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ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, 

ʆɹʆʈʋɼʆɺɸʅʀɽ ʀ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓɽ 

ʉʀʉʊɽʄʓ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 
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ɸ.ɺ. ʄʘʪʶʭʠʥ 

ʅɸʇʈɸɺʃɽʅʅɸʗ ʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ɾɸʈʆʇʈʆʏʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ. 

ʂʌ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʂʘʣʫʛʘ, 248000, ʈʦʩʩʠʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʩʦʚ ʉ.ɸ. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʠʚʦʢ ʩ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʠ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɺʀɸʄʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʚʳʩʦʢʦʛʨʘʜʠʝʥʪʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʪʦʜʳ ʣʠʪʴʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʭ ʦʪʣʠʚʦʢ çʟʘʪʨʘʚʢʘïʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢè ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʘʪʴ ʦʪʣʠʚʢʠ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ, ʚʦ ʤʥʦʛʦʤ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʪʣʠʚʢʘ, ʣʦʧʘʪʢʘ ʪʫʨʙʠʥ, ʞʘʨʦʧʦʯʥʳʡ ʩʧʣʘʚ,  

ɺʀɸʄ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

 

 

ʄʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʇ. ɹʨʠʜʞʤʝʥʦʤ ʚ 1925 ʛ. ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥ ɼ. ʉʪʦʢʙʘʨʛʝʨʦʤ (ʦʪʩʶʜʘ ʥʘʟʚʘʥʠʝ ï ʤʝʪʦʜ ɹʨʠʜʞʤʝʥʘïʉʪʦʢʙʘʨʛʝʨʘ). 

ʇʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʚʳʨʘʱʠʚʘʶʪ ʟʘ ʩʯʝʪ ʚʳʪʛ̫ʠʚʘʥʠʷ ʪʠʛʣʷ 

ʠʣʠ ʬʦʨʤʳ ʩ ʨʘʩʧʣʘʚʦʤ ʠʟ ʥʘʛʨʝʚʘʪʝʣʷ, ʪ.ʝ. ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʘʢʩʠ-

ʘʣʴʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ Gz ʧʦʩʣʝʜʥʝʛʦ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʥʦ ʪʠʛʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʢʦʥʫʩʘ, ʚ 

ʚʝʨʰʠʥʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʧʣʘʚʘ, 

ʛʜʝ ʠ ʟʘʨʦʞʜʘʝʪʩʷ ʦʜʠʥ ʢʨʠʩʪʘʣʣ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʩʥʦʚʘʥʠʠ ʪʠʛʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝ-

ʨʝʤʳʯʢʘ. ʇʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʠʣʠ ʟʘʪʨʘʚʢʠ. ʇʨʦʜʚʠʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʨʘʩʧʣʘʚïʢʨʠʩʪʘʣʣ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʟʘ ʩʯʝʪ 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʠʛʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʪʘʢ ʠ ʥʘʛʨʝʚʘʪʝʣʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʪʠʛʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ɹʨʠʜʞʤʝʥʘïʉʪʦʢʙʘʨʛʝʨʘ ʤʦʞʥʦ ʨʝʘʣʠʟʦ-

ʚʘʪʴ ʚʦʦʙʱʝ ʙʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʬʦʨʤʳ ï ʧʫʪʝʤ ʧʣʘʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ, ʦʪʜʝʣʴʥʦ ʫʧʨʘʚʣʷʝʤʳʭ ʩʝʢ-

ʮʠʡ (ʤʝʪʦʜ power down). 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʫʯʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘʧʨʘʚʣʝʥ-

ʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ ɻʊɼ ʧʦʩʣʫʞʠʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦʪ 

ʤʝʭʘʥʠʟʤ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʚ ʨʘʙʦʪʘʭ ʘʢʘʜʝʤʠʢʘ ʉ.ʊ. 

ʂʠʰʢʠʥʘ, ʧʦʢʘʟʘʚʰʝʛʦ, ʯʪʦ ʥʠʢʝʣʝʚʳʡ ʞʘʨʦʧʨʦʯʥʳʡ ʩʧʣʘʚ ʕʀ437 ʨʘʟʨʫ-

ʰʘʝʪʩʷ ʧʦ ʫʯʘʩʪʢʘʤ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʨʠ-

ʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʧʨʠʯʝʤ ʟʘʨʦʞʜʝʥʠʝ ʧʦʨ ʠ ʪʨʝʱʠʥ ʧʦ ʵʪʠʤ ʤʝʩʪʘʤ ʥʘ-

ʯʠʥʘʝʪʩʷ ʫʞʝ ʚ ʥʘʯʘʣʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ. ʀʤʝʥʥʦ ʵʪʦ ʧʦʩʣʝʜʥʝʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ çʫʜʘʣʝʥʠʷè ʠʟ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝ-

ʨʠʘʣʘ ʧʦʧʝʨʝʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʘʥʠʮ ʟʝʨʝʥ. ɼʘʥʥʘʷ ʮʝʣʴ ʙʳʣʘ ʜʦʩʪʠʛ-

ʥʫʪʘ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʣʦʧʘʪʦʢ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʦʪʣʠʚʢʝ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʘʨʘʣʣʝʣʴʥʳ ʥʘʧʨʘʚʣʝʥʠʶ 

ʛʣʘʚʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ ʞʘ-

ʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʠ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʩʪʨʫʢʪʫʨʳ ʥʘʠʙʦʣʝʝ çʩʣʘ-

ʙʳʭè ʦʙʣʘʩʪʝʡ, ʪ.ʝ. ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʝʝ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʩʧʣʘʚʘ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳ ʠʜʝʘʣʴʥʦ ʥʝ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʪʦʣʙʯʘ-

ʪʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʦʪʣʠʚʢʝ, ʠʭ ʛʨʘʥʠʮʳ ʚʩʝʛʜʘ ʙʫʜʫʪ ʠʤʝʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʫʯʘʩʪʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʩʪʳʢʦʚʢʠ ʚʝʪʚʝʡ ʜʝʥʜʨʠʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜ-

ʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʦʩʝʜʥʠʤ ʟʝʨʥʘʤ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ  ʦʪʣʠ-

ʚʦʢ ʣʦʧʘʪʦʢ ʙʝʟ ʙʦʣʴʰʝ ʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ,  ʤʦ-

ʥʦʢʨʠʩʪʘʣʴʥʳʭ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ.  ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʝʱʝ  ʦʜʥʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ, ʘ ʠʤʝʥʥʦ: ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʥʠʟʦʪʨʦʧʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʦ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ  ʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʚ ʣʦʧʘʪʢʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ  ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʪ.ʝ. ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʦʧʘʪʦʢ ʩ ʟʘʜʘʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. ʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʥɹʳʭ 

ʣʦʧʘʪʦʢ ʧʦʟʚʦʣʠʣʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʟʜʘʪʴ ʢʣʘʩʩ ʩʧʣʘʚʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʵʣʝʤʝʥ-

ʪʦʚ-ʫʧʨʦʯʥʠʪʝʣʝʡ ʛʨʘʥʠʮ ʟʝʨʝʥ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʝʟʫʛʣʝʨʦʜʠʩʪʳʝ ʞʘʨʦ-

ʧʨʦʯʥʳʝ ʩʧʣʘʚʳ). ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʣʝ-

ʛʠʨʦʚʘʥʠʷ ʠ ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴ-
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ʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʣʘʚʦʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ.  

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʣʦʧʘʪʦʢ ʩʦ ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘʟʳʚʘʶʪ 

ʦʙʳʯʥʦ  ʪʝʭʥʦʣʦʛʠʝʡ ʥʘʧʨʘʚʣʝʥʥʦʡ  ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʧʦʣʫʯʝʥʠʝ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʦʧʘʪʦʢ ï ʪʝʭʥʦʣʦʛʠʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʪʴʷ, ʭʦ-

ʪʷ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʠ ʠ ʪʝ ʞʝ ʫʩʪʘ-

ʥʦʚʢʠ. ʅʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʦʪʣʠʚʦʢ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ ɻʊɼ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʚ 

ʉʐɸ ʠ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʉʉʉʈ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʥʝʮ 50-ʭïʥʘʯʘʣʦ 60-

ʭ ʛʦʜʦʚ XX ʚʝʢʘ (ɺʝʨʰʥʘʡʜʝʨ ʠ ɻʫʘʨʜ). ʇʝʨʚʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʣʦ-

ʧʘʪʢʠ ʙʣrʠ ʧʦʣʫʯʝʥʳ ʃ. ɺʝʨʰʥʘʡʜʝʨʦʤ ʚ ʉʐɸ ʚ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ. ɺ 

ʉʉʉʈ ʧʝʨʚʳʝ ʣʦʧʘʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ɺʀɸʄʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɼ.ɸ. 

ʇʝʪʨʦʚʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʉ.ʊ. ʂʠʰʢʠʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʝ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪ-

ʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ.  

ʋʩʪʘʥʦʚʢʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʬʠʨʤʳ ʈʦʣʩ-ʈʦʡʩ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʦʪʦʨʦʡ ʪʠʧʠʯʥʘ ʜʣʷ ʟʘʨʫʙʝʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ. ʃʠʪʝʡʥʘʷ ʬʦʨʤʘ 1,  ʪʦʯʥʝʝ ʛʦʚʦʨʷ, ʙʣʦʢ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤ ʜʣʷ ʦʪ-

ʣʠʚʢʠ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ (6ï8 ʰʪʫʢ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʚʫʭʟʦʥʥʦʤ ʥʘʛʨʝ-

ʚʘʪʝʣʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 2 ʥʘ ʧʦʜʚʠʞʥʦʡ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʡ ʧʣʠʪʝ-

ʭʦʣʦʜʠʣʴʥʠʢʝ 3 ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ. ʊʘʢ ʢʘʢ 

ʬʦʨʤʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʤʝʪʘʣʣʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩ ʦʪʢʨʳ-

ʪʳʤ ʜʥʦʤ, ʪʦ ʜʝʨʞʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʝ ʧʣʦʪʥʳʡ ʢʦʥʪʘʢʪ ʩ ʭʦʣʦʜʠʣʴʥʠ-

ʢʦʤ, ʧʨʝʧʷʪʩʪʚʫʷ ʚʳʪʝʢʘʥʠʶ ʨʘʩʧʣʘʚʘ. ɿʘʣʠʚʢʘ ʨʘʩʧʣʘʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʠʬʦʥʥʳʤ ʤʝʪʦʜʦʤ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʦʷʢ. ʇʦʣʦʩʪʠ ʙʣʦʢʘ, ʬʦʨʤʠʨʫʶ-

ʱʠʝ ʩʦʙʩʪʚʝʥʥʦ ʦʪʣʠʚʢʫ ʣʦʧʘʪʢʠ, ʦʪʜʝʣʝʥʳ ʦʪ ʣʠʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʧʦʨʠʩ-

ʪʳʤʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʬʠʣʴʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʩʙʦʨʢʝ 

ʤʦʜʝʣʴʥʦʛʦ ʙʣʦʢʘ.  
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ʈʠʩ.1 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʠʨʤʳ 

çʈʦʣʩ-ʈʦʡʩè: 

1 ï ʣʠʪʝʡʥʘʷ ʬʦʨʤʘ;  

2 ï ʥʘʛʨʝʚʘʪʝʣʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ;  

3 ï ʚʦʜʦʦʭʣʘʞʜʘʝʤʘʷ ʧʣʠʪʘ-ʭʦʣʦʜʠʣʴʥʠʢ ʠ ʚʳʪʷʛʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

4 ï ʥʘʛʨʝʚʘʪʝʣʴ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ;  

5 ï ʪʠʛʝʣʴ ʠ ʰʠʭʪʦʚʘʷ ʟʘʛʦʪʦʚʢʘ  

 

ʇʣʘʚʣʝʥʠʝ ʰʠʭʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʴʶ 4 ʚ ʦʜʥʦʨʘʟʦʚʦʤ ʪʠʛʣʝ ʩ ʜʦʥʥʳʤ ʩʣʠʚʦʤ 5. ɺ ʝʛʦ ʦʩ-

ʥʦʚʘʥʠʠ ʥʘʭʦʜʠʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʣʘʚʷʱʠʡʩʷ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʩʧʣʘʚʘ 

ʦʪʣʠʚʢʠ ʩʪʦʧʦʨ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʩʣʠʚʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʂʦʥʪʨʦʣʴ ʟʘʣʠʚʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʦʢʥʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʤʝʞʜʫ 

ʠʥʜʫʢʮʠʦʥʥʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʧʝʯʴʶ ʧʦʜʦʛʨʝʚʘ ʬʦʨʤʳ. ʇʦʩʣʝ ʟʘʣʠʚʢʠ 

ʤʝʪʘʣʣʘ ʚ ʬʦʨʤʫ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʪʷ-

ʛʠʚʘʥʠʝʤ ʬʦʨʤʳ ʠʟ ʥʘʛʨʝʚʘʪʝʣʷ. ʊʝʧʣʦʦʪʚʦʜ ʦʪ ʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʢʦʥʪʘʢʪʘ ʩ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʠʟʣʫʯʝʥʠʝʤ ʦʪ ʝʝ ʩʪʝ-

ʥʦʢ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʝ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʘʜʠʘʮʠʦʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ). ɼʣʷ ʧʦʚʳʰʝʥʠʷ Gz ʚ ʦʩʥʦʚʘʥʠʠ ʥʘʛʨʝʚʘʪʝʣʷ ʬʦʨʤʳ ʚʳʧʦʣ-

ʥʝʥʳ ʵʢʨʘʥʳ, ʦʪʩʝʢʘʶʱʠʝ ʯʘʩʪʴ ʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʟʫʶʱʫʶʩʷ 

ʯʘʩʪʴ ʦʪʣʠʚʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʧʝʯʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʩʣʫ-

ʞʘʪ ʩʤʝʥʥʳʝ ʢʘʤʝʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʘʢʫʫʤʥʳʝ ʟʘʪʚʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʚʦʜʠʪʴ ʟʘʛʨʫʟʢʫ ʰʠʭʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʨʘʟʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʦʙʲʝʤʘ ʧʝʯʠ.  
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ʊʠʧʠʯʥʳʝ ʨʝʞʠʤʳ ʨʦʩʪʘ ʚ ʫʩʪʘʥʦʚʢʘʭ ʪʘʢʦʛʦ ʪʠʧʘ:  

ʚʝʨʭ.ʟʦʥʳʊ =1500-1510Áʉ , 

. 1520 1530ʥʠʞʥʟʦʥʳʊ ʉ= - ,̄ 

W = 3-5ʤʤ/ʤʠʥ 
ʈʦʩʪʦʚʦʡ ʛʨʘʜʠʝʥʪ Gz ʩʦʩʪʘʚʣʷʝʪ 3ï5Áʉ/ʤʤ.  

ʂ ʨʦʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʙʦʯʠʭ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ ɻʊɼ ʩ ʪʦʥʢʦʩʪʦʣʙ-

ʯʘʪʦʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʟʝʨʝʥ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦ-

ʚʘʥʠʷ. ʅʘ ʧʝʨʝ ʣʦʧʘʪʢʠ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʤʝʩʪ ʟʘʨʦʞʜʝʥʠʷ ʥʦʚʳʭ ʩʪʦʣʙʯʘʪʳʭ 

ʟʝʨʝʥ. ɼʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʠ ʤʝʞʜʫ ʟʘʤ-

ʢʦʤ ʠ ʧʨʦʬʠʣʝʤ ʧʝʨʘ ʣʦʧʘʪʢʠ. ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʛʨʘʥʠʮʳ ʟʝʨʥʘ ʦʪ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʣʦʧʘʪʢʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 15ï20Ü. ʊʘʢʦʝ ʞʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ. ʈʘʚʥʦʦʩʥʳʝ ʟʝʨʥʘ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ 

ʥʘ ʧʦʣʢʘʭ ʣʦʧʘʪʢʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɺʀɸʄʝ ʚʳʩʦʢʦʛʨʘʜʠʝʥʪʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʚ ʨʘʩʧʣʘʚʝ 

ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ (ʘʣʶʤʠʥʠʷ ʠʣʠ ʦʣʦʚʘ). ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʛʦ ʪʠ-

ʧʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2 ʥʘ ʧʨʠʤʝʨʝ ʧʝʯʠ ʋɺʅʂ-8ʇ.  

 
ʈʠʩ. 2 

ʌʦʨʤʘ ʩ ʟʘʣʠʪʳʤ ʚ ʥʝʝ ʤʝʪʘʣʣʦʤ ʚʳʪʷʛʠʚʘʝʪʩʷ ʠʟ ʜʚʫʭʟʦʥʥʦʛʦ ʥʘʛʨʝ-

ʚʘʪʝʣʷ ʠ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʨʘʩʧʣʘʚ  ʘʣʶʤʠʥʠʷ, ʠʤʝʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʫ ~750Áʉ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʜʚʫʭ ʙʣʦʢʦʚ, ʦʙʳʯʥʦ ʧʦ ʰʝʩʪʴ 

ʣʦʧʘʪʦʢ ʚ ʢʘʞʜʦʤ. ɺʝʣʠʯʠʥʘ Gz ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 5ï

10Áʉ/ʤʤ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʨʘʚʥʘ 5ï7 ʤʤ/ʤʠʥ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʪ-

ʣʠʚʦʢ ʠ 10ï20 ʤʤ/ʤʠʥ ʜʣʷ ʦʪʣʠʚʦʢ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʝʣʠ-

ʯʠʥʘ ʤʝʞʜʝʥʜʨʠʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ɚ ʩʦʩʪʘʚʣʷʝʪ 250ï300 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʪʝʧʣʦʦʪʚʦʜʦʤ 500ï550 ʤʢʤ. ɺ ʚʳʩʦʢʦʛʨʘ-
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ʜʠʝʥʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʪʘʢʦʡ ʨʦʩʪʦʚʦʡ ʜʝʬʝʢʪ, ʢʘʢ 

ʩʪʨʫʡʯʘʪʘʷ ʣʠʢʚʘʮʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʣʠʚʦʢ ʠʟ ʨʝ-

ʥʠʡʩʦʜʝʨʞʘʱʠʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʠ ʧʨʠ ʣʠʪʴʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʣʦ-

ʧʘʪʦʢ ɻʊʋ.   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʣʠʚʦʢ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʳ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʜʦʥʥʦʡ ʯʘʩʪʴʶ. ʕʪʦ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʪʣʠʚʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ 2ï5 ʩʪʦʣʙʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ 

ʦʪʣʠʚʢʘʤ ʪʘʢʦʛʦ ʪʠʧʘï ʦʪʩʫʪʩʪʚʠʝ ʚʳʭʦʜʘ ʛʨʘʥʠʮʳ ʩʪʦʣʙʯʘʪʦʛʦ ʟʝʨʥʘ ʥʘ 

ʢʨʦʤʢʠ ʧʝʨʘ ʣʦʧʘʪʢʠ.  

ʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʦʪʣʠʚʦʢ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʫʨʙʠʥʥʳʭ 
ʣʦʧʘʪʦʢ ɻʊɼ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʦʧʘʪʦʢ ʜʣʷ ʛʘ-

ʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʧʦʩʦʙʦʤ ʟʘʨʦʞʜʝ-

ʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

1. ʊʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʤʝʨʠʢʘʥʩʢʦʡ ʬʠʨʤʦʡ Pratt and Whitney, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ (ɸʥʛʣʠʷ, ʌʨʘʥʮʠʷ, ɻʝʨʤʘʥʠʷ ʠ ʜʨ.). 

ʆʩʥʦʚʘʥʘ ʥʘ ʦʪʙʦʨʝ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ, ʚ 

ʢʦʪʦʨʳʭ ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʦʩʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʘʢʩʠʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ.  

2. ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ɺʀɸʄʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʟʘʪʨʘʚʦʢ), ʢʦʛʜʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʪʣʠʚʢʫ ʦʪ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʟʘʪʨʘʚʢʠ) 

ʟʘʜʘʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ.  

ʇʨʠʥʷʪʳʡ ʟʘ ʨʫʙʝʞʦʤ ʩʧʦʩʦʙ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʘʥ 

ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʤ ʨʦʩʪʝ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʵʪʘʧʳ:  

1. ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʡʥʦʛʦ ʙʣʦʢʘ ʩʪʨʫʢʪʫʨʳ ʠʟ ʤʥʦʞʝʩʪ-

ʚʘ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ;  

2. ɻ ʪʘʧ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʦʩʪʘ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʝʩ-

ʥʝʥʠʝ ʪʝʭ ʠʟ ʥʠʭ, ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʦʩʪʘ ʦʙʨʘʟʫʝʪʩʷ ʨʦʩʪʦʚʘʷ ʪʝʢʩʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʘʢʩʠʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʠ ʧʨʦʠʟʚʦʣʴ-

ʥʫʶ ʘʟʠʤʫʪʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ;  

3. ʦʪʙʦʨ ʠʟ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢʘ ʦʜʥʦʛʦ ʟʝʨʥʘ, ʢʦʪʦʨʦʝ ʠ ʬʦʨʤʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʣʦʧʘʪʢʫ ʩ ʘʢʩʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʩ ʧʨʦʠʟʚʦʣʴ-

ʥʳʤ ʘʟʠʤʫʪʦʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʪʴʷ ʩʪʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ ʠʣʠ ʛʝʣʠʢʦʠʜʘ (ʨʠʩ. 7), 

ʢʦʪʦʨʳʡ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ çʧʦʨʦʩʷʯʠʡ ʭʚʦʩʪè (pig tail). ʇʦ ʩʫʱʝʩʪʚʫ, ʵʪʦʪ 

ʛʝʣʠʢʦʠʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʜʦʠʟʤʝʥʝʥʥʳʡ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ ʪʠʧʘ  

çʧʨʷʤʦʡ ʫʛʦʣè.  
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ʈʠʩ.3 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʦʩʪʨʦʡ 

ʪʝʢʩʪʫʨʳ, ʘ ʟʥʘʯʠʪ, ʠ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʦʪʣʠʚʢʠ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʨʦʜʳʰʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʚʳʨʘʩʪʘʝʪ ʤʥʦʞʝʩʪʚʦ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʛʣʫʙʦʢʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ ʨʘʩʧʣʘʚʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʜʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʦʨʤ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʜʦʥʥʦʡ ʯʘʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʪʣʠʚʢʠ ʪʦʣʴʢʦ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʨʦʞʜʘʝʪʩʷ ʚʩʝʛʦ ʥʝ-

ʩʢʦʣʴʢʦ ʩʪʦʣʙʯʘʪʳʭ ʟʝʨʝʥ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ, ʧʦ ʩʫʱʝʩʪʚʫ, ʦʪʩʫʪʩʪʚʫʝʪ 

ʢʦʥʢʫʨʝʥʮʠʷ. ɺ ʜʦʥʥʦʡ ʯʘʩʪʠ ʦʪʣʠʚʢʠ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ 

ʟʝʨʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʦʩʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ ʩʪʘʨʪʝʨʘ ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʪʥʦ-

ʛʦ ʨʦʩʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʘʢʩʠʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ ʩ ʪʦʯʥʦʩʪʴʶ 10ï15Ü ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩ ʪʘʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʦʪʣʠʚʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʠʪʢʦʚ ʠ ʣʦʧʘʪʦʢ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʦʪʙʦʨʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʭ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʜʦʩ-

ʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ. ʇʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢʘ ʚ ʚʠʜʝ ʛʝʣʠʢʦʠʜʘ ʚʧʦʣʥʝ ʧʦʥʷʪʥʦ, ʪʘʢ ʢʘʢ 

ʩʘʤ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʦʨʦʩʰʠʡ ʠʟ ʛʝʣʠʢʦʠʜʘ, ʧʦ ʩʫʪʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʪ ʦʜ-

ʥʦʡ ʜʝʥʜʨʠʪʥʦʡ ʦʩʠ ʧʝʨʚʦʛʦ ʠʣʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʯʝʨʝʟ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ ʧʨʦʨʘʩʪʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʩʫʙʟʝʨʥʦ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʟʝʨʥʘ ʠ ʩʫʙʟʝʨʥʘ ʚ ʥʝʤ ʟʘʜʝʨʞʠʚʘʶʪʩʷ.  

ʊʠʧʠʯʥʳʝ ʨʘʟʤʝʨʳ ʩʪʘʨʪʝʨʘ ʠ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢʘ ʪʠʧʘ ʛʝʣʠʢʦʠʜʘ 

ʩʣʝʜʫʶʱʠʝ:  

1. ʜʠʘʤʝʪʨ ʩʪʘʨʪʝʨʘ 20ï30 ʤʤ,  

2. ʚʳʩʦʪʘ 30ï40 ʤʤ;  

3. ʨʘʟʤʝʨʳ  ʛʝʣʠʢʦʠʜʘ ï ʫʛʦʣ ʧʦʜʲʝʤʘ ʩʧʠʨʘʣʠ ʨʘʚʥʦ 40Ü, ʜʠʘʤʝʪʨ ~5 

ʤʤ, ʯʠʩʣʦ ʚʠʪʢʦʚ 1ï3, ʦʙʱʘʷ ʚʳʩʦʪʘ (ʩʪʘʨʪʝʨ-ʛʝʣʠʢʦʠʜ) 50ï55 ʤʤ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʦʪʙʦʨʘ ʦʜʥʦʛʦ ʟʝʨʥʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʪʦʣʙʯʘʪʳʭ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩ ʘʢʩʠʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ , ʪʦʯʥʦʩʪʴʶ 10ï15Ü. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ - ʧʦʣʫʯʝ-

ʥʠʝ  ʦʪʣʠʚʦʢ ʣʦʧʘʪʦʢ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ  ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʟʘ-

ʪʨʘʚʦʢ  (ʪ.ʝ. ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ-

ʪʨʘʚʦʢ).  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ:  

1. ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧ-

ʣʦʦʪʚʦʜʘ ʦʪ ʦʩʥʦʚʘʥʠʷ ʬʦʨʤʳ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʦʣʴʟʦ-

ʚʘʪʴ ʬʦʨʤʫ ʙʝʟ ʜʥʘ ʩ ʟʘʣʠʚʢʦʡ ʤʝʪʘʣʣʘ ʥʘ ʭʦʣʦʜʠʣʴʥʠʢ;  

2. ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʪʣʠʚʦʢ ʩ ʦʨʠʝʥʪʘʮʠʝʡ, ʦʪʣʠʯʥʦʡ ʦʪ, ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ;  

3. ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʩʪʘʨʪʦʚʦʡ ʯʘʩʪʠ ʣʠʪʝʡʥʦʛʦ ʙʣʦʢʘ, 

ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʥʠʡʩʦʜʝʨʞʘʱʠʭ 

ʩʧʣʘʚʦʚ.  

ɿʘʪʨʘʚʦʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʪʣʠʚʦʢ. ɺ 

ɺʀɸʄʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʟʘʪʨʘʚʦʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʟʘʪʨʘʚʦʢ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ NiïW, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʝʪʦʜʦʤ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʦʡ ʚʳʨʝʟʢʠ. ʊʦʯʥʦʩʪʴ ʚʳʨʝʟʢʠ ʟʘʪʨʘʚʦʢ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʩ ʜʝʥʜ-

ʨʠʪʥʦ-ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 1,5Ü). ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʪʣʠʚʢʠ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ.  

ʆʜʥʘʢʦ, ʥʘʨʷʜʫ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʪʣʠʚʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ  

NiïW-ʟʘʪʨʘʚʦʢ,  ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ (ʧʦʨʷʜʢʘ 

1,5Ü), ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʣʠʚʢʠ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ,  ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ, ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʩʫʙʟʝʨʝʥ. ʊʘʢʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʷʚʣʷʝʪ-

ʩʷ ʙʨʘʢʦʚʦʯʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪ-

ʣʠʚʦʢ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʪʨʘʚʢʘʭ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʩʦʚʝʨʰʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪʣʠʚʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʩʤʘ-

ʯʠʚʘʥʠʝ ʠ ʯʘʩʪʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʪʦʨʮʘ ʟʘʪʨʘʚʢʠ ʨʘʩʧʣʘʚʦʤ ʞʘʨʦʧʨʦʯʥʦʛʦ 

ʩʧʣʘʚʘ. ʅʘ ʪʝʭ ʞʝ ʟʘʪʨʘʚʢʘʭ, ʦʪ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʣʘ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʧʣʘʚïʟʘʪʨʘʚʢʘ. 

ʇʨʠʯʝʤ ʧʣʦʭʦʡ ʢʦʥʪʘʢʪ ʦʪʤʝʯʘʣʩʷ ʣʠʰʴ ʚ ʟʦʥʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʣʠʪʥʠʢʦ-

ʚʳʤ ʭʦʜʦʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʟʘʪʨʘʚʦʯʥʫʶ ʧʦʣʦʩʪʴ ʩ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʪʴʶ ʣʠ-

ʪʝʡʥʦʡ ʬʦʨʤʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʦʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʘʯʠʚʘʥʠʝ ʙʳʣʦ 

ʥʦʨʤʘʣʴʥʳʤ. ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʘ ʨʘʩʧʣʘʚïʟʘʪʨʘʚʢʘ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ ʥʘʣʝʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʣʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘ ʬʦʨʤʳ ʧʦʜ ʟʘʣʠʚʢʫ. ɺ ʤʦʤʝʥʪ ʟʘʣʠʚʢʠ ʨʘʩʧʣʘʚʘ ʚ ʬʦʨʤʫ ʧʣʝʥʢʘ 
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ʦʢʩʠʜʥʦʛʦ ʥʘʣʝʪʘ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʨʘʟʨʫʰʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʦʜʦʙʥʦʝ ʟʘ-

ʨʦʞʜʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʪʝʤ ʩʤʳʢʘʥʠʝʤ ʦʙʣʘʩʪʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʚʦʟ-

ʥʠʢʰʠʭ ʦʪ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʘʚʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʙʛʨʘ-

ʥʠʮ, ʪ.ʝ. ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʙʳʣʦ ʨʝʰʝʥʦ ʚʝʩʪʠ ʨʘʙʦʪʫ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ:  

1. çʵʢʨʘʥʠʨʦʚʢʘè ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʘʚʢʠ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʣʝʪʘ;  

2. ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʨʦʨʘʩʪʘʥʠʷ ʩʫʙʟʝʨʝʥ ʚ ʦʪʣʠʚʢʫ;  

3. ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʦʩʪʘʚʘ ʟʘʪʨʘʚʢʠ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʧʫʥʢʪʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʡ ʤʝʪʦʜ ʟʘʨʦʞʜʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʚʢʣʶʯʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘ-

ʪʨʘʚʢʠ ʠ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢʘ ʚ ʚʠʜʝ ʩʧʠʨʘʣʴʥʦʛʦ ʣʠʪʥʠʢʦʚʦʛʦ ʭʦʜʘ (ʛʝʣʠ-

ʢʦʠʜʘ). ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʚ ʚʘʢʫʫʤʝ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʧʝʨʝʥʦʩ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʧʨʷʤʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʟʘʪʨʘʚʢʝ ʥʘʣʝʪ ʦʙʨʘʟʫʝʪ-

ʩʷ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʧʷʪʥʘ ʧʨʷʤʦ ʧʦʜ ʦʪʚʝʨʩʪʠʝʤ ʣʠʪʥʠʢʦʚʦʛʦ ʭʦʜʘ, ʘ ʥʘ ʦʩ-

ʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝ ʠʤʝʶʱʝʡ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʪʴʶ 

ʬʦʨʤʳ, ʦʥ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʊʨʝʙʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʵʢʨʘʥʠʨʦʚʢʠ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʧʠʨʘʣʴʥʳʡ ʣʠʪʥʠʢʦʚʳʡ ʭʦʜ, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʘʩʩʦ-

ʧʝʨʝʥʦʩʫ ʦʢʩʠʜʦʚ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʬʘʟʫ ʥʘ ʟʘʪʨʘʚʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʩʪʘʣʣʦ-

ʦʪʙʦʨʥʠʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʨʘʩʪʘʥʠʝ ʯʝʨʝʟ ʥʝʛʦ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʟʝʨʥʘ, 

ʪʦʯʥʦ ʪʘʢ ʞʝ ʚʝʜʝʪ ʩʝʙʷ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʩʫʙʟʝʨʝʥ. ʇʦʩʢʦʣʴʢʫ ʢ ʛʝʣʠʢʦʠʜʫ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʚʦʜʠʪʩʷ ʥʝ ʩʪʦʣʙʯʘʪʘʷ, ʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫ-

ʨʘ, ʪʦ ʯʠʩʣʦ ʚʠʪʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʜʦ ʦʜʥʦʛʦ. ʈʘʙʦʯʝʝ ʩʝʯʝʥʠʝ 

ʩʧʠʨʘʣʴʥʦʛʦ ʣʠʪʥʠʢʦʚʦʛʦ ʭʦʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ (ʜʠʘʤʝʪʨ ~1,5 

ʤʤ), ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʥʝʛʦ ʛʨʘʥʠʮ ʩʫʙʟʝ-

ʨʝʥ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʬʘʟʫ. ʅʘ 

ʨʠʩ. 8 ʧʦʢʘʟʘʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦ-

ʨʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʟʘʨʦʞʜʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʟʘ-

ʪʨʘʚʢʘïʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ. ʂʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʠ ʚʳʩʦʪʦʡ 10 ʤʤ, ʩʦ ʧʠ-

ʨʘʣʴʥʳʤ ʣʠʪʥʠʢʦʚʳʤ ʭʦʜʦʤ ʚʥʫʪʨʠ. ɺʩʪʘʚʢʘ ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʧʨʝʩ-

ʩʦʚʘʥʠʷ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʙʳʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʝʨʞʥʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ʦʭʣʘʞʜʘʝʤʦʡ ʣʦʧʘʪʢʠ. 

ʉʧʠʨʘʣʴʥʳʡ ʭʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʢʣʘʜʳʰʘ ʚ 

ʧʨʝʩʩ-ʬʦʨʤʝ, ʩ ʢʦʪʦʨʦʛʦ çʩʚʠʥʯʠʚʘʝʪʩʷè ʦʪʧʨʝʩʩʦʚʘʥʥʘʷ ʚʩʪʘʚʢʘ. ʀʟʛʦʪʦʚ-

ʣʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʪʘʚʢʘ ʦʙʞʠʛʘʝʪʩʷ ʧʦ ʨʝʞʠʤʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʩʪʘʚʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʥʠʯʝʩʢʦʝ 

ʫʛʣʫʙʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʮʝʥʪʨʠʨʫʶʱʠʡ ʚʳʩʪʫʧ ʟʘʪʨʘʚʦʯʥʦʡ ʧʦʣʦʩʪʠ.  
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ʈʠʩ.4 

ɿʘʪʨʘʚʦʯʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ: 

ʘ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʟʘʨʦʞʜʝʥʠʝ: ʟʘʪʨʘʚʢʘïʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ;  

ʙ ï ʝʜʠʥʳʡ ʟʘʪʨʘʚʦʯʥʳʡ ʫʟʝʣ;  

1 ï ʟʘʪʨʘʚʢʘ;  

2 ï ʢʝʨʘʤʠʯʝʩʢʠʡ ʟʘʪʨʘʚʦʯʥʳʡ ʫʟʝʣ. 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ 

ʟʘʪʨʘʚʦʢ ʙʳʣ ʚʚʝʜʝʥ ʫʛʣʝʨʦʜ ʜʦ 0,10% ʠ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ 

ʜʦ 34-35%. ʊʝʤʧʝʨʘʪʫʨʘ ʣʠʢʚʠʜʫʩʘ ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ 

(ʦʩʪʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 1510Áʉ), ʫʛʣʝʨʦʜ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʟʘʪʨʘʚʦʢ, ʷʚʣʷʷʩʴ 

ʘʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʥʳʭ ʥʘʣʝ-

ʪʦʚ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʪʣʠʚʦʢ 

ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ çʧʨʦʩʪʳʝ ʨʝʬʣʝʢʩʳè ʩ ʫʛʣʦʚʦʡ ʰʠʨʠʥʦʡ 10 15- ,̄ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ ʩ ʜʝʥʜʨʠʪʥʦ-

ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʟʘʨʦʞʜʝʥʠʷ ʟʘʪʨʘʚʢʘïʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʪʣʠʚʢʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʡ ʫʟʝʣ ʟʘʨʦʞʜʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʡ ʠʟ ʢʝʨʘ-

ʤʠʢʠ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ. ʋʟʝʣ ʚʢʣʶʯʘʝʪ ʧʦʣʦʩʪʴ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘ-

ʪʨʘʚʢʠ ʠ ʢʨʠʩʪʘʣʣʦʦʪʙʦʨʥʠʢ (ʨʠʩ. 4, ʙ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʩʥʦʩʪʠ ʦʪʣʠʚ-

ʢʠ ʠ ʟʘʪʨʘʚʢʠ ʚ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʘʜʦʯʥʳʡ ʢʦʥʫʩ, ʥʘ ʢʦʪʦʨʦʤ ʠ ʟʘ-

ʢʨʝʧʣʷʝʪʩʷ ʫʟʝʣ ʟʘʨʦʞʜʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʘʚʢʠ, 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʣʠʪʝʡʥʦʛʦ ʙʣʦʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʟʘ-

ʜʘʥʥʫʶ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1-3°.  

ɺ ɺʀɸʄʝ ʥʘ ʙʘʟʝ ʫʩʪʘʥʦʚʢʠ ʋɺʅʂ-8ʇ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʝʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʝʨʠʡʥʳʝ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʝ  ʫʩʪʘʥʦʚʢʠ ʤʦʜʝʨʥʠʟʠ-

ʨʦʚʘʥʥʳʤ ʪʝʧʣʦʚʳʤ ʫʟʣʦʤ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɼʣʷ ʣʠʪʴʷ ʣʦʧʘʪʦʢ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ï ʵʪʦ  ʫʩʪʘ-

ʥʦʚʢʘ ʋɺʅʂ-9ɸ, ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʣʠʚʦʢ ʩ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʘʢʠʭ ʢʘʢ ʣʦʧʘʪʢʠ ʩʪʘʮʠʦ-
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ʥʘʨʥʳʭ ɻʊʋ, ʩʦʟʜʘʥʳ ʫʩʪʘʥʦʚʢʠ ʋɺʅʂ-10, ʋɺʅʂ-14. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦ-

ʣʝʝ ʚʳʩʦʢʠʭ ʚʝʣʠʯʠʥ Gz ʚ ɺʀɸʄʝ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʋɺʅʉ-5 ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʚ ʨʘʩʧʣʘʚʝ ʦʣʦʚʘ. ʅʘ ʵʪʦʡ ʫʩʪʘ-

ʥʦʚʢʝ ʤʦʞʥʦ ʚʝʩʪʠ ʥʘʧʨʘʚʣʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʩ ʛʨʘʜʠʝʥʪʦʤ ʜʦ 

20Áʉ/ʤʤ (ʨʠʩ. 5).  

 
ʈʠʩ. 5 

ɺʳʚʦʜ.ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɺʀɸʄʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʳʩʦʢʦʛʨʘʜʠʝʥʪʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʤʝʪʦʜʠʢʠ ʣʠʪʴʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʦʪʣʠʚʢʠ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʦʢ ʩ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʦ ʤʥʦʛʦʤ ʧʨʝʚʦʩʭʦʜʷ-

ʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ.  
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Conditions desired for formation of current superalloy castings with a di-

rectional or single-crystal structure in units with radiant or liquid-metal 

cooling are discussed. VIAM Research Institute developed these units for 

high-gradient directional solidification, as well as casting techniques in-

cluding combined techniques for single crystal nucleation with the use of 

both a nucleator and a crystal separator. This allows production of cast 

turbine blades with a single-crystal structure, with these blades being supe-

rior to foreign analogues in many respects 
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ʇ.ʄ. ɼʝʤʠʥ, ɺ.ʅ. ʇʘʱʝʥʢʦ 

ʇʆʉʊʈʆɽʅʀɽ ʃʀʅʀʀ ʂʆʅɽʏʅʆʁ ʂʆʅʌʀɻʋʈɸʎʀʀ 

ɼʃʗ ʄʅʆɻʆʉɽʂʎʀʆʅʅʆɻʆ ʄɸʅʀʇʋʃʗʊʆʈɸ, 

ʆʉʅʆɺɸʅʅʆɻʆ ʅɸ ʄɽʍɸʅʀɿʄɸʍ ʇɸʈɸʃʃɽʃʔʅʆʁ 

ʂʀʅɽʄɸʊʀʂʀ ʉ ʇʆʄʆʑʔʖ ʂʈʀɺʆʁ ɹɽɿʔɽ 

ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

ʂʌ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʂʘʣʫʛʘ, 248000, ʈʦʩʩʠʷ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʚʦʡ ɹʝʟʴʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʠ. ʊʘʢʞʝ ʨʘʟʨʘ-

ʙʦʪʘʥ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʧʦʜʦʙʥʦʛʦ 

ʪʠʧʘ ʤʝʭʘʥʠʟʤʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʚʘʷ ɹʝʟʴʝ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ, ʦʙ-

ʨʘʪʥʘʷ ʟʘʜʘʯʘ ʢʠʥʝʤʘʪʠʢʠ. 

 

 

ɺʚʝʜʝʥʠʝ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʦʙʦʪʦʚ, ʢʣʘʩʩʠʬʠʮʠ-

ʨʫʝʤʳʭ ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ, ʩʭʝʤ-

ʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʦ, ʯʪʦ ʣʠʰʴ ʦʪʯʘʩʪʠ 

ʦʪʨʘʞʝʥʦ ʚ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘ-

ʝʚ ʤʘʥʠʧʫʣʷʪʦʨʳ ʨʦʙʦʪʦʚ ʠʤʝʶʪ ʥʝʟʘʤʢʥʫʪʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ, ʪ.ʝ. 

ʦʥʠ ʠʤʝʶʪ ʤʝʭʘʥʠʟʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʘʥʠʧʫʣʷʪʦʨʳ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʤʝʭʘʥʠʟʤʦʚ, ʠʤʝʶʱʠʭ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʦʙʦʪʦʚ. ɺ ʤʝʭʘʥʠʟʤʘʭ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʳʭʦʜʥʦʝ ʟʚʝʥʦ ʩʚʷʟʘʥʦ ʩ ʦʩʥʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʤʠ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʠʤʠ ʮʝʧʷʤʠ. ʆʙʱʝʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʢʣʘʜʳʚʘʝʪʩʷ. ʕʪʠ ʤʝʭʘ-

ʥʠʟʤʳ ʚʦʩʧʨʠʥʠʤʘʶʪ ʥʘʛʨʫʟʢʫ ʧʦʜʦʙʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʬʝʨʤʘʤ ʠ ʧʦ-

ʵʪʦʤʫ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʟʚʝʥʴʝʚ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʝʛʦ ʦʙʱʝʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦ-

ʜʳ ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʤʦʜʫʣʝʡ. ɼʚʠʛʘʪʝʣʠ ʫʢʘʟʘʥʥʳʭ ʤʦʜʫʣʝʡ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʞʝ ʢ ʦʩʥʦʚʘʥʠʶ, ʠ ʦʥʠ ʠʩʧʳʪʳʚʘʶʪ  ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʝ ʚʣʠʥ̫ʠʝ ʧʨʠ ʜʚʠʞʝʥʠʷʭ ʤʝʭʘʥʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʠʥ ʠʟ ʤʦʜʫʣʝʡ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʮʠʶ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʜʨʫʛʦʛʦ ʤʦʜʫʣʷ [1].  

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʦʙʥʦʛʦ ʪʠ-

ʧʘ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ (ʩʚʘʨʢʠ, 
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ʦʢʨʘʩʢʠ ʠ ʪ.ʧ.), ʨʘʙʦʪʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʦʜ ʚʦʜʦʡ, ʚ ʢʦʩʤʦʩʝ, ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʨʘʜʠʘʮʠʠ ʠʣʠ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜ-

ʥʳʭ ʚʝʱʝʩʪʚ). ʅʦ ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʥʠ ʧʦʢʘ ʤʘʣʦ ʠʩʧʦʣɹ-

ʟʫʶʪʩʷ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ. ʉʨʝʜʠ ʵʪʠʭ ʧʨʠʯʠʥ ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥ-

ʥʳʤʠ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʝ-

ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʧʦʣʫʯʘʪʴ 

ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ 

ʚʳʙʨʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘʤʠ [2]. 

ʇʦʤʠʤʦ ʦʜʥʦʩʝʢʮʠʦʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʨʘʟʨʘʙʘʪʳ-

ʚʘʶʪʩʷ ʠ ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ʝʱʝ ʤʝʥʴʰʝ ʠʩʩʣʝʜʦʚʘʥʳ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʥʝʦʜʥʦʟʥʘʯʥʦ-

ʩʪʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɽʩʪʴ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯ-

ʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʨʝʰʝʥʠʝ ʣʠʰʴ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ [2].  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʨʘʤʢʘʭ 

ʵʪʦʛʦ ʵʪʘʧʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ. 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʢʠʥʝʤʘʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʦʙʦʙ-

ʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʡ ʩʝʢʮʠʠ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʠ ʠʟʚʝʩʪʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʤʝʭʘʥʠʟʤʘ. 

ʂʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝ-

ʥʠʷʤ ʟʘʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʃʠʥʠʝʡ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʭʘʥʠʟ-

ʤʘ ʷʚʣʷʝʪʩʷ ʢʨʠʚʘʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʝ ʪʦʯʢʠ ʚʩʝʭ ʩʝʢʮʠʡ ʤʝ-

ʭʘʥʠʟʤʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʷʶʱʝʡ ʣʠʥʠʶ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʥʦʛʦʩʝʢʮʠʦʥʥʦʛʦ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʧʘʨʘʣʣʝʣʥɹʦʡ ʢʠʥʝʤʘʪʠʢʠ.  

 

ʈʠʩ. 1 
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ʈʘʩʩʤʦʪʨʠʤ ʩʠʥʪʝʟ ʢʨʠʚʦʡ ʥʘ ʧʨʠʤʝʨʝ ʤʝʭʘʥʠʟʤʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝ-

ʤʘʪʠʢʠ ʪʠʧʘ ʪʨʠʧʦʜ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʣʘʩʩʘ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʤʝʭʘʥʠʟʤʦʚ (ʈʠʩ. 1). ʊʨʠʧʦʜ ʩʦʩʪʦʠʪ ʠʟ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʧʦʜʚʠʞ-

ʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʪʨʝʭ ʧʨʠʚʦʜʦʚ ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʬʝʨʠʯʝʩʢʠʭ 

ʰʘʨʥʠʨʦʚ [2]. 

ɼʚʠʞʝʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʙʝʟ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʠ ʢʘʢʠʭ ï ʣʠʙʦ ʜʨʫʛʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʛʨʘ-

ʥʠʯʝʥʠʡ. 

ʇʦʩʪʨʦʠʤ ʣʠʥʠʶ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʩ ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʢʮʠʡ, ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʨʘʙʦ-

ʯʝʛʦ ʦʨʛʘʥʘ (ʈʠʩ. 2). 

ʛʜʝ iT  - ʮʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʩʝʢʮʠʠ 

a- ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʩʣʝʜʥʝʡ ʩʝʢʮʠʠ ʚ ʧʣʦʩʢʦ-

ʩʪʠ XZ  

b - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʩʣʝʜʥʝʡ ʩʝʢʮʠʠ ʚ ʧʣʦʩʢʦ-

ʩʪʠ YZ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʚʦʡ ɹʝʟʴʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʚʦʡ ɹʝʟʴʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʛʝʦʤʝʪʨʠʠ ʢʨʠʚʦʡ ɹʝʟʴʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʥʝ ʣʝʞʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤʦʡ ʢʨʠʚʦʡ, ʘ 

ʚʩʝʛʦ ʣʠʰʴ ʦʙʨʘʟʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʥʦʛʦʫʛʦʣʴʥʠʢ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʧʘʜʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ, ʪʦ ʢʨʠ-

ʚʘʷ ɹʝʟʴʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʚʦʡ ɹʝʟʴʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝ-

ʜʫʶʱʝʝ: 

1. ʋʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʠʜʝ. ʕʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʳʯʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʪʦʯʝʢ ʩʝʢʮʠʡ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʨʠʚʦʡ, ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

2. ʇʨʦʩʪʦʪʘ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. ɼʣʷ ʢʨʠʚʦʡ ɹʝʟʴʝ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʛʦ ʦʜʥʦʡ ʦʧʦʨʥʦʡ 

ʪʦʯʢʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʪʳ ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʠʟʚʝʩʪʥʳ ʠʟ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜ-
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ʥʝʡ ʪʦʯʝʢ ʢʨʠʚʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʦʯʢʘʤʠ ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ 

3. ɺʝʢʪʦʨʳ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʢʨʠʚʦʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʦʚʧʘʜʘʶʪ ʩ ʧʝʨʚʦʡ 

ʠ ʧʦʩʣʝʜʥʝʡ ʩʪʦʨʦʥʘʤʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʝʯʥʦʡ ʩʝʢʮʠʠ 

4. ʉʪʝʧʝʥʴ ʤʥʦʛʦʯʣʝʥʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ, ʥʘ ʝʜʠʥʠʮʫ 

ʤʝʥʴʰʝ  ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ. ʇʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʦʷ-

ʱʘʷ ʠʟ ʤʥʦʛʦʯʣʝʥʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ.  

ʈʘʩʯʝʪ ʮʝʥʪʨʘʣʴʥʳʭ ʪʦʯʝʢ ʩʝʢʮʠʡ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠ-

ʚʦʡ ɹʝʟʴʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʂʨʠʚʘʷ ɹʝʟʴʝ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ, ʟʘ-

ʜʘʚʘʝʤʘʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [4]: 

,

0

( ) ( ), 0 1 (1)
n

i i n

i

B t P b t t
=

= Ö ¢ ¢ä
 

 

ʛʜʝ iP  - ʬʫʥʢʮʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʦʧʦʨʥʳʭ ʚʝʨʰʠʥ, ʘ , ( )i nb t - ʙʘʟʠʩʥʳʝ 

ʬʫʥʢʮʠʠ ʢʨʠʚʦʡ ɹʝʟʴʝ. 

, ( ) (1 ) (2)i n i
i n

n
b t t t

i

-å õ
= Ö Ö -æ ö
ç ÷  

ʛʜʝ 
!

! ( )!

n n

i i n i

å õ
=æ ö
Ö -ç ÷

 - ʯʠʩʣʦ ʩʦʯʝʪʘʥʠʡ ʠʟ n  ʧʦ i, ʛʜʝn  - ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ, 

i  - ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʦʧʦʨʥʦʡ ʚʝʨʰʠʥʳ. 

ʂʨʠʚʘʷ ɹʝʟʴʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ( 2)n=  ʟʘʜʘʝʪʩʷ ʪʨʝʤʷ ʦʧʦʨʥʳʤʠ ʪʦʯ-

ʢʘʤʠ: 0 1 2, ,P P P . 

2 2
0 1 2( ) (1 ) 2 (1 ) , [0,1] (3)B t t P t t P t P t= - Ö + Ö Ö - Ö + Ö Í

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʦʨʥʘʷ ʪʦʯʢʘ 2P  ʨʘʩ-

ʧʦʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ XZ . 
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ʈʠʩ. 3 

0P  - ʪʦʯʢʘ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

2P  - ʪʦʯʢʘ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʨʝʟʦʢ 1 2PP  ʷʚʣʷʝʪ-

ʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʢ ʧʦʜʚʠʞʥʦʤʫ ʦʩʥʦʚʘʥʠʶ ʧʦʩʣʝʜʥʝʡ ʩʝʢʮʠʠ ʤʘʥʠʧʫ-

ʣʷʪʦʨʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘ-

ʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ y ʪʦʯʢʠ 1P  ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʮʠʷ ʥʘ 

ʧʣʦʩʢʦʩʪʴ XY (ʈʠʩ. 4). 

y a

2P
yD

tx

a

ʢ

1P  

ʈʠʩ. 4 

ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 4: 

cos (4)
cos

t tx x
k

k
a

a
= Ý =  

ʛʜʝ k  - ʛʠʧʦʪʝʥʫʟʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

sin sin (5)
y

y k
k

a a
D
= ÝD = Ö  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: ty x tgaD = Ö 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ z ʪʦʯʢʠ 
1P  ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʮʠʷ ʥʘ 

ʧʣʦʩʢʦʩʪʴ XZ  (ʈʠʩ. 5). 

z

2P1P

b

b
tx

zD
k
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ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ tz x tgbD = Ö  

ɼʘʣʝʝ ʥʘʭʦʜʠʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 1P : 

1

1

1

0;

;

.

t t

t t

x

y y x tg

z z x tg

a

b

=

= - Ö

= - Ö

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʢʨʠʚʦʡ ɹʝʟʴʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ [4]: 

2 2
0 1 2

2 2
0 1 2

2 2
0 1 2

(1 ) 2 (1 )

(1 ) 2 (1 ) (6)

(1 ) 2 (1 )

x t x t t x t x

y t y t t y t y

z t z t t z t z

ë = - Ö + Ö - Ö Ö + Ö
îî
= - Ö + Ö - Ö Ö + Öì

î
= - Ö + Ö - Ö Ö + Öîí

 

ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʘ t ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ 

ʮʝʥʪʨʘʣʴʥʳʭ ʪʦʯʝʢ ʩʝʢʮʠʡ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ 0,2tD =  ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ 

n=5. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ t ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

1 ,   1 (7)i it t t i n-= +D = »  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʙʫʜʝʪ 

ʦʜʠʥʘʢʦʚʳʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʧʘʜʘʥʠʷ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʩʫʤʤʘʨʥʦʝ 

ʚʳʜʚʠʞʝʥʠʝ ʧʨʠʚʦʜʦʚ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʙʫʜʝʪ ʨʘʚʥʳʤ. ʆʜʥʘʢʦ ʤʦʛʫʪ ʚʦʟʥʠ-

ʢʘʪʴ ʩʣʫʯʘʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʚʳʜʚʠʞʝ-

ʥʠʝ ʩʝʢʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨ [0;1]tÍ , ʧʦ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤʫ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʟʘʜʘʚʘʝʤʦʤʫ ʫʩʣʦʚʠʷʤʠ ʟʘʜʘʯʠ. 
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ʇʦʣʫʯʝʥʠʝ ʥʘʙʦʨʘ ʢʨʠʚʳʭ, ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ 2P. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʝʢ-

ʮʠʷ ʪʦʯʢʠ 2P  ʥʘ ʧʣʦʩʢʦʩʪʴ XY ʥʝ ʣʝʞʠʪ ʥʘ ʦʩʠ y . 
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ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ 

ʣʠʥʠʠ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʩ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  ʇʦ-

ʩʪʨʦʝʥ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʧʨʦʪʦʪʠʧ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ʄʝʭʘʥʠʟʤ ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʦʞʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ 

ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʤʥʦʛʦʩʝʢʮʠʦʥʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʦʩʥʦʚʘʥʥʦ-

ʛʦ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʦʡ ɹʝʟʴʝ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʙʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ  

ʪʦʯʝʢ ʤʝʞʜʫ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ ʩʭʚʘʪʘ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʢʨʠʚʘʷ ɹʝʟʴʝ ʷʚʣʷ-

ʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʨʠʚʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʘʜʢʦʩʪʠ. 
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ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʝʪʦʜ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʘʩʯʝʪ ʰʧʠʥ-

ʜʝʣʴʥʦʛʦ ʫʟʣʘ. 
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ʧʨʠʚʦʜ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, Borland Pascal. 

 

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʚʳhʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʩʯʝʪʘ ʥʘ 

ʞʝʩʪʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʦʤʘʰʥʠʭ ʟʘʜʘ-

ʥʠʡ, ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʩʯʝʪʘʭ ʧʨʠʚʦʜʦʚ 

ʨʘʙʦʯʠʭ ʜʚʠʞʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʚʝʜʝʥʠʝ. ʉʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʪʦʯʥʳʭ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʳʭ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ 

ʦʩʥʦʚʥʳʤ ʫʟʣʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʧʨʠʚʦʜʘʤ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʦʜʘʯ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʞʸʩʪʢʦʩʪʠ, ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ, ʰʧʠʥʜʝʣʴʥʳʭ ʫʟʣʦʚ. ʉʪʘʥʢʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʯʥʦʩʪʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʥʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝ-

ʥʷʶʪ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, 

ʩʦʝʜʠʥʸʥʥʳʝ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. ʂ ʧʨʠʚʦʜʘʤ ʛʣʘʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʨʝʟʘʥʠʷ, ʩʦʭʨʘʥʝʥʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʤʦʱʥʦʩʪʠ ʨʝʟʘʥʠʷ ʚ ʢʦʨʦʙʢʘʭ 

ʩʢʦʨʦʩʪʝʡ ʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ, ʚʳʩʦʢʠʡ ʂʇɼ, ʥʘʜʸʞʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʤʘʣʳʝ ʨʘʟʤʝʨʳ. 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʦʜʫʣʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʨʘʩʯʝʪ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʚʘʣʦʚ ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ (ʩʠʣʦʚʦʡ ʨʘʩʯʝʪ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʄʦʜʫʣʴ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʯʥʦʩʪʠ ʟʫʙʘ ʥʘ ʠʟʛʠʙ ʠ ʠʟ ʫʩʪʘʣʦʩʪʠ ʧʦʚʝʨʭʥʦ-

ʩʪʥʳʭ ʩʣʦʸʚ. ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʝʨʝʜʘʯ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʠʘʤʝʪʨʳ ʟʫʙ-
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ʯʘʪʳʭ ʢʦʣʝʩ, ʠʟʤʝʨʝʥʥʳʝ ʧʦ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʰʠʨʠʥʘ ʟʫʙʯʘʪʦʛʦ 

ʚʝʥʮʘ, ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. 

ʈʘʩʯʝʪ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩ-

ʯʝʪ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ ï ʵʪʦ ʧʝʨʝʜʘʯʠ ʛʠʙʢʦʡ ʩʚʷʟʴʶ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʰʢʠʚʦʚ ʠ ʥʘʜʝʪʦʛʦ ʥʘ ʥʠʭ ʨʝʤʥʷ. ɺ ʩʦ-

ʩʪʘʚ ʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʪʘʢʞʝ ʚʭʦʜʠʪʴ ʥʘʪʷʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʛʨʘʞʜʝʥʠʷ. 

ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʝʤʥʝʡ ʠ ʥʝʩʢʦʣʴʢʠʭ ʚʝʜʦʤʳʭ ʰʢʠʚʦʚ. 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʧʝʨʝʜʘʯʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝ-

ʜʘʪʦʯʥʳʤ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʦʥʠʞʝʥʠʝʤ ʯʘʩ-

ʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʈʝʤʥʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʠʤʝʪʴ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʰʢʠʚʫ ʠ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʠʚʦʜʘ ʘʛʨʝʛʘʪʦʚ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ; ʜʣʷ ʧʨʠʚʦʜʘ ʦʪ ʤʘʣʦʤʦʱʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʪʘʥʢʘʭ ʥʘʭʦʜʷʪ ʢʣʠʥʦʨʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ. 

ʕʪʠ ʧʝʨʝʜʘʯʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʤʘʣʳʭ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʩʷʭ ʰʢʠʚʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚʨʘʱʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʰʢʠʚʘʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʪʷʛʦʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ ʧʨʠ ʪʦʤ ʞʝ 

ʫʩʠʣʠʠ ʥʘʪʷʞʝʥʠʷ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʧʣʦʩʢʦʛʦ. ʆʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴ-

ʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʠʤ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴ-

ʰʝ (ʚ ʥʝʤ ʤʝʥʴʰʝ ʩʣʦʝʚ ʘʨʤʠʨʫʶʱʝʡ ʪʢʘʥʠ), ʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʪʷʛʦʚʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʧʣʦʩʢʦʛʦ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʚ ʧʦʣʴʟʫ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦ-

ʚʘʥʠʝʤ ʜʣʷ ʠʭ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝ-

ʤʷ. ʂʣʠʥʦʚʳʝ ʨʝʤʥʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʚʨʘʱʝʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʘʣʦʚ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʨʦʪʦʨʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʪʠʧ ʨʝʤʥʷ ʠ ʜʠʘʤʝʪʨ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ ʧʝʨʝʜʘʯʠ. ɼʘʣʝʝ ʨʘʩʩʯʠ-

ʪʳʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ (ʩʢʦʨʦʩʪʴ ʨʝʤʥʷ ʠ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ) ʠ 

ʩʣʝʜʫʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ: ʜʠʘʤʝʪʨ ʙʦʣʴʰʝʛʦ ʰʢʠ-

ʚʘ, ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʜʣʠʥʘ ʨʝʤʥʷ, ʫʛʦʣ ʦʙʭʚʘʪʘ 

ʥʘ ʤʝʥʴʰʝʤ ʰʢʠʚʝ, ʰʠʨʠʥʘ ʰʢʠʚʘ. 

ʉʠʣʦʚʦʡ ʨʘʩʯʝʪ. ɹʣʦʢ-ʩʭʝʤʘ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʳ ʚ Bor-

land Pascal ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1, ʨʠʩ.2 ʠ ʨʠʩ.3.  

ʈʝʟʫʣʴʪʘʪʦʤ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʣʫʞʠʪ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʭʦʜʥʦʡ ʚʘʣ ʩʦ ʩʪʦʨʦʥʳ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʚʣʠʷʶʪ ʥʘ ʢʦʤʧʦʥʦʚ-

ʢʫ ʠ ʧʘʨʘʤʝʪʨʳ ʜʨʫʛʠʭ ʚʘʣʦʚ ʨʝʜʫʢʪʦʨʘ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʚʘʣʘ ʦʧʨʝʜʝʣʷ-

ʶʪ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ 

ʠ ʜʦʧʫʩʢʘʝʤʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʘʣʘ ʩʦʩʪʘʚʣʷʶʪ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʭʝʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʜʫʢʪʦʨʘ ʠ ʝʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝ-

ʤʘ. ʈʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʚʘʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʙʘʣʢʠ ʥʘ ʰʘʨʥʠʨʥʳʭ ʦʧʦ-
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ʨʘʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦʤʫ ʩʣʫʯʘʶ ʜʣʷ ʚʘʣʦʚ ʨʝʜʫʢʪʦʨʘ, 

ʢʦʛʜʘ ʚ ʢʘʞʜʦʡ ʦʧʦʨʝ ʫʩʪʘʥʦʚʣʝʥ ʦʜʠʥ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ. ʇʦʜʰʠʧʥʠʢ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʦʩʝʚʳʝ ʠ ʨʘʜʠʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʟʘʤʝʥʷʶʪ 

ʰʘʨʥʠʨʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʦʡ, ʘ ʧʦʜʰʠʧʥʠʢ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʪʦʣʴʢʦ 

ʨʘʜʠʘʣʴʥʳʝ ʩʠʣʳ ï ʰʘʨʥʠʨʥʦ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʦʡ.  

ʅʘʯʘʣʦ

RB=(-Fp* lk+FŰ* l1)/l

ɺʚʦʜ 

lk, l, 

l1,Fp,FŰ

ɺr ʚʦʜ RB

RA=(-Fp* (lk+l)+FŰ* (l-l1)/l

ɺr ʚʦʜ RA

ɆF=0

-Fp+RA-FŰ+RB=0

ɺʚʦʜ

[y], [ɗ], d

ʜʘ

ʥʝʪ

ɺʚʦʜ

ʥʘʯʘʣɹʥrʭ 

ʫʩʣʦʚʠʡ

yʢ, zʢ, yʧʨ, zʧʨ

yʢ, yʧʨ<[y]

ɗʢ, ɗʧʨ<[ɗ]

ʥʝʪ

ʜʘ

ɺr ʚʦʜ  

yʢ, yʧʨ, ɗʢ, 

ɗʧʨ

ɸ

ɹ

B

 
ʈʠʩ.1 
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ɽʩʣʠ ʥʘ ʚʘʣʫ ʨʘʩʧʦʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʦʯʝʨʝʜʥʦ ʨʘʙʦʪʘʶʱʠʭ ʟʫʙʯʘ-

ʪʳʭ ʢʦʣʝʩ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʚ ʢʘʢʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘʠ-

ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʳ ʠ ʥʘʠʙʦʣʴʰʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ. 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʝʢʮʠʠ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ɿʘʪʝʤ ʥʘʭʦʜʷʪ ʚʝʣʠʯʠʥʳ ʨʝʘʢʮʠʡ ʚ ʦʧʦʨʘʭ ʚʘʣʘ. 

ʋʨʘʚʥʝʥʠʷ ʧʨʦʛʠʙʘ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʦʥʩʦʣʴʥʦʡ ʠ ʧʨʦʣʝʪʥʦʡ ʯʘʩʪʝʡ ʚʘʣʘ 

ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪʥʦʰʝʥʠʷ ʩʫʤʤʳ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʥʘ ʚʘʣʫ, ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʜʫʣʷ ʖʥʛʘ ʥʘ ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʚʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʥʩʪʘʥʪʳ ʥʘʭʦʜʷʪ 

ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: ʚ ʩʝʯʝʥʠʷʭ ʦʧʦʨ ʧʨʦʛʠʙʳ ʚʘʣʘ ʧʨʠ-

ʨʘʚʥʠʚʘʶʪʩʷ ʥʫʣʶ. 
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ɺʚʦʜ 

ʊʝ/ʜ, dp1, 

dp2, ɖʨʧ

ɸ

ʊʚʚ = ʊɻ/ʜ *  dp2/

dp1*ɖʨʧ;

FpŰ = 2*ʊʚʚ / dp2

ɺr ʚʦʜ 

ʊʚʚ, FpŰ 

RB=(-Fp* lk+FŰ* l1)/l

ɺr ʚʦʜ RB

RA=(-FpŰ * lk+FŰ* l1)/l

ɺr ʚʦʜ RA

ɆF=0

-Fp+RA-FŰ+RB=0

ʜʘ

ʥʝʪ

ɺʚʦʜ

ʥʘʯʘʣɹʥrʭ 

ʫʩʣʦʚʠʡ

yʢ, zʢ, yʧʨ, zʧʨ

yʢ, yʧʨ<[y]

ɗʢ, ɗʧʨ<[ɗ]
ʥʝʪ

ʜʘ

ɺr ʚʦʜ  

yʢ, yʧʨ, ɗʢ, 

ɗʧʨ

ɹ

 
ʈʠʩ.2 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʢʦʥʩʪʘʥʪ  ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʛʠʙʳ ʠ 

ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʦʥʩʦʣʴʥʦʡ ʠ ʧʨʦʣʝʪʥʦʡ ʯʘʩʪʝʡ ʚ ʦʧʘʩ-
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ʥʳʭ ʩʝʯʝʥʠʷʭ. ɿʘʪʝʤ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʨʘʚʥʠʚʘʶʪ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷ-

ʤʠ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ 

ʚʘʣʘ ʠ ʧʦʚʪʦʨʥʘʷ ʧʨʦʚʝʨʢʘ ʝʛʦ ʥʘ ʞʝʩʪʢʦʩʪʴ. 

 

yʢɆ=sqrt(sqr(yʢ)+sqr(xʢ));

ɗʢɆ=sqrt(sqr(ɗʢ)+sqr(ɗʢx));

yʧʨɆ=sqrt(sqr(yʧʨ)+sqr(xʧʨ));

ɗʧʨɆ=sqrt(sqr(ɗʧʨ)+sqr(ɗʧʨx))

yʢɆ<[y];

ɗʢɆ<[ɗ];

yʧʨɆ<[y];

ɗʧʨɆ<[ɗ]

B
ʥʝʪ

ʜʘ

ɺʘʣ ʧʨʦh ʝʣ 

ʧʦ ʫʩʣʦʚʠʁ  

ʞʝʩʪʢʦʩʪʠ

ʂʦʥʝʮ

 
ʈʠʩ.3 

ʈʘʩʯʝʪ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ. ʐʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʪʘʥʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʚʣʠʷʶʪ 

ʥʘ ʢʦʤʧʦʥʦʚʢʫ ʠ ʧʘʨʘʤʝʪʨʳ ʜʨʫʛʠʭ ʫʟʣʦʚ. ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʚʳʙʠʨʘʶʪ ʪʠʧ ʦʧʦʨ ʠ ʩʭʝʤʫ ʠʭ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ; ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʧʠʥʜʝʣʷ; ʚʳ-

ʙʠʨʘʶʪ ʪʠʧ ʧʨʠʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʈʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʫʟʣʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʙʘʣʢʠ ʩ ʢʦʥʩʦʣʴʶ 

ʥʘ ʜʚʫʭ ʰʘʨʥʠʨʥʳʭ ʦʧʦʨʘʭ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʰʧʠʥʜʝʣʷ: 

ʜʠʘʤʝʪʨʳ ʰʝʝʢ ʰʧʠʥʜʝʣʷ ʧʦʜ ʧʝʨʝʜʥʶʶ ʠ ʟʘʜʥʶʶ ʦʧʦʨʳ, ʧʝʨʝʜʥʝʛʦ ʢʦʥ-

ʮʘ ʰʧʠʥʜʝʣʷ; ʚʳʣʝʪ ʰʧʠʥʜʝʣʷ; ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʝʡʢʠ ʰʧʠʥʜʝʣʷ ʧʦʜ ʧʝʨʝʜʥʝʡ ʦʧʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱ-

ʥʦʩʪʠ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʪʠʧʘ ʰʧʠʥʜʝʣʷ. ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʜʠʘʤʝʪʨʘ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʳ ʜʠʘʤʝʪʨʦʚ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ ʰʧʠʥʜʝʣʷ, ʰʝʡ-

ʢʠ ʰʧʠʥʜʝʣʷ ʧʦʜ ʟʘʜʥʶʶ ʦʧʦʨʫ ʠ ʜʠʘʤʝʪʨʘ ʰʧʠʥʜʝʣʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ. 

ɺʳʣʝʪ ʰʧʠʥʜʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʨʘʟʤʝʨʦʚ ʫʧʣʦʪʥʝʥʠʡ ʧʦʜ ʧʦʜʰʠʧʥʠʢʠ, 

ʰʠʨʠʥʳ ʧʝʨʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ɽʛʦ ʟʥʘʯʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ 
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ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʚ ʦʧʦʨʘʭ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʨʝʟʘʥʠʷ ʥʘ ʧʝʨʝʜʥʝʤ ʪʦʨʮʝ ʫʟʣʘ. ʈʘʩʩʯʠʪʳʚʘʶʪ ʧʨʦ-

ʛʠʙ ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ ʰʧʠʥʜʝʣʷ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʛʠʙʘ ʩʨʘʚʥʠʚʘʶʪ 

ʩ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʝʤ, ʠ ʧʨʠ ʝʛʦ ʧʨʝʚʳʰʝʥʠʠ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʩʯʝʪ ʨʘʟ-

ʤʝʨʦʚ ʚʘʣʘ.  

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢ ʢʘʢ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʪʝʨʘʪʠʚʥʳʡ, ʠ ʚʦʟʤʦʞʥʦ ʥʝʦʜʥʦ-

ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʠʟʣʦʞʝʥʥʳʭ ʵʪʘʧʦʚ, ʪʦ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʙʳ-

ʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʠʟʫʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʚ ʩʨʝʜʝ Borland Pascal. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʣʝʛʢʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ, ʢʘʢ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʷʤ, ʪʘʢ ʠ ʩʪʫʜʝʥʪʘʤ. 
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analysed. 
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ɸ.ʉ. ʇʘʥʪʶʢʦʚ, ɺ.ʊ. ʅʠʢʠʪʠʯ 

ʈɸɼʀɸʎʀʆʅʅʓɽ ʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ ʂɸʂ ʉʈɽɼʉʊɺʆ 

ʇʆɺʓʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ʀ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ 

ʂʦʥʪʨʦʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʚʝʥʴʝʚ ʥʘ ʧʫʪʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʜʝʪʘʣʠ. ʀʤʝʥʥʦ ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʷ ʟʘʚʠʩʠʪ ʫʜʦʚʣʝʪʚʦʨʝʥ-

ʥʦʩʪʴ ʟʘʢʘʟʯʠʢʘ ʧʨʠʦʙʨʝʪʘʝʤʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʘ ʟʥʘʯʠʪ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʩʸ ʰʠʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʢʘʢ ʪʠʧ ʥʝ-

ʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʕʪʠ ʤʝʪʦʜʳ ʠʤʝʶʪ ʤʘʩʩʫ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʪʘʢ ʢʘʢ ʠʭ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʧʣʦʰʥʦʡ ʢʦʥ-

ʪʨʦʣʴ ʧʨʦʜʫʢʮʠʠ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʡʯʘʩ ʨʘʟʚʠʚʘʶʪʩʷ 

ʤʥʦʛʠʝ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʠ ʠʤʝʥʥʦ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʷʪʴ ʥʘ ʢʨʫʧʥʝʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʜʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ 

ʢʦʥʪʨʦʣʴ, ʢʘʯʝʩʪʚʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʟʘʢʘʟʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʜʝʨʞʠʚʘʪʴ ʦʛʨʦʤʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʦʙʷʟʘʥʳ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʘʯʝʩʪʚʫ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʝʜʴ ʠʤʝʥʥʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʷʶʪ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦ-

ʜʫʢʮʠʠ. ʆʧʨʝʜʝʣʠʪʴ, ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠ ʚ ʠʟʜʝʣʠʠ ʪʨʝʱʠʥʳ, ʧʦʨʳ, ʨʘʢʦ-

ʚʠʥʳ ʠ ʜʨʫʛʠʝ ʜʝʬʝʢʪʳ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʧʦʣʫʯʝʥʥʦʝ ʠʟʜʝʣʠʝ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʤʦʞʝʪ ʢʦʥʪʨʦʣʴ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʢʦʥʪʨʦʣʷ: 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ - ʢʦʥʪʨʦʣʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ ʨʘʙʦ-

ʯʠʭ ʩʚʦʡʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ/ʫʟʣʦʚ, ʥʝ 

ʪʨʝʙʫʶʱʠʡ ʚʳʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʨʘʙʦʪʳ ʣʠʙʦ ʝʛʦ ʜʝʤʦʥʪʘʞʘ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ [1]: 

¶ ʤʘʛʥʠʪʥʳʡ; 

¶ ʵʣʝʢʪʨʠʯʝʩʢʠʡ; 

¶ ʚʠʭʨʝʪʦʢʦʚʳʡ; 

¶ ʘʢʫʩʪʠʯʝʩʢʠʡ; 

¶ ʨʘʜʠʘʮʠʦʥʥʳʡ; 

¶ ʪʝʧʣʦʚʦʡ; 

¶ ʨʘʜʠʦʚʦʣʥʦʚʦʡ; 

¶ ʦʧʪʠʯʝʩʢʠʡ; 
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¶ ʧʨʦʥʠʢʘʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʈʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦ-

ʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ, ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ-

ʛʦʜʥʦʩʪʴ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝ-

ʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ. ʏʪʦʙʳ ʧʨʦʥʠʢʥʫʪʴ ʚʥʫʪʨʴ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʦʥʠʢʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ: ʨʝʥʪʛʝʥʦʚʩʢʦʝ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʠʥ-

ʬʨʘʢʨʘʩʥʦʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ, ʠ ʪ.ʜ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠʟʜʝʣʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʠʩʧʫʩʢʘʝ-

ʤʦʝ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠʟʦʪʦʧʘʤʠ. 

ʄʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʘʤʳʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʝʬʝʢʪʳ ʚ ʩʪʘʣʷʭ ʠ ʩʧʣʘʚʘʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʲʝʤʥʳʝ 

ʪʠʧʘ ʧʦʨ, ʨʘʢʦʚʠʥ, ʥʝʧʨʦʚʘʨʦʚ), ʘ ʪʘʢʞʝ ʪʨʝʱʠʥʳ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʤʝʪʘʣʣʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 0 ï 

12Á. ʊʘʢʦʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʢʦʥʪʨʦʣʝ ʩʚʘʨʦʯʥʳʭ 

ʰʚʦʚ. [2] 

ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʝʬʝʢʪʦ-

ʩʢʦʧʠʠ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʤʝʪʦʜʦʚ. [2] 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʠ 
ʈʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ 

Co-60 Cs-137 Yr-192 Tm-170 

ʇʝʨʠʦʜ  

ʧʦʣʫʨʘʩʧʘʜʘ 
5,3 ʛʦʜʘ 30 ʣʝʪ 75 ʜʥʝʡ 129 ʜʥʝʡ 

ʕʥʝʨʛʠʷ, ʄʵɺ 1,33-1,17 0,662 0,2-1,06 0,084 

ɺʦʟʤʦʞʥʘʷ  

ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ  

ʪʦʣɦ ʠʥʘ ʩʪʘʣʠ, ʤʤ 

10-250 10-120 5-100 ɼʦ 20 

ʏʫʚʩʪʚʠʪʝʣʥɹʦʩʪʴ, % 4-6 - 1,5 - 

 

ʊʘʙʣʠʮʘ 2 

ʆʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ 

ʊʦʣʱʠʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʤʤ 
ʈʘʜʠʦʘʢʪʠʚʥʳʝ 

ʠʟʦʪʦʧ  r

ʅʘʧʨʷʞʝʥʠʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʢɺ Fe Ti Al  Mg 



36 

 

1-12 2-25 8-100 20-200 ʊʫʣʠʫʤ-170 60-140 

10-70 20-120 45-250 65-300 ʀʨʠʜʠʡ-192 140-400 

25-100 50-170 95-300 130-420 ʎʝʟʠʡ-137 - 

35-200 100-340 190-550 280-820 ʂʦʙʘʣʴʪ-60 - 

 

ʄʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʟʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʘʤʠ ʜʝʪʝʢʪʠʨʦ-

ʚʘʥʠʷ ʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʣʷʪʩʷ ʥʘ [3]: 

1. ʈʘʜʠʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ʆʩʥʦʚʘʥʳ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʠʣʠ ʟʘʧʠʩʴ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʥʘ ʟʘʧʦʤʠʥʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʚʝ-

ʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦʪ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʧʨʦʩʪʦʪʦʡ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʣʫʯʘʝ-

ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʝʪʝʢʪʦʨʦʚ ʨʘʟʣʠʯʘʶʪ: 

- ʧʣʝʥʦʯʥʫʶ ʨʘʜʠʦʛʨʘʬʠʶ; 

- ʢʩʝʨʦʨʘʜʠʦʛʨʘʬʠʶ (ʵʣʝʢʪʦʨʦʨʘʜʠʦʛʨʘʬʠʶ). 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʝʪʝʢʪʦʨʦʤ ʩʢʨʳʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʪʦʨʦʤ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʚʠʜʠʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʫʞʠʪ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʝʥʢʘ, 

ʚʦ ʚʪʦʨʦʤ - ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʧʣʘʩʪʠʥʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʘʪʦʨʘ ʠʩ-

ʧʦʣʴʟʫʶʪ ʦʙʳʯʥʫʶ ʙʫʤʘʛʫ. 

2. ʈʘʜʠʘʮʠʦʥʥʘʷ ʠʥʪʨʦʩʢʦʧʠʷ. 

ʄʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘ-

ʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʚʝʪʦʚʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʥʘ ʚʳʭʦʜʥʦʤ ʵʢʨʘʥʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʨʠ-

ʯʝʤ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʷ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʜʠʦʛʨʘʬʠʠ, ʥʦ 

ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʟʜʝʣʠʡ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʘ ʪʘʢʞʝ "ʵʢʩʧʨʝʩʩʥʦʩʪʴ" ʠ ʥʝ-

ʧʨʝʨʳʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʜʘʣʝʝ. 

3. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ. 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʫʪʨʝʥʥʝʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝ-

ʤʦʛʦ ʠʟʜʝʣʠʷ, ʧʨʦʩʚʝʯʠʚʘʝʤʦʛʦ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʚ ʚʠʜʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ (ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʢʦʣʠʯʝʩʪʚʘ). 

ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʘ ʢʦʥʪʨʦʣʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʢʦʥʪʨʦʣʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ. ʇʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʫʩʪʫʧʘʝʪ ʨʘ-
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ʜʠʦʛʨʘʬʠʠ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʩʪʨʦʝʥʳ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪ-

ʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʝʥʪʛʝʥʦʩʢʦʧʠʶ ʢʘʢ ʩʨʝʜʩʪʚʦ ʢʦʥʪʨʦʣʷ. 

ʇʨʠ ʨʘʜʠʘʮʠʦʥʥʦʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠ-

ʧʦʚ [4]: 

1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʘʧʧʘʨʘʪʳ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʘʧʧʘʨʘʪʳ ð ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʬʦʪʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ʢʠʣʦʵʣʝʢʪʨʦʥʚʦʣʴʪ. ʈʝʥʪ-

ʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʘʧʧʘʨʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʘʢʫʫʤʥʦʤ 

ʧʨʠʙʦʨʝ, ʥʘʟʳʚʘʝʤʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ. ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʝ ʧʦ-

ʤʝʱʘʝʪʩʷ ʧʦʜʦʛʨʝʚʥʦʡ ʢʘʪʦʜ, ʥʠʪʴ ʥʘʢʘʣʘ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʨʤʦʵʣʝʢʪʨʦʥʦʚ, ʠ ʤʘʩʩʠʚʥʳʡ ʘʥʦʜ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʢʘʪʦʜʫ ʠ ʘʥʦʜʫ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʦʥʳ, ʵʤʠʪʠʨʫʝʤʳʝ ʢʘʪʦʜʦʤ, ʫʩʢʦʨʷʶʪʩʷ ʠ 

ʙʦʤʙʘʨʜʠʨʫʶʪ ʘʥʦʜ. ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʘʥʦʜʘ ʦʙʨʘ-

ʟʫʝʪʩʷ ʪʦʨʤʦʟʥʦʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʳʤ 

ʧʨʦʩʚʝʯʠʚʘʶʪ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ. ʋʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠh ʝʥʠ, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʨʤʦʟʠʪʩʷ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʟʳʚʘʝʪʩʷ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʤ ʬʦʢʫʩʥʳʤ ʧʷʪʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ. ʇʨʦʝʢʮʠʷ ʬʦʢʫʩʥʦ-

ʛʦ ʧʷʪʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʨʘʙʦʯʝʛʦ ʧʫʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʫʶ ʵʪʦʡ ʦʩʠ, ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʬʦʢʫʩʥʳʤ ʧʷʪʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʪʨʫʙʢʠ. ɼʣʷ ʧʠʪʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʘʧʧʘʨʘʪʝ ʩʣʫ-

ʞʠʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʢʘʣ ʢʘʪʦʜʘ ʠ ʚʳʩʦʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʝ ʠ ʢʦʥ-

ʪʨʦʣʴ ʟʘ ʨʘʙʦʪʦʡ ʘʧʧʘʨʘʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʮʝʣʴʶ 

ʟʘʱʠʪʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʦʪ ʥʝʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʨʫʙʢʠ ʧʦʤʝʱʘʶʪ ʚ ʩʧʝ-

ʮʠʘʣʴʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʚʠʥʮʦʚʘʥʥʳʝ ʟʘʱʠʪʥʳʝ ʢʦʞʫʭʠ. 

2. ɻʘʤʤʘʜʝʬʝʢʪʦʩʢʦʧʳ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʠ ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʤʤʘʜʝʬʝʢʪʦʩʢʦʧʦʚ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘ-

ʜʠʦʠʟʦʪʦʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ð ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ, ʚʳʭʦʜ ʠʟ-

ʣʫʯʝʥʠʷ, ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʩʪʦʯʥʠʢʦʚ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʜʠʩʢʨʝʪʥʳʭ 

ʣʠʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʠ ʩ ʨʘʟʣʠʯʥʦʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʬʦʪʦʥʦʚ ʨʘʜʠʦ-

ʠʟʦʪʦʧʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʜʝʣʷʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʠʩʪʦʯʥʠʢʠ ʩ ʞʝʩʪ-

ʢʠʤ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ (ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʦʢʦʣʦ 1 ʄʵɺ ʠ ʙʦʣʝʝ), ʠʩʪʦʯʥʠʢʠ 

ʩ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ (ʧʨʠʤʝʨʥʦ 0,3ð0,7 ʄʵɺ) ʠ ʥʠʟʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ (ʵʥʝʨʛʠʷ ʤʝʥʝʝ 0,3 ʄʵɺ). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʠʟʦʪʦʧʦʚ ʚ ʧʦʨʷʜʢʝ ʚʦʟ-
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ʨʘʩʪʘʥʠʷ ʵʥʝʨʛʠʠ: 170Tm, 192Ir, 137Cs, 60Co. ʕʪʠʤʠ ʨʘʜʠʦʠʟʦʪʦʧʥʳʤʠ ʠʩ-

ʪʦʯʥʠʢʘʤʠ ʟʘʨʷʞʘʶʪ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

3. ʃʠʥʝʡʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʠ ʤʠʢʨʦʪʨʦʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʫʩʢʦʨʠʪʝʣʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʩʦʦʙʱʘʶʱʠʝ ʠʤ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʜʠʘʧʘʟʦʥʝ 1100 

ʄʵɺ: ʣʠʥʝʡʥʳʝ ʫʩʢʦʨʠʪʝʣʠ, ʤʠʢʨʦʪʨʦʥʳ ʠ ʙʝʪʘʪʨʦʥʳ. 

ʍʦʪʷ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʢʦʥʪʨʦʣʝ ʠʟʜʝʣʠʡ, ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʠ ʨʘʩʰʠʬʨʦʚʢʫ ʨʝʥʪʛʝʥʦʛʨʘʤʤ. ʏʘʩʪʦ ʚʳʩʦʢʠʝ ʪʝʤʧʳ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪ ʵʢʩʧʨʝʩʩ-ʢʦʥʪʨʦʣʴ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʟɹʫʶʪ 

ʤʝʪʦʜ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ (ʨʘʜʠʦʩʢʦʧʠʠ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʚʝʪʦʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʚʳʭʦʜʥʦʤ ʵʢʨʘʥʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ, ʧʨʠʯʝʤ ʧʦʣʫʯʘʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʷ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʪʝʨʤʠʥ - ʬʣʶʦʨʦʩʢʦʧʠʷ - ʦʙʦʟʥʘʯʘʝʪ ʤʝʪʦʜ ʨʘʜʠʘʮʠ-

ʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʵʢʨʘʥ. ʊʝʨʤʠʥʳ - "ʨʘʜʠʦʛʨʘ-

ʬʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ" ʠ "ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩ-

ʰʪʘʙʝ ʚʨʝʤʝʥʠ" - ʠʩʧʦʣʴʟʫʶʪ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝ-

ʪʦʜʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʘʮʠʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʨʘ-

ʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʪ.ʝ. ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣɹ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʷʨʢʦʩʪʠ ʙʦʣʝʝ ʝʜʠʥʠʮʳ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʷʨʢʦʩʪʠ ð ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʵʢʨʘʥʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢ ʟʥʘʯʝʥʠʶ 

ʷʨʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʘʜʘʥʥʳʭ ʫʩ-

ʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ ʚʭʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʵʢʨʘʥʘ. 

ɻʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʨʘʜʠʦʩʢʦʧʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʚʝʪʦʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʚʳʭʦʜʥʦʤ ʵʢʨʘʥʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʳʤ, 

ʢʘʢ ʪʦʣʴʢʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʦʩʪʠʛʥʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʩʚʝʪʦʪʝʥʝʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʟʘʚʠ-

ʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ, ʧʨʠʯʝʤ ʧʨʠ ʨʘʜʠʦʩʢʦʧʠʠ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʣʦʪ-

ʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʷʨʢʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʝʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʢʦʥʪʨʘʩʪʘ ʠ ʧʨ.) ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʩʚʝ-

ʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʦʙʠʪʴʩʷ ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 
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ʤʦʞʥʦ, ʥʝ ʟʥʘʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʥʪʨʦʩʢʦʧʘ ʠ ʥʝ 

ʧʨʠʙʝʛʘʷ ʥʠ ʢ ʢʘʢʠʤ ʨʘʩʯʝʪʘʤ. 

ʇʨʦʩʪʦʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʘʝʪ ʦʧʝʨʘʪʦ-

ʨʫ ʠʥʪʨʦʩʢʦʧʘ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʩʚʝʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʧʝʨʝʤʝʱʘʷ ʦʙʲʝʢʪ ʦʪ ʚʭʦʜʥʦʛʦ ʵʢʨʘʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʣʠʙʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʚʦʨʦʪ ʠ ʩʤʝʱʝʥʠʝ ʦʙʲʝʢʪʘ, ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ 

ʫʛʦʣ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʙʲʝʢʪ. ɺ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʵʪʠʤ ʧʦʯʪʠ ʥʠʢʦʛʜʘ 

ʥʝ ʧʦʣʴʟʫʶʪʩʷ. ɽʩʣʠ ʦʙʣʫʯʘʝʤʳʡ ʦʙʨʘʟʝʮ ʥʝʦʜʥʦʨʦʜʝʥ ʧʦ ʧʣʦʪʥʦʩʪʠ ʠʣʠ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʪʨʫʜʥʦ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ ʩʚʝʪʦʚʦʡ ʢʘʨʪʠʥʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʚʠʞ-

ʥʳʝ ʬʠʣʴʪʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʣʦʢʘʣʴʥʦ ʫʤʝʥʴʰʘʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨ-

ʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʄʦʞʥʦ ʪʘʢʞʝ 

ʚʥʘʯʘʣʝ ʦʙʣʫʯʘʪʴ ʦʙʲʝʢʪ ʬʦʪʦʥʘʤʠ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʠʟʫʯʠʪʴ ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ ʩʣʘʙʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʪʴ ʵʥʝʨ-

ʛʠʶ ʬʦʪʦʥʦʚ, ʯʪʦʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʜʝʬʝʢ-

ʪʦʚ ʢʘʢ ʥʝʧʦʜʚʠʞʥʳʭ, ʪʘʢ ʠ ʥʘʭʦʜʷɦ ʠʭʩʷ ʚ ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʘʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ, ʢʨʦʤʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʰʠʨʦʢʦ ʚʥʝʜʨʷʶʪʩʷ 

ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʂʦʤʙʠʥʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ, ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʠ ʮʠʬʨʦ-

ʚʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝ-

ʟʝʨʚʳ ʫʣʫʯʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʨʦʩʢʦʧʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʧʪʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʮʠʬʨʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. ʆʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ 

ʬʠʣʴʪʨʘʮʠʶ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʠ ʠʩʢʣʶʯʝʥʠʷ ʤʝʣʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʩʚʝʪʦ-

ʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ʊʝʣʝʚʠʟʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝ-

ʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʦʙʨʘʱʝʥʠʝ, ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʠ ʪ.ʧ. ʎʠʬʨʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʨʨʝʢʮʠʶ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ: ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʘʤʷʪʴ. ʉ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʷʨʢʦʩʪʴ ʩʚʝ-

ʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦ-

ʢʠʭ ʧʨʝʜʝʣʘʭ. ʉʧʝʮʠʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʭʘʨʘʢʪʝʨʘ ʫʢʘʟʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩʦ ʩʣʦʞʥʳʤ ʧʨʦʬʠʣʝʤ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʪʦʣʱʠʥʳ ʚ ʩʚʝʪʦʚʦʡ ʢʘʨʪʠʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʠ ʠʭ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. [4] 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʭ ʩʠʩʪʝʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʝʡʪʨʦʥʥʳʝ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʘʜʠʦʩʢʦʧʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚʳʭʦʜʥʦʡ ʵʢʨʘʥ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ. 



40 

 

ʂʣʘʩʩ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʪ.ʝ. 

ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʚ ʩʚʝʪʦʚʦʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʛʨʦʤʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʠʧʦʚ ʧʨʠʙʦ-

ʨʦʚ, ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʊʘʢ, ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʦʩʥʦʚʳʚʘʶʪʩʷ 

ʥʘ ʷʚʣʝʥʠʷʭ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʘʭ 

ʚ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʦʮʝʩʩʝ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ, ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʩʚʝʪʘ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ, ʠʥʞʝʢʮʠʠ 

ʥʦʩʠʪʝʣʝʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʪ.ʧ. [5] 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʨʘʜʠʦ-

ʩʢʦʧʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʣʦʪʥʦ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɺʄ. ʉʢʘʥʠʨʦ-

ʚʘʥʠʝ ʠʟʜʝʣʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʝʛʦ 3D-ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ 

ʝʛʦ ʨʘʟʤʝʨʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʨʘʥʝʝ 3D-ʤʦʜʝʣʠ, ʘʥʘʣʠʟʘ 

ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʜʝʬʝʢʪʦʚ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʚʥʫʪʨʝʥʥʝʛʦ ʘʥʘʣʠʟʘ ʩʙʦ-

ʨʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʠ ʜʨ.  

 
ʈʠʩ.1 

ʇʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʢʦʥʪʨʦʣʝ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ (ʨʠʩ.1): 

- ʠʩʪʦʯʥʠʢ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (1); 

- ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʦʙʲʝʢʪ (2); 

- ʜʝʪʝʢʪʦʨ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ (3); 

- ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ (4), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʦʨʫ ʧʦʣʫʯʠʪʴ ʠʟʦ-

ʙʨʘʞʝʥʠʝ ʜʝʪʘʣʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʠʟʜʝʣʠʝ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʦʩʣʘʙʣʷʝʪ-

ʩʷ ï ʦʥʦ ʧʦʛʣʦʱʘʝʪʩʷ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ. ʉʪʝʧʝʥʴ ʦʩʣʘʙʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣ-

ʱʠʥʳ, ʧʣʦʪʥʦʩʪʠ ʠ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʘ ʪʘʢʞʝ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʚʝʱʝʩʪʚʝ 
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ʜʝʬʝʢʪʦʚ ʠʟʤʝʥʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʠʷ ʧʫʯʢʘ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥ-

ʥʘʷ ʜʝʪʝʢʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʕɺʄ, ʪʘʤ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 2D-ʠʟʦʙʨʘʞʝʥʠʷ ʚ 3D-ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ. ɼʘʣʝʝ 

ʦʧʝʨʘʪʦʨ ʠʣʠ ʢʦʥʪʨʦʣʝʨ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʩʣʦʠ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ, ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʚʥʦʩʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʧʨʘʚʢʠ. ʅʘ ʨʠʩ. 2 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʩʦʟʜʘʥʥʫʶ ʪʘ-

ʢʠʤ ʩʧʦʩʦʙʦʤ 3D-ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ. [6] 

 
ʈʠʩ.2 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʪ.ʥ. ñʚʦʢʩʝʣʷʤʠò, ʪ.ʝ. ʢʫʙʠʯʝʩʢʠʤʠ ʧʠʢʩʝʣʷʤʠ, ʠ ʯʝʤ ʤʝʥʴʰʝ ʚʦʢʩʝʣʴ, 

ʪʝʤ ʚʳʰʝ ʨʘʟʨʝʰʝʥʠʝ. ɸ ʩʘʤ ʨʘʟʤʝʨ ʚʦʢʩʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫ-

ʯʝʥʥʳʭ 2D-ʠʟʦʙʨʘʞʝʥʠʡ, ʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʩʪʦʣʘ. 

ʏʠʩʣʦ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 1000 ʜʦ 4000 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʩ ʢʘʢʦʡ ʮʝʣʴʶ ʧʨʦʚʦʜʠʪʩʷ ʨʝʥʪʛʝʥʦʩʢʦʧʠʷ ʠ ʢʘʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʭʦʯʝʪ 

ʜʦʙʠʪʴʩʷ ʩʘʤ ʦʧʝʨʘʪʦʨ. ʊʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ: ʦʪ 10 ʤʠʥʫʪ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʜʦʙʥʦʡ ʪʝʭʥʠʢʠ ʧʨʦʠʟ-

ʚʦʜʷʪ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʣʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʩʝʛʦ 

ʟʘ 6 ʩʝʢʫʥʜ, ʠ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥʦ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʣʠʥʠʶ. 

[6] 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʨʝʥʪʛʝʥʦʩʢʦʧʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʘʩʪʝʡ ʜʚʠʛʘʪʝʣʝʡ ʩʘʤʦʣʝʪʦʚ, ʢʦʨʘʙʣʝʡ, 

ʜʝʪʘʣʝʡ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ ʪʠʪʘʥʘ, ʥʠʢʝʣʷ ʠ ʪ.ʜ.). ɼʘʥʥʳʝ 
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ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʪʘʢʞʝ ʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʪʝʟʦʚ, ʪ.ʢ. ʦʜʥʠʤ ʠʟ ʦʙʷʟʘ-

ʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʯʠʩʪʦʪʘ, ʘ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪ-

ʥʳʤ ʠ ʥʝ ʟʘʛʨʷʟʥʷʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ. 
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RADIATION METHODS OF CONTROL ARE THE WAY OF 

IMPROVEMENT OF QUALITY AND PRODUCTIVITY 

Control is one of the most important links in the path of the life cycle of de-

tails. It depends on the quality control of customer satisfaction of products 

purchased, and thus increase the company's competitiveness in the market. 

Radiation control methods have many advantages, since it is easy to auto-

mate and ensure continuous production control. It is in this direction are 

now developing many foreign manufacturers, and it is advisable to imple-

ment this direction on the major Russian machine-building enterprises . 
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ɺ.ɺ. ʂʘʣʤʳʢʦʚ, ʂ.ʅ. ʖʩʫʧʦʚʘ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ɸʂʊʀɺʅʆɻʆ 

ʂʆʅʊʈʆʃʗ ʉʆʉʊʆʗʅʀʗ ʈɽɾʋʑɽɻʆ ʀʅʉʊʈʋʄɽʅʊɸ 

ʂʌ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʂʘʣʫʛʘ, ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʡ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʉʜʝʣʘʥ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞ-

ʜʦʛʦ ʠʟ ʥʠʭ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʘʢʪʠʚʥʳʡ 

ʢʦʥʪʨʦʣʴ, ʤʝʪʦʜ. 

 

 

ɺʚʝʜʝʥʠʝ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ï ʵʪʦ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠ ʪʝʭʥʠʢʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʭ ʦʪ ʘʨʩʝʥʘʣʘ ʩʨʝʜʩʪʚ ʥʝʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ  ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʯʝʣʦʚʝʢʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʤʠ [1]. 
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ʄʝʪʘʣʣʦʨʝʞʫʱʠʡ 

ʩʪʘʥʦʢ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʧʝʨʘʮʠʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʩʥʘʩʪʢʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɻʣʘʚʥʦʝ 

ʜʚʠʞʝʥʠʝ 

ʈʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ɼʚʠʞʝʥʠʝ 

ʧʦʜʘʯʠ 
ɿʘʛʦʪʦʚʢʘ 

ɼʝʪʘʣʴ 

ʄʝʨʠʪʝʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ 
 

ʈʠʩ.1 

 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʥʘ ʦʭʚʘ-

ʪʳʚʘʪʴ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʥ-

ʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩ-

ʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʥʘʩʪʢʘ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪ [2]. 

ʉʪʦʠʤʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 

20%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʝʪ 50%. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʚ ʚʦʧʨʦʩʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʤʝʪʦʜʦʚ ʘʢʪʠʚ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʵʪʦʛʦ ʢʦʥʪʨʦʣʷ ʤʘʩʩʦʚʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʢʘ ʥʝ ʚʥʝʜʨʝʥʳ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʩʥʦʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ï ʵʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ ʢʨʠʪʝʨʠʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʦʧʪʠ-

ʤʘʣʴʥʦʩʪʠ). 

ʂ ʦʩʥʦʚʥʳʤ ʮʝʣʷʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʥʦ-

ʩʷʪ: 

¶ ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

¶ ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʇʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ; 

¶ ʇʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 
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ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ: 

¶ ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

¶ ʇʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʋʣʫʯʰʝʥʠʝ ʵʨʛʦʥʦʤʠʢʠ ʪʨʫʜʘ ʦʧʝʨʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ; 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʚ ʪ. ʏ. ʉ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʪʘʣʦʛʦʤ); 

¶ ʍʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ [3]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦ-

ʛʦ ʢʦʥʪʨʦʣʷ ʈʀ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʦʚ 

ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʥʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ (ʧʘʩʩʠʚʥʦʛʦ) ʢʦʥʪʨʦʣʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

(ʘʢʪʠʚʥʦʛʦ) ʢʦʥʪʨʦʣʷ (ʨʠʩ. 2) [4]. 

 

 
ʈʠʩ.2 

 

ɸʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ï ʵʪʦ ʢʦʥʪʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ, ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʘʣʠ. 

ʇʘʩʩʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ï ʵʪʦ ʢʦʥʪʨʦʣʴ, ʚʳʧʦʣʥʷʝʤʳʡ ʢʦʥʪʨʦʣʝʨʦʤ ʧʦ-

ʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʜʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʛʦʜʥʦʩʪʠ ʧʦ-

ʣʫʯʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

ʄʝʪʦʜʳ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ 

ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ.3 
ʘ) ʄʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ). ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ɸʕ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʚʦ ʚʨʝʤʷ ʨʝʟʘʥʠʷ. ʂʘʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʧʦʣʥʘʷ ʚʝʣʠ-
ʯʠʥʘ ʠ ʚʝʣʠʯʠʥʘ ʫʩʨʝʜʥʝʥʥʦʡ ɸʕ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ 
ʩ ʠʟʥʦʩʦʤ ʨʝʟʮʘ (ʀʚʘʪʘ ʠ ʄʦʨʠʚʘʢʠ 1977). ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʨʠʝʤʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ, ʦʙʨʘʙʦʪʢʝ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ 
ʨʘʟʚʠʪʠʠ ʪʨʝʱʠʥ ʧʨʦʠʩʭʦʜʠʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʘʟʛʨʫʟʢʘ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ, 
ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʙʝʨʝʛʘʤ ʦʙʨʘʟʫʶʱʝʡʩʷ ʪʨʝʱʠʥʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʨʝʛʝ-
ʥʝʨʠʨʫʶʪʩʷ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ, ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫ-
ʜʠʪɹ ʦʙ ʠʟʤʝʥʝʥʠʠ ʜʝʬʝʢʪʥʦʩʪʠ ʜʝʪʘʣʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ (ʀʣʶʰʠʥ ɺ.ʄ., ɻʫ-
ʪʝʥʢʦ ʊ.ʀ. 1986). 

ʅʝʜʦʩʪʘʪʦʢ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʪʦʜʦʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʚ ʪʦʤ, ʯʪʦ 
ʧʦʤʠʤʦ ʠʟʥʦʩʘ, ʈʀ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʳ 
ʨʝʟʘʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʚʣʝʯʝʪ ʙʦʣʴʰʠʝ, ʚʦʟ-
ʤʦʞʥʦ, ʥʝ ʦʧʨʘʚʜʘʥʥʳʝ ʟʘʪʨʘʪʳ[5]. 

ɹ) ʄʝʪʦʜ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʦ ʤʝʨʝ ʠʟʥʦʩʘ ʨʝʟʮʘ ʝʛʦ 
ʚʠʙʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʷʶʪʩʷ. ʕʪʦ ʠ ʝʩʪʴ ʪʦ ʠʟʤʝʥʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʥʦʩʘ ʨʝʟʮʘ. ɺ ʨʘʙʦʪʝ ʇʘʥ-
ʜʠʪ ʠ ʂʘʰʫ 1982ʛ. ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ ʨʝʟʮʝ-
ʜʝʨʞʘʪʝʣʷ ʚ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ 4 -5 ʂɻʮ, 8 -10 ʂɻʮ ʠ 14 -16 ʂɻʮ ʜʣʷ ʫʩʪʘʥʦʚ-
ʣʝʥʠʷ ʩʪʨʘʪʝʛʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʥʠʤʘʝʤʳʭ ʜʘʥʥʳʭ.  ɺʠʙʨʘʮʠʠ ʠ ʨʝʞʫʱʠʝ 
ʩʠʣʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ ʚ ʢʘʞʜʦʡ ʦʧʝʨʘ-
ʮʠʠ, ʠ ʧʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʙʳʣ ʥʘʥʝʩʝʥ ʥʘ ʜʠʘ-
ʛʨʘʤʤʫ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʠʙʨʘʮʠʠ ʧʝʨʚʦʥʘ-
ʯʘʣʴʥʦ ʫʙʳʚʘʝʪ ʧʨʠ ʨʦʩʪʝ ʠʟʥʦʩʘ, ʜʦʩʪʠʛʘʝʪ, ʤʠʥʠʤʫʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʢʨʠʪʠʯʝʩʢʦʤʫ ʠʟʥʦʩʫ ʨʝʟʮʘ, ʘ ʟʘʪʝʤ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʃʠʙʝʨʤʘʥ 
ʗ.ʃ., ʊʠʤʘʰʝʚ ʉ. ɸ. 1993) [6], [7]. 
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ʅʝʜʦʩʪʘʪʢʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʚʪʦʨʘʤʠ ʩʭʝʤ ɺɸɼ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʝ ʜʘʶʪ 
ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʝʜʠʪʴ ʟʘ ʨʘʟʚʠʪʠʝʤ ʠʟʥʦʩʘ, ʘ ʩʨʘʚʥʝʥʠʝ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʩ 
ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɻ) ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʈʀ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʥʪʨʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ 
ʨʝʟʘʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʨʝʟʝʮïʟʘʛʦʪʦʚʢʘ ʠʟʤʝʨʷʝʪʩʷ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʣʠʙʦ ʢʦʩʚʝʥʥʦ, ʪʝʨʤʦʧʘʨʦʡ [8]. 
ʄʘʢʘʨʦʚ ɸ. ɼ. ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʥʠʣ ʵʪʦʪ ʤʝʪʦʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʦ-
ʣʘʡʷ ʠ ɺʫʢʝʣʴʷ (I973) ʦʙʥʘʨʫʞʠʣʠ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʠʟʥʦʩʦʤ ʨʝʟʮʘ ʠ ʠʟ-
ʤʝʥʝʥʠʝʤ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ (ʠʣʠ ʙʘʣʘʥʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ) [9]. ɹʳʣʠ ʨʘʟ-
ʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫ-
ʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʠʟʥʦʩʘ. ʂʦʣʚʝʣʣ (I975) ʪʘʢʞʝ ʦʪʤʝʪʠʣ ʟʥʘʯʠ-
ʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʠʟʥʦʩʦʤ ʨʝʟʮʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʟʘʥʠʷ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʨʤʦʧʘʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
ʨʝʟʘʥʠʷ ʧʦʨʦʞʜʘʶʪ ʧʨʦʙʣʝʤʳ ʰʫʤʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʡ ʦʩʥʘ-
ʩʪʢʠ ʠ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʣʠʙʨʦʚʘʥʠʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɼ) ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʈʀ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
(ʩʠʣʳ ʨʝʟʘʥʠʷ, ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʤʦʱʥʦʩʪʠ ʨʝʟʘʥʠʷ) 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ ʠʟʥʦʩʘ ʟʘʜ-
ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʥʘʥʦʩʷʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʘʢʦʡ-
ʣʠʙʦ ʢʦʨʨʝʣʷʮʠʠ. ʄʠʢʝʣʝʪʪʠʠ ʜʨ.(I976) ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʟʥʦʩ ʟʘʜʥʝʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣ ʨʝʟʘʥʠʷ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʢʦʨʨʝʣʷ-
ʮʠʠ. ʋʝʭʘʨʘ ʠ ʜʨ. (I979) ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʢʦʥʮʝʧʮʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʦʩ-
ʮʠʣʣʦʛʨʘʤʤʝ ʩʠʣʳ ʧʦʜʘʯʠ. 

ʂʘʢ ʪʦʣʴʢʦ ʧʦʣʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʫʩʪʘʥʦʚʣʝʥʘ, ʠʟʤʝʨʝʥʥʘʷ ʚʦ ʚʨʝʤʷ ʦʙ-
ʨʘʙʦʪʢʠ ʚʝʣʠʯʠʥʘ ʨʝʞʫʱʝʡ ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʟʥʦʩʘ 
ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʤʝʪʦʜ ʢʦʥ-
ʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 
ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʢʘʟʘʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʤʦʱʥʦʩʪʠ ʨʝʟʘʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʥʦʩʘ ʨʝʟʮʘ. ʊʦʢ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 
ʜʚʠʛʘʪʝʣʷ ʟʘʤʝʨʷʶʪʩʷ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʨʝʟʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ 
ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. ɺʘʨʠʘʮʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠʣʠ ʢʨʫʪʷʱʝʛʦ 
ʤʦʤʝʥʪʘ ʩʚʷʟʘʥʳ ʩ ʠʟʥʦʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ[10]. ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʝʜʝʣʳ 
ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʠʣʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʦ-
ʧʫʩʪʠʤʦʤ ʤʘʢʩʠʤʫʤʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʀʟʤʝʨʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘ-
ʙʦʪʢʠ ʚʝʣʠʯʠʥʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ, ʚʨʘʱʝʥʠʝ ʰʧʠʥʜʝʣʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʤʝ-
ʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʤʦʱʥʦʩʪʴ ʨʝʟʘʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ 
ʚʣʠʷʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʪʘʥʢʘ ʠʣʠ ʝʛʦ ʯʘʩʪʝʡ. 

ʅʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʨʝʞʫʱʠʤʠ ʩʠʣʘʤʠ ʠ ʠʟʥʦʩʦʤ ʨʝʟʮʘ ʷʚʣʷʝʪʩʷ 
ʩʦʤʥʠʪʝʣʴʥʦʡ [11], ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʝʨʚʳʝ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʥʦʩ, ʥʦ ʪʘʢʞʝ 
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ʠ ʛʝʦʤʝʪʨʠʷ ʨʝʟʮʘ, ʫʩʣʦʚʠʷ ʨʝʟʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣ ʟʘʛʦʪʦʚʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʠʟ-
ʥʦʩ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʠʣʠʝ ʧʦʜʘʯʠ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʠʟʥʦʩ 
ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪ ʝʛʦ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʠʟʥʦʩʦʤ ʟʘʜʥʝʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʠ ʢʨʘʪʝʨʥʳʤ ʠʟʥʦʩʦʤ ʧʝʨʝʜʥʝʡ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʘʢ ʢʘʢ, ʚ ʪʦ 
ʚʨʝʤʷ, ʢʘʢ ʥʘ ʧʦʣʦʤʢʫ ʦʥʠ ʚʣʠʷʶʪ ʦʙʘ, ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ-
ʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʝʨʚʦʛʦ. ʅʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 
ʠʟʥʦʩʝ ʪʦʣʴʢʦ ʥʘ ʙʘʟʝ ʠʟʤʝʨʷʝʤʳʭ ʩʠʣ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ: 

¶ ɿʘʤʝʥʘ ʯʝʣʦʚʝʢʘ ʚ ʟʘʜʘʯʘʭ, ʚʢʣʶʯʘʶʱʠʭ ʪʷʞʝʣʳʡ ʬʠʟʠʯʝʩʢʠʡ ʠʣʠ 
ʤʦʥʦʪʦʥʥʳʡ ʪʨʫʜ. 

¶ ɿʘʤʝʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ (ʘ 
ʠʤʝʥʥʦ: ʧʦʞʘʨ, ʢʦʩʤʦʩ, ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ, ʷʜʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʧʦʜ ʚʦʜʦʡ 
ʠ ʪ.ʜ.) 

¶ ɺʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʯʝʣʦʚʝʯʝʩʢʠʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʚʝʩʫ, ʩʢʦʨʦʩʪʠ, ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʪ.ʜ. 

¶ ʕʢʦʥʦʤʠʢʘ ʫʣʫʯʰʝʥʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʫʣʫʯʰʝʥʠʷ ʚ 
ʵʢʦʥʦʤʠʢʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʱʝʩʪʚʘ ʠʣʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʅʝʜʦʩʪʘʪʢʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ: 
¶ ʈʦʩʪ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ ʠʟ-ʟʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʶʜʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʤʝʥʳ ʠʭ ʪʨʫʜʘ ʤʘʰʠʥʥʳʤ. 
¶ ʊʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. 
¶ ʋʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʫʷʟʚʠʤʦʩʪʴ). 
¶ ʅʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ. 
¶ ɺʳʩʦʢʘʷ ʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ.[8] 
ɿʘʢʣʶʯʝʥʠʝ. ʄʝʪʦʜ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʥʩʪ-

ʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʋʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʩʧʦ-
ʩʦʙʩʪʚʫʷ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʠ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʫʩ-
ʣʦʚʠʝʤ ʨʘʩʰʠʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɼʘʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠ-
ʪʠʢʠ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ.  
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ɺ. ɺ. ʂʘʣʤʳʢʦʚ,
 
ʅ. ɺ. ʂʫʜʨʷʚʮʝʚ 

ʌʈɽɿɽʈʆɺɸʅʀɽ ʇʆɺɽʈʍʅʆʉʊʀ ɻʆʃʆɺʂʀ ʈɽʃʔʉɸ 

ʂʌ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʂʘʣʫʛʘ, 248000, ʈʦʩʩʠʷ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʩʧʦʩʦʙʦʚ ʦʙ-

ʨʘʙʦʪʢʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪ-

ʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʬʨʝʟʝʨʦʚʘʥʠʷ ʨʝʣʴʩʦʚ, ʧʦʢʘʟʘʥʳ 

ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʦʚʠʟʥʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʨʝʟʝʨʦʚʘʥʠʝ ʨʝʣʴʩʦʚ, ʦʙʨʘʙʦʪʢʘ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ, 

ʰʣʠʬʦʚʘʥʠʝ ʨʝʣʴʩʦʚ. 

 

 

ʌʨʝʟʝʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ 

ʨʝʣʴʩʳ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ ʧʦʜʚʝʨ-

ʛʘʶʪʩʷ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʠʚʘʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ. ʆʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʦʚʳʝ ʨʝʣʴʩʳ ʠ ʨʝʣʴʩʳ ʩ ʥʘʨʘʙʦʪʢʦʡ ʜʦ 

150-200 ʤʣʥ. ʪʦʥʥ ʙʨʫʪʪʦ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ʅʘʨʘʙʦʪʢʘ ʪʦʥʥʘʞʘ ʜʦ ʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 40 - 50 ʤʣʥ. ʪ. 

ʙʨʫʪʪʦ. 

ɺ ʤʘʩʰʪʘʙʘʭ ʈʦʩʩʠʠ ʧʦʪʨʝʙʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʚ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 

50 ʪʳʩʷʯ ʢʤ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦ-

ʙʦʚ ʦʙʨʘʙʦʪʢʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ: ʥʘ ʨʝʣʴʩʦʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʘʭ, ʧʨʦʬʠʣʴʥʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ, ʘʢʪʠʚʥʦʝ ʰʣʠʬʦʚʘʥʠʝ, ʩʪʨʦʛʘʥʠʝ. ʉʧʝʮʠʘʣʴʥʳʝ ʧʫʪʝʚʳʝ 

ʤʘʰʠʥʳ ʚʳʧʫʩʢʘʶʪ ʚʝʜʫʱʠʝ ʠʥʦʩʪʨʘʥʥʳʝ ʬʠʨʤʳ: çSpenoè, çFairmont 

Tamperè, çPandrol & Jaksonè, çLinsingerè. 

ʆʩʥʦʚʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʢʘʟʘʥʥʳʭ ʧʫʪʝʚʳʭ ʤʘʰʠʥ - 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,5 - 1,5 ʢʤ/ʯʘʩ [1]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʦʩʦʙʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʦʚ ʨʝʟʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʣʴʩʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʝʟʜʦʚ ʠ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʢʘʭ. 

ɺ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʥʘ ʩʧʝ-

ʮʠʘʣʴʥʦʤ ʨʝʣʴʩʦʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ ʤʦʜʝʣʠ 6992 ʋʣʴʷʥʦʚʩʢʦʛʦ ʟʘʚʦʜʘ ʪʷ-

ʞʝʣʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʩʪʘʥʢʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʦʣʦʚʢʠ ʨʝʣʴʩʦʚ ʧʨʦʬʠʣʠʨʫʶʱʝʡ ʬʨʝʟʦʡ (ʨʠʩ. 1). ɼʠʘʤʝʪʨ ʬʨʝʟʳ 560 ʤʤ, 

ʦʩʴ ʚʨʘʱʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʥʦʚʘʥʠʶ ʨʝʣʴʩʘ ʠ ʣʝʞʘʱʘʷ ʚ ʧʣʦʩʢʦʩʪʠ ʝʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʬʨʝʟʳ ʚʜʦʣʴ ʨʝʣʴʩʘ 

(ʧʦʜʘʯʝ) 1-8 ʤ/ʤʠʥ ʠ ʛʣʫʙʠʥʝ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ 0,5-3 ʤʤ [2]. 
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ʈʠʩ. 1 

 

ɸʥʘʣʦʛʠʯʝʥ ʧʨʝʜʳʜʫʱʝʤʫ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʥʘ ʨʝʣʴʩʦʬʨʝ-

ʟʝʨʥʳʭ ʩʪʘʥʢʘʭ ʬʠʨʤʳ "Linsinger" (ɸʚʩʪʨʠʷ) ʠ "Geismar" (ʌʨʘʥʮʠʷ). 

ɺ ʫʩʣʦʚʠʷʭ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ 

ʨʝʣʴʩʦʚ ʥʘ ʨʝʣʴʩʦʬʨʝʟʝʨʥʦʤ ʧʦʝʟʜʝ SF03-6FFF ʬʠʨʤʳ "Linsinger" (ɸʚʩʪ-

ʨʠʷ) ʠ ʨʝʣʴʩʦʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʧʦʝʟʜʝ ʬʠʨʤʳ "Alfa Rail Team", ʛʜʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʩʲʝʤ ʧʨʠʧʫʩʢʘ ʥʝʩʢʦʣʴʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ï ʧʨʦʬʠʣʴʥʳʤʠ ʬʨʝʟʘ-

ʤʠ ʩ ʦʩʷʤʠ ʚʨʘʱʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʶ ʨʝʣʴʩʘ ʠ ʣʝʞʘʱʠʤʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ [1]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʪʥʦʩʠʪʩʷ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ð ʤʘʢʩʠʤʫʤ ʜʦ 1500 ʤ/ʯʘʩ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʝʩʴʤʘ ʜʦʨʦʛʦ-

ʩʪʦʷʱʝʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ - ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʬʠʣʴʥʳʭ ʬʨʝʟ. ʉʘʤʳʤ 

ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʦʣʥʦʦʙʨʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘʤʧʣʠʪʫʜʘ ʠ ʰʘʛ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʘʤʠ ʨʝʟʘʥʠʷ ï ʧʦʜʘʯʝʡ, ʯʠʩʣʦʤ ʦʙʦʨʦʪʦʚ ʬʨʝʟʳ, ʚʝʣʠ-

ʯʠʥʦʡ ʩʨʝʟʘʝʤʦʛʦ ʧʨʠʧʫʩʢʘ, ʯʠʩʣʦʤ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʘ ʬʨʝʟʝ, ʜʠʘʤʝʪʨʦʤ 

ʬʨʝʟʳ. 

ʅʘʣʠʯʠʝ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ [1]. 

ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʥʘ ʨʝʣʴʩʦʰʣʠʬʦʚʘʣʴʥʦʤ 

ʧʦʝʟʜʝ ʩ ʧʘʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ ʰʣʠʬʦʚʘʥʠʷ ʜʣʷ ʩʥʷʪʠʷ ʧʨʠʧʫʩʢʘ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʦʚ (ʨʠʩ. 2). 
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ʈʠʩ. 2 

 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʩʲʝʤ ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ, ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, 

ʧʨʠ ʵʪʦʤ ʙʦʢʦʚʳʝ ʛʨʘʥʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʥʝ ʰʣʠʬʫʶʪʩʷ [5]. 

ʅʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʩʪʨʦʛʘʥʠ-

ʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʦʛʘʣʴʥʳʭ ʨʝʟʮʦʚ ʩ ʧʣʘʩʪʠʥʘʤʠ ʠʟ ʪʚʝʨ-

ʜʦʛʦ ʩʧʣʘʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʥʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʭʦʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʘʢʣʝʧʘʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʠ ʥʘʧʣʳʚʦʚ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʡʢʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [2]. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʦʣʦʚʢʠ ʨʝʣʴʩʦʚ ʩ ʘʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʰʣʠʬʦʚʘʥʠʷ, ʛʜʝ ʦʙʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ 

ʘʢʪʠʚʥʳʤʠ (ʚʨʘʱʘʶʱʠʤʠʩʷ) ʰʣʠʬʦʚʘʣʴʥʳʤʠ ʢʨʫʛʘʤʠ. ʉʧʦʩʦʙ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʩʲʝʤ ʧʨʠʧʫʩʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʠʥ-

ʩʪʨʫʤʝʥʪʘʤʠ (ʘʙʨʘʟʠʚʥʳʤʠ ʢʨʫʛʘʤʠ), ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʨʝʣʴʩʘ ʩʦ ʩʤʝʱʝʥʠʝʤ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʀʭ ʧʝʨʝ-

ʤʝʱʝʥʠʝ ʚʜʦʣʴ ʨʝʣʴʩʘ ʠ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʩʚʦʠʭ ʦʩʝʡ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʦʩʝʡ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ ʨʝʣʴʩʘ ʪʘʢʦʛʦ, ʯʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʠʤ ʨʘ-

ʙʦʯʠʝ ʪʦʨʮʦʚʳʝ ʧʣʦʩʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʘʩʘʪʝʣʴʥʳ ʢ ʨʘʩʯʝʪʥʦʡ ʥʘʧʨʘʚ-

ʣʷʶʱʝʡ ʭʦʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʘʥʠʷ ʨʝʣʴʩʘ, ʥʦ ʠ ʧʨʠʜʘʚʘʪʴ ʛʦʣʦʚʢʝ ʧʨʦʬʠʣʴ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʩʨʝʜʥʝʡ ʠʟʥʦʰʝʥʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʨʝʣʴʩ [3]. 
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ʕʪʦʪ ʩʧʦʩʦʙ ʰʣʠʬʦʚʘʥʠʷ ʛʦʣʦʚʦʢ ʨʝʣʴʩʦʚ ʚʨʘʱʘʶʱʠʤʠʩʷ ʰʣʠʬʦ-

ʚʘʣʴʥʳʤʠ ʢʨʫʛʘʤʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ 

ʨʝʣʴʩʘ 4 ð 6 ʢʤ/ʯʘʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʧʫʩʢ, ʩʥʠʤʘʝʤʳʡ ʟʘ 

ʦʜʠʥ ʧʨʦʭʦʜ. ɼʣʷ ʩʲʝʤʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʧʨʠʧʫʩʢʘ ʪʦʣʱʠʥʦʡ 

ʦʪ 0,5 ʜʦ 2 ʤʤ ʧʦʪʨʝʙʫʝʪʩʷ ʦʪ 4 ʜʦ 14 ʧʨʦʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʬʘʢʪʠʯʝʩʢʘʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʪʩʷ ʠ ʩʦʩʪʘʚʠʪ 1,5 - 0,45 ʢʤ/ʯʘʩ [1]. 

ʉʧʦʩʦʙ ʘʢʪʠʚʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ: ʠʥʪʝʥ-

ʩʠʚʥʳʡ ʠʟʥʦʩ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʟʘʧʳ-

ʣʝʥʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʘʙʨʘʟʠʚʦʤ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʞʢʦʡ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʠ ʧʨʠʚʦʜʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʚʦʧʨʦʩʫ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʤʝʱʝʥʠʡ ʠ ʫʟʣʦʚ ʨʝʣʴʩʦʰʣʠʬʦʚʘʣʴʥʦʛʦ ʧʦʝʟʜʘ [1]. 

ɺ ʠʪʦʛʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʝʣʴʩʦʚ ʩʧʦʩʦʙʦʤ ʘʢʪʠʚʥʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʦʤ ʧʨʦʬʠʣʴʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʦʢ 

ʨʝʣʴʩʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ. 

ʉʧʦʩʦʙʳ ʧʨʦʬʠʣʴʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʩ ʥʠʟ-

ʢʦʡ ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʪʨʝʙʫʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʛʦ çʦʢʥʘè, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʠʣʠ ʥʘʨʫʰʝʥʠʝ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʭ ʨʘʩʭʦʜʦʚ. 

ʇʝʨʝʜ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ, ʧʨʝʜ-

ʣʦʞʝʥʥʳʤ ʘʚʪʦʨʘʤʠ ʅʠʢʫʣʠʥʳʤ ʅ.ɸ., ʇʝʪʨʦʚʳʤ ɺ.ʀ., ʅʠʢʫʣʠʥʳʤ ʄ.ʅ. ʠ 

ʜʨ., ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘ-

ʙʦʪʢʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʝʝ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʨʠʧʫʩʢʘ, ʩʥʠʤʘʝʤʦʛʦ ʩ ʛʦ-

ʣʦʚʢʠ ʨʝʣʴʩʘ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʦʙʨʘʙʘʪʳʚʘʶʪ ʠʥʩʪʨʫ-

ʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ 

ʨʝʣʴʩʘ ʩʦ ʩʤʝʱʝʥʠʝʤ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʀʥʩʪʨʫʤʝʥʪʳ ʧʝʨʝʤʝʱʘ-

ʶʪʩʷ ʚʜʦʣʴ ʨʝʣʴʩʘ ʠ ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʩʚʦʠʭ ʦʩʝʡ. ʆʩʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ ʨʝʣʴʩʘ ʪʘʢ, ʯʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʠʤ ʨʘʙʦʯʠʝ ʪʦʨ-

ʮʦʚʳʝ ʧʣʦʩʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʘʩʘʪʝʣʴʥʳ ʢ ʨʘʩʯʝʪʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʭʦ-

ʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ, ʢʦʪʦʨʘʷ, ʝʩʣʠ ʛʦʣʦʚʢʘ ʨʝʣʴʩʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦ-

ʭʦʜʘ, ʠ ʙʘʟʦʚʦʡ, ʝʩʣʠ ʧʨʦʭʦʜ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝʜʥʠʡ ʠʣʠ ʝʜʠʥʩʪʚʝʥʥʳʡ. 

ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʦʙʨʘʙʘʪʳʚʘʶʪ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʘ-

ʚʦʛʦ ʠ (ʠʣʠ) ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ ʩ ʨʝʟʮʘʤʠ, ʛʣʘʚʥʳʝ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʢʦʪʦ-

ʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʙʦʯʠʭ ʪʦʨʮʦʚʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʙʨʘʙʦʪ-

ʢʫ ʧʨʦʠʟʚʦʜʷʪ, ʧʝʨʝʤʝʱʘʷ ʠʥʩʪʨʫʤʝʥʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʜʦʣʴ 
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ʨʝʣʴʩʘ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝ ʤʝʥʝʝ ʦʜʥʦʡ ʜʝʩʷʪʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʨʝʣʴʩʘ [1]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ 1 ʨʝʣʴʩʦʚ ʧʨʝ-

ʜʫʩʤʘʪʨʠʚʘʝʪ ʩʥʷʪʠʝ ʧʨʠʧʫʩʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

2. ʆʙʨʘʙʘʪʳʚʘʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʨʝʣʴʩʘ 1 ʩʦ ʩʤʝʱʝʥʠʝʤ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʨʠʩ. 3). 

ʀʥʩʪʨʫʤʝʥʪʳ ʧʝʨʝʤʝʱʘʶʪʩ ̫ʚʜʦʣʴ ʨʝʣʴʩʘ ʠ ʚʨʘʱʘʶʪʩ ̫ʚʦʢʨʫʛ ʩʚʦʠʭ ʦʩʝʡ 

. ʆʩʠ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ ʨʝʣʴʩʘ ʪʘʢ, ʯʪʦ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʳʝ ʠʤ ʨʘʙʦʯʠʝ ʪʦʨʮʦʚʳʝ ʧʣʦʩʢʦʩʪʠ  ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʘʩʘʪʝʣʴʥʳ ʢ 

ʨʘʩʯʝʪʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ GLN ʭʦʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ ʚ ʪʦʯʢʘʭ ʂ 

(ʨʠʩ. 4) [4]. 

 

 
ʈʠʩ. 3 

 

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʙʘʪʳ-

ʚʘʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ 2 ʚʳʧʦʣʥʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʬʨʝʟ ʠʣʠ ʨʝʟʮʦʚʳʭ 

ʛʦʣʦʚʦʢ, ʧʨʘʚʦʛʦ ʠ (ʠʣʠ) ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ ʩ ʨʝʟʮʘʤʠ 3, ʛʣʘʚʥʳʝ ʨʝʞʫʱʠʝ 

ʢʨʦʤʢʠ ɸɺ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʘʶʪ ʚ ʨʘʙʦʯʠʭ ʪʦʨʮʦʚʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠʥʩʪ-

ʨʫʤʝʥʪʦʚ (ʨʠʩ. 4). 
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ʆʙʨʘʙʘʪʳʚʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦ-

ʨʦʩʪʴ  ʚʜʦʣʴ ʨʝʣʴʩʘ ʥʝ ʤʝʥʴʰʝ ʦʜʥʦʡ ʜʝʩʷʪʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝ-

ʟʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʨʝʣʴʩʘ. 

ʆʙʨʘʙʘʪʳʚʘʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʘʢ (ʨʠʩ. 5,6), ʯʪʦ ʨʘʩ-

ʩʪʦʷʥʠʝ  ʦʪ ʦʩʠ ʠʥʩʪʨʫʤʝʥʪʘ  ʜʦ ʜʘʣʴʥʝʡ ʛʨʘʥʠʮʳ  ʦʙʨʘ-

ʙʦʪʘʥʥʦʡ ʠʤ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʴʶ.  

ɺʝʨʰʠʥʘʤ ʛʣʘʚʥʳʭ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɸ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʠʥʝʡʥʫʶ ʦʢʨʫʞʥʫʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʫʛʣʦʚʫʶ ʩʢʦ-

ʨʦʩʪʠ ʠ ʧʦʜʘʯʫ ʥʘ ʨʝʟʝʮ. ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʳʝ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ɸɺ ʨʝʟʮʦʚ g-
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ʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʭʦʜʷʪ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ ʚ ʪʦʯʢʘʭ  ʠ ; ʠ ʚʳʭʦʜʷʪ ʠʟ ʟʦʥʳ 

ʨʝʟʘʥʠʷ ʚ ʪʦʯʢʘʭ  ʠ  (ʨʠʩ. 5,6). 

ʇʨʠ ʧʦʧʫʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʫʛʦʣ , ʤʝʞʜʫ 

ʚʝʢʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʜʦʣʴ 

ʨʝʣʴʩʘ ʠ ʚʝʢʪʦʨʦʤ ʣʠʥʝʡʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ  (M) ʣʶʙʦʡ ʪʦʯʢʠ ʄ 

ʠʭ ʛʣʘʚʥʳʭ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɸɺ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ  ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ  ʦʪ ʦʩʠ  ʠʥʩʪʨʫʤʝʥʪʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʪʫʧʳʤ, ʘ ʧʨʠ ʚʩʪʨʝʯ-

ʥʦʡ ʦʙʨʘʙʦʪʢʝ ï ʦʩʪʨʳʤ. ʉʫʤʤʘ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ. 

 
ʈʠʩ. 5 
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ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ, ʨʘʚʥʦʛʦ ʩʫʤʤʝ ʚʝʢʪʦʨʦʚ ʩʠʣ ʨʝʟʘʥʠʷ, ʜʝʡʩʪ-

ʚʫʶʱʠʭ ʥʘ ʚʩʝ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʢʘʞʜʘʷ ʚ ʩʚʦ-

ʝʡ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʘʢ, ʯʪʦ ʥʘ ʦʜʥʠʭ ʫʯʘʩʪʢʘʭ ʚʜʦʣʴ ʠ (ʠʣʠ) 

ʧʦʧʝʨʝʢ ʨʝʣʴʩʘ ʠʥʩʪʨʫʤʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʧʫʪʥʫʶ ʦʙ-

ʨʘʙʦʪʢʫ ʨʝʣʴʩʘ, ʘ ʥʘ ʜʨʫʛʠʭ ï ʚʩʪʨʝʯʥʫʶ [4]. 

 
ʈʠʩ. 6 
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ʂʨʦʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʝʝ ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ ʦʜʥʠʤ ʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʳʭ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʨʝʣʴʩʦʚ, ʢʦʥʩʪ-

ʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʥʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʜʦ 4000-6000 ʤ/ʯʘʩ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʦʣʦʚʦʢ 

ʨʝʣʴʩʦʚ. 

ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʪʝʚʳʭ ʤʘʰʠʥ ʥʘ ʙʘ-

ʟʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʩʨʘʚʥʠʤ 

ʩʦ ʩʧʦʩʦʙʦʤ ʦʙʨʘʙʦʪʢʠ ʘʢʪʠʚʥʳʤʠ ʰʣʠʬʦʚʘʣʴʥʳʤʠ ʢʨʫʛʘʤʠ, ʪ.ʢ. ʨʝʣʴʩʦ-

ʰʣʠʬʦʚʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦ-

ʣʦʚʢʠ ʨʝʣʴʩʘ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

-ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ð ʜʦ 6 ʢʤ/ʯʘʩ; 

-ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʝʪʘʣʣʘ, ʩʥʠʤʘʝʤʦʛʦ ʩ ʛʦʣʦʚʢʠ ʨʝʣʴʩʘ ʦʜʥʠʤ ʠʥʩʪ-

ʨʫʤʝʥʪʦʤ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʧʨʠ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ ð ʜʦ 

2 ʤʤ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʦʣʱʠʥʘ ʩʥʠʤʘʝʤʦʛʦ ʩʣʦʷ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠ ʙʦʣʝʝ); 

-ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

-ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; 

-ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ (ʥʝʪ ʠʩʢʨ, ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘ-

ʙʦʪʢʝ); 

-ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ (ʦʪʩʫʪʩʪʚʫʝʪ ʘʙʨʘʟʠʚʥʘʷ ʧʳʣʴ ʩ ʯʘʩʪʠʮʘʤʠ 

ʤʝʪʘʣʣʘ ʭʘʨʘʢʪʝʨʥʘʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ); 

-ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʦʥʥʝʣʷʭ, ʤʝʪʨʦ ʠ ʥʘ ʣʠʥʠʷʭ ʛʦʨʦʜʦʚ 

(ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʤʘʰʠʥʳ ʩʠʩʪʝʤʘʤʠ ʦʪʩʦʩʘ ʧʳʣʠ ʚ ʩʣʫ-

ʯʘʝ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʥʝʪ ʛʘʨʘʥʪʠʠ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʘʙʨʘʟʠʚʥʦʡ 

ʧʳʣʠ); 

-ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

-ʚʳʰʝ ʩʪʦʡʢʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

-ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʷʛʠ ʤʘʰʠʥʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʦʪ ʩʠʣ ʨʝʟʘʥʠʷ; 

-ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʥʝʦʙʭʦʜʠʤ ʟʘʧʘʩ ʚʦʜʳ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜ); 

-ʙʳʩʪʨʦʪʘ ʠ ʣʸʛʢʦʩʪʴ ʟʘʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ ʠ (ʠʣʠ) ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ; 

-ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘ-

ʤʝʪʨʘ ʠ ʚʳʩʦʪʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʩ-

ʪʫʧʥʦʩʪʴʶ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

-ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʤʘʰʠʥʳ; 

-ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ; 

-ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ. 
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ʈʘʩʯʝʪʳ ʠ ʦʧʳʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʘʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʨʝʣʴʩʦʚ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʰʠʥ [1]. 
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ʊ. ɺ. ʇʘʚʣʦʚʘ, ɺ. ɺ. ʂʘʣʤʳʢʦʚ 

ʄɽʊʆɼʓ ʋɺɽʃʀʏɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʂʌ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʂʘʣʫʛʘ, 248000, ʈʦʩʩʠʷ 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʧʦ ʪʝʤʧʘʤ 

ʨʦʩʪʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɽʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʨʝʛʠʦʥʘ. 

 ɹʳʩʪʨʳʡ ʨʦʩʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʘʥʠʝʤ. 

ʇʨʠ ʵʪʦʤ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝ-

ʭʘʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʶʱʠʝ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ [1]: 

-ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʨʝʞʫʱʠʭ 

ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘ: 

1)ʫʧʨʦʯʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ; 

2)ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʆʊʉ (ʩʤʘʟʳʚʘʶʱʝ-ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ); 

3)ʧʨʠʤʝʥʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʠʝ. 

-ʨʘʟʨʘʙʦʪʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

-ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʵʪʦ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪ-

ʚʦʤ ʦʙʨʘʙʦʪʢʠ [2]. ʆʪʢʘʟ ï ʩʦʙʳʪʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ.  

ʊʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ ʠʟʥʦʩʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʠ 

ʤʘʪʝʨʠʘʣʘ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ, ʪʘʢ ʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʥʘʛʨʫʟʢʠ ʠ ʩʢʦ-

ʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ [3]. ʅʘʛʨʫʟʢʘ, ʪʦʯʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʚʠʜ ʥʘʨʫʰʝʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ. ʇʨʠ ʩʢʦʣʴʞʝʥʠʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʝ ʩʣʦʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʚʦʡʩʪʚʘ ʠʭ ʠʟʤʝʥʷʶʪʩʷ. ɺ 

ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ ʩʙʣʠʞʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚʠʜ ʥʘʨʫʰʝʥʠʷ ʬʨʠʢʮʠʦʥ-

ʥʳʭ ʩʚʷʟʝʡ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʪʠʧʠʯʥʳʤ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʘʟʣʠʯʘʪʴ ʚʠʜʳ ʠʟʥʦʩʘ. ʉʫʱʝʩʪʚʫʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʚʠʜʦʚ ʠʟʥʦʩʘ. 
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ʇʝʨʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɹʨʠʥʝʣʝʤ ʚ 1921 ʛ., ʢʦʪʦʨʳʡ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʥʘʣʠʯʠʷ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʣʠʯʘʣ ʠʟʥʦʩ [3]: 

¶ ʧʨʠ ʪʨʝʥʠʠ ʢʘʯʝʥʠʷ ʩʦ ʩʤʘʟʢʦʡ; 

¶ ʧʨʠ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʙʝʟ ʩʤʘʟʢʠ; 

¶ ʧʨʠ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʩʦ ʩʤʘʟʢʦʡ; 

¶ ʧʨʠ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʙʝʟ ʩʤʘʟʢʠ; 

¶ ʤʝʞʜʫ ʜʚʫʤʷ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ; 

¶ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʰʣʠʬʫʶʱʠʤ 

ʧʦʨʦʰʢʦʤ. 

ɹʘʨʚʝʣʣ ʠ ʉʪʨʦʥʛ ʚ 1958 ʛ. ʧʨʝʜʣʦʞʠʣʠ ʪʝʦʨʠʶ ʠʟʥʦʩʘ, ʧʨʦʠʩʭʦʜʷʱʝ-

ʛʦ ʚʩʣʝʜʩʪʚʠʝ: 

¶ ʘʜʛʝʟʠʠ; 

¶ ʢʦʨʨʦʟʠʠ; 

¶ ʥʘʣʠʯʠʷ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ; 

¶ ʧʨʦʧʘʭʠʚʘʥʠʷ ʪʚʝʨʜʳʤʠ ʥʝʨʦʚʥʦʩʪʷʤʠ ʙʦʣʝʝ ʤʷʛʢʦʛʦ 

ʢʦʥʪʨʪʝʣʘ; 

¶ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ ï ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʩʪʘʣʦʩʪʠ ʠ ʜʨ. 

ʂʦʩʪʝʮʢʠʡ ɹ.ʀ., ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʩʣʦʷʭ ʤʝʪʘʣʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʨʝʥʠʷ, ʨʘʟʣʠʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʠʟʥʦʩʘ: 

1.ʠʟʥʦʩ ʩʭʚʘʪʳʚʘʥʠʝʤ ʧʝʨʚʦʛʦ ʨʦʜʘ; 

2.ʦʢʠʩʣʠʪʝʣʴʥʳʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟ-

ʜʫʭʘ  

3.ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʤʝʪʘʣʣʘ; 

4.ʪʝʧʣʦʚʦʡ; 

5.ʘʙʨʘʟʠʚʥʳʡ; 

6.ʦʩʧʦʚʠʜʥʳʡ (ʫʩʪʘʣʦʩʪʥʳʡ). 

ʐʚʝʮʦʚʦʡ ɽ.ʅ. ʠ ʂʨʘʛʝʣʴʩʢʠʤ ʀ.ɺ. [3] ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʚʠʜʦʚ ʠʟʥʦʩʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘ-

ʧʦʚ: 

¶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ 

ʩʢʦʣʴʞʝʥʠʠ; 

¶ ʠʭ ʠʟʤʝʥʝʥʠʝ; 

¶ ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʄʥʦʛʠʭ ʫʯʸʥʳʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʭ ʢʘʢ ɻʘʨʢʫʥʦʚ ɼ.ʅ., ʂʦʩʪʝʮʢʠʡ ɹ.ʀ., 

ʂʨʘʛʝʣʴʩʢʠʡ ʀ.ɺ., ɹʫʪʝʥʢʦ ɺ.ʀ., ɸʣʙʘʛʘʯʠʝʚ ɸ.ʖ. ʠ ʜʨ., ʦʩʦʙʝʥʥʦ ʚʦʣʥʦ-

ʚʘʣ ʚʦʧʨʦʩ ʦʙ ʠʟʫʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ï ɔ, ʠ ʝʝ ʧʨʦʷʚʣʝʥʠʷʭ. 

ʇʨʠʤʝʨʥʦ 75% ʚʩʝʡ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʪʨʝʥʠʷ (ʠʣʠ ʢʘʯʝʥʠʷ) ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʦ ʩ ʪʝʧʣʦʤ. ʆʥʦ 

ʫʭʦʜʠʪ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʳ 

ʯʝʪʢʦ. ʕʥʝʨʛʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 25% ʦʙʱʝʡ 

ʵʥʝʨʛʠʠ. ʆʥʘ ʪʘʢʞʝ ʫʩʣʦʚʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺʝʣʠʯʠʥʳ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʥʳʤʠ, ʥʦ ʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʉʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʪʦʡ ʯʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ, 

ʥʦ ʢʦʣʝʙʣʝʪʩʷ ʚʦʢʨʫʛ ʟʥʘʯʝʥʠʷ 25%. 

¶ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʨʘʞʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. 

¶ ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʝʱʝ ʦʜʥʦ ʚʘʞʥʝʡʰʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʦʩʦʙʣʝʥʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʨʦʚʥʦ, ʢʘʢ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ. 

¶ ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʩʦʫʜʘʨʝʥʠʶ ʜʚʫʭ ʤʠʢʨʦʚʳʩʪʫʧʦʚ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʫʜʘʨʝʥʠʝ ʢʘʢ ʙʠʬʫʨʢʘʮʠʶ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʪ -ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʛʦʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ  ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

¶ ʊʨʘʜʠʮʠʦʥʥʦ, ʢʦʥʪʘʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʟʘʮʝʧʣʝʥʠʷ ʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʚʟʘʠʤʥʦ ʚʥʝʜʨʷʶʱʠʭʩʷ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ (ʥʝʨʦʚʥʦʩʪʝʡ) ʜʚʫʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʙʫʜʝʪ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʪ. ʝ. ʯʝʤ ʪʱʘʪʝʣʴʥʝʝ 

ʦʙʨʘʙʦʪʘʥʳ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

¶ ʆʜʥʘʢʦ ʚ ʩʚʝʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩʘ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʭʝʤʫ ʥʘ ʨʠʩ. 2. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ɼʛ ʠ ʥʘʣʠʯʠʠ ʩʠʣʳ Q 

ʚʦʟʥʠʢʘʶʪ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʤʝʩʪʘʭ ʤʠʢʨʦʢʦʥʪʘʢʪʦʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʛʣʳ ɓ (ʧʦ ʩʭʝʤʝ ʨʠʩ. 2) ʤʘʣʳ ʠ ʥʝ 

ʧʨʝʚʦʩʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ 35é40
0 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ [4]. 

ʆʜʥʘ ʧʘʨʘ ʩʦʧʨʷʞʝʥʥʳʭ ʤʠʢʨʦʚʳʩʪʫʧʦʚ ʦʯʝʥʴ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʘ ʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. 
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ʈʠʩ.2  

 

¶ ʇʨʦʷʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʥʦ ʫʩʣʦʚʥʦ ʩʪʨʝʣʢʘʤʠ ʪʘʢ, 
ʯʪʦ ʢʘʞʜʳʡ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ ʠ ʟʘʛʦʪʦʚʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʝʨʝʜʘʯʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʨʮʠʠ ʵʥʝʨʛʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʢ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʚʳʩʪʫʧʦʚ, ʪʘʢ ʠ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʷʪ 

ʚʩʝʛʜʘ, ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʝʞʜʫ ʩʦʧʨʠʢʘʩʘʶʱʠʤʠʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʠʤʝʝʪʩʷ ʤʘʣʳʡ ʟʘʟʦʨ.  

¶ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʘʢʪ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʟʘʮʝʧʣʝʥʠʝ ʤʠʢʨʦʚʳʩʪʫʧʦʚ, ʥʦ ʠ ʩ ʫʯʝʪʦʤ ʩʠʣ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʨʠ ʚʝʩʴʤʘ ʤʘʣʳʭ ʟʘʟʦʨʘʭ ʠ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʦʙʤʝʥ ʥʘʢʦʧʣʝʥʥʦʡ 

ʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʪʝʤ ʩʘʤʳʤ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʕʪʘ ʛʠʧʦʪʝʟʘ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʦʣʝʝ ʧʦʣʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʠ ʧʨʠʯʠʥʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʥʠʷ,  ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʱʘʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʚ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

¶ ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʨʦʮʝʩʩ 
ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʟʦʨʘ ʤʝʞʜʫ ʤʠʢʨʦʚʳʩʪʫʧʘʤʠ, 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʥʪʝʥʩʠʚʥʳʡ ʦʙʤʝʥ 

ʵʥʝʨʛʠʠ, ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʢʦʪʦʨʳʭ 0,1 < Ra < 2,5 ʤʢʤ, ʘ 

ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ 30 ï 670 ʤʢʤ, ʪʦʣʱʠʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 17-58 ʤʢʤ. ʀ ʚʝʨʦʷʪʥʦ, ʦʙʤʝʥ ʵʥʝʨʛʠʠ ʠʜʝʪ ʧʦ 

ʧʨʠʥʮʠʧʫ ʧʝʨʝʪʝʢʘʥʠʷ ʝʝ ʠʟ ñʦʙʲʝʤʦʚò ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ï ʚ 

ʤʝʥʴʰʠʝ. 

¶ ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʠʤʝʥʴʰʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ 
ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʨʘʙʦʯʝʡ ʛʠʧʦʪʝʟʳ, ʯʪʦʙʳ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ 

ʪʨʫʱʝʡʩʷ ʧʘʨʳ ʙʳʣʘ ʙʳ ʤʠʥʠʤʘʣʴʥʦʡ. ʅʘʠʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ, 

ʢʦʛʜʘ ʵʥʝʨʛʠʠ ʯʘʩʪʝʡ ʦʜʠʥʘʢʦʚʳ, ʘ ʠʭ ʨʘʟʥʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ. 
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¶ ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʶʪʩʷ ʜʚʝ ʚʘʞʥʝʡʰʠʝ 

ʧʨʦʙʣʝʤʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ 

ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʝʥʠʷ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʚʣʠʷʶʱʝʛʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʦʩʘ [4]. 
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