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ʋɼʂ 621.039.57 

ʂ ɺʆʇʈʆʉʋ ʊɸʂʊʀʂʀ ʀ ʉʊʈɸʊɽɻʀʀ ʈɸɿɺʀʊʀʗ ʗɼɽʈʅʆɻʆ  

ʊʆʇʃʀɺʅʆɻʆ ʎʀʂʃɸ ɺ ʈɽʉʇʋɹʃʀʂɽ ʂɸɿɸʍʉʊɸʅ 

1)ʂʘʜʳʨʞʘʥʦʚ ʂ.ʂ., 1)ɹʘʪʳʨʙʝʢʦʚ ɻ.ɸ., 2)ʄʘʭʘʥʦʚ ʋ.ʄ. 

1)ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʂʫʨʯʘʪʦʚ 
2)ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʩʭʦʜʷ ʠʟ 

ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʫʨʘʥʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʂʘʟʘʭʩʪʘʥʘ. ʇʝʨʚʳʡ ʵʪʘʧ 

ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʠ ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʠʭ ʠʟ ʯʠʩʣʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 

IV ʇʦʢʦʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ 

ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʙʦʪʝ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʇʨʝʟʠʜʝʥʪʦʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʠʥʷʪʦ ʨʝ-

ʰʝʥʠʝ ʠ ʜʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʘʜʘʥʠʝ ʇʨʘʚʠʪʝʣʴ-

ʩʪʚʫ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʚʭʦʞʜʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ ʚ ʯʠʩʣʦ 

50 ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ, ʢʦʥʢʫʨʝʥʪʦ-

ʩʧʦʩʦʙʥʳʭ ʩʪʨʘʥ ʤʠʨʘ.  

ɺʩʸ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ ʧʦʪʨʝʙʫʝʪ ʚʚʦʜʘ ʥʦʚʳʭ ʛʝ-

ʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʧʦ ʈʝʩʧʫʙʣʠʢʝ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 2600 ʄɺʪ (ʵ) ʜʦ 2015 ʛʦʜʘ ʩ ʜʘʣʴ-

ʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʝʡ ʥʘ 6000 ʄɺʪ (ʵ). ɸ 

ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʠ ʠ 

ʩʦʟʜʘʪʴ ʵʢʩʧʦʨʪʥʳʝ ʟʘʧʘʩʳ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʠʭ 

ʤʦʱʥʦʩʪʝʡ ʜʦ 3500 ʄɺʪ (ʵ) [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʨʳʚʘʶʪʩʷ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʨʘʟʫʤʝ-

ʝʪʩʷ, ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʩ ʊʕʉ. 

ʄʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚʩʪʫʧʘʝʪ ʚ ʧʦʣʦʩʫ ʞʝʩʪʦ-

ʯʘʡʰʝʛʦ ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʠʠ. ʇʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʛʥʦ-

ʟʘʤ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʭʚʘʪʠʪ ʚ ʦʩʥʦʚʥʦʤ ʝʱʸ 

ʥʘ 30 -50 ʣʝʪ, ʘ ʛʘʟʘ ï ʧʨʠʤʝʨʥʦ ʥʘ 80 ʣʝʪ. ɿʘʧʘʩʦʚ 

ʫʛʣʷ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʥʦ ʦʥ ʠʤʝʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʝʟ-

ʜʝ, ʠ ʦʥ ʪʨʫʜʥʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤ.  

ʂʘʟʘʭʩʪʘʥ ʭʦʪʷ ʠ ʙʦʛʘʪ ʟʘʧʘʩʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦ-

ʛʦ ʩʳʨʴʷ, ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʢʦʛʜʘ ʠʤʝʝʪ 

ʤʝʩʪʦ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʩʝʭ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʵʪʦʛʦ ʩʳʨʴʷ (ʧʫʪʸʤ ʢʫʧʣʠ ʠ 

ʧʨʦʜʘʞʠ), ʂʘʟʘʭʩʪʘʥ ʚʦʟʤʦʞʥʦ ʧʨʠʜʸʪ ʢ ʬʠʥʠʰʫ 

ʠʩʪʦʱʝʥʠʷ ʙʦʛʘʪʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ 

(ʥʝʬʪʴ ʠ ʛʘʟ) ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʤʥʦʛʠʤʠ 

ʩʪʨʘʥʘʤʠ. ʂ ʪʦʤʫ ʞʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳ-

ʨʴʷ, ʚʢʣʶʯʘʷ ʫʛʦʣʴ, ʦʯʝʥʴ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  

ɸʣʴʪʝʨʥʘʪʠʚʳ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʥʝ ʦʙʨʘʟʫʶ-

ʱʝʡ çʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚè, ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ 

ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ ʥʝʪ. 

ʇʆʊɽʅʎʀɸʃʔʅʓɽ ɺʆɿʄʆɾʅʆʉʊʀ ɸʊʆʄʅʆʁ 

ʕʅɽʈɻɽʊʀʂʀ ɺ ʂɸɿɸʍʉʊɸʅɽ, ʀʉʍʆɼʗ ʀɿ 

ʈɸɿɺɽɼɸʅʅʓʍ ʇʈʀʈʆɼʅʓʍ ɿɸʇɸʉʆɺ ʋʈɸʅɸ  

ʇʨʦʚʝʜʸʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ:  

¶ ʇʨʠ ʟʘʧʘʩʘʭ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ~1,69Ā10
6
 ʪ [2] 

ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʫʨʘʥʦʤ 214 ʙʣʦʢʦʚ ɸʕʉ ʩ (ʃɺ) 

ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʤʦʱʥʦʩʪʴʶ 

1 ɻɺʪ(ʵ) ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ 50 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ 

ʚʳʨʘʙʦʪʘʥʦ 10 700 ɻɺʪ. ʣʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

¶ ʅʘʤʠ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʟʤʦʞʥʳʡ ʩ ʥʘʰʝʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʨʘʬʠʢ ʫʤʝʨʝʥʥʦʛʦ ʨʦʩʪʘ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ (ʨʠʩʫʥʦʢ 1). ʉʦʛʣʘʩʥʦ ʛʨʘ-

ʬʠʢʘ ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʩʪʦʣʝʪʠʷ ʨʦʩʪ ʵʣʝʢ-

ʪʨʦʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʚ ʜʚʘ ʨʘʟʘ ï 

37000 ʄɺʪ(ʵ), ʢ ʢʦʥʮʫ ʧʝʨʚʦʛʦ ʩʪʦʣʝʪʠʷ - ʚ ʯʝʪʳʨʝ 

ʨʘʟʘ ï 74000 ʄɺʪ(ʵ). ʇʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʠ ɸʕʉ ʢ 

ʢʦʥʮʫ ʩʪʦʣʝʪʠʷ - 22200 ʄɺʪ(ʵ) ʩʦʩʪʘʚʷʪ 30% ʦʪ 

ʚʩʝʭ ʤʦʱʥʦʩʪʝʡ ʩʪʘʥʮʠʡ. ɸ ʢ ʢʦʥʮʫ ʚʪʦʨʦʛʦ ʩʪʦʣʝ-

ʪʠʷ ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʚʩʝʭ 

ʨʘʙʦʪʘʶʱʠʭ ʊʕʉ ʥʘ ɸʕʉ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʦʱʥʦʩʪʠ ʚʩʝʭ ʩʪʘʥʮʠʡ ʚʦʟʨʘʩʪʫʪ ʚ ʜʚʘ ʨʘʟʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʱʥʦʩʪʷʤ ʩʪʘʥʮʠʡ ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ 

ʩʪʦʣʝʪʠʷ ʠ ʩʦʩʪʘʚʷʪ - 148000 ʄɺʪ(ʵ). ʇʨʦʚʝʜʸʥʥʳʝ 

ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʚʝʜʘʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝ-

ʤʫ ʚʨʝʤʝʥʠ ʫʨʘʥʦʚʳʝ ʨʝʩʫʨʩʳ ʙʫʜʫʪ ʠʩʯʝʨʧʘʥʳ ʚ 

ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ ʜʚʫʭ ʩʪʦʣʝʪʠʡ. ʇʨʠ ʪʨʝʙʫʝʤʦʡ 

ʙʦʣʝʝ ʫʩʢʦʨʝʥʥʦʡ ʟʘʤʝʥʝ ʊʕʉ ʥʘ ɸʕʉ, ʥʘʧʨʠʤʝʨ, 

ʠʟ-ʟʘ ʫʛʨʦʟʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʠʩʪʦʱʝʥʠʝ 

ʫʨʘʥʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘʩʪʫʧʠʪ ʨʘʥʴʰʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʦʮʝʥʢʘʭ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʥʘʩʪʦʷʱʘʷ ʠ ʙʫʜʫʱʘʷ ʧʨʦ-

ʜʘʞʘ ʫʨʘʥʘ ʥʘ ʵʢʩʧʦʨʪ. 
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ʈʠʩʫʥʦʢ 1. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʛʨʘʬʠʢ ʫʤʝʨʝʥʥʦʛʦ ʨʦʩʪʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʇʈʀʄɽʅɽʅʀɽ ʈɽɸʂʊʆʈʆɺ ʅɸ ɹʓʉʊʈʓʍ 

ʅɽʁʊʈʆʅɸʍ  

¶ ʈʝʘʢʪʦʨʳ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʧʦʟʚʦʣʷʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʚʝʩʴ ʧʨʠʨʦʜʥʳʡ ʫʨʘʥ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʩʳʨʴʝʚʦʡ ʠʟʦʪʦʧ 
238

U, 

ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ 99,3% ʚ ʧʨʠʨʦʜʥʦʤ ʫʨʘʥʝ, ʧʫ-

ʪʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
238
U ʚ ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 

239
Pu ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ 

(
239
Pu) ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʂɺ > 1.  

¶ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʦʪ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ 
ʫʨʘʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ (ɹʈ) ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʩʝʛʦ ʩʳʨʴʝʚʦʛʦ 

ʠʟʦʪʦʧʘ 
238
U ʚ ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 

239
Pu ʫʚʝʣʠʯʠʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ 150 ʨʘʟ (ʫʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʨʘʟʥʠʮʘ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ 
239
Pu ʠ 

235
U), ʯʪʦ ʩʦʩʪʘʚʠʪ 1 605 000 ɻɺʪ.ʣʝʪ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ɸʕʉ ʩ ʙʳ-

ʩʪʨʳʤʠ ʨʝʘʢʪʦʨʘʤʠ (ɹʈ) - 37 ɻɺʪ(ʵ), ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ 

ʙʦʣʴʰʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʤʦʱʥʦʩʪʠ 

ʊʕʉ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʟʘʣʦʞʝʥʥʦʡ ʚ ʨʘʟʚʝʜʘʥʥʦʤ ʟʘʧʘʩʝ 

ʫʨʘʥʘ ʵʥʝʨʛʠʠ ʭʚʘʪʠʪ ʥʘ ~ 43 ʪʳʩ. ʣʝʪ. ʇʨʠ ʙʦʣʴʰʝʡ 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ɸʕʉ ʩ ɹʈ 70 ɻɺʪ(ʵ) ï ʭʚʘʪʠʪ 

ʥʘ 23 ʪʳʩ. ʣʝʪ. 

¶ ɹʫʜʫʪ ʪʘʢʞʝ ʧʨʠʚʣʝʢʘʪʴʩʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʵʥʝʨʛʠʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʪʦʨʠʷ. ʊʦʨʠʡ ʚ ʷʜʝʨʥʦʤ 

ʨʝʘʢʪʦʨʝ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʟʘʭʚʘʪʝ ʥʝʡʪʨʦʥʘ ʤʦʞʝʪ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʚʝʣʠʢʦʣʝʧʥʦʝ ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 

- 
233
U ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ 

ʛʦʨʶʯʝʛʦ ʂɺ Ó 1, ʜʘʞʝ ʚ ʣʝʛʢʦʚʦʜʥʳʭ ʨʝʘʢʪʦʨʘʭ ʥʘ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʘʟʘʭʩʪʘʥ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʙʦʣʴ-

ʰʫʶ ʘʪʦʤʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ ʥʘ ʤʥʦʛʠʝ ʪʳʩʷʯʝʣʝʪʠʷ ʩ ʩʦʟʜʘʥʠʝʤ ʣʶʙʳʭ 

ʵʢʩʧʦʨʪʥʳʭ ʟʘʧʘʩʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʝʟ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʧʦ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʥʳʤ ʨʝʩʫʨʩʘʤ. 

ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʋʈɸʅɸ 

¶ ʇʦ ʜʘʥʥʳʤ ɸʆ ʅɸʂ çʂʘʟʘʪʦʤʧʨʦʤè ʚ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʙʳʚʘʝʪʩʷ ʙʦʣʝʝ 5,3 ʪʳʩ. ʪʦʥʥ ʫʨʘ-

ʥʘ, ʢ 2010 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʨʘʩʪʠʪʴ ʜʦʙʳʯʫ 

ʜʦ 18 ʪʳʩ. ʪʦʥʥ. ɽʩʪʴ ʥʘʤʝʨʝʥʠʝ ʜʦʚʝʩʪʠ ʜʦʙʳʯʫ 

ʫʨʘʥʘ ʢ 2018 ʛʦʜʫ ʜʦ 28 ʪʳʩ. ʪʦʥʥ. [3] 

¶ ʕʣʝʤʝʥʪʘʨʥʳʝ ʨʘʩʯʸʪʥʳʝ ʦʮʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʅɸʂ ʂʘʟʘʪʦʤʧʨʦʤʦʤ ʮʠʬʨ 

(ʫʚʝʣʠʯʠʪʴ ʜʦʙʳʯʫ ʫʨʘʥʘ ʢ 2010 ʛʦʜʫ ʜʦ 18 ʪʳʩ. 

ʪʦʥʥ, ʘ ʢ 2018 ʛʦʜʫ ʜʦ 28 ʪʳʩ. ʪʦʥʥ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʫʨʘʥʘ 1,69 ʤʣʥ ʪʦʥʥ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʦʜʘʥʳ ʝʱʸ ʜʦ ʢʦʥʮʘ ʧʝʨʚʦʛʦ ʩʪʦʣʝʪʠʷ (ʟʘ 

60 ï 90 ʣʝʪ) ʙʝʟ ʚʩʷʢʦʛʦ ʫʯʘʩʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝ-

ʪʠʢʠ. ɸ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʵʪʦ ʧʨʦ-

ʠʟʦʡʜʝʪ ʨʘʥʴʰʝ. 

¶ ʈʘʟʚʝʜʢʘ ʠ ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝ-

ʤʷ ʪʝʨʨʠʪʦʨʠʷ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʨʘʟʚʝʜʘʥʘ ʥʘ ʫʨʘʥ, ʧʦʵʪʦʤʫ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʚʝʜ-

ʢʝ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʨʝʩʫʨʩʦʚ 

ʜʝʰʝʚʦʛʦ ʫʨʘʥʘ.  

ɽʩʣʠ ʙʝʟʫʜʝʨʞʥʦ ʧʨʦʜʘʚʘʪʴ ʙʝʟʚʦʟʚʨʘʪʥʦ ʧʨʠ-

ʨʦʜʥʳʡ ʫʨʘʥ, ʜʘʞʝ ʪʘʢʫʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ 

ʧʨʦʜʫʢʮʠʶ ʢʘʢ ʫʨʘʥʦʚʳʝ ʪʘʙʣʝʪʢʠ (ʩ 
235

U ʤʝʥʝʝ 

5 %), ʵʪʦ ʨʘʩʪʦʯʠʪʝʣʴʥʦ. ʅʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʦ-

ʜʝʨʞʘʱʠʡʩʷ ʚ ʥʠʭ ʩʳʨʴʝʚʦʡ ʠʟʦʪʦʧ 
238
U (99,3 % ʠ > 

95 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.), ʤʦʞʥʦ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪ-

ʨʳʭ ʥʝʡʪʨʦʥʘʭ ɸʕʉ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 
239
Pu ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʂɺ > 1 ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʠ-

ʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʜʘʚʘʪʴ ʦʩ-

ʥʦʚʥʦʡ ʠʟʦʪʦʧ 
238
U ʙʝʟʚʦʟʚʨʘʪʥʦ, ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʝ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʣʘʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʢ ʝʜʠʥʩʪʚʝʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʷʜʝʨʥʦʤʫ ʛʦʨʶʯʝʤʫ 
235

U.  

ɼʣʷ ʧʨʠʤʝʨʘ, ʈʦʩʩʠʷ ʥʝ ʧʨʦʜʘʸʪ ʧʨʠʨʦʜʥʳʡ 

ʫʨʘʥ, ʫʨʘʥʦʚʳʝ ʪʘʙʣʝʪʢʠ ʠ ʊɺʉ. ʈʦʩʩʠʷ ʩʪʨʦʠʪ ɸʕʉ 

ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʘʢʪʦʨʘʤʠ 

ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʩʥʘʙʞʘʝʪ ʵʪʠ ʨʝʘʢʪʦʨʳ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʤʠ ʩʙʦʨʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʠʭ 

ʦʪʨʘʙʦʪʢʠ ʚ ʨʝʘʢʪʦʨʘʭ ɸʕʉ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ʧʝʨʝ-

ʨʘʙʦʪʢʫ ʚ ʈʦʩʩʠʶ.  

ʂʨʦʤʝ ʪʦʛʦ, ɻʦʩʜʫʤʦʡ ʈʌ ʫʟʘʢʦʥʝʥ ʚʚʦʟ ʚ ʩʪʨʘʥʫ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠʟ-ʟʘ ʨʫʙʝʞʘ, ʯʪʦ ʚʢʣʶʯʘʝʪ 

ʚʚʦʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ɸʕʉ ʜʨʫʛʠʭ ʩʪʨʘʥ ʚʤʝ-

ʩʪʝ ʩ ʥʝʚʳʛʦʨʝʚʰʠʤ 
235

U, ʥʘʨʘʙʦʪʘʥʥʳʤ ʷʜʝʨʥʳʤ 

ʛʦʨʶʯʠʤ 
239

Pu ʠ ʩ ʩʳʨʴʝʚʳʤ ʠʟʦʪʦʧʦʤ 
238
U. ʊʘʢʞʝ 

ʈʦʩʩʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʂʘʟʘʭʩʪʘʥʦʤ ʫʯʘʩʪʚʫʝʪ ʚ ʜʦʙʳʯʝ 

ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ʠ ʦʙʦʛʘʱʝʥʠʠ 

ʫʨʘʥʘ. ʊʦ ʝʩʪʴ ʈʦʩʩʠʷ ʜʝʣʘʝʪ ʚʩʸ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ ʩʚʦʠʭ ʫʨʘʥʦʚʳʭ ʨʝʩʫʨʩʦʚ.  

ʅʘʩʪʘʣʘ ʧʦʨʘ ʟʘʜʫʤʘʪʴʩʷ, ʢʘʢ ʨʘʟʫʤʥʦ ʠ ʧʨʘ-

ʚʠʣʴʥʦ ʨʘʩʧʦʨʷʜʠʪʴʩʷ ʠʤʝʶʱʠʤʠʩʷ ʨʝʩʫʨʩʘʤʠ ʨʘʟ-

ʣʠʯʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʤʠ ʩʝʙʷ ʠ 

ʤʥʦʛʠʝ ʙʫʜʫʱʠʝ ʧʦʢʦʣʝʥʠʷ.  
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ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʂʘʟʘʭʩʪʘ-

ʥʝ ʨʘʟʨʘʙʦʪʘʪʴ, ʧʨʠʥʷʪʴ ʠ ʫʟʘʢʦʥʠʪʴ ʥʘ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦʙʦʩʥʦʚʘʥʥʫʶ çʉʪʨʫʢʪʫʨʫ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʧʨʠʨʦʜʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʫʨʘʥʘ ʚ ʩʪʨʘʥʝ ʚ 

ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤè.  

ʕʪʦ ʥʘʜʦ ʩʜʝʣʘʪʴ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʪʝʨʤʦʷʜʝʨʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ 

ʚʳʡʜʝʪ ʥʘ ʰʠʨʦʢʠʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚ ʣʫʯ-

ʰʝʤ ʩʣʫʯʘʝ ʢ ʢʦʥʮʫ ʚʝʢʘ.  

ʉʦ ʩʣʦʚ ʘʢʘʜʝʤʠʢʘ ɽ.ʇ. ɺʝʣʠʭʦʚʘ: çʂ ʯʠʩʣʫ ʥʝ-

ʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʘʣʫʶ ʧʣʦʪʥʦʩʪʴ ʚʳ-

ʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʨʦʙʣʝʤʫ ʩʪʦʡʢʦʩʪʠ ʧʝʨʚʦʡ 

ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʨʝʘʢʪʦʨʘ ʠ ʜʠʚʝʨʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʘ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʡ ʩʪʝʥʢʠ ʢʘʤʝ-

ʨʳ ʠ ʜʠʚʝʨʪʦʨʘ ʧʦʜʣʝʞʘʪ ʦʙʥʦʚʣʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. éʉʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ 

ʤʦʱʥʦʩʪʴ ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʝ ʥʠʞʝ 1-1,5 ɻɺʪ(ʵ), ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʦʥʘ ʥʝ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʤʘʣʦʥʘ-

ʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. ʊʘʢ ʯʪʦ, ʨʘʩʩʫʞʜʘʷ ʦ ʙʫʜʫʱʝʤ, 

ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚʩʷ ʵʥʝʨʛʝʪʠʢʘ ʩʚʝʜʸʪʩʷ ʢ 

ʪʝʨʤʦʷʜʝʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. ʊʝʨʤʦʷʜ ʟʘʡʤʸʪ ʚʘʞ-

ʥʦʝ, ʥʦ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʙʝʟʦʧʘʩʥʳʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤè [4]. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʤʦʷʜʝʨʥʳʝ ʩʪʘʥʮʠʠ ʜʦʣʞʥʳ ʙʫʜʫʪ 

ʜʦʢʘʟʘʪʴ ʩʚʦʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʩ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʨʝʘʢ-

ʮʠʶ ʜʝʣʝʥʠʷ ʷʜʝʨ.  

ɼɺɸ ʕʊɸʇɸ ɺ ʈɸɿɺʀʊʀʀ ʗɼɽʈʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

ɽʩʣʠ ʫʯʝʩʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʚ ʤʠʨʝ, ʪʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʘ ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʇʝʨʚʳʡ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʦʩʥʦʚʘʥ ʥʘ ʚʳʙʦʨʝ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʥʘʠʙʦʣʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʭ, ʨʘʩʧʨʦʩʪʨʘ-

ʥʸʥʥʳʭ, ʦʩʚʦʝʥʥʳʭ, ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʝʧʣʦ-

ʚʳʭ ʥʝʡʪʨʦʥʘʭ ʪʠʧʘ PWR, ɺɺʕʈ ʠ BWR  

ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʡ ʚʪʦʨʦʡ ʵʪʘʧ ʙʫʜʝʪ ʦʩʥʦ-

ʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʘʢʪʦʨʘʤʠ 

ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʨʝʘʢʪʦʨʦʚ IV ʇʦʢʦʣʝʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 

(ʧʦʩʣʝ 2020 - 2030 ʛʦʜʘ).  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ, ʥʘʜʸʞʥʳʭ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʧʨʦʝʢʪʦʚ ɸʕʉ ʩ ʨʝʘʢ-

ʪʦʨʘʤʠ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʜʣʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʘʧʨʦʙʠʨʦʚʘʥʥʳʡ 

ʥʘʤʠ ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʝʢʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ 15 ʢʨʠʪʝʨʠʝʚ.  

ʂʈʀʊɽʈʀʀ ʗɼɽʈʅʆʁ, ʈɸɼʀɸʎʀʆʅʅʆʁ, 

ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ, ʅɸɼɪɾʅʆʉʊʀ 

ʀ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʂʆʅʂʋʈɽʅʊʆʉʇʆʉʆɹʅʆʉʊʀ 

ɼʃʗ ɸʅɸʃʀɿɸ ʀ ʉʈɸɺʅɽʅʀʗ ʈɽɸʂʊʆʈʆɺ 

ʅɸ ʊɽʇʃʆɺʓʍ ʅɽʁʊʈʆʅɸʍ [5,6] 

1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʥʝʨʛʦʙʣʦʢʘ (ʪʠʧ ʨʝ-

ʘʢʪʦʨʘ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʪʦʧʣʠʚʦ, ʜʨʫʛʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʩʪʦʷʥʠʝ ʧʨʦʝʢʪʘ). 

2. ʆʩʦʙʝʥʥʦʩʪʠ ʙʘʨʴʝʨʦʚ ʛʣʫʙʦʢʦʵʰʝʣʦʥʠʨʦ-

ʚʘʥʥʦʡ ʟʘʱʠʪʳ ʚ ʛʣʫʙʠʥʫ. 

3. ʉʘʤʦʟʘʱʠʱʝʥʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʤʦʱʥʦʩʪʠ ʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʩʭʦʜʘ, ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝ-

ʥʠʷʭ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʥʘʣʠʯʠʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ). 

4. ʉʠʩʪʝʤʳ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʨʠʥʮʠʧʘʤ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʨʝʟʝʨʚʠ-

ʨʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʠʥʠʮʠʠʨʦʚʘ-

ʥʠʷ ʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ. 

5. ɸʚʘʨʠʡʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʅʘ-

ʣʠʯʠʝ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʭʣʘʞʜʝʥʠʷ. ʅʘʣʠʯʠʝ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʥʳʭ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

6. ɸʚʘʨʠʡʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʝʛʦ ʥʘʜʝʞ-

ʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠ ʩʪʝʧʝʥʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

7. ʄʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʠ ʩ 
ʧʣʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʉʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʷʞʸʣʦʡ ʘʚʘʨʠʠ. 

8. ʋʯʸʪ ʪʷʞʝʣʦʡ ʘʚʘʨʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʣʘʚʣʝ-

ʥʠʶ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 4-ʛʦ ʫʨʦʚʥʷ 

ʟʘʱʠʪʳ. 

9. ʄʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʪʷʞʝʣʦʡ 
ʘʚʘʨʠʠ; ʫʧʨʘʚʣʝʥʠʝ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ. 

10. ɿʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ, ʧʘʜʝʥʠʷ ʩʘʤʦʣʸʪʘ, ʚʟʨʳʚʦʚ ʩʥʘʨʷʜʦʚ ʠ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ). 

11. ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ (ɺɸɹ), ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

12. ʇʨʝʜʝʣʴʥʳʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 4-ʛʦ 

ʫʨʦʚʥʷ ʟʘʱʠʪʳ. 

13. ɸʧʨʦʙʠʨʦʚʘʥʥʦʩʪʴ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʧʨʠʥʮʠʧʦʚ, ʵʣʝʤʝʥʪʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ) ʚ 

ʰʪʘʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʞʥʠʤ ʦʧʳʪʦʤ ʠʣʠ ʠʩʧʳʪʘ-

ʥʠʷʤʠ. 

14. ʄʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥ-

ʮʠʠ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

15. ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ, ʧʦʚʳ-

ʰʘʶʱʠʝ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʕʪʠ ʢʨʠʪʝʨʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʪʨʘʞʘʶʪ ʪʨʝ-

ʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʫʢʘʟʘʥʥʦʡ ʩʠʩ-

ʪʝʤʳ ʧʦ 15-ʪʠ ʢʨʠʪʝʨʠʷʤ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

28 ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʥʘ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ (ʇʦʢʦʣʝʥʠʷ III ʠ III+). ʀʟ ʥʠʭ 

19 ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʩ ʚʦʜʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʪʠʧʘ 

PWR (WWER) ʠ 9 ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʩ ʢʠʧʷʱʝʡ 
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ʚʦʜʦʡ ʪʠʧʘ BWR ʨʘʟʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʱʥʦʩʪʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʥʘʠʣʫʯʰʠʝ ʧʨʦʝʢʪʳ ʨʝʘʢʪʦʨʦʚ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ 

ʨʘʟʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʱʥʦʩʪʝʡ ʨʘʟʥʳʭ ʩʪʨʘʥ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʥʢʫʨʩʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʨʝʘʢʪʦʨʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʘ-

ʟʘʭʩʪʘʥʝ [5,6], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʘʭ 1,2.  

ʊʘʙʣʠʮʘ 1. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʝʘʢʪʦʨʳ ʩ ʚʦʜʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʪʠʧʘ PWR, ɺɺʕʈ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ [5] 

ʈʝʘʢʪʦʨ ʄʦʱʥʦʩʪʴ ʈʘʟʨʘʙʦʪʯʠʢ 

ʈʝʘʢʪʦʨʳ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 

ɸʈ-1000 - ʧʘʩʩʠʚʥʳʡ ʨʝʘʢʪʦʨ  1000 Mɺʪ(ʵ)  Westinghouse ʉʐɸ 

CANDU-9 - ʪʷʞʝʣʦʚʦʜʥʳʡ ʨʝʘʢʪʦʨ  935 ʄɺʪ(ʵ) Atomic Energy of Canada, Limited (AECL) 

EPR - ʨʝʘʢʪʦʨ ʩ ʚʦʜʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ  1450 ʄɺʪ(ʵ) 
 çʉʠʤʝʥʩè ʠ çʌʨʘʤʘʪʦʤè  
ʩ ʜʦʯʝʨʥʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ çʅʴʶʢʣʝʘʨ ʧʘʫʝʨ ʠʥʪʝʨ.è  

ʈʝʘʢʪʦʨʳ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ɸP-600 ï ʧʘʩʩʠʚʥʳʡ ʨʝʘʢʪʦʨ  600 Mɺʪ(ʵ) ɺʝʩʪʠʥʛʭʘʫʩ (ʉʐɸ) ʠ ɻʝʥʝʩʠ (ʀʪʘʣʠʷ) 

CANDU-6ï ʪʷʞʝʣʦʚʦʜʥʳʡ ʨʝʘʢʪʦʨ  665 Mɺʪ(ʵ) AECL, ʂʘʥʘʜʘ 

ʈʝʘʢʪʦʨʳ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ) 

IRIS ï ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ  
ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʝʘʢʪʦʨʘ PWR 

100-335 Mɺʪ(ʵ) ʂʦʥʩʦʨʮʠʫʤ ʠʟ 13 ʦʨʛʘʥʠʟʘʮʠʡ ʠʟ 7 ʩʪʨʘʥ 

SMART ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʨʝʘʢʪʦʨ  ~100 Mɺʪ(ʵ) KAERI, ʂʦʨʝʷ 

IMR - ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ, ʤʦʜʫʣʴʥʳʡ PWR  1000/350 ʄɺʪ(ʪ/ʵ)  Mitsubishi Heavy Industries. Japan 

ʊʘʙʣʠʮʘ 2. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʝʘʢʪʦʨʳ ʩ ʢʠʧʷʱʝʡ ʚʦʜʦʡ ʪʠʧʘ BWR ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ [6] 

ʈʝʘʢʪʦʨ ʄʦʱʥʦʩʪʴ ʈʘʟʨʘʙʦʪʯʠʢ 

ʈʝʘʢʪʦʨʳ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 

ABWR - ʇʨʦʜʚʠʥʫʪʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ 1356 Mɺʪ(ʵ) Hitachi, Ltd; Toshiba Corp., ʗʧʦʥʠʷ; G.E. USA 

SWR-1000 - ʇʨʦʜʚʠʥʫʪʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ 1013 ʄɺʪ(ʵ) Siemens ɻʝʨʤʘʥʠʷ 

ESBWR - ɽʚʨʦʧʝʡʩʢʠʡ ʫʧʨʦʱʝʥʥʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ 1190 ʄɺʪ(ʵʣ.) General Electric, ʉʐɸ 

ʈʝʘʢʪʦʨʳ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

HSBWR ï ʍʠʪʘʯʠ ʫʧʨʦʱʸʥʥʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ  600 Mɺʪ(ʵ) ʍʠʪʘʯʠ, ʗʧʦʥʠʷ 

SBWR ï ʋʧʨʦʱʸʥʥʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ  600 Mɺʪ(ʵ) ɼʞʝʥʝʨʘʣ ʵʣʝʢʪʨʠʢ, ʉʐɸ 

ʈʝʘʢʪʦʨʳ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ) 

SSBWR ï ɹʝʟʦʧʘʩʥʳʡ ʠ ʫʧʨʦʱʸʥʥʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ  150 Mɺʪ(ʵ)W(e) ʍʠʪʘʯʠ, ʗʧʦʥʠʷ 

ɺK-300 - ʫʧʨʦʱʸʥʥʳʡ ʢʠʧʷʱʠʡ ʨʝʘʢʪʦʨ 250 MW(e) ʌɻʋʇ ʅʀʂʀʕʊ, ʈʦʩʩʠʷ 

 

ʈɽɸʂʊʆʈʓ IV  ʇʆʂʆʃɽʅʀʗ  

ʂ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʨʝʘʢʪʦʨʘʤ IV ʇʦʢʦʣʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ:  ʨʝʘʢʪʦʨʳ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ 

(ʥʘʪʨʠʡ, ʩʚʠʥʝʮ), ʚʳʩʦʢʦ- ʠ ʩʚʝʨʭʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʝ ʨʝʘʢʪʦʨʳ, ʚʦʜʦ-

ʦʭʣʘʞʜʘʝʤʳʝ ʨʝʘʢʪʦʨʳ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʞʠʜʢʦʩʦʣʝ-

ʚʳʝ ʨʝʘʢʪʦʨʳ.  

ɸ. ʈʝʘʢʪʦʨʳ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 

¶ ʉ ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʙʦʛʘʪʝʡʰʠʭ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ 

ʫʨʘʥʘ ʂʘʟʘʭʩʪʘʥʘ (21% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ, ʟʘʥʠʤʘ-

ʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ), ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚ ʙʫ-

ʜʫʱʝʤ ʩʪʨʦʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʢʪʦʨʳ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ (ʙʳʩʪʨʳʝ ʨʝʘʢʪʦʨʳ - ɹʈ) ʧʦ-

ʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʠʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʦʣʴʢʦ ʨʝʘʢʪʦʨʳ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʚ ʙʫʜʫ-

ʱʝʤ ʧʦʟʚʦʣʷʪ ʂʘʟʘʭʩʪʘʥʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦ ʠ ʧʦʣʥʦʩʪʴʶ ʚʝʩʴ ʧʨʠʨʦʜʥʳʡ ʫʨʘʥ, ʚʢʣʶʯʘʷ 

ʦʩʥʦʚʥʦʡ ʠʟʦʪʦʧ 
238
U, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ 

ʧʫʪʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
238
U ʚ ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 

239
Pu ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ 

ʛʦʨʶʯʝʛʦ (
239
Pu) ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʂɺ > 1. 

¶ ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʘʟʘʥʥʦʤʫ, ʂʘʟʘʭʩʪʘʥ ʜʦʣ-

ʞʝʥ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʟʘʤʢ-

ʥʫʪʳʡ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ. 

¶ ɺʧʦʣʥʝ ʣʦʛʠʯʥʦ ʪʦ, ʯʪʦ ʂʘʟʘʭʩʪʘʥ ʜʦʣʞʝʥ 
ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭ-

ʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʙʫʜʫʱʝʤ ʥʘ 

ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ.  

ʈʝʞʠʤ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘ-

ʣʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʠ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ (ʪʘʙʣʠʮʘ 3). 



 
ʃ ɻʇʈʉʇʊʌ ʋɹʃʋʁʃʁ ʁ ʊʋʉɹʋɾɼʁʁ ʉɹʀɻʁʋʁʘ ʘɽɾʉʆʇɼʇ ʋʇʈʄʁɻʆʇɼʇ ʏʁʃʄɹ ɻ ʉɾʊʈʌɺʄʁʃɾ ʃɹʀɹʎʊʋɹʆ 
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ʊʘʙʣʠʮʘ 3. ʄʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  
ʧʨʠ ʨʘʙʦʪʝ ʚ ʙʫʜʫʱʝʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 

ˉˉ  ʄʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

1 ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʫʱʠʭ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʜʣʷ ɸʕʉ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʝ ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ ʫʨʘʥʦ-
ʚʳʡ ʙʣʘʥʢʝʪ (ʩʧʝʮʠʘʣʴʥʘʷ ʟʦʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ), ʦʢʨʫʞʘʶʱʠʡ ʘʢʪʠʚʥʫʶ ʟʦʥʫ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʦʙʝʜʥʸʥʥʦʛʦ, ʪʦ 
ʝʩʪʴ ʦʪʚʘʣʴʥʦʛʦ ʫʨʘʥʘ (ʦʩʪʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʦʙʦʛʘʱʸʥʥʦʛʦ ʫʨʘʥʘ).  
ʕʪʦ ʜʝʣʘʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʙʣʘʥʢʝʪʝ ʙʫʜʝʪ ʥʘʨʘʙʦʪʘʥʦ ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ 

239
Pu, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʜʝʣʝʥʠʷ ʷʜʝʨ ʠ ʥʝ ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʭʠʱʝʥʠʶ 
ʤʘʪʝʨʠʘʣʘ ʙʣʘʥʢʝʪʘ. 
ɺʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʫʪʦʥʠʷï239 ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʢʘʭ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʮʝʧ-
ʥʘʷ ʨʝʘʢʮʠʷ ʜʝʣʝʥʠʷ ʠ ʦʙʨʘʟʫʶʪʩʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʭʠʱʝʥʠʶ ʧʨʠ 
ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ.  

2 ʈʘʜʠʦʭʠʤʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦ-
ʥʘʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʷʜʝʨʥʦʤ ʮʝʥʪʨʝ, ʩʦʟʜʘʥʥʦʤ ʚʝʜʫʱʠʤʠ ʷʜʝʨʥʳʤʠ ʩʪʨʘʥʘʤʠ.  
ɺ ʵʪʦʤ ʮʝʥʪʨʝ ʩ ʫʯʘʩʪʠʝʤ ʂʘʟʘʭʩʪʘʥʘ, ʢʘʢ ʘʢʮʠʦʥʝʨʘ, ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʟʜʘʥʦ ʩʦʚʤʝʩʪʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 
ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ɸʕʉ. ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ çʥʝʩʛʦʨʝʚʰʝʝè ʠ çʥʘʨʘʙʦʪʘʥʥʦʝè ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ - 
ʧʣʫʪʦʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʝʮʠʨʢʫʣʷʮʠʠ 
ʇʦ ʟʘʢʘʟʫ ʂʘʟʘʭʩʪʘʥʘ ʤʦʛʫʪ ʨʘʟʜʝʣʴʥʦ ʚʳʜʝʣʷʪʴʩʷ ʜʦʣʛʦʞʠʚʫʱʠʝ (ʘʢʪʠʥʠʜʳ) ʠ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦ-
ʜʳ ʠ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʂʘʟʘʭʩʪʘʥ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ.  

3 ʀʟʛʦʪʦʚʣʝʥʠʝ MOX - ʩʤʝʰʘʥʥʦʛʦ (U,Pu) ʪʦʧʣʠʚʘ ʠʟ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʧʣʫ-
ʪʦʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ ʜʣʷ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʙʫ-
ʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢʞʝ ʪʦʣʴʢʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʷʜʝʨʥʦʤ ʮʝʥʪʨʝ.  
ɺ ʵʪʦʤ ʮʝʥʪʨʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʙʫʜʝʪ ʪʘʢʞʝ ʩʦʟʜʘʥʦ ʘʢʮʠʦʥʝʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ MOX ʪʦʧʣʠʚʘ ʠ 
ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ, ʧʦʣʥʦʮʝʥʥʳʤ ʘʢʮʠʦʥʝʨʦʤ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʂʘʟʘʭʩʪʘʥ.  
ʀʟʛʦʪʦʚʣʝʥʥʳʝ MOX ʪʦʧʣʠʚʦ ʠ ʪʦʧʣʠʚʥʳʝ ʩʙʦʨʢʠ ʜʣʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʜʦʩʪʘ-
ʪʦʯʥʫʶ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʭʠʱʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠʭ ʚ ʂʘʟʘʭʩʪʘʥ ʥʘ ɸʕʉ ʩ ɹʈ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʷʜʝʨʥʦʤ ʮʝʥʪʨʝ 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ 

ʜʦʣʛʦʞʠʚʫʱʠʝ ʠ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ 

ʦʪʭʦʜʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʢʘʢ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʫʜʫʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʧʨʝʞʥʠʤ ʭʦʟʷʝ-

ʚʘʤ ʪʦʧʣʠʚʘ, ʪʦ ʝʩʪʴ ʚ ʂʘʟʘʭʩʪʘʥ. ɺ ʂʘʟʘʭʩʪʘʥʝ:  

¶ ʜʦʣʛʦʞʠʚʫʱʠʝ ʘʢʪʠʥʠʜʳ ʙʫʜʫʪ ʟʘʭʦʨʘʥʠ-

ʚʘʪʴʩʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʠ ʦʩʪʝʢʣʦʚʘʥ-

ʥʦʤ ʚʠʜʝ ʧʦʜ ʟʝʤʣʸʡ ʚ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ. ʅʝ 

ʠʩʢʣʶʯʘʝʪʩʷ ʫʥʠʯʪʦʞʝʥʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʘʢʪʠʥʠʜʦʚ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦ-

ʥʘʭ ʧʫʪʸʤ çʷʜʝʨʥʦʡ ʪʨʘʥʩʤʫʪʘʮʠʠè ʠʭ ʚ ʢʦ-

ʨʦʪʢʦʞʠʚʫʱʠʝ ʠʣʠ ʩʪʘʙʠʣʴʥʳʝ ʠʟʦʪʦʧʳ.  

¶ ʯʪʦ ʢʘʩʘʝʪʩʷ ʦʩʪʘʚʰʠʭʩʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʪʦ ʦʥʠ ʧʦʩʣʝ ʦʪʩʪʦʷ 

ʜʦʣʞʥʳ ʙʫʜʫʪ ʟʘʭʦʨʘʥʠʚʘʪʴʩʷ ʚ ʚʳʨʘʙʦʪʘʥ-

ʥʳʭ ʫʨʘʥʦʚʳʭ ʢʘʨʴʝʨʘʭ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩ-

ʣʦʚʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚʥʦʚʴ ʚʥʝʩʸʥʥʦʡ ʨʘ-

ʜʠʦʘʢʪʠʚʥʦʩʪʠ ʦʪʭʦʜʦʚ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ 

ʨʘʥʝʝ ʠʟʚʣʝʯʸʥʥʦʛʦ ʫʨʘʥʘ.  

ʈɽɿʋʃʔʊɸʊʓ ɸʅɸʃʀɿɸ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ 

ʈɽɸʂʊʆʈʆɺ IV  ʇʆʂʆʃɽʅʀʗ 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʘʢʪʦʨʦʚ IV ʇʦʢʦʣʝʥʠʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʫʜʫʱʝʤ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʚ ʙʫʜʫʱʝʡ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ ʂʘʟʘʭʩʪʘʥʘ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠ-

ʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʝʢʪʦʚ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʨʝʘʢʪʦʨʦʚ IV ʇʦʢʦʣʝʥʠʷ. 

ɹ. ʈʝʘʢʪʦʨʳ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʀʥʪʝʨʝʩ ʢ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ ʚ ʨʝʘʢʪʦʨʘʭ ʚʳʟʚʘʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʂʇɼ) ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʕʪʠ 

ʨʝʘʢʪʦʨʳ ʨʘʙʦʪʘʶʪ ʚʳʰʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠ-

ʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʚʦʜʳ (22,1 Mʇa, 374ÁC) ʠ ʧʦʟʚʦʣʷʪ 

ʫʚʝʣʠʯʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʂʇɼ ʩʪʘʥʮʠʠ. ɹʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠ-

ʟʫ 6 ʧʨʦʝʢʪʦʚ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʷʤʦʪʦʯʥʦ-

ʛʦ ʢʦʨʧʫʩʥʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ ʪʠʧʦʚ ʩ ʪʝʧʣʦʚʳʤ ʠ 

ʙʳʩʪʨʳʤ ʩʧʝʢʪʨʦʤ ʥʝʡʪʨʦʥʦʚ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠ-

ʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʨʘʟʥʳʭ ʢʦʤʧʘʥʠʡ, 

ʨʘʟʥʳʭ ʩʪʘʥ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʇʨʦʝʢʪʳ ʨʝʘʢʪʦʨʦʚ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ˉˉ  ʊʠʧ ʨʝʘʢʪʦʨʘ ʈʘʟʨʘʙʦʪʯʠʢ ʧʨʦʝʢʪʘ 

1 ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʦʝʢʪ ʢʦʨʧʫʩʥʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʚʦʜʦʡ ʩʚʝʨʭʢʨʠ-
ʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ɺɺʕʈ-ʉʂɼ  

ʌʅʎ ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. 
ʈʦʩʩʠʷ 

2 ʂʦʥʮʝʧʮʠʷ ʨʝʘʢʪʦʨʘ ʩ ʧʨʷʤʦʪʦʯʥʳʤ ʮʠʢʣʦʤ, ʦʭʣʘʞʜʘʝʤʦʛʦ ʣʸʛʢʦʡ ʚʦʜʦʡ 
ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ  

Nuclear Engineering Research Laboratory, 
The University of Tokyo 

3 ʗʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʣʦʢ ʩ ʫʨʘʥ-ʛʨʘʬʠʪʦʚʳʤ ʨʝʘʢʪʦʨʦʤ ʢʘʥʘʣʴʥʦʛʦ 
ʪʠʧʘ ʠ ʚʦʜʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (SCLWR) 

ʌɻʋʇ ʅʀʂʀʕʊ ʠʤʝʥʠ ʅ.ɸ.ɼʦʣʣʝʞʘʣʷ, 
ʈʦʩʩʠʷ 

4 ʋʨʘʥ-ʚʦʜʷʥʦʡ ʙʳʩʪʨʳʡ ʨʝʘʢʪʦʨ ʢʘʥʘʣʴʥʦʛʦ ʪʠʧʘ ʧʨʷʤʦʪʦʯʥʳʡ ʩʦ ʩʚʝʨʭ-
ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʳ (SCFR)  

ʌɻʋʇ ʅʀʂʀʕʊ ʠʤʝʥʠ ʅ.ɸ.ɼʦʣʣʝʞʘʣʷ, 
ʈʦʩʩʠʷ 

5 ʂʘʥʘʣʴʥʳʡ ʧʨʷʤʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʪʝʧʣʦ-
ʥʦʩʠʪʝʣʷ ʠ ʪʷʞʝʣʦʚʦʜʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ  

ʅʀʂʀʕʊ ʠʤʝʥʠ ʅ.ɸ.ɼʦʣʣʝʞʘʣʷ ʠ ʅʇʆ 
çʃʋʏè 

6 ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʢʘʥʘʜʩʢʠʡ ʢʘʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ɸʉR-700 
(Advanced Candu Reactor - 700) ʩ ʚʦʜʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  

ɸtomic Energy of Canada, Limited (AECL), 
ʂʘʥʘʜʘ 
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ʊʘʙʣʠʮʘ 5. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʨʝʘʢʪʦʨʦʚ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ˉˉ  ɺʘʞʥʝʡʰʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʨʝʘʢʪʦʨʦʚ 

1 ʈʝʘʢʪʦʨʳ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʉʂʇ) ʜʘʶʪ ʫʚʝʣʠʯʝʥʥʳʡ ʂʇɼ ʜʣʷ ɸʕʉ ʜʦ 44% ʚʤʝʩʪʦ 33-34% ʥʘ ʩʫʱʝʩʪʚʫʶ-
ʱʠʭ ɸʕʉ 

2 ʈʝʘʢʪʦʨʳ ʉʂʇ ʠʤʝʶʪ ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʝʜʠʥʠʮʫ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 
ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʪʘʣʴʧʠʝʡ. ʕʪʦ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʳ ʥʘʩʦʩʦʚ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʠʨʢʫʣʷ-
ʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʢʘʯʢʫ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʳ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ 
ʨʝʘʢʪʦʨʘ. 

3 ʇʨʦʚʝʜʸʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʤʝʪʘʣʣʘ ʥʘ 1 ʄɺʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 
ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʉʂʇ ʧʨʠʤʝʨʥʦ ʚ 2,3 ʨʘʟʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ɺɺʕʈ. 

4 ʈʝʘʢʪʦʨʳ ʧʨʷʤʦʪʦʯʥʳʝ ʢʦʨʧʫʩʥʳʝ ʢʘʢ ʩ ʪʝʧʣʦʚʳʤ, ʪʘʢ ʠ ʩ ʙʳʩʪʨʳʤ ʩʧʝʢʪʨʦʤ ʥʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʨʝʘʢʪʦʨʳ ʢʘʥʘʣʴʥʦʛʦ 
ʪʠʧʘ ʢʘʢ ʩ ʪʷʞʝʣʦʚʦʜʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ, ʪʘʢ ʠ ʩ ʙʳʩʪʨʳʤ ʩʧʝʢʪʨʦʤ ʥʝʡʪʨʦʥʦʚ, ʪʝʭʥʠʯʝʩʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ 
ʠ ʚ ʧʨʠʥʮʠʧʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘ-
ʥʠʷ ʠ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʘʢʪʦʨʦʚ ʩʦ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʳʷʚʠʣʠ ʚʘʞʥʝʡ-

ʰʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʪʘʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠ 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ (ʪʘʙʣʠʮʘ 5). 

ɺ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʝ 

ʨʝʘʢʪʦʨʳ 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʨʘʚʥʠʪʝʣʴ-

ʥʦʤʫ ʘʥʘʣʠʟʫ 8 ʧʨʦʝʢʪʦʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘ-

ʟʦʦʭʣʘʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ (ʪʘʙʣʠʮʘ 6). 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʘʢʪʦʨʳ ʢʘʢ ʩ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʛʨʘ-

ʬʠʪʦʚʳʤʠ ʪʚʵʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʛʦʤʦʛʝʥʥʦ ʩʬʝ-

ʨʠʯʝʩʢʠʝ ʢʝʨʥʳ ʜʠʘʤʝʪʨʦʤ ʜʦ 800 ʤʢʤ, ʧʦʢʨʳʪʳʝ 

ʤʥʦʛʦʢʨʘʪʥʦ ʩʣʦʷʤʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ 

ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʪʚʵʣʘʤʠ, ʜʠʘʤʝʪʨʦʤ ʥʝʩʢʦʣʴʢʦ 

ʩʘʥʪʠʤʝʪʨʦʚ, ʧʦʢʨʳʪʳʤʠ ʩʣʦʷʤʠ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʕʪʠʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ 

ʪʚʵʣʘʤʠ ʟʘʩʳʧʘʝʪʩʷ ʧʦʣʦʩʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʦʛʨʘʥʠ-

ʯʝʥʥʦʡ ʛʨʘʬʠʪʦʚʳʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ.  

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʘʢʪʦʨʦʚ ʧʦ-

ʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʚʘʞʥʝʡʰʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʜʦʩʪʦ-

ʠʥʩʪʚʘ ʪʘʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦ-

ʜʳ (ʪʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 6. ʇʨʦʝʢʪʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ˉˉ ʊʠʧ ʨʝʘʢʪʦʨʘ ʈʘʟʨʘʙʦʪʯʠʢ ʧʨʦʝʢʪʘ 

1 ʗʕʋ GT-MHR ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʛʝʣʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ 
ʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ  

Electric Power Research Institute (ɽʈRI), 
ʉʐɸ 

2 ʇʨʦʪʦʪʠʧʥʳʡ ʤʦʜʫʣʴʥʳʡ ʛʝʣʠʝʚʳʡ ʨʝʘʢʪʦʨ ʩ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ ɻʊ-ʄɻʈ ɸʕʉ  ʆʂɹʄ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʈʦʩʩʠʷ 

3 ɹʳʩʪʨʳʡ ʨʝʘʢʪʦʨ ʧʨʷʤʦʛʦ ʮʠʢʣʘ, ʦʭʣʘʞʜʘʝʤʳʡ ʜʚʫʦʢʠʩʴʶ ʫʛʣʝʨʦʜʘ  Tokyo Institute of Technology, ʗʧʦʥʠʷ. 

