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ʋɼʂ 004.6 

ɸʬʝʥʜʠʢʦʚʘ ʄ.ɽ. 

ʘʩʧʠʨʘʥʪ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʉʊʈʋʂʊʋʈʓ ʂɸʂ ʄɽʊʆɼʓ ʇʈɽɼʉʊɸɺʃɽʅʀʗ 

ɿʅɸʅʀʁ ʀ ʆɹʒɽʂʊʆɺ ɺ ʂʋʈʉɽ ʀʅʌʆʈʄɸʊʀʂʀ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʪʘʪʴʷ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ. ɿʘʪʨʘʛʠʚʘʝʪʩʷ ʪʝʤʘ ʦ ʪʝʩʥʦʡ ʩʚʷʟʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʪʘʢʠʤʠ ʢʘʢ ʤʘʩʩʠʚʳ, ʩʧʠʩʢʠ, ʩʪʝʢʠ, ʦʯʝʨʝʜʠ, ʜʝʨʝʚʴʷ, ʤʥʦʞʝʩʪʚʘ ʠ 

ʛʨʘʬʳ. ɺʳʜʝʣʝʥʘ ʚʘʞʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʫʩʧʝʰʥʦʡ 

ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ; ʘʙʩʪʨʘʢʪʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ; ʠʥʬʦʨʤʘʪʠʢʘ; 

ʘʣʛʦʨʠʪʤʳ; ʚʝʢʪʦʨʥʳʝ ʠ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ; ʪʝʦʨʠʷ ʛʨʘʬʦʚ; ʜʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ; 

ʜʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ; ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ; ̫ʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ. 

ʆʥʠ ̫ ʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʦʙʲʝʢʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʫʧʦʨʷʜʦʯʝʥʥʦ ʦʧʠʩʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ, ʢʘʢʠʝ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʠʥʬʦʨʤʘʪʠʢʠ ʩʚʷʟʘʥʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʄʉ) ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʩʚʷʟʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʮʝʣʦʩʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʙʩʪʨʘʢʪʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ʚ 

ʠʥʬʦʨʤʘʪʠʢʝ (ʜʘʥʥʳʝ+ʦʧʝʨʘʪʦʨʳ) ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʟʥʘʥʠʝ ʦʙʫʯʘʶʱʠʤʠʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʫ ʩʪʫʜʝʥʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʪʝʦʨʠʷ 

ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʦʯʝʥʴ ʥʫʞʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ, ʞʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʥʳʭ: ʤʘʩʩʠʚʳ, ʩʧʠʩʢʠ, ʤʥʦʞʝʩʪʚʘ, ʦʪʦʙʨʘʞʝʥʠʷ, ʪʘʙʣʠʯʥʳʝ 

ʜʘʥʥʳʝ, ʜʝʨʝʚʴʷ, ʛʨʘʬʳ [7]. 

ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ (ɼʄ) ï ʦʙʰʠʨʥʘʷ ʥʘʫʢʘ, ʦʜʥʘʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʄʉ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ: 

1. ɸʣʛʦʨʠʪʤ; 

2. ɹʠʥʘʨʥʦʝ ʠ n-ʘʨʥʦʝ ʦʪʥʦʰʝʥʠʷ; 

3. ʂʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ; 
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4. ʃʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ; 

5. ʆʪʥʦʰʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠ ʯʘʩʪʠʯʥʦʛʦ ʧʦʨʷʜʢʘ; 

6. ʆʪʦʙʨʘʞʝʥʠʝ, ʛʦʤʦʤʦʨʬʠʟʤ ʠ ʠʟʦʤʦʨʬʠʟʤ; 

7. ʇʨʝʜʠʢʘʪ ʠ ʢʚʘʥʪʦʨ; 

8. ʇʨʦʙʣʝʤʘ ʨʘʟʨʝʰʠʤʦʩʪʠ; 

9. ʌʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʷʟʳʢ; 

10. ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʚ ʚʫʟʘʭ ̫ ʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ IT ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʧʦ ʇʆ -ʫʯʠʪʝʣʴ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʆʩʥʦʚʥʳʝ ʨʘʟʜʝʣʳ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʣʦʛʠʢʘ, ʪʝʦʨʠʷ ʤʥʦʞʝʩʪʚ, ʢʦʤʙʠʥʘʪʦʨʠʢʘ ʠ 

ʪʝʦʨʠʷ ʛʨʘʬʦʚ, ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʜʠʩʢʨʝʪʥʘ ̫ʤʘʪʝʤʘʪʠʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʦʜʛʦʪʦʚʢʝ IT ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ [6].  

ʉʪʨʫʢʪʫʨʳ ʚ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʄʉ) ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʟʚʦʣʷʪʁ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʫʣʫʯʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʘʜʸʞʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ. ɺ ̫ ʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʄʉ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʤʠ.  

ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ɺʟʘʠʤʦʩʚʷʟʴ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

 

ʉʊʈʋʂʊʋʈɸ ɼɸʅʅʓʍ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ 

ʄʘʩʩʠʚ ɺʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʅʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʛʦ ʪʠʧʘ, ʜʦʩʪʫʧ ʢ 

ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʜʝʢʩʫ. 

ʄʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʯʠʩʣʦ. 

ʉʧʠʩʦʢ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʃʠʥʝʡʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ, ʫʜʘʣʷʪʴ ʠ ʠʟʤʝʥʷʪʴ 

ʵʣʝʤʝʥʪʳ. 

ʂʦʥʝʯʥʳʡ ʠʣʠ ʙʝʩʢʦʥʝʯʥʳʡ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʥʘʙʦʨ 

ʵʣʝʤʝʥʪʦʚ. 

ɼʝʨʝʚʦ ɻʨʘʬ 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ 

ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʥʦʣʴ ʠʣʠ ʙʦʣʝʝ 

ʜʦʯʝʨʥʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʝʨʰʠʥ ʠ ʨʸʙʝʨ, ʛʜʝ ʚʝʨʰʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʲʝʢʪʳ, ʘ ʨʸʙʨʘ ï ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. 

ɻʨʘʬ ʊʝʦʨʠʷ ʛʨʘʬʦʚ 

ɸʙʩʪʨʘʢʪʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʝʨʰʠʥ ʠ ʨʸʙʝʨ. 

ʈʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʩʚʦʡʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʧʦʩʦʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʜʦʧʦʣʥʷʶʪ ʠʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʘʚʠʣʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ 

[9]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʧʦ ʧʨʠʟʥʘʢʫ ʠʟʤʝʥʯʠʚʦʩʪʠ. 
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11 

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

 

ɺ ̫ ʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨ 

ʜʘʥʥʳʭ. ʇʨʠʤʝʨʳ ʧʨʦʮʝʜʫʨ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ: 

¶ ʄʘʩʩʠʚ ̫ ʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʟʘʧʠʩʝʡ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʛʦ ʪʠʧʘ, 

ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʚʳʪʝʢʘʶʱʝʛʦ ʢ ʥʠʤ ʦʙʲʝʢʪʘ ʩ 

ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ. 

