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ʅʘʫʯʥʳʝ ʨʝʜʘʢʪʦʨʳ: 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʠʨʝʢʪʦʨ ʬʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘè  

ɺ. ʖ. ʀʚʘʥʦʚ 

ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ 

ʌʊʀ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 17ï21 ʤʘʷ 2021 ʛ.) / ʧʦʜ 

ʨʝʜʘʢʮʠʝʡ ɺ. ʖ. ʀʚʘʥʦʚʘ, ɼ. ʈ. ɹʘʡʪʠʤʠʨʦʚʘ , ɽ. ɼ. ʅʘʨʭʦʚʘ, ɼ. ʄ. ʉʧʠʨʠʜʦʥʦʚʘ; 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʌʋ, 2021. ï 539 ʩ. ï 

ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

 

ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʌʠʟʠʢʘ. ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè ʨʘʩʢʨʳʚʘʝʪ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ 

ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ. ɿʜʝʩʴ ʦʙʲʝʜʠʥʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʚʝʩʪʥʳʤʠ ʫʯʝʥʳʤʠ, ʚʝʜʫʱʠʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʤʦʣʦʜʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʉʙʦʨʥʠʢ ʙʫʜʝʪ ʠʥʪʝʨʝʩʝʥ ʥʘʫʯʥʳʤ 

ʜʝʷʪʝʣʷʤ ʠ ʧʨʘʢʪʠʢʫʶʱʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʭʠʤʠʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʬʠʣʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ, ʠʩʪʦʨʠʠ, ʵʢʦʣʦʛʠʠ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʉʆʉʊɸɺɸ ʉʀʉʊɽʄʓ ɿɸʑʀʊʓ ʀʅʌʆʈʄɸʎʀʀ ɺ 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄɸʍ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʪʘʧʳ ʘʣʛʦʨʠʪʤʘ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʱʠʱʝʥʥʦʩʪʴ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚ 

ʩʠʩʪʝʤ  rʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

 

Abstract. The article deals with the problem of determining the composition of the information 

protection system in state information systems. The stages of the algorithm, a functional model and a 

software package for determining the composition of the information security system have been 

developed. 

Keywords: security, state information systems, the composition of the information protection 

system.  

 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ɻʀʉ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʈʝʝʩʪʨʝ ʌʝʜʝʨʘʣʴʥʳʭ ɻʀʉ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚ ʥʠʭ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʧʦʤʝʪʢʦʡ çʜʣ ̫ʩʣʫʞʝʙʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷè, ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ ʩʝʛʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʘʶʪʩʷ ʩʘʡʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ï ʪʦ ʝʩʪʴ ʉʆʇ. ɽʩʣʠ ʚ ɻʀʉ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ 

ʟʘɦʠʱʝʥʥʦʩʪʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʇʨʠʢʘʟʦʤ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 11 ʬʝʚʨʘʣʷ 2013 ʛ. 

ˉ 17 [1], ʝʩʣʠ ʥʘ ʙʘʟʝ ɻʀʉ ʨʘʟʚʝʨʥʫʪ ʩʝʨʚʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʣʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʨʛʘʥʘ, ʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ɻʀʉ ʧʨʦʠʟʚʦʜʠʪ ʦʧʝʨʘʪʦʨ. 

ʇʦ ʩʪʝʧʝʥʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʶ, ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʚ ɻʀʉ, 

ʜʝʣʷʪ ʥʘ:  

- ʦʩʦʙʦʡ ʚʘʞʥʦʩʪʠ (ʆɺ); 

- ʩʦʚʝʨʰʝʥʥʦ ʩʝʢʨʝʪʥʫʶ (ʉʉ); 

- ʩʝʢʨʝʪʥʫʶ (ʉ); 

- ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠ ̫ʢʣʘʩʩʘ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʛʣʘʩʥʦ [1]. ʂʣʘʩʩ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʬʝʜʝʨʘʣʴʥʳʡ, ʨʝʛʠʦʥʘʣʴʥʳʡ, 

ʦʙʲʝʢʪʦʚʳʡ) ʠ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʩʪʝʧʝʥʴʶ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʜʣ ̫ʦʙʣʘʜʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, 

ʢʘʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʤʝʨ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ 2 [1]. ɹʘʟʦʚʳʡ ʥʘʙʦʨ ʤʝʨ ʟʘʱʠʪʳ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ ʜʦʨʘʙʦʪʢʠ, ʘ ʠʤʝʥʥʦ, ʘʜʘʧʪʘʮʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ 

ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ ʤʝʨ ʟʘʱʠʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɿʘʪʝʤ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʙʘʟʦʚʳʡ ʥʘʙʦʨ 

ʧʨʦʭʦʜʠʪ ʵʪʘʧ ʫʪʦʯʥʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʣʦʢʠʨʦʚʘʥʠʠ ʚʩʝʭ ʫʛʨʦʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ. ʅʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ɻ ʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʫʪʦʯʥʝʥʥʦʛʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ 

ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ ʤʝʨ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ 

ʠʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʪʘʧʝ ʫʪʦʯʥʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ 

ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ ʤʝʨ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʨ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʉ. 

ʈʝʛʫʣʷʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ɻʀʉ: 

1) ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩʫʙʲʝʢʪʦʚ ʜʦʩʪʫʧʘ ʠ ʦʙʲʝʢʪʦʚ 

ʜʦʩʪʫʧʘ; 

2) ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʩʫʙʲʝʢʪʦʚ ʜʦʩʪʫʧʘ ʢ ʦʙʲʝʢʪʘʤ ʜʦʩʪʫʧʘ; 

3) ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ; 

4) ʟʘʱʠʪʫ ʤʘʰʠʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ; 

5) ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʙʳʪʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

6) ʘʥʪʠʚʠʨʫʩʥʘʷ ʟʘʱʠʪʘ (ɸɺɿ); 

7) ʦʙʥʘʨʫʞʝʥʠʝ (ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ) ʚʪʦʨʞʝʥʠʡ; 

8) ʢʦʥʪʨʦʣʴ (ʘʥʘʣʠʟ) ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ; 

9) ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʠ; 

10) ʜʦʩʪʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ; 

11) ʟʘʱʠʪʘ ʩʨʝʜʳ ʚʠʨʪʫʘʣʠʟʘʮʠʠ; 

12) ʟʘʱʠʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; 

13) ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʝʝ ʩʨʝʜʩʪʚ, ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

ɼʣ ̫ɻʀʉ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʉɿʀ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʛʨʘʤʤʥʳʭ (ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ) ʩʨʝʜʩʪʚ, ʚ 

ʢʦʪʦʨʳʭ ʦʥʠ ʨʝʘʣʠʟʦʚʘʥʳ, ʠʤʝʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

  



12 
 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ.  

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʫʛʨʦʟ ʠ ʦʮʝʥʢʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ 
ʚʥʝʩʝʥʠʠ ʵʢʩʧʝʨʪʦʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʩʚʝʜʝʥʠʷ ʦ ɻʀʉ, ʚʢʣʶʯʘʶʱʠʝ ʚ 
ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʢʦʤʧʦʥʝʥʪʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ɻʀʉ; ʘʢʪʫʘʣʴʥʳʝ ʫʛʨʦʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʢʩʧʝʨʪʦʤ, ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʠ ʙʘʥʢʝ ʫʛʨʦʟ ʌʉʊʕʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʦʜʝʣʴ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʫʛʨʦʟʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʧʝʨʝʢʨʳʪʠʷ ʫʛʨʦʟ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʘʥʥʳʡ ʙʣʦʢ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʆʮʝʥʢʠ 
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ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʢʘʢ ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʥʘ ʩʪʦʠʤʦʩʪʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʙʣʠʮʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʩʣʫʞʠʪ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ, ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʵʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʙʦʙʱʝʥʥʳʝ ʦʮʝʥʢʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʵʢʩʧʝʨʪ 

ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʩʪʚ ʩ ʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʘʢʪʠʚʳ ɻʀʉ, ʫʛʨʦʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʘʢʪʠʚʘʤ, ʘ 
ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʜʘʥʥʳʭ ʫʛʨʦʟ, ʵʢʩʧʝʨʪʦʤ ʧʨʠʥʠʤʘʝʪʩʷ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʚʳʙʦʨʫ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʵʢʩʧʝʨʪ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʬʠʣʴʪʨʘʮʠʶ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 
ʦʩʥʦʚʝ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ. 

ɼʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʠʣʘ ʩʚʦʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʨʝʜʩʪʚʘ çʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʊɿʀ ʚ ɻʀʉè (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ̄ 2020615502 ʦʪ 25 ʤʘ ̫2020 ʛ.). ɼʘʣʝʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʧʦʜʨʦʙʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ ʩʚʝʜʝʥʠʡ ʦʙ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ: ʥʘʠʤʝʥʦʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʚʝʜʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʥʬʦʨʤʘʮʠʠ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʩʚʝʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʘʢʪʠʚʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʮʝʥʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʘʢʪʠʚʘ, ʧʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʘʣʝʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ ʜʣ ̫ʢʘʞʜʦʛʦ ʘʢʪʠʚʘ, 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʪʘʢʠʭ ʫʛʨʦʟ. 

ɼʣ ̫ʩʣʝʜʫʶʱʝʛʦ ɻ ʪʘʧʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ɻ ʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʘ ʜʣ ̫

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʘʢʪʫʘʣʴʥʳʤʠ ʫʛʨʦʟʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ɻ ʪʠ ʫʛʨʦʟʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʷʪ ʢʘʨʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʠʢʝ, ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ 

ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣ ̫

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʩʥʠʞʘʝʪʩʷ. 

ʃʠʮʘ, ʧʨʠʥʠʤʘʶʱʠʝ ʨʝʰʝʥʠʷ, ʤʦʛʫʪ ʯʨʝʟʤʝʨʥʦ ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʥʝ ʟʘʤʝʪʠʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʛ ʙ  rʦʮʝʥʠʪʴ ʜʨʫʛʦʡ ʩʧʝʮʠʘʣʠʩʪ. ɺ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫ ʁʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʷ  
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ʈʠʩʫʥʦʢ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʘʢʪʠʚʦʚ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠʦʙʨʝʪʘʝʪ ʠʥʪʫʠʮʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʟʳʚʘʝʤʳʭ 

ʵʢʩʧʝʨʪʘʤʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ɻ ʪʦʤ ɻ ʢʩʧʝʨʪʥʳʝ ʤʝʪʦʜʳ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ɻ ʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʩʝʨʪʠʬʠʢʘʪʘ 

ʌʉʊʕʂ/ʌʉɹ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʜʝʢʣʘʨʠʨʦʚʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʩʪʦʠʤʦʩʪʴ. ʆʧʠʰʝʤ ʧʦʜʨʦʙʥʝʝ ʢʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ. ʅʘʧʨʠʤʝʨ, ʢʨʠʪʝʨʠʡ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʩʝʨʪʠʬʠʢʘʪʘ ʌʉʊʕʂ/ʌʉɹ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʩʢʦʣʴʢʦ ʜʦʣʛʦ ʚʦʟʤʦʞʥʦ ɻ ʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʨʝʜʩʪʚʦ ʟʘʱʠʪʳ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʠʪʝʨʠʡ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʚʳʧʦʣʥʝʥʠʝ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ 

ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ ʟʘʱʠʪʳ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ɻ ʪʦʪ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʨ ʟʘʱʠʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʂʨʠʪʝʨʠʡ ʩʪʦʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʨʝʜʥʝʡ 

ʩʪʦʠʤʦʩʪʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʚ ʛʨʫʧʧʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʩʪʦʠʤʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ̫ ʚʣʷʝʪʩʷ ʚʳʰʝ ʩʨʝʜʥʝʡ, ʪʦ ʚ ɻ ʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ ʚʳʩʦʢʠʡ, ʠʥʘʯʝ ʥʠʟʢʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʢ ʜʘʥʥʦʤʫ ɻ ʪʘʧʫ, 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʣʝʞʠʪ ɻ ʢʩʧʝʨʪʥʳʡ 

ʤʝʪʦʜ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʢʘʞʜʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʵʢʩʧʝʨʪ ʤʦʞʝʪ ʫʚʠʜʝʪʴ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ɻ ʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʦʙ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ ʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɼʣ ̫ʧʨʠʤʝʨʘ 

ʚʦʟʴʤʝʤ ʘʢʪʠʚ çʀʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣ ̫ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ɻʀʉè. 

ʕʢʩʧʝʨʪ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʨʠʩʢʦʚ ʨʘʚʝʥ 20, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʠʩʢʠ ʩ ʯʠʩʣʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʚʳʰʝ 20 ʧʦʜʣʝʞʘʣʠ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʠʭ 

ʤʠʥʠʤʠʟʘʮʠʠ. ɼʣ ̫ɻ ʪʦʛʦ ɻ ʢʩʧʝʨʪ ʦʧʨʝʜʝʣʠʣ ʢʦʥʪʨʤʝʨʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ ʜʣ ̫ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʠʩʢʦʚ ʀɹ, ʦʩʪʘʪʦʯʥʳʡ ʨʠʩʢ ʩʪʘʣ 

ʧʨʠʝʤʣʝʤʳʤ ʜʣ ̫ʢʘʞʜʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʮʝʥʥʳʤ ʘʢʪʠʚʘʤ ɻʀʉ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʤʝʯʝʥʳ ʨʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦ ʧʨʠʥʷʪʠʷ 

ʢʦʥʪʨʤʝʨ, ʘ ʩʝʨʳʤ ʧʦʩʣʝ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʀɹ ʘʢʪʠʚʘ çʀʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ɻʀʉè. ʇʦ ʦʩʠ ʍ ï ʥʦʤʝʨʘ ʫʛʨʦʟ, ʧʦ ʦʩʠ Y  ï ʫʨʦʚʝʥʴ ʨʠʩʢʘ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ̫ ʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ ʠ ʪʨʝʙʫʝʪʩ ̫ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ɻ ʢʩʧʝʨʪʘ ʜʣ ̫ʝʝ ʨʝʰʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣ ̫ʯʘʩʪʠʯʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ 

ʵʢʩʧʝʨʪʘ. 
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ʉʀʅʊɽɿ ʀ ʊʈɸʅʉʇʆʈʊʅʓɽ ʉɺʆʁʉʊɺɸ BaLaIn1ïʭScʭO4 (x = 0; 1) 

 
ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ BaLaInO4 

ʠ BaLaScO4, ʧʨʦʚʝʜʝʥʘ ʠʭ ʘʪʪʝʩʪʘʮʠʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʙʣʦʯʥʦ-ʩʣʦʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ. 

ʇʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʠ 

ʩʫʭʦʛʦ ʘʨʛʦʥʘ ʠ ʚʳʧʦʣʥʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʘ ʥʘ ʜʦʣʶ ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʦʙʨʘʟʮʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʦʞʥʳʡ ʦʢʩʠʜ, ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ 

ʈʘʜʜʩʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ 

 

Abstract. Complex oxides BaLaInO4 and BaLaScO4 were synthesized by the solid state method. 

Obtained samples were certificated by the powder X-ray diffraction. It  was shown that the both samples 

have a Ruddlesden-Popper block-layer structure. The temperature dependences of electrical 

conductivity in a dry air and dry argon atmosphere were obtained and compared for the investigated 

samples. The effect of the nature of cation on the share of oxygen-ionic were established. 

 

Keywords: complex oxide, oxygen-ionic conductivity, Ruddslesden-Popper structure 

 

ɺʚʝʜʝʥʠʝ 

ʉʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠʥʪʝʨʝʩʥʳ ʩʚʦʠʤʠ ʬʠʟʠʯʝʩʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʦʷʚʣʷʝʤʳʭ ʠʤʠ 

ʩʚʦʡʩʪʚ [2]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥ rʩʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩ ʪʘʢʠʤʠ ʪʠʧʘʤʠ 

ʩʪʨʫʢʪʫʨ, ʢʘʢ: ʬʣʶʦʨʠʪʳ [3 ï 5], ʧʝʨʦʚʩʢʠʪʳ [3, 6], ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʣʦʯʥʦ-ʩʣʦʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ K2NiF4 [7, 8], ʙʨʘʫʥʤʠʣʣʝʨʠʪʳ [3, 4, 9], h ʧʠʥʝʣʠ [2] ʠ ʘʧʘʪʠʪʳ [3, 4, 10]. 

ʉʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʘʠʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ABO3, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ 

ʧʝʨʦʚʩʢʠʪʦʚ. ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʘʩʧʝʢʪʝ ʠʟʫʯʝʥʠʷ ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, 

ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʣʦʯʥʦ-ʩʣʦʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ. ʊʘʢ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ BaNdInO4 [11]. ʇʦʟʜʥʝʝ, 

ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʧʝʨʝʥʦʩʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣ ̫ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ BaLaInO4 

[12 ī 15]. ɺ ɻ ʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ BaLaInO4, ʪʘʢ ʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʧʫʪʝʤ ʜʦʧʠʨʦʚʘʥʠʷ ʧʦʜʨʝʰʝʪʦʢ ʣʘʥʪʘʥʘ (ʠʦʥʘʤʠ Ca
2+, Sr

2+, Ba
2+) ʠ ʠʥʜʠʷ 

(ʠʦʥʘʤʠ Ti
4+, Zr

4+) ʩʦʝʜʠʥʝʥʠʷ ̫ ʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ, ʠʦʥʥʦ-ɻ ʣʝʢʪʨʦʥʥʳʤʠ 

ʧʨʦʚʦʜʥʠʢʘʤʠ. ʇʨʠ ɻ ʪʦʤ ʜʦʧʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 
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ʥʘ 1.5 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʚʩʣʝʜʩʪʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ.  

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʥʳʝ ʜʣ ̫ʫʣʫʯʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʝ ʪʠʧʳ ʜʦʧʠʨʦʚʘʥʠʷ (ʘʢʮʝʧʪʦʨʥʦʝ ʠ ʜʦʥʦʨʥʦʝ) ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʪʘʢ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʜʝʬʝʢʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʷʚʠʪʴ ɻ ʬʬʝʢʪʳ ʚʣʠʷʥʠʷ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ) ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʣ ̫ʙʣʦʯʥʦ-

ʩʣʦʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ BaLaInO4 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʦʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʝʱʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʠʝ ʠ 

ʠʟʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʠʟʦʚʘʣʝʥʪʥʦʛʦ ʜʦʧʠʨʦʚʘʥʠʷ BaLaInO4, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʦʤ ʪʠʧʝ ʜʦʧʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʠʩʣʦʨʦʜʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ BaLaIn1ïʭScʭO4 (x = 0; 1) ʠ 

ʠʟʫʯʝʥʳ ʠʭ ɻ ʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

ʆʙʨʘʟʮʳ BaLaInO4 ʠ BaLaScO4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʫʰʝʥʥʳʭ BaCO3, La2O3, In2O3, Sc2O3. ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (800Üʉ ī 1300Üʉ) 

ʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʝʨʝʪʠʨʘʥʠʷʭ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʚ ʩʨʝʜʝ ɻ ʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɺʨʝʤʷ 

ʦʪʞʠʛʘ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʩʦʩʪʘʚʣʷʣʦ 24 ʯʘʩʘ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker 

Advance D8 ʚ ʉuʂa ï ʠʟʣʫʯʝʥʠʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʪʨʫʙʢʝ 40 ʢɺ ʠ ʪʦʢʝ 40 ʤɸ. 

ʉʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 2q = 20̄ï80̄ ʩ h ʘʛʦʤ 0.05̄q ʠ ɻ ʢʩʧʦʟʠʮʠʝʡ 1 ʩ 

ʥʘ ʪʦʯʢʫ. ʈʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ FullProf 

Suite.  

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʟ ʠʟʫʯʘʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʘʭ ʩʫʭʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʩʫʭʦʛʦ ʘʨʛʦʥʘ, ʢʦʪʦʨʫʶ ʩʦʟʜʘʚʘʣʠ ʧʫʪʝʤ ʮʠʨʢʫʣʷʮʠʝʡ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʦʢʩʠʜ ʬʦʩʬʦʨʘ P2O5 (pH2O= 3.5 Ĭ 10
ï5
 ʘʪʤ). ʂʨʦʤʝ ʪʦʛʦ, ʜʣ ̫

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ ʢʝʨʘʤʠʢʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʉʆ2 ʠʟ ʚʦʟʜʫʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʢʪʠʚʘ çɸʩʢʘʨʠʪè.  

ɼʣ ̫ʠʟʤʝʨʝʥʠʡ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮ rʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ, 

ʩʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʇʨʠʧʝʢʘʥʠʝ 

ʧʣʘʪʠʥʦʚʳʭ ɻ ʣʝʢʪʨʦʜʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ.  

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʤʧʝʜʘʥʩʘ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 1 ɻʮï1 ʄɻʮ ʩ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ 15 ʤɺ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʝʜʘʥʩʘ Elins Z-1000P. ʈʘʩʯʝʪ 
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ʦʙʲʝʤʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Zview software fitting. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ BaLaInO4 ʠ 

BaLaScO4 ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ. ʆʙʨʘʟʝʮ BaLaInO4 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pbca, a 

= 12.932 (3) ¡, b = 5.906 (1) ¡, c = 5.894 (2) ¡), ʘ ʦʙʨʘʟʝʮ BaLaScO4 ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʉ12/ʩ1, a = 19.552 (3) ¡, b = 12.756 (4) ¡, c = 

13.265 (0) ¡, ɓ = 97.71
o). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣ ̫ʦʙʨʘʟʮʘ BaLaScO4. 
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ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ BaLaScO4, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʪʦʯʢʠ), ʨʘʩʯʝʪʥʳʝ (ʣʠʥʠʷ), ʨʘʟʥʦʩʪʥʳʝ (ʚʥʠʟʫ) ʜʘʥʥʳʝ ʠ 

ʫʛʣʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʨʝʬʣʝʢʩʦʚ (ʰʪʨʠʭʠ) 

 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʚ ʘʪʤʦʩʬʝʨʘʭ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʠ ʩʫʭʦʛʦ ʘʨʛʦʥʘ. ʅʘ 

ʨʠʩʫʥʢʘʭ 2ʘ ʠ 2ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʜʦʛʨʘʬʳ ʠʤʧʝʜʘʥʩʘ ʜʣ ̫ʪʝʤʧʝʨʘʪʫʨʳ 500 
ʦʉ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ (pO2 = 0.21 ʘʪʤ) ʠ ʩʫʭʦʤ ʘʨʛʦʥʝ (pO2 ~ 10
ī5
 ʘʪʤ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʚʠʜʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʛʦʜʦʛʨʘʬʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʧʦʣʫʦʢʨʫʞʥʦʩʪʴ, ʚʳʭʦʜʷʱʫʶ ʠʟ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ ʠ ʦʪʚʝʯʘʶʱʫʶ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʦʙʲʝʤʘ ʟʝʨʝʥ ʠʩʩʣʝʜʫʝʤʦʛʦ 
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ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. ɼʣ ̫ʨʘʩʯʝʪʦʚ ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʨʘʣʠ ʟʥʘʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʦʣʫʦʢʨʫʞʥʦʩʪʠ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ.  

ʅʘ ʨʠʩʫʥʢʝ 3ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

BaLaInO4 ʠ BaLaScO4 ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ. ʂʘʢ ʚʠʜʥʦ, ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ~ 500 
ʦʉ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣ ̫ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʦʯʝʥʴ ʙʣʠʟʢʠ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʘ BaLaScO4 ʧʦʥʠʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʜʣ ̫BaLaInO4. ʊʦ ʝʩʪʴ, 

ʦʙʨʘʟʝʮ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʘʨʛʦʥʘ (ʨʠʩʫʥʦʢ 3ʙ) ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣ ̫ʦʙʨʘʟʮʘ BaLaScO4 ʥʠʞʝ, ʯʝʤ ʜʣ ̫ʦʙʨʘʟʮʘ BaLaInO4 ʥʘ ~ 

0.2 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ. 
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ʈʠʩʫʥʦʢ 2 ï ɻʦʜʦʛʨʘʬʳ ʠʤʧʝʜʘʥʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʘʭ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ (ʘ) ʠ 

ʩʫʭʦʛʦ ʘʨʛʦʥʘ (ʙ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 
ʦʉ ʜʣʷ ʦʙʨʘʟʮʘ BaLaScO4 
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ʈʠʩʫʥʦʢ 3 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ BaLaInO4 

ʠ BaLaScO4 ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ (ʘ) ʠ ʩʫʭʦʛʦ ʘʨʛʦʥʘ (ʙ) 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4ʘ ʠ 4ʙ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣ ̫

ʢʘʞʜʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝʨʘʭ ʩ ʨʘʟʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʂʘʢ ʚʠʜʥʦ, ʜʣ ̫ʦʙʨʘʟʮʘ BaLaInO4 ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʫʭʦʤ ʘʨʛʦʥʝ, ʟʥʘʯʠʤʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʫʭʦʤ 

ʚʦʟʜʫʭʝ. ɼʦʣʷ ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʝʡ ʚ ʘʨʛʦʥʝ ʠ ʥʘ ʚʦʟʜʫʭʝ, ʩʦʩʪʘʚʣʷʝʪ ~ 20 %. ɼʣ ̫ʦʙʨʘʟʮʘ 
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BaLaScO4, ʥʘʧʨʦʪʠʚ, ʟʥʘʯʝʥʠʷ ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ 

ʘʨʛʦʥʝ, ʙʣʠʟʢʠ, ʠ ʜʦʣʷ ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʜʣ ̫ʥʝʛʦ ʩʦʩʪʘʚʣʷʝʪ ~ 80 %. 
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ʦʪʢʨʳʪʳʝ ʟʥʘʢʠ - ʩʫʭʦʡ ʘʨʛʦʥ

ʟʘʢʨʳʪʳʝ ʟʥʘʢʠ - ʩʫʭʦʡ ʚʦʟʜʫʭ

 

ʈʠʩʫʥʦʢ 4 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ BaLaInO4 

(ʘ) ʠ BaLaScO4 (ʙ) ʚ ʘʪʤʦʩʬʝʨʘʭ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ (ʟʘʢʨʳʪʳʝ ʟʥʘʢʠ) ʠ ʩʫʭʦʛʦ ʘʨʛʦʥʘ 

(ʦʪʢʨʳʪʳʝ ʟʥʘʢʠ) 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ 

BaLaIn1ïʭScʭO4 (x = 0; 1), ʧʨʦʚʝʜʝʥʘ ʠʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʘʷ ʘʪʪʝʩʪʘʮʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʠʥʜʠʷ ʥʘ ʘʪʦʤʳ ʩʢʘʥʜʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 500 
ʦʉ ʜʣ ̫

ʦʙʨʘʟʘ BaLaScO4 ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʜʣ ̫BaLaInO4. ʆʜʥʘʢʦ ʦʙʨʘʟʝʮ BaLaScO4 

ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʤʦ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʢʠʩʣʦʨʦʜʥʦ-ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (~ 80 %) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ BaLaInO4 (~ 20 %). 
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ɺʃʀʗʅʀɽ ʅɸʅʆʏɸʉʊʀʎ AL2O3 ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʄɽʍɸʅʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʊɽʍʅʀʏɽʉʂʀ ʏʀʉʊʆɻʆ ɸʃʖʄʀʅʀʗ ʄɸʈʂʀ ɸ0 ʇʈʀ 
ʈɸɿʃʀʏʅʓʍ ʉʂʆʈʆʉʊʗʍ ɼɽʌʆʈʄɸʎʀʀ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʪʫʛʦʧʣʘʚʢʠʭ ʥʘʥʦʯʘʩʪʠʮ Al2O3 ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʤʝʪʦʜʦʤ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʣʠʛʘʪʫʨʳ Al-Al 2O3. ɺʚʝʜʝʥʠʝ ʣʠʛʘʪʫʨ r ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʈʘʩʧʣʘʚ, ʩ ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʥʝʤ ʣʠʛʘʪʫʨʦʡ, ʙʳʣ ʧʦʜʚʝʨʞʝʥ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʈʘʟʣʠʚʢʘ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʢʦʢʠʣʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʟʤʝʣʴʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʘʣʶʤʠʥʠʷ. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 1 ʤʘʩ. %. ʥʘʥʦʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 0.001 ʩ
-1. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʜʦ 36 ʠ 84 ʄʇʘ, ʘ ʪʘʢʞʝ ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʩ 42 ʜʦ 40 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʣʶʤʠʥʠʡ, ʥʘʥʦʯʘʩʪʠʮʳ, ʣʠʛʘʪʫʨʘ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʝ 

ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

Abstract. The paper considers the effect of refractory Al 2O3 nanoparticles on the mechanical 

properties of commercially pure aluminum at different strain rates. For the introduction of aluminum 

oxide nanoparticles, Al-Al 2O3 ligatures were obtained by the method of shock-wave compaction. The 

introduction of the ligature was accompanied by mechanical stirring. The melt, with the ligature 

dissolved in it, was subjected to ultrasonic treatment. Casting was accompanied by vibration treatment 

of the chill  mold. Scanning electron microscopy studies show that nanoparticles of aluminum oxide 

contribute to the grinding of medium-sized aluminum. Mechanical tensile tests showed that the 

introduction of 1 wt. %. nanoparticles leads to an increase in mechanical properties at a strain rate of 

0.001 s-1. An increase in the deformation rate led to an increase in the yield strength and strength of 36 

and 84 MPa, as well as a decrease in the quality of the investigated alloys from 42 to 40%. 

Keywords: Aluminum, nanoparticles, ligature, shock-wave compaction, deformation, 

modification, structure, mechanical properties. 

 

ɺʚʝʜʝʥʠʝ 

ɸʣʶʤʠʥʠʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʧʦ ʤʘʩʰʪʘʙʘʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʨʝʜʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʩʨʝʜʠ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʦ 

ʦʙʲʝʤʘʤ ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʘʣʠ [1]. ɺ ʘʚʠʘʮʠʦʥʥʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ɻ ʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʚʠʜʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ h ʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʧʣʘʚʳ 

ʘʣʶʤʠʥʠʷ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʫ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ 

ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, 
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ʩʚʘʨʠʚʘʝʤʦʩʪʴ [2,3]. ʅʘʠʙʦʣʴʝhʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ [4] ʦʪʨʘʩʣʷʭ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʪʦʚʘʨʦʚ ʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ɿʘʤʝʥʘ ʙʦʣʝʝ ʪʷʞʝʣʦʡ ʩʪʘʣʠ ʥʘ 

ʣʸʛʢʠʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʛʦ ʚʝʩʘ ʟʘ ʩʯʝʪ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʛʨʫʟʦʧʝʨʝʚʦʟʦʯʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʫʤʝʥʴʰʠʪʴ ʪʦʧʣʠʚʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ CO2 ʚ 

ʘʪʤʦʩʬʝʨʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʚrʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʫ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  

ʅʦʚʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʣʝʛʠʨʦʚʘʥʠʷ [5], 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ [6], ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ [7], ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ [8,9]. ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʥʳʭ ʫʧʨʦʯʥʠʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪ 

ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʪʫʛʦʧʣʘʚʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʷʜʫ ʨʘʙʦʪ [10ï16], 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʨʙʠʜ ʪʠʪʘʥʘ, ʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʜʠʙʦʨʠʜ ʪʠʪʘʥʘ, ʘ ʪʘʢʞʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ.  ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩʪʨʫʢʪʫʨʳ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʶʪ ʯʘʩʪʠʮʳ ʪʠʪʘʥʘ ʠ ʙʦʨʘ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [17ï19]. ʆʜʥʘʢʦ, ʚʚʦʜʠʤʳʝ ʚ 

ʨʘʩʧʣʘʚ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʠ ʫʧʨʦʯʥʠʪʝʣʝʡ [20]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʍʦʣʣʘ-ʇʝʪʯʘ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʦʚ (ʤʠʢʨʦʧʦʨ, 

ʚʳʜʝʣʝʥʠʡ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ). ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʤʦʜʠʬʠʢʘʮʠʷ 

ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʚʳʰʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʫʶʱʠʭ ʬʘʟ ʠ Ŭ-Al [2] ʆʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʢʦʪʦʨʳʝ ʧʦ ʨʘʟʤʝʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʰʝʪʢʝ ʘʣʶʤʠʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʟʘʤʝʪʥʦʛʦ ʚʢʣʘʜʘ ʚ 

ʠʟʤʝʣʴʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. ʋʧʨʦʯʥʝʥʠʝ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʫʜʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ 

ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. ɿʘʢʦʥ ʍʦʣʣʘ-ʇʝʪʯʘ ʦʧʠʩʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʠʟʤʝʣʴʯʝʥʠʝʤ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [21]. ɺ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ 1 ʟʘʢʦʥ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

Ў„
Ὧ

ЍὨ
ρ 
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ʅʘʣʠʯʠʝ ʪʚʸʨʜʳʭ ʥʝʧʝʨʝʨʝʟʘʝʤʳʭ ʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ 

ʆʨʦʚʘʥʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʯʘʩʪʠʮ ʩ ʜʠʩʣʦʢʘʮʠʷʤʠ. ʇʨʠ 

ʦʛʠʙʘʥʠʠ ʚʦʢʨʫʛ ʯʘʩʪʠʮʳ, ʜʠʩʣʦʢʘʮʠʠ ʠʩʢʨʠʚʣʷʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ 

ʢʦʣʴʮʘ (ʧʝʪʣʠ ʆʨʦʚʘʥʘ) [22], ʫʧʨʦʯʥʷʶʱʠʝ ʧʣʦʩʢʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ. ʋʧʨʦʯʥʝʥʠʝ ʧʦ 

ʆʨʦʚʘʥʫ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʯʥʳʡ ʨʘʩʧʣʘʚ. 

ɿʘ ʩʯʝʪ ʧʨʝʧʷʪʩʪʚʠʷ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʝʨʝʤʝʱʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ 

ʬʦʨʤʫʣʝ 2:  

 

Ў„
πȢρσὦὋ

Ὠ ὺ ρ

ÌÎ
Ὠ

ςὦ
ς

 

 

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ̫ ʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʥʘʛʨʫʟʢʠ ʦʪ 

ʤʷʛʢʦʡ ʤʘʪʨʠʮʳ ʢ ʪʚʝʨʜʳʤ ʠ ʞʝʩʪʢʠʤ ʯʘʩʪʠʮʘʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ. ʋʨʘʚʥʝʥʠʝ 3, ʚʚʝʜʝʥʥʦʝ ʅʘʨʜʘʥʦʤ ʠ ʇʨʝʚʦ, ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʢʣʘʜ ʚ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʧʝʨʝʥʦʩʘ ʥʘʛʨʫʟʢʠ ʚ ʢʦʤʧʦʟʠʪʘʭ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮʘʤʠ [23]:  

 

Ў„ „‮
ὰ ὸὃ

τὰ
σ 

 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʧʨʦʯʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʝʜʠʥʠʯʥʳʤ 

ʫʧʨʦʯʥʷʶʱʠʤ ɻ ʬʬʝʢʪʦʤ (ʫʨʘʚʥʝʥʠʝ 4):  

 

„̒ „ Ў„ τ 

 

ɺʚʝʜʝʥʠʝ ʚ ʨʘʩʧʣʘʚ ʤʝʪʘʣʣʘ ʪʫʛʦʧʣʘʚʢʠʭ ʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ [24], ʷʚʣʷʝʪʩ ̫ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʤʦʜʠʬʠʢʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʩʧʝʨʩʥʦʝ ʫʧʨʦʯʥʝʥʠʝ 

ʩʧʣʘʚʘ [20]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʠʭ ʯʘʩʪʠʮ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al2O3. ʇʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʥʘʥʦʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [25,26]. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [27ï31], ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʣʠʷʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʩʧʣʘʚʳ ʩʦ ʩʣʦʞʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʮʝʥʥʦ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʧʣʘʚʘ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʨʫʢʪʫʨʫ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 

ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸ0.  

 

ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʡ 

ʘʣʶʤʠʥʠʡ ʤʘʨʢʠ ɸ0 (Al Ó 99 %). ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʪʫʛʦʧʣʘʚʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al2O3, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʘ [32]. ʏʘʩʪʠʮʳ Al2O3 (5 ʤʘʩ. %) ʙʳʣʠ ʜʝʘʛʣʦʤʝʨʠʨʦʚʘʥʳ 

ʚ ʤʠʢʨʦʧʦʨʦʰʢʝ ʘʣʶʤʠʥʠʷ (95 ʤʘʩ. %), ʘ ʟʘʪʝʤ ʤʝʪʦʜʦʤ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ 

ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ [33] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʣʠʛʘʪʫʨʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 730 Áʉ ʣʠʛʘʪʫʨʳ 

ʚʚʦʜʠʣʠʩʴ ʚ ʨʘʩʧʣʘʚ ʘʣʶʤʠʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʧʦʣʝʡ. 

ʃʠʛʘʪʫʨʘ ʚʚʦʜʠʣʘʩʴ ʚ ʟʦʥʫ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʣʠʛʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʯʘʩʪʦʪʦʡ 17.5 ʢɻʮ ʠ ʤʦʱʥʦʩʪʴʶ 3.5 ʢɺʪ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʯʘʩʪʠʮ ʠ ʜʝʛʘʟʠʨʦʚʘʪʴ ʨʘʩʧʣʘʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʟʝʨʥʘ. ɼʣ ̫ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʛʘʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʨʘʟʣʠʚʢʘ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʚʠʙʨʘʮʠʝʡ ʢʦʢʠʣʷ ʥʘ ʚʠʙʨʦʩʪʦʣʝ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʪʣʠʚʢʠ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʣ ̫ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʪɹ̫ ʚ ʢʦʢʠʣʴ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʪʣʠʚʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0.1, 

0.5, 1, 1.5 ʤʘʩʩ. %. ɼʣ ̫ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪʣʠʚʢʠ 

ʙʝʟ ʫʣɹʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮ  rʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʯʘʩʦʚʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʪʞʠʛʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 300 Áʉ.  

 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ ʤʝʪʦʜʦʤ EBSD [34] ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʟʝʨʥʘ ʧʦʩʯʠʪʘʥ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʭr ʩʝʢʫʱʠʭ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ.  

ʊʚʝʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ ɹʨʠʥʝʣʣʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʪʚʝʨʜʦʤʝʨʝ Duramin-500 

ɸ75 ʧʨʠ ʥʘʛʨʫʟʢʝ 250 ʢʛ ʥʘ ʩʬʝʨʠʯʝʩʢʠʡ ʠʥʜʝʥʪʦʨ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʠ ʚʳʜʝʨʞʢʝ 10 
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ʩʝʢʫʥʜ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʠʟʤʝʨʷʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ DURAMIN 5 ʚʥʝʜʨʝʥʠʝʤ ʚ ʦʙʨʘʟʝʮ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʢʠ ʧʨʠ 

ʥʘʛʨʫʟʢʝ 50 ʛʨʘʤʤ ʠ ʚʳʜʝʨʞʢʝ 10 ʩʝʢʫʥʜ. 

ʀʩʧʳʪʘʥʠʷ ʧʦ ʦʜʥʦʦʩʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʩʪʝʥʜʝ Instron 40/50-20 ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʪʨʘʚʝʨʩʳ 0.2 ʤʤ/ʤʠʥ. ʕʢʩʧʝʨʠʤʝʥʪʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʩʢʦʨʦʩʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ 0.001, 0.01, 0.1 ʩ
-1
 ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʤʘʰʠʥʝ Instron 40/50-20.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʨʦʰʢʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʠʣ 50 ʥʤ 

(ʨʠʩ. 1ʘ). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al 2O3 (ʘ); 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ɸ0 (ʙ) ʠ ɸ0 + 1 ʤʘʩ. % Al 2O3 (ʚ) 

 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ A0 ʩʦʩʪʘʚʠʣ 200 ʤʢʤ (ʨʠʩ. 1ʙ). 

ɺʚʝʜʝʥʠʝ 0.1, 0.5, 1 ʠ 1.5 ʤʘʩ. % ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʠʚʝʣʦ ʢ 

ʠʟʤʝʣʴʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʜʦ 198, 112, 69 (ʨʠʩ. 1ʚ) ʠ 59 ʤʢʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘ ʩʯʸʪ ʠʭ ʘʢʪʠʚʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. 

ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʪʚʸʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩʧʣʘʚʘ ɸ0, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʠʣʠ 20 HB ʠ 26 HV (ʪʘʙʣʠʮʘ 1). ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ 

ʨʘʩʪʷʞʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ.  
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ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ 

 

ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

Al2O3, % 

ʊʚʸʨʜʦʩʪʴ, 

HB 

ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ, 

HV 
ů0,2, ʄʇʘ ůʚ, ʄʇʘ Ůmax, % 

0 19Ñ0.21 25Ñ1.67 11Ñ1.67 47Ñ1.27 44Ñ2.9 

0.1 20Ñ0.86 26Ñ1.47 28Ñ3.91 68Ñ1.45 42Ñ4.95 

0.5 20Ñ0.62 26Ñ1.66 19Ñ4.94 63Ñ5.25 42Ñ6.55 

1 21Ñ0.72 27Ñ1.52 22Ñ4.54 72Ñ8.20 36Ñ3.92 

1.5 21Ñ0.54 25Ñ1.82 17Ñ2.25 62Ñ7.32 34Ñ4.83 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ 44 ʜʦ 34 %. ʅʘʠʙʦʣʴʰʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʚʚʝʜʝʥʠʠ 1 ʤʘʩ. % ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 47 ʜʦ 72 ʄʇʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʧʣʘʚʦʤ.  

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪ 0.001 ʜʦ 0.1 ʩ-1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʳʝ ʨʘʩʪʷʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʜʝʬʦʨʤʘʮʠʠ: ʠʩʭʦʜʥʳʡ ʩʧʣʘʚ ɸ0 (ʘ); A0 + 0,1 ʤʘʩʩ. % Al2O3  

(ʙ); A0 + 0,5 ʤʘʩʩ. % Al 2O3 (ʚ); A0 + 1,0 ʤʘʩʩ. % Al 2O3 (ʛ) 

 

ʊʘʙʣʠʮʘ 2 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʨʘʟʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ Al 2O3, % 
ʉʢʦʨʦʩʪʴ 

ʜʝʬ-ʠʠ, ʩ
-1 

ů0.2, ʄʇʘ ůB,ʄʇʘ ὑmax, % 

0 

0.001 11 Ñ 3 46 Ñ 9 47 Ñ 5 

0.01 24 Ñ 5 74 Ñ 11 45 Ñ 6 

0.1 31 Ñ 6 79 Ñ 12 43 Ñ 5 

0.1 

0.001 19 Ñ 5 70 Ñ 11 47 Ñ 5 

0.01 26 Ñ 5 72 Ñ 11 45 Ñ 5 

0.1 33 Ñ 6 73 Ñ 11 26 Ñ 4 

0.5 

0.001 20 Ñ 5 69 Ñ 11 48 Ñ 6 

0.01 26 Ñ 6 74 Ñ 11 46 Ñ 5 

0.1 24 Ñ 5 77 Ñ 13 38 Ñ 5 

1 

0.001 18 Ñ 4 66 Ñ 11 42 Ñ 6 

0.01 28 Ñ 6 78 Ñ 12 29 Ñ 5 

0.1 36 Ñ 6 84 Ñ 12 40 Ñ 5 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʩ 0.001 ʜʦ 0.1 ʩ
-1
 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ (ʪʘʙʣʠʮʘ 2). ʉʧʣʘʚ, 

ʩʦʜʝʨʞʘʱʠʡ 0.1 ʤʘʩ. % Al2O3 (ʨʠʩ. 3ʙ), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ ʩ 19 ʜʦ 33 ʄʇʘ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩ 70 ʜʦ 73 ʄʇʘ. ʉʧʣʘʚ, ʩʦʜʝʨʞʘʱʠʡ 

0.5 ʤʘʩ. % Al2O3 (ʨʠʩ. 3ʚ), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩ 20 ʜʦ 24 

ʄʇʘ, ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩ 69 ʜʦ 77 ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ 

ʧʨʠʨʦʩʪ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩ 11 ʜʦ 31 ʄʇʘ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩ 46 ʜʦ 79 ʄʇʘ 

ʚʳʷʚʣʝʥ ʫ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ (ʨʠʩ. 3ʘ). ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʜʣ ̫ʩʧʣʘʚʘ ɸ0+0.5 ʤʘʩ. % Al2O3, ʩʥʠʞʘʝʪʩʷ ʩ 48 ʜʦ 

38 %. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʩʧʣʘʚ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ 

ʥʘʠʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 0.1, 0.5, 1, 1.5 ʤʘʩʩ. % ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 

ʘʣʶʤʠʥʠʷ ʩ 200 ʜʦ 59 ʤʢʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʩʯʸʪ ʠʟʤʝʣʴʯʝʥʠ ̫ʟʝʨʥʘ ʠ ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ. ʇʨʠ ɻ ʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ 0.1 ʤʘʩ. % Al2O3, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ 11 

ʜʦ 28 ʄʇʘ, ʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ï ʧʨʠ ʚʚʝʜʝʥʠʠ 1 ʤʘʩ. % Al2O3, ʢʦʪʦʨʳʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 47 ʜʦ 72 ʄʇʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʩ 0.001 ʜʦ 0.1 ʩ
-1
 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʨʘʩʪʷʞʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩ 11 ʜʦ 31 ʄʇʘ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩ 46 ʜʦ 79 ʄʇʘ ʜʦʩʪʠʛʥʫʪʦ 

ʫ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʅʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ 48 ʜʦ 38 % 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʫ ʩʧʣʘʚʘ ʩ 0.5 ʤʘʩ. % Al2O3. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʛʦʩʟʘʜʘʥʠʝ  ̄0721-2020-0028). 
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ʆʎɽʅʂɸ ʈɸɼʀɸʎʀʆʅʅʆ-ɿɸʑʀʊʅʓʍ ʉɺʆʁʉʊɺ  

Y2O3-MnO2-Al 2O3-SiO2-CaO ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ PHY-X  ʀ ʀʄʀʊɸʎʀʆʅʅʆɻʆ ʂʆɼɸ GEANT4 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʢʨʘʥʠʨʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʪʸʢʦʣ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ Y2O3 ʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ MnO2 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʶ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Phy-X ʠ ʧʣʘʪʬʦʨʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ Geant4 ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 0,1218 ʜʦ 1,4580 ʄʵɺ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʘʩʩʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʣʦʷ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʪʝʢʦʣ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʠʤʠʪʘʮʠʦʥʥʳʡ ʢʦʜ Geant4, 

ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʨʘʜʠʘʮʠʦʥʥʘʷ ʟʘʱʠʪʘ. 

 

Abstract. The results of evaluating the screening capabilities of glasses containing different 

ratios of yttrium oxide Y2O3 and manganese oxide MnO2 in relation to gamma radiation using the Phy-

X software and a platform for modeling the processes of passage of elementary particles through the 

Geant4 substance in the energy range from 0,1218 to 1, 4580 MeV. The results of calculations of the 

mass attenuation coefficient and the half-attenuation layer for the studied glass samples are presented. 

Key words: mass attenuation coefficient, Geant4 simulation code, shielding capabilities, 

radiation protection. 

 

ɺʚʝʜʝʥʠʝ 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ̫ ʜʝʨʥʦʡ ɻ ʥʝʨʛʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʨʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ 

ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʘʢʪʦʨ 

ʚʨʝʤʝʥʠ, ʨʘʩʩʪʦʷʥʠʷ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ [1]. ʈʘʜʠʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻ ʢʨʘʥʠʨʦʚʘʥʠʷ, ʜʝʟʘʢʪʠʚʘʮʠʠ 

ʠ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʦʙʣʫʯʘʝʤʦʩʪʠ ʯʝʣʦʚʝʢʘ [2].  

ʉʪʦʠʤʦʩʪʴ ʟʘʱʠʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ̫ ʜʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ 20-30% ʩʪʦʠʤʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʠ ɻ ʪʦʤ ʪʦʣʱʠʥʘ ʟʘʱʠʪʳ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ [3]. ʇʦʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʨʘʜʠʘʮʠʦʥʥʦ-

ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ̫ ʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ 

ʩʪʦʠʤʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʟʘʱʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ [4]. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʝʢʣʘʤ, 
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ʢʦʤʧʦʟʠʪʘʤ, ʙʝʪʦʥʘʤ, ʧʦʣʠʤʝʨʘʤ ʠ ʧʨʠʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʟʘʱʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ [5].  

ʉʪʝʢʣʘ ̫ ʚʣ̫ʁ ʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʘʪʦʤʥʦʡ ɻʥʝʨʛʝʪʠʢʠ, ʛʜʝ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʋʨʘʣʴʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪʥʦ-ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʟʘʱʠʪʥʳʭ ʩʪʝʢʦʣ [6], [7], [8], [9]. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ SiO2, B2O3, 

P2O5, TeO2, BaO ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʙʘʚʦʢ ʚ ʚʠʜʝ Al2O3, MgO, CaO, Na2O ʠ ʜʨ. ʇʨʠ 

ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʘ ʩʪʝʢʦʣ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ: 

ʦʢʨʘʩʢʫ, ʧʨʠʩʫʱʫʶ ʩʘʤʦʤʫ ʩʪʝʢʣʫ, ʦʢʨʘʩʢʫ, ʚʳʟʚʘʥʥʫʶ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ɻ ʪʦʡ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʦʢʨʘʩʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [10]. 

ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʢʦʣ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʙʘʚʦʢ ʚ ʠʭ ʩʦʩʪʘʚ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʪʝʢʦʣ Y2O3-MnO2-Al2O3-SiO2-CaO ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʤʘʩʩʦʚʦʤ 

ʩʦʩʪʘʚʝ ʦʢʩʠʜʘ ʠʪʪʨʠʷ Y2O3 ʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ MnO2 [11]. ɼʣ ̫ɻ ʪʦʛʦ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʩʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʈ  (MAC ï mass attenuation coefficient), ʣʠʥʝʡʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʈ (LAC ï linear attenuation coefficient), ʩʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ 

ʦʩʣʘʙʣʝʥʠʷ æ0,5 (HVT ï half value thickness), ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

(MFP ï mean free path), ɻ ʬʬʝʢʪʠʚʥʳʡ ʘʪʦʤʥʳʡ ʥʦʤʝʨ (Zeff ï effective atomic number) 

ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ 0,1218-1,4580 ʄʵɺ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʝʢʣʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (20-x)Y2O3-xMnO2-20Al2O3-40SiO2-20CaO; (x = 5, 10, 15 ʠ 

20 ʤʦʣʴ ɼʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʦʚ ʩʪʝʢʦʣ ʜʣ ̫ʦʮʝʥʢʠ ʠʭ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [11] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 1.  

Geant4 ï ʵʪʦ ʧʣʘʪʬʦʨʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʭʦʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʢʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ̫ ʜʝʨʥʦʡ ɻ ʥʝʨʛʠʠ ʠ 

ʪ. ʜ. [12]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ Geant4 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʛʘʤʤʘ-ʣʫʯʝʡ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʩʪʝʢʦʣ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ Geant4 

ʙʳʣʠ ʚʟʷʪʳ ʩʪʝʢʣʷʥʥʳʝ ʦʙʨʘʟʮʳ YM1, YM2, YM3, YM4 ʚ ʚʠʜʝ ʢʫʙʦʚ ʩ ʨʝʙʨʘʤʠ 5 

ʩʤ (ʨʠʩ. 1). 
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ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʪʝʢʦʣ 

ʆʙʨʘʟʝʮ ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ (ʤʦʣ.%) 

Al  Si Ca Y Mn O 

YM1 
15Y2O3-5MnO2-

20Al2O3-40SiO2-20CaO 
0,1150 0,1197 0,0854 0,2842 0,0293 0,3665 

YM2 
10Y2O3-10MnO2-

20Al2O3-40SiO2-20CaO 
0,1242 0,1293 0,0922 0,2046 0,0632 0,3866 

YM3 
5Y2O3-15MnO2-

20Al2O
3-40SiO2-20CaO 

0,1350 0,1405 0,1002 0,1112 0,1030 0,4101 

YM4 
20MnO2-20Al2O3-

40SiO2-20CaO 
0,1478 0,1538 0,1098 0 0,1505 0,4382 

 

 

ʈʠʩʫʥʦʢ 1 ïɻʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ  

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ɻ ʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʯʝʪʥʳʡ ʢʦʜ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʛʝʥʝʨʠʨʫʝʪ ʛʘʤʤʘ-ʣʫʯʠ, ʥʘʯʠʥʘʷ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʢʫʙʘ ʚʜʦʣʴ ʦʩʠ z (ʨʠʩ. 1). 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʜʣ ̫ʢʘʞʜʦʡ ʵʥʝʨʛʠʠ 

ʛʝʥʝʨʠʨʫʝʪʩʷ 10
6
 ʛʘʤʤʘ-ʣʫʯʝʡ. ɺ ʢʦʥʮʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣ ̫ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʠʟʤʝʥʝʥʥʳʝ ʛʘʤʤʘ-ʣʫʯʠ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʠʛʘʣʠ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʳ ʢʫʙʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʇʘʨʘʤʝʪʨʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ 

ʜʣ ̫ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʨʘʥʥʳʭ ʩʪʝʢʦʣ. ʄʘʩʩʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ( ʈ) ʠ ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ (ʈ) ̫ ʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʱʠʪʳ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣ ̫ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ 
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ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʩʣʘʙʣʷʪʴ ʧʘʜʘʶʱʝʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ. ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (1) ʠ (2): 

 

                    ʈ
ʈ

”
ύ
‘

”
                                                                                 ρ 

 

ʛʜʝ  ï ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ i-ʛʦ ʩʦʩʪʘʚʥʦʛʦ ɻ ʣʝʤʝʥʪʘ, wi ï 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ i ï ʛʦ ʩʦʩʪʘʚʥʦʛʦ ɻ ʣʝʤʝʥʪʘ. 

 

               ʈ
ρ

ὼ
ÌÎ
Ὅ

Ὅ
                                                                                             ς 

 

ʛʜʝ Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʝʟ ɻ ʢʨʘʥʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, 

Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ɻ ʢʨʘʥʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ, x ï 

ʪʦʣʱʠʥʘ ɻ ʢʨʘʥʠʨʫʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ (ʩʤ). 

ʉʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ (æ0,5) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʫʶ 

ʪʦʣʱʠʥʫ ɻ ʢʨʘʥʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣ ̫ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʦ 

ʧʦʣʦʚʠʥʳ ʦʪ ʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ [13]. ʆʙʨʘʟʝʮ, ʦʙʣʘʜʘʶʱʠʡ ʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ (HVT) ʠ ʩʨʝʜʥʝʡ 

ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ (MFP) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣ ̫

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʫʨʘʚʥʝʥʠʷʭ 3, 4 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

                   (ὠὝ
ὰὲς

‘
                                                                                                            σ 

-&0
ρ

‘
                                                                                                                τ 

 

ʛʜʝ ‘ ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʘʪʦʤʥʳʡ ʥʦʤʝʨ (ὤ ) ʙʳʣ ʚʳʯʠʩʣʝʥ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

(5) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [14]: 

 

ὤ
ВὪὃ ʈ

В ʈ
                                                                                                     υ 
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ʛʜʝ ὃ ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ Ὥ-ʛʦ ʩʦʩʪʘʚʥʦʛʦ ɻ ʣʝʤʝʥʪʘ, Ὢ ï ʤʘʩʩʦʚʫʶ ʜʦʣʶ Ὥ-ʛʦ ɻ ʣʝʤʝʥʪʘ, 

ὤ ï ʘʪʦʤʥʳʡ ʥʦʤʝʨ Ὥ-ʛʦ ɻ ʣʝʤʝʥʪʘ,  ï ʤʘʩʩʦʚʳʡ ʢʦʬɻʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ Ὥ-ʛʦ 

ʩʦʩʪʘʚʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʦʙʨʘʟʮʘ ʩʪʝʢʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʥʘʣʦʛʠʯʥʦ, ɻ ʬʬʝʢʪʠʚʥʘʷ ɻ ʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʫʨʘʚʥʝʥʠʷ (6), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʫʨʘʚʥʝʥʠʠ (5) [15]: 

 

ὔ  ὔ
ὤ

ὃ
                                                                                                 φ 

 

ʛʜʝ ὃ ВὃὪ ï ʩʨʝʜʥʷʷ ʘʪʦʤʥʘʷ ʤʘʩʩʘ,  ὔ ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻ ʢʨʘʥʠʨʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʜʣ ̫

ʯʝʪʳʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 0,1218-1,4580 ʄʵɺ. 

ʄʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ɻ ʢʨʘʥʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʩʯʠʪʘʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Phy-x ʠ Geant4. 

ʅʘ (ʨʠʩ. 2, ʙ) ʧʦʢʘʟʘʥʳ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʩʣʘʙʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Phy-X ʠ 

ʩʠʩʪʝʤʳ ʙʠʙʣʠʦʪʝʢ ʜʣ ̫ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʭʦʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ  Geant4. ʀʟ ʩʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ 

ʤʦʜʝʣʠʨʫʝʤʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ 0,122-0,22 ʄʵɺ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Geant4 ʠ ʨʘʩʯʝʪʘ ʚ Phy-X ʥʘ 20%. 

ɿʥʘʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 

ʥʠʟʢʦʡ ɻ ʥʝʨʛʠʠ ʛʘʤʤʘ-ʬʦʪʦʥʦʚ 0,122 ʄʵɺ ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ 1,0109 ʩʤ
-1
 ʠ 0,5655 ʩʤ

-1
 ʜʣ ̫

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ YM1 ʠ YM4. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ɻ ʥʝʨʛʠʠ ʧʘʜʘʶʱʝʛʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʩʥʠʞʝʥʠʶ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʩʣʘʙʣʝʥʠʷ ʠʟ-ʟʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ɽ 
-3.5
 [16].   

ʇʨʠ ɻ ʥʝʨʛʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,27 ʄʵɺ ʜʦ 1,45 ʄʵɺ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʩʣʘʙʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɻ ʥʝʨʛʠʠ ʧʘʜʘʶʱʝʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠ ̫ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʵʥʝʨʛʠʷʭ ʚʳʰʝ 1,45 ʄʵɺ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʘʤʦʝ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ LAC ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ 

0,6617-1,4580 ʄʵɺ ʧʦʣʫʯʝʥʦ ʜʣ ̫ʦʙʨʘʟʮʘ YM3 (ʩʦʜʝʨʞʘʥʠʝ MnO2 15 ʤʘʩʩ.%). 
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ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠ ̫ʜʣ ̫

ʚʳʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʝʢʦʣ (ʨʠʩ. 2, ʘ). ʀʟ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʤʘʩʩʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ. ʕʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʢʦʤʧʪʦʥʦʚʩʢʠʤ ʨʘʩʩʝʠʚʘʥʠʝʤ, 

ʠʤʝʶʱʠʤ ʩʝʯʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ɽ
-1
 [17]. ʆʙʨʘʟʝʮ YM1 ʠʤʝʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ 

ʈ  ʚ ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 0,1218-0,4440 ʄʵɺ, ɻ ʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ɻʪʦʡ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ 

ʵʥʝʨʛʠʷʭ ʚʳʰʝ 0,1218 ʄʵɺ ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ ʥʘʯʠʥʘʶʪ ʨʝʟʢʦ 

ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ ʧʨʦʷʚʣʝʥʠʷ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Geant4, ʈ  ʦʙʨʘʟʮʘ YM3 ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʝʢʦʣ ʧʨʠ ʟʥʘʯʝʥʠʠ ɻ ʥʝʨʛʠʠ ʦʪ 0,3443 ʄʵɺ ʜʦ 

0,6617 ʄʵɺ. ʄʘʩʩʦʚʳʡ ʢʦɻ ʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ YM4 ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ 0,7789-1,458 ʄʵɺ.  

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ̫ ʚʣʷʶʪʩʷ ʩʣʦʡ 

ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ (ʨʠʩ. 3). ʉʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʣʱʠʥʫ ʤʘʪʝʨʠʘʣʘ ʜʣ ̫ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʣʦʚʠʥʫ [18]. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ Geant4 ʩʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ 

ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ɻ ʥʝʨʛʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʆʙʨʘʟʝʮ ʩʪʝʢʣʘ YM1 ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʩʣʦʷ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʧʨʠ 

ʵʥʝʨʛʠʠ ʦʪ 0,1218 ʜʦ 0,2447 ʄʵɺ. ʆʙʨʘʟʝʮ ʩʪʝʢʣʘ Yʄ2 ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ 0,283-0,444 ʄʵɺ, ʘ YM3 ʠʤʝʝʪ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʷ ʩʣʦʷ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 0,662-1,458 ʄʵɺ. ʆʙʨʘʟʝʮ ʩʪʝʢʣʘ YM4 ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʭʫʜʰʠʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʪʝʢʦʣ. 

ɿʥʘʯʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ (ὤ ) ʙʳʣʠ ʧʦʣʫʯʝʥ  rʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Phy-x. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ 

ʥʦʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ (ʨʠʩ. 3, ʘ). ʆʙʨʘʟʝʮ ʩʪʝʢʣʘ YM1 ʠʤʝʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʥʘ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ, ʧʨʠ ɻ ʪʦʤ 

ʦʙʨʘʟʝʮ ʩʪʝʢʣʘ YM4 ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʥʘ 

ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʀʟ (ʨʠʩ. 3, ʘ) ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɻ ʥʝʨʛʠʠ ʬʦʪʦʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ ʦʪ 0,1218 ʜʦ 

0,4440 ʄʵɺ. ʇʨʠ ɻ ʥʝʨʛʠʷʭ ʚʳʰʝ 0,4440 ʄʵɺ ʟʥʘʯʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ 

ʥʦʤʝʨʘ ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 

ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ɻ ʪʦʤ ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ [19]. ʕʬʬʝʢʪʠʚʥʘʷ 



42 
 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʱʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚ ʩʪʝʢʦʣ YM1-YM4:   

ʘ ï ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ; ʙ ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ; ʚ 

ï ʩʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ; ʛ ï ʩʨʝʜʥʠʡ ʩʚʦʙʦʜʥʳʡ ʧʫʪʴ 
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ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʝʢʦʣ ʨʘʩʩʯʠʪʘʥʘ ʠ ʧʨʠʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 3, ʙ). 

ɿʥʘʯʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩ ̫ʦʪ ʥʘʯʘʣʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʦ ɻ ʥʝʨʛʠʠ 0,2835 ʄʵɺ. ʇʨʠ ɻ ʥʝʨʛʠʷʭ ʩʚʳʰʝ 0,2835 ʄʵɺ ʟʥʘʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʙʨʘʟʝʮ 

ʩʪʝʢʣʘ YM1 ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʘʪʦʤʥʦʛʦ 

ʥʦʤʝʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ɻʥʝʨʛʠʡ 0,1218-0,444 ʄʵɺ, ʧʨʠ ɻ ʥʝʨʛʠʷʭ ʙʦʣʴʰʝ 0,6617 ʄʵɺ 

ʦʙʨʘʟʝʮ ʩʪʝʢʣʘ YM4 ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɻ ʬʬʝʢʪʠʚʥʦʛʦ 

ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʝʢʦʣ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʕʬʬʝʢʪʠʚʥʳʡ ʘʪʦʤʥʳʡ ʥʦʤʝʨ (ʘ) ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ (ʙ) ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʝʢʦʣ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Phy-X ʠ ʧʣʘʪʬʦʨʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ɻ ʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ Geant4 ʚ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ ʦʪ 0,1218 ʜʦ 1,4580 ʄʵɺ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʝʢʦʣ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (20-

x)Y2O3-xMnO2-20Al2O3-40SiO2-20CaO; (x = 5, 10, 15 ʠ 20 ʤʦʣʴ%). ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠ 

ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʝʢʦʣ (YM1-YM4) 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ɻ ʥʝʨʛʠʠ ʬʦʪʦʥʦʚ.  

ʆʙʨʘʟʝʮ ʩʪʝʢʣʘ YM4 ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ MnO2 ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʚʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ɻ ʥʝʨʛʠʡ ʦʪ 0,678 ʄʵɺ ʜʦ 

1,458 ʄʵɺ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,076 ʩʤ
2/ʛ ʜʦ 0,052 ʩʤ

2/ʛ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʨʦ 

ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʘʤʦʝ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ 

0,6617-1,4580 ʄʵɺ ʧʦʣʫʯʝʥʦ ʜʣ ̫ʦʙʨʘʟʮʘ YM3 (ʩʦʜʝʨʞʘʥʠʝ MnO2 15 ʤʘʩʩ.%).  
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ʉʣʦʡ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ɻ ʥʝʨʛʠʠ ʬʦʪʦʥʦʚ. ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʝʝʪ ʦʙʨʘʟʝʮ ʩʪʝʢʣʘ YM3 ʚ ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ 0,662-1,458 

ʄʵɺ. ɿʥʘʯʝʥʠʷ ʜʣ ̫ʩʣʦʷ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠʩ ɹʦʪ 2,43 ʩʤ ʜʦ 3,59 

ʩʤ, ʘ ʜʣ ̫ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʦʪ 3,513 ʩʤ ʜʦ 5,189 ʩʤ ʧʨʠ ʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ɻ ʥʝʨʛʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ MnO2 ʠ Y2O3 ʚ ʩʦʩʪʘʚ 

ʩʪʝʢʦʣ ʜʣ ̫ʫʣʫʯʰʝʥʠʷ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩʪʝʢʦʣ ʦʙʨʘʟʮʳ YM3 ʠ YM4 ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ ʨʘʜʠʘʮʠʦʥʥʦ-

ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʢʦʣ ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ̫ ʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ. 
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ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʉʆʈɹɽʅʊʆɺ ɼʃʗ ʀʆʅʆʉɽʃɽʂʊʀɺʅʆʁ ʆʏʀʉʊʂʀ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʟʤʝʨʝʥʠʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ 

ʩʦʨʙʝʥʪʘ, ʘ ʟʘʪʝʤ ʚ ʧʘʢʝʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ SolidWorks Flow Simulation (SW FS) 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʩʨʝʜʳ ʯʝʨʝʟ ʩʦʨʙʝʥʪʳ ʩ ʪʝʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ, 

ʯʪʦ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ SW FS ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʣʴʪʨ-

ʢʦʥʪʝʡʥʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʨʙʝʥʪ, SolidWorks Flow Simulation, 

ʬʠʣʴʪʨ-ʢʦʥʪʝʡʥʝʨ. 

 

Abstract. An experiment was carried out with the measurement of the sorbent layer hydraulic 

resistance, and then a computer simulation of the water flow through sorbents with the same properties 

as in the experiment was carried out with the computational hydrodynamics package SolidWorks Flow 

Simulation (SW FS). Comparison of the results of experiment and simulation is presented, it  is 

concluded that it  is possible to use SW FS for further optimization of filter containers. 

Keywords: hydraulic resistance, sorbent, SolidWorks Flow Simulation, filter container. 

 

ɺʚʝʜʝʥʠʝ 

ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʈɸʆ) ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʕʉ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ, ʥʘʨʷʜʫ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠʝʤʣʝʤʦʩʪʠ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʥʘʜʝʞʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʯʝʣʦʚʝʯʝʩʪʚʘ [1]. 

ʉ 2013 ʛ ʥʘ ɸʕʉ ʈʦʩʩʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʪʨʘʪʝʛʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ 

ʫʤʝʥʴʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʧʨʠʚʝʜʝʥʠʝ ʚʩʝʭ ʈɸʆ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʢʨʠʪʝʨʠʷʤʠ ʧʨʠʝʤʣʝʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥ  rʅʇ-093-14 [2]. 

ɾʠʜʢʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ (ɾʈʆ) ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʜʝʟʘʢʪʠʚʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʤʝʱʝʥʠʡ ʠ ʩʧʝʮʦʜʝʞʜʳ [3]. ɾʈʆ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʦʤʦʛʝʥʥʳʝ ʠʣʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʤʝʩʠ (ʧʫʣʴʧʳ, ɻ ʤʫʣʴʩʠʠ, 

ʩʫʩʧʝʥʟʠʠ) ʚ ʢʠʩʣʦʤ ʠʣʠ ʱʝʣʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ɾʈʆ 

ʟʘʛʨʷʟʥʝʥʳ ʧʨʦʜʫʢʪʘʤʠ ʜʝʣʝʥʠʷ (ʮʝʟʠʡ, ʩʪʨʦʥʮʠʡ, ʡʦʜ), ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ, ʤʘʨʛʘʥʝʮ), ʚʝʱʝʩʪʚʘʤʠ, 
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ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣ ̫ʧʦʜʜʝʨʞʘʥʠʷ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʜʝʟʘʢʪʠʚʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [4-6]. 

ʈʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʘʭ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ 

ʠʦʥʦʚ, ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. ʆʩʥʦʚʥʳʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ 

ʚ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʘʭ ̫ ʚʣʷʶʪʩʷ 
134,
 
137Cs, 

60Co, 
54Mn. ɼʣ ̫ʠʟʦʪʦʧʦʚ ʮʝʟʠʷ ʭʘʨʘʢʪʝʨʥʘ 

ʠʦʥʥʘʷ ʬʦʨʤʘ. ʈʘʜʠʦʥʫʢʣʠʜʳ ʢʦʙʘʣʴʪʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʘʭ ʥʘʭʦʜʷʪʩʷ ʚ 

ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣ ̫ʜʝʟʘʢʪʠʚʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʱʘʚʝʣʝʚʘʷ, ʤʫʨʘʚʴʠʥʘʷ, ʣʠʤʦʥʥʘʷ ʠ ɻ ʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ 

(ʕɼʊɸ) ʢʠʩʣʦʪʳ).  

ʂʦʙʘʣʴʪ ̫ ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʤ ɻ ʣʝʤʝʥʪʦʤ ʚ ʩʦʩʪʘʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ɸʕʉ [7]. ʀʟ 
59ʉʦ ʦʙʨʘʟʫʝʪʩʷ 

60ʉʦ ʩ ʚʳʩʦʢʦʡ ɻ ʥʝʨʛʠʝʡ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (~1,2 ʄʵɺ), ʠ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ (5,272 ʛʦʜʘ). 

ʂʦʙʘʣʴʪ-60 ʠ ʮʝʟʠʡ-137 ʦʧʨʝʜʝʣʷʶʪ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʧʨʠ ʜʝʤʦʥʪʘʞʝ 

ʚʳʚʦʜʠʤʳʭ ʠʟ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʙʣʦʢʦʚ ɸʕʉ ʧʦʩʣʝ ʦʩʪʘʥʦʚʘ ʠ ʜʣʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ 

[8, 9]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ɾʈʆ ̫ ʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʠʟʦʣʷʮʠʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʈɸʆ. ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʴʰʝʝ 

ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ɾʈʆ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ (ʪʘʙʣ. 1). ʕʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʝ yʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʨʘʜʠʦʥʫʢʣʠʜʳ ʚ 

ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʩʦʨʙʝʥʪʘ [10].  

 

ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʦʚ ɾʈʆ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʎʝʤʝʥʪʠʨʦ-

ʚʘʥʠʝ 
ɹʠʪʫʤʠʨʦ-ʚʘʥʠʝ 

ɻʣʫʙʦʢʦʝ 

ʫʧʘʨʠʚʘ-

ʥʠʝ 

ʆʩʪʝʢʣʦ-

ʚʳʚʘʥʠʝ 

ʉʝʣʝʢʪʠʚ-

ʥʘʷ ʩʦʨʙʮʠʷ 

0,9-1,3 1,5-2,5 2-3 3-4 70-90 

 

ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ɾʈʆ ʥʘ ʫʩʪʘʥʦʚʢʝ ʠʦʥʦʩʝʣʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ (ʀʉʆ) 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʠ ʧʦʜʛʦʪʦʚʢʫ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʦʟʦʥʠʨʦʚʘʥʠʝ, ʬʠʣʴʪʨʘʮʠʶ ʠ ʩʝʣʝʢʪʠʚʥʫʶ ʩʦʨʙʮʠʶ ʥʘ ʬʝʨʨʦʮʠʘʥʠʜʥʳʭ 

ʩʦʨʙʝʥʪʘʭ ʚ ʬʠʣʴʪʨʘʭ-ʢʦʥʪʝʡʥʝʨʘʭ (ʌʂ). ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʷʚʣʷʶʪʩʷ ʦʯʠʱʝʥʥʳʡ ʦʪ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ, ʦʪʨʘʙʦʪʘʚʰʠʡ ʩʦʨʙʝʥʪ ʚ 

ʌʂ, h ʣʘʤ ʩ ʬʠʣʴʪʨʦʚ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʦʙʲʝʤʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʠʩʭʦʜʥʳʭ ɾʈʆ) [11]. 

ɼʣ ̫ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʦʨʙʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʨʫʰʠʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʦʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʢʦʙʘʣʴʪʘ-60, ʩ ʧʦʤʦʱʴʶ ʦʟʦʥʠʨʦʚʘʥʠʷ.  
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʅʇʇ çʕʂʉʆʈɹè ʪʝʭʥʦʣʦʛʠʷ COREBRICKÊ 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ɾʈʆ ʠ ʭʨʘʥʠʪʴ 

ʦʪʚʝʨʞʜʝʥʥʳʝ ʦʪʭʦʜʳ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣ ̫ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʣʝʞʠʪ ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʩʦʨʙʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʥʠʢʘʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʅʇʇ çʕʂʉʆʈɹè [11]. 

ɺʳʩʦʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ 

ʨʘʜʠʦʥʫʢʣʠʜʘʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʩʦʨʙʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʦʯʠʩʪʢʠ ɾʈʆ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʇʨʦʮʝʩʩ ʀʉʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʝʥʪʦʚ ʅʇʇ çʕʂʉʆʈɹè ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʨʘʩʢʘʯʢʫ ɾʈʆ; ʜʦʙʘʚʣʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʦʨʙʝʥʪʘ; 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 1-2 ʯʘʩʦʚ (ʩʦʨʙʮʠ ̫ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ); ʦʪʜʝʣʝʥʠʝ 

ʰʣʘʤʘ ʩ ʦʪʨʘʙʦʪʘʥʥʳʤ ʩʦʨʙʝʥʪʦʤ; ʩʦʨʙʮʠʶ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨ-ʢʦʥʪʝʡʥʝʨʘ COREBRICKÊ ʩ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ 

ʩʦʨʙʝʥʪʦʤ. ʇʨʠ ɻ ʪʦʤ ʠʩʢʣʶʯʘʝʪʩʷ ʩʪʘʜʠʷ ʦʟʦʥʠʨʦʚʘʥʠʷ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚʘʥʠʝ 

ɾʈʆ.  

ʅʘ ʩʪʘʜʠʠ ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ ʠʟ ɾʈʆ ʫʜʘʣʷʝʪʩʷ ʜʦ 95% ʘʢʪʠʚʥʦʩʪʠ, 

ʦʩʪʘʚʰʠʝʩʷ 5% ʠʟʚʣʝʢʘʪʁʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʣʠʙʦ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ h ʣʘʤʦʤ ʠ ʬʠʣʴʪʨ-

ʢʦʥʪʝʡʥʝʨʘʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʜʣ ̫ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʦʪʭʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʩʘ. 

ʆʯʠʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʫʧʘʨʠʚʘʥʠʝ ʜʣ ̫ ʧʦʣʫʯʝʥʠʷ 

ʥʝʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʩʦʣʝʚʦʛʦ ʧʣʘʚʘ. ʐʣʘʤ, ʩʦʜʝʨʞʘʱʠʡ ʩʦʨʙʝʥʪ, ʦʪʜʝʣʷʝʪʩʷ ʥʘ 

ʰʪʘʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʢʠ ʠʦʥʦʩʝʣʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ, ʭʦʨʦʰʦ 

ʮʝʤʝʥʪʠʨʫʝʪʩʷ ʩʦ ʩʪʝʧʝʥʴʶ ʚʢʣʶʯʝʥʠʷ ʜʦ 40%. ʇʦʣʫʯʘʶʱʠʡʩʷ ʮʝʤʝʥʪʥʳʡ 

ʢʦʤʧʘʫʥʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ [2]. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ̫ ʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɹʦʣʝʝ 20 ʣʝʪ ʩʧʝʮʠʘʣʠʩʪ rʢʘʬʝʜʨʳ çɸʪʦʤʥʳʝ 

ʩʪʘʥʮʠʠ ʠ ɺʀʕè ʋʨʌʋ ʚʝʜʫʪ ʨʘʙʦʪʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʘ [12]. 

ʇʨʦʚʝʜʝʥ ʨʷʜ ʨʘʩʯʝʪʥʦ-ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [13], [14] ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʬʠʣʴʪʨ-ʢʦʥʪʝʡʥʝʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʦʨʙʝʥʪ, ʥʘʩʳʱʝʥʥʳʡ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʛʦ 

ʩʣʦʷ ʩʦʨʙʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʠ ɾʈʆ ʢʘʢ 

ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ. ʄʦʜʝʣʴ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ ʚʦʡʜʝʪ ʚ ʩʦʩʪʘʚ ʨʘʩʰʠʨʝʥʥʦʡ 

ʤʦʜʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʝʯʝʥʠʷ ʚ ʫʩʪʘʥʦʚʢʝ 

ʠʦʥʦʩʝʣʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ.  
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ɼʣ ̫ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʤ  r ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʨʠʩʪʦʛʦ 

ʩʣʦʷ ʠ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʘʢʝʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

SolidWorks Flow Simulation. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ  

ʊʝʢʫʯʘ ̫ʩʨʝʜʘ (ʞʠʜʢʦʩʪʴ ʠʣʠ ʛʘʟ) ʜʚʠʞʝʪʩʷ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʭʦʜʷ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ ʧʦ ʢʘʥʘʣʘʤ ʤʝʞʜʫ ʪʚʝʨʜʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ɼʚʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩʫʞʝʥʠʷʤʠ ʠ 

ʨʘʩʰʠʨʝʥʠʷʤʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʡ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦʪʦʢ ʩʨʝʜʳ ʧʨʠ ʚʭʦʜʝ ʚ 

ʧʦʨʠʩʪʳʡ ʩʣʦʡ, ʠ ʠʟʚʠʣʠʩʪʦʩʪʴʶ ʧʫʪʠ ʩʪʨʫʡ ʧʦ ʧʦʨʦʚʳʤ ʢʘʥʘʣʘʤ. 

ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚ ʩʣʦʝ, ʯʘʩʪʦʪʘ ʩʫʞʝʥʠʡ ʠ ʨʘʩʰʠʨʝʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʫʡ, ʘ ʪʘʢʞʝ ʠʭ ʠʟʚʠʣʠʩʪʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʦʤ ʠ h ʝʨʦʭʦʚʘʪʦʩʪʴʶ ʯʘʩʪʠʮ 

ʩʣʦʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʭ ʬʨʘʢʮʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʬʦʨʤʦʡ ʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʫʢʣʘʜʢʠ, ʚʝʣʠʯʠʥʦʡ ʦʙʲʝʤʘ ʧʫʩʪʦʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, 

ʚʣʠʷʥʠʝʤ ʩʪʝʥʦʢ ʘʧʧʘʨʘʪʘ, ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ (ʧʣʦʪʥʦʩʪʴ, 

ʚʷʟʢʦʩʪʴ). 

ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʨʦʟʥʦʩʪ ɹʠʣʠ ʜʦʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʸʤʘ Ů: 

‐
ὠ̐

ὠ
ρ
ὠ̘

ὠ
ȟ                                                      ρ 

ʛʜʝ V ï ʦʙʲʝʤ ʩʣʦʷ; Vʧ ï ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʚ ʩʣʦʝ; Vʯ ï ʩʫʤʤʘʨʥʳʡ 

ʦʙʲʝʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʩʣʦʝ. 

ʉʦʨʙʝʥʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʦʩʪʦʷʪ ʠʟ ʯʘʩʪʠʮ 

ʥʝʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʜʣ ̫ʪʘʢʠʭ ʩʣʦʝʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣ̫ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʣʦʷ 

ʰʘʨʦʚʳʭ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʚʳʯʠʩʣʷʶʪ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦ ʚʝʩʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ὼ ʯʘʩʪʠʮ 

ʜʠʘʤʝʪʨʦʤ Ὠ: 

Ὠ
ρ

Вὼ Ὠϳ
Ȣ                                                    ς 

ʏʘʩʪʠʮʳ ʥʝ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʜʠʘʤʝʪʨʦʤ: 

Ὠ̘ Ὠ̑ Ͻ̙•Ȣ                                         σ 

ʛʜʝ: Ὠ̑  ̙ï ʜʠʘʤʝʪʨ ʨʘʚʥʦʚʝʣʠʢʦʛʦ ʧʦ ʦʙʲʝʤʫ (ʚʝʩʫ) h ʘʨʘ, ʤ; • ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʦʨʤʳ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠ ʁʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʚʝʣʠʢʦʛʦ ʧʦ ʦʙʲʝʤʫ ʰʘʨʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ [15]. 
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ʉʢʦʨʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ, ʠʣʠ ʬʠʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʘʟʳʚʘʶʪ ʩʨʝʜʥʶʶ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʦʪʥʝʩʝʥʥʫʶ ʢ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʘʧʧʘʨʘʪʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʦʪʝʨ̫ ʥʘʧʦʨʘ ʚ 

ʩʣʦʝ) ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʫʨʘʚʥʝʥʠʶ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ: 

Ўὖ ‗
Ὄ

Ὠ̋

ύ̠

ς
”ȟ                                                 τ 

ʛʜʝ wʢ ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʩʝʯʝʥʠʠ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ; H ï ʚʳʩʦʪʘ ʩʣʦʷ; dʢ ï 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ
3; ɚ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [16]. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʨʝʜʳ ʚ ʧʦʨʦʚʳʭ ʢʘʥʘʣʘʭ wʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʨʝʜʳ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʥʘ ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ ʩʣʦʷ w (ʩʢʦʨʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ): 

ύ̋
ύ

‐
Ȣ                                                      υ 

ɼʣ ̫ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ h ʘʨʦʚʳʭ ɻ ʣʝʤʝʥʪʦʚ ʜʠʘʤʝʪʨʦʤ Ὠ, 
ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʧʦʨʦʚʦʛʦ ʢʘʥʘʣʘ ʨʘʚʝʥ: 

Ὠ
ςϽὨϽ‐

σϽρ ‐
Ȣ                                             φ 

ʉ ʫʯʝʪʦʤ ɻ ʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʝ (4) ʜʣ ̫ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ ʚ ʩʣʦʝ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

Ўὖ ‗
Ὄ

Ὠ

ύ

ς
”
σ

ς

ρ ‐

‐
Ȣ                                     χ 

ʂʦʬɻʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: 

ʇ
ὃ

ὙὩ
ὄȟ                                                ψ 

ʛʜʝ A ʠ B ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʠ ʩʣʦʷ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ; Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

ὙὩ
ύ̋ ϽὨϽ”

‘
ȟ                                            ω 

ʛʜʝ ɛ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʇʘ ʩ. 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (9) ʚʳʨʘʞʝʥʠʷ ʜʣ ̫ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʘʭ (5) ʠ 

ʨʘʟʤʝʨʘ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ (6), ʧʦʣʫʯʠʤ 

ὙὩ
ς

σ

ύϽὨϽ”

‘Ͻρ ‐

ς

σϽρ ‐
ὙὩ̘ȟ                        ρπ 

ʛʜʝ Reʯ ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʯʘʩʪʠʮ: 

ὙὩ̘
”‫ϽὨϽ

‘
Ȣ                                               ρρ 
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ʇʦʜʩʪʘʚʣʷʷ ʚ (7) ʚʳʨʘʞʝʥʠʝ ʜʣ ̫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (8) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ɸ = 134 ʠ ɺ = 2,34, ʧʦʣʫʯʘʝʤ ʨʘʩʯʝʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʕʨʛʫʥʦʤ, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʩʣʦʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣ ̫ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ: 

Ўὖ

Ὄ
ρυπ

ρ ‐

‐

‘‫Ͻ

Ὠ
ρȟχυ

ρ ‐

‐

”Ͻ‫

Ὠ
Ȣ               ρς 

ɼʣ ̫ʩʣʦʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʫʢʣʘʜʢʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (12), ʩʦʚʧʘʜʘʶʪ ʩ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʩ 

ʪʦʯʥʦʩʪʴʶ Ñ25%. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʣ ̫ʧʣʦʪʥʳʭ ʩʣʦʝʚ ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʫʢʣʘʜʢʦʡ ʠʣʠ ʟʘʩʳʧʦʢ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʦʟʥʦʩʪʴʶ (Ů = 0,6õ0,98), 

ʪʘʢ ʢʘʢ ʧʨʠ ɻ ʪʦʤ ʫʨʘʚʥʝʥʠʝ ʕʨʛʫʥʘ ʟʘʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (12), ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʯʝʥʠʠ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ 

ʩʣʦʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʟʘ ʩʯʝʪ ʩʠʣ ʚʷʟʢʦʩʪʠ (ʚʷʟʢʦʩʪʥʳʝ 

ʧʦʪʝʨʠ) ʠ ʧʦʪʝʨʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ɻ ʥʝʨʛʠʠ ʧʦʪʦʢʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʢʘʥʘʣʘʤ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʣʦʷ. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʧʦʪʝʨʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ɻ ʥʝʨʛʠʠ ʧʦʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳ, ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʀʩʭʦʜʷ 

ʠʟ ɻ ʪʦʛʦ, ʫʨʘʚʥʝʥʠʝ (12) ʧʨʠʤʝʪ ʚʠʜ: 

Ўὖ

Ὄ
ρυπ

ρ ‐

‐

‘‫Ͻ

Ὠ
Ȣ                                   ρσ 

ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ, ʥʘʦʙʦʨʦʪ, ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (12) ʧʨʠʤʝʪ ʚʠʜ: 

Ўὖ

Ὄ
ρȟχυ

ρ ‐

‐

”Ͻ‫

Ὠ
Ȣ                                  ρτ 

 

ʄʘʪʝʨʠʘʣʳ 

ɼʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʩʦʨʙʝʥʪʘ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ çʕʢʩʦʨʙè, ʟʘʥʠʤʘʶʱʝʛʦ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʨʙʝʥʪʦʚ 

ʜʣ ̫ʠʦʥʦʩʝʣʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ. ʉʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʨʙʝʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. ɺʩʝ ʩʦʨʙʝʥʪʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʬʦʨʤʫ ʯʘʩʪʠʮ ʠ ʟʥʘʯʝʥʠ ̫

ʧʦʨʦʟʥʦʩʪʠ. 

ʉʣʦʡ ʩʦʨʙʝʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ɻ ʣʝʤʝʥʪʦʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʠʤʝʝʪ 

ʩʣʦʞʥʫʶ ʠ ʥʦʩʷʱʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ɽʩʣʠ 

ʤʘʩʰʪʘʙʳ ʪʝʯʝʥʠʷ ʚʝʣʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʩʣʦʷ, ʪʦ ʝʛʦ 

ʤʦʜʝʣʠʨʫʶʪ ʢʘʢ ʢʚʘʟʠʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʩ ʦʜʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ï 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 
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ʊʘʙʣʠʮʘ 2 ï ʉʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʨʙʝʥʪʦʚ 

ʇʘʨʘʤʝʪʨ ʆʙʨʘʟʝʮ 

ʄʘʨʢʘ 

ʩʦʨʙʝʥʪʘ 
ʉʄɽʊ ʈɸʎʀʈ ʄʆɼʀʂʉ 

ʅʘʩʳʧʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

1320 1092 959 

ʇʦʨʦʟʥʦʩʪʴ 0,214 0,187 0,234 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

1681 1343 1252 

ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ, 

ʤʤ 

0,9 0,8 1,4 

ʄʠʢʨʦʬʦʪʦ-

ʛʨʘʬʠʷ ʯʘʩʪʠʮ 

ʩʦʨʙʝʥʪʦʚ, 

ʨʘʟʤʝʨ 

ʤʘʩʰʪʘʙʥʦʡ 

ʩʝʪʢʠ ï 0,1 ʤʤ 
 

 

 

 

ʉʦʨʙʝʥʪ ʉʄɽʊ ̫ ʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʨʙʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʦʚ 

ʤʝʜʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʯʘʩʪʠʮʳ ʩʫʣʴʬʠʜʦʚ ʤʝʜʠ, ʭʠʤʠʯʝʩʢʠ 

ʟʘʢʨʝʧʣʸʥʥʳʝ ʥʘ ʛʨʘʥʫʣʘʭ ʧʨʠʨʦʜʥʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ (ʦʧʘʣʘ). ʇʦʨʠʩʪʳʡ 

ʥʦʩʠʪʝʣʴ ʚ ʩʦʩʪʘʚʝ ʩʦʨʙʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʳʭ 

ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ y ʤʢʦʩʪʴ ʩʦʨʙʝʥʪʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩ rʩʦʨʙʠʨʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʫʣʫʯʰʘʝʪ ʢʠʥʝʪʠʢʫ ʩʦʨʙʮʠʠ. ʉʫʣʴʬʠʜ ʤʝʜʠ ʠʟʚʣʝʢʘʝʪ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʦʥʳ ʩʫʨʴʤʳ, ʨʪʫʪʠ, ʤʳʰʴʷʢʘ, ʢʘʜʤʠʷ, ʢʦʙʘʣʴʪʘ ʠ ʩʝʨʝʙʨʘ. ʄʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 500 ʛ/ʜʤ
3. 

ʉʦʨʙʝʥʪ ʄʆɼʀʂʉ ̫ ʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʨʙʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʤʘʨʛʘʥʮʘ. ʅʦʩʠʪʝʣʝʤ ʜʣ ̫ʩʦʨʙʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʩʦʨʙʝʥʪʝ 

ʩʣʫʞʠʪ ʧʨʠʨʦʜʥʳʡ ʘʣʶʤʦʩʠʣʠʢʘʪ (ʦʧʘʣ). ɼʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ ʠʟʚʣʝʢʘʝʪ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʦʥʳ ʩʪʨʦʥʮʠʷ, ʧʣʫʪʦʥʠʷ, ʫʨʘʥʘ, ʜʦʯʝʨʥʠʝ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʨʘʜʦʥʘ. 

ʉʦʨʙʝʥʪ ʈɸʎʀʈ ̫ ʚʣʷʝʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʨʙʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʯʘʩʪʠʮʳ ʛʠʜʨʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʭʠʤʠʯʝʩʢʠ 

ʟʘʢʨʝʧʣʸʥʥʳʝ ʥʘ ʛʨʘʥʫʣʘʭ ʧʨʠʨʦʜʥʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ (ʦʧʘʣʘ). ʇʦʨʠʩʪʳʡ 

ʥʦʩʠʪʝʣʴ ʚ ʩʦʩʪʘʚʝ ʩʦʨʙʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʳʭ 

ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ y ʤʢʦʩʪʴ ʩʦʨʙʝʥʪʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʩʦʨʙʠʨʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʫʣʫʯʰʘʝʪ ʢʠʥʝʪʠʢʫ ʩʦʨʙʮʠʠ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʩʦʨʙʠʨʫʶʱʝʛʦ 
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ʚʝʱʝʩʪʚʘ ZrOʭ(OH)ʫ, ʛʜʝ ʭ = 0é1, ʫ = 2é4. ɻʠʜʨʦʢʩʠʜ-ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ʠʟʚʣʝʢʘʝʪ 

ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʦʥʳ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʠʥʮʘ ʠ ʚʠʩʤʫʪʘ, 

ʠʦʥʳ ʢʨʝʤʥʠʷ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʩʫʨʴʤʳ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣ ̫ʦʯʠʩʪʢʠ ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʨʘʩʧʘʜʘ ʨʘʜʦʥʘ ʠ ʘʣʴʬʘ-ʠʟʣʫʯʘʶʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

ɼʣ ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʩʧʣʘʥʠʨʦʚʘʥʘ ʩʝʨʠʷ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʯʝʥʠʷ 

ʯʝʨʝʟ ʩʣʦʡ ʩʦʨʙʝʥʪʘ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1. ʎʝʣʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʯʝʨʝʟ ʩʣʦʡ. 

 

 
 

a) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: ʘ) ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ; ʙ) ʬʦʪʦʛʨʘʬʠʷ 

ʢʦʣʦʥʥʳ; 1 ï ʢʦʣʦʥʥʘ ʩ ʩʦʨʙʝʥʪʦʤ; 2 ï ʬʠʣʴʪʨʳ; 3 ï ʚʭʦʜʥʘʷ ʢʘʤʝʨʘ;  

4 ï ʚʳʭʦʜʥʘʷ ʢʘʤʝʨʘ; 5 ï ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ; 6 ï ʛʠʙʢʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ;  

PD ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʦʤʝʪʨ; F ï ʨʘʩʭʦʜʦʤʝʨ 

 

ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ ʚʭʦʜʠʪ ʚ ʢʦʣʦʥʥʫ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʯʝʨʝʟ 

ʚʭʦʜʥʫʶ ʢʘʤʝʨʫ (3) ʩ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ p0 ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʦʡ ʩʦʨʙʝʥʪʘ. 

ʉʦʨʙʝʥʪ ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʢʦʣʦʥʥʳ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʬʠʣʴʪʨʘʤʠ (2), 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʩʣʦʷ ʩʦʨʙʝʥʪʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʪʦʢʘ ʯʝʨʝʟ 

ʩʣʦʡ ʩʦʨʙʝʥʪʘ ʝʛʦ ʜʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʠ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ p1. ɿʥʘʯʝʥʠʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʩʣʦʷ ʩʦʨʙʝʥʪʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʤʘʥʦʤʝʪʨʦʤ (PD). ɺ ʜʘʥʥʦʡ ʩʝʨʠʠ 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʠʬʨʦʚʦʡ ʤʘʥʦʤʝʪʨ ʅʊ-1890, ʦʙʣʘʜʘʶʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,3%. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʣʘʧʘʥʘ (5). ʈʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʢʦʣʦʥʥʫ, ʠʟʤʝʨʝ̫ʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʦʪʘʤʝʪʨʘ LZS-15. 

ʉ ʢʘʞʜʳʤ ʩʦʨʙʝʥʪʦʤ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʷʪʴ 

ʨʘʟ ʩ ʦʜʠʥʘʢʦʚʳʤ ʨʘʩʭʦʜʦʤ ʞʠʜʢʦʩʪʠ ʜʣ ̫ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 10 ʣ/ʯ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʩʦʨʙʝʥʪʦʚ 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʨʘʚʥʝʥʠʝʤ ʕʨʛʫʥʘ (12). 

ʇʦ ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʩʢʦʨʦʩʪʝʡ ʜʣ ̫ʩʦʨʙʝʥʪʘ çʈɸʎʀʈè 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʩʦʨʙʝʥʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʧʦʨʦʟʥʦʩʪʴ ʁʩʦʨʙʝʥʪʘ, 

ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʩʪʘʣʦ ʚʳʩʦʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ. ʀʟʤʝʨʷʝʤʳʡ 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʧʨʝʚʳʰʘʣ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ ʤʘʥʦʤʝʪʨʘ, ʧʦʵʪʦʤʫ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ SolidWorks Flow Simulation ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʦʙʲʝʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʯʝʥʠʶ. ɼʣ ̫

ʩʦʟʜʘʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʤʦʜʝʣʠ ʥʫʞʥʦ ʟʘʜʘʪʴ ʜʣ ̫ʩʣʦʷ ʪʠʧ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 
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ʧʦʨʦʟʥʦʩʪʴ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ (ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʩʣʦʝ, ʩʢʦʨʦʩʪʠ ʠʣʠ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ, 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʩʣʦʷ, ʨʘʟʤʝʨʘ ʧʦʨʳ ʠ ʜʨʫʛʠʭ). ʄʦʞʥʦ ʚʳʙʨʘʪʴ ʢʦʤʙʠʥʘʮʠʶ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʷʱʫʶ ʜʣ ̫ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɿʥʘʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

Ὧ
ὫὶὥὨὴ

”Ͻύ
ȟ 

(15) 

ʂʦʵʬʬʠʮʠʝʥʪ k ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. 

ʇʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʤʦʞʥʦ ʜʚʫʤ ̫

ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ï ʩʦʟʜʘʪʴ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʩʣʦʷ ʯʘʩʪʠʮ ʠ 

ʨʘʩʩʯʠʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʯʝʨʝʟ ɻ ʪʦʪ ʩʣʦʡ ʩ ʧʦʤʦʱʴʶ Flow Simulation. 

ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʜʭʦʜʠʪ ʜʣ ̫ʨʝʛʫʣʷʨʥʳʭ ʩʣʦʝʚ ʠʟ ɻ ʣʝʤʝʥʪʦʚ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʯʪʦ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʯʝʥʠʷ ʯʝʨʝʟ ʩʣʦʡ h ʘʨʦʚʳʭ ɻ ʣʝʤʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʜʣ ̫ʩʣʦʷ ʯʘʩʪʠʮ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

ʚʩʝ ɻ ʣʝʤʝʥʪʳ ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʇʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 3, ʘ ʧʨʠʤʝʨ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʞʠʪ ʩʢʦʨʝʝ ʜʣ ̫ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʪʝʯʝʥʠ̫ ʚ ʩʣʦʝ. 

ʊʘʢ ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʷ, ʜʣ ̫ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚʪʦʨʦʡ ʩʧʦʩʦʙ ï ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ. ɼʣ ̫ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ 

ʩʦʨʙʝʥʪʘ ʟʘʜʘʚʘʣʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ. ʄʦʜʝʣʴ ʩʣʦʷ ʜʣ ̫ɻ ʪʦʛʦ ʩʣʫʯʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3, ʙ. ʉʣʦʡ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ɻ ʣʝʤʝʥʪ ʩ ʟʘʜʘʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʳʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ 

ʧʦʨʠʩʪʳʭ ʩʣʦʝʚ ʩʦʨʙʝʥʪʘ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚʦʜʳ ʯʝʨʝʟ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʨʙʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠ ̫

ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠ ̫ʧʦʪʦʢʘ ʜʦ ʠ ʧʦʩʣʝ ʩʣʦ̫ ʩʦʨʙʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ. 
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ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʪʘʙʣ. 3). 

ʈʘʩʭʦʞʜʝʥʠʝ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 2,5%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʘʩʳʧʥʦʡ ʩʣʦʡ. ʂ ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ ʬʠʣʴʪʨ-ʢʦʥʪʝʡʥʝʨʳ 

ʜʣ ̫ʫʣʘʚʣʠʚʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʨʘʩʰʠʨʝʥʥʫʶ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ 

ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʣʦʚʫʰʢʠ ʠ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʸʪ ʢ ʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʠʣʴʪʨ-ʢʦʥʪʝʡʥʝʨʦʚ, ʪʝʤ ʩʘʤʳʤ ʙʫʜʫʪ ʩʥʠʞʝʥʳ ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʚʦʜʝ ʠʟ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ɻ ʥʝʨʛʠʠ. 

  

 

ʈʠʩʫʥʦʢ 3 ï ʊʠʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʩʨʝʜʳ: 

ʘ) ʦʪʨʠʩʦʚʢʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʣʦʷ ʩʦʨʙʝʥʪʘ; 

ʙ) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʩʨʝʜʳ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʩʣʦʡ, ʟʘʜʘʥʥʳʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ   

                    ʉʦʨʙʝʥʪ çʉʄɽʊè 

ʈʘʩʭʦʜ, ʣ/ʯ 60 70 80 90 100 

ʈʘʩʭʦʞʜʝʥʠʝ, % 0,215 0,053 0,250 0,243 0,251 

                       ʉʦʨʙʝʥʪ çʈɸʎʀʈè 

ʈʘʩʭʦʜ, ʣ/ʯ 20 30 40 50 60 

ʈʘʩʭʦʞʜʝʥʠʝ, % 0,386 0,230 0,237 0,227 0,247 

                           ʉʦʨʙʝʥʪ çʄʆɼʀʂʉè 

ʈʘʩʭʦʜ, ʣ/ʯ 60 70 80 90 

ʈʘʩʭʦʞʜʝʥʠʝ, % 0,169 0,260 0,158 2,16 

 

ɿʘʢʣʶʯʝʥʠʝ  

ʉ ʧʦʤʦʱʴʶ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʨʙʝʥʪʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʯʝʨʝʟ ʩʣʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʫʩʪʨʦʡʩʪʚ ʜʣ ̫

ʠʦʥʦʩʝʣʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʭ 

ʢʦʥʩʪʨʫʢʮʠʠ. 
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ɺʃʀʗʅʀɽ ʅɽʀɿʆʕʃɽʂʊʈʆʅʅʆʉʊʀ ʂʆʄʇʆʅɽʅʊʆɺ ʅɸ 

ɿɸɺʀʉʀʄʆʉʊʔ ʆʉʊɸʊʆʏʅʆɻʆ ʕʃɽʂʊʈʆʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ɹʀʅɸʈʅʓʍ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʉʇʃɸɺʆɺ ʆʊ ʉʆʉʊɸɺɸ 

  
ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ çʦʩʪʘʪʦʯʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʩʦʩʪʘʚè ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʟʦʥ ʦʙʨʘʟʫʶʱʠʭ ʩʧʣʘʚ ʤʝʪʘʣʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʦʵʣʝʢʪʨʦʥʥʳʤ ʩʧʣʘʚʘʤ 

ʧʨʠʩʫʱʝ ʩʣʘʙʦʝ ʨʘʩʩʝʷʥʠʝ, ʘ ʜʣʷ ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʥʦ çʧʨʦʤʝʞʫʪʦʯʥʦʝè 

ʨʘʩʩʝʷʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʨʷʜʘ 

ʩʧʣʘʚʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦʪ ʚʳʚʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʘʪʦʯʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʦʩʪʴ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʩʦʩʪʘʚʘ, ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʧʣʘʚʳ ʟʘʤʝʱʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

 

Abstract. In the coherent potential approximation a numerical study of the theoretical curves 

çresidual electrical resistance ï compositionè depending on the degree of filling  of the electronic zones 

of the metals forming the alloy is carried out. The results of calculations are presented in graphical form. 

A comparison of theoretical and experimental results allows us to conclude that weak scattering is 

inherent in isoelectronic alloys, and çintermediateè scattering is characteristic of non-isoelectronic 

alloys. The values of the scattering parameter obtained from X-ray spectra for a number of alloys 

confirm this conclusion. 

Keywords: residual electrical resistance, non-isoelectricity, composition dependence, 

disordered substitution alloys, coherent potential approximation. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʨʝʟʠʩʪʠʚʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚ ʩʠʣʫ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʚʦ 

ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʳʯʥʳʭ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʘʭ 

ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ɻ ʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʩʪʘʪʦʯʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʪ.ʝ. ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʩʩʝʷʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʷʭ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʝʪʢʠ ï 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʷʭ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ ʚ ʩʧʣʘʚʘʭ, ʜʝʬʝʢʪʘʭ ʨʝʰʝʪʢʠ ʠ ʪ.ʜ.), ʠʟʫʯʝʥʠʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ɻ ʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ̫ ʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʟʘʜʘʯʝʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ɺ ʨʘʙʦʪʘʭ [5,6] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʪʝʨʤʦʵʜʩ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʚʦʡʥʳʭ 

ʥʝʧʨʝʨʳʚʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ɼʅʊʈ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ” ʦʪ ʩʦʩʪʘʚʘ ʜʣ ̫ 21 ʩʠʩʪʝʤʳ ɼʅʊʈ ʚʳʷʚʠʣʦ 
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ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʟʚʝʩʪʥʦʛʦ ʧʨʘʚʠʣʘ ʂʫʨʥʘʢʦʚʘ ï ʅʦʨʜʛʝʡʤʘ [1], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ ” ï ʩʦʩʪʘʚ ʜʣ ̫ʤʝʪʘʣʣʠʯʝʩʢʠʭ ɼʅʊʈ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʧʫʢʣʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʚʦʡ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʡ ʦʙʳʯʥʦ ʚʳʨʘʞʝʥʠʝʤ ”

”ϽὼϽρ ὼ, ʛʜʝ ” ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ, ʘ x-  ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ ɸ. ɺ [5,6] 

ʙrʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʘʚʠʣʦ ʂʫʨʥʘʢʦʚʘ ï ʅʦʨʜʛʝʡʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣ ̫ʩʧʣʘʚʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟʦʵʣʝʢʪʨʦʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʪ.ʝ. ʤʝʪʘʣʣʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ 

ʦʜʥʦʡ ʛʨʫʧʧʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɻ ʣʝʤʝʥʪʦʚ (ɼʅʊʈ ʪʠʧʘ I). ɽʩʣʠ ʞʝ ɼʅʊʈ 

ʦʙʨʘʟʦʚʘʥʳ ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʟʘʚʠʩʠʤʦʩʪʴ ” ï ʩʦʩʪʘʚ ʚʩʝʛʜʘ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʚʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ 

(ɼʅʊʈ ʪʠʧʘ II).  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʢ h ʠʨʠʥʝ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ‏ ʠ ʢʘʢ ʨʘʟ ʧʨʠʚʦʜʠʣʠ ʢ ʧʨʘʚʠʣʫ ʂʫʨʥʘʢʦʚʘ ï 

ʅʦʨʜʛʝʡʤʘ [1]. ʆʙʱʘʷ ʪʝʦʨʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʫʯʝʪʦʤ 

ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʠʩʢʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʠ ʪ.ʜ. ʙʳʣʘ ʨʘʟʚʠʪʘ ʚ ʨʘʤʢʘʭ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʘʙʦʪʘʭ ɸ. ɸ. ʉʤʠʨʥʦʚʘ ʠ ʝʛʦ 

ʩʦʪʨʫʜʥʠʢʦʚ [1]. 

ʇʦʟʜʥʝʝ ʚ [2,7] ʠ ʮʝʣʦʤ ʨʷʜʝ ʜʨʫʛʠʭ ʨʘʙʦʪ ʙʳʣʦ ʨʘʟʚʠʪʦ ʧʨʠʙʣʠʞʝʥʠʝ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʇʂʇ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ ‏ ʥʝ ̫ ʚʣʷʝʪʩʷ ʤʘʣʳʤ. ʇʂʇ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ [8,9,10] ʜʣ ̫ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʦʚ, ʚ [3] ʜʣ ̫ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩ ʚʘʢʘʥʩʠʷʤʠ. ɺ ʨʘʙʦʪʘʭ [4,11] ʦʩʪʘʪʦʯʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʠʥʘʨʥʳʭ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʚʳʯʠʩʣʷʣʦʩʴ ʚ ʇʂʇ, 

ʥʦ ʚ ʥʠʭ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ɻ ʣʝʢʪʨʦʥʥʳʭ ʟʦʥ 

ʦʙʨʘʟʫʶʱʠʭ ʩʧʣʘʚ ʤʝʪʘʣʣʦʚ ʥʘ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ” ï ʩʦʩʪʘʚ. ʅʦ ʠʤʝʥʥʦ ɻ ʪʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʥʘ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʡ ʜʣ ̫ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [5,6] 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɼʅʊʈ ʥʘ ʜʚʘ ʪʠʧʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ” ï ʩʦʩʪʘʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʇʂʇ ʤ  rʠʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʦʩʪʠ ʥʘ 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ” ï ʩʦʩʪʘʚ ʠ ʧʳʪʘʝʤʩʷ ʜʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [5,6] ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɼʅʊʈ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜ ʝ yʨʝʰʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʚ ʟʦʥʥʦʡ ʪʝʦʨʠʠ ʠʟʦʵʣʝʢʪʨʦʥʥʦʩʪʴ (ʣʠʙʦ ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʦʩʪʴ) 

ʩʚʷʟʘʥʘ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʚʘʣʝʥʪʥʳʭ ʟʦʥ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ, ʤ  rʨʘʩʩʤʦʪʨʠʤ 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ” ï ʩʦʩʪʘʚ ʦʪ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʟʦʥ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʦʜʝʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ [12,13], ʚ ʢʦʪʦʨʦʡ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʨʘʟʥʳʭ ʩʦʨʪʦʚ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭ ʩʧʣʘʚ ʤʝʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʘʤʠ ʦʜʥʦʡ ʟʦʥʳ, ʘ ʦʙʲʝʤ ʠ h ʠʨʠʥʘ ʚʘʣʝʥʪʥʳʭ ʟʦʥ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʚʥʳ. 

ʆʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʛʘʤʠʣʴʪʦʥʠʘʥ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [7] 

Ὄ ὠ Ὄ .      (1) 

ɿʜʝʩʴ Ὄ  ʪʨʘʥʩʣʷʮʠʦʥʥʦ ï ʠʥʚʘʨʠʘʥʪʥʘʷ ʯʘʩʪʴ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʩʠʩʪʝʤʳ, ʘ 

V ï ʦʜʥʦʫʟʝʣʴʥʳʡ ʭʘʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

 

Ὄ В ὸᴆᴆὥᴆὥᴆᴆ ᴆ В ‐Ὧᴆὥᴆὥᴆᴆ  ȟὠ В ‐ᴆὥᴆὥᴆᴆ ,         (2) 

 

ʛʜʝ ÁᴆȟÁᴆ ï ʦʧʝʨʘʪʦʨʳ ʨʦʞʜʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ɻ ʣʝʢʪʨʦʥʘ ʥʘ ʫʟʣʝ Îᴆ; ÁᴆȟÁᴆ ï 

ʦʧʝʨʘʪʦʨʳ ʨʦʞʜʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩ ʢʚʘʟʠʠʤʧʫʣʴʩʦʤ Ëᴆ; Ôᴆᴆ ï ʠʥʪʝʛʨʘʣ 

ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʫʟʣʘʤʠ Îᴆ ʠ Íᴆ, ʩʯʠʪʘʶʱʠʡʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ; ʀËᴆ 
ï ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ; ʀᴆ ï ʘʪʦʤʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʫʟʣʝ Îᴆ, 
ʧʨʠʥʠʤʘʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ ʀ ʠʣʠ ʀ. 

ʆʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ 

 

Ὃᾀ ᾀ Ὄ , Ὃ ᾀ Ὄ .   (3) 

 

ʀʭ ʤʘʪʨʠʯʥʳʝ ɻ ʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ 

 

ὯᴆὋ ᾀὯᴆ
ᴆᴆ

ᴆ
,     (4) 

Ὂ ᾀ ἂὲᴆȿὋ ᾀȿὲᴆἃ ᷿ В ᾀ ‐Ὧᴆ Ȣᴆ   (5) 

 

ɺ ʬʦʨʤʫʣʝ (5) 

 

Ὀ Ὁ В Ὁ‏ ‐Ὧᴆ ὍάὊ Ὁ Ὥπȟᴆ                      (6) 

 

ʛʜʝ N ï ʯʠʩʣʦ ʫʟʣʦʚ ʨʝʰʝʪʢʠ, Ὀ Ὁ  ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʘʥʩʣʷʮʠʦʥʥʦ ï ʠʥʚʘʨʠʘʥʪʥʦʡ ʯʘʩʪʠ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ὌȢ  
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ɿʘʧʠʰʝʤ ʵʬʬʝʢʪʠʚʥʳʡ ʪʨʘʥʩʣʷʮʠʦʥʥʦ ï ʠʥʚʘʨʠʘʥʪʥʳʡ ʛʘʤʠʣʴʪʦʥʠʘʥ 

ʩʧʣʘʚʘ 

 

Ὄ̞ ᾀ Вᾀ ὌȟВᾀ В „ᾀὥᴆὥᴆᴆ В „ᾀὥᴆὥᴆᴆ Ȣ        (7) 

 

ɺ ɻ ʪʦʤ ʚʳʨʘʞʝʥʠʠ ʎÚ ï ʢʦʛʝʨʝʥʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ ʫʩʣʦʚʠʷ 

ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʫʩʨʝʜʥʝʥʥʦʡ t ï ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ Îᴆ ï ʛʦ ʫʟʣʘ  ộὸᴆỚ π [7] ʠʣʠ 

 

ὼϽ ρ ὼϽ π,                               (8) 

 

ʛʜʝ 

 

Ὃ̞ ᾀ ᾀ Ὄ̞ ᾀ ȟὯᴆὋ̞ ᾀὯᴆ
ᴆᴆ

ᴆ  ,                  (9) 

Ὂᾀ ἂὲᴆȿὋ̞ ᾀȿὲᴆἃ ᷿ Ὂ ᾀ „ᾀ ,                 (10) 

 

ʘ ʧʣʦʪʥʦʩʪʴ ɻ ʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ὈὉ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 

ὈὉ ὍάὊὉ Ὥπ.                                             (11) 

 

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝ ʩʧʣʘʚ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʦʜʥʫ ʚʘʣʝʥʪʥʫʶ 

ʟʦʥʫ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ ʠ ʦʙʲʝʤʘ; ʚʩʸ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʩʤʝʱʝʥʠʠ ɻ ʪʠʭ ʟʦʥ ʧʦ ʦʩʠ 

ʵʥʝʨʛʠʡ. ʆʙʲʝʤ ʟʦʥʳ ʥʦʨʤʠʨʦʚʘʥ ʥʘ ʝʜʠʥʠʮʫ. ɼʣ ̫ʟʦʥʳ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʵʣʣʠʧʪʠʯʝʩʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʧʦʣʫʰʠʨʠʥʦʡ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. 

ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʚʠʜʠʤʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣ ̫ʘʥʘʣʠʟʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ” ï ʩʦʩʪʘʚ, ʧʦʩʢʦʣʴʢʫ ʚ ɻ ʢʩʧʝʨʠʤʝʥʪʝ ʪʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʩʷʪ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣ ̫ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʜʦʣʞʥʳ ʩʠʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤ  rʙʝʨʝʤ 

 

Ὀ Ὁ
ρ ὉȟȿὉȿ ρ

πȟ                  ȿὉȿ ρ
 ,                              (12) 

 

ʪʦʛʜʘ 

 



63 
 

Ὂ ᾀ ςᾀ Ѝᾀ ρȟ                                  (13) 

„ᾀ ᾀ Ȣ                                            (14) 

 

ʌʦʨʤʫʣʘ (14) ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ (8) ʎÚ ʠ ʥʘʭʦʜʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ ʩʨʝʜʳ ʠʟ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣ ̫

ʬʫʥʢʮʠʠ Ὂᾀ 

 

Ὂ ᾀ ψᾀὊ ᾀ ρφὊᾀ ᾀ ρ ‏ ρφ‏ ὼ ᾀ π,       (15) 

 

ʛʜʝ 0, 0,A Bz E i ad e e e= + = - > - ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʧʣʦʪʥʦʩʪʠ ɻ ʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʝʪʘʣʣʘ .a  

ʊʝʥʟʦʨ ʩʪʘʪʠʯʝʩʢʦʡ ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʧʣʘʚʘ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʂʫʙʦ ï 

ɻʨʠʥʚʫʜʘ  

 

„ Ὠ᷿Ὁ Ὓὴộ’‏Ὁ Ὄ’‏Ὁ ὌỚ,              (16) 

 

ʛʜʝ e ï ʟʘʨʷʜ ɻ ʣʝʢʪʨʦʥʘ, ɱ ï ʦʙʲʝʤ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʠʥ ʘʪʦʤ, Æ ï ʬʫʥʢʮʠʷ ʌʝʨʤʠ, 

È ï ʧʦʩʪʦʷʥʥʘʷ ɼʠʨʘʢʘ, ʉ  ‌ ï ʢʦʤʧʦʥʝʥʪʘ ʦʧʝʨʘʪʦʨʘ ʩʢʦʨʦʩʪʠ.  

ɺ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʩʜʝʣʘʥʥʳʭ ʚ [4,14], ʜʣ ̫ ʦʩʪʘʪʦʯʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʩʧʣʘʚʘ ʠʟ ʬʦʨʤʫʣʳ (16) ʧʦʣʫʯʠʤ 

 

” ”
Ў

Ў
ȟ” ȟ                        (17) 

 

ʛʜʝ ʉ  ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʧʦʣʦʩʝ, Ў% ȿ)Í„Ὁ Ὥπȿ, ʘ ɻ ʥʝʨʛʠʷ ʌʝʨʤʠ 

ʀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ  

 

ὼὲ ρ ὼὲ ᷿ ὈὉὨὉȢ                                     (18) 

 

ɺ ʬʦʨʤʫʣʝ (18) Î ï ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʝʥʪʥʳʭ ɻ ʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤʝ ʩʦʨʪʘ ‌  

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣ ʩʣʝʜʫʶʱʠʤ. ʋʨʘʚʥʝʥʠʝ (15) ʨʝʰʘʣʦʩʴ ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ Ø ʠ ɿ ʜʣ ̫ʨʘʟʣʠʯʥʳʭ ɻ ʥʝʨʛʠʡ %, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʥʘʡʪʠ ʢʦʛʝʨʝʥʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʎὉ (14) ʠ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ $% (11). ɼʘʣʝʝ ʠʟ 

ʫʩʣʦʚʠʷ (18) ʜʣ ̫ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ Î ʠ Î ʥʘʭʦʜʠʣʘʩʴ ɻ ʥʝʨʛʠʷ ʌʝʨʤʠ ʀ, ʘ 
ʟʘʪʝʤ ʚʳʯʠʩʣʷʣʦʩʴ ʦʩʪʘʪʦʯʥʦʝ ɻ ʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ” (17).  
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ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ”ᶻ ï 
ʩʦʩʪʘʚ (”ᶻ ”Ⱦ”) ʧʨʠ ʨʘʟʣʠʯʥʳʭ Î ʠ Î. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʩʝʷʥʠʷ ɿ ʙʳʣʠ ʚʟʷʪʳ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʚ ʦʧʠʩʳʚʘʝʤʳʭ ʩʧʣʘʚʘʭ ʩʦʭʨʘʥʷʣʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʚʩʝʭ ʩʦʩʪʘʚʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʤ  rʚʟʷʣʠ ɿ πȟςυ (çʩʣʘʙʦʝè ʨʘʩʩʝʷʥʠʝ), ʘ ʪʘʢʞʝ ɿ πȟυ ʠ ɿ πȟφ 
(çʧʨʦʤʝʞʫʪʦʯʥʦʝè ʨʘʩʩʝʷʥʠʝ, ɿͯ ρ). ɼʣ ̫ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ Î Î ὲ  
ʪʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ”ᶻ ï ʩʦʩʪʘʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʳʝ ”ᶻ ï ʩʦʩʪʘʚ ʜʣʷ ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ. 

1 ï ɿ πȟςυ; 2 ï ɿ πȟυ; 3 ï ɿ πȟφ. 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣ ̫ʩʣʫʯʘʝʚ ʘ) ʠ ʚ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [11]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 1, ʧʦʣʥʦʩʪʴʶ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʨʠʚʳʝ ̫ ʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʳʭ ʟʦʥʘʭ ʤʝʪʘʣʣʦʚ ɸ ʠ ɺ. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʩʝʷʥʠʷ ʢʨʠʚʳʝ ”ᶻ ï ʩʦʩʪʘʚ ̫ ʚʣʷʶʪʩʷ ʚʩʶʜʫ ʚʳʧʫʢʣʳʤʠ ʠ ʚ ʩʣʫʯʘʷʭ ʘ), ʚ) 

ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʤʘʣʦʡ ʘʩʠʤʤʝʪʨʠʝʡ. ʇʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʨʘʩʩʝʷʥʠʠ ʢʨʠʚʳʝ ”ᶻ ï 
ʩʦʩʪʘʚ ʥʝ ʚʩʝʛʜʘ ʚʳʧʫʢʣʳ ʠ ʚ ʩʣʫʯʘʷʭ ʘ), ʚ) ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʩʠʤʤʝʪʨʠʶ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣ ̫ʩʣʫʯʘʷ Î ρ Î ʢʨʠʚʳʝ ”ᶻ ï ʩʦʩʪʘʚ ʚʩʝʛʜʘ 

ʩʠʤʤʝʪʨʠʯʥʳ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʟʘʧʦʣʥʝʥʠʝ ʟʦʥ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ʥʝʪʠʧʠʯʥʦ ʜʣ ̫

ʤʝʪʘʣʣʦʚ ʠ ʩʢʦʨʝʝ ʩʚʦʡʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥʠʷʤ ʪʠʧʘ ʤʝʪʘʣʣ ï ʥʝʤʝʪʘʣʣ. 

ʇʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʯʠʩʣʘʭ ʟʘʧʦʣʥʝʥʠʷ Î Î  ʠ Î Î ρ ʢʨʠʚʳʝ ”ᶻ 
ï ʩʦʩʪʘʚ ʚʩʝʛʜʘ ʘʩʠʤʤʝʪʨʠʯʥʳ, ʘ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʨʘʩʩʝʷʥʠʠ ʥʘ ʥʠʭ 

ʧʦʚ̫ʣʷʶʪʩʷ ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ (ʩʤ. ʈʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ ”ᶻ ï ʩʦʩʪʘʚ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʯʠʩʣʘʭ ʟʘʧʦʣʥʝʥʠʷ Î  ̉Î  

(ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʝ ʩʧʣʘʚʳ). 1 ï ɿ πȟςυ; 2 ï ɿ πȟυ; 3 ï ɿ πȟφ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʳʚʦʜʳ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ɻ ʪʠʭ ʨʠʩʫʥʢʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʇʂʇ ʨʘʩʯʝʪʳ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ɼʅʊʈ ʧʦ ʚʠʜʫ ʢʨʠʚʳʭ ” ï ʩʦʩʪʘʚ, ʢʘʢ ɻ ʪʦ 

ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʘʭ [5,6] (ʠʟʦʵʣʝʢʪʨʦʥʥʳʡ ʩʧʣʘʚ ï ʚʳʧʫʢʣʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʚʘʷ, 

ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʡ ʩʧʣʘʚ ï ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʚʘʷ, ʠʤʝʶʱʘʷ ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ). 

ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʚʳʚʦʜʳ ʘʚʪʦʨʦʚ ʨʘʙʦʪ [5,6] ʤʦʞʥʦ 

ʩʦʛʣʘʩʦʚʘʪʴ, ʩʜʝʣʘʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʚʰʝʡʩʷ ʤʦʜʝʣʠ ʧʘʨʘʤʝʪʨ ʨʘʩʩʝʷʥʠʷ ɿ ʠ ʯʠʩʣʘ ʚʘʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ Î ʠ Î ʩʯʠʪʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨ ʨʘʩʩʝʷʥʠʷ ɿ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ çʘʪʦʤʥʳʭè ʫʨʦʚʥʝʡ ʀ ʠ ʀ, 
ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʟʘʨʷʜʦʚ ʷʜʝʨ, ʩʪʝʧʝʥʠ ʠʭ ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ɸ ʠ ɺ. ʇʦʵʪʦʤʫ ʨʘʟʫʤʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣʳ ɸ ʠ ɺ ʦʙʣʘʜʘʶʪ ʚʦ ʤʥʦʛʦʤ 

ʘʥʘʣʦʛʠʯʥʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʟʘʨʷʜʳ ̫ ʜʝʨʥʳʭ ʦʩʪʦʚʦʚ ʦʜʠʥʘʢʦʚʳ, ʧʘʨʘʤʝʪʨ 

ʨʘʩʩʝʷʥʠʷ ɿ ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʣʳʤ. ʀʟ ʥʘʰʠʭ ʞʝ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ɿ 
ʢʨʠʚʳʝ ” ï ʩʦʩʪʘʚ ʚʳʧʫʢʣʳ ʧʨʠ ʣʶʙʳʭ ʯʠʩʣʘʭ ʟʘʧʦʣʥʝʥʠʷ ʟʦʥ Î Î ὲ, ʘ 
ʘʩʠʤʤʝʪʨʠʷ ʢʨʠʚʳʭ ʥʘʩʪʦʣʴʢʦ ʤʘʣʘ ʯʪʦ ʝʸ, ʚʠʜʠʤʦ, ʤʦʞʥʦ çʩʧʠʩʘʪʴè ʥʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ɼʣ ̫ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ Î Î  ʦʪʣʠʯʠʷ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʥʝʨʘʚʝʥʩʪʚʦ ʟʘʨʷʜʦʚ ̫ ʜʝʨʥʳʭ ʦʩʪʦʚʦʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʝʷʥʠʷ ɿ. ʕʪʦ 
ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ɿͯ ρ ʢʨʠʚʳʝ ” ï 
ʩʦʩʪʘʚ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʩʠʤʤʝʪʨʠʝʡ, ʠ ʥʘ ʥʠʭ ʧʦʷʚʣʷʶʪʩʷ ʚʦʛʥʫʪʳʝ 

ʫʯʘʩʪʢʠ.  

ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [15]. ɺ 

ʥʝʡ ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɿ ʜʣ ̫ʥʝʢʦʪʦʨʳʭ 
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ʤʝʪʘʣʣʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ɻ ʪʦʡ ʨʘʙʦʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʝʷʥʠʷ ʥʠ ʜʣ ̫ʦʜʥʦʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʚʰʠʭʩʷ ʚ [5,6] ʩʠʩʪʝʤ ɼʅʊʈ. 

ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ [15] ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨ ɿ  ʜʣ ̫ʨʷʜʘ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʩʠʩʪʝʤ ɼʅʊʈ (ʟʜʝʩʴ w ï ʧʦʣʫʰʠʨʠʥʘ ʧʦʣʦʩʳ ʤʝʪʘʣʣʘ, ʧʨʠʯʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ύ ύ ύ). ɸʚʪʦʨʳ [15] ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʨʘʟʥʦʩʪʴ ʀ ʀ ʠ ʙʨʘʣʠ ʠʟ ʟʦʥʥʳʭ ʨʘʩʯʝʪʦʚ w. ʊʘʢ ʠʤʠ ʙʳʣʦ ʥʘʡʜʝʥʦ 

 

‏
‐ ‐

ύ
ςȟππ ȟ‏

‐ ‐

ύ
σȟπχȢ 

 

ʊʦʛʜʘ, ʠʩʢʣʶʯʘʷ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʧʦʣʦʩʳ ʪʠʪʘʥʘ (ʥʘʟʦʚʝʤ ʝʛʦ ʤʝʪʘʣʣʦʤ 

ʦʪʩʯʝʪʘ), ʧʦʣʫʯʠʤ 

 

ɿ ɿ ɿ
ʀ ʀ

ύ

ʀ ʀ

ύ

ʀ ʀ

ύ
σȟπχ ςȟππ ρȟπχȢ 

 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨ ʨʘʩʩʝʷʥʠʷ ɿ ʜʣ ̫ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤ 

ɼʅʊʈ (ʩʤ. ʊʘʙʣʠʮʘ 1). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʝʷʥʠʷ ʜʣ ̫ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʧʣʘʚʘ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʘʣʣʘ ʦʪʩʯʝʪʘ. ɺʠʜʠʤʦ, ʵʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ύ ύ ύ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʣ ̫ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ (ɼʅʊʈ ï II) ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʝʷʥʠʷ ɿ ʠʤʝʶʪ 

ʧʦʨʷʜʦʢ ʝʜʠʥʠʮʳ. ɼʣ ̫ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ (ɼʅʊʈ ï I) ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʩʝʷʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ (ʨʝʟʫʣʴʪʘʪ ɿ π ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʀ ʀ ). 

 

ʊʘʙʣʠʮʘ 1. 

ʊʠʧ ɼʅʊʈ ʉʧʣʘʚ ʇʘʨʘʤʝʪʨ ɿ ʄʝʪʘʣʣ ʦʪʩʯʝʪʘ 

ɼʅʊʈ ï I 
Pd-Pt 

0,36 Ti 

0,30 V 

0,25 Cr 

0,22 Fe 

Au-Ag 0,00 Ti 

ɼʅʊʈ ï II 

Pd-Ag 1,07 Ti 

Pd-Cu 1,14 Ti 

Pd-Au 
1,07 Ti 

0,50 V 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ 

” ï ʩʦʩʪʘʚ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʦʵʣʝʢʪʨʦʥʥʳʤ ʩʧʣʘʚʘʤ ʧʨʠʩʫʱʝ 

ʩʣʘʙʦʝ ʨʘʩʩʝʷʥʠʝ (ɼʅʊʈ ʪʠʧʘ I), ʘ ʜʣ ̫ʥʝʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʥʦ 

çʧʨʦʤʝʞʫʪʦʯʥʦʝè ʨʘʩʩʝʷʥʠʝ (ɼʅʊʈ ʪʠʧʘ II). ɼʘʥʥʳʡ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʘ ʨʘʩʩʝʷʥʠʷ [15] ʠ ʭʘʨʘʢʪʝʨʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ” ï ʩʦʩʪʘʚ ʜʣ ̫ʨʷʜʘ 

ʢʦʥʢʨʝʪʥʳʭ ʩʧʣʘʚʦʚ. ʊʘʢ ʜʣ ̫ʩʧʣʘʚʦʚ Pd-Pt, Au-Ag ʧʘʨʘʤʝʪʨ ʨʘʩʩʝʷʥʠʷ ̫ ʚʣʷʝʪʩʷ 

ʤʘʣʳʤ ʠ ɻ ʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʧʫʢʣʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʚʦʡ (ɼʅʊʈ 

ʪʠʧʘ I), ʘ ʜʣ ̫ʩʧʣʘʚʦʚ Pd-Ag, Pd-Cu, Pd-Au ʧʘʨʘʤʝʪʨ ʨʘʩʩʝʷʥʠʷ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 

ʝʜʠʥʠʮʳ, ʠ ʢʨʠʚʳʝ ” ï ʩʦʩʪʘʚ ʜʣ ̫ɻ ʪʠʭ ʩʧʣʘʚʦʚ ʘʩʠʤʤʝʪʨʠʯʥʳ, ʥʘ ʥʠʭ ʠʤʝʶʪʩʷ 

ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ (ɼʅʊʈ ʪʠʧʘ II). 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʤʠʨʥʦʚ ɸ. ɸ. ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʧʣʘʚʦʚ / ɸ. ɸ. ʉʤʠʨʥʦʚ. ï ʂʠʝʚ : 
ʀʟʜ-ʚʦ ɸʅ ʋʉʉʈ, 1960. ï 150 ʩ. 

2. Soven P. Coherent ï potential model of substitutional disordered alloys / P. Soven // 
Physical Review. ï 1967. ï Vol. 156, Iss. 3. ï P. 809ï813. 

3. ɺʦʣʢʦʚ ɺ. ɸ. ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʩ ʚʘʢʘʥʩʠʷʤʠ / ɺ. ɸ. ɺʦʣʢʦʚ // 
ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï 1980. ï ʊ. 50,  ̄5. ï ʉ. 1094ï1097. 

4. Velicky B. Theory of electronic transport in disordered binary alloys: coherent 
potential approximation / B. Velicky // Physical Review. ï 1969. ï Vol. 184, Iss. 3. ï 

P. 614ï627. 

5. ɺʝʜʝʨʥʠʢʦʚ ʄ. ɺ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʪʝʨʤʦʵʜʩ ʚ ʩʠʩʪʝʤʘʭ ʜʚʦʡʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʘʣʣʦʚ / ʄ. ɺ. 
ɺʝʜʝʨʥʠʢʦʚ, ɺ. ɻ. ɼʚʫʥʠʪʢʠʥ, ɸ. ɾʫʤʘʛʫʣʦʚ // ʌʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ï 1978. ï 

ʊ. 20,  ̄11. ï ʉ. 3302ï3305. 

6. ɾʫʤʘʛʫʣʦʚ ɸ. ʆʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʜʚʦʡʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ / ɸ. ɾʫʤʘʛʫʣʦʚ, ʄ. ɺ. ɺʝʜʝʨʥʠʢʦʚ // ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ 

ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï 1980. ï ʊ. 49,  ̄4. ï ʉ. 892ï894. 

7. Velicky B. Single site approximations in the electronic theory of simple binary alloys 

/ B. Velicky, S. Kirkpatrick, H. Ehrenreich // Physical Review. ï 1968. ï Vol. 175, Iss. 
3. ï P. 747ï766. 

8. ɹʦʨʦʜʘʯʝʚ ʉ. ʄ. ʆʩʪʘʪʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʠʥʘʨʥʳʭ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ 

ʩʧʣʘʚʦʚ (ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ) / ʉ. ʄ. ɹʦʨʦʜʘʯʝʚ, ɺ. ɸ. 
ɺʦʣʢʦʚ, ʉ. ʀ. ʄʘʰʘʨʦʚ // ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï 1976. ï ʊ. 42,  ̄

6. ï ʉ. 1147ï1153. 

9. ɺʦʣʢʦʚ ɺ. ɸ. ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʦʡʥʳʭ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ / ɺ. ɸ. ɺʦʣʢʦʚ, ɸ. ɸ. ʂʫʨʘʥʦʚ, ʉ. ʀ. ʄʘʰʘʨʦʚ, ʇ. ʅ. 
ʉʶʪʢʠʥ // ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï 1979. ï ʊ. 47, ̄  3. ï ʉ. 516ï523. 

10. ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʦʡʥʳʭ ʫʧʦʨʷʜʦʯʠʚʘʶʱʠʭʩʷ ʩʧʣʘʚʦʚ ʟʘʤʝʱʝʥʠʷ / ɺ. 
ɸ. ɺʦʣʢʦʚ, ʃ. ʇ. ɿʝʣʝʥʠʥ, ʅ. ɸ. ʃʦʙʘʰʝʚʘ [ʠ ʜʨ.] // ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ 

ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï 1989. ï ʊ. 68,  ̄3. ï ʉ. 506ï511. 

11. Levin K. Transport in alloys: coherent potential approximation / K. Levin, B. Velicky, 



68 
 

H. Ehrenreich // Physical Review B. ï 1970. ï Vol. B2, Iss. 6. ï P. 1771ï1788. 

12. ʕʨʝʥʨʝʡʭ ɻ. ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ / ɻ. ʕʨʝʥʨʝʡʭ, ʃ. ʐʚʘʨʮ. ï ʄʦʩʢʚʘ 

: ʄʠʨ, 1979. ï 200 ʩ. 

13. Gellatt C. D. Charge transfer in alloys: AgïAu / C. D. Gellatt, H. Ehrenreich // 
Physical Review B. ï 1974. ï Vol. B10, Iss. 2. ï P. 398ï415. 

14. Chen A. B. Temperature dependence of the electron density of states and dc electrical 
resistivity of disordered binary alloys / A. B. Chen, G. Weisz, A. Sher // Physical 
Review B. ï 1972. ï Vol. B5, Iss. 8. ï P. 2897ï2924. 

15. Kurmaev E. Z. The -parameter for the CPA ï theory as determined from X-Ray 

spectra / E. Z. Kurmaev, V. P. Belash, A. Z. Menshikov // Solid State 
Communications. ï 1975. ï Vol. 17, Iss. 9. ï P. 1059ï1061. 

 

  



69 
 

ʋɼʂ 551.72:56.012 

 

ɹʦʨʦʜʠʥ ʅ.ɼ., ɼʘʥʠʣʦʚ ɼ.ɸ., ʂʠʩʝʣʝʚʘ ɼ.ɺ., ʐʠʣʦʚʩʢʠʡ ʆ.ʇ 

 

ɾʀʈʆʂʀʉʃʆʊʅʓʁ ʉʆʉʊɸɺ ʌʆʉʉʀʃʀʁ ʀɿ ʇɽʈʄʉʂʀʍ 

ʆʊʃʆɾɽʅʀʁ ʄɽʊʆɼʆʄ ɻʍ/ʄʉ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʞʠʨʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʭʥʦʬʦʩʩʠʣʠʠ 

(ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʡʮʦ ʧʘʨʘʨʝʧʪʠʣʠʠ) ʠʟ ʂʦʪʝʣʴʥʠʯʩʢʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʧʘʨʝʡʘʟʘʚʨʦʚ 

ʤʝʪʦʜʦʤ ɻʍ/ʄʉ. ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʞʠʨʦʢʠʩʣʦʪʥʳʡ ʧʨʦʬʠʣʴ ʠʭʥʦʬʦʩʩʠʣʠʠ ʠ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʞʠʨʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʷʠʮ ʩʦʚʨʝʤʝʥʥʳʭ ʷʡʮʝʢʣʘʜʫʱʠʭ ʞʠʚʦʪʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʍ/ʄʉ, ʠʭʥʦʬʦʩʩʠʣʠʠ, ʂʦʪʝʣʴʥʠʯʩʢʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ 

ʧʘʨʝʡʘʟʘʚʨʦʚ, ɾʠʨʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ. 

 

Abstract. The article is devoted to the study of the fat-acid composition of ichnofossils 

(supposedly, parareptile eggs) from the Kotelnichsky location of pareiasaurs by GC/MS. The fatty acid 

composition of ichnofossils was established and compared with the fatty acid composition of eggs of 

modern oviparous animals. 

Keywords: GC/MS, ichnofossil, Kotelnichsky location of pareiasaurs, Fatty acid composition. 

 

ɺʚʝʜʝʥʠʝ 

ʌʦʩʩʠʣʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ ʜʨʝʚʥʠʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʠʣʠ ʩʣʝʜʳ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʩʩʠʣʠʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʨʛʘʥʠʟʤʘʭ ʵʧʦʭʠ ʩʚʦʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʢʘʟʘʪʴ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ɻ ʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ɻ ʪʦʤ ʧʨʦʮʝʩʩʘʤ 

ʬʦʩʩʠʣʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʠʯʪʦʞʥʘʷ ʯʘʩʪʴ ʚʳʤʝʨʰʠʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʭ ʦʩʪʘʥʢʠ ʣʠʙʦ ʧʦʝʜʘʶʪʩʷ ʜʨʫʛʠʤʠ ʞʠʚʦʪʥʳʤʠ, ʣʠʙʦ ʨʘʟʣʘʛʘʶʪʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʠʙʢʦʚ ʠ ʙʘʢʪʝʨʠʡ. 

ʀʭʥʦʬʦʩʩʠʣʠʠ ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʝʚʥʠʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʯʘɦ ʝ ʚʩʝʛʦ ʩʦʭʨʘʥʷʶʪʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 

ʚ ʚʠʜʝ ʙʠʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʩʣʝʜʳ/ʦʪʧʝʯʘʪʢʠ ʣʘʧ, ʦʪʧʝʯʘʪʢʠ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʟʫʙʥʳʝ ʦʪʤʝʪʠʥʳ, ʷʡʮʘ ʠ ʷʠʯʥʘʷ ʩʢʦʨʣʫʧʘ, ʦʢʘʤʝʥʝʚʰʠʝ 

ʬʝʢʘʣʠʠ (ʢʦʧʨʦʣʠʪʳ) ʠ ʜʨ. [Seilacher, 2007], ʷʚʣʷʷʩʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʤʦʚ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʦʪʧʝʯʘʪʢʦʚ, ʨʝʞʝ ʚ ʚʠʜʝ ʩʣʘʙʦʦʙʲʸʤʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʊʘʢ ʢʘʢ ʬʦʩʩʠʣʠʠ ʤʦʛʫʪ ʥʝʩʪʠ ʚ ʩʝʙʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ [Dawid Surmik 

et al.,2016], ʪʦ ʠʟʫʯʝʥʠʝ ʜʦʰʝʜʰʠʭ ʜʦ ʥʘh ʠʭ ʜʥʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʠʩʢʦʧʘʝʤʳʭ ʦʙʨʘʟʮʘʭ ʬʦʩʩʠʣʠʡ ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʵʚʦʣʶʮʠʶ 

ʦʨʛʘʥʠʟʤʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ̫ ʠʮ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʦʝʥʠʠ ̫ ʠʮ ʜʨʝʚʥʠʭ ̫ ʡʮʝʢʣʘʜʫʱʠʭ, ʧʠʱʝʚʳʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ɻ ʪʠʭ ʞʠʚʦʪʥʳʭ. ɺ 
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ʷʡʮʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩʣʫʞʘʪ ʜʣ ̫ʩʦʟʜʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʤʙʨʠʦʥʘ ɻ ʥʝʨʛʠʝʡ ʠ ʨʘʟʚʠʪʠʷ ʝʛʦ ʪʢʘʥʝʡ. ʀʟʫʯʝʥʠʝ ʞʠʨʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ̫ ʡʮʘ 

ʤʦʞʝʪ ʧʦʤʦʯʴ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʨʦʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ̫ ʡʮʝʢʣʘʜʫʱʠʭ ʞʠʚʦʪʥʳʭ.  

ʂʦʪʝʣʴʥʠʯʩʢʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʧʘʨʝʡʘʟʘʚʨʦʚ ï ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʦ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʧʝʨʚʳʭ ʧʘʨʝʡʘʟʘʚʨʦʚ (Pareiasauridae). 

ɺʩʣʝʜʩʪʚʠʝ ʫʥʠʢʘʣʴʥʳʭ ʪʘʬʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʬʦʩʩʠʣʠʟʘʮʠʠ ʜʦ ʥʘʰʠʭ ʜʥʝʡ ʜʦʭʦʜʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ 

ʩʢʝʣʝʪʦʚ, ʢʦʧʨʦʣʠʪʦʚ ʠ ʜʨʫʛʠʭ ʬʦʩʩʠʣʠʡ. ʂʨʦʤʝ ʮʝʣʳʭ ʩʢʝʣʝʪʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ̫ ʨʫʩʘ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ɺʷʪʢʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʭʦʜʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʟʮʳ ʠʭʥʦʬʦʩʩʠʣʠʡ.  ʇʨʠʨʦʜʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʬʦʩʩʠʣʠʡ ʧʦʢʘ ʯʪʦ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[ʐʠʣʦʚʩʢʠʡ ʠ ʜʨ., 2020]. ʆʧʨʝʜʝʣʝʥʠʝ ʞʠʨʦʢʩʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ɻʍ/ʄʉ 

ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʣʠʧʠʜʦʚ ʚ ʦʙʨʘʟʮʝ ʬʦʩʩʠʣʠʠ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʷʡʮʘ ʧʘʨʘʨʝʧʪʠʣʠʠ) ʠʟ ʢʦʪʝʣʴʥʠʯʩʢʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʧʘʨʝʡʘʱʘʚʨʦʚ ʧʦʟʚʦʣʠʪ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʙʨʘʟʮʫ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 

ʝʛʦ ʙʣʠʟʦʩʪʴ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʞʠʚʦʪʥʳʤ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʞʝʪ ʦʪʥʝʩʪʠ ɻ ʪʫ 

ʬʦʩʩʠʣʠʶ ʢ ʪʦʡ, ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʝ ʠʩʢʦʧʘʝʤʳʭ ʞʠʚʦʪʥʳʭ. 

 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

- ʆʙʦʨʫʜʦʚʘʥʠʝ  

ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ Perkin Elmer Clarus 

600 ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ Perkin Elmer Clarus 600T (ʨʠʩ. 1), ʢʘʧʠʣʣʷʨʥʘʷ ʢʦʣʦʥʢʘ 

Elite-5MS 30 ʤĬ250 ʤʢʤ, ʣʘʡʥʝʨ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ, ʚ ʨʝʞʠʤʝ 

ʙʝʩʩʙʨʦʩʦʚʦʛʦ ʚʚʦʜʘ ʦʙʨʘʟʮʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 200Áʉ ʩ ʬʘʟʦʡ 

ʠʩʧʘʨʝʥʠʷ ʨʘʚʥʦʡ 1 ʤʠʥ. ʇʦ ʧʨʦʛʨʘʤʤʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 

30 Áʉ ʜʦ 300 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʝʨʠʦʜʦʤ, ʩʦʩʪʘʚʠʚʰʠʤ 10 ʤʠʥ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʨʘʙʦʪʘʣ ʚ ʨʝʞʠʤʝ ʠʦʥʠʟʘʮʠʠ ɻ ʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ (70 ɻ ɺ). 

ɼʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʧʦ ʚʝʣʠʯʠʥʝ m/z ʩʦʩʪʘʚʠʣ ʦʪ 35 ʜʦ 400 ɼʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʠʢʦʚ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ɻʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ Perkin Elmer Clarus 600 ʠ  

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ Perkin Elmer Clarus 600T 

 

- ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ 

ɼʣ ̫ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣ ʚʟʷʪ ʦʙʨʘʟʝʮ ʠʭʥʦʬʦʩʩʠʣʠʠ 

(ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʬʨʘʛʤʝʥʪ ʦʢʘʤʝʥʝʚʰʝʛʦ ̫ ʡʮʘ ʧʘʨʘʨʝʧʪʠʣʠʠ) ʥʘʡʜʝʥʥʳʡ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ̫ ʨʫʩʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʧʝʨʤʩʢʠʭ ʪʝʪʨʘʧʦʜ ʥʘ ʨ. 

ɺʷʪʢʘ ʧʦʜ ʛ. ʂʦʪʝʣʴʥʠʯ (ʂʦʪʝʣʴʥʠʯʩʢʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʧʘʨʝʡʘʟʘʚʨʦʚ, 

ɺʘʥʶʦhʥʢʦʚʩʢʘʷ ʧʘʯʢʘ, ʂʠʨʦʚʩʢʘʷ ʦʙʣ.) (ʨʠʩ. 2). 

 

ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʚʳʜʝʣʠʣʠ ʧʷʪʴ ʪʦʯʝʢ (ʜʚʝ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ ʚʤʝʱʘʶʱʝʡ 

ʧʦʨʦʜʳ, ʦʜʥʘ ʪʦʯʢʘ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʝʤ ʬʦʩʩʠʣʠʠ ʠ ʚʤʝʱʘʶʱʝʡ 

ʧʦʨʦʜʳ ʠ ʝʱ yʜʚʝ ʚ ʦʙʨʘʟʮʝ ʚʢʣʶʯʝʥʠʷ), ʚ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ʙʳʣ ʧʨʦʩʚʝʨʣʝʥ (ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ 1,2 ʤʤ). ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ɻ ʪʦʤ ʤʘʪʝʨʠʘʣ ʙʳʣ 

ʚʟʷʪ ʜʣ ̫ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠʭʥʦʬʦʩʩʠʣʠʠ (1) 

 

ɼʣ ̫ɻ ʢʩʪʨʘʢʮʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ɾʂ) ʠʟ ʥʘʚʝʩʦʢ ʢ ʥʠʤ ʧʨʠʣʠʣʠ 1 ʩʤ
3
 ʩʤʝʩʠ 

ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ (2:1). ʈʘʩʪʚʦʨʠʪʝʣʴ ʦʪʦʛʥʘʣʠ ʚ ʧʦʪʦʢʝ ʘʟʦʪʘ, ʘ ʢ ʩʫʭʦʤʫ 

ʦʩʪʘʪʢʫ ʧʨʠʣʠʣʠ 1 ʩʤ
3
 ʢʠʩʣʦʛʦ ʤʝʪʘʥʦʣʘ, ʜʣ ̫ʣʫʯʰʝʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʙʳ ʧʦʤʝʩʪʠʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 20 ʤʠʥ. ʆʙʨʘʟʮʳ 

ʙʳʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ 3000 ʦʙ/ʤʠʥ. ʈʘʩʪʚʦʨ ʙʳʣ 

ʦʪʜʝʣʝʥ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʦʛʥʘʣʠ ʚ ʧʦʪʦʢʝ ʘʟʦʪʘ. ʇʦʣʫʯʝʥʥʳʡ ɻ ʢʩʪʨʘʢʪ 

ʨʘʩʪʚʦʨʠʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʦʩʣʝ ʯʝʛʦ ɻ ʢʩʪʨʘʢʪ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʜʝʨʠʚʘʪʠʟʘʮʠʠ 

ʧʨʠ ʧʦʤʦʱʠ N,N-ʜʠʤʝʪʠʣ-ʬʦʨʤʘʤʠʜ ʜʠʤʝʪʠʣ ʘʮʝʪʘʣʴ (ɼʄʌ-ɼʄɸ) ʜʣ ̫ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɾʂ. 

  

1 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʝʨʝʭʦʜ ʦʪ ʧʦʣʥʦʩʪʴʶ ʚʦʜʥʦʛʦ ʦʙʨʘʟʘ ʧʦʪʦʤʢʘʤʠ ʣʦʧʘʩʪʝʧʸʨʳʭ ʨʳʙ ʢ 

ʥʘʟʝʤʥʦʤʫ ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʥʘʜʢʣʘʩʩʫ ʯʝʪʚʝʨʦʥʦʛʠʭ (Tetrapoda). ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʚ ʥʘʜʢʣʘʩʩʝ ʪʝʯʝʪʚʝʨʦʥʦʛʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʘ ʢʣʘʩʩʘ: ʘʤʥʠʦʪ 

(ʨʝʧʪʠʣʦʤʦʨʬʦʚ) ʠ ʘʤʬʠʙʠʡ (ʟʝʤʥʦʚʦʜʥʳʭ). ɺ ʢʣʘʩʩʝ ʘʤʥʠʦʪ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʝ 

ʢʣʘʜʳ: ʟʘʚʨʦʧʩʠʜ (ʨʝʧʪʠʣʠʡ) ʠ ʩʠʥʘʧʩʠʜ (ʚʢʣʶʯʘʶʱʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ). ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ɻ ʚʦʣʶʮʠʦʥʥʦʤ ʨʘʟʚʠʪʠʠ ʟʘʚʨʦʧʩʠʜ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɾʂ-ʧʨʦʬʠʣʴ ʠʭʥʦʬʦʩʩʠʣʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʙʣʠʞʝ ʢ ɾʂ-

ʧʨʦʬʠʣʷʤ ̫ ʠʮ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʧʪʠʣʠʡ, ʯʝʤ ʢ ɾʂ-ʧʨʦʬʠʣʷʤ ʠʢʨʳ ʟʝʤʥʦʚʦʜʥʳʭ. 

ʄʝʪʦʜ ɻʍ/ʄʉ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʞʠʨʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ, ʦʜʥʘʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʞʠʨʦʢʠʩʣʦʪʥʦʛʦ ʧʨʦʬʠʣʷ ʥʝʚʦʟʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʢ ʢʘʢʦʤʫ ʢʣʘʩʩʫ ʣʠʧʠʜʦʚ ʦʪʥʦʩʠʣʠʩʴ ʥʘʡʜʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ɺ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ: 

ʪʨʠʛʣʠʮʝʨʠʜʳ, ʬʦʩʬʦʣʠʧʠʜʳ ʠ ʩʚʦʙʦʜʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ʊʨʠʛʣʠʮʝʨʠʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʣʠʧʠʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʞʝʣʪʢʦʚ ̫ ʠʮ 

ʩʦʚʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʦʥʠ ʩʣʫʞʘʪ ʜʣ ̫ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʧʘʩʘ 

ʵʤʙʨʠʦʥʘ, ʘ ʪʘʢʞʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ʌʦʩʬʦʣʠʧʠʜʳ ï ʛʣʘʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʢʫʯʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ.  

 ɻʍ/ʄʉ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʣ ʥʘʣʠʯʠʝ h ʝʩʪʠ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ 

ʣʠʥʝʡʥʦʡ ʮʝʧʴʶ. ɾʂ-ʧʨʦʬʠʣʴ ʠʭʥʦʬʦʩʩʠʣʠʠ ʦʢʘʟʘʣʩʷ ʙʣʠʟʦʢ ʢ ʷʡʮʘʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʷʡʮʝʢʣʘʜʫʱʠʭ ʞʠʚʦʪʥʳʭ. ɸʥʘʣʦʛʠʯʥʦ ʷʡʮʘʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʷʡʮʝʢʣʘʜʫʱʠʭ, ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʥʘʩʳʱʝʥʥʦʡ ʞʠʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʠʭʥʦʬʦʩʩʠʣʠʠ 

ʷʚʣʷʝʪʩʷ ʧʘʣʴʤʠʪʠʥʦʚʘʷ.  ʇʨʠ ʵʪʦʤ ʭʦʣʦʩʪʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʠʤʝʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʠʩʢʦʤʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʚʢʣʶʯʝʥʠʶ ʠʭʥʦʬʦʩʩʠʣʠʠ (ʨʠʩ. 3), ʧʨʠ 

ʵʪʦʤ ɾʂ-ʧʨʦʬʠʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʦʪʥʦʰʝʥʠʝ ʧʘʣʴʤʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʢ ʩʪʝʘʨʠʥʦʚʦʡ (P/S) ʩʦʩʪʘʚʠʣʦ 3.0). ʀʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ɻ ʪʠ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʚʢʣʶʯʝʥʠʶ. ʆʥʠ ʤʦʛʣʠ 

ʧʦʧʘʩʪʴ ʚ ʧʦʨʦʜʫ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ̫ ʡʮʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʩʩʠʣʠʟʘʮʠʠ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʚ ʧʦʨʦʜʫ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʘ ʨʘʟʥʠʮʘ ʚ 

ʞʠʨʦʢʠʩʣʦʪʥʦʤ ʩʦʩʪʘʚʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʬʦʩʩʠʣʠʟʘʮʠʠ ʚ ʧʦʨʦʜʝ ʠ ʠʭʥʦʬʦʩʩʠʣʠʠ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ɾʂ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʘʩʪʝʥʠʷ, ʧʦʯʚʝʥʥʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʪ.ʜ.). 
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ʈʠʩʫʥʦʢ 3. ʇʠʢʠ ʧʘʣʴʤʠʪʠʥʦʚʦʡ (ʉ16) ʠ ʩʪʝʘʨʠʥʦʚʦʡ (ʉ18) ʢʠʩʣʦʪ ʚ ʦʙʨʘʟʮʝ 

ʠʭʥʦʬʦʩʩʠʣʠʠ (1) ʠ ʧʦʨʦʜʝ (2) 

 

ʊʘʙʣʠʮʘ 1 ï ɾʠʨʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʠʭʥʦʬʦʩʩʠʣʠʠ, ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ ʠ 

ʞʝʣʪʢʦʚ ʷʠʮ ʩʦʚʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʆʙʨʘʟʝʮ C14 C15 C16 C17 C18 C20 P/S 

ʀʭʥʦʬʦʩʩʠʣʠʷ 9.5 5.9 63.3 1.8 18.6 0.9 3.4 

ʇʦʨʦʜʘ 8.7 6.1 61.6 1.8 20.7 0.9 3.0 

ʂʫʨʠʮʘ 

Gallus gallus 
- - 23.51 - 7.7 - 3.05 

ʀʥʜʝʡʢʘ 

Meleagris gallopavo 
- - 25.27 - 7.96 - 3.18 

  

1 

2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ɸʣʣʠʛʘʪʦʨ 

Alligator 

mississippiensis 

- - 26.53 - 5.90 - 4.5 

ɿʘʙʦʨʥʘʷ ʠʛʫʘʥʘ 

Sceloporus jarrovi 
- - 16.86 - 2.54 - 6.64 

ɺʦʩʪʦʯʥʳʡ 

ʪʨʝʭʣʠʥʝʡʥʳʡ ʩʮʠʥʢ 

Bassiana duperreyi 

1.75 - 18.24 - 5.66 - 3.22 

ɹʘʣʢʘʥʩʢʘʷ ʯʝʨʝʧʘʭʘ 

Testudo hermanni 
0.92 0.06 13.84 0.05 3.63 0.06 3.81 

ʅʠʣʴʩʢʠʡ ʢʨʦʢʦʜʠʣ 

Crocodylus niloticus 
3.84 1 28.28 0.98 8.62 0.2 3.28 

ʇʝʩʦʯʥʘʷ ʞʘʙʘ 

Bufo arenarum 
1.49 - 28.94 - 14.96 - 1.94 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠʭʥʦʬʦʩʩʠʣʠʠ ʧʦ 

ʞʠʨʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ʙʣʠʟʦʢ ʢ ʞʝʣʪʢʘʤ ̫ ʠʮ ʩʦʚʨʝʤʝʥʥʳʭ ̫ ʡʮʝʢʣʘʜʫʱʠʭ 

ʨʝʧʪʠʣʠʡ. ʄʝʥʝʝ ʚʩʝʛʦ ʦʙʨʘʟʝʮ ʩʭʦʞ ʩ ʠʢʨʦʡ ʞʘʙʳ ʠ ̫ ʡʮʘʤʠ ʧʪʠʮ, ʯʪʦ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʝʱ yʦʜʥʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʛʠʧʦʪʝʟʳ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʡ 

ʠʭʥʦʬʦʩʩʠʣʠʠ ʢ ̫ ʡʮʘʤ ʧʘʨʘʨʝʧʪʠʣʠʠ. 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʠʭʥʦʬʦʩʩʠʣʠʠ ʫʩʪʘʥʦʚʠʣʠ 

ʥʘʣʠʯʠʝ h ʝʩʪʠ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩ ʣʠʥʝʡʥʦʡ ʮʝʧʴʶ. ʆʙʥʘʨʫʞʠʣʠ 

ʙʣʠʟʦʩʪʴ ʞʠʨʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʢ ̫ ʡʮʘʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʷʡʮʝʢʣʘʜʫʱʠʭ ʞʠʚʦʪʥʳʭ.  
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ɹʦʨʪʥʠʢʦʚʘ ʂ.ʉ., ʉʧʠʨʠʜʦʥʦʚ ɼ.ʄ. 

 

ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ʈɽɿʋʃʔʊɸʊʀɺʅʆʉʊʀ  

ʅɸ ʇʈʀʄɽʈɽ ʉʄʂ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʉʜʝʣʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ 

ʨʝʟʫʣʪɹʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) ʪʨʝʙʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʙʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʝ, ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʉʄʂ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ. 

 

Annotation: The article describes different ways to assess the effectiveness of management 

systems that exist in organizations. Recommendations are made to assess the performance of the system 

when introducing new (additional) requirements.  

Keywords: requirements, development, quality management system, QMS, integrated 

management system, performance. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʈʦʩʩʠʡʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʯʘʩʪʦ ʟʘʪʨʘʛʠʚʘʶʪ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʂʨʫʛʣʦʚ ʄ.ɻ.[1] ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʦʮʝʥʢʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʧʘʛʘʥʜʠʨʫʷ ʧʨʘʢʪʠʢʫ ʩʦʚʨʝʤʝʥʥʳʭ IT-ʢʦʤʧʘʥʠʡ 

ʠ ʩʪʘʥʜʘʨʪʦʚ ʜʣ ̫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠ ̫ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʂʘʯʘʣʦʚ ɺ.ɸ.[2], ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʢʦʥʢʨʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʠ ʨʝʢʦʤʝʥʜʫʶʪ ʩʧʦʩʦʙʳ ʥʘʠʙʦʣʝʝ ʧʦʥʷʪʥʳʝ 

ʜʣ ̫ʦʨʛʘʥʠʟʘʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʢʣʠʝʥʪʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʝʜʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ (ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚʟʷʪ ʧʨʠʤʝʨ ʩ ɻʆʉʊ ʈ ʀʉʆ 9001-2015) ʢʘʞʜʘʷ ʩʠʩʪʝʤʘ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʡ ʚʘʨʠʘʥʪ, ʘ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦʚʝʨʷʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʩʚʦʡ ʚʘʨʠʘʥʪ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ (ʉʄʂ). 

ɼʣ ̫ʦʨʛʘʥʠʟʘʮʠʡ, ʩʝʨʪʠʬʠʮʠʨʫʝʤʳʭ ʥʘ ʦʜʠʥ ʩʪʘʥʜʘʨʪ, ʨʝʰʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠ ̫ʩ 

ʧʨʦʚʝʨʷʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ, ʘ ʜʣ ̫ ʦʨʛʘʥʠʟʘʮʠʡ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʩʬʝʨʳ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʪʦʣʴʢʦ ʚʥʝʜʨʷʶʱʠʭ ʠʭ, ï ɻ ʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ. 

ʀʤʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʚʟʛʣʷʜʦʚ ʠ ʧʦʜʭʦʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʨʷʶʱʠʤʠ, ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʥʬʣʠʢʪʦʚ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʡ. 

ɺ ʩʚʷʟʠ ʩ ɻ ʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʚ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʉʄʂ.  
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ɽʜʠʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʩʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ ʀʉʆ 9001 ʚʳʩʰʝʝ ʨʫʢʦʚʦʜʩʪʚʦ 

ʦʨʛʘʥʠʟʘʮʠʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʦʮʝʥʠʚʘʪʴ ʠ ʧʦʚʳʰʘʪʴ, 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʩʚʦʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʘʢ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʧʨʦʚʝʨʷʶʱʠʤ - ʘʫʜʠʪʦʨʘʤ ʠʣʠ ɻ ʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ. 

ɺ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʤʝʪʦʜʘ, 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʧʦʩʦʙʘ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʮʝʥʢʘ: 

ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ; ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

ʧʦ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ (çʧʦ ʮʝʣʷʤè). 

 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʩʯʠʪʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ, ʢʦʛʜʘ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ 

(ʧʫʥʢʪʳ) ʩʪʘʥʜʘʨʪʘ ʨʝʘʣʠʟʦʚʘʥʳ, ʢʘʢ ʤʠʥʠʤʫʤ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ, ʠ 

ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩʪʘʙʠʣʴʥʦ. ʊʘʢʘʷ ʦʮʝʥʢʘ ʧʨʠʤʝʥʠʤʘ ʥʘ ɻ ʪʘʧʝ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, 

ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ (ʥʘʧʨʠʤʝʨ, ʉʄʂ). ʇʨʠ ɻ ʪʦʤ ʜʣ ̫ʜʦʩʪʘʪʦʯʥʦ ʟʨʝʣʦʡ 

ʩʠʩʪʝʤʳ ʪʘʢʦʡ ʚʘʨʠʘʥʪ ̫ ʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʪʘʢ ʫʞʝ 

ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʦʪʣʘʞʝʥʳ. ʀ ʜʘʥʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʦʙʱʝʡ 

ʢʘʨʪʠʥʳ. ʇʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦ ʟʘʤʝʥʷʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʉʄʂ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʉʄʂ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ɻʆʉʊ ʈ ʀʉʆ 9001, ʘ ʝʩʣʠ ʧʨʝʜʧʨʠʷʪʠʝ ʨʘʙʦʪʘʝʪ ʚ ʤʫʣʴʪʠʦʪʨʘʩʣʝʚʦʤ ʩʝʢʪʦʨʝ, ʪʦ 

ʜʦʙʘʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣ ̫ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʝʥʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʤʝʥʷʶʪ ɻʆʉʊ ʈɺ 0015-002-2012, ʜʣ ̫ʤʝʜʠʮʠʥʳ 

ɻʆʉʊ ʈ 52249-2009 (ʧʨʘʚʠʣʘ GMP), ʜʣ ̫ʥʝʬʪʠ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ɻʆʉʊ ʈ ʀʉʆ 

29001-2007 ʠ ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʧʨʠʷʪʠʝ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ɼʘʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʜʦʣʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʉʄʂ ʚʩʝ ʧʫʥʢʪʳ ʩʪʘʥʜʘʨʪʦʚ  

ɻʆʉʊ ʈ ʀʉʆ 9001-2015 ʠ ɻʆʉʊ ʈ ʀʉʆ 29001-2007. ʊʘʢ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʦʜʥʫ ʪʨʝʪʴ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʙʦʚʘʥʠʡ  

ɻʆʉʊ ʈ ʀʉʆ 9001, ʪʦ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʠ ʥʘʮʠʦʥʘʣʴʥʦʤʫ 9001. 

ɼʣ ̫ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ: ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʦʮʝʥʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʠʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʣʞʥʘ ʧʦʜʛʦʪʦʚʠʪʴ 

ʦʪʯʝʪ ʦ ʩʘʤʦʦʙʩʣʝʜʦʚʘʥʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʙʝʟ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʢʨʠʪʝʨʠʝʚ, ʥʦ ʪʦʛʜʘ ʦʮʝʥʢʘ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʪʘʥʦʚʠʪʩʷ 
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ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʦʡ ʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʥʢʨʝʪʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. 

ʇʨʦʚʝʨʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʠ ʧʦʜʧʫʥʢʪʘ ɻʆʉʊ ʈ ʀʉʆ 29001. 

ʉʪʘʥʜʘʨʪ ʩʦʩʪʦʠʪ ʠʟ 20 ʧʦʜʧʫʥʢʪʦʚ, ʩʯʠʪʘʷ ʧʦʜʨʘʟʜʝʣʳ, ʥʘʯʠʥʘʷ ʩ ʯʝʪʚʝʨʪʦʛʦ ʧʦ 

ʚʦʩʴʤʦʡ ʨʘʟʜʝʣ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ɻ ʪʠʭ ʨʘʟʜʝʣʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʉʄʂ. ɺʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʧʫʥʢʪʦʚ ʦʜʠʥʘʢʦʚʦ ʚʘʞʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʧʦʜʧʫʥʢʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʉʄʂ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ɻʆʉʊ ʈ 9001, 

ʚʭʦʜʷʱʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʳʡ ʩʪʘʥʜʘʨʪ, ʧʨʠʨʘʥʠʚʘʶʪʩʷ ʢ ʦʪʜʝʣʴʥʦʤʫ 

ʧʦʜʨʘʟʜʝʣʫ/ʧʦʜʧʫʥʢʪʫ, ʧʦʵʪʦʤʫ ʦʥʠ ʪʦʞʝ ʠʤʝʶʪ ʩʚʦʡ ʚʝʩ. 

ʈʘʩʯʝʪ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʲʷʚʣʷʝʤʳʭ 

ʩʪʘʥʜʘʨʪʘʤʠ ʪʨʝʙʦʚʘʥʠʡ (ʚ ʩʣʫʯʘʝ ʩ ɻʆʉʊ ʈ ʀʉʆ 29001 ɻ ʪʦ 20 ʧʦʜʨʘʟʜʝʣʦʚ ʠ 53 

ʧʦʜʧʫʥʢʪʦʚ) ʩ ʫʯʝʪʦʤ ʦʙʱʝʡ ʚʝʩʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ɻ ʢʩʧʝʨʪʦʚ ʈʦʩʘʢʢʨʝʜʠʪʘʮʠʠ, ʉɼʉ çʈʫʩʩʢʠʡ 

ʈʝʛʠʩʪʨè, ʉɼʉ çɺʦʝʥʥʳʡ ʈʝʛʠʩʪʨè ʠ ʜʨʫʛʠʭ ʵʢʩʧʝʨʪʦʚ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʉʄʂ ʩʯʠʪʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ, ʝʩʣʠ 

ʨʝʘʣʠʟʫʝʪʩʷ 91,5% ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ, ʪʦ ʝʩʪʴ ʝʩʣʠ ʚ ʩʫʤʤʝ ʚʩʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

(ʧʦ ʚʝʩʦʚʦʡ ʦʮʝʥʢʝ) ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʝʚʳʧʦʣʥʝʥʠʝ 2 ʧʦʜʧʫʥʢʪʦʚ ʩʪʘʥʜʘʨʪʘ. 

ʀʤʝʥʥʦ ʥʝʚʳʧʦʣʥʝʥʠʝ 2 ʧʦʜʧʫʥʢʪʦʚ ʩʪʘʥʜʘʨʪʘ ʩʯʠʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʚʦ ʤʥʦʛʠʭ ʦʨʛʘʥʘʭ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ [3]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣ ̫ʦʨʛʘʥʠʟʘʮʠʡ ʪʦʣʴʢʦ 

ʚʥʝʜʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʦʪʨʘʞʘʝʪ ʩʘʤʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʧʨʦʮʝʩʩʘʤ. ʆʥ ʫʜʦʙʝʥ ʜʣ ̫ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʝ 

ʤʝʩʪʘ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣ ̫ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʠʩʪʝʤʘ ʫʞʝ ʚʥʝʜʨʝʥʘ ʠ ʛʦʪʦʚʘ ʢ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʳʤ ʜʣ ̫ʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ɹʝʟ ʦʪʣʘʞʝʥʥʦʡ ʠ 

ʚʳʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʚʦʟʤʦʞʝʥ ʚʳʧʫʩʢ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʇʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʦʨʤʘʣʴʥʦ 

ʚʳʩʪʨʦʝʥʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʄʂ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ, ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʘʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ çʄʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂè 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤ ʦʨʛʘʥʝ ʉɼʉ çʈʫʩʩʢʠʡ ʨʝʛʠʩʪʨè. ʆʪʤʝʪʠʤ, ʯʪʦ 
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ʦʨʛʘʥʠʟʘʮʠʷ ʚʧʨʘʚʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ. ɿʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʚʝʣʠʯʠʥʫ (Ὑ̒ ̍̋), 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦ ʬʦʨʤʫʣʝ: 

Ὑ̒ ̍̋ 
В ‍ϽὙ

В ‍
                                                                   ρ 

ʛʜʝ Ὑ - ʟʥʘʯʝʥʠʝ i-ʛʦ ʯʘʩʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ; ‍ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʥʘʯʠʤʦʩʪʠ i-ʛʦ ʯʘʩʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (Ὑ̒ ̍)̋ 

 

ɽʩʣʠ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʳ, ʪʦ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ [4]. 

ɼʘʣʝʝ Ὑ̒ ̍ ̋ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. 

ʂʨʠʪʝʨʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʘʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʟʘʚʠʩʷʪ ʦʪ ʝʝ 

ʩʬʝʨr ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʦʮʝʩʩʘʤʠ 

ʩʠʩʪʝʤʳ.  
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ ʩʯʠʪʘʝʪʩʷ ʚʳʩʦʢʦʡ, ʝʩʣʠ 

Ὑ̒ ̍ ̋ʙʦʣʴʰʝ 95%. ʇʨʠ ɻ ʪʦʤ ʉʄʂ ʨʘʙʦʪʘʝʪ ʩʪʘʙʠʣʴʥʦ. ʆʮʝʥʢʘ ʠ ʫʣʫʯʰʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʷʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ɻ ʬʬʝʢʪʠʚʥʦ. 

ʉʄʂ ʧʨʠʟʥʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ, ʝʩʣʠ Ὑ̒ ̍ ̋ ʦʪ 85% ʜʦ 95%. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʉʄʂ ʨʘʙʦʪʘʝʪ ʚʧʦʣʥʝ ʩʪʘʙʠʣʴʥʦ, ʥʝ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʦʚ ʨʝʘʣʠʟʦʚʘʥʳ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. ʆʮʝʥʢʘ ʠ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʩʦʚʩʝʤ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ/ʠʣʠ ɻ ʬʬʝʢʪʠʚʥʦ. 

ʉʄʂ ʧʨʠʟʥʘʝʪʩʷ ʥʝʨʝʟʫʣʴʪʘʪʠʚʥʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʝʥʝʝ 84,9% 

ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ. ʇʨʠ ɻ ʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʠʯʠʥ ʥʝʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ.  

ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʘʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʯʘɦ ʝ ʚʩʝʛʦ 

ʚʣʘʜʝʣʴʮʘʤʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʦʩʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʩʫʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʪ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʚʠʩʠʪ 

ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʂ ʧʣʶʩʘʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʧʨʠʛʦʜʥʘ ʜʣ̫ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʦʪʨʘʞʘʝʪ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ 

ʨʘʩʯʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʦʢ, ʥʦ ʜʘʝʪ ʜʦʚʦʣʴʥʦ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ.  

ɼʣ ̫ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦ ʙʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʪʦʨʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ, ʥʦ ʦʥ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ 

ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʨʝʪʴʝʛʦ ʤʝʪʦʜʘ. 

 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʊʨʝʪʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʝʡ (çʧʦ ʮʝʣʷʤè). ʋʩʪʘʥʦʚʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ̫ ʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʤ ʠ çʤʦʙʠʣʴʥʳʤè ʤʝʭʘʥʠʟʤʦʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʘʢʮʝʥʪʠʨʦʚʘʥʥʦ ʠ ʛʣʫʙʦʢʦ çʧʨʦʙʣʝʤʥʳʝè ʫʯʘʩʪʢʠ 

ʩʠʩʪʝʤʳ. 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʝʡ ʚ ʦʙʣʘʩʪʠ 

ʢʘʯʝʩʪʚʘ. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʉʄʂ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʮʝʥʠʚʘʥʠʠ ʚʳʜʝʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʝʡ ʧʦ ʪʘʢʠʤ 

ʩʝʛʤʝʥʪʘʤ ʢʘʢ: çʋʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡè, çʂʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʦʚè, çʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʄʂè, çʂʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣè. ʈʘʩʯʝʪ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 

Ὑ˞ ˙˗

ὓ̃ ̜̐

ὓ̏ ̂̚
ρππϷ                                                       ς 

ʛʜʝ Ὑ˞ ˙ ̠ï ʚʳʧʦʣʥʝʥʠʝ ʮʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ; ὓ̃ ̜ ̐ï ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ 

ʮʝʣʝʡ/ ʧʦʢʘʟʘʪʝʣʝʡ; ὓ̏ ̂ ̚ï ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ/ʧʦʢʘʟʘʪʝʣʝʡ.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣ ̫ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʫʞʝ ʚʥʝʜʨʝʥʥʦʡ, ʩʪʘʙʠʣʴʥʦʡ 

ʨʘʟʚʠʪʦʡ ʠ ʟʨʝʣʦʡ ʉʄʂ. ʆʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ 

ʢʦʥʢʨʝʪʥʳʤ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʝʞʝʛʦʜʥʳʭ ʮʝʣʷʭ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʚʳʩʰʝʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʩʢʨʫʧʫʣʝʟʥʦ ʠʟʫʯʘʝʪ ʚʩʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʦʣʴʢʦ ʪʝ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʫʣʫʯʰʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚʣʘʜʝʣʴʮʘʤʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʤʢʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʩʪʝʧʝʥʴ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʛʦʜ. ʇʨʠ ɻ ʪʦʤ ʮʝʣʠ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, ʘ ʦʙʱʫʶ ʦʮʝʥʢʫ ʠʭ ʜʦʩʪʠʞʝʥʠʡ ʩʚʦʜʠʪ ʩʣʫʞʙʘ 

ʢʘʯʝʩʪʚʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʫʢʦʚʦʜʠʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʦʪʚʝʪʩʪʚʝʥʥʳʡ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʉʄʂ. 

ʇʣʶʩʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ̫ ʚʣʷʝʪʩʷ ʘʢʮʝʥʪʠʨʦʚʘʥʠʝ ʚʥʠʤʘʥʠʷ, ʢʘʢ ʥʘ ʚʩʝʭ 

ʧʨʦʮʝʩʩʘʭ, ʪʘʢ ʠ ʥʘ ʧʨʦʙʣʝʤʥʳʭ ʠʣʠ ʪʨʝʙʫʶʱʠʭ ʚʥʠʤʘʥʠʷ ʤʝʩʪʘʭ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʘʷ 

ʘʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ. ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ 

ʠ ʪʝʢʫʱʠʡ ʤʦʥʠʪʦʨʠʥʛ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʣʦʞʠʪʩʷ ʥʘ ʚʣʘʜʝʣʴʮʝʚ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʩʥʦʚʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʝʩʫʨʩʳ ʥʘ ʘʥʘʣʠʟ ʠʪʦʛʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʨʫʢʦʚʦʜʩʪʚʘ ʟʘ ʫʩʪʘʥʦʚʢʫ 

ʧʨʘʚʠʣʴʥʳʭ ʮʝʣʝʡ (ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ 

ʧʨʠʤʝʥʠʤ ʜʣ ̫ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʭʦʨʦʰʦ ʚʳʩʪʨʦʝʥʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʉʄʂ. ʇʨʠ ɻ ʪʦʤ 

ʤʦʛʫʪ ʦʩʚʝʱʘʪʴʩʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʚ ʢʦʥʢʨʝʪʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʇʦʩʢʦʣʴʢʫ ʮʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʘ 

ʜʠʥʘʤʠʢʫ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ, ʪʦ ʥʝʦʙʭʦʜʠʤ 

ʦʩʦʙʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʉʄʂ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʜʦʙʠʚʘʪʴʩʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʉʄʂ 

ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʤʦʙʠʣʴʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʣʦʞʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʢ ʤʠʥʫʩʘʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʩʣʦʞʥʦʩʪʴ ʚ ʦʮʝʥʢʝ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʚʳʰʝʥʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 
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ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʧʣʶʩʦʚ ʠ ʤʠʥʫʩʦʚ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ.  

 

ʊʘʙʣʠʮʘ 1 ï ʧʣʶʩʳ ʠ ʤʠʥʫʩ  rʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʉʄʂ 

ʅʘʟʚʘʥʠʝ ʤʝʪʦʜʦʚ ʇʣʶʩʳ ʄʠʥʫʩʳ 

1. ʆʮʝʥʢʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ 
ʨʝʘʣʠʟʘʮʠʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ 

- ʧʨʦʚʝʨʢʘ ʨʝʘʣʠʟʘʮʠʠ 

ʪʨʝʙʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ 

ʩʪʘʥʜʘʨʪʘ; 

- ʣʝʛʢʦ ʚʳʷʚʠʪʴ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ; 

- ʧʨʠʤʝʥʠʤ ʜʣʷ ʩʘʤʦʦʮʝʥʢʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʜ 

ʩʝʨʪʠʬʠʢʘʮʠʝʡ 

- ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʧʨʠ 
ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ ʠ 

ʧʦʜʛʦʪʦʚʢʝ ʢ ʩʝʨʪʠʬʠʢʘʮʠʠ; 

- ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʢ ʟʨʝʣʦʡ ʜʘʚʥʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʩʠʩʪʝʤʝ; 

- ʥʝ ʦʪʨʘʞʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 
ʧʨʦʮʝʩʩʘʤ. 

2. ʆʮʝʥʢʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ 

- - ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ 
ʨʘʟʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ); 

- ʦʪʨʘʞʘʝʪ ʨʘʟʥʳʝ ʘʩʧʝʢʪʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ; 

- ʜʘʝʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ. 

- ʩʣʦʞʥʦʩʪʴ ʚ ʧʦʫʯʝʥʠʠ ʠ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ; 

- ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ; 

- ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʙʳʩʪʨʦ 

ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʦʨʛʘʥʠʟʘʮʠʠ. 

3. ʆʮʝʥʢʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ 
ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʝʡ 

- ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʩʝ 

ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ ʥʘ 
ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʘʢʮʝʥʪʠʨʦʚʘʥʠʷ ʚʥʠʤʘʥʠʝ 

ʥʘ ʧʨʦʙʣʝʤʥʳʭ ʧʨʦʮʝʩʩʘʭ; 

- ʙʳʩʪʨʘʷ ʘʜʘʧʪʘʮʠʷ ʢ 
ʚʥʝʰʥʠʤ ʤʝʥʷʶʱʠʤʩ ̫

ʫʩʣʦʚʠʷʤ; 

- ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʪʘʢ ʢʘʢ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʨʦʮʝʩʩ 

ʣʦʞʠʪʩʷ ʥʘ ʚʣʘʜʝʣʴʮʝʚ 

ʧʨʦʮʝʩʩʘ ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

- ʫʚʝʣʠʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʨʫʢʦʚʦʜʩʪʚʘ ʟʘ ʫʩʪʘʥʦʚʢʫ 
ʧʨʘʚʠʣʴʥʳʭ ʮʝʣʝʡ (ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ); 

- ʩʣʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ 

ʚ ʜʠʥʘʤʠʢʝ 

- ʧʦʚʳʰʝʥʥʳʝ ʨʠʩʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʉ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʠʟ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʠʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣ ̫ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ɼʣ ̫ɻ ʪʦʛʦ ʨʫʢʦʚʦʜʩʪʚʫ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʝʜʫʱʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʥʘ ʢʘʢʦʤ ɻ ʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ. 

 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ(ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) ʪʨʝʙʦʚʘʥʠʡ  

ʇʨʠʤʝʥʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʉʄʂ ʞʝʣʘʪʝʣʴʥʦ ʩʦʦʪʥʦʩʠʪʴ ʩ ɻ ʪʘʧʘʤʠ ʝʝ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ 
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ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) ʪʨʝʙʦʚʘʥʠʡ. ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ ʫʞʝ ʦʪʣʘʞʝʥʥʦʡ ʉʄʂ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʢ ʥʝʡ 

ʪʨʝʙʦʚʘʥʠʷ. ʀ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʩʘʶʪʩʷ ʩʫʪʠ ʩʘʤʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʥʝ 

ʬʦʨʤʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʂʦʤʧʣʝʢʩʥʫʶ ʧʨʦʮʝʜʫʨʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ɻ ʪʘʧʘ.  

1. ʆʮʝʥʢʘ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʫʞʝ ʚʥʝʜʨʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ 

ʝʩʪʴ ʧʨʦʚʝʜʝʥʠʝ ʩʘʤʦʦʙʩʣʝʜʦʚʘʥʠʷ (ʫʩʪʘʥʦʚʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʚʠʜʘʤ 

ʜʝʷʪʝʣʴʥʦʩʪʠ). 

2. ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʮʝʩʩʘʤ 

ʠ/ʠʣʠ çʧʦ ʮʝʣʷʤè, ʪʦ ʝʩʪʴ ʫʩʪʘʥʦʚʢʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʥʢʨʝʪʥʳʝ ʮʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʨʠʘʥʪʳ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ 

ʢʦʥʢʨʝʪʥʳʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʮʝʩʩʘʤ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʤʠ ʘʛʝʥʪʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ T5V (S5D, 
Thuringen), Bureau Veritas ʠ ʪʜ., ʠ ̫ ʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣ ̫ʩʝʨʪʠʬʠʢʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʧʦ CMMI, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ. ʇʦʜʨʦʙʥʝʝ ʩ ʫʨʦʚʥʷʤʠ 

ʟʨʝʣʦʩʪʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ [5]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʦʮʝʥʢʠ ʟʘʚʠʩʠʪ ʛʣʫʙʠʥʘ ʠ ʜʝʪʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ. 

ʇʦʤʠʤʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʜʝʪʘʣʠʟʘʮʠʶ ʠ ʛʣʫʙʠʥʫ. ʏʘʩʪʦ 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʦʨʛʘʥʠʟʘʮʠʡ ʦʙʲʝʜʠʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ. 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) ʪʨʝʙʦʚʘʥʠʡ 

ʠʣʠ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʚʥʝʜʨʠʪʴ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʥʦ ʠ 

ʫʜʦʩʪʦʚʝʨʠʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʢ ɻ ʪʦʤʫ ʛʦʪʦʚʘ, ʪʦ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʘ. 

ɹʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʦʪʦʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʚʥʝʜʨʝʥʠʶ ʙʫʜʝʪ ʥʝʵʬʬʝʢʪʠʚʥʘ, 

ʥʝʨʝʟʫʣʴʪʘʪʠʚʥʘ ʠ ʧʨʠʥʝʩʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʣʴʢʦ ʫʙʳʪʢʠ. 

ɺʭʦʜʝ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ, ʧʨʠʤʝʨʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ ʈ 53893-2010 çʈʫʢʦʚʦʜʷʱʠʝ 

ʧʨʠʥʮʠʧʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʤʝʥʝʜʞʤʝʥʪʘè ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʝʤʴ ʵʪʘʧʦʚ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʘʧʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ (ʦʮʝʥʠʪʴ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʝʨʚʦʤʫ ʤʝʪʦʜʫ), ʪʦ ʝʩʪʴ ʧʨʦʚʝʩʪʠ 

ʩʘʤʦʦʙʩʣʝʜʦʚʘʥʠʝ. ʇʨʠ ʧʨʠʟʥʘʥʠʠ ʩʠʩʪʝʤʳ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ-ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ, 

ʘ ʧʨʠ ʧʨʠʟʥʘʥʠʠ ʩʠʩʪʝʤʳ ʯʘʩʪʠʯʥʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ (ʠʣʠ ʥʝʨʝʟʫʣʴʪʘʪʠʚʥʦʡ) - 

ʫʩʪʨʘʥʠʪʴ ʚʩʝ ʚʳʷʚʣʝʥʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʧʦʚʪʦʨʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ. 
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ʈʠʩʫʥʦʢ 2 - ʕʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ 

 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʚʥʝʜʨʷʝʤʦʛʦ ʩʪʘʥʜʘʨʪʘ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʫʞʝ ʚʥʝʜʨʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʚ ʦʧʠʩʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʷʚʠʪʴ ʜʫʙʣʠʨʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʜʨʫʛ ʜʨʫʛʫ ʪʨʝʙʦʚʘʥʠʷ ʠ ʪ.ʜ. 

ɺ-ʪʨʝʪʴʠʭ, ʚr ʷʚʠʪʴ ʠʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʥʝ ʦʪʨʘʞʝʥʥʳʝ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʧʦ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʦʧʨʝʜʝʣʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʠ ʥʝʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ 

ʚʦ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʥʘʯʠʥʘʷ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, 

ʟʘʢʘʥʯʠʚʘʷ ʨʫʢʦʚʦʜʩʪʚʦʤ. 

ɼʘʣʝʝ ʚʥʝʜʨʠʪʴ ʥʦʚʳʝ ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʦʚʳʤʠ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤ). 

ɿʘʪʝʤ ʧʨʦʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʥʦʚʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʨʘʙʦʪʘʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʧʦʞʝʣʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʘʥʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɺ ʠʪʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʚʳʤ (ʚʥʝʜʨʝʥʥʳʤ) ʠ ʩʪʘʨʳʤ (ʨʘʥʝʝ ʩʫʱʝʩʪʚʫʶʱʠʤ) ʪʨʝʙʦʚʘʥʠʷʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣ ̫ʧʝʨʚʦʛʦ ʨʘʟʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʦ 

ʧʝʨʚʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʤʝʪʦʜʫ, ʜʣ ̫ʘʥʘʣʠʟʘ ʚʩʝʡ ʩʠʩʪʝʤʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʙʨʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʤʝʪʦʜʳ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ɻ ʪʘʧʦʚ ʧʦ ʚʥʝʜʨʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʷʟʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʨʦʢʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʥʝʜʨʝʥʠʝ, ʪʘʢ ʢʘʢ ʯʘʩʪʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʚʨʝʤʝʥʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚʝʜʝʪ ʢ ʙʫʜʫʱʠʤ ʧʨʦʙʣʝʤʘʤ ʚʩʝʡ 

ʥʦʚʦʡ ʩʠʩʪʝʤʳ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) ʪʨʝʙʦʚʘʥʠʡ ʚ ʩʠʩʪʝʤʫ: 
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- ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʫʨʦʚʥʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʯʝʤ ʜʘʞʝ ʜʣ ̫ʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʨʦʚʥʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʉʄʂ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ; 

- ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʝ ʚʩʝʛʜʘ 

ʫʯʠʪʳʚʘʶʪʩʷ ʨʝʘʣʴʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ; 

-  ʦʯʝʥʴ ʯʘʩʪʦ ʨʫʢʦʚʦʜʠʪʝʣʠ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ ʥʝ ʚʠʜʷʪ ʠʣʠ ʟʘʤʘʣʯʠʚʘʶʪ 

ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʜʣ ̫ʫʣʫʯʰʝʥʠʷ ʩʚʦʠʭ ʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

- ʯʘʩʪʦ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʥʫʪʨʝʥʥʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʀʟ ʘʥʘʣʠʟʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʥʘ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʧʝʨʩʦʥʘʣ 

ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʘʨʴʝʨʳ ʜʣ ̫ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ; 

-  ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʦʩʠʪ ʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʝʣ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʧʝʨʝʜ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʮʝʣʷʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʫʯʝʪʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʧʳʪʘ, ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʡ ʧʨʝʜʣʦʞʝʥʳ ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʪʨʠ ʤʝʪʦʜʘ 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. 

- ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʦ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. 

- ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

- ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ (çʧʦ ʮʝʣʷʤè). 

ʇʨʠʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʮʝʣʝʡ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʨʫʢʦʚʦʜʩʪʚʘ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣ ̫ʪʦʣʴʢʦ 

ʚʥʝʜʨʷʶʱʠʭʩʷ ʩʠʩʪʝʤ. ʊʘʢʞʝ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣ ̫ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣ ̫ʧʨʦʚʝʜʝʥʠʷ ʩʘʤʦʦʙʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʜ ʩʝʨʪʠʬʠʢʘʮʠʝʡ. 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣ ̫ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʫʞʝ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʦʚ ʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣ ̫ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʧʨʦʟʨʘʯʥʦʡ ʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʠʩʪʝʤʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʨʝʪʠʡ ʤʝʪʦʜ ̫ ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ ʠ ʨʘʟʚʠʚʘʶʱʠʤ ʦʨʛʘʥʠʟʘʮʠʶ, ʥʦ 

ʦʥ ʪʨʝʙʫʝʪ ʭʦʨʦʰʝʡ ʧʦʜʛʦʪʦʚʢʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʚ ʯʘʩʪʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 
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ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣ ̫

ʠʥʥʦʚʘʮʠʦʥʥʳʭ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ, ʥʘʫʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʇʦʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʛʦ ʨʘʟʙʦʨʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ̫ ʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʧʦʜʯʘʩ 

ʙʳʚʘʝʪ ʥʝ ʩʪʦʣʴ ɻ ʣʝʤʝʥʪʘʨʥʳʤ. ʇʨʠʯʝʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʠʤʝʥʥʦ 

ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ɻ ʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʵʬʬʝʢʪʫ ʦʪ ʝʝ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ (ʵʬʬʝʢʪʠʚʥʦʩʪʠ), ʯʪʦ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ 

ʜʣ ̫ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʀʪʘʢ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʘʩʧʝʢʪʘ, ʫʧʨʦʱʘʶʱʠʝ ʚʥʝʜʨʝʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆʧʠʩʘʥʳ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʘ ʜʚʫʭʵʪʘʧʥʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʩʠʩʪʝʤʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʝʤʴ ʵʪʘʧʦʚ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ) 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʥʝʜʨʝʥʠʝ 

ʣʶʙʳʭ ʪʨʝʙʦʚʘʥʠʡ.  
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ʊɽʇʃʆɺʆʁ ʅɽʈɸɿʈʋʐɸʖʑʀʁ ʂʆʅʊʈʆʃʔ ʇʆʈʀʉʊʓʍ 

ʂʆʄʇʆɿʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 
ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʦʤ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʦʨʠʩʪʳʝ 

ʜʠʘʬʨʘʛʤʳ ʠʟ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʮʠʨʢʦʥʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ 

ʘʢʪʠʚʥʦʛʦ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʩʚʠʱʝʡ ʠ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ʪʝʧʣʦʚʦʡ ʢʦʥʪʨʦʣʴ, 

ʠʥʬʨʘʢʨʘʩʥʘʷ ʪʝʨʤʦʛʨʘʬʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʜʝʬʝʢʪ, ʢʦʤʧʦʟʠʪ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʠʩʪʳʝ ʜʠʘʬʨʘʛʤʳ. 

 

Abstract. Cylindrical porous diaphragms made of a composite based on zirconium and 

aluminum oxides were studied by the method of thermal control. The use of the active two-way control 

technique allowed detecting manufacturing defects such as fistulas and cracks, as well as other surface 

inhomogeneities. 

Keywords: non-destructive testing, flaw detection, thermal testing, infrared thermography, 

temperature field, defect, composite, composite materials, ceramic porous diaphragms. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʨʠʩʪʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʤʙʨʘʥ, ʬʠʣʴʪʨʦʚ ʠ ʜʨʫʛʠʭ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʬʦʨʤʦʡ 

ʧʝʨʝʛʦʨʦʜʦʢ ʩʯʠʪʘʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ, ʪʨʫʙʯʘʪʳʝ ʬʠʣʴʪʨʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʨʫʙʯʘʪʳʝ ʜʠʘʬʨʘʛʤʝʥʥʳʝ ʨʝʘʢʪʦʨʳ [1]. ɼʠʘʬʨʘʛʤʦʡ ʚ 

ʨʝʘʢʪʦʨʘʭ ʥʘʟʳʚʘʶʪ ʧʦʨʠʩʪʫʶ ʧʝʨʝʛʦʨʦʜʢʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣ̫ ʨʘʟʜʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ɻ ʣʝʢʪʨʦʣʠʟʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ɻ ʣʝʢʪʨʦʜʘʭ ʨʝʘʢʪʦʨʘ. ɼʠʘʬʨʘʛʤʘ ï ʦʜʥʘ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʝʪʘʣʝʡ ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʥʘ ɻ ʥʝʨʛʝʪʠʢʫ ʧʨʦʮʝʩʩʦʚ ɻ ʣʝʢʪʨʦʣʠʟʘ, ʘ ʪʘʢʞʝ ʥʘ ʩʨʦʢ ɻ ʢʩʧʣʫʘʪʘʮʠʠ [2]. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʶʪ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʜʠʘʬʨʘʛʤʳ. ʊʘʢʞʝ ʠ ʚ 

ʬʠʣʴʪʨʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ: ʧʦʚʳʰʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʡ 
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ʨʝʛʝʥʝʨʘʮʠʠ [3]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʬʠʣʴʪʨʦʚʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʦʤʧʦʟʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ̫ ʚʣʷʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʠ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʥʠʞʘʝʪʩʷ ʚʷʟʢʦʩʪʴ 

ʨʘʟʜʝʣʷʝʤʦʡ ʩʠʩʪʝʤʳ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʉʥʠʤʘʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʯʠʩʪʢʝ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʝʤʙʨʘʥ. 

ʄʝʤʙʨʘʥʳ ʤʦʞʥʦ ʧʨʦʤʳʚʘʪʴ ʛʦʨʷʯʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ɦ ʝʣʦʯʘʤʠ ʠ ʜʨ. ʆʪʨʘʙʦʪʘʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʚʳʞʠʛʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ, ʧʨʦʥʠʢʰʝʛʦ 

ʚ ʠʭ ʧʦʨʳ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ h ʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ pH ʩʨʝʜʳ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʥʘʛʨʝʚʝ ʜʦ 1000 Áʉ, ʩʧʦʩʦʙʥ rʨʘʙʦʪʘʪʴ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ (1ï10 ʄʇʘ), ʤʦʛʫʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʪʝʨʠʣʠʟʘʮʠʠ ʧʘʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 Áʉ (ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦ ʩʪʝʨʠʣʴʥʦʛʦ ʫʣʴʪʨʘʬʠʣʴʪʨʘʪʘ) ʠʣʠ ʧʨʦʢʘʣʠʚʘʪʴʩʷ ʜʣ ̫

ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ [3]. 

ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ, 

ʬʠʣʴʪʨʦʚ (ʦʪʣʠʯʠʝ ʚ ʨʘʟʤʝʨʝ ʧʦʨ) ʠ ʜʠʘʬʨʘʛʤ ʜʣ ̫ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ï 

ʵʪʦ ʬʦʨʤʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʩʠʜʦʚ) ʩ ʜʦʙʘʚʢʘʤʠ 

ʛʠʜʨʦʢʩʠʜʦʚ, ʢʘʨʙʦʥʘʪʦʚ, ʩʠʣʠʢʘʪʦʚ ʠ ʠʭ ʩʧʝʢʘʥʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʈʝʛʫʣʠʨʫʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʠʜ ʜʦʙʘʚʦʢ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʩʧʦʩʦʙ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ, ʧʦʣʫʯʘʶʪ ʢʝʨʘʤʠʯʝʩʢʦʝ 

ʠʟʜʝʣʠʝ ʩ ʨʘʟʣʠʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜ rʧʦʣʫʯʝʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ 

ʦʢʩʠʜʦʚ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʤʝʤʙʨʘʥʳ ʦʪʣʠʯʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ʆʥʠ ʧʨʠʛʦʜʥʳ ʜʣ ̫ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ɻ ʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʙʣʠʟʢʠ. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠʤʝʶʪ 

ʧʦʨʠʩʪʫ ʁʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ (ʧʦʨʷʜʢʘ 

100 ʥʤ ï 10 ʤʢʤ) ʠ ʧʨʠʛʦʜʥʳ ʜʣ ̫ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʠ [4]. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʠʤʝʶʪ ʪʨʫʙʯʘʪʫʶ ʬʦʨʤʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʫʪʝʤ 

ʧʦʜʙʦʨʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʩʧʝʢʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʨʠʩʪʳʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʜʠʘʬʨʘʛʤʳ ʜʣ ̫ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʚʦʡʩʪʚ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʜʠʘʬʨʘʛʤʘʤ ʜʣ ̫

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ, ̫ ʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʯʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ. 
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʯʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʜʠʘʬʨʘʛʤʘ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʜʦʣʞʥʘ 

ʚʳʜʝʨʞʠʚʘʪʴ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʜʦ 1,0 ʄʇʘ. 

ʀʟʜʝʣʠʷ ʠʟ ʇʂʄ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʱʝʡ ʛʨʫʧʧʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʝʨʘʤʠʢʠ ʠ ʠʤ 

ʧʨʠʩʫʱʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʵʪʦʡ ʛʨʫʧʧʳ (ʪʨʝʱʠʥʳ, ʩʚʠʱʠ, ʩʢʦʣʳ, 

ʨʘʟʥʦʪʦʣʱʠʥʥʦʩʪʴ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʘʢ ʧʨʠ ʧʦʣʫʯʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ ɻ ʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʠʟʫʘʣʴʥʦ ʦʥʠ ʥʝʟʘʤʝʪʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʠʟ ʇʂʄ, ʦʜʥʘʢʦ ʠʭ ʥʘʣʠʯʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʠʯʠʥʦʡ ʢʘʪʘʩʪʨʦʬʳ. ɺʘʞʥʳʤ ʢʘʯʝʩʪʚʦʤ ʤʝʤʙʨʘʥ ʜʣ ̫ ʤʠʢʨʦ- ʠ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ 

(ʩʝʣʝʢʪʠʚʥʦʩʪʴ). ʆʙʥʘʨʫʞʝʥʠʝ  ʢʨʫʧʥʳʭ ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʧʦʨ, ʦʪʚʝʨʩʪʠʡ ʠ ʪʨʝʱʠʥ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʚ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʜʠʘʬʨʘʛʤ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʇʂʄ ʚʦʟʤʦʞʥʦ 

ʤʥʦʛʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘʢ, ʥʘʧʨʠʤʝʨ: ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʢʘʧʠʣʣʷʨʥʳʤʠ, 

ʪʝʨʤʦʧʦʨʦʤʝʪʨʠʠ, ʞʠʜʢʦʩʪʥʦʡ ʠ ʛʘʟʦʚʦʡ ʚʦʣʶʤʦʤʝʪʨʠʠ, ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ 

ʞʠʜʢʦʩʪʴʶ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʠʜʢʦʩʪʝʡ, ʨʪʫʪʥʦʡ ʧʦʨʦʤʝʪʨʠʠ. 

ɸ  ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʷʚʣʷʶʪʩʷ: ʤʝʪʦʜʳ ʩʚʝʪʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʞʠʜʢʦʩʪʥʦʡ ʠʣʠ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ.  

 ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ 

ʩʣʦʞʥʳʤʠ ʠ ʪʨʫʜʦʝʤʢʠʤʠ, ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʨʘʟʨʫʘhʶʱʠʤʠ, ʠ, ʟʘʯʘʩʪʫʶ ʥʝ ʜʘʶʪ 

ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʜʝʬʝʢʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ, ʘ ʪʘʢʞʝ ̫ ʚʣʷʶʪʩʷ 

ʟʘʪʨʘʪʥʳʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʦʨʠʩʪʳʝ ʜʠʘʬʨʘʛʤʳ ʠʟ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʮʠʨʢʦʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʪʝʧʣʦʚʦʛʦ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ [5]. ʋʢʘʟʘʥʥʳʝ ʠʟʜʝʣʠʷ ʩʣʫʞʘʪ ʜʣ ̫ʨʘʟʜʝʣʝʥʠʷ 

ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʨʦʪʦʯʥʳʭ ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ, 

ʨʘʙʦʪʘʶʪ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʪʦʤʫ ʣʶʙʦʡ ʜʝʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʨʘʟʨʫʰʝʥʠʶ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

ʎʝʣʴʶ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʨʫʙʢʘʭ 

ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʝʪʦʜʦʤ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ɼʝʬʝʢʪʳ ʠʤʝʣʠ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʢʘʟʘʥʥʳʭ ʠʟʜʝʣʠʡ). 

ɼʣ ̫ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ ʩ ʜʝʬʝʢʪʘʤʠ ʠʟ ʢʦʨʫʥʜʦ-

ʮʠʨʢʦʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʧʝʢʘʥʠʝʤ. ʆʙʨʘʟʮʳ ʬʦʨʤʦʚʘʣʠ ʣʠʪʴʝʤ 
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ʰʣʠʢʝʨʘ ʚ ʛʠʧʩʦʚʳʝ ʬʦʨʤʳ. ɿʘʪʝʤ ʩʫʰʠʣʠ ʠ ʩʧʝʢʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ 1050-1250 Áʉ. 

ʆʙʨʘʟʮʳ ʠʤʝʣʠ ʩʦʩʪʘʚ (ʚʝʩʦʚʦʡ, %): Al2O3 ï 60%, ZrO2 ï 37%, Y2O3 ï 3%. 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ: ʧʣʦʪʥʦʩʪʴ, ɟ = 2,8 ʛ/ʩʤ
3, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ, sʠʟʛ = 40 ʄʇʘ, ʧʦʨʠʩʪʦʩʪʴ 40-50%, ʨʘʟʤʝʨ ʧʦʨ 0,1 ï 5 ʤʢʤ.  

ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʝʢʪʦʚ: 

ʦʙʨʘʟʝʮ ˉ1 ï Å28ʭ2,0ʭ115 ʤʤ ʩ ʜʝʬʝʢʪʦʤ (ʝʩʪʝʩʪʚʝʥʥʳʤ) ʚ ʚʠʜʝ 

ʧʨʦʜʦʣʴʥʦʡ ʩʢʚʦʟʥʦʡ ʪʨʝʱʠʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʦʙʨʘʟʮʘ; 

ʦʙʨʘʟʝʮ ̄ 2 ï Å29ʭ1ʭ164 ʤʤ ʩ ʜʝʬʝʢʪʦʤ (ʝʩʪʝʩʪʚʝʥʥʳʤ) ʚ ʚʠʜʝ ʩʢʚʦʟʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 0,3 ʤʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʤʤ ʦʪ ʪʦʨʮʘ ʪʨʫʙʢʠ; 

ʦʙʨʘʟʝʮ ̄ 3 ï Å28ʭ2,5ʭ215 ʤʤ ʩ ʜʝʬʝʢʪʦʤ (ʠʩʢʫʩʩʪʚʝʥʥʳʤ) ʚ ʚʠʜʝ ʧʘʟʘ 

(ʧʨʦʧʠʣʘ) h ʠʨʠʥʦʡ 3 ʤʤ, ʜʣʠʥʦʡ 30 ʤʤ, ʛʣʫʙʠʥʦʡ 1,5ʤʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ 

ʪʨʫʙʢʠ. 

ʦʙʨʘʟʝʮ ̄ 4 ï Å28ʭ2,5ʭ290 ʤʤ ʩ ʜʝʬʝʢʪʦʤ (ʝʩʪʝʩʪʚʝʥʥʳʤ) ʚ ʚʠʜʝ ʧʘʟʘ 

(ʮʘʨʘʧʠʥʳ) h ʠʨʠʥʦʡ 1 ʤʤ, ʜʣʠʥʦʡ 30 ʤʤ, ʛʣʫʙʠʥʦʡ 1,5 ʤʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ 

ʪʨʫʙʢʠ. 

ʇʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʘʟʙʠʪ ʥʘ ʪʨʠ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ 

ʪʘʢʞʝ ʙʳʣ ʦʮʝʥʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʅʘ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ɻ ʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣ̫ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʘʢʪʠʚʥʳʡ ʪʝʧʣʦʚʦʡ ʢʦʥʪʨʦʣʴ ï ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʠ ʜʚʫʩʪʦʨʦʥʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʧʝʨʚʦʤ ɻ ʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʟʥʘʪʴ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ 

ʢʦʤʧʦʟʠʪʥʘʷ ʢʝʨʘʤʠʢʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʜʣ ̫ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʪʝʧʣʦʚʦʤʫ 

ʢʦʥʪʨʦʣʶ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʜʦʙʥʳʭ ʪʠʧʦʚ ʢʝʨʘʤʠʢʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʜʣ ̫ʠʟʫʯʝʥʠʷ ʪʠʧʘ 

ʢʦʤʧʦʟʠʪʥʦʡ ʢʝʨʘʤʠʢʠ ʚ ʪʝʧʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʣʫʯʝʥʠʷ ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

ʊʘʢʞʝ ʮʝʣʴʶ ʵʪʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʨʫʙʦʢ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (7-

14 ʤʢʤ). 

ɺ ʩʦʩʪʘʚ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʠʣ ʊʝʧʣʦʚʠʟʦʨ NEC TH7800 ʩ 

ʨʘʟʨʝʝhʥʠʝʤ ʤʘʪʨʠʮʳ 320ʭ240 ʵʣʝʤʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʧʨʠʤʝʥʷʣʩʷ ʧʨʦʞʝʢʪʦʨ ʩ ʛʘʣʦʛʝʥʥʦʡ ʣʘʤʧʦʡ [6] ʩ ʟʘʱʠʪʥʳʤ ʩʪʝʢʣʦʤ 

ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ ʥʘ h ʪʘʪʠʚʝ. 

ɺ ʭʦʜʝ ʧʝʨʚʦʛʦ ɻ ʪʘʧʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʝʜʝʥʦ ʪʝʨʤʦʛʨʘʬʠʨʦʚʘʥʠʝ ʦʙʱʝʛʦ 

ʚʠʜʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʜʦ ʥʘʛʨʝʚʘ, ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ; ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ; 
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ʚ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ; ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ 

ʩʪʠʤʫʣʷʮʠʠ. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʲʝʤʢʘ ʩʘʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ 

ʩʪʠʤʫʣʷʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 155 Áʉ. ɺʨʝʤʷ ʧʨʦʛʨʝʚʘ 

ʠʩʪʦʯʥʠʢʘ ʩʪʠʤʫʣʷʮʠʠ ï 2 ʤʠʥʫʪʳ. ɺʨʝʤʷ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʮʳ ï 3 

ʤʠʥʫʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʤʝʱʝʥʠʠ ï 24 Áʉ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʦʙʨʘʟʮʦʚ ï 

500 ʤʤ. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʨʤʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ GORATEC Thermography Studio (version 

5.1.0.921). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʜʣ ̫ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ [6], ʧʨʠ ʢʦʪʦʨʦʤ 

ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʩʨʝʜʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ɺ ɻ ʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʊʝʧʣʦʚʠʟʦʨ FLIR T620bx ʩ ʨʘʟʨʝʰʝʥʠʝʤ 640ʭ480 ɻ ʣʝʤʝʥʪʦʚ. ʀʩʪʦʯʥʠʢ ʪʝʧʣʦʚʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʦʩʪʘʣʩʷ ʧʨʝʞʥʠʡ, ʢʘʢ ʠ ʥʘ ʧʝʨʚʦʤ ɻ ʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʭʦʜʝ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʝʜʝʥʦ ʪʝʨʤʦʛʨʘʬʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʦʙʨʘʟʮʦʚ ʩ 

ʜʝʬʝʢʪʘʤʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ï ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ, ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʷ ʩʲʝʤʢʠ, ʪʘʢ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʩʪʠʤʫʣʷʮʠʠ ʩʦʩʪʘʚʠʣʘ 

160 Áʉ. ɺʨʝʤʷ ʧʨʦʛʨʝʚʘ ʠʩʪʦʯʥʠʢʘ ʩʪʠʤʫʣʷʮʠʠ ï 3 ʤʠʥʫʪʳ. ɺʨʝʤʷ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʮʳ ʚ ʢʘʞʜʦʤ ɻ ʢʩʧʝʨʠʤʝʥʪʝ ï 3 ʤʠʥʫʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʦʤʝʱʝʥʠʠ ï 23 Áʉ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʦʙʨʘʟʮʦʚ ï 400 ʤʤ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʚʫʩʪʦʨʦʥʥʠʡ ʤʝʪʦʜ 

ʪʝʧʣʦʚʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ [7], ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ ʠ ʩʨʝʜʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ 

ʩʪʠʤʫʣʷʮʠʠ, ʚʚʦʜʠʤʦʛʦ ʚʥʫʪʨʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʧʠʨʘʣʴʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 230 Áʉ ʜʦ 340 Áʉ. ʅʘʛʨʝʚʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʥʘʚʠʪʫʶ ʥʘ ʦʛʥʝʫʧʦʨʥʳʡ ʮʠʣʠʥʜʨ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʧʠʨʘʣʴ, ʧʦ ʢʦʪʦʨʦʡ 

ʧʨʦʧʫʩʢʘʣʩʷ ʪʦʢ, ʨʝʛʫʣʠʨʫʝʤʳʡ ʨʝʦʩʪʘʪʦʤ. ɺʨʝʤʷ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʙʨʘʟʮʳ ʚ ʢʘʞʜʦʤ ɻ ʢʩʧʝʨʠʤʝʥʪʝ ʩʦʩʪʘʚʣʷʣʦ ʜʦ 3 ʤʠʥʫʪ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʳʭ 

ʧʦʣʝʡ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ FLIR T620bx ʧʨʠ ʜʠʩʪʘʥʮʠʠ ʥʘʙʣʶʜʝʥʠʷ 300 ʤʤ. ʆʙʨʘʙʦʪʢʘ 

ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʨʤʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Flir QuickReport 1.2 SP2 (ʚʝʨʩʠʷ 1.0.1.217). 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʘʥʘʣʠʟʫ ʪʝʨʤʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ɻ ʪʘʧʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʙʣʠʟʢʦʝ ʥʘʭʦʞʜʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʩ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʦʡ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 
ʧʦʷʚʣʝʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʣʠʢʦʚ ʦʪ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʦ ʧʨʠ 
ʵʪʦʤ ʥʘ ʦʙʨʘʟʮʘʭ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ,  ʧʦʷʚʠʣʩʷ 

ʙʣʠʢ ï ʧʨʷʤʦʝ ʦʪʨʘʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʝʨʘʪʦʨʘ. ʇʦʚʳʰʝʥʠʝ 

ʚʠʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ɻ ʪʠʭ ʫʯʘʩʪʢʘʭ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 3 Áʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʦʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʙʣʠʢʠ ʦʪ 
ʚʳʩʦʢʦʥʘʛʨʝʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʣʝʛʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ 

ʠ ʤʦʛʫʪ ʬʠʣʴʪʨʦʚʘʪʴʩʷ ʥʘ ʬʦʥʝ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʤ ʪʝʧʣʦʚʳʭ ʘʥʦʤʘʣʠʡ. 

ʇʦʩʣʝ ʩʥʷʪʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʘʥʘʣʠʟʫ ʪʝʨʤʦʛʨʘʤʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 
ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʦʚ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʚʝʨʥʫʣʘʩʴ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʏʪʦ 
ʛʦʚʦʨʠʪ ʦ ʙʳʩʪʨʦʤ ʦʩʪʳʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʭʦʨʦʰʦ 

ʦʪʜʘʶʱʠʭ ʩʚʦʝ ʪʝʧʣʦ ʦʢʨʫʞʘʶʱʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ï ʚʥʫʪʨʝʥʥʝʡ ʠ 
ʚʥʝʰʥʝʡ. 

ʆʮʝʥʝʥʥʳʡ ʧʦ ʘʥʘʣʠʟʫ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ e ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 0,97. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʠ 
ʦʮʝʥʦʯʥʳʤ. ʅʦ, ʚ ʪʦʞʝ ʚʨʝʤʷ, ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 
ʧʨʠʛʦʜʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʨʠʩʪʦʡ ʢʝʨʘʤʠʢʠ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ) ʜʣ ̫
ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ [5]. 

ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʛʨʘʤʤ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 
ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʪʝʧʣʦʚʠʟʦʨʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʬʨʘʢʨʘʩʥʘʷ ʢʘʤʝʨʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 640ʭ480 

ʵʣʝʤʝʥʪʦʚ. 

ɸʥʘʣʠʟʠʨʫʷ ʪʝʨʤʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʩʪʠʤʫʣʷʮʠʠ ʟʦʥʳ ʜʝʬʝʢʪʦʚ ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʪʝʨʤʦʠʟʦʙʨʘʞʝʥʠʷʭ. ʈʘʟʥʠʮʘ 

ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʦʥʘ ʠ ʦʙʨʘʟʮʘʤʠ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 1Áʉ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʣʠʰʴ ʢʦʥʪʫʨʳ ʦʙʨʘʟʮʦʚ.  

ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʞʝ ʠʩʪʦʯʥʠʢʝ ʪʝʧʣʦʚʦʡ ʩʪʠʤʫʣʷʮʠʠ ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʟʦʥʳ ʜʝʬʝʢʪʦʚ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʩʲʝʤʢʠ ʪʘʢʞʝ ʥʝ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ. 

ʀ, ʪʦʣʴʢʦ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ ʬʨʘʛʤʝʥʪʘ ʦʙʨʘʟʮʘ ̄ 4 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 
ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ ʚ ʤʝʩʪʝ ʚʳʙʦʠʥʳ (ʧʦʨʳ) ʧʨʠʚʦʜʠʪ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʚʠʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ɻ ʪʦʡ ʦʙʣʘʩʪʠ (ʥʘ 5 Áʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ). 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʢʘʢ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʪʨʘʞʝʥʠʷ (ʬʘʢʪʠʯʝʩʢʠ ï ʠʟʤʝʥʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ) ʚ ɻ ʪʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʣʦʢʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʥʘ ɻ ʪʦʤ ʫʯʘʩʪʢʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʪʝʨʤʦʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʦʙʨʘʟʮʦʚ ʩ ʜʝʬʝʢʪʘʤʠ: 
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- ʚʳʙʦʠʥʘ (ʧʦʨʘ) ʨʘʟʤʝʨʦʤ 0,7ʭ1,4 ʤʤ ʛʣʫʙʠʥʦʡ 1 ʤʤ ʥʘ ʦʙʨʘʟʮʝ ̄ 4 (ʨʠʩ. 1) 
ï  ʦʙʥʘʨʫʞʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝ ʚʭʦʜʠʣʦ ʚ ʮʝʣʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘ; 

- ʧʨʦʜʦʣʴʥʳʡ ʥʘʧʣʳʚ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚʳʙʦʠʥʳ (çʚʤʷʪʠʥʳè) ʨʘʟʤʝʨʦʤ 1 
ʤʤ ʛʣʫʙʠʥʦʡ 0,2 ʤʤ ʥʘ ʦʙʨʘʟʮʝ ̄ 4 ï  ʦʙʥʘʨʫʞʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝ ʚʭʦʜʠʣʦ ʚ 
ʮʝʣʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘ; 

- ʬʨʘʛʤʝʥʪ ʦʙʨʘʟʮʘ ̄ 4 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʚʠʜʝ ʧʘʟʘ (ʮʘʨʘʧʠʥʳ) 

ʰʠʨʠʥʦʡ 1 ʤʤ, ʜʣʠʥʦʡ 30 ʤʤ, ʛʣʫʙʠʥʦʡ 1,5 ʤʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʪʨʫʙʢʠ  ï 
ʜʝʬʝʢʪ ʥʝ ʦʙʥʘʨʫʞʝʥ; 

- ʦʙʨʘʟʝʮ ̄ 1 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʚʦʟʥʦʡ 
ʪʨʝʱʠʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʦʙʨʘʟʮʘ (ʨʠʩ. 2), ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʠʤʝʝʪ 

ʢʦʥʪʘʢʪ ʩ ʦʙʨʘʟʮʦʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ,  ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʥʘʛʨʝʚʘ; 

- ʦʙʨʘʟʝʮ ̄ 1 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʚʦʟʥʦʡ 

ʪʨʝʱʠʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʦʙʨʘʟʮʘ, ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʥʝ ʠʤʝʝʪ 

ʢʦʥʪʘʢʪʘ ʩ ʦʙʨʘʟʮʦʤ, ʟʘʚʝʨʰʘʶʱʘʷ ʩʪʘʜʠʷ ʥʘʛʨʝʚʘ; 

- ʦʙʨʘʟʝʮ ̄ 1 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʚʦʟʥʦʡ 

ʪʨʝʱʠʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʦʙʨʘʟʮʘ, ʠʩʪʦʯʥʠʢ ʥʘʛʨʝʚʘ ʫʙʨʘʥ ʠʟ ʦʙʨʘʟʮʘ ï ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ; 

- ʬʨʘʛʤʝʥʪ ʦʙʨʘʟʮʘ ˉ2 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʚʠʜʝ ʩʢʚʦʟʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 0,3 ʤʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʤʤ ʦʪ ʪʦʨʮʘ ʪʨʫʙʢʠ (ʨʠʩ. 3); 

- ʬʨʘʛʤʝʥʪ ʦʙʨʘʟʮʘ ̄ 3 ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʚʠʜʝ ʧʘʟʘ (ʧʨʦʧʠʣʘ) 

ʰʠʨʠʥʦʡ 3 ʤʤ, ʜʣʠʥʦʡ 30 ʤʤ, ʛʣʫʙʠʥʦʡ 1,5 ʤʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʪʨʫʙʢʠ  ï 
ʜʝʬʝʢʪ ʥʝ ʦʙʥʘʨʫʞʝʥ; 

ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ɻ ʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ 

ʪʝʧʣʦʚʦʡ ʩʪʠʤʫʣʷʮʠʠ.  

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʨʤʦʛʨʘʤʤʘ  ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ˉ4, ʛʣʫʙʦʢʘʷ ʚʳʙʦʠʥʘ 
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ʈʠʩʫʥʦʢ 2 ï ʊʝʨʤʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ˉ1 ʩ ʧʨʦʜʦʣʴʥʦʡ ʩʢʚʦʟʥʦʡ ʪʨʝʱʠʥʦʡ ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʊʝʨʤʦʛʨʘʤʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ˉ2, ʩʢʚʦʟʥʘʷ ʧʦʨʘ 0,3 ʤʤ 
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ɸʥʘʣʠʟʠʨʫʷ ʪʝʨʤʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ̄ 3 ʠ ̄ 4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʧʨʠ ʜʚʫʩʪʦʨʦʥʥʝʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʨʦʣʝ ʧʦʜʦʙʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ ʪʠʧʘ ʫʪʦʥʝʥʠʷ ʩʪʝʥʢʠ ʜʦ 50% ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʜʘʥʥʦʤ ɻ ʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʚʠʜʥʳ ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ: ʝʩʪʝʩʪʚʝʥʥʳʡ ʜʝʬʝʢʪ ʚ ʚʠʜʝ ʧʘʟʘ 

(ʮʘʨʘʧʠʥʳ) h ʠʨʠʥʦʡ 1 ʤʤ, ʜʣʠʥʦʡ 30 ʤʤ, ʛʣʫʙʠʥʦʡ 1,5 ʤʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ 

ʪʨʫʙʢʠ, ʘ ʪʘʢʞʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʜʝʬʝʢʪ ʚ ʚʠʜʝ ʧʘʟʘ (ʧʨʦʧʠʣʘ) h ʠʨʠʥʦʡ 3 ʤʤ, 

ʜʣʠʥʦʡ 30 ʤʤ, ʛʣʫʙʠʥʦʡ 1,5 ʤʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʪʨʫʙʢʠ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʚʠʜ ʜʝʬʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ ʩ 

ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʩʭʝʤ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ [8] ʧʨʠ ʠʩʧʦʣʟɹʦʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ, 

ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ [6], ʘ ʪʘʢʞʝ ʮʠʢʣʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʪʝʧʣʦʚʦʡ 

ʩʪʠʤʫʣʷʮʠʠ [9]. 

ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʛʨʘʤʤʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 1, ʦʙʥʘʨʫʞʝʥʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝ 

ʚʭʦʜʠʣʦ ʚ ʮʝʣʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʳʙʦʠʥʘ (ʨʘʟʤʝʨ 0,7ʭ1,4 ʤʤ, 

ʛʣʫʙʠʥʘ 1 ʤʤ), ʠʤʝʶʱʘʷ ʧʦʚʳʰʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (ʨʠʩ. 1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ ʥʘ 

9 Áʉ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ ʚ ʝʝ ʧʦʣʦʩʪʠ 

(ʘʥʘʣʦʛ ɸʏʊ) ʠ ʫʤʝʥʴʰʝʥʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ. ɸ ʪʘʢʞʝ ʥʝʛʣʫʙʦʢʠʝ çʚʤʷʪʠʥʳè 

ʨʘʟʤʝʨʦʤ 1 ʤʤ, ʛʣʫʙʠʥʦʡ ʜʦ 0,2 ʤʤ ʠ ʥʘʧʣʳʚ ʤʘʪʝʨʠʘʣʘ (ʦʙʨʘʟʝʮ ̄ 4), ʧʦʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ ʩʦʩʪʘʚʠʣʦ ʜʦ 12 Áʉ, ʯʪʦ ʚʳʟʚʘʥʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʢʘʢ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʥʘ ʚʦʟʜʫʭʝ ʚ ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʇʦ ʘʥʘʣʠʟʫ ʪʝʨʤʦʛʨʘʤʤ ʥʘ ʨʠʩ. 2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʩʢʚʦʟʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʪʨʝʱʠʥʳ. 

ʅʘʠʣʫʯʰʠʡ ʪʝʧʣʦʚʦʡ ʢʦʥʪʨʘʩʪ 8 Áʉ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ ʚ 

ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʥʘʛʨʝʚʘʪʝʣʷ ʩ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʦʙʨʘʟʮʘ (ʨʠʩ. 2), ʢʦʛʜʘ ʤʘʪʝʨʠʘʣ ʧʦ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʠʤʝʝʪ ʨʘʟʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʪʝʧʣʦʚʘʷ ʚʦʣʥʘ 

ʥʝ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʪʨʝʱʠʥʳ. ʅʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʪʘʢʪʘ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ ʪʨʝʱʠʥʘ ʪʘʢʞʝ ʚʳʷʚʣʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ɻ ʪʦʤ ʩʣʫʯʘʝ 

ʦʥʘ ʧʨʦʜʦʣʞʘʝʪ ̫ ʚʣʷʪʴʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣ ̫ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʘ ʧʨʠ ʥʘʛʨʝʚʝ/ʦʩʪʳʚʘʥʠʠ ʦʙʨʘʟʮʘ. ʇʨʠ ɻ ʪʦʤ ʪʘʢʞʝ ʠʛʨʘʝʪ ʨʦʣʴ ʥʝʚʳʩʦʢʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ. 

ʇʦ ʘʥʘʣʠʟʫ ʪʝʨʤʦʛʨʘʤʤʳ ʥʘ ʨʠʩ. 3, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʢʦʥʪʨʦʣʝ ʦʙʨʘʟʮʘ ʩʦ 

ʩʢʚʦʟʥʦʡ ʧʦʨʦʡ 0,3 ʤʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ɻ ʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ 

ʫʚʝʨʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʘ ʪʠʧʘ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʇʨʠ ɻ ʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʧʝʨʝʧʘʜ ʤʝʞʜʫ ʜʝʬʝʢʪʦʤ ʠ ʬʦʥʦʤ ʩʦʩʪʘʚʠʣ ʧʦʨʷʜʢʘ 60 Áʉ, ʯʪʦ ̫ ʚʣʷʝʪʩʷ ʜʘʞʝ 

ʠʟʙʳʪʦʯʥʳʤ ʜʣ ̫ʬʠʢʩʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʩʨʝʜʩʪʚ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʣʘʩʪʠ ʦʪʚʝʨʩʪʠʷ 133,5 Áʉ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨ rʚʥʫʪʨʝʥʥʝʛʦ ʥʘʛʨʝʚʘʪʝʣʷ 240 Áʉ, ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʪ ʧʨʷʤʦʛʦ ʧʨʦʩʚʝʯʠʚʘʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ, ʘ ʠʤʝʝʪ ʤʝʩʪʦ ʨʷʜ ʦʪʨʘʞʝʥʠʡ ʦʪ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ. 

ɸ ʪʘʢʞʝ, ʚ ʩʠʣʫ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʦʪʚʝʨʩʪʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʢʘʤʝʨʳ 

ʦʪ ʦʙʨʘʟʮʘ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪʚʝʨʩʪʠʷ ʧʨʦʝʮʠʨʫʝʪʩʷ ʪʦʣɹʢʦ ʥʘ ʯʘʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ ʪʝʧʣʦʚʠʟʦʨʘ. ʇʦʜʨʦʙʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʨʷʜʘ ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʷʝʤʦʩʪʠ ʜʝʬʝʢʪʦʚ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʳʷʚʣʷʝʤʦʩʪʴ ʜʝʬʝʢʪʦʚ 

ɼʝʬʝʢʪ 
ʆʜʥʦʩʪʦʨʦʥʥʠʡ ʪʝʧʣʦʚʦʡ 

ʢʦʥʪʨʦʣʴ 

ɼʚʫʩʪʦʨʦʥʥʠʡ ʪʝʧʣʦʚʦʡ 

ʢʦʥʪʨʦʣʴ 

ʇʨʦʜʦʣʴʥʘʷ 

ʩʢʚʦʟʥʘʷ ʪʨʝʱʠʥʘ 
ʥʝ ʦʙʥʘʨʫʞʝʥʘ 

ʦʙʥʘʨʫʞʝʥʘ 

DT* = 8 ̄ʉ 

ʆʪʚʝʨʩʪʠʝ (ʩʚʠʱ) 

0,3ʤʤ 
ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʦʙʥʘʨʫʞʝʥʦ 

DT = 60 ̄ʉ 

ʇʘʟ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʦʨʦʥʝ 
ʥʝ ʦʙʥʘʨʫʞʝʥ 

ʥʝ ʦʙʥʘʨʫʞʝʥ 

 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ï 
ʧʦʨʘ (ʚʳʙʦʠʥʘ) 

ʦʙʥʘʨʫʞʝʥʘ 

DT = 7 ̄ʉ 

ʦʙʥʘʨʫʞʝʥʘ 

DT = 9 ̄ʉ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ï 
ʥʘʧʣʳʚ 

ʥʝ ʦʙʥʘʨʫʞʝʥʘ 
ʦʙʥʘʨʫʞʝʥʘ 

DT = 12 ̄ʉ 

*ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ ʤʝʞʜʫ ʟʦʥʦʡ ʜʝʬʝʢʪʘ ʠ ʬʦʥʦʤ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʨʠʩʪʳʭ ʢʦʨʫʥʜʦ-ʮʠʨʢʦʥʠʝʚʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʨʫʙʯʘʪʳʭ ʦʙʨʘʟʮʦʚ, ʦʮʝʥʝʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʟʜʝʡʩʪʚʠ ̫ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʧʨʦʞʝʢʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʤʝʥʠʤʘ ʜʣ ̫ʢʦʥʪʨʦʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʠʟʜʝʣʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʘʢʪʠʚʥʦʛʦ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʪʝʧʣʦʚʦʛʦ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʩʚʠʱʝʡ ʠ ʪʨʝʱʠʥ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ ʜʝʬʝʢʪʳ ʦʪʯʝʪʣʠʚʦ ʚʳʷʚʣʷʶʪʩʷ, ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʠʟʦʙʨʘʞʝʥʠʡ ʠʟʜʝʣʠʡ ʜʦʩʪʘʪʦʯʥʦ ʪʝʭʥʦʣʦʛʠʯʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʬʝʢʪʦʩʢʦʧʠʶ ʚ ʧʦʪʦʢʝ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʨʠʩʪʳʭ ʜʠʘʬʨʘʛʤ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣ ̫

ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ. 
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ʅʀɿʂʆʇʈʆʌʀʃʔʅɸʗ ʑɽʃɽɺɸʗ ɸʅʊɽʅʅɸ ʀʅʊɽɻʈʀʈʆɺɸʅʅɸʗ ʉ 

ʉʆʃʅɽʏʅʆʁ ʇɸʅɽʃʔʖ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʟʢʦʧʨʦʬʠʣʴʥʘʷ ʱʝʣʝʚʘʷ ʚʦʣʥʦʚʦʜʥʘʷ ʘʥʪʝʥʥʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʚʷʟʴ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʤʝʥʷʝʤʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʘ ʦʙʣʘʜʘʝʪ ʨʝʟʦʥʘʥʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 

11.6 ɻɻʮ ʠ 14.25 ɻɻʮ; ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʂʅɼ. ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʝʥʥ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ 

ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʱʝʣʝʚʘʷ ʘʥʪʝʥʥʘ, ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ. 

 

Abstract. The article discusses a low-profile slotted waveguide antenna installed in a structure 

of solar panels, which allows communication in hard-to-reach regions, as well as ensuring power supply 

through the use of solar energy. The antenna used in the design has resonant frequencies of 11.6 GHz 

and 14.25 GHz; high level of CPI. The use of antennas integrated into the solar panel allows achieving 

new technological and energy results to ensure communication in hard-to-reach regions. 

Keywords: slot antenna, solar panel.  

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ 

ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʩ ʥʠʟʢʠʤ ɻ ʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣ ̫

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠʣʠ ʤʦʥʠʪʦʨʠʥʛʘ ʞʠʟʥʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʨʛʘʥʠʟʤʘ. ɼʦʩʪʫʧ ʢ ʩʠʩʪʝʤʘʤ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʜʠʦʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʙʠʨʘʪʴ ʵʥʝʨʛʠʶ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨ ʠ ʩʥʠʞʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʆʜʥʘʢʦ, ʧʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʯʘʩʪʦ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ɻ ʣʝʤʝʥʪʦʚ ʠ ʘʥʪʝʥʥ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʟʘʠʤʥʳʤ 

ʚʣʠʷʥʠʝʤ. 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ̫ ʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʘʥʪʝʥʥ ʩ ʩʦʣʥʝʯʥʳʤʠ ɻ ʣʝʤʝʥʪʘʤʠ, 

ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʤʘʷ ʚ ʦʜʥʦʡ ʠʟ ʧʷʪʠ ʬʦʨʤ: 

1. ʉʦʣʥʝʯʥʳʡ ɻ ʣʝʤʝʥʪ ʧʨʦʩʪʦ ʨʘʩʧʦʣʦʞʝʥ ʥʘʜ ʠʟʣʫʯʘʶʱʠʤ ɻ ʣʝʤʝʥʪʦʤ ʠʣʠ 

ʥʘʜ ʟʘʟʝʤʣʷʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ, ʦʩʪʘʚʣʷʷ ʥʝʢʦʪʦʨʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʘʥʪʝʥʥʳ 

ʜʣ ̫ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ.  

2. ʉʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʠʩʧʦʣʴʟʫʝʤʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʳ ʜʣ ̫ʘʥʪʝʥʥʳ, 

ʥʘʧʨʠʤʝʨ, ʩʣʫʞʠʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʦʪʨʘʞʘʪʝʣʝʤ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ 
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ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʚʳʩʦʢʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʘʪʨʫʜʥʷʶʪ ʧʦʜʜʝʨʞʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

3. ʉʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʘʥʪʝʥʥʳ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʚʝʩ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ. ʅʝʜʦʩʪʘʪʢʦʤ ̫ ʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʟʘʟʝʤʣʝʥʠʷ. 

4. ʉʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʟʝʤʣʝʥʠ ̫ ʜʣ ̫

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʟʘʪʝʥʝʥʠʝ ʘʥʪʝʥʥʦʡ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʝʛʦ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʤʦʞʝʪ 

ʟʘʪʨʫʜʥʠʪʴ ʩʦʛʣʘʩʦʚʘʥʠʝ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʪʨʘʢʪʘ. 

5. ʇʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʦʣʥʝʯʥʘʷ ʘʥʪʝʥʥʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʣʥʝʯʥʳʡ 

ʵʣʝʤʝʥʪ ʦʙʨʘʟʫʝʪ ʠʟʣʫʯʘʶʱʠʡ ɻ ʣʝʤʝʥʪ; ʧʨʠ ɻ ʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ 

ʜʣ ̫ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʂʦʤʧʨʦʤʠʩʩʥʳʤ ʨʝʰʝʥʠʝʤ ̫ ʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠ ʘʥʪʝʥʥʦʡ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. ʕʪʦ ʨʝʰʝʥʠʝ ʚʳʛʣʷʜʠʪ 

ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠ ʚʝʩʘ ʫʩʪʨʦʡʩʪʚʘ. 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʠʟʢʦʧʨʦʬʠʣʴʥʘʷ 

ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʘʥʪʝʥʥʘ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʘʷ ʜʣ ̫ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣ ̫ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʅʠʟʢʦʧʨʦʬʠʣʴʥʘʷ ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʘʥʪʝʥʥʘ 
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ʅʠʟʢʦʧʨʦʬʠʣʴʥʘʷ ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘ ʩʦʩʪʦʠʪ ʠʟ ʱʝʣʠ ʨʘʟʤʝʨʦʤ 

ʤʝʥʴʰʝ ʜʣʠʥ rʚʦʣʥʳ, ʦʢʨʫʞʝʥʥʦʡ ʛʦʬʨʠʨʦʚʘʥʥʳʤʠ ʧʨʦʨʝʟʷʤʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʧʨʦʚʦʜʷʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʝ. ɸʥʪʝʥʥʘ ʧʠʪʘʝʪʩʷ ʯʝʨʝʟ ʚʦʣʥʦʚʦʜ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʩ ʮʝʥʪʨʦʤ ʧʦʜ 

ʘʧʝʨʪʫʨʦʡ. ɼʣʠʥʥʘʷ ʛʨʘʥʴ ʘʧʝʨʪʫʨʳ, ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ 

ʯʘʩʪʦʪʫ, ʦʙʣʘʜʘʝʪ ʨʘʟʤʝʨʦʤ ~0,64ɚ0. ɺ ʩʘʤʦʡ ʢʦʤʧʘʢʪʥʦʡ ʠʩʧʦʣʥʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʘʥʪʝʥʥʳ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 3,3ɚ0. 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʪʝʥʥʘ ʟʘʧʠʪʳʚʘʣʘʩʴ ʯʝʨʝʟ 

ʩʪʘʥʜʘʨʪʥʳʡ ʚʦʣʥʦʚʦʜʥʳʡ ʧʦʨʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʘ ʙʫʜʝʪ ʣʠʙʦ 

ʧʦʜʢʣʶʯʝʥʘ ʢ ʚʦʣʥʦʚʦʜʫ, ʣʠʙʦ ʟʘʧʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʘʢʩʠʘʣʴʥʦ-ʚʦʣʥʦʚʦʜʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. 

ʄʦʱʥʦʩʪʴ ʧʦʜʚʦʜʠʪʩʷ ʢ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʝ ʯʝʨʝʟ ʧʨʷʤʦʫʛʦʣʴʥʳʡ 

ʚʦʣʥʦʚʦʜ ʩ ʧʦʤʦʱʴʶ TE10 ʤʦʜʳ. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ (ʛʣʫʙʠʥʘ ʘʧʝʨʪʫʨʳ) 

ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ. ʃʫʯ ʬʦʢʫʩʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʟʦʥʘʥʩʥʳʭ ʛʦʬʨ 

ʚ ʧʨʦʚʦʜʷʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʝ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ Ds~(2n + 1) ɚ/4, ʛʜʝ n = 0, 1, 2 ... . ʐʠʨʠʥʘ ʛʦʬʨ ʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʛʦʬʨʘʤʠ ʠ ʧʨʦʝʤʦʤ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʘʥʪʝʥʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠʤʝʨʥʦ 

10,5 ʜɹʠ ʧʨʠ h ʠʨʠʥʝ ʣʫʯʘ ʧʦ ʫʨʦʚʥʶ ʧʦʣʦʚʠʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʨʥʦ 34Á ʚ 

ʧʣʦʩʢʦʩʪʠ E ʠ 60Á ʚ ʧʣʦʩʢʦʩʪʠ H ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ (ʨʠʩ. 2). ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʛʦʬʨ ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʠʣʝʥʠʝ ʠ ʚʳʨʘʚʥʠʚʘʝʪ ʣʫʯ ʚ ɽ-ʧʣʦʩʢʦʩʪʠ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʛʦʬʨ ʜʦ ʟʥʘʯʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ 5, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʩʝʚʦʛʦ 

ʫʩʠʣʝʥʠʷ ʠ ʙʦʣʝʝ ʢʘʨʜʠʦʠʜʥʦʡ ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʜʠʥʦʯʥʦʡ ʥʠʟʢʦʧʨʦʬʠʣʴʥʦʡ ʱʝʣʝʚʦʡ 

ʘʥʪʝʥʥʳ 
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ʀʥʪʝʛʨʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʯʝʪʳʨʝʭ 

ʥʠʟʢʦʧʨʦʬʠʣʴʥʳʭ ʘʥʪʝʥʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʚ ʟʘʟʦʨʘʭ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ 

ʜʣ ̫ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʩʦʣʷʮʠʠ (ʨʠʩ. 3). ʇʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʧʠʪʢʠ 

ʘʥʪʝʥʥ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠʭ ʧʦʣʷʨʠʟʘʮʠʶ ʠʣʠ ʧʝʨʝʢʣʶʯʘʪʩʷ ʤʝʞʜʫ ʣʫʯʘʤʠ, 

ʫʣʫʯʰʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʀʥʪʝʛʨʘʮʠʷ ʘʥʪʝʥʥʳ ʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠ ʩʠʥʬʘʟʥʦʡ ʟʘʧʠʪʢʝ ʚʩʝʭ ʘʥʪʝʥʥʳʭ ɻ ʣʝʤʝʥʪʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ ʥʘ ʯʘʩʪʦʪʝ 

11,6 ɻɻʮ ʨʘʚʝʥ 11,6 ʜɹʠ, ʘ ʥʘ ʯʘʩʪʦʪʝ 14,25 ɻɻʮ ʨʘʚʝʥ 13,8 ʜɹʠ. ʇʨʠ ʟʘʧʠʪʢʝ 

ʘʥʪʝʥʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʩʦ ʩʜʚʠʛʦʤ ʬʘʟʳ 90 ʛʨʘʜʫʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʤ  r

ʤʦʞʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʘʥʪʝʥʥʳ. ʉʠʛʥʘʣʳ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʪʝʨʷʤ ʠʟ-ʟʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣ ̫ʩʠʩʪʝʤ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʤʦʙʠʣʴʥʘʷ ʩʚʷʟʴ, 

ʫʧʨʘʚʣʝʥʠʝ ɹʇʃɸ). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4 ï ɼʠʘʛʨʘʤʤ  rʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩ 

ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ: ʘ) 11,6 ɻɻʮ; ʙ) 14, 25 ɻɻʮ 

 

S-ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʘʥʪʝʥʥʳ ʩ ʬʠʜʝʨʥʳʤ ʪʨʘʢʪʦʤ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʝ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʰʝ -15 ʜɹ ʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪʘʭ ʘʥʪʝʥʥʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩ 

ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʴʶ. 

 

 

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʛʨʘʮʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʠ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʩʧʫʪʥʠʢʘʭ, ʪʘʢ ʢʘʢ ɻ ʪʦ ʧʦʟʚʦʣ̫ʝʪ ɻ ʢʦʥʦʤʠʪʴ ʤʝʩʪʦ. 
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ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʘʥʪʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʦʠʟʚʝʩʪʠ ʠʥʪʝʛʨʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ. ʉʦʚʤʝʩʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, ʘʥʪʝʥʥ ʠ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʝʟʝʨʚʥʦʝ ʧʠʪʘʥʠʝ ʚ ʩʣʫʯʘʝ ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ, ʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʟʝʨʚʥʦʤ ʧʠʪʘʥʠʠ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʫʣʠʯʥʳʭ ʬʦʥʘʨʝʡ, ʦʩʚʝʪʠʪʝʣʝʡ ʟʥʘʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 

(ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ). ʇʦʜʦʙʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʜʣ ̫ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʩʧʫʪʥʠʢʦʚʫʶ ʩʚʷʟʴ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʢʨʳʪʠʝ ʤʦʙʠʣʴʥʦʡ ʩʝʪʴʶ. ʊʘʢʞʝ ʢʨʫʧʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʥʘʨʥʳʭ ʘʥʪʝʥʥ ʜʣ ̫ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ ʩʝʪʝʡ 5G, ʪʘʢ 

ʢʘʢ ʘʥʪʝʥʥʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʪ ʤʝʥʴʰʫʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʋʇʈɸɺʃɽʅʀɽ ʈʀʉʂɸʄʀ ʂɸʃʀɹʈʆɺʆʏʅʆʁ ʃɸɹʆʈɸʊʆʈʀʀ  

ʂɸʂ ʀʅʅʆɺɸʎʀʆʅʅʓʁ ʇʆɼʍʆɼ ʂ ʄɽʅɽɼɾʄɽʅʊʋ ʂʆʄʇɸʅʀʀ  

ʆʆʆ çWEATHERFORDè 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʮʝʣʠ, ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʪʠʧʦʚʳʭ ʨʠʩʢʦʚ ʢʘʢ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʠ ʧʦʚʝʨʢʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʩʢ; ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ; ʠʜʝʥʪʠʬʠʢʘʮʠʷ; ʫʧʨʘʚʣʝʥʠʝ 

ʨʠʩʢʘʤʠ. 

 

Abstract. This article describes the goals, objectives, definition and analysis of typical risks as 

an innovative approach to management in the verification of measuring instruments in a metrological 

laboratory. 

Keywords: risk; calibration laboratory; identification; management of risks. 

 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʦʤ ï ʵʪʦ ʚʘʞʥʘʷ ʯʘʩʪʴ ʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʣʶʙʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ, ʢʦʪʦʨʦʝ ʩʪʨʝʤʠʪʴʩʷ ʚʳʞʠʪʴ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʩʚʦʶ ʤʠʩʩʠʶ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ̫ ʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ. ʇʦʵʪʦʤʫ ʤʝʥʝʜʞʤʝʥʪ ʨʠʩʢʘ 

ʚʥʝʜʨʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ. 

ʈʠʩʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʚʩʝʛʜʘ ̫ ʨʢʦ ʚʳʨʘʞʝʥʳ ʠ ʣʝʛʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʬʘʢʪʦʨʳ. ɺ ʩʚʷʟʠ ʩ ɻ ʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ 

ʘʥʘʣʠʟ ʪʠʧʦʚʳʭ ʨʠʩʢʦʚ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʉ, ʦʧʨʝʜʝʣʷʝʪ ʧʫʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʠʪʫʘʮʠʷʤ [1]. ʈʝʟʫʣʴʪʘʪʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʨʠʩʢʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ɻ ʪʘʧʘʭ ʧʦʚʝʨʢʠ ʉʀ. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ. ʈʘʟʙʝʨʸʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʘʞʜʫʶ ʩʪʘʜʠʶ.   

1. ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

ʇʦʜ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʮʝʩʩ/ʛʨʫʧʧʘ 

ʧʨʦʮʝʩʩʦʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʧʨʦʮʝʜʫʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ. ɺ ʅʘʰʝʤ ʩʣʫʯʘʝ ʟʘ ʦʙʲʝʢʪʦʤ ʙʫʜʝʪ ̫ ʚʣʷʪʴʩʷ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧʳ ʚʥʫʪʨʝʥʥʠʭ ɻ ʢʩʧʝʨʪʦʚ. ɺʳʙʦʨ ʯʣʝʥʦʚ ʛʨʫʧʧʳ 

ʵʢʩʧʝʨʪʦʚ ̫ ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʨʠʩʢʘʤʠ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʨʫʧʧʘ ʚʥʫʪʨʝʥʥʠʭ ɻ ʢʩʧʝʨʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʠʩʢʠ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʳ ʠʣʠ ʩʥʠʞʝʥʳ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ, 

ʚʳʷʚʣʷʝʪ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɻ ʪʠʭ ʨʠʩʢʦʚ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ 

ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ ʚʳʷʚʣʝʥʥʳʭ ʠ ʦʮʝʥʝʥʥʳʭ ʨʠʩʢʦʚ, ʯʣʝʥʳ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʝʪʝʥʪʥʳ ʠ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʦʩʚʝʜʦʤʣʝʥʳ ʚ 

ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʳʭ ʚʨʝʤʝʥʥʳʭ, 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʜʣ ̫ɻ ʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

4. ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʨʠʩʢʘ. ɼʣ ̫ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʨʠʪʠʯʥʦʩʪʠ 

ʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʨʠʩʢʘ ï RPN ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ, ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʨʠʩʢʘ. ʇʦʢʘʟʘʪʝʣʠ ʜʣ ̫ʨʘʩʯʝʪʘ RPN ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʧʦ 10-ʙʘʣʣʴʥʦʡ h ʢʘʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, RPN ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 1000. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʢʨʠʪʠʯʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʳʷʚʣʝʥʥʦʛʦ ʨʠʩʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʥʞʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʫʯʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ ʨʠʩʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ɻ ʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ. 

5. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʨʠʩʢʘ. ʕʪʦ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʨʠʩʢʦʚ, ʩʦʙʳʪʠʡ ʠʭ ʧʨʠʯʠʥ ʠ ʚʦʟʤʦʞʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. ʎʝʣʴ ʜʘʥʥʦʛʦ ɻ ʪʘʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʧʝʨʝʯʥ ̫ʨʠʩʢʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭ ʩʦʙʳʪʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ, ʧʦʚʳʰʘʪʴ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ, 

ʩʥʠʞʘʪʴ, ʫʩʢʦʨʷʪʴ ʠʣʠ ʟʘʜʝʨʞʠʚʘʪʴ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ̫ ʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʨʠʩʢ, ʢʦʪʦʨʳʡ ʥʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ, ʥʝ ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʚ ʙʫʜʫʱʠʡ ʘʥʘʣʠʟ. ɼʣ ̫ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʠʩʢʘʭ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ , ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ, ʤʝʪʦʜ ʤʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘ, FMEA-ʘʥʘʣʠʟ, ʤʝʪʦʜ ɼʝʣʴʬʠ, ʢʘʨʪʦʯʢʠ 

ʂʨʦʫʬʦʨʜʘ, ʤʝʪʦʜ çɻʘʣʩʪʫʢ-ʙʘʙʦʯʢʘè ʠ ʜʨ.) [2] ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʨʠʩʢʦʚ ʚ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ: ʤʝʪʦʜ ɻ ʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ï ʩʧʝʮʠʘʣʠʩʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʣʣʝʛʠʘʣʴʥʦ ʦʮʝʥʠʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʨʠʩʢʘ ʠ ʩʪʝʧʝʥʴ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ; ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ï ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣ ̫

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚ; ʤʝʪʦʜ ʤʦʟʛʦʚʦʛʦ h ʪʫʨʤʘ ï 

ʦʧʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʚʦʨʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʯʘʩʪʥʠʢʘʤ ʦʙʩʫʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʚʳʩʢʘʟʳʚʘʪ ɹʢʘʢ 

ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʠʩʢʦʚ. 

6. ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. ʉʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ ʩʨʝʜʳ (ʚʥʝʰʥʠʝ ʠ 

ʚʥʫʪʨʝʥʥʠʝ), ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʪʫ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʂ ʚʥʝʰʥʠʤ 
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ʦʪʥʦʩʷʪʩʷ ʬʘʢʪʦʨʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʠʨʦʜʥʳʝ, ʪʝʭʥʦʛʝʥʥʳʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪ.ʜ. ɺʥʫʪʨʝʥʥʠʝ 

ʬʘʢʪʦʨʳ ï ʵʪʦ ʧʨʠʯʠʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ.  

ʇʨʠʤʝʨʦʤ ʦʜʥʦʛʦ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʘʱʝʥʥʦʩʪʴ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʪʦ ʝʩʪʴ ʥʘʩʢʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʪʦʯʥʳʝ ʉʀ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʆʜʥʠʤ ʠʟ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʝʩʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ 

ʢʘʣʠʙʨʦʚʢʠ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʝʨʩʦʥʘʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʠ 

ʦʬʦʨʤʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. 

7. ɸʥʘʣʠʟ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥ,r ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ. 

ʊʨʝʙʦʚʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʢʘʟʳ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʚ ʩʪʘʥʜʘʨʪʘʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʤʝʪʦʜʠʢʘʭ ʧʦʚʝʨʢʠ ʉʀ ʠ 

ʜʨʫʛʠʭ. ɼʘʣʝʝ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʚʦ ʚʩʝʭ ʘʩʧʝʢʪʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʄʂ. ɺʦʟʤʦʞʥʳʝ ʫʯʘʩʪʥʠʢʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʦʨʛʘʥʳ ʚʣʘʩʪʠ 

(ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʈʌ, ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ, ʈʦʩʘʢʢʨʝʜʠʪʘʮʠʷ ʠ ʜʨ.); ʚr ʰʝʩʪʦʷʱʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ; ʮʝʥʪʨʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʠ; ʠʥʩʪʠʪʫʪʳ ʤʝʪʨʦʣʦʛʠʠ; 

ʧʨʝʜʧʨʠʷʪʠʷ-ʧʦʩʪʘʚʱʠʢʠ ʉʀ; ʨʘʙʦʪʥʠʢʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ: ʧʨʠʢʘʟʳ, ʩʪʘʥʜʘʨʪʳ ʦʨʛʘʥʠʟʘʮʠʡ, ʜʦʛʦʚʦʨʘ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ, 

ʧʨʠʢʘʟʳ, ʤʝʪʦʜʠʢʠ ʧʦʚʝʨʢʠ ʉʀ, ʩʪʘʥʜʘʨʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

8. ɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʨʠʩʢʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ 

ʠ ʠʭ ʪʨʝʙʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚʳʭ ʨʠʩʢʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɼʘʥʥʳʡ 

ʧʝʨʝʯʝʥʴ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʨʠʩʢʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣ ̫ʩʥʠʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʠʩʢʦʚ. ʇʨʠʤʝʨ ʧʝʨʝʯʥʷ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1.   
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ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨ ʧʝʨʝʯʥʷ ʪʠʧʦʚʳʭ ʨʠʩʢʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ 

ʧ/ʧ ʊʠʧʦʚʦʡ ʨʠʩʢ ɺʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ  

1 2 3 

1 ʈʠʩʢ 

ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ 

ʇʦʣʠʪʠʢʘ ʧʦ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ʠʣʠ 

ʟʘʷʚʣʝʥʠʝ ʦ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ʚ 

ʧʦʣʠʪʠʢʝ ʢʘʯʝʩʪʚʘ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ʚ ʢʦʥʪʝʢʩʪʝ ʘʥʘʣʠʟʘ 

ʩʦ ʩʪʦʨʦʥʳ ʨʫʢʦʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʚʢʣʶʯʝʥʠʝ ʦʙʩʫʞʜʝʥʠʡ ʠ ʨʝʰʝʥʠʡ ʚ 

ʧʨʦʪʦʢʦʣʳ ʟʘʩʝʜʘʥʠʡ. 

2 ʈʠʩʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʈʫʢʦʚʦʜʩʪʚʦ ʣʘʙʦʨʘʪʦʨʠʝʡ ʜʦʣʞʥʦ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ɹʚʩʝʭ, ʢʪʦ 

ʨʘʙʦʪʘʝʪ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʦʚʦʜʠʪ ʠʩʧʳʪʘʥʠʷ ʠ 

ʢʘʣʠʙʨʦʚʢʠ, ʦʮʝʥʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʧʦʜʧʠʩʳʚʘʝʪ ʦʪʯʝʪʳ ʦʙ ʠʩʧʳʪʘʥʠʷʭ ʠ 

ʩʝʨʪʠʬʠʢʘʪʳ ʢʘʣʠʙʨʦʚʦʢ. ɿʘ ʩʪʘʞʝʤ 

ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʜʟʦʨ.  

3 ʈʠʩʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʧʦʤʝʱʝʥʠʷ 

ʉʦʙʣʶʜʝʥʠʝ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ, 

ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʫʨʦʚʥʷ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʧʳʪʘʥʠʷ 

ʠ ʢʘʣʠʙʨʦʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʝʢʨʘʱʝʥʳ, ʝʩʣʠ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʧʦʜʚʝʨʛʘʶʪ ʩʦʤʥʝʥʠʶ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʠ/ʠʣʠ 

ʢʘʣʠʙʨʦʚʦʢ. 

4 ʈʠʩʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʙʦʪʳ ʩʦʦʪʥʝʩʪʠ 

ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʠʟʤʝʨʝʥʠʡ, ʠʤʝʪʴ ʧʨʦʮʝʜʫʨʳ 

ʦʙʨʘʱʝʥʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʝʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʭʨʘʥʝʥʠʷ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʣʘʥʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1               

1 2 3 

5 ʈʠʩʢ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʚʥʝʰʥʠʤʠ 

ʧʦʩʪʘʚʱʠʢʘʤʠ 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠ ʫʪʚʝʨʞʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʜʫʢʮʠʠ ʠ 

ʫʩʣʫʛʘʤ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʚʥʝʰʥʠʤʠ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʢʠʝ-

ʣʠʙʦ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʮʝʥʠʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʚʥʝʰʥʠʭ 

ʧʦʩʪʘʚʱʠʢʦʚ. 

6 ʈʠʩʢʠ, ʧʦʷʚʣʷʶʱʠʝʩʷ 

ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ 

ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉʦʙʣʶʜʘʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʝʨʘʮʠʠ 

ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, 

ʚʢʣʶʯʘʷ ʧʦʨʷʜʦʢ ʦʪʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʭʨʘʥʝʥʠʷ. 

7 ʇʨʠʤʝʥʝʥʠʝ 

ʫʩʪʘʨʝʚʰʠʭ ʤʝʪʦʜʦʚ ʠ 

ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʚ ʙʶʜʞʝʪ ʦʪʜʝʣʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʪʦʜʠʢ 

ʧʦʚʝʨʢʠ ʉʀ. ʋʥʠʬʠʢʘʮʠʷ ʧʨʦʪʦʢʦʣʦʚ 

ʧʦʚʝʨʢʠ ʉʀ (ʧʨʠʚʝʜʝʥʠʝ ʢ ʝʜʠʥʦʡ 

ʬʦʨʤʝ). 

8 ʈʠʩʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʵʪʘʣʦʥʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʨʝʧʣʝʥʠʡ/ʦʙʨʝʰʝʪʦʢ, ʦʮʝʥʢʘ 

ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʝʜ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʣʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʧʝʨʩʦʥʘʣʦʤ.  

9 ʈʠʩʢʠ ʦʰʠʙʦʢ 

ʦʬʦʨʤʣʝʥʠʷ 

ʧʨʦʪʦʢʦʣʦʚ ʢʘʣʠʙʨʦʚʢʠ  

ʇʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ. 

10 ʈʠʩʢ 

ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ 

ʵʪʘʣʦʥʦʚ 

ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʫʙʣʠʨʫʶʱʠʭ ʵʪʘʣʦʥʦʚ, 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʟʘʢʘʟʯʠʢʦʤ ʜʘʪʳ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ.  

 

ɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ. ɼʘʥʥʘʷ ʩʪʘʜʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʨʦʚʥʷ 

ʨʠʩʢʘ ʜʣ ̫ʢʘʞʜʦʡ ʚʳʷʚʣʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʚʣʠʷʶʱʝʡ ʥʘ ʧʨʦʮʝʩʩ. ɼʣ ̫

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʨʠʪʠʯʥʦʩʪʠ ʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʨʠʩʢʘ. 
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ʈʠʩʢʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: çʥʝʧʨʠʝʤʣʝʤʳʡ ʨʠʩʢè, 

çʢʨʠʪʠʯʝʩʢʠʡ ʨʠʩʢè, çʫʤʝʨʝʥʥʳʡ ʨʠʩʢè, çʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʠʩʢè, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ɻ ʪʘʧʘ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʪʝʭ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʳ ʠʣʠ ʩʥʠʞʝʥʳ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ. 

 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʠʩʢʦʚ 

ʧ/ʧ ʊʠʧʦʚʦʡ ʨʠʩʢ ɺʦʟʜʝʡʩʪʚʠʝ ɺʝʨʦʷʪʥʦʩʪʴ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʨʠʩʢʦʚ 

1 ʈʠʩʢ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ɿʥʘʯʠʪʝʣʴʥʦʝ ʉʨʝʜʥʷʷ 
ʂʨʠʪʠʯʝʩʢʠʡ  

ʨʠʩʢ 

2 ʈʠʩʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʂʨʠʪʠʯʝʩʢʦʝ ʅʠʟʢʘʷ 
ʂʨʠʪʠʯʝʩʢʠʡ  

ʨʠʩʢ 

3 
ʈʠʩʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʧʦʤʝʱʝʥʠʷ 
ʂʨʠʪʠʯʝʩʢʦʝ  ɺʳʩʦʢʘʷ 

ʅʝʧʨʠʝʤʣʝʤʳʡ  

ʨʠʩʢ 

4 ʈʠʩʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ɿʥʘʯʠʪʝʣʴʥʦʝ ʅʠʟʢʘʷ 
ʋʤʝʨʝʥʥʳʡ  

ʨʠʩʢ 

5 

ʈʠʩʢ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʚʥʝʰʥʠʤʠ 

ʧʦʩʪʘʚʱʠʢʘʤʠ 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʅʠʟʢʘʷ 
ʋʤʝʨʝʥʥʳʡ  

ʨʠʩʢ 

6 

ʈʠʩʢʠ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʚʦ 
ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʉʨʝʜʥʷʷ 
ʂʨʠʪʠʯʝʩʢʠʡ  

ʨʠʩʢ 

7 
ʇʨʠʤʝʥʝʥʠʝ ʫʩʪʘʨʝʚʰʠʭ 

ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ 
ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʆʯʝʥʴ 

ʥʠʟʢʘʷ 

ʋʤʝʨʝʥʥʳʡ  

ʨʠʩʢ 

8 
ʈʠʩʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʵʪʘʣʦʥʦʚ 
ʂʨʠʪʠʯʝʩʢʦʝ  

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 

ʅʝʧʨʠʝʤʣʝʤʳʡ  

ʨʠʩʢ 

9 
ʈʠʩʢʠ ʦʰʠʙʦʢ ʦʬʦʨʤʣʝʥʠʷ 

ʧʨʦʪʦʢʦʣʦʚ ʢʘʣʠʙʨʦʚʢʠ  
ʉʨʝʜʥʝʝ  ʅʠʟʢʘʷ 

ʋʤʝʨʝʥʥʳʡ  

ʨʠʩʢ 

10 
ʈʠʩʢ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ 

ʵʪʘʣʦʥʦʚ 
ʉʨʝʜʥʝʝ 

ʆʯʝʥʴ 

ʥʠʟʢʘʷ 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ  

ʨʠʩʢ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʨʠʩʢʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1[3]. 
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ʈʠʩʫʥʦʢ 1 ï ʄʘʪʨʠʮʘ ʨʠʩʢʦʚ 

 

ʈʠʩʢʠ, ʢʦʪʦʨʳʝ ʚʦʰʣʠ ʚ ʢʘʪʝʛʦʨʠʠ çʥʝʧʨʠʝʤʣʝʤʳʡ ʨʠʩʢè ʠ çʢʨʠʪʠʯʝʩʢʠʡ 

ʨʠʩʢè, ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʳ ʠʣʠ ʩʥʠʞʝʥʳ ʜʦ ʫʨʦʚʥʷ çʫʤʝʨʝʥʥʳʡ ʨʠʩʢè ʠ 

çʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʠʩʢè. 

ʄʦʥʠʪʦʨʠʥʛ ʨʠʩʢʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʝʞʝʛʦʜʥʦ ʩ 

ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʩʝʭ ʧʨʦʠʟʦʰʝʜʰʠʭ ʠʟʤʝʥʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ 

ʥʦʚʳʝ ʨʠʩʢʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʜʦʩʪʫʧʥʳʝ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪ.ʧ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ 

ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʦʪʨʘʩʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ɻ ʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʝʥʝʜʞʤʝʥʪʘ ʨʠʩʢʘ. ɺ ʮʝʣʷʭ ɻ ʬʬʝʢʪʠʚʥʦʡ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʜʣ ̫ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʢʠ ʉʀ ʥʝʦʙʭʦʜʠʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ: ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʢʘʢ ʚʥʝʰʥʠʝ, 

ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ ʩʨʝʜʳ, ʪʨʝʙʦʚʘʥʠ ̫ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚʳʭ ʨʠʩʢʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʧʦʤʦʞʝʪ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʩʣʫʞʙʘʤ ʦʮʝʥʠʪʴ ʩʚʦʠ ʨʠʩʢʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙʘʭ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʠ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʳ ʧʦʟʚʦʣʠʣ ʩʦʩʪʘʚʠʪʴ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚʳʭ ʨʠʩʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ 

ʜʣ ̫ʠʩʢʣʶʯʝʥʠʷ ʜʘʥʥʳʭ ʨʠʩʢʦʚ. ʉʦʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʦʨʠʪʝʪʳ ʪʝʭ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʳ ʠʣʠ 

ʩʥʠʞʝʥʳ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ. ɽʞʝʛʦʜʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʠʩʢʦʚ ʧʦʟʚʦʣʠʪ 

ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʨʠʩʢʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝʭ ʧʨʦʠʟʦʰʝʜʰʠʝ ʠʟʤʝʥʝʥʠʷ, 
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ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

1. ɻʆʉʊ ʀʉʆ/ʄʕʂ 17025ï2019. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ (ʇʝʨʝʠʟʜʘʥʠʝ) : ʜʘʪʘ ʚʚʝʜ. 2019ï

09ï01. ï ʄʦʩʢʚʘ : ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2019. ï URL: 
https://docs.cntd.ru/document/1200166732 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.04.2021). 

2. ʀʉʆ 9000ï2015. ʉʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʩʣʦʚʘʨʴ : ʜʘʪʘ ʚʚʝʜ. 2015ï11ï01. ï ʄʦʩʢʚʘ : ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2015. ï URL: 
http://docs.cntd.ru/document/1200124393 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.04.2021). 

3. ɻʆʉʊ ʈ ʀʉʆ 31000ï2019. ʄʝʥʝʜʞʤʝʥʪ ʨʠʩʢʘ. ʇʨʠʥʮʠʧʳ ʠ ʨʫʢʦʚʦʜʩʪʚʦ : ʜʘʪʘ 

ʚʚʝʜ. 2020ï03ï01. ï ʄʦʩʢʚʘ : ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2020. ï URL: 
http://docs.cntd.ru/document/1200170125 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.04.2021). 
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ʋɼʂ 621.039.5 

 

ɻʣʫʭʦʚ ʉ.ʄ., ʃʸʟʦʚ ɸ.ɼ., ʐʫʤʢʦʚ ɼ.ɽ., ʂʣʠʤʦʚʘ ɺ.ɸ., ʊʘʰʣʳʢʦʚ ʆ.ʃ. 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʇɸʉʉʀɺʅʆɻʆ ʆʊɺʆɼɸ ʊɽʇʃɸ ʆʊ 
ʐɸʍʊʓ-ʍʈɸʅʀʃʀʑɸ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʆɻʆ ʗɼɽʈʅʆɻʆ 

ʈɽɸʂʊʆʈɸ ʀɺɺ-2ʄ ʇʈʀ ʇʆʄʆʑʀ ʊɽʈʄʆʉʀʌʆʅʆɺ 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʯʝʪʘ 

ʤʦʱʥʦʩʪʠ ʦʩʪʘʪʦʯʥʳʭ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʦʪʨʘʙʦʪʘʚʰʠʭ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ (ʆʊɺʉ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʘʭʪʝ-ʭʨʘʥʠʣʠʱʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ 

ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ (ʪʝʨʤʦʩʠʬʦʥʦʚ). ɺʳʧʦʣʥʝʥʦ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʪʷʞʥʳʭ ʪʨʫʙ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ ʙʝʟ ʥʠʭ. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʘ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ ʧʨʠ ʨʘʟʥʳʭ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʘʪʦʯʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʆʊɺʉ, ʧʘʩʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʜʚʫʭʬʘʟʥʳʡ ʪʝʨʤʦʩʠʬʦʥ, ʚʳʪʷʞʥʳʝ ʪʨʫʙʳ, ʰʘʭʪʘ-ʭʨʘʥʠʣʠʱʝ. 

 

Abstract. Based on the calculation of the residual heat output capacity of spent fuel assemblies 

(SFAS) located in the storage shaft of a research nuclear installation, a scheme for heat removal using 

passive systems (thermosiphons) is proposed. Thermohydraulic simulation of the condensing part of 

thermosyphons is performed using stacks of various geometric shapes, as well as without them. The 

dependence of the heat transfer from the condensation part of the thermosiphon to the ambient air at 

different temperatures is obtained. 

Keywords: residual heat generation of SFAS, passive safety system, two-phase thermosiphon, 

stacks, storage pit. 

 

ɺʚʝʜʝʥʠʝ 

ɹʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʫʩʣʦʚʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ̫ ʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʠ ʥʘʩʝʣʝʥʠʷ [1]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʅʇ-033-11 çʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ̫ ʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢè, ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʗʋ 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʀʗʋ ʥʘ ʨʘʙʦʪʥʠʢʦʚ (ʧʝʨʩʦʥʘʣ), 

ʥʘʩʝʣʝʥʠʝ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʨʫʰʝʥʠʷʭ 

ʥʦʨʤʘʣʴʥʦʡ ɻ ʢʩʧʣʫʘʪʘʮʠʠ, ʚʢʣʶʯʘʷ ʘʚʘʨʠʠ. 

ɸʚʘʨʠʷ, ʧʨʦʠʟʦʰʝʜʰʘʷ 11 ʤʘʨʪʘ 2011 ʛ. ʥʘ ̫ʧʦʥʩʢʦʡ ɸʕʉ ʌʫʢʫʩʠʤʘ-1, 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʧʝʨʝʛʨʝʚʦʤ ʠ 

ʧʣʘʚʣʝʥʠʝʤ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʘʨʦʮʠʨʢʦʥʠʝʚʦʡ ʨʝʘʢʮʠʠ ʚʦʜʦʨʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʨʳʚʦʤ ʛʨʝʤʫʯʝʡ ʩʤʝʩʠ, 

ʚʳʟʚʘʚʰʠʤ ʧʦʞʘʨʳ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʟʨʳʚ ʩʪʘʣ 

ʧʨʠʯʠʥʦʡ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʭ ʩʠʩʪʝʤ ʰʪʘʪʥʦʛʦ ʠ ʘʚʘʨʠʡʥʦʛʦ 
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ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʩʪʘʥʮʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʩʧʣʘʚʣʝʥʠʶ ʘʢʪʠʚʥʳʭ ʟʦʥ ʪʨʝʭ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʶ ʦʪʨʘʙʦʪʘʚʰʠʭ ʊɺʉ ʚ ʙʘʩʩʝʡʥʘʭ ʚʳʜʝʨʞʢʠ. 

ɺʘʞʥʳʤ ʫʨʦʢʦʤ ɻ ʪʦʡ ʘʚʘʨʠʠ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʜʣ ̫ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʫʯʝʪʦʤ ʜʘʞʝ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ, ʧʨʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʯʠʪʘʝʪʩʷ ʢʨʘʡʥʝ ʤʘʣʦʚʝʨʦʷʪʥʳʤ. ʊʘʢʠʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɸʕʉ ʌʫʢʫʩʠʤʘ-1 ʩʯʠʪʘʣʦʩʴ ʧʦʣʥʦʝ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʦʙʝʩʪʦʯʠʚʘʥʠʝ ʵʥʝʨʛʦʙʣʦʢʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʩʦʙʳʪʠʝ 

ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʠʤ ʮʫʥʘʤʠ ʠ ʥʝʫʜʘʯʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʥʘ ʘʪʦʤʥʦʡ ɻ ʣʝʢʪʨʦʩʪʘʥʮʠʠ ʘʚʘʨʠʡʥʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ. 

ʇʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ɸʕʉ ʌʫʢʫʩʠʤʘ-1 ʧʨʦʠʟʦʰʣʦ ʢʘʨʜʠʥʘʣʴʥʦʝ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ̫ ʜʝʨʥʳʭ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʄɸɻɸʊʕ ʚʳʧʫʩʪʠʣʦ ʦʙʥʦʚʣʝʥʥʳʝ ʜʦʢʫʤʝʥʪʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ɸʕʉ. ɸʥʘʣʦʛʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʷʜʝʨʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʨʝʘʢʪʦʨ ʀɺɺ-2ʄ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʛʦʨʦʜʝ ɿʘʨʝʯʥʳʡ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʗʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʀʗʋ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʭʨʘʥʥʦʩʪʴʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʦʣʦʯʝʢ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʊɺʕʃ), ʢʘʢ ʧʨʠ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʘ, ʪʘʢ ʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʆʊɺʉ). ɼʣ ̫ʵʪʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʠʭ 

ʥʘʜʝʞʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʢʘʢ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ɻ ʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʚ 

ʘʚʘʨʠʡʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʪʝʨʝʡ ɻ ʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʀʗʋ ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʝʘʢʪʦʨ ʣʠʙʦ 

ʢʨʠʪʠʯʝʩʢʘʷ ʩʙʦʨʢʘ ʠʣʠ ʧʦʜʢʨʠʪʠʯʝʩʢʘʷ ʩʙʦʨʢʘ ʠ ʢʦʤʧʣʝʢʩ ʧʦʤʝʱʝʥʠʡ, ʩʠʩʪʝʤ, 

ʵʣʝʤʝʥʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ 

(ʧʝʨʩʦʥʘʣʦʤ), ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʝʢʪʦʤ ʪʝʨʨʠʪʦʨʠʠ 

(ʧʣʦʱʘʜʢʠ ʀʗʋ), ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣ ̫ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʪʨʦʥʦʚ ʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʷʭ. 

ʀɺɺ-2ʄ ï ʛʝʪʝʨʦʛʝʥʥʳʡ ʚʦʜʦ-ʚʦʜʷʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ̫ ʜʝʨʥʳʡ ʨʝʘʢʪʦʨ 

ʙʘʩʩʝʡʥʦʚʦʛʦ ʪʠʧʘ ʩ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʘʢʪʠʚʥʦʡ ʟʦʥʦʡ. ʈʝʘʢʪʦʨ ʨʘʙʦʪʘʝʪ ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʤʦʱʥʦʩʪʴʶ 15 ʄɺʪ. ɺ ʨʝʘʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪ 36 ʜʦ 42 

ʰʪʫʢ ʰʝʩʪʠʛʨʘʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʩ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʤ 

ʪʦʧʣʠʚʦʤ. ʊʝʧʣʦʥʦʩʠʪʝʣʴ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ï ʭʠʤʦʙʝʩʩʦʣʝʥʥʘʷ ʚʦʜʘ, 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ï ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ, ʧʦʜʘʚʘʝʤʘʷ ʠʟ ɹʝʣʦʷʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʂʦʤʧʣʝʢʩ ʩ ʀʗʋ ʀɺɺ-2ʄ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣ ̫ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʥʘʨʘʙʦʪʢʠ 
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ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ. [2], [3]. 

ʇʦʩʣʝ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʊɺʉ ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʀɺɺ-2ʄ ʧʝʨʝʛʨʫʞʘʶʪ ʚ 

ʰʘʭʪʫ-ʭʨʘʥʠʣʠʱʝ (ʙʘʩʩʝʡʥ ʚʳʜʝʨʞʢʠ) ʦʙʣʫʯʝʥʥʳʭ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ (ʆʊɺʉ). 

ʐʘʭʪʘ-ʭʨʘʥʠʣʠʱʝ ʆʊɺʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʙʘʢ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ, ʟʘʛʣʫʙʣʝʥʥʳʡ ʚ ʙʝʪʦʥ. ʐʘʭʪʘ ʭʨʘʥʠʣʠʱʝ (ʐʍ) 

ʚʤʝʱʘʝʪ ʜʦ 228 ʊɺʉ, ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʝʥʘʣ ʜʣ ̫ʘʚʘʨʠʡʥʳʭ ʠ 

ʨʘʟʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʭ ʆʊɺʉ. ʆʊɺʉ ʚ h ʘʭʪʝ ʨʘʟʤʝʱʘʶʪ ʚ ʪʨʠ ̫ ʨʫʩʘ.  

ʐʘʭʪʘ ʦʙʦʨʫʜʦʚʘʥʘ ʩʠʩʪʝʤʦʡ ʦʯʠʩʪʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

(ʉʆʆʊ), ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣ ̫ʩʥ̫ʪʠ ̫ʦʩʪʘʪʦʯʥʦʛʦ ɻ ʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʩ ʆʊɺʉ 

ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʐʍ. 

ɺ ʩʦʩʪʘʚ ʉʆʆʊ h ʘʭʪʳ-ʭʨʘʥʠʣʠʱʘ ʆʊɺʉ ʚʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʩ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʦʡ ʠ ʧʨʦʙʦʦʪʙʦʨʥʳʤʠ ʣʠʥʠʷʤʠ, 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʥʘʩʦʩ, ʛʨʫʧʧʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʬʠʣʴʪʨʦʚ. 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣ ̫ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ ʐʍ ʠ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ 

ʚʦʜʝ ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʀʗʋ ʀɺɺ-2ʄ. 

ɺ ʩʣʫʯʘʝ ɻ ʢʩʪʨʝʤʘʣʴʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʚʳʛʨʫʟʢʠ ʚ ʐʍ ʚʩʝʭ ʊɺʉ h ʪʘʪʥʦʡ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʦʩʪʘʪʦʯʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʧʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ 

ʦʮʝʥʢʘʤ ʩʫʤʤʘʨʥʦʝ ɻ ʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʊɺʉ ʚ h ʘʭʪʝ-ʭʨʘʥʠʣʠʱʝ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʜʦ 200 ʢɺʪ [4]. 

ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ̫ ʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʡ, ʪʦ ʝʩʪʴ ʚ 

ʩʣʫʯʘʝ ʦʙʝʩʪʦʯʠʚʘʥʠʷ ʝʝ ʨʘʙʦʪʘ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʨʠ ɻ ʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʪʝʧʣʦ ʦʪ ʆʊɺʉ ʙʫʜʝʪ ʦʪʚʦʜʠʪʴʩʷ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʨʘʩʩʝʷʥʠʷ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʡ ʦʮʝʥʢʝ ʨʘʩʩʝʷʥʠʷ ʪʝʧʣʦʪʳ 

ʯʝʨʝʟ ʦʢʨʫʞʘʶʱʠʝ ʰʘʭʪʫ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ [5], ʤʦʱʥʦʩʪʴ ʦʪʚʦʜʘ 

ʪʝʧʣʦʪʳ ʯʝʨʝʟ ʜʥʦ h ʘʭʪʳ-ʭʨʘʥʠʣʠʱʘ ʩʦʩʪʘʚʠʪ ʦʪ 57,7 ʜʦ 418 ɺʪ, ʘ ʯʝʨʝʟ ʩʪʝʥʳ ï ʦʪ 

0,6 ʜʦ 10 ʢɺʪ. ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʙʫʜʝʪ ʦʪʚʦʜʠʪʴʩʷ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ 

ʯʘʩʪʠ ʚʦʜʳ ʠʟ ʙʘʢʘ ʐʍ. 

ɺ ʨʘʙʦʪʝ [6] ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ h ʪʘʪʥʘ ̫ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

ʰʘʭʪʳ-ʭʨʘʥʠʣʠʱʘ ʀɺɺ-2ʄ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʤʝʝʚʠʢʦʚʳʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ɻ ʪʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʚ 

ʨʘʙʦʪʝ [6] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʪʘʪʦʯʥʳʭ ɻ ʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ h ʘʭʪʝ-ʭʨʘʥʠʣʠʱʝ 

ʦʙʣʫʯʝʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʜʝʨʞʢʘ ʊɺʉ ʚ ʐʍ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣ ̫ʩʥʠʞʝʥʠʷ ɻ ʥʝʨʛʦʚʳʜʝʣʝʥʠʡ. 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʇʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʆʊɺʉ ʚ h ʘʭʪʝ-ʭʨʘʥʠʣʠʱʝ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʩ ʪʝʨʤʦʩʠʬʦʥʘʤʠ ʠʣʠ 

ʪʝʧʣʦʚʳʤʠ ʪʨʫʙʘʤʠ [7]. 
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ʊʝʨʤʦʩʠʬʦʥʳ ï ɻ ʪʦ ʘʚʪʦʥʦʤʥʳʝ ʟʘʤʢʥʫʪʳʝ ʜʚʫʭʬʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣ ̫

ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ, ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʚʳʰʝ, ʟʘ ʩʯʝʪ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʯʝʤ ʫ ʤʝʪʘʣʣʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʪʝʧʣʦʚʳʭ ʪʨʫʙ ʠ ʪʝʨʤʦʩʠʬʦʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʚʥʫʪʨʠ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʢʦʨʧʫʩʘ ʠʩʧʘʨʠʪʝʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʠ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ ʚʠʜʝ ʩʢʨʳʪʦʡ 

ʪʝʧʣʦʪʳ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʮʠʨʢʫʣʷʮʠʠ ʧʘʨʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʤʝʞʜʫ ʟʦʥʘʤʠ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ [8]. ɺ ʜʚʫʭʬʘʟʥʳʭ ʪʝʨʤʦʩʠʬʦʥʘʭ ʚʦʟʚʨʘʪ ʞʠʜʢʦʩʪʠ ʠʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʠʩʧʘʨʠʪʝʣʴ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ, 

ʧʦʵʪʦʤʫ ʠʩʧʘʨʠʪʝʣʴ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʠʞʝ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʊʝʨʤʦʩʠʬʦʥ ʠʣʠ ʪʝʧʣʦʚʘʷ ʪʨʫʙʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 

(ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʦʜʠʤʦʡ ʪʝʧʣʦʪʳ) ʠ ʨʘʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣ ̫

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʝʨʤʦʩʠʬʦʥʳ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʳ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. ʊʝʨʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʩʠʬʦʥʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ: 

- ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢ 

ʩʪʝʥʢʝ ʪʝʨʤʦʩʠʬʦʥʘ, 

- ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʝʥʢʠ, 

- ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, 

- ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ ʚʜʦʣʴ 

ʧʘʨʦʚʦʛʦ ʢʘʥʘʣʘ. 

ʕʪʠ ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʘʶʪ ʨʘʩʯʝʪʥʳʤʠ ʠʣʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʙʣʘʜʘʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ ʜʚʦʡʥʦʛʦ 

ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʦʭʣʘʞʜʘʝʤʦʡ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʦʡ, 

ʪʝʨʤʦʩʠʬʦʥʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʨʝʞʠʤʘ ʨʘʙʦʪʳ h ʘʭʪʳ-ʭʨʘʥʠʣʠʱʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ 

ʥʝʡ ʚ h ʪʘʪʥʦʤ ʨʝʞʠʤʝ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30Áʉ ʜʦ 50Áʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ ɻ ʪʠʭ 

ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʜʣ ̫ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ. 

ɹʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʝʨʤʦʩʠʬʦʥʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ, 

ʦʜʥʘʢʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʝʝ ʛʦʨʘʟʜʦ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʘʢʝ ʐʍ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʩʠʬʦʥʦʚ ʩ ʨʘʟʨʝʞʝʥʠʝʤ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʪʝʨʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʝʧʣʦʪʥʦʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʜʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʜʣ ̫ʪʝʨʤʦʩʠʬʦʥʘ ʙʳʣ ʚʳʙʨʘʥ 

ʘʮʝʪʦʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 56,2ᴈ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʘʩʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʥʘ 

ʦʩʥʦʚʝ ʪʝʨʤʦʩʠʬʦʥʦʚ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ h ʘʭʪʫ-ʭʨʘʥʠʣʠʱʝ (ʨʠʩ. 1). 

ʀʩʧʘʨʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʤʦʩʠʬʦʥʦʚ ʧʦʛʨʫʞʝʥʘ ʚ ʚʦʜʫ ʐʍ, ʢʦʥʜʝʥʩʘʮʠʦʥʥʘʷ 

ʯʘʩʪʴ ʚʳʚʝʜʝʥʘ ʟʘ ʧʨʝʜʝʣʳ ʟʜʘʥʠʷ [9]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʩ 

ʪʝʨʤʦʩʠʬʦʥʘʤʠ: 1 ï ʠʩʧʘʨʠʪʝʣʴʥʘʷ ʯʘʩʪʴ; 2 ï ʢʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʯʘʩʪʴ;  

3 ï ʚʳʪ̫ʞʥʘ ̫ʪʨʫʙʘ; 4 ï ʰʘʭʪʘ-ʭʨʘʥʠʣʠʱʝ; 5 ï ʆʊɺʉ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʴʶ ʪʝʨʤʦʩʠʬʦʥʘ (ʨʠʩ. 2), ʚʳʚʝʜʝʥʥʦʡ 

ʟʘ ʧʨʝʜʝʣʳ ʟʜʘʥʠʷ, ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ. ɼʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʘʢʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ SolidWorks Flow Simulation. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Flow Simulation ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣ ̫ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ 

ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ɻ ʥʝʨʛʠʠ. ɼʣ ̫ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. ʇʘʢʝʪ Flow Simulation ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ h ʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, ʚ 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 

ʟʘʜʘʯʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʡ, ʚʳʥʫʞʜʝʥʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ, ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʪʳ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʘʢʝʪʘ ʧʨʝʜʣʘʛʘʶʪ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ Flow Simulation ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʪʦʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦ Flow Simulation, 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʠ ʜʘʥʥʳʤʠ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʢʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SolidWorks Flow 

Simulation ̫ ʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʧʘʢʝʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 



118 
 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʯʘʩʪʴ ʪʝʨʤʦʩʠʬʦʥʘ (ʘ), ʚʘʨʠʘʥʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʦʨʤ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʩʯʝʪʘʭ (ʙ ï ʞ)  
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ʄʦʜʝʣʴ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2, ʘ, ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʪʨʫʙ ʪʝʨʤʦʩʠʬʦʥʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʪʝʥʝ ʟʜʘʥʠʷ. ʊʨʫʙʢʘ ʠʤʝʝʪ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ 20 ʤʤ, 

ʚʳʩʪʫʧʘʶʱʘʷ ʯʘʩʪʴ (ʧʦʣʫʦʢʨʫʞʥʦʩʪʴ) ʠʤʝʝʪ ʨʘʜʠʫʩ ʛʠʙʘ 1 ʤ, h ʘʛ ʤʝʞʜʫ ʪʨʫʙʢʘʤʠ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 30 ʤʤ. ʆʪʚʦʜ ʪʝʧʣʦʪʳ ʦʪ ʪʨʫʙʢʠ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʫʯʠʪʳʚʘʣʘʩʴ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʂʘʞʜʘʷ ʪʨʫʙʢʘ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ 

ʯʘʩʪʠ ̫ ʚʣʷʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʪʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʘʮʝʪʦʥʘ. 

ɺ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʚʭʦʜʠʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʙʠʨʘʣʘʩʴ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣ ̫ʉʚʝʨʜʣʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʛʦʨʦʜ ɿʘʨʝʯʥʳʡ, ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʪʚʦʜ ʪʝʧʣʘ ʦʪ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

- ʠʩʧʦʣʟɹʦʚʘʥʠʝ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ; 

- ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʪʚʝʩʪʠ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ h ʝʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2, ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪ ʙʝʟ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ. ɺʣʠʷʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ ʥʘ ʪʝʧʣʦʦʪʚʦʜ ʦʪ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ 

ʪʝʨʤʦʩʠʬʦʥʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, 

ʨʘʚʥʦʡ 20Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʤʫ ʚʨʝʤʝʥʠ ʛʦʜʘ ʚ ʛ. ɿʘʨʝʯʥʳʡ. 

ʇʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʘʨʠʘʥʪʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ Q, ɺʪ, ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q, ɺʪ/ʤ
2, ʘ 

ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ, ɺʪ/(ʤ
2Ŀʂ). ɼʣ ̫ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ R ï 

ʚʳʩʦʪʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ, F ï ʚʳʩʦʪʘ ʥʠʞʥʝʡ ʯʘʩʪʠ (çʁ ʙʢʠè). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʘ ʥʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʘʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʚrʪʷʞʥʦʡ ʪʨʫʙʳ (çʞè), ʚʳʧʦʣʥʝʥʥʘʷ 

ʚ ʚʠʜʝ ɻ ʣʣʠʧʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙʦʢ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ 

ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʦʚ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ. 

ɺʪʦʨʦʡ ɻ ʪʘʧ ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʎʝʣʴʶ 

ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʪʨʫʙʝ ʥʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʦʡ ʛʝʦʤʝʪʨʠʠ 

(çʞè), ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʩ ʚʘʨʠʘʥʪʦʤ ʙʝʟ 

ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʦʪʚʦʜʘ ʦʩʪʘʪʦʯʥʳʭ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. ɼʣ ̫

ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʚʝʜʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʧʘʢʝʪʝ SolidWorks Flow Simulation. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ 

ʪʝʨʤʦʩʠʬʦʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ 

ɺʘʨʠʘʥʪ 

(ʩʤ. ʨʠʩ.2) 

ɻʝʦʤʝʪʨʠʷ 

ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ 
ήȟ
ˏ̓

̍
 

‌ȟ
 ˏ̓

̍ Ͻ̠
 

 
ὗȟˏ  ̓

ʘ 
ɹʝʟ ʚʳʪʷʞʥʦʡ 

ʪʨʫʙʳ 
147,76 4,62 724 

ʙ 
ʇʨʷʤʦʫʛʦʣʴʥʘʷ 

F = 4,5; R = 4,5 
166,53 5,21 816 

ʚ 
ʇʨʷʤʦʫʛʦʣʴʥʘʷ 

F = 6; R = 3 
134,29 4,20 658 

ʛ 
ʇʨʷʤʦʫʛʦʣʴʥʘʷ 

F = 3; R = 6 
133,47 4,18 654 

ʜ ʎʠʣʠʥʜʨ 174,08 5,45 852 

ʝ 
ʕʣʣʠʧʪʠʯʝʩʢʘʷ 

(ʫʟʢʘʷ ʯʘʩʪʴ) 
167,76 5,25 822 

ʞ 
ʕʣʣʠʧʪʠʯʝʩʢʘʷ 

(ʰʠʨʦʢʘʷ ʯʘʩʪʴ) 
174,29 5,45 854 

 

 

ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ 

ʪʝʨʤʦʩʠʬʦʥʘ ʩ ʚʳʪʷʞʥʦʡ ʪʨʫʙʦʡ ʠ ʙʝʟ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  
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ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, Áʉ
ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ
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ʅʘ ʨʠʩ. 3. ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤ rʠ ʙʝʟ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʳʪʷʞʥʦʡ 

ʪʨʫʙʳ ʧʦʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʦʜʠʤʦʛʦ ʪʝʧʣʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʪʷʞʥʘʷ ʪʨʫʙʘ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʪʝʧʣʦʦʪʚʦʜ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʪʝʧʣʦʦʙʤʝʥ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ɺʳʪʷʞʥʘʷ ʪʨʫʙʘ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʪʴ ʟʘʪʝʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʘʛʨʝʚʘ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʚʳʝh ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʚʳʪʷʞʥʳʭ ʪʨʫʙ, ʘ ʪʘʢʞʝ ʙʝʟ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɿʘʨʝʯʥʳʡ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚʳʷʚʣʝʥʦ:  

1. ʅʘʠʙʦʣʝʝ ɻ ʬʬʝʢʪʠʚʥʘʷ (ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʧʣʦʦʪʚʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʚʳʪʷʞʥʦʡ ʪʨʫʙ rï ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙʦʢ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʝʨʤʦʩʠʬʦʥʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ. 

2. ʅʘʣʠʯʠʝ ʚʳʪʷʞʥʦʡ ʪʨʫʙʳ ʚʥʦʩʠʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʪʚʦʜ ʪʝʧʣʦʪʳ 

ʦʪ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʘ ʧʨʠ ʣʶʙʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ, ʧʨʠʯʝʤ ʜʣ ̫ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʳʰʝ. 
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ɾʠʭʘʨʝʚ ɸ.ʄ., ʀʱʝʥʢʦ ɽ.ɸ., ʌʸʜʦʨʦʚ ʉ.ʄ., ʂʫʟʥʝʮʦʚʘ ɺ.ɺ. 

 

ɼɺʋʍɼʀɸʇɸɿʆʅʅɸʗ ʑɽʃɽɺɸʗ MIMO  ɸʅʊɽʅʅɸ  

ɼʃʗ ʉʆʊʆɺʆɻʆ ʊɽʃɽʌʆʅɸ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʜʠʘʧʘʟʦʥʥʘʷ MIMO  ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ ʜʣʷ 

ʩʝʪʝʡ 4 ʠ 5 ʧʦʢʦʣʝʥʠʡ (sub-6 GHz). ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ 

MIMO  ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʛʠʙʘʶʱʝʡ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʜʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʢʘʟʘʚʰʠʡ ʙʝʟʦʧʘʩʥʦʩʪ ɹ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ MIMO  4x4. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: MIMO  ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, 5G, 4G. 

 

Abstract. The article discusses a dual-band MIMO  antenna array for networks of 4 and 5 

generations (up to 6 GHz). For the proposed design, the main characteristics of the antenna element, 

measurements of the real design were made. For the MIMO  antenna array, the envelope correlation 

coefficient, the specific gravity coefficient, showing the safety of using a human structure is determined. 

The proposed antenna design can be installed on a mobile device to operate in 4x4 MIMO  mode. 

Keywords: MIMO  antenna array, 5G, 4G.  

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʠʪʴ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. ʉʝʪʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ (5G) 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ ʩ ʤʘʣʦʡ ʟʘʜʝʨʞʢʦʡ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ. ʆʜʥʦʡ ʠʟ ʩʘʤʭr ʛʣʘʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʩʪʫʧʘʝʪ MIMO. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ MIMO ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʝʪʳʨʝʭ ʮʝʥʪʨʘʣʴʥʳʭ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʦʩʴʤʠ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ ʧʠʪʘʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ MIMO-ʘʥʪʝʥʥʳ 

LTE ʠ 5G ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʝ yʚʣʠʷʥʠʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ 

ɸʥʪʝʥʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʵʣʝʤʝʥʪʥʳʡ ʱʝʣʝʚʦʡ ʨʦʤʙʦʚʠʜʥʳʡ 

ʨʝʟʦʥʘʪʦʨ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʧʝʯʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʤʘʪʝʨʠʘʣ ʜʠʵʣʝʢʪʨʠʢʘ ï Fr-4). 

ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 1. 
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ʘ) ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʪʝʥʥʳ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ (ʤʤ) 

W 24 

W1 15 

W2 10.5 

g 0.5 

L1 7 

L2 4.2 

L3 2.4 

h 1.5 

 

ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʘʥʪʝʥʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʠʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʦʤʙʦʚʠʜʥʳʭ ʧʨʦʨʝʟʝʡ.  

ʇʝʨʚʳʡ ʨʝʟʦʥʘʥʩ (ʧʨʠ 2.6 ɻɻʮ) ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʥʦʩʪʠ ʚʥʝʰʥʝʛʦ 

ʨʦʤʙʦʚʠʜʥʦʛʦ ʢʦʣʴʮʘ. 
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ɺʪʦʨʦʡ ʨʝʟʦʥʘʥʩ (ʧʨʠ 3.6 ɻɻʮ) ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʨʦʤʙʦʚʠʜʥʦʛʦ ʢʦʣʴʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʥʘ ʦʢʨʫʞʥʦʩʪʠ ʧʘʟʘ ʢʦʣʴʮʘ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʥʦʡ ʪʦʯʢʝ: 

 

     7Ⱦς + g = ɚ1     (1) 

7Ⱦς + g = ɚ2     (2) 

 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʚʫʤʷ ʨʦʤʙʦʚʠʜʥʳʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʜʚʫʭ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʦʚ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʬʠʢ ɺʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ (ʨʠʩ. 

2). 

 

ʈʠʩʫʥʦʢ 2 ï ɺʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʨʝʟʦʥʘʪʦʨʦʚ (ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ) ʠ ʦʜʥʦʛʦ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪ rʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣ ̫ʦʜʥʦʛʦ ʘʥʪʝʥʥʦʛʦ ɻ ʣʝʤʝʥʪʘ 

ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʨʠʩ. 3. 

 

 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ S-ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 
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ʊʘʢ ʢʘʢ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ 2 ʯʘʩʪʦʪʥʳʭ ʨʝʟʦʥʘʥʩʘ 

(2.6 ɻɻʮ ʠ 3.6 ɻɻʮ) ʧʦʩʪʨʦʠʤ ʢʘʨʪʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʢʦʚ ï ʨʠʩ. 4. 

 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʧʨʠ ʘ) 2.6 ɻɻʮ, ʙ) 3.6 ɻɻʮ 

 

ʊʘʢ ʢʘʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʘʥʪʝʥʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣ ̫ʫʩʪʘʥʦʚʢʠ ʚ ʪʝʣʝʬʦʥ, 

ʦʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʩʝʩʪʦʨʦʥʥʝʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʦʚʳʤ ʩʪʘʥʮʠʷʤ. ʂʘʨʪʠʥʘ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʨʠʩ. 5. 

 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 5 ï ʊʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʷ:  

ʘ) 2.6 ɻɻʮ; ʙ) 3.6 ɻɻʮ 

 

ɼʣ ̫ʨʝʘʣʠʟʘʮʠʠ MIMO ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ 4 

ʘʥʪʝʥʥʳʭ ɻ ʣʝʤʝʥʪʘ ʧʦ ʫʛʣʘʤ ʢʦʨʧʫʩʘ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 6), ʧʨʠʯʝʤ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʘʥʪʝʥʥʳʤʠ ɻ ʣʝʤʝʥʪʘʤʠ: Wsub=75 ʤʤ; Lsub=150 ʤʤ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 6 ï ʂʦʥʬʠʛʫʨʘʮʠʷ MIMO  ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ 

 

ɺʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ MIMO ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʚʳʩʪʫʧʘʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʦʛʠʙʘʶʱʝʡ: 

 

Ὁὅὅ
ȿᶻ ᶻ ȿ

ȿ ȿ ȿ ȿ ȿ ȿ ȿ ȿ
 z    (3) 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣ ʧʦʣʫʯʝʥ ʛʨʘʬʠʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ (ʨʠʩ. 7). 

 

 

ʈʠʩʫʥʦʢ 7 ï ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʛʠʙʘʶʱʝʡ (ECC) 
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ʂʘʢ ʚʠʜʥʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʨʨʝʣʷʮʠʷ ʤʘʣʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ MIMO ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. 

 

ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʴʥʦʡ ʘʥʪʝʥʥʳ 

ɼʣ ̫ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʴʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʘʥʪʝʥʥʳ (ʨʠʩ. 8). 

 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 8 ï ʀʟʛʦʪʦʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ-ʠʟʣʫʯʘʪʝʣʴ ʘ) ʚʠʜ ʩʚʝʨʭʫ ʠ ʙ) ʚʠʜ ʩʥʠʟʫ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠ ̫ʦʙʨʘʪʥʳʭ ʧʦʪʝʨʴ ʘʥʪʝʥʥʳ-

ʠʟʣʫʯʘʪʝʣʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 9. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ h ʠʨʠʥʝ ʧʦʣʦʩʳ ʠʤʧʝʜʘʥʩʘ ï 10 ʜɹ 

ʘʥʪʝʥʥʘ ʤʦʞʝʪ ʧʦʢʨʳʚʘʪʴ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 2.5 ï 2.7 ɻɻʮ ʠ 3.45 ï 3.8 ɻɻʮ ʩ ʣʫʯʰʠʤʠ 

ʧʦʪʝʨʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ī 18 ʜɹ ʚʦ ʚʩʝʭ ʧʦʣʦʩʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʠʟʤʝʨʝʥʠʝʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʭʦʞʜʝʥʠʷ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʢ FR-4 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʪʘʢ ʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ 

ʚʳʪʨʘʚʣʠʚʘʥʠʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʤʦʥʪʘʞʝ ʧʨʦʪʦʪʠʧʘ. 

 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢ ʠʟʤʝʨʝʥʥʳʭ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ (ʩʠʥʷʷ 

ʣʠʥʠʷ) ʦʙʨʘʪʥʳʭ ʧʦʪʝʨʴ ʜʚʫʭʵʣʝʤʝʥʪʥʦʛʦ ʨʦʤʙʦʚʠʜʥʦʛʦ ʱʝʣʝʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 
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ʀʩʩʣʝʜʦʚʘʥʠʝ SAR ʜʣ ̫ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʚʳʧʦʣʥʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ (SAR). ʈʠʩ. 10 ʠ 11 ʠʣʣʶʩʪʨʠʨʫʶʪ ʩʤʦʜʝʣʠʨʦʚʘʥʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ SAR ʚʙʣʠʟʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʛʦʣʦʚʳ ʜʣ ̫ʨʘʟʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ. 

ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʩʤʘʨʪʬʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 10 ʤʤ ʦʪ ʛʦʣʦʚʳ 

ʧʦʣʴʟʦʚʘʪʝʣ.̫ 

 

 

ʈʠʩʫʥʦʢ 10 ï ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ (SAR) ʜʣʷ 

ʢʘʞʜʦʛʦ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ 2.6 ɻɻʮ 

 

 

ʈʠʩʫʥʦʢ 11 ï ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ (SAR) ʜʣʷ 

ʢʘʞʜʦʛʦ ʘʥʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ 3.6 ɻɻʮ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ, ʘʥʪʝʥʥʘ ʠʤʝʝʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ SAR ʥʘ 2.6 ɻɻʮ ʠ 3.6 ɻɻʮ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʟʦʧʘʩʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʳ ʜʣ ̫

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʦʜʠʘʧʘʟʦʥʥʘʷ 

ʚʦʩʴʤʠʧʦʨʪʦʚʘʷ ʘʥʪʝʥʥʘ MIMO ʜʣ ̫ ʩʤʘʨʪʬʦʥʦʚ ʙʫʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ ʜʚʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘ. ɸʥʪʝʥʥʘ ʧʦʜʭʦʜʠʪ ʜʣ ̫4G ʠ 5G. ɼʣ ̫

ʜʦʩʪʠʞʝʥʠʷ ʜʚʫʭʧʦʣʦʩʥʦʩʪʠ ʚ ʫʛʣʳ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩʤʘʨʪʬʦʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʳ 

ʜʚʫʭʵʣʝʤʝʥʪʥʳʝ ʨʦʤʙʦʚʠʜʥʳʝ ʱʝʣʝʚʳʝ ʠʟʣʫʯʘʪʝʣʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʜʘʯʠ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ. ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʠʤʧʝʜʘʥʩʘ ʢʘʞʜʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2.6 ʜʦ 2.7 ɻɻʮ ʠ ʦʪ 3.45 ʜʦ 3.8 ɻɻʮ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʝʟʦʥʘʥʩʥʳʝ 
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ʯʘʩʪʦʪʳ 2.6 ɻɻʮ ʠ 3.6 ɻɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ SAR. 
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ʈɸɿʈɸɹʆʊʂɸ ʊʀʇʆɺʆɻʆ ʉɺʀɼɽʊɽʃʔʉʊɺɸ ʅɸ ɸʊʊɽʉʊʆɺɸʅʅʓɽ 

ʆɹʒɽʂʊʓ, ʇʈʀʄɽʅʗɽʄʓɽ ɺ ʆɹʃɸʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ɸʊʆʄʅʆʁ ʕʅɽʈɻʀʀ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ 

ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʫʥʢʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʩʦʩʪʦʷʪʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ, ʦʙʦʩʥʦʚʘʥ ʠʭ ʚʳʙʦʨ, ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʙʣʘʥʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ, ʩʪʘʥʜʘʨʪʥʳʡ 

ʦʙʨʘʟʝʮ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙ ʘʪʪʝʩʪʘʮʠʠ. 

 

Abstract. The article describes the need to develop a certificate for a certified object. The main 

points of which the certificate should consist are proposed in the article, their choice is justified, and an 

example of a certificate form is given. 

Keywords: ensuring the uniformity of measurements, certified object, standard sample, 

metrological support, certified substances, certificate of certification. 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ɻ ʥʝʨʛʠʠ ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʙʦʪʳ ɹʝʣʦʷʨʩʢʦʡ ʘʪʦʤʥʦʡ ɻ ʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʝʝ ʢʘʯʝʩʪʚʦ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. ɽʜʠʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ï ʩʦʩʪʦʷʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʭ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʨʘʞʝʥʳ ʚ ʜʦʧʫʱʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʝʜʠʥʠʮʘʭ ʚʝʣʠʯʠʥ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʛʨʘʥʠʮʳ [1]. 

ʉʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ̫ ʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ɻ ʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ʆʥʠ ʧʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʤʝʨ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣ ̫ʛʨʘʜʫʠʨʦʚʢʠ, ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ 

ʠ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʦʙʲʝʢʪʳ, ʥʝ ̫ ʚʣʷʶʱʠʝʩʷ 

ʠʤʠ. ɼʣ ̫ʪʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʥʝʩʪʘʙʠʣʴʥʳ ʠ/ʠʣʠ ʦʯʝʥʴ ʨʝʜʢʠʝ, ʥʝʣʴʟʷ 

ʩʦʟʜʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʧʨʠʝʤʣʝʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣ ̫ʠʩʧʳʪʘʥʠʡ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ 

ʠ/ʠʣʠ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɺ ɻ ʪʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʪʪʝʩʪʦʚʘʥʥʳʝ 

ʦʙʲʝʢʪʳ. ɸʪʪʝʩʪʦʚʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʪʝ ʦʙʲʝʢʪʳ, ʜʣ ̫ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʜʥʦʡ ʠʣʠ ʙʦʣʝʝ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʘʚ, 

ʩʪʨʫʢʪʫʨʫ, ʩʚʦʡʩʪʚʘ ʠʣʠ ʦʙʨʘʟʳ (ʬʘʡʣʳ) ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟʤʝʨʝʥʠʡ [2]. 
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ɼʘʥʥʳʡ ʪʝʨʤʠʥ ʚʧʝʨʚʳʝ ʙʳʣ ʚʚʝʜʝʥ ʇʨʠʢʘʟʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ ʧʦ 

ʘʪʦʤʥʦʡ ɻ ʥʝʨʛʠʠ çʈʦʩʘʪʦʤè ̄  1/10-ʅʇɸ [2]. ʇʨʠʤʝʨʦʤ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʟʝʨʥʝʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʘʙʣʝʪʦʢ ʷʜʝʨʥʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʶʱʝʝʩʷ ʜʣ ̫ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ̫ ʚʣʷʶʱʝʝʩʷ ʥʦʩʠʪʝʣʝʤ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ɼʘʥʥʳʡ ʦʙʲʝʢʪ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠ ʁʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʥʦ ʥʝ ̫ ʚʣʷʝʪʩʷ ʠʤ, ʪʘʢ ʢʘʢ ʬʘʡʣ, 

ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʥʝʤʘʪʝʨʠʘʣʝʥ. ʊʘʢʞʝ ʧʨʠʤʝʨʘʤʠ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ̫ ʚʣʷʶʪʩʷ ʠʤʠʪʘʪʦʨʳ ʠʟʜʝʣʠʡ. ʀʤʠʪʘʪʦʨʳ ʠʟʜʝʣʠʡ ï 

ʠʟʜʝʣʠʷ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʣʠʷʥʠʝ, 

ʘʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʶ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʥʠʭ 

ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ [3]. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʙʫʜʫʪ 

ʷʚʣʷʪʴʩʷ ʠʤʠʪʘʪʦʨʘʤʠ ʧʣʦʪʥʦʩʪʠ ʪʘʙʣʝʪʦʢ ̫ ʜʝʨʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʝʩʣʠ 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʤʝʨʘʤ ʪʘʙʣʝʪʦʢ ʠ ʩʦʩʪʘʚ ʠʭ ʩʧʣʘʚʘ ʙʫʜʝʪ ʠʤʝʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʙʣʠʟʢʠʡ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ 

ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʠʤʠʪʘʪʦʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʥʘʰʠʚʘʶʪʩʷ ʠ ʙʦʣʝʝ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʣʫʯʘʡʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʛʨʘʜʫʠʨʦʚʢʝ ʫʩʪʘʥʦʚʢʠ ʤʠʥʠʤʘʣʴʥʘ. 

ʀʟ-ʟʘ ʥʝʜʘʚʥʝʛʦ ʚʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʧʦʥʷʪʠʷ, ʢʘʢ çʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪè, 

ʧʦʷʚʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʩ ʦʬʦʨʤʣʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʜʣ ̫ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʬʠʣʠʘʣʝ ɸʆ çʈʦʩʵʥʝʨʛʦʘʪʦʤè çɹʝʣʦʷʨʩʢʘʷ 

ɸʕʉè ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʬʦʨʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʠʧʦʚʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ 

ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ɹʝʣʦʷʨʩʢʦʡ ʘʪʦʤʥʦʡ ɻ ʣʝʢʪʨʦʩʪʘʥʮʠʠ.  

ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʜʦʢʫʤʝʥʪ, ʦʬʠʮʠʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ 

ʢʘʢʦʡ-ʣʠʙʦ ʬʘʢʪ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʜʦʣʞʥʦ ʜʦʢʘʟʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣ ̫ʝʛʦ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥ rʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢʘʩʘʶʱʠʝʩʷ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ, ʩʭʦʞʠʭ ʩ ʥʠʤʠ, ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʚʳʙʨʘʥʳ 

ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʧʫʥʢʪʦʚ, ʜʘʶʱʠʭ ʧʦʣʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙʲʝʢʪʘʤ. 

ʀʟʫʯʠʚ ʥʦʨʤʘʪʠʚʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʫʥʢʪʦʤ ʚ ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʥʘ ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ 

ʫʧʦʤʠʥʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʚʰʝʡ ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ. ʆʨʛʘʥʠʟʘʮʠʝʡ-

ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʣʠ ʦʪʜʝʣ, ʟʘʥʠʤʘʶʱʠʡʩʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʥʝʩʫʱʠʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʠʤ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ɻ ʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʘʢʠʭ-

ʣʠʙʦ ʚʦʧʨʦʩʦʚ ʧʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʧʫʥʢʪʘʤ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʶ, 
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ʨʘʟʨʘʙʦʪʘʚʰʫʶ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪ, ʘ ʟʥʘʯʠʪ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʡ ʜʦʣʞʥʘ ʙʳʪʴ 

ʫʧʦʤʷʥʫʪʘ ʚ ʩʚʠʜʝʪʝʣʴʩʪʚʝ. 

ɺ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚʳʜʝʣʷʶʪ ʦʜʠʥʥʘʜʮʘʪʴ ʚʠʜʦʚ ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ [4]. ʅʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ̫ ʚʣʷʶʪʩʷ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʩʤʝʩʠ ʠ 

ʦʙʨʘʟʮʳ ʜʣ ̫ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ. ɸʪʪʝʩʪʦʚʘʥʥʳʤʠ ʩʤʝʩʷʤʠ 

ʥʘʟʳʚʘʶʪ ʩʤʝʩʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʝʱʝʩʪʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʘʚ ʩʤʝʩʠ [5].ʆʙʨʘʟʮʳ ʜʣ ̫ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ï ɻ ʪʦ ʪʝ ʦʙʨʘʟʮʳ, ʜʣ ̫ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʜʣ ̫ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʞʠʤʘ ʠʩʧʳʪʘʥʠʡ. ʊʘʢʠʤʠ 

ʦʙʨʘʟʮʘʤʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʙʫʜʫʪ ̫ ʚʣʷʪʴʩʷ ʦʙʨʘʟʮʳ ʠʟʜʝʣʠʡ, ʜʣ ̫

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʦʞʠʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʪ.ʜ. ʉʣʝʜʫʶʱʠʤʠ 

ʥʝʤʘʣʦʚʘʞʥʳʤʠ ʚʠʜʘʤʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʘʪʪʝʩʪʦʚʘʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʤʘʪʝʨʠʘʣʳ, ʠʟʜʝʣʠʷ ʠ ʠʤʠʪʘʪʦʨʳ ʠʟʜʝʣʠʡ. ʉʚʦʡʩʪʚʘ ʚʩʝʭ ɻ ʪʠʭ ʦʙʲʝʢʪʦʚ 

ʦʢʘʟʳʚʘʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʠ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ 

ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʠʤʠʪʘʪʦʨʳ ʠʟʜʝʣʠʡ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʜʝʣʠʡ. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʘ ʠʤʝʥʥʦ, ʢʦʤʧʣʝʢʩʳ, ʫʩʪʘʥʦʚʢʠ, ʘʧʧʘʨʘʪʳ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟʜʝʣʠʷ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ̫ ʜʝʨʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʥʦ ʩʦʜʝʨʞʘʱʠʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠʣʠ ʛʝʥʝʨʠʨʫʶʱʠʝ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʘʪʪʝʩʪʦʚʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʂ ɻ ʪʦʤʫ ʚʠʜʫ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪʥʦʩʷʪʩ ̫ʧʨʦʙʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʟʮʦʚʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟ ʚʝʱʝʩʪʚʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ. ʅʝ 

ʤʝʥʝʝ ʚʘʞʥʳʤ ʚʠʜʦʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʳ ʦʙʲʝʢʪʦʚ. 

ʆʙʨʘʟʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʥʦʩʠʪʝʣʷʤʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʱʝ ʚʩʝʛʦ ɻ ʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʬʘʡʣʳ, ʠʟʦʙʨʘʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʵʢʩʧʝʨʪʘʤʠ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʂʦʤʧʣʝʢʪ r

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʚʠʜʦʤ ʠʣʠ ʧʦʜʚʠʜʦʤ, ʦʜʥʘʢʦ ʠʭ ʚʳʜʝʣʷʶʪ 

ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ. ʕʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ 

ʝʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷʤʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʥʠ ʠʤʝʶʪ ʩʚʦʶ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ. ʂʦʤʧʣʝʢʪʳ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣ ̫ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ 

ʝʜʠʥʠʯʥʳʝ ɻ ʢʟʝʤʧʣʷʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʢʦʤʧʣʝʢʪ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. 
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ʂʘʞʜʳʡ ʠʟ ʚʠʜʦʚ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʝʣʠʪʩʷ ʥʘ ʧʦʜʚʠʜʳ ʠ ʪʠʧʳ. ʊʠʧ 

ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʝ ʧʨʠʟʥʘʢʠ ʨʷʜʘ ʧʨʝʜʤʝʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʭʦʜʩʪʚʘ ʠʣʠ ʧʦʜʦʙʠʷ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʚʠʜʘ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʯʘʩʪʦ ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʝhʥʠʝ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʤ 

ʚʢʣʶʯʝʥʠʠ ʚ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙ ʘʪʪʝʩʪʘʮʠʠ ʠʤʝʥʥʦ ʪʘʢʦʛʦ ʧʫʥʢʪʘ, ʢʘʢ çʪʠʧ 

ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘè. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ï ʵʪʦ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʄ  rʧʨʝʜʣʘʛʘʝʤ ʚ ʥʘʠʤʝʥʦʚʘʥʠʠ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʫʢʘʟʳʚʘʪʴ ʥʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʚʝʱʝʩʪʚʘ ʠʣʠ 

ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʘʪʪʝʩʪʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʩʧʦʣʴʟʫʷ ʠʤʝʥʥʦ 

ʪʘʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʰʠʙʢʘ ʚʳʙʦʨʘ ʥʝʧʦʜʭʦʜʷʱʝʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʠʤʝʨʦʤ ʛʨʘʤʦʪʥʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠ ̫ʷʚʣʷʝʪʩʷ çʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ (ɸʆ) 

ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʩʧʣʘʚʝ ʮʠʨʢʦʥʠʷ ʕ-635è. ɿʜʝʩʴ ʫʧʦʤʷʥʫʪʳ: ʤʘʪʝʨʠʘʣ ï ʩʧʣʘʚ 

ʮʠʨʢʦʥʠʷ ʕ-635 ʠ ʘʪʪʝʩʪʫʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʩʧʣʘʚʝ.  

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ɸʆ, ̫ ʚʣʷʝʪʩʷ 

ʥʘʟʥʘʯʝʥʠʝ ʦʙʲʝʢʪʘ. ɹʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ ʜʘʥʥʦʛʦ ʧʫʥʢʪʘ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʢʨʘʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʫʥʢʮʠʦʥʘʣʝ ʚʳʙʨʘʥʥʦʛʦ ʠʤ ʦʙʲʝʢʪʘ ʠ 

ʦʪʨʘʞʝʥʦ ʝʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʥʘʟʥʘʯʝʥʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʬʘʡʣʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʟʝʨʥʝʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʘʙʣʝʪʦʢ ʷʜʝʨʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʪʦʧʣʠʚʘ ̫ ʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. 

ɸʪʪʝʩʪʘʮʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʪʪʝʩʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ 

ʮʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [4]. ʀʩʭʦʜʷ ʠʟ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʫʜʝʪ ̫ ʚʣʷʪʴʩʷ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣ ̫ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʠ ʘʪʪʝʩʪʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣ ̫ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʠʤʠʪʘʪʦʨʦʚ ʠʟʜʝʣʠʡ ʘʪʪʝʩʪʫʝʤʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʠʤʠʪʠʨʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʠʟʤʝʨʝʥʠʡ. ɺʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʘʪʪʝʩʪʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣ ̫ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ.  

ʄ  r ʩʯʠʪʘʝʤ, ʦʜʥʦʛʦ ʥʘʟʚʘʥʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʦʙ ʘʪʪʝʩʪʘʮʠʠ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩ 

ʛʨʘʥʠʮʘʤʠ ʝʛʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʩ ʫʢʘʟʘʥʠʝʤ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʮʝʥʠʚʘʥʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ 

ʧʦʛʨʝʰʥʦʩʪʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʀʤʝʥʥʦ ʦʥʠ ʙʫʜʫʪ ̫ ʚʣʷʪʴʩʷ ʤʝʪʦʜʘʤʠ 

ʘʪʪʝʩʪʘʮʠʠ. ʅʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʩʧʦʩʦʙʳ ʦʮʝʥʠʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʚʠʜʘ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʧʦʩʦʙʘ. ɼʣ ̫ʘʪʪʝʩʪʘʮʠʠ 
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ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʦʩʦʙ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʠʣʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʝʪʦʜʦʤ ç100-ʍè. ʇʨʠ ʵʪʦʤ ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʥʝ ʦʩʥʦʚʥʦʛʦ ʚʝɦ ʝʩʪʚʘ, ʘ 

ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʩʫʤʤʳ ʧʨʠʤʝʩʝʡ ʚ ʦʩʥʦʚʥʦʤ ʚʝʱʝʩʪʚʝ. ʉʧʦʩʦʙ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʉʤʳʩʣ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʧʨʦʮʝʜʫʨ ʚ ʪʦʯʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʠʢʦʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʦ ʜʦʩʪʠʞʝʥʠʝ ʚʩʝʭ ʟʥʘʯʝʥʠʡ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʛʨʘʥʠʮʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʤʝʪʦʜʠʢʝ. ʇʨʠ ʘʪʪʝʩʪʘʮʠʷ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʧʦʩʦʙʦʤ 

ʦʙʨʘʟʮʦʚ-ʩʚʠʜʝʪʝʣʝʡ ʟʥʘʯʝʥʠʝ ʘʪʪʝʩʪʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʷʶʪ ʥʝ ʜʣ ̫

ʦʙʲʝʢʪʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʘʪʪʝʩʪʘʮʠʠ, ʘ ʜʣ ̫ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ï ʦʙʨʘʟʮʦʚ ʩʚʠʜʝʪʝʣʝʡ. 

ɼʘʣʝʝ ʘʪʪʝʩʪʫʝʤʳʡ ʦʙʲʝʢʪ ʠ ʦʙʨʘʟʮʳ-ʩʚʠʜʝʪʝʣʠ ʩʦʧʦʩʪʘʚʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ 

ʤʝʪʦʜʘ ï ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʤʝʪʦʜʠʢʠ ʩʨʘʚʥʝʥʠʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʶʪ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʝʜʝʣʠʤʳʭ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʨʘʟʨʫʰʘʶʱʠʝ 

ʤʝʪʦʜʳ. ʄʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʣ ̫ʦʮʝʥʢʠ 

ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʥʠ ʦʜʠʥ ʠʟ ʠʟʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ɻ ʢʩʧʝʨʪʦʚ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʨʝʰʥʦʩʪʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫ï 

ʧʦʣʦʚʠʥʘ ʨʘʟʤʘʭʘ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʦʡ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣ ̫ʦʙʨʘʟʦʚ ʦʙʲʝʢʪʦʚ [6]. ʉʧʦʩʦʙʳ ʦʮʝʥʠʚʘʥʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʥʠʢʘʢ ʥʝ ʚʣʠʷʶʪ ʥʘ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʝ ʚʢʣʶʯʘʪʴ ʜʘʥʥʳʡ ʧʫʥʢʪ ʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙ ʘʪʪʝʩʪʘʮʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʦʨʤʘʪʠʚʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʤ  r ʦʪʥʝʩʣʠ ʢ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʧʦʩʦʙʳ ʦʮʝʥʠʚʘʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ [4]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʦʛʨʝʰʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ɻ ʪʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʝʝ ʦʮʝʥʢʫ ʠ 

ʫʧʦʤʠʥʘʪʴ ʚ ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʦʙ ʘʪʪʝʩʪʘʮʠʠ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʘʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʚʠʜʫ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʝʡ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʤʦʡ, ʪʦ ʤ  rʩʯʠʪʘʝʤ, ʯʪʦ ʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʫʧʦʤʠʥʘʪʴ ʥʝ ʩʪʦʠʪ. ʏʘʱʝ ʚʩʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɼʣ ̫

ʜʠʩʧʝʨʩʥʳʭ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʛʨʝʰʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʦʮʝʥʠʚʘʶʪ ʩʧʦʩʦʙʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ 
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ʩʦʜʝʨʞʘʥʠʷ ʘʪʪʝʩʪʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ ʩʚʦʡʩʪʚʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙʘʭ, 

ʦʪʦʙʨʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʭʝʤʝ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣ ̫ʤʦʥʦʣʠʪʥʳʭ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʭʝʤʝ 

ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʀʟʫʯʘʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ, ʥʘʤʠ ʙr ʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ ʢʨʦʤʝ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʱʝ ʠ 

ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʫʩʣʦʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʄ  r

ʧʨʝʜʣʘʛʘʝʤ ʦʪʥʝʩʪʠ ɻ ʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢ çʜʦʧʦʣʥʠʪʝʣʴʥʳʤè ʠ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ 

ʠʭ ʚ ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʜʣ ̫ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɸʆ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʧʨʠʤʝʥʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʝ ʩʚʷʟʘʥʦ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʚʝʜʝʥʠʷ ʚʦʟʤʦʞʥʦ ʥʝ ʧʨʠʚʦʜʠʪʴ. ʅʘʧʨʠʤʝʨ, ʜʣ ̫ʜʠʩʧʝʨʩʥʳʭ ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʦʜʠʪʴ ʪʘʢʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʥʘʚʝʩʢʠ. ɺ ʤʝʪʦʜʠʢʘʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʥʝʢʦʪʦʨʳʭ 

ʤʝʪʦʜʠʢʘʭ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʘʥʘʣʠʟʘ ̫ ʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚʘʞʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ 

ʜʝʪʝʢʪʦʨʘ, ʯʪʦ ̫ ʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʫʥʢʪʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠʤʝʯʘʥʠʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʝʤʘʣʦʚʘʞʥʳʤ ʧʫʥʢʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʙ ʘʪʪʝʩʪʘʮʠʠ ̫ ʚʣʷʝʪʩʷ çʋʩʣʦʚʠ ̫

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷè. ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʶ 

ʬʦʨʤʠʨʫʶʪʩʷ ʝʱʝ ʥʘ ɻ ʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʡ ʧʦʪʝʨʝʡ ʢʘʯʝʩʪʚ ʠ ʩʚʦʡʩʪʚ ʧʝʨʝʚʦʟʠʤʦʛʦ 

ʛʨʫʟʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ, ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ ʠʣʠ ʚʝʱʝʩʪʚʘ ʫʩʣʦʚʠʷ ʙʫʜʫʪ 

ʦʪʣʠʯʘʪʴʩʷ. ʄ  rʩʯʠʪʘʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʠʥʘʪʴ ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴ. 

ɼʣ ̫ʥʝʢʦʪʦʨʳʭ ɻ ʢʟʝʤʧʣʷʨʦʚ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ: 

ʭʨʘʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʝ, ʚ ɦ ʝʣʦʯʥʦʡ ʩʨʝʜʝ ʠ ʪ.ʜ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʜʦʣʞʥʳ ʫʢʘʟʳʚʘʪʴ, ʢʘʢʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ 

ʚʦʟʤʦʞʥʘ ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʘ ʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ɻ ʪʦʪ ʤʦʤʝʥʪ ʜʦʣʞʝʥ ʭʨʘʥʠʪʴʩʷ 

ʛʨʫʟ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠ ʦʙʰʠʨʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʨʝʢʦʤʝʥʜʫʝʤ ʧʨʠʢʨʝʧʣʷʪʴ ʜʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʣʦʞʝʥʠʷ ʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʦʙ ʘʪʪʝʩʪʘʮʠʠ ʠʣʠ ʧʦʜʨʦʙʥʦ ʧʨʦʧʠʩʳʚʘʪʴ ʜʘʥʥʳʡ 

ʧʫʥʢʪ ʚ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ɻ ʪʘʧʝ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʩʨʦʢʘ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʲʷʪʳ 

ʠʟ ʧʨʠʤʝʥʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʥʠ ʠʣʠ ʥʝʪ. ɼʘʣʝʝ 

ʚʦʟʤʦʞʥʘ ʧʦʚʪʦʨʥʘʷ ʘʪʪʝʩʪʘʮʠʷ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ 
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ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ. ɽʩʣʠ ʧʨʠ ʧʦʚʪʦʨʥʦʡ 

ʘʪʪʝʩʪʘʮʠʠ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʘʪʪʝʩʪʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʘʪʪʝʩʪʘʮʠʠ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʪʨʝʪʠ ʦʪ ʧʨʝʞʜʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʪʦ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʜʣʝʚʘʝʪʩʷ. ʄ  rʩʯʠʪʘʝʤ, ʩʪʦ 

ʜʘʥʥʳʡ ʧʫʥʢʪ ʜʦʣʞʝʥ ʫʧʦʤʠʥʘʪʴʩʷ ʚ ʩʚʠʜʝʪʝʣʴʩʪʚʝ ʦʙ ʘʪʪʝʩʪʘʮʠʠ ʜʣ ̫ʥʘʛʣʷʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  

ʀʟʫʯʠʚ ʚʩ ʁʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʘʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ʝʝ ʚ ʦʬʠʮʠʘʣʴʥʳʡ ʜʦʢʫʤʝʥʪ, ʥʘʤʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʧʫʥʢʪʦʚ, ʜʘʶʱʠʭ ʧʦʣʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙʲʝʢʪʫ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʪʠʧʦʚʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ, ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ 

ʈʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʘʷ ʬʦʨʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ 
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ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʪʠʧʦʚʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʘʪʪʝʩʪʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʧʦʟʚʦʣʠʣʦ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʪʴ ʚʩ ʁʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣ ̫ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʨʨʝʢʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʦʧʨʝʜʝʣʠʣʦ ʨʘʤʢʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ. ʊʘʢʞʝ 

ʪʠʧʦʚʘʷ ʬʦʨʤʘ ʚʦʰʣʘ ʚ ʩʦʩʪʘʚ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʨʫʛʠʤ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʦʪʜʝʣʘʤ ʧʦʜʨʘʟʜʝʣʝʥʠʡ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʈʀʉʊɸʃʃʆɻʈɸʌʀʏɽʉʂʆʁ ʊɽʂʉʊʋʈʓ 

ʂʆʅʊʈʆʃʀʈʋɽʄʆʁ ʊɽʈʄʆʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ. 

ʊʝʢʩʪʫʨʘ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʘʫʩʪʝʥʠʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʠʤʦʨʬʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʠ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʬʘʟʘʤʠ. ʀʟ ʚʦʟʤʦʞʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʬʝʨʨʠʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʨʠʝʥʪʘʮʠʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʘʫʩʪʝʥʠʪʥʳʭ ʛʨʘʥʠʮʘʭ ʨʝʰʝʪʢʠ ʩʦʚʧʘʜʘʶʱʠʭ ʫʟʣʦʚ ×3. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ, ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʦʨʠʝʥʪʠʨʦʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʩʜʚʠʛʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ 

 

Abstract. Crystallographic texture simulation of thermo-mechanical controlled processing for 

low-carbon higher strength steel was conducted. The texture arises as a result of austenite hot rolling 

with subsequent polymorphic transformation following the orientation relationships between the initial 

and formed phases. The orientations were chosen from possible options as ferrite orientations that arise 

on austenitic ×3 boundaries of coincidence site lattice. 

Keywords: crystallographic texture, thermo-mechanical controlled processing, crystal lattice 

orientations, shear transformation 

 

ɺʚʝʜʝʥʠʝ 

ʌʦʨʤʠʨʦʚʘʥʠʶ ʦʙʲʝʤʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʧʨʝʜʰʝʩʪʚʫʶʪ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʜʝʣʠʡ. ʅʘʣʠʯʠʝ ʪʝʢʩʪʫʨʳ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʫʨʦʚʝʥʴ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʫʧʨʘʚʣʷʷ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ [1-3]. ɺ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʙʲʝʤʥʦʡ ʪʝʢʩʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʟʘʣʦʞʝʥʦ ʩʦʯʝʪʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʩʫʙʤʠʢʨʦʫʨʦʚʥʝ ʪʘʢʠʭ, ʢʘʢ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʜʚʠʛʠ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʷʭ, ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʠ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʧʨʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [4]. 

ɼʣ ̫ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ɻ ʢʦʥʦʤʠʯʝʩʢʫʶ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʠʤʝʥʷʶʪ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʵʢʦʥʦʤʥʦʣʝʛʠʨʦʚʘʥʥʳʝ 

ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʪʘʣʠ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʚ ʩʣʦʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ [5, 6]. ʇʨʠʤʝʥʝʥʠʝ ʪʨʫʙ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʠʭ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ [5-7]. ʇʝʨʝʭʦʜʫ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʦʪ ʢʣʘʩʩʦʚ ʧʨʦʯʥʦʩʪʠ X52ïX65 ʢ X70ïʍ80 ʠ 

ʚrʰʝ ʢ ʍ100 ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ 
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ʧʨʦʠʟʚʦʜʩʪʚʦ Thermo-mechanical Controlled Processing (TMCP), ʩʫʪʴ ʢʦʪʦʨʦʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʢʘʪʢʝ ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʫʩʢʦʨʝʥʥʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʦʭʣʘʞʜʝʥʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʜʚʠʛʦʚʦʝ ɔŸŬ-ʧʨʝʚʨʘʱʝʥʠʝ.  ɺʥʝʜʨʝʥʠʝ TMCP ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ 

ʦʪ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʢ ʧʨʦʜʫʢʪʘʤ ʩʜʚʠʛʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ï 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʡʥʠʪʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʣʘʩʩʳ 

ʧʨʦʯʥʦʩʪʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʙʝʡʥʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʩʢʦʨʝʥʥʦʛʦ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [5-12].  

ʅʘʣʠʯʠʝ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠʟʜʝʣʠʡ [13, 14]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʨʠʝʥʪʘʮʠʠ ʟʝʨʝʥ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (ʆʉ), ʂʫʨʜʶʤʦʚʘ-ɿʘʢʩʘ (ʂ-ɿ), ʅʠʰʠʷʤʳ-

ɺʘʩʩʝʨʤʘʥʘ ʠ ʜʨ. ̫ ʚʣʷʶʪʩʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʤʠ. ʊʦ ʝʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ ʬʝʨʨʠʪʘ ʚ ʦʜʥʦʤ ʠʩʭʦʜʥʦʤ ʘʫʩʪʝʥʠʪʥʦʤ ʟʝʨʥʝ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʪʝʢʩʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ɻ ʪʦʤ ʚʩʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʳ ʚ 

ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʊʄʉʈ, ʚʣʠʷʶʱʝʡ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ [13-17].  

ʇʦʷʚʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʦʨʠʝʥʪʠʨʦʚʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʜʚʠʛʦʚʦʛʦ 

ɔŸŬ-ʧʨʝʚʨʘʱʝʥʠʷ, ʚ ʤʘʪʝʨʠʘʣʝ ʩ ʠʩʭʦʜʥʦ ʩʣʦʞʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʪʝʢʩʪʫʨʦʡ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʥʝʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʠ 

ʬʘʟʦʚʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʜʚʘ ʚʘʞʥʳʭ 

çɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭè ʤʦʤʝʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʪʨʝʭʤʝʨʥʘʷ ʨʘʩʪʫʱʘʷ ʦʙʣʘʩʪʴ ʥʦʚʦʡ ʬʘʟʳ 

ʠʣʠ ʥʦʚʦʛʦ ʟʝʨʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʨʦʜʳʰʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭʤʝʨʥʳʡ 

ʦʙʲʝʢʪ, ʪʦ ʝʩʪʴ ʥʝʢʫʶ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʫ ʁʧʦʚʝʨʭʥʦʩʪʴ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ 

ʧʝʨʝʩʪʨʦʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʨʝʚʨʘʱʝʥʠʠ, ʥʦʚʘ ̫ʠ ʠʩʭʦʜʥʘʷ ʬʘʟʳ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴ ʥʝʢʠʡ ʦʙʱʠʡ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʜʣ ̫

ʦʙʦʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʘ ɻ ʣʝʤʝʥʪ [18, 19].  

ʋʯʝʪ ʜʘʥʥʳʭ ʤʦʤʝʥʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʤʝʩʪʘʤʠ ʟʘʨʦʞʜʝʥʠʷ 

ʥʦʚʳʭ ʟʝʨʝʥ ʠʣʠ ʥʦʚʳʭ ʬʘʟ ʷʚʣʷʶʪʩʷ ʤʝʞʟʝʨʝʥʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʛʨʘʥʠʮʳ ʠʣʠ, ʚʦʟʤʦʞʥʦ, ʧʨʦʪʷʞʝʥʥʳʝ ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ. ɺ 

ʨʘʙʦʪʘʭ [20, 21] ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʣʠ ʍ18ʅ9 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʪʳ ʩ ʆʎʂ 

ʨʝʰʝʪʢʦʡ ʟʘʥʠʤʘʶʪ ʜʚʝ ʩʦʩʝʜʥʠʝ ʦʙʣʘʩʪʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ɔ-ʬʘʟʝ. ʇʝʨʚʳʝ 

ʟʘʨʦʜʳʰʠ ɔŸŬ-ʧʨʝʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʝ ʚʥʫʪʨʠ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ, ʘ ʚ 

ʩʦʩʝʜʥʠʭ ʟʝʨʥʘʭ, ʨʘʟʜʝʣʝʥʥʳʭ ʛʨʘʥʠʮʝʡ ʨʝʰʝʪʢʠ ʩʦʚʧʘʜʘʶʱʠʭ ʫʟʣʦʚ (ʈʉʋ) Ɇ3. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʟʝʨʥʘ ʬʝʨʨʠʪʘ, ʩʚʷʟʘʥʥʳʝ ʜʚʦʡʥʠʢʦʚʦʡ ʨʘʟʦʨʠʝʥʪʘʮʠʝʡ 
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ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʪʝʢʩʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚ ʪʝʨʤʠʥʘʭ ʥʘʯʘʣʘ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʢʘʢ 

ʩʜʚʠʛʦʚʳʭ, ʪʘʢ ʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ) ʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʛʨʘʥʠʮʘʭ, ʚʢʣʯʁʘʷ ʩʧʝʮʠʘʣʴʥʳʝ ʛʨʘʥʠʮʳ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʈʉʋ-

ʛʨʘʥʠʮʘʤ Ɇ3 ʠ Ɇ11 [14, 16, 22]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʧʨʠ TMCP, c 

ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʟʝʨʝʥ ʥʦʚʦʡ ʬʘʟ rʥʘ ʈʉʋ-ʛʨʘʥʠʮʘʭ Ɇ3. 

 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʜʚʠʛʦʚʦʝ ɔŸŬǋ(Ŭ)-ʧʨʝʚʨʘʱʝʥʠʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʙʣʠʟʢʠʤʠ ʢ ʆʉ 

ʂ-ɿ {111}ɔớ{101}Ŭ, <110>ɔớ<111>Ŭ. ʇʦʩʢʦʣʴʢʫ ʚ ɻʎʂ ʨʝʰʝʪʢʝ ɔ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ɻ ʢʚʠʚʘʣʝʥʪʥʳʝ ʧʣʦʩʢʦʩʪʠ ʪʠʧʘ (111), (1-11), (1-11),(11-1) ʠ 

ʰʝʩʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ <110>, ʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ɔ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʤʝʩʪʘ ʟʘʨʦʞʜʝʥʠʷ ʥʦʚʦʡ ʬʘʟʳ, ʚʦʟʤʦʞʥʳ 24 ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ Ŭ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʆʉ ʩʦʦʪʥʦʰʝʥʠʶ ʂ-ɿ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʝʩʪʘ ʟʘʨʦʞʜʝʥʠʷ ʥʦʚʦʡ ʬʘʟʳ ʠʟ ʦʜʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʘʫʩʪʝʥʠʪʘ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 24 ʦʨʠʝʥʪʠʨʦʚʢʠ ʬʝʨʨʠʪʘ. 

ʀʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʨʝʚʨʘʱʝʥʠʠ 

ʟʘʜʘʚʘʣʦʩʴ ʤʘʪʨʠʯʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: M = T ẗ A, ʛʜʝ M ʠ A ï ʤʘʪʨʠʮʳ ʦʨʠʝʥʪʘʮʠʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʦʨʠʝʥʪʘʮʠʶ ʬʘʟ ʘʫʩʪʝʥʠʪʘ ʠ ʤʘʨʪʝʥʩʠʪʘ (ʙʝʡʥʠʪʘ, 

ʬʝʨʨʠʪʘ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʊ ï ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ [23]:  

 

Ὕ
πȟχτς πȟφφχ πȟπχυ
πȟφυππȟχτς πȟρφχ
πȟρφχπȟπχυ   πȟωψσ

,    (1)  

 

ɼʣ ̫ʧʦʣʫʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʧʣʦʩʢʦʩʪʝʡ ʦʨʠʝʥʪʠʨʦʚʦʢ 

Ŭ-ʬʘʟʳ, ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ, ɻ ʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʝʨʝʤʥʦʞʘʶʪʩʷ ʩ ʠʥʜʝʢʩʘʤʠ 

ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʠʤʝʥʥʦ: 

 

H = ÈẗÁ ËẗÁ ὰẗÁ ,    (2)  

K  = ÈẗÁ ËẗÁ ὰẗÁ ,    (3)  

L  = ÈẗÁ ËẗÁ ὰẗÁ ,    (4)  
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ʛʜʝ (HKL) ï ʠʩʢʦʤʳʝ ʠʥʜʝʢʩ rʧʣʦʩʢʦʩʪʠ ʆʎʂ ʨʝʰʝʪʢʠ, (hkl) ï ʟʘʜʘʥʥʳʝ ʠʥʜʝʢʩʳ 

ʧʣʦʩʢʦʩʪʠ ɻʎʂ ʨʝʰʝʪʢʠ, anm ï ɻ ʣʝʤʝʥʪ ʤʘʪʨʠʮʳ, n ï ʧʦʨʷʜʦʢ ʩʪʨʦʢʠ, m ï ʩʪʦʣʙʮʘ.  

ʇʦ ʘʥʘʣʦʛʠʯʥʳʤ ʬʦʨʤʫʣʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʠʥʜʝʢʩʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 

[UVW], ʧʦʜʩʪʘʚʣʷʷ ʚʤʝʩʪʦ h, k, l ʟʘʜʘʥʥʳʝ ʠʥʜʝʢʩʳ ʥʘʧʨʘʚʣʝʥʠʷ ï u, v, w.  

ɺʦʟʤʦʞʥʳʝ ʦʨʠʝʥʪʘʮʠʠ Ŭ-ʬʘʟʳ ʜʣ ̫ ʣʶʙʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ɔ-ʬʘʟʳ 

ʚʳʯʠʩʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ MS Excel (ʪʘʙʣʠʮʘ 1). 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ ʘʫʩʪʝʥʠʪʘ ʚʳʙʠʨʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʦʨʠʝʥʪʠʨʦʚʢʠ ɻʎʂ ʨʝʰʝʪʢʠ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [24]. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʩʝ ʟʘʨʦʜʳʰʠ ɔŸŬ-ʧʨʝʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʩʦʩʝʜʥʠʭ 

ʘʫʩʪʝʥʠʪʥʳʭ ʟʝʨʥʘʭ, ʨʘʟʜʝʣʝʥʥʳʭ ʈʉʋ-ʛʨʘʥʠʮʝʡ Ɇ3. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟ ʚʩʝʭ ʩʪʘʙʠʣʴʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ ʘʫʩʪʝʥʠʪʘ ʦʪʙʠʨʘʣʠʩʴ 

çʧʘʨʥʳʝè, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʚʦʡʥʠʢʦʚʦʡ ʨʘʟʦʨʠʝʥʪʘʮʠʠ. ʀʟ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ 

çʧʘʨʥʳʭè ʦʨʠʝʥʪʠʨʦʚʦʢ ɔ-ʬʘʟʳ ʦʪʙʠʨʘʣʠʩʴ ʦʨʠʝʥʪʠʨʦʚʢʠ Ŭ-ʬʘʟʳ, ʪʘʢʞʝ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʚʦʡʥʠʢʦʚʦʡ ʨʘʟʦʨʠʝʥʪʘʮʠʠ. ʇʦʩʣʝʜʥʠʝ ʧʦʣʘʛʘʣʠʩʴ ʦʩʥʦʚʥʳʤʠ 

ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʬʝʨʨʠʪʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ TMCP (ʪʘʙʣʠʮʘ 2). ɺʩʝ 

ʚʦʟʤʦʞʥʳʝ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʈʉʋ Ɇ3 (ʜʚʦʡʥʠʢʦʚʳʝ) ʜʣ ̫ʦʙʝʠʭ ʢʫʙʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ 

ʩʪʨʦʠʣʠʩʴ (ʧʦʜʙʠʨʘʣʠʩʴ) ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʦʨʦʪʦʚ ʥʘ 60Á 

ʚʦʢʨʫʛ ʦʩʝʡ <111> ʠʣʠ ʥʘ 70,5Á ʚʦʢʨʫʛ ʦʩʝʡ <110> [25]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣ ̫ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

[26] ʧʦ ʪʝʢʩʪʫʨʝ TMCP (ʨʠʩʫʥʦʢ 1, ʘ) ʚ ʚʠʜʝ ʩʝʯʝʥʠʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʦʢ (ʨʠʩʫʥʦʢ 1, ʘ). ʅʘʣʦʞʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʦʢ ʬʝʨʨʠʪʘ ʥʘ ʩʝʯʝʥʠʷ ʌʈʆ 

ʧʦʢʘʟʳʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 1, ʙ). 

ʆʩʥʦʚʥʳʝ ʦʨʠʝʥʪʘʮʠʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʠʭ ʨʘʩʩʝʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʘʢ ʧʘʨʳ ʜʚʦʡʥʠʢʦʚʳʭ 

ʬʝʨʨʠʪʥʳʭ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʨʠʝʥʪʘʮʠʷ {001}<110>, ʢʦʪʦʨʘʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ TMCP ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʣʷʪʴʩʷ, ʚʧʣʦʪ ɹʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ [13]. ʆʨʠʝʥʪʘʮʠʷ {001}<110> ̫ ʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 

ʆʎʂ ʨʝʰʝʪʢʠ, ʠ, ʩʦʛʣʘʩʥʦ [13], ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʱʝʧʣʝʥʠʡ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ. ʇʦʩʢʦʣʴʢʫ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ AC3 ʜʣ ̫ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ {001}<110> ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʨʝʚʨʘʱʝʥʠʠ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʬʝʨʨʠʪʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʤʘʪʝʨʠʘʣʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ. 
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ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʦʨʠʝʥʪʘʮʠʠ 

ʬʝʨʨʠʪʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʦʨʠʝʥʪʘʮʠʠ ʘʫʩʪʝʥʠʪʘ (110)[001] ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉ 

ʂʫʨʜʶʤʦʚʘ-ɿʘʢʩʘ 

 ̄

ʚʘʨʠʘʥʪʘ 

ʆʨʠʝʥʪʘʮʠʠ ʚ ʠʥʜʝʢʩʘʭ ʄʠʣʣʝʨʘ ʆʨʠʝʥʪʘʮʠʷ ʚ 
ʚʠʜʝ ʧʨʦʝʢʮʠʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 
ʈʘʩʯʸʪʥʳʝ (ʪʦʯʥʳʝ) ʇʨʠʙʣʠʞʝʥʥʳʝ* 

1 (0,075;1,391;0,242)[-0,075;0,167;0,983] (010)[001]  

2 (0,742;0,575;1,058)[-0,742;0,650;0,167] (111)ρ10] 
 

3 (-0,742;0,575;1,058)[0,742;0,650;0,167] (ρ11)[110] 
 

4 (-0,075;1,391;0,242)[0,075;-0,167;0,983] (010)[001]  

5 (0,667;0,483;1,150)[-0,667;0,742;0,075] (112)[ρ10] 
 

6 (-0,667;0,483;1,150)[0,667;0,742;0,075] (ρ12)[110] 
 

7 (0,592;-0,908;0,908)[0,742;0,650;0,167] (1ρ1)[110] 
 

8 (-1,408;-0,092;0,092)[0,075;-0,167;0,983] (ρ00)[001]  

9 (0,816;0,816;-0,816)[-0,667;0,742;0,075] (11ρ)[ ρ10] 
 

10 (0,816;-0,816;0,816)[0,667;0,742;0,075] (1ρ1)[110] 
 

11 (-1,408;0,092;-0,092)[-0,075;-0,167;0,983] (ρ00)[001]  

12 (0,592;0,908;-0,908)[-0,742;0,650;0,167] (11ρ)[ ρ10] 
 

13 (1,408;-0,092;0,092)[-0,075;-0,167;0,983] (100)[001]  

14 (-0,592;-0,908;0,908)[-0,742;0,650;0,167] (ρρ1)[ ρ10] 
 

15 (-0,592;0,908;-0,908)[0,742;0,650;0,167] (ρρ1)[110] 
 

16 (1,408;0,092;-0,092)[0,075;0,167;0,983] (100)[001]  

17 (-0,816;-0,816;0,816)[-0,667;0,742;0,075] (ρρ1)[ ρ10] 
 

18 (-0,816;0,816;-0,816)[0,667;0,742;0,075] (ρρ1)[110] 
 

19 (0,667;0,483;1,150)[-0,667;-0,742;0,075] (112)[1ρ0] 
 

20 (-0,667;0,483;1,150)[-0,667;-0,742;-0,075] (ρ12)[ ρρ0] 
 

21 (0,075;1,391;0,242)[0,075;0,167;-0,983] (010)[00ρ]  

22 (0,742;0,575;1,058)[0,742;-0,650;-0,167] (111)[1ρ0] 
 

23 (-0,742;0,575;1,058)[-0,742;-0,650;-0,167] (ρ11)[ ρρ0] 
 

24 (-0,075;1,391;0,242)[-0,075;0,167;-0,983] (010)[00ρ]  

*ʇʨʠʤʝʯʘʥʠʝ: ʦʪʢʣʦʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʦʪ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʚʩʝʤ ʫʛʣʘʤ 

ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʥʝ ʙʦʣʝʝ 15Á. 
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ʊʘʙʣʠʮʘ 2 ï ʆʨʠʝʥʪʘʮʠʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ TMCP 

ʉʪʘʙʠʣʴʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ɻʎʂ ʨʝʰʝʪʢʠ [24] 
ʆʨʠʝʥʪʘʮʠʷ ʆʎʂ ʨʝʰʝʪʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ  

ʚ ʨʝʟʫʣʴʪʘʪʝ TMCP 

ʀʥʜʝʢʩʳ ʄʠʣʣʝʨʘ 

ʆʨʠʝʥʪʘʮʠʷ ʚ ʚʠʜʝ 

ʧʨʦʝʢʮʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

ʀʥʜʝʢʩʳ 

ʄʠʣʣʝʨʘ 

ʆʨʠʝʥʪʘʮʠʷ ʚ ʚʠʜʝ 

ʧʨʦʝʢʮʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

(110)[001] 
 

  

(100)[010]    

(011)[11ρ] 
 

ρρςρρπ 
 

(011)[1ρ1] 
 

ρρςρρπ 
 

(011)[21ρ] 
 

ρρπρρρ 
 

(011)[2ρ1] 
 

ρρπρρρ 
 

(112)[ρρ1] 
 

ρρρρρς 
 

(ρ12)[1ρ1] 
 

ρρρρρς 
 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʪʦʛʦ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ, ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʪʨʫʙʥʦʡ ʩʪʘʣʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪ ɹʦʨʠʝʥʪʘʮʠʡ ʆʎʂ ʨʝʰʝʪʢʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʜʚʠʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (ɻʎʂ Ÿ ʆʎʂ), ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, 

ʂʫʨʜʶʤʦʚʘ-ɿʘʢʩʘ). ʇʨʠʯʝʤ ʟʘʨʦʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʬʝʨʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʘʫʩʪʝʥʠʪʥʳʤʠ ʟʝʨʥʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʨʘʟʦʨʠʝʥʪʘʮʠʝʡ ʨʝʰʝʪʢʠ 

ʩʦʚʧʘʜʘʶʱʠʭ ʫʟʣʦʚ ×3. 

 

(ʘ)                                            (ʙ) 
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ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʢʩʪʫʨʦʡ ʊʄʉʈ ʚ ʚʠʜʝ ʩʝʯʝʥʠʡ ʌʈʆ ʧʨʠ ű2 = 0Á ʠ ű2 = 45Á:  

(ʘ) ï ʪʝʢʩʪʫʨʘ ʊʄʉʈ ʠʟ [26]; (ʙ) ï ʪʦ ʞʝ, ʯʪʦ ʥʘ çʘè ʩ ʥʘʣʦʞʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʡ 

ʬʝʨʨʠʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 
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ʈɸɿʈɸɹʆʊʂɸ ʋʅʀɺɽʈʉɸʃʔʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ 

ʉʊɽʅɼɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʆʃʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ 

 
ɸʥʥʦʪʘʮʠʷ. ɹʦʛʘʪʩʪʚʘ ɸʨʢʪʠʢʠ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʩʪʨʘʥ ʤʠʨʘ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʨʘʙʦʪʘʶʪ ʚ ʮʠʨʢʫʤʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ɸʨʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʄ  rʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ. ɼʣʷ ʚʳʙʦʨʘ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʙʳʚʘʶʪ ʚ ɸʨʢʪʠʢʝ ʜʘʞʝ 

ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʄ  rʧʨʝʜʣʘʛʘʝʤ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ; ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ; ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʥʝʨʛʠʠ ʥʘ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ; ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ; ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ; ɸʨʢʪʠʢʘ. 

 

Abstract. The riches of the Arctic attract the attention of many countries around the world. For 

research in this region, it  is necessary to have a power supply. Most often, researchers work in the 

circumpolar area during the summer. At  this time, there is a lot of solar energy in the Arctic. We propose 

to use solar cells for the power supply of the equipment. To select solar cells from various manufacturers' 

proposals, they must be examined at low temperatures, most often found in the Arctic, even in the spring 

and summer. We offer a solar cell research facility. 

Keywords: alternative energy sources; solar cell; solar cell power generation; power generation; 

energy productio; conversion efficiency; low temperatures; Arctic.  

 

ɺʚʝʜʝʥʠʝ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʤʠʨʝ, ʘ ʦʩʦʙʝʥʥʦ ʚ ɸʨʪʠʢʝ ʧʨʦʜʦʣʞʘʝʪ 

ʫʭʫʜʰʘʪʴʩʷ. ʄʥʦʛʠʝ ʩʪʨʘʥʳ, ʥʘʧʨʠʤʝʨ [1-3], ʧʦʜʥʠʤʘʶʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʯʪʦʙʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʉʪʨʘʥʳ ɽʚʨʦʧʳ ʧʨʠʥʷʣʠ 

ɽʚʨʦʧʝʡʩʢʠʡ ʟʝʣʝʥʳʡ ʢʫʨʩ, ʢʦʪʦʨʳʡ ʧʨʠʟʚʘʥ ʫʣʫʯʰʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʳʡ 

ʩʨʝʜʳ ʠ ʚ ʢʦʥʝʯʥʦʤ ʚʠʜʝ, ʫʣʫʯʰʠʪʴ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ɸʨʢʪʠʢʠ ʠʩʧʳʪʳʚʘʶʪ ʢʦʣʦʩʩʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʨʫʜʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʩʤ. [5]: çʕʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʚ 

ʢʘʞʜʦʤ ʨʘʡʦʥʝ ʟʘ ʩʯʝʪ ʜʠʟʝʣʴʥʳʭ ɻ ʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʪʦʧʣʠʚʦ ʜʣ ̫ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ 

ʦʜʠʥ ʨʘʟ ʚ ʛʦʜ ʜʣ ̫ʩʝʚʝʨʥʳʭ ʧʦʩʪʘʚʦʢ. ʂʘʢ ʧʨʘʚʠʣʦ, ɻ ʪʦ ʜʠʟʝʣʴʥʳʝ ɻ ʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʠʤ ʂʇɼ ʠ ʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ...è. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʦʪ ʟʘʧʘʩʦʚ 

ʪʦʧʣʠʚʘ [6, 7]. ɺ ʩʚʷʟʠ ʩ ɻ ʪʠʤ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʥʦʚʳʝ ʠʜʝʠ ʚ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʜʣ ̫ʜʦʩʪʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ɻ ʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ [8- 10]. 
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ʄʥʦʛʠʝ ʝʚʨʦʧʝʡʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ 

ʷʚʣʷʝʪʩʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ [11-13]. ʅʦ ʟʠʤʥʠʡ ʩʝʟʦʥ 2020-2021 ʛʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. ɺ ɻʝʨʤʘʥʠʠ ʚʩʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ɻ ʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʦʚʠʥʫ ʨʳʥʢʘ, ʥʦ ʚʦ ʚʨʝʤʷ 

ʘʥʦʤʘʣʴʥʦ ʭʦʣʦʜʥʦʡ ʧʦʛʦʜʳ ʠ ʩʥʝʛʦʧʘʜʦʚ ɻ ʪʘ ʜʦʣʷ ʫʧʘʣʘ ʜʦ 20%. ʇʨʦʚʝʨʢʘ 

ʣʦʧʘʩʪʝʡ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ [14, 15], ʧʦʢʘʟʘʣʘ ʩʠʣʴʥʦʝ ʦʙʣʝʜʝʥʝʥʠʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʚʳʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʃʦʧʘʩʪʠ ʚʝʪʨʷʢʘ ʥʫʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, 

ʯʪʦʙʳ ʥʝ ʟʘʤʝʨʟʥʫʪʴ, ʘ ʵʪʦ ʜʦʨʦʛʦʝ ʫʜʦʚʦʣʴʩʪʚʠʝ. ʄʥʦʛʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʢʦʤʧʘʥʠʠ ʙʳʣʠ ʥʝ ʛʦʪʦʚʳ ʢ ʧʦʩʪʦʷʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʣʦʧʘʩʪʝʡ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, 

ʪʘʢ ʢʘʢ ɻ ʪʦ ʧʨʠʚʝʣʦ ʙ  rʢ ʝʱʝ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʘʤ. ʄʥʦʛʠʝ ʝʚʨʦʧʝʡʩʢʠʝ ʩʪʨʘʥʳ 

ʧʝʨʝʞʠʣʠ ʢʨʠʟʠʩʥʳʝ ʤʦʤʝʥʪʳ ʩ ʥʝʚʝʨʦʷʪʥʳʤ ʪʨʫʜʦʤ. ɺ ɸʨʢʪʠʢʝ ʧʨʠʭʦʜʠʪʩʷ 

ʙʦʨʦʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʦʣʝʜʝʥʝʥʠʝʤ, ʥʦ ʠ ʩ ʩʠʣʴʥʳʤʠ ʚʝʪʨʘʤʠ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʫʩʪʘʥʦʚʢʝ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʧʨʦʚʘʣʠʣʠʩʴ, ʧʦʪʦʤʫ ʯʪʦ ʥʘʰʘ ʚʝʪʨʷʥʘʷ ʪʫʨʙʠʥʘ ʥʘ 

ʤʳʩʝ ɾʝʣʘʥʠʝ ʥʘ ʉʝʚʝʨʥʦʤ ʦʩʪʨʦʚʝ ʘʨʭʠʧʝʣʘʛʘ ʅʦʚʘʷ ɿʝʤʣʷ ʙʳʣʘ ʨʘʟʨʫʰʝʥʘ 

ʩʠʣʴʥʳʤ ʧʦʨʳʚʦʤ ʚʝʪʨʘ ʚʦ ʚʨʝʤʷ ʫʨʘʛʘʥʘ [16]. 

ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ï ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʩʠʩʪʝʤʘ ʚ ʫʩʪʘʥʦʚʢʝ, 

ʥʘʩʪʨʦʡʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʚ ɸʨʢʪʠʢʝ ʟʠʤʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦ, ʪʘʢ ʢʘʢ ʚ ʧʦʣʷʨʥʫʶ ʥʦʯʴ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʧʦʣʫʯʘʶʪ 

ʩʣʠʰʢʦʤ ʤʘʣʦ ʩʚʝʪʦʚʦʡ ɻ ʥʝʨʛʠʠ ʜʣ ̫ʚʳʨʘʙʦʪʢʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʥʘʰʠ ɻ ʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʳʩʝ ɾʝʣʘʥʠʷ ʥʘ ʉʝʚʝʨʥʦʤ ʦʩʪʨʦʚʝ ʘʨʭʠʧʝʣʘʛʘ ʅʦʚʘʷ 

ɿʝʤʣʷ, ʩʦʣʥʝʯʥʦʡ ɻ ʥʝʨʛʠʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣ ̫ʚʳʨʘʙʦʪʢʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʠ ʣʝʪʦʤ. ʄ  rʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʠ ʜʠʟʝʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʕʪʘ 

ʩʭʝʤʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ɸʨʢʪʠʢʝ [17]. ʉʭʝʤʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣ ̫ʧʠʪʘʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [18]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩ 

ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʨʫʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ [19]. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ [20, 21], ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ̫ ʨʢʠʤ 

ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʘ ʠʥʦʛʜʘ ʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʫʩʪʘʥʦʚʢʠ [22]. ʏʘʩʪʦ ʢʦʥʩʪʨʫʢʪʦʨʳ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʝʚʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʦʪ ʩʦʣʥʮʘ ʠ ʧʨʦʚʦʜʷʪ 

ʨʘʩʯʝʪʳ ʧʦ ʦʙʱʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥ rʚ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʙʝʟ ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [23]. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʥʝʯʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʪʱʘʪʝʣʴʥʦ, ʥʘʧʨʠʤʝʨ [24-26]. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʨʦʣʦʛʦʚ, ʚ ɸʨʢʪʠʢʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʘʟʜʦ ʯʘʱʝ, ʯʝʤ ʚʳʩʦʢʠʝ [27]. ɿʠʤʦʡ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʧʫʩʢʘʝʪʩʷ ʜʦ -38 ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ. ʃʝʪʦʤ ʦʥʘ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʪʦʣʴʢʦ ʜʦ +12 

ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ. ʇʦʪʦʤʫ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ɸʨʢʪʠʢʝ ʚʩʝʛʜʘ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʝ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. ʆʙʦʟʥʘʯʠʤ ʮʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ 

ʩʦʣʥʝʯʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷ ɸʨʢʪʠʢʠ. 

ɺ ɻ ʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʤ  rʫʩʪʘʥʦʚʠʤ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -

38 ʜʦ +12 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʵʥʝʨʛʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʣʦʢʘʣʴʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ [28-30]; ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ 

ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʝʪʨʦʚʳʝ ʨʝʞʠʤʳ, ʦʙʣʘʯʥʦʩʪʴ ʠ ʪ. ʜ.), ʥʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ, 

ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ [31-33]. ʊʦʯʥʦʩʪʴ ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʦʜʝʣʠ 

ʨʘʩʯʝʪʘ ʙʫʜʫʱʝʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʫ ʝɦʨʙʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʣʠʤʘʪʦʤ, ʦʛʨʘʥʠʯʝʥʘ 

ʧʨʦʙʣʝʤʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʥʘʧʨʠʤʝʨ [34-37]; ʀʪʘʢ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ʧʨʠʧʦʣʷʨʥʦʤ 

ʨʝʛʠʦʥʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ ʠʥʞʝʥʝʨʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ hʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʝʢʪʘ çʋʧʨʘʚʣʝʥʠʝ 

ʣʴʜʘʤʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷè ʉʝʚʝʨʥʦʛʦ (ɸʨʢʪʠʯʝʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʉɸʌʋ) [38] ʠ ʂʦʣʘʨʢʪʠʢ ʇʉ 2014-2020 ʛʛ. ʎʝʣʴ ʧʨʦʝʢʪʘï çʫʣʫʯʰʝʥʠʝ ʜʦʩʪʫʧʘ ʚ 

ʨʝʛʠʦʥʳ, ʨʘʟʚʠʪʠʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤè [39]. 

 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ 

[40]. ʄ  rʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʳʙʦʨʫ ʦʧʨʘʚʳ. ʃʘʙʦʨʘʪʦʨʠʷ çSolar Labè 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣ ̫ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʣʘʪʬʦʨʤʝ NI PXI [41]. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʨʝʜʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ NI LabVIEW. ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʜʚʫʭ ʩʪʝʥʜʘʭ: ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ. ɺʥʝʰʥʠʡ ʩʪʝʥʜ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ. ɺʥʫʪʨʝʥʥʠʝ ʩʪʝʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʡ ʣʘʤʧʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʦʚʦʡ 

ʵʥʝʨʛʠʠ. ʋʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣ ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʳʭ ɻ ʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (VAC) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ ʧʘʥʝʣʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. 

çWind and solar power trainerè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣ ̫ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʠ ʚʝʪʨʷʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ [42]. ʀʩʧʦʣʴʟʫʷ ɻ ʪʦʪ 

ʪʨʝʥʘʞʝʨ, ʫʯʘʱʠʝʩʷ ʩʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʘʢʠʝ ʜʘʥʥʳʝ, ʢʘʢ ʚʳʭʦʜʥʦʡ ʪʦʢ, 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʤʦʱʥʦʩʪʴ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʠ ʚʝʪʨʷʥʳʭ ʤʝʣʴʥʠʮ, ʢʨʦʤʝ ʪʦʛʦ, 

ʦʥʠ ʩʤʦʛʫʪ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʥʘʧʨʷʞʝʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʪʦʢ 

ʥʘʛʨʫʟʢʠ ʠ ʪ. ɼ. ʈʘʟʨʘʙʦʪʘʥʦ ʜʣ ̫ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩ h ʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʣʘʪʬʦʨʤ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ National Instruments; ʧʨʦʩʪʳʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʣʝʛʢʦ 

ʨʘʩʰʠʨʷʝʤʳʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ ʩʚʷʟʠ ʠ ʥʘʜʝʞʥʳʝ ʤʦʜʫʣʠ ʚʚʦʜʘ / ʚʳʚʦʜʘ. 

ʉʪʝʥʜ 2.1 Investigating Solar Modules [43] ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ; 

ʟʘʧʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʤʦʜʫʣʷ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʥʠ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʨʘʙʦʪʘʶʪ ʙʘʡʧʘʩʥʳʝ ʜʠʦʜʳ; ʫʟʥʘʪʴ ʦ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʨʦʚʦʜʢʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʧʦʜʢʣʶʯʝʥʠʷ ʜʣ ̫ʩʦʣʥʝʯʥʳʭ 

ʤʦʜʫʣʝʡ. 

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʝʥʜʦʚ ï ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʥʝʝ ʤ  r

ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [44, 45] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ PG-2J, 

ʥʦ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʧʦʟʚʦʣʷʣʠ ʙʳʩʪʨʦ ʨʘʙʦʪʘʪʴ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʄ  rʩʦʟʜʘʣʠ ʥʦʚʫʶ ʫʩʪʘʥʦʚʢʫ, ʙʣʦʢ-ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʉʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʧʦʜʢʣʶʯʝʥʘ ʯʝʨʝʟ ʮʠʬʨʦʚʦʡ ʚʦʣʴʪʤʝʪʨ ʢ Arduino Nano. 

ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʧʨʦʞʝʢʪʦʨʦʤ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʚʳʨʘʙʘʪʳʚʘʝʪ ʕɼʉ, ʠ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʟʘʪʝʤ ʚʳʚʦʜʷʪʩʷ ʥʘ ʜʠʩʧʣʝʡ. Arduino Nano 

ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʥʫʪʨʠ ʩʪʝʥʜʘ, ʠ 

ʚʳʚʦʜʠʪ ʜʘʥʥʳʝ ʥʘ ʜʠʩʧʣʝʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʥʦʧʦʢ. ʕʣʝʤʝʥʪʳ 

ʇʝʣʴʪʴʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣ ̫ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʩʪʝʥʜʘ, 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʪʚʝʨʜʦʪʝʣʴʥʦʤʫ ʨʝʣʝ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʧʨʘʚʣʷʝʪʩʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. ʉʤʝʥʘ ʧʦʣʷʨʥʦʩʪʠ ʥʘ ɻ ʣʝʤʝʥʪʘʭ ʇʝʣʴʪʴʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʧʦʣʷʨʥʦʩʪʠ ʥʘ ʯʝʪʳʨʝʭ ʪʨʘʥʟʠʩʪʦʨʘʭ.  

ɺʝʥʪʠʣʷʪʦʨʳ, ʵʣʝʤʝʥʪʳ ʇʝʣʴʪʴʝ ʠ Arduino Nano ʧʠʪʘʶʪʩʷ ʦʪ ʙʣʦʢʘ 

ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ 12ɺ, 360ɺʪ. ʇʨʦʞʝʢʪʦʨ ʧʠʪʘʝʪʩʷ ʦʪ ʩʝʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 220ɺ. 
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ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ (ʈʠʩ.2ʘ) ʜʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ̫ ʱʠʢ ʠʟ ʬʘʥʝʨʳ, ʦʙʰʠʪʳʡ ʩʥʘʨʫʞʠ 

ʩʣʦʝʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʬʦʣʴʛʠ. ʇʦ ʙʦʢʘʤ ʩʪʝʥʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʢʫʣʝʨʳ ʜʣ ̫

ʦʪʚʦʜʘ ʪʝʧʣʘ ʩ ɻ ʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ. ʅʘ ʢʨʳʰʢʝ ʩʪʝʥʜʘ ʨʘʩʧʦʣʦʞʝʥ ʠʩʪʦʯʥʠʢ 

ʦʩʚʝʱʝʥʠʷ. 

 

  

ʈʠʩʫʥʦʢ 2 ï ʋʩʪʘʥʦʚʢʘ: ʘ) ʚʥʝʰʥʠʡ ʚʠʜ; ʙ) ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ 

 

ɺʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʩʪʝʥʜʘ (ʈʠʩ.2ʙ) ʦʙʰʠʪʘ ʜʚʫʤʷ ʩʣʦʷʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʘʷ ʬʦʣʴʛʘ ʠ ʚʩʧʝʥʝʥʥʳʡ ʧʦʣʠʵʪʠʣʝʥ, ʧʦʢʨʳʪʳʡ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʝʤ ʬʦʣʴʛʠ. ʇʦ ʙʦʢʘʤ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʜʠʘʪʦʨʳ ʩ ʚʝʥʪʠʣʷʪʦʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣ ̫ʦʪʚʦʜʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʘʤʝʨʝ ʪʝʧʣʘ/ʭʦʣʦʜʘ. ʇʦʜ 

ʨʘʜʠʘʪʦʨʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ɻ ʣʝʤʝʥʪʳ ʇʝʣʴʪʴʝ. 

ɺ ʮʝʥʪʨ ʩʪʝʥʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʳʡ ɻ ʣʝʤʝʥʪ, ʟʘʢʨʳʚʘʝʪʩʷ ʢʨʳʰʢʘ ʠ 

ʚʢʣʶʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʦʩʚʝʱʝʥʠʷ. ɼʘʣʝʝ ʧʨʠ ʧʦʤʦɦʠ ʢʥʦʧʦʢ ʚʳʙʠʨʘʝʤ 

ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (ʜʘʥʥʳʝ ʦʙ ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʳ ʥʘ 

ʜʠʩʧʣʝʝ). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʧʠʩʳʚʘʝʤ ʧʦʢʘʟʘʪʝʣʠ. 

ʇʨʠʤʝʨ ʩʥʷʪʳʭ ʧʦʢʘʟʘʥʠʡ ʜʣ ̫ʩʦʣʥʝʯʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ E = f 

(T) ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ V  = f  (T) ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ɻ ʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙ  rʧʨʠʤʝʥʷʪʴ 

ʚ ɸʨʢʪʠʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʚʳʩʦʢʠʝ, ʪʘʢ 

ʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʄ  rʩʦʟʜʘʣʠ ʫʩʪʘʥʦʚʢʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʩʦʣʥʝʯʥʳʝ ɻ ʣʝʤʝʥʪʳ ʚ h ʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 
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ʋɼʂ 621.315.1 

 

ʃʠʩʦʚʝʥʢʦ ɸ.ʉ., ʃʠʤʘʥʦʚʩʢʘʷ ʆ.ɺ. 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʉʊʆʗʅʀʗ ɺʆɿɼʋʐʅʆʁ ʃʀʅʀʀ 
ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ ʅɸ ʆʉʅʆɺɽ ʋʏɽʊɸ ɼɽʌɽʂʊʅʆʉʊʀ 

ʇʈʆɺʆɼʆɺ ʀ ʋʉʃʆɺʀʁ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʰʠʨʷʝʤʦʡ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʦ 
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Abstract. The article presents the results of the development of an expandable multi-agent model 

of the technical state of the overhead power transmission line. The software implemented multi-agent 

model was used to modelling real overhead power line based on information obtained as a result of its 
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ɺʚʝʜʝʥʠʝ 

ɺʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯ (ɺʃ) ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʈʌ ʠ ̫ ʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʧʝʨʝʜʘʯʝ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ. ʉʪʘʨʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʩʝʨʴʝʟʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʜʣ ̫ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ. 

ʆʙʱʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʰʝʥʥʦʩʪʠ ɻ ʣʝʢʪʨʠʯʝʩʢʠʡ ʩʝʪʝʡ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

70% [1]. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʯʪʦ ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘʨʘʩʪʘʥʠʷ 

ʩʣʫʯʘʝʚ ʥʘʨʫʰʝʥʠʷ ʠʭ ʨʘʙʦʪʳ. ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʠʡʩʷ ʩʠʪʫʘʮʠʠ ̫ ʚʣʷʝʪʩʷ 

ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʝʪʝʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, 

ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʦʟʜʘʝʪ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ ʜʣ ̫ʧʦʪʨʝʙʠʪʝʣʝʡ [14-16].  

ɼʣ ̫ʨʝʰʝʥʠʷ ʪʝʢʫʱʠʭ ʧʨʦʙʣʝʤ ʚ ɻ ʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʇɸʆ ʈʦʩʩʝʪʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʂʦʥʮʝʧʮʠʷ çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 2030è [2]. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʚ 

ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ̫ ʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʣʠʥʠʡ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʇʦʜ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ ʩʠʩʪʝʤʳ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʝʝ ʧʨʦʛʨʘʤʤʥʳʡ ʘʥʘʣʦʛ, ʢʦʪʦʨʳʡ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʠʤʠʪʠʨʫʝʪ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʚʝʜʝʥʠʝ ʩʚʦʝʛʦ ʨʝʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ [20].   
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ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ɺʃ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʩʦʟʜʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ɺʃ, ʝʝ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʝʝ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʜʘʝʪ ʩʠʣʴʥʳʡ ɻ ʢʦʥʦʤʠʯʝʩʢʠʡ ɻ ʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʦʪʢʘʟʦʚ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʢʦʤʧʝʥʩʘʮʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠ ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ [3-7].  

ɼʣ ̫ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ɺʃ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʩʦ 

ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ̫ ʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜ ʜʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ [19]. 

ɸʛʝʥʪʥʳʡ ʧʦʜʭʦʜ ʜʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʨʠʤʝʥʷʣʩʷ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [8] ʘʚʪʦʨʦʚ Mikael M. Nordman ʠ Matti Lehtonen, ʛʜʝ ʘʛʝʥʪʥʘʷ 

ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ɺʃ ʩʪʨʦʠʪʩʷ ʜʣ ̫ʧʦʜʩʪʘʥʮʠʡ ʣʠʥʠʡ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯ, 

ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʜʘʪʯʠʢʦʚ ʦʪʩʣʝʞʠʚʘʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʦʪʩʣʝʞʠʚʘʝʤʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [9] ʘʚʪʦʨʦʚ Ioannis S. Baxevanos ʠ Dimitris P. Labridis ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣ ̫ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʃʕʇ, 

ʢʦʪʦʨʳʝ ʦʩʥʘʱʘʶʪʩʷ ʩʦʙʠʨʘʶʱʠʤʠ ʠʥʬʦʨʤʘʮʠʶ ʜʘʪʯʠʢʘʤʠ. ɺ ʨʘʙʦʪʝ [10] 

ʘʚʪʦʨʦʚ Jose Gonzalez de Durana, Oscar Barambones, Enrique Kremers ʠ Liz Varga 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʝʪʝʡ ʩ ʚʦʟʤʦʞʥʳʤʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʵʥʝʨʛʠʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʨʘʩʰʠʨʷʝʤʳʡ ʧʦʜʭʦʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʢʮʠʠ ʠ ʦʩʥʦʚʘʥ ʪʦʣʴʢʦ 

ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ 

ʷʚʣʷʝʪʩʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʛʝʥʝʨʘʪʦʨʦʚ ʠ 

ʧʦʜʩʪʘʥʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙ ʵʪʠʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ. ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ ʦʙʦʙʱʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʠ ʕʕʉ ï ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʘ ʠʤʝʥʥʦ 

ʧʦʜʨʦʙʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ̫ ʚʣʷʝʪʩʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʯʝʤ ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʕʕʉ, ʪ.ʢ. ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʵʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʜʣ ̫ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʃ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʜʣ ̫ɻ ʪʦʛʦ ʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʰʠʨʝʥʠʠ ʜʦ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ɻ ʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ɺʃ (ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ ʕʉʉ) 
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ʜʘʩʪ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ.   

ɼʣ ̫ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ɺʃ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʛʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʦʬʠʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ ʦʮʝʥʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [11] ʠ ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʧʨʠ ʟʘʥʝʩʝʥʠʠ ʚ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʦʙ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ɺʃ. 

 

ʄʝʪʦʜ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʃ 

ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ [11] ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʃ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ 

ɺʃ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʩ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣ ̫

ɺʃ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʟʣʘʤʠ ̫ ʚʣʷʶʪʩʷ ʆʧʦʨʘ ʠ ʇʨʦʣʝʪ.  ʀʥʜʝʢʩ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 (ʥʘʠʭʫʜʰʝʝ ʟʥʘʯʝʥʠʝ) ʜʦ 100 

(ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ).  

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʦʜʠʪʩʷ ʜʠʘʧʘʟʦʥʳ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ (ʦʧʦʨʳ ʠ ʧʨʦʣʝʪʘ) ʠ ʩʘʤʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚ ʮʝʣʦʤ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʘʧʘʟʦʥʦʚ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʝʛʦ 

ʦʧʠʩʘʥʠʝʤ ʠ ʮʚʝʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ɼʠʘʧʘʟʦʥ ʠʥʜʝʢʩʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

ɺʠʜ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 
ɺʠʟʫʘʣʠʟʘʮʠʷ(ʮʚʝʪ) 

[0; 25] ʂʨʠʪʠʯʝʩʢʦʝ ʂʨʘʩʥʳʡ 

(25; 50] ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʆʨʘʥʞʝʚʳʡ 

(50; 70] ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ɾʝʣʪʳʡ 

(70; 85] ʍʦʨʦʰʝʝ ɿʝʣʝʥʳʡ 

(85; 100] ʆʯʝʥʴ ʭʦʨʦʰʝʝ ɿʝʣʝʥʳʡ 
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ʂʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʘʣʣʴʥʦʡ h ʢʘʣʦʡ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ. ɼʠʘʧʘʟʦʥ ʙʘʣʣʴʥʦʡ h ʢʘʣʳ ï ʦʪʨʝʟʦʢ 

ʦʪ 0 ʜʦ 4. 

ɺ ʦʮʝʥʢʝ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨʳ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ: ʠʟʦʣʷʪʦʨʳ ʠ ʘʨʤʘʪʫʨʘ, ʩʘʤʘ ʦʧʦʨʘ ʠ ʝʝ ʬʫʥʜʘʤʝʥʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ɻ ʪʦʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʫʟʝʣ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ɼʣ ̫ʦʮʝʥʢʠ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ ʇʨʦʣʝʪ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʚʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ (1): 

1) ʉʦʩʪʦʷʥʠʝ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘ ʠ 2) ʉʦʩʪʦʷʥʠʝ ʛʨʦʟʦʪʨʦʩʘ: 

- ʆʙʨʳʚ ʧʨʦʚʦʣʦʢ ʚ ʟʘʞʠʤʘʭ; 

- ʆʙʨʳʚ ʧʨʦʚʦʣʦʢ ʚʥʝ ʟʘʞʠʤʦʚ; 

- ʉʪʨʝʣʘ ʧʨʦʚʝʩʘ; 

- ʂʦʨʨʦʟʠʷ ʧʨʦʚʦʜʘ; 

- ʆʧʘʩʥʦʩʪʴ ʦʙʨʳʚʘ ʧʨʦʚʦʜʘ. 

3) ʉʦʩʪʦʷʥʠʝ ʛʘʩʠʪʝʣʷ ʚʠʙʨʘʮʠʠ: 

- ʉʤʝʱʝʥʠʝ ʛʘʩʠʪʝʣʷ ʚʠʙʨʘʮʠʠ; 

- ʅʘʣʠʯʠʝ ʛʘʩʠʪʝʣʷ ʚʠʙʨʘʮʠʠ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ; 

- ʆʪʩʫʪʩʪʚʠʝ ʛʨʫʟʦʚ ʥʘ ʛʘʩʠʪʝʣʝ ʚʠʙʨʘʮʠʠ. 

4) ʉʦʩʪʦʷʥʠʝ ʪʨʘʩʩʳ ʧʨʦʣʝʪʘ: 

- ɼʂʈ; 

- ʐʠʨʠʥʘ ʧʨʦʩʝʢʠ. 

5) ɻʘʙʘʨʠʪʳ ʧʨʦʣʝʪʘ: 

- ɻʘʙʘʨʠʪʳ ʧʨʦʚʦʜʦʚ. 

ʀʜʝʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʃ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʩʥʠʟʫ 

ʚʚʝʨʭ ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʧʧ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʚʳʯʠʩʣʝʥʠʠ ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʘʤʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʯʘʩʪʚʫʶʪ ʚ ʚʳʯʠʩʣʝʥʠʠ 

ʮʝʣʝʚʦʛʦ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʃ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

1) ɼʣ ̫ʦʮʝʥʢʠ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʚʚʦʜʠʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ˕˟˞̄, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

 

˕˟˞̄  ρππ z ὦ  В ύ zὛὸὥὸόίȾτ ȟ                       (1) 
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ʛʜʝ Ὓὸὥὸόί ï ʙʘʣʣʴʥʘʷ ʦʮʝʥʢʘ i-ʛʦ ʧʘʨʘʤʝʪʨʘ ʛʨʫʧʧʳ, ύ ï ʚʝʩ i-ʛʦ ʧʘʨʘʤʝʪʨʘ 

ʛʨʫʧʧʳ, b ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʈʘʩʯʝʪ ʚʝʩʦʚ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʳ ʠ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʨʝʛʨʝʩʩʠʠ ʥʘ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʳ (ί,ώ), ʛʜʝ ί ï ɻ ʣʝʤʝʥʪʳ ʜʝʢʘʨʪʦʚʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʥʦʞʝʩʪʚ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ, ʜʝʣʝʥʥʳʭ ʥʘ 4, ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ ʇʨʦʣʝʪ, ʘ ώ ï 
ʟʥʘʯʝʥʠʝ ̞ ˟˞̄Ⱦρππ ʜʣ ̫ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ. 

2) ʈʘʩʯʝʪ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ (ʀʊʉʋ) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

˕˟˞ ɣ  В ύ z ̞ ˟˞̄ ȟ                                   (2) 

 

ʛʜʝ ύ ï ʚʝʩ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ ʩ ʥʦʤʝʨʦʤ i, ̞ ˟˞̄ ï ʠʥʜʝʢʩ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ ʩ ʥʦʤʝʨʦʤ i. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʛʨʫʧʧ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ 1 ʠ ʯʪʦ ʚʝʩʘ ʛʨʫʧʧ ʦʜʠʥʘʢʦʚʦʛʦ ʪʠʧʘ ʨʘʚʥʦʟʥʘʯʥʳ, ʚʝʩ ʛʨʫʧʧʳ 

ʧʘʨʘʤʝʪʨʦʚ ʪʠʧʘ group ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʛʨʫʧʧ ʪʠʧʘ 

group ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ. 

3) ʈʘʩʯʝʪ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʜʠʥʠʮʳ ʦʩʥʦʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫(ʀʊʉ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶɦʝʡ ʬʦʨʤʫʣʝ 

[11]: 

 

˕˟ ˞ άὭὲ̞˟˞ὭɣȟὭ  ρȢȢȢὲȟ                                (3) 

 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ-ʧʨʦʣʝʪʦʚ. 

 

ɸʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʷʥʠʷ ɺʃ ʩ ʫʯʝʪʦʤ ʜʝʬʝʢʪʥʦʩʪʠ ʧʨʦʚʦʜʦʚ ʠ 

ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʪʝʢʫʱʝʤ 

ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʠʮʘ ʦʩʥʦʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ɺʃ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʫʟʝʣ çʇʨʦʣʝʪè ʠ ʛʨʫʧʧʳ 

ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ çʇʨʦʣʝʪè, ʘ ʪʘʢʞʝ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. ɼʣ ̫

ʢʘʞʜʦʛʦ ʠʟ ʘʛʝʥʪʦʚ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʧʠʩʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʩʪʦʷʥʠʡ, ʟʘʜʘʥʳ 

ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʩʚʷʟʘʥʥʳʝ ʘʛʝʥʪʳ.  

ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʘʛʝʥʪʦʚ ʚ ʥʦʪʘʮʠʠ 

UML. 
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ʈʠʩʫʥʦʢ 1 ï UML-ʜʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʘʛʝʥʪʦʚ  

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʘʛʝʥʪʦʚ 

ʩʠʩʪʝʤʳ, ʘʛʝʥʪʘ çʇʨʦʚʦʜè. 

ɸʛʝʥʪ ʩ ʧʦʤʦʱʴʶ ʩʚʦʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ˕˟˞̄ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʩʣʝʞʠʚʘʝʤʳʡ ʧʨʦʚʦʜ ɺʃ. ʆʥ ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʯʠʩʣʝʥʠʝ, 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ ʟʥʘʯʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʦʮʝʥʠʚʘʝʤʫʶ ʛʨʫʧʧʫ ʧʘʨʘʤʝʪʨʦʚ çʉʦʩʪʦʷʥʠʝ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘè.  

ʉʦʩʪʦʷʥʠʷ: ʂʨʠʪʠʯʝʩʢʦʝ, ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, 

ʍʦʨʦʰʝʝ, ʆʯʝʥʴ ʭʦʨʦʰʝʝ. 

ʇʘʨʘʤʝʪʨʳ ʘʛʝʥʪʘ:  

1) ̞ ˟˞̄; 

2) ɺʝʩ ʛʨʫʧʧʳ Ὧ   = 0.364; 

3) ʆʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʧʧʳ: çʉʪʨʝʣʘ ʧʨʦʚʝʩʘè, çʂʦʨʨʦʟʠʷ ʧʨʦʚʦʜʘè, 

çʆʙʨʳʚ ʧʨʦʚʦʣʦʢ ʚ ʟʘʞʠʤʘʭè, çʆʙʨʳʚ ʧʨʦʚʦʣʦʢ ʚʥʝ ʟʘʞʠʤʦʚè ʠ çʆʧʘʩʥʦʩʪʴ 

ʦʙʨʳʚʘ ʧʨʦʚʦʜʘè: 

ʂʘʞʜʳʡ ʦʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʚʝʩʦʤ, 

ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʦʡ, ʪʝʢʩʪʦʚʳʤ ʦʧʠʩʘʥʠʝʤ ɻ ʪʦʡ ʦʮʝʥʢʠ ʠ ʧʨʘʚʠʣʦʤ ʦʮʝʥʠʚʘʥʠʷ. 

4) ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʘ: 

ʇʝʨʝʨʘʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʩʯʝʪʝ 

ʫʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʨʦʚʦʜ [12, ɻʣʘʚʘ 2], ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʚʦʜʘ [13] ʠ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʦʜʘ [12, ɻʣʘʚʘ 4]. 

5) ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʟʥʦʛʦ ʪʦʢʘ [A]; 

6) ʉʧʠʩʦʢ ʦʙʦʨʚʘʥʥʳʭ ʧʨʦʚʦʣʦʢ. 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʘ çʇʨʦʚʦʜè. 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʘ çʇʨʦʚʦʜè 

 

ʋʩʣʦʚʠʷ ʧʝʨʝʭʦʜʦʚ ʘʛʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʡ: 

1) ʇʝʨʝʭʦʜʳ 1-8 ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʥʜʝʢʩʘ ̞ ˟˞̄ ʜʠʘʧʘʟʦʥʫ 

ʟʥʘʯʝʥʠʡ ʠʟ ʊʘʙʣʠʮʳ 1. 

2) ʇʝʨʝʭʦʜ ̄ 9 ï çʆʙʨʘʙʦʪʢʘ ʩʦʦʙʱʝʥʠʡ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʠ ʇʝʨʝʭʦʜ 

ˉ10 ï çʆʙʨʘʙʦʪʢʘ ʚʭʦʜʷʱʠʭ ʩʦʦʙʱʝʥʠʡ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʀʉè: 

ɺʥʫʪʨʝʥʥʠʝ ʧʝʨʝʭʦʜʳ, ʥʝ ʠʟʤʝʥʷʶʪ ʩʦʩʪʦʷʥʠʝ ʘʛʝʥʪʘ çʇʨʦʚʦʜè. ʇʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʯʝʪʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʘ ʠ ʧʝʨʝʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʳ. 
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ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ̞ ˟˞̄, ʯʪʦ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʥʝ ʩʦʩʪʦʷʥʠʷ ʘʛʝʥʪʘ.  

ʋʩʣʦʚʠʝ ʧʝʨʝʭʦʜʘ: ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʣʫʯʝʥʠʠ ʧʝʨʝʩʳʣʘʝʤʦʛʦ ʘʛʝʥʪʦʤ 

çʇʨʦʣʝʪè ʩʦʦʙʱʝʥʠʷ ʦʪ ʘʛʝʥʪʘ çʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʠʣʠ ʩʦʦʙʱʝʥʠʷ ʦʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʀʉ. 

ɼʝʡʩʪʚʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ:  

- ʆʙʨʘʙʦʪʢʘ ʩʦʦʙʱʝʥʠʷ, 

- ʀʥʠʮʠʘʣʠʟʘʮʠ ̫ʧʝʨʝʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʘ, 

-  ʇʝʨʝʨʘʩʯʝʪ ̞ ˟˞̄. 

3) ʇʝʨʝʭʦʜ ̄ 11 ï çʇʝʨʝʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʳ ʧʦʩʣʝ ʧʝʨʝʨʘʩʯʝʪʘ 

ʧʨʦʚʦʜʘè: 

ɺʥʫʪʨʝʥʥʠʡ ʧʝʨʝʭʦʜ, ʥʝ ʠʟʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʘʛʝʥʪʘ çʇʨʦʚʦʜè.    

ʋʩʣʦʚʠʝ ʧʝʨʝʭʦʜʘ: ʧʝʨʝʨʘʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʩʣʝʞʠʚʘʝʤʦʛʦ 

ʧʨʦʚʦʜʘ. 

ɼʝʡʩʪʚʠʝ ʧʨʠ ʧʝʨʝʭʦʜʝ: ʇʝʨʝʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʧʧʳ çʉʪʨʝʣʘ ʧʨʦʚʝʩʘè ʠ 

çʆʧʘʩʥʦʩʪʴ ʦʙʨʳʚʘ ʧʨʦʚʦʜʘè ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʚʦʜʘ.  

 

ʈʝʘʣʠʟʘʮʠʷ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ 

ʈʘʟʨʘʙʦʪʢʘ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʚʝʜʝʪʩʷ ʥʘ ̫ ʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# [17] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣ ̫ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ Unity 

[18].  

ʂʘʞʜʳʡ ʘʛʝʥʪ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʉ#-ʢʣʘʩʩʦʤ. ɼʘʣʝʝ 

ʧʦʜ ʘʛʝʥʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ C#-ʢʣʘʩʩ.  

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʘʛʝʥʪʦʚ (ʨʠʩʫʥʦʢ 1) ʙʳʣ ʚʚʝʜʝʥ 

ʘʙʩʪʨʘʢʪʥʳʡ C#- ʢʣʘʩʩ Agent, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʩʣʝʜʫʶʪʩʷ ʚʩʝ ʘʛʝʥʪʳ ʤʦʜʝʣʠ.ɺ 

ʘʙʩʪʨʘʢʪʥʦʤ ʢʣʘʩʩʝ Agent ʧʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʜʣ ̫ʚʩʝʭ ʘʛʝʥʪʦʚ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ 

ʤʦʜʠʬʠʢʘʪʦʨʦʤ abstract ʧʦʤʝʯʝʥʳ ʪʝ ʤʝʪʦʜʳ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʫʥʠʢʘʣʴʥʘ ʜʣ ̫

ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ. ʇʨʠ ʥʘʩʣʝʜʦʚʘʥʠʠ ʦʪ ʢʣʘʩʩʘ Agent ʘʛʝʥʪ ʜʦʣʞʝʥ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ 

ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʚʦʝʛʦ ʦʧʠʩʘʥʠʷ. 

ʂʘʞʜʦʤʫ ʘʛʝʥʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʚʠʪʩʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪʩʷ C#-ʢʣʘʩʩʦʤ StateDiagram. ɺ ʢʣʘʩʩʝ StateDiagram ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʫʢʘʟʘʪʝʣʴ ʥʘ ʤʝʪʦʜ (ʜʝʣʝʛʘʪ) ʪʠʧʘ Func<State>, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʦʧʨʝʜʝʣʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ State ʜʠʘʛʨʘʤʤʳ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ, ʥʘ ʢʦʪʦʨʳʡ 

ʫʢʘʟʳʚʘʝʪ ʜʝʣʝʛʘʪ, ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʘʛʝʥʪʘʤ ʧʨʠ ʥʘʩʣʝʜʦʚʘʥʠʠ ʦʪ ʘʙʩʪʨʘʢʪʥʦʛʦ 

ʢʣʘʩʩʘ Agent. 

ʂʘʞʜʳʡ ʦʮʝʥʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʲʝʢʪʦʤ ʉ#-ʢʣʘʩʩʘ Parameter. 

ʇʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʘʛʝʥʪʘ ʟʘʧʦʣʥʷʝʪʩʷ ʤʘʩʩʠʚ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʛʝʥʪʘ 
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ʧʫʪʝʤ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ Parameter. ʇʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚ 

ʢʦʥʩʪʨʫʢʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʠʤ ̫ʧʘʨʘʤʝʪʨʘ, ʝʛʦ ʚʝʩ ʠ ʫʢʘʟʘʪʝʣ ɹʥʘ ʤʝʪʦʜ 

(ʜʝʣʝʛʘʪ) ʪʠʧʘ Func<(string,float)>, ʢʦʪʦʨʳʡ ̫ ʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʡ 

ʧʨʘʚʠʣʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ. 

ɿʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʘʙʩʪʨʘʢʪʥʦʛʦ ʢʣʘʩʩʘ Agent ʠ ʦʧʠʩʘʥʠʝʤ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʙʲʝʢʪʦʤ ʢʣʘʩʩʘ Parameter ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʫʟʢʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʭʦʜʝ ʩʲʝʤʘ ʜʘʥʥʳʭ ʜʝʬʝʢʪʘʭ ɺʃ, ʘ ʪʘʢʞʝ 

ʟʘʛʨʫʞʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʧʨʦʣʝʪʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʠʪʦʛʦʚʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʤʳ ʠ ʟʘʛʨʫʞʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚ 

ʧʨʦʛʨʘʤʤʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ 

 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩʦʩʪʦʠʪ ʠʟ: 

1. ʇʘʥʝʣʴ ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ɺʃ ʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʳʚʦʜʘ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʞʜʦʤ ʦʙʲʝʢʪʝ. ʉʦʩʪʦʷʥʠʷ ʧʦʤʝʯʘʶʪʩʷ 

ʮʚʝʪʦʚʦʡ ʦʪʤʝʪʢʦʡ ʠ ʪʝʢʩʪʦʚʳʤ ʦʧʠʩʘʥʠʝʤ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʦʙʲʝʢʪ ʚʳʚʦʜʠʪʩʷ 

ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʤ, ʛʜʝ ʩʦʜʝʨʞʘʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʦʮʝʥʠʚʘʝʤʳʭ ʠ ʧʨʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

2. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʠʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣ ̫ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʛʨʫʟʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢ ɺʃ ʥʘ ʨʘʟʥʳʝ 

ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʠ ʜʣ ̫ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ɺʃ ʠ ʝʝ ʩʦʩʪʘʚʥʳʡ ʯʘʩʪʝʡ 
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ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʡ ʩʠʪʫʘʮʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʩʤʝʥʘ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣ ̫ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʟʷʪʘ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʣʠʥʠʷ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 110 ʢɺ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʈʦʩʩʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʤʦʪʨʘ ʜʘʥʥʦʡ ɺʃ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 50-ʪʠ 

ʧʨʦʣʝʪʦʚ ɺʃ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʬʝʢʪʘʭ, ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʘʙʣʠʮʳ. ɺʩ ̫ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʚ ʘʛʝʥʪʥʫʶ ʤʦʜʝʣʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʦʙ 

ʜʠʘʛʥʦʩʪʠʢʠ ɺʃ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ 18 ʧʨʦʣʝʪʦʚ ʠʥʜʝʢʩ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ʜʦ 70, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʫ 15 ʧʨʦʣʝʪʦʚ ʠʥʜʝʢʩ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 70 ʜʦ 85 (ʍʦʨʦʰʝʝ 

ʩʦʩʪʦʷʥʠʝ). ʆʩʪʘʣʴʥʳʝ ʧʨʦʣʝʪʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʯʝʥʴ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʥʠʞʝʥʠ ̫ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʘʣʦ ʦʙʠʣʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʣʝʪʘʭ, ʥʘʨʫʰʘʶʱʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ 

ʟʥʘʯʝʥʠʷ. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʧʘʩʥʦʩʪʠ 

ʦʙʨʳʚʦʚ ʧʨʦʚʦʜʦʚ ʚ ʨʷʜʝ ʧʨʦʙʣʝʤʥʳʭ ʧʨʦʣʝʪʦʚ ʧʨʠ ʩʠʣʴʥʳʭ ʤʠʥʫʩʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣ ̫ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʘ 

ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʨʦʚʦʜʦʚ ʜʦ 

ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʰʠʨʷʝʤʘʷ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

ʠʥʜʝʢʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɺʃ ʠ ʝʝ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʨʠ ʟʘʥʝʩʝʥʠʠ ʚ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʦ ʜʠʘʛʥʦʩʪʠʢʘʭ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ʊʘʢʞʝ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʃ ʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʚʘʝʤʳʭ 

ʫʩʣʦʚʠʷʭ.   

ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʰʠʨʝʥʠʠ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠ ̫ ʚʪʦʨʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ çʆʧʦʨʘè, ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ ̫ ʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 

ʘʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʜʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ɻ ʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
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ʇʈʆɻʈɸʄʄʅɸʗ ʀ ɸʇʇɸʈɸʊʅɸʗ ʄʆɼɽʈʅʀɿɸʎʀʗ ʂʆʄʇʃɽʂʉɸ 

ʋʇʈɸɺʃɽʅʀʗ ʋʉʊɸʅʆɺʂʆʁ ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʊʆʁ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʋʨʘʣʴʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʝhʥʠ̫ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʫʩʪʘʥʦʚʢʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʁ ʤʠʥʝʩʮʝʥʮʠʠ, ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

 

Abstract. The hardware and software upgrade of the custom-built photoluminescence 

spectroscopy setup, installed in the Laboratory of Solid State Physics in Ural Federal University. A new 

hardware and software package for managing the installation has been developed and the element base 

that meets the tasks set has been considered. The results of tests that indicate the success of the upgrade 

are presented. The implemented technical solutions can be used to automate spectroscopic 

measurements in various laboratories. 

Keywords: hardware and software package, photoluminescence spectroscopy unit, 

transimpedance amplifier, stepper motor, luminescence intensity, pulse counter, temperature 

measurements. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʟʜʘʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ (ʌʃ) 

ʩʧʝʢʪʨʦʤʝʪʨ ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʚ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʨʩʠʷ ʫʩʪʘʥʦʚʢʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 2008 ʛ. ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ h ʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʐɼ) ʥʝʦʧʨʘʚʜʘʥʥʦ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʝʨʝʛʨʝʚʫ ʩʠʣʦʚʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʢ ʩʙʦʷʤ ʚ 

ʨʘʙʦʪʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʐɼ. ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ 

ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʘʣʦʤʦʱʥʳʭ ʐɼ. 

 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ 

ʅʘ ɻ ʪʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʦʙʨʘʥʥʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʪʠʧʠʯʥʳʭ ʙʣʦʢʦʚ ʠ 

ʧʨʠʙʦʨʦʚ, ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʩʧʝʢʪʨʦʚ: 
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- ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʦʙʣʘʩʪʴ ɻ ʥʝʨʛʠʡ 1,0 ï 5,5 ɻ ɺ); 

- ʚʦʟʙʫʞʜʝʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (2,5 ï 6,0 ɻ ɺ); 

- ʦʪʨʘʞʝʥʠʷ (2,0 ï 6,0 ɻ ɺ). 

ɺʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʪ. ʝ. ʢʘʢ ʪʚʝʨʜʳʭ ʪʝʣ, ʪʘʢ ʠ 

ʞʠʜʢʦʩʪʝʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ, ʚʩʪʘʚʣʷʝʤʦʡ ʚ 

ʢʨʠʦʩʪʘʪ ʚʤʝʩʪʦ ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʷ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ 80 ï 600 

ʂ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ: ʜʝʡʪʝʨʠʝʚʳʝ ʣʘʤʧʳ 

ʤʦʱʥʦʩʪʴʶ 30 ʠʣʠ 400 ɺʪ ʩʦ ʩʧʣʦʰʥʳʤ ʩʧʝʢʪʨʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʋʌïʦʙʣʘʩʪʠ, 

ʨʪʫʪʥʘʷ ʣʘʤʧʘ ɼʈʂï120 ʩ ʣʠʥʝʡʯʘʪʳʤ ʩʧʝʢʪʨʦʤ, ʣʘʟʝʨ ʪʠʧʘ ʃɻʀï21. ʈʝʛʠʩʪʨʘʮʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ ʪʠʧʘ ʌʕʋï106 

ʠʣʠ R6358-10, R5208 (ʦʭʣʘʞʜʘʝʤʳʡ ʜʣ ̫ʀʂ ʜʠʘʧʘʟʦʥʘ) ʬʠʨʤʳ Hamamatsu, 

ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʨʝʞʠʤʝ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʨʝʞʠʤʝ, ʫʧʨʘʚʣʝʥʠʝ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʠ ʟʘʧʠʩʴ ʩʧʝʢʪʨʘ ʥʘ ʇʕɺʄ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ɸʇʂ), ʦʧʝʨʘʪʦʨ ʣʠʰʴ ʟʘʜʘʝʪ ʧʘʨʘʤʝʪʨʳ 

ʟʘʧʠʩʠ ʩʧʝʢʪʨʘ ʠ ʫʩʣʦʚʠ ̫ɻ ʢʩʧʝʨʠʤʝʥʪʘ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘʛʣʷʜʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʩʪʘʨʦʛʦ ʚʘʨʠʘʥʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʥʦʚʦʛʦ (ʨʠʩʫʥʦʢ 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩʪʘʨʦʛʦ (ɸ) ʠ ʥʦʚʦʛʦ (ɹ) ɸʇʂ:  

ʇʊʈ ï ʧʣʘʪʠʥʦʚʳʡ ʪʝʨʤʦʨʝʟʠʩʪʦʨ, ʆ ï ʦʙʨʘʟʝʮ, ʂʨ ï ʢʨʠʦʩʪʘʪ, ʐɼ ï ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ,  

ʄ ï ʤʦʥʦʭʨʦʤʘʪʦʨ, ʂ ï ʢʦʥʮʝʚʦʡ ʚʳʢʣʶʯʘʪʝʣʴ, ɹʋʐɼ ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ, ʀ ï ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ, ʇɸʏ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʘʤʧʣʠʪʫʜʘ-ʯʘʩʪʦʪʘ, ʌʕʋ ï 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ, ʇʋ ï ʧʨʝʜʫʩʠʣʠʪʝʣʴ, ʊʀʋ ï ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʄʂ 

ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʉʂ ï ʩʠʣʦʚʦʡ ʢʦʤʤʫʪʘʪʦʨ, ʊʂ ï ʧʣʘʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 
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ʅʘ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʨʠʟʤʝʥʥʳʭ ʜʚʦʡʥʳʭ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʪʠʧʘ 

ɼʄʈ-4. ʇʝʨʚʳʡ (ʄ1) ʩ ʢʚʘʨʮʝʚʳʤʠ ʧʨʠʟʤʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣ ̫ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʠʣʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ), ʘ ʚʪʦʨʦʡ (ʄ2) ʩ ʢʚʘʨʮʝʚʳʤʠ ʠʣʠ ʩʪʝʢʣʷʥʥʳʤʠ ʧʨʠʟʤʘʤʠ ʜʣ ̫

ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʯʝʥʠʷ ʦʙʨʘʟʮʘ (ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩʧʝʢʪʨʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ). ɼʘʥʥʳʝ ʤʦʥʦʭʨʦʤʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ: ʦʪ 210 ʥʤ ʜʦ 1200 ʥʤ ʜʣ ̫ʢʚʘʨʮʝʚʳʭ ʧʨʠʟʤ (ʦʙʨʘʪʥʘʷ 

ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ 10 ɸ/ʤʤ ʚ ʦʙʣʘʩʪʠ 250 ʥʤ) ʠ ʦʪ 380 ʜʦ 1200 ʥʤ ʜʣ ̫ʩʪʝʢʣʷʥʥʳʭ 

ʧʨʠʟʤ.  

ɺ ɸʇʂ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʚʨʘʱʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ ʧʨʠ 

ʧʦʤʦʱʠ h ʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʨʳʯʘʛʦʚ 

ʫʧʨʘʚʣʷʝʪ ʧʦʣʦʞʝʥʠʝʤ ʧʨʠʟʤ, ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʷ ʜʣʠʥʫ ʚʦʣʥʳ. ʂ ʪʦʤʫ ʞʝ ʫʞʝ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ (ʇʆ) ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʦʙʣʘʜʘʝʪ 

ʩʚʦʝʡ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ï ʟʘʚʠʩʠʤʦʩʪʴʶ ɻ ʥʝʨʛʠʠ (ʜʣʠʥʳ ʚʦʣʥʳ) 

ʚʳʜʝʣʷʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʝʣʝʥʠʡ ʙʘʨʘʙʘʥʘ ʤʦʥʦʭʨʦʤʘʪʦʨʘ. 

ɼʣ ̫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʰʝʩʪʠʬʘʟʥʳʝ ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʐɼ-5ɼ1ʄ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ̫ ʚʣʷʝʪʩʷ ʤʘʣʳʡ h ʘʛ ʠ ʙʦʣʴʰʦʡ ʢʨʫʪʷʱʠʡ ʠ 

ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʦʤ ɻ ʪʠʭ ʜʚʠʛʘʪʝʣʝʡ ̫ ʚʣʷʝʪʩʷ ʠʭ ʙʦʣʴʰʘʷ 

ʤʦɦ ʥʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʦʝ ɻ ʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʥʝ ʦʧʨʘʚʜʘʥʦ ʚ ʫʩʪʘʥʦʚʢʝ, ʪʘʢ ʢʘʢ ʜʣ ̫ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʦʚ 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʪʨʝʙʫʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 500 

ʛʩĀʩʤ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, h ʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʥʫʞʜʘʣʠʩʴ ʚ ʟʘʤʝʥʝ ʥʘ ʤʝʥʝʝ ʤʦʱʥʳʝ. 

ɺʦ ʚʨʝʤʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʙʳʣʠ ʧʨʝʜʲʷʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʦʚʳʤ ʐɼ. 

ʆʥʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʣ ̫ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ (ʙʦʣʝʝ 500 ʛʩĀʩʤ), ʧʨʠ ɻ ʪʦʤ ʦʥʠ ʜʦʣʞʥʳ ʧʦʪʨʝʙʣʷʪʴ ʤʘʣʫʶ 

ʤʦʱʥʦʩʪʴ ʠ ʠʤʝʪʴ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ. ʐʘʛ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʜʚʠʛʘʪʝʣʝʡ 

ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 3 ʛʨʘʜʫʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʠʛʘʪʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʥʝʜʦʨʦʛʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳ ʜʣ ̫ʟʘʤʝʥʳ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʠʣʠ ʘʥʘʣʦʛ ʚ ʩʣʫʯʘʝ ʥʝʭʚʘʪʢʠ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʀʩʭʦʜʷ ʠʟ ɻ ʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣ 

ʚʳʙʨʘʥ ʐɼ ʠʟ ʨʷʜʘ NEMA-17. 

ɼʣ ̫ ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʌʕʋ Hamamatsu R6358-10. ʊʘʢ ʢʘʢ ʌʕʋ ʨʘʙʦʪʘʝʪ ʚ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʨʝʞʠʤʝ, ʜʣ ̫ʧʦʜʩʯʝʪʘ ʠʤʧʫʣʴʩʦʚ ʩ ʌʕʋ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʜʠʦʤʝʪʨ çRobotron 20046è. ʈʘʙʦʪʘ ʨʘʜʠʦʤʝʪʨʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʩʯʸʪʫ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʌʕʋ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʩʧʝʧʢʨʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠʟ-ʟʘ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚ ʠʤʧʫʣʴʩʝ ʌʕʋ ʧʝʨʝʭʦʜʠʪ ʚ ʪʦʢʦʚʳʡ ʨʝʞʠʤ, ʠ ʨʘʜʠʦʤʝʪʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʜʠʥ 

ʠʤʧʫʣʴʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʘʥʘʣʠʟʘʪʦʨ ʠʤʧʫʣʴʩ-  
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʩʪʘʨʳʭ ʠ ʥʦʚʳʭ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʇʘʨʘʤʝʪʨ ʐɼ-5ɼ1ʄ NEMA-17 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ɺ 48 (+4,8/-7,2) 12 

ʊʦʢ ʚ ʦʙʤʦʪʢʝ, ɸ 3 1,2 

ɽʜʠʥʠʯʥʡr h ʘʛ, ʛʨʘʜʫʩ 1,5 1,8 

ʄʘʢʩ. ʩʪʘʪʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ, ʛʩĀʩʤ 
>4000 2500 

ʄʘʢʩ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, 

ʛʩĀʩʤ 
>1000 2500 

 

ʥʳʭ ʘʤʧʣʠʪʫʜ ʧʦʢʘʟʳʚʘʝʪ ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʧʨʠʛʦʜʝʥ ʜʣ ̫ ʠʟʤʝʨʝʥʠʡ. ɼʣ ̫ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʘʤʧʣʠʪʫʜʘ-ʯʘʩʪʦʪʘ (ʇɸʏ), ʢʦʪʦʨʳʡ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʙʨʘʣ ʚʳʭʦʜʥʦʡ ʠʤʧʫʣʴʩ ʫʩʠʣʠʪʝʣʷ ʧʨʠʙʦʨʘ 20046, ʘʤʧʣʠʪʫʜʘ 

ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʦʣʫʯʘʝʤʳʝ 

ʠʤʧʫʣʴʩʳ ʚʳʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʠ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫

ʥʘʧʨʷʞʝʥʠʝ-ʯʘʩʪʦʪʘ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʩ ʯʘʩʪʦʪʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʝ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʏʪʦʙʳ 

çʧʦʡʤʘʪèɹ ʠʤʧʫʣʴʩ ʚ ʤʘʢʩʠʤʫʤʝ ʢʠʥʝʪʠʢʠ ʚ ʩʭʝʤʝ ʧʝʨʝʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩʪʦʠʪ 

ʫʩʪʨʦʡʩʪʚʦ ʚʳʙʦʨʢʠ-ʭʨʘʥʝʥʠʷ (ʋɺʍ). ʇʦʩʣʝ ʚʳʭʦʜʘ ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʩʠʣʠʪʝʣʷ 

ʧʨʠʭʦʜʠʣ ʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʣ ʜʣ ̫ʦʪʢʨʳʪʠʷ 

ʘʥʘʣʦʛʦʚʦʛʦ ʢʣʶʯʘ ʜʣ ̫ʧʨʦʧʫʩʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ɼʘʥʥʘʷ ʩʭʝʤʘ 

ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣ ̫ʨʘʙʦʪʳ ʧʨʠ ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʥʝ ʙʦʣʝʝ 100 

ʢɻʮ, ʪʘʢ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʋɺʍ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʩ.  

ʉʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 1, ʚ ʥʦʚʦʤ ɸʇʂ, ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʦʡ ɻ ʣʝʢʪʨʦʥʥʦʡ ʙʘʟʝ, ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʘʪʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ ʧʦ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʩʭʝʤʝ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʩʪ ʦʩʪʘʣʘʩʴ ʧʨʝʞʥʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʤʦʩʪ (ʋʠʪʩʦʥʘ). ʉʘʤ ʩʠʛʥʘʣ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʩʪʘ ʠʜʸʪ ʥʘ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ) ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ɸʇʂ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ ʚʘʨʠʘʥʪʘ, ʢʦʛʜʘ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ (ʉʂ) ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʠʢʨʦʩʙʦʨʢʠ ʩ 

ʜʨʘʡʚʝʨʘʤʠ A4988 ʧʨʦʠʟʚʦʜʩʪʚʘ Allegro. ɼʨʘʡʚʝʨ ʚʳʧʦʣʥʝʥ ʥʘ ʅ-ʤʦʩʪʫ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʚʨʘʱʝʥʠʝʤ ʜʚʠʛʘʪʝʣʷ ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ ʦʙʨʘʪʥʦʤ 
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ʥʘʧʨʘʚʣʝʥʠʠ. ʂʣʶʯʠ ʚ ʤʦʩʪʫ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ, ʦʪʢʨʳʪʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʨʷʜʦʚʳʤ ʥʘʩʦʩʦʤ. 

ʉʭʝʤʘ ʥʝ ʦʙʣʘʜʘʝʪ ʦʪʜʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʩʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʝʝ 

ʨʘʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 12 

ɺ) ʥʘ ʜʚʠʛʘʪʝʣʠ, ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʢʣʶʯʝʡ. ʂʣʶʯʠ ʦʪʢʨʳʚʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ, ʟʘʜʘʚʘʝʤʦʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʐʀʄ-ʩʠʛʥʘʣʘ. ʉʠʛʥʘʣ 

ʬʦʨʤʠʨʫʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʨʝʟʠʩʪʦʨʝ, ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʪʦʨʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʝʡ. ɺʳʙʨʘʥʥʳʝ 

ʤʠʢʨʦʩʙʦʨʢʠ ʫʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʠʤʝʶʪ ʚ ʩʦʩʪʘʚʝ ʧʝʨʝʤʝʥʥʳʡ ʨʝʟʠʩʪʦʨ, ʨʝʛʫʣʠʨʫʷ 

ʢʦʪʦʨʳʡ, ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʟʘʜʘʚʘʪʴ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʚʠʛʘʪʝʣʶ ʜʣ ̫ʚʨʘʱʝʥʠʷ. ʕʪʦʪ ʨʝʟʠʩʪʦʨ ̫ ʚʣʷʝʪʩʷ ʧʣʝʯʦʤ ʜʝʣʠʪʝʣʷ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʟʘ ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʩʨʘʚʥʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʪʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʝʟʠʩʪʦʨʘʭ. 

ɼʣ ̫ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ ʠ ʩʚʷʟʠ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʙʳʣ 

ʚʳʙʨʘʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ (ʄʂ), ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʳʙʨʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʥʝʜʦʨʦʛʦʩʪʦʷʱʠʝ 

ʢʦʥʪʨʦʣʣʝʨʳ ʩʝʨʠʠ STM32 ʥʘ ̫ ʜʨʝ ARM Cortex-M3. ɺʳʙʨʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ 

STM32F100RBT6B ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ɻ ʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʨʮʝʚʳʝ ʨʝʟʦʥʘʪʦʨʳ, 

ʦʙʚʷʟʢʘ ʧʦ ʧʠʪʘʥʠʶ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʥʦʧʢʠ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʩʪʨʦʝʥʥʳʡ 

ʦʪʣʘʜʯʠʢ ST-link V1. ʊʘʢʘʷ ʩʙʦʨʢʘ ʧʦʟʚʦʣʠʪ ʦʪʣʘʞʠʚʘʪ ɹʇʆ ʄʂ ʥʝ ʦʪʢʣʶʯʘʷ ʝʝ ʦʪ 

ɸʇʂ, ʯʪʦ ʩʜʝʣʘʝʪ ʥʘʩʪʨʦʡʢʫ ʠ ʦʪʣʘʜʢʫ ʨʘʙʦʪʳ ʚʩʝʛʦ ɸʇʂ ʙʳʩʪʨʦʡ ʠ ʫʜʦʙʥʦʡ, ʘ 

ʚʩʪʨʦʝʥʥʘʷ ʢʥʦʧʢʘ çresetè ʧʦʟʚʦʣʠʪ ʧʝʨʝʟʘʛʨʫʟʠʪʴ ʢʦʥʪʨʦʣʣʝʨ ʚʨʫʯʥʫʶ ʚ ʩʣʫʯʘʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʠʣʠ ʩʙʦʷ. 

 

ʊʘʙʣʠʮʘ 2 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʂ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʘʟʨʷʜʥʦʩʪʴ ɸʎʇ 12 

ɺʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ, ʤʢʩ 1,2 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʮʠʬʨʦʚʳʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ 3,3 

ʈʘʟʨʷʜʥʦʩʪʴ ʩʯʝʪʯʠʢʘ 16 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ, ʠʤʧ/ʩ 24Ŀ106 

ʏʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ 53 

 

ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʨʪʦʚ ʤʠʢʨʦʩʙʦʨʢʘ ʠʤʝʝʪ ʚʳʭʦʜʳ ʧʠʪʘʥʠʷ ʥʘ 5  ʠ 3,3 

ɺ, ʯʪʦ ʫʜʦʙʥʦ ʜʣ ̫ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʠʣʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣ ̫ʟʘʱʠʪʳ ʣʠʥʠʡ ɸʎʇ, ʯʪʦ ʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ.  

ʇʠʪʘʥʠʝ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ ʠ ʄʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʤʦʱʥʦʩʪʴ 200 ɺʪ. ɼʣ ̫ʧʠʪʘʥʠʷ ʄʂ ʜʦʩʪʘʪʦʯʥʦ 
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ʧʦʜʚʝʩʪʠ 5 ɺ ʧʠʪʘʥʠʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʳʚʦʜʫ ʤʠʢʨʦʩʙʦʨʢʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʠʪʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʩʙʦʨʢʫ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʳ. 

ʄʦʥʪʘʞ ʤʠʢʨʦʩʙʦʨʢʠ ʥʘ ʧʣʘʪʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʝʜʠʥʝʥʠʷ ʚʠʣʢʘ-

ʨʦʟʝʪʢʘ ʩʪʘʥʜʘʨʪʥʳʤʠ h ʪʳʨʴʢʦʚʳʤʠ ʨʘʟʲʝʤʘʤʠ 2,54 ʤʤ (ʚʠʣʢʘ ʨʘʩʧʘʷʥʘ ʥʘ ʧʣʘʪʝ 

ʄʂ, ʘ ʨʦʟʝʪʢʘ ʥʘ ʧʣʘʪʝ ɸʇʂ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʣʘʪʫ ʤʦʞʥʦ ʙʳʩʪʨʦ ʟʘʤʝʥʠʪʴ ʥʘ 

ʥʦʚʫʶ ʚ ʩʣʫʯʘʝ ʝʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʣʠʙʦ ʧʦʩʪʘʚʠʪʴ ʥʘ ʝʝ ʤʝʩʪʦ ʧʣʘʪʫ ʩ ʜʨʫʛʠʤ ʄʂ, ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʣ ̫ʪʘʢʦʛʦ-ʞʝ ʬʦʨʤ-ʬʘʢʪʦʨʘ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʝʝ ʪʨʘʩʩʠʨʦʚʢʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʚʳʚʦʜʦʚ ɸʇʂ ʠ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʥʦʚʦʛʦ ʄʂ. 

ɼʣ ̫ʩʚʷʟʠ ʩ ʇʕɺʄ ʠʩʧʦʣʴʟʫʝʪʩ ̫ʠʥʪʝʨʬʝʡʩ USB ʚ ʨʝʞʠʤʝ virtual COM-port, 

ʢʦʪʦʨʳʡ ʜʣ ̫ ʫʩʣʦʚʠʡ ʣʘʙʦʨʘʪʦʨʠʠ ʌʊʊ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴʶ (ʩʦʚʨʝʤʝʥʥʳʝ USB-ʢʘʙʝʣʠ ɻ ʢʨʘʥʠʨʦʚʘʥʳ, ʘ ʧʨʦʪʦʢʦʣʳ 

ʫʣʫʯʰʝʥʳ ʜʣ ̫ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ). ʕʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ ʨʝʰʝʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ 

çʪʦʢʦʚʘʷ ʧʝʪʣʷè ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʦʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʩʪʦʨʦʥʝ ʇʕɺʄ.  

ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩ ̫ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʭʝʤʳ 

ADuM1201 (DD2), ʢʦʪʦʨʘʷ ʫʜʦʙʥʘ ʪʝʤ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʨʘʟʚʷʟʘʪʴ 2 ʣʠʥʠʠ ʩʚʷʟʠ (RX, 

TX) ʠ ʧʠʪʘʥʠʝ ʠ ʟʘʥʠʤʘʝʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʤʝʩʪʘ, ʯʝʤ ʦʧʪʦʧʘʨʘ ʩ ʨʝʟʠʩʪʦʨʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʢʘʥʘʣʦʤ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʫʜʦʙʩʪʚʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʫʨʦʚʥʠ ʩʠʛʥʘʣʦʚ (ʥʘʧʨʠʤʝʨ, 3,3 ʠ 5 ɺ). 

ʊʘʢ ʢʘʢ ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ ʠʤʝʝʪ ʪʦʣʴʢʦ UART-ʠʥʪʝʨʬʝʡʩ, ʪʦ ʜʣ ̫ʩʚʷʟʠ ʩ 

ʇʕɺʄ ʧʦʩʣʝ ʫʩʪʨʦʡʩʪʚʘ ʛʘʣʴʚʘʥʦʨʘʟʚʷʟʢʠ ʚʢʣʶʯʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ UART-USB 

ʥʘ ʤʠʢʨʦʩʙʦʨʢʝ ʩ ʯʠʧʦʤ CP2102 ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ micro-usb ʧʦʨʪʦʤ. 

ʉʦʛʣʘʩʥʦ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɸʇʂ. 

ʇʨʝʜʳʜʫʱʘʷ ʩʭʝʤʘ ʙʳʣʘ ʠʟʙʘʚʣʝʥʘ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʄʂ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪ 

ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʣʠʥʠʡ ʩʚʷʟʠ. ʉʭʝʤʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʯʘʩʪʠ: 

ʪʨʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʘʢʪʘ: ʪʨʘʢʪ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪ rʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ 

ʧʨʠʙʦʨʘ 20046, ʪʨʘʢʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʪʨʘʢʪ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʌʕʋ; 

ʜʨʫʛʘ ̫ʯʘʩʪʴ ʩʭʝʤʳ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʄʂ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʢʘʞʜʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʠ ʫʧʨʘʚʣʷʝʪ ʨʝʞʠʤʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʩʠʣʝʥʠʝʤ ʩʠʛʥʘʣʘ ʩ ʊʀʋ; ʜʘʣʝʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʫʟʝʣ ʩʚʷʟʠ ï ʛʘʣʴʚʘʥʦʨʘʟʚʷʟʢʘ ʩ ʇʕɺʄ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤr ADuM1202 ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʪʝʨʬʝʡʩʦʚ USB-UART; ʟʘʪʝʤ ʠʜʫʪ ʉʂ ï ʜʨʘʡʚʝʨʳ ʐɼ, 

ʫʧʨʘʚʣʷʝʤʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʄʂ. ɼʣ ̫ʨʝʘʣʠʟʘʮʠʠ ʟʘʭʚʘʪʘ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ 

ʜʘʥʥʦʤ ʨʝʰʝʥʠʠ ʥʝʚʦʟʤʦʞʥʦ ʚʳʙʦʨʦʯʥʦ ʧʦʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʢʫʶ-ʣʠʙʦ 

ʦʙʤʦʪʢʫ ʐɼ, ʧʦʵʪʦʤʫ ʟʘʭʚʘʪ-ʦʩʚʦʙʦʞʜʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʷʝʤʦʡ ʧʦʜʘʯʝʡ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʥʘ ʉʂ. ʌʦʪʦʛʨʘʬʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ɸʇʂ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʌʦʪʦʛʨʘʬʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʧʣʘʪʳ 

 

ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ 

ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʫʩʪʘʥʦʚʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ LumDrive. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʉ++ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ MFC (Microsoft Foundation Class) ʚ ʩʨʝʜʝ MS Visual 

Studio 2005. ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪ ʤʥʦʛʦʜʦʢʫʤʝʥʪʥʳʡ ʠʥʪʝʨʬʝʡʩ (MDI), 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʦʪʩʥʷʪʳʭ ʩʧʝʢʪʨʦʚ. 

ɺʳʭʦʜʥʦʡ ʬʦʨʤʘʪ ʬʘʡʣʦʚ ï ʪʝʢʩʪʦʚʳʡ, ʩʦʚʤʝʩʪʠʤ ʩ ʧʨʦʛʨʘʤʤʦʡ Origin ʚʝʨʩʠʠ 6.0 

ʠ ʚʳʰʝ. ɺ ʚʳʭʦʜʥʦʤ ʬʘʡʣʝ ʩʦʭʨʘʥʷʶʪʩʷ ʪʘʢʞʝ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ɻ ʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʦʩʥʦʚʥʳʝ ʫʩʪʘʥʦʚʦʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʟʘʧʠʩʠ ʩʧʝʢʪʨʘ: ʚʨʝʤʷ ɻ ʢʩʧʦʟʠʮʠʠ ʚ ʪʦʯʢʝ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ, 

ʯʠʩʣʦ h ʘʛʦʚ ʐɼ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʝʪ ʟʘʧʠʩʳʚʘʝʤʳʡ ʩʧʝʢʪʨ ʥʘ ʤʦʥʠʪʦʨʝ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʬʦʨʤʘʪʘ *.dat. ʂ ʪʦʤʫ ʞʝ, ʚ ʧʨʦʛʨʘʤʤʝ 

ʫʞʝ ʫʯʠʪʳʚʘʶʪʩʷ, ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʝʨʝʚʝʩʪʠ ʜʝʣʝʥʠʝ ʙʘʨʘʙʘʥʘ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʚ ɻ ʥʝʨʛʠʶ (ʜʣʠʥʫ 

ʚʦʣʥʳ). 

ɺ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʳ ʚʭʦʜʪ̫: ʦʩʥʦʚʥʘʷ ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ 

LumDrive.exe; ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ Protocol.dll, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʦʪʦʢʦʣ 

ʩʚʷʟʠ ʇʕɺʄ ʠ ʢʦʥʪʨʦʣʣʝʨʘ ɹʋʐɼ. ʅʘʧʠʩʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ API; 

ʧʨʦʛʨʘʤʤʘ Terminal.exe, ʷʚʣʷʶʱʘʷʩʷ ʧʨʦʩʪʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 
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ʙʠʙʣʠʦʪʝʢʝ Protocol.dll, ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʙʣʦʢʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ. ʋʜʦʙʥʘ ʜʣ ̫ʦʪʣʘʜʢʠ ʢʘʢ 

ʢʦʥʪʨʦʣʣʝʨʘ, ʪʘʢ ʠ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ LumDrive.exe; ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʬʘʡʣʳ 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ svl-quartz.dmr ʠ sl-quartz.dmr, ʩʦʜʝʨʞʘʱʠʝ ʠʭ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʤ.ʧ. 1.1.3); cʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣ ̫

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ LumDrive ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 3. 

 

 

ʈʠʩʫʥʦʢ 3 ï ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ LumDrive 

ʄʝʥ ʁController ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʥʘʩʪʨʦʡʢʠ ʢʦʥʪʨʦʣʣʝʨʘ: 

ʇʫʥʢʪ Port ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ COM-ʧʦʨʪ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥ 

ʢʦʥʪʨʦʣʣʝʨ. 

ʇʫʥʢʪʳ Connect ʠ Disconnect ʩʣʫʞʘʪ ʜʣ ̫ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʧʦʨʪʘ. 

ʇʫʥʢʪ Motor position ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʘʨʘʙʘʥʦʚ 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ. 

ʄʝʥ ʁMeasure ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ: 

ʇʫʥʢʪ Measure tasks ʚʳʟʳʚʘʝʪ ʩʧʠʩʦʢ ʟʘʜʘʥʠʡ ʥʘ ʠʟʤʝʨʝʥʠʷ. ɿʘʧʦʣʥʠʚ 

ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʩʧʝʢʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ, ʠ ʦʥʠ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʙʝʟ ʜʘʣʴʥʝʡʰʝʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. ʕʪʦ ʫʜʦʙʥʦ ʜʣ ̫ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ, ʭʦʪʷ ʤʦʞʥʦ 

ʟʘʧʠʩʳʚʘʪʴ ʩʧʝʢʪʨʳ ʠ ʧʦ ʦʜʥʦʤʫ.  

ʇʫʥʢʪ Direct Drive ʘʢʪʠʚʠʨʫʝʪ ʨʝʞʠʤ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʦʤ. ɺ 

ʦʢʥʝ Direct Drive ʥʝʧʨʝʨʳʚʥʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʠ ʝʩʪʴ ʩʨʝʜʩʪʚʘ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʤʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣ ̫

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ. 


































































































































































































































































































































































































































































































































































































































































































































