
 
 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʄʀʌʀè 

ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ  

ʀʥʪʝʨʥʝʪ-ʰʢʦʣʘ ʉʅɻ 
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ʩʧʝʮʠʘʣʠʩʪʦʚ 

 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ 

ʆʙʥʠʥʩʢ, 23-25 ʥʦʷʙʨʷ 2016 ʛ. 

 

 
ʆʙʥʠʥʩʢ 2017 

 



ISBN 978-5-7262-2386-5 

ʋɼʂ 621.039:5 
ɹʫʜʫʱʝʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. XII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ: ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ (ʆʙʥʠʥʩʢ: 23-25 ʥʦʷʙʨʷ 2016)  

- ʆʙʥʠʥʩʢ: ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, 2017 ï 278 ʩ. 

Future of Nuclear Power: XII International conference of stu-

dents, graduate students and young professionals: abstracts (Ob-

ninsk: 23-25 November 2016)  

- Obninsk: OINPE NRNU ʄɽʈHI, 2017 ï 278 p. 

 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʤʫʣʴʪʠʤʝʜʠʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʠʥʞʝʥʝʨʥʦʡ ʧʩʠʭʦ-

ʣʦʛʠʠ ʠ ʵʨʛʦʥʦʤʠʢʝ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ 

ʂʦʤʠʩʩʠʠ ʉʅɻ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʠʨʥʳʭ 

ʮʝʣʷʭ çʀʥʪʝʨʥʝʪ-ʰʢʦʣʘ ʉʅɻè.  

 

ʋʯʨʝʜʠʪʝʣʠ ʢʦʥʬʝʨʝʥʮʠʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè ʠ 

ʅʘʮʠʦʥʘʣɹʥʳʡ     ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʄʀʌʀè 

ʆʨʛʘʥʠʟʘʪʦʨ ʢʦʥʬʝʨʝʥʮʠʠ 

ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè. 

 

ʇʘʨʪʥʝʨʳ ʢʦʥʬʝʨʝʥʮʠʠ 

ɸʅʆ çʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠè, ɸʅʆ çʄʦʣʦ-

ʜʝʞʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʦʣʦʜʳʭ ʘʪʦʤʱʠʢʦʚè, ʄʦʣʦʜʝʞʥʦʝ ʦʪʜʝʣʝ-

ʥʠʝ ʷʜʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ, ʉʦʚʝʪ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʂʘʣʫʞ-

ʩʢʦʡ ʦʙʣʘʩʪʠ, ʈʦʩʩʠʡʩʢʦʝ ʘʪʦʤʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʆʆʆ çʀʥɸʪʦʤè 
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ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ 

 

ʉʪʨʠʭʘʥʦʚ ʄ.ʅ. ʈʝʢʪʦʨ ʅʀʗʋ ʄʀʌʀ, ʧʨʦʬʝʩʩʦʨ 

 

ʄʠʭʘʜʶʢ ʄ.ʀ. 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʢʦʤʠʩʩʠʠ ʉʅɻ, ʟʘʤʝʩʪʠ-

ʪʝʣʴ ʤʠʥʠʩʪʨʘ ʵʥʝʨʛʝʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ɹʝʣʘʨʫʩʴ  

ʂʫʰʥʘʨʝʚ ʉ.ɺ. 

 

ʃʠʪʚʠʥʦʚ ʄ.ɸ. 

 

ʃʝʦʥʦʚʘ ʊ.ʅ. 

 

ʅʘʭʘʙʦʚ ɸ.ɺ. 

 

ʂʦʥʜʘʢʦʚ ɺ.ɺ. 

 

ʉʠʜʠʨʦʚ ɽ.ɹ. 

 

 

ʉʦʙʦʣʝʚ ɽ.ɸ. 

 

ʊʠʭʦʤʠʨʦʚ ɻ.ɺ. 

 

ʋʦʛʠʥʪʘʩ ʉ.ʆ. 

 

 

ʍʘʣʘʪʷʥ ɻ.ʈ. 

 

 

ɿʘʚʝʩʪʦʚʩʢʘʷ ʀ.ʅ. 

 

 

ɹʘʨʙʘʰʠʥʘ ʅ.ʉ.  

ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʗʜʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ 

ʈʦʩʩʠʠ 

ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʉʅɻ ɻʂ çʈʦʩʘʪʦʤè 

 

ʇʨʦʨʝʢʪʦʨ ʅʀʗʋ ʄʀʌʀ  

ʠ.ʦ. ʜʠʨʝʢʪʦʨʘ ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ 

ɼʝʢʘʥ ʬʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ  

ʬʘʢʫʣʴʪʝʪʘ ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ 

ʀ.ʦ. ʜʠʨʝʢʪʦʨʘ ʮʝʥʪʨʘ ʘʪʦʤʥʦʡ  

ʵʥʝʨʛʝʪʠʢʠ ʅʀʗʋ ʄʀʌʀ 

ɼʠʨʝʢʪʦʨ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ 

çʈʦʩʘʪʦʤè, ʟʘʤ. ʟʘʚʝʜʫʶʱʝʛʦ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʤ ʦʪʜʝʣʦʤ ʈʇʈɸʕʇ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ ʢʦʤʠʩʩʠʠ 

ʉʅɻ 

ɼʝʢʘʥ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ  

ʬʘʢʫʣʴʪʝʪʘ ʅʀʗʋ ʄʀʌʀ 

ʂʦʦʨʜʠʥʘʪʦʨ ɺɸʆ ɸʕʉ-ʄʎ, ʄʆ ʗʆʈ 

 

ʉʦʚʝʪʥʠʢ ʜʠʨʝʢʪʦʨʘ ɼʝʧʘʨʪʘʤʝʥʪʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ɻʂ  

çʈʦʩʘʪʦʤè 

ɼʠʨʝʢʪʦʨ ʀʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʠʥ-

ʩʪʠʪʫʪʘ ʙʠʦʤʝʜʠʮʠʥʳ (ʀʌʀɹ) ʅʀʗʋ 

ʄʀʌʀ 

ʀ.ʦ. ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠ-

ʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʀʗʌʠʊ) ʅʀʗʋ 

ʄʀʌʀ 
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ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ ʅʀʗʋ ʄʀʌʀ 

 

ɹʝʣʦʫʩʦʚ ʇ.ɸ. ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʢʦʤʠʪʝʪʘ, ʢ.ʪ.ʥ., ʟʘʤ. 

ʜʝʢʘʥʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʬʠʟʠʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ,  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʀʥʪʝʨʥʝʪ-ʰʢʦʣʳ ʉʅɻ 

ʆʩʠʧʦʚʘ ʊ.ɸ. 

 

ʉʧʠʨʠʜʦʚʥʦʚʘɸ.ɸ. 

 

ɸʥʦʭʠʥ ʖ.ʅ. 

 

ɿʨʦʜʥʠʢʦʚ ɸ.ɺ. 

 

 

ʃʝʩʢʠʥ ʉ.ʊ. 

 

ʉʘʤʦʭʠʥ ɼ.ʉ. 

 

ʉʝʨʜʫʥʴ ʅ.ʇ. 

 

Ƚʪʘʨʢʦʚ ʉ.ʆ. 

 

ʉʪʝʧʘʥʦʚ ɺ.ɸ. 

 

ʊʨʦʬʠʤʦʚ ʄ.ɸ. 

 

ʋʜʘʣʦʚʘ ɸ.ɸ. 

 

ʏʫʩʦʚ ʀ.ɸ. 

 

ʐʘʙʣʦʚ ɺ.ʃ. 

 

 

ʕʧʰʪʝʡʥ ʅ.ɹ. 

 

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ ʦʨʛʢʦʤʠʪʝʪʘ 

 

ʉʝʢʨʝʪʘʨʴ ʢʦʥʬʝʨʝʥʮʠʠ 

 

ʂ.ʤ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ  

ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʤʝʜʠʮʠʥʳ 

ɼ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ 

ɼ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʗʕʋ 

ʂ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʨʘʩʯʝʪʘ ʠ  

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɸʕʉ 

ʂ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʤʝʭʘʥʠʢʠ ʠ  

ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ɸʕʉ 

ɼ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʠʩʪʝʤ, ʩʝʪʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ɼ.ʬ.-ʤ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ  

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ɼ.ʪ.ʥ., ʠ.ʦ. ʟʘʚ. ʢʘʬʝʜʨʦʡ ʘʚʪʦʤʘʪʠʢʠ, 

ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ɼ.ʙ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʵʢʦʣʦʛʠʠ 

 

ɼ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʧʣʦʬʠʟʠʢʠ 

 

ɼ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬ. ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ  

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ɼ.ʬʘʨʤ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʬʘʨʤʘʮʝʚʪʠ-

ʯʝʩʢʦʡ ʠ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠ-

ʤʠʠ 
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ʉɽʂʎʀʗ I  

ʈɸʉʏɽʊ ʀ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ʈɽɸʂʊʆʈʆɺ ɸʕʉ 
 

ʅʆɺɸʗ ʈɸʉʏɽʊʅɸʗ ʌʆʈʄʋʃɸ ɼʃʗ  

ʊɽʇʃʆʆʊɼɸʏʀ ɺ ɸʂʊʀɺʅʆʁ ɿʆʅɽ ʈɽɸʂʊʆʈɸ 

ɺɺʕʈ-ʉʂɼ 

 

ɸ.ʄ. ɹʘʠʩʦʚ, ɺ.ʀ ɼʝʝʚ 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʩʨʝʜʘʭ ʩ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ï ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʨʝ-

ʰʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʩ ʚʦʜʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ 

ʧʨʘʢʪʠʢʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʢʘʟʳʚʘʣʦ ʙʳ ʩ ʧʨʠʝʤʣʝ-

ʤʦʡ ʪʦʯʥʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʚʦʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʢʘʥʘʣʘʭ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ, ʥʝ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʥʦ ʠ ʚ ʨʝ-

ʞʠʤʘʭ ʫʣʫʯʰʝʥʥʦʡ ʠʣʠ ʫʭʫʜʰʝʥʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʪʘʢʫʶ ʦʙʦʙʱʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʚ ʢʘ-

ʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [1] ʜʣʷ ʨʝʞʠʤʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, 

,
ɟ

ɟ
PrRe 023.0Nu

ʞ 

25.0

ʞ

ʩ4.0

ʞ

0.8

ʞʞ.ʥ

n

p

p

c

c

ö
ö

÷

õ

æ
æ

ç

å

ö
ö
÷

õ
æ
æ
ç

å
=                       (1) 

ʚ ʢʦʪʦʨʦʡ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʩ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʫʯʠʪʳʚʘʝʪʩʷ ʜʚʫʤʷ ʧʦʧʨʘʚʦʯʥʳʤʠ 

ʤʥʦʞʠʪʝʣʷʤʠ ʢ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ɼʠʪʪʫʩʘ - ɹʦʣʪʝʨʘ ʜʣʷ 

ʧʦʩʪʦʷʥʥʳʭ ʩʚʦʡʩʪʚ.  

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ 

ʦʪʥʦʰʝʥʠʷ ʯʠʩʝʣ ʅʫʩʩʝʣʴʪʘ Nuʞ.,ɻ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʢ ʯʠʩʣʘʤ ʅʫʩʩʝʣʴʪʘ Nuʞ.ʥ, ʚʳʯʠʩʣʝʥʥʳʤ 

ʧʦ ʬʦʨʤʫʣʝ (1), ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʨʝʞʠʤʘʭ ʫʣʫʯʰʝʥʥʦʛʦ ʠʣʠ ʫʭʫʜ-
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ʰʝʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝ-

ʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʧʨʘʚʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʪʦʢ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝ-

ʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʚ ʧʩʝʚʜʦʢʨʠʪʠʯʝ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʣʫʯʘʝ ʢʘʥʘʣʦʚ ʥʝʙʦʣʴʰʦʛʦ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʘʢ-

ʪʠʚʥʳʭ ʟʦʥ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʧʦ-

ʩʣʝʜʥʠʡ ʬʘʢʪʦʨ (ʪʝʨʤʠʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷ-

ʥʠʝ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʤʦʞʥʦ ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ Re = Gdʛ/ɛ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ 

KA = qɓ/(Gcp) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ (h ï hm)/hm ʚ ʬʦʨʤʝ 

Km = Rem/KAm
0.5

 ʠ Kh = KmÖ(h ï hm)/hm, ʛʜʝ ʠʥʜʝʢʩ m ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʚʳʙʠʨʘʶʪʩʷ ʧʨʠ ʧʩʝʚʜʦʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ tm. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ 

(ʙʦʣʝʝ 2000 ʦʧʳʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʢʨʫʛʣʳʭ ʪʨʫʙ, ʢʦʣʴʮʝʚʳʭ ʢʘʥʘ-

ʣʦʚ ʠ ʧʫʯʢʦʚ ʩʪʝʨʞʥʝʡ) ʥʘʡʜʝʥ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʧʦʧʨʘʚʦʯʥʳʭ ʤʥʦʞʠʪʝʣʝʡ Y ʢ ʬʦʨʤʫʣʝ (1): 

ʜʣʷ ʨʝʞʠʤʦʚ ʫʣʫʯʰʝʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ  

Yʫʣ= 1 + 1.5exp(ï 30Kh
2
 + 3Kh); 

ʜʣʷ ʨʝʞʠʤʦʚ ʫʭʫʜʰʝʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ  

Yʫʭ= 1ï 0.15exp(ï125Kh
2
 ï 25Kh) 

(ʩ ʮʝʣʴʶ ʢʦʤʧʘʢʪʥʦʩʪʠ ʟʘʧʠʩʠ ʚʳʨʘʞʝʥʠʡ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʦʧʨʘʚʦʯʥʳʭ ʤʥʦʞʠʪʝʣʷʭ ʟʥʘʯʝʥʠʷ Km ʧʨʠʥʠ-

ʤʘʣʠʩʴ ʢʘʢ Km = (Rem³10
ï5

)
0.5

/(Km³10
3
). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʘʥʘʣʠʟʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʝʞʠʤʘʤ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʧʩʝʚʜʦʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʚʦʡʩʪʚʝʥ-

ʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ, 

ʥʘʧʨʠʤʝʨ, ʦʪ ʫʭʫʜʰʝʥʥʦʛʦ ʢ ʫʣʫʯʰʝʥʥʦʤʫ ʠ ʥʘʦʙʦʨʦʪ. ɺʦʟ-

ʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʨʝʞʠʤʦʚ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʝʨʠʷ Km, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʥʠʭ ʟʘʥʠʤʘʝʪ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʡ (ʧʝʨʝʭʦʜʥʳʡ) ʫʨʦʚʝʥʴ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥʘ ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ (ʥʦʨʤʘʣʴʥʦʡ, ʫʣʫʯʰʝʥʥʦʡ, 

ʫʭʫʜʰʝʥʥʦʡ ʠʣʠ ʩʤʝʰʘʥʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ) ʫʨʘʚʥʝʥʠʝʤ 

 Nuʞ = Nuʞ.ʥ[(1 ï z)Yʫʣ + z Yʫʭ], (2) 
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ʛʜʝ z = exp(ï 0.5Km
2
). 

ʌʦʨʤʫʣʘ (2) ʧʦʜʪʚʝʨʞʜʝʥʘ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʪʨʫʙ, ʢʦ-

ʣʴʮʝʚʳʭ ʢʘʥʘʣʦʚ ʠ ʧʫʯʢʦʚ ʩʪʝʨʞʥʝʡ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝ-

ʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (dʛ = 2.5ï32 ʤʤ;    

p = 22.5ï28 ʄʇʘ; G = 200ï2000 ʢʛ/(ʤ
2
Öʩ); q = 200ï2500 ʢɺʪ/ʤ

2
), 

ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝ ʧʨʝʚʳʰʘʝʪ ± 20ï25%.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɼʝʝʚ ɺ.ʀ., ʈʘʯʢʦʚ ɺ.ʀ., ʍʘʨʠʪʦʥʦʚ ɺ.ʉ., ʏʫʨʢʠʥ ɸ.ʅ. ɸʥʘ-

ʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʥʦʨʤʘʣʴʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʧʦʪʦʢʫ 

ʚʦʜʳ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʫʙʘʭ // 

ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ. 2015. ʊ. 119. ɺʳʧ. 3.ʉ. 138 ï 144. 

 

ɺʓɻʆʈɸʅʀɽ ɸʄɽʈʀʎʀʗ-241 ɺʆ ɺʅʋʊʈɽʅʅɽʁ ɿʆʅɽ  

ʈɽɸʂʊʆʈɸ ʈɹɽʎ-ʄ 

 

ɽ.ʀ. ʃʫʢʴʷʥ, ɸ.ʄ. ʊʝʨʝʭʦʚʘ, ɻ.ʃ. ʍʦʨʘʩʘʥʦʚ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʇʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ʈɹɽʎ-ʄ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 2000 ʛ. ʚ ʂʫʨʯʘ-

ʪʦʚʩʢʦʤ ʠʥʩʪʠʪʫʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʙʳʩʪʨʦʤ ʨʝʘʢ-

ʪʦʨʝ ʈɹɽʎ-ʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʚʪʝʢʪʠʢʘ ʩʚʠʥʮʘ-ʚʠʩʤʫʪʘ. ʂʘʤʧʘ-

ʥʠʷ ʨʝʘʢʪʦʨʘ ʜʣʠʣʘʩʴ 1800 ʩʫʪʦʢ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʝʨʠʮʠʷ-

241 ʚ ʜʚʫʭ ʪʠʧʘʭ ʨʝʘʢʪʦʨʘ ʈɹɽʎ-ʄ, ʦʭʣʘʞʜʘʝʤʳʭ ʰʪʘʪʥʳʤ 

ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ  ʠ ʤʦʥʦʠʟʦʪʦʧʥʳʤ 

ʩʚʠʥʮʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʤʢʥʫʪʴ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ, ʥʝʦʙʭʦʜʠʤʦ ʠʟ-

ʚʣʝʯʴ ʧʣʫʪʦʥʠʡ ʠ ʫʨʘʥ ʠʟ ʆʗʊ. ɺ ʦʪʨʘʙʦʪʘʚʰʝʤ ʪʦʧʣʠʚʝ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʤʘʣʳʝ ʘʢʪʠʥʠʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʤʝʨʠʮʠʡ-241), ʚʥʦʩʷ-

ʠɦʝ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ. ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 

ʘʤʝʨʠʮʠʷ-241 ʩʦʩʪʘʚʣʷʝʪ 432 ʛʦʜʘ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʠʟʙʘʚʣʝ-

ʥʠʷ ʆʗʊ ʦʪ ʘʤʝʨʠʮʠʷ ʷʚʣʷʝʪʩʷ ʚʳʞʠʛʘʥʠʝ ʪʷʞʝʣʳʭ ʷʜʝʨ 

ʥʝʡʪʨʦʥʘʤʠ. 

ʉʚʠʥʝʮ-208 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʥʝʡʪʨʦʥʦʚ 

ʠ ʩʣʘʙʳʤ ʠʭ ʟʘʤʝʜʣʝʥʠʝʤ. ʉʚʠʥʝʮ ʠ ʩʚʠʥʝʮ-ʚʠʩʤʫʪ ʥʝ ʚʩʪʫʧʘʶʪ 
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ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʦʜʦʡ ʠ ʚʦʟʜʫʭʦʤ, ʨʘʜʠʘʮʠʦʥʥʦ ʩʪʦʡʢʠ, 

ʩʣʘʙʦ ʘʢʪʠʚʠʨʫʶʪʩʷ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ 

(1740 ʠ 1670
ʦ
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [1,2]. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʛʦʤʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʈɹɽʎ-ʄ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

SERPEN. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ 

ENDF/BVII. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟʤʝʥʝʥʠʝ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʝʨʠ-

ʮʠʷ-241 ʚ ʧʨʦʮʝʩʩʝ  ʚʳʛʦʨʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ  

1.ʍʦʨʘʩʘʥʦʚ ɻ.ʃ., ɹʣʦʭʠʥ ɸ.ʀ. ʆʜʥʦʛʨʫʧʧʦʚʳʝ ʩʝʯʝʥʠʷ ʜʝ-

ʣʝʥʠʷ ʧʣʫʪʦʥʠʷ ʠ ʤʣʘʜʰʠʭ ʘʢʪʠʥʠʜʦʚ ʚ ʩʧʝʢʪʨʘʭ ʙʳʩʪʨʦʛʦ ʨʝ-

ʘʢʪʦʨʘ, ʦʭʣʘʞʜʘʝʤʦʛʦ ʩʚʠʥʮʦʤ-208 ʠ ʩʚʠʥʮʦʤ-ʚʠʩʤʫʪʦʤ. // ʀʟ-

ʚʝʩʪʠʷ ʚʫʟʦʚ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʠ ˉ4 ï 2011. ʉ. 13-17. 

2.ɹʣʦʭʠʥ ɸ. ʀ., ɿʝʤʩʢʦʚ ɽ.ɸ., ʍʦʨʘʩʘʥʦʚ ɻ.ʃ. ɺʣʠʷʥʠʝ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʘ ʩʚʠʥʮʘ-208 ʥʘ ʥʝʡʪʨʦʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʙʳʩʪʨʦʛʦ ʨʝʘʢʪʦʨʘ. // ɺʦʧʨʦʩʳ ʘʪʦʤ-

ʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʉʝʨʠʷ: ʗʜʝʨʥʳʝ ʢʦʥʩʪʘʥʪʳ. - 2010. ʚʳʧ. 1-

2. ʉ. 89-92.  

 

ʆʇʊʀʄʀɿɸʎʀʗ ʂʆʅʉʊʈʋʂʎʀʀ ʊɽʇʃʆʆɹʄɽʅʅʆɻʆ 

ʆɹʆʈʋɼʆɺɸʅʀʗ ʆʊʇʓʊʅʆʁ ʈɽɸʂʊʆʈʅʆʁ  

ʋʉʊɸʅʆɺʂʀ 30 ʄɺʊ ʅɸ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʀʍ  

ʇɸʈɸʄɽʊʈɸʍ ɺʆɼʓ 

 

ɸ.ʉ. ɹʳʯʦʢ, ɻ.ʇ. ɹʦʛʦʩʣʦʚʩʢʘʷ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 
ʇʝʨʝʭʦʜ ʥʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʉʂʇ) ʚ ʚʦʜʦʦʭʣʘ-

ʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʧʨʦ-

ʜʦʣʞʝʥʠʝ ʨʘʟʨʘʙʦʪʦʢ ɺɺʕʈ. ɺ ʈʦʩʩʠʠ ʠʤʝʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʘʫʯʥʳʝ ʟʘʜʝʣʳ ʠ ʧʨʦʝʢʪʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦ-

ʦʭʣʘʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʦʚ ʉʂɼ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ 

[1]. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʠʭ ʨʝʘʢʪʦʨʦʚ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʤʠ 

ʨʝʘʢʪʦʨʘʤʠ, ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʘʷ ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
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ʩʥʠʞʝʥʠʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʥʘ ~60%; ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʘ 

(ʜʘʚʣʝʥʠʝ ~25 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 535ï545ÁC) ʠ ʦʜʥʦʢʦʥʪʫʨʥʘʷ 

ʩʭʝʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʢ.ʧ.ʜ. ʫʩʪʘʥʦʚʢʠ ~44%; ʩʦʢʨʘʱʝ-

ʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʙʳʩʪʨʳʡ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʂɺ~1. 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ (1700 ʄɺʪ) ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʛʦ ʨʝʘʢʪʦʨʘ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ɺɺʕʈ-ʉʂɼ-30 ʥʘ 30 ʄɺʪ 

ʪʝʧʣʦʚʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʚʝʨʢʠ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʫʟʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʤʝʶʱʝʝʩʷ ʨʝʘʢʪʦʨʥʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʠʤʝ-

ʶʱʝʛʦʩʷ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʩʭʝʤʳ ʈʋ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧ-

ʣʦʦʙʤʝʥʥʠʢʦʚ ʚ ʈʋ ʥʘ ʉʂɼ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʭʝʤʘ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ɺɺʕʈ-ʉʂɼ-

30 ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ.1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʡ ʧʝʪʣʠ ɺɺʕʈ-ʉʂɼ-30 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʧʝ-

ʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʛʘʙʘʨʠʪʦʚ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳ-

ʛʦʜʥʦ.  
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ɸʥʘʣʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪ ɹʚʠʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʜʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ 15 ï 40%. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʘʜʝʞʥʳʭ ʠ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʊʆ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʭʝʤʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʩʧʦʩʦʙʦʤ ʦʤʳʚʘʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʝʝ ʬʦʨʤʦʡ, ʢʦʤʧʦʥʦʚʢʦʡ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʥʮʠʧʦʤ 

ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɹʘʨʘʥʘʝʚ ʖ.ɼ., ʂʠʨʠʣʣʦʚ ʇ.ʃ., ʇʦʧʣʘʚʩʢʠʡ ɺ.ʄ., ʐʘʨʘʧʦʚ 

ɺ.ʅ. ʗʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ ʥʘ ʚʦʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ//ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ. ï 2004. ï ʊ. 96. ï ɺʳʧ. 5. ï ʉ. 374 ï 380. 

 

ɼʀʅɸʄʀʂɸ ʈɽɸʂʊʆʈʅʆ-ʃɸɿɽʈʅʆʁ ʉʀʉʊɽʄʓ 

 

ɸ.ʅ. ʇʠʩʘʨʝʚ
1
, ɸ.ɸ. ʉʫʚʦʨʦʚ

2 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

2
ɸʆ çɻʅʎ ʈʌ-ʌʕʀ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ», ʛ. ʆʙʥʠʥʩʢ 

 

ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʟʜʘʸʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʥʫʞʜʝʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʩʨʝʜʳ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ, 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʵʥʝʨʛʠʝʡ. ʏʘʩʪʦʪʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦ-

ʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʯʘʩʪʦʪ ɹʦʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʵʥʝʨʛʠʡ 

ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʣʘʟʝʨʘ ʷʚ-

ʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʸʥʥʦʩʪʝʡ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ï 

ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʢʦʛʜʘ ʥʘʩʝʣʸʥʥʦʩʪʴ ʫʨʦʚʥʷ ʩ ʙʦʣʴʰʝʡ 

ʵʥʝʨʛʠʝʡ ʧʨʝʚʳʰʘʝʪ ʥʘʩʝʣʸʥʥʦʩʪʴ ʫʨʦʚʥʷ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. 

ʉʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʠʥʚʝʨʩʥʦʡ ʟʘʩʝʣʸʥʥʦʩʪʠ ʘʪʦʤʦʚ ʣʘʟʝʨ-

ʥʦʡ ʩʨʝʜʳ (ʥʘʢʘʯʢʘ ʣʘʟʝʨʘ) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʣʦʞʝʥʠʠ ʚ 

ʩʨʝʜʫ ʵʥʝʨʛʠʠ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦ-

ʩʦʙʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʣʝ-

ʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ: ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ; 
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ʥʘʢʘʯʢʘ ʧʫʯʢʦʤ ʙʳʩʪʨʳʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ, ʠʦʥʦʚ); 

ʦʧʪʠʯʝʩʢʘʷ ʥʘʢʘʯʢʘ; ʥʘʢʘʯʢʘ ʵʥʝʨʛʠʝʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ; 

ʥʘʢʘʯʢʘ ʧʨʦʜʫʢʪʘʤʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ (ʦʩʢʦʣʢʠ ʜʝʣʝʥʠʷ ʫʨʘʥʘ, 

ʧʨʦʪʦʥʳ, a-ʯʘʩʪʠʮʳ). ʃʘʟʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʢʘʯʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʧʦʩʣʝʜʥʠʤ ʩʧʦʩʦʙʦʤ, ʥʘʟʳʚʘʶʪ ʣʘʟʝʨʘʤʠ ʩ ʷʜʝʨʥʦʡ ʥʘʢʘʯ-

ʢʦʡ. ʇʦʩʢʦʣʴʢʫ ʚ ʣʘʟʝʨʘʭ ʩ ʷʜʝʨʥʦʡ ʥʘʢʘʯʢʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʷ-

ʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʛʝʨʝʥʪʥʦʝ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʪʦ ʠʭ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʷʜʝʨʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷʤʠ ʵʥʝʨʛʠʠ. ʉʦʯʝʪʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʘʜʳʚʘʪʴ ʚ ʣʘ-

ʟʝʨʥʫʶ ʩʨʝʜʫ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʣʘʟʝʨʥʦʡ ʩʠ-

ʩʪʝʤʳ ʜʝʣʘʝʪ ʣʘʟʝʨʳ ʩ ʷʜʝʨʥʦʡ ʥʘʢʘʯʢʦʡ ʦʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢ-

ʪʠʚʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʱʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ. 

ʃʘʟʝʨ ʩ ʷʜʝʨʥʦʡ ʥʘʢʘʯʢʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʩʦ-

ʩʪʦ̫ɦ ʫʶ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʥʝʡʪʨʦʥʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ: ʠʤ-

ʧʫʣʴʩʥʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʠ ʣʘʟʝʨʥʦʛʦ ʙʣʦʢʘ. ʈʝʘʢʪʦʨ ʨʘʩʧʦ-

ʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʣʘʟʝʨʥʦʛʦ ʙʣʦʢʘ. ʃʘʟʝʨʥʳʡ ʙʣʦʢ ʧʣʦʪʥʦ ʟʘʧʦʣ-

ʥʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʜʝʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʘʢʪʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ï ʩʪʘʣʴʥʳʭ ʛʝʨʤʝʪʠʯʥʳʭ ʪʨʫʙʦʢ, ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʥʝʩʸʥ ʩʣʦʡ ʫʨʘʥʘ ʠ ʥʘʧʦʣʥʝʥʳʭ ʛʘʟʦʚʦʡ 

ʣʘʟʝʨʥʦʡ ʩʤʝʩʴʶ. ʅʝʡʪʨʦʥʳ, ʩʦʟʜʘʥʥʳʝ ʚ ʨʝʘʢʪʦʨʝ, ʚʳʟʳʚʘʶʪ 

ʜʝʣʝʥʠʷ ʚ ʫʨʘʥʦʚʦʤ ʧʦʢʨʳʪʠʠ ʣʘʟʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʝ ʦʩʢʦʣʢʠ ʜʝʣʝʥʠʷ, ʯʘʩʪʴ 

ʢʦʪʦʨʳʭ ʧʦʧʘʜʘʝʪ ʚ ʣʘʟʝʨʥʫʶ ʩʨʝʜʫ. ɺ ʣʘʟʝʨʥʦʡ ʩʨʝʜʝ ʦʩʢʦʣʢʠ 

ʜʝʣʝʥʠʷ ʪʦʨʤʦʟʷʪʩʷ, ʦʪʜʘʶʪ ʵʥʝʨʛʠʶ ʘʪʦʤʘʤ ʣʘʟʝʨʥʦʡ ʩʤʝʩʠ, 

ʚʦʟʙʫʞʜʘʶʪ ʠʭ, ʠ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʝ ʚʦʟʥʠʢʘʝʪ 

ʠʥʚʝʨʩʠʷ ʥʘʩʝʣʸʥʥʦʩʪʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ 

ʣʘʟʝʨʥʦʡ ʩʤʝʩʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʥʝʨʛʠʶ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ ʜʝʣʝ-

ʥʠʠ ʫʨʘʥʘ ʚ ʣʘʟʝʨʥʦʤ ʙʣʦʢʝ (ʪ. ʝ. ʚ ʫʨʘʥʦʚʳʭ ʩʣʦʷʭ ʚʩʝʭ ʣʘʟʝʨ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʙʣʦʢ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʘʟʝʨʘ ʩ ʷʜʝʨʥʦʡ ʥʘʢʘʯʢʦʡ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʘʟʝʨʘ, ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ ʜʝʣʝʥʠʷ Nʙ ʚ ʣʘʟʝʨʥʦʤ ʙʣʦʢʝ. ɺ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʪʦʯʝʯʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʘʢ-
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ʪʦʨʥʦ-ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʘʢʪʦʨʝ ʠ ʣʘʟʝʨʥʦʤ ʙʣʦʢʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʫʣʝʚʠʯ ɸ.ɺ., ʂʫʭʘʨʯʫʢ ʆ.ʌ. ʀʤʧʫʣʴʩʥʳʝ ʨʝʘʢʪʦʨʳ. ʀʤ-

ʧʫʣʴʩʥʳʡ ʨʝʘʢʪʦʨ ï ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʜʣʷ ʥʘʢʘʯʢʠ ʣʘʟʝʨʘ.  

/ʋʯʝʙ. ʧʦʩ. ʧʦ ʢʫʨʩʫ çʀʤʧʫʣʴʩʥʳʝ ʨʝʘʢʪʦʨʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʚʷʟʘʥʥʳʭ ʨʝʘʢʪʦʨʥʦ-ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤʘʭè. - ʆʙʥʠʥʩʢ: ʀɸʊʕ 

ʅʀʗʋ ʄʀʌʀ, 2013. 56 ʩ. 

2. ɻʫʣʝʚʠʯ ɸ.ɺ., ʂʫʭʘʨʯʫʢ ʆ.ʌ. ʂʠʥʝʪʠʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʨʝʘʢ-

ʪʦʨʥʦ-ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. /ʋʯʝʙ. ʧʦʩ. ʧʦ ʢʫʨʩʫ çʀʤʧʫʣʴʩʥʳʝ 

ʨʝʘʢʪʦʨʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʚʷʟʘʥʥʳʭ ʨʝʘʢʪʦʨʥʦ-ʣʘʟʝʨʥʳʭ ʩʠ-

ʩʪʝʤʘʭè ï ʆʙʥʠʥʩʢ: ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, 2013 - 96ʩ. 

3.ɻʫʣʝʚʠʯ ɸ.ɺ., ɼʴʷʯʝʥʢʦ ʇ.ʇ., ɿʨʦʜʥʠʢʦʚ ɸ.ɺ., ʂʫʭʘʨʯʫʢ 

ʆ.ʌ. ʉʚʷʟʘʥʥʳʝ ʨʝʘʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʡʩʪʚʠʷ. ï 

ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 2003. ï 360 ʩ.: ʩ ʠʣ. ISBN 5-283-00781-2. 
 

ʉʈɸɺʅɽʅʀɽ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊʆʇʃʀɺɸ ʊɺʉ ɺɺʕʈ-1000 ʠ  

ɺɺʕʈ-1200 
 

ʕ. ɸʜʳʛʶʟʝʣʴ, ʕ.ʗʨʘʨ ɸ.ʄ. ʊʝʨʝʭʦʚʘ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 
ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʈʌ ʠ ʊʫʨʮʠʠ ʧʦ ʩʦʪʨʫʜ-

ʥʠʯʝʩʪʚʫ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʚʦʡ ʪʫʨʝʮ-

ʢʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʧʣʦʱʘʜʢʝ «ɸʢʢʫʶ» ʚ ʨʘʡʦʥʝ 

ʛʦʨʦʜʘ ʄʝʨʩʠʥ ʥʘ ʶʛʝ ʊʫʨʮʠʠ ʙʳʣʦ ʧʦʜʧʠʩʘʥʦ ʚ 2010 ʛ. ʊʫʨʮʠʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʚʝʩʪʠ ʚ ʩʪʨʦʡ ɸʕʉ «ɸʢʢʫʶ» ʢ 2023 ʛ. ʇʨʦʝʢʪ 

ɸʕʉ «ɸʢʢʫʶ» ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʵʥʝʨʛʦʙʣʦʢʘ ʩ ʨʦʩʩʠʡ-

ʩʢʠʤʠ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʘ ɺɺʕʈ-1200. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʨʘʚʥʝʥʠʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʪʦʧʣʠʚʘ ʊɺʉ ʨʝʘʢʪʦʨʦʚ ɺɺʕʈ-1200 ʠ ɺɺʕʈ-1000.  