¶ ʉʧʠʩʦʢ (ʩʚʷʟʘʥʥʳʝ ʩʧʠʩʢʠ) ʷʚʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤʠ. ʋʟʣʳ ʪʘʢʠʭ ʩʧʠʩʢʦʚ ʩʦʜʝʨʞʘʪ ʷʯʝʡʢʠ ʜʣʷ ʜʘʥʥʳʭ, ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʘʜʨʝʩʦʚ(ʫʢʘʟʘʪʝʣʝʡ) ʥʘ ʩʣʝʜʫʶʱʠʡ(ʧʨʝʜʳʜʫʱʠʡ) ʫʟʝʣ ʩʧʠʩʢʘ. 

¶ ʉʪʝʢʠ ʠ ʦʯʝʨʝʜʴ - ɻʪʦ ʦʩʦʙʳʝ ʩʣʫʯʘʠ ʩʚʷʟʘʥʥʳʭ ʩʧʠʩʢʦʚ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʢʘʢ ʨʝʘhʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʦʙʣʝʤ rʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʥʘʧʨʠʤʝʨ, ʙʫʬʝʨ ʬʘʡʣʘ, 

ʢʣʘʚʠʘʪʫʨʳ, ʧʦʪʦʢʠ ʜʘʥʥʳʭ.  

¶ ɼʝʨʝʚʴʷ ï ɻ ʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳe ʩʪʨʫʢʪʫʨʳ, ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʛʨʘʬʘ. ʀʩʧʦʣʴʟʫʶʪʩ ̫

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ɼʝʨʝʚʦ ʩʦʩʪʦʠʪ ʠʟ ʫʟʣʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʙʨʘʤʠ, ʩ 

ʨʦʜʠʪʝʣʴʩʢʠʤʠ ʠ ʜʦʯʝʨʥʠʤʠ ʫʟʣʘʤʠ ʚ ʢʘʞʜʦʤ ʫʟʣʝ. ʅʘʧʨʠʤʝʨ, ʚ ʤʦʜʝʣʷʭ ʠʝʨʘʨʭʠʡ, ʙʘʟʘʭ 

ʜʘʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʘʭ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʶʪ ʜʝʨʝʚʴʷ.  

¶ ʄʥʦʞʝʩʪʚʘ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ, ʘ ʦʪʥʦʰʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

¶ ɻʨʘʬ.r ʊʝʦʨʠʷ ʛʨʘʬʦʚ ï ɻʪʦ ʨʘʟʜʝʣ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʘ ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʥʬʦʨʤʘʪʠʢʝ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʚʝʨʰʠʥ ʠ ʨʸʙʝʨ, ʛʨʘʬʳ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ 

ʠʣʠ ʩʦʙʳʪʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʦʚ ʨʝʰʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʠʩʢ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʝʪʝʡ. 
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͒ͦͫͭͯͨ͊

˻͎͙͍ͪ͊ͤͦ͊ͤͤ͘·͔ 
͔͙ͪ͊͒͊ͣ͘͡
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ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʠ ʜʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʠʥʬʦʨʤʘʪʠʢʝ. 

ɻʨʘʬʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʠʥʬʦʨʤʘʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʘ, ʘʥʘʣʠʟʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʩʦʟʜʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʢʨʘʪʯʘʡʰʠʭ 

ʧʫʪʝʡ ʚ ʛʨʘʬʘʭ ʠ ʪ.ʜ. ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢʠ ʠʥʬʦʨʤʘʪʠʢʠ, ʥʘʧʨʠʤʝʨ: 

ü ɺ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ ʪʝʦʨʠʷ ʛʨʘʬʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʥʜʝʨʠʥʛʘ. 

ü ɺ ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ ʛʨʘʬʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʛʝʥʥʦ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ü ɺ ʘʥʘʣʠʟʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʪʝʦʨʠʷ ʛʨʘʬʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʷʟʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʪʠ ʠ ʚʳʷʚʣʷʪʴ ʚʣʠʷʪʝʣʴʥʳʭ ʣʠʜʝʨʦʚ ʠ ʛʨʫʧʧʳ. 

ʊʘʢʞʝ ʜʣ ̫ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʮʳ ʠ 

ʩʧʠʩʢʠ ʩʤʝʞʥʦʩʪʠ [10]. ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠ,̫ ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʊʝʦʨʠʠ ʛʨʘʬʦʚ 

 

ɺ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ: 

¶ ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ ʦʜʥʦʡ ʚʝʨʰʠʥʳ 

ʢʦ ʚʩʝʤ ʜʨʫʛʠʤ ʚʝʨʰʠʥʘʤ ʛʨʘʬʘ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣ ̫ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ. ʇʨʠʣʦʞʝʥʠʝ "ʗʥʜʝʢʩ ʂʘʨʪʳ" ʠʩʧʦʣʴʟʫʝʪ 

Áʊʝʦʨʠʷ ʛʨʘʬʦʚ

Áʇʫʪʴ
Áʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʨʰʠʥ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ 
ʚʝʨʰʠʥʘ ʩʦʝʜʠʥʝʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʝʨʰʠʥʦʡ 

ʨʝʙʨʦʤ

Áʎʠʢʣ
Áʧʫʪʴ, ʚ ʢʦʪʦʨʦʤ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ 

ʚʝʨʰʠʥʳ ʩʦʚʧʘʜʘʶʪ

Áʉʚʷʟʥʳʡ ʛʨʘʬ
Áʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʤʝʞʜʫ 

ʣʶʙʳʤʠ ʜʚʫʤʷ ʚʝʨʰʠʥʘʤʠ

Áɼʝʨʝʚʦ Áʩʚʷʟʥʳʡ ʛʨʘʬ ʙʝʟ ʮʠʢʣʦʚ

Áʕʡʣʝʨʦʚ ʮʠʢʣÁʮʠʢʣ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ ʨʸʙʨʘ ʛʨʘʬʘ

Áɻʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ
Áʮʠʢʣ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ ʚʝʨʰʠʥʳ 

ʛʨʘʬʘ
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ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ ʢʘʨʪʝ ʩ ʫʯʝʪʦʤ 

ʧʨʦʙʦʢ, ʜʦʨʦʞʥʳʭ ʨʘʙʦʪ ʠ ʜʨʫʛʠʭ ʧʨʝʧʷʪʩʪʚʠʡ. 

