
1 

 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

 ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʂʦʚʨʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ  

ʠʤʝʥʠ ɺ.ɸ. ɼʝʛʪʷʨʝʚʘè 
 

ʄɸʊɽʈʀɸʃʓ XLVIII  ʉʊʋɼɽʅʏɽʉʂʆʁ 

ʅɸʋʏʅʆ-ʇʈɸʂʊʀʏɽʉʂʆʁ 

ʂʆʅʌɽʈɽʅʎʀʀ 

 

 

 

ʂʦʚʨʦʚ 2024 

  

 

 



2 

 

ɹɹʂ 74.58 

        ʄ77 
 

ʄʘʪʝʨʠʘʣʳ XLVIII  ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ: ʩʙʦʨʥʠʢ. ï ʂʦʚʨʦʚ: ʌɻɹʆʋ ɺʆ çʂɻʊɸ ʠʤʝʥʠ 

ɺ.ɸ. ɼʝʛʪʷʨʝʚʘè, 2024. ï 292ʩ. 

 

 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ ʩʪʫʜʝʥʪʦʚ 
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ʂ ɻɽʆʄɽʊʈʀʏɽʉʂʀʄ ɿɸɼɸʏɸʄ 

 

ʄʠʭʠʷʰʠʥ ʄ.ʀ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɹʘʨʘʙʘʥʦʚʘ ʃ.ʇ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ., ʜʦʮʝʥʪ  

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʛʝʦʤʝʪʨʠʝʡ ʢʨʫʛʦʚʦʛʦ ʩʝʛʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʜʚʘ ʚʠʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

1. ɿʘʜʘʯʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʫʥʢʮʠʠ. 

2. ɿʘʜʘʯʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʟʘʜʘʯ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦ-

ʜʳ, ʚʨʦʜʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ.  

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʟʘʜʘʯʘʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʳʩʦʪʳ ʢʨʫʛʦʚʦʛʦ ʩʝʛʤʝʥʪʘ. ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳ: 

1. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲ-

ʝʢʪʦʚ (ʢʫʧʦʣʘ, ʘʨʢʠ ʠ ʪ.ʜ.). 

2. ɺ ʶʚʝʣʠʨʥʦʤ ʜʝʣʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʢʨʘʰʝʥʠʡ ʩ ʦʢʨʫʛʣʳʤʠ 

ʬʦʨʤʘʤʠ. 

3. ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠʥʞʝʥʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ.  

4. ɺ ʛʝʦʜʝʟʠʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ ʣʘʥʜ-

ʰʘʬʪʦʚ  

ʀ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʠ ʦʜʥʘ ʟʘʜʘʯʘ, ʩʚʦʜʷʱʘʷʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, 

ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʠʤʝʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɼʣʷ ʧʦʩʣʝʜʥʝʡ 

ʟʘʜʘʯʠ ʙʳʣ ʦʧʠʩʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʅʴʶʪʦʥʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Mathcad, ʧʨʝʜʣʘʛʘʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʦʧʝʨʘʪʦʨʳ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɹʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʧʨʦʮʝʜʫʨʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʥʘ ʚʭʦʜ 4 ʧʘʨʘʤʝʪʨʘ: ʬʫʥʢʮʠʶ, ʝʸ ʧʨʦʠʟ-

ʚʦʜʥʫʶ, ʪʦʯʥʦʩʪʴ ʠ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʠ ʚʦʟʚʨʘʱʘʶʱʘʷ ʧʨʦ-
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ʪʦʢʦʣ ʠʪʝʨʘʮʠʡ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʳʩʪʨʦʪʳ ʩʭʦʜʠ-

ʤʦʩʪʠ.  ʅʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʛʨʘ-

ʬʠʯʝʩʢʠ ʚʩʸ ʚ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ Mathcad.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʤʳ ʧʦʣʫʯʠʣʠ 

ʧʨʦʪʦʢʦʣ ʠʪʝʨʘʮʠʡ, ʩʦʜʝʨʞʘʱʠʡ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʛʦ ʢʦʨʥʷ, ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʦʪʦʨʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʧʨʝʜʝʣʠʣʠ ʚʳʩʦʪʫ ʩʝʛʤʝʥʪʘ. ʇʨʠ 

ʵʪʦʤ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʡ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ 

ʅʴʶʪʦʥʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦ ʚʩʝʛʦ ʣʠʰʴ 

ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ, ʯʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʞʝʣʘʝʤʦʡ ʪʦʯʥʦʩʪʠ. ʆʪʧʘ-

ʜʘʝʪ ʥʫʞʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʩʯʸʪʳ ʧʨʦʠʟʚʦ-

ʜʷʪʩʷ ʥʘ ʕɺʄ, ʦʙʣʘʜʘʶʱʠʤʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ. 

ɹʳʣʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʷʧʦʥʩʢʦʡ ʭʨʘʤʦʚʦʡ 

ʛʝʦʤʝʪʨʠʠ ʵʧʦʭʠ ʕɼʆ (1603-1863), ʮʝʣʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧ-

ʨʝʜʝʣʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʫʛʦʚʦʛʦ ʩʝʛʤʝʥʪʘ [1]. ʇʨʠ ʵʪʦʤ 

ʟʘʜʘʯʫ ʪʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Fukagawa H., Rothman T. Sacred Mathematics Japanese Tem-

ple Geometry. ï Princeton: Princeton University Press, 2008. URL: Sa-

cred Mathematics: Japanese Temple Geometry: Fukagawa Hidetoshi: 

Free Download, Borrow, and Streaming: Internet Archive (ʜʘʪʘ ʦʙʨʘ-

ʱʝʥʠʷ: 09.03.2024).  

 

 

ʈɸɿʈɸɹʆʊʂɸ ʀʄʀʊɸʊʆʈɸ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ  

ɺʆɿʄʆɾʅʆʉʊɽʁ ɸʉʋʅʆ 

 

ɾʫʢʦʚ ɽ.ɼ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʪʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʥʘ ʧʫʪʠ ʧʦʚʳʰʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʥʦʩʪʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ 

ʩʣʫʞʘʱʠʭ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦ-

ʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʪʘʢʞʝ ʫʩʫʛʫʙ-
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ʣʷʝʪʩʷ ʚʳʩʦʢʠʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʪʨʝʥʠʨʦʚʦʢ.  

ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ ʚ ʥʳʥʝʰʥʝʝ 

ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʚʝʜʝʥʠʝʤ ʠ ʦʛʥʝʤ (ɸʉʋʅʆ) ʜʣʷ 

ʙʦʝʚʳʭ ʤʘʰʠʥ ʩʫʭʦʧʫʪʥʳʭ ʚʦʡʩʢ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦ-

ʱʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʧʨʠ ʧʨʠʚʝʜʝʥʠʠ ʦʨʫʜʠʡ 

ʙʦʝʚʳʭ ʤʘʰʠʥ ʢ ʛʦʪʦʚʥʦʩʪʠ ʠ, ʢʦʥʢʨʝʪʥʦ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʦʝʚʳʭ 

ʟʘʜʘʯ. ʆʜʥʘʢʦ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʳʭ ʩʠʩ-

ʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʙʦʝʚʳʭ ʤʘʰʠʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʭ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʠʨʦʚʘʥʠʶ ʯʣʝ-

ʥʦʚ ʵʢʠʧʘʞʘ. 

ʊʝʤ ʩʘʤʳʤ, ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʚʝʩʪʠ ʨʘʟʚʠʪʠʝ ʩʠʤʫʣʷʪʦʨʦʚ, ʢʦ-

ʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʠʣʠ ʫʣʫʯʰʠʪʴ ʠ ʜʦʧʦʣʥʠʪʴ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʤʘʰʠʥʘʤʠ. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʩʦʟʜʘʥ ʩʠʤʫʣʷʪʦʨ, ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʭʦʜʠʪʴ: 

1) ʚʚʝʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʙʦʝʚʦʡ ʤʘʰʠʥʳ; 

2) ʪʦʧʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʙʦʝʚʦʡ ʤʘʰʠʥʳ; 

3) ʚr ʙʦʨ ʙʦʝʧʨʠʧʘʩʦʚ ʙʦʝʚʦʡ ʤʘʰʠʥʳ; 

4) ʥʘʚʝʜʝʥʠʝ ʥʘ ʮʝʣʴ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ; 

5) ʠʤʠʪʘʮʠʶ ʧʫʩʢʘ ʠ ʙʦʝʚʦʡ ʨʘʙʦʪʳ ʙʦʝʚʦʡ ʤʘʰʠʥʳ ʧʦ 
ʩʪʨʝʣʴʙʝ. 

 

 
ʈʠʩ.1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ ʩʠʤʫʣʷʪʦʨʘ ʚ ʦʢʥʝ ʚʚʦʜʘ ʧʘʨʦʣʷ 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʘʚʨʠʣʦʚ, ɸ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʠʤʠʪʘʪʦʨʦʚ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʦʝʚʳʭ ʤʘʰʠʥ, ʦʩʥʘʱʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳ-

ʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʚʝʜʝʥʠʝʤ ʠ ʦʛʥʝʤ / ɸ.ɺ. ɻʘʚʨʠʣʦʚ, ɸ.ɺ. 

ʇʘʥʪʝʣʝʝʚ, ʀ.ɺ. ʑʘʥʦʚʘ // ʅʘʫʯʥʳʡ ʚʝʩʪʥʠʢ. ï 2023. ï ̄ 2 ï ʉ. 9-16. 

2. ʊʘʨʘʩʦʚ, ɸ. ʅ. ʆʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʦʙʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʚʦʞʜʝʥʠʶ ʙʦʝʚʳʭ ʤʘʰʠʥ ʢʫʨʩʘʥʪʦʚ ʚʦ-

ʝʥʥʳʭ ʠʥʩʪʠʪʫʪʦʚ / ɸ.ʅ. ʊʘʨʘʩʦʚ. ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // 

ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. ï 2020. ï  ̄48 (338). ï ʉ. 445-448.  

3. ɸʉʋʅʆ ʠʟʜʝʣʠʷ ʄʆ.1.18.00. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʏʘʩʪʴ 2. ɸʖʀɾ.461114.132 ʈʕ1. 

 

 

ʈɸɿʈɸɹʆʊʂɸ ɽɼʀʅʆɻʆ ʂɸɹʀʅɽʊɸ ʇʈʆɼɸɺʎɸ 

 

ɺʝʩʝʣʦʚ ʀ.ʇ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʪʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʡ ʧʦ-

ʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʙʠʥʝʪʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʝʪʧʣʝʡ-
ʩʦʚ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʜʘʚʮʘʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʜʦʩ-
ʪʫʧ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʚʦʠʤʠ ʪʦʚʘʨʘʤʠ, ʟʘʢʘʟʘʤʠ, ʦʪʟʳʚʘʤʠ ʧʦʢʫʧʘʪʝ-
ʣʝʡ ʠ ʜʨʫʛʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʦʜʘʞ. 

ʉʝʨʚʠʩ ʧʦʠʩʢʘ ʛʦʨʦʜʘ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʝʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 
ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʊʘʢʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ 
ʙʳʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʠʩʢʝ ʛʦʨʦʜʦʚ ʩ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 
ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ. 

ʋ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ:  
1. ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʧʨʦʜʘʚʮʘʤ ʥʝ ʥʫʞʥʦ ʧʝʨʝʢʣʶ-

ʯʘʪʴʩʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘʙʠʥʝʪʘʤʠ ʥʘ ʨʘʟʥʳʭ ʤʘʨʢʝʪʧʣʝʡʩʘʭ, ʯʪʦ 
ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʘʤʠ ʠ ʟʘʢʘʟʘʤʠ.  

2. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʘʥʘʣʠʪʠʢʘ - ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʥ-
ʪʨʘʣʠʟʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʘʥʘʣʠʪʠʢʝ ʧʦ ʧʨʦʜʘʞʘʤ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʧʣʦʱʘʜʢʘʭ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʙʠʟʥʝʩ-ʨʝʰʝʥʠʷ.  

3. ʋʣʫʯʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ - ʝʜʠʥʳʡ ʢʘʙʠʥʝʪ 

ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʟʘʧʨʦʩʳ ʢʣʠʝʥʪʦʚ, ʦʪʩʣʝʞʠʚʘʪʴ 

ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ.  
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4. ʋʣʫʯʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ - ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʜʘʞʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʘʚʮʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʨʘʟʚʠʪʠʠ ʙʠʟʥʝʩʘ ʠ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ ʙʵʢʝʥʜʘ ʙʳʣ ʚʳʙʨʘʥ Golang. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳ-

ʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʫ ʚ ʨʘʟʨʘʙʦʪʢʝ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʚʳʩʦ-

ʢʦʥʘʛʨʫʞʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʨʦʥʪʝʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʨʝʡʤʚʦʨʢ React 

JS. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɹʘʟʘ ʜʘʥʥʳʭ.  

ɹʳʣʠ ʩʦʟʜʘʥʳ ʩʪʨʘʥʠʮʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʦ-

ʚʘʨʳ, ʚʳʩʪʘʚʣʷʪʴ ʠʭ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʫʞʝ ʠʤʝʶʱʠʝʩʷ, ʨʘʙʦʪʘʪʴ ʩ 

ʦʪʟʳʚʘʤʠ, ʫʧʨʘʚʣʷʪʴ ʦʩʪʘʪʢʘʤʠ ʪʦʚʘʨʦʚ, ʦʪʩʣʝʞʠʚʘʪʴ ʚʝʩʴ ʧʫʪʴ ʟʘ-

ʢʘʟʘ ʠ ʘʥʘʣʠʪʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘ-

ʪʘʭ ʧʨʦʜʘʞ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

ʕʪʦ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʙʦʣʴʰʦʝ ʧʨʠʣʦ-

ʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʘ-

ʟʳʚʘʝʤʳʝ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ.  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʧʝʨʝʩʪʘʝʪ ʨʘʙʦʪʘʪʴ, 

ʦʩʪʘʣʴʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ ʧʨʦʜʦʣʞʘʪ ʨʘʙʦʪʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪ-

ʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚʩʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʞʝ, ʙʣʘʛʦʜʘʨʷ ʤʦʜʫʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʠʭ ʤʦʞʥʦ ʙʳʩʪʨʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ, ʜʦ-

ʙʘʚʣʷʷ ʠʣʠ ʫʜʘʣʷʷ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʩʝʨʚʠʩʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʷʟʳʢʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Golang. ï 

URL: https://pkg.go.dev/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 8.02.2024). 

2. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʨʘʙʦʪʝ ʩ ʧʣʦʱʘʜʢʦʡ Wildberries ï URL: 

https://openapi.wildberries.ru/ (ʜʘʪʘ ʜʦʩʪʫʧʘ13.02.2024). 

3. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʨʘʙʦʪʝ ʩ ʧʣʦʱʘʜʢʦʡ Ozon ï URL: 

https://docs.ozon.ru/api/seller (ʜʘʪʘ ʜʦʩʪʫʧʘ 13.02.2024). 

4. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʨʘʙʦʪʝ ʩ React JS ï URL: 

https://react.dev/ (ʜʘʪʘ ʜʦʩʪʫʧʘ 9.02.2024). 

https://openapi.wildberries.ru/
https://react.dev/
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ʄɽʉʉɽʅɼɾɽʈ, ʀʉʇʆʃʔɿʋʖʑʀʁ  

ʉʂɺʆɿʅʆɽ ʐʀʌʈʆɺɸʅʀɽ 

 

ʂʦʨʘʙʣʝʚ ɺ. ʀ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ɿʷʙʣʠʮʝʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʜʦʮʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʩʝʥʜʞʝʨʘ, ʠʩʧʦʣʴ-

ʟʫʶʱʝʛʦ ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ [1], ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦ-

ʣʷʝʪ ʙʝʟʦʧʘʩʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʚ ʠʥʪʝʨʥʝʪʝ. 

ɼʘʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʣʶ-

ʜʝʡ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʣʠʯʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʫ-

ʞʝʙʥʦʡ ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʘʨʫʰʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠ-

ʘʣʴʥʦʩʪʠ ʢʦʪʦʨʦʡ ʧʨʠʯʠʥʠʪ ʦʱʫʪʠʤʳʡ ʚʨʝʜ ʝʝ ʚʣʘʜʝʣʴʮʫ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʝʩʩʝʥʜʞʝʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʩʦʪʨʫʜ-

ʥʠʢʘʤ ʧʨʝʜʧʨʠʷʪʠʡ, ʬʠʨʤ ʠʣʠ ʜʨʫʛʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʙʦ-

ʪʘʶʪ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʣʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʥʝ ʤʦʛʫʪ ʧʝ-

ʨʝʜʘʚʘʪʴ ʝʝ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ ʚʝʙ-ʩʝʨʚʝʨ [2]. 

ʄʝʩʩʝʥʜʞʝʨ ʰʠʬʨʫʝʪ ʩʦʦʙʱʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʢʣʶʯʦʤ ʠ 

ʦʪʧʨʘʚʣʷʝʪ ʠʭ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ, ʯʪʦʙʳ ʧʦʩʣʝʜʥʠʡ ʧʝʨʝʜʘʣ ʠʭ ʧʦʣʫʯʘ-

ʪʝʣʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʥʠ ʩʝʨʚʝʨ, ʥʠ ʚʦʟʤʦʞʥʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʝ 

ʤʦʛʫʪ ʫʟʥʘʪʴ ʦ ʩʦʜʝʨʞʠʤʦʤ ʩʦʦʙʱʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʙ-ʩʝʨʚʝʨ 

ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ, ʜʘʞʝ ʠʤʝʷ ʜʦʩʪʫʧ ʢ ʚʘʰʝʤʫ ʘʢʢʘʫʥʪʳ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʧʦ-

ʧʨʝʞʥʝʤʫ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʚʘʰʠʤ ʩʦʦʙʱʝʥʠʷʤ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʵʢʝʥʜʘ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʉ# ʠ ʬʨʝʡʤʦʨʢ 

ASP.NET [2], ʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʉʋɹɼ 

PostgreSQL [3], ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ ʟʘʰʠʬʨʦʚʘʥʥʳʝ 

ʩʦʦʙʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʘʢʢʘʫʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʣʦʛʠʥʳ, ʧʦʯʪʳ ʠ 

ʧʘʨʦʣʠ (ʧʦʩʣʝʜʥʠʝ ʚ ʚʠʜʝ ʭʵʰ-ʩʫʤʤ [4]). 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʨʦʥʪʝʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʨʝʡʤʚʦʨʢ 

NET.MAUI [5]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ 

ʬʨʝʡʤʚʦʨʢ ʦʪ ʢʦʤʧʘʥʠʠ Microsoft ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʪʠʚʥʳʭ ʤʦʙʠʣʴ-

ʥʳʭ ʠ ʜʝʩʢʪʦʧʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ C# ʠ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ XAML. ʉ ʧʦʤʦʱʴʶ .NET MAUI 

ʤʦʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʧʦʜ ʪʘʢʠʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-

ʤʳ ʢʘʢ Android, iOS, macOS ʠ Windows, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʢʦʜ. 
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ɺ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [6]. 

ʕʪʦ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʥʥʘʷ ʠʣʠ ʩʝʪʝʚʘʷ ʥʘʛʨʫʟʢʘ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʤʝʞʜʫ ʧʦʩʪʘʚʱʠʢʘʤʠ ʫʩʣʫʛ, ʥʘʟʳʚʘʝʤʳʤʠ ʩʝʨʚʝʨʘʤʠ, ʠ ʟʘʢʘʟʯʠʢʘ-

ʤʠ ʫʩʣʫʛ, ʥʘʟʳʚʘʝʤʳʤʠ ʢʣʠʝʥʪʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ ʩ 

ʫʩʪʨʦʡʩʪʚʘ ʢʣʠʝʥʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ʚ .NET ï URL: 

https://learn.microsoft.com/ru-ru/dotnet/standard/security/cross-

platform-cryptography (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 04.04.2024). 

2. ASP.NET - ʦʪʢʨʳʪʳʡ ʚʝʙ ʬʨʝʡʤʚʦʨʢ ʜʣʷ .NET. ïURL: 

https://dotnet.microsoft.com/en-us/apps/aspnet (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

04.04.2024). 

3. PostgreSQL : ɼʦʢʫʤʝʥʪʘʮʠʷ. ï URL: 

https://postgrespro.ru/docs/postgresql (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 03.04.2024) 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Visual C# ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʭʵʰ-

ʟʥʘʯʝʥʠʡ. ï URL: https://learn.microsoft.com/ru-

ru/troubleshoot/developer/visualstudio/csharp/language-compilers/compute-

hash-values (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 03.04.2024) 

5. ʉʦʟʜʘʥʠʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ .NET. ï 

URL: https://metanit.com/sharp/maui/1.1.php (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

04.04.2024). 

6. ʂʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ï URL: 

https://ru.hexlet.io/courses/internet-fundamentals/lessons/client-

server/theory_unit (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.04.2024) 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʆɹʋʏɽʅʀɽ ʅɽʁʈʆʉɽʊʀ  

ɼʃʗ ʈɸʉʂʈɸʉʂʀ ʏɽʈʅʆ-ɹɽʃʓʍ ʀɿʆɹʈɸɾɽʅʀʁ 

 

ʃʫʢʦʚʥʠʢʦʚʘ ɼ.ɸ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʪʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝ-

ʪʠ, ʢʦʪʦʨʘʷ ʨʘʩʢʨʘʰʠʚʘʝʪ ʯʝʨʥʦ-ʙʝʣʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʕʪʘ ʥʝʡʨʦʩʝʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʣʶʜʝʡ, ʠʟʫʯʘʶʱʠʭ ʠʩʪʦ-

ʨʠʶ ʠʣʠ ʞʝʣʘʶʱʠʭ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʚ ʮʚʝʪʝ ʢʘʢʠʝ-ʣʠʙʦ ʯʝʨʥʦ-ʙʝʣʳʝ 

https://dotnet.microsoft.com/en-us/apps/aspnet
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ʠʟʦʙʨʘʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʥʝʡʨʦʩʝʪʠ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʧʦʣʫʯʝ-

ʥʠʶ ʨʝʟʫʣʴʪʘʪʘ, ʯʝʤ ʨʘʩʢʨʘʰʠʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚʨʫʯʥʫʶ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʵʢʦʥʦʤʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ. 

ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʟʷʪʘ ʩʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʩʝʪʴ ï 

ʵʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʭʦʪʷ ʙʳ ʦʜʠʥ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʩʚʨyʪʦʯ-

ʥʳʤ. ʉʚyʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, 

ʢʘʩʘʶʱʠʭʩʷ ʨʘʙʦʪʳ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ [1]. ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʳʣ 

ʚʳʙʨʘʥ Python. ɺʳʙʦʨ ʦʙʦʩʥʦʚʘʥ ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʣʠʯʠʝʤ ʤʦʱʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʙʠʙʣʠʦ-

ʪʝʢ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [2]. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʪʨʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ: Google Colab ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ, 

Windows 11 ʩ ʦʢʨʫʞʝʥʠʝʤ, ʙʘʟʠʨʦʚʘʥʥʳʤ ʥʘ Miniconda 3, ʠ Ubuntu 

23.10 ʪʘʢʞʝ ʩ ʦʢʨʫʞʝʥʠʝʤ Miniconda 3. Google Colab ï ʠʥʪʝʨʘʢʪʠʚ-

ʥʘʷ ʩʨʝʜʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʙʣʦʢʥʦʪ Colab, ʧʦʟʚʦʣʷʶʱʘʷ ʧʠʩʘʪʴ ʠ ʚʳ-

ʧʦʣʥʷʪʴ ʢʦʜ [3]. Miniconda 3 ï ʤʘʣʝʥʴʢʘʷ ʥʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ 

Anaconda, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʦʣʴʢʦ conda, Python ʠ ʥʝʙʦʣʴ-

ʰʦʡ ʧʝʨʝʯʝʥʴ ʧʦʣʝʟʥʳʭ ʧʘʢʝʪʦʚ [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʆʉ Ubuntu 23.10 ʩ ʦʢʨʫʞʝʥʠʝʤ Miniconda 

3, ʧʦʪʦʤʫ ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʚʦʟʥʠʢʣʦ ʥʝʨʘʟʨʝʰʠʤʦʛʦ ʢʦʥʬʣʠʢ-

ʪʘ ʧʦʜʢʣʶʯʘʝʤʳʭ ʙʠʙʣʠʦʪʝʢ, ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘ Windows 11. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʘ ʠʤʝʥʥʦ ʙʠʙʣʠʦʪʝʢʘ Gradio, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʳʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ-

ʩʪʨʘʠʚʘʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʤʦʜʝ-

ʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [5]. 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠ-

ʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʛʦ ʜʘʪʘʩʝʪʘ ï ʥʘʙʦʨʘ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʣ 

ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʨʦʜʳ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʙʠʙʣʠʦʪʝʢʘ Keras, ʢʦʪʦʨʘʷ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʘʢʞʝ Keras ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [6].  
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Convolution. ï URL: https://developers.google.com/machine-

learning/glossary/?hl=ru#convolutional-neural-network (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ 03.04.2024). 

2. Why Python for Machine Learning? ï URL: 

https://pythonbasics.org/why-python-for-machine-learning/ (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ 03.04.2024). 

3. ɼʦʙʨʦ ʧʦʞʘʣʦʚʘʪʴ ʚ Colaboratory! ï URL: 

https://colab.research.google.com/notebooks/welcome.ipynb?hl=ru (ʜʘ-

ʪʘ ʦʙʨʘʱʝʥʠʷ 02.04.2024). 

4. Miniconda ï URL: 

https://docs.anaconda.com/free/miniconda/index.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

03.04.2024). 

5. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʨʘʙʦʪʝ ʩ Gradio: ʩʦʟʜʘʥʠʝ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ 

ʜʣʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ï URL: 

https://proglib.io/p/rukovodstvo-po-rabote-s-gradio-sozdanie-veb-

interfeysa-dlya-modeley-mashinnogo-obucheniya-2023-03-06 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 01.04.2024) 

6. Model training APIs. ï URL: 

https://keras.io/api/models/model_training_apis/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

03.04.2024). 

 

 

ʈɽɸʃʀɿɸʎʀʗ ʅɽʁʈʆʉɽʊʀ ʅɸ ʉ++  

ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʎʀʌʈ 

 

ʂʦʯʢʫʨʦʚ ʀ.ɸ., ɹʘʩʣʠʥ ʆ.ʀ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ɿʷʙʣʠʮʝʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦ-

ʪʦʨʘʷ ʨʘʩʧʦʟʥʘʝʪ ʨʫʢʦʧʠʩʥʳʝ ʮʠʬʨʳ. 

ʅʝʡʨʦʩʝʪʴ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʬʨ, ʥʘʧʠʩʘʥʥʳʭ ʦʪ ʨʫʢʠ. ʆʥʘ 

ʧʦʤʦʛʘʝʪ ʢʦʤʧʴʶʪʝʨʫ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʦʪʣʠʯʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʮʠʬʨʳ ʦʪ 0 ʜʦ 9, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ, ʙʘʥʢʦʚʩʢʠʭ ʯʝʢʦʚ, ʧʦʯʪʦʚʳʭ ʠʥʜʝʢʩʦʚ, ʨʘʩʧʦ-

https://developers.google.com/machine-learning/glossary/?hl=ru#convolutional-neural-network
https://developers.google.com/machine-learning/glossary/?hl=ru#convolutional-neural-network
https://colab.research.google.com/notebooks/welcome.ipynb?hl=ru
https://docs.anaconda.com/free/miniconda/index.html
https://proglib.io/p/rukovodstvo-po-rabote-s-gradio-sozdanie-veb-interfeysa-dlya-modeley-mashinnogo-obucheniya-2023-03-06
https://proglib.io/p/rukovodstvo-po-rabote-s-gradio-sozdanie-veb-interfeysa-dlya-modeley-mashinnogo-obucheniya-2023-03-06
https://keras.io/api/models/model_training_apis/
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ʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʚʚʦʜʦʚ ʠ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʥʝʦʙʭʦʜʠ-

ʤʦ ʦʙʨʘʙʦʪʘʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʫʢʦʧʠʩʥʳʡ ʪʝʢʩʪ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʨʭʠʪʝʢ-

ʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ - ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ. [2] 

 

 

ʈʠʩ. 1. ʄʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʬʦʨʤʫʣʳ [3]: 

ὲ В В ὲύ ὦ Ὢz ȟ                     (1) 

ώ В В ὲύ ὦ Ὢzȟ                     (2) 

ʛʜʝ ὲ ̉ ὲï ʟʥʘʯʝʥʠʝ ʥʝʡʨʦʥʦʚ ʥʘ ʚʭʦʜʥʦʤ ʠ ʩʢʨʳʪʦʤ ʩʣʦʝ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ; w0ij ʠ w1ij  ï ʚʝʩʘ ʥʝʡʨʦʥʦʚ ʥʘ ʚʭʦʜʥʦʤ ʠ ʩʢʨʳʪʦʤ ʩʣʦʷʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; b0j b1j ï ʚʝʩʘ ʩʤʝʱʝʥʠʷ ʥʘ ʚʭʦʜʥʦʤ ʠ ʩʢʨʳʪʦʤ ʩʣʦ-

ʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; f ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ . 

 ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ï ʩʠʛʤʦʠʜʘ: [3] 

Ὢὼ  ȟ                                       (3) 

ʛʜʝ x ï ʟʥʘʯʝʥʠʝ ʥʝʡʨʦʥʘ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ [1] 

ςὲὪ Ὓ В ‐Ὢ Ὓ ύ                       (4) 

ς‐Ὢ Ὓ ὲ                                   (5) 
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ύ ύ ‌ ȟ                                   (6) 

ʛʜʝ  ̉  ï ʦʰʠʙʢʠ ʚʝʩʦʚ ʥʝʡʨʦʥʦʚ ʥʘ ʚʭʦʜʥʦʤ ʠ ʩʢʨʳʪʦʤ 

ʩʣʦʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ‐ ï ʦʰʠʙʢʠ ʥʘ ʚʳʭʦʜʥʦʤ ʩʣʦʝ; Ŭ ï ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ(ʛʠʧʝʨʧʘʨʘʤʝʪʨ). 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʜʠʨʦ-

ʚʦʢ ʮʠʬʨ ʦʪ 0 ʜʦ 9, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʘʡʣʝ, ʚʟʷʪʦʛʦ ʩ 

ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ MNIST [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʉ++. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʠʣʦʞʝʥʠʝ Mi-

crosoft Visual Studio. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ: ʤʘʪʝʤʘʪʠʢʘ, 

ʧʨʠʤʝʨʳ, ʢʦʜ. ï URL: https://neurohive.io/ru/osnovy-data-

science/obratnoe-rasprostranenie/ 

2.ʂʘʢ ʨʘʙʦʪʘʶʪ ʥʝʡʨʦʩʝʪʠ ʠ ʢʘʢʠʝ ʙʳʚʘʶʪ ʚʠʜʳ ʠʭ ʩʪʨʫʢʪʫʨ. 

ï URL: https://digitalocean.ru/n/shkola-mysli 

3. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. ʏʘʩʪʴ 1. ï URL: 

https://habr.com/ru/articles/312450/ 

4. The Mnist database. ï URL: 

https://yann.lecun.com/exdb/mnist/ 

 

 

ʆɹʋʏɽʅʀɽ ʅɽʁʈʆʉɽʊʀ ɼɽʊɽʂʎʀʀ ʃʀʎ 

 

ɹʨʦʚʢʠʥ ɸ.ɺ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʪʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʄʦʝʡ ʮʝʣʴʶ ʥʘ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʜʝʪʝʢʮʠʠ ʣʠʮʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʝʪʝʢʮʠʷ ʣʠʮ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʣʠʮ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ.  

ʌʫʥʢʮʠʦʥʘʣ ʧʨʦʛʨʘʤʤʳ: 

1. ʉʦʟʜʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʢʘʤʝʨʳ, ʠʩʧʦʣʴʟʫʷ 

OpenCV. 
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2. ɸʥʥʦʪʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ (ʤʘʨʢʠʨʦʚ-

ʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ), ʜʦ-

ʙʘʚʣʷʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʨʘʤʢʠ ʚʦʢʨʫʛ ʣʠʮʘ.  

3. ɸʫʛʤʝʥʪʘʮʠʷ (ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʫʯʘʶ-

ʱʝʡ ʚʳʙʦʨʢʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʜʘʥʥʳʭ) ʠʟʦʙʨʘʞʝʥʠʡ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʧʦʪʝʨʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʠʮʘ ʠ ʧʦʪʝʨʶ ʨʝʛʨʝʩʩʠʠ ʢʦʦʨʜʠʥʘʪ ʛʨʘʥʠʮ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ VGG 16 ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ, ʜʦʙʘʚʣʝ-

ʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʢ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ.  

6. ʆʙʫʯʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ Keras.model. 

7. ɺʳʧʦʣʥʝʥʠʝ ʜʝʪʝʢʮʠʠ ʣʠʮ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ 

OpenCV. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʨʩʢʠʡ, ɸ.ɹ. ʃʦʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ɸ.ɹ. ɹʘʨʩʢʠʡ. ï ʄʦʩʢʚʘ: ɹʠʥʦʤ, 2013. ï 352 c. 

2. ɻʘʣʫʰʢʠʥ, ɸ.ʀ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʦʩʥʦʚʳ ʪʝʦʨʠʠ / ɸ.ʀ. 

ɻʘʣʫʰʢʠʥ. ï ʄʦʩʢʚʘ: ʈʠʉ, 2014. ï 496 c. 

3. ʂʦʤʘʰʠʥʩʢʠʡ, ɺ.ʀ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ / ɺ.ʀ. ʂʦʤʘʰʠʥʩʢʠʡ, ɼ.ɸ. ʉʤʠʨʥʦʚ. ï 

ʄʦʩʢʚʘ: ɻʃʊ, 2003. ï 94 c 

 

 

ʅɸɹʆʈ ɸʈʂɸɼʅʓʍ ʀɻʈ ɼʃʗ ʇʆʈʊɸʃɸ ʂɻʊɸ 

 

ʂʦʨʦʚʠʥ ɸ.ɼ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɿʷʙʣʠʮʝʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘʙʦʨʘ ʠʟ ʪʨʝʭ ʘʨʢʘʜ-

ʥʳʭ ʠʛʨ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʨʘʟʥʳʤʠ ʤʝʭʘʥʠʢʘʤʠ ʚ ʩʪʠʣʠ-

ʩʪʠʢʝ ʂɻʊɸ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʛʨʳ ʙʳʣʦ ʨʝʰʝʥʦ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʫʞʝ ʩʫʱʝʩʪ-

ʚʫʶʱʠʝ ʧʦʧʫʣʷʨʥʳʝ ʘʨʢʘʜʥʳʝ ʠʛʨʳ, ʠʟʫʯʠʪʴ ʠʭ ʤʝʭʘʥʠʢʠ, ʚʥʝ-

ʜʨʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʭʘʥʠʢʠ ʠʛʨ ʠ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥ-

ʥʳʡ ʚʠʟʫʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʣʷ ʥʠʭ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʲʝ-

ʜʠʥʠʪʴ ʠʭ ʚ ʦʜʥʦʤ ʧʨʠʣʦʞʝʥʠʠ. 
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ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʚʳ-

ʙʨʘʥ ʠ ʠʟʫʯʝʥ Construct 3 [1,3]. ɺ ʦʩʥʦʚʝ Construct ʣʝʞʠʪ ʣʦʛʠʯʥʘʷ 

ʠ ʫʜʦʙʥʘʷ ʩʠʩʪʝʤʘ çEvent sheetè (ʣʠʩʪ ʩʦʙʳʪʠʡ) [2], ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʘʷ ʩʦʙʦʡ ʪʘʙʣʠʮʫ ʠʣʠ ʠʥʪʝʨʬʝʡʩ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʚ 

ʩʨʝʜʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʢʨʠʧʪʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʙʳʪʠʷ, ʫʩ-

ʣʦʚʠʷ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ 

ʠʛʨʝ.  

ɺ ʢʦʥʝʯʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʦʝʢʪʘ ʪʨʠ ʠʛʨʳ: 

1. Flappy Zhuk  

ʈʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʛʨʳ Flappy Bird. ɺ ʥʝʡ ʥʫʞʥʦ ʧʨʦʣʝ-

ʪʘʪʴ ʧʝʨʩʦʥʘʞʝʤ çʞʫʢʦʤè ʯʝʨʝʟ ʢʦʣʦʥʥʳ, ʩʪʘʨʘʷʩʴ ʥʝ ʩʪʘʣʢʠʚʘʪʴʩʷ 

ʩ ʥʠʤʠ, ʠ ʩʦʙʠʨʘʪʴ ʟʚʸʟʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʯʢʦʚ. ʉʢʦʣʴʢʦ ʩʦʙʨʘʣ 

ʟʚʸʟʜ - ʩʪʦʣʴʢʦ ʧʦʣʫʯʘʝʰʴ ʦʯʢʦʚ. ɽʩʣʠ çʞʫʢè ʩʪʦʣʢʥʫʣʩʷ ʩ ʢʦʣʦʥ-

ʥʦʡ ʠʣʠ ʚʳʣʝʪʝʣ ʟʘ ʧʨʝʜʝʣʳ ʚʠʜʠʤʦʩʪʠ ʧʦʣʷ - ʠʛʨʘ ʟʘʢʦʥʯʝʥʘ. 

2. KGTA Tower  

ʈʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʛʨʳ çTrickyTowerè. ɺ ʥʝʡ ʥʫʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʙʘʰʥʶ ʠʟ ʧʘʜʘʶʱʠʭ ʙʣʦʢʦʚ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʫʩʪʦʡʯʠ-

ʚʦʡ. ʉʢʦʣʴʢʦ ʫʩʪʘʥʦʚʣʝʥʦ ʙʣʦʢʦʚ -  ʩʪʦʣʴʢʦ ʧʦʣʫʯʝʥʦ ʦʯʢʦʚ. ɽʩʣʠ 

ʭʦʪʷ ʙʳ ʦʜʠʥ ʙʣʦʢ ʫʧʘʣ - ʠʛʨʘ ʟʘʢʦʥʯʝʥʘ. 

3. ʌʘʢʫʣʴʪʝʪʳ ʚ ʨʷʜ  

ʈʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʛʨʳ çʊʨʠ ʚ ʨʷʜè. ɺ ʥʝʡ ʥʫʞʥʦ ʤʝʥʷʪʴ 

ʤʝʩʪʘʤʠ ʩʦʩʝʜʥʠʝ ʬʠʰʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʠʟ ʦʜʠʥʘʢʦ-

ʚʳʭ ʬʠʰʝʢ ʜʣʠʥʦʡ ʚ 3 ʠ ʙʦʣʴʰʝ ʬʠʰʝʢ. ʉʢʦʣʴʢʦ ʢʦʤʙʠʥʘʮʠʷ ʠʟ 

ʬʠʰʝʢ ʚ ʜʣʠʥʫ - ʩʪʦʣʴʢʦ ʦʯʢʦʚ ʧʦʣʫʯʠʪ ʠʛʨʦʢ. ɿʘ ʦʪʚʝʜʸʥʥʫʶ ʤʠ-

ʥʫʪʫ ʥʫʞʥʦ ʩʦʙʨʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʦʯʢʦʚ. 

 

 

ʈʠʩ. 1. QR-ʢʦʜ ʥʘ ʬʘʡʣ .apk ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʠʛʨʳ ʜʣʷ Android-ʫʩʪʨʦʡʩʪʚ 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆʬʠʮʠʘʣʴʥʳʡ ʬʦʨʫʤ ʦʪ ʩʦʟʜʘʪʝʣʝʡ Construct. ï URL: 

https://www.construct.net/en/forum (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.04.2024). 

2. ɻʘʡʜ ʧʦ Event Sheet ʚ Construct. ï 

URL:https://www.construct.net/en/make-games/manuals/construct-

3/interface/event-sheet-view (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.04.2024). 

3. ʊʫʪʦʨʠʘʣʳ Construct ï 

URLhttps://www.construct.net/en/tutorials?flang=36 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

07.04.2024). 

 

ʐɸʍʄɸʊʓ 

 

ɿʘʡʮʝʚ ɼ.ɺ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʪʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠʛʨʳ ï çʐʘʭʤʘʪʳè. 

ʆʧʧʦʥʝʥʪʦʤ ʚ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨ, ʪ.ʝ. 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝ-

ʥʠʷ ʠʛʨʦʢʫ. 

ʐʘʭʤʘʪʳ ð ʵʪʦ ʠʛʨʘ, ʢʦʪʦʨʘʷ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʦʧʫʣʷʨ-

ʥʦʡ ʩʨʝʜʠ ʤʥʦʛʠʭ ʣʶʜʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʡ ʚʦʟʨʘʩʪ. ʉʫʱʝʩʪʚʫʶʪ 

ʧʨʠʯʠʥʳ, ʧʦʯʝʤʫ ʩʝʛʦʜʥʷ ʪʘʢ ʤʥʦʛʦ ʣʶʜʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʵʪʦʡ 

ʠʛʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝʦʠʛʨʦʚʦʤ ʬʦʨʤʘʪʝ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʧʨʝʜʦʩ-

ʪʘʚʣʷʶʪ ʦʪʣʠʯʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʫʤʘ ʠ ʫʣʫʯʰʝʥʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʈʘʟʤʳʰʣʷʷ ʥʘʜ ʭʦʜʘʤʠ ʠ ʧʳʪʘʷʩʴ ʧʨʝ-

ʜʫʛʘʜʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʛʨʦʢʠ ʨʘʟʚʠʚʘʶʪ 

ʩʚʦʠ ʥʘʚʳʢʠ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɺʦ-ʚʪʦʨʳʭ, 

ʠʛʨʳ ʚ ʰʘʭʤʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʩʪʠ ʚʨʝʤʷ ʚ 

ʫʝʜʠʥʝʥʠʠ, ʩʦʩʨʝʜʦʪʦʯʠʚʰʠʩʴ ʥʘ ʠʛʨʝ. ɺ ʮʝʣʦʤ, ʠʛʨʘ ʚ ʰʘʭʤʘʪʳ ʚ 

ʬʦʨʤʘʪʝ ʚʠʜʝʦʠʛʨʳ ʤʦʞʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʪʝʭ, ʢʪʦ ʩʪʨʝʤʠʪʩʷ ʢ 

ʫʣʫʯʰʝʥʠʶ ʩʚʦʠʭ ʫʤʩʪʚʝʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʣʠ ʞʝʣʘʝʪ ʧʨʦʚʝʩʪʠ 

ʚʨʝʤʷ ʥʘʟʚʘʥʥʳʤ ʤʝʪʦʜʦʤ [1]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʚ ʛʣʫʙʠʥʫ ï ʤʠʥʠʤʘʢʩ. 

ʊʘʢʞʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ï 

ʘʣʴʬʘ-ʙʝʪʘ ʦʪʩʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʤʝʥʴʰʠʚ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʝʪʚʝʡ ʩʦ-

https://www.construct.net/en/forum
https://www.construct.net/en/make-games/manuals/construct-3/interface/event-sheet-view
https://www.construct.net/en/make-games/manuals/construct-3/interface/event-sheet-view
https://www.construct.net/en/tutorials?flang=36
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ʩʪʦʷʥʠʡ ʜʦʩʢʠ, ʙʝʟ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʘʥʘʣʠʟʘ. ʆʮʝʥʢʘ ʩʦ-

ʩʪʦʷʥʠʷ ʜʦʩʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʨʘʚʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʬʠʛʫʨ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ, ʩ ʫʯʸʪʦʤ ʮʝʥʥʦʩʪʠ ʬʠʛʫʨʳ (ʚ ʧʦʨʷʜʢʝ 

ʚʦʟʨʘʩʪʘʥʠʷ ʮʝʥʥʦʩʪʠ ï ʧʝʰʢʘ, ʩʣʦʥ, ʢʦʥʴ, ʣʘʜʴʷ, ʬʝʨʟʴ, ʢʦʨʦʣʴ), ʘ 

ʪʘʢʞʝ ʝʸ ʧʦʟʠʮʠʠ [2]. 

ɼʘʥʥʘʷ ʚʠʜʝʦʠʛʨʘ çʐʘʭʤʘʪʳè ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ 

ʩʣʦʞʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʛʨʦʢʦʚ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʠʛʨʦʚʦʛʦ ʦʧʳʪʘ. ʊʘʢ ʢʘʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ 

ʤʠʥʠʤʘʢʩʘ, ʩʣʦʞʥʦʩʪʴ ʣʝʛʢʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʛʣʫʙʠʥʳ ʧʦ-

ʠʩʢʘ ʜʦʩʪʫʧʥʳʭ ʭʦʜʦʚ ʩʦ ʩʪʦʨʦʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [2]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʠʜʝʦʠʛʨʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʛʨʘʪʴ ʢʘʢ ʟʘ ʙʝʣʫʶ ʩʪʦʨʦʥʫ, ʪʘʢ ʠ ʟʘ ʯʸʨʥʫʶ, ʣʠʙʦ ʥʝ 

ʠʛʨʘʪʴ ʚʦʚʩʝ, ʧʦʟʚʦʣʷʷ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩʨʘʟʠʪʴʩʷ ʩ ʩʘ-

ʤʠʤ ʩʦʙʦʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʭʦʜʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ ʙʳʣ ʚʳʙʨʘʥ C#. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚ ʩʬʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʚʠʜʝʦ-

ʠʛʨ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ, ʫʜʦʙʩʪʚʦ 

ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʥʘʷ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʥʘ ʨʘʟʥʳʝ 

ʕɺʄ ʩ ʨʘʟʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [3]. 

ʊʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʚʠʞʦʢ Unity. ʆʥ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʚʩʪʨʦʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘ-

ʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʚʝʱʠ ʚ ʠʛʨʘʭ, ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʬʠʟʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ [4]. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ʇʨʘʚʠʣʘ ʠʛʨʳ ʚ ʰʘʭʤʘʪʳ (ɼʘʪʘ ʜʦʩʪʫʧʘ. ï URL: 

https://www.chess.com/learn-how-to-play-chess (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

02.04.2024). 

2. ʇʦʜʭʦʜʳ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʰʘʭʤʘʪʥʳʭ ʜʚʠʞʢʦʚ. ï URL: 

https://www.chessprogramming.org/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 02.04.2024). 

3. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʷʟʳʢʫ C#. ï URL: 

https://learn.microsoft.com/en-us/dotnet/csharp/language-reference/(ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 01.04.2024). 

4. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʨʘʙʦʪʝ ʩ Unity. ï URL: 

https://docs.unity3d.com/ScriptReference/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

03.04.2024). 

https://www.chess.com/learn-how-to-play-chess
https://www.chessprogramming.org/
https://learn.microsoft.com/en-us/dotnet/csharp/language-reference/(дата
https://docs.unity3d.com/ScriptReference/
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ʈɸɿʈɸɹʆʊʂɸ ʀɻʈʓ-ʊɸʄɸɻʆʏʀ ɼʃʗ ANDROID 

 

ʌʦʤʠʥ ɸ.ʄ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʪʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʠʛʨʳ-ʪʘʤʘʛʦʯʠ ʜʣʷ 

Android ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʤʘʛʦʯʠ, 

ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʥʝʤʫ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʧʣʘʥ, ʦʮʝʥʝʥ ʦʙʲʝʤ ʨʘʙʦʪʳ ʠ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʯʘʩʪʠ ʠʛʨʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʦʙʠʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʭ, ʘ ʟʥʘʯʠʪ ʝʩʪʴ ʙʦʣʴʰʦʡ ʰʘʥʩ 

ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʘʫʜʠʪʦʨʠʶ, ʪʘʢ ʢʘʢ ʪʘʤʘʛʦʯʠ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘʷ, ʥʦ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʠʛʨʘ, ʢʦʪʦʨʘʷ ʝʱʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʠʛʨʦʡ-

ʧʣʘʪʬʦʨʤʦʡ, ʪʦ ʝʩʪʴ ʚ ʥʝʝ ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʙʘʚʠʪʴ ʙʦʣʴʰʝ ʤʠʥʠ-ʠʛʨ, 

ʠʛʨʦʚʦʡ ʧʨʦʮʝʩʩ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʥʘ ʨʦʚʥʝ ʠʣʠ ʜʘʞʝ ʚʳʰʝ, ʯʝʤ ʫʭʘ-

ʞʠʚʘʥʠʝ ʟʘ ʚʠʨʪʫʘʣʴʥʳʤ ʧʠʪʦʤʮʝʤ. 

ʉʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ Unity, ʘ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C# ʚ Microsoft Visual Studio, ʪʘʢ ʢʘʢ ʩ ʥʠʤʠ ʫʞʝ ʧʨʠʭʦʜʠʣʦʩʴ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʦʚʘʪʴ [1, 2]. 

ɺ ʠʛʨʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʩʚʦʝʛʦ ʚʠʨ-

ʪʫʘʣʴʥʦʛʦ ʧʠʪʦʤʮʘ: ʭʤʫʨʦʛʦ ʢʦʪʘ ʠʣʠ ʧʦʧ ʢʦʪʘ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʠʛ-

ʨʦʢʫ ʧʨʝʜʩʪʦʠʪ ʟʘʙʦʪʠʪʴʩʷ ʦ ʢʦʪʝ: ʢʦʨʤʠʪʴ, ʧʦʠʪʴ, ʠʛʨʘʪʴ ʚ ʠʛʨʳ, 

ʫʢʣʘʜʳʚʘʪʴ ʩʧʘʪʴ ʠ ʯʠʩʪʠʪʴ ʦʪ ʛʨʷʟʠ.  

ɼʣʷ ʫʭʘʞʠʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʝʜʳ ʠ ʥʘʧʠʪ-

ʢʦʚ: ʷʙʣʦʢʦ ʫʪʦʣʷʝʪ ʛʦʣʦʜ ʠ ʥʝʤʥʦʛʦ ʞʘʞʜʫ, ʛʨʠʙ ʩʠʣʴʥʝʝ ʫʪʦʣʷʝʪ 

ʛʦʣʦʜ, ʧʝʨʝʮ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʙʦʜʨʦʩʪʠ ʠ ʩʳʪʦʩʪʠ, ʘ ʟʦʣʦ-

ʪʦʝ ʷʙʣʦʢʦ ʚʦʩʧʦʣʥʷʝʪ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʘʣʝʥʴʢʠʡ ʥʘʧʠʪʦʢ ʥʝ-

ʤʥʦʛʦ ʧʦʧʦʣʥʷʝʪ ʟʘʧʘʩ ʞʠʜʢʦʩʪʠ, ʙʦʣʴʰʦʡ ʥʘʧʠʪʦʢ ʵʬʬʝʢʪʠʚʥʝʡ 

ʤʘʣʝʥʴʢʦʛʦ, ʤʘʣʳʡ ʥʘʧʠʪʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʩʣʘʙ-

ʣʝʥʥʦʝ ʟʦʣʦʪʦʝ ʷʙʣʦʢʦ, ʟʝʣʴʝ ʫʜʘʯʠ ʧʦʜʥʠʤʘʝʪ ʥʘʩʪʨʦʝʥʠʝ, ʟʝʣʴʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʥʘʣʦʛ ʟʦʣʦʪʦʛʦ ʷʙʣʦʢʘ ʧʨʠ ʥʝ ʞʝʣʘʥʠʠ ʪʨʘʧʝʟʥʠ-

ʯʘʪʴ ʫ ʢʦʪʘ ʠ ʟʝʣʴʝ ʠʟʛʥʘʥʠʷ ʜʣʷ ʩʤʝʥʳ ʧʠʪʦʤʮʘ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʧʘʩʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʛʘʟʠʥ ʩ ʚʢʣʘʜʢʘʤʠ 

ʜʣʷ ʝʜʳ ʠ ʚʦʜʳ, ʥʘ ʧʝʨʚʦʡ ʤʦʞʥʦ ʢʫʧʠʪʴ ʷʙʣʦʢʦ ʟʘ 20 ʤʦʥʝʪ, ʛʨʠʙ 
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ʟʘ 30, ʧʝʨʝʮ ʟʘ 40, ʘ ʟʦʣʦʪʦʝ ʷʙʣʦʢʦ ʟʘ 250. ʅʘ ʚʢʣʘʜʢʝ ʚʦʜʳ ʮʝʥʳ 

ʜʣʷ ʟʝʣʠʡ ʪʘʢʠʝ: ʤʘʣʝʥʴʢʠʡ ʥʘʧʠʪʦʢ 10, ʙʦʣʴʰʦʡ 30, ʤʘʣʝʥʴʢʠʡ 

ʥʘʧʠʪʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 40, ʟʝʣʴʝ ʫʜʘʯʠ 100, ʟʝʣʴʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

200, ʟʝʣʴʝ ʠʟʛʥʘʥʠʷ 10000.  

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʦʥʝʪʳ ʠ ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʥʘʩʪʨʦʝʥʠʷ 

ʜʦʙʘʚʣʝʥʳ ʠʛʨʳ ʠ ʢʦʤʥʘʪʘ ʜʣʷ ʥʠʭ. ʀʟ ʠʛʨ ʝʩʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʷʪ-

ʥʘʰʢʠ ʩ ʧʦʜʩʯʝʪʦʤ ʭʦʜʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʪʦʨʳʭ ʪʝʤ ʤʝʥʴʰʝ ʥʘʛʨʘ-

ʜʘ, ʠ ʠʛʨʘ-ʢʣʠʢʝʨ, ʚ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʟʘ ʚʨʝʤʷ ʥʘʞʠʤʘʪʴ ʧʦ ʪʨʝʙʫʝ-

ʤʦʤʫ ʢʘʨʪʠʥʢʦʡ ʦʙʲʝʢʪʫ, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʡʥʳʡ ʤʦʤʝʥʪ ʚʳʙʠʨʘʝʪʩʷ 

ʠʟ 6 ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ, ʝʩʣʠ ʥʘʞʘʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʥʘ ʪʦʪ ʦʙʲʝʢʪ, ʪʦ 

ʪʝʨʷʝʪʩʷ ʞʠʟʥʴ, ʤʠʥʠ-ʠʛʨʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʪʝʨʝ 4 ʞʠʟʥʝʡ ʠʣʠ 

ʧʦ ʠʩʪʝʯʝʥʠʶ ʚʨʝʤʝʥʠ, ʚ ʢʦʥʮʝ ʜʘʶʪʩʷ ʜʝʥʴʛʠ ʨʘʚʥʦʩʠʣʴʥʦ ʢʦʣʠ-

ʯʝʩʪʚʫ ʧʨʘʚʠʣʴʥʳʭ ʥʘʞʘʪʠʡ. ʊʘʢʞʝ ʚ ʪʘʤʘʛʦʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤ-

ʥʘʪʘ ʜʦʩʢʠ ʧʦʯʝʪʘ ʩ ʫʰʝʜʰʠʤʠ ʢʦʪʘʤʠ ʠ ʤʦʥʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʫ ʥʠʭ 

ʙʳʣʠ. 

ʉʠʩʪʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʛʨʝʩʩʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩ-

ʩʘ PlayerPrefs ʚ Unity, ʘʩʩʝʪʳ ʜʣʷ ʠʛʨʳ ʙʳʣʠ ʚʟʷʪʳ ʩ ʩʘʡʪʘ çitch.ioè 

[1, 3]. ɿʚʫʢʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ ʩʘʡʪʝ çjsfxrè [4]. ɸʜʘʧʪʠʨʦʚʘʥʠʝ ʠʛʨʳ 

ʧʦʜ Android ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

Unity ʠ SDK ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ Android Studio [1, 5]. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɼʦʢʫʤʝʥʪʘʮʠʷ Unity (ɼʘʪʘ ʜʦʩʪʫʧʘ 14.03.2024) - 

https://docs.unity3d.com/Manual/index.html 

2. ʎʠʬʨʦʚʦʡ ʫʯʝʙʥʠʢ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ C# ʚ Microsoft 

Visual Studio (ɼʘʪʘ ʜʦʩʪʫʧʘ 3.03.2024) - https://learn.microsoft.com/en-

us/visualstudio/get-started/csharp/?view=vs-2022 

3. ʉʘʡʪ ʩ ʘʩʩʝʪʘʤʠ ʜʣʷ ʠʛʨʳ (ɼʘʪʘ ʜʦʩʪʫʧʘ 10.03.2023) - 

https://itch.io/ 

4. ʉʘʡʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʚʫʢʦʚ ʜʣʷ ʠʛʨʳ (ɼʘʪʘ ʜʦʩʪʫʧʘ 

10.03.2023) - https://sfxr.me/ 

5. SDK ʠʥʩʪʨʫʤʝʥʪʳ (ɼʘʪʘ ʜʦʩʪʫʧʘ 15.03.2023) - 

https://developer.android.com/studio 
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ʉʀʉʊɽʄɸ ʇʆʄʆʑʀ ɺʆɼʀʊɽʃʖ  

ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 
 

ʉʢʣʷʨ ɸ.ɸ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʠʤʘʢʦʚ ɸ.ʃ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ɿʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, ʧʨʠʚʝʜʸʥʥʘʷ ʚ 

ʦʬʠʮʠʘʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʘʧʨʠʤʝʨ: ñʆʙʟʦʨ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʚʘʨʠʡʥʦʩʪʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʟʘ 6 ʤʝʩʷʮʝʚ 

2023 ʛʦʜʘò. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʚʩʪʨʘʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ 

ʚʦʜʠʪʝʣʶ, ʠʥʬʦʨʤʠʨʫʶʱʝʡ ʦ ʥʘʣʠʯʠʠ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦ-

ʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʤʦʱʴ ʚʦʜʠʪʝʣʶ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ; 

ï ʚʳʙʨʘʪʴ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ; 

ï ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴ; 

ï ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

ï ʦʙʥʘʨʫʞʝʥʠʝ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ; 

ï ʩʠʛʥʘʣʠʟʘʮʠʶ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ; 

ï ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʥʘʨʫʞʝʥʥʦʤ ʟʥʘʢʝ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

ʥʘ ʙʘʟʝ ʆʉ Android. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʦʡ, ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ: ʚʠʜʝʦ 

ʢʘʤʝʨʳ, ʙʣʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʠʥʜʠʢʘʪʦʨ, ʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʙʣʦʢ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ. ʆʥ ʚʳʧʦʣʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʷ ï ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ YOLOV5, ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʥʝʡʨʦʥ-

ʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʨʘʩʧʦʟʥʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠ-

ʚʘʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʚʳʭʦʜʝ ʙʣʦ-
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ʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜʘʸʪʩʷ ʥʘʟʚʘʥʠʝ ʦʙʲʝʢʪʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʙʣʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʆʉ ɸndroid, ʜʣʷ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʙʣʦʢ ʧʠʪʘ-

ʥʠʷ, ʜʠʩʧʣʝʡ, ʢʘʤʝʨʘ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ, ʠʥʜʠʢʘʪʦʨ. 

ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʦʞ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʊʘʢ ʚ ʢʘʯʝʩʪʚʝ ʚʠʜʝʦʢʘʤʝʨʳ ʚʳʙʨʘʥʘ DEXP 

DQ4M3FA1, ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Arduino Nano. 

ʇʨʠ ʚʳʙʦʨʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʦʦʙ-

ʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʝʨʝʦʙʫ-

ʯʝʥʠʷ ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ YOLOV5. ɹʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʙʦʣʝʝ 1500 ʠʟʦʙʨʘʞʝʥʠʡ ʟʥʘʢʦʚ ñɻʣʘʚʥʘʷ ʜʦʨʦʛʘò; ñʋʩʪʫʧʠ ʜʦʨʦ-

ʛʫò; ñʆʩʪʘʥʦʚʢʘ ʟʘʧʨʝʱʝʥʘò. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʣʦʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦ-

ʪʦʨʘ ̫ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʝʧʣʝʥʠʝ ʙʣʦʢʘ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʢʨʦʥʰʪʝʡʥʝ, 

ʥʠʟʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʣʦʢʘ ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʝʛʦ ʠʩʧʳʪʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥ-

ʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʤʝʨʳ ʜʦ ʟʥʘʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʣʦʢ ʫʚʝʨʝʥʥʦ ʨʘʩ-

ʧʦʟʥʘʚʘʣ ʜʦʨʦʞʥʳʡ ʟʥʘʢ. ʆʩʚʝʱʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 400 ʃʢ ʜʦ 

5180 ʃʢ. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʪʠ ʨʘʩ-

ʩʪʦʷʥʠʷ ʟʘʚʠʩʪ ʦʪ ʛʨʘʬʠʢʠ ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ. ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ 

ʧʦʣʫʯʝʥ ʜʣʷ ʟʥʘʢʘ çʋʩʪʫʧʠʪʝ ʜʦʨʦʛʫè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ. 

ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ:  

ï ʦʙʥʘʨʫʞʝʥʠʝ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ; 

ï ʩʠʛʥʘʣʠʟʘʮʠʶ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ; 

ï ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʥʘʨʫʞʝʥʥʦʤ ʟʥʘʢʝ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

ʥʘ ʙʘʟʝ ʆʉ Android. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ FDM  

ʄɽʊʆɼɸ 3D ʇɽʏɸʊʀ 
 

ʉʢʣʷʨ ɸ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʈʦʞʢʦʚ ɸ.ʅ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦ-
ʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʠʨʦʚʘʷ ʠʥʞʝʥʝʨʥʘʷ ʥʘʫʢʘ ʧʨʝ-
ʪʝʨʧʝʚʘʝʪ ʨʝʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘ-
ʥʠʷ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦ-
ʣʷʶʪ ʙʳʩʪʨʦ ʠʟʛʦʪʦʚʠʪʴ ʪʨʝʭʤʝʨʥʳʝ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʢʦʥʩʪʨʫʢ-
ʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ ʜʦ ʥʘʯʘʣʘ ʤʘʩʩʦʚʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʛʦʜʥʷ ʩʪʘʥʦʚʷʪʩʷ ʤʦʱ-
ʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ 
ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʚ ʘʚʠʘʩʪʨʦʝ-
ʥʠʠ, ʤʘʰʠʥʦ- ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ.   

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ FDM ʪʝʭʥʦʣʦʛʠʠ:   
Å ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ;  
Å ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʝ ʫʩʪʫ-

ʧʘʝʪ ʜʝʪʘʣʷʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ.   
ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʢʣʦʥʝʥʠʡ ʟʘ-

ʷʚʣʝʥʥʦʡ ʬʦʨʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 
ʜʣʷ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʬʦʨʤʳ ʜʝʪʘʣʠ ʚ ʭʘ-
ʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ. 

 
ʈʠʩ. 1. ʀʟʤʝʨʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʨʝʘʣʴʥʦʡ ʬʦʨʤʳ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ʥʘ ʧʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʫʛʣʘ ʤʘʢʝʪʘ) 
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ɹʳʣ ʚʳʧʦʣʥʝʥ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʤʘʢʝʪʳ ʠ ʧʦ 

ʚʳʩʦʪʝ, ʧʨʠ ʪʦʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʣʦʠ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʩʪʦʣʫ 3D 

ʧʨʠʥʪʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʜʝ-

ʬʦʨʤʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʥʠʞʥʠʭ ʩʣʦʝʚ, 

ʯʪʦ ʚʠʜʥʦ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʷʭ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʩʣʦʝʚ 

(ʨʠʩ. 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 
 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ,  

ʩʬʦʢʫʩʠʨʦʚʘʥʥʘʷ ʥʘ ʥʠʞʥʝʤ 

 ʩʣʦʝ ʤʘʢʝʪʘ 

ʈʠʩ. 3. ʌʦʪʦʛʨʘʬʠʷ,  

ʩʬʦʢʫʩʠʨʦʚʘʥʥʘʷ ʥʘ ʚʝʨʭʥʝʤ 

ʩʣʦʝ ʤʘʢʝʪʘ 

 
 

ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʔʖʊɽʈʅʆɻʆ ɿʈɽʅʀʗ ʅɸ ɹɸɿɽ 

LABVIEW  ɼʃʗ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɼʀʅɸʄʀʏɽʉʂʆʁ 

ʄʆɼɽʃʀ ʆɹʒɽʂʊɸ 

 

ʄʘʪʚʝʝʚ ɸ.ɸ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʫʟʥʝʮʦʚʘ ʉ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ï ʵʪʦ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʠʭ ʦʙʨʘʙʦʪʢʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʙʝʟ ʫʯʘʩʪʠʷ (ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ) ʯʝʣʦʚʝʢʘ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦʡ ʧʨʦ-

ʚʝʨʢʠ ʠ ʠʟʤʝʨʝʥʠʷʭ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʜʘʪʯʠʢʦʚ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚʠʜʝʦʜʘʥʥʳʭ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʠʣʠ ʘʧʧʘʨʘʪʥʦ.  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥ-

ʥʳʭ ʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩʪʦʠʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦ-

ʛʨʘʤʤʦʡ LabVIEW ʠ ʝʛʦ ʙʣʦʢʦʤ Vision Acquisition [1]. 
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ɺ ʩʨʝʜʝ Labview ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʞʝ-

ʥʠʷ ʟʘ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ Vision Assistant. ʉʨʝʜʘ Vision Assistant ï 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʦʩʫʱʝʩʪʚʠʪʴ ʣʶʙʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷ 

ʥʘʜ ʠʟʦʙʨʘʞʝʥʠʝʤ. ʉ ʧʦʤʦʱʴʶ Vision Assistant ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʘ 

ʬʫʥʢʮʠʷ ʩʣʝʞʝʥʠʷ ʟʘ ʦʙʲʝʢʪʦʤ (ʧʦʣʦʞʝʥʠʝʤ ʛʨʫʟʘ ʥʘ ʧʨʫʞʠʥʝ).  

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʚ 

LabVIEW ʨʘʟʨʘʙʦʪʘʝʤ ʙʣʦʢ-ʜʠʘʛʨʘʤʤʫ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

 

 

ʈʠʩ. 1. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʙʣʦʢ-ʜʠʘʛʨʘʤʤʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

C ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʳ ʩʤʦʞʝʤ ʦʧʨʝʜʝʣʷʪʴ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ: ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʡ, ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ, ʧʝʨʠʦʜ ʠ 

ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ, ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ ʛʨʫʟʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘ-

ʥʠʷ, ʫʩʢʦʨʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʜʦʙʨʦʪʥʦʩʪʴ ʧʨʫʞʠʥʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʩʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʬʘʟʦʚʫʶ ʪʨʘʝʢʪʦ-

ʨʠʶ ʠ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʊʨʝʚʠʩ ɼʞ. LabVIEW ʜʣʷ ʚʩʝʭ. ï / ɼʞ. ʊʨʝʚʠʩ; [ʧʝʨ. ʩ ʘʥʛʣ. 

ʂʣʫʰʠʥ ʅ. ɸ.] ï ʄʦʩʢʚʘ: ɼʄʂ ʇʨʝʩʩ; ʇʨʠʙʦʨʂʦʤʧʣʝʢʪ, 2005. ï 544 ʩ. 
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ʄɽʊʆɼʀʂɸ ʇʈʀʄɽʅɽʅʀʗ VIVADO  HLS ʇʈʀ  

ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʎʀʌʈʆɺʓʍ ʋʉʊʈʆʁʉʊɺ 

 

ɹʨʳʥʜʠʥ ɼ.ʀ., ʄʘʪʚʝʝʚ ʉ.ɺ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʈʦʞʢʦʚ ɸ.ʅ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 

Vivado HLS (High-Level Synthesis) - ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʢʦʤʧʘ-

ʥʠʠ Xilinx, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ 

ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ, ʪʘʢʠʭ ʢʘʢ C, C++ ʠʣʠ SystemC, ʚ ʮʠʬʨʦʚʫʶ ʘʧʧʘʨʘʪʫʨʫ ʜʣʷ 

FPGA (ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʚʝʥʪʠʣʴʥʦʡ ʤʘʪʨʠʮʳ) ʠʣʠ SoC (ʩʠʩʪʝʤ ʥʘ 

ʢʨʠʩʪʘʣʣʝ) [1].  

ʆʩʥʦʚʥʘʷ ʠʜʝʷ HLS ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦ-

ʛʫʪ ʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʦʣʝʝ ʫʜʦʙʥʳʭ ʜʣʷ ʥʠʭ ʷʟʳʢʘʭ,ʘ ʟʘʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʠʭ ʚ ʘʧʧʘʨʘʪʥʦʝ ʦʧʠʩʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥʦ ʠ ʚʳʧʦʣʥʝʥʦ ʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʠ Xilinx. 

ʈʘʙʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ: 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʠʰʝʪ ʠʣʠ ʠʤʧʦʨʪʠʨʫʝʪ ʠʩʭʦʜʥʳʡ ʢʦʜ ʥʘ ʚʳ-

ʩʦʢʦʫʨʦʚʥʝʚʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʦʤ ʢʘʢ C, C++ ʠʣʠ 

SystemC.  Vivado HLS ʧʨʝʦʙʨʘʟʫʝʪ ʵʪʦʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʢʦʜ ʚ 

ʠʩʧʦʣʥʠʤʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʥʘ RTL (Register-Transfer Level). 

RTL ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʪʝʨʤʠʥʘʭ ʨʝʛʠ-

ʩʪʨʦʚ ʠ ʠʭ ʧʝʨʝʭʦʜʦʚ. Vivado HLS ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʢʦʜ ʜʣʷ ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʟʘʜʝʨʞʝʢ, ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ FPGA [2]. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ, ʩʠʤʫʣʠʨʦʚʘʚ ʝʛʦ 

ʧʦʚʝʜʝʥʠʝ ʣʠʙʦ ʧʨʦʚʝʨʠʚ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ.  

ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʧʨʦʚʝʨʢʠ, ʘʧʧʘʨʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʵʢʩʧʦʨʪʠʨʦʚʘʥʦ ʚ Vivado Design Suite ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʥʘʩʪʨʦʡʢʠ, 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʜʨʫʛʠʤʠ ʙʣʦʢʘʤʠ ʧʨʦʝʢʪʘ ʠ ʟʘʛʨʫʟʢʠ ʥʘ 

FPGA.  
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ʈʠʩ.1. ʋʧʨʦʱʝʥʥʳʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ Vivado HLS 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Vivado HLS ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦ-

ʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʝ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ 

ʨʝʰʘʪʴ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʧʨʦʙʣʝʤʳ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʥ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʫʧʨʦʱʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʢʠ FPGA. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ ï URL: https: 

//docs.amd.com/v/u/2012.2-English/ug871-vivado-high-level-

synthesis-tutorial. 

2. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ ï URL: 

https://cyberleninka.ru/article/n/proektirovanie-dlya-plis-xilinx-s-

primeneniem-yazykov-vysokogo-urovnya-v-srede-vivado-hls. 
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ʅɽʁʈʆʅʅɸʗ ʉɽʊʔ ɼʃʗ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʆɹʒɽʂʊʆɺ 

ʀʃʀ ʉʀʊʋɸʎʀʁ ʇʆɼ ʈɸɿʃʀʏʅʓɽ ʊɽʍʅʀʏɽʉʂʀɽ 

ɿɸɼɸʏʀ 
 

ʄʘʨʪʳʥʦʚ ʈ.ʉ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʫʟʥʝʮʦʚʘ ʉ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ - ʵʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʟʣʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʥʝʡʨʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ 

ʚʤʝʩʪʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ [1]. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʫʯʠʪʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʠ ʦʧʳʪʝ, ʨʝʛʫʣʠʨʫʷ ʩʚʦʠ 

ʚʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ. ɽʝ ʤʦʞʥʦ ʦʙʫʯʠʪʴ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʠ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ 

ʟʘʜʘʯʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʪʠʧʘ ʩʣʦʝʚ: ʚʭʦʜʥʦʡ ʩʣʦʡ, ʩʢʨʳʪʳʝ ʩʣʦʠ ʠ ʚʳʭʦʜʥʦʡ ʩʣʦʡ. 
 

 

ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʨʭʠʪʝʢʪʫʨʫ 

ñʂʣʠʝʥʪ-ʉʝʨʚʝʨò. 
 

 
 

ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. ï URL: 

https://habr.com/ru/articles/312450/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.03.202. 

 

ʉʀʉʊɽʄɸ ɻʆʈʀɿʆʅʊʀʈʆɺɸʅʀʗ ʇʆɼɺʀɾʅʆʁ 

ʇʃɸʊʌʆʈʄʓ 

 

ʇʘʨʬʝʥʪʴʝʚ ʖ.ʀ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʠʤʘʢʦʚ ɸ.ʃ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ (ʨʠʩ.1): 

ʛʦʨʠʟʦʥʪʠʨʫʝʤʫʶ ʧʣʘʪʬʦʨʤʫ, ʯʝʪʳʨʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʜʣʷ 

ʚʳʜʚʠʞʝʥʠʷ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʎ1, ʯʝʪʳʨʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʜʣʷ 

ʚʳʚʝʰʠʚʘʥʠʷ ʎ2, ʜʘʪʯʠʢ ʫʛʣʘ ʥʘʢʣʦʥʘ, ʠʟʤʝʨʷʶʱʠʡ ʥʘʢʣʦʥ ʧʦ 

ʜʚʫʤ ʦʩʷʤ, ʜʘʪʯʠʢ ʨʘʟʛʨʫʟʢʠ ʧʦʜʚʝʩʢʠ. ɺ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʦʡ ʚʭʦʜʠʪ ʧʘʥʝʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʚʳʚʦʜʘ ʦʧʝʨʘʪʠʚʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ, ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʦʨʦʚ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʷ 

 

ʉʫʱʝʩʪʚʫʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʳʧʦʣʥʷʶʱʠʭ ʪʝ ʠʣʠ ʠʥʳʝ ʬʫʥʢʮʠʠ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʦ ʚʩʝʭ 

https://habr.com/ru/articles/312450/
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ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ɿʘʤʢʥʫʪʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʪʝʭʥʠʢʝ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠ ʪ.ʜ. 

ɺ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʝ (ʨʠʩ.2) ʚʳʭʦʜʥʘʷ ʚʝʣʠʯʠʥʘ ʫ (t) (ʨʝʛʫʣʠʨʫʝʤʘʷ 

ʚʝʣʠʯʠʥʘ) ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ g (t)(ʚʭʦʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ), ʧʨʠʯʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʭ (t) ʤʝʞʜʫ ʚʳʭʦʜʥʦʡ ʠ ʚʭʦʜʥʦʡ ʚʝʣʠʯʠʥʘʤʠ. 

ʉʣʝʜʷʱʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚʳʭʦʜʘ ʩʦ ʚʭʦʜʦʤ, ʢʦʪʦʨʘʷ 

ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ [1]. 

 
ʈʠʩ. 2. ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

ʉʣʝʜʷʱʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

(ʣʠʥʝʡʥʦʝ, ʥʝʣʠʥʝʡʥʦʝ) ʠʣʠ ʜʠʩʢʨʝʪʥʦʝ (ʨʝʣʝʡʥʦʝ, ʠʤʧʫʣʴʩʥʦʝ, 

ʮʠʬʨʦʚʦʝ), ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸ-

ʪʘ [2]. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʠʥʢʣʠ-

ʥʦʤʝʪʨ. ʀʥʢʣʠʥʦʤʝʪʨ ʚ ʜʚʫʭʜʠʤʝʥʩʠʦʥʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ 15Á, 30Á 

ʠʣʠ 60Á ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʙʲʝʢʪʝ ʩʪʨʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, 

ʧʨʠ ʵʪʦʤ ʥʝʚʘʞʥʦ, ʤʦʥʪʘʞʥʘʷ ʧʣʘʪʘ ʦʙʨʘʱʝʥʘ ʚʥʠʟ ʠʣʠ ʚʚʝʨʭ, ʪʦ 

ʝʩʪʴ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʸʨʥʫʪ ʥʘ 180Á. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʢʣʦʥʝ 

ʧʦ ʦʙʝʠʤ ʦʩʷʤ X ʠ Y ʜʘʪʯʠʢ ʚʳʜʘʸʪ ʨʘʟʜʝʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦ ʢʘʞʜʦʡ ʦʩʠ. ʀʟʤʝʥʷʷ ʥʘʩʪʨʦʡʢʫ, ʤʦʞʥʦ ʫʩʪʘ-

ʥʘʚʣʠʚʘʪʴ ʠʣʠ ʠʟʤʝʥʷʪʴ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʦʪʩʯʸʪʘ, ʪʦ ʝʩʪʴ ʧʦʣʦʞʝ-

ʥʠʝ ʥʦʣʷ ʧʦ ʢʘʞʜʦʡ ʦʩʠ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʦʩʠ ʜʘʪʯʠʢʘ ʥʘʢʣʦʥʘ (ʠʥʢʣʠʥʦʤʝʪ-

ʨʘ/ʢʨʝʥʦʤʝʨʘ) ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚ ʛʦʨʠ-
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ʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: ʦʩʠ ʆʍ ʠ ʆʋ. ɻʣʘʚʥʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʙʦʪʳ, ʷʚʣʷʶʪʩʷ ʫʛʣʳ ʥʘʢʣʦʥʘ ʢ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʣʘʪʬʦʨʤʳ Ŭ, ɓ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʚʝʰʠʚʘ-

ʥʠʷ ʧʦʜʲʝʤʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʦʧʦʨ l (ʚʳʜʚʠʞʝʥʠʝ 

ʰʪʦʢʘ ɻʎ), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚ ʥʘʢʣʦʥʘ. ʈʝʟʫʣʴʪʘʪ 

ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʳʤ, ʢʦʛʜʘ ʫʛʣʳ ʥʘʢʣʦʥʘ Ŭ ʠ ɓ ʨʘʚʥʳ ʥʫʣʶ, ʠ 

ʢʦʣʝʩʘ ʧʦʜʲʝʤʥʠʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʧʦ-

ʩʪʫʧʠʣ ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʨʘʟʛʨʫʟʢʠ ʧʦʜʚʝʩʢʠ ɼʈʇ. 

ɼʣʷ ʜʘʪʯʠʢʦʚ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦ ʦʩʷʤ ʆʍ, ʆʋ ʜʦʣʞʥʦ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ɻʎ2. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ʉʠʩʪʝʤʫ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʫʩʣʦʚʥʳʝ ʧʦʜʩʠʩʪʝʤʳ: ʚʳʜʚʠʞʝʥʠʝ ʦʧʦʨ-

ʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʝ ʧʦʜʲʝʤʥʠʢʘ. ʎ1 

ʦʪʚʝʯʘʶʪ ʟʘ ʚʳʜʚʠʞʝʥʠʝ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ. ɺʳʜʚʠʞʝʥʠʝ ʥʘʯʠʥʘʝʪ-

ʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʦʚ ʩ ɺʂ1 ʩʦ ʚʩʝʭ ʮʠʣʠʥʜʨʦʚ. ʇʨʠ ʥʘʞʘʪʠʠ 

ʢʥʦʧʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʕʄ1 ʧʝʨʝʢʣʶʯʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʈ1 ʚ 

ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʰʪʦʢ ɻʎ1 ʥʘʯʠʥʘʝʪ ʚʳʜʚʠʛʘʪʴʩʷ. ʂʦʛʜʘ 

ɻʎ 1 ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʢʦʥʝʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʛʠʜʨʦʟʘʤʢʠ ʟʘʧʠʨʘʶʪ 

ʞʠʜʢʦʩʪʴ ʚ ʮʠʣʠʥʜʨʝ, ʩʨʘʙʘʪʳʚʘʝʪ ɺʂ2, ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʘʝʪ ʕʄ 1, 

ʯʪʦ ʧʝʨʝʚʦʜʠʪ ʈ1 ʚ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʩʴ ʨʘʩ-

ʭʦʜ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʈ2, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʥʘʭʦʜʠʪʩʷ ʚ ʣʝʚʦʤ ʢʨʘʡʥʝʤ ʧʦʣʦʞʝʥʠʠ. ʆʧʝʨʘʮʠʷ ʚʳʜʚʠ-

ʞʝʥʠʷ ʰʪʦʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʝʜʳʜʫʱʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʚʠʛʘʶʪ-

ʩʷ ʯʝʪʳʨʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦʜʲʝʤʥʠʢʘ. 

ʂʦʛʜʘ ʈ4 ʚʩʪʘʝʪ ʚ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʕʄ9 ʧʝʨʝʢʣʶʯʘʝʪ 

ʈ5 ʚ ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʠ ʞʠʜʢʦʩʪʴ ʥʘʯʠʥʘʝʪ ʧʦʩʪʫʧʘʪʴ ʢ 

ʮʠʣʠʥʜʨʘʤ ʚʳʚʝʰʠʚʘʥʠʷ ʧʦʜʲʝʤʥʠʢʘ. ʕɻʋ, ʩʦʛʣʘʩʫʷʩʴ ʩ ʩʠʛʥʘʣʦʤ, 

ʧʨʠʭʦʜʷʱʠʤ ʩ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (ɹʋ), ʨʝʛʫʣʠʨʫʶʪ ʧʦʜʘʯʫ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʰʥʝʚʫʶ ʧʦʣʦʩʪʴ ʮʠʣʠʥʜʨʦʚ, ʧʨʠʚʦʜʷ ʧʦʜʲʝʤʥʠʢ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʂʦʛʜʘ ʩʠʛʥʘʣ ʩ ɹʋ ʠʥʬʦʨʤʠʨʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʜʲʝʤʥʠʢ ʩʛʦʨʠʟʦʥʪʠʨʦʚʘʥ, ʟʦʣʦʪʥʠʢ ʕɻʋ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʛʠʜʨʦʟʘʤʢʠ ʟʘʧʠʨʘʶʪ ʞʠʜʢʦʩʪʴ ʚ ʧʦʣʦʩ-

ʪʷʭ ɻʎ2, ʧʨʝʜʦʪʚʨʘʱʘʷ ʚʪʷʛʠʚʘʥʠʝ ʰʪʦʢʘ ʧʦʜ ʚʝʩʦʤ ʧʦʜʲʝʤʥʠʢʘ. 

ʕʄ9 ʦʪʢʣʶʯʘʝʪʩʷ, ʧʨʫʞʠʥʘ ʧʨʠʚʦʜʠʪ ʈ5 ʚ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʨʠʚʝʜʝʥʠʠ ʧʦʜʲʝʤʥʠʢʘ 

ʠʟ ʨʘʙʦʯʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ: ʩʨʘʙʘʪʳʚʘʝʪ ʕʄ9, ʈ5 ʧʦʜʘ-

ʝʪ ʞʠʜʢʦʩʪʴ ʥʘ ʕɻʋ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʣʝʚʦʤ ʢʨʘʡʥʝʤ ʧʦʣʦʞʝʥʠʠ, 
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ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʰʪʦʢʦʚʳʝ ʧʦʣʦʩʪʠ ʎ2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʪʷʛʠʚʘʥʠʶ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʎ2 ʚʪʷʥʫʪʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ, ʩʨʘʙʘʪʳʚʘʶʪ ɺʂ3, ʈ5 ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, 

ʧʦʦʯʝʨʝʜʥʦ ʩʨʘʙʘʪʳʚʘʶʪ ʕʄ2,4,6,8, ʧʝʨʝʢʣʶʯʘʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ 

ʈ1-4 ʚ ʢʨʘʡʥʝʝ ʧʨʘʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʠ ʚʪʷ-

ʛʠʚʘʥʠʷ ʰʪʦʢʦʚ ʎ1. 

 
ʈʠʩ. 3. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɸʢʩʝʥʦʚ, ʇ.ɺ. ʄʥʦʛʦʦʩʥʳʝ ʘʚʪʦʤʦʙʠʣʠ / ʇ.ɺ. ɸʢʩʝʥʦʚ. ï 

2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1989. - 280 ʩ. 

2. ʉʝʤʝʥʦʚ, ʉ.ɽ. ɸʣʛʦʨʠʪʤ ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ / ʉ.ɽ.ʉʝʤʝʥʦʚ, ʄ.ɸ. ɸʥʜʨʝʝʚ. ï ʄʦʩʢʚʘ: ʌɻɹʆʋ ɺʇʆ 

çʄɻʊʋ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘè,2014. ï 7 ʩ. 
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ʉʍɽʄɸ ʀɿʄɽʈɽʅʀʗ ʉɽʈɼʎɽɹʀɽʅʀʗ  

 

ʃʝʙʝʜʝʚʘ ʀ.ʄ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʠʤʘʢʦʚ ɸ.ʃ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʎʝʣʴ ʵʪʦʡ ʨʘʙʦʪʳ - ʩʦʟʜʘʪʴ ʮʝʧʦʯʢʫ ʫʩʠʣʠʪʝʣʝʡ ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʨʝ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦ-

ʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʨʜʮʝʙʠʝʥʠʠ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ Scope. 

ʊʠʧ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʝʨʜʮʝʙʠʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʦʪʩʣʝʞʠʚʘʝʪ ʩʝʨʜʮʝʙʠʝʥʠʝ, ʥʘʞʠʤʘʷ ʥʘ 

ʢʦʥʯʠʢ ʧʘʣʴʮʘ, ʧʨʦʧʫʩʢʘʷ ʩʚʝʪ ʯʝʨʝʟ ʚʘʰ ʧʘʣʝʮ ʠ ʠʟʤʝʨʷʷ, ʩʢʦʣʴʢʦ 

ʩʚʝʪʘ ʧʦʛʣʦʱʘʝʪʩʷ. ʀʥʜʠʢʘʪʦʨ ʧʦʜʥʠʤʘʝʪʩʷ ʠ ʦʧʫʩʢʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʪʦʛʦ, ʢʘʢ ʢʨʦʚʴ ʧʨʦʢʘʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʚʘʰ ʧʘʣʝʮ. ɼʣʷ ʨʘʙʦʪʳ ʦʧʪʠ-

ʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʝʨʜʮʝʙʠʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʀʂ-ʩʚʝʪʦʜʠʦʜ ʠ ʬʦ-

ʪʦʪʨʘʥʟʠʩʪʦʨ. ʉʚʝʪʦʜʠʦʜ ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʯʝʨʝʟ ʧʘʣʝʮ ʠ ʨʝʛʠʩʪʨʠʨʫ-

ʝʪʩʷ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʝʨʝʤʝʥʥʳʡ ʨʝʟʠ-

ʩʪʦʨ, ʧʨʦʚʦʜʷʱʠʡ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʚʝʪʘ. 

ʂʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩ ʢʦʣʣʝʢʪʦʨʘ ʬʦʪʦʪʨʘʥ-

ʟʠʩʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʥʝʙʦʣʴʰʦʡ ʩʠʛʥʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʭʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʚʝʜʝʥʠʝ ʜʘʪʯʠʢʘ ʯʘʩ-

ʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʮʝʧʝʡ: 

V ʇʨʝʜʫʩʠʣʠʪʝʣʴ: ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʪ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʝʥʠʷ 
ʩʝʨʜʮʝʙʠʝʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʠ 

ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʩʪʦʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (R4) 

V ʌʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ: RC-ʬʠʣʴʪʨ, ʢʦʪʦʨʳʡ ʦʪʩʝʢʘʝʪ ʚʳ-

ʩʦʢʠʝ ʯʘʩʪʦʪʳ (ʰʫʤ) 

V ʇʦʚʪʦʨʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ: ʙʫʬʝʨʠʟʫʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʝʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʩ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
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V ʀʥʚʝʨʪʠʨʫʶʱʠʡ ʫʩʠʣʠʪʝʣʴ ʩ ʬʠʣʴʪʨʦʤ ʥʠʞʥʠʭ ʯʘʩʪʦʪ: 
ʫʩʠʣʠʚʘʝʪ ʩʠʛʥʘʣ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʪʩʝʢʘʝʪ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ (ʰʫʤ). 

 

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʝʨʜʮʝʙʠʝʥʠʷ 

ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ LTspice ʠʩʧʦʣʴʟʫʝʪʩʷ OP284s, ʢʦʪʦʨʳʡ 

ʚʭʦʜʠʪ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʄʦʜʝʣʝʡ LTspice. ʌʘʢʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ OP484FPZ ʠʟ ʢʦʤ-

ʧʣʝʢʪʘ ʘʥʘʣʦʛʦʚʳʭ ʜʝʪʘʣʝʡ ADALP2000 ʠ ʧʠʪʘʝʪʩʷ ʦʪ ʤʦʜʫʣʷ 

ADAM 2000 ʥʘʧʨʷʞʝʥʠʝʤ =5 ɺ (ʦʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 10 ɺ). 

ʉʭʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ, ʜʦʣʞʥʘ ʚʳʛʣʷʜʝʪʴ 

ʘʥʘʣʦʛʠʯʥʦ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.2. ʉʠʥʠʡ ʩʚʝʪʦʜʠʦʜ ʦʙʦʟʥʘʯʘʝʪ 

ʀʂ-ʩʚʝʪʦʜʠʦʜ, ʘ ʩʝʨʳʡ - ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʝʨʜʮʝʙʠʝʥʠʷ ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ 

 

ɺʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʠʪʝ ʬʦʨʤʫ ʩʠʛʥʘʣʘ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʙʣʶʜʘʝ-

ʤʫʶ ʥʘ ʚʳʭʦʜʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʪʨʝʪʴʝʛʦ ʢʘʩʢʘʜʘ (A3). 

ʇʨʠʤʝʨ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 



34 

 

 
ʈʠʩ. 3. ʌʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʨʜʮʝʙʠʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. StudentZoneð ADALM2000 Activity: Heartbeat Measure-

ment Circuit Doug Mercer , Consulting Fellow, and Antoniu Miclaus, 

System Applications Engineer. 
 

 

 

ʇɸʈɸʃʃɽʃʔʅʆɽ ʇʆɼʂʃʖʏɽʅʀɽ ɸʂʂʋʄʋʃʗʊʆʈʆɺ  

ʉ ʇʆʄʆʑʔʖ ʈɸɿʒɽʄɸ USB ʊʀʇ ʉ ɼʃʗ ʋʃʋʏʐɽʅʀʗ 

ʇʈʆʎɽʉʉɸ ɿɸʈʗɼʂʀ  

 

ʇʦʪʘʧʦʚʘ ʄ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʫʟʥʝʮʦʚʘ ʉ. ɺ., ʢʘʥʜ. ʪʝʭʥ ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ɺ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʙʘʪʘʨʝʷʤʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦ-
ʩʦʙʦʚ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʙʘʪʘʨʝʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʠʭ ʙʘʪʘʨʝʠ ʚ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘ-
ʧʨʷʞʝʥʠʝ, ʥʦ ʪʘʢʫʶ ʞʝ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ, ʯʪʦ ʦʙʳʯʥʦ ʦʪʥʦʩʠʪʩʷ ʢ 
ʧʨʦʜʫʢʪʘʤ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ. ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪ-
ʩʷ ʨʘʟʤʝʱʝʥʠʝ ʙʘʪʘʨʝʡ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʧʨʠʚʦ-
ʜʠʪ ʢ ʙʦʣʴʰʝʡ ʝʤʢʦʩʪʠ, ʥʦ ʪʦʤʫ ʞʝ ʥʘʧʨʷʞʝʥʠʶ [1]. ʊʝʧʝʨʴ, ʢʦʛʜʘ 
ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 
ʥʝʦʙʭʦʜʠʤʦ ʪʚʦʨʯʝʩʢʠ ʧʦʜʭʦʜʠʪʴ ʢ ʩʧʦʩʦʙʘʤ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʚʝʣʠ-
ʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ʃʫʯʰʠʡ ʩʧʦʩʦʙ 
ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʘʚʪʦʥʦʤʥʦʡ 
ʨʘʙʦʪʳ ð ʵʪʦ ʧʘʨʘʣʣʝʣʴʥʘʷ ʟʘʨʷʜʢʘ. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ 
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ʟʘʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʟʘʨʷʞʘʪʴ ʥʝʩʢʦʣʴ-
ʢʦ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴ-
ʥʦʝ ʚʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʠ ʧʦʚʳʰʝʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʜʣʷ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʘ  

ʙ  
ʈʠʩ. 1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ (ʘ) ʠ ʧʘʨʘʣʣʝʣʴʥʘʷ (ʙ) ʢʦʥʬʠʛʫʨʘʮʠʷ  

ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ 

 
ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʧʦʨʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ USB-C ʤʦʛʫʪ ʟʘʨʷ-

ʞʘʪʴʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʤʦʱʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳ-

ʜʫʱʠʤʠ ʘʥʘʣʦʛʘʤʠ USB 2.0 ʠ USB 3.0. ʉʘʤʘʷ ʧʦʩʣʝʜʥʷʷ ʚʝʨʩʠʷ ʩʧʝ-

ʮʠʬʠʢʘʮʠʠ USB-C, Power Delivery 3.1, ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ ʤʦʱʥʦʩʪʴ ʜʦ 

240 ɺʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʦʜʫʢ-

ʪʦʚ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʣʠʰʥʠʤ, ʥʦ ʵʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜ-

ʯʝʨʢʥʫʪʴ ʧʦʚʳʰʝʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ USB-C ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫ-

ʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ USB. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʪ ʧʘʨʳ ʧʦʨʪʦʚ 

USB-C ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʙʦʣʴʰʝʡ ʤʦʱ-

ʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʩʨʦʢʫ ʩʣʫʞʙʳ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʙʘʪʘʨʝʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. How Parallel Battery Charging with USB-C  Helps to En-

hance the Consumer Experience Kyle Johnson, Applications Engineer 
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ʉʆɿɼɸʅʀɽ ʃʋʏʐɽɻʆ ʇʋʃʔʉʆʂʉʀʄɽʊʈɸ 

 

ʄʘʨʝʥʢʦʚ ʉ.ʀ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʄʘʪʨʦʩʦʚ ɸ.ɽ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʇʫʣʴʩʦʢʩʠʤʝʪʨ ï ʵʪʦ ʧʨʠʙʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ ʫʨʦʚʝʥʴ 

ʥʘʩʳʱʝʥʠʷ ʢʨʦʚʠ ʢʠʩʣʦʨʦʜʦʤ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘ-

ʱʝʥʠʡ [1]. ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦ-

ʩʪʦʷʥʠʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʛʠʧʦʢʩʝʤʠʷ, ʢʦʪʦʨʦʝ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘ-

ʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʤʥʦʛʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʦʨʛʘʥʦʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ 

ʩʚʝʪʘ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ (ʥʘʩʳʱʝʥʥʳʤ ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʨʦʜʘ) ʠ 

ʜʝʟʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ (ʥʝʥʘʩʳʱʝʥʥʳʤ ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʨʦʜʘ) ʛʝ-

ʤʦʛʣʦʙʠʥʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʠʥʘʭ 

ʚʦʣʥ ʩʚʝʪʘ. ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ (ʧʦʢʘʟʘ-

ʪʝʣʴ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʭʠʤ. ʚʝʱʝʩʪʚʦ ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ) ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ (HbO2), ʜʝʟʦʢʩʠʛʝʤʦʛʣʦʙʠ-

ʥʘ (Hb) ʠ ʤʝʪʛʝʤʦʛʣʦʙʠʥʘ (MetHb) ʚ ʚʠʜʠʤʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʩʧʝʢʪʝ ʩʚʝʪʘ. 

 
 

ʈʠʩ.1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ HbO2, Hb ʠ MetHb 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ HbO2 ʧʦʛʣʦʱʘʝʪ ʙʦʣʴʰʝ ʢʨʘʩʥʦʛʦ 

ʩʚʝʪʘ (600ʥʤ) ʠ ʧʨʦʧʫʩʢʘʝʪ ʙʦʣʴʰʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʚʝʪʘ (940 ʥʤ). 

Hb ʧʦʛʣʦʱʘʝʪ ʙʦʣʴʰʝ ʩʚʝʪʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʦʭʦʜʠʪʴ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ, ʯʝʤ HbO2. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʩʘʪʫʨʘʮʠʠ ʜʠʦʜ ʠʟʣʫʯʘʝʪ ʩʚʝʪ, ʢʦʪʦ-

ʨʳʡ ʧʦʣʥʦʩʪʴʶ ʧʨʦʩʚʝʯʠʚʘʝʪ ʧʘʣʝʮ, ʜʘʪʯʠʢ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʦʙ-

ʨʘʪʥʦʡ ʩʪʦʨʦʥʝ, ʬʠʢʩʠʨʫʝʪ ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ ʠ ʘʥʘʣʠʟʠ-

ʨʫʝʪ ʵʪʠ ʜʘʥʥʳʝ. 

ɺʘʞʥʦ ʪʦ, ʯʪʦ ʩʠʛʥʘʣ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʠʣʠ ʦʪʨʘʞʘʶʱʝʛʦ ʩʚʝʪʦʜʠʦʜʘ. ʇʨʦʧʫʩʢʘʶʱʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʟʤʝʨʷʝʪ ʥʝʧʦʛʣʦʱʝʥʥʳʡ ʩʚʝʪ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ 

ʯʘʩʪʴ ʪʝʣʘ. ʕʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʘʢʠʭ ʦʙ-

ʣʘʩʪʝʡ, ʢʘʢ ʧʘʣʝʮ ʠ ʤʦʯʢʘ ʫʭʘ, ʛʜʝ ʠʟʤʝʨʝʥʠʝ ʚʳʠʛʨʳʚʘʝʪ ʟʘ ʩʯʝʪ 

ʧʣʦʪʥʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʪʝʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʟʤʝʨʝʥʠʷ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ, ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 

ʠʟʤʝʨʝʥʠʷʤ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ. ʉʚʝʪʦʦʪʨʘʞʘʶʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʚʳʙʠʨʘʶʪ, ʢʦʛʜʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʠ ʩʚʝʪʦʜʠʦʜ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ 

ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʘʢʪʠʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʥʘ ʟʘʧʷʩʪʴʝ ʠʣʠ ʥʘ ʛʨʫʜʠ. 

ɸʨʪʝʬʘʢʪʳ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʩʘʤʳʭ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. ʂʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʝ, ʰʠʨʠʥʘ ʘʨʪʝʨʠʡ 

ʠ ʚʝʥ ʠʟʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʜʘʚʣʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʧʦʛʣʦʱʘʝʤʦʛʦ 

ʬʦʪʦʜʠʦʜʦʤ, ʤʝʥʷʝʪʩʷ, ʠ ʵʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʠʛʥʘʣʝ. ɼʣʷ ʙʝʩʢʦ-

ʥʝʯʥʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʬʦʪʦʜʠʦʜʘ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʙʝʩʢʦʥʝʯʥʦ 

ʜʣʠʥʥʳʡ ʦʙʨʘʟʝʮ ʛʣʫʙʦʢʦʡ ʪʢʘʥʠ, ʚʩʝ ʬʦʪʦʥʳ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʬʦʪʦʜʠʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʨʪʝʬʘʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʚʠʞʝʥʠʝʤ, ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʙʫʜʫʪ. ʆʜʥʘʢʦ ʵʪʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩ-

ʪʠʯʴ. ʈʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʬʦʪʦʜʠʦʜʘ 

ʩ ʫʯʝʪʦʤ ʝʤʢʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚ ʬʠʣʴʪʨʘʮʠʶ ʘʨʪʝʬʘʢʪʦʚ ʜʚʠʞʝʥʠʷ. 

ʅʦʨʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ɻʮ ʜʦ 5 ɻʮ, ʪʦʛʜʘ ʢʘʢ 

ʘʨʪʝʬʘʢʪʳ ʜʚʠʞʝʥʠʷ ʦʙʳʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ɻʮ ʜʦ 

10 ɻʮ. ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʜʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʘʜʘʧʪʠʚʥʳʡ ʬʠʣʴʪʨ ʜʦʣʞʝʥ ʩʥʘʙʞʘʪʴʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʜʘʥʥʳʤʠ ʦ 

ʜʚʠʞʝʥʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʌʝʜʦʪʦʚ, ɸ.ɸ. ʄʝʜʠʮʠʥʩʢʠʝ ʩʠʩʪʝʤʳ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ /ɸ.ɸ. ʌʝʜʦʪʦʚ, ʉ.ɸ. ɸʢʫʣʦʚ. ï ʄʦʩʢʚʘ: ʃʘʥʴ, 2019. ï 

252ʩ. 
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ʀʉʏɽɿɸʖʑʀɽ ɺʀɼʓ ɾʀɺʆʊʅʓʍ ʀ ʈɸʉʊɽʅʀʁ  

ɺʃɸɼʀʄʀʈʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ɼʝʤʴʷʥʦʚʘ ʖ.ʅ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʢʦʨʠʥ ɸ.ʄ., ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʯʝʟʘʶʱʠʤʠ ʚʠʜʘʤʠ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʟʫʯʠʪʴ ʧʨʠʯʠʥʫ ʩʦ-

ʢʨʘʱʝʥʠʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʠʩʪʨʝʙʣʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ: 1) ʠʟʫʯʠʪʴ ʧʨʠʯʠʥʫ ʚʳʤʠʨʘʥʠʷ ʞʠʚʦʪ-

ʥʳʭ ʠ ʨʘʩʪʝʥʠʡ; 2) ʩʜʝʣʘʪʴ ʦʙʟʦʨ ʠʩʯʝʟʘʶʱʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ 

ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣʘʩʪʴ - ʦʜʠʥ ʠʟ ʜʨʝʚʥʝʡʰʠʭ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʮʝʥʪʨʦʚ ʈʦʩʩʠʠ, ʵʪʦ ʢʨʘʡ ʚʝʣʠʢʦʣʝʧʥʳʭ ʙʝʣʦʢʘʤʝʥʥʳʭ ʮʝʨʢʚʝʡ, 

ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʜʨʝʚʥʝʡ ʈʫʩʠ ʠ ʙʦʛʘʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ. ʆʢʦʣʦ ʯʝʪʚʝʨʪʠ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʧʣʘʥʝʪʳ - ʧʦʜ ʫʛʨʦʟʦʡ 

ʠʩʯʝʟʥʦʚʝʥʠʷ. ʈʦʩʪ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ 

ʤʠʨʘ ʧʘʛʫʙʥʦ ʚʣʠʷʶʪ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ɿʝʤʣʠ. ʇʨʠʯʠʥʳ ʚʳʤʠ-

ʨʘʥʠʷ ʞʠʚʦʪʥʳʭ ï 1) ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ; 2) ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʣʶʜʝʡ; 3) ʨʘʩʰʠʨʝʥʠʝ ʦʩʚʘʠʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ; 4) ʥʝʢʦʥ-

ʪʨʦʣʠʨʫʝʤʘʷ ʦʭʦʪʘ ʠ ʨʳʙʘʣʢʘ. 

ʉʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙ-

ʨʘʟʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘʨʫʰʝʥʠʡ ʚ ʧʠʱʝʚʳʭ ʮʝʧʦʯʢʘʭ. 

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʫʤʝʥʴʰʠʪʩʷ ʜʦ ʢʨʠʪʠʯʝ-

ʩʢʦʡ ʦʪʤʝʪʢʠ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʯʪʦ 

ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʥʘʩʪʦʷʱʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʢʘʪʘʩʪʨʦʬʫ. 

ʇʦ ʜʘʥʥʳʤ ʦʭʦʪʥʠʯʴʠʭ ʭʦʟʷʡʩʪʚ, ʚʦ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠʤʝʝʪʩʷ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʢʠʭ ʟʚʝʨʝʡ ʧʦ ʮʝʥʪʨʘʣʴʥʦ-

ʤʫ ʨʝʛʠʦʥʫ. ʊʝʨʨʠʪʦʨʠʶ ʥʘʩʝʣʷʶʪ ʙʦʣʝʝ ʧʦʣʫʩʦʪʥʠ ʤʣʝʢʦʧʠʪʘʶ-

ʱʠʭ, ʩʚʳʰʝ ʜʚʫʭʩʦʪ ʚʠʜʦʚ ʧʪʠʮ ʠ ʤʥʦʞʝʩʪʚʦ ʨʳʙ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʨʝʜʢʠʭ ʞʠʚʦʪʥʳʭ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ ʝʚʨʦʧʝʡʩʢʠʡ ʟʫʙʨ ð ʚʝ-

ʣʠʢʦʣʝʧʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʜʠʢʠʭ ʙʳʢʦʚ ɽʚʨʦʧʳ. ʅʝ ʤʝʥʝʝ ʨʝʜʢʘ 

ʟʜʝʩʴ ʠ ʨʫʩʩʢʘʷ ʚʳʭʫʭʦʣʴ ð ʦʜʥʦ ʠʟ ʜʨʝʚʥʝʡʰʠʭ ʞʠʚʦʪʥʳʭ ʥʘ 

ʧʣʘʥʝʪʝ. ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʦʭʨʘʥʠʣʘʩʴ ʚ ʥʠʞ-

ʥʝʤ ʪʝʯʝʥʠʠ ʂʣʷʟʴʤʳ [1]. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ, ʟʘʥʝʩʝʥʥʳʭ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ɺʣʘʜʠ-

ʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 208 ʜʦ 160. ʉʨʝʜʠ ʪʝʭ, ʢʦʪʦʨʳʝ 
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ʦʩʪʘʣʠʩʴ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ï ʮʝʣʳʡ ʨʷʜ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʧʝʨʚʦʮʚʝʪʦʚ. 16 ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠ-

ʪʦʨʠʠ ʈʦʩʩʠʠ ï ʩʨʝʜʠ ʥʠʭ ʧʦʜʩʥʝʞʥʠʢ, ʧʝʨʝʣʝʩʢʘ, ʙʝʣʘʷ ʢʫʚʰʠʥʢʘ, 

ʭʦʭʣʘʪʢʘ, ʩʦʥ-ʪʨʘʚʘ (ʧʨʦʩʪʨʝʣ), ʧʨʠʤʫʣʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ (ʢʣʶʯʠ-

ʢʠ)[2]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʧʨʠʨʦʜʳ ʠ 

ʤʠʨʘ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʘ ʥʘʨʫʰʝʥʠʝ ʵʪʦʛʦ ʙʘʣʘʥʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʵʢʦʩʠʩʪʝʤ ʠ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʛʣʦ-

ʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ɺʘʩʶʢʦʚ, ɺ. ʄ. ʂ ʬʣʦʨʝ ʶʛʦ-ʚʦʩʪʦʢʘ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙ-

ʣʘʩʪʠ / ɺ. ʄ. ɺʘʩʶʢʦʚ // ʌʠʪʦʨʘʟʥʦʦʙʨʘʟʠʝ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ï 

2015. ï ʊ. 9, ˉ 2. ï ʉ. 74-88.  

2. ɹʳʩʪʨʦʚʘ, ɸ. ʆ. ʈʘʩʪʝʥʠʷ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘʥʝ-

ʩʸʥʥʳʝ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ / ɸ. ʆ. ɹʳʩʪʨʦʚʘ // ɼʥʠ ʥʘʫʢʠ ʩʪʫʜʝʥʪʦʚ 

ɺʣʘʜʠʤʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ 

ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭ : ʉʙʦʨʥʠʢ ʤʘ-

ʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ,  ʩʦʩʪʦʷʚʰʠʭʩʷ ʚ ʨʘʤ-

ʢʘʭ ɼʥʝʡ ʥʘʫʢʠ ʩʪʫʜʝʥʪʦʚ ɺʣɻʋ, ɺʣʘʜʠʤʠʨ, 22 ʤʘʨʪʘ ï 09  2021 

ʛʦʜʘ. ï ɺʣʘʜʠʤʠʨ: ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦ-

ʚʳʭ, 2021. ï ʉ. 2914-2921. 

 
ʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ ʈɽʂʀ ʂʃʗɿʔʄɸ  

ʂɸʂ ɺɸɾʅʆʁ ɺʆɼʅʆʁ 

ɸʈʊɽʈʀʀ ɺʃɸɼʀʄʀʈʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ʃʘʯʠʥʘ ʊ.ɺ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʢʦʨʠʥ ɸ.ʄ., ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

çʈʝʢʘ ʂʣʷʟʴʤʘ ï ʩʚʝʪʣʘʷ, ʦʩʦʟʥʘʶʱʘʷ ʩʚʦʶ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʩʪʴ ʠ ʦʙʘʷʥʠʝè [1]. ʈʝʢʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʣʶʜʝʡ ʠ 

ʵʢʦʩʠʩʪʝʤʘʭ ʚ ʮʝʣʦʤ, ʠʭ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. 
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ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʨʝʢʠ ʂʣʷʟʴʤʳ. ʇʨʦʚʦʜʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʤʳ 

ʚʳʜʝʣʠʣʠ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ.  

1. ɺ ʦʙʱʝʤ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʢʠ ʂʣʷʟʴʤʳ, ʢʘʢ ʠ 
ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʚʦʜʦʝʤʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʦ ʨʷʜʫ 

ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ, ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʠʟ-ʟʘ 

ʚʦʜʦʟʘʙʦʨʦʚ, ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚʳ-

ʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʟʘʩʪʨʦʡʢʘ ʚʦʜʦ-

ʦʭʨʘʥʥʳʭ ʟʦʥ), ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

2. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʝʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʚʳʷʚʠʣ, ʯʪʦ ʚʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʨ. ʂʣʷʟʴʤʳ ʬʫʥʢʮʠʦʥʠ-

ʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʅʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʑʝʣʢʦʚʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦ-

ʦʨʫʞʝʥʠʡ ɿɸʆ çʕʢʦʘʵʨʦʩʪʘʣʢʝʨè ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚ-

ʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʨʝʢʠ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʦ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ, ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʣʩʷ ʧʦ 

ʚʩʝʤʫ ʪʝʯʝʥʠʶ ʨʝʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʬʦʥʝ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʚʦʜʝ ʨʝʢʠ ʘʤʤʦʥʠʡʥʦʛʦ, ʥʠʪʨʠʪʥʦʛʦ ʠ ʥʠʪʨʘʪʥʦʛʦ 

ʘʟʦʪʘ ʦʪʤʝʯʘʣʦʩʴ ʥʘʨʫʰʝʥʠʝ ʧʨʠʨʦʜʥʦʡ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ [2]. 

3. ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʥʝ ʜʦʧʫʩʢʘʪʴ 
ʩʪʦʢʘ ʥʝʯʠʩʪʦʪ ʚ ʂʣʷʟʴʤʫ, ʥʝ ʨʘʙʦʪʘʶʪ [3]. 

4. ʀʥʪʝʥʩʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩ-

ʪʠʮʠʜʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʴʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʝʢʝ 

ʂʣʷʟʴʤʝ, ʚʝʜʸʪ ʢ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʚʦʜʫ. 

5. ɹʳʪʦʚʦʡ ʤʫʩʦʨ, ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʚʦʦ-

ʨʫʞʝʥʥʳʤ ʚʟʛʣʷʜʦʤ. ɺʳʙʠʨʘʷʩʴ ʥʘ ʧʨʠʨʦʜʫ ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʨʘʟʣʠʯʥʳʡ ʤʫʩʦʨ. ʇʣʘʚʘʶʱʠʝ ʙʫʪʳʣʢʠ, ʰʠʥʳ, ʫʧʘʢʦʚʢʠ ʦʪ ʨʘʟ-

ʣʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʜʨʫʛʠʝ ʦʪʭʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʜʥʝ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʨʝʢʠ ʂʣʷʟʴʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʸʟʥʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ, ʢʦʪʦʨʘʷ ʥʝʩʸʪ ʫʛʨʦʟʫ ʥʝ ʪʦʣʴʢʦ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʝ, ʥʦ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. 

ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʝʯʥʷ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʢʠ [4]: 

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʫʜʘʣʷʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ; 
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¶ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ; 

¶ ʧʨʦʧʘʛʘʥʜʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ; 

¶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʞʝʩʪʦʯʝʥʠʝ ʥʘʢʘʟʘʥʠʡ ʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʘ-

ʚʦʥʘʨʫʰʝʥʠʷ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʵʢʦʩʠʩʪʝʤʳ ʨʝʢʠ ʂʣʷʟʴʤ;r 

¶ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʵʢʩ-

ʧʝʨʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʩʙʝʨʝʞʝʥʠʷ ʠ ʚʦʜʦʦʯʠʩʪʢʠ ʜʣʷ ʦʙʤʝʥʘ ʦʧʳ-

ʪʦʤ ʠ ʧʨʠʤʝʥʝʥʠʷ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ. 
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ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʙʝʩʢʫʣʴʪʫʨʴʝʤ ʣʶʜʝʡ, ʩʣʘʙʦʡ ʨʘʙʦʪʦʡ ʢʦʤʤʫ-

ʥʘʣʴʥʳʭ ʩʣʫʞʙ. 
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ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʥʘʩʝʣʝʥʠʝ ʛʦʨʦʜʘ ʂʦʚʨʦʚʘ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʢʦ-

ʣʠʯʝʩʪʚʦ ʤʫʩʦʨʥʳʭ ʙʘʢʦʚ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ. ʇʦ ʜʘʥʥʳʤ ʧʨʝʩʩʣʫʞ-

ʙʳ ʛʦʨʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʥʘ 2023 ʛʦʜ, ʩʦʩʪʘʚ-

ʣʷʝʪ 132,417 ʯʝʣʦʚʝʢ, ʘ ʧʣʦʱʘʜʴ ʛʦʨʦʜʘ ʨʘʚʥʘ 57,4 ʢʤ
2
. ʊʘʢʘʷ ʟʘʩʝ-

ʣʝʥʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʫʣʠʮ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦ-

ʨʠʠ ʛʦʨʦʜʘ ʂʦʚʨʦʚʘ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʚ ʚʠʜʝ ʥʝʩʘʥʢ-

ʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʝʡʩʪʚʫʶʱʠʝ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ 

ʩʚʘʣʢʠ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ: ʧʦʣʠʛʦʥ ʄʘʨʴʠʥʩʢʠʡ, ʉʫʟʜʘʣʴʩʢʠʡ 

ʧʦʣʠʛʦʥ ʊɹʆ, ʚ ʂʠʨʞʘʯʩʢʦʤ ʨʘʡʦʥʝ ʧʦʣʠʛʦʥ ʊɹʆ (ʪʚʝʨʜʳʭ ʙʳʪʦ-

ʚʳʭ ʦʪʭʦʜʦʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʫʣʠʮ ʠ ʙʣʠʟʣʝʞʘʱʠʭ ʪʝʨʨʠ-

ʪʦʨʠʡ ʛʦʨʦʜʘ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʣʴʥʘʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ. ʅʝ ʩʘʥʢ-

ʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ ʯʘʩʪʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʤʫʩʦʨʥʳʭ ʙʘʢʦʚ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʱʝ, ʯʝʤ ʜʦʥʝʩʪʠ ʧʘʢʝʪ ʩ ʤʫʩʦʨʦʤ 

ʠʣʠ ʠʥʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ? ʅʝ-

ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʚʳʚʦʟʢʘ ʤʫʩʦʨʘ ʧʦʨʦʞʜʘʝʪ ʩʚʘʣʢʠ ʫ ʤʫʩʦʨʥʳʭ ʙʘ-

ʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʚʘʣʠʚʘʥʠʝ ʦʪʭʦʜʦʚ ʚ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʛʦʨʦʜʫ ʣʝʩʦ-

ʧʦʣʦʩʘʭ ʧʦʩʘʜʢʘʭ ʠ ʦʙʦʯʠʥ ʜʦʨʦʛ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 

ʅɸʈʆɼʅʆɻʆ ʌʈʆʅʊɸ) ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʩʚʘʣʢʘ ʚ ʛ. ʂʦʚʨʦʚʝ ʥʘ ʫʣʠʮʝ ʅʦʚʦ-ɹʝʣʠʥʩʢʦʛʦ ʨʘʟʙʨʦʩʘʥʳ ʩʪʨʦʠ-

ʪʝʣʴʥʳʝ ʦʪʭʦʜʳ, ʰʠʥʳ, ʜʝʨʝʚʷʥʥʳʝ ʧʦʜʜʦʥʳ, ʧʣʘʩʪʠʢ. ʉʫʜʷ ʧʦ 

ʩʣʝʜʘʤ, ʦʪʭʦʜʳ ʩʞʠʛʘʶʪʩʷ ʥʘ ʤʝʩʪʝ ʥʝʟʘʢʦʥʥʦʛʦ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. 

ʄʝʞʜʫ ʪʝʤ ʜʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʟʝʤʣʷʤ ʧʦʩʝʣʝʥʠʡ (ʟʝʤ-

ʣʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ) ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʦʜʩʦʙʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ, ʠ ʨʘʟʤʝʱʝʥʠʝ ʦʪʭʦʜʦʚ ʥʘʥʦʩʠʪ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʠ ʧʨʠʯʠʥʷʝʪ ʚʨʝʜ ʧʦʯʚʝ. ʊʘʢ ʞʝ ʚ ʯʝʨʪʝ ʂʦʚʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʣʝ-

ʩʦʧʦʣʦʩʝ ʦʙʥʘʨʫʞʝʥʘ ʥʝ ʦʜʥʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʚʘʣʢʘ (ʉʘʥ-

ʥʠʢʦʚʦ, ʈʫʯʴʷ, ʤʢʨ. ʏʢʘʣʦʚʦ) 

ʄʦʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʟʙʘʚʣʝʥʠʶ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘ-

ʣʦʢ ʚ ʛ. ʂʦʚʨʦʚʝ 

¶ ʃʠʢʚʠʜʠʨʦʚʘʪʴ ʤʫʩʦʨ ʥʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʢʘʭ ʚ 
ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ. 

¶ ʆʙʷʟʘʪʴ ʞʠʪʝʣʝʡ ʚʳʚʦʟʠʪʴ ʤʫʩʦʨ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʤʝʩʪʦ. 
ʇʝʨʠʦʜʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʫʙʙʦʪʥʠʢʠ ʧʦ ʫʙʦʨʢʝ ʤʫʩʦʨʘ. 
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¶ ɺʳʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʜʣʷ ʞʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʚʳʚʘʣʠʚʘʪʴ ʤʫʩʦʨ ʚ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʤʝʩʪʘʭ.  

¶ ʇʨʦʚʦʜʠʪʴ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʘʛʠʪ-

ʙʨʠʛʘʜʳ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʜʝʪʝʡ ʜʝʪʩʢʦʛʦ ʩʘʜʘ ʠ ʞʠʪʝʣʝʡ, ʦ ʥʝʜʦ-

ʧʫʩʪʠʤʦʩʪʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ 

¶ ɺʳʚʝʩʠʪʴ ʧʣʘʢʘʪʳ ʩ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʪʝʤʦʡ ʚ ʤʝʩʪʘʭ ʚʦʟ-

ʤʦʞʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʩʚʘʣʦʢ. 

¶ ʆʨʛʘʥʠʟʦʚʘʪʴ ʩʙʦʨ, ʩʦʨʪʠʨʦʚʢʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʥʫʞʥʳʭ 
ʚʝʱʝʡ ʥʘʩʝʣʝʥʠʷ ʜʣʷ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʅʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʤʫʩʦʨʘ, 

ʚʙʣʠʟʠ ʤʝʩʪ ʤʘʩʩʦʚʦʛʦ ʦʪʜʳʭʘ ʞʠʪʝʣʝʡ, ʙʳʣʦ ʙʳ ʦʪʣʠʯʥʳʤ ʨʝʰʝ-

ʥʠʝʤ ʧʨʦʙʣʝʤʳ. 
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ɻʀɼʈɸɺʃʀʏɽʉʂʀʁ ʉʊɽʅɼ ʉ ɸɺʊʆʄɸʊʀʏɽʉʂʀʄ  
ʋʇʈɸɺʃɽʅʀɽʄ ɼʃʗ ʀʉʇʓʊɸʅʀʗ ʂʆʈʇʋʉʅʓʍ ɼɽʊɸʃɽʁ 

 

ɸʟʠʟʦʚʘ ʗ.ʉ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ï ʥʝʦʙʭʦʜʠʤʳʡ ʵʪʘʧ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʥʦʚʳʭ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʤʥʦʛʠʭ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝ-

ʥʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ 

ʛʠʜʨʦʘʚʪʦʤʘʪʠʢʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘ-
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ʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʟʣʦʚ ʤʥʦʛʠʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʝʥʜʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʦʙʰʠʨʥʳʡ ʧʝʨʝʯʝʥʴ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʩʪʝʥʜʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ, ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʠʟʜʝʣʠʡ [1]. 

ʉʪʝʥʜʳ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʮʠʠ: 

¶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʟʘʧʦʨʥʦʡ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ; 

¶ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩʪʳʢʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʠʤʝʥʝ-

ʥʠʠ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʚ ʢʘʯʝʩʪʚʝ ʫʧʣʦʪʥʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ; 

¶ ʥʘʣʠʯʠʝ ʫʪʝʯʝʢ ʚ ʩʚʘʨʥʳʭ ʦʙʲʝʤʘʭ; 

¶ ʧʨʦʯʥʦʩʪʴ ʮʝʣʴʥʦʣʠʪʳʭ ʠ ʰʪʘʤʧʦʚʘʥʥʳʭ ʢʦʨʧʫʩʦʚ. 

ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʥʜʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝ-

ʨʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʜʫʢʮʠʠ. ʉʪʝʥʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʫʯʥʳʭ ʮʝ-

ʣʷʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʢʠ ʜʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʚʝ-

ʣʠʯʠʥ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʫʱʝʡ 

ʧʨʦʜʫʢʮʠʠ. ʊʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʨʝʛʣʘʤʝʥ-

ʪʠʨʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʟʜʝʣʠʷʤ ʠ ʤʝʪʦʜʘʤ ʠʩʧʳʪʘʥʠʡ [2]. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʪʝʥʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʷʚʣʷʶʪʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ 

ʠʟʜʝʣʠʡ ʥʘʨʫʞʥʦʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʥʘʛʨʫʟʢʦʡ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝ-

ʥʠʝʤ (ʜʦ 1000 ʘʪʤʦʩʬʝʨ) ʨʘʟʣʠʯʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ (ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʘʷ ʚʦʜʘ, ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʩʧʠʨʪ, ʤʘʩʣʦ). ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʘʞʜʦʡ ʥʦʚʦʡ ʝʜʠʥʠʮʳ ʫʯʠʪʳʚʘʝʪʩʷ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʥʘʣʦʛʦʚ. 

ʉ 2015 ʛʦʜʘ ʚ ʆɸʆ çɿʠɼè ʙʳʣ ʚʟʷʪ ʢʫʨʩ ʥʘ ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʥʘʣʘʜʢʝ ʮʠʢʣʘ ʨʘʙʦʪʳ ʥʘ ʛʠʜʨʦʩʪʝʥʜʘʭ. ʈʝʰʠʪʴ 

ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ 

ʚʟʘʤʝʥ ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʝʣʝʡʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

ʅʘʧʨʠʤʝʨ, ʚ 2022 ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʠʟʥʦʩʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ˉ 1 

ʩʪʝʥʜʘ ʇʉ335 ʜʣʷ ʛʠʜʨʦʠʩʧʳʪʘʥʠʡ ʩʧʝʮʠʟʜʝʣʠʡ ʵʪʘ ʦʧʝʨʘʮʠʷ ʧʝʨʝ-

ʚʝʜʝʥʘ ʥʘ ʩʪʝʥʜ ʉ205, ʨʘʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ˉ 9. 

ʇʦʪʨʝʙʦʚʘʣʘʩʴ ʝʛʦ ʥʝʙʦʣʴʰʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʘ ʵʢʦʥʦʤʠʷ ʦʪ ʵʪʦʛʦ 

ʩʦʩʪʘʚʠʣʘ 5,4 ʤʣʥ. ʨʫʙʣʝʡ. ɺ 2021 ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʠʟʥʦʩʦʤ 
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ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ˉ 9 ʩʪʝʥʜʘ ʇʉ335 ʠʩʧʳʪʘʥʠʷ ʧʝʨʝʚʝʣʠ ʥʘ ʨʘʥʝʝ 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ ʩʪʝʥʜ. ʆʥ ʙʳʣ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ. 

ʕʢʦʥʦʤʠʷ ʧʦ ʧʨʷʤʳʤ ʟʘʪʨʘʪʘʤ ʩʦʩʪʘʚʠʣʘ 1 ʤʣʥ ʨʫʙʣʝʡ. 

ɻʠʜʨʦʩʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪ-

ʨʦʡʩʪʚʦ ʩ ʟʘʜʘʥʥʳʤ ʮʠʢʣʦʤ ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʙʫʝʪ ʟʘʧʦʣʥʝʥʠʷ ʩʠʩʪʝ-

ʤʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ 

ʠʥʝʨʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ï ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʝʤʳʭ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʘ, ʨʘʟ-

ʣʠʯʥʘ. ʇʦʜʙʦʨʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘʜʝʨʞʝʢ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʨʘʙʘʪʳʚʘ-

ʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ 

ʛʠʜʨʦʩʪʝʥʜʘ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʨʦʠʟʚʝ-

ʩʪʠ ʦʪʣʘʜʢʫ ʮʠʢʣʘ ʨʘʙʦʪʳ ʛʠʜʨʦʩʪʝʥʜʘ [3].  

 

 
ʈʠʩ. 1. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʩʪʝʥʜ ʉ205 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʪʝʥʜʦʚ: 

¶ ʆʪʩʫʪʩʪʚʫʝʪ ʦʩʝʚʦʝ ʩʞʘʪʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳ-

ʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʭʨʘʥʠʪʴ ʘʨʤʘʪʫ-

ʨʫ ʦʪ ʜʝʬʦʨʤʘʮʠʠ. 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʪʝʥʜʘʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʟʘʣʠʚʘʝʤʘʷ ʞʠʜʢʦʩʪʴ. 

¶ ʅʘʣʠʯʠʝ ʟʘʛʣʫʰʝʢ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʨʤʘʪʫʨʳ ʙʝʟ ʬʣʘʥʮʝʚ. 
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¶ ʇʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ ʘʨʤʘʪʫʨʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ 

ʦʪʢʠʜʳʚʘʶʱʝʡʩʷ ʪʨʘʚʝʨʩʝ. 

¶ ʅʘʣʠʯʠʝ ʝʤʢʦʩʪʠ ʜʣʷ ʩʙʦʨʘ ʞʠʜʢʦʩʪʠ. ʆʥʘ ʩʚʦʜʠʪ ʢ ʥʫʣʶ 

ʨʠʩʢ ʧʨʦʪʝʢʘʥʠʷ ʚʦʜʳ ʥʘ ʧʦʣ ʠʣʠ ʚ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʴ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʥʝʚʤʦʠʩ-

ʧʳʪʘʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʫʪʝʯʝʢ. 

¶ ɹʳʩʪʨʘʷ ʥʘʩʪʨʦʡʢʘ ʩʪʝʥʜʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʥʫʶ ʜʣʠʥʫ ʘʨʤʘʪʫʨʳ. 

¶ ʇʦʣʥʘʷ ʤʝʭʘʥʠʟʘʮʠʷ ʩʪʝʥʜʘ. 

¶ ʄʝʥʴʰʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʥʘʩʦʩʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

¶ ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ɻʀɼʈʆʇʈʀɺʆɼ ʉʀʉʊɽʄʓ ʉʊɸɹʀʃʀɿɸʎʀʀ  

ʇʃɸʅʀʈʆɺʑʀʂɸ ʇʆɺɽʈʍʅʆʉʊʀ 

 

ɹʨʘʛʠʥ ɸ.ʉ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɸʨʪʝʤʦʚ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʥʘʟʳʚʘʶʪ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʩʦʦʙʱʘʶʪ 
ʧʨʦʪʝʢʘʶʱʝʡ ʯʝʨʝʟ ʥʠʭ ʞʠʜʢʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ (ʥʘʩʦʩʳ), 
ʣʠʙʦ ʧʦʣʫʯʘʶʪ ʦʪ ʞʠʜʢʦʩʪʠ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʜʘʶʪ ʝʝ ʨʘʙʦʯʝʤʫ 
ʦʨʛʘʥʫ ʜʣʷ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʛʠʜʨʦʜʚʠʛʘʪʝʣʠ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʤʘʰʠʥ [2]: 
Å ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ; 

Å ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʧʣʦʪʥʝʥʠʡ (ʪʦʨʮʝʚʳʝ, ʛʘʟʦʚʳʝ, ʛʘʟʦ-
ʜʠʥʘʤʠʯʝʩʢʠʝ) ï ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ; 

Å ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ï ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʠ ʚʠʙʨʘʮʠʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

https://npo-to.ru/news/stendy-dlya-gidravlicheskikh-ispytaniy.php
https://npo-to.ru/news/stendy-dlya-gidravlicheskikh-ispytaniy.php
https://www.zid.ru/upload/iblock/938/xsqtdn5w9e3vpxt52wrgb20yq5hujy30/Degtyaryevets-_41.pdf
https://www.zid.ru/upload/iblock/938/xsqtdn5w9e3vpxt52wrgb20yq5hujy30/Degtyaryevets-_41.pdf
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʦʧʨʠʚʦʜʘ [1]: 
Å ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʣʶʙʦʛʦ ʚʠʜʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʚʝʥʘ: ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ; 
Å ɺʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ, ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʩʢʦʨʦʩʪʠ; 
Å ʅʘʜʝʞʥʘʷ ʟʘʱʠʪʘ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥʳ ʦʪ ʧʝʨʝʛʨʫʟʦʢ; 
Å ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ ʧʨʠ ʤʘʣʳʭ ʛʘ-

ʙʘʨʠʪʘʭ; 

Å ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ; 
Å ʅʝʟʘʚʠʩʠʤʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʚʦʜʘ; 
Å ʍʦʨʦʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʘʣʦʝ ʚʨʝʤʷ ʨʝʚʝʨʩʠʨʦ-

ʚʘʥʠʷ ʠ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 
ʅʝʜʦʩʪʘʪʢʠ ʛʠʜʨʦʧʨʠʚʦʜʘ [1]: 

Å ɾʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ; 
Å ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʫʪʝʯʝʢ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 
Å ɹʦʣʝʝ ʥʠʟʢʠʡ ʂʇɼ, ʯʝʤ ʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ [2]: 
ï ʧʦ ʪʠʧʫ ʩʠʣʦʚʦʛʦ ʢʘʨʜʘʥʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʠʜʨʦʤʘʰʠʥʳ 

ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʩʠʣʦʚʳʤ ʢʘʨʜʘʥʦʤ; ʩ ʜʚʦʡʥʳʤ ʥʝʩʠʣʦʚʳʤ ʢʘʨʜʘ-

ʥʦʤ; ʙʝʩʢʘʨʜʘʥʥʳʝ; (ʩʤ. ʨʠʩ. 3); 
ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʨʦʪʦʨʘ ʤʘʰʠʥʳ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʣʠʙʦ ʩ ʥʘʢʣʦʥʥʳʤ ʙʣʦʢʦʤ ʮʠʣʠʥʜʨʦʚ (ʩʤ. ʨʠʩ. 2), ʣʠʙʦ 
ʩ ʥʘʢʣʦʥʥʳʤ ʜʠʩʢʦʤ (ʩʤ. ʨʠʩ. 1); 

ï ʧʦ ʬʦʨʤʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʠʜʨʦʤʘʰʠʥʳ 
ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʠʣʠ ʧʣʦʩʢʠʤ ʪʦʨʮʦʚʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʤ;  

ï ʧʦ ʪʠʧʫ ʩʚʷʟʝʡ ʧʦʨʰʥʝʡ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʰʘʪʫʥʥʳʝ; 
ʙʝʩʰʘʪʫʥʥʳʝ ʩ ʦʧʦʨʥʳʤʠ ʙʘʰʤʘʢʘʤʠ ʥʘ ʧʦʨʰʥʷʭ ʠʣʠ ʙʝʩʰʘʪʫʥ-
ʥʳʝ ʩ ʪʦʯʝʯʥʳʤ ʢʘʩʘʥʠʝʤ ʧʦʨʰʥʝʡ ʧʦ ʥʘʢʣʦʥʥʦʡ ʰʘʡʙʝ; 

ï ʧʦ ʨʘʙʦʯʝʤʫ ʦʙʲʝʤʫ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʝ ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ; 
ï ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘ ʨʝʚʝʨʩʠʚʥʳʝ 

ʠ ʥʝʨʝʚʝʨʩʠʚʥʳʝ. 
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ʈʠʩ. 1. ʉʭʝʤʳ ʛʠʜʨʦʥʘʩʦʩʦʚ ʩ ʥʘʢʣʦʥʥʳʤ ʜʠʩʢʦʤ: 1 ï ʥʘʢʣʦʥʥʳʡ 

ʥʝʧʦʜʚʠʞʥʳʡ ʜʠʩʢ; 2 ï ʧʣʫʥʞʝʨ; 3 ï ʙʣʦʢ ʮʠʣʠʥʜʨʦʚ; 4 ï ʧʣʦʩʢʠʡ ʪʦʨʮʝ-

ʚʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 5 ï ʚʘʣ; 6 ï ʦʧʦʨʘ ʧʣʫʥʞʝʨʘ ʩ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʨʘʟ-

ʛʨʫʟʢʦʡ; 7 ï ʩʬʝʨʠʯʝʩʢʠʡ ʪʦʨʮʝʚʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 8 ï ʙʣʦʢ ʩ ʥʘʢʣʦʥʥʳ-

ʤʠ ʮʠʣʠʥʜʨʘʤʠ 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʳ ʛʠʜʨʦʥʘʩʦʩʦʚ ʩ ʥʘʢʣʦʥʥʳʤ ʙʣʦʢʦʤ ʮʠʣʠʥʜʨʦʚ:  

1ï ʧʨʠʚʦʜʥʦʡ ʜʠʩʢ; 2 ï ʰʪʦʢ; 3 ï ʧʦʨʰʝʥʴ; 4 ï ʙʣʦʢ ʮʠʣʠʥʜʨʦʚ; 

5 ï ʪʦʨʮʝʚʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 6 ï ʢʘʨʜʘʥ; 7 ï ʚʘʣ; 8 ï ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ 
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ʈʠʩ. 3. ɸʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʡ ʛʠʜʨʦʥʘʩʦʩ: 1 ï ʨʝʛʫʣʷʪʦʨ, 2 ï ʧʦʚʦ-

ʨʦʪʥʘʷ ʧʣʠʪʘ, 3 ï ʫʧʦʨʥʳʡ ʜʠʩʢ, 4 ï ʢʦʨʧʫʩ, 5 ï ʢʨʳʰʢʘ, 6 ï ʚʦʟʚʨʘʪʥʳʡ 

ʤʝʭʘʥʠʟʤ, 7 ï ʚʘʣ, 8 ï ʧʦʨʰʝʥʴ, 9 ï ʣʠʥʠʷ ʚʩʘʩʳʚʘʥʠʷ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ ʥʘʩʦʩʳ ʬʠʨʤʳ Eaton (ʧʨʦʠʟʚʦʜʩʪʚʦʚʦ ʉʐɸ), ʘ ʠʤʝʥʥʦ ʘʢʩʠ-
ʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʝ ʛʠʜʨʦʥʘʩʦʩʳ ʜʣʷ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ: ʩʝʨʠʠ 
ʦʪ 33 ʜʦ 76, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 4 ʠ 5. ɼʘʥʥʳʝ ʘʛʨʝʛʘʪʳ ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ: ʦʪ ʢʦʤʙʘʡʥʦʚ ʠ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ ʜʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʝ-
ʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 
ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʤʦ-
ʙʠʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʥʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʩʝʨʠʷ 
90 ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʪ. ʢ. ʚʢʣʶʯʘʝʪ ʤʦʜʝʣʠ ʩ ʨʘʙʦʯʠʤ ʦʙʲʝ-
ʤʦʤ ʦʪ 42 ʜʦ 250 ʢʫʙ.ʩʤ ʠ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʫʧʨʘʚʣʝ-
ʥʠʷ (ʤʝʭʘʥʠʯʝʩʢʦʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ, ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʝ). ʇʨʠ 
ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʡ ʩʝʨʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʝ ʂʇɼ ʠ ʥʘʜʝʞʥʦʩʪʴ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ - ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʤʘʣʳʡ ʚʝʩ (ʟʘ ʩʯʝʪ ʫʤʝʥʴ-
ʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ). 

ʉʝʨʠʷ 64 ʬʠʨʤʳ Eaton ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 
1) ʚʳʩʦʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʜʰʠʧʥʠʢʦʚ (ʜʦ 10000 ʯ); 
2) ʨʝʛʫʣʠʨʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ï ʦʪ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʫʤʘ, 

ʚʧʝʨʝʜ ʠ ʥʘʟʘʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʥʘ 
ʚʳʭʦʜʥʦʤ ʟʚʝʥʝ (ʛʠʜʨʦʤʦʪʦʨʝ); 

3) ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʠ ʠʟʤʝʥʝ-
ʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ; 
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4) ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʪʨʘʥʩʤʠʩʩʠʷʤ Eaton ʣʝʛʢʦ ʘʜʘʧʪʠʨʦ-
ʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʠʢʝ; 

5) ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʥʘʩʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ. 

 

 
ʈʠʩ. 4. ɻʠʜʨʦʥʘʩʦʩ Eaton 6423: 1 ï ʚʘʣ; 2 ï ʣʶʣʴʢʘ; 3 ï ʩʝʨʚʦʮʠʣʠʥʜʨʳ;  

4 ï ʥʘʩʦʩ ʧʦʜʧʠʪʢʠ; 5 ï ʙʣʦʢ ʮʠʣʠʥʜʨʦʚ; 6 ï ʧʦʨʰʥʠ; 7 ï ʫʧʦʨ;  

8 ï ʧʨʠʞʠʤʥʘʷ ʧʣʘʩʪʠʥʘ; 9 ï ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ 

 
 

ʈʠʩ. 5. ʂʘʯʘʶʱʠʡ ʫʟʝʣ ʛʠʜʨʦʥʘʩʦʩʘ Eaton 6423: 1 ï ʩʪʘʣʴʥʦʡ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴ; 2 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʠʟ ʮʚʝʪʥʦʛʦ ʤʝʪʘʣʣʘ; 3 ï ʙʣʦʢ ʮʠʣʠʥʜ-

ʨʦʚ; 4 ï ʙʦʣʪ; 5 ï ʧʨʠʞʠʤ; 6 ï ʧʨʠʞʠʤʥʘʷ ʧʣʘʩʪʠʥʘ; 7 ï ʧʦʨʰʝʥʴ ʩ ʧʷʪʦʡ; 

8 ï ʫʧʦʨ; 9 ï ʚʘʣ; 10, 11 ï ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ 
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ɺ ʨʘʤʢʘʭ ʜʦʢʣʘʜʘ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʢʩʠʘʣʴʥʦ-

ʧʦʨʰʥʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ, ʧʨʠʚʝʜʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʩʦʩʪʘʚʣʝʥ 

ʦʙʟʦʨ ʤʦʜʝʣʝʡ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ. ʇʨʦʚʝʜʝʥ ʘʥʘ-

ʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ʩ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʤʠ ʛʠʜʨʦʤʘʰʠʥʘʤʠ ʚ 

ʩʦʩʪʘʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ. 
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ʉʊɽʅɼ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʇʈʆʎɽʉʉɸ ʀʉʇʓʊɸʅʀʁ  

ɸʂʉʀɸʃʔʅʆ-ʇʃʋʅɾɽʈʅʆɻʆ ʅɸʉʆʉɸ  

 
ɻʫʧʘʣʦ ʖ.ʆ., ʩʪʫʜ.; 

ʂʣʝʚʝʪʦʚ ɼ.ɺ., ɿʘʡʮʝʚ ɸ.ɸ., ʇʠʩʘʢʠʥ ʆ.ɽ.,  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ 

ʪʝʭʥʠʢʠ ʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝ-

ʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʙʦ-

ʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʳʪʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʷ, ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʩʣʫʯʘʡʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʠʩʧʦʣʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ [1]. ʇʨʠ ʵʪʦʤ ʩʘʤʳʤ 



52 

 
ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʚʳʧʫʩʢʘ ʠʟʜʝʣʠʡ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʨʝ-

ʞʠʤʦʚ ʠʩʧʳʪʘʥʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ ʘʢ-

ʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ [2-3]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʠʩʧʳʪʘʥʠʡ ʘʢʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʥ-

ʜʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʩʪʘʥʝʪ ʜʦʩʪʫʧʥʳʤ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʊʘʢʞʝ, ʩ ʫʯʝʪʦʤ ʪʝʥʜʝʥʮʠʡ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ [4] 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʟʘ 

ʩʯʝʪ ʧʦʜʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚʦʟʴʤʝʤ ʟʘ ʦʩʥʦʚʫ ʘʢʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʳʡ ʥʘʩʦʩ 

ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ 33 ʩʤ3/ʦʙ ʠ ʩʬʦʨʤʠʨʫʝʤ ʩʭʝʤʫ ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʤ. ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʝʥʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ: ɸ ï ʧʨʠʙʦʨ ʠʩʧʳʪʫʝʤʳʡ;  

ɸʊ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ; ɹ ï ʙʘʢ; ʂï ʢʣʘʧʘʥ; ʂʂ ï ʢʦʨʦʙʢʘ ʢʣʘʧʘʥʥʘʷ;  

ʂʐ ï ʢʨʘʥ ʰʘʨʦʚʳʡ; ʄ ï ʩʪʝʥʜʦʚʳʡ ʛʠʜʨʦʤʦʪʦʨ; ʄʅ ï ʤʘʥʦʤʝʪʨ;  

ʈʄ ï ʨʘʩʭʦʜʦʤʝʨ;  ʉʅ ï ʩʪʝʥʜ ʥʘʛʨʫʞʝʥʠʷ; ʌ ï ʬʠʣʴʪʨ;  

ʕɼ ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 
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ʉ ʫʯʝʪʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʩʪʝʥʜʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 

ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʮʠʬʨʦʚʦʤʫ 

ʢʘʥʘʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʪʝʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʧʦʜʙʦʨʝ ʵʣʝʤʝʥ-

ʪʦʚ, ʧʦʤʠʤʦ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʩʪʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝ-

ʥʠʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʚʝʨʦʢ ʠ ʨʝʘʣʴʥʦʩʪʠ ʧʦʣʫ-

ʯʘʝʤʳʭ ʩʚʝʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʜʘʪʯʠʢʠ ʜʘʚʣʝ-

ʥʠʷ ʚ ʚʠʜʝ ʤʘʥʦʤʝʪʨʦʚ ʢʦʤʧʘʥʠʠ çʄʘʥʦʪʦʤʴè (ʛ. ʊʦʤʩʢ) ʪʠʧʘ ʄʘ-

ʥʦʤʝʪʨ ʮʠʬʨʦʚʦʡ çɼʄ5002ʄè ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʷ 0-60 ʄʇʘ. 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘ-

ʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʙʘʢʝ ʩʪʝʥʜʘ, ʙʳʣ ʧʦʜʦʙʨʘʥ ʪʘʢʞʝ ʮʠʬʨʦʚʦʛʦ ʠʩ-

ʧʦʣʥʝʥʠʷ ʪʠʧʘ çʊʉ5008è - ʧʨʦʠʟʚʦʜʩʪʚʦ çʄʘʥʦʪʦʤʴè (ʛ. ʊʦʤʩʢ) ʩ 

ʧʨʝʜʝʣʦʤ ʠʟʤʝʨʝʥʠʡ ʦʪ 0 ʜʦ 150 ʛʨʘʜ. ʋʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʤʦʥʠʪʦʨʠʥʛʘ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ (ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ) ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ 

ʜʘʪʯʠʢʠ ʢʦʤʧʘʥʠʠ ʆʆʆ çʇʨʘʤʝʥʴè ʪʠʧʘ ʨʘʩʭʦʜʦʤʝʨʘ ʩʯʝʪʯʠʢʘ ʚʳ-

ʯʠʩʣʠʪʝʣʷ çʈʉʂ-4è. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʜʠʥʦʛʦ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʥʜʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠ-

ʝʤ, ʙʳʣʦ ʦʪʜʝʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ ʜʦʦʩʥʘʩʪʠʪʴ ʩʪʝʥʜ 

ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʜʘʪʯʠʢʦʤ ʢʦʥʪʨʦʣʷ ʯʠʩʪʦʪʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʮʠʬʨʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʜʘʪʯʠʢʘ ʢʦʤʧʘʥʠʠ ʆʆʆ çʇʘʤʘʩè ʪʠʧʘ çPamas 

OLS40è. ʅʘʨʷʜʫ ʩ ʜʘʪʯʠʢʘʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ï ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʭʦʜʘ, 

ʜʘʚʣʝʥʠʷ, ʯʠʩʪʦʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʝʦʙʭʦ-

ʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʦʚʝʨʷʝʤʦʛʦ ʥʘʩʦʩʘ 

ɸ1 (ʩʤ. ʨʠʩ. 1), ʠ ʥʘʛʨʫʟʢʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʥʘ ʚʘʣʫ ʩʪʝʥʜʦʚʦʛʦ ʛʠʜʨʦ-

ʤʦʪʦʨʘ ʄ1 (ʩʤ. ʨʠʩ. 1). ɼʣʷ ʵʪʦʛʦ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʝʥʜʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʕɼ1 

ʠ ʕɼ2 ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʚʩʪʨʦʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʩʢʦʨʦʩʪʠ, ʤʦʤʝʥʪʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʮʠʬʨʦʚʳʤʠ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʠʧʘ çɸɼʏʈè 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çɺʕʄɿè. ʇʦ ʠʪʦʛʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʜʘʣʦʩʴ 

ʩʬʦʨʤʠʨʦʚʘʪʴ 3ɼ ʤʦʜʝʣʴ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʩʪʝʥʜʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 2 ʠ ʩʦʜʝʨʞʠʪ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. 
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ʈʠʩ. 2. 3ɼ ʤʦʜʝʣʴ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʩʪʝʥʜʘ 

 

ʇʦʤʠʤʦ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʩʪʝʥʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʦʷʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ (ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʥʜʦʚʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ-

ʤʠ) ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʢʦʤʧʘʥʠʠ çʆɺɽʅè ʪʠʧʘ 

çʇʏɺ2è, ʘ ʪʘʢʞʝ ʢʦʤʧʘʥʠʠ çKEB-ʨʫʩè. ʋʧʨʘʚʣʝʥʠʝ ʠ ʦʙʤʝʥ ʜʘʥ-

ʥʳʤʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʯʘʩʪʦʪʳ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʦ ʮʠʬʨʦʚʦʤʫ ʢʘʥʘʣʫ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʳʙʨʘʥʥʦʤʫ ʧʦʜʭʦʜʫ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʧʳʪʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʝ, ʫʜʘʣʦʩʴ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʜʘ ʜʣʷ ʝʛʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʳʪʘʥʠʡ ʘʢʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ ʨʘ-

ʙʦʯʠʤ ʦʙʲʝʤʦʤ 33 ʩʤ3/ʦʙ. ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʢʦʥʪʨʦʣʴ ʘʢʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦʩʦʚ ʤʝʥʴʰʝʛʦ ʨʘʙʦʯʝʛʦ ʦʙʲ-
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ʝʤʘ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ï ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠʩʧʳʪʫʝʤʦʛʦ ʥʘʩʦʩʘ ʠ ʚʝʣʠʯʠʥʳ 

ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʩʪʝʥʜʦʚʦʛʦ ʛʠʜʨʦʤʦʪʦʨʘ.  

 

 
 

ʈʠʩ. 3. ʀʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʩʪʝʥʜʘ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʘʢʩʠʘʣʴʥʦ-ʧʣʫʥʞʝʨʥʳʭ ʥʘʩʦ-

ʩʦʚ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʩʪʘʣʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ʂʣʝʚʝʪʦʚʘ, ɽ.ʄ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ (ʥʘ ʧʨʠʤʝʨʝ ɸʆ "ɺʅʀʀ "ʉʠʛʥʘʣ") / 

ɽ.ʄ. ʂʣʝʚʝʪʦʚʘ, ɼ.ɺ. ʂʣʝʚʝʪʦʚ, ɺ.ʉ. ɻʘʚʨʠʣʦʚʘ // ɹʫʜʫʱʝʝ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ʈʦʩʩʠʠ: ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ ɺʦʩʴʤʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʄʦʩʢʚʘ, 23ï26 ʩʝʥʪʷʙ-

ʨʷ 2015 ʛʦʜʘ. ï ʄʦʩʢʚʘ: ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 2015. ï ʉ. 67-72. ï EDN WCAJXN. 

2. ʂʣʝʚʝʪʦʚ, ɼ.ɺ. ʇʦʜʭʦʜ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʛʠʜ-

ʨʦʤʘʰʠʥ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʙʢʘʪʢʝ / ɼ.ɺ. ʂʣʝʚʝʪʦʚ, ɼ.ɸ. ʉʪʘʨʦʩʪʠʥ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦ-
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ʙʣʝʤʳ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʦʙʨʘʟʦʚʘʥʠʝ, 

ʥʘʫʢʘ, ʧʨʘʢʪʠʢʘ: ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 20-ʣʝʪʠʶ ʢʘʬʝʜ-

ʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʵʢʦʣʦʛʠʠ ʠ ʭʠʤʠʠ, ʂʦʚʨʦʚ, 06 

ʜʝʢʘʙʨʷ 2019 ʛʦʜʘ. ï ʂʦʚʨʦʚ: ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜ-

ʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʦʚ-

ʨʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ         

ɺ.ɸ. ɼʝʛʪʷʨʝʚʘè, 2019. ï ʉ. 41-46. ï EDN PHKEUJ. 

3. ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʠʜʨʦ-

ʦʙʲʝʤʥʳʭ ʧʝʨʝʜʘʯ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ / ʇ.ʀ. ɺʘʣʠʢʦʚ, 
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ʤʦʚ: ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ XI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 30-ʡ ʛʦʜʦʚʱʠʥʝ ʄʏʉ ʈʦʩʩʠʠ ʠ 75-ʡ 
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ʋʅʀɺɽʈʉɸʃʔʅʓʁ ʉʊɽʅɼ ɼʃʗ ʄɽʍɸʅʀʏɽʉʂʀʍ  

ʀ ʂʃʀʄɸʊʀʏɽʉʂʀʍ 

ʀʉʇʓʊɸʅʀʁ ʕʃɽʄɽʅʊʆɺ ɻʀɼʈʆʇʈʀɺʆɼʆɺ 

 

ʂʠʩʝʣʸʚ ʄ.ɺ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʚ ʩʘʤʦʡ 

ʨʘʟʥʦʡ ʪʝʭʥʠʢʝ ʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘ-

ʥʦ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ [1, 2], ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʫʣʫʯʰʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʰʠʥ. ʆʜ-

ʥʘʢʦ ʚʩʝ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʕʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʥʝ ʨʝʜʢʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ. ʇʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʛʦ ʩʨʝʜʳ, ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, 

ʚʣʘʞʥʦʩʪʴʶ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ 

ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚ ʮʝʣʦʤ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʷʟʢʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ʇʨʠʨʦʜʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʛʠʜʨʦʧʨʠʚʦʜʘ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʯʝʨʝʟ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʛʠʜʨʦʧʨʠʚʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ, ʪʘʢ ʠ ʧʨʠ ʚʳʩʦʢʠʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʣʝʤʝʥ-

ʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʦʚ, ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʯʘʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʚʠʜʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʠʩʧʳʪʘʥʠʡ. 

ɿʘʜʘʯʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ (3 ʚ 1) ʩ ʦʙʝʩʧʝʯʝʥʠ-

ʝʤ ʜʠʥʘʤʠʢʠ ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʦ-

ʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʦʚ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʢʨʝʧʣʝʥʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʩ-

ʧʳʪʘʥʠʡ ʛʠʜʨʦʤʦʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʥʘʷ ʚʪʫʣʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʨʠʩ. 1 ï 4).  

ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʢʨʝʧʣʝʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʛʠʜʨʦʤʦʪʦʨʘ  

ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ: 1 ï ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ; 2 ï ʛʠʜʨʦʤʦʪʦʨ 

 

 
 

ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʘʷ ʚʪʫʣʢʘ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ  

ʛʠʜʨʦʤʦʪʦʨʘ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ 
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ʈʠʩ. 3. ʂʦʤʧʣʝʢʪ ʯʝʨʪʝʞʝʡ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

 

ʈʠʩ. 4. ʂʦʤʧʣʝʢʪ ʯʝʨʪʝʞʝʡ ʧʝʨʝʭʦʜʥʦʡ ʚʪʫʣʢʠ 
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ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʪʨʝʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʨʘʱʝ-

ʥʠʝ ʚʘʣʘ ʛʠʜʨʦʤʦʪʦʨʘ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʜʦʨʘʙʦʪʘʥʘ 

ʩʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʪʝʥʜʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʚ ʯʘʩʪʠ ʧʨʦʚʝʨʢʠ ʠ ʠʩʧʳʪʘʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʥʘ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝ ʟʘʷʚʣʝʥʥʳʭ ʠ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ  

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʪʝʥʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʦʚ 

 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚʩʝ ʘʥʘʣʦʛʦʚʳʝ ʤʘʥʦ-

ʤʝʪʨʳ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʮʠʬʨʦʚʳʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʟʥʘ-

ʯʝʥʠʡ ʧʦ ʮʠʬʨʦʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʮʠʬʨʦʚʳʝ 

ʨʘʩʭʦʜʦʤʝʨ ʠ ʪʘʭʦʤʝʪʨ. ʅʝʨʝʛʫʣʠʨʫʝʤʳʡ ʥʘʩʦʩ ʨʝʰʝʥʦ ʙʳʣʦ ʟʘʤʝ-

ʥʠʪʴ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ, ʘ 

ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ ʥʘʛʨʫʟʢʫ ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ. ɼʣʷ ʙʦ-

ʣʝʝ ʪʱʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʤʘʩʣʘ ʥʘ ʣʠʥʠʶ ʩʣʠʚʘ ʙʳʣ ʜʦʙʘʚʣʝʥ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ ʜʣʷ ʩʦʙʠʨʘʥʠʷ ʯʘʩʪʠʮ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʨʦʜʫʢ-

ʪʦʚ ʠʟʥʦʩʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʙʦʪʝ ʛʠʜʨʦʩʠʩʪʝʤʳ [3]. ɼʣʷ ʧʨʦ-
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ʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦ-

ʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʩʭʝʤʫ ʙʳʣ ʜʦʙʘʚʣʝʥ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʢʦʪʦ-

ʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚʤʝʩʪʝ 

ʩ ʠʩʧʳʪʫʝʤʳʤ ʛʠʜʨʦʧʨʠʚʦʜʦʤ ʚ ʦʙʲʝʤʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʠ 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʛʠʜʨʦʧʨʠʚʦʜ, ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠ-

ʩʧʦʩʦʙʣʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʠʥʘʤʠʢʠ ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ [4, 5]. ɸ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦ-

ʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʩʧʳʪʘʥʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʚʣʝʯʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 
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ʄɽʊʆɼʀʂɸ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ ʅɸʉʆʉʆɺ  

ʆɹʒɽʄʅʆɻʆ ʊʀʇɸ 

 

ʂʦʟʣʦʚ ɺ.ʀ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɼʘʨʰʪ ʗ.ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʅʘʣʠʯʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʪʘʢʠʭ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʥʘʩʦʩʦʚ ʦʙʲʝʤʥʦʛʦ ʪʠʧʘ ʚ ʤʦʤʝʥʪ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʠʣʠ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʭʦʜʦʤ ʠʭ ʠʟ ʩʪʨʦʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳ-

ʥʫʞʜʝʥʥʦʛʦ ʧʨʦʩʪʦʷ, ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʪʝʢʫ-

ʱʠʡ ʨʝʤʦʥʪ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʩʫʨʩʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘʩʦʩʦʚ ʦʙʲʝʤʥʦʛʦ ʪʠʧʘ ʢʦʥʪʨʦʣʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʜʘʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʪʝʧʝʥʠ ʠʭ ʠʟʥʦʩʘ, ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠ 

ʪ.ʧ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩ-

ʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʪʨʦʣʴ ʠ ʤʦ-

ʥʠʪʦʨʠʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʘ ʢʘʢ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʦʣʞʥʦ ʧʦʟʚʦʣʠʪʴ ʦʙʝʩʧʝ-

ʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʠ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʦʧʨʦʩʘʤ ʨʝʤʦʥʪʘ. 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ 

ʠʟʫʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʪʦʜʠʢʠ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘ-

ʥʠʡ ʥʘʩʦʩʦʚ ʦʙʲʝʤʥʦʛʦ ʪʠʧʘ, ʥʦ ʠ ʦʪʜʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʬʘʢʪʦ-

ʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʝʩʫʨʩ ʥʘʦʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʚ ʪ.ʯ. ʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʠʭ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʘʩʦʩʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʘʥʘʣʠʟʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʭ ʨʝʩʫʨʩ ʤʘʰʠʥʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟ-

ʚʝʩʪʥʳʭ ʚʠʜʦʚ ʠʟʥʦʩʘ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʩʦʨʝʥʠʝʤ ʈɾ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. ɺ ʨʘʙʦʪʘʭ ɻ.ɸ. ʅʠʢʠʪʠʥʘ, ʇ.ʅ. ɹʝʣʷʥʠʥʘ, 

ɺ.ʀ. ɹʘʨʳʰʝʚʘ [2-3] ʠ ʜʨʫʛʠʭ ʫʯʝʥʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʡ 

ʠʟʥʦʩ ʚʳʟʳʚʘʶʪ ʯʘʩʪʠʮʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʠʟʤʝʨʠʤ ʩ ʟʘʟʦʨʦʤ 

ʪʨʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ʇʦʧʘʚ ʚ ʟʘʟʦʨ, ʯʘʩʪʠʮʘ ʟʘʛʨʷʟʥʠʪʝʣʷ ʧʝʨʝʤʝ-

ʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ, ʨʝ-
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ʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʷʶʪʩʷ ʮʘʨʘʧʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʠʨʫʶ-

ʱʠʭ ʜʝʪʘʣʝʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʥʦʛʦʢʨʘʪʥʳʤ. ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʦʩʘ ʧʘʨ ʪʨʝʥʠʷ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ ʠ ʚʝʣʠʯʠʥʫ ʝʛʦ 

ʦʙʲʝʤʥʦʛʦ ʂʇɼ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 - 2. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʣʠʯʠʥʘ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʟʘʟʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʫʪʝʯʝʢ (ʩʤ. ʨʠʩ. 3-

4) ʠ ʨʘʟʤʝʨ ʧʨʦʥʠʢʘʝʤʳʭ ʚ ʥʝʛʦ ʯʘʩʪʠʮ. 
 

 
 

ʈʠʩ.1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʂʇɼ ʥʘʩʦʩʘ ʦʪ ʥʘ-

ʨʘʙʦʪʢʠ: 1 ï ʥʘ ʯʠʩʪʦʡ ʞʠʜʢʦʩʪʠ; 2 ï ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʞʠʜʢʦʩʪʠ ʧʦʨʦʰ-

ʢʦʤ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʩ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ 1-3ʤʢʤ; 3 ï ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ 

ʞʠʜʢʦʩʪʠ ʩ ʯʘʩʪʠʮʘʤʠ 5é10ʤʢʤ; 4 ï ʪʦ ʞʝ, ʯʘʩʪʠʮʘʤʠ 15é25ʤʢʤ;  

5 ï ʟʘʛʨʷʟʥʝʥʠʝ ʯʘʩʪʠʮʘʤʠ ʦʪ 1 ʜʦ 40ʤʢʤ. 

 

 
 

ʈʠʩ.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʦʩʘ (U) (ʨʷʜ 1) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʥʠʞʝʥʠʷ 

(h) (ʨʷʜ 2) ʦʪ ʨʘʟʤʝʨʘ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ 
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ʈʠʩ.3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤ-

ʥʦʛʦ ʂʇɼ ʥʘʩʦʩʦʚ ʦʪ ʨʘʟʤʝʨʦʚ ʘʙ-

ʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ 

 
ʈʠʩ.4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠ-

ʯʠʥʳ ʫʪʝʯʝʢ ʯʝʨʝʟ ʧʘʨʫ ʧʦʜʧʷʪ-

ʥʠʢ-ʦʧʦʨʥʳʡ ʜʠʩʢ ʦʪ ʨʘʟʤʝʨʦʚ 

ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ 
 

ɺ ʥʘʩʦʩʘʭ ʦʙʲʝʤʥʦʛʦ ʪʠʧʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʠʥʦʡ ʚʠʜ ʠʟʥʘʰʠʚʘ-

ʥʠʷ - ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʤʝʩʪ ʚ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʤ ʥʘʩʦʩʝ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʝʧʨʘ-

ʚʠʣʴʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʘʩʦʩʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʥʦʩʦʤ ʧʘʨ ʪʨʝʥʠʷ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʪʘʢʠʭ ʤʝʩʪʘ ï ʵʪʦ ʰʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʜʧʷʪʥʠʢʘ ʩ ʧʦʨʰʥʝʤ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʜʠʩʢ ʠ ʥʘʢʣʘʜʥʦʝ ʜʥʦ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ. ʅʝʧʨʘ-

ʚʠʣʴʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʬʝʨ ʧʦʜʧʷʪʥʠʢʘ ʠ ʧʦʨʰʥʷ, ʘ ʪʘʢʞʝ ʠʭ ʟʘʚʘʣʴ-

ʮʦʚʢʘ (ʩʙʦʨʢʘ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʤʝʩʪ 

ʠʟʥʦʩʘ ï ʧʦʜʧʷʪʥʠʢ/ʧʦʨʰʝʥʴ ʠ ʧʦʜʧʷʪʥʠʢ/ʦʧʦʨʥʳʡ ʜʠʩʢ (ʩʤ. ʨʠʩ. 4-8). 

 

 
ʘ 

 
ʙ 

ʈʠʩ.5. ʇʦʜʧʷʪʥʠʢ: ʘ ï ʜʦ ʟʘʚʘʣʴʮʦʚʢʠ; ʙ ï ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 8 ʯʘʩʦʚ 
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ɼʦ ʩʙʦʨʢʠ, ʧʨʠ ʩʦʯʣʝʥʝʥʠʠ ʩʬʝʨ ʧʦʜʧʷʪʥʠʢʘ ʠ ʧʦʨʰʥʷ, ʥʘ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʧʷʪʥʠʢʘ (ʩʤ. ʨʠʩ. 5, ʘ) ʧʨʦʚʝʨʷʝʪʩʷ 
ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ. ɺ ʠʜʝʘʣʝ, ʫʢʘʟʘʥʥʘʷ ʧʘʨʘ ʪʨʝʥʠʷ 
ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥ-
ʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ 
ʠʟʛʦʪʦʚʣʝʥʠʠ [4] ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʫʤ ʥʘ ʧʦʣʦʚʠʥʝ 
ʩʬʝʨʳ. ʅʘ ʨʠʩ. 4ʘ ʯʝʪʢʦ ʚʳʨʘʞʝʥ ʩʣʝʜ, ʦʩʪʘʚʣʝʥʥʳʡ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ 
ʩʦ ʩʬʝʨʦʡ ʧʦʨʰʥʷ. ɺʩʣʝʜʩʪʚʠʝ ʧʦʚʦʨʦʪʘ ʧʦʜʧʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʦʨʰʥʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʥʦʩ ʧʦʜʧʷʪʥʠʢʘ ʚ 
ʚʠʜʝ ʨʷʜʘ ʨʠʩʦʢ (ʨʠʩ. 5, ʙ). ʇʨʠ ʵʪʦʤ, ʥʘ ʩʬʝʨʝ ʧʦʨʰʥʷ, ʚʚʠʜʫ ʙʦʣʝʝ 
ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʟʫʝʪʩʷ ʧʦʪʝʤʥʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 
ʤʝʩʪʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʤ. ʨʠʩ. 6).  

 

 
ʈʠʩ. 6. ʇʦʨʰʝʥʴ ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 8 ʯʘʩʦʚ 

 

ʄʝʩʪʥʳʡ ʧʝʨʝʛʨʝʚ ʤʦʞʝʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʩʪʠ ʢ ʟʘ-

ʢʣʠʥʠʚʘʥʠʶ ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʢʣʠʥʠʚʘ-

ʥʠʝ ʧʦʜʧʷʪʥʠʢʘ ʥʘ ʧʦʨʰʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʛʠʜʨʦʩʪʘʪʠʢʠ 

ʤʝʞʜʫ ʧʦʜʧʷʪʥʠʢʦʤ ʠ ʦʧʦʨʥʳʤ ʜʠʩʢʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʠʥʦʚʦʛʦ 

ʟʘʟʦʨʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʪʝʯʝʢ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝ-

ʥʠʷ ʛʠʜʨʦʩʪʘʪʠʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʪʘʢʪʥʦʝ ʪʨʝʥʠʝ ʧʦʜʧʷʪʥʠʢʘ ʩ 

ʦʧʦʨʥʳʤ ʜʠʩʢʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʥʦʩʘ, 

ʢʘʢ ʧʦʜʧʷʪʥʠʢʘ, ʪʘʢ ʠ ʦʧʦʨʥʦʛʦ ʜʠʩʢʘ (ʩʤ. ʨʠʩ. 7). 
 

 
ʘ 

 
ʙ 

ʈʠʩ. 7. ʆʧʦʨʥʳʡ ʜʠʩʢ: ʘ ï ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ; ʙï ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʠʞʝ ʢ ʢʨʘʶ 
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ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘʩʦʩʘ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʦʧʦʨʰʥʝʚʦʡ ʥʘʩʦʩ ʠʩʧʳʪʳʚʘʝʪ ʚʠʙʨʘʮʠʶ ʦʧʨʝ-

ʜʝʣʷʝʤʦʡ ʯʘʩʪʦʪʦʡ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʧʦʨʰʥʝʡ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʠ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ, 

ʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʩʤ. ʨʠʩ. 8. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʷʶʪʩʷ. 
 

 
        

ʈʠʩ. 8. ʀʥʜʠʢʘʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʫʣʴʩʘʮʠʠ ʨʘʩʭʦʜʘ ʚ ʥʘʧʦʨʥʦʡ ʣʠ-

ʥʠʠ ʥʘʩʦʩʘ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʚ ʧʘʨʝ çʧʦʨʰʝʥʴ ï ʥʘ-

ʢʣʦʥʥʳʡ ʜʠʩʢè ʦʪ ʚʨʝʤʝʥʠ 
 

ʇʦ ʥʘʰʝʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʥʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʟʘʤʝʨʘ 

ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʰʠʥʳ, 

ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʟʘʤʝʨ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʚʠʙʨʦʘʢ-

ʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʥʦʩʘ (ʦʪ ʫʪʝʯʝʢ ʠ ʪʨʝʥʠʷ) ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʥʘ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʢ.ʧ.ʜ ï ʦʙʲʸʤʥʦʛʦ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʘ. ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʧʘ-

ʨʘʤʝʪʨʳ ʩ ʵʪʘʣʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʪʘʚ-

ʰʠʡʩʷ ʨʝʩʫʨʩ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ʇʠʩʢʫʥʦʚ, ʄ.ɸ. ʏʠʩʪʦʝ ʤʘʩʣʦ ï ʠʩʧʨʘʚʥʘʷ ʤʘʰʠʥʘ. ʏʠʩʪʦ-

ʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʩʣʘ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʭʘʨʚʝʩʪʝʨʦʚ 

ʠ ʬʦʨʚʘʨʜʝʨʦʚ / ʄ.ɸ. ʇʠʩʢʫʥʦʚ. // ʉʇʙ ʃʝʩʇʨʦʬʀʥʬʦʨʤï ˉ4 

(110). ï 2015. ï ʉ. 66-72. 

2. ʅʠʢʠʪʠʥ, ɻ.ɸ., ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ 

(ʢ ʨʘʩʯʝʪʫ ʛʠʜʨʦʩʠʩʪʝʤ ʩʘʤʦʣʸʪʦʚ) / ɻ.ɸ. ʅʠʢʠʪʠʥ, ʊ.ʄ. ɹʘʰʪʘ // 

ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ɸʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ. ï 

1960. ï    ̄  1. ï ʉ. 3-11.  
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3. ɹʝʣʷʥʠʥ, ʇ.ʅ. ʎʝʥʪʨʦʙʝʞʥʘʷ ʦʯʠʩʪʢʘ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ 

ʘʚʠʘʮʠʦʥʥʳʭ ʛʠʜʨʦʩʠʩʪʝʤ /ʇ.ʅ. ɹʝʣʷʥʠʥ. ï ʄʦʩʢʚʘ: ʄʘʰʠʥʦ-

ʩʪʨʦʝʥʠʝ, 1976. ï 328 ʩ. 

4. ʂʣʝʚʝʪʦʚ, ɼ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠʨʘʙʦʪʢʠ ʧʘʨʳ 

ʪʨʝʥʠʷ çʧʷʪʘ-ʧʦʨʰʝʥʴè / ɼ.ɺ. ʂʣʝʚʝʪʦʚ, ɽ.ɸ. ʐʠʣʢʠʥ // ʄʘʪʝʨʠʘʣʳ 

XLI ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʩʙʦʨʥʠʢ. ï 

ʂʦʚʨʦʚ: ʌɻɹʆʋ ɺʆ çʂɻʊɸ ʠʤ. ɺ.ɸ. ɼʝʛʪʷʨʝʚʘè, 2017. ï ʉ. 62-67. 

 

 

ʋɺɽʃʀʏɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʕʃɽʂʊʈʆʇʅɽɺʄɸʊʀ-

ʏɽʉʂʀʍ ʋʉʊʈʆʁʉʊɺ ï ʉʊʈɸʁʂɹʆʃʔʅʓʁ ʇʈʀɺʆɼ 

 

ʂʦʯʝʪʢʦʚʘ ʅ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʍʨʫʩʪʘʣʸʚ ʇ.ɽ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɻʠʨʙʦʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʵʣʝʢʪʨʦʧ-

ʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʢʘʢ ʚʦʟʜʫʰʥʳʡ ʢʦʤ-

ʧʨʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʘʢʢʫʤʫʣʠʨʫʝʪ ʚʦʟʜʫʭ ʠ, ʧʨʠ ʚʳʩʪʨʝʣʝ, ʠʩʧʦʣʴʟʫʝʪ 

ʜʘʚʣʝʥʠʝ ʜʣʷ ʦʪʧʨʘʚʢʠ ʰʘʨʘ ʠʟ ʩʪʚʦʣʠʢʘ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʠ ʵʥʝʨʛʠʝʡ. ʍʦʪʷ ʪʝʨʤʠʥ "ʵʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʧʨʠʚʦʜ" ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʫʩʪʨʦʡʩʪʚʫ ʚ ʮʝʣʦʤ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʚʩʝʡ ʤʦʜʝʣʠ ʦʨʫʞʠʷ. 

 
ʈʠʩ.1. ʉʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʨʙʦʢʩʘ 

 



68 

 

ʂʦʤʧʦʥʝʥʪʳ ʛʠʨʙʦʢʩʘ: 

1. ɼʚʠʛʘʪʝʣʴ (ʤʦʪʦʨ). 

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʟʤʦʚ ʛʠʨʙʦʢ-

ʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʩ ʧʦʤʦʱʴʶ ʜʚʠʛʘʪʝʣʷ. ɺʳʙʦʨ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʝʥ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʤʦʱʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʩʪʨʝʣʴʙʳ. ɺʘʞʥʦ ʧʦʜʙʠʨʘʪʴ ʤʦʪʦʨ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʢʦʥʢʨʝʪʥʦʤʫ ʪʠʧʫ ʛʠʨʙʦʢʩʘ. 

2. ʇʨʫʞʠʥʘ. 

ɿʘʤʝʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʫʞʠʥʳ ʥʘ ʙʦʣʝʝ ʤʦʱʥʫʶ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʫʣʫʯʰʝʥʠʷ ʛʠʨʙʦʢʩʘ, ʧʦʚʳʰʘʷ ʩʢʦʨʦʩʪʴ ʚʳʣʝʪʘ 

ʰʘʨʦʚ, ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʠ ʪʦʯʥʦʩʪʴ ʩʪʨʝʣʴʙʳ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨʘ, ʙʘʪʘʨʝʠ, ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʨʫʞʠʥʳ ʠ ʠʟʙʝʞʘʥʠʷ ʥʝʛʘ-

ʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

3. ʐʝʩʪʝʨʥʠ. 

ɺ ʛʠʨʙʦʢʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʪʦʨʥʘʷ, ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʩʝʢʪʦʨʥʘʷ 

ʰʝʩʪʝʨʥʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʨʝʜʫʢʪʦʨ ʩ ʤʦʪʦʨʥʳʤ ʧʠʥʴʦʥʦʤ. ʆʥʠ ʧʝ-

ʨʝʤʝʱʘʶʪ ʧʦʨʰʝʥʴ ʚ ʟʘʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʧʨʫʞʠʥʝ. 

4. ʂʦʥʪʘʢʪʥʘʷ ʛʨʫʧʧʘ. 

ʕʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʠʪʘʥʠʝ 

ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʚʳʩʪʨʝʣʝ. 

5. ʎʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ (ʎʇɻ): 

ï ʧʦʨʰʝʥʴ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʝʢʪʦʨʥʦʡ ʰʝʩʪʝʨʥʝʡ, ʩʞʠʤʘʝʪ ʧʨʫ-

ʞʠʥʫ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ; 

ï ʮʠʣʠʥʜʨ ʩʣʫʞʠʪ ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʚʳʜʘʚ-

ʣʠʚʘʝʪʩʷ ʛʦʣʦʚʢʦʡ ʧʦʨʰʥʷ ʚ ʩʪʚʦʣ. ʎʠʣʠʥʜʨ ʛʝʨʤʝʪʠʟʠʨʫʝʪʩʷ ʩʦ-

ʧʣʦʤ; 

ï ʩʦʧʣʦ ʥʘʧʨʘʚʣʷʝʪ ʰʘʨʠʢ ʚ ʩʪʚʦʣ ʠ ʛʝʨʤʝʪʠʟʠʨʫʝʪ ʝʛʦ ʧʝʨʝʜ 

ʚʳʩʪʨʝʣʦʤ. ɼʚʠʞʝʥʠʝ ʩʦʧʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʘʧʧʝʪ-ʧʣʘʥʢʫ, 

ʫʧʨʘʚʣʷʝʤʫʶ ʩʝʢʪʦʨʥʦʡ ʰʝʩʪʝʨʥʝʡ; 

ï ʧʨʫʞʠʥʘ ʩʞʠʤʘʝʪʩʷ ʠ, ʧʦʩʣʝ ʩʨʳʚʘ ʩʝʢʪʦʨʥʦʡ ʰʝʩʪʝʨʥʠ, 

ʪʦʣʢʘʝʪ ʧʦʨʰʝʥʴ ʚʧʝʨʸʜ, ʚʳʙʨʘʩʳʚʘʷ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʚ ʩʪʚʦʣ; 

ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʰʪʦʢ ʧʨʫʞʠʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʥʪʨʦʚʢʫ ʧʨʠ 

ʩʞʘʪʠʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʛʦ ʧʝʨʝʢʨʫʯʠʚʘʥʠʝ. 
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ʇʦʨʰʝʥʴ ʠʟ ʧʣʘʩʪʠʢʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʥʘʛʨʫʟʢʝ, ʧʦʵʪʦ-

ʤʫ ʟʘʤʝʥʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʰʝʥʴ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝ-

ʤʳ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʠʨʙʦʢʩʘ: 

Å ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʩʧʫʩʢʦʚʦʡ ʢʨʶʯʦʢ ʟʘʤʳʢʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ 

ʛʨʫʧʧʘ, ʠ ʪʦʢ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʚʠʛʘʪʝʣʴ; 

Å ʜʚʠʛʘʪʝʣʴ ʚʨʘʱʘʝʪ ʨʝʜʫʢʪʦʨ, ʢʦʪʦʨʳʡ ʚʟʚʦʜʠʪ ʧʨʫʞʠʥʫ, ʘ 
ʩʝʢʪʦʨʥʘʷ ʰʝʩʪʝʨʥʷ ʪʷʥʝʪ ʪʘʧʧʝʪ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʥʦʟʟʣʦʤ; 

Å ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ ʥʦʟʟʣ ʥʘ-

ʭʦʜʠʪʩʷ ʚ ʢʨʘʡʥʝʤ ʟʘʜʥʝʤ ʧʦʣʦʞʝʥʠʠ, ʧʨʦʧʫʩʢʘʷ ʦʜʠʥ ʰʘʨʠʢ ʚ ʥʘ-

ʯʘʣʦ ʢʘʥʘʣʘ ʩʪʚʦʣʘ; 

Å ʩʝʢʪʦʨʥʘʷ ʰʝʩʪʝʨʥʷ ʟʘʚʝʨʰʘʝʪ ʦʙʦʨʦʪ, ʠ ʝʝ ʛʨʝʙʝʥʢʘ ʦʪʨʳ-

ʚʘʝʪʩʷ ʦʪ ʛʨʝʙʝʥʢʠ ʧʦʨʰʥʷ, ʧʝʨʝʩʪʘʚʘʷ ʫʜʝʨʞʠʚʘʪʴ ʧʨʫʞʠʥʫ; 

Å ʧʨʫʞʠʥʘ ʨʝʟʢʦ ʨʘʩʧʨʷʤʣʷʝʪʩʷ, ʧʝʨʝʜʘʚʘʷ ʥʘʢʦʧʣʝʥʥʫʶ 

ʵʥʝʨʛʠʶ ʧʦʨʰʥʶ, ʢʦʪʦʨʳʡ ʦʪʧʨʘʚʣʷʝʪ ʚʦʟʜʫʭ ʠʟ ʮʠʣʠʥʜʨʘ ʚ ʢʘʥʘʣ 

ʩʪʚʦʣʘ ʯʝʨʝʟ ʥʦʟʟʣ. ʇʝʨʝʜ ʩʨʳʚʦʤ ʩʝʢʪʦʨʥʦʡ ʰʝʩʪʝʨʥʠ ʥʦʟʟʣ ʚʦʟ-

ʚʨʘʱʘʝʪʩʷ ʚ ʧʝʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ, ʛʝʨʤʝʪʠʟʠʨʫʷ ʢʘʥʘʣ ʩʪʚʦʣʘ ʩ ʧʦ-

ʤʦʱʴʶ ʨʝʟʠʥʦʚʦʛʦ ʭʦʧ-ʘʧʘ ʠ ʧʦʜʘʚʘʷ ʰʘʨʠʢ ʚ ʩʪʚʦʣ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʙʣʦʢʠʨʫʷ ʜʦʩʪʫʧ ʜʨʫʛʠʭ ʰʘʨʦʚ; 

Å ʚʦʟʜʫʭ, ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʪʚʦʣ, ʧʝʨʝʜʘʚʘʷ ʵʥʝʨ-

ʛʠʶ ʰʘʨʠʢʫ ʠ ʟʘʩʪʘʚʣʷʷ ʝʛʦ ʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʚʳʣʝʪ ʠʟ ʩʪʚʦʣʘ ʠ ʥʘʯʘʣʦ ʧʦʣʝʪ. 

ʊʶʥʠʥʛ ʛʠʨʙʦʢʩʘ  

ʇʝʨʝʜ ʫʣʫʯʰʝʥʠʝʤ ʛʠʨʙʦʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʝʛʦ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʘʷ: 

Å ʧʨʦʚʝʨʢʫ ʥʘʣʠʯʠʷ ʧʦʚʨʝʞʜʝʥʠʡ; 

Å ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʧʦʜʰʠʧʥʠʢʦʚ; 

Å ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʠ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ; 

Å ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʨʝʣʴʥʦʩʪʠ; 

Å ʧʨʦʚʝʨʢʫ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ 

(ʎʇɻ). 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʥʘʯʠʥʘʝʪʩʷ ʟʘʤʝʥʘ ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

1. ɿʘʤʝʥʘ ʏʘʩʪʝʡ ʎʇɻ: 

Å ʮʠʣʠʥʜʨ; 

Å ʛʦʣʦʚʢʘ ʮʠʣʠʥʜʨʘ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʨʝʟʠʥʢʘʤʠ; 

Å ʧʦʨʰʝʥʴ; 
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Å ʛʦʣʦʚʢʘ ʧʦʨʰʥʷ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ; 

Å ʥʦʟʟʣ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤ ʢʦʣʴʮʦʤ. 

ʕʪʠ ʟʘʤʝʥʳ ʩʥʠʞʘʶʪ ʧʦʪʝʨʠ ʚʦʟʜʫʭʘ ʚ ʎʇɻ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʤʦʱʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

2. ɿʘʤʝʥʘ ʧʨʫʞʠʥʳ: 

ʋʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʚʦʟʜʫʭʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʤʦʱ-

ʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʰʘʨʘ. 

3. ɿʘʤʝʥʘ ʰʝʩʪʝʨʝʥ: 

ʇʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʙʦʣʝʝ ʤʦʱʥʫʶ ʧʨʫʞʠʥʫ ʠ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʛʠʨʙʦʢʩʘ. 

ʇʦʢʘʟʘʪʝʣʠ ʭʨʦʥʦʛʨʘʬʘ: 

ʍʨʦʥʦʛʨʘʬ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʣʝʪʘʶ-

ʱʠʭ ʙʙ-ʰʘʨʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ: 

Å ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ - ʪɻʦ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʠʤʝʝʪ ʙʙ-ʰʘʨ 

ʧʨʠ ʚʳʣʝʪʝ ʠ ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʤʘʩʩʦʡ ʠ ʩʢʦʨʦʩʪʴʶ. 

ʀʟʤʝʨʷʝʪʩʷ ʚ ʜʞʦʫʣʷʭ ʠʣʠ ʬʫʪ-ʬʫʥʪʘʭ. 

Å ʂʦʥʩʠʩʪʝʥʪʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ï ʵʪʦ ʨʘʟʙʨʦʩ ʩʢʦʨʦʩʪʝʡ ʚʳʩʪʨʝ-

ʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ ʠʣʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʚʳʣʝʪʘ. 

Å ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʠʣʠ ʚʦʟʜʫʭʘ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚʦʛʦ 

ʠʣʠ ʧʨʫʞʠʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʩʪʨʝʣʴʙʳ ʙʙ-ʰʘʨʘʤʠ, ʭʨʦʥʦʛʨʘʬ 

ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʠʣʠ ʚʦʟʜʫʭʘ ʚ ʧʫʣʴʥʦʡ ʢʘʤʝʨʝ ʠʣʠ 

ʙʘʣʣʦʥʝ. 

RPS ʥʘ ʭʨʦʥʦʛʨʘʬʝ ʦʟʥʘʯʘʝʪ "ʚʳʩʪʨʝʣʳ ʚ ʩʝʢʫʥʜʫ" ʠ ʠʟʤʝʨʷ-

ʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʪʨʝʣʦʚ, ʚʳʧʫʱʝʥʥʳʭ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ.  

ɺʘʞʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ. 

ʅʘʧʦʤʠʥʘʥʠʝ ʦ ʚʘʞʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʭʨʦʥʦʛʨʘ-

ʬʘ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ. ʕʪʦ ʧʦʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʰʠʙʢʠ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ. 
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ʇʅɽɺʄʆɻʀɼʈɸɺʃʀʏɽʉʂʀʁ ʉʊɽʅɼ ɼʃʗ ʀʉʇʓʊɸʅʀʗ 

ʀɿɼɽʃʀʁ ɺʓʉʆʂʀʄ ɼɸɺʃɽʅʀɽʄ 

 

ʅʫʨʢʘʝʚ ʈ.ɸ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʉʪʝʥʜ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʜʝʣʠʷ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɿʠɼ. ʇʦʪʨʝʙʦʚʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʜʘʚʣʝʥʠʝ ʠʩʧʳʪʘʥʠʷ 

ʜʦ 1040 ʢʛʩ/ʩʤ
2
. ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʶʪ ʚ ʤʘ-

ʰʠʥʦʩʪʨʦʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʦʚ, ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 700 

ʢɻ/ʩʤ
2
. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʠ ʜʘʚʣʝʥʠʷ (ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ), ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʴ ʙʦʣʴʰʠʝ ʜʘʚʣʝʥʠʷ 

ʧʨʠ ʤʘʣʳʭ ʨʘʩʭʦʜʘʭ ʞʠʜʢʦʩʪʠ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʫʣʴʪʠʧ-

ʣʠʢʘʪʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝ-

ʤʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʫʩʠʣʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʙʝʟ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʘʛʨʝʛʘʪʘ. 

ɿʘ ʧʨʦʪʦʪʠʧ ʧʨʠʥʷʪ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ [1], ʩʦʜʝʨʞʘʱʠʡ ʧʣʫʥ-

ʞʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʮʠʣʠʥʜʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʧʦʨʰʝʥʴ, ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʧʣʫʥʞʝʨʦʤ ʠ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʡ ʚ ʮʠʣʠʥʜʨʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʧʦʣʦʩ-

ʪʝʡ, ʫʟʝʣ ʫʧʣʦʪʥʝʥʠʷ ʚ ʚʠʜʝ ʢʦʨʳʪʦʦʙʨʘʟʥʳʭ ʚ ʩʝʯʝʥʠʠ ʫʧʣʦʪʥʠ-

ʪʝʣʴʥʳʭ ʢʦʣʝʮ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʝʞʜʫ ʥʠʤʠ ʞʝʩʪʢʠʭ ʧʨʦʢʣʘʜʦʢ. 

ʄʫʣʴʪʠʧʣʠʢʘʪʦʨ, ʩʤ. ʨʠʩ.1, ʩʦʩʪʦʠʪ ʠʟ ʮʠʣʠʥʜʨʘ 1, ʟʘʤʢʥʫʪʦ-

ʛʦ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ 2 ʠ ʢʨʳʰʢʦʡ 3, ʦʙʨʘʟʫʶʱʝʛʦ 

ʧʦʣʦʩʪʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 4. ʅʘ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ 2 ʧʨʠ ʧʦʤʦʱʠ 

ʬʣʘʥʮʘ 5 ʠ ʰʧʠʣʝʢ 6 ʟʘʢʨʝʧʣʝʥ ʩʪʘʢʘʥ 7, ʦʙʨʘʟʫʶʱʠʡ ʧʦʣʦʩʪʴ ʚʳ-
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ʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 8. ɺ ʮʠʣʠʥʜʨʝ 1 ʨʘʩʧʦʣʦʞʝʥ ʧʦʨʰʝʥʴ 9, ʞʝʩʪʢʦ 

ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʦʜʥʠʤ ʢʦʥʮʦʤ ʰʪʦʢʘ 10. ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʧʦʨʰʥʷ 9 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʣʦʪʥʝʥʠʡ 11. ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʰʪʦʢʘ 10 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʰʝʚʨʦʥʥʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ 12 ʠ ʩʠʩʪʝʤʦʡ ʫʧʣʦʪ-

ʥʝʥʠʡ 13. ʐʝʚʨʦʥʥʳʝ ʫʧʣʦʪʥʝʥʠʷ 12 ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʪʘʢʘʥʝ 7 ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʣʴʮʘ ʦʧʦʨʥʦʛʦ 14 ʠ ʢʦʣʴʮʘ ʥʘʞʠʤʥʦʛʦ 15. ɺ ʪʦʨʮʝ ʢʦʣʴ-

ʮʘ ʥʘʞʠʤʥʦʛʦ 15 ʠʤʝʝʪʩʷ ʧʨʦʪʦʯʢʘ 16 ʠ ʚ ʦʪʚʝʨʩʪʠʠ ʩʪʘʢʘʥʘ 7, ʧʦ 

ʢʦʪʦʨʦʤʫ ʧʝʨʝʤʝʱʘʝʪʩʷ ʰʪʦʢ 10, ʚʳʧʦʣʥʝʥ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʟʘʟʦʨ 

17. ʅʘ ʢʦʣʴʮʝ ʥʘʞʠʤʥʦʤ 15 ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʦʡ ʫʧʣʦʪʥʝʥʠʡ 18, 

ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ 2 ʨʘʟʨʝʟʥʦʡ ʢʨʳʰʢʦʡ 19 

ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦʚ 20. ʄʝʞʜʫ ʬʣʘʥʮʝʤ 5 ʠ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ 2 

ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʩʧʦʨʥʘʷ ʚʪʫʣʢʘ 21 ʩ ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʥʝʡ ʧʨʦʪʦʯʢʦʡ 

22. ʄʝʞʜʫ ʢʨʳʰʢʦʡ 2 ʠ ʩʪʘʢʘʥʦʤ 7 ʠʤʝʝʪʩʷ ʟʘʟʦʨ 23 ʜʣʷ ʦʪʚʦʜʘ 

ʚʦʟʤʦʞʥʳʭ ʫʪʝʯʝʢ ʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʪʷʞʢʠ ʰʝʚʨʦʥʥʳʭ ʫʧ-

ʣʦʪʥʝʥʠʡ. ʅʘ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ 2 ʚʳʧʦʣʥʝʥʘ ʧʨʦʪʦʯʢʘ 24. 

ɺ ʨʘʟʨʝʟʥʦʡ ʢʨʳʰʢʝ 19, ʩʜʝʣʘʥ ʚʳʩʪʫʧ 25, ʢʦʪʦʨʳʡ ʚʢʣʘʜʳ-

ʚʘʝʪʩʷ ʚ ʧʨʦʪʦʯʢʫ 26, ʚʳʧʦʣʥʝʥʥʫʶ ʥʘ ʢʦʣʴʮʝ ʥʘʞʠʤʥʦʤ 15. 

  
 

ʈʠʩ.1. ʄʫʣʴʪʠʧʣʠʢʘʪʦʨ, ʩʙʦʨʢʘ 
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ʄʫʣʴʪʠʧʣʠʢʘʪʦʨ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇʦʜʘʝʪʩʷ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʚ ʧʦʣʦʩʪʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 4. 

ʇʨʠ ʵʪʦʤ ʧʦʨʰʝʥʴ 9 ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʚʝʨʭ, ʩʦʟʜʘʚʘʷ ʚ ʧʦʣʦʩʪʠ 8 ʥʘʜ 

ʰʪʦʢʦʤ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʦ ʩʪʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʜʘʚʣʝ-

ʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʧʦʣʦʩʪʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 4, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ 

ʧʣʦʱʘʜʴ ʧʦʨʰʥʷ 9 ʙʦʣʴʰʝ ʧʣʦʱʘʜʠ ʰʪʦʢʘ 10. ɾʠʜʢʦʩʪʴ ʧʦʜ ʜʘʚ-

ʣʝʥʠʝʤ ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 8 ʯʝʨʝʟ ʟʘʟʦʨ 17 ʚ ʦʪʚʝʨʩʪʠʠ 

ʩʪʘʢʘʥʘ 7 ʧʦʧʘʜʘʝʪ ʯʝʨʝʟ ʧʨʦʪʦʯʢʫ 16 ʚ ʪʦʨʮʝ ʢʦʣʴʮʘ ʦʧʦʨʥʦʛʦ 14 

ʥʘ ʰʝʚʨʦʥʥʳʝ ʫʧʣʦʪʥʝʥʠʷ 12, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʩʢʨʳʪʠʠ ʰʝʚʨʦʥʥʳʭ 

ʫʧʣʦʪʥʝʥʠʡ 12 ʠ ʥʘʜʝʞʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʰʪʦʢʘ 10. ʇʨʠ ʥʘʣʠʯʠʠ ʫʪʝ-

ʯʝʢ ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʯʝʨʝʟ ʰʝʚʨʦʥʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʨʘ-

ʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʙʫʜʝʪ ʚʳʜʘʚʣʠʚʘʪʴʩʷ ʯʝʨʝʟ ʟʘʟʦʨ 23 ʤʝʞʜʫ ʢʨʳʰ-

ʢʦʡ 2 ʠ ʩʪʘʢʘʥʦʤ 7, ʯʝʨʝʟ ʧʨʦʪʦʯʢʫ 24 ʚ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ 2 ʠ ʧʨʦ-

ʪʦʯʢʫ 22 ʚ ʨʘʩʧʦʨʥʦʡ ʚʪʫʣʢʝ 21 ʥʘʨʫʞʫ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. 

ʅʝʜʦʩʪʘʪʢʠ ʧʨʦʪʦʪʠʧʘ: 

ï ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʞʠʜʢʠʝ 

ʩʨʝʜʳ ʚ ʧʦʣʦʩʪʠ ʧʦʥʠʞʝʥʥʦʛʦ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʟʘʯʘʩ-

ʪʫʶ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʦʣʦʩʪʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʩʣʦ, ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ - ʩʧʠʨʪ ʠʣʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ; 

ï ʥʝʚʦʟʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʫʪʝʯʢʠ ʯʝʨʝʟ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʠʭ ʟʘʤʝʥʳ. ʅʘʣʠʯʠʝ ʫʪʝʯʝʢ ʩʥʠʞʘʝʪ ʂʇɼ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʘ ʚ 

ʢʘʥʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ; 

ï ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʠʤʝʝʪ ʧʦʜʪʷʞʢʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ; 

ï ʪʘʢ ʢʘʢ ʥʘʜʝʞʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʣʫʥʞʝʨʘ ʥʘ ʚʳʩʦʢʦʤ ʜʘʚʣʝ-

ʥʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ, ʫʚʝʣʠʯʝʥʠʝ ʠʭ 

ʧʨʠ ʥʘʣʠʯʠʠ ʞʝʩʪʢʠʭ ʧʨʦʢʣʘʜʦʢ ʤʝʞʜʫ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘ-

ʤʠ ʫʚʝʣʠʯʠʚʘʝʪ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ; 

ï ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʦʪʩʫʪʩʪʚʫʝʪ ʫʧʣʦʪʥʝʥʠʝ 

ʩʪʳʢʘ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ, 

ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʫʭʫʜʰʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʟʜʝʣʠʪʝʣʷ ʠ 

ʩʥʠʞʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ ʧʣʫʥʞʝʨʘ; 

ï ʥʘʧʨʘʚʣʷʶʱʘʷ ʜʣʷ ʧʣʫʥʞʝʨʘ, ʟʘʧʨʝʩʩʦʚʘʥʥʘʷ ʚ ʮʠʣʠʥʜʨʝ, 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ, ʷʚʣʷʝʪʩʷ ʠʟʥʘʰʠʚʘʝʤʦʡ ʯʘʩʪʴʶ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʦʨʘ ʠ ʧʨʠ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʝʝ ʩʣʦʞʥʦ ʟʘʤʝʥʠʪʴ, ʯʪʦ ʫʩʣʦʞ-

ʥʷʝʪ ʨʝʤʦʥʪ. ʊʘʢʞʝ ʧʨʠ ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʠ ʤʠʥʠ-
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ʤʘʣʴʥʦʤ ʟʘʟʦʨʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʢʣʠʥʠʚʘʥʠʷ 

ʰʪʦʢʘ. 

ɿʘʜʘʯʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ: 

1) ʩʦʟʜʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ; 

2) ʩʦʟʜʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 1600 

ʙʘʨ, ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ ʢʘʢ ʜʣʷ ʦʜʠʥʘʢʦʚʳʭ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʥʳʭ ʩʨʝʜ ʚ 

ʧʦʣʦʩʪʠ ʧʦʥʠʞʝʥʥʦʛʦ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

3) ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʫʧʣʦʪʥʝʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʧʦʜʪʷʞʢʠ ʙʝʟ ʨʘʟʙʦʨʢʠ ʚʩʝʛʦ ʫʟʣʘ, ʫʜʦʙʩʪʚʘ ʧʨʠ ʨʘʟʙʦʨʢʝ ʠ ʨʝʤʦʥ-

ʪʝ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ;  

4) ʠʩʢʣʶʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʠʭ 

ʩʨʝʜ ʚ ʧʦʣʦʩʪʷʭ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʝ ʫʪʝʯʝʢ 

ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝ-

ʥʠʝ ʥʘ ʚʳʭʦʜʝ ʜʦ 1600 ʙʘʨ; 

5) ʫʜʦʙʩʪʚʦ ʟʘʤʝʥʳ ʠʟʥʘʰʠʚʘʝʤʳʭ ʯʘʩʪʝʡ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, 

ʯʪʦ ʠʩʢʣʶʯʠʪ ʟʘʢʣʠʥʠʚʘʥʠʝ ʰʪʦʢʘ ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ. 

ʈʝʟʫʣʴʪʘʪ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʜʦʨʘʙʦʪʢʘ 

ʧʨʦʪʦʪʠʧʘ, ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʨʘʙʦʯʠʭ ʧʦʣʦʩʪʝʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ, ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦʜʪʷʞʢʠ ʫʧʣʦʪʥʝʥʠʡ ʙʝʟ ʧʦʣʥʦʡ ʨʘʟʙʦʨʢʠ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʦʨʘ, ʚ ʫʜʦʙʩʪʚʝ ʟʘʤʝʥʳ ʫʧʣʦʪʥʝʥʠʡ ʙʝʟ ʩʤʝʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ 

ʞʠʜʢʦʩʪʝʡ, ʚ ʫʜʦʙʩʪʚʝ ʟʘʤʝʥʳ ʥʘʧʨʘʚʣʷʶʱʝʡ ʰʪʦʢʘ. 

ʋʢʘʟʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʦʨʘʙʦʪʢʘ-

ʤʠ [2]. 

1. ʄʝʞʜʫ ʢʦʣʴʮʦʤ ʥʘʞʠʤʥʳʤ ʠ ʰʪʦʢʦʤ, ʠ ʤʝʞʜʫ ʢʦʣʴʮʦʤ 

ʥʘʞʠʤʥʳʤ ʠ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ, ʟʘʤʳʢʘʶʱʝʡ ʮʠʣʠʥʜʨ ʩ ʧʦʣʦʩʪʴʶ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʫʧʣʦʪʥʝʥʠʡ, ʧʨʝʧʷʪʩʪ-

ʚʫʶʱʠʭ ʩʤʝʰʠʚʘʥʠʶ ʨʘʙʦʯʠʭ ʩʨʝʜ, ʘ ʢʨʳʰʢʘ, ʟʘʤʳʢʘʶʱʘʷ ʫʟʝʣ 

ʫʧʣʦʪʥʝʥʠʡ ʩʥʘʨʫʞʠ ʢʦʣʴʮʘ ʥʘʞʠʤʥʦʛʦ, ʷʚʣʷʶʱʝʛʦʩʷ ʥʘʧʨʘʚʣʷʶ-

ʱʝʡ ʰʪʦʢʘ, ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʝʟʥʦʡ, ʠ ʚ ʥʝʡ ʩʜʝʣʘʥ ʚʳʩʪʫʧ ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʪʦʯʢʦʡ, ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʢʦʣʴʮʝ ʥʘ-

ʞʠʤʥʦʤ, ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ, ʟʘʤʳʢʘʶʱʝʡ ʮʠʣʠʥʜʨ ʠ ʬʣʘʥ-

ʮʝʤ, ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʩʪʘʢʘʥ; ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʚʚʝ-

ʜʝʥʘ ʨʘʩʧʦʨʥʘʷ ʚʪʫʣʢʘ, ʚ ʪʦʨʮʝ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʧʨʦʪʦʯʢʘ ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʪʦʯʢʦʡ ʚ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ, ʟʘʤʳ-

ʢʘʶʱʝʡ ʮʠʣʠʥʜʨ, ʢʦʣʴʮʦ ʥʘʞʠʤʥʦʝ ʫʚʝʣʠʯʝʥʦ ʧʦ ʚʳʩʦʪʝ ʠ ʷʚʣʷʝʪ-
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ʩʷ ʥʘʧʨʘʚʣʷʶʱʝʡ ʜʣʷ ʰʪʦʢʘ, ʘ ʚ ʦʪʚʝʨʩʪʠʠ ʩʪʘʢʘʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʰʪʦʢ, ʚʳʧʦʣʥʝʥ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʟʘʟʦʨ ʧʦ ʜʠʘʤʝʪʨʫ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʥʦʩʘ ʩʪʘʢʘʥʘ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʰʪʦʢʘ ʙʝʟ ʟʘʢʣʠʥʠʚʘʥʠʷ. 

2. ɺʳʧʦʣʥʝʥʠʝ ʤʝʞʜʫ ʢʦʣʴʮʦʤ ʥʘʞʠʤʥʳʤ ʠ ʰʪʦʢʦʤ, ʠ ʤʝʞ-

ʜʫ ʢʦʣʴʮʦʤ ʥʘʞʠʤʥʳʤ ʠ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ ʟʘʤʳʢʘʶʱʝʛʦ ʮʠʣʠʥʜʨʘ 

ʩ ʧʦʣʦʩʪʴʶ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʣʦʪʥʝʥʠʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʨʝʟʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʬʪʦʨʦʧʣʘʩʪʦʚʳʭ ʢʦʣʝʮ ʧʦ ʢʨʘʷʤ, ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʩʤʝʰʠʚʘʥʠʶ ʨʘʙʦʯʠʭ ʩʨʝʜ. ʂʨʳʰʢʘ, ʟʘʤʳʢʘʶʱʘʷ ʩʠʩʪʝʤʫ ʫʧʣʦʪ-

ʥʝʥʠʡ ʩʥʘʨʫʞʠ ʢʦʣʴʮʘ ʥʘʞʠʤʥʦʛʦ, ʷʚʣʷʶʱʝʛʦʩʷ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʰʪʦʢʘ, ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʝʟʥʦʡ, ʠ ʚ ʥʝʡ ʩʜʝʣʘʥ ʚʳʩʪʫʧ, ʢʦʪʦʨʳʡ ʚʢʣʘ-

ʜʳʚʘʝʪʩʷ ʚ ʧʨʦʪʦʯʢʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʥʘ ʢʦʣʴʮʝ ʥʘʞʠʤʥʦʤ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʧʨʠ ʟʘʤʝʥʝ ʩʘʤʦʡ ʠʟʥʘʰʠʚʘʝʤʦʡ ʯʘʩʪʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, 

ʰʝʚʨʦʥʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʠ ʜʝʤʦʥʪʘʞʝ ʩʪʘʢʘʥʘ ʩ ʧʦʣʦʩʪʴʶ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʢʦʣʴʮʫ ʥʘʞʠʤʥʦʤʫ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʰʪʦʢʝ, ʯʪʦ ʧʨʝʜʦʪʚʨʘ-

ʱʘʝʪ ʩʤʝʰʠʚʘʥʠʝ ʨʘʙʦʯʠʭ ʩʨʝʜ ʧʦʣʦʩʪʝʡ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚ-

ʣʝʥʠʷ. ʏʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʨʝʤʦʥʪʝ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʧʦʟʚʦʣʷ-

ʝʪ ʥʝ ʩʥʠʤʘʪʴ ʢʨʳʰʢʠ, ʟʘʤʳʢʘʶʱʠʝ ʥʠʞʥʶʶ ʧʦʣʦʩʪʴ ʥʠʟʢʦʛʦ ʜʘʚ-

ʣʝʥʠʷ, ʥʝ ʩʣʠʚʘʪʴ ʠʟ ʧʦʣʦʩʪʠ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ. 

3. ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʚʚʝʜʝʥʘ ʨʘʩʧʦʨʥʘʷ ʚʪʫʣ-

ʢʘ, ʩ ʪʦʨʮʘ ʢʦʪʦʨʦʡ, ʢʘʩʘʶʱʝʛʦʩʷ ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ, ʚʳʧʦʣʥʝʥʘ ʧʨʦ-

ʪʦʯʢʘ. ʊʘʢʘʷ ʞʝ ʧʨʦʪʦʯʢʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ, ʟʘʤʳʢʘʶ-

ʱʝʡ ʮʠʣʠʥʜʨ. ʇʨʠ ʥʘʣʠʯʠʠ ʫʪʝʯʝʢ ʯʝʨʝʟ ʰʝʚʨʦʥʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʠʟ 

ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝ-

ʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ, ʟʘʤʳʢʘʶʱʝʡ ʮʠʣʠʥʜʨ, ʠ ʩʪʘʢʘ-

ʥʦʤ, ʯʝʨʝʟ ʧʨʦʪʦʯʢʫ ʚ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ, ʟʘʤʳʢʘʶʱʝʡ ʮʠʣʠʥʜʨ, ʠ 

ʯʝʨʝʟ ʧʨʦʪʦʯʢʫ ʚ ʨʘʩʧʦʨʥʦʡ ʚʪʫʣʢʝ ʥʘʨʫʞʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴ-

ʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʫʪʝʯʝʢ ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʰʣʠʬʦʚʢʠ ʨʘʩʧʦʨʥʦʡ ʚʪʫʣʢʠ ʠʣʠ ʟʘʤʝʥʳ 

ʚʪʫʣʢʠ ʥʘ ʚʪʫʣʢʫ ʩ ʤʝʥʴʰʝʡ ʚʳʩʦʪʦʡ ʠ ʟʘʪʷʛʠʚʘʥʠʷ ʰʧʠʣʝʢ, ʟʘʢʨʝ-

ʧʣʷʶʱʠʭ ʬʣʘʥʝʮ, ʢʦʪʦʨʳʡ ʢʨʝʧʠʪ ʩʪʘʢʘʥ, ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʜʪʷʞʢʫ ʰʝʚʨʦʥʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʫʪʝʯʢʠ 

ʚ ʧʦʣʦʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʝ ʨʘʟʙʠʨʘʷ ʫʟʣʘ. 

4. ʆʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʠʭ ʧʨʦʢʣʘʜʦʢ ʤʝʞʜʫ ʰʝʚʨʦʥʥʳʤʠ ʫʧʣʦʪʥʝ-

ʥʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʧʣʦʪʥʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʚʝʣʠʯʝʥʠʡ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. 
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5. ɺ ʦʪʚʝʨʩʪʠʠ ʩʪʘʢʘʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʝʨʝʤʝʱʘʝʪʩʷ ʰʪʦʢ, ʚʳ-

ʧʦʣʥʝʥ ʟʘʟʦʨ = 0,4 ʤʤ ʧʦ ʜʠʘʤʝʪʨʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʥʦʩʘ ʩʪʘ-

ʢʘʥʘ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʦʢʘ ʙʝʟ ʟʘʢʣʠʥʠʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʯʝ-

ʨʝʟ ʜʘʥʥʳʡ ʟʘʟʦʨ ʠ ʧʨʦʪʦʯʢʫ ʚ ʢʦʣʴʮʝ ʦʧʦʨʥʦʤ ʢ ʰʝʚʨʦʥʥʳʤ ʫʧ-

ʣʦʪʥʝʥʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʩʢʨʳʪʠʝ ʰʝʚʨʦʥʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʠ ʥʘ-

ʜʝʞʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʰʪʦʢʘ. ʂʦʣʴʮʦ ʥʘʞʠʤʥʦʝ ʫʚʝʣʠʯʝʥʦ ʧʦ ʜʣʠʥʝ ʠ 

ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʷʶʱʝʡ ʜʣʷ ʰʪʦʢʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ 

ʨʘʟʤʝʨʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʯʘʩʪʴ ʢʦʣʴʮʘ ʥʘʞʠʤʥʦʛʦ ʩ ʩʠʩʪʝʤʦʡ ʫʧ-

ʣʦʪʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʧʦʥʠʞʝʥʠʠ ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ, ʟʘʤʳʢʘʶʱʝʡ 

ʮʠʣʠʥʜʨ. ʂʦʣʴʮʦ ʥʘʞʠʤʥʦʝ ʷʚʣʷʝʪʩʷ ʠʟʥʘʰʠʚʘʝʤʦʡ ʯʘʩʪʴʶ, ʠ ʜʘʥ-

ʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʟʘʤʝʥʫ ʢʦʣʴʮʘ ʥʘʞʠʤʥʦʛʦ, 

ʪ.ʢ. ʦʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʙʝʟ ʟʘʧʨʝʩʩʦʚʢʠ. 
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ɺʃʀʗʅʀɽ ʈʆʊʆʈʅʆʁ ɼʀʅɸʄʀʂʀ ʎɽʅʊʈʆɹɽɾʅʆɻʆ 

ʅɸʉʆʉɸ ʅɸ ɺʀɹʈʆʐʋʄʆɺʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

 

ʆʛʫʨʮʦʚ ʉ.ɺ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʆʚʯʠʥʥʠʢʦʚ ʅ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʠʟʜʝʣʠʷʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʷʤ ʚʠʙʨʦʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ (ɺʐʍ), ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ.  

ʈʦʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʚʨʝʜʥʳʭ 

ʚʠʙʨʘʮʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦ-

ʨʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʦʪʦʨʥʳʭ ʚʠʙʨʘʮʠʡ ʷʚʣʷʶʪʩʷ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʣʠ ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʠ, ʩʙʦʨʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠ, ʘ ʪʘʢʞʝ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢ ʘʚʪʦʢʦʣʝʙʘʥʠʷʤ [1]. 
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ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ 

ʥʘ ʚʠʙʨʦʰʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ 

ʩʝʙʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʘʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʮʝʥʪʨʦ-

ʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ɺʐʍ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʛʨʝʛʘʪʘ ʚ ʰʪʘʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ, 

ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʜʝʤʦʥʪʘʞ ʨʘʙʦʯʠʭ ʢʦʣʝʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʚʦʟʥʠʢʘʶ-

ʱʠʝ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘʩʦʩʘ ʠ ʧʨʦʚʝʜʝʥʳ ʧʦʚʪʦʨ-

ʥʳʝ ʠʟʤʝʨʝʥʠʷ.  

 

 
ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X  

ʚ 1/3-ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

 

ʀʩʧʳʪʫʝʤʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʛʝʨʤʝʪʠʯʥʳʡ ʥʘʩʦʩ ʩ ʚʝʨʪʠ-

ʢʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʜʰʠʧʥʠ-

ʢʘʤʠ ʩʢʦʣʴʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʫʨʦʚʥʝʡ ɺʐʍ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʥʜʝ, 

ʘʪʪʝʩʪʦʚʘʥʥʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʦʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʚ ʚʠʜʝ 1/3-ʦʢʪʘʚʥʳʭ ʩʧʝʢʪʨʦʚ ʚʠʙʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ʄʦʜʝʣʴ ʤʘʪʝʨʠʘʣʘ ʨʦʪʦʨʘ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʠʥʠʤʘʝʪʩʷ ʣʠʥʝʡ-

ʥʳʤ ʫʧʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʤʘʟʢʠ 

ʤʝʞʜʫ ʰʝʡʢʦʡ ʠ ʚʢʣʘʜʳʰʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʫʨʘʚ-

ʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ [2]. ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʣʝʩʘ ʥʘʩʦʩʘ, ʟʘʜʘʚʘʣʦʩʴ ʥʘ ʩʦʦʪ-
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ʚʝʪʩʪʚʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ (CFD - Computational Fluid Dynamics). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʦʪʦʨʘ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ ʵʧʶʨʳ ʜʘʚʣʝ-

ʥʠʡ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʘʭ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘ-

ʥʦʚʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ.2. 

 

   
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ  

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 

 

ʆʩʥʦʚʥʳʤʠ ʠʩʢʦʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠ-

ʥʘʤʠʢʠ ʨʦʪʦʨʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ. ʕʪʠ ʜʘʥʥʳʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʢʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ. 

ʈʘʩʯʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ ʥʘʩʦʩʘ ʧʨʦʠʟʚʦ-

ʜʠʣʩʷ ʢʘʢ ʙʝʟ ʫʯʝʪʘ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʪʘʢ ʠ ʩ ʫʯʝʪʦʤ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

CFD ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʜʦ-

ʙʘʚʣʝʥʳ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ. 



79 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 3. ʕʧʶʨʳ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘʩʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ: ʘ ï ʙʝʟ ʫʯʝʪʘ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ; ʙ ï ʩ ʫʯʝʪʦʤ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʧʶʨʳ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘʩʦʩʘ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʝʪʘʭ. 

ʉʨʘʚʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʩʧʝʢʪʨʳ 

ʚʠʙʨʘʮʠʠ ʥʘʩʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʙʝʟ (ʩʤ. ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʚʠʙʨʘʮʠʠ ʥʘʩʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʩʠʣ ʩ ʫʯʝʪʦʤ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʙʝʟ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ  

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʘʭ ʚʳʰʝ, ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʙʝʟ 
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ʫʯʝʪʘ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʠ ʧʨʠʥʠʤʘʝʪ ʥʝʬʠʟʠʯʥʳʝ ʟʥʘʯʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫ-

ʶʪ ʪʦ, ʯʪʦ ʫʨʦʚʥʠ ʚʠʙʨʘʮʠʠ ʥʘʩʦʩʘ ʩ ʜʝʤʦʥʪʠʨʦʚʘʥʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʢʦʣʝʩʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʫʯʝ-

ʪʦʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ, ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʩʦʠʟʤʝʨʠʤʳ ʩ ʫʨʦʚʥʷʤʠ ʚʠʙʨʘʮʠʠ ʘʛʨʝʛʘ-

ʪʘ ʚ ʰʪʘʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ɺʐʍ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʡ ʬʘʢʪ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʦʪʦʨʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ 

ʩʢʦʣʴʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʧʦʨʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʘʛʨʝʛʘʪʘ. 

ɺʐʍ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʨʦʪʦʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ɸʡʨʘʧʝʪʦʚ, ʕ.ʃ. ʂʦʣʝʙʘʥʠʷ ʤʘʰʠʥ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ 

ʵʣʝʤʝʥʪʦʚ / ʕ.ʃ. ɸʡʨʘʧʝʪʦʚ. ï ʄʦʩʢʚʘ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1980. - 

544 ʩ. 

2. ʏʝʨʥʘʚʩʢʠʡ, ʉ.ɸ. ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ / ʉ.ɸ. ʏʝʨ-

ʥʘʚʩʢʠʡ. ï ʄʦʩʢʚʘ: ʄʘʰʛʠʟ, 1963. ï 245 ʩ. 

 
 

ʉʀʉʊɽʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ɹɸɿɸ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʈɽʉʋʈʉʆɺ ʆʊʂʈʓʊʆɻʆ ɼʆʉʊʋʇɸ  

ɼʃʗ ɺʓʇʆʃʅɽʅʀʗ ɺʂʈʄ 
 

ʇʦʧʦʚʘ ʀ.ɸ. ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʊʝʨʤʠʥ ʵʣʝʢʪʨʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ 

(ʕʀʆʉ) ʦʙʦʟʥʘʯʘʝʪ ʥʦʚʫʶ ʩʫʱʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜ. ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʕʀʆʉ 

ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʝʨʘʟ-

ʨʳʚʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʯʝʣʦʚʝʢʦʤ ʢʘʢ ʩʫʙʲʝʢʪʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦ-
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ʩʪʨʘʥʩʪʚʘ [1]; ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʢʦʤʧʴʶʪʝʨʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʶʱʝʝ 

ʚ ʩʝʙʷ ʚʠʨʪʫʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʨʘʩʰʠʨʝʥʥʳʡ ʘʧʧʘʨʘʪ ʜʠʜʘʢʪʠ-

ʢʠ; ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʥʘʧʨʠʤʝʨ, ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʘʷ, ʪʝʭʥʠʯʝʩʢʘʷ, ʜʠʜʘʢʪʠʯʝʩʢʘʷ, ʤʝʪʦʜʠʯʝʩʢʘʷ) ʠ ʜʨ. ʂʘʢ ʚʠʜʠʤ, 

ʚ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʭʘ-

ʨʘʢʪʝʨʝ ʩʨʝʜʳ, ʧʦʩʢʦʣʴʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʟʥʘʥʠʝʚʳʝ ʧʦʪʦʢʠ ʩʦ-

ʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ-ʢʦʤʧʴʶʪʝʨè. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʙʝʟ 

ʚʢʣʶʯʝʥʠʷ ʚ ʦʙʫʯʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨ-

ʩʦʚ, ʙʝʟ ʨʘʟʚʠʪʠʷ ʫʤʝʥʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʩʦʟʜʘʥʥʘʷ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʚʠʜʠʪʩʷ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʩʨʝʜʳ ʧʨʦ-

ʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪ ʀʆʉ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʠʜʘʢʪʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʆʥʠ ʦʧʠʩʳʚʘʶʪ ʤʦʜʝʣʴ ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʶʪʩʷ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʠ ʢʦʣʣʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʝʜʘʛʦʛʘ ʠ 

ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠ ʩʪʨʘʪʝʛʠʠ 

ʦʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʧʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠ-

ʪʠʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʩʨʝʜ: ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʝ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ, ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 

ʧʨʠʦʙʨʝʪʝʥʠʶ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʤʝʰʘʥʥʳʡ ʪʠʧ ʩʨʝʜ.  

ʇʝʨʚʦʝ ʧʦʥʠʤʘʥʠʝ ʕʀʆʉ ʩʚʷʟʘʥʦ ʩ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʡ 

ʤʦʜʝʣʴʶ ʠʟʫʯʘʝʤʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʨʘʠʚʘʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ. ɺ ʩʦʟʜʘʥʠʠ ʩʨʝʜ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʢʦʛʥʠʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʦʧʦʨʘ ʥʘ ʚʥʫʪ-

ʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʥʘʥʠʷ, ʥʘ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʦʡ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. ʊʘʢʠʝ ʩʨʝʜʳ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪʩʷ ʢʘʢ ʥʘ ʣʦʢʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʪʘʢ ʠ ʚ ʩʝʪʝʚʦʡ ʩʨʝʜʝ. ʉʨʝʜʳ 
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ʧʝʨʚʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ çʦʪʢʨʳʪʳʤʠè, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʦʙʦʣʦʯʢʠ ʧʦʟʚʦʣʷʶʪ ʧʝʜʘʛʦʛʫ ʟʘʤʝʥʠʪʴ ʠʣʠ ʚʥʝʩʪʠ ʥʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ, ʪʘʢ ʠ çʟʘʢʨʳʪʳʤʠè. ɺʥʝʰʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝ-

ʩʫʨʩʳ (ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʚʠʨʪʫʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʠ ʧʨ.) ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝ-

ʥʠʷ, ʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʢʦʥʪʝʢʩʪʝ, 

ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʦʜʝʨʞʘʥʠʶ ʦʩʥʦʚʥʦʛʦ ʢʫʨʩʘ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʦ ʫʙʝʞʜʝʥʠʝ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʷʚʣʷ-

ʝʪʩʷ ʦʨʛʘʥʠʯʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʵʪʦʤʫ 

ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʥʘʚʳʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʫʯʝʥʠʝ ʢʘʢ 

ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʦʙʫʯʘʶʱʠʡʩʷ ʠʛʨʘʝʪ ʨʦʣʴ çʢʦʥʩʪʨʫʢ-

ʪʦʨʘè ʟʥʘʥʠʡ, ʘ ʧʨʦʮʝʩʩ çʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè ʟʥʘʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʝʛʦ ʪʝʢʫʱʠʭ ʠ ʧʨʦʰʣʳʭ ʟʥʘʥʠʷʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʨʫʙʝʞʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʧʦʟʠʮʠʡ ʠʭ ʜʝʷ-

ʪʝʣʴʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʊʘʢʦʝ ʧʦʥʠʤʘʥʠʝ ʩʨʝʜʳ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʢʦʛʥʠʪʦʣʦʛʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʚʟʛʣʷʜʫ, ʦʙʫʯʝ-

ʥʠʝ ʚ ʕʀʆʉ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʠʟ-

ʚʣʝʯʝʥʠʝ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʟʥʘʥʠʷ, ʘ ʥʝ ʧʨʦʩʪʦ ʥʘ ʝʛʦ ʚʦʩʧʨʦʠʟʚʝ-

ʜʝʥʠʝ. ʆʙʫʯʝʥʠʝ ʚ ʪʘʢʦʡ ʪʨʘʢʪʦʚʢʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʦʜʜʝʨʞʢʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʩʠʣʠʡ ʦʙʫʯʘʶʱʝʛʦʩʷ ʧʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʦʩ-

ʚʦʝʥʠʶ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ [2]. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʩʪʠʨʘʥʠʝ ʨʘʟʣʠ-

ʯʠʡ ʤʝʞʜʫ ʵʪʠʤʠ ʪʠʧʘʤʠ ʩʨʝʜ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʠʥ-

ʪʝʛʨʠʨʫʶʪ ʦʙʘ ʧʦʜʭʦʜʘ, ʪʦ ʝʩʪʴ ʩʨʝʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʠʩ-

ʪʦʯʥʠʢ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟ-

ʣʠʯʥʳʭ ʬʦʨʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ʆʥʠ ʦʪʢʨʳʪʳ ʢʘʢ ʜʣʷ ʧʝʜʘ-

ʛʦʛʘ, ʪʘʢ ʠ ʦʙʫʯʘʶʱʝʛʦʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʜʦʧʦʣʥʷʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʥʦʩʠʪʴ ʚ ʥʝʛʦ ʢʦʨʨʝʢʪʠʚʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝ-

ʟʫʣʴʪʘʪʳ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʵʪʦʡ ʩʨʝʜʝ, ʬʦʨʤʠʨʦʚʘʪʴ ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʘʢʦʡ ʀʆʉ 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʜʘʢʪʠʯʝʩʢʠʡ, ʤʝʪʦʜʠʯʝʩʢʠʡ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʬʦʥ ʦʙʫʯʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥ-

ʪʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʕʀʆʉ ɺʫʟʘ (ʢʘʬʝʜʨʳ) ʨʝʰʘʝʪʩʷ ʨʷʜ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʧʦʣʝʟʥʦʛʦ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʫʶ ʧʨʘʢʪʠʢʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʩʧʝʮʠʘ-

ʣʠʩʪʘ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ 
 

ʃʶʙʘʷ ʕʀʆʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʇʦʜ ʥʠʤʠ ʧʦʥʠʤʘʶʪ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʫʯʝʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ (ʜʠʜʘʢʪʠʯʝʩʢʘʷ, ʤʝʪʦʜʠʯʝʩʢʘʷ, ʩʧʨʘʚʦʯʥʘʷ, ʥʦʨʤʘ-

ʪʠʚʥʘʷ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʠ ʜʨ.), ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʢʘʯʝʩʪ-

ʚʦʤ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʫʯʝʙʥʦʝ ʠ ʚʥʝʫʯʝʙʥʦʝ ʚʨʝʤʷ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠ ʫʤʝʣʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʝʨʴʸʟʥʳʭ 

ʧʨʦʙʣʝʤ ʥʘʩʪʦʷʱʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʩʪʸʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʩʥʘʱʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʳʡ 

ʧʫʪʴ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʛʣʫʙʦʢʦʤ ʦʩʚʦʝʥʠʠ ʠ 

ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠ ʩʦʟʜʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 
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ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʯʝʙʥʳʭ ʟʘ-

ʚʝʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʩʫʞʜʘʝʤʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. ʉʦʚʨʝʤʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ [1]. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ 

ʤʳ ʨʝʰʠʣʠ ʟʘʪʨʦʥʫʪʴ ʘʢʪʫʘʣʴʥʫʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʤʫ ʠʥ-

ʬʦʨʤʘʪʠʟʘʮʠʠ, ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʝʝ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ï ʩʦʟʜʘʥʠʝ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʪʢʨʳʪʦʛʦ 

ʜʦʩʪʫʧʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ɺʂʈʄ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ɺʋɿʘ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʠʩ-

ʪʝʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʬʝʜʨʳ ɻʇɸ ʠ 

ɻʇ. ʎʝʣʴʶ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘ-

ʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʫʜʝʥʪ-ʤʘʛʠʩʪʨʘʥʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʧʫʩʢ-

ʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʘ.  
ɿʘʜʘʯʠ:  

¶ ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʙʱʠʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤʘʭ. 

 ¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ 
ɺʋɿʘ.  

¶ ʉʦʟʜʘʪʴ ʙʘʟʫ ʧʦʠʩʢʘ ʙʠʙʣʠʦʪʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ.  

¶ ʉʦʟʜʘʪʴ ʙʘʟʫ ʧʦʠʩʢʘ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

¶ ʉʦʟʜʘʪʴ ʙʘʟʫ ʧʦʠʩʢʘ ʢʘʪʘʣʦʛʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦ-
ʧʥʝʚʤʦʩʠʩʪʝʤ.  

¶ ʉʦʟʜʘʪʴ ʙʘʟʫ ʩʘʡʪʦʚ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʪʝʭʥʠʢʠ.  

ɺ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʀʈ ʠʟʫʯʝʥʳ ʤʘ-
ʪʝʨʠʘʣʳ ʫʯʝʙʥʠʢʦʚ, ʩʘʡʪʦʚ, ʞʫʨʥʘʣʦʚ, ʩʪʘʪʝʡ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʝ 
ʠ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ. ʇʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘ-
ʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʜʨʫ-
ʛʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʫʥʢ-
ʮʠʦʥʘʣʴʥʦ ʩ ʥʠʤʠ ʩʚʷʟʘʥʥʳʭ ʛʨʫʧʧ ʨʘʙʦʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠ-
ʚʘʶʪ ʩʙʦʨ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥ-
ʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʠʩʢ ʠ ʚʳʜʘʯʫ ʩʚʝʜʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 
ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʚ ʠʥ-
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ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-
ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʘ 
ʩʠʩʪʝʤʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʝʣʦʚʝʢ. ʏʝʣʦʚʝʢ ʚ ʩʦʩʪʘ-
ʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʤ-
ʧʦʪʨʝʙʠʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʧʝʨʘʪʦʨʦʤ ï ʬʠʟʠʯʝ-
ʩʢʠʤ ʣʠʮʦʤ, ʚʳʧʦʣʥʷʶʱʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʦʩʪʘʚ ɸʀʉ ʚʭʦʜʷʪ:  

¶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʙʘʟ ʜʘʥ-
ʥʳʭ (ʙʘʟ ʟʥʘʥʠʡ), ʭʨʘʥʷʱʠʭ ʜʘʥʥʳʝ ʦʙ ʦʙʲʝʢʪʘʭ, ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʪʦ-
ʨʳʤʠ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ;  

¶ ʬʦʨʤʘʣʴʥʘʷ ʣʦʛʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ 
ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʚʦʜ, ʦʙʨʘʙʦʪʢʫ, 
ʧʦʠʩʢ ʠ ʚʳʚʦʜ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

¶ ʠʥʪʝʨʬʝʡʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʱʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩ-
ʪʝʤʦʡ ʚ ʫʜʦʙʥʦʡ ʜʣʷ ʥʝʛʦ ʬʦʨʤʝ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʙʦʪʘʪʴ ʩ ʠʥ-
ʬʦʨʤʘʮʠʝʡ ʙʘʟ ʜʘʥʥʳʭ;  

¶ ʧʝʨʩʦʥʘʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝ-
ʤʳ, ʧʣʘʥʠʨʫʶʱʠʡ ʧʦʨʷʜʦʢ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ;  

¶ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ.  
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʠʩ-

ʪʝʤʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʘʮʠʡ ʜʣʷ ʙʠʙʣʠʦʪʝʢʠ, ʠʩ-
ʧʦʣɹʟʫʝʤʳʝ ʚ ʮʝʣʷʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʙʠʙʣʠʦʪʝʯʥʳʭ ʬʦʥʜʦʚ, ʦʪ ʟʘʢʘʟʘ 
ʠʭ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʜʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʚʳʜʘʯʠ 
ʧʦʩʝʪʠʪʝʣʶ ʙʠʙʣʠʦʪʝʢʠ [3]. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ 
ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʤʘʣʳʭ 
ʠ ʩʨʝʜʥʠʭ ʙʠʙʣʠʦʪʝʢ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʠ ʩʘʤʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘ-
ʪʨʘʪʘʭ ʧʝʨʝʡʪʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ [2]. ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʧʨʦ-
ʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢ. 
ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʧʦ-ʩʚʦʝʤʫ ʧʨʠʚʣʝʢʘʪʝʣʝʥ, ʦʜʥʘʢʦ ʚʩʝ 
ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʙʳʪʦʯʥʦʩʪʴʶ ʬʫʥʢʮʠʡ, ʠ ʝʱʝ ʦʜʠʥ ʥʝ ʤʘ-
ʣʦʚʘʞʥʳʡ ʘʩʧʝʢʪ ʪʘʢʦʡ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩ-
ʪʝʤ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 14000 ʜʦ 200000 ʨʫʙʣʝʡ, ʚ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʣʦʢʘʣʴʥʘʷ ʠʣʠ ʩʝʪʝʚʘʷ ʚʝʨʩʠʷ). ʇʦʵʪʦʤʫ ʜʣʷ 
ʧʨʦʝʢʪʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥ-
ʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʈʝʰʠʪʴ ʵʪʦ ʤʦʞʥʦ ʩ 
ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʀʈ. 

ʂʘʢ ʚʠʜʠʤ, ʦʧʨʝʜʝʣʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʕʀʆʉ ʥʘ 
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ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʝʝ ʚʥʝʜʨʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʘʢ-
ʪʠʢʫ ɺʫʟʦʚ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ ʚ ʙʫʜʫʱʝʤ. ʉʝʛʦʜʥʷ ʚʦʧʨʦʩʳ ʩʧʝʮʠ-
ʬʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʀʆʉ ʩ ʫʯʝʪʦʤ ʧʨʦʬʠʣʷ ʚʫʟʘ, ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʥʘʧʦʣʥʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʵʣʝʤʝʥʪʘʤʠ ʕʀʆʉ ʜʣʷ ʦʙʫʯʘʶʱʠʭ-
ʩʷ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʧʨʦʬʠʣʝʡ, ʜʣʷ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 
ʢʘʜʨʦʚ, ʦʪʜʝʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠʣʠ ʛʨʫʧʧ ʜʠʩʮʠʧʣʠʥ (ʛʫʤʘʥʠʪʘʨ-
ʥʳʭ, ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ, ʪʦʯʥʳʭ ʠ ʧʨ.) ʠʩʩʣʝʜʦʚʘʥʳ ʥʝ ʧʦʣʥʦ-
ʩʪʴʶ. ɺʩʝ ʵʪʦ ʟʘʜʘʝʪ ʥʦʚʳʝ ʚʝʢʪʦʨʳ ʨʘʟʚʠʪʠʷ, ʪʨʝʙʫʶʱʠʝ ʜʘʣʴ-
ʥʝʡʰʝʡ ʘʧʨʦʙʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ ʤʥʦʛʦʦʙʨʘʟʝʥ ʠ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʝʥ. ʆʥ ʪʨʝʙʫʝʪ ʜʦʩ-
ʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʩʦ-



87 

 

ʩʪʦʷʱʝʡ ʠʟ ʙʣʦʢʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʝʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲ-

ʝʢʪʳ, ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʠ ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʤʝʞʜʫ ʥʠʤʠ ʩʚʷʟʝʡ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʘʨʰʨʫ-

ʪʘʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟ-

ʚʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʧʫʩʢʠ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʣʶʙʦʤ ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʩ ʚʘʨʴʠ-

ʨʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝ-

ʣʘʭ, ʧʨʠ ʵʪʦʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʡʩʷ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʨʦʜʫʢʮʠʠ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʝʝ ʨʘʙʦʪʳ ʚ ʧʦʩʣʝ-

ʜʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʤʠʪʘʮʠ-

ʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠ-

ʛʫʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʧʦʣʥʝʥʠʝ 

ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

AnyLogic. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʫʩʪʫʧʘʝʪ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʫʪʚʝʨʞʜʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʤʦ-

ʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʚ ʦʙʣʘʩʪʠ ʩʣʝʜʫʶʱʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ:  

ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ;  

ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ;  

ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟ ʩʣʘʙʳʭ ʤʝʩʪ;  

ï ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ;  

ï ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ: ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ (ʥʝʟʘʚʝʨʰʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʳ-

ʨʴʝ) [1].  

ʇʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʠʟʚʝʩʪʥʘ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʦʩʩʠʡ-

ʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʉʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦ-

ʛʨʘʤʤʳ AnyLogic ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʠ ʠʟʚʝʩʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʅʦ-

ʚʦʣʠʧʝʮʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ, ʉʝʚʝʨʩʪʘʣʴ, ʅʦʨʠʣʴʩʢʠʡ 

ʥʠʢʝʣʴ ʠ ʪ.ʜ. [2]. 
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ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʥʝʜʨʠʪʴ ʚ ʩʫʱʝʩʪʚʫʶʱʝʝ ʤʝʭʘʥʦʦʙʨʘʙʘ-

ʪʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʝʪʘʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʤʘʰʠʥ ʛʠʙʢʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʟʘʢʘʟʯʠʢʘ 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʦʝʢʪ ʩʠʩʪʝʤʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ AnyLogic, ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʞ-

ʜʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʢʘ ʟʘ ʨʘʙʦʯʫʶ ʩʤʝʥʫ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʨʰʨʫʪʥʳʤʠ ʢʘʨʪʘʤ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʯʘʩʪʢʘ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ɻʇʉ  

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʤʝʪʘʣʣʦʦʙʨʘʙʘ-

ʪʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʯʠʝ ʨʝʩʫʨʩʳ:    

2 ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ (ʊʆʎ); 2 ʨʦʙʦʪʘ 

ʤʘʥʠʧʫʣʷʪʦʨʘ (ʈʄ), ʪʨʘʥʩʧʦʨʪʥʳʡ ʨʦʙʦʪ (ʊʈ); ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʪʨʘʥʩʧʦʨʪʥʦ ï ʩʢʣʘʜʩʢʘʷ ʩʠʩʪʝʤʘ (ɸʊʉʉ); ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ (ɸʉʆ); ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ 

(ɸʉʂ); ʫʯʘʩʪʦʢ ʥʘʩʪʨʦʡʢʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉʨʝʜʩʪʚʘʤʠ AnyLogic ʩʦʟʜʘʝʪʩʷ ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʘʩʰʪʘʙʘ ʚʩʝʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʩʤ. ʨʠʩ. 2. 
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          ʘ          ʙ 
ʈʠʩ.2. ʄʦʜʝʣʴ ɻʇʉ ʚ AnyLogic: ʘ ï 2D-ʤʦʜʝʣʴ; ʙ ï 3D-ʤʦʜʝʣʴ 

 

ʄʦʜʝʣʴ ʟʘʜʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʧʨʦʮʝʩʩʘ, ʙʣʦ-

ʢʠ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʙʣʦʢʘ çʠʩʪʦʯʥʠʢè, ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʘʛʝʥʪʦʚ. ʕʪʦʪ ʙʣʦʢ ʧʝʨʝʜʘʝʪ ʘʛʝʥʪʦʚ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ ʜʠʘʛʨʘʤ-

ʤʳ, ʟʘʜʘʶʱʠʝ ʦʧʝʨʘʮʠʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʘʚʝʨʰʘʝʪʩʷ ʜʠʘ-

ʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʦʙʳʯʥʦ ʙʣʦʢʦʤ, ʫʥʠʯʪʦʞʘʶʱʠʤ ʵʪʠʭ ʘʛʝʥʪʦʚ [3].  

ʆʧʝʨʘʮʠʠ ʟʘʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʤʝʥʪʦʚ ʙʠʙʣʠʦʪʝʢʠ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. ɹʣʦʢ ʵʣʝʤʝʥʪʦʚ ɻʇʄ1 ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ.3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɻʇʄ ʚ AnyLogic 

 

ɹʣʦʢ ʪʠʧʘ çSourceè ʩ ʠʤʝʥʝʤ detal1 ï ʛʝʥʝʨʠʨʫʝʪ ʘʛʝʥʪʦʚ. ɼʘʥ-

ʥʳʡ ʙʣʦʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʤʠʪʘʮʠʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ. ʄʝʭʘ-

ʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʧʨʫʪʢʘ ʧʦʜʘʸʪ ʟʘʛʦʪʦʚʢʫ ʚ ʩʪʘʥʦʢ ʩ 

ʏʇʋ. 

ɹʣʦʢ ʪʠʧʘ "Delayè ʩ ʠʤʝʥʝʤ map1 ï ʟʘʜʝʨʞʠʚʘʝʪ ʘʛʝʥʪʦʚ ʥʘ 

ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ. ʋʢʘʟʘʥʥʘʷ ʟʘʜʝʨʞʢʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʫʯʝʪʘ ʚʨʝʤʝʥʠ 

ʚʳʛʨʫʟʢʠ ʟʘʛʦʪʦʚʢʠ ʚ ʩʪʘʥʦʢ. 

ɹʣʦʢʠ ʪʠʧʘ çSeizeè ʩ ʠʤʝʥʝʤ CPU11, çReleaseè  ʩ ʠʤʝʥʝʤ 

CPU12 ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʥʘ ʩʪʘʥʢʝ ʩ ʏʇʋ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_zamer1, rob_man11, 

perenos_zamer11 ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʠ ʨʦʙʦ-
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ʪʦʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʠʟ ʩʪʘʥʢʘ ʥʘ ʩʪʦʣ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ. 

ɹʣʦʢ ʩ ʠʤʝʥʝʤ zamer1 ï ʠʤʠʪʠʨʫʝʪ ʟʘʤʝʨ ʜʝʪʘʣʠ. 

ɹʣʦʢ ʪʠʧʘ "SelectOutputè ʩ ʠʤʝʥʝʤ prow ï ʥʘʧʨʘʚʣʷʝʪ ʚʭʦʜʷ-

ʱʠʝ ʘʛʝʥʪʳ ʥʘ ʦʜʠʥ ʠʟ ʜʚʫʭ ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩ-

ʣʦʚʠʷ: ʝʩʣʠ ʜʝʪʘʣʴ ʛʦʜʥʘʷ ï ʙʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_nakopit1, 

rob_man12, perenos_nakopit12, nakop1 ï ʠʤʠʪʠʨʫʶʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʨʦʙʦʪʦʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʜʝʪʘʣʠ ʥʘ ʩʪʦʣ ʥʘʢʦʧʠʪʝʣʴ; ʝʩʣʠ ʜʝʪʘʣʴ ʥʝ 

ʛʦʜʥʘʷ ï ʙʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_brak1, rob_man13, perenos_brak12, 

ï ʠʤʠʪʠʨʫʶʪ ʧʝʨʝʤʝʱʝʥʠʝ ʨʦʙʦʪʦʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʜʝʪʘʣʠ ʥʘ ʩʪʦʣ 

ʙʨʘʢʘ.  

ɹʣʦʢ ʪʠʧʘ "Sinkè ï ʫʥʠʯʪʦʞʘʝʪ ʟʘʙʨʘʢʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ. 

ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʙʨʘʢʘ ʩʪʘʥʦʢ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_stol1, rob_man_zam1 ï ʠʤʠʪʠʨʫʶʪ 

ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʩʣʦʤʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʦʙʦʪʦʤ ʤʘʥʠʧʫʣʷ-

ʪʦʨʦʤ ʠʟ ʩʪʘʥʢʘ ʥʘ ʩʪʦʣ ʩ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ rob_man_zam11, perenos_stol11 ï ʠʤʠʪʠʨʫ-

ʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʥʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʦʙʦʪʦʤ ʤʘʥʠʧʫʣʷ-

ʪʦʨʦʤ ʩʦ ʩʪʦʣʘ ʚ ʩʪʘʥʦʢ. ʉʪʘʥʦʢ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_sklad1, transp_rob1 ï ʠʤʠʪʠʨʫʶʪ 

ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʩʣʦʤʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʘʥʩʧʦʨʪʥʳʤ ʨʦ-

ʙʦʪʦʤ ʥʘ ʩʢʣʘʜ-ʩʪʝʣʣʘʞ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_sklad11, sklad_stel11, perenos_nastr1 

ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʩʣʦʤʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ 

ʩʢʣʘʜʘ-ʩʪʝʣʣʘʞʘ ʥʘ ʫʯʘʩʪʦʢ ʥʘʩʪʨʦʡʢʠ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ nastr1, perenos_nastr11, sklad_stel12 ï ʠʤʠ-

ʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʥʦʚʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʫʯʘ-

ʩʪʢʘ ʥʘʩʪʨʦʡʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʩʢʣʘʜ-ʩʪʝʣʣʘʞ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_instr_stol1, transp_rob2, 

perenos_instr_stol11, stol_inst1 ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ 

ʥʦʚʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʘʥʩʧʦʨʪʥʳʤ ʨʦʙʦʪʦʤ ʥʘ ʩʪʦʣ ʩ 

ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ɹʣʦʢ ʵʣʝʤʝʥʪʦʚ ɻʇʉ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ.4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɻʇʉ ʚ AnyLogic 
 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_sklad31, transp_rob ï ʠʤʠʪʠʨʫʶʪ 

ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʨʦʙʦʪʦʤ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ 

ɻʇʄ 1 ʠ ɻʇʄ 2 ʧʘʨʪʠʷʤʠ ʧʦ 5 ʰʪʫʢ ʩʦ ʩʪʦʣʦʚ ʥʘʢʦʧʠʪʝʣʝʡ ʥʘ 

ʩʢʣʘʜ-ʩʪʝʣʣʘʞ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ perenos_sklad32, sklad, sklad1, hold, 

na_ohistku ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʩʢʣʘʜʘ-

ʩʪʝʣʣʘʞʘ ʥʘ ʫʯʘʩʪʦʢ ʦʯʠʩʪʢʠ ʜʝʪʘʣʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ. 

ɹʣʦʢ ʩ ʠʤʝʥʝʤ ohistka ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʜʝʪʘʣʝʡ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ s_ohistki, sklad2 ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʫʯʘʩʪʢʘ ʦʯʠʩʪʢʠ ʥʘ ʩʢʣʘʜ-ʩʪʝʣʣʘʞ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʡ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ hold1, na_kontr ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʩʢʣʘʜʘ-ʩʪʝʣʣʘʞʘ ʥʘ ʫʯʘʩʪʦʢ ʢʦʥʪʨʦʣʷ. 

ɹʣʦʢ ʩ ʠʤʝʥʝʤ kontr ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʜʝʪʘʣʝʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ. 

ɹʣʦʢʠ ʩ ʠʤʝʥʘʤʠ s_kontr, sklad3 ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʷ ʥʘ ʩʢʣʘʜ-ʩʪʝʣʣʘʞ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʡ. 

ɹʣʦʢ ʩ ʠʤʝʥʝʤ na_kompl ï ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ 

ʜʝʪʘʣʝʡ ʠʟ ʩʢʣʘʜʘ-ʩʪʝʣʣʘʞʘ ʥʘ ʫʯʘʩʪʦʢ ʢʦʤʧʣʝʢʪʘʮʠʠ ʪʘʨʳ. 

ʂʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʚ ʜʘʥʥʦʡ ʤʦ-

ʜʝʣʠ ʷʚʣʷʝʪʩʷ ʙʣʦʢ sink, ʚ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʶʪ ʦʙʩʣʫʞʝʥʥʳʝ ʟʘʷʚʢʠ 

ï ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ʩ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʤʦʞʝʪ ʧʦ-

ʟʚʦʣʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ ʵʪʘʧʝ ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʡ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ ʩ ʙʳʩʪʨʦ ʩʤʝʥʷʝʤʳʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 



92 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʧʨʦʜʫʢʪʘ AnyLogic. ʈʝʞʠʤ ʜʦʩʪʫʧʘ ï 

https://www.anylogic.ru/resources / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.03.2024). 

2. ɾʘʨʦʚ, ʄ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚ ʮʝʭʦʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ AnyLogic. / 

ʄ. ɺ. ɾʘʨʦʚ // ɺʝʩʪʥʠʢ ʈɻʈʊʋ. ï 2020. ï ̄  71. ï ʉ. 151-161. 

3. ɻʨʠʛʦʨʴʝʚ, ʀ. AnyLogic ʟʘ ʪʨʠ ʜʥʷ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ 

ʧʦ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ / ʀ. ɻʨʠʛʦʨʴʝʚ. ï 2017. ï 273 c. 

 
 

 

ʆɻʅɽʊʋʐɸʑʀɽ ɺɽʑɽʉʊɺɸ,  

ʀʍ ʉɺʆʁʉʊɺɸ ʀ ʇʈʀʄɽʅɽʅʀɽ 

 

ɼʝʤʴʷʥʦʚʘ ʖ.ʅ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʃʘʨʠʦʥʦʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʧʨʠʤʝʥʝʥʠʷ. ʆʪ ʧʨʘ-

ʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʛʥʝʪʫʰʘʱʝʛʦ ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʛʥʝʪʫʰʘʱʠʝ ʚʝʱʝʩʪʚʘ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʧʦ-

ʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʭʦʜʝ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ, ʚʦʟʥʠʢʰʠʭ ʥʘ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʧʦʞʘʨʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ:  

1. ʀʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ. 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʝʢʨʘʱʝʥʠʷ ʛʦʨʝʥʠʷ. 

3. ʉʜʝʣʘʪʴ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʦʩʪʘʥʦʚʠʪʴ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʦ-

ʵʪʦʤʫ ʠ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʪʫʰʘʱʠʝ, ʨʘʙʦʪʘʶʪ ʧʦ ʨʘʟʥʳʤ ʧʨʠʥʮʠʧʘʤ: 

1. ʇʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʚʝʱʝʩʪʚʘ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʧʦʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʛʥʷ ʧʦ ʤʘʢʩʠʤʫʤʫ ʢ ʥʠʤ ʦʪʥʦ-

ʩʷʪʩʷ ʚʦʜʘ, ʩʦʣʝʚʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʩʤʝʩʠ, ʢʫʜʘ ʚʥʝʩʝʥʳ ʩʧʝʮʠ-

https://www.anylogic.ru/resources
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ʘʣʴʥʳʝ ʜʦʙʘʚʢʠ. ɺ ʵʪʫ ʞʝ ʛʨʫʧʧʫ ʤʦʞʥʦ ʚʥʝʩʪʠ ʫʛʣʝʢʠʩʣʦʪʫ ʚ ʚʠʜʝ 

ʩʥʝʛʘ. 

2. ʇʨʦʮʝʩʩ ʠʟʦʣʷʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʚʝʱʝʩʪʚʘ ʦʙʚʦʣʘʢʠʚʘʶʪ 
ʦʯʘʛ ʚʦʟʛʦʨʘʥʠʷ ʠ ʥʝ ʜʘʶʪ ʧʨʦʥʠʢʥʫʪʴ ʚ ʥʝʛʦ ʢʠʩʣʦʨʦʜ. ʂ ʪʘʢʠʤ 

ʦʛʥʝʪʫʰʘʱʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ ʧʝʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʧʦʨʦʰʢʠ, 

ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ: ʧʝʩʦʢ, ʟʝʤʣʷ, ʰʣʘʢʠ, ʛʨʘʚʠʡ ʠ ʧʨʦʯʝʝ. ɺ ʵʪʫ ʞʝ 

ʢʘʪʝʛʦʨʠʶ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʫʢʨʳʚʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ: 

ʢʦʰʤʳ, ʧʦʢʨʳʚʘʣʘ, ʦʜʝʷʣʘ ʠ ʧʨʦʯʝʝ. 

3. ʇʨʦʮʝʩʩ ʨʘʟʙʘʚʣʝʥʠʷ. ʕʪʦ ʚʝʱʝʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 
ʨʘʟʙʘʚʣʷʝʪʩʷ ʚʦʟʜʫʭ, ʩʥʘʙʞʘʶʱʠʡ ʦʛʦʥʴ ʢʠʩʣʦʨʦʜʦʤ. ʂ ʪʘʢʠʤ ʚʝ-

ʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ, ʪʦʥʢʦʨʘʩʧʳʣʝʥʥʘʷ ʚʦʜʘ ʚ ʚʠʜʝ ʪʫ-

ʤʘʥʘ, ʠʥʝʨʪʥʳʝ ʛʘʟʳ (ʘʟʦʪ, ʘʨʛʦʥ). 

4. ʇʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʛʦʨʝʥʠʷ. ʕʪʦ ʢʦʛʜʘ ʚ 
ʟʦʥʫ ʚʦʟʛʦʨʘʥʠʷ ʚʥʦʩʷʪʩʷ ʧʨʝʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʛʦʨʝʥʠʷ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʘʵʨʦʟʦʣʠ, 

ʧʦʨʦʰʢʠ, ʙʨʦʤʵʪʠʣʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʳʣʷʶʪʩʷ ʥʘʜ ʦʯʘ-

ʛʦʤ ʚʦʟʛʦʨʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʛʘʣʦʠʜʘʤʠ. 

ɺʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʞʘʨʦʪʫʰʝʥʠʠ [1]: 

1) ʚʦʜʘ;  

2) ʚʦʟʜʫʰʥʦ-ʵʤʫʣʴʩʠʦʥʥʳʝ;  

3) ʚʦʟʜʫʰʥʦ-ʧʝʥʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʝʥʥʳʝ; 

4) ʧʦʨʦʰʢʠ; 

5) ʫʛʣʝʢʠʩʣʦʪʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠ 

ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʩʪʘʪʝʡ ʧʦʩʚʷʱʝʥʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ, "ʫʤʥʦʡ" 

ʪʝʭʥʠʢʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ, ʩʠʣʳ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ [2]. ɺ 

ʂʦʚʨʦʚʝ ʪʘʢʞʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. ʊʘʢ ʥʘ ʆɸʆ çɿʠɼè ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʆʆʆ 

çʉʆʇʆʊè ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʦʞʘʨʦ-

ʪʫʰʝʥʠʷ [3]. ʇʝʨʚʳʝ ʦʧʳʪʥʳʝ ʨʘʙʦʪʳ ʥʘʯʘʪʳ ʚ 2018 ʛʦʜʫ. ɿʘ ʵʪʦʪ 

ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɸʨʢʪʠʢʝ) ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʂʦʤʧʣʝʢʩ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩ-

ʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʦʟʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʠ ʨʘʜʠʦ-

ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʢʦʤʧʣʝʢʩʘ ʩʤʦʥʪʠʨʦʚʘʥʘ 

ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʜ-
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ʩʪʨʦʡʢʫ ʩ ʜʠʩʪʘʥʮʠʦʥʥʦ - ʫʧʨʘʚʣʷʝʤʦʡ ʫʩʪʘʥʦʚʢʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʛʦ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ (ʋʂʊʇ) çʇʫʨʛʘè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʜʘʯʫ 

ʩʪʨʫʡ ʚʦʜʳ, ʚʦʟʜʫʰʥʦ - ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʥʳ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʢʨʘʪ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʝʡ 

ʧʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʢʨʝʤʥʝʟʸʤʘ. 
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ɸɺʊʆʄɸʊʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ʇʆɾɸʈʆʊʋʐɽʅʀʗ 
 

ɿʫʜʠʥʘ ɺ.ʉ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʃʘʨʠʦʥʦʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʘʚʪʦʤʘʪʠʢʘ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʦʩʦʙʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝ-

ʥʘ ʪʝʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʪʴ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʨʝʜʦʪʚʨʘ-

ʪʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ ʥʘ 

ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ.  

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʠ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʭʦʜʝ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ:  

1. ʀʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ.  

2. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʛʦʨʝʥʠʷ.  

3. ʉʜʝʣʘʪʴ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ-

ʞʘʨʦʪʫʰʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 
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ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ï ʵʪʦ ʢʦʤʧʣʝʢʩ 

ʩʨʝʜʩʪʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʧʦʞʘʨʥʦʡ 
ʩʠʛʥʘʣʠʟʘʮʠʝʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʚʦʟʛʦʨʘʥʠʷ. ʇʨʝʠʤʫ-
ʱʝʩʪʚʦ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʧʦ-
ʞʘʨʦʪʫʰʝʥʠʷ [1]: 

1) ʦʙʥʘʨʫʞʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʦʤʝʱʝʥʠʠ; 
2) ʣʦʢʘʣʠʟʘʮʠʷ ʦʛʥʷ; 
3) ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; 
4) ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʙʦʪʝ; 
5) ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ; 
6) ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʩʪʴ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ; 
7) ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ; 
8) ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʠʪʴ ʧʨʠʰʝʜʰʠʝ ʚ ʥʝʛʦʜʥʦʩʪʴ ʵʣʝʤʝʥʪʳ, 

ʙʝʟ ʧʦʣʥʦʛʦ ʜʝʤʦʥʪʘʞʘ ʩʠʩʪʝʤʳ. 
ɺʠʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʞʘʨʦʪʫʰʝʥʠʷ [2]:  
1) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʠ ʚʦʜʷʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; 
2) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʪʦʥʢʦʨʘʩʧʳ-

ʣʝʥʥʦʡ ʚʦʜʦʡ; 
3) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; 
4) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʛʘʟʦʚʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; 
5) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʝʥʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; 
6) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 
ʄʦʥʪʘʞ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ [3]: 
 ï ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ; 
ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 
ï ʤʦʥʪʘʞ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ; 
ï ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ;  
ï ʩʝʨʚʠʩʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ 
ʧʨʦʚʝʨʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ, ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʩʪʘʥʦʚʢʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʧʝ-
ʮʠʬʠʢʫ ʦʙʲʝʢʪʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʜʘʪ-
ʯʠʢʦʚ ʠ ʦʛʥʝʪʫʰʘʱʠʭ ʩʨʝʜʩʪʚ. ɺ ʮʝʣʦʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʜʝʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʞʠʟʥʠ ʠ ʠʤʫʱʝʩʪʚʘ 
ʦʪ ʦʛʥʷ. 

https://f-metrics.ru/uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/avtomaticheskaya-ustanovka-pennogo-pozharotusheniya
https://uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/proektirovanie-avtomaticheskoj-ustanovki-pozharotusheniya-tonkoraspyilennoj-vodoj
https://uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/proektirovanie-avtomaticheskoj-ustanovki-pozharotusheniya-tonkoraspyilennoj-vodoj
https://f-metrics.ru/uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/avtomaticheskaya-ustanovka-poroshkovogo-pozharotusheniya-auppt
https://f-metrics.ru/uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/avtomaticheskaya-ustanovka-gazovogo-pozharotusheniya-augpt
https://f-metrics.ru/uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/avtomaticheskaya-ustanovka-pennogo-pozharotusheniya
https://f-metrics.ru/uslugi/proektnaya-dokumentacziya/sistemyi-avtomaticheskogo-pozharotusheniya/avtomaticheskaya-ustanovka-aerozolnogo-pozharotusheniya-auapt
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠ ʧʦʞʘʨʥʘʷ ʘʚʪʦʤʘʪʠʢʘ ʏ. 2. ɸʚʪʦʤʘʪʠ-

ʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ: ʋʯʝʙʥʠʢ / ɹʘʙʫʨʦʚ ɺ. ʇ., ɹʘʙʫ-

ʨʠʥ ɺ. ɺ., ʌʦʤʠʥ ɺ. ʀ., ʉʤʠʨʥʦʚ ɺ. ʀ. ï ʄʦʩʢʚʘ: ɸʢʘʜʝʤʠʷ ɻʇʉ 

ʄʏʉ ʈʦʩʩʠʠ, 2007 ï 298 ʩ. 

2. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ: ʚʠʜʳ, ʥʘʟʥʘʯʝ-

ʥʠʷ, ʨʝʢʦʤʝʥʜʘʮʠʠ. ï URL: https://f-metrics.ru/blog/poleznyie-

stati/sistemyi-avtomaticheskogo-pozharotusheniya-vidyi,-

naznacheniya,-rekomendaczii. 

3. https://www.unitest.ru/about/publication/pozharnaya-

avtomatika.html. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɻʆʈɽʅʀʗ ɸʕʈʆɻɽʃɽʁ, ɸʕʈʆɿʆʃɽʁ ʀ 

ʇʓʃɽɺʆɿɼʋʐʅʓʍ ʉʄɽʉɽʁ 

 

ʉʘʚʠʥʘ ʊ.ʄ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʃʘʨʠʦʥʦʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʥʘ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʦʨʶ-

ʯʘʷ ʧʳʣʴ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʪʴ ʚʟʨʳʚʦʦʧʘʩʥʫʶ ʩʨʝʜʫ ʠ ʚ ʩʣʫ-

ʯʘʝ ʚʦʟʛʦʨʘʥʠʷ ʧʨʠʚʝʩʪʠ ʢ ʪʷʞʸʣʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺʩʸ ʵʪʦ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʝʥʠʝ ʘʵʨʦʛʝʣʝʡ, ʘʵʨʦ-

ʟʦʣʝʡ ʠ ʧʳʣʝʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʀʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʘɻ -

ʨʦʟʦʣʝʡ ʠ ʧʳʣʝʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ. 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʛʦʨʘ-

ʥʠʷ ʘʵʨʦʟʦʣʝʡ ʠ ʧʳʣʝʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ.  

3. ʉʜʝʣʘʪʴ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʪʘʢʦʛʦ 

ʨʦʜʘ ʚʝʱʝʩʪʚ. 

ʇʳʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʚ ʩʦʩʪʦʷʥʠʠ ʪʦʥ-

ʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʜʚʫʭ ʚʠʜʘʭ: ʚ ʚʠ-

ʜʝ ʘʵʨʦʟʦʣʷ ʠʣʠ ʘʵʨʦʛʝʣʷ.  

https://f-metrics.ru/blog/poleznyie-stati/sistemyi-avtomaticheskogo-pozharotusheniya-vidyi,-naznacheniya,-rekomendaczii
https://f-metrics.ru/blog/poleznyie-stati/sistemyi-avtomaticheskogo-pozharotusheniya-vidyi,-naznacheniya,-rekomendaczii
https://f-metrics.ru/blog/poleznyie-stati/sistemyi-avtomaticheskogo-pozharotusheniya-vidyi,-naznacheniya,-rekomendaczii
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ʇʳʣʴ, ʦʩʝʚʰʘʷ ʥʘ ʩʪʝʥʘʭ, ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʘʥʢʦʚ ʠ ʜʨʫʛʠʭ 

ʧʨʝʜʤʝʪʦʚ, ʥʘʟʳʚʘʝʪʩʷ ʘʵʨʦʛʝʣʝʤ. ʀʭ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʚ ʪʚʝʨʜʦʤ ʛʦʨʶʯʝʤ. ʅʘʠʙʦʣʝʝ ʧʦʞʘ-

ʨʦʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʵʨʦʛʝʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝ-

ʥʠʷ ʜʦ 2500ʉ. ʇʳʣʝʚʳʝ ʩʤʝʩʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʜʝʪʘʣʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʘʥʠʪʘʨʠʠ ʠ ʜʚʠʛʘʪʝʣʝʡ ʢʦʩʪʦʯʢʦʚʳʤ ʢʨʦʰʝʚʦʤ 

ʚ ʘʥʛʘʨʘʭ, ʚ ʩʪʦʣʷʨʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʠ ʪ.ʧ. [1]. 

ʇʳʣʴ, ʚʟʚʝʰʝʥʥʘʷ ʚ ʚʦʟʜʫʭʝ, ʥʘʟʳʚʘʝʪʩʷ ʘʵʨʦʟʦʣʝʤ. ʉ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʳʣʴ ʚ ʩʦʩʪʦʷʥʠʠ ʘʵʨʦʟʦʣʷ - ʵʪʦ ʜʠʩʧʝʨʩʥʘʷ ʩʠʩ-

ʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʩ ʨʘʟʤʝ-

ʨʦʤ ʯʘʩʪʠʮ 0,05 ʤʤ ʠ ʤʝʥʝʝ, ʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ ï ʚʦʟʜʫʭ. 

ɺʟʨʳʚʦʦʧʘʩʥʘʷ ʧʳʣʴ ʚ ʩʦʩʪʦʷʥʠʠ ʘʵʨʦʟʦʣʝʡ ʙʳʚʘʝʪ I ʠ II ʢʣʘʩʩʘ, 

ʘ ʚ ʩʦʩʪʦʷʥʠʠ ʘʵʨʦʛʝʣʷ III ʠ IV ʢʣʘʩʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʘʵʨʦʛʝʣʴ ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʧʨʠ ʪʦʣʯʢʝ, ʭʣʦʧ-

ʢʝ, ʧʦʧʘʜʘʥʠʠ ʢʦʤʧʘʢʪʥʦʡ ʚʦʜʷʥʦʡ ʩʪʨʫʠ), ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʟʨʳʚʫ. 

ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʛʦʨʶʯʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʤʝʪʦʜʦʤ ʩʫʭʦʡ ʠ ʤʦʢʨʦʡ 

ʬʠʣʴʪʨʘʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘ-

ʥʦʚʦʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʘ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚ 

ʩʣʝʜʫʶʱʠʭ ʫʩʪʘʥʦʚʢʘʭ: ʮʠʢʣʦʥʳ, ʨʫʢʘʚʥʳʝ ʠʣʠ ʢʘʨʪʨʠʜʞʥʳʝ 

ʬʠʣʴʪʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ çʤʦʢʨʳʭè ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʳʣʠʚʘ-

ʥʠʷ: ʛʠʜʨʦʦʙʝʩʧʳʣʠʚʘʥʠʝ, ʧʘʨʦʦʙʝʩʧʳʣʠʚʘʥʠʝ, ʦʙʝʩʧʳʣʠʚʘʥʠʝ ʧʝ-

ʥʦʡ ʚ ʤʝʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʳʣʠ [2]. 

ʅʘ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʨʫʢʦʚʦʜʠʪʝʣʴ ʦʙʷʟʘʥ ʫʪ-

ʚʝʨʜʠʪʴ ʧʨʠʢʘʟ ʠʣʠ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʧʦʤʥʠʪʴ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʧʦʞʘʨ-

ʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʜʣʷ ʠʩ-

ʢʣʶʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʧʳʣʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ.  

ʇʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʞʘʨ ʠ ʚʟʨʳʚ ʛʦʨʶʯʠʭ ʯʘʩʪʠʮ ʧʦʤʦʞʝʪ ʫʩʪʘ-

ʥʦʚʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʢʨʦʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʘʧʧʘʨʘʪʦʚ ʚʦʟʜʫʭʦʦʯʠʩʪʢʠ. 
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ɼʣʷ ʦʩʚʝʱʝʥʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, 

ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʠʩʢʣʶʯʘʝʪ ʧʦʧʘʜʘʥʠʝ ʧʳʣʠ ʚʥʫʪʨʴ. ɼʣʷ ʢʫʨʷʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʩʪʘ ʜʣʷ ʢʫʨʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʫʨʥʦʡ, ʙʦʯʢʦʡ ʩ ʚʦʜʦʡ ʠ ʷʱʠʢʘʤʠ ʩ ʧʝʩʢʦʤ [3]. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ɻʆʃʆʉʆɺʆʁ ʇʆʄʆʑʅʀʂ ɺɸʃʗ 

 

ɹʳʢʦʚʘ ɽ.ʉ., ɺʦʣʦʰʘʥʠʥʦʚ ɸ.ʈ., ʂʦʣʝʩʦʚ ʄ.ʉ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɺʘʨʘʙʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ ï ʵʪʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠʣʠ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʜʘʯ ʠ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʊʘʢʠʝ ʧʦʤʦʱʥʠʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʥʘ ʩʤʘʨʪʬʦʥʘʭ ʠ 

ʢʦʤʧʴʶʪʝʨʘʭ, ʪʘʢ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʛʦʣʦʩʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʥʘ-

ʧʨʠʤʝʨ, ʫʤʥʳʤʠ ʢʦʣʦʥʢʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʛʦʣʦʩʦʚʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦ-

ʤʦʱʥʠʢʘ ɺʘʣʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʦʤʦʱʥʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ 

ʧʨʠʣʦʞʝʥʠʠ Telegram ʩʦʟʜʘʝʪʩʷ ʙʦʪ, ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚʦ-

ʧʨʦʩ ʪʝʢʩʪʦʤ ʠʣʠ ʛʦʣʦʩʦʤ. ʇʦʣʫʯʠʚ ʟʘʧʨʦʩ, ʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦ-

ʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʘʝʪ ʦʪʚʝʪ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ 

ʠʣʠ ʦʟʚʫʯʠʚʘʝʪ ʩ ʧʦʤʦʱʴʶ ʩʠʥʪʝʟʘʪʦʨʘ ʛʦʣʦʩʘ. 

ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣ-

ʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɹʠʙʣʠʦʪʝʢʘ wikipedia ʧʦʟʚʦʣʷʝʪ 
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ʙʦʪʫ ʦʙʨʘʱʘʪʴʩʷ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ɺʠʢʠʧʝʜʠʠ, ʠ 

ʠcʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʚʝʪʘ ʥʘ ʟʘʧʨʦʩ; ʙʠʙʣʠʦʪʝʢʘ 

telebot ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʰʝʛʦ ʧʦʤʦʱʥʠʢʘ ʢ ʤʝʩ-

ʩʝʥʜʞʝʨʫ Telegram, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʠ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦʠʩʢ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʠʥʪʝʨʝʩʫʶʱʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ, ʧʦʤʦʱʥʠʢ ʨʘʙʦʪʘʣ ʙʝʩʧʨʝʨʳʚʥʦ ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʩʝʨʚʠʩ PythonAnywhere. ʕʪʦʪ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ ʚʳʙʨʘʥ ʧʦ 

ʧʨʠʯʠʥʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʫʩʢʘʪʴ ʢʦʜ Python ʙʝʩʧʣʘʪʥʦ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʨʝʯʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʙ-

ʣʠʦʪʝʢ SpeechRecognition ʠ pyttsx3. ʆʜʥʘʢʦ ʧʨʠ ʧʦʧʳʪʢʝ ʚʥʝʜʨʝʥʠʷ 

ʚ ʥʘʰʝʛʦ ʧʦʤʦʱʥʠʢʘ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ, ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝ-

ʤʘʤʠ ï ʥʝʭʚʘʪʢʘ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʩ 

ʩʨʝʜʦʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʧʦʤʦʱʥʠʢ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ 

ʜʘʥʥʳʭ, ʪʘʢ ʢʘ ʧʦʠʩʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ɺʠʢʠʧʝʜʠʠ. ɺʦʟʤʦʞ-

ʥʳʡ ʩʧʦʩʦʙ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʰʝʛʦ ʙʦʪʘ ï ʵʪʦ ʧʦʜʢʣʶʯʝ-

ʥʠʝ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ChatGPT ʠʣʠ GigaChat. ɺʚʝʜʝʥʠʝ 

ʧʦʜʜʝʨʞʢʠ ʜʘʥʥʳʭ ʩʝʨʚʠʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʠʥʬʦʨʤʘʪʠʚ-

ʥʦʩʪʴ ʥʘʰʝʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʦʜʥʘ ʬʫʥʢʮʠʷ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ï ʛʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠ-

ʢʘ ʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦʤʦʛʘʷ ʩʜʝʣʘʪʴ 

ʞʠʟʥʴ ʙʦʣʝʝ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ, ʧʨʦʜʫʢʪʠʚʥʦʡ ʠ ʫʜʦʙʥʦʡ. 
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ʞʠʟʥʴ. ï URL: https://vc.ru/future/702528-kak-intellektualnye-

pomoshchniki-preobrazyat-vashu-zhizn (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2024). 

2. Pythonanywhere: ʦʥʣʘʡʥ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪ-

ʢʠ (IDE) ʠ ʩʣʫʞʙʘ ʚʝʙ-ʭʦʩʪʠʥʛʘ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.pythonanywhere.com, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 
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ʉʇʈɸɺʆʏʅʆ-ʀʅʌʆʈʄɸʎʀʆʅʅʓʁ ʈʆɹʆʊ 

 

ʂʘʰʠʮʳʥ ʖ.ɸ., ʆʩʠʧʦʚ ʈ.ʂ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʘʨʧʝʥʢʦʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʇʨʦʤʳʰʣʝʥʥʳʝ, ʚʦʝʥʥʳʝ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʨʦʙʦʪʳ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʉʦʟʜʘʥʠʝ ʩʧʨʘʚʦʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʦʙʦʪʘ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʤʝʩʪʘʭ, ʛʜʝ ʦʥʠ ʧʦʤʦʛʘʶʪ ʧʦʩʝʪʠʪʝʣʷʤ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʚʢʣʶʯʘʷ ʤʘʰʠʥʥʦʝ ʟʨʝʥʠʝ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʨʝʯʠ [1]. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ Python ʠ ʉ++ ʜʣʷ 

Raspberry Pi. ɹʠʙʣʠʦʪʝʢʠ OpenCV, SpeechRecognition ʠ OpenAI 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʦʙʦʪʘ. Raspberry Pi ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʧʨʦʝʢʪʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ ʠ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʂʦʥʮʝʧʮʠʷ ʨʦʙʦʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʝʛʦ ʘʢʪʠʚʘʮʠʶ ʧʨʠ ʧʨʠ-

ʙʣʠʞʝʥʠʠ ʯʝʣʦʚʝʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʦʞʠʜʘʝʪ ʦʙʨʘʱʝʥʠʷ. ɽʩʣʠ ʦʙʨʘ-

ʱʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʨʦʙʦʪ ʧʝʨʝʭʦʜʠʪ ʚ ʩʧʷʱʠʡ ʨʝʞʠʤ. ʇʦʣʴʟʦʚʘ-

ʪʝʣʠ ʤʦʛʫʪ ʟʘʧʨʦʩʠʪʴ ʧʦʤʦʱʴ ʠʣʠ ʠʥʬʦʨʤʘʮʠʶ ʫ ʨʦʙʦʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʭ. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʪ OpenCV. 

ʂʘʩʢʘʜʳ ʍʘʘʨʘ - ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʇʘʫʣʝʤ ɺʠʦʣʦʡ ʠ 

ʄʘʡʢʦʤ ɼʞʦʥʩʦʤ ʚ 2001 ʛʦʜʫ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦ-

ʩʪʳʭ ʧʨʠʟʥʘʢʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʬʠʣʴʪʨʘʤʠ ʍʘʘʨʘ, ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩ-

ʢʘ ʦʙʲʝʢʪʦʚ. ʕʪʠ ʬʠʣʴʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʦʙ-

ʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ, ʚʳʜʝʣʷʶʱʠʝ ʪʝʢ-

ʩʪʫʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʚʢʣʶʯʘʝʪ 

ʧʦʜʛʦʪʦʚʢʫ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʠ ʠʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʍʘʘʨʘ ʠʟ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʠʙʣʠʦʪʝʢʠ 

SpeechRecognition ʠ pyttsx3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʩʩʠʩʪʝʥʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʧʨʦʩʣʫʰʠʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʢʦʤʘʥʜʳ, ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʭ ʩ ʧʦ-
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ʤʦʱʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʚʝʪʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʢʦʤʘʥʜ ʩ ʧʦʤʦʱʴʶ API. 

ChatGPT ï ʵʪʦ ʤʦʜʝʣʴ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʛʝʥʝʨʘ-

ʮʠʠ ʪʝʢʩʪʘ ʚ ʦʪʚʝʪ ʥʘ ʜʠʘʣʦʛʦʚʳʝ ʟʘʧʨʦʩʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ 

GPT, ChatGPT ʦʙʫʯʝʥʘ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʠʘʣʦʛʦʚʳʝ ʢʦʥʪʝʢʩʪʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʧʦʜʭʦʜʷʱʠʝ ʦʪʚʝʪʳ ʚ ʨʘʟʛʦʚʦʨʥʦʤ ʩʪʠʣʝ. 

ɺ ʥʘʧʠʩʘʥʥʦʤ ʢʦʜʝ ChatGPT ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʘʪ-

ʙʦʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʱʘʪʴʩʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝ-

ʥʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʛʦʣʦʩʦʤ ʟʘʧʨʦʩʳ, ʘ ChatGPT ʛʝʥʝʨʠʨʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʚʝʪʳ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʛʦ ʨʦʙʦ-

ʪʘ, ʚ ʧʨʦʛʨʘʤʤʫ ʨʦʙʦʪʘ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ 

ʨʘʙʦʪʳ: 

- ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮʘ [2]; 

- ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʨʝʯʠ; 

- ʛʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ; 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʪʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʪʨʝ-

ʙʫʶʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

ɸʥʘʣʠʟ ʨʝʘʣʴʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʠ ʩʧʦʩʦʙʦʚ ʦʙʱʝʥʠʷ ʩ ʨʦʙʦʪʦʤ 

ʧʦʤʦʛʫʪ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʦʩʥʦʚ-

ʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʮʝʥʘʨʠʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʝʣʦ-

ʚʝʢʦʤ ʠ ʨʦʙʦʪʦʤ, ʘ ʪʘʢʞʝ ʩʘʤʳʝ ʚʘʞʥʳʝ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʨʦʙʦʪ 

ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʱʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Breazeal C. et al. Humanoid robots as cooperative partners for 

people // Intern. J. of Human- oid Robots. 2004. Vol. 1. N 2. P. 1-34. 

2. OpenCV: ʩʘʡʪ open source ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ:    https://opencv.org, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 
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ɸʅɸʃʀɿ ʊɽʈʄʀʏɽʉʂʆʁ ʉʊʆʁʂʆʉʊʀ ʈɸɿʃʀʏʅʓʍ ʊʀ-

ʇʆɺ ʇʆʂʈʓʊʀʁ ʇʈʀ ʀʄʀʊɸʎʀʀ ʗɺʃɽʅʀʗ ɺʓʉʊʈɽʃɸ 

 

ʂʘʫʨʢʠʥ ɸ.ɽ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʐʝʤʘʥʘʝʚʘ ʃ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘ-

ʛʨʝʚʘ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʚʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʧʦʢʨʳʪʠʷ ʠ ʩʪʘʣʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʢʨʳ-

ʪʠʷ: ʭʨʦʤʠʨʦʚʘʥʠʝ, ʘʟʦʪʠʨʦʚʘʥʠʝ, ʮʝʤʝʥʪʘʮʠʷ ʩ ʦʪʧʫʩʢʦʤ ʠ ʟʘʢʘʣʢʘ 

ʊɺʏ, ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʪʘʣʷʭ ï 30ʍʅ2ʄʌɸ ʠ 25ʍ3ʄ3ʅɹʎɸ. 

ʀʤʠʪʘʮʠʷ ʚʳʩʪʨʝʣʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʦ-

ʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʈɼ1-20-0 ʩ ʚʨʝʤʝʥʝʤ ʨʘʙʦʪʳ 1,2 ʩʝʢʫʥʜʳ 

[1]. ʉʪʨʫʷ ʛʘʟʘ ʦʪ ʜʚʠʛʘʪʝʣʷ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʢʨʳʪʠʝʤ (ʩʤ. ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 4 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ ʠ ʧʦ ʥʠʤ ʧʦʩʪʨʦʝ-

ʥʘ ʛʠʩʪʦʛʨʘʤʤʘ (ʨʠʩ. 2) 
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ʈʠʩ. 5. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

 

ʇʦ ʛʠʩʪʦʛʨʘʤʤʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʨʦʡʢʘ ʣʫʯʰʠʭ 

ʦʙʨʘʟʮʳ ï ʵʪʦ ʦʙʨʘʟʮʳ çʍʨʦʤʠʨʦʚʘʥʠʝ. 30ʍʅ2ʄʌɸè, çʍʨʦʤʠʨʦ-

ʚʘʥʠʝ. 25ʍ3ʄ3ʅɹʎɸè, çɸʟʦʪʠʨʦʚʘʥʠʝ. 25ʍ3ʄ3ʅɹʎɸè. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠʤʝʥʥʦ ʵʪʠ ʪʠʧʳ ʩʪʘʣʝʡ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʥʘ ʠʥʪʝʥʩʠʚʥʳʡ 

ʠ ʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʝʚ, ʩʦʭʨʘʥʷʷ ʩʚʦʠ ʩʚʦʡʩʪʚʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʚʠʛʘʪʝʣʴ ʈɼ1-20-0 // Real Rockets : [ʩʘʡʪ]. ð URL: 

https://real-rockets.ru/shop/dvigatel-rd1-20-0/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

13.05.2024). 

 

 

ʄɽʊʆɼʀʂɸ ʂʈʋɾʂʆɺʓʍ ɿɸʅʗʊʀʁ  

ʇʆ ʈʆɹʆʊʆʊɽʍʅʀʂɽ 

 

ʕʨʛʘʰʝʚʘ ʈ.ʈ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ɻʘʣʢʠʥ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʂʫʨʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ï ʟʥʘʢʦʤʩʪʚʦ ʩ ʚʠʜʘʤʠ ʨʦʙʦʪʦʚ;  

ï ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʨʦʙʦʪʦʚ;  

ï ʵʣʝʤʝʥʪʘʤʠ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ; 

ï ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʩʦʟʜʘʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ; 

ï  ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ; 

ï ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚ ʉ++, ʨʘʙʦʪʘ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

arduino, 

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 
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ï ʨʘʟʨʘʙʦʪʢʫ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ ʥʘ ʙʘʟʝ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʤʘʪʨʝʰʢʘ Z. 

ɿʘʜʘʯʠ ʢʫʨʩʘ: 

¶ ʚʦʚʣʝʯʝʥʠʝ ʜʝʪʝʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ;  

¶ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʫʤʝʥʠʝ ʪʚʦʨʯʝʩʢʠ ʤʳʩʣʠʪʴ, ʨʘʟ-

ʚʠʪʴ ʫʤʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʠ ʥʘʭʦʞʜʝʥʠʷ ʧʫʪʝʡ ʠʭ 

ʨʝʰʝʥʠʷ;  

¶ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʳ; 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ ʰʢʦʣʝ ʟʥʘʥʠʷ ʧʦ ʬʠʟʠʢʝ, ʤʘʪʝ-

ʤʘʪʠʢʝ, ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʫʛʣʫʙʣʷʪʴ ʠʭ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ;  

¶ ʨʘʟʚʠʪʠʝ ʫʤʝʥʠʷ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ;  

¶ ʧʦʜʛʦʪʦʚʢʘ ʢ ʫʯʘʩʪʠʶ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʢʦʥʢʫʨʩʘʭ ʧʦ ʨʦʙʦ-

ʪʦʪʝʭʥʠʢʝ ʠ ʠʥʞʝʥʝʨʥʦʤʫ ʪʚʦʨʯʝʩʪʚʫ;  

¶ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʧʫʙʣʠʯʥʳʭ ʚʳʩʪʫʧʣʝʥʠʡ ʧʨʠ ʟʘʱʠʪʝ ʩʚʦ-

ʝʛʦ ʧʨʦʝʢʪʘ;  

¶ ʦʢʘʟʘʪʴ ʫʯʘʱʠʤʩʷ ʧʦʜʜʝʨʞʢʫ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ, ʧʦʜʛʦʪʦʚʠʪʴ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʢ ʦʙʫʯʝʥʠʶ ʚ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ɺʋɿʘʭ;  

¶ ʧʨʦʜʚʠʞʝʥʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʣʠʜʝʨʩʢʠʭ ʢʘʯʝʩʪʚ.  

ʂʫʨʩ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʯʘʩʪʝʡ  

1. ʆʩʥʦʚʳ ʨʦʙʦʪʦʪʝʭʥʠʢʠ.  

2. ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ.  

3. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʙʦʪʦʚ.  

4. ʀʥʞʝʥʝʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ.  

ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʘ. 

ʏʘʩʪʴ 1. ʆʩʥʦʚʳ ʨʦʙʦʪʦʪʝʭʥʠʢʠ: ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʨʦʙʦʪʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; ʚʠʜʳ ʨʦʙʦʪʦʚ; ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʨʦʙʦʪʦʚ; 

ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. 

ʏʘʩʪʴ 2. ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ: ʟʥʘʢʦʤʩʪʚʦ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʩʦʟ-

ʜʘʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ; ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ; ʨʘʟʨʘʙʦʪʢʘ ʩʠʣʦʚʳʭ ʮʝʧʝʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ; ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʡ; ʟʥʘʢʦʤʩʪʚʦ ʩ ʚʩʪʨʘʠʚʘʝʤʳʤʠ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ (ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ).  
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ʏʘʩʪʴ 3. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʙʦʪʦʚ: ʠʟʫ-

ʯʝʥʠʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʦʣʫʯʝʥʠʝ ʥʘʚʳ-

ʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʨʘʙʦʪʘ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ arduino.  

ʏʘʩʪʴ 4. ʀʥʞʝʥʝʨʥʦʝ ʪʚʦʨʯʝʩʪʚʦ: ʨʘʟʨʘʙʦʪʢʘ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ 

ʥʘ ʙʘʟʝ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʤʘʪʨʝʰʢʘ Z, ʧʦʜʛʦʪʦʚʢʘ ʢ ʢʦʥʢʫʨʩʘʤ ʄʠʥʠ-

ʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ, çʈʦʙʦʪʦʪʝʭʥʠʢʘ. ʀʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʠ ʪ.ʧ.  
 

 

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɹʇʃɸ 

 

ɻʫʩʝʚ ɼ.ʉ., ʂʫʜʨʷʰʦʚ ʈ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ɻʘʣʢʠʥ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ: ʜʠʩʪʘʥʮʠʦʥʥʦ-

ʧʠʣʦʪʠʨʫʝʤʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɼʇʃɸ); ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ɹʇʃɸ ʩ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ; ɻʠʙʨʠʜʥʳʝ. 

ʂ ʢʘʪʝʛʦʨʠʠ ɼʇʃɸ ʦʪʥʦʩʷʪʩʷ ʘʧʧʘʨʘʪʳ, ʮʝʣʠʢʦʤ ʫʧʨʘʚʣʷʝ-

ʤʳʝ ʦʧʝʨʘʪʦʨʦʤ ʩ ʟʝʤʣʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚʠʜʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ɼʇʃɸ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʧʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤʫ 

ʢʘʥʘʣʫ, ʥʦ ʪʘʢʦʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʥʘʠʤʝʥʝʝ ʥʘʜʸʞʝʥ.  

ʂ ɹʇʃɸ ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʷʪ ʢʦʤʙʠʥʘ-

ʮʠʶ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʪʦʨʦʤ ʠ ʘʚʪʦʥʦʤʥʦʛʦ. ɺ ʜʘʥʥʦʤ ʪʠ-

ʧʝ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʢʦʥʪʨʦʣʴ ʟʘ ɹʇʃɸ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʟʘ 

ʦʧʝʨʘʪʦʨʦʤ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʠ ʤʘʥʝʚʨʳ ʜʨʦʥ ʚʳʧʦʣʥʷʝʪ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʂ ʘʚʪʦʥʦʤʥʳʤ ʜʨʦʥʘʤ ʦʪʥʦʩʷʪ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧ-

ʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʢʦʤʧʴʶ-

ʪʝʨʥʦʝ ʟʨʝʥʠʝ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʦʣʝʪʘ ʠ ʚʦʟʜʫʰʥʳʭ ʜʝʡʩʪʚʠʡ 

ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʭʝʤ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɸʚʪʦʥʦʤʥʳʝ ʜʨʦʥʳ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʯʪʦʙʳ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦ ʜʚʠʞʝʥʠʠ ʠ ʣʝʪʘʪʴ ʙʝʟ ʫʯʘʩʪʠʷ ʧʠʣʦʪʘ. ʆʥʠ 

ʟʘʭʚʘʪʳʚʘʶʪ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦʩʠʛʥʘʣʳ ʚʦʢʨʫʛ ʩʝʙʷ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʦʙʨʘʟʫʶʪ ʠʭ ʚ 



106 

 

ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʩʦʟʜʘʶʪ 

ʢʘʨʪʳ ʩ ʧʦʤʦʱʴʶ GPS. 

ʉʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʜʨʦʥʦʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʙʦʣʴʰʠʝ ʠ ʤʝʥʴʰʠʝ ʧʨʝ-

ʧʷʪʩʪʚʠʷ. ʆʥʠ ʩʦʟʜʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʜʦʣʞʘʶʪ 

ʜʚʠʛʘʪʴʩʷ ʠ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ. 

ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʜʨʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʨʦʜʦʣʞʘʪʴ ʧʦʣʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʪʘʧʘ ʧʠ-

ʣʦʪʠʨʦʚʘʥʠʷ. ʅʘʩʪʨʦʠʚ ʢʦʥʢʨʝʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʧʦʣʝʪʘ ʠʣʠ ʧʝʨʝʢʣʶ-

ʯʠʚ ʚʥʠʤʘʥʠʝ ʥʘ ʜʨʫʛʠʝ ʟʘʜʘʯʠ, ʘʚʪʦʥʦʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪ ʨʘʙʦʪʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʠʥʦʝ ʫʢʘʟʘʥʠʝ.  

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʚʪʦʥʦʤʥʳʭ ʜʨʦʥʦʚ ʷʚʣʷʶʪʩʷ: 

ʩʠʩʪʝʤʘ ʘʚʪʦʧʠʣʦʪʘ; ʤʦʜʫʣʴ GPS; ʜʘʪʯʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪ-

ʚʠʡ; ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʨʘʙʦʪʘʶʪ ʚ ʪʘʥʜʝʤʝ, 

ʧʦʟʚʦʣʷʷ ʘʚʪʦʥʦʤʥʳʤ ʜʨʦʥʘʤ ʨʘʙʦʪʘʪʴ ʥʝʟʘʚʠʩʠʤʦ, ʧʨʠʥʠʤʘʪʴ ʨʝ-

ʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ 

ʟʘʜʘʯʠ ʙʝʟ ʧʨʷʤʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ: 

- ʋʨʦʚʝʥʴ 0. ʇʠʣʦʪ ʩʦʭʨʘʥʷʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ ʚʩʝʛʦ ʧʫʪʠ ʦʪ ʚʟʣʝʪʘ ʜʦ ʧʨʠʟʝʤʣʝʥʠʷ. 

- ʋʨʦʚʝʥʴ 1. ʆʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʣʝʪʘ ï ʦʙʳʯʥʦ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘ-

ʥʘ. ɼʨʦʥʳ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʧʠʣʦʪʘ. 

- ʋʨʦʚʝʥʴ 2. ɼʨʦʥʳ ʧʦʩʳʣʘʶʪ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʟʥʘʢʠ, ʢʦ-

ʛʜʘ ʦʙʲʝʢʪ ʧʨʠʙʣʠʞʘʝʪʩʷ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ. ʇʠʣʦʪ ʦʪʚʝʯʘʝʪ ʟʘ ʙʝʟʦ-

ʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʫʜʝʨʞʘʥʠʝ ʜʨʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ VLOS.  

- ʋʨʦʚʝʥʴ 3. ʇʠʣʦʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ 
ʜʫʙʣʝʨʘ. ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʫʩʪʨʦʡʩʪʚ ʠ ʜʘʪʯʠʢʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʜʨʦʥʘʤ ʣʝʪʘʪʴ ʧʦ ʟʘʨʘʥʝʝ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʤʫ ʤʘʨ-

ʰʨʫʪʫ, ʥʝ ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ.  

- ʋʨʦʚʝʥʴ 4. ʇʨʠʩʫʪʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪʝ ʙʦʣʴʰʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. 
ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʟʨʝʰʝʥʠʷ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʧʨʝʜʝʣʘ-

ʤʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ (BLVOS), ʧʦʩʢʦʣʴʢʫ ʜʨʦʥʳ ʩʧʦʩʦʙʥʳ ʣʝʪʘʪʴ 

ʚ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʠʤʝʶʪ ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʧʨʠʙʝʛʥʫʪʴ ʚ ʩʣʫʯʘʝ ʧʦʣʦʤʢʠ.  
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- ʋʨʦʚʝʥʴ 5. ɼʨʦʥʳ ʙʝʨʫʪ ʥʘ ʩʝʙʷ ʚʩʶ ʨʘʙʦʪʫ, ʩʚʷʟʘʥʥʫʶ ʩ 
ʧʦʣʝʪʦʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠ ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʣ-

ʥʫʶ ʘʚʪʦʥʦʤʠʶ, ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʝʨʝʭʦʜʘ ʢ ʘʚʪʦʥʦʤʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʙʝʟ ʧʨʷʤʦʛʦ 

ʢʦʥʪʨʦʣʷ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ 

ʨʠʩʢʦʚ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʝʥʠʷ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʪʨʫʜʦʝʤʢʠʭ ʨʘʙʦʪ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. All Thereôs to Know About Autonomous Drones // Nearthlab 
| Turbine Inspections Made Easy. ï 

URL:https://www.nearthlab.com/post-blog/autonomous-drones/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 28.03.2024). 

2. The Ultimate Guide to Autonomous Drones: Benefits, Appli-

cations, and Top Models // JOUAV - Reliable UAVs Make the Task 

Easier, Safer, Faster. ï URL: https://www.jouav.com/blog/autonomous-

drones.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.03.2024). 

 

 

ɺʓʗɺʃɽʅʀɽ ɺɿɸʀʄʆʉɺʗɿʀ ʄɽɾɼʋ ʉʀʃʆʁ ʉʄʗʊʀʗ 

ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʉʃʆʗ ɼɽʊɸʃʀ ʀ ɻʃʋɹʀʅʆʁ  

ʋʇʈʆʏʅʗʖʑɽɻʆ ʉʃʆʗ 

 

ɹʦʨʠʩʦʚ ɸ.ʇ., ɿʝʣʝʥʮʦʚʘ ʇ.ʉ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʄʫʨʟʠʥʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯ-

ʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʭʦʣʦʜʥʘʷ ʧʣʘʩʪʠʯʝ-

ʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʫʜʘʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʯʥʦʩʪʴ ʠ ʪʚʝʨ-

ʜʦʩʪʴ ʤʝʪʘʣʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʟʝʨʥʘ ʧʨʠʥʠ-

ʤʘʶʪ ʚʩʝ ʙʦʣʝʝ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʠʣʦʡ ʩʤʷʪʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ ʠ ʛʣʫʙʠʥʦʡ ʫʧʨʦʯʥʷʶʱʝʛʦ ʩʣʦʷ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪ ï ʢʫʚʘʣʜʘ, ʤʘʪʝʨʠʘʣ - ʩʪʘʣʴ ʐʍ15; ʤʘʩʩʘ m = 6,6 

https://www.nearthlab.com/post-blog/autonomous-drones/
https://vk.com/away.php?to=https%3A%2F%2Fwww.jouav.com%2Fblog%2Fautonomous-drones.html&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.jouav.com%2Fblog%2Fautonomous-drones.html&cc_key=
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ʢʛ, ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʚʘʣʜʳ r = 0,024 ʤ; ʘ 

ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ, ʤʘʪʝʨʠʘʣ - ʩʪʘʣʴ 20. ɺ ʭʦʜʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʥʩʪ-

ʨʫʤʝʥʪʦʤ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʧʣʦʩʢʦʡ 

ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ. ʀʟʚʝʩʪʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʘʨʘ ʠ ʧʣʦʩʢʦʩʪʠ ʩ 

ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʣʦʩʢʦʩʪʠ ʠ ʰʘʨʘ ʠ ʛʣʫʙʠʥʳ ʫʧʨʦʯʥʷʶʱʝʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥʳ: 

ὠ  
ς

ά

φȟωφ„̒ ̍“ὶ Ὁ Ὁ

ὉὉ
ς“ὶ

ωϽρπ

ρσπὌὄ
ϽὬ̐  ̑

ʛʜʝ ά ï ʤʘʩʩʘ ʰʘʨʘ;  „̒  ̍ï ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫʧʨʫʛʦʛʦ ʩʤʷ-

ʪʠʷ; r ï ʨʘʜʠʫʩ ʰʘʨʘ; ὉὉ ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʣʦʩʢʦ-

ʩʪʠ ʠ ʰʘʨʘ; HB ï ʪʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ, h ï ʛʣʫʙʠʥʘ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʩʣʦʷ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩʬʝʨʳ ʠ ʧʣʦʩʢʦʩʪʠ ʧʦʣʫʯʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʫʧʨʦʯʥʷʶʱʝʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʳʨʘʞʝ-

ʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ ʧʦʩʣʝ 

ʝʸ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʛʣʫʙʠʥʳ ʫʧʨʦʯʥʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʘʩʯʝʪʥʳʭ 

ʠ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʩʯʸʪʘʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʬʦʨʤʫʣʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʛʣʫ-

ʙʠʥr ʠ ʪʚʝʨʜʦʩʪʠ ʫʧʨʦʯʥʷʶʱʝʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. ʕʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʛʣʫʙʠʥʦʤʝʨʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ɻʀ-100 (ʠʟʤʝʨʝʥʘ ʛʣʫʙʠʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ) ʠ ʪʚʝʨʜʦʤʝʨʘ ʊʐ-2ʄ 

(ʠʟʤʝʨʝʥʘ ʪʚʝʨʜʦʩʪʴ ʫʧʨʦʯʥʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ). 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 
ɿʥʘʯʝʥʠ ̫ ɻʣʫʙʠʥʘ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʜʝʪʘʣʠ, ʤʤ 

ʊʚʝʨʜʦʩʪʴ ʫʧʨʦʯʥʝʥ-

ʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʜʝʪʘʣʠ 

ʈʘʩʯʸʪʥʦʝ 1,52 32 HRC 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ  1,87 26 HRC 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʠ ʪʚʝʨʜʦʩʪʠ ʫʧʨʦʯʥʷʶ-

ʱʝʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʫʜʘʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʸʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 17 ï 19%. 
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ʀɿʄɽʅɽʅʀɽ ʊɺɽʈɼʆʉʊʀ ʉʊɸʃɽʁ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ 

ʅɸʇʈɸɺʃɽʅʀʗ ʉʀʃʆɺʓʍ ʃʀʅʀʁ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ 

ʇʈʀ ʄɸɻʅʀʊʅʆ-ʀʄʇʋʃʔʉʅʆʁ ʆɹʈɸɹʆʊʂɽ ɼɽʊɸʃɽʁ 

ɻʀɼʈʆʄɸʐʀʅ 

 

ɻʣʝʙʦʚ ɺ.ɺ., ʍʨʶʢʠʥʘ ʆ.ʉ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʦʢʦʣʠʢ ʅ.ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʉʧʦʩʦʙʳ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠʟ ʬʝʨʨʦ-

ʤʘʛʥʠʪʥʳʭ ʩʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʶʪʩʷ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ ʦʪʯʘʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘ-

ʣʝʡ ʤʘʰʠʥ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʷʚʣʝʥʠʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʷ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. ɼʝʪʘʣʴ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʧʦʤʝʱʘʶʪ ʚ ʧʦ-

ʣʦʩʪʴ ʩʦʣʝʥʦʠʜʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʙʳʣ ʫʜʘʣʝʥ 

ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʫʩʪʘʥʦʚʢʠ ʜʝʪʘʣʴ ʩ ʦʧ-

ʨʝʜʝʣʝʥʥʦʡ ʩʠʣʦʡ ʚʪʷʛʠʚʘʝʪʩʷ ʚ ʧʦʣʦʩʪʴ ʩʦʣʝʥʦʠʜʘ ʩ ʥʝʢʦʪʦʨʳʤ 

ʫʩʢʦʨʝʥʠʝʤ ʠ ʩʦʚʝʨʰʘʝʪ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. 
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ʇʨʠ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʠ ʠʟʜʝʣʠʝ ʩʤʝʱʘʝʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʠ ʚʪʷʛʠʚʘʝʪʩʷ ʚ ʩʦʣʝʥʦʠʜ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʧʦʣʶʩʘ. ɼʝʪʘʣʴ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʩʝʢʘʝʪ ʤʘʛ-

ʥʠʪʥʳʡ ʧʦʪʦʢ, ʩʦʚʝʨʰʘʷ ʚ ʧʦʣʦʩʪʠ ʩʦʣʝʥʦʠʜʘ ʩʚʦʙʦʜʥʳʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʤʝʥʴʰʘʶʪʩʷ ʟʘ ʩʯʝʪ ʩʠʣ 

ʪʨʝʥʠʷ ʦ ʩʪʝʥʢʠ ʠʥʜʫʢʪʦʨʘ ʠ ʟʘʪʫʭʘʶʪ. ʂʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʧʨʝʢʨʘʪʷʪ-

ʩʷ, ʜʝʪʘʣʴ ʟʘʡʤʝʪ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʨʘʩʧʦʣʦʞʠʪʩʷ ʧʦ ʮʝʥʪʨʫ 

ʩʦʣʝʥʦʠʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʘʤʧʣʠʪʫʜʘ ʟʘʚʠʩʷʪ ʦʪ ʤʦʱ-

ʥʦʩʪʠ ʧʦʣʷ, ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ ʤʘʛʥʠʪʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʧʦʣʷ, ʥʦ ʠ ʧʦʣʷʨʥʦʩʪʴ, ʘʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴʩʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʝʨʝʤʘʛ-

ʥʠʯʠʚʘʥʠʶ ʜʝʪʘʣʝʡ ʧʦʩʣʝ ʣʝʟʚʠʡʥʦʡ, ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʣʘʩʪʠ-

ʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʟʘʠʤʥʦʛʦ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʘʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʬʘʟʥʫʶ ʠ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʚ ʦʙʲʝʤʝ 

ʤʝʪʘʣʣʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʧʳʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʱʝ 

ʚʩʝʛʦ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʦʨʜʠʥʘʪ. ʆʧʨʝʜʝʣʝʥ-

ʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʝʨʠʨʫʶʱʠʝ 

ʵʥʝʨʛʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʝʩʪʢʦʡ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʩ ʥʝʩʦʚʝʨ-

ʰʝʥʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ E(x) / 1 /. 

ʕʥʝʨʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʪʫ X ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ. ʀʟ-

ʚʝʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ 

ʚʠʜ: 

SXHJE sH 2= , 
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ʛʜʝ ʅ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʚʜʦʣʴ ʦʨʠʝʥʪʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʦʤʝʥʦʚ; 

Js ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ; 

S ï ʧʣʦʱʘʜʴ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ. 

ʋʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ ʚʳʛʣʷ-

ʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

dxxdESHJs /)(2 = .                               (1) 

ɼʣʷ ʩʦʯʝʪʘʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝ-

ʧʠʧʝʜʘ, ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʤʝʱʝʥʠ-

ʝʤ 180-ʛʨʘʜʫʩʥʳʭ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

    
0/)(2/2 2 =+- dxxdESHJXSXNJ sks ,                  (2) 

         
0/)(/2 222 =ð+ dxxEdXSNJ ks .                         (3) 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ. ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʷʚʣʷʶʪʩʷ: 

1. ʆʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ JR 

2. ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅc. 

3. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ x(H) 

4. ʆʙʨʘʪʠʤʘʷ ʠ ʥʝʦʙʨʘʪʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 
x0(H) ʠ xH(H). 

ʆʧʨʝʜʝʣʠʤ ʧʦ ʩʦʯʝʪʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨ-

ʜʠʥʘʪ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ʋʯʪʝʤ, ʯʪʦ ʜʦʤʝʥʥʘʷ ʛʨʘʥʠʮʘ ʥʝ ʤʦʞʝʪ 

ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ ʢʨʠʩʪʘʣʣʘ, ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

1¢x . ʀ ʢ ʥʘʭʦʞʜʝʥʠʶ ʩʨʝʜʥʝʛʦ ʧʨʠʤʝʥʠʤʘ ʧʨʦʮʝʜʫʨʘ: 

ñ ñ ñ
-

¤-

+

-

¤

+

+++-=

1 1

1 1

)()1()()()1( dxxdxxxdxxx www
,           (4) 

ʇʦʜʩʪʘʥʦʚʢʦʡ ʭ ʚ (2) ʠ (3) ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʧʦʣʫʯʠʤ  

   

( )
dx

k

xNJN
x s

l

s
fñ

+

-

ù
ú

ø
é
ê

è -
+-=

1

1

/
1

                       (5) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ (4) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʩʠʤʧʪʦʪʠ-
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ʢʦʡ ʧʨʠ ¤­H . ʊʘʢ ʢʘʢ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʬʦʨʤʫ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʪʦ ʩʨʝʜʥʶʶ ʧʦ ʩʦʯʝʪʘʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʢʨʠ-

ʩʪʘʣʣʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʢʘʢ xJJ s= , ʘ ʚʦʩʭʦʜʷʱʫʶ ʚʝʪʚʴ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʝʜʩʪʘʚʠʪʴ 
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ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʠʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʫʯʘʝʤ 
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ʀʟ (6) ʠ (7) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ: 

1. ʆʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 
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                  (8)  

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʅ = 0 

2. ʂʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ 
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ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 0)( =¬HJ  

ʛʜʝ ()Öarq ï ʬʫʥʢʮʠʷ, ʦʙʨʘʪʥʘʷ 
()Öf

 

3. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 
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    (10)  

ʆʙʨʘʪʠʤʘʷ ʠ ʥʝʦʙʨʘʪʠʤʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʢʘ-
ʟʳʚʘʶʪ ʩʨʝʜʥʝʝ ʧʦ ʩʦʯʝʪʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥ-
ʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʅ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ ʦʙʨʘʪʠʤʦʛʦ ʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. 

ʇʨʦʩʣʝʜʠʤ ʠʟʤʝʥʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ kdE(x)dx ʧʨʠ ʧʣʘ-
ʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚr -
ʰʝ, ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʩʥʦʚ-
ʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦ-
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ʨʦʚ (ʧʘʨʘʤʝʪʨʦʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ) ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʩ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʝʡ. 

ʋʢʘʞʝʤ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʢʨʠʩʪʘʣʣʝ 
ʠʩʪʦʯʥʠʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʩʠʣʳ kdE(x)dx. ʂ ʠʭ ʯʠʩʣʫ 
ʦʪʥʦʩʷʪʩʷ ʜʠʩʣʦʢʘʮʠʠ, ʣʦʢʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-
ʰʝʪʢʠ, ʚʢʣʶʯʝʥʠʷ, ʪʦʯʝʯʥʳʝ; ʜʝʬʝʢʪʳ ʚʥʝʜʨʝʥʠʷ.  ʄʦʞʥʦ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʢʣʘʜʳ 
ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʣʫʯʘʡʥʦʡ ʩʠʣʳ ʥʝʟʘʚʠʩʠʤʳ, ʠ ʧʦʵʪʦʤʫ ʚʦʟ-
ʤʦʞʥʦ ʠʭ ʩʫʤʤʠʨʦʚʘʪʴ. 

ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʷʜʨʦ ʜʠʩʣʦʢʘ-
ʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳ, (ʧʨʠ ʫʩʣʦ-
ʚʠʠ, ʯʪʦ ʣʠʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʜʦʤʝʥʥʦʡ ʛʨʘ-
ʥʠʮʳ), ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

)(sin22

0 xQJaW sm Q=p
                             (11) 

ʛʜʝ Ū(x) - ʫʛʦʣ ʤʝʞʜʫ ʣʠʥʠʝʡ ʜʠʩʣʦʢʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʧʦʥʪʘʥ-
ʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ-
ʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʫʛʣʘ Ū(x). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 
ʚr ʚʦʜʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʪʘʣʴ, 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʦʡ ʘʣʤʘʟ-
ʥʳʤ ʚʳʛʣʘʞʠʚʘʥʠʝʤ, ʨʘʩʧʦʣʘʛʘʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʠʣʦʚʳʝ ʣʠ-
ʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʣʘʩʪʠʯʝ-
ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʫʛʣʘ Ū(x) (ʈ1 ʠ ʈ2 ï ʩʠʣʳ ʜʘʚ-
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ʣʝʥʠʷ ʠʥʜʝʥʪʦʨʦʚ ʧʨʠ ʘʣʤʘʟʥʦʤ ʚʳʛʣʘʞʠʚʘʥʠʠ; r1 ʠ r2 ï ʨʘʜʠʫʩʳ ʥʘ-
ʢʦʥʝʯʥʠʢʦʚ ʘʣʤʘʟʥʳʭ ʠʥʜʝʥʪʦʨʦʚ; ʊ ï ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʦ-
ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ). ʇʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʧʨʝ-
ʜʝʣʴʥʦʡ ʧʝʪʣʝ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʯʘʩʪʦʪʦʡ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ 20-400 ɻʮ ʚ 
ʪʝʯʝʥʠʝ 3-15 ʤʠʥ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘʤʘʛʥʠ-
ʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʜʦ ʥʫʣʷ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟʤʝʨʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʙʳʣʠ ʧʦ-
ʣʫʯʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʝʭ ʜʝʪʘʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʝ ʧʣʘʩʪʠ-
ʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʭʦʜʠʣʠʩʴ ʧʦʜ 
ʫʛʣʦʤ 90

0
 (ʨʠʩ.1). ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʘʚʠʣʴʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩ-

ʥʦʚʘʥʠʷ ʛʠʧʦʪʝʟʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʦ-
ʚʳʭ ʣʠʥʠʡ ʧʨʠ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʉʧʦʩʦʙʳ ʤʘʛʥʠʪʥʦ-
ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʷʚʣʝʥʠʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  
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ʆʜʥʦʡ ʠʟ ʥʝʤʥʦʛʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʈʦʩʩʠʠ 

ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʘʷ ʠʥʜʫʩʪʨʠʷ.  

ʀʤʝʥʥʦ ʣʘʟʝʨʥʘʷ ʪʝʭʥʠʢʘ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʦʠʩ-

ʭʦʜʷʱʠʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʛʠʙʢʦʩʪʠ ʠ ʤʦʙʠʣʴʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʦʙʣʘʜʘʝʪ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʩʪʨʘʥ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʠ ʈʦʩʩʠʷ. 
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ʈʝʛʠʦʥʘʤʠ ð ʣʠʜʝʨʘʤʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʣʘʟʝʨ-

ʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʄʦʩʢʚʘ ʠ ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʋʨʘʣ ʠ ʇʦʚʦʣʞʴʝ. 

ʅʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʣʶʙʦʧʳʪʥʳʝ ʜʘʥʥʳʝ: ʟʘ ʧʦʩʣʝʜʥʠʝ 5 

ʣʝʪ ʚ ʌʦʥʜʝ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʳ ʪʦʣʴʢʦ ʥʘ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ ʚ ʬʦʪʦʥʠʢʝ ʙʳʣʦ ʚʳ-

ʜʝʣʝʥʦ 5 ʤʣʨʜ ʨʫʙ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʌʦʥʜ ʝʞʝʛʦʜʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ 30ï40 ʢʨʫʧʥʳʭ (ʧʦ <=15 ʤʣʥ ʨʫʙ.) ʧʨʦʝʢʪʦʚ ʧʦ ʬʦʪʦʥʠ-

ʢʝ ʠ 50ï60 ʥʝʙʦʣʴʰʠʭ, ʤʦʣʦʜʸʞʥʳʭ ð ʧʦ 400 ʪʳʩ. ʨʫʙʣʝʡ. ʈʦʩʥʘʥʦ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʥʪʷʙʨʴ 2015 ʛʦʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 15 ʧʨʦʝʢʪʦʚ ʧʦ ʬʦʪʦ-

ʥʠʢʝ, ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ð ʪʨʫʜʥʦʩʪʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʚʥʝʙʶʜʞʝʪʥʦʛʦ ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʇʨʦʝʢʪʳ ʵʪʦʡ ʪʝʤʘʪʠʢʠ ʥʘʯʘʣʠ 

ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʬʦʥʜ çʉʢʦʣʢʦʚʦè (5 ʧʨʦʝʢʪʦʚ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʢʦʣʦ 40 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʣʘʟʝʨʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʫʞʝ ʠʤʝʶʪ 

ʣʴʛʦʪʳ ʢʘʢ ʨʝʟʠʜʝʥʪʳ çʉʢʦʣʢʦʚʦè) ʠ ʉʢʦʣʪʝʭ, ʩʦʦʙʱʠʚʰʠʡ ʦ ʢʨʫʧ-

ʥʦʤ ʧʨʦʝʢʪʝ çʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʬʦʪʦʥʠʢʠè. ʆʙʥʦʚʣʸʥʥʳʡ ʈʌʊʈ, 

ʢʦʪʦʨʳʡ ʩʪʘʣ ʪʝʧʝʨʴ ʌʦʥʜʦʤ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʢʘ ʪʦʣʴʢʦ 

ʩʦʙʠʨʘʝʪ ʟʘʷʚʢʠ ʥʘ ʥʦʚʳʝ ʧʨʦʝʢʪʳ (ʠʭ ʫʞʝ ʙʦʣʝʝ 1200), ʥʦ ʬʠʥʘʥʩʠ-

ʨʦʚʘʥʠʝ ʝʱʸ ʥʝ ʥʘʯʘʣ.  

 

ʈʠʩ.1. ɼʠʘʛʨʘʤʤʳ ï ʤʠʨʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʥʠʢʠ  

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʩʣʝʚʘ) ʠ ʩʪʨʘʥʘʤ (ʩʧʨʘʚʘ) 
 

ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 5-ʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʠʤʧʦʨʪʫ ʦʙʨʘʙʘʪʳʚʘʶ-

ʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʠʰʴ 19ï20-ʝ ʤʝʩʪʦ ʧʦ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ, ʪ.ʝ. ʦʜʥʦ ʠʟ ʧʦʩʣʝʜʥʠʭ ʤʝʩʪ ʩʨʝʜʠ 20 ʧʨʦʤʳʰʣʝʥʥʦ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. ʇʦ ʠʤʧʦʨʪʫ ʠ ʵʢʩʧʦʨʪʫ ʣʘʟʝʨʦʚ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ð 

11-ʝ ʤʝʩʪʦ. ʃʠʜʝʨʘʤʠ ʧʦ ʵʢʩʧʦʨʪʫ ʷʚʣʷʶʪʩʷ ʉʐɸ, ɻʝʨʤʘʥʠʷ ʠ ʂʠ-

ʪʘʡ, ʘ ʧʦ ʠʤʧʦʨʪʫ ï ʂʠʪʘʡ, ʗʧʦʥʠʷ, ʉʐɸ ʠ ɻʝʨʤʘʥʠʷ. ʃʠʜʝʨʦʤ ʧʦ 
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ʩʫʤʤʝ ʧʨʦʜʘʞ ʙʳʣʘ ʨʝʟʢʘ, ʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʤʘʨʢʠʨʦʚʢʘ ʠ ʛʨʘʚʠʨʦʚʢʘ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʥʦʩʠʪ ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ. 

 

 
ʈʠʩ.2. ɼʠʘʛʨʘʤʤʳ ï ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʠ (ʩʣʝʚʘ) 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʩʧʨʘʚʘ) 

 

ʄʥʦʛʠʝ ʣʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʪʫʶʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʚʦʣʦʢʦʥʥʳʤʠ ʣʘʟʝʨʘʤʠ ʦʪ ʅʊʆ çʀʈʕ-ʇʦʣʶʩè / 

IPG (ʨʠʩ.4) ʤʦʱʥʦʩʪʴʶ 20ï50 ɺʪ (ʜʣʷ ʤʘʨʢʠʨʦʚʢʠ), ʜʦ 3ï6 ʢɺʪ (ʜʣʷ 

ʨʝʟʢʠ), ʜʦ 5ï10 ʢɺʪ ʜʣʷ ʥʘʧʣʘʚʢʠ ʠ ʜʦ 20ï30 ʢɺʪ ʜʣʷ ʩʚʘʨʢʠ. ʉʆ2 

ʣʘʟʝʨʳ ʘʢʪʠʚʥʦ ʚʳʪʝʩʥʷʶʪʩʷ ʣʘʟʝʨʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ: ʚʦʣʦʢʦʥ-

ʥʳʤʠ, ʜʠʦʜʥʳʤʠ ʠ ʜʠʩʢʦʚʳʤʠ. 

ɺʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʣʫʯʝʥʠʷ, ʥʘ-

ʜʸʞʥʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʳʝ ʚʝʩ ʠ ʛʘʙʘʨʠʪʳ, ʚʳʩʦʢʠʡ ʂʇɼ (ʜʦ 30ï

40%), ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʟʘʪʨʘʪʳ 

ʥʘ ʟʘʧʯʘʩʪʠ ʠ ʤʘʣʦʨʝʩʫʨʩʥʳʝ ʵʣʝʤʝʥʪʳ.  

ɼʠʩʢʦʚʳʝ ʣʘʟʝʨʳ ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʪʝʭʥʠʢʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʘʟʣʠʯʘʶʪ ʣʘʟʝʨʥʳʝ ʦʧʪʠʯʝ-

ʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʛʝʥʝʨʠʨʦʚʘʪʴ ʣʘʟʝʨʥʳʝ ʩʚʝʨʭ-

ʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ: ʧʠʢʦʩʝʢʫʥʜʥʳʝ ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʝ, ʢʦʪʦʨʳʝ, 

ʥʘʧʨʠʤʝʨ, ʧʨʝʜʣʘʛʘʶʪ ʬʠʨʤʳ çʃʘʟʝʨʬʦʨʤè, çɸʚʝʩʪʘ-ʇʨʦʝʢʪè ʠ ʜʨ.  
ʃʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ ʧʦʟʚʦʣʷʶʪ ʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ʠʤʧʫʣʴʩʳ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 50 ʧʩ. ɼʠʘʧʘʟʦʥ ʥʘʩʪʨʦʡʢʠ ʜʣʠʥʳ 
ʚʦʣʥʳ ʧʠʢʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 700 ʜʦ 3400 ʥʤ ʧʨʠ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 5 ʧʩ, ʰʠʨʠʥʦʡ ʣʠʥʠʠ, ʙʣʠʟʢʦʡ ʢ ʧʨʝʜʝʣʴ-
ʥʦʡ (ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ). ʃʘʟʝʨʥʘʷ ʤʠʢʨʦʦʙʨʘ-
ʙʦʪʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʴ ʪʦ ʤʝʪʘʣʣʳ, ʢʝʨʘʤʠʢʘ, 
ʧʦʣʠʤʝʨʳ, ʩʪʝʢʣʦ ʠ ʪ.ʜ. ð ʵʪʦ ʠʭ ʦʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. 
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ʕʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ, ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʊʈʀʅʀʊʀ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʢʦʨʦʪʢʦʡ ʜʣʠʥʥʦʡ ʚʦʣʥʳ, ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʤʘʣʦʡ ʜʣʠ-
ʥʦʡ ʠʤʧʫʣʴʩʘ ʛʝʥʝʨʘʮʠʠ. ʕʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʤ, 
ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩ ʨʘʟʨʝ-
ʰʝʥʠʝʤ ʜʦ 40 ʤʢʤ ʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ.  

ʀʤʧʫʣʴʩʥʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʣʘʟʝʨʳ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ ʤʦʛʫʪ 
ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʧʠʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ʠ ʵʥʝʨʛʠʶ ʚ ʠʤʧʫʣʴʩʝ, ʷʚ-
ʣʷʷʩʴ ʧʨʠ ʵʪʦʤ ʢʦʤʧʘʢʪʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠ-
ʝʤ. ʅʘʧʨʠʤʝʨ, ʆʆʆ "ʃʘʟʝʨ-ʵʢʩʧʦʨʪ" (ʛʨʫʧʧʘ "ʃʘʟʝʨ-ʢʦʤʧʘʢʪ") ʚʳ-
ʧʫʩʢʘʝʪ ʪʘʢʠʝ ʣʘʟʝʨʳ ʩ ʘʢʪʠʚʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʜʦʙʨʦʪʥʦʩʪʠ, ʜʣʠʪʝʣʴ-
ʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʩʝʢʫʥʜ, ʚʳʩʦʢʠʤ ʢʘʯʝʩʪ-
ʚʦʤ ʧʫʯʢʘ (ʄ2 < 1.2) ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʦʪ ʠʤʧʫʣʴʩʘ ʢ ʠʤ-
ʧʫʣʴʩʫ ʤʝʥʝʝ 1%.  

ʇʨʠʤʝʥʝʥʠʷ: ʧʦʜʛʦʥʢʘ ʨʝʟʠʩʪʦʨʦʚ, ʨʝʤʦʥʪ LCD, ʚʳʙʦʨʦʯʥʘʷ 
ʘʙʣʷʮʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʤʘʨʢʠʨʦʚʢʘ 
ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʢʘʙʝʣʝʡ, ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ, ʚʥʫʪʨʝʥʥʝʡ ʠ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʩʪʝʢʣʘ, ʧʨʝʮʠʟʠʦʥʥʘʷ ʧʨʷʤʘʷ ʣʘʟʝʨʥʘʷ 
ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʛʨʘʚʠʨʦʚʢʘ. 

 

 

ʈʠʩ. 3. ɺʦʣʦʢʦʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʣʘʟʝʨʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʢɺʪ ʅʊʆ 

çʀʈʕ-ʇʦʣʶʩè / IPG 

ʕʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ, ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʊʈʀʅʀʊʀ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʦʨʦʪʢʦʡ ʜʣʠʥʥʦʡ ʚʦʣʥʳ, ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʤʘʣʦʡ ʜʣʠ-

ʥʦʡ ʠʤʧʫʣʴʩʘ ʛʝʥʝʨʘʮʠʠ. ʕʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʤ, 
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ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩ ʨʘʟʨʝ-

ʰʝʥʠʝʤ ʜʦ 40 ʤʢʤ ʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ.  

ʀʤʧʫʣʴʩʥʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʣʘʟʝʨʳ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ ʤʦ-

ʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʧʠʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ʠ ʵʥʝʨʛʠʶ ʚ ʠʤʧʫʣʴʩʝ, 

ʷʚʣʷʷʩʴ ʧʨʠ ʵʪʦʤ ʢʦʤʧʘʢʪʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝ-

ʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʆʆʆ "ʃʘʟʝʨ-ʵʢʩʧʦʨʪ" (ʛʨʫʧʧʘ "ʃʘʟʝʨ-ʢʦʤʧʘʢʪ") 

ʚʳʧʫʩʢʘʝʪ ʪʘʢʠʝ ʣʘʟʝʨʳ ʩ ʘʢʪʠʚʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʜʦʙʨʦʪʥʦʩʪʠ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʩʝʢʫʥʜ, ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʧʫʯʢʘ (ʄ2 < 1.2) ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʦʪ ʠʤʧʫʣʴʩʘ ʢ 

ʠʤʧʫʣʴʩʫ ʤʝʥʝʝ 1%.  

ʇʨʠʤʝʥʝʥʠʷ: ʧʦʜʛʦʥʢʘ ʨʝʟʠʩʪʦʨʦʚ, ʨʝʤʦʥʪ LCD, ʚʳʙʦʨʦʯʥʘʷ 

ʘʙʣʷʮʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʤʘʨʢʠʨʦʚʢʘ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʢʘʙʝʣʝʡ, ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ, ʚʥʫʪʨʝʥʥʝʡ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʩʪʝʢʣʘ, ʧʨʝʮʠʟʠʦʥʥʘʷ ʧʨʷʤʘʷ ʣʘʟʝʨʥʘʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʛʨʘʚʠʨʦʚʢʘ. 
 

 
 

ʈʠʩ. 4. ʕʢʩʠʤʝʨʥʳʡ ʣʘʟʝʨ 

 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʨʘʟ-

ʨʘʙʘʪʳʚʘʣʘ ʙʦʝʚʳʝ ʣʘʟʝʨʳ ʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʦʤʧʣʝʢʩʳ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʨʘʞʘʪʴ ʠʣʠ ʧʦʜʘʚʣʷʪʴ ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ, ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʥʘʟʝʤʥʳʝ ʮʝʣʠ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʳʪ ʧʨʦʰʣʳʭ ʜʝʩʷʪʠʣʝʪʠʡ ʫʯʠʪʳʚʘʣʩʷ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʥʦʚ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʝʢʪʦʚ. ʊʘʢ, ʙʳʣʦ ʨʝʰʝʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʦʚ ʚ 
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ʇʈʆ ʠ çʙʦʣʴʰʦʡè ʇɺʆ. ʂʨʦʤʝ ʪʦʛʦ, ʘʨʤʠʷ ʪʝʧʝʨʴ ʥʝ ʠʥʪʝʨʝʩʫʝʪʩʷ 

ʉʃʂ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʧʪʠʢʠ ʥʘʟʝʤʥʦʡ ʪʝʭʥʠʢʠ. ɺʥʠʤʘʥʠʝ ʠ ʫʩʠʣʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʈʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʘ ʢʦʥʮʝʧʮʠʷ, ʨʘʥʝʝ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʦʝʢʪʝ 

çʉʘʥʛʚʠʥè. ʉʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʣʝʢʩ çɿʘʜʠʨʘ-16è, ʢʘʢ ʠ ʝʛʦ ʧʨʝʜʰʝ-

ʩʪʚʝʥʥʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʧʦ ʚʦʟʜʫʰʥʳʤ ʮʝʣʷʤ. ʇʨʠ 

ʵʪʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʠ ʦʙʩʪʘʥʦʚʢʦʡ, 

ʦʩʥʦʚʥʳʤʠ ʝʛʦ ʤʠʰʝʥʷʤʠ ʩʪʘʥʦʚʷʪʩʷ ɹʇʃɸ. ʂʦʤʧʣʝʢʩ ʩʧʦʩʦʙʝʥ 

ʧʦʜʘʚʣʷʪʴ ʠʣʠ ʚʳʚʦʜʠʪʴ ʠʟ ʩʪʨʦʷ ʠʭ ʦʧʪʠʢʫ.  

ɿʘ ʧʨʦʰʝʜʰʠʝ 60 ʣʝʪ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʢʦʥʮʝʧʮʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʠ ʠʟ ʥʠʭ ʥʝ ʧʨʦʜʚʠʥʫʣʠʩʴ 

ʜʘʣʴʰʝ ʧʨʦʝʢʪʘ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ 

ʧʨʦʰʣʠ ʧʦʣʥʦʮʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʚ ʚʠʜʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʥʘʫʢʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘʢʦʧʠʣʠ ʩʦʣʠʜ-

ʥʳʡ ʦʧʳʪ ʚ ʩʬʝʨʝ ʙʦʝʚʳʭ ʣʘʟʝʨʦʚ ʠ ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴ ʵʪʦ ʥʘ-

ʧʨʘʚʣʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʟʜʘʣʠ ʠ ʨʘʩʢʨʳʣʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʨʦʜʘ, ʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 

ʨʘʩʩʢʘʞʫʪ ʦ ʥʦʚʳʭ ʦʙʨʘʟʮʘʭ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
 

 
 

ʈʠʩ. 5. ʆʧʳʪʥʳʡ ʉʃʂ "ʉʘʥʛʚʠʥ" 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʚʦʩʪʨʝʙʦʚʘʥ ʚʝʩʴ 

ʩʧʝʢʪʨ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʚʠʚʘʝʪʩʷ 

ʪʘʢʞʝ ʩʧʨʦʩ ʩʦ ʩʪʦʨʦʥʳ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. ʆʜʥʘʢʦ ʧʦʢʘ ʦʙʱʠʡ ʦʙʲʝʤ 
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ʟʘʢʫʧʦʢ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʚʝʣʠʢ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʧʨʠ-

ʤʝʨʥʦ ʚ 34 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ.  

ʉ ʥʘʯʘʣʦʤ ʢʨʠʟʠʩʘ ʫʧʘʣ ʩʧʨʦʩ ʥʘ ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʠ 

ʠʤʧʦʨʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠ ʵʪʦʤ ʦʙʲʝʤ ʧʨʦʜʘʞ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʝʡ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʥʘ-

ʧʨʘʚʣʝʥʠʡ ʜʘʞʝ ʚʳʨʦʩ. 

ʈʦʩʩʠʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ ï ʵʪʦ ʥʝ ʙʦʣʝʝ 10 

ï 12 ʯʘʩʪʥʳʭ ʤʘʣʳʭ ʬʠʨʤ ʯʠʩʣʝʥʥʦʩʪʴʶ 20 ï 70 ʩʦʪʨʫʜʥʠʢʦʚ (ʠʩ-

ʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʅʊʆ çʀʈʕʇʦʣʶʩè, ʩʦ ʰʪʘʪʦʤ 350 ʯʝʣʦʚʝʢ). 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʠʝ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʨʦʩ-

ʩʠʡʩʢʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʜʦ ʩʠʭ ʧʦʨ ʫʜʘʚʘʣʦʩʴ ʩʦʟʜʘʚʘʪʴ ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʦʩʦʙʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʨʳʥʢʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʢʦʤʧʘʥʠʠ ʠʤʝʶʪ ʦʪʣʘʞʝʥʥʫʶ ʩʠʩʪʝʤʫ ʩʝʨʚʠʩʘ ʩʚʦ-

ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʠ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʟʠʩʘ ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʨʠʦʙʨʝʪʝʥʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʣʫʯʰʠʭ ʩʪʨʘʪʝʛʠʡ ʚ 

ʮʝʣʦʤ ʨʷʜʝ ʦʪʨʘʩʣʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʘʤʝʪʠʚʰʝʡʩʷ ʚ 

ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ ʪʝʥʜʝʥʮʠʝʡ ʢ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʠ ʣʦʢʘʣʠʟʘ-

ʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɼʈɽʅɸɾʅʆ-ʇʈɽɼʆʍʈɸʅʀʊɽʃʔʅʓɽ ʂʃɸʇɸʅʓ ʉʀʉʊɽʄ 

ʅɸɼɼʋɺɸ ʊʆʇʃʀɺʅʓʍ ɹɸʂʆɺ 

 

ɾʠʣʷʝʚʘ ʄ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʠ ʍʘʣʘʪʦʚ ɽ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʊʠʤʦʬʝʝʚ ʖ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʉʠʩʪʝʤʘ ʥʘʜʜʫʚʘ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ (ʉʅʊɹ) ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚ-

ʥʦʡ ʯʘʩʪʴʶ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʝʡ (ʈʅ) ʠ 

ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʦʚ (ʈɹ) ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦ-

ʛʦ ʧʠʪʘʥʠʷ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɾʈɼ) ʫʢʘʟʘʥʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʦʜ ʥʘʜʜʫʚʦʤ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ ʧʦʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʟʙʳ-

ʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʛʘʟʦʚʳʭ ʧʦʜʫʰʢʘʭ ʙʘʢʦʚ ʛʦʨʶʯʝʛʦ ʠ ʦʢʠʩʣʠʪʝ-

ʣʷ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʪʨʝʙʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʣʝ-

ʜʫʶʱʠʭ ʮʝʣʝʡ [1]: 

- ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ ʥʘ ʚʩʝʭ 
ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ɾʈɼ; 

- ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʚʘʣʘ ʜʘʚʣʝʥʠʷ ʚ ʙʘʢʘʭ ʚ ʤʦʤʝʥʪ ʟʘʧʫʩʢʘ 

ɾʈɼ; 

- ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʭʦʜʘ ɾʈɼ ʥʘ ʨʝʞʠʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 
ʧʨʝʜʩʪʘʨʪʦʚʳʝ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ; 

- ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʘʢʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 
ʦʩʝʚʳʭ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ɾʈɼ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠʤʝ-

ʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʜʜʫʚʘ ʙʘʢʦʚ [1]: 

- ʧʨʝʜʩʪʘʨʪʦʚʳʡ ʥʘʜʜʫʚ ʙʘʢʦʚ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ ʟʘʧʫʩʢ ʝʝ ʜʚʠʛʘʪʝʣʝʡ; 

- ʙʦʨʪʦʚʦʡ ʥʘʜʜʫʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʝʡ ʥʘ 
ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ; 

- ʛʘʨʘʥʪʠʡʥʳʡ ʥʘʜʜʫʚ ʠʣʠ ʧʦʜʥʘʜʜʫʚ ʙʘʢʦʚ ʚʪʦʨʦʡ ʠ ʧʦʩʣʝ-

ʜʫʶʱʠʭ ʩʪʫʧʝʥʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʘʧʫʩʢ ʠʭ ʜʚʠʛʘʪʝʣʝʡ; 

- ʥʘʜʜʫʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʨʝʞʠʤʝ ʢʦ-

ʥʝʯʥʦʡ ʩʪʫʧʝʥʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʘʚʣʝʥʠʝ ʚ ʛʘʟʦʚʳʭ ʧʦʜʫʰʢʘʭ ʥʝ ʚʳʭʦʜʠʣʦ ʟʘ 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʪʨʝʙʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʱʠ-

ʪʳ ʙʘʢʦʚ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʚʥʝʰʪʘʪʥʦʤ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ 
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ʧʦʜʫʰʢʘʭ, ʚ ʩʦʩʪʘʚʝ ʉʅʊɹ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʝʥʘʞʥʦ-

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ (ɼʇʂ). ɼʨʝʥʘʞʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ɼʇʂ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʟʘʧʨʘʚʢʝ ʙʘʢʦʚ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʦʧʣʠʚʘ, ʢʦʛʜʘ 

ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʛʘʟʦʚʳʭ ʧʦʜʫʰʝʢ ʩ 

ʘʪʤʦʩʬʝʨʦʡ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɼʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɼʇʂ: 1 ï ʩʝʜʣʦ; 2 ï ʟʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ;  

3, 9 ï ʰʪʦʢ;, 6 ï ʥʘʧʨʘʚʣʷʶʱʘʷ; 5 ï ʧʨʫʞʠʥʘ;  

7 ï ʩʠʣʴʬʦʥ; 8 ï ʢʦʨʧʫʩ 
 

 
ɺ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ɼʇʂ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ. ɺ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʛʘʟʦʤ ʚ ʧʦʜʫʰʢʝ ʙʘʢʘ ʠ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʚʦ ʚʭʦʜʥʦʡ ʧʦʣʦʩʪʠ ɼʇʂ ʜʘʚʣʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʫʩʠʣʠʝ 

ʧʨʫʞʠʥʳ 5, ʟʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ 2 ʥʘʯʠʥʘʝʪ ʦʪʭʦʜʠʪʴ ʦʪ ʩʝʜʣʘ 1. ɻʘʟ, 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʟʘʟʦʨ ʚ ʟʘʪʚʦʨʝ ɼʇʂ, ʧʦʩʪʫʧʘʝʪ ʠʟ ʚʭʦʜʥʦʡ 

ʧʦʣʦʩʪʠ ʚ ʚʳʭʦʜʥʫʶ, ʘ ʟʘʪʝʤ ʚ ʘʪʤʦʩʬʝʨʫ. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʧʦʜʫʰʢʝ 

ʩʥʠʞʘʝʪʩʷ. ʇʦ ʤʝʨʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʫʰʢʝ ʠ ʚʦ ʚʭʦʜʥʦʡ ʧʦ-

ʣʦʩʪʠ ɼʇʂ ʟʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʝʜʣʫ ʠ ʧʨʠ ʜʦʩʪʠ-

ʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʝʜʣʫ ʧʨʫ-

ʞʠʥʦʡ. ɺ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʭʦʜ ʟʘʧʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ɼʇʂ 
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ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʫʰʢʝ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʯʝʤ ʦʥʦ ʙʦʣʴʰʝ, 

ʪʝʤ ʙʦʣʴʰʝ ʦʪʢʨʳʪ ʟʘʪʚʦʨ. 

ɺ ʜʨʝʥʘʞʥʦʤ ʨʝʞʠʤʝ ɼʇʂ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʣʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ ʟʘʪʚʦʨʘ ɼʇʂ ʚ ʝʛʦ ʫʧʨʘʚʣʷʶʱʫʶ 

ʧʦʣʦʩʪʴ ʧʦʜʘʝʪʩʷ ʛʘʟ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʫʧʨʘʚ-

ʣʷʶʱʝʡ ʧʦʣʦʩʪʠ ʩʠʣʴʬʦʥ 7 ʥʘʯʠʥʘʝʪ ʩʞʠʤʘʪʴʩʷ, ʧʝʨʝʤʝʱʘʷ ʰʪʦʢ 9 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʧʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 2. ʇʦʩʣʝ ʢʘʩʘʥʠʷ ʰʪʦʢʘ 9 ʠ ʟʘ-

ʧʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 2 ʦʥʠ ʥʘʯʠʥʘʶʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʤʝʩʪʝ, ʩʞʠʤʘʷ 

ʧʨʫʞʠʥʫ 5. ɿʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ 2 ʦʪʭʦʜʠʪ ʦʪ ʩʝʜʣʘ 1, ʦʪʢʨʳʚʘʷ ʟʘ-

ʪʚʦʨ, ʠ ʧʦʜʫʰʢʘ ʙʘʢʘ ʩʦʦʙʱʘʝʪʩʷ ʩ ʘʪʤʦʩʬʝʨʦʡ. ɺ ʜʨʝʥʘʞʥʦʤ ʨʝ-

ʞʠʤʝ ʟʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ 2 ʚʩʝʛʜʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʧʦʣʥʳʡ ʭʦʜ. ʇʦ-

ʩʣʝ ʩʥʷʪʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʜʘʚʣʝʥʠʝ ʚʦ ʚʭʦʜʥʦʡ ʧʦʣʦʩʪʠ 

ʨʘʟʞʠʤʘʝʪ ʩʠʣʴʬʦʥ 7 ʠ ʚʦʟʚʨʘʱʘʝʪ ʝʛʦ ʚʤʝʩʪʝ ʩʦ ʰʪʦʢʦʤ 9 ʚ ʠʩ-

ʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʫʞʠʥʘ 5 ʚʦʟʚʨʘʱʘʝʪ ʠ ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʝʪ 

ʟʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ 2 ʢ ʩʝʜʣʫ 1. 

ɼʇʂ, ʢʘʢ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʧʨʫʞʠʥʳ ʠ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʠʤʝʝʪ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʯʘʩʪʦʪʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ [2]. ɺʚʠʜʫ ʵʪʦʛʦ ʧʨʠ ʨʝʟ-

ʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ɼʇʂ,  ʠʟ-ʟʘ ʠʥʝʨʮʠʠ ʝʛʦ ʧʦʜ-

ʚʠʞʥʳʭ ʯʘʩʪʝʡ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʦʣʝʙʘʥʠʷ (ʚʠʙʨʘʮʠʠ), ʢʦʪʦʨʳʝ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʟʦʥʘʥʩʘ ʚʳʟʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ ʥʘʜʜʫʚʘ, 

ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʨʫʞʠʥʳ 

ɼʇʂ. ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ɼʇʂ ʥʝʜʦʧʫʩʪʠʤ ʚʚʠʜʫ ʥʘʣʠ-

ʯʠʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ  ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʈʅ [1]. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɼʇʂ ʧʨʦ-

ʚʦʜʠʪʩʷ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʣʠ, ʝʩʣʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʝʛʦ ʨʘʙʦʪʳ. ɼʘʥ-

ʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʷʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʨʘʙʦʪʝ 

ɼʇʂ ʚ ʪʠʧʦʚʳʭ ʨʝʞʠʤʘʭ ʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʠʭ ʫʩʪʨʘʥʝ-

ʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʣʠ ʤʦʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ɼʇʂ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 

ʜʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘ-

ʙʦʪʳ ʤʘʛʠʩʪʨʘ (ɺʂʈʤ) ʷʚʣʷʝʪʩʷ ɼʇʂ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ɼʇʂ ʨʘʙʦʪʘʝʪ ʩ ʢʨʠʦʛʝʥʥʦʡ 
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ʩʨʝʜʦʡ ʠ ʧʦʵʪʦʤʫ ʚ ʥʝʤ ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʷʪʴ ʫʟʣʳ ʫʧʣʦʪʥʝʥʠʷ ʩ 

ʨʝʟʠʥʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʢʦʣʴʮʘʤʠ ʠ ʤʘʥʞʝʪʘʤʠ), ʢʦʪʦʨʳʝ ʚ ʦʙʳʯ-

ʥʦʡ ʧʥʝʚʤʦʘʨʤʘʪʫʨʝ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ, ʪʘʢ ʞʝ ʚʳʩʪʫʧʘʶʪ ʚ 

ʨʦʣʠ ʜʝʤʧʬʝʨʦʚ ʪʨʝʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʂʈʤ ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ɼʇʂ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʝʜʦʭʨʘ-

ʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʠ ʪʦʯʥʦʡ ʨʘ-

ʙʦʪʳ ɼʇʂ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʜʝʤʧʬʝʨʘ ʪʨʝʥʠʷ, ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʧʦ-

ʜʫʰʢʝ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ɼʇʂ ʧʨʠ ʝʛʦ 

ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ɼʇʂ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 
ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ, ʦʧʠʩʳʚʘʶʱʫʶ ʜʠʥʘʤʠʢʫ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʧʦʜʫʰʢʝ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʮʠʬʨʦʚʫʶ (ʢʦʤʧʴʶʪʝʨʥʫʶ) 

ʤʦʜʝʣʴ ɼʇʂ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʨʘʙʦ-

ʪʳ ɼʇʂ ʚ ʨʝʞʠʤʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ; 

- ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ɼʇʂ ʚ ʨʝʞʠʤʝ 
ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʜʘʚ-

ʣʝʥʠʷ ʚ ʧʦʜʫʰʢʝ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ; ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʥʝʦʙʭʦʜʠʤʦʡ ʩʠʣʳ 

ʪʨʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ɼʇʂ; 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, 
ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ ɼʇʂ ʜʝʤʧʬʝʨʘ ʪʨʝʥʠʷ 

ʧʨʠ ʫʩʣʦʚʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʩʩʳ; 

- ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʜʝʤʧʬʝʨʳ ʪʨʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʫʶ ʚʝʣʠʯʠʥʫ ʩʠʣʳ ʪʨʝʥʠʷ. 
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ʈʠʩ.2. ʂʦʥʩʪʨʫʢʮʠʷ ʜʨʝʥʘʞʥʦ-ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ [3]: 

1 ï ʢʦʨʧʫʩ; 2 ï ʚʭʦʜʥʦʡ ʢʘʥʘʣ ɼʇʂ; 3 ï ʚʳʭʦʜʥʦʡ ʢʘʥʘʣ ɼʇʂ; 4 ï ʩʝʜʣʦ ʟʘʪʚʦʨʘ 

ɼʇʂ; 5 ï ʟʘʢʦʥʮʦʚʢʘ; 6 ï ʟʘʧʦʨʥʳʡ ʵʣʝʤʝʥʪ ʟʘʪʚʦʨʘ ɼʇʂ; 7ï ʫʧʣʦʪʥʝʥʠʝ ʟʘʧʦʨ-

ʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʪʚʦʨʘ ɼʇʂ; 8 ï ʩʠʣʴʬʦʥʥʳʡ ʫʟʝʣ; 9 ï ʢʦʨʧʫʩ ʧʨʠʚʦʜʘ ʫʧʨʘʚʣʝʥʠʷ; 

10 ï ʰʪʦʢ; 11 ï ʰʘʨʥʠʨ; 12 ï ʪʷʛʘ; 13 ï ʰʘʨʥʠʨ; 14 ï ʧʝʨʝʭʦʜʥʠʢ ʥʠʞʥʠʡ ʩ ʦʧʦ-

ʨʦʡ ʜʣʷ ʧʨʫʞʠʥʳ; 15 ï ʧʨʫʞʠʥʘ; 16 ï ʛʘʡʢʘ; 17 ï ʚʪʫʣʢʘ ʩ ʚʳʩʪʫʧʘʤʠ; 18 ï ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʡ ʢʦʨʧʫʩ; 19 ï ʰʪʫʮʝʨ ʧʨʦʜʫʚʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʩʠʣʴʬʦʥʥʦʛʦ 

ʫʟʣʘ; 20 ï ʰʪʫʮʝʨ ʜʨʝʥʘʞʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʩʠʣʴʬʦʥʥʦʛʦ ʫʟʣʘ; 21 ï ʚʥʫʪʨʝʥ-

ʥʷʷ ʧʦʣʦʩʪʴ ʩʠʣʴʬʦʥʥʦʛʦ ʫʟʣʘ; 22 ï ʩʲʝʤʥʳʡ ʢʦʞʫʭ;23 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 24 ï ʥʘ-

ʧʨʘʚʣʷʶʱʠʡ ʰʪʳʨʴ; 25 ï ʥʘʧʨʘʚʣʷʶʱʝʝ ʦʪʚʝʨʩʪʠʝ; 26 ï ʚʳʭʦʜʥʘʷ ʧʦʣʦʩʪʴ ɼʇʂ; 

27 ï ʰʪʫʮʝʨ ʧʨʦʜʫʚʢʠ ʚʳʭʦʜʥʦʡ ʧʦʣʦʩʪʠ ɼʇʂ; 28 ï ʰʪʫʮʝʨ ʫʧʨʘʚʣʝʥʠʷ; 29 - 
ʧʦʨʰʝʥʴ ʧʨʠʚʦʜʘ ʫʧʨʘʚʣʝʥʠʷ; 30 ï ʬʪʦʨʦʧʣʘʩʪʦʚʳʝ ʫʧʣʦʪʥʝʥʠʝ; 

 31 ï ʧʨʫʞʠʥʥʳʡ ʫʩ; 32 ï ʫʧʦʨ; 33 ï ʧʨʫʞʠʥʘ ʧʨʠʚʦʜʘ ʫʧʨʘʚʣʝʥʠʷ; 34 ï ʧʝʨʝʭʦʜʥʠʢ 

ʚʝʨʭʥʠʡ; 35 ï ʦʪʙʦʨʪʦʚʢʘ ʰʪʦʢʘ 
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ʈɸʉʏɽʊ ɻʀɼʈɸɺʃʀʏɽʉʂʀʍ ʉʆʇʈʆʊʀɺʃɽʅʀʁ ʃʀʅʀʁ 

ʇʀʊɸʅʀʗ ʉʀʉʊɽʄ ɻɸɿʆʉʅɸɹɾɽʅʀʗ ɺ ʇʈʆɻʈɸʄʄɽ 

çSIMINTECHè 
 

ɾʫʢʦʚ ɼ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʍʘʣʘʪʦʚ ɽ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
 

1 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʜ ʩʠʩʪʝʤʦʡ ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (ʜʘʣʝʝ ï ʉɻʉ) ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʙʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʞʘʪʳʤʠ ʛʘʟʘʤʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦ-

ʪʨʝʙʠʪʝʣʷʤʠ ʉɻʉ ʷʚʣʷʶʪʩʷ ʛʘʟʦʚʳʝ ʙʘʣʣʦʥʳ, ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ, 

ʫʧʨʘʚʣʷʶʱʠʝ ʧʦʣʦʩʪʠ ʛʠʜʨʦʧʥʝʚʤʦʘʨʤʘʪʫʨʳ ʠ ʠʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʢʝʪʝ-ʥʦʩʠʪʝʣʶ, ʩʪʘʨʪʦʚʦʤʫ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʢʦʤ-

ʧʣʝʢʩʫ. 

ʉɻʉ ʤʦʞʥʦ ʫʢʨʫʧʥʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʣʠʥʠʠ ʧʠʪʘʥʠʷ. ʀʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʨʘʥʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʞʘʪʳʭ ʛʘʟʦʚ. ʃʠʥʠʷ ʧʠʪʘʥʠʷ ï ʵʪʦ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘ ʧʥʝʚʤʦʘʚʪʦʤʘʪʠʢʠ 

ʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʠ ʩʚʷʟʳʚʘʶʱʠʭ ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉɻʉ ʧʨʦʚʦʜʠʪʩʷ ʨʷʜ ʧʨʦʝʢʪʥʳʭ ʠ ʧʦʚʝ-

ʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʩʯʝʪʳ ʣʠʥʠʡ ʧʠʪʘʥʠʷ ʪʨʝʙʫʶʪ 
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ʟʥʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʣʠʥʠʡ. ʂ ʪʘʢʠʤ ʨʘʩʯʝʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

1) ʩʪʘʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ: ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦ-

ʚʦʜʝ ʠ ʥʘ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʭʦʜʝ ʛʘʟʘ; ʨʘʩ-

ʯʝʪ ʨʘʩʭʦʜʘ ʛʘʟʘ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜ ʧʨʠ ʟʘʜʘʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʥʘ ʝʛʦ 

ʛʨʘʥʠʮʘʭ; ʨʘʩʯʝʪ ʨʘʩʭʦʜʦʚ ʠ ʜʘʚʣʝʥʠʡ ʥʘ ʫʯʘʩʪʢʘʭ ʠ ʚ ʫʟʣʘʭ ʩʣʦʞ-

ʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

2) ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ: ʨʘʩʯʝʪ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʚʳʜʘʯʝ ʛʘʟʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ; ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʚʳʜʘʯʠ ʛʘʟʘ ʧʦʪʨʝʙʠʪʝʣʷʤ; ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ 

ʦʧʦʨʦʞʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʩʣʝ ʚʳʜʘʯʠ ʛʘʟʘ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ɺ ʂɹ çɸʨʤʘʪʫʨʘè, ʛʜʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʉɻʉ, 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʯʘʩʪʴ ʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ çSimInTechè, ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʩʪʘʪʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʠʧʦʚʳʭ ʠʣʠ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʦ-

ʛʨʘʤʤʘʭ ʜʣʷ ʙʝʩʧʣʘʪʥʦʡ ʚʝʨʩʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘ-

ʢʝʪʘ çSMath Studioè. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʣʠʥʠʡ 

ʧʠʪʘʥʠʷ ʚ ʂɹ çɸʨʤʘʪʫʨʘè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʣʠʥʠʡ, ʚʳʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʪʦʯʢʠ ʠ ʫʯʘʩʪʢʠ. ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʠʤʝʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʞʜʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʨʘʩ-

ʯʝʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʣʠʥʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ, ʧʨʠʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢ ʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʠ ʩʫʤʤʠʨʦʚʘ-

ʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺʩʝ ʦʧʝʨʘʮʠʠ ʟʘ-

ʚʝʨʰʘʶʱʝʛʦ ʵʪʘʧʘ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ çSMath Studioè. 

ɺʳʷʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʠʚʝʜʝʥʠʝ ʠʭ ʢ ʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʝ ʩʣʦʞʝʥʠʝ, ʚ ʨʘʩʯʝʪʘʭ ʧʘʨʘʤʝʪʨʦʚ ʉɻʉ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ 

1/3 ʚʩʝʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ. ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʚʝʜʝʥ-

ʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʦʞʥʦʩʪʴʶ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʉɻʉ, 

ʚ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝ-
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ʥʠʡ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʪʳ-

ʩʷʯ ʝʜʠʥʠʮ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ 

ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʡ ʧʠʪʘʥʠʷ ʉɻʉ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʠ ʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ çSimInTechè, ʧʦʟʚʦʣʠʪ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʙʣʦʢʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ çSimInTechè.  

2 ʆʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʚ ʣʠʥʠʷʭ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʛʘ-

ʟʦʩʥʘʙʞʝʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʎʝʣʴʶ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʣʠʥʠʡ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝ-

ʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʠʧʦʚʳʝ 

ʣʠʥʠʠ ʧʠʪʘʥʠʷ ʉɻʉ ʠ ʚʳʷʚʠʪʴ ʧʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʠ ʠʟʫ-

ʯʝʥʠʷ ʣʠʪʝʨʘʪʫʨʳ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶ-

ʱʠʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ; ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʙʣʦʢʠ (ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ) ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ çSimInTechè. 

3.ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʝʰʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʥʦʡ ʚʳʰʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʥʘʯʘʣʦʩʴ ʚ 2023 ʛʦʜʫ ʚ 

ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ɺʂʈ) 

ʙʘʢʘʣʘʚʨʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʥʷʪʳʝ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ɺʂʈ ʙʘʢʘʣʘʚʨʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3.2. ʆʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʂɻʉ), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʪʝʨʷʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʚ ʫʩʣʦʚʣʝʥʥʦʤ ʩʝʯʝʥʠʠ. ɺ 



129 

 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʜʘʯʠ ʛʘʟʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩʠʩʪʝʤ ʛʘʟʦʩʥʘʙ-

ʞʝʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʯʝʥʠʝ, ʢʘʢ ʚ ʪʨʫʙʘʭ, ʪʘʢ 

ʠ ʚ ʦʙʣʘʩʪʷʭ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʳʤ ʪʫʨʙʫ-

ʣʝʥʪʥʳʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʳʤʠ ʯʠʩʣʘʤʠ ʄʘʭʘ. ʇʦʵʪʦʤʫ ʚ ʧʨʦ-

ʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʪʦʣʴʢʦ ʨʘʟʚʠʪʳʡ ʪʫʨʙʫ-

ʣʝʥʪʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ, ʘ ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʩʯʠʪʘʣʘʩʴ ʥʝʩʞʠʤʘʝʤʦʡ. 

3.3. ʇʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʚ ʣʠʥʠʷʭ ʧʠʪʘʥʠʷ ʉɻʉ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʣʠʥʠʠ ʧʠʪʘʥʠʷ 

ʦʜʥʦʡ ʠʟ ʪʠʧʦʚʳʭ ʧʦʜʩʠʩʪʝʤ ʉɻʉ ï ʩʠʩʪʝʤʳ ʥʘʛʨʝʚʘ ʘʟʦʪʘ, ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ: 

ʪʨʝʥʠʝ ʚ ʪʨʫʙʝ, ʪʨʝʥʠʝ ʚ ʛʦʬʨʠʨʦʚʘʥʥʦʤ ʤʝʪʘʣʣʦʨʫʢʘʚʝ, ʪʨʝʥʠʝ ʚ 

ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫʙʝ, ʚʥʝʟʘʧʥʦʝ ʩʫʞʝʥʠʝ, ʚʥʝʟʘʧʥʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʧʦ-

ʚʦʨʦʪ ʙʝʟ ʦʩʪʨʦʡ ʢʨʦʤʢʠ ʚ ʤʝʩʪʝ ʧʦʚʦʨʦʪʘ, ʧʦʚʦʨʦʪ ʩ ʦʩʪʨʦʡ ʢʨʦʤ-

ʢʦʡ ʚ ʤʝʩʪʝ ʧʦʚʦʨʦʪʘ, ʩʚʘʨʥʦʡ ʰʦʚ, ʪʨʦʡʥʠʢ, ʩʚʦʙʦʜʥʳʡ ʚʳʭʦʜ ʠʟ 

ʪʨʫʙʳ ʠʣʠ ʢʘʥʘʣʘ, ʧʥʝʚʤʦʫʩʪʨʦʡʩʪʚʦ (ʢʘʢ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʝ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ). 

3.4. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ  ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʌʦʨʤʫ-

ʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʂɻʉ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʘ [1], ʠʤʝʶʪ ʚʠʜ: 

‒ʪʨȢʪ ‗ʪϽ
ὒ

Ὠʚʥ
πȟρρϽ

Ўɻ ʢʚ

Ὠʚʥ

ȟ

Ͻ
ὒ

Ὠʚʥ
ȟ (1) 

‒ʪʨȢʛʤ ‗ʛʤϽ
ὒ

Ὠʚʥ
πȟπχςϽ

ὒ

Ὠʚʥ
ȟ 

 

(2) 

‒ʪʨȢʟʪ ‗ʟʪẗ
ὒ

Ὠʚʥ
πȟππψχ

πȟπυφ

ὙʟʪὨʚʥϳ ȟ

ρȟτς

ὙὩȟ
ẗ
ὒ

Ὠʚʥ
ȟ 

 

(3) 

‒ʚʩ πȟυϽρ
Ὠʚʳʭ
Ὠʚʭ

ȟ (4) 
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‒ʚʨ ρ
Ὠʚʭ
Ὠʚʳʭ

ȟ (5) 

‒᷾
ρ

πȟρ πȟπςρυϽ•ȟ φρ•ϳ
Ͻ
πȟςρ

Ὑʪ Ὠʪϳ
ȟ
ȟ (6) 

‒᷁ πȟωυϽίὭὲ•ςϳ ςȟπυϽίὭὲ•ςϳ  

ςȟστϽρπ Ͻ• πȟπτυσϽ• σȟσψȟʧʨʠ • ωπȟ

ρȟςȟʧʨʠ • ωπȢ                                                               
 

(7) 

‒ʩʰ

ừ
Ử
Ừ

Ử
ứπȟςσϽςϽὰὫ

ὒʩʰ
Ὠʚʥ

ρϽρσȟψϽ
ʩʰ‏
Ὠʚʥ

ȟ

ȟʧʨʠ 
ὒʩʰ
Ὠʚʥ

υπȟ

ρσȟψϽ
ʩʰ‏
Ὠʚʥ

ȟ

ȟʧʨʠ 
ὒʩʰ
Ὠʚʥ

υπȢ                                                

 (8) 

ʛʜʝ ⱡʪʨȢʪȟⱡʪʨȢʛʤȟⱡʪʨȢʟʪ ï ʂɻʉ ʪʨʝʥʠʷ ʚ ʧʨʷʤʦʡ ʪʨʫʙʝ, ʚ ʛʦʬʨʠʨʦʚʘʥ-

ʥʦʤ ʤʝʪʘʣʣʦʨʫʢʘʚʝ ʠ ʚ ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫʙʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ⱡʚʩȟⱡʚʨ ï 

ʂɻʉ ʚʥʝʟʘʧʥʦʛʦ ʩʫʞʝʥʠʷ ʠ ʚʥʝʟʘʧʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ⱡ᷾, ⱡ᷁ ï ʂɻʉ ʧʦʚʦʨʦʪʘ ʙʝʟ ʦʩʪʨʦʡ ʢʨʦʤʢʠ ʚ ʤʝʩʪʝ ʧʦʚʦʨʦʪʘ ʠ ʧʦʚʦ-

ʨʦʪʘ ʩ ʦʩʪʨʦʡ ʢʨʦʤʢʦʡ ʚ ʤʝʩʪʝ ʧʦʚʦʨʦʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ⱡʩ  hï ʂɻʉ 

ʩʚʘʨʥʦʛʦ ʰʚʘ, ⱦʪȟⱦʛʤȟⱦʟʪ ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ 

ʧʨʷʤʦʡ ʪʨʫʙʳ, ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʦʨʫʢʘʚʘ ʠ ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫ-

ʙʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ўɻ ʢʚ ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʨʘʚʥʦʤʝʨʥʘʷ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʴ ʪʨʫʙʳ, ▀ʚʥ  ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʧʨʷʤʦʡ ʪʨʫʙʳ, ʛʦʬʨʠʨʦ-

ʚʘʥʥʦʛʦ ʤʝʪʘʣʣʦʨʫʢʘʚʘ ʠʣʠ ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫʙʳ, ╛ ï ʜʣʠʥʘ ʧʨʷʤʦʡ 
ʪʨʫʙʳ, ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʦʨʫʢʘʚʘ ʠʣʠ ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫʙʳ, 

╡ʟʪ ï ʨʘʜʠʫʩ ʛʠʙʢʠ ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫʙʳ, ╡▄ ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, 
▀ʚʭȟ▀ʚʳʭ ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ ʚ ʤʝʩʪʝ ʚʥʝʟʘʧʥʦʛʦ ʨʘʩʰʠʨʝ-

ʥʠʷ  ʠʣʠ ʩʫʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ, ⱴ, ʛʨʘʜʫʩʳ ï 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ, ╡ʪ ï ʨʘʜʠʫʩ ʛʠʙʢʠ ʪʨʫʙʳ, ▀ʪ ï ʥʘʨʫʞʥʳʡ 

ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ╛ʩ  hï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʚʘʨʥʳʤʠ ʰʚʘ-

ʤʠ, ♯ʩ  hï ʚʝʣʠʯʠʥʘ ʧʨʦʧʣʘʚʘ ʩʪʳʢʘ ʪʨʫʙ ʚ ʤʝʩʪʝ ʩʚʘʨʢʠ. 

ʂɻʉ ʪʨʦʡʥʠʢʦʚ ʫʧʨʦʱʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʪʨʦʡʥʠʢʘ ʠ ʤʝʩʪʘ ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʚʦʜʠʪʩʷ ʂɻʉ 

[2, ʩ. 45]. ʂɻʉ ʩʚʦʙʦʜʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʪʨʫʙʳ ʜʣʷ ʨʘʟʚʠʪʦʛʦ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʚʝʥ 1 [1, ʩ. 510]. 
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3.5 ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ (ʢʦʤʧʴʶʪʝʨʥʳʝ) ʤʦʜʝʣʠ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ (ʙʣʦʢ). ʆʩʥʦʚ-

ʥʳʝ ʚʝʣʠʯʠʥʳ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʂɻʉ ʠ ʇʂɻʉ, ʟʘʜʘʶʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʦʢʥʝ ʩʚʦʡʩʪʚ ʙʣʦʢʘ, ʘ ʧʝʨʝʯʝʥʴ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ 

ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʥʘ ʩʭʝʤʥʦʝ ʦʢʥʦ, 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʦʢʥʝ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢʘ. 

3.6. ɼʦʨʘʙʦʪʢʘ ʩʦʟʜʘʥʥʳʭ ʙʣʦʢʦʚ 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠ ʟʘʱʠʪʳ ɺʂʈ ʙʘʢʘʣʘʚʨʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʙʣʦʢʠ ʙʳʣ ʚʥʝʩʝʥ ʨʷʜ ʠʟʤʝʥʝʥʠʡ: ʜʣʷ ʙʣʦʢʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʟʤʝʝʚʠʢʦʚʦʡ ʪʨʫʙʝ ʠ ʛʦʬʨʠʨʦʚʘʥʥʦʤ ʤʝʪʘʣ-

ʣʦʨʫʢʘʚʝ, ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 400 ʜʦ 10
5
; ʜʣʷ ʚʩʝʭ ʙʣʦʢʦʚ ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʂɻʉ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ ʨʘ-

ʙʦʯʝʡ ʩʨʝʜʳ; ʚʩʝ ʙʣʦʢʠ ʚʝʢʪʦʨʠʟʦʚʘʥʳ, ʪʝʧʝʨʴ ʢʘʞʜʳʡ ʙʣʦʢ ʧʦʟʚʦ-

ʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʂɻʉ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʚʳʚʦʜʠʪʴ ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ; ʠʟʤʝʥʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʚʩʝʭ ʙʣʦʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʙʘʚʣʝʥʘ 

ʘʥʠʤʘʮʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. 

4. ʅʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣ-

ʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʘ  

ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʙʝʩʧʝʯʠʪʴ ʫʯʝʪ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ (ʫʯʝʪ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ) ʠ ʩʞʠʤʘʝʤʦʩʪʠ ʩʨʝʜʳ (ʫʯʝʪ ʯʠʩʣʘ ʄʘʭʘ) ʜʦʨʘ-

ʙʦʪʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝ-

ʣʝʡ; ʦʙʝʩʧʝʯʠʪʴ ʫʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʠʧʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ ʟʥʘʯʝʥʠʷ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʦʨʘʙʦʪʢʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ; ʨʘʟʨʘʙʦʪʘʪʴ 

ʙʣʦʢ (ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ), ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʠʪʳ-

ʚʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠʟʜʝʣʠʡ (ʚʝʥʪʠʣʝʡ, ʢʣʘʧʘʥʦʚ, 

ʬʠʣʴʪʨʦʚ) ʠ ʘʛʨʝʛʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ʘʛʨʝʛʘʪʦʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, 
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ʣʠʥʠʡ ʧʥʝʚʤʦ- ʠ ʵʣʝʢʪʨʦʧʥʝʚʤʦʱʠʪʦʚ) ʧʥʝʚʤʦʘʚʪʦʤʘʪʠʢʠ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʚ ʂɹ çɸʨʤʘʪʫʨʘè; ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʣʠʥʠʡ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʛʘʟʦʩʥʘʙʞʝʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʟʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʙʣʦʢʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʀʜʝʣʴʯʠʢ, ʀ.ɽ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷʤ / ʧʦʜ ʨʝʜ. ʄ.ʆ. ʐʪʝʡʥʙʝʨʛʘ. ï 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1992. ï 672 ʩ. 

2. ɸʙʨʘʤʦʚ, ɽ.ʀ., ʂʦʣʝʩʥʠʯʝʥʢʦ ʂ.ɸ., ʄʘʩʣʦʚ ɺ.ʊ.  ʕʣʝʤʝʥʪʳ 

ʛʠʜʨʦʧʨʠʚʦʜʘ: ʩʧʨʘʚʦʯʥʠʢ. ï ʠʟʜ. 2-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʂʠʝʚ: çʊʝʭ-

ʥʠʢʘè, 1977. ï 320 ʩ. 

 

 

ʊɽʇʃʆɺʆʁ ʈɽɾʀʄ ʉʀʉʊɽʄʓ ʉʊɸɹʀʃʀɿɸʎʀʀ ɿʈʂ 

ʄʆʈʉʂʆɻʆ ɹɸɿʀʈʆɺɸʅʀʗ 

 

ʂʠʨʞʘʝʚ ɸ.ʄ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʆʚʯʠʥʥʠʢʦʚ ʅ.ɸ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʜʦʮʝʥʪ 

 

ɺ ʩʠʩʪʝʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʝ ʧʨʠʚʦʜʳ. ʂʘʞʜʳʡ ʪʠʧ ʧʨʠʚʦʜʘ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝ-

ʙʫʝʪʩʷ ʙʳʩʪʨʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ 

(ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝ-

ʥʷʪʴ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ [1]. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʷ-

ʞʝʣʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʠʣʳ ʠ ʤʦʱ-

ʥʦʩʪʠ [2].  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. 
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ʊʘʙʣʠʮʘ 1 

ʂʨʠʪʝʨʠʡ ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ɻʠʜʨʦʧʨʠʚʦʜʳ 

ʃʠʥʝʡʥʦʝ ʧʝʨʝʤʝ-

ʱʝʥʠʝ 

ɿʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʜʦ-

ʨʦʛʦ, ʤʘʣʳʝ ʫʩʠʣʠʷ 

ʇʨʦʩʪʦ, ʙʦʣʴʰʠʝ 

ʫʩʠʣʠʷ, ʭʦʨʦʰʝʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʩʢʦʨʦʩʪʠ 

ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ 

ɿʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪ-

ʥʳʭ ʫʩʣʦʚʠʡ 

ɼʦ 1,5 ʤ/ʩ 

ʋʩʠʣʠʷ ɹʦʣʴʰʠʝ ʫʩʠʣʠʷ, ʥʝ 

ʜʦʧʫʩʢʘʶʪʩʷ ʧʝʨʝ-

ʛʨʫʟʢʠ 

ʋʩʠʣʠʷ ʜʦ 3000 ʢʅ 

ʠ ʚʳʰʝ, ʟʘʱʠʱʝʥʳ 

ʦʪ ʧʝʨʝʛʨʫʟʦʢ 

ʊʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦ-

ʥʠʨʦʚʘʥʠʷ 

Ñ1ʤʢʤ ʠ ʚʳʰʝ ɼʦ Ñ1 ʤʢʤ 

ʂʇɼ 0,85% 0,93-0,97% 

ʋʪʝʯʢʠ ʅʝʪ ɺʦʟʤʦʞʥʳ 

ɺʣʠʷʥʠʝ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ 

ʏʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘ-

ʪʫʨʳ 

ʏʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝ-

ʨʘʪʫʨʳ 

ʇʦʜʚʝʨʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʤʝʭʘʤ 

ɺʳʩʦʢʘʷ  ʅʠʟʢʘʷ 

ʇʨʠʚʝʜʸʥʥʘʷ ʩʪʦʠ-

ʤʦʩʪʴ 

ɺʳʩʦʢʘʷ  ʅʠʟʢʘʷ 

 

ʉʫʭʦʧʫʪʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩ-

ʣʦʚʠʡ ʙʘʟʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ. 

ʇʨʠ ʵʪʦʤ ɿʈʂ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʦʪʜʝʣʴʥʫʶ 

ʢʘʪʝʛʦʨʠʶ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʘ 2 
ʉʪʘʮʠʦʥʘʨʥʘʷ ʩʠʩʪʝʤʘ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ 

 

ʄʦʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ 

 

ʉʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ɿʈʂ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦ-

ʚʘʥʠʷ 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʛʘʙʘʨʠʪʘʭ ʠ ʤʘʩʩʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ, ʪʘʢʠʭ, ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘ-

ʜʠʘʪʦʨʳ ʦʭʣʘʞʜʝʥʠʷ 

ʠʣʠ ʧʦʜʦʛʨʝʚʘʪʝʣʠ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘ-

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʛʘʙʘʨʠʪʘʤ ʠ ʤʘʩ-

ʩʝ ʥʘ ʤʘʰʠʥʝ ʥʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝ-

ʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʜʠʘʪʦʨʳ ʦʭʣʘʞ-

ʜʝʥʠʷ ʠʣʠ ʧʦʜʦʛʨʝ-

ʚʘʪʝʣʠ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴ-

ʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ɿʈʂ 

(ʪʨʦʧʠʯʝʩʢʦʝ ʠʣʠ 

ʘʨʢʪʠʯʝʩʢʦʝ) 

ʐʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʘ ʜʠʩʣʦʢʘʮʠʠ 

ʢʦʨʘʙʣʷ (ʦʪ -50Áʉ ʜʦ 

+50Áʉ). ʅʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ɿʈʂ ʦʪ ʜʝʡʩʪʚʠʷ 

ʤʦʨʩʢʦʡ ʢʘʯʢʠ ʚ 

ʜʚʠʞʝʥʠʠ,  ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠ-

ʢʘʮʠʠ ʥʘʛʨʫʟʦʢ ʥʘ 

ʵʣʝʤʝʥʪʳ ʧʨʠʚʦʜʘ ʠ 

ʧʦʚʳʰʝʥʥʦʤʫ ʫʨʦʚ-

ʥʶ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ   

  

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʥʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʜʣʷ ʮʝʣʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ 

ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʧʨʠʚʦʜʫ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ 

ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʅʘʜʝʞʥʘʷ, ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ ʚʦʟʤʦʞʥʘ ʚ ʫʩʣʦʚʠʷʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʫʚʝ-

ʣʠʯʠʚʘʶʪʩʷ ʦʙʲʝʤʥʳʝ ʧʦʪʝʨʠ, ʥʘʨʫʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʥʘʜʝʞʥʦʛʦ 

ʩʤʘʟʳʚʘʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʣʦʢʘʣʴʥʳʡ 

ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʜʘʞʝ 

çʩʭʚʘʪʳʚʘʥʠʝè ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʚʳʜʝ-

ʣʝʥʠʝ ʠʟ ʥʝʸ ʩʤʦʣʠʩʪʳʭ ʦʩʘʜʢʦʚ, ʫʩʢʦʨʷʶʱʠʭ ʦʙʣʠʪʝʨʘʮʠʶ ʧʨʦ-

ʭʦʜʥʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʢʘʥʘʣʦʚ ʠ ʜʨʦʩʩʝʣʴʥʳʭ ʱʝʣʝʡ [3].  
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ʈʠʩ 1.  ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ  

ɿʈʂ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ 

 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʤʩʷ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ, ʷʚʣʷ-

ʝʪʩʷ ʩʠʣʦʚʦʡ ʛʠʜʨʦʮʠʣʠʥʜʨ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʡ ʝʛʦ ʨʘʙʦʪʳ ʥʫʞʥʘ ʩʪʘʙʠʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʫʧʣʦʪʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʥʠʟʢʦʝ ʪʨʝʥʠʝ, ʘ ʟʥʘʯʠʪ 

ʤʝʥʴʰʠʡ ʥʘʛʨʝʚ ʚ ʧʘʨʝ ʪʨʝʥʠʷ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʪʝ-

ʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ  ʫʟʣʘʭ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ.  
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ʈʠʩ 2.  ʉʭʝʤʘ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʫʟʣʘʭ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 

 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʛʠʜʨʦʧʨʠ-

ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʨʝʰʝʥʠʡ ʧʦ ʠʩʢʣʶʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠʟ-ʟʘ ʧʨʝʚʳʰʝ-

ʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ ʷʚʣʷʶʪʩʷ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʪʝʧ-

ʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʈʂ ʤʦʨ-

ʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. 

2. ʆʮʝʥʢʘ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʷʟ-

ʢʦʩʪʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʧʦ ʫʨʦʚʥʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝ-

ʞʠʤʘʭ.  

3. ʆʮʝʥʢʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʨʘʟʦʛʨʝʚʘ ʛʠʜʨʦʧʨʠ-

ʚʦʜʘ ʜʦ ʚʳʭʦʜʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʪʝʤʧʝʨʘʪʫʨʫ. 

4. ʆʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝ-

ʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ.  

5. ʆʛʨʘʥʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʧʨʠʚʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦ-

ʧʨʠʷʪʠʡ: ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ; ʩʥʠʞʝʥʠʷ ʚʥʝʰ-

ʥʝʛʦ ʥʘʛʨʝʚʘ (ʵʢʨʘʥʠʨʦʚʘʥʠʝ); ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʪʚʦʜʘ ʪʝʧʣʦ-

ʪʳ (ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ).  
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ʇʈʀ ʈɸɿʃʀʏʅʓʍ ʀʉʇʆʃʅɽʅʀʗʍ  

ʉʀʃʆɺʓʍ ʋʉʊɸʅʆɺʆʂ 

 

ʂʦʢʦʫʣʠʥ ʄ.ʄ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʂʦʩʤʠʯʝʩʢʠʡ ʣʠʬʪ ī ʢʦʥʮʝʧʮʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦ-

ʛʦ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʙʝʟʨʘʢʝʪʥʦʛʦ ʟʘʧʫʩʢʘ ʛʨʫʟʦʚ ʚ ʢʦʩʤʦʩ. ʂʦʥʩʪ-

ʨʫʢʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʨʦʩʘ, ʧʨʦʪʷʥʫʪʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʥʝʪʳ ʢ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʨʙʠʪʝ. ɺʧʝʨʚʳʝ ʧʦʜʦʙʥʫʶ ʤʳʩʣʴ ʚʳʩʢʘʟʘʣ ʂʦʥʩʪʘʥʪʠʥ ʎʠʦʣʢʦʚ-

ʩʢʠʡ ʚ 1895 ʛʦʜʫ [1]. ʆʩʤʘʪʨʠʚʘʷ ʚ ʇʘʨʠʞʝ ʥʦʚʝʥʴʢʫʶ ʕʡʬʝʣʝʚʫʶ 

ʙʘʰʥʶ, ʎʠʦʣʢʦʚʩʢʠʡ ʟʘʜʫʤʘʣʩʷ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʨʝʘʣʴʥʦ ʙʳʣʦ ʙʳ 

ʧʦʩʪʨʦʠʪʴ ʙʘʰʥʶ ʚʳʩʦʪʦʡ ʜʦ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ, ʯʪʦʙʳ ʜʦʩ-

ʪʘʚʣʷʪʴ ʧʦ ʥʝʡ ʛʨʫʟʳ ʧʨʷʤʦ ʚ ʢʦʩʤʦʩ (ʨʠʩ. 1). ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʣʫʯʘ-

ʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʦʡ: ʤʘʣʦ ʪʦʛʦ, ʯʪʦ ʝʸ ʦʩʥʦʚʘʥʠʝ ʥʘ 

ʟʝʤʣʝ ʙʳʣʦ ʙʳ ʩʦʧʦʩʪʘʚʠʤʦ ʧʦ ʧʣʦʱʘʜʠ ʩʦ ʚʩʝʤ ʇʘʨʠʞʝʤ, ʪʘʢ ʠ 

ʜʘʞʝ ʩʘʤʘʷ ʧʨʦʯʥʘʷ ʩʪʘʣʴ ʥʝ ʚʳʜʝʨʞʘʣʘ ʙʳ ʪʘʢʦʡ ʥʘʛʨʫʟʢʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʠʜʝʶ ʙʘʰʥʠ ʠʣʠ ʤʘʯʪʳ, ʚʳʭʦʜʷʱʝʡ ʧʨʷʤʦ ʥʘ ʦʨʙʠʪʫ, ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ çʥʝʚʦʟʤʦʞʥʦʩʪʷʤ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʨʘ-

ʜʠʛʤʦʡ ʄʠʯʠʦ ʂʘʢʫ: ʩʦʟʜʘʥʠʝ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ, ʤʳ ʧʨʦʩʪʦ ʥʝ ʚʣʘʜʝʝʤ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷ-

ʤʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ. 

 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%86%D0%B5%D0%BF%D1%86%D0%B8%D1%8F
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https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BE%D0%BB%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B8%D0%BD_%D0%AD%D0%B4%D1%83%D0%B0%D1%80%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BE%D0%BB%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B8%D0%BD_%D0%AD%D0%B4%D1%83%D0%B0%D1%80%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B8%D1%84%D1%82#cite_note-1
https://cdn1.ozone.ru/multimedia/1022872635.pdf
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ʈʠʩ. 1. ʇʨʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʘʰʥʠ ʎʠʦʣʢʦʚʩʢʦʛʦ 

 

ʉʦʟʜʘʪʴ ʧʦʜʲʸʤʥʠʢ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʣʠʬʪʘ ï ʟʘʜʘʯʘ ʥʝʪʨʠ-

ʚʠʘʣʴʥʘʷ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʦʩʘ ʥʫʞʥʦ ʣʠʰʴ ʦʪʨʘʙʦʪʘʪʴ ʥʦʚʫʶ 

ʪʝʭʥʦʣʦʛʠʶ. ʄʝʭʘʥʠʟʤ ʞʝ, ʩʧʦʩʦʙʥʳʡ ʚʟʙʠʨʘʪʴʩʷ ʧʦ ʵʪʦʤʫ ʪʨʦʩʫ ʠ 

ʜʦʩʪʘʚʣʷʪʴ ʛʨʫʟʳ ʥʘ ʦʨʙʠʪʫ, ʝʱʸ ʧʨʝʜʩʪʦʠʪ ʠʟʦʙʨʝʩʪʠ. çɿʝʤʥʦʡè 

ʩʧʦʩʦʙ, ʢʦʛʜʘ ʢʘʙʠʥʘ ʢʨʝʧʠʪʩʷ ʢ ʥʘʤʘʪʳʚʘʶʱʝʤʫʩʷ ʥʘ ʙʘʨʘʙʘʥ ʢʘ-

ʥʘʪʫ, ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʢʨʠʪʠʢʠ: ʤʘʩʩʘ ʛʨʫʟʘ ʦʢʘʞʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʡ ʢʘʥʘʪʘ. ʇʦʜʲʸʤʥʠʢʫ ʧʨʝʜʩʪʦʠʪ ʚʟʙʠ-

ʨʘʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʠ ʵʪʦ ʥʝʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ. ʊʨʦʩ ʟʘʞʠʤʘʝʪʩʷ 

ʤʝʞʜʫ ʨʦʣʠʢʘʤʠ, ʠ ʤʘʰʠʥʘ ʧʦʣʟʸʪ ʚʚʝʨʭ, ʫʜʝʨʞʠʚʘʷʩʴ ʟʘ ʩʯʸʪ ʩʠʣʳ 

ʪʨʝʥʠʷ. ʅʦ ʵʪʦ ʪʦʣʴʢʦ ʚ ʬʘʥʪʘʩʪʠʢʝ ʢʦʩʤʠʯʝʩʢʠʡ ʣʠʬʪ ï ʙʘʰʥʷ ʠʣʠ 

ʤʦʛʫʯʘʷ ʢʦʣʦʥʥʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʢʘʙʠʥʘ. ɺ ʨʝʘʣʴʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦʩʪʠʛʥʝʪ ʝʜʚʘ ʚʠʜʠʤʘʷ ʥʠʪʴ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ï ʫʟʢʘʷ ʣʝʥʪʘ. ʇʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʨʦʣʠʢʦʚ ʩ ʦʧʦʨʦʡ ʙʫʜʝʪ 

ʥʠʯʪʦʞʥʦʡ, ʟʥʘʯʠʪ ʠ ʪʨʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʝʣʠʢʦ. 

ʊʨʦʩ ʫʜʝʨʞʠʚʘʝʪʩʷ ʦʜʥʠʤ ʢʦʥʮʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ 

(ɿʝʤʣʠ), ʘ ʜʨʫʛʠʤ ð ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʝʪʳ ʪʦʯʢʝ 

https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%BE%D1%81
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ʚʳʰʝ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ (ɻʉʆ). ʇʦ ʪʨʦʩʫ ʧʦʜʥʠʤʘʝʪ-

ʩ ̫ʧʦʜʲʸʤʥʠʢ, ʥʝʩʫʱʠʡ ʧʦʣʝʟʥʳʡ ʛʨʫʟ. 

ʆʪ ʪʨʦʩʘ ʪʨʝʙʫʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟ-

ʨʳʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʸʪʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. 

ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʦʩʘ, ʪʦ ʩʦʟʜʘ-

ʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʣʠʬʪʘ ʷʚʣʷʝʪʩʷ ʨʝʰʘʝʤʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ, 

ʭʦʪʷ ʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʠʥʦʛʦ ʨʦʜʘ. ʅɸʉɸ ʫʞʝ ʬʠʥʘʥʩʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ 

ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʲʸʤʥʠʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʚʠʛʘʪʴʩʷ ʧʦ 

ʪʨʦʩʫ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘ ʧʦʨʷʜʢʠ ʜʝʰʝʚʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ (ʨʠʩ. 2). ʊʘʢ 

ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʢʦʥʮʝʧʮʠʠ ʠ ʧʘʪʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʂʘʥʘʜ-

ʩʢʘʷ ʢʦʤʧʘʥʠʷ Thoth Technology ʧʦʩʪʨʦʠʪ ʢʦʩʤʠʯʝʩʢʠʡ ʣʠʬʪ: ʙʘʰ-

ʥʶ ʚʳʩʦʪʦʡ ʚ 20 ʢʠʣʦʤʝʪʨʦʚ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʜʥʷʪʴʩʷ ʥʘ 

ʫʨʦʚʝʥʴ ʩʪʨʘʪʦʩʬʝʨʳ [2]. 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʣʝʚʘʪʦʨʘ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʜʣʷ ʩʙʦʨʢʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʣʠʬʪʘ ʦʙʣʘʜʘʶʪ ʣʠʰʴ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. ʅʘ 

ʩʘʡʪʝ ʈʦʩʥʘʥʦ ʯʠʪʘʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʩʪʝʥʥʳʭ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B8%D1%84%D1%82#%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5%D0%B7%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B0%D0%B3%D1%80%D1%83%D0%B7%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BD%D0%B0_%D1%80%D0%B0%D0%B7%D1%80%D1%8B%D0%B2
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BD%D0%B0_%D1%80%D0%B0%D0%B7%D1%80%D1%8B%D0%B2
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BD%D0%B0%D0%BD%D0%BE%D1%82%D1%80%D1%83%D0%B1%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B8%D1%84%D1%82#%D0%AD%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%8F_%D0%BE%D1%82_%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BB%D0%B8%D1%84%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B8%D1%84%D1%82#%D0%AD%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%8F_%D0%BE%D1%82_%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BB%D0%B8%D1%84%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%90%D0%A1%D0%90
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%BA%D0%B5%D1%82%D0%B0-%D0%BD%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B8%D1%84%D1%82#cite_note-1
https://www.rusnano.com/about/press-centre/news/20180518-stroygaz-ne-vyletet-v-nanotrubku
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ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 50 ɻʇʘ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʧʦʜʝʣʠʚ ʩʠʣʫ ʨʘʟʨʳʚʘ (70 ʥʅ ʜʣʷ ʫʛʣʝʨʦʜʥʦʡ 

ʥʘʥʦʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 1,5 ʥʤ) ʥʘ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʊʘʢʦʡ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʧʦ ʧʝʩʩʠʤʠ-

ʩʪʠʯʥʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ 40 ɻʇʘ, ʥʦ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʠ ʜʦ 100 

ɻʇʘ, ʪʦ ʝʩʪʴ, ʢʘʙʝʣʴ ʚʳʜʝʨʞʠʪ ʥʘʛʨʫʟʢʫ 10 ʪʦʥʥ ʥʘ ʩʝʯʝʥʠʝ ʧʣʦʱʘ-

ʜʴʶ 1 ʤʤ
2
. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʫ ʩʪʘʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʭʦʜʠʪ ʜʦ 0,4 

ɻʇʘ (ʙʣʠʞʝ ʢ 0,34 ɻʇʘ), ʫ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʞʝʣʝʟʘ ï 1,3 ɻʇʘ, ʜʣʷ 

ʛʨʘʬʝʥʘ ï 350 ɻʇʘ. ɿʥʘʯʝʥʠʷ, ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʫʛʣʝ-

ʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʛʨʘʬʝʥʘ ʢ 2019 ʛʦʜʫ, ʩʦʩʪʘʚʣʷʶʪ 28 ʠ 94 ɻʇʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

 
 

ʂʦʬɻʬʠʮʠʝʥʪ ʢʦʥʫʩʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʝʩʣʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 48 (ʄʇʘ) / (ʢʛ/ʤ). 

ʄʘʪʝʨʠʘʣʳ ʩ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʪʨʝʙʫʶʪ ʦʯʝʥʴ ʙʦʣʴʰʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʫʩʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʦʡ (ʠʣʠ ʘʩ-

ʪʨʦʥʦʤʠʯʝʩʢʦʡ) ʦʙʱʝʡ ʤʘʩʩʝ ʢʘʙʝʣʷ ʩ ʙʦʣʴʰʠʤʠ ʠʣʠ ʥʝʚʦʟʤʦʞʥʳ-

ʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʦʣʴ ʦʧʪʠʤʠʩʪʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʢʘ ʜʦ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʝʱʸ ʦʯʝʥʴ ʜʘʣʝʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʥʘʥʦʪʨʫʙʢʫ ʜʣʠʥʦʡ ʥʝ 

ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʫʛʣʝʨʦʜʥʳʤ ʥʘʥʦʪʨʫʙʢʘʤ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʝʱʸ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʩʚʝʨʭʪʦʥʢʠʝ ʘʣʤʘʟʥʳʝ ʚʦʣʦʢ-

ʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2017 ʛʦʜʫ ʛʨʫʧʧʦʡ ɼʞʦʥʘ ɹʘʜʜʠʥʛʘ ʚ ʇʝʥʩʠʣʴ-

ʚʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʊʘʢʫʶ ʫʛʣʝʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʜʘʣʦʩʴ ʧʦʣʫ-

ʯʠʪʴ ʩʞʘʪʠʝʤ ʤʦʣʝʢʫʣ ʙʝʥʟʦʣʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 200 000 ʘʪʤʦʩʬʝʨ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʧʝʨʝʩʦʙʠʨʘʣʠʩʴ ʚ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʯʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ, ʷʯʝʡʢʘ ʢʦʪʦʨʦʡ ʥʘʧʦʤʠʥʘʝʪ ʧʦ ʬʦʨʤʝ 

ʪʝʪʨʘʵʜʨ. 

https://mipt.ru/upload/medialibrary/c50/font-fivt-3.pdf
https://www.businessinsider.com/space-elevator-on-earth-moon-2019-9#another-hurdle-keeping-space-elevators-in-the-realm-of-science-fiction-space-debris-14
http://bg.chem.psu.edu/
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ʅʦ ʚʩʝ ʥʝ ʪʘʢ ʨʘʜʫʞʥʦ, ʢʦʛʜʘ ʨʝʯʴ ʥʘʯʠʥʘʝʪ ʟʘʭʦʜʠʪʴ ʦ ʩʘʤʦʤ 

ʧʦʜʲʸʤʝ ï ʚʝʜʴ ʝʩʣʠ ʧʦʜʥʷʪʴ ʢʘʢ ʵʥʝʨʛʠʶ, ʪʘʢ ʠ ʩʘʤʫ ʢʘʙʠʥʫ ʩ ʧʦ-

ʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʫʨʦʚʝʥʴ ʩʪʨʘʪʦʩʬʝʨʳ, ʫʞʝ ʩ ʥʳʥʝʰʥʠʤʠ ʪʝʭ-

ʥʦʣʦʛʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʪʦ ʜʦʩ-

ʪʘʚʠʪʴ ʚʩʶ ʵʪʫ ʢʦʥʩʪʨʫʢʮʠʶ ʜʦ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ ʩʪʘʥʦʚʠʪ-

ʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ ʟʘ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʠʯʠʥ: 

- ʪʨʦʩ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʩʜʝʣʘʪʴ ʥʝʚʝʨʦʷʪʥʦ ʩʣʦʞʥʦ, 

ʠ ʧʨʠ ʵʪʦʤ ʚʝʣʠʢ ʨʠʩʢ ʝʛʦ ʦʙʨʳʚʘ, ʢʦʪʦʨʳʡ ʧʦʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ 

ʫʥʠʯʪʦʞʝʥʠʝ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ; 

- ʚʦʧʨʦʩ ʩ ʢʦʩʤʠʯʝʩʢʠʤ ʤʫʩʦʨʦʤ ʠ ʩʧʫʪʥʠʢʘʤʠ ʥʝ ʨʝʰʸʥ; - 

ʨʝʤʦʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʣʠʰʢʦʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ; 

- ʜʦʩʪʘʚʢʘ ʵʥʝʨʛʠʠ ʥʘ ʚʳʩʦʢʠʝ ʦʨʙʠʪʳ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʘ ʠʟ 

ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʩʦʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʙʣʦʢʘ ʥʘ ʩʨʝʜʥʠʭ ʦʨʙʠʪʘʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ, ʠʙʦ ʫʚʝʣʠʯʘʪ ʚʝʩ 

ʠ ʩʠʣʴʥʦ ʟʘʤʝʜʣʠʪ ʜʦʩʪʘʚʢʫ.  

ʎʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʣʦ-

ʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʉʦʟʜʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʣʠʬʪʘ ʩ ʰʘʭʪʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʸʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʲʸʤʥʳʭ 

ʧʨʠʚʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʥʦ  ʚ ʧʘ-

ʪʝʥʪʝ ʦʪ ʂʘʥʘʜʩʢʦʡ ʢʦʤʧʘʥʠʠ [2], ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ 

ʪʘʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʧʦʜʲʸʤʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɻʀɼʈʆɸɹʈɸɿʀɺʅʆʁ  

ʆɹʈɸɹʆʊʂʀ ɼɽʊɸʃɽʁ 

 

ʂʨʘʡʥʦʚ ɼ.ʀ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ɻʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʦʯʠʩʪʢʘ ï ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩʪʨʫʝʡ ʚʦʜʳ ʩ ʘʙʨʘʟʠʚʘʤʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʳʣʠ. ʕʪʦ ʝʱʝ ʦʜʥʘ ʵʢʦʣʦʛʠʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ISTÈ, ʢʦʪʦʨʘʷ 

ʟʘʤʝʥʷʝʪ ʧʝʩʢʦʩʪʨʫʡʥʳʝ ʠ ʜʨʦʙʝʩʪʨʫʡʥʳʝ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʦʯʠʩʪʢʫ 

ʭʠʤʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʛʠʜ-

ʨʦʘʙʨʘʟʠʚʥʘʷ ʦʯʠʩʪʢʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʫʜʘʣʷʪʴ ʟʘʛʨʷʟ-

ʥʝʥʠʷ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʘʷ ʠʣʠ ʧʦʥʠʞʘʷ ʫʨʦʚʝʥʴ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʳʣʴʥʳʭ ʠ ʞʠʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʙʝʟʦ-

ʧʘʩʥʘ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʩʪʨʫʷ ʚʦʜʳ ʠ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʞʘʪʳʡ ʚʦʟʜʫʭ ʨʘʟ-

ʛʦʥʷʝʪʩʷ ʜʦ ʩʢʦʨʦʩʪʠ, ʙʣʠʟʢʦʡ ʢ ʟʚʫʢʦʚʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʟʜʘ-

ʝʪʩʷ ʨʦʚʥʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʯʠʩʪʢʘ ʤʝʪʘʣʣʘ ʜʦ ʫʨʦʚʥʷ Sa 3, 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ï ʦʪ 5 Ra ʜʦ 0,2 Ra [1]. 

 

 
ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʂʉ-100 
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ʋʩʪʘʥʦʚʢʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʦʯʠʩʪʢʠ ʂʉ-100 (ʨʠʩ. 1), ʛʝʨʤʝ-

ʪʠʯʥʘʷ, ʩ ʟʘʤʢʥʫʪʳʤ ʮʠʢʣʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʥʘʛʘʨʘ, 

ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʦʢʠʩʥʳʭ ʧʣʝʥʦʢ, ʩʣʝʜʦʚ ʉʆɾ, ʧʦʩʣʝʜʩʪʚʠʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ  ʤʝʭ. ʦʙʨʘʙʦʪʢʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʯʠʩʪʦʪʳ 

Sa3, ʧʨʠʜʘʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʤʘʪʠʨʦʚʘʥʠʷ, ʩʘʪʠʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢ-

ʞʝ ʩʥʠʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʣʠʢʚʠʜʘʮʠʠ ʮʝʥʪʨʦʚ ʙʫʜʫʱʠʭ ʨʘʩ-

ʪʨʝʩʢʠʚʘʥʠʡ, ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʦʜ ʥʘʥʝʩʝʥʠʝ 

ʧʦʢʨʳʪʠʡ, ʛʘʣʴʚʘʥʠʢʫ, ʮʠʥʢʦʚʘʥʠʝ, ʧʦʣʠʨʦʚʘʥʠʝ. ʋʩʪʘʥʦʚʢʘ ʠʤʝʝʪ 

ʢʨʫʛʦʦʙʦʨʦʪ ʚʦʜʳ, ʘʙʨʘʟʠʚʘ, ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʩʘʜʦʢ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʰʣʘʢʦʦʪʜʝʣʝʥʠʝʤ, ʚʳʝʟʜʥʦʡ ʥʘ ʨʳʯʘʛʝ ʚʨʘʱʘʶʱʠʡʩʷ ʩʪʦʣʠʢ, ʨʝʛʫ-

ʣʠʨʦʚʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʩʪʨʫʠ, ʥʘʩʪʨʦʡʢʫ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʘʙʨʘʟʠʚʘ ʚ ʩʫʩʧʝʥʟʠʠ, ʧʦʜʦʛʨʝʚ ʚʦʜʳ, ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʯʠʩʪ-

ʢʫ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦ ʥʦʨʤ ʇɼʂ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

ɺ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʠʩʪʦʣʝʪ (ʨʠʩ. 2) ʠʟ ʤʷʛʢʦ-

ʛʦ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʧʣʦ ʠʟ 

ʢʘʨʙʠʜʘ-ʙʦʨʘ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʩʪʦʧʦʨʥʳʤ ʢʦʣʴʮʦʤ. ʇʠʩʪʦʣʝʪ ʦʪʣʠ-

ʯʘʝʪʩʷ ʩʣʘʙʳʤ ʢ ʠʟʥʦʩʫ ʢʦʨʧʫʩʦʤ, ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʜʦʣʛʦʡ ʨʘʙʦ-

ʪʝ ʦʥ ʩʘʤʦʨʘʟʨʫʰʘʝʪ ʩʝʙʷ, ʧʨʠʭʦʜʠʪ ʚ ʥʝʛʦʜʥʦʩʪʴ. 

 

 
 

ʈʠʩ 2. ʇʠʩʪʦʣʝʪ ʫʩʪʘʥʦʚʢʠ 
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ʀʩʭʦʜʷ ʠʟ ʜʝʬʝʢʪʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʪʳ, ʨʘʙʦʯʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʝʪʘʣʝʡ 

ʧʠʩʪʦʣʝʪʘ ʥʫʞʥʦ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ.  

ʆʪʜʝʣ ʛʣʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʘ ɿʠɼ ʩʧʨʦʝʢʪʠʨʦʚʘʣ ʧʠʩʪʦʣʝʪ ʠʟ 

ʩʪʘʣʠ 45, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʟʘʤʝʥʳ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʦʜʝʪʘʣʴʥʦ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʇʠʩʪʦʣʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

 

ʉʦʧʣʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʠʩʪʦʣʝʪʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʩʪʘʣʠ 45 ʠ 

ʟʘʢʘʣʠʚʘʝʪʩʷ ʜʦ HRC 35é45.ʇʨʠ ʨʘʙʦʪʝ ʚʳʷʚʠʣʩʷ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ 

ʛʦʨʣʦʚʠʥ, ʪʘʢ ʢʘʢ ʩʪʦʡʢʦʩʪʴ ʢ ʠʟʥʦʩʫ ʵʪʦʡ ʜʝʪʘʣʠ ʚʩʝʛʦ 100 ʯʘʩʦʚ 

[2]. ʉʦʧʣʦ ʠʟʥʫʪʨʠ ʨʘʟʨʫʰʘʝʪ ʘʙʨʘʟʠʚ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

 

ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʛʠʜʨʦʧʝʩʢʦʩʪʨʫʡ-

ʥʳʡ ʧʠʩʪʦʣʝʪ ʜʨʫʛʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 4). ɼʣʷ ʣʫʯʰʝʛʦ ʩʤʝʰʠʚʘ-

ʥʠʷ ʘʙʨʘʟʠʚʘ ʩ ʚʦʜʦʡ ʫʚʝʣʠʯʠʣʠ ʢʘʤʝʨʫ ʚ ʢʦʨʧʫʩʝ, ʫʩʪʘʥʦʚʠʣʠ 

ʪʨʫʙʢʫ ʧʦʜ ʫʛʣʦʤ ʚ 45Á ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʣʠ ʛʠʣʴʟʫ ʜʣʷ ʥʦʚʳʭ ʩʦʧʝʣ. 

ʉʦʧʣʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʢʘʨʙʠʜʘ-ʙʦʨʘ, ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʦʩʪʘʚʣʷ-

ʝʪ 1500 ʯʘʩʦʚ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʛʦʨʣʦʚʠʥʳ, ʫ ʩʦʧʣʘ 

ʩʪʦʡʢʦʩʪʴ ʚ 15 ʨʘʟ ʙʦʣʴʰʝ; ʪʘʢʞʝ ʧʨʦʩʯʠʪʘʥ ʙʦʣʝʝ ʧʣʘʚʥʳʡ ʚʭʦʜ 

ʘʙʨʘʟʠʚʘ ʚ ʩʦʧʣʦ, ʯʪʦ ʤʝʥʝʝ ʛʫʙʠʪʝʣʴʥʦ ʜʣʷ ʥʝʛʦ. 
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ʈʠʩ. 4. ʇʠʩʪʦʣʝʪ ʮʝʭʦʚʦʡ 

 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝ-

ʭʦʚʦʛʦ ʧʠʩʪʦʣʝʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠ ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɿʠɼ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊ

ʊʘʙʣʠʮʘ 1 

 
 

ʆʯʠʩʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʮʝʭʦʚʳʤ ʧʠʩʪʦʣʝʪʦʤ ʚ ʛʠʜʨʦʧʝʩʢʦ-

ʩʪʨʫʡʥʦʡ ʫʩʪʘʥʦʚʢʝ ʂʉ-100, ʩʦʧʣʘ ʠʟ ʢʘʨʙʠʜʘ-ʙʦʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʪʚʝʨʩʪʠʷ 16 ʤʤ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ï (0,35ï0,4) ʄʇʘ. ʈʘʟʤʝʨ ʬʨʘʢ-
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ʮʠʠ ʧʝʩʢʘ 0,4ï0,2. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʦʪʣʠʚʦʢ ʯʫʛʫʥʥʳʤ ʧʝʩʢʦʤ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʯʠʩʪʢʠ ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʦʤ, ʘ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʘʣʴʥʳʤ ʧʝʩʢʦʤ ʥʝ-

ʩʢʦʣʴʢʦ ʚʳʰʝ. 

ɿʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʠʩʪʦʣʝʪʦʚ ʠ ʧʦʜʙʦʨʘ ʩʘʤʦʛʦ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʧʝʩʢʘ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘ-

ʥʦʚʢʠ, ʚʦʟʨʦʩʣʦ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʤʝʥʴʰʠʣʩʷ ʚʝʩ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. http://ist-russia.ru/technology/gidroabrazivnaya-ochistka/ ï 

ɻʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʯʠʩʪʢʘ ʭʠʤʠʯʝ-

ʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

2. ʂʦʩʪʝʥʝʮʢʠʡ ɹ. ʀ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʦʚ. ï ʄ.: ʄʘ-

ʰʠʥʦʩʪʨʦʝʥʠʝ,1980. ï 240 ʩ. 

 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ  

ʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ɼɽʊɸʃʀ  

çʈɸʉʇʈɽɼɽʃʀʊɽʃʔè 
 

ʄʘʣʦʚ ʀ.ʀ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʩʦʨʫʢʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʈʝʩʫʨʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʭ ʛʠʜʨʦʤʘ-

ʰʠʥ ʩ ʥʘʢʣʦʥʥʳʤ ʜʠʩʢʦʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢ ʢʘʯʝʩʪʚʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʨ ʪʨʝʥʠʷ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [1, 2] ʩʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʩʫʨʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʧʘʨ ʪʨʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʧʘʨʘ ʪʨʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʣʘ-

ʪʫʥʥʳʤ ʠ ʩʪʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ ʠʟ-ʟʘ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʝʪʘʣʠ 

çʨʘʩʧʨʝʜʝʣʠʪʝʣʴè ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʶʪ ʧʨʦʮʝʩʩʳ ʧʦʣʫ-

ʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʢʣʘʩʩ ʯʠʩʪʦʪʳ 

ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʤʘʢʨʦʛʝʦʤʝʪʨʠʠ), ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʦʚʘ-

ʣʦʦʦʙʨʘʟʥʳʭ ʦʪʚʝʨʩʪʠʡ (ʩʤ. ʨʠʩ. 1). 

http://ist-russia.ru/technology/gidroabrazivnaya-ochistka/%20%20Гидроабразивная
http://ist-russia.ru/technology/gidroabrazivnaya-ochistka/%20%20Гидроабразивная
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ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʜʝʪʘʣʠ çʨʘʩʧʨʝʜʝʣʠʪʝʣʴè ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʡ  

ʛʠʜʨʦʤʘʰʠʥʳ ʩ ʥʘʢʣʦʥʥʳʤ ʜʠʩʢʦʤ 
 

ʇʨʦʚʦʜʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʜʝʪʘʣʠ çʨʘʩʧʨʝʜʝʣʠʪʝʣʴè ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʪʨʫ-

ʜʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʫʢʘʟʘʥʥʳʭ 

ʦʚʘʣʦʦʙʨʘʟʥʳʭ ʦʪʚʝʨʩʪʠʡ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʬʨʝʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʜʝ-

ʪʘʣʴ ʧʨʠ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʩʧʳʪʳʚʘʝʪ ʥʘ ʩʝʙʝ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʦʧʨʝʜʝʣʝ-

ʥʦ, ʯʪʦ, ʫʯʠʪʳʚʘʷ ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʠ çʨʘʩʧʨʝʜʝʣʠʪʝʣʴè, ʜʦʧʫʩʪʠʤʦʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 

ůd= 14 ʢʛ/ʩʤ
2
 = 1,4 ʄʇʘ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʝʪʘʣʴ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʟʘʤʝ-

ʥʠʪʴ ʬʨʝʟʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʦʚʘʣʦʦʙʨʘʟʥʳʭ ʦʪʚʝʨʩʪʠʡ ʥʘ ʵʣʝʢʪʨʦ-

ʵʨʦʟʠʦʥʥʫʶ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʝʡ ʧʦʣʫʯʝ-

ʥʠʷ ʜʘʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʧʨʠ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʦʩʪʘʚʣʷʝʪ 5,22 

ʯʘʩʘ, ʘ ʧʨʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ï 2,48 ʯʘʩʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʟʘʤʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʧʨʠʝʤʣʝʤʘ ʠ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʡ. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʚʠʜʝ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʛʨʝʚʘ ʜʝʪʘʣʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʥʘ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɿʝʤʩʢʦʚ ɸ. ʄ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʲ-

ʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ (ʥʘ ʧʨʠʤʝʨʝ ɻʉʊ-112): ʩʧʝʮʠʘʣʴʥʦʩʪʴ 

05.20.03 "ʊʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ": ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝ-

ʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / ɿʝʤʩʢʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠ-

ʭʘʡʣʦʚʠʯ. ï ʉʘʨʘʥʩʢ, 2014. ï 22 ʩ. ï EDN ZPMPJN. 

2. ʆʚʯʠʥʥʠʢʦʚ ʅ. ɸ. ɸʥʘʣʠʟ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʚ ʫʟʣʘʭ ʘʢʩʠ-

ʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ ʩ ʥʘʢʣʦʥʥʳʤ ʜʠʩʢʦʤ / ʅ. ɸ. ʆʚʯʠʥʥʠʢʦʚ, 

ɼ. ʅ. ʄʠʭʘʡʣʦʚʘ // ʉʧʨʘʚʦʯʥʠʢ. ʀʥʞʝʥʝʨʥʳʡ ʞʫʨʥʘʣ. ï 2016. ï ˉ 

4(229). ï ʉ. 25-30. ï DOI 10.14489/hb.2016.04.pp.025-030. ï EDN 

VSEWSV. 

 
 

ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʇʆɺʓʐɽʅʀʗ ʅɸɼɪɾʅʆʉʊʀ  

ʐɽʉʊɽʈɽʅʅʆɻʆ ʅɸʉʆʉɸ 

 

ʄʦʢʝʝʚ ɸ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʏʝʨʥʷʢʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʐʝʩʪʝʨʝʥʥʳʡ ʥʘʩʦʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʨʘʢʪʦʨʦʚ, ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʨʫʛʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʠ ʜʨʫʛʠʭ ʥʝʘʛʨʝʩʩʠʚ-

ʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʜʘʯʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʤʘʩʣʦʩʠʩ-

ʪʝʤʳ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʆɸʆ çʆʄʉʂɸɻʈɽɻɸʊè (ʛ. ʆʤʩʢ), ʦʜʥʦʛʦ ʠʟ 

ʧʨʝʜʧʨʠʷʪʠʡ ʈʌ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʰʝʩʪʝʨʝʥʥʳʭ ʥʘʩʦʩʦʚ ʜʣʷ ʘʚʠʘ-

ʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʠʭ ʨʝʩʫʨʩ ʚ 2-3 ʨʘʟʘ ʥʠʞʝ ʨʝʩʫʨʩʘ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʚʠʛʘʪʝʣʷ ɼ-36 ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ 

ʩʦʩʪʘʚʣʷʝʪ 12 ʪʳʩ. ʯʘʩʦʚ, ʘ ʨʝʩʫʨʩ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ, ʨʘʙʦʪʘʶ-

ʱʝʛʦ ʚ ʩʦʩʪʘʚʝ ɻʄʉ ʪʦʧʣʠʚʦʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʩʦʩʪʘʚʣʷʝʪ 4 ʪʳʩ. 

ʯʘʩʦʚ, ʪ.ʝ. ʦʙʱʠʡ ʨʝʩʫʨʩ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦ-

ʨʦʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʦʧʣʠʚʦʧʠʪʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦʛ-

ʨʘʥʠʯʠʚʘʝʪʩʷ ʨʝʩʫʨʩʦʤ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ, ʢʦʪʦʨʳʡ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ ʧʨʦʩʪ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚ. ɸʥʘʣʠʟ ʚʦʟʚʨʘʱʝʥʥʳʭ ʥʘ ʆɸʆ 

çʆʄʉʂɸɻʈɽɻɸʊè ʜʣʷ ʨʝʤʦʥʪʘ ʜʝʬʝʢʪʥʳʭ ʥʘʩʦʩʦʚ ʧʦʢʘʟʳʚʘʝʪ, 
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ʯʪʦ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʚʦʟʚʨʘʱʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʦʜ-

ʥʠʤ ʠ ʪʝʤ ʞʝ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ ʫʩ-

ʣʦʚʠʷʭ, ʠʤʝʶʪ ʨʘʟʙʨʦʩ ʦʪ 250 ʜʦ 3250 ʯʘʩʦʚ, ʪ.ʝ. ʙʦʣʝʝ, ʯʝʤ ʚ 10 

ʨʘʟ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʜʝʬʝʢʪʦʚ ʚʦʟ-

ʚʨʘʱʝʥʥʳʭ ʰʝʩʪʝʨʝʥʥʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʶʪʩʷ [1]: ʘ) ʨʘʩʢʨʳʪʠʝ ʢʦʥ-

ʪʘʢʪʘ ʨʘʙʦʯʠʭ ʧʨʦʬʠʣʝʡ ʟʫʙʴʝʚ ʰʝʩʪʝʨʝʥ; ʙ) ʩʨʝʟ ʨʝʩʩʦʨʳ ʚʝʜʫʱʝʡ 

ʰʝʩʪʝʨʥʠ; ʚ) ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʧʦʜʧʷʪʥʠʢʦʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ 

ʦʧʦʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʨʘʙʦʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʚʳʭʦʜʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʜʨ.), ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʥʘʩʦʩʦʚ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʰʝʩʪʝʨʝʥʥʳʡ ʥʘʩʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ 

(ʨʠʩ.1), ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʢʨʳʰʢʠ 2, ʚʝʜʫʱʝʡ ʰʝʩʪʝʨʥʠ 3, ʚʝ-

ʜʦʤʦʡ ʰʝʩʪʝʨʥʠ 4, ʢʦʤʧʝʥʩʘʪʦʨʦʚ 5, ʪʦʨʮʦʚʳʭ ʤʘʥʞʝʪ 6, ʧʦʜʰʠʧʥʠ-

ʢʦʚ 7, ʰʘʨʠʢʦʚ 8, ʰʘʡʙ 9, ʜʝʤʧʬʝʨʦʚ 10 ʠ ʰʪʠʬʪʦʚ 11. ɺʥʫʪʨʠ ʢʦʨ-

ʧʫʩʘ 1 ʝʩʪʴ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʘʩʪʦʯʢʠ, ʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʝʥʳ ʜʥʦʤ 12, ʘ ʚʥʫʪʨʠ ʢʨʳʰʢʠ 2 ʪʦʞʝ ʝʩʪʴ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʨʘʩʪʦʯʢʠ, ʧʨʠʯʝʤ ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʥʠʭ ʦʛʨʘʥʠʯʝʥʘ 

ʜʥʦʤ 12, ʘ ʜʨʫʛʘʷ - ʩʢʚʦʟʥʘʷ. ɺʝʜʫʱʘʷ ʰʝʩʪʝʨʥʷ 3 ʠ ʚʝʜʦʤʘʷ ʰʝʩʪʝʨ-

ʥʷ 4 ʠʤʝʶʪ ʥʘʨʫʞʥʳʡ ʟʫʙʯʘʪʳʡ ʚʝʥʝʮ 13 ʠ ʧʦ ʜʚʝ ʮʘʧʬʳ 14.   
 

 
 

ʈʠʩ.1.ʆʙʱʠʡ ʚʠʜ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ 
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ʇʨʠʯʠʥʳ ʠ ʩʪʘʪʠʩʪʠʢʘ ʦʪʢʘʟʘ ʤʘʰʠʥ ʥʘ ʧʨʠʤʝʨʝ ʰʝʩʪʝʨʝʥ-

ʥʳʭ ʥʘʩʦʩʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʘʛʨʝʛʘʪʳ 760ɹ ʠ 4001) ʩʠʩ-

ʪʝʤʳ ʪʦʧʣʠʚʦʧʠʪʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ɸʀ-25 ʠ ɸʀ - 

25ʊʃ. 

ɺʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʝʬʝʢʪʳ ʠ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ. 

ɼʝʬʝʢʪ çʂʦʣʝʙʘʥʠʝ ʜʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʚ ʜʚʠʛʘʪʝʣʝè (ʜʦʣʷ ʦʪ-

ʢʘʟʦʚ - 46,7% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʘʟʦʚ) ʧʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʨʝʟ-

ʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʥʳʭ ʧʦʪʝʨʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʟ ʢʘʤʝʨʳ 

ʥʘʛʥʝʪʘʥʠʷ ʚ ʢʘʤʝʨʫ ʚʩʘʩʳʚʘʥʠʷ ʥʘʩʦʩʘ ʯʝʨʝʟ ʟʦʥʫ ʟʘʮʝʧʣʝʥʠʷ ʠʟ-ʟʘ 

ʨʘʩʢʨʳʪʠʷ ʢʦʥʪʘʢʪʦʚ ʨʘʙʦʯʠʭ ʧʨʦʬʠʣʝʡ ʟʫʙʴʝʚ ʰʝʩʪʝʨʝʥ [2]. ʇʨʠ 

ʵʪʦʤ, ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʨʘʩʪʝʪ ʫʨʦʚʝʥʴ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʝʜʫʱʠʡ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ ʟʫʙʴʝʚ 

ʰʝʩʪʝʨʝʥ ʥʘʩʦʩʘ.  

ʇʨʠʯʠʥʦʡ ʜʝʬʝʢʪʘ çʇʘʜʝʥʠʝ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʦʩʪʘ-

ʥʦʚè (ʜʦʣʷ ʦʪʢʘʟʦʚ - 15%) ʷʚʣʷʝʪʩʷ ʩʨʝʟ ʨʝʩʩʦʨʳ ʚʝʜʫʱʝʡ ʰʝʩʪʝʨ-

ʥʠ, ʚʦʟʥʠʢʘʶʱʠʡ ʚʩʣʝʜʩʪʚʠʝ ʟʘʢʣʠʥʠʚʘʥʠʷ ʰʝʩʪʝʨʝʥ ʚ ʧʦʜʧʷʪʥʠ-

ʢʘʭ ʥʘʩʦʩʘ.  

ʇʨʠʯʠʥʘ ʜʝʬʝʢʪʘ çʅʝ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷè (ʜʦʣʷ ʦʪʢʘʟʦʚ - 

18,3%) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʦʩʪʝ ʦʙʲʝʤʥʳʭ ʧʦʪʝʨʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʣʦʩʪʷʭ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ ʠ ʧʘʜʝʥʠʝ ʝʛʦ ʦʙʲʝʤʥʦʛʦ ʂʇɼ, ʧʨʠ 

ʵʪʦʤ, ʨʘʟʙʦʨʢʘ ʥʘʩʦʩʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʧʦʜʧʷʪʥʠʢʦʚ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʝʬʝʢʪʘ çʅʘʣʠʯʠʝ ʩʪʨʫʞʢʠ ʚ ʬʠʣʴʪʨʝè 

(ʜʦʣʷ ʦʪʢʘʟʦʚ - 11,7%) ʷʚʣʷʝʪʩʷ, ʢʨʦʤʝ ʠʟʥʦʩʘ ʟʫʙʴʝʚ ʰʝʩʪʝʨʝʥ ʠ 

ʧʦʜʧʷʪʥʠʢʦʚ, ʠʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ.  

ʉʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʜʝʬʝʢʪʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʪʳ, ʨʘʙʦʯʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʝʪʘʣʝʡ 

ʥʘʩʦʩʘ ʥʫʞʥʦ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʠʣʠ ʚʚʝʩʪʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʩʠʩʪʝʤʫ (ʥʘʧʨʠʤʝʨ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʬʠʣʴʪʨ). ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ: ʜʦʙʠ-

ʚʘʪʴʩʷ ʫʣʫʯʰʝʥʠʝʤ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʥʘʩʦʩʘ ʠ ʨʘʙʦ-

ʯʠʭ ʞʠʜʢʦʩʪʝʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʦʢʨʳʪʠʡ, ʫʧʨʦʯ-

ʥʝʥʠʷ ʠ ʪ.ʜ., ʜʦʙʘʚʣʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʨʠʩʘʜʦʢ ʚ ʨʘʙʦʯʫʶ 

ʞʠʜʢʦʩʪʴ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʦʩʘ (ʩʠʩʪʝʤʳ ʚ ʢʦʪʦʨʦʡ 

ʨʘʙʦʪʘʝʪ ʥʘʩʦʩ).  
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ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ: ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ; ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ; ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦ-

ʪʳ; ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʝ-

ʨʠʦʜʠʯʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʢʦʥʪʨʦʣʷ ʩʠʩʪʝʤ. ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [3].  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʀʤʝʥʥʦ ʦʪ ʨʘ-

ʙʦʪʳ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ ʢʦʥʩʪʨʫʢʪʦʨʘ ʟʘʚʠʩʠʪ, ʢʘʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʨʛʘʥʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʇʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙ-

ʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʧʦʥʠʞʝʥʠʷ, ʪʘʢ ʠ 

ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʚʳʙʦʨ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʭʝʤ 

ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʦʧʫʩʢʘʤʠ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʠ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ; ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ; ʨʘʟʨʘʙʦʪʢʘ 

ʩʭʝʤ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʭ ʦʧʘʩʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ ʠʭ ʵʣʝʤʝʥʪʦʚ; 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʧʦʩʦʙʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʝʡ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩ-

ʪʝʤʳ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʝʝ ʤʘʩʩʝ, ʛʘʙʘʨʠʪʘʭ ʠ 

ʩʪʦʠʤʦʩʪʠ. ʆʜʥʘʢʦ, ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʥʝ ʜʦʣʞʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ [4].  

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʧʦʩʦʙʘʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʦʪʥʦʩʷʪ-

ʩʷ: ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ 

ʠʭ ʨʘʙʦʪʳ; ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ; ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʙʦʪʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʪ. ʧ.; ʨʘʮʠʦ-

ʥʘʣʴʥʳʡ ʚʳʙʦʨ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʨʘʮʠʦ-

ʥʘʣʴʥʳʡ ʚʳʙʦʨ ʜʦʧʫʩʢʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ; ʟʘʱʠʪʘ ʵʣʝʤʝʥʪʦʚ ʦʪ ʚʠʙʨʘʮʠʡ ʠ ʫʜʘʨʦʚ; ʫʥʠʬʠʢʘ-

ʮʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ; ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ; ʧʨʠʤʝʥʝʥʠʝ 

ʚʩʪʨʦʝʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʠ ʠʥ-

ʜʠʢʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ;  ʫʜʦʙʩʪʚʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʩʧʦʩʦʙʳ 
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ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʢʘʢ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʝʛʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʚʳʙʦʨʢʘʭ; ʪʨʝʥʠʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ.  

ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʥʝ-

ʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʠʩʪʝʤ, ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʷ ʚʳʧʫʩʢʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʞʝ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʦ-

ʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

[5]. ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 5 ʦʩʥʦʚ-

ʥʳʭ ʢʣʘʩʩʦʚ. 

1. ʋʧʨʦʯʥʝʥʠʝ ʩ ʩʦʟʜʘʥʠʝʤ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ: ʘ) ʦʩʘʞ-

ʜʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ; ʙ) ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚ; ʚ) ʵʣʝʢʪʨʦʣʠ-

ʪʠʯʝʩʢʦʝ; ʛ) ʥʘʧʳʣʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ʋʧʨʦʯʥʝʥʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ: ʘ) ʜʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ; ʙ) ʭʠʤʠʯʝʩʢʦʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʠʦʥʥʘʷ 

ʠʤʧʣʘʥʪʘʮʠʷ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʪ.ʜ.). 

3. ʋʧʨʦʯʥʝʥʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ: 

ʘ) ʬʠʟʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ; ʙ) ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ; 

ʚ) ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ; ʛ) ʥʘʧʣʘʚʢʘ. 

4. ʋʧʨʦʯʥʝʥʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʥʘʢʣʝʧʦʤ: ʘ) ʦʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ; ʙ) ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘ-

ʥʠʝ; ʚ) ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ. 

5. ʋʧʨʦʯʥʝʥʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʚʩʝʛʦ ʦʙʲʝʤʘ ʤʝʪʘʣ-

ʣʘ: ʘ) ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; ʙ) ʢʨʠʦ-

ʛʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ.   

ɺ ʜʦʢʣʘʜʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʰʝʩʪʝʨʝʥʥʳʡ ʥʘʩʦʩ, ʝʛʦ ʢʦʥʩʪʨʫʢ-

ʮʠʷ. ɼʝʬʝʢʪʳ ʠ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʢʦʣʦ 70% ʧʨʠʯʠʥ ʚʳʭʦʜʘ 

ʠʟ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ ʩʚʷʟʘʥʦ ʩ ʠʟʥʦʩʦʤ ʫʟʣʦʚ ʪʨʝʥʠʷ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʰʠʥ 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʵʪʠʭ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʧʝʨʠʦʜʘ ʧʨʠʨʘʙʦʪʢʠ ʥʘ ʩʪʘʜʠʶ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ.  
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ɻʀɼʈʆʇʈʀɺʆɼɸ ʅɸ ʆʉʅʆɺɽ ʐɽʉʊɽʈɽʅʅʓʍ ʅɸʉʆʉʆɺ 

 

ʇʝʨʰʠʥ ɸ.ɽ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʇʫʟʘʥʦʚ ɸ.ɺ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ɻʠʜʨʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʆʥ ʰʠʨʦʢʦ ʠʩʧʦʣɹ-

ʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʝ, ʩʫʜʦʩʪʨʦʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ɻʠʜʨʦ-

ʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʤʦʱʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ, 

ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʦʪʦʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʥʘʜʝʞʥʦʩʪʴʶ [1]. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʘʩʦ-

ʩʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ 

ʠʣʠ ʤʦʪʦʨʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 
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ʨʘʙʦʪʫ, ʫʧʨʘʚʣʷʶʱʠʝ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʞʠʜʢʦʩʪʠ ʦʪ ʥʘʩʦʩʘ ʢ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ɻʠʜʨʦʧʨʠʚʦʜ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʳʩʦʢʫʶ 

ʤʦʱʥʦʩʪʴ, ʢʦʤʧʘʢʪʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʥʘ ʙʦʣʴ-

ʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ ʧʦʪʝʨʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ: ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ ʧʨʝʩʩʳ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʜʲʝʤʥʠʢʠ, ʛʠʜʨʦʮʠʣʠʥʜʨʳ 

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʘʚʪʦʤʦʙʠ-

ʣʷʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʪʨʘʥʩʤʠʩʩʠʷ ʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʪʝʭʥʠʢʝ. 

ɻʠʜʨʦʧʨʠʚʦʜ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ (ʨʠʩ. 2) ʷʚʣʷʝʪ-

ʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʛʠʜʨʦʩʠʩʪʝʤʘʭ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʧʝʨʝ-

ʢʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʳ ʚʨʘʱʘʶʱʠʭʩʷ ʰʝʩʪʝʨʝʥ.  

ʆʜʥʘ ʠʟ ʰʝʩʪʝʨʝʥ ʥʘʩʦʩʘ ʚʨʘʱʘʷʩʴ, ʧʝʨʝʜʘʝʪ ʜʚʠʞʝʥʠʝ ʜʨʫʛʦʡ 

ʰʝʩʪʝʨʥʝ. ʆʙʝ ʰʝʩʪʝʨʥʠ ʧʝʨʝʥʦʩʷʪ ʦʙʲʝʤʳ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʟʫʙʴ-

ʷʤʠ ʦʪ ʚʭʦʜʘ ʢ ʚʳʭʦʜʫ [4]. 
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ʈʠʩ. 2. ɻʠʜʨʦʧʨʠʚʦʜ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʝʨʝʥʦʛʦ ʥʘʩʦʩʘ 

 

ʕʪʦʪ ʪʠʧ ʛʠʜʨʦʧʨʠʚʦʜʘ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʦʪʦʡ, ʚʳʩʦʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʧʫʣʷʨʥʳʤ ʚʳ-

ʙʦʨʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʝʣʴ-

ʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʝʨʝʥʥʦʛʦ ʥʘʩʦʩʘ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʪʠʧ ʛʠʜʨʦʧʨʠʚʦʜʘ ʦʪʣʠʯʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʟʘʜʘʯ, ʪʨʝ-

ʙʫʁʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ [5]. 

ʅʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠ-

ʤʦʩʪʴ ʚ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʨʝʰʝʥʠʷʭ ʚ ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʝʨʚʠʩʥʳʭ ʮʝʥʪʨʦʚ ʨʘʡʦʥʘʭ. 

ʐʝʩʪʝʨʝʥʥʳʝ ʥʘʩʦʩʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʛʠʜʨʦʧʨʠʚʦʜʘ. ʕʪʦʪ 

ʪʠʧ ʥʘʩʦʩʦʚ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ 

ʠ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʴʶ ʞʠʜʢʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʤʘʩʣʘ ʠ ʩʤʘʟʢʠ. ɺ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ [3]. 
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ʈʠʩ.3 ʐʝʩʪʝʨʝʥʥʳʡ ʥʘʩʦʩ 

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʦʚ 

ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʝʨʝʥʥʳʭ ʥʘʩʦʩʦʚ: 

1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2. ʄʠʥʠʤʠʟʘʮʠʷ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ ʧʨʠ ʨʘʙʦʪʝ ʰʝʩʪʝʨʝʥʥʳʭ 

ʥʘʩʦʩʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʤʬʦʨʪʘ ʦʧʝʨʘʪʦʨʘ ʠ ʧʨʦ-

ʜʣʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʨʘʙʦʪʳ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʝʨʝʥʥʳʭ ʥʘʩʦʩʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʦʚʦʜʠʪʴ ʩʚʦʝ-

ʚʨʝʤʝʥʥʳʡ ʨʝʤʦʥʪ. 

4. ʀʥʪʝʛʨʘʮʠʷ ʰʝʩʪʝʨʝʥʥʳʭ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʠ ʮʠʬʨʦʚʳʭ 
ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʳʰʘʷ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʰʝʩʪʝʨʝʥʥʳʭ 
ʥʘʩʦʩʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʚʝʣʠʯʝʥ-

ʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʥʠʞʝʥʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʫʣʫʯ-

ʰʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʠʟʥʦʩʫ. 

ʐʝʩʪʝʨʝʥʥʳʡ ʥʘʩʦʩ - ʵʪʦ ʜʘʚʥʦ ʠʟʚʝʩʪʥʘʷ ʠ ʧʨʦʩʪʘʷ ʢʦʥʩʪ-

ʨʫʢʮʠʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʰʝʩʪʝʨʝʥʥʳʭ ʥʘʩʦʩʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ.  
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ʇʆʉʊʈʆɽʅʀɽ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ  

ɻɸɿʆɺʆɻʆ ʈɽɻʋʃʗʊʆʈɸ ɼɸɺʃɽʅʀʗ ʉ ʇʆɼɺʀɾʅʓʄ 

ʆʉʅʆɺɸʅʀɽʄ 

 

ʇʨʠʙʳʣʦʚ ʀ.ɸ., ʩʪʫʜ.; 

 ʨʫʢʦʚʦʜʠʪʝʣʴ ʍʘʣʘʪʦʚ ɽ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʕʣʝʤʝʥʪʳ ʛʘʟʦʘʚʪʦʤʘʪʠʢʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʦʙʲʝʢʪʘʭ 

ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʧʳʪʳʚʘʶʪ ʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʛʨʫʟʢʠ ʚʣʠʷʶʪ ʥʘ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ.  ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʘʚʣʝʥʠʷ ï ʚʘʞʥʝʡʰʝʝ ʪʨʝʙʦʚʘʥʠʝ, ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʢ ʩʠʩʪʝʤʘʤ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʨʠ ʨʘʙʦʪʝ ʨʝʜʫʢʪʦʨʘ ʜʘʚʣʝʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʝʛʨʫʟʦʢ ʠʤʝʝʪ ʤʝʩʪʦ ʦʛʨʘʥʠ-

ʯʝʥʠʝ ʧʦ ʧʣʦʱʘʜʠ ʜʨʦʩʩʝʣʠʨʫʶʱʝʛʦ ʩʝʯʝʥʠʷ ʚ ʢʣʘʧʘʥʥʦʡ ʧʘʨʝ. 

ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʛʫʣʷʪʦʨʝ ʜʘʚ-

ʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝ-

ʥʠʡ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝ-

ʛʨʫʟʦʢ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʘʚʣʝʥʠʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʦʙʲʝʢʪʝ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʘʤʦʨʪʠʟʠʨʫʶʱʝʛʦ ʧʦʜʚʝʩʘ ʜʣʷ ʨʝʜʫʢʪʦʨʘ. 
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ɺ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʜʫʢʪʦʨʘ ʜʘʚʣʝ-

ʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʦʨʪʠʟʠʨʫʶʱʝʛʦ ʧʦʜʚʝʩʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʨʝʜʫʢʪʦʨʘ ʥʘ ʭʘʨʘʢʪʝʨ ʝʛʦ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ [1]: 

1. ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ; 

2. ʧʨʠʥʷʪʠʷ ʩʠʩʪʝʤʳ ʜʦʧʫʱʝʥʠʡ; 

3. ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ 
ʜʘʚʣʝʥʠʷ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʪʦʙʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʜʝʡʩʪ-

ʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʳ ʨʝʛʫʣʷʪʦʨʘ ʥʘʛʨʫʟʢʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʶʪʩʷ ʜʦʧʫʱʝʥʠʷ:  

- ʨʘʙʦʯʝʝ ʪʝʣʦ ï ʠʜʝʘʣʴʥʳʡ ʛʘʟ; 

- ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʦʷʥʥʳ; 

- ʨʝʞʠʤ ʚʪʝʢʘʥʠʷ ʛʘʟʘ ʚ ʧʦʣʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ï ʢʨʠʪʠʯʝʩʢʠʡ; 

- ʢʣʘʧʘʥ ʞʝʩʪʢʦ ʩʚʷʟʘʥ ʩ ʧʦʜʚʠʞʥʳʤʠ ʯʘʩʪʷʤʠ ʨʝʛʫʣʷʪʦʨʘ; 

- ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʩʪʝʥʢʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʩʫʪʩʪ-

ʚʫʝʪ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʘʟʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ ʩ ʧʦʜ-

ʚʠʞʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʤʘʩʩʳ ʜʣʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʧʝʨʝʤʝʥʥʦʡ ʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ ʜʣʷ 

ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʳ ʜʦʙʘʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʟʘʤʢʥʫʪʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʚʥʝʰʥʠʭ ʧʝʨʝʛʨʫʟʦʢ ʠ ʩʧʦʩʦʙʘ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɸʨʟʫʤʘʥʦʚ ʖ. ʃ., ʍʘʣʘʪʦʚ ɽ. ʄ., ʏʝʢʤʘʟʦʚ ɺ. ʀ. ʆʩʥʦʚʳ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʛʘʟʦʘʚʪʦʤʘʪʠʢʠ ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʉʧʝʢʪʨè, 2013. ï 264 ʩ. ï 

ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ. 
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ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀɽ ɺɸʂʋʋʄʅʆʁ ʋʉʊɸʅʆɺʂʀ 
 

ʌʝʜʫʩʝʥʢʦ ʅ.ʆ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɼʘʨʰʪ ʗ.ɸ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʘʢʫʫʤʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʦʧʠʩʘʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧ ʨʘ-

ʙʦʪʳ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʙʲʝʢʪ: ɺʘʢʫʫʤʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʘʢʫʫʤʠʨʦ-

ʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʝʤʢʦʩʪʝʡ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ çʌʨʝʛʘʪè. 

ʇʨʝʜʤʝʪ: ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥ-

ʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʘʢʫʫʤʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ: 

1.ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʠʢʠ.  

 2.ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

 3.ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

 4.ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

 5.ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. 

ɺ XVII ʚʝʢʝ ʥʝʤʝʮʢʠʡ ʫʯʝʥʳʡ ʆʪʪʦ ʬʦʥ ɻʝʨʠʢʘ ʠ ʘʥʛʣʠʡʩʢʠʡ 

ʬʠʟʠʢ ʈʦʙʝʨʪ ɹʦʡʣʴ ʧʨʦʚʝʣʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠ-

ʣʠ ʠʤ ʩʦʟʜʘʪʴ ʧʝʨʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʘʢʫʫʤʘ. ʕʪʠ ʫʩʪ-

ʨʦʡʩʪʚʘ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʥʘʩʦʩʳ ʠ ʨʝʟʝʨʚʫʘʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʜʘ-

ʣʷʪʴ ʚʦʟʜʫʭ ʠ ʩʦʟʜʘʚʘʪʴ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʥʠʭ[1]. 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʪʘ ʠʩʧʳʪʘʥʠʡ ʧʥʝʚʤʦ-

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʣʦʢʘ ʠʟʤʝ-

ʨʠʪʝʣʴʥʦʛʦ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʙʣʦʢʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ.  

ɺʘʢʫʫʤʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʝʤʢʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚ. 

ɺʘʢʫʫʤʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩʫʥʦʢ 1), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝ-

ʜʚʠʞʥʦʡ ʘʛʨʝʛʘʪ ʙʣʦʯʥʦʛʦ ʪʠʧʘ, ʩʦʙʨʘʥʥʳʡ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ 

ʪʝʣʝʞʢʝ 4. 
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ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʦʣʦʞʝʥ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʡ ʙʣʦʢ 1, ʢʦʪʦʨʳʡ ʢʨʝʧʠʪʩʷ ʙʦʣʪʘʤʠ ʢ ʧʥʝʚʤʘʪʠʯʝʩʢʦʤʫ ʙʣʦʢʫ. 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʙʣʦʢ 3 ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʪʝʣʝʞʢʝ 3 ʠ ʢʨʝʧʠʪʴʩʷ 

ʢ ʥʝʡ ʙʦʣʪʘʤʠ. 

ʊʝʣʝʞʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʨʢʘʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʯʝʪʳ-

ʨʝ ʢʦʣʝʩʥʳʝ ʦʧʦʨʳ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʡ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʘʪʴʩʷ 

ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʩʤʝʱʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʢʦʣʝʩʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʪʝʣʝʞʢʠ ʧʨʠ ʝʝ ʧʝʨʝʢʘʪʳʚʘʥʠʠ, ʘ ʜʚʝ 

ʜʨʫʛʠʝ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʢʘʨʢʘʩʝ ʥʝʧʦʜʚʠʞʥʦ ʠ ʩʥʘʙʞʝʥʳ ʪʦʨʤʦʟʥʳ-

ʤʠ ʩʪʦʷʥʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʊʝʣʝʞʢʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʦʣʫ ʧʦʤʝʱʝʥʠʷ ʦʪ ʫʩʠʣʠʷ ʦʜʥʦʛʦ 

ʯʝʣʦʚʝʢʘ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʟʘʜʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʫʯʢʘ. 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 2 ʚʳʥʝʩʝʥ ʥʘ ʣʠʮʝʚʫʶ ʯʘʩʪʴ ʪʝʣʝʞʢʠ 4 ʠ 

ʧʨʠʢʨʝʧʣʝʥ ʢ ʥʝʡ ʙʦʣʪʘʤʠ. 

ʉʠʣʦʚʘʷ ʯʘʩʪʴ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʦʠʪ ʠʟ ʥʠʟʢʦʚʘʢʫ-

ʫʤʥʦʛʦ ʥʘʩʦʩʘ 5, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʚʥʫʪʨʠ ʪʝʣʝʞʢʠ 4. 

ɼʣʷ ʬʠʢʩʘʮʠʠ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ 

ʩʣʫʞʠʪ ʤʘʭʦʚʠʢ 7. 

 
ʈʠʩ.1. ʋʩʪʘʥʦʚʢʘ ʚʘʢʫʫʤʥʘʷ: 

1 ï ʙʣʦʢ ʠʟʤʝʨʠʪʝʣʴʥʳʡ; 2 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 3 ï ʙʣʦʢ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ;4 ï 

ʪʝʣʝʞʢʘ; 5 ï ʥʘʩʦʩ ʥʠʟʢʦʚʘʢʫʫʤʥʳʡ 2ʅɺʈ-5ɼʄ1; 6 ï ʜʨʝʥʘʞ; 7 ï ʤʘʭʦʚʠʢ 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʠʟʢʦʛʦ 

ʚʘʢʫʫʤʘ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʩʘʩʳʚʘʥʠʠ ʠ ʚʳʪʘʣʢʠʚʘʥʠʠ ʛʘʟʘ 

ʠʟ ʚʘʢʫʫʤʠʨʫʝʤʦʛʦ ʦʙʲʝʤʘ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʦʤ ʥʘʩʦʩʝ[2]. 

ɺʩʝ ʫʧʦʪʨʝʙʣʷʝʤʳʝ ʥʠʞʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʥʝʚ-

ʤʘʪʠʯʝʩʢʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʝ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2. 

ʅʘʩʦʩ N1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʢʘʯʢʠ ʛʘʟʦʚ ʝʤʢʦʩʪʝʡ ʦʪ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ ʥʠʟʢʦʛʦ ʚʘʢʫʫʤʘ. 

ʂʣʘʧʘʥ ɺʅ1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ ʤʘʛʠʩʪʨʘʣʠ ʚʘʢʫ-

ʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʂʣʘʧʘʥ ʕʂ1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʧʫʩʢʘ ʚʦʟʜʫʭʘ ʚ ʚʘʢʫʫʤʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʧʨʠ ʝʝ ʚʳʢʣʶʯʝʥʠʠ.  

ʂʣʘʧʘʥ ɺʅ2 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʧʫʩʢʘ ʚʦʟʜʫʭʘ ʚ ʚʘʢʫʫʤʠ-

ʨʫʝʤʳʡ ʦʙʲʝʢʪ.  

ʌʠʣʴʪʨʳ ʌ1 ʠ ʌ2 ʩʣʫʞʘʪ ʜʣʷ ʦʯʠʩʪʢʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʚ ʚʘʢʫʫʤʥʫʶ ʫʩʪʘʥʦʚʢʫ ʠ ʚʘʢʫʫʤʠʨʫʝʤʳʡ ʦʙʲʝʤ. 

ʂʣʘʧʘʥ ʕʂ2 ʩʦʝʜʠʥʷʝʪ ʚʳʭʦʜ ʘʟʦʪʥʦʡ ʣʦʚʫʰʢʠ ɺ1 ʩ ʥʘʩʦʩʦʤ 

N1 ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʘʢʫʫʤʘ. 

ʂʣʘʧʘʥ ʕʂ3 ʩʦʝʜʠʥʷʝʪ ʥʘʩʦʩ N1 ʩ ʚʘʢʫʫʤʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʘʢʫʫʤʘ. 

ʂʣʘʧʘʥ ʕʂ4 ʧʝʨʝʢʨʳʚʘʝʪ ʤʘʛʠʩʪʨʘʣʴ ʧʨʠ ʦʢʦʥʯʘʥʠʠ ʚʘʢʫʫ-

ʤʠʨʦʚʘʥʠʷ. 

ɸʟʦʪʥʘʷ ʣʦʚʫʰʢʘ ɺ1 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʟʘʱʠʪʳ ʚʘʢʫʫʤʠʨʫʝ-

ʤʦʛʦ ʦʙʲʝʢʪʨʘ ʦʪ ʧʘʨʦʚ ʤʘʩʣʘ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. 

ʄʘʥʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʈɼ1, ʩʚʷʟʘʥʥʳʡ ʩ ʚʘʢʫʫ-

ʤʝʪʨʦʤ (ɺɸʂʋʋʄɽʊʈ1), ʩʣʫʞʠʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʘʢʫʫʤʘ ʥʘ ʚʭʦʜʝ 

ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʄʘʥʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʈɼ2, ʩʚʷʟʘʥʥʳʡ ʩ ʚʘʢʫʫ-

ʤʝʪʨʦʤ (ɺɸʂʋʋʄɽʊʈ2), ʩʣʫʞʠʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʘʢʫʫʤʘ ʚ ʚʘʢʫʫʤʠ-

ʨʫʝʤʦʤ ʦʙʲʝʤʝ. 



162 

 

 
ʈʠʩ. 2. ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʚʘʢʫʫʤʥʦʡ 

 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʦʤ ʥʘ-

ʩʦʩʘ[3]. 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʥʘʩʦʩʘ: 

ʄʦʱʥʦʩʪʴ ʥʘʩʦʩʘ, ʧʨʠ ʧʦʣʠʪʨʦʧʠʯʝʩʢʦʤ ʩʫʭʦʤ ʩʞʘʪʠʠ ʠʜʝ-

ʘʣʴʥʦʛʦ ʛʘʟʘ ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʧʫʩʢʘ (ɺʪ) ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ: 

- ʜʣʷ ʨʘʩʯʸʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

ὔ ὴὛɻ
ʥ ρȠ                             (1) 

- ʜʣʷ ʥʝʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

ὔ ὴὛɻ
ʚʥ ρ Ὓɻ

ʚʥ ʨ
ʥ
ʨ
ʚʥ
ȟ         (2) 
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ʛʜʝ ʨ
ʚʥ

 ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʞʘʪʠʷ, ʇʘ; ʨ
ʥ
 ʜʘʚʣʝʥʠʝ ʥʘʛʥʝʪʘ-

ʥʠʷ, ʇʘ. 

ʉʨʝʜʥʝʝ ʠʥʜʠʢʘʪʦʨʥʦʝ ʜʘʚʣʝʥʠʝ (ʇʘ): 

- ʩ ʧʝʨʝʧʫʩʢʦʤ ʛʘʟʘ: 

ʨ ὴ ʚʥ ρ ʚʥ ὴʥ ὴʚʥ ὴ ὴȠ   ( 3) 

- ʙʝʟ ʧʝʨʝʧʫʩʢʘ ʛʘʟʘ: 

ʨ ὴ ʚʥ ρ ʚʥ ὴʥ ὴʚʥ           (4) 

ʛʜʝ ὴ  ʜʘʚʣʝʥʠʝ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʇʘ; ὴ πȟωὴ πȟρὴʥ;  
ὴʚʥ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʞʘʪʠʷ ʛʘʟʘ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʧʫʩʢʘ, 

ʇʘ, ὴʚʥ
ʚʥ  

ʋʚʝʣʠʯʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʥʘʩʦʩʘ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʝʪʝʢʘʥʠʡ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ ʫʯʠʪʳʚʘ-

ʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʞʘʪʠʷ ʩɴʞ. ɼʣʷ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʦʟ-

ʜʫʰʥʳʭ ʥʘʩʦʩʦʚ ʩʫʭʦʛʦ ʩʞʘʪʠʷ ʩɴʞ ρȟπςρȟπψ. ɹʦʣʴʰʠʝ ʟʥʘʯʝ-

ʥʠʷ ʩɴʞ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʣʘʩʪʠʥ ʧʦ 

ʢʦʨʧʫʩʫ ʠ ʙʦʣʴʰʝʤʫ ʦʪʥʦʰʝʥʠʶ ʜʘʚʣʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʩɴʞ ʦʧ-

ʨʝʜʝʣʷʶʪ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ: ʩɴʞ ρ πȟρς , ʛʜʝ  

†  ʦʪʥʦh ʝʥʠʝ ʜʘʚʣʝʥʠʡ; u ï ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʧʣʘʩʪʠʥ ʧʦ ʢʦʨ-

ʧʫʩʫ, ʤ/ʩ[3]. 

ʂʦʵʬʠʮʠʝʥʪ ʜɴʨ ʫʯʠʪʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʥʘʩʦʩʝ ʚʩʣʝʜʩʪʚʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʩ-

ʥʦʚʥʦʤ ʥʘ ʥʘʛʥʝʪʘʥʠʠ, ʦʙʳʯʥʦ ʜɴʨ ρȟπρρȟπτȢ 

ʀʥʜʠʢʘʪʦʨʥʘʷ ʤʦʱʥʦʩʪʴ (ɺʪ): 

ὔ ὔ ʩɴʞɴ ʜʨ ὴὛ       (5) 

ʛʜʝ ὔ  ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʥʘʩʦʩʘ ʧʨʠ ʩʫʭʦʤ ʩʞʘʪʠʠ ʛʘ-

ʟʘ (ɺʪ): 

ὔ ὔ ὔʪʨ     (6) 

ʛʜʝ ὔʪʨ  ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ 

ʧʣʘʩʪʠʥ ʦ ʢʦʨʧʫʩ ʥʘʩʦʩʘ, ʪʦʨʮʝʚʳʝ ʢʨʳʰʢʠ ʠ ʚ ʧʘʟʘʭ ʨʦʪʦʨʘ, ʚ 

ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʫʧʣʦʪʥʝʥʠʷʭ (ɺʪ). 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʂʇɼ: 

ὲʤʝʭ      (7) 

ʛʜʝ ὲʤʝʭπȟφ πȟψ. 
ʄʦʱʥʦʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʩʦʩʘ (ɺʪ): 

ὔʜʚ ὔ      (8) 

ʛʜʝ ὔʜʚ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʚʘʢʫʫʤʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘ-

ʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠ-

ʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ɾɽʉʊʂʆʉʊʔ ʂʆʅʉʊʈʋʂʎʀʀ ʄɸʅʀʇʋʃʗʊʆʈɸ  

ɸʅɻʋʃʗʈʅʆɻʆ ʊʀʇɸ ʀɿ ʈɸɿʃʀʏʅʓʍ ʄɸʊɽʈʀɸʃʆɺ  

 

ʐʚʝʮʦʚ ɸ.ɼ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʇʫʟʘʥʦʚ ɸ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʦʙʦʪʳ ʧʦʤʦʛʘʶʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʨʦʙʦʪʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʧʦ-

ʩʦʙʥʦʩʪʝʡ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʦʙʦʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʵʪʘʧʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [1].  
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ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʨʦʙʦʪʦʤ ʷʚʣʷʝʪʩʷ ʤʘʥʠʧʫʣʷʪʦʨ 

ʘʥʛʫʣʷʨʥʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʳʡ ʨʦʙʦʪ ʨʘʙʦʪʘʝʪ ʚ ʧʦʣʷʨʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘʮʠʷʭ [2]. 

 
 

ʈʠʩ. 1. ʄʘʥʠʧʫʣʷʪʦʨ ʘʥʛʫʣʷʨʥʦʛʦ ʪʠʧʘ 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ 

ʟʚʝʥʴʝʚ, ʦʪ ʠʭ ʠʥʝʨʮʠʦʥʥʦʩʪʠ. 

ɼʝʬʦʨʤʘʮʠʷ ʟʚʝʥʴʝʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴ-

ʩʷ ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʪʦʛʦʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪ 

ʨʘʙʦʯʝʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʪʝʭʧʨʦʮʝʩʩʘ. 

ʕʪʠ ʦʪʢʣʦʥʝʥʠʷ ʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʦʨʨʝʢʮʠʝʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝ-

ʨʘʮʠʡ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢ-

ʩʝ SolidWorks ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʚʳʧʦʣʥʝʥ-

ʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʠ, ʘʣʶʤʠʥʠʷ ʠ ʧʣʘʩʪʠʢʘ). 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʪʨʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʚʢʣʘʜ ʚ ʜʝʬʦʨʤʘʮʠʶ 

ʜʣʷ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʘʥʛʫʣʷʨʥʦʛʦ ʪʠʧʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

2, ʘ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 
 

ʈʠʩ. 2 ɼʝʬʦʨʤʘʮʠʷ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ʊʘʙʣʠʮʘ 1  

ɿʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 
 

ʄʘʪʝʨʠʘʣ 
ˉ 

ʟʚʝʥʘ 

ʇʝʨʝʤʝʱʝʥʠʝ 

(ʤʤ) (ʚʢʣʘʜ ʚ 

ʧʝʨʝʤʝʱʝʥʠʝ, 

%) 

ʄʘʩʩʘ 

ʟʚʝʥʴʝʚ 

(ʢʛ) 

ʄʘʩʩʘ ʢʦʥʩʪ-

ʨʫʢʮʠʠ (ʢʛ) 

ʉʪʘʣʴ 

1 0,047 (35) 1,89 

10 2 0,104 (43) 3,72 

3 0,137 (22) 4,39 

ɸʣʶʤʠʥʠʡ 

1 0,097 (19) 0,68 

3,49 2 0,210 (52) 1,29 

3 0,279 (29) 1,52 

ʇʣʘʩʪʠʢ 

1 1,985 (32) 0,37 

1,89 2 4,220 (44) 0,68 

3 5,395 (23) 0,8 
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ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙʣʠʮʘ 1) ʥʘʠ-

ʤʝʥʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʟʚʝʥʴʝʚ ʠʤʝʝʪ ʤʘʥʠʧʫʣʷʪʦʨ, ʚʳ-

ʧʦʣʥʝʥʥʳʡ ʠʟ ʩʪʘʣʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʠʤʝʝʪ ʤʘʥʠʧʫʣʷʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʧʣʘʩʪʠʢʘ [3].  

ʀʩʧʦʣʴʟʫʷ ʧʣʘʩʪʠʢ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʠʤʝʶʱʠʝ ʥʘʠʤʝʥʴʰʠʝ ʤʘʩʩʦʠʥʝʨʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʥʠʧʫʣʷʪʦʨ ʩ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʪ ʩʦʭʨʘʥʠʪʴ ʪʦʯʥʦʩʪʴ. 

ʈʘʟʚʠʪʠʝ ʪʝʤʳ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʧʨʦʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʫʤʝʥʴʰʝʥʥʦʡ ʤʘʩʩʦʡ ʠ ʚʳʩʦʢʠʤʠ ʞʝʩʪʢʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʘʤʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ: 
ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɽ.ʀ. ʖʨʝʚʠʯ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2000. ï 171 ʩ. 

2. ʉʤʠʨʥʦʚ ɸ.ɹ., ʊʠʤʦʬʝʝʚ ɸ.ʅ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʠ ʩʝʨʚʠʩ-
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3. ʂʠʥʝʤʘʪʠʢʘ ʠ ʜʠʥʘʤʠʢʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʘ-
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ʆɹɿʆʈʅʓʁ ɸʅɸʃʀɿ ʇʈɽʎʀɿʀʆʅʅʓʍ ʇʈʀɺʆɼʆɺ  

ʄɸʅʀʇʋʃʗʊʆʈʆɺ ɸʅɻʋʃʗʈʅʆɻʆ ʊʀʇɸ  

 

ʐʚʝʮʦʚ ɸ.ɼ., ʩʪʫʜ.; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʇʫʟʘʥʦʚ ɸ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ɺ ʫʩʣʦʚʠʷʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʪʫʘʣʴʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʭ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ. ʊʠʧʠʯʥʳʝ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶ-

ʯʘʶʪ ʩʚʘʨʢʫ, ʦʢʨʘʩʢʫ, ʤʦʥʪʘʞ, ʢʦʥʪʨʦʣʴ ʧʨʦʜʫʢʮʠʠ, ʧʦʜʲʸʤ ʠ ʧʝ-

ʨʝʤʝʱʝʥʠʝ ʜʝʪʘʣʝʡ [1].  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʦʙʦʪʦʤ ʷʚʣʷʝʪʩʷ ʤʘʥʠʧʫʣʷʪʦʨ 

ʘʥʛʫʣʷʨʥʦʛʦ ʪʠʧʘ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʮʝʧʴ ʪʘʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʩʪʦ-
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ʠʪ ʠʟ ʚʨʘʱʘʪʝʣʴʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʚʘʪʴ 

ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʭʚʘʪʘ ʯʝʨʝʟ ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʝʧʝʥʠ ʧʦʜ-

ʚʠʞʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʩʦʯʣʝʥʝʥʠʠ ʟʚʝʥʴʝʚ. ʈʘʙʦʯʘʷ ʟʦʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʬʝʨʫ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʈʘʙʦʯʘʷ ʟʦʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ɼʚʠʛʘʪʝʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ. ʆʰʠʙʢʠ 

ʧʦʚʦʨʦʪʘ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʥʝʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳ-

ʭʦʜʥʦʛʦ ʟʚʝʥʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʥʥʦʡ ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʘ ʢʦʨ-

ʨʝʢʮʠʷ ʧʦʚʦʨʦʪʘ ʦʜʥʦʛʦ ʠʣʠ ʚʩʝʭ ʟʚʝʥʴʝʚ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʙʟʦʨʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʨʠʚʦʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʘʥʛʫʣʷʨʥʦʛʦ ʪʠʧʘ.  

ʇʦʜ ʧʨʠʚʦʜʦʤ ʧʦʥʠʤʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪ-

ʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ ʤʘʰʠʥ ʠʣʠ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, 

ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʘʧʧʘʨʘʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʦ ʚʠʜʫ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠ ʧʨʝʦʙʨʘʟʫʝʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠ-

ʚʦʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʥʝʚʤʘʪʠ-

ʯʝʩʢʠʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ. ɺ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʚʦʜʘʭ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʟʫʙʯʘʪʳʭ, ʨʳʯʘʞʥʳʭ, ʚʠʥʪʦʚʳʭ, 

ʢʫʣʘʯʢʦʚʳʭ ʠ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʠ ʧʦʤʦʱʠ 
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ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ɺ ʧʥʝʚʤʦʧʨʠʚʦʜʘʭ ʵʥʝʨʛʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʷʭ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʩʥʠʤʘʝ-

ʤʫʶ ʩ ʚʘʣʘ ʠʣʠ ʰʪʦʢʘ. ʆʩʥʦʚʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʢ ʧʦʪʨʝʙʠʪʝʣʶ (ʦʪ ʥʘʩʦʩʘ ʢ ʛʠʜʨʦʤʦʪʦʨʫ ʠʣʠ ʛʠʜʨʦʮʠʣʠʥʜʨʫ) [3]. 

ʋʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʷ ʟʚʝʥʴʝʚ ʚ ʤʘʥʠʧʫʣʷʪʦʨʘʭ ʘʥʛʫʣʷʨʥʦʛʦ 

ʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʧʨʠʚʦ-

ʜʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʚʦʜʦʚ ʜʨʫʛʦʛʦ ʪʠʧʘ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʴʶ [3][4]. 

ʊʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʘʥʠʧʫʣʷʪʦʨʘ (ʨʠʩʫʥʦʢ 2) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʰʠʙʢʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʞʝʩʪ-

ʢʦʩʪʠ ʟʚʝʥʴʝʚ. ʅʘ ʧʨʦʛʠʙ ʟʚʝʥʴʝʚ ʚʦʟʜʝʡʩʪʚʫʝʪ ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʨʠʚʦʜʦʚ ʠ ʜʝʪʘʣʠ. 
 

 
 

ʈʠʩ. 2 ʄʘʥʠʧʫʣʷʪʦʨ ʘʥʛʫʣʷʨʥʦʛʦ ʪʠʧʘ 

 

ʅʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʩʘʡʪʦʚ ʠʟʛʦʪʦʚʠ-

ʪʝʣʝʡ [5, 6] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1 ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʝʡ, ʩʦʧʨʷʛʘʝʤʳʭ ʩ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʢʦʥʩʪ-

ʨʫʢʮʠʝʡ.  
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ʊʘʙʣʠʮʘ 1  

ʇʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʦʚ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʧʨʠʚʦʜ 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʧʨʠʚʦʜ 

ɺʝʩ, ʢʛ 1,8 0,6 

ɻʘʙʘʨʠʪʳ, ʤʤ 56x56x170 50x44x70 

ʄʦʤʝʥʪ, ʅʤ  11,3 15 

ʊʦʯʥʦʩʪʴ ʨʘʙʦʪʳ (ʦʰʠʙʢʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ), Á 
1,8 3,6 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ. ʈʘʟʤʝʱʝʥʠʝ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ ʧʨʠ-

ʚʦʜʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʫʤʤʘʨʥʫʶ ʦʰʠʙʢʫ ʧʦʟʠʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʠ ʟʚʝʥʴʝʚ ʚ ʟʘʜʘʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ.  

ʈʘʟʚʠʪʠʝ ʪʝʤʳ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʞʝʩʪ-

ʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʠʚʦʜʦʚ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ  

ʐɽʉʊɽʈɽʅʅʆɻʆ ʅɸʉʆʉɸ  

ɺ ʉʀʉʊɽʄɽ AUTODESK INVENTOR 

 

ɻʫʨʣʦʚ ʅ.ʉ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʄʦʞʝʛʦʚʘ ʖ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʝʜʨʝʥʳ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʈʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʥʘʰʝ ʚʨʝʤʷ ʠʤʝʶʪ ʦʜʠʥ ʦʙʱʠʡ ʘʩʧʝʢʪ, ʙʝʟ ʢʦ-

ʪʦʨʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʘ ʠʤʝʥʥʦ 3D ï 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɻʠʜʨʘʚʣʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ.  ɻʠʜʨʦʜʚʠʛʘʪʝʣʠ  ʠ ʛʠʜʨʦʤʘʰʠʥʳ ʠʤʝʶʪ ʦʙ-

ʰʠʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʩʝʛʜʘ ʘʢʪʫʘʣʴʥʘ.  

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʩʦʩʦʚ (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʩʦʩʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ 
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ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʘʝʪ ʥʘʤ ʧʦʥʠʤʘʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʦ 

ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʚʩʝ ʥʘʩʦʩʳ ʜʝʣʷʪʩʷ ʥʘ ʦʙʲʝʤʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ. 

ɺ ʦʙʲʝʤʥʳʭ ʥʘʩʦʩʘʭ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʘʟʫʶʪ ʟʘʤʢ-

ʥʫʪʳʡ ʦʙʲʸʤ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʳʪʝʩʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. ɺ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʩʦʩʘʭ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʝʨʝʜʘʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʧʦʟʞʝ 

ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ [1]. 

  ʅʘ ʨʠʩ. 2-4 ʧʨʠʚʝʜʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʭʝʤʳ ʦʙʲʝʤʥʳʭ ʥʘ-

ʩʦʩʦʚ. 

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʥʘʩʦʩʦʚ ʰʝʩʪʝʨʝʥʥʦʛʦ ʪʠʧʘ: 

1 ï ʚʝʜʫʱʘʷ ʰʝʩʪʝʨʥʷ, 2 ï ʢʦʨʧʫʩ ʥʘʩʦʩʘ, 3 ï ʚʩʘʩʳʚʘʶʱʠʡ ʢʘʥʘʣ, 4 ï ʚʝ-

ʜʦʤʘʷ ʰʝʩʪʝʨʥʷ, 5 ï ʦʩʴ, 6 ï ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʢʘʥʘʣ, 7 ï ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ 

ʩʝʢʪʦʨ, 8 ï ʚʝʜʦʤʳʡ ʨʦʪʦʨ, 9 ï ʚʝʜʫʱʠʡ ʨʦʪʦʨ. 

 

 
ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʰʣʘʥʛʦʚʦʛʦ ʥʘʩʦʩʘ 
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ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʪʨʝʭʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ: 1 ï ʢʦʨʧʫʩ,  

2 ï ʚʝʜʫʱʠʡ ʚʠʥʪ,3,4 ï ʚʝʜʦʤʳʝ ʚʠʥʪʳ  

 

ʅʘ ʨʠʩ. 5-6 ʧʨʠʚʝʜʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʭʝʤʳ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʩʦʩʦʚ. 

 
 

ʈʠʩ. 5. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʣʦʧʘʩʪʥʦʛʦ (ʮʝʥʪʨʦʙʝʞʥʦʛʦ) 

ʥʘʩʦʩʘ:ʘ ï ʩʭʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʙ ï ʦʙʱʠʡ ʚʠʜ ʥʘʩʦʩʘ, 1 ï ʢʘʤʝʨʘ ʥʘʩʦ-

ʩʘ, 2 ï ʣʦʧʘʪʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, 3 ï ʚʘʣ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ,  

4 ï ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʧʘʪʨʫʙʦʢ, 5 ï ʚʩʘʩʳʚʘʶʱʠʡ ʧʘʪʨʫʙʦʢ  
 

 
 

ʈʠʩ. 6. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʥʘʩʦʩʘ ʪʠʧʘ ñʕʨʣʠʬʪò: 

1 ï ʚʩʘʩʳʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, 2 ï ʧʦʜʘʶʱʘʷ ʪʨʫʙʘ, 3 ï ʩʤʝʩʠʪʝʣʴ, 4 ï ʧʦʜ-

ʥʠʤʘʶʱʘʷ ʪʨʫʙʘ, 5 ï ʚʦʟʜʫʭʦʦʪʜʝʣʠʪʝʣʴ, 6 ï ʩʣʠʚʥʦʡ ʪʨʫʙʦʧʨʦʚʦʜ,  

7 ï ʚʦʟʜʫʭʦʧʦʜʘʶʱʠʡ ʪʨʫʙʦʧʨʦʚʦʜ, 8 ï ʢʦʤʧʨʝʩʩʦʨ, h ï ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝ-

ʥʠʷ ʩʤʝʩʠʪʝʣʷ, H ï ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ  
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ʈʠʩ. 7. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʥʘʩʦʩʘ: 1 ï ʚʘʣ, 2 ï ʢʦʨʧʫʩ,  

3 ï ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ. 
 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʠʧʦʚ ʛʠʜʨʦʥʘʩʦʩʦʚ ʙʳʣ ʚʳʙʨʘʥ ʥʘʩʦʩ ʰʝʩʪʝ-

ʨʝʥʥʦʛʦ ʪʠʧʘ ʩ ʥʘʨʫʞʥʳʤ ʟʘʮʝʧʣʝʥʠʝʤ. ɼʘʥʥʳʡ ʪʠʧ ʦʙʣʘʜʘʝʪ ʨʷ-

ʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ: 

-  ʜʝʰʝʚʠʟʥʘ; 

-  ʧʨʦʩʪʦʪʘ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ; 

-  ʚʳʩʦʢʠʡ ʂʇɼ (ʧʦʨʷʜʢʘ 90%); 

-  ʥʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʞʠʜʢʦʩʪʠ (ʩʧʦʩʦʙʥʳ ʨʘ-

ʙʦʪʘʪʴ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʜʦ 100 ʤʢʤ); 

-  ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʝʡ; 

-  ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ; 

-  ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʤʘʟʢʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʥʘʩʦʩʘ. 

ɿʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪ ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʤʝʭʘʥʠʟʤʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʜʘʥʥʳʡ ʥʘʩʦʩ ʷʚʣʷʝʪʩʷ ʰʝʩʪʝʨʝʥʥʳʤ, ʪʨʝʭʩʝʢʮʠʦʥʥʳʤ, ʩ 

ʥʘʨʫʞʥʳʤ ʪʠʧʦʤ ʟʘʮʝʧʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʥʘʩʦʩʘ (ʩʤ. ʨʠʩ. 8) ʚ 

Autodesk Inventor [2]. 
 

 
ʈʠʩ. 8. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ (ʥʘʟʚʘʥʠʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ): ʧʨʦʩʪʘʚʢʘ, 

ʰʪʠʬʪ, ʰʧʠʣʴʢʘ, ʨʝʛʫʣʠʨʦʚʦʯʥʘʷ ʛʘʡʢʘ, ʢʣʘʧʘʥ, ʚʘʣ ʤʘʩʣʦʥʘʩʦʩʘ, ʢʨʳʰʢʘ 

ʤʘʩʣʦʥʘʩʦʩʘ ʠ ʢʦʨʧʫʩ ʤʘʩʣʦʥʘʩʦʩʘ. 
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ʀʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʳʡ ʚ Autodesk Inventor ʬʫʥʢʮʠʦʥʘʣ ñʄʘʩ-

ʪʝʨ ʧʨʦʝʢʪʠʨʦʚʱʠʢò ʙʳʣʠ ʩʦʟʜʘʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʟʘʮʝ-

ʧʣʝʥʠʷ ʥʘʩʦʩʘ (ʨʠʩ. 9). ɼʘʣʝʝ, ʧʦʩʣʝ ʠʤʧʦʨʪʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʟʫʙʘ 

ʚ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ, ʤʦʜʝʣʠʨʫʝʤ ʰʝʩʪʝʨʥʠ ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʳʤ ʜʘʥ-

ʥʳʤ, ʨʠʩ.10. 

 
 

ʈʠʩ. 9. (ʩʣʝʚʘ) ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʩ ʧʨʦʩʪʘʚʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʚʦʣʴʚʝʥʪʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ (ʤʦʜʫʣʴ: 4,5, ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ï 10), 

(ʩʧʨʘʚʘ) ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʚʦʣʴʚʝʥʪʥʦʛʦ 

ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ 
 

 
 

ʈʠʩ. 10. ʇʨʦʬʠʣʴ ʟʫʙʘ, ʤʦʜʝʣʴ ʜʝʪʘʣʠ ʰʝʩʪʝʨʥʷ ʚʝʜʫʱʘʷ ʠ ʚʝʜʦʤʘʷ 
 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʙʳʣʦ ʚʳʧʦʣʥʝʥʠʝ ʩʙʦʨʢʠ ʤʘʩʣʦʥʘ-

ʩʦʩʘ (ʨʠʩ. 11) ʠ ʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʚʩʝ ʜʝʪʘʣʠ ʥʘʩʦʩʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
 

 
ʈʠʩ. 11. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʩʙʦʨʢʠ ʤʝʭʘʥʠʟʤʘ ñʐʝʩʪʝʨʝʥʥʳʡ ʥʘʩʦʩò ʚ 

Autodesk Inventor 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ɻʝʡʝʨ, ɺ.ɻ., ɼʫʣʠʥ ɺ.ʉ., ɿʘʨʷ, ɸ.ʅ. ɻʠʜʨʘʚʣʠʢʘ ʠ ʛʠʜʨʦ-

ʧʨʠʚʦʜ. [ʊʝʢʩʪ] / ɺ.ɻ. ɻʝʡʝʨ, ɺ.ʉ. ɼʫʣʠʥ, ɸ.ʅ. ɿʘʨʷ: ï ʅʝʜʨʘ. ï 

1991, 331 c.  

2. ʄʦʞʝʛʦʚʘ, ʖ.ʅ., ɻʫʨʣʦʚ ʅ.ʉ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ [ʊʝʢʩʪ] / ʉʙʦʨʢʘ ʚ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ: ï 2023, ˉ 26 ï ʩ. 78-81. 

 

ɸʅɸʃʀɿ ʈɸɹʆʏʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ʕʃɽʂʊʈʆʅɸɻʈɽɺɸʊɽʃʗ ɻɸɿɸ 

 

ɽʚʜʦʢʠʤʦʚ ʉ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʍʘʣʘʪʦʚ ɽ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʛʨʝʚʘ ʘʟʦʪʘ ʚ ʯʘʩʪʠ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʢʪʨʦʜʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʛʣʘʩʥʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ʥʘ ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʫ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʩʦʧʦʩʪʘʚʠʪʴ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ ʛʘʟʘ ʠ ʧʨʦ-

ʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ 

ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʦʪ ʦʙʲ-

ʸʤʥʦʛʦ ʨʘʩʭʦʜʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʥʘʛʨʝʚʘʪʝʣʷ, ʪʘʢʠʝ ʢʘʢ ʤʦʱʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝ-

ʚʘʪʝʣʷ ʛʘʟʘ ʠʟ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʥʘʛʨʝʚʘ ʘʟʦʪʘ; 

2. ʉʦʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʫʶ 

ʵʥʝʨʛʠʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʟʝʨʢʘʣʘ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʠ; 
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3. ʉʦʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʩʪʠ 

ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ 

ʥʘʛʨʝʚʘʝʤʦʤʫ ʛʘʟʫ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 

4. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʨʘʩ-

ʭʦʜʥʦ-ʪʝʧʣʦʚʦʡ ʠ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢ-

ʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ.  

5. ʉʦʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʥʦʚʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʕʅɻ, ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʧʫʙʣʠʢʘʮʠʠ [1] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʣʝʢ-

ʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ. 
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ 

1 ï ʢʦʥʜʝʥʩʘʪʦʨ; 2 ï ʪʨʫʙʢʘ; 3 ï ʢʦʤʧʝʥʩʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ; 4 ï ʜʶʟʘ; 

 5 ï ʪʦʢʦʚʦʜ; 6 ï ʨʝʟʠʥʦʚʦʝ ʫʧʣʦʪʥʝʥʠʝ; 7 ï ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ ʢʘʤʝʨʘ; 8 ï 

ʚʭʦʜʥʦʡ ʰʪʫʮʝʨ; 9 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 10 ï ʚʳʭʦʜʥʦʡ ʰʪʫʮʝʨ; 11 ï ʢʘʙʝʣʴ; 

12 ï ʟʤʝʝʚʠʢ; 13 ï ʜʥʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʘʤʝʨʳ; 14 - ʢʦʣʧʘʢ;  

15, 17 ï ʢʦʞʫʭ; 16 ï ʟʘʣʠʚʥʘʷ ʛʦʨʣʦʚʠʥʘ; 18 ï ʩʣʠʚʥʘʷ ʛʦʨʣʦʚʠʥʘ 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʶ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ. 
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ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʨʸʭʬʘʟʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʥʘʭʦʜʷʪ ʧʦ 

ʬʦʨʤʫʣʘʤ 1 - 7 [2, ʩ. 56]: 

ὖ
σϽὟʬ

Ὑʬ
                                                                      ρ 

ʛʜʝ Ὗʬ ï ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ; 

      Ὑʬ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʥʦʡ ʬʘʟʳ; 

Ὑʬ  
ὑ

Ὤ
Ͻ”                                                                     ς 

ʛʜʝ ὑ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʝʚʘʪʝʣʷ; 

       Ὤ ï ʚʳʩʦʪʘ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʪʝʧʣʦʥʦʩʠʪʝ-

ʣʝ, ʤ; 

       ” ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ t, Áʉ; 

”
”

ρ ‌Ͻὸ ςπ
ȟ                                             σ 

ʛʜʝ ”  ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ςπ ÁʉȠ 
       t ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ,Áʉ; 

       ‌ ï 0,03 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʠʤʝʶʱʠʡ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ, 

1/Áʉ; 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊɾ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢ 

ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ: 

”
ρ

„
ȟ                                                                    τ 

ʛʜʝ „  ï ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʊɾ ʧʨʠ ςπ Áʉ. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʜʦʚ 
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ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ - ʵʪʦ 

ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ, ʪʘʢʠʝ ʢʘʢ ʠʭ ʬʦʨʤʘ, ʨʘʟʤʝʨʳ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʦ-

ʜʦʚ ʟʚʝʟʜʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʭʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ ʨʠʩ. 

2 ʧʦ ʬʦʨʤʫʣʝ 5 [3, ʩ. 38]. 

ὑ

ὶɻ
ὦ
ÌÎ
ὶ
ὶɻ
ÌÎ
ὶɻ
ὶ

ÌÎ
ὶ
ὶ

ȟ                                                     υ 

ʛʜʝ ὶ ï ʥʘʨʫʞʥʳʡ ʨʘʜʠʫʩ ʵʣʝʢʪʨʦʜʦʚ, ʤ; 

      ὶ ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʵʣʝʢʪʨʦʜʦʚ, ʤ; 

      ὶɻ ï ʨʘʜʠʫʩ ʪʦʯʢʠ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤ; 

      ὦ ï ʰʠʨʠʥʘ ʵʣʝʢʪʨʦʜʘ, ʤ.  

ɿʥʘʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊɾ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢ 

ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ: 

”
ρ

„
ȟ                                                                 φ 

 
 

ʈʠʩ. 3 ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ  

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʠ ʢʨʘʪʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ: 

1.- ʩʦʣʴ Na2CO3;2 ï ʩʦʣʴ NaCl;3 ï ʢʦʪʣʦʚʘʷ ʚʦʜʘ 

 

ʉʦʛʣʘʩʥʦ ʨʠʩ 3 ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʊɾ ʧʨʠ ςπ Áʉ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ 
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„ πȟππψφωπȟπππτυχϽὑȟ                                                 χ 

ʛʜʝ ʂ ï ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ, ʤʛ/ʣ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʚ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

162 ʤʛ/ʣ.  

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʕʅɻ ʦʪ ʫʨʦʚʥʷ ʟʝʨ-

ʢʘʣʘ ʊɾ ʚʳʜʝʣʠʤ ʩʝʯʝʥʠʷ (ʨʠʩ. 1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʘ ʥʘʛʨʝʚʘʪʝʣʴ-

ʥʦʡ ʢʘʤʝʨʳ ʩ ʰʘʛʦʤ 20 ʤʤ.  

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘ ʜʣʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝ-

ʚʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʨʫʞʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʚ ʪʦʢʦʧʨʦʚʦʜʷʱʫʶ 

ʞʠʜʢʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩʫʥʢʝ. 3. 

 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʤʦʱʥʦʩʪʠ ɸʊʉ ʠ 1 ʥʘʛʨʝʚʘʪʝʣʷ 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʙʫʜʝʪ ʩʦʩʪʘʚʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨ-

ʛʠʠ, ʢʦʪʦʨʫʶ ʩʤʦʞʝʪ ʦʪʦʙʨʘʪʴ ʨʘʙʦʯʠʡ ʛʘʟ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SimInTech; ʩʦʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʛʨʝʚʘʪʝʣʷ ʛʘʟʘ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

1. ɽʚʜʦʢʠʤʦʚ, ʉ.ɸ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʛʨʝ-

ʚʘʪʝʣʷ ʛʘʟʦʚʳʭ ʩʨʝʜ / ʉ. ɸ. ɽʚʜʦʢʠʤʦʚ, ɽ. ʄ. ʍʘʣʘʪʦʚ // ʄʘʪʝʨʠʘʣʳ 

XLVII ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʩʙʦʨʥʠʢ. 
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3. ɹʘʩʦʚ, ɸ.ʄ., ɹʳʢʦʚ ɺ.ɻ., ʃʘʧʪʝʚ ɸ.ɺ., ʌʘʡʥ ɺ.ɹ. ʕʣʝʢʪʨʦ-

ʪʝʭʥʦʣʦʛʠʷ. ï ʄ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1985. ï 256 ʩ. 

 

 

ʉʊɽʅɼ ʂʆʅʊʈʆʃʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʅɸɺʀɻɸʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄ ʅɸɿɽʄʅʓʍ ʄʆɹʀʃʔʅʓʍ ʆɹʒɽʂʊʆɺ 

 

ɿʠʥʦʚʴʝʚ ʉ.ɻ., ʩʪʫʜ.; 

 ʨʫʢʦʚʦʜʠʪʝʣʴ ʄʠʪʨʦʬʘʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʸ ʙʦʣʴʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠʟʜʝʨʞʢʘʭ ï ʵʪʦ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʇʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʝʜʝʪ ʢ ʧʦ-

ʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʤʝʥʴʰʝʥʠʶ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʫʣʫʯʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʠ ʫʚʝ-

ʣʠʯʝʥʠʷ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʝ ʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦ-

ʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʪʨʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʩ-

ʧʳʪʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ ʠʥʞʝʥʝʨʘ ʜʣʷ 

ʩʥʷʪʠʷ ʧʦʢʘʟʘʥʠʡ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʠ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝ-

ʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘʚʠʛʘʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʦʨʦʪʥʦ-ʥʘʢʣʦʥʷʝʤʳʡ ʩʪʦʣ TSK 250, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʪʦʣ ʢʘʣʠʙʨʦʚʘʥ ʜʣʷ ʚʨʘʱʝʥʠʷ ʥʘ 360Á, ʩ 

ʪʦʯʥʦʩʪʴʶ  ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʫʢʘʟʘʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 1. ʀʟʤʝʨʝʥʠʝ 

ʫʛʣʦʚ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʢʣʦʥʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʚʘʜʨʘʥʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʂʆ-10 ʠʣʠ ʂʆ-30 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ °10ě ʠ °30ě ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 1. ʇʦʚʦʨʦʪʥʦ-ʥʘʢʣʦʥʷʝʤʳʡ ʩʪʦʣ TSK 250 

 

ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʦʨʦʪʥʦ-

ʥʘʢʣʦʥʷʝʤʦʛʦ ʩʪʦʣʘ TSK 250 

 

ʄʘʩʩʘ ʥʘ-

ʛʨʫʟʢʠ, ʢʛ 

ʇʦʣʥʳʡ 

ʦʙʦʨʦʪ ű, ę 

ʇʝʨʝʜʘʪʦʯ-

ʥʦʝ ʯʠʩʣʦ 

ʨʝʜʫʢʪʦʨʘ 

ʈʘʜʠʫʩ ʧʣʘʥ-

ʰʘʡʙʳ, ʤ 

ʊʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠ-

ʨʦʚʘʥʠʷ, ě 

60 360 1:90 0,125 10 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʅʉ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʅʉ ʙʳʣʦ ʧʨʠ-

ʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘʢʨʳʪʦ-

ʛʦ ʪʠʧʘ. 

ɺ ʫʢʘʟʘʥʥʦʡ ʩʭʝʤʝ ʥʘʩʦʩ ʥʘʧʨʘʚʣʷʝʪ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʠʜʨʦʤʦʪʦʨ. ʉʦʚʝʨʰʠʚ ʨʘʙʦʪʫ, ʦʥʘ ʠʟ ʛʠʜʨʦʤʦʪʦ-

ʨʘ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʥʘʩʦʩ (ʩʤ. ʨʠʩ. 2). ʅʝʠʟʙʝʞʥʳʝ ʜʨʝʥʘʞʥʳʝ 

ʫʪʝʯʢʠ ʚ ʛʠʜʨʦʤʦʪʦʨʝ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʦʛʦ ʥʘ-

ʩʦʩʘ ʧʦʜʧʠʪʢʠ. ɻʠʜʨʦʙʘʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʪʦʣʴʢʦ ʜʣʷ ʚʦʩʧʦʣʥʝ-

ʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʪʝʯʝʢ, ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʪʢʨʳʪʳʭ 

ʛʠʜʨʦʩʭʝʤʘʭ. ɺ ʟʘʢʨʳʪʳʭ ʛʠʜʨʦʩʭʝʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʝʚʝʨʩʠʚʥʳʝ ʨʝʛʫʣʠʨʫʝʤʳʝ ʥʘʩʦʩʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ-

ʪʦʢʘ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
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ʈʠʩ. 2. ʆʙʲʝʤʥʳʡ ʛʠʜʨʦʧʨʠʚʦʜ ʩ ʟʘʤʢʥʫʪʦʡ ʩʭʝʤʦʡ ʮʠʨʢʫʣʷ-

ʮʠʠ: 

1, 2 ï ʥʘʧʦʨʥʳʝ ʣʠʥʠʠ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝ-

ʤʘ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʧʠʪʦʯʥʳʡ 

ʥʘʩʦʩ ʅ2, ʧʨʠʚʦʜʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʕɼ2, ʧʝʨʝʣʠʚʥʦʡ ʢʣʘʧʘʥ 

ʂ3, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦʜʧʠʪʢʠ, ʨʘʚʥʦʝ 0,3ï

0,5 ʄʇʘ, ʬʠʣʴʪʨ ʌ ʠ ʜʚʘ ʦʙʨʘʪʥʳʭ ʢʣʘʧʘʥʘ ʂʆ1 ʠ ʂʆ2, ʥʘʩʦʩ ʧʦʜ-

ʧʠʪʢʠ ʅ2, ʢʦʪʦʨʳʡ, ʯʝʨʝʟ ʦʜʠʥ ʠʟ ʦʙʨʘʪʥʳʭ ʢʣʘʧʘʥʦʚ ʂʆ1 ʠʣʠ ʂʆ2 

ʩʦʝʜʠʥʝʥ ʩ ʣʠʥʠʝʡ ʚʩʘʩʳʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʥʘʩʦʩʘ ʅ1 ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʧʦʜʧʦʨ ʥʘ ʚʩʘʩʳʚʘʥʠʠ ʵʪʦʛʦ ʥʘʩʦʩʘ. ɽʩʣʠ ʣʠʥʠʷ 1 

ʷʚʣʷʝʪʩʷ ʥʘʧʦʨʥʦʡ ʣʠʥʠʝʡ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʧʦʜʧʠʪʢʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʯʝʨʝʟ ʢʣʘʧʘʥ ʂʆ2 ʚ ʩʪʦʨʦʥʫ ʣʠʥʠʠ 2 ʚʩʘʩʳʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʥʘʩʦʩʘ. ɼʨʫʛʦʡ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʂʆ1 ʚ ʵʪʦ ʚʨʝʤʷ ʟʘʢʨʳʪ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʙʦʣʴʰʝʛʦ, ʯʝʤ ʫ ʥʘʩʦʩʘ ʧʦʜʧʠʪʢʠ, ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʦʨʥʦʡ ʣʠ-

ʥʠʠ 1. ʇʨʠ ʨʝʚʝʨʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʛʠʜʨʦʤʦʪʦʨʘ ʣʠʥʠʠ ʚʩʘ-

ʩʳʚʘʥʠʷ ʠ ʥʘʛʥʝʪʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʥʘʩʦʩʘ ʅ1 ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʂʆ2 ʙʫʜʝʪ ʟʘʢʨʳʪ, ʘ ʧʦʜʧʠʪʢʘ 

ʣʠʥʠʠ ʚʩʘʩʳʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʥʘʩʦʩʘ ʅ1 ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝ-

ʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʂʆ1. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʢʦʥʪʨʦ-

ʣʷ ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʚʠ-

ʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʚʩʝʤʠ ʧʨʠʚʦʜʘʤʠ ʛʠʜʨʘʚ-
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ʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ï ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʨʝʰʝʥʠʠ ʚ ʯʘʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ ʠ ʧʝʨʝʜʘʯʠ ʤʦʤʝʥʪʘ ʦʪ ʛʠʜʨʦʧʨʠʚʦʜʘ ʢ ʧʣʘʥʰʘʡʙʝ [2]. ʇʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʛʠʜʨʦʤʦʪʦʨ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʩʢʦ-

ʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʥʝ ʙʳʣʠ ʠʟʙʳʪʦʯʥʳʤʠ, ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ 

ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ ʜʣʷ ʚʦʟʤʦʞʥʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʝʥʜʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʜʨʦʤʦʪʦʨ ʛʝʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʧʣʘʚʥʦʩʪʴʶ ʭʦʜʘ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʣʘʚʥʳʡ ʩʪʘʨʪ ʚʨʘʱʝʥʠʷ ʧʣʘʥʰʘʡʙʳ ʚʦ ʚʨʝʤʷ ʠʩʧʳ-

ʪʘʥʠʡ, ʩʪʘʙʠʣʴʥʳʝ ʦʙʦʨʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘ-

ʞʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪ 

ʚʨʘʱʝʥʠʝ ʚʘʣʘ ʠ ʧʣʘʥʰʘʡʙʳ ʙʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ 

ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ [3]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʥʜʘ ʧʨʦʚʦ-

ʜʠʣʩʷ ʨʘʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ -ʫʛʣʦʚʦʝ ʫʩ ;‫

ʢʦʨʝʥʠʝ Ů; ʚʨʝʤʷ ʨʘʟʛʦʥʘ ὸʨʘʟʛ; ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʧʣʘʥʰʘʡʙʳ ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʦʩʠ tʦʙʦʨ; ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʦʜ-

ʥʦʛʦ ʦʙʦʨʦʪʘ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ tʦʙʦʨ = 32 ʩʝʢ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ: 

ɤ
ű
     (1) 

 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ: 

ɤ ρρȢςυ ęȾʩʝʢ=πȟρωφ ʨʘʜȾʩʝʢ 

 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ů
ʨʘʟʛ

     (2) 

 

ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʜʘ ʠ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩ-

ʩʯʠʪʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʧʣʘʥʰʘʡʙʳ ʜʦʣʞʥʦ 

ʩʦʩʪʘʚʣʷʪʴ tʨʘʟʛ = 1,1 ʩʝʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ: 

 

Ů
ȟ

ȟ
πȟρχψ ʨʘʜȾʩʝʢ. 
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ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

*     (3) 

 

ʛʜʝ r ï ʨʘʜʠʫʩ ʧʣʘʪʬʦʨʤʳ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʝʥʜʘ; 

m ï ʤʘʩʩʘ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʘʪʬʦʨʤʫ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1, ʧʦʚʦʨʦʪʥʦ-ʥʘʢʣʦʥʷʝʤʳʡ ʩʪʦʣ TSK-

250 ʦʩʥʘʱʝʥ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝʡ (ʨʝʜʫʢʪʦʨʦʤ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

1:90. ʊʦʛʜʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʥʘ ʧʦʚʦʨʦʪʳ ʫʤʝʥʴʰʠʪʩʷ ʚ 90 ʨʘʟ. 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʤʘʩʩʘ ʥʘʛʨʫʟʢʠ m = 60 ʢʛ. ʈʘʜʠʫʩ 

ʧʣʘʪʬʦʨʤʳ r = 0,125 ʤ. ʊʦʛʜʘ ʧʦʣʫʯʠʤ: 

*
φπωȟψρπȟρςυ

ωπ
πȟψρχ ʅ ʤz 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʙʘʟʝ ʧʦʚʦʨʦʪ-

ʥʦ-ʥʘʢʣʦʥʷʝʤʦʛʦ ʩʪʦʣʘ TSK-250, ʩʤ. ʪʘʙʣʠʮʫ 2. 
 

ʊʘʙʣʠʮʘ 2 

 
ʄʘʩʩʘ 

ʥʘʛʨʫʟʢʠ, 

ʢʛ 

ʇʦʣʥʳʡ 

ʦʙʦʨʦʪ 

ű, ę 

ʊʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥ, 

ʫʛʣ. ʩʝʢ 

ʄʦʤʝʥʪ 

ʠʥʝʨʮʠʠ, 

ʅĬʤ 

ʋʛʣʦʚʦʝ 

ʫʩʢʦʨʝ-

ʥʠʝ, 

ʨʘʜ/ʩʝʢ
2
 

ʋʛʣʦʚʘʷ 

ʩʢʦ-

ʨʦʩʪʴ, 

ʨʘʜ/ʩʝʢ 

60 360 10 0,817 0,178 0,196 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɻʀɼʈʆɸɻʈɽɻɸʊɸ  

ʊʆʈʄʆɿʅʆʁ ʉʀʉʊɽʄʓ ɸɺʊʆʄʆɹʀʃʗ ɺ ʉʆʉʊɸɺɽ 

ʉʀʉʊɽʄʓ ʂʋʈʉʆɺʆʁ ʉʊɸɹʀʃʀɿɸʎʀʀ 

 

ʂʣʦʧʦʚ ʀ.ɺ., ʩʪʫʜ.; 

 ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʘʨʧʝʥʢʦʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚ-

ʪʦʤʦʙʠʣʷ, ʷʚʣʷʷʩʴ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʝʛʦ ʩʠʩʪʝʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʦʨʤʦʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦ-

ʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʨʷʜʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʩʠʣʠʪʝʣʴ, ʛʣʘʚʥʳʡ ʮʠʣʠʥʜʨ, ʢʣʘ-

ʧʘʥ ʠ ʩʫʧʧʦʨʪ, ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ ʥʘ ʦʙʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʪʦʨʤʦʟʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ ʚʤʝʩʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʨʠʤʝ-

ʥʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʚʤʝʩʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʪʦʨʦʚ. 

ʕʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʦʨʤʦʟ ʦʙʳʯʥʦ ʠʤʝʝʪ ʨʝʟʝʨʚʥʫʶ ʯʘʩʪʴ ʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ [1]. 

ʉʠʩʪʝʤʘ ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʦʛʦ ʪʦʨʤʦʟʘ (ABS) ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʝʜʦʪ-

ʚʨʘʱʘʷ ʙʣʦʢʠʨʦʚʢʫ ʢʦʣʝʩ ʚʦ ʚʨʝʤʷ ʨʝʟʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦʜʜʝʨʞʠʚʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ. ʕʣʝʢʪʨʦʥʥʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʫʩʠʣʠʡ (EBD) ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ 

ʫʧʨʘʚʣʷʪʴ ʪʦʨʤʦʟʥʳʤʠ ʫʩʠʣʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦ-

ʣʝʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʜʦʨʦʛʠ. ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ (ESP) ʪʘʢʞʝ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʥʘ ʜʦʨʦʛʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʜʦʨʦʛʘʭ ʩ ʧʣʦʭʠʤ ʩʮʝʧʣʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ESP ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʦ-

ʣʠʯʝʩʪʚʦ ʠ ʪʷʞʝʩʪʴ ʘʚʘʨʠʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʜʦʨʦʛʘʭ ʩ ʥʠʟʢʠʤ ʪʨʝʥʠʝʤ, 

ʪʘʢʠʭ ʢʘʢ ʤʦʢʨʳʝ ʠʣʠ ʦʙʣʝʜʝʥʝʣʳʝ ʜʦʨʦʛʠ. 
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ʈʠʩ. 1. ɸʥʪʠʙʣʦʢʠʨʦʚʦʯʥʘʷ ʩʠʩʪʝʤʘ ʪʦʨʤʦʟʦʚ ʠ ʜʘʪʯʠʢʠ: 1 ð ʫʩʠʣʠʝ ʥʘ 

ʧʝʜʘʣʠ; 2 ð ʧʝʜʘʣʴ ʪʦʨʤʦʟʘ; 3 ð ʚʘʢʫʫʤʥʳʡ ʫʩʠʣʠʪʝʣʴ; 4 ð ʨʝʟʝʨʚʫʘʨ 

ʜʣʷ ʞʠʜʢʦʩʪʠ; 5 ð ʪʘʥʜʝʤʥʳʡ ʛʣʘʚʥʳʡ ʮʠʣʠʥʜʨ; 6 ð ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ; 7 ð ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ; 8 ð ʘʢʢʫʤʫʣʷʪʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ;  

9 ð ʞʠʜʢʦʩʪʥʳʡ ʥʘʩʦʩ; 10 ð ʘʢʢʫʤʫʣʷʪʦʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ;  

11 ð ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ;  

12 ð ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʧʦʜʘʯʠ; 13 ð ʢʦʣʝʩʦ 
 

ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʧʳ-

ʪʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʪʦʨʤʦʞʝʥʠʷ ʦʜʥʦ-

ʛʦ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʣʠʥʝʡʥʳʝ 

ʤʦʜʝʣʠ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ʚ ʧʦʚʳʰʘʶʱʝʤ ʠ ʧʦʥʠʞʘʶʱʝʤ ʨʝʞʠʤʘʭ ʨʘ-

ʙʦʪʳ ʧʝʨʝʜʥʝʛʦ ʢʦʣʝʩʘ. ʅʘ ʩʭʝʤʝ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʚʳʭʦʜʝ ʛʣʘʚʥʦʛʦ 

ʮʠʣʠʥʜʨʘ ʠʟʦʙʨʘʞʝʥ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʪʦʨʤʦʟʥʦʤ ʩʫʧʧʦʨʪʝ ʧʝʨʝʜʥʝʛʦ ʢʦʣʝʩʘ [2]. 

ɼʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝ-

ʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤ-

ʙʠʥʘʮʠʶ ʢʘʨʪʳ ʩʙʦʨʘ ʜʘʥʥʳʭ PCI ʠ ʢʣʝʤʤʥʦʛʦ ʘʜʘʧʪʝʨʘ. ʂʘʨʪʘ 

ʢʣʝʤʤʥʦʛʦ ʘʜʘʧʪʝʨʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʘʨʪʝ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʫʩʪʘʥʦʚ-
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ʣʝʥʥʦʡ ʚʥʫʪʨʠ ʛʣʘʚʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʬʦʨʤʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʳ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʣʘʧʘʥʘ ʧʦʜʘʯʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1 ʢɻʮ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʝʡ ʯʘʩʪʦʪʦʡ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʜʣʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʘʛʨʝʛʘʪʘ. 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸɹʉ, ʜʘʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ  

ʪʝʩʪʠʨʫʝʤʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʤ ʙʣʦʢʝ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʮʠʣʠʥʜʨʘ, 

ʠ ʠʤʝʥʥʦ ʦʥʦ ʫʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣʘʤʠ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ. 

ɺʳʭʦʜʥʦʝ ʜʘʚʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦ-

ʩʪʦʷʥʥʳʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʧʝʜʘʣʠ ʪʦʨʤʦ-

ʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʢʫʫʤʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ 

ʜʦʣʞʥʳ ʧʦʩʪʦʷʥʥʦ ʚʦʟʙʫʞʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ, ʯʪʦʙʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʞʠʤʘ ʫʚʝʣʠʯʝ-

ʥʠʷ ʠ ʨʝʞʠʤʘ ʫʤʝʥʴʰʝʥʠʷ.  
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʭʦʜʷʱʫʶ ʠʥʬʦʨʤʘʮʠʶ.  

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʥʘ ʢʣʶʯʝʚʳʝ ʦʪʣʠʯʠʷ ʚ ʨʘʙʦʪʝ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ:  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʘʣʛʦʨʠʪʤʫ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʪʦʨʤʦʟʘ. ʂʦʛʜʘ ʚʦʜʠʪʝʣʴ ʥʘʞʠʤʘʝʪ ʧʝʜʘʣʴ 

ʪʦʨʤʦʟʘ, ʪʦʣʢʘʪʝʣʴ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʧʝʜʘʣʴʶ, ʪʦʣʢʘʝʪ ʧʦʨʰʝʥʴ ʚ 

ʪʦʨʤʦʟʥʫʶ ʩʠʩʪʝʤʫ. ɻʣʘʚʥʳʡ ʪʦʨʤʦʟʥʦʡ ʮʠʣʠʥʜʨ, ʧʦʚʳʰʘʶʱʠʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ. 

2. ʇʝʨʝʜʘʯʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝ-

ʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʪʦʨʤʦʟʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʥʘ ʪʦʨʤʦʟʥʳʝ ʩʫʧʧʦʨ-

ʪʳ ʠʣʠ ʢʦʣʝʩʥʳʝ ʮʠʣʠʥʜʨʳ. 

3. ʇʨʠʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʪʦʨʤʦʟʘ. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʩʫʧʧʦʨʪʳ (ʜʣʷ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ) ʠʣʠ ʢʦʣʝʩ-

ʥʳʝ ʮʠʣʠʥʜʨʳ (ʜʣʷ ʙʘʨʘʙʘʥʥʳʭ ʪʦʨʤʦʟʦʚ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʦʨ-

ʤʦʟʥʳʝ ʢʦʣʦʜʢʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʪʦʨʤʦʟʥʳʤ ʜʠʩʢʘʤ ʠʣʠ ʪʦʨʤʦʟʥʳʝ 

ʢʦʣʦʜʢʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʪʦʨʤʦʟʥʳʤ ʙʘʨʘʙʘʥʘʤ, ʩʦʟʜʘʚʘʷ ʪʨʝʥʠʝ ʠ 

ʟʘʤʝʜʣʝʥʠʝ. ʘʚʪʦʤʦʙʠʣʴ. 

4. ʊʨʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ. ʂʦʛʜʘ ʪʦʨʤʦʟʥʳʝ ʢʦʣʦʜʢʠ ʠʣʠ 

ʢʦʣʦʜʢʠ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩ ʨʦʪʦʨʘʤʠ ʠʣʠ ʙʘʨʘʙʘʥʘʤʠ, ʚʦʟʥʠʢʘʝʪ 
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ʪʨʝʥʠʝ, ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʪʝʧʣʦʚʫʶ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʪʦʨʤʦʟʥʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʙʦʪʘʶʪ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

1. ʆʙʥʘʨʫʞʝʥʠʝ ʜʘʪʯʠʢʦʚ. ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʜʘʪʯʠʢʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʘʞʜʦʛʦ ʢʦʣʝʩʘ. 

2. ɸʢʪʠʚʘʮʠʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʠʚʘ-

ʝʪ ʙʣʦʢʠʨʦʚʢʫ ʢʦʣʝʩ, ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚʤʝʰʠʚʘʝʪʩʷ, ʤʦʜʫʣʠʨʫʷ 

ʪʦʨʤʦʟʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʥʦʩ. 

3. ʇʫʣʴʩʠʨʫʶʱʝʝ ʪʦʨʤʦʟʥʦʝ ʜʘʚʣʝʥʠʝ. ʉʠʩʪʝʤʘ ʤʦʜʫʣʠʨʫʝʪ 

ʪʦʨʤʦʟʥʦʝ ʜʘʚʣʝʥʠʝ, ʙʳʩʪʨʦ ʧʫʣʴʩʠʨʫʷ ʚ ʪʦʨʤʦʟʘʭ, ʧʦʟʚʦʣʷʷ ʚʦʜʠ-

ʪʝʣʶ ʩʦʭʨʘʥʷʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʫʣʝʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚʦ ʚʨʝʤʷ ʵʢʩ-

ʪʨʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. 

ʕʪʠ ʰʘʛʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʝʨʘʮʠʝʡ ʪʦʨʤʦʞʝʥʠʷ, ʧʦʜʯʝʨʢʠ-

ʚʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʪʨʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʤʝʜʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 

ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

 

 
ʈʠʩ 4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

 

ʅʘ ʩʭʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.4. ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʣʴʞʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʢʦʣʴʞʝʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʨʘʱʝʥʠʝ ʢʦʣʝ-

ʩʘ. ʉʪʦʠʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʜʦʧʫʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʦʚʥʦ-

ʩʪʴʶ ʜʦʨʦʛʠ. 
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ʂʆʄʇʃɽʂʊ ɸɻʈɽɻɸʊʆɺ ʇʅɽɺʄʆɸɺʊʆʄɸʊʀʂʀ 

ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʅɸɻʈɽɺɸ ɸɿʆʊɸ 

 

ʃʘʛʘʥ ʉ.ʉ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʠ ʍʘʣʘʪʦʚ ɽ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʊʠʤʦʬʝʝʚ ʖ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ  

 
ɺ ʜʦʢʣʘʜʝ ʥʘ XLVII ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ ʂɻʊɸ ʠʤ. ɺ.ɸ. ɼʝʛʪʷʨʝʚʘ [1, ʩʪʨ. 176-184] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 
ʥʘʟʥʘʯʝʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʚʥʦʚʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦ-
ʛʦ ʢʦʤʧʣʝʢʪʘ ʘʛʨʝʛʘʪʦʚ ʧʥʝʚʤʦʘʚʪʦʤʘʪʠʢʠ ʥʘʛʨʝʚʘ ʘʟʦʪʘ (ʂʇɸ ʅɸ), ʘ 
ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʤʫ.  

ʂʇɸ ʅɸ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʜʘʚʣʝʥʠʶ ʠ 
ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ ʚʳʜʘʯʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦ-
ʥʝ ʨʘʩʭʦʜʦʚ ʘʟʦʪʘ ʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ 
ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 
ʚʥʦʚʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʂʇɸ ʅɸ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʜʚʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ çʨʘʩʭʦʜ-ʜʘʚʣʝʥʠʝè ʠ ʨʘʩʭʦʜʥʦ-
ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩ-
ʯʝʪʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 
ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʢʦʤʧʣʝʢʪʘ ʥʘ ʨʝʞʠʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ. 

ʇʦʜ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʫʜʝʤ ʧʦʥʠ-
ʤʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʘʭ ʘʛʨʝʛʘʪʦʚ ʪʝʨʤʦ-
ʩʪʘʪʠʨʦʚʘʥʠʷ ɸʊʉ1 ʠ ɸʊʉ2, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ ʚʳʜʘʯʠ, ʦʪ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʘʟʦʪʘ. 

ʇʦʜ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʘ ʢʦʤʧʣʝʢʪʘ ʥʘ ʨʝʞʠʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 
ʘʟʦʪʘ ʧʦʥʠʤʘʝʪʩʷ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʚʳʜʘʯʠ ʥʘʛʨʝʪʦʛʦ ʘʟʦ-



192 

 
ʪʘ ʠʟ ʘʛʨʝʛʘʪʦʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ɸʊʉ1 ʠ ɸʊʉ2 ʜʦ ʜʦʩʪʠʞʝʥʠʷ 
ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ ʚʳʜʘʯʠ. 

ʃʠʥʠʷ ʚʳʜʘʯʠ ʥʘʛʨʝʪʦʛʦ ʘʟʦʪʘ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʚʳʭʦʜʦʚ ʘʛʨʝʛʘ-
ʪʦʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ɸʊʉ1 ʠ ɸʊʉ2 ʠ ʫʩʣʦʚʥʦ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳ-
ʨʝʭ ʫʯʘʩʪʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1. ʋʯʘʩʪʢʠ 1-3, 2-3 ʠ 3-4 ʨʘʩ-
ʧʦʣʦʞʝʥʳ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʘ ʫʯʘʩʪʦʢ 4-5 ï ʚʥʝ ʧʦʤʝʱʝʥʠʡ. ɺ ʩʦʩʪʘʚ 
ʣʠʥʠʠ ʚʳʜʘʯʠ ʥʘʛʨʝʪʦʛʦ ʘʟʦʪʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ: 
ʪʨʫʙʦʧʨʦʚʦʜ ˉ3 ï ʦʪ ʚʳʭʦʜʥʦʛʦ ʰʪʫʮʝʨʘ ɸʊʉ1 ʜʦ ʪʦʯʢʠ ʩʦʝʜʠʥʝ-
ʥʠʷ ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʠʜʫʱʠʤ ʦʪ ʚʳʭʦʜʥʦʛʦ ʰʪʫʮʝʨʘ ɸʊʉ2; ʪʨʫ-
ʙʦʧʨʦʚʦʜ ˉ4 ï ʦʪ ʚʳʭʦʜʥʦʛʦ ʰʪʫʮʝʨʘ ɸʊʉ2 ʜʦ ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 
ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʠʜʫʱʠʤ ʦʪ ʚʳʭʦʜʥʦʛʦ ʰʪʫʮʝʨʘ ɸʊʉ1; ʪʨʫʙʦʧʨʦ-
ʚʦʜ ˉ5 ï ʦʪ ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙ ʦʪ ɸʊʉ1 ʠ ɸʊʉ2 ʜʦ ʚʭʦʜʘ ʚ 
ʧʦʤʝʱʝʥʠʝ; ʪʨʫʙʦʧʨʦʚʦʜ ˉ6 ï ʦʪ ʚʭʦʜʘ ʚ ʧʦʤʝʱʝʥʠʝ ʜʦ ʢʘʙʝʣʴ-
ʤʘʯʪʳ; ʪʨʫʙʦʧʨʦʚʦʜ ˉ7 ï ʥʘ ʢʘʙʝʣʴ-ʤʘʯʪʝ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʠ ʜʦʧʫʱʝʥʠʷ: 1 
ï ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʚʳʜʘʯʠ ʘʟʦʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʯʝʨʝʟ ɸʊʉ1 ʠ 
ɸʊʉ2 ʧʨʠ ʤʘʥʦʤʝʪʨʠʯʝʩʢʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʥʘ ʚʭʦʜʝ ʂʇɸ ʅɸ, ʨʘʚ-
ʥʦʤ 21,575 ʄʇʘ (220 ʢʛʩ/ʩʤ

2
); 2 ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʠ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʣʠʥʠʠ ʚʳʜʘʯʠ ʧʨʠʥʷʪʳ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ. 
ɼʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʧʦʜʢʨʝʧʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ 
ʜʘʚʣʝʥʠʶ ʠ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ ʘʟʦʪʘ ʚ ʣʠʥʠʠ ʚʳʜʘʯʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ ʚ 
ʣʠʥʠʠ ʠ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʘʤ ʦʪ ʘʟʦʪʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ; 3 ï ʧʦʩʪʦ-
ʷʥʥʳʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦ 
ʧʦʪʝʨʷʭ ʜʘʚʣʝʥʠʷ (ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʦ ʧʦʪʝʨʷʭ ʜʘʚʣʝʥʠʷ ʠʟ-
ʚʝʩʪʥʳ); 4 ï ʧʨʠʥʷʪʦ, ʯʪʦ ʪʨʫʙʦʧʨʦʚʦʜʳ ˉ3, ˉ4, ˉ5 ʠ ˉ6 (ʨʠʩ. 1) 
ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʘ ʪʨʫʙʦʧʨʦʚʦʜ ˉ7 ï ʚʥʝ ʧʦʤʝʱʝʥʠʡ; 5 ï 
ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʥʠʠ ʚʳʜʘʯʠ ʪʝʤ ʭʫʞʝ, ʯʝʤ 
ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʘʟʦʪʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʚ ʟʘʧʘʩ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ 
ʚʳʜʘʯʠ ʧʨʠʥʷʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʧʣʶʩ 50 ÁC , ʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʧʣʶʩ 5 

Á
ʉ ï ʚ ʧʦʤʝʱʝʥʠ-

ʷʭ ʠ ʤʠʥʫʩ 40 
Á
ʉ ï ʚʥʝ ʧʦʤʝʱʝʥʠʡ; 6 ï ʪʨʫʙʦʧʨʦʚʦʜʳ ˉ3, ˉ4, ˉ5, 

ˉ6 ʠ ˉ7 ʠʤʝʶʪ ʪʝʧʣʦʚʫʶ ʠʟʦʣʷʮʠʶ ʪʦʣʱʠʥʦʡ 10 ʤʤ ʠ ʢʦʵʬʬʠʮʠʝʥ-
ʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 0.04 ɺʪ/(ʤĿʂ); 7 ï ʧʨʠʥʷʪʦ, ʯʪʦ ʪʝʧʣʦʚʘʷ ʠʟʦʣʷ-
ʮʠʷ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʝʪ ʢ ʪʨʫʙʘʤ, ʠ ʢʦʥʪʘʢʪʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩ. 1. ʍʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʣʠʥʠʠ ʚʳʜʘʯʠ ʥʘʛʨʝʪʦʛʦ ʘʟʦʪʘ 

ʊʦʩ.1 ʠ Tʦʩ.2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʠ ʚʥʝ ʧʦʤʝʱʝʥʠʡ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ; 1-5 ï ʪʦʯʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʣʠʥʠʠ ʚʳʜʘʯʠ 
 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [2], ʣʠʥʠʷ ʚʳʜʘʯʠ 

ʥʘʛʨʝʪʦʛʦ ʘʟʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʧʦʣʦʩʪʝʡ ʩ ʛʘʟʦʤ ʠ ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʧʝʨʝʤʝʥʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ), ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʢʘʥʘʣʦʚ ʠ ʜʨʦʩʩʝʣʝʡ), ʪʝʧ-

ʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʦʛʨʘʥʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʩʣʦʝʚ). 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʠʠ ʚʳʜʘʯʠ ʥʘʛʨʝʪʦʛʦ ʘʟʦʪʘ ʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ 

ʂʇɸ ʅɸ ʥʘ ʨʝʞʠʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ʇʦ-

ʟʠʮʠʦʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 1-65 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʦʤʫ ʤʦʜʝʣʠ-

ʨʫʝʤʦʤʫ ʦʙʲʝʢʪʫ ʠʣʠ ʝʛʦ ʩʚʦʡʩʪʚʫ. ʈʘʩʰʠʬʨʦʚʢʘ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦ-

ʟʥʘʯʝʥʠʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 
 

 
ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʠʠ ʚʳʜʘʯʠ ʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʂʇɸ ʅɸ ʥʘ ʫʩʪʘʥʦ-

ʚʠʚhʠʡʩʷ ʨʝʞʠʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ 
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ʈʠʩ 3. ʆʧʠʩʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ  

ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ 

 

ʉʭʝʤʥʘʷ ʯʘʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʝʡ ʣʠʥʠʠ ʚʳ-

ʜʘʯʠ ʘʟʦʪʘ ʯʝʨʝʟ ɸʊʉ1 ʠ ɸʊʉ2, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤ-

ʧʣʝʢʩʝ çSimInTechè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ ʙʣʦʢʦʚ çɻʠʜʨʦ- ʠ 

ʧʥʝʚʤʦʩʠʩʪʝʤʳè, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. ɹʣʦʢʠ ʙʠʙʣʠʦʪʝʢʠ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʥʳʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ, ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʦʢʠ çɻʇʉ - ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʧʦʣʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʲʝʤʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʠ ʤʘʩʩʦʡ ʛʘʟʘè ʠ çɻʇʉ - ʄʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʛʘʟʘ. ɺʳʭʦʜè ʙʠʙʣʠʦʪʝʢʠ çɻʠʜʨʦ- ʠ ʧʥʝʚʤʦʩʠʩʪʝʤʳè, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʝ ʚ ʂɹ çɸʨʤʘʪʫʨʘè, ʚ ʜʠʩʪʨʠʙʫʪʠʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ çSimInTechè ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢʦʚ ʟʘʜʘʶʪʩʷ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ 

ʩʢʨʠʧʪʝ ʛʣʘʚʥʦʛʦ ʩʭʝʤʥʦʛʦ ʦʢʥʘ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʙʣʦʢʠ ʯʝʨʝʟ ʦʢʥʘ 

ʩʚʦʡʩʪʚ ʙʣʦʢʦʚ. 

 

 
ʈʠʩ. 4. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʣʠʥʠʠ ʚʳʜʘʯʠ ʘʟʦʪʘ ʯʝʨʝʟ ɸʊʉ1 

ʠ ɸʊʉ2. ʉʭʝʤʥʘʷ ʯʘʩʪʴ 

 



195 

 
ʊʘʙʣʠʮʘ 1 

ʇʦʟʠʮʠʦʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 
ʨʠʩ. 4 

ɹʣʦʢ ʙʠʙʣʠʦʪʝʢʠ 
 çɻʠʜʨʦ- ʠ ʧʥʝʚʤʦʩʠʩʪʝʤʳè 

1-12 
ɻʇʉ ï ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʧʦʣʦʩʪʴ ʧʦʩʪʦ-
ʷʥʥʦʛʦ ʦʙʲʝʤʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚʣʝʥʠ-
ʝʤ ʠ ʤʘʩʩʦʡ ʛʘʟʘ 

13-24 
ɻʇʉ ï ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʚ ʢʘʥʘʣʝ ʢʨʫʛʣʦ-
ʛʦ ʩʝʯʝʥʠʷ ʩ ʛʘʟʦʤ 

25-36 ɻʇʉ ï ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʪʦʣʩʪʘʷ ʩʪʝʥʢʘ 

37-48 
ɻʇʉ ï ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʩ ʧʦʩʪʦʷʥʥʳʤ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

49-51 
ɻʇʉ ï ɼʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ. 
ʊʝʧʣʦʚʘʷ ʩʚʷʟʴ 

52, 54 ɻʇʉ ï ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ. ɺʭʦʜ 

53 ɻʇʉ ï ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ. ɺʳʭʦʜ 

55-65 ɻʇʉ ï ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʠʥʠʠ ʚʳʜʘʯʠ ʘʟʦʪʘ ʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʢʦʤʧʣʝʢʪʘ ʥʘ ʫʩʪʘʥʦʚʠʚ-

ʰʠʡʩʷ ʨʝʞʠʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2 

G, ʢʛ/ʩ Tɸʊʉ, ÁC Tʚʳʭ, ÁC ȹT, ÁC tʫʩʪ.ʨʝʞ, ʤʠʥ 

0,035 99,9 

50 

49,9 135,8 

0,1 64,4 14,4 40,0 

0,2 56,8 6,8 22,4 

0,3 54,5 4,5 14,0 

0,4 53,4 3,4 11,1 

0,5 52,7 2,7 8,7 

0,6 52,2 2,2 7,1 

0,7 51,9 1,9 5,8 

0,8 51,7 1,7 5,6 

0,85 51,6 1,6 5,6 

 

ɺ ʪʘʙʣʠʮʝ 2 ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: G ï ʤʘʩ-

ʩʦʚʳʡ ʨʘʩʭʦʜ ʘʟʦʪ ʚ ʣʠʥʠʠ ʚʳʜʘʯʠ; Tɸʊʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʘʟʦʪʘ ʥʘ ʚʳ-

ʭʦʜʘʭ ɸʊʉ1 ʠ ɸʊʉ2; Tʚʳʭ ï ʪʝʤʧʝʨʘʪʫʨʘ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ ʚʳ-

ʜʘʯʠ; ȹT ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʘʭ ɸʊʉ ʠ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ 
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ʚʳʜʘʯʠ; tʫʩʪ.ʨʝʞ ï ʚʨʝʤʷ ʚʳʭʦʜʘ ʢʦʤʧʣʝʢʪʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝ-

ʞʠʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʘʷ ʨʘʩʭʦʜʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘ-

ʥʠʷ ɸʊʉ1 ʠ ɸʊʉ2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʇɸ ʅɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʦʚʘ-

ʥʠʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ ʚʳʜʘʯʠ ʧʨʠ ʣʶʙʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʨʘʩʭʦʜʘ ʠʟ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1.  ʃʘʛʘʥ, ʉ.ʉ. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘʛʨʝʚʘ ʘʟʦʪʘ ʜʣʷ ʩʪʘʨʪʦʚʦʛʦ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ / ʉ.ʉ. ʃʘʛʘʥ, ɽ.ʄ. ʍʘʣʘʪʦʚ // ʄʘʪʝʨʠʘʣʳ XLVII ʩʪʫʜʝʥʯʝ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʂʦʚʨʦʚ: ʌɻɹʆʋ ɺʆ 

çʂɻʊɸ ʠʤ. ɺ.ɸ. ɼʝʛʪʷʨʝʚʘè, 2023. ï ʉ. 176-184.  

2.  ʄʝʪʦʜʠʢʘ ʩʦʩʪʘʚʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ SimInTech ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ PHS.LPM. ï ʂʦʚʨʦʚ: ʂɹ çɸʨʤʘʪʫʨʘè, 

2017 ï 61 ʩ. 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɹʃʆʂɸ  

ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʎɽʇʃɽʅʀʗ ɸɺʊʆʄʆɹʀʃʗ 

 

ʉʪʘʮʝʥʢʦ ɸ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʘʨʧʝʥʢʦʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦ-

ʙʠʣʝʩʪʨʦʝʥʠʷ -- ʫʧʨʦʱʝʥʠʝ ʠ ʦʙʣʝʛʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʙʝʟ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʤʠʩʩʠ-

ʝʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʯʝʤ 50-ʣʝʪʥʠʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠʭ ʪʨʘʥʩʤʠʩʩʠʡ, ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʜʝʪ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʪʨʘʥʩʤʠʩʩʠʷʤʠ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʩʪʫʧʝʥʯʘʪʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʩʮʝ-

ʧʣʝʥʠʷ (ʪ. ʝ. ʪʘʢʠʤʠ ʪʨʘʥʩʤʠʩʩʠʷʤʠ, ʢʦʪʦʨʳʤʠ ʦʙʦʨʫʜʫʝʪʩʷ ʧʦʜʘʚ-

ʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʘʚʪʦʤʦʙʠʣʝʡ), ʠ ʦʩʥʘʱʝʥʠʝ 

ʘʚʪʦʤʦʙʠʣʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʪʨʘʥʩʤʠʩ-
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ʩʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʝ, ʧʨʦʩʪʦʝ ʠ ʣʝʛʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ, ʚʳʩʦʢʫʶ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʩʮʝʧʣʝʥʠʷ 

¶ ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʮʝʧʣʝʥʠʝ 

¶ ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʩʮʝʧʣʝʥʠʝ 

¶ ʕʣʝʢʪʨʦʥʥʦ-ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʮʝʧʣʝʥʠʝ 

¶ ʊʦʨʮʝʚʦʝ ʩʮʝʧʣʝʥʠʝ (ʜʣʷ ʛʨʫʟʦʚʠʢʦʚ) 

¶ ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʮʝʧʣʝʥʠʝ (ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ ʵʣʝʢʪʨʦʥʥʳʭ ʩʮʝʧʣʝ-

ʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ: 

¶ eCS ï electronic clutch system, ʚʳʧʫʩʢʘʝʤʘʷ ʢʦʤʧʘʥʠʝʡ 

çBOSCHè 

¶ Drivc-Matic, ʚʳʧʫʩʢʘʝʤʘʷ ʚ ɻʝʨʤʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʚʘʣʠʜʦʚ.  

¶ Automotive Products ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʧʦ-

ʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʚʝ ʧʝʜʘʣʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ ʩ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ [1]: 

1. ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ: ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʮʝʧʣʝʥʠʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʲʝʜʠʥʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʤʝʥʪ 

ʦʪ ʜʚʠʛʘʪʝʣʷ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʪʨʘʥʩʤʠʩʩʠʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. 

2. ʇʦʜʘʯʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ: ʂʦʛʜʘ ʚʦʜʠʪʝʣʴ ʥʘʞʠʤʘ-

ʝʪ ʥʘ ʧʝʜʘʣʴ ʩʮʝʧʣʝʥʠʷ, ʩʠʛʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʩʮʝʧʣʝʥʠʝʤ. 

3. ɸʢʪʠʚʘʮʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝ-

ʤʘ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʠʨʫʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʥʘʯʠ-

ʥʘʝʪ ʧʨʦʮʝʩʩ ʥʘʢʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨ ʩʮʝʧʣʝʥʠʷ. 

4. ʉʮʝʧʣʝʥʠʝ ʚʭʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ: ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʮʝʧʣʝʥʠʶ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʝʤ ʠ ʪʨʘʥʩʤʠʩʩʠʝʡ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʜʚʠʛʘʪʝʣʷ ʢ ʪʨʘʥʩ-

ʤʠʩʩʠʠ. 

5. ʇʝʨʝʜʘʯʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ: ʉʮʝʧʣʝʥʠʝ, ʥʘʭʦʜʷʩʴ ʚ ʟʘʮʝʧ-

ʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʜʚʠʛʘ-

ʪʝʣʷ ʢ ʪʨʘʥʩʤʠʩʩʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʦʙʠʣʶ ʥʘʯʘʪʴ ʜʚʠʞʝʥʠʝ. 
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6. ʂʦʨʨʝʢʮʠʷ ʩʮʝʧʣʝʥʠʷ: ɺʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʤʦʥʠʪʦʨʠʥʛ ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ, ʧʦʣʦʞʝʥʠʝ ʧʝʜʘʣʠ 

ʩʮʝʧʣʝʥʠʷ ʠ ʜʨʫʛʠʝ, ʠ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʮʝʧʣʝʥʠʝ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʣʘʚʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ʠʣʠ ʨʘʟʲ-

ʝʜʠʥʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

 
ʈʠʩ. 2. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 
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ʅʘ ʨʠʩ. 1. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʮʝʧʣʝʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʥʘ ʨʠʩ. 2. 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʚʩʝʭ ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʩʮʝʧʣʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʷ. ɺʦʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ [2]: 

1. ʄʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ: ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ 

ʤʦʥʠʪʦʨʠʪ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʧʝʜʘʣʠ ʩʮʝʧ-

ʣʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʩʮʝʧʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ 

ʩʮʝʧʣʝʥʠʷ. 

2. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ: ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʘʪ-

ʯʠʢʦʚ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʦ 

ʪʦʤ, ʢʦʛʜʘ ʠ ʢʘʢ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʮʝʧʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʦ ʢʦʨʨʝʢʮʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʮʝʧʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ: ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʘʙʦʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʝʛʫʣʠʨʫʷ ʜʘʚʣʝʥʠʝ ʚ 

ʮʠʣʠʥʜʨʝ ʩʮʝʧʣʝʥʠʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʨʘʟʲʝʜʠʥʝʥʠʷ ʩʮʝʧʣʝʥʠʷ. 

4. ʂʦʨʨʝʢʮʠʷ ʨʘʙʦʪʳ ʩʮʝʧʣʝʥʠʷ: ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʮʝʧʣʝʥʠʷ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʣʘʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʢʦʣʴʞʝ-

ʥʠʷ ʩʮʝʧʣʝʥʠʷ ʠʣʠ ʧʦʜʩʪʨʦʡʢʠ ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʜʦʨʦʞ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

5. ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ: ɹʣʦʢ ʫʧʨʘʚʣʝ-

ʥʠʷ ʪʘʢʞʝ ʦʪʚʝʯʘʝʪ ʟʘ ʜʠʘʛʥʦʩʪʠʢʫ ʩʠʩʪʝʤʳ ʩʮʝʧʣʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ 

ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʧʨʠʥʷʪʠʝ ʤʝʨ ʜʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʬʫʥʢʮʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʮʝʧʣʝʥʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʘʨʢʦʚʢʝ ʠʣʠ ʩʪʘʨʪʝ ʥʘ ʧʦʜʲʝʤʝ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʂʨʝʪʦʚ ɸ. ɺ., ɽʩʘʢʦʚ ɸ. ɽ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʩʮʝʧ-

ʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ // ʀʟʚʝʩʪʠʷ 

ʄɻʊʋ. 2009. ˉ1. URL: https://cyberleninka.ru/article/n/opredelenie-
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nagruzhennosti-stsepleniya-avtomobilya-na-osnove-eksperimentalnyh-

dannyh (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.04.2024). 

2. ɹʦʛʦʤʦʣʦʚ ɺʠʢʪʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʂʣʠʤʝʥʢʦ ɺʘʣʝʨʠʡ 
ʀʚʘʥʦʚʠʯ, ʄʠʭʘʣʝʚʠʯ ʅʠʢʦʣʘʡ ɻʨʠʛʦʨʴʝʚʠʯ, ʗʨʠʪʘ ɸ. ɸ. ɸʥʘʣʠʟ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʮʝʧʣʝʥʠʝʤ 

ʘʚʪʦʤʦʙʠʣʝʡ // ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. 2011. ˉ29. URL: 

https://cyberleninka.ru/article/n/analiz-konstruktsiy-ispolnitelnyh-

mehanizmov-upravleniya-stsepleniem-avtomobiley (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

01.04.2024). 

 

 

ʈɸɿʈɸɹʆʊʂɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ  

ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ ɼɽʊɸʃʀ  

çʀʅɾɽʂʊʆʈ-ʈɸʉʇʓʃʀʊɽʃʔ ɾʀɼʂʆʉʊʅʓʁè 

 

ʊʘʨʘʩʦʚʘ ɸ.ɸ., ʩʪʫʜ.;  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʦʣʦʭʠʥ ʉ.ɸ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʟʠ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʫʶ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʫʱʝ-

ʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʤ ʚʥʝʜʨʝʥʠʠ [1].  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʪʘʤʧʦʚʘʥʥʘʷ ʜʝʪʘʣʴ çʂʦʣʧʘʯʦʢè ʠʟ 

ʩʪʘʣʠ, ʤʘʨʢʠ 12ʍ18ʅ10ʊ-ʄ-0,4 ʩʦ ʩʣʦʞʥʦ ʧʨʦʬʠʣʴʥʦʡ ʧʘʨʘʙʦʣʠ-

ʯʝʩʢʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦ ʢʦʥʪʫʨʫ ʜʝʪʘʣʠ ʧʨʦʭʦʜʠʪ ʪʨʠ 

ʨʷʜʘ ʦʪʚʝʨʩʪʠʡ ɹ ʧʦ 6 ʰʪʫʢ ʚ ʢʘʞʜʦʤ ʨʷʜʫ, ʜʠʤʝʪʨʦʤ 0,15Ñ0,1 ʤʤ. 

ʂʘʞʜʳʡ ʠʟ ʨʷʜʦʚ ʠʤʝʝʪ ʩʚʦʡ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ ʦʩʠ: 

ʪʘʢ, 1 ʨʷʜ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʫʛʣʦʤ 35ÁÑ1Á, 2 ʨʷʜ - 58ÁÑ1Á ʠ ʪʨʝʪʠʡ 

ʨʷʜ - 73ÁÑ1Á. ʉʦʛʣʘʩʥʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʂɼ), ʜʦ-

ʧʫʩʢʘʝʪʩʷ ʧʨʦʰʠʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ɹ ʩʚʝʪʦʚʳʤ ʣʫʯʦʤ. 
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ʈʠʩ.1. ʌʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ ʜʝʪʘʣʠ 

 çʀʥʞʝʢʪʦʨ-ʨʘʩʧʳʣʠʪʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡè 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʬʦʨʠʨʦʚʘʪʴ ʦʪʚʝʨʩʪʠʷ ʚ ʜʝʪʘʣʠ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʚʨʘʱʝʥʠʝ ʧʦ ʜʚʫʤ ʢʦʦʨʜʠʥʘʪʘʤ: ʚʜʦʣʴ ʦʩʠ ʍ ï 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʜʝʪʘʣʠ ʧʦ ʢʨʫʛʫ ʚ ʦʜʥʦʤ ʠʟ ʨʷʜʦʚ; ʠ 

ʚʜʦʣʴ ʦʩʠ Y ï ʫʩʪʘʥʦʚʢʘ ʜʝʪʘʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ ï ʩʤ. ʨʠʩ.2. 
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ʈʠʩ. 2. ʅʝʦʙʭʦʜʠʤʳʝ ʦʩʠ ʚʨʘʱʝʥʠʷ 

 

ʀʟʥʘʯʘʣʴʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʧʨʝ-

ʜʫʩʤʘʪʨʠʚʘʝʪ ʝʝ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʩʥʘʩʪʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʨʘʱʝʥʠʝ ʧʦ ʦʩʷʤ ʍ ʠ ʚʜʦʣʴ ʦʩʠ Y. 

ʆʙʱʠʡ ʚʠʜ ʜʝʪʘʣʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʜʝʪʘʣʠ çʠʥʞʝʢʪʦʨ-ʨʘʩʧʳʣʠʪʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡè, ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʝ 
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ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʥʘ ʧʫʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ ʤʝʥʷʣʦʩʴ 

ʧʫʪʝʤ ʨʫʯʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 18 ʦʪʚʝʨʩʪʠʡ.  ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ, ʟʘʢʘʟʯʠʢʦʤ ʙʳʣʦ ʧʨʝʜ-

ʣʦʞʝʥʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʤʦʜʫʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʛʦ ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʩʪʚʦ Arduino
ʪʤ

. Arduino ï ʵʪʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘ-

ʥʘ ʦʩʥʦʚʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ [2]. 

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ Arduino
ʪʤ
: ʦʧʠʩʳʚʘʝʪ ʩʪʘʨʪ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ ʚ ʙʣʦʢʝ loop 

 


