮʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʨʽʚʥʽ, ʥʘʚʽʪʴ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʽʩʣʷ ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ ʫ ʗʧʦʥʽʾ ʛʨʫʧʦʶ ʜʦʩʣʽʜʥʠʢʽʚ ʟ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʊʦʢʽʦ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ʊ. ʊʘʢʘʭʘʰʽ [6]. ʉʣʽʜ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʩʧʨʦʙʫ ʜʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʩʪʘʥʫ ʤʽʢʨʦʙʥʦʛʦ 

ʮʝʥʦʟʫ ʚ ˇʨʫʥʪʘʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ɿ.ɺ. ʂʘʣʘʰʥʽʢʦʚʦʶ ʪʘ ʽʥ. [7], ʃ. ɺ. 

ɻʨʠʛʦʨôʻʚʦʶ ʪʘ ʽʥ. [8]. ɺʦʥʠ ʚʠʟʥʘʯʘʣʠ ʯʠʩʝʣʴʥʽʩʪʴ ʧʝʚʥʠʭ ʛʨʫʧ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ: ʘʚʪʦʭʪʦʥʥʫ ʡ ʘʣʦʭʪʦʥʥʫ ʤʽʢʨʦʬʣʦʨʫ, ʩʝʨʝʜ ʷʢʠʭ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʤʦʥʽʡ- ʪʘ ʥʽʪʨʠʬʽʢʘʪʦʨʠ. ɹʫʣʦ ʚʽʜʟʥʘʯʝʥʦ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʱʽʣʴʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʥʘʜ 10 ʂʽ/ʢʤ2 (555 ʢɹʢ/ʤ2). ɯ.ʂ. ʂʨʘʚʯʝʥʢʦ ʪʘ ʽʥ. [9] 

ʨʝʻʩʪʨʫʚʘʣʠ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʙʘʢʪʝʨʽʡ ʫ ʟʘʙʨʫʜʥʝʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ˇʨʫʥʪʘʭ, ʷʢʝ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʘʜʽʫʩʫ 

ʚʽʜʜʘʣʝʥʥʷ ʜʦ ʏɸɽʉ. 

ʋ ʩʚʽʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʚʠʚʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʱʦʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʬʦʨʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. ʊʘʢ, ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤ, ʚʠʜʽʣʝʥʠʤ ʟ 

ʫʨʘʥʦʚʠʭ ʰʘʭʪ, ʪʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 
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ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʇʨʦʚʽʜʥʦʶ ʥʘʫʢʦʚʦʶ ʛʨʫʧʦʶ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʉ.ɺ. ɽʡʚʝʨʽ 

ʪʘ ʽʥ. [10], ʟʫʩʠʣʣʷʤʠ ʷʢʠʭ ʙʫʣʦ ʟʽʙʨʘʥʦ ʽ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʨʽʟʥʽ ʰʣʷʭʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ ʮʝʟʽʶ ʽ ʫʨʘʥʫ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʤʽʢʨʦʙʽʦʪʠ. ʇʦʨʷʜ ʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʨʫʡʥʫʚʘʥʥʷ 

ʮʝʣʶʣʦʟʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʤʘʶʪʴ ʤʽʢʨʦʤʽʮʝʪʠ. ɺʧʣʠʚ ʧʽʜʚʠʱʝʥʠʭ 

ʜʦʟ ʽʦʥʽʟʫʶʯʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʤʝʪʘʙʦʣʽʟʤ ʥʘ ʤʽʢʨʦʤʽʮʝʪʠ ʽ ʟʤʽʥʠ ʚ 

ʧʦʧʫʣʷʮʽʷʭ ʙʫʣʘ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʘ ʛʨʫʧʦʶ ʅ. ʄ. ɾʜʘʥʦʚʦʾ, ʘ ʧʽʟʥʽʰʝ ʽ 

ʊ.ɯ. ʊʫʛʘʡ [11ï15]. ɼʦʩʣʽʜʥʠʢʠ ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʥʷ ʩʠʥʪʝʟʫ ʤʝʣʘʥʽʥʫ, 

ʨʘʜʽʦʪʨʦʧʽʟʤ ʪʘ ʩʪʠʤʫʣʷʮʽʶ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʤʽʮʝʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʆʪʞʝ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʙʫʜʴ-ʷʢʦʛʦ ʯʠʥʥʠʢʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʚʠʷʚʣʷʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦ 

ʥʝʦʙʭʽʜʥʠʤ ʘʥʘʣʽʟ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʷʭ, 

ʧʦʯʠʥʘʶʯʠ ʟ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʊʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ 

ʫ ʩʪʘʥʽ ʧʦʧʫʣʷʮʽʡ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭ 

ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ, ʷʢ ʦʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʣʘʥʦʢ ʪʨʦʬʽʯʥʠʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʫ ʽ ʦʪʨʠʤʘʥʥʷ 

ʜʦʙʨʦʷʢʽʩʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʪʘ 

ʘʢʪʫʘʣʴʥʠʤ. 

ʌʽʥʘʥʩʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʤʝʞʘʭ ʧʨʦʻʢʪʫ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 34 ʇʦʨʷʜʢʫ ʢʦʥʢʫʨʩʥʦʛʦ ʚʽʜʙʦʨʫ ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʤ ʬʦʥʜʦʤ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʝʢʪʽʚ ʟ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 27 ʛʨʫʜʥʷ 2019 ʨ. ˉ 1170. 

ʇʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʻ ʨ̔ ʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʨʘʜʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ (ʧʨʦʪʦʢʦʣ ˉ 21 ʚʽʜ ç16-17è 

ʚʝʨʝʩʥʷ 2020 ʨʦʢʫ) ʧʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʢʫʨʩʫ çʅʘʫʢʘ ʜʣʷ 

ʙʝʟʧʝʢʠ ʣʶʜʠʥʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘè ʱʦʜʦ ʥʘʜʘʥʥʷ ʛʨʘʥʪʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʦʝʢʪʫ 

2020.01/0489 çʎʝʣʶʣʦʟʦʨʫʡʥʫʶʯʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʽʚ 
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ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʚ ʫʤʦʚʘʭ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʾʾ ʫʯʘʩʪʴ ʫ 

ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʨʦʮʝʩʘʭ (ʚʢʣʶʯʘʶʯʠ ʧʽʨʦʛʝʥʥʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ 

ˇʨʫʥʪʠ)è; ʜʦʛʦʚʽʨ ˉ200/01/0489 ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʨʦʟʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʛʨʘʥʪʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʚʽʜ 20.05.2021 ʨʦʢʫ ʤʽʞ 

ʅʘʮʽʦʥʘʣʴʥʠʤ ʬʦʥʜʦʤ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ (ɻʨʘʥʪʦʥʘʜʘʚʘʯ) ʪʘ ʅʘʮʽʦʥʘʣʴʥʠʤ 

ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

(ɻʨʘʥʪʦʦʪʨʠʤʫʚʘʯ).  

ʄʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ 

ʤʽʢʨʦʬʣʦʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʤʽʢʨʦʬʣʦʨʠ ʫ ˇʨʫʥʪʽ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʤʽʢʨʦʬʣʦʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʧʝʢʪʨʦʤʝʪʨʠʯʥ,̔ ʨʘʜʽʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ, 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥ,̔ ʘʛʨʦʭʽʤʽʯʥʽ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʇʨʦʻʢʪʫ: 

1. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʫ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ ʇʦʣʽʩʩʷ ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʟ 

ʽʥʰʠʤʠ ˇʨʫʥʪʦʚʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ.  

2. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʽ ʚʽʜ 

ʨʦʟʚʠʪʢʫ ʮʝʣʶʣʦʟʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʢʘʭ ʚ ʧʨʠʨʦʜʥʠʭ 

ʫʤʦʚʘʭ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ;  

3. ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʮʝʣʶʣʦʟʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʚʠʜʽʣʝʥʽ ʟ ˇʨʫʥʪʫ 

ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʫʪʚʦʨʝʥʥʷ ʛʫʤʽʥʦʧʦʜʽʙʥʠʭ 

ʨʝʯʦʚʠʥ;  

4. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʤʽʩʪʫ ʽ ʘʢʪʠʚʥʦʩʪʽ ʫ ʛʨʫʥʪʽ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʬʝʨʤʝʥʪʽʚ 

ʪʠʧʫ ʬʝʥʦʣʦʢʩʠʜʘʟ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ  ʛʫʤʽʥʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ. 
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ʊʘʢʦʞ ʰʣʷʭʦʤ ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʽ ʟʦʥʽ 

ʙʝʟʫʤʦʚʥʦʛʦ  (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʚʽʜʽʙ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʛʨʘʜʽʻʥʪʫ ʟʘ ʨʘʜʽʦʘʢʪʠʚʥʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦʟʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʤʽʢʨʦʬʣʦʨʫ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʾʭ ʨʘʜʽʦʣʦʛʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ  ʟʙʽʨ ʙʘʟʦʚʠʭ ʝʤʧʽʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʚ  ʝʢʩʧʝʜʠʮʽʡʥʫ  ʢʘʤʧʘʥʽ ʁʫ ʟʦʥʫ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ʜʣʷ 

ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʫ ʽ ʟʘʢʣʘʜʢʠ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʋ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙʘʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʠʤʽʨʷʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɸʢʪʠʚʥʽʩʪʴ 137Cs ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ g-ʩʧʝʢʪʨʦʤʝʪʨʽʾ, 

90Sr ʪʘ TUE ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ 

ʨʦʟʨʘʭʦʚʘʥʽ ʧʦʛʣʠʥʫʪʽ ʜʦʟʠ ʽʦʥʽʟʫʶʯʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ 

ʥʘ ʦʙʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ. ʇʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ 

ʘʛʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ, ʪʘʢʠʭ ʷʢ ʢʠʩʣʦʪʥʽʩʪʴ, ʚʤʽʩʪ ʘʟʦʪʫ, 

ʢʘʣʽʶ, ʬʦʩʬʦʨʫ, ʛʫʤʫʩʫ ʽ ʟʘ ʤʦʞʣʠʚʽʩʪʶ, ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘ 

ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʙʽʦʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɿʘʚʜʘʥʥʷʤ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʧʨʦʻʢʪʫ ʙʫʣʘ ʦʨʛʘʥʽʟʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʘʡʜʘʥʯʠʢʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʾʭ ʨʘʜʽʦʣʦʛʽʯʥʦʾ ʪʘ ʘʛʨʦʭʽʤʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʻʢʪʫ ʧʦʚʝʜʝʥʦ ʟʘʢʣʘʜʢʫ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʥʘ 

ʦʙʨʘʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ, ʾʭ ʚʽʜʙʽʨ ʽ ʟʘʤʽʥʘ ʢʦʞʥʽ 90 ʜʽʙ ʝʢʩʧʦʟʠʮʽʾ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʊɺɯ ʽʥʜʝʢʩʫ. 

ʅʘ ʪʨʝʪɹ ʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʝʟʶʣʦʟʦʨʫʡʥʫʶʯʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʙʥʠʭ ʫʛʨʫʧʫʚʘʥʴ, ʾʭ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʉʆ2 ʪʘ Nʆ2 

ʝʤʽʩʽʻʶ, ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʛʫʤʽʥʦʚʠʭ ʩʧʦʣʫʢ.  

ɻʘʣʫʟʽ ʥʘʫʢʠ ʪʘ ʩʫʩʧʽʣʴʥʦʾ ʧʨʘʢʪʠʢʠ, ʜʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʜʫʢʮʽʷ ï ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʣʽʩʽʚʥʠʮʪʚʦ, ʦʭʦʨʦʥʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  
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1 ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

1.1. ɺʧʣʠʚ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʤʽʢʨʦʙʽʦʪʫ 

 

ʨ̂ʫʥʪ ï ʦʜʠʥ ʟ ʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʧʦʩʪʨʘʞʜʘʚ 

ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ [16, 17]. ʆʙʤʽʥʥʽ ʧʨʦʮʝʩʠ, ʱʦ  

ʚ̔ ʜʙʫʚʘʶʪʴʩʷ ʚ ˇʨʫʥʪʘʭ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʶ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʝʫʢʘʨʽʦʪʘʤʠ ï ʤʽʢʨʦʤʽʮʝʪʘʤʠ, 

ʚʦʜʦʨʦʩʪʷʤʠ, ʥʘʡʧʨʦʩʪʽʰʠʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʢʘʨʽʦʪʘʤʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʙʘʢʪʝʨʽʾ ʪʘ ʮʽʘʥʦʙʘʢʪʝʨʽʾ [18]. ɺʦʥʠ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʚʯʝʥʽ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ 

ʛʨʫʥʪʽʚ ʚ ʥʦʨʤʽ, ʫ ʧʝʚʥʽʡ ʤʽʨʽ ʥʘ ʝʨʦʜʦʚʘʥʠʭ ʛʨʫʥʪʘʭ, ʛʨʫʥʪʘʭ, ʟʘʙʨʫʜʥʝʥʠʭ 

ʜʝʷʢʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʪʘʢʽ ʚʽʜʦʤʦʩʪʽ ʜʫʞʝ ʦʙʤʝʞʝʥʽ ʟ ʦʯʝʚʠʜʥʠʭ ʧʨʠʯʠʥ ï ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʫʧʝʨʝʜʞʝʥʦʶ ʜʫʤʢʦʶ ʧʨʦ ʚʠʩʦʢʫ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘ ʟ ʽʥʰʦʛʦ, 

ʧʦʚôʷʟʘʥʫ ʟ ʮʠʤ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʧʠʪʫ ʥʘ ʪʘʢʽ ʜʘʥʽ. ʅʝ ʦʩʪʘʥʥʶ ʨʦʣʴ ʛʨʘʻ ʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʫʤʦʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʠʭ 

ʨʽʚʥʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ.  

ʇʨʦʪʝ, ʧʝʚʥʠʡ ʽʥʪʝʨʝʩ ʽ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʪʘʢʠʭ ʜʘʥʠʭ ʚʠʥʠʢ ʟ ʧʦʷʚʦʶ 

ʰʪʫʯʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʥʦʤʘʣʽʡ ʚʥʘʩʣʽʜʦʢ ʤʘʩʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ 

ʟʙʨʦʾ ʽ ʚʝʣʠʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʥʦʛʦ 

ʮʠʢʣʫ. ʎʝ ʩʧʨʠʷʣʦ ʧʨʦʚʝʜʝʥʥʶ ʨʘʜʽʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʪʘ  ʚʠʥʠʢʥʝʥʥʶ ʽ ʰʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʦʬʦʨʤʣʝʥʥʶ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʘʜʽʦʙʽʦʣʦʛʽʾ ï ʨʘʜʽʘʮʽʡʥʽʡ ʤʽʢʨʦʙʽʦʣʦʛʽʾ ʘʙʦ 

ʨʘʜʽʦʙʽʦʣʦʛʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʦʩʥʦʚʠ ʷʢʦʾ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʫ 20-ʪʽ ʨʦʢʠ 20-ʛʦ 

ʩʪʦʣʽʪʪʷ ʨʦʙʦʪʘʤʠ ʨʦʩʽʡʩʴʢʠʭ ʚʯʝʥʠʭ ɻ.ɸ. ʅʘʜʩʦʥʘ ʽ ɻ.ʉ. ʌʽʣʽʧʧʦʚʘ [19ï21]. 

ʉʘʤʝ ʪʦʜʽ ʚʦʥʠ ʚʧʝʨʰʝ ʥʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʭ (ʥʠʞʯʠʭ ʛʨʠʙʘʭ) ʚʩʪʘʥʦʚʠʣʠ 

ʷʚʠʱʝ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʫʪʘʛʝʥʝʟʫ. ɿ ʪʦʛʦ ʯʘʩʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʩʥʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʽʾ ʽʦʥʽʟʫʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʢʣʽʪʠʥʠ ʽ ʦʢʨʝʤʽ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽ ʩʪʨʫʢʪʫʨʠ, ʜʣʷ 



14 
 

ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʤʫʪʘʛʝʥʝʟʫ, ʨʝʧʘʨʘʮʽʾ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʥʝ ʪʽʣʴʢʠ 

ʨʘʜʽʦʙʽʦʣʦʛʽʯʥʠʭ, ʘʣʝ ʡ ʟʘʛʘʣʴʥʦ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʟʦʢʨʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʙʽʦʣʦʛʽʾ, ʢʣʽʪʠʥʥʦʾ ʙʽʦʣʦʛʽʾ, ʛʝʥʝʪʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʟ 

ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʥʘʜʟʚʠʯʘʡʥʫ ʩʪʽʡʢʽʩʪʴ ʜʝʷʢʠʭ ʟ 

ʥʠʭ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ ʽʦʥʽʟʫʶʯʦʶ ʨʘʜʽʘʮʽʻʶ, ʟʥʘʯʥʦ ʟʤʽʥʠʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ ʞʠʪʪʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ.     

ʇʨʦʪʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʬʘʢʪ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʾ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ 

ʜʝʷʢʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʫʚ ʚʽʜʦʤʠʡ ʜʘʚʥʦ, ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʫʣʠ ʨʦʟʧʦʯʘʪʽ ʣʠʰʝ ʫ 50-ʪʽ ʨʦʢʠ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʟ ʧʦʷʚʦʶ ʚʠʩʦʢʦʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤʠ ʧʝʨʽʦʜʘʤʠ 

ʥʘʧʽʚʨʦʟʧʘʜʫ ʽ ʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʫʪʦʶ ʟʜʘʪʥʽʩʪʶ (60ʉʦ, 137Cs),  ʛʝʥʝʨʘʪʦʨʽʚ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʥʝʡʪʨʦʥʽʚ ʪʘ ʩʧʨʦʙʘʤʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʤʝʪʦʶ 

ʨʘʜʽʦʧʘʩʪʝʨʠʟʘʮʽʾ ʽ ʨʘʜʽʦʢʦʥʩʝʨʚʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʨʘʜʽʦʩʪʝʨʠʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʤʝʜʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʉʘʤʝ ʪʦʜʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʧʽʚʣʝʪʘʣʴʥʽ ʽ ʣʝʪʘʣʴʥʽ ʜʦʟʠ, 

ʚʽʜʧʦʚʽʜʥʦ, ʃɼ50 ʘʙʦ D50 ʽ ʃɼ100 ʘʙʦ D100 ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʛʨʫʧ. ɰʭ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʫʟʘʛʘʣʴʥʝʥʽ ʫ ʮʽʣʽʡ ʥʠʟʮʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ 50-80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ [22ï30]. 

ɺ ʥʘʰ ʯʘʩ ʽʥʪʝʨʝʩ ʜʦ ʧʠʪʘʥʴ ʨʘʜʽʘʮʽʡʥʦʾ ʤʽʢʨʦʙʽʦʣʦʛʽʾ ʜʠʢʪʫʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʯʠʩʪʦ ʧʨʠʢʣʘʜʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʥʘʫʢʠ, ʭʦʯʘ ʡʦʛʦ 

ʚʘʞʣʠʚʽʩʪʴ ʙʝʟʩʧʽʨʥʘ [31, 32]. ʇʨʦʪʝ ʚʠʥʠʢʣʘ ʮʽʣʘ ʥʠʟʢʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʰʪʫʯʥʠʤʠ 

ʜʦʚʛʦʞʠʚʫʯʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʧʽʩʣʷ ʤʘʩʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʷʜʝʨʥʦʾ ʟʙʨʦʾ ʽ 

ʚʝʣʠʢʠʭ ʘʚʘʨʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʮʠʢʣʫ. ʋ ʮʽʡ ʩʠʪʫʘʮʽʾ 

ʫʚʘʛʘ ʨʘʜʽʦʙʽʦʣʦʛʽʚ ʙʫʣʘ ʧʨʠʢʫʪʘ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʜʦ ʚʽʜʥʦʩʥʦ ʨʘʜʽʦʯʫʪʣʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ï ʪʚʘʨʠʥ ʽ ʚʠʱʠʭ ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ [33ï36]. ɸʣʝ, ʷʢ ʧʦʢʘʟʘʣʠ ʥʘʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʙʫʣʠ ʫʟʘʛʘʣʴʥʝʥʽ ʽ ʦʧʨʠʣʶʜʥʝʥʽ ʫ 

ʤʦʥʦʛʨʘʬʽʾ çʄʽʢʨʦʬʣʦʨʘ ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ˇʨʫʥʪʽʚè [37], 

ʤʽʢʨʦʙʦʮʝʥʦʟʠ, ʟʦʢʨʝʤʘ ʤʽʢʨʦʙʦʮʝʥʦʟʠ ˇʨʫʥʪʽʚ,  ʤʦʞʫʪʴ ʜʦʩʠʪʴ ʯʫʪʣʠʚʦ 
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ʨʝʘʛʫʚʘʪʠ ʥʘ ʭʨʦʥʽʯʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʽʦʥʽʟʫʶʯʦʶ ʨʘʜʽʘʮʽʻʶ. ʇʨʠ ʮʴʦʤʫ ʟʘ 

ʪʨʠʚʘʣʦʾ ʧʦʩʪʽʡʥʦʾ ʜʽʾ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʾʭ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ, ʘʢʪʠʚʥʽʩʪʴ. ʎʝ 

ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʘʥ ʬʽʪʦʮʝʥʦʟʽʚ, ʟʦʦʮʝʥʦʟʽʚ ʪʘ ʙʽʦʮʝʥʦʟʫ ʚ ʮʽʣʦʤʫ 

ʽ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥ ʫ ˇʨʫʥʪʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ. ʆʜʥʦʤʫ ʟ ʘʩʧʝʢʪʽʚ 

ʮʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ, ʚʧʣʠʚʫ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʥʘ ʩʪʘʥ ʪʘ 

ʘʢʪʠʚʥʽʩʪʴ ʜʝʷʢʠʭ ʚʠʜʽʚ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʧʨʠʩʚʷʯʝʥʠʡ 

ʜʘʥʠʡ ʧʨʦʝʢʪ. 

 

1.2. ʈʘʜʽʦʩʪʽʡʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

 

ɼʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʾʭ ʨʝʧʨʦʜʫʢʪʠʚʥʘ ʟʘʛʠʙʝʣʴ, ʪʦʙʪʦ ʚʪʨʘʪʘ ʟʜʘʪʥʦʩʪʽ ʜʦ 

ʨʦʟʤʥʦʞʝʥʥʷ [38]. ʋʥʘʩʣʽʜʦʢ ʜʠʩʢʨʝʪʥʦʩʪʽ ʘʢʪʽʚ ʧʦʛʣʠʥʘʥʥʷ ʢʚʘʥʪʽʚ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʠ ʽʦʥʽʟʫʶʯʠʭ ʷʜʝʨʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʨʽʟʥʦʛʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, ʨʝʧʨʦʜʫʢʪʠʚʥʘ 

ʟʘʛʠʙʝʣʴ ʻ ʧʦʜʽʻʶ ʽʤʦʚʽʨʥʽʩʥʦʶ. ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʧʦʧʫʣʷʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʨʝʧʨʦʜʫʢʪʠʚʥʦʾ ʟʘʛʠʙʝʣʽ ʚʽʜ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʫʶʪʴ ʢʨʠʚʽ çʜʦʟʘ-ʝʬʝʢʪè, ʢʦʪʨʽ ʥʘʛʣʷʜʥʦ ʤʦʞʫʪʴ 

ʧʨʝʜʩʪʘʚʠʪʠ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʨʽʟʥʠʭ ʚʠʜʽʚ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʨʘʞʝʥʥʷ 

ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʟʘ ʮʠʤʠ ʢʨʠʚʠʤʠ, ʷʢʽ ʫ ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʷʤʠʤʠ, ʚʠʟʥʘʯʘʶʪʴ ʜʦʟʫ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʚʥʦʛʦ ʚʽʜʩʦʪʢʫ ʟʘʛʠʙʝʣʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [39ï40].. 

ʏʘʩʪʦ-ʛʫʩʪʦ ʩʘʤʝ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʛʠʙʝʣʽ 

ʚʠʨʘʞʘʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʢʨʠʚʦʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʥʝ ʜʦʜʘʪʢʦʚʝ 

ʟʙʽʣʴʰʝʥʥʷ (ʧʨʠʨʦʱʫʚʘʥʥʷ) ʜʦʟʠ D ʚʠʢʣʠʢʘʻ ʝʬʝʢʪ ʫ ʧʝʚʥʦʾ ʯʘʩʪʢʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʥʝʫʨʘʞʝʥʠʤʠ ʽʟ ʟʘʛʘʣʴʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ. ʗʢʱʦ 

N ï ʢʽʣʴʢʽʩʪʴ ʥʝʫʨʘʞʝʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ N0 ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ ʫ ʜʦʟʽ D, ʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʟʠ ʥʘ dD ʫʨʘʞʫʻʪʴʩʷ ʧʝʚʥʘ ʯʘʩʪʢʘ 

ʥʝʫʨʘʞʝʥʠʭ (ʬʦʨʤʫʣʘ 1): 
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                                          dN/N = SdD,                                                     (1) 

ʜʝ S ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʩʪʽ. 

 

ɯʥʪʝʛʨʫʶʯʠ ʦʪʨʠʤʫʻʤʦ (ʬʦʨʤʫʣʘ 2): 

 

                                                   N = N0 exp(ïSD)                                             (2) 

 

ʗʢʱʦ ʜʦʟʘ ʪʘʢʘ, ʱʦ SD = 1, ʪʦ N/N0 = eï1 = 0,37. 

ʎʶ ʜʦʟʫ ʥʘʟʠʚʘʶʪʴ ʩʝʨʝʜʥʴʦʶ ʣʝʪʘʣʴʥʦʶ ʜʦʟʦʶ ʽ ʟʚʠʯʘʡʥʦ ʧʦʟʥʘʯʘʶʪʴ 

ʷʢ D0. ɿʥʘʭʦʜʷʪʴ ʾʾ, ʚʠʟʥʘʯʘʶʯʠ ʥʘ ʢʨʠʚʽʡ ʜʦʟʫ, ʧʨʠ ʢʦʪʨʽʡ 37% ʢʣʽʪʠʥʥʦʾ 

ʧʦʧʫʣʷʮʽʾ ʟʘʣʠʰʠʣʠʩʷ ʥʝʫʨʘʞʝʥʠʤʠ (ʘʙʦ 63% ʟʘʛʠʥʫʣʦ). ʏʠʤ ʙʽʣʴʰʝ D0, ʪʠʤ 

ʚʠʱʘ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʪʦʙʪʦ ʚʦʥʠ ʤʝʥʰ ʨʘʜʽʦʯʫʪʣʠʚʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʘʜʽʦʯʫʪʣʠʚʽʩʪʴ (R) ʻ ʦʙʝʨʥʝʥʦʶ ʚʝʣʠʯʠʥʦʶ D0 (ʬʦʨʤʫʣʘ 3): 

 

                                                       R = 1/D0                                                         (3) 

 

ʈʘʜʽʦʩʪʽʡʢʽʩʪʴ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʦʮʽʥʮʽ ʟʘ D0 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʪʘʙʣ. 1.1. ʆʢʨʝʤʽ ʚʠʜʠ ʽ ʰʪʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʪʘʙʣʠʮʽ 

ʚʠʢʣʘʜʝʥʦ ʫ ʧʦʨʷʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ, ʷʢʘ ʟʘ D0 ʟʨʦʩʪʘʣʘ ʟ 11 ɻʨ 

ʫ Pseudomonas fluorescens ʜʦ 1200 ɻʨ ʫ Bacillus mesentericus, ʪʦʙʪʦ ʙʽʣʴʰ, ʷʢ 

ʫ 100 ʨʘʟʽʚ. ʇʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ ʨʘʜʽʦʩʪʽʡʢʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʝʷʢʽ 

ʰʪʘʤʠ Escherichia coli ï ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ. 

ʄʽʭʝʻʚ ʆ.ʄ. [41], ʫʟʘʛʘʣʴʥʶʶʯʠ ʜʘʥʽ ʽʟ ʨʘʜʽʦʯʫʪʣʠʚʦʩʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʘʚʦʜʠʪʴ ʥʘʩʪʫʧʥʽ ʮʠʬʨʠ (ʪʘʙʣ. 1.2). ɹʝʟʧʝʨʝʯʥʦ, ʮʽ ʜʘʥʽ 

ʜʝʱʦ ʩʧʨʦʱʝʥʽ, ʫʟʘʛʘʣʴʥʝʥʽ, ʧʨʦʪʝ ʚʦʥʠ ʜʘʶʪʴ ʨʝʘʣʴʥʫ ʫʷʚʫ ʧʨʦ ʜʽʘʧʘʟʦʥ 

ʧʽʚʣʝʪʘʣʴʥʠʭ ʜʦʟ ʜʣʷ ʚʝʛʝʪʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʜʦ 

ʪʠʩʷʯ ʛʨʝʡ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʠʭ ʜʦʟ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʩʪʘʥʽ ʩʧʦʨ, ʪʦ ʾʭ 

ʪʨʝʙʘ ʱʦ ʥʘʡʤʝʥʰ ʧʦʜʚʦʾʪʠ.  

  

 



17 
 

 

 

ʊʘʙʣʠʮʷ 1.1 ï ʈʘʜʽʦʩʪʽʡʢʽʩʪʴ ʜʝʷʢʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ 

ʛʦʩʪʨʦʤʫ ʛʘʤʤʘ-ʦʧʨʦʤʽʥʝʥʥʽ [41]  

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ D0, ʢɻʨ ʆʙôʻʤ ʭʨʦʤʦʩʦʤ, 

10ï4 ʤʢʤ3 

Pseudomonas fluorescens 11 9497 

Escherichia coli B 24 3004 

Escherichia coli B/r 30 335 

Escherichia coli BIII  (filamentous form) 38 24677 

Staphylococcus aureus 39 59 

Bacillus cereus 40 1796 

Escherichia coli  57 141 

Bacillus subtilis (ʢʣʽʪʠʥʠ) 70 - 

Escherichia coli ɺIII  81 8627 

Escherichia coli K12 Str. Hfr. 110 3527 

Escherichia coli BII 120 8902 

Diplococcus pneumoniae 170 84 

Sorcina lutea 170 107 

Mycobacteria tuberculosis 350 26 

Bacillus subtilis (ʩʧʦʨʠ) 700 - 

Bacillus mesentericus 1200 - 

 

ɹʫʣʘ ʟʨʦʙʣʝʥʘ ʩʧʨʦʙʘ ʧʦʚôʷʟʘʪʠ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ 

ʦʙôʻʤʦʤ ʭʨʦʤʦʩʦʤ. ʗʢ ʚʽʜʦʤʦ, ɸ. ʉʧʝʨʨʦʫ ʪʘ ʽʥ., ʚʠʭʦʜʷʯʠ ʽʟ ʢʣʘʩʠʯʥʠʭ 

ʫʷʚʣʝʥʴ ʪʝʦʨʽʾ ʤʽʰʝʥʽ, ʚʠʷʚʠʣʠ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʦʙôʻʤʦʤ ʤʽʰʝʥʽ ʫ ʧʝʚʥʦʤʫ 

ʦʨʛʘʥʽʟʤʽ ʪʘ ʡʦʛʦ ʨʘʜʽʦʯʫʪʣʠʚʽʩʪʶ [42ï44]. ʊʘʢʦʶ ʤʽʰʝʥʥʶ ʙʫʚ ʚʟʷʪʠʡ 

ʩʧʦʯʘʪʢʫ ʦʙôʻʤ ʢʣʽʪʠʥʥʠʭ ʷʜʝʨ, ʘʣʝ ʧʽʟʥʽʰʝ ï ʦʙôʻʤ ʭʨʦʤʦʩʦʤ. ɸʚʪʦʨʘʤ 

ʚʜʘʣʦʩʷ ʨʦʟʙʠʪʠ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʚʠʜʠ ʦʨʛʘʥʽʟʤʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʘ ʪʘʢ ʟʚʘʥʽ ʨʘʜʽʦʪʘʢʩʦʥʠ, ʫ ʤʝʞʘʭ ʷʢʠʭ ʤʦʞʥʘ ʙʫʣʦ ʟʥʘʡʪʠ 

ʪʘʢʠʡ ʟʚôʷʟʦʢ. ɸʣʝ, ʷʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʪʘʢʠʡ ʟʚôʷʟʦʢ ʧʦʙʘʯʠʪʠ ʚʘʞʢʦ. ʅʘʚʽʪʴ ʫ ʨʘʜʽʦʯʫʪʣʠʚʠʭ ʰʪʘʤʽʚ Escherichia coli 

ʟ ʜʦʩʠʪʴ ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷ D0 ʦʙôʻʤʠ ʭʨʦʤʦʩʦʤ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʙʽʣʴʰ, ʷʢ ʫ 

70 ʨʘʟʽʚ. 

 

ʊʘʙʣʠʮʷ 1.2 ï ʇʦʨʽʚʥʷʣʴʥʘ ʨʘʜʽʦʯʫʪʣʠʚʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [41]  

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʃɼ50, ɻʨ 

ɹʘʢʪʝʨʽʦʬʘʛʠ 220ï8400 

ɺʽʨʫʩʠ 62ï7000 

ɹʘʢʪʝʨʽʾ 

Deinococcus radiodurans 

Escherichia coli (ʨʽʟʥʽ ʰʪʘʤʠ) 

Bacillus megatericus 

17ï7500 

7500 

50ï100 

1500 

ɼʨʽʞʜʞʽ 47ï150 

ɺʦʜʦʨʦʩʪʽ 

Chlorella  

180ï1700 

180 

 

 

ʍʦʯʘ, ʤʦʞʝ, ʙʘʢʪʝʨʽʾ ʩʝʨʝʜ ʫʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʘʶʪʴ ʧʝʚʥʫ 

ʩʧʝʮʠʬʽʢʫ. ʉʘʤʝ ʫ ʙʘʢʪʝʨʽʡ ʚʧʝʨʰʝ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʪʫʞʥʠʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʚʽʜʥʦʚʣʶʚʘʪʠ ʫʨʘʞʝʥʥʷ, ʷʢʽ ʥʘʥʦʩʠʣʠʩʷ 

ʋʌ- ʯʠ ʽʦʥʽʟʫʶʯʦʶ ʨʘʜʽʘʮʽʻʶ ʤʦʣʝʢʫʣʘʤ ɼʅʂ [45ï46]. ʎʽ ʩʠʩʪʝʤʠ ʨʝʧʘʨʘʮʽʾ 

ʧʦʯʠʥʘʶʪʴ ʜʽʷʪʠ ʚʞʝ ʧʽʜ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʷʢʱʦ ʦʧʨʦʤʽʥʝʥʥʷ ʛʦʩʪʨʝ, ʪʦ 

ʪʨʠʚʘʶʪʴ ʽ ʧʽʩʣʷ ʥʴʦʛʦ. ɯ ʩʘʤʝ ʚʦʥʠ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ 

ï ʯʠʤ ʚʦʥʠ ʘʢʪʠʚʥʽʰʽ, ʪʠʤ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʤʘʻ ʤʽʢʨʦʦʨʛʘʥʽʟʤ ʜʦ ʨʘʜʽʘʮʽʾ. 

ʇʨʦʮʝʩʠ ʨʝʧʘʨʘʮʽʾ ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʛʘʣʴʥʠʤ ʤʝʪʘʙʦʣʽʟʤʦʤ ʢʣʽʪʠʥʠ, ʧʨʦʜʫʢʮʽʻʶ 

ʬʝʨʤʝʥʪʽʚ, ʤʘʢʨʦʝʨʛʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ çʚʠʱʝʧʣʝʥʥʷè ʫʨʘʞʝʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʽʣʷʥʦʢ ɼʅʂ, ʾʭ ʚʠʜʘʣʝʥʥʷ, ʩʠʥʪʝʟʫ ʥʝʦʙʭʽʜʥʠʭ 

ʧʦʧʝʨʝʜʥʠʢʽʚ. ʊʦʙʪʦ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟ ʨʽʚʥʝʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 
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ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝʡ ʨʽʚʝʥʴ ʚʠʟʥʘʯʘʻ ʽ ʥʘʩʠʯʝʥʽʩʪʴ ʢʣʽʪʠʥ ʧʝʚʥʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ ʨʘʜʽʦʟʘʭʠʩʥʫ 

ʜʽʶ (ʩʫʣʴʬʛʽʜʨʠʣʴʥʽ ʩʧʦʣʫʢʠ ʪʘ ʽʥʰʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽ, ʘʤʽʥʠ, ʽʥʛʽʙʽʪʦʨʠ ʚʽʣʴʥʦ-

ʨʘʜʠʢʘʣʴʥʠʭ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ), ʘ ʟ ʽʥʰʦʛʦ ï ʨʘʜʽʦʩʝʥʩʠʙʽʣʽʟʫʶʯʫ ʪʘ 

ʨʘʜʽʦʤʽʤʝʪʠʯʥʫ ʜʽʶ (ʧʨʦʜʫʢʪʠ ʦʢʠʩʣʝʥʥʷ ʣʽʧʽʜʽʚ, ʬʝʥʦʣʠ, ʭʽʥʦʥʠ). 

ɺʘʣʴʜʰʪʝʡʥ ɽ.ɸ. ʽ ɾʝʩʪʷʥʽʢʦʚ ɺ.ɼ. [47], ʷʢʽ ʧʦʜʽʣʠʣʠ ʚʽʜʦʤʽ ʥʘ ʪʦʡ ʯʘʩ  

ʰʪʘʤʠ E. coli ʥʘ ʛʽʧʝʨʯʫʪʣʠʚʽ, ʯʫʪʣʠʚʽ ʽ ʨʝʟʠʩʪʝʥʪʥʽ, ʜʦʚʝʣʠ, ʱʦ 

ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʤʘʡʞʝ ʚʠʢʣʶʯʥʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʜʘʪʥʽʩʪʶ ʜʦ ʨʝʧʘʨʘʮʽʾ. ʇʨʦʪʝ 

ʜʦʜʘʚʘʥʥʷ ʚʽʜʦʤʠʭ ʨʘʜʽʦʟʘʭʠʩʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʭ 

ʩʧʦʣʫʢ ʜʦ ʩʫʩʧʝʥʟʽʡ ʙʘʢʪʝʨʽʡ ʧʽʜʚʠʱʫʚʘʣʦ ʾʭ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ [48]. ɺʟʘʛʘʣʽ, 

ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ  ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ ʙʘʢʪʝʨʽʡ, ʽ ʦʩʦʙʣʠʚʦ 

E. coli ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʞʠʚʠʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘ 

ʷʢʦʤʫ ʚʦʥʠ ʚʠʨʦʱʫʶʪʴʩʷ. ɺʟʘʛʘʣʽ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ 

ʨʝʘʢʮʽʶ ʙʘʢʪʝʨʽʡ ʥʘ ʜʽʶ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. ɹʘʢʪʝʨʽʾ ï ʮʝ ʦʨʛʘʥʽʟʤʠ ʜʫʞʝ 

ʛʝʪʝʨʦʛʝʥʥʽ ʫ ʤʦʨʬʦʣʦʛʽʯʥʦʤʫ, ʙʽʦʭʽʤʽʯʥʦʤʫ, ʛʝʥʝʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʷʢʽ 

ʞʠʚʫʪʴ ʫ ʪʽʩʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʜʫʞʝ ʯʫʪʣʠʚʦ ʨʝʘʛʫʶʪʴ ʥʘ ʾʾ 

ʟʤʽʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʦʧʨʦʤʽʥʝʥʥʷʤ ʙʘʢʪʝʨʽʡ ʽʦʥʽʟʫʶʯʦʶ ʨʘʜʽʘʮʽʻʶ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ ʰʪʘʤʫ, ʙʘʛʘʪʴʦʭ ʜʝʪʘʣʝʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʽ 

ʪʦʤʫ ʚʘʞʢʦ ʚʽʜʪʚʦʨʶʚʘʣʴʥʽ. 

ɹʽʣʴʰʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʫ ʨʘʜʽʘʮʽʡʥʽʡ ʙʘʢʪʝʨʽʦʣʦʛʽʾ 

ʚʠʢʦʥʘʥʦ ʩʘʤʝ ʥʘ ʙʘʢʪʝʨʽʷʭ E. coli. ɺʠʙʽʨ ʮʴʦʛʦ ʦʙôʻʢʪʫ ʤʘʻ ʙʘʛʘʪʦ 

ʧʦʟʠʪʠʚʥʠʭ ʷʢʦʩʪʝʡ. ɺʽʥ ʜʦʙʨʝ ʚʠʚʯʝʥʠʡ ʫ ʙʽʦʭʽʤʽʯʥʦʤʫ ʽ ʛʝʥʝʪʠʯʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ, ʣʝʛʢʦ ʢʫʣʴʪʠʚʫʻʪʴʩʷ ʽ ʟʨʫʯʥʠʡ ʜʣʷ ʨʘʜʽʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʽʚ. 

ʆʜʥʘʢ ʧʨʠʪʘʤʘʥʥʘ ʡʦʤʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʫʪʨʫʜʥʶʶʪʴ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʟ ʽʥʰʦʛʦ ï ʥʘʜʘʶʪʴ ʤʘʡʞʝ ʫʥʽʢʘʣʴʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʝʘʢʮʽʡ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʥʘ ʦʧʨʦʤʽʥʝʥʥʷ 

ʚʽʜ ʤʘʡʞʝ ʥʝʚʽʜʯʫʪʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɻ.ɯ. ɸʜʣʝʨ ʽ 

ʄ.ʉ. ɽʥʛʝʣʴ [49] ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʥʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʥʘʷʚʥʦʩʪʽ ʢʠʩʥʶ, ʨʽʟʥʽ ʰʪʘʤʠ 

E. coli ʟʘ ʨʘʜʽʦʩʪʽʡʢʽʩʪʶ ʤʦʞʫʪʴ ʨʦʟʨʽʟʥʷʪʠʩʷ ʷʢ ʥʘʡʤʝʥʰ ʥʘ ʧʦʨʷʜʦʢ.  



20 
 

ʄʝʭʘʥʽʟʤʠ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢ ʡ ʽʥʰʠʭ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʛʝʥʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʽ, ʘʣʝ ʧʽʜʜʘʶʪʴʩʷ ʧʝʚʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʥʘ 

ʛʝʥʝʪʠʯʥʦʤʫ ʨʽʚʥʽ. ɺʽʜʦʤʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʰʪʘʤʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʘʤʠ ʚʽʜʙʦʨʫ ʪʘ ʩʭʨʝʱʫʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʨʘʜʽʦʯʫʪʣʠʚʽʩʪʴ ʯʠ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ ʙʘʢʪʝʨʽʾ ʜʠʢʦʛʦ ʪʠʧʫ [50]. ɰʭ 

ʟôʷʩʫʚʘʥʥʷ ʜʫʞʝ ʚʘʞʣʠʚʝ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʾ 

ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʫ ʙʽʣʴʰ ʚʠʩʦʢʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʙʘʛʘʪʦʢʣʽʪʠʥʥʠʭ ʪʚʘʨʠʥ ʽ 

ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʚʽʜʦʤʽ ʩʧʦʩʦʙʠ ʨʝʧʘʨʘʮʽʾ ʚʠʥʠʢʣʠ 

ʚ ʧʨʠʨʦʜʽ ʱʝ ʚ ʨʘʤʢʘʭ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʛʝʥʦʤʫ ʽ ʟʘʢʨʽʧʠʣʠʩʷ ʚ ʫʩʽʭ ʦʨʛʘʥʽʟʤʘʭ. 

ɺ ʧʨʠʨʦʜʽ ʧʦʩʪʽʡʥʦ ʚʠʥʠʢʘʶʪʴ ʤʫʪʘʥʪʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʨʽʟʥʦʶ ʩʪʽʡʢʽʩʪʶ 

ʜʦ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʽ ʾʭ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ. ɿʘ 

ʨʽʟʢʠʭ ʟʤʽʥ ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʧʨʠʢʣʘʜ, ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ, 

ʧʦʧʫʣʷʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʪʦʩʫʚʘʪʠʩʷ ʜʦ ʥʠʭ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʛʦ ʤʫʪʘʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫ, ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʤʫʪʘʮʽʡ. 

ɺʘʞʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʜʘʯʽ ʛʝʥʝʪʠʯʥʠʭ ʜʝʪʝʨʤʽʥʘʥʪ ʫ ʙʘʢʪʝʨʽʡ ʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʝʨʝʥʦʩ ʛʝʥʽʚ, ʟ ʷʢʦʛʦ ʜʝʷʢʽ ʛʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʚʽʜ 

ʦʜʥʠʭ ʯʣʝʥʽʚ ʧʦʧʫʣʷʮʽʾ ʜʘʥʦʛʦ ʚʠʜʫ ʽʥʰʠʤ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʥʠʢʘʤ ʽʥʰʠʭ 

ʚʠʜʽʚ ʽ ʥʘʚʽʪʴ ʨʦʜʽʚ. ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʝʨʝʥʦʩ ʛʝʥʽʚ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʽ ʟʘ 

ʫʯʘʩʪʶ ʥʝ ʭʨʦʤʦʩʦʤʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʝʥʦʤʫ ï ʧʣʘʟʤʽʜ, ʙʘʢʪʝʨʽʦʬʘʛʽʚ, 

ʪʨʘʥʩʧʦʟʦʥʽʚ ʽ ʛʨʘʪʠ ʧʝʚʥʫ ʨʦʣʴ ʘ ʘʜʘʧʪʘʮʽʾ ʙʘʢʪʝʨʽʡ ʜʦ ʨʽʟʥʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʯʠʥʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. 

ʋ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʝʘʢʮʽʷ ʥʘ ʩʠʣʴʥʽ ʧʦʪʝʥʮʽʡʥʦ ʫʰʢʦʜʞʫʶʯʠ ʯʠʥʥʠʢʠ 

ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʧʝʨʝʙʫʜʦʚʘʤʠ ʚ ʛʝʥʦʤʽ, ʟʚôʷʟʘʥʠʤʠ, ʟʦʢʨʝʤʘ, ʟʽ 

ʟʤʽʥʘʤʠ ʨʝʧʘʨʘʪʠʚʥʦʛʦ, ʽʥʜʫʮʠʙʝʣʴʥʦʛʦ ʤʫʪʘʛʝʥʝʟʫ, ʷʢʠʡ ʫ ʝʫʢʘʨʽʦʪʠʯʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʛʝʥʦʤʫ. ʆʜʥʽʻʶ ʟ ʬʦʨʤ 

ʪʘʢʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʭʽʜ ʧʦʪʦʤʢʽʚ ʦʧʨʦʤʽʥʝʥʠʭ ʢʣʽʪʠʥ ʫ ʩʪʘʥ 

ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʘʜʘʧʪʠʚʥʠʭ ʟʤʽʥ. ʉʧʦʥʪʘʥʥʫ ʪʘ ʽʥʜʫʮʠʙʝʣʴʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʛʝʥʦʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʠʥ ʟ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 
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ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢ ʽ ʽʥʰʠʭ ʚʠʜʽʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʜʦ ʟʤʽʥ 

ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ.  

ʅʘ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʧʣʠʚʘʶʪʴ ʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʛʘʟʦʚʽʡ ʩʢʣʘʜ 

ʘʪʤʦʩʬʝʨʠ, ʩʢʣʘʜ ʩʫʙʩʪʨʘʪʫ ʪʘ ʽʥʰʽ. ʎʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʯʠʥʥʠʢʽʚ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʾ ʻ ʰʠʨʦʢʝ ʚʘʨʽʶʚʘʥʥʷ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ 

ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʛʨʫʧ, ʫʟʘʛʘʣʴʥʝʥʘ ɯ.ʄ. ɻʫʜʢʦʚʠʤ [51].   

ʃʝʪʘʣʴʥʽ ʜʦʟʠ (ʃɼ100) ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʥʘʯʥʦ ʚʠʱʽ, ʭʦʯʘ 

ʢʦʣʠʚʘʶʪʴʩʷ ʪʘʢʦʞ ʫ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʙʘʢʪʝʨʽʡ ʫ 

ʩʪʘʥʽ ʩʧʦʨʠ ï ʩʪʘʥʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʚʩʽʭ 

ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʪʘʙʣ. 1.3).  

 

ʊʘʙʣʠʮʷ 1.3 ï ɼʦʟʠ ʛʘʤʤʘ-ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʧʦʚʥʦʾ ʟʘʛʠʙʝʣʽ ʜʝʷʢʠʭ 

ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʨʘʜʽʘʮʽʡʥʽʡ ʩʪʝʨʠʣʽʟʘʮʽʾ 

ʤʘʪʝʨʽʘʣʽʚ) [22]      

ʄʽʢʨʦʦʨʛʘʥʽʟʤ ʃɼ100, 

ɻʨ 

ʄʽʢʨʦʦʨʛʘʥʽʟʤ ʃɼ100, 

ɻʨ 

Escherichia coli 6000 Sarcina lutea 15000 

Salmonella typhimurium 3000 Bacillus subtilus (ʩʧʦʨʠ) 20000 

Streptococcus faecalis 6000 Clostridium sporogents (ʩʧʦʨʠ) 20000 

Shig. dysenteriae 6000 Aspergillus niveus 20000 

Mycobacterium 

tuberculosis  

10000 Clostridium botulinum (ʩʧʦʨʠ) 90000 

Bacillus pumilus (ʩʧʦʨʠ)  17000   

 

ʊʘʢʦʞ ʚ ʪʘʙʣʠʮʽ 1.4 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʜʝʷʢʠʭ ʧʘʪʦʛʝʥʥʠʭ ʙʘʢʪʝʨʽʡ. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ 

ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʟʥʘʯʝʥʥʷ D10 ï ʜʦʟʘ, ʧʨʠ ʷʢʽʡ 

10% ʙʘʢʪʝʨʽʡ ʟʙʝʨʽʛʘʶʪʴ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ. ɺʦʥʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʽʜʯʘʪʴ, ʱʦ 
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ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜʧʦʚʽʜʥʦ, ʩʧʦʚʽʣʴʥʝʥʥʷ ʤʝʪʘʙʦʣʽʟʤʫ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʟʠ, ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʫ 1,5ï2 ʨʘʟʠ. 