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ɸʕʉ-2006 ʩ ʨʝʘʢʪʦʨʦʤ ɺɺʕʈ-1200 ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘ-

ʥʦʚʢʠ. ɺʳʧʦʣʥʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝ-

ʘʣʠʟʦʚʘʥʦ ʧʫʪʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʊɺʉ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʦʚʦʡ 
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ʢʦʥʩʪʨʫʢʮʠʠ ʊɺʉ-2ʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʝʝ ʧʨʦ-

ʪʦʪʠʧʘ - ʊɺʉ-2 - ʥʘ ɹʘʣʘʢʦʚʩʢʦʡ ɸʕʉ, ʛʜʝ ʦʥ ʧʝʨʝʚʝʜʝʥ ʚ ʧʨʦ-

ʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ [2]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʊɺʉ ʨʘʟʥʳʭ ʪʠʧʦʚ (ʪʘʙʣ.1). 

ʈʘʩʯʝʪʳ ʚʝʣʠʩʴ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ MCU [1]. ɺ ʩʚʷʟʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʝʨʩʠʠ MCU-FREE ʨʘʩʯʝʪ ʚʝʣ-

ʩʷ ʜʣʷ «ʭʦʣʦʜʥʦʛʦ» ʩʦʩʪʦʷʥʠʷ.  
ʊʘʙʣʠʮʘ 1 

ʊʠʧʳ ʊɺʉ ʨʝʘʢʪʦʨʦʚ ɺɺʕʈ-1000 ʠ ɺɺʕʈ-1200 

 

ʈʝʘʢ-

ʪʦʨ 

ʊɺʉ ɼʠʘʤʝʪʨ 

ʪʘʙʣʝʪ-

ʢʠ, ʤʤ/ 

ʦʪʚʝʨ-

ʩʪʠʷ, ʤʤ 

ɺʳʩʦʪʘ 

ʪʦʧʣʠʚʥʦ-

ʛʦ ʩʪʦʣʙʘ, 

ʤʤ 

ʄʘʩʩʘ ʪʦʧʣʠʚʘ, ʢʛ  

ʚ ʪʚʵʣʝ/ʚ ʊɺʉ/ ʚ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʝ/  

 

ɺɺʕʈ- 

1000 

ʊɺʉ-2 7,57 /1,4 3530 1,575/ 491,4 /80098 

ʊɺʉ-2ʄ 7,6 / 1,2 3680 1,671/521,3/ 84973 

ʊɺʉ-2ʄ 7,8 / 0,0 3680 1,805/ 563,1/ 91793 

 

ɺɺʕʈ- 

1200 

ʊɺʉ-2ʄ-

1200  

1 ʵʪʘʧ 

 

7,6/ 1,2 

 

3730 

 

1,694/ 528,4/ 86128 

ʊɺʉ-2ʤ-

1200  

2 ʵʪʘʧ 

 

7,8 / 0,0 

 

3730 

 

1,829/ 570,8/ 93040 

ʊɺʉ-2ʤ-

1200  

3 ʵʪʘʧ 

 

7,8 / 0,0 

 

3780 

 

1,854/ 578,5 /94287 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɻʫʨʝʚʠʯ ʄ.ʀ., ʐʢʘʨʦʚʩʢʠʡ ɼ.ɸ. ʈʘʩʯʝʪ ʧʝʨʝʥʦʩʘ ʥʝʡʪʨʦ-

ʥʦʚ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʦ ʧʨʦʛʨʘʤʤʝ MCU.- ʄ.: ʅʀʗʋ 

«ʄʀʌʀ» 2012 

2.ɸʥʜʨʶʰʝʯʢʦ ʉ.ɸ., ɸʬʨʦʥʦʚ ɸ.ʄ., ɺʘʩʠʣʴʝʚ ɹ.ʖ., ɻʝʥʝʨʘ-

ʣʦʚ ɺ.ʅ. ʠ ʜʨ. ɸʕʉ ʩ ʨʝʘʢʪʦʨʦʤ ʪʠʧʘ ɺɺʕʈ-1000. - ʄ.: ʃʦʛʦʩ, 

2010. 

 

 

 

http://нэб.рф/search/?f_field%5bpublisher%5d=f/publisher/%D0%BD%D0%B8%D1%8F%D1%83
http://нэб.рф/search/?f_field%5bpublisher%5d=f/publisher/%D0%BD%D0%B8%D1%8F%D1%83
http://нэб.рф/search/?f_field%5bpublisher%5d=f/publisher/%D0%BD%D0%B8%D1%8F%D1%83
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ʈɸɿʈɸɹʆʊʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʉʊɽʅɼɸ  

ʀʉʇʓʊɸʅʀʁ ʍʆʃʆɼʅʆʁ ʃʆɺʋʐʂʀ ʆʂʀʉʃʆɺ  

ʅɸʊʈʀʗ ɼʃʗ ʈɽɸʂʊʆʈʆɺ ʅɸ ɹʓʉʊʈʓʍ  

ʅɽʁʊʈʆʅɸʍ 

 

ɺ.ʖ. ʄʫʭʠʥ
1
, ɺ.ʉ. ɹʝʣʠʥʩʢʠʡ

2
, ɼ.ɸ. ʊʶʨʠʥ

2
 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ  

2
ɸʆ «ɻʅʎ ʈʌ-ʌʕʀ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ», ʛ. ʆʙʥʠʥʩʢ 

 

ʎʝʣʴ ï ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʭʦ-

ʣʦʜʥʦʡ ʣʦʚʫʰʢʠ ʦʢʠʩʣʦʚ ʥʘʪʨʠʷ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʅʘ ʤʦʜʝʣʠ ʭʦʣʦʜʥʦʡ ʣʦʚʫʰʢʠ ʦʢʠʩʣʦʚ 

ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʯʠʩʪʢʝ ʥʘʪʨʠʷ ʦʪ ʢʠʩ-

ʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ, ʪʨʠʪʠʷ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʨʠʤʝʩʝʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʥʦʡ ʣʦʚʫʰʢʠ 

ʦʢʠʩʣʦʚ ʥʘʪʨʠʷ ʜʦʣʞʝʥ 

Å ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʯʠʩʪʦʪʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠ-

ʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʥʘ ʥʦʤʠʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ; 

Å ʠʤʝʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʸʤʢʦʩʪʴ ʧʦ ʧʨʠʤʝʩʷʤ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ 

ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʨʝʞʠʤʦʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ɸʕʉ (ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʤʝʥʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʯʠʩʪ-

ʢʠ ʚ ʪʝʯʝʥʠʝ ʨʝʩʫʨʩʘ ʫʩʪʘʥʦʚʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʥʘ ɸʕʉ, ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʯʠʩʣʦ ʟʘʤʝʥ 

ʙʣrʦ ʤʠʥʠʤʘʣʴʥʳʤ);  

Å ʠʤʝʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʛʘʨʘʥʪʠʨʫʶʱʫʶ ʦʯʠʩʪʢʫ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ ʦʪ ʧʨʠʤʝʩʝʡ ʧʨʠ ʇʇʈ (ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʡ ʨʝ-

ʤʦʥʪ) [1]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʜʦʣʞʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʤʝʨʳ ʧʦ ʧʦʜʜʝʨʞʘ-

ʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʟʘʪʚʝʨ-

ʜʝʚʘʥʠʷ (ʜʣʷ ʥʘʪʨʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʦʛʨʝʚʘ, ʨʘʚʥʘʷ 200 
ʦ
ʉ).     

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʧʦʩʪʦʷʥʥʦ 

ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʧʦʣʥʷʝʤʳʝ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʝʤ ʠʣʠ ʝʛʦ ʧʘʨʘʤʠ, ʜʦʣʞʥʳ ʦʩʥʘʱʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʠʣʠ ʛʘʟʦʚʦʛʦ ʦʙʦʛʨʝʚʘ ʠ ʧʨʠʙʦʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʨʝ-
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ʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʛʨʝʚʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʦʣʞ-

ʥʳ ʠʤʝʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ, ʤʝʨʥʦʛʦ ʙʘʢʘ, 

ʍʌʃ, ʩʠʩʪʝʤ rʜʦʟʘʪʦʨʦʚ ʧʨʠʤʝʩʝʡ, ʙʘʢʘ ʜʣʷ ʩʙʦʨʘ ʧʨʦʜʫʢʪʦʚ 

ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʜʨ. 

ʕʪʘʧʳ ʨʘʙʦʪʳ [2]: 

Åʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʤʘʢʝʪʘ ʭʦʣʦʜʥʦʡ ʣʦʚʫʰʢʠ ʦʢʠʩʣʦʚ 

ʥʘʪʨʠʷ; 

Åʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘ ʥʘʪʨʠʝʚʦʛʦ ʢʦʥʪʫʨʘ;  

Åʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ; 

Åʚʳʧʦʣʥʝʥʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʂʫʟʥʝʮʦʚ ʀ.ɸ., ʇʦʧʣʘʚʩʢʠʡ ɺ.ʄ. ɹʝʟʦʧʘʩʥʦʩʪʴ ɸʕʉ ʩ ʨʝ-

ʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʄ.: ʀʟʜɸʪ, 2012. 

2. ʅʦʨʤʳ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʇʅ ɸʕ ɻ ï 7 ï 002 ï 86. 

ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1989. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʇʃʆɻʀɼʈɸɺʃʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʊɺʉ ɹʓʉʊʈʆɻʆ ʈɽɸʂʊʆʈɸ ɼʃʗ 

ʋʏɽɹʅʓʍ ʎɽʃɽʁ 

 

ʂ.ʆ. ʂʦʨʥʝʝʚ, ɼ.ʉ. ʉʘʤʦʭʠʥ 
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɺ ʙrʩʪʨʦʤ ʨʝʘʢʪʦʨʝ ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ (ɹʈʋʎ), ʦʭʣʘʞʜʘʝ-

ʤʦʤ ʞʠʜʢʠʤ ʩʚʠʥʮʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʡ ʜʠʦʢʩʠʜ ʫʨʘʥʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 19,7 % ʧʦ 

ʠʟʦʪʦʧʫ 235U. ɺ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʨʝʘʢʪʦʨʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʨʘʚʥʘʷ 

0,5 ʄɺʪ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ, ʦʪʣʠʯʘ-

ʶʱʠʝʩʷ ʚʳʩʦʪʦʡ ʪʦʧʣʠʚʥʦʛʦ ʩʪʦʣʙʘ. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 1/6 ʊɺʉ ʨʝʘʢʪʦʨʘ. ʆʩʪʘʣʴʥʳʝ ʧʷʪʴ ʯʘʩʪʝʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʠʤʤʝʪʨʠʠ ʠ ʠʟʦʪʦʧʥʦʤʫ 
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ʩʦʩʪʘʚʫ ʯʘʩʪʠ. ʇʦʜʦʙʥʦʝ ʫʧʨʦʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʘʜʘʧ-

ʪʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢ ʨʘʩʯʝʪʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢʦʤʧʣʝʢʩʘ. 

.  
ʈʠʩ.1. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ 

 

ʉ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥ-

ʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ. ɺʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ 

ʧʦʩʣʫʞʠʣʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʉʘʤʦʭʠʥ ɼ.ʉ., ʍʦʨʘʩʘʥʦʚ ɻ.ʃ., ʊʦʨʤʳʰʝʚ ʀ.ɺ. ʠ ʜʨ. ɹʳʩʪ-

ʨʳʡ ʩʚʠʥʮʦʚʳʡ ʨʝʘʢʪʦʨ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ. 

//ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 2015. ˉ3. ʉ. 135-143. 

 

ʂʆʕʌʌʀʎʀɽʅʊ ʕʌʌɽʂʊʀɺʅʆɻʆ ʇɽʈɽʅʆʉɸ 

ʀʄʇʋʃʔʉɸ ɺ ʄʆɼɽʃʀ ʇʆʈʀʉʊʆɻʆ ʊɽʃɸ 

 

ʀ.ʉ. ʉʘʧʦʞʥʠʢʦʚ, ɸ.ʉ. ʂʦʨʩʫʥ 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

 

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ 

ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʠʜ-

ʨʦʜʠʥʘʤʠʢʝ ʪʝʯʝʥʠʷ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʫʯʢʘʭ ʩʪʝʨʞʥʝʡ (ʪʚɻ-

ʣʦʚ). 

ɺ ʪʝʦʨʠʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʚʚʦʜʷʪ ʧʘʨʘʤʝʪʨ, ʠʤʝʶʱʠʡ ʩʤʳʩʣ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʪʦʢʝ 

ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʝʤ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʧʫʯʢʦʚ 

ʩʪʝʨʞʥʝʡ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʟʥʘʷ ʦʧʦʨʥʳʡ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ ʜʣʷ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʧʦʧʝʨʝʢ ʩʪʝʨʞ-

ʥʝʡ ʧʨʠ ʠʭ ʧʨʦʜʦʣʴʥʦʤ ʦʙʪʝʢʘʥʠʠ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʤʝʞʢʘʥʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʠʤʧʫʣʴʩʦʤ (ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪ-

ʨʦʤ ʧʦʢʘʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ), ʠ ʜʚʘ ʦʧʦʨʥʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʚʷʟʢʦʩʪʠ ʜʣʷ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʩʪʝʨʞʥʝʡ 

ʧʨʠ ʠʭ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʷʚ-

ʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʘʥʦʚʢʝ ʪʘʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʥʦʩ ʠʤʧʫʣʴʩʘ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʧʫʯʢʘ 

ʩʪʝʨʞʥʝʡ ʧʨʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ. 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ʢʘʢ ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜ-

ʢʦʩʪʠ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ 

ʜʚʠʛʘʶʱʝʛʦʩʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʢʘʚʝʨʥʝ, ʢʦʪʦʨʘʷ 

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʢʦʠʪʩʷ (ʨʠʩ. 1). ɸʥʘʣʠʟʠʨʫʷ 

ʵʪʦʪ ʧʨʦʮʝʩʩ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʚ ʢʘʚʝʨʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʦʙ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʚʝʨʥʝ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ. 

  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʧʳʪʘ ʩ ʢʘʚʝʨʥʦʡ 

 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʤʝʰʝ-

ʥʠʝ ʜʚʫʭ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ (ʨʠʩ. 2). 

ʇʦ ʤʝʨʝ ʩʤʝʰʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʦʧʳʪʘ ʩ ʜʚʫʤʷ ʧʦʪʦʢʘʤʠ  

 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦ-

ʜʝʣʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʩʣʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʦʚ ʥʘ ʚʭʦ-

ʜʝ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʦ ʤʦʞʥʦ ʧʦ-

ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʷʟʢʦʩʪʠ ʠ ʨʝʰʠʪʴ ʝʸ. 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʇʃʆɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ  

ʈɸʉʏɪʊɸ ʈɽɸʂʊʆʈɸ ɹʈɽʉʊ-ʆɼ-300 ʉʆ ʉɺʀʅʎʆɺʓʄ 

ʊɽʇʃʆʅʆʉʀʊɽʃɽʄ 

 

ʄ.ɸ. ʂʣʷʯʠʥ
1
, ɻ.ʉ. ʅʦʚʠʢʦʚʘ

1
, ɺ.ɺ.

 2
 ʉʝʨʛʝʝʚ

  

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ  

2
ɸʆ «ɻʅʎ ʈʌ-ʌʕʀ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ», ʛ. ʆʙʥʠʥʩʢ 

 

ɹʈɽʉʊ-ʆɼ-300 ï ʵʪʦ ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ ʩʦ ʩʚʠʥʮʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʨʘʙʦʪʘʶʱʘ ̫ʚ ʨʝʞʠ-

ʤʝ ɸʕʉ ʚ ʟʘʤʢʥʫʪʳʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʥʳʤ ʮʠʢʣʦʤ (ʆɼ ï ʦʧʪr-

ʥʳʡ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʜʚʫʭʢʦʥʪʫʨ-

ʥʳʡ ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʠʡ ʵʥʝʨʛʦʙʣʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʭʦʨʦʰʦ ʩʦʚʤʝʩʪʠʤʦʝ ʩʦ ʩʚʠʥʮʦʤ ʠ ʤʘʪʝʨʠʘʣʦʤ 

ʦʙʦʣʦʯʢʠ ʪʚʵʣʘ ʚʳʩʦʢʦʧʣʦʪʥʦʝ ʠ ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʥʦʝ ʤʦʥʦ-

ʥʠʪʨʠʜʥʦʝ ʩʤʝʰʘʥʥʦʝ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʝ ʪʦʧʣʠʚʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ï ʭʨʦʤʠʩʪʘʷ ʩʪʘʣʴ ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʢʣʘʩʩʘ. ʊʝʧʣʦʥʦʩʠʪʝʣʴ ï ʞʠʜʢʠʡ ʩʚʠʥʝʮ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʪʫʧʘʝʪ ʚ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʦʜʦʡ, ʚʦʟʜʫʭʦʤ ʠ ʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʥʝ ʛʦʨʠʪ, ʨʘʜʠʘʮʠʦʥʥʦ ʩʪʦʝʢ, ʩʣʘʙʦ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʧʣʦʦʪʚʦʜ ʧʨʠ ʥʠʟʢʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʙʦʣʴʰʦʤ ʟʘʧʘʩʝ ʜʦ ʢʠʧʝʥʠʷ. 



19 
 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʚʠʥʮʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘʭ ʥʝʦʙʭʦʜʠʤʳ ʨʘʩʯʸʪʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʧʣʦʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ ʢʦʥʪʫʨʥʳʝ ʢʦʜʳ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʢʦʜʦʚ: MASKA ï LM, 

RELAP ï 5, ʂʆʈʉɸʈ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʠʥʮʦ-

ʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʦʩʦʙʦʛʦ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘ-

ʥʦʚʢʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʘʩʯʸʪʦʚ ʚ ʩʬʝʨʝ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʨʝʘʢʪʦʨʘ ɹʈɽʉʊ ʆɼ-300, ʢʦʪʦ-

ʨʳʝ ʧʦʤʦʛʣʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʜʘʥʥʳʤ ʚʦʧʨʦʩʦʤ ʠ 

ʠʟʫʯʠʪʴ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ [1]. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɿʘʭʘʨʦʚ ɸ.ɻ., ʉʤʠʨʥʦʚ ɺ.ʇ. ʊʨʝʭʤʝʨʥʳʡ ʪʝʧʣʦʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʡ ʨʘʩʯʝʪ ʷʯʝʝʢ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʨʝʘʢʪʦʨʘ ɹʈɽʉʊ-

ʆɼ-300 / ʉʙ. ʜʦʢʣ. XXXI ʉʠʙʠʨʩʢʦʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʛʦ ʩʝʤʠ-

ʥʘʨʘ (ʅʦʚʦʩʠʙʠʨʩʢ, 17ï19 ʥʦʷʙʨʷ 2014 ʛ.). ʅʦʚʦʩʠʙʠʨʩʢ: ʀʥʩʪʠ-

ʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ, 2014. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʊɽʇʃʆɻʀɼʈɸɺʃʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈɽɸʂʊʆʈɸ ɹʈɽʉʊ-ʆɼ-300 ʉʆ  

ʉɺʀʅʎʆɺʓʄ ʊɽʇʃʆʅʆʉʀʊɽʃɽʄ  

 

ɻ.ʉ. ʅʦʚʠʢʦʚʘ
1
, ʄ.ɸ. ʂʣʷʯʠʥ

1
, ɺ.ʗ. ʂʫʤʘʝʚ

2 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ  

2
ɸʆ «ɻʅʎ ʈʌ-ʌʕʀ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ», ʛ. ʆʙʥʠʥʩʢ 

 
ɹʈɽʉʊ-ʆɼ-300 ï ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩʦ ʩʚʠʥʮʦʚʳʤ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʝʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʢʪʦʨʘ ɹʈɽʉʊ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʚʥʫʪʨʝʥʥʝ ʧʨʠʩʫʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʦʪ-

ʢʘʟʝ ʦʪ ʦʧʘʩʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʙʝʟʦʧʘʩ-

ʥʦʡ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʟʘ ʩʯʝʪ ʥʘʜʝʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝ-

ʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʦʧʣʠʚʫ, ʪʝʧʣʦʥʦʩʠʪʝʣʶ 

ʠ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʈʋ). ʆʜʥʘʢʦ ʭʘ-
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ʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʈʋ ɹʈɽʉʊ-ʆɼ-300 ʧʨʠʚʦʜʷʪ ʢ ʨʘʟ-

ʣʠʯʥʳʤ ʩʮʝʥʘʨʠʷʤ ʪʝʯʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ [1,2]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ çʙʝʩʯʝʭʣʦʚʳʤè ʊɺʉ ʩ ʛʣʘʜʢʠʤʠ ʪʚʵʣʘ-

ʤʠ. ɻʣʘʜʢʠʤʠ ʪʚʵʣʘʤʠ ʥʘʟʳʚʘʶʪ ʩʪʝʨʞʥʝʚʳʝ ʪʚʵʣʳ ʩ ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʙʝʟ ʦʨʝʙʨʝʥʠʷ). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʊɺʉ: ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʧʝʨʠʤʝʪʨʫ ʪʚʵʣʦʚ, ʩʨʝʜʥʠʝ ʧʦʜʦʛʨʝʚʳ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ ʚ ʊɺʉ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʌʦʤʠʯʝʚ ɼ.ɺ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʧʫʯ-

ʢʘʭ ʩʪʝʨʞʥʝʚʳʭ ʩʘʤʦʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʪʚʵʣʦʚ ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ɹʈɽʉʊ-ʆɼ-300 /ɼʠʩʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ï ʄʦʩʢʚʘ 2015. 

2.ɿʦʨʠʥ ɺ.ʄ. ɸʪʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ: ʫʯʝʙ. ʧʦʩ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʄʕʀ, 

2008. 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʂʊʀɺʅʆʁ ɿʆʅʓ 

ɹʓʉʊʈʆɻʆ ʅɸʊʈʀɽɺʆɻʆ ʈɽɸʂʊʆʈɸ ɹʆʃʔʐʆʁ  

ʄʆʑʅʆʉʊʀ 

 

ʕ.ʈ. ʉʠʪʜʠʢʦʚ, ɸ.ʄ. ʊʝʨʝʭʦʚʘ, ʀ.ɺ. ɼʝʤʝʥʝʚʘ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɺ ʧʨʦʝʢʪʘʭ ʙʫʜʫʱʠʭ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝ-

ʰʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ(ʘ.ʟ) ʙʳʩʪʨʳʭ 

ʨʝʘʢʪʦʨʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʟʦʥʳ ʩ ʘʢʩʠʘʣʴʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʘʢʩʠʘʣʴʥʳʭ 

ʧʨʦʩʣʦʝʢ ʠʟ ʦʙʝʜʥʝʥʥʦʛʦ ʫʨʘʥʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘ-

ʨʠʘʥʪ ʢʦʤʧʦʥʦʚʢʠ ʘ.ʟ. ʙʳʩʪʨʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ TRIGEX [2], 

ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʥʳʭ 

ʨʘʩʯʝʪʦʚ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ.  

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʘ.ʟ. ʙʳʩʪʨʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʨʝʘʢʪʦʨʘ ʙʦʣʴ-

ʰʦʡ ʤʦʱʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ 

ʧʦ ʚʳʩʦʪʝ ʘ.ʟ., ʅʇʕʈ, ʂɺ; 

¶ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʘ.ʟ. ʩ ʘʢʩʠʘʣʴʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʠʟ 

ʦʙʝʜʥʝʥʥʦʛʦ ʫʨʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘ.ʟ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠ ʚ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘ.ʟ. 

 
ʈʠʩ.1.ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʊɺʉ  

ʘʢʪʠʚʥʦʡ ʪʦʥʳ ʧʦ ʚʳʩʦʪʝ 
 

ɹʳʣʠ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʠʟ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʣʠʯʠʝ ʧʨʦʩʣʦʡʢʠ 

ʥʘʨʫʰʘʝʪ ʧʨʠʚʳʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʧʦ ʚʳʩʦ-

ʪʝ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʅʇʕʈ, ʪʦ ʧʨʦʩʣʦʡʢʘ ʥʠʞʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʢʘ-

ʟʘʣʘ ʩʝʙʷ ʩ ʥʘʠʣʫʯʰʝʡ ʩʪʦʨʦʥʳ ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʅʇʕʈ. ʅʘʠʙʦʣʴʰʠʡ ʂɺ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʨʦʩʣʦʡʢʦʡ ʚ ʮʝʥʪʨʝ ʘ.ʟ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʠ ʪʨʝ-

ʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʫʪʦʯʥʝʥʠʡ ʠ ʜʦʨʘʙʦʪʦʢ. 
ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʅʇʕʈ ʠ ʂɺ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʦʚʢʠ ʘ.ʟ. 

 

ʄʦʜʝʣʴ ʅʇʕʈ, ɓeff ʂɺ 

ɹʝʟ ʧʨʦʩʣʦʡʢʠ 0,74 1,19 

25ʩʤ, ʚ ʮʝʥʪʨʝ ʘ.ʟ., ʙʝʟ ʦʜʥʦʛʦ ʨʷʜʘ 

ʊɺʉ 

0,39 1,59 

25ʩʤ, ʥʠʞʝ ʮʝʥʪʨʘ ʘ.ʟ., ʙʝʟ ʜʚʫʭ 

ʨʷʜʦʚ ʊɺʉ 

ï1,53 1,36 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɽʣʠʩʝʝʚ ɺ.ɸ. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʪʠʚʥʳʭ ʟʦʥ ʙʳʩʪʨʦʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ /ɼʠʩ. ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ. ʆʙ-

ʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʆʙʥʠʥʩʢ, 2000. 

2.ʂʦʥʩʪʘʥʪʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ɹʅɸɹ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]// 

URL: http://www.ippe.ru/podr/abbn/libr/comp/4-1-1.php. 

 

ʊɽʉʊʀʈʆɺɸʅʀɽ ɺʓʏʀʉʃʀʊɽʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ʄʄʂʈʌ (ʈʆʂʆʂʆ) ʇʆɼ ɿɸɼɸʏʀ ʈɸʉʏɽʊʅʆɻʆ  

ʉʆʇʈʆɺʆɾɼɽʅʀʗ ʕʂʉʇʃʋɸʊɸʎʀʀ ʈɽɸʂʊʆʈɸ  

ɺɺʈ-ʎ (ʅʀʌʍʀ ʀʄ. ʃ.ʗ. ʂɸʈʇʆɺɸ) 

 

ʅ.ʇ. ʇʦʧʦʚʘ
1
, ɻ.ʄ. ɾʝʨʜʝʚ

2 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

2
ɸʆ «ɻʅʎ ʈʌ-ʌʕʀ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ», ʛ. ʆʙʥʠʥʩʢ 

 

ʉ ʨʦʩʪʦʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʚ ʨʘʜʠʦʥʫʢʣʠʜʘʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ 

ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʈʦʩʩʠʠ ʥʘ ʙʘʟʝ ɸʆ «ʅʀʌʍʀ ʠʤ. ʃ.ʗ. ʂʘʨ-

ʧʦʚʘ» ʚ ʨʝʘʢʪʦʨʝ ɺɺʈ-ʮ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʨʘʙʦʪʢʘ ʪʘʢʠʭ ʚʦʩʪʨʝ-

ʙʦʚʘʥʥʳʭ ʠʟʦʪʦʧʦʚ, ʢʘʢ 
131
I ʠ 

99
Mo [1].

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʪʝʩʪʠʨʦʚʘʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ ʄʄʂʈʌ (ʈʆʂʆʂʆ) ʧʦʜ ʟʘʜʘʯʠ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʮ (ʅʀʌʍʀ ʠʤ. ʃ.ʗ. ʂʘʨʧʦʚʘ). 
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ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʊɺʉ 

ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʦʪʨʘʞʘʪʝʣʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ.  ʊʘʢʞʝ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʠʣʣʠʷ 

ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʘʞʘʪʝʣʷ ʠ ʨʘʩʯʝʪ ʥʘʨʘʙʦʪʢʠ ʥʫʢ-

ʣʠʜʦʚ.  

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

OOBG [2] ï ʤʦʜʫʣʷ ʨʘʩʯʸʪʦʚ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-

ʂʘʨʣʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʮ. ɺʦʟʤʦʞʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʤʦʜʫ-

ʣʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʸʪʳ ʚ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ʩ ʜʝ-

ʪʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠʙʣʠʞʝʥʠ-

ʷʤʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʚʘʣʠʜʘʮʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄʄʂʈʌ (ʈʆʂʆʂʆ), ʩʦʩʪʘʚʣʝʥʳ 

ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʦʧʣʠʚʘ, ʦʙʦʛʘʱʝʥʠʡ 

ʠ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʥʠʡ ʙʫʜʫʪ ʩʨʘʚʥʝʥʳ 

ʩ ʤʘʪʨʠʮʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʤʦʜʝʣʠ ʨʝʘʢʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʦʡ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ MCNP. ʊʘʢʞʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʙʘʟʝ ʵʪʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʘʪ-

ʪʝʩʪʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʠ ʙʠʙʣʠʦʪʝʢ ʄʄʂʈʌ (ʈʆʂʆʂʆ) 

ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʨʝʘʢʪʦʨʘ ʅʀʌʍʀ ʠʤ ʃ.ʗ. ʂʘʨʧʦʚʘ (ʛ. ʆʙ-

ʥʠʥʩʢ). 

 

ʃʠʪʝʨʘʪʫʨʘ  

1. ʂʦʣʝʩʦʚ ɺ.ɺ., ʂʦʯʥʦʚ ʆ.ʖ., ɺʦʣʢʦʚ ʖ.ɺ. ʠ ʜʨ. ʉʦʟʜʘʥʠʝ 

ʧʨʝʮʠʟʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʮ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʨʘʙʦʪʢʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ /ɺ ʩʙ. 

çɹʝʟʦʧʘʩʥʦʩʪʴ ɸʕʉ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ-2011». ʆʙʥʠʥʩʢ: 2011, 

ʪ.2.ʉ. 144-146. 

2.ɹʣʳʩʢʘʚʢʘ ɸ.ɸ., ʄʘʥʪʫʨʦʚ ɻ.ʅ., ʅʠʢʦʣʘʝʚ ʄ.ʅ., ʎʠʙʫʣʷ 

ɸ.ʄ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ CONSYST//MMKKENO ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ ʤʥʦʛʦʛʨʫʧʧʦ-

ʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʠʥʜʠʢʘʪʨʠʩʘʤʠ ʨʘʩʩʝʷʥʠʷ ʚ ʈn - ʧʨʠʙʣʠʞʝ-

ʥʠʠ./ ʇʨʝʧʨʠʥʪ ʌʕʀ-2887, ʆʙʥʠʥʩʢ, 2001. 
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ʉʈɸɺʅɽʅʀɽ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊʆʇʃʀɺʅʓʍ ʗʏɽɽʂ  

ʈɽɸʂʊʆʈʆɺ ɺɺʕʈ ʀ PWR 

 

ʊ.ɺ. ʄʘʪʚʝʝʚʘ ʀ.ʉ. ɹʦʨʠʩʦʚ ɸ.ʄ. ʊʝʨʝʭʦʚʘ  

 ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʣʫʯʠʣʠ 

ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʪʦʨʳ ʥʘ ʣʝʛʢʦʡ ʚʦʜʝ. ɺ ʨʝʘʢʪʦ-

ʨʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʟʘʤʝʜʣʠʪʝʣʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʦʩʥʦʚʘʥʘ ʨʘʙʦʪʘ ʨʝʘʢʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ɺɺʕʈ ʠ PWR. ɺ ʵʪʠʭ ʨʝʘʢʪʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʧʣʠʚʥʳʝ ʩʙʦʨʢʠ ʩ ʨʘʟʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʦʙʦʛʘʱʝʥʠʝʤ 

ʧʦ ʠʟʦʪʦʧʫ U
235

. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ ʠ PWR ʥʘ 

ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʵʣʦʚ. 
ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʵʣʦʚ ɺɺʕʈ ʠ PWR 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɺɺʕʈ PWR 

ʊʦʧʣʠʚʦ UO2 UO2 

ʆʙʦʛʘʱʝʥʠʝ ʧʦ U
235

,% 4 4 

ɼʠʘʤʝʪʨ ʪʚʵʣʦʚ, ʤʤ 9,1 10,75 

ʊʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ ʪʚʵʣʘ, ʤʤ 0,7 0,725 

ɿʘʟʦʨ ʤʝʞʜʫ ʦʙʦʣʦʯʢʦʡ ʪʚʝʣʘ ʠ ʪʦʧ-

ʣʠʚʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ, ʤʤ 

0,1 0,1 

ɼʠʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, 

ʤʤ 

1,4 1,4 

ɺʳʩʦʪʘ ʪʚʵʣʦʚ, ʤʤ 3730 3730 

ʄʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ ʪʚʵʣʦʚ Zr+1%Nb ʎʠʨʢʘʣʦʡ-4 

ʉʝʪʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʚʵʣʦʚ ʈʘʚʥʦʤʝʨʥʦ 

ʪʨʝʫʛʦʣʴʥʘʷ 

ʂʚʘʜʨʘʪʥʘʷ 

 

ɼʣʷ ʙʦʣʴʰʝʡ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʙʦʛʘ-

ʱʝʥʠʝ ʧʦ ʠʟʦʪʦʧʫ U
235 
ʥʘ ʦʙʦʠʭ ʨʝʘʢʪʦʨʘʭ ʦʜʠʥʘʢʦʚʳʤ ʠ ʨʘʚ-

ʥʳʤ 4% ʩ ʮʝʣʴʶ ʦʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʤʝʥʥʦ 
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ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʪʦʧʣʠʚʥʳʭ 

ʩʙʦʨʢʘʭ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ ʠ PWR.  ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʪʚʵʣʦʚ ʜʘʥʳ ʚ ʪʘʙʣ.1 [1,2]. 

ʈʘʩʯʝʪ rʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ MCU [3]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʦʧʣʠʚʥʳʭ ʩʙʦ-

ʨʦʢ ʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʵʣʦʚ ʥʝ ʠʤʝʶʪ, ʠ ʥʝ-

ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʜʥʠʭ ʨʝʰʝʥʠʡ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɼʝʤʝʥʪʴʝʚ ɹ.ɸ. ʗʜʝʨʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ. ʄ.: 

ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1990. 

2.ɸʥʜʨʫʰʝʯʢʦ ʉ.ɸ., ɸʬʨʦʚ ɸ.ʄ., ɺʘʩʠʣʴʝʚ ɹ.ʖ. ʠ ʜʨ. ɸʕʉ ʩ 

ʨʝʘʢʪʦʨʦʤ ʪʠʧʘ ɺɺʕʈ-1000. ʄ.: ʃʦʛʦʩ, 2010. 