4 ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʭʣʘʞʜʘʝʤʳʡ ʛʝʣʠʝʤ ʨʝʘʢʪʦʨ c ʛʨʘʬʠʪʦʚʳʤ ʟʘ-
ʤʝʜʣʠʪʝʣʝʤ HTGR  

Japan Atomic Energy Research Institute, 
ʗʧʦʥʠʷ 

5 ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʩ ʛʝʣʠʝʚʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʩʬʝ-
ʨʠʯʝʩʢʠʤʠ ʪʚʵʣʘʤʠ HTR-500  

ʆʙʲʝʜʠʥʝʥʠʝ ɸɺɺ, ʌʈɻ 

6 ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʝʣʠʝʚʳʡ ʤʦʜʫʣʴʥʳʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʩ ʰʘʨʦʚʳ-
ʤʠ ʪʚʵʣʘʤʠ ɺʊɻʈ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʦʜʦʨʦʜʘ  

ɺʅʀʀʅʄ ʠ ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʈʦʩ-
ʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

7 ʄʦʜʫʣʴʥʘʷ ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʟʘʩʳʧʢʦʡ ʰʘʨʦʚʳʭ ʪʦʧʣʠʚ PBMR   ʂʦʤʧʘʥʠʷ ESKOM, ʖʞʥʘʷ ɸʬʨʠʢʘ. 

8 HTR-10 - ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʡ ʤʦʜʫʣʴʥʳʡ ʨʝʘʢʪʦʨ  Institute of Nuclear Energy Technology, 
Tsinghua University, Beijing, China 

ʊʘʙʣʠʮʘ 7. ɺʘʞʥʝʡʰʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʦʚ 

ˉˉ  ɺʘʞʥʝʡʰʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʨʝʘʢʪʦʨʦʚ 

1 ɺʊɻʈ ʥʘʛʨʝʚʘʝʪ ʛʝʣʠʡ ʜʦ ʦʢʦʣʦ 1000 Áʉ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ: 

¶ ʧʨʦʠʟʚʦʜʠʪʴ ʚʦʜʦʨʦʜ ʠ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ;  

¶ ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩ ʚʳʩʦʢʠʤ ʂʇɼ ʜʦ 48% ʚ ʧʨʷʤʦʤ ʛʘʟʦʪʫʨʙʠʥʥʦʤ ʮʠʢʣʝ.  

2 GT- ʄʅR, ɻʊ-ʄɻʈ, ɺʊɻʈ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʪ ʪʷʞʸʣʫʶ ʘʚʘʨʠʶ ʩ ʧʣʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ.  

3 ɺ ɺʊɻʈ, ʜʦʩʪʠʛʘʶʪʩʷ ʫʣʴʪʨʘʚʳʩʦʢʠʝ ʚʳʛʦʨʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʝʚʳʰʘʶʱʠʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚʳʛʦʨʘʥʠʷ ʧʨʠʤʝʨʥʦ ʚ 
ʜʝʩʷʪʴ ʨʘʟ. 

4 ʆʪʢʨʳʚʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ. 

5 ʈʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʆʗʊ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪʩʷ ʢ ʥʫʣʶ. 

 

ɺʆɿʄʆɾʅʓɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʈʆʃʀ 

ʈɽɸʂʊʆʈʆɺ IV  ʇʆʂʆʃɽʅʀʗ ɺʆ ɺʊʆʈʆʄ ʕʊɸʇɽ 

ʈɸɿɺʀʊʀʗ ɸʊʆʄʅʆʁ ʕʅɽʈɻɽʊʀʂʀ ʂɸɿɸʍʉʊɸʅɸ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʚʦʜʦʚ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʜʦʩʪʦʠʥʩʪʚʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʝʘʢʪʦ-

ʨʦʚ IV ʇʦʢʦʣʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʦʣʠ ʠ ʫʯʘʩʪʠʝ ʠʭ ʚʦ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʂʘʟʘʭʩʪʘʥʘ.  

1. ʋʜʦʚʣʝʪʚʦʨʷʪʴ ʚʩʝʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 
ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʚ ʵʥʝʨʛʠʠ. ʉʦʟʜʘʪʴ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʝ ʟʘʧʘʩʳ ʠ ʧʝʨʝʡʪʠ ʢ ʵʢʩʧʦʨʪʫ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚ ʩʦʩʝʜʥʠʝ ʠ ʙʦʣʝʝ ʦʪʜʘʣʸʥʥʳʝ ʩʪʨʘʥʳ.  

2. ʉ ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚʩʝʭ ʙʦʛʘʪʝʡʰʠʭ ʟʘʧʘʩʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʫʨʘʥʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʙʫʜʫʱʝʤ ʧʨʝʠʤʫʱʝʩʪ-

ʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ IV ʇʦʢʦʣʝʥʠʷ, ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʠʤʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦ-
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ʤʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʧʨʠʤʝʨʥʦ 

ʧʦʩʣʝ 2030 ʛʦʜʘ). 

3. ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʂʇɼ) 
ɸʕʉ ʩ ʣʝʛʢʦʚʦʜʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʪʝʧʣʦ-

ʚʳʭ ʥʝʡʪʨʦʥʘʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʝʧʝʥʥʫʶ 

ʟʘʤʝʥʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ɸʕʉ ʥʘ ɸʕʉ ʩ ʣʝʛʢʦ-

ʚʦʜʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ ʩʦ ʩʚʝʨʭʚʳʩʦʢʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʠʤʠ ʪʨʝʙʫʝʤʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ.  

4. ʉ ʠʩʪʦʱʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʩʳʨʴʝʚʳʭ ʟʘʧʘʩʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ (ʥʝʬʪʠ ʠ ʛʘʟʘ) ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʭ-

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ɺʊɻʈ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ ï ʚʦʜʦʨʦʜʘ. ɺʦʜʦʨʦʜ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝ-

ʤʳ ʝʛʦ ʙʝʟʦʧʘʩʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴ-

ʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʟʘʤʝʥʠʪ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ 

ʪʦʧʣʠʚʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʝ, ʤʝʪʘʣ-

ʣʫʨʛʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

5. ʉʥʠʟʠʪʴ ʚʳʙʨʦʩʳ çʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚè ʧʫʪʸʤ 
ʧʦʩʪʝʧʝʥʥʦʡ ʟʘʤʝʥʳ ʊʕʉ, ʊʕʎ ʥʘ ɸʕʉ. ʀʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚʳʩʚʦʙʦʜʠʚʰʠʡʩʷ ʫʛʦʣʴ ʜʣʷ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʞʠʜʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʊʘʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʫʶʪ. 

ʇɽʈɽɺʆɼ ʈɽɸʂʊʆʈʆɺ ʅɸ ʊɽʇʃʆɺʓʍ ʅɽʁʊʈʆʅɸʍ 
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ʅʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʵʪʘʧʝ, ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ ʧʣʫʪʦʥʠʷ 

ʚ ʪʨʝʙʫʝʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ɸʕʉ ʩ 

ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʚʦʜ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦ-
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ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ 
233

U.  

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʦʛʦ ʮʠʢʣʘ ʷʚʣʷʶʪʩʷ: 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ 

ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ 
233
U ʩ ʂɺ å 1, ʜʘʞʝ ʚ ʨʝʘʢ-

ʪʦʨʘʭ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ, ʙʝʟ ʧʨʠʤʝʥʝ-

ʥʠʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ.  

¶ ɻʦʨʘʟʜʦ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ 
ʘʢʪʠʥʠʜʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʜʝʣʝʥʠʷ 

233
U ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ 
239

Pu. 

¶ ʈʝʘʢʪʦʨʳ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʮʠʢʣʦʤ 
ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

233
U

 
- 

232
Th - 

233
U ʧʨʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʂɺ å 1 ʠʩʢʣʶʯʘʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʙʦʛʘʱʝʥʠʠ ʪʦʧʣʠʚʘ ʠ ʚʳʜʝʣʝ-

ʥʠʠ 
233
U ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʦʧʣʠʚʘ.  

ɼʣʷ ʥʘʢʦʧʣʝʥʠʷ U - 233 ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʟʘʛʨʫʟʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʪʦʧʣʠʚʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ: 

¶ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʩʠʜ ʧʣʫ-

ʪʦʥʠʷ (PuO2), ʦʢʩʠʜ ʪʦʨʠʷ (ThO2) ʠ (ʠʣʠ) ʦʢ-

ʩʠʜ ʫʨʘʥʘ (UO2), ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʠʟʛʦʪʦʚ-

ʣʷʪʴʩʷ ʩʪʝʨʞʥʝʚʳʝ ʊɺʉ. 

¶ ʇʝʨʝʡʪʠ ʥʘ ʪʦʨʠʡ - ʧʣʫʪʦʥʠʝʚʦʝ (Th,Pu) ʪʦʧ-

ʣʠʚʦ ʚʤʝʩʪʦ MOX - ʪʦʧʣʠʚʘ (U,Pu) 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʯʝʪʩʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʞʝ ʩʝʡʯʘʩ 

ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʠʥʷʪʠʷ ʥʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ:  

¶ ʆʙʦʩʥʦʚʘʥʥʦʡ çʉʪʨʫʢʪʫʨʳ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʦ-

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʫʨʘʥʘ ʚ ʩʪʨʘʥʝ ʚ ʥʘʩʪʦʷ-

ʱʝʤ ʠ ʙʫʜʫʱʝʤ (ʜʦʙʳʯʘ, ʧʨʦʜʘʞʘ ʠ ʧʨʠʤʝʥʝ-

ʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ)è. 

¶ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʂʘ-

ʟʘʭʩʪʘʥʝ ʥʘ ʙʣʠʞʘʡʰʠʝ 50 ʣʝʪ, ʛʜʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʦʨʠʪʝʪ ʚ ʙʫʜʫʱʝʤ ʨʘʟʚʠ-

ʪʠʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʟʘ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ 

ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʟʘʤʢʥʫʪʳʤ ʷʜʝʨʥʳʤ 

ʪʦʧʣʠʚʥʳʤ ʮʠʢʣʦʤ. 

ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʚʦʧʨʦʩ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʝʘʢ-

ʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʚ ʂʘʟʘʭʩʪʘʥʝ ʙʳʣ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʝʥ ʥʘ ʫʨʦʚʥʝ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʧʝʨʝʛʦʚʦʨʦʚ ʠ ʚ ʄɸɻɸ ʊʕ.  

ɸʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʘʢʪʦʨʦʚ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʳʝ: ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʛʘʪʝʡ-

ʰʠʭ ʟʘʧʘʩʦʚ ʫʨʘʥʘ ʚ ʠʥʪʝʨʝʩʘʭ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʠʝʡ ʥʘʩʪʦʷʱʝʝ ʠ ʙʫʜʫʱʠʝ ʧʦʢʦʣʝʥʠʷ ʥʘʨʦʜʦʚ 

ʂʘʟʘʭʩʪʘʥʘ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥ ʨʝʞʠʤ ʥʝ-

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʂʘʟʘʭʩʪʘʥ ʜʦʙʨʦʚʦʣʴʥʦ ʦʪʢʘʟʘʣʩʷ ʦʪ ʠʤʝʚʰʝʛʦʩʷ 

ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ, ʦʥ ʟʘʩʣʫʞʠʚʘʝʪ ʙʦʣʴʰʝʛʦ ʜʦʚʝʨʠʷ 

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 
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  ʎʀʂʃɼɯ פʆʊʓʅɼʓ פʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓʅɼɸ ʗɼʈʆʃʓפɸɿɸפ

ɼɸʄʓʊʋ ʊɸʂʊʀʂɸʉʓ ʄɽʅ ʉʊʈɸʊɽɻʀʗʉʓʅʓר ʄᴄʉɽʃɽʃɽʈɯ ʊʋʈɸʃʓ 

1)ʂᴅʜʽʨʞʘʥʦʚ 1 ,.פ.פ)ɹʘʪʳʨʙʝʢʦʚ ɻ.ɸ., 2)ʄʘʭʘʥʦʚ ʋ.ʄ. 

1)ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳϬ ϯʣʪʪʳϨ ʗʜʨʦʣʳϨ ʆʨʪʘʣʳϤʳ, ʂʫʨʯʘʪʦʚ  
2)ϧʈ ϯʗʆ ʗʜʨʦʣʳϨ ʬʠʟʠʢʘ ʠʥʩʪʠʪʫʪʳ, ɸʣʤʘʪʳ, ϧʘʟʘϨʩʪʘʥ 

ɹʘʨʣʘʥסʘʥ ʫʨʘʥ ץʦʨʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ פʘʟʘץʩʪʘʥʜʘסʳ ʘʪʦʤ ʵʥʝʨʛʝʪʠʢʘʩʳʥ ʜʘʤʳʪʫʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽ 

 ʘʥ. ɹʽʨʽʥʰʽ ʤʝʨʟʽʤʜʝסʘʨʘʩʪʳʨʳʣץ ʝʢʽ ʤʝʨʟʽʤʽ שʳ ʘʪʦʤ ʵʥʝʨʛʝʪʠʢʘʩʳʥ ʜʘʤʳʪʫʜʳסʩʪʘʥʜʘץʘʟʘפ .ʘʥסʘʨʘʩʪʳʨʳʣץ

 ʜʘʫ. ɽʢʽʥʰʽ ʤʝʨʟʽʤʜʝשʩʳʩʳʥ ʪʘץʞʘ שʥʝʡʪʨʦʥʜʳ ʨʝʘʢʪʦʨʣʘʨ ʧʨʦʝʢʪʪʝʨʽʥ ʪʘʣʜʘʧ, ʝ ץʳʪʪʘ ʙʘʨ ʞʳʣʫʣʳץʘʟʽʨʛʽ ʫʘץ

IV ײʨʧʘסʳʥʘ ʞʘʪʘʪʳʥ ʰʘʧʰʘש ʥʝʡʪʨʦʥʜʳ ʨʝʘʢʪʦʨʣʘʨʳ ʙʘʨ ɸʕʉ ʙʘʩʳʤ ʜʘʤʫʳ ץʘʞʝʪ. פʘʟʘץʩʪʘʥʜʘסʳ ʰʘʧʰʘש 

ʨʝʘʢʪʦʨʣʘʨ ʞײʤʳʩʳ ʢʝʟʽʥʜʝʛʽ ʙᴇʣʽʥʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʪʘʨʘʪʧʘʫ ʨʝʞʽʤʽʥ ץʘʤʪʘʤʘʩʩʳʟ ʝʪʫ װʰʽʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ײʡʳʤʜʳץ ʰʘʨʘʣʘʨ ײʩʳʥʳʣסʘʥ. 

 

TO A QUESTION OF TA CTICS AND POLICY OF PROGRESSING  

NUCLEAR FUEL CYCLE I N REPUBLIC OF KAZAKH STAN 

1)K.K. K adyrzhanov, 1)G.A. Batyrbekov, 2)U.M. Makhanov 

1)National nuclear center of Republic of Kazakhstan, Kurchatov  
2)Institute of Nuclear Physics of NNC RK, Almaty, Kazakhstan 

The potential opportunities of progressing of atomic engineering in Kazakhstan proceeding from known reserves of 

uranium are esteemed. Two stages in progressing atomic engineering of Kazakhstan are reviewed. The first stage 

grounded on analysis and choice of best of the existing designs of reactors on calorific neutrons. At the second stage 

preferential progressing should receive NPP with reactors on quick (rapid) neutrons IV of Breed. The technological and 

organizational measures on supply of a condition of non-proliferation of divided materials are proposed by operation of 

quick (rapid) reactors in Kazakhstan. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʇʈʆɽʂʊʆɺ  

ʈɽɸʂʊʆʈʆɺ ʄɸʃʆʁ ʄʆʑʅʆʉʊʀ [300 ʄɺʊ(ʕ)] ɺɹʕʈ-300 ʀ IRIS 

1)ɹʘʪʳʨʙʝʢʦʚ ɻ.ɸ., 1)ʂʘʜʳʨʞʘʥʦʚ ʂ.ʂ., 2)ɻʫʯʝʚʘ ʆ.ɸ. 

1)ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ 
2)ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ɺ ʩʚʷʟʠ ʩ ʠʤʝʶʱʠʤʠ ʤʝʩʪʦ ʨʘʟʣʠʯʥʳʤʠ ʤʥʝʥʠʷʤʠ ʦ ʚʳʙʦʨʝ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ʜʣʷ ɸʕʉ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

~300 ʄɺʪ(ʵ) ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ ʚ ʨʘʡʦʥʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʝʢʪʦʚ ʜʚʫʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ɺɹʕʈ-300, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʆʂɹ ʄʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈʦʩʩʠʠ ʠ IRIS, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʥʩʦʨʮʠʫʤʦʤ 

ʨʘʟʥʳʭ ʩʪʨʘʥ, ʚʦʟʛʣʘʚʣʷʝʤʳʤ ʢʦʤʧʘʥʠʝʡ Westinghouse, ʉʐɸ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʜʝʨʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ IRIS ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʤʥʦʛʠʤ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʜ ʧʨʦʝʢʪʦʤ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300.  

ʈʝʘʢʪʦʨʳ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ [1000 ʄɺʪ(ʵ) ʠ ʙʦ-

ʣʝʝ], ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ 

1 ʢɺʪ(ʵ) ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, 1 ʢɺʪ.ʯ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʜʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ 6-7 ʣʝʪ. ʕʪʦ ʩʠʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʚʦʟʚʨʘʪʘ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩ 

ʢ ʨʝʘʢʪʦʨʘʤ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. ʄʥʦʛʠʝ 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʠʤʝʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʩʪʘʥʮʠʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʩʪʘʥʮʠʠ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠʤʝʶʪ ʭʫʜʰʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʳ ʨʝʘʢʪʦʨʦʚ ʇʦʢʦʣʝ-

ʥʠʷ III+ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʜʝʰʝʚʣʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʪʘʥʮʠʷʤʠ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. ʕʪʦ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʧʫʪʸʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝ 

ʧʨʠʩʫʱʠʭ ʩʚʦʡʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ, ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʢʦʤʧʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʚ ʢʦʨʧʫ-

ʩʝ ʨʝʘʢʪʦʨʘ, ʠʩʢʣʶʯʘʶʱʝʡ ʙʦʣʴʰʠʝ ʪʝʯʠ ʧʨʠ ʘʚʘ-

ʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʧʨʠʤʝʥʝʥʠʷ ʧʘʩʩʠʚ-

ʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨ, ʧʦʚʳʰʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʫʧʨʦʱʘʶʱʠʭ ʠ ʫʜʝʰʝʚʣʷʶʱʠʭ ʨʝʘʢʪʦʨ, ʧʨʠʤʝʥʝ-

ʥʠʷ ʤʦʜʫʣʴʥʦʩʪʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʠʩʢʫʩʩʠʨʫʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʳ-

ʙʦʨʝ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ʜʣʷ ɸʕʉ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

~300 ʄɺʪ(ʵ) ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘ ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ɸʕʉ ʚ ʨʘʡʦʥʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʥʝʨ-

ʛʦʩʥʘʙʞʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʫʞʥʳ 

ʙʣʦʢʠ ɸʕʉ ʥʝ ʪʦʣʴʢʦ ʤʦʱʥʦʩʪʴʶ 300 ʄɺʪ(ʵ), ʥʦ ʠ 

ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ (100-150) ʄɺʪ(ʵ) ʠ ʤʝʥʝʝ. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ, ʧʨʠʥʠʤʘʝʤʳʡ ʚ ʢʘ-

ʯʝʩʪʚʝ ʙʝʟʦʚʦʛʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ 21 ʚʝʢʘ ʚ ʯʘʩʪʠ ʷʜʝʨʥʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʠ ɻʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ.  

ɺʳʙʦʨ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300 ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʚ ʄʘʥʛʠʩʪʘʫʩʢʦʡ ʦʙʣʘʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʥʘʤ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦ ʈʦʩʩʠʡʩʢʠʤʠ ʩʧʝ-

ʮʠʘʣʠʩʪʘʤʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʠʪʠʯʝʩʢʠʭ ʜʦʛʦʚʦ-

ʨʸʥʥʦʩʪʷʭ. ʇʫʩʪʴ ʵʪʦ ʙʫʜʝʪ ʠʩʢʣʶʯʝʥʠʝʤ, ʘ ʥʝ ʧʨʘ-

ʚʠʣʦʤ. ʄʳ ʥʝ ʭʦʪʠʤ ʩʢʘʟʘʪʴ, ʯʪʦ ɺɹʕʈ-300 - ʧʣʦʭʦʡ 

ʨʝʘʢʪʦʨ. ʇʨʦʩʪʦ ʵʪʦʪ ʵʩʢʠʟʥʳʡ ʧʨʦʝʢʪ ʦʩʥʦʚʘʥ ʥʘ 

ʜʘʚʥʝʡ ʧʨʦʝʢʪʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʨʝʘʢʪʦʨʘ, ʧʨʠʤʝʥʷʚ-

ʰʝʛʦʩʷ ʚ ʩʫʜʦʚʦʤ ʪʨʘʥʩʧʦʨʪʝ ʈʦʩʩʠʠ ʠ ʧʨʦʚʝʨʝʥʥʦ-

ʛʦ ʚ ʨʘʙʦʪʝ. ʅʦ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠ ʥʝ 

ʦʪʨʘʞʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ 

ʪʝʥʜʝʥʮʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʘʢʪʦʨʦʚ. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʧʨʦʚʝʨʝʥʥʦʡ 

ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʢʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘ 

ʪʘʢʠʭ ʨʝʘʢʪʦʨʘʭ ʪʷʞʸʣʳʭ ʘʚʘʨʠʠ, ʯʪʦʙʳ ʧʨʠʥʷʪʴ 

ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ʢ ʨʝʘʣʠʟʘʮʠʠ. 

ɺʝʩʴ ʤʠʨ ʦʯʝʥʴ ʩʝʨʴʸʟʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʧʨʦʩʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝ-

ʘʢʪʦʨʦʚ ʧʨʠ ʠʭ ʣʠʮʝʥʟʠʨʦʚʘʥʠʠ ʚ ʩʚʦʠʭ ʩʪʨʘʥʘʭ, 

ʦʩʦʙʝʥʥʦ ʉʐɸ, ɽʚʨʦʧʘ ʠ ʗʧʦʥʠʷ. ɽʩʪʴ ʧʦʚʳʰʝʥ-

ʥʳʡ ʩʧʨʦʩ ʥʘ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʠ ʵʢʦʥʦʤʠʯʥʳʝ ʨʝ-

ʘʢʪʦʨʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʨʝʘʢʪʦʨʳ ʧʦʩʪʦʷʥʥʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʩʤʝʥʷʷ ʦʜʥʦ ʧʦʢʦʣʝʥʠʝ ʨʝʘʢʪʦʨʦʚ 

ʟʘ ʜʨʫʛʠʤ ʩ ʧʝʨʠʦʜʦʤ 5-10 ʣʝʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʟʘʚʝʨʰʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ 

ʇʦʢʦʣʝʥʠʷ III+, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʘʢʪʦʨʳ IV ʇʦ-

ʢʦʣʝʥʠʷ. ʂʘʞʜʦʝ ʧʦʢʦʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʨʝʜʥʦʡ ʩʫ-

ʱʝʩʪʚʝʥʥʦʡ ʩʪʫʧʝʥʴʶ ʚ ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʝʘʢʪʦʨʦʚ ʠ ʩʥʠʞʝʥʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ 

ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʘ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ ʙʦʣʴʰʠʤ ʩʧʨʦ-

ʩʦʤ ʥʘ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʠ ʵʢʦʥʦʤʠʯʥʳʝ ʩʪʘʥʮʠʠ. 

ʕʪʠʤ ʥʘʜʦ ʧʨʦʥʠʢʥʫʪʴʩʷ ʠ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ 

ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʃʶʙʳʝ ʚʦʣʝʚʳʝ, ʥʝʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʥʲ-

ʶʢʪʫʨʥʳʝ ʠʣʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʜʦʛʦʚʦ-

ʨʸʥʥʦʩʪʠ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʪʝʤ ʙʦʣʝʝ ʢʦʨʨʫʧʮʠʷ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʝʥʳ ʠʟ ʧʨʦʮʝʜʫʨʳ 

ʚʳʙʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʢʘ ʮʝʥʘ ʦʰʠʙʢʠ ʚ ʚʳʙʦʨʝ 
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ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʚʝʜʦʤʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳ-

ʙʦʨʫ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ, ʫʟʘ-

ʢʦʥʠʪʴ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʪʝʥʜʝʨʥʦʛʦ 

ʚʳʙʦʨʘ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʦʬʠ-

ʮʠʘʣʴʥʦ ʧʨʠʥʷʪʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʵʚʦʣʶʮʠʦʥʥʳʤ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʝʢʪʘʤ ʨʝʘʢʪʦʨʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʚ ʩʪʨʘʥʝ. ɺʩʷ ʧʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʜʦʣʞʥʘ ʦʩʫʝɦ-

ʩʪʚʣʷʪʴʩʷ ʦʬʠʮʠʘʣʴʥʦʡ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʢʦʤʠʩʩʠʝʡ, ʩʦʩʪʦʷʱʝʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʧʨʠʛʣʘʰʸʥʥʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʷʜʝʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʩʪʘʥʦʚʢʘʤ, ʘ ʥʝ ʪʦʣʴʢʦ ʠʟ 

ʨʫʢʦʚʦʜʷʱʠʭ ʣʶʜʝʡ. ʈʝʰʝʥʠʝ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ 

ʨʫʢʦʚʦʜʠʪʝʣʠ, ʥʦ ʛʦʪʦʚʠʪʴ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʧʨʝʜ-

ʣʦʞʝʥʠʷ ʜʦʣʞʥʳ ʩʧʝʮʠʘʣʠʩʪʳ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʰʝ ʩʢʘʟʘʥʳʭ ʩʦʤʥʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʦʨʘ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300 ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘ ʜʣʷ ʨʘʡʦʥʦʚ ʜʝʮʝʥʪʨʘʣʠ-

ʟʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʦʚʝʜʸʤ 

ʩʠʩʪʝʤʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʧʨʦʝʢʪʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ: ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʝʢ-

ʪʘ ɺɹʕʈ-300 ʚ ʆʂɹ ʄʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʅʠʞʥʠʡ ʅʦʚ-

ʛʦʨʦʜ, ʈʦʩʩʠʷ, ʠ ʧʨʦʝʢʪʘ IRIS, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ 

ʟʘʚʝʨʰʘʝʪʩʷ ʚ 2010 ʛʦʜʫ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʥʩʦʨ-

ʮʠʫʤʦʤ ʠʟ 20 ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 10 

ʩʪʨʘʥ (ʉʐɸ, ʀʪʘʣʠʷ, ʗʧʦʥʠʷ, ʌʨʘʥʮʠʷ, ɺʝʣʠʢʦʙʨʠ-

ʪʘʥʠʷ, ʀʩʧʘʥʠʷ, ʄʝʢʩʠʢʘ, ɹʨʘʟʠʣʠʷ, ʍʦʨʚʘʪʠʷ, ʃʠʪ-

ʚʘ), ʚʦʟʛʣʘʚʣʷʝʤʳʤ ʢʦʤʧʘʥʠʝʡ Westinghouse - ʉʐɸ.  