 

ʊʘʙʣʠʮʷ 1.4 ï ɿʥʘʯʝʥʥʷ D10 ʜʣʷ ʜʝʷʢʠʭ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʦʧʨʦʤʽʥʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 5 ʜʦ ï200ʉ, ʢɻʨ [52]  

ʄʽʢʨʦʦʨʛʘʥʽʟʤ +50ʉ ï200ʉ 

ʂʘʤʧʽʣʦʙʘʢʪʝʨ 0,18Ñ0,01 0,24Ñ0,02 

ʂʠʰʢʦʚʘ ʧʘʣʠʯʢʘ ʆ157:ʅ7 0,30Ñ0,02 0,57 

0,24Ñ0,01 0,31Ñ0,04 

0,54Ñ0,01 ï 

ʃʽʩʪʝʨʽʷ ʤʦʥʦʮʠʪʦʛʝʥʝʩ 0,45Ñ0,03 1,21Ñ0,06 

0,59Ñ0,06 0,61Ñ0,04 

0,61Ñ0,06 ï 

ʈʽʟʥʽ ʚʠʜʠ ʩʘʣʴʤʦʥʝʣ 0,41Ñ0,01 0,63Ñ0.01 

0,70Ñ0,04 0,92 

0,62Ñ0,09 0,80Ñ0.05 

0,64Ñ0.02 ï 

ʉʪʘʬʽʣʦʢʦʢ ʟʦʣʦʪʠʩʪʠʡ 0,46Ñ0,02 0,74 

0,45Ñ0.04 0,45Ñ0,04 

0,66Ñ0,01 ï 

ɽʨʩʝʥʽʷ ʝʥʪʝʨʦʢʦʣʽʪʠʢʘ 0,19Ñ0,01 0,40Ñ0,01 

0,25Ñ0,01 0,25Ñ0,01 

 

ʄʘʶʯʠ ʜʦʩʠʪʴ ʥʝʚʝʣʠʢʠʡ ʽ ʥʝʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʛʝʥʦʤ, ʧʝʨʝʚʘʞʥʘ 

ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʟʘʛʘʣʽ ʤʘʶʪʴ ʜʠʚʦʚʠʞʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɯ ʽʦʥʽʟʫʶʯʘ ʨʘʜʽʘʮʽʷ ï 

ʥʝ ʚʠʥʷʪʦʢ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʤʽʢʨʦʙʽʦʤ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʘ ʩʫʢʫʧʥʽʩʪʴ ʽʥʜʠʚʽʜʽʚ, 

ʯʫʪʣʠʚʦ ʨʝʘʛʫʻ ʥʘ ʥʘʡʤʝʥʰʽ ʟʤʽʥʠ ʜʦʚʢʽʣʣʷ, ʟʦʢʨʝʤʘ ʚʠʱʝʟʛʘʜʘʥʽ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ. ʊʦʤʫ ʮʽʣʢʦʤ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʽ ʜʽʷ ʽʦʥʽʟʫʶʯʦʛʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʚʽʪʴ ʫ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʭ ʜʦʟʘʭ, ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʩʫʪʪʻʚʽ ʟʨʫʰʝʥʥʷ ʫ ʚʠʜʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʫʛʨʫʧʦʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ 

ʫʤʦʚʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ʽʦʥʽʟʫʶʯʦʶ ʨʘʜʽʘʮʽʻʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʮʠʤ 

ʧʦʢʘʟʥʠʢʦʤ, ʘʣʝ ʡ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʘʤʠ ʟ ʽʥʰʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ï ʨʦʩʣʠʥʘʤʠ, 

ʛʨʠʙʘʤʠ, ʪʚʘʨʠʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ. ɯ ʮʝ ʜʦʟʚʦʣʷʻ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʪʘʢʠʡ ʧʦʪʫʞʥʠʡ ʯʠʥʥʠʢ, ʷʢ ʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʜʽʶʯʠ ʥʘ ʾʭ ʩʪʘʥ, ʤʦʞʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʽ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʷʢ 

ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʪʘʢ ʽ ʥʘ ʤʽʢʨʦʙʦʮʝʥʦʟ ʚ ʮʽʣʦʤʫ.  

ʋʧʝʨʰʝ ʨʘʜʽʦʩʪʽʡʢʽ ʙʘʢʪʝʨʽʾ  Micrococcus radiodurans ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʚ 

1956 ʨ. ʽʟ ʢʦʥʩʝʨʚʦʚʘʥʦʛʦ ʤ'ʷʩʘ ʧʽʩʣʷ ʩʪʝʨʠʣʽʟʘʮʽʾ ʽʦʥʽʟʫʶʯʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ 

[53]. ʇʽʟʥʽʰʝ, ʧʨʠ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (0,5ï8,0 ʢɻʨ) ʥʘ 

ʤʽʢʨʦʬʣʦʨʫ ʪʢʘʥʠʥ ʧʽʢʰʽ (ʨʠʙʘ ʨʦʜʠʥʠ ʪʨʝʩʢʦʚʠʭ), ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʢʦʢʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʧʦʤʘʨʘʥʯʦʚʦ-ʢʦʨʠʯʥʝʚʽ ʢʦʣʦʥʽʾ Micrococcus radiopugnans [54]. 

ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʩʦʢʠʤʠ ʜʦʟʘʤʠ ɔ-ʨʘʜʽʘʮʽʾ ʙʫʣʦ 

ʽʟʦʣʴʦʚʘʥʦ ʨʘʜʽʦʩʪʽʡʢʽ ʰʪʘʤʠ Micrococcus [55]. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʦʧʠʩʘʥʦ ʨʽʟʥʽ 

ʚʠʜʠ ʨʘʜʽʦʩʪʽʡʢʠʭ ʙʘʢʪʝʨʽʡ, ʚʠʜʽʣʝʥʠʭ ʽʟ ʧʨʠʨʦʜʥʠʭ ʙʽʦʪʦʧʽʚ: ʚʠʚʽʪʨʝʥʦʛʦ 

ʛʨʘʥʽʪʫ ʚ ɸʥʪʘʨʢʪʠʜʽ [56], ʽʟ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʛʘʨʷʯʠʭ ʜʞʝʨʝʣ, ʽʟ 

ʛʣʠʙʦʢʦʚʦʜʥʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʜʞʝʨʝʣʘ [57]. 

ʋ 1981 ʨ. ʨʘʜʽʦʩʪʽʡʢʽ ʙʘʢʪʝʨʽʾ ʙʫʣʦ ʚʠʣʫʯʝʥʦ ʽʟ ʨʦʜʫ Micrococcus ʽ M. 

radiodurans ʧʝʨʝʡʤʝʥʦʚʘʥʦ ʫ Deinococcus radiodurans. ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʽʜ 

Deinococcus ʽ ʨʦʜʠʥʘ Deinococcaceae ʙʫʣʦ ʫʟʘʢʦʥʝʥʦ [58], ʷʢ ʽ ʚʠʜʠ D. 

radiodurans, D. radiophilus, D. proteolyticus, D. radiopugnans. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʱʝʥʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʘʜʽʦʩʪʽʡʢʽ ʙʘʢʪʝʨʽʾ ʙʫʣʦ 

ʚʠʜʽʣʝʥʦ ʘʙʦ ʟ ʤʽʩʮʴ ʽʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʽʩʥʫʚʘʥʥʷ (ʧʽʜʚʠʱʝʥʠʡ 

ʨʽʚʝʥʴ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʘʥʦʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʦʣʦʛʠ, ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʦʣʝʡ), ʘʙʦ ʧʽʩʣʷ ɔ- ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʩʫʙʩʪʨʘʪʽʚ. 

ɺʦʜʥʦʯʘʩ ʻ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʝ, ʱʦ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʫ ʙʘʢʪʝʨʽʡ, ʷʢʽ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʥʘʭʦʜʠʣʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʤʦʞʝ 
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ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ [59]. ʊʘʢ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʚʠʜʽʣʝʥʽ ʟ 

ʨʘʜʦʥʦʚʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜʥʠʭ ʜʞʝʨʝʣ ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʨʘʜʽʘʮʽʾ, ʥʽʞ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʪʠʭ ʞʝ ʚʠʜʽʚ, ʢʦʪʨʽ ʪʨʘʧʣʷʶʪʴʩʷ ʫ ʥʝʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʝʢʦʩʠʩʪʝʤʘʭ [60]. ʇʨʦʪʝ ʤʘʣʦʡʤʦʚʽʨʥʦ, ʱʦ ʝʢʩʪʨʝʤʘʣʴʥʘ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ 

ʚʠʥʠʢʣʘ ʫ ʮʠʭ ʙʘʢʪʝʨʽʡ ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʫʪʘʛʝʥʥʦʾ ʜʽʾ ʧʨʠʨʦʜʥʠʭ ʩʪʨʝʩʦʚʠʭ 

ʯʠʥʥʠʢʽʚ, ʘʜʞʝ ʩʪʫʧʽʥʴ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʜʝʷʢʠʭ ʙʘʢʪʝʨʽʡ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʟ ʷʢʠʤ ʚʦʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʠʭ 

ʫʤʦʚʘʭ.  

ɹʘʢʪʝʨʽʾ ʨʦʜʫ Deinococcus ʚʠʚʯʝʥʦ ʥʘʡʧʦʚʥʽʰʝ. ɸʥʘʣʽʟ ʥʫʢʣʝʦʪʠʜʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 16S ʨʈʅʂ ʩʚʽʜʯʠʪʴ, ʱʦ ʝʚʦʣʶʮʽʡʥʦ ʜʝʽʥʦʙʘʢʪʝʨʽʾ ʚʢʨʘʡ 

ʚʽʜʜʘʣʝʥʽ ʷʢ ʚʽʜ ʽʥʰʠʭ, ʜʦʙʨʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʭ ʤʽʢʨʦʢʦʢʽʚ, ʪʘʢ ʽ ʚʽʜ 

Escherichia coli ʽ Bacillus subtilis [61]. ʇʨʦʚʝʜʝʥʽ ʭʝʤʦʪʘʢʩʦʥʦʤʽʯʥʽ ʽ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ ʬʽʣʦʛʝʥʝʪʠʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ 

ʨʦʜʽʚ Deinocoʩcusʽ Thermus, ʱʦ ʙʫʣʦ ʟʛʦʜʦʤ ʧʦʢʘʟʘʥʦ ʘʥʘʣʽʟʦʤ ʤʘʡʞʝ 

ʧʦʚʥʦʛʦ ʩʠʢʚʝʥʩʫ 16S ʨʈʅʂ. ʇʽʟʥʽʰʝ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʨʘʜʽʦʩʪʽʡʢʠʭ ʙʘʢʪʝʨʽʡ ʚʠʚʯʘʣʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 16S ʨʈʅʂ ʫ ʚʩʽʭ 

ʦʧʠʩʘʥʠʭ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚʠʜʽʚ ʨʦʜʫ Deinocoʩcus (D. erythromyxa, D. 

radiodurans, D. radiophilus, D. proteolyticus, D. radiopugnans) ʽ ʻʜʠʥʦʛʦ ʚʠʜʫ 

ʨʦʜʫ Deinobacter (D. grandis) [62, 63]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʝʽʥʦʢʦʢʠ 

ʬʦʨʤʫʶʪʴ ʢʦʤʧʘʢʪʥʠʡ ʬʽʣʦʛʝʥʝʪʠʯʥʠʡ ʢʣʘʩʪʝʨ, ʩʧʦʨʽʜʥʝʥʠʡ ʽʟ ʣʽʥʽʻʶ 

Thermus-Meiothermus. 

ɽʢʩʪʨʝʤʘʣʴʥʦ ʨʘʜʽʦʨʝʟʠʩʪʝʥʪʥʫ ʙʘʢʪʝʨʽʶ Arthrobacter radiotolerans 

ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʽʟ ʨʘʜʦʥʦʚʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʛʘʨʷʯʠʭ ʜʞʝʨʝʣ ʗʧʦʥʽʾ. ɿʛʦʜʦʤ, 

ʫ 1988 ʨ. ʥʘ ʧʽʜʩʪʘʚʽ ʨʷʜʫ ʭʝʤʦʪʘʢʩʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʫʥʽʢʘʣʴʥʽ 

ʨʦʟʛʘʣʫʞʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ) Arthrobacter radiotolerans ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʫ 

ʩʘʤʦʩʪʽʡʥʠʡ ʨʽʜ Rubrobacter ʽ ʨʝʢʣʘʩʠʬʽʢʦʚʘʥʦ ʷʢ Rubrobacter radiotolerans. 

ʇʦʨʦʛʦʚʘ ʜʦʟʘ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʢʣʽʪʠʥ R. radiotolerans ʫ ʣʦʛʘʨʠʬʤʽʯʥʽʡ 

ʬʘʟʽ ʨʦʩʪʫ ï 6 ʢɻʨ ʽ ʣʝʪʘʣʴʥʘ ʜʦʟʘ ï 10 ʢɻʨ. ɿʘʛʘʣʦʤ ʣʝʪʘʣʴʥʘ ʜʦʟʘ ɔ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ R. radiotolerans ʙʽʣʴʰ ʚʠʩʦʢʘ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ ʙʘʢʪʝʨʽʡ 

(ʟʘ ʚʠʥʷʪʢʦʤ Deinocoʩcus) [64]. 
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ʗʧʦʥʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚʠʜʽʣʠʣʠ ʟʽ ʩʪʘʨʦʛʦ ʷʧʦʥʩʴʢʦʛʦ ʨʠʩʫ, 

ʥʝʦʯʠʱʝʥʦʛʦ ʚʽʜ ʧʣʽʚʢʠ, ʰʪʘʤʠ ʨʘʜʽʦʨʝʟʠʩʪʝʥʪʥʠʭ ʙʘʢʪʝʨʽʡ Methylobacterium 

radiotolerans (Pseudomonas radiora) 0-1 ʽ 0-2, ʃɼ90 ʜʣʷ ʷʢʠʭ ʩʪʘʥʦʚʠʣʘ 2 ʢɻʨ 

[59]. 

ʇʝʚʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʚʠʚʯʝʥʥʷ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʫ ʢʦʣʝʢʮʽʡʥʠʭ ʰʪʘʤʽʚ 

ʙʘʢʪʝʨʽʡ, ʷʢʽ ʙʫʣʦ ʽʟʦʣʴʦʚʘʥʦ ʟʽ ʟʨʘʟʢʽʚ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʥʝ ʦʧʨʦʤʽʥʶʚʘʣʠʩʴ, 

ʘʙʦ ʽʟ ʥʝʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʝʢʦʩʠʩʪʝʤ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ɔ-

ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʢʦʣʝʢʮʽʡʥʠʭ ʰʪʘʤʽʚ ʝʫʙʘʢʪʝʨʽʡ Escherichia coli, Thermotoga 

maritima, Thermodesulfobacterium ʃɼ90 ʜʣʷ ʥʠʭ ʩʢʣʘʜʘʣʘ 0,2ï0,5 ʢɻʨ [65]. 

ʇʦʨʽʚʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ɔ-ʦʧʨʦʤʽʥʝʥʥʷ ʰʪʘʤʽʚ ʝʢʩʪʨʝʤʘʣʴʥʦ ʛʘʣʦʬʽʣʴʥʦʾ 

ʙʘʢʪʝʨʽʾ Halobacterium salinarium, ʩʽʨʢʦʦʢʠʩʣʶʶʯʦʾ ʙʘʢʪʝʨʽʾ 

Thiobacillusintermedius ʪʘ Escherichia coli B/r, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɼ37 

(ʨʘʜʽʦʯʫʪʣʠʚʽʩʪʴ ʢʣʽʪʠʥ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʚʽʜʨʽʟʢʫ ʢʨʠʚʦʾ 

ʚʠʞʠʚʘʥʥʷ ʷʢ ʜʦʟʘ, ʧʨʠ ʷʢʽʡ ʚʠʞʠʚʘʻ 37% ʢʣʽʪʠʥ) ʩʪʘʥʦʚʠʣʘ ʜʣʷ ʥʠʭ: 0,39, 

0,15, 0,09 ʢɻʨ, ʚʽʜʧʦʚʽʜʥʦ; ʧʨʠ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʽ ɼ37 ʩʢʣʘʜʘʣʘ ʚʝʣʠʯʠʥʫ, 

ʚʽʜʧʦʚʽʜʥʦ, 212, 38 ʽ 10 ɼʞ/ʤ2 [66]. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʝʷʢʠʭ ʦʣʽʛʦʪʨʦʬʥʠʭ ʙʘʢʪʝʨʽʡ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʃɼ50 ʬʦʨʤʫʚʘʣʘʩʴ ʜʣʷ Pedodermatophilus halotolerans ʧʨʠ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ 0,27 ʢɻʨ/ʛʦʜ.; ʜʣʷ Flectobacillus major ï 0,173 ʢɻʨ/ʛʦʜ.; ʜʣʷ 

Arcocella aquatica ï 0,21 ʢɻʨ/ʛʦʜ [67]. ɺʠʩʦʢʦʯʫʪʣʠʚʠʤʠ ʜʦ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʣʠ ʝʫʪʨʦʬʠ: Pseudomonas fluorescens, E. coli (ʃɼ50 = 0,043 

ʽ 0,038 ʢɻʨ/ʛʦʜ, ʚʽʜʧʦʚʽʜʥʦ). ʅʘ ʞʘʣʴ, ʫ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʥʝʩʪʘʥʜʘʨʪʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʟ ʦʧʨʦʤʽʥʶʚʘʥʥʷ (ʟʘʤʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʚ ʢɻʨ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʚ ʢɻʨ/ʛʦʜ.), ʪʦʤʫ ʮʽ ʜʘʥʽ ʚʘʞʢʦ 

ʧʦʨʽʚʥʷʪʠ ʟ ʽʥʰʠʤʠ. 

ɼʣʷ ʢʦʣʝʢʮʽʡʥʠʭ ʰʪʘʤʽʚ ʘʨʭʝʙʘʢʪʝʨʽʡ Desulfurococcus amylolyticus ʽ 

Thermococcus stetteri (ʪʝʨʤʦʬʽʣʴʥʽ ʩʽʨʢʦʟʘʣʝʞʥʽ ʘʥʘʝʨʦʙʠ) ʃɼ90 ʽ ʩʫʙʣʝʪʘʣʴʥʘ 

ʜʦʟʘ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʘʥʦʚʠʣʠ 5ï6 ʽ 8ï9 ʢɻʨ, ʚʽʜʧʦʚʽʜʥʦ [65].  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʨʘʜʽʦʩʪʽʡʢʦʩʪʽ ʜʝʷʢʠʭ ʚʠʜʽʚ 

ʤʽʢʨʦʤʽʮʝʪʽʚ. ʊʘʢ, ʪʝʤʥʦʟʘʙʘʨʚʣʝʥʽ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʛʨʠʙʠ, ʱʦ ʤʽʩʪʷʪʴ 
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ʤʝʣʘʥʽʥʦʚʠʡ ʧʽʛʤʝʥʪ, ʦʩʦʙʣʠʚʦ ʩʪʽʡʢʽ ʜʦ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʃɼ90 ʨʽʟʥʠʭ 

ʰʪʘʤʽʚ Aureobasidium pullulans ʩʪʘʥʦʚʠʪʴ 6ï8 ʢɻʨ, Cladosporium sp. ï 5 ʢɻʨ, 

Dendriphium macrosporoides 7384 ï ʙʣʠʟʴʢʦ 4 ʢɻʨ [68]. ʊʘʢʫ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ 

ʤʦʞʝ ʙʫʪʠ ʧʦʨʽʚʥʷʥʦ ʪʽʣʴʢʠ ʽʟ ʨʝʟʠʩʪʝʥʪʥʽʩʪʶ D. radiodurans. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ, ʱʦ ʬʽʣʦʛʝʥʝʪʠʯʥʦ ʽ 

ʪʘʢʩʦʥʦʤʽʯʥʦ ʨʘʜʽʦʩʪʽʡʢʽ ʙʘʢʪʝʨʽʾ ʥʝ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ. ʈʽʜ Deinococcus 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʜʽʦʩʪʽʡʢʠʤʠ ʙʘʢʪʝʨʽʷʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʣʘʩʪʝʨ, 

ʬʽʣʦʛʝʥʝʪʠʯʥʦ ʙʣʠʟʴʢʠʡ ʜʦ ʣʽʥʽʾ Thermus ï Meiothermus. ɯʥʰʽ ʨʘʜʽʦʩʪʽʡʢʽ 

ʙʘʢʪʝʨʽʾ ʻ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʽʚ Rubrobacter, Methylobacterium, Kocuria, 

Bacillus ʽ ʜʝʷʢʠʭ ʘʨʭʝʙʘʢʪʝʨʽʡ [69].  

ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʘ ʩʝʨʝʜ ʥʠʭ ʛʨʫʧʘ ʜʝʽʥʦʢʦʢʽʚ ʻ ʬʽʣʦʛʝʥʝʪʠʯʥʦ ʯʽʪʢʦʶ 

ʣʽʥʽʻʶ ʧʨʘʜʘʚʥʴʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʮʽ ʜʘʥʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ ʩʠʢʚʝʥʩʫ 16S 

ʨʈʅʂ. ʗʢ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʜʝʷʢʽ ʢʦʣʝʢʮʽʡʥʽ ʰʪʘʤʠ ʘʨʭʝʙʘʢʪʝʨʽʡ 

(Desulfurococcus amylolyticus ʽ Thermococcus stetteri) ʪʘʢʦʞ ʚʠʷʚʠʣʠʩʷ 

ʨʘʜʽʦʩʪʽʡʢʠʤʠ [70]. ʇʨʦʪʝ ʥʘʚʽʪʴ ʥʘ ʨʘʥʥʴʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ɿʝʤʣʽ ʥʝ 

ʙʫʣʦ ʪʘʢʠʭ ʚʠʩʦʢʠʭ ʜʦʟ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʱʦ ʤʦʞʫʪʴ ʚʠʪʨʠʤʫʚʘʪʠ 

ʨʘʜʽʦʨʝʟʠʩʪʝʥʪʥʽ ʙʘʢʪʝʨʽʾ [71]. 

ɸʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʘʜʽʦʨʝʟʠʩʪʝʥʪʥʠʭ ʙʘʢʪʝʨʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ 

ʩʧʨʦʤʦʞʥʽ ʧʝʨʝʞʠʚʘʪʠ ʡ ʽʥʰʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɿʦʢʨʝʤʘ, ʟ ʧʝʚʥʦʶ ʤʽʨʦʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʫ ʙʘʢʪʝʨʽʡ ʤʽʞ ʛʽʧʝʨʪʝʨʤʦʬʽʣʽʻʶ ʡ ʝʢʩʪʨʝʤʘʣʴʥʦʶ 

ʨʘʜʽʦʩʪʽʡʢʽʩʪʶ. ʗʢ ʥʘʚʝʜʝʥʦ ʚʠʱʝ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʭʝʤʦʪʘʢʩʦʥʦʤʽʯʥʽ ʽ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʦʚʝʣʠ ʬʽʣʦʛʝʥʝʪʠʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ 

ʨʦʜʽʚ Deinocoʩcus ʽ Thermus [71].    

ɼʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ Thermus, ʟʘ ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ, ʥʝ ʜʦʩʣʽʜʞʝʥʦ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. ʇʨʦʪʝ, ʻ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʠʥʷʪʢʦʚʫ 

ʨʘʜʽʦʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʝʢʩʪʨʝʤʘʣʴʥʦ ʪʝʨʤʦʬʽʣʴʥʠʭ ʘʨʭʝʙʘʢʪʝʨʽʡ. ʆʧʠʩʘʥʦ 

ʛʽʧʝʨʪʝʨʤʦʬʽʣʴʥʠʡ ʨʘʜʽʦʩʪʽʡʢʠʡ ʰʪʘʤ Pyrococcus furiosus, ʟʜʘʪʥʠʡ ʨʦʩʪʠ ʧʨʠ 

70ï103Áʉ [68]. ɹʽʣʴʰʝ ʪʦʛʦ, ʭʨʦʤʦʩʦʤʘ ʈ. furiosus (2 ʤʣʥ. ʧʘʨ ʥʫʢʣʝʦʪʠʜʽʚ), 

ʟʨʫʡʥʫʚʘʥʘ ɔ-ʦʧʨʦʤʽʥʶʚʘʥʥʷʤ 60ʉʦ (ʜʦʟʘ 2,5 ʢɻʨ) ʥʘ ʬʨʘʛʤʝʥʪʠ ʚʽʜ 500 ʜʦ 30 
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ʪʠʩ. ʧʘʨ ʥʫʢʣʝʦʪʠʜʽʚ, ʮʽʣʢʦʤ ʚʽʜʥʦʚʣʶʚʘʣʘʩʷ ʧʨʠ 95Áʉ. O. White ʪʘ ʽʥ.  

ʚʚʘʞʘʶʪʴ, ʱʦ ʫ ʈ. furiosus ʬʫʥʢʮʽʦʥʫʻ ʘʢʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ ʨʝʢʦʤʙʽʥʘʮʽʡʥʦʾ 

ʨʝʧʘʨʘʮʽʾ ɼʅʂ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʞʠʚʘʥʥʷ ʢʣʽʪʠʥ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʦʞʣʠʚʦ, ʮʝʡ ʤʝʭʘʥʽʟʤ ʧʦʜʽʙʥʠʡ ʜʦ ʨʝʧʘʨʘʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

D. radiodurans, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʞʠʚʘʥʥʷ ʮʽʻʾ ʙʘʢʪʝʨʽʾ ʚ ʫʤʦʚʘʭ ʧʦʪʫʞʥʦʛʦ ɔ-

ʦʧʨʦʤʽʥʶʚʘʥʥʷ [72].  

ɯʥʰʠʡ ʚʠʜ Pyrococcus abyssi, ʛʽʧʝʨʪʝʨʤʦʬʽʣʴʥʘ ʛʣʠʙʦʢʦʚʦʜʥʘ ʤʦʨʩʴʢʘ 

ʘʨʭʝʙʘʢʪʝʨʽʷ, ʚʠʞʠʚʘʻ ʧʽʩʣʷ ɔ-ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʜʦʟʽ 11 ʢɻʨ. ɿʽ ʟʨʘʟʢʽʚ, 

ʚʽʜʽʙʨʘʥʠʭ ʫ ʢʘʣʽʬʦʨʥʽʡʩʴʢʽʡ ʟʘʪʦʮʽ ʪʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʨʘʡʦʥʽ ɸʪʣʘʥʪʠʯʥʦʛʦ 

ʢʨʷʞʫ, ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʢʫʣʴʪʫʨʠ ʘʥʘʝʨʦʙʥʠʭ ʭʝʤʦʦʨʛʘʥʦʪʨʦʬʽʚ, ʱʦ ʨʦʩʪʫʪʴ 

ʧʨʠ 85Áʉ. ʐʣʷʭʦʤ ʩʝʢʚʝʥʫʚʘʥʥʷ 16S ʨʈʅʂ ʚʩʪʘʥʦʚʣʝʥʦ ʾʭ ʥʘʣʝʞʥʽʩʪʴ ʜʦ 

ʨʦʜʫ Thermococcus. ɿôʷʩʫʚʘʣʦʩʷ, ʱʦ ʮʽ ʽʟʦʣʷʪʠ ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ɔ-

ʦʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʽʞ Pyrococcus abyssi, ʽ ʪʨʠ ʽʟ ʥʠʭ ʙʫʣʠ ʙʣʠʟʴʢʽ ʟʘ 

ʨʘʜʽʦʩʪʽʡʢʽʩʪʶ ʜʦ Deinococcus radiodurans [63].  

ʆʜʥʘʢ, ʜʚʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʰʪʘʤʠ ʪʝʨʤʦʬʽʣʴʥʠʭ ʝʫʙʘʢʪʝʨʽʡ 

Thermodesulfobacterium P1 ʪʘ Thermotoga maritima 2706 (ʧʝʨʰʠʡ ʟ ʥʠʭ ʨʽʩ 

ʧʨʠ 74Áʉ, ʜʨʫʛʠʡ ï ʧʨʠ 86Áʉ) ʚʠʷʚʠʣʠʩʷ ʨʘʜʽʦʯʫʪʣʠʚʠʤʠ [65], ʪʦʙʪʦ ʥʝ ʚʩʽ 

ʪʝʨʤʦʬʽʣʴʥʽ ʙʘʢʪʝʨʽʾ ʦʜʥʘʢʦʚʦʶ ʤʽʨʦʶ ʩʪʽʡʢʽ ʜʦ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʜʝʷʢʽ ʨʘʜʽʦʨʝʟʠʩʪʝʥʪʥʽ ʙʘʢʪʝʨʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʝʢʩʪʨʝʤʘʣʴʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʠʩʫʰʫʚʘʥʥʷ. 

ɺʠʚʯʘʶʯʠ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ ʽ ʨʘʜʽʦʯʫʪʣʠʚʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʝ ʤʦʞʥʘ 

ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʠʡ ʨʘʜʽʦʙʽʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʷʢ ʨʘʜʽʘʮʽʡʥʫ ʩʪʠʤʫʣʷʮʽʶ, ʘʙʦ 

ʨʘʜʽʘʮʽʡʥʠʡ ʛʦʨʤʝʟʠʩ. ɼʘʚʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʜʝʷʢʠʭ, ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʜʽʣʫ ʢʣʽʪʠʥ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʾʭ ʢʣʽʪʠʥʥʦʛʦ ʮʠʢʣʫ, ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʦʥʽʡ ʪʘ 

ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚ ʮʽʣʦʤʫ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ 

[73]. ʉʘʤʝ ʥʘ ʮʴʦʤʫ, ʟʦʢʨʝʤʘ, ʟʘʩʥʦʚʘʥʽ ʜʝʷʢʽ ʨʘʜʽʘʮʽʡʥʦ-ʙʽʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ  ʙʨʦʜʽʥʥʷ. ʇʨʠʩʢʦʨʝʥʥʷ ʨʦʟʚʠʪʢʫ ʧʝʚʥʠʭ ʚʠʜʽʚ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʠʛʥʦʙʣʝʥʥʷ ʨʦʟʚʠʪʢʫ ʽʥʰʠʭ, ʽʥʦʜʽ, 

ʥʘʚʽʪʴ, ʪʘʢʠʭ, ʱʦ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʨʘʜʽʦʩʪʽʡʢʽʩʪʴ. ʊʦʤʫ ʚ ʫʤʦʚʘʭ 
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ʫʛʨʫʧʦʚʘʥʴ, ʥʝ ʪʽʣʴʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʡ ʟʘ ʫʯʘʩʪʶ ʨʦʩʣʠʥ ʽ ʥʘʚʽʪʴ 

ʪʚʘʨʠʥ, ʪʦʙʪʦ ʙʽʦʮʝʥʦʟʽʚ, ʤʽʞʚʠʜʦʚʽ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʩʢʣʘʜ ʤʽʢʨʦʙʽʦʤʫ ʽ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʧʣʠʚ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʥʘ 

ʚʝʣʠʯʠʥʫ ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ. ʅ.ɻ. ɼʘʨʝʥʩʢʘʷ ʪʘ ʽʥ., ʘʥʘʣʽʟʫʶʯʠ ʾʾ ʱʝ ʧʦʥʘʜ 

ʧôʷʪʜʝʩʷʪ ʨʦʢʽʚ ʪʦʤʫ, ʧʽʜʢʨʝʩʣʶʚʘʣʠ ʢʨʘʡʥʶ ʩʫʧʝʨʝʯʣʠʚʽʩʪʴ ʚʠʢʣʘʜʝʥʠʭ ʫ 

ʣʽʪʝʨʘʪʫʨʽ ʜʘʥʠʭ [74]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʜʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʚʘʨʽʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʃɼ50 ʜʣʷ ʙʘʢʪʝʨʽʾ Bacillus 

dysenteriae; ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ï ʝʬʝʢʪ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʽʡ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʪʦʙʪʦ ʧʦʩʠʣʶʻʪʴʩʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ; ʘ ʟʘ 

ʜʘʥʠʤʠ ʪʨʝʪʽʭ ï ʥʘʚʧʘʢʠ, ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʝ ʽ ʙʽʣʴʰ ʪʨʠʚʘʣʝ ʦʧʨʦʤʽʥʝʥʥʷ ʫ 

ʙʽʣʴʰʽʡ ʤʽʨʽ ʩʧʨʠʷʣʦ ʧʨʦʷʚʫ ʨʘʜʽʦʙʽʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ ï ʩʚʽʪʽʥʥʶ ʙʘʢʪʝʨʽʾ 

ʪʦʛʦ ʞ ʚʠʜʫ B. issachenko.  

 ɺʩʽ ʮʽ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʘʨʽʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ-ʜʚʦʭ ʧʦʨʷʜʢʽʚ. ɯ, 

ʙʝʟʧʝʨʝʯʥʦ, ʚʘʞʣʠʚʦ ʚʠʷʩʥʠʪʠ, ʷʢ ʜʽʻ ʽʦʥʽʟʫʶʯʝ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚ ʫʤʦʚʘʭ ʭʨʦʥʽʯʥʦʾ ʜʽʾ, ʪʦʙʪʦ ʪʨʠʚʘʻ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ. 

 

1.3. ʈʝʘʢʮʽʷ ʤʽʢʨʦʙʽʦʪʠ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ˇʨʫʥʪʽʚ 

 

ʨ̂ʫʥʪ, ʷʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʦʜʠʥ ʟ ʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ, ʱʦ 

ʥʘʡʙʽʣʴʰʝ ʧʦʩʪʨʘʞʜʘʚ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ. ʆʙʤʽʥʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʚ ˇʨʫʥʪʘʭ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʢʦʥʪʨʦʣʶʶʪʴʩʷ 

ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʶ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʝʫʢʘʨʽʦʪʘʤʠ ï 

ʤʽʢʨʦʤʽʮʝʪʘʤʠ, ʚʦʜʦʨʦʩʪʷʤʠ, ʥʘʡʧʨʦʩʪʽʰʠʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʢʘʨʽʦʪʘʤʠ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʠʷʪʴʩʷ ʙʘʢʪʝʨʽʾ ʪʘ ʮʽʘʥʦʙʘʢʪʝʨʽʾ.  

ɼʘʥʽ ʱʦʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʛʨʠʙʘʤʠ ʩʪʦʩʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʤʘʢʨʦʤʽʮʝʪʽʚ [75, 76], ʫ ʪʦʡ ʯʘʩ ʷʢ ʤʽʢʨʦʙʥʠʡ ʙʽʦʮʝʥʦʟ ˇʨʫʥʪʫ ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʽʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʤʽʢʨʦʤʽʮʝʪʽʚ. ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʚʞʝ ʟʛʘʜʘʥʽ ʙʘʛʘʪʦʨʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʅ.ʄ. ɾʜʘʥʦʚʦʶ, ʊ.ɯ. ʊʫʛʘʡ ʪʘ 
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ʽʥ. [11ï15], ʷʢʽ ʩʬʦʢʫʩʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʽ ʫʛʨʫʧʦʚʘʥʴ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʤʽʮʝʪʽʚ, 

ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʧʽʜʜʘʥʽʡ ʟʘʙʨʫʜʥʝʥʥʶ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʪʘʢʩʦʥʦʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʯʠʩʝʣʴʥʽʩʪʴ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚ 

ˇʨʫʥʪʘʭ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʪʷʛʦʤ 1986ï1988 ʨʨ. ʢʽʣʴʢʽʩʪʴ ʛʨʠʙʥʠʭ 

ʩʧʦʨ ʟʥʠʟʠʣʘʩʴ ʚ 2ï3 ʨʘʟʠ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʛʣʠʙʠʥʽ 0ï10 ʩʤ ʧʝʨʝʚʘʞʘʚ 

ʪʝʤʥʦʟʘʙʘʨʚʣʝʥʠʡ ʛʨʠʙʥʠʡ ʤʽʮʝʣʽʡ. ʎʝ ʷʚʠʱʝ ʘʚʪʦʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʷʢ 

ʧʨʦʤʠʩʣʦʚʠʡ ʤʝʣʘʥʽʟʤ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʤʽʮʝʪʽʚ.  

ʇʽʟʥʽʰʝ ʢʽʣʴʢʽʩʪʴ ʛʨʠʙʥʦʛʦ ʤʽʮʝʣʽʶ ʯʘʩʪʢʦʚʦ ʚʽʜʥʦʚʠʣʘʩʴ ʽ ʥʘʙʣʠʟʠʣʘʩʷ 

ʜʦ ʟʥʘʯʝʥʴ çʯʠʩʪʠʭè ʨʝʛʽʦʥʽʚ [77ï79]. ʇʨʦʪʝ ʚ ʪʘʢʩʦʥʦʤʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʢʦʨʝʣʷʮʽʡʥʠʭ ʧʣʝʷʜ ʛʨʠʙʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ 1989ï1992 ʨʨ. ʜʦʤʽʥʫʶʯʝ 

ʧʦʣʦʞʝʥʥʷ, ʷʢ ʽ ʨʘʥʽʰʝ, ʥʘʣʝʞʘʣʦ ʪʝʤʥʦʟʘʙʘʨʚʣʝʥʠʤ ʛʨʠʙʘʤ. ɿ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʮʷ ʛʨʫʧʘ ʛʨʠʙʽʚ ʤʦʞʝ ʙʫʪʠ ʙʽʦʽʥʜʠʢʘʪʦʨʦʤ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʤʘʻ ʟʜʘʪʽʥʩʪʴ ʜʦ ʨʘʜʽʦʘʜʘʧʪʘʮʽʾ 

ʪʘ ʨʘʜʽʦʪʨʦʧʽʟʤʫ [80, 81].  

ɺʽʜʦʤʦ, ʱʦ ʜʦ 70% ʙʽʦʤʘʩʠ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠʧʘʜʘʻ ʥʘ 

ʤʽʢʨʦʤʽʮʝʪʠ [82ï85], ʽ, ʥʘʧʝʚʥʝ, ʩʘʤʝ ʪʦʤʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʚʠʚʯʝʥʥʶ ʩʪʘʥʫ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʤʽʢʨʦʙʽʦʪʠ, ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ [86ï87]. 

ɯʩʥʫʻ ʪʘʢʦʞ ʥʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ ʥʘ ʪʝʤʫ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʽ ʚʠʢʣʶʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ˇʨʫʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʤʽʮʝʪʽʚ. ʊʘʢ, C. White ʪʘ ʽʥ. [88] 

ʚʠʟʥʘʯʠʣʠ, ʱʦ Rhizopus arrhizus ʪʘ Aspergillus niger ʻ ʚʠʜʘʤʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʩʦʨʙʫʶʪʴ ʪʦʨʽʡ ʽʟ ʩʫʙʩʪʨʘʪʫ.  

ʅʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ˇʨʫʥʪʦʚʦʛʦ ʙʽʦʮʝʥʦʟʫ ʻ ʧʨʦʢʘʨʽʦʪʠ. 

ʉʘʤʝ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʫʣʫ ʟʽ ʟʥʘʯʥʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ 

ʽʥʘʢʪʠʚʦʚʘʥʠʭ ʩʫʙʩʪʨʘʪ-ʩʧʝʮʠʬʽʯʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʝʢʦʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʜʦ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʶʪʘʥʪʘ [89]. 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʥʘʩʣʽʜʢʠ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, 

ʩʧʨʠʯʠʥʝʥʦʛʦ ʘʚʘʨʽʻʶ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ, ʜʣʷ ʧʨʦʢʘʨʽʦʪʥʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʧʨʘʢʪʠʯʥʦ ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʜʦ 1995 ʨ. [87]. ʇʽʩʣʷ ʘʚʘʨʽʾ ʧʝʨʝʚʘʞʥʦ  ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʣʠ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʝʜʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʘ ʩʘʤʝ ʚʠʚʯʝʥʥʶ 
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ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʧʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʫ ʨʽʟʥʠʭ ʦʨʛʘʥʘʭ 

ʣʶʜʠʥʠ ʪʘ ʪʚʘʨʠʥ [90].  

ʉʧʨʦʙʫ ʜʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʩʪʘʥʫ ʤʽʢʨʦʙʥʦʛʦ ʮʝʥʦʟʫ ʚ ˇʨʫʥʪʘʭ, 

ʧʽʜʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʶ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʫ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ 

1990-ʭ ʨʦʢʽʚ. ɿʛʘʜʘʥʽ ʚʠʱʝ ʂʘʣʘʰʥʠʢʦʚʘ ɿ.ɺ. ʪʘ ʽʥ. ʫ 1996 ʨʦʮʽ [7] ʽ ʃ.ɺ. 

ɻʨʠʛʦʨôʻʚʘ ʪʘ ʽʥ. ʫ 1999 ʨʦʮʽ [8] ʚʠʟʥʘʯʘʣʠ ʯʠʩʝʣʴʥʽʩʪʴ ʧʝʚʥʠʭ ʛʨʫʧ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ: ʘʚʪʦʭʪʦʥʥʫ ʡ ʘʣʦʭʪʦʥʥʫ ʤʽʢʨʦʬʣʦʨʫ, ʩʝʨʝʜ ʷʢʠʭ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʤʦʥʽ- ʪʘ ʥʽʪʨʠʬʽʢʘʪʦʨʠ. ʇʨʦʪʷʛʦʤ 1991ï1996 ʨʨ. 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 142 ʟʨʘʟʢʠ ˇʨʫʥʪʫ (ɺʠʰʛʦʨʦʜʩʴʢʠʡ ʨʘʡʦʥ ʂʠʾʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ), ʟ ʷʢʠʭ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʤʘʣʠ 47 

ʟʨʘʟʢʽʚ, ʘ ʨʝʰʪʘ ï ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ ʽ ʚʚʘʞʘʣʠʩʷ ʢʦʥʪʨʦʣʴʥʠʤʠ. ɺ ʦʢʨʝʤʠʭ 

ʟʨʘʟʢʘʭ ʟʘʙʨʫʜʥʝʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ˇʨʫʥʪʫ ʢʽʣʴʢʽʩʪʴ ʛʝʪʝʨʦʪʨʦʬʥʠʭ 

ʙʘʢʪʝʨʽʡ ʽ ʚʝʛʝʪʘʪʠʚʥʠʭ ʬʦʨʤ ʙʘʮʠʣ ʧʝʨʝʚʠʱʫʚʘʣʘ 1³106 ʢʣʽʪʠʥ/ʛ ˇʨʫʥʪʫ, ʘ ʚ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ ʚʦʥʘ ʙʫʣʘ ʚ 5 ʨʘʟʽʚ ʤʝʥʰʘ. ɿ.ɺ. ʂʘʣʘʰʥʠʢʦʚʘ ʪʘ ʽʥ. 

ʨʦʟʮʽʥʠʣʠ ʪʘʢʽ ʟʤʽʥʠ ʷʢ ʩʪʠʤʫʣʷʮʽʶ ʤʽʢʨʦʙʽʦʮʝʥʦʟʫ ˇʨʫʥʪʫ ʧʨʠ ʱʽʣʴʥʦʩʪʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦ 10 ʂʽ/ʢʤ2 (37Ĭ1010 ʢɹʢ/ʤ2). ʇʨʠ ʮʴʦʤʫ ʚʽʜʟʥʘʯʝʥʦ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʧʦʥʘʜ 10 ʂʽ/ʢʤ2 ʧʨʠʛʥʽʯʫʚʘʣʦ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ 

ʘʫʪʦʭʪʦʥʥʦʾ ʽ ʘʣʦʭʪʦʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʧʨʦʪʝʦʣʽʪʠʯʥʠʭ ʙʘʢʪʝʨʽʡ ʽ ʜʝʷʢʠʭ 

ʽʥʰʠʭ ʛʨʫʧ ʙʘʢʪʝʨʽʡ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʣʠʙʦʢʽ ʝʢʦʣʦʛʽʯʥʽ ʧʦʨʫʰʝʥʥʷ ʚ 

ʤʽʢʨʦʙʥʠʭ ʮʝʥʦʟʘʭ ˇʨʫʥʪʽʚ. 

ʋ ʮʽʡ ʞʝ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʚʝʛʝʪʘʮʽʡʥʽ ʜʦʩʣʽʜʠ, ʫ ʢʦʪʨʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ˇʨʫʥʪ ʽʟ 30-ʢʤ ʟʦʥʠ ʏɸɽʉ, ʫ ʷʢʦʤʫ ʚʠʟʥʘʯʘʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʨʦʚʠʭ ʪʘ ʚʝʛʝʪʘʪʠʚʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ, ʧʨʦʪʝʦʣʽʪʽʚ, ʥʠʪʨʠʬʽʢʘʪʦʨʽʚ, ʘʫʪʦʭʪʦʥʥʦʾ ʪʘ 

ʘʣʦʭʪʦʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʯʠʩʝʣʴʥʽʩʪʴ ʤʘʡʞʝ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʨʫʧ ʙʘʢʪʝʨʽʡ ʫ ʟʘʙʨʫʜʥʝʥʦʤʫ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ˇʨʫʥʪʽ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʤʽʩʷʮʽʚ ʙʫʣʘ ʥʠʞʯʦʶ, ʥʽʞ ʫ 

ʢʦʥʪʨʦʣʴʥʦʤʫ. ʅʘʡʙʽʣʴʰ ʟʥʘʯʠʤʽ ʨʦʟʭʦʜʞʝʥʥʷ ʙʫʣʠ ʚʠʷʚʣʝʥʽ  ʚ ʢʽʣʴʢʦʩʪʽ 

ʩʧʦʨʦʚʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʪʘʢʦʞ ʫ ʢʽʣʴʢʦʩʪʽ ʘʫʪʦʭʪʦʥʥʦʾ ʡ ʘʣʦʭʪʦʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ 
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ˇʨʫʥʪʫ. ɺ ʫʤʦʚʘʭ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʫ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʨʘʜʽʦʮʝʟʽʶ ʨʦʩʣʠʥʘʤʠ ʚʽʚʩʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʘ ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʘʤʦʥʽʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʧʦʷʩʥʶʻʪʴʩʷ 

ʬʽʢʩʘʮʽʻʶ ʮʴʦʛʦ ʽʟʦʪʦʧʫ ʧʝʨʝʚʘʞʥʦ ʥʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢʘʭ ˇʨʫʥʪʫ. 

ɸʢʪʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʩʣʠʥʘʤʠ ʨʘʜʽʦʩʪʨʦʥʮʽʶ, ʥʘʚʧʘʢʠ, ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʘʣʘ ʚʽʜ ʬʽʟʠʯʥʠʭ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜ (ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʚʦʣʦʛʽʩʪʴ) ʪʘ ʽʩʪʦʪʥʦ ʤʝʥʰʦʶ ï ʚʽʜ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ʉʭʦʞʫ ʨʦʙʦʪʫ ʧʨʦʚʦʜʠʣʠ N.R. Parekh ʪʘ ʽʥ., ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʧʦʛʣʠʥʘʥʥʷ 137Cs ʪʘ 85Sr ʽʟ ʯʠʩʪʠʭ ʦʨʛʘʥʽʯʥʠʭ (ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ) ʩʫʙʩʪʨʘʪʽʚ 

[91]. ʅʘ ʩʫʙʩʪʨʘʪʠ, ʩʬʦʨʤʦʚʘʥʽ ʟ ʣʠʩʪʷ, ʨʦʟʤʽʱʫʚʘʣʠ ʯʠʩʪʽ ʢʫʣʴʪʫʨʠ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʘʙʦ ʽʥʦʢʫʣʶʚʘʣʠ ʾʭ ˇʨʫʥʪʦʚʠʤʠ ʚʠʪʷʞʢʘʤʠ. ɹʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʙʮʽʷ ʮʝʟʽʶ ʽʟ ʨʦʟʯʠʥʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʣʘ ʚʽʜ ʥʘʷʚʥʦʩʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (70% ʨʘʜʽʦʥʫʢʣʽʜʘ ʩʦʨʙʦʚʘʥʦ ʟʘ ʾʭ ʧʨʠʩʫʪʥʦʩʪʽ ʽ ʣʠʰʝ 10% ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ).  ʇʨʷʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʷʚʥʽʩʪʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʩʦʨʙʮʽʻʶ 

ʨʘʜʽʦʩʪʨʦʥʮʽʶ ʥʝ ʟʥʘʡʜʝʥʦ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ.  

ʄʽʢʨʦʙʽʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ˇʨʫʥʪʫ, ʧʨʦʚʝʜʝʥʠʡ ʫ 1998 ʨ., ʪʦʙʪʦ ʯʝʨʝʟ 12 

ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʥʝ ʜʦʟʚʦʣʠʚ ʃ.ʌ. ɭʨʫʩʘʣʠʤʩʴʢʽʡ ʪʘ ɻ.ɯ. ʂʦʨʯʘʢ  

ʚʠʷʚʠʪʠ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫ ʽ ʯʠʩʝʣʴʥʽʩʪʶ 

ʛʝʪʝʨʦʪʨʦʬʥʠʭ ʙʘʢʪʝʨʽʡ [92]. ʃʠʰʝ ʚ ʜʝʷʢʠʭ ʪʦʯʢʘʭ ʧʦʣʽʛʦʥʫ ʧʦʭʦʚʘʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʚʽʜʟʥʘʯʘʣʠ ʟʤʝʥʰʝʥʥʷ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʢʽʣʴʢʦʩʪʽ 

ʘʫʪʦʭʪʦʥʥʦʾ ʡ ʘʣʦʭʪʦʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʧʨʠ ʟʘʙʨʫʜʥʝʥʥʽ 350 ʤʢʂʽ/ʢʛ (1,3Ĭ106 

ɹʢ/ʢʛ). ʋ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʧʝʨʝʚʘʞʘʣʘ ʘʫʪʦʭʪʦʥʥʘ ʤʽʢʨʦʬʣʦʨʘ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʣʦʭʪʦʥʥʦʶ. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʮʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ 

ˇʨʫʥʪʘʭ ʧʦʙʣʠʟʫ ʏɸɽʉ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʢʨʦʙʥʦʾ 

ʨʽʚʥʦʚʘʛʠ.  