¶ ɸʣʛʦʨʠʪʤ ʌʣʦʡʜʘ-ʋʦʨʰʝʣʣʘ: ʥʘʭʦʜʠʪ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʤʝʞʜʫ ʚʩʝʤʠ ʧʘʨʘʤʠ ʚʝʨʰʠʥ 

ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʛʨʘʬʝ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʨʘʙʦʪʝ ʩ ʛʨʘʬʘʤʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʨʝʙʨʘʤʠ. ʅʘʧʨʠʤʝʨ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʘʚʪʦʙʫʩʦʚ, ʪʨʘʤʚʘʝʚ ʠ ʧʦʝʟʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʚ ʧʫʪʠ ʠ ʩʜʝʣʘʪʴ ʪʨʘʥʩʧʦʨʪ ʙʦʣʝʝ ɻʬʬʝʢʪʠʚʥʳʤ. 

¶  ɸʣʛʦʨʠʪʤ ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ: ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʦʪ ʦʜʥʦʡ 

ʚʝʨʰʠʥʳ ʢʦ ʚʩʝʤ ʜʨʫʛʠʤ ʚʝʨʰʠʥʘʤ ʛʨʘʬʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʘʣʛʦʨʠʪʤ 

ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ ï ɻʪʦ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪ ʢʨʘʪʯʘʡʰʠʝ ʧʫʪʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʕʪʦ 

ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʪʘʢʩʠ ʠʣʠ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ [11]. 

ɼʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ̫ ʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʙʝʩʮʠʢʣʦʚʳʭ ʛʨʘʬʦʚ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ɻʬʬʝʢʪʠʚʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʥʠʤ [1]. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʥʬʦʨʤʘʪʠʢʝ: 

ü ʌʘʡʣʦʚʳʝ ʩʠʩʪʝʤʳ: ʜʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʡʣʦʚ 

ʠ ʢʘʪʘʣʦʛʦʚ ʥʘ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ. 

ü ɹʘʟʳ ʜʘʥʥʳʭ: ʜʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. 

ü ɺʝʙ-ʩʘʡʪʳ: ʜʨʝʚʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʙ-ʩʘʡʪʘ. 

ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ 

ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʨʦʜʠʪʝʣʷ. ʆʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ (ʨʠʩ. 3, 4). 

 

 
 

ʈʠʩ. 3. ʆʧʝʨʘʮʠʠ ʥʘʜ ʜʨʝʚʦʚʠʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

 

 
 

ʈʠʩ. 4. ɸʣʛʦʨʠʪʤʳ ʥʘ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

üɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ;

üʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ;

üʀʟʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʘ;

üʇʦʠʩʢ ʵʣʝʤʝʥʪʘ;

üʆʙʭʦʜ ʜʝʨʝʚʘ.

µɸʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʦʙʭʦʜʠʪ ʚʩʝ ʵʣʝʤʝʥʪʳ 
ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʯʠʥʘʷ ʩ ʢʦʨʥʷ ʠ 
ʧʝʨʝʭʦʜʷ ʢ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, 
ʧʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʫʨʦʚʥʶ.

Áʇʦʠʩʢ ʚ ʰʠʨʠʥʫ.

µɸʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʦʙʭʦʜʠʪ ʚʩʝ ʵʣʝʤʝʥʪʳ 
ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʯʠʥʘʷ ʩ ʣʶʙʦʛʦ 
ʵʣʝʤʝʥʪʘ ʠ ʧʝʨʝʭʦʜʷ ʢ ʝʛʦ ʧʦʪʦʤʢʘʤ, ʧʨʝʞʜʝ ʯʝʤ 
ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʝʜʢʘʤ.

Áʇʦʠʩʢ ʚ ʛʣʫʙʠʥʫ.
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ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʚ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʦʛʠʢʘ (ʄʃ), ʪʝʦʨʠʷ ʧʨʝʜʠʢʘʪʦʚ ʠ ʪʝʦʨʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚ ʘʣʛʦʨʠʪʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʭʦʪʷ ʚ 

ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʝʩʪʴ ʙʘʟʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʥʷʪʥʳʝ ʠ ʧʨʦʩʪʳʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʷʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʦʛʠʢʘ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʘʞʝ ʚ ʪʘʢʠʭ, ʢʘʢ ʙʠʦʣʦʛʠʷ, ʤʝʜʠʮʠʥʘ, ʣʠʥʛʚʠʩʪʠʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ, 

ʧʩʠʭʦʣʦʛʠʷ, ʵʢʦʥʦʤʠʢʘ ʠ ʪʝʭʥʠʢʘ. ʇʦʩʣʝ ʧʝʨʝʚʦʜʘ ʥʘ ʷʟʳʢ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʟʘʜʘʯʘ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʙʦʟʨʠʤʦʡ ʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʧʨʘʚʠʣʴʥʳʭ ʚʳʚʦʜʦʚ [8]. 

ʄʃ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ ʬʠʟʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʤʧʴʶʪʝʨʘ: ʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʥʳʭ ʩʭʝʤ ʠ ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʢ ʩʘʤʦʤʫ ʧʨʦʮʝʩʩʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʘʝʤʳʤ ʧʨʦʛʨʘʤʤʘʤ. ʄʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʩʪʘʣʠ ʩʘʤʳʤ ʤʦʱʥʳʤ ʧʦʟʥʘʚʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ 

ʠʥʬʦʨʤʘʪʠʢʠ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʟʥʘʥʠʷ ʦʩʥʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʣʦʛʠʢʠ. 

ʃʦʛʠʢʘ ï ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʝʣʘʪʴ ʚʳʚʦʜʳ 

ʥʘ ʦʩʥʦʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʠ ʧʨʘʚʠʣ. ɽʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʨʛʫʤʝʥʪʦʚ, ʫʪʚʝʨʞʜʝʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʚʦʜʦʚ. ʃʦʛʠʢʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʠʥʬʦʨʤʘʪʠʢʝ: ʬʦʨʤʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ ʨʘʙʦʪʘʶʪ ʧʨʘʚʠʣʴʥʦ 

ʜʣ ̫ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; ʫʤʝʥʠʝ ʩʪʨʦʠʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʢʦʜʘ, ʯʪʦ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

ʈʦʣʴ ʣʦʛʠʢʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʠ ʘʣʛʦʨʠʪʤʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʩ ʯʝʪʢʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʦʚʝʜʝʥʠʷ ʠ 

ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʧʦʚʝʜʝʥʠʝʤ. ʃʦʛʠʢʘ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʘʣʛʦʨʠʪʤʳ, ɻ ʬʬʝʢʪʠʚʥʦ 

ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʠ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘ ʩʯʝʪ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɺ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʄʉ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʦʙʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ (https://clck.ru/3HPDKj). 

ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʨʝʣʷʮʠʦʥʥʘʷ ʘʣʛʝʙʨʘ ï ʜʚʝ ʚʘʞʥʳʝ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ, 

ʠʤʝʶʱʠʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ʈʝʣʷʮʠʦʥʥʘʷ ʘʣʛʝʙʨʘ ï ɻ ʪʦ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣ ̫ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʤʠ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʆʧʝʨʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʠ ʣʦʛʠʢʝ 

ʧʨʝʜʠʢʘʪʦʚ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚ ʷʚʣʷʶʪʩʷ ʢʦʨʪʝʞʠ. ʈʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ï ɻʪʦ 

ʥʘʙʦʨ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ. ɺ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʝ 

ʥʘʜ ʪʘʙʣʠʮʘʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʙʦʨʢʘ, ʧʨʦʝʢʮʠʷ ʠ 

ʦʙʲʝʜʠʥʝʥʠʝ. ʕʪʠ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 
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ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʠʭ ʟʘʜʘʯ [12]. ɺʳʙʦʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤ SQL 

ʷʟʳʢʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʷʟʳʢʦʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʧʝʨʘʮʠʠ ʥʘʜ ʧʨʝʜʠʢʘʪʘʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  

ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʣʫʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʣʷʮʠʦʥʥʦʡ 

ʘʣʛʝʙʨʳ. ʊʝʦʨʠʷ ʤʥʦʞʝʩʪʚ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʨʝʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ, ʪʘʢʠʭ 

ʢʘʢ ʪʘʙʣʠʮʳ, ʩʪʨʦʢʠ, ʩʪʦʣʙʮʳ ʠ ʦʪʥʦʰʝʥʠʷ. ʃʦʛʠʢʘ ʧʨʝʜʠʢʘʪʦʚ ʬʦʨʤʫʣʠʨʫʝʪ ʫʩʣʦʚʠʷ ʚʳʙʦʨʘ 

ʜʘʥʥʳʭ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʝ. 

ʆʧʝʨʘʮʠʠ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʩʢʨʝʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʳ ʠ ʜʝʨʝʚʴʷ. ʆʥʘ h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʆʧʝʨʘʮʠʠ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʳ 

 

ʄʝʪʦʜʳ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  

ʅʘ ʦʩʥʦʚʝ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʧʨʠʚʦʜʠʤ ʩʦʩʪʘʚʣʝʥʥʫʶ ʥʘʤʠ ʪʘʙʣʠʮʫ 2, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʢʫʨʩʘ 

ʠʥʬʦʨʤʘʪʠʢʠ. 

ʊʘʙʣʠʮʘ 2 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʨʘʟʜʝʣʦʚ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʚ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ 

 

ʈʘʟʜʝʣ ʜʠʩʢʨʝʪʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ 
ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʚ ʢʫʨʩʝ ʠʥʬʦʨʤʘʪʠʢʠ 

ʊʝʦʨʠʷ ʤʥʦʞʝʩʪʚ ʄʥʦʞʝʩʪʚʘ ʠ ʦʧʝʨʘʮʠʠ ʥʘʜ ʥʠʤʠ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʥʷʪʠʡ ʚ ʠʥʬʦʨʤʘʪʠʢʝ, ʪʘʢʠʭ ʢʘʢ ʬʘʡʣʳ, ʧʘʧʢʠ, 

ʪʘʙʣʠʮʳ ʠ ʪ. ʜ. 

ʃʦʛʠʢʘ ʃʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʫʩʣʦʚʠʡ ʠ ʧʨʘʚʠʣ ʚ 

ʘʣʛʦʨʠʪʤʘʭ, ʧʨʦʛʨʘʤʤʘʭ ʠ ʙʘʟʘʭ ʜʘʥʥʳʭ. 

ʂʦʤʙʠʥʘʪʦʨʠʢʘ ʇʝʨʝʩʪʘʥʦʚʢʠ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʩʦʯʝʪʘʥʠʷ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ. 

ʊʝʦʨʠʷ ʛʨʘʬʦʚ ɻʨʘʬʳ ʠ ʜʝʨʝʚʴʷ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʝʪʠ, ʩʦʮʠʘʣʴʥʳʝ ʩʚʷʟʠ ʠ ʪ. ʜ. 

¶ɸʥʘʣʠʟ ʜʘʥʥʳʭ

ɸʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 
ʪʝʥʜʝʥʮʠʠ ʠ ʜʨʫʛʠʝ ʠʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ.

¶ʇʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ

ʇʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠʚ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʝʨʘʮʠʶ 
ʚʳʙʦʨʘ ʜʣʷ ʧʦʠʩʢʘ ʚʩʝʭ ʢʣʠʝʥʪʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʛʦʨʦʜʝ.

¶ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʜʘʥʥʳʭ

ʉʦʟʜʘʥʠʝ ʦʪʯʸʪʦʚʦ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʝʨʘʮʠʶ ʧʨʦʝʢʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʪʯʸʪʘ ʦ ʢʣʠʝʥʪʘʭ, ʩʦʜʝʨʞʘʱʠʭ 
ʪʦʣʴʢʦ ʠʭ ʠʤʝʥʘ ʠ ʘʜʨʝʩʘ.

¶ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ

ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ,ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʝʨʘʮʠʶ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮ.
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ʊʝʦʨʠʷ ʘʚʪʦʤʘʪʦʚ ʂʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʤʦʚ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ. 

ɹʫʣʝʚʘ ʘʣʛʝʙʨʘ ɹʫʣʝʚʳ ʬʫʥʢʮʠʠ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʊʝʦʨʠʷ ʘʣʛʦʨʠʪʤʦʚ ɸʣʛʦʨʠʪʤʳ ʩʦʨʪʠʨʦʚʢʠ ʠ ʧʦʠʩʢʘ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ. 

ʊʝʦʨʠʷ ʯʠʩʝʣ ʇʨʦʩʪʳʝ ʯʠʩʣʘ ʠ ʬʘʢʪʦʨʠʟʘʮʠʷ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʌʦʨʤʘʣʴʥʳʝ ʷʟʳʢʠ 

ʠ ʛʨʘʤʤʘʪʠʢʠ 

ʉʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʛʝʥʝʨʘʮʠʷ ʢʦʜʘ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʧʦʥʠʤʘʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ 

ɸʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʮʝʥʢʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. ʆʥʠ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʩʦʟʜʘʥʠʝʤ ʠ ʧʦʜʜʝʨʞʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʤʠ ʟʘʜʘʯʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ 

ʛʣʫʙʦʢʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʥʘʚʳʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ [12].  

ʀʟʫʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʧʦʤʦʛʘʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʩʣʝʜʫʶʱʠʭ 

ʘʩʧʝʢʪʘʭ: 

¶ ʇʦʥʠʤʘʥʠʝ ʦʩʥʦʚ ʠʥʬʦʨʤʘʪʠʢʠ. ɿʥʘʥʠʷ ʠʟ ʦʙʣʘʩʪʠ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʷʚʣʷʪʁʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʠʥʬʦʨʤʘʪʠʢʠ, ʢʘʢ ʪʝʦʨʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʪʝʦʨʠʷ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʜʨʫʛʠʝ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʧʦʤʦʛʘʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʥʬʦʨʤʘʪʠʢʠ. 

¶ ɸʥʘʣʠʟ ʜʘʥʥʳʭ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʢʦʥʝʯʥʳʭ ʤʥʦʞʝʩʪʚ, ʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʪʝʥʜʝʥʮʠʠ. 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʝʪʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʚ ʕɺʄ ʠ ʪʝʦʨʠʷ ʘʙʩʪʨʘʢʪʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʥʘʥʠʠ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ̫ ʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ.  
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ʋɼʂ 378.14 

ʇʝʪʨʦʚ ɼ.ɸ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇʈʆɹʃɽʄʓ ʀɿʋʏɽʅʀʗ ʉʊʋɼɽʅʊɸʄʀ ʗɿʓʂɸ JavaScript 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʧʦʜʛʦʪʦʚʢʠ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ, ʜʦʧʫʩʢʘʝʤʳʝ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʧʨʠ ʦʩʚʦʝʥʠʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript. ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʩʪʫʜʝʥʪʘʤʠ ʨʝʢʫʨʩʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʛʦʪʦʚʢʘ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ; ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ; 

ʧʨʦʙʣʝʤʥʦʝ ʦʙʫʯʝʥʠʝ; ʧʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ; ̫ʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; JavaScript 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʀʊ-ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʪʨʫʜʘ ʦʞʠʜʘʝʪ ʦʪ ʩʠʩʪʝʤʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʢ ʨʝʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʪʝʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʫʟʘ ʩ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ï ʦʪ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ [1]. ʅʘʠʣʫʯʰʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ ʣʶʙʦʛʦ ʨʘʙʦʪʦʜʘʪʝʣʷ ï ʧʦʣʫʯʠʪʴ ʪʘʢʦʛʦ 

ʚʳʧʫʩʢʥʠʢʘ, ʢʦʪʦʨʳʡ ʩʨʘʟʫ ʙʳ ʤʦʛ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʜʦʣʞʥʦʩʪʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ ʚ ʧʦʣʥʦʤ 

ʦʙʲʝʤʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʠʜʝʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ 

ʟʘʚʝʜʝʥʠʠ, ʢʦʪʦʨʳʡ ʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ï ʢʘʞʜʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʧʨʠʭʦʜʠʪʩʷ 

ʜʦʫʯʠʚʘʪʴ ʤʦʣʦʜʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʠ ʚʢʣʘʜʳʚʘʪʴʩʷ ʚ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦʝ ʟʘʤʝʯʘʥʠʝ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ï ʨʘʟʨʳʚ ʤʝʞʜʫ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʚʳʧʫʩʢʥʠʢʦʚ ʠ 

ʪʝʤʠ ʟʥʘʥʠʷʤʠ ʠ ʥʘʚʳʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʞʠʜʘʶʪ ʦʪ ʩʚʦʠʭ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [2]. ʕʪʦ 

ʦʙʲʝʢʪʠʚʥʘʷ ʩʠʪʫʘʮʠʷ ï ʧʦʩʢʦʣʴʢʫ ʧʦʜʛʦʪʦʚʢʘ ʙʫʜʫʱʝʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚ ʚʫʟʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʝ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʨʝʰʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʘʨʪʥʝʨʦʚ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ). ʇʦʵʪʦʤʫ 

ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʙʫʜʫʱʠʭ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʩʠʣʘʭ ʚʫʟʘ ʦʙʝʩʧʝʯʠʪʴ ʙʘʟʦʚʫʶ 

ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʚʳʧʫʩʢʥʠʢʦʚ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. 

ʊʠʧʠʯʥʳʝ ʦʰʠʙʢʠ ʠʟʫʯʝʥʠʷ JavaScript. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʳʪ ʪʘʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

(ʅɺɻʋ) ʥʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʷʟʳʢʘ JavaScript (JS). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʙʥʳʤʠ ʧʣʘʥʘʤʠ 

ʦʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʀʊ-ʥʘʧʨʘʚʣʝʥʠʡ JS ʚ ʅɺɻʋ ʥʘʯʠʥʘʝʪʩʷ ʩ 3 ʢʫʨʩʘ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʫ 

ʦʙʫʯʘʶʱʠʭʩʷ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʚʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʨʷʜʝ ʷʟʳʢʦʚ (c#, ʩ++, java, 
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python ʠ ʜʨ.) ʠ ʚ ʮʝʣʦʤ ʠʟʫʯʝʥʠʝ JavaScript ʫ ʥʠʭ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ. ʆʜʥʘʢʦ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʤʥʦʛʠʝ ʩʪʫʜʝʥʪʳ ʜʦʧʫʩʢʘʶʪ ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ 

ʪʝʤ. ʏʘʩʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʩʨʝʜʠ ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʇʨʠʤʝʨʳ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ JavaScript 

 

ʀʟʫʯʘʝʤʘʷ ʪʝʤʘ ʆʰʠʙʢʠ 

ʆʙʲʷʚʣʝʥʠʝ 

ʧʝʨʝʤʝʥʥʳʭ. 
- ʆʙʨʘʱʝʥʠʝ ʢ ʧʝʨʝʤʝʥʥʦʡ ʜʦ ʝʝ ʦʙʲʷʚʣʝʥʠʷ (ReferenceError ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ let ʠʣʠ ʚʦʟʚʨʘʪ undefined ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ var). 

- ʆʙʲʷʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʯʝʨʝʟ ʧʨʠʩʚʘʠʚʘʥʠʝ - ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʣʶʯʝʚʳʭ ʩʣʦʚ var, let. ɺ ʨʝʞʠʤʝ use strict ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʝ. 

- ʆʙʨʘʱʝʥʠʝ ʢ ʧʝʨʝʤʝʥʥʦʡ ʦʙʲʷʚʣʝʥʥʦʡ ʯʝʨʝʟ let, ʟʘ ʧʨʝʜʝʣʘʤʠ ʙʣʦʢʘ 

ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʦʙʲʷʚʣʝʥʘ. 

é 

ɹʘʟʦʚʳʝ ʦʧʝʨʘʪʦʨʳ - ʃʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ = ʚ 

ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

- ʆʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʳʨʘʞʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʦʧʝʨʘʪʦʨʦʚ ʠʥʢʨʝʤʝʥʪʘ ++ ʠ ʜʝʢʨʝʤʝʥʪʘ --, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʬʠʢʩʥʦʡ ʠ 

ʧʦʩʪʬʠʢʩʥʦʡ ʬʦʨʤʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

- ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʝʨʘʪʦʨʘ ʩʣʦʞʝʥʠʷ + ʧʝʨʝʤʝʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʪʨʦʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʢ ʯʠʩʣʦʚʦʤʫ ʪʠʧʫ ʜʘʥʥʳʭ. 

é 

ʆʧʝʨʘʪʦʨʳ 

ʩʨʘʚʥʝʥʠʷ 
- ʆʰʠʙʢʠ ʚ ʧʨʦʛʨʘʤʤʘʭ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʦʥʠʤʘʥʠʝʤ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 
ʦʧʝʨʘʪʦʨʘʤʠ ʩʨʘʚʥʝʥʠʷ == ʠ ʩʪʨʦʛʦʛʦ ʩʨʘʚʥʝʥʠʷ ===, ʥʝʨʘʚʝʥʩʪʚʘ != ʠ 

ʩʪʨʦʛʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ !==. 

- ʆʰʠʙʢʠ ʩʨʘʚʥʝʥʠʷ ʩʪʨʦʢ ʧʨʠ ʧʦʩʠʤʚʦʣʴʥʦʤ ʩʨʘʚʥʝʥʠʠ. 

- ʆʰʠʙʢʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ null ʠ undefined  

é 

ʄʘʩʩʠʚʳ - ʆʰʠʙʢʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ (ʩʪʫʜʝʥʪʳ 
ʟʘʙʳʚʘʶʪ ʩʦʟʜʘʚʘʪʴ ʧʫʩʪʳʝ ʧʦʜʤʘʩʩʠʚʳ). 

- ʆʰʠʙʢʠ ʩʨʘʚʥʝʥʠʷ ʤʘʩʩʠʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʪʦʨʘ ==. 

- ʅʝʢʦʨʨʝʢʪʥʘʷ ʩʦʨʪʠʨʦʚʢʘ ʤʘʩʩʠʚʦʚ ʯʠʩʝʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

sort() (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ-ʢʦʤʧʘʨʘʪʦʨʘ ʵʣʝʤʝʥʪʳ ʩʦʨʪʠʨʫʶʪʩʷ 

ʢʘʢ ʩʪʨʦʢʠ). 

- ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʣʝʢʮʠʡ. 

é 

ʌʫʥʢʮʠʠ - ʇʝʨʝʚʦʜ ʩʪʨʦʢʠ ʤʝʞʜʫ return ʠ ʝʛʦ ʟʥʘʯʝʥʠʝʤ (ʧʦʣʫʯʘʝʤ ʧʫʩʪʦʡ 

return). 

- ɺʳʟʦʚ ʬʫʥʢʮʠʠ (Function Expression) ʜʦ ʝʝ ʦʙʲʷʚʣʝʥʠʷ ʚ ʢʦʜʝ. 

- ʆʰʠʙʢʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʢʫʨʩʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʟʘʧʠʩʠ ʬʫʥʢʮʠʠ 
ʚ ʜʨʫʛʫʶ ʧʝʨʝʤʝʥʥʫʶ.  

é 

ʆʙʲʝʢʪʳ - ʆʰʠʙʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʧʠʡ ʦʙʲʝʢʪʦʚ (ʩʪʫʜʝʥʪʳ ʥʝ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ 
ʦʙʲʝʢʪʳ ʢʦʧʠʨʫʶʪʩʷ ʧʦ ʩʩʳʣʢʝ) 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʩʩʠʚʦʚ ʜʣʷ ʠʪʝʨʘʮʠʠ ʦʙʲʝʢʪʘ. 

é 

é é 

 

ʄʝʪʦʜ rʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ JavaScript, 

ʧʦʟʚʦʣʷʶʱʠʤ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʢʘʝʤʳʭ ʠʤʠ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ (ɸʆ). ʂ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: ʧʦʚʳʰʝʥʠʝ 
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ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, 

ʜʦʣʛʦʩʨʦʯʥʦʝ ʫʩʚʦʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʥʠʡ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ɸʆ ʦʪʥʦʩʠʪʩʷ ʤʝʪʦʜ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʩʠʩʪʝʤʥʦʡ ʢʦʥʮʝʧʮʠʠ ʄʘʭʤʫʪʦʚʳʤ ʀ.ʉ. 

[3]. ʉʦʛʣʘʩʥʦ ʝʡ ʚ ʦʩʥʦʚʝ ʘʢʪʠʚʥʦʡ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʣʝʞʠʪ ʧʨʦʙʣʝʤʥʘʷ 

ʩʠʪʫʘʮʠʷ, ʘ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʯʝʙʥʘʷ ʧʨʦʙʣʝʤʘ ʢʘʢ 

ʧʨʦʷʚʣʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ 

[5]. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʵʪʘʧʦʚ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʕʪʘʧʳ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʦʙʫʯʝʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʫʜʝʥʪʘʤʠ 

ʨʝʢʫʨʩʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ JavaScript.  

ʇʝʨʝʜ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ ʧʦ ʩʦʟʜʘʥʠʶ ʨʝʢʫʨʩʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʪʫʜʝʥʪʘʤ ʥʘ ʦʙʟʦʨʥʦʡ 

ʣʝʢʮʠʠ ʜʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʦ çʢʣʘʩʩʠʯʝʩʢʦʤè ʩʧʦʩʦʙʝ ʦʙʲʷʚʣʝʥʠʷ ʬʫʥʢʮʠʠ 

(Function Declaration). ʇʦʩʣʝ ʯʝʛʦ ʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ f ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʬʘʢʪʦʨʠʘʣʘ ʯʠʩʣʘ ʠ ʧʨʦʚʝʨʠʪʴ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʉ ʵʪʦʡ ʟʘʜʘʯʝʡ ʩʧʨʘʚʣʷʶʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʩʝ ʩʪʫʜʝʥʪʳ. ɼʘʣʝʝ ʦʙʫʯʘʶʱʠʤʩʷ ʜʘʝʪʩʷ ʟʘʜʘʥʠʝ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ f ʚ ʥʦʚʫʶ 

ʬʫʥʢʮʠʶ g (var g = f;) ʠ ʚʳʯʠʩʣʠʪʴ ʬʘʢʪʦʨʠʘʣ ʩ ʝʝ ʧʦʤʦʱʴʶ. ɿʜʝʩʴ ʪʘʢʞʝ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʟʘʪʨʫʜʥʝʥʠʡ (ʨʠʩ. 2). 