3.ɻʫʨʝʚʠʯ ʄ.ʀ., ʐʢʘʨʦʚʩʢʠʡ ɼ.ɸ. ʈʘʩʯʝʪ ʧʝʨʝʥʦʩʘ ʥʝʡʪʨʦ-

ʥʦʚ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʦ ʧʨʦʛʨʘʤʤʝ MCU: ʋʯʝʙʥʦʝ ʧʦʩʦ-

ʙʠʝ. ʄ.: ʅʀʗʋ ʄʀʌʀ, 2012. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊʆʇʃʀɺɸ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ 

ʂʆʃʀʏɽʉʊɺɸ ɻɽʊɽʈʆɻɽʅʅʆ ʈɸɿʄɽʑɽʅʅʆɻʆ  

ʇʃʋʊʆʅʀʗ ɺ ʄʆʍ-ʊʆʇʃʀɺɽ ʅɸ ʇʈʀʄɽʈɽ  

ʊɺʉ ɺɺʕʈ-1000 

 

ʖ.ɺ. ʃʝʚʯʝʥʢʦ, ɸ.ʄ. ʊʝʨʝʭʦʚʘ. 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʀʟʙʳʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʫʪʦʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʫ ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ. ʆʜʥʠʤ 

ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʫʪʦʥʠʷ 

ʚ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʨʝʘʢʪʦʨʘʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʘʢʪʦʨʳ ʪʠʧʘ ɺɺʕʈ-

1000 ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʘ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʤ ʪʦʧʣʠʚʝ (ʄʆʍ-

ʪʦʧʣʠʚʝ). ʊʘʢʞʝ ʚ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ ɺɺʕʈ-1000 ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʧʣʠʚʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʨʝʛʝʥʝʨʘʪʘ, ʚʳʜʝ-

ʣʝʥʥʦʛʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʦʪ-
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ʚʘʣʴʥʦʛʦ ʫʨʘʥʘ ʠ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ (ʈɽʄʀʂʉ-ʪʦʧʣʠʚʦ) [1]. 

ʄʥʦʛʦʢʨʘʪʥʦʝ ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ ʈɽʄʀʂʉ-ʪʦʧʣʠʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ ʨʘʜʠʘ-

ʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɺʉ ʩʦ ʩʚʝʞʠʤ ʪʦʧʣʠʚʦʤ ʠ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʤʣʘʜʰʠʭ ʘʢʪʠʥʠʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄʆʍ-ʪʦʧʣʠʚʘ ʚ ʪʝʧ-

ʣʦʚʳʭ ʨʝʘʢʪʦʨʘʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʝʛʦ ʯʘʩʪʠʯʥʦʡ (ʜʦ 1/3 

ʦʙʲʝʤʘ) ʟʘʛʨʫʟʢʝ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʨʝʘʢʪʦʨʘ.    

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫MOX-ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʛʝ-

ʪʝʨʦʛʝʥʥʦʝ ʚʥʫʪʨʠʪʚʵʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʣʫʪʦʥʠʷ [2]. ʇʨʠʤʝʨ 

ʷʯʝʡʢʠ ʊɺʉ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.1. ʇʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʦʦʙʦʛʘʱʝʥʥʦʝ ʫʨʘʥʦ-

ʚʦʝ ʪʦʧʣʠʚʦ, ʫʚʝʣʠʯʠʪʴ ʟʘʧʘʩ ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʛʣʫʙʠʥʫ ʚʳʛʦʨʘ-

ʥʠʷ.  

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʥʦʡ 

ʜʦʣʠ ʧʣʫʪʦʥʠʷ ʚ ʩʤʝʩʠ ʩ ʦʪʚʘʣʴʥʳʤ ʫʨʘʥʦʤ, ʟʘʛʨʫʞʘʝʤʳʤ ʚ 

ʊɺʉ, ʢʦʪʦʨʘʷ ʜʘʚʘʣʘ ʙʳ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʤʥʦʞʝʥʠʷ, ʢʘʢ ʊɺʉ ʩ ʪʦʧʣʠʚʦʤ ʠʟ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʩ ʦʙʦʛʘ-

ʱʝʥʠʝʤ 4% ʧʦ 
235

U.  

 
ʈʠʩ.1. ʊʦʧʣʠʚʥʘʷ ʷʯʝʡʢʘ ɺɺʕʈ-1000 ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ Pu 

 

ʅʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ UNK, ʧʦʟʚʦʣʷʶɦ ʝʛʦ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʢʘʢ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʝʘʢʪʦʨʘ, ʪʘʢ ʠ ʨʝʞʠʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʛʦʨʘʥʠʝʤ ʪʦʧʣʠʚʘ.  

 

 

ʆʙʦʣʦʯʢʘ

 UO2

 PuO2

H2O
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ʃʠʪʝʨʘʪʫʨʘ  

1.ɼʝʢʫʩʘʨ ɺ.ʄ., ʂʘʛʨʘʤʘʥʷʥ ɺ.ʉ., ʂʘʣʘʰʥʠʢʦʚ ɸ.ɻ. ʠ ʜʨ. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɽʄʀʂʉ-ʪʦʧʣʠʚʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʨʝʮʠʢʣʝ ʚ ʨʝʘʢʪʦʨʘʭ ɺɺʕʈ //ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠ-

ʢʘ. - ʆʙʥʠʥʩʢ, 2013. 

2.ʂʣʠʥʦʚ ɼ.ɸ., ʊʝʨʝʭʦʚʘ ɸ.ʄ., ʎʠʙʫʣʴʩʢʠʡ ɺ.ʌ. ɺʥʫʪʨʠʪʚʵ-

ʣʴʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʢʘʢ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʧʣʫʪʦʥʠʷ /ʉʙ. ʪʝʟʠʩʦʚ ʜʦʢʣ. VIII ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ï ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ, 

2005. 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸɺɸʈʀʁʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ  

ʈɽɸʂʊʆʈɽ ɺɺʕʈ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈɸɹʆʏɽɻʆ  

ʋʏɸʉʊʂɸ ʉʊɽʅɼɸ «ʈʋ-ɿʆ» 

 

ɻ.ɺ. ʇʝʪʨʦʚ
1
, ɸ.ɺ.ʄʦʨʦʟʦʚ

2
 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

2
ɸʆ «ɻʅʎ ʈʌ-ʌʕʀ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ», ʛ. ʆʙʥʠʥʩʢ 

 
ʉʪʝʥʜ ʈʋ-ɿʆ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʝ-

ʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʦʦʨʫʞʘʝʤʦʡ ʥʘ ʧʣʦʱʘʜʢʝ ʅɺʆ ɸʕʉ-2. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʢʦʥ-

ʜʝʥʩʠʨʫʶʱʠʭʩʷ ʛʘʟʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ, ʠ ʛʘʟʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʟʘ ʩʯʝʪ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟ ʟʘʱʠʪʥʦʡ 

ʦʙʦʣʦʯʢʠ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʠ ʉʇʆʊ (ʩʠʩʪʝʤʫ 

ʧʘʩʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ) ʧʨʠ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʷʭ. ʂʦʥʩʪʨʫʢ-

ʮʠʷ ʤʦʜʝʣʠ ʨʝʘʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚ-

ʢʦʡ ʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʦʡ ʚ ʟʘʧʨʦʝʢʪʥʦʡ ʘʚʘʨʠʠ ʩ çʙʦʣʴʰʦʡè 

ʪʝʯʴʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ ʛʣʘʚʥʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʠ ʨʘʙʦʪʝ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʛʠʜʨʦʝʤ-

ʢʦʩʪʝʡ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠ ʉʇʆʊ).  

ʎʝʣʠ ʨʘʙʦʪʳ: 

- ʩʨʘʚʥʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ ʩʪʝʥʜʘ ʈʋ-ɿʆ ʩ 
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ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʰʝʩʪʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ ɸʕʉ ʩ 

ɺɺʕʈ-1200; 

- ʦʮʝʥʠʪʴ, ʢʘʢʘʷ ʠʟ ʜʚʫʭ ʤʦʜʝʣʠʨʫʝʤʳʭ ʘʚʘʨʠʡ (ʩ ʨʘʟʨʳʚʦʤ 

ɻʎʊ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩ-

ʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʦʩʥʦʚʘʪʴ ʧʦʯʝʤʫ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

- ʇʨʦʚʝʜʝʥʥʳʝ ʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʩʪʝʥʜʝ ʈʋ-ɿʆ ʵʢʩʧʝ-

ʨʠʤʝʥʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʘʚʘʨʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʘʢʪʦʨʝ 

ɺɺʕʈ, ʦʩʥʘʱʝʥʥʦʤ ʧʘʩʩʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʢʘ-

ʟʘʣʠ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ ʨʝʘʢʪʦʨʘ (ʤʦʜʝʣʠʨʦʚʘʚʰʝʛʦʩʷ 

ʥʘ ʩʪʝʥʜʝ ʨʘʙʦʯʠʤ ʫʯʘʩʪʢʦʤ) ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʘʚʘʨʠʡʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ. 

- ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʨʘʙʦ-

ʯʝʤ ʫʯʘʩʪʢʝ ʩʪʝʥʜʘ ʈʋ-ɿʆ, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʥʝʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʛʘʟʦʚ ʥʘ ʩʪʝʧʝʥʴ ʦʪʨʘʚʣʝʥʠʷ ʇɻ, ʨʘʙʦʪʘ-

ʶʱʝʛʦ ʚ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ.  

- ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʚʘʨʠʷ ʩ ʨʘʟʨʳʚʦʤ ɻʎʊ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝ-

ʘʢʪʦʨʘ ʠʤʝʝʪ ʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪ-

ʚʦʜʘ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʘ ʦʪ ʨʝʘʢʪʦʨʘ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʧʘʩʩʠʚʥʳʭ 

ʩʠʩʪʝʤ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʘʟʠʩʦʤ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʘʩʥʳʭ 

ʘʚʘʨʠʡ ʥʘ ʛʣʘʚʥʦʤ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ ʢʦʥʪʫʨʝ.  

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʆʇʃʀɺʅʆʁ ʂʆʄʇʆɿʀʎʀʀ ɼʃʗ 

ʂʈʀʊʀʏɽʉʂʀʍ ʉʊɽʅɼʆɺ 

 

ɸ.ʉ. ɹʝʨʝʟʦʚʩʢʠʡ, ʄ.ʅ. ʂʨʶʯʢʦʚ, ɸ.ʄ. ʊʝʨʝʭʦʚʘ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʂʨʠʪʠʯʝʩʢʠʝ ʩʙʦʨʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʥʦʞʘʶʱʠʭ ʩʠʩʪʝʤ. ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʙʦʨʢʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʨʦʩʪʳʤʠ ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʣʷʱʠʭʩʷ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʩʣʦʞʥʳʤʠ, ʢʦʛʜʘ 
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ʢʨʠʪʠʯʝʩʢʘʷ ʩʙʦʨʢʘ ʤʦʜʝʣʠʨʫʝʪ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ [1].  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʙʳʩʪʨʦʛʦ ʨʝʘʢʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚʟʷʪ U ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ 
235

U 20% ʠ ʥʘʪʨʠʡ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ɼʣʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ SERPENT [2]. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʛʦʤʦʛʝʥʥʘʷ ʠ ʛʝʪʝʨʦʛʝʥʥʘʷ ʪʦʧʣʠʚʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ. ɼʣʷ ʟʘʜʘʯ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷ-

ʪʳ ʩʣʝʜʫʶʱʝʝ ʤʘʪʝʨʠʘʣʳ: ʜʝʣʷʱʠʡʩʷ ʤʘʪʝʨʠʘʣ (ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʫʨʘʥ ʩ 90%-ʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ U-235 ʠ ʜʠʦʢʩʠʜ ʦʙʝʜʥʝʥʥʦʛʦ 

ʫʨʘʥʘ) ʠ ʤʘʪʝʨʠʘʣʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʥʘʪʨʠʡ). ɺʩʝ ʨʝʘʢʪʦʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʬʦʨʤʫ ʪʘʙʣʝʪʦʢ (ʙʣʦʯʢʦʚ) ʜʠʘʤʝʪʨʦʤ 47 ʤʤ ʠ 

ʪʦʣʱʠʥʦʡ 10 ï 0.1 ʤʤ[3].  
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ʦʧʘʩʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢè. ɼʠʤʠʪʨʦʚ-
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ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʨʠʪʩʪʝʥʜʦʚ ɹʌʉ ʚ ʨʘʩʯʝʪʘʭ / ɼʦ-

ʢʣʘʜ ʥʘ XXV ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʷʜʝʨʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʬʝʩʪʠʚʘʣʝ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʩʝʢʮʠʷ. 2002. 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʆɹɽʉʇɽʏɽʅʀʗ ɺʓʉʆʂʆɻʆ 

ɺʆʉʇʈʆʀɿɺʆɼʉʊɺɸ ɼɽʃʗʑʀʍʉʗ ɺɽʑɽʉʊɺ  

ɺ ʊɽʇʃʆɺʆʄ ʈɽɸʂʊʆʈɽ ʄɸʃʆʁ ʄʆʑʅʆʉʊʀ 

 

ɼ.ʉ. ʀʜʘʥʦʚʘ, ɺ.ʄ. ʂʦʪʦʚ  

ʀɸʕ ʈɻʇ ʅʗʎ ʈʂ, ʛ. ʂʫʨʯʘʪʦʚ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦ-

ʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʪʝʧʣʦʚʦʤ ʨʝʘʢʪʦʨʝ, ʩʧʦʩʦʙʥʦʤ ʢʦʥʢʫʨʠʨʦ-
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ʚʘʪʴ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʛʦ ʩʳʨʴʷ ʩ ʙʳʩʪ-

ʨʳʤʠ ʨʝʘʢʪʦʨʘʤʠ. 

ɺ ʠʟʚʝʩʪʥʳʭ ʨʝʰʝʥʠʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʘʭ ʚ ʝʛʦ ʪʦʧʣʠʚʦ ʜʦʙʘʚʣʷʝʪʩʷ ʪʦʨʠʡ. ʆʙʨʘʟʫ-

ʶʱʠʡʩʷ 
233

U ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʜʝʣʝʥʠʠ, 

ʤʝʥʴʰʫʶ ʜʦʣʶ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʯʝʥʠʷ ʜʝ-

ʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʥʫʢ-

ʣʠʜʦʚ ʚ ʭʦʜʝ ʢʘʤʧʘʥʠʠ. ʆʜʥʘʢʦ ʵʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 
233

U, 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʚʝʜʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʪʦʨʠʡ-ʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
232

U, ʜʦ-

ʯʝʨʥʠʡ ʧʨʦʜʫʢʪ ʢʦʪʦʨʦʛʦ 
208

Tl ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ, ʦʩʣʦʞʥʷʶʱʠʤ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʨʘ-

ʙʦʪʘʚʰʝʛʦ ʪʦʧʣʠʚʘ. ɼʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 
232

U 

ʩʯʠʪʘʝʪʩʷ 1000 ʛ ʥʘ ʦʜʥʫ ʪʦʥʥʫ 
233

U.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʨʝʘʢʪʦʨʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʝ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʣʷʱʠʭʩʷ ʚʝ-

ʱʝʩʪʚ ʢʘʢ ʚ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʤ, ʪʘʢ ʠ ʚ ʪʦʨʠʡ-ʫʨʘʥʦʚʦʤ ʪʦʧʣʠ-

ʚʘʭ.  

ʅʝʦʪʲʝʤʣʝʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʷʞʝʣʘʷ ʚʦʜʘ, 

ʛʨʘʬʠʪ) [1]. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ ʠ ʢʦʨʧʫʩʦʚ 

ʊɺʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʨʢʦʥʠʝʚʳʡ ʩʧʣʘʚ 
90

Zr ʠ 
120

Sn [2]. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʣʷʱʝʛʦʩʷ 
233

U ʟʘ ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ ʟʦʥ ʪʦʧʣʠʚʘ ʠ 

ʟʘʤʝʜʣʝʥʠʷ ʥʝʡʪʨʦʥʦʚ. ʅʘ ʛʨʘʥʠʮʝ ʵʪʠʭ ʟʦʥ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʦʠ 

ʚʠʩʤʫʪʘ ʠ ʙʝʨʠʣʣʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʧʦʪʦʢʘ ʙʳʩʪ-

ʨʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʟʦʥʝ ʪʦʧʣʠʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʙʝʨʠʣʣʠʠ ʧʦ ʨʝʘʢʮʠʠ n2n. 

ʆʩʥʦʚʘ ʪʦʧʣʠʚʘ ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ. ʊʦʨʠʡ ʨʘʟʤʝ-

ʱʝʥ ʚ ʟʦʥʝ ʟʘʤʝʜʣʠʪʝʣʷ ʠ ʦʪʨʘʞʘʪʝʣʷ ʚ ʥʘʠʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʪʦʧʣʠʚʘ. ɺʳʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʪʦʨʠʠ 
233

U ʧʦʩʪʫʧʘʝʪ ʚ ʩʦʩʪʘʚ 

ʪʚʵʣʦʚ. 

ʆʪʨʘʞʘʪʝʣʴ ʚʳʧʦʣʥʝʥ ʜʚʫʭʩʣʦʡʥʳʤ. ʇʝʨʚʳʡ ʩʣʦʡ ï ʪʷʞʝʣʘʷ 

ʚʦʜʘ, ʚʪʦʨʦʡ ï ʛʨʘʬʠʪ. ʊʦʨʠʝʚʳʝ ʩʪʝʨʞʥʠ ʨʘʟʤʝʱʝʥʳ ʚ ʩʝʨʝ-
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ʜʠʥʝ ʧʝʨʚʦʛʦ ʩʣʦʷ. ʊʘʢʘʷ ʢʦʤʧʦʟʠʮʠʷ ʩʥʠʞʘʝʪ ʫʪʝʯʢʫ ʚ ʨʝʘʢʪʦ-

ʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʦʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʨʘʟ-

ʤʝʨʘʭ ʨʝʘʢʪʦʨʘ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ 

- ʚʳʩʦʢʘʷ ʜʦʣʷ ʜʝʣʝʥʠʡ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘ 
238

U (ʩʚʳʰʝ 12 % ʦʪ ʯʠʩʣʘ ʧʦʛʣʦʱʝʥʠʡ ʚ ʥʝʤ); 

- ʤʘʣʘʷ ʚʳʨʘʙʦʪʢʘ ʧʘʨʘʟʠʪʥʦʛʦ 
232

U (ʤʝʥʝʝ 150 ʛ ʥʘ ʪʦʥʥʫ 
233

U); 

- ʤʘʣʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜ-

ʩʪʚʘ 
233

U; 

- ʨʘʚʥʦʚʝʩʥʳʡ ʨʝʞʠʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʦʪʦʧʦʚ ʧʣʫʪʦʥʠʷ ʚ 

ʪʚʵʣʘʭ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʨʝʘʢʪʦʨʝ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʪʦʧʣʠʚʝ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʝ-

ʣʷʱʠʭʩʷ ʚʝʱʝʩʪʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʚʘʣʦʚ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʦʜʧʠʪʢʠ ʚ ʩʚʝʞʠʭ ʪʚʵʣʘʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʨʝʘʢʪʦʨʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʙʝʨʠʣʣʠʷ ʠ ʚʠʩʤʫʪʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʠʧʦʤ ʪʦʧʣʠʚʘ ï ʦʢ-

ʩʠʜʥʦʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʝ. ʄʘʩʩʘ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ʚ ʨʝʘʢʪʦʨʝ ʤʘʣʳʭ 

ʨʘʟʤʝʨʦʚ ʦʢʦʣʦ ʪʨʝʭ ʪʦʥʥ ʢʘʞʜʦʛʦ. ʉʦʜʝʨʞʘʥʠʝ ʜʝʣʷʱʠʭʩʷ ʚʝ-

ʱʝʩʪʚ ʚ ʪʦʧʣʠʚʝ ʚ ʥʘʯʘʣʝ ʢʘʤʧʘʥʠʠ: 
233

U ï 1.5 %, 
235

U ï 0.7 %, 
239

Pu ï 0.41 %.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʂʦʤʠʪʝʪ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè ʚ ʨʘʤʢʘʭ ɼʦʛʦʚʦʨʘ ˉ271 

ʦʪ 12.02.2015 ʛʦʜʘ ʧʦ ʪʝʤʝ çɸʕʉ ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʦʭʣʘʞʜʘʝʤʦʛʦ 

ʨʝʘʢʪʦʨʘ ʩ ʚʦʜʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤè. 
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1.ʂʦʪʦʚ ɺ.ʄ., ʂʦʪʦʚ ʉ.ɺ., ʊʠʭʦʤʠʨʦʚ ʃ.ʅ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦ-

ʟʜʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʧʦʣʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʥʦʚʦʛʦ 
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338-346. 
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ʉʈɸɺʅɽʅʀɽ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊʆʇʃʀɺɸ ʇʈʀ ɻʆʄʆɻɽʅʅʆʄ ʀ  

ɻɽʊɽʈʆɻɽʅʅʆʄ ʈɸɿʄɽʑɽʅʀʀ ʋʈɸʅɸ ʅɸ ʇʈʀʄɽʈɽ 

SCHERZO-556 INTERNATIONAL STANDARD  

 

ʄ.ʅ. ʂʨʶʯʢʦʚ ɸ.ʉ. ɹʝʨʝʟʦʚʩʢʠʡ, ɸ.ʄ. ʊʝʨʝʭʦʚʘ  

 ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ  

 
SCHERZO-556 INTERNATIONAL STANDARD ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʳ ʠʟ ʫʨʘʥʘ ʩ 

ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ ʠʟʦʪʦʧʫ 
235

U 5,56% ʨʘʚʝʥ ʝʜʠʥʠʮʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ SCHERZO-556 ʥʘ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Serpent [2] ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦ ʟʥʘʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʟʤʥʦʞʝʥʠʷ ʩʨʝʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʨʘʥʝʝ ʥʘ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ MCU ʠ MCNP5 (ʪʘʙʣ.1) [1]. 
ʊʘʙʣʠʮʘ 1 

ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ SCHERZO-556 

ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʈʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ 

MCU MCNP5 Serpent 

1.0000 0.9980±0.001 0.99999±0.001 0.99927±0.0007 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʨʝʜʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʚʘ ʪʠʧʘ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʶʱʝʛʦ ʬʦʨʤʫ ʪʘʙʣʝʪʦʢ 

ʜʠʘʤʝʪʨʦʤ 47 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 10 ï 0.1 ʤʤ ʠʟ ʚʳʩʦʢʦʦʙʦʛʘʱʝʥ-

ʥʦʛʦ (90%-ʳʤ ʦʙʦʛʘʱʝʥʠʝʤ) ʠ ʦʙʝʜʥʝʥʥʦʛʦ ʫʨʘʥʘ. ɹʳʣʦ ʧʦʜʦ-

ʙʨʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʙʣʝʪʦʢ ʠʟ ʚʳʩʦʢʦʦʙʦʛʘʱʝʥʥʦʛʦ ʠ ʦʙʝʜ-

ʥʝʥʥʦʛʦ ʫʨʘʥʘ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʭʦʞʠʤ ʩ SCHERZO-556. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʪʦʧʣʠʚʘ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ 

ʪʘʙʣʝʪʦʢ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ ʚʠʜʝ ʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 47 

ʤʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ki: VTT Technical Research Centre of Finland, 2012 ʛ.  

 

ʈɸʉʏɽʊʅʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ ʀ  

ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ʈɽɸʂʊʆʈʅʆɻʆ ʋʉʊʈʆʁʉʊɺɸ 

ɼʃʗ ʀʉʇʓʊɸʅʀʁ ʊɺʕʃʆɺ 

 

ɻ.ɸ. ɺʠʪʶʢ, ɸ.ɼ. ɺʫʨʠʤ, ɺ.ʄ. ʂʦʪʦʚ, ɺ.ɸ. ɺʠʪʶʢ,  

ʆ.ʄ. ɾʘʥʙʦʣʘʪʦʚ  

ʀɸʕ ʈɻʇ ʅʗʎ ʈʂ, ʛ. ʂʫʨʯʘʪʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʷʜʝʨʥʦʤ ʮʝʥʪʨʝ ʈʝʩʧʫʙ-

ʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʈɻʇ ʅʗʎ ʈʂ) ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʦʜʛʦʪʦʚ-

ʢʝ ʨʝʘʢʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʚʵʣʦʚ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦ-

ʥʘʭ ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʚ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʨʝʘʢʪʦʨʘ MYRRHA [1,2]. 

ʇʣʘʥʠʨʫʝʤʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝ-

ʜʝʥʠʷ ʪʦʧʣʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʣʦʥʝʥʠʡ ʨʝʞʠʤʦʚ ʝʛʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʦʪ ʥʦʨʤʘʣʴʥʳʭ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʦʧʣʠʚʥʳʭ ʪʘʙʣʝʪʦʢ ʧʨʠ ʨʝʟʢʦʤ ʚʳʭʦʜʝ ʥʘ 

ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʬʘʢʪʠʯʝʩʢʦʤ ʨʘʜʠʘʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʧʣʠʚʘ ʠ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʡ 

ʵʚʪʝʢʪʠʢʠ ʧʨʠ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʡ 

ʛʨʘʬʠʪʦʚʳʡ ʨʝʘʢʪʦʨ (ʀɻʈ) [3], ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʧʨʦʚʝʜʝ-

ʥʳ ʚʥʫʪʨʠʨʝʘʢʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝ-

ʞʠʤʦʚ ʠʩʧʳʪʘʥʠʡ ʚʥʫʪʨʠʨʝʘʢʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝ-

ʛʦ ʦʙʝʩʧʝʯʠʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʪʦʨʘ ʀɻʈ ʨʝʘʣʠʟʘʮʠʶ ʟʘʜʘʥʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʚʵʣʦʚ.  

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʦʧʣʠʚʥʳʭ ʪʘʙʣʝʪʦʢ, ʷʚʣʷʶʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʦʱʥʦʩʪʠ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʛʨʘ-
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ʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʚʵʣʝ ʚʧʣʦʪʴ ʜʦ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʦʧʣʠʚʘ 

(ʨʠʩ. 1). ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʜʦʣʞʝʥʠʷ ʪʘʢʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʡ ʥʘʙʨʦʩ ʤʦʱʥʦʩʪʠ ʚ ʪʚʵʣʝ, ʜʦʩʪʘ-

ʪʦʯʥʳʡ ʜʣʷ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦʣʦʚʠʥʳ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ [4]. 

 
ʈʠʩ. 1.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚ ʪʚʵʣʝ 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʪʦʧʣʠʚʘ ʠ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʤʠʤʦ 

ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʦʱʥʦʩʪʠ ʚ ʪʚʵʣʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʪʦʧʣʠʚʥʳʭ ʪʘʙʣʝʪʦʢ ʩ ʪʝʧʣʦʥʦʩʠʪʝ-

ʣʝʤ ʚ ʪʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʝ-

ʤʦʥʩʪ-ʨʠʨʦʚʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʳʪʘʥʠʡ ʪʚʵʣʦʚ ʚ ʨʝʘʢʪʦʨʝ ʀɻʈ ʠ ʧʦʟ-

ʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʝʘʢʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɸʥʘʣʠʟ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡ-

ʩʪʚʘ ʧʦʜʪʚʝʨʜʠʣ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʣʘʥʠ-

ʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [5]. 
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ʂʆʅʎɽʇʎʀʗ ʂɸʅɸʃʔʅʆɻʆ ʂʀʇʗʑɽɻʆ ʈɽɸʂʊʆʈɸ  

ʉ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʄ ɿɸʄɽɼʃʀʊɽʃɽʄ 

 

ɺ.ʖ. ɾʜʘʤʠʨʦʚ, ɺ.ʀ. ʅʘʫʤʦʚ 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

 

ʂʘʥʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫ-

ʶʪʩʷ ʚ ʨʷʜʝ ʩʪʨʘʥ ʠ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʨʦ-

ʚʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʢʘʥʘʣʴʥʳʭ ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʦʨʧʫʩʘʭ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚ-

ʥʦʩʪʠ ʥʘ ʚʳʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʙʣʘʛʦʜʘʨʷ ʦʩʫʱʝʩʪʚʣʝʥʠ ʁʩʭʝʤʳ 

çʥʝʧʨʝʨʳʚʥʳʭè ʧʝʨʝʛʨʫʟʦʢ. 

ʆʜʥʘʢʦ ʧʦʣʫʚʝʢʦʚʦʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʦʚ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʢʘʥʘʣʴʥʦʡ 

ʢʦʥʮʝʧʮʠʠ ʚ ʮʝʣʦʤ ʠ ʨʝʘʢʪʦʨʘ ʈɹʄʂ-1000, ʚ ʯʘʩʪʥʦʩʪʠ. ʉʨʝʜʠ 

ʪʘʢʦʚʳʭ ʯʘʱʝ ʚʩʝʛʦ ʚʳʜʝʣʷʶʪ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʛʨʘʬʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʜʣʠʪʝʣʷ: 

ï ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʪʝʧʣʘ; 

ï ʪʝʨʤʠʯʝʩʢʠʝ ʨʘʩʰʠʨʝʥʠʝ; 

ï ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ; 

ï ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ; 
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ï ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝ-

ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ ʟʘʤʝʜʣʷʶʱʠʤʠ ʠ ʧʦʛʣʦʱʘʶʱʠ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘʤʝʜʣʠʪʝʣʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʱʝ ʦʜʥʠʤ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʘʨʦʮʠʨʢʦʥʠʝʚʦʡ ʨʝʘʢʮʠʠ ʩ ʥʝʩʫʱʝʡ ʩʪʝʥʢʦʡ ʪʦʧʣʠʚʥʦʛʦ 

ʢʘʥʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʢʘʥʘʣʴʥʦʛʦ ʨʝʘʢʪʦ-

ʨʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ ʨʷʜ ʧʦʜʥʷʪʳʭ 

ʚʳʰʝ ʧʨʦʙʣʝʤ, ʟʘʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʠʰʫ ʚ ʩʠʩʪʝʤʝ ʨʘʟʚʠʪʦʡ 

ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʚʳʚʦʜʠʤʳʭ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʦʜʦʛʨʘʬʠʪʦʚʳʭ ʨʝʘʢʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʟʘʤʝʜʣʠʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʠ ʚʦʜʳ (BeO + H2O), ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʩʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʛʨʘ-

ʬʠʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ 

ʪʦʧʣʠʚʥʦʛʦ ʢʘʥʘʣʘ (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʘʨʦʮʠʨʢʦʥʠʝʚʦʡ ʨʝʘʢʮʠʠ ʚʦʜʳ ʩ ʥʝʩʫʱʝʡ ʪʨʫʙʦʡ 

ʢʘʥʘʣʘ, ʨʝʰʠʪʴ ʨʷʜ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʢʘ-

ʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ 

ʦʪʚʘʣʴʥʦʛʦ ʫʨʘʥʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʣʫʪʦʥʠʷ (UO2 + PuO2).  
ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 1000 ʄɺʪ 

ʊʝʧʣʦʥʦʩʠʪʝʣʴ H2O 

ɿʘʤʝʜʣʠʪʝʣʴ BeO + H2O 

ʊʦʧʣʠʚʦ UO2 (0.02%)+PuO2 (4%) 

 

ɿʘ ʩʯʝʪ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʫʜʘʣʦʩʴ ʧʦʚʳ-

ʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʰʝʚʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ çʚʪʦʨʠʯʥʦʛʦè ʩʳʨʴʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ 

ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ (60 ʄɺʪĿʩʫʪ/ʢʛ). 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʥʘʣʴʥʘʷ ʢʦʥʮʝʧʮʠʷ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʜʦ ʢʦʥʮʘ ʠʩʯʝʨʧʘʥʥʦʡ ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʠʜʝʠ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

 

 
 

ʈʠʩ.1. ʈʘʩʯʝʪʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʝʘʢʪʦʨʘ: 

1ïʙʝʨʠʣʣʠʝʚʳʡ ʟʘʤʝʜʣʠʪʝʣʴ; 2ïʩʣʦʡ ʦʭʣʘʞʜʝʥʠʷ ʟʘʤʝʜʣʠʪʝʣʷ; 3ï

ʥʝʩʫʱʘʷ ʮʠʨʢʦʥʠʝʚʘʷ ʪʨʫʙʘ ʢʘʥʘʣʘ; 4ïʩʣʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʢʘʥʘʣʘ; 5ï

ʪʚʵʣ; 6ïʮʝʥʪʨʘʣʴʥʳʡ ʮʠʨʢʦʥʠʝʚʳʡ ʩʪʝʨʞʝʥʴ 

 

ʉɽʂʎʀʗ II  

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʕʂʉʇʃʋɸʊɸʎʀʗ ɸʕʉ 

 
ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʈɽɸʂʊʆʈʅʓɽ ʋʉʊɸʅʆɺʂʀ 

ʄɸʃʆʁ ʀ ʉʈɽɼʅɽʁ ʄʆʑʅʆʉʊʀ ʉʆ ʉɺʀʅʎʆɺʓʄ ʀ 

ʉɺʀʅʎʆɺʆ-ɺʀʉʄʋʊʆɺʓʄ ʊɽʇʃʆʅʆʉʀʊɽʃʗʄʀ 

 

ɺ.ɸ. ʈʘʟʠʥ  

ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʈʋ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʘʡʦʥʦʚ ɿʘʧʦʣʷʨʴʷ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ɸʕʉ, 

ʢʦʪʦʨʳʡ ʠʥʠʮʠʠʨʫʝʪ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʵʚʦʣʶʮʠʦʥʥʳʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʧʨʦʝʢʪʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʨʝʰʝʥʠʡ ʫʩʪʘʥʦʚʦʢ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, 

ʦʭʣʘʞʜʘʝʤʳʭ ʪʷʞʝʣʳʤʠ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ-
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ʤʠ (ʊɾʄʊ). ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʫʥʠʢʘʣʴʥʦʤ ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʨʠʡʥʳʭ ʈʋ ʩʦ 

ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ ʦʧʳʪʝ ʨʘʙʦʪ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʵʥʝʨʛʦʙʣʦʢʦʚ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩʦ ʩʚʠʥʮʦʚʳʤ (ɹʈɽʉʊ) ʠ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ 

(ʉɺɹʈ) ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʧʨʠʜʘʪʴ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʈʋ ʩ ʊɾʄʊ ʥʦʚʳʝ ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʈʋ 

ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. ʅʠʟʢʦʝ, ʙʣʠʟʢʦʝ ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ 

ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʥʦʤ ʢʦʥʪʫʨʝ (0,1 ï 0,5 ʄʇʘ), ʤʘʣʘʷ ʪʦʣʱʠʥʘ 

ʝʛʦ ʩʪʝʥʦʢ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʊɾʄʊ (ʜʦ 500 ï 550
º
ʉ) ʠ ʛʝ-

ʥʝʨʠʨʫʝʤʦʛʦ ʧʘʨʘ (400 ï 500
º
ʉ) ʧʨʠ ʝʛʦ ʜʘʚʣʝʥʠʠ 5,0ï24,5 ʄʇʘ, 

ʚʳʩʦʢʠʝ ʂʇɼ ʵʥʝʨʛʦʙʣʦʢʘ (ʜʦ 45%), ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʭʝʤʘ ʈʋ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʪʨʠʜʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʜʨʫʛʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʢʦʥʦʤʠʢʫ ʵʪʠʭ 

ʵʥʝʨʛʦʙʣʦʢʦʚ, ʩʜʝʣʘʪʴ ʝʸ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʜʝʰʝʚʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʈʋ ʩ ʊɾʄʊ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʚʳ-

ʛʦʜʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʫʩʪʘʥʦʚʦʢ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʠʤʝʶʪ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʫʜʝʣʴʥʫʶ ʟʘʧʘʩʸʥʥʫʶ ʵʥʝʨ-

ʛʠʶ ʚ 20 ʨʘʟ ʤʝʥʴʰʫʶ, ʯʝʤ ʚ ʈʋ ʩ ɺɺʕʈ ʠ ʚ 10 ʨʘʟ ʤʝʥʴʰʫʶ, 

ʯʝʤ ʚ ʈʋ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ɺ ʫʩʪʘʥʦʚʢʘʭ ʩ ʊɾʄʊ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʘʷ çʵʥʝʨʛʠʷ ʩʞʘʪʠʷè, ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʠʨʢʦʥʠʝʤ, ʢʘʢ ʫ ʚʦʜʳ, ʩ ʚʦʜʦʡ ʠ ʚʦʟʜʫ-

ʭʦʤ, ʢʘʢ ʫ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚʦʜʦʨʦʜʘ ʩ ʚʦʟʜʫʭʦʤ, ʢʘʢ ʫ ʚʦʜʳ ʠ 

ʥʘʪʨʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʦʚʳʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʵʥʝʨʛʦʙʣʦʢʦʚ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʩ ʪʷʞʝʣʳʤʠ ʞʠʜʢʦʤʝʪʘʣ-

ʣʠʯʝʩʢʠʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʦ 

ʩʚʠʥʮʦʚʳʤ ʠ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ. ɸʥʘʣʠʟ 

ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʈʋ ʩʦ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʠʩʩʣʝʜʦʚʘ-
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ʥʠʡ ʠ ʦʧʳʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ ʩʦ ʩʚʠʥʮʦʚʳʤ 

(ɹʈɽʉʊ) ʠ ʩʚʠʥʮʦʚʦ-ʚʠʩʤʫʪʦʚʳʤ (ʉɺɹʈ)  ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ, ʘ 

ʪʘʢʞʝ ʦʧʳʪʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʝʥʜʘʭ 

ʅɻʊʋ ʠʤ. ɸʣʝʢʩʝʝʚʘ. 