ʋ 1999 ʨ. ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʦʙʦʪʫ ɯ.ʂ. ʂʨʘʚʯʝʥʢʘ ʪʘ ʽʥ. [9], ʚ ʷʢʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʫ 1991 ʨ. ɸʚʪʦʨʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʙʘʢʪʝʨʽʡ, ʷʢʝ ʢʦʨʝʣʶʚʘʣʦ 
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ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʜʦ ʏɸɽʉ. ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʦʩʪʝʞʫʚʘʣʘʩʷ 

ʥʘʡʙʽʣʴʰ ʯʽʪʢʦ ʜʣʷ ʛʦʨʠʟʦʥʪʽʚ ʧʽʜʩʪʠʣʢʠ ʽ ʤʝʥʰʦʶ ʤʽʨʦʶ ʜʣʷ ʛʦʨʠʟʦʥʪʽʚ 

ʧʨʠʣʝʛʣʦʛʦ ʜʦ ʥʝʾ ˇʨʫʥʪʫ. ʊʘʢ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʢʪʝʨʽʡ ʚ ʛʦʨʠʟʦʥʪʽ 

ʧʽʜʩʪʠʣʢʠ ʚ ʧʫʥʢʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʽʜʜʘʣʝʥʦʛʦ ʚʽʜ ʏɸɽʉ ʥʘ 26ï28 ʢʤ, 

ʩʪʘʥʦʚʠʣʘ 230³106 ʂʋʆ/ʛ, ʥʘ ʚʽʜʩʪʘʥʽ 7ï10 ʢʤ ʚʽʜ ʏɸɽʉ ï 180³106 ʂʋʆ/ʛ ʽ ʥʘ 

ʚʽʜʩʪʘʥʽ 5ï6 ʢʤ ï ʪʽʣʴʢʠ 10³106 ʂʋʆ/ʛ ˇʨʫʥʪʫ. ʊʘʢʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʷʢ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ, ʪʘʢ ʽ ʜʣʷ ʦʢʨʝʤʠʭ ʛʨʫʧ 

ʙʘʢʪʝʨʽʡ: ʙʘʮʠʣ, ʧʩʝʚʜʦʤʦʥʘʜ, ʢʦʨʽʥʝʬʦʨʤ ʪʘ ʦʣʽʛʦʥʽʪʨʦʬʽʣʽʚ. ʅʘʞʘʣʴ, ʘʚʪʦʨʠ 

ʥʝ ʧʨʠʚʦʜʷʪʴ ʨʽʚʥʽ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʯʠ ʭʦʯʘ ʙ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ ʤʽʩʮʝʚʦʩʪʽ, ʪʦʤʫ ʥʘ ʦʩʥʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʚʘʞʢʦ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʢʦʥʢʨʝʪʥʽ ʜʦʟʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʨ̂ʫʥʪʦʚʥʫ ʨʦʙʦʪʫ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʦʚʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʫ 10-ʢʤ 

ʟʦʥʽ ʏɸɽʉ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ɺ.ɸ. ʈʦʤʘʥʦʚʩʴʢʦʶ, ʇ.ɺ. ʈʦʢʠʪʢʦ ʪʘ ʽʥ. [87, 93, 

94]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ˇʨʫʥʪʦʚʠʭ ʙʘʢʪʝʨʽʡ ʥʘ 1ï3 

ʧʦʨʷʜʢʠ ʥʠʞʯʘ, ʘ ʢʽʣʴʢʽʩʪʴ ʾʭ ʚʠʜʽʚ ʥʘ 30ï40% ʤʝʥʰʘ ʧʨʦʪʠ ˇʨʫʥʪʽʚ ʧʦʟʘ 

ʟʦʥʦʶ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ˇʨʫʥʪʘʭ ʢʽʣʴʢʽʩʥʦ ʧʝʨʝʚʘʞʘʣʠ 

ʚʠʜʠ ʙʘʢʪʝʨʽʡ, ʷʢʽ ʙʫʣʠ ʨʝʟʠʩʪʝʥʪʥʠʤʠ ʜʦ ɔ-ʦʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʢʨʝʪʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʦʟʣʷʥʫʪʽ 

ʚ ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʠʪʴ ʰʠʨʦʢʦ. ɿʘʢʦʥʦʤʽʨʥʦ ʧʨʝʚʘʣʶʶʪʴ ʘʩʧʝʢʪʠ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ, ʨʘʜʽʶ ʪʘ ʧʣʫʪʦʥʽʶ ʷʢ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʥʝʥʪʽʚ ʡʦʛʦ ʚʽʜʭʦʜʽʚ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʚ 

ʽʟʦʪʦʧʥʦʤʫ ʩʢʣʘʜʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʙʫʣʠ 

ʟʘʙʨʫʜʥʝʥʽ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ, ʧʨʝʚʘʣʶʶʪʴ 137Cs ʪʘ 90Sr. ʉʪʨʦʥʮʽʡ ʻ ʭʽʤʽʯʥʠʤ 

ʘʥʘʣʦʛʦʤ ʽ ʘʥʪʘʛʦʥʽʩʪʦʤ ʢʘʣʴʮʽʶ, ʝʣʝʤʝʥʪʫ, ʱʦ ʤʘʣʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʤʝʪʘʙʦʣʽʟʤʽ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʤʦʞʣʠʚʦ ʩʘʤʝ ʪʦʤʫ ʥʝ ʙʫʣʦ ʧʦʤʽʯʝʥʦ 

ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʭʽʜ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʦʩʣʠʥʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʙʘʢʪʝʨʽʾ ʤʦʞʫʪʴ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʤʽʛʨʘʮʽʶ ʩʪʨʦʥʮʽʶ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ 

ʩʪʨʦʥʮʽʡ-ʚʤʽʩʥʠʭ ʢʘʨʙʦʥʘʪʽʚ ʽ ʬʦʩʬʘʪʽʚ ʦʨʛʘʥʽʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʱʦ 

ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ [95], ʨʝʜʫʢʫʚʘʥʥʷʤ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʤʦʣʝʢʫʣ ʟʘʣʽʟʘ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʚʝʜʝʥʥʷʤ ʚ ʜʦʩʪʫʧʥʽ ʬʦʨʤʠ 
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ʘʪʦʤʽʚ ʩʪʨʦʥʮʽʶ, ʱʦ ʙʫʣʠ ʘʩʦʮʽʡʦʚʘʥʽ ʽʟ ʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ, ʙʽʦʜʝʛʨʘʜʘʮʽʻʶ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʰʪʦʢ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʮʝʡ ʨʘʜʽʦʥʫʢʣʽʜ. ɿʘ ʜʘʥʠʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ A.J. Francis, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʠʤʠ ʢʫʣʴʪʫʨʠ ʘʢʫʤʫʣʶʚʘʣʠ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʦʩʪʽ: 90Sr <<60Co< 137Cs [96]. ʎʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʧʽʚʧʘʜʘʣʠ ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʧʨʦʮʠʪʦʚʘʥʠʤʠ ʚʠʱʝ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ ʛʨʫʧʠ ʅ.ʄ. ɾʜʘʥʦʚʦʾ ʽ ʊ.ɯ. ʊʫʛʘʡ. 

 

1.4. ʈʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ ʫ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʨʦʮʝʩʘʭ  

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʽ ʽ ʧʽʜʪʨʠʤʘʥʥʽ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ. ɺʦʥʠ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴ ʨʦʩʣʠʥʥʽ ʨʝʰʪʢʠ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ 

ˇʨʫʥʪʫ, ʫʪʚʦʨʝʥʥʽ ʛʫʤʫʩʫ ʽ ʡʦʛʦ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ɻʣʦʙʘʣʴʥʦʶ ʻ ʨʦʣʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʦʧʦʚʥʝʥʥʽ ʙʽʦʩʬʝʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ˇʨʫʥʪʽʚ, ʘʟʦʪʦʤ, 

ʤʦʙʽʣʽʟʘʮʽʾ ʬʦʩʬʦʨʫ ʟ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. 

ɺʘʞʣʠʚʦʶ, ʦʜʥʘʢ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʦʶ, ʻ ʫʯʘʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ 

ʤʦʙʽʣʽʟʘʮʽʾ ʢʘʣʽʶ ʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ. 

 ˆʨʫʥʪ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʽʦʦʨʛʘʥʦʤʽʥʝʨʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʩʪ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʚʩʴʦʛʦ 

ʞʠʚʦʛʦ ʫʤʦʚʠ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʦʮʝʩʫ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ ʻ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʚʤʽʩʪ ʷʢʦʾ ʚ 1 ʛ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 

ɽ.ʄ. ʄʠʰʫʩʪʠʥʘ [97, 98], ʩʷʛʘʻ ʤʽʣʴʷʨʜʽʚ ʢʣʽʪʠʥ. ʎʽʡ ʤʽʢʨʦʬʣʦʨʽ ʚʣʘʩʪʠʚʘ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ. ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʈ. ʊʝʡʪʘ [99] ʚ 1 ʛ ˇʨʫʥʪʫ ʤʽʩʪʠʪʴʩʷ ʙʣʠʟʴʢʦ 4000 ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʆʜʥʘʢ, ʦʩʥʦʚʥʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʝ ʟʜʘʪʥʘ ʨʦʩʪʠ ʥʘ ʞʠʚʠʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɰʭ 

ʧʨʠʨʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʘʙʦ 

ʪʚʘʨʠʥʠ, ʚʦʜʥʽ ʘʙʦ ʤʦʨʩʴʢʽ ʝʢʦʩʠʩʪʝʤʠ, ʪʝʨʤʘʣʴʥʽ ʜʞʝʨʝʣʘ, ʧʨʦʜʫʢʪʠ 

ʭʘʨʯʫʚʘʥʥʷ ʪʦʱʦ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʠʩʝʣʴʥʽʩʪʴ ʢʫʣʴʪʫʨʘʙʝʣʴʥʠʭ ʢʣʽʪʠʥ ʫ 

ˇʨʫʥʪʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʜʽʾ ʩʫʢʮʝʩʽʾ ʝʢʦʩʠʩʪʝʤʠ [100] ʽ, 
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ʟʘ ʜʘʥʠʤʠ ʮʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʚʽʜʥʦʰʝʥʥʷ ʢʫʣʴʪʫʨʘʙʝʣʴʥʠʭ ʢʣʽʪʠʥ ʜʦ ʾʭ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʫ ʨʠʟʦʩʬʝʨʽ ʟʥʠʞʫʚʘʣʦʩʴ ʚʽʜ 0,25 ʜʦ 0,05 ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʠʭ 30ï50 ʜʽʙ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ. ʉʫʤʘʨʥʘ ʤʘʩʘ ʧʨʦʢʘʨʽʦʪʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʥʘ ɿʝʤʣʽ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʙʽʦʤʘʩʽ ʝʫʢʘʨʽʦʪʽʚ [101]. ʉʝʨʝʜ 

ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʝʜʩʪʘʚʥʠʢʠ ʤʘʡʞʝ ʚʩʽʭ ʚʠʜʽʚ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʚʠʟʥʘʯʥʠʢʫ ɹʝʨʜʞʽ. ɹʘʢʪʝʨʽʾ ʽ ʛʨʠʙʠ ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʽ ʝʢʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʬʽʪʦʩʠʤʙʽʦʥʪʘʤʠ [102]. ʆʜʥʘʢ, ʽʥʰʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ. ʊʘʢ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʣʶʯʝʥʥʷ ʙʝʟʭʨʝʙʝʪʥʠʭ ʟʽ ʩʢʣʘʜʫ 

ʙʽʦʮʝʥʦʟʫ ʦʧʘʜʫ ʜʫʙʦʚʦʛʦ ʣʽʩʫ ʚ 2ï5 ʨʘʟʽʚ ʫʧʦʚʽʣʴʥʶʚʘʣʦ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ 

ʤʽʢʨʦʙʥʠʤ ʮʝʥʦʟʦʤ [103]. ʄʘʩʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ ʩʷʛʘʻ ʜʝʩʷʪʠʭ ʜʦʣʝʡ 

ʚʽʜʩʦʪʢʘ ʚʽʜ ʡʦʛʦ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ. ɺʽʜ 0,1 ʜʦ 1,0% ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʽʪʠʥʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [97]. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 

ʙʦʣʛʘʨʩʴʢʠʭ ʚʯʝʥʠʭ [104], ʤʘʩʘ ʙʘʢʪʝʨʽʡ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʛʨʠʙʽʚ ʫ ʣʫʯʥʠʭ 

ʝʢʦʩʠʩʪʝʤʘʭ ʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʪʦʥ ʥʘ ʦʜʠʥ ʛʝʢʪʘʨ. ʄʘʢʩʠʤʘʣʴʥʘ ʾʾ ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʫ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ, ʱʦ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʫ 

ˇʨʫʥʪ ʫ ʮʝʡ ʯʘʩ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʤʽʢʨʦʙʥʦʾ ʤʘʩʠ ʩʢʣʘʜʘʻ ʚʽʜ 

2 ʜʦ 10% ʡʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʚ ʪʨʦʧʽʯʥʠʭ ˇʨʫʥʪʘʭ ʽ ʻ ʚʠʱʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ˇʨʫʥʪʘʤʠ ʧʦʤʽʨʥʠʭ ʰʠʨʦʪ ʥʘ 1ï4% [105]. ʏʠʩʝʣʴʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ 

ˇʨʫʥʪʽ (ʧʦʢʘʟʥʠʢ ʙʽʦʛʝʥʥʦʩʪʽ ˇʨʫʥʪʫ) ʢʦʣʠʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, 

ʘʣʝ ʡ ʫʧʨʦʜʦʚʞ ʥʝʟʥʘʯʥʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʦʣʦʛʦʩʪʽ, ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ, ʫ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʘʭ 

ʥʘ ʥʝʧʦʣʠʚʥʠʭ ˇʨʫʥʪʘʭ ʫ ʣʽʪʥʽʡ ʧʦʩʫʰʣʠʚʠʡ ʧʝʨʽʦʜ ʜʦʤʽʥʘʥʪʘʤʠ ʻ 

ʘʢʪʠʥʦʤʽʮʝʪʠ, ʘ ʚʝʩʥʦʶ ʽ ʚ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ï ʙʘʢʪʝʨʽʾ, ʯʠʩʝʣʴʥʽʩʪʴ ʷʢʠʭ ʚʣʽʪʢʫ 

ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ. ɿʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʫ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʤʽʢʨʦʙʥʦʛʦ 

ʮʝʥʦʟʫ ʚ ʪʘʢʠʭ ʟʦʥʘʭ. ʗʢ ʧʨʘʚʠʣʦ, ʘʢʪʠʚʽʟʘʮʽʷ ʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ [97]. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʾ 

ʤʽʢʨʦʬʣʦʨʠ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʩʪʨʫʢʪʫʨʫʚʘʥʥʶ 

ˇʨʫʥʪʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʚʠʚʘʶʯʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʦʯʦʢ ˇʨʫʥʪʫ, ʛʨʠʙʠ ʽ 

ʘʢʪʠʥʦʤʽʮʝʪʠ ʦʪʦʯʫʶʪʴ ʮʽ ʯʘʩʪʦʯʢʠ ʤʽʮʝʣʽʻʤ ʽ ʬʦʨʤʫʶʪʴ ʚʦʜʦʩʪʽʡʢʽ ʘʛʨʝʛʘʪʠ, 
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ʷʢʽ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʤʦʞʫʪʴ ʩʢʨʽʧʣʶʚʘʪʠʩʷ ʛʫʤʫʩʦʤ [97, 106]. ʇʝʚʥʫ ʨʦʣʴ 

ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʶʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʩʠʥʪʝʟʫʶʪʴ ʧʦʟʘʢʣʽʪʠʥʥʽ 

ʧʦʣʽʩʘʭʘʨʠʜʠ [107]. 

 

1.5. ʈʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ 

(ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʘ ʘʢʪʠʚʥʽʩʪʴ) ʫ ˇʨʫʥʪʘʭ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʛʫʤʫʩʫ  

 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ. ʅʘʷʚʥʽʩʪʴ ʫ ˇʨʫʥʪʦʚʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ 

ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʙʽʦʣʦʛʽʯʥʦʶ ʪʘ ʙʽʦʭʽʤʽʯʥʦʶ 

ʩʧʝʮʠʬʽʯʥʽʩʪʶ, ʦʙʫʤʦʚʣʶʻ ʚʝʣʠʯʝʟʥʝ ʾʭ ʟʥʘʯʝʥʥʷ ʫ ʧʨʦʮʝʩʘʭ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ˇʨʫʥʪʽ.  

ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʫ 

ʤʽʢʨʦʙʥʦʤʫ ʮʝʥʦʟʽ ˇʨʫʥʪʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ [108], ʥʘʜʭʦʜʞʝʥʥʷ ʚ ˇʨʫʥʪ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ, ʷʢʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʝʩʧʦʨʦʚʠʭ ʙʘʢʪʝʨʽʡ ʽ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʛʨʠʙʽʚ, 

ʘ ʥʘ ʧʽʟʥʽʰʠʭ ʩʪʘʜʽʷʭ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ï ʙʘʮʠʣ ʪʘ ʘʢʪʠʥʦʤʽʮʝʪʽʚ [97]. 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ, çʷʢʽ ʞʠʚʣʷʪʴʩʷ ʨʽʟʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ 

ʘʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʮʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪè 

ʉ.ʄ. ɺʠʥʦʛʨʘʜʩʴʢʠʡ [109] ʥʘʟʚʘʚ ʟʠʤʦʛʝʥʥʦʶ ʤʽʢʨʦʬʣʦʨʦʶ, ʪʦʜʽ ʷʢ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʨʦʟʢʣʘʜʘʶʪʴ ʛʫʤʫʩʦʚʽ ʩʧʦʣʫʢʠ, ʚʽʥ ʚʽʜʥʽʩ ʜʦ ʘʚʪʦʭʪʦʥʥʦʾ 

ʤʽʢʨʦʬʣʦʨʠ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʰʠʨʝʥʥʷ ʚ ˇʨʫʥʪʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʛʨʫʧ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʨʝʥʝʚʽ ʚʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥ [110, 111]. ɿʛʽʜʥʦ ʟ 

ʽʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ [112], ʢʦʨʝʥʝʚʽ ʚʠʜʽʣʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 20% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʬʦʪʦʩʠʥʪʝʟʫ ʨʦʩʣʠʥ. 

ɼʦ ʩʢʣʘʜʫ ʢʦʨʝʥʝʚʠʭ ʚʠʜʽʣʝʥʴ ʚʭʦʜʷʪʴ ʚʫʛʣʝʚʦʜʠ, ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, 

ʘʤʽʥʦʢʠʩʣʦʪʠ, ʧʝʧʪʠʜʠ, ʘʣʢʘʣʦʾʜʠ, ʛʣʶʢʦʟʠʜʠ, ʚʽʪʘʤʽʥʠ, ʨʝʯʦʚʠʥʠ ʬʝʥʦʣʴʥʦʾ 

ʧʨʠʨʦʜʠ ʪʦʱʦ. ʉʝʨʝʜ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʚʠʟʥʘʯʝʥʦ ʷʙʣʫʯʥʫ, ʷʥʪʘʨʥʫ, ʚʠʥʥʫ, 

ʣʠʤʦʥʥʫ, ʬʫʤʘʨʦʚʫ, ʱʘʚʝʣʝʚʫ ʪʘ ʽʥʰʽ ʢʠʩʣʦʪʠ [110]. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʢʣʘʜ 

ʢʦʨʝʥʝʚʠʭ ʝʢʟʦʤʝʪʘʙʦʣʽʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʪʘ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ. ʊʘʢ, 
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ʫ ʩʢʣʘʜʽ ʚʠʜʽʣʝʥʴ ʜʚʦʜʦʙʦʚʠʭ ʧʨʦʨʦʩʪʢʽʚ ʥʘʩʽʥʥʷ ʪʦʤʘʪʽʚ ʧʝʨʝʚʘʞʥʦ 

ʚʠʟʥʘʯʘʣʘʩʴ ʱʘʚʝʣʝʚʘ ʢʠʩʣʦʪʘ, ʚʤʽʩʪ ʷʢʦʾ ʩʷʛʘʚ 296 ʥʛ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʥʘʩʽʥʠʥʫ, ʱʦ ʩʢʣʘʜʘʣʦ 48,9% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ. ʋ ʤʝʥʰʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʠʟʥʘʯʘʣʠʩʴ ʧʽʨʦʚʠʥʦʛʨʘʜʥʘ 

(18,6%), ʢʝʪʦʛʣʫʪʘʨʦʚʘ (17,3%) ʽ ʤʦʣʦʯʥʘ (12,7%) ʢʠʩʣʦʪʠ. ʇʽʩʣʷ ʯʦʪʠʨʴʦʭ 

ʜʽʙ ʧʨʦʨʦʱʫʚʘʥʥʷ ʥʘʩʽʥʥʷ ʫ ʩʢʣʘʜʽ ʝʢʟʦʤʝʪʘʙʦʣʽʪʽʚ ʧʝʨʝʚʘʞʘʣʘ ʣʠʤʦʥʥʘ 

ʢʠʩʣʦʪʘ, ʷʢʘ ʚʟʘʛʘʣʽ ʥʝ ʚʠʷʚʣʷʣʘʩʴ ʧʽʩʣʷ ʜʚʦʜʦʙʦʚʦʛʦ ʧʨʦʨʦʱʫʚʘʥʥʷ ʥʘʩʽʥʥʷ. 

ɰʾ ʚʤʽʩʪ ʩʷʛʘʚ 2060 ʥʛ ʥʘ 1 ʥʘʩʽʥʠʥʫ, ʱʦ ʩʢʣʘʜʘʣʦ 53,7% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʫ ʮʠʭ ʚʠʜʽʣʝʥʥʷʭ. 

ɺʤʽʩʪ ʱʘʚʝʣʝʚʦʾ, ʤʦʣʦʯʥʦʾ ʪʘ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪ ʩʷʛʘʚ, ʚʽʜʧʦʚʽʜʥʦ, 

16,6, 12,3 ʪʘ 7,6%. ʋ ʚʠʜʽʣʝʥʥʷʭ 14-ʜʦʙʦʚʠʭ ʧʨʦʨʦʩʪʢʽʚ ʚʤʽʩʪ ʣʠʤʦʥʥʦʾ 

ʢʠʩʣʦʪʠ ʩʷʛʘʚ 13630 ʥʛ ʥʘ ʨʦʩʣʠʥʫ ʽ ʩʢʣʘʜʘʚ 55% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ. ʏʘʩʪʢʘ ʱʘʚʝʣʝʚʦʾ, ʷʙʣʫʯʥʦʾ ʪʘ ʤʦʣʦʯʥʦʾ ʢʠʩʣʦʪ ʩʢʣʘʜʘʣʘ, 

ʚʽʜʧʦʚʽʜʥʦ, 5,7, 15,3 ʽ 10,0% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ [111]. 

ɺʽʜʤʽʥʥʦʩʪʽ ʫ ʢʽʣʴʢʽʩʥʦʤʫ ʽ ʷʢʽʩʥʦʤʫ ʩʢʣʘʜʽ ʢʦʨʝʥʝʚʠʭ ʚʠʜʽʣʝʥʴ ʪʘ ʫ 

ʪʨʦʬʽʯʥʠʭ ʧʦʪʨʝʙʘʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʩʪ ʫ 

ʟʦʥʽ ʢʦʨʝʥʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʤʽʢʨʦʬʣʦʨʠ ʨʽʟʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʾʭ 

ʘʥʪʘʛʦʥʽʩʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ.  

ʊʘʢ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʩʝʨʝʜʦʚʠʱʽ ʛʣʶʢʦʟʠ Pseudomonas chlororaphis SPB 

1217 ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʘʥʪʠʬʫʥʛʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʜʦ ʛʨʠʙʽʚ Fuzarium 

oxisporum. ɿʦʥʘ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʛʨʠʙʽʚ ʩʷʛʘʣʘ 13 ʤʤ. ʆʜʥʘʢ, ʧʨʠ 

ʢʫʣʴʪʠʚʫʚʘʥʥʽ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ ʽʥʰʦʛʦ ʚʠʜʫ ʮʠʭ ʙʘʢʪʝʨʽʡ, P. fluorescens SPB 

2137, ʘʥʪʠʬʫʥʛʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʝ ʚʠʷʚʣʝʥʦ. ʅʘ ʩʝʨʝʜʦʚʠʱʽ ʟ ʮʝʣʦʙʽʦʟʦʶ, 

ʥʘʚʧʘʢʠ, ʟʦʥʘ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʛʨʠʙʘ ʙʘʢʪʝʨʽʷʤʠ P. fluorescens SPB 2137 

ʩʢʣʘʜʘʣʘ 30 ʤʤ, ʘ P. ʩhlororaphis SPB 1217 ï 12 ʤʤ [111]. ʂʦʨʝʥʝʚʽ ʚʠʜʽʣʝʥʥʷ 

ʻ ʭʘʨʯʦʚʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʦʮʝʥʦʟʫ ˇʨʫʥʪʫ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʫ ʢʦʨʝʥʝʚʽʡ ʟʦʥʽ 

ʨʦʩʣʠʥ, ʦʩʦʙʣʠʚʦ ʚ ʪʽʡ ʯʘʩʪʠʥʽ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʻ ʜʦ ʧʦʚʝʨʭʥʽ 

ʢʦʨʽʥʥʷ ʫ ʨʘʜʽʫʩʽ ʚʽʜ ʥʴʦʛʦ ʥʝ ʙʽʣʴʰʝ 2 ʤʤ, ï ʨʠʟʦʩʬʝʨʽ [112]. ʈʠʟʦʩʬʝʨʘ 

ʨʦʩʣʠʥ ʻ ʜʠʥʘʤʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʫ ʷʢʦʤʫ ʜʽʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʷʢʽ 
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ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʽ ʩʢʣʘʜ ʤʽʢʨʦʙʥʠʭ ʩʧʽʣʴʥʦʪ, ʱʦ ʢʦʣʦʥʽʟʫʶʪʴ 

ʨʠʟʦʩʬʝʨʫ ʽ ʨʠʟʦʧʣʘʥʫ ʨʦʩʣʠʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʩʢʣʘʜʫ ʮʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ˇʨʫʥʪʫ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʨʘʢʪʠʢʘ 

ʨʦʩʣʠʥʥʠʮʪʚʘ [113ï115]. 

ɺʽʜʦʤʦ, ʱʦ ʩʢʣʘʜ ʤʽʢʨʦʬʣʦʨʠ ʨʠʟʦʩʬʝʨʠ ʨʽʟʥʠʭ ʨʦʩʣʠʥ ʩʫʪʪʻʚʦ 

ʚ̔ ʜʨʽʟʥʷʻʪʴʩʷ. ɼʦ ʪʦʛʦ ʞ, ʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʻ ʽʩʪʦʪʥʠʤʠ, ʷʢʱʦ ʧʦʨʽʚʥʷʪʠ ʤʽʢʨʦʙʥʽ 

ʮʝʥʦʟʠ ʦʙôʻʤʫ ˇʨʫʥʪʫ ʽ ʨʠʟʦʩʬʝʨʠ [116]. ʂʨʽʤ ʪʦʛʦ, ʤʽʢʨʦʬʣʦʨʘ ʧʦʚʝʨʭʥʽ 

ʢʦʨʝʥʷ (ʨʠʟʦʧʣʘʥʘ) ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʽʢʨʦʙʥʦʛʦ ʮʝʥʦʟʫ 

ʨʠʟʦʩʬʝʨʠ. ɺ ʨʠʟʦʧʣʘʥʽ ʧʝʨʝʚʘʞʘʶʪʴ ʛʨʘʤʥʝʛʘʪʠʚʥʽ ʙʘʢʪʝʨʽʾ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ 

ʥʘ ʢʦʨʽʥʥʽ ʨʦʩʣʠʥ ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʽʞ ʫ 

ʧʨʠʢʦʨʝʥʝʚʽʡ ʟʦʥʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʢʦʨʝʥʽ ʚʠʜʽʣʷʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʧʦʞʠʚʥʽ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʝʯʦʚʠʥʠ, ʘ ʡ ʧʨʦʜʫʢʫʶʪʴ ʬʽʪʦʥʮʠʜʠ, ʱʦ 

ʽʥʛʽʙʫʶʪʴ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʨʠʟʦʧʣʘʥʽ. ɺ ʟʦʥʽ ʤʦʣʦʜʦʛʦ ʢʦʨʽʥʥʷ 

ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʝʩʧʦʨʦʚʽ ʙʘʢʪʝʨʽʾ ʽ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʛʨʠʙʠ, ʪʦʜʽ ʷʢ 

ʙʘʮʠʣʠ ʧʦʰʠʨʝʥʽ ʩʣʘʙʦ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʽ ʙʘʢʪʝʨʽʾ ʧʦʛʘʥʦ 

ʩʧʦʞʠʚʘʶʪʴ ʧʨʦʩʪʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʫ ʪʘʢʠʭ ʟʦʥʘʭ ʢʦʨʝʥʷ 

[110].  

ʄʽʢʨʦʬʣʦʨʘ ʨʠʟʦʩʬʝʨʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʪʘ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʝʨʝʜ ʢʫʣʴʪʫʨʘʙʝʣʴʥʠʭ  ʙʘʢʪʝʨʽʡ ʨʠʟʦʩʬʝʨʠ 

ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʙʣʠʟʴʢʦ 9% ʩʢʣʘʜʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Microbacterium 

[117]. ʋ ʨʠʟʦʩʬʝʨʽ ʢʫʢʫʨʫʜʟʠ ʜʦʤʽʥʫʚʘʣʠ ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ Pseudomonas ʪʘ 

Enterobacter. ʉʝʨʝʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʟʜʘʪʥʽ ʨʦʟʯʠʥʷʪʠ ʤʽʥʝʨʘʣʴʥʽ 

ʬʦʩʬʘʪʠ, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʜʠ Penicillium ʪʘ 

Streptomyces. ʋ ʥʝʨʠʟʦʩʬʝʨʥʦʤʫ ˇʨʫʥʪʽ ʜʦʤʽʥʫʚʘʣʠ ʙʘʢʪʝʨʽʾ ʨʦʜʫ Bacillus 

[118].  

ʆʜʥʘʢ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʙʘʢʪʝʨʽʘʣʴʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʠʞʯʝ 

ʫ ʨʠʟʦʩʬʝʨʽ, ʥʽʞ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙôʻʤʽ ˇʨʫʥʪʫ [119]. ʄʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʙʽʦʣʦʛʽʾ ʧʨʠ ʘʥʘʣʽʟʽ ʟʚʦʣʦʞʝʥʠʭ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʰʘʨʽ 

ˇʨʫʥʪʫ, ʷʢʠʡ ʥʝ ʤʽʩʪʠʪʴ ʢʠʩʥʶ, ʜʦʤʽʥʫʶʯʠʤʠ ʚʠʜʘʤʠ ʙʘʢʪʝʨʽʡ ʙʫʣʠ 
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ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʽʚ Bacillus ʪʘ Clostridium, ʪʦʜʽ ʷʢ ʫ ʰʘʨʽ ˇʨʫʥʪʫ, ʥʘʩʠʯʝʥʦʤʫ 

ʢʠʩʥʝʤ, ʜʦʤʽʥʫʚʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʨʦʪʝʦʙʘʢʪʝʨʽʡ [120]. ʆʩʥʦʚʥʠʤ 

ʛʝʦʭʽʤʽʯʥʠʤ ʮʠʢʣʦʤ ˇʨʫʥʪʫ ʻ ʢʦʣʦʦʙʽʛ ʚʫʛʣʝʮʶ, ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʛʦ ʻ ʩʠʥʪʝʟ 

ʬʦʪʦʪʨʦʬʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʽ ʾʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʜʦ ʧʨʦʩʪʠʭ ʩʧʦʣʫʢ. ʇʽʜ ʚʧʣʠʚʦʤ ʚʥʝʩʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ 

ʫ ˇʨʫʥʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʘʣʘʭ ʯʠʩʝʣʴʥʦʩʪʽ ʨʽʟʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʙʽʦʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʚʫʛʣʝʮʴʚʤʽʩʥʦʶ 

ʩʧʦʣʫʢʦʶ ʚ ʧʨʠʨʦʜʽ ʻ ʮʝʣʶʣʦʟʘ. ɰʾ ʚʤʽʩʪ ʫ ʩʫʭʽʡ ʤʘʩʽ ʨʦʩʣʠʥ ʩʢʣʘʜʘʻ ʚʽʜ 40 ʜʦ 

70% [101]. ʋ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʮʝʣʶʣʦʟʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʫʯʘʩʪʽ ʫʛʨʫʧʦʚʘʥʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɿʥʘʯʥʘ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʥʘʣʝʞʠʪʴ ʛʨʠʙʘʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʩʘʧʨʦʪʨʦʬʥʠʤ ʧʨʝʜʩʪʘʚʥʠʢʘʤ ʨʦʜʽʚ Trichoderma, Chaetomium, Dicoccum, 

Stachybotrys, Penicillium ʽ Aspergillus, ʘ ʪʘʢʦʞ, ʥʝʟʘʚʝʨʰʝʥʠʤ ʛʨʠʙʘʤ 

Alternaria ʪʘ Fumʘgo [101, 121]. ɺ ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ ʮʝʣʶʣʦʟʠ ʤʽʩʪʠʪʴʩʷ ʜʦ 14 

ʪʠʩ. ʤʦʣʝʢʫʣ ɓ-D-ʛʣʶʢʦʟʠ [101]. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʜʝʩʪʨʫʢʮʽʾ ʮʝʣʶʣʦʟʥʠʭ 

ʨʝʰʪʦʢ ʫ ˇʨʫʥʪʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʣʫʢʠ: ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, 

ʘʣʴʜʝʛʽʜʠ, ʘʤʽʥʦʢʠʩʣʦʪʠ, ʩʧʠʨʪʠ ʪʘ ʽʥʰʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ [98].  

ʈʝʯʦʚʠʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʽ ʮʝʣʶʣʦʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʧʦʞʠʚʘʶʪʴʩʷ ʽʥʰʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʙʽʦʮʝʥʦʟʫ ˇʨʫʥʪʫ. ʇʽʩʣʷ ʚʥʝʩʝʥʥʷ 

ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ˇʨʫʥʪ ʚʤʽʩʪ ʫ ʥʴʦʤʫ ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʨʦʩʪʘʚ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʪʠʩʷʯ ʜʦ ʜʝʩʷʪʢʽʚ ʤʽʣʴʡʦʥʽʚ ʥʘ 

1 ʛ ʩʠʨʦʾ ʨʝʯʦʚʠʥʠ. ɼʦʤʽʥʫʶʯʠʤʠ ʙʫʣʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʛʨʠʙʠ ʽ ʙʘʢʪʝʨʽʾ [110]. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ ʨʦʜʽʚ ʽ ʚʠʜʽʚ ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

(ʙʘʢʪʝʨʽʡ, ʘʢʪʠʥʦʤʽʮʝʪʽʚ, ʛʨʠʙʽʚ) ʫ ˇʨʫʥʪʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: 

ʪʠʧʫ ˇʨʫʥʪʫ, ʭʘʨʘʢʪʝʨʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʦʱʦ.  

ʋ ʮʽʣʠʥʥʠʭ ʪʘ ʩʣʘʙʦʦʢʫʣʴʪʫʨʝʥʠʭ ˇʨʫʥʪʘʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʛʨʠʙʘʤ 

ʥʘʣʝʞʠʪʴ ʜʦʤʽʥʫʶʯʘ ʨʦʣʴ ʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʮʝʣʶʣʦʟʠ [122]. ʂʨʽʤ ʪʦʛʦ, ʩʝʨʝʜ 

ʛʨʠʙʽʚ-ʛʽʬʦʤʽʮʝʪʽʚ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʫ ˇʨʫʥʪʘʭ ʭʠʞʽ ʚʠʜʠ, ʷʢʽ ʪʘʢʦʞ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʢʦʣʦʦʙʽʛʫ ʚʫʛʣʝʮʶ, ʘʟʦʪʫ ʪʘ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʨʘʥʩʬʦʨʤʫʶʯʠ ʟʥʘʯʥʫ ʤʘʩʫ ˇʨʫʥʪʦʚʠʭ ʥʝʤʘʪʦʜ. ɺʦʥʠ ʤʘʶʪʴ 
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ʫʥʽʢʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʥʘ ʤʽʮʝʣʽʾ ʨʽʟʥʽ ʣʦʚʯʽ ʦʨʛʘʥʠ ʜʣʷ ʟʘʭʚʘʪʫ 

ʥʝʤʘʪʦʜ. ʊʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʠʞʠʭ 

ʛʨʠʙʽʚ ʫ ʙʦʨʦʪʴʙʽ ʟ ʬʽʪʦʧʘʨʘʟʠʪʠʯʥʠʤʠ ʥʝʤʘʪʦʜʘʤʠ [123]. 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ˇʨʫʥʪʫ ʟʜʘʪʥʽ ʚʠʜʽʣʷʪʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ 

ʪʘ ʨʦʟʚʠʪʦʢ ʬʽʪʦʙʽʦʥʪʽʚ. ʉʠʥʪʝʟ ʥʠʤʠ ʚ ʢʦʨʝʥʝʚʽʡ ʟʦʥʽ ʚʽʪʘʤʽʥʽʚ (ʪʽʘʤʽʥʫ, 

ʚʽʪʘʤʽʥʫ ɺ 12, ʧʠʨʠʜʦʢʩʠʥʫ, ʨʠʙʦʬʣʘʚʽʥʫ, ʧʘʥʪʦʪʝʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʦʱʦ), ʘ 

ʪʘʢʦʞ ʬʽʪʦʛʦʨʤʦʥʽʚ (ʛʽʙʝʨʝʣʽʥʽʚ, ʛʝʪʝʨʦʘʫʢʩʠʥʽʚ ʪʘ ʽʥʰʠʭ), ʩʧʨʠʯʠʥʷʻ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ [97, 124, 125]. ʂʨʽʤ ʪʦʛʦ, 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ˇʨʫʥʪʽ ʪʦʢʩʠʯʥʠʭ 

ʨʝʯʦʚʠʥ.  

ʇʨʦʚʽʜʥʘ ʨʦʣʴ ʫ ʮʴʦʤʫ ʥʘʣʝʞʠʪʴ ʧʨʝʜʩʪʘʚʥʠʢʘʤ ʨʦʜʽʚ Bacillus ʽ 

Pseudomonas. ʅʘʡʙʽʣʴʰ ʧʦʤʽʪʥʠʡ ʬʽʪʦʪʦʢʩʠʯʥʠʡ ʚʧʣʠʚ ʩʧʨʠʯʠʥʷʣʠ 

B.  amilosina, B.  brevis ʽ Pseudomonas fluorescens ʪʘ ʜʝʷʢʽ ʽʥʰʽ. ɻʦʣʦʚʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ ʬʽʪʦʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʻ 

ʚʥʝʩʝʥʥʷ ʫ ˇʨʫʥʪ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʯʠ ʜʝʷʢʠʭ ʚʫʛʣʝʚʦʜʽʚ [126]. ɹʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ˇʨʫʥʪ ʤʦʞʥʘ ʰʪʫʯʥʦ ʟʙʘʛʘʪʠʪʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ-

ʘʥʪʘʛʦʥʽʩʪʘʤʠ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʧʝʨʝʛʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʚ ˇʨʫʥʪʽ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ-ʘʥʪʘʛʦʥʽʩʪʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʘʢʪʝʨʽʡ, 

ʘʢʪʠʥʦʤʽʮʝʪʽʚ, ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʛʨʠʙʽʚ ʨʦʜʫ Trichoderma, ʫ ʪʦʡ ʯʘʩ, ʷʢ 

ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʘʪʦʛʝʥʥʠʭ ʛʨʠʙʽʚ ʨʦʜʫ Helminthosporium ʧʦʤʽʪʥʦ 

ʟʥʠʞʫʻʪʴʩʷ.  

ʇʨʠ ʧʦʩʽʚʽ ʧʰʝʥʠʮʽ ʧʽʩʣʷ ʢʫʢʫʨʫʜʟʠ ʫ ʾʾ ʢʦʨʝʥʝʚʽʡ ʟʦʥʽ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʤʽʮʝʪʽʚ ʨʦʜʽʚ Penicillium ʪʘ Aspergillus [127]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʩʢʣʘʜ ʤʽʢʨʦʙʥʦʛʦ ʮʝʥʦʟʫ ˇʨʫʥʪʫ, ʚʤʽʩʪ ʫ ʥʴʦʤʫ ʷʢ ʢʦʨʠʩʥʦʾ, ʪʘʢ ʽ 

ʬʽʪʦʧʘʪʦʛʝʥʥʦʾ ʪʘ ʬʽʪʦʪʦʢʩʠʯʥʦʾ ʜʣʷ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʤʽʢʨʦʬʣʦʨʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ: ʚʠʜʫ ʚʠʨʦʱʫʚʘʥʦʾ ʢʫʣʴʪʫʨʥʦʾ ʨʦʩʣʠʥʠ, 

ʭʘʨʘʢʪʝʨʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʆʜʥʠʤ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʻ ʚʤʽʩʪ ʫ ʥʴʦʤʫ 

ʛʫʤʫʩʫ. ɺʽʥ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ˇʨʫʥʪ 

ʟʘ ʨʘʭʫʥʦʢ ʬʦʪʦʩʠʥʪʝʟʫʶʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥ, ʚʦʜʦʨʦʩʪʝʡ, ʭʝʤʦ- ʪʘ 
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ʘʚʪʦʪʨʦʬʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ [128], ʚ 

ʩʝʨʝʜʥʴʦʤʫ 80ï90% ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ ʤʽʥʝʨʘʣʽʟʫʻʪʴʩʷ ʽ ʣʠʰʝ 10ï

20% ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʫʤʫʩʫ. ɻʫʤʫʩ ʚʽʜʽʛʨʘʻ ʽʥʪʝʛʨʘʣʴʥʫ ʨʦʣʴ ʫ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ. ʁʦʛʦ ʚʤʽʩʪ ʫ ˇʨʫʥʪʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʫ, 

ʛʽʜʨʦʤʦʨʬʽʟʤʫ ʪʘ ʾʭ ʢʘʨʙʦʥʘʪʥʦʩʪʽ [129]. 

 ɺʘʞʣʠʚʘ ʨʦʣʴ ʚ ʫʪʚʦʨʝʥʥʽ ʛʫʤʫʩʫ ʽ ʡʦʛʦ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʥʘʣʝʞʠʪʴ 

ˇʨʫʥʪʦʚʽʡ ʤʽʢʨʦʬʣʦʨʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʤʽʢʨʦʙʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʘʭ ʧʽʜʚʠʱʫʻʪʴʩʷ ʫ ʥʘʧʨʷʤʽ ʚʽʜ ʧʽʚʥʽʯʥʠʭ ʜʦ ʧʽʚʜʝʥʥʠʭ 

ʨʝʛʽʦʥʽʚ. ʋ ˇʨʫʥʪʘʭ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʠʭ ʙʘʢʪʝʨʽʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʠʙʘʤʠ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʤʽʢʨʦʤʽʮʝʪʽʚ ʫ ˇʨʫʥʪʘʭ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʽʚ, ʾʭ ʚʠʜʦʚʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʟʨʦʩʪʘʻ.  

ɺ ˇʨʫʥʪʘʭ ʧʽʚʥʽʯʥʠʭ ʨʝʛʽʦʥʽʚ, ʜʝ ʧʦʚʽʣʴʥʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʦʮʝʩʠ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʠʙʠ ʨʦʜʫ Penicillium. ʇʨʠ 

ʧʨʦʩʫʚʘʥʥʽ ʥʘ ʧʽʚʜʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜʫ 

Aspergillus. ɻʨʠʙʠ ʮʠʭ ʜʚʦʭ ʨʦʜʽʚ ʩʢʣʘʜʘʶʪʴ ʧʦʥʘʜ 70% ʤʽʢʨʦʤʽʮʝʪʽʚ ʨʷʜʫ 

ʪʠʧʽʚ ˇʨʫʥʪʽʚ. ˆʨʫʥʪʠ ʧʽʚʥʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʟʥʘʯʥʦ ʙʽʜʥʽʰʽ ʟʘ ʚʤʽʩʪʦʤ ʩʧʦʨʦʚʠʭ 

ʙʘʢʪʝʨʽʡ ʽ ʘʢʪʠʥʦʤʽʮʝʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʽʚʜʝʥʥʠʤʠ. ʎʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʥʘ ʧʽʟʥʽʰʠʭ ʩʪʘʜʽʷʭ ʨʦʟʢʣʘʜʫ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. ʋ ˇʨʫʥʪʘʭ, 

ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʧʨʦʮʝʩʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʩʧʦʨʦʚʽ 

ʙʘʢʪʝʨʽʾ, ʱʦ ʟʜʘʪʥʽ ʟʘʩʚʦʶʚʘʪʠ ʷʢ ʦʨʛʘʥʽʯʥʠʡ, ʪʘʢ ʽ ʤʽʥʝʨʘʣʴʥʠʡ ʘʟʦʪ (ɺacillus 

subtilis ʽ B. megaterium).  

ʅʘʚʧʘʢʠ, ʫ ˇʨʫʥʪʘʭ, ʜʝ ʧʨʦʮʝʩʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

ʧʨʦʪʽʢʘʶʪʴ ʧʦʚʽʣʴʥʦ, ʧʨʝʚʘʣʶʶʪʴ ʩʧʦʨʦʫʪʚʦʨʶʶʯʽ ʙʘʢʪʝʨʽʾ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ 

ʦʨʛʘʥʽʯʥʽ ʬʦʨʤʠ ʘʟʦʪʫ [97]. ɼʦʩʣʽʜʞʫʶʯʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩʪʨʫʢʪʫʨʫ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʾ ʩʧʽʣʴʥʦʪʠ ʨʷʜʫ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ, ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʜʽʙʥʽ ʪʠʧʠ ˇʨʫʥʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʜʦʤʽʥʘʥʪʥʠʭ ʚʠʜʽʚ ʙʘʢʪʝʨʽʡ [130]. 
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 ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʦʮʝʥʦʟʽʚ ˇʨʫʥʪʫ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʩʚʽʪʣʝʥʦ ʧʠʪʘʥʥʷ ʱʦʜʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥ ʾʭ ʩʢʣʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʫʤʦʚ ʜʦʚʢʽʣʣʷ. ʆʜʥʘʢ ʚʽʜʦʤʦ, ʱʦ ʟʘ ʜʽʾ ʥʘ ʤʽʢʨʦʙʥʠʡ ʮʝʥʦʟ ʩʪʨʝʩʦʚʦʛʦ 

ʬʘʢʪʦʨʫ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʚʧʣʠʚ ʥʘ ʦʢʨʝʤʽ ʝʢʦʣʦʛʦ-ʪʨʦʬʽʯʥʽ ʛʨʫʧʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʠʡ ʨʦʟʚʠʪʦʢ ʧʝʚʥʠʭ ʛʨʫʧ 

ʙʘʢʪʝʨʽʡ ʽ ʟʙʽʜʥʝʥʥʷ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʫʛʨʫʧʦʚʘʥʥʷ. ʊʘʢ, ʧʨʠ 

ʽʥʢʫʙʫʚʘʥʥʽ ˇʨʫʥʪʫ ʚ ʤʝʪʘʥʦʧʦʚʽʪʨʷʥʽʡ ʘʪʤʦʩʬʝʨʽ ʧʽʜʚʠʱʫʚʘʣʘʩʷ ʡʦʛʦ 

ʤʝʪʘʥʦʢʠʩʣʶʚʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʯʠʩʝʣʴʥʽʩʪʴ ʤʝʪʘʥʦʪʨʦʬʥʠʭ ʙʘʢʪʝʨʽʡ, ʪʦʜʽ 

ʷʢ ʨʽʚʝʥʴ ʤʽʢʨʦʙʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʤʽʪʥʦ ʟʥʠʞʫʚʘʚʩʷ [131].  

ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ ʥʝ ʟʘʚʞʜʠ ʻ ʧʦʢʘʟʥʠʢʦʤ ʡʦʛʦ 

ʨʦʜʶʯʦʩʪʽ. ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʤʽʥʝʨʘʣʴʥʽ ʬʦʨʤʠ ʦʩʥʦʚʥʠʭ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ˇʨʫʥʪʫ 

ʤʦʞʫʪʴ ʩʧʦʞʠʚʘʪʠʩʷ ʤʽʢʨʦʙʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʽ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʾʭ ʩʢʣʘʜʫ. 

ʇʦʜʽʙʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ˇʨʫʥʪʽ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʦʣʦʤʠ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʥʰʠʭ ʝʢʦʣʦʛʦ-

ʪʨʦʬʽʯʥʠʭ ʛʨʫʧ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʚʤʽʩʪʫ ʚ ˇʨʫʥʪʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʬʦʨʤ ʘʟʦʪʫ ʽ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷʤ ʫ ʤʽʢʨʦʙʥʠʭ ʢʣʽʪʠʥʘʭ (ʽʤʤʦʙʽʣʽʟʘʮʽʷ) [132]. 

ɿʘ ʮʠʭ ʫʤʦʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʨʦʩʣʠʥ ʫ ʧʨʦʮʝʩʽ 

ʩʧʦʞʠʚʘʥʥʷ ʘʟʦʪʫ. ʆʜʥʘʢ, ʮʝ ʷʚʠʱʝ ʥʦʩʠʪʴ ʪʠʤʯʘʩʦʚʠʡ ʭʘʨʘʢʪʝʨ.  

 

1.6. ʂʦʣʦʦʙʽʛ ʘʟʦʪʫ ʚ ˇʨʫʥʪʽ 

 

ʇʦʪʨʝʙʠ ʨʦʩʣʠʥ ʫ ʘʟʦʪʽ ʙʽʣʴʰ ʥʽʞ ʥʘ 2/3 ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʟʦʪʫ [133]. ʏʘʩʪʢʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʟʦʪʫ ʚ ʫʨʦʞʘʾ ʩʢʣʘʜʘʻ ʚʽʜ 60 ʜʦ 

90%. ʉʫʤʘʨʥʘ ʨʽʯʥʘ ʧʨʦʜʫʢʮʽʷ ʘʟʦʪʬʽʢʩʘʮʽʾ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʩʷʛʘʻ 175ï190 ʤʣʥ. 