ʈʝʘʢʪʦʨ ɺɹʕʈ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʦʨʦʤ ʩ ʙʣʦʯʥʦʡ 

ʢʦʤʧʦʥʦʚʢʦʡ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʘʢʪʦʨʘ, 

ʩʦʟʜʘʥʥʦʡ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ ʩʫʜʦʚʳʭ ʙʣʦʯʥʳʭ ʨʝ-

ʘʢʪʦʨʦʚ. ʈʝʘʢʪʦʨ IRIS ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʤ ʤʦʜʫʣʴʥʳʤ ʨʝʘʢʪʦʨʦʤ ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʢʦʤʧʦʥʦʚʢʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʩ ʠʥ-

ʥʦʚʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʜʸʞʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʜ ʚʦʜʦʡ ʧʨʠ ʘʚʘʨʠʠ ʩ 

ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʤʦʱʥʦʩʪʠ ʦʙʝʠʭ 

ʨʝʘʢʪʦʨʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ [900 ʄɺʪ ʜʣʷ 

ɺɹʕʈ-300 ʠ 1000 ʄɺʪ ʜʣʷ IRIS], ʘ ɸʕʉ ʩ ʦʙʦʠʤʠ 

ʨʝʘʢʪʦʨʘʤʠ ʙʫʜʫʪ ʠʤʝʪʴ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʱʥʦʩʪʠ [300 ʄɺʪ(ʵ) c ɺɹʕʈ-300 ʠ 

335 Mɺʪ (ʵʣ) - IRIS]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ ʦʩʥʦ-

ʚʳʚʘʣʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʩʠʩʪʝ-

ʤʳ ʠʟ 15 ʢʨʠʪʝʨʠʝʚ ʷʜʝʨʥʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ [1-3].  

ʂʨʠʪʝʨʠʠ ʷʜʝʨʥʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʘʭ [1,2]. 

1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʥʝʨʛʦʙʣʦʢʘ (ʪʠʧ ʨʝ-

ʘʢʪʦʨʘ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʪʦʧʣʠʚʦ, ʜʨʫʛʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʩʪʦʷʥʠʝ ʧʨʦʝʢʪʘ). 

2. ʆʩʦʙʝʥʥʦʩʪʠ ʙʘʨʴʝʨʦʚ ʛʣʫʙʦʢʦʵʰʝʣʦʥʠʨʦ-

ʚʘʥʥʦʡ ʟʘʱʠʪʳ ʚ ʛʣʫʙʠʥʫ. 

3. ʉʘʤʦʟʘʱʠʱʝʥʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʤʦʱʥʦʩʪʠ ʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʩʭʦʜʘ, ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝ-

ʥʠʷʭ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʥʘʣʠʯʠʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ). 

4. ʉʠʩʪʝʤʳ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʨʠʥʮʠʧʘʤ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʨʝʟʝʨʚʠ-

ʨʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʠʥʠʮʠʠʨʦʚʘ-

ʥʠʷ ʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ. 

5. ɸʚʘʨʠʡʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʅʘ-

ʣʠʯʠʝ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʭʣʘʞʜʝʥʠʷ. ʅʘʣʠʯʠʝ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʥʳʭ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

6. ɸʚʘʨʠʡʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʝʛʦ ʥʘʜʝʞ-

ʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠ ʩʪʝʧʝʥʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

7. ʄʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʠ ʩ 
ʧʣʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʉʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʷʞʸʣʦʡ ʘʚʘʨʠʠ. 

8. ʋʯʸʪ ʪʷʞʝʣʦʡ ʘʚʘʨʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʣʘʚʣʝʥʠʶ 
ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 4-ʛʦ ʫʨʦʚʥʷ ʟʘʱʠʪʳ. 

9. ʄʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʪʷʞʝʣʦʡ 
ʘʚʘʨʠʠ; ʫʧʨʘʚʣʝʥʠʝ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ. 

10. ɿʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ, ʧʘʜʝʥʠʷ ʩʘʤʦʣʸʪʘ, ʚʟʨʳʚʦʚ ʩʥʘʨʷʜʦʚ ʠ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ). 

11. ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ (ɺɸɹ), ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

12. ʇʨʝʜʝʣʴʥʳʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 4-ʛʦ 

ʫʨʦʚʥʷ ʟʘʱʠʪʳ. 

13. ɸʧʨʦʙʠʨʦʚʘʥʥʦʩʪʴ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʧʨʠʥʮʠʧʦʚ, ʵʣʝʤʝʥʪʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ) ʚ 

ʰʪʘʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʞʥʠʤ ʦʧʳʪʦʤ ʠʣʠ ʠʩʧʳʪʘ-

ʥʠʷʤʠ. 

14. ʄʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥ-

ʮʠʠ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

15. ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ, ʧʦʚʳ-

ʰʘʶʱʠʝ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ.  

ʇʨʦʝʢʪʥʳʝ ʜʘʥʥʳʝ ʨʝʘʢʪʦʨʦʚ ʨʘʩʢʣʘʜʳʚʘʣʠʩʴ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʢʨʠʪʝʨʠʷʤ, ʢʘʢ ʧʦ ʧʦʣʦʯʢʘʤ ʠ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʙʲʸʤʘ ʩʪʘʪʴʠ ʥʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʧʨʠʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʧʦ ʚʩʝʤ 15 ʢʨʠʪʝʨʠ-

ʷʤ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ ʨʘʟʣʠ-

ʯʠʷ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳ. ʄʳ ʧʨʠʚʝʜʸʤ ʣʠʰʴ ʪʝ 

ʢʨʠʪʝʨʠʠ, ʛʜʝ ʠʤʝʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʪʝʣʴ-

ʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ. ʅʫʤʝʨʘʮʠʷ 

ʢʨʠʪʝʨʠʝʚ, ʠʤʝʶʱʘʷʩʷ ʚ ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ ʩʠʩʪʝ-

ʤʝ, ʩʦʭʨʘʥʝʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʙʘʨʴʝʨʦʚ 

ʛʣʫʙʦʢʦʵʰʝʣʦʥʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ ʚ ʛʣʫʙʠʥʫ 

ʘ) ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʠ ʪʦʧʣʠʚʘ:  



 
ʊʉɹɻʆʁʋɾʄʕʆʔʂ ɹʆɹʄʁʀ ʊʇɻʉɾʅɾʆʆʔʎ ʈʉʇɾʃʋʇɻ ʉɾɹʃʋʇʉʇɻ ʅɹʄʇʂ ʅʇʒʆʇʊʋʁ [300 ʅɻʋ(ʖ)] ɻɺʖʉ-300 ʁ IRIS 
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¶ ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300 [3-5]: 

ī ʀʩʧʦʣʴʟʦʚʘʥʳ ʢʘʩʩʝʪʥʘʷ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʥʘ 

ʙʘʟʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ ʪʠʧʘ 

ʊɺʉɸ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʆʂɹ ʄʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ʜʣʷ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɺɺʕʈ-1000 ʩ ʜʠʦʢʩʠʜʥʳʤ ʪʦʧʣʠʚʦʤ. 

ī ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʮʠʨʢʦʥʠʝʚʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʳʩʦʪʝ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʳ. 

ī ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʣʠʚʘ ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʤ ʦʙʦʛʘʱʝʥʠ-

ʝʤ 5% ʧʦ U-235. 

ī ʇʨʠʤʝʥʝʥʠʝ ʫʨʘʥ-ʛʘʜʦʣʠʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ. 

ī ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ 

ʧʦ ʪʚʵʣʘʤ 64 ɻɺʪ.ʩʫʪ./ʪU. 

ī ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʪʦʧ-

ʣʠʚʥʦʛʦ ʮʠʢʣʘ. ɺʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʤʝʞʜʫ ʧʝʨʝʛʨʫʟʢʘʤʠ ʦʪ 

12 ʜʦ 24 ʤʝʩʷʮʝʚ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʢʨʘʪʥʦʩʪʴ ʧʝʨʝʛʨʫʟʢʠ 5,66; 3,86 ʠ 2,83 ʩ 

ʯʠʩʣʦʤ ʊɺʉ ʚ ʢʦʤʧʣʝʢʪʝ ʧʦʜʧʠʪʢʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, 15, 22 ʠ 30 ʰʪʫʢ. ɺ ʵʪʠʭ ʩʣʫʯʘ-

ʷʭ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʚʳʛʦʨʘʥʠʷ ʧʦ ʚʳʛʨʫ-

ʞʘʝʤʳʤ ʊɺʉ - 57, 54 ʠ 49 ɻɺʪ.ʩʫʪ./ʪU ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦ ʚʳʛʨʫʞʘʝʤʳʤ ʊɺʉ ʛʣʫ-

ʙʠʥʦʡ ʚʳʛʦʨʘʥʠʷ - 69, 58,5 ʠ 57 ɻɺʪ.ʩʫʪ./ʪU 

¶ ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ IRIS [6-9]: 

ī ɺ ʨʝʘʢʪʦʨʝ IRIS ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʢʪʠʚʥʘʷ 

ʟʦʥʘ ʩ 4-ʭ ʛʦʜʠʯʥʦʡ ʢʦʤʧʘʥʠʝʡ ʩ ʦʙʦʛʘʱʝ-

ʥʠʝʤ 4,95% ʧʦ U-235, ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʊɺʉ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦʡ ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

PWR ʢʦʤʧʘʥʠʝʡ Westinghouse. ʇʨʠ ʵʪʦʤ 

ʩʨʦʢ ʧʝʨʝʛʨʫʟʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʠʯʥʦ-

ʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʩ 48-ʤʝʩʷʯʥʦʡ ʢʘʤʧʘʥʠ-

ʝʡ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʚʳʛʦʨʘʥʠʝ 

ʚ ʢʦʥʮʝ ʢʘʤʧʘʥʠʠ 40 ɻɺʪ.ʩʫʪ./ʪU. 

ī ɹʦʣʝʝ ʛʣʫʙʦʢʦʝ ʚʳʛʦʨʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʙʦʣʴʰʝʡ ʢʘʤʧʘʥʠʝʡ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʘʢʪʠʚʥʳʝ ʟʦʥʳ ʩ ʜʚʫʤʷ ʠ ʪʨʝʤʷ ʟʘ-

ʛʨʫʟʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʊɺʉ ʩ ʦʙʦʛʘʱʝʥʠ-

ʝʤ 4,95 % ʧʦ U-235 ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ 

ʘʢʪʠʚʥʳʝ ʟʦʥʳ: ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ - ʩ 

1-ʦʡ ʟʘʛʨʫʟʢʦʡ 69 ʊɺʉ (ʨʘʚʥʦʤʝʨʥʦʝ ʚʳ-

ʛʦʨʘʥʠʝ), ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ - ʩ 2-ʤʷ 

ʟʘʛʨʫʟʢʘʤʠ ʧʦ 40-44 ʊɺʉ (ʯʘʩʪʠʯʥʦʝ ʚʳ-

ʛʦʨʘʥʠʝ) ʠ ʜʣʷ ʚʘʨʠʘʥʪʘ ʛʣʫʙʦʢʦʛʦ ʚʳʛʦ-

ʨʘʥʠʷ - ʩ 3-ʤʷ ʟʘʛʨʫʟʢʘʤʠ ʧʦ 28-36 ʊɺʉ 

(ʯʘʩʪʠʯʥʦʝ ʚʳʛʦʨʘʥʠʝ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʨʠʥʷʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʘʢ-

ʪʠʚʥʘʷ ʟʦʥʘ ʩ ʜʚʫʤʷ ʟʘʛʨʫʟʢʘʤʠ, ʩ ʢʘʤʧʘ-

ʥʠʝʡ ʙʦʣʝʝ 3-ʭ ʣʝʪ, ʩ ʛʣʫʙʠʥʦʡ ʚʳʛʦʨʘʥʠʷ 

62 ɻɺʪ.ʩʫʪ./ʪU, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʝʰʸʥ-

ʥʳʭ ʧʨʝʜʝʣʘʭ.  

ɹʣʘʛʦʜʘʨʷ ʯʝʪʳʨʸʭʣʝʪʥʝʤʫ ʧʝʨʠʦʜʫ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʂʀʋʄ ʨʝʘʢʪʦʨʘ ʧʨʝʚʳʩʠʪ 0,95, ʘ ʧʦʪʨʝʙʥʦ-

ʩʪʠ ʚ ʧʝʨʩʦʥʘʣʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʷʪʩʷ. 

ɽʩʣʠ ʧʨʝʜʝʣ ʧʦ ʛʣʫʙʠʥʝ ʚʳʛʦʨʘʥʠʷ ʙʫʜʝʪ 

ʧʦʚʳʰʝʥ ʜʦ 75 ɻɺʪ.ʩʫʪ./ʪU (ʯʪʦ ʦʞʠʜʘʝʪʩʷ), 

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʝʨʝʡʪʠ ʢ ʘʢʪʠʚʥʦʡ 

ʟʦʥʝ ʩ ʪʨʝʤʷ ʟʘʛʨʫʟʢʘʤʠ. ʈʝʘʢʪʦʨ ʨʘʟʨʘʙʦʪʘʥ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʟʘʠʤʦʟʘʤʝ-

ʥʷʝʤʳʝ ʘʢʪʠʚʥʳʝ ʟʦʥʳ: ʜʣʷ ʠʩʭʦʜʥʦʡ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʳ ʩ UO2 < 5% ʜʝʣʷʱʝʛʦʩʷ ʪʦʧʣʠ-

ʚʘ (ʪʦ ʝʩʪʴ 4,95% ʩ ʢʘʤʧʘʥʠʝʡ 4-5 ʣʝʪ), ʜʣʷ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʪʦʧʣʠʚʘ UO2 > 5% ʜʝ-

ʣʷʱʝʛʦʩʷ ʪʦʧʣʠʚʘ ( ʪʦ ʝʩʪʴ 8% ʩ ʢʘʤʧʘʥʠʝʡ 

8 ʣʝʪ) ʠ ʜʣʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʤʝʰʘʥʥʦ-

ʛʦ ʦʢʩʠʜʥʦʛʦ > 5% ʜʝʣʷʱʝʛʦʩʷ ʪʦʧʣʠʚʘ (ʪʦ 

ʝʩʪʴ 10% ʩ ʢʘʤʧʘʥʠʝʡ 8 ʣʝʪ).  

ī ɺʳʙʨʘʥʥʘʷ ʩʚʦʙʦʜʥʘʷ ʨʝʰʸʪʢʘ ʪʚʵʣʦʚ (p/d  

> 1,3) ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʦʡ ʨʝʩʫʨʩ 

ʜʣʷ ʪʦʧʣʠʚʘ ʩ ʙʦʣʴʰʠʤ ʦʙʦʛʘʱʝʥʠʝʤ 10% 

ʧʦ U
235
. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʩʣʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʪʦʧʣʠʚʘ ʩ 10% ʦʙʦʛʘʱʝʥʠʝʤ ʧʦ U
235

 

ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ 80 ʄɺʪ.ʩʫʪ./ʢʛU ʚʦʟ-

ʤʦʞʝʥ ʙʫʜʝʪ ʧʝʨʝʭʦʜ ʥʘ 8-10 ʣʝʪʥʠʡ ʮʠʢʣ 

ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ. ʕʪʦ ʤʝʨʦ-

ʧʨʠʷʪʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʠʣʠʪ ʨʝʞʠʤ ʥʝʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʙ) ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʦʥʦʚʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ:  

¶ ʈʝʘʢʪʦʨ ɺɹʕʈ-300 [3-5] ʠʤʝʝʪ ʧʝʪʣʝʚʫʶ 

ʙʣʦʯʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨ-

ʚʦʛʦ ʢʦʥʪʫʨʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ 4-ʭ ʧʝʪʝʣʴ. ɹʣʦʯʥʘʷ 

ʢʦʤʧʦʥʦʚʢʘ ʨʝʘʢʪʦʨʥʦʛʦ ʙʣʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ ʠ ʛʠʜʨʦʢʘʤʝ-

ʨʳ ʛʣʘʚʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʢʦʨʦʪʢʠʝ ʧʘʪʨʫʙʢʠ ʩ ʧʦʤʦʱʴʶ 

ʩʚʘʨʢʠ. ɼʦʩʪʦʠʥʩʪʚʘ ʙʣʦʯʥʦʡ ʢʦʤʧʦʥʦʚʢʠ: 

ī ʠʩʢʣʶʯʘʶʪʩʷ ʜʣʠʥʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʝʨ-

ʚʦʛʦ ʢʦʥʪʫʨʘ, ʘ ʚʤʝʩʪʝ ʩ ʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʳʚʘ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡ ʩ ʙʦʣʴʰʠ-

ʤʠ ʪʝʯʘʤʠ. 

ī ʙʣʦʯʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚ-

ʢʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʨʘʟʤʝʱʝʥʠʷ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɺɹʕʈ-300 ʥʘ ʫʨʦʚʥʝ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʨʘʟʤʝʱʝʥʠʷ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɺɺʕʈ-1000. 

¶ ʈʝʘʢʪʦʨ IRIS [6,7,8,9] ʠʤʝʝʪ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʢʦʤʧʦʥʦʚʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ. ɺʥʫʪʨʠ 

ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʨʘʟʤʝʱʝʥʳ ʘʢʪʠʚʥʘʷ ʟʦʥʘ, ʚʩʸ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ: ʚʦʩʝʤʴ ʤʦʜʫʣʴʥʳʭ ʧʨʷ-

ʤʦʪʦʯʥʳʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʚʦʩʝʤʴ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʧʦʜʢʘʯʠʚʘʶʱʠʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʙʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ, ʢʦʤʧʝʥʩʘʪʦʨ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʚ 
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ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ ʢʦʨʧʫʩʘ, ʥʘʛʨʝʚʘʪʝʣʠ, ʚʩʝ ʚʥʫʪʨʝʥ-

ʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʨʘʜʠʘʣʴʥʳʡ ʥʝʡʪʨʦʥ-

ʥʳʡ ʦʪʨʘʞʘʪʝʣʴ, ʩʪʝʨʞʥʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʚʦʜʘ ʠ 

ʪʨʘʥʩʤʠʩʩʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʫʶ 

ʠ ʵʢʦʥʦʤʠʯʥʫʶ ʢʦʤʧʦʥʦʚʢʫ. ɼʦʩʪʦʠʥʩʪʚʘ ʠʥʪʝʛʨʘʣʴ-

ʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʪʣʝʚʦʡ: 

ī ʘʙʩʦʣʶʪʥʦ ʠʩʢʣʶʯʘʶʪʩʷ ʙʦʣʴʰʠʝ ʧʨʦʝʢʪ-

ʥʳʝ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ 

ʨʘʟʨʳʚʘʤʠ ʙʦʣʴʰʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʳ ʧʝʪʣʠ ʩ 

ʙʦʣʴʰʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʧʝʨʚʦʛʦ ʢʦʥ-

ʪʫʨʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʙʦʣʴʰʠʝ ʧʨʦ-

ʭʦʜʢʠ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ.  

ī ʧʨʠʤʝʥʷʶʪʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʥʘʩʦʩʳ ʙʝʟ 

ʩʘʣʴʥʠʢʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ. ʕʪʦ ʪʘʢʞʝ ʠʩ-

ʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʤʘʣʳʭ ʘʚʘʨʠʡ ʩ ʧʦ-

ʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ-ʟʘ ʪʝʯʠ ʩʘʣʴʥʠʢʦʚ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ;  

ī ʢʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʦʝʢʪ ʢʦʨʧʫʩʘ 

ʨʝʘʢʪʦʨʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ 

ʨʘʟʤʝʨ ʢʦʥʪʘʡʥʤʝʥʪʘ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʧʦʣʦʚʠʥʳ ʜʠʘʤʝʪʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ ʩʦ-

ʧʦʩʪʘʚʠʤʦʤ LWR, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʜʝʰʝʚʠʪʴ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʚ) ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʘʡʥʤʝʥʪʘ (ʟʘ-

ʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʨʝʘʢʪʦʨʘ): 

¶ ɺ ʨʝʘʢʪʦʨʝ ɺɹʕʈ-300 [3-5] ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʚʦʡʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʟʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ (ʢʦʥ-

ʪʘʡʥʤʝʥʪ) ʩ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʢʫʧʦʣʴʥʦʡ ʯʘʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: 

ī ʛʝʨʤʝʪʠʯʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʘʣʴʥʫʶ ʦʙʦ-

ʣʦʯʢʫ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʥʘ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚ-

ʣʝʥʠʝ 0,4 ʄʇʘ ʩ ʫʪʝʯʢʦʡ ʥʝ ʙʦʣʝʝ 0,2% 

ʦʙʲʝʤʘ ʚ ʩʫʪʢʠ; 

ī ʚʥʝʰʥʶʶ ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʠʟ ʞʝʣʝʟʦ-

ʙʝʪʦʥʘ ʙʝʟ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʫʶ ʟʘʱʠʪʫ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

(ʧʘʜʝʥʠʝ ʩʘʤʦʣʝʪʘ ʤʘʩʩʦʡ 20 ʪ, ʫʜʘʨʥʘʷ 

ʚʦʣʥʘ 50 ʢʇʘ, ʛʝʨʤʝʪʠʯʥʦʩʪʴ 10% ʦʙʲʸ-

ʤʘ/ʩʫʪʢʠ). 

¶ ɺ ʨʝʘʢʪʦʨʝ IRIS ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʸʥ ʧʦʜʭʦʜ ʢ 
ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ñʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʝʥʥʘʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤò [6-9]. ʊʘʢʦʡ ʧʦʜ-

ʭʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʙʦʨʴʙʫ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʘʚʘ-

ʨʠʠ, ʘ ʠʩʢʣʶʯʝʥʠʝ ʩʣʫʯʘʝʚ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʣʠ, 

ʝʩʣʠ ʵʪʦ ʥʝ ʚʦʟʤʦʞʥʦ, ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠ-

ʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʠ ʠʣʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʠ ʥʘ 

ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʚʦʟʤʦʞʝʥ ʙʣʘʛʦ-

ʜʘʨʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ. 

ɺ ʧʣʘʥʝ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘʠʙʦ-

ʣʝʝ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ñIRISò 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʡʥʤʝʥʪʘ, ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ 

(25 ʤ), ʥʘʧʦʣʥʝʥʥʦʛʦ ʘʟʦʪʦʤ ʠʟ ʨʝʩʠʚʝʨʘ ʜʘʚʣʝʥʠʝʤ 

~1 ʄʇʘ. ɼʘʚʣʝʥʠʝ ʘʟʦʪʘ ʧʦʟʚʦʣʷʝʪ ʫʨʘʚʥʦʚʝʩʠʪʴ 

ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ, ʟʘʧʝʨʝʪʴ ʘʚʘʨʠʡ-

ʥʫʶ ʤʘʣʫʶ ʠ ʩʨʝʜʥʶʶ ʪʝʯʴ (ʙʦʣʴʰʘʷ ʠʩʢʣʶʯʘʝʪʩʷ 

ʚʦʦʙʱʝ) ʠ ʜʝʨʞʘʪʴ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʧʦʜ ʫʨʦʚʥʝʤ ʚʦʜʳ 

ʜʦ 3-ʭ ʤʝʪʨʦʚ ʧʨʠ ʭʫʜʰʠʭ ʫʩʣʦʚʠʷʭ ʘʚʘʨʠʠ LOCA, 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ. 

ʊʘʢʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘ-

ʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ 

ʠʥʞʝʢʮʠʠ (ʚʩʧʨʳʩʢʘ) ʚʦʜʳ ʚ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ, ʢʦʪʦ-

ʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʢʨʳʪʠʷ ʚʦʜʦʡ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʦʝʢʪʦʚ ʣʝʛʢʦʚʦʜʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ɺɹʕʈ-

300. ʊʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ IRIS ʥʝ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʥʠʢʘʢʘʷ ʠʥʞʝʢʮʠʷ ʚʦʜʳ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʥʪʘʡʥ-

ʤʝʥʪʘ IRIS ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʷʞʸʣʦʡ ʘʚʘʨʠʠ ʜʘʞʝ ʧʨʠ ʨʘʟʨʳʚʝ ʩ ʤʘʣʦʡ ʠ ʩʨʝʜ-

ʥʝʡ ʪʝʯʴʶ (ʙʦʣʴʰʘʷ ʪʝʯʴ ʚʦʦʙʱʝ ʠʩʢʣʶʯʝʥʘ). 

ɺ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʦʪ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʘʩʩʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʜʸʞʥʦ 

ʩʦʭʨʘʥʷʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚ ʪʝʯʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʘʚʘʨʠʠ.  

ʉʬʝʨʠʯʝʩʢʠʡ ʢʦʥʪʘʡʥʤʝʥʪ ʨʝʘʢʪʦʨʘ IRIS ʤʦʞʝʪ 

ʜʝʨʞʘʪʴ ʜʘʚʣʝʥʠʝ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʥʪʘʡʥʤʝʥʪ ʚ ʧʝʪʣʝʚʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʝ. ʈʘʩʯʸʪʥʦʝ ʜʘʚʣʝʥʠʝ 1,3 ʄʇʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʪʘʡʥʤʝʥʪ ʦʪ-

ʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʢʦʥʪʘʡʥʤʝʥʪʘ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʊʦ ʝʩʪʴ ʠʤʝʝʪʩʷ ʨʝʟʝʨʚʫʘʨ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʢʦʥʪʘʡʥʤʝʥʪʝ. ʇʨʠ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 

ʧʘʨ, ʚʳʙʨʘʩʳʚʘʝʤʳʡ ʧʨʠ ʘʚʘʨʠʠ ʠʟ ʨʘʟʨʳʚʘ ʚ ʢʦʥ-

ʪʘʡʤʝʥʪ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʙʨʦʩʝ ʜʘʚʣʝʥʠʷ ʠʟ ʢʦʨʧʫʩʘ 

ʨʝʘʢʪʦʨʘ ʢʣʘʧʘʥʘʤʠ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ, ʧʦʧʘʜʘʝʪ ʚ 

ʨʝʟʝʨʚʫʘʨ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʦʥ ʢʦʥʜʝʥʩʠʨʫ-

ʝʪʩʷ. ʅʝʢʦʥʜʝʥʩʠʨʫʝʤʳʝ ʛʘʟʳ ʩʦʙʠʨʘʶʪʩʷ ʚ ʨʝʟʝʨ-

ʚʫʘʨʝ ʛʘʟʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥ-

ʪʘʡʥʤʝʥʪʝ ʧʘʩʩʠʚʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʛ) ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ 

¶ ɺ ʧʨʦʝʢʪʝ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300 ʧʨʠ ʙʣʦʯʥʦʡ 

ʢʦʤʧʦʥʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʤʦʞʥʦ 

ʠʤʝʪʴ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ɺʦʟ-

ʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʙʣʦʯʥʦʡ 

ʢʦʤʧʦʥʦʚʢʝ ʚʳʰʝ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʥʘʩʢʦʣʴʢʦ 

ʵʪʦ ʜʦʧʫʩʢʘʝʪ ʚʳʩʦʪʘ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʧʨʠ ʙʣʦʯʥʦʡ 

ʢʦʤʧʦʥʦʚʢʝ) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʪʷʛʦʚʫʶ ʩʠʣʫ ʠ ʫʩ-

ʪʦʡʯʠʚʫʶ ʝʩʪʝʩʪʚʝʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʣʠʪʝʣʴʥʳʡ ʦʪ-

ʚʦʜ ʪʝʧʣʘ ʦʪ ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

¶ ɺ ʧʨʦʝʢʪʝ IRIS ʧʨʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʝ 
ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʫʚʝʣʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ 

ʠ ʚʳʩʦʪʳ. ʋʚʝʣʠʯʝʥʥʳʡ ʨʘʟʤʝʨ ʢʦʨʧʫʩʘ ʧʦʟʚʦʣʷʝʪ 

ʠʤʝʪʴ ʙʦʣʴʰʠʡ ʟʘʧʘʩ ʚʦʜʳ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ. ʕʪʦ 

ʧʦʚʳʰʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠ ʣʶʙʳʭ ʧʝ-

ʨʝʭʦʜʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʩʣʫʯʘʷʭ ʘʚʘʨʠʡ. 

ɼʘʣʝʝ, ʫʚʝʣʠʯʝʥʥʘʷ ʚʳʩʦʪʘ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʠʥ-

ʪʝʛʨʘʣʴʥʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʩʦʪʫ ʨʘʟ-

ʤʝʱʝʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʢʪʠʚ-

ʥʦʡ ʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʪʷʛʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʝʩʧʝʯʠʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʮʠʨʢʫʣʷ-

ʮʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʚʦʜʘ ʪʝʧʣʘ ʧʘʨʦʤ 

ʦʪ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦ-
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ʩʠʪʝʣʷ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ ʚʦʜʳ ʟʘ ʩʯʸʪ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʚʦʜʘ ʦʩ-

ʪʘʪʦʯʥʦʛʦ ʪʝʧʣʘ ʨʘʩʧʘʜʘ ʦʪ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʩʣʝ 

ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʧʨʝ-

ʚʳʰʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʝʣʦʚ ʜʣʷ 

ʊɺʕʃ ʧʨʠ ʭʫʜʰʝʡ ʧʦʩʪʫʣʠʨʦʚʘʥʥʦʡ ʘʚʘʨʠʠ ʩ ʧʦʪʝ-

ʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ - LOʉA. 

ʜ) ʇʘʨʦʛʝʥʝʨʘʪʦʨʳ. 

¶ ɺ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ɺɹʕʈ-300 ʧʨʠʤʝʥʝʥ 

ʧʨʷʤʦʪʦʯʥʳʡ ʤʦʜʫʣʴʥʳʡ ʟʤʝʝʚʠʢʦʚʳʡ ʧʘʨʦʛʝʥʝʨʘ-

ʪʦʨ ʩ ʜʚʠʞʝʥʠʝʤ ʩʨʝʜʳ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʚʥʫʪʨʠ 

ʪʨʫʙ. ʊʝʧʣʦʦʙʤʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʩʪʦʠʪ ʠʟ 37 ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʤʝʝʚʠʢʦʚʳʭ ʧʘʨʦ-

ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʜʫʣʝʡ. ʇʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ 

ʤʦʜʫʣʷ ʚʳʧʦʣʥʝʥʘ ʠʟ ʪʨʫʙ 10Ĭ1,2 ʤʤ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʩʝʤʠ ʨʷʜʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʥʦʛʦʟʘʭʦʜʥʳʭ ʟʤʝʝʚʠ-

ʢʦʚ, ʥʘʚʠʪʳʭ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʪʨʫʙʫ ʤʦʜʫʣʷ. 

¶ ɺ ʩʭʝʤʝ ʨʝʘʢʪʦʨʘ IRIS ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʷʤʦ-

ʪʦʯʥʳʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ ʩʦ ʩʧʠʨʘʣʴʥʳʤʠ ʧʫʯʢʘʤʠ 

ʪʨʫʙ. ʉʨʝʜʘ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʦʙʪʝʢʘʝʪ ʪʨʫʙʳ ʩʥʘʨʫ-

ʞʠ. ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙ ʩʦʩʪʘʚʣʷʝʪ 1,64 ʤ. ʂʘʞ-

ʜʳʡ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʩʦʜʝʨʞʠʪ 656 ʪʨʫʙ. ʊʨʫʙʳ ʠ 

ʢʦʣʣʝʢʪʦʨʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʩʠʩʪʝ-

ʤʳ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʪʦʨʘ. ʇʫʯʦʢ ʪʨʫʙ ʧʘʨʦʛʝʥʝʨʘʪʦ-

ʨʘ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʦʙʦʣʦʯʢʠ, ʠʛʨʘʶʱʝʡ ʨʦʣʴ ʢʦ-

ʞʫʭʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʧʨʦʭʦʜ ʜʣʷ ʧʦʪʦʢʘ ʚʦʜʳ ʧʝʨʚʦʛʦ 

ʢʦʥʪʫʨʘ. ʂʘʞʜʳʡ ʠʟ ʚʦʩʴʤʠ ɻʎʅ ʧʨʠʢʨʝʧʣʸʥ ʢ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ.  

ɿʤʝʝʚʠʢʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʫʙ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʪʝʧʣʦʚʳʝ ʨʘʩʰʠʨʝʥʠʷ ʙʝʟ 

ʦʩʦʙʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʣʝʙʘʥʠʷʤ, ʚʦʟʙʫʞʜʘʝʤʳʤʠ ʧʦ-

ʪʦʢʦʤ. ʇʨʦʪʦʪʠʧ ʪʘʢʦʛʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʦʰʸʣ ʠʩ-

ʧʳʪʘʥʠʷ ʚ ʢʦʤʧʘʥʠʠ Ansaldo ʥʘ 20-ʤʝʛʘʚʘʪʪʥʦʡ ʤʦ-

ʜʝʣʠ ʥʘʪʫʨʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʭʦʪʷ ʠ ʥʝʧʦʣʥʦʡ ʚʳʩʦʪʳ. 

ɹʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ (ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ, ʚʠʙʨʘʮʠʷ) 

ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘ-

ʨʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʝʨʚʦ-

ʛʦ ʢʦʥʪʫʨʘ ʦʙʪʝʢʘʝʪ ʪʨʫʙʳ ʩʥʘʨʫʞʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

ʪʨʫʙʳ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʨʘʙʦʪʘʶʪ ʥʘ ʩʞʘʪʠʝ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 

ʧʨʠ ʢʦʨʨʦʟʠʠ ʧʦʜ ʨʘʩʪʷʛʠʚʘʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, 

ʢʦʪʦʨʦʝ ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ 70% ʚʩʝʭ ʩʣʫʯʘʝʚ 

ʨʘʟʨʫʰʝʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʥʳʭ ʪʨʫʙ. ʊʨʫʙʳ ʨʘʩʩʯʠ-

ʪʘʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʨʫʞʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ. ʂʦʤʧʘʥʠʷ Ansaldo ʨʘʟʨʘ-

ʙʦʪʘʣʘ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʥʳʭ ʪʨʫʙʦʢ. ʋʥʠʚʝʨʩʠʪʝʪʳ ɸʡʦʚʳ ʠ 

ʄʠʯʠʛʘʥʩʢʠʡ ʧʨʦʚʝʣʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʢʦʥʪʨʦʣʷ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʪʝʨʠ ʮʝʣʦʩʪ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝ-

ʥʠʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʤʝʨ ʚʦ ʚʨʝʤʷ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. ʇʝʨʚʳʤ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʘʢʫʩʪʠ-

ʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʧʦʩʦʙʥʳʡ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ (ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ ʢʦʨʨʦ-

ʟʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠ ʦʪʣʦʞʝʥʠʷʭ), ʧʨʝʜʫʧʨʝʞʜʘʷ 

ʦʧʝʨʘʪʦʨʦʚ ʦ ʚʦʟʤʦʞʥʳʭ ʨʘʟʨʫʰʝʥʠʷʭ.  

ʝ) ɻʣʘʚʥʳʝ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʥʘʩʦʩʳ. 

¶ ɻʣʘʚʥʳʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ ʨʝʘʢʪʦʨʘ 

ɺɹʕʈ-300 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʥʘʩʦʩʘ ʠ ʛʝʨʤʝʪʠʯʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʪʨʝʭʬʘʟʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʩʫʭʦʡ ʦʙʤʦʪʢʦʡ, 

ʦʪʜʝʣʝʥʥʦʡ ʦʪ ʚʦʜʷʥʦʡ ʧʦʣʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʦʡ ʧʝʨʝ-

ʛʦʨʦʜʢʦʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʝʜʠʥʦʤ ʙʣʦʢʝ. 

¶ ɺ ʧʨʦʝʢʪʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ IRIS ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʙʝʟʩʘʣʴʥʠʢʦʚʳʝ ʛʣʘʚʥʳʝ ʮʠʨʢʫʣʷʮʠʦʥ-

ʥʳʝ ʥʘʩʦʩʳ, ʪʨʝʙʫʶʱʠʝ ʚʳʩʦʢʠʭ ʨʘʩʭʦʜʦʚ ʠ ʥʝ-

ʙʦʣʴʰʦʛʦ ʥʘʧʦʨʘ [6]. ɼʚʠʛʘʪʝʣʴ ʠ ʥʘʩʦʩ ʩʦʩʪʦʷʪ ʠʟ 

ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʦʚ, ʛʜʝ ʚʥʝʰʥʷʷ 

ʦʙʝʯʘʡʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʦʜʚʠʞʥʳʡ ʩʪʘʪʦʨ, 

ʘ ʚʥʫʪʨʝʥʥʷʷ ï ʨʦʪʦʨ ʩ ʣʦʧʘʩʪʷʤʠ ʚʳʩʦʢʦʡ ʙʳʩʪʨʦ-

ʭʦʜʥʦʩʪʠ. ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪ-

ʚʦʚʘʥʠʝʤ ʦʙʳʯʥʳʭ ʛʣʘʚʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦ-

ʩʦʚ (ɻʎʅ) ʜʣʷ ʨʝʘʢʪʦʨʦʚ PWR. ʇʦʤʠʤʦ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʟʘ ʩʯʸʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʛʝʦʤʝʪʨʠʷ ʥʘʩʦʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦ-

ʢʠʡ ʠʥʝʨʮʠʦʥʥʳʡ ʚʳʙʝʛ, ʯʪʦ ʩʤʷʛʯʘʝʪ ʧʦʩʣʝʜʩʪʚʠʷ 

ʘʚʘʨʠʡ ʧʨʠ ʧʦʪʝʨʝ ʨʘʩʭʦʜʘ. ʀʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʚʠʚʘʝ-

ʤʦʛʦ ʥʘʧʦʨʘ ʵʪʠ ʥʘʩʦʩʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʷʜʝʨ-

ʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ʇʨʠʥʷʪʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚ-

ʢʘ ʠ ʥʠʟʢʠʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʪʨʘʢʪʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘʩʦʩʦʚ ʵʪʦʛʦ ʪʠʧʘ. 

ʉʠʩʪʝʤʳ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʨʠʥʮʠʧʘʤ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʧʘʩʩʠʚʥʳʭ 

ʩʨʝʜʩʪʚ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ 

ɺ ʦʙʦʠʭ ʧʨʦʝʢʪʘʭ ʨʝʘʢʪʦʨʦʚ ʠ ɺɹʕʈ-300, ʠ IRIS 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ, ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʝ ʩʠʩʪʝʤʳ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ ʚ ʚʠʜʝ ʪʚʝʨʜʦʪʝʣʴ-

ʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʩʪʝʨʞʥʝʡ ʠ ʨʘʩʪʚʦʨʘ ʙʦʨʥʦʡ ʢʠ-

ʩʣʦʪʳ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ï ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

ʧʦʛʣʦʱʘʶʱʠʝ ʩʪʝʨʞʥʠ ʙʫʜʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴʩʷ ʧʘʩ-

ʩʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʦʧʫʩʢʘʪʴʩʷ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ (ʪʘʢʞʝ ʧʘʩʩʠʚʥʳʤ ʩʧʦʩʦʙʦʤ). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʨʦʝʢʪ 

ʨʝʘʢʪʦʨʘ IRIS. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʷʚʣʷʝʪʩʷ 

ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʦʚ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʥʘʜ ʘʢʪʠʚʥʦʡ ʟʦʥʦʡ. 

ʊʘʢʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʨʠʚʦʜʦʚ ʠʩʢʣʶʯʘʝʪ ʠʭ ʚʝʨʭʥʝʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʯʝʨʝʟ ʢʦʨʧʫʩ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩ-

ʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʘʨʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʢʦʥʪʨʦ-

ʣʠʨʫʝʤʦʛʦ ʘʚʘʨʠʡʥʦʛʦ ʚʳʙʨʦʩʘ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʩʪʝʨʞʥʷ ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʘʚʘʨʠʷ ʢʣʘʩʩʘ 4). 
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ɸʚʘʨʠʡʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ʅʘʣʠʯʠʝ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʭʣʘʞʜʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤ ʘʚʘʨʠʡʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʠ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ: 

1) ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʢʨʳʪʠʷ ʚʦʜʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ 

2) ʘʜʝʢʚʘʪʥʳʡ ʦʪʚʦʜ ʪʝʧʣʘ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʢʦʧ-

ʣʝʥʥʦʛʦ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʝʘʢʪʦ-

ʨʘ, ʘ ʟʘʪʝʤ ʜʣʠʪʝʣʴʥʳʡ ʦʪʚʦʜ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʦʚʳ-

ʜʝʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʨʘʩʧʘʜʦʤ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ.  

¶ ɺ ʧʨʦʝʢʪʝ ʨʝʘʢʪʦʨʘ ɺɹʕʈ ʧʦʢʨʳʪʠʝ ʘʢʪʠʚʥʦʡ 
ʟʦʥʳ ʚʦʜʦʡ ʠ ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʧʘʩʩʠʚʥʦʡ ʠʥʞʝʢʮʠʝʡ ʨʘʩʪʚʦʨʘ ʙʦʨʘ ʠʟ 

ʙʦʣʴʰʠʭ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʘ ʪʘʢ-

ʞʝ ʘʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʵʣʝʢʪʨʦʥʘʩʦʩʘʤʠ): ʨʝʮʠʨ-

ʢʫʣʷʮʠʝʡ ʚʦʜʳ, ʚʳʪʝʢʰʝʡ ʠʟ I ʢʦʥʪʫʨʘ, ʠ ʧʦʜʧʠʪʢʦʡ 

ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʚʦʜʦʡ ʠʟ ʩʠʩʪʝʤʳ ʧʦʜʧʠʪʢʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʘʚʘʨʠʡʥʦ-

ʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚ ʧʨʦʝʢʪʝ ʨʝʘʢʪʦʨʘ 

ɺɹʕʈ-300 ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʧʦʜ ʫʨʦʚʥʝʤ ʚʦʜʳ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦ-

ʵʪʦʤʫ ʜʦ ʠʩʪʝʯʝʥʠʷ ʵʪʦʛʦ ʩʨʦʢʘ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʝʡ-

ʩʪʚʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ: ʨʝʮʠʨ-

ʢʫʣʷʮʠʠ ʚʳʪʝʢʰʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʧʦʜʧʠʪʢʘ ʚʦʜʳ 

ʚ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ.  

ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʚ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʚʳ-

ʩʦʢʠʝ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʠʟ-

ʙʳʪʦʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ 

ʢʘʥʘʣʦʚ), ʯʪʦ ʜʚʫʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ 

ʩʠʩʪʝʤʝ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʪʝʢʰʝʡ ʚʦʜʳ. ʆʜʥʘʢʦ, ʢʘʢ 

ʫʪʚʝʨʞʜʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦʝʢʪʘ ɺɹʕʈ-300, ʚʳʩʦ-

ʢʘʷ ʩʪʝʧʝʥʴ ʩʘʤʦʟʘʱʠʱʝʥʥʦʩʪʠ (ʦʪʩʫʪʩʪʚʠʝ ʙʦʣʴ-

ʰʠʭ ʪʝʯʝʡ, ʩʘʤʦʦʛʨʘʥʠʯʝʥʠʝ ʠ ʩʘʤʦʛʣʫʰʝʥʠʝ ʟʘ 

ʩʯʝʪ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʪʝʧʣʦʦʪʚʦʜʥʳʭ ʠ ʨʝʘʢʪʠʚʥʦ-

ʩʪʥʳʭ çʘʚʘʨʠʷʭè) ʚ ʮʝʣʦʤ ʚ ʧʨʦʝʢʪʝ ɺɹʕʈ-300 ʧʦ-

ʟʚʦʣʠʣʦ ʫʧʨʦʩʪʠʪʴ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʢʨʘ-

ʪʠʪʴ ʚʜʚʦʝ ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʜʣʷ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʧʨʦʪʠʚʦʨʝ-

ʯʘʱʠʤ ʧʨʠʥʷʪʳʤ ʥʦʨʤʘʤ ʠ ʥʝʜʦʧʫʩʪʠʤʳʤ ʚ ʩʠʩʪʝ-

ʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ɸʕʉ, ʩʪʨʦʷʱʝʛʦʩʷ ʚ ʂʘ-

ʟʘʭʩʪʘʥʝ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʢʘʟʘʥʥʦʤʫ ʷʚʣʷʶʪʩʷ 

ʧʨʠʤʝʨʳ ʜʨʫʛʠʭ ʨʝʘʢʪʦʨʦʚ, ʛʜʝ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʘʢ-

ʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. 

¶ ɺ ʩʣʫʯʘʝ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ IRIS ʥʘʜʝʞʥʦʝ ʥʘ-

ʭʦʞʜʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʜ ʚʦʜʦʡ ʧʨʠ ʘʚʘʨʠʠ 

LOCA, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʬʝʨʠ-

ʯʝʩʢʠʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʥʪʘʡʥʤʝʥʪʦʤ, ʥʘʧʦʣʥʝʥ-

ʥʳʤ ʘʟʦʪʦʤ ʠʟ ʨʝʩʠʚʝʨʘ ʜʘʚʣʝʥʠʝʤ ~1 ʄʇʘ. ɼʘʚʣʝ-

ʥʠʝ ʘʟʦʪʘ ʚ ʢʦʥʪʘʡʥʤʝʥʪʝ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʪʤʝʪʢʠ 

ʚʦʜʳ ʚ ʢʦʨʧʫʩʝ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʨʦʚʥʷ ʫʨʘʚʥʦʚʝ-

ʰʠʚʘʝʪ ʩʪʦʣʙ ʚʦʜʳ ʚ ʥʸʤ, ʟʘʧʠʨʘʝʪ ʠʩʪʝʯʝʥʠʝ ʚʦ-

ʜʳ ʠʟ ʨʘʟʨʳʚʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʚʦʜʳ ʚ ʢʦʨʧʫʩʝ ʥʘ 3 ʤʝʪʨʘ ʚʳʰʝ ʫʨʦʚʥʷ ʚʝʨʭʘ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʳ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʶʙʘʷ ʠʥʞʝʢʮʠʷ (ʚʩʧʨʳʩʢʠʚʘ-

ʥʠʝ) ʚʦʜʳ ʚ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʘʢʪʠʚʥʳʤ ʠʣʠ ʧʘʩʩʠʚ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʢʣʶʯʘʝʪʩʷ. 

ʉʠʩʪʝʤʘ ʘʚʘʨʠʡʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩ 

ʧʦʤʦʱʴʶ ʘʚʘʨʠʡʥʳʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ, ʢʦʪʦʨʳʝ ʩʙʨʘʩʳʚʘʶʪ ʪʝʧʣʦ 

ʧʫʪʸʤ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʩ 

ʚʦʜʦʡ. ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘ-

ʚʠʪʘʮʠʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʜʥʫ ʦʩʦʙʝʥʥʦʩʪʴ. ʉʠʩʪʝʤʘ 

ʘʚʘʨʠʡʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʩʙʨʘʩʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ + ʢʦʥʪʘʡʥʤʝʥʪ (ʟʘʱʠʪʥʘʷ 

ʦʙʦʣʦʯʢʘ) (ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʧʨʝ-

ʚʳʰʘʝʪ ʠʩʧʘʨʝʥʠʝ ʟʘ ʩʯʸʪ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʦʚʳʜʝ-

ʣʝʥʠʷ). ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʪʝʯʴ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦ ʦʪʚʦʜʠʪʩʷ ʥʝ ʦʪ ʟʘʱʠʪ-

ʥʦʡ ʦʙʦʣʦʯʢʠ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ, 

ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʬʘʢʪʠʯʝʩʢʠ ʧʦʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʚ 

ʢʦʨʧʫʩ (ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʰʫʪʢʝ ï ʚʨʝʤʝʥʥʦʡ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʥʘʟʚʘʥʠʷ LOCA ʚ GOCA (gain-of-coolant 

accident ï ʘʚʘʨʠʷ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ). 

ɼʘʚʣʝʥʠʝ ʚ ʢʦʥʪʘʡʥʤʝʥʪʝ ʩʥʠʞʘʝʪʩʷ, ʧʦ ʤʝʨʝ ʪʦʛʦ 

ʢʘʢ ʧʘʨ ʠʟ ʢʦʥʪʘʡʥʤʝʥʪʘ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚʥʫʪʨʠ 

ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʴ ʚʦʜʳ ʠʟ 

ʙʘʨʙʦʪʘʞʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʜʨʝ-

ʥʘʞʥʳʝ (ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ) ʢʘʥʘʣʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʟʘʪʦʧʣʝʥʠʶ ʢʦʨʧʫʩʘ.  

ɸʚʘʨʠʡʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʝʛʦ 

ʥʘʜʝʞʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠ ʩʪʝʧʝʥʴ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

¶ ɺ ʨʝʘʢʪʦʨʝ ɺɹʕʈ-300 ʘʚʘʨʠʡʥʦʝ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʫʤʷ ʜʠʟʝʣʴʥʳʤʠ ʛʝʥʝ-

ʨʘʪʦʨʘʤʠ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ ʠ ʪʨʝʤʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤʠ 

ʙʘʪʘʨʝʷʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 100% ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

ʂʘʞʜʳʡ ʜʠʟʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝʤ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʳ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʪ-

ʜʝʣʴʥʦʤ ʟʜʘʥʠʠ. ʂʘʞʜʘʷ ʠʟ ʜʚʫʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ 

ʙʘʪʘʨʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʠʙʦʨʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʵʣʝ-

ʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʥʘ-

ʛʨʫʟʢʠ ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʜʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ 

ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ. ʊʨʝʪʴʷ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝ-

ʥʠʝ 24 ʯʘʩʦʚ.  

¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʚ ʨʝʘʢʪʦʨʝ 

IRIS ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʝ ʘʚʘʨʠʡʥʳʝ 

ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ  
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ʋʯy ʪ ʪʷʞʝʣʦʡ ʘʚʘʨʠʠ, ʧʨʠʚʦʜʷʱʝʡ 

ʢ ʧʣʘʚʣʝʥʠʶ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

4-ʛʦ ʫʨʦʚʥʷ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ, ʤʝʨʳ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʪʷʞʝʣʦʡ ʘʚʘʨʠʠ; 

ʫʧʨʘʚʣʝʥʠʝ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ 

¶ ɺ ʧʨʦʝʢʪʝ ɺɹʕʈ-300 ʧʨʠ ʪʷʞʸʣʦʡ ʘʚʘʨʠʠ ʩ 

ʧʣʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʨʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʶ 

ʨʘʩʧʣʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʠ ʫʧʨʘʚʣʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ.  

¶ ɺ ʧʨʦʝʢʪʝ IRIS ʪʷʞʸʣʘʷ ʘʚʘʨʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʣʘʚʣʝʥʠʶ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠʩʢʣʶʯʝ-

ʥʳ. ʊʦ ʝʩʪʴ ʘʚʘʨʠʠ ʪʠʧʘ LOCA ʠ LOFA ʙʦʣʴʰʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʠ ʫʧʨʘʚʣʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ɺɸɹ), ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ  

¶ ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ (ɺɸɹ) ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɺɹʕʈ-

300 ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ 

ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ 

ɺɺʕʈ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʣʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢ-

ʪʦʨʘ ɺɹʕʈ-300, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝ-

ʜʝʣʘʭ 10
-6
 ï 10

-5
 1/ʛʦʜ. 