 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʊɽʇʃʆʆɹʄɽʅɸ ɺ  

ʉɽʇɸʈɸʊʆʈɸʍ-ʇɽʈɽɻʈɽɺɸʊɽʃʗʍ ʊʋʈɹʀʅ ɸʕʉ  

 

ʄ.ʖ. ɽʛʦʨʦʚ 

ʉʇʙʇʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 
ʕʢʦʥʦʤʠʯʥʦʩʪʴ ɸʕʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʪʫʨʙʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʥʘʩʳʱʝʥʥʦʤ ʧʘʨʝ, ʥʘ ʚʳʭʦʜʝ ʠʟ ʮʠʣʠʥʜʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʘʨ ʠʤʝʝʪ ʚʣʘʞʥʦʩʪʴ 10 ï 15%. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʣʦʧʘʪʢʠ ʧʦ-

ʩʣʝʜʥʠʭ ʩʪʫʧʝʥʝʡ ʮʠʣʠʥʜʨʦʚ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠ-

ʝʤ ʚʣʘʛʠ ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʦʡ ʵʨʦʟʠʠ, ʠʤʝʶʪ ʤʘʣʳʡ ʨʝʩʫʨʩ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ ʚ ʪʫʨʙʠʥʘʭ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʩʫʰʢʘ (ʩʝʧʘʨʘʮʠʷ) ʧʘʨʘ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʧʘʨʦʚʳʤ ʧʝʨʝʛʨʝʚʦʤ ʚ ʘʧʧʘʨʘʪʘʭïʩʝʧʘʨʘʪʦʨʘʭʧʘʨʦʧʝʨʝʛ-

ʨʝʚʘʪʝʣʷʭ (ʉʇʇ).  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʉʇʇ ʪʫʨʙʠʥ 

ɸʕʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʉʇʇ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʪʜʝʣʝʥʠʷ ʚʣʘʛʠ 

ʦʪ ʧʘʨʘ ʚ ʩʝʧʘʨʘʪʦʨʝ ʞʘʣʶʟʠʡʥʦʛʦ ʠʣʠ ʩʝʪʯʘʪʦʛʦ ʪʠʧʘ ʠ ʧʝʨʝ-

ʛʨʝʚʘ ʦʩʫʰʝʥʥʦʛʦ ʜʦ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ y~(0,2ï1)% 

ʧʘʨʘ ʚ ʧʝʨʝʛʨʝʚʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʉʇʇ. ʇʦʩʣʝʜʥʷʷ ʠʤʝʝʪ ʚʠʜ 

ʪʨʫʙʯʘʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʩ ʢʦʥʜʝʥʩʘʮʠʝʡ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʚʳ-

ʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 2 ï 6 ʄʇʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚʥʫʪʨʠ ʠʣʠ ʩʥʘʨʫʞʠ 

ʧʫʯʢʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙ ʠ ʧʝʨʝʜʘʶʱʝʛʦ 

ʪʝʧʣʦʪʫ ʧʝʨʝʛʨʝʚʘʝʤʦʤʫ ʧʘʨʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ~0,3ʄʇʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʧʝʨʝʛʨʝʚʘʪʝʣʷʭ ʉʇʇ 

1. ʇʨʦʜʦʣʴʥʦʝ ʦʨʝʙʨʝʥʠʝ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴʥʳʭ ʪʨʫʙ. ɺ ʈʦʩ-

ʩʠʠ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʦʜʥʦʢʦʨʧʫʩʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʉʇʇ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʉʇʇ-220-1 ʷʚʠʣʘʩʴ ʙʘʟʦʚʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʉʇʇ 

ʜʣʷ ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ ʙʣʦʢʦʚ ʩ ɺɺʕʈ-1000. ɸʧʧʘʨʘʪʳ ʉʇʇ-1000 
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ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ɸʕʉ ʩ ɺɺʕʈ-1000 ʚ ʈʦʩʩʠʠ ʠ ʥʘ 

ʋʢʨʘʠʥʝ. ʇʝʨʝʛʨʝʚʘʪʝʣʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʉʇʇ-1200 ʜʣʷ 

ɺɺʕʈ-1200 [1] ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʠʟ 37 ʪʨʫʙ 

ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ 12 ʨʸʙʨʘʤʠ ʠʟ ʩʪʘʣʠ, ʧʨʠʚʘʨʝʥʥʳʤʠ 

ʧʨʦʜʦʣʴʥʦ. 

2. ʇʦʧʝʨʝʯʥʦʝ ʦʨʝʙʨʝʥʠʝ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʉʇʇ ʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʦ ʦʙʪʝʢʘʝʤʳʝ ʧʫʯ-

ʢʠ ʠʟ ʥʠʟʢʦʨʝʙʨʠʩʪʳʭ ʪʨʫʙ ʩ ʚʳʩʦʪʦʡ ʨʝʙʨʘ ʧʦʨʷʜʢʘ 1,5ῐ4 ʤʤ 

[2]. ɺ ʟʘʨʫʙʝʞʥʳʭ ʉʇʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʫʙʥʳʝ ʧʫʯʢʠ ʩ ʧʦʧʝ-

ʨʝʯʥʳʤ ʦʙʪʝʢʘʥʠʝʤ ʪʨʫʙ ʧʘʨʦʤ. ʆʥʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʪʝʧʣʦʚʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʇʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧ-

ʣʦʦʙʤʝʥʘ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʨʘʩʯʸʪʫ [3] ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʅʠʞʝ ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ, ʥʦ ʥʝ ʥʘʰʝʜʰʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝ-

ʛʨʝʚʘʪʝʣʝʡ ʉʇʇ.  

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʳʚʥʳʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʪʫʨʙʫʣʠ-

ʟʘʮʠʠ ʧʦʪʦʢʘ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʧʫʯʢʦʚ ʟʤʝʝʚʠʢʦʚʳʭ 

ʪʨʫʙ ʧʘʨʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷʭ, ʩʦʙʨʘʥʥʳʭ ʚ ʚʠʜʝ ʧʫʯʢʘ 

ʟʤʝʝʚʠʢʦʚʳʭ ʪʨʫʙ ʪʠʧʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʧʝʨʝʛʨʝʚʘʪʝʣʷʭ ʘʧ-

ʧʘʨʘʪʦʚ ʉʇʇ-500, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʃɸʕʉ, ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ [4].  

2. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʦʙʪʝʢʘʝʤʦʡ ʧʘʨʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʠʭʨʝʚʳʭ 

(ʩʤʝʨʯʝʦʙʨʘʟʥʳʭ) ʪʝʯʝʥʠʡ ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ ʯʝʨʝʜʫʶʱʠʭʩʷ ʚʧʘ-

ʜʠʥ (ʣʫʥʦʢ) ʠ ʚʳʩʪʫʧʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ. 

3. ɿʘʢʨʫʪʢʘ ʧʦʪʦʢʘ, ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʥʘ ʫʯʘʩʪʢʘʭ ʝʛʦ ʦʭʣʘʞʜʝ-

ʥʠʷ, ʚʳʧʘʜʝʥʠʝ ʢʦʥʜʝʥʩʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʸʥʢʠ ʠ ʫʯʘʩʪʢʘ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʚ ʮʝʣʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙ-

ʤʝʥʘ ʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ. ʀʤʝʝʪ ʤʝʩʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʢʨʫʪʢʠ ʢʘʢ ʥʘ ʪʝʧʣʦʦʙʤʝʥ, ʪʘʢ ʠ ʥʘ ʪʝʯʝʥʠʷ 

ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ. 
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ɺʳʚʦʜʳ.1. ʈʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʧʦ ʩʪʦʨʦʥʝ ʧʝʨʝʛʨʝʚʘʝʤʦʛʦ ʧʘʨʘ ʥʝ ʠʩʯʝʨʧʘʥʳ; ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

(ʦʨʝʙʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ).  

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

(ʧʦʧʝʨʝʯʥʦ ʦʙʪʝʢʘʝʤʳʝ ʟʤʝʝʚʠʢʠ, ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʠ ʣʫʥʦʯ-

ʥʦʛʦ ʪʠʧʘ ʠ ʟʘʢʨʫʪʢʘ ʧʦʪʦʢʘ), ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʉʇʇ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ɺ ʩʦʨʦʢʦʚʳʭ, ʧʷʪʠʜʝʩʷʪʳʭ ʠ ʚ ʥʘʯʘʣʝ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʷʜʘ ʩʪʨʘʥ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʦʤ-

ʧʣʝʢʩ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʘʭ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷʤʠ (ɾʄʊ). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 
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ʧʦ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪ-

ʨʫʢʪʦʨʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥʪʫʨʦʚ ʠ ʩʠʩʪʝʤ ʩ ɾʄʊ. 

ʉʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʗʕʋ, ʦʭʣʘʞʜʘʝʤʳʭ ʪʷʞʝʣʳʤʠ ɾʄʊ, 

ʠʥʠʮʠʠʨʫʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʥʝʨʛʦ-

ʝʤʢʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ ʚʦʟʥʠ-

ʢʘʝʪ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʪʝʧʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʛʨʝʚʘ ʩʪʝʥʜʦʚʳʭ ʢʦʥʪʫʨʦʚ. ʅʘʩʦʩʥʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ ʩʪʝʥʜʘ ʘʜʠʘʙʘʪʠʯʝʩʢʠ ʚʥʦʩʠʪ ʚ ʢʦʥʪʫʨ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʚʳʟʚʘʪʴ ʨʦʩʪ ʚʥʫʪ-

ʨʠʢʦʥʪʫʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʜʦʧʫʩʪʠʤʦʡ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʗʕʋ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʪʚʝʩʪʠ ʠʟʣʠʰʢʠ ʪʝʧʣʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʩʚʠʥʮʦʚʦʛʦ ʠ ʩʚʠʥʮʦʚʦ-

ʚʠʩʤʫʪʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʧʨʠ ʨʘʩʭʦʣʘʞʠʚʘʥʠʠ ʨʝʘʢʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʚ ʩʪʦʷʥʦʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʩʪʘ-

ʪʦʯʥʳʭ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ, ʜʦʨʦ-

ʛʠʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʨʝʰʝʥʠʡ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (Pb-326 ↔C, ʵʚʪʝʢʪʠʢʘ Pb-Bi-

125 ↔C). ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʩʨʝʜ. 

¶ ɺʦʜʘ, ʪʨʝʙʫʶʱʘʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ 

ʚʦʜʷʥʳʭ ʢʦʥʪʫʨʘʭ (ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʙʣʠʟʢʠʭ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ) ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʟʘʩʪʳʚʘʥʠʷ ʞʠʜʢʦʤʝ-

ʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

¶ ɺʦʟʜʫʭ, ʪʨʝʙʫʶʱʠʡ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʩ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʩ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʩʦʜʝʨ-

ʞʘʱʝʛʦʩʷ ʚ ʥʠʭ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʧʦʜʦʙʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝ-

ʯʝʥʠ ̫ʨʘʟʦʛʨʝʚʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʝʜ 

ʟʘʧʦʣʥʝʥʠʝʤ ʞʠʜʢʠʤ ʤʝʪʘʣʣʦʤ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʝʛʦ ʮʠʨʢʫʣʷ-

ʮʠʠ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ.  

¶ ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʦʞʝʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʩʨʝʜʳ ʩʤʝʩʴ ʚʦʟʜʫʭʘ ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʢʦʥʜʝʥʩʘʪʘ ʚʦʜʳ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʙʣʠʟʢʦʤ 

ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ. ʈʝʛʫʣʠʨʫʝʤʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʷ-

ʥʦʡ ʬʘʟʳ ʚ ʧʦʪʦʢʝ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʫʶ ʤʦʱʥʦʩʪʴ 
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ʪʝʧʣʦʦʪʚʦʜʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʞʠʜʢʦʛʦ 

ʤʝʪʘʣʣʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʨʠ ʙʝʟʦʧʘʩʥʦ ʥʠʟʢʦʤ 

ʜʘʚʣʝʥʠʠ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʩʨʝʜʳ, ʙʣʠʟʢʦʤ ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ.  

ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ɹʈɽʉʊ-ʆɼ 300 ʠ 

ʉɺɹʈ ʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʤʦʜʫʣʝʡ ʩ ʧʨʦʜʦʣʴʥʳʤ ʦʙʪʝʢʘʥʠʝʤ ʪʝʧʣʦʦʙ-

ʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʪʝʧʣʦʦʙʤʝʥ-

ʥʠʢʘ ʧʦʟʚʦʣʠʣʦ ʙʳ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʘʭ ʵʬ-

ʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʪʝʧʣʦʦʪʚʦʜʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʣʶʙʦʡ ʫʩʪʘʥʦʚʢʠ ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʭʦʜʥʳʝ 

ʠ ʚʦʟʤʦʞʥʳ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʦʟ-

ʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʚʝʜʝʥʠʷ ʪʝʧʣʘ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ. ʇʨʦʙʣʝʤʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʩʪʝʥʜʦʚʳʭ ʢʦʥʪʫʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʪʴ ʵʥʝʨʛʦʝʤʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʚʥʦʩʷʱʝʝ ʚ ʢʦʥʪʫʨ ʠʟ-

ʙʳʪʦʯʥʦʝ ʪʝʧʣʦ. 

 

ɸʅɸʃʀɿ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʂʆɼʆɺ ɼʃʗ  

ʊɽʇʃʆɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ ʈɸʉʏɽʊɸ 

 

ʁʣʤʘʟ ʋʤʫʨ, ʉʘʚʘʰ ʋʣʴʢʫ, ɸ.ʄ. ʊʝʨʝʭʦʚʘ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʠ ɸʕʉ ʷʚʜʷʝʪʩʷ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. ɼʣʷ ʵʪʦʛʦ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʪʢʨʳʪʳʭ ʠ ʟʘʢʨʳʪʳʭ ʨʘʩʯʝʪʥʳʭ ʢʦʜʦʚ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʣʘʪʬʦʨʤ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʛʨʘʤʤʳ OpenFOAM, ANSYS, 

COMSOL, NeiNastran, Salome, CalculiX. 

 ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ (Computational Fluid 

Dynamics ð CFD) ʠʣʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʝ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝ-

ʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʨʝʘʛʠ-

ʨʫʶʱʠʭ ʧʦʪʦʢʦʚ ʠ ʧʨ. 

https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0_%D1%81%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D1%8B%D1%85_%D1%81%D1%80%D0%B5%D0%B4
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OpenFOAM  (ʘʥʛʣ. Open Source Field Operation And 

Manipulation CFD ToolBox) ï ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʦʪ-

ʢʨʳʪʘʷ ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʧʣʘʪʬʦʨʤʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʠ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ 

ʩʨʝʜ. ʕʪʦʪ ʧʘʢʝʪ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʠʣʦ-

ʞʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ 

ʦʙʲʝʤʦʚ [1]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʘʷ ʠʜʝʦʣʦʛʠʷ 

OpenFOAM. ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʙʳʪʴ ʧʨʦʛʨʘʤʤʠʩʪʦʤ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʦ-

ʜʫʣʠ ʜʣʷ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ. 

ANSYS FLUENT ï ʵʪʦ ʫʜʦʙʥʳʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʘʞʝ ʥʦʚʠʯʢʘʤ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ʀʥʪʝʛʨʘʮʠʷ ʤʦʜʫʣʷ ANSYS FLUENT ʚ ʨʘ-

ʙʦʯʫʶ ʩʨʝʜʫ ANSYS Workbench, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʤʦʜʫʣʷ ANSYS CFD-Post ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʦʟʜʘʪʁ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ 

[2]. 

COMSOL ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʶʙʳʭ ʬʠʟʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ. ʄʦʜʫʣʴ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘè 

COMSOL ʩʦʜʝʨʞʠʪ ʛʦʪʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ, ʧʦʟʚʦʣʷ-

ʶʱʠʝ ʚʚʦʜʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʯʝʨʝʟ ʛʨʘʬʠʯʝʩʢʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ʉʨʝʜʘ COMSOL 

MultiphysicsÈʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʝʪʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝ-

ʯʝʥʠʷ ʞʠʜʢʦʩʪʠ [3]. 

NeiNastran ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʛʨʘʬʠʯʝ-

ʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʨʝʜʘʢʪʦʨʦʤ ʤʦʜʝʣʝʡ ʨʝʰʘʝʪ 

ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ; ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʘʰʠʥ, ʩʦʦʨʫʞʝ-

ʥʠʡ, ʫʩʪʘʥʦʚʦʢ ʠ ʧʨʠʙʦʨʦʚ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʠ ʧʨʦʯ-

ʥʦʩʪʠ; ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ; ʟʘʜʘʯʠ ʪʝʧʣʦ-

ʦʙʤʝʥʘ; ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ; ʜʣʷ ʩʣʦʞʥʳʭ ʨʝʘʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʦʮʝʩʩʦʚ [4]. 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0_%D1%81%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D1%8B%D1%85_%D1%81%D1%80%D0%B5%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0_%D1%81%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D1%8B%D1%85_%D1%81%D1%80%D0%B5%D0%B4
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Salome ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʧʨʝʜ- ʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 

ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʦʪʢʨʳʪʦʡ ʠ ʤʦʜʠ-

ʬʠʮʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʦʙʨʘʥʥʦʡ ʠʟ ʪʠʧʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʜʦʩʪʫʧʥʳʭ ʢʘʢ ʩʚʦʙʦʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [5]. 

CalculiX ï ʦʪʢʨʳʪʳʡ ʩʚʦʙʦʜʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʪʨʸʭʤʝʨʥʳʭ 

ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʪʚʸʨʜʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʠʢʠ 

ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. CalculiX ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ 

ʘʥʘʣʠʟʘ ʙʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ [6]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ 

ʨʝʰʝʥʦ ʚʟʷʪʴ ʦʪʢʨʳʪʳʡ ʢʦʜ OpenFOAM  ʠ ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʨʦ-

ʛʨʘʤʤʫ ANSYS. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.OpenFOAM [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

http://www.openfoam.com/ 

2.Ansys [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://cae-

expert.ru/product/ansys-fluent 

3.Comsol [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.comsol.ru/products 

4.NeiNastran [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

http://www.nenastran.ru/article/products-neinastran 

     5.Salome  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.salome-platform.org/. 

6.CalculiX  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://calculix.de/ 

 

 

 

https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%BA%D1%80%D1%8B%D1%82%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D1%84%D0%BE%D1%80%D0%BC%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D0%BE%D0%B5_%D1%82%D0%B5%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
http://www.openfoam.com/
http://cae-expert.ru/product/ansys-fluent
http://cae-expert.ru/product/ansys-fluent
https://www.comsol.ru/products
http://www.nenastran.ru/article/products-neinastran
http://technology.snauka.ru/goto/http:/www.salome-platform.org/
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ʄʀʈʆɺʆʁ ʆʇʓʊ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ  

ʕʂʉʇʃʋɸʊɸʎʀʀ ʉɽʇɸʈɸʊʆʈʆɺ-ʇɽʈɽɻʈɽɺɸʊɽʃɽʁ 

ʊʋʈɹʀʅ ɸʕʉ  

 

ʄ.ʖ. ɽʛʦʨʦʚ  

ʉʇʙʇʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʈʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʫʚʝʣʠʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʠʨʘ. ɺ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʥʘʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʥʦʛʠʭ 

ʩʪʨʘʥ. ɺʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʣʷ ʯʝʛʦ ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʪʫʨʙʠʥʘʭ ɸʕʉ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʥʘ ʚʳʭʦʜʝ ʮʠʣʠʥʜʨʘ ʚʳ-

ʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨ ʠʤʝʝʪ ʚʣʘʞʥʦʩʪʴ y~(10ï15)%. ʃʦʧʘʪʢʠ ʧʦ-

ʩʣʝʜʥʠʭ ʩʪʫʧʝʥʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ ʧʦʜʚʝʨʞʝʥʳ ʵʨʦʟʠʠ. 

ɺ ʪʫʨʙʠʥʘʭ ɸʕʉ ʤʦʱʥʦʩʪʴʶ ʩʚʳʰʝ 200 ʄɺʪ ʩʦʯʝʪʘʶʪ ʩʝʧʘʨʘ-

ʮʠʶ ʚʣʘʛʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʝʨʝʛʨʝʚʦʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʩʦʟʜʘ-

ʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ ʧʝʨʝ-

ʛʨʝʚʘ (ʇʉʇʇ) ɸʕʉ.  

1. 50-ʣʝʪʥʠʡ ʨʦʩʩʠʡʩʢʠʡ ʦʧʳʪ ʩʝʧʘʨʘʮʠʠ ʠ ʧʝʨʝʛʨʝʚʘ ʪʫʨʙʠʥ 

ɸʕʉ  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʝʧʘʨʘʪʦ-

ʨʘʤ-ʧʝʨʝʛʨʝʚʘʪʝʣʷʤ (ʉʇʇ), ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʥʘʜʝʞʥʘʷ 

ʨʘʙʦʪʘ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʘʧʧʘ-

ʨʘʪʦʚ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ ʩ ʧʝʨʚʳʭ ʣʝʪ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʉʇʇ-500-1 ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʝ-

ʧʘʨʘʮʠʦʥʥʦʡ ʯʘʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘ ʃɸʕʉ, ʉʤɸʕʉ c ʟʘʤʝʥʦʡ ʩʝ-

ʧʘʨʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʩʪʘʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʙʣʦʢʠ ʩ ʞʘʣʶʟʷʤʠ 

«Powervaneè ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʭʝʤʳ ʜʚʠʞʝʥʠʷ ʥʘʛʨʝʚʘʝʤʦʛʦ ʧʘʨʘ 

ʫʩʪʨʘʥʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʣʘʞʥʦʩʪʠ ʟʘ ʩʝʧʘʨʘʮʠʦʥʥʳʤʠ ʙʣʦ-

ʢʘʤʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʧʨʠʙʣʠʟʠʣʠʩʴ ʢ ʧʨʦʝʢʪʥʳʤ (ʨʠʩ 1). 
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2. ʊʝʭʥʦʣʦʛʠʠ ʩʝʧʘʨʘʮʠʠ ʠ ʧʝʨʝʛʨʝʚʘ ʪʫʨʙʠʥ ɸʕʉ 17 ʟʘʨʫ-

ʙʝʞʥʳʭ ʬʠʨʤ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ 

ʇʉʇʇ ʘʤʝʨʠʢʘʥʩʢʠʭ (çɺʝʩʪʠʥʛʭʘʫʟè, çɼʞʝʥʝʨʘʣ ʕʣʝʢʪʨʠʢè, 

çɸʣʣʠʩ ʏʘʣʤʝʨʩè), ʛʝʨʤʘʥʩʢʠʭ (çʉʠʤʝʥʩè, çɸɽɻ-ʊʝʣʝʬʫʥʢʝʥè, 

çʂʨʘʬʪʚʝʨʢ ʋʥʠʦʥè, çʐʪʘʡʥʤʶʣʣʝʨè, çɽʫʨʦʬʦʨʤè, çɹʘʣʢʝ-

ɼʶʨʨè), ʬʨʘʥʮʫʟʩʢʦʡ (çʉʪʝʡʥ ʀʥʜʫʩʪʨʠè), ʰʚʝʡʮʘʨʩʢʠʭ (çɹʨʦ-

ʫʥ ɹʦʚʝʨʠè, çɿʫʣʴʮʝʨè), ʘʥʛʣʠʡʩʢʠʭ (çɼʞʝʥʝʨʘʣ ʕʣʝʢʪʨʠʢè, 

çʇʘʨʩʦʥʩè) ʠ ʷʧʦʥʩʢʠʭ (çʄʠʮʫʙʠʩʠè, çʍʠʪʘʯʠè, çʊʦʩʠʙʘè) 

ʬʠʨʤ. ʆʙʩʫʞʜʘʶʪʩʷ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ [2], ʩʜʝʣʘʥ 

ʦʙʟʦʨ ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʥʝʧʦʣʘʜʦʢ, ʚʳʟʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

 

  
ʈʠʩ.1.ɺʣʘʞʥʦʩʪʴ ʧʘʨʘ y ʜʣ̫ ʉʇʇ ʥʘ ʃɸʕʉ: Iðʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝ-

ʥʠʷ; IIðʧʨʦʝʢʪʥʦʝ ʟʥʘʯʝʥʠʝ; IIIðʩʨʝʜʥʝʝ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ; 1ð6 

ʦʪʙʦʨʳ [1] 

 

ɺ ʟʘʨʫʙʝʞʥʳʭ ʉʇʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʫʙʥʳʝ ʧʫʯʢʠ ʩ ʧʦʧʝʨʝʯ-

ʥʳʤ ʦʙʪʝʢʘʥʠʝʤ ʪʨʫʙ ʧʘʨʦʤ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʪʝʧʣʦʦʪʜʘ-

ʯʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʦʣʴʥʳʤ ʦʙʪʝʢʘʥʠʝʤ. ʇʨʠʤʝʥʷʶʪʩʷ ʢʘʢ 

ʛʣʘʜʢʠʝ, ʪʘʢ ʠ ʦʨʝʙʨʝʥʥʳʝ ʪʨʫʙʳ ʩ ʧʦʧʝʨʝʯʥʳʤ ʦʨʝʙʨʝʥʠʝʤ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʉʇʇ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʦʚ ʚʳ-

ʧʦʣʥʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʥʠʞʥʠʤ ʠʣʠ ʙʦʢʦʚʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʨʫʙʥʦʤʫ ʧʫʯʢʫ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʝʧʘʨʘʪʦʨʘ. 

ɺʳʚʦʜʳ 

1. ʈʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʉʇʇ ʠ ʤʝʪʦʜʦʚ ʩʝʧʘʨʘʮʠʠ ʚʣʘ-

ʛʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʟʘʚʦʜʳ ʠ ʬʠʨʤʳ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʢʘ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʢʦʧʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʵʢʩ-
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ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʠʧʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ. 

2. ʉʇʇ ʜʦ ʩʠʭ ʧʦʨ ʦʜʠʥ ʠʟ ʥʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ɸʕʉ. ɹʦʣʝʝ 30% ʥʝʧʦʣʘʜʦʢ, ʚʳʟʳʚʘʶʱʠʭ ʦʩʪʘʥʦʚʳ ʪʫʨʙʠʥ 

ɸʕʉ, ʚʳʧʘʜʘʝʪ ʥʘ ʉʇʇ. ʅʝʧʦʣʘʜʢʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʠ 

ʵʨʦʟʠʝʡ ʵʣʝʤʝʥʪʦʚ ʩʝʧʘʨʘʪʦʨʘ ʠ ʧʦʣʦʤʢʘʤʠ ʪʨʫʙʦʢ ʚ ʧʝʨʝʛʨʝʚʘ-

ʪʝʣʷʭ. ʌʠʟʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʧʦʣʘʜʦʢ ʉʇʇ ʷʚʣʷʶʪʩʷ 

ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʨʘʙʦʪʘ ʘʧʧʘʨʘʪʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʠʭ ʵʣʝʤʝʥʪʦʚ; 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʧʘʨʘ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʵʨʦʟʠʠ ʧʝʨʝʛʨʝʚʘʪʝʣʝʡ; 

ʚʠʙʨʘʮʠʷ, ʧʨʦʛʠʙ ʠ ʙʦʣʴʰʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʟʥʦʩʪʠ ʚ ʧʝʨʝ-

ʛʨʝʚʘʪʝʣʷʭ. 

3. ʊʨʝʙʦʚʘʥʠʷ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʪʴ ʠ ʨʘʩʰʠʨʷʪʴ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʢʦʦʧʝʨʘʮʠʶ ʤʝʞʜʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʠ-

ʩʪʝʤ ʇʉʇʇ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʤʠʨʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɽʛʦʨʦʚ ʄ.ʖ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʧʘʨʘʪʦʨʘʭ-
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ʊɽʄʇɽʈɸʊʋʈʅʓʁ ʈɽɾʀʄ ʆʊʈɸɹʆʊɸʅʅʓʍ  

ʊɽʇʃʆɺʓɼɽʃʗʖʑʀʍ ʉɹʆʈʆʂ ɺ ɹɸʉʉɽʁʅɽ  

ɺʓɼɽʈɾʂʀ ʇʈʀ ʅɸʈʋʐɽʅʀʀ ʈɽɾʀʄɸ ɽɻʆ  

ʆʍʃɸɾɼɽʅʀʗ 

 

ɼ.ɸ. ɸʢʦʙʷʥ
1
, ɺ.ʀ. ʉʣʦʙʦʜʯʫʢ

2 

1
ʅʀʗʋ ʄʀʌʀ ʛ. ʄʦʩʢʚʘ 

2
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʦʩʥʦʚʘʥʠ-

ʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ, ʘ ʠʤʝʥʥʦ, ʘʥʘʣʠʟʫ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʊɺʉ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ ʧʨʠ 

ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʠ ʦʛʦʣʝʥʠʠ ʯʘʩʪʠ ʆʊɺʉ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʩ ʦʛʦʣʝʥʠʝʤ ʦʪʨʘ-

ʙʦʪʘʥʥʳʭ ʊɺʉ ʥʘ 20, 50 ʠ 75%. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʚʘʨʠʘʥʪʘ ʫʧʣʦʪʥʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪ-

ʨʘʙʦʪʘʥʥʳʭ ʊɺʉ ʩ ʫʯʝʪʦʤ ʘʚʘʨʠʡʥʦʡ ʚʳʛʨʫʟʢʠ ʯʘʩʪʠ ʊɺʉ ʠʟ 

ʨʝʘʢʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʦʪʨʘʙʦ-

ʪʘʥʥʳʭ ʊɺʉ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳ-

ʰʘʝʪ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʆʊɺʉ. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝ-

ʥʳ ʢʘʢ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ, ʪʘʢ ʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʟʦʛʨʝʚʘ ʊɺʉ ʠ ʩʨʝʜ ʙʘʩʩʝʡʥʘ ʚʳʜʝʨʞʢʠ ʨʝʘʢʪʦʨʘ ʪʠʧʘ 

ʈɹʄʂ-1000. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʯʘʩʪʠʯ-

ʥʦʡ ʧʦʪʝʨʝ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʠ ʦʛʦʣʝʥʠʠ ʙʦʣʝʝ 20% ʊɺʉ ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʙʦʨʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫ-

ʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ (650
º
ʉ). ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʩʣʫʯʘʷʭ ʚʦʜʘ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ.   

ɼʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʨʘʟʦʛʨʝʚʘ ʚʦʜʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʨʝʞʠʤʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʩʨʝʜʳ ʙʘʩ-

ʩʝʡʥʘ ʚʳʜʝʨʞʢʠ ʠ ʊɺʉ. ʕʪʦ ʚʨʝʤʷ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʧʨʠʤʝʨʥʦ 

7,5 ʯʘʩʘ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʨʘʟʦʛʨʝʚʘ ʦʛʦʣʝʥʥʦʡ ʯʘʩʪʠ ʦʪʨʘʙʦʪʘʥ-

ʥʦʡ ʊɺʉ ʚ ʚʦʟʜʫʭʝ, ʪʦ ʚʨʝʤʷ ʨʘʟʦʛʨʝʚʘ ʜʦ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʨʝʤʷ ʨʘʟʦʛʨʝʚʘ ʚʦʜʳ ʜʦ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʢʠʧʝʥʠʷ.  ɺʠʜʥʦ, ʯʪʦ ʫ ʧʝʨʩʦʥʘʣʘ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʟʘʧʘʩ, ʯʪʦʙʳ ʧʨʝʜʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʮʠʨʢʫʣʷʮʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ.  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʙʦʩ-

ʥʦʚʘʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʧʣʦʪʥʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʊɺʉ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ ʨʝʘʢʪʦʨʘ.   

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʩ ʫʯʝʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʝ ʆʊɺʉ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʣʘʥʠʨʫʝʪʩʷ ʘʥʘʣʦ-

ʛʠʯʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʙʘʩʩʝʡʥʘ ʚʳʜʝʨʞʢʠ ʵʥʝʨʛʦʙʣʦʢʘ ʩ ʨʝʘʢʪʦʨʦʤ 

ɺɺʕʈ.  
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 ʉʋʍʆɻʆ ʍʈɸʅʀʃʀʑɸ ʆʊʈɸɹʆʊɸʅʅʆɻʆ 

ʗɼɽʈʅʆɻʆ ʊʆʇʃʀɺɸ 

 

ɸ.ɻ. ʍʘʯʘʪʨʷʥ, ɸ.ɸ. ɻʝʚʦʨʛʷʥ 

ʅʇʋɸ, ʛ. ɽʨʝʚʘʥ 

 

ɽʩʪʝʩʪʚʝʥʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʦʙʨʘʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʥʘʛʨʝʚʘ ʚ ʤʦʜʫʣʝ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʤʦʜʫʣʝ 
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ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ. ɺ ʤʦʜʫʣʝ 

ʩʫʭʦʛʦ ʭʨʘʥʠʣʠʱʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʥʘʧʦʨ Ўὖ̅ Ȣ̃  ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ 

ʚʝʩʦʚ ʩʪʦʣʙʦʚ ʚʦʟʜʫʭʘ ʥʘʨʫʞʥʦʛʦ ʠ ʚ ʤʦʜʫʣʝ [1]: 

Ўὖ̅ Ȣ̃ (̍ Ͻɾ ( Ͻɾ (̏ Ͻ̂
ɾ ɾ

ς
( ϽɾȢ 

ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʤʦʜʫʣʷ: 

ὖ ὖ (̏ Ͻ̂ɾ ( Ͻɾ ɾ (̏ Ͻ̂
ɾ ɾ

ς
 Ȣ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʩʫʭʦʛʦ ʭʨʘʥʠʣʠʱʘ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʦ-

ʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʤʦʜʫʣʝ Ўὖ̐̅ ВЎὖ̅ ВЎὖ̍ ȟ ʛʜʝ Ў0̐  ̅ï ʩʫʤ-

ʤʘʨʥʘʷ ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ; ВЎὖ̅ ï ʩʫʤʤʘʨʥʘʷ ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʜʦʨʦʞʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; ВЎὖ̍ ï ʩʫʤʤʘʨʥʘʷ ʧʦ-

ʪʝʨʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ВЎὖ̅ 

ʧʨʠ ʫʩʣʦʚʠʷʭ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

Ўὖ̅
πȟσρφτ

2Åȟ
Ͻ
0Ò

0Ò

ȟ

Ͻ
ʍϽύ

ς
Ͻ
Ì

Ὠ̄
 ȟ 

ʛʜʝ 0Ò ï ʢʨʠʪʝʨʠʡ ʇʨʘʥʜʪʣʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʘʥʠʩʪʨʳ ὸ̒ ;̓ Ὠ̄ ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʤʦʜʫʣʷ. ʉʫʤʤʘʨʥʘʷ ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʝ-

ʦʜʦʣʝʥʠʝ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Ўὖ̍ ʁϽ
ʍϽύ

ς
ȟ 

ʛʜʝ Вʁ ï ʩʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; ʍ ï 
ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʤʦʜʫʣʝ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʤʦ-

ʜʫʣʷ ʨʘʚʥʘ ʩʫʤʤʘʨʥʦʡ ʧʦʪʝʨʝ ʜʘʚʣʝʥʠʷ:  

ὖ ὖ Ўὖ̐  ̅Ȣ 
' 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ-

ʪʦʢʘ ʚʦʟʜʫʭʘ ύ. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʣʝ-

ʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: Ὃ ύϽίϽʍȢ  ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʦʪʚʦʜʠ-

ʤʳʡ ʚʦʟʜʫʭʦʤ ʩ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʠʩʪʨʳ   
ὗ  ὋϽὧϽὸ̜̖̃ ὸ̃ Ȣ̖ 
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ʈʠʩ.1. ʇʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʤʦʜʫʣʷ 

 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ, ʚʳʨʘʞʘʶʱʫʶ ʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘ-

ʜʘ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʧʦʣʫʯʠʤ 

ὗ χȟςϽρπ Ͻὗ Ͻὸ ȟ ὸ ὸ ȟȟ 
ʛʜʝ ὸ ï ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʆʊɺʉ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ); ὸ ï ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʜʦ ʦʩʪʘʥʦʚʢʠ; ὗ  ï ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʙʦʨʦʢ, 

ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʢʘʥʠʩʪʨʝ, ʧʦʩʣʝ ʚʳʛʨʫʟʢʠ ʠʟ ʨʝʘʢʪʦʨʘ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʜʘʥʥʳʭ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʘʥʠʩʪʨʳ ʠ ʤʦʜʫʣʷ ʉʍʆʗʊ ʧʨʠ 

ʜʘʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʥʘʜʝʞʥʳʡ ʦʪʚʦʜ ʪʝʧʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʠʩʪʨʳ ʚʦʟʤʦʞʥʦ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʧʨʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ὗ, ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩʩʯʠʪʘ-

ʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʚ ʙʘʩ-

ʩʝʡʥʝ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʠʪ ὸ ʩʫʪʦʢ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɹʝʨʤʘʥ ʉ.ʉ. ʊʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ. ʄ.: ʄɸʐɻʀɿ, 1959. 
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(̏  ̂

(  
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ɺʳʭʦʜʥʦʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ  

ʦʪʚʝʨʩʪʠʝ 

 

ɺʭʦʜʥʦʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ  

ʦʪʚʝʨʩʪʠʝ 

ʂʘʥʠʩʪʨʘ 

 

ʂʨʳʰʢʘ 

ʤʦʜʫʣʷ 

 

(  (̏  ̂(  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɻʀɼʈʆʎʀʈʂʆʅʀɽɺʆʁ ʈɽɸʂʎʀʀ ɺ 

ɻɽʊɽʈʆɻɽʅʅʓʍ ʂʆʄʇʆɿʀʎʀʗʍ ʉ ʍʀʄʀʏɽʉʂʀʄʀ 

ɸʂʊʀɺɸʊʆʈɸʄʀ ʇʈʀ ʊɽʄʇɽʈɸʊʋʈɸʍ ɼʆ 100Á 

 

ɺ.ɸ. ʉʫʚʦʨʦʚ, ɸ.ɸ. ʊʨʠʰʢʠʥ, ɼ.ɸ. ʏʝʨʝʥʢʦʚ, 

ɺ.ʀ. ɹʝʣʦʟʝʨʦʚ, ɺ.ʂ. ʄʠʣʠʥʯʫʢ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɻʝʥʝʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʠ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ ʚʦʜʦʨʦʜʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ɸʕʉ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʮʠʨʢʦʥʠʡ ʠ ʭʠʤʠʯʝʩʢʠʝ ʘʢʪʠʚʘʪʦʨʳ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 100
ʦ
ʉ ʧʨʦʪʝʢʘʝʪ ʛʠʜʨʦʮʠʨʢʦʥʠʝʚʘʷ ʨʝʘʢʮʠʷ 

ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʨʢʦʥʠʷ ʩ ʚʦʜʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠ-

ʝʤ Zr + 2H2O (ʞ) = ZrO2 + 2H2 + Q1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ. 

 

 
ʈʠʩ. 1. ʂʨʠʚʳʝ ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʦʤʧʦʟʠʮʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ 1 ʛ 

ʧʦʨʦʰʦʢ ʮʠʨʢʦʥʠʷ, 1 ʛ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ 

Na2SiO3Ā5H2O ʠ 10 ʛ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  

ʪʝʤʧʝʨʘʪʫʨʳ, 
ʦ
ʉ: 1 ï 40; 2 ï 60; 3 ï 80; 4 ï 95 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʟʷʪ ʧʦʨʦʰʦʢ ʢʘʣʴʮʠʝʪʝʨʤʠʯʝʩʢʦʛʦ 

ʮʠʨʢʦʥʠʷ ʤʘʨʢʠ ʇʎʨʂ1 (ʊʋ 48-4ï234-84) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢ-

ʪʠʚʥʦʛʦ ʮʠʨʢʦʥʠʷ ʥʝ ʤʝʥʝʝ 96 %, ʚʦʜʦʨʦʜʘ ʥʝ ʙʦʣʝʝ 0.15 %, ʫʛ-

ʣʝʨʦʜʘ ʥʝ ʙʦʣʝʝ 0.05%, ʞʝʣʝʟʘ ï ʥʝ ʙʦʣʝʝ 0.05 %, ʢʘʣʴʮʠʷ ʥʝ 

ʙʦʣʝʝ 0.05%, ʭʣʦʨʘ ʥʝ ʙʦʣʝʝ 0.003%, ʬʨʘʢʮʠʡ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘ-

ʩʪʠʮ ~10 ʤʢʤ ʥʝ ʤʝʥʝʝ 50 % ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ          

https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D1%86%D0%B8%D1%80%D0%BA%D0%BE%D0%BD%D0%B8%D1%8F(IV)
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~2200 ʩʤ
2
/ʛ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʮʠʨʢʦʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʞʠʜ-

ʢʦʝ ʥʘʪʨʠʝʚʦʝ ʩʪʝʢʣʦ, ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ 

ʩʦʩʪʘʚʘ Na2SiO3Ā5H2O c ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 48
ʦ
ʉ ʠ ʥʝʛʘʰʝ-

ʥʘʷ ʠʟʚʝʩʪʴ. 
ʊʘʙʣʠʮʘ 

ɺʳʭʦʜ ʚʦʜʦʨʦʜʘ (ʤʣ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚ ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʘ ʮʠʨʢʦʥʠʡ ʤʘʨʢʠ ʇʎʨʂ1, ʘʢʪʠʚʘ-

ʪʦʨ, ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ʍʠʤʠʯʝʩʢʠʡ ʘʢʪʠʚʘʪʦʨ ʉʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪ 

40
ʦ
ʉ 60

ʦ
ʉ 80

ʦ
ʉ 95

ʦ
ʉ 

ʂʨʠʩʪʘʣʣʦʛʠʜʨʘʪ 

ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ  

1:1:10 35 82 145 220 

1:2:10  75  204 

ʅʝʛʘʰʝʥʘʷ ʠʟʚʝʩʪʴ 1:1:10 63 71 166 225 

1:2:10 37 68 130 200 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʭʠʤʠʯʝʩʢʠʭ ʘʢʪʠʚʘʪʦʨʦʚ ʮʠʨʢʦʥʠʷ ʚ ʢʦʤʧʦʟʠ-

ʮʠʠ ʛʝʥʝʨʠʨʫʶʪ ʚʦʜʦʨʦʜ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʧʦ-

ʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʘʢʪʠʚʘʪʦʨʘ. ʉʦʦʪʥʦ-

ʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʦʟʠʮʠʠ 1:1(2):10 ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ.  

ʎʠʨʢʦʥʠʡ ʠ ʮʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʪʁ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʚʦʜʫ ʥʘ ʚʦʜʦʨʦʜ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʛʠʜʨʦʮʠʨʢʦʥʠʝʚʘʷ ʨʝʘʢʮʠʷ).  

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʂʣʠʥʰʧʦʥʪ ʕ.ʈ., ʈʦʱʝʢʪʘʝʚ ɹ.ʄ., ʄʠʣʠʥʯʫʢ ɺ.ʂ. ʂʠʥʝʪʠʢʘ 

ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ ʚ ʛʝʪʝ-
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ʆʇʈɽɼɽʃɽʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʅɸʉʆʉʆɺ,  

ʇɽʈɽʂɸʏʀɺɸʖʑʀʍ ʉɺʀʅʎʆɺʓʁ ʊɽʇʃʆʅʆʉʀʊɽʃʔ 

 

ʅ.ʉ. ɺʦʣʢʦʚ, ɺ.ɸ. ɹʝʟʥʦʩʦʚ, ʇ.ɸ. ɹʦʢʦʚ, 

ʊ.ɸ. ɹʦʢʦʚʘ, ɸ.ɺ. ʃʴʚʦʚ 

ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ʆʧʳʪ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʝʚʳʭ ʥʘʩʦʩʦʚ, ʧʝʨʝʢʘʯʠʚʘ-

ʶʱʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʚʠʥʮʦʚʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʚ ʤʠʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʝʚʦʛʦ 

ʥʘʩʦʩʘ ʨʝʘʢʪʦʨʥʳʭ ʢʦʥʪʫʨʦʚ ʪʠʧʘ ɹʈɽʉʊ-ʆɼ-300 ʥʝʦʙʭʦʜʠʤ r

ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʥʘʩʦʩʦʚ ʠ ʠʭ ʦʪʨʘʙʦʪʢʘ ʥʘ ʩʪʝʥʜʝ ʩ ʚʳ-

ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʚʠʥʮʦʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʅʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʚʩʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʦʚ ʙʘʟʠ-

ʨʫʶʪʩʷ ʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʪʦʯ-

ʥʷʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʚʦʜʳ, ʠ ʥʝ ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ʇʨʝʜʚʘʨʠ-

ʪʝʣɹʥʘʷ ʦʪʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʥʦʡ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ ʥʘ ʚʦʜʝ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʚ ʩʠʣʫ ʩʫʱʝʩʪʚʝʥ-

ʥʦʡ ʨʘʟʥʠʮʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ ʚʦʜʳ ʠ ʨʘʩʧʣʘʚʘ ʩʚʠʥʮʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʢʦʣʦʩ-

ʩʘʣʴʥʦʡ ʨʘʟʥʠʮʝʡ ʩʚʦʡʩʪʚ ʊɾʄʊ ʠ ʚʦʜʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʚʦʜʝ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʠʤʝʥʠʤʳʤʠ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʩʦʩʦʚ, ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʊɾʄʊ. ɺ ʜʦ-

ʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ ʦʩʝʚʦʛʦ ʥʘʩʦʩʘ, ʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʩʚʠʥʮʦʚʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʚ ʅɻʊʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʅʀʈ, ʨʝʟʫʣʴʪʘʪʳ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʪʘʪʴʝ. 

ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ (ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦ-

ʪʦʢʘ ʊɾʄʊ-ʛʘʟ (ʧʘʨʦʛʘʟʦʚʘʷ ʩʤʝʩʴ)), ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʚʠʪʘʮʠʠ 

ʠ ʝʝ ʪʠʧʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʝʪʳʨʝʭ ʩʪʝʥʜʘʭ ʩʦ ʩʚʠʥʮʦ-

ʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʅʘ ʜʚʫʭ ʠʟ ʥʠʭ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ 
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ʢʘʚʠʪʘʮʠʠ ʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʘʭ, ʥʘ ʜʚʫʭ ʜʨʫʛʠʭ ï ʚ ʦʩʝʚʳʭ 

ʥʘʩʦʩʘʭ. ʅʘ ʦʜʥʦʤ ʠʟ ʩʪʝʥʜʦʚ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ (ʌʊ-3 

ʅɻʊʋ) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʘʢʞʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʪʦʢʘ ʩʚʠʥʮʘ ʚ ʩʦʧʣʝ ɺʝʥʪʫʨʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 440ï550ºC, ʧʦ-

ʜʘʯʘ ʥʘʩʦʩʦʚ ʦʙʲʝʤʥʘʷ 6 ï 200 ʤ
3
/ʯ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʤʘʩʩʦ-

ʚʦʡ ʧʦʜʘʯʝ 60 ï 2000 ʪ/ʯ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʮʝʥʪʨʦʙʝʞ-

ʥʳʭ ʥʘʩʦʩʦʚ ï ʜʦ 2400 ʦʙ/ʤʠʥ, ʦʩʝʚʳʭ ʥʘʩʦʩʦʚ ï ʜʦ 1400 ʦʙ/ʤʠʥ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʥʦʩʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʦʩʝʚʳʭ 

ʥʘʩʦʩʘʭ ï ʜʦ 14 ʤ/ʩ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ 

ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʩʦʩʪʘʚʣʷʣʘ 10ï5 ï 100, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ï 

ʧʨʠ ʥʘʣʠʯʠʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʦʢʩʠʜʦʚ ʩʚʠʥʮʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʧʦʪʦʢʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʢʘʚʠʪʘʮʠʷ, ʩʦʩʪʘʚ-

ʣʷʝʪ 0,3 ï 0,6 ʢʛʩ/ʩʤ
2
 (ʘʪʘ). ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʢʘʚʠʪʘʮʠʠ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʊɾʄʊ ʧʨʠʤʝʨʥʦ ʜʦ 0,1 ʢʛʩ/ʩʤ
2
 

(ʘʪʘ) ʤʘʩʩʦʚʘʷ ʧʦʜʘʯʘ ʠ ʥʘʧʦʨ ʥʘʩʦʩʘ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʘʚʠʪʘʮʠʦʥʥʳʡ çʩʨʳʚè ʥʘʩʦʩʘ [9, 10] ʥʝ ʧʨʦʠʩ-

ʭʦʜʠʪ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʮʝʥ-

ʪʨʦʙʝʞʥʳʭ ʠ ʦʩʝʚʳʭ ʥʘʩʦʩʦʚ ʠ ʚ ʩʦʧʣʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʎʝʣʴʶ ʨʘʙʦʪ rʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʧʘʩʪ-

ʥʳʭ ʩʠʩʪʝʤ ʩ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʢʘʤʠ ʚ ʩʚʠʥʮʦʚʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʣʦʩʢʠʭ ʣʦʧʘʪʦʢ ʥʘ ʨʘʙʦʯʝʤ ʢʦ-

ʣʝʩʝ ʥʘʩʦʩʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʤʳʤʠ ʥʘ ʚʘʣʫ ʦʩʝʚʦʛʦ ʥʘʩʦʩʘ ʅʉʆ-01 ʨʘʙʦʯʠʤʠ ʢʦʣʝʩʘʤʠ ʩ 

ʯʝʪʳʨʴʤʷ ʠ ʰʝʩʪʴʶ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʢʘʤʠ (ʨʠʩ. 2) ʩ ʫʛʣʘʤʠ ʫʩʪʘ-

ʥʦʚʢʠ ʧʣʦʩʢʠʭ ʣʦʧʘʩʪʝʡ 15, 22, 28, 35, 41, 53Á ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 400 ï 450ºC ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ ʥʘʩʦʩʘ 600, 700, 800, 900, 1000, 1100 ʦʙ/ʤʠʥ ʩ ʦʩʝʚʳʤ ʨʘ-

ʙʦʯʠʤ ʢʦʣʝʩʦʤ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ, ʧʨʠ ʪʨʝʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʨʘʩʩʳ ʮʠʨʢʫʣʷʮʠʠ, ʠʟʤʝʥʷʝʤʳʭ ʧʦʣʦʞʝʥʠʝʤ 

ʢʣʠʥʘ ʟʘʜʚʠʞʢʠ ʥʘ ʥʘʧʦʨʝ ʥʘʩʦʩʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʚ ʩʚʠʥʮʦʚʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ 10ï5 ï 100. ʉʤʝʥʥʳʝ ʣʦʧʘʩʪʥʳʝ ʩʠʩʪʝʤʳ ʫʩʪʘʥʘʚʣʠ-

ʚʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʚʳʝʤʥʦʡ ʯʘʩʪʠ ʦʩʝʚʦʛʦ ʥʘʩʦʩʘ ʅʉʆ-

01 ʚ ʢʦʥʪʫʨʝ ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʫʩʪʘʥʦʚʢʠ ʠʩʧʳʪʘʥʠʷ 
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ʤʦʜʝʣʝʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʣʘʚʥʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ 

ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɹʈɽʉʊ-ʆɼ-300 (ʩʪʝʥʜʘ ʌʊ-4 ʚ ʅɻʊʋ). 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʩʘ ʥʘʩʦʩʘ ʩ ʯʝʪʳʨʴʤʷ ʠ ʰʝ-

ʩʪʴʶ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʢʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʜʘʯʠ ʣʦʧʘʩʪʥʳʭ ʩʠʩʪʝʤ ʩ ʯʝʪʳʨʴʤʷ ʠ ʰʝʩʪʴʶ ʣʦ-

ʧʘʪʢʘʤʠ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ ʥʘʧʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪ-

ʩʷ ʠ ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʣʦʧʘʩʪʥʳʭ ʩʠʩʪʝʤ ʚ ʅɻʊʋ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʝʤʥʦʡ 

ʯʘʩʪʠ ʦʩʝʚʦʛʦ ʥʘʩʦʩʘ ʅʉʆ-01 ʩ ʧʦʚʦʨʦʪʥʳʤʠ ʣʦʧʘʪʢʘʤʠ. ʆʥʘ 

ʧʦʜʪʚʝʨʜʠʣʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʯʝʚʠʜʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝ-

ʥʠʡ ʵʣʝʤʝʥʪʦʚ ʣʦʧʘʩʪʥʳʭ ʩʠʩʪʝʤ ʥʘʩʦʩʘ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʊɾʄʊ, 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ 

ʠʩʢʣʶʯʘʣʘ ʙʳ ʦʪʨʳʚ ʧʦʪʦʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ ʚ ʤʝʞʣʦʧʘʩʪ-

ʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʨʘʟʨʫʰʝ-

ʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʦʧʘʩʪʥʦʡ ʩʠʩʪʝʤʳ. ɺʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ 

ʊɾʄʊ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʣʦʧʘʩʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘʩʦʩʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʥʘ ʩʪʝʥʜʝ ʌʊ-4 ʚ 

ʅɻʊʋ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʠ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʧʘʩʪʥʳʭ ʥʘʩʦʩʦʚ, ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ 

ʊɾʄʊ. ʈʝʟʫʣʴʪʘʪʳ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʷʚʣʷʶʪʩʷ ʧʝʨʚʤr 

ʵʪʘʧʦʤ ʵʪʦʡ ʨʘʙʦʪʳ. 
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ʪʝʨʠʩʪʠʢ ʢʘʚʠʪʘʮʠʠ ʚ ʛʣʘʚʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʘʭ ʨʝʘʢʪʦ-

ʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʦʭʣʘʞʜʘʝʤʳʭ ʊɾʄʊ / ɼʠʩʩ. ʥʘ ʩʦ-

ʠʩʢ. ʫʯ. ʩʪ. ʢ. ʪ. ʥ,. 2015ʛ. ï 177ʩ. 



58 
 

ʉʝʢʮʠʷ III  

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʄɽʊʆɼʓ ʇʆʃʋʏɽʅʀʗ ʀ 

ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʕʅɽʈɻʀʀ 
 

ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʗɼɽʈʅʓʍ  

ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ ɺ ʂʆʉʄʆʉɽ 

 

ɼ.ʉ. ʂʫʟʝʥʢʦʚʘ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʗʕʋ) ʚ 

ʢʦʩʤʦʩʝ ï ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʦʱʥʦʛʦ ʠ ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʠ 

ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʵʥʝʨʛʦʝʤʢʠʭ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ), ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʨʘʟʦʚʳʭ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤʠ ʂɸ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʗʕʋ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʞ-

ʧʣʘʥʝʪʥʳʭ ʤʠʩʩʠʡ ʠ ʦʩʚʦʝʥʠ ̫ʢʦʩʤʦʩʘ. 

ï ʂʨʫʛʣʦʩʫʪʦʯʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ɿʝʤʣʝʡ ʧʨʠ ʣʶʙʳʭ ʧʦʛʦʜ-

ʥʳʭ ʫʩʣʦʚʠʷʭ.  ʇʣʘʪʬʦʨʤʘ ʩ ʗʕʋ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 50 ï 

500 ʢɺʪ) ʠ ʤʦʱʥʳʤ ʨʘʜʠʦʣʦʢʘʪʦʨʦʤ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʘʨ-

ʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʨʘʡʦʥʦʚ, ʢʦʥʪʨʦʣʴ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʙʣʶʜʝʥʠʝ ʨʘʡʦʥʦʚ ʩʪʠʭʠʡ-

ʥʳʭ ʙʝʜʩʪʚʠʡ ʠ ʪ.ʜ. [1]. 

ï ʆʯʠʩʪʢʘ ʦʪ ʤʫʩʦʨʘ, ʧʨʠʯʝʤ ʢʦʩʤʠʯʝʩʢʠʡ çʤʫʩʦʨè ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʙʠʨʘʪʴ ʢʘʢ ʩ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ, ʪʘʢ ʠ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨ-

ʥʦʡ.  

ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʩ ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʜʚʠʛʘ-

ʪʝʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ʤʦʱʥʦʩʪʴ 150 ʢɺʪ) ʩʧʦʩʦʙʥʳ ʦʙʥʘʨʫ-

ʞʠʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʠʢʨʦʯʘʩʪʠʮʫ. ʉʠʣʦʚʦʡ ʣʘʟʝʨ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʘʪʦʨʘ ʥʘʭʦʜʠʪ ʯʘʩʪʠʮʫ ʠ ʧʝʨʝʜʘʝʪ ʝʡ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ [2]. 

ʄʥʦʛʦʨʘʟʦʚʳʡ ʤʝʞʦʨʙʠʪʘʣʴʥʳʡ ʙʫʢʩʠʨ (ʩ ʪʝʨʤʦʵʤʠʩʩʠʦʥ-

ʥʦʡ ʗʕʋ ʤʦʱʥʦʩʪʴʶ 150 ï 1000 ʢɺʪ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʡ ʙʫʢʩʠʨ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʂɸ ʥʘ ʣʶʙʳʝ ʦʨʙʠʪʳ; ʜʣʷ ʩʥʷʪʠʷ ʩ ʛʝʦʩʪʘʮʠʦ-
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ʥʘʨʥʦʡ ʦʨʙʠʪʳ ʜʦʨʦʛʦʛʦ ʠʣʠ ʫʥʠʢʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʜʦʩʪʘʚʢʠ ʝʛʦ ʥʘ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ; ʜʣʷ ʟʘʧʨʘʚʢʠ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʨʝʤʦʥʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ï ʗʕʋ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʘʪʦʤʥʦʡ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʠ ʥʘ ʃʫʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʩʣʫʞʠʪ ʪʝʨʤʦʵʤʠʩ-

ʩʠʦʥʥʳʡ ʨʝʘʢʪʦʨ ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʘ ʠʟʣʫʯʝʥʠʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʦʣʦʜʠʣʴʥʠʢʘ-ʠʟʣʫʯʘʪʝʣʷ ʥʘ ʪʝʧʣʦʚʳʭ ʪʨʫʙʘʭ (ʣʠʪʠʝʚʳʡ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʴ). ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʗʕʋ ʪʘʢʦʡ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʠ: ʤʘʩʩʘ 7 ï 11 ʪ, ʨʝʩʫʨʩ 10 ï 15 ʣʝʪ, ʤʦʱʥʦʩʪʴ 150 ï 500 ʢɺʪ. 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʟʘʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʛʨʫʥʪʦ-

ʚʦʛʦ ʚʘʣʘ. 

ïɿʘʱʠʪʘ ɿʝʤʣʠ ʦʪ ʘʩʪʝʨʦʠʜʦʚ. ʉʠʩʪʝʤʘ (ʩ ʜʚʫʭʨʝʞʠʤʥʦʡ 

ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʦʡ ʗʕʋ ʤʦʱʥʦʩʪʴʶ ʦʪ 150 ʢɺʪ) ʦʪʩʣʝʞʠʚʘʝʪ 

ʢʦʤʝʪʫ ʠʣʠ ʘʩʪʝʨʦʠʜ ʧʨʠ ʧʦʤʦʱʠ ʂɸ, ʦʩʥʘʱʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʠ ʜʦʩʪʘʚʣʷʝʪ ʚʟʨʳʚʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʙʲʝʢʪ [1]. 

ɽʩʪʴ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ 

ʙʫʢʩʠʨ ʙʦʣʴʰʠʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʚ ʜʘʣʴʥʠʡ ʢʦʩʤʦʩ, ʟʘʭʦʨʦʥʝʥʠʝ 

ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʄʘʨʩ, 

ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʗʕʋ. 

ʆʩʚʦʝʥʠʝ ʢʦʩʤʦʩʘ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʤʦʱʥʳʭ ʷʜʝʨʥʳʭ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ  

1.ʃʝʛʦʩʪʘʝʚ ɺ.ʇ., ʃʦʧʦʪʘ ɺ.ɸ., ʉʠʥʷʚʩʢʠʡ ɺ.ɺ. ʇʝʨʩʧʝʢʪʠʚʳ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩ-

ʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ // ʂʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ,  ˉ1. - ʛ. ʂʦʨʦʣʝʚ, 

2013. 

2.ʉʠʥʷʚʩʢʠʡ ɺ.ɺ. ʄʘʥʝʚʨʠʨʫʶʱʠʡ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩ 

ʤʦʱʥʳʤ ʙʦʨʪʦʚʳʤ ʠʤʧʫʣʴʩʥʳʤ ʣʘʟʝʨʦʤ ʜʣʷ ʦʯʠʩʪʢʠ ʦʢʦʣʦ-

ʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʨʝʥʠʷ // ʀʟʚʝʩʪʠʷ 

ʈɸʅ. ʕʥʝʨʛʝʪʠʢʘ ˉ 3 ï ʄʦʩʢʚʘ, 2007. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʕʃɽʂʊʈʆʅʅʆɻʆ ɸʃʔɹɽɼʆ ɺ  

ʋʉʊɸʅʆɺʂɽ ʇʆ ʀɿʋʏɽʅʀʖ ʃʖʄʀʅɽʉʎɽʅʎʀʀ  

ɻɸɿʆɺ 

 

ɸ.ɺ. ʇʦʜʢʦʧʘʝʚ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝ-

ʩʝʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ, 

ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 
1 ï ʢʘʤʝʨʘ; 2 ï ʢʚʘʨʮʝʚʦʝ ʦʢʥʦ; 3 ï ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʈɸɼɸʅ-

220; 4 ï ʪʨʫʙʢʘ ʀʄɸ150ʕ; 5 ï ʩʧʝʢʪʨʦʤʝʪʨ Maya 2000 Pro; 6 ï ʌʕʋ-

106; 7 ï ʤʦʥʦʭʨʦʤʘʪʦʨ ʄɼʈ-23; 8 ï ʦʩʮʠʣʣʦʛʨʘʬ Tektronix TDS 1012; 

9 ï ʢʦʤʧʴʶʪʝʨ; 10 ï ʤʝʨʥʘʷ ʪʨʫʙʢʘ; 11 ï ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ; 12 ï 

ʪʠʪʘʥʦʚʳʡ ʬʠʣʴʪʨ; 13 ï ʦʭʣʘʞʜʘʝʤʘʷ ʣʦʚʫʰʢʘ ʩ ʮʝʦʣʠʪʦʤ; 14 ï ʙʣʦʢ 

ʧʠʪʘʥʠʷ ʫʩʢʦʨʠʪʝʣʷ; 15 ï ʛʘʟʦʚʳʝ ʙʘʣʣʦʥʳ; 16 ï ʥʘʩʦʩ 3ʅɺʈ-1ɼ; 17 ï 

ʚʦʣʦʢʦʥʥʳʡ ʩʚʝʪʦʚʦʜ; 18 ï ʙʣʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʘʣʴʥʘʷ ʢʘʤʝʨʘ, 

ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʛʘʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ 150 ʢʵɺ, ʩʦ-

ʜʝʨʞʘʱʠʡ ʧʨʠʤʝʨʥʦ 10
12

 ʵʣʝʢʪʨʦʥʦʚ, ʚʳʧʫʩʢʘʝʪʩʷ ʫʩʢʦʨʠʪʝʣʴ-
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ʥʦʡ ʪʨʫʙʢʦʡ 4, ʠʤʝʶʱʝʡ ʜʠʘʤʝʪʨ 24,5 ʤʤ. ɼʘʣʝʝ ʵʪʦʪ ʧʫʯʦʢ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʢʘʤʝʨʝ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʘʟʦʤ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʠʥʮʠʧ ʝʝ ʨʘʙʦʪʳ 

ʦʧʠʩʘʥ rʚ [1]. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ ʥʘʢʘʯʢʠ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʫʯʢʦʤ, 

ʥʝʦʧʪʠʤʘʣʴʥʘ ʠ ʟʘʥʠʤʘʝʪ ʣʠʰʴ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʤʝʨʳ.  

 

 

 
 

 

 

 

ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʦʥʜʘ 

 

. 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʩʠ ʧʫʯʢʘ 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠʩʩʣʝ-

ʜʫʝʪʩʷ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʝʥʦʤʝʥ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʣʴʙʝʜʦ, 

ʪ. ʝ. ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [2]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦ ʷʚʣʝʥʠʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʝʨʥʫʪʴ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʚ ʠʩʩʣʝʜʫʝ-

ʤʫʶ ʦʙʣʘʩʪʴ, ʣʝʞʘʱʫʶ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚʳʭʦʜʥʳʭ ʟʝʨʢʘʣ (2), 

ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʠʪʴ ʵʪʫ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʷʣʦʩʴ ʦʪʨʘʞʝʥʠʝ ʦʪ 

ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʣʘʩʪʠʥʢʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʠʩ-

R R 

R 

C 
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ʧʦʣʴʟʦʚʘʣʩʷ ʟʦʥʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʠ, ʧʦʜʢʣʶʯʘʝ-

ʤʳʡ ʢ ʦʩʮʠʣʣʦʛʨʘʬʫ ʧʦ ʩʭʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.2. ʇʝʨʝʤʝ-

ʱʘʷ ʟʦʥʜ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʩʦʩʪʘʚʣʷʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʢʦʦʨʜʠʥʘʪʳ N(x). 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ N(r) ʜʣʷ 

ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʠ ʙʝʟ ʥʝʛʦ. 

ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʛʨʘʬʠʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʣʴʙʝʜʦ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ 

ʦʙʣʘʩʪʴ ʥʘʢʘʯʢʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟ-

ʙʫʞʜʘʪʴ ʛʘʟʦʚʫʶ ʩʨʝʜʫ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɹʫʜʫʱʝʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. / XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ: ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ (ʆʙʥʠʥʩʢ: 1-18 ʜʝʢʘʙʨʷ 2015) ï 

ʆʙʥʠʥʩʢ: ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, 2016. ï 201 ʩ. 

2.ɹʨʦʥʰʪʝʡʥ ʀ.ʄ.  ʠ ʜʨ. ʋʧʨʫʛʦʝ ʦʪʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 

ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ ʦʪ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ //ʀʟʚʝʩʪʠʷ ɸʅ ʉʉʉʈ. ʉʝʨ. ʬʠʟʠʯʝʩʢʘʷ. ï 1985. ï ʊ. 49. ï ˉ. 

9. ï ʉ. 1755-1759. 

 

ʉɽʂʎʀʗ IV  

ʂʆʅʊʈʆʃʔ, ʋʇʈɸɺʃɽʅʀɽ ʀ ɼʀɸɻʅʆʉʊʀʂɸ  

ʌʀɿʀʏɽʉʂʀʍ ʋʉʊɸʅʆɺʆʂ ʀ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʆɹʒɽʂʊʆɺ  

 
ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓɽ ɹʃʆʂʀ ʂʆʄʄʋʊɸʎʀʀ ɼʃʗ 

ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ ʄʆʑʅʓʍ  

ʉɺʏ-ɻɽʅɽʈɸʊʆʈʆɺ 

 

ʉ.ʇ. ʄʘʩʣʝʥʥʠʢʦʚ
1
, ɸ.ʉ. ʉʝʨʝʙʨʷʢʦʚʘ

2 

1
ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

2
ɸʆ çʅʇʇè ʊʦʨʠʡè, ʛ. ʄʦʩʢʚʘ 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʳʤʠ ʉɺʏ-ʛʝʥʝʨʘʪʦʨʘʤʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ (ʤʦʜʫʣʷʪʦʨʳ), ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. ʐʠʨʦʢʦʝ ʨʘʩ-
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ʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʭʝʤʳ ʩ ʯʘʩʪʠʯʥʳʤ ʨʘʟʨʷʜʦʤ ʥʘʢʦʧʠ-

ʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʠ ʜʚʫʭʪʘʢʪʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʢʦʤʤʫʪʠʨʫ-

ʶʱʝʛʦ ʙʣʦʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ 

ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ 

(1ï2 ʢɺ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʩʪʘʚʥʳʝ ʢʣʶʯʠ, ʩʪʨʦʷʱʠʝʩʷ ʠʟ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ MOSFET- ʠʣʠ IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʪʨʝʙʫʝʤʦʤ 

ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʡ (ʜʦ 10ʢɺ) MOSFET-ʪʨʘʥʟʠʩʪʦʨʳ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʳʪʘʥʥʳʤʠ IGBT-

ʪʨʘʥʟʠʩʪʦʨʘʤʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʣʶʯʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʫʜʝʨʞʠʚʘʪʴ ʟʘʨʷʜ ʥʘ ʟʘʪʚʦʨʝ ʜʦ 10
-3
ʩ, ʘ ʦʜʥʠʤ ʠʟ 

ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʢʦʨʦʪʢʠʭ 

(~0,5ʤʢʩ) ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪʧʠʨʘʥʠʷ ʠ ʟʘʧʠʨʘʥʠʷ. 

ʂʦʤʤʫʪʘʪʦʨ ʩʪʨʦʠʪʩʷ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ ʠʟ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʤʦʜʫʣʝʡ (ʊʄ), ʚʢʣʶʯʘʶ-

ʱʠʭ ʚ ʩʝʙʷ ʩʠʣʦʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʠ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʊʄ. ʅʘ ʚʩʝ 

ʊʄ ʩʠʥʭʨʦʥʥʦ ʧʝʨʝʜʘʶʪʩʷ ʠʤʧʫʣʴʩʳ ʟʘʧʠʨʘʥʠʷ ʠ ʦʪʧʠʨʘʥʠʷ ʦʪ 

ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʌʀʋ). ʌʀʋ ʠ ʊʄ ʛʘʣʴ-

ʚʘʥʠʯʝʩʢʠ ʠʟʦʣʠʨʫʶʪʩʷ ʥʘ ʧʦʣʥʦʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʤʫʪʘʪʦʨʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʝʩʠʥʭʨʦʥʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʊʄ. ʊʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʡ ʨʘʟʙʨʦʩ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʩʝʭ 

ʊʄ ʩʦʩʪʘʚʣʷʝʪ ~10 ʥʩ. 

ʅʘ ʦʩʥʦʚʝ ʜʚʫʭ ʦʜʥʦʪʠʧʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ (ʦʜʠʥ ʢʦʤʤʫʪʘʪʦʨ 

ï çʟʘʨʷʜʥʳʡè, ʚʪʦʨʦʡ ï çʨʘʟʨʷʜʥʳʡè) ʠ ʦʙʱʝʛʦ ʌʀʋ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʜʚʫʭʪʘʢʪʥʳʡ ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʳʭ ʉɺʏ-ʧʨʠʙʦʨʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʣʦʢʘ ʢʦʤʤʫʪʘʮʠʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʤʘʢʝʪʳ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʥʘʧʨʷʞʝ-

ʥʠʝ ʜʦ 4 ʢɺ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʷʪʠ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩ-

ʥʦʚʝ ʪʨʘʥʟʠʩʪʦʨʦʚ IRFBG30 (1 ʢɺ, 3,1 ɸ) ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʪʦʢʘ ʚ ʩʭʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʊʄ. 

ʀʩʧʳʪʘʥʠʷ ʙʣʦʢʘ ʢʦʤʤʫʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʥʘʛʨʫʟʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʝʪʦʯʥʦʤʫ 

ʫʟʣʫ ʕɺʇ ʉɺʏ-ʥʘʛʨʫʟʢʫ Rʅ=300 ʢʆʤ, Cʅ=150 ʧʌ. ɿʘʨʷʜʥʦʝ 
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ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ Uɿɸʈ=3ʢɺ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 

ʥʘʧʨʷʞʝʥʠʷ tʀ=10 ʤʢʩ.  

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʨʝʤʝʥʘ ʬʨʦʥʪʘ ʠ ʩʧʘʜʘ ʠʤʧʫʣʴʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʧʝʨʝʟʘ-

ʨʷʜʢʠ ʝʤʢʦʩʪʠ ʥʘʛʨʫʟʢʠ. ʏʝʨʝʟ ʢʣʶʯʠ ʧʨʦʪʝʢʘʝʪ ʠʤʧʫʣʴʩ ʩʢʚʦʟ-

ʥʦʛʦ ʪʦʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 100 ʥʩ ʠ ʘʤʧʣʠʪʫʜʦʡ ʦʢʦʣʦ 

0.8ɸ, ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʜʝʨʞʢʦʡ ʟʘʢʨʳʪʠʷ ʨʘʟʨʷʜʥʦʛʦ ʢʣʶʯʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʟʘʨʷʜʥʦʛʦ.  

ɺ ʭʦʜʝ ʨʘʙʦʪ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʦʤʤʫʪʘʪʦ-

ʨʳ ʤʠʢʨʦʩʝʢʫʥʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ        

4 ʢɺ. ʅʘ ʦʩʥʦʚʝ ʜʚʫʭ ʦʜʥʦʪʠʧʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʠʤʧʫʣʴʩ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʳʭ ʉɺʏ-ʛʝʥʝʨʘʪʦʨʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʄʘʣʘʰʠʥ ʄ.ɺ., ʄʦʰʢʫʥʦʚ ʉ.ʀ. ʠ ʜʨ. ɺʳʩʦʢʦʚʦʣʴʪʥʳʝ 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʢʣʶʯʠ ʤʠʢʨʦʩʝʢʫʥʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ // ʇʨʠʙʦʨʳ ʠ 

ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. - ʄʦʩʢʚʘ, 2014. 

2.ʉʝʨʝʙʨʷʢʦʚʘ ɸ.ʉ., ʄʘʩʣʝʥʥʠʢʦʚ ʉ.ʇ. ʊʚʝʨʜʦʪʝʣʴʥʳʡ ʙʣʦʢ 

ʢʦʤʤʫʪʘʮʠʠ ʜʣʷ ʤʦʜʫʣʷʪʦʨʦʚ ʤʦʱʥʳʭ ʉɺʏ ʧʨʠʙʦʨʦʚ // ʄʘʪʝ-

ʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢ-

ʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ɸʇʕʇ-

2016». - ʉʘʨʘʪʦʚ, 2016. 

 
ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɽ ʋʉʊʈʆʁʉʊɺʆ ʉʅʗʊʀʗ  

ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ ɺ ʉɺɸʈʅʓʍ  

ʉʆɽɼʀʅɽʅʀʗʍ ʊʈʋɹʆʇʈʆɺʆɼʆɺ ɸʕʉ ʇʆʉʃɽ ʀʍ  

ɺʓʇʆʃʅɽʅʀʗ ʄɽʊʆɼʆʄ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ  

ʅɸʂʃɽʇɸ 

 

ɼ.ʀ. ʏʫʣʢʦʚ, ʉ.ʉ. ɹʦʥʮʘʨʝʚʠʯ, ʉ.ʀ. ʄʠʥʠʥ, ʀ.ʄ. ʇʦʜʛʦʨʥʦʚ  
 ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ  

 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʛʨʝʛʘʪʦʚ ʗʕʋ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚʩʝʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ɸʕʉ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ. ʉʪʦʠ-
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ʤʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10% ʦʪ ʩʪʦʠʤʦʩʪʠ ʚʩʝʡ 

ʩʪʘʥʮʠʠ [1].  

ʊʨʫʙʦʧʨʦʚʦʜʳ ʥʘ ɸʕʉ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʠʯʥʳʤ ʨʘʟʨʫʰʘʶ-

ʱʠʤ ʬʘʢʪʦʨʘʤ: ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʠʙ-

ʨʘʮʠʠ, ʠʦʥʠʟʘʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʜ. 

ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʝʟʦʧʘʩ-

ʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʘ 

ʧʦʣʥʘʷ ʦʩʪʘʥʦʚʢʘ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʯʪʦ ʚʣʝʯʝʪ ʙʦʣʴʰʠʝ ʬʠ-

ʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪ.r  

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʜʫʨ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ɸʕʉ, ʘ ʢʦʥʢʨʝʪʥʦ, ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ, 

ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʜʚʝʨʞʝʥʳ 

ʥʘʠʙʦʣʴʰʝʤʫ ʨʘʟʨʫʰʝʥʠʶ ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʠʭ ʦʩʪʘʪʦʯ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʩʚʘʨʢʝ. ʂ ʪʦʤʫ ʞʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʩ ʦʩʪʘʪʦʯʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʚʳʰʝʥʠʶ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠ ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ɸʕʉ ʧʦʩʣʝ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʥʘʢʣʝʧʘ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʥʘ ʪʦʨʮʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʣʥʦʚʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʨʠ 

ʝʛʦ ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ɺ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʷʪʴ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʜʠʩ-

ʣʦʢʘʮʠʷʤ ʧʝʨʝʜʘʸʪʩʷ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ 

ʚʝʨʥʫʣʠʩʴ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦ-

ʛʦ ʥʘʢʣʝʧʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ. ʆʥʦ ʜʦʣʞʥʦ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʥʘʢʣʝʧ; 
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ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠ-

ʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

ï ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʦ-

ʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

ï ʘhʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʚʜʦʣʴ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ; 

ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʯʘʩʪʦʪʦʡ ʧʨʦʧʫʩ-

ʢʘʥʠʷ 20 ʢɻʮ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʥʘʢʣʝʧʘ. 
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ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʗʕʋ ʥʘ ʦʩʥʦ-
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ʀɿʄɽʈɽʅʀɽ ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ  

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʂɸʅɸʃʆɺ ʈɹʄʂ 

 

ʉ.ʉ. ɹʦʥʮʘʨʝʚʠʯ, ɼ.ʀ. ʏʫʣʢʦʚ, ʉ.ʀ. ʄʠʥʠʥ, ʀ.ʄ. ʇʦʜʛʦʨʥʦʚ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʆʪ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ, ʛʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ, ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ɺʦʟʜʝʡ-

ʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟr-

ʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʧʣʦʰʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ ʩʧʣʦʰʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʪʦʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʝʪʘʣʣʘ ʦʩʥʦʚʘʥ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʘʢʫʩʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʘʢʫʩʪʦ-
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ʫʧʨʫʛʦʩʪʠ. ɺʧʝʨʚʳʝ ʵʬʬʝʢʪ ʘʢʫʩʪʦʫʧʨʫʛʦʩʪʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ɹʝʥʩʦʥʦʤ ʠ ʈʘʝʣʴʩʦʥʦʤ [1]. ʆʪʢʨʳʪʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʦʟʚʦʣʠʣʦ 

ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ï ʘʢʫʩʪʠʯʝʩʢʫʶ 

ʪʝʥʟʦʤʝʪʨʠʶ. ɸʢʫʩʪʠʯʝʩʢʘʷ ʪʝʥʟʦʤʝʪʨʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ.  ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʦʙʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ɸʕʉ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟ-

ʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 

ʈɹʄʂ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʷʜ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʪʝʥʜʝ, 

ʠʤʠʪʠʨʫʶʱʝʤ ʬʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʨʝʘʢʪʦʨʘ 

ʈɹʄʂ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ 

ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ. ɿʘʧʠʩʳʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʘʤʧʣʠʪʫʜʳ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʘ ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝ-

ʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʤʝʪʘʣʣʝ ʩʪʝʥʢʠ ʊʂ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳ-

ʜʝʣʠʪʴ ʫʯʘʩʪʢʠ ʢʘʥʘʣʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʋʯʘʩʪʢʠ ʢʘʥʘʣʘ ʩ ʙʦʣʴʰʠʤʠ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷ-

ʞʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʤʝʩʪʘʤʠ ʧʦʷʚʣʝʥʠʷ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥ-

ʪʨʦʣʴ ʢʘʥʘʣʦʚ ʈɹʄʂ ʥʘ ʥʘʣʠʯʠʝ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʠ ʠʟʤʝʨʝʥʠʝ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʠ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʩʧʣʦʰʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ 

ʚʝʨʦʷʪʥʦʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ɸʕʉ 
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ʈʠc.1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʋɿ-ʩʠʛʥʘʣʘ 
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ʇʈʀʄɽʅɽʅʀɽ ɺʓʉʆʂʆʃʀʅɽʁʅʓʍ ɸʅɸʃʆɻʆɺʓʍ 

ʆʇʊʆʇɸʈ ɼʃʗ ɹɽɿʆʇɸʉʅʆɻʆ ʂʆʅʊʈʆʃʗ  

ʇʆʉʊʆʗʅʅʆɻʆ ʀ ʇɽʈɽʄɽʅʅʆɻʆ ʅɸʇʈʗɾɽʅʀʗ  

ɺɽʃʀʏʀʅʆʁ ɼʆ 1000 ɺ 

 

ɺ.ɺ. ʅʠʯʫʛʦʚʩʢʠʡ, ɺ.ʃ. ʇʘʩʪʫʰʘʢ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ, ʠʩʧʳʪʘʥʠʷʭ, ʚʥʝʜʨʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʠ-

ʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʪʨʦ-

ʣʝʤ ʟʥʘʯʝʥʠʡ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ 

ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠ ̫ʫʩʪʘʥʦʚʢʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʫʞʥʦ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʠʭ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʠʭ 

ʧʝʨʩʦʥʘʣʘ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʘʤʧʣʠʪʫʜʳ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ, ʘʥʘʣʠʟ ʬʦʨʤʳ ʩʠʛʥʘʣʘ, 

ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɿʘʯʘʩʪʫʶ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ 

ʚʳʭʦʜʠʪ ʟʘ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝ-

ʥʠʡ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ 

ʚ ʥʘʧʨʷʞʝʥʠʝ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʝʣʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʧʨʷʤʠʪʝʣʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʜʘʪʯʠʢʠ 

ʠ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɼʝʣʠʪʝʣʠ 

ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʙʝʟ ʠʩʢʘ-

ʞʝʥʠʡ. ʅʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʙʝʟʦʧʘʩʥʦ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʮʝʧʷʤʠ ʩ ʥʘʧʨʷʞʝ-

ʥʠʝʤ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʠ ʚʳʭʦʜʥʳʤʠ ʮʝʧʷʤʠ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ. ʆʰʠʙʢʠ ʧʝʨʩʦʥʘʣʘ, ʙʨʘʢ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ 

ʜʨʫʛʠʝ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ 

ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʧʦʜʦʙʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʢ ʧʦʚʨʝʞʜʝ-

ʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʥʝʤʫ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘ-



70 
 

ʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝ-

ʨʷʪʴ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ 

ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʘʣʦʙʶʜʞʝʪ-

ʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʳʤ. 

 

 
 

ʈʠʩ.1. ʄʘʢʝʪ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʣʠʥʝʡʥʦʡ  

ʘʥʘʣʦʛʦʚʦʡ ʦʧʪʦʧʘʨʳ 

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʝʰʝʥʠʠ, ʠʤʝʶʱʝʤ ʥʝʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʟʚʦʣʷʶʱʝʤ ʚʳʧʦʣʥʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʚ ʥʘʧʨʷʞʝʥʠʝ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʣʠʥʝʡʥʦʡ ʘʥʘʣʦʛʦʚʦʡ ʦʧʪʦʧʘʨʳ. ʈʘʟʨʘʙʦʪʘʥ rʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʩʭʝʤʘ ʠ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ. ʄʘʢʝʪ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 1.  

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʤʘʢʝʪʘ ʦʪ ʵʣʝʢʪʨʦʩʝʪʠ 220 ɺ. ʇʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʪʢʣʦʥʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝ-

ʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʠʣʦ ʥʝ ʙʦʣʝʝ 2%. 
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ʆɹʆʉʅʆɺɸʅʀɽ ɺʓɹʆʈɸ ʀɿʄɽʈʀʊɽʃʔʅʓʍ  

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ɼʃʗ ʉʀʉʊɽʄʓ  

ɺɽʅʊʀʃʗʎʀʀ 

 

ɺ.ʉ. ɻʨʠʰʘʥʦʚʘ, ɸ.ɺ. ʅʘʭʘʙʦʚ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʏʘʩʪʦʡ ʧʨʦʙʣʝʤʦʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ, ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʷ ʣʶʙʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʦʢʫʧʘʪʝʣʠ ʫʜʝ-

ʣʷʶʪ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʥʝʩʢʦʣʴʢʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʘʤ: 

ʢʘʯʝʩʪʚʦ, ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ, ʛʘʙʘʨʠʪʥʦʩʪʴ ʠ ʮʝʥʘ.  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆɸʆ çʗʨʦʩʣʘʚʩʢʠʡ ʙʨʦʡʣʝʨè ʚ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʪʨʠ ʪʠʧʘ ʜʘʪʯʠʢʦʚ:  

ï ʜʘʪʯʠʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʚʫʭʪʦʯʝʯ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʩʥʷʪʠʷ ʚʝʣʠʯʠʥʳ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʷ ʚ ʚʳ-

ʰʝʩʪʦʷʱʝʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʩʦ-

ʨʝʥʠʷ ʬʠʣʴʪʨʘ ʠʣʠ ʠʥʜʠʢʘʮʠʠ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʦʚ; 

ï ʜʘʪʯʠʢʠ ʟʘʱʠʪʳ ʦʪ ʟʘʤʝʨʟʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʱʠʪʳ 

ʦʪ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚʦʜʷʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ 

ʠʣʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ; 

ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʠʭ ʠʣʠ ʛʘʟʦʦʙ-

ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʛʦ ʜʘʚʣʝʥʠʷ P33 N, ʜʘʪʯʠʢʠ ʟʘʱʠʪʳ ʦʪ ʟʘʤʝʨʟʘʥʠʷ NS 130 R ʠ 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ NS 120 ʬʠʨʤʳ RE-

MAK .  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʜʘʪʯʠ-

ʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʘʥʘʣʦʛʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʜʨʫʛʠʤʠ ʬʠʨʤʘʤʠ (Fuji Electric, Siemens), ʯʪʦ-

ʙʳ ʦʙʦʩʥʦʚʘʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʜʘʪʯʠ-

ʢʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʪʘʙʣʠʮʘ. 

ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʡ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1, 

ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʢʨʠʪʝʨʠʝʚ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʪʯʠʢʦʚ, ʫʢʘ-
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ʟʘʥʥʳʭ ʚ ʜʦʢʣʘʜʝ, ʙʳʣ ʥʘʡʜʝʥ ʦʪʚʝʪ ʥʘ ʧʦʩʪʘʚʣʝʥʥʫʶ ʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʟʘʜʘʯʫ. 
ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ɼʘʪʯʠʢ ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʡ 

ʈʘʟʤʝʨʳ, ʤʤ ʄʘʪʝʨʠʘʣ ʎʝʥʘ, 

ʨʫʙʣʝʡ 

ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʛʦ   

ʜʘʚʣʝʥʠʷ P33 N, 

REMAK 

ʦʪ 30 ʜʦ 

500 ʇʘ 

73 x 105 x 63 ʇʣʘʩʪʤʘʩʩʘ, 

ʥʝʨʞʘʚʝʶ-

ʱʘʷ ʩʪʘʣʴ 

~4000,0 

ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʛʦ  

ʜʘʚʣʝʥʠʷ FCX-

CII, Fuji Electric 

ʆʪ 30 ʜʦ 

500 ʇʘ 

282 ʭ 149 ʭ 80  ʉʧʣʘʚ ʘʣʶ-

ʤʠʥʠʷ ʠ 

ʤʝʜʠ, ʥʝ-

ʨʞʘʚʝʶ-

ʱʘʷ ʩʪʘʣʴ 

~5000,0 

ʟʘʱʠʪʳ ʦʪ  

ʟʘʤʝʨʟʘʥʠʷ NS 

130 R, REMAK 

ʆʪ ï30 ʜʦ 

+150
0
ʉ 

70 ʭ 70 ʭ 96 ʅʝʨʞʘʚʝʶ-

ʱʘʷ ʩʪʘʣʴ 

~4500,0 

ʟʘʱʠʪʳ ʦʪ  

ʟʘʤʝʨʟʘʥʠʷ 

Siemens 

QAF81.6M 

ʆʪ ï5 ʜʦ 
+15

0
ʉ 

113 ʭ 106 ʭ 37 ʄʝʜʴ, ʘʣʶ-

ʤʠʥʠʡ 

~9000,0 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʪʦʯʥʦʛʦ 

 ʚʦʟʜʫʭʘ NS 120, 

REMAK 

ʆʪ ï30 ʜʦ 
+150

0
ʉ 

62 ʭ 62 ʭ33 ʇʣʘʩʪʤʘʩʩʘ, 

ʥʝʨʞʘʚʝʶ-

ʱʘʷ ʩʪʘʣʴ 

~3000,0 

ʢʘʥʘʣʴʥʳʡ, 

ʪʝʤʧʝʨʘʪʫʨʳ 

Siemens 

QAM2110.040 

ʆʪ ï50 ʜʦ 
+80

0
ʉ 

435 ʭ 80 ʭ 60 ʄʝʜʴ,  

ʧʦʣʠʢʦʨʙʘ-

ʥʘʪ 

~3500,0 
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ʆʇʈɽɼɽʃɽʅʀɽ ʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ʂɽʈɸʄʀʏɽʉʂʀʍ ʀɿɼɽʃʀʁ ʅɸ ʆʉʅʆɺɽ ʕʌʌɽʂʊɸ 

ɸʂʋʉʊʆʋʇʈʋɻʆʉʊʀ 

 

ɸ.ɺ. ʊʨʷʧʳʰʢʦ, ʉ.ʀ. ʄʠʥʠʥ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 
 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʙʣʘʛʦ-

ʜʘʨʷ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʚʦʡʩʪʚ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʆʜʥʘ ʠʟ ʥʠʭ ï ʘʪʦʤʥʘʷ ʵʥʝʨ-

ʛʝʪʠʢʘ, ʠʩʧʳʪʳʚʘʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʨʫʧ-

ʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʦʣʷʪʦʨʘʭ ʧʨʦʭʦʜʦʢ ʜʣʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʡ. ʂʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦ-

ʨʳ ʜʣʷ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʫʟʣʦʚ ʧʨʦʭʦʜʦʢ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʚʳʰʝʥʥʦʡ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʝʨʘʤʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠ-

ʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1]. ʆʜʥʘʢʦ ʯʘʩʪʦ ʠʟ-ʟʘ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ 

ʮʝʣʦʩʪʥʦʩʪʴ ʢʝʨʘʤʠʢʠ ʥʘʨʫʰʘʝʪʩʷ ï ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʦʙʨʘʟʮʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ.  

ʇʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʠ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ 

ʤʘʪʝʨʠʘʣʝ ʦʪ ʝʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ ʟʝʨʝʥ ʦʧʨʝʜʝʣʷʶʪ ʫʧʨʫʛʦʩʪʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ [2]. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ 

ʚʦʣʥ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ, ʘ ʚ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ï ʢʦʥʩʪʘʥʪ ʫʧʨʫʛʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʏʠʩʣʝʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʦ ʨʘʟʤʝʨʝ ʟʝʨʥʘ, ʭʘʨʘʢʪʝʨʝ ʠ 

ʚʝʣʠʯʠʥʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ [3]. 
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ʈɸɿʈɸɹʆʊʂɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 

ʂʆʅʊʈʆʃʗ ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ  

ʈɸɿʃʀʏʅʓʍ ʄɽʊɸʃʃʆʂʆʅʉʊʈʋʂʎʀʁ,  

ʆʉʅʆɺɸʅʅʆʁ ʅɸ ʄɽʊʆɼɽ ɼʀʌʈɸʂʎʀʀ ɹʈʕɻɻɸ 

 

ʀ.ʄ. ʇʦʜʛʦʨʥʦʚ, ʉ.ʉ. ɹʦʥʮʘʨʝʚʠʯ, ʄ.ɸ. ʊʨʦʬʠʤʦʚ, ɼ.ʀ. ʏʫʣʢʦʚ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (ʆʅ) ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʪʝʭʥʠʢʠ. ʄʝ-

ʪʘʣʣʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ ʟʘʯʘʩʪʫʶ ʨʘʟʨʫʰʘʶʪʩʷ ʠʣʠ ʧʨʠʭʦʜʷʪ ʚ ʥʝ-

ʛʦʜʥʦʩʪʴ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʝʱʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠʣʠ ʚ ʧʝʨʚʳʝ ʯʘʩʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʠ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜʳ, ʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʥʝ ʪʨʝʙʫʝʪ 

ʢʘʢʦʡ-ʣʠʙʦ ʪʘʨʠʨʦʚʢʠ, ʯʪʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʚʪʦʨʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦ-

ʜʦʤ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʩʩʝʷʥʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʣʫʯʝʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʋʩʣʦʚʠʝ 2dsin◒ = nɚ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʧʝʨʚʳʝ ɹʨʵʛʛʦʤ, 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʥʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ, ʟʥʘʷ ʫʛʦʣ ʤʝʞʜʫ ʧʘʜʘʶʱʠʤ ʠ ʦʪʨʘʞʝʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ, ʚʳʯʠʩʣʠʪʴ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʝ-

ʰʝʪʢʠ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʪʘʣʣʘ.  
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʘʢʦʥʝ ʜʠʬʨʘʢʮʠʠ ɹʨʵʛʛʘ. 

 

 
ʈʠʩ.1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʝʪ ʩʚʦʠ ʟʘʜʘʯʠ, ï ʵʪʦ ʙʣʦʢʠ (ʨʠʩ.1) 

-ʢʦʥʪʨʦʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʆʂ 

(ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ), ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ʠ 

ʤʘʪʨʠʮʘ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ; 

-ʧʝʨʝʤʝʱʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʚʜʦʣʴ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʚ ʢʦʪʦʨʳʡ 

ʚʭʦʜʷʪ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʝʛʦ ʜʨʘʡʚʝʨ ʠ ʢʦʥʮʝʚʳʝ ʚʳʢʣʶʯʘʪʝ-

ʣʠ; 

- ʩʦʧʨʷʞʝʥʠʷ ʜʘʥʥʳʭ ʩ ʤʘʪʨʠʮʳ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ (ʩ ʙʣʦʢʘ 

ʢʦʥʪʨʦʣʷ); 

 -ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʇʂ 

(ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ). 

ʉʦʟʜʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʤʝʪʦʜʝ ɹʨʵʛʛʘ. ʆʥʘ 

ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʠʩʢʣʶʯʝʥʠʝ ʥʘʭʦʞʜʝʥʠʷ ʦʧʝʨʘʪʦʨʘ-ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʘ ʚ 

ʦʧʘʩʥʦʡ ʟʦʥʝ ʦʙʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʟʤʝʨʦʚ ʫʯʘʩʪʢʦʚ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

- ʦʧʝʨʘʪʠʚʥʳʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʩ ʤʝʩʪʘ ʢʦʥʪʨʦʣʷ ʠ ʧʦʩʣʝ-

ʜʫʶʘɦ ̫ʝʝ ʦʙʨʘʙʦʪʢʘ;  
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- ʭʨʘʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʇʂ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʜʠ-

ʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʢʠ ʠʣʠ ʜʠʘʛʨʘʤʤʳ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʊʨʦʬʠʤʦʚ ɺ. ɺ., ɹʘʰʢʘʨʝʚ ɸ. ʗ., ʀʚʦ ʂʨʘʫʩ. ʅʝʨʘʟʨʫʰʘʶ-

ʱʠʡ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʝʥʟʦʤʝʪʨʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝ-

ʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ï ʉʇʙ: ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

2011. 

 

ʈɸɿɺɽɼʆʏʅʓʁ ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ  

ɺʀɹʈʆʂʆʅʊʈʆʃʗ ʈɽɸʂʊʆʈɸ ɺɺʕʈ-440  

ʅʆɺʆɺʆʈʆʅɽɾʉʂʆʁ ɸʕʉ 

 

ʀ.ʖ. ʉʫʭʘʨʝʚ, ɸ.ɺ. ʅʘʭʘʙʦʚ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʅʘ ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ ʩʚʦʝ 

ʚʨʝʤʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

SUS (SchwingungsUberwachungsSystem) ʬʠʨʤʳ çSiemens» [1]. 

ʉʠʩʪʝʤʘ SUS ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʪ.ʝ. ʜʘʥʥʳʝ, ʧʦ-

ʣʫʯʘʝʤʳʝ ʝʶ, ʥʝ ʚʳʟʳʚʘʶʪ ʥʠʢʘʢʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʫʩʪʘʥʦʚʢʦʡ, ʥʦ ʧʦʩʣʝ ʠʭ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʩʪʘʥʦʚʘ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʧʝʨʠʦʜ ʧʣʘ-

ʥʦʚʦʛʦ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʚʝʜʦʯʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʜʘʥʥʳʭ ʚʠʙʨʦʰʫʤʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʯʝʪʚʝʨʪʦʤ ʙʣʦʢʝ ʅʦʚʦ-

ʚʦʨʦʥʝʞʩʢʦʡ ɸʕʉ, ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʚʝʜʦʯʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʚʝʜʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʘʣʛʦʨʠʪʤ ʮʝʧʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʩʪʨʦʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʠʘʛʨʘʤʤ, ʊ-ʩʪʘʪʠʩʪʠʢʘ, ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʥʘ ʦʩʠ 

ʆʨʣʦʯʠ [2]. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳ-

ʚʦʜʳ: ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʦʤʘʣʴʥʳʝ 

ʚʳʙʨʦʩʳ; ʘʣʛʦʨʠʪʤ ʮʝʧʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʥʘ ʦʩʠ 

ʆʨʣʦʯʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʢʣʘʩʪʝʨʦʚ; ʥʝʢʦʪʦʨʳʝ ʜʘʪʯʠʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʛʣʘʚʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʘʭ, ʚʳʜʝʣʷ-

ʶʪʩʷ ʚʳʙʨʦʩʘʤʠ ʦʩʦʙʦ ʩʠʣʴʥʦ ʥʘ ʬʦʥʝ ʦʩʪʘʣʴʥʳʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɼʠʩʩʝʨʪʘʮʠʷ «ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ ʰʫʤʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ ɸʕʉ» /ʄ.ʊ. ʉʣʝʧʦʚ, 1999. 

2.ʂʠʙʝʨʦʥʠʢʠʷ: http://webi.2in2.ru/ 

 

ʆɹɿʆʈ ʇʆɼʍʆɼɸ ʇʆ ʉʆɿɼɸʅʀʖ ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ 

ʌɸɿʀʈʆɺɸʅʅʓʍ ʈɽʐɽʊʆʂ 

 

ʀ.ʇ. ɻʫʟʝʚ,ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɸ.ɺ. ʅʘʭʘʙʦʚ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɸʕʉ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʢʦʥʪʨʦʣʷ: ʚʠʟʫʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ, ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ, 

ʢʦʥʪʨʦʣʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʢʘʧʠʣʣʷʨʥʳʡ, ʤʘʛʥʠʪʦʧʦʨʦʰʢʦʚʳʡ ʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥ-

ʪʨʦʣʴ. ɼʦʩʪʘʪʦʯʥʦ ʥʦʚʳʤ ʤʝʪʦʜʦʤ ʋɿ-ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʬʘʟʠʨʦʚʘʥʥʳʤʠ ʨʝʰʸʪʢʘʤʠ. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʬʘʟʠʨʦ-

ʚʘʥʥʳʭ ʨʝʰʝʪʦʢ ï ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʤʧʴʶʪʝʨʦʤ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ 

ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʛʦʵʣʝ-

ʤʝʥʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ. ɺʦʟʙʫʞʜʝʥʠʝ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚ-

ʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʣʫʯʘ, ʥʘʧʨʠʤʝʨ, ʫʛʣʦʤ, ʬʦ-

ʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʨʘʟʤʝʨʦʤ ʬʦʢʫʩʥʦʛʦ ʧʷʪʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢ-

ʪʳ, ʨʘʟʣʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʩʠ. 
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ʇʨʦʩʪʦʡ ʦʜʥʦʵʣʝʤʝʥʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ ʤʦʞʝʪ ʧʨʦʧʫʩʪʠʪʴ ʜʝʬʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʙʦʣʴʰʠʤ 

ʫʛʣʦʤ ʢ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʣʠ ʚ ʩʪʦʨʦʥʝ ʦʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʣʫʯʘ [1]. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʵʭʦ-ʩʠʛʥʘʣ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʠ 

ʧʨʠʭʦʜʠʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ. ʕʭʦ-ʩʠʛʥʘʣʳ 

ʥʘ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ, ʟʘʪʝʤ ʩʫʤʤʠ-

ʨʫʶʪʩʷ. ʀʭ ʩʫʤʤʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ɸ-ʩʢʘʥʝ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ 

ʫʩʠʣʝʥʥʳʡ ʵʭʦ-ʩʠʛʥʘʣ ʦʪ ʪʨʝʙʫʝʤʦʡ ʬʦʢʘʣʴʥʦʡ ʪʦʯʢʠ ʠ ʦʩʣʘʙ-

ʣʝʥʥʳʡ ï ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʧʫʪʠ ʣʫʯʘ ï ʵʪʦ ʥʝʙʦʣʴʰʘʷ 

ʯʘʩʪʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʪʝʭʥʦʣʦʛʠʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʌʈ. 

 
ʈʠʩ.1. ʆʙʥʘʨʫʞʝʥʠʝ ʨʘʟʣʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʦʜʥʦʵʣʝ-

ʤʝʥʪʥʳʤ (ʩʣʝʚʘ) ʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ (ʩʧʨʘʚʘ) 
 

ʇʨʠ ʨʘʙʦʪʝ ʚ ʆʆʆ «ʇʨʦʣʦʛ» http://www.prolog.obninsk.ru/, 

ʛʜʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ. 

ɺ ʜʦʢʣʘʜʝ ʠʩʩʣʝʜʫʝʪʩʷ ʦʙʱʠʡ ʦʙʟʦʨ ʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʟʜʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʨʳʥʢʝ ʌʈ, ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʣʫʯʝhʛʦ ʚʘʨʠʘʥʪʘ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ  

1.Olympus NDT.  Introduction to Phased Array Ultrasonic Tech-

nology Applications.- ISBN 0-9735933-4-2, 2007. 
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ʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ ʉɺɸʈʅʓʍ ʐɺʆɺ  

ʊʆʅʂʆʉʊɽʅʅʓʍ ɸʃʖʄʀʅʀɽɺʓʍ ʊʈʋɹ 

 

ɸ.ʉ. ʂʦʨʯʘʛʠʥ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʥʢʦʩʪʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʪʨʫʙ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʥʪʨʦʣʷ, ʥʦʨʤʘʪʠʚʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʤʝʪʦʜʠʢʠ, ʩʦʛʣʘʩʥʦ ʢʦ-

ʪʦʨʳʤ ʧʨʦʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ. 

ʎʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ) ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʦʝ ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʳʭ ʜʝʬʝʢ-

ʪʦʚ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʅʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʦʛʦ ʙʨʘʢʘ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ 

ʢʘʢ ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʨʘʜʠʘʮʠʦʥʥʳʡ, ʫʩʧʝʰʥʦ ʚʳʷʚʣʷʶʱʠʡ 

ʦʧʘʩʥʳʝ ʜʝʬʝʢʪʳ ʠ ʦʙʲʝʢʪʠʚʥʦ ʬʠʢʩʠʨʫʶʱʠʡ ʧʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ [1]. ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘ-

ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʝʙʫʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʠ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥ-

ʪʨʦʣʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ 

ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʂʘʯʝʩʪʚʦ ʵʪʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʝʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʢʦʥ-

ʪʨʦʣʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠʭ ʜʦʩʪʦʠʥ-

ʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʥʦʚʠʥʢʠ ʠ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʦ ʧʨʠʤʝʥʷ-

ʝʤʳʝ ʪʠʧʳ ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʥʪʨʦʣʷ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʥʦʨ-

ʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʭʥʦʣʦ-

ʛʠʠ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʧʨʦʠʟʚʦʜʷ-

ʱʠʤ ʩʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 
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ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʟʨʘʙʦʪʢʠ ʤʝ-

ʪʦʜʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʥʢʦʩʪʝʥʥʳʭ ʘʣʶ-

ʤʠʥʠʝʚʳʭ ʪʨʫʙ.  

 

ʃʠʪʝʨʘʪʫʨʘ  

1.ʂʦʥʦʚʘʣʦʚ ʅ.ʅ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. -ʄ.:ʌɻʋʇ 

çʅʊʎ çʇʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè 2006. 

 

ɺʓʗɺʃɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɺ  

ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ɼɸʅʅʓʍ ʈɽɸʂʊʆʈɸ ɹʅ-600 
 

ɺ.ʉ. ʄʘʰʢʦʚ, ɸ.ʆ. ʉʢʦʤʦʨʦʭʦʚ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʩʫʞʜʘʝʤʳʭ ʪʝʤ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥ-

ʜʫʩʪʨʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ï ʬʝʥʦʤʝʥ Big Data, ʠʣʠ ʧʨʦʙʣʝʤʘ 

ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʭʨʘʥʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʦʚʘʣʘ ʚʩʝʛʜʘ, ʥʦ ʩ 

ʨʘʟʚʠʪʠʝʤ ʀʊ ʦʥʘ ʩʪʘʣʘ ʙʝʩʧʦʢʦʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʷʜ ʢʨʫʧʥʝʡʰʠʭ 

ʢʦʨʧʦʨʘʮʠʡ, ʥʦ ʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʢʦʤʧʘʥʠʡ [1].  
ʉ ʪʘʢʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʦʣʢʥʫʣʠʩʴ ʠ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ. ɽʩʪʴ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʠʣʠ ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʤ ʧʦʷʚʣʝʥʠʷ ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ. ɺʦ-ʧʝʨʚʳʭ, ʦʛʨʦʤʥʳʝ ʦʙʲʝ-

ʤʳ ʜʘʥʥʳʭ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʜʘʪʯʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ï 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠʥʬʦʨʤʘʮʠʷ ʩ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝ-

ʥʠʷ ʠ ʪ.ʧ [2]. ɺʪʦʨʘʷ ʠ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʨʦʤʝ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠʟʤʝʥʠʣʩʷ ʠ ʠʭ ʭʘʨʘʢʪʝʨ. ʆʩʥʦʚʥʦʡ 

ʦʙʲʝʤ ʵʪʠʭ ʜʘʥʥʳʭ ï ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʵʪʦ-

ʤʫ ʝʝ ʦʙʨʘʙʦʪʢʘ ʚ ʧʨʠʚʳʯʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʙʘʟ ʜʘʥʥʳʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʦʵʬʬʝʢʪʠʚʥʘ [3]. 
ʂ ʪʦʤʫ ʞʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʙʨʘʥʥʘʷ ʜʘʪʯʠʢʘʤʠ 

ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ, ʧʨʦʩʪʦ ʭʨʘʥʠʪʩʷ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʰʪʘʪ-

ʥʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʧʠʩʘʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʰʝʥʠʡ. 
 ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥʥʳʝ, ʠʩʭʦʜ-

ʥʦʡ ʙʘʟʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘ-
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ʤʝʪʨʘʤʠ ʟʘ 12-ʶ ʤʠʢʨʦʢʘʤʧʘʥʠʷʤʠ ʥʘ ʨʝʘʢʪʦʨʝ ɹʅ-600. ɺ ʵʪʦʡ 

ʙʘʟʝ ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʨʝʥʠʷ:  
- ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ; 

- ʤʦʱʥʦʩʪʴ 1, 2, 3 ɻʎʅ-1; 

- ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 1, 2, 3 ɻʎʅ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʪʨʠʷ ʥʘ ʚʭʦʜʝ ʚ 1, 2, 3 ʇʊʆ-ʘ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʪʨʠʷ ʥʘ ʚʭʦʜʝ ʚ 1, 2, 3 ʇʊʆ-ʙ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʪʨʠʷ ʥʘ ʚʳʭʦʜʝ 1, 2, 3 ʇʊʆ-ʘ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʪʨʠʷ ʥʘ ʚʳʭʦʜʝ 1, 2, 3 ʇʊʆ-ʙ; 

- ʯʘʩʪʦʪʘ ʩʝʪʠ;  

- ʨʘʩʭʦʜ ʥʘʪʨʠʷ ʯʝʨʝʟ ʙʘʡʧʘʩʥʫʶ ʣʠʥʠʶ;  

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʪʨʠʷ ʥʘ ʚʳʭʦʜʝ ʊɺʉ ʷʯʝʡʢʠ (13 ʧʦʟ); 

- ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʧʦʜʫʰʢʠ ʨʝʘʢʪʦʨʘ; 

- ʜʘʚʣʝʥʠʝ ʥʘʪʨʠʷ ʚ ʥʘʧʦʨʥʦʡ ʢʘʤʝʨʝ ʨʝʘʢʪʦʨʘ; 

- ʫʨʦʚʝʥʴ ʥʘʪʨʠʷ ʚ ʨʝʘʢʪʦʨʝ; 

- ʫʨʦʚʝʥʴ ʥʘʪʨʠʷ ʚ ʙʘʢʘʭ 1, 2, 3 ɻʎʅ-1; 

- ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʩʪʨʘʭʦʚʦʯʥʦʡ ʧʦʣʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʢʦ-

ʞʫʭʘ ʨʝʘʢʪʦʨʘ; 

- ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 1, 2, 3 ɻʎʅ-2. 

ʇʨʠ ʨʝʝhʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤ rʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʙʳʩʪ-

ʨʳʡ ʠ ʫʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʷʟʳʢʘ R. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʦʜʥʦʡ ʤʠʢʨʦʢʦʤ-

ʧʘʥʠʠ ʩ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʧʘʢʝʪʥʦʛʦ ʢʦʥʪʨʦʣʷ. 
ʇʦ ʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʤʥʦʞʝʩʪʚʦ ʙʳʩʪʨʳʭ ʠ 

ʧʨʦʩʪʳʭ ʚʳʚʦʜʦʚ, ʥʘʧʨʠʤʝʨ,  
- ʧʦ ʛʠʩʪʦʛʨʘʤʤʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦ ʜʠʘʛʦʥʘʣʠ, ʦ ʪʦʤ, ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʪʯʠʢʘ; 

- ʧʦ ʛʨʘʬʠʢʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʞʝ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʦ ʪʦʤ, 

ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʜʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʝʩʣʠ ʵʪʦ ʜʘʥʥʳʝ ʦʜ-

ʥʦʛʦ ʨʦʜʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʘ); 

- ʧʦ ʛʨʘʬʠʢʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʰʝ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ï ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩ 

ʩʪʘʙʠʣʝʥ ʠ ʢʘʢ ʩʠʣʴʥʦ ʜʘʥʥʳʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ʈʠʩ. 1. ʀʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʧʘʢʝʪʥʦʛʦ ʢʦʥʪʨʦʣʷ 

 

ʕʪʦ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ 

ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʦ 

ʢʘʨʪʠʥʢʝ ʠʟ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʦʩʪʘʚʣʷʪʴ 

ʜʘʥʥʳʝ, ʥʝ ʧʦʜʚʝʨʛʘʷ ʩʣʦʞʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʠʣʠ ʧʨʠ ʚʳʷʚʣʝʥʠʠ 

ʦʪʢʣʦʥʝʥʠʡ ʧʦʩʪʘʨʘʪʴʩʷ ʨʘʟʦʙʨʘʪʴʩʷ, ʯʪʦ ʧʦʰʣʦ ʥʝ ʪʘʢ ʚ ʢʨʘʪ-

ʯʘʡʰʠʝ ʩʨʦʢʠ.  
 

ʃʠʪʝʨʘʪʫʨʳ 
1.ɸʨʪʝʤʦʚ ʉ. ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ = ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ? 

//ɾʫʨʥʘʣ: Jet Info ˉ6, ʠʶʣʴ, 2012.  

2.ʉʦʚʝʪʦʚ ɹ.ʗ., ʗʢʦʚʣʝʚ ʉ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ. ʇʨʘʢ-

ʪʠʢʫʤ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ, 2003. 

3.ʊʶʢʘʝʚ ɼ.ɸ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ /ɼʠʩʩ. ʜ-

ʨʘ ʵʢʦʥʦʤ. ʥʘʫʢ: 08.00.05, ʄʦʩʢʚʘ, 2014. 

 

http://www.jetinfo.ru/author/sergej-artemov
http://www.jetinfo.ru/author/sergej-artemov
http://www.jetinfo.ru/jetinfo_arhiv/big-data/2012
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ  

ʂʆʄʄʋʊʀʈʆɺɸʅʀʗ ɺʓʉʆʂʆɺʆʃʔʊʅʓʍ ʃʀʅʀʁ ɺ 

ʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʀʍ ʃɸɹʆʈɸʊʆʈʀʗʍ 

 

ɺ.ʀ. ʂʦʨʦʣʝʚ
1
, ʅ.ʅ. ʑʘʜʠʥ

2 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

2
ɿɸʆ çʆʙʥʠʥʩʢʕʥʝʨʛʦʊʝʭè, ʛ. ʆʙʥʠʥʩʢ 

 

ʆʨʛʘʥʠʟʘʮʠʷ ɿɸʆ çʆʙʥʠʥʩʢʕʥʝʨʛʦʊʝʭ» ʟʘʥʠʤʘʝʪʩʷ ʚʳʧʫʩ-

ʢʦʤ ʧʝʨʝʜʚʠʞʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. ʆʩʥʦʚʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʤʤʫʪʘʮʠʠ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʙʣʦʢ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʙʣʦʢ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʙʣʦʢ ʙʘʨʘʙʘʥʦʚ ʩ 

ʢʘʙʝʣʷʤʠ ʚʥʝʰʥʝʛʦ ʧʦʜʢʣʶʯʝʥʠʷ.  

ɹʣʦʢ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ 

ʷʱʠʢʘ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʨʫʯʥʫʶ ʤʦʞ-

ʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʣʘʙʦʨʘʪʦʨʠʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʘʥʥʳʭ ʢʦʤʤʫ-

ʪʘʪʦʨʦʚ.  

ɺ ʩʦʩʪʘʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʙʫʜʝʪ ʚʭʦʜʠʪʴ 

ʪʨʠ ʣʠʥʠʠ ʩʘʤʠʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʜʥʘ ʧʣʘʪʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʢʦʤʤʫʪʘʪʦʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.  

ʇʣʘʪʘ ʢʦʤʤʫʪʘʪʦʨʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ. 

1.ʇʨʠʝʤ ʢʦʤʘʥʜʳ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (ʎɹʋ) 

ʥʘ ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʦʤʤʫʪʘʪʦʨʘ ʚ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ-

ʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ CAN-ʠʥʪʝʨʬʝʡʩʫ. 

2.ʇʨʦʚʝʨʢʘ ʧʦʣʦʞʝʥʠʷ ʢʦʤʤʫʪʘʪʦʨʦʚ. ʇʦʣʦʞʝʥʠʝ ʢʦʤʤʫʪʘ-

ʪʦʨʦʚ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʚʠʢʦʚ. 

3.ʇʨʦʚʝʨʢʘ ʠʩʧʨʘʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ 

ʨʘʙʦʪʳ ʤʝʭʘʥʠʢʠ ʢʦʤʤʫʪʘʪʦʨʘ. ʅʝʠʩʧʨʘʚʥʦʩʪ ɹʤʝʭʘʥʠʢʠ ʠʣʠ 

ʥʘʭʦʞʜʝʥʠʝ ʧʦʩʪʦʨʦʥʥʝʛʦ ʤʫʩʦʨʘ ʚ ʢʦʤʤʫʪʘʪʦʨʝ ʚʝʜʝʪ ʝʛʦ ʢ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʠʣʠ ʢ ʟʘʢʣʠʥʠʚʘʥʠʶ ʜʚʠʛʘʪʝʣʷ; ʚʦ ʠʟʙʝ-

ʞʘʥʠʝ ʵʪʦʛʦ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ ʧʦ 

ʜʚʠʛʘʪʝʣʶ (ʧʨʦʚʝʨʢʘ ʠʩʧʨʘʚʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʩʥʠʤʘʝʪʩʷ ʥʘʧʨʷʞʝ-

ʥʠʝ ʧʠʪʘʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʜʚʠʛʘʪʝʣʴ. ʇʨʠ ʥʘʣʠʯʠʠ ʢʘʢʠʭ-
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ʪʦ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʨʘʙʦʪʘ ʢʦʤʤʫʪʘʪʦʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠ ʧʦʩʳ-

ʣʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʧʦ CAN-ʩʝʪʠ ʦʙ ʦʰʠʙʢʝ. 

4.ʇʝʨʝʢʣʶʯʝʥʠʝ ʢʦʤʤʫʪʘʪʦʨʘ ʚ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʦʞʝʥʠʝ. 

5.ʆʪʧʨʘʚʢʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦ ʧʝʨʝʢʣʶʯʝʥʠʠ. 

 

 
ʈʠʩ. 1.ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 

 

ɼʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʪ̫ ʚ ʜʚʠʞʝʥʠʝ ʤʝʭʘʥʠʢʫ, 

ʢʦʥʮʝʚʠʢʠ ʦʪʩʣʝʞʠʚʘʶʪ ʧʦʣʦʞʝʥʠʷ ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʣʷ ʧʣʘ-

ʪʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ; 

ï ʦʪʣʘʜʢʘ ʨʘʙʦʪʳ ʧʣʘʪʳ ʫʧʨʘʚʣʝʥʠʷ; 

ï ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʜʣʷ ʨʘʙʦʪʳ 

ʧʣʘʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ; 

ï ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʇʆ ʥʘ ʤʘʢʝʪʥʦʤ ʩʪʝʥʜʝ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʫʥʢʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ. ʇʨʦʚʝʨʢʘ ʇʆ 

ʥʘ ʤʘʢʝʪʥʦʤ ʩʪʝʥʜʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴ-

ʥʦ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɿɸʆ çʆʙʥʠʥʩʢʕʥʝʨʛʦʊʝʭè 

(ʧʨʦʝʢʪ ʕʅʃ.0000. ʉɹ). 
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ʄʆɼɽʃʔ ɺʏ-ʇʃɸɺʀʊɽʃʗ ʋʉʊɸʅʆɺʆʂ  

ʆʉʊɽʂʃʆɺʓɺɸʅʀʗ ʈɸɼʀʆɸʂʊʀɺʅʓʍ ʆʊʍʆɼʆɺ 

 

ʀ.ʉ. ʄʘʩʣʝʥʥʠʢʦʚʘ, ʉ.ʇ. ʄʘʩʣʝʥʥʠʢʦʚ, ɸ.ɽ. ʅʦʚʦʞʠʣʦʚ 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʴ-

ʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ɺʏ-ʧʣʘʚʠʪʝʣʝʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʦʢ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʚ ʭʦʣʦʜʥʦʤ 

ʪʠʛʣʝ (ʀʇʍʊ) ʧʨʠ ʦʩʪʝʢʣʦʚʳʚʘʥʠʠ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪ-

ʭʦʜʦʚ (ʈɸʆ).  

ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʮʠʢʣʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏ-ʧʣʘʚʠʪʝʣʝʡ ʚ ʨʝʞʠʤʘʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʦʢ [1, 2]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʧʣʘʚʠʪʝʣʝʡ, ʫʯʠ-

ʪʳʚʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʭʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʫʩʪʘʥʦʚʦʢ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʥʳʡ 

ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʦʱʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ «ʛʝʥʝʨʘʪʦʨ-ʠʥʜʫʢʪʦʨ-ʪʠʛʝʣʴ», ʦʮʝʥʠ-

ʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʤʝʥʪʘʭ 

ʫʩʪʘʥʦʚʦʢ.  

ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʪʠʛʣʝ ʠ 

ʥʘʛʨʫʟʦʯʥʦʤ ʢʦʥʪʫʨʝ ʧʣʘʚʠʪʝʣʷ ʚʳʷʚʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʚʥʦʩʠʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ 

ʥʘʛʨʫʟʦʯʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʩʧʣʘʚʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ, ʢʦʪʦ-

ʨʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʢʘʟʘʥʠʡ ʰʪʘʪʥʳʭ ʜʘʪʯʠʢʦʚ ʧʣʘʚʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʜʦʙʨʦʪʥʦʩʪʴ ʥʘʛʨʫʟʦʯ-

ʥʦʛʦ ʢʦʥʪʫʨʘ, ʚʥʦʩʠʤʦʝ ʠ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʙʘʣʘʥʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʚ ʫʟʣʘʭ ʠ ʵʣʝʤʝʥʪʘʭ ʫʩʪʘʥʦʚʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʛʨʘʥʠʯ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʞʠʤʫ ʘʢʪʠʚʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʰʠʭʪʳ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ ʫʨʦʚʥʷ 

ʟʘʛʨʫʟʢʠ ʪʠʛʣʷ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʦ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʨʝʞʠ-

ʤʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ 
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ʧʣʘʚʢʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʣʝʤʝʥʪʘʭ ʛʝʥʝ-

ʨʘʪʦʨʘ ʠ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʥʪʫʨʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝ-

ʣʠ ʙʘʣʘʥʩʘ ʵʥʝʨʛʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʛʝʥʝʨʘʪʦʨʝ.  

ʉʦʟʜʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʧʣʘ-

ʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʟʣʘʭ ʠ ʵʣʝʤʝʥʪʘʭ ʛʝʥʝ-

ʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʣʘʚʘ ʧʦ 

ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ: ʣʠʙʦ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʜʘʚʘʤʦʡ 

ʚ ʨʘʩʧʣʘʚ, ʣʠʙʦ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ. ɺ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʝ-

ʛʫʣʠʨʦʚʢʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʠʩʪʦʯʥʠʢʝ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ.  

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʨʝʜʝ LabWiev, ʢʦʪʦʨʘʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʠʨʪʫʘʣʴ-

ʥʳʭ ʧʨʠʙʦʨʦʚ. ʇʨʦʛʨʘʤʤʘ ʧʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʦʙʣʘʜʘʝʪ 

ʥʘʛʣʷʜʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ. ʆʥʘ ʧʦʟʚʦʣʷ-

ʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʘʢ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʦʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ), 

ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠʟ ʦʧʝʨʘʪʠʚʥʳʭ ʞʫʨʥʘʣʦʚ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʧʣʘʚʦʢ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɼʝʤʠʥ ɸ.ɺ., ʄʘʩʣʝʥʥʠʢʦʚ ʉ.ʇ., ʐʢʦʣʴʥʠʢʦʚ ʕ.ʗ. ʕʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʚ ʭʦʣʦʜʥʦʤ ʪʠʛʣʝ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʈɸʆ. //ʗʜʝʨʥʘʷ 

ʬʠʟʠʢʘ ʠ ʠʥʞʠʥʠʨʠʥʛ. 2011 ʪ, 2, ˉ 5. ʉ. 433-437. 

2.ɼʝʤʠʥ ɸ.ɺ., ʄʘʩʣʝʥʥʠʢʦʚ ʉ.ʇ., ʐʢʦʣʴʥʠʢʦʚ ʕ.ʗ. ʠ ʜʨ. 

ɼʠʥʘʤʠʢʘ ʥʘʛʨʝʚʘ ʩʪʝʢʣʦʤʘʩʩʳ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʪʠʛʝʣʴ ʰʠʭ-

ʪʳ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʣʝʥʠʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʈɸʆ. 

//ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ ʠ ʠʥʞʠʥʠʨʠʥʛ. 2013, ʪ. 4, ˉ 8. ʉ. 704ï709. 
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ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʈɽʅʊɻɽʅʆɻʈɸʌʀʏɽʉʂʆɻʆ 

ʂʆʅʊʈʆʃʗ ʊʈʋɹʆʇʈʆɺʆɼɸ 

 

ɸ.ɸ. ʉʦʨʦʢʠʥ, ɸ.ʆ. ʉʢʦʤʦʨʦʭʦʚ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʇʨʠ ʈɻʂ ʠʩʧʦʣʴʟʫʶʪ ʤʠʥʠʤʫʤ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ: 

ï ʠʩʪʦʯʥʠʢ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ; 

ï ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʦʙʲʝʢʪ; 

ï ʜʝʪʝʢʪʦʨ (ʢʘʩʩʝʪʘ ʩ ʧʣʝʥʢʦʡ). 

ʈʝʟʫʣʴʪʘʪʦʤ ʈɻʂ ʷʚʣʷʝʪʩʷ ʩʥʠʤʦʢ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʵʢʩʧʝʨʪʦʤ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ. 

ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʩʥʠʤʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʰʦʚ ʢʦʪʦʨʦʛʦ ʩʥʷʪ ʥʘ 

«ʵʣʣʠʧʩ». ɺʩʝ ʩʥʠʤʢʠ ʦʜʥʦʪʠʧʥʳ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʧʨʦ-

ʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ. ʅʘʠʙʦʣʝʝ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʱʫʱʘʝʪʩʷ ʚ ʪʝʭ-

ʥʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞ-

ʥʳʝ ʘʚʘʨʠʠ ʠ ʢʘʪʘʩʪʨʦʬʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʝʟ ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʘʚʠʣʴʥʦ ʠ ʥʘʜʝʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʝʣʳ 

ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʊɼ) ï ʵʪʦ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ, ʦʭʚʘʪʳ-

ʚʘʶʱʘʷ ʪʝʦʨʠʶ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ (ʊʂ) ï ʵʪʦ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ (ʆʂ) ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ. 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ (ʅʂ) ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʨʫʰʝʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʆʂ ʢ ʧʨʠʤʝʥʝʥʠʶ [1]. 

ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʷʚʣʷʶʪʩʷ 

ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ 

ʦʧʘʩʥʦʩʪʠ; 

ï ʦʮʝʥʢʘ ʩʚʦʡʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʘ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ; 
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ï ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʠʭ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

ï ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʡ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʧʨʦʝʢʪʘ ʠ ʅʊɼ; 

ï ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝ-

ʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʜʝʬʝʢʪʳ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝ-

ʥʠʝ ʧʨʠʯʠʥ ʙʨʘʢʘ; 

ï ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ï ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʪʘʢʠʭ 

ʢʘʢ ʚʠʟʫʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʡ, ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʢʨʘʩʦʯʥʳʡ, ʮʚʝʪ-

ʥʦʡ, ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʧʦʨʦʰʢʦʚʳʡ, ʤʘʛʥʠʪʦʧʦʨʦʰʢʦʚʳʡ, ʵʣʝʢ-

ʪʨʦʠʥʜʫʢʪʠʚʥʳʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ, ʛʘʤʤʘ-

ʛʨʘʬʠʯʝʩʢʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ (ʈɻʂ). 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʪʘʢʠʝ ʜʝʬʝʢʪʳ, ʢʘʢ ʪʨʝʱʠʥʳ, ʥʝʧʨʦʚʘʨʳ, ʧʦʨʳ, ʰʣʘʢʦʚʳʝ, 

ʚʦʣʴʬʨʘʤʦʚʳʝ, ʦʢʠʩʥʳʝ ʠ ʜʨʫʛʠʝ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʞʦʛʠ ʠ 

ʧʦʜʨʝʟʳ [2]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʜʠʘʤʝʪʨ, ʤʘʨʢʘ ʩʪʘʣʠ, ʨʘʜʠ-

ʘʮʠʦʥʥʘʷ ʪʦʣʱʠʥʘ ʠ ʩʭʝʤʘ ʧʨʦʩʚʝʯʠʚʘʥʠʷ. 

ʆʙʨʘʙʦʪʘʚ ʩʥʠʤʦʢ ʠ ʧʦʣʫʯʠʚ ʝʛʦ ʮʠʬʨʦʚʫʶ ʢʦʧʠʶ ʩ ʭʦʨʦ-

ʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʥʦʞʝʩʪʚʦ ʦʧʝʨʘʮʠʡ 

ʥʘʜ ʥʠʤ: ʦʪ ʧʦʠʩʢʘ ʧʦʭʦʞʠʭ ʩʥʠʤʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ, ʪʘʢʠʭ ʢʘʢ ʢʘʯʝʩʪʚʦ ʩʥʠʤʢʘ, ʪʠʧ ʰʚʘ ʠ ʪ.ʧ., ʜʦ 

ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʜʝʬʝʢʪʦʚ ʢʘʢ ʩʥʠʤʢʘ, 

ʪʘʢ ʠ ʆʂ. 

ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʦʞʝʪ ʜʘʪʴ ʫʩʢʦʨʝʥʠʝ ʠ ʦʙʣʝʛʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʩʰʠʬʨʦʚʢʠ ʩʥʠʤʢʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʪʨʝʙʥʦʩʪʠ. ɺ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʘʢ ʤʝʪʦʜ ʉʦʙʝ-

ʣʷ, ʙʠʥʘʨʠʟʘʮʠʷ, ʛʨʘʜʠʝʥʪʳ ʩʝʨʦʛʦ ʠ ʜʨ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʜʘʪʴ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʜʝ-

ʬʝʢʪʘ, ʘ ʨʝʘʣʠʟʦʚʘʥʳ ʦʥʠ ʥʘ Dyalog APL. ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʤʳ ʨʝʰʘʝʤ ʟʘʜʘʯʠ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʬʠʣʴʪʨʘ-



89 
 

ʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʙʝ ʵʪʠ ʟʘʜʘʯʠ, ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ, ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥ .r 

ʉʝʛʤʝʥʪʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ. ʎʝʣʴ ʩʝʛʤʝʥʪʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʧʨʦʱʝʥʠʠ ʠ(ʠʣʠ) ʠʟʤʝʥʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ-

ʙʳ ʝʛʦ ʙʳʣʦ ʧʨʦʱʝ ʠ ʣʝʛʯʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ. 

ʌʠʣʴʪʨʘʮʠʷ ï ʵʪʦ ʦʩʣʘʙʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʧʦʤʝʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʥʪʨʦʣʠʨʫ-

ʶʱʠʤ ʩʚʘʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʧʦʨ, ʥʝ-

ʧʨʦʚʘʨʦʚ, ʚʦʣʴʬʨʘʤʦʚʳʭ, ʰʣʘʢʦʚʳʭ, ʦʢʠʩʥʳʭ ʠ ʜʨʫʛʠʭ ʚʢʣʶʯʝ-

ʥʠʡ, ʧʦʜʨʝʟʦʚ, ʪʨʝʱʠʥ ʠ ʧʨʦʯʝʛʦ, ʘ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥ-

ʪʨʦʣʷ ʧʨʠ ʛʨʘʤʦʪʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʩʰʠʬʨʦʚʢʠ ʩʥʠʤʢʦʚ, ʫʩʢʦʨʠʪʴ 

ʧʨʦʮʝʩʩ ʨʘʩʰʠʬʨʦʚʢʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʩʪʠʪ ʨʘʙʦʪʫ ʜʝʬʝʢʪʦ-

ʩʢʦʧʠʩʪʘ. 
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ʈɽʅʊɻɽʅʆɻʈɸʌʀʏɽʉʂʆɻʆ ʂʆʅʊʈʆʃʗ 

 

ʄ.ʄ. ʇʦʣʪʦʨʘʢʦʚ, ɸ.ʆ. ʉʢʦʤʦʨʦʭʦʚ 

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ  

 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʪʦʤʥʦʡ. ɹʝʟ-

ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ, 

ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʠ ʦʮʝʥʢʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʝʨʘʪʦ-

ʨʦʤ. 

ʂʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʩʚʷʟʘʥʥʦ ʩ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʘʙʦʪʳ ʦʧʝʨʘ-

ʪʦʨʦʚ, ʝʩʣʠ ʦʥʠ ʧʨʦʰʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʫʯʝʥʠʝ ʠ ʘʪʪʝʩʪʘ-

ʮʠʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʰʠʬʨʦʚʢʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʚʝʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʠʚʘʶʪʩʷ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʨʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʩʠʭʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʧʝʨʘʪʦʨʦʚ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʰʠʬʨʦʚʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥ-

ʪʨʦʣʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʮʠʬʨʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (ʮʠʬʨʦʚʳʝ ʠʟʦʙ-

ʨʘʞʝʥʠʷ). ɸʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʩʧʦ-

ʩʦʙʥʳ ʚʳʜʝʣʠʪʴ çʧʦʭʦʞʠʝè ʦʙʣʘʩʪʠ ʥʘ ʩʥʠʤʢʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʩʚʘʨʥʳʤ ʰʚʦʤ ʠʣʠ ʜʝʬʝʢʪʘʤʠ ʚ ʝʛʦ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ 

ʤʘʨʢʠʨʦʚʦʯʥʳʤʠ ʟʥʘʢʘʤʠ, ʪ.ʝ. ʚʳʧʦʣʥʠʪʴ ʝʛʦ ʩʝʛʤʝʥʪʘʮʠʶ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʩʥʠʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʚʦʙʦʜʥʦʡ ʩʨʝʜʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ çGNU Octaveè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

«image». 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʩʨʝʜʝ çDyalog APLè. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʠ ʜʚʘ ʢʣʘʩʪʝʨʘ. ɺ ʦʜʠʥ 

ʢʣʘʩʪʝʨ ʚʭʦʜʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʝʬʝʢʪʘʤʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʚ ʜʨʫʛʦʡ ï ʠʟʦʙʨʘʞʝʥʠʷ ʙʝʟ ʜʝʬʝʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
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ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʰʠʬʨʦʚʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦ-

ʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ. 

 

 
ʈʠʩ.1. ʇʨʠʤʝʨ ʩʥʠʤʢʘ ʩ ʜʝʬʝʢʪʦʤ (ʩʣʝʚʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʝʨʘʪʦʨʘ ʉʦʙʝʣʷ (ʩʧʨʘʚʘ) 

 

 
ʈʠʩ. 2. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʦʚ ʩʨʝʜʩʪʚʘʤʠ GNU Octave 

 

 
ʈʠʩ. 3. ʇʨʠʤʝʨ ʩʥʠʤʢʘ ʙʝʟ ʜʝʬʝʢʪʘ (ʩʣʝʚʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʝʨʘʪʦʨʘ ʉʦʙʝʣʷ (ʩʧʨʘʚʘ) 
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ʕɺʈʀʉʊʀʏɽʉʂɸʗ ʉɸʄʆʆʈɻɸʅʀɿɸʎʀʗ 

ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ 

ɸʕʉ 

 

ɸ.ʆ. ʉʢʦʤʦʨʦʭʦʚ, ʈ.ɸ. ʏʝʣʝʙʠʝʚ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʆʜʥʠʤ ʠʟ ʧʦʜʢʣʘʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʛʨʫʧʧʦʚʦʛʦ ʫʯʸʪʘ ʘʨʛʫʤʝʥʪʦʚ (ʄɻʋɸ). 

ʇʦʜ ʪʝʨʤʠʥʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʦʥʠʤʘʝʪʩʷ «ʧʨʦʮʝʩʩ ʩʘʤʦʧʨʦ-

ʠʟʚʦʣʴʥʦʛʦ (ʩʧʦʥʪʘʥʥʦʛʦ) ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʷʜʢʘ, ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ» [1]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝ-

ʢʫʨʩʠʚʥʦʤ ʩʝʣʝʢʪʠʚʥʦʤ ʦʪʙʦʨʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʢʦ-

ʪʦʨʳʭ ʥʘʟʳʚʘʶʪ ʦʧʦʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʈʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʄɻʋɸ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʧʦʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʅʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʦʨʥʳʝ ʬʫʥʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦ-

ʣʠʥʦʤʝ ʂʦʣʤʦʛʦʨʦʚʘ-ɻʘʙʦʨʘ: 

ὣὼȟȣȟὼ ὥ ὥὼ ὥὼὼ ὥ ὼὼὼ ȢȢȢ   ρ 

ʕʪʦ ʣʠʥʝʡʥʘʷ, ʤʫʣʴʪʠʣʠʥʝʡʥʘʷ ʠ ʢʚʘʜʨʘʪʠʯʥʘʷ ʦʧʦʨʥʳʝ 

ʬʫʥʢʮʠʠ, ʫ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʜʚʘ ʘʨʛʫʤʝʥʪʘ. ʋʩʣʦʞʥʝʥʠʝ ʤʦʜʝʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʫʯʠʪʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ: ʥʘ ʧʝʨʚʦʤ ʨʷʜʫ ʩʝʣʝʢʮʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘ-

ʱʠʝ ʧʦ ʜʚʘ ʘʨʛʫʤʝʥʪʘ, ʥʘ ʚʪʦʨʦʤ ï ʧʦ ʯʝʪʳʨʝ, ʥʘ ʪʨʝʪʴʝʤ ï ʧʦ 
ʚʦʩʝʤʴ. ɿʘʪʝʤ ʚʳʙʠʨʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʠʣʫʯʰʠʭ ʤʦʜʝʣʝʡ, ʢʦ-

ʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʣʫʯʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚ-

ʥʝʥʠʷ. ʄɻʋɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʷʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞ-

ʥʳʭ ʩʠʩʪʝʤ ʧʦ ʥʝʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python ʤʦʜʫʣʴ gmdh, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʪʦʜ ʛʨʫʧʧʦʚʦʛʦ ʫʯʸʪʘ ʘʨ-

ʛʫʤʝʥʪʦʚ. ʄʦʜʫʣʴ ʧʨʠʥʠʤʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʣʦʛʠʯʝʩʢʠʡ ʚʝʢ-

ʪʦʨ, ʨʘʟʜʝʣʷʶʱʠʡ ʚʳʙʦʨʢʫ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʧʨʦʚʝʨʦʯʥʫʶ, 

ʦʧʦʨʥʫʶ ʬʫʥʢʮʠʶ, ʢʨʠʪʝʨʠʡ ʩʝʣʝʢʮʠʠ ʠ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦ-

ʜʳ. ʄʦʜʫʣʴ ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʪʦʜ rlearn (ʥʘʭʦʜʠʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʤʦʜʝʣʝʡ) ʠ predict (ʚʳʯʠʩʣʷʝʪ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʟʘ-

ʜʘʥʥʳʤ ʪʦʯʢʘʤ). 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ɸʕʉ ʧʨʠ ʧʦʤʦʱʠ ʄɻʋɸ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʝʨʚʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ, ʦʙʦʨʦʪʳ ʪʨʸʭ ɻʎʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ 

ʠ ʚʳʭʦʜʝ ʰʝʩʪʠ ʇʊʆ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥ-

ʥʳʭ ʧʦ ʨʝʞʠʤʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʨʝʘʢʪʦʨʘ ɹʅ-600. 

ɺ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩ-

ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ  ʥʘ  ʚʭʦʜʝ  ʨʘʟʣʠʯʥʳʭ  ʇʊʆ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʤʦʜʝʣʷʤ ʚʠʜʘ 

Ὕ ὪὔȟὋᴆȟὝᴆ ȟ                                   (2) 

ʛʜʝ Ὃᴆ ʠ Ὕᴆ  ï ʚʝʢʪʦʨʳ ʨʘʩʭʦʜʦʚ ʠ ʚʭʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʄʦʜʝʣʠ ʩʪʨʦʠʣʠʩʴ ʥʘ ʙʘʟʝ ʧʝʨʚʳʭ 20-ʪʠ ʪʦʯʝʢ ʤʠʢʨʦʢʘʤʧʘ-

ʥʠʠ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦ ʦʩʪʘʚʰʠʤʩʷ ʜʘʥʥʳʤ. 
ʊʘʙʣʠʮʘ 1 

ʍʦʜ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʦʜʝʣʠ 

ʄʦʜʝʣʴ ʄɻʋɸ ʜʣʷ ʇʊʆ 6ɺ 

ʉʚʦʙʦʜʘ ʚʳʙʦʨʘ 30 

ʏʠʩʣʦ ʨʷʜʦʚ ʩʝʣʝʢʮʠʠ 5 

ʂʨʠʪʝʨʠʡ ʜʣʷ ʰʘʛʘ 1 0.8077351666 1.22519417 

ʂʨʠʪʝʨʠʡ ʜʣʷ ʰʘʛʘ 2 0.7558668246 0.8247625064 

ʂʨʠʪʝʨʠʡ ʜʣʷ ʰʘʛʘ 3 0.7091274768 0.7396294801 

ʂʨʠʪʝʨʠʡ ʜʣʷ ʰʘʛʘ 4 0.6805284311 0.7105763124 

ʂʨʠʪʝʨʠʡ ʜʣʷ ʰʘʛʘ 5 0.6813602644 0.6983002318 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʇʊʆ 6ɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄɻʋɸ. ʂ ʦʙʫʯʘʶ-

ʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʦ ʦʪʥʝʩʝʥʦ 13 ʪʦʯʝʢ ʠʟ 20-ʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. 

ʄʦʜʝʣʠ ʄɻʋɸ, ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ 

ʜʣ̫ ʇʊʆ 6ɹ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʚʩʝʭ ʇʊʆ ʨʝʘʢʪʦʨʘ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʚʝʟʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʝʨʚʳʝ 20 ʪʦʯʝʢ ʤʠʢʨʦʢʘʤʧʘʥʠʠ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ 

ʧʨʦʚʝʨʦʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ (ʘʨʭʠʚʝ) ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʨʝʘʢʪʦʨʘ ɹʅ-600, 

ʧʦʩʪʨʦʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʝʘʢʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 22-ʦʡ ʤʠʢʨʦʢʘʤʧʘʥʠʠ ʠ ʧʨʦʚʝʩʪʠ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ, ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʘʨʫʰʝʥʠʡ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ.  
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ʉɽʂʎʀʗ V 

ʕʂʆʃʆɻʀʗ ʀ ɹɽɿʆʇɸʉʅʆʉʊʔ  

ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

 
ʆʎɽʅʂɸ ʌɸʂʊʆʈɸ ʈɸɿɹɸɺʃɽʅʀʗ ʊɽʍʅʆɻɽʅʅʓʍ 

ʈɸɼʀʆʅʋʂʃʀɼʆɺ ɺ ɺʓɹʈʆʉɸʍ ʅɸ ɸʕʉ ʅɸ  

ʆʉʅʆɺɽ ɼɸʅʅʓʍ ʈɸɼʀɸʎʀʆʅʅʆɻʆ  

ʄʆʅʀʊʆʈʀʅɻɸ 

 

ɸ.ɸ. ɹʫʨʷʢʦʚʘ
1
,ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɸ.ʀ. ʂʨʳʰʝʚ

2 

1
ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

2
ʌɻɹʋ çʅʇʆ çʊɸʁʌʋʅè, ʛ. ʆʙʥʠʥʩʢ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʩʨʝʜʳ 

ʝʛʦ ʦʙʠʪʘʥʠʷ. ʉʧʝʮʠʬʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠ-

ʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʜʥʠʤ ʠʟ ʠʩʪʦʯ-

ʥʠʢʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʚʳʙʨʦʩ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʩʦʩʪʦʷʱʘʷ ʚ 

ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʛʨʘʮʠʠ ʠ ʨʘʟʙʨʦʩʘ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʜʠʘʮʠʦʥʥʦ-

ʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʜʝʣʘʪʴ ʧʨʦ-

ʛʥʦʟʥʳʝ ʦʮʝʥʢʠ ʚ ʦʪʥʦʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦ-

ʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʥʘ ɸʕʉ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʚʳʙʨʦʩʳ 

ɸʕʉ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ɸʕʉ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʦʮʝʥʢʝ ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ ʪʝʭʥʦ-

ʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʚʳʙʨʦʩʘʭ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʥʘ ʦʩ-

ʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʦ ʚʳʙʨʦʩʘʭ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ ʠ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ɸʕʉ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʟʘʜʘʯʠ: 
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ï ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʛʦʜʦʚʳʭ ʚʳʙʨʦʩʘʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʠʭ ʦʙʲʝʤʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʚ ʚʦʟʜʫʭʝ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ɸʕʉ; 

ï ʚr ʙʦʨ ɸʕʉ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʦʮʝʥʢʠ ʬʘʢʪʦʨʘ 

ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

ï ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 
60

Co 

ʠ 
134

Cs. 

ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ. ʇʨʦʠʟ-

ʚʦʜʠʤ ʨʘʩʯʝʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʟʝʤʥʦʛʦ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ 

ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ Ὃ  ï ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʦʙʲʝʤʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ɹʢ/ʤ
3
) ʨʘʜʠʦʥʫʢʣʠʜʘ r, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʚʳʙʨʦʩʘ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠʩʪʦʯʥʠʢʘ i, ʚ 

ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʨʠʪʠʯʝʩʢʦʡ (ʜʣʷ ʠʩ-

ʪʦʯʥʠʢʘ i) ʪʦʯʢʝ ʤʝʩʪʥʦʩʪʠ ʢ ʩʨʝʜʥʝʛʦʜʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʚʳʙʨʦʩʘ 

(ɹʢ/ʩ) ʵʪʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ (ʩʦʛʣʘʩʥʦ [1]). 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʦʪʯʸʪʘʭ ʧʦ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ [2] ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ɸʕʉ [3]. ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʩʯʝʪʘʤ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʤ ʩʨʘʚʥʠʪʝʣʴ-

ʥʫʶ ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦ 
60

Co ʠ 
134

Cs ʚ 

ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʘʥʘʣʠʟʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʝʣʘʝʤ 

ʚʳʚʦʜ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

¶ ɼʘʥʥʳʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 
ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʬʘʢʪʦʨ ʨʘʟʙʘʚʣʝʥʠʷ. 

¶ ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʜʠʦʥʫʢʣʠʜʦʤ 
ʜʣʷ ʦʮʝʥʢʠ ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

ʷʚʣʷʝʪʩʷ 
60

Co. ʀʤʝʥʥʦ ʵʪʦʪ ʨʘʜʠʦʥʫʢʣʠʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʦʣʴʢʦ ʚʢʣʘʜ ɸʕʉ ʚ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ. 

¶ ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʦʮʝʥʝʥʳ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 10
-8
 ʜʦ 10

-4
 ʩ/ʤ

3
. ʈʘʩʯʝʪʥʘʷ ʦʮʝʥʢʘ ʧʦ ʤʦʜʝʣʠ ɻʘʫʩʩʘ ʧʦʟʚʦʣʷ-

ʝʪ ʦʮʝʥʠʪʴ ʬʘʢʪʦʨ ʨʘʟʙʘʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 10
-7 
ï 10

-6
 ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʤʝʪʝʦʫʩʣʦʚʠʡ. 

¶ ɿʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ Ὃ  ʟʘʚʠʩʷʪ, ʛʣʘʚʥʳʤ ʦʙ-

ʨʘʟʦʤ, ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʚʳʩʦʪʳ ʚʝʥʪʠʣʷʮʠʦʥ-

ʥʦʡ ʪʨʫʙʳ. 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʴʥʦʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʨʘʜʠʦ-

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʩ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʚ ʘʪʤʦʩʬʝʨʫ (ʇɼɺ-ɸʉ-

2013). ʄʊ 1.2.5.05.0161-2013. ɺʚʝʜʝʥʘ ʧʨʠʢʘʟʦʤ ʆɸʆ çʂʦʥʮʝʨʥ 

ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʦʪ 12.08.2013 ˉ9/733-ʇ. 

2.ʆʪʯʝʪʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɹʘʣʘʢʦʚʩʢʦʡ, ɹʝʣʦ-

ʷʨʩʢʦʡ, ɹʠʣʠʙʠʥʩʢʦʡ, ʂʘʣʠʥʠʥʩʢʦʡ, ʂʦʣʴʩʢʦʡ, ʂʫʨʩʢʦʡ, ʃʝʥʠʥ-

ʛʨʘʜʩʢʦʡ, ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ, ʈʦʩʪʦʚʩʢʦʡ, ʉʤʦʣʝʥʩʢʦʡ ɸʕʉ ʟʘ 

2008 ï 2015 ʛʛ. 

3.ʈʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝ-

ʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʚ 2003 ï 2015 ʛ. ɽʞʝʛʦʜʥʠʢʠ / ʇʦʜ ʨʝʜ. ʉ.ʄ. 

ɺʘʢʫʣʦʚʩʢʦʛʦ. ī ʉʇʙ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 2004-2016. ï273ʩ. 

 

ʈɸɼʀʆʕʂʆʃʆɻʀʏɽʉʂʀʁ ʄʆʅʀʊʆʈʀʅɻ  

30-ʂʀʃʆʄɽʊʈʆɺʆʁ ɿʆʅʓ ɸʕʉ çʈʋʇʇʋʈè ɺ  

ʅɸʈʆɼʅʆʁ ʈɽʉʇʋɹʃʀʂɽ ɹɸʅɻʃɸɼɽʐ 

 

ɼ.ʅ. ʂʫʨʙʘʢʦʚ, ɸ.ɺ. ʇʘʥʦʚ 

ʌɻɹʅʋ ɺʅʀʀʈɸʕ, ʛ. ʆʙʥʠʥʩʢ 

 
ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʨʠ ʨʘ-

ʙʦʪʝ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʣʝʪʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥ-

ʥʳʝ ʚʳʙʨʦʩʳ. ʈʝʛʠʩʪʨʘʮʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʬʦʥʦʚʦʛʦ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʎʝʣʴ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ ï ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʨʘʜʠʘ-

ʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ɸʕʉ çʈʫʧʧʫʨè ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɹʘʥʛʣʘʜʝʰ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ: ʨʝʛʠ-

ʩʪʨʘʮʠʷ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ; ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʝ-

ʥʠʷ; ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ; ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝ-
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ʜʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ; ʦʧʨʝʜʝʣʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʇ 47.13330.2012 ʠ ʉʇ 151.13330.2012 (ʏ. 

1 ʠ ʏ. 2) ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʛʠʦʥʘ ɸʕʉ çʈʫʧʧʫʨè, ʚʳʙʨʘʥʳ ʠ ʦʙʩʣʝʜʦʚʘʥʳ 

ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʡ; ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʢʪʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʝʨʝ-

ʯʝʥʴ ʥʘʙʣʶʜʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʝʛʣʘʤʝʥʪ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʈʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʦʜʠʣʩʷ ʚ 2014ï 

2015 ʛʛ. ʚ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ɹʘʥʛʣʘʜʝʰ ʚ 30-ʢʠʣʦʤʝʪʨʦʚʦʡ 

ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ɸʕʉ çʈʫʧʧʫʨè. ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʧʣʦʱʘʜʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʨʘʡʦʥʝ ʈʘʜʞʰʘʭʠ ʥʘ ʚʦʩʪʦʯʥʦʤ 

ʙʝʨʝʛʫ ʨʝʢʠ ʇʘʜʤʘ (ɻʘʥʛ), ʚ 160 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʩʪʦʣʠʮʳ 

ʛ. ɼʘʢʢʘ, ʚ 21 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʛ. ʇʘʙʥʘ, ʚ 5,6 ʢʤ ʢ ʶʛʦ-

ʟʘʧʘʜʫ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ ʀʰʫʨʜʠ. 

ɺ ʨʘʤʢʘʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʚʝ-

ʜʝʥʘ ʧʦʠʩʢʦʚʘʷ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʧʝʰʘʷ ʛʘʤʤʘ-ʩʲʝʤʢʘ ʚ 30-ʢʠ-

ʣʦʤʝʪʨʦʚʦʡ ʟʦʥʝ ʠ ʥʘ ʧʣʦʱʘʜʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ çʈʫʧʧʫʨè. 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ ʧʦ ʤʘʨʰʨʫʪʫ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘ-

ʚʠʣʦ 849. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʚ 30-ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ɸʕʉ ʈʫʧʧʫʨ 

ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ, ʧʨʠ-

ʜʦʥʥʦʡ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʧʦʯʚ (ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ, ʘʛ-

ʨʘʨʥʳʝ), ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʪʨʘʚʦʩʪʦʡ), ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʩʰʝʡ ʚʦʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠ-

ʚʦʪʥʳʭ, ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʙʳ ʧʦʯ-

ʚʳ ʦʪʙʠʨʘʣʠʩʴ ʩʦʧʨʷʞʝʥʥʦ ʩ ʧʨʦʙʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘʥʘʣʦ-

ʛʠʯʥʦ ʦʪʙʠʨʘʣʠʩʴ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʚʳʩʰʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʴ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʣʠʩʴ ʨʘʜʠʦʥʫʢʣʠʜʳ 

(
40

K, 
226

Ra, 
232

Th, 
137

Cs, 
90

Sr) ʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ) (Li , V, Cr, 

Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sb, Cs, Hg, Pb, Al , F, 

I). 
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ʄʠʥʠʤʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʟʳ ʧʨʠ ʤʘʨʰʨʫʪʥʦʡ 

ʛʘʤʤʘ-ʩʲʝʤʢʝ ʩʦʩʪʘʚʣʷʣʘ 0,04 ʤʢɿʚ/ʯ, ʘ ʤʘʢʩʠʤʘʣʴʥʦ ï           

0,19 ʤʢɿʚ/ʯ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʚ 30-

ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʝ ɸʕʉ çʈʫʧʧʫʨè 0,13 ʤʢɿʚ/ʯ. ʌʘʢʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʄʕɼ ʦʙʫʩʣʦʚʣʝʥ ʝʩʪʝʩʪʚʝʥʥʳʤ ʛʘʤʤʘ-ʬʦʥʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 2014ï2015 ʛʛ. ʨʘʜʠʘʮʠʦʥʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 30-ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʳ ɸʕʉ çʈʫʧ-

ʧʫʨè ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʨʝʛʠʦʥʝ 

ʚ ʮʝʣʦʤ ʙʣʘʛʦʧʦʣʫʯʥʘʷ. ɿʘʣʦʞʝʥʥʘʷ ʩʝʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝ-

ʨʳ, ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟ-

ʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ ʚ 30-ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʝ ɸʕʉ çʈʫʧʧʫʨè ʠ ʚʳ-

ʷʚʣʷʪʴ ʚʣʠʷʥʠʝ ʨʘʙʦʪʳ ɸʕʉ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ 

ʨʝʛʠʦʥʝ. 

 

ɺʃʀʗʅʀɽ ʆʉʊʈʆɻʆ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ ʅɸ  

ɹʀʆʍʀʄʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʉɽʄʗʅ ʀ  

ʇʈʆʈʆʉʊʂʆɺ ʗʏʄɽʅʗ ʇʆʉɽɺʅʆɻʆ  

HORDEUM  SATIVUM  

 

ʉ.ʆ. ɸʩʪʘʭʠʥʘ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʩʪʨʝʩʩ ʫ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʫʨʦʚʥʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʠ ʥʘʢʦʧʣʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʤʝʥʘ. ʀʟ-

ʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʟʦʚʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʤʦʞʝʪ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʚ 

ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ ʨʝʘʛʠ-

ʨʫʝʪ ʥʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʣʝʪʢʠ, 

ʠ ʘʢʪʠʚʥʦʩʪʠ ʘʢʪʠʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʠ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʘ-

ʟʳ ʩʝʤʷʥ ʠ ʧʨʦʨʦʩʪʢʦʚ ʷʯʤʝʥʷ ʧʦʩʝʚʥʦʛʦ Hordeum sativum. 
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ʆʩʪʨʦʝ ʦʙʣʫʯʝʥʠʝ ʩʝʤʷʥ ʠ ʧʨʦʨʦʩʪʢʦʚ ʷʯʤʝʥʷ ʧʦʩʝʚʥʦʛʦ 

ʩʦʨʪʘ ɺʠʪʷʟʴ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʙʘʟʝ ʄʈʅʎ ʠʤ. ʎʳʙʘ  ʥʘ ʫʩʪʘ-

ʥʦʚʢʝ çʃʫʯ-1è. ʀʩʩʣʝʜʫʝʤʳʝ ʜʦʟʳ: 2, 5, 10, 15, 20, 25, 50 ɻʨ ʩ 

ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ 97 ʩɻʨ/ʤʠʥ. ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ ʠ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʘʟʳ ʚ ʨʦʩʪʢʘʭ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ 10-ʝ 

ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ [1, 2]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ-a ʠ ʭʣʦʨʦʬʠʣʣʘ-b ʫ ʧʨʦʨʦʱʝʥʥʳʭ 

ʩʝʤʷʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʜʦʟʘʭ 

2, 5, 10, 25 ʠ 50 ɻʨ, ʚ ʜʦʟʝ 15 ɻʨ ʚʳʷʚʣʝʥʦ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡ-

ʩʪʚʠʝ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ-ʘ ʠ ʭʣʦʨʦʬʠʣʣʘ-b ʫ ʧʨʦʨʦʩʪʢʦʚ 

ʷʯʤʝʥʷ ʧʦʩʝʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʫʯʝʥʥʳʭ ʜʦʟ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫ ʧʨʦʨʦʱʝʥʥʳʭ ʩʝʤʷʥ ʩʪʠʤʫ-

ʣʠʨʫʶʱʠʝ ʜʦʟʳ 15 ʠ 20 ɻʨ. ɼʦʟʳ ʚ 25 ʠ 50 ɻʨ ʥʝ ʚʳʟʳʚʘʶʪ ʜʦ-

ʩʪʦʚʝʨʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ. ʋ ʦʙʣʫʯʝʥʥʳʭ 

ʧʨʦʨʦʩʪʢʦʚ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʦʟʘʭ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚ-

ʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ-a ʢ ʭʣʦʨʦʬʠʣʣʫ-b, 

ʨʘʚʥʦʝ ʪʨʝʤ [3]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʧʨʦʨʦʱʝʥʥʳʭ ʩʝʤʷʥ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʜʦʟʘʭ, ʪʦʛʜʘ ʢʘʢ ʫ ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʨʦʩʪʢʦʚ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʠʟʫʯʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʥʝ 

ʜʦʩʪʠʛʘʝʪ ʥʦʨʤʳ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʪʨʝʩʩʦʚʦʡ 

ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʢ ʥʝʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝ-

ʥʠʷ.  

ʇʨʠ ʦʮʝʥʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʘʟʳ ʜʦʟʳ 5, 10, 25 ʠ 50 ɻʨ ʩʥʠ-

ʞʘʶʪ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫ ʧʨʦʨʦʱʝʥʥʳʭ ʩʝʤʷʥ, ʢʦʛʜʘ 

ʜʦʟʘ ʚ 20 ɻʨ ʝʝ ʫʚʝʣʠʯʠʚʘʝʪ. ʋ ʧʨʦʨʦʩʪʢʦʚ ʦʪʤʝʯʝʥʦ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʜʦʟʘʭ ʦʪ 

10 ʜʦ 50 ɻʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʮʝʥ-

ʢʠ ʚʣʠʷʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʩʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘ-

ʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʩʪʦʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʬʠʪʦʛʦʨʤʦʥʦʚ ʠ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ ʘʥʪʠ-

ʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. 
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ʄ.: ɹʀʅʆʄ, 2014. ï ʉ. 58-106. 

 
ʇɸʈɸʄɽʊʈʓ ʅɸʂʆʇʃɽʅʀʗ ʎɽɿʀʗ-137 ɺ ʂʆʉʊʈɽʎɽ  

ɹɽɿʆʉʊʆʄ, ɺʓʈɸʑʀɺɸɽʄʆʄ ɺ ʉʆʉʊɸɺɽ  

ʂʋʃʔʊʋʈʅʆɻʆ ʇʆʉɽɺɸ ʀ ɼʀʂʆʈɸʉʊʋʑɽʄ ʅɸ  

ʊɽʈʈʀʊʆʈʀʀ ʇʃɸɺʉʂʆɻʆ ʈɸɼʀʆɸʂʊʀɺʅʆɻʆ  

ʇʗʊʅɸ 

 

ʆ.ʃ. ʂʦʤʠʩʩʘʨʦʚʘ  

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ 

 

ʀʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ Cs-137 ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè ʚ 

ʦʪʜʘʣʝʥʥʳʡ ʧʝʨʠʦʜ ʧʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ ʩʦ-

ʭʨʘʥʷʝʪ ʚʳʩʦʢʠʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʮʝʟʠʷ ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʠʤʝʝʪ ʧʨʠ-

ʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦ-

ʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ Cs-137 ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʟʣʘʢʠ: ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦ-

ʥʫʢʣʠʜʘ ʚ ʠʭ ʢʦʨʥʷʭ ʚ ʜʚʘïʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʙʝʛʘʭ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʨʫʛʠʭ ʩʝʤʝʡʩʪʚ ʦʪʤʝʯʘʝʪʩʷ ʦʙ-

ʨʘʪʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [2, 3]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʢʦʨʥʝʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ Cs-137 ʟʣʘʢʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʩʪʨʝʮʘ ʙʝʟʦʩʪʦʛʦ (Bromus inermis) ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʇʣʘʚʩʢʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʧʷʪʥʘ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ï ʦʜ-

ʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʪ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʚʘʨʠʠ 
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ʫʯʘʩʪʢʦʚ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʧʦʯʚ Cs-137 ʦʪ 185 ʜʦ 555 ʢɹʢ/ʤ
2
 [1] ï ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʧʣʦʱʘʜʢʠ ʩ ʘʛʨʦʮʝʥʦʟʦʤ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʦʡ ʪʨʘʚʦʩʤʝʩʠ ʩ ʩʦʨʪʦ-

ʚʳʤ ʧʦʩʝʚʦʤ ʢʫʣʴʪʫʨʳ ʠ ʟʣʘʢʦʚʳʤ ʧʦʡʤʝʥʥʳʤ ʣʫʛʦʤ ʩ ʜʠʢʦ-

ʨʘʩʪʫʱʠʤ ʢʦʩʪʨʝʮʦʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʘʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʧʣʦʪ-

ʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ Cs-137 ʧʘʭʦʪʥʳʭ ʯʝʨʥʦʟʝʤʦʚ 

ʘʛʨʦʮʝʥʦʟʘ ʪʨʘʚʦʩʤʝʩʠ, ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ 138Ñ32 ʢɹʢ/ʤ
2
 (372Ñ79 ɹʢ/ʢʛ), ʘ ʧʘʨʘʤʝʪ-

ʨʳ ʘʢʢʫʤʫʣʷʮʠʠ ʨʘʜʠʦʮʝʟʠʷ ʚ ʮʝʣʠʥʥʳʭ ʧʦʯʚʘʭ ʧʦʡʤʝʥʥʦʛʦ 

ʣʫʛʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʧʦʜʯʠʥʝʥʥʫʶ ʧʦʟʠʮʠʶ ʚ ʣʘʥʜʰʘʬʪʝ, ʚ 1,6 

ʨʘʟʘ ʚʳʰʝ (222Ñ10 ʢɹʢ/ʤ
2
, 760Ñ40 ɹʢ/ʢʛ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ Cs-137 ʧʦʯʚ 

ʦʧʦʨʥʳʭ ʧʣʦʱʘʜʦʢ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʬʠʪʦ-

ʤʘʩʩʝ ʢʦʩʪʨʝʮʘ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʚ ʩʦʩʪʘʚʝ ʪʨʘʚʦʩʤʝʩʠ ʠ ʨʘʩʪʫ-

ʱʝʛʦ ʥʘ ʧʦʡʤʝʥʥʦʤ ʣʫʛʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ ï 40Ñ11 ʠ 

42Ñ16 ɹʢ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ (ʂʅ) Cs-

137 ʚ ʬʠʪʦʤʘʩʩʝ ʢʦʩʪʨʝʮʘ ʚʳʷʚʣʷʝʪ ʦʙʱʫʶ ʜʠʩʢʨʠʤʠʥʘʮʠʶ ʧʝ-

ʨʝʭʦʜʘ ʨʘʜʠʦʮʝʟʠʷ ʠʟ ʧʦʯʚʳ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʂʅå0,1). ʇʨʠ 

ʵʪʦʤ ʢʘʢ ʚ ʢʫʣʴʪʫʨʥʦʤ, ʪʘʢ ʠ ʚ ʜʠʢʦʨʘʩʪʫʱʝʤ ʢʦʩʪʨʝʮʝ ʫʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʮʝʟʠʷ ʚ ʢʦʨʥʷʭ ʚ ʮʝʣʦʤ ʚ 2,5 ʨʘʟʘ ʚʳʰʝ     

(49Ñ9 ɹʢ/ʢʛ), ʯʝʤ ʚ ʧʦʙʝʛʘʭ (18Ñ2 ɹʢ/ʢʛ). ʂʅ ʚ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ 

ʢʦʩʪʨʝʮʘ ʪʨʘʚʦʩʤʝʩʠ ʩʦʩʪʘʚʠʣ 0,12Ñ0,03, ʚ ʥʘʜʟʝʤʥʦʡ ï 

0,04Ñ0,01; ʩʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʂʅ ʚ ʧʦʜʟʝʤʥʦʡ (0,07Ñ0,02) ʠ 

ʥʘʜʟʝʤʥʦʡ (0,03Ñ0,004) ʬʨʘʢʮʠʷʭ ʢʦʩʪʨʝʮʘ ʧʦʡʤʝʥʥʦʛʦ ʣʫʛʘ 

ʙʣʠʟʢʦ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʩʝʷʥʦʛʦ ʢʦʩʪʨʝʮʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨ ʥʘʢʦʧʣʝʥʠʷ Cs-

137 ʚ ʢʦʩʪʨʝʮʝ ʙʝʟʦʩʪʦʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ 

ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʘ ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʨʘʩʪʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ 

ʈʌʌʀ ˉ14-05-00903. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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çʆʧʳʪʥʦʝ ʧʦʣʝè)// ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʘʜʠʦʵʢʦʣʦʛʠʠ ʂʘʟʘʭ-

ʩʪʘʥʘ. ʉʙ. ʪʨʫʜʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, 2011 ʛ. ï ʉ. 59-84. 
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ʦʧʨʝʜʝʣʝʥʘ. 
ʉʇʙɻʊʀ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʠʭ, ʩʪʨʦʷʱʠʭʩʷ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ɸʕʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʥʠʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʜʚʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ 

ʙʘʟʳ ï ʧʦ ʦʭʨʘʥʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʜʠʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ʇʦʢʘ ʝʱʝ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ɸʕʉ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʪʨʘʙʦʪʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʩʝʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ɺʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ˉ190-ʌɿ ʧʨʠʚʝʣʦ 

ʢ ʩʝʨʴʝʟʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ [1]. ʇʨʦʠʟ-

ʚʦʜʠʪʝʣʴ ʈɸʆ ʦʙʷʟʘʥ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʨʠʩʢʘʤʠ ʠ ʟʘʪʨʘʪʘʤʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʥʘʧʨʘʚʠʪʴ ʢ ʤʝʩʪʫ ʚʝʯʥʦʡ ʠʟʦʣʷ-

ʮʠʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠʝʤʣʝʤʦʩʪʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʤʝ-

ʪʦʜʦʚ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʟʦʣʷʮʠʶ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʠʭ ʦʙʲʝʤʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʪʚʝ-

ʜʝʥʠʝʤ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʥʫʶ 
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ʤʘʩʩʫ ʭʠʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʚ ʛʠʜʨʦʛʨʘʬʠʯʝ-

ʩʢʫʶ ʩʝʪʴ ʨʝʛʠʦʥʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʬʨʘʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʧʦ ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʚʦʜʦʤ ʠʭ ʚ ʧʨʠʝʤʣʝʤʫʶ 

ʜʣʷ ʧʨʠʥʷʪʦʛʦ ʤʝʪʦʜʘ ʦʢʦʥʯʘʥʠʷ ʠʭ çʞʠʟʥʝʥʥʦʛʦè ʮʠʢʣʘ ʬʦʨ-

ʤʫ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʝ-

ʨʝʨʘʙʦʪʢʘ ʩʭʦʜʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʪʦʢʦʚ ʪʝʭʥʦʛʝʥ-

ʥʳʭ ʚʦʜ ɸʕʉ ʥʘ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʤʳʩʣ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧ-

ʪʠʨʫʝʤʳʭ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ 

ʤʝʪʦʜʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ-

ʞʘʪʴ ʩʪʦʠʤʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠ-

ʬʠʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʚʳʰʘʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʦʢ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ ʧʦ-

ʪʦʢʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ɸʕʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ü ʚʳʜʝʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʠʜʝ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʢʦ-

ʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʢʨʠʪʝʨʠʷʤ ʧʨʠʝʤʣʝʤʦʩʪʠ ʦʪʭʦʜʦʚ ʜʣʷ çʚʝʯʥʦʡè 

ʠʟʦʣʷʮʠʠ; 

ü ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʥʠʪʨʘʪʦʚ ʠ ʘʤʠʥʦʚ ʚ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ 
ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʚʝʜʝʥʠʝʤ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʠ ʱʝ-

ʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʦʝʤʳ; 

ü ʚʦʟʚʨʘʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʚʦʜʳ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, 
ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʧʦʥʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʮʝʥʦʯʥʘʷ ʩʪʦ-

ʠʤʦʩʪʴ ʩʘʤʦʡ ʜʦʨʦʛʦʡ ʠʟ ʫʩʪʘʥʦʚʦʢ ʥʝ ʧʨʝʚʳʩʠʪ 200 ʪʳʩ. ʨʫʙ-

ʣʝʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ ʤʘʣʦʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʡ ʚʳʧʫʩʢ, ʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʜʣʷ ʬʠʨʤ, ʩʧʝʮʠʘʣʠʟʠ-

ʨʫʶʱʠʭʩʷ ʥʘ ʠʥʞʠʥʠʨʠʥʛʝ ʠʣʠ ʦʢʘʟʘʥʠʠ ʫʩʣʫʛ ʚ ʩʬʝʨʝ ʦʙʨʘʱʝ-

ʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ. 



105 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦ-

ʙʨʥʘʫʢʠ ʈʌ 2014/191, ʅʀʈ ˉ651. 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʏʫʛʫʥʦʚ ɸ.ʉ., ʅʝʯʘʝʚ ɸ.ʌ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ çʦʙʝʟʚ-

ʨʝʞʠʚʘʥʠʷè ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩ-

ʪʘʥʮʠʡ ʠ ʧʫʪʠ ʝʝ ʨʝʰʝʥʠʷ // ʀʟʚʝʩʪʠʷ ʉʇʙɻʊʀ(ʊʋ). ˉ10(36), 

2011. ʉ. 32-38. 

 

ɿɸɺʀʉʀʄʆʉʊʔ ʀɿʄɽʅɽʅʀʗ ʋɼɽʃʔʅʆʁ  

ɸʂʊʀɺʅʆʉʊʀ 
137
Cs ɺ ʊʂɸʅʗʍ ɺʓʉʐʀʍ ʈɸʉʊɽʅʀʁ 

ʆʊ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ʇʆʏɺ ʅɸ  

ʋʏɸʉʊʂɽ ʈɽʂʀ ʀʇʋʊʔ 

 

ɸ.ɸ ʂʠʩʝʣʴ, ɽ.ɸ. ʂʦʣʦʙʦʚ  

ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ 

 

ʇʦʯʚʘ ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʜʝʧʦ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠ ʧʦʩʪʫʧʣʝ-

ʥʠʠ ʠʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʛʦʞʠʚʫ-

ʱʠʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ (
90

Sr, 
137
Cs) ʚ ʈʦʩʩʠʠ ʟʘʛʨʷʟʥʝʥʳ ʥʝ-

ʩʢʦʣʴʢʦ ʨʝʛʠʦʥʦʚ (ʋʨʘʣʴʩʢʠʡ ʨʝʛʠʦʥ, ʪʝʨʨʠʪʦʨʠʠ, ʧʦʩʪʨʘʜʘʚ-

ʰʠʝ ʦʪ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ, ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ, ʆʨʝʥ-

ʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʜʨ.). 

ɺʦʜʥʘʷ ʵʢʩʧʝʜʠʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʫʯʘʩʪʢʝ ʨʝʢʠ ʀʧʫʪʴ. ʄʘʨʰʨʫʪ ʧʨʦʭʦʜʠʣ ʧʦ ʟʘʛʨʷʟʥʝʥʥʦʡ ʨʘʜʠ-

ʦʥʫʢʣʠʜʘʤʠ ʠ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʯʘʩʪʷʤ ʨʝʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳ-

ʙʨʘʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʦʙʨʘʟʮʳ ʛʨʫʥʪʘ ʙʳʣʠ ʦʪʦ-

ʙʨʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
137
Cs. ɸʥʘʣʠʟ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
137
Cs ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʧʨʦ-

ʚʦʜʠʣʩʷ ʚ ʆʪʜʝʣʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ   ɸʆ çɻʅʎ ʈʌ-ʌʕʀè (ʃʈʂ - ʆʈɹ ʠ ʆʆʉ ʌʕʀ) 

ʛ. ʆʙʥʠʥʩʢ (ʤʝʪʦʜ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʤ-

ʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ SBS-50ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʧʝʢʪʨʘ.  

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʧʦʯʚʳ ʥʘ ʨ. ʀʧʫʪʴ ʙʳʣ ʚʳ-

ʙʨʘʥ ʦʪʨʝʟʦʢ ʦʪ ʜ. ʋʱʝʨʧʴʝ ʜʦ ʜ. ʉʪʘʨʳʝ ɹʦʙʦʚʠʯʠ (ʨʠʩ. 1). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 
137
Cs ʚ ʧʦʯʚʝʥʥʳʭ 
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ʦʙʨʘʟʮʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʙʘʩʩʝʡʥʘ 

ʨʝʢʠ ʀʧʫʪʴ ʥʦʩʠʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. 

 ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ 
137
ʉs ʚ ʪʦʯʢʘʭ ʧʨʦʙʦʦʪʙʦʨʘ ʟʘ 2012 ʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜ. 

ʂʘʪʠʯʠ (2870 ɹʢ/ʢʛ Ñ 9%), ʟʘ 2013 ʛ. ʚ ʜ. ʋʱʝʨʧʴʝ (2967 ɹʢ/ʢʛ Ñ 

9%). ɿʘ ʧʝʨʠʦʜ ʩ 2012 ʧʦ 2014 ʛʛ. ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨ. ʀʧʫʪʴ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
137
Cs ʚ ʧʨʦʙʘʭ ʧʦʯʚʳ.  
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 2014 ʛʦʜ

 
ʈʠʩ. 1. ʉʦʜʝʨʞʘʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

137
Cs ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʥʘ 

ʨ. ʀʧʫʪʴ ʟʘ 2012ï2014 ʛʛ., ɹʢ/ʜʤ3
 

 

ʅʘʢʦʧʣʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 
137
Cs ʚ ʨʘʩʪʝʥʠʷʭ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʇʦʢʘʟʘʪʝʣʠ ʫʜʝʣʴʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ 
137
Cs ʚ ʪʢʘʥʷʭ Nuphar lutea ʠ Potamogeton perfoliatus L. 

ʥʠʞʝ ʚ 10ï13 ʨʘʟ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ Echinocystis lobata ʟʘ ʧʝʨʠʦʜ 

2012ï2014 ʛʛ.  

ʆʜʥʘʢʦ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
137
Cs ʚ ʪʢʘʥʷʭ ʛʠʜʨʦʬʠʪʦʚ 

(Nuphar lutea, Potamogeton perfoliatus L.) ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʫʯʘʩʪʢʝ ʋʱʝʨʧʴʝ ï ʉʪʘʨʳʝ ɹʦʙʦʚʠʯʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʧʦʚʳʰʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 
137
Cs ʚ 

ʧʨʦʙʘʭ ʧʦʯʚʳ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʚʠʜʘʤ ʚʳʩʰʠʭ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʤ 
137
Cs, ʦʪʥʦʩʠʪʩʷ 

Echinocystis lobata , ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʜʠʦʥʫʢʣʠʜʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʅʘ ʜʘʥʥʦʤ 