ʪʦʥ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʪʽʣʴʢʠ ʙʣʠʟʴʢʦ 5% ʘʟʦʪʫ ʚʽʜ ʮʽʻʾ 

ʢʽʣʴʢʦʩʪʽ ʚʠʧʫʩʢʘʣʠ ʟʘʚʦʜʠ ʩʚʽʪʫ ʚ ʢʽʥʮʽ 20-ʛʦ ʩʪʦʣʽʪʪʷ ʫ ʚʠʛʣʷʜʽ ʘʟʦʪʥʠʭ 

ʜʦʙʨʠʚ [101].  
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ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ɹ.ɺ. ʉʠʤʘʨʦʚʘ ʟ ʩʧʽʚʘʚʪʦʨʘʤʠ [134] ʥʘ ʥʘʰʽʡ ʧʣʘʥʝʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʱʦʨʽʯʥʦ ʬʽʢʩʫʶʪʴ ʥʝ ʤʝʥʰʝ 200 ʤʣʥ. ʪʦʥ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʫ, ʟ ʥʠʭ ʙʽʣʷ 90 ʤʣʥ. ʪʦʥ ï ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʣʦʱʘʭ. ɿʚʠʯʘʡʥʦ ʞ, ʚʢʘʟʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʟʦʪʬʽʢʩʘʮʽʾ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʫ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʷʪʴʩʷ ʡ ʽʥʰʽ ʜʘʥʽ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʽ 

ʦʨʛʘʥʽʟʤʠ ˇʨʫʥʪʽʚ ʥʘʰʦʾ ʧʣʘʥʝʪʠ (ʙʘʢʪʝʨʽʾ ʡ ʩʠʥʴʦ-ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ) ʬʽʢʩʫʶʪʴ 

ʙʣʠʟʴʢʦ 4,4Ĭ1010 ʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ [135].  

ɸʟʦʪʬʽʢʩʫʚʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʝʜʩʪʘʚʥʠʢʠ 

ʙʫʣʴʙʦʯʢʦʚʠʭ ʙʘʢʪʝʨʽʡ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʦʜʽʚ Clostridium, Azotobacter, 

Azospirillum, Pseudomonas, Acetobacter, Alcaligenes, Agrobacterium, Erwinia, 

Klebsiella, Bacillus, ʩʠʥʴʦ-ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʽʥʰʠʭ ʙʘʢʪʝʨʽʡ [11, 97, 136, 

137ï141].  

ʋ ʩʝʨʝʜʠʥʽ ʜʚʘʜʮʷʪʦʛʦ ʩʪʦʣʽʪʪʷ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʛʨʫʧ: ʚʽʣʴʥʦʞʠʚʫʯʠʭ ʪʘ 

ʩʠʤʙʽʦʪʠʯʥʠʭ ʘʟʦʪʬʽʢʩʘʪʦʨʽʚ [97]. ʆʜʥʘʢ, ʧʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʫ ʘʛʨʦʮʝʥʦʟʘʭ ʟʣʘʢʦʚʠʭ ʨʦʩʣʠʥ ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʠʭ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Azospirillum 

[141] ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʠʤ ʧʠʪʘʥʥʷ ʱʦʜʦ ʽʩʥʫʚʘʥʥʷ ʙʽʣʴʰ ʪʽʩʥʠʭ, ʘʩʦʮʽʘʪʠʚʥʠʭ 

ʟʚôʷʟʢʽʚ ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʥʝʙʦʙʦʚʠʤʠ ʨʦʩʣʠʥʘʤʠ.   

ʑʝ ʚ 60-ʪʽ ʨʦʢʠ 20-ʛʦ ʩʪʦʣʽʪʪʷ ɻ.ʗ. ʇʝʪʨʝʥʢʦ [142] ʚʢʘʟʫʚʘʣʘ ʥʘ 

ʽʩʥʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʘʟʦʪʦʙʘʢʪʝʨʘ ʟ ʧʝʚʥʠʤʠ ʚʠʜʘʤʠ 

ʨʦʩʣʠʥ, ʦʜʥʘʢ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʟʥʘʡʰʣʠ ʧʽʜʪʨʠʤʢʠ, ʦʩʢʽʣʴʢʠ ʘʟʦʪʦʙʘʢʪʝʨ 

ʚʚʘʞʘʚʩʷ ʚʽʣʴʥʦʞʠʚʫʯʠʤ ʘʟʦʪʬʽʢʩʘʪʦʨʦʤ [98]. ʇʽʟʥʽʰʝ ʅ.ʄ. ʄʘʣʴʮʝʚʦʶ ʟ 

ʩʧʽʚʘʚʪʦʨʘʤʠ [143] ʧʦʢʘʟʘʥʦ, ʱʦ ʯʠʩʝʣʴʥʽʩʪʴ ʮʠʭ ʙʘʢʪʝʨʽʡ ʫ ʨʠʟʦʩʬʝʨʽ 

ʦʟʠʤʦʛʦ ʞʠʪʘ ʙʫʣʘ ʥʘ 37ï72% ʚʠʱʦʶ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ˇʨʫʥʪʽ. ʎʠʤʠ 

ʘʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ Azotobacter chroococcum ʟʜʘʪʥʠʡ ʢʦʣʦʥʽʟʫʚʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʨʠʟʦʩʬʝʨʫ, ʘ ʡ ʨʠʟʦʧʣʘʥʫ ʨʦʩʣʠʥ.  

ɯʥʰʠʡ ʚʠʜ ʘʟʦʪʦʙʘʢʪʝʨʘ, A. vinelandii, ʻ ʪʠʧʦʚʠʤ ʘʩʦʮʽʘʪʠʚʥʠʤ 

ʘʟʦʪʬʽʢʩʘʪʦʨʦʤ ʩʪʦʢʦʣʦʩʫ ʙʝʟʦʩʪʦʛʦ ʪʘ ʢʘʥʘʨʥʠʢʘ ʦʯʝʨʝʪʷʥʦʛʦ. ʎʽ ʙʘʢʪʝʨʽʾ 

ʢʦʣʦʥʽʟʫʶʪʴ ʨʠʟʦʧʣʘʥʫ ʜʘʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ [144]. ʊʠʧʦʚʠʤʠ ʜʽʘʟʦʪʨʦʬʘʤʠ 
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ʢʦʨʝʥʝʚʦʾ ʟʦʥʠ ʪʠʤʦʬʽʾʚʢʠ ʣʫʯʥʦʾ ʻ ʙʘʢʪʝʨʽʾ Bacillus subtilis. ʇʦʢʘʟʘʥʦ, ʱʦ ʮʽ 

ʙʘʢʪʝʨʽʾ ʟʜʘʪʥʽ ʢʦʣʦʥʽʟʫʚʘʪʠ ʨʠʟʦʩʬʝʨʫ ʽ ʨʠʟʦʧʣʘʥʫ ʪʠʤʦʬʽʾʚʢʠ [144].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʷʚʠʱʘ ʘʩʦʮʽʘʪʠʚʥʦʾ ʘʟʦʪʬʽʢʩʘʮʽʾ ʚ 

ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ, ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʶʪʴ ʨʦʟʚʠʪʦʢ ʫ ʢʦʨʝʥʝʚʽʡ ʟʦʥʽ ʥʝʙʦʙʦʚʠʭ 

ʨʦʩʣʠʥ ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ 

ʧʨʦʩʪʦʨʦʚʦ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ, ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʫ. ɺ ʘʩʦʮʽʘʪʠʚʥʽ ʟʚôʷʟʢʠ ʟ 

ʧʝʚʥʠʤʠ ʚʠʜʘʤʠ ʨʦʩʣʠʥ ʚʩʪʫʧʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʙʘʢʪʝʨʽʾ ʨʦʜʫ Azospirillum, ʘ ʡ 

Azotobacter, Agrobacterium, Klebsiella, Enterobacter, Pseudomonas [138]. 

ɸʩʦʮʽʘʪʠʚʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʬʽʢʩʫʶʪʴʩʷ ʧʦʤʽʪʥʽ ʢʽʣʴʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʫ. 

ɺ ʘʛʨʦʮʝʥʦʟʘʭ ʟʽ ʟʣʘʢʦʚʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʚʘʞʣʠʚʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʙʘʢʪʝʨʽʷʤ 

ʨʦʜʫ Azospirillum. ʊʘʢ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ 

ˇʨʫʥʪʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʬʽʢʩʫʚʘʪʠ ʚʽʜ 34 ʜʦ 60 ʢʛ ʘʟʦʪʫ ʥʘ 1 ʛʘ [145, 

128].  

ʋ ˇʨʫʥʪʽ ʧʽʜ ʟʣʘʢʦʚʠʤʠ ʪʨʘʚʘʤʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ ʧʨʦʪʷʛʦʤ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʩʷʛʘʣʘ 40 ʢʛ ʘʟʦʪʫ ʥʘ 1 ʛʘ [146], ʘ ʟʘ 150 ʜʽʙ ʚʝʛʝʪʘʮʽʾ ï 

ʚʽʜ 16 ʜʦ 22 ʢʛ ʘʟʦʪʫ ʥʘ 1 ʛʘ [147]. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʘʟʦʪʬʽʢʩʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʠʜʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʩʣʠʥ, ʘ ʥʘʚʽʪʴ 

ʾʭ ʩʦʨʪʦʚʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʷʯʤʝʥʶ 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʫ 3,0ï3,5 ʨʘʟʘ [148], ʘ ʫ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʷʨʦʾ 

ʧʰʝʥʠʮʽ ï ʫ 250ï450 ʨʘʟʽʚ [149]. ɿʥʘʯʥʘ ʨʦʣʴ ʫ ʧʦʧʦʚʥʝʥʥʽ ʙʽʦʩʬʝʨʠ ʘʟʦʪʦʤ 

ʥʘʣʝʞʠʪʴ ʩʠʤʙʽʦʪʨʦʬʥʽʡ ʘʟʦʪʬʽʢʩʘʮʽʾ. ɿʙʫʜʥʠʢʘʤʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʙʘʢʪʝʨʽʾ, 

ʱʦ ʫʪʚʦʨʶʶʪʴ ʙʫʣʴʙʦʯʢʠ ʥʘ ʢʦʨʽʥʥʽ ʯʠ ʩʪʝʙʣʘʭ ʨʦʩʣʠʥ.  

ɺʢʘʟʘʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʜʽʚ Rhizobium (6 ʚʠʜʽʚ), 

Bradyrhizobium (3 ʚʠʜʠ), Sinorhizobium (5 ʚʠʜʽʚ), Mesorhizobium (5 ʚʠʜʽʚ), 

Azorhizobium (1 ʚʠʜ) [150]. ɼʣʷ ʮʠʭ ʚʠʜʽʚ ʙʘʢʪʝʨʽʡ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʧʝʚʥʘ 

ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʜʦ ʚʠʜʽʚ ʽ ʥʘʚʽʪʴ ʜʦ ʧʝʚʥʠʭ ʩʦʨʪʽʚ ʨʦʩʣʠʥ [151, 152, 153], ʟ 

ʷʢʠʤʠ ʚʦʥʠ ʟʜʘʪʥʽ ʬʦʨʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʩʠʤʙʽʦʪʠʯʥʽ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ.  

ɺ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʦʙʦʚʦ-ʨʠʟʦʙʽʘʣʴʥʦʛʦ ʩʠʤʙʽʦʟʫ 

ʧʦʪʝʥʮʽʡʥʽ ʨʦʟʤʽʨʠ ʩʠʤʙʽʦʪʠʯʥʦʾ ʘʟʦʪʬʽʢʩʘʮʽʾ ʤʦʞʫʪʴ ʩʷʛʘʪʠ 130ï390 ʢʛ/ʛʘ. 

ʑʝ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʩʷʛʘʪʠ ʜʣʷ ʙʘʛʘʪʦʨʽʯʥʠʭ 
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ʙʦʙʦʚʠʭ ʪʨʘʚ ï 270ï550 ʢʛ/ʛʘ [154]. ɿʘ ʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʾ ʬʽʢʩʘʮʽʾ ʘʟʦʪʫ 

ʧʦʚʽʪʨʷ ʟʝʨʥʦʙʦʙʦʚʽ ʨʦʩʣʠʥʠ ʧʨʦʪʷʛʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʟʘʩʚʦʶʶʪʴ ʜʦ 

60ï180 ʢʛ ʘʟʦʪʫ ʥʘ 1 ʛʘ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦ 90% ʾʭʥʴʦʾ ʧʦʪʨʝʙʠ ʚ ʘʟʦʪʽ. ʇʽʩʣʷ 

ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ ʫ ˇʨʫʥʪʽ ʟʘʣʠʰʘʻʪʴʩʷ 20ï70 ʮ/ʛʘ ʢʦʨʝʥʝʚʠʭ ʽ 

ʧʦʞʥʠʚʥʠʭ ʨʝʰʪʦʢ, ʫ ʷʢʠʭ ʤʽʩʪʠʪʴʩʷ 45ï130 ʢʛ ʘʟʦʪʫ, 10ï30 ʢʛ ʬʦʩʬʦʨʫ ʽ 20ï

70 ʢʛ ʢʘʣʽʶ [155]. 

 ʇʨʦʪʝ ʥʘ ʜʫʤʢʫ ʜʝʷʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚʥʝʩʦʢ ʩʠʤʙʽʦʪʠʯʥʦʾ ʘʟʦʪʬʽʢʩʘʮʽʾ ʫ 

ʟʘʛʘʣʴʥʠʡ ʙʘʣʘʥʩ çʙʽʦʣʦʛʽʯʥʦʛʦè ʘʟʦʪʫ ʻ ʥʝʟʥʘʯʥʠʤ. ʅʘʚʽʪʴ ʚ 

ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ ʜʦʣʷ ʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ ʥʝ ʧʝʨʝʚʠʱʫʻ 10% ʚʽʜ ʟʘʛʘʣʴʥʠʭ 

ʧʦʩʽʚʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʘ ʚ ʧʨʠʨʦʜʥʠʭ ʬʽʪʦʮʝʥʦʟʘʭ ʙʦʙʦʚʽ 

ʨʦʩʣʠʥʠ ʻ ʧʨʠʩʫʪʥʽʤʠ ʣʠʰʝ ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʨʦʩʣʠʥʥʠʭ ʩʫʢʮʝʩʽʡ ʽ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʫ ʢʣʽʤʘʢʩʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ [133]. ʇʦʨʷʜ ʟ 

ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʜʦ ʩʢʣʘʜʫ ʤʽʢʨʦʙʥʠʭ ʮʝʥʦʟʽʚ ˇʨʫʥʪʽʚ 

ʟʘʚʞʜʠ ʚʭʦʜʷʪʴ ʨʽʟʥʽ ʚʠʜʠ ʙʘʢʪʝʨʽʡ, ʷʢʽ ʟʜʘʪʥʽ ʨʦʟʢʣʘʜʘʪʠ ʘʟʦʪʦʚʤʽʩʥʽ 

ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʇʨʦʮʝʩ ʨʦʟʢʣʘʜʫ ʮʠʭ ʨʝʯʦʚʠʥ ʧʨʦʪʽʢʘʻ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʘʤʦʥʽʶ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʘʤʦʥʽʬʽʢʘʮʽʻʶ. ɸʤʽʘʢ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʻ 

ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʽʥʰʦʾ ʛʨʫʧʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ.  

ʇʨʦʮʝʩ ʦʢʠʩʥʝʥʥʷ ʘʤʦʥʽʶ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʫ 

ʥʽʪʨʠʪʠ, ʧʦʪʽʤ ï ʫ ʥʽʪʨʘʪʠ, ʘ ʫ ʚʠʧʘʜʢʫ ʛʝʪʝʨʦʪʨʦʬʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï ʫ 

ʨʽʟʥʽ ʦʨʛʘʥʽʯʥʽ ʘʟʦʪʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʽʪʨʠʬʽʢʘʮʽʻʶ. ʆʩʥʦʚʥʠʤʠ 

ʯʠʥʥʠʢʘʤʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʘʚʪʦʪʨʦʬʥʽ ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ Nitrosomonas i 

Nitrobacter. ɿʥʘʯʥʦ ʧʽʟʥʽʰʝ ʙʫʣʦ ʜʦʢʘʟʘʥʦ, ʱʦ ʦʢʠʩʥʶʚʘʪʠ ʘʤʦʥʽʡ ʪʘ ʽʥʰʽ 

ʘʟʦʪʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ ʜʦ ʥʽʪʨʠʪʫ ʽ ʥʽʪʨʘʪʫ ʤʦʞʝ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ 

ʛʝʪʝʨʦʪʨʦʬʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ ʛʝʪʝʨʦʪʨʦʬʥʘ 

ʥʽʪʨʠʬʽʢʘʮʽʷ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ, ʯʘʩʪʦ ʧʨʦʚʽʜʥʫ, ʨʦʣʴ ʚ ʦʢʠʩʥʝʥʥʽ ʚʽʜʥʦʚʣʝʥʠʭ 

ʩʧʦʣʫʢ ʘʟʦʪʫ [133].  

ʅʽʪʨʘʪ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ˇʨʫʥʪʽ ʧʨʠ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʤʦʞʝ ʩʧʦʞʠʚʘʪʠʩʷ 

ʨʦʩʣʠʥʘʤʠ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʴʤʘ ʚʠʜʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʘʩʠʤʽʣʷʮʽʡʥʦʤʫ 

ʧʨʦʮʝʩʽ. ɹʽʣʴʰ ʜʦʩʪʫʧʥʦʶ ʬʦʨʤʦʶ ʘʟʦʪʫ ʜʣʷ ʨʦʩʣʠʥ ʻ ʘʤʦʥʽʡ, ʦʩʢʽʣʴʢʠ 

ʥʽʪʨʘʪ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʦʚʣʶʚʘʪʠ ʜʦ NH4+, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ 
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ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʩʠʤʽʣʷʮʽʾ ʘʤʦʥʽʶ ʯʠ ʥʽʪʨʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ (ʨʅ, ʚʤʽʩʪʫ ʢʘʪʽʦʥʽʚ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʽʪʨʘʪʫ ʪʘ ʘʤʦʥʽʶ), 

ʬʘʟʠ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʪʘ ʾʭ ʙʽʦʣʦʛʽʾ.  

ʅʘ ʩʣʘʙʦʢʠʩʣʠʭ ˇʨʫʥʪʘʭ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʻ ʥʽʪʨʘʪʥʽ ʜʦʙʨʠʚʘ, ʘ ʥʘ 

ʥʝʡʪʨʘʣʴʥʠʭ ï ʘʤʦʥʽʡʥʽ. ʇʨʠ ʦʢʫʣʴʪʫʨʝʥʥʽ ˇʨʫʥʪʽʚ ʩʝʨʝʜ ʨʽʟʥʠʭ ʬʦʨʤ ʘʟʦʪʫ ʚ 

ʥʠʭ ʟʨʦʩʪʘʻ ʚʽʜʩʦʪʦʢ ʥʽʪʨʘʪʫ ʟ 20% ʫ ˇʨʫʥʪʘʭ ʟ ʥʠʟʴʢʦʶ ʨʦʜʶʯʽʩʪʶ ʽ ʜʦ 60% ï 

ʫ ʜʦʙʨʝ ʦʢʫʣʴʪʫʨʝʥʠʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ 

ʧʨʦʮʝʩʫ ʥʽʪʨʠʬʽʢʘʮʽʾ. ʊʦʤʫ ʚʠʩʦʢʫ ʥʽʪʨʠʬʽʢʘʮʽʡʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ˇʨʫʥʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʜʠʥ ʟ ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʨʦʜʶʯʦʩʪʽ [133].  

ɺʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʠʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʤʽʢʨʦʬʣʦʨʠ 

ˇʨʫʥʪʫ, ʻ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʫ ˇʨʫʥʪʽ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʫ ʽ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʧʽʜ ʚʧʣʠʚʦʤ ʷʢ ʘʥʘʝʨʦʙʥʠʭ, ʪʘʢ ʽ 

ʘʝʨʦʙʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʋ ʧʨʦʮʝʩʽ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʽʪʨʘʪʫ ʯʝʨʝʟ NO2-, NO, N2O ʜʦ N2. ʇʦʚʥʠʡ ʣʘʥʮʶʛ ʥʽʪʨʘʪʥʦʛʦ ʜʠʭʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʻ ʣʠʰʝ ʫ ʜʝʷʢʠʭ ʚʠʜʽʚ ʙʘʢʪʝʨʽʡ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʜʽʚ 

Alcaligenes, Bacillus, Pseudomonas, Thiobacillus ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ. ʆʜʥʘʢ, ʯʘʩʪʦ 

ʜʠʩʠʤʽʣʷʮʽʡʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ ʧʨʦʤʽʞʥʠʭ ʩʪʘʜʽʷʭ. ʎʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ, ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʜʣʷ ʧʦʚʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʢʦʣʠ ʚ 

ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʫʪʚʦʨʶʻʪʴʩʷ N2O [133].  

ɼʝʥʽʪʨʠʬʽʢʘʮʽʷ, ʷʢ ʘʥʘʝʨʦʙʥʠʡ ʧʨʦʮʝʩ, ʟʥʘʯʥʦ ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʟʚʦʣʦʞʝʥʥʽ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʪʦʜʽ, ʢʦʣʠ, ʧʦʨʷʜ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʜʦʙʨʠʚʘʤʠ 

(ʛʥʽʡ), ʚʥʦʩʷʪʴ ʥʽʪʨʘʪʚʤʽʩʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ. ʇʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʚ ʥʝʟʘʪʦʧʣʝʥʠʭ ˇʨʫʥʪʘʭ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʚ ʥʠʭ 

ʘʥʘʝʨʦʙʥʠʭ ʤʽʢʨʦʟʦʥ. ʈʠʭʣʝʥʥʷ ˇʨʫʥʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚ ʥʴʦʤʫ ʢʠʩʥʶ 

ʧʨʠʛʥʽʯʫʻ ʜʝʥʽʪʨʠʬʽʢʘʮʽʶ [156]. ʆʜʥʘʢ ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, ʡʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʚʤʽʩʪʫ ʟʘʢʠʩʫ ʘʟʦʪʫ ʚ ʘʪʤʦʩʬʝʨʽ ˇʨʫʥʪʫ [133].  

ɿʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ [157], ʷʢʱʦ ʮʠʢʣ ʘʟʦʪʫ ʜʦʩʷʛ ʩʪʘʜʽʾ 

ʥʽʪʨʠʬʽʢʘʮʽʾ ʽ ʜʣʷ ʾʾ ʧʝʨʝʙʽʛʫ ʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ, ʪʦʜʽ ʚʪʨʘʪʠ ʘʟʦʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʦʧʝʨʝʜʠʪʠ ʥʝʤʦʞʣʠʚʦ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʩʧʝʮʠʬʽʯʥʽ 

ʽʥʛʠʙʠʪʦʨʠ, ʷʢʽ ʙ ʧʨʠʛʥʽʯʫʚʘʣʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʝʥʽʪʨʠʬʽʢʫʚʘʣʴʥʠʭ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ˇʨʫʥʪʽ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʘʟʦʪʫ, ʱʦ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ 

ʧʨʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʽʥʛʽʙʫʚʘʪʠ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ [157]. 

ʄʦʞʥʘ ʩʧʝʮʠʬʽʯʥʦ ʧʨʠʛʥʽʯʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ Nitrosomonas, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʰʫ ʩʪʘʜʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ NH4+ŸNO2 ï [158]. ʗʢ ʽʥʛʽʙʽʪʦʨ 

ʥʽʪʨʠʬʽʢʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 1-ʢʘʨʙʦʤʦʽʣ 3(5) - 

ʤʝʪʠʣʧʽʨʘʟʦʣ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʧʽʜʚʠʱʫʚʘʣʦ ʚʨʦʞʘʡʥʽʩʪʴ ʨʦʩʣʠʥ 

ʥʘ 15ï16% [157]. 

 ɺʥʝʩʝʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʝ ʛʽʜʨʘʟʠʥʫ ʽʥʛʽʙʫʻ ʧʨʦʮʝʩ ʦʢʠʩʥʝʥʥʷ 

ʛʽʜʨʦʢʩʠʣʘʤʽʥʫ ʜʦ ʥʽʪʨʘʪʫ ʢʣʽʪʠʥʘʤʠ Nitrʦsomonas sp. ɯʜʝʘʣʴʥʠʡ ʽʥʛʽʙʽʪʦʨ 

ʥʽʪʨʠʬʽʢʘʮʽʾ ʧʦʚʠʥʝʥ ʫ ʥʝʟʥʘʯʥʠʭ ʜʦʟʘʭ ʝʬʝʢʪʠʚʥʦ ʽ ʚʠʙʽʨʢʦʚʦ ʙʣʦʢʫʚʘʪʠ 

ʦʢʠʩʥʝʥʥʷ ʘʤʦʥʽʶ ʙʘʢʪʝʨʽʷʤʠ ʛʨʫʧʠ Nitrosomonas, ʥʝ ʚʧʣʠʚʘʪʠ ʥʘ Nitrobacter 

ʪʘ ʽʥʰʽ ʙʘʢʪʝʨʽʾ, ʟʙʝʨʽʛʘʪʠ ʘʢʪʠʚʥʽʩʪʴ ʫ ˇʨʫʥʪʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʪʠʞʥʽʚ. ʋ 

ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤʠ ʽʥʛʽʙʪ̔ʦʨʘʤʠ ʻ ʥʽʪʨʘʧʽʨʽʥ (N-serve), 

ʘʤʽʥʦʪʠʘʟʦʣ, ʜʠʮʽʘʥʜʠʘʤʽʜ, ʢʘʨʙʦʤʦʽʣʧʽʨʘʟʦʣ ʪʘ ʜʝʷʢʽ ʽʥʰʽ [133].  

 

1.7. ʄʽʢʨʦʙʥʘ ʤʦʙʽʣʽʟʘʮʽʷ ʬʦʩʬʦʨʫ ʚ ˇʨʫʥʪʽ 

 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʙʽʦʩʬʝʨʠ ʻ ʬʦʩʬʦʨ. ɿʘ ʩʚʦʾʤ ʚʧʣʠʚʦʤ ʥʘ ʨʦʟʚʠʪʦʢ 

ʨʦʩʣʠʥ ʚʽʥ ʟʘʡʤʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʧʽʩʣʷ ʘʟʦʪʫ. ɺʤʽʩʪ ʬʦʩʬʦʨʫ ʚ ˇʨʫʥʪʘʭ ʋʢʨʘʾʥʠ 

ʩʷʛʘʻ 0,05ï0,15%, ʘ ʚ ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʪʠʧʫ 

ʩʢʣʘʜʘʻ ʚʽʜ 3,8 ʜʦ 22,9 ʪ/ʛʘ [159], ʪʦʜʽ ʷʢ ʫ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʘʭ ï 

ʙʣʠʟʴʢʦ 4 ʪ/ʛʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʫ ˇʨʫʥʪʘʭ ɿʘʭʽʜʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʚʤʽʩʪ 

ʬʦʩʬʦʨʫ ʚ ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ ʩʢʣʘʜʘʻ 1,3ï4,5 ʪ/ʛʘ [160]. ʋ ˇʨʫʥʪʽ ʬʦʩʬʦʨ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʬʦʨʤʽ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʬʽʪʠʥ, ʛʣʽʮʝʨʦʬʦʩʬʘʪ, ʟʘʣʠʰʢʠ 

ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʽʥʰʠʭ), ʘ ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʡʦʛʦ ʩʧʦʣʫʢ.  

ʆʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ ʬʦʩʬʦʨʫ ˇʨʫʥʪʫ ʟʦʩʝʨʝʜʞʝʥʘ ʫ ʬʽʪʠʥʽ 

[161]. ɺʤʽʩʪ ʬʦʩʬʦʨʫ ʚ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢʘʭ ˇʨʫʥʪʫ ʩʷʛʘʻ 25ï85% ʚʽʜ ʡʦʛʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ, ʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʫ ʡʦʛʦ 

ʚʤʽʩʪ ʩʢʣʘʜʘʻ ʚʽʜ 0,5 ʜʦ 2,0%. ɺʽʜ 15 ʜʦ 75% ʬʦʩʬʦʨʫ ˇʨʫʥʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 
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ʬʦʨʤʽ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ: ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ, ʟʘʣʽʟʘ, 

ʘʣʶʤʽʥʽʶ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʷʜʫ ʤʽʥʝʨʘʣʽʚ (ʘʧʘʪʠʪʫ, ʬʪʦʨʘʧʘʪʠʪʫ, 

ʬʦʩʬʦʨʠʪʫ, ʚʽʚʽʘʥʽʪʫ ʪʦʱʦ) [98].   

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʬʦʩʬʦʨ ʫ ˇʨʫʥʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʣʷ 

ʨʦʩʣʠʥ ʬʦʨʤʘʭ, ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʡʦʛʦ ʚʤʽʩʪʽ ʚ ʦʨʥʦʤʫ ʰʘʨʽ 1000 ʢʛ/ʛʘ ʫ 

ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʡʦʛʦ ʚʤʽʩʪ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʢʛ [98]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʠʩʦʢʠʡ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʬʦʩʬʦʨʫ, ʚ ˇʨʫʥʪʘʭ ʚʽʥ ʧʝʨʝʚʘʞʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʘʣʦʨʫʭʦʤʠʭ ʬʦʨʤʘʭ. ʉʪʫʧʽʥʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʘʤʠ ʟ ˇʨʫʥʪʫ 

ʩʢʣʘʜʘʻ ʣʠʰʝ 3ï5% [162]. ʅʘʚʽʪʴ ʬʦʩʬʘʪʠ, ʱʦ ʚʥʦʩʷʪʴ ʚ ˇʨʫʥʪ ʫ ʚʠʛʣʷʜʽ 

ʜʦʙʨʠʚ, ʟʘʩʚʦʶʶʪʴʩʷ ʨʦʩʣʠʥʘʤʠ ʟ ʥʠʟʴʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɼʦʩʪʫʧʥʽʩʪʴ ʜʣʷ 

ʨʦʩʣʠʥ ʬʦʩʬʦʨʫ ʚ ʨʽʢ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪ ʩʢʣʘʜʘʻ ʚʽʜ 10 ʜʦ 30% [163]. 

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʟʜʘʪʥʽʩʪʶ ʦʢʠʩʣʽʚ ʢʘʣʴʮʽʶ, ʟʘʣʽʟʘ, ʘʣʶʤʽʥʽʶ ʪʘ ʽʥʰʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʥʝ ʪʽʣʴʢʠ ʟʚôʷʟʫʚʘʪʠ 19 ʽʦʥʠ ʬʦʩʬʦʨʫ, 

ʘʣʝ ʡ ʫʪʨʠʤʫʚʘʪʠ ʾʭ [162].  

ʄʦʙʽʣʽʟʫʚʘʪʠ ʬʦʩʬʦʨ ʟ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʘʣʶʤʽʥʽʶ ʽ 

ʢʘʣʴʮʽʶ ʟʜʘʪʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ [97, 164]. ɺʦʥʠ ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ. ʊʘʢ, ʾʭ ʚʤʽʩʪ ʫ ʨʠʟʦʧʣʘʥʽ  ʢʫʢʫʨʫʜʟʠ  ʩʷʛʘʻ 

45%, ʙʘʚʦʚʥʠʢʫ ʪʘ ʤʘʥʜʘʨʠʥʫ ï 60% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ 

[165].  

ɿʛʽʜʥʦ ʟ ʽʥʰʠʤʠ ʜʘʥʠʤʠ [166], ʚʤʽʩʪ ʬʦʩʬʘʪʤʦʙʽʣʽʟʫʚʘʣʴʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʨʠʟʦʩʬʝʨʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʩʷʛʘʻ 15ï30%. 

ʅʘʡʙʽʣʴʰʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʨʠʟʦʩʬʝʨʽ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ, ʪʦʜʽ ʷʢ 

ʫ ʨʠʟʦʩʬʝʨʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ, ʷʯʤʝʥʶ, ʛʦʨʦʭʫ ʾʭ ʟʥʘʯʥʦ ʤʝʥʰʝ. ɸʢʪʠʚʥʽʩʪʶ 

ʤʦʙʽʣʽʟʘʮʽʾ ʬʦʩʬʘʪʫ ʟ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʦʜʽʚ Pseudomonas [167, 97], Azotobacter [168ï170], 

Enterobacter [171], Bacterium [172],  Pseudomonas [172, 173], Bacillus [98, 166, 

167, 172ï175], Agrobacterium [174, 176], Burkholderia [167, 177, 178], 

Penicillium [179], Rhodotorula, ʩʫʣʴʬʘʪʚʽʜʥʦʚʥʶʚʘʣʴʥʽ ʙʘʢʪʝʨʽʾ ʨʦʜʫ 

Desulfʦbacterium [180], ʚʝʟʠʢʫʣʷʨʥʦ-ʘʨʙʫʩʢʫʣʷʨʥʽ ʤʽʢʦʨʠʟʥʽ ʛʨʠʙʠ [138], 

Trichoderma [167, 181] ʪʘ ʽʥʰʽ. ʇʦʢʘʟʘʥʦ [168, 182], ʱʦ ʟʘ ʥʝʡʪʨʘʣʴʥʠʭ 
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ʟʥʘʯʝʥʴ ʨʅ ʚʘʞʢʦʨʦʟʯʠʥʥʠʡ ʬʦʩʬʘʪ ʢʘʣʴʮʽʶ ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʯʠʥʷʻʪʴʩʷ. ʋ 

ʣʠʤʦʥʥʦʢʠʩʣʦʤʫ ʙʫʬʝʨʥʦʤʫ ʨʦʟʯʠʥʽ ʨʦʟʯʠʥʥʽʩʪʴ ʉ3(PO4)2 ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʅ ʽ ʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʨʅ 5,0.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʽʦʥʽʚ ʬʦʩʬʘʪʫ ʫ ʢʫʣʴʪʫʨʘʣʴʥʽʡ ʨʽʜʠʥʽ ʧʨʠ 

ʨʦʩʪʽ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Bacillus ʽ Pseudomonas ʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʘʞʢʦʨʦʟʯʠʥʥʠʡ ʬʦʩʬʘʪ ʢʘʣʴʮʽʶ, ʦʙʫʤʦʚʣʝʥʦ ʟʜʘʪʥʽʩʪʶ ʜʘʥʦʾ ʩʧʦʣʫʢʠ 

ʨʦʟʯʠʥʷʪʠʩʴ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʁʤʦʚʽʨʥʦ, ʪʘʢʠʡ ʤʝʭʘʥʽʟʤ ʥʝ ʤʘʻ 

ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʨʦʩʪʽ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʚʘʞʢʦʨʦʟʯʠʥʥʠʤʠ 

ʬʦʩʬʘʪʚʤʽʩʥʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʘʟʦʪʬʽʢʩʫʚʘʣʴʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʦʜʫ Azotobacter ʽ Agrobacterium radiobacter 204.  

ʊʘʢ, ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ A. chroococcum 20, 21, A. vinelandii 56,7 ʫ 

ʩʝʨʝʜʦʚʠʱʽ ɽʰʙʽ ʽ A. radiobacter 204 ʥʘ ʛʦʨʦʭʦʚʦʤʫ ʚʽʜʚʘʨʽ ʟ Ca3(PO4)2 

ʧʨʠʚʦʜʠʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ ʥʘ 3-4 ʧʦʨʷʜʢʠ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʦʙʽʣʽʟʘʮʽʷ ʬʦʩʬʦʨʫ ʟ 

ʚʘʞʢʦʜʦʩʪʫʧʥʦʛʦ ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥ ʮʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʦʙʫʤʦʚʣʝʥʘ ʢʦʥʪʘʢʪʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʜʘʥʦʛʦ ʤʽʥʝʨʘʣʫ ʟ 

ʢʠʩʣʠʤʠ ʟʦʥʘʤʠ ʛʣʽʢʦʢʘʣʽʢʩʫ. ʎʝ ʩʧʨʠʷʻ ʨʦʟʯʠʥʝʥʥʶ ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ ʽ 

ʟʘʜʦʚʦʣʝʥʥʶ ʧʦʪʨʝʙʠ ʙʘʢʪʝʨʽʡ ʫ ʬʦʩʬʦʨʥʦʤʫ ʞʠʚʣʝʥʥʽ [168, 182]. ɿʜʘʪʥʽʩʪʴ 

ʙʘʢʪʝʨʽʡ Azotobacter chroococcum ʤʦʙʽʣʽʟʫʚʘʪʠ ʬʦʩʬʦʨ ʟ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʦʧʠʩʘʥʦ ʡ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ [170].  

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʦʩʬʦʨʥʦʛʦ ʞʠʚʣʝʥʥʷ ʧʰʝʥʠʮʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʨʠʙʠ Penicillium radicum, ʱʦ ʚʠʜʽʣʝʥʽ ʟ ʨʠʟʦʩʬʝʨʠ ʮʠʭ ʨʦʩʣʠʥ 

ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʘʢʪʠʚʥʽʩʪʶ ʤʦʙʽʣʽʟʘʮʽʾ ʬʦʩʬʦʨʫ ʟ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ [183]. ʈʦʟʯʠʥʝʥʥʷ ʬʦʩʬʦʨʚʤʽʩʥʠʭ 

ʨʝʯʦʚʠʥ ʮʠʤ ʛʨʠʙʦʤ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʩʝʢʨʝʮʽʻʶ ʥʠʤ ʛʣʶʢʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʱʦ ʟʥʠʞʫʻ ʨʅ, ʯʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʝʶ ʭʝʣʘʪʥʠʭ ʩʧʦʣʫʢ. ʄʦʙʽʣʽʟʫʚʘʪʠ ʬʦʩʬʦʨ ʟ 

ʚʘʞʢʦʨʦʟʯʠʥʥʦʛʦ ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ ʟʜʘʪʥʽ ʤʽʢʨʦʤʽʮʝʪʠ ʨʦʜʫ Trichoderma. ɰʭ 

ʬʦʩʬʘʪʤʦʙʽʣʽʟʫʚʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʢʣʘʜʘʣʘ ʙʣʠʟʴʢʦ 70% ʧʦʢʘʟʥʠʢʽʚ Bacillus 

megaterium subsp. phosphaticum.  
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ɯʥʦʢʫʣʷʮʽʷ ʥʘʩʽʥʥʷ ʥʫʪʫ ʮʠʤʠ ʛʨʠʙʘʤʠ ʧʦʢʨʘʱʫʚʘʣʘ ʡʦʛʦ ʨʽʩʪ ʽ 

ʧʽʜʚʠʱʫʚʘʣʘ ʚʨʦʞʘʡʥʽʩʪʴ ʢʫʣʴʪʫʨʠ [181]. ʋ ˇʨʫʥʪʽ ʧʦʰʠʨʝʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, 

ʷʢʽ ʟʜʘʪʥʽ ʤʦʙʽʣʽʟʫʚʘʪʠ ʬʦʩʬʦʨ ʟ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ɿʥʘʯʥʘ ʨʦʣʴ ʫ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ ʥʘʣʝʞʠʪʴ ʩʧʦʨʦʫʪʚʦʨʶʚʘʣʴʥʠʤ ʙʘʢʪʝʨʽʷʤ ʨʦʜʫ Bacillus [173, 184, 

185, 186, 187, 188]. ʆʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʬʦʩʬʦʨʫ ʟʜʘʪʥʽ ʨʦʟʢʣʘʜʘʪʠ ʙʘʢʪʝʨʽʾ 

ʨʦʜʽʚ Pseudomonas, ʤʽʢʨʦʤʽʮʝʪʠ ʨʦʜʽʚ Aspergillus, Penicillium, Rhizopus, 

Trichotecium, Alternaria, ʜʨʽʞʜʞʽ Rhodotorula, Saccharomyces, Candida, 

Hansenula [185, 186]. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʩʠʥʪʝʟʫʚʘʪʠ ʬʦʩʬʘʪʘʟʠ. ɺʠʜʽʣʝʥʽ 16 ʰʪʘʤʽʚ ʬʦʩʬʘʪʤʦʙʽʣʽʟʫʚʘʣʴʥʠʭ ʙʘʢʪʝʨʽʡ, 

ʱʦ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ 4 ʚʠʜʽʚ ʨʦʜʫ Bacillus (5 ʰʪʘʤʽʚ B. megaterium, 4 ʰʪʘʤʠ 

B. subtilis, 4 ʰʪʘʤʠ B. pumilus ʽ 3 ʰʪʘʤʠ B. cereus var. mycoides) ʨʦʩʣʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʛʣʽʮʝʨʦʬʦʩʬʘʪʦʤ, ʷʢ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʬʦʩʬʦʨʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʽ 

ʟʘ ʪʨʠ ʜʦʙʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʯʠʩʝʣʴʥʽʩʪʴ ʞʠʪʪʻʟʜʘʪʥʠʭ ʢʣʽʪʠʥ ʟʨʦʩʪʘʣʘ ʟ 1ï4 Ĭ 

105 ʜʦ 0,23ï36,0 Ĭ 108 ʢʣʽʪʠʥ ʚ 1 ʤʣ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʦʩʬʘʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʩʢʣʘʜʘʣʘ ʚʽʜ 22 ʜʦ 284 ʤʛ ʚ 1 ʣ. 

ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʨʠʨʽʩʪ ʢʣʽʪʠʥ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʬʦʩʬʘʪʫ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ ʰʪʘʤʽʚ B. megaterium 9 ʪʘ 16, B. cereus var. mycoides 10 ʽ 

B. subtilis ɯʄɺ ɺ-7023 [173]. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʝʨʤʝʥʪʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ ʣʫʞʥʦʾ 

ʬʦʩʬʘʪʘʟʠ ʜʚʦʭ ʜʦʩʣʽʜʞʝʥʠʭ ʰʪʘʤʽʚ ʨʦʜʫ Bacillus (B. subtilis ɯʄɺ ɺ-7023 ʪʘ 

B. megaterium 12) ʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʘ 55ʦʉ ʪʘ ʧʨʠ ʨʅ 9,5ï10,0. 

ʇʨʠ ʚʥʝʩʝʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʝ ʽʦʥʽʚ ʉʘ2+ ʪʘ ʄg2+ ʬʝʨʤʝʥʪʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʙʘʢʪʝʨʽʡ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʣʘ, ʪʦʜʽ ʷʢ ʽʦʥʠ Cu2+, Mn2+, Zn2+ ʽʥʛʽʙʫʚʘʣʠ ʾʭʥʶ 

ʬʦʩʬʘʪʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ [189, 190].  

ʅʘ ʧʨʠʢʣʘʜʽ ʛʘʣʦʬʽʣʴʥʦʾ ʘʨʭʝʙʘʢʪʝʨʽʾ Haloarcula marismortui ʧʦʢʘʟʘʥʦ,  

ʱʦ ʽʥʜʫʢʮʽʷ ʩʠʥʪʝʟʫ ʣʫʞʥʦʾ ʬʦʩʬʘʪʘʟʠ ʽ ʾʾ ʚʠʜʽʣʝʥʥʷ ʫ ʢʫʣʴʪʫʨʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʣʽʤʽʪʫʚʘʥʥʷ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʫ ʬʦʩʬʘʪʦʤ. 

ʗʢʱʦ ʞ ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʦʩʬʘʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʦʩʷʛʘʣʘ 0,1 ʤʄ, ʪʦ ʬʦʩʬʘʪʘʟʘ 

ʙʘʢʪʝʨʽʷʤʠ ʥʝ ʩʠʥʪʝʟʫʚʘʣʘʩʴ [191].  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʨʠʨʦʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʞʝʨʝʣ ʬʦʩʬʘʪʫ ʻ 

ʽʥʦʟʠʪʦʣ-ʛʝʢʩʘʬʦʩʬʘʪ (ʬʽʪʠʥ). ʁʦʛʦ ʚʤʽʩʪ ʫ ˇʨʫʥʪʽ ʤʦʞʝ ʩʷʛʘʪʠ ʜʦ 50% ʚʽʜ 
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ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʦʩʬʦʨʫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ [192]. ʂʽʣʴʢʽʩʪʴ ʬʽʪʠʥʫ ʚ 

ʟʝʨʥʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʩʢʣʘʜʘʻ ʚʽʜ 18 ʜʦ 88% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ [193]. ʌʦʩʬʘʪ ʟ ʮʠʭ ʩʧʦʣʫʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʤʦʙʽʣʽʟʫʶʪʴ ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʦʩʪʽ ʬʝʨʤʝʥʪʫ ʬʽʪʘʟʠ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʣʠʰʝ 0,5% ʢʫʣʴʪʫʨʘʙʝʣʴʥʠʭ ʧʦʧʫʣʷʮʽʡ ˇʨʫʥʪʦʚʠʭ 

ʙʘʢʪʝʨʽʡ ʟʜʘʪʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʦʟʠʪʦʣʛʝʢʩʘʬʦʩʬʘʪ ʷʢ ʻʜʠʥʝ ʜʞʝʨʝʣʦ 

ʬʦʩʬʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʽ ʝʥʝʨʛʽʾ. ʊʘʢʦʶ ʟʜʘʪʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʬʣʶʦʨʝʩʮʝʥʪʥʽ ʙʘʢʪʝʨʽʾ Pseudomonas putida CCAR53 ʽ ʉʉAR59, ʘ ʪʘʢʦʞ 

ʥʝʬʣʶʦʨʝʩʮʝʥʪʥʽ Pseudomonas mendocina CCAR31 ʪʘ CCAR60 [161, 194]. 

ɹʽʣʴʰʽʩʪʴ ʟ ʚʠʜʽʣʝʥʠʭ ʥʘʤʠ ʰʪʘʤʽʚ ʬʦʩʬʘʪʤʦʙʽʣʽʟʫʚʘʣʴʥʠʭ ʙʘʢʪʝʨʽʡ ʨʦʜʫ 

ɺacillus ʟʜʘʪʥʽ ʨʦʩʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʬʽʪʠʥʦʤ. ʆʜʥʘʢ, ʥʘʡʚʠʱʦʶ ʘʢʪʠʚʥʽʩʪʶ 

ʚʽʜʨʽʟʥʷʣʠʩʴ B. pumilus 3 ʽ B. pumilus 4 [173]. ʌʽʪʘʟʫ ʩʠʥʪʝʟʫʶʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʽʟʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʛʨʫʧ: Bacillus subtilis [188, 195], 

Pseudomonas sp. [196], Escherichiʘ coli [197], Aspergillus terreus [198] ʪʘ ʽʥʰʽ.  

ɺʠʩʦʢʦʶ ʬʽʪʘʟʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʽʢʨʦʤʽʮʝʪʠ 

Aspergillus niger SK-57 [199], ʜʨʽʞʜʞʽ ʨʦʜʽʚ Saccharomyces, Hansenula [200, 

201]. ʋ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʜʨʽʞʜʞʽʚ ʬʽʪʘʟʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʧʨʠ ʨʅ 4ï5 ʪʘ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (60ï80ʦʉ) [200]. ɿʜʘʪʥʽʩʪʴ 

ʤʽʥʝʨʘʣʽʟʫʚʘʪʠ ʦʨʛʘʥʽʯʥʽ ʬʦʩʬʦʨʚʤʽʩʥʽ ʨʝʯʦʚʠʥʠ ʽ ʨʦʟʯʠʥʷʪʠ ʚʘʞʢʦʨʦʟʯʠʥʥʽ 

ʥʝʦʨʛʘʥʽʯʥʽ ʡʦʛʦ ʩʧʦʣʫʢʠ ʧʦʰʠʨʝʥʘ ʫ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʠʭ 

ʛʨʠʙʽʚ. ɿʘ ʟʥʠʞʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʮʠʭ ʧʨʦʮʝʩʽʚ ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʘʢʪʠʥʦʤʽʮʝʪʠ, 

ʛʨʠʙʠ, ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʙʘʢʪʝʨʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʠʭ ʛʨʠʙʽʚ ʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʣʷ ʨʦʩʣʠʥ 

ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ [122].  
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1.8. ʂʘʣʽʡ ˇʨʫʥʪʫ ʽ ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʽʜʚʠʱʝʥʥʽ ʡʦʛʦ ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ 

ʨʦʩʣʠʥ 

 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʞʠʚʣʝʥʥʽ ʨʦʩʣʠʥ ʥʘʣʝʞʠʪʴ ʢʘʣʽʶ. ɺʽʥ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʪʘ ʥʝʟʘʤʽʥʥʠʤ ʜʣʷ ʥʠʭ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʯʥʠʡ ʩʪʘʥ 

ʢʦʣʦʾʜʽʚ ʢʣʽʪʠʥ, ʟʙʽʣʴʰʫʻ ʛʽʜʨʦʬʽʣʴʥʽʩʪʴ ʧʨʦʪʦʧʣʘʟʤʠ ʽ ʧʨʦʚʽʜʥʽʩʪʴ ʩʪʽʥʦʢ 

ʢʣʽʪʠʥ, ʚʠʟʥʘʯʘʻ ʾʭ ʪʫʨʛʦʨ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʷʢʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ 

ʩʝʨʝʜʦʚʠʱʘ [202]. ɹʝʟ ʜʦʩʪʘʪʥʴʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʘʣʽʻʤ ʟʥʠʞʫʻʪʴʩʷ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥ, ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʩʫʭʠ, ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ, ʰʢʽʜʥʠʢʽʚ ʽ 

ʭʚʦʨʦʙ [203, 204]. ʇʨʦʪʷʛʦʤ ʨʦʩʪʫ ʨʦʩʣʠʥ ʢʘʣʽʡ ʟʥʘʭʦʜʠʪʴʩʷ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʚ ʽʦʥʥʽʡ ʬʦʨʤʽ ʽ ʪʽʣʴʢʠ ʙʣʠʟʴʢʦ 1% ï ʫ ʩʢʣʘʜʽ ʙʽʣʢʦʚʠʭ ʩʧʦʣʫʢ ʢʣʽʪʠʥ 

[204]. ʇʦʪʝʥʮʽʡʥʽ ʟʘʧʘʩʠ ʂ2ʆ ʫ ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʽʚ ʩʢʣʘʜʘʶʪʴ ʚʽʜ 180 ʜʦ 

350 ʪ/ʛʘ [205]. ɺʤʽʩʪ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʦʨʥʦʤʫ ʰʘʨʽ ʩʷʛʘʻ 24ï51 ʪʦʥ ʥʘ ʛʝʢʪʘʨ 

ʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,1 ʚ ʪʦʨʬôʷʥʠʭ ˇʨʫʥʪʘʭ ʜʦ 2,3ï2,4% ï ʫ ʯʦʨʥʦʟʝʤʘʭ 

ʟʚʠʯʘʡʥʠʭ [202]. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʫ ˇʨʫʥʪʽ ʚʤʽʩʪʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʯʦʢ, ʫ 

ʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʢʘʣʽʻʚʤʽʩʥʠʭ ʤʽʥʝʨʘʣʽʚ ʪʠʧʫ ʧʦʣʴʦʚʠʭ 

ʰʧʘʪʽʚ ʪʘ ʪʨʠʰʘʨʦʚʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ, ʫ ʷʢʠʭ ʢʘʣʽʡ ʻ ʚʘʞʢʦʜʦʩʪʫʧʥʠʤ ʜʣʷ 

ʨʦʩʣʠʥ [205, 206]. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʨʦʩʪʫ ʨʦʩʣʠʥ ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʚʨʦʞʘʡʥʦʩʪʽ 

ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʘʟʦʪʥʠʭ ʪʘ ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ ʧʽʜʚʠʱʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʫʣʴʪʫʨʥʠʤʠ ʨʦʩʣʠʥʘʤʠ ʢʘʣʽʶ ʥʘ 44ï46% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʫʜʦʙʨʝʥʠʤ ʬʦʥʦʤ 

[207]. ʋ ˇʨʫʥʪʘʭ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʙʘʣʘʥʩ ʟʘ 

ʢʘʣʽʻʤ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʟʦʪʥʠʭ ʽ 

ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ [203]. ɼʦʩʪʫʧʥʽʩʪʴ ʢʘʣʽʶ ʜʣʷ ʨʦʩʣʠʥ ʫ ʧʝʚʥʽʡ ʤʽʨʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʭʽʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ [208]. ɺʽʜʦʤʽ 

ʨʦʙʦʪʠ ʱʦʜʦ ʤʽʢʨʦʙʥʦʾ ʤʦʙʽʣʽʟʘʮʽʾ ʢʘʣʽʶ ʟ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ [172, 208, 209]. 

ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʤʦʙʽʣʽʟʘʮʽʾ ʢʘʣʽʶ ˇʨʫʥʪʦʚʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʟ ʤʫʩʢʦʚʽʪʫ, 

ʛʽʜʨʦʤʫʩʢʦʚʽʪʫ ʽ ʙʽʦʪʠʪʫ [210]. ʆʜʥʘʢ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʤʦʙʽʣʽʟʘʮʽʾ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʢʘʣʽʶ ʫ ˇʨʫʥʪʽ ʟ ʡʦʛʦ ʤʽʥʝʨʘʣʽʚ, ʮʴʦʤʫ ʧʠʪʘʥʥʶ 

ʧʨʠʩʚʷʯʝʥʦ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʦʤʫ ʮʷ ʚʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ 

ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ 
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ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ˇʨʫʥʪʫ ʽ ʧʽʜʪʨʠʤʘʥʥʽ ʡʦʛʦ ʨʦʜʶʯʦʩʪʽ. ɺʦʥʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴ ʨʦʩʣʠʥʥʽ ʨʝʰʪʢʠ, 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, ʫʪʚʦʨʝʥʥʽ ʛʫʤʫʩʫ ʽ ʡʦʛʦ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ɻʣʦʙʘʣʴʥʦʶ ʻ ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʦʧʦʚʥʝʥʥʽ ʙʽʦʩʬʝʨʠ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ˇʨʫʥʪʽʚ, ʤʽʥʝʨʘʣʴʥʠʤ ʘʟʦʪʦʤ, ʤʦʙʽʣʽʟʘʮʽʾ ʬʦʩʬʦʨʫ ʟ ʦʨʛʘʥʽʯʥʠʭ ʪʘ 

ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ɺʘʞʣʠʚʦʶ, ʦʜʥʘʢ, ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʦʶ ʻ ʫʯʘʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʤʦʙʽʣʽʟʘʮʽʾ ʢʘʣʽʶ ʚ ʘʛʨʦʝʢʦʩʠʩʪʝʤʘʭ. 
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2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

 

2.1. ʈʘʜʽʦʣʦʛʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʦʙʨʘʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ 

 

ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʜʦʩʣʽʜʥʠʭ ʧʦʣʽʛʦʥʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʱʦ ʦʧʠʩʘʥʽ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ:  

- ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ 137Cs ʚ ʟʨʘʟʢʘʭ ʟʘ ʤʝʪʦʜʠʢʦʶ 

ASTME181-10 [211];  

- ʚʤʽʩʪ 90Sr ʫ ʧʨʦʙʘʭ ʚʠʟʥʘʯʘʣʠ ʧʽʩʣʷ ʡʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʟʘ ʘʢʪʠʚʥʽʩʪʶ ʡʦʛʦ ʜʦʯʽʨʥʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ 90Y [212ï214];  

- ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʦʛʣʠʥʝʥʦʾ ʜʦʟʠ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ ʚ 

ʤʽʩʮʷʭ ʟʘʢʣʘʜʢʠ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ 

[215].  

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʠʪʦʤʫ ʘʢʪʠʚʥʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʪʘ 90Sr ʫ ˇʨʫʥʪʽ, ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʦʢ ʜʦʟʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ɔ- ʽ ɓ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ 10 ʩʤ ʰʘʨʽ ˇʨʫʥʪʫ ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʦʢʨʝʤʦ ʪʘ ʚʠʟʥʘʯʠʣʠ ʩʫʤʘʨʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ 

ʜʦʟʠ. ʂʦʝʬʽʮʽʻʥʪʠ ʜʦʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ 137Cs ʧʦ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ï 

4,82ɽ-03 (ʤʢɻʨ/ʜʦʙʫ)/ɹʢ/ʢʛˇʨʫʥʪʫ,  ʧʦ ɓ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦ ï 2,47ɽ-03 

(ʤʢɻʨ/ʜʦʙʫ)/ɹʢ/ʢʛˇʨʫʥʪʫ. ʂʦʝʬʽʮʽʻʥʪʠ ʜʦʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ 
90Sr+90Y ʧʦ ɓ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ï 1,56ɽ-02 (ʤʢɻʨ/ʜʦʙʫ)/ɹʢ/ʢʛˇʨʫʥʪʫ.  

ɺʽʜʙʽʨ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʽʣʷʥʦʢ. ɺ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʢʣʘʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ ʟ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʽ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ 

ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ʟ ʚʠʩʦʢʠʤʠ ʛʨʘʜʽʻʥʪʘʤʠ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʆʙʨʘʥʥʷ ʜʽʣʷʥʦʢ ʜʣʷ ʟʘʢʣʘʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ 

ʽʥʬʦʨʤʘʮʽʻʶ ʙʘʟʠ ʜʘʥʠʭ ʋʢʨʅɼɯ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʨʘʜʽʦʣʦʛʽʾ ʫ 

ʩʪʚʦʨʝʥʥʽ ʷʢʦʾ ʟʘʷʚʥʠʢʠ ʧʨʦʻʢʪʫ ʧʨʠʡʤʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ [216]. ʅʘ 

ʦʙʨʘʥʠʭ ʜʽʣʷʥʢʘʭ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
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ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʘʤʽʨʠ ʨʽʚʥʷ ʛʘʤʤʘ-ʬʦʥʫ 

(ʜʦʟʠʤʝʪʨʦʤ-ʨʘʜʽʦʤʝʪʨʦʤ çʉʊʆʈɸ-ʊʋè). 

 

2.2. ɿʘʢʣʘʜʢʘ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʦʙʨʘʥʦ 2 ʜʽʣʷʥʢʠ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʫ ʤʝʞʘʭ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʜʽʣʷʥʢʠ. 

ɼʽʣʷʥʢʘ ˉ1 ʨʦʟʪʘʰʦʚʘʥʘ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ 

ɾʠʪʦʤʠʨʩʴʢʦ ʾʦʙʣʘʩʪʽ (ɿʦʥʘ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ). 

ʆʙʨʘʥʦ 3 ʪʦʯʢʠ ʜʣʷ ʟʘʢʣʘʜʘʥʥʷ ʧʘʢʝʪʠʢʽʚ ʟ ʨʦʩʣʠʥʥʠʤ ʩʫʙʩʪʨʘʪʦʤ ʚ ʤʽʩʮʷʭ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʛʨʘʜʽʻʥʪʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. 

ɼʽʣʷʥʢʘ ˉ2 ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ, 

ʥʝʧʦʜʘʣʽʢ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʢʪʦʨʫ. ʆʙʨʘʥʦ 4 ʪʦʯʢʠ ʜʣʷ ʟʘʢʣʘʜʘʥʥʷ ʧʘʢʝʪʠʢʽʚ ʟ 

ʨʦʩʣʠʥʥʠʤʠ ʨʝʰʪʢʘʤʠ ʚ ʤʽʩʮʷʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʛʨʘʜʽʻʥʪʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. ʎʷ ʜʽʣʷʥʢʘ ʚʢʣʶʯʘʻ ʧʽʨʦʛʝʥʥʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ. 

 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ TBɯ ʽʥʜʝʢʩʫ [217]. 

ɺ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʟʘʢʣʘʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ ʟ 

ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʽ ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ʟ ʚʠʩʦʢʠʤʠ ʛʨʘʜʽʻʥʪʘʤʠ 

  
с ͨ͊͟ ͔͔͙͚ͤ͘͡ ;͚͊ 

с ͨ͊͟ ͚ͪͦ͋ͯ΄ 

с ͨ͊͟ ͔͔͙͚ͤ͘͡ ;͚͊ 

с ͨ͊͟ ͚ͪͦ͋ͯ΄ 

с ͨ͊͟ ͔͔͙͚ͤ͘͡ ;͚͊ 

с ͨ͊͟ ͚ͪͦ͋ͯ΄ 
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ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʘʣʽ ʥʘ ʦʙʨʘʥʠʭ ʜʽʣʷʥʢʘʭ ʙʫʜʝ ʧʨʦʚʝʜʝʥʠʡ 

ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ) ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ (ʨʅ ˇʨʫʥʪʫ, ʚʤʽʩʪ 

ʟʘʛʘʣʴʥʦʛʦ ʪʘ ʦʨʛʘʥʽʯʥʦʛʦ ʉ ʽ N, ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʈ ʪʘ ʂ).   

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʧʽʜʩʪʠʣʢʠ 

(ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ) ʚ ˇʨʫʥʪʽ ʧʦʪʨʽʙʥʦ ʧʦʤʽʩʪʠʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʮʝʣʶʣʦʟʦʚʤʽʱʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʣʘʩʪʠʢʦʚʠʡ ʩʽʪʯʘʩʪʠʡ 

ʧʘʢʝʪʠʢ. ʆʪʚʦʨʠ ʚ ʩʽʪʮʽ ʜʦʟʚʦʣʷʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤ ʧʦʪʨʘʧʣʷʪʠ ʚʩʝʨʝʜʠʥʫ 

ʤʽʰʝʯʢʘ ʽ ʨʦʟʢʣʘʜʘʪʠ ʨʦʩʣʠʥʥʽ ʨʝʰʪʢʠ, ʘ ʧʣʘʩʪʠʢʦʚʠʡ ʤʽʰʝʯʦʢ ʧʨʠ ʮʴʦʤʫ 

ʟʘʧʦʙʽʛʘʻ ʚʪʨʘʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʥʝ ʨʫʡʥʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʽʰʝʯʢʫ ʧʦʪʨʽʙʥʦ 

ʧʦʤʽʩʪʠʪʠ ʡʦʛʦ ʫ ˇʨʫʥʪ. ɿʤʝʥʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʦʢʘʞʝ ʥʘʤ, ʷʢ ʰʚʠʜʢʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʪʦʤʫ ʤʽʩʮʽ, ʜʝ ʤʠ ʟʘʢʣʘʜʘʻʤʦ ʢʦʥʪʝʡʥʝʨ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ 

ʤʽʢʨʦʬʣʦʨʦʶ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜ Tea 

Bag ɯndex (TBI) [217]. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʘʡʥʠʭ ʧʘʢʝʪʠʢʽʚ 

ʊʄ Lipton ʜʚʦʭ ʚʠʜʽʚ ï ʟʝʣʝʥʦʛʦ ʯʘʶ (EAN8714100770542) ʪʘ ʨʦʡʙʫʰʫ 

(EAN8722700188438), ʷʢ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʘʢʝʪʠʢʠ 

ʟʚʘʞʫʚʘʣʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛʘʭ (AXIS ADG200C) ʪʘ ʤʘʨʢʫʚʘʣʠ, ʧʦʪʽʤ 

ʟʘʢʦʧʫʚʘʣʠ ʚ ˇʨʫʥʪ ʥʘ ʛʣʠʙʠʥʫ 8 ʩʤ ʽ ʟʘʣʠʰʘʣʠ ʥʘ 90 ʜʥʽʚ.  ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʝʢʩʧʦʟʠʮʽʾ, ʧʘʢʝʪʠʢʠ ʜʽʩʪʘʚʘʣʠ, ʦʙʝʨʝʞʥʦ ʪʘ ʨʝʪʝʣʴʥʦ ʦʯʠʱʫʚʘʣʠ ʚʽʜ 

ʟʘʣʠʰʢʽʚ ˇʨʫʥʪʫ, ʚʠʩʫʰʫʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 70 Üʉ 48 

ʛʦʜʠʥ ʽ ʧʦʚʪʦʨʥʦ ʟʚʘʞʫʚʘʣʠ ʯʘʡ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ TBI-ʽʥʜʝʢʩʫ: ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʢʣʘʜʘʥʥʷ (k) ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ 

ʩʪʘʙʽʣʽʟʘʮʽʾ (S) [217]. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʙʫʜʝ 

ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ  ʦʪʨʠʤʘʣʠ ʜʦʩʣʽʜʥʠʢʠ ʜʣʷ ʚʩʽʭ 

ʝʢʦʩʠʩʪʝʤ ʟ ʙʽʣʴʰ, ʥʽʞ 2000 ʤʽʩʮʴ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ.  

ɼʣʷ ʦʮʽʥʢʠ ʙʘʟʦʚʠʭ ʘʛʨʦʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʥʝʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ. ɼʣʷ 
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ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʘʟʦʪʫ ʚ ˇʨʫʥʪʽ, ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʦʤʫ ʟʛʽʜʥʦ ʟ ISO 

11464, ʚʠʟʥʘʯʘʶʪʴ ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʱʦʥʘʡʤʝʥʰʝ 900 ʦʉ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʢʠʩʥʶ. ʉʧʦʣʫʢʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʽ ʦʨʛʘʥʽʯʥʦʛʦ ʘʟʦʪʫ 

ʦʢʠʩʣʶʶʪʴʩʷ ʪʘ/ʘʙʦ ʚʠʧʘʨʦʚʫʶʪʴʩʷ. ʇʨʦʜʫʢʪʠ ʩʧʘʣʶʚʘʥʥʷ ʻ ʦʢʠʩʠ ʘʟʦʪʫ 

(Nʆʍ ) ʪʘ ʤʦʣʝʢʫʣʷʨʥʠʡ ʘʟʦʪ (N2). ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʝʩʴ ʘʟʦʪ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʬʦʨʤʫ N2, ʚʠʤʽʨʶʶʪʴ ʚʤʽʩʪ ʚʘʣʦʚʦʛʦ ʘʟʦʪʫ ʪʝʨʤʦʢʦʥʜʫʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

(ɼʉʊʋ ISO 13878:2005). ʊʘʢʦʞ ʚʠʤʽʨʷʣʠ pH ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ 

(ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ). 

ʉʪʘʪʠʩʪʠʯʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ [218] ʽ ʧʘʢʝʪʽʚ ʧʨʦʛʨʘʤ MS Excel 2016 

ʪʘ STATISTICA 10. 

 

2.3. ɺʠʟʥʘʯʝʥʥʷ ʢʘʪʘʣʘʟʥʦʾ, ʧʝʨʦʢʩʠʜʘʟʥʦʾ ʪʘ ʧʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʥʦʾ 

ʘʢʪʠʚʥʦʩʪʝʡ ʫ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ 

2.3.1. ʂʘʪʘʣʘʟʥʘ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ 

 

ʂʘʪʘʣʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ɼʞʦʥʩʦʥʘ ʽ ʊʝʤʧʣʻ 

(Johnson, Temple, 1964). ʍʽʜ ʘʥʘʣʽʟʫ: ʚ ʢʦʥʽʯʥʫ ʢʦʣʙʫ (V=125 ʤʣ) ʧʦʤʽʱʘʣʠ 

2 ʛ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʛʦ ˇʨʫʥʪʫ, ʧʨʠʣʠʚʘʣʠ 40 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ H2O ʽ 5 ʤʣ 0,3% 

H2O2. ʂʦʣʙʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʨʦʪʘʪʦʨ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 20 ʭʚ. 

ʅʝʨʦʟʱʝʧʣʝʥʫ ʯʘʩʪʠʥʫ H2O2 ʩʪʘʙʽʣʽʟʫʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ 5 ʤʣ 3 ʅ H2SO4. ɺʤʽʩʪ 

ʢʦʣʙʠ ʬʽʣʴʪʨʫʚʘʣʠ ʯʝʨʝʟ ʱʽʣʴʥʠʡ ʬʽʣʴʪʨ. ɺʽʜʙʠʨʘʣʠ 25 ʤʣ ʬʽʣʴʪʨʘʪʫ, ʷʢʠʡ 

ʪʠʪʨʫʚʘʣʠ 0,1 ʅ KMnO4 ʜʦ ʩʣʘʙʢʦ-ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. 

ʇʦʯʘʪʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʦʛʦ H2O2 ʢʦʨʝʛʫʚʘʣʠ ʪʠʪʨʫʚʘʥʥʷʤ 

KMnO4 ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʣʷ ʮʴʦʛʦ ʜʦ 5 ʤʣ 0,3% H2O2 ʧʨʠʣʠʚʘʣʠ 40 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ H2O ʽ 5 ʤʣ 3 ʅ H2SO4. ɺʽʜʙʠʨʘʣʠ ʘʣʽʢʚʦʪʫ (25 ʤʣ) ʪʘ ʪʠʪʨʫʚʘʣʠ 

0,1 ʅ KMnO4. 

ɯʟ ʢʽʣʴʢʦʩʪʽ KMnO4, ʷʢʘ ʧʽʰʣʘ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʧʝʨʦʢʩʠʜʫ (ɸ), 

ʚʽʜʥʽʤʘʣʠ ʢʽʣʴʢʽʩʪʴ KMnO4, ʚʠʢʦʨʠʩʪʘʥʫ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʬʽʣʴʪʨʘʪʫ 
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(ɺ). ʎʷ ʨʽʟʥʠʮʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʨʘʚʢʠ ʜʦ ʪʠʪʨʫ (ʊ=1,046) KMnO4 

ʚʽʜʦʙʨʘʞʘʻ ʢʘʪʘʣʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ, ʱʦ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

(ɸïɺ)Ĭʊ 

ʂʘʪʘʣʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠʨʘʞʘʣʠ ʚ ʤʣ 0,1 ʅ KMnO4 ʥʘ 1 ʛ ʩʫʭʦʛʦ ˇʨʫʥʪʫ 

ʟʘ 20 ʭʚ. 

 

2.3.2. ʇʝʨʦʢʩʠʜʘʟʥʘ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ 

ʇʝʨʦʢʩʠʜʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʂʦʟʣʦʚʘ ʂ. ɸ. 

(Kozlov, 1964). ɺ ʷʢʦʩʪʽ ʩʫʙʩʪʨʘʪʫ ʧʝʨʦʢʩʠʜʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʨʦʢʘʪʝʭʽʥ. 

ʇʨʦʜʫʢʪ ʦʢʠʩʥʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʡʦʜʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ. ʍʽʜ 

ʚʠʟʥʘʯʝʥʥʷ: 

1) 5 ʛ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʛʦ ˇʨʫʥʪʫ + 26 ʤʣ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ 4,7) 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʚʽʜʩʪʦʶʚʘʣʠ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ.; 

2) ʩʫʩʧʝʥʟʽʶ ʬʽʣʴʪʨʫʚʘʣʠ ʯʝʨʝʟ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ; 

3) 1 ʤʣ ʬʽʣʴʪʨʘʪʫ + 1 ʤʣ 0,4 % ʨ-ʥʫ ʅ2ʆ2 + 2 ʤʣ 0,1 % ʨ-ʥʫ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ + 1 ʤʣ 0,02 ʄ ʨ-ʥʫ ʧʽʨʦʢʘʪʝʭʽʥʫ; 

4) ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ (200ʉ) 2 ʭʚ; 

5) ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʽʥʘʢʪʠʚʫʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ 1 ʤʣ 10 % ʨ-ʥʫ ʅ3ʈʆ4; 

6) ʫʚʝʩʴ ʦʙôʻʤ ʩʫʤʽʰʽ ʪʠʪʨʫʚʘʣʠ 0,01 ʅ ʨ-ʥʦʤ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʡʦʜʫ ʜʦ 

ʧʦʷʚʠ ʞʦʚʪʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ (ʩʪʽʡʢʝ ʧʨʦʪʷʛʦʤ 10-15 ʩ); 

7) ʢʦʥʪʨʦʣʴʥʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʽʟ ʧʨʦʢʠʧôʷʯʝʥʠʤ ʜʦʩʣʽʜʞʫʚʘʥʠʤ 

ʟʨʘʟʢʦʤ. 

ɸʢʪʠʚʥʽʩʪʴ ʧʝʨʦʢʩʠʜʘʟʠ ʚʠʨʘʞʘʣʠ ʚ ʤʣ ʨʦʟʯʠʥʫ 0,01 ʅ ʡʦʜʫ, ʷʢʠʡ 

ʧʽʰʦʚ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʬʽʣʴʪʨʘʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 1 ʛ ˇʨʫʥʪʫ, ʪʦʙʪʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʥʦʞʠʣʠ ʥʘ 5. 

 

2.3.3 ʇʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʥʘ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ 

ʇʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʂʦʟʣʦʚʘ 

ʂ. ɸ. (Kozlov, 1964). ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʡʦʜʦʤʝʪʨʠʯʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʷʢʘ ʤʽʩʪʠʣʘ ʚ ʷʢʦʩʪʽ ʩʫʙʩʪʨʘʪʫ ʧʽʨʦʢʘʪʝʭʽʥ, ʧʽʩʣʷ ʡʦʛʦ 
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ʚʟʘʻʤʦʜʽʾ ʟ ˇʨʫʥʪʦʚʦʶ ʩʫʩʧʝʥʟʽʻʶ. ʍʽʜ ʘʥʘʣʽʟʫ: ʜʦ 5 ʛ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʛʦ ˇʨʫʥʪʫ 

ʧʨʠʣʠʚʘʣʠ 3 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʧʦʪʽʤ 2 ʤʣ 0,1 % ʨʦʟʯʠʥʫ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʽ 1 ʤʣ 0,02 ʄ ʨʦʟʯʠʥʫ ʧʽʨʦʢʘʪʝʭʽʥʫ. ʉʫʤʽʰ ʟʙʦʚʪʫʚʘʣʠ ʪʘ ʽʥʢʫʙʫʚʘʣʠ 

ʧʨʠ 300ʉ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʚʧʨʦʜʦʚʞ 2 ʭʚ (ʪʦʯʥʦ ʧʦ ʩʝʢʫʥʜʦʤʽʨʫ), ʧʦʪʽʤ 

ʜʦʜʘʚʘʣʠ 1 ʤʣ 10 % H3PO4 ʜʣʷ ʽʥʘʢʪʠʚʘʮʽʾ ʬʝʨʤʝʥʪʽʚ. ʇʽʩʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʯʝʨʝʟ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ, ʚʽʜʙʠʨʘʣʠ 1 ʤʣ ʬʽʣʴʪʨʘʪʫ ʪʘ ʧʨʠʣʠʚʘʣʠ 1 ʤʣ 1% 

ʨʦʟʯʠʥʫ ʢʨʦʭʤʘʣʶ. ʉʫʤʽʰ ʪʠʪʨʫʚʘʣʠ 0,01 ʅ ʨʦʟʯʠʥʦʤ ʡʦʜʫ ʜʦ ʧʦʷʚʠ ʩʠʥʴʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ. ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʢʠʧôʷʯʝʥʫ ˇʨʫʥʪʦʚʫ 

ʩʫʩʧʝʥʟʽʶ, ʟ ʷʢʦʶ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʽʯʥʽ ʤʘʥʽʧʫʣʷʮʽʾ. 

ʇʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʫ ʚʠʨʘʞʘʣʠ ʚ ʤʽʣʽʣʽʪʨʘʭ 0,01 ʅ 

ʨʦʟʯʠʥʫ ʡʦʜʫ, ʱʦ ʙʫʚ ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʬʽʣʴʪʨʘʪʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 1 

ʛ ˇʨʫʥʪʫ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ: 

ὢ
χ

υ
ὥ ὦ Ὕȟ 

ʜʝ a ï ʢʽʣʴʢʽʩʪʴ 0,01 ʅ ʨʦʟʯʠʥʫ ʡʦʜʫ, ʷʢʘ ʧʽʰʣʘ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʾ 

ʧʨʦʙʠ, ʤʣ; b ï ʢʽʣʴʢʽʩʪʴ 0,01 ʅ ʨʦʟʯʠʥʫ ʡʦʜʫ, ʷʢʘ ʧʽʰʣʘ ʥʘ ʪʠʪʨʫʚʘʥʥʷ 

ʢʦʥʪʨʦʣʴʥʦʾ ʧʨʦʙʠ, ʤʣ; T ï ʧʦʧʨʘʚʢʘ ʜʦ ʪʠʪʨʫ 0,01 ʅ ʡʦʜʫ; 7 ï ʟʘʛʘʣʴʥʠʡ 

ʦʙôʻʤ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʤʣ; 5 ï ʥʘʚʘʞʢʘ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʛʦ ˇʨʫʥʪʫ, ʛ. 

 

2.4 ɻʨʘʚʽʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʛʫʤʽʥʦʚʠʭ ʢʠʩʣʦʪ (ɻʂ) ʚ ˇʨʫʥʪʽ 

ʇʦʚʽʪʨʷʥʦ-ʩʫʭʽ ʟʨʘʟʢʠ ˇʨʫʥʪʫ ʧʨʦʩʽʚʘʶʪʴ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʽʘʤʝʪʨʦʤ 

ʦʪʚʦʨʽʚ 3 ʤʤ. ɺʽʜʙʠʨʘʶʪʴ 2 ʥʘʚʘʞʢʠ ʟ ʪʦʯʥʦʶ ʤʘʩʦʶ (3 ï 4 ʛ). ɺ ʜʨʫʛʽʡ 

ʥʘʚʘʞʮʽ ʘʥʘʣʽʟʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ï ʚʦʣʦʛʽʩʪʴ (W, %), ʟʦʣʴʥʽʩʪʴ (ɸ, %). 

ʆʙʠʜʚʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʣʷʪʴ ʚʥʝʩʦʢ ʚ ʧʦʭʠʙʢʫ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ɻʂ, 

ʪʦʤʫ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʨʛʘʥʽʯʥʫ ʤʘʩʫ (ʆʄ) ˇʨʫʥʪʫ. 

ʆʨʛʘʥʽʯʥʫ ʤʘʩʫ ʥʘʚʘʞʢʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚ ʛʨʘʤʘʭ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ: 

˛˙̎́̃́̇̋ά̉̎ ́̃́̇̋ ρ̉
ὡȟϷ

ρππ
ρ
ὃȟϷ

ρππ
ȟ 

ʜʝ mʥʘʚʘʞʢʠ ï ʤʘʩʘ ʥʘʚʘʞʢʠ ʟʨʘʟʢʘ ˇʨʫʥʪʫ, ʛ; 

W, % ï ʚʦʣʦʛʽʩʪʴ ʧʨʦʙʠ ˇʨʫʥʪʫ; 
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ɸ, % ï ʟʦʣʴʥʽʩʪʴ ʧʨʦʙʠ ˇʨʫʥʪʫ. 

ɺ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ɽʨʣʝʥʤʝʡʻʨʘ (V=1000 ʤʣ) ʧʦʤʽʱʘʣʠ ʥʘʚʘʞʢʫ ˇʨʫʥʪʫ ʽ 

ʜʦʜʘʚʘʣʠ ʝʢʩʪʨʘʛʝʥʪ ï 0,1 ʄ ʨʦʟʯʠʥ NaOH (150 ʤʣ/1 ʛ ˇʨʫʥʪʫ). ʉʫʤʽʰ 

ʟʘʣʠʰʘʣʠ ʥʘʩʪʦʶʚʘʪʠʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʧʝʨʽʦʜʠʯʥʦʤʫ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʥʘ 16 ʛʦʜ. ʇʽʩʣʷ ʨʦʟʯʠʥ ʛʫʤʘʪʽʚ (ʝʢʩʪʨʘʢʪ) ʜʝʢʘʥʪʫʶʪʴ. ʊʘʢʫ 

ʘʥʘʣʦʛʽʯʥʫ ʝʢʩʪʨʘʢʮʽʶ ʧʦʚʪʦʨʶʶʪʴ 3 ʨʘʟʠ, ʝʢʩʪʨʘʢʪʠ ʧʦʻʜʥʫʶʪʴ. ɼʦ ʟʘʣʠʰʢʫ 

ˇʨʫʥʪʫ ʧʨʠʣʠʚʘʶʪʴ ʚʦʜʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ pH ʨʦʟʯʠʥʫ 7, ʬʽʣʴʪʨʫʶʪʴ ʽ ʥʘ ʬʽʣʴʪʨʽ 

ʧʨʦʤʠʚʘʶʪʴ 2 ʨʘʟʠ. ʌʽʣʴʪʨʘʪ ʧʨʠʻʜʥʫʶʪʴ ʜʦ ʛʫʤʘʪʽʚ, ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪʴ, 

ʟʘʤʽʨʷʶʪʴ ʦʙôʻʤ ʦʪʨʠʤʘʥʦʛʦ ʝʢʩʪʨʘʢʪʫ. ɺʽʜʙʠʨʘʶʪʴ ʘʣʽʢʚʦʪʫ ʦʪʨʠʤʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ʛʫʤʘʪʽʚ (V=1 ʣ), ʜʦ ʷʢʦʾ ʜʦʜʘʶʪʴ ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽʷʤʠ ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 20 ʤʣ 10% HCl (pH = 1-2), ɻʂ ʚʠʧʘʜʘʶʪʴ ʚ ʦʩʘʜ 

ʫ ʚʠʛʣʷʜʽ ʬʣʦʢʫʣ ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ. ʇʽʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ 

ʦʩʘʜ ʬʽʣʴʪʨʫʶʪʴ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʦ ʩʫʭʠʡ ʟʚʘʞʝʥʠʡ ʦʙʝʟʟʦʣʝʥʠʡ ʬʽʣʴʪʨ, 

ʛʫʤʽʥʦʚʽ ʢʠʩʣʦʪʠ ʥʘ ʬʽʣʴʪʨʽ ʜʚʽʯʽ ʧʨʦʤʠʚʘʶʪʴ 0,5% ʨʦʟʯʠʥʦʤ HCl, ʧʦʪʽʤ 

ʜʝʢ̔ʣʴʢʘ ʨʘʟʽʚ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʌʽʣʴʪʨ ʟ ɻʂ 

ʢʽʣʴʢʽʩʥʦ ʧʝʨʝʥʦʩʷʪʴ ʚ ʪʠʛʝʣʴ ʽ ʩʫʰʘʪʴ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800ʉ. ʉʫʭʠʡ ʬʽʣʴʪʨ ʟ ɻʂ ʦʟʦʣʷʶʪʴ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 550 ï 5600ʉ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ. ʈʦʟʨʘʭʫʥʦʢ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ɻʂ 

ʚ ʦʨʛʘʥʽʯʥʽʡ ʤʘʩʽ ˇʨʫʥʪʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ: 

ː˗
˛˙ː˗ ὠ̠̃̉̓̇̋̉

˛˙̎́̃́̇̋ὠ̨̉́̌̋̃̏̓̉
ρππϷȟ 

ʜʝ ʆʄʛʢ ï ʦʨʛʘʥʽʯʥʘ ʤʘʩʘ ɻʂ, ʛ, ʨʦʟʨʘʭʦʚʘʥʘ ʘʥʘʣʦʛʽʯʥʦ ʆʄʥʘʚʘʞʢʠ; 

Vʚʠʪʷʞʢʠ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʦʪʨʠʤʘʥʦʛʦ ʝʢʩʪʨʘʢʪʫ (ʨʦʟʯʠʥ ʥʘʪʨʽʡ ʛʫʤʘʪʘ), 

ʤʣ; 

Vʘʣʽʢʚʦʪʠ ï ʦʙôʻʤ ʘʣʽʢʚʦʪʠ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘʪʨʽʡ ʛʫʤʘʪʘ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ɻʂ, 1000 ʤʣ. 
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2.5 ɺʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ (W, %) 

ɿʨʘʟʢʠ ˇʨʫʥʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 105 ï 1100ʉ ʚʠʩʫʰʫʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. ɺʪʨʘʪʫ ʤʘʩʠ ʧʨʠ ʚʠʩʫʰʫʚʘʥʥʽ 

(ʫ %) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ: 

ὡ
ά ά

ά
ρππȟ 

ʜʝ m ï ʤʘʩʘ ˇʨʫʥʪʫ ʜʦ ʚʠʩʫʰʫʚʘʥʥʷ, ʛ; 

m1 ï ʤʘʩʘ ˇʨʫʥʪʫ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ, ʛ. 

 

2.6 ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʟʦʣʠ (ɸ, %) 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʟʦʣʝʥʥʽ ʧʨʦʙʠ ˇʨʫʥʪʫ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʽ 

ʧʨʦʞʘʨʶʚʘʥʥʽ ʟʘʣʠʰʢʫ, ʰʦ ʫʪʚʦʨʠʚʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 550 ï 5600ʉ. ɺʤʽʩʪ 

ʟʦʣʠ (ʫ ʚʽʜʩʦʪʢʘʭ) ʟʥʘʭʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʽ: 

ˍ
ά

ά
ρππȟ 

ʜʝ m1 ï ʤʘʩʘ ʟʦʣʠ ˇʨʫʥʪʫ, ʛ; 

m2 ï ʤʘʩʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʥʝʦʟʦʣʝʥʦʛʦ ˇʨʫʥʪʫ, ʛ. 

ʉʪʘʪʠʩʪʠʯʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ [119] ʽ ʧʘʢʝʪʽʚ ʧʨʦʛʨʘʤ MS Excel 2016. 

 

2.7 ɺʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʫ  

ʋ ʚʽʜʽʙʨʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʧʨʦʙʘʭ ˇʨʫʥʪʫ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [219ï221] ʧʨʦʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ 

ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʦ-ʪʨʦʬʽʯʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʰʣʷʭʦʤ ʧʦʩʽʚʫ ʨʦʟʚʝʜʝʥʦʾ 

ˇʨʫʥʪʦʚʦʾ ʩʫʩʧʝʥʟʽʾ ʥʘ ʧʦʞʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʟʥʘʯʘʣʠ ʯʠʩʝʣʴʥʽʩʪʴ 

ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ɸʤʦʥʽʬʽʢʘʪʦʨʠ ï ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʷʢ ʜʞʝʨʝʣʦ ʘʟʦʪʫ ʽ ʚʫʛʣʝʮʶ (ʯʠʩʝʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 



61 
 

ʚʠʩʽʚʫ ʚʦʜʥʠʭ ʨʦʟʚʝʜʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ˇʨʫʥʪʫ ʥʘ ʘʛʘʨʠʟʦʚʘʥʝ ʤôʷʩʦ-

ʧʝʧʪʦʥʥʝ ʩʝʨʝʜʦʚʠʱʝ - ʄʇɸ). 

ɯʤʤʦʙʽʣʽʟʘʪʦʨʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʫ ï ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʟʘʩʚʦʶʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ ʘʟʦʪʫ (ʷʢʱʦ ʫ ˇʨʫʥʪʽ ʚʽʜʩʫʪʥʽ ʤʽʥʝʨʘʣʴʥʽ 

ʜʦʙʨʠʚʘ, ʪʦ ʮʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʧʦʯʠʥʘʶʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʘʤʦʥʽʬʽʢʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ); ʯʠʩʝʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʩʽʚʫ 

ʨʦʟʚʝʜʝʥʴ ˇʨʫʥʪʫ ʥʘ ʘʛʘʨʠʟʦʚʘʥʝ ʢʨʦʭʤʘʣʝ-ʘʤʽʘʯʥʝ ʩʝʨʝʜʦʚʠʱʝ -ʂɸɸ. 

ɸʟʦʪʬʽʢʩʘʪʦʨʠ ï ʙʘʢʪʝʨʽʾ, ʱʦ ʟʜʘʪʥʽ ʟʘʩʚʦʶʚʘʪʠ ʘʟʦʪ ʟ ʧʦʚʽʪʨʷ. 

ʏʠʩʝʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʩʽʚʫ ˇʨʫʥʪʦʚʠʭ ʨʦʟʚʝʜʝʥʴ ʥʘ ʥʘʧʽʚʨʽʜʢʝ 

ʙʝʟʘʟʦʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ɽʰʙʽ ʽ ʥʘʩʪʫʧʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʘʟʦʪʬʽʢʩʘʮʽʾ (ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʡ ʪʝʩʪ ʥʘ ʘʮʝʪʠʣʝʥʨʝʜʫʢʮʽʶ). 

ɼʝʥʽʪʨʠʬʽʢʘʪʦʨʠ ï ʙʘʢʪʝʨʽʾ, ʱʦ ʟʜʘʪʥʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʥʽʪʨʘʪʠ ʜʦ N2O, 

NO ʪʘ N2. ʏʠʩʝʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʩʽʚʫ ˇʨʫʥʪʦʚʠʭ ʨʦʟʚʝʜʝʥʴ ʫ ʨʽʜʢʝ 

ʩʝʨʝʜʦʚʠʱʝ ɻʽʣʴʪʘʷ ʟ KNO3 ʪʘ ʧʽʩʣʷ ʽʥʢʫʙʘʮʽʾ ʫ ʪʝʨʤʦʩʪʘʪʽ ʟʜʽʡʩʥʶʶʪʴ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʨʝʘʢʪʠʚʦʤ ɻʨʽʩʩʘ (ʧʨʦʙʘ ʥʘ 

ʥʽʪʨʘʪʠ). 

ʇʝʜʦʪʨʦʬʠ ï ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʟʜʘʪʥʽ ʨʦʩʪʠ ʥʘ ˇʨʫʥʪʦʚʦʤʫ ʘʛʘʨʽ (ɻɸ) 

- ʘʛʘʨʠʟʦʚʘʥʦʤʫ ʚʦʜʥʦʤʫ ʝʢʩʪʨʘʢʪʽ ˇʨʫʥʪʫ. ɼʦʚʦʣʽ ʯʘʩʪʦ ʧʦʢʘʟʥʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʝʢʚʽʚʘʣʝʥʪ ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ 

ˇʨʫʥʪʽ. 

ʄʽʢʨʦʤʽʮʝʪʠ (ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʛʨʠʙʠ) ï ʯʠʩʝʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʩʽʚʫ 

ʛʨʫʥʪʦʚʠʭ ʨʦʟʚʝʜʝʥʴ ʥʘ ʧʽʜʢʠʩʣʝʥʝ ʘʛʘʨʠʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʏʘʧʝʢʘ ʘʙʦ ʥʘ 

ʩʫʩʣʦ-ʘʛʘʨ. 

ʎʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʙʘʢʪʝʨʽʾ ï ʯʠʩʝʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʩʽʚʫ 

ˇʨʫʥʪʦʚʠʭ ʨʦʟʚʝʜʝʥʴ ʫ ʨʽʜʢʝ ʩʝʨʝʜʦʚʠʱʝ ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ ʟʽ 

ʩʤʫʞʢʘʤʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ. 

ʊʘʢʦʞ ʧʨʦʚʝʣʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʦ-

ʙʦ̔ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʟʨʘʟʢʘʭ 

ˇʨʫʥʪʫ ʟʘ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʽ ʥʘʜʣʠʰʢʫ ʜʞʝʨʝʣ 
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ʞʠʚʣʝʥʥʷ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʦʪʨʠʤʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ 

ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʻ ʥʝʟʘʤʽʥʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʨʽʟʥʠʭ 

ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʥʽʚʝʣʶʻʪʴʩʷ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʠ ʽ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ʅʘʪʦʤʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʜʽʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʯʠʥʥʠʢʘ. 

ʇʦʪʝʥʮʽʡʥʘ ʝʤʽʩʽʷ ʉʆ2 ï ʜʦ ʥʘʚʘʞʦʢ ˇʨʫʥʪʫ (5-10 ʛ) ʫ ʤʝʜʠʯʥʠʭ 

ʧʦʩʫʜʠʥʘʭ (ʬʣʘʢʦʥʘʭ) ʜʦʜʘʻʪʴʩʷ ʚʦʜʘ (60% ʚʽʜ ʇʇɺ), ʨʦʟʯʠʥ ʛʣʶʢʦʟʠ. 

ʇʦʩʫʜʠʥʠ ʟʘʢʨʠʚʘʶʪʴʩʷ ʚʘʪʥʠʤʠ ʧʨʦʙʢʘʤʠ ʽ ʧʦʤʽʱʘʶʪʴʩʷ ʚ ʪʝʨʤʦʩʪʘʪ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 28Üʉ. ʇʽʩʣʷ 48-72-ʭ ʯʘʩʦʚʦʾ ʝʢʩʧʦʟʠʮʽʾ ʚʘʪʥʽ ʧʨʦʙʢʠ ʟʘʤʽʥʶʶʪʴ 

ʛʫʤʦʚʠʤʠ ʽ ʯʝʨʝʟ 1 ʛʦʜʠʥʫ ʘʥʘʣʽʟʫʶʪʴ ʚʤʽʩʪ ʉʆ2 ʥʘ ʛʘʟʦʚʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ ʟ 

ʜʝʪʝʢʪʦʨʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [220]. 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ ï ʟʨʘʟʢʠ ʛʦʪʫʶʪʴ ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʤʽʩʽʾ ʉʆ2, ʘʣʝ ʧʽʩʣʷ ʛʝʨʤʝʪʠʟʘʮʽʾ ʧʦʩʫʜʠʥ ʤʝʜʠʯʥʠʤ 

ʰʧʨʠʮʦʤ ʫʚʦʜʷʪʴ ʘʮʝʪʠʣʝʥ (ʉ2ʅ2) ʫ ʢʽʣʴʢʦʩʪʽ 10% ʚʽʜ ʦʙôʻʤʫ ʛʘʟʦʚʦʾ ʬʘʟʠ ʽ 

ʧʽʩʣʷ 1-ʯʘʩʦʚʦʾ ʝʢʩʧʦʟʠʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʦʛʦ ʙʘʢʪʝʨʽʷʤʠ 

ʝʪʠʣʝʥʫ (ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʝʢʚʽʚʘʣʝʥʪ ʚʽʜʥʦʚʣʝʥʥʷ N2 ʚ NH4) ʥʘ 

ʛʘʟʦʚʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ ʟ ʧʦʣʫʤôʷʥʦ-ʽʦʥʽʟʘʮʽʡʥʠʤ ʜʝʪʝʢʪʦʨʦʤ [222, 223]. 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ï ʜʦ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʜʦʜʘʶʪʴ 

ʨʦʟʯʠʥ ʛʣʶʢʦʟʠ, ʨʦʟʯʠʥ KNO3, ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʩʪʚʦʨʶʶʪʴ 

ʘʥʘʝʨʦʙʥʽ ʫʤʦʚʠ (ʧʦʩʫʜʠʥʠ ʚʘʢʫʫʤʫʶʪʴ, ʜʦʜʘʶʪʴ ʛʝʣʽʡ, ʧʨʦʮʝʜʫʨʫ 

ʟʜʽʡʩʥʶʶʪʴ ʢʽʣʴʢʘ ʨʘʟʽʚ). ɯʥôʻʢʮʽʡʥʠʤ ʰʧʨʠʮʦʤ ʜʦʜʘʶʪʴ ʘʮʝʪʠʣʝʥ (ʉ2ʅ2) ʫ 

ʢʽʣʴʢʦʩʪʽ 10% ʚʽʜ ʦʙôʻʤʫ ʛʘʟʦʚʦʾ ʬʘʟʠ. (ʘʮʝʪʠʣʝʥ ʙʣʦʢʫʻ ʚʽʜʥʦʚʣʝʥʥʷ 

ʙʘʢʪʝʨʽʷʤʠ N2O ʜʦ N2 , ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ N2O ʥʘ ʛʘʟʦʚʦʤʫ 

ʭʨʦʤʘʪʦʛʨʘʬʽ (ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʠʪʠ N2 ʷʢ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʜʫʞʝ ʚʘʞʢʦ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʛʘʟʫ ʚ ʧʦʚʽʪʨʽ)). ɿʨʘʟʢʠ ʽʥʢʫʙʫʶʪʴ ʧʨʦʪʷʛʦʤ 

24 ʛʦʜʠʥ ʫ ʪʝʨʤʦʩʪʘʪʽ ʽ ʘʥʘʣʽʟʫʶʪʴ ʥʘ ʛʘʟʦʚʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ ʟ ʜʝʪʝʢʪʦʨʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ (ʷʢʱʦ ʘʢʪʠʚʥʽʩʪʴ ʥʝʚʠʩʦʢʘ) ʟ ʜʝʪʝʢʪʦʨʦʤ ʧʦ ʟʘʭʚʘʪʫ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʚʤʽʩʪ N2O [220]. 
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3. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʊɸ ɰʍ ʆɹɻʆɺʆʈɽʅʅʗ 

 

3.1. ʌʦʨʤʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ 

 

ʆʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʽ ʛʦʣʦʚʥʠʤ ʙʘʟʦʚʠʤ ʧʽʜʭʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʚʠʚʯʝʥʥʷ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ 

ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʚ ʫʤʦʚʘʭ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʧʽʜʙʽʨ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʟ ʧʦʜʽʙʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ˇʨʫʥʪʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɭʜʠʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʨʦʟʨʽʟʥʷʻʪʴʩʷ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʽʚʝʥʴ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʥʘʡʪʠ ʘʙʩʦʣʶʪʥʦ 

ʪʦʪʦʞʥʽ ʜʽʣʷʥʢʠ ʨʝʘʣʴʥʦ ʚʘʞʢʦ, ʘʣʝ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʪʘʢʦʾ ʫʤʦʚʠ ʤʦʞʣʠʚʦ, 

ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʨʠʥʮʠʧʫ ʻʜʠʥʦʾ ʚʽʜʤʽʥʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʥʘʷʚʥʽ ʦʬʽʮʽʡʥʽ ʜʦʢʫʤʝʥʪʠ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʘʮʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ 

ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʝʨʠʪʦʨʽʷʭ, ʷʢʠʤ ʻ çɸʪʣʘʩ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉè, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʦʢʨʝʤʽ ʨʝʛʽʦʥʠ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɸʣʝ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʢʘʨʪʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʠʪʠ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʟ ʥʘʜʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ʜʦʪʨʠʤʘʥʥʷ ʚʠʱʝʚʢʘʟʘʥʦʾ 

ʫʤʦʚʠ ï ʙʣʠʟʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʥʠʢʽʚ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ (ʨʠʩ. 3.1, 3.2). 

ʅʘʚʽʪʴ ʥʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʭ ʢʘʨʪʘʭ ʚʽʜʽʙʨʘʪʠ ʢʦʥʢʨʝʪʥʽ ʜʽʣʷʥʢʠ ʟ ʥʝʦʙʭʽʜʥʠʤʠ 

ʥʘʤ ʫʤʦʚʘʤʠ ʜʦʩʪʘʪʥʴʦ ʚʘʞʢʦ.  

ʅʘ ʨʠʩʫʥʢʫ 3.2 ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟʦʥʠ 

ʚʽʜʯʫʞʝʥʥʷ ʩʪʨʦʥʮʽʻʤ ï 90, ʯʽʪʢʦ ʚʠʜʥʦ ʛʨʘʜʽʻʥʪʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʜʘʥʠʤ ʨʘʜʽʦʥʫʢʣʽʜʦʤ, ʘʣʝ ʚʽʜʽʙʨʘʪʠ ʜʣʷ ʥʘʰʦʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʫ ʜʽʣʷʥʢʫ ʪʘʢʦʞ ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʊʦʤʫ, ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ.  

 



64 
 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʂʘʨʪʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 137Cs ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ. 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʂʘʨʪʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ 

ʚʽʜʯʫʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʽʟʦʪʦʧʦʤ 90Sr. 
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ɼʨʫʛʦʶ ʫʤʦʚʦʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʽʜʙʽʨ 

ʤʘʡʜʘʥʯʠʢʽʚ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʾʭ ʥʘ ʧʨʠʨʦʜʥʠʭ ʫʛʽʜʜʷʭ. ɿʘ 

ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʥʝʦʙʭʽʜʥʦ ʟʘʢʣʘʜʘʪʠ ʨʦʩʣʠʥʥʽ 

ʩʫʙʩʪʨʘʪʠ ʟ ʜʦʚʛʦʪʨʠʚʘʣʦʶ (ʜʦ 63 ʤʽʩʷʮʽʚ) ʝʢʩʧʦʟʠʮʽʻʶ. ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʥʘ 

ʦʙʨʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʥʝ ʧʦʚʠʥʥʦ ʧʨʦʚʦʜʠʪʠʩʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ˇʨʫʥʪʦʚʽ 

ʧʨʦʮʝʩʠ (ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ˇʨʫʥʪʫ, ʚʥʝʩʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʽʚ, ʦʙʨʦʙʢʘ 

ʧʨʝʧʘʨʘʪʘʤʠ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʪʦʱʦ). ʗʢʱʦ ʫ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʜʘʥʽ ʫʤʦʚʠ 

ʤʦʞʥʘ ʚʠʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ, ʪʦ ʫ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) 

ʚʽʜʩʝʣʝʥʥʷ, ʜʝ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʚʝʜʝʥʠʭ ʟ ʦʙʽʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʚʢʘʟʘʥʫ ʫʤʦʚʫ ʜʦʩʠʪʴ ʚʘʞʢʦ 

ʨʝʘʣʽʟʫʚʘʪʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʙʘʟʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʨʝʪʝʣʴʥʦʛʦ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʢʘʨʪʘʭ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʤʘʡʜʘʥʯʠʢʽʚ ʜʣʷ ʟʘʢʣʘʜʢʠ ʨʦʩʣʠʥʥʠʭ 

ʩʫʙʩʪʨʘʪʽʚ ʜʣʷ ʦʮʽʥʢʠ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ.  

 

3.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʜʘʥ̔ ʱʦʜʦ ʨʝʘʣʴʥʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʽʛʦʥʘʭ 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʢʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʝʨʠʪʦʨʽʾ ʥʘʤʠ ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʽʙʨʘʥʦ 3 ʤʘʡʜʘʥʯʠʢʠ ʫ 

ʅʘʨʦʜʠʮɹ ʢʦʤʫ ʨʘʡʦʥʽ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʷʢʦʛʦ 

ʚʽʜʥʝʩʝʥʘ ʜʦ ʟʦʥʠ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ, ʜʝ ʛʦʩʧʦʜʘʨʩʴʢʘ 

ʜʽʷʣʴʥʽʩʪʴ ʧʨʠʧʠʥʝʥʘ ʥʘʧʨʠʢʽʥʮʽ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ʎʷ ʪʝʨʠʪʦʨʽʷ 

ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʪʘʢʦʞ ʪʦʤʫ, ʱʦ ʫ ʜʘʥʠʡ ʯʘʩ ʛʦʪʫʶʪʴʩʷ ʧʨʘʚʦʚʽ 

ʜʦʢʫʤʝʥʪʠ ʱʦʜʦ ʟʤʽʥ ʩʪʘʪʫʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ 

ʧʦʚʝʨʥʝʥʥʷ ʾʭ ʫ ʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺ ʮʴʦʤʫ ʟʚôʷʟʢʫ, ʥʘʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʧʦʣʽʧʰʝʥʥʷ 

ʨʘʜʽʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʮʠʭ ʪʝʨʠʪʦʨʽʷʭ.  
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3.2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ ʚ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʫ 1986 ʨ. ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʙʫʣʦ ʚʠʢʠʥʫʪʦ ʙʣʠʟʴʢʦ 50 ʄʂ ̔ʨʘʜ̔ʦʘʢʪʠʚʥʦʩʪ,̔ ʚʢʣʶʯʘʶʯʠ ʪʘʢʽ 

ʨʘʜʽʦʥʫʢʣʽʜʠ, ʷʢ Cs, Sr, Pu ʪʘ ʽʥ. ʇʽʢ ʟʘʙʨʫʜʥʝʥʥʷ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚʽʜʙʫʚʩʷ ʧʝʨʝʚʘʞʥʦ 26-30 ʢʚʽʪʥʷ 1986 ʨʦʢʫ. ʅʘʡʙʽʣʴʰ 

ʚʠʨʘʞʝʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʩʣʽʜʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʨʘʡʦʥʫ, ʱʦ 

ʤʝʞʫʻ ʟ ɹʽʣʦʨʫʩʩʶ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʩʶ ʪʝʨʠʪʦʨʽʶ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [224]: 

- ʚʽʜ 1 ʜʦ 5 ʂʽ/ʢʤ2 (47 ʪʠʩ. ʛʘ); 

- ʚʽʜ 5 ʜʦ 15 ʂʽ/ʢʤ2 (38,8 ʪʠʩ. ʛʘ); 

- ʧʦʥʘʜ 15 ʂʽ/ʢʤ2 (36,9 ʪʠʩ. ʛʘ) (ʜʠʚ. ʨʠʩ. 3.3). 

 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʅʘʨʦʜʠʮʴʢʦʛʦ 

ʨʘʡʦʥʫ 

 

ʋ ʟʦʥʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʪʨʘʧʠʣʦ ʙʣʠʟʴʢʦ 66105 ʛʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ, ʱʦ ʩʪʘʥʦʚʠʪʴ 51,5 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʚʩʴʦʛʦ ʨʘʡʦʥʫ.  

38%

32%

30%
1-р ˴͜κͣ͟н 

5-мр ˴͜κͣ͟н 

ͨͦͤ͊͒ мр ˴͜κͣ͟н 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ ʧʨʦʻʢʪʫ ʫ ʅʘʨʦʜʠʮɹ ʢʦʤʫ ʨʘʡʦʥʽ ʧʦʧʝʨʝʜʥʴʦ 

ʚʽʜʽʙʨʘʥʦ ʪʨʠ ʜʽʣʷʥʢʠ ʜʣʷ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʟʘʙʦʨʫ ˇʨʫʥʪʫ ʟʘ ʥʝʦʙʭʽʜʥʠʤʠ ʥʘʤ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘ ʨʠʩʫʥʢʘʭ 3.4, 3.5 ʪʘ 3.6 ʧʦʢʘʟʘʥʽ ʮʽ ʜʽʣʷʥʢʠ ʽ ʤʝʪʦʜʦʣʦʛʽʷ ʾʭ 

ʦʙʩʪʝʞʝʥʥʷ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʦ ʛʘʤʘ-ʟʡʦʤʢʫ ʚʽʜʽʙʨʘʥʠʭ ʧʦʣʽʚ ï ʫ 

ʧʽʰʦʤʫ ʧʦʨʷʜʢʫ ʧʨʦʡʜʝʥʦ ʚʢʘʟʘʥʫ ʪʝʨʠʪʦʨʽʶ ʽ ʯʝʨʝʟ ʢʦʞʥʽ 20 ʤʝʪʨʽʚ ʟʥʷʪʦ 

ʧʦʢʘʟʥʠʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʟʠʤʝʪʨʘ ʈʂʉ-01 çʉʊʆʈɸ-

ʊʋè. 

 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʈʘʜʽʦʤʝʪʨ-ʜʦʟʠʤʝʪʨ ʛʘʤʤʘ-ʙʝʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʈʂʉ-01 

çʉʊʆʈɸ-ʊʋè 

 

ʅʘ ʨʠʩʫʥʢʫ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʩʪʝʞʝʥʥʷ ɼʽʣʷʥʢʠ 1 ʧʦ ʚʩʴʦʤʫ 

ʧʝʨʠʤʝʪʨʫ ʤʘʡʜʘʥʯʠʢʘ. ʄʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʛʘʤʤʘ-ʙʝʪʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʤʽʱʝʥʽ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʨʝʘʣʴʥʦ ʦʮʽʥʠʪʠ 

ʩʫʯʘʩʥʫ ʨʘʜʽʘʮʽʡʥʫ ʩʠʪʫʘʮʽʶ ʥʘ ʦʙʨʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʝʢʚʽʚʘʣʝʥʪʥʫ ʜʦʟʫ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. 
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ʈʠʩʫʥʦʢ 3.5 ï ʈʘʜʽʦʣʦʛʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ 1-ʦʾ ʜʽʣʷʥʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʩʪʝʞʝʥʥʷ ɼʽʣʷʥʢʠ 2 ʪʘʢʦʞ ʧʦ ʚʩʴʦʤʫ 

ʧʝʨʠʤʝʪʨʫ ʦʙʨʘʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʡ ʨʘʜʽʘʮʽʡʥʠʡ ʬʦʥ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʦʛʣʠʥʫʪʫ  ʜʦʟʫ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ˇʨʫʥʪʽ ʥʘ ʤʽʢʨʦʙʽʦʪ.̔ 

 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʈʘʜʽʦʣʦʛʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ 2-ʦʾ  ʜʽʣʷʥʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ 

3 

2 1 
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ɼʦʩʪʘʪʥʴʦ ʮʽʢʘʚʦʶ ʚʠʷʚʠʣʘʩʷ 3-ʷ ʜʽʣʷʥʢʘ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ʋʞ 

ʧʨʘʢʪʠʯʥʦ ʥʘʧʨʦʪʠ ʧʝʨʰʠʭ ʜʚʦʭ ʜʽʣʷʥʦʢ. ʅʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʨʦʟʤʽʨʦʤ 30 ʤ ³ 

50 ʤ ʨʽʟʥʠʮʷ ʫ ʱʽʣʴʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʩʷʛʘʣʘ 100 ʨʘʟʽʚ (ʨʠʩ. 

3.7, 3.8).   

ɿ ʨʠʩʫʥʢʫ 3.8 ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʜʽʣʷʥʢʠ, ʭʦʯʘ ʥʘ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʢʘʨʪʘʭ ʚʢʘʟʘʥʦ, 

ʱʦ ʫʩʷ ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʘ ʫ ʤʝʞʘʭ 555-1480 ʢɹʢ/ʤ2  (ʨʠʩ 3.9). 

 

ʈʠʩʫʥʦʢ 3.7 ï ʄʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 3-ʾ ʜʽʣʷʥʢʠ 

 

ʈʠʩʫʥʦʢ 3.8 ï ɺʘʨʽʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ 137Cs ʜʽʣʷʥʢʠ 

ʨʦʟʤʽʨʦʤ 30 ʤ ³ 50 ʤ 
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ʆʮʽʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʛʘʤʘ-ʬʦʥʫ ʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʫ ʤʠ ʟʫʧʠʥʠʣʠʩʷ ʥʘ ʧʝʨʰʽʡ ʜʽʣʷʥʮʽ, ʦʩʢʽʣʴʢʠ ʜʨʫʛʘ ʽ ʪʨʝʪʷ 

ʜʽʣʷʥʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʭʚʠʣʷʩʪʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʘ ʮʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ˇʨʫʥʪʫ. ʊʦʤʫ ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʚʩʷ 

ʪʦʯʢʦʚʠʡ ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 137Cs ʽ, ʟʘ 

ʥʘʷʚʥʦʩʪʽ, ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʦʛʣʠʥʫʪʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ 

ʜʣʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ.  

 

ʊʘʙʣʠʮʷ 3.1 ï ɸʛʨʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʯʦʢ ʜʣʷ ʟʘʢʣʘʜʢʠ 

ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ 

ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ (ɼʽʣʷʥʢʘ 1) 

ɸʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ˉ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

1 2 3 

ʢʠʩʣʦʪʥʽʩʪʴ ʦʙʤʽʥʥʘ (ʨʅKCl) 6,2Ñ0,05 6,2Ñ0,02 6,3Ñ0,5 

ʢʠʩʣʦʪʥʽʩʪʴ ʛʽʜʨʦʣʽʪʠʯʥʘ (ʅʛ) ʤʛ-ʝʢʚ/100 ʛ 

ˇʨʫʥʪʫ 
1,23Ñ0,04 1,23Ñ0,03 1,25Ñ0,04 

ʩʫʤʘ ʚʚʽʙʨʘʥʠʭ ʦʩʥʦʚ ʤʛ-ʝʢʚ/100 ʛ ˇʨʫʥʪʫ 8,7Ñ1,3 9,5Ñ0,7 9,8Ñ0,8 

ʨʫʭʦʤʽ ʬʦʩʬʘʪʠ, ʤʛ/ʢʛ ˇʨʫʥʪʫ (ʟʘ 

ʂʽʨʩʘʥʦʚʠʤ) 
428Ñ90 434Ñ20 444Ñ59 

ʦʙʤʽʥʥʠʡ ʢʘʣʽʡ, ʤʛ/ʢʛ ˇʨʫʥʪʫ (ʟʘ 

ʂʽʨʩʘʥʦʚʠʤ) 
164Ñ18 161Ñ20 196Ñ78 

ʛʫʤʫʩ, % 2,3Ñ0,1 2,6Ñ0,2 2,7Ñ0,1 

ʘʟʦʪ ʣʝʛʢʦʛʽʜʨʦʣʽʟʦʚʘʥʠʡ, ʤʛ/ʢʛ 75Ñ8 80Ñ11 81Ñ2 

ʥʽʪʨʘʪʥʠʡ ʘʟʦʪ ʤʛ/ʢʛ 6,2Ñ4,1 7,5Ñ4,3 5,4Ñ3,5 

ʟʘʛʘʣʴʥʠʡ ʘʟʦʪ, % 0,09Ñ0,01 0,1Ñ0,02 0,09Ñ0,01 

ʦʙʤʽʥʥʽ ʢʘʪʽʦʥʠ, ʤʤʦʣʴ/100 
ʢʘʣʴʮʽʡ 4,4Ñ0,4 4,7Ñ0,5 4,9Ñ0,3 

ʤʘʛʥʽʡ 0,8Ñ0,05 0,9Ñ0,04 1,0Ñ0,04 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ˇʨʫʥʪʫ ʽ, ʟʘ ʫʤʦʚʘʤʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʧʦʢʘʟʥʠʢʠ ʘʛʨʦʭʽʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʣʠʟʴʢʠʤʠ ʜʣʷ ʚʩʽʭ ʜʽʣʷʥʦʢ. 

ʋ ʪʘʙʣʠʮʽ 3.1 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʘʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ˇʨʫʥʪʫ ʥʘ 

ʦʙʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘʛʣʷʜʥʦ 

ʚʠʜʥʦ, ʱʦ ʘʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʣʠʟʴʢʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɼʘʣʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.2.  

 

ʊʘʙʣʠʮʷ 3.2 ï ʈʘʜʽʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʯʦʢ ʜʣʷ ʟʘʢʣʘʜʢʠ 

ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʥʘ 1-ʡ ʜʽʣʷʥʮʽ 

ˉ ʪʦʯʢʠ 

ʚʽʜʙʦʨʫ 

ʧʨʦʙʠ 

ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ 

137Cs ʫ 

ˇʨʫʥʪʽ, ɹʢ/ʢʛ 

ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ 

90Sr ʫ 

ˇʨʫʥʪʽ, 

ɹʢ/ʢʛ 

ʇʦʪʫʞʥʽʩʪʴ 

ʧʦʛʣʠʥʫʪʦʾ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs) 

ʇʦʪʫʞʥʽʩʪʴ 

ʧʦʛʣʠʥʫʪʦʾ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(90Sr) 

ʉʫʤʘʨʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

1 600Ñ 45 33Ñ 4 0,18 0,02 0,20 

2 2900Ñ 80 180Ñ 15 0,88 0,12 1,00 

3 4600Ñ 110 270Ñ 12 1,40 0,18 1,57 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘ ʦʙʨʘʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʜʽʣʷʥʮʽ 1 ʜʦʪʨʠʤʘʥʦ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʩʘʤʝ - ʥʘʷʚʥʽʩʪʴ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ. ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʨʘʟʠ ʽ, ʣʦʛʽʯʥʦ, ʱʦ 

ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʫ ʨʘʟʠ. ʊʘʢʠʡ 

ʛʨʘʜʽʻʥʪ ʨʘʜʽʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʘʤʝ 

ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʷʢ ʪʘʢʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʚʠʢʣʶʯʥʦ ʨʘʜʽʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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3.2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  

ʜʽʣʷʥʦʢ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ 

ʇʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, 4 ʪʨʘʚʥʷ 1986 ʨʦʢʫ ʙʫʣʦ ʩʭʚʘʣʝʥʦ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʠʜʮʷʪʠ-ʢʽʣʦʤʝʪʨʦʚʦʾ ʟʦʥʠ ʥʘʚʢʦʣʦ ʩʪʘʥʮʽʾ. ʎʷ ʟʦʥʘ ʤʘʻ ʥʘʟʚʫ 

ï ʏʦʨʥʦʙʠʣʴʩʴʢʘ ʟʦʥʘ ʚʽʜʯʫʞʝʥʥʷ (ʨʠʩ. 3.10).   

ʇʣʦʱʘ ʟʦʥʠ ʩʪʘʥʦʚʠʪʴ  2 600 ʢʤĮ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʨʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʾ: 

Å ʦʩʦʙʣʠʚʘ ʟʦʥʘ (ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʤʤʘʡʜʘʥʯʠʢ ʏɸɽʉ); 

Å 10-ʢʽʣʦʤʝʪʨʦʚʘ ʟʦʥʘ (ʨʠʩ. 3.10); 

Å 30-ʢʽʣʦʤʝʪʨʦʚʘ ʟʦʥʘ (ʨʠʩ. 3.10). 

ɼʘʥʘ ʟʦʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʽʚʥʽʯ ɯʚʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʪʘ 

ʇʦʣʽʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʤʽʩʪʦ ʏʦʨʥʦʙʠʣʴ, ʤʽʩʪʦ ʇʨʠʧôʷʪʴ. 

ʅʘʨʦʜʠʮʴʢʠʡ ʨʘʡʦʥ ɾʠʪʦʤʠʨʩʴʢʽʡ ʦʙʣʘʩʪʽ ʟ ʯʝʨʚʥʷ 2010 ʨʦʢʫ ʚʠʥʝʩʝʥʦ ʟʘ 

ʤʝʞʽ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ. 

ɿʦʥʘ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ʥʘ ʩʴʦʛʦʜʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʫʥʽʢʘʣʴʥʠʡ ʧʦʣʽʛʦʥ ʜʣʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʙʘʛʘʪʴʤʘ ʦʟʥʘʢʘʤʠ: ʤʘʻ ʰʠʨʦʢʽʡ ʜʽʘʧʘʟʦʥ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ (ʨʠʩ. 3.11), ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʣʦʨʠ ʡ ʬʘʫʥʠ 

ʽ, ʤʘʙʫʪɹ  ʛʦʣʦʚʥʝ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʙʽʣʴʰʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʈʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʜʫʞʝ ʜʦʙʨʝ ʚʠʚʯʝʥʦ, ʨʦʙʦʪʠ 

ʰʠʨʦʢʦ ʦʧʨʦʙʦʚʘʥʽ ʫ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʽ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʨʦʙʦʪʠ ʛʨʫʧʠ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɯʥʩʪʠʪʫʪʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʨʘʜʽʦʣʦʛʽʡ ʅʋɹʽʇ ʋʢʨʘʾʥʠ ʥʘ 

ʯʦʣʽ ʟ ʧʨʦʬʝʩʦʨʦʤ ʂʘʰʧʘʨʦʚʠʤ ɺ.ʆ. 
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ʈʠʩʫʥʦʢ 3.9 ï ʂʘʨʪʘ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʧʦʜʽʣʝʥʘ ʥʘ 

ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʦʥʠ: 10-ʢʽʣʦʤʝʪʨʦʚʘ ʟʦʥʘ ʚʽʜʯʫʞʝʥʥʷ (ʞʦʚʪʠʡ ʢʦʣʽʨ), 30-

ʢʽʣʦʤʝʪʨʦʚʘ ʟʦʥʘ ʚʽʜʯʫʞʝʥʥʷ (ʧʦʤʘʨʘʥʯʝʚʠʡ ʢʦʣʽʚ) [225] 

ʊʦʤʫ ʚ ʫʯʘʩʥʠʢʽʚ ʜʘʥʦʾ ʨʦʙʦʪʠ ʥʝ ʙʫʣʦ ʚʝʣʠʢʠʭ ʧʨʦʙʣʝʤ ʽʟ ʚʠʙʦʨʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. ɺʽʜʨʘʟʫ 

ʫʚʘʛʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʪʘʢ ʟʚʘʥʦʛʦ çʈʫʜʦʛʦ ʣʽʩʫè. ʉʘʤʘ 

ʪʝʨʠʪʦʨʽʷ çʈʫʜʦʛʦ ʣʽʩʫè, ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʥʝ ʟʦʚʩʽʤ ʧʨʠʜʘʪʥʘ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʪʦʤʫ ʱʦ ʫ ʩʚʽʡ ʯʘʩ ʟʘʟʥʘʣʘ ʧʦʪʫʞʥʦʛʦ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ (ʧʨʠʙʠʨʘʥʥʷ ʽ ʧʦʭʦʚʘʥʥʷ ʜʝʨʝʚ, ʱʦ ʟʘʛʠʥʫʣʠ ʫ ʧʝʨʰʽ ʪʠʞʥʽ ʧʽʩʣʷ 

ʘʚʘʨʽʾ, ʟʥʷʪʪʷ  ʡ ʧʦʭʦʚʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʟʘʩʠʧʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʧʽʩʢʦʤ ʪʘ ʽʥ). ʊʦʤʫ ʤʠ ʦʙʨʘʣʠ ʜʽʣʷʥʢʫ, ʱʦ ʤʝʞʫʻ ʟ ʪʝʨʠʪʦʨʽʻʶ çʈʫʜʦʛʦ ʣʽʩʫè 

ʱʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʝʨʽʷʤ ʧʦʩʪʘʚʣʝʥʠʤ ʫ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ 

ʧʨʦʻʢʪʫ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ. (ʨʠʩ.3.10, 3.11).   
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ʈʠʩʫʥʦʢ 3.10 ï ʂʘʨʪʘ ʟʘʙʨʫʜʥʝʥʥʷ 137Cs ʧʨʠʣʝʛʣʦʾ ʜʦ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ 

ɸɽʉ ʪʝʨʠʪʦʨʽʾ  [226] 

  

ʈʠʩʫʥʦʢ 3.11 ï ɺʽʜʽʙʨʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʽʛʦʥ 

çʈʫʜʠʡ ʣʽʩè 
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ʈʠʩʫʥʦʢ 3.12 ï ʄʘʛʽʩʪʝʨʢʘ ʈʘʮʫʥ ɼʽʘʥʘ (ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʃʘʟʘʨʻʚ 

ʄ.ʄ.) ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʦʙʨʘʥʦʾ 

ʜʽʣʷʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GPS ʪʘ ʨʘʜʽʦʤʝʪʨʘ-ʜʦʟʠʤʝʪʨʘ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʛʘʤʘ-ʬʦʥʫ ʥʘ ʦʙʩʪʝʞʝʥʽʡ ʜʽʣʷʥʮʽ ʚʽʟʫʘʣʴʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.13. 

 

ʈʠʩʫʥʦʢ 3.13 ï ɺʽʟʫʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʥʘ ʦʙʨʘʥʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʣʷʥʮʽ 

ʇʨʠʤʽʪʢʘ. ɺ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʥʷ ʢʘʨʪʠ ʚʠʜʽʣʷʶʪʴʩʷ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ADER ï ʱʦ 

ʦʟʥʘʯʘʶʪʴ ʬʘʢʪʠʯʥʽ, ʚʠʤʽʨʷʥʽ  ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʘʤʙʽʻʥʪʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ ʜʦʟʠ ʪʘ 

Predict ADER ï ʱʦ ʦʟʥʘʯʘʶʪʴ ʧʨʦʛʥʦʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʘʤʙʽʻʥʪʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ 

ʜʦʟʠ. 
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ʅʘ ʜʽʣʷʥʮʽ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʟʨʘʟʢʠ ˇʨʫʥʪʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʠʪʦʤʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʽʣʴʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʧʦʛʣʠʥʫʪʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʙʽʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.3. 

ʊʘʙʣʠʮʷ 3.3 ï ʈʝʟʫʣʴʪʘʪʠ ʨʘʜʽʦʜʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʽʙʨʘʥʠʭ 

ʧʦʣʴʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʘʟʥʠʢʠ ʱʽʣʴʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʅʦʤʝʨ 

ʧʨʦʙʠ 

ʂʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ 

ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

ʇʦʪʫʞʥʽʩʪʴ 

ʘʤʙʽʻʥʪʥʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ ʜʦʟʠ 

(ADER), ʤʢɿʚ/ʛʦʜ 

ʑʽʣʴʥʽʩʪʴ 

ʟʘʙʨʫʜʥʝʥʥʷ 

ʛʨʫʥʪʫ 137Cs, 

ʢɹʢ/ʤ2 

ʑʽʣʴʥʽʩʪʴ 

ʟʘʙʨʫʜʥʝʥʥʷ 

ʛʨʫʥʪʫ 90Sr, 

ʢɹʢ/ʤ2 

North East 

1 51,38400 30,03241 7,6 7879,7 1149,2 

2 51,38327 30.03056 9,15 9255,5 2137,2 

3 51,38276 30,03017 4,4 4378,9 1597,5 

4 51,38224 30,02978 10,6 10750,7 9736,3 

5 51,38250 30,03139 41,13 43596,7 13884,1 

6 51,38199 30,03230 28,86 29498,0 6649,2 

7 51,38252 30,03416 48,62 49781,6 12318,0 

8 51,38351 30,02974 2,71 2643,2 1093,7 

9 51,38111 30,03217 11,4 11574,8 4823,5 

10 51,38298 30,03567 15,0 14931,8 14421,0 

11 51,38353 30,03549 11,05 11207,5 9326,1 

12 51,38408 30,03531 26,1 26663,0 12629,2 

13 51,38044 30,02934 3,77 3742,2 1358,1 

14 51,38173 30,03588 19,01 19384,1 22106,4 

15 51,38363 30,03638 17,12 17444,9 19861,2 

16 51,38325 30,02854 22,69 23160,0 12888,2 

17 51,384004 30,02934 8,36 8456,7 2143,0 
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ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʤʠ ʦʙʨʘʣʠ ʪʦʯʢʠ 7 ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʯʢʫ 8 ï ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʪʦʯʢʫ  10 ï ʧʨʦʤʽʞʥʠʡ ʤʽʞ ʪʦʯʢʘʤʠ 7 ʽ 8 ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ˇʨʫʥʪʫ ʽ, ʟʘ ʫʤʦʚʘʤʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʧʦʢʘʟʥʠʢʠ ʘʛʨʦʭʽʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʣʠʟʴʢʠʤʠ ʜʣʷ ʚʩʽʭ ʜʽʣʷʥʦʢ ʚ ʤʝʞʘʭ ʦʙʨʘʥʦʛʦ 

ʧʦʣʽʛʦʥʫ. ʋ ʪʘʙʣʠʮʽ 3.4 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʘʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ˇʨʫʥʪʫ ʥʘ 

ʦʙʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘʛʣʷʜʥʦ 

ʚʠʜʥʦ, ʱʦ ʘʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʣʠʟʴʢʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

ʊʘʙʣʠʮʷ 3.4 ï ɸʛʨʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʯʦʢ ʜʣʷ ʟʘʢʣʘʜʢʠ 

ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ  

ɸʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ˉ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

1 2 3 4 

ʢʠʩʣʦʪʥʽʩʪʴ ʦʙʤʽʥʥʘ 

(ʨʅKCl) 
4,0Ñ0,03 4,1Ñ0,2 4,2Ñ0,2 5,0Ñ0,7 

ʢʠʩʣʦʪʥʽʩʪʴ ʛʽʜʨʦʣʽʪʠʯʥʘ 

(ʅʛ) ʤʛ-ʝʢʚ/100 ʛ ˇʨʫʥʪʫ 
2,1Ñ0,25 2,19Ñ0,26 2,12Ñ0,36 2,3Ñ0,27 

ʛʫʤʫʩ, % 1,18Ñ0,24 1,05Ñ0,21 1,12Ñ0,22 0,91Ñ0,14 

ʥʽʪʨʘʪʥʠʡ ʘʟʦʪ (N-NO3) 0,4Ñ0,06 0,7Ñ0,1 0,5Ñ0,1 0,5Ñ0,09 

ʘʤʦʥʽʡʥʠʡ ʘʟʦʪ (N-NH4) 26,8Ñ5,37 28,8Ñ5,75 27,6Ñ5,44 23,8Ñ5,45 

ʨʫʭʦʤʠʡ ʬʦʩʬʦʨ, P2O5 75,63Ñ11,34 53,96Ñ8,09 63,54Ñ9,19 50,33Ñ8,22 

ʂ+, ʤʛ/ʢʛ 16,79 20,15 18,51 19,12 

ʂ2O, ʤʛ/ʢʛ 12,39 14,86 12,43 16,83 

ʦʙʤʽʥʥʽ ʢʘʪʽʦʥʠ, 

ʤʤʦʣʴ/100 

ʢʘʣʴʮʽʡ 0,25Ñ0,04 0,1Ñ0,02 0,5Ñ0,03 0,45Ñ0,14 

ʤʘʛʥʽʡ 0,17Ñ0,03 0,06Ñ0,01 0,14Ñ0,02 0,21Ñ0,04 
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3.2.2.1 ɺʽʜʙʽʨ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʥʘ 

ʧʽʨʦʛʝʥʥʦʪʨʘʩʬʦʨʤʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ 

ɯʟ ʦʬʽʮʽʡʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ,  ʱʦ ʟ 1993 ʧʦ 2018 ʨʽʢ  ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 1566 ʧʦʞʝʞ, ʷʢʽ ʦʭʦʧʠʣʠ 

ʙʣʠʟʴʢʦ 20723,3 ʛʝʢʪʘʨʽʚ ʪʝʨʠʪʦʨʽʾ (ʨʠʩ. 3.14).  ʅʘʡʙʽʣʴʰʽ ʧʦʞʝʞʽ ʙʫʣʠ ʚ 

ʥʘʩʪʫʧʥʠʭ ʨʦʢʘʭ: 1995, 1999, 2002, 2009, 2015, 2020, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʦʟʥʘʯʘʻ 

ʯʝʨʝʟ ʢʦʞʥʽ ʩʽʤ ʨʦʢʽʚ [227]. 

  

 

ʈʠʩʫʥʦʢ 3.14 ï ʇʦʞʝʞʘ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ. ʂʚʽʪʝʥʴ ʽ ʯʝʨʚʝʥʴ 2015 ʨʦʢʫ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʚʯʝʥʥʷ ʧʦʞʝʞ ʫ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʫ 2020 ʨʦʮʽ ʤʠ ʚʽʜʽʙʨʘʣʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʽʣʷʥʢʠ ʟ ʧʽʨʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɹʫʣʦ 

ʚʽʜʽʙʨʘʥʦ ʜʽʣʷʥʢʫ ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ ʨ. ʇʨʠʧôʷʪʴ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ 

ʚʽʜʯʫʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʣʽʩʦʚʽ ʜʽʣʷʥʢʠ, ʱʦ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʧʦʞʝʞ, ʪʘ 

ʣʽʩʦʚʽ ʜʽʣʷʥʢʠ, ʷʢʠʭ ʥʝ ʪʦʨʢʘʚʩʷ ʚʦʛʦʥʴ (ʨʠʩ. 3.15). ʇʨʦʙʠ ˇʨʫʥʪʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʚʽʜʙʠʨʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʨʫ. ɼʣʷ ʨʦʟʫʤʽʥʥʷ 

ʩʠʪʫʘʮʽʾ ʱʦʜʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʨʦʮʝʩʽ ʧʦʞʝʞʽ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʨʽʟ ʟ ʧʦʰʘʨʦʚʠʤ (ʟ ʢʨʦʢʦʤ 10 ʩʤ) ʚʽʜʙʦʨʦʤ 

ʧʨʦʙ ˇʨʫʥʪʫ.  
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ʊʘʢʦʞ ʧʦ ʚʠʙʨʘʥʦʤʫ ʤʘʨʰʨʫʪʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʦʪʫʞʥʽʩʪʴ ʘʤʙʽʻʥʪʥʦʾ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʤʝʪʨʘ ï ʜʦʟʠʤʝʪʨʘ (ʪʘʙʣ. 3.5) ʽ 

ʚʽʜʽʙʨʘʥʦ ʦʢʨʝʤʦ 7 ʧʨʦʙ ˇʨʫʥʪʫ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʚʽʜʽʙʨʘʥʦʤʫ ʧʦʣʽʛʦʥʽ ʧʨʠʡʤʘʚ 

ʫʯʘʩʪʴ ʤʘʛʽʩʪʨ ʅʋɹʽʇ ʈʫʜʥʠʢ ɯ. (ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʃʘʟʘʨʻʚ ʄ.ʄ.). 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʝʥʥʷ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʝʥʥʷ, ʦʮʽʥʢʫ 

ʧʦʚʝʨʭʥʝʚʦʾ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʙʝʪʘ-ʨʘʜʽʦʥʫʢʣʽʜʦʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʽʩʮʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʤʝʪʨʘ-ʜʦʟʠʤʝʪʨʘ. ɺʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʩʪʨʦʥʮʽʶ ʪʘ ʮʝʟʽʶ ʚ ˇʨʫʥʪʽ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʨʘʜʽʦʣʦʛʽʾ ʥʘ ʙʘʟʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ʊʘʢʦʞ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʦʯʦʢ ʤʘʨʰʨʫʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ GPS.  

 

 

ʈʠʩʫʥʦʢ 3.15  ʄʘʨʰʨʫʪʥʘ ʢʘʨʪʘ ʚʠʙʨʘʥʦʛʦ ʧʦʣʽʛʦʥʫ ʽʟ ʬʘʢʪʠʯʥʠʤʠ 

ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ ʘʤʙʽʻʥʪʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʜʦʟʠ 

 



80 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʘʢʦʞ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʘʜʽʦʜʦʟʠʤʝʪʨʠʯʥʽ ʜʘʥʽ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʬʣʦʨʠ ʥʘ ʧʽʨʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ˇʨʫʥʪʘʭ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.5. 

 

ʊʘʙʣʠʮʷ 3.5 ï ʈʝʟʫʣʴʪʘʪʠ ʨʘʜʽʦʜʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʽʙʨʘʥʠʭ 

ʧʦʣʴʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʘʟʥʠʢʠ ʱʽʣʴʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʦʪʨʠʤʘʥʽ 

ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ 

 

ˉ 

ʧʨʦʙʠ 

 

ʂʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ 

ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

ʇʦʪʫʞʥʽʩʪʴ 

ʘʤʙʽʻʥʪ-

ʥʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ 

ʜʦʟʠ 

(ADER), 

ʤʢɿʚ/ʛʦʜ 

ɸʢʪʠʚʪʴ 

ˇʨʫʥʪʫ 
137Cs, 

ɹʢ/ʢʛ 

ɸʢʪʠʚʪʴ 

ˇʨʫʥʪʫ 
90Sr, ɹʢ/ʢʛ 

ʇʦʪʫʞ-

ʥʽʩʪʴ 

ʧʦʛʣʠ-

ʥʫʪʦʾ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs) 

ʇʦʪʫʞ-

ʥʽʩʪʴ 

ʧʦʛʣʠ-

ʥʫʪʦʾ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦ

ʜ (90Sr) 

ʉʫʤʘʨʥʘ 

ʧʦʪʫʞ-

ʥʽʩʪʴ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs+90S

r) 

N E 

1 
51.3994

8 

30.2032

8 
0,69 4020 700 1,22 0,46 1,68 

2 
51.3989

6 

30.2034

9 
0,66 2200 250 0,67 0,16 0,83 

3 51.3975 
30.2044

4 
0,72 2300 840 0,70 0,55 1,24 

4 
51.3893

9 
30.2055 0,66 5000 2200 1,52 1,43 2,95 

5 
51.4071

1 

30.1999

5 
0,62 3000 700 0,91 0,46 1,37 

6 
51.4074

7 

30.1983

2 
0,75 2943 308 0,94 0,24 1,18 

7 
51.3914

7 

30.2233

1 
0,7 6000 3000 1,82 1,95 3,77 

 

ʇʨʠʤʽʪʢʘ. ʇʝʨʰʽ 4-ʠ ʧʨʦʙʠ ʫʟʷʪʽ ʟ ʥʝʛʦʨʽʣʴʥʠʢʘ, ʨʝʰʪʘ ʧʨʦʙ ʚʽʜʽʙʨʘʥʽ ʟ ʧʽʨʦʛʝʥʥʦ-

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʜʽʣʷʥʢʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʽ 

90Sr ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ 6 ʤʽʩʷʮʽʚ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʽʜʙʫʣʠʩʷ ʧʦʞʝʞʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 
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ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʝ ʚʽʜʙʫʣʦʩʷ ʽ ʦʩʥʦʚʥʘ ʘʢʪʠʚʥʽʩʪʴ ʟʦʩʝʨʝʜʞʝʥʘ ʫ ʚʝʨʭʥʴʦʤʫ 

ʰʘʨʽ ˇʨʫʥʪʫ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʦʩʥʦʚʥʘ ʤʘʩʘ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʘʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ (ʨʠʩ.3.16, 3.17).   

 

ʈʠʩʫʥʦʢ 3.16 ï ɺʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʘʢʪʠʚʥʦʩʪʽ  137Cs ʫ ʚʽʜʽʙʨʘʥʠʭ 

ʟʨʘʟʢʘʭ  ˇʨʫʥʪʫ ʥʘ ʜʽʣʷʥʮʽ ʛʦʚʽʣʴʥʠʢʘ 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ɺʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʘʢʪʠʚʥʦʩʪʽ 90Sr ʫ ʚʽʜʽʙʨʘʥʠʭ 

ʟʨʘʟʢʘʭ  ˇʨʫʥʪʫ ʥʘ ʜʽʣʷʥʮʽ ʛʦʨʽʣʴʥʠʢʫ 

 

2943

367
130 74 55 14 17 15 7,5 0,970

300
600
900

1200
1500
1800
2100
2400
2700
3000

˭͎͙͊ͪ΅͔ ό 137 Cs)

137 Cs,x ͟κ͎͟

308

133

47

120

30
12 8 5

46

60

100

200

300

˭͎͙͊ͪ΄͔ ό90 Sr)

90 Sr,x ͟κ͎͟
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3.3. ɿʘʢʣʘʜʢʘ ʩʫʙʩʪʨʘʪʽʚ ʜʣʷ ʦʮʽʥʢʠ ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ 

ʤʠʢʨʦʦʨʛʘʥʽʟʤʽʚ 

 

ʅʘ ʚʽʜʽʙʨʘʥʠʭ ʪʘ ʦʙʩʪʝʞʝʥʠʭ ʧʦʣʽʛʦʥʘʭ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʽʡ 

ʪʝʨʠʪʦʨʽʾ ʇʦʣʽʩʩʷ ʋʢʨʘʾʥʠ ʟʘʢʣʘʜʝʥʽ ʩʫʙʩʪʨʘʪʠ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʥʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʨʠʩ 3.18 ï 

3.19).  

  

  

ɸ ɹ 

  

ɺ ɻ 

ʈʠʩʫʥʦʢ 3.18 ï ɿʘʢʣʘʜʢʘ ʨʦʩʣʠʥʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʫ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ 

(ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ 

 

ɿʘ ʚʠʟʥʘʯʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʨʦʩʣʠʥʥʽ ʩʫʙʩʪʨʘʪʠ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʥʘ 

ʛʣʠʙʠʥʫ 8 ʩʤ (ʨʠʩ 3.18-ɸ), ʫ ʟʨʦʙʣʝʥʠʡ ʙʫʨʦʤ ʦʪʚʽʨ (ʨʠʩ 3.18-ɹ,ɺ) ʽ ʧʦʨʷʜ 

ʚʽʜʙʠʨʘʚʩʷ ʟʨʘʟʦʢ ˇʨʫʥʪʫ.  ʆʩʢʽʣʴʢʠ ʨʦʩʣʠʥʥʠʡ ʩʫʙʩʪʨʘʪ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʜʚʦʤʘ ʚʠʜʘʤʠ, ʪʦ ʚʦʥʠ ʟʘʢʣʘʜʘʣʠʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 15 ʩʤ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ ʯʝʨʝʟ 
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ʢʦʞʥʠʡ ʤʝʪʨ ʟʥʦʚ ʟʘʢʣʘʜʘʣʠʩʷ ʧʦʚʪʦʨʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʚʘʣʠʩʷ 6 

ʧʦʚʪʦʨʥʦʩʪʝʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʢʦʨʝʢʪʥʠʭ ʜʘʥʠʭ. 

 ʈʦʩʣʠʥʥʽ ʩʫʙʩʪʨʘʪʠ ʙʫʣʠ ʚʠʪʨʠʤʘʥʽ ʫ ˇʨʫʥʪʽ 90 ʜʽʙ. ɿ ʧʦʜʘʣʴʰʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʽʥʜʝʢʩʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʮʝʣʶʣʦʟʠ.  

 

  

ɸ ɹ 

 

ɺ  

ʈʠʩʫʥʦʢ 3.19 ï ʌʦʪʦ ʟʘʢʣʘʜʢʠ ʩʫʙʩʪʨʘʪʽʚ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʽʚ ʥʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʘʥʠ ʚʽʜʯʫʞʝʥʥʷ: ɸ- 

ʤʘʨʢʫʚʘʥʥʷ ʜʽʣʷʥʢʠ; ɹ, ɺ ï ʟʘʢʣʘʜʢʘ ʨʦʩʣʠʥʥʠʭ ʩʫʙʩʪʨʘʪʽʚ    
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʣʘʥʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ 

ʚ 2020 ʨʦʮʽ ʱʦʜʦ ʥʘʜʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʦʙʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ, ʜʘʥʠʭ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʙʘʟʠ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ ʪʘ ʨʝʘʣʴʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʛʣʠʥʫʪʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ˇʨʫʥʪʦʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʦʮʽʥʢʠ 

ʘʛʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʫ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʚʠʢʦʥʘʥʽ 

ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ.  

 

3.4 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʦʾ 

ʤʽʢʨʦʬʣʦʨʠ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ ʙʝʟʫʤʦʚʥʦʛʦ 

(ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ. (21ʨ) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʧʝʨʰʘ 

ʟʘʢʣʘʜʢʘ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʦʛʦ ˇʨʫʥʪʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ 

ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ ʚʽʜʙʫʣʘʩʷ ʫ ʞʦʚʪʥʽ 2020 ʨʦʢʫ 

ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʽ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʨʠʩʫʥʢʫ 3.5 ʽ ʫ ʪʘʙʣʠʮʷʭ  3.1, 3.2.  

ɺʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʮʝʣʶʣʦʟʥʦʨʫʡʥʫʶʯʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ ʝʢʩʧʦʟʠʮʽʷ ʟʨʘʟʢʽʚ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ 

ʩʢʣʘʜʘʻ 90 ʜʽʙ, ʪʦʙʪʦ ʧʽʩʣʷ ʧʝʨʰʦʾ ʟʘʢʣʘʜʢʠ ʫ ʞʦʚʪʥʽ ʤʽʩʷʮʽ ʟʘʙʽʨ ʟʨʘʟʢʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʨʦʚʦʜʠʚʩʷ ʫ ʩʽʯʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʢʣʘʜʘʥʥʷʤ ʜʨʫʛʦʾ ʧʘʨʪʽʾ ʽ ʪʘʢ ʯʝʨʝʟ 

ʢʦʞʥʽ 3 ʤʽʩʷʮʽ. ʆʩʪʘʥʥʷ ʟʘʢʣʘʜʢʘ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʚʽʜʙʫʣʘʩʷ ʫ ʯʝʨʚʥʽ 

ʤʽʩʷʮʽ ʽ ʚʽʜʙʽʨ ʾʾ ʧʨʦʚʦʜʠʣʠ ʫ ʚʝʨʝʩʥʽ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʦʟʠʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʦ ʫʤʦʚʘʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʨʘʟʢʠ ʙʫʣʠ ʚʽʜʢʦʧʘʥʽ ʪʘ ʧʝʨʝʚʝʟʝʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʶ, 

ʜʝ ʾʭ ʚʠʩʫʰʠʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 70 Üʉ (ʨʠʩ. 3.20) ʪʘ ʧʦʚʪʦʨʥʦ ʟʚʘʞʝʥʦ (ʨʠʩ. 

3.21). 
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ʈʠʩʫʥʦʢ 3.20 ï ɺʠʩʫʰʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ 

 

                              ɸ                                                          ɹ 

ʈʠʩʫʥʦʢ 3.21 ï ɿʚʘʞʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ: ɸ ï ʟʝʣʝʥʠʡ ʯʘʡ; ɹ - 

ʨʦʡʙʫʰ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʮʝʣʶʣʦʟʥʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ 

ˇʨʫʥʪʫ ʥʘ ʧʦʣʽʛʦʥʽ ɿɹ (ʆ)ɺ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 3.6-3.7. 
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ʊʘʙʣʠʮʷ 3.6 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ TBI ʽʥʜʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ 

(ʽʥʢʫʙʘʮʽʷ ʟ ʞʦʚʪʥʷ 2020 ʧʦ ʩʽʯʝʥʴ 2021) 

ʇʦʢʘʟʥʠʢʠ 
ʅʦʤʝʨ ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢʫ 

1 2 3 

ʉʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ (137Cs+90Sr) 
0,20 1,00 1,57 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ (S) 0,588Ñ0,020 0,494Ñ0,001 0,456Ñ0,032 

ʂʦʝʬʽʮʽʻʥʪ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

(k) 
0,0105Ñ0,0026 0,0175Ñ0,0059 0,0113Ñ0,0006 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʝʣʝʥʦʛʦ 

ʯʘʶ, % 
34,7Ñ1,68 42,6Ñ0,12 45,8Ñ2,74 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʯʘʶ 

ʨʦʡʙʫʰ, % 
13,6Ñ2,5 21,4Ñ3,4 18,9Ñ1,6 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ S ʪʘ k ʜʣʷ ʟʨʘʟʢʽʚ ʯʘʶ (ʪʘʙʣ. 3.6), ʱʦ ʙʫʣʠ ʚ 

ˇʨʫʥʪʽ 88 ʜʥʽʚ ʧʨʠ ʥʘʡʥʠʞʯʽʡ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ (ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢ 1) ʩʢʣʘʜʘʶʪʴ 0,588Ñ0,020 ʪʘ 0,0105Ñ0,0026, ʧʨʠ ʩʝʨʝʜʥʽʡ 

ʘʢʪʠʚʥʦʩʪʽ ï 0,494Ñ0,001 ʪʘ 0,0175Ñ0,0059, ʪʘ ʧʨʠ ʥʘʡʚʠʱʽʡ ʘʢʪʠʚʥʦʩʪʽ ï 

0,456Ñ0,032 ʪʘ 0,0113Ñ0,0006.  

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ 

ʟʝʣʝʥʦʛʦ ʯʘʶ ʥʘ ʮʴʦʤʫ ʜʦʩʣʽʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʥʘʡʰʚʠʜʰʝ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ 

ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʭʦʜʠʚ ʫ ʪʦʯʮʽ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

(ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢ 3). ʑʦʜʦ ʨʦʟʢʣʘʜʘʥʥʷ ʙʽʣʴʰ ʩʪʽʡʢʦʛʦ ʩʫʙʩʪʨʘʪʫ ï ʨʦʡʙʫʰʫ, 

ʪʦ ʚʠʜʥʦ ʥʘʡʥʠʞʯʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʤʘʡʜʘʥʯʠʢʫ 1.   

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʨʫʛʦʾ ʟʘʢʣʘʜʢʠ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʮʴʦʤʫ ʞ ʤʘʡʜʘʥʯʠʢʫ ʧʦʢʘʟʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ, ʭʦʯʘ ʽ 

ʥʝ ʪʘʢʝ ʟʥʘʯʥʝ ʷʢ ʦʯʽʢʫʚʘʣʦʩʴ (ʪʘʙʣ. 3.7). ʊʘʢʦʞ ʚʽʜʤʽʯʝʥʦ, ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʾ (k) ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ 3.7 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ TBI ʽʥʜʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ 

(ʽʥʢʫʙʘʮʽʷ ʟ ʙʝʨʝʟʥʷ 2021 ʧʦ ʯʝʨʚʝʥʴ 2021). 

ʇʦʢʘʟʥʠʢʠ 
ʅʦʤʝʨ ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢʫ 

1 2 3 

ʉʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

0,20 1,00 1,57 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ (S) 0,442Ñ0,056 0,407Ñ0,034 0,428Ñ0,044 

ʂʦʝʬʽʮʽʻʥʪ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

(k) 
0,0073Ñ0,0018 0,0259Ñ0,0156 0,0166Ñ0,0022 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʝʣʝʥʦʛʦ 

ʯʘʶ, % 
47,0Ñ4,7 49,9Ñ2,8 48,1Ñ0,3 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʯʘʶ 

ʨʦʡʙʫʰ, % 
14,4Ñ2,7 27,7Ñ4,8 24,1Ñ0,3 

 

ʉʭʦʞʘ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʡ 

ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʟʘʢʣʘʜʝʥʥ ̔ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.8. 

ʊʘʙʣʠʮʷ 3.8 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ TBI ʽʥʜʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ʧʦʨʷʜ ʟ ʩ. 

ʍʨʠʩʪʠʥʽʚʢʘ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʽʥʢʫʙʘʮʽʷ ʟ ʯʝʨʚʥʷ 

2021 ʧʦ ʚʝʨʝʩʝʥʴ 2021) 

ʇʦʢʘʟʥʠʢʠ 
ʅʦʤʝʨ ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢʫ 

1 2 3 

ʉʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

0,20 1,00 1,57 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ (S) 0,215Ñ0,028 0,197Ñ0,014 0,208Ñ0,020 

ʂʦʝʬʽʮʽʻʥʪ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

(k) 
0,0094Ñ0,0018 0,0091Ñ0,0015 0,0149Ñ0,0019 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʝʣʝʥʦʛʦ 

ʯʘʶ, % 
66,1Ñ2,4 67,7Ñ1,2 66,7Ñ1,7 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʯʘʶ 

ʨʦʡʙʫʰ, % 
25,3Ñ3,1 25,5Ñ3,0 32,9Ñ2,3 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘ ʦʙʨʘʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʜʽʣʷʥʮʽ 1 ʜʦʪʨʠʤʘʥʦ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʩʘʤʝ - ʥʘʷʚʥʽʩʪʴ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ. ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʨʘʟʠ ʽ, ʣʦʛʽʯʥʦ, ʱʦ 

ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʫ ʨʘʟʠ. ʊʘʢʠʡ 

ʛʨʘʜʽʻʥʪ ʨʘʜʽʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʘʤʝ 

ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʷʢ ʪʘʢʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʚʠʢʣʶʯʥʦ ʨʘʜʽʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

 

ʈʦʙʦʪʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʧʦʣʽʛʦʥʽ ɿɹ (ʆ)ɺ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.22. 

  

                              ɸ                                                      ɹ 

  

                           ɺ                                                             ɻ 

ʈʠʩʫʥʦʢ 3.22 ï ɸ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʣʽʛʦʥʫ; ɹ, ɺ ï ʚʽʜʙʽʨ ʨʦʩʣʠʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; ɻ ï ʟʘʢʣʘʜʢʘ ʥʦʚʦʾ ʧʘʨʪʽʾ 
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3.4.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮ̔ ʦʥʘʣʴʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ 

ʦʙʫʤʦʚʣʝʥʘ ʥʠʤʠ ʘʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ 

ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʽʢʨʦʙʦʮʝʥʦʟʫ ʚ ˇʨʫʥʪʽ ʜʦʩʣʽʜʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʙʫʣʠ ʪʘʢʦʞ ʚʠʢʦʥʘʥʽ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʦʙʣʽʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʘʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʯʝ ʫ ʪʘʙʣʠʮʷʭ 3.9-3.14. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʩʽʚʫ ʥʘ ʄʇɸ ʧʦʢʘʟʫʶʪʴ ʥʘʡʚʠʱʫ ʢʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ ʜʣʷ ʪʦʯʢʠ ʟ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ 

ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʮʽʻʾ ʛʨʫʧʠ ʥʘ 1 ʛ ˇʨʫʥʪʫ ʚʽʜʤʽʯʝʥʘ ʜʣʷ ʪʦʯʢʠ ʟ ʥʘʡʚʠʱʠʤ 

ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. 

 

ʊʘʙʣʠʮʷ 3.9 ï ʏʠʩʝʣʴʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʄʇɸ ʽ ʂɸɸ. 

 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻ/ʛʦʜ 

ɸʤʦʥʽʬʽʢʘʪʦʨʠ 

(ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ 

ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʦʨʛʘʥʽʯʥʠʡ ʘʟʦʪ) ʥʘ ʄʇɸ, 

ʤʣʥ./ʛ 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʟʘʩʚʦʶʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ 

ʘʟʦʪʫ (ʥʘ ʂɸɸ), ʤʣʥ./ʛ 

1/0.2 3,800 + 0,195 2,167 + 0,150 

2/1 6,950 + 0,450 0,900 + 0,083 

3/1.57 2,367 + 0,381 7,867 + 0,470 

 

ɼʣʷ ʧʦʩʽʚʫ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʂɸɸ ʚʠʷʚʠʣʠ ʥʘʩʪʫʧʥʠʡ ʨʦʟʧʦʜʽʣ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ï ʥʘʡʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ 

ʘʟʦʪʫ ʚʽʜʤʽʯʝʥʘ ʜʣʷ ʪʦʯʢʠ 3, ʘ ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʜʣʷ ʪʦʯʢʠ 2. ʊʘʢʽ ʟʤʽʥʠ, 

ʩʢʦʨʽʰʝ ʻ ʥʘʩʣʽʜʢʦʤ ʨʽʟʥʠʮʽ (ʭʦʯ ʽ ʥʝ ʜʫʞʝ ʩʫʪʪʻʚʦʾ) ʫ ʧʦʢʘʟʥʠʢʘʭ ʨʽʟʥʠʭ 

ʬʦʨʤ ʘʟʦʪʫ ʜʣʷ ˇʨʫʥʪʫ ʮʴʦʛʦ ʧʦʣʽʛʦʥʫ (ʜʠʚ. ʪʘʙʣ. 3.1). 
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ʊʘʙʣʠʮʷ 3.10 ï ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʥʘ ˇʨʫʥʪʦʚʦʤʫ ʘʛʘʨʽ 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻ/ʛʦʜ 

ʏʠʩʝʣʴʥʽʩʪʴ, ʪʠʩ./ʛ 

1/0.2 933,0 + 22 

2/1 277,0 + 13 

3/1.57 2280,0 + 184 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʩʽʚʫ ʥʘ ˇʨʫʥʪʦʚʦʤʫ ʘʛʘʨʽ ʧʦʢʘʟʘʚ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʷʢ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʂɸɸ. ʅʘʡʙʽʣʴʰʝ ʢʦʣʦʥʽʡ 

ʧʨʦʨʦʩʣʦ ʜʣʷ ʧʦʩʽʚʫ ʟ ʪʦʯʢʠ 3 (ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 

ʜʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ). 

 

ʊʘʙʣʠʮʷ 3.11 ï ɻʨʠʙʠ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʏʘʧʝʢʘ 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻ/ʛʦʜ 

ʏʠʩʝʣʴʥʽʩʪʴ , ʪʠʩ./ʛ 

1/0.2 120,0 + 0,090 

2/1 33,333 + 0,004 

3/1.57 433,0 + 0,310 

 

ʅʘʡʙʽʣʴʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʤʽʢʨʦʤʽʮʝʪʽʚ (ʪʘʙʣ. 3.11) ʚʽʜʤʽʯʝʥʘ ʜʣʷ ʪʦʯʢʠ 3, 

ʜʘʣʽ ʟʘ ʢʽʣʴʢʽʩʪʶ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʯʢʘ 1, ʪʘ ʥʘʡʤʝʥʰʝ ʮʽʻʾ ʛʨʫʧʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʷʚʣʝʥʦ ʚ ʪʦʯʮʽ 2 ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

  

ʊʘʙʣʠʮʷ 3.12 ï ʎʝʣʶʣʦʟʦʣʽʪʠʯʥʽ ʙʘʢʪʝʨʽʾ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ɯʤʰʝʥʝʮʴʢʦʛʦ-

ʉʦʣʥʮʝʚʦʾ 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻ/ʛʦʜ 

ʏʠʩʝʣʴʥʽʩʪʴ*, ʪʠʩ./ʛ 

1/0.2 0,459 

2/1 0,450 

3/1.57 95,000 
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ʂʽʣʴʢʽʩʪʴ ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʷʚʠʣʘʩʷ ʨʽʟʢʦ 

ʟʙʽʣʴʰʝʥʦʶ ʫ ʪʦʯʮʽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʙʪʦ 

ʫ ʪʦʯʮʽ 3. ɼʣʷ ʪʦʯʦʢ ʟ ʧʨʦʤʽʞʥʠʤ ʪʘ ʥʘʡʥʠʞʯʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʠ ʻ ʧʦʜʽʙʥʠʤʠ. 

 

ʊʘʙʣʠʮʷ 3.13 ï ʌʦʩʬʘʪʤʦʙʽʣʽʟʽʚʥʽ ʙʘʢʪʝʨʽʾ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʄʫʨʦʤʮʝʚʘ. 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻ/ʛʦʜ 

ʏʠʩʝʣʴʥʽʩʪʴ, ʤʣʥ./ʛ 

1/0.2 0,433 

2/1 0,400 

3/1.57 2,533 

 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʬʦʩʬʘʪʤʦʙʽʣʽʟʽʚʥʠʭ ʙʘʢʪʝʨʽʡ ʚʠʷʚʣʝʥʦ ʪʝʞ ʜʣʷ 

ʪʦʯʢʠ 3, 2-ʛʘ ʪʘ 1-ʰʘ ʪʦʯʢʠ ʤʘʶʪʴ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʧʨʘʢʪʠʯʥʦ ʥʘ ʦʜʥʦʤʫ 

ʨʽʚʥʽ. ʉʭʦʞʫ ʢʘʨʪʠʥʫ ʚʽʜʤʽʪʠʣʠ ʪʘʢʦʞ ʜʣʷ ʯʠʩʝʣʴʥʦʩʪʽ ʘʟʦʪʬʽʢʩʘʪʦʨʽʚ ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ. ʑʦʧʨʘʚʜʘ, ʯʠʩʝʣʴʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʪʦʯʢʠ 1 ʙʫʣʘ 

ʙʽʣʴʰʝ ʥʽʞ ʚ ʜʚʘ ʨʘʟʠ ʚʠʱʦʶ, ʥʽʞ ʫ ʪʦʯʮʽ 2. ʊʦʯʢʘ 3 ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ 

ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ ʦʙʦʭ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

 

ʊʘʙʣʠʮʷ 3.14 ï ʏʠʩʝʣʴʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʪʦʨʽʚ ʽ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ. 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, 

ʤʢɻ/ʛʦʜ 

ɸʟʦʪʬʽʢʩʘʪʦʨʠ ʥʘ ʩʝʨʝʜʦʚʠʱʽ 

ɽʰʙʽ*, ʪʠʩ./ʛ 

ɼʝʥʽʪʨʠʬʽʢʘʪʦʨʠ ʥʘ 

ʩʝʨʝʜʦʚʠʱʽ ɻʽʣʴʪʘʷ*, 

ʤʣʥ./ʛ 

1/0.2 0,46 2,500 

2/1 0,46 0,950 

3/1.57 45,000 25,000 

*)  ʦʙʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ, ɻʽʣʴʪʘʷ) ʽ ʥʘʧʽʚʨʽʜʢʠʭ (ɽʰʙʽ) 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ ʨʦʟʚʝʜʝʥʴ ʽ ʪʘʙʣʠʮʷʤʠ ʄʘʢ-ʂʨʝʜʽ, 

ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʪʦʞ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʦʪʨʽʙʥʘ. 
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ʏʠʩʝʣʴʥʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʫʩʽʭ ʝʢʦʣʦʛʦ-ʪʨʦʬʽʯʥʠʭ ʛʨʫʧ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʻ ʥʘʡʚʠʱʦʶ ʫ ʚʘʨʽʘʥʪʽ ˉ3 (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ). 

ʅʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ʟʘ ʯʠʩʝʣʴʥʽʩʪʶ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï 

ʚʘʨʽʘʥʪ ˉ1. ʑʦʜʦ ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ ʽ ʛʨʠʙʽʚ, ʪʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʘʥʘʣʽʟʽʚ. ʗʢʱʦ ʜʘʥʽ ʧʽʜʪʚʝʨʜʷʪʴʩʷ, ʪʦ ʤʦʞʣʠʚʦ ʥʘʩʪʫʧʥʽ ʘʥʘʣʽʟʠ 

ʚʥʝʩʫʪʴ ʷʩʥʽʩʪʴ. 

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ.  ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 3.15-3.18. 

 

ʊʘʙʣʠʮʷ 3.15 ï ɽʤʽʩʽʷ ʉʆ2 ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʨʽʟʥʠ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, ʤʢɻ/ʛʦʜ 

ɽʤʽʩʽʷ ʉʆ2, ʥʤʦʣʴ ʉʆ2/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 

 

3/1.57 

 

848,3 Dʩʝʨ. 839,0 

839,0Ñ26,8 880,1 ʂʚʘʜʨ. ɺʽʜʭ. 46,4 

788,7 ʉʝʨʝʜʥ. ʇʦʭ. 26,8 

 

2/1 

760,9 Dʩʝʨ. 730,4 

730,4Ñ16,3 705,3 ʂʚʘʜʨ. ɺʽʜʭ. 28,2 

725,1 ʉʝʨʝʜʥ. ʇʦʭ. 16,3 

 

1/0.2 

 

751,0 Dʩʝʨ. 764,9 

764,9Ñ7,0 772,8 ʂʚʘʜʨ. ɺʽʜʭ. 12,1 

770,8 ʉʝʨʝʜʥ. ʇʦʭ. 7,0 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʙʣʠʮʽ 3.15, ʚʘʨʽʘʥʪ ˉ3 ʘʙʦ ʙʘʛʘʪʠʡ ʥʘ ʦʨʛʘʥʽʯʥʫ 

ʨʝʯʦʚʠʥʫ, ʘʙʦ ʞ ˇʨʫʥʪ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʤʽʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʫ ʚ ʫʤʦʚʘʭ 

ʜʝʬʽʮʠʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ʄʦʞʣʠʚʦ ʪʘʢʦʞ (ʷʢʱʦ ʘʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʦʜʥʘʢʦʚʽ), ʪʫʪ ʧʨʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʷʢʦʛʦʩʴ ʯʠʥʥʠʢʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʙʫʜʫʪʴ ʫʪʦʯʥʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 
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ʊʘʙʣʠʮʷ 3.16 ï ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʥʘ ʜʽʣʷʥʢʘʭ ʟ 

ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, ʤʢɻ/ʛʦʜ 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʥʤʦʣʴ N2O/ʛ 

ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 

3/1.57 

 

35,8 Dʩʝʨ. 41,81 

41,81Ñ3,01 44,4 ʂʚʘʜʨ. ɺʽʜʭ. 5,22 

45,2 ʉʝʨʝʜʥ. ʇʦʭ. 3,01 

 

2/1 

21,0 Dʩʝʨ. 19,42 

19,42Ñ0,86 19,1 ʂʚʘʜʨ. ɺʽʜʭ. 1,49 

18,1 ʉʝʨʝʜʥ. ʇʦʭ. 0,86 

 

1/0.2 

 

33,0 Dʩʝʨ. 32,98 

32,98Ñ1,38 30,6 ʂʚʘʜʨ. ɺʽʜʭ. 2,39 

35,4 ʉʝʨʝʜʥ. ʇʦʭ. 1,38 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.16 ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʘ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʘʨʽʘʥʪʽ ˉ3 ʟ 

ʥʘʡʙʽʣʴʰʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʥʘʡʤʝʥʰʘ ï ʫ ʚʘʨʽʘʥʪʽ ˉ2, 

ʱʦ ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʫ ʧʦʟʠʮʽʶ ʱʦʜʦ ʨʽʚʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʊʘʙʣʠʮʷ 3.17 ï ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ 

ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʅʦʤʝʨ ʝʢʩʧ. 

ʤʘʡʜʘʥʯʠʢʫ/ 

ʧʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, ʤʢɻ/ʛʦʜ 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ, ʥʤʦʣʴ ʝʪʠʣʝʥʫ/ʛ 

ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 

3/1.57 

 

86,5 Dʩʝʨ. 95,4 

95,4Ñ10,9 82,7 ʂʚʘʜʨ. ɺʽʜʭ. 18,9 

117,2 ʉʝʨʝʜʥ. ʇʦʭ. 10,9 

 

2/1 

10,5 Dʩʝʨ. 10,0 

10,0Ñ1,6 12,4 ʂʚʘʜʨ. ɺʽʜʭ. 2,7 

7,0 ʉʝʨʝʜʥ. ʇʦʭ. 1,6 

 

1/0.2 

 

25,1 Dʩʝʨ. 16,8 

16,8Ñ4,38 14,1 ʂʚʘʜʨ. ɺʽʜʭ. 7,4 

11,1 ʉʝʨʝʜʥ. ʇʦʭ. 4,3 
 

ɸʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ ʟʥʘʯʥʘ ʫ ʚʘʨʽʘʥʪʽ ˉ3. ʋ ʚʘʨʽʘʥʪʘʭ ˉ 2 ʽ 1 ʚʦʥʘ 

ʥʠʞʯʘ ʫ 9,5 ʽ 5,7 ʨʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʘʙʣʠʮʷ 3.18 ï ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ 

ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ˉ ʚʘʨʽʘʥʪʽʚ ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ N2O/CO2 (ʧʠʪʦʤʽ ʚʪʨʘʪʠ N2O ʥʘ ʦʜʠʥʠʮʶ 

ʝʤʽʩʽʡʥʦʛʦ ʉʆ2) 

3 0,050 

2 0,027 

1 0,043 
 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʨʘʟʢʫ ˉ3 ʻ ʥʘʡʚʠʱʦʶ. ʉʢʣʘʜʘʻʪʴʩʷ ʚʨʘʞʝʥʥʷ, ʱʦ ʫ 

ʚʘʨʽʘʥʪʽ ˉ2 ʧʨʦʮʝʩʠ ʘʙʦ ʧʨʠʛʣʫʰʝʥʽ, ʘʙʦ ʞ ʫ ʚʘʨʽʘʥʪʽ ˉ3 ʚʦʥʠ 

ʩʪʠʤʫʣʶʶʪʴʩʷ. ɺʘʨʽʘʥʪ ˉ1 ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ, ʧʨʦʪʝ ʙʽʣʴʰʦʶ 

ʤʽʨʦʶ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʚʘʨʽʘʥʪʘ ˉ2. 

 

3.4.2. ɺʠʟʥʘʯʝʥʥʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ˇʨʫʥʪʫ 

 ʇʦʢʘʟʥʠʢʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫ ʻ ʚʘʞʣʠʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʽʚ ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʡ ʮʝʣʶʣʦʟʥʦʨʫʡʥʫʶʯʦʾ. ɿʘ ʟʚʽʪʥʠʡ ʧʝʨ̔ ʦʜ ʙʫʣʠ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʝʪʦʜʠʢʠ 

ʟ ʚʠʟʥʘʯʝʥʥʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫ ʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ 

ʧʝʨʰʦʤʫ ʧʦʣʽʛʦʥʫ (ʟʦʥʠ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ). 

 ʈʝʟʫʣʴʪʘʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʟ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʽʜʽʙʨʘʥʽ ʫ ɿɹ(ʆ)ɺ ʏɸɽʉ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.19.  

ʊʘʙʣʠʮʷ 3.19 ï ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʟʠʤʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʟʨʘʟʢʘʭ 

ˇʨʫʥʪʫ 

ɿʨʘʟʦʢ/ʧʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ137Cs 

ʫ ̌ʨʫʥʪʽ, ɹʢ/ʢʛ 

ʂʘʪʘʣʘʟʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, 

ʤʣ 0,1 ʅ 

KMnO4/1 ʛ 

ˇʨʫʥʪʫ/ 20 ʭʚ 

ʇʝʨʦʢʩʠʜʘʟʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, ʤʣ 

0,01 ʅ I2/1 ʛ 

ˇʨʫʥʪʫ/2 ʭʚ 

ʇʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, ʤʣ 0,01 ʅ 

I2/1 ʛ ˇʨʫʥʪʫ/2 ʭʚ 

1/580 3,103 Ñ 0,086 13,3 Ñ 0,20 0,207 Ñ0,098 

2/3000 3,870 Ñ 0,074 14,3 Ñ 1,43 0,507 Ñ 0,064 

3/5000 4,289 Ñ 0,012 11,8 Ñ 0,20 0,275 Ñ 0,075 
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ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦ ʧʨʝʜʩʪʘʚʣʝʥ ̔ʫ ʪʘʙʣʠʮʽ 3.19 ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʢʘʪʘʣʘʟʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʫ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ. ʊʘʢ, ʫ 

ʧʝʨʰʦʤʫ ʟʨʘʟʢʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʘʢʪʠʚʥʩ̔ʪʶ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ ʚ ˇʨʫʥʪʽ 

(580 ɹʢ/ʢʛ) ʢʘʪʘʣʘʟʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʦʨʽʚʥʶʻ 3,1Ñ0,08, ʘ ʫ ʪʨʝʪɹ ʦʤʫ ʟʨʘʟʢʫ 

ˇʨʫʥʪʫ - 4,3Ñ0,01 ʟ ʧʨʦʤʽʞʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʜʨʫʛʦʛʦ ʟʨʘʟʢʫ - 3,9Ñ0,07. 

ʇʦʢʘʟʥʠʢʠ ʧʝʨʦʢʩʠʜʘʟʥʦʾ ʽ ʧʦʣʽʬʝʥʦʣʦʢʩʠʜʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ 

ʜʦʩʣʽʜʫ ʟʤʘʥʶʶʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. 

 

3.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ 

 

ɺʽʜʤʝʞʦʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ 

ʏɸɽʉ ʫ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.23. 

 

ʈʠʩʫʥʦʢ 3.23 ï ɺʽʜʽʙʨʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʽʛʦʥ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʛʘʤʤʘ-ʬʦʥʫ ʥʘ ʦʙʩʪʝʞʝʥʽʡ ʜʽʣʷʥʮʽ ʚʽʟʫʘʣʴʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.24.  

çʈʫʜʠʡ ʣʽʩè 
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ʈʠʩʫʥʦʢ 3.24 ï ɺʽʟʫʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʥʘ ʦʙʨʘʥʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʣʷʥʮʽ 

 

ʊʘʢʦʞ ʙʫʣʠ ʫʪʦʯʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʨʘʥʠʭ 

ʜʦʩʣʽʜʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʪʘ ʟʨʦʙʣʝʥʘ ʘʛʨʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ˇʨʫʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʘʙʣ. 3.20 ʪʘ 3.4. 

ʊʘʙʣʠʮʷ 3.20 ï ʈʝʟʫʣʴʪʘʪʠ ʨʘʜʽʦʜʦʟʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʽʙʨʘʥʠʭ 

ʧʦʣʴʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʘʟʥʠʢʠ ʱʽʣʴʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʅʦʤʝʨ 

ʝʢʩʧʝʨ. 

ʤʘʡʜʘʥʯʠʢʫ  

ʂʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ 

ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

ʇʦʪʫʞʥʽʩʪʴ 

ʘʤʙʽʻʥʪʥʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ 

ʜʦʟʠ 

(ADER), 

ʤʢɿʚ/ʛʦʜ 

ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ 

ˇʨʫʥʪʫ 
137Cs, 

ʢɹʢ/ʢʛ 

ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ 

ˇʨʫʥʪʫ 90Sr, 

ʢɹʢ/ʢʛ 

ʉʫʤʘʨʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

 
North East 

1  51,38595 30,03035 1,7Ñ0,04 10,4 Ñ 0,2 0,8 Ñ 0,1 3,7 

2  51.38446 30.02888 10,2Ñ0,3 62,4Ñ 0,6 5,0Ñ 0,4 22,2 

3  51.38358 30.03060 25,5Ñ0,5 149,3Ñ 1,4 25,0Ñ 0,3 61,6 

4 

ɻʦʨʽʣʴʥʠʢ* 

51,38231 30,03298 34,8Ñ0,5 203,8Ñ 4,1 34,0Ñ 0,3 84,0 

*ʇʨʠʤʽʪʢʘ. ʊʫʪ ʽ ʜʘʣʽ. ʇʝʨʰʽ 3-ʠ ʤʘʡʜʘʥʯʠʢʠ ï ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, 4 ï ʡ 

ʤʘʡʜʘʥʯʠʢ ʧʽʨʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʦʚʘʥʡ ʧʽʩʣʷ ʧʦʞʝʞʽ ʫ 2020 ʨʦʮʽ 

 

 

1 

 
2 

 3 

 4 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʮʝʣʶʣʦʟʥʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ 

ˇʨʫʥʪʫ ʥʘ ʧʦʣʽʛʦʥʘʭ ɿɺ ʏɸɽʉ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 3.21-3.23. 

 

ʊʘʙʣʠʮʷ 3.21 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ TBI ʽʥʜʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʜʦʩʣʽʜʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ 

ʟ ʛʨʫʜʥʷ 2020 ʧʦ ʙʝʨʝʟʝʥʴ 2021). 

ʇʦʢʘʟʥʠʢʠ 
ʅʦʤʝʨ ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢʫ 

1 4 

ʇʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

/ʜʦʟʘ ʟʘ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ, ʤɿʚ 

3,7/8 84,0/181 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ (S) 0,463Ñ0,035 0,486Ñ0,058 

ʂʦʝʬʽʮʽʻʥʪ ʤʽʥʝʨʘʣʽʟʘʮʽʾ (k) 0,0083Ñ0,0009 0,0071Ñ0,0018 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʝʣʝʥʦʛʦ ʯʘʶ, % 45,2Ñ2,9 43,3Ñ4,9 

ɿʤʝʥʰʝʥʥʷ ʤʘʩʠ ʯʘʶ ʨʦʡʙʫʰ, % 16,4Ñ1,8 13,8Ñ1,1 

 

ɼʣʷ ʧʝʨʰʦʾ ʽʥʢʫʙʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʜʽʣʷʥʢʘʭ ɿɺ ʚʠʟʥʘʯʝʥʽ 

ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʊɺɯ ʽʥʜʝʢʩʫ (ʪʘʙʣ. 3.21). ʇʨʠ ʥʘʡʥʠʞʯʽʡ 

ʘʢʪʠʚʥʦʩʪʽ 0,486Ñ0,058 ʪʘ 0,007Ñ0,002, ʪʘ ʧʨʠ ʥʘʡʚʠʱʽʡ ʘʢʪʠʚʥʦʩʪʽ - 

0,463Ñ0,035 ʪʘ 0,008Ñ0,001 ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʟʝʣʝʥʦʛʦ ʯʘʶ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ 3 ʜʽʣʷʥʢʠ 1. ɸ ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʡʙʫʰʫ ʙʫʣʘ ʜʝʱʦ ʥʠʞʯʦʶ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʚʦʭ 

ʜʽʣʷʥʦʢ ʻ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʝ, ʘʜʞʝ ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ. ɸ ʷʢ ʚʽʜʦʤʦ, ʪʦ ʩʘʤʝ ʚʦʥʠ ʻ ʚʠʟʥʘʯʥʠʤʠ ʫ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʨʦʟʢʣʘʜʘʥʥʷ. ʍʦʯʘ, ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ï 

ʨʘʜʽʦʥʫʢʣʽʜʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʞ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ. 

ʇʨʦʪʝ ʚʧʣʠʚ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʥʝ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ, ʘ ʙʽʣʴʰ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ, 

ʥʘʧʨʠʢʣʘʜ, ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʧʦʞʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʽ. 
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ʊʘʙʣʠʮʷ 3.22 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ TBI ʽʥʜʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ 

ʟ ʙʝʨʝʟʥʷ-ʢʚʽʪʥʷ 2021 ʧʦ ʣʠʧʝʥʴ 2021) 

ʇʦʢʘʟʥʠʢʠ 
ʅʦʤʝʨ ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢʫ 

1 2 3 4 

ʇʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

/ʜʦʟʘ ʟʘ ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ, ʤɿʚ 

3,7/8 22,2/47 61,6/133 84,0/181 

ʂʦʝʬʽʮʽʻʥʪ 

ʩʪʘʙʽʣʽʟʘʮʽʾ (S) 
0,213Ñ0,025 0,373Ñ0,050 0,318Ñ0,038 0,226Ñ0,072 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

(k) 

0,0035Ñ0,0017 0,0074Ñ0,0017 0,0097Ñ0,0040 0,0033Ñ0,0012 

ɿʤʝʥʰʝʥʥʷ 

ʤʘʩʠ ʟʝʣʝʥʦʛʦ 

ʯʘʶ, % 

66,3Ñ2,1 52,8Ñ4,2 57,4Ñ3,2 65,2Ñ6,1 

ɿʤʝʥʰʝʥʥʷ 

ʤʘʩʠ ʯʘʶ 

ʨʦʡʙʫʰ, % 

14,8Ñ5,9 17,1Ñ1,9 21,8Ñ4,8 13,7Ñ3,7 

 

ɼʣʷ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ, ʱʦ ʨʦʟʤʽʱʝʥʘ ʚ ʣʽʩʽ ɿɺ ʏɸɽʉ (ʪʘʙʣ. 3.22) 

ʚʽʜʤʽʯʝʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʾ (k) ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʜʦʟʠ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ 

ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʪʦʯʮʽ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. 

ʊʘʢʦʞ ʚʽʜʟʥʘʯʘʻʤʦ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʽʜʙʫʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʯʘʶ 

ʨʦʡʙʫʰ. ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ ʮʴʦʛʦ ʚʠʜʫ ʯʘʶ ʻ ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʜʦ ʨʦʟʢʣʘʜʘʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ.  

ʑʦʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ (S) ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʟʝʣʝʥʦʛʦ 

ʯʘʶ ï ʥʝ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʚʧʣʠʚʫ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʜʘʥʠʡ 

ʧʨʦʮʝʩ. 
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ʋ ʪʘʙʣʠʮʽ 3.23 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ TBI ʽʥʜʝʢʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ 

ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ  ɿɺ ʏɸɽʉ ʟʘ ʧʝʨʽʦʜ ʟ ʣʠʧʥʷ ʧʦ ʞʦʚʪʝʥʴ 2021 ʨʦʢʫ. 

 

ʊʘʙʣʠʮʷ 3.23 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ TBI ʽʥʜʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ 

ʟ ʣʠʧʥʷ 2021 ʧʦ ʞʦʚʪʝʥʴ 2021). 

ʇʦʢʘʟʥʠʢʠ 
ʅʦʤʝʨ ʝʢʩʧ. ʤʘʡʜʘʥʯʠʢʫ 

1 2 3 4 

ʇʦʪʫʞʥʽʩʪʴ 

ʜʦʟʠ, ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

/ʜʦʟʘ ʟʘ ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ, ʤɿʚ 

3,7/8 22,2/47 61,6/133 84,0/181 

ʂʦʝʬʽʮʽʻʥʪ 

ʩʪʘʙʽʣʽʟʘʮʽʾ (S) 
0,153Ñ0,070 0,099Ñ0,026 0,096Ñ0,030 0,127Ñ0,037 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

(k) 

0,0046Ñ0,0018 0,0044Ñ0,0013 0,0067Ñ0,0018 0,0052Ñ0,0013 

ɿʤʝʥʰʝʥʥʷ 

ʤʘʩʠ ʟʝʣʝʥʦʛʦ 

ʯʘʶ, % 

71,3Ñ5,9 75,9Ñ2,2 76,1Ñ2,5 73,5Ñ3,1 

ɿʤʝʥʰʝʥʥʷ 

ʤʘʩʠ ʯʘʶ 

ʨʦʡʙʫʰ, % 

15,3Ñ4,7 16,4Ñ3,9 22,4Ñ4,6 17,8Ñ3,4 

 

ɸʣʝ ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʟʘʬʽʢʩʦʚʘʥʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ (TBI) ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ. ʅʘʡʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʜʽʣʷʥʮʽ 

ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ ʮʽ ʧʨʦʮʝʩʠ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʩʪʘʥʫ ʤʽʢʨʦʙʦʮʝʥʦʟʫ. ʍʦʯʘ ʟ ʫʞʝ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 
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ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʫ ʤʽʢʨʦʬʣʦʨʫ ˇʨʫʥʪʫ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʝ ʻ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ.  

ʈʦʙʦʪʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʧʦʣʽʛʦʥʽ ɿɺ ʏɸɽʉ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.25. 

  

                                       ɸ                                                     ɹ 

  

                            ɺ                                                         ɻ 

ʈʠʩʫʥʦʢ 3.25 ï ʌʦʪʦ ʟʘʢʣʘʜʢʠ ʩʫʙʩʪʨʘʪʽʚ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʽʚ ʥʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ: ɸ- 

ʚʽʜʙʽʨ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; ɹ ï ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 8 

ʩʤ;  ɺ ï ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʚʦʣʦʛʦʤʽʨʦʤ ʄɻ-44; ɻ ï ʥʦʚʘ ʧʘʨʪʽʷ 

ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ˇʨʫʥʪʽ. 
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ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ 

ʤʽʢʨʦʬʣʦʨʦʶ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜ Tea 

Bag ɯndex (TBI) [217]. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʘʡʥʠʭ ʧʘʢʝʪʠʢʽʚ 

ʊʄ Lipton ʜʚʦʭ ʚʠʜʽʚ ï ʟʝʣʝʥʦʛʦ ʯʘʶ (EAN8714100770542) ʪʘ ʨʦʡʙʫʰʫ 

(EAN8722700188438), ʷʢ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ  

ʦʪʨʠʤʘʣʠ ʜʦʩʣʽʜʥʠʢʠ ʜʣʷ ʚʩʽʭ ʝʢʦʩʠʩʪʝʤ ʟ ʙʽʣʴʰ, ʥʽʞ 2000 ʤʽʩʮʴ ʧʦ ʚʩʴʦʤʫ 

ʩʚʽʪʫ.  

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʚʯʝʥʥʷ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʽʚ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʜʚʘ ʜʦʩʣʽʜʥʽ ʧʦʣʽʛʦʥʠ ï ʧʝʨʰʠʡ ʫ 

ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʠʚʝʜʝʥʠʭ 

ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʙʽʛʫ ʫ 1988 ʨʦʮʽ ʫʛʽʜʜʷʭ ʥʘ ʤʝʞʽ ʟ ʟʦʥʦʶ 

ɺʽʜʯʫʞʝʥʥʷ (ʅʘʨʦʜʠʮʴʢʠʡ ʨʘʡʦʥ, ɾʠʪʦʤʠʨʩʴʢʘ ʦʙʣʘʩʪʴ). ɺ ʤʝʞʘʭ ʮʴʦʛʦ 

ʧʦʣʽʛʦʥʫ ʚʠʜʽʣʝʥʽ ʪʨʠ ʪʦʯʢʠ ʟʘʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʽʜʙʦʨʫ 

ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ: ʅʘʨʦʜʠʯʽ Min ï N51,24076Á, E29,21497Á; ʅʘʨʦʜʠʯʽ Med ï 

N51,24029Á, E29,22043Á;  ʅʘʨʦʜʠʯʽ Max ï N51,23815Á, E29,22245Á. ɼʨʫʛʠʡ 

ʧʦʣʽʛʦʥ ʦʙʨʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʦʥʽ ɺʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ (ʏɿɺ) 

ʥʘ ʧʨʠʨʦʜʥʠʭ ʫʛʽʜʜʷʭ, ʱʦ ʽʥʪʝʥʩʠʚʥʦ ʟʘʨʦʩʪʘʶʪʴ ʣʽʩʦʤ. ʅʘ ʜʨʫʛʦʤʫ ʧʦʣʽʛʦʥʽ 

ʚʠʜʽʣʝʥʽ ʯʦʪʠʨʠ ʪʦʯʢʠ ʟʘʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʽʜʙʦʨʫ ˇʨʫʥʪʫ: 

ʏɿɺ 1 ï N51,38595Á, E30,03035Á; ʏɿɺ 2 ï 51.38446,30.02888; ʏɿɺ 3 ï 

51.38358, 30.03060; ʏɿɺ 4 ï N51,38231Á, E30,03298Á. ʆʙʠʜʚʘ ʧʦʣʽʛʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʠʤʠʤ ʛʨʘʜʽʻʥʪʦʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʤʘʶʪʴ ˇʨʫʥʪ ʦʜʥʦʨʽʜʥʠʡ ʟʘ ʘʛʨʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʘʙʣʠʮʷ 3.24. 
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ʊʘʙʣʠʮʷ 3.24 - ɸʛʨʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʯʦʢ ʜʣʷ ʟʘʢʣʘʜʢʠ 

ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʥʘ ʧʦʣʽʛʦʥʘʭ 

ɸʛʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

1-ʡ ʧʦʣʽʛʦʥ 2-ʡ ʧʦʣʽʛʦʥ 

ʅʘʨʦʜʠʯʽ 

Min 

ʅʘʨʦʜʠʯʽ 

Med 

ʅʘʨʦʜʠʯʽ 

Max 

ʏɿɺ Min ʏɿɺ Max 

ʢʠʩʣʦʪʥʽʩʪʴ ʦʙʤʽʥʥʘ (ʨʅKCl) 6,2Ñ0,05 6,2Ñ0,02 6,3Ñ0,5 4,0Ñ0,3 5,0Ñ0,7 

ʢʠʩʣʦʪʥʽʩʪʴ ʛʽʜʨʦʣʽʪʠʯʥʘ (ʅʛ), ʤʛ-

ʝʢʚ/100 ʛ ˇʨʫʥʪʫ 
1,23Ñ0,04 1,23Ñ0,03 1,25Ñ0,04 2,1Ñ0,25 2,3Ñ0,27 

ʩʫʤʘ ʚʚʽʙʨʘʥʠʭ ʦʩʥʦʚ, ʤʛ-ʝʢʚ/100 ʛ 

ˇʨʫʥʪʫ 
8,7Ñ1,3 9,5Ñ0,7 9,8Ñ0,8 7,7Ñ0,5 8,5Ñ0,7 

ʨʫʭʦʤʽ ʬʦʩʬʘʪʠ, ʤʛ/ʢʛ ˇʨʫʥʪʫ (ʟʘ 

ʂʽʨʩʘʥʦʚʠʤ) 
428Ñ90 434Ñ20 444Ñ59 76Ñ11 50Ñ8 

ʦʙʤʽʥʥʠʡ ʢʘʣʽʡ, ʤʛ/ʢʛ ˇʨʫʥʪʫ (ʟʘ 

ʂʽʨʩʘʥʦʚʠʤ) 
164Ñ18 161Ñ20 196Ñ78 29Ñ8 35Ñ9 

ʛʫʤʫʩ, % 2,3Ñ0,1 2,6Ñ0,2 2,7Ñ0,1 1,2Ñ0,2 0,9Ñ0,1 

ʘʟʦʪ ʣʝʛʢʦ-ʛʽʜʨʦʣʽʟʦʚʘʥʠʡ, ʤʛ/ʢʛ 75Ñ8 80Ñ11 81Ñ2 ʥ/ʜ ʥ/ʜ 

ʥʽʪʨʘʪʥʠʡ ʘʟʦʪ ʤʛ/ʢʛ 6,2Ñ4,1 7,5Ñ4,3 5,4Ñ3,5 ʥ/ʜ ʥ/ʜ 

ʟʘʛʘʣʴʥʠʡ ʘʟʦʪ, % 0,09Ñ0,01 0,1Ñ0,02 0,09Ñ0,01 ʥ/ʜ ʥ/ʜ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.25.  

 

ʊʘʙʣʠʮʷ 3.25 - ʈʘʜʽʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʯʦʢ ʜʣʷ ʟʘʢʣʘʜʢʠ 

ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʥʘ ʜʦʩʣʽʜʥʠʭ ʧʦʣʽʛʦʥʘʭ 

ʊʦʯʢʘ ʚʽʜʙʦʨʫ 

ʧʨʦʙʠ 

ʇʦʪʫʞʥʽʩʪʴ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ 

ʜʦʟʠ ɔ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʤʢɿʚ/ʛʦʜ 

ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ 137Cs 

ʫ ˇʨʫʥʪʽ, ɹʢ/ʢʛ 

ʇʠʪʦʤʘ 

ʘʢʪʠʚʥʽʩʪʴ 90Sr ʫ 

ˇʨʫʥʪʽ, ɹʢ/ʢʛ 

ʉʫʤʘʨʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 

ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ, 

ʤʢɻʨ/ʛʦʜ 

(137Cs+90Sr) 

1 ʅʘʨʦʜʠʯʽ 

Min 

0,13Ñ0,01 
600Ñ45 33Ñ4 0,20 

2 ʅʘʨʦʜʠʯʽ 

Med 

0,41Ñ0,03 
2900Ñ80 180Ñ15 1,00 

3 ʅʘʨʦʜʠʯʽ 

Max 

0,74Ñ0,04 
4600Ñ110 270Ñ12 1,57 

ʏɿɺ-1-Min 1,7Ñ0,04 10400Ñ200 800Ñ100 3,68 

ʏɿɺ-2 10,2Ñ0,3 62,4Ñ 0,6 5,0Ñ 0,4 22,2 

ʏɿɺ-3 25,5Ñ0,5 149,3Ñ1,4 25,0Ñ0,3 61,6 

ʏɿɺ - 4-Max 

(ʛʦʨʽʣʴʥʠʢ) 
34,8Ñ0,5 203800Ñ4100 34000Ñ300 84,00 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘ ʦʙʦʭ ʧʦʣʽʛʦʥʘʭ ʜʦʪʨʠʤʘʥʦ ʫʤʦʚʠ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʩʘʤʝ ï ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʛʦ ʛʨʘʜʽʻʥʪʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ. ʇʠʪʦʤʘ ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʨʘʟʠ ʽ, ʣʦʛʽʯʥʦ, ʱʦ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ 

ʤʽʢʨʦʬʣʦʨʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʫ ʨʘʟʠ. ʊʘʢʠʡ ʛʨʘʜʽʻʥʪ ʨʘʜʽʦʣʦʛʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʘʤʝ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦʾ 

ʩʠʪʫʘʮʽʾ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʷʢ ʪʘʢʽ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʨʘʜʽʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘ 2-ʤʫ ʧʦʣʽʛʦʥʽ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʚʠʟʥʘʯʝʥʽ ʤʽʩʮʷ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ 

ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʠʮʷ ʚ ʧʦʪʫʞʥʦʩʪʽ 

ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʜʣʷ ʪʦʯʢʠ ʟ ʥʘʡʥʠʞʯʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʪʘ 

ʪʦʯʢʠ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 2-ʛʦ ʧʦʣʽʛʦʥʫ ʩʷʛʘʻ ʙʽʣʴʰʝ, ʥʽʞ 420 

ʨʘʟʽʚ.  

ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʦʤʫ ˇʨʫʥʪʽ ʜʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ. ʊʘʢ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ S ʪʘ k ʜʣʷ ʟʨʘʟʢʽʚ ʯʘʶ (ʨʠʩ. 3.26), ʱʦ ʙʫʣʠ ʚ ˇʨʫʥʪʽ 

90 ʜ̔ ʙ (ʟ ʞʦʚʪʥʷ 2020 ʨʦʢʫ ʧʦ ʩʽʯʝʥʴ 2021 ʨʦʢʫ) ʧʨʠ ʤʽʥʽʤʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ 

ʜʦʟʠ ʥʘ ʤʽʢʨʦʙʽʦʪʫ ˇʨʫʥʪʫ 0,2 ʤʢɻʨ/ʛʦʜ ʽ ʜʦʟʠ ʟʘ ʝʢʩʧʦʟʠʮʽʶ 0,4 ʤɻʨ 

ʩʢʣʘʜʘʶʪʴ 0,588Ñ0,020 ʪʘ 0,0105Ñ0,0026, ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ 1 ʤʢɻʨ/ʛʦʜ ʽ 

ʜʦʟʠ ʟʘ ʝʢʩʧʦʟʠʮʽʶ 2,2 ʤɻʨ ï 0,494Ñ0,001 ʪʘ 0,0175Ñ0,0059, ʪʘ ʧʨʠ 

ʥʘʡʚʠʱʦʤʫ ʨʽʚʥ ̔ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʟʘ ʫʤʦʚ ʧʦʪʫʞʥʦʩʪʽ ʧʦʛʣʠʥʫʪʦʾ 

ʜʦʟʠ 1,6 ʤʢɻʨ/ʛʦʜ  ̔ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʟʘ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ 3,6 ʤɻʨ ï 0,456Ñ0,032 ʪʘ 

0,0113Ñ0,0006 ʚʽʜʧʦʚʽʜʥʦ.  
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ʈʠʩ. 3.26 - ʇʘʨʘʤʝʪʨʠ ʊɺI-ʽʥʜʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʨʷʜ 

ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ (1 ʧʦʣʽʛʦʥ -ʽʥʢʫʙʘʮʽʷ ʟ ʞʦʚʪʥʷ 2020 ʧʦ ʩʽʯʝʥʴ 2021) 

ʇʨʠʤʽʪʢʘ. ʊʫʪ ʽ ʜʘʣʽ: ʙʫʢʚʠ a, b, c, d ʧʦʟʥʘʯʘʶʪʴ ʥʘʣʝʞʥʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʜʦ ʨʽʟʥʠʭ 

ʛʦʤʦʛʝʥʥʠʭ ʨʷʜʽʚ ʟʘ ʤʝʪʦʜʦʤ ʌʽʰʝʨʘ ʧʨʠ ʨÒ0,05. ʇʦʨʽʚʥʶʚʘʪʠ ʪʨʝʙʘ ʢʦʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʦʢʨʝʤʦ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʥʘʤʠ ʜʘʥʠʭ ʙʘʯʠʤʦ, ʱʦ ʟʘʬʽʢʩʦʚʘʥʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ TBI-

ʽʥʜʝʢʩʫ ʜʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ (ʨʠʩ. 3.26). ʅʘʡʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ 

ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʜʽʣʷʥʮʽ ʟ ʥʘʡʚʠʱʠʤ 

ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ ʮʽ ʧʨʦʮʝʩʠ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʙʽʣʴʰ ʨʝʪʝʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʫ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʙʽʦʪʠ ˇʨʫʥʪʫ. ʍʦʯʘ ʟ 

ʫʞʝ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʫ ʤʽʢʨʦʬʣʦʨʫ ˇʨʫʥʪʫ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʝ ʻ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ. ʈʽʚʥʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

1-ʛʦ ʧʦʣʽʛʦʥʫ ʤʘʶʪʴ ʦʟʥʘʢʠ ʩʪʠʤʫʣʷʮʽʾ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʬʣʦʨʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʥʘ 1-ʤʫ ʧʦʣʽʛʦʥʽ (ʨʠʩ. 3.26), ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ˇʨʫʥʪʦʚʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʝ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ ʧʨʦʭʦʜʠʚ ʫ ʪʦʯʮʽ 3 ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ. ʑʦʜʦ 

ʨʦʟʢʣʘʜʘʥʥʷ ʙʽʣʴʰ ʩʪʽʡʢʦʛʦ ʩʫʙʩʪʨʘʪʫ ï ʨʦʡʙʫʰʫ, ʪʦ ʚʠʜʥʦ ʥʘʡʥʠʞʯʫ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʫ ʪʦʯʮʽ ʅʘʨʦʜʠʯʽ Min.   

  
 

ʈʠʩʫʥʦʢ 3.27 - ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ (1 ʧʦʣʽʛʦʥ -ʽʥʢʫʙʘʮʽʷ ʟ 

ʞʦʚʪʥʷ 2020 ʧʦ ʩʽʯʝʥʴ 2021) 

 

 

ʈʠʩʫʥʦʢ 3.28 ï ʇʘʨʘʤʝʪʨʠ ʊɺI-ʽʥʜʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ (1 ʧʦʣʽʛʦʥ -ʽʥʢʫʙʘʮʽʷ ʟ ʙʝʨʝʟʥʷ 2021ʨ. ʧʦ ʯʝʨʚʝʥʴ 

2021) 
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ʈʠʩʫʥʦʢ 3.29 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ (1 ʧʦʣʽʛʦʥ - ʽʥʢʫʙʘʮʽʷ ʟ 

ʙʝʨʝʟʥʷ 2021 ʧʦ ʯʝʨʚʝʥʴ 2021) 

 

 

ʈʠʩʫʥʦʢ 3.30 ï ʇʘʨʘʤʝʪʨʠ ʊɺI-ʽʥʜʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ (1 ʧʦʣʽʛʦʥ - ʽʥʢʫʙʘʮʽʷ ʟ ʯʝʨʚʥʷ 2021 ʧʦ ʚʝʨʝʩʝʥʴ 2021) 
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ʈʠʩʫʥʦʢ 3.31 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ (ʽʥʢʫʙʘʮʽʷ ʟ ʯʝʨʚʥʷ 

2021 ʧʦ ʚʝʨʝʩʝʥʴ 2021) 

 

ɼʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʧʨʦʚʝʜʝʥʦ ʦʙʣʽʢ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ 

ʨʽʟʥʠʭ ʩʝʣʝʢʪʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʏʠʩʝʣʴʥʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʫʩʽʭ ʝʢʦʣʦʛʦ-

ʪʨʦʬʽʯʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʧʦʩʽʚ ʥʘ ˇʨʫʥʪʦʚʦʤʫ ʘʛʘʨʽ, ʩʝʨʝʜʦʚʠʱʽ 

ʏʘʧʝʢʘ, ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ, ʄʫʨʦʤʮʝʚʘ, ɽʰʙʽ ʪʘ ɻʽʣʴʪʘʷ) ʻ ʥʘʡʚʠʱʦʶ 

ʫ ʚʘʨʽʘʥʪʽ ʟ ʥʘʡʚʠʱʦʶ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ). ʅʘ 

ʜʨʫʛʦʤʫ ʤʽʩʮʽ ʟʘ ʯʠʩʝʣʴʥʽʩʪʶ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï 

ʚʘʨʽʘʥʪ ʟ ʥʘʡʥʠʞʯʦʶ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ ʽ ʥʘʡʤʝʥʰʫ ʯʠʩʝʣʴʥʽʩʪʴ ʚʽʜʤʽʯʝʥʦ ʜʣʷ 

ʚʘʨʽʘʥʪʫ ʟ ʧʨʦʤʽʞʥʦʶ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ (ʪʘʙʣ. 3.26). 

 

 

 

 

 



108 
 

ʊʘʙʣʠʮʷ 3.26 - ʆʙʣʽʢ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ 1-ʛʦ ʧʦʣʽʛʦʥʫ, 

ʪʠʩ./ʛ (ʚʽʜʙʽʨ ʚʦʩʝʥʠ 2020), ʪʠʩ./ʛ ˇʨʫʥʪʫ  

ˉ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

 

 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ 

1 2 3 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʦʨʛʘʥʽʯʥʠʡ 

ʘʟʦʪ (ʘʤʦʥʽʬʽʢʘʪʦʨʠ) (ʩʝʨʝʜʦʚʠʱʝ 

ʄʇɸ) 

3800Ñ195 6950Ñ450 2367Ñ381 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʽ 

ʩʧʦʣʫʢʠ ʘʟʦʪʫ (ʩʝʨʝʜʦʚʠʱʝ ʂɸɸ) 
2167Ñ150 900Ñ83 7867Ñ470 

ʛʨʠʙʠ (ʩʝʨʝʜʦʚʠʱʝ ʏʘʧʝʢʘ) 120,0Ñ0,090 33,3Ñ0,004 433,0Ñ0,310 

ʦʣʽʛʦʪʨʦʬʠ (ˇʨʫʥʪʦʚʠʡ ʘʛʘʨ) 933Ñ22 277Ñ13 2280Ñ184 

ʱʦ ʨʦʟʯʠʥʷʶʪʴ ʤʽʥʝʨʘʣʦʬʦʩʬʘʪʠ 

(ʩʝʨʝʜʦʚʠʱʝ ʄʫʨʦʤʮʝʚʘ) 
433 400 2533 

ʘʟʦʪʬʽʢʩʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ ɽʰʙʽ)* 0,459 0,459 45,000 

ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ ɻʽʣʴʪʘʷ)* 2500 950 25000 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʙʘʢʪʝʨʽʾ 

(ʩʝʨʝʜʦʚʠʱʝ ɯʤʰʝʥʝʮʴʢʦʛʦ-

ʉʦʣʥʮʝʚʦʾ)* 

0,459 0,450 95,000 

*) ʦʙʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ, ɻʽʣʴʪʘʷ) ʽ 

ʥʘʧʽʚʨʽʜʢʠʭ (ɽʰʙʽ) ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ 

ʨʦʟʚʝʜʝʥʴ ʽ ʪʘʙʣʠʮʷʤʠ ʄʘʢ-ʂʨʝʜʽ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʪʦʞ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʦʪʨʽʙʥʘ 

 

ʅʘʡʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʝʤʽʩʽʷ ʉʆ2, ʧʦʪʝʥʮʽʡʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʧʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ N2O/CO2) ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ ʟʨʘʟʢʫ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʋ ʧʨʦʙʽ ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʽʜʤʽʪʠʣʠ ʥʘʡʤʝʥʰʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʫ ʚʘʨʽʘʥʪʽ ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʠ ʘʙʦ ʧʨʠʛʣʫʰʝʥʽ, ʘʙʦ ʞ ʫ ʚʘʨʽʘʥʪʽ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʥʠ ʩʪʠʤʫʣʶʶʪʴʩʷ. ɺʘʨʽʘʥʪ ʟ ʥʘʡʥʠʞʯʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ, ʧʨʦʪʝ ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʚʘʨʽʘʥʪʘ ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ (ʪʘʙʣ. 3.27). 
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ʊʘʙʣʠʮʷ 3.27 - ɸʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʫ 1-ʛʦ ʧʦʣʽʛʦʥʫ 

(ʚʽʜʙʽʨ ʚʦʩʝʥʠ 2020)  

ʊʦʯʢʠ ʚʽʜʙʦʨʫ  

ʧʨʦʙʠ 

 

ɸʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

1 2 3 

ɽʤʽʩʽʷ ʉʆ2, ʥʤʦʣʴ ʉʆ2/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 764,9Ñ7,0 730,4Ñ16,3 839,0Ñ26,8 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, 

ʥʤʦʣʴ N2O/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 
32,98Ñ1,38 19,42Ñ0,86 41,81Ñ3,01 

ʇʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʟʦʪʬʽʢʩʘʮʽʾ, 

ʥʤʦʣʴ ʝʪʠʣʝʥʫ/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 
16,8Ñ4,38 10,0Ñ1,6 95,4Ñ10,9 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ N2O/CO2 (ʧʠʪʦʤʽ 

ʚʪʨʘʪʠ N2O ʥʘ ʦʜʠʥʠʮʶ ʝʤʽʩʽʡʥʦʛʦ 

ʉʆ2) 

0,050 0,027 0,043 

 

ʊʘʙʣʠʮʷ 3.28 ï ʆʙʣʽʢ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʚʽʜʙʽʨ ʚʣʽʪʢʫ 2021), ʪʠʩ./ʛ ˇʨʫʥʪʫ  

ˉ  

ʪʦʯʢʠ 

 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ 

1 2 3 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʦʨʛʘʥʽʯʥʠʡ 

ʘʟʦʪ (ʘʤʦʥʽʬʽʢʘʪʦʨʠ) (ʩʝʨʝʜʦʚʠʱʝ 

ʄʇɸ) 

17123Ñ240 2367Ñ232 41340Ñ3470 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʽ 

ʩʧʦʣʫʢʠ ʘʟʦʪʫ (ʩʝʨʝʜʦʚʠʱʝ ʂɸɸ) 
7187Ñ661 5547Ñ314 33107Ñ1610 

ʛʨʠʙʠ (ʩʝʨʝʜʦʚʠʱʝ ʏʘʧʝʢʘ) 140,1Ñ15,647 90,1Ñ12,547 218,4Ñ8,849 

ʦʣʽʛʦʪʨʦʬʠ (ˇʨʫʥʪʦʚʠʡ ʘʛʘʨ) 5617Ñ279 4558Ñ545 5547Ñ315 

ʱʦ ʨʦʟʯʠʥʷʶʪʴ ʤʽʥʝʨʘʣʦʬʦʩʬʘʪʠ 

(ʩʝʨʝʜʦʚʠʱʝ ʄʫʨʦʤʮʝʚʘ) 
9203Ñ257 1979Ñ127 37137Ñ1352 

ʘʟʦʪʬʽʢʩʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ ɽʰʙʽ)* 220 212 2600 

ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ ɻʽʣʴʪʘʷ)* 4950 2650 32500 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʙʘʢʪʝʨʽʾ 

(ʩʝʨʝʜʦʚʠʱʝ ɯʤʰʝʥʝʮʴʢʦʛʦ-

ʉʦʣʥʮʝʚʦʾ)* 

715 795 5850 

*) ʦʙʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ, ɻʽʣʴʪʘʷ) ʽ 

ʥʘʧʽʚʨʽʜʢʠʭ (ɽʰʙʽ) ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ 

ʨʦʟʚʝʜʝʥʴ ʽ ʪʘʙʣʠʮʷʤʠ ʄʘʢ-ʂʨʝʜʽ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʪʦʞ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʦʪʨʽʙʥʘ 
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ʊʘʙʣʠʮʷ 3.29 ï ɸʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʨʷʜ ʟ ʩ. ʍʨʠʩʪʠʥʽʚʢʘ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʚʽʜʙʽʨ ʚʣʽʪʢʫ 2021) 

ˉ  

ʪʦʯʢʠ 

 

ɸʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

1 2 3 

ɽʤʽʩʽʷ ʉʆ2, ʥʤʦʣʴ ʉʆ2/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 1765,1 Ñ 259,9 773,1 Ñ 93,5 4263 Ñ 240,3 

 

ɿ ʪʘʙʣʠʮʽ 3.29 ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʱʦ ʝʤʽʩʽʷ ʉʆ2 ʥʘ ʜʽʣʷʥʮʽ ʟ ʙʽʣʴʰʠʤ 

ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʠʤʠ ʜʦʟʘʤʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʘʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦʩʪʦʚʽʨʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

 ʍʦʯʘ ʧʦʨʽʚʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʊɺI-ʽʥʜʝʢʩʫ ʤʠ ʤʦʞʝʤʦ ʣʠʰʝ 

ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʦʣʽʛʦʥʫ.  

 

ʈʠʩʫʥʦʢ 3.32 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ɿɺ ʏɸɽʉ (2 ʧʦʣʽʛʦʥ -ʽʥʢʫʙʘʮʽʷ ʟ ʞʦʚʪʥʷ 2020 

ʧʦ ʩʽʯʝʥʴ 2021) 

 

ɼʣʷ 2-ʛʦ ʧʦʣʽʛʦʥʫ ʧʨʠ ʥʘʡʥʠʞʯʽʡ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫ ʟʘ ʫʤʦʚ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʥʘ ʤʽʢʨʦʙʽʦʪʫ 3,7 ʤʢɻʨ/ʛʦʜ  ʽ ʜʦʟʠ ʟʘ ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ 8 ʤɻʨ ï 0,463Ñ0,035 ʪʘ 0,008Ñ0,001 ʪʘ ʧʨʠ ʥʘʡʚʠʱʽʡ 
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ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫ ʟʘ ʫʤʦʚ ʧʦʪʫʞʥʦʩʪʽ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʥʘ ʤʽʢʨʦʙʽʦʪʫ 84 

ʤʢɻʨ/ʛʦʜ ʽ ʜʦʟʠ ʟʘ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ 181ʤɻʨ ï 0,486Ñ0,058 ʪʘ 0,007Ñ0,002 

ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.33). 

 

 

ʈʠʩʫʥʦʢ 3.33 ï ʇʘʨʘʤʝʪʨʠ ʊɺI-ʽʥʜʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ ʟ ʞʦʚʪʥʷ 2020 ʧʦ ʩʽʯʝʥʴ 2021) 

ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʜʚʦʭ ʪʦʯʦʢ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ 

ɸɽʉ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.33 ʜʣʷ ʟʝʣʝʥʦʛʦ ʯʘʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʟ ʪʦʯʢʦʶ ʅʘʨʦʜʠʯʽ Max. ɸ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ 

ʨʦʡʙʫʰʫ ʙʫʣʘ ʜʝʱʦ ʥʠʞʯʦʶ. ʍʦʯʘ, ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ 

ʢʦʥʩʪʘʪʫʚʘʪʠ ï ʨʘʜʽʦʥʫʢʣʽʜʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʞ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ. 
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ʈʠʩʫʥʦʢ 3.34 ï ʇʘʨʘʤʝʪʨʠ ʊɺI-ʽʥʜʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ ʟ ʙʝʨʝʟʥʷ-ʢʚʽʪʥʷ 2021 ʧʦ ʣʠʧʝʥʴ 2021) 

 

ɺ ʪʘʙʣʠʮʽ 3.30 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʣʽʢʫ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ˇʨʫʥʪʫ ʥʘ 2-ʤʫ ʧʦʣʽʛʦʥʽ. ʋ ʟʚôʷʟʢʫ ʟ ʨʘʥʥʽʤ ʚʽʜʙʦʨʦʤ ʟʨʘʟʢʽʚ (ʥʠʟʴʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʝʨʝʜʫʚʘʣʠ ʚʽʜʙʦʨʫ) ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʝʚʥʠʭ ʝʢʦʣʦʛʦ-ʪʨʦʬʽʯʥʠʭ ʛʨʫʧ: ʘʟʦʪʬʽʢʩʘʪʦʨʠ ʪʘ 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʜʣʷ ʦʙʦʭ ʪʦʯʦʢ ʚʽʜʙʦʨʫ, ʘ ʜʣʷ ʪʦʯʢʠ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʞ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʛʨʠʙʽʚ ʥʘ ʩʝʨʝʜʦʚʠʱʽ 

ʏʘʧʝʢʘ ʪʘ ʬʦʩʬʘʪʤʦʙʽʣʽʟʽʚʥʠʭ ʙʘʢʪʝʨʽʡ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʄʫʨʦʤʮʝʚʘ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʫ ˇʨʫʥʪʽ ʟ ʪʦʯʢʠ 1 ʜʦʚʦʣʽ ʙʘʛʘʪʦ ʤʽʥʝʨʘʣʴʥʠʭ ʩʧʦʣʫʢ 

ʘʟʦʪʫ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʷʢ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʟʘʩʚʦʶʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ ʘʟʦʪʫ, ʪʘʢ ʽ ʯʠʩʝʣʴʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ 

(ʚʽʨʦʛʽʜʥʦ, ʮʝ ʥʘʩʣʽʜʢʠ ʤʠʥʫʣʦʾ (ʣʽʪʥʴʦ-ʦʩʽʥʥʴʦʾ) ʘʢʪʠʚʥʦʾ ʘʤʦʥʽʬʽʢʘʮʽʾ). 

ʇʦʨʽʚʥʶʶʯʠ ʟʨʘʟʢʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʥʘʩʪʫʧʥʝ: ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʚʠʩʽʚʫ 

ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʫ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ ʤʽʞ ʪʦʯʢʘʤʠ ʟ 

ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʏʠʩʝʣʴʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʙʫʣʘ ʚʠʱʦʶ ʚ ʪʦʯʮʽ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ.  
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ʊʘʙʣʠʮʷ 3.30 ï ʆʙʣʽʢ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ɿɺ ʏɸɽʉ (ʚʽʜʙʽʨ ʚʝʩʥʦʶ 2021), ʪʠʩ./ʛ ˇʨʫʥʪʫ  

ˉ  

ʪʦʯʢʠ 

 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ 

1 2 3 4 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʦʨʛʘʥʽʯʥʠʡ ʘʟʦʪ 

(ʘʤʦʥʽʬʽʢʘʪʦʨʠ) (ʩʝʨʝʜʦʚʠʱʝ 

ʄʇɸ) 

650,1Ñ37 378,1Ñ18 473,5Ñ32 391,8Ñ19 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ ʘʟʦʪʫ 

(ʩʝʨʝʜʦʚʠʱʝ ʂɸɸ) 

12826Ñ510 25572Ñ712 10706Ñ810 45Ñ5 

ʛʨʠʙʠ (ʩʝʨʝʜʦʚʠʱʝ ʏʘʧʝʢʘ) 23,8Ñ4 36,5Ñ6 28,9Ñ5 ʥʝ ʚʠʷʚʣʝʥʦ 

ʦʣʽʛʦʪʨʦʬʠ (ˇʨʫʥʪʦʚʠʡ ʘʛʘʨ) 10246Ñ160 2782Ñ110 1661Ñ94 6214Ñ119 

ʱʦ ʨʦʟʯʠʥʷʶʪʴ 

ʤʽʥʝʨʘʣʦʬʦʩʬʘʪʠ (ʩʝʨʝʜʦʚʠʱʝ 

ʄʫʨʦʤʮʝʚʘ) 

1024Ñ92 1141Ñ88 ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ 

ʘʟʦʪʬʽʢʩʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ 

ɽʰʙʽ)* 
ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ 

ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ 

ɻʣ̔ʴʪʘʷ)* 
4770 1017 265 988 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʙʘʢʪʝʨʽʾ 

(ʩʝʨʝʜʦʚʠʱʝ ɯʤʰʝʥʝʮʴʢʦʛʦ-

ʉʦʣʥʮʝʚʦʾ)* 

ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ ʥʝ ʚʠʷʚʣʝʥʦ 

*) ʦʙʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ, ɻʽʣʴʪʘʷ) ʽ 

ʥʘʧʽʚʨʽʜʢʠʭ (ɽʰʙʽ) ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ 

ʨʦʟʚʝʜʝʥʴ ʽ ʪʘʙʣʠʮʷʤʠ ʄʘʢ-ʂʨʝʜʽ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʪʦʞ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʦʪʨʽʙʥʘ 

 

ʊʘʢʦʞ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦ ʙʽʦʣʦʛʽʯʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫ (ʟʘ 

ʧʦʪʝʥʮʽʡʥʦʶ ʝʤʽʩʽʻʶ ʉʆ2), ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.31.  

 

ʊʘʙʣʠʮʷ 3.31 ï ɸʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ɿɺ ʏɸɽʉ (ʚʽʜʙʽʨ ʚʝʩʥʦʶ 2021) 

ˉ  

ʪʦʯʢʠ 

 

ɸʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

1 2 3 4 

ɽʤʽʩʽʷ ʉʆ2, ʥʤʦʣʴ ʉʆ2/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 355Ñ40,2 482Ñ 3,2 536Ñ17,4 225Ñ11,0 
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ʊʘʙʣʠʮʷ 3.32 ï ʆʙʣʽʢ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ɿɺ ʏɸɽʉ (ʚʽʜʙʽʨ ʚʣʽʪʢʫ 2021), ʪʠʩ./ʛ ˇʨʫʥʪʫ  

ˉ  

ʪʦʯʢʠ 

 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ 

1 2 3 4 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʦʨʛʘʥʽʯʥʠʡ ʘʟʦʪ 

(ʘʤʦʥʽʬʽʢʘʪʦʨʠ) (ʩʝʨʝʜʦʚʠʱʝ 

ʄʇɸ) 

1371Ñ94 1988Ñ113 1764Ñ104 1139Ñ111 

ʱʦ ʟʘʩʚʦʶʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ ʘʟʦʪʫ 

(ʩʝʨʝʜʦʚʠʱʝ ʂɸɸ) 

844Ñ65 2197Ñ133 1764Ñ252 380Ñ54 

ʛʨʠʙʠ (ʩʝʨʝʜʦʚʠʱʝ ʏʘʧʝʢʘ) 48,9Ñ8 74,3Ñ13 100,5Ñ17 42,1Ñ8 

ʦʣʽʛʦʪʨʦʬʠ (ˇʨʫʥʪʦʚʠʡ ʘʛʘʨ) 211Ñ34 206Ñ38 288Ñ44 290Ñ32 

ʱʦ ʨʦʟʯʠʥʷʶʪʴ 

ʤʽʥʝʨʘʣʦʬʦʩʬʘʪʠ (ʩʝʨʝʜʦʚʠʱʝ 

ʄʫʨʦʤʮʝʚʘ) 

1406Ñ89 2406Ñ121 1944Ñ112 1001Ñ95 

ʘʟʦʪʬʽʢʩʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ 

ɽʰʙʽ)* 
0,475 0,471 0,486 0,466 

ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʠ (ʩʝʨʝʜʦʚʠʱʝ 

ɻʽʣʴʪʘʷ)* 
474,6 470,8 270,0 258,8 

ʮʝʣʶʣʦʟʦʨʫʡʥʽʚʥʽ ʙʘʢʪʝʨʽʾ 

(ʩʝʨʝʜʦʚʠʱʝ ɯʤʰʝʥʝʮʴʢʦʛʦ-

ʉʦʣʥʮʝʚʦʾ)* 

0,788 0,158 0,162 0,988 

*) ʦʙʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ɯʤʰʝʥʝʮʴʢʦʛʦ-ʉʦʣʥʮʝʚʦʾ, ɻʽʣʴʪʘʷ) ʽ 

ʥʘʧʽʚʨʽʜʢʠʭ (ɽʰʙʽ) ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ 

ʨʦʟʚʝʜʝʥʴ ʽ ʪʘʙʣʠʮʷʤʠ ʄʘʢ-ʂʨʝʜʽ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʪʦʞ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʦʪʨʽʙʥʘ 

 

ʅʘʞʘʣʴ, ʱʝ ʥʝ ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʘʟʦʪʬʽʢʩʘʮʽʾ ʪʘ 

ʙʽʦʣʦʛʽʯʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʷʢʽ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʧʽʟʥʽʰʝ. ɽʤʽʩʽʷ ʉʆ2 ʻ ʥʠʞʯʦʶ 

ʜʣʷ ʪʦʯʢʠ ʏɿɺ ʄʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʫ ʮʴʦʤʫ ʟʨʘʟʢʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʩʽʚʫ ʥʘ ʧʦʞʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʊʘʙʣʠʮʷ 3.33 ï ɸʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ɿɺ ʏɸɽʉ (ʚʽʜʙʽʨ ʚʣʽʪʢʫ 2021) 

ˉ  

ʪʦʯʢʠ 

 

ɸʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

1 2 3 4 

ɽʤʽʩʽʷ ʉʆ2, ʥʤʦʣʴ ʉʆ2/ʛ ˇʨʫʥʪʫ/ʛʦʜʠʥʫ 611,8Ñ9,7 888,9Ñ20,0 1061,1Ñ1,2 300,5Ñ14,1 
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ʈʠʩʫʥʦʢ 3.35 - ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ ʟ ʞʦʚʪʥʷ 2020 ʧʦ ʩʽʯʝʥʴ 

2021) 

 

 

ʈʠʩʫʥʦʢ 3.36 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ ʟ ʙʝʨʝʟʥʷ-ʢʚʽʪʥʷ 2021 ʧʦ 

ʣʠʧʝʥʴ 2021) 
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ʈʠʩʫʥʦʢ 3.37 ï ʇʘʨʘʤʝʪʨʠ ʊɺI-ʽʥʜʝʢʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ ʟ ʣʠʧʥʷ 2021 ʧʦ ʞʦʚʪʝʥʴ 2021) 

 

ʈʠʩʫʥʦʢ 3.38 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ɿɺ ʏɸɽʉ (ʽʥʢʫʙʘʮʽʷ ʟ ʣʠʧʥʷ 2021 ʧʦ ʞʦʚʪʝʥʴ 

2021) 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ (S) ʜʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʩʪʘʪʠʩʪʠʯʥʦ 

ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʪʦʯʦʢ 2 ʽ 3 ʚʽʜ ʟʥʘʯʝʥʴ ʜʣʷ ʪʦʯʢʠ 1 (ʨʠʩ. 3.26). 

ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʧʦʢʘʟʥʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 3.27): ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʦ 

ʙʽʣʴʰʘ ʫ ʪʦʯʢʘʭ 2 ʽ 3 ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʪʦʯʢʠ 1 ʟ ʥʘʡʤʝʥʰʦʶ 

ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ ˇʨʫʥʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʣʽʢʫ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

(ʪʘʙʣ. 3.26) ʜʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʧʦʢʘʟʘʣʠ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ 

ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʢʨʽʤ ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ) ʫ ʪʦʯʮʽ 3, ʘ ʦʩʴ ʪʦʯʢʘ 2 

ʚʽʜʟʥʘʯʠʣʘʩʷ ʣʠʰʝ ʥʘʡʚʠʱʦʶ ʯʠʩʝʣʴʥʽʩʪʶ ʘʤʦʥʽʬʽʢʘʪʦʨʽʚ. ɸʢʪʠʚʥʽʩʪʴ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʪʦʯʢʠ 3 ʚʽʜʤʽʯʝʥʘ ʥʘ ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʽ (ʪʘʙʣ. 3.27). 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʤʦʞʝʤʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʽʚʥʽ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʪʦʯʮʽ 3 1-ʛʦ ʧʦʣʽʛʦʥʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʪʠʤʫʣʶʶʯʠʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʗʢʱʦ ʪʘʢʦʞ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʚ ˇʨʫʥʪʽ 1-ʛʦ ʧʦʣʽʛʦʥʫ, ʪʦ ʚ ʪʦʯʮʽ 1 

ʚʤʽʩʪ ʛʫʤʫʩʫ ʻ ʥʘʡʥʠʞʯʠʤ ï 2,3Ñ0,1%. ɸ ʷʢ ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

S TBI-ʽʥʜʝʢʩʫ ʪʫʪ ʤʠ ʚʽʜʤʽʯʘʻʤʦ ʥʘʡʚʠʱʠʡ ʥʘ ʧʦʣʽʛʦʥʽ ʨʽʚʝʥʴ ʥʘʢʦʧʠʯʝʥʥʷ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ˇʨʫʥʪʦʤ. ʈʘʟʦʤ ʟ ʪʠʤ, ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 1 ʟʘʢʣʘʜʢʫ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʤʘʣʦʽʥʪʝʥʩʠʚʥʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ï ʟ ʞʦʚʪʥʷ ʧʦ ʩʽʯʝʥʴ. ʆʪʞʝ, ʜʣʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʪʦʯʢʘʭ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʤʽʯʝʥʦ 

ʟʥʠʞʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʽ ʪʘ ʧʽʜʚʠʱʝʥʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ 

ʪʘ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʉʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʦʾ ʨʽʟʥʠʮʽ ʜʣʷ ʪʦʯʦʢ 2-ʛʦ ʧʦʣʽʛʦʥʫ ʚ ʟʥʘʯʝʥʥʷʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ TBI-ʽʥʜʝʢʩʫ ʥʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ. ʈʘʟʦʤ ʟ ʪʠʤ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʘ ʚʠʱʘ ʜʣʷ ʪʦʯʢʠ 1 (ʜʣʷ ʨʦʡʙʫʰʫ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ). ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʩʽʚʽʚ 

ˇʨʫʥʪʦʚʦʾ ʩʫʩʧʝʥʟʽʾ (ʪʘʙʣ. 3.30), ʚʽʜʤʽʯʘʻʤʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʯʠʩʝʣʴʥʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʻ ʥʘʡʚʠʱʦʶ ʚ ʪʦʯʮʽ 1, ʘ ʧʦʪʝʥʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʉʆ2 ʻ 

ʚʠʱʦʶ ʚ ʪʦʯʮʽ 3. ɸʣʝ, ʷʢ ʙʘʯʠʤʦ ʟ ʪʘʙʣʠʮʽ 3.4, ʚʤʽʩʪ ʛʫʤʫʩʫ ʚ ʪʦʯʮʽ 3 ʻ ʪʘʢʦʞ 

ʚʠʱʠʤ, ʥʽʞ ʫ ʪʦʯʮʽ 2. ɺʨʘʭʦʚʫʶʯʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʨʽʟʥʠʮʶ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʪʦʯʢʘʤʠ 1 ʪʘ 3 (ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ 

ʜʦʟʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʝ, ʥʽʞ ʫ 20 ʨʘʟʽʚ), ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 1-ʛʦ 
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ʧʦʣʽʛʦʥʫ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʦʛʣʠʥʫʪʽ ʜʦʟʠ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ˇʨʫʥʪʫ ʚ ʪʦʯʢʘʭ 1 ʪʘ 2 ʤʦʞʫʪʴ ʤʘʪʠ 

ʩʪʠʤʫʣʶʶʯʠʡ ʝʬʝʢʪ ʥʘ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘ ʚʠʱʽ ʜʦʟʠ (ʥʘ ʨʽʚʥʽ 

ʟʥʘʯʝʥʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʚ ʪʦʯʮʽ 3) ʧʨʠʛʥʽʯʫʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ˇʨʫʥʪʦʚʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʍʦʯʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʬʣʦʨʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʘ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʤʠ ʨʽʚʥʽʚ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ. 

 

3.6 ʆʮʽʥʢʘ ʚʤʽʩʪʫ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ. 

 

ɻʫʤʫʩʦʚʽ ʨʝʯʦʚʠʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ˇʨʫʥʪʽʚ. ɿ ʥʠʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʨʦʜʶʯʽʩʪʴ, 

ʘʜʩʦʨʙʮʽʡʥʽ, ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʚʽ, ʚʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʨʝʛʫʣʶʚʘʥʥʷ ʡʦʛʦ 

ʚʦʜʥʦʛʦ, ʛʘʟʦʚʦʛʦ ʨʝʞʠʤʫ ʽ ʝʥʝʨʛʦʙʘʣʘʥʩʫ. ɻʫʤʫʩʦʚʽ ʨʝʯʦʚʠʥʠ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʟʦʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺ ʧʨʦʮʝʩʽ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʛʫʤʫʩʫ ʚʦʥʠ ʧʝʨʝʭʦʜʷʪʴ 

ʫ ʣʝʛʢʦʜʦʩʪʫʧʥʫ ʜʣʷ ʨʦʩʣʠʥ ʬʦʨʤʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʭ ʝʣʝʤʝʥʪʘʤʠ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʉʘʤʝ ʮʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʬʘʢʪ ʟʨʦʩʪʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʫ ˇʨʫʥʪʘʭ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʛʫʤʫʩʫ. ɻʝʦʭʽʤʽʯʥʠʡ ʦʙʽʛ 

ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʨʘʟʦʤ ʽʟ ʯʠʥʥʠʢʘʤʠ, ʱʦ ʡʦʛʦ ʟʫʤʦʚʣʶʶʪʴ, ʩʪʘʥʦʚʠʪʴ 

ʩʪʨʠʞʥʝʚʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ. ʆʩʪʘʥʥʷ ʻ ʛʦʣʦʚʥʠʤ 

ʯʠʥʥʠʢʦʤ ʫʪʚʦʨʝʥʥʷ ʟʝʣʝʥʦʾ ʤʘʩʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʡ 

ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ɻʫʤʫʩʦʚʽ ʨʝʯʦʚʠʥʠ ʩʪʘʥʦʚʣʷʪʴ ʛʨʫʧʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ 

ʫʪʚʦʨʠʣʠʩʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʛʫʤʽʬʽʢʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʰʪʦʢ ˇʨʫʥʪʦʚʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʚʥʘʩʣʽʜʦʢ ʩʢʣʘʜʥʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʜʘʪʥʠʭ 

ʫʤʦʚʘʭ ˇʨʫʥʪʦʚʦʛʦ ʦʩʝʨʝʜʢʫ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʽʥʮʝʚʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʻ ʚʦʜʘ, ʚʫʛʣʝʢʠʩʣʦʪʘ, ʘʤʽʘʢ, 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʪʘ ʛʫʤʫʩʦʚʽ ʨʝʯʦʚʠʥʠ. ʆʩʪʘʥʥʽ, ʷʢ 

ʧʨʦʜʫʢʪʠ ʨʦʟʧʘʜʫ ʧʝʨʚʠʥʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʰʪʦʢ ʪʘ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʤʝʪʘʙʦʣʽʪʽʚ), ʬʦʨʤʫʶʪʴ ʤʦʣʝʢʫʣʠ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʟʘ 
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ʫʯʘʩʪʶ ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʬʝʨʤʝʥʪʽʚ ʧʝʨʝʚʘʞʥʦ ʤʽʢʨʦʙʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɿʘ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʫʜʦʚʠ ʚʦʥʠ ʥʝ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʥʝ ʤʘʶʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʭʽʤʽʯʥʦʾ ʬʦʨʤʫʣʠ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʽ ʛʝʪʝʨʦʛʝʥʥʽ 

ʩʫʤʽʰʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʙʽʦʭʽʤʽʯʥʦ ʩʪʽʡʢʠʭ ʩʧʦʣʫʢ ʽʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʩʣʘʙʢʠʭ ʢʠʩʣʦʪ. 

ɼʦ ʛʫʤʽʥʦʚʠʭ ʢʠʩʣʦʪ ʥʘʣʝʞʘʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ ʩʣʘʙʢʠʭ 

ʣʫʛʘʭ ʽ ʢʦʘʛʫʣʶʶʪʴ ʧʨʠ ʧʽʜʢʠʩʣʝʥʥʽ ʨʦʟʯʠʥʫ. ɻʫʤʽʥʦʚʽ ʢʠʩʣʦʪʠ ʤʘʶʪʴ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʝ ʘʙʦ ʯʦʨʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʙʽʦʣʦʛʽʯʥʦʶ 

ʩʪʽʡʢʽʩʪʶ. ɺʦʥʠ ʥʘʜʘʶʪʴ ˇʨʫʥʪʘʤ ʪʝʤʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘʚʽʪʴ ʧʨʠ 

ʥʝʟʥʘʯʥʦʤʫ ʚʤʽʩʪʽ ʛʫʤʫʩʫ. ʏʝʨʝʟ ʧʦʛʘʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ ʛʫʤʽʥʦʚʽ ʢʠʩʣʦʪʠ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʶʪʴ ʛʫʤʫʩʥʠʡ 

ʛʦʨʠʟʦʥʪ. 

ʋ ʚʽʜʽʙʨʘʥʠʭ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ 

ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʱʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʚ ʨʦʟʜʽʣʽ 2. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.39 ʪʘ 3.40 ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʪʘʧʠ ʚʠʟʥʘʯʝʥʥʷ ʛʫʤʫʩʦʚʠʭ 

ʨʝʯʦʚʠʥ ʟ ʜʚʦʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʦʢ.  

  

ʈʠʩʫʥʦʢ 3.39 ï ɽʢʩʪʨʘʢʮʽʷ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ˇʨʫʥʪʫ ʟ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʦʢ ʟʦʥʠ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦ) ʚʽʜʩʝʣʝʥʥʷ (ɸ) ʪʘ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ (ɹ). 

 

 

 

 s  x
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ʈʠʩʫʥʦʢ 3.40 ï ʌʽʣʴʪʨʠ ʟ ʦʩʘʜʦʤ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ˇʨʫʥʪʫ ʟ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʦʢ ʟʦʥʠ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦ) ʚʽʜʩʝʣʝʥʥʷ (ɸ) ʪʘ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ (ɹ). 

 

 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʦʣʽʛʦʥʫ 1, ʘ ʩʘʤʝ ʟ ʅʘʨʦʜʠʮʴʢʦʛʦ ʨʘʡʦʥʫ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʚʽʜʯʘʪʴ (ʪʘʙʣ. 3.34), ʱʦ ʨʘʜʽʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʚʥʦʩʠʪʴ 

ʧʝʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʽ.  

 

ʊʘʙʣʠʮʷ 3.34 ï  ɺʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ (%) ʫ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʟ 

ʜʽʣʷʥʢʠ ʚ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʏɸɽʉ 

ˉ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ 
ɺʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʢʠʩʣʦʪ, % ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ˇʨʫʥʪʫ 

I ʛʨʫʧʘ ʟʨʘʟʢʽʚ (ʣʽʪʥʽʡ ʧʝʨʽʦʜ) 

1 0,212Ñ0,01 

2 0,376Ñ0,02 

3 0,084Ñ0,003 

Iɯ ʛʨʫʧʘ ʟʨʘʟʢʽʚ (ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ) 

1 1,208Ñ0,09 

2 0,860Ñ0,07 

3 0,648Ñ0,06 

 

 s  x
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ʊʘʢ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʪʦʯʮʽ ʟ ʙʽʣʴʰʠʤ ʨʘʜʽʦʥʫʢʣʽʜʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ 

ˇʨʫʥʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʝʥʰʠʡ ʚʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ, ʷʢ ʫ ʣʽʪʥʽʡ, ʪʘʢ ʽ 

ʦʩʽʥʥʽʡ ʧʝʨʽʦʜʠ. ɿʚʠʯʘʡʥʦ ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʾʭ ʚʠʱʠʡ ʚʤʽʩʪ ʫ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ, 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʽʜ 

ʨʽʚʥʷ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɸʥʘʣʽʟ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ ʟ ʜʨʫʛʦʛʦ ʧʦʣʽʛʦʥʫ (ʟʦʥʘ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ) ʟʽ 

ʟʥʘʯʥʦ ʚʠʱʠʤʠ ʨʽʚʥʷʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʚʩʪʘʥʦʚʣʝʥʫ ʪʝʥʜʝʥʮʽʶ 

ʱʦʜʦ ʤʝʥʰʦʛʦ ʚʤʽʩʪʫ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ʪʦʯʢʘʭ, ʜʝ ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʱʝ (ʪʘʙʣ. 3.35). ʍʦʯʘ ʟ ʫʞʝ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʚʧʣʠʚ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ˇʨʫʥʪʫ ʟʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʥʝ ʻ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ. 

ɼʦʤʽʥʫʶʯʠʡ ʚʧʣʠʚ ʟʜʽʡʩʥʶʻ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ.  

ʊʘʙʣʠʮʷ 3.35 ï  ɺʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ (%) ʫ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʟ 

ʜʽʣʷʥʢʠ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ 

ˉ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ 
ɺʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʢʠʩʣʦʪ, % ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ˇʨʫʥʪʫ 

I ʛʨʫʧʘ ʟʨʘʟʢʽʚ (ʣʽʪʥʽʡ ʧʝʨʽʦʜ) 

1 0,316Ñ0,02 

2 0,192Ñ0,02 

3 0,204Ñ0,01 

4 0,124Ñ0,02 

ɯɯ ʛʨʫʧʘ ʟʨʘʟʢʽʚ (ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ) 

1 1,068Ñ0,08 

2 0,640Ñ0,07 

3 0,732Ñ0,09 

4 1,048Ñ0,09 
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ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʚʦʭ ʧʦʣʽʛʦʥʽʚ ʻ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʝ, ʘʜʞʝ 

ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ. ɸ ʷʢ ʚʽʜʦʤʦ, ʪʦ ʩʘʤʝ ʚʦʥʠ ʻ 

ʚʠʟʥʘʯʥʠʤʠ ʫ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʛʫʤʫʩʫ. 

ʍʦʯʘ, ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ï ʨʘʜʽʦʥʫʢʣʽʜʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʞ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ. ʇʨʦʪʝ ʚʧʣʠʚ 

ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʥʝ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ, ʘ ʙʽʣʴʰ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ, ʥʘʧʨʠʢʣʘʜ, 

ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ˇʨʫʥʪʽ. ʊʘʢʦʞ ʚʘʨʪʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʤʽʩʪ ʛʫʤʫʩʦʚʠʭ ʢʠʩʣʦʪ ʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʦʪʝʥʮʽʡʥʦʾ ʝʤʽʩʽʾ ʉʆ2. ɺ ʪʦʯʢʘʭ, ʜʝ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʜʫʢʫʚʘʥʥʷ ʉʆ2 ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʘ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ʙʘʯʠʤʦ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʛʫʤʽʥʦʚʠʭ 

ʢʠʩʣʦʪ, ʽ ʥʘʚʧʘʢʠ. ɸ ʦʪʞʝ ʚ ˇʨʫʥʪʽ ʟ ʥʠʟʴʢʦʶ ʧʦʪʝʥʮʽʡʥʦʶ ʝʤʽʩʽʻʶ ʉʆ2 ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʯʘʩʦʤ.  

ʆʢʨʝʤʦ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʪʦʯʢʫ 4, ʷʢ ʧʽʨʦʛʝʥʥʦ - ʪʨʘʥʩʬʦʨʤʦʚʘʥʫ 

ʚʥʘʩʣʽʜʦʢ ʧʦʞʝʞʽ ʫ 2020 ʨʦʮʽ. ʋ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʚʽʜʤʽʯʝʥʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʛʫʤʽʥʦʚʠʭ ʢʠʩʣʦʪ ʫ ʟʨʘʟʢʫ ʮʴʦʛʦ ˇʨʫʥʪʫ 0,124Ñ0,02%. ʇʽʩʣʷ ʧʝʨʽʦʜʫ 

ʤʘʢʩʠʤʘʣʴʥʦ ʽʥʪʝʥʩʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ, ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ, 

ʷʢʽ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʚʦʩʝʥʠ, ʧʦʢʘʟʘʚ ʥʘʡʚʠʱʠʡ ʧʨʠʨʽʩʪ ʚʤʽʩʪʫ ʛʫʤʽʥʦʚʠʭ ʢʠʩʣʦʪ 

ï ʤʘʡʞʝ ʫ 8,5 ʨʘʟʽʚ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʽʥʪʝʥʩʠʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʤʽʩʪʫ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʽ ʧʽʩʣʷ ʾʾ ʚʠʛʦʨʘʥʥʷ ʧʽʜ-ʯʘʩ ʧʦʞʝʞʽ. 
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ɺʠʩʥʦʚʢʠ  

ʋ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʪʘ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ ʥʘ ʦʩʥʦʚʽ ʨʝʪʝʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʫʤʦʚ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʽ ʘʛʨʦʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʽʙʨʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʦʣʽʛʦʥʠ ʟ ʩʫʪʪʻʚʦʶ ʨʽʟʥʠʮʝʶ ʫ ʨʽʚʥʷʭ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ (ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ) ʽ ʙʣʠʟʴʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ. ʇʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ 

ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ 0,2 ʤʢɻʨ/ʛʦʜ ʜʦ 84 ʤʢɻʨ/ʛʦʜ. ɺʝʣʠʯʠʥʘ ʩʬʦʨʤʦʚʘʥʠʭ ʜʦʟ ʟʘ 

ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʧʝʨʽʦʜ ʦʜʥʽʻʾ ʟʘʢʣʘʜʢʠ ï 90 ʜʽʙ) ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ 0.4 ʤɻʨ 

ʜʦ 181 ʤɻʨ.  ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʽʢʨʦʬʣʦʨʠ (TBI) ʚʽʜ ʨʽʟʥʠʭ ʜʦʟ  ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ, ʘ ʪʘʢʦʞ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ʡ ʛʫʤʽʥʦʚʠʭ ʩʧʦʣʫʢ. ʆʙʩʪʝʞʝʥʽ ʜʽʣʷʥʢʠ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʧʦʣʽʛʦʥʦʤ ʜʣʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʟʘ ʦʩʪʘʥʥʽʡ ʯʘʩ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ ʫ  ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʽʡ ʩʧʽʣʴʥʦʪʽ. 

1. ʋ ʟʦʥʽ ʙʝʟʫʤʦʚʥʦʛʦ (ʦʙʦʚôʷʟʢʦʚʦʛʦ) ʚʽʜʩʝʣʝʥʥʷ ʚʽʜʽʙʨʘʥʦ ʪʘ  

ʦʙʩʪʝʞʝʥʦ ʪʨʠ ʜʽʣʷʥʢʠ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ ï 0,14; 0,4; 0,8 

ʤʢɿʚ/ʛʦʜ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 1,2,3 ʜʽʣʷʥʢʘʭ. ʈʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʮʠʭ ʜʽʣʷʥʦʢ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʦ  137Cs ï 600Ñ45; 2900Ñ80; 

4600Ñ110 ɹʢ/ʢʛ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 1-3 ʜʽʣʷʥʢʘʭ, ʧʦ 90Sr ï 33Ñ4; 180Ñ15; 270Ñ12 ʥʘ 

ʮʠʭ ʞʝ ʜʽʣʷʥʢʘʭ, ʱʦ ʬʦʨʤʫ ̒ ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘ1-ʡ ʜʽʣʷʥʮʽ ï 0,20 ʤʢɻʨ/ʛʦʜ, ʥʘ 2-ʡ ʜʽʣʷʥʮʽ ï 1,0 

ʤʢɻʨ/ʛʦʜ, ʥʘ 3-ʡ ʜʽʣʷʥʮʽ ï 1,6 ʤʢɻʨ/ʛʦʜ. 

2. ʋ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ʚʽʜʽʙʨʘʥʦ ʪʘ  ʦʙʩʪʝʞʝʥʦ ʪʨʠ ʜʽʣʷʥʢʠ 

ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ ï 1,7Ñ0,04; 10,2Ñ0,3; 

25,5Ñ0,5 ʤʢɿʚ/ʛʦʜ ʚʽʜʧʦʚʽʜʥʦ ʽ ʜʽʣʷʥʢʫ ʥʘ ʤʽʩʮʽ ʧʦʞʝʞʽ, ʱʦ ʚʽʜʙʫʚʩʷ  ʫ 2020 

ʨ. ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ ï 34,8Ñ0,5 ʤʢɿʚ/ʛʦʜ. ʈʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʜʽʣʷʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʦ  137Cs  ï  10,4Ñ0,2; 

62,4Ñ0,6; 149,3Ñ1,4; 203,8Ñ4,1 ʢɹʢ/ʢʛ ʥʘ 1ï4 ʜʽʣʷʥʢʘʭ ʚʽʜʧʦʚʽʜʥʦ, ʧʦ 90Sr ï 
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0,8Ñ0,1; 5,0Ñ0,4; 25,0Ñ0,3; 34,0Ñ0,3 ʢɹʢ/ʢʛ ʥʘ 1ï4 ʜʽʣʷʥʢʘʭ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘ 

1-ʡ ʜʽʣʷʥʮʽ ï 3,7 ʤʢɻʨ/ʛʦʜ, ʥʘ 2-ʡ ʜʽʣʷʥʮʽ ï 22,2  ʤʢɻʨ/ʛʦʜ, ʥʘ 3 ï ʡ ʜʽʣʷʥʮʽ ï 

61,6  ʤʢɻʨ/ʛʦʜ , ʥʘ 4 ï ʡ ʜʽʣʷʥʮʽ ï 84,0  ʤʢɻʨ/ʛʦʜ. 

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʫ ɿɹ(ʆ) 

ʚʽʜʩʝʣʝʥʥʷ ʥʘ ʚʠʚʝʜʝʥʠʭ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʜʷʭ 

ʚʽʜʤʽʯʝʥʦ, ʱʦ ʚ ʪʦʯʢʘʭ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

(ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ 1,6 ʤʢɻʨ/ʛʦʜ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʽ ʪʘ ʧʽʜʚʠʱʝʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʩʪʽ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

4. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ  ʧʦʣʽʛʦʥʫ ʫ ɿɺ ʏɸɽʉ ʥʘ 

ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʫ ʤʝʞʘʭ ʢʦʣʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ 

ʧʦʛʣʠʥʫʪʠʭ ʜʦʟ ʚʽʜ ʚ 3,7 ʜʦ 84,0  ʤʢɻʨ/ʛʦʜ ʥʝ ʚʽʜʤʽʯʘʻʪʴʩʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʥʘʚʽʪʴ ʥʘ 

ʢʨʘʡʥʽʡ (ʤʘʢʩʠʤʘʣʴʥʽʡ) ʪʦʯʮʽ  ʟ ʥʘʡʚʠʱʽʤ ʨʽʚʥʝʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʤʽʩʮʽ ʧʦʞʝʞʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʘ 

ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ, ʱʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ.   

5. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ 

ʇʦʣʽʩʩʷ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʽʥʰʠʤʠ ˇʨʫʥʪʦʚʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ: ʬʦʩʬʘʪʤʦʙʽʣʽʟʫʶʯʠʤʠ, ʘʟʦʪʬʽʢʩʫʶʯʠʤʠ, 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʽ ʛʨʠʙʘʤʠ, ʧʨʠʯʦʤʫ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʙʘʢʪʝʨʽʡ ʽ ʦʢʨʝʤʠʭ ʾʭ ʧʦʧʫʣʷʮʽʡ ʜʦʩʪʦʚʽʨʥʦ ʚʠʱʝ ʥʘ ʜʽʣʷʥʢʘʭ ʧʦʢʠʥʫʪʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ɿɹ(ʆ) ʚʽʜʩʝʣʝʥʥʷ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʽʚʥʝʤ ʜʦʟ 

ʦʧʨʦʤʽʥʝʥʥʷ ʤʽʢʨʦʙʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. 

6. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʥʘ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʛʽʜʜʷʭ ɿɺ ʏɸɽʉ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʠʩʦʢʽ ʨʽʚʥʽ ʨʘʜʽʦʥʫʢʣʽʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʩʬʦʨʤʦʚʘʥʽ ʜʦʟʠ 

ʽʦʥʽʟʫʶʯʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʣʠ ʚʽʜ 8 ʜʦ 181 ʤɻʨ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʦʟʠʮʽʾ 
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ʨʦʩʣʠʥʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʫ ˇʨʫʥʪʘʭ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫʩʽ ʧʦʧʫʣʷʮʽʾ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʚʠʩʦʢʦʶ ʙʽʦʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʟ ʪʝʥʜʝʥʮʽʻʶ 

ʜʦ ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʜʦʟʘʤʠ 133 ʽ 181 ʤɻʨ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʦʟʠʮʽʾ ï 90 

ʜʽʙ.  

7. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟ 2-ʛʦ ʧʦʣʽʛʦʥʫ, ʚʽʜʤʽʯʝʥʦ, ʱʦ ʚ ʪʦʯʮʽ 

ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ (ʧʦʪʫʞʥʽʩʪʴ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ 

ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 61,6 ʤʢɻʨ/ʛʦʜ) ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʤʽʢʨʦʬʣʦʨʦʶ (ʥʘʡʚʠʱʠʡ 

ʨʽʚʝʥʴ ʧʦʪʝʥʮʽʡʥʦʾ ʝʤʽʩʽʾ ʉʆ2, ʢʦʝʬʽʮʽʻʥʪ ʤʽʥʝʨʘʣʽʟʘʮʽʾ k ʊɺɯ-ʽʥʜʝʢʩʫ ʪʘ  

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʶʪʴ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ). 

ʏʠʩʝʣʴʥʽʩʪʴ ʚʩʽʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʻ ʥʠʞʯʦʶ ʚ 

ˇʨʫʥʪʽ 2-ʛʦ ʧʦʣʽʛʦʥʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 1-ʛʦ ʧʦʣʽʛʦʥʫ ʟ ʥʠʞʯʠʤ 

ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʢʽʣʴʢʦʩʪʽ 

ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʠʭ ʙʘʢʪʝʨʽʡ. 

8. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟ 1-ʛʦ ʪʘ 2-ʛʦ ʧʦʣʽʛʦʥʽʚ ʚʽʜʤʽʯʝʥʦ, 

ʱʦ ʚ ʪʦʯʢʘʭ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʽ, ʷʢʝ ʧʦʻʜʥʫʚʘʣʦʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʽʥʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ɼʣʷ ʦʙʦʭ ʧʦʣʽʛʦʥʽʚ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʧʦʪʝʥʮʽʡʥʦʾ ʝʤʽʩʽʾ ʉʆ2. ʋ ʥʘʡʙʽʣʴʰ 

ʟʘʙʨʫʜʥʝʥʦʤʫ ˇʨʫʥʪʽ ʝʤʽʩʽʷ ʉʆ2 ʥʘʡʚʠʱʘ, ʟʘ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ï 

ʧʨʦʤʽʞʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʞ ʥʘʡʤʝʥʰʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʥʘʡʚʠʱʠʤ, ʫ 

ʚʽʜʥʦʩʥʦ ʯʠʩʪʦʤʫ ˇʨʫʥʪʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʢʫʚʘʥʥʷ ʉʆ2 ʙʫʣʘ ʥʠʟʴʢʦʶ. ʅʘ 

ʧʽʨʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʡʥʠʞʯʽ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʫʚʘʥʥʷ ʉʆ2.  

9. ʇʨʦʚʝʜʝʥʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʥʘʧʨʷʤʢʫ ʧʨʦʻʢʪʫ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ 

ʪʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ 

ʟʘʢʦʨʜʦʥʥʽʡ (European Geosciences Union General Assembly, 2021) ʪʘ 
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ʚʽʜʯʠʟʥʷʥʠʭ (ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʏʦʨʥʦʙʠʣʴʩʴʢʘ 

ʢʘʪʘʩʪʨʦʬʘ. ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ, ʥʘʧʨʷʤʢʠ ʪʘ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷè, 2021; 

ɺʩʝʫʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʚʝʙʽʥʘʨ çʋʈʆʂʀ ʏʆʈʅʆɹʀʃʗè, 2021) 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʧʫʙʣʽʢʘʮʽʻʶ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʴ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ 

ʌʦʥʜʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʣʘʥʦʚʘʥʽ ʧʨʦʻʢʪʦʤ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʮʝʣʶʣʦʟʦʨʫʡʥʫʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʬʣʦʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦ 
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ʤʝʪʦʶ ʢʦʨʝʢʮʽʾ ʤʽʢʨʦʙʽʦʤʽʚ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʝʨʠʪʦʨʽʾ, ʥʝʤʘʻ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ:  

ʈʦʟʜʽʣ ʤʦʥʦʛʨʘʬʽʾ 

ɺ.ɺ. ɯʣʣʻʥʢʦ,  ɯ.ɺ. ɺʦʣʢʦʛʦʥ,  ɸ.ɺ. ʂʣʝʧʢʦ, ʄ.ʄ. ʃʘʟʘʨʻʚ, ɯ.ʄ. ɻʫʜʢʦʚ. 

ɸʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʬʣʦʨʠ ˇʨʫʥʪʫ, ʟʘʙʨʫʜʥʝʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ (ʨʦʟʜʽʣ 10). ʄʦʥʦʛʨʘʬʽʷ "ʅʘʫʢʦʚʮʽ ʅʋɹʽʇ ʫ ʚʠʚʯʝʥʥʽ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ: ʤʦʥʦʛʨʘʬʽʷ" / ʟʘ ʟʘʛ. ʨʝʜ. 

ʧʨʦʬ. ɯ. ʄ. ɻʫʜʢʦʚʘ ʽ ʧʨʦʬ. ɺ. ʆ. ʂʘʰʧʘʨʦʚʘ ï ʍʝʨʩʦʥ : ʆʃɼɯ-ʇʃʖʉ, 2021. ï 

206 ʩ.  

ʇʫʙʣʽʢʘʮʽʾ ʚ ʞʫʨʥʘʣʘʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ 

Nataliya Bilyera, Michaela A. Dippold, Jarrett Bleicher, Deejay Maranguit, 

Yakov Kuzyakov, Evgenia Blagodatskaya. Microbial tradeoffs in internal and 

external use of resources regulated by phosphorus and carbon availability. 

European Journal of Soil Biology. Volume 106, SeptemberïOctober 2021, 

103353. https://doi.org/10.1016/j.ejsobi.2021.103353 

https://doi.org/10.1016/j.ejsobi.2021.103353
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ʜʦʩʪʫʧʫ: https://doi.org/10.7124/FEEO.v26.1258 
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ɺʠʜʘʚʥʠʯʠʡ ʜʽʤ çɻʝʣʴʚʝʪʠʢʘè, 2020. ï ˉ 5(32)., 164-168. 2020 ʨ. DOI 

https://doi.org/10.32846/2306-9716/2020.eco.5-32.24 
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Klepko, A., Illienko, V., Lazarev, M., and Bilyera, N.: Study of cellulose-

destroying activity of soil microflora on the radionuclide contaminated territories 

of Ukraine, EGU General Assembly 2021, online, 19ï30 Apr 2021, EGU21-

15011, https://doi.org/10.5194/egusphere-egu21-15011 
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