¶ ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ɺʝʨʦʷʪʥʦʩʪʥʦʡ ʆʮʝʥʢʠ ʈʠʩʢʘ 

PRA (Probabilistic risk assessment) ʯʘʩʪʦʪʘ (ʚʝʨʦʷʪ-

ʥʦʩʪʴ) ʧʦʚʨʝʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ CDF (Core 

Damage Frequency) ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʠʭ ʩʦʙʳʪʠʡ 

ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 1.2Ĭ10
-8 1
/ʛʦʜ. ʕʪʘ ʯʘʩʪʦʪʘ ʧʨʠʤʝʨʥʦ 

ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʥʠʞʝ ʯʘʩʪʦʪʳ, ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʪʨʝʙʦ-

ʚʘʥʠʷʤʠ ʄɸɻɸʊʕ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠ ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ 

ʥʠʞʝ, ʯʝʤ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʚʥʦʚʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʝʢʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦ-

ʨʦʚ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʝʢʪʝ ʪʷʞʸʣʘʷ ʘʚʘʨʠʷ ʠʩʢʣʶʯʘʝʪʩʷ 

ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʤʝʨ ʧʦ ʫʤʝʥʴʰʝʥʠʶ 

ʝʸ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʫʧʨʘʚʣʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ.  

ɸʧʨʦʙʠʨʦʚʘʥʥʦʩʪʴ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʧʨʠʥʮʠʧʦʚ, ʵʣʝʤʝʥʪʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ) ʚ ʰʪʘʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʞʥʠʤ 

ʦʧʳʪʦʤ ʠʣʠ ʠʩʧʳʪʘʥʠʷʤʠ 

ɼʣʷ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300 ʙʣʦʯʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʦʩ-

ʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʨʝʘʢʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʚʟ̫-

ʪʳʤ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʩʫʜʦʚʳʭ ʙʣʦʯʥʳʭ ʨʝʘʢʪʦʨʦʚ, 

ʠʤʝʶʱʠʭ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦ-

ʢʘʟʘʚʰʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ. ʇʨʦʝʢʪ ɺɹʕʈ-300 ʷʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʦʥʥʳʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʜʦʚʳʤ ʙʣʦʯʥʳʤ ʨʝʘʢʪʦʨʥʳʤ ʫʩʪʘ-

ʥʦʚʢʘʤ, ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʜʦ 850 ʄɺʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʦʙʣʠʢʘ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʥʦʚ-

ʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʝʘʢʪʦʨʥʦʤʫ ʙʣʦ-

ʢʫ. ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ 

ɺɺʕʈ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ɸʕʉ ʠ ʩʫʜʦʚʳʭ ʗʕʋ. 

ɺ ʦʩʥʦʚʫ ʢʦʥʮʝʧʮʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ɺɹʕʈ ʧʦʣʦ-

ʞʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ, ʦʪʨʘʙʦʪʘʥʥʳʭ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ɺɺʕʈ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʆʂɹʄ ʊɺʉ ʪʠʧʘ ʊɺʉɸ. ʕʢʩʧʣʫʘʪʘ-

ʮʠʷ ʪʘʢʠʭ ʊɺʉ ʚ ɺɺʕʈ-1000 ʧʦʜʪʚʝʨʜʠʣʘ ʠʭ ʚʳʩʦ-

ʢʫʶ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʶ. 

ɺ ʨʝʘʢʪʦʨʝ IRIS ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪ-

ʚʦ, ʯʝʤ ʚ ɺɹʕʈ-300, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ, ʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʪʘʡʤʝʥʪ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʥʘʧʦʣʥʝʥʥʳʡ ʘʟʦʪʦʤ ʜʦ ʜʘʚʣʝʥʠʷ 1 ʄʇʘ, 

ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʡ ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢ-

ʪʦʨʘ ʚʳʰʝ ʚʝʨʭʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠ ʤʘʣʦʤ ʠ ʩʨʝʜ-

ʥʝʤ ʨʘʟʨʳʚʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʜʨ. 

ʆʜʥʘʢʦ, ʫʯʘʩʪʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʫʯʥʳʭ 

ʮʝʥʪʨʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʥʠʚʝʨʩʠ-

ʪʝʪʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ (20 ʫʯʨʝʞʜʝʥʠʡ ʠʟ 10 ʩʪʨʘʥ, 

ʚʢʣʶʯʘʷ ʉʐɸ, ʗʧʦʥʠʶ, ʈʦʩʩʠʶ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʶ, 

ʀʪʘʣʠʶ, ʀʩʧʘʥʠʶ ʠ ʩʪʨʘʥʳ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ), 

ʚʟʷʚʰʠʭ ʥʘ ʩʝʙʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʧʦ-

ʟʚʦʣʠʣʠ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠʥʷ-

ʪʳʭ ʚ ʧʨʦʝʢʪʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤ-

ʧʘʥʠʝʡ Westinghouse ʠ ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʚ ʧʨʦʝʢʪʘʭ 

ʜʨʫʛʠʭ ʨʝʘʢʪʦʨʦʚ ʵʪʦʡ ʢʦʤʧʘʥʠʠ, ʪʘʢʞʝ ʨʝʰʝʥʠʷ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʚ ʨʘʟʨʘʙʦʪʢʘʭ ʨʝʘʢʪʦʨʦʚ 

ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ.  

ʄʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʷʪʠʷ 

ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʮʠʠ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ 

ʅʝʢʦʪʦʨʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʜʣʷ 

ɺɹʕʈ, ʪʘʢ ʠ ʜʣʷ IRIS ʧʨʠʚʦʜʷʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʨʘʟ-

ʨʘʙʦʪʯʠʢʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝ-

ʣʠ ʜʣʷ ɺɹʕʈ ʩʦʩʪʘʚʣʝʥʳ ʠʩʭʦʜʷ ʠʟ ʨʳʥʦʯʥʳʭ ʫʩʣʦ-

ʚʠʡ ʈʦʩʩʠʠ, ʘ ʜʣʷ IRIS - ʠʟ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʡ ʉʐɸ. 

ʇʦʵʪʦʤʫ ʠʭ ʪʷʞʝʣʦ ʩʨʘʚʥʠʚʘʪʴ. 

ɼʣʷ ɸʊʕʎ ʩ ʈʋ ɺɹʕʈ-300 

ʉʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʣʥ. $ ................ - 639,5 

ʋʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ, $/ʢɺʪ(ʵ) - 1084 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʦʤ ʨʝ-

ʞʠʤʝ: 

ï ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʮʝʥʪ/ʢɺʪĀʯ  .. - 1,4 

ï ʪʝʧʣʘ, $/ɻʢʘʣ  .......................... - 5,0 

ɼʣʷ ɸʕʉ ʩ ʈʋ IRIS 

ʋʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʜʠʥ ʙʣʦʢ 

$/ʢɺʪ(ʵ) - 1000 ï 1200 
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ɺʓɺʆɼʓ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʚʝ-

ʜʸʥʥʦʛʦ ʚʳʰʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚ-
ʥr ʝ ʚʳʚʦʜʳ: 

1. ʇʨʦʝʢʪ ʨʝʘʢʪʦʨʘ IRIS ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʠʥʥʦʚʘʮʠ-
ʦʥʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝ-
ʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʝʤ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ 
ɺɹʕʈ-300. ʇʦʜʭʦʜ ñʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʥʘʷ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʝʤò, ʧʨʠʤʝʥʝʥʥʳʡ ʚ ʧʨʦʝʢʪʝ ʨʝʘʢʪʦʨʘ 
IRIS, ʜʘʣ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʳʣ ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤ-
ʧʦʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʠ ʦʙʝʩʧʝʯʝ-
ʥʠʝ ʥʘʜʝʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚʦʜʦʡ ʧʨʠ 
ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ 
ʩʬʝʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʡʥʤʝʥʪʘ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ 25 ʤ, 
ʥʘʧʦʣʥʝʥʥʦʛʦ ʘʟʦʪʦʤ ʧʨʠ ʜʘʚʣʝʥʠʠ 1ʄʇʘ ʠʟ ʨʝʩʠʚʝ-
ʨʘ. ʕʪʦ ʜʘʚʣʝʥʠʝ ʩʧʦʩʦʙʥʦ ʫʨʘʚʥʦʚʝʩʠʪʴ ʜʘʚʣʝʥʠʝ 
ʚʦʜʳ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ ʥʘ ʫʨʦʚʥʝ 3ʤ ʚʳʰʝ ʫʨʦʚʥʷ 
ʚʝʨʭʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ 
ʠ ʩʦʭʨʘʥʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠ ʦʙʝʩʧʝ-
ʯʝʥʠʠ ʥʘʜʸʞʥʦʛʦ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʠʟ ʢʦʨʧʫ-
ʩʘ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʩʩʠʚʥʳʭ ʘʚʘʨʠʡʥʳʭ ʧʘʨʦʛʝʥʝʨʘʪʦ-
ʨʦʚ. ʕʪʠ ʧʨʦʝʢʪʥʳʝ ʤʝʨʳ ʚ IRIS ʧʦʟʚʦʣʠʣʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʷʞʸʣʦʡ ʟʘʧʨʦ-
ʝʢʪʥʦʡ ʘʚʘʨʠʠ.  
ʏʘʩʪʦʪʘ (ʚʝʨʦʷʪʥʦʩʪʴ) ʧʦʚʨʝʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦ-

ʥr  CDF (Core Damage Frequency) ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʨʦʝʢʪʝ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300 ʥʝ 
ʠʩʢʣʶʯʘʶʪʩʷ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʪʷʞʸʣʘʷ ʘʚʘʨʠʷ ʩ ʧʣʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ 
ʟʦʥʳ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʨʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞ-
ʜʝʥʠʶ ʨʘʩʧʣʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝ-
ʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʫʧʨʘʚʣʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ.  

2. ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʢʪʠʚʥʳʭ ʟʦʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʝʢ-
ʪʘ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʧʣʠʚʥʳʡ 
ʮʠʢʣ c ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ ʤʝʞʜʫ ʧʝʨʝʛʨʫʟ-
ʢʘʤʠ ʦʪ 1-ʛʦ ʜʦ 2-ʭ ʣʝʪ, ʚ ʧʨʦʝʢʪʝ ʨʝʘʢʪʦʨʘ IRIS ʤʦ-
ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 
4,95% ʧʦ U-235 ʩ 4-ʭ ʛʦʜʠʯʥʦʡ ʢʦʤʧʘʥʠʝʡ. ʕʪʦ ʚʳ-
ʛʦʜʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ ʥʝʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (ʂʀʋʄ). ʆʜʥʘʢʦ, ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘ-
ʥʠʷ ʙʦʣʝʝ ʚʳʛʦʜʥʘ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʩ 2-ʤʷ ʟʘʛʨʫʟʢʘʤʠ ʩ 
ʢʘʤʧʘʥʠʝʡ ʙʦʣʝʝ 3-ʭ ʣʝʪ, ʩ ʛʣʫʙʠʥʦʡ ʚʳʛʦʨʘʥʠʷ 
62 ɻɺʪ.ʩʫʪ./ʪU, ʢʦʪʦʨʘʷ ʧʨʠʥʷʪʘ ʜʣʷ IRIS ʥʘ ʩʝʛʦ-
ʜʥʷʰʥʠʡ ʜʝʥʴ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʩʣʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʦʙʝʩʧʝʯʝʥʠʷ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ 80 ɻɺʪ.ʩʫʪ./ʪU ʠ 
ʧʦʣʫʯʝʥʠʷ ʣʠʮʝʥʟʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ 10% 
ʦʙʦʛʘʱʝʥʠʝ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢ-
ʣʘ 8-10 ʣʝʪ, ʯʪʦ ʚʳʛʦʜʥʦ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ: ʦʙʝʩʧʝʯʝʥʠʷ 
ʨʝʞʠʤʘ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʜʦʩʪʠʞʝʥʠʷ ʂʀʋʄ 
ʙʦʣʴʰʝ 0,95 ʠ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʩʪʘʥʮʠʠ. 

3. ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʧʨʦʙʠʨʦʚʘʥʥʦʩʪʠ ʩʠʩʪʝʤ ʠ 
ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʧʨʠʥʮʠʧʦʚ, ʵʣʝʤʝʥʪʦʚ, ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ) ʚ ʰʪʘʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʞʥʠʤ 
ʦʧʳʪʦʤ ʠʣʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʪʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʚʦʟ-
ʤʦʞʥʦ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ɺɹʕʈ ʚʳʛʣʷʜʠʪ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʝʝ, ʯʝʤ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ IRIS. ɺ ʨʝʘʢʪʦʨʝ IRIS 
ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʯʝʤ ʚ ɺɹʕʈ-300, 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʥʦʚʦʛʦ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʠʥʪʝ-
ʛʨʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢ-
ʪʦʨʘ, ʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʪʘʡʤʝʥʪ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, 
ʥʘʧʦʣʥʝʥʥʳʡ ʘʟʦʪʦʤ ʜʦ ʜʘʚʣʝʥʠʷ 1 ʄʇʘ ʠ ʜʨ. ʉʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ ʨʝʘʢʪʦʨ IRIS ʚ ʦʩʥʦʚ-
ʥʦʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʚʝʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʣʝʛʢʦ-
ʚʦʜʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 
ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʩʪʨʘʥ ʫʯʘʩʪʥʠʮ ʧʨʦʝʢʪʘ ʚʳʧʦʣʥʝʥ 
ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʸʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʦʧʳʪ-
ʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʢʦ-
ʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʟʜʘʥʥʳʭ 
ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʦʢ. 

4. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʚʝʜʸʥʥʳʝ ʘʚʪʦʨʘʤʠ ʧʨʦʝʢʪʦʚ 
ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 
ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ IRIS, ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ɺɹʕʈ-300, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʧʨʦ-
ʱʸʥʥʳʤ, ʚ ʥʸʤ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʝ ʘʚʘ-
ʨʠʡʥʳʝ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ IRIS ʠʩʢʣʶʯʝʥʳ 
ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʨʝʘʣʠʟʘʮʠʝʡ ʤʝʨ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʶ 
ʨʘʩʧʣʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʣʝʜʩʪ-
ʚʠʡ ʠ ʫʧʨʘʚʣʝʥʠʶ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ. ɺʩʸ ʵʪʦ ʜʦʣʞʥʦ 
ʦʙʝʩʧʝʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʥʠʞʝʥʠʝ ʩʪʦʠ-
ʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ ʩ ʨʝʘʢʪʦʨʦʤ IRIS ʠ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʝʡ ʵʥʝʨʛʠʠ. 
ʄʦʞʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ɺɹʕʈ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʤʝʥʷʝʤʳʤ ʩʠʩʪʝʤʘʤ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʝʘʢʪʦʨʘʤ III ʇʦʢʦʣʝʥʠʷ. ɺ ʪʦ 
ʞʝ ʚʨʝʤʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʣʣʝʢʪʠʚ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 
ʦʪʥʦʩʠʪ ʫʩʣʦʚʥʦ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ IRIS, ʚ ʢʦʪʦʨʦʤ 
ʨʝʘʣʠʟʫʶʪʩʷ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʨʝʘʢ-
ʪʦʨʘʤ ʇʦʢʦʣʝʥʠʷ IV ʧʦ ʫʨʦʚʥʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦ-
ʥʦʤʠʯʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʶ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ 
ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʷʱʠʭ-
ʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʢ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʝʢʪʘʤ ʨʝʘʢʪʦ-
ʨʦʚ IV ʇʦʢʦʣʝʥʠʷ. 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, IRIS ʚʢʣʶʯʝʥ ʚ ʯʠʩʣʦ ʪʨʸʭ ʧʨʦ-

ʝʢʪʦʚ ʨʝʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʝʢʪʳ ʨʝʘʢʪʦʨʘ 
ɸʈ-1000 ʠ ʤʦʜʫʣʴʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ PBMR 
ʩ ʟʘʩʳʧʢʦʡ ʰʘʨʦʚʳʤʠ ʪʚʵʣʘʤʠ ʢʦʤʧʘʥʠʠ ESKOM, 
ʖʞʥʘʷ ɸʬʨʠʢʘ (Westinghouse ʷʚʣʷʝʪʩʷ ʘʢʮʠʦʥʝʨʦʤ 
ʢʦʤʧʘʥʠʠ), ʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʷ Westinghouse ʧʣʘʥʠ-
ʨʫʝʪ ʧʨʝʜʣʘʛʘʪʴ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, IRIS 
ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʨʝʤʷ ʵʥʝʨʛʦʢʦʤ-
ʧʘʥʠʷʤʠ ʉʐɸ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʘ ʝʱʸ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ.  
ɸʥʘʣʦʛʠʯʥʳʤʠ ʨʝʘʢʪʦʨʫ IRIS ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʜʨʫʛʠʝ ʨʝʘʢʪʦʨʳ III+ 
ʇʦʢʦʣʝʥʠʷ: SMART (ʖʞʥʘʷ ʂʦʨʝʷ), IMR (ʗʧʦʥʠʷ). 
ɺ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʩʪʴ ʚ ʨʘʟʤʝʱʝʥʠʠ 
ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʤʦʜʫʣʴʥʦʩʪʴ, ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʘʷ 
ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʥʘʜʸʞʥʦʛʦ ʙʝʩʢʦʥʝʯʥʦ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʧʦʢʨʳʪʠʷ ʘʢʪʠʚʥʦʡ 
ʟʦʥʳ ʚʦʜʦʡ, ʧʘʩʩʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʛʦ 
ʪʝʧʣʦʩʲʸʤʘ ʩ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ 
ʪʝʧʣʦʥʦʩʠʪʝʣʷ.  
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Aɿ פʋɸʊʊʓ [300 ʄɺʊ(ʕ)] ɺɹʕʈ ï 300 ɾᴄʅɽ IRIS ʈɽɸʂʊʆʈʃɸʈʓʅʓר 

 ɸɿɯʈɻɯ ʂɽɿɼɽɻɯ ɾʆɹɸʃɸʈʓʅɸ ʉɸʃʓʉʊʓʈʄɸʃʓ ʊɸʃɼɸʋפ

1)ɹʘʪʳʨʙʝʢʦʚ ɻ.ɸ., 1)ʂᴅʜʽʨʞʘʥʦʚ 2 ,.פ.פ)ɻʫʯʝʚʘ ʆ.ɸ. 

1)ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳϬ ϯʣʪʪʳϨ ʗʜʨʦʣʳϨ ʆʨʪʘʣʳϤʳ, ɸʣʤʘʪʳ  
2)ϧʈ ϯʗʆ ʗʜʨʦʣʳϨ ʬʠʟʠʢʘ ʠʥʩʪʠʪʫʪʳ, ɸʣʤʘʪʳ, ϧʘʟʘϨʩʪʘʥ 

ʆʨʪʘʣʳץʪʘʣʤʘסʘʥ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʘʫʜʘʥʜʘʨʳʥʜʘ ɸʕʉ ʩʘʣʫ װʰʽʥ ʥʝʛʽʟʛʽ ʞʦʙʘ ʨʝʪʽʥʜʝ ʘʟ ץʫʘʪʪʳ 

ɸʕʉ ~300 ʄɺʪ(ʵ) װʰʽʥ ʨʝʘʢʪʦʨ ʞʦʙʘʩʳʥ ʪʘשʜʘʫ ʪʫʨʘʣʳ ʙʘʨ ᴅʨʪװʨʣʽ ʢᴇʟץʘʨʘʩʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʈʝʩʝʡʜʽש 

ʄʘʰʠʥʘ ʞʘʩʘʫ ʆʂɹ ᴅʟʽʨʣʝʡʪʽʥ ɺɹʕʈ ï 300 ʞᴅʥʝ ɸפʐ-ʪʳש Westinghouse ʢʦʤʧʘʥʠʷʩʳʥʳש ʙʘʩʰʳʣʳסʳʥʜʘסʳ 

ᴅʨʪװʨʣʽ ʝʣʜʝʨʜʽש ʭʘʣʳץʘʨʘʣʳץ ʢʦʥʩʦʨʮʠʫʤʳ ᴅʟʽʨʣʝʡʪʽʥ IRIS ʝʢʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʘʢʪʦʨʣʘʨ ʞʦʙʘʣʘʨʳʥʘ 

ʷʜʨʦʣʳץ ʨʘʜʠʷʮʠʷʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ, ʩʝʥʽʤʜʽʣʽʛʽ ʞᴅʥʝ װʥʝʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ʂᴇʧʪʝʛʝʥ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ IRIS ʨʝʘʢʪʦʨʳʥʳש ʞʦʙʘʩʳ ɺɹʕʈ ï 300 ʨʝʘʢʪʦʨʳʥʳש 

ʞʦʙʘʩʳʥʘ ץʘʨʘסʘʥʜʘ ײʪʳʤʜʳ ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

PEER ANALYSIS OF THE  MODERN DESIGNS OF REACTORS  

OF LOW POWER [300 MWE] ɺɹʕʈ-300 AND IRIS 

1)G.A. Batyrbekov, 1)K.K. K adyrzhanov, 2)U.M. Makhanov 

1)National nuclear center of Republic of Kazakhstan, Almaty  
2)Institute of Nuclear Physics of NNC RK, Almaty, Kazakhstan 

In connection with different opinions, having a place, on a choice of the project of a reactor for NPP of low power 

~300 MWe as a baseline design for building NPP in areas decentralized of delivery of energy the peer analysis of the 

designs of two power reactors ɺɹʕʈ-300, developed OKɹM of Russia and IRIS, developed by the international 

consortium of the different countries headed by the company Westinghouse, USA is held from the point of view of 

kernel radiative and ecological safety, reliability and profitability. Is rotined, that the design of a reactor IRIS has 

advantages on many basic indexs above the design of a reactor ɺɹʕʈ-300. 
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ʊɽʇʃʆʄɸʉʉʆʆɹʄɽʅ ʇʈʀ ʌɸɿʆɺʓʍ ʇʈɽɺʈɸʑɽʅʀʗʍ  

ɾʦʪʘʙʘʝʚ ɾ.ʈ., ɺʘʩʠʣʴʝʚ ʖ.ʉ., ɿʚʝʨʝʚ ɺ.ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʂʫʨʯʘʪʦʚ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʱʥʦʝ 

ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ, ʪʝʧʣʦʦʙʤʝʥʘ ʞʠʜʢʦʩʪʠ ʩʦ ʩʪʝʥʢʦʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʷ ʧʦʪʦʢʘ ʚ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʦʧʨʝʜʝʣʷʪʴ 

ʣʦʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ 

ʦʮʝʥʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩʳ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʞʠʜʢʦʩʪʝʡ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʤʦʜʝʣʴʶ ʤʥʦʛʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ, ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʭʦʜʘ.  

ɺɺɽɼɽʅʀɽ  

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ - ʚʘʞʥʘʷ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ. ʆʩ-

ʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ ʢʠʧʝʥʠʝ ʠ ʢʦʥʜʝʥʩʘʮʠʷ, ʧʦ-

ʩʢʦʣʴʢʫ ʵʪʠ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʳʩʦʢʦʵʬ-

ʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ. ʂʠʧʝʥʠʝ ʠ ʢʦʥʜʝʥʩʘʮʠʷ 

- ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʥʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘ-

ʣʠʩʴ ʨʘʥʝʝ, ʥʦ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. 

ʀʥʪʝʨʝʩ ʢ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩʚʷʟʘʥ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʷ ʧʦʪʦ-

ʢʘ ʚ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʦʧʨʝʜʝʣʷʪʴ ʣʦʢʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʦʮʝʥʦʢ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʝʨʝʜʘ-

ʯʠ, ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ 

ʪʚʝʨʜʦʡ ʩʪʝʥʢʦʡ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʤʧ ʧʝʨʝ-

ʜʘʯʠ ʪʝʧʣʘ ʦʪ ʩʪʝʥʢʠ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʤʫ ʧʦʪʦʢʫ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪ-

ʥʦʰʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʦʧ-

ʨʝʜʝʣʝʥʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʦ ʜʣʷ ʪʝʢʫʯʝʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʠ ʩʦʩʪʘʚʘ 

(ʞʠʜʢʦʩʪʠ, ʛʘʟʳ, ʤʝʪʘʣʣʳ, ʠ ʪ.ʜ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʙʘʟʠʨʫʶ-

ʱʠʭʩʷ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʜʚʠ-

ʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ 

ʚ ʞʠʜʢʦʩʪʠ, ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ ʪʚʝʨʜʦʡ ʩʪʝʥʢʦʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, 

ʜʠʥʘʤʠʢʫ ʪʦʨʤʦʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʩʪʝʥʢʠ, ʧʝ-

ʨʝʜʘʯʫ ʣʦʢʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʨʠʩʪʝʥʥʳʭ ʩʣʦʝʚ 

ʞʠʜʢʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʫ, ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʝʧʣʦʦʪʜʘʯʠ, ʪʝʤ ʩʘʤʳʤ, ʠʟʙʝʞʘʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠ ʢʦʨʨʝʣʷʮʠʡ.  

ʆʜʥʘʢʦ, ʢʘʢ ʠ ʨʘʥʝʝ, ʨʘʩʯʝʪʳ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪ-

ʚʘ, ʩʦʧʨʷʞʝʥʳ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʩʘʤʦʡ ʚʘʞʥʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʆʪʜʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʵʪʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʠʟʫʯʝʥʳ ʥʝ ʜʦ ʢʦʥʮʘ, ʚ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʪʦʢʦʚ ʩʫʱʝʩʪ-

ʚʫʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʝʧʣʦ- 

ʠ ʤʘʩʩʦʦʙʤʝʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʚʩʝ-ʪʘʢʠ ʧʨʠ-

ʭʦʜʠʪʩʷ ʦʧʠʩʳʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʥʦʛʦʬʘʟʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠ-

ʩʘʪʴ ʧʨʦʮʝʩʩʳ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʞʠʜʢʦʩʪʠ.  

ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʄʅʆɻʆʌɸɿʅʓʍ 

ʇʆʊʆʂʆɺ 

ʆʧʠʩʘʥʠʝ ʤʥʦʛʦʬʘʟʥʳʭ ʧʦʪʦʢʦʚ ʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʧʦʜʚʠʞʥʳʭ 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ çʕʡʣʝʨ-ʕʡʣʝʨè, ʢʦʛʜʘ ʚʩʝ 

ʬʨʘʢʮʠʠ ʤʥʦʛʦʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ (ʥʘʙʦʨʘ ʫʨʘʚ-

ʥʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʜʚʠʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ, ʦʧʠʩʳ-

ʚʘʶʱʠʭ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ), ʠ çʕʡʣʝʨ-ʃʘʛʨʘʥʞè, ʢʦ-

ʛʜʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʬʨʘʢʮʠʡ ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʯʘʩʪʠʮ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ [1].  

ʇʦʜʭʦʜ çʕʡʣʝʨ-ʃʘʛʨʘʥʞè ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝ-

ʥʠʡ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʘ, 

ʯʪʦ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ; ʵʪʦʪ ʧʦʜʭʦʜ 

ʧʨʠʤʝʥʠʤ ʢ ʩʠʩʪʝʤʘʤ, ʢʦʛʜʘ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ ʚ 

ʧʦʪʦʢʝ ʥʝʚʝʣʠʢʘ. ʇʦʜʭʦʜ çʕʡʣʝʨ-ʕʡʣʝʨè ʣʠʰʝʥ 

ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ: ʢʘʞʜʘʷ ʠʟ ʬʘʟ ʧʦʪʦʢʘ ʥʝʧʨʝʨʳʚ-
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ʥʘ, ʧʦʚʝʜʝʥʠʝ ʣʶʙʦʡ ʠʟ ʬʘʟ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʧʝʨʝʥʦʩʘ. ʇʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ ʦʭʚʘʪʳʚʘʝʪ ʙʦ-

ʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, ʧʦʵʪʦʤʫ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʠ-

ʢʠ, ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʜʭʦʜʝ çʕʡʣʝʨ-ʕʡʣʝʨè.  

ʊʘʢ ʢʘʢ ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʘʟʦʡ, 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʥʷʪ ʜʨʫʛʠʤʠ ʬʘʟʘʤʠ, ʚ ʧʦʜʭʦʜʝ 

çʕʡʣʝʨ-ʕʡʣʝʨè ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʬʘʟʥʦʡ ʦʙʲʝʤʥʦʡ 

ʜʦʣʠ, ʢʦʪʦʨʫʶ ʜʣʷ ʬʘʟʳ i ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ, ʢʘʢ Ŭi. 

ʕʪʠ ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʬʫʥʢ-

ʮʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʠʭ ʩʫʤʤʘ ʚ ʢʘʞʜʦʡ 

ʠʟ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʚʥʘ ʝʜʠʥʠʮʝ.  

ʄʥʦʛʦʬʘʟʥʳʡ ʧʦʪʦʢ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʨʘʟʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʥʳʤ 

ʨʘʟʣʠʯʠʝʤ ʚ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʚʥʝ-

ʥʠʡ ʧʝʨʝʥʦʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʪ-

ʜʝʣʴʥʦʡ ʬʘʟʳ ʧʦʪʦʢʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʤʥʦʛʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʛʨʫʧʧʳ [2]: 

¶ ʤʦʜʝʣʠ çMixtureè, ʛʜʝ ʧʦʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠ-

ʜʝ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʘʷ ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʦʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, 

ʦʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʦʜ-

ʥʠʤ ʫʨʘʚʥʝʥʠʝʤ ʵʥʝʨʛʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʬʨʘʢʮʠʡ ʞʠʜʢʦʩʪʝʡ ʚ ʧʦʪʦʢʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ; 

¶ ʤʦʜʝʣʠ çVolume Of Fluidè (VOF), ʢʦʪʦʨʳʝ 
ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʧʦʪʦʢ ʥʝʩʤʝʰʠʚʘʶ-

ʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, ʦʪʩʣʝʞʠʚʘʪʴ ʛʨʘʥʠʮʳ ʨʘʟ-

ʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ. ɺʩʝ ʞʠʜʢʦʩʪʠ ʚ ʵʪʦʡ ʤʦʜʝ-

ʣʠ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʦʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ 

ʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ ʢʘʞʜʘʷ ʠʟ ʬʨʘʢʮʠʡ ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʩʚʦʠʤ ʫʨʘʚʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ; 

¶ ʤʦʜʝʣʠ ʕʡʣʝʨʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʪʦʢ ʥʝʩʤʝʰʠ-

ʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, ʛʜʝ ʢʘʞʜʦʡ ʠʟ ʬʨʘʢʮʠʡ 

ʞʠʜʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʠ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟ-

ʨʳʚʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤʠ ʠ 

ʪʦʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʕʡʣʝʨʘ, ʦʜʥʘʢʦ, ʨʝʩʫʨʩʦ-

ʝʤʢʦʩʪʴ ʵʪʠʭ ʤʦʜʝʣʝʡ ʦʯʝʥʴ ʚʝʣʠʢʘ: ʚ ʙʦʣʴʰʠʥʩʪʚʝ, 

ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʳ 

ʥʘ ʕɺʄ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʦʧʝ-

ʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ, ʙʦʣʴʰʠʝ ʢʣʘ-

ʩʪʝʨʳ). ʈʝʩʫʨʩʦʝʤʢʦʩʪʴ ʤʦʜʝʣʝʡ çMixtureè ʤʠʥʠ-

ʤʘʣʴʥʘ, ʥʦ ʵʪʠ ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʩʤʝʩʝʡ, ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ ʨʘʟʤʳʪʳ, ʯʪʦ ʧʦʜʨʘ-

ʟʫʤʝʚʘʝʪ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʠ ʠʩʧʘʨʝʥʥʦʡ ʞʠʜ-

ʢʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʅʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ 

VOF, ʢʦʪʦʨʳʝ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʧʦ-

ʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ 

ʜʠʥʘʤʠʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʪʦʢʘ, ʬʨʘʢʮʠʠ 

ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʪʝʧʣʦ-

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.  

ʋʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʜʣʷ ʬʨʘʢ-

ʮʠʠ i ʤʥʦʛʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 
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- ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʘʢʮʠʠ i; ɟi ï ʧʣʦʪʥʦʩʪʴ 

ʬʨʘʢʮʠʠ; Ei ï ʵʥʝʨʛʠʷ ʬʨʘʢʮʠʠ; p ï ʜʘʚʣʝʥʠʝ ʚ ʧʦʪʦ-

ʢʝ; ki ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʬʨʘʢʮʠʠ; Ti 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʬʨʘʢʮʠʠ; Si ï ʠʩʪʦʯʥʠʢ ʤʘʩʩʳ; qi ï 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʢʠ-

ʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʤʥʦʛʦʬʘʟʥʦʤ ʧʦʪʦʢʝ ʷʚʣʷʝʪ-

ʩʷ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʦʙʤʝʥ ʤʘʩʩʦʡ ʠ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʬʨʘʢʮʠʷʤʠ ʧʦʪʦʢʘ. ʊʘʢ, ʝʩʣʠ ʬʨʘʢʮʠʷ l ʷʚʣʷʝʪʩʷ 

ʞʠʜʢʦʩʪʴʶ, ʘ ʬʨʘʢʮʠʷ v ï ʧʘʨʦʤ, ʪʦ ʧʨʦʮʝʩʩ ʢʠʧʝ-

ʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ 

ʬʨʘʢʮʠʠ l ʠ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʬʨʘʢʮʠʠ v ʧʫʪʝʤ ʚʚʝʜʝ-

ʥʠʷ ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʤʘʩʩʳ ʚ ʫʨʘʚʥʝ-

ʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʬʨʘʢʮʠʡ:  

v lS S=- . 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʜʝʣʝʥʠʝ ʠʣʠ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ, ʚʤʝ-

ʩʪʝ ʩ ʚʚʝʜʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʤʘʩʩʳ ʚ ʫʨʘʚ-

ʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʝʥʫʣʝ-

ʚʳʝ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ 

ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʊʘʢ, ʧʨʠ ʢʠʧʝʥʠʠ ʫʨʘʚʥʝʥʠʝ 

ʵʥʝʨʛʠʠ ʜʣʷ ʬʨʘʢʮʠʠ l ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʥʝʥʫ-

ʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ: 

 l lq S L=- Ö, 

ʛʜʝ L ï ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ. 

ɿɸɺʀʉʀʄʆʉʊʀ ʀ ʉʆʆʊʅʆʐɽʅʀʗ ɼʃʗ 

ʆʇʈɽɼɽʃɽʅʀʗ ʀʉʊʆʏʅʀʂʆɺ ʄɸʉʉʓ ʀ ʕʅɽʈɻʀʀ 

ɼʃʗ ʆʇʀʉɸʅʀʗ ʇʈʆʎɽʉʉʆɺ ʂʀʇɽʅʀʗ ʀ 

ʂʆʅɼɽʅʉɸʎʀʀ ɾʀɼʂʆʉʊʀ 

ɺʝʣʠʯʠʥʫ ʤʘʩʩʦʚʦʡ ʜʦʙʘʚʢʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʥʝʨʘʟ-

ʨʳʚʥʦʩʪʠ ʬʨʘʢʮʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʠʧʝʥʠʷ 

ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʟ ʫʩʣʦʚʠʡ ʤʘʩʩʦ-

ʧʝʨʝʥʦʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʨʨʝʣʷʮʠʝʡ ɺʝʥ ʍʦ ʃʠ 

(Wen Ho Lee) [3], ʢʦʪʦʨʘʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʝʤ ʚʠʜʝ: 
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ʛʜʝ 
ʢʠʧT - ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ r l ʠ rv ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʮʝʩ-

ʩʦʚ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʞʠʜʢʦʩʪʠ.  
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ɿʥʘʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʘʭ ʢʠʧʝʥʠʷ 

ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʛʨʘʥʠ-

ʮʫ ʨʘʟʜʝʣʘ ʬʨʘʢʮʠʡ [4]: 

 
l

m
S A n

V
= Ö Ö

"d
, (2) 

ʛʜʝ n
d

- ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʬʨʘʢʮʠʡ; ɸ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ; m"- ʤʘʩ-

ʩʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ; V ï ʦʙʲʝʤ, 

ʟʘʥʠʤʘʝʤʳʡ ʵʪʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʄʘʩʩʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ ʯʝʨʝʟ ʵʪʫ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʜʝʣʝʥʥʦʤʫ ʥʘ ʪʝʧʣʦʪʫ ʧʘʨʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚʝʱʝʩʪʚʘ: 

 
q

m
L

=" . (3) 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʌʫʨʴʝ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʬʘʟ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʢʘʢ: 

 
ʵʬʬq k T= Ð, (4) 

ʠʣʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ: 
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ʛʜʝ 
ʵʬʬk - ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʠ;  TÐ - ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟ-

ʜʝʣʘ ʬʘʟ; h ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ; Nu ï ʯʠʩʣʦ 

ʅʫʩʩʝʣʴʪʘ; ɚ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ. 

ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʬʨʘʢʮʠʡ ʢ ʦʙʲʝʤʫ, ʟʘʥʠʤʘʝʤʦʤʫ ʵʪʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʤʦʜʫʣʴ 

ʛʨʘʜʠʝʥʪʘ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʬʨʘʢʮʠʡ ʞʠʜʢʦʩʪʠ. ɺ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʧʦʪʦʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʬʨʘʢʮʠʠ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʢʠ-

ʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ [5]: 
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ʆʙʲʝʜʠʥʝʥʠʝ ʚʳʨʘʞʝʥʠʡ (6) ʠ (4) ʠʣʠ (5) ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʘʭ ʢʠ-

ʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ: 
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ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʚʳʨʘʞʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʳʭ ʜʦʙʘʚʦʢ ʚ ʫʨʘʚʥʝʥʠ-

ʷʭ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ 

ʫʨʘʚʥʝʥʠʠ ʵʥʝʨʛʠʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʞʠʜʢʦ-

ʩʪʠ, ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ (7). ʆʜʥʘʢʦ, ʚʳʯʠʩʣʝʥʠʝ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʢʦ-

ʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʚʦʟ-

ʤʦʞʥʦ ʣʠʰʴ ʚ ʤʦʜʝʣʷʭ ʕʡʣʝʨʘ, ʛʜʝ ʜʣʷ ʢʘʞʜʦʡ 

ʬʨʘʢʮʠʠ ʨʝʰʘʝʪʩʷ ʩʚʦʝ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ. 

ɺʳʨʘʞʝʥʠʝ (1) ʫʥʠʚʝʨʩʘʣʴʥʦ: ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣɹ -

ʟʦʚʘʪʴ ʚʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʷʭ, ʥʦ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʥʠʝ 

ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʉʦʦʪʥʦʰʝ-

ʥʠʷ (8) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʦʜʝʣʷʭ ʕʡʣʝʨʘ ʠ 

VOF, ʥʦ ʚ ʥʝʤ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (1), ʥʘʜʦ 

ʚʚʦʜʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ. 

ɺɽʈʀʌʀʂɸʎʀʗ ʄʆɼɽʃɽʁ, ʆʇʈɽɼɽʃɽʅʀɽ 

ɼʀɸʇɸɿʆʅʆɺ ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʕʄʇʀʈʀʏɽʉʂʀʍ ʂʆʅʉʊɸʅʊ 

ɺʝʨʠʬʠʢʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʦʮʝʩʩʳ 

ʢʠʧʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠʡ (1) ʠ (8), ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʨʘʩʯʝʪʦʚ 

ʨʝʞʠʤʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʪʠʧʘ PWR ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ [6]. 

ʈʝʛʠʩʪʨʘʮʠʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʩ ʚʦʜʦʡ ʥʘ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʝʣʘʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ. ʀʥʪʝʨʚʘʣ ʦʧʨʦʩʘ ʜʘʪ-

ʯʠʢʦʚ ʩʦʩʪʘʚʣʷʣ ʜʦʣʠ ʤʠʣʣʠʩʝʢʫʥʜʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʪʦʯʥʫʶ ʠ ʧʦʜʨʦʙʥʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʈʘʩʯʝʪʳ ʨʝʞʠʤʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ VOF, ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʥʠʮ ʨʘʟ-

ʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʷʚʥʦʡ ʩʭʝʤʳ, ʪʠʛʝʣʴ ʫʩʪʘʥʦʚʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʳʣʠ ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭʤʝʨʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʅʘ ʨʠʩʫʥ-

ʢʝ 1 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʨʘʩʯʝʪʘ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ 

ʧʣʦʪʥʦʩʪʝʡ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʩʣʠʚʝ ʨʘʩʧʣʘʚʘ ʠʟ ʪʠʛʣʷ ʠ 

ʚʭʦʜ ʩʪʨʫʠ ʨʘʩʧʣʘʚʘ ʚ ʚʦʜʥʳʡ ʙʘʩʩʝʡʥ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ.  



 
ʋɾʈʄʇʅɹʊʊʇʇɺʅɾʆ ʈʉʁ ʍɹʀʇɻʔʎ ʈʉɾɻʉɹʒɾʆʁʘʎ 

 24 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʧʣʦʪʥʦʩʪʝʡ [ʢʛ/ʤ3] ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʚʭʦʜʝ ʩʪʨʫʠ ʨʘʩʧʣʘʚʘ ʚ ʚʦʜʥʳʡ ʙʘʩʩʝʡʥ 

ʇʨʦʚʝʜʝʥʦ ʜʚʝ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʚ 

ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ (1); ʧʦʩʪʦ-

ʷʥʥʘʷ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ 

ʨʝʞʠʤʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

0.0001é0.1 ʂ/ʩ. ʅʘ ʨʠʩʫʥʢʝ (ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʘʥʳ 

ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ, ʠ ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ-

ʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɸ4 ʠ ɸ9, ʮʝʣʴʶ 

ʢʦʪʦʨʳʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩ-

ʧʣʘʚʘ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ.  

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʪʘʢʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʳ ʧʨʠ ʟʘʜʘʥʠʠ ʧʦ-

ʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 

0.01é0.1 ʂ/ʩ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʚʪʦʨʦʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʚ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ (8). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ Nu
l

 (ʨʠʩʫʥʦʢ 3). 

 

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʯʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ  

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 0.0001é0.1 ʂ/ʩ ʠ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

 ʫʩʪʨʦʡʩʪʚʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɸ4 ʠ ɸ9 
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ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ (8) ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ  

ʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʢ ʟʥʘʯʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 104é106 1/ʤ  

ʠ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɸ4 ʠ ɸ9 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʢ 

ʚʝʣʠʯʠʥʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʨʘʚʥʦʤʫ ~ 1Ā10
5
 1/ʤ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʤʝʨʝʥ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠ-

ʥʘʤʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ, ʦʙʤʝʥ ʠʤʧʫʣʴʩʦʤ ʠ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʥʦʛʦʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʝʨʝʜʘʯʫ 

ʣʦʢʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʨʠʩʪʝʥʥʳʭ ʩʣʦʝʚ ʞʠʜ-

ʢʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʫ, ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠ ʢʦʨʨʝʣʷʮʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʦʪ 

ʩʪʝʥʢʠ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʤʫ ʧʦʪʦʢʫ. ʆʜʥʘʢʦ, ʜʣʷ ʦʧʠ-

ʩʘʥʠʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘ-

ʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʚ ʤʥʦʛʦʬʘʟʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦʣʫ-

ʯʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚ-

ʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʬʨʘʢʮʠʡ ʞʠʜʢʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʦʙʤʝʥ ʤʘʩʩʦʡ ʠ ʵʥʝʨ-

ʛʠʝʡ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʧʦʪʦʢʘ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʠ ʨʘʩ-

ʯʝʪʝ ʨʝʞʠʤʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʨʘʩʧʣʘʚʘ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦ-

ʛʦ ʨʝʘʢʪʦʨʘ ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʣʷ 

ʛʨʫʙʳʭ ʦʮʝʥʦʢ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ-

ʩʣʦʞʥʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʢʦʨʨʝʣʷʮʠʶ Wen Ho Lee; 

ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʚ ʵʪʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ, ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 

0.01é0.1 ʂ/ʩ. 

ʋʩʣʦʞʥʝʥʠʝ ʤʦʜʝʣʠ, ʧʨʠʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʠʢʠ, ʦʪʩʣʝʞʠʚʘʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʬʨʘʢʮʠʡ ʤʥʦ-

ʛʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ: ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ 

ʢ ʚʝʣʠʯʠʥʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʨʘʚʥʦʤʫ ~ 100000 1/ʤ, ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦ-

ʜʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʠʥ-

ʪʝʥʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʠʭʩʷ ʢʠʧʝʥʠʝʤ ʠ ʢʦʥʜʝʥʩʘʮʠʝʡ ʞʠʜʢʦʩʪʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
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ʌɸɿɸʃʓפ ʊתʈʃɽʅʋʃɽʈ ʂɽɿɯʅɼɽɻɯ ɾʓʃʋ ʄɸʉʉɸ ɸʃʄɸʉʋ 

ɾʦʪʘʙʘʝʚ ɾ.ʈ., ɺʘʩʠʣʴʝʚ ʖ.ʉ., ɿʚʝʨʝʚ ɺ.ɺ. 

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳϬ ϯʣʪʪʳϨ ʗʜʨʦʣʳϨ ʆʨʪʘʣʳϤʳ, ʂʫʨʯʘʪʦʚ 

ʉʦסשʳ ʢʝʟʜʝ ʝʩʝʧʪʝʫʽʰ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʤʝʥ ʘץʳʨסʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʪʝʨʽʥʽש ʜʘʤʫʳ, ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ שʫʘʪʪʳ ʜʘʤʫʳ ʩײʡʳץʪʳץ שʘʙʳʨסʘʤʝʥ ʞʳʣʫʘʣʤʘʩʫʳʥʳש, ʩײʡʳץ ʘסʳʥʜʘʨʳʥʳש ʛʠʜʨʘʚʣʠʢʘʣʳץ 

ʞᴅʥʝ ʞʳʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. ɹײʣ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ װʰᴇʣʰʝʤʜʽ ʛʝʦʤʝʪʨʠʷʜʘסʳ ʘסʳʥ ᴇʨʽʩʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʣʫסʘ, 

ʝʩʝʧʪʽʢ ʩײʣʙʘʥʳש ʢʝʟ-ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝʛʽ ʘסʳʥʥʳש ʦץʰʘʫʣʘʥסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫסʘ, ʟʝʪʪʝʣʽʧ ʞʘʪץʘʥ 

ʧʨʦʮʝʩʪʝʨʜʽש ʝʩʝʧʪʽʢ ʙʘסʘʣʘʨʳʥʳש ʥʘץʪʳʣʳסʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ.  

ɹײʣ ʞײʤʳʩʪʘ ʢᴇʧʬʘʟʘʣʳ ʘסʳʥʜʘʨʜʳש ʢʝʡʙʽʨ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʽ ʤʝʥ ʩײʡʳץʪʘʨʜʳץ שʘʡʥʘʫʳ ʤʝʥ 

ʢʦʥʜʝʥʩʘʮʠʷʩʳ ʧʨʦʮʝʩʪʝʨʽʥ ʩʠʧʘʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʝʡʙʽʨ ʢᴇʟץʘʨʘʩʪʘʨ ʙʝʨʽʣʛʝʥ. ɿʘʪʪʳש ᴅʨ ʪװʨʣʽ 

ʢᴇʧʬʘʟʘʣʳ ʘסʳʥ װʣʛʽʩʽʤʝʥ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝʛʽ ʬʘʟʘʣʳץ ʞʘʡ-ʢװʡʽʥʽש ᴇʟʛʝʨʫʽʥ ʩʠʧʘʪʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʢᴇʟץʘʨʘʩʪʘʨʜʳץ שʦʣʜʘʥʳʣʫסʘ ʞʘʨʘʤʜʳʣʳסʳ, ʦʣʘʨʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ, ʢᴇʟץʘʨʘʩʪʘʨʜʳ ᴅʨ 

ʪװʨʽʥ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʰװʙᴅʩʽʟʜʽʛʽ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

 

HEAT -MASS-EXCHANGE AT PHASE CH ANGE  

Zh.R. Zhotabaev, Yu.S. Vassiliev, V.V. Zverev  

National nuclear center of Republic of Kazakhstan, Kurchatov 

Recent development of computational fluid dynamics techniques and last elements, intensive development of 

computer technologies permitted to considerably improve mathematical models for calculation of hydraulic and thermal 

parameters for fluid flow, heat exchange between fluid and wall. Application of the methods made it possible to get a 

detailed description of flow field in three-dimensional geometry, determine local parameters of flow in any point of the 

calculation model, significantly increase accuracy of calculations.  

The report addresses some hydrodynamic models of multiphase flows and some approaches enabling to describe 

processes of fluid boiling and condensation. We consider applicability of the approaches in description of phase change 

in their use with various models of multiphase flow, their advantages and disadvantages, reliability of results obtained 

using various approaches.  
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ʋɼʂ 539.21:539.12.04:669.3 

ʅʆɺʆɽ ʌʀɿʀʏɽʉʂʆɽ ʗɺʃɽʅʀɽ ɺ ɺʓʉʆʂʆʆɹʃʋʏɽʅʅʓʍ ʅɽʈɾɸɺɽʖʑʀʍ ʉʊɸʃʗʍ  

ï çɺʆʃʅʓ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀè ï ʀ ɽɻʆ ʇʈɸʂʊʀʏɽʉʂʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

ɻʫʩʝʚ ʄ.ʅ., ʄʘʢʩʠʤʢʠʥ ʆ.ʇ., ʊʦʢʪʦʛʫʣʦʚʘ ɼ.ɸ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ɺʳʧʦʣʥʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʩʪʘʣʝʡ ï ʤʘʪʝʨʠʘʣʦʚ ʯʝʭʣʦʚ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʨʝʘʢʪʦʨʘ ɹʅ-350, ʦʙʣʫʯʝʥʥʳʭ ʜʦ ʧʦʚʨʝʞʜʘʶʱʠʭ ʜʦʟ 11-55 ʩʥʘ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʥʦʚʦʝ ʷʚʣʝʥʠʝ ï çʚʦʣʥʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠè, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʟʘʨʦʞʜʝʥʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʨʘʙʦʯʝʡ ʜʣʠʥʝ ʦʙʨʘʟʮʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʣʦʩʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʠʞʝʥʠʶ 

çʘʥʦʤʘʣʴʥʦè ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʜʦ 20% ʠ ʙʦʣʝʝ), ʚʤʝʩʪʦ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʜʘʥʥʳʭ 

ʧʦʚʨʝʞʜʘʶʱʠʭ ʜʦʟʘʭ 3-5%.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʟʮʘʤʠ, ʦʙʣʫʯʝʥʥʳʤʠ ʜʦ 17ï55ʩʥʘ, 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʪʘʣʠ, ʭʨʫʧʢʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ 

ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ çʚʦʣʥʳè. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠ ʨʘʥʝʝ 

ʥʝ ʦʧʠʩʘʥ ʚ ʦʪʢʨʳʪʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ.  

ɺɺɽɼɽʅʀɽ 

ɸʫʩʪʝʥʠʪʥʳʝ ʭʨʦʤʦʥʠʢʝʣʝʚʳʝ ʩʪʘʣʠ (12ʍ18ʅ10ʊ, 

08ʍ16ʅ11ʄ3), ʘ ʪʘʢʞʝ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʧʣʠʚʥʳʭ 

ʩʙʦʨʦʢ ʠ ʚʥʫʪʨʠʢʦʨʧʫʩʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɼʘʥʥʳʡ ʢʣʘʩʩ 

ʤʘʪʝʨʠʘʣʦʚ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʛʜʝ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʬʝʨʨʠʪʥʳʤʠ ʠ ʬʝʨʨʠʪʦʤʘʨ-

ʪʝʥʩʠʪʥʳʤʠ ʩʪʘʣʷʤʠ, ʩʧʣʘʚʘʤʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʠ 

ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʦʩʴ ʦʙʱʝʧʨʠʥʷʪʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʥʝʡʪʨʦʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʜʠʘʮʠʦʥ-

ʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ ï ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʘʢʪʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, [1,2]). 

ɹʦʨʴʙʫ ʩ ʦʭʨʫʧʯʠʚʘʥʠʝʤ ʚʝʜʫʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦ-

ʜʠʬʠʮʠʨʫʷ ʩʦʩʪʘʚ ʩʪʘʣʠ, ʚʚʦʜʷ ʜʦʙʘʚʢʠ (ʥʘʧʨʠʤʝʨ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ), ʪʱʘʪʝʣʴʥʦ ʫʜʘʣʷʷ ʚʨʝʜ-

ʥʳʝ ʧʨʠʤʝʩʠ, ʠʣʠ ʢʦʥʩʪʨʫʠʨʫʷ ʟʝʨʥʦ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʢʘ ʥʘʠʙʦʣʝʝ 

ʜʝʡʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʟʘʱʠʪʳ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʣʫʞʙʳ ï ʤʘʪʝʨʠʘʣ ʧʨʦʩʪʦ ʥʝ 

ʜʦʚʦʜʷʪ ʜʦ ʦʧʘʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʦ ʝʩʪʴ, ʟʘʚʝʜʦʤʦ 

ʫʤʝʥʴʰʘʶʪ ʨʝʩʫʨʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʜʝʬʦʨ-

ʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʜʝʬʝʢʪʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʦʙʣʫʯʝʥʥʦʛʦ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʪʤʝʯʝʥʳ ʵʬʬʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ çʙʝʟ-

ʜʝʬʝʢʪʥʳʭ ʢʘʥʘʣʦʚè [3], ʚ ʢʦʪʦʨʳʭ ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʜʝʬʝʢʪʳ ʠʩʯʝʟʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʜʠʩʣʦʢʘʮʠʷʤʠ. ɺ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʦʝ 

ʪʝʯʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʚ ʦʙʣʫʯʝʥ-

ʥʦʤ ʤʘʪʝʨʠʘʣʝ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʙʳʪʦʯʥʳʤ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ʪʝʧʣʘ ʧʨʝʚʳʰʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʠ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʭ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʝʡ, ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʫʯʝʥʳ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʠʩ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʨʘʩ-

ʩʯʠʪʳʚʘʪʴ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʳʭ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʦʣʝʟʥʳʭ ʷʚʣʝʥʠʡ ʠ ʵʬʬʝʢʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʥʝʩʪʠ 

ʦʱʫʪʠʤʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʳʛʦʜʫ.  

ʍʨʦʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨ-

ʛʝʪʠʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʢ ʪʦʣʴʢʦ ʜʦʩʪʠʛʘʣʠʩʴ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʨʘ-

ʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʧ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʚʝʣʠʯʠʥʘ 

ʚʳʛʦʨʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨʥʦ-ʥʝʡʪʨʦʥʥʳʭ ʧʦ-

ʣʝʡ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ), ʨʘʜʠʘʮʠʦʥʥʦʝ ʤʘ-

ʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʦʙʦʛʘʱʘʣʦʩʴ ʥʦʚʳʤʠ ʬʝʥʦʤʝʥʘʤʠ ʠ 

ʷʚʣʝʥʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʦʩʪ ʫʨʘʥʘ ï 

1950-ʝ, ʦʭʨʫʧʯʠʚʘʥʠʝ ʠ ʫʧʨʦʯʥʝʥʠʝ ï 1960-ʝ, ʨʘʜʠʘ-

ʮʠʦʥʥʦʝ ʨʘʩʧʫʭʘʥʠʝ ï 1970-ʝ. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʦʚʦʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʣʝʟ-

ʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʤʠ [5,6] ʚ ʭʦʜʝ ʧʦ-

ʩʪʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʢʘ-

ʟʘʭʩʪʘʥʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ ɹʅ-350, ʧʨʦʨʘʙʦʪʘʚʰʝʛʦ 25 ʣʝʪ ʚ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʘʣʦʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ, ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ 

ʥʘʙʦʨʘ ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʳ.  

ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ, ʥʝʦʧʠ-

ʩʘʥʥʳʡ ʨʘʥʝʝ, ʚʠʜ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʳ-

ʩʦʢʦʦʙʣʫʯʝʥʥʳʭ ʩʪʘʣʝʡ ï ʟʘʨʦʞʜʝʥʠʝ ʠ ʵʚʦʣʶʮʠʶ 

çʚʦʣʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠè. ɼʘʥʥʦʝ ʥʦʚʦʝ 

ʷʚʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʤʦ-

ʞʝʪ ʘʢʪʠʚʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʦʭʨʫʧ-

ʯʠʚʘʥʠʶ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʟʫʯʝʥ ʭʘʨʘʢʪʝʨ 

ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʝʛʦ 

ʧʨʠʯʠʥʳ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʦʧʠʩʘʥ ʧʦʜʭʦʜ ʢ 



ʆʇɻʇɾ ʍʁʀʁʐɾʊʃʇɾ ʘɻʄɾʆʁɾ ɻ ɻʔʊʇʃʇʇɺʄʌʐɾʆʆʔʎ ʆɾʉɿɹɻɾʗʒʁʎ ʊʋɹʄʘʎ  
ð çɻʇʄʆʔ ʈʄɹʊʋʁʐɾʊʃʇʂ ɽɾʍʇʉʅɹʏʁʁè ð ʁ ɾɼʇ ʈʉɹʃʋʁʐɾʊʃʇɾ ʁʊʈʇʄʕʀʇɻɹʆʁɾ 

 28 

ʫʧʨʘʚʣʝʥʠʶ çʚʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠè ʩ ʮʝʣʴʶ ʧʦʣʫʯʝ-

ʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʳ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʘʢ-

ʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʵʬʬʝʢʪʘ.  

ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʀʩʩʣʝʜʦʚʘʣʠ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʠ 08ʍ16ʅ11ʄ3ʊ 

ï ʤʘʪʝʨʠʘʣʳ ʰʝʩʪʠʛʨʘʥʥʳʭ ʯʝʭʣʦʚ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʨʝʘʢʪʦʨʘ ɹʅ-350. ʉʪʘʣʴ-

ʥʳʝ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʨʘʟʤʝʨʘʤʠ 20³2³0,3 ʤʤ (ʜʣʠʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 10 ʤʤ) 

ʧʦʣʫʯʘʣʠ, ʚʳʨʝʟʘʷ ʬʨʘʛʤʝʥʪʳ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʯʝʭʣʘ 

ʩ ʨʘʟʣʠʯʥʳʭ ʦʪʤʝʪʦʢ ʦʪ ʮʝʥʪʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʙʳ ʩ ʜʣʠʥʦʡ ʨʘʙʦʯʝʡ 

ʯʘʩʪʠ 6-7 ʤʤ. 

ʇʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʦ ʦʙʣʫʯʝʥʠʷ ʩʪʘʣʠ ʧʦʜʚʝʨ-

ʛʘʣʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʟʘʢʣʶʯʘʚʰʝʡʩʷ 

ʚ ʭʦʣʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 15-20% ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʪʞʠʛʦʤ ʧʨʠ 800ʉ̄ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ ʠ 08ʍ16ʅ11ʄ3ʊ 

ʉʙʦʨʢʘ 
ʆʪʤʝʪʢʘ  

(ʦʪ ʮʝʥʪʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʤʤ). 

ʊʝʤʧʝʨʘʪʫʨʘ  

ʦʙʣʫʯʝʥʠʷ, ʉ̄ 

ʇʦʚʨʝʞʜʘʶʱʘʷ  
ʜʦʟʘ, dpa. 

ʅ-42 -300 290 13 

ʎʎ-19 +500 423 26 

ʎʎ-19 -160 310 55 

ʅ-214-1 0 337 17 

ɺ-300 (ʩʪʘʣʴ 08ʍ16ʅ11ʄ3) -500 302 11 

 

ʀʩʧʳʪʘʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʠ ʥʝʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟ-

ʮʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘ-

ʥʦʚʢʝ çʀʥʩʪʨʦʥ-1195è, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʥʘʱʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʙʦʪʘʪʴ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ï100..+300̄ʉ. ɼʣʷ ʟʘʢʨʝʧʣʝ-

ʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʟʘ-

ʭʚʘʪʳ. ʉʢʦʨʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 

8.3³10
-5
ʩ

-1
 ʜʦ 8.3³10

-3
ʩ

-1
. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ ʚʳʩʦʢʦʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝ-

ʪʦʜ çʮʠʬʨʦʚʦʡ ʤʘʨʢʝʨʥʦʡ ʵʢʩʪʝʥʟʦʤʝʪʨʠʠè, ʧʦʜ-

ʨʦʙʥʦ ʦʧʠʩʘʥʥʳʡ ʚ [7]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʮʠʬʨʦʚʫʶ ʬʦʪʦʩʲʝʤʢʫ 

ʠ/ʠʣʠ ʚʠʜʝʦʩʲʝʤʢʫ ʦʙʨʘʟʮʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠ-

ʤʦʩʪʠ çʠʩʪʠʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ï ʠʩʪʠʥʥʳʝ ʜʝʬʦʨʤʘ-

ʮʠʠè ʜʣʷ ʤʠʥʠʘʪʶʨʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦ ʜʝʬʦʨʤʠʨʫʝ-

ʤʦʛʦ ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ 

ʆɹʉʋɾɼɽʅʀɽ 

ʗʚʣʝʥʠʝ çʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠè 

ʚ ʚʳʩʦʢʦʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʠʥʞʝʥʝʨʥʳʝ ʜʠʘʛʨʘʤ-

ʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʥʝʦʙ-

ʣʫʯʝʥʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʨʠʩʫʥʢʘ, ʥʝʦʙʣʫʯʝʥʥʘʷ ʩʪʘʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦ-

ʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʚ 2.5-3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʩ ʨʦʩʪʦʤ ʧʦʚʨʝʞʜʘʶʱʝʡ 

ʜʦʟʳ ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʧʣʘ-

ʩʪʠʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʩʦʩʪʘʚʣʷʷ ʧʨʠ 5-15 ʩʥʘ ʚʝʣʠʯʠ-

ʥʫ ʦʢʦʣʦ 3..7% [8]. ɼʘʥʥʳʡ ʬʘʢʪ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʢʨʠʚʦʡ 3 ʥʘ ʨʠʩʫʥʢʝ 1. ɺʠʜʥʦ, ʯʪʦ ʚʳʩʦʢʦʦʙʣʫʯʝʥ-

ʥʳʡ ʤʘʪʝʨʠʘʣ (ʙʣʠʟʢʘʷ ʧʦ ʩʦʩʪʘʚʫ ʩʪʘʣʴ ï 

ʍ16ʅ11ʄ3) ʠʤʝʝʪ ʤʘʣʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʝʝ ʨʘʚʥʦ-

ʤʝʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʯʝʥʴ ʥʠʟʢʘ, ʧʨʦʪʝʢʘʝʪ ʣʦʢʘʣʠʟʦ-

ʚʘʥʦ, ʘ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʚʠʜʝʦʩʲʝʤʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʨʘʟʫ ʟʘ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ [6] ʨʘʟʚʠʚʘʝʪʩʷ ʰʝʡʢʘ. 

 
1 ï ʥʝʦʙʣʫʯʝʥʥʘʷ ʩʪʘʣʴ ʧʦʩʣʝ ʘʫʩʪʝʥʠʟʘʮʠʠ [8]; 2 ï ʦʙʨʘʟʝʮ ʩʪʘʣʠ 
12ʍ18ʅ10ʊ, ʦʙʣʫʯʝʥʥʳʡ ʜʦ 55 ʩʥʘ [5,6]; 3 ï ʩʪʘʣʴ 08ʍ16ʅ11ʄ3, 15,6 

ʩʥʘ [8]. ʂʨʠʚʘʷ 2 ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʤʝʱʝʥʘ ʚʧʨʘʚʦ 

ʈʠʩʫʥʦʢ 1. ʀʥʞʝʥʝʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʥʝʦʙʣʫʯʝʥʥʳʭ  

ʠ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʝʡ 12ʍ18ʅ10ʊ (1,2)  

ʠ 08ʍ16ʅ11ʄ3 (3) 

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ [9]. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʩʪʘʣʠ, ʦʙʣʫ-

ʯʝʥʥʦʡ ʜʦ 55 ʩʥʘ ʦʞʠʜʘʣʠ ʟʥʘʯʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ 

ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. 

ʆʜʥʘʢʦ ï ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʟʥʘʯʝʥʠʝ ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ ʜʦ 20 ʠ ʙʦʣʝʝ %, ʘ ʠʥʞʝʥʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ 

(ʨʠʩʫʥʦʢ 1, ʢʨʠʚʘʷ 2) ʠʤʝʣʘ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʙʳʯʥʳʡ 

ʚʠʜ: ʧʘʜʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚʩʢʦʨʝ ʧʦʩʣʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝ-

ʩʪʠ ʠ ʜʣʠʥʥʳʡ ʧʦʣʦʛʠʡ ʫʯʘʩʪʦʢ ʩ ʥʝʢʦʪʦʨʳʤ ʨʦʩʪʦʤ 

ʥʘʛʨʫʟʢʠ. 



ʆʇɻʇɾ ʍʁʀʁʐɾʊʃʇɾ ʘɻʄɾʆʁɾ ɻ ɻʔʊʇʃʇʇɺʄʌʐɾʆʆʔʎ ʆɾʉɿɹɻɾʗʒʁʎ ʊʋɹʄʘʎ  
ð çɻʇʄʆʔ ʈʄɹʊʋʁʐɾʊʃʇʂ ɽɾʍʇʉʅɹʏʁʁè ð ʁ ɾɼʇ ʈʉɹʃʋʁʐɾʊʃʇɾ ʁʊʈʇʄʕʀʇɻɹʆʁɾ 
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ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʠʯʠʥ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʙʳʣ ʧʨʦ-

ʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʦʪʦʩʥʠʤʢʦʚ, ʩʜʝ-

ʣʘʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʥ ʧʦʢʘʟʘʣ (ʨʠʩʫʥʦʢ 2), 

ʯʪʦ ʚʙʣʠʟʠ ʦʜʥʦʛʦ ʠʟ ʟʘʭʚʘʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʦʜʥʘʢʦ ï ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʣʫʯʝʥʥʦʛʦ ʜʦ ʤʝʥʴʰʠʭ ʜʦʟ, ʦʙʣʘʩʪʴ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʠʣʠ ʧʦ ʠʥʦʡ ʪʝʨʤʠʥʦ-

ʣʦʛʠʠ ï çʚʦʣʥʘ ʜʝʬʦʨʤʘʮʠʠè) ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʦʙ-

ʨʘʟʮʫ, ʧʨʦʭʦʜʷ ʯʫʪʴ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (ʚ ʩʨʝʜʥʝʤ 2/3) 

ʝʛʦ ʨʘʙʦʯʝʡ ʯʘʩʪʠ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ çʚʦʣʥʳè ʣʦ-

ʢʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ï ʚʥʝ çʚʦʣʥʳè (ʧʦʣʦʩʳ) ï 

ʤʘʪʝʨʠʘʣ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ. 

ʋʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʰʝʡʢʠ ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

[10,11]:  

 ds/de ¢ s,   (1) 

ʢʦʪʦʨʦʝ ʨʷʜ ʘʚʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪ ʚ ʚʠʜʝ: 

 ds/de ï s ¢ 0  (2) 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʫʩʣʦʚʠʝʤ, ʥʘʯʠʥʘʝʪʩʷ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʣʦʢʘʣʴʥʦʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʥʝ 

ʢʦʤʧʝʥʩʠʨʫʝʪ çʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʟʫʧʨʦʯʥʝʥʠʝè, 

ʠʤʝʶʱʝʝ ʤʝʩʪʦ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʩʝʯʝʥʠʷ 

ʦʙʨʘʟʮʘ.  

ʆʪʤʝʪʠʤ, ʦʜʥʘʢʦ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʥ-

ʞʝʥʝʨʥʦʡ ʜʠʘʛʨʘʤʤʝ ʨʘʩʪʷʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ, ʯʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (1).  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ çʪʦʨʤʦʞʝʥʠʷè ʣʦʢʘʣʴʥʦʡ 

ʰʝʡʢʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ, ʠ ʪʨʘʥʩʣʷʮʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʦʩʝʜʥʠʡ, ʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʦʙʲʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ʫʧʨʦʯʥʝʥʠʷ, 

ʪ.ʝ. ʯʪʦʙʳ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 

ʩʦʦʪʥʦʰʝʥʠʝ (1) ʧʝʨʝʩʪʘʣʦ ʩʦʙʣʶʜʘʪʴʩʷ. ɼʣʷ ʥʝʦʙ-

ʣʫʯʝʥʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ ʥʝʡʪʨʦʥʘʤʠ ʯʠʩʪʳʭ ʤʝʪʘʣ-

ʣʦʚ ʵʪʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ï ʚʝʣʠʯʠʥʘ 

dů/dŴ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ Ŵ. 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ çʥʘʧʨʷʞʝʥʠʝ ï 

ʜʝʬʦʨʤʘʮʠʷè, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʤʘʨʢʝʨʥʦʡ ʵʢʩʪʝʥʟʦʤʝʪʨʠʠ ʠ ʧʦʜʭʦʜʘ, ʠʟʣʦʞʝʥʥʳʭ ʚ 

[7]. ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʪʠʭ ʢʨʠʚʳʭ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ dů/dŴ. 

ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʦʙʣʫʯʝʥʥʦʡ ʜʦ 

26-55 ʩʥʘ, ʚʝʣʠʯʠʥʘ ds/de ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʟʘ ʧʨʝ-

ʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ, ʤʝʥʴʰʠʭ 

ʯʝʤ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ s, ʯʪʦ ʚʝʜʝʪ ʢ ʨʘʟʚʠ-

ʪʠʶ ʣʦʢʘʣʴʥʦʡ ʰʝʡʢʠ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ [6,8]), 

ʜʣʷ ʚʳʩʦʢʦʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʧʨʠ ʩʪʝʧʝ-

ʥʠ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ~ 25ö30 % ʥʘ ʢʨʠʚʦʡ çs-

eè ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʣʦʤ. ɺʝʣʠʯʠʥʘ ds/de ʚʦʟʨʘʩʪʘʝʪ 

ʠ ʝʝ ʟʥʘʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʝ s. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʤʝʥʥʦ ʫʚʝʣʠ-

ʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ds/de ʧʨʠʚʦʜʠʪ ʢ çʪʨʘʥʩʣʷʮʠʠè (ʧʝ-

ʨʝʤʝʱʝʥʠʶ) ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʯʘʛʘ ʚ ʩʦʩʝʜʥʠʡ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠ ʚ ʥʝʦʙʣʫʯʝʥʥʳʭ ʩʪʘʣʷʭ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚ 

ʭʦʜʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[10,13]. 

ʇʦʜʯʝʨʢʥʝʤ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ çʚʦʣʥʳ ʜʝ-

ʬʦʨʤʘʮʠʠè, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʪ 

ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ ʦʪʢʨʳʪʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʭʦʞʠʭ 

ʷʚʣʝʥʠʡ. ʕʪʦ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʤʧʣʠʪʫʜʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʚ çʚʦʣʥʝè ï ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʣʦʢʘʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 30-35%. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʫʢʘʞʝʤ, ʯʪʦ ʧʦʣʦʩʘ (ʚʦʣʥʘ) ʏʝʨʥʦʚʘ-ʃʶʜʝʨʩʘ ʥʘ 

ʧʣʦʱʘʜʢʝ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʘʨʤʢʦ-ʞʝʣʝʟʘ 

ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʫ ʚ ʩʨʝʜʥʝʤ ʥʝ ʙʦʣʝʝ 4-6%, ʘ ʚʦʣʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʝʦʙʣʫʯʝʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʘʭ (ʥʘ-

ʧʨʠʤʝʨ [12]) ʠʤʝʶʪ ʘʤʧʣʠʪʫʜʫ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʷʜʢʘ 

ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʠ ʤʝʥʝʝ. ʊʦ ʝʩʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ 

ʥʘʤʠ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʤʘʢʨʦʚʦʣʥʦʡè ʚ ʩʪʘ-

ʣʠ, ʦʙʣʫʯʝʥʥʦʡ ʜʦ ʚʳʩʦʢʦʡ ʧʦʚʨʝʞʜʘʶʱʝʡ ʜʦʟʳ.  

 
ʆʢʨʫʛʣʳʝ ʵʣʝʤʝʥʪʳ ï ʮʚʝʪʥʳʝ ʤʘʨʢʝʨʳ, ʦʙʣʝʛʯʘʶʱʠʝ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ [7].  

ʉʪʨʝʣʢʘʤʠ ʥʘ ʬʦʪʦ 4-7 ʦʪʤʝʯʝʥʘ ʚʪʦʨʘʷ (ʥʝʧʦʜʚʠʞʥʘʷ) ʰʝʡʢʘ ʚʙʣʠʟʠ ʦʜʥʦʛʦ ʠʟ ʟʘʭʚʘʪʦʚ 

ʈʠʩʫʥʦʢ 2. ʌʠʣʴʤʦʛʨʘʤʤʘ, ʩʥʷʪʘʷ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʦʙʣʫʯʝʥʥʦʛʦ ʜʦ 55 ʩʥʘ.  

ʉʥʠʤʢʠ ʧʦʜʚʝʨʛʥʫʪʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 



ʆʇɻʇɾ ʍʁʀʁʐɾʊʃʇɾ ʘɻʄɾʆʁɾ ɻ ɻʔʊʇʃʇʇɺʄʌʐɾʆʆʔʎ ʆɾʉɿɹɻɾʗʒʁʎ ʊʋɹʄʘʎ  
ð çɻʇʄʆʔ ʈʄɹʊʋʁʐɾʊʃʇʂ ɽɾʍʇʉʅɹʏʁʁè ð ʁ ɾɼʇ ʈʉɹʃʋʁʐɾʊʃʇɾ ʁʊʈʇʄʕʀʇɻɹʆʁɾ 

 30 

 

ʈʠʩʫʥʦʢ 3. ʂʨʠʚʳʝ çʠʩʪʠʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ï ʠʩʪʠʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠè ʜʣʷ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʦʙʣʫʯʝʥʥʦʡ ʜʦ 55 ʩʥʘ (1), 26 

ʩʥʘ(2) ʠ ʥʝʦʙʣʫʯʝʥʥʦʡ (3). ʇʦʢʘʟʘʥʳ ʢʨʠʚʳʝ çds/de [ʄʇʘ]-e [ʦʪʥ.ʝʜ.]è ʜʣʷ ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʜʦ 55 ʩʥʘ (4) ʠ 26 ʩʥʘ (5) 

ʇʨʠʯʠʥʦʡ ʦʪʤʝʯʝʥʥʦʛʦ ʷʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʧʨʦʪʝʢʘʥʠʝ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʤʝʪʘʩʪʘʙʠʣʴ-

ʥʦʡ ʩʪʘʣʠ ʬʘʟʦʚʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ g­a-

ʧʨʝʚʨʘʱʝʥʠʷ. ɼʣʷ ʚʳʩʦʢʦʦʙʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʝʛʦ ʢʠʥʝʪʠʢʘ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʝʦʙ-

ʣʫʯʝʥʥʦʡ ʠʣʠ ʩʣʘʙʦ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ. ɼʣʷ ʭʨʦʤʦ-

ʥʠʢʝʣʝʚʳʭ ʩʪʘʣʝʡ ʩ ʜʨʫʛʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ ʠ 

ʥʠʢʝʣʷ (ʩʪʘʣʝʡ ʍ18ʅ8, ʍ16ʅ8) ʚ ʥʝʦʙʣʫʯʝʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʪʘʢʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʙʣʶʜʘʣʠ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʯʪʦ 

ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʣʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʤʘʨ-

ʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʅʘ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʤʘʪʝʨʠʘʣʦʚ ï ʚʳʩʦʢʦʦʙʣʫʯʝʥ-

ʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ ï ʵʬʬʝʢʪ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜ-

ʥʦʡ çʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʚʦʣʥʳè ʦʙʥʘʨʫʞʝʥ ʥʘʤʠ 

ʚʧʝʨʚʳʝ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʨʘʙʦʪʘʭ [5,6]. 

ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ 

ʥʘ çʚʦʣʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠè.  

ɹʝʟʫʩʣʦʚʥʦ, ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ï ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʳʩʦʢʦʦʙʣʫʯʝʥʥʦʡ ʤʝʪʘ-

ʩʪʘʙʠʣʴʥʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ï ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [13], ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ g­a 

ʧʨʝʚʨʘʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ, ʚʦ-

ʧʝʨʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʬʦʨʤʘʮʠʠ, ʚʦ-ʚʪʦʨʳʭ ï ʩʢʦ-

ʨʦʩʪʴ ʨʘʩʪʷʞʝʥʠʷ. ʏʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ 

ʙʦʣʴʰʝ a-ʤʘʨʪʝʥʩʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʩʪʘʣʷʭ. ʋʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 100ʉ̄ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦʡ 

(ʪ.ʥ. ʪʝʤʧʝʨʘʪʫʨʦʡ Md) ʜʣʷ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʚʳʰʝ 

ʢʦʪʦʨʦʡ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ ʜʝʬʦʨʤʘ-

ʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 

ʥʝ ʩʪʦʣʴ ʦʜʥʦʟʥʘʯʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, 

ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʟʮʘ, ʩʦʩʪʘʚʘ ʩʪʘʣʠ ʠ ʪ.ʧ. 

ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʮʠʢʣ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʣʫʯʝʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘ-

ʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ +200 ʜʦ ï100̄ ʉ ʠ ʩʢʦ-

ʨʦʩʪʝʡ ʦʪ 8.3³10
-3
ʩ

-1
 ʜʦ 8.3³10

-5
ʩ

-1
. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥ-

ʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ: ʧʨʠ ʝʝ 

ʫʤʝʥʴʰʝʥʠʠ (ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʠ) ʥʘ ʧʦʨʷʜʦʢ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʪʠʧʠʯʥʦʤʫ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʟʥʘʯʝʥʠʶ 8.3³10
-4
ʩ

-1
 ʵʬʬʝʢʪ çʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠè 

ʩʦʭʨʘʥʷʝʪʩʷ, ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦ. 

ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 12ʍ18ʅ10ʊ  

(ʩʙʦʨʢʘ ʎʎ-19, ʦʪʤʝʪʢʘ +500, 26 dpa), ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʧʨʠ 20ʉ̄ 

ʉʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ, ʩ
-1
 s02, ʄʇʘ sɺ, ʄʇa eu., % e, % ʇʨʠʩʫʪʩʪʚʠʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ 

8.3³10
-3
 800 1030 48 48 ɼʘ* 

8.3³10
-4
 780 930 18 18,5 ɼʘ 

8.3³10
-5
 790 950 21 21,5 ɼʘ 

* ï ʆʪʤʝʯʝʥ ʦʙʨʘʟʝʮ ʩ ʜʚʫʤʷ çʚʦʣʥʘʤʠ ʜʝʬʦʨʤʘʮʠʠè (ʨʠʩʫʥʦʢ 4) 

 