 
 

ʈʠʩ. 2. ɺʳʯʠʩʣʝʥʠʝ ʬʘʢʪʦʨʠʘʣʘ ʬʫʥʢʮʠʝʡ g 
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ɺ ʟʘʚʝʨʰʝʥʠʠ ʟʘʜʘʥʠʷ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʚ ʢʦʜʝ ï 

ʧʨʠʩʚʦʠʪʴ ʬʫʥʢʮʠʠ f ʟʥʘʯʝʥʠʝ null ʠ ʧʦʧʨʦʙʦʚʘʪʴ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ g (ʨʠʩ. 3). 

 
 

ʈʠʩ. 3. ʇʨʠʩʚʦʝʥʠʝ ʬʫʥʢʮʠʠ f ʟʥʘʯʝʥʠʷ null 

 

ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʦʙʫʯʘʶʱʠʝʩʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ï ʧʨʠ ʚʳʟʦʚʝ ʬʫʥʢʮʠʠ g 

ʚʦʟʥʠʢʘʝʪ ʦʰʠʙʢʘ çUncaught TypeError: f is not a functionè. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ 

ʠʟ ʩʚʦʝʛʦ ʢʦʜʘ ʦʙʨʘʱʘʝʪʩʷ ʢ ʩʚʦʝʤʫ ʩʪʘʨʦʤʫ ʠʤʝʥʠ f, ʘ ʦʥʘ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʠ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ null. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʜ ʩʪʫʜʝʥʪʘʤʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʬʫʥʢʮʠʠ, ʧʦʙʫʞʜʘʶʱʘʷ ʠʭ ʢ ʚʳʷʩʥʝʥʠʶ ʧʨʠʯʠʥʳ ʦʰʠʙʢʠ ʠ ʧʦʠʩʢʫ ʧʫʪʠ ʝʝ ʠʩʧʨʘʚʣʝʥʠʷ. 

ʆʙʫʯʘʶʱʠʤʩʷ ʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɸʥʘʣʠʟʠʨʫʷ 

ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫʘʮʠʶ, ʦʥʠ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʣʷ ʝʝ ʧʨʝʦʜʦʣʝʥʠʷ ʠʤ ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ 

ʟʥʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʩʳʣʢʘ ʥʘ ʫʯʝʙʥʠʢ 

ʧʦ ʷʟʳʢʫ JS [4]. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʬʫʥʢʮʠʶ g ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʩʪʫʜʝʥʪʳ ʠʟʫʯʘʶʪ ʪʝʤʫ 

ʠʤʝʥʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ (Named Function Expression) ʠ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʚʳʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʯʠʩʣʝʥʠʷ ʬʘʢʪʦʨʠʘʣʘ ʯʠʩʣʘ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ɺʳʯʠʩʣʝʥʠʝ ʬʘʢʪʦʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʥʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ 

 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʝʩʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʳʚʘʶʪ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʫʛʠʭ ʪʝʤ ʧʦ JavaScript. 

ɺʳʚʦʜ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ. ʊʝ ʦʙʫʯʘʶʱʠʝʩʷ, ʢʦʪʦʨʳʝ 

ʠʟʫʯʘʣʠ JavaScript ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʦʥʠ 
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ʜʦʧʫʩʢʘʣʠ ʤʝʥʴʰʝ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ, ʧʨʦʷʚʣʷʣʠ ʙʦʣʴʰʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʠ ʙʳʩʪʨʝʝ 

ʚʳʧʦʣʥʷʣʠ ʫʯʝʙʥʳʝ ʟʘʜʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ɸʆ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʚʳʧʫʩʢʥʠʢʘ ʢ ʨʝʰʝʥʠʶ ʙʫʜʫʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʠ 

ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʇʨʠʤʝʥʷʪʴ ʤʝʪʦʜ rʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʫʛʠʭ 

ʜʠʩʮʠʧʣʠʥ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘ. 
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ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ɺ ʇʈʀʂʃɸɼʅʓʍ ʅɸʋʂɸʍ 
 

 

ʋɼʂ 004.94 

ɹʦʡʢʦʚ ɸ.ʀ. 

ʩʪʫʜʝʥʪ 

ʉʠʪʢʝʚʠʯ ɸ.ʃ. 

ʤʘʛʠʩʪʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗʥʢʠ ʂʫʧʘʣʳ 

ʛ. ɻʨʦʜʥʦ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʇɸʈʆʇʃɸɿʄɽʅʅʆɻʆ ʆɹʃɸʂɸ  

ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ ʆɹʈɸɿɽʎ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʦʛʘʟʦʚʦʛʦ ʧʫʟʳʨʷ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʪʠʧʘ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1,2 ʤʩ ʠ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ 
26 /10 ʩʤɺʪ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʡ ʛʝʥʝʨʘʮʠʠ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʫʟʳʨʷ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʝʛʦ ʨʘʟʚʠʪʠʷ, 

ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʫʣʴʩʥʦʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ; ʩʢʦʨʦʩʪʥʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʢʠʥʦʩʲʝʤʢʘ; ʢʨʘʪʝʨ; ʧʘʨʦʛʘʟʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ; ʧʨʦʜʫʢʪʳ ʵʨʦʟʠʠ; ʨʘʟʣʠʯʠʝ ʪʝʯʝʥʠʷ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ. 

 

ɺʚʝʜʝʥʠʝ. ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʷʜʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʟʢʘ, ʩʚʘʨʢʘ, ʩʚʝʨʣʝʥʠʝ, 

ʘ ʪʘʢʞʝ ʚ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʠʭ ʫʧʨʦʯʥʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʣʘʟʝʨʳ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʪʝʨʤʦʨʘʩʢʘʣʳʚʘʥʠʝ, ʨʘʩʧʳʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ [3, ʩ. 92-98; 5, ʩ. 252-256; 

4, ʩ. 1080-1082]. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ 

ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʧʦʪʦʢʘ, ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. ʇʦʤʠʤʦ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ  

~
2105 /1010 ʩʤɺʪ-  [6, ʩ. 426]. ʄʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʘʤʠ ʦʩʪʘʶʪʩʷ ʦʙʲʝʢʪʦʤ ʘʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʩʧʝʭʠ, ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʣʥʦʮʝʥʥʦ ʦʙʲʷʩʥʷʣʠ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʘʤʠ, ʚʩʝ ʝʱʝ ʥʝ 

ʨʘʟʨʘʙʦʪʘʥʳ. ʆʩʦʙʝʥʥʦ ʤʘʣʦ ʜʘʥʥʳʭ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʘ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʥʘ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʜʝʣʘʝʪ ʦʙʣʘʩʪʴ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʦʡ, ʥʦ ʠ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

ʇʦʜʨʦʙʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [2, c. 204]. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʥʝʚʳʝ ʢʘʨʪʠʥʳ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʩ ʛʦʣʦʛʨʘʤʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʱʝʩʪʚʦ.  

 

 
 

ʈʠʩ. 1. ʊʝʥʝʚʳʝ ʢʘʨʪʠʥʳ ʧʘʨʦʛʘʟʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʯʝʨʝʟ 10 (ʘ), 50 (ʙ),  

500 (ʚ), 1200 (ʛ), 2000 (ʜ), 3000 (ʝ) ʤʠʢʨʦʩʝʢʫʥʜ ʧʦʩʣʝ ʥʘʯʘʣʘ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  

ʥʘ ʩʚʠʥʮʦʚʳʡ ʦʙʨʘʟʝʮ. ɼʠʘʤʝʪʨ ʧʦʣʷ ʟʨʝʥʠʷ 4 ʩʘʥʪʠʤʝʪʨʘ. 

 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʣʘʟʝʨʥʦʤʫ 

ʦʙʣʫʯʝʥʠʶ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʨʦʛʘʟʦʚʘʷ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʝʸ ʨʦʩʪʘ ʧʫʟʳʨʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ. ʋʞʝ ʯʝʨʝʟ ʧʨʠʤʝʨʥʦ 

1 ʤʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʬʦʨʤʘ ʧʫʟʳʨʷ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʠ ʥʘ 

ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʧʦʷʚʣʷʝʪʩʷ ʚʳʩʪʫʧʘʶʱʠʡ ʫʯʘʩʪʦʢ. ʂʦʛʜʘ ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʯʝʨʝʟ ~ 1,2 ʤʩ, ʨʘʟʤʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʥʦ ʯʝʨʝʟ ʦʢʦʣʦ 1,5 ʤʩ 

ʥʘʯʠʥʘʝʪʩʷ ʝʛʦ ʤʝʜʣʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ. ʈʘʟʤʝʨʳ ʧʫʟʳʨʷ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʦʜʥʘʢʦ ʝʛʦ 

ʬʦʨʤʘ ʠʟʤʝʥʷʝʪʩʷ ʭʘʦʪʠʯʥʦ, ʙʝʟ ʯʸʪʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʪ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ ʜʨʫʛʦʤʫ. 

ʏʝʨʝʟ 3 ʤʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʦʟʜʝʡʩʪʚʠʷ (ʠʣʠ ʧʨʠʤʝʨʥʦ 1,8 ʤʩ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʤʧʫʣʴʩʘ) 

ʧʘʨʦʛʘʟʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʸ ʝʱʸ ʦʩʪʘʸʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʦʛʘʟʦʚʦʛʦ ʧʫʟʳʨʷ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʩʦʜʝʨʞʠʤʦʝ çʧʫʟʳʨʷè ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ï ʧʨʦʜʫʢʪʦʚ ʵʨʦʟʠʠ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʧʘʨʳ ʩʚʠʥʮʘ) ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ ʠʤʝʶʪ 

ʚʠʜ [2, ʩ. 202-211]: 
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(ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ),  

 ( ) ()( )1

1 0div V A t r r
t

µr
+ r = d -

µ
 (3) 

 ( ) ()( )2

2 0div U B t r r
t

µr
+ r = d -

µ
 (4) 

(ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ),  

 1 2p p p= +  (5) 

 1 1

1

RT
p =r

m
 (6) 

 
2 2

2

RT
p =r

m
 (7) 

(ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ), 

 ( )1 p1 1 p1 1

T
c c V T div T

t

µ
r +r ÖÐ = aÐ

µ
 (8) 

 ( )2 p2 2 p2 2

T
c c U T div T

t

µ
r +r ÖÐ = a Ð

µ
 (9) 

(ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ), ʢʦʪʦʨʳʝ ʧʨʠ ʩʣʦʞʝʥʠʠ ʜʘʶʪ  

 ( ) ( ) ( )( )1 p1 2 p2 1 p1 2 p2 1 2

T
c c c V c U T div T

t

µ
r +r + r +r ÖÐ = a +a Ð

µ
 (10) 

ɿʜʝʩʴ 1r ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ, 2r  ï ʧʣʦʪʥʦʩʪʴ  ʚʦʜʷʥʦʛʦ ʧʘʨʘ, V
C

 ï 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʛʘʟʘ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ, U
C

 ï ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, )(tA  ï 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ (ʚʨʝʤʝʥʥʘʷ ʬʦʨʤʘ ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ 

ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ), )(tB  ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, 1p  ï 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ,2p  ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, T  

ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʳ, 1m ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʦʚ ʵʨʦʟʠʠ, 2m  ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ, uR  ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 
1pc  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʵʨʦʟʠʠ, 
2pc  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, 1a  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʵʨʦʟʠʠ, 2a  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʦʤ ʚʠʜʝ. ʈʘʩʯʝʪ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʙʘʟʝ .Net. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʥʘʧʠʩʘʥ ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ Windows Forms.  

ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ [7, ʩ. 

5-8]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ: 
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ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʢʦʜʘ, ʨʝʘʣʠʟʫʶʱʠʡ ʜʘʥʥʳʡ ʨʘʩʯʝʪ. 

 

ʃʠʩʪʠʥʛ ʢʦʜʘ 1: ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ 
public double ʉalculateTemperature(double ro1i, double ro2i, double 

tDelta, double Vi, double Ui, double currentTime, double TiMinus1, double 

Ti)  

{  

    return GetUpFromT(ro1i, ro2i, tDelta, Vi, Ui, currentTime, TiMinus1, 

Ti) / GetDownFromT(ro1i, ro2i, tDelta, Vi, Ui, currentTime);  

}  

 

private double GetUpFromT(double  ro1i, double ro2i, double tDelta, double 

Vi, double Ui, double currentTime, double TiMinus1, double Ti)  

{  

    var up1 = GetAcomponentFromT(currentTime, tDelta);  

    var up2 = TiMinus1 -  2 * Ti -  2 * Ti / GetRadius(currentTime);  

    var up3 = Ti * GetBcomp onentFromT(ro1i, ro2i, clConst.Cp1, 

clConst.Cp1, tDelta);  

    var up4 = Ti * GetCcomponentFromT(ro1i, clConst.Cp1, ro2i, 

clConst.Cp2, Vi, Ui, currentTime, tDelta);  

 

    return up1 * up2 + up3 + up4;  

}  

private  double GetDownFromT(double ro1i, double ro2i, double tDelta, 

double Vi, double Ui, double currentTime)  

{  

    var down1 = GetBcomponentFromT(ro1i, ro2i, clConst.Cp1, clConst.Cp1, 

tDelta);  

    var down2 = GetCcomponentFromT(ro1i, clConst.Cp1, ro2i, clConst. Cp2, 

Vi, Ui, currentTime, tDelta);  

    var down3 = GetAcomponentFromT(currentTime, tDelta) * (1 + 2 / 

GetRadius(currentTime));  

 

    return down1 + down2 -  down3 * (2 / GetRadius(currentTime) + 1);  

}  

private double GetCcomponentