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ʇʘʤʷʪʠ ʜʦʢʪʦʨʘ  ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ, 

ʟʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘʢʘʜʝʤʠʢʘ ʈɸɽ 

ɺʘʣʝʥʪʠʥʘ ʊʨʦʬʠʤʦʚʠʯʘ ʌʦʤʝʥʢʦ 

 
6 ʬʝʚʨʘʣʷ ʫʰʝʣ ʠʟ ʞʠʟʥʠ ɺʘʣʝʥʪʠʥ ʊʨʦ-

ʬʠʤʦʚʠʯ ʌʦʤʝʥʢʦ ï ʚʳʜʘʶʱʠʡʩʷ ʫʯʝʥʳʡ, ʪʘ-

ʣʘʥʪʣʠʚʳʡ ʦʨʛʘʥʠʟʘʪʦʨ, ʢʦʤʧʝʪʝʥʪʥʳʡ ʠ ʤʫʜʨʳʡ 

ʫʯʠʪʝʣʴ. 

ɽʛʦ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʦʛʨʦʤʝʥ. ɽʛʦ 

ʟʘʩʣʫʛʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʩʣʦʚʘʨʷʭ ʠ ʩʧʨʘʚʦʯʥʠʢʘʭ, 

ʤʦʥʦʛʨʘʬʠʷʭ ʠ ʫʯʝʙʥʠʢʘʭ. 

ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʙʳʣ ʩʯʘʩʪʣʠʚʳʤ 

ʯʝʣʦʚʝʢʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʚʩʶ ʞʠʟʥʴ ʟʘʥʠʤʘʣʩʷ 

ʣʶʙʠʤʳʤ ʜʝʣʦʤ, ʛʝʦʤʝʪʨʠʝʡ. ʕʪʦʡ ʥʘʫʢʝ ʦʥ 

ʧʦʩʚʷʱʘʣ ʧʦʯʪʠ ʚʩʝ ʩʚʦʝ ʚʨʝʤʷ. 

ɺ ʞʠʟʥʠ ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʫʚʣʝʢʘʣʩʷ 

ʘʨʭʝʦʣʦʛʠʝʡ, ʭʠʤʠʝʡ, ʛʠʤʥʘʩʪʠʢʦʡ, ʤʫʟʳʢʦʡ, 

ʭʦʨʦʰʦ ʨʠʩʦʚʘʣ, ʣʶʙʠʣ ʚʦʜʠʪʴ ʤʘʰʠʥʫ. ʆʜʥʘʢʦ 

ʥʠʢʘʢʦʝ ʜʝʣʦ ʥʝ ʟʘʥʠʤʘʣʦ ʝʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʛʝʦ-

ʤʝʪʨʠʷ. 

ʋʞʝ ʚ ʰʢʦʣʝ ʦʥ ʧʨʦʷʚʠʣ ʠʥʪʝʨʝʩ ʢ ʤʘʪʝʤʘ-

ʪʠʢʝ. ʃʶʙʘʷ ʟʘʜʘʯʘ ʝʤʫ ʙʳʣʦ ʧʦ ʧʣʝʯʫ. ʅʘ ʚʪʦʨʦʤ ʢʫʨʩʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʟʘ-

ʥʠʤʘʣʩʷ ʨʝʰʝʥʠʝʤ ʥʘʫʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɼʦʩʪʠʛʥʫʪʦʝ ʙʳʣʦ ʦʮʝʥʝʥʦ ɿʦʣʦʪʦʡ ʤʝʜʘ-

ʣʴʶ ʥʘ ʢʦʥʢʫʨʩʝ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʉʉʉʈ. ʅʘʛʨʘʜʘ ʜʘʚʘʣʘ ʧʨʘʚʦ ʥʘ ʜʦʩʨʦʯʥʦʝ ʦʢʦʥʯʘʥʠʝ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ. ʉ ʪʨʝʪʴʝʛʦ ʢʫʨʩʘ ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʩʪʘʣ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ ɺʩʝʩʦʶʟʥʦʛʦ 

ʫʨʦʚʥʷ. ʅʘ ʯʝʪʚʝʨʪʦʤ ʢʫʨʩʝ ʧʦʣʫʯʠʣ ʉʪʘʣʠʥʩʢʫʶ ʩʪʠʧʝʥʜʠʶ, ʥʘ ʧʷʪʦʤ ï ʃʝʥʠʥʩʢʫʶ. ʆʢʦʥʯʠʣ 

ʫʥʠʚʝʨʩʠʪʝʪ ʩ ʦʪʣʠʯʠʝʤ ʠ ʙʳʣ ʧʨʠʛʣʘʰʝʥ ʥʘ ʢʘʬʝʜʨʫ ʛʝʦʤʝʪʨʠʠ ʈɻʋ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. 

ʂʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʠ çʆʙ ʠʟʛʠʙʘʥʠʠ ʠ ʦʜʥʦʟʥʘʯʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʳ ʩ ʢʨʘʝʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʷʭè ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʟʘʱʠʪʠʣ 

ʚ 24 ʛʦʜʘ, ʜʦʢʪʦʨʩʢʫʶ çʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʠʟʛʠʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡè ï ʚ 31 ʛʦʜ. 

ʃʶʙʦʚʴ ʢ ʛʝʦʤʝʪʨʠʠ ʦʥ ʧʝʨʝʜʘʣ ʫʯʝʥʠʢʘʤ. ɹʦʣʝʝ 40 ʣʝʪ ʥʘʟʘʜ ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʩʪʘʣ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʥʘʫʯʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʰʢʦʣʳ çɻʝʦʤʝʪʨʠʷ ʧʦʛʨʫʞʝʥʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡè, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥʘ ʇʨʝʟʠʜʠʫʤʦʤ ʈɸʅ ʢʘʢ ʚʝʜʫʱʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʩʪʨʘʥʳ. ɺ 1994 ʛ., 1995 

ʛ., 1999 ʛ., 2000 ʛ., 2001 ʛ. ʙʳʣ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʜʝʨʞʘʥʥʳʭ ʛʨʘʥʪʘʤʠ 

ʈʌʌʀ. 

ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʩʚʦʝʛʦ ʜʥʷ 

ɺʘʣʝʥʪʠʥ ʊʨʦʬʠʤʦʚʠʯ ʧʨʦʜʦʣʞʘʣ 

ʨʘʙʦʪʘʪʴ ʥʘʜ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ. ɺ ʥʘʰʝʡ ʧʘʤʷʪʠ ʦʥ 

ʦʩʪʘʥʝʪʩʷ çʏʝʤʧʠʦʥʦʤ ʥʘʫʯʥʳʭ 

ʦʪʢʨʪrʠʡè, ʨʦʩʩʠʡʩʢʠʤ ʫʯʸʥʳʤ ʚ 

ʦʙʣʘʩʪʠ ʛʝʦʤʝʪʨʠʠ, ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɸʚʪʦʨʳ ʩʪʘʪʝʡ ʞʫʨʥʘʣʘ ʧʦ-

ʩʚʷʱʘʶʪ ʝʛʦ ʧʘʤʷʪʠ ʩʚʦʠ ʨʘʙʦʪʳ. 

 

 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʅ.ɺ. ʌʦʤʝʥʢʦ 
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ON THE APPLICATION OF LINEAR ALGEBRA TO BIG DATA ANALYSIS  

 

 

Abstract. The article examines the relationship between linear algebra and big data analysis, and 

outlines the basic principles, methods, and algorithms of linear algebra that are widely used in big data 

analysis. 

Key words: big data analysis, linear algebra, matrix, vector, linear transformations. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʪʘʣ ʦʯʝʥʴ ʧʦʧʫʣʷʨʝʥ, ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʸ ʯʘʱʝ 

ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ,  ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʪʠʢʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʠʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ï ʵʪʦ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʪʘʪʠʩʪʠʢʠ, ʠʥʬʦʨʤʘ-

ʪʠʢʠ ʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ. 

ʉʣʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʩʬʝʨʝ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ï ʵʪʦ ʜʠʥʘʤʠʯʥʳʡ, ʧʦʩʪʦʷʥʥʦ 

ʦʙʥʦʚʣʷʶʱʠʡʩʷ ʤʘʩʩʠʚ. 

ɺʣʘʜʝʥʠʝ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʦʡ ï ʵʪʦ ʪʘʢʞʝ ʩʘʤʳʡ ʚʘʞʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʥʘʚʳʢ ʚ ʤʘʰʠʥ-

ʥʦʤ ʦʙʫʯʝʥʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʤʘʪʨʠʯʥʦʤ 

ʚʠʜʝ. ʉʘʤ ʥʘʙʦʨ ʜʘʥʥʳʭ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ. ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʝ ʤʦʜʝʣʝʡ. ɺ ʢʦʥʪʝʢʩʪʝ 

ʥʘʫʢʠ ʦ ʜʘʥʥʳʭ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʩʣʫʞʠʪ ʙʘʟʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʜʘʥʥʳʭ ʠ ʨʘʙʦʪʳ 

ʩ ʥʠʤʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʪʠʢʘʤ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʩ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, ʧʦʥʠʤʘʪʴ 

ʛʝʦʤʝʪʨʠʶ ʜʘʥʥʳʭ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ ʠ ʘʥʘʣʠʟʘ. 

ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʦʧʫʣʷʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘʫʢʠ ʦ ʜʘʥʥʳʭ. ʇʨʠʚʝʜʝʤ ʚʘʞ-

ʥʳʝ ʧʨʠʤʝʨʳ, ʛʜʝ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ: 

1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ: ʚ Data Science ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ, 

ʧʦʵʪʦʤʫ ʧʦʯʝʤʫ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

2. ʆʧʪʠʤʠʟʘʮʠʷ: ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠʣʠ ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ. ʕʪʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ. 

3. ɿʘʜʘʯʠ ʨʝʛʨʝʩʩʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʧʨʠʥʮʠʧʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʤʘʰʠʥ, ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʠʜʝʥ-

ʪʠʬʠʮʠʨʫʶʪ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪ ʪʦʯʢʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʘʪʨʠʙʫʪʦʚ. 
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4. ʊʝʦʨʠʷ ʛʨʘʬʦʚ: ʢʦʥʮʝʧʮʠʠ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʠ ʛʨʘʬʳ. ʇʦ-

ʥʠʤʘʥʠʝ ʠ ʦʮʝʥʢʘ ʤʝʪʦʜʦʚ ʥʘʫʢʠ ʦ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʦʦʙʱʝʩʪʚ ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʣʘʧʣʘ-

ʩʠʘʥʩʢʠʭ ʢʨʠʚʳʭ. 

5. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ: ʧʨʠʥʮʠʧʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ 

ʩʚʸʨʪʢʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛ-

ʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ ʟʚʫʢʘ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʢʣʠʝʥʪʦʚ (ʟʘʨʧʣʘʪʘ, ʚʦʟʨʘʩʪ, ʨʦʩʪ, ʜʦʭʦʜ, ʠʩʪʦʨʠʷ ʧʦʢʫʧʦʢ), ʪʘʢʞʝ ʚʝʢʪʦʨʥʳʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ʩʣʦʚ (ʯʠʩʣʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʣʦʚ, ʪʝʢʩʪʘ ʠ ʩʪʨʦʢ ʚ ʮʝʣʦʤ ʚ ʷʟʳʢʘ [NLP]).  

ʄʘʪʨʠʮʳ ï ʵʪʦ ʤʦʱʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʥʘʙʦʨʳ ʜʘʥʥʳʭ. ʂʘʞʜʘʷ 

ʩʪʨʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʯʢʫ ʜʘʥʥʳʭ, ʘ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ï ʧʨʠʟʥʘʢ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʜʘʥʥʳʭ ʠ ʩʦ-

ʭʨʘʥʝʥʠʠ ʠʭ ʚ ʬʨʝʡʤʝ ʜʘʥʥʳʭ, ʚʩʝ ʩʪʨʦʢʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʩʪʨʦʢʘʤʠ ʤʘʪʨʠʮʳ, ʘ ʚʩʝ ʧʨʠʟʥʘʢʠ ʠ 

ʧʝʨʝʤʝʥʥʳʝ ʦʪʢʣʠʢʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʪʦʣʙʮʘʤʠ ʤʘʪʨʠʮʳ. ɺʝʢʪʦʨʥʳʝ ʠʣʠ ʤʘʪʨʠʯʥʳʝ 

ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʠ ʤʘʪʨʠʮ, ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘ-

ʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʠʣʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʠʟʥʘʢʦʚ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥ-

ʥʳʭ ʠʣʠ ʜʘʞʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʭʦʜʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʧʝ-

ʨʘʮʠʠ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʵʪʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʠ ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ ʚ 

ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

ʃʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʤʠʨʝ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʇʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʥʫʞʥʳ ʜʣʷ ʧʦʚʦʨʦʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʘ. ʕʪʦ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʮʚʝʪ ʠʣʠ ʢʦʥʪʨʘʩʪʥʦʩʪʴ. 

ɺʩʝ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ, ʦʪʦʙʨʘʞʘʶʱʠʤʠ ʦʜʠʥ ʥʘʙʦʨ ʪʦʯʝʢ ʜʘʥʥʳʭ ʚ ʜʨʫʛʦʡ. 

ɺ ʤʠʨʝ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʫʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ʥʘ ʚʝʢʪʦʨ (ʠʣʠ ʜʨʫʛʫʶ ʤʘʪʨʠʮʫ), ʪʨʘʥʩʧʦ-

ʥʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʠ ʝʸ ʦʙʨʘʱʝʥʠʝ ð ʵʪʦ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʚʘ-

ʰʠʤ ʜʘʥʥʳʤ. ʕʪʦ ʥʝʚʝʨʦʷʪʥʦ ʧʦʣʝʟʥʦ ʜʣʷ: 

¶ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʠʛʥʘʣʦʚ: ʫʣʫʯʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʫʜʘʣʝʥʠʝ ʰʫʤʘ ʠʣʠ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʘʫʜʠʦʩʠʛʥʘʣʦʚ; 

¶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

¶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʟʥʘʢʦʚ: ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʂ ʧʨʠʤʝʨʫ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ð ʵʪʦ ɼʅʂ ʚʘʰʝʡ ʤʘʪʨʠʮʳ ʜʘʥ-

ʥʳʭ. ʕʪʠ ʥʘʙʦʨʳ ʚʘʞʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʢʨʳʚʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ (ʠʥʬʦʨʤʘʮʠʠ). ɿʥʘʷ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʳ, ʤʦʞʥʦ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʧʨʠʟʥʘʢʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʘʨʠʘʮʠʡ (ʪʦ ʝʩʪʴ ʠʥ-

ʬʦʨʤʘʮʠʠ). ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ: 

¶ ʫʤʝʥʴʰʝʥʠ ̫ʨʘʟʤʝʨʥʦʩʪʠ (PCA), ʘ ʠʤʝʥʥʦ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʩʧʦʣʴʟʫʝʪ ʩʦʙʩʪ-

ʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʠʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ (ʚʘʨʠʘʮʠʡ) ʚ ʚʘʰʠʭ ʜʘʥ-

ʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʠʥʬʦʨ-

ʤʘʮʠʶ; 

¶ ʘʣʛʦʨʠʪʤʘ PageRank, ʪʦ ʝʩʪʴ ʘʣʛʦʨʠʪʤ Google ʠʩʧʦʣʴʟʫʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʜʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʚʘʞʥʦʩʪʠ ʚʝʙ-ʩʪʨʘʥʠʮ; 

¶ ʧʦʥʠʤʘʥʠ ̫ʢʣʘʩʪʝʨʦʚ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʧʦʤʦʛʘʶʪ ʚʳʷʚʣʷʪʴ ʛʨʫʧʧʳ 

ʠʣʠ ʢʣʘʩʪʝʨʳ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʥʫʞʥʘ ʤʘʪʨʠʯʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ, ʯʪʦʙʳ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʪʘʙ-

ʣʠʮʫ ʩ ʦʮʝʥʢʘʤʠ ʩʪʘʪʝʡ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʵʪʠʭ ʜʘʥʥʳʭ ʩʢʨʳʪʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʨʘʩʢʨʳʚʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʭʦʜʩʪʚʦ ʩʪʘʪʝʡ. ʄʘʪʨʠʯʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜ, ʥʘʟʳʚʘʝʤʳʡ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦ ʩʠʥʛʫʣʷʨʥʳʤ ʯʠʩʣʘʤ (SVD), ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ 

ʩʦʟʜʘʥʠʶ ʪʘʢʦʡ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʉʠʥʛʫʣʷʨʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʝʣʠʪ ʙʦʣʴʰʠʝ ʤʘʪʨʠʮʳ ʥʘ 



8 
 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʫʜʦʙʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʚʳʷʚʣʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʢʨʳʪʳʝ ʬʘʢ-

ʪʦʨʳ. ʅʦ ʤʘʪʨʠʯʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ ʥʫʞʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʱʥʳʭ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩ-

ʪʝʤ. ʕʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ: 

¶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ (ʫʧʨʦʩʪʠʪʴ ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ); 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 

¶ ʩʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʫʤʝʥʴʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʢʘ-

ʯʝʩʪʚʘ). 

ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ï ʬʫʥʜʘʤʝʥʪ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʣʠʥʠʠ 

(ʠʣʠ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ), ʢʦʪʦʨʘʷ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʫ ʤʝʞʜʫ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. ʄʘʪʨʠʮʳ ʠ ʚʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʘ 

ʤʘʪʨʠʯʥʳʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʦʙʨʘʱʝʥʠʝ ʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ, ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʦ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʟʥʳʭ ʜʦʤʦʚ: ʧʣʦʱʘʜʠ, ʢʦʣʠʯʝʩʪʚʝ ʩʧʘ-

ʣʝʥ ʠ ʪʘʢ ʜʘʣʝʝ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ, ʧʦʭʦʞʫʶ ʥʘ ʪʘʙʣʠʮʫ, ʢʦʪʦʨʘʷ ʥʘ-

ʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ X. ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ X ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴ-

ʥʳʡ ʜʦʤ, ʘ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ï ʦʪʜʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʩʪʦʣʙʝʮ ʤʦʞʝʪ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʣʦʱʘʜʴ ʚ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʘʭ, ʘ ʜʨʫʛʦʡ ï ʢʦʣʠʯʝʩʪʚʦ ʩʧʘʣʝʥ. ʎʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʝ ʜʦʤʘ ʭʨʘʥʷʪʩʷ ʚ ʜʨʫʛʦʡ ʤʘʪʨʠʮʝ Y. ɺʘʰʘ ʮʝʣʴ ï ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʮʝʥʫ (Y) ʥʦʚʦʛʦ ʜʦʤʘ ʥʘ 

ʦʩʥʦʚʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (X). ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʤʦʚ, ʮʝʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʘʥʘʣʠʪʠʢʫ ʩʜʝʣʘʪʴ ʥʘʠʣʫʯ-

ʰʠʡ ʧʨʦʛʥʦʟ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʛʦ ʥʘ ʩʘʡʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ 

 

ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʚʳʩʪʫʧʘʝʪ ʪʘʢʞʝ ʣʦʛʠʩʪʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ. 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʣʠʥʝʡʥʫʶ ʘʣʛʝʙʨʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʢʣʠʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʩʪʘʞʝʤ, ʤʦʜʝʣʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ) ʠ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʪʪʦʢʘ ʢʣʠʝʥʪʦʚ. ʂʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʦʧʨʝ-

ʜʝʣʷʶʪ ʚʘʞʥʦʩʪʴ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʪʦʢʘ ʢʣʠʝʥʪʦʚ. ʊʝʣʝʢʦʤʤʫʥʠʢʘ-

ʮʠʦʥʥʘʷ ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʨʝʛʨʝʩʩʠʶ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʣʠʝʥʪʦʚ ʩ ʚʳʩʦ-

ʢʠʤ ʨʠʩʢʦʤ ʧʝʨʝʭʦʜʘ ʢ ʢʦʥʢʫʨʝʥʪʫ. ʄʦʜʝʣʴ ʘʥʘʣʠʟʠʨʫʝʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʚʦʥʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʣʫʞʙʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʧʨʦʙʣʝʤʳ ʩ ʦʧʣʘʪʦʡ. 

ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʠʩʧʦʣʴʟʫʝʪ ʣʠʥʝʡʥʫʶ ʘʣʛʝʙʨʫ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʫʤʝʥʴʰʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʦʙʲʝʢʪʦʚ: ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ PCA ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʝʜ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ. 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʩʧʦʣʴʟʫʝʪ ʣʠʥʝʡʥʫʶ ʘʣʛʝʙʨʫ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʠʙʦʣʴʰʝʡ ʜʠʩʧʝʨʩʠʠ ʚ ʤʥʦʛʦʤʝʨʥʳʭ 

ʜʘʥʥʳʭ. ʇʨʦʝʮʠʨʫʷ ʜʘʥʥʳʝ ʥʘ ʵʪʠ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʫʤʝʥʴʰʘʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʩʦʭʨʘʥʷʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʗʨʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʛʝʥʦʤʠ-

ʢʝ, ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ ʵʢʩʧʨʝʩʩʠʠ ʪʳʩʷʯ ʛʝʥʦʚ. ʋʤʝʥʴʰʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ 

ʣʝʛʯʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʳʷʚʣʷʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʝʥʘʤʠ. 
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ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʦʚʦʨʦʪ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʩʜʚʠʛ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʘʪʨʠʮʳ, ʘ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢ ʠʟʦʙʨʘʞʝʥʠʷʤ ð ʫʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ. ʊʘʢʦʡ ʤʝʪʦʜ ʥʘʭʦʜʠʪ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʠʮ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʩʧʦʣʴʟʫʝʪ 

ʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʙʦʨʳ 

ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʨʘʟ-

ʤʝʨʥʦʩʪʠ. ʇʦʥʠʤʘʥʠʝ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʜʣʷ  ʨʘʟʨʘʙʦʪʢʠ ʬɻ-

ʬʝʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ʉ.ʉ. ɹʝʣʦʢʦʥʦʚʘ, ɸ.ʂ.  ʂʘʨʘʧʝʪʷʥ  

 

ʅɽʁʈʆʉɽʊʀ ʂɸʂ ʀʅʅʆɺɸʎʀʆʅʅʓʁ ʀʅʉʊʈʋʄɽʅʊ ʆɹʋʏɽʅʀʗ ʀʅʌʆʈʄɸʊʀʂɽ ɺ 

ʉʈɽɼʅɽʄ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʄ ʆɹʈɸɿʆɺɸʅʀʀ 

 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢʘʢ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ (ʉʇʆ). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʪʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣ-

ʣʝʢʪʦʤ ʠ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ, ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʉʇʆ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʙʲʝʢʪʘ ʠʟʫʯʝʥʠʷ, ʥʦ ʠ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʙ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ 

ʩʪʦʣʢʥʫʪʴʩʷ ʩʠʩʪʝʤʘ ʉʇʆ ʧʨʠ ʝʛʦ ʚʥʝʜʨʝʥʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʩʝʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʥʬʦʨʤʘʪʠʢʘ, 

ʩʨʝʜʥʝʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʉʇʆ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʮʠʬʨʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʙʫʯʝʥʠʝ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

 
Belokonova S.S., Karapetyan A.K. 

 
NEURAL NETWOR KS AS AN INNOVATIVE TOOL FOR TEACHING INFORMATICS IN 

SECONDARY VOCATIONAL EDUCATION  
 

 

Abstract. The article examines the potential of using neural networks as an innovative tool for 

teaching informatics in secondary vocational education institutions (SVE). The relevance of including 

topics related to artificial intelligence and machine learning in SVE educational programs is considered. 

The possibilities of using neural networks not only as an object of study, but also as an auxiliary tool that 

helps to increase the interactivity, individualization and efficiency of the educational process are ana-

lyzed. The key advantages of this approach and the challenges that the SVE system may face when im-

plementing it are discussed. 

Key words: neural networks, artificial intelligence, machine learning, informatics, secondary vo-
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cational education, SVE, innovative technologies, digital education, training, pedagogical technologies. 
 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʧʝʨʝʞʠʚʘʝʪ ʵʧʦʭʫ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʣʶ-

ʯʝʚʳʤ ʪʨʝʥʜʦʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʠ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʡ ʫʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʩʬʝʨʘʭ ï ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʳ ʜʦ ʬʠʥʘʥʩʦʚ ʠ ʢʨʝʘʪʠʚʥʳʭ ʠʥʜʫʩʪʨʠʡ. ɺ 

ʫʩʣʦʚʠʷʭ ʪʘʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʥʝʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ (ʉʇʆ), ʧʨʠʟʚʘʥʥʦʝ ʛʦʪʦʚʠʪʴ ʢʘʜʨʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʤʝʥʷʶʱʠʝʩʷ ʟʘʧʨʦʩʳ ʨʳʥʢʘ 

ʪʨʫʜʘ ʠ ʠʥʪʝʛʨʘʮʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʚ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

ʀʥʬʦʨʤʘʪʠʢʘ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʉʇʆ ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦ-

ʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʝʧʦʜʘʚʘʥʠʶ ʟʘʯʘʩʪʫʶ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʪʝʤʧʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ɺʢʣʶʯʝ-

ʥʠʝ ʪʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡʨʦʩʝʪʷʤʠ ʠ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ, ʚ ʢʫʨʩ ʠʥʬʦʨʤʘʪʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʧʨʦʩʪʦ ʞʝʣʘʪʝʣʴʥʳʤ, ʘ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʥʘ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʪʨʫʜʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤʠ ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ, ʥʦ ʠ ʢʘʢ ʤʦʱ-

ʥʳʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦ-

ʩʝʪʝʡ ʢʘʢ ʦʙʲʝʢʪʘ ʠʟʫʯʝʥʠʷ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥʳ çʀʥʬʦʨʤʘʪʠʢʘè ʚ 

ʩʠʩʪʝʤʝ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʝʜʣʘʛʘʶʪ ʧʝʜʘʛʦʛʘʤ ʮʝ-

ʣʳʡ ʘʨʩʝʥʘʣ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪʴ ʠʭ ʨʘʙʦʪʫ ʠ ʩʜʝʣʘʪʴ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʀʀ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʛʦ ʧʦʤʦʱʥʠʢʘ, ʙʝʨʷ ʥʘ ʩʝʙʷ ʨʷʜ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʠ ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʟʘʥʷʪʠʡ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʯʝʙ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʋʯʠʪʝʣʷ ʪʨʘʪʷʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʩʪʦʚ, ʟʘʜʘʯ, ʢʝʡʩʦʚ ʠ ʜʨʫʛʦʛʦ 

ʢʦʥʪʝʥʪʘ. ʅʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

1. ʇʦʜʛʦʪʦʚʢʘ ʢ ʟʘʥʷʪʠʷʤ ʠ ʩʦʟʜʘʥʠʝ ʢʦʥʪʝʥʪʘ. 

ɻʝʥʝʨʘʮʠʷ ʧʣʘʥʦʚ ʫʨʦʢʦʚ: ʫʯʠʪʝʣʴ ʟʘʜʘʝʪ ʪʝʤʫ (ʥʘʧʨʠʤʝʨ, çʊʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠè, 

çʎʠʢʣʳ ʚ Pythonè ʜʣʷ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʦʚ) ʠ ʚʦʟʨʘʩʪ ʫʯʝʥʠʢʦʚ. ʀʀ-ʧʦʤʦʱʥʠʢ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʘʟʝ 

ʙʦʣʴʰʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ ʪʠʧʘ LeinGPT ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʀʀ) ʧʨʝʜʣʘ-

ʛʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʫʨʦʢʘ ʩ ʫʢʘʟʘʥʠʝʤ ʮʝʣʝʡ, ʵʪʘʧʦʚ, ʧʨʠʤʝʨʥʳʭ ʟʘʜʘʥʠʡ ʠ ʜʦʤʘʰʥʝʡ 

ʨʘʙʦʪʳ. 

ʉʦʟʜʘʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ: ʫʯʠʪʝʣʴ ʟʘʛʨʫʞʘʝʪ ʪʝʢʩʪ ʧʘʨʘʛʨʘʬʘ ʠʟ ʫʯʝʙʥʠʢʘ ʠʣʠ ʫʢʘʟʳʚʘʝʪ 

ʪʝʤʫ. ʀʀ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪ ʥʘʙʦʨ ʚʦʧʨʦʩʦʚ ʜʣʷ ʪʝʩʪʘ (ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʚʳʙʦʨ, ʦʪʢʨʳʪʳʝ 

ʚʦʧʨʦʩʳ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ) ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɸʜʘʧʪʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ: ʀʀ ʤʦʞʝʪ ʚʟʷʪʴ ʩʣʦʞʥʳʡ ʥʘʫʯʥʳʡ ʪʝʢʩʪ ʠ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʘʪʴ ʝʛʦ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ, ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʨʘʩʰʠʨʠʪʴ ʙʘʟʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ʠʣʠ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʇʦʠʩʢ ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʧʨʠʤʝʨʦʚ: ʀʀ-ʧʦʤʦʱʥʠʢʠ ʤʦʛʫʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʠʣʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʨʝʣʝʚʘʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʜʠʘʛʨʘʤʤʳ, ʛʨʘʬʠʢʠ ʠʣʠ ʧʨʠʤʝʨʳ ʢʦʜʘ, ʢʦʪʦʨʳʝ ʫʯʠʪʝʣʴ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʝʟʝʥʪʘʮʠʠ ʠʣʠ ʨʘʟʜʘʪʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

2. ʀʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ. 

ɸʜʘʧʪʠʚʥʳʝ ʦʙʫʯʘʶʱʠʝ ʧʣʘʪʬʦʨʤʳ: ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʥʘ ʙʘʟʝ ʀʀ ʤʦʞʝʪ 

ʧʨʝʜʣʦʞʠʪʴ ʫʯʝʥʠʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘ ʫʤʥʦʞʝʥʠʝ, ʝʩʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʠʭ ʟʘ-

ʜʘʥʠʡ ʀʀ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʠʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘʚʳʢʦʤ ʫ ʥʝʛʦ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ. ɽʩʣʠ ʞʝ ʫʯʝʥʠʢ 

ʙʳʩʪʨʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʝʤʫ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʠʣʠ ʦʣʠʤʧʠʘʜʥʳʝ ʟʘʜʘʥʠʷ. 
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ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: ʀʀ-ʩʠʩʪʝʤʘ, ʘʥʘʣʠʟʠʨʫʷ ʫʩʧʝʚʘʝʤʦʩʪʴ ʫʯʝʥʠʢʘ ʧʦ 

ʠʥʬʦʨʤʘʪʠʢʝ, ʤʦʞʝʪ ʧʦʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʤʫ ʦʥʣʘʡʥ-ʢʫʨʩʳ ʠʣʠ ʚʠʜʝʦʫʨʦʢʠ ʧʦ ʪʝʤ ʪʝʤʘʤ (ʥʘʧʨʠʤʝʨ, 

ʨʘʙʦʪʘ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ), ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʫ ʥʝʛʦ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʪʨʝʙʫʶʪ ʧʦʜʪʷʛʠʚʘʥʠʷ. 

çʎʠʬʨʦʚʦʡ ʪʴʶʪʦʨè: ʯʘʪ-ʙʦʪʳ ʥʘ ʙʘʟʝ ʀʀ ʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʥʘ ʙʘʟʦʚʳʝ ʚʦʧʨʦʩʳ ʫʯʝʥʠʢʦʚ ʧʦ 

ʤʘʪʝʨʠʘʣʫ ʧʦʩʣʝ ʫʨʦʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʤʦʛʘʪʴ ʩ ʨʝʰʝʥʠʝʤ ʪʠʧʦ-

ʚʳʭ ʟʘʜʘʯ, ʨʘʙʦʪʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦ. 

3. ʆʮʝʥʢʘ ʠ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʟʘʜʘʥʠʡ: ʧʣʘʪʬʦʨʤʳ ʩ ʀʀ ʤʦʛʫʪ ʤʛʥʦʚʝʥʥʦ ʧʨʦʚʝʨʷʪʴ ʦʪʚʝʪʳ ʥʘ 

ʪʝʩʪʳ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʚ ʟʘʜʘʥʠʷʭ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʩ ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ɸʥʘʣʠʟ ʧʠʩʴʤʝʥʥʳʭ ʨʘʙʦʪ: ʀʀ ʤʦʞʝʪ ʧʨʦʚʝʨʠʪʴ ʩʦʯʠʥʝʥʠʝ ʠʣʠ ʵʩʩʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʛʨʘʤʤʘ-

ʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʥʦ ʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʜʘʥʥʦʡ ʪʝʤʝ, ʣʦʛʠʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʥʦʩʪʴ ʪʝʢʩʪʘ, 

ʦʙʲʝʤ, ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʯʝʥʠʢʫ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ ʦʪʯʝʪ ʦʙ ʦʰʠʙʢʘʭ ʠ ʧʨʝʜʣʦʞʝ-

ʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ. 

4. ʉʥʠʞʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʝʤ: ʀʀ ʧʦʤʦʛʘʝʪ ʫʯʠʪʝʣʶ ʵʬʬʝʢʪʠʚʥʦ ʩʦʩʪʘʚʣʷʪʴ ʩʚʦʝ ʨʘʩʧʠʩʘʥʠʝ, 

ʥʘʧʦʤʠʥʘʪʴ ʦ ʧʨʝʜʩʪʦʷʱʠʭ ʚʩʪʨʝʯʘʭ ʠʣʠ ʜʝʜʣʘʡʥʘʭ. 

ʂʦʤʤʫʥʠʢʘʮʠʷ ʩ ʨʦʜʠʪʝʣʷʤʠ: ʀʀ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʯʝʨʥʦʚʠʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʠʩʝʤ ʜʣʷ 

ʨʦʜʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʯʠʪʝʣʶ ʦʩʪʘʥʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʚʝʨʠʪʴ ʠ ʦʪʧʨʘʚʠʪʴ. 

5. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʫʯʠʪʝʣʷ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʝʪʦʜʠʢʘʤ: ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʧʦʜʘʚʘʝʤʳʭ ʪʝʤ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʫ ʫʯʝ-

ʥʠʢʦʚ ʪʨʫʜʥʦʩʪʝʡ, ʀʀ ʤʦʞʝʪ ʧʦʨʝʢʦʤʝʥʜʦʚʘʪʴ ʫʯʠʪʝʣʶ ʥʦʚʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʠʣʠ ʮʠʬ-

ʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʫʨʦʢʦʚ: ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʚʠʥʫʪʳʝ ʩʠʩʪʝʤʳ (ʧʦʢʘ ʩʢʦʨʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ) ʤʦʛʫʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʫʜʠʦ- ʠʣʠ ʚʠʜʝʦʟʘʧʠʩʠ ʫʨʦʢʦʚ ʫʯʠʪʝʣʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʪʘʢʠʤ ʧʘ-

ʨʘʤʝʪʨʘʤ, ʢʘʢ ʪʝʤʧ ʨʝʯʠ, ʚʨʝʤʷ, ʫʜʝʣʝʥʥʦʝ ʨʘʟʥʳʤ ʫʯʝʥʠʢʘʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʨʘʟ ʠ 

ʪ.ʜ., ʧʦʤʦʛʘʷ ʫʯʠʪʝʣʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʥʘʚʳʢʠ. 

ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʝʱʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʣʘʛʘʷ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ ʧʝʜʘʛʦʛʦʚ, ʧʝʨʩʦʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʘʷ ʤʦʱʥʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ, ʀʀ ʥʝ ʣʠʰʝʥ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʫʯʠʪʳ-

ʚʘʪʴ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ: 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʧʝʜʘʛʦʛʦʚ: ʀʀ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʚʳʧʦʣʥʝʥʠʝ ʤʥʦʛʠʭ ʪʨʫʜʦʝʤ-

ʢʠʭ ʠ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʥ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʪʝʩʪʦʚ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ, ʧʦ-

ʤʦʛʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʣʘʥʦʚ ʫʨʦʢʦʚ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʘʟʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʫʯʝʥʠʢʦʚ ʠ ʜʘʞʝ ʩʦʟʜʘʚʘʪʴ ʯʝʨʥʦʚʠʢʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʦʪʯʝʪʦʚ. ʋʯʠʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʪʝʤʫ, ʠ 

ʥʝʡʨʦʩʝʪʴ ʧʨʝʜʣʦʞʠʪ ʛʦʪʦʚʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʟʘʥʷʪʠʷ, ʦʩʚʦʙʦʞʜʘʷ ʚʨʝʤʷ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʤʝʪʦ-

ʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. 

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʨʦʢʘʤ: ʀʀ ʩʪʘʥʦʚʠʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʢʨʝʘʪʠʚʥʳʭ ʠʜʝʡ ʫʯʠʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʨʦʢʦʚ ʠʣʠ ʠʛʨ (ʨʦʣʝ-

ʚʳʭ, ʢʚʝʩʪʦʚ) ʀʀ ʤʦʞʝʪ ʙʳʩʪʨʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ, ʟʘʜʘʥʠʷ ʜʣʷ ʛʨʫʧʧ, ʚʘʨʠʘʥʪʳ ʚʦʧʨʦʩʦʚ 

ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʩʦʘʚʪʦʨʘ ʠʜʝʡ. 

ʀʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʠ ʘʜʘʧʪʘʮʠʷ ʦʙʫʯʝʥʠʷ: ʀʀ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʥʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜ ʥʫʞʜʳ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʠ ʧʨʝʜʧʦʯʪʝ-

ʥʠʷʭ, ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʥʠʡ, ʧʨʝʜʣʘʛʘʪʴ ʤʘʪʝʨʠʘʣʳ ʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦ-

ʜʷʱʝʤ ʬʦʨʤʘʪʝ (ʚʠʟʫʘʣʴʥʦʤ, ʘʫʜʠʦ), ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʝʤʧ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʮʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʝʪʴʤʠ ʩ ʦʩʦʙʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ (ʥʘʧʨʠʤʝʨ, ʧʨʝʦʙʨʘʟʫʷ 

ʪʝʢʩʪ ʚ ʘʫʜʠʦ ʜʣʷ ʫʯʝʥʠʢʦʚ ʩ ʜʠʩʣʝʢʩʠʝʡ ʠʣʠ ʧʨʝʜʣʘʛʘʷ ʫʧʨʦʱʝʥʥʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ). 

ʆʧʝʨʘʪʠʚʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ: ʀʀ-ʧʣʘʪʬʦʨʤʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʯʘʱʠʤʩʷ ʤʛʥʦʚʝʥʥʫʶ 

ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʟʘʜʘʥʠʷʤ (ʥʘʧʨʠʤʝʨ, ʪʝʩʪʘʤ, ʟʘʜʘʯʘʤ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ), 
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ʫʢʘʟʳʚʘʷ ʥʘ ʦʰʠʙʢʠ ʠ ʧʨʝʜʣʘʛʘʷ ʧʫʪʠ ʠʭ ʠʩʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʝʣʶ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ. 

ɼʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʩʫʨʩʘʤ: ʀʀ ʤʦʞʝʪ ʙʳʩʪʨʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠ-

ʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʤʦʛʘʷ ʫʯʠʪʝʣʷʤ ʥʘʭʦʜʠʪʴ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʥʘʫʯʥʳʝ 

ʩʪʘʪʴʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʦ ʣʶʙʦʡ ʪʝʤʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʟʘʥʷʪʠʷʤ ʠʣʠ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ ʠ ʨʠʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʠ ʠʩʢʘʞʝʥʠʷ 

ʬʘʢʪʦʚ: ʀʀ ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ. ɸʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʜʦʧʫʩ-

ʢʘʪʴ ʦʰʠʙʢʠ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ, ʦʩʦʙʝʥʥʦ ʧʦ ʨʝʜʢʠʤ ʠʣʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʤ ʪʝʤʘʤ. 

ʈʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʫʯʘʱʠʝʩʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʀʀ ʥʝ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʳʭ ʦʪʚʝʪʦʚ ʠ çʩʧʠʩʳʚʘ-

ʥʠè̫, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ. ʌʦʨ-

ʤʠʨʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʣʦʞʥʦʩʪʠ ʩ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʦʡ ʟʥʘʥʠʡ: ʢʦʛʜʘ ʩʪʫʜʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪ ʀʀ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʠʩʴʤʝʥʥʳʭ ʠʣʠ ʪʚʦʨʯʝʩʢʠʭ ʨʘʙʦʪ, ʫʯʠʪʝʣʷʤ ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʭ 

ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʠʚʘʥʠʷ, ʩʤʝʱʝʥʠʷ ʬʦʢʫʩʘ 

ʥʘ ʬʦʨʤʘʪʳ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʀʀ (ʥʘʧʨʠʤʝʨ, ʫʩʪʥʳʝ ʦʪʚʝʪʳ, ʟʘʱʠʪʘ 

ʧʨʦʝʢʪʦʚ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). 

ɺʦʧʨʦʩʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʧʣʘʪʬʦʨʤ ʚ ʦʙ-

ʨʘʟʦʚʘʥʠʠ ʧʦʜʥʠʤʘʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʱʠʪʦʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʯʘʱʠʭʩʷ 

ʠ ʫʯʠʪʝʣʝʡ. ʅʝʦʙʭʦʜʠʤʳ ʩʪʨʦʛʠʝ ʤʝʨʳ ʠ ʛʘʨʘʥʪʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʙʘʣʘʥʩʘ. ʀʀ ʧʨʝ-

ʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʦʟʥʘʥʥʳʤ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʨʘʟʚʠʪʠʝ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝ-

ʪʝʥʮʠʡ ʫʯʘʱʠʭʩʷ, ʘ ʥʝ ʥʘ ʧʦʜʤʝʥʫ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʝʜʘʛʦʛʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʘʠʚʘʪʴ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʨʠʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʪʴ ʠʭ ʨʘʙʦʪʫ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʶ ʤʝ-

ʪʦʜʠʢʫ ʢ ʥʦʚʦʡ ʮʠʬʨʦʚʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʛʜʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ 

ʧʝʜʘʛʦʛʘ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʜʘʥʠʡ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ 

ʪʨʘʪʠʪʴ ʯʘʩʳ ʥʘ ʧʨʠʜʫʤʳʚʘʥʠʝ ʚʦʧʨʦʩʦʚ, ʬʦʨʤʫʣʠʨʦʚʦʢ ʠʣʠ ʚʠʟʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʯʠʪʝʣʷ ʤʦʛʫʪ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʀʀ-ʛʝʥʝʨʘʪʦʨʘʤʠ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ ʢʦʥʪʝʥʪ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʫʨʦʢʘ ʠʣʠ ʤʝʨʦʧʨʠʷʪʠʷ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʙʦʨʢʘ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʮʝʥʥʳʤʠ ʧʦʤʦʱʥʠ-

ʢʘʤʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʨʘʢʪʠʢʝ. 

ʅʝʡʨʦʩʝʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʣʠʩʪʦʚ: ʪɻʦʪ ʠʥʩʪʨʫʤʝʥʪ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ 

ʦʩʥʦʚʫ ʠʣʠ ʜʘʞʝ ʛʦʪʦʚʳʡ ʨʘʙʦʯʠʡ ʣʠʩʪ ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ. ʕʪʦ ʫʜʦʙʥʦ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʠʣʠ ʧʨʦʚʝʨʦʯʥʦʡ ʨʘʙʦʪʳ.  

ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʣʠʩʪʦʚ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʫʯʠʪʝʣʷ. ʕʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʟʘʢʨʝʧʠʪʴ ʤʘʪʝʨʠʘʣ, ʧʨʦʚʝʨʠʪʴ ʧʦʥʠʤʘʥʠʝ ʪʝʤʳ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʫʯʘʱʠʭʩʷ. 

ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʘ ʢʘʯʝʩʪʚʝʥʥʳʭ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʝ ʨʘʙʦʯʠʭ ʣʠʩʪʦʚ ʤʦʞʝʪ 

ʦʪʥʠʤʘʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʷʪ ʥʝʡʨʦʩʝʪʠ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘ 

ʛʝʥʝʨʘʮʠʠ ʪʘʢʦʛʦ ʨʦʜʘ ʤʘʪʝʨʠʘʣʦʚ. 

ʏʪʦ ʪʘʢʦʝ ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʣʠʩʪʦʚ? 

ʕʪʦ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʦ ʟʘʧʨʦʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ 

(ʦʙʳʯʥʦ ʵʪʦ ʫʢʘʟʘʥʠʝ ʪʝʤʳ, ʧʨʝʜʤʝʪʘ, ʚʦʟʨʘʩʪʘ/ʢʣʘʩʩʘ ʫʯʘʱʠʭʩʷ, ʠʥʦʛʜʘ ï ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʟʘʜʘ-

ʥʠʡ) ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʛʦʪʦʚʳʡ ʢ ʧʝʯʘʪʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ 

ʨʘʙʦʯʠʡ ʣʠʩʪ. 

ʂʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ? 

ɿʘʧʨʦʩ. ʋʯʠʪʝʣʴ ʚʚʦʜʠʪ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

ï ʇʨʝʜʤʝʪ (ʤʘʪʝʤʘʪʠʢʘ, ʨʫʩʩʢʠʡ ʷʟʳʢ, ʠʩʪʦʨʠʷ, ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʪ.ʜ.). 
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ï ʊʝʤʘ (ʥʘʧʨʠʤʝʨ, çʉʣʦʞʝʥʠʝ ʜʨʦʙʝʡè, çʇʨʘʚʦʧʠʩʘʥʠʝ -ʪʩʷ/-ʪʴʩʷè, çɼʨʝʚʥʠʡ ɽʛʠʧʝʪè, 

çʎʠʢʣʳ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠè). 

ï ʂʣʘʩʩ ʠʣʠ ʚʦʟʨʘʩʪ ʫʯʘʱʠʭʩʷ. 

ʀʥʦʛʜʘ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʞʝʣʘʝʤʳʝ ʪʠʧʳ ʟʘʜʘʥʠʡ (ʥʘʧʨʠʤʝʨ, çʤʥʦʞʝʩʪʚʝʥʥʳʡ ʚʳʙʦʨè, çʟʘ-

ʧʦʣʥʠʪʴ ʧʨʦʧʫʩʢʠè, çʩʦʦʪʥʝʩʪʠ ʧʦʥʷʪʠʷè, çʦʪʢʨʳʪʳʝ ʚʦʧʨʦʩʳè). 

ɻʝʥʝʨʘʮʠʷ: ʥʝʡʨʦʩʝʪʴ ʘʥʘʣʠʟʠʨʫʝʪ ʟʘʧʨʦʩ ʠ ʥʘ ʦʩʥʦʚʝ ʩʚʦʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʙʫʯʝʥʥʳʭ ʜʘʥ-

ʥʳʭ ʩʦʟʜʘʝʪ ʥʘʙʦʨ ʟʘʜʘʥʠʡ, ʢʦʤʧʦʥʫʷ ʠʭ ʚ ʬʦʨʤʘʪ ʨʘʙʦʯʝʛʦ ʣʠʩʪʘ. 

ʈʝʟʫʣʴʪʘʪ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʢʫʤʝʥʪ (ʯʘʩʪʦ ʚ ʬʦʨʤʘʪʝ PDF ʠʣʠ ʨʝʜʘʢʪʠʨʫʝʤʦʤ ʬʦʨ-

ʤʘʪʝ), ʩʦʜʝʨʞʘʱʠʡ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ï ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ: ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘ-

ʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʫʣʷ; 

ï ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʜʘʥʠʡ: ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʚʦʧʨʦʩʦʚ, ʧʦʤʦ-

ʛʘʷ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ; 

ï ʠʩʪʦʯʥʠʢ ʠʜʝʡ: ʜʘʞʝ ʝʩʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʣʠʩʪ ʪʨʝʙʫʝʪ ʜʦʨʘʙʦʪʢʠ, ʦʥ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 

ʦʪʣʠʯʥʦʡ ʦʩʥʦʚʦʡ ʠʣʠ ʠʩʪʦʯʥʠʢʦʤ ʚʜʦʭʥʦʚʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ; 

ï ʘʜʘʧʪʘʮʠʷ: ʥʝʢʦʪʦʨʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʥʘʩʪʨʘʠʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʠʣʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʜʥʦʛʦ ʣʠʩʪʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ; 

ï ʙʳʩʪʨʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ: ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥ-

ʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠʣʠ ʜʣʷ ʫʯʝʥʠʢʘ, ʢʦʪʦʨʦʤʫ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʘʢʪʠʢʘ; 

ï ʧʨʦʚʝʨʢʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ: ʢʨʘʡʥʝ ʚʘʞʥʦ ʚʩʝʛʜʘ ʧʨʦʚʝʨʷʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʩʝʪʴʶ 

ʨʘʙʦʯʠʝ ʣʠʩʪʳ. ɺʦʟʤʦʞʥʳ ʦʰʠʙʢʠ, ʥʝʪʦʯʥʦʩʪʠ, ʥʝʢʦʨʨʝʢʪʥʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ; 

ï ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ: ʫʯʠʪʝʣʴ ʜʦʣʞʝʥ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ 

ʟʘʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʷʤ ʫʨʦʢʘ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ. ʀʀ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʘ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʝ ʨʝʰʝʥʠʝ ʦʩʪʘʝʪʩʷ ʟʘ ʯʝʣʦʚʝʢʦʤ. 

ɻʝʥʝʨʘʪʦʨ ʢʨʦʩʩʚʦʨʜʦʚ ʠ ʜʨʫʛʠʭ ʟʘʜʘʥʠʡ: ʧʝʨʝʚʝʩʪʠ ʩʧʠʩʦʢ ʪʝʨʤʠʥʦʚ ʚ ʠʛʨʦʚʫʶ ʬʦʨʤʫ 

ʠʣʠ ʩʦʟʜʘʪʴ ʜʨʫʛʠʝ ʪʠʧʳ ʟʘʜʘʥʠʡ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʀʀ. ʅʘʧʨʠʤʝʨ, ʛʝʥʝʨʘʪʦʨ ʢʨʦʩʩʚʦʨʜʦʚ ʧʦʤʦ-

ʞʝʪ ʩʜʝʣʘʪʴ ʧʦʚʪʦʨʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʙʦʣʝʝ ʫʚʣʝʢʘʪʝʣʴʥʳʤ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦʩʪʫʧʝʥ ʧʦ 

ʩʩʳʣʢʝ: https://www.yeschat.ai/ru/features/crossword-puzzle-generator. 

ʅʝʡʨʦʩʝʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʛʘʜʦʢ: ʭʦʪʠʪʝ ʥʘʯʘʪʴ ʫʨʦʢ ʩ ʠʥʪʨʠʛʠ ʠʣʠ ʧʨʦʚʝʩʪʠ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʫʶ ʨʘʟʤʠʥʢʫ? ɻʝʥʝʨʘʪʦʨ ʟʘʛʘʜʦʢ ʧʦ ʪʝʤʝ ʟʘʥʷʪʠʷ ʙʳʩʪʨʦ ʧʨʝʜʣʦʞʠʪ ʦʨʠʛʠʥʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ. 

ʅʘʡʪʠ ʝʛʦ ʤʦʞʥʦ ʧʦ ʩʩʳʣʢʝ: https://aigptbot.ru/generator-zagadok/ 

ʇʦʜʛʦʪʦʚʢʘ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ, ʪʦʨʞʝʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʣʠ ʚʥʝʢʣʘʩʩʥʳʭ 

ʘʢʪʠʚʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ, ʥʦ ʟʘʯʘʩʪʫʶ ʪʨʫʜʦʝʤʢʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʧʝʜʘʛʦʛʘ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʩʝʪʠ ʧʨʝʜʣʘʛʘʶʪ ʤʦʱʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʢʨʝʘʪʠʚʥʦʛʦ ʘʩʩʠʩʪʝʥʪʘ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ GigaChat (https://giga.chat) ï ʩʝʨʚʠʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʩʧʦʩʦʙʥʳʡ ʚʝʩʪʠ ʜʠʘʣʦʛ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʷʟʥʳʝ ʪʝʢʩʪʳ ʧʦ ʟʘʧʨʦʩʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

 

https://www.yeschat.ai/ru/features/crossword-puzzle-generator
https://aigptbot.ru/generator-zagadok/
https://giga.chat/
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ʈʠʩ. 1.  GigaChat 

ʇʦʜʦʙʥʳʝ ʯʘʪ-ʙʦʪʳ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʩʪʦʚʳʤ ʥʘʧʦʣʥʝʥʠʝʤ ʩʮʝ-

ʥʘʨʠʝʚ. ɼʨʫʛʠʝ ʥʝʡʨʦʩʝʪʠ, ʥʘʧʨʠʤʝʨ, Brev.ai (https://brev.ai/ru/app), ʤʦʛʫʪ ʧʦʤʦʯʴ ʩ ʩʦʟʜʘʥʠʝʤ ʩʧʝ-

ʮʠʬʠʯʝʩʢʠʭ ʪʝʢʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʠʭʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʘʟʜʥʠʯʥʳʭ 

ʩʮʝʥʘʨʠʷʭ. 

ʀʀ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʡ. ʇʨʝʟʝʥʪʘʮʠʠ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ï ʢʘʢ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʯʠʪʝʣʝʤ, 

ʪʘʢ ʠ ʜʣʷ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. ʆʜʥʘʢʦ ʩʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʚʠʟʫʘʣʴʥʦ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʡ ʧʨʝʟʝʥʪʘʮʠʠ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥ-

ʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʩʧʦʩʦʙʥʳ ʨʘʜʠʢʘʣʴʥʦ ʫʩʢʦʨʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʦʟʚʦ-

ʣʷʷ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʧʨʝʟʝʥʪʘʮʠʠ ʙʫʢʚʘʣʴʥʦ ʟʘ ʩʯʠʪʘʥʥʳʝ ʤʠʥʫʪʳ. 

ʅʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʠ. 

ɻʝʥʝʨʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʪʝʥʪʘ: ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ ʠʣʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤʫ ʪʝʢʩʪʫ (ʥʘ-

ʧʨʠʤʝʨ, ʢʦʥʩʧʝʢʪʫ ʫʨʦʢʘ) ʀʀ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʜʣʦʞʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʨʝʟʝʥʪʘʮʠʠ, ʨʘʟʙʠʚ 

ʤʘʪʝʨʠʘʣ ʥʘ ʩʣʘʡʜʳ ʠ ʩʛʝʥʝʨʠʨʦʚʘʚ ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ʉʝʨʚʠʩʳ, ʪʘʢʠʝ 

ʢʘʢ SlideAI (https://www.slideai.net/ru) ʠ Gamma App (https://gamma.app/signup), ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ 

ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ, ʧʦʟʚʦʣʷʷ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʯʝʨʥʦʚʠʢ ʧʨʝʟʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʥʦ ʜʦʨʘʙʦ-

ʪʘʪʴ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, Gamma ï ʵʪʦ ʩʝʨʚʠʩ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʝʟʝʥʪʘʮʠʡ, ʥʦ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʚʝʙ-ʩʪʨʘʥʠʮ. ɽʛʦ ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʵʪʦ ʚʥʠʤʘʥʠʝ ʢ ʚʝʨʩʪʢʝ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘ-

ʟʠʝʤ ʦʪ ʩʣʘʡʜʘ ʢ ʩʣʘʡʜʫ. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʙʦʨʘ ʪʝʤʳ. ʀʀ ʧʨʝʜʣʘʛʘʝʪ 

ʯʝʨʥʦʚʦʡ ʧʣʘʥ ʪʝʢʩʪʘ, ʢʦʪʦʨʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ. ɼʠʟʘʡʥ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʚʨʫʯ-

ʥʫʶ ʠʟ ʜʦʩʪʫʧʥʳʭ ʦʧʮʠʡ, ʣʠʙʦ ʜʦʚʝʨʠʪʴ ʩʝʨʚʠʩʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʙʦʨ, ʭʦʪʷ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʳʙʦʨ ʰʘʙʣʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʥʝʡʨʦʩʝʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʝʪ ʬʦʪʦʛʨʘʬʠʠ ʠʟ ʬʦʪʦʙʘʥʢʘ Unsplash. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʫʞʝ ʛʦʪʦʚʳʝ ʧʨʝʟʝʥʪʘʮʠʠ ʠʟ Google Slides ʠʣʠ PowerPoint, ʥʦ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʩʝʨʚʠʩ ʧʝʨʝʥʝʩʝʪ ʪʦʣʴʢʦ ʪʝʢʩʪ ʩʦ ʩʣʘʡʜʦʚ, ʘ ʜʠʟʘʡʥ ʧʨʠʜʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʟʘʥʦʚʦ ʚ Gamma. 

ɼʣ ̫ʩʦʟʜʘʥʠʷ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʧʣʘʥʘ ʧʨʝʟʝʥʪʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʘʣʦʛʦʚʳʝ 

ʥʝʡʨʦʩʝʪʠ, ʥʘʧʨʠʤʝʨ, GigaChat (https://giga.chat/gigachat/51836748-ae9e-40a8-8a13-

92d06e0133b9/home), ʟʘʜʘʚ ʝʤʫ ʪʝʤʫ, ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ ʠ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ 

ʦʩʚʝʪʠʪʴ. 

ɺʠʟʫʘʣʴʥʦʝ ʦʬʦʨʤʣʝʥʠʝ: ʥʝʢʦʪʦʨʳʝ ʀʀ-ʩʝʨʚʠʩʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʪʴ ʧʦʜʭʦʜʷ-

ʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʧʨʝʜʣʘʛʘʪʴ ʚʘʨʠʘʥʪʳ ʜʠʟʘʡʥʘ ʩʣʘʡʜʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʠ. ʇʦʤʠʤʦ ʀʀ-

ʛʝʥʝʨʘʪʦʨʦʚ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʝʟʝʥʪʘʮʠʡ ʯʘʩʪʦ ʪʨʝʙʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʮʠʬʨʦʚʳʝ ʧʦʤʦʥɦʠʢʠ: 

ʂʦʥʚʝʨʪʝʨʳ ʬʘʡʣʦʚ: ʝʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʤʘʪʝʨʠʘʣ ʚ ʜʨʫʛʦʤ ʬʦʨʤʘʪʝ (ʥʘʧʨʠʤʝʨ, ʚ ʜʦʢʫʤʝʥʪʝ 

Word ʠʣʠ PDF), ʝʛʦ ʤʦʞʥʦ ʙʳʩʪʨʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʬʦʨʤʘʪ ʧʨʝʟʝʥʪʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʜʦʨʘʙʦʪ-

https://brev.ai/ru/app
https://www.slideai.net/ru
https://gamma.app/signup
https://giga.chat/gigachat/51836748-ae9e-40a8-8a13-92d06e0133b9/home
https://giga.chat/gigachat/51836748-ae9e-40a8-8a13-92d06e0133b9/home
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ʢʠ. ʉʝʨʚʠʩʳ ʚʨʦʜʝ iLovePDF (https://www.ilovepdf.com/ru/pdf_to_powerpoint) ʧʦʟʚʦʣʷʶʪ ʢʦʥʚʝʨʪʠ-

ʨʦʚʘʪʴ PDF ʚ PowerPoint. 

ʀʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʝʨʚʠʯʥʳʡ ʯʝʨʥʦʚʠʢ ʠʣʠ ʦʩʥʦʚʫ ʧʨʝʟʝʥʪʘʮʠʠ ʟʘ ʦʯʝʥʴ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ɺʤʝʩʪʦ ʯʘʩʦʚ, ʧʦʪʨʘʯʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠ ʥʘʧʠʩʘʥʠʝ 

ʪʝʢʩʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʘʡʜʘ, ʚʳ ʤʦʞʝʪʝ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʫʶ çʨʳʙʫè ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʘ ʟʘʪʝʤ ʩʦ-

ʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʝʝ ʜʦʨʘʙʦʪʢʝ, ʥʘʧʦʣʥʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʢʦʥʪʝʥʪʦʤ, ʚʠʟʫʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʠ 

ʧʨʦʚʝʨʢʝ ʬʘʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʀʀ-ʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩ ʦʥʣʘʡʥ-

ʢʦʥʚʝʨʪʝʨʘʤʠ ʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʰʘʙʣʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʝʣʷʤ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʟʝʥʪʘʮʠʡ, ʜʝʣʘʷ ʝʛʦ ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʠ ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʤʫ ʥʘʧʦʣʥʝʥʠʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʫʯʝʥʠʢʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʜʝʦʨʦʣʠʢʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʉʦʟʜʘʥʠʝ ʚʠʜʝʦʢʦʥ-

ʪʝʥʪʘ ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ï ʙʫʜʴ ʪʦ ʦʙʫʯʘʶʱʠʝ ʨʦʣʠʢʠ, ʟʘʧʠʩʠ ʣʝʢʮʠʡ, ʜʝʤʦʥʩʪʨʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʠʣʠ ʧʨʝʟʝʥʪʘʮʠʠ ʧʨʦʝʢʪʦʚ ï ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʢ-

ʪʠʚʥʦ ʧʨʦʥʠʢʘʝʪ ʠ ʚ ʵʪʫ ʦʙʣʘʩʪʴ, ʧʨʝʜʣʘʛʘʷ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʚʠʜʝʦʨʦʣʠʢʘ. 

 

 
 

ʈʠʩ. 2.  Clideo.com 

 

1. ʅʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʪʝʥʪʘ. 

ɻʝʥʝʨʘʮʠʷ ʩʮʝʥʘʨʠʷ ʠ ʪʝʢʩʪʘ: ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʝʡʨʦʩʝʪʠ (ʥʘʧʨʠʤʝʨ, LeinGPT, 

Yandex GPT, GigaChat) ʤʦʛʫʪ ʧʦʤʦʯʴ ʥʘʧʠʩʘʪʴ ʯʝʨʥʦʚʠʢ ʩʮʝʥʘʨʠʷ, ʧʦʜʛʦʪʦʚʠʪʴ ʪʝʢʩʪ ʜʣʷ ʦʟʚʫʯʢʠ 

ʠʣʠ ʩʫʙʪʠʪʨʦʚ, ʩʦʙʨʘʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʳ ʠ ʧʨʠʤʝʨʳ ʧʦ ʪʝʤʝ ʚʠʜʝʦ. 

ʉʦʟʜʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʠʜʝʡ: ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, Kandinsky) 

ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʠʣʣʶʩʪʨʘʮʠʠ, ʩʭʝʤʳ ʠʣʠ ʬʦʥʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʚʠʜʝʦʨʷʜʝ. 

2. ʅʘ ʵʪʘʧʝ ʧʦʠʩʢʘ ʠ ʦʙʨʘʙʦʪʢʠ ʚʠʟʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʠʩʢ ʬʫʪʘʞʝʡ: ʀʀ-ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʙʠʙʣʠʦʪʝʢʠ ʩʪʦʢʦʚʳʭ ʚʠʜʝʦ 

(ʬʫʪʘʞʝʡ), ʦʙʣʝʛʯʘʷ ʧʦʠʩʢ ʥʫʞʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʠʣʠ ʜʘʞʝ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ 

ʚʠʜʝʦ. ʇʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʩʩʳʣʢʘ (https://disk.yandex.ru/d/OBqKUXkPkAJeRg) ʤʦʞʝʪ ʚʝʩʪʠ ʥʘ ʪʘʢʫʶ 

ʢʦʣʣʝʢʮʠʶ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ/ʚʠʜʝʦ: ʥʝʢʦʪʦʨʳʝ ʀʀ-ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝ-

ʥʳ ʚ ʨʝʜʘʢʪʦʨʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʮʚʝʪʦʢʦʨʨʝʢʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦ, ʫʜʘʣʝʥʠʷ ʥʝʥʫʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʚʳʜʝʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʥʘ ʢʘʜʨʝ. 

3. ʅʘ ʵʪʘʧʝ ʤʦʥʪʘʞʘ ʠ ʢʦʤʧʦʥʦʚʢʠ. 

ʋʤʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ: ʥʝʢʦʪʦʨʳʝ ʦʥʣʘʡʥ-ʚʠʜʝʦʨʝʜʘʢʪʦʨʳ ʥʘʯʠʥʘʶʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʵʣʝ-

ʤʝʥʪʳ ʀʀ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʣʫʯʰʠʭ ʤʦʤʝʥʪʦʚ ʚʠʜʝʦ, ʥʘʨʝʟʢʠ ʧʦ ʨʠʪʤʫ ʤʫʟʳʢʠ, 

https://www.ilovepdf.com/ru/pdf_to_powerpoint
https://disk.yandex.ru/d/OBqKUXkPkAJeRg
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʩʫʙʪʠʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʫʜʠʦʜʦʨʦʞʢʠ. ʇʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʩʩʳʣʢʠ 

(https://clideo.com/ru/video-editor, https://online-video-cutter.com/ru/video-editor) ʚʝʜʫʪ ʥʘ ʪʘʢʠʝ ʦʥ-

ʣʘʡʥ-ʨʝʜʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʠʣʠ ʥʘʯʘʪʴ ʚʢʣʶʯʘʪʴ ʧʦʜʦʙʥʳʝ ʬʫʥʢʮʠʠ ʀʀ. 

ɻʝʥʝʨʘʮʠʷ ʢʦʨʦʪʢʠʭ ʚʠʜʝʦʚʩʪʘʚʦʢ: ʚ ʙʫʜʫʱʝʤ ʠʣʠ ʫʞʝ ʩʝʡʯʘʩ ʚ ʥʝʢʦʪʦʨʳʭ ʩʝʨʚʠʩʘʭ ʚʦʟ-

ʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʢʦʨʦʪʢʠʭ ʘʥʠʤʠʨʦʚʘʥʥʳʭ ʚʩʪʘʚʦʢ ʠʣʠ ʧʝʨʝʭʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʀʀ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʷ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʷʶʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠ-

ʜʝʦ ʩ ʥʫʣʷ, ʝʱʝ ʥʝ ʩʪʘʣʠ ʤʘʩʩʦʚʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʩʝʭ ʫʯʠʪʝʣʝʡ, ʥʝʡʨʦʩʝʪʠ ʫʞʝ ʩʝʡʯʘʩ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʪʘʧʘʭ: ʦʪ ʛʝʥʝʨʘʮʠʠ ʩʮʝʥʘʨʠʷ ʠ ʧʦʠʩʢʘ ʤʘʪʝʨʠʘʣʦʚ ʜʦ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ ʤʦʥʪʘʞʘ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʀʀ ʩ ʫʜʦʙʥʳʤʠ ʦʥ-

ʣʘʡʥ-ʨʝʜʘʢʪʦʨʘʤʠ ʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʬʫʪʘʞʝʡ ʧʦʟʚʦʣʷʝʪ ʧʝʜʘʛʦʛʘʤ ʩʦʟʜʘʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʠʜʝʦʤʘ-

ʪʝʨʠʘʣʳ ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʜʝʣʘʷ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ. 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʢʚʠʟʳ (ʚʠʢʪʦʨʠʥʳ, ʪʝʩʪʳ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪ-

ʨʫʤʝʥʪʦʚ ʚ ʘʨʩʝʥʘʣʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʯʠʪʝʣʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʧʨʦʚʝʨʠʪʴ ʫʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, 

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʫʯʘʱʠʭʩʷ ʠ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʝʥʠʷ ʠʣʠ ʟʘʢʨʝʧʣʝʥʠʷ ʟʥʘʥʠʡ ʙʦʣʝʝ 

ʫʚʣʝʢʘʪʝʣʴʥʳʤ. ʉʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʚʠʟʦʚ, ʦʩʦʙʝʥʥʦ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʠ ʚʘʨʠʘʥ-

ʪʘʤʠ ʦʪʚʝʪʦʚ, ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʦ ʟʜʝʩʴ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʠʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ. 

ʂʘʢ ʀʀ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʢʚʠʟʳ? 

ʅʝʡʨʦʩʝʪʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʪʨʫʜʦʝʤʢʫʶ ʯʘʩʪʴ 

ʨʘʙʦʪʳ ʧʦ ʛʝʥʝʨʘʮʠʠ ʢʦʥʪʝʥʪʘ ʜʣʷ ʢʚʠʟʘ: 

ɻʝʥʝʨʘʮʠʷ ʚʦʧʨʦʩʦʚ: ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ, ʪʝʢʩʪʫ ʧʘʨʘʛʨʘʬʘ ʠʣʠ ʥʘʙʦʨʫ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ ʀʀ 

ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ï ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ, ʚʝʨ-

ʥʦ/ʥʝʚʝʨʥʦ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʢʦʨʦʪʢʠʝ ʦʪʢʨʳʪʳʝ ʚʦʧʨʦʩʳ. 

ʉʦʟʜʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ: ʜʣʷ ʚʦʧʨʦʩʦʚ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ ʀʀ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ, ʥʦ ʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ çʦʪʚʣʝʢʘʶʱʠʝè ʚʘʨʠʘʥʪʳ (ʜʠʩʪʨʘʢʪʦʨʳ), 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʪʦʯʥʝʝ ʦʮʝʥʠʪʴ ʛʣʫʙʠʥʫ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ɸʜʘʧʪʘʮʠʷ ʧʦ ʩʣʦʞʥʦʩʪʠ: ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʚʠʥʫʪʳʝ ʩʠʩʪʝʤʳ ʀʀ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʘʜʘʧʪʠ-

ʨʦʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʚʦʧʨʦʩʦʚ ʧʦʜ ʫʢʘʟʘʥʥʳʡ ʫʨʦʚʝʥʴ ʫʯʘʱʠʭʩʷ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ). 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʢʚʠʟʘ: ʭʦʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʥʝʨʠʨʫʶʪ ʩʘʤ ʢʦʥʪʝʥʪ (ʚʦ-

ʧʨʦʩʳ ʠ ʦʪʚʝʪʳ), ʦʥʠ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʩʪʨʫʢʪʫʨʫ ʢʚʠʟʘ ʠʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʬʦʨ-

ʤʘʪ, ʫʜʦʙʥʳʡ ʜʣʷ ʟʘʛʨʫʟʢʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

ɹʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (ʏʘʪ-ʙʦʪʳ): ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʯʘʪ-ʙʦʪʳ, ʪʘʢʠʝ ʢʘʢ LeinGPT, Yandex 

GPT, Google Gemini, ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ. ɺʳ ʤʦʞʝʪʝ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʤ ʤʘʪʝʨʠʘʣ ʠʣʠ ʪʝʤʫ ʠ ʧʦʧʨʦʩʠʪʴ: çʉʛʝʥʝʨʠʨʫʡ 10 ʚʦʧʨʦʩʦʚ ʩ 4 ʚʘʨʠʘʥʪʘʤʠ ʦʪʚʝʪʘ 

ʧʦ ʪʝʤʝ çʌʦʪʦʩʠʥʪʝʟè ʜʣʷ 7 ʢʣʘʩʩʘè ʠʣʠ çʉʦʟʜʘʡ ʚʦʧʨʦʩʳ ʪʠʧʘ çʚʝʨʥʦ/ʥʝʚʝʨʥʦè ʧʦ ʪʝʢʩʪʫ ʩʪʘʪʴʠ 

ʦ ɼʨʝʚʥʝʤ ʈʠʤʝè. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʢʚʠʟʦʚ: ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʥʣʘʡʥ-

ʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ ʬʦʢʫʩʠʨʫʶʪʩʷ ʠʤʝʥʥʦ ʥʘ ʩʦʟʜʘʥʠʠ ʪʝʩʪʦʚ ʠ ʢʚʠʟʦʚ, ʠʥʦʛʜʘ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʀʀ ʜʣʷ ʧʦʤʦʱʠ ʚ ʛʝʥʝʨʘʮʠʠ ʢʦʥʪʝʥʪʘ: LearningApps.org, Quizizz, Kahoot!, Google 

Forms, ʗʥʜʝʢʩ.ʌʦʨʤʳ, ʥʦ ʠʭ AI-ʬʫʥʢʮʠʦʥʘʣ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ.  

https://clideo.com/ru/video-editor
https://online-video-cutter.com/ru/video-editor
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ʉ.ʉ. ɹʝʣʦʢʦʥʦʚʘ, ɺ. ʉ. ʏʫʤʘʢʦʚʘ  

 

ʃʀʅʀʗ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ɺ ʐʂʆʃʔʅʆʄ ʂʋʈʉɽ ʀʅʌʆʈʄɸʊʀʂʀ 

 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʣʠʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʥʘ ʨʘʟʥʳʭ ʩʪʫʧʝʥʷʭ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʘʟʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʯʝ-

ʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʝʛʦ ʧʨʝʧʦʜʘʚʘʥʠʷ. ʆʩʚʝʱʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦ-

ʙʣʝʤʳ ʠ ʚʳʟʦʚʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʰʢʦʣʴʥʳʤ ʫʯʠʪʝʣʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʣʠʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠ 

ʥʘʤʝʯʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʝʝ ʨʘʟʚʠʪʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. 
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Abstract. The article examines the role and importance of the programming line in the structure of 

the school computer science course. The main goals of studying programming at different levels of gen-

eral education, the basic content of this section, as well as the methodological approaches and tools used 

for its teaching are analyzed. The current problems and challenges facing the school teacher in imple-

menting the programming line are highlighted, and the prospects for its development in the context of the 

digital transformation of education are outlined. 

Key words: school computer science, programming line, algorithmic thinking, programming lan-

guages, teaching methods, Federal State Educational Standard, digital education, competencies. 

 
ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʰʢʦʣʴʥʳʡ ʢʫʨʩ ʠʥʬʦʨʤʘʪʠʢʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʢʘʢ ʬʫʥʜʘʤʝʥʪ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʧʫʩʢʥʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʜʣʷ ʦʩʚʦʝʥʠʷ ʨʘʟʜʝʣʦʚ ʵʪʦʛʦ ʢʫʨʩʘ ʷʚʣʷʝʪʩʷ ʣʠʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ. ʀʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝ ʩʚʦʜʠʪʩʷ ʣʠʰʴ ʢ ʦʙʫʯʝʥʠʶ ʥʘʧʠʩʘʥʠʶ ʢʦʜʘ; ʵʪʦ ʤʦʱʥʳʡ ʠʥ-

ʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ, ʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ, ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʘʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʙʳʩʪʨʦʨʘʩʪʫʱʝʡ IT-ʦʪʨʘʩʣʠ, ʥʦ ʠ ʧʦʪʨʝʙʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʚʩʝʭ ʫʯʘʱʠʭʩʷ 

ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʢʘʢ çʨʘʙʦʪʘʝʪè ʮʠʬʨʦʚʦʡ ʤʠʨ ʚʦʢʨʫʛ ʥʘʩ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʜʘʝʪ 

ʢʣʶʯ ʢ ʵʪʦʤʫ ʧʦʥʠʤʘʥʠʶ, ʧʦʟʚʦʣʷʷ ʧʝʨʝʡʪʠ ʦʪ ʨʦʣʠ ʧʘʩʩʠʚʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʪʝʭʥʦʣʦʛʠʡ ʢ ʨʦʣʠ ʠʭ 

ʘʢʪʠʚʥʦʛʦ ʩʦʟʜʘʪʝʣʷ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʩʪʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʣʠʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʤ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ, ʨʘʩʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʝʝ ʧʨʝʧʦʜʘʚʘʥʠʶ ʠ ʦʙʩʫ-

ʜʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ IT-ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʪʨʝʙʦʚʘʥʳ ʢʘʢ ʥʠʢʦʛʜʘ, ʠ ʟʥʘʥʠʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʝ Python ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʫʜʫʱʝʡ ʢʘʨʴʝʨʳ. ʗʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ. 

ʅʘʧʠʩʘʥʠʝ ʝʜʠʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʟʘʤʝʥʘ (ɽɻʕ) ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ, ʠ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʰʘʥʩʳ ʥʘ ʫʩʧʝʰʥʫʶ 

ʩʜʘʯʫ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʩʣʦʞ-

ʥʳʝ ʟʘʜʘʯʠ, ʯʪʦ ʧʦʣʝʟʥʦ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ɽɻʕ ʧʦ ʠʥʬʦʨ-

ʤʘʪʠʢʝ ʪʨʝʙʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʚʠʪʴ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʝ ʥʘ ʷʟʳʢʝ Python. 

ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ï ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʦʙʲʸʤ, ʧʦʨʷʜʦʢ, ʩʦʜʝʨʞʘʥʠʝ 

ʠʟʫʯʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʢʫʨʩʘ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʧʨʠʤʝʨʥʫʶ ʠʣʠ ʘʚʪʦʨʩʢʫʶ ʧʨʦʛʨʘʤʤʫ ʚʥʝ-

ʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ï ʵʪʦ ʣʦʢʘʣʴʥʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ, ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʰʢʦʣʳ. ʉ ʧʦʤʦʱʴʶ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʫʯʠʪʝʣʴ ʧʣʘʥʠʨʫʝʪ ʠ ʦʨʛʘʥʠʟʫʝʪ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʪ ʠʤ. ɼʦʢʫʤʝʥʪ ʢʦʥʢʨʝʪʠʟʠʨʫʝʪ ʧʦʨʷʜʦʢ, ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʦʙʲʝʤ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʘ, ʢʫʨʩʘ ʠʣʠ ʜʠʩʮʠʧʣʠʥʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʬʝʜʝʨʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳ. ʌʝʜʝʨʘʣʴʥʳʝ ʨʘʙʦʯʠʝ 

ʧʨʦʛʨʘʤʤʳ ï ʯʘʩʪʴ ʬʝʜʝʨʘʣʴʥʦʡ ʦʩʥʦʚʥʦʡ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʌʆʇ). ʌʝʜʝʨʘʣʴʥʘʷ 

ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ. ɽʝ ʮʝʣʴ ï 

ʯʪʦʙʳ ʢʘʞʜʳʡ ʰʢʦʣʴʥʠʢ ʜʦʩʪʠʛ ʧʣʘʥʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʘʢ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʚ 8 ʢʣʘʩʩʝ ʥʘ ʠʟʫʯʝʥʠʝ ʨʘʟʜʝʣʘ çɸʣʛʦʨʠʪʤʳ ʠ ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷè ʦʪʚʦʜʠʪʩʷ 21 ʯʘʩʦʚ ʚ ʛʦʜ. ʆʙʫʯʘʶʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ ʩ ʪʘʢʠʤʠ ʪʝʤʘʤʠ, ʢʘʢ:  

-  çʇʦʥʷʪʠʝ ʘʣʛʦʨʠʪʤʘ. ʀʩʧʦʣʥʠʪʝʣʠ ʘʣʛʦʨʠʪʤʦʚ. ɸʣʛʦʨʠʪʤ ʢʘʢ ʧʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝ-

ʣʝʤ. ʉʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʘ. ʉʧʦʩʦʙʳ ʟʘʧʠʩʠ ʘʣʛʦʨʠʪʤʘè; 
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- çɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʦʥʩʪʨʫʢʮʠʷ çʩʣʝʜʦʚʘʥʠʝè. ʂʦʥʩʪʨʫʢʮʠʷ çʚʝʪʚʣʝʥʠʝè: 

ʧʦʣʥʘʷ ʠ ʥʝʧʦʣʥʘʷ ʬʦʨʤʳ. ʂʦʥʩʪʨʫʢʮʠʷ çʧʦʚʪʦʨʝʥʠʷè: ʮʠʢʣʳ ʩ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʧʦʚʪʦʨʝʥʠʡ, ʩ 

ʫʩʣʦʚʠʝʤ ʚʳʧʦʣʥʝʥʠʷ, ʩ ʧʝʨʝʤʝʥʥʦʡ ʮʠʢʣʘè; 

- çʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: ʨʝʜʘʢʪʦʨ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤ, ʪʨʘʥʩʣʷ-

ʪʦʨ, ʦʪʣʘʜʯʠʢ. ʇʝʨʝʤʝʥʥʘʷ: ʪʠʧ, ʠʤʷ, ʟʥʘʯʝʥʠʝ. ʎʝʣʳʝ, ʚʝʱʝʩʪʚʝʥʥʳʝ ʠ ʩʠʤʚʦʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. 

ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʘʠʚʘʥʠʷ. ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʠ ʧʦʨʷʜʦʢ ʠʭ ʚʳʯʠʩʣʝʥʠʷ. ʆʧʝʨʘʮʠʠ ʩ ʮʝ-

ʣʳʤʠ ʯʠʩʣʘʤʠ: ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʜʝʣʝʥʠʝ, ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ. ɺʝʪʚʣʝʥʠʷ. ʎʠʢʣ ʩ ʫʩʣʦʚʠʝʤ. ʎʠʢʣ ʩ 

ʧʝʨʝʤʝʥʥʦʡè. 

ɺ 9 ʢʣʘʩʩʝ ʧʦ ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʥʘ ʠʟʫʯʝʥʠʝ ʪʝʤʳ çɸʣʛʦʨʠʪʤʳ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʦʪʚʦʜʠʪʴʩʷ 6 ʯʘʩʦʚ ʚ ʛʦʜ. ʆʙʫʯʘʶʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ ʩ ʪʘʢʠʤʠ ʪʝʤʘʤʠ, ʢʘʢ: 

- çʉʦʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʪʚʣʝʥʠʡ, ʮʠʢʣʦʚ ʠ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʝʤ ʈʦʙʦʪ ʠʣʠ ʜʨʫʛʠʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠè; 

- çʊʘʙʣʠʯʥʳʝ ʚʝʣʠʯʠʥʳ (ʤʘʩʩʠʚʳ). ʆʜʥʦʤʝʨʥʳʝ ʤʘʩʩʠʚʳ. ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʦʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʪʠʧʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʤʝʨʥʳʭ ʯʠʩʣʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʥʘ ʦʜʥʦʤ ʠʟ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: ʟʘʧʦʣʥʝʥʠʝ ʯʠʩʣʦʚʦʛʦ ʤʘʩʩʠʚʘ ʩʣʫʯʘʡʥʳʤʠ ʯʠʩʣʘʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫ-

ʣʦʡ ʠʣʠ ʧʫʪʸʤ ʚʚʦʜʘ ʯʠʩʝʣ, ʥʘʭʦʞʜʝʥʠʝ ʩʫʤʤʳ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʣʠʥʝʡʥʳʡ ʧʦʠʩʢ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʤʘʩʩʠʚʝ, ʧʦʜʩʯʸʪ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘʜʘʥʥʦʤʫ ʫʩʣʦʚʠʶ, ʥʘʭʦʞʜʝ-

ʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ. ʉʦʨʪʠʨʦʚʢʘ ʤʘʩʩʠʚʘ. ʆʙʨʘʙʦʪʢʘ ʧʦʪʦʢʘ 

ʜʘʥʥʳʭ: ʚʳʯʠʩʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ, ʩʫʤʤʳ, ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ, ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè. 

ɺ 11 ʢʣʘʩʩʝ ʥʘ ʨʘʟʜʝʣ çɸʣʛʦʨʠʪʤʳ ʠ ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè ʦʪʚʦʜʠʪʩʷ 11 ʯʘʩʦʚ ʚ 

ʛʦʜ. ʆʙʫʯʘʶʱʠʝʩʷ ʧʦʚʪʦʨʷʶʪ ʠ ʠʟʫʯʘʶʪ ʪʘʢʠʝ ʪʝʤʳ, ʢʘʢ: 

- çʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè; 

- çʊʠʧʳ ʜʘʥʥʳʭ: ʮʝʣʦʯʠʩʣʝʥʥʳʝ, ʚʝʱʝʩʪʚʝʥʥʳʝ, ʩʠʤʚʦʣʴʥʳʝ, ʣʦʛʠʯʝʩʢʠʝè; 

- çɺʝʪʚʣʝʥʠʷ. ʉʦʩʪʘʚʥʳʝ ʫʩʣʦʚʠʷè; 

- çʎʠʢʣʳ ʩ ʫʩʣʦʚʠʝʤ. ʎʠʢʣʳ ʧʦ ʧʝʨʝʤʝʥʥʦʡè; 

- çʆʙʨʘʙʦʪʢʘ ʩʠʤʚʦʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʤʚʦʣʴʥʳʭ ʩʪʨʦʢ. ɸʣʛʦʨʠʪʤʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʦʚ (ʟʘʤʝʥʘ ʩʠʤʚʦʣʘ/ʬʨʘʛʤʝʥʪʘ, ʫʜʘʣʝ-

ʥʠʝ ʠ ʚʩʪʘʚʢʘ ʩʠʤʚʦʣʘ/ʬʨʘʛʤʝʥʪʘ, ʧʦʠʩʢ ʚʭʦʞʜʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ)è; 

- çʊʘʙʣʠʯʥʳʝ ʚʝʣʠʯʠʥʳ (ʤʘʩʩʠʚʳ). ʇʦʥʷʪʠʝ ʦ ʜʚʫʤʝʨʥʳʭ ʤʘʩʩʠʚʘʭ (ʤʘʪʨʠʮʘʭ). ɸʣʛʦʨʠʪʤʳ 

ʨʘʙʦʪʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʘʩʩʠʚʘ ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʧʨʦʩʤʦʪʨʦʤ ʤʘʩʩʠʚʘ: ʩʫʤʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩ-

ʩʠʚʘ, ʧʦʜʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ (ʩʫʤʤʳ) ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘʜʘʥʥʦʤʫ ʫʩʣʦʚʠʶ, ʥʘ-

ʭʦʞʜʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ (ʥʘʠʤʝʥʴʰʝʛʦ) ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʥʘʭʦʞʜʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦ ʚʝʣʠ-

ʯʠʥʝ ʥʘʠʙʦʣʴʰʝʛʦ (ʥʘʠʤʝʥʴʰʝʛʦ) ʟʥʘʯʝʥʠʷ, ʣʠʥʝʡʥʳʡ ʧʦʠʩʢ ʵʣʝʤʝʥʪʘ, ʧʝʨʝʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ 

ʤʘʩʩʠʚʘ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʉʦʨʪʠʨʦʚʢʘ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘè; 

- çʇʦ̫ʜʧʨʦʛʨʘʤʤʳ. ʈʝʢʫʨʩʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʉʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ: ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥ-

ʥʳʭ ʦʧʝʨʘʮʠʡ, ʨʘʟʤʝʨ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʥʘ ʠʟʫʯʝʥʠʝ ʪʝʤʳ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʚ 8-ʭ, 9-ʭ, 11-ʭ 

ʢʣʘʩʩʘʭ ʦʪʚʦʜʠʪʩʷ 38 ʯʘʩʦʚ. 

ʃʠʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʝʨʞʥʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ, 

ʠʥʪʝʛʨʠʨʫʶʱʠʤ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʝʛʦ ʨʘʟʜʝʣʳ. ɽʝ ʟʥʘʯʝʥʠʝ ʤʥʦʛʦʛʨʘʥʥʦ. 

ʈʘʟʚʠʪʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ: ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʫʯʠʪ ʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʪʴ ʟʘʜʘʯʠ, ʨʘʟʙʠʚʘʪʴ ʠʭ ʥʘ ʤʝʣʢʠʝ ʰʘʛʠ, ʩʪʨʦʠʪʴ ʣʦʛʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʨʘʩʩʫʞʜʝʥʠʡ, ʧʨʝʜʚʠ-

ʜʝʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ. ʕʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʚʳʢʠ ʧʦʣʝʟʥʳ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ: ʧʝʨʝʚʦʜ ʟʘʜʘʯʠ ʩ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʥʘ ʬʦʨʤʘʣʴ-

ʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤʳ, ʧʦʠʩʢ ʦʰʠʙʦʢ ï ʚʩʝ ʵʪʦ ʦʪʪʘʯʠʚʘʝʪ ʫʤʝʥʠʝ ʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʥʘʭʦʜʠʪʴ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 

ʇʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʥʘʧʠʩʘʥʠʝ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʢʘʢ ʚʳʧʦʣʥʷʶʪʩʷ ʢʦʤʘʥʜʳ, ʢʘʢ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ. 
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ʈʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ: ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦ-

ʚʦʛʦ: ʠʛʨ, ʘʥʠʤʘʮʠʡ, ʚʝʙ-ʩʘʡʪʦʚ, ʧʨʠʣʦʞʝʥʠʡ. ʆʥʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʘʤʦʚʳ-

ʨʘʞʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʚʣʘʜʝʥʠʝ ʦʩʥʦʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʣʠ ʜʘʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʧʨʦʬʠʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 

ɺ ʌʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ (ʌɻʆʉ) ʠʥʬʦʨʤʘʪʠʢʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʝʜʤʝʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʙʘʟʦʚʦʡ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, 

ʪʘʢ ʠ ʧʨʦʬʠʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʛʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʙʣʦʢʝ çɸʣ-

ʛʦʨʠʪʤʠʟʘʮʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʟʥʘʥʠʝ ʚʘʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʝʛʦ ʧʨʝʧʦʜʘʚʘʥʠʠ ʚ ʰʢʦʣʝ ʚʦʟʥʠ-

ʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ.  

ï ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʫʯʠʪʝʣʝʡ: ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝ-

ʜʘʛʦʛʦʚ ʚ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ï ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ: ʚ ʦʜʥʦʤ ʢʣʘʩʩʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʜʝʪʠ ʩ ʥʘ-

ʯʘʣʴʥʳʤ ʦʧʳʪʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʢʨʫʞʢʠ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ), ʪʘʢ ʠ ʪʝ, ʢʪʦ ʥʠʢʦʛʜʘ ʩ 

ʵʪʠʤ ʥʝ ʩʪʘʣʢʠʚʘʣʩʷ. 

ï ʆʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ʚ ʫʯʝʙʥʦʤ ʧʣʘʥʝ: ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʠʥʬʦʨʤʘʪʠʢʫ, 

ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʩʚʦʝʥʠʷ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ï ʄʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: ʥʝ ʚʩʝʛʜʘ ʢʣʘʩʩʳ ʦʙʦʨʫʜʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʪʘʙʠʣʴʥʳʤ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʝʤ. 

ï ɹʳʩʪʨʦʝ ʫʩʪʘʨʝʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ: ʠʟʫʯʘʝʤʳʝ ʷʟʳʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ, ʪʨʝ-

ʙʫʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ. 

ï ʉʣʦʞʥʦʩʪʴ ʧʨʝʜʤʝʪʘ ʜʣʷ ʯʘʩʪʠ ʫʯʘʱʠʭʩʷ: ʘʙʩʪʨʘʢʪʥʦʩʪʴ ʠ ʬʦʨʤʘʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʫ ʥʝʢʦʪʦʨʳʭ ʰʢʦʣʴʥʠʢʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʝʧʦʜʘʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

1. ʆʪ ʘʣʛʦʨʠʪʤʘ ʢ ʧʨʦʛʨʘʤʤʝ: ʚʘʞʥʦ ʩʥʘʯʘʣʘ ʥʘʫʯʠʪʴ ʫʯʘʱʠʭʩʷ ʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ, ʘ ʣʠʰʴ ʟʘʪʝʤ ʧʝʨʝʚʦʜʠʪʴ ʝʛʦ ʥʘ ʚʳʙʨʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

2. ɺʠʟʫʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʢʘʢ ʩʪʘʨʪʦʚʘʷ ʧʣʦʱʘʜʢʘ: ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʦʩʦʙʝʥʥʦ ʚ 

ʤʣʘʜʰʠʭ ʠ ʩʨʝʜʥʠʭ ʢʣʘʩʩʘʭ, ʙʣʦʯʥʳʝ ʷʟʳʢʠ ʩʥʠʤʘʶʪ ʙʘʨʴʝʨ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʣʦʛʠʢʝ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʘ. 

3. ʇʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ: ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʠ-ʧʨʦʝʢʪʦʚ (ʠʛʨ, ʢʘʣʴʢʫʣʷʪʦʨʦʚ, ʦʙʨʘ-

ʙʦʪʯʠʢʦʚ ʪʝʢʩʪʘ) ʧʦʚʳʰʘʝʪ ʤʦʪʠʚʘʮʠʶ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

4. ʈʝʰʝʥʠʝ ʟʘʜʘʯ: ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʦʪ ʧʨʦʩʪʳʭ ʜʦ 

ʦʣʠʤʧʠʘʜʥʳʭ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʦʩʚʦʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʨʝʜ: ʧʣʘʪʬʦʨʤʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʨʦʚʝʨʢʦʡ ʢʦʜʘ (Code.org, Stepik, LeetCode, HackerRank ʜʣʷ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ) ʧʦʟʚʦʣʷʶʪ ʫʯʘʱʠʤ-

ʩʷ ʨʘʙʦʪʘʪʴ ʚ ʫʜʦʙʥʦʤ ʪʝʤʧʝ ʠ ʧʦʣʫʯʘʪʴ ʤʛʥʦʚʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ (IDE) ʩ ʧʦʜʩʢʘʟʢʘʤʠ ʠ ʦʪʣʘʜʯʠʢʘʤʠ ʦʙʣʝʛʯʘʶʪ ʥʘʧʠʩʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ. 

5. ʇʘʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ: ʨʘʙʦʪʘ ʚ ʧʘʨʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʤʝʥʫ ʠʜʝʷʤʠ, ʚʟʘʠʤʦʦʙʫʯʝ-

ʥʠʶ ʠ ʚʳʷʚʣʝʥʠʶ ʦʰʠʙʦʢ. 

6. ɻʝʡʤʠʬʠʢʘʮʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʛʨʳ, ʩʦʨʝʚʥʦʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʥʘ ʧʣʘʪʬʦʨʤʘʭ 

ʪʠʧʘ Codeforces ʠʣʠ ʚ ʨʘʤʢʘʭ ʰʢʦʣʴʥʳʭ ʦʣʠʤʧʠʘʜ) ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʨʝʩ. 

ʇʨʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʰʢʦʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʧʝʜʘʛʦʛʫ ʠ ʤʝʪʦʜʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ: 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʚʦʟʨʘʩʪʫ ʠ ʫʨʦʚʥʶ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ: ʠʥʩʪʨʫʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʥʷʪʝʥ 

ʠ ʜʦʩʪʫʧʝʥ ʜʣʷ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ɼʣʷ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʠ ʥʦʚʠʯʢʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʚʠʟʫ-

ʘʣʴʥʳʝ ʩʨʝʜʳ, ʜʣʷ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ï ʪʝʢʩʪʦʚʳʝ IDE. 

ʇʨʦʩʪʦʪʘ ʦʩʚʦʝʥʠʷ ʠ ʫʜʦʙʩʪʚʦ ʠʥʪʝʨʬʝʡʩʘ: ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʷʩʥʳʝ ʩʦʦʙ-

ʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ, ʫʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʦʪʣʘʜʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ. 
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ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ: ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʬʫʥʢʮʠʡ ï ʨʝʜʘʢʪʦʨʘ ʢʦʜʘ ʩ ʧʦʜʩʚʝʪʢʦʡ ʩʠʥʪʘʢ-

ʩʠʩʘ, ʢʦʤʧʠʣʷʪʦʨʘ ʠʣʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ, ʦʪʣʘʜʯʠʢʘ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 

ɼʦʩʪʫʧʥʦʩʪʴ: ʣʠʮʝʥʟʠʦʥʥʳʝ ʫʩʣʦʚʠʷ (ʙʝʩʧʣʘʪʥʦʝ, ʫʩʣʦʚʥʦ-ʙʝʩʧʣʘʪʥʦʝ, ʧʣʘʪʥʦʝ ʇʆ), ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʫʩʪʘʥʦʚʢʝ (ʣʦʢʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʘʙʦʪʘ ʦʥʣʘʡʥ), ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʰʢʦʣʝ. 

ʅʘʣʠʯʠʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʜʦʢʫʤʝʥʪʘʮʠʷ, ʫʯʝʙʥʠʢʠ, ʚʠʜʝʦʫʨʦʢʠ, ʧʨʠʤʝ-

ʨʳ ʢʦʜʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ: ʇʆ ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʠ ʌɻʆʉ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʙʝʟ ʩʙʦʝʚ ʜʘʞʝ ʥʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʩʣʘʙʦʤ ʰʢʦʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: ʧʦʟʚʦʣʷʝʪ ʣʠ ʩʨʝʜʘ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʢ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ, ʦʪ ʥʝʙʦʣʴʰʠʭ ʧʨʦʛʨʘʤʤ ʢ ʙʦʣʝʝ ʢʨʫʧʥʳʤ ʧʨʦʝʢʪʘʤ. 

ʇʦʜʜʝʨʞʢʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ (ʜʣʷ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ): ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʫʧ-

ʧʦʚʳʭ ʧʨʦʝʢʪʦʚ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʰʢʦʣʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʡ: 

ɺʠʟʫʘʣʴʥʳʝ (ʙʣʦʯʥʳʝ) ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʣʘʜʰʫʶ ʠ ʩʨʝʜ-

ʥʶʶ ʰʢʦʣʫ, ʠʩʧʦʣʴʟʫʶʪ ʛʨʘʬʠʯʝʩʢʠʝ ʙʣʦʢʠ ʚʤʝʩʪʦ ʪʝʢʩʪʦʚʦʛʦ ʢʦʜʘ. 

ʊʝʢʩʪʦʚʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ (IDE): ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʧʠʩʘʥʠʷ, ʢʦʤʧʠʣʷʮʠʠ/ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʪʣʘʜʢʠ ʢʦʜʘ ʥʘ ʪʝʢʩʪʦʚʳʭ ʷʟʳʢʘʭ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʆʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʘʤʠ: ʧʨʝʜʣʘʛʘʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʢʫʨ-

ʩʳ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʟʘʜʘʥʠʷ ʠ ʩʨʝʜʫ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʧʨʷʤʦ ʚ ʙʨʘʫʟʝʨʝ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʠʤʫʣʷʪʦʨʳ: ʇʆ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʘʩʧʝʢ-

ʪʦʚ (ʥʘʧʨʠʤʝʨ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʘʣʛʦʨʠʪʤʳ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʢʦʜ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʥʝʢʦʪʦʨʳʝ ʧʦʧʫʣʷʨʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ: 

ɺʠʟʫʘʣʴʥʳʝ (ʙʣʦʯʥʳʝ) ʩʨʝʜʳ: 
Scratch: ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʟʚʦʣʷʝʪ ʩʦʟ-

ʜʘʚʘʪʴ ʠʛʨʳ, ʘʥʠʤʘʮʠʠ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʩʪʦʨʠʠ ʧʫʪʝʤ ʧʝʨʝʪʘʩʢʠʚʘʥʠʷ ʠ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʙʣʦʢʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʥʠʟʢʠʡ ʧʦʨʦʛ ʚʭʦʜʘ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚʳʩʦʢʘʷ ʤʦʪʠʚʘʮʠʷ ʟʘ 

ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʠʜʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠ ʤʥʦʞʝʩʪʚʦ ʛʦʪʦʚʳʭ ʧʨʦʝʢ-

ʪʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ: ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤ, ʘʙʩʪʨʘʛʠʨʫʝʪ ʦʪ 

ʩʠʥʪʘʢʩʠʩʘ ʨʝʘʣʴʥʳʭ ʷʟʳʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʝʥ ʧʝʨʝʭʦʜ ʢ ʪʝʢʩʪʦʚʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

Code.org (Blockly): ʠʩʧʦʣʴʟʫʝʪ ʙʣʦʢʠ Blockly ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʫʨʩʦʚ (Hour of Code, Minecraft, Star Wars ʠ ʪ.ʜ.). 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʧʨʠʚʷʟʢʘ ʢ ʧʦʧʫʣʷʨʥʳʤ ʪʝʤʘʤ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʫʨʦʢʠ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʟʘʜʘʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ: ʦʨʠʝʥʪʠʨʦʚʘʥ ʙʦʣʴʰʝ ʥʘ ʦʩʚʦʝʥʠʝ ʢʦʥʮʝʧʮʠʡ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, ʯʝʤ ʥʘ ʛʣʫʙʦ-

ʢʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʬʦʨʤʘʪʦʚ ʟʘʜʘʥʠʡ. 

Kodu Game Lab: ʩʨʝʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʠʛʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʟʫʘʣʴʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʠʟʫʘʣʴʥʦ ʧʨʠʚʣʝʢʘʪʝʣʝʥ, ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʠʛʨ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟ-

ʚʠʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʷʟʳʢ ʠ ʥʘʟʥʘʯʝʥʠʝ, ʤʝʥʝʝ ʫʥʠʚʝʨʩʘʣʝʥ. 

ʊʝʢʩʪʦʚʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ (IDE): 
IDLE (ʜʣʷ Python): ʙʘʟʦʚʘʷ IDE, ʧʦʩʪʘʚʣʷʝʤʘʷ ʚʤʝʩʪʝ ʩ ʜʠʩʪʨʠʙʫʪʠʚʦʤ Python. ɺʢʣʶʯʘʝʪ 

ʧʨʦʩʪʦʡ ʨʝʜʘʢʪʦʨ, ʦʙʦʣʦʯʢʫ (shell) ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʠ ʙʘʟʦʚʳʡ ʦʪʣʘʜʯʠʢ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʭʦʜʠʪ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʧʦʩʪʘʚʢʫ, ʧʨʦʩʪ ʜʣʷ ʩʪʘʨʪʘ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʧʫʣʷʨ-

ʥʳʡ ʷʟʳʢ Python. 

ʅʝʜʦʩʪʘʪʢʠ: ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʤʠ IDE, ʠʥ-

ʪʝʨʬʝʡʩ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʫʩʪʘʨʝʚʰʠʤ. 

Thonny (ʜʣʷ Python): ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ Python. 

ʀʤʝʝʪ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʰʘʛʦʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʜʘ ʩ ʧʦʜʩʚʝʪʢʦʡ, ʫʜʦʙʥʳʡ ʦʪʣʘʜʯʠʢ, ʥʘʛʣʷʜ-

ʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤ-

ʤʳ, ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʅʝʜʦʩʪʘʪʢʠ: ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʥʘ Python, ʤʝʥʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ IDE. 

PascalABC.NET: ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʨʝʜʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʠʟʫʯʝʥʠʝ ʷʟʳʢʘ Pascal ʠ ʦʩʥʦʚ 

ʆʆʇ. ɺʢʣʶʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʜʠʘʣʝʢʪ Pascal ʠ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʧʦʜʜʝʨʞʠʚʘʝʪ ʷʟʳʢ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʰʢʦʣʘʭ ʈʌ, ʩʦʚʨʝʤʝʥʥʘʷ 

ʚʝʨʩʠʷ ʷʟʳʢʘ, ʨʘʟʚʠʪʘʷ ʩʨʝʜʘ. 

ʅʝʜʦʩʪʘʪʢʠ: ʤʝʥʝʝ ʧʦʧʫʣʷʨʝʥ ʚ ʠʥʜʫʩʪʨʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Python ʠʣʠ C++, ʵʢʦʩʠʩʪʝʤʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʨʘʟʚʠʪʘ. 

Visual Studio Code (VS Code): ʤʦʱʥʳʡ, ʙʝʩʧʣʘʪʥʳʡ ʨʝʜʘʢʪʦʨ ʢʦʜʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʤʥʦʞʝʩʪʚʘ 

ʷʟʳʢʦʚ ʯʝʨʝʟ ʨʘʩʰʠʨʝʥʠʷ (Python, C++, Java ʠ ʜʨ.). ʊʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʠʣʷʪʦ-

ʨʘ/ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʚ ʤʠʨʝ, ʚʳʩʦʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, 

ʛʠʙʢʦʩʪʴ, ʦʛʨʦʤʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ʅʝʜʦʩʪʘʪʢʠ: ʤʦʞʝʪ ʙʳʪʴ ʠʟʙʳʪʦʯʝʥ ʠ ʩʣʦʞʝʥ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʪʨʝʙʫʝʪ ʥʘʩʪʨʦʡʢʠ ʨʘʩʰʠ-

ʨʝʥʠʡ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʮʝʥʥʦʡ "ʚʩʝ-ʚ-ʦʜʥʦʤ" IDE ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʘʤʠ: 
Stepik: ʨʦʩʩʠʡʩʢʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʨʝʜʣʘʛʘʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʢʫʨʩʦʚ ʧʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ. ɺʢʣʶʯʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʟʘʜʘʯʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʦʡ 

ʢʦʜʘ ʚ ʙʨʘʫʟʝʨʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʢʫʨʩʳ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʤ ʠ ʷʟʳʢʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ, 

ʜʦʩʪʫʧʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʪʨʝʙʫʝʪ ʩʪʘʙʠʣʴʥʦʛʦ ʠʥʪʝʨʥʝʪʘ, ʩʨʝʜʘ ʚ ʙʨʘʫʟʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘ, ʯʝʤ ʣʦʢʘʣʴʥʘʷ IDE. 

Codecademy, Khan Academy, Coursera ʠ ʜʨ.: ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʣʘʪʬʦʨʤʳ ʩ ʢʫʨʩʘʤʠ ʧʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʶ. ʏʘʩʪʦ ʧʨʝʜʣʘʛʘʶʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʳ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʢʦʜʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʫʨʩʳ, ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʷʟʳʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʪʝʨʘʢʪʠʚ-

ʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʥʝʢʦʪʦʨʳʝ ʢʫʨʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʣʘʪʥʳʤʠ, ʷʟʳʢ ʧʨʝʧʦʜʘʚʘʥʠʷ (ʯʘʩʪʦ ʘʥʛʣʠʡ-

ʩʢʠʡ), ʪʨʝʙʫʶʪ ʠʥʪʝʨʥʝʪʘ. 

ɺʳʟʦʚʳ ʠ ʩʦʦʙʨʘʞʝʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʆ 
ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʝʧʦʜʘʚʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʰʢʦʣʝ ï ʵʪʦ ʥʝ 

ʦʜʥʦʨʘʟʦʚʦʝ ʨʝʰʝʥʠʝ. ʋʯʠʪʝʣʴ ʜʦʣʞʝʥ: 

ï ʫʯʠʪʳʚʘʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʰʢʦʣʳ; 

ï ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʪʴ ʩʚʦʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʜʣʷ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

ï ʙʳʪʴ ʛʦʪʦʚʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʜʣʷ ʨʘʟʥʳʭ ʮʝʣʝʡ ʠ ʫʨʦʚʥʝʡ 

(ʥʘʧʨʠʤʝʨ, Scratch ʚ 5-6 ʢʣʘʩʩʘʭ, Thonny/IDLE ʚ 7-9 ʢʣʘʩʩʘʭ, VS Code + Python/C++ ʚ 10-11 ʢʣʘʩ-

ʩʘʭ). 

ï ʧʨʦʜʫʤʳʚʘʪʴ ʤʝʪʦʜʠʢʫ ʠʥʪʝʛʨʘʮʠʠ ʇʆ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʥʝ ʩʚʦʜʷ ʦʙʫʯʝʥʠʝ ʪʦʣʴʢʦ ʢ 

ʦʩʚʦʝʥʠʶ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ; 

ï ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪ-

ʨʫʤʝʥʪʦʚ ï ʦʪ ʧʨʦʩʪʳʭ ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜ ʜʣʷ ʟʥʘʢʦʤʩʪʚʘ ʩ ʙʘʟʦʚʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ ʜʦ ʤʦʱʥʳʭ ʪʝʢ-
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ʩʪʦʚʳʭ IDE ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. 

ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʇʆ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʫʯʘʱʠʭʩʷ, ʮʝʣʝʡ ʦʙʫʯʝ-

ʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠ ʜʦʩʪʫʧʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʩʪ-

ʨʫʤʝʥʪʘ, ʠʜʝʘʣʴʥʦʛʦ ʜʣʷ ʚʩʝʭ ʩʠʪʫʘʮʠʡ. ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʝʧʦʜʘʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʰʢʦʣʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʠʪʝʣʷ ʛʨʘʤʦʪʥʦ ʚʳʙʨʘʪʴ, ʦʩʚʦʠʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʪʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠ-

ʪʠʶ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʫ ʰʢʦʣʴʥʠʢʦʚ, ʛʦ-

ʪʦʚʷ ʠʭ ʢ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ʚ ʮʠʬʨʦʚʦʤ ʤʠʨʝ. 

ʃʠʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʥ-

ʬʦʨʤʘʪʠʢʠ, ʠʛʨʘʶʱʝʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʣʷ XXI ʚʝʢʘ ʢʦʤʧʝ-

ʪʝʥʮʠʡ ï ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʜʨʦʚ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʩʥʘʱʝʥʠʝʤ, ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɸʢʪʠʚʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʦʝʢʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʥʜʘʤʠ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʠʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʰʢʦʣʝ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢ-

ʪʠʚʥʳʤ, ʥʦ ʠ ʫʚʣʝʢʘʪʝʣʴʥʳʤ, ʛʦʪʦʚʷ ʫʯʘʱʠʭʩʷ ʢ ʫʩʧʝʰʥʦʡ ʞʠʟʥʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʶʱʝʤʩʷ ʮʠʬʨʦʚʦʤ ʤʠʨʝ. 
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DIGITAL ASSISTANTS: PROGRAMS AND PLATFORMS FOR EXTRACURRICULAR 

WORK IN COMPUTER SCIENCE AT SCHOOL  

 

 

Abstract. The article çDigital assistants: programs and platforms for extracurricular work in com-

puter science at schoolè examines current digital tools and platforms for organizing extracurricular work 

in computer science at school. An overview of online resources for teaching programming, creating inter-

active tasks, studying the basics, collaboration and modeling is provided, serving as a guide for teachers. 

Key words: digital assistants, extracurricular activities, computer science, school, educational plat-

forms, teaching programming, interactive tasks, collaboration, data modeling. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʢ ʞʠʟʥʠ ʠ 

ʨʘʙʦʪʝ ʚ ʤʝʥʷʶʱʝʤʩʷ ʮʠʬʨʦʚʦʤ ʤʠʨʝ. ʀʥʬʦʨʤʘʪʠʢʘ ʢʘʢ ʰʢʦʣʴʥʳʡ ʧʨʝʜʤʝʪ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ. ʆʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʚ ʨʘʤʢʘʭ ʦʩʥʦʚʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʭʚʘʪʠʪʴ ʚʩʝ ʘʩʧʝʢʪʳ ʧʨʝʜʤʝʪʘ, ʜʘʪʴ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʦʢʦ ʧʦʛʨʫʟʠʪʴʩʷ ʚ 

ʠʥʪʝʨʝʩʫʶʱʠʝ ʠʭ ʪʝʤʳ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʪʚʦʨʯʝʩʢʠʝ ʧʨʦʝʢʪʳ. 

ɺʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʠʙʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, 

ʨʘʟʚʠʪʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʧʨʝʜʤʝʪʫ. ʕʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʳ ʥʝ-

ʤʳʩʣʠʤʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʚʳʩʪʫ-

ʧʘʶʪ ʚ ʨʦʣʠ çʮʠʬʨʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚè ʫʯʠʪʝʣʷ ʠ ʫʯʝʥʠʢʦʚ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʜʝʣʘʶʪ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʤ, ʥʦ ʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʘ-

ʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʠ ʪʚʦʨʯʝʩʪʚʘ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʣʘʪʬʦʨʤ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʝ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʰʢʦʣʝ, ʧʨʠʚʝʩʪʠ 

ʧʨʠʤʝʨʳ ʢʦʥʢʨʝʪʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʢʘʟʘʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʫʯʘʱʠʭʩʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʠʥʩʪ-

ʨʫʤʝʥʪʦʚ ʠ ʧʣʘʪʬʦʨʤ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥ-

ʥr ʭ ʧʨʝʠʤʫʱʝʩʪʚ ʢʘʢ ʜʣʷ ʧʝʜʘʛʦʛʦʚ, ʪʘʢ ʠ ʜʣʷ ʫʯʘʱʠʭʩʷ [4]: 

ï ʜʦʩʪʫʧʥʦʩʪʴ: ʤʥʦʛʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʝʩʧʣʘʪʥʳʡ ʠʣʠ ʫʩʣʦʚʥʦ-

ʙʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ʢ ʩʚʦʠʤ ʨʝʩʫʨʩʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯ-

ʨʝʞʜʝʥʠʡ ʠ ʫʯʘʱʠʭʩʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ; 

ï ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ: ʮʠʬʨʦʚʳʝ ʧʦʤʦʱʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʫʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʠʥʪʝʨʘʢ-

ʪʠʚʥʳʝ ʟʘʜʘʥʠʷ, ʠʛʨʳ, ʩʠʤʫʣʷʮʠʠ ʠ ʧʨʦʝʢʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʤʦʪʠʚʘʮʠʠ ʠ ʠʥʪʝʨʝʩʘ 

ʫʯʘʱʠʭʩʷ ʢ ʧʨʝʜʤʝʪʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ; 

ï ʛʠʙʢʦʩʪʴ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ: ʤʥʦʛʠʝ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʟʘ-

ʜʘʥʠʡ, ʧʨʝʜʣʘʛʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ ʠ ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʝʤʧ ʦʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʢʘʞʜʳʤ ʫʯʝʥʠʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʰʢʦʣʴʥʠʢʘ; 

ï ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʨʦʛʨʝʩʩʘ: ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʚʢʣʶʯʘʶʪ ʠʥʩʪʨʫʤʝʥ-

ʪʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʦʛʨʝʩʩʘ ʫʯʘʱʠʭʩʷ, ʚʧrʦʣʥʝʥʠʷ 

ʟʘʜʘʥʠʡ ʠ ʚʳʷʚʣʝʥʠʷ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʫʯʠʪʝʣʷʤ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʢʘʟʳʚʘʪʴ ʧʦʤʦʱʴ ʠ ʚʥʦʩʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʨʦʛʨʘʤ-

ʤʫ ʟʘʥʷʪʠʡ; 

ï ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ: ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʠ ʨʝʩʫʨʩʳ ʯʘʩʪʦ ʦʙʥʦʚʣʷʶʪʩʷ, ʧʨʝʜʦʩʪʘʚ-

ʣʷʷ ʜʦʩʪʫʧ ʢ ʩʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʠʟ ʤʠʨʘ ʀʊ. 

ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʘʶʪ ʮʠʬʨʦʚʳʝ ʧʦʤʦʱʥʠʢʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʳ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ. 
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ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʥʘʰʠ ʜʥʠ ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʛʨʦʤʥʦʛʦ ʨʷʜʘ ʟʘʜʘʯ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʮʠʬʨʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ. ɺʠʜʳ ʨʘʟʣʠʯʘʶʪ 

ʧʦ ʩʧʦʩʦʙʫ ʠ ʮʝʣʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠ-

ʧʳ ʮʠʬʨʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ [2]: 

1. ʆʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʫʨʦʯʥʳʭ ʟʘʥʷʪʠʡ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʧʝʜʘʛʦʛ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʥʘʧʨʠʤʝʨ, Stepik ʠ Yandex.Contest. 

Stepik  ï ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʫʨʩʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʷʟʳʢʘʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤʘʤ [5]. 

Stepik ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘ 

ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʢʫʨʩ ʠ ʥʘʧʦʣʥʠʪʴ ʝʛʦ ʦʛʨʦʤʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1]. ʆʙʫ-

ʯʘʶʱʠʡ ʤʘʪʝʨʠʘʣ ʧʝʜʘʛʦʛ ʤʦʞʝʪ ʧʨʝʧʦʜʥʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʪʝʢʩʪʘ, ʥʦ ʠ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʪʘʢʞʝ ʫ ʧʝʜʘʛʦʛʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʘʚʣʷʪʴ ʩʩʳʣʢʠ ʥʘ ʦʙʫʯʘʶʱʠʝ ʚʠʜʝʦʨʦʣʠʢʠ ʠʟ ʩʪʦʨʦʥʥʠʭ 

ʩʝʨʚʠʩʦʚ, ʚʨʦʜʝ Rutube, ʧʨʠ ʵʪʦʤ ʚʠʜʝʦʤʘʪʝʨʠʘʣ ʙʫʜʝʪ ʧʨʦʠʛʨʳʚʘʪʴʩʷ ʚʥʫʪʨʝʥʥʠʤ ʚʠʜʝʦʧʣʝʝʨʦʤ 

ʧʣʘʪʬʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʟʘʥʷʪʠʷ, ʩʦʟʜʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʢʫʨʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʥʷʪʥʦʡ ʩʪʨʫʢʪʫʨʝ 

(ʨʠʩ. 1).  

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʢʫʨʩʘ ʥʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʝ Stepik 

 

Yandex.Contest ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʣʠʤʧʠʘʜʘʤ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʛʜʝ ʫʯʝ-

ʥʠʢʠ ʤʦʛʫʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʩʚʦʡ ʧʨʦʛʨʝʩʩ. 

Yandex.Contest ï ʵʪʦ ʩʝʨʚʠʩ ʜʣʷ ʦʥʣʘʡʥ-ʧʨʦʚʝʨʢʠ ʟʘʜʘʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʦʩʪʷʟʘʥʠʡ, ʟʘʥʷʪʠʡ, ʵʢʟʘʤʝʥʦʚ, ʧʨʦʚʝʨʢʠ ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ. Yandex.Contest ʥʘʠʙʦʣʝʝ ʫʜʦʙʝʥ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʟʘʜʘʯ ʢʫʨʩʦʚ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʘʣʛʦʨʠʪʤʘʤ ʠ ʩʪʨʫʢʪʫʨʘʤ ʜʘʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʢʫʨʩʦʚ, ʛʜʝ ʦʪʚʝʪʦʤ ʥʘ ʟʘʜʘʯʫ ʷʚʣʷʝʪʩʷ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ 

ʷʚʣʷʝʪʩʷ ʛʠʙʢʘʷ ʥʘʩʪʨʦʡʢʘ ʩʦʟʜʘʚʘʝʤʳʭ ʟʘʜʘʥʠʡ ʠ ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʬʘʡʣʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪ-

ʚʝʪʦʤ ʥʘ ʟʘʜʘʥʠʝ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ (ʨʠʩ.2). 
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ʈʠʩ. 2. ʅʘʩʪʨʦʡʢʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʧʣʘʪʬʦʨʤʝ Yandex.Contest 

 

2. ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʟʘʜʘʥʠʡ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ, ʧʝʜʘʛʦʛ ʤʦʞʝʪ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʟʘʜʘʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ Google Forms. 

Google Forms ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʢʝʪ ʠ ʪʝʩʪʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʦʚ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ. 

Google Forms ʧʦʟʚʦʣʷʝʪ ʧʝʜʘʛʦʛʫ ʩʦʟʜʘʚʘʪʴ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʠʩ.3). ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʣʘʪ-

ʬʦʨʤʳ. 

 
 

ʈʠʩ. 3. ʇʨʠʤʝʨ ʪʝʩʪʘ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʥʘ ʧʣʘʪʬʦʨʤʝ Google Foms 

 

ɽʱʸ ʦʜʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʟʘʜʘʥʠʡ ʷʚʣʷʝʪʩʷ Learning apps. 

ʆʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʮʠʬʨʦʚʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʟʘʜʘʥʠʡ. ʅʘ ʜʘʥʥʦʤ ʨʝʩʫʨʩʝ ʩʦʙʨʘʥ ʙʘʥʢ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʨʠʩ. 4). ʋʧʨʘʞʥʝʥʠʷ ʠʟ LearningApps ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʢʘʢ ʥʘ ʩʘʡʪʝ ʩʝʨʚʠʩʘ, ʪʘʢ ʠ ʚʩʪʨʦʠʪʴ 

ʚ ʩʠʩʪʝʤʫ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ʈʠʩ. 4. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʧʣʘʪʬʦʨʤʝ LearningApps 
 

3. ʈʝʩʫʨʩʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ, ʷʚʣʷʝʪʩʷ Scratch. 

Scratch ï ʚʠʟʫʘʣʴʥʘʷ ʩʨʝʜʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʫʣʴʪʠʤʝ-

ʜʠʡʥʳʭ ʧʨʦʝʢʪʦʚ. ɼʣʷ ʧʝʜʘʛʦʛʦʚ ʥʘ ʧʣʘʪʬʦʨʤʝ Scratch ʜʦʩʪʫʧʥʳ ʨʘʟʣʠʯʥʳʝ ʨʝʩʫʨʩʳ, ʚʢʣʶʯʘʷ ʨʫ-

ʢʦʚʦʜʩʪʚʘ, ʫʨʦʢʠ ʠ ʠʜʝʠ ʜʣʷ ʟʘʥʷʪʠʡ. ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʸʤ ʩʙʦʨʘ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʦʚ, ʯʪʦ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ (ʨʠʩ.4). 

ʇʣʘʪʬʦʨʤʘ ʧʦʤʦʛʘʝʪ ʫʯʠʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʨʘʟʨʘ-

ʙʘʪʳʚʘʪʴ ʠʥʪʝʨʝʩʥʳʝ ʟʘʜʘʥʠʷ ʜʣʷ ʫʯʘʱʠʭʩʷ [5]. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ Scratch ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʝʢʩʪʦʧʥʦʡ ʚʝʨʩʠʠ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʠ ʝʸ ʦʥʣʘʡʥ ʚʝʨʩʠʠ. 

Scratch ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʯʝʥʠʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʧʦʵʪʦʤʫ 

ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʶ. 

 
 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Scratch 

 

ɼʣʷ ʫʚʣʝʢʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʨʘʤʢʘʭ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛ 

ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʝʨʚʠʩʦʤ CodeCombat. ʕʪʘ ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʝ ʧʫʪʸʤ ʧʨʦʭʦʞʜʝʥʠʷ ʫʨʦʚʥʝʡ ʚ ʠʛʨʝ (ʨʠʩ. 6). 
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ʈʠʩ. 6. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ CodeCombat 

 

ʇʣʘʪʬʦʨʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʝʜʘʛʦʛ ʤʦ-

ʞʝʪ ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʠʟ ʥʠʭ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʡ ʫʯʝʙʥʳʡ ʧʣʘʥ ʧʣʘʪʬʦʨʤʳ. ʇʣʘʪʬʦʨʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴ ʫʯʝʥʠʢʦʚ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʄʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʠ ʟʘʜʘʥʠʡ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʝʱʸ ʥʝ ʧʝʨʝʚʝʜʝʥʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʤ ʤʠʥʫʩʦʤ (ʨʠʩ. 7). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

CodeCombat ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʢʦʪʦʨʫʶ ʫʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 
 

ʈʠʩ. 7. ʀʥʪʝʨʬʝʡʩ ʧʣʘʪʬʦʨʤʳ CodeCombat 
 

4. ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

 

ɺ ʨʘʤʢʘʭ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʝʜʘʛʦʛ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʥʘʧʨʠʤʝʨ AnyLogick. 

AnyLogic ð ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʞʝʣʘʶʱʠʭ ʧʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ 

ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʛʠʙʢʦʤʫ ʠʥ-

ʪʝʨʬʝʡʩʫ ʠ ʙʦʛʘʪʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ, ʧʣʘʪʬʦʨʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ: ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ, ʠʣʣʶʩʪʨʠ-

ʨʫʶʱʠʝ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ ʦʙʣʘʜʘʝʪ ʧʦʥʷʪʥʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ (ʨʠʩ. 8). 
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ʈʠʩ. 8. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ AnyLogic 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʝ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʋʯʠʪʝʣʷ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʧʨʦ-

ʛʨʘʤʤʳ ʠ ʧʣʘʪʬʦʨʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʟʘʥʷʪʠʡ, ʘ ʫʯʘʱʠʝʩʷ ï ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʘ. ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʳʝ 

ʧʦʤʦʱʥʠʢʠ ʥʝ ʟʘʤʝʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʜʦʧʦʣʥʷʶʪ ʝʛʦ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʦʚʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʝʩʦʚ ʠ ʥʘʚʳʢʦʚ ʫʯʘʱʠʭʩʷ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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Abstract. This article discusses the basics of industrial engineering, analyzes the formulations for 

neural network queries, and suggests options for improving industrial engineering skills. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ. ʆʙʨʘʟʦʚʘ-

ʥʠʝ ʠ ʥʘʫʢʘ ï ʥʝ ʠʩʢʣʶʯʝʥʠʝ [2].  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʞʝ ʩʝʡʯʘʩ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝ-

ʜʝ: ʦʪ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʜʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ 

ʦʙʫʯʝʥʠʷ. ɺ ʥʘʫʯʥʦʡ ʩʬʝʨʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʦʤʦʛʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛ-

ʨʦʤʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʜʝʣʘʪʴ ʥʦʚʳʝ ʦʪʢʨʳʪʠʷ [1]. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʨʦʤʪ-

ʠʥʞʠʨʠʥʛ. ʋʤʝʥʠʝ ʧʠʩʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʟʘʧʨʦʩʳ ʢ ʥʝʡʨʦʩʝʪʷʤ ʪʝʧʝʨʴ ʩʯʠʪʘʶʪ ʥʝ-

ʦʙʭʦʜʠʤʳʤ ʥʘʚʳʢʦʤ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʛʝʥʝʨʘʪʦʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʟʘʚʠʩʠʪ ʦʪ ʯʝʪʢʦʩʪʠ ʬʦʨʤʫʣʠʨʦʚʦʢ ʟʘʜʘʥʠʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʶ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʧʨʦʤʪ-ʠʥʞʠʥʠʨʠʥʛʘ, ʛʜʝ ʩʧʝʮʠʘʣʠʩʪʳ ʫʯʘʪʩʷ ʧʨʘʚʠʣʴʥʦ ʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʛʨʘʤʦʪʥʳʝ ʠʥʩʪ-

ʨʫʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ [3]. 

ʆʜʥʦʡ ʠʟ ʥʦʚʳʭ ʧʨʦʬʝʩʩʠʡ, ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʵʧʦʭʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʪʘʣ ʧʨʦʤʧʪ-

ʠʥʞʝʥʝʨ (prompt engineer). ʕʪʦ ʩʧʝʮʠʘʣʠʩʪ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʝʢ-

ʩʪʦʚʳʭ ʟʘʧʨʦʩʦʚ (ʧʨʦʤʧʪʦʚ) ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʦʤʧʪ-

ʠʥʞʝʥʝʨ ʧʦʜʙʠʨʘʝʪ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʬʨʘʟʳ ʠ ʠʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʦʣʫʯʠʪʴ ʦʪ ʤʦʜʝʣʠ 

ʞʝʣʘʝʤʳʡ ʢʦʥʪʝʥʪ. ʆʜʥʘʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʀʀ ʤʦʜʝʣʷʤʠ ʥʘʚʳʢʠ ʧʨʦʤʪ-

ʠʥʞʠʨʠʥʛʘ, ʥʝʦʙʭʦʜʠʤʳ ʚʩʝʤ, ʢʪʦ ʭʦʯʝʪ ʜʝʣʘʪʴ ʵʪʦ ʵʬʬʝʢʪʠʚʥʦ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʘʚʠʣ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʤʪʠʥʛʘ, ʩʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ ʚ 

ʢʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʠ ʩ ʢʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʥʘʚʳʢʠ ʧʨʦʤʪ-ʠʥʞʠʨʠʥʛʘ ʚ ʦʙʨʘʟʦ-

ʚʘʥʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʥʷʪʠʷ çʛʝʥʝʨʘʪʠʚʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪè ʠ çʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦ-

ʜʝʣʠè. 

ɻʝʥʝʨʘʪʠʚʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ɻʀʀ) ï ʵʪʦ ʦʩʦʙʳʡ ʚʠʜ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢ-

ʪʘ, ʢʦʪʦʨʳʡ ʦʙʫʯʘʝʪʩʷ ʥʘ ʦʛʨʦʤʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʘʥʥʳʭ. ʕʪʦ ʢʘʢ ʦʯʝʥʴ ʩʧʦʩʦʙʥʳʡ ʫʯʝʥʠʢ, ʧʨʦʯʠ-

ʪʘʚʰʠʡ ʚʩʝ ʢʥʠʛʠ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʪʝʧʝʨʴ ʩʧʦʩʦʙʥʳʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʝʛʦ-ʪʦ ʥʦ-

ʚʦʛʦ. 

ɻʀʀ ʙʳʚʘʝʪ ʨʘʟʥʳʤ, ʢʘʢ ʠ ʩʬʝʨʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ ɻʀʀ: 

1. ʊʝʢʩʪʦʚʳʡ: ʨʘʙʦʪʘʝʪ ʩʦ ʩʣʦʚʘʤʠ, ʧʠʰʝʪ ʩʪʘʪʴʠ, ʩʮʝʥʘʨʠʠ, ʦʪʯʝʪʳ, ʧʠʩʴʤʘ ʠ ʣʶʙʳʝ ʜʨʫ-

ʛʠʝ ʪʝʢʩʪʳ. 

2. ʀʟʦʙʨʘʟʠʪʝʣʴʥʳʡ: ʩʦʟʜʘʝʪ ʢʘʨʪʠʥʳ ʧʦ ʦʧʠʩʘʥʠʶ. ʕʪʦ ʚʘʰ ʧʝʨʩʦʥʘʣʴʥʳʡ ʭʫʜʦʞʥʠʢ, ʯʫʪ-

ʢʦ ʨʝʘʛʠʨʫʶʱʠʡ ʥʘ ʢʘʞʜʦʝ ʧʦʞʝʣʘʥʠʝ. 

3. ɿʚʫʢʦʚʦʡ: ʘʥʘʣʠʟʠʨʫʝʪ ʤʫʟʳʢʫ ʠ ʩʦʟʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʣʦʜʠʠ ʧʦ ʚʘʰʠʤ ʧʦʜʩʢʘʟʢʘʤ. 

ʕʪʦ ʚʘʰ ʣʠʯʥʳʡ ʢʦʤʧʦʟʠʪʦʨ. 

ɹʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (ɹʗʄ) ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʪʝʢʩʪʦʚʦʛʦ ɻʀʀ, ʤʦʱʥʳʝ ʢʦʤʧʴʶ-

ʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʥʠʤʘʪʴ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʢʩʪ, ʢʘʢ ʦʧʳʪʥʳʝ ʧʠʩʘʪʝʣʠ ʠʣʠ 

ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʥʠ ʦʙʫʯʘʶʪʩʷ ʥʘ ʤʠʣʣʠʘʨʜʘʭ ʪʝʢʩʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ 

ʫʣʘʚʣʠʚʘʪʴ ʥʶʘʥʩʳ ʷʟʳʢʘ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʪʝʢʩʪ ʠ ʩʪʠʣʴ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʘʧʦʤʠʥʘʝʪ ʠʟʫʯʝʥʠʝ 

ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ: ʩʥʘʯʘʣʘ ʟʘʧʦʤʠʥʘʶʪʩʷ ʩʣʦʚʘ, ʟʘʪʝʤ ʠʭ ʩʦʯʝʪʘʥʠʷ, ʘ ʚ ʠʪʦʛʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʣʦʞʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ. ɹʗʄ ʠʩʧʦʣʴʟʫʝʪ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 

ʪʝʢʩʪʝ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʝʢʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ. 
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ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʢʘʞʜʘʷ ʩʦ ʩʚʦʠʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ: 

Å ChatGPT (OpenAI): ʯʝʤʧʠʦʥ ʧʦ ʦʙʱʝʥʠʶ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʠʘʣʦʛʠ, ʛʝʥʝʨʠʨʫʝʪ ʪʝʢʩʪʳ ʥʘ ʨʘʟ-

ʥʳʭ ʷʟʳʢʘʭ, ʧʠʰʝʪ ʩʮʝʥʘʨʠʠ. ɺʝʨʩʠʷ ʊʝʣʝʛʨʘʤ ʙʦʪʘ: @GPT4Telegrambot. 

Å Gemini (Google): ʦʪʣʠʯʘʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜ-

ʭʦʜʠʪ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʚʘʞʥʘ ʘʢʢʫʨʘʪʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥ-

ʥʳʭ. ʄʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʜʦ ʤʠʣʣʠʦʥʘ ʩʣʦʚ. 

Å Mistral: ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʘʨʪʘʧʦʤ ʜʣʷ ʙʠʟʥʝʩʘ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ, ʠʤʝʝʪ 

ʧʦʥʠʞʝʥʥʳʡ ʧʦʨʦʛ ʮʝʥʟʫʨʳ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʙʣʦʢʠʨʫʶʪʩʷ (ʥʘʩʠʣʠʝ, 

ʥʘʨʢʦʪʠʢʠ, ʦʨʫʞʠʝ ʠ ʪ. ʜ.). 

Å GigaChat (ʉʙʝʨ): ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʦʙʱʝʥʠʠ ʠ ʧʦʜʜʝʨʞʢʝ ʢʣʠʝʥʪʦʚ, ʭʦʨʦʰʦ ʧʦʥʠʤʘʝʪ 

ʨʫʩʩʢʠʡ ʷʟʳʢ. ʊʝʣʝʛʨʘʤ-ʙʦʪ @gigachat_bot. 

Å ʗʥʜʝʢʩ GPT (ʗʥʜʝʢʩ): ʘʥʘʣʦʛ ChatGPT, ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ, ʭʦʨʦʰʦ ʨʘʟʙʠʨʘʝʪʩʷ ʚ 

ʨʦʩʩʠʡʩʢʦʡ ʠʩʪʦʨʠʠ ʠ ʣʠʪʝʨʘʪʫʨʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʦʣʦʩʦʚʦʤ ʧʦʤʦʱʥʠʢʝ çɸʣʠʩʘè. 

ʀʪʘʢ, ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ï ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʦ ʯʪʦʙʳ ʦʥ ʨʘʙʦʪʘʣ ʵʬʬʝʢʪʠʚʥʦ, 

ʚʘʞʥʦ ʥʘʫʯʠʪʴʩʷ ʧʨʘʚʠʣʴʥʦ ʩʦʩʪʘʚʣʷʪʴ ʟʘʧʨʦʩʳ.  

ʇʨʦʤʧʪ (prompt) ï ʵʪʦ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʧʨʦʩʘ ʜʣʷ ɹʗʄ. ʏʝʤ ʪʦʯʥʝʝ ʠ ʧʦʥʷʪʥʝʝ ʧʨʦʤʧʪ, ʪʝʤ 

ʣʫʯʰʝ ʨʝʟʫʣʴʪʘʪ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʦʤʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

1. ʇʦ ʪʠʧʫ ʟʘʜʘʯʠ: ʧʨʦʤʪʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ, ʠʟʦʙʨʘʞʝʥʠʡ, ʚʠʜʝʦ ʠ ʪ.ʜ. 

2. ʇʦ ʩʪʨʫʢʪʫʨʝ: ʧʨʦʩʪʳʝ (ʦʜʠʥʦʯʥʳʝ ʟʘʧʨʦʩʳ) ʠ ʩʣʦʞʥʳʝ (ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʠʥʩʪʨʫʢʮʠʠ 

ʠʣʠ ʧʨʠʤʝʨʳ). 

3. ʇʦ ʢʦʥʪʝʢʩʪʫ: ʦʙʱʠʝ (ʰʠʨʦʢʠʝ ʪʝʤʳ) ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ (ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʧʨʦ-

ʩʳ). 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ. 

ʇʨʦʩʪʦʡ çʩʣʘʙʳʡè ʧʨʦʤʪ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʢʘʨʪʠʥʢʠ 1 (ʨʠʩ. 1) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʤʪ çʥʘʨʠ-

ʩʫʡ ʫʪʨʦ ʚ ʛʦʨʘʭè. ʕʪʦ çʩʣʘʙʳʡè ʧʨʦʤʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʤʪ-ʠʥʞʠʥʠʨʠʥʛʘ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʥʝʤ ʥʝʪ 

ʯʝʪʢʦʩʪʠ ʠ ʢʦʥʢʨʝʪʥʦʩʪʠ, ʟʘʜʘʯʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʨʘʟʤʳʪʦ. 

 
 

ʈʠʩ. 1.  ʂʘʨʪʠʥʢʘ 1 

ʈʝʞʠʤ: ʛʝʥʝʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʉʪʠʣʴ: ʙʝʟ ʩʪʠʣʷ. 

ʄʦʜʝʣʴ: Kandinsky 3.1 

ʉʣʦʞʥʳʡ çʢʘʯʝʩʪʚʝʥʥʳʡè ʧʨʦʤʪ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʢʘʨʪʠʥʢʠ 2 (ʨʠʩ. 2) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʤʪ 

(ʟʘʧʨʦʩ) çʥʘʨʠʩʫʡ ʫʪʨʦ ʚ ʛʦʨʘʭ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʚʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ, ʬʦʪʦʨʝʘ-
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ʣʠʩʪʠʯʥʦè. ʂʘʢ ʚʠʜʠʤ, ʥʝʡʨʦʩʝʪʴ ʩʛʝʥʝʨʠʨʦʚʘʣʘ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɿʘʜʘʥʠʝ 

ʙʳʣʦ ʙʦʣʝʝ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʦ, ʧʨʦʧʠʩʘʥʳ ʦʞʠʜʘʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʟʫʣʴʪʘʪʫ. 

 
 

ʈʠʩ. 2.  ʂʘʨʪʠʥʢʘ 2 

ʈʝʞʠʤ: ʛʝʥʝʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʉʪʠʣʴ: ʙʝʟ ʩʪʠʣʷ. 

ʄʦʜʝʣʴ: Kandinsky 3.1 

ʀʪʘʢ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʢʘʨʪʠʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʪʦʚ ʨʘʟʣʠʯʥʦʡ 

ʜʝʪʘʣʠʟʘʮʠʠ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʘʚʠʣʘ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʧʨʦʩʦʚ ʥʝʡ-

ʨʦʩʝʪʷʤ. 

ʈʘʟʙʝʨʝʤ, ʠʟ ʯʝʛʦ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʧʨʦʤʧʪ. 

1. ɿʘʧʨʦʩ. 

ʕʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʯʝʪʢʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ, ʦʧʠʩʘʪʴ ʠʣʠ ʧʨʠʜʫʤʘʪʴ: 

Å ʉʦʩʪʘʚʴ ʫʯʝʙʥʳʡ ʧʣʘʥ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʜʠʩʮʠʧʣʠʥʳ [ʪʝʤʘʪʠʢʘ ...] ʥʘ 72 ʘʢ. ʯʘʩʘ. 

Å ʉʦʟʜʘʡ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʵʢʦʥʦʤʠʩʪʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʤʝʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʤʝ-

ʨʦʧʨʠʷʪʠʡ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

Å ʆʧʠʰʠ ʩʪʨʫʢʪʫʨʫ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ çʕʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʩʦʮʠ-

ʘʣʴʥʦʡ ʩʬʝʨʝè. 

2. ʈʦʣʴ. 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʧʨʦʤʧʪʘ ʫʢʘʟʳʚʘʝʪʩʷ, ʢʘʢʦʡ ʩʧʝʮʠʘʣʠʩʪ ʜʦʣʞʝʥ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʥ ʠ ʩʪʠʣʴ ʦʪʚʝʪʘ: 

Å ʊʳ ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ 10 ʣʝʪ ʟʘʥʠʤʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʥʠʝʤ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ç...è. 

Å ʊʳ ï ʤʘʨʢʝʪʦʣʦʛ, ʢʦʪʦʨʳʡ ʧʨʦʜʚʠʛʘʝʪ ʧʨʦʛʨʘʤʤʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʚ ʩʬʝʨʝ 

ʤʝʥʝʜʞʤʝʥʪʘ. 

3. ʊʨʝʙʦʚʘʥʠʷ. 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ ʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦʪʦ-

ʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯʠ: 

Å ʈʝʟʫʣʴʪʘʪʳ ʦʪʯʝʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜʝʧʘʨʪʘʤʝʥʪʘ. 

Å ʆʧʠʰʠ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʝʱʝ ʥʝ ʦʧʨʝʜʝʣʠʚʰʠʤʩʷ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʥʘ ʧʨʦʛʨʘʤʤʫ ʫʯʘʩʪʥʠʢʘʤ. 

4. ʌʦʨʤʘʪ ʦʪʚʝʪʘ. 

ɿʜʝʩʴ ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʚ ʢʘʢʦʤ ʚʠʜʝ ʥʫʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʦʪʚʝʪ: 

Å ɺʳʚʝʜʠ ʩʧʠʩʦʢ ʠʟ 10 ʧʫʥʢʪʦʚ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʞʠé 

Å ɺʳʚʝʜʠ ʨʝʟʫʣʴʪʘʪ ʚ ʬʦʨʤʘʪʝ ʪʘʙʣʠʮʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʩʪʦʣʙʮʘʤʠé 

Å ɺʳʚʝʜʠ ʦʪʚʝʪ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʪʨʫʢʪʫʨʫ: ɺʦ-ʧʝʨʚʳʭ,... ɺʦ-ʚʪʦʨʳʭ,.... ɺ-ʪʨʝʪʴʠʭ,.... 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘ ʦʜʠʥ ʧʨʦʤʧʪ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʜʝʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʦʵʪʦʤʫ ʣʫʯʰʠʡ ʧʦʜʭʦʜ ï 

ʵʪʦ ʠʪʝʨʘʪʠʚʥʳʡ, ʢʦʛʜʘ ʟʘʜʘʝʪʝ ʫʪʦʯʥʷʶʱʠʝ ʚʦʧʨʦʩʳ ʠ ʧʦʩʪʝʧʝʥʥʦ ʜʦʨʘʙʘʪʳʚʘʝʪ ʧʨʦʤʧʪ, ʧʦʢʘ 

ʥʝ ʧʦʣʫʯʠʪʝ ʞʝʣʘʝʤʳʡ ʦʪʚʝʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʤʧʪʦʚ. 

ʌʦʨʤʫʣʘ RTF (Role, Task, Format) ʧʦʤʦʛʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʟʘʧʨʦʩ. 

1. Role (ʨʦʣʴ): ʫʢʘʟʳʚʘʝʪ ʨʦʣʴ ɹʗʄ. ʅʘʧʨʠʤʝʨ, çʧʨʝʧʦʜʘʚʘʪʝʣʴ-ʧʨʘʢʪʠʢ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝ-

ʤʦʡ ʵʥʝʨʛʝʪʠʢʠè. 

2. Task (ʟʘʜʘʯʘ): ʦʧʠʩʳʚʘʝʪ ʟʘʜʘʯʫ. ʅʘʧʨʠʤʝʨ, çʦʙʲʷʩʥʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡè. 

3. Format (ʬʦʨʤʘʪ): ʫʢʘʟʳʚʘʝʪ ʞʝʣʘʝʤʳʡ ʬʦʨʤʘʪ ʦʪʚʝʪʘ. ʅʘʧʨʠʤʝʨ, çʚ ʚʠʜʝ ʦʙʱʝʛʦ ʦʧʠʩʘʥʠʷ ʩ 

ʧʨʠʤʝʨʘʤʠ ʜʣʷ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠè. 

ʌʦʨʤʫʣʘ ACT (Action, Context, Task) ʜʝʣʘʝʪ ʟʘʧʨʦʩ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤ. 

1. Action (ʜʝʡʩʪʚʠʝ): ʫʢʘʟʳʚʘʝʪ ʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʘ ʚʳʧʦʣʥʠʪʴ ɹʗʄ. ʅʘʧʨʠʤʝʨ, ʦʙʲʷʩʥʠ 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. 

2. Context (ʢʦʥʪʝʢʩʪ): ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʥʪʝʢʩʪ. ʅʘʧʨʠʤʝʨ, ʩʪʫʜʝʥʪʳ ʠʟʫʯʘʶʪ ʦʩʥʦʚʳ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʭʦʪʷʪ ʧʦʥʷʪʴ, ʢʘʢ ɹʗʄ ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ ʛʝʥʝʨʠʨʫʶʪ ʪʝʢʩʪ. 

3. Task (ʟʘʜʘʯʘ): ʦʧʠʩʳʚʘʝʪ ʟʘʜʘʯʫ. ʅʘʧʨʠʤʝʨ, ʦʧʠʰʠ, ʢʘʢ ɹʗʄ ʦʙʫʯʘʶʪʩʷ ʥʘ ʪʝʢʩʪʘʭ, ʢʘʢʠʝ ʘʣʛʦ-

ʨʠʪʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. 

ʌʦʨʤʫʣʘ RISE (Role, Input, Steps, Expectation) ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʧʨʦʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʘʥʘʣʠʟʘ ʠʥʬʦʨ-

ʤʘʮʠʠ. 

1. Role (ʨʦʣʴ): ʫʢʘʟʳʚʘʝʪ ʨʦʣʴ. 

2. Input (ʜʘʥʥʳʝ): ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ (ʩʩʳʣʢʘ, ʬʘʡʣ, ʪʝʢʩʪ). 

3. Steps (iʰʘʛʠ): ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠ. 

4. Expectation (ʦʞʠʜʘʥʠʝ): ʦʧʠʩʳʚʘʝʪ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʏʝʤ ʩʣʦʞʥʝʝ ʠ ʧʦʜʨʦʙʥʝʝ ʠʥʩʪʨʫʢʮʠʷ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ. ʀʩʧʦʣʴʟʫʡʪʝ ʵʪʠ ʬʦʨʤʫʣʳ ʠ ʧʦʫʯʘʡʪʝ ʥʫʞʥʳʝ ʚʘʤ ʦʪʚʝʪʳ ʦʪ ɹʗʄ. 

ʇʝʨʝʡʜʝʤ ʢ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ ʧʨʦʤʪʠʥʛʘ: 

Å ʧʦʩʪʦʷʥʥʦ ʫʣʫʯʰʘʪʴ ʧʨʦʤʪʳ, ʤʝʥʷʪʴ ʬʦʨʤʫʣʠʨʦʚʢʫ, ʜʦʙʘʚʣʷʪʴ ʠʣʠ ʫʙʠʨʘʪʴ ʜʝʪʘʣʠ, ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ, ʠʩʧʨʘʚʣʷʪʴ ʥʝʪʦʯʥʦʩʪʠ, ʫʪʦʯʥʷʪʴ ʘʨʛʫʤʝʥʪʳ; 

Å ʩʦʭʨʘʥʷʪʴ ʫʜʘʯʥʳʝ ʧʨʦʤʪʳ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʦʠʭ ʟʘʜʘʯ; 

Å ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʦʪʢʨʳʪʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʛʘʡʜʳ ʧʦ ʧʨʦʤʪʠʥʛʫ; 

Å ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʜʣʷ ʧʨʦʤʪ-ʠʥʞʠʨʠʥʛʘ. 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ ʥʘʚʳʢʦʚ ʧʨʦʤʪʠʥʛʘ. 

1. ɺʳʙʝʨʠʪʝ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ/ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, çʀʥʥʦʚʘʪʠʢʘè, çɹʠʟʥʝʩ-

ʠʥʬʦʨʤʘʪʠʢʘè ʠ çɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝè. 

2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʳʙʨʘʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷ-

ʤʠ/ʩʧʝʮʠʘʣʠʟʘʮʠʷʤʠ. ɺʦʧʨʦʩ ʜʦʣʞʝʥ ʙʳʪʴ ʯʝʪʢʠʤ, ʣʘʢʦʥʠʯʥʳʤ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ.  

3. ʉʨʘʚʥʠʪʝ ʦʪʚʝʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʨʘʟʥʳʭ ʥʝʡʨʦʩʝʪʝʡ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ: 

Å ʇʦʣʥʦʪʫ ʠ ʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ: ʢʘʢʘʷ ʥʝʡʨʦʩʝʪʴ ʧʨʝʜʦʩʪʘʚʠʣʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠ ʪʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ? 

Å ʗʩʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ: ʢʘʢʦʡ ʦʪʚʝʪ ʙʳʣ ʥʘʠʙʦʣʝʝ ʷʩʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ? 

Å ʃʦʛʠʢʫ ʠ ʦʙʦʩʥʦʚʘʥʠʝ: ʥʘʩʢʦʣʴʢʦ ʫʙʝʜʠʪʝʣʴʥʳʤʠ ʙʳʣʠ ʘʨʛʫʤʝʥʪʳ ʥʝʡʨʦʩʝʪʠ? 

4. ɺʳʙʝʨʠʪʝ ʣʫʯʰʠʡ ʦʪʚʝʪ, ʘʨʛʫʤʝʥʪʠʨʫʷ ʩʚʦʡ ʚʳʙʦʨ.  

5. ʂʨʠʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʫʡʪʝ ʚʳʙʨʘʥʥʳʡ çʣʫʯʰʠʡè ʦʪʚʝʪ. ɺʳʷʚʠʪʝ ʝʛʦ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦ-

ʨʦʥʳ. ʋʪʦʯʥʠʪʝ: ʦʙʥʘʨʫʞʠʣʠ ʣʠ ʚʳ ʥʝʪʦʯʥʦʩʪʠ ʠʣʠ ʧʨʝʜʚʟʷʪʦʩʪʠ ʚ ʦʪʚʝʪʝ? ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʦʪ-

ʚʝʪʘ ʚʳ ʙʳ ʭʦʪʝʣʠ ʠʟʤʝʥʠʪʴ ʠʣʠ ʜʦʧʦʣʥʠʪʴ? 

6. ʋʣʫʯʰʠʪʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʨʦʤʪ, ʠʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɼʦʙʘʚʴʪʝ ʠʥʬʦʨʤʘʮʠʶ, 

ʠʩʧʨʘʚʴʪʝ ʥʝʪʦʯʥʦʩʪʠ, ʫʪʦʯʥʠʪʝ ʘʨʛʫʤʝʥʪʳ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʙʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʤʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʤʪʳ ʩʚʷʟʘʥʳ ʩ ʨʝʰʝʥʠʝʤ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʧʦʣʥʦʪʳ ʠ ʢʘʯʝʩʪʚʘ, ʩʦʙʣʶʜʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʪʠʯʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝ-

ʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʩʦʯʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ 

ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʬʘʡʣʘʭ ʚ 

ʚʠʜʝ ʤʘʩʩʠʚʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʦʚ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʳ ʨʝʰʝʥʠʷ. ʅʘ ʵʪʦʡ ʦʩ-

ʥʦʚʝ ʧʨʠʙʣʠʞʝʥʠʝ ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʫʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʟʘʜʘʯʘ ʂʦʰʠ, ʧʨʦʛʨʘʤʤʥʳʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʢʫʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

 

G.A. Dzhanunts, Y.A. Trunova 

 

SOFTWARE EXPERIMENT ON REPRODUCTION OF PIECEWISE -INTERPOLATION  

SOLUTION OF THE CAUCHY PROBLEM FOR DIFFERENTIAL SYSTEMS  

 

 

Abstract. The article presents a method for approximate solution of the Cauchy problem for a sys-

tem of ordinary differential equations using piecewise interpolation and iterative refinement. The method 

allows constructing highly accurate continuous approximations of the solution and its derivative. The ob-

tained approximations are saved in typed files as an array of polynomial coefficients approximating the 

components of the solution. On this basis, the approximation is easily restored with minimal labor intensi-

ty and without loss of accuracy. The article describes in detail the algorithms for implementing the meth-

od and provides the results of a software experiment.  

Key words: Piecewise interpolation method, Cauchy problem, software experiment,  

reproduction of piecewise interpolation solution. 
 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʆɼʋ) ʠʛʨʘʝʪ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʣʶʯʝʚʳʤ ʥʘ-

ʧʨʘʚʣʝʥʠʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦ-

ʩʪʨʦʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʘʜʘʯ 

ʚ̫ʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʫʩʦʯʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ.  
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ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʦʧʠʩʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤ ʆɼʋ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʫʩʦʯʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʠ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʥ-

ʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʧʦʣʠʥʦʤʦʚ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʝʥʠʷ. ʉʪʘʪʴʷ ʚʢʣʶʯʘʝʪ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʠ-

ʟʘʮʠʠ ʤʝʪʦʜʘ, ʧʨʠʤʝʨʳ ʧʨʦʛʨʘʤʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʫʩʦʯʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʬʫʥʢʮʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʬʫʥʢʮʠʠ ʦʜʥʦʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ],[,)( baxxfy Í= . ʇʦʣʠʥʦʤ ʃʘʛʨʘʥʞʘ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʦʡ 

ʬʫʥʢʮʠʠ ʩ ʫʟʣʘʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ 
jx , nj ,0Í , ʠʤʝʝʪ ʚʠʜ [1]: 
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ʛʜʝ bxax n == ,0 . ɽʩʣʠ ʫʟʣʳ 
jx , nj ,0Í  ʨʘʚʥʦʦʪʩʪʦʷʱʠʝ: 1,0,1 -Í+=+ njhxx jj , ʪʦ ʩ ʟʘʤʝʥʦʡ 

h

xx
t 0-=  ʧʦʣʠʥʦʤ ʃʘʛʨʘʥʞʘ ʧʨʠʤʝʪ ʚʠʜ: 
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ɼʘʣʝʝ ʧʦʣʠʥʦʤ ʃʘʛʨʘʥʞʘ (1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʩ ʯʠʩʣʦʚʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ [3]. ʏʠʩʣʠʪʝʣʴ ʜʨʦʙʠ Ô
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ʇʦʣʠʥʦʤ )(tP jn  ʧʨʝʜʩʪʘʚʣʝʥ ʚ (2) ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʨʥʷʤ, ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

nʩj ,0, =??  ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʧʠʩʠ n

jnjjjjn tʩtʩtʩʩtP ++++= ...)( 2

210  ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ [3; 5] 

( )( ) ( ) ( )( ) ( )( ) ( ) ,,, 1010111111 ----------- -=-== kkkkkkkkkkkkkk tʩʩtʩʩʩʩʩ ???                        (3) 

ʛʜʝ nkk ,1,1,1 =-=? . ɸʣʛʦʨʠʪʤ (3) ʚʳʨʘʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʯʝʨʝʟ ʝʛʦ ʥʫʣʠ ʦʪʣʠʯʘʝʪ-

ʩʷ ʦʪ ʬʦʨʤʫʣ ɺʠʝʪʘ ʠ ʫʨʘʚʥʝʥʠʡ ʅʴʶʪʦʥʘ ʜʣʷ ʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʩʣʝ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʠʥʦʤ (1) ʧʨʠʤʝʪ ʚʠʜ: 
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ɼʘʣʝʝ ʧʦʣʠʥʦʤ (4) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʢ ʚʠʜʫ: 
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ʛʜʝ ?ʉ  ï ʨʝʟʫʣʴʪʘʪ ʧʨʠʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ, n,0Í? .  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʥʦʤʘ ʃʘʛʨʘʥʞʘ ʚ ʬʦʨʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʩ ʯʠʩʣʦʚʳʤʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘʤʠ (5) ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʧʦʜʳʥʪʝʨʚʘʣʝ ʨʘʟʙʠʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʪʨʝʟʢʘ ʧʨʠʙʣʠʞʝ-

ʥʠʷ. ʆʪʨʝʟʦʢ ],[ ba  ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʧʦʜʳʥʪʝʨʚʘʣʦʚ: 
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ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʢʘʞʜʦʤ ʧʦʜʳʥʪʝʨʚʘʣʝ ],[ ii ba  ʧʦʣʠʥʦʤʳ (5) ʦʙʦʟʥʘʯʘʶʪʩʷ: 
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tbax . ʊʘʢ ʢʘʢ ʧʦʜʳʥʪʝʨʚʘʣʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʜʣʠʥʫ, ʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʩʪʨʦʠʪʩʷ ʧʦʣʠʥʦʤ ʩʪʝʧʝʥʠ n, ʪʦ ʟʥʘʯʝʥʠʝ ih  ʜʣʷ ʚʩʝʭ ʧʦʣʠʥʦʤʦʚ ʠʟ (7) 

ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ: 

12,0,
2

-Í
-

== k

ki i
n

ab
hh .                                                    (8) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ (8) ʥʦʤʝʨ ʧʦʜʳʥʪʝʨʚʘʣʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ],[ baxÍ  ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʩ ʧʦʤʦʱʴʶ ʨʘʚʝʥʩʪʚʘ 

][
nh

ax
i

-
= ,                                                                      (9) 

ʛʜʝ []  ï ʮʝʣʘʷ ʯʘʩʪʴ ʯʠʩʣʘ. ɽʩʣʠ ʤʘʩʩʠʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ?iʉ  ʩʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣ, ʪʦ ʟʥʘʯʝʥʠʝ i, ʨʘʩ-

ʩʯʠʪʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʨʘʚʝʥʩʪʚʘ (9), ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʦʤʝʨ ʩʪʨʦʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʩʠʚʫ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʬʫʥʢʮʠʶ ʥʘ ʦʪʨʝʟʢʝ ],[ ii ba . ʊʦʯʥʦʩʪʴ ʧʨʠʙʣʠʞʝ-

ʥʠʷ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ ʨʘʩʪʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʧʦʜʳʥʪʝʨʚʘʣʘ, ʦʮʝʥʢʘ ʧʦʛʨʝʰ-

ʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʜʘʥʘ ʚ [2]. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʢʫʩʦʯʥʦ-ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʬʫʥʢʮʠʠ )()( xftPni º , 12,0 -Í ki , ʥʝʧʨʝʨʳʚʥʦ ʥʘ ʚʩʝʤ ],[ ba  

ʚʩʣʝʜʩʪʚʠʝ ʦʙʱʠʭ ʛʨʘʥʠʮ ʧʦʜʳʥʪʝʨʚʘʣʦʚ ʠʟ (6). ɺʦ-ʚʪʦʨʳʭ, ʥʘ ʦʩʥʦʚʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦ-

ʣʠʥʦʤʘ (7) ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʬʫʥʢʮʠʠ 
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tbax , h  ʠʟ (8). ɺ-ʪʨʝʪʴʠʭ, ʪʘʢʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʢʫʩʦʯʥʦʡ ʠʥ-

ʪʝʨʧʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʧʝʨʚʦʦʙʨʘʟʥʦʡ:  
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tbax , h  ʠʟ (8). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [4], ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩ ʧʦʤʦʱʴʶ ʭʨʘʥʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʃʘ-

ʛʨʘʥʞʘ ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ, ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʙʫʜʝʪ ʧʦʢʘ-

ʟʘʥʦ ʥʠʞʝ ʨʝʰʝʥʠʷ ʆɼʋ. ɼʣʷ ʵʪʦʛʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʘʥʦʚʦ ʩʪʨʦʠʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʬʫʥʢʮʠʠ, ʧʨʦʠʟ-

ʚʦʜʥʦʡ ʠʣʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʆɼʋ, ʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʩʯʠʪʘʪʴ ʩ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʳʥʪʝʨʚʘʣʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (9).  

ʂʫʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʨʝʰʝʥʠʡ ʆɼʋ. ʅʘ ʦʩʥʦʚʝ ʢʫʩʦʯʥʦ-

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤʳ ʆɼʋ. 

ʊʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝ-

ʤʦʩʪʠ [2]. ʂʫʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ 

00)(,),( yxyyxfy ==¡ , ],[ baxÍ                                             (10) 

ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ. ɼʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʬʫʥʢʮʠʠ ),( yxf  ʠʟ (10) ʚ 

ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ y  ʚ ʫʟʣʘʭ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʚʥʦʝ 

ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 0y  ʠʟ (10) 
0yyº . ʌʫʥʢʮʠʷ ),( 0yxf  ʧʨʠʙʣʠʞʘʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤ ʧʦʣʠ-

ʥʦʤʦʤ ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ (5) ʧʦ ʠʟʣʦʞʝʥʥʦʡ ʚʳʰʝ ʩʭʝʤʝ. ʇʦʩʪʨʦʝʥʥʦʝ ʧʦʣʠ-

ʥʦʤʠʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʠʪʝʨʘʮʠʦʥʥʦ ʫʪʦʯʥʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ʉʦʛʣʘʩʥʦ (5)  

)(),( 0 tPyxf nº , ],[ baxÍ , 

ʛʜʝ ?
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xx
t =
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0 , , h  ʠʟ (8). ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʝʨʚʦʦʙʨʘʟʥʘʷ ʦʪ )(tPn : 
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)()( )1((int) tPxy n+º , ],[ baxÍ , 
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ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʥʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ y  ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦ-

ʣʠʥʦʤʘ, ʠʥʪʝʨʧʦʣʠʨʫʶʱʝʛʦ ),( yxf  ʠʟ (10). ʊʦʛʜʘ ))(,(),( )1((int) tPxfyxf n+º , ʠ ʧʨʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ n  

ʩʪʨʦʠʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʧʦʣʠʥʦʤ ʚʠʜʘ (5) ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ: 

))(,()( )1((int)

)1( tPxftP nn +º , 
h

xx
t 0-= . ʆʪ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ ʩʥʦʚʘ ʙʝʨʝʪʩʷ ʧʝʨʚʦʦʙʨʘʟʥʘʷ ʩ ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ 

ʢʦʥʩʪʘʥʪʳ, ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ (10), ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʘʥʘʣʦʛʠʯʥʦ ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ. ʊʘʢʠʝ 

ʠʪʝʨʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʨʘʟ.  

ʆʧʠʩʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʩʠʩʪʝʤʝ ʧʦʜʳʥʪʝʨʚʘʣʦʚ ʨʘʚʥʦʡ ʜʣʠʥʳ, ʥʘ ʢʦʪʦ-

ʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ ʦʪʨʝʟʦʢ ],[ ba , ʘʥʘʣʦʛʠʯʥʦ (6). ʇʨʠ ʵʪʦʤ ʥʘ i -ʤ ʧʦʜʳʥʪʝʨʚʘʣʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʙʝʨʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ )1( -i -ʛʦ 

ʧʦʜʳʥʪʝʨʚʘʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ ʷʚʣʷʶʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʚʩʸʤ ],[ ba . 

ɺ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤʳ ʆɼʋ ʦʧʠʩʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ [2]. 

ɽʩʣʠ ʤʘʩʩʠʚʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʦʚ )()1((int) tP ni + , ʠʤʝʶʱʠʭ ʚʠʜ (7), ʩʦʭʨʘʥʷʪʴ ʚ ʬʘʡʣ, ʪʦ 

ʧʨʠʙʣʠʞʝʥʠʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʆɼʋ ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ ʦʪʨʝʟʢʘ ʙʝʟ 

ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʠ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠ ʚʦʩʧʨʦʠʟʚʝ-

ʜʝʥʠʶ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʆɼʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫ-

ʩʦʯʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. 

ʇʨʠʤʝʨ 1. ɿʘʜʘʯʘ ʂʦʰʠ 

,,2 1221

xx eyyeyy -- -=¡+-=¡  ,0)0(1 =y  ,1)0(2 =y                                 (11) 

ʠʤʝʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ))sin()cos((5.0)(1

xexxxy --+= , )3)cos()sin((5.0)(2

xexxxy -+-= , ʢʦ-

ʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʞʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ. ʂʫ-

ʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (11) ʩʪʨʦʠʪʩʷ ʥʘ ʦʪʨʝʟʢʝ ]100,0[ . ʇʘʨʘʤʝʪ-

ʨʳ ʤʝʪʦʜʘ: ʩʪʝʧʝʥʴ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʧʦʣʠʥʦʤʦʚ 9=n , ʯʠʩʣʦ ʧʦʜʳʥʪʝʨʚʘʣʦʚ ʨʘʟʙʠʝʥʠʷ 112=p . 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʬʫʥʢʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʚ ʪʠʧʠʟʠʨʦʚʘʥʥʳʝ ʬʘʡʣʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (11) ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣʳ 

y1.bin ʠ y2.bin. ʇʦʩʣʝ ʵʪʦʛʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (11) ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 
1910-  ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʠʟ ʦʪʨʝʟʢʘ ]100,0[  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ: 

program calc_fun_deriv; 

{$APPTYPE CONSOLE} 

uses  SysUtils,  Math; 

const   nmax=9; aa=0; bb=100; n=9; k=11;  

FPATH1='D:\y1.bin'; FPATH2='D:\y2.bin'; {ʧʫʪʠ ʢ ʬʘʡʣʘʤ, ʭʨʘʥʷʱʠʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʨʝʰʝʥʠʝ ʧʦʣʠʥʦʤʦʚ} 

checkpoint = 18.27; {ʇʨʦʠʟʚʦʣʴʥʦ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʟ ʦʪʨʝʟʢʘ 

ʧʨʠʙʣʠʞʝʥʠʷ} 

var t,hh,h:extended; y1, y2, y1_der, y2_der :extended; rr:integer; 

function solution1(tt:extended):extended; begin  solution1:= 0.5*(cos(tt)+sin(tt)-exp(-tt)) end; 

function derivative1(tt:extended):extended; begin  derivative1:= 0.5*(-sin(tt)+cos(tt)+exp(-tt)) end; 

function solution2(tt:extended):extended; begin  solution2:= 0.5*(sin(tt)-cos(tt)+3*exp(-tt)) end; 

function derivative2(tt:extended):extended; begin  derivative2:= 0.5*(cos(tt)+sin(tt)-3*exp(-tt)) end; 

procedure calculate(x: extended); 

type C = array[0..Nmax] of extended; 

var f1, f2: file of C; dd1,dd2: C; 

function g1 (const dd:C): extended; 
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var pp:extended; i:integer; 

begin  pp:=dd[n];  for i:=1 to n do pp:=pp*t+dd[n-i];  gorner1:=pp; end; 

function g2 (const dd:C): extended; 

var pp:extended; i:integer; 

begin  pp:=dd[n]*n/h; for i:=1 to n-1 do pp:=pp*t+dd[n-i]*(n -i)/h; gorner2:=pp; end; 

begin 

 AssignFile(f1, FPATH1); Reset(f1); AssignFile(f2,FPATH2); Reset(f2); 

 if x<bb then rr:=trunc((x-aa)/hh) else rr:=trunc((x-aa)/hh)-1; 

 seek(file1,rr); read(file1, dd1); seek(file2,rr); read(file2,dd2); 

 t:=(x-(aa+rr*hh))/h; 

 y1:= g1(dd1);  y1_der:= g2(dd1);  y2:= g1(dd2);  y2_der:= g2(dd2); 

 CloseFile(f1);CloseFile(f2); end; 

begin 

 hh:=(bb-aa)/power(2,k); h:=hh /(n-1); calculate(checkpoint); 

 writeln('xpr=', checkpoint,';       y1(checkpoint)=',y1,'; pogr=',abs(y1- solution 1(checkpoint))); 

 writeln('xpr=', checkpoint,';       y2(checkpoint)=',y2,'; pogr=',abs(y2- solution 2(checkpoint))); 

 writeln('xpr=', checkpoint,';   y1_der(checkpoint)=',y1_der,'; pogr=',abs(y1_der- derivative1(checkpoint))); 

 writeln('xpr=', checkpoint,';   y2_der(checkpoint)=',y2_der,'; pogr=',abs(y2_der- derivative2(checkpoint))); 

 readln; end. 

 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: 
xpr= 1.82700000000000E+0001;          y1(xpr)= 1.44526746854504E-0001; pogr= 1.76182853028894E-0019 

xpr= 1.82700000000000E+0001;          y2(xpr)=-6.92179162949157E-0001; pogr= 5.42101086242752E-0020 

xpr= 1.82700000000000E+0001;   y1_der(xpr)= 6.92179186201666E-0001; pogr= 1.08420217248550E-0019 

xpr= 1.82700000000000E+0001;   y2_der(xpr)= 1.44526735228250E-0001; pogr= 1.62630325872826E-0019 

 

ɺ ʧʝʨʚʦʡ ʜʚʫʭ ʩʪʨʦʢʘʭ ʨʝʟʫʣʴʪʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯʠ (11) ʠ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʭ ʧʨʠʙʣʠʞʝʥʠʷ. ɺ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ 

ʩʪʨʦʢʘʭ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʙʣʠʞʝʥʠʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

(11) ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʭ ʧʨʠʙʣʠʞʝʥʠʷ. ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ )(9 cy tt + , ʠʭ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ï )(8 cy tt + , ʛʜʝ ct , yt  ï ʚʨʝʤʷ 

ʙʠʥʘʨʥʦʛʦ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʤʝʨ 2. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ 

),sin(, 1221 xyyxyy +-=¡+=¡  1)0(1 =y  ,0)0(2 =y                       (12) 

ʠʤʝʶʱʘʷ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ )2)cos()sin((5.0)(1 +-= xxxxy , )2)sin((5.0)(2 -= xxxy . ʂʫʩʦʯ-

ʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (12) ʩʪʨʦʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ]100,0[  ʩʦ ʟʥʘʯʝʥʠʷʤʠ 9=n , 
112=p . ʇʨʠʙʣʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (12) ʠ ʠʭ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʦʩ-

ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʙʩʦʣʪʁ-

ʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠʟʤʝʥʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ fun1 , fun2, der1, der2 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʥʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (12). ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: 

 
xpr= 5.72500000000000E+0001           y1(xpr)=-2.05464027620728E+0001; pogr= 2.42861286636753E-0017 

xpr= 5.72500000000000E+0001;          y2(xpr)=-3.87801176374862E+0001; pogr= 1.38777878078145E-0017 

xpr= 5.72500000000000E+0001;   y1_der(xpr)= 1.84698823625138E+0001; pogr= 1.38777878078145E-0017 

xpr= 5.72500000000000E+0001;   y2_der(xpr)= 2.11916388271388E+0001; pogr= 2.42861286636753E-0017 

 

ɿʥʘʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʦʪʨʝʟʢʝ 

]100,0[  ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1710-  ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʦʪʨʝʟʢʘ ʧʨʠʙʣʠʞʝʥʠʷ. ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ )(9 cy tt + , ʝʛʦ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ï )(8 cy tt + . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʭʨʘʥʠʤʳʭ ʚ ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʬʘʡʣʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʪʝʨʧʦʣʷ-

ʮʠʦʥʥʳʭ ʧʦʣʠʥʦʤʦʚ ʥʝʧʨʝʨʳʚʥʳʝ ʢʫʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʘ ʚʨʝʤʷ 

ʝʜʠʥʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ (ʧʦʨʷʜʢʘ 1910-  ï 1710- ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʢʫʩʦʯʥʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤʳ ʆɼʋ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴʶ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʢʘʢ ʧʨʠʙʣʠʞʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʠʭ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʩ ʩʦʭʨʘʥʝ-

ʥʠʝʤ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʬʘʡʣʘʭ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʠ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴ-

ʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʰʝʥʠʷ. 
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Abstract. The article examines the evolution of ideas about the interaction of bodies from ancient 

times to the present. General ideas about the causes of changes in the state of a physical object are given. 

The issues of quantum mechanics and gravitational interaction are considered. 
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ʆʪ ʅʴʶʪʦʥʘ ʜʦ ʢʚʘʥʪʦʚ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʧʨʠʯʠʥʥʦʩʪʠ. ʂʘʢ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʘʣ 

ɻʝʛʝʣʴ, çʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʩʪʴ ʧʨʠʯʠʥʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʣʦʞʝʥʥʦʝ ʚ ʝʛʦ ʧʦʣʥʦʤ ʨʘʟʚʠʪʠʠè [4]. ɽʱʸ 

ʙʦʣʝʝ ʯʸʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʵʪʫ ʤʳʩʣʴ ʌ. ʕʥʛʝʣʴʩ: çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ï ʚʦʪ ʧʝʨʚʦʝ, ʯʪʦ ʚʳʩʪʫʧʘʝʪ 

ʧʝʨʝʜ ʥʘʤʠ, ʢʦʛʜʘ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʜʚʠʞʫʱʫʶʩʷ ʤʘʪʝʨʠʶ ʚ ʮʝʣʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʧʝʨʝʰʥʝʛʦ 
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ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ... ʊʘʢ ʝʩʪʝʩʪʚʦʟʥʘʥʠʝʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʦ... ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ 

causa finalis ʚʝʱʝʡ. ʄʳ ʥʝ ʤʦʞʝʤ ʧʦʡʪʠ ʜʘʣʴʰʝ ʧʦʟʥʘʥʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʥʥʦ ʧʦʪʦʤʫ, 

ʯʪʦ ʧʦʟʘʜʠ ʝʛʦ ʥʝʯʝʛʦ ʙʦʣʴʰʝ ʧʦʟʥʘʚʘʪʴè (ʪ. 20, ʩ. 546).  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷ-

ʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʦʰʣʦ ʜʦʣʛʠʡ ʠ ʟʘʭʚʘʪʳʚʘʶʱʠʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ, ʦʪ ʧʨʦʩʪʳʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʜʦ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʕʪʘ ʵʚʦʣʶʮʠʷ ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʛʣʫʙʣʝʥʠʝ ʥʘʰʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʠʨʘ, ʥʦ ʠ ʧʦʩʪʦʷʥʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʚʩʝʦʙʲʝʤʣʶʱʠʤ 

ʦʙʲʷʩʥʝʥʠʷʤ. 

ʈʘʥʥʠʝ ʰʘʛʠ: ʦʪ ɸʨʠʩʪʦʪʝʣʷ ʢ ɻʘʣʠʣʝʶ ʠ ʅʴʶʪʦʥʫ 

ɺ ʘʥʪʠʯʥʦʩʪʠ ʛʦʩʧʦʜʩʪʚʦʚʘʣʘ ʬʠʟʠʢʘ ɸʨʠʩʪʦʪʝʣʷ, ʚ ʢʦʪʦʨʦʡ ʜʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʪʨʝʙʫʶʱʝʝ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʘʜʝʥʠʝ ʢʘʤʥʷ, ʥʘʧʨʠʤʝʨ, 

ʦʙʲʷʩʥʷʣʦʩʴ ʝʛʦ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʩʚʦʝʤʫ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʤʝʩʪʫ ï ʮʝʥʪʨʫ ɿʝʤʣʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʳ-

ʣʦ ʩʢʦʨʝʝ ʢʘʯʝʩʪʚʝʥʥʳʤ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ
1
. 

ʈʝʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʨʳʚ ʧʨʦʠʟʦʰʸʣ ʚ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷ. ɻʘʣʠʣʝʡ
2
, ʥʘʙʣʶʜʘʷ ʟʘ ʜʚʠʞʝʥʠ-

ʝʤ ʪʝʣ, ʧʨʠʰʸʣ ʢ ʠʜʝʝ ʠʥʝʨʮʠʠ: ʦʙʲʝʢʪ ʩʦʭʨʘʥʷʝʪ ʩʚʦʸ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʠʣʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦ-

ʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʝʩʣʠ ʥʘ ʥʝʛʦ ʥʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ. ʕʪʦ ʩʪʘʣʦ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ 

ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ (ʥʘʧʨʠʤʝʨ, ʫʩʢʦʨʝʥʠʝ) ʪʨʝʙʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʀʩʘʘʢ ʅʴʶʪʦʥ
3
, ʦʙʦʙʱʠʚ ʦʪʢʨʳʪʠʷ ɻʘʣʠʣʝʷ ʠ ʂʝʧʣʝʨʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʪʨʠ ʟʘʢʦʥʘ ʤʝʭʘʥʠ-

ʢʠ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʇʝʨʚʳʡ ʟʘʢʦʥ ʧʦʩʪʫʣʠʨʦʚʘʣ ʠʥʝʨ-

ʮʠʶ, ʚʪʦʨʦʡ ʟʘʢʦʥ ʩʚʷʟʘʣ ʩʠʣʫ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ʩ ʫʩʢʦʨʝʥʠʝʤ (ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ), ʘ ʪʨʝʪʠʡ 

ʟʘʢʦʥ ʦʧʠʩʳʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ ʚʟʘʠʤʥʦʝ ʜʝʡʩʪʚʠʝ ʜʚʫʭ ʪʝʣ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʅʴʶʪʦʥ ʪʘʢʞʝ ʚʚʸʣ 

ʧʦʥʷʪʠʝ ʛʨʘʚʠʪʘʮʠʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʡ ʤʝʞʜʫ ʚʩʝʤʠ ʪʝʣʘʤʠ, ʯʪʦ 

ʩʪʘʣʦ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ: ʩʠʣʳ, ʧʦʣʷ ʠ ʜʝʪʝʨʤʠʥʠʟʤ 

ɺ ʵʧʦʭʫ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʘʢʦʥʘʭ ʅʴʶʪʦʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʣʦʩʴ ʢʘʢ ʧʝʨʝʜʘʯʘ ʩʠʣʳ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ʉʠʣʳ, ʪʘʢʠʝ ʢʘʢ ʛʨʘʚʠʪʘʮʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, ʪʨʝ-

ʥʠʝ, ʫʧʨʫʛʦʩʪʴ, ʦʧʠʩʳʚʘʣʠʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠ ʧʦʟʚʦʣʷʣʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ʪʝʣ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ. 

ʇʦʷʚʣʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʦʣʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʌʘʨʘʜʝʝʤ ʠ ʄʘʢʩʚʝʣʣʦʤ
4
, ʩʪʘʣʦ ʚʘʞʥʳʤ ʰʘʛʦʤ 

ʚʧʝʨʸʜ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʧʨʠʤʝʨ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʧʦʩʨʝʜʥʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʠʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʚʝʪ, ʤʘʛʥʝʪʠʟʤ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʠ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʝʜʠʥʫʶ 

ʪʝʦʨʠʶ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʙʳʣʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʡ: ʟʥʘʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʠʣʳ, ʜʝʡʩʪ-

ʚʫʶʱʠʝ ʥʘ ʦʙʲʝʢʪ, ʤʦʞʥʦ ʙʳʣʦ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʝʛʦ ʙʫʜʫʱʝʝ ʩʦʩʪʦʷʥʠʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝ-

ʜʝʣʷʣʦ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ, ʠ ʤʠʨ ʢʘʟʘʣʩʷ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʤ [5]. 

                                                           
1 ɸʨʠʩʪʦʪʝʣʴ (384 ï 322 ʛʛ. ʜʦ ʥ. ʵ.). ɸʨʠʩʪʦʪʝʣʴ ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ ʯʝʪʳʨʭy ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʟʝʤʣʠ, ʚʦʜr, ʚʦʟʜʫʭʘ 

ʠ ʦʛʥ̫. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʲʷʩʥʷʣʦʩʴ ʯʝʨʝʟ ʢʘʪʝʛʦʨʠʠ ʪʝʧʣʘ, ʭʦʣʦʜʘ, ʩʫʭʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ. ʅʘʧʨʠ-

ʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʪʝʧʣʘ ʠ ʭʦʣʦʜʘ. ʆʜʥʘʢʦ ʵʪʠ ʠʜʝʠ ʙʳʣʠ ʩʢʦʨʝʝ 

ʤʝʪʘʬʠʟʠʯʝʩʢʠʤʠ, ʥʝʞʝʣʠ ʥʘʫʯʥʳʤʠ. 

2 ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ (1564 ï 1642). ɻʘʣʠʣʝʡ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʢʠ ʫʪʚʝʨʞʜʘʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɽʛʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʘʜʘʶʱʠʤʠ ʪʝʣʘʤʠ ʠ ʤʘʷʪʥʠʢʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ. 
 
3 ʀʩʘʘʢ ʅʴʶʪʦʥ (1643 ï 1727). ʅʴʶʪʦʥʦʚʩʢʘʷ ʤʝʭʘʥʠʢʘ ʚʚʝʣʘ ʧʦʥʷʪʠʝ ʩʠʣʳ ʢʘʢ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʚʠʞʝʥʠʷ. 

ɿʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʦʙʲʷʩʥʠʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʘʩʩʘʤʠ, ʘ ʪʨʠ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʜʘʣʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ. ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʩʠʣʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʩʩʳ ʪʝʣʘ ʥʘ ʫʩʢʦʨʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʦʥʦ ʧʨʠʦʙʨʝʪʘʝʪ: F=ma. 

4
 ɼʞʝʡʤʩ ʂʣʝʨʢ ʄʘʢʩʚʝʣʣ (1831 ï 1879). ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʄʘʢʩʚʝʣʣʘ ʦʙʲʝʜʠʥʠʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʷʚʣʝʥʠʷ ʚ ʝʜʠʥʫʶ ʩʠʣʫ. ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʦʧʠʩʳʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʘʨʷʜʘʤʠ ʠ ʪʦʢʘʤʠ. 

ʕʪʦ ʙʳʣʦ ʚʘʞʥʳʤ h ʘʛʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʠʣ ʧʨʠʨʦʜʳ. 
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ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ: ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ɺ ʥʘʯʘʣʝ XX ʚʝʢʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʷʚʣʝʥʠʡ 

ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʨʘʜʠʢʘʣʴʥʦ ʧʝʨʝʚʝʨʥʫʣʦ ʧʦʥʠ-

ʤʘʥʠʝ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤ. 

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʧʨʝʜʣʦʞʠʣʘ ʥʦʚʳʝ ʢʦʥʮʝʧʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʜʠʩʢʨʝʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʜʚʦʡ-

ʩʪʚʝʥʥʦʩʪʴ ʚʦʣʥʳ ʠ ʯʘʩʪʠʮʳ, ʠ ʧʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ɻʝʡʟʝʥʙʝʨʛʦʤ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʘʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʦʙʤʝʥ ʢʚʘʥʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ (ʥʘʧʨʠ-

ʤʝʨ, ʬʦʪʦʥʘʤʠ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ). ʉʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʪʝʧʝʨʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʣʥʦ-

ʚʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦ ʝʛʦ ʧʦʚʝʜʝʥʠʠ ʥʦʩʷʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʢʚʘʥʪʦʚʦʤ ʤʠʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʛʣʫʙʦʢʦʝ ʚʣʠʷʥʠʝ, ʦʧʨʝʜʝʣʷʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝ-

ʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʠ ʩʘʤʫ ʩʫʱʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʘʢʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʙʳʣʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʯʸʪʢʠʭ ʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʟʘʢʦʥʦʚ, ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʚʚʦʜʠʪ ʵʣʝʤʝʥʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ɺ ʢʚʘʥʪʦʚʦʤ ʤʠʨʝ ʦʙʲʝʢʪʳ ʥʝ ʠʤʝʶʪ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʚʦʡʩʪʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡ-

ʜʸʪ ʠʟʤʝʨʝʥʠʝ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʢʪ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʦʩʪʦ ʤʦʜʠʬʠʮʠʨʫʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʯʘʩ-

ʪʠʮʳ, ʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʢʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ. ʅʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʥ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʛʜʝ ʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʠʟʤʝʨʝʥ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʯʠʥʥʦʩʪʠ ʠ ʜʝʪʝʨʤʠʥʠʟʤʝ, ʟʘʩʪʘʚʣʷʷ ʥʘʩ ʧʝʨʝʦʩʤʳʩʣʠʪʴ, ʯʪʦ ʟʥʘʯʠʪ çʠʟʤʝʥʝ-

ʥʠʝ ʩʦʩʪʦʷʥʠʷè. ʂʘʢ ʩʢʘʟʘʣ ɼʵʚʠʜ ʋʦʣʪʦʥ: çʇʨʘʚʜʘ ʚ ʪʦʤ, ʯʪʦ ʚʩʝʭ ʩʤʫʱʘʝʪ ʢʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘè. 

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʪʘʢʞʝ ʧʨʠʚʝʣʘ ʢ ʨʘʟʚʠʪʠʶ ʢʦʥʮʝʧʮʠʠ ʢʚʘʥʪʦʚʳʭ ʧʦʣʝʡ, ʛʜʝ ʯʘʩʪʠʮʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʵʪʠʭ ʧʦʣʷʭ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ ʚʠʨʪʫʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʯʪʦ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʚ ʧʦʥʠʤʘʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʠ ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʭʦʪʷ ʠ ʥʝ ʥʘʙʣʶʜʘʝʤʳ ʥʘʧʨʷʤʫʶ, 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʘʥʥʠʛʠʣʷʮʠʷ ʠ ʨʦʞʜʝʥʠʝ ʯʘʩʪʠʮ, ʠ ʧʦʜʯʝʨʢʠʚʘʶʪ, 

ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʢʚʘʥʪʦʚʦʤ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʜʘʯʠ ʩʠʣʳ, ʘ ʩʣʦʞʥʳʤ 

ʠ ʤʥʦʛʦʛʨʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʩʘʤʫ ʩʫʱʥʦʩʪʴ ʤʘʪʝʨʠʠ. 

ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʧʦʣʷ, ʨʘʟʚʠʚʘʷʩʴ, ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʬʠʟʠʢʠ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ
5
, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʯʝʨʝʟ ʦʙʤʝʥ 

ʙʦʟʦʥʘʤʠ. ʕʪʠ ʙʦʟʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʛʣʶʦʥʳ, W ʠ Z ʙʦʟʦʥʳ, ʘ ʪʘʢʞʝ ʛʨʘʚʠʪʦʥʳ (ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʷʭ), ʩʣʫʞʘʪ ʧʦʩʨʝʜʥʠʢʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʦʪ ʩʠʣʴʥʦʛʦ ʜʦ ʩʣʘʙʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ.  

ʉʘʤʳʤ ʚʩʝʦʙʲʝʤʣʶʱʠʤ ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [6]. ɽʤʫ ʧʦʜʚʝʨʞʝʥʳ ʠ 

ʤʠʢʨʦʯʘʩʪʠʮʳ, ʠ ʤʘʢʨʦʪʝʣʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʥʸʤ ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ. ʇʨʦʷʚ-

ʣʷʝʪʩʷ ʦʥʦ ʚ ʚʠʜʝ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʚʝʱʝʩʪʚʝ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʩʫ-

ʱʝʩʪʚʫʝʪ ʣʠʰʴ ʯʝʪʳʨʝ ʚʠʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, ʩʣʘʙʦʝ ʠ ʩʠʣʴʥʦʝ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠ-

ʤʠ. 

ʊʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ 

ʥʝ ʠʤʝʶʪ ʢʦʥʝʯʥʦʛʦ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠʟʦʙʨʘʞʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʘʛʨʘʤʤ, 

ʥʘ ʢʦʪʦʨʳʭ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʷʤʘʷ ʣʠʥʠʷ, ʘ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʦʡ ʯʘʩʪʠʮʝʡ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʣʠʙʦ ʧʫʥʢʪʠʨʦʤ, ʣʠʙʦ ʢʨʠʚʦʡ (ʨʠʩ. 1). 

                                                           
5
 ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʩʠʣʴʥʳʝ, ʩʣʘʙʳʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʦʙʤʝʥ ʢʘʣʠʙʨʦʚʦʯʥʳʤʠ ʙʦʟʦʥʘʤʠ (ʛʣʶʦʥʳ, W- ʠ Z-ʙʦʟʦʥʳ, ʬʦʪʦʥʳ). ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʷʩ-

ʥʷʶʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʥʫʪʨʠ ʘʪʦʤʦʚ ʠ ʠʭ ̫ ʜʝʨ. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

 

ɻ. ɼʞʦʨʜʞʠ ʠ ʐ. ɻʣʵʰʦʫ ʚʳʜʚʠʥʫʣʠ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚ-

ʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʙʲʝʜʠʥʝʥʠʶ ï ʩʣʠʷʥʠʶ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʢʪʨʦ-

ʩʣʘʙʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʊʝʦʨʠʠ çɺʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝ-

ʥʠʷè. ʀ ʵʪʘ ʪʝʦʨʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦ-

ʨʠʠ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʩʠʣʴʥʦʝ, ʩʣʘʙʦʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʜʚʘ 

ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʦʙʲʝʜʠʥʸʥʥʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʠ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʠ ʥʘ ʩʘʤʦʤ ʛʣʫʙʦʢʦʤ ʫʨʦʚʥʝ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʚʦʟʥʠʢʣʠ ʠ ʥʦʚʳʝ ʬʠʣʦʩʦʬʩʢʠʝ ʚʦʧʨʦʩʳ ʦ 

ʧʨʠʨʦʜʝ ʨʝʘʣʴʥʦʩʪʠ. ɽʩʣʠ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʝʥ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʣʠʷʪʴ ʥʘ ʠʭ ʙʳʪʠʝ, ʪʦ ʢʘʢʦʡ ʩʫʱʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʘʤʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ? ʆʧʨʝʜʝ-

ʣʷʝʪʩʷ ʣʠ ʝʸ ʧʨʠʨʦʜʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʩʧʨʠʷʪʠʷ ʠʣʠ ʩʚʷʟʘʥʘ ʩ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴʶ ʩʤʦʪʨʷʱʝʛʦ? ʕʪʠ 

ʚʦʧʨʦʩʳ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʚ ʬʠʣʦʩʦʬʠʠ ʥʘʫʢʠ ʠ ʧʨʠʚʝʣʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʥʘ-

ʧʨʘʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʂʦʧʝʥʛʘʛʝʥʘ, ʤʥʦʛʦʤʠʨʦʚʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦ-

ʜʳ, ʢʦʪʦʨʳʝ ʧʳʪʘʶʪʩʷ ʦʙʲʷʩʥʠʪʴ ʩʪʨʘʥʥʦʩʪʠ ʢʚʘʥʪʦʚʦʛʦ ʤʠʨʘ [7]. 

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʪʘʢʞʝ ʦʪʢʨʳʣʘ ʜʚʝʨʠ ʜʣʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʢʦʤ-

ʧʴʶʪʝʨʳ ʠ ʢʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʱʘʶʪ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʫʢʫ, ʥʦ 

ʠ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ 

ʩʫʧʝʨʧʦʟʠʮʠʷ ʠ ʟʘʧʫʪʘʥʥʦʩʪʴ, ʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʜʘʥʥʳʭ. 

ʂʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʫʙʠʪʳ ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʠʪʦʚ, ʩʧʦʩʦʙʥʳ ʚʳ-

ʧʦʣʥʷʪʴ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʳ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʢʫʙʠʪʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʧʦʟʚʦʣʷʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ ʤʦʛʫʪ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʪʘ-

ʢʠʝ ʢʘʢ ʬʘʢʪʦʨʠʟʘʮʠʷ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʠʭ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ. 

ʂʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʙʩʦʣʶʪʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʥ-

ʮʠʧ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ ɻʝʡʟʝʥʙʝʨʛʘ ʠ ʷʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʢʣʶ-

ʯʠ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʭʚʘʪʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʛʜʝ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʆʜʥʘʢʦ ʵʪʠ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʨʦʞʜʘʶʪ ʥʦʚʳʝ ʵʪʠʯʝʩʢʠʝ ʠ ʬʠʣʦʩʦʬʩʢʠʝ ʚʦʧʨʦ-

ʩʳ ʦ ʧʨʠʨʦʜʝ ʨʝʘʣʴʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʀʪʘʢ, ʧʦʜʚʝʜʸʤ ʠʪʦʛʠ: ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʯʠʥʘʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʦʙʲ-

ʝʢʪʦʚ ʥʦʩʠʣʠ ʤʠʬʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʚʦʣʝʡ ʙʦʛʦʚ ʠʣʠ ʜʫʭʦʚ. ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ 

ʘʢʮʝʥʪ ʩʤʝʩʪʠʣʩʷ ʥʘ ʠʟʫʯʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. 

ʇʝʨʚʳʝ ʥʘʫʯʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ʬʦʢʫʩʠʨʦʚʘʣʠʩʴ ʥʘ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ. ʅʘʧʨʠʤʝʨ, ɸʨʠʩʪʦʪʝʣʴ 

ʧʦʣʘʛʘʣ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʭʦʪʷ ʠ 

ʙʳʣʦ ʦʰʠʙʦʯʥʳʤ, ʘʢʮʝʥʪʠʨʦʚʘʣʦ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʰʥʝʡ ʧʨʠʯʠʥʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. 
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ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʨʘʙʦʪʳ ɻʘʣʠʣʝʷ ʠ ʅʴʶʪʦʥʘ, ʩʦʚʝʨʰʠʣʠ ʨʝʚʦʣʶʮʠʶ ʚ 

ʧʦʥʠʤʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɹʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʟʘʢʦʥ ʠʥʝʨʮʠʠ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʯʪʦ ʦʙʲʝʢʪ ʩʦ-

ʭʨʘʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʠʣʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʢʘ ʥʘ ʥʝʛʦ ʥʝ ʧʦʜʝʡʩʪʚʫʝʪ ʩʠʣʘ. ʉʠʣʘ 

ʩʪʘʣʘ ʤʝʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʦʡ ʠʟʤʝʥʷʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ (ʊʘʙʣʠʮʘ  1). 

ʊʘʙʣʠʮʘ 1 

ʕʚʦʣʶʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
 

ɸʥʪʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

1 ɸʨʠʩʪʦʪʝʣʴ (384 ï 322 ʛʛ. ʜʦ ʥ. ɻ .) 

ʂʦʥʮʝʧʮʠʷ ʯʝʪʳʨʸʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʟʝʤʣʠ, ʚʦʜʳ, ʚʦʟʜʫʭʘ ʠ 

ʦʛʥʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʲʷʩʥʷʣʦʩʴ ʯʝ-

ʨʝʟ ʢʘʪʝʛʦʨʠʠ ʪʝʧʣʘ, ʭʦʣʦʜʘ, ʩʫʭʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ. 

2 ɼʝʤʦʢʨʠʪ (460 ï 370 ʛʛ. ʜʦ ʥ. ɻ .) 

ɼʝʤʦʢʨʠʪ ʚʳʜʚʠʥʫʣ ʘʪʦʤʠʩʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʚʝʩʴ ʤʠʨ ʩʦʩʪʦʠʪ ʠʟ ʥʝʜʝʣʠʤʳʭ ʯʘʩʪʠʮ ï ʘʪʦʤʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʦʧʨʝʜʝʣʷʣʦ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ. 

ʉʨʝʜʥʝʚʝʢʦʚʴʝ ʠ ɻ ʧʦʭʘ ɺʦʟʨʦʞʜʝʥʠʷ 

1 ɸʣʴʙʝʨʪ ɺʝʣʠʢʠʡ (1193 ï 1280) 

ɸʣʴʙʝʨʪ ɺʝʣʠʢʠʡ ʙʳʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʫʯʸʥʳʭ, ʢʪʦ ʧʦʧʳʪʘʣʩʷ 

ʦʙʲʝʜʠʥʠʪʴ ʭʨʠʩʪʠʘʥʩʢʦʝ ʙʦʛʦʩʣʦʚʠʝ ʩ ʘʨʠʩʪʦʪʝʣʝʚʩʢʦʡ ʬʠʟʠʢʦʡ. 

ʆʥ ʨʘʟʚʠʚʘʣ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʝʜʘʯʫ ʢʘʯʝʩʪʚ ʠ ʬʦʨʤ. 

2 ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ (1564 ï 1642) 

ɿʘʣʦʞʠʣ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʢʠ, ʫʪʚʝʨʞʜʘʷ, ʯʪʦ ʜʚʠʞʝ-

ʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂʣʘʩʩʠʯʝʩʢʘ ̫ʬʠʟʠʢʘ 

1 ʀʩʘʘʢ ʅʴʶʪʦʥ (1643 ï 1727) 

ɿʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʦʙʲʷʩʥʠʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʘʩʩʘʤʠ, ʘ ʪʨʠ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʜʘʣʠ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ. 

2 ɼʞʝʡʤʩ ʂʣʝʨʢ ʄʘʢʩʚʝʣʣ (1831 ï 1879) 

ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʄʘʢʩʚʝʣʣʘ ʦʙʲʝʜʠʥʠʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʠ ʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ ʚ ʝʜʠʥʫʶ ʩʠʣʫ. ʋʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʘʨʷʜʘʤʠ ʠ ʪʦʢʘʤʠ. 

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʠ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

1 ɸʣʴʙʝʨʪ ʕʡʥʰʪʝʡʥ (1879 ï 1955) 

ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʘʩʩʘ ʠ ʵʥʝʨ-

ʛʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ (E=mcĮ), ʘ ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜ-

ʣʦʞʠʣʘ ʥʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʛʨʘʚʠʪʘʮʠʠ ʢʘʢ ʠʩʢʨʠʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ-ʚʨʝʤʝʥʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʧʨʦʷʚʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. 

2 ʅʠʣʴʩ ɹʦʨ (1885 ï 1962) 

ʉʦʟʜʘʣ ʧʝʨʚʫʶ ʢʚʘʥʪʦʚʫʶ ʪʝʦʨʠʶ ʘʪʦʤʘ, ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣ 

ʦʩʥʦʚʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. ʈʘʟʚʠʚʘʣ ʪʝʦʨʠʶ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʠ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʠʟʫʯʘʣ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʨʝʜʳ ʩ ʵʣʝ-

ʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

3 ɺʝʨʥʝʨ ɻʝʡʟʝʥʙʝʨʛ (1901 ï 1976) 

ʇʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ ɻʝʡʟʝʥʙʝʨʛʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮʳ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʢʚʘʥʪʦʚʦʤ ʫʨʦʚʥʝ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ 

1 
ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʯʘʩʪʠʮ 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʩʠʣʴʥʳʝ, ʩʣʘʙʳʝ ʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʦʙʤʝʥ ʢʘʣʠʙʨʦʚʦʯʥʳʤʠ ʙʦʟʦʥʘʤʠ 

(ʛʣʶʦʥʳ, W- ʠ Z-ʙʦʟʦʥʳ, ʬʦʪʦʥʳ). 

2 ʊʝʦʨʠʠ ʩʪʨʫʥ ʠ ʩʫʧʝʨʩʠʤʤʝʪʨʠʷ 

ʊʝʦʨʠʷ ʩʪʨʫʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʢʘʢ ʚʠʙʨʘʮʠʠ 

ʦʜʥʦʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ï ʩʪʨʫʥ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʤʥʦʛʦʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʝɦ-

ʩʪʚʦʚʘʥʠʝ ʧʘʨʪʥʸʨʦʚ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʤʦʛʣʦ ʙ r

ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʠʝ ʥʝʨʝʰʸʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʬʠʟʠʢʝ. 

 

ʈʘʟʚʠʪʠʝ ʬʠʟʠʢʠ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ, ʩʠʣʴʥʦʛʦ ʠ ʩʣʘʙʦʛʦ. ʂʘʞʜʦʝ ʠʟ ʥʠʭ ʦʧʠʩʳʚʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʤ 

ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʚʳʟʳʚʘʷ ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʩʦʩʪʦʷʥʠʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʧʨʦʜʦʣʞʘʝʪ ʫʛʣʫʙʣʷʪʴ ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʠʩʩʣʝʜʫʷ 

ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʠ ʵʢʟʦʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʠ. ʇʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʪʘʸʪʩʷ ʢʣʶʯʝ-

ʚʳʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ. ʉʪʠʚʝʥ ʍʦʢʠʥʛ ʩʯʠʪʘʣ, 

ʯʪʦ çʢʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ ʛʦʚʦʨʠʪ ʥʘʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʪʱʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʰʝ 
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ʥʘʙʣʶʜʝʥʠʝ ʥʘʩʪʦʷʱʝʛʦ, (ʥʝʥʘʙʣʶʜʘʝʤʦʝ) ʧʨʦʰʣʦʝ, ʢʘʢ ʠ ʙʫʜʫʱʝʝ, ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʳʤ ʠ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʢʘʢ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡè [10]. 

ʀʜʝʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʦʰʣʘ ʜʦʣ-

ʛʠʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʦʪ ʬʠʣʦʩʦʬʩʢʠʭ ʫʤʦʟʘʢʣʶʯʝʥʠʡ ʜʦ ʩʪʨʦʛʠʭ ʥʘʫʯʥʳʭ ʪʝʦʨʠʡ. ʉʝʛʦʜʥʷ ʥʘʫʢʘ 

ʧʨʦʜʦʣʞʘʝʪ ʠʩʢʘʪʴ ʝʜʠʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚʩʝʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʠ ʤʦʜʝʣʝʡ. 
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Abstract. Wood products are çfinishedè to give them a beautiful appearance and, in some cases, to 

increase their durability. Finishing is a series of techniques such as: dyeing, polishing, varnishing, wax-

ing, engraving, etc.   
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ʆʪʜʝʣʢʘ ï ʵʪʦ ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʦʣʷʨʥʳʭ ʠ ʤʝʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ. 

ʆʥʘ ʫʣʫʯʰʘʝʪ ʚʥʝʰʥʠʡ ʚʠʜ ʠʟʜʝʣʠʷ, ʨʘʩʢʨʳʚʘʷ ʝʩʪʝʩʪʚʝʥʥʫʶ ʢʨʘʩʦʪʫ ʜʨʝʚʝʩʠʥʳ, ʝʝ ʪʝʢʩʪʫʨʫ ʠ 

ʦʢʨʘʩʢʫ ʛʦʜʦʚʳʭ ʩʣʦʸʚ. ɼʘʞʝ ʭʦʨʦʰʦ ʦʙʨʘʙʦʪʘʥʥʘʷ ʜʝʢʦʨʘʪʠʚʥʘʷ ʜʨʝʚʝʩʠʥʘ, ʥʝ ʧʦʢʨʳʪʘʷ ʣʘʢʦʤ, 

ʦʩʪʘʸʪʩʷ ʪʫʩʢʣʦʡ. ʃʘʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʥʝ ʪʦʣʴʢʦ ʫʢʨʘʰʘʝʪ ʜʨʝʚʝʩʠʥʫ, ʥʦ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʶ ʚʣʘʛʠ ʠʟʚʥʝ. ɹʝʟ ʟʘʱʠʪʳ ʣʘʢʦʚʦʡ ʧʣʸʥʢʦʡ ʜʨʝʚʝʩʠʥʘ ʦʙʳʯʥʦ ʧʦʨʪʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ: ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʥʘ ʫʩʳʭʘʝʪ, ʨʘʟʙʫʭʘʝʪ, ʜʝʬʦʨʤʠʨʫʝʪʩʷ 

https://nbrilev.ru/sobytie_vzaimodeistvie.htm
https://studfile.net/preview/9578890/page:4/
https://mpei.ru/Structure/Universe/ire/structure/pnaf/Documents/forstud/Lecture_notes_LubenchenkoOI_23.pdf
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ʠ ʪʨʝʩʢʘʝʪʩʷ; ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʤʝʥʷʝʪ ʮʚʝʪ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʪʫʩʢʣʳʡ ʩʝʨʳʡ ʦʪʪʝʥʦʢ; ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʧʳʣʠ ʟʘʛʨʷʟʥʷʝʪʩʷ. ɺʩʝ ʵʪʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʡ ʠʟ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝ-

ʩʠʥʳ, ʜʝʣʘʝʪ ʠʭ ʥʝʛʠʛʠʝʥʠʯʥʳʤʠ ʠ ʥʝʢʨʘʩʠʚʳʤʠ. 

ɺʩʝ ʚʠʜʳ ʦʪʜʝʣʢʠ ʠʟʜʝʣʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

1. ʇʨʦʟʨʘʯʥʘʷ ʦʪʜʝʣʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠʨʦʜʥʘʷ ʪʝʢ-

ʩʪʫʨʘ (ʨʠʩʫʥʦʢ) ʜʨʝʚʝʩʠʥʳ. 

2. ʅʝʧʨʦʟʨʘʯʥʘʷ (ʫʢʨʳʚʠʩʪʘʷ) ʦʪʜʝʣʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʚʘʝʪʩʷ ʧʨʠʨʦʜʥʘʷ ʪʝʢʩʪʫ-

ʨʘ ʜʨʝʚʝʩʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʧʨʦʟʨʘʯʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 

3. ʀʤʠʪʘʮʠʦʥʥʘʷ ʦʪʜʝʣʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʢʩʪʫʨʘ, ʥʝ ʩʚʦʡʩʪʚʝʥ-

ʥʘʷ ʦʪʜʝʣʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ.  

4. ʉʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʦʪʜʝʣʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʨʝʚʝʩʠʥʫ ʩ ʜʝʢʦʨʘʪʠʚʥʦʡ ʮʝʣʴʶ ʧʦʜʚʝʨʛʘʶʪ ʭʫ-

ʜʦʞʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ: ʨʘʩʧʠʩʳʚʘʶʪ, ʥʘʥʦʩʷʪ ʨʝʟʴʙʫ, ʧʨʠʤʝʥʷʶʪ ʪʠʩʥʝʥʠʝ, ʚʳʞʠʛʘʥʠʝ, 

ʠʥʢʨʫʩʪʘʮʠʶ, ʟʦʣʦʯʝʥʠʝ, ʩʝʨʝʙʨʝʥʠʝ ʠ ʪ. ʧ. 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʦʪʜʝʣʢʠ ʥʘʯʠʥʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʶʪ, ʟʘʜʝʣʳʚʘʶʪ ʪʨʝʱʠʥʳ, ʫʜʘʣʷʶʪ ʩʫʯʢʠ ʠ ʩʣʝʜʳ ʛʨʷ-

ʟʠ, ʘ ʟʘʪʝʤ ʰʣʠʬʫʶʪ. ʅʝʧʦʢʨʳʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʯʠʱʘʶʪ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʫʜʘʣʷʷ ʧʦʯʪʠ 

ʧʨʦʟʨʘʯʥʳʝ ʩʢʦʣʳ, ʜʦ ʧʦʣʫʯʝʥʠʷ ʛʣʘʜʢʦʡ, ʙʝʟ ʮʘʨʘʧʠʥ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʩʪʘʚʰʠʝʩʷ ʩʣʝʜʳ ʰʣʠʬʦʚʢʠ 

ʫʜʘʣʷʶʪʩʷ ʩʢʨʝʙʢʦʤ. ʅʘʢʦʥʝʮ, ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ: ʧʦʦʯʝ-

ʨʸʜʥʦ ˉ 30-20, ʟʘʪʝʤ ˉ 12-10, ʠʥʦʛʜʘ ˉ 8. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʨʝʚʘ ʪʱʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʝʨʝʜ ʥʘʥʝʩʝ-

ʥʠʝʤ ʧʨʦʟʨʘʯʥʦʛʦ ʣʘʢʘ (ʨʠʩ. 1). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʨʝʚʝʩʠʥʳ ʩʢʨʝʙʢʘʤʠ ʠ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʚʦʣʦʢ-

ʥʘ ʩʨʝʟʘʶʪʩʷ ʠ ʚʜʘʚʣʠʚʘʶʪʩʷ ʚ ʧʦʨʳ. ɽʩʣʠ ʪʘʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʴ ʣʘʢʦʤ, ʚʦʣʦʢʥʘ ʚ ʚʠʜʝ ʚʦ-

ʣʦʩʢʦʚ ʧʦʜʥʠʤʫʪʩʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʝʪ ʰʝʨʦʭʦʚʘʪʦʡ. ʇʝʨʝʜ ʦʪʜʝʣʢʦʡ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʩʤʘʯʠʚʘʶʪ ʩʣʘʙʳʤ ʨʘʩʪʚʦʨʦʤ ʢʣʝʡʩʪʝʨʘ (ʥʘʧʨʠʤʝʨ, ʢʦʩʪʥʦʛʦ ʢʣʝʷ) ʠʟ ʨʘʩ-

ʯʸʪʘ 30-50 ʛ ʩʫʭʦʛʦ ʢʣʝʡʩʪʝʨʘ ʥʘ 1000 ʛ ʚʦʜʳ. ʆʭʣʘʞʜʸʥʥʳʡ ʨʘʩʪʚʦʨ ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʠ ʚʳʩʫʰʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ. ʇʦʜʥʷʚʰʠʝʩʷ ʚʦʣʦʩʢʠ ʩʪʘʥʦʚʷʪʩʷ ʞʸʩʪʢʠʤʠ ʠ ʣʝʛ-

ʢʦ ʫʜʘʣʷʶʪʩʷ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ˉ 8-6. ɼʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʝʚʝ-

ʩʠʥʳ ʫʚʣʘʞʥʷʶʪ ʜʚʘʞʜʳ. ʍʦʨʦʰʦ ʦʙʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʛʣʘʜʢʦʡ, ʯʠʩʪʦʡ ʠ ʰʝʣ-

ʢʦʚʠʩʪʦʡ ʥʘ ʦʱʫʧʴ. 

 

 

 
 

ʈʠʩ. 1. ʐʣʠʬʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʡ ʜʨʝʚʝʩʠʥʳ ʜʦ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

ɻʨʫʥʪʦʚʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʤʝʣʢʠʭ ʧʦʨ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʸʥʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʘʜʛʝʟʠʠ (ʩʮʝʧʣʝʥʠʷ) ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʨʝʚʝʩʠʥʳ. ʇʦʨʦʟʘʧʦʣʥʠʪʝʣʴ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʢʨʳʪʠʷ ʢʨʫʧʥʳʭ ʧʦʨ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʷ ʨʘʩʭʦʜ ʣʘʢʘ ʠ ʫʩʘʜʢʫ ʦʙʲʸʤʘ ʧʦʢʨr -

ʪʠʷ. 

ʇʨʠ ʦʪʜʝʣʢʝ ʩʧʠʨʪʦʚʳʤʠ ʣʘʢʘʤʠ ʠ ʧʦʣʠʪʫʨʘʤʠ ʛʨʫʥʪʦʚʘʥʠʝ ʠ ʧʦʨʦʟʘʧʦʣʥʝʥʠʝ ʤʦʞʥʦ ʧʨʦ-

ʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʯʝʣʠʥʦʡ ʚʦʩʢʦʚʦʡ ʰʧʘʪʣʝʚʢʠ. ɽʸ ʤʦʞʥʦ ʧʨʠʛʦʪʦʚʠʪʴ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠ ʚʦʩʢʘ ʠ ʜʚʫʭ ʯʘʩʪʝʡ ʩʢʠʧʠʜʘʨʘ. ɼʦʙʘʚʴʪʝ ʩʢʠʧʠʜʘʨ ʚ ʨʘʩʪʦʧʣʝʥʥʳʡ 



46 
 

ʚʦʩʢ, ʧʦʤʝʰʠʚʘʷ ʰʧʘʪʝʣʝʤ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʰʧʘʪʣʝʚʢʫ ʥʘʥʦʩʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʝʩʪʢʦʡ ʱʝʪʠʥ-

ʥʦʡ ʢʠʩʪʴʶ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ, ʭʦʨʦʰʦ ʚʪʠʨʘʷ ʚ ʧʦʨʳ. ʂʦʛʜʘ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʩʧʘʨʠʪʩʷ, ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʥʘʪʠʨʘʶʪ ʱʸʪʢʦʡ ʩ ʢʦʨʦʪʢʦʡ ʱʝʪʠʥʦʡ ʠʣʠ ʛʨʫʙʦʡ ʪʢʘʥʴʶ ʜʦ ʧʦʣʫʯʝʥʠʷ ʤʘʪʦʚʦʛʦ ʙʣʝʩʢʘ.  

ʐʧʘʢʣʝʚʘʥʠʝ ï ʵʪʘ ʦʧʝʨʘʮʠʷ ʚʳʨʘʚʥʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʥʝʧʨʦʟʨʘʯʥʳʭ ʧʦʢʨʳʪʠʡ. ɽʩʣʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʪʨʝʱʠʥʳ, ʚʤʷʪʠʥʳ, ʮʘʨʘʧʠʥʳ ʠʣʠ ʩʫʯʢʠ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʰʧʘʪʣʸʚʢʫ ʠ ʛʫʩʪʫʶ ʰʧʘʪʣʝʚʢʫ, ʥʘʥʦʩʠʤʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ ʜʝʨʝʚʷʥʥʳʤʠ ʰʧʘʪʝʣʷʤʠ. 

ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʰʧʘʪʣʸʚʢʘ ʠ ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʘʩʪʘ ʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʩʘʜʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʝʥʠʷ ʦʧʝʨʘʮʠʡ. ʂʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʚʳʩʦʭʥʝʪ, ʦʪʰʣʠʬʫʡʪʝ ʝʸ 

ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʩ ʤʝʣʢʦʡ ʟʝʨʥʠʩʪʦʩʪʴʶ ˉ 6-5. ʃʫʯʰʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʪʜʝʣʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ï ʪʚʸʨʜʘʷ ʰʧʘʢʣʸʚʢʘ ʧʣʶʩ ʞʠʜʢʘʷ ʰʧʘʢʣʸʚʢʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ ʩʫʰʢʝ ʜʨʝʚʝ-

ʩʠʥʳ ʛʦʜʦʚʳʝ ʩʣʦʠ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʘʶʪ ʨʘʟʥʫʶ ʫʩʘʜʢʫ ʠ, ʩʢʦʣʴʢʦ ʙʳ ʚʳ ʥʠ ʧʦʢʨʳʚʘʣʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʘʩʢʦʡ, ʚʦʣʥʠʩʪʦʩʪʴ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʋʩʪʨʘʥʠʪʴ ʠʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ 

ʪʚʸʨʜʦʡ ʰʧʘʢʣʸʚʢʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʱʝʛʦ ʬʦʥʘ ʧʦʜ ʦʪʜʝʣʢʫ ʢʨʘʩʢʘʤʠ ʠ ʵʤʘʣʷʤʠ ʚ ʰʧʘʪʣʸʚʢʫ ʜʦ-

ʙʘʚʣʷʶʪ ʧʠʛʤʝʥʪʳ. 

ʄʦʨʠʣʢʠ ʜʣʷ ʜʝʨʝʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʳ, ʫʣʫʯʰʝ-

ʥʠʷ ʝʸ ʪʦʥʘ ʠ ʠʤʠʪʘʮʠʠ ʮʝʥʥʳʭ ʧʦʨʦʜ. ʄʦʨʠʣʢʠ ʤʦʛʫʪ ʩʢʨʳʪʴ ʥʝʢʦʪʦʨʳʝ ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʨʝʚʝʩʠʥʳ: ʩʠʥʝʚʫ, ʧʝʩʪʨʦʪʫ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʷʪʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʟʚʘʥʥʳʝ ʧʨʦʩʘʯʠʚʘʥʠʝʤ ʢʣʝʷ. 

ɼʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʩʠʪʝʣʠ, ʧʨʦʪʨʘʚʳ ʠ ʧʠʛʤʝʥʪʳ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʤʦʨʠʣʢʠ, 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʝʨʝʚʦʦʙʨʘʙʦʪʯʠʢʦʚ-ʣʶʙʠʪʝʣʝʡ, ʥʘʥʦʩʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ 

ʢʠʩʪʠ, ʧʦʨʦʣʦʥʦʚʦʡ ʛʫʙʢʠ, ʢʠʩʪʠ ʠʣʠ ʨʘʩʧʳʣʠʪʝʣʷ. ʄʦʨʠʣʢʘ ʥʘʥʦʩʠʪʩʷ ʥʘ ʫʚʣʘʞʥʸʥʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʵʥʝʨʛʠʯʥʳʤʠ ʤʘʟʢʘʤʠ, ʩʥʘʯʘʣʘ ʚʜʦʣʴ, ʘ ʟʘʪʝʤ ʩʢʚʦʟʴ ʚʦʣʦʢʥʘ, ʥʝ ʧʝʨʝʢʨʳʚʘʷ ʠ ʥʝ ʦʩʪʘʥʘʚ-

ʣʠʚʘʷʩʴ. ʃʶʙʳʝ ʧʦʪʸʢʠ ʥʝʤʝʜʣʝʥʥʦ ʫʜʘʣʷʶʪʩʷ ʚʣʘʞʥʦʡ ʪʢʘʥʴʶ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʢʨʘʰʠ-

ʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʝʛʢʘ ʧʨʦʪʠʨʘʶʪ ʚʣʘʞʥʦʡ ʤʘʨʣʝʚʦʡ ʩʘʣʬʝʪʢʦʡ ʠ ʩʫʰʘʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʯʘʩʦʚ. 

ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʤʦʛʫʪ ʩʥʦʚʘ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚʦʨʩʠʥʢʠ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ ʛʨʫʙʦʡ ʰʝʨʩʪʷʥʦʡ ʪʢʘ-

ʥʴʶ ʠʣʠ (ʦʯʝʥʴ ʦʩʪʦʨʦʞʥʦ) ʦʙʨʘʙʦʪʘʥʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʢʨʘʩʠʪʝʣʝʡ (ʪʘʙʣʠʮʘ 1) ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʤʘʣʠʨʦʚʘʥʥʘʷ, ʣʫʞʝʥʘʷ 

ʠʣʠ ʬʘʨʬʦʨʦʚʘʷ ʧʦʩʫʜʘ, ʚ ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʶʪ ʫʢʘʟʘʥʥʦʝ ʚ ʨʝʮʝʧʪʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʩʠʪʝʣʷ ʠ ʚʦʜʳ, 

ʥʘʛʨʝʪʫʶ ʜʦ 60-80ÁC. ʇʨʠʤʝʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʪʚʦʨʦʚ (%): 1-5 ʢʨʘʩʠʪʝʣʷ ʠ 99-95 ʚʦʜʳ. ʇʦʩʣʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 30-40ÁC ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʫʶʪ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 18-20ÁC ʝʛʦ 

ʥʘʥʦʩʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʨʦʟʨʘʯʥʘʷ ʦʪʜʝʣʢʘ ï ʵʪʦ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚʠʜ ʦʪʜʝʣʢʠ ʜʣʷ ʩʪʦʣʷʨʥʳʭ ʠʟʜʝʣʠʡ ʠ 

ʤʝʙʝʣʠ. ʃʘʢʠ ʥʘʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʢʠʩʪʴʶ, ʛʫʙʢʦʡ, ʧʦʜʫʰʝʯʢʦʡ ʧʘʣʴʮʘ, ʥʘʣʠʚʦʤ ʠʣʠ 

ʨʘʩʧʳʣʝʥʠʝʤ. ʃʘʢʠʨʦʚʘʥʠʝ ʢʠʩʪʴʶ. ʃʘʢ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʶʙʦʡ ʬʦʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʢ-

ʨʘʰʝʥʥʳʝ ʨʝʣʴʝʬʥʳʤʠ ʩʢʫʣʴʧʪʫʨʘʤʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʫʯʥʳʝ ʢʠʩʪʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, ʬʣʝʡʮʳ, 

ʪʦʨʮʦʚʢʠ ʠ ʪ. ʜ. 

ʃʘʢʠʨʦʚʘʥʠʝ ʩʧʠʨʪʦʚʳʤʠ ʣʘʢʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʅʘ ʭʦʨʦʰʦ ʧʦʜ-

ʛʦʪʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʚʘʪʥʦʡ ʧʘʣʦʯʢʠ ʥʘʥʦʩʷʪ ʣʘʢ ʚʜʦʣʴ ʚʦʣʦʢʦʥ, ʧʝʨʝʢʨʳʚʘʷ ʩʣʝ-

ʜʳ. ʐʪʨʠʭʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʦʚʥʳʤʠ, ʘ ʣʘʢ ʥʝ ʜʦʣʞʝʥ ʢʘʧʘʪʴ ʠʣʠ ʨʘʩʪʝʢʘʪʴʩʷ. ʇʦ ʤʝʨʝ ʚʳʩʳʭʘʥʠʷ 

ʣʘʢʘ ʝʛʦ ʧʦʨʮʠʷʤʠ ʥʘʣʠʚʘʶʪ ʚ ʚʘʪʥʫʶ ʧʘʣʦʯʢʫ. 

ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʘʪ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɿʘʪʝʤ ʧʣʸʥʢʫ ʰʣʠʬʫ-

ʶʪ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ˉ 6-5 ʥʘ ʧʦʜʫʰʝʯʢʝ ʩ ʣʸʛʢʠʤ ʥʘʞʠʤʦʤ. ʆʯʠʩʪʠʚ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʧʳʣʠ 

ʪʨʷʧʢʦʡ, ʝʸ ʩʥʦʚʘ ʧʦʢʨʳʚʘʶʪ ʣʘʢʦʤ, ʥʦ ʫʞʝ ʙʦʣʝʝ ʞʠʜʢʠʤ. ɿʘʪʝʤ ʩʫʭʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʫʶʪ 

ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ˉ 3 ʩ ʧʘʨʘʬʠʥʦʤ. ʊʨʝʪʠʡ ʩʣʦʡ ʥʘʥʦʩʠʪʩʷ ʝʱʸ ʙʦʣʝʝ ʞʠʜʢʠʤ ʣʘʢʦʤ, ʧʦʣʫʯʘʷ 

ʪʦʥʢʫʶ ʧʣʸʥʢʫ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʧʣʸʥʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʣʘʜʢʦʡ ʩ ʨʦʚʥʳʤ ʙʣʝʩʢʦʤ. 
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ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʢʨʘʩʠʪʝʣʝʡ 

 

 

  
 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʪʴ ʯʠʩʪʦʝ ʧʦʢʨʳʪʠʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ï ʥʘʥʝʩʪʠ ʚʦʩʢ. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʥʘʥʝʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʩʢʦʚʫʶ ʰʧʘʢʣʝʚʢʫ ʠ ʚʪʝʨʝʪʴ ʝʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʥʫʞ-

ʥʦ ʥʘʥʦʩʠʪʴ ʧʦʨʦʟʘʧʦʣʥʠʪʝʣʴ, ʪʘʢ ʢʘʢ ʚʦʩʢ ʟʘʤʝʥʷʝʪ ʧʦʨʦʟʘʧʦʣʥʠʪʝʣʴ. 

ʅʘ ʭʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ, ʙʝʟʚʦʨʩʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʝʩʪʠ ʦʩʪʳʚʰʫʶ ʰʧʘʢʣʝʚʢʫ ʩ ʧʦ-

ʤʦʱʴʶ ʢʠʩʪʠ ʠʣʠ ʱʸʪʢʠ ʩ ʢʦʨʦʪʢʦʡ ʞʝʩʪʢʦʡ ʱʝʪʠʥʦʡ. ʐʧʘʪʣʝʚʢʫ ʩʣʝʜʫʝʪ ʥʘʥʦʩʠʪʴ ʨʘʚʥʦʤʝʨʥʦ, 

ʥʝ ʨʘʟʤʘʟʳʚʘʷ, ʯʪʦʙʳ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʧʦʢʨʳʪʘ ʦʜʠʥʘʢʦʚʦ ʪʦʣʩʪʦ. ʇʦʢʨʳʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʘʪ 

ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18-20 ÁC, ʯʪʦʙʳ ʰʧʘʪʣʸʚʢʘ ʧʨʦʥʠʢʣʘ ʢʘʢ ʤʦʞʥʦ ʛʣʫʙʞʝ ʠ ʟʘʢʨʳ-

ʣʘ ʧʦʨʳ ʚ ʜʨʝʚʝʩʠʥʝ. ɺʳʩʫʰʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʤʘʪʦʚʳʤʠ. ʏʪʦʙʳ ʧʨʠʜʘʪʴ ʠʤ ʙʣʝʩʢ, ʠʭ 

ʥʘʪʠʨʘʶʪ ʱʸʪʢʦʡ ʩ ʯʠʩʪʦʡ ʱʝʪʠʥʦʡ ʠʣʠ ʛʨʫʙʦʡ ʪʢʘʥʴʶ. ʇʦʚʝʨʭʥʦʩʪʴ ʥʝ ʩʨʘʟʫ ʩʪʘʥʦʚʠʪʩʷ ʯʠʩʪʦʡ ʠ 

ʙʣʝʩʪʷʱʝʡ, ʪʘʢ ʢʘʢ ʚʦʩʢ ʧʨʠʣʠʧʘʝʪ ʢ ʪʢʘʥʠ. ʂʦʛʜʘ ʚʦʩʢ ʚʳʪʠʨʘʝʪʩʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʯʠʩ-

ʪʦʡ, ʙʣʝʩʪʷʱʝʡ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʨʦʚʥʳʡ ʙʣʝʩʢ. ʅʘʪʠʨʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ɿʘʪʝʤ ʧʨʝʜʤʝʪ ʩʫʰʘʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʠʩʧʘʨʠʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʴ. 

ɺʦʩʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʥʝ ʠʤʝʝʪ ʪʚʝʨʜʦʡ ʧʣʝʥʢʠ ʠ ʣʝʛʢʦ ʧʦʚʨʝʞʜʘʝʪʩʷ. ɽʛʦ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦ-

ʚʠʪʴ, ʧʨʦʪʝʨʝʚ ʧʦʚʝʨʭʥʦʩʪʴ ʪʢʘʥʴʶ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʛʣʷʥʮʝʚʦʡ ʧʣʸʥʢʠ ʚʦʩʢʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʚʘʶʪ ʣʘʢʦʤ ʥʘ 

ʤʘʩʣʷʥʦʡ ʦʩʥʦʚʝ, ʨʘʟʙʘʚʣʝʥʥʳʤ ʱʝʣʦʯʥʳʤ ʣʘʢʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʠʣʠ 7 ʢ 8 % ʣʘʢʘ. ɺʦʩʢʦʚʦʝ 

ʧʦʢʨʳʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʤʷʛʢʠʤ ʠ ʨʘʚʥʦʤʝʨʥʳʤ ʙʣʝʩʢʦʤ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪ-

ʜʝʣʢʠ ʤʝʙʝʣʠ ʠʟ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʧʦʨʦʜ ʜʝʨʝʚʘ ï ʜʫʙʘ, ʷʩʝʥʷ ʠ ʜʨʫʛʠʭ 

ʄʥʦʛʠʝ ʩʪʦʣʷʨʥʳʝ ʠʟʜʝʣʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝ ʠʤʝʶʱʠʝ ʧʦʢʨʳʪʠʷ, ʦʪʜʝʣʳ-

ʚʘʶʪʩʷ ʢʨʘʩʢʘʤʠ ʠ ʵʤʘʣʷʤʠ. ʆʪʜʝʣʦʯʥʳʝ ʩʦʩʪʘʚʳ ʚʳʙʠʨʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʛʜʝ ʙʫʜʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʠʟʜʝʣʠʝ ï ʚ ʦʪʘʧʣʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʪ ʵʪʦʛʦ 

ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʧʨʠʤʝʥʷʝʤʳʭ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʢʨʘʩʢʠ ʠ ʵʤʘʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʦʩʥʦʚʝ, ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʝ ʢʨʘʩʢʠ ʠʣʠ ʥʠʪʨʦʢʨʘʩʢʠ ʠ ʵʤʘʣʠ. 

ɽʩʣʠ ʠʟʜʝʣʠʝ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʟʘʱʠʪʥʳʭ ʮʝʣʷʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʩʪʘʚʳ, ʦʙʨʘʟʫʶʱʠʝ ʛʣʷʥʮʝ-

ʚʳʝ ʧʣʝʥʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʣʷʥʮʝʚʳʭ ʧʦʢʨʳʪʠʡ ʧʠʛʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʫʩʧʝʥʟʠʠ, ʦʩʘʞʜʘʶʪʩʷ 

ʥʘ ʦʩʥʦʚʫ, ʘ ʧʦʚʝʨʭ ʧʠʛʤʝʥʪʦʚ ʥʘʥʦʩʠʪʩʷ ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʩʚʷʟʫʶʱʝʛʦ, ʦʪʨʘʞʘʶʱʝʛʦ ʩʚʝʪ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʣʷʥʮʝʚʳʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʩʢʠ ʠ ʵʤʘʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʦʩʥʦʚʝ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʨʘʩʢʠ ʠ ʥʠʪʨʦʵʤʘʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʦʚʳʭ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʜʦʩʪʘ-

ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʷʥʮʝʚʦʡ. ʕʪʠ ʢʨʘʩʢʠ 

ʠ ʵʤʘʣʠ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳ ʥʘʩʝʣʝʥʠʶ. 

ʄʘʪʦʚʳʝ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʦʡ ʦʢʨʘʩʢʠ ʩʪʦʣʷʨʥʳʭ ʠʟʜʝʣʠʡ. ʀʭ ʧʦʣʫ-

ʯʘʶʪ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ ʦʣʠʬʳ, ʟʘʤʝʥʦʡ ʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠʣʠ ʚʚʝʜʝʥʠʝʤ ʜʦʙʘʚʦʢ, ʧʨʠʜʘʶʱʠʭ ʜʨʝʚʝʩʠʥʝ ʤʘʪʦʚʳʡ ʦʪʪʝʥʦʢ: ʩʫʭʦʛʦ ʧʠʛʤʝʥ-

ʪʘ, ʧʯʝʣʠʥʦʛʦ ʚʦʩʢʘ, ʤʳʣʘ. ʕʪʠ ʧʦʢʨʳʪʠʷ ʩʤʷʛʯʘʶʪ ʪʦʥʘ ʢʨʘʩʢʠ ʠ ʩʢʨʳʚʘʶʪ ʤʝʣʢʠʝ ʜʝʬʝʢʪʳ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʦʙʨʘʟʫʷ ʜʠʬʬʫʟʥʦʝ ʦʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʝʨʦʭʦʚʘ-

ʪʦʛʦ, ʥʝʧʦʢʨʳʪʦʛʦ ʩʣʦʷ ʩʚʷʟʫʶʱʝʛʦ. ʊʘʢʠʝ ʧʦʢʨʳʪʠʷ ʧʨʠʷʪʥʳ ʛʣʘʟʫ ʠ ʢʨʘʩʠʚʳ, ʥʦ ʤʝʥʝʝ ʜʦʣʛʦ-

ʚʝʯʥʳ, ʯʝʤ ʛʣʷʥʮʝʚʳʝ. ʅʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʦʯʥʳʝ ʩʦʩʪʘʚʳ ʪʘʢʦʛʦ ʨʦʜʘ, ʥʦ ʥʝ ʚʩʝʛʜʘ 

ʤʦʞʥʦ ʥʘʡʪʠ ʥʫʞʥʳʡ. ʄʘʪʦʚʳʝ ʩʦʩʪʘʚʳ ʤʦʞʥʦ ʧʨʠʛʦʪʦʚʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʤʘʩʣʷʥʳʝ 

ʢʨʘʩʢʠ, ʩʫʭʠʝ ʧʠʛʤʝʥʪʳ, ʧʯʝʣʠʥʳʡ ʚʦʩʢ ʠʣʠ ʜʨʫʛʠʝ ʚʦʩʢʠ. 

ʉʦʩʪʘʚ ʛʦʪʦʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘʛʨʝʡʪʝ ʚʦʩʢ, ʜʦʙʘʚʴʪʝ ʧʷʪʠʢʨʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʢʠʧʠʜʘʨʘ ʠ ʦʩʪʘʚʴʪʝ ʦʩʪʳʚʘʪʴ ʧʨʠ ʧʦʤʝʰʠʚʘʥʠʠ. ʉʫʭʠʝ ʙʝʣʠʣʘ ʨʘʟʚʦʜʷʪ ʧʦʣʦʚʠʥʦʡ ʩʢʠʧʠʜʘʨʘ ʠ 

ʪʱʘʪʝʣʴʥʦ ʨʘʩʪʠʨʘʶʪ. ʊʝʨʪʳʝ ʙʝʣʠʣʘ ʨʘʟʚʦʜʷʪʩʷ ʦʩʪʘʚʰʠʤʩʷ ʩʢʠʧʠʜʘʨʦʤ ʠ ʩʠʢʢʘʪʠʚʦʤ, ʟʘʪʝʤ 

ʚʚʦʜʠʪʩʷ ʩʦʩʪʘʚ ʠʟ ʩʫʭʦʛʦ ʧʠʛʤʝʥʪʘ ʠ ʙʝʣʠʣ ʠ ʨʘʩʪʠʨʘʝʪʩʷ ʩʦ ʩʢʠʧʠʜʘʨʦʤ. ʉʦʩʪʘʚ ʭʦʨʦʰʦ ʧʝʨʝ-

ʤʝʰʠʚʘʝʪʩʷ, ʟʘʪʝʤ ʚʚʦʜʠʪʩʷ ʨʘʩʪʚʦʨ ʧʯʝʣʠʥʦʛʦ ʚʦʩʢʘ ʠ ʩʥʦʚʘ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ. ʉʦʩʪʘʚ ʭʨʘʥʠʪʩʷ ʚ 

ʟʘʢʨʳʪʦʡ ʪʘʨʝ, ʚʜʘʣʠ ʦʪ ʦʛʥʷ. 

        ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʤʘʪʦʚʦʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʥʦ ʠʟʤʝ-

ʥʷʪʴ, ʧʦʣʫʯʘʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʫʭʠʝ ʩʦʩʪʘʚʳ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

 ʉʦʦʪʥʦʰʝʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

 

ɹʝʣʠʣʘ ʮʠʥʢʦʚʳʝ: ʪʸʨʪʳʝ 2,0 

ɹʝʣʠʣʘ ʮʠʥʢʦʚʳʝ: ʩʫʭʠʝ 1,0 

ʆʣʠʬʘ ʥʘʪʫʨʘʣʴʴʥʘʷ 0,15 

ɺʦʩʢ ʥʘʪʫʨʘʣʣʴʥʳʡ 0,2 

ʉʢʠʧʠʜʘʨ 1,0 

ʉʠʢʢʘʪʠʚ ʞʠʜʢʠʡ 0,15 

ʇʠʛʤʝʥʪʳ ʩʫʭʠʝ ʇʦ ʧʦʪʨʝʙʥʦʩʪʠ 

 

ʇʨʠʸʤʳ ʫʢʨʳʚʠʩʪʦʡ ʦʢʨʘʩʢʠ. ʉʪʦʣʷʨʥʳʝ ʠʟʜʝʣʠʷ ʦʢʨʘʰʠʚʘʶʪʩʷ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʪʨʝʙʫʝ-

ʤʦʛʦ ʩʦʩʪʘʚʘ ʢʨʘʩʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʫʰʢʦʡ ʠ ʰʣʠʬʦʚʢʦʡ. ɼʣʷ ʥʘʥʝʩʝʥʠʷ 

ʢʨʘʩʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʠʩʪʠ ʠʟ ʱʝʪʠʥʳ, ʚʦʣʦʩʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʢʨʫʛʣʳʝ ʠ ʧʣʦʩʢʠʝ ʨʫʯ-

ʢʠ, ʧʦʨʦʣʦʥʦʚʳʝ ʠ ʤʘʭʦʚʳʝ ʚʘʣʠʢʠ, ʘ ʪʘʢʞʝ ʢʨʘʩʢʦʧʫʣʴʪʳ. ʂʠʩʪʷʤʠ ʠ ʢʨʘʩʢʦʧʫʣʴʪʘʤʠ ʤʦʞʥʦ ʥʘ-

ʥʦʩʠʪʴ ʚʩʝ ʚʠʜʳ ʢʨʘʩʦʢ ʠ ʵʤʘʣʝʡ, ʚʘʣʠʢʘʤʠ  ï ʪʦʣʴʢʦ ʤʘʩʣʷʥʳʝ ʠ ʚʦʜʥʳʝ ʩʦʩʪʘʚʳ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 

ʧʦʢʨʘʩʢʠ ʨʫʯʢʠ ʢʠʩʪʝʡ ʩʣʝʜʫʝʪ ʧʝʨʝʚʷʟʘʪʴ ʢʨʝʧʢʦʡ ʙʝʯʝʚʢʦʡ, ʦʩʪʘʚʠʚ ʜʣʠʥʫ ʚʦʣʦʩʘ ʦʪ 3 ʜʦ 5 ʩʤ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʢʨʘʩʢʘ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʘ, ʝʝ ʥʘʙʠʨʘʶʪ ʥʘ ʢʠʩʪʴ ʠ ʧʦʛʨʫʞʘʶʪ ʥʘ 1-2 ʩʤ. ʀʟ-

ʣʠʰʢʠ ʢʨʘʩʢʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʢʨʘʶ ʙʣʶʜʘ. ʂʨʘʩʢʫ ʩʣʝʜʫʝʪ ʥʘʥʦʩʠʪʴ ʪʦʥʢʠʤʠ, ʨʦʚʥʳʤʠ ʩʣʦʷʤʠ. 

ʊʦʣʩʪʳʝ ʩʣʦʠ ʩʦʭʥʫʪ ʤʝʜʣʝʥʥʦ ʠ ʦʙʨʘʟʫʶʪ ʤʦʨʱʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʘʩʢʘ ʥʘʥʦʩʠʪʩʷ ʰʠʨʦʢʠʤʠ 

ʧʦʣʦʩʘʤʠ, ʢʦʪʦʨʳʝ ʪʱʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ ʜʣʷ ʣʫʯʰʝʛʦ ʩʮʝʧʣʝʥʠʷ ʩ 

ʧʦʣʦʤ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʢʠʩʪʴ ʜʝʨʞʘʪ ʧʦʜ ʫʛʣʦʤ 45-55Á ʢ ʦʢʨʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʘʩʢʘ ʥʘʥʦʩʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʨʘʰʠʚʘʝʪʩʷ ʜʚʘʞʜʳ, ʧʝʨʚʳʡ 

ʩʣʦʡ ʥʘʥʦʩʠʪʩʷ ʧʦʚʝʨʭ ʚʦʣʦʢʦʥ. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʨʘʰʠʚʘʝʪʩʷ ʪʨʠ ʨʘʟʘ, ʧʝʨʚʳʡ ʠ ʧʦʩʣʝʜʥʠʡ 

ʩʣʦʠ ʚʩʝʛʜʘ ʥʘʥʦʩʷʪʩʷ ʚʜʦʣʴ ʚʦʣʦʢʦʥ. 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʣʝʜʦʚ ʦʪ ʢʠʩʪʠ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʶʪ ʩ ʧʦʤʦ-

ʱʴʶ ʙʦʨʦʟʜʦʜʝʣʘ, ʜʝʨʞʘ ʝʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʪʜʝʣʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʦʪʜʝʣʢʠ ʤʘʩ-

ʣʷʥʳʤʠ ʢʨʘʩʢʘʤʠ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ. ʂʨʘʩʢʘ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʤʦ-

ʱʴʶ ʚʘʣʠʢʘ ʠʣʠ ʢʠʩʪʠ, ʨʘʩʧʨʝʜʝʣʷʷ ʩʣʦʡ ʢʨʘʩʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ. ɿʘʪʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʪʦʨʮʦʚʦʯʥʦʡ ʢʠʩʪʴʶ, ʱʝʪʠʥʘ ʢʦʪʦʨʦʡ ʪʱʘʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʘ. ʑʝʪʠʥʫ ʨʘʟʛʣʘʞʠʚʘʶʪ ʥʘ 

ʨʘʩʢʘʣʝʥʥʦʡ ʧʣʠʪʝ, ʦʙʞʠʛʘʷ ʚʳʩʪʫʧʘʶʱʠʝ ʢʦʥʮʳ ʯʝʨʝʟ ʢʠʩʪʴ, ʧʦʢʘ ʦʥʠ ʥʝ ʩʪʘʥʫʪ ʦʜʥʦʨʦʜʥʳʤʠ. 

ʊʝʭʥʠʢʘ ʧʨʘʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʝʛʢʦʤ ʧʦʩʪʫʢʠʚʘʥʠʠ ʢʠʩʪʴʶ ʧʦ ʩʚʝʞʝʦʢʨʘʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʣʝʛʢʘ ʢʘʩʘʷʩʴ ʱʝʪʠʥʦʡ ʩʣʦʷ ʢʨʘʩʢʠ. ʄʘʟʢʠ ʨʘʟʨʘʚʥʠʚʘʶʪ ʢʨʘʩʢʫ, ʩʦʟʜʘʚʘʷ ʛʨʫʙʫʶ ʪʝʢʩʪʫʨʫ. ʏʪʦ-

ʙʳ ʜʦʙʠʪʴʩʷ ʦʜʠʥʘʢʦʚʦʡ ʪʝʢʩʪʫʨʳ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʘʟʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦʡ ʩʠʣʳ ʠ 



49 
 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ. ʅʝ ʥʘʥʦʩʠʪʝ ʥʝʩʢʦʣʴʢʦ ʤʘʟʢʦʚ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʯʘʩʪʦʢ: ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʪʣʳʭ ʧʷʪʝʥ, ʯʝʪʢʦ ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘ ʦʙʱʝʤ ʬʦʥʝ. ʇʨʠ ʚʳʧʨʷʤʣʝʥʠʠ 

ʩʣʝʜʠʪʝ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʰʪʨʠʭʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʨʷʜʘʤʠ ʠ ʩʣʝʛʢʘ ʧʝʨʝʢʨʳʚʘʣʠ ʜʨʫʛ ʜʨʫʛʘ. 

ʀʩʧʦʣʴʟʫʷ ʪʦʨʮʦʚʦʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʦ ʱʝʪʠʥʦʡ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠ ʞʝʩʪʢʦʩʪʠ, ʤʦʞʥʦ ʧʨʠ-

ʜʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʩʪʫʨʫ ʨʘʟʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʣʠʬʦʚʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʦʥʩʢʦʛʦ ʚʦʣʦʩʘ, ʪʘʢ ʢʘʢ ʢʨʘʩʢʘ ʙʫʜʝʪ ʩʤʠʥʘʪʴ ʢʦʥʩʢʠʡ ʚʦʣʦʩ, ʧʝʨʝʧʣʝʪʘʷ ʝʛʦ ʠ 

ʚʳʟʳʚʘʷ ʧʦʷʚʣʝʥʠʝ ʥʝʨʦʚʥʳʭ ʧʷʪʝʥ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʠʩʪʴ-ʪʦʨʮʦʚʢʘ ʚʧʠʪʳʚʘʝʪ ʢʨʘʩʢʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝ-

ʤʷ ʧʝʨʝʩʪʘʝʪ çʨʘʙʦʪʘʪʴè, ʪʦ ʝʩʪʴ ʰʝʨʦʭʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ. ɺʧʠʪʘʚʰʫʶʩʷ ʢʨʘʩʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠ ʫʜʘʣʷʪʴ ʩʫʭʦʡ ʪʨʷʧʢʦʡ. 

ʌʠʥʠʰʥʘʷ ʵʤʘʣʴ. ʕʤʘʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʪʜʝʣʢʠ ʩʪʦʣʷʨʥʳʭ ʠʟʜʝʣʠʡ (ʥʘʧʨʠʤʝʨ, ʢʫʭʦʥ-

ʥʦʡ ʤʝʙʝʣʠ, ʜʝʪʩʢʦʡ ʤʝʙʝʣʠ ʠ ʪ.ʜ.), ʥʘʟʳʚʘʶʪʩʷ çʬʠʥʠʰʥʳʤʠ ʵʤʘʣʷʤʠè. ʂʘʯʝʩʪʚʦ ʥʝʧʨʦʟʨʘʯʥʳʭ 

ʵʤʘʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʢʘʯʝʩʪʚʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʟʨʘʯʥʳʭ ʧʦ-

ʢʨʳʪʠʡ, ʧʦʵʪʦʤʫ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʧʝʨʘʮʠʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʪʱʘʪʝʣʴʥʦ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʣʷ ʦʪʜʝʣʢʠ ʤʘʩʣʷʥʳʤʠ ʵʤʘʣʷʤʠ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʫʥʪʫʶʪ ʦʣʠʬʦʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʛʨʫʥʪʦʚ-

ʢʦʡ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʫʶʪ ʠ ʰʧʘʪʣʶʶʪ ʣʦʢʘʣʴʥʦ ʠʣʠ ʩʧʣʦʰʥʳʤ ʩʣʦʝʤ. 

ʅʘ ʭʚʦʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʚ ʪʚʝʨʜʦʩʪʠ ʤʝʞʜʫ ʚʝʩʝʥʥʠʤ ʠ ʟʠʤʥʠʤ ʧʦ-

ʢʨʳʪʠʷʤʠ, ʘ ʪʘʢʞʝ ʥʘ ʬʘʥʝʨʥʳʭ ʠʟʜʝʣʠʷʭ ʩ ʥʝʙʦʣʴʰʠʤʠ ʪʨʝʱʠʥʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʦʩʠʪʴ ʩʧʣʦʰ-

ʥʦʡ ʩʣʦʡ ʰʧʘʪʣʝʚʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʧʘʪʣʝʚʘʥʠʝ ʧʨʦʚʦʜʷʪ 2-3 ʨʘʟʘ, ʩ 

ʪʱʘʪʝʣʴʥʦʡ ʰʣʠʬʦʚʢʦʡ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʩʣʦʡ ʰʧʘʪʣʝʚʢʠ ʤʦʞʝʪ ʧʨʦʩʝʜʘʪʴ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʚʪʦ-

ʨʳʤ ʣʦʢʘʣʴʥʳʤ ʰʧʘʪʣʝʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʚʪʦʨʥʦ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʦʣʠʬʦʡ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʥʠʞʝʣʝʞʘʱʝʛʦ ʩʣʦʷ ʰʧʘʪʣʝʚʢʠ. ɼʣʷ ʤʘʩʣʷʥʳʭ ʠ ʧʝʥʪʘʬʪʘʣʝʚʳʭ ʵʤʘʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʩʣʷʥʳʡ 

ʢʣʝʡ, ʘ ʜʣʷ ʥʠʪʨʦʵʤʘʣʝʡ ï ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʡ. ʉʧʦʩʦʙʳ ʟʘʛʣʘʞʠʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʕʤʘʣʴ ʥʘʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʭʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

 
ʈʠʩ. 2.  ʇʨʠʸʤʳ ʨʘʙʦʪʳ ʰʧʘʪʝʣʝʤ: ʘ ï ʧʨʦʜʦʣʴʥʦʝ ʥʘʥʝʩʝʥʠʝ ʰʧʘʢʣʝʚʢʠ;  

ʙ ï ʧʦʧʝʨʝʯʥʦʝ ʨʘʟʨʘʚʥʠʚʘʥʠʝ ʰʧʘʢʣʸʚʢʠ 
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ʉ.ɸ. ɼʦʥʩʢʠʭ, ʉ.ʉ. ʉʝʤʠʢʠʥʘ 

 

ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ɾɽʅʉʂʆʁ ʆɼɽɾɼʓ 

 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʠʪʝʣʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʪʨʫʜʦʚʦʝ 

ʨʘʟʚʠʪʠʝ, ʚʦʩʧʠʪʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʫʯʘʱʠʭʩʷ ʦʩʥʦʚʥʦʡ ʦʙʱʝʡ ʰʢʦʣʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺʠʜʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ, 

ʦʙʫʯʘʶʱʘʷ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʠ ʢʫʣʴʪʫʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ. ʀʤʝʥʥʦ ʫʯʠʪʝʣʴ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʩʧʦʩʦʙʝʥ ʧʦʜʛʦʪʦʚʠʪʴ ʫʯʘʱʠʭʩʷ ʢ ʞʠʟʥʠ, ʥʘʫʯʠʪʴ 

ʨʘʙʦʪʘʪʴ ʠ ʜʘʪʴ ʰʢʦʣʴʥʠʢʘʤ ʪʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʛʦʜʷʪʩʷ ʜʝʪʷʤ 

ʠʤʝʥʥʦ ʚ ʨʘʙʦʪʝ ʠ ʞʠʟʥʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, ʧʦʰʠʚ ʠʟʜʝʣʠʡ. 

 

S.A. Donskikh, S.S.Semikina 

 

DESIGNING WOMEN'S CLOTHING  

 

 

Abstract. The professional activity of a technology teacher is aimed at the labor development, ed-

ucation and training of primary school students in various types of general educational institutions. The 

types of activities are educational, educational, methodical, and cultural-educational. It is the technology 

teacher who provides technological training who is able to prepare students for life, teach them how to 

work and give students those practical skills that will be useful to children in the future in work and life. 

Key words: Product design and tailoring. 

 

ɺ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʝʞʜʳ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩ-

ʩʘ: ʨʘʩʢʨʦʡ, ʰʠʪʴʸ, ʦʪʜʝʣʢʫ ʠ ʫʧʘʢʦʚʢʫ. ʐʠʪʴʸ ï ʩʘʤʳʡ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʠ ʩʣʦʞʥʳʡ ʨʘʟʜʝʣ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʝʨʘʮʠʡ. ʋʩʧʝʰʥʳʡ ʧʨʦʮʝʩʩ ʰʠʪʴʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʪʴ ʩ ʫʯʸʪʦʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ, ʰʚʝʡʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʚʘʣʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʠʟʘʡʥʘ ʵʣʝʤʝʥʪʳ ʚʩʝʛʜʘ ʨʘʙʦʪʘʶʪ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ. 

ʕʣʝʤʝʥʪʳ ʠ ʧʨʠʥʮʠʧʳ ʜʠʟʘʡʥʘ ʷʚʣʷʶʪʩʷ ʛʠʙʢʠʤʠ ʠ ʜʦʣʞʥʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʤʦʜʳ. ʕʣʝʤʝʥʪʳ ʜʠʟʘʡʥʘ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʘʩʠʚʦʡ ʦʜʝʞʜʳ. ʆʥʠ ʜʦʣʞʥʳ 

ʩʦʯʝʪʘʪʴʩʷ ʚ ʧʨʠʷʪʥʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʦʜʝʞʜʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʠʜ. ɼʠʟʘʡʥ ʦʜʝʞʜʳ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ ï ʩʪʨʫʢʪʫʨʫ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʜʝʢʦʨʘʪʠʚʥʦʝ ʦʬʦʨʤʣʝ-

ʥʠʝ. ʆʜʝʞʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʮʝʥʥʦʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʦʜʭʦʜʷʱʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʢʣʠʝʥʪʘ, ʜʝʢʦʨʘʪʠʚʥʦ ʧʦʜʭʦʜʷʱʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʦʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʤʝʥʪʳ ʜʠʟʘʡʥʘ ʜʦʣʞʥʳ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʠ ʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʦʩ-

ʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ʕʣʝʤʝʥʪʳ ʜʠʟʘʡʥʘ ï ʵʪʦ ʪʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʜʠʟʘʡʥʝʨ ʦʜʝʞʜʳ 

ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʤʝʪʦʚ ʦʜʝʞʜʳ. ɼʠʟʘʡʥ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʦʯʝʪʘʥʠʝ ʣʠ-

ʥʠʡ, ʬʦʨʤ, ʮʚʝʪʦʚ ʠ ʪʝʢʩʪʫʨ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʚʠʟʫʘʣʴʥʳʡ ʦʙʨʘʟ. ʇʨʠʥʮʠʧʳ ʜʠʟʘʡʥʘ ï ʵʪʦ ʨʫʢʦʚʦ-

ʜʷʱʠʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʩʦʯʝʪʘʶʪʩʷ ʵʣʝʤʝʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʳ ʷʚʣʷ-

ʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʜʠʟʘʡʥʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʪʴʩʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʢʨʘʩʠʚʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʜʝʞʜʫ, ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʦʚʘʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʚ ʚʳʙʦʨʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʜʠʟʘʡʥʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʠʟʘʡʥʘ ʦʜʥʠʤ ʠʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʠʢʫ ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʶ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʶʙʢʠ ʥʘ ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʫʯʝ-

ʥʠʢʘʤ ʩʝʜʴʤʦʛʦ ʢʣʘʩʩʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʪʝʢʩʪʠʣʴʥʳʭ ʠ ʧʦʜʝ-

ʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʚʳʢʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʶ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʦʷʩʥʦʡ ʦʜʝʞʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 
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ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʚʦʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʠ ʩʢʣʦʥʥʦʩʪʠ 

ʢ ʠʟʫʯʘʝʤʳʤ ʚʠʜʘʤ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʚʦʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʣʘʥʳ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʰʚʝʡʥʦʛʦ ʠʟʜʝʣʠʷ ʚʢʣʶʯʘʝʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ï ʵʪʦ ʩʪʘʜʠʷ ʢʦʥʩʪ-

ʨʫʠʨʦʚʘʥʠʷ. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʜʝʞʜʳ ʪʨʝʙʫʝʪ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʚ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʢ ʰʠ-

ʪʴʷ ï ʥʘʥʝʩʝʥʠʷ ʰʚʦʚ, ʚʳʪʘʯʝʢ, ʩʢʣʘʜʦʢ, ʦʪʜʝʣʢʠ ʢʨʘʸʚ ʠ ʪ.ʜ. 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʡ ʚʠʜ ʠ 

ʩʪʨʫʢʪʫʨʘ ʠʟʜʝʣʠʷ. ɺ ʦʙʱʝʤ ʧʦʥʠʤʘʥʠʠ çʚ ʣʸʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʜ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʰʚʝʡ-

ʥʳʭ ʠʟʜʝʣʠʡ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʝʨʚʠʯʥʦʤʫ ʦʙʨʘʟʮʫ (ʤʦʜʝʣʠ) ʯʝʨʪʝʞʝʡ ʜʝʪʘʣʝʡ 

ʠʟʜʝʣʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʝʢʘʣ (ʚʳʢʨʦʝʢ)è. 

ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʠʛʫʨʘ ʯʝʣʦʚʝʢʘ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ 

ʪʘʢʞʝ ʩʦ ʩʨʝʜʥʠʤ ʨʦʩʪʦʤ. ʇʝʨʚʳʡ ʰʘʛ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʜʝʞʜʳ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷ-

ʱʝʛʦ ʬʘʩʦʥʘ ʠ ʪʢʘʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʳʢʨʦʡʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʨʢʘʤ ʠ 

ʧʦʢʫʧʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʨʦʤ, ʠʭ ʩʣʝʜʫʝʪ ʪʱʘʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟ-

ʤʝʥʷʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʧʨʦʧʦʨʮʠʷʭ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ ʯʝʨʪʝʞʠ, ʘ ʟʘʪʝʤ ʧʦ ʥʠʤ ʚʳʧʦʣ-

ʥʠʪʴ ʣʝʢʘʣʘ ʠ ʨʘʩʢʨʦʠʪʴ ʤʘʪʝʨʠʘʣ. ʇʦʜ ʣʝʢʘʣʦʤ ʤʦʞʥʦ ʧʦʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ 

ʢʘʨʪʦʥʘ ʣʠʙʦ ʢʘʢʦʡ-ʪʦ ʙʫʤʘʛʠ ʰʘʙʣʦʥ. ɼʘʥʥʳʡ ʰʘʙʣʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʢʨʦʷ.  

ɺʳʢʨʦʡʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʩʝ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʦʜʝʞʜʳ, ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʣʦʞʝʥʳ ʚʤʝʩʪʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʣʦʪʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʣʝʛʘʣʠ ʢ ʰʠʨʠʥʝ ʪʢʘʥʠ, ʯʪʦ ʩʚʦ-

ʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʝʸ ʧʦʪʝʨʠ. ɺ ʦʪʨʘʩʣʠ ʜʘʥʥʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ, ʥʘʜ ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ 

ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳ-

ʢʨʦʝʢ ʜʣʷ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʙʦʪʘʶʪ ʫʞʝ ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ ʩʦʟʜʘʣʠ ʨʷʜ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʘ ʢʦʤʧʴʶʪʝʨʝ ʚʩʝ ʜʝʪʘʣʠ ʚʳʢʨʦʡʢʠ ʦʜʝʞʜʳ ʣʠʙʦ ʦʮʠʬʨʦʚʳʚʘ-

ʶʪʩʷ, ʣʠʙʦ ʥʘʙʨʘʩʳʚʘʶʪʩʷ ʵʩʢʠʟʳ, ʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʣʘʥ ʦʜʝʞʜʳ. ʀʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

ʧʦ ʨʘʟʤʝʨʘʤ ʪʢʘʥʠ, ʠ ʢʫʩʦʯʢʠ ʫʟʦʨʘ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʥʝʤ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʙʳ ʥʘ ʪʢʘʥʠ, ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʜʦʣʞʝʥ ʣʠ ʢʫʩʦʢ ʙʳʪʴ ʚʳʨʝʟʘʥ ʧʦ ʩʛʠʙʫ, ʧʦ ʢʦʩʦʡ ʠʣʠ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʪʝʤ ʠʣʠ ʠʥʳʤ ʰʚʝʡʥʳʤ ʠʟʜʝʣʠʝʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʠʟ ʢʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʥʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʘʢ ʩʦʩʪʘʚ ʠʤʝʝʪ ʪʢʘʥʴ ʠʣʠ ʪʨʠʢʦʪʘʞ, ʢʘʢʦʚʳ ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʪ.ʜ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʝʞʜʳ ʚʳʧʦʣʥʷʶʪ ʚʳʪʘʯʢʠ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʝ ʰʚʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʚ ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʝ 

ʠʟʜʝʣʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʜʝʞʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʳʪʘʯʝʢ. 

ɺʳʪʘʯʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʝʨʪʠʢʘʣʴʥʳʤʠ, ʢʘʢ ʥʘ ʣʠʬʝ ʠʣʠ ʶʙʢʝ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ, ʢʘʢ ʥʘ ʣʦʢ-

ʪʝ; ʠʣʠ ʧʦʜ ʣʶʙʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʫʛʣʦʤ. ʆʥʠ ʚʩʝʛʜʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʣʘʩʪʴ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʦʣ-

ʥʦʪʘ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʘ ʚʳʪʘʯʝʢ ï ʦʜʥʦʪʦʯʝʯʥʳʝ ʠ ʜʚʫʭʪʦʯʝʯʥʳʝ. 

ʆʜʥʦʪʦʯʝʯʥʘʷ ʚʳʪʘʯʢʘ (ʨʠʩ. 1) ʦʙʦʟʥʘʯʝʥʘ ʥʘ ʰʘʙʣʦʥʝ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʜʚʫʤʷ ʫʛʣʦ-

ʚʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʦʛʦ çʥʦʞʢʘʤʠè. ʇʦʩʣʝ ʩʰʠʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʥʦʪʘ ʚ ʪʦʯʢʝ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʛʠʙʫ ʪʝʣʘ, ʦʙʳʯʥʦ ʥʘ ʛʨʫʜʠ ʠʣʠ ʥʘ ʙʝʜʨʝ.  
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ʈʠʩ. 1. ɺʳʪʘʯʢʘ ʦʜʥʦʪʦʯʝʯʥʘʷ. 

  

ɼʚʫʭʪʦʯʝʯʥʘʷ ʚʳʪʘʯʢʘ ʠʤʝʝʪ ʨʦʤʙʦʚʠʜʥʫʶ ʬʦʨʤʫ. ɼʘʥʥʳʡ ʪʠʧ ʚʳʪʘʯʢʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʚ ʦʜʝʞʜʝ ʩʧʝʨʝʜʠ, ʩʦʟʜʘʸʪ ʧʦʣʥʦʪʫ ʥʘ ʢʦʥʮʘʭ, ʯʪʦʙʳ ʚʤʝʩʪʠʪʴ ʢʘʢ ʙʶʩʪ, ʪʘʢ ʠ ʙʸʜʨʘ; ʩʟʘʜʠ ʦʥ 

ʩʦʟʜʘʝʪ ʧʦʣʥʦʪʫ ʣʦʧʘʪʦʢ ʠ ʷʛʦʜʠʮ, ʢʘʢ ʥʘ ʦʙʣʝʛʘʶʱʝʤ ʧʣʘʪʴʝ. ʇʨʝʜʩʪʘʚʠʤ ʪʘʢʫʶ ʚʳʪʘʯʢʫ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. 

 
ʈʠʩ. 2. ɺʳʪʘʯʢʘ ʜʚʫʭʪʦʯʝʯʥʘʷ 

ɺʰʠʪrʝ ʚʳʪʘʯʢʠ ʜʦʣʞʥʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʦʚʥʫʶ ʣʠʥʠʶ ʩʪʨʦʯʢʠ ʠ ʦʩʪʨʠʝ ʙʝʟ ʩʢʣʘʜʦʢ. 

ʇʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʬʠʛʫʨʥʘʷ ʚʳʪʘʯʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 

3. 

 
 

ʈʠʩ. 3. ʌʠʛʫʨʥʘʷ ʚʳʪʘʯʢʘ 
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ʈʘʟʣʠʯʥʳʝ ʜʝʪʘʣʠ ʩʦʚʨʝʤʝʥʥʦʡ ʦʜʝʞʜʳ, ʚʢʣʶʯʘʷ ʨʘʟʤʝʨ ʜʝʪʘʣʠ, ʘ ʪʘʢʞʝ ʝʸ ʬʦʨʤʫ, ʟʘʚʠʩʷʪ 

ʦʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦʢʨʦʷ. ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʦʙʦʟʥʘʯʘʝʪ ʪʦʪ ʚʠʜ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʢʦʥʢʨʝʪʥʦʝ ʠʟʜʝ-

ʣʠʝ ʧʨʠ ʚʳʢʨʦʡʢʝ, ʘ ʟʘʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʰʠʪʴʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʳʝ ʰʚʳ. ʇʨʝʜʩʪʘʚʠʤ ʥʘ ʨʠʩʫʥʢʝ 4  ʧʨʠʤʝʨ ʧʦʢʨʦʷ ʧʦʷʩʥʦʡ ʦʜʝʞʜʳ. 

 

 
ʈʠʩ. 4.  ʇʨʠʤʝʨ ʧʦʷʩʥʦʡ ʦʜʝʞʜʳ 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʠ ʝʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ: 

1) ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʩʪʨʦʝʥʠʠ ʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʛʫʨ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʙʘʚʦʢ (ʧʨʠʧʫʩʢʦʚ) ʢ 

ʥʠʤ; 

2) ʧʦʩʪʨʦʝʥʠʝ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʢʮʠʠ; ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʝʢʘʣ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʷ; 

3) ʨʘʩʢʨʦʡ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʣʝʢʘʣʘʤ, ʧʦʰʠʚ ʠʟʜʝʣʠʷ ʠ ʧʨʠʤʝʨʢʘ ʥʘ ʬʠʛʫʨʝ (ʤʘʥʝʢʝʥʝ ʪʠʧʦʚʦʛʦ ʪʝ-

ʣʦʩʣʦʞʝʥʠʷ); 

4) ʫʪʦʯʥʝʥʠʝ ʣʝʢʘʣ ʠ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦ ʠʪʦʛʘʤ ʧʨʠʤʝʨʢʠ ʠʟʜʝʣʠʷ ʥʘ ʬʠʛʫʨʝ; 

5) ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʯʝʨʪʸʞ ʰʚʝʡʥʦʛʦ ʠʟʜʝʣʠʷ, ʪʨʝʙʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝ-

ʣʠʪʴ ʝʛʦ ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʠʪʴ, ʥʘ ʢʘʢʫʶ ʬʠʛʫʨʫ ʙʫʜʝʪ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟʜʝʣʠʝ ʠ ʢʘʢʠʝ ʧʨʠʧʫʩʢʠ ʩʣʝʜʫ-

ʝʪ ʜʝʣʘʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʰʘʛʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʷʪʴ, ʯʪʦʙʳ ʧʦʜʛʦʪʦʚʠʪʴ ʪʢʘʥʴ ʢ 

ʨʘʩʢʣʘʜʢʝ ʠ ʨʘʩʢʨʦʶ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʰʠʪʴʶ. ɺʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʧʦʨʷʜʦʢ, ʧʨʠʚʝʜʝʥʥʳʡ 

ʥʠʞʝ.  

ʐʘʛ 1. ʉʜʝʣʘʪʴ ʪʢʘʥʝʚʫʶ ʥʠʪʴ ʠʜʝʘʣʴʥʦʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚʜʦʣʴ ʩʨʝʟʘʥʥʦʛʦ 

ʢʨʘʷ ʪʢʘʥʠ). 

ʐʘʛ 2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʛʣʘʞʢʘ ʠ ʫʜʘʣʝʥʠʝ ʠʟʣʠʰʢʦʚ ʦʪʜʝʣʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʪʠʨʘʪʴ ʠʣʠ 

ʧʦʜʚʝʨʛʥʫʪʴ ʭʠʤʯʠʩʪʢʝ ʪʢʘʥʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʫʭʦʜʫ. ʅʝʢʦʪʦʨʳʝ ʪʢʘʥʠ ʤʦʛʫʪ 

ʜʘʚʘʪʴ ʫʩʘʜʢʫ. ʆʜʥʘʢʦ ʣʫʯʰʝ, ʝʩʣʠ ʦʥʠ ʩʷʜʫʪ ʩʝʡʯʘʩ, ʯʝʤ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʜʝʞʜʘ ʠʣʠ ʠʟʜʝʣʠʝ ʙʫ-
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ʜʫʪ ʧʦʜʦʛʥʘʥʳ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʪʢʘʥʝʡ ʦʩʪʘʶʪʩʷ ʠʟʣʠʰʢʠ ʦʪʜʝʣʢʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʜʘʣʠʪʴ. ɽʩʣʠ ʥʝ ʫʜʘʣʠʪʴ ʦʪʜʝʣʢʫ, 

ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʧʫʩʢʫ ʩʪʝʞʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʰʠʪʴʷ ʠ ʚʦʟʤʦʞʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ 

ʰʚʝʡʥʦʡ ʤʘʰʠʥʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʰʚʝʡʥʦʡ ʤʘʰʠʥʳ. 

ʐʘʛ 3. ʇʨʠʜʘʥʠʝ ʠʟʜʝʣʠʶ ʠʟ ʪʢʘʥʠ ʠʜʝʘʣʴʥʦʛʦ ʚʠʜʘ. ʊʢʘʥʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʪʦʨʚʘʥʘ ʦʪ ʚʦ-

ʣʦʢʦʥ ʚʦ ʚʨʝʤʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʪʜʝʣʢʠ ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʨʘʚʣʝʥʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʪʢʘʥʴ ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʯʪʦ ʜʝʣʘʣʦ ʥʝʚʦʟʤʦʞʥʳʤ 

ʩʦʟʜʘʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʪʢʘʥʠ. ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦ, ʫʜʘʩʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʢʘʥʴ, ʯʪʦʙʳ 

ʩʜʝʣʘʪʴ ʝʸ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʄʥʦʛʠʤ ʪʢʘʥʷʤ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠʩʴ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʝ, ʟʝʨʥʠʩʪʦʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʜʦ ʠʭ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʝʞʜʳ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ:  

1) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ;  

2) ʧʦʜʛʦʪʦʚʢʘ ʪʢʘʥʝʡ ʢ ʨʘʩʢʨʦʶ ʠ ʨʘʩʢʨʦʡ;  

3) ʰʠʪʴʸ ʠ ʦʪʜʝʣʢʘ ʠʟʜʝʣʠʡ.  

ʇʨʝʜʩʪʘʚʠʤ ʧʦʜʨʦʙʥʝʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
 

ʈʠʩ. 5. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʚʝʡʥʦʛʦ ʠʟʜʝʣʠʷ  

ʈʘʟʨʘʙʦʪʢʘ ʫʨʦʢʘ ʧʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʶʙʢʠ ʥʘ ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʝʜʴʤʦʤ ʢʣʘʩʩʝ 

ʇʨʝʜʩʪʘʚʠʤ ʨʘʟʨʘʙʦʪʢʫ ʚʪʦʨʦʛʦ ʫʨʦʢʘ ʚ 7 ʢʣʘʩʩʝ ʧʦ ʧʨʦʛʨʘʤʤʝ ɸ.ʊ. ʊʠʱʝʥʢʦ. 

ʊʝʤʘ ʫʨʦʢʘ: çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡè. 

ʊʠʧ ʫʨʦʢʘ: ʫʨʦʢ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʎʝʣʴ ʫʨʦʢʘ: ʩʦʦʙʱʝʥʠʝ ʫʯʘʱʠʤʩʷ ʦʩʥʦʚʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʝʤʝ ʫʨʦʢʘ ʠ 

ʧʝʨʚʠʯʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʟʥʘʥʠʡ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʫʯʝʙʥʠʢ çʊʝʭʥʦʣʦʛʠʷ. 7 ʢʣʘʩʩè, ʢʦʤʧʴʶʪʝʨ, ʧʨʦʝʢʪʦʨ, ʦʙʨʘʟʮʳ ʶʙʦʢ ʨʘʟ-

ʣʠʯʥʳʭ ʬʘʩʦʥʦʚ ʠʟ ʞʫʨʥʘʣʦʚ. 

ɿʘʜʘʯʠ ʫʨʦʢʘ: 

ʈʘʟʚʠʚʘʶʱʠʝ:  

- ʨʘʟʚʠʚʘʪʴ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʪʝʭʥʦʣʦʛʠʠ; 

- ʨʘʟʚʠʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ; 

- ʨʘʟʚʠʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʫʯʘʱʠʭʩʷ ʦ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 
ʶʙʢʠ; 

- ʨʘʟʚʠʚʘʪʴ ʧʘʤʷʪʴ ʠ ʚʥʠʤʘʥʠʝ; 

- ʨʘʟʚʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʤʝʥʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʠʠ; 

- ʨʘʟʚʠʚʘʪʴ ʚʦʦʙʨʘʞʝʥʠʝ; 

- ʨʘʟʚʠʚʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ; 
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- ʨʘʟʚʠʚʘʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ:  

- ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ;  

- ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʧʦ ʫʨʦʢʘʤ ʪʝʭʥʦʣʦʛʠʠ;  

- ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʫ ʰʢʦʣʴʥʠʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʥʠʷ. 

ɺʦʩʧʠʪʘʪʝʣʴʥʳʝ:  

- ʚʦʩʧʠʪʘʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʜʨʫʛʠʤʠ ʫʯʘʱʠʤʠʩʷ ʚ ʦʜʥʦʤ ʢʦʣʣʝʢʪʠʚʝ; 

- ʚʦʩʧʠʪʘʥʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʰʢʦʣʴʥʠʢʦʚ. 

ʕʪʘʧʳ ʫʨʦʢʘ: 

1. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʵʪʘʧ. 

2. ɸʢʪʫʘʣʠʟʘʮʠʷ. 

3. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ. 

4. ʅʦʚʳʡ ʤʘʪʝʨʠʘʣ. 

5. ʂʦʥʪʨʦʣʴ. 

6. ʈʝʬʣʝʢʩʠʷ ʠ ʠʪʦʛʠ. 

7. ɿʘʜʘʥʠʝ ʥʘ ʜʦʤ. 

ʍʦʜ ʫʨʦʢʘ: 

1. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʵʪʘʧ. 

ʋʯʠʪʝʣʴ ʦʪʤʝʯʘʝʪ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʫʨʦʢʝ, ʥʘʩʪʨʘʠʚʘʝʪ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʧʦʟʠʪʠʚʥʫʶ ʨʘʙʦ-

ʪʫ. ʋʯʘʱʠʝʩʷ ʧʨʦʚʝʨʷʶʪ ʩʚʦʶ ʛʦʪʦʚʥʦʩʪʴ ʢ ʫʨʦʢʫ, ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʫʰʘʶʪ ʧʝʜʘʛʦʛʘ. 

2. ɸʢʪʫʘʣʠʟʘʮʠʷ. 

ʇʝʜʘʛʦʛ ʧʨʦʚʦʜʠʪ ʫʩʪʥʳʡ ʦʧʨʦʩ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ. ɼʦʧʦʣʥʷʝʪ ʦʪʚʝʪ ʫʯʘʱʠʭʩʷ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɺʦʧʨʦʩʳ: 

-  ʏʪʦ ʪʘʢʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ? 

-  ʂʘʢ ʤʳ ʤʦʞʝʤ ʝʛʦ ʨʝʘʣʠʟʦʚʘʪʴ? 

-  ʂʘʢ ʤʳ ʩʤʦʞʝʤ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʶʙʢʫ? 

-  ʅʘ ʚʩʝ ʣʠ ʚʦʧʨʦʩʳ ʚʳ ʩʤʦʛʣʠ ʦʪʚʝʪʠʪʴ? 

-  ʇʦʧʨʦʙʫʝʤ ʫʟʥʘʪʴ ʜʣʷ ʩʝʙʷ ʚʩʝ ʦʪʚʝʪʳ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʫʨʦʢʘ. 

3. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ. 

ʇʝʜʘʛʦʛ ʧʨʦʩʠʪ ʫʯʘʱʠʭʩʷ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʤʫ ʫʨʦʢʘ: çɺʳ ʫʞʝ ʧʦʥʷʣʠ, ʦ ʯʸʤ ʩʝʛʦʜʥʷ 

ʧʦʡʜʝʪ ʨʝʯʴ? ɸ ʪʝʧʝʨʴ ʧʦʧʳʪʘʡʪʝʩʴ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʤʫ ʥʘʰʝʛʦ ʫʨʦʢʘè. 

4.ʅʦʚʳʡ ʤʘʪʝʨʠʘʣ.  

ʋʯʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʯʘʱʠʤʩʷ ʪʝʤʫ ʫʨʦʢʘ çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡè. ɼʣʷ 

ʵʪʦʛʦ ʰʢʦʣʴʥʠʢʠ ʟʥʘʢʦʤʷʪʩʷ ʩ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝʦ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʦʣʠʢʘ 7 

ʤʠʥʫʪ. ʇʨʝʜʩʪʘʚʠʤ ʨʦʣʠʢ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 6. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʨʦʣʠʢʘ çʇʦʰʘʛʦʚʘʷ ʠʥʩʪʨʫʢʮʠʷ ʢʘʢ ʩʜʝʣʘʪʴ ʚʳʢʨʦʡʢʫ ʶʙʢʠè 

 

ʅʦʚʳʡ ʤʘʪʝʨʠʘʣ ʫʯʘʱʠʤʩʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʠ ʠ ʩʨʝʜʩʪʚ ʀʂʊ. 

ʋʯʠʪʝʣʴ ʧʨʝʜʣʘʛʘʝʪ ʫʯʘʱʠʤʩʷ ʧʨʦʩʤʦʪʨʝʪʴ ʨʦʣʠʢ ʧʨʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʶʙʢʠ.  

ʇʨʝʜʩʪʘʚʠʤ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ ʨʦʣʠʢʘ ʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʶʙʢʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ 7. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʦʣʠʢʘ 10 ʤʠʥʫʪ. 

 
ʈʠʩ. 7.  ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʨʦʣʠʢʘ çʇʦʩʪʨʦʝʥʠʝ ʦʩʥʦʚʳ ʶʙʢʠ. ɺʳʢʨʦʡʢʘ ʶʙʢʠè 

 

5. ʂʦʥʪʨʦʣʴ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʯʘʱʠʤʩʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ: 

- ʏʪʦ ʪʘʢʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ? 

- ʂʘʢ ʤʳ ʤʦʞʝʤ ʝʛʦ ʨʝʘʣʠʟʦʚʘʪʴ? 

- ʂʘʢ ʤʳ ʩʤʦʞʝʤ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʶʙʢʫ? 

ʋʯʘʱʠʤʩʷ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʥʠʷ: 

ɿʘʜʘʥʠʝ 1. ɺ ʵʪʦʤ ʟʘʜʘʥʠʠ ʰʢʦʣʴʥʠʢʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʚʘʨʠʘʥʪ ʦʪʚʝʪʘ, 

ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɹʂ ʶʙʢʠ ʥʘ ʥʝʪʠʧʦʚʫʶ ʬʠʛʫʨʫ ʩ ʚʳʩʪʫʧʘʶʱʠʤʠ ʷʛʦʜʠ-

ʮʘʤʠ. ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ ʥʘ ʨʠʩʫʥʢʝ 8. 
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ʈʠʩ. 8. ɿʘʜʘʥʠʝ 1 çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʶʙʢʠ ʥʘ ʥʝʪʠʧʦʚʫʶ ʬʠʛʫʨʫè 

 

ɿʘʜʘʥʠʝ 2. çʇʦʩʪʨʦʝʥʠʝ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʧʨʷʤʦʡ ʶʙʢʠè. ɺ ʵʪʦʤ ʟʘʜʘʥʠʠ ʰʢʦʣʴʥʠʢʘʤ ʪʨʝʙʫ-

ʝʪʩʷ ʨʘʩʧʦʣʦʞʠʪʴ ʧʫʥʢʪʳ ʧʦʩʪʨʦʝʥʠʷ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʧʨʷʤʦʡ ʶʙʢʠ ʚ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ ʥʘ ʨʠʩʫʥʢʝ 9. 

 
ʈʠʩ. 9.  ɿʘʜʘʥʠʝ 2 çʇʦʩʪʨʦʝʥʠʝ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʧʨʷʤʦʡ ʶʙʢʠè 

 

ɿʘʜʘʥʠʝ 3. çʈʘʩʩʪʘʚʴ ʥʘʟʚʘʥʠʷ ʜʝʪʘʣʝʡ ʢʨʦʷ ʧʨʷʤʦʡ ʶʙʢʠè. 

ɺ ʜʘʥʥʦʤ ʟʘʜʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʪʘʚʠʪʴ ʥʘʟʚʘʥʠʷ ʜʝʪʘʣʝʡ ʢʨʦʷ ʧʨʷʤʦʡ ʶʙʢʠ. ʇʨʝʜʩʪʘʚʠʤ 

ʝʛʦ ʥʘ ʨʠʩʫʥʢʝ 10. 
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ʈʠʩ. 10.  ɿʘʜʘʥʠʝ 3 çʈʘʩʩʪʘʚʴ ʥʘʟʚʘʥʠʷ ʜʝʪʘʣʝʡ ʢʨʦʷ ʧʨʷʤʦʡ ʶʙʢʠè 

 

6. ʈʝʬʣʝʢʩʠʷ ʠ ʠʪʦʛʠ. 

ʋʯʠʪʝʣʴ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʱʠʤʩʷ ʚʩʧʦʤʥʠʪʴ, ʢʘʢʘʷ ʪʝʤʘ ʠ ʮʝʣʴ ʫʨʦʢʘ ʙʳʣʠ ʩʝʛʦʜʥʷ. 

ʋʯʠʪʝʣʴ: çʇʨʝʜʣʘʛʘʶ ʚʘʤ ʜʘʪʴ ʦʮʝʥʢʫ ʩʚʦʝʡ ʨʘʙʦʪʝè. 

ʋʯʠʪʝʣʴ ʜʘʸʪ ʦʮʝʥʢʫ ʨʘʙʦʪʝ ʢʣʘʩʩʘ, ʩʪʘʚʠʪ ʦʮʝʥʢʠ ʫʯʘʱʠʤʩʷ (ʨʠʩ. 11). 

 
ʈʠʩ. 11. ʈʝʬʣʝʢʩʠʷ ʜʣʷ ʫʨʦʢʘ ʚ ʚʠʜʝ ʧʠʩʴʤʝʥʥʦʛʦ ʦʧʨʦʩʘ 

 

ʌʦʨʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʬʣʝʢʩʠʠ: ʧʠʩʴʤʝʥʥʳʡ ʦʧʨʦʩ. 

7. ɿʘʜʘʥʠʝ ʥʘ ʜʦʤ. 

ʋʯʠʪʝʣʴ ʦʙʲʷʚʣʷʝʪ ʜʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ ʜʣʷ ʫʯʘʱʠʭʩʷ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ ʯʝʨʪʝʞʠ, ʘ ʟʘʪʝʤ ʧʦ ʥʠʤ ʚʳʧʦʣ-

ʥʠʪʴ ʣʝʢʘʣʘ ʠ ʨʘʩʢʨʦʠʪʴ ʤʘʪʝʨʠʘʣ. ʇʦʜ ʣʝʢʘʣʦʤ ʤʦʞʥʦ ʧʦʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ 

ʢʘʨʪʦʥʘ ʣʠʙʦ ʢʘʢʦʡ-ʪʦ ʙʫʤʘʛʠ ʰʘʙʣʦʥ. ɼʘʥʥʳʡ ʰʘʙʣʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʢʨʦʷ. ʇʦ 

ʠʪʦʛʫ ʩʦʟʜʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʦʜʝʞʜʳ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʨʦʣʴ ʠʛʨʘʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʚʥʝʰʥʠʡ ʚʠʜ ʠʟʜʝʣʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʪʝʤ ʠʣʠ ʠʥʳʤ ʰʚʝʡʥʳʤ ʠʟʜʝʣʠʝʤ ʩʣʝʜʫʝʪ ʫʯʠ-

ʪʳʚʘʪʴ, ʠʟ ʢʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʥʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʘʢʦʡ ʩʦʩʪʘʚ ʠʤʝʝʪ ʪʢʘʥʴ ʠʣʠ ʪʨʠʢʦʪʘʞ, ʢʘʢʦʚʳ ʧʘ-

ʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪ.ʜ. 

 ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʚʢʣʶʯʘ-

ʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ, ʧʝʨʝ-

ʯʠʩʣʠʤ ʠʭ: 

-  ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʢ ʨʘʩʢʨʦʶ; 

-  ʨʝʘʣʠʟʘʮʠʷ ʩʘʤʦʛʦ ʨʘʩʢʨʦʷ; 



59 
 

-  ʦʙʨʘʙʦʪʢʘ ʥʝʢʦʪʦʨʳʭ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʷ; 

-  ʵʪʘʧ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʪʜʝʣʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠʟʣʦʞʝʥʠʷ ʨʘʟʜʝʣʘ çʉʦʟʜʘʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʪʝʢ-

ʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè. ɹʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʫʨʦʢ ʥʘ ʪʝʤʫ çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡè, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʮʠʬʨʦʚʳʝ ʨʝʩʫʨʩʳ: Youtube, LearningApps.com. ɿʥʘʥʠʷ 

ʫʯʘʱʠʭʩʷ ʟʘʢʨʝʧʣʷʣʠʩʴ ʚ ʪʘʢʠʭ ʟʘʜʘʥʠʷʭ, ʢʘʢ çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʶʙʢʠ ʥʘ ʥʝʪʠʧʦʚʫʶ ʬʠʛʫʨʫè, ʟʘ-

ʜʘʥʠʝ 2 çʇʦʩʪʨʦʝʥʠʝ ʯʝʨʪʝʞʘ ʦʩʥʦʚʳ ʧʨʷʤʦʡ ʶʙʢʠè, ʟʘʜʘʥʠʝ 3 çʈʘʩʩʪʘʚʴ ʥʘʟʚʘʥʠʷ ʜʝʪʘʣʝʡ ʢʨʦʷ 

ʧʨʷʤʦʡ ʶʙʢʠè. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʫʨʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʫʯʠʪʝʣʷʤ ʪʝʭʥʦʣʦʛʠʠ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝ-

ʥʠʷ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ ʠ ʨʘʟʚʠʪʠʷ ʫʤʝʥʠʡ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʢʫʨʩʫ ʪʝʭʥʦʣʦʛʠʠ. 
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ʀ.ɺ. ɿʘʠʢʘ 

 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ ɺ ʉʈɽɼɽ DELPHI : ʏʀʉʃɽʅʅɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ʌʋʅʂʎʀʁ 

 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʝ Delphi, ʜʣʷ 

ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʢʦʥʩʪʨʫʠ-

ʨʫʝʪʩʷ ʝʜʠʥʘʷ ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ. 

ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ ʧʦʜʩʯʝʪʦʤ. ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʥʘ ʷʟʳʢʝ Project Pascal, ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʳ ʚ ʩʨʝʜʝ Delphi. 

ʄʘʪʝʨʠʘʣʳ ʩʪʘʪʴʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ 

ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʘʣʛʦʨʠʪʤʦʚ ʩʦʨʪʠʨʦʚ-

ʢʠ ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠ-

ʤʠʟʘʮʠʠ. 
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I.V. Zaika  

 

PROGRAMMING IN THE D ELPHI ENVIRONMENT: NUMERICAL OPTIMIZATION OF 

FUNCTIONS 

 
 
Abstract. The article presents the development of an application in the Delphi visual environment 

for numerical optimization of functions of one variable in the domain of definition. For this purpose, a 

single scheme is constructed based on a sorting algorithm to find all the extremes of the functions. The 

approach is based on the application of a counting sorting algorithm. The description of the algorithms is 

presented in the Project Pascal language, the software implementations are given in the Delphi environ-

ment. 

The materials of the article can be used in higher educational institutions, as well as in the school 

computer science course to develop ideas about the possibilities of sorting algorithms and numerical op-

timization methods. 

Key words: Object-oriented programming, numerical optimization methods. 

 

ɺ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʧʦʠʩʢ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʨʘʟʜʝʣʘ çʈʝʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʢʦʤʧʴʶʪʝʨʝè [4]. ʕʪʦ ʚʘʞʥʳʡ ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʨʪʠʨʦʚʢʠ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʵʢʩʪʨʝ-

ʤʫʤʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʇʨʠ ʧʦʠʩʢʝ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ ʠʥʦʛʜʘ ʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʝ ʚʩʝʛʜʘ 

ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʩʝ ʵʢʩʪʨʝʤʫʤʳ, ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ.  

ɺ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʠʪʝʨʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʧʨʠʙʣʠʞʝʥʠʷʤʠ, ʩʨʘʚʥʠʚʘʷ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʚʳʙʠʨʘʷ ʥʘʠʤʝʥʴ-

ʰʝʝ (ʥʘʠʙʦʣʴʰʝʝ). ʀʪʝʨʘʮʠʠ ʧʨʝʢʨʘʱʘʶʪʩʷ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʧʦʚʪʦʨʝʥʠʡ ʥʝ ʤʝʥʷʶʪ ʨʝʟʫʣʴʪʘʪʘ 

[4].  

ʇʦ ʧʨʠʯʠʥʘʤ ʠʟʣʦʞʝʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʦʧʪʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʠ, ʠʣʠ ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩ-

ʢʘ, ʥʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ. 

ʆʪʩʶʜʘ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʭʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʩʝʭ ʣʦ-

ʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʭʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʣʠʰʴ ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ ʠ ʩʘʤ ʧʦ ʩʝʙʝ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ. ʉʦʨʪʠʨʦʚʢʘ ʜʘʥ-

ʥʳʭ ï ʵʪʦ ʚʘʞʥʘʷ ʪʝʤʘ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʠʟʫʯʘʝʪʩʷ ʚ ʰʢʦʣʘʭ ʥʘ 

ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ [4] ʠ ʚ ʚʫʟʘʭ. 

ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʘ ʠʥʩʪʨʫʢʮʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʨʝʜʝ Delphi ʩ 

ʮʝʣʴʶ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘ-

ʚʝʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʨʘʤʢʘʭ ʨʘʟʜʝʣʦʚ çɸʣʛʦʨʠʪʤʠʟʘʮʠʷ ʠ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʝè, çʈʝʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʢʦʤʧʴʶʪʝʨʝè [4] ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʘʣʛʦʨʠʪʤʦʚ ʩʦʨʪʠʨʦʚʢʠ ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʚ ʩʨʝʜʝ Delphi 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʚ ʩʨʝʜʝ Delphi ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʩʝʭ 

ʵʢʩʪʨʝʤʫʤʦʚ (ʤʠʥʠʤʘʣʴʥʳʭ/ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ) ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʟʘʜʘʥʥʦʤ 

ʦʪʨʝʟʢʝ [x1, xn] ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ.  

ʇʨʠʤʝʨʥʳʡ ʦʙʨʘʟʝʮ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ ʚ Delphi ʜʣʷ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 

ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʇʨʠʣʦʞʝʥʠʝ çʏʠʩʣʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʡè  

ʈʘʟʤʝʩʪʠʪʴ ʥʘ ʬʦʨʤʝ Form1 ʢʦʤʧʦʥʝʥʪʳ Chart1, Memo1, Label1, Label2, Label3, Edit1, Edit2, 

Button1, Button2. 

TChart ï ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʷʚʣʷʝʪʩʷ ʢʦʥʪʝʡʥʝʨʦʤ ʦʙʲʝʢʪʦʚ 

Series ʪʠʧʘ TChartSeries ï ʩʝʨʠʡ ʜʘʥʥʳʭ, ʢʘʞʜʘʷ ʩʝʨʠʷ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦʡ ʢʨʠʚʦʡ ʥʘ 

ʛʨʘʬʠʢʝ [2, 3].  

ɺ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ ʜʠʘʛʨʘʤʤ ʢʦʤʧʦʥʝʥʪʳ Chart1, ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ Add, ʩʨʝʜʠ ʩʧʠʩʢʘ ʚʦʟ-

ʤʦʞʥʳʭ ʜʠʘʛʨʘʤʤ ʚʳʙʨʘʪʴ ʜʠʘʛʨʘʤʤʫ Line. ʀʤʷ ʜʠʘʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʩʚʦʠʪʩʷ Series1. 

ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ Add, ʜʦʙʘʚʠʪʴ ʜʠʘʛʨʘʤʤʫ ʩ ʠʤʝʥʝʤ Series2. ʆʙʲʝʢʪʳ Series1, 

Series2 ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ sin(x), cos(x) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʦʤʧʦʥʝʥʪ Mʝʤʦ1 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʚʦʜʘ ʟʥʘʯʝʥʠʡ ʵʢʩʪʨʝʤʫʤʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʬʫʥʢ-

ʮʠʡ. 

ʂʦʤʧʦʥʝʥʪʳ Edit1, Edit2 ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʪʨʦʢʠ ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʠʮ x1, xn, ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʦʪʨʝʟʢʘ [x1, xn]. 

ʄʝʪʢʠ Label1, Labe2, Labe3 ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʤʝʥʪʘʨʠʝʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ çx1è, 

çxnè, çʵʢʩʪʨʝʤʫʤʳ ʬʫʥʢʮʠʠè (ʨʠʩ. 1).  

ʂʥʦʧʢʠ Button1, Button2 ï ʟʘʧʫʩʢʘʶʪ ʧʨʠʣʦʞʝʥʠʝ çʏʠʩʣʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʡè.  

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ y=z(x), ʛʜʝ ʟʥʘʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ z(ʭ) ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʤʝʞʫʪʢʫ 

[x1, xn]. ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ, ʥʘʡʪʠ ʚʩʝ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

(ʵʢʩʪʨʝʤʫʤʳ) ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʢʨʝʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʠ z(ʭ). 

ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ z(ʭ) ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʜʠʩʢʨʝʪʥʳʤ ʰʘʛʦʤ h ʥʘ ʦʪʨʝʟʢʝ [x1, xn], ʠ ʟʘʧʠʩʳʚʘ-

ʶʪʩʷ ʚ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ f[m]= z(xj), j=1,2,é,n (ʜʘʣʝʝ ʤʘʩʩʠʚ f), ʛʜʝ n ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ 

f, h=(xnïx1)/n ï ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʕʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ f ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʩʦʨʪʠʨʦʚʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʪʠʨʦʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʦʨʪʠʨʦʚʢʘ ʧʦʜʩʯʝʪʦʤ [1].  

ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʦʤʫ ʠʥʜʝʢʩʫ m ʚ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʤ ʤʘʩʩʠʚʝ ʩʪʘʚʠʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʠʥʜʝʢʩ ʚʦ ʚʭʦʜʥʦʤ ʤʘʩʩʠʚʝ j. ɸʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʟʘʧʦʤʠʥʘʝʪ ʪʝʢʫʱʠʝ ʠʥʜʝʢʩʳ m ʠ j, 

ʠ ʬʦʨʤʠʨʫʝʪ ʤʘʩʩʠʚ a[m]= j ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʭʦʜʥʳʭ ʠ ʧʝʨʝʤʝʱʝʥʥʳʭ ʚʳʭʦʜʥʳʭ ʠʥʜʝʢʩʦʚ 

ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ f. 

ɼʣʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʤʘʩʩʠʚʝ f ʧʦ ʠʥʜʝʢʩʘʤ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʫʩʣʦʚʠʝ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʣʦʚʠʝ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ): |a[m]ïa[mï1]|=Ң, ʛʜʝ 

ʘ[m]  ï ʠʥʜʝʢʩ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ f ʥʘ ʚʭʦʜʝ ʩʦʨʪʠʨʦʚʢʠ; m=1, 2,é, n; l=1, 2,é, m-1; Ң ï ʨʘʜʠʫʩ ʦʢ-

ʨʝʩʪʥʦʩʪʠ ʠʥʜʝʢʩʘ ʘ[m], ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʧʦʣʦʚʠʥʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Ң =1) [5]. 

ɽʩʣʠ ʫʩʣʦʚʠʝ |a[m]ïa[mï1]|=1 ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʮʝʣʳʭ l ʥʘ ʦʪʨʝʟʢʝ [1, m-1], ʪʦ ʵʣʝ-

ʤʝʥʪ ʤʘʩʩʠʚʘ f ʩ ʠʥʜʝʢʩʦʤ a[m]  ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʚ ʩʚʦʝʡ ʦʢʨʝʩʪʥʦʩʪʠ Ң =1.  
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ɼʣʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ f, ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʥʠʪʴ ʫʩʣʦʚʠʝ ʧʦʠʩʢʘ ʣʦ-

ʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘ ʫʩʣʦʚʠʝ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: 

|a[m]ïa[m+l]|=1 , ʛʜʝ m=1, 2,é, n, l=1, 2,é, nïm. 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʜʘ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ. ɺ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ Button1Click 

ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʜ  ʧʦʠʩʢʘ ʚʩʝʭ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ 

sin(x). ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ sin(x) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩ-

ʪʠʥʛʝ 1. 
const n = 1000; type fvect=array [1..n] of double; avect=array [1..n] of integer; 

var Form1: TForm1; i, j, m, l:integer;  f: fvect; a: avect; x1,xn,h,x:double; 

implementation 

{$R *.dfm}  

procedure TForm1.Button1Click (Sender: TObject); 

label L1, L2; 

begin Series2.Clear; memo1.Clear; x:=strtofloat(edit1.text); 

while x<=strtofloat(edit2.text) do begin 

Series1.AddXY(x, sin(x), '', clRed); x:=x+0.2;   end; 

x1:=strtofloat(edit1.text); xn:=strtofloat(edit2.text); h:=(xn-x1)/n; 

FOR i:= 1 TO n do f[i]:=sin(x1+i*h);  

{ʘʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʧʦʜʩʯʝʪʦʤ} 

For j:= 1 to n do begin m:=0; For i:= 1 to j do if f[j]-f[i]>= 0 then m:=m+1; 

For i:=j+1 to n do if f[j]-f[i]>0 then m:=m+1; a[m]:=j end; 

{ʘʣʛʦʨʠʪʤ ʫʩʣʦʚʠʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ} 

m:=1; while m<=n do begin 

For l:= 1 TO m-1 do if abs(a[m-l] -a[m])=1 then goto L1; 

if (a[m]<> 1) and (a[m]<>n) then 

memo1.Lines.Add('min='+floattostr(f[a[m]])+'    x='+ floattostr(x1+h*a[m])); 

L1: m:=m+1;end; 

memo1.Lines.Add('*****************');  

{ʘʣʛʦʨʠʪʤ ʫʩʣʦʚʠʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ} 

 m:=1; while m<=n do begin 

For l:= 1 TO n-m do 

if abs(a[m+l]-a[m])=1 then goto L2; if (a[m]<> 1) and (a[m]<>n) then 

memo1.Lines.Add('max='+floattostr(f[a[m]])+'    x='+ floattostr(x1+h*a[m])); 

L2: m:=m+1;end;  

end; 

ʃʠʩʪʠʥʛ 1. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ sin(x) 
 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ 

sin(x) ʚ Delphi. 
 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ sin(x) 
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ɺ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ Button2Click ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʜ ʧʦʠʩʢʘ ʚʩʝʭ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʳʭ ʠ 

ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ cos(x). ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ cos(x) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʩʪʠʥʛʝ 2. 

 
const n = 1000; type fvect=array [1..n] of double; avect=array [1..n] of integer; 

var Form1: TForm1; i, j, m, l:integer;  f: fvect; a: avect; x1,xn,h,x:double; 

implementation 

{$R *.dfm}  

procedure TForm1.Button2Click (Sender: TObject); 

label L11, L22; 

begin 

Series1.Clear; memo1.Clear; x:=strtofloat(edit1.text); 

while x<=strtofloat(edit2.text) do   begin Series2.AddXY(x, cos(x), '', clGreen); 

x:=x+0.2;  end; 

x1:=strtofloat(edit1.text); xn:=strtofloat(edit2.text); h:=(xn-x1)/n; 

FOR i:= 1 TO n do   f[i]:=cos(x1+i*h); 

{ʘʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʧʦʜʩʯʝʪʦʤ} 

For j:= 1 to n do  begin m:=0; For i:= 1 to j do if f[j]-f[i]>= 0 then m:=m+1; 

For i:=j+1 to n do if f[j]-f[i]>0 then m:=m+1; a[m]:=j end; 

{ʘʣʛʦʨʠʪʤ ʫʩʣʦʚʠʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ} 

m:=1;  while m<=n do begin 

For l:= 1 TO m-1 do if abs(a[m-l] -a[m])=1 then goto L11; if (a[m]<> 1) and (a[m]<>n) then 

memo1.Lines.Add('min='+floattostr(f[a[m]])+'    x='+ floattostr(x1+h*a[m])); 

L11: m:=m+1;end; 

memo1.Lines.Add('*****************');  

{ʘʣʛʦʨʠʪʤ ʫʩʣʦʚʠʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ} 

 m:=1; while m<=n do begin 

For l:= 1 TO n-m do 

if abs(a[m+l]-a[m])=1 then goto L22; if (a[m]<> 1) and (a[m]<>n) then  

memo1.Lines.Add('max='+floattostr(f[a[m]])+'    x='+ floattostr(x1+h*a[m])); 

L22: m:=m+1;end; end; end. 

ʃʠʩʪʠʥʛ 2. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ cos (x) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ 

cos(x) ʚ Delphi. 
 

 
 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʩos(x) 
 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ:  

1. ɼʦʙʘʚʠʪʴ ʢʥʦʧʢʫ Button3 ʥʘ ʬʦʨʤʫ. ɺ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ Button3Click ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʜ 

ʧʦʠʩʢʘ ʚʩʝʭ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʠ: x
2
+sin

3
(x).  

2. ɼʦʙʘʚʠʪʴ ʢʦʤʧʦʥʝʥʪ ComboBox1. ʉʦʟʜʘʪʴ ʨʘʩʢʨʳʚʘʶʱʠʡ ʩʧʠʩʦʢ ʠʟ ʪʨʝʭ ʩʪʨʦʢ: 

ʩʦs(x
2
)*sin

2
(x); x

3
ï sin(x)/cos(x); 4*x*sin(2*x). ɺ ʨʘʩʢʨʳʚʘʶʱʝʤʩʷ ʩʧʠʩʢʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʨʦʢ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ.  
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ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʠʪʴ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʢʣʶʯʝʚʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤ ʯʠʩ-

ʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʨʪʠʨʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʯʠʩʣʝʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ.  

ʉʦʨʪʠʨʦʚʢʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘ-

ʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʩʦʨʪʠʨʦʚʢʠ ʚ ʨʘʤʢʘʭ ʨʘʟ-

ʜʝʣʦʚ çɸʣʛʦʨʠʪʤʠʟʘʮʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè, çʈʝʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʢʦʤʧʴʶʪʝʨʝè 

[4] ʧʨʝʜʤʝʪʘ ʠʥʬʦʨʤʘʪʠʢʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  
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ʇʈʀʄɽʈʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉɸʄʆɼɽʃʔʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʅɸ ʋʈʆʂɸʍ    ʌʀɿʀʂʀ ɺ ʉʈɽɼʅɽʁ ʐʂʆʃɽ 

 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. ɺ ʩʪʘʪʴʝ ʫʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʘ 

ʦʙʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʠ ʦʙʫʯʝʥʠʠ ʬʠʟʠʢʝ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʘʟʨʘʙʦʪʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʢʘ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ, ʦʙʫʯʝʥʠʝ, ʩʘʤʦʜʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʪʚʦʨʯʝʩʪʚʦ. 

 

K.A. Kvitkina, A.V. Zabeglov  

 

EXAMPLES OF USING HOMEMADE EQUIPMENT IN HIGH SCHOOL PHYSICS LESSONS  

 

 

Abstract. The study shows the possibilities of using homemade equipment in secondary school 

physics lessons. The article highlights the features of the laboratory teaching method, since it is closely 

related to the development and use of self-made equipment in teaching physics in secondary schools. The 

paper provides examples of the development of equipment for studying various physical phenomena. 

Key words: Physics, laboratory work, training, homemade equipment, independence, creativity. 
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ʌʠʟʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʤʥʦʛʦʛʨʘʥʥʳʭ ʧʨʝʜʤʝʪʦʚ ʚ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤ-

ʤʝ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʪʦʯʥʳʝ ʨʘʩʯʸʪʳ, ʧʦʠʩʢ ʦʙʦʩʥʦʚʘʥʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʜʣʷ ʷʚ-

ʣʝʥʠʡ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʦʪʢʨʳʪʠʡ ʠ ʠʟʦʙʨʝʪʝʥʠʡ.  

ʐʢʦʣʴʥʳʡ ʢʫʨʩ ʬʠʟʠʢʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʚʠʪʠʝ ʫ ʫʯʘʱʠʭʩʷ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʫʯʘʩʪʠʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʦʠʩʢʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʬʠ-

ʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʰʢʦʣʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʦʧʳʪʦʚ ʧʨʠ ʠʟʫ-

ʯʝʥʠʠ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɹʝʟʫʩʣʦʚʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʫʤʥʳʭè ʜʦʩʦʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠ-

ʷʭ.  

ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʦʪʘ ʧʦʜʛʦʪʦʚʢʠ ʪʘʢʠʭ ʜʝʤʦʥʩʪʨʘʮʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ ʩʪʘʥʦʚʣʝ-

ʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. 

ɿʜʝʩʴ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ ʩ ʜʝʬʠʮʠʪʦʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ-

ʫʜʘʯʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʠʣʠ ʥʝʪʦʯʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʦ-

ʥʠʤʘʥʠʶ ʩʫʱʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʫʣʴʪʠʤʝʜʠʡ-

ʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʜʦʧʦʣʥʷʪʴ, ʘ ʥʝ ʟʘʤʝʥʷʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʦʙʝʥʥʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʩʪʘʥʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʏʪʦʙʳ ʨʘʟʚʠʪʴ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠ-

ʚʘʪʴʩʷ ʪʦʣʴʢʦ ʨʘʙʦʪʦʡ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʃʠʰʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʨʝʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ ʧʦʟʚʦʣʠʪ ʫʯʘʱʠʤʩʷ ʧʦʣʥʦʮʝʥʥʦ ʧʦʥʷʪʴ ʠʭ ʫʩʪʨʦʡʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʩʪʠ ʚʘʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʩʪʠʤʫʣʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʫʯ-

ʥʦʤʫ ʪʚʦʨʯʝʩʪʚʫ, ʧʦʠʩʢʫ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠ ʨʘʟʚʠʪʴ ʩʢʨʳʪʳʝ ʪʘʣʘʥʪʳ ʠ ʥʘʢʣʦʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. 

ɼ. ɽ. ʂʦʣʤʦʛʦʨʦʚʘ, ɸ. ʖ. ʄʠʣʠʥʩʢʠʡ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʠ-

ʟʠʢʠ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʰʢʦʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʦʚ. ʐʢʦʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝ-

ʥʠʡ ʥʘ ʫʨʦʢʘʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʝʛʦ ʧʨʦʚʝ-

ʜʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦʟʥʘʥʠʷ [3].  

ʌʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ, ʘ 

ʟʥʘʯʠʪ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʠʟʫʯʘʝ-

ʤʳʭ ʢʦʥʮʝʧʮʠʷʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʫʩʚʘʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʧʦʚʳʰʝʥʠʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥ-

ʥʦʩʪʠ, ʧʨʦʷʚʣʝʥʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʠʥʠʮʠʘʪʠʚʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʩʚʷʟʫʶʱʝʡ ʥʠʪʠ ʤʝʞʜʫ ʪʝʦʨʠʝʡ, ʦʙʩʫʞʜʘʝʤʦʡ 

ʥʘ ʫʨʦʢʘʭ, ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪ. ʝ. ʧʝʨʚʦʧʨʠʯʠʥʦʡ ʠʟʫʯʝʥʠʷ ʣʶʙʦʡ ʥʘʫʢʠ. 

ɼʣʷ ʥʘʯʘʣʘ ʍʍ ʚ., ʢʦʛʜʘ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ, ʤʳ 

ʚʳʜʝʣʠʣʠ ʚʦʧʨʦʩʳ, ʥʘʟʚʘʚ ʠʭ ʧʨʦʙʣʝʤʘʪʠʢʦʡ, ʪʦ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʙʣʝʤ, 

ʢʘʩʘʶʱʠʭʩʷ ʨʦʣʠ ʠ ʤʝʩʪʘ ʢʣʘʩʩʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʬʠʟʠʢʝ (ʨʠʩʫʥʦʢ 1).  
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ʈʠʩ. 1. ʊʠʧʳ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʨʦʢʝ ʬʠʟʠʢʠ [1] 

ʉʧʫʩʪʷ ʩʪʦ ʣʝʪ ʵʪʘ ʧʨʦʙʣʝʤʘʪʠʢʘ, ʧʦ ʤʥʝʥʠʶ ʄ. ɸ. ɹʨʘʞʥʠʢʦʚʘ, ʟʘʤʝʪʥʦ ʫʩʣʦʞʥʠʣʘʩʴ. ʉʝ-

ʛʦʜʥʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʤʝʥʠʡ 

ʫʯʘʱʠʭʩʷ, ʨʘʟʚʠʪʠʷ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ (ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʦʚ): ʦʪ ʚʚʝʜʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣ ʜʦ 

ʦʙʦʙʱʝʥʠʷ ʝʛʦ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦ ʩʦʦʪʥʦʰʝʥʠʠ, ʤʝʩʪʝ ʠ ʨʦʣʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʱʠʭʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʜʫʱʝʡ ʚʥʝ ʯʘʩʦʚ, ʦʪʚʦʜʠʤʳʭ ʥʘ ʫʨʦʢʠ ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʜʦʤʘʰʥʠʭ ʦʧʳ-

ʪʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʚʦ ʚʥʝʫʨʦʯʥʦʝ ʚʨʝʤʷ. ʅʝ ʠʟʫʯʝʥ ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ, ʥʘʩʢʦʣʴʢʦ ʫʯʝʙʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʚʝʯʘʶʪ ʟʘʜʘʯʘʤ ʦʙʫʯʝʥʠʷ, ʨʘʥʝʝ ʨʝʰʘʚʰʠʤʩʷ ʚ ʨʘʤʢʘʭ ʬʠ-

ʟʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢʫʤʦʚ [1]. 

ʇ. ɺ. ɽʣʴʮʦʚʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ï ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ ʧʨʦ-

ʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʩ ʵʪʦʡ ʮʝʣʴʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʠ 

ʤʳʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʬʨʦʥʪʘʣʴʥʳʝ ʦʧʳʪʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʩʧʝʮʠʘʣʴʥʦ ʚʳ-

ʙʨʘʥʥʳʝ ʬʘʢʪʳ ʠʟ ʠʩʪʦʨʠʠ ʬʠʟʠʢʠ ʠ ʜʨ. ɿʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʦʙʫʯʘʝʤʳʤ ʚ ʦʙʦʟʥʘʯʝʥʥʦʡ 

ʧʨʦʙʣʝʤʝ (ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʦʙʣʝʤʥʦʤ ʟʘʜʘʥʠʠ, ʧʨʦʙʣʝʤʥʦʤ ʚʦʧʨʦʩʝ), ʜʦʣʞʥʳ ʙʳʪʴ ʧʦ-

ʩʠʣʴʥʳʤʠ ʜʣʷ ʥʝʛʦ, ʫ ʰʢʦʣʴʥʠʢʘ ʜʦʣʞʥʦ ʚʦʟʥʠʢʥʫʪʴ ʞʝʣʘʥʠʝ ʨʝʰʠʪʴ ʠʭ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʫʯʝʥʠʢʠ 

ʩʧʦʩʦʙʥʳ ʩʨʘʟʫ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ [2]. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʥʷʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ʠ ʫʩʚʦʠʪʴ ʧʦʥʷʪʠʷ ï 

ʵʪʦ ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ. ʆʜʥʘʢʦ ʚ ʥʘʰʠʭ ʰʢʦʣʘʭ ʯʘʩʪʦ ʥʝ ʭʚʘʪʘʝʪ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʜʣʷ ʪʘʢʦʡ ʨʘʙʦʪʳ, ʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʪʝʤ ʠʭ ʥʝʪ ʚʦʦʙʱʝ.  

ɸʥʘʣʠʟ ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʥʝʪʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʠʟ-

ʛʦʪʦʚʣʝʥʠʶ ʩʘʤʦʜʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʫʛʘʩʘʝʪ. ʆʢʘʟʳʚʘʝʪʩʷ, ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʨʠʙʦʨʦʚ ʤʦʞʥʦ ʩʦʟ-

ʜʘʪʴ ʩʚʦʠʤʠ ʨʫʢʘʤʠ, ʜʘʞʝ ʠʩʧʦʣʴʟʫʷ ʧʦʜʨʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʌʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʥʠʤʘʝʪ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ. ʋʯʝʥʠʢ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʛʣʫʙʦʢʦ ʧʦʥʠʤʘʝʪ ʩʫʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪ ʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʆʜʥʘʢʦ 

ʝʱʝ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʫʯʝʥʠʢ ʩʘʤ ʩʦʟʜʘʝʪ ʧʨʠʙʦʨʳ ʜʣʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʦʥʮʝʧʮʠʶ çʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘè, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʶʯʝʚʘʷ 

ʨʦʣʴ ʚ ʝʛʦ ʧʨʦʚʝʜʝʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʫʯʠʪʝʣʶ. ʀʤʝʥʥʦ ʧʝʜʘʛʦʛ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ, ʚ ʭʦʜʝ ʫʨʦʢʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʧʳʪ, ʟʘʜʘʚʘʷ 

ʚʦʧʨʦʩʳ ʫʯʘʱʠʤʩʷ. ʕʪʠ ʚʦʧʨʦʩʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʢʣʘʩʩʝ ʠ ʘʢʪʠʚ-

ʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʦʧʳʪʳ ʥʝ ʪʦʣʴʢʦ ʩʦʜʝʡʩʪʚʫʶʪ ʫʯʠʪʝʣʶ ʚ ʥʘʛʣʷʜʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʬʠ-

ʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. 

ʆʥʠ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʫ ʫʯʘʱʠʭʩʷ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʷʚʣʷʪʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʠʭ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʙʫ-

ʜʫʱʝʤ, ʙʫʜʴ ʪʦ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʜʦʤʘʰʥʠʝ ʦʧʳʪʳ ʠʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʝʢʪʳ. 
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ʇʦʵʪʦʤʫ ʚʦʚʣʝʯʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʥʝ-

ʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʫʯʝʥʠʷ ʬʠʟʠʢʝ. 

ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦ-

ʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. 

 

 
ʈʠʩ. 2. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ 

 

ɼʘʣʝʝ ʚ ʪʘʙʣʠʮʝ 1 ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʧʨʠʤʝʨʳ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʠ 

ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʟʜʝʣʳ, ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʜʘʥʥʳʝ ʧʨʠʙʦʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

ʊʘʙʣʠʮʘ 1 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ 

 

ʈʘʟʜʝʣ ʬʠʟʠʢʠ ʇʨʠʤʝʨ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʄʝʭʘʥʠʢʘ ʄʘʷʪʥʠʢ ʠʟ ʛʨʫʟʘ ʠ ʥʠʪʠ ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʚ ʢʦʣʝʙʘʥʠʡ, ʠʟʤʝʨʝ-

ʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʄʝʭʘʥʠʢʘ ʉʘʤʦʜʝʣʴʥʳʡ ʜʠʥʘʤʦʤʝʪʨ (ʧʨʫʞʠʥʘ 

+ ʰʢʘʣʘ) 

ʀʟʤʝʨʝʥʠʝ ʩʠʣʳ, ʧʨʦʚʝʨʢʘ ʟʘʢʦʥʘ ɻʫ-

ʢʘ. 

ʄʝʭʘʥʠʢʘ ɺʦʟʜʫʰʥʘʷ ʧʦʜʫʰʢʘ ʠʟ ʜʠʩʢʘ CD ʠ 

ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʜʚʠʞʝʥʠʷ ʙʝʟ ʪʨʝʥʠʷ. 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ɺʦʟʜʫʰʥʳʡ ʪʝʨʤʦʤʝʪʨ (ʙʫʪʳʣʢʘ, 

ʪʨʫʙʢʘ, ʚʦʜʘ) 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʛʘʟʦʚ. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʕʣʝʢʪʨʦʩʢʦʧ ʠʟ ʬʦʣʴʛʠ ʠ ʩʪʝʢʣʷʥʥʦʡ 

ʙʘʥʢʠ 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʥʘʢʦʧʣʝʥʠʷ ʟʘʨʷʜʘ. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʉʘʤʦʜʝʣʴʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ (ʢʘ-

ʪʫʰʢʘ ʠ ʞʝʣʝʟʥʳʡ ʩʝʨʜʝʯʥʠʢ) 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ. 

ʆʧʪʠʢʘ ʂʘʤʝʨʘ-ʦʙʩʢʫʨʘ (ʢʦʨʦʙʢʘ, ʣʠʥʟʘ, ʵʢ-

ʨʘʥ) 

ʀʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ʆʧʪʠʢʘ ʇʝʨʠʩʢʦʧ ʠʟ ʟʝʨʢʘʣ ɼʝʤʦʥʩʪʨʘʮʠʷ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ. 

ɸʢʫʩʪʠʢʘ ʉʪʨʫʥʥʳʡ ʪʝʣʝʬʦʥ (ʙʘʥʢʠ ʠ ʥʘʪʷʥʫ-

ʪʘʷ ʥʠʪʴ) 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʧʝʨʝʜʘʯʠ ʟʚʫʢʘ ʧʦ 

ʪʚʸʨʜʦʤʫ ʪʝʣʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ 

ʬʠʟʠʢʠ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ. 



68 
 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ï ʩʦʟʜʘʥʠʝ ʩʘʤʦʜʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʚ ʚʠʜʝ ʜʚʠʛʘʶʱʝʡʩʷ ʤʘʰʠʥʢʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: 

- ʧʣʘʩʪʠʢʦʚʘʷ ʙʫʪʳʣʢʘ ʩ ʢʨʳʰʢʦʡ 0,5 ʣ; 

- ʙʦʣʴʰʠʝ ʢʨʳʰʢʠ ʜʣʷ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ (2ʰʪ); 

- ʤʘʣʝʥʴʢʠʝ ʢʨʳʰʢʠ ʦʪ ʧʣʘʩʪʠʢʦʚʳʭ ʙʫʪʳʣʦʢ (2 ʰʪ); 

- ʢʣʝʡ; 

- ʪʨʫʙʦʯʢʠ; 

- ʨʝʟʠʥʢʘ; 

- ʜʝʨʝʚʷʥʥʘʷ ʪʦʥʢʘʷ ʧʘʣʦʯʢʘ (ʢʘʨʘʥʜʘʰ ʠʣʠ ʧʘʣʦʯʢʠ ʜʣʷ ʩʫʰʠ); 

- ʦʩʪʨʳʝ ʥʦʞʥʠʮʳ; 

- ʣʠʥʝʡʢʘ. 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʤʘʰʠʥʢʠ, ʙʝʨʫʪ ʧʣʘʩʪʠʢʦʚʫʶ ʙʫʪʳʣʢʫ ʦʙʲʝʤʦʤ 0,5 ʣʠʪʨʘ ʠ ʚʳ-

ʨʝʟʘʝʤ ʠʟ ʥʝʝ ʩʝʨʝʜʠʥʫ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʩʘʥʪʠʤʝʪʨʦʚ ʦʪ ʜʥʘ ʙʫʪʳʣʢʠ ʧʨʦʜʝʣʳʚʘʶʪ ʧʦ ʙʦʢʘʤ ʦʪ-

ʚʝʨʩʪʠʷ ʧʨʠʤʝʨʥʦ 0,5 ʤʠʣʣʠʤʝʪʨʘ. ɿʘʪʝʤ ʙʝʨʫʪ ʜʝʨʝʚʷʥʥʫʶ ʧʘʣʦʯʢʫ ʜʣʠʥʦʡ 10 ʩʘʥʪʠʤʝʪʨʦʚ ʠ 

ʪʨʫʙʦʯʢʫ ʜʣʠʥʦʡ 8 ʩʘʥʪʠʤʝʪʨʦʚ. ʉʥʘʯʘʣʘ ʧʨʦʪʘʣʢʠʚʘʶʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʪʨʫʙʦʯʢʫ, ʘ ʟʘʪʝʤ ʚʩʪʘʚ-

ʣʷʶʪ ʚ ʥʝʝ ʜʝʨʝʚʷʥʥʫʶ ʧʘʣʦʯʢʫ.  

ɹʝʨʫʪ ʙʦʣʴʰʠʝ ʢʨʳʰʢʠ ʠ ʧʨʠʢʨʝʧʣʷʶʪ ʠʭ ʢ ʢʦʥʮʘʤ ʧʘʣʦʯʢʠ ï ʪʘʢ ʧʦʣʫʯʘʶʪʩʷ ʢʦʣʝʩʘ. ɼʣʷ 

ʙʦʣʴʰʝʡ ʚʠʟʫʘʣʴʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʢʨʘʩʠʪʴ ʢʨʳʰʢʠ. ʂ ʛʦʨʣʳʰʢʫ ʙʫʪʳʣʢʠ ʧʨʠ-

ʢʣʝʠʚʘʶʪ ʚʪʦʨʫʶ ʧʘʣʦʯʢʫ, ʥʘ ʢʦʥʮʳ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʧʨʠʢʣʝʠʚʘʶʪ ʢʨʳʰʢʠ, ʥʦ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ï 

ʵʪʦ ʙʫʜʫʪ ʧʝʨʝʜʥʠʝ ʢʦʣʝʩʘ. ʅʘ ʟʘʜʥʶʶ ʦʩʴ ʧʨʠʢʣʝʠʚʘʶʪ ʪʨʫʙʦʯʢʫ, ʘ ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʠ ʟʘ-

ʢʨʝʧʣʷʶʪ ʝʝ ʩ ʧʦʤʦʱʴʶ ʥʠʪʦʢ.  

ɿʘʢʨʝʧʣʷʶʪ ʨʝʟʠʥʢʫ ʥʘ ʢʨʳʰʢʝ ʙʫʪʳʣʢʠ. ɹʝʨʫʪ ʨʝʟʠʥʢʫ ʠ ʥʘʤʘʪʳʚʘʶʪ ʝʝ ʥʘ ʪʨʫʙʦʯʢʫ. ʏʝʤ 

ʙʦʣʴʰʝ ʩʣʦʝʚ ʥʘʤʦʪʢʠ, ʪʝʤ ʜʘʣʴʰʝ ʩʤʦʞʝʪ ʧʨʦʝʭʘʪʴ ʤʘʰʠʥʢʘ. ʆʙʨʘʟʝʮ ʛʦʪʦʚʦʡ ʤʘʰʠʥʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
 

ʈʠʩ. 3. ʇʨʠʤʝʨ ʛʦʪʦʚʦʡ ʤʘʰʠʥʢʠ [4] 

 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ï ʤʦʜʝʣʴ ʩʝʛʥʝʨʦʚʦʛʦ ʢʦʣʝʩʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʩʫʜʘ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʩʪʤʘʩʩʦʚʫʶ 

ʚʦʨʦʥʢʫ (ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʣʘʩʪʠʢʦʚʘʷ ʙʫʪʳʣʢʘ). ʂ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʙʘʚʣʷʶʪ ʜʚʝ ʠʟʦ-

ʛʥʫʪʳʝ ʪʨʫʙʦʯʢʠ ʜʣʷ ʩʦʢʘ. ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʚʦʨʦʥʢʠ ʚʦʜʦʡ ʩʝʛʥʝʨʦʚʦ ʢʦʣʝʩʦ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʳʪʝʢʘʥʠʶ ʩʪʨʫʠ (ʨʠʩʫʥʦʢ 4). 
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ʈʠʩ. 4. ʇʨʠʤʝʨ ʤʦʜʝʣʠ ʩʝʛʥʝʨʦʚʦʛʦ ʢʦʣʝʩʘ [4] 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʥʘʜʦʙʠʪʴʩʷ ʣʠʧʢʘʷ ʣʝʥʪʘ, ʥʝʩʢʦʣʴʢʦ ʘʥʛʣʠʡʩʢʠʭ ʙʫʣʘʚʦʢ, 

ʤʘʛʥʠʪ, ʵʣʝʤʝʥʪ ʧʠʪʘʥʠʷ ʠ ʦʪʨʝʟʦʢ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʩʪʦʤ ʤʝʭʘʥʠʟʤʝ: ʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʩʠʣ ʤʘʛʥʠʪʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʧʦʜʚʠʞ-

ʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ (ʨʦʪʦʨʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʣʶʩʘʤʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘ-

ʚʘʝʤʦʛʦ ʥʝʧʦʜʚʠʞʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ (ʠʣʠ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ) ï ʩʪʘʪʦʨʦʤ. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʝ ʚʨʘʱʘʶʱʠʡʩʷ ʢʦʤʧʦʥʝʥʪ ʠʟʚʝʩʪʝʥ ʢʘʢ ʨʦʪʦʨ ʠʣʠ ʷʢʦʨʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʩʪʘʪʦʨ. ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩ. 5. ʇʨʠʤʝʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ [4] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʠʟʘʮʠʠ ʧʦʟʥʘʚʘ-

ʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʠ ʫʛʣʫʙʣʷʝʪ ʠʭ ʟʥʘʥʠʷ ʠ ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ. ʊʘʢʦʛʦ 

ʨʦʜʘ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʠ-

ʚʣʝʢʘʶʪ ʫʯʘʱʠʭʩʷ. ʀʩʧʦʣʴʟʦʚʘʚʥʠʝ ʚ ʨʘʙʦʪʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ 

ʩʘʤʦʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʫ 

ʦʙʫʯʘʶʱʠʭʩʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʤʝʯʝʥʥʦʡ ʮʝʣʠ ʚʳʙʠʨʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʚʦʟʨʘʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʯʘʱʠʭʩʷ ʤʝʪʦʜ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦ-

ʪʳ, ʬʦʨʤʘ ʦʪʯʸʪʥʦʩʪʠ ʠ ʩʧʦʩʦʙ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʌʨʦʥʪʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʠ ʦʧʳʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʛʣʫʙʣʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 
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ʨʫʢʦʚʦʜʩʪʚʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʫʯʘʱʠʭʩʷ. ɺʘʞʥʦ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʠʭ ʚʥʠʤʘʥʠʝ ʠ ʤʳʩʣʠʪʝʣʴʥʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʛʦ-

ʪʦʚʢʫ, ʦʧʝʨʘʪʠʚʥʦ ʨʘʟʜʘʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʦʙʠʨʘʪʴ ʝʛʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʵʪʦ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʘʟʚʠʪʠʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘ-

ʫʯʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞ-

ʥʦ ʧʨʦʚʦʜʠʪʴ ʚʦ ʚʨʝʤʷ ʫʨʦʢʘ ʠʣʠ ʥʘ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ.  ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ ʛʨʘʤʦʪ-

ʥʦʩʪʠ.   
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EXPERIMENT AS A TECHNOLOGY OF FORMATION NATURAL  

SCIENCE LITERACY OF A STUDENT IN PHYSICS  

 

 

Abstract. Conducting experiments is one of the methods of developing science literacy in physics 

lessons. There are various types of experiments that can be conducted during the lesson or in extracurricu-

lar activities. And also at home. This article examines the role of experiment in the formation of scientific 

literacy. 

Key words:  natural science literacy, experiment. 

 

ɺʘʞʥʝʡʰʠʡ ʧʨʠʦʨʠʪʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ï ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʚʨʝ-

ʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ, ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 26 ʜʝʢʘʙʨʷ 2017 ʛ. ˉ 1642 çʈʘʟʚʠ-

ʪʠʝ ʦʙʨʘʟʦʚʘʥʠʷè (2018-2025 ʛʦʜʳ) ʦʪʤʝʯʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʝ ̫ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʯʪʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʘ (PIRLS), 

ʘ ʪʘʢʞʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ (TIMSS); ʧʦʚʳʰʝʥʠʝ ʧʦʟʠʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦ ʦʮʝʥ-

ʢʝ ʦʙʨʘʟʦʚʘʪʝʣʥɹʳʭ ʜʦʩʪʠʞʝʥʠʡ ʫʯʘʱʠʭʩʷ (PISA)é 
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ʂʣʶʯʝʚʦʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ï ʵʪʦ   

ʆʙʫʯʘʶʱʠʤʩʷ ʙʫʜʝʪ ʩʢʫʯʥʦ ʠ ʥʝʧʦʥʷʪʥʦ, ʝʩʣʠ ʦʥʠ ʙʫʜʫʪ ʠʟʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʟʘʜʘʯʠ. ʏʪʦʙʳ ʧʦʣʫʯʠʣʦʩʴ ʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʫʨʦʢʝ, ʫʯʠʪʝʣʴ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʦ ʦʥʦ ʝʩʪʴ ʥʝ ʚʩʝʛʜʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʝ 

ʠʩʧʦʣʴʟʫʷ ʦʧʳʪ. ɺʝʜʴ ʩ ʤʥʦʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʢʘʞʜʳʡ ʜʝʥʴ [1]. 

ʉ.ʅ. ʂʘʤʝʥʝʮʢʠʡ ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ  ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ: 

ï ʬʨʦʥʪʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʬʠʟʠʢʝ; 

ï ʬʠʟʠʯʝʩʢʠʡ ʧʨʘʢʪʠʢʫʤ; 

ï ʜʦʤʘʰʥʠʝ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʬʠʟʠʢʝ. 

ʂ ʬʨʦʥʪʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʧʦ ʬʠʟʠʢʝ ʦʪʥʦʩʷʪʩʷ ʟʘʥʷʪʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʝʩʴ ʢʣʘʩʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪ, ʠʩʧʦʣʴʟʫʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ɺʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʢʣʘʩʩ ʜʝʣʠʪʩʷ ʥʘ ʛʨʫʧʧʳ ʧʦ 3-5 ʯʝʣʦʚʝʢ ʩ ʨʘʟʥʳʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʫʨʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʘʙʦʪ, ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʘ, ʢʦʪʦʨʳʡ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʠʣ 

ʫʯʠʪʝʣʴ. 

ʂ ʜʦʤʘʰʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʘʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ  ʧʨʦʩʪʝʡʰʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʫʯʘʱʠʤʠʩʷ ʜʦʤʘ, ʚʥʝ ʰʢʦʣʳ, ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ 

ʫʯʠʪʝʣʷ ʟʘ ʭʦʜʦʤ ʨʘʙʦʪʳ.  

ʂ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʦʧʳʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚ-

ʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʪ ʫʯʠʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  [2]. 

ɸ.ɸ. ʂʘʤʝʥʩʢʠʡ ʧʨʝʜʣʦʞʠʣ ʚʪʦʨʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

1. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʚʝʨʢʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʠ ʪʝʦʨʠʡ.  

3. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ.  

4. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

5. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ  ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

6. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ.  

7. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [3]. 

ʇʨʠʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟ ʦʧʳʪʘ ʨʘʙʦʪʳ. 

1. ɼʝʤʦʥʩʪʨʘʮʠʷ. 
ʆʙʲʷʩʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩʚʷʟʘʥʦ ʩ ʜʝʤʦʥʩʪʨʘʮʠʷʤʠ. ʀʭ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʫʯʠʪʝʣʴ ʠʣʠ ʦʜʠʥ 

ʠʟ ʫʯʝʥʠʢʦʚ. ɸ ʦʩʪʘʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝʩʷ ʥʝ ʷʚʣʷʶʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ʩʣʫʰʘʪʝʣʷʤʠ, ʘ ʚʢʣʶʯʝʥʳ ʚ ʦʙ-

ʩʫʞʜʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚʦʧʨʦʩʦʚ.   

ʅʘʧʨʠʤʝʨ, ʥʘ ʫʨʦʢʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʧʳʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʨʘʩʰʠʨʝʥʠʝ ʪʝʣ ʧʨʠ ʥʘʛʨʝ-

ʚʘʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʰʘʨʠʢ ʠ ʢʦʣʴʮʦ. 

2. ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ.  
ʆʙʳʯʥʦ ʪʘʢʠʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʢʦʥʮʝ ʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʝʤʘʪʠʯʝʩʢʠʤ ʧʣʘʥʠʨʦʚʘ-

ʥʠʝʤ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʟʘʢʨʝʧʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʊʘʢʠʝ ʨʘʙʦʪʳ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʰʢʦʣʴʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʨʘʟʚʠʚʘʶʪ 

ʠʥʪʝʨʝʩ ʢ ʧʨʝʜʤʝʪʫ.  

3. ɼʦʤʘʰʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪ.  
ɽʛʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʟ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚ ʢʘʞʜʦʤ ʜʦʤʝ.  

ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʥʘ ʫʨʦʢʝ ʪʝʤʳ çɼʠʬʬʫʟʠʷè ʤʦʞʥʦ ʟʘʜʘʪʴ ʠʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʘʰ-

ʥʝʛʦ ʟʘʜʘʥʠʷ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʦʧʳʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʤ ʧʦʥʘʜʦʙʷʪʩʷ: ʩʝʢʫʥʜʦʤʝʨ, ʜʫʭʠ, ʨʫʣʝʪʢʘ, 

ʭʦʣʦʜʥʘʷ ʠ ʛʦʨʷʯʘʷ ʚʦʜʘ, ʩʪʘʢʘʥʳ, ʧʘʢʝʪʠʢʠ ʯʘʷ, ʢʘʨʪʦʬʝʣʴ, ʟʝʣʝʥʢʘ, ʘʧʝʣʴʩʠʥ, ʤʘʨʛʘʥʮʦʚʢʘ. ɺʩʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʢʘʞʜʦʤ ʜʦʤʝ. ɸ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨ-

ʜʷʪ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʨʦʢʝ.  

ʆʧʳʪ ˉ1. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚ ʛʘʟʘʭ 

ʎʝʣʴ: ʚʳʷʩʥʠʪʴ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚ ʛʘʟʘʭ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʩʝʢʫʥʜʦʤʝʨ, ʜʫʭʠ, ʨʫʣʝʪʢʘ. 

ʆʧʠʩʘʥʠʝ ʦʧʳʪʘ. ɺʩʪʘʥʴʪʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʨʫʛʘ/ʨʦʜʩʪʚʝʥʥʠʢʘ. ʀʟʤʝʨʴʪʝ ʝʛʦ 

ʨʫʣʝʪʢʦʡ ʠ ʟʘʧʠʰʠʪʝ ʚ ʪʘʙʣʠʮʫ. ʈʘʩʧʳʣʠʪʝ ʜʫʭʠ, ʘ ʜʨʫʛ/ʨʦʜʩʪʚʝʥʥʠʢ ʧʫʩʪʴ ʥʘʞʤʝʪ çʩʪʦʧè ʥʘ ʩʝ-
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ʢʫʥʜʦʤʝʨʝ, ʢʦʛʜʘ ʧʦʯʫʚʩʪʚʫʝʪ ʟʘʧʘʭ. ɿʘʧʠʰʠʪʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣʠʮʫ. ʀʟʤʝʥʠʪʝ ʨʘʩʩʪʦʷʥʠʝ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟ, ʠ ʧʨʦʜʝʣʘʡʪʝ ʪʦʪ ʞʝ ʦʧʳʪ. ɿʘʧʦʣʥʠʪʝ ʪʘʙʣʠʮʫ ʠ ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ. 

ʇʨʠʤʝʨ ʟʘʧʝʥʝʥʥʦʡ ʪʘʙʣʠʮʳ: 

ʈʘʩʩʪʦʷʥʠʝ, ʤ ɺʨʝʤʷ, ʩʝʢ 

4,5 11 ʩʝʢ. 

3 6 ʩʝʢ. 

1,5 2 ʩʝʢ. 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ: ʯʝʤ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʝ, ʪʝʤ ʙʳʩʪʨʝʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʷ ʚ ʛʘʟʘʭ.  

ʆʧʳʪ ˉ 2. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚ ʞʠʜʢʦʩʪʠ 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʭʦʣʦʜʥʘʷ ʠ ʛʦʨʷʯʘʷ ʚʦʜʘ, ʩʪʘʢʘʥʳ, ʧʘʢʝʪʠʢʠ ʯʘʷ. 

ʆʧʠʩʘʥʠʝ ʦʧʳʪʘ. ɺʦʟʴʤʠʪʝ ʜʚʘ ʩʪʘʢʘʥʘ: ʚ ʦʜʠʥ ʥʘʣʝʡʪʝ ʭʦʣʦʜʥʫʶ ʚʦʜʫ, ʘ ʚ ʜʨʫʛʦʡ ï ʛʦʨ̫-

ʯʫʶ. ʇʦʣʦʞʠʪʝ ʚ ʢʘʞʜʳʡ ʩʪʘʢʘʥ ʦʜʠʥʘʢʦʚʳʝ ʧʘʢʝʪʠʢʠ ʯʘʷ ʠ ʦʩʪʘʚʠʪʝ ʥʘ ʜʚʝ ʤʠʥʫʪʳ. ɿʘʧʠʰʠʪʝ, 

ʯʪʦ ʥʘʙʣʶʜʘʣʠ. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ. 

 
 

ʈʠʩ. 1. ʅʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢ ʦʧʳʪʫ 

 

 
 

ʈʠʩ. 2. ʇʦʤʝʩʪʠʣʠ ʯʘʡʥʳʝ ʧʘʢʝʪʠʢʠ ʚ ʚʦʜʫ 

 

 
 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ 2 
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ʇʨʠʤʝʨ ʚʳʚʦʜʘ: ʚ ʩʪʘʢʘʥʝ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʜʠʬʬʫʟʠʷ ʧʨʦʠʟʦʰʣʘ ʙʳʩʪʨʝʝ, ʟʥʘʯʠʪ, ʥʘ ʥʝʝ 

ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʆʧʳʪ ˉ 3. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚ ʪʚʸʨʜʳʭ ʪʝʣʘʭ 

ʎʝʣʴ: ʚʳʷʩʥʠʪʴ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʢʘʨʪʦʬʝʣʴ, ʟʝʣʝʥʢʘ. 

ʆʧʠʩʘʥʠʝ ʦʧʳʪʘ: ʨʘʟʨʝʞʴʪʝ ʢʘʨʪʦʬʝʣʴ ʧʦʧʦʣʘʤ ʠ ʥʘ ʩʨʝʟ ʥʘʥʝʩʠʪʝ  ʢʘʧʣʶ ʟʝʣʸʥʢʠ. ɿʘʧʠ-

ʰʠʪʝ, ʯʪʦ ʙʫʜʝʪʝ ʥʘʙʣʶʜʘʪʴ. ʀʟʤʝʨʴʪʝ ʜʠʘʤʝʪʨ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʧʷʪʥʘ. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ. 

 

 
 

ʈʠʩ. 4. ʅʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢ ʦʧʳʪʫ 

 

 
 

ʈʠʩ. 5. ʅʘʥʝʩʝʥʠʝ ʟʝʣʝʥʢʠ ʥʘ ʢʘʨʪʦʬʝʣʴ 

 

 
 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ 3 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ: ʜʠʬʬʫʟʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʚʸʨʜʳʭ ʪʝʣʘʭ, ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʤʝʜʣʝʥ-

ʥʝʝ, ʯʝʤ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ. 

ʆʧʳʪ ˉ 4. ɼʠʬʬʫʟʠʷ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʞʠʜʢʦʩʪʷʭ, ʛʘʟʘʭ 

ʎʝʣʴ: ʩʨʘʚʥʠʪʴ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʞʠʜʢʦʩʪʷʭ, ʛʘʟʘʭ. 
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ʆʙʦʨʫʜʦʚʘʥʠʝ: ʘʧʝʣʴʩʠʥ, ʩʪʘʢʘʥ, ʚʦʜʘ, ʧʘʢʝʪʠʢ ʯʘʷ, ʩʳʨʘʷ ʢʘʨʪʦʬʝʣʠʥʘ, ʢʨʠʩʪʘʣʣʳ ʤʘʨʛʘʥ-

ʮʦʚʢʠ.  

ʆʧʠʩʘʥʠʝ ʦʧʳʪʘ. ɺʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʧʦʤʦʱʥʠʢ (ʜʨʫʛ/ʨʦʜʩʪʚʝʥʥʠʢ), ʯʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

- ʨʘʟʨʝʟʘʪʴ ʘʧʝʣʴʩʠʥ;  

- ʥʘʣʠʪʴ ʚ ʩʪʘʢʘʥ ʚʦʜʳ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʧʫʩʪʠʪʴ ʚ ʥʝʝ ʧʘʢʝʪʠʢ ʩ ʯʘʝʤ;   

- ʨʘʟʨʝʟʘʪʴ ʩʳʨʫʶ ʢʘʨʪʦʬʝʣʠʥʫ ʠ ʥʘ ʩʨʝʟ ʥʘʩʳʧʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʢʦʚ ʤʘʨʛʘʥʮʦʚʢʠ.  

ɿʘʧʠʰʠʪʝ ʚʘʰʠ ʥʘʙʣʶʜʝʥʠʷ. ʉʜʝʣʘʪʴ ʚʳʚʦʜ. 

 

 
 

ʈʠʩ. 7. ʅʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢ ʦʧʳʪʫ 

 

 
 

ʈʠʩ. 8. ʅʘʯʘʣʦ ʦʧʳʪʘ 

 

 
ʈʠʩ. 9. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ 4 
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ʇʨʠʤʝʨ ʚʳʚʦʜʘ: ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʜʠʬʬʫʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʘʟʘʭ, ʯʫʪʴ ʤʝʜʣʝʥʥʝʝ ʚ ʞʠʜʢʦʩʪʷʭ, 

ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ ʥʫʞʥʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ.  

4. ʈʝʰʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ.  
ʏʪʦʙʳ ʫʩʠʣʠʪʴ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʚʦ ʚʨʝʤʷ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʯʘʩʪʦ ʫʯʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʘʜʘʯʘʤ. ʆʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳ-

ʷʚʠʪʴ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ ʦʙʫʯʘʶʱʠʭʩʷ.  

ʎʝʣʴ ʫʨʦʢʘ/ʚʥʝʫʨʦʯʥʦʛʦ ʟʘʥʷʪʠʷ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʜʘ-

ʯʠ ï ʧʦʚʪʦʨʝʥʠʝ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʙʦʪʫ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʩʣʝʜʫʶʱʠʭ 

ʬʦʨʤʘʭ: ʬʨʦʥʪʘʣʴʥʦ, ʧʦ ʛʨʫʧʧʘʤ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ.  

ʅʘʧʨʠʤʝʨ, ʠʟʫʯʠʚ ʪʝʤr çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚè, çʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦ-

ʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚè, çʉʤʝʰʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚè, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʫʨʦʢ, ʚʢʣʶ-

ʯʘʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʜʘʯʠ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ: 

- ʘʤʧʝʨʤʝʪʨʘ;   

- ʚʦʣʴʪʤʝʪʨʘ;   

- ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ;   

- ʣʘʤʧʦʯʢʠ;  

- ʨʝʟʠʩʪʦʨʘ;   

- ʧʨʦʚʦʜʥʠʢʘ;   

- ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ;   

- ʢʣʶʯʘ.  

1 ʧʨʠʤʝʨ: ʩʦʙʝʨʠʪʝ ʮʝʧʴ ʠʟ ʪʨʝʭ ʣʘʤʧ ʪʘʢ, ʯʪʦʙʳ ʦʜʥʠʤ ʢʣʶʯʦʤ ʤʦʞʥʦ ʙʳʣʦ ʚʳʢʣʶʯʠʪʴ 

ʩʨʘʟʫ ʜʚʝ ʣʘʤʧʳ, ʘ ʜʨʫʛʠʤ ï ʦʜʥʫ. 

2 ʧʨʠʤʝʨ: ʩʦʙʝʨʠʪʝ ʩʭʝʤʫ ʧʦ ʨʠʩʫʥʢʫ ʠ ʚʳʯʠʩʣʠʪʝ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

  
ʈʠʩ. 10. ʉʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʫʯʘʱʠʡʩʷ ʧʦʣʫʯʘʝʪ ʫʯʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʥʘ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʣʦʛʠʯʥʦ ʨʘʟʜʝʣʠʪʴ ʤʝʪʦʜʳ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʬʠʟʠʢʠ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʧʨʘʢʪʠʯʝʩʢʠʝ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʥʠʡ ʜʝʣʘʝʪ ʟʥʘʥʠʷ ʫʯʘʱʠʭʩʷ ʛʣʫʙʦʢʠʤʠ, ʩʠʣʴʥʳʤʠ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʞʠʟʥʴʶ. 

ɺʢʣʶʯʝʥʠʝ ʚ ʫʨʦʢ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʘʙʦʪʝ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʠ ʁʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʟʘ-

ʢʨʝʧʣʝʥʠ ʁʫʞʝ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʥʳʝ ʟʘʜʘʥʠʷ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘ-

ʫʯʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɸ.ɸ.ʂʦʨʦʪʢʠʭ, ʈ.ʀ.ɹʘʞʝʥʦʚ 

 

ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʄʄʋʅʀʂɸʊʀɺʅʓʍ ʇʈɸʂʊʀʂ ʉʆʆɹʑɽʉʊɺɸ GENSHIN 

 FANS ʉʆʎʀɸʃʔʅʆʁ ʉɽʊʀ çɺʂʆʅʊɸʂʊɽè ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

 ʇʈʆɻʈɸʄʄʅʆʁ ʉʀʉʊɽʄʓ ORANGE 

 
 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʚʳʷʚʣʝʥʠʶ ʧʘʪʪʝʨʥʦʚ ʦʙʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʚ ʠʛʨʦʚʦʤ ʦʥʣʘʡʥ-ʩʦʦʙʱʝʩʪʚʝ Genshin Fans ʚ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʪʘʩʝʪʘ ʧʘʨʩʠʥʛ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ API ʚ ʥʘʧʠʩʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʘ ʷʟʳʢʝ Python ʚ ʩʨʝʜʝ Google Colab. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʠ ʦʙʨʘ-

ʙʦʪʢʘ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ Orange. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʳ ʧʘʪʪʝʨʥʳ ʦʙʱʝʥʠʷ ʠ ʦʧʨʝʜʝ-

ʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʦʥʣʘʡʥ-ʩʦʦʙʱʝʩʪʚʘ Genshin Fans. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Orange, ʦʥʣʘʡʥ-ʢʦʤʤʫʥʠʢʘʮʠʷ, ʘʥʘʣʠʟ ʢʦʤʤʝʥʪʘʨʠʝʚ, ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ, 

ʪʝʤʘʪʠʯʝʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ. 
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Abstract. The study is devoted to identifying communication patterns and defining the main char-

acteristics of communication practices in the Genshin Fans online gaming community on the 

çVKontakteè social network. To generate the dataset, parsing was performed using the API in a written 

Python program in the Google Colab environment. Further analysis and processing were performed in the 

Orange software system. The paper identifies communication patterns and defines the main characteris-

tics of communication practices in the Genshin Fans online community. 
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1.ɺʚʝʜʝʥʠʝ. 

1.1. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɸʥʘʣʠʟ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʚ ʮʠʬʨʦʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʚʣʠʷʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʌʘʥʘʪʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ ʚ çɺʂʦʥʪʘʢʪʝè ʬʦʨʤʠʨʫʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʨʝʙʫʶʱʠʝ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ Data Science. 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʣʘʝʪ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʘʥʘʣʠʟ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴʩʢʠʭ ʢʦʤʤʝʥʪʘʨʠʝʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ NLP-ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʵʤʦʮʠʦʥʘʣʴʥʳʭ 

ʨʝʘʢʮʠʡ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʠ ʩʪʨʫʢʪʫʨ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʘʪʴ ʩʧʝʮʠʬʠʢʫ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʠ ʤʝʜʠʘʧʦʪʨʝʙʣʝʥʠʷ ʚ ʠʛʨʦʚʳʭ ʢʦʤʴʶʥʠʪʠ. 

 

1.2. ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʥʘʣʠʟʫ ʩʦʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ. ʄ. ʅʫʨʠʙʘʢʰ ʠ ʜʨ. ʧʨʦʚʝʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʦʙʱʝʩʪʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʘʥʘʣʠʟʠʨʫʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

[11]. ʀʩʩʣʝʜʦʚʘʣʠ ʜʠʥʘʤʠʢʫ ʮʠʬʨʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʚ ʦʥʣʘʡʥ-ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʧʦʤʦʱʴʶ ʤʘʡʥʠʥʛʘ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ɼʞ. ʈʶʛʝʨ, ɺ. ɼʦʣʴʬʩʤʘ, ʈ. ɸʘʣʙʝʨʩ [13]. ɼ. ɸ. ɼʝʚʷʪʢʠʥ ʠ ʜʨ. 

ʧʨʠʤʝʥʠʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʝʨʙʘʣʴʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʚ ʪʝʢʩʪʘʭ ʩʝʪʝʚʳʭ 

ʩʦʦʙʱʝʩʪʚ [1]. ʇʨʝʜʣʦʞʠʣʠ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʩʦʦʙʱʝʩʪʚ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʥʘ ʦʩʥʦʚʝ 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʘ ɸ. ʆ. ʉʘʚʝʣʴʝʚ ʠ ʜʨ. [8]. ʅ. ʐʫʯʘʥʠ ʠ ʄ. ɸʙʝʜ ʠʩʩʣʝ-

ʜʦʚʘʣʠ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʩʦʦʙʱʝʩʪʚ ʠʥʪʝʨʝʩʦʚ ʚ ʦʥʣʘʡʥ-ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥ-
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ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [9]. ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʙʦʣʴ-

ʰʠʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʘʬʘʭ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʋ. ʌʘʪʠʤʘ, ʉ. ʍʠʥʘ, ʄ. ɺʘʩʠʬ [10]. ʅ. 

ɸ. ʈʷʙʯʝʥʢʦ, ʆ. ʇ. ʄʘʣʳʰʝʚʘ ʧʨʦʚʝʣʠ ʢʨʦʩʩ-ʨʝʛʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʥʘʩʪʨʦʝʥʠʡ ʚ 

ʧʦʧʫʣʷʨʥʳʭ ʩʝʪʝʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ɺʂʦʥʪʘʢʪʝ [7]. ʈʘʩʩʤʦʪʨʝʣʠ ʤʝʪʦʜʳ ʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʠʥʪʝʨʥʝʪ-ʩʦʦʙʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʚʳʷʚʣʝʥʠʝ çʥʝʥʘʙʣʶʜʘʝʤʳʭè ʛʨʫʧʧ ʆ. ɺ. ʇʦʧʦʚʘ ʠ ʉ. ʀ. ʉʫ-

ʩʣʦʚ [6]. ɺ. ʂʘʨʪʝʤʠʥʘ, ɸ. ɻʥʝʜʘʰ ʧʨʝʜʩʪʘʚʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʬʘʥʘʪ-

ʩʢʦʛʦ ʜʠʩʢʫʨʩʘ ʥʘ ʧʨʠʤʝʨʝ ʬʫʪʙʦʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ɺʂʦʥʪʘʢʪʝ [2]. ɸʥʘʣʠʟ ʨʝʘʢ-

ʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʊʚʠʪʪʝʨʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʧʨʦʚʝʣʠ ɸ. ʈ. ʂʥʘʘʥ ʠ ʂ. ɸ. ʇʦʣʴʱʠʢʦʚ [4]. 

 

1.3. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʘʪʪʝʨʥʦʚ ʦʙʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʚ ʠʛʨʦʚʦʤ ʦʥʣʘʡʥ-ʩʦʦʙʱʝʩʪʚʝ Genshin Fans ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝ-

ʪʠ çɺʂʦʥʪʘʢʪʝè ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ Orange. 

 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʘʥʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ  ʢʦʤʤʝʥʪʘʨʠʠ ʧʦʜ ʧʦʩʪʘʤʠ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʛʨʦʚʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ Genshin Fans ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. ɼʘʪʘʩʝʪ ʦʙʲʝʤʦʤ ʚ 7977 ʩʪʨʦʢ ʧʦʣʫʯʝʥ ʩ 

ʧʦʤʦʱʴʶ ʧʘʨʩʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ API ʚ ʥʘʧʠʩʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʘ ʷʟʳʢʝ Python ʚ ʩʨʝʜʝ Google 

Colab.  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʘʩʴ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ Orange [12].  

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʇʨʦʮʝʩʩ ʷʟʳʢʦʚʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʮʠʬʨʦʚʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʝʯʝʚʦʤ 

ʧʦʚʝʜʝʥʠʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʬʦʨʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʳʜʝʣʠʤ ʥʘʠʙʦ-

ʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʩʧʦʩʦʙʳ ʠʥʪʝʨʘʢʮʠʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ: 

¶ ʕʤʦʜʟʠ ʠ ʩʪʠʢʝʨʳ ï ʩʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ ʯʫʚʩʪʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʦʥʣʘʡʥ-ʦʪʥʦʰʝʥʠʡ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʷʟʳʢʦʚʳʤ ʢʦʜʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʠʨʪʫʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ [5]. 

¶ ʎʠʬʨʦʚʘʷ ʣʝʢʩʠʢʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʚ, ʚʳʨʘʞʝʥʠʡ ʠ ʪʝʨʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʠʣʠ 

ʧʨʠʦʙʨʝʣʠ ʥʦʚʳʡ ʩʤʳʩʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ. ʊʘʢʠʝ ʩʣʦʚʘ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʷʟʳʢʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʦʥʣʘʡʥ-ʩʨʝʜʝ, ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

(ʧʨʠʤʝʨʳ: ʙʣʦʢʯʝʡʥ, ʥʝʡʨʦʩʝʪʴ, ʩʝʣʬʠ, ʪʝʣʝʛʘ óTelegramô, ʭʝʡʪʠʪʴ) [3]. 

¶ ʄʝʤʳ ï ʠʟʦʙʨʘʞʝʥʠʷ, ʪʝʢʩʪ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ, ʠʤʝʶʱʠʝ ʪʝʥʜʝʥʮʠʶ ʢ ʙʳʩʪʨʦʤʫ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʶ ʠ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʠ ʚʳʨʘʞʝʥʠʷ ʵʤʦʮʠʡ, ʦʪʨʘʞʝʥʠʷ ʧʩʠ-

ʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʝʤʘʭ ʠ ʜʨʫʛʠʝ. 

ɺ ʢʦʤʤʝʥʪʘʨʠʷʭ ʚ ʪʝʤʘʪʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ Genshin Fans ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʷʟʳʢʦʚʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʪʝʨʤʠʥʦʚ, ʘ ʪʘʢʞʝ ʥʘʙʦʨ çʣʦʢʘʣʴʥʳʭè ʤʝʤʦʚ, ʩʪʠʢʝʨʦʚ ʠ ʵʤʦʜʟʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦ-

ʨʳʭ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʩʤʳʩʣʫ ʦʪ ʦʩʪʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʠʨʪʫʘʣʴ-

ʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʧʨʦʩʪʦ ʤʝʩʪʦʤ ʦʙʤʝʥʘ ʤʥʝʥʠʷʤʠ, ʥʦ ʠ ʧʣʦʱʘʜʢʦʡ, ʛʜʝ ʬʦʨʤʠʨʫʶʪ-

ʩʷ ʮʠʬʨʦʚʳʝ ʦʙʨʘʟʳ ʣʠʯʥʦʩʪʠ. ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʤʤʝʥʪʘʨʠʷʤ. 

 

  
ʈʠʩ. 1.  ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʤʝʥʪʘʨʠʝʚ 

 

ɺʠʟʫʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʵʤʦʜʟʠ, ʩʪʠʢʝʨʳ ʠ ʠʟʦʙʨʘʞʝʥʠʷ/ʛʠʬʢʠ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ çɺʂʦʥʪʘʢʪʝè. ʕʤʦʜʟʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦ-

ʧʫʣʷʨʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚʳʨʘʞʝʥʠʷ ʵʤʦʮʠʡ ʠ ʨʝʘʢʮʠʡ, ʪʦʛʜʘ ʢʘʢ ʩʪʠʢʝʨʳ ʠ ʠʟʦʙʨʘʞʝʥʠʷ/ʛʠʬʢʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʨʝʞʝ, ʥʦ ʪʘʢʞʝ ʠʛʨʘʶʪ ʩʚʦʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʦʙʱʝʥʠʷ. ɺʠ-
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ʟʫʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʘʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʠʣʝʥʠʶ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʦʙʱʝʥʠʷ ʠ ʩʦʟʜʘʶʪ ʙʦʣʝʝ ʤʥʦʛʦʛʨʘʥʥʫʶ ʠ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ, ʧʦʣʫʯʝʥʥʦʝ ʦʙʣʘʢʦ ʩʣʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Orange (ʨʠʩ. 2), ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʩʣʦʚ ʠ ʬʨʘʟ ʠʟ ʚʳʙʦʨʢʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʧʦʩʣʝ ʫʜʘʣʝ-

ʥʠʷ ʩʪʦʧ-ʩʣʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʨʫʛʠʭ ʥʘʩʪʨʦʝʢ ʚʠʜʞʝʪʘ Preprocess Text, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʚʠʯʥʦ ʚʳ-

ʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʪʝʤʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʩʫʞʜʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʪʝʤʘʪʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ. 
 

 
ʈʠʩ. 2. ʆʙʣʘʢʦ ʩʣʦʚ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʩʣʦʚ ʠ ʬʨʘʟ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʪʘʢʠʝ ʢʘʢ çʧʝʨʩʦʥʘʞʝʡè, çʠʛʨʳè, çʙʝʟʜʥʳ, çʣʶʜʠè, çʥʘʪʣʘʥè, çʢʨʠʦè, çʧʠ-

ʨʦè, çʰʠʣʦʣʝʥè, ʫʢʘʟʳʚʘʶʪ ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ʪʝʤʳ ʦʙʩʫʞʜʝʥʠʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʶʪ ʢʦʥʢʨʝʪʥʳʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʩʦʥʘʞʘʤʠ ʠ ʠʛʨʦʚʳʤʠ ʤʝ-

ʭʘʥʠʢʘʤʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ð ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤʘʪʠʢʦʡ ʠʛʨʳ Genshin Impact. ʉʣʦʚʘ çʩʶʞʝʪè, çʨʝʛʠ-

ʦʥè, çʬʦʥʪʘʥʝè, çʘʨʭʦʥʪè ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʙʩʫʞʜʝʥʠʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʧʦʛʨʫʞʝʥʠʠ ʚ ʠʛ-

ʨʦʚʦʡ ʤʠʨ, ʨʘʟʙʦʨʝ ʝʛʦ ʣʦʢʘʮʠʡ, ʩʦʙʳʪʠʡ, ʧʝʨʩʦʥʘʞʝʡ ʠ ʩʶʞʝʪʥʳʭ ʧʦʚʦʨʦʪʦʚ. ʕʤʦʮʠʦʥʘʣʴʥʳʝ 

ʩʣʦʚʘ ʠ ʚʦʧʨʦʩʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʥʦ ʠ ʜʝ-

ʣʷʪʩʷ ʣʠʯʥʳʤʠ ʚʧʝʯʘʪʣʝʥʠʷʤʠ, ʯʪʦ ʫʢʨʝʧʣʷʝʪ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝ ʚ ʛʨʫʧʧʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʢʦ 

ʩʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʝʤʘʪʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ ʜʦʤʠʥʠʨʫʶʪ ʘʢʪʠʚʥʳʝ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʥʘʩʳ-

ʱʝʥʥʳʝ ʦʙʩʫʞʜʝʥʠʷ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ, ʬʦʨ-

ʤʠʨʫʶʱʠʭʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʝʩʘ ʢ ʦʙʱʝʡ ʪʝʤʝ. ʕʪʦ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘ ʩʭʝʤʝ ʩʚʷʟʝʡ Network 

explorer (ʧʨʠ Threshold = 20) (ʨʠʩ. 3.) ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʪʝʤ ʩ ʧʦʤʦʱʴʶ Topic 

Modelling (ʨʠʩ. 4, 5, 6). 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʩʚʷʟʝʡ ʚ ʚʠʜʞʝʪʝ Network explorer 
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ʈʠʩ. 4. ʉʧʠʩʦʢ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʚʠʜʞʝʪʝ Topic Modelling 

 

 
ʈʠʩ. 5. ɻʠʩʪʦʛʨʘʤʤʘ ʪʝʤ ʚ ʚʠʜʞʝʪʝ Topic Modelling 

 

 
ʈʠʩ. 6. ɻʠʩʪʦʛʨʘʤʤʘ ʪʝʤ ʚ ʚʠʜʞʝʪʝ Topic Modelling 

 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʤʦʜʟʠ, ʤʝʤʳ ʠ ʜʨʫʛʠʝ ʮʠʬʨʦʚʳʝ ʚʳʨʘʞʝʥʠʷ ʩʣʫʞʘʪ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜ-

ʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʵʤʦʮʠʡ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʢʦʜʳ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʣʠʯʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʧʦʭʘ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ 

ʣʘʥʜʰʘʬʪ, ʩʦʟʜʘʚʘʷ ʧʦʩʪʦʷʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʦʩʦʙʘʭ ʚʳʨʘʞʝʥʠʷ ʤʳʩʣʝʡ ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʵʤʦʮʠʡ ʩ ʧʦʤʦʱʴʶ ʚʠʜʞʝʪʦʚ Tweet Profiler (ʨʠʩ. 7, 8, 9) ʠ Sentiment Analysis (ʨʠʩ. 

10, 11, 12) ʧʦʢʘʟʘʣ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʩʨʘʚʥʠʚʘʷ ʪʝʢʩʪ ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʪʦ, ʚ ʢʘʢʫʶ 

ʢʘʪʝʛʦʨʠʶ ʵʤʦʮʠʡ ʦʪʥʝʩʣʘ ʠʭ ʧʨʦʛʨʘʤʤʘ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʯʝʪʢʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ. ɺʠʜʞʝʪ Tweet 

Profiler ʤʦʞʝʪ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʘʨʢʘʟʤ ʠ ʩʘʤʦʠʨʦʥʠʶ. ʊʘʢʠʝ ʞʝ ʧʨʦʙʣʝʤʳ ʧʨʠʩʫ-

ʱʝ ʠ Sentiment Analysis. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʧʨʝʜʝʣʠʣʠ ʵʤʦʮʠʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ, ʵʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʩʨʘʚʥʠʚʘʷ ʛʠʩʪʦʛʨʘʤʤʳ ʨʠʩ.7 ʠ ʨʠʩ. 10, ʛʜʝ ʜʦʤʠʥʠ-

ʨʫʶʱʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʶʪ ʧʦʟʠʪʠʚʥʳʝ ʵʤʦʮʠʠ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ 
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ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʢʦʥʪʝʢʩʪ ʠʣʠ ʪʦʥʘʣʴʥʦʩʪʴ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ 

ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʣʝʟʥʦ ʚʨʫʯʥʫʶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʫʶ ʚʳʙʦʨʢʫ ʢʦʤʤʝʥʪʘʨʠʝʚ 

ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 
 

 
ʈʠʩ. 7.  ɻʠʩʪʦʛʨʘʤʤʘ ʵʤʦʮʠʡ ʚ ʚʠʜʞʝʪʝ Tweet Profiler 

 

 
ʈʠʩ. 8. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʤʝʥʪʘʨʠʡʥʦʛʦ ʬʦʥʘ ʚ ʚʠʜʞʝʪʝ Tweet Profiler 
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ʈʠʩ. 9. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʤʝʥʪʘʨʠʡʥʦʛʦ ʬʦʥʘ ʚ ʚʠʜʞʝʪʝ Tweet Profiler 

 
 

 
 

ʈʠʩ. 10. ɻʠʩʪʦʛʨʘʤʤʘ ʵʤʦʮʠʡ ʚ ʚʠʜʞʝʪʝ Sentiment Analysis 
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ʈʠʩ. 11. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʤʝʥʪʘʨʠʡʥʦʛʦ ʬʦʥʘ ʚ ʚʠʜʞʝʪʝ Sentiment Analysis 
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ʈʠʩ. 12.  ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʤʝʥʪʘʨʠʡʥʦʛʦ ʬʦʥʘ ʚ ʚʠʜʞʝʪʝ Sentiment Analysis 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʠʥʪʝʨʥʝʪ ʩʠʤʚʦʣʦʚ ʠ ʣʝʢʩʠʢʠ ʠ ʧʦʜ-

ʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʷʟʳʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳ ʚ ʦʥʣʘʡʥ-ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Orange ʚʳʷʚʣʝʥʳ ʧʘʪ-

ʪʝʨʥʳ ʦʙʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʚ ʠʛʨʦʚʦʤ ʦʥ-

ʣʘʡʥ-ʩʦʦʙʱʝʩʪʚʝ Genshin Fans ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. 
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ɸ.ɸ. ʄʦʣʦʪʥʠʢʦʚʘ 

 

ɿɸɼɸʏɸ ʇʈɽʉʃɽɼʆɺɸʅʀʗ ʉ ɼɺʋʄʗ ɹʇʃɸ ʉɸʄʆʃɪʊʅʆɻʆ ʊʀʇɸ 
 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ çʚʦʡʥʳ ʤʘʪʝʤʘʪʠʢʦʚè ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʠ ɺ.ɺ. ʇʫʪʠʥʘ. ɺ ʨʘʟʚʠʪʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘʯʘʣʴʥʠʢʘ ɸʢʘʜʝʤʠʠ ɻʝʥʰʪʘʙʘ ʄʆ ʈʦʩʩʠʠ 

ɺ.ɹ. ɿʘʨʫʜʥʠʮʢʦʛʦ ʦ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʚʦʦʨʫʞʸʥʥʳʭ ʩʠʣ ʈʌ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʙʝʩʧʠʣʦʪ-

ʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʘ ʙʘʟʝ ʜʠʥʘʤʠʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʘʥʦ ʵʣʝʤʝʥ-

ʪʘʨʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʤ 

ʚʤʝʘhʪʝʣʴʩʪʚʘʤ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʫʪʠʥ, ʚʦʡʥʳ ʤʘʪʝʤʘʪʠʢʦʚ, ʤʦʜʝʣʴ, ʩʪʨʘʪʝʛʠʷ ʦʧʪʠʤʘʣʴʥʘʷ, ʠʛʨʳ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʝ, ʧʨʝʩʣʝʜʦʚʘʥʠʝ, ʧʨʝʩʩ-ʢʦʥʬʝʨʝʥʮʠʷ. 

 

Molotnikova A.A.  

 

PURSUIT PROBLEM FOR A SAMOLLET -TYPE UAV  

 

 

Abstract. The article gives an example of the ñwar of mathematiciansò, which was mentioned at the 

annotated press conference of Russian President V. V. Putin with the BRICS media leaders on October 

18, 2024.  In the development of the proposals of the head of the Academy of the General Staff of the 

Ministry of Defense of Russia V. B. Zarudnitsky on the directions of development of the Armed Forces of 

the Russian Federation, a model of an unmanned aerial vehicle was proposed, for which an elementary 

solution to the problem of pursuit was recorded on the basis of the dynamics of controlled systems. The 

control is considered autonomous and not subject to interference by electronic warfare. 

Keywords: Putin; mathematician wars; model; strategy optimal; differential games; pursuit; press 

conference. 

 

ʄʳ ʞʠʚʸʤ ʚ ʵʧʦʭʫ, ʢʦʛʜʘ  ç... ʧʦʯʪʠ ʚʝʩʴ ʟʝʤʥʦʡ ʰʘʨ ʧʦʜʝʣʝʥ ʤʝʞʜʫ ... ñʚʣʘʜʳʢʘʤʠ ʢʘʧʠʪʘ-

ʣʘò, ʚ ʬʦʨʤʝ ʣʠ ʢʦʣʦʥʠʡ ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʫʪʳʚʘʥʠʷ ʯʫʞʠʭ ʩʪʨʘʥ ʪʳʩʷʯʘʤʠ ʥʠʪʝʡ ʬʠʥʘʥʩʦʚʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʚʦʙʦʜʥʫʶ ʪʦʨʛʦʚʣʶ ʠ ʢʦʥʢʫʨʝʥʮʠʶ ʩʤʝʥʠʣʠ ʩʪʨʝʤʣʝʥʠʷ ʢ ʤʦʥʦʧʦʣʠʠ, ʢ ʟʘʭʚʘʪʫ 

ʟʝʤʝʣʴ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʢʘʧʠʪʘʣʘ, ʜʣʷ ʚʳʚʦʟʘ ʩʳʨʴʷ ʠ ʪ. ʜ.è [5], ʥʘʟʳʚʘʝʤʳʝ ʟʘʧʘʜʥʳʤʠ ʩʣʦʚʦʙʣʫ-

ʜʘʤʠ ʩʘʥʢʮʠʷʤʠ. 

ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʚ ʦʙʦʟʨʠʤʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ 

ʦʩʪʘʥʫʪʩʷ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ [10], [4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʴ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ 

https://orangedatamining.com/
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ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʦʦʨʫʞʝʥʥʳʭ 

ʩʠʣ. ʇʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʜʦʣʞʥʦ ʙʳʪʴ ʠʭ ʦʩʥʘʱʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʚʦʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʪʝʭʥʠʢʦʡ, ʨʘʟʚʠʪʠʝ ʬʦʨʤ ʠ ʩʧʦʩʦʙʦʚ ʚʝʜʝʥʠʷ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ [4].  

ɺʘʞʥʦ, ʯʪʦ ʩʝʨʴʸʟʥʦʩʪʴ ʩʠʪʫʘʮʠʠ ʦʩʦʟʥʘʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʰʠ ʫʯʘʩʪʥʠʢʠ ʉɺʆ, ʩʦʦʙ-

ʱʠʚʰʠʝ ʦ ʩʚʦʸʤ ʚʠʜʝʥʠʠ ʧʨʦʙʣʝʤʳ ʚʝʨʭʦʚʥʦʤʫ ʛʣʘʚʥʦʢʦʤʘʥʜʫʶʱʝʤʫ  ɺ. ɺ. ʇʫʪʠʥʫ ʢʘʢ ʦ çʚʦʡʥʝ 

ʤʘʪʝʤʘʪʠʢʦʚè [10].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʥʝʝ ʚ ʢʨʫʛ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʘʚʪʦʨʘ ʚʭʦʜʠʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʳʭ 

ʷʚʣʝʥʠʡ [7], [8], ʠʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʧʦʙʫʜʠʣʦ ʘʚʪʦʨʘ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʦʙʣʝʤʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. ɿʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʃʠʰʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʧʧʘʨʘʪ ʠʤʝʝʪ ʘʚʪʦʥʦʤʥʦʝ ʫʧʨʘʚ-

ʣʝʥʠʝ, ʥʝ ʜʦʧʫʩʢʘʶʱʝʝ ʚʤʝʰʘʪʝʣʴʩʪʚ ʩʦ ʩʪʦʨʦʥʳ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ, ʦʩʥʘʱʸʥ 

ʩʨʝʜʩʪʚʘʤʠ ʥʘʚʠʛʘʮʠʠ ʪʠʧʘ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ,  ʤʦʜʫʣʷ GPS ʠʣʠ ʪ. ʧ., ʠʤʝʝʪ 

ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ (çʨʫʣʠè) ʪʷʛʦʡ ʜʚʠʛʘʪʝʣʷ, ʦʩʥʘʱʸʥ ʥʦʚʦʡ ʩʠʩʪʝʤʦʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ɹʇʃɸ 

çʩʚʦʡ ï ʯʫʞʦʡè, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʭʦʣʜʠʥʛʝ çʈʦʩʵʣʝʢʪʨʦʥʠʢʘè ʠ ʥʝʜʘʚʥʦ ʧʦʷʚʠʚʰʝʡʩʷ ʚ ʈʦʩʩʠʠ [3]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʜʠʥʘʤʠʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ 

[6], [9]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʝʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʦʨʠʶ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ [1]. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʤʳ ʟʜʝʩʴ ʥʠʛʜʝ ʥʝ 

ʩʪʘʚʠʣʠ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ. 

2
0
. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʜʘʯʠ.  

ʋʩʣʦʚʠʤʩʷ ʦʙʦʟʥʘʯʘʪʴ ʧʨʝʩʣʝʜʦʚʘʪʝʣʷ ʩʠʤʚʦʣʦʤ ʈ (ʨʠʩ.1) (ʦʪ ʘʥʛʣ. Persʝcutor ï ʧʨʝʩʣʝʜʦʚʘ-

ʪʝʣʴ), ʘ ʧʨʝʩʣʝʜʫʝʤʦʛʦ ʩʠʤʚʦʣʦʤ ɽ (ʦʪ ʘʥʛʣ. Escaping ï ʫʙʝʛʘʶʱʠʡ).  ɺ ʩʠʣʫ ʦʙʨʘʪʠʤʦʩʪʠ ʠʭ ʨʦʣʝʡ 

ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʘʢʞʝ ʫʯʘʩʪʥʠʢʦʚ ʩʮʝʥʘʨʠʷ ʧʘʨʪʥʸʨʘʤʠ ʚ ʠʛʨʝ.   

 
ʈʠʩ. 1. ʂ ʬʦʨʤʫʣʠʨʦʚʢʝ ʟʘʜʘʯʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ 

 

ɼʘʣʝʝ, ʧʫʩʪʴ vE, ɔ ï ʩʢʦʨʦʩʪʴ ʠ ʢʫʨʩ ʪʦʯʢʠ ɽ, ʘ vP, ʠ ɗ ï ʩʢʦʨʦʩʪʴ ʠ ʢʫʨʩ ʪʦʯʢʠ ʈ. ʋʨʘʚʥʝʥʠʷ 

ʠʭ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 
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ɿʜʝʩʴ Ů ï ʫʛʦʣ, ʦʙʨʘʟʫʝʤʳʡ ʧʨʷʤʦʡ ʈɽ ʩ ʦʩʴʶ x, D=EP, ʢʦʦʨʜʠʥʘʪʳ x,y ʦʧʠʩʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ 

ʧʘʨʪʥʸʨʘ E, ʘ ʢʦʦʨʜʠʥʘʪʳ D, Ů ï ʩʦʩʪʦʷʥʠʝ ʧʘʨʪʥʸʨʘ ʈ. ʆʙʘ ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʪʘʥ-

ʛʘʞʘ ʢʫʨʩʘ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʫʣʝʡ. ʇʦʵʪʦʤʫ gq ,,, EP vv  ʷʚʣʷʶʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʟʘʜʘʯʘʭ, ʠʤʝʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʜʦʣʞʥʦ ʙʳʪʴ 
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ʛʜʝ nmba ,,,  ï ʟʘʜʘʥʥʳʝ ʯʠʩʣʘ. 

ʈʘʚʝʥʩʪʚʘ ï ʥʝʨʘʚʝʥʩʪʚʘ (3) ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ  ʧʨʠ ʣʶʙʳʭ 

ʧʘʨʘʤʝʪʨʘʭ x, y, D, Ů ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1), (2). ʋʩʣʦʚʠʤʩʷ 

ʦʙʦʟʥʘʯʘʪʴ ʝʸ ʯʝʨʝʟ .0²N  ɺʳʙʦʨ ʫʧʨʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʬʫʥʢ-

ʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʥʝʚʨʝʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʘʨʪʥʸʨʦʚ ʠ ʜʨʫʛʠʭ ʨʝʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʩʣʫʯʘʷʭ (3) ʦʙʳʯʥʦ ʧʦʣʘʛʘʣʠ ,avE =  ɔ=const, ʯʪʦ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʪʥʸʨʫ ʈ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ g,Ev ʧʦ ʠʟʤʝʨʝʥʥʳʤ EE yx ##, . ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʦʥʬʣʠʢʪʥʦʡ ʩʠʪʫʘʮʠʠ ʥʝ 

ʚʦʟʥʠʢʘʣʦ ʠ ʫʨʘʚʥʝʥʠʷ (2) ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʘʩʩʠʚʥʦʤ ʙʝʛʩʪʚʝ. 

ʇʫʩʪʴ ʬʫʥʢʮʠʠ q,Pv , ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʬʫʥʢʮʠʠ vE , ɔ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʫʞʘʪ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʤ ʮʝʣʷʤ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ [1] ʢʦʥʬʣʠʢʪʥʦʡ ʠʣʠ ʠʛʨʦʚʦʡ. ɼʦʧʫʩʪʠʤ, ʯʪʦ 

q,Pv , vE, ɔ ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʦʙʣʘʩʪʠ .0²N  

ʕʪʠʤ ʩʦʛʣʘʰʝʥʠʝʤ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʛʨʳ; ʬʦʨʤʫʣʠʨʦʚʢʘ ʞʝ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʧʦʩʪʘʥʦʚʢʠ ʮʝʣʠ ʠʛʨʳ, ʘ ʪʘʢʞʝ ʝʸ ʬʫʥʢʮʠʠ ʧʣʘʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘ-

ʯʝ ʦ ʧʨʝʩʣʝʜʦʚʘʥʠʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʘʨʪʥʸʨʦʚ ʈ ʩʪʨʝʤʠʪʩʷ ʥʘʩʪʠʯʴ ɽ ʚ ʢʨʘʪ-

ʯʘʡʰʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ 0tT- . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʴʶ ʠʛʨʳ ʜʣʷ ʈ ̫ʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʊ ʢʦʥʝʯʥʦʛʦ ʞʝʣʘʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ 

                                                      ,)( lTD =                                                                                  (4) 

ʛʜʝ l ï ʟʘʜʘʥʥʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʟʳʚʘʝʪʩʷ [8] ʪʝʨʤʠʥʘʣʴʥʳʤ. ʋʩʣʦʚʠʝ 

(4) ʦʧʨʝʜʝʣʷʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ D, Ů, x, y  ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʪʝʨʤʠʥʘʣʴʥʦʡ. ʎʝ-

ʥʦʡ ʠʛʨʳ ʟʜʝʩʴ ʩʣʫʞʠʪ ʬʫʥʢʮʠʦʥʘʣ 

                                                        .
0

T

ttG=D                                                                                (5) 

ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʛʨʦʢʫ ɽ ʥʝʪ ʥʘʜʦʙʥʦʩʪʠ ʚʳʭʦʜʠʪʴ ʥʘ ʪʝʨʤʠʥʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʮʝʣʴ (4)     

ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʝʡ. ɿʘʜʘʯʘ ʧʘʨʪʥʸʨʘ ɽ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʠʣʠ ʞʝ, ʝʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʪʜʘʣʠʪʴ ʤʦʤʝʥʪ ʚʩʪʨʝʯʠ ʊ ʢʘʢ ʤʦʞʥʦ ʜʘʣʴʰʝ. 

ʇʨʠ ʵʪʦʤ ʦʙʘ ʠʛʨʦʢʘ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʣʠʰʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʦʚʝʜʝʥʠʠ ʜʨʫʛ ʜʨʫʛʘ, ʪ. ʝ. ʣʠʰʴ ʟʥʘ-

ʯʝʥʠʷʤʠ D, Ů, x, y  ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ t. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʢʦʥʬʣʠʢʪʥʘʷ ʩʠʪʫʘʮʠʷ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ʆʩʣʦʞʥʝʥʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʥʝ ʩʪʦʣʴʢʦ ʠʟ-ʟʘ ʭʘʨʘʢʪʝʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ (1) ï (2), ʩʢʦʣʴʢʦ ʠʟ-ʟʘ ʦʙʣʘʩʪʠ ʝʸ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʦʷʩʥʠʤ ʩʢʘʟʘʥʥʦʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʛʨʦʢ 

ɽ, ʩʪʨʝʤʷʩʴ ʫʡʪʠ ʦʪ ʧʨʝʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʝʪ ʟʘʚʝʩʪʠ ʠʛʨʦʢʘ ʈ ʚ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪ-

ʚʘ, ʢʫʜʘ ʝʤʫ ʚʭʦʜ ʟʘʧʨʝʱʸʥ. ʇʨʠʯʠʥʦʡ ʟʘʧʨʝʪʘ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʚ ʟʘʧʨʝʪʥʦʡ ʦʙʣʘʩ-

ʪʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʩʪʫʧʠʪʴ ʚ ʢʦʥʬʣʠʢʪ ʥʘ ʩʪʦʨʦʥʝ ɽ; ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ɽ ʩʪʘ-

ʥʦʚʠʪʩʷ ʧʨʝʩʣʝʜʦʚʘʪʝʣʝʤ, ʘ ʈ ï ʮʝʣʴʶ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʠʛʨʫ, ʠ ʤʝʪʦʜʳ ʝʸ ʨʝʰʝʥʠʷ ʧʦ-

ʢʘ ʥʝʠʟʚʝʩʪʥʳ. 

            3
0
. ʌʦʨʤʫʣʠʨʦʚʢʘ ʧʨʦʩʪʝʡʰʝʡ ʢʦʥʬʣʠʢʪʥʦʡ ʟʘʜʘʯʠ. 

           ʆʙʦʙʱʘʷ ʧʨʝʜʳʜʫʱʠʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʬʦʨʤʝ 

                                                      ).,,( vuzz w=#                                                                        (6) 

ɿʜʝʩʴ z ï m-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ, u ï ʨ-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ ʠʛʨʦʢʘ ʈ, v ï q-

ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʘʛʘʝʪ ʠʛʨʦʢ ɽ. ʇʦʣʦʞʠʤ, ʯʪʦ u ʠ v ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ 

ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

.0²N  ʊʘʢʠʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʦʚʸʤ ʜʦʧʫʩʪʠʤʳʤʠ ʠ ʦʙʦʟʥʘʯʠʤ ,UuÍ  .VvÍ  ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ 

ʠʛʨʝ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ, ʝʩʣʠ ʢʨʦʤʝ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʛʨʦʢʦʚ ʫʢʘʟʘʥʦ ʪʝʨʤʠʥʘʣʴʥʦʝ ʤʥʦʛʦʦʙ-

ʨʘʟʠʝ S, ʥʘ ʢʦʪʦʨʦʤ ʚ ʤʦʤʝʥʪ ʊ ʜʦʩʪʠʛʘʝʪʩʷ ʞʝʣʘʝʤʦʝ ʜʣʷ ʈ ʪʝʨʤʠʥʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʈ ʠ 

ɽ. ʄʦʤʝʥʪ ʊ ʜʦʩʪʠʞʝʥʠʷ  ʤʥʦʛʦʦʙʨʘʟʠʷ S ʥʘʟʦʚʸʤ ʤʦʤʝʥʪʦʤ ʦʢʦʥʯʘʥʠʷ ʠʛʨʳ, ʘ ʦʪʨʝʟʦʢ Tï t0  ï ʧʝ-

ʨʠʦʜʦʤ ʠʛʨʳ. ɿʘʧʠʰʝʤ ʵʪʠ ʫʩʣʦʚʠʷ ʚ ʪʘʢʦʡ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

                                                      (i, f ) = 0.                                                                                 (7) 
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ɼʦʧʫʩʪʠʤʳʝ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ ZzÍ , ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʦʦʪʥʦʰʝ-

ʥʠʷʤʠ (6) ʠ (7). ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʢʘʞʜʦʝ ʜʦʧʫʩʪʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ 

ʮʝʣʠ, ʘ ʟʥʘʯʠʪ ʠ ʦʢʦʥʯʘʥʠʝ ʠʛʨʳ. 

ʅʘ ʤʥʦʞʝʩʪʚʝ z ʦʧʨʝʜʝʣʠʤ ʛʣʘʜʢʫʶ ʬʫʥʢʮʠʶ )(zG . ɼʘʣʝʝ, ʨʘʚʝʥʩʪʚʦʤ 

                                                         ,)(),( f

izGvuG =D                                                             (8) 

 ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʙʣʘʩʪʠ ,0²N  ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʦʥʘʣ [11], ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʮʝ-

ʥʦʡ ʠʛʨʳ ʠʣʠ ʟʥʘʯʝʥʠʝʤ ʧʣʘʪʸʞʥʦʡ ʬʫʥʢʮʠʠ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʘ ʠʛʨʦʢʘ ʠʤʝʶʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʢʪʦʨʝ z. ʇʫʩʪʴ VvÍ  ï ʣʶʙʘʷ 

ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʬʫʥʢʮʠʷ. ʊʦʛʜʘ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʳʯʥʫʶ ʟʘʜʘʯʫ ʄʘʡʝʨʘ [6] ʦ 

ʤʠʥʠʤʫʤʝ ʬʫʥʢʮʠʦʥʘʣʘ (8) ʧʦ UuÍ  ʧʨʠ ʫʩʣʦʚʠʷʭ (8). ʕʪʦʪ ʤʠʥʠʤʫʤ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

                                                    )].,([min vuGG
u

v D=D                                                            (9) 

ʇʦʩʢʦʣʴʢʫ u ʚʳʙʨʘʥʦ, ʪʝʧʝʨʴ vGD  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣ ʦʪ v ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʵʢʩʪʨʝʤʘʣʴ ,VvÍ  ʜʦʩʪʘʚʣʷʶʱʫʶ ʤʘʢʩʠʤʫʤ vGD  ʧʨʠ ʫʩʣʦʚʠʠ (7). ɽʩʣʠ ʪʘʢʘʷ ʵʢʩʪʨʝʤʘʣʴ ʩʫʱʝʩʪ-

ʚʫʝʪ, ʪʦ ʙʫʜʝʤ ʠʤʝʪʴ 

                                                    )].,([minmax][max vuGGI
uv

v
v

uv D=D=                             (10) 

ʌʫʥʢʮʠʠ u, v ʩʦʚʝʨʰʝʥʥʦ ʨʘʚʥʦʧʨʘʚʥʳ ʚ ʬʫʥʢʮʠʦʥʘʣʝ (8), ʠ ʧʨʝʜʳʜʫʱʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʤʦʞ-

ʥʦ ʧʦʚʪʦʨʠʪʴ, ʧʦʤʝʥʷʚ ʤʝʩʪʘʤʠ u ʠ v. ʇʦʵʪʦʤʫ ʥʘʨʷʜʫ ʩ ʬʦʨʤʫʣʦʡ (10) ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ 

                                     )].,([maxmin][min vuGGI
vu

u
u

uv D=D=                                             (11) 

ʇʫʩʪʴ v
0
 ï ʠʟʚʝʩʪʥʘʷ ʵʢʩʪʨʝʤʘʣʴ. ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ (10) ʚʳʪʝʢʘʝʪ 

                                        )].,([min 0
00 vuGGI

uvuv
D=D=  

ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ).,( 0
0 vuGIUu

uv
D¢Í  ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʥʘʯʝ ʤʦʞʥʦ ʚʳʨʘ-

ʟʠʪʴ ʪʘʢ: ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʫʢʣʦʥʝʥʠʷ v
0
, ʜʣʷ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ ʧʣʘʪʸʞʥʦʡ ʬʫʥʢʮʠʠ ȹG 

ʙʫʜʝʪ ʥʝ ʤʝʥʴʰʝ 0uv
I  ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʨʘʪʝʛʠʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 2. ʉʝʜʣʦ 
 
 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʫʞʜʘʷ, ʜʣʷ ʵʢʩʪʨʝʤʘʣʠ u
0
 ʠʟ ʬʦʨʤʫʣʳ (11) ʧʦʣʫʯʠʤ 

)].,([max 0
00 vuGGI

vuvu
D=D=  

ʇʦʵʪʦʤʫ ʧʨʠ ʣʶʙʦʤ ).,( 0
0 vuGIVv
vu
D²Í  ʀʥʘʯʝ ʛʦʚʦʨʷ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ cʪʨʘʪʝʛʠʷ ʧʨʝ-

ʩʣʝʜʦʚʘʥʠʷ u
0
,  ʜʣʷ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ ʧʣʘʪʸʞʥʦʡ ʬʫʥʢʮʠʠ ȹG  ʙʫʜʝʪ ʥʝ ʙʦʣʴʰʝ 

vu
I 0  ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʥʝʨʘʚʝʥʩʪʚʦ 

                                                   .0000 vuvuuv
III ²²                                                                    (12 ) 
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 ʊʝʧʝʨʴ ʤʳ ʯʠʩʪʦ ʠʥʪʫʠʪʠʚʥʦ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʨʘʚʝʥʩʪʚʦ 

                                      )],,([minmax)],([maxmin vuGvuG
uvvu
D=D                            (13) 

ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʫ ʬʫʥʢʮʠʦʥʘʣʘ ʩʝʜʣʦʦʙʨʘʟʥʦʡ ʪʦʯʢʠ 00 , vu  (ʨʠʩ. 2).  

ʉʣʝʜʫʷ ɸ. ʄ. ʃʝʪʦʚʫ [6] ʩʪʨʘʪʝʛʠʠ u, v ʟʘʜʘʯ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ʫʩʣʦʚʠʷ (13), ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʯʠʩʪʳʤʠ, ʚʝʣʠʯʠʥʫ 00vu
I ï ʤʠʥʠʤʘʢʩʦʤ, ʘ ʫʧʨʘʚʣʝʥʠʷ 00 , vu , ʜʦʩʪʘʚʣʷʶʱʠʝ ʤʠʥʠʤʘʢʩ, 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ. 

ɿ ʘ ʜ ʘ ʯ ʘ. ʉʨʝʜʠ ʜʦʧʫʩʪʠʤʳʭ ʬʫʥʢʮʠʡ z, u, v ʥʘʡʪʠ ʪʝ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʚʣʷʶʪ ʤʠʥʠʤʘʢʩ ʬʫʥʢ-

ʮʠʦʥʘʣʫ (8). 

ʆʙʨʘʪʠʤʩʷ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʟʘʜʘʯʠ. ʇʨʠ ʢʦʥʬʣʠʢʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʛʨʳʰ 

ʜʣʷ ʈ, ʨʘʚʥʳʡ ȹGv, ʤʦʞʝʪ ʙʳʪʴ ʤʘʢʩʠʤʠʟʠʨʦʚʘʥ ʧʨʦʪʠʚʥʦʡ ʩʪʦʨʦʥʦʡ, ʠ ʈ ʞʝʣʘʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʝʛʦ ʚʳʙʦʨʦʤ ʫʧʨʘʚʣʝʥʠʷ u; ʧʨʠ ʦʙʨʘʪʥʳʭ ʜʝʡʩʪʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʚʳʠʛʨʳʰ ʜʣʷ ɽ ʤʦʞʝʪ ʙʳʪʴ ʤʠʥʠ-

ʤʠʟʠʨʦʚʘʥ ʧʨʦʪʠʚʥʦʡ ʩʪʦʨʦʥʦʡ, ɽ ʞʝʣʘʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʚʳʙʦʨʦʤ ʫʧʨʘʚʣʝʥʠʷ v. 

4
0
. ʆʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ. 

 ʅʝ ʫʪʦʤʣʷʷ ʯʠʪʘʪʝʣʷ ʠʟʣʦʞʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʢʦʥʬʣʠʢʪʥʦʡ 

ʩʠʪʫʘʮʠʝʡ ʪʠʧʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ, ʦʪʤʝʪʠʤ ʣʠʰʴ, ʯʪʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴ-

ʥʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʈ. ɹʝʣʣʤʘʥʦʤ [2]: 

çʆʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʣʘʜʘʶʪ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ, ʢʘʢʦʚʦ ʙʳ ʥʠ ʙʳʣʦ ʥʘ-

ʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ, ʧʦʩʣʝʜʫʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʩʤʳʩʣʝ ʟʘʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ 

ʤʦʛʣʦ ʙʳ ʷʚʠʪʴʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʜʣʷ u ʠʤʝʝʪ ʚʠʜ: 

                                  -=u u    ʧʨʠ  ,233 ssz ²>  

                                  uu +=     ʧʨʠ  ,233 ssz ¢<                                                                   (14) 

                                  0=u       ʧʨʠ  
2

3
33 Ö=sz , 

ʛʜʝ u  ï ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ; z3=ɗ; );(2 Ts e=  )(3 Ts q= . 

ɸʥʘʣʦʛʠʯʥʦ, ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʜʣʷ v ʙʫʜʝʪ: 

                                   vv -=    ʧʨʠ   ,244 ssz ²>  

                                   vv +=    ʧʨʠ   ,244 ssz ¢<                                                                  (15) 

                                   0=v      ʧʨʠ   ,44 sz =  

ʧʨʠʯʸʤ v  ï ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ; ;4 g=z  )(4 Ts g= . 

ɿʘʚʠʩʠʤʦʩʪʠ (14) ʠ (15) ʦʧʨʝʜʝʣʷʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ 

ʦʪʨʝʟʢʦʚ ʦʢʨʫʞʥʦʩʪʝʡ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʜʠʫʩʦʚ 
u

v
R P

P = ,  
v

v
R E

E = . ɺ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ 

                                           244323 , sszzss ==== , 

ʢʨʦʤʝ ʦʪʨʝʟʢʦʚ ʫʢʘʟʘʥʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ 

ʪʘʢʞʝ ʠʟ ʦʪʨʝʟʢʦʚ ʧʨʷʤʳʭ. 
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ɺ.ɼ. ʇʘʚʣʦʚ  

 

ʂɺɸʅʊʆɺʓʁ ʇʆɼʍʆɼ ʂ ʆʎɽʅʂɽ ʈɸɼʀʋʉɸ ɸʊʆʄɸ ɻɽʃʀʗ  
 

 

ɸʥʥʦʪʘʮʠʷ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʛʝʣʠʷ ʦʙʨʘʟʫʶʪ ʢʚʘʥʪʦʚʫʶ ʩʠʩʪʝʤʫ ʧʦʜʦʙʥʦ 

ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ. ʂʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ 

ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  ˂ʥʘʜʝʣʷʣʩʷ ʥʝ ʢʘʞʜʘʷ ʠʭ ʯʘʩʪʠʮʘ, ʘ ʚʩʷ ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ ʮʝʣʠʢʦʤ. 

ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʛʝʣʠʷ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʢʘʞʜʳʡ ʠʟ ʝʛʦ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘʜʝʣʷʣʩʷ ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ .˂ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʢʣʶʯʝ-

ʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʚʦʡʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦ-

ʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  ˂ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʥʝ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ ʘʪʦʤʘ ʛʝʣʠʷ, ʘ 

ʠʭ ʢʚʘʥʪʦʚʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʘʪʦʤʘ 

ʛʝʣʠʷ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʠʤʝʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʝʛʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʣʠʡ, ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ, ʢʚʘʥʪ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, ʨʘʜʠʫʩ ʘʪʦʤʘ, ʜʠʬ-

ʬʫʟʠʷ. 

 

V.D. Pavlov 

 

QUANTUM APPROACH TO ESTIMATION OF THE RADIUS OF A HELIUM ATOM  

 

 

Abstract. It is noted that the electrons of the helium atom form a quantum system similar to the 

Cooper pair of electrons in superconductors. Quantum systems are characterized by the fact that not each 

of their particles was endowed with a quantum of angular momentum ,˂ but the entire quantum system as 

a whole. It is shown that the existing calculated value of the radius of the helium atom is associated with 

the fact that each of its two electrons was endowed with a quantum of angular momentum .˂ The need to 

exclude the above double standards when determining the angular momentum of quantum systems leads 

to the fact that not each electron of the helium atom should be endowed with a quantum of angular mo-

mentum ˂ , but their quantum set. The consequence of this is the correction of the value of the radius of 

the helium atom, which turned out to be almost four times smaller than the tabulated value, which is of 

significant importance for its permeability through membranes. 

Key words: helium, quantum system, quantum of angular momentum, radius of the atom, diffu-

sion. 
 

ʕʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʛʝʣʠʷ ʦʙʨʘʟʫʶʪ ʢʚʘʥʪʦʚʫʶ ʩʠʩʪʝʤʫ ʧʦʜʦʙʥʦ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʝ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʠʣʠ ʧʘʨʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ ʚ ʘʪʦʤʝ ʧʦʟʠʪʨʦʥʠʷ [1-3]. ɺʤʝʩʪʦ ʬʦʥʦʥʦʚ, ʩʚʷ-



90 
 

ʟʳʚʘʶʱʠʭ ʵʣʝʢʪʨʦʥʳ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʳ, çʧʦʩʨʝʜʥʠʢʦʤè ʫ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʛʝʣʠʷ ʷʚʣʷʝʪʩʷ ʢʫʣʦ-

ʥʦʚʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ ʷʜʨʘ [4, 5]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʛʝʣʠʷ ʥʠ-

ʯʝʤ ʥʝ çʭʫʞʝè ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʳ [6, 7]. 

ʂʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʫʧʝʨʦʚʩʢʘʷ ʧʘʨʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʘʨʘ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ˂ (ʙʝʟ ʫʯʝʪʘ ʩʧʠʥʘ) ʥʘʜʝʣʷʣʩʷ ʥʝ ʢʘʞʜʘʷ ʝʝ 

ʯʘʩʪʠʮʘ, ʘ ʚʩʷ ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ ʮʝʣʠʢʦʤ (ʩʪʨʦʛʦ ʛʦʚʦʨʷ,  ˂ï ʥʝ ʩʘʤ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ, ʘ ʝʛʦ ʧʨʦ-

ʝʢʮʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [8-10]; ʜʘʣʝʝ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʠʤʝʥʥʦ ʵʪʦ), ʪ.ʝ.  

                                                                 2 em vr= .                                                                      (1) 

ɿʜʝʩʴ me ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ (ʠ ʧʦʟʠʪʨʦʥʘ), v ï ʝʛʦ ʩʢʦʨʦʩʪʴ, r ï ʨʘʜʠʫʩ ʜʚʠʞʝʥʠʷ.   

ɼʘʣʝʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʛʝʣʠʷ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʝʛʦ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘʜʝʣʷʣʩʷ ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  ˂(ʙʝʟ ʫʯʝʪʘ ʩʧʠʥʘ). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʛʝʣʠʷ ʨʘʚʝʥ 

                                                                2 2em vr= .                                                                     (2) 

ʅʘʣʠʮʦ ʜʚʦʡʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʨʠ ʥʘʜʝʣʝʥʠʠ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ. 

ɸ ʧʦʩʢʦʣʴʢʫ ʜʚʦʡʥʳʝ ʩʪʘʥʜʘʨʪʳ ʥʝʧʨʠʝʤʣʝʤʳ, ʥʘ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʛʝʣʠʷ ʩʣʝʜʫʝʪ ʦʙʦʙ-

ʱʠʪʴ ʫʩʣʦʚʠʝ (1). 

ʕʪʦ, ʢʦʥʝʯʥʦ, ʧʨʠʚʝʜʝʪ ʢ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʘʪʦʤʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʥʘ-

ʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʣʷ ʮʝʣʠ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳʤ. 

ɺʳʯʠʩʣʝʥʠʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʛʝʣʠʷ ʩ ʫʯʝʪʦʤ ʜʚʫʭ ʢʚʘʥʪʦʚ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

ʂʫʣʦʥʦʚʩʢʘʷ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʥʘ ʢ ʷʜʨʫ ʨʘʚʥʘ 
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ɿʜʝʩʴ e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, e
0
 ï ʧʦʩʪʦʷʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ, r

He
 ï ʨʘʜʠʫʩ ʘʪʦʤʘ ʛʝʣʠʷ.    

ɿʘ ʩʯʝʪ ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ (ʩ ʦʛʣʷʜʢʦʡ ʥʘ ʢʚʘʥʪʦ-

ʚʫʶ ʤʝʭʘʥʠʢʫ), ʯʪʦ ʦʥʠ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʜʨʫʛ ʜʨʫʛʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ. ʇʨʠ ʵʪʦʤ 

ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʚʥʘ 
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ʂʦʵʬʬʠʮʠʝʥʪ ç2è ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʚʜʚʦʝ 

ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ. 

ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʨʘʚʥʘ 
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ɹʘʣʘʥʩ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʣʶʙʦʡ ʵʣʝʢʪʨʦʥ, 
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                                                                             He 0

4

7
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ï ʙʦʨʦʚʩʢʠʡ ʨʘʜʠʫʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. 

ɺ ʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 

He 0

4

7
r a= = 

114
5,2917721092·10

7

-= . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 
12

He 30,24·10 ( )r ʤ-º . 

ʇʦʯʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ 1231·10 ( )ʤ- . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʙʳʣʦ ʘʥʦʥʩʠʨʦʚʘʥʦ ʚʳʰʝ, ʨʘʜʠʫʩ ʘʪʦʤʘ ʛʝʣʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʫʯʝ-

ʪʦʤ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʝʛʦ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘʜʝʣʷʝʪʩʷ ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ .˂ ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʠʛʥʦʨʠʨʫʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʛʝʣʠʷ ʦʙʨʘʟʫʶʪ ʢʚʘʥʪʦʚʫʶ ʩʠʩʪʝ-

ʤʫ. 

 

ʂʚʘʥʪʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʛʝʣʠʷ 

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʷ ʥʘ ʵʣʝʢʪʨʦʥ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʝʚʦʡ ʯʘʩʪʴʶ ʚʳʨʘʞʝʥʠʷ 

(3).  

ʇʦʵʪʦʤʫ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʨʘʚʥʘ 
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ʋʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ: 
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ɺʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ 
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ʇʦʜʩʪʘʥʦʚʢʘ ʚ (6): 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (7) 
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ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʘ/ʧʦʟʠʪʨʦʥʘ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʤʝʞʜʫ r  ʠ r d r+  ʨʘʚʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʦʙʲʝʤʘ ʵʪʦʛʦ ʩʣʦʷ 24 r drp  ʠ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 
2
y   

224rp dr r dr= p y . 

ɿʜʝʩʴ rp  ï ʨʘʜʠʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ. 
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ʄʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ rp  ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 
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ʅʘ ʨʘʩʩʪʦʷʥʠʠ 04 7a  ʦʪ ʷʜʨʘ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʤʘʢʩʠʤʘʣʴʥʘ. ʕʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪ (4). 

ɺʳʯʠʩʣʝʥʠʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʛʝʣʠʷ ʩ ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ ʵʣʝʢʪʨʦʥʘʤʠ ʜʚʫʭʯʘʩʪʠʯʥʦʡ 

ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʇʦʤʠʤʦ ʩʠʣ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʤʘʛʥʠʪʥʦʛʦ 
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ɹʘʣʘʥʩ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʣʶʙʦʡ ʵʣʝʢʪʨʦʥ 
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ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʧʦʜʭʦʜʠʪ. ʇʦʵʪʦʤʫ 

2

1,2 0

1 1 7

14
r a

+ + a
= . 

ɺ ʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 



95 
 

2 6
11

1,2

1 1 7 7,297 352 5643 ·10
5,2917721092·10

14
r

-
-+ + Ö

= = 
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ʕʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʜʚʦʡʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʘ 

ʠʤʧʫʣʴʩʘ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʚʘʥʪʦʤ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  ˂ʥʘʜʝʣʷʝʪʩʷ ʥʝ ʢʘʞ-

ʜʳʡ ʵʣʝʢʪʨʦʥ ʘʪʦʤʘ ʛʝʣʠʷ, ʘ ʠʭ ʢʚʘʥʪʦʚʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʛʝʣʠʷ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʪʘʙʣʠʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. 
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ʀ.ʇ. ʇʦʧʦʚ  

 

ʆ ʂɺɸʅʊɽ ʌ.ʃʆʅɼʆʅɸ ɺ ʍʆʈʆʐʀʍ ʀ ʇʃʆʍʀʍ ʇʈʆɺʆɼʅʀʂɸʍ 

 

 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʚʘʥʪʦʤ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʝʜʠʥʩʪ-

ʚʝʥʥʫʶ ʯʘʩʪʠʮʫ ʠ ʥʝ ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʩʠʩʪʝʤʫ ʯʘʩʪʠʮ (ʩʢʦʣʴ ʫʛʦʜʥʦ ʢʚʘʥʪʦʚʫʶ). ʇʦʵʪʦʤʫ ʧʨʠʧʠ-

ʩʳʚʘʥʠʝ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʝ ʢʚʘʥʪʘ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʝʤʣʝʤʦ. ɺ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʢʚʘʥʪ ʌ.ʃʦʥʜʦʥʘ, ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʧʠʥʦʤ ʵʣʝʢ-

ʪʨʦʥʘ, ʠ ʠʭ ʩʫʧʝʨʧʦʟʠʮʠʷ (ʢʚʘʟʠʢʚʘʥʪ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʥʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʧʨʦʚʦʜʥʠʢ, ʜʣʠʥʘ ʩʚʦ-

ʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ, ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ. 
 

I.P. Popov 

 

ON F.LONDON'S QUANTUM IN GOOD AND BAD CONDUCTORS  
 

 

Abstract. It has been established that the quantum  ˂of kinetic momentum should be assigned to a 

single particle, and should not be assigned to a system of particles (however quantum). Therefore, assign-
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ing a quantum  ˂of kinetic momentum to a Cooper pair is completely unacceptable. In reality, there is a 

quantum of F. London, a quantum of magnetic flux caused by the electron spin, and their superposition 

(quasiquantum 

Key words: quantum structure, correlated electrons, conductor, mean free path, kinetic moment, 

magnetic flux. 

 

ɼʚʫʭʯʘʩʪʠʯʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʫʧʝʨʦʚʩʢʠʝ ʧʘʨʳ, ʚʦʟʥʠ-

ʢʘʶʪ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [1]. 

ɼʚʫʭʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʝ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʢʚʘʥʪ ˂ ʢʠʥʝʪʠʯʝʩʢʦ-

ʛʦ ʤʦʤʝʥʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ (ʢʚʘʥʪ) ʩʪʘʣ ʤʝʥʴʰʝ (ʚ 

ʜʚʘ ʨʘʟʘ), ʯʝʤ ʧʦʪʦʢ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ [2]. 

ʅʘʣʠʮʦ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʧʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ï ʚʝʣʠʯʠʥʘ ʘʜʜʠʪʠʚʥʘʷ ʠ ʧʦʵʪʦʤʫ ʝʩʪʝ-

ʩʪʚʝʥʥʝʝ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ, ʘ ʥʝ ʫʤʝʥʴʰʝʥʠʷ.  

ɺ 1948 ʛʦʜʫ ʌ. ʃʦʥʜʦʥ ʚʳʯʠʩʣʠʣ ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʩʦʟʜʘʥ-

ʥʦʛʦ ʦʜʥʠʤ ʵʣʝʢʪʨʦʥʦʤ. ʂʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʚʳʯʠʩʣʝʥʠʷ ʷʚʠʣʦʩʴ ʧʨʠʧʠʩʳʚʘʥʠʝ ʵʣʝʢʪʨʦʥʫ ʢʚʘʥ-

ʪʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ .˂ 

ɺ 1956 ʛʦʜʫ ʃ. ʂʫʧʝʨ ʦʧʠʩʘʣ ʜʚʫʭʯʘʩʪʠʯʥʳʝ ʩʠʩʪʝʤʳ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʢʫʧʝ-

ʨʦʚʩʢʠʝ ʧʘʨʳ), ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠʧʠʩʳʚʘʥʠʝ ʜʚʫʭʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʝ ʢʚʘʥʪʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ  ˂ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʳʯʠʩʣʷʝʤʦʛʦ ʟʥʘʯʝʥʠʷ  ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚʜʚʦʝ.  

ʅʠ ʌ. ʃʦʥʜʦʥ, ʥʠ ʃ. ʂʫʧʝʨ ʚ ʩʚʦʠʭ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʠ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʳʝ ʩʧʠʥʘʤʠ ʵʣʝʢʪʨʦʥʦʚ. 

ɺ 1961 ʛʦʜʫ ɹ.ʉ. ɼʠʚʝʨ ʠ ʋ.ʄ. ʌʵʨʙʵʥʢ ʠ ʥʝʟʘʚʠʩʠʤʦ ʈ. ɼʦʣʣ ʠ ʄ. ʅʝʙʘʫʵʨ ʠʟʤʝʨʠʣʠ ʢʚʘʥʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʈʝʟʫʣʴʪʘʪ ʦʢʘʟʘʣʩʷ ʚʜʚʦʝ ʤʝʥʴʰʝ ʢʚʘʥʪʘ ʌ. ʃʦʥʜʦʥʘ [3, 4]. 

ʉ ʪʝʭ ʧʦʨ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʩʦʟʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʫʧʝʨʦʚʩʢʠʤʠ 

ʧʘʨʘʤʠ ʠ ʯʪʦ ʦʥ ʚʜʚʦʝ ʤʝʥʴʰʝ ʢʚʘʥʪʘ ʌ. ʃʦʥʜʦʥʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ  ʨʘʟʨʝʰʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʧʠʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʘ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʧʠʥʦʚʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʘ, ʷʚʣʷʷʩʴ 

ʦʩʥʦʚʦʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ʇʨʦʙʣʝʤʘ ʧʨʠ 

ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʱʝʧʨʠʥʷʪʘʷ ʢʦʥʮʝʧʮʠʷ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʚʳʯʠʩ-

ʣʠʪʴ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ (ʨʘʙʦʯʠʭ) ʜʦʧʫʱʝ-

ʥʠʡ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ 

[5-7] ʠ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʦʤ [8] ʨʘʩʩʤʦʪʨʝʥʠʷʭ. 

 

ʆʙ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʠ ʜʚʫʭʯʘʩʪʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 

 

ʇʘʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʩ ʤʘʣʦʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢ-

ʪʨʦʥʦʚ ʠ ʥʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ [1]. 

ʂʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʜʚʫʭʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥ ʚ 1961 ʛ. (ʜʣʷ ʧʨʦʚʦʜʥʠʢʦʚ ʩ 

ʤʘʣʦʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ). 

ʅʦ ʚʝʜʴ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʤʦʞʝʪ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʦʪ ʆɼʅʆɻʆ ʵʣʝʢʪʨʦʥʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ (ʚ 

ʢʦʪʦʨʦʤ ʧʘʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʚʦʟʥʠʢʘʶʪ). ʕʪʦ ʪʝʤ ʙʦʣʝʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦʪ ʢʚʘʥʪ (ʌ.ʃʦʥʜʦʥʘ) 

ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʠʟʤʝʨʝʥʥʦʛʦ ʚ 1961 ʛ. ʂ ʪʦʤʫ ʞʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʟʘ-

ʤʝʪʥʦ ʚʦʟʨʦʩʣʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʜʚʫʭʯʘʩʪʠʯʦʡ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦ-

ʥʦʚ ʠ ʝʛʦ ʠʟʤʝʨʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʵʢʩʢʣʶʟʠʚʥʦʡ. ʉ ʪʘʢʠʤ ʞʝ ʫʩʧʝʭʦʤ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʤʦʞʝʪ ʩʦʟ-

ʜʘʚʘʪʴʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ. 
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ʄʘʛʥʠʪʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ ʦʪ ʧʨʦʚʦʜʥʠʢʘ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢ-

ʪʨʦʥʦʚ 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ: 

2

I
E

F
= . 

ʊʦʢ ʦʪ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ: 

e
I

T
= . 

ɿʜʝʩʴ T  ï ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʵʣʝʢʪʨʦʥ ʜʝʣʘʝʪ ʦʜʠʥ ʦʙʦʨʦʪ ʚ ʢʨʫʛʦʚʦʤ ʢʦʥʪʫʨʝ. 
2 R

T
v

p
= . 

ɿʜʝʩʴ R  ï ʨʘʟʤʝʨ ʢʨʫʛʦʚʦʛʦ ʢʦʥʪʫʨʘ, v  ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʨʷʜʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 
2

2

em v
E= . 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʘʝʪ 
2 eRm v

e

p
F= . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 

                                                                             
2 Rp

e

p
F= .                                                          (1) 

ɿʜʝʩʴ p  ï ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʥ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʡ (ʝʜʠʥʩʪʚʝʥʥʳʡ), ʪʦ ʜʚʦʷʢʠʭ ʪʦʣʢʦʚʘʥʠʡ ʢʚʘʥʪʘ ʝʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

                                                              em vR pR= =.                                                                 (2) 

ʇʦʵʪʦʤʫ  

                                                               
2

L

h

e e

p
F = =.                                                                 (3) 

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ï ʭʨʝʩʪʦʤʘʪʠʡʥʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʘ ʌ.ʃʦʥʜʦʥʘ. 

 

ʄʘʛʥʠʪʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ ʦʪ ʪʦʢʘ, ʩʦʟʜʘʥʥʦʛʦ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʘʤʠ 

ʊʦʢ ʦʪ ʜʚʫʭ ʜʚʠʞʫʱʠʭʩʷ ʟʘʨʷʜʦʚ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ ʦʜʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʥʠʢʘʢʦʡ ʨʘʟ-

ʥʠʮʳ ï ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʟʘʨʷʜʳ ʠʣʠ ʥʝʪ. 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʪ ʫʜʚʦʝʥʥʦʛʦ ʪʦʢʘ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ ʥʝʫʜʚʦʝʥʥʦʛʦ. ʇʦʵʪʦʤʫ ʩ ʫʯʝ-

ʪʦʤ (3) 

2

2
2 L

h

e
F = F = . 

ʍʨʝʩʪʦʤʘʪʠʡʥʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʥʥʦʛʦ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʦʡ, ʚʯʝʪ-

ʚʝʨʦ ʤʝʥʴʰʝ. 

                                                                   0
2

h

e
F = ,                                                                       (4) 

ʇʦʣʫʯʝʥʠʝ ʚʝʣʠʯʠʥʳ (4) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʣʦʞʝʥʠʠ ʚʝʣʠʯʠʥ, ʦʙʨʘʪʥʳʭ (3) 

                                                      
1 1 1 2 2

L L L

e

h
= + = =

F F F F
.                                                       (5) 

ʕʪʦʤʫ ʥʝʪ ʨʘʟʫʤʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ. 

 

 

 

ʇʘʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ï ʥʝ ʧʨʝʜʝʣ 

ʇʨʠ ʭʨʝʩʪʦʤʘʪʠʡʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʫʯʠʪʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʢʫʧʝʨʦʚ-

ʩʢʠʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ, ʪ.ʝ. ʠʭ ʧʘʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ.  
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ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʪʘʢʦʡ ʞʝ ʤʝʨʝ ʠʣʠ ʧʫʩʪʴ ʜʘʞʝ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʦʨʨʝʣʷʮʠʠ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ.  

ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʧʨʠ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚʜʚʦʝ ʫʤʝʥʴʰʠʣʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʚʘʥʪʦʤ ʌ.ʃʦʥʜʦʥʘ, ʧʨʠ n-ʢʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʢʚʘʥʪ ʫʤʝʥʴʰʠʪʩʷ ʚ n ʨʘʟ. 

                                                                   
0

h

ne
F = .                                                                       (6) 

ʕʪʦʤʫ ʥʝʪ ʨʘʟʫʤʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʪʘʢʞʝ ʢʘʢ (4) ʠ (5). 

 

ʄʘʛʥʠʪʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ ʦʪ ʧʨʦʚʦʜʥʠʢʘ ʩ ʤʘʣʦʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦ-

ʥʦʚ 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʬʦʨʤʫʣʫ (4) ʜʣʷ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʳ ʜʦʩʪʦʚʝʨʥʦʡ, ʪʦ ʆɼʀʅ ʵʣʝʢʪʨʦʥ ʩʦʟʜʘʝʪ 

ʧʦʣʦʚʠʥʫ ʧʦʪʦʢʘ, ʩʦʟʜʘʥʥʦʛʦ ʧʘʨʦʡ 
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h

e
F = . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 

0
4

h

e
F = . 

ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ n-ʯʘʩʪʠʯʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʪʦ 

0

1 h

n ne
F = . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 

0 2

h

n e
F = . 

ʅʘʣʠʮʦ ʬʝʥʦʤʝʥ ʜʨʦʙʣʝʥʠʷ ʢʚʘʥʪʘ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. 

 

ʆ ʜʚʦʡʥʳʭ ʩʪʘʥʜʘʨʪʘʭ 

ɼʚʘ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʘ  ʧʣʦʭʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʘʜʝʣʷʶʪʩʷ ʢʚʘʥʪʦʤ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘ ʪʦʤ ʦʩʥʦʚʘʥʠʠ, ʯʪʦ ʵʪʦ ʢʚʘʥʪʦʚʘʷ ʩʠʩʪʝʤʘ. ʉ ʵʪʠʤ ʩʣʝʜʦʚʘʣʦ ʙʳ ʩʦʛʣʘʩʠʪʴʩʷ, ʝʩʣʠ ʙʳ 

ʵʪʦʪ ʧʦʜʭʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʠ ʥʘ ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʜʚʘ ʵʣʝʢ-

ʪʨʦʥʘ ʛʝʣʠʷ. ʈʦʣʴ ʬʦʥʦʥʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʶʪʩʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʫ ʛʝ-

ʣʠʷ ʠʛʨʘʝʪ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʷʜʨʘ ʘʪʦʤʘ [9, 10]. ʇʫʩʪʴ ʵʪʦ ʪʘʢ ʠ ʝʩʪʴ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

                                                              He2 em vr = .                                                                      (7) 

ʂ ʵʣʝʢʪʨʦʥʫ ʧʨʠʣʦʞʝʥʳ ʪʨʠ ʩʠʣʳ: ʧʨʠʪʷʞʝʥʠʝ ʢ ʷʜʨʫ, ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʪ ʜʨʫʛʦʛʦ ʵʣʝʢʪʨʦʥʘ ʠ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ 
22 2

2 2

He0 He 0 He

2

4 4 (2 )

em ve e

rr r
- =

pe pe
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.                                                              (8) 

ɺʳʨʘʞʝʥʠʝ (7) ʚ ʢʚʘʜʨʘʪʝ 
2 2 2 2

He4 em v r = , 
2

3

He 2 24 e

r
m v

= . 

ʊʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ (8) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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ʆʢʦʥʯʘʪʝʣʴʥʦ 
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ɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ 
11

0

He

5,2917721092·10

7 7

a
r

-

= = . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 
12

He 7,56·10 ( )r ʤ-º . 

ʈʝʟʫʣʴʪʘʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʯʪʠ ʚʯʝʪʚʝʨʦ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʥʝ ʧʘʨʝ, ʘ ʢʘʞʜʦʤʫ ʵʣʝʢʪʨʦʥʫ ʧʨʠʧʠʩʘʪʴ ʢʚʘʥʪ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʦʢʘʞʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ.  

ʀʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʝʩʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʳʭʦʜʘ. 

ʇʝʨʚʳʡ. ʇʘʨʫ ʵʣʝʢʪʨʦʥʦʚ ʛʝʣʠʷ ʥʝ ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʢʚʘʥʪʦʤ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʇʦ-

ʵʪʦʤʫ ʚʦ ʠʟʙʝʞʘʥʠʝ ʜʚʦʡʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠʤ (ʢʚʘʥʪʦʤ )˂ ʥʝ ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʠ ʧʨʦʯʠʝ ʤʥʦʛʦʯʘʩ-

ʪʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʢ ʢʦʠʤ ʦʪʥʦʩʠʪʩʷ ʠ ʢʫʧʝʨʦʚʩʢʘʷ ʧʘʨʘ ʵʣʝʢʪʨʦʥʦʚ. 

ɺʪʦʨʦʡ. ʄʥʦʛʦʯʘʩʪʠʯʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʢʚʘʥʪʦʤ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ. ɺ ʪ.ʯ., ʠ ʧʘʨʫ ʵʣʝʢʪʨʦʥʦʚ ʛʝʣʠʷ. ʅʦ ʪʦʛʜʘ ʧʨʠʜʝʪʩʷ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʨʘʜʠʫʩ ʘʪʦʤʘ ʛʝʣʠʷ ʚ 

ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

 

ʇʝʨʚʳʡ ʚʳʚʦʜ ʬʦʨʤʫʣʳ ʜʣʷ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʧʠʥʦʤ 

ʵʣʝʢʪʨʦʥʘ 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʵʣʝʢʪʨʦʥʘ ʥʝʠʟʚʝʩʪʥʘ. ʆʜʥʘʢʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʥʝ ʰʘʨ ʠ ʥʝ ʩʬʝʨʘ. 

ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ ʝʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ 
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ɿʜʝʩʴ 0m  ï ʧʦʩʪʦʷʥʥʘʷ ʤʘʛʥʠʪʥʘʷ, ʝ ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, em  ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ.   

ɺ ʩʣʫʯʘʝ ʰʘʨʘ ʬʦʨʤʫʣʘ ʠʤʝʣʘ ʙʳ ʚʠʜ: 
2
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ɺ ʩʣʫʯʘʝ ʩʬʝʨʳ ʬʦʨʤʫʣʘ ʠʤʝʣʘ ʙʳ ʚʠʜ: 
2
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m
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ʇʦʣʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʬʦʨʤʳ ʵʣʝʢʪʨʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦ ʧʨʝʜʩʪʘʚʠʪʴ ʝʛʦ 

ʩʧʠʥ ʚ ʚʠʜʝ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʦʡ ʩ ʤʘʩʩʦʡ ʵʣʝʢʪʨʦʥʘ, ʦʙʨʘ-

ʱʘʶʱʝʡʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʜʠʫʩʘ (ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʛʦ, ʧʨʠʯʝʤ, ʝʛʦ ʚʝʣʠʯʠʥʘ 

ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ; ʧʨʝʜʣʦʞʝʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʚʝʩʪʥʳʤ ʦʧʠʩʘʥʠʷʤ ʩʧʠʥʘ ʵʣʝʢʪʨʦʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ ɹʝʣʠʥʬʘʥʪʝ). ʕʪʦʪ ʧʦʜ-

ʭʦʜ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʥʦ ʦʥ ʠʤʝʝʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʚ ʚʠʜʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʫʶ ʬʦʨʤʫʣʫ (1) ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʥʥʦʛʦ çʪʦʢʦʤè ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ: 

ʉʧʠʥ ʵʣʝʢʪʨʦʥʘ ʨʘʚʝʥ 

                                                                  
3

2
esL = .                                                                    (9) 

ʉ ʫʯʝʪʦʤ (1) ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʧʠʥʦʤ ʵʣʝʢʪʨʦʥʘ, ʨʘʚʝʥ 

22 2 3

2

es

es

LRp

e e e

pp p
F = = = . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 

                                                                  
3

2
es

h

e
F = .                                                                 (10) 

ɿʘʤʝʯʘʥʠʝ 1. ʂʣʘʩʩʠʯʝʩʢʠʡ ʨʘʜʠʫʩ (er ) ʚ ʚʳʢʣʘʜʢʘʭ ʩʪʘʪʴʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʧʦʵʪʦʤʫ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʚʣʠʷʝʪ. ʋʧʦʤʷʥʫʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʬʦʨʤʳ ʵʣʝʢ-

ʪʨʦʥʘ. 
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ɿʘʤʝʯʘʥʠʝ 2. ɺʳʙʠʨʘʪʴ R ʜʣʷ ʬʦʨʤʫʣʳ (1) ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ɺ ʧʦʣʫʯʝʥʥʫʶ ʬʦʨʤʫʣʫ (10) ʜʣʷ 

ʩʧʠʥʦʚʦʛʦ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʨʘʜʠʫʩ ʥʝ ʚʭʦʜʠʪ (çʨʘʩʪʚʦʨʠʣʩʷè ʚ ʩʧʠʥʝ). ʇʦʵʪʦʤʫ ʝʛʦ ʚʝ-

ʣʠʯʠʥʘ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʧʦʣʥʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, 

ʯʪʦʙʳ ʥʝ ʨʘʟʚʠʚʘʣʘʩʴ ʯʨʝʟʤʝʨʥʘʷ ʵʥʝʨʛʠʷ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʩʧʠʥʦʚʦʛʦ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 

 

ʂʨʫʛʦʚʦʡ ʪʦʢ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʨʫʙʢʝ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʜʥʠʤ ʵʣʝʢʪʨʦʥʦʤ, ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʦʢ (3) (ʢʚʘʥʪ ʌ. ʃʦʥʜʦʥʘ). 

ʉʧʠʥ ʵʣʝʢʪʨʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʣʠʰʴ ʜʚʝ ʧʨʦʝʢʮʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʪʦʢʘ 

(3), ʘ ʠʤʝʥʥʦ: 

2
esBL =°. 

ɺ ʩʠʣʫ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʩʧʠʥ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʦʨʙʠʪʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ. 

ʇʦʵʪʦʤʫ  

2
esBL =-. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʧʠʥʦʤ ʵʣʝʢʪʨʦʥʘ, ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʧʦʪʦʢʘ 

(3) (ʝʛʦ ʧʨʦʝʢʮʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 1961 ʛ.ɹ.ʉ. ɼʠʚʝʨ, ʋ.ʄ. ʌʵʨʙʵʥʢ, ʈ. ɼʦʣʣ ʠ ʄ. ʅʝʙʘʫʵʨ ʠʟʤʝʨʠʣʠ ʦʨʙʠ-

ʪʘʣʴʥʳʡ ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʆɼʅʆɻʆ ʵʣʝʢʪʨʦʥʘ ʟʘ ʚʳʯʝʪʦʤ ʧʨʦʝʢʮʠʠ ʩʧʠʥʦʚʦʛʦ ʢʚʘʥʪʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (ʯʝʨʝʟ ʪʦʨʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʪʨʫʙʦʢ) 

                                                                
2 2

h h h

e e e
- = .                                                                  (11) 

ʕʪʦ ʢʚʘʟʠʢʚʘʥʪ, ʘ ʥʝ ʢʚʘʥʪ ʦʪ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʳ (4). 

ʉʦʚʧʘʜʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (11) ʩ (4) ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʩʣʫʯʘʡʥʳʤ. 

ʆʜʥʘʢʦ ʵʪʦ ʩʦʚʧʘʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʝʡ ʬʦʨʤʫʣ (1), 

(3), (10), (11) ʠ ʧʨʠʥʷʪʦʛʦ ʜʦʧʫʱʝʥʠʷ ʦ ʩʧʠʥʝ ʵʣʝʢʪʨʦʥʘ. 

 

ɺʪʦʨʦʡ ʚʳʚʦʜ ʬʦʨʤʫʣʳ ʜʣʷ ʢʚʘʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʧʠʥʦʤ ʵʣʝʢ-

ʪʨʦʥʘ 

ʀ ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ.ʃʦʥʜʦʥʘ (3), ʠ ʢʚʘʥʪ ʦʪ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʳ (4) ʧʨʝʜʩʪʘʚʠʤʳ ʚ 

ʚʠʜʝ 
2

q

h

q q

p
F = = , 

ʆʢʦʥʯʘʪʝʣʴʥʦ 
2

q qL
q

p
F = , 

ʛʜʝ q ïʟʘʨʷʜ, Lq ï ʢʚʘʥʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ ʵʪʫ ʬʦʨʤʫʣʫ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ ʠ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʩʧʠʥʘ) (2) ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʘʝʪ 

2 2 3

2
es qL

q e

p p
F = = . 

ʆʢʦʥʯʘʪʝʣʴʥʦ 

3

2
es

h

e
F = . 

ʉʦʚʧʘʜʘʝʪ ʩ (10), ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʡ ʚʝʨʠʬʠʢʘʮʠʝʡ ʬʦʨʤʫʣ (1), (3)ï(5) ʠ ʧʨʠʥʷ-

ʪʦʛʦ ʜʦʧʫʱʝʥʠʷ ʦ ʩʧʠʥʝ ʵʣʝʢʪʨʦʥʘ. 

 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʄʦʤʝʥʪʳ, ʨʘʟʚʠʚʘʝʤʳʝ ʢʘʞʜʳʤ 

ʵʣʝʤʝʥʪʦʤ ʤʥʦʛʦʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʩʢʣʘʜʳʚʘʶʪʩʷ. ʀ ʝʩʣʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 
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ʤʥʦʛʦʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʚʝʥ ʢʚʘʥʪʫ ,˂ ʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʜʥʘ ʯʘʩʪʠʮʘ (ʵʣʝʢʪʨʦʥ) ʠʤʝʝʪ ʢʠʥʝ-

ʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʨʘʚʥʳʡ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʢʚʘʥʪʘ. ʅʦ ʝʩʣʠ ʢʚʘʥʪ ʜʨʦʙʠʪʩʷ ʥʘ ʯʘʩʪʠ, ʪʦ ʵʪʦ ʫʞʝ ʥʝ 

ʢʚʘʥʪ.  

ʇʦʵʪʦʤʫ ʧʨʠʧʠʩʳʚʘʥʠʝ ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʝ ʢʚʘʥʪʘ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ-

ʧʨʠʝʤʣʝʤʦ. 

ʂʚʘʥʪʦʤ  ˂ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʣʝʜʫʝʪ ʥʘʜʝʣʷʪʴ ʝʜʠʥʩʪʚʝʥʥʫʶ ʯʘʩʪʠʮʫ ʠ ʥʝ ʩʣʝʜʫʝʪ 

ʥʘʜʝʣʷʪʴ ʩʠʩʪʝʤʫ ʯʘʩʪʠʮ (ʩʢʦʣʴ ʫʛʦʜʥʦ ʢʚʘʥʪʦʚʫʶ).  

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʢʚʘʥʪ ʌ.ʃʦʥʜʦʥʘ (3), ʢʚʘʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (10), ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʡ ʩʧʠʥʦʤ ʵʣʝʢʪʨʦʥʘ, ʠ ʠʭ ʩʫʧʝʨʧʦʟʠʮʠʷ (11) (ʢʚʘʟʠʢʚʘʥʪ). ɽʛʦ (ʢʚʘʟʠʢʚʘʥʪ) ʠ ʠʟʤʝʨʠʣʠ 

ʚ 1961 ʛ. 

ʉʧʠʥʦʚʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʘ ʨʘʚʝʥ 

3

2
es

h

e
F = . 

ʀʤʝʥʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. 

ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʳʝ ʚ ʨʘʙʦʪʝ ʜʦʧʫʱʝʥʠʷ ʦ ʩʧʠʥʝ ʵʣʝʢʪʨʦʥʘ ʥʝ ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦʤ 

ʨʝʟʫʣʴʪʘʪʝ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʚʨʝʤʝʥʥʳʤʠ (ʨʘʙʦʯʠʤʠ) ʠ ʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʪʴʩʷ ʦʙʱʝ-

ʧʨʠʥʷʪʦʡ ʢʦʥʮʝʧʮʠʠ ʩʧʠʥʘ. 
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ENTROPY AND ITS ROLE IN  SHAPING THE PHYSICAL PICTURE OF SCHOOLCHILDREN  
 

 

Abstract. A variant of the derivation of the expression of the entropy of an ideal monatomic gas is 

proposed. The role of the concept of entropy in the formation of the physical picture of the world of stu-

dents of specialized secondary school classes is considered. 

Key words: keywords: entropy, the second law of thermodynamics, chaos, reversible processes, ir-

reversible processes, equilibrium state, ideal gas. 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʦʜʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ ʚ ʰʢʦʣʝ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʰʢʦʣʴʥʠʢʦʚ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ. ʂ ʯʠʩʣʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦ-

ʥʦʚ ʧʨʠʨʦʜʳ ʦʪʥʦʩʠʪʩʷ ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʦʜʥʘʢʦ ʝʛʦ ʠʟʣʦʞʝʥʠʝ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʚ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʴ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʧʨʦʱʝʥʥʦʡ, ʠ ʪʝʨʷʶʪʩʷ ʣʦʛʠʯʝ-

ʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʥʦʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʨʘʤʢʘʭ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʦʙʫ-

ʯʝʥʠʷ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʪʝʤʳ ʩʚʦʜʠʪʩʷ ʢ ʟʥʘʢʦʤʩʪʚʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʦʨʤʫʣʠʨʦʚʢʘʤʠ ʚʪʦʨʦʛʦ ʟʘ-

ʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʥʦʩʠʪ ʦʟʥʘʢʦʤʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʢʣʘʩʩʘʭ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʬʠ-

ʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ʚʦʟʤʦʞʥʦ ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ ʵʥʪʨʦʧʠʠ ʠ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦ ʟʘ ʩʯʝʪ ʚʥʝʫʨʦʯʥʳʭ ʬʦʨʤ ʟʘʥʷʪʠʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʤʝʥʠ. ɻʣʘʚʥʘʷ  ʪʨʫʜʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤ ʚʚʝʜʝʥʠʠ ʧʦʥʷʪʠʷ ʵʥʪʨʦʧʠʠ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʪʘʢʦʛʦ ʨʦʜʘ ʟʘʥʷʪʠʡ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʣʷʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 
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ɺ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ ʤʦʣʷʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʘ 
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ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʩʦʦʙʱʝʥʥʦʝ ʩʠʩʪʝʤʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟ-

ʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʷʟʘʥʳ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘʨʫʰʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʣʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ  ʧʝʨʝʭʦʜ ʚʩʝʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʪʚʝʨʜʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʚʝʩʪʠ ʥʦʚʫʶ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ S , ʠʟʤʝʥʝʥʠʝ ʢʦʪʦ-
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ʉʦʛʣʘʩʥʦ ʚʚʝʜʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ (3) ʠʟʤʝʥʝʥʠʶ ʬʫʥʢʮʠʠ S ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʘʝʤʦʡ ʪʝʣʦʤ ʢ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʝʧʣʦʪʘ ʚʚʦʜʠʪʩʷ. 

ɺʚʝʜʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʘʛʨʝʚʘʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʚ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʦʤ  ʧʨʦʮʝʩʩʝ  
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ (4) ʠ (5), ʠʟʤʝʥʝʥʠʝ S ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ. ɺ 

ʢʣʘʩʩʘʭ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʬʠʟʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʣʝʢʫʣ ʠʜʝ-

ʘʣʴʥʦʛʦ ʛʘʟʘ ʧʦ ʩʢʦʨʦʩʪʷʤ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝ ʜʝʢʘʨʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʢʦʨʦ-
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ʩʪʝʡ. ɽʩʣʠ ʧʝʨʝʡʪʠ ʦʪ ʜʝʢʘʨʪʦʚʦʡ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʝʡ, ʠ 

ʫʯʝʩʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʩʝʡ ʛʘʟʦʚʦʡ ʩʠʩʪʝʤʳ) 
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ɼʣʷ ʦʙʲʝʤʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʝ ʚʳʨʘʞʝʥʠʶ (5). ɺ 

ʨʝʟʫʣʴʪʘʪʝ  ʧʦʣʫʯʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ Y, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ 
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ɺʳʨʘʞʝʥʠʝ (12) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʚʝʜʝʥʥʦʤʫ ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʠʶ (3) ʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 
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ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʬʦʨʤʫʣʘ (13) ʚʝʨʥʘ, ʪʦ ʝʝ ʠʟʤʝʥʝʥʠʝ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʨʘʚʥʦ 

ʥʫʣʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʠʜʝʘʣʴʥʳʡ ʛʘʟ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʥʠʤʘʝʪ ʦʙʲʝʤ V1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ1, ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ V1 

+ȹV, ʊ1+ȹT, ʪʦʛʜʘ  ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ 

1

1ln
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D+
n .                                      (19) 

ʀʩʧʦʣʴʟʫʷ (5), (10) ʠ (11), ʧʦʣʫʯʘʝʤ 
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D
++-
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+=D
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ȹS= V
ʊ

ʈ
D

1

1  + 
12

3

ʊ

ʊ
R
D

n ;                                              (22) 

ȹS ʊ1= VPD1  + TRD
2

3
n .                                           (23) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʫʯʝʪʦʤ (3)  ʧʨʠʭʦʜʠʤ ʢ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

AQU -D=D .                                                              (24) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʩʜʝʣʘʥʥʳʝ ʨʘʥʝʝ ʜʦʧʫʱʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʚʠʣʴʥʳʤʠ ʠ ʬʦʨʤʫʣʫ 

(13) ʚʝʨʥʦʡ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʥʝ-

ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ S, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (13). ɺ ʬʠ-

ʟʠʢʝ ʵʪʘ ʬʫʥʢʮʠʷ ʙʳʣʘ ʚʚʝʜʝʥʘ ʈ. ʂʣʘʫʟʠʫʩʦʤ ʚ 1865 ʛʦʜʫ ʠ ʥʘʟʚʘʥʘ ʵʥʪʨʦʧʠʝʡ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʦʙʲʝʤ V1, ʟʘʧʦʣʥʝʥʥʳʡ ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ ʩ 

ʯʠʩʣʦʤ ʯʘʩʪʠʮ N. ʈʘʟʦʙʲʸʤ ʝʛʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʷʯʝʝʢ m ʦʙʲʝʤʦʤ V0, ʛʜʝ, 
0

1

V

V
m= . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘ-

ʧʠʩʘʪʴ ʯʠʩʣʦ ʩʧʦʩʦʙʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ N ʯʘʩʪʠʮ ʧʦ m ʷʯʝʡʢʘʤ ʚ ʚʠʜʝ W1 = m
N
. ʀʟʤʝʥʠʤ ʦʙʲʝʤ V1 

ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʜʦ V2, ʪʦʛʜʘ W2 = n
N
, ʛʜʝ 

0

2

V

V
n= . ʅʘʡʜʝʤ ʨʘʟʥʦʩʪʴ ʣʦʛʘʨʠʬʤʦʚ W2 ʠ W1 
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ʩonstWkS VV += ln ,                                                      (27) 

ʛʜʝ Sv ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʙʲʸʤʘ. ɸʥʘʣʦʛʠʯ-

ʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʦʚʝʜʝʤ ʜʣʷ ʦʙʲʝʤʦʚ V1 (7)  ʠ V2 (8) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʝʡ. ɺʚʦʜʠʤ ʵʣʝʤʝʥʪʘʨ-

ʥʳʡ ʦʙʲʝʤ V0, ʪʦʛʜʘ  ʦʙʲʝʤʳ V1 ʠ V2 ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ m ʠ n ʷʯʝʝʢ. ʏʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  

ʤʠʢʨʦʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ   
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ʢʊp .                                                   (29) 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʟʥʦʩʪʠ ʣʦʛʘʨʠʬʤʦʚ 
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T

T
kNWkWk VA nnn ===- .               (31) 

ʇʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʛʘʟʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʊ WkS ln=D .                                                             (32) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ  

WkWkWk
T

T
R

V

V
RS TV lnlnlnln

2

3
ln

1

2

1

2 =+=+=D nn , ʛʜʝ                    (33) 

TVWWW=                                                                  (34) 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʬʦʨʤʫ-

ʣʦʡ 

constWkS +==ln                                                       (35) 

ʀʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʣʦʛʘʨʠʬʤʫ ʯʠʩʣʘ 

ʚʦʟʤʦʞʥʳʭ ʤʠʢʨʦʩʦʩʪʦʷʥʠʡ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʃ. ɹʦʣʴʮʤʘʥʦʤ. ɺ 1906 ʛʦʜʫ ɺ. ʅʝʨʩʪ ʩʬʦʨʤʫʣʠʨʦʚʘʣ 

ʪʝʧʣʦʚʫʶ ʪʝʦʨʝʤʫ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤ ʥʫʣʝ ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ 
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ʟʥʘʯʝʥʠʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʵʥʪʨʦʧʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘʧʠʩʘʥʦ ʄ. ʇʣʘʥ-

ʢʦʤ ʚ 1906 ʛʦʜʫ  ʠ ʠʤʝʝʪ ʚʠʜ 

WkS ln==                                                                     (36) 

ʛʜʝ W ï ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʦʝ ʤʘʢʨʦʩʦʩʪʦʷʥʠʝ 

ʛʘʟʦʚʦʡ ʩʠʩʪʝʤʳ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

ʀʟ ʬʦʨʤʫʣʳ (36) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʵʥʪʨʦʧʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʤʠʢʨʦʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʦʥʘ ʙʦʣʝʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ. ʊʦ ʝʩʪʴ ʵʥʪʨʦ-

ʧʠʶ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʤʝʨʫ ʙʝʩʧʦʨʷʜʢʘ (ʭʘʦʩʘ) ʩʠʩʪʝʤʳ. 

ɺʦ ʚʪʦʨʦʤ ʟʘʢʦʥʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦ-

ʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤʘʭ, ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʪʴ [1] 

æS>0. .                                                                      (37) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʧʦ ʩʭʝʤʝ, ʢʦʛʜʘ ʩʫʤʤʘʨʥʘʷ 

ʵʥʝʨʛʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʵʥʪʨʦʧʠʷ  ʚʦʟʨʘʩʪʘʝʪ. ɺ ʥʝʢʦʪʦʨʦʡ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʠʩʪʝ-

ʤʳ ʵʥʪʨʦʧʠʷ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʥʦ ʵʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʙʦʣʴʰʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʭʘʦʩʘ ʚ ʜʨʫʛʦʡ 

ʯʘʩʪʠ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʬʘʢʪʦʨʦʚ: ʨʘʩʧʘʜ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ, ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʩʠʩʪʝʤʳ, 

ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʠʩʪʝʤʫ ʩʨʝʜʝ ʠ ʪ.ʜ., ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʭ ʧʨʦʪʝʢʘʥʠʝ 

ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚʦ ʚʨʝʤʝʥʠ. ʅʦʚʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ-

ʩʷ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʨʦʩʪ ʵʥʪʨʦʧʠʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʙʦʣʴʰʝʡ ʵʥʪʨʦʧʠʝʡ. ʊʘʢ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʞʜʫ ʯʘʩʪʠ-

ʮʘʤʠ ʠʜʝʘʣʴʥʦʛʦ  ʛʘʟʘ ʥʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ. ʇʦʚʝʜʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʥʦʩʠʪ 

ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʫʛʦʜʥʦ ʜʦʣʛʦ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʝʘʣʴʥʳʭ ʥʝʦʙʨʘʪʠʤʳʭ 

ʧʨʦʮʝʩʩʘʭ  ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʉʪʨʫʢʪʫʨʳ 

(ʵʣʝʤʝʥʪʳ ʧʦʨʷʜʢʘ) ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ, ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ, 

ʘ ʤʦʛʫʪ ʫʩʪʦʡʯʠʚʦ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʥʦʚʦʤ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʩ ʵʪʠʭ ʧʦʟʠʮʠʡ ʨʘʙʦ-

ʪʫ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʚ ʮʠʣʠʥʜʨʝ ɼɺʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʨʦʩʪ ʵʥʪʨʦʧʠʠ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʥʘ ʩʪʝʥʢʠ ʮʠʣʠʥʜʨʘ ʚʳʩʦʢʦʝ. ɽʩʣʠ ʧʦʨʰʥʶ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ, ʪʦ ʦʥ ʧʨʠʜʝʪ ʚ ʜʚʠʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʦʚ ʤʦʣʝʢʫʣ. ʇʨʠ ʵʪʦʤ ʧʦʨ-

ʰʝʥʴ ʨʝʘʛʠʨʫʝʪ ʥʝ ʥʘ ʚʩʝ ʯʘʩʪʠʮʳ ʛʘʟʘ, ʘ ʪʦʣʴʢʦ ʥʘ ʪʝ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʥʘ-

ʧʨʘʚʣʝʥʥʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʘʜʠ ʧʦʨʰʥʷ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲ-

ʝʤʘ ʮʠʣʠʥʜʨʘ ʠ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʩʦʚʝʨʰʘʶʱʘʷ ʨʘʙʦʪʫ. ɺ ʧʘʨʦʚʦʤ ʢʦʪʣʝ ʧʘʨʦʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʵʪʫ 

ʨʦʣʴ (ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ)  ʚʳʧʦʣʥʷʝʪ ʩʦʧʣʦ (ʦʪʚʝʨʩʪʠʝ ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʚʳʭʦʜʠʪ 

ʩʪʨʫʷ ʧʘʨʘ). ʀʟʦʙʨʝʪʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʦʚʳʭ ʤʘʰʠʥ ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʭʦʜʫ ʦʙʱʝʩʪʚʘ ʚ ʥʦʚʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʢʣʘʜ ʠ ʢʦʨʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʘʤʦʛʦ ʦʙʱʝʩʪʚʘ. ʇʦʩʣʝʜʫʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʢʣʘʜ, ʚʳʟʚʘʥʥʳʡ ʦʩʚʦʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʪʘʢʞʝ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʨʘʙʦʪʘ ʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʤ ʜʚʠʛʘʪʝʣʝ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʠʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʩʝ-

ʛʦʜʥʷ 75% ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʥʠʭ). ʈʦʩʪ ʵʥʪʨʦʧʠʠ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʥʘ ʵʪʘʧʝ 

ʜʦʙʳʯʠ ʪʦʧʣʠʚʘ, ʟʘʪʝʤ ʧʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʭʘʦʩʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘ ʬʦʥʝ ʪʘʢʦʛʦ ʨʦʩʪʘ ʵʥʪʨʦʧʠʠ ʚ ʧʨʠʨʦʜʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʦ-

ʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʚ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘʭ. ʉʦʚʨʝʤʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʫʢʣʘʜ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʭ ʧʨʠʙʦʨʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ. ʌʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ pn 

ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʦʩʪʘ ʵʥʪʨʦ-

ʧʠʠ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʟʘʥʷʪʴ ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ. ʆʜʥʘʢʦ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʦʣʥʝʥʠʶ ʜʳʨʦʢ ʵʣʝʢʪʨʦʥʘʤʠ, ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʨʦʩʪʫ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ (ʫʤʝʥʴʰʝʥʠʶ ʵʥʪʨʦʧʠʠ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʟʘʧʠʨʘʶʱʠʡ 

ʩʣʦʡ, ʢʦʪʦʨʳʡ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩ ʩʦʙʳʪʠʷʤʠ ʚʦ ʚʨʝʤʷ 

ʦʧʘʩʥʳʭ ʵʧʠʜʝʤʠʡ, ʢʦʛʜʘ ʟʘʢʨʳʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʃʶʙʦʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ. ɺ ʰʢʦʣʴ-
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ʥʳʭ ʫʯʝʙʥʠʢʘʭ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʷʚʣʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ, ʥʦ ʙʝʟ ʩʩʳʣʦʢ ʥʘ ʵʥʪʨʦʧʠʡʥʫʶ 

ʧʨʠʨʦʜʫ ʧʨʦʮʝʩʩʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʠʨʦʜʳ ʤʦʣʥʠʠ ʤʦʞʥʦ ʧʦ ʬʦʨʤʫʣʝ (3) ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʦʩʪ ʵʥʪʨʦʧʠʠ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟ-

ʜʫʭʘ ʠ ʚʳʜʝʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʫʯʝʙʥʠʢʘʭ ʧʨʠʚʦʜʷʪʩʷ. ʇʨʠ ʦʙʲʷʩʥʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʚʝʟʜ ʠʟ ʛʘʟʦ-

ʧʳʣʝʚʳʭ ʦʙʣʘʢʦʚ ʛʦʚʦʨʠʪʩʷ ʦ ʧʨʦʮʝʩʩʝ ʠʭ ʩʞʘʪʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ, ʥʦ ʦ ʧʨʠʯʠʥʝ ʦʩʪʘ-

ʥʦʚʢʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʦ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ)  ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʠʪʩʷ [2]. 

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟ ʩʘʤʳʭ ʨʘʟʥʳʭ ʨʘʟʜʝʣʦʚ ʰʢʦʣʴ-

ʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʷʪʠʝ ʵʥʪʨʦʧʠʠ, ʢʘʢ ʠ ʧʦʥʷʪʠʝ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘ, ʭʦʪʷ ʫ ʥʠʭ ʥʝʪ ʦʙʨʘʟʦʚ ʠ ʠʭ ʤʦʞʥʦ 

ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʨʤʫʣʘʤ.  
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Abstract.An overview of methods and laboratory work on measuring radioactivity in the frame-
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ʉʦʛʣʘʩʥʦ ʰʢʦʣʴʥʳʤ ʫʯʝʙʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʬʠʟʠʢʘ, ʆɹɾ, ʪʝʭʥʦʣʦ-

ʛʠʷ, ʙʠʦʣʦʛʠʷ) ʚ ʰʢʦʣʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠ-

ʝʤ ʠ ʝʛʦ ʠʟʤʝʨʝʥʠʝʤ. ʉ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʵʪʦʡ ʪʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʰʢʦʣʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳ-

ʪʦʚʳʝ ʜʦʟʠʤʝʪʨʳ ʪʠʧʘ çʉʦʩʥʘè. ɸʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʨʫʙʢʘ ɻʝʡʛʝʨʘ, ʠʟʫʯʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʪʨʫʙʢʠ ʚʭʦʜʠʪ ʚ ʰʢʦʣʴʥʫʶ ʫʯʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ ʧʦ ʬʠʟʠʢʝ. ʂʦʥʩʪ-

ʨʫʢʮʠʷ ʧʨʦʩʪʘ: ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʘʷ ʪʦʥʢʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʪʨʫʙʢʘ ʟʘʧʦʣʥʝʥʘ ʛʘʟʦʤ ʘʨʛʦʥʦʤ. 

ɺʥʫʪʨʠ ʪʨʫʙʢʠ (ʢʘʪʦʜ) ʠʤʝʝʪʩʷ ʘʥʦʜ ʠʟ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ, ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʦʪ ʪʨʫʙʢʠ. ʄʝʞ-

ʜʫ ʘʥʦʜʦʤ ʠ ʢʘʪʦʜʦʤ ʩʦʟʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʙʦʣʝʝ 350 ʚʦʣʴʪ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʙʝʪʘ ʠ ʛʘʤʤʘ ʯʘʩʪʠʮ 

ʚʥʫʪʨʴ ʪʨʫʙʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ ʘʨʛʦʥʘ. ʇʦʪʦʢ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʦʙʨʘʟʫʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ. ʆʮʝʥʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ  ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ ʟʘ ʝʜʠʥʠ-
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ʮʫ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʨʫʙʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝ ʚʳʷʚʣʷʝʪʩʷ ʚʠʜ ʠʟʣʫʯʝʥʠʷ, 

ʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʬʘʢʪ ʝʛʦ ʥʘʣʠʯʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʕʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʟʠʤʝʪʨʘ  

(ʘʪʪʝʥʶʘʪʦʨ) ʚʳʨʘʚʥʠʚʘʝʪ ʠʤʧʫʣʴʩʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʝʜʘʝʪ ʠʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʠ ʧʝʨʝ-

ʜʘʝʪ ʠʭ ʩʯʝʪʯʠʢʫ ʠʤʧʫʣʴʩʦʚ. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ ʧʝʨʝʚʦʜʠʪ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ 

ʤʦʱʥʦʩʪʴ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ (ʤʢɿʚ/ʯ ʠʣʠ ʤʈ/ʯ). ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥ ʜʦʟʠʤʝʪʨʘ. 

ʂʦʨʧʫʩ ʩʜʝʣʘʥ ʠʟ ʫʜʘʨʦʧʨʦʯʥʦʡ ʧʣʘʩʪʤʘʩʩʳ. ʇʨʠʙʦʨ çʉʦʩʥʘè ʨʘʩʩʯʠʪʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʛʘʤʤʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ 0,06ʄʵɺ-1,25ʄʵɺ, ʠ 0,5ʄʵɺ-3ʄʵɺ ʜʣʷ ʙʝʪʘ-ʣʫʯʝʡ. ɼʦ-

ʟʠʤʝʪʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʦʩʪʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʦʚ, ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʨʠʜʮʘʪʠ ʧʨʦʮʝʥʪʦʚ. ʉʫʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ ʩʦʩʪʦʠʪ ʚ ʟʥʘʢʦʤʩʪʚʝ ʩ ʙʳʪʦʚʳʤ ʜʦʟʠʤʝʪʨʦʤ, ʠʟʫʯʝʥʠʠ  

ʧʨʘʚʠʣ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʬʦʥʘ ʚ ʢʣʘʩʩʥʦʤ ʧʦʤʝʱʝʥʠʠ ʠ 

ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʨʤʘʤʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʧʦʜʭʦʜʷʪ 

ʙʳʪʦʚʳʝ ʜʦʟʠʤʝʪʨʳ ʪʠʧʘ ɸʨʤʝʪ 01. (ʮʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 5 ʪʳʩʷʯ ʨʫʙʣʝʡ). ʊʘʢʦʛʦ ʨʦʜʘ ʜʦʟʠʤʝʪʨʳ ʧʦ-

ʟʚʦʣʷʶʪ  ʠʟʤʝʨʷʪʴ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʬʦʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʛʘʤʤʘ-ʣʫʯʘʤʠ (ʢʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ) 

ʨʠʩʫʥʦʢ 1 [4]. ʇʨʠʙʦʨ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʪʨʫʙʢʫ ɻʝʡʛʝʨʘ ʪʠʧʘ ʉɹʄ-20, ʠ ʠʟʤʝʨʝʥʠʷ ʚr ʧʦʣʥʷʶʪʩʷ ʚ 

ʩʧʣʦʰʥʦʤ ʧʣʘʩʪʠʢʦʚʦʤ ʢʦʨʧʫʩʝ.  

 
 

ʈʠʩ. 1.  ʇʨʠʨʦʜʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ 

 

ɺ ʰʢʦʣʴʥʳʭ ʢʘʙʠʥʝʪʘʭ ʬʠʟʠʢʠ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʙʦʨ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʝʱʝ ʩʦʚʝʪʩʢʠʭ ʚʨʝʤʝʥ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʇɼʈʀ) (ʨʠʩʫʥʦʢ 2). 

 
 

ʈʠʩ. 2. ʇʨʠʙʦʨ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʇɼʈʀ) 

 

ʇʨʠʙʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪ, ʥʘʜʝʞʝʥ ʚ ʨʘʙʦʪʝ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʧʨʠʙʦʨʘ 

ʤʦʞʥʦ ʫʩʠʣʠʪʴ ʋʅʏ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʜʠʥʘʤʠʢ (ʨʠʩ. 3). ʑʝʣʯʢʠ ʚ ʜʠʥʘʤʠʢʝ ʭʦʨʦʰʦ 

ʩʣʳʰʥʳ ʚ ʢʣʘʩʩʝ. ʂʦʣʠʯʝʩʪʚʦ ʱʝʣʯʢʦʚ ʟʘ ʩʦʨʦʢ ʩʝʢʫʥʜ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩʦʚ-
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ʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʬʦʥʘ ʚ ʤʢʈ/ʯ. ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʥʘ-

ʛʣʷʜʥʦʩʪʴ ʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʥʠʤʘʥʠʝ ʫʯʝʥʠʢʘʤʠ ʧʨʠʥʮʠʧʘ ʝʛʦ ʨʘʙʦʪʳ (ʢʘʢ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʦʚ). ɺ ʵʪʦʤ ʝʛʦ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʪʘʢ ʢʘʢ ʚ ʙʳʪʦʚʳʭ ʜʦʟʠʤʝʪʨʘʭ 

ʪʨʫʙʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʢʨʳʪʦʤ ʢʦʨʧʫʩʝ, ʘ ʥʘ ʪʘʙʣʦ ʚʳʚʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʷ ʚ ʝʜʠʥʠʮʘʭ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʭʦʜʝ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ï 350 ɺ.  ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʥʠʤ ʫʯʝʥʠʢʘʤʠ, ʦʜʥʘʢʦ ʜʦʧʫʩʢʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʬʨʦʥ-

ʪʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. ʋʯʠʪʝʣʴ ʦʙʲʷʩʥʷʝʪ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʛʦ 

ʨʘʙʦʪʫ. ɺ ʭʦʜʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʫʯʠʪʝʣʴ ʚʢʣʶʯʘʝʪ ʧʨʠʙʦʨ, ʠ ʫʯʝʥʠʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦ-

ʜʷʪ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʟʘ ʩʦʨʦʢ ʩʝʢʫʥʜ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʧʷʪʴ ʨʘʟ ʠ ʥʘʭʦʜʷʪ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʙʳʪʦʚʦʛʦ ʜʦʟʠʤʝʪʨʘ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʙʦʨʘ ʚ ʰʢʦʣʴʥʦʤ ʢʘʙʠʥʝʪʝ ʫʯʠʪʝʣʴ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʝʛʦ ʠʟʛʦʪʦʚʠʪʴ, ʩʭʝʤʘ 

ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʠʙʦʨʘ ʇɼʈʀ 

 

ʀʟ ʚʩʝʭ ʚʠʜʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ ʣʫʯʠ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʘʠʤʝʥʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʠʦʥʠʟʘʮʠʠ. ʅʘ ʜʦʣʶ ʚʩʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ ʧʨʠ-

ʭʦʜʠʪʩʷ ʦʢʦʣʦ 20% ʚʥʝʰʥʝʛʦ ʦʙʣʫʯʝʥʠʷ. ʅʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʳ 

ʨʘʜʠʘʮʠʠ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʝʪ ʯʝʣʦʚʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ  ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʩʪʘʚ-

ʣʷʝʪ 0,046 ʤʢɿʚ/ʯʘʩ. ɺ ʦʧʠʩʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʩʨʘʚʥʠʪʴ ʨʘ-

ʜʠʦʘʢʪʠʚʥʳʡ ʬʦʥ ʥʘ ʫʣʠʮʝ ʠ ʚ ʧʦʤʝʱʝʥʠʠ. ɺ ʧʦʤʝʱʝʥʠʠ ʜʦʙʘʚʣʷʝʪʩʷ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʝ ʦʪ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʳʪʦʚʳʭ ʜʦʟʠʤʝʪʨʦʚ ʪʠʧʘ çɸʨʤʝʜ-01è  ʨʘʟʣʠʯʠʷ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʜʦʟʠʤʝʪʨʦʚ. 

ɼʣʷ ʢʣʘʩʩʦʚ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʬʠʟʠʢʝ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʬʦʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʙʝʪʘ-ʣʫʯʘʤʠ. ʂ ʠʭ 

ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ  ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʦʤ ʢʘʣʠʠ ʥʘʭʦʜʠʪʩʷ ʥʝʙʦʣʴʰʘʷ ʧʨʠʤʝʩʴ (ʩʦʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ) ʠʟʦʪʦʧʘ , 

ʢʦʪʦʨʳʡ ʨʘʜʠʦʘʢʪʠʚʝʥ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ ʦʢʦʣʦ ʤʠʣʣʠʘʨʜʘ ʣʝʪ. ʇʨʦʠʩʭʦʜʠʪ ɓ-ʨʘʩʧʘʜ ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ  ʵʥʝʨʛʠʝʡ 1,32 ʄʵɺ ʧʦ ʩʭʝʤʝ 

 

 
 

ʍʠʤʠʯʝʩʢʠ ʠʟʦʪʦʧʳ ʢʘʣʠʷ ʥʝʦʪʣʠʯʠʤʳ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʠʥʝʨʘʣʦʚ ʠ ʦʜʠ-

ʥʘʢʦʚʦ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʣʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʥʘʩ ʧʨʠʨʦʜʝ,  ʚʢʣʶʯʘʷ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʣʘʙʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ. 
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ʈʠʩ. 4.  ɼʝʤʦʥʩʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʙʝʪʘ-ʣʫʯʝʡ ʧʨʠʙʦʨʦʤ ʇɼʈʀ 

 

 

ɿʘʤʝʪʥʦ ʦʥʦ ʚ ʚʝʱʝʩʪʚʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ (ʫʜʦʙʨʝʥʠʷ, ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʧʨʦ-

ʜʫʢʪʦʚ, ʟʦʣʘ ʨʘʩʪʝʥʠʡ ʠ ʪ.ʜ.). ʆʪ ʠʟʣʫʯʝʥʠʷ ʢʘʣʠʷ-40 ʚ ʩʨʝʜʥʝʤ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʜʦʟʫ ʦʢʦʣʦ 180 

ʤʠʢʨʦʟʠʚʝʨʪʦʚ ʟʘ ʛʦʜ. ʀʟʤʝʨʠʪʴ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʬʦʥ ʟʦʣʳ ʨʘʩʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʙʳʪʦʚʳʭ ʜʦʟʠʤʝʪ-

ʨʦʚ ʩ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʤ ʢʦʨʧʫʩʦʤ ʥʝ ʫʜʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʇɼʈʀ ʬʠʢʩʠʨʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʯʠʩʣʘ  ʱʝʣʯʢʦʚ. ʂʘʨʪʠʥʘ ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʢʘʣʠʡʥʦʝ ʫʜʦʙʨʝʥʠʝ (ʩʫʣʴʬʘʪ ʢʘʣʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ 50%). ʏʠʩʣʦ ʱʝʣʯʢʦʚ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ ʨʠʩʫʥʦʢ 4, ʥʦ ʜʦʟʠʤʝʪʨ ʵʪʦʛʦ ʥʝ ʚʠʜʠʪ. ʈʘʩʩʤʦʪʨʠʤ, ʧʦʯʝʤʫ ʵʪʦ ʧʨʦʠʩʭʦ-

ʜʠʪ. 

 

 

 
ʈʠʩ. 5. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʙʝʪʘ-ʨʘʩʧʘʜʝ ʚʠʩʤʫʪʘ 210 

 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʴʬʘ-ʯʘʩʪʠʮ, ʩʧʝʢʪʨ ʙʝʪʘ-ʯʘʩʪʠʮ ʥʝʧʨʝʨʳʚʥʳʡ [1] (ʨʠʩ. 5). ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʙʝʪʘ-ʯʘʩʪʠʮ ʚʦ ʚʩʝʭ ʷʜʨʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʤʝʨʥʦ 10ʄʵɺ. ʄʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ, ʧʦʵʪʦʤʫ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʙʝʪʘ-ʯʘʩʪʠʮ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣ (0,25-0,45)ɽʤʘ.ʭ. ʋʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʝ  ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʢʘʣʠʷ, 

ʧʦʣʫʯʘʝʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʠʟʣʫʯʘʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ 0,3 ï 0.6 ʄʵɺ. ɽʩʣʠ ʧʨʠ-

ʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʙʝʪʘ-ʯʘʩʪʠʮ ʚ ʩʪʝʢʣʝ ʠ ʧʣʘʩʪʤʘʩʩʝ  ʩʨʘʚʥʠʤʘ ʩ ʜʣʠʥʦʡ 

ʧʨʦʙʝʛʘ ʚ ʘʣʶʤʠʥʠʠ, ʘ ʪʘʢʞʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʪʘʙʣʠʮʳ 1, ʪʦ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ 

ʪʦʤ, ʯʪʦ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ  ʧʨʠʙʦʨʘ ʥʝ ʧʨʦʧʫʩʪʷʪ ʙʝʪʘ-ʣʫʯʠ.  
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ʊʘʙʣʠʮʘ 1 

ɼʣʠʥʘ ʧʨʦʙʝʛʘ ɓ-ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ [2.] 

 
 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʟʦʣʳ ʨʘʩʪʝʥʠʡ ʚ ʰʢʦʣʴʥʦʡ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ  ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʟʠʤʝʪʨ çʉʦʩʥʘè (ʮʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 18 ʪʳʩʷʯ).  

ɺ ʜʦʟʠʤʝʪʨʘʭ ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʥʷʪʠʝ ʟʘʜʥʝʡ ʢʨʳʰʢʠ ʠ ʥʘʣʠʯʠʝ ʧʣʝʥʢʠ ʠʟ ʧʨʦ-

ʟʨʘʯʥʳʭ ʜʣʷ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 6). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠʙʦʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʜʘʪ-

ʯʠʢʘ ʉɹʄ-20.ɺʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʜʦʟʠʤʝʪʨʘ 

ʧʨʠ ʦʪʢʨʳʪʦʡ ʟʘʜʥʝʡ ʢʨʳʰʢʝ ʠ ʧʦʢʘʟʘʥʠʡ ʩ ʟʘʢʨʳʪʦʡ  ʟʘʜʥʝʡ ʢʨʳʰʢʦʡ. 

 

 
 

ʈʠʩ. 6.  ɼʦʟʠʤʝʪʨ çʉʦʩʥʘè ʩʦ ʩʥʷʪʦʡ ʟʘʜʥʝʡ ʢʨʳʰʢʦʡ 

 

ɼʦʟʠʤʝʪʨ çʉʦʩʥʘè ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ çʀʟʫ-

ʯʝʥʠʝ  ʧʦʛʣʦʱʝʥʠʷ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʘʣʶʤʠʥʠʝʤè. ʈʘʙʦʪʳ ʪʘʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʢʣʶʯʝʥʳ ʚ ʰʢʦʣʴ-

ʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (ʨʠʩʫʥʦʢ 7). ʇʦʤʝʱʘʷ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝ-

ʥʠʷ ʂ2SO4 ʠ ʜʦʟʠʤʝʪʨʦʤ ʧʣʘʩʪʠʥʢʠ ʠʟ ʘʣʶʤʠʥʠʷ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ, ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦ-

ʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʝʪʘ-ʣʫʯʝʡ ʦʪ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʢʠ. 

 

 
 

ʈʠʩ. 7. ʌʨʘʛʤʝʥʪʳ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʬʠʟʠʢʝ 

 

ɺ ʧʨʠʨʦʜʝ ʧʨʠ ʨʘʩʧʘʜʝ ʫʨʘʥʘ-238 ʠ ʪʦʨʠʷ-232 ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʪʦʧʘ ʨʘʜʦʥʘ: 

. ʆʥ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩ ʦʪʢʨʳʪʳʤ ʛʨʫʥʪʦʤ. ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʜʦ-

ʥʘ-222 ʩʦʩʪʘʚʣʷʝʪ 3,8 ʜʥʷ, ʦʜʥʘʢʦ ʧʨʠ ʨʘʩʧʘʜʝ ʨʘʜʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʝʛʦ ʧʦʧʦʣʥʝʥʠʝ. ʊʘʢ 

ʢʘʢ ʨʘʜʦʥ ʷʚʣʷʝʪʩʷ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʪʦ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʭʦʨʦʰʦ ʘʜʩʦʨʙʠ-

ʨʫʝʪʩʷ ʦʢʨʫʞʘʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʛʨʫʥʪ, ʩʪʝʥʢʠ ʬʫʥʜʘʤʝʥʪʘ, ʠ ʜʨ.). ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʨʘʜʦʥ ʠʩʧʳ-

ʪʳʚʘʝʪ ʘʣʴʬʘ-ʨʘʩʧʘʜ, ʪʦ ʦʙʥʘʨʫʞʠʪʴ ʝʛʦ ʜʦʟʠʤʝʪʨʘʤʠ ʪʠʧʘ çʉʦʩʥʘè ʥʝ ʫʜʘʝʪʩʷ, ʠ ʜʣʷ ʵʪʦʛʦ  ʪʨʝ-
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ʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʟʠʤʝʪʨʳ. ʇʨʠ ʵʪʦʤ ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 7, ʚ ʨʝʟʫʣʴʪʘʪʝ  ʨʘʩʧʘʜʘ ʨʘ-

ʜʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʙʝʪʘ-ʨʘʩʧʘʜʫ (ʨʠʩʫʥʦʢ 7). 

ʀʟʣʫʯʝʥʠʝ ʵʪʠʭ ʠʟʦʪʦʧʦʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʦʟʠʤʝʪʨʦʤ çʉʦʩʥʘè. 

ɺ ʰʢʦʣʴʥʦʡ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ ʧʝ-

ʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʛʘʟʘ ʨʘʜʦʥʘ [3]. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝ-

ʥʠʷ ʨʘʙʦʪʳ ʩʣʝʜʫʶʱʘʷ: 

1. ʉʙʦʨ ʯʘʩʪʠʯʝʢ ʧʳʣʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʨʘʜʦʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʩʧʘʜʘ. 

2. ʀʟʤʝʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʦʟʠʤʝʪʨʘ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʦʙʨʘʥʥʦʡ ʧʳʣʠ ʚ  ʪʝʯʝʥʠʝ 20 

ʤʠʥʫʪ   ʩ ʠʥʪʝʨʚʘʣʦʤ ʯʝʨʝʟ ʤʠʥʫʪʫ. 

 
ʈʠʩ. 7.  ʈʷʜ ʨʘʩʧʘʜʘ . 

3. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʪʘʝʪʩʷ ʤʦʱʥʦʩʪʴ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʨʘʜʦʥʘ. 

4. ʉʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠ ʧʦ ʥʝʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʤʦʱʥʦʩʪʴ ʠʟʫʯʝʥʠʷ  ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʧʠʩʘʥʠʷ ʭʦʜʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʠʩʭʦʜʠʪ ʬʠʣʴʪʨʦʚʘʥʠʝ ʧʳʣʠ ʚ ʧʦʜ-

ʚʘʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ. ʕʣʝʤʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʷʜʝ ʟʘ ʨʘʜʦʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʝʪʘʣʣʳ. ɺʩʪʨʝʯʘʷ ʥʘ ʩʚʦʸʤ ʧʫʪʠ ʚʩʝʚʦʟʤʦʞʥʳʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʦʩʝʜʘʶʪ ʥʘ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʨʘʩʧʘʜ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʷʜʝʨ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʜʨʫʛʠʭ 

ʷʜʝʨ, ʪʦ ʩʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʣʠʯʥʦʡ ʦʪ ʠʟʫʯʘʝʤʦʛʦ ʚ ʰʢʦʣʝ ʟʘʢʦʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʨʘʜʠʦ-

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʤʝʩʠ ʙʫʜʝʪ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʪʴʩʷ 

ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʩʧʘʜʘ, ʥʦ ʠ ʚʦʟʨʘʩʪʘʪʴ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ʧʨʝʜʳʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʨʷʜʘ (ʪʘʙʣʠ-

ʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 

ɺʨʝʤʷ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʠʟʦʪʦʧʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʙʝʪʘ-ʨʘʩʧʘʜʫ 

 

ʀʟʦʪʦʧ Pb 214 Bi 214 Pb210 Bi210 

ɺʨʝʤʷ ʧʦʣʫʨʘʩʧʘʜʘ 26,8 ʤʠʥ 19,7 ʤʠʥ 22,3 ʛʦʜʘ 5,01 ʩʫʪʦʢ 

 

ɺʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʡʜʝʪ ʫʤʝʥʴʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʧʳʣʠ, ʙʫʜʝʪ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʘʥʥʫʶ ʚʳʙʦʨʢʫ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʵʣʝʤʝʥʪ ʩʣʫʯʘʡʥʦʩʪʠ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʥʘ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ, ʤʘʣʦʚʝʨʦ-

ʷʪʥʦ ʚʳʷʚʠʪʴ ʙʣʠʟʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʛʨʘʬʠʢʦʚ ʨʘʩʧʘʜʘ. ɻʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʨʝʘʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʦʪ ʨʘʩʧʘʜʘ ʨʘʜʦʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʵʪʦʛʦ ʨʘʩʧʘʜʘ ʠ ʧʦʣʫʯʝʥ-

ʥʳʝ ʛʨʘʬʠʢʠ ʙʫʜʫʪ ʵʪʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ. 
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ɺ.ʅ. ʊʶʰʥʷʢʦʚ 

 

ɸʅɸʃʀɿ ʊʈɽʅɼʆɺ ʈɸɿɺʀʊʀʗ ʊɽʍʅʆʃʆɻʀʁ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʝʥʜʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʦʪ-

ʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʳʥʦʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʦʩ-

ʩʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ ʵʢʦʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʌ. ʆʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʙʘʨʴʝʨʳ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʨʳʥʦʢ ʀʀ, ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ ʀʀ, ʤʫʣʴʪʠʤʦ-

ʜʘʣʴʥʳʝ ʤʦʜʝʣʠ ʀʀ. 

 

V.N. Tyushnyakov 

 

ANALYSIS OF TRENDS IN THE DEVELOPMENT OF ARTIFICIAL INTELLIGENCE  

 TECHNOLOGIES  

 

 

Abstract. The article considers trends in the application of artificial intelligence technologies in 

economic sectors and the social sphere. The artificial intelligence market in Russia is analyzed. The fac-

tors of the development of the artificial intelligence ecosystem in the Russian Federation are considered. 

The current obstacles and barriers that hinder the spread and widespread use of artificial intelligence 

technologies are characterized. 

Key words: artificial intelligence, AI market, AI development trends, multimodal AI models. 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʙʫʜʫʱʝʛʦ, ʦʢʘʟʳʚʘʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʡ ʠʥʜʫʩʪʨʠʠ. 

ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ. ɼʣʷ ʈʦʩʩʠʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʠʤʝʝʪ ʦʩʦʙʫʶ 

ʟʥʘʯʠʤʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʧʦʩʦʙʥʦ ʨʝʰʠʪʴ ʨʷʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ ʥʘ ʤʠʨʦʚʦʡ ʘʨʝʥʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʦʩʩʠʡʩʢʘʷ ʵʢʦʩʠʩʪʝʤʘ ʀʀ ʧʦʣʫʯʠʣʘ ʤʦʱ-

ʥʳʡ ʠʤʧʫʣʴʩ, ʙʣʘʛʦʜʘʨʷ ʩʣʝʜʫʶʱʠʤ ʬʘʢʪʦʨʘʤ: ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʘʢʪʠʚʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚ-

ʥʳʭ ʠʥʚʝʩʪʦʨʦʚ, ʨʘʩʰʠʨʝʥʠʶ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʀʀ. 

ʈʝʘʣʠʟʘʮʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʥʷʪʦʡ ʧʨʘʚʠ-

ʪʝʣʴʩʪʚʦʤ ʚ ʦʢʪʷʙʨʝ 2019 ʛʦʜʘ, ʧʨʠʚʝʣʘ ʢ ʫʩʠʣʝʥʥʦʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʠ ʧʨʠʚʣʝʯʝʥʠʶ ʠʥʚʝʩʪʠ-

ʮʠʡ [14]. ʊʝʭʥʦʣʦʛʠʠ ʀʀ ʥʘʭʦʜʷʪ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʚʢʣʶʯʘʷ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʥʝʨʛʝʪʠʢʫ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ [10]. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 540 ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 68% ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʪʦ-

ʣʠʮʝ. ɹʦʣʝʝ 90 ʮʝʥʪʨʦʚ ʠʟʫʯʝʥʠʷ ʀʀ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ʀ ʚʦ ʤʥʦ-

ʛʠʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʀʀ ʢ 

ʠʭ ʚʥʝʜʨʝʥʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ [8]. 

ʂʨʫʧʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʉʙʝʨʙʘʥʢ, ɺʂ, ʗʥʜʝʢʩ, ʈʦʩʘʪʦʤ ʠ ʜʨʫʛʠʝ, ʟʘʥʠ-

ʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʀʀ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʢʪʠʚʳ [9]. 

ʉʙʝʨʙʘʥʢ ï ʢʨʫʧʥʝʡʰʠʡ ʠʥʚʝʩʪʦʨ ʚ ʦʙʣʘʩʪʠ ʀʀ, ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʀʀ. ɺʂ ʠʩʧʦʣʴʟʫʝʪ ʛʝʥʝʨʘʪʠʚʥʳʡ ʀʀ ʧʨʦʝʢʪʘ VK Predict, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʝʨʚʠʩʳ 

ʢʣʠʝʥʪʩʢʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʀʀ. Mail.Ru Group ʠʥʚʝʩʪʠʨʫʝʪ ʚ ʪʝʭʥʦʣʦ-

ʛʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʙʣʦʢʯʝʡʥ. ʗʥʜʝʢʩ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 
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ʦʩʥʦʚʝ ʀʀ (ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʥʘʚʠʛʘʪʦʨ, ʥʝʡʨʦʩʝʪʴ YandexGPT ʠ ʜʨ.). ʈʦʩʘʪʦʤ ʨʘʙʦʪʘʝʪ ʥʘʜ ʩʦʟ-

ʜʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ. 

ʎʝʥʪʨ ʢʦʤʧʝʪʝʥʮʠʡ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪè ʄʌʊʀ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʨʳʥʦʢ ʀʀ ʚ ʈʦʩ-

ʩʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʨʦʩʪ ʨʳʥʢʘ ʀʀ ʚ 2023 ʛ. ʥʘ 37%, ʦʙʲʝʤ ʨʳʥʢʘ ï 900 

ʤʣʨʜ. (ʨʠʩ. 1) [6]. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʀʀ ʩʦʩʪʘʚʠʣʦ 9,2 ʤʣʨʜ. 

 

 
ʈʠʩ. 1. ʈʘʟʤʝʨ ʀʀ ʨʳʥʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʤʣʨʜ.  [6] 

 

ɺ ʈʦʩʩʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ [2, 3, 4, 

7]. ʂʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 61,3% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʸʤʘ ʨʳʥʢʘ ʀʀ. ɺʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 33,6% [11]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʘʢʪʫʘʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʪʨʝʥʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʦ-

ʩʪʘʚʣʝʥʥʳʡ ʵʢʩʧʝʨʪʘʤʠ ɸʩʩʦʮʠʘʮʠʠ ʌʠʥʊʝʭ (ɸʌʊ) [1].  

 

 
ʈʠʩ. 2. ʊʨʝʥʜʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [1] 

 

ɼʝʤʦʢʨʘʪʠʟʘʮʠʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʀʀ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʞʜʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭ-

ʥʦʣʦʛʠʠ ʀʀ ʚ ʢʘʯʝʩʪʚʝ ʘʩʩʠʩʪʝʥʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ. ɻʝʥʝʨʘʪʠʚʥʳʡ ʀʀ ʩʪʘʥʦʚʠʪʩʷ ʪʘ-

ʢʠʤ ʞʝ ʧʨʠʚʳʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʘʢ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. ʀʀ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʥʳʤ ʩʧʦ-

ʩʦʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʀ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ. 
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ʄʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʤʦʜʝʣʠ ʀʀ ʧʨʝʦʙʨʘʟʫʶʪ ʪʝʢʩʪ (ʧʨʦʤʪ) ʚ ʠʟʦʙʨʘʞʝʥʠʝ, ʚʠʜʝʦ ʠʣʠ ʚ 

ʵʤʦʮʠʶ. ʆʞʠʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʀʀ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʚʭʦ-

ʜʝ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʢʩʪ ʥʘ ʚʳʭʦʜʝ. ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʘʣʴʥʦʩʪʝʡ Text-to-Image ʠ Text-to-

Text, ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ Text-to-Sentiment [9]. 

ʋʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʀʀ ʦʙʫʯʘʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʪʨʘʩʣʝʡ. ɹʫʜʫʪ ʚʦʩ-

ʪʨʝʙʦʚʘʥʳ ʨʝʰʝʥʠʷ, ʥʝ ʪʦʣʴʢʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʣʘʩʩʝ ʟʘʜʘʯ, ʥʦ ʠ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʝ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ: ʤʝʜʠʮʠʥʳ, ʦʙʨʘʟʦʚʘʥʠʷ, ʶʨʠʩʧʨʫʜʝʥʮʠʠ, ʬʠʥʘʥʩʦʚ, ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʠʥʜʫʩʪʨʠʠ ʨʘʟʚʣʝʯʝʥʠʡ. 

ʀʀ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʨʳʥʦʢ ʪʨʫʜʘ, ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʀʀ, ʧʨʦ-

ʬʝʩʩʠʠ. ʈʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʦʢʘʞʝʪ ʥʘ ʨʳʥʦʢ ʪʨʫʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʦʩʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠ-

ʝʤ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ, 

ʩ 2023 ʧʦ 2027 ʛ. 83 ʧʨʦʬʝʩʩʠʠ ʠʩʯʝʟʥʫʪ, ʦʜʥʘʢʦ ʚʤʝʩʪʦ ʥʠʭ ʧʦʷʚʷʪʩʷ 69 ʥʦʚʳʭ [9]. 

ʈʘʟʚʠʪʠʝ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʀʀ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʝʪʴ ʘʚʪʦʥʦʤʥʳʭ ʘʛʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʠ ʩʦʪʨʫʜʥʠʯʘʶʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʠʭ ʮʝʣʝʡ. ɸʛʝʥʪʳ ʩʧʦʩʦʙʥʳ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ, ʩʦʛʣʘʩʦʚʳʚʘʪʴ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ɸʛʝʥʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʨʦʙʦʪʳ, ʧʨʦʛʨʘʤʤʳ, ʤʦʜʝʣʠ ʀʀ ʠ 

ʜʨʫʛʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ [1]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʪʨʝʥʜʦʤ, ʪʘʢ ʢʘʢ ʀʀ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʩʬʝʨ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʉʪʨʘʥʳ ʙʫʜʫʪ 

ʩʪʨʝʤʠʪʴʩʷ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʨʳʚʥʳʝ ʀʀ-ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʠ ʧʨʝʚʦʩʭʦʜʩʪʚʦ. ʈʘʟʚʠʪʠʝ ʀʀ ʚʘʞʥʦ ʥʘ ʚʩʝʭ ʝʛʦ ʵʪʘʧʘʭ: ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ ʜʦ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʀʀ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʩʪʨʘʪʝʛʠʡ, ʧʨʦʛʨʘʤʤ ʠ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʢʫ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʀʀ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʝʥʠʝ ʙʶʜʞʝʪʘ 

ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʀʀ, ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʣʘʙʦʨʘʪʦ-

ʨʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʀʀ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ. ʇʦʤʦʱʴ ʛʦʩʫʜʘʨʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ (ʨʠʩ. 3) 

[6]. 

 

 
 

ʈʠʩ. 3. ʀʀ ʚ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʈʌ ʧʦ ʢʣʘʩʩʘʤ ʪʝʭʥʦʣʦʛʠʡ (2023, %) [6] 

 

ʈʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʀʀ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ [8]: 

1. ʈʘʩʰʠʨʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʩʪʘʣʦ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʤʝʪʦʜʦʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʰʘʪʴ ʩʣʦʞʥʝʡʰʠʝ ʟʘʜʘʯʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝ-

ʥʠʡ, ʨʝʯʠ ʠ ʪʝʢʩʪʘ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ, ʨʘʥʝʝ ʩʯʠ-

ʪʘʚʰʠʭʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ: 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʦʞʜʝʥʠʝ, ʤʝʜʠʮʠʥʩʢʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʠ 

ʵʤʦʮʠʡ. 
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2. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʥʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ. ʊʘʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʠ ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦʢʨʘʱʘʝʪʩʷ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʚ ʦʧʘʩʥʳʭ ʠ ʤʦʥʦ-

ʪʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

3. ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʛʦʣʦʩʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɻʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ ʠ ʯʘʪ-ʙʦʪʳ ʥʘ ʦʩʥʦʚʝ 

ʀʀ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʩʪʘʥʦʚʷʩʴ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ 

ʜʠʘʣʦʛʦʚ ʠ ʘʥʘʣʠʟʘ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʙʝʩʝʜʥʠʢʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ʇʦʚʳʰʘʝʪʩʷ ʢʘʯʝ-

ʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜʜʝʨʞʢʠ.  

4. ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʀʀ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʝʩʧʝ-

ʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ 

ʠ ʛʦʣʦʩʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʥʘʯʠʥʘʷ ʦʪ ʙʘʥʢʦʚʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʠʩʪʝʤʘʤʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ.  

5. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʫʣʫʯʰʘʷ ʜʠʘʛ-

ʥʦʩʪʠʢʫ ʙʦʣʝʟʥʝʡ, ʦʙʨʘʙʦʪʢʫ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʜʙʦʨ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʭʝʤ ʣʝʯʝʥʠʷ 

ʧʘʮʠʝʥʪʦʚ. 

6. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʢʣʘʜʳʚʘʶʪ ʦʛʨʦʤʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʨʘʟʨʘʙʦʪʢʫ ʩʘʤʦʫʧʨʘʚ-

ʣʷʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʀʀ. ɺʦʟʤʦʞʥʳ ʢʘʨʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʦʨʦʜʦʚ ʠ ʨʝʛʠʦʥʦʚ. ʕʚʦʣʶʮʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ-

ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ. 

7. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʯʠʥʘʶʪ ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʳ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʀʀ. ʅʦʚʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ [5, 13]. 

8. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ. 

ʈʦʩʩʠʡʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʦʟʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʀʀ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ ʠ 

ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʘʟʚʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʙʘʨʴʝʨʦʚ, ʩʜʝʨʞʠʚʘʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʀʀ (ʨʠʩ. 4) [12]. 

 

 
ʈʠʩ. 4. ɹʘʨʴʝʨʳ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [12] 

 

ʆʩʥʦʚʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʀʀ ï ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʤʦʱʥʦʩʪʠ, ʧʨʘʚʦʚʳʝ ʙʘʨʴʝʨʳ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʵʪʠʯʝʩʢʠʝ ʚʳʟʦʚʳ ʠ ʜʨʫʛʠʝ [9]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʀʀ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʫʯʝ-

ʥʠʷ ʤʦʜʝʣʝʡ. ʉʙʦʨ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʦʙʭʦʜʠʪʩʷ ʜʦʨʦʛʦ ʠ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʏʘʩʪʦ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʘʨʢʠʨʦʚʘʥʳ ʠʣʠ ʟʘʛʨʷʟʥʝʥʳ ʦʰʠʙ-

ʢʘʤʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪʳ ʀʀ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦ ʟʘʤʝʜʣʝʥʠʝ 

ʚʥʝʜʨʝʥʠʷ ʀʀ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. 
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ʉʦʟʜʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨ-

ʩʦʚ. ɼʦʩʪʫʧ ʢ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʘʤ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʯʠʧʘʤ ʦʛʨʘʥʠʯʝʥ, 

ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ. 

ʈʝʛʫʣʷʪʦʨʥʳʝ ʠ ʧʨʘʚʦʚʳʝ ʙʘʨʴʝʨʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʀʀ. ʅʦʨ-

ʤʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʜʘʥʥʳʝ, ʘʚʪʦʨʩʢʠʝ ʧʨʘʚʘ ʥʘ ʩʦʟʜʘʥʥʳʝ ʀʀ ʧʨʦʠʟ-

ʚʝʜʝʥʠʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ. 

ʅʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜʳ, ʫʩʣʦʞʥʷʝʪ ʚʥʝʜʨʝʥʠʝ 

ʀʀ-ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʧʦʜʥʠʤʘʝʪ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ ʵʪʠʢʠ ʠ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʪ ʨʠʩʢʠ 

ʥʘʨʫʰʝʥʠʷ ʧʨʘʚ ʯʝʣʦʚʝʢʘ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ ʩʦʮʠʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʘʤ. ɺʦʧʨʦʩʳ ʩʧʨʘʚʝʜʣʠʚʦ-

ʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ ʪʨʝʙʫʶʪ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʊʘʢʞʝ ʤʦʜʝʣʠ ʀʀ ʧʦʜʚʝʨʞʝʥʳ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʦʰʠʙʦʯʥʳʤ ʚʚʦʜʘʤ ʜʘʥʥʳʭ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʪʢʘʟʘʤ ʠ ʥʝʢʦʨʨʝʢʪʥʳʤ ʚʳʚʦʜʘʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʧʦʚʳʰʘʝʪ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʝʡ ʠ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ. ʀʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ 

ʦʙʦʨʦʥʘ, ʤʦʛʫʪ ʜʦʧʫʩʢʘʪʴ ʩʝʨʴʝʟʥʳʝ ʦʰʠʙʢʠ, ʩʧʦʩʦʙʥʳʝ ʥʘʥʝʩʪʠ ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ ʠ ʞʠʟʥʷʤ ʣʶ-

ʜʝʡ. 

ʈʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʠʝ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʇʦʣʠʪʠʯʝʩʢʘʷ ʚʦʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʩʪʨʘʥʳ, ʟʘʠʥʪʝʨʝʩʦ-

ʚʘʥʥʦʩʪʴ ʢʨʫʧʥʦʛʦ ʙʠʟʥʝʩʘ ʠ ʥʘʫʯʥʘʷ ʙʘʟʘ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʜʚʠʛʠ ʚ 

ʙʣʠʞʘʡʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʀʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʠ ʚʥʝʜʨʝ-

ʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʫʩʣʫʛ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʫʣʫʯʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. ʋʤʥʳʝ ʛʦʨʦʜʘ, ʪʝʣʝʤʝʜʠʮʠʥʘ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʘ-

ʥʦʚʷʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʀʀ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘʭʦ-

ʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʦʧʦʨʷʜʢʘ ʠ ʧʨʝʜʫ-

ʧʨʝʞʜʝʥʠʷ ʧʨʝʩʪʫʧʣʝʥʠʡ. ɺʥʝʜʨʝʥʠʝ ʀʀ ʛʦʪʦʚʠʪ ʨʦʩʩʠʡʩʢʫʶ ʵʢʦʥʦʤʠʢʫ ʢ ʙʫʜʫʱʠʤ ʚʳʟʦʚʘʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʯʠʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʈʘʟʚʠʪʠʝ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʀʀ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʪʝʭʥʦʣʦʛʠʡ. 
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ʱʠʭ ʤʘʪʝʨʠʘʣ rʜʣʷ ʨʘʟʚʠʪʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ.  
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Abstract. The paper describes the place and role of logical tasks in the computer science course of a 

general educational school. Textbooks and teaching materials on computer science are analyzed in the 

context of the topic under study. An overview of information resources containing content for the devel-

opment of logical thinking is presented. 

Key words: logical tasks, computer science, information resources. 
 

ʃʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. 

ʆʥʠ ʧʦʤʦʛʘʶʪ ʨʘʟʚʠʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʥʘʚʳʢʠ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʠ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʠʥʬʦʨʤʘʪʠʢʝ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʫ-

ʯʝʥʠʷ ʦʩʥʦʚʘʤ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʋʯʝʥʠʢʠ ʫʯʘʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ, ʩʪʨʦʠʪʴ ʣʦʛʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʠ ʨʘʙʦʪʘʪʴ ʩ ʙʫʣʝʚʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʠʤ 

ʧʦʥʠʤʘʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ.  

ʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘ ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ ʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ. ʆʙʫʯʘʶʱʠʝʩʷ ʫʯʘʪʩʷ ʚʠʜʝʪʴ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʘʜʘʯʠ, ʥʘʭʦʜʠʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʨʠʤʝʥʷʪʴ ʩʚʦʠ ʟʥʘ-

ʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʮʝʣʦʤ, ʠʟʫʯʝʥʠʝ ʪʝʤʳ çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʫʢʠ. 

ʃʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʪʝʤ, ʯʪʦ ʥʝ ʠʤʝʶʪ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʨʝʰʝʥʠʷ, ʥʝ ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ, ʥʝ ʪʨʝʙʫʶʪ 

ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʪʨʝʙʫʶʪ ʫʤʝʥʠʷ ʣʦʛʠʯʝʩʢʠ ʨʘʩʩʫʞʜʘʪʴ, ʧʦʛʨʫʞʘʪʴʩʷ ʚ çʯʝʨʪʦʛʠ ʨʘʟʫʤʘè. 

ʃʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʝʢʩʪʘʭ ʦʣʠʤʧʠʘʜ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʝ, ʘ ʪʘʢʞʝ ʚ ʂʀ-
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ʄʘʭ ɽɻʕ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʣʠʤʧʠʘʜ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʛʜʝ ʥʘ-

ʜʦ ʧʨʠʤʝʥʷʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʪʝʤʳ çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè ʚ ʫʯʝʙʥʠʢʘʭ (ʧʦʩʦʙʠʷʭ) ʧʦ 

ʠʥʬʦʨʤʘʪʠʢʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʯʝʙʥʠʢ 5-ʛʦ ʢʣʘʩʩʘ çʀʥʬʦʨʤʘʪʠʢʘ: 5-ʡ ʢʣʘʩʩ: ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ: ʫʯʝʙʥʠʢè ʧʦʜ 

ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʘ ʃ.ʃ. ʠ ɹʦʩʦʚʘ ɸ.ʖ. ʊʝʤʘ çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʝʱʝ ʚ 

ʫʯʝʙʥʠʢʝ 5-ʛʦ ʢʣʘʩʩʘ ʚ Ä 9 çʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʝ ʪʘʙʣʠʮè ï çʊʘʙʣʠʯʥʳʡ ʩʧʦʩʦʙ 

ʨʝʰʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè. 

ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʘʫʯʠʪʴʩʷ ʨʝʰʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮ. ʏʪʦʙʳ ʵʪʦ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ, ʦʙʫʯʘʶʱʠʤʩʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1) ʦʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦʩʪʦʷʪ ʠʟ ʦʜʠʥʘʢʦ-

ʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ; 

2) ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʠʟ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʦʙʲʝʢʪʦʤ ʠʟ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ ʪʦʣʴ-

ʢʦ ʦʜʥʠʤ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʚ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʮʠʬʨʦʡ 1, ʘ ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʷʟʠ ï 0. ʕʪʦʪ ʬʘʢʪ ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

 

  
 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʠʟ ʫʯʝʙʥʠʢʘ çʀʥʬʦʨʤʘʪʠʢʘ: 5-ʡ ʢʣʘʩʩè 

 ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 

 

ʅʘ ʪʝʤʫ çʊʘʙʣʠʯʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè ʚ 5-ʤ ʢʣʘʩʩʝ ʦʪʚʦʜʠʪʩʷ 1 ʘʢʘʜʝʤʠ-

ʯʝʩʢʠʡ ʯʘʩ (ʩʦʛʣʘʩʥʦ ʢʘʣʝʥʜʘʨʥʦ-ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ). 

ʊʘʢʞʝ ʢ ʫʯʝʙʥʠʢʫ ʧʨʠʣʘʛʘʝʪʩʷ ʜʚʝ ʯʘʩʪʠ ʨʘʙʦʯʠʭ ʪʝʪʨʘʜʝʡ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ.ʃ. ʠ 

ɹʦʩʦʚʦʡ ɸ.ʖ. ɺ ʜʘʥʥʳʭ ʠʟʜʘʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʪʘʙʣʠʯʥʳʤ ʤʝʪʦ-

ʜʦʤ. 
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ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʠʟ ʨʘʙʦʯʝʡ ʪʝʪʨʘʜʠ ʢ ʫʯʝʙʥʠʢʫ 5 ʢʣʘʩʩʘ 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʯʝʙʥʠʢ 6-ʛʦ ʢʣʘʩʩʘ çʀʥʬʦʨʤʘʪʠʢʘ: 6-ʡ ʢʣʘʩʩ: ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ: ʫʯʝʙʥʠʢè ʧʦʜ 

ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʘ ʃ.ʃ. ʠ ɹʦʩʦʚʘ ɸ.ʖ. ʊʝʤʘ çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʫʯʝʙʥʠʢʝ 

6 ʢʣʘʩʩʘ ʚ Ä 11 çʊʘʙʣʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠè ï çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ 

ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮè. ʅʘ ʜʘʥʥʫʶ ʪʝʤʫ ʚ 6-ʤ ʢʣʘʩʩʝ ʦʪʚʦʜʠʪʩʷ 1 ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʯʘʩ (ʩʦʛʣʘʩʥʦ ʢʘ-

ʣʝʥʜʘʨʥʦ-ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ). 

ɺ ʜʘʥʥʦʡ ʪʝʤʝ ʘʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʰʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʧʦʤʦʛʘʶʪ ʪʘʙʣʠʮʳ, ʪʦ ʝʩʪʴ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ. ʅʦ ʢʨʦʤʝ ʚʠʟʫʘʣʴʥʦʛʦ ʫʧʨʦʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʪʘʙʣʠʮʘ ʧʨʠʟʚʘʥʘ ʦʪʨʘʞʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʝʸ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʪʨʦʢʘʭ ʠ ʩʪʦʣʙʮʘʭ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʦʜʥʦʟʥʘʯʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

  
ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʠʟ ʫʯʝʙʥʠʢʘ çʀʥʬʦʨʤʘʪʠʢʘ: 6-ʡ ʢʣʘʩʩè. 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 
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ʂ ʫʯʝʙʥʠʢʫ 6-ʛʦ ʢʣʘʩʩʘ ʪʘʢʞʝ ʧʨʠʣʘʛʘʝʪʩʷ ʜʚʝ ʯʘʩʪʠ ʨʘʙʦʯʠʭ ʪʝʪʨʘʜʝʡ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦ-

ʚʦʡ ʃ.ʃ. ʠ ɹʦʩʦʚʦʡ ɸ.ʖ. ɺ ʜʘʥʥʳʭ ʠʟʜʘʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦ-

ʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮ.  

ɺ 8-ʤ ʢʣʘʩʩʝ ʘʚʪʦʨʳ ʧʦʛʨʫʞʘʶʪ ʥʘʩ ʚ ʪʝʤʫ çʕʣʝʤʝʥʪʳ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠè. 

ɺ Ä 1.4. ʚʩʪʨʝʯʘʝʪʩʷ ʪʝʤʘ 1.4.5 çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè, ʚ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʪʩʷ ʫʞʝ ʦ ʨʘʟ-

ʥʳʭ ʩʧʦʩʦʙʘʭ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ: 

1) ʪʘʙʣʠʯʥʳʡ (ʧʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮ ʠʩʪʠʥʥʦʩʪʠ); 

2) ʩʨʝʜʩʪʚʘʤʠ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ (ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ); 

3) ʛʨʘʬʠʯʝʩʢʠʡ (ʜʝʨʝʚʦ, ʙʣʦʢ-ʩʭʝʤʳ, ʢʨʫʛʠ ʕʡʣʝʨʘ-ɺʝʥʥʘ). 

 

 
ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʠʟ ʨʘʙʦʯʝʡ ʪʝʪʨʘʜʠ ʢ ʫʯʝʙʥʠʢʫ 6 ʢʣʘʩʩʘ 

 ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 

 

  
 

ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʠʟ ʫʯʝʙʥʠʢʘ çʀʥʬʦʨʤʘʪʠʢʘ: 8-ʡ ʢʣʘʩʩè 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 

 

ʂ ʫʯʝʙʥʠʢʫ ʪʘʢʞʝ ʧʨʠʣʘʛʘʝʪʩʷ ʨʘʙʦʯʘʷ ʪʝʪʨʘʜʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ 

çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè.  

ɼʣʷ 8-ʛʦ ʢʣʘʩʩʘ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʕʪʦʪ ʤʝ-

ʪʦʜ ʜʘʸʪ ʝʱʸ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʩʧʦʩʦʙʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʩʣʦʚʠʡ, ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʠ ʦʪʥʦʰʝʥʠʡ ʚ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. ʂʨʫʛʠ ʕʡʣʝʨʘ ï ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʝ-
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ʨʝʩʝʯʝʥʠʝ ʠʣʠ ʦʙʲʝʜʠʥʝʥʠʝ ʤʥʦʞʝʩʪʚ ʠ ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʧʨʦʱʘʝʪ ʨʘʩʩʫʞʜʝʥʠʷ ʠ, 

ʙʝʟʫʩʣʦʚʥʦ, ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

 

 

 

  
 

 

ʈʠʩ. 6. ʌʨʘʛʤʝʥʪ ʠʟ ʨʘʙʦʯʝʡ ʪʝʪʨʘʜʠ ʢ ʫʯʝʙʥʠʢʫ 8 ʢʣʘʩʩʘ 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 

 

 

 

ʈʘʩʩʤʦʪʨʠʤ ʫʯʝʙʥʠʢ 10-ʛʦ ʢʣʘʩʩʘ çʀʥʬʦʨʤʘʪʠʢʘ: 10-ʡ ʢʣʘʩʩ: ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ: ʫʯʝʙʥʠʢè 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʘ ʃ.ʃ. ʠ ɹʦʩʦʚʘ ɸ.ʖ. ɺ ʫʯʝʙʥʠʢʝ 10-ʛʦ ʢʣʘʩʩʘ ʚ ʛʣʘʚʝ 4 çʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ 

ʤʥʦʞʝʩʪʚ ʠ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠè, Ä 22 çʃʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷè ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʚʠʜʳ ʨʝʰʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʀʟʫʯʝʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʠʙʦʣʝʝ 

ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʜʝʩʷʪʠʢʣʘʩʩʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʪʘʙʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʢʘʢ ʤʝʪʦʜ ʨʘʩʩʫ-

ʞʜʝʥʠʷ ʠ ʛʠʧʦʪʝʟʳ ʪʷʞʝʣʦ ʧʨʠʤʝʥʷʪʴ ʚ ʟʘʜʘʯʘʭ ʫʩʣʦʞʥʝʥʥʦʛʦ ʫʨʦʚʥʷ. ʅʘ ʦʩʥʦʚʝ ʚʳʩʢʘʟʳʚʘʥʠʡ 

ʦʙʫʯʘʶʱʠʝʩʷ ʩʪʨʦʷʪ ʦʜʥʫ ʠʣʠ ʜʚʝ ʪʘʙʣʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʶʪ ʠʩʪʠʥʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʫʪʚʝʨʞʜʝ-

ʥʠʡ. ɺ ʷʯʝʡʢʘʭ ʪʘʙʣʠʮʳ ʩʪʘʚʷʪ ʤʠʥʫʩʳ/ʧʣʶʩʳ ʠʣʠ ʥʫʣʠ/ʝʜʠʥʠʮʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʱʝ ʠʟ-ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 
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ʈʠʩ. 7. ʌʨʘʛʤʝʥʪ ʨʘʙʦʯʝʡ ʪʝʪʨʘʜʠ ʢ ʫʯʝʙʥʠʢʫ 10 ʢʣʘʩʩʘ 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɹʦʩʦʚʦʡ ʃ. ʃ. ʠ ɹʦʩʦʚʦʡ ɸ. ʖ. 

 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʪʝʤʳ çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯè ʚ ʫʯʝʙʥʠʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ ʧʦʟʚʦʣʠʣ 

ʚʳʷʚʠʪʴ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʦʙʫʯʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʟʫʯʝʥʠʶ ʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʧʨʘʚʠʣ, 

ʫʯʝʥʠʢʠ ʫʯʘʪʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʠ, ʩʪʨʦʠʪʴ ʣʦʛʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʠ ʧʨʠʭʦʜʠʪʴ ʢ ʦʙʦʩʥʦʚʘʥʥʳʤ 

ʨʝʰʝʥʠʷʤ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʣʦʛʠʢʠ. 

ʋʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ, 

ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʨʘʟʥʳʝ ʩʪʠʣʠ ʦʙʫʯʝʥʠʷ ʠ ʫʨʦʚʥʠ. ʆʙʫʯʘʶʱʠʝʩʷ ʫʯʘʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʝʰʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʠ ʨʘʟʚʠʚʘʪʴ ʩʚʦʶ ʢʨʝʘʪʠʚʥʦʩʪʴ ʠ ʫʤʝʥʠʝ ʤʳʩʣʠʪʴ ʥʝʩʪʘʥ-

ʜʘʨʪʥʦ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʠʤ ʚ ʙʫʜʫʱʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦ-

ʙʣʝʤ ʠ ʟʘʜʘʯ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʥʪʝʥʪ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʤʦʯʴ ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʟʫʯʠʪʴ ʪʝʤʫ çʈʝʰʝʥʠʝ ʣʦʛʠ-

ʯʝʩʢʠʭ ʟʘʜʘʯè. 

1. ʎʠʬʨʦʚʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ çʋʯʠ.ʨʫè. 

çʋʯʠ.ʨʫè ï ʵʪʦ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ, ʛʜʝ ʫʯʝʥʠʢʠ ʠʟ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠʟʫ-

ʯʘʶʪ ʰʢʦʣʴʥʳʝ ʧʨʝʜʤʝʪʳ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʬʦʨʤʝ. 

ʋʞʝ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ ʧʣʘʪʬʦʨʤʘ ʩʦʜʝʨʞʠʪ ʢʫʨʩ çʄʘʪʝʤʘʪʠʢʘ ʧʣʶʩè, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʨʝʙʷʪʘ ʫʯʘʪʩʷ ʣʦʛʠʯʝʩʢʠ ʤʳʩʣʠʪʴ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ. ɺ ʨʘʟʜʝʣʝ 

ʢʫʨʩʘ çʃʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠè ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʣʦʛʠʢʘ ʚ ʠʛʨʦʚʦʤ ʬʦʨʤʘʪʝ ʠ ʟʘʜʘʯʠ ʥʘ ʘʣ-

ʛʦʨʠʪʤʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʇʣʘʪʬʦʨʤʘ çʋʯʠ.ʨʫè ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʜʘʨʠʪ ʫʯʠʪʝʣʶ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟ-

ʚʠʪʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʫʯʝʥʠʢʦʚ. 
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ʈʠʩ. 8 ʌʨʘʛʤʝʥʪ ʢʫʨʩʘ çʄʘʪʝʤʘʪʠʢʘ ʧʣʶʩè ʮʠʬʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ï 

çʋʯʠ.ʨʫè 

 

ʈʝʩʫʨʩ ʧʦʩʪʦʷʥʥʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʣʠʤʧʠʘʜʘʭ ʧʦ ʤʘʪʝʤʘ-

ʪʠʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʝ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

2. ʎʠʬʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ çʗʂʣʘʩʩè. 

çʗʂʣʘʩʩè ï ʵʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʧʨʘʢ-

ʪʠʯʝʩʢʠʝ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʙʦʣʝʝ ʜʝʩʷʪʠ ʧʨʝʜʤʝʪʘʤ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʈʝ-

ʩʫʨʩ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʥʠʡ ʚ ʨʘʤʢʘʭ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠʟʫʯʝʥʠʷ ʪʝʤ çʕʣʝ-

ʤʝʥʪʳ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠè (8-ʡ ʢʣʘʩʩ, ʨʠʩ. 9), çɸʣʛʝʙʨʘ ʣʦʛʠʢʠè (10-ʡ ʢʣʘʩʩ, ʨʠʩ. 10), çʈʝʰʝʥʠʝ ʟʘʜʘʯ 

ʩ ʧʦʤʦɦ ʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠè (10-ʡ ʢʣʘʩʩ, ʨʠʩ. 11). 

 

  
 

ʈʠʩ. 9. ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ çʕʣʝʤʝʥʪʳ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠè ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ        

ʨʝʩʫʨʩʘ çʗʂʣʘʩʩè 
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ʈʠʩ. 10.  ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ çɸʣʛʝʙʨʘ ʣʦʛʠʢʠè ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ 

çʗʂʣʘʩʩè 

 

 
 

ʈʠʩ. 11. ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ çʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠè 

 ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ çʗʂʣʘʩʩè 

ɺ ʨʘʤʢʘʭ ʨʝʩʫʨʩʘ çʗʢʣʘʩʩè ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʩʷ ʦʣʠʤʧʠʘʜʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʠʥ-

ʬʦʨʤʘʪʠʢʝ ʜʣʷ ʫʯʘʱʠʭʩʷ ʥʘʯʘʣʴʥʦʡ, ʦʩʥʦʚʥʦʡ ʠ ʩʨʝʜʥʝʡ ʰʢʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʟʘʜʘʥʠʷ ʩ ʫʧʦʨʦʤ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ.  

3. çʈʦʩʩʠʡʩʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʰʢʦʣʘè (ʈʕʐ).  

çʈʦʩʩʠʡʩʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʰʢʦʣʘè  ï ʵʪʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ. ʋʨʦ-

ʢʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʪ ʬʝʜʝʨʘʣʴʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ (ʌɻʆʉ) ʠ ʧʨʠʤʝʨʥʦʡ ʦʩʥʦʚʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

 




































































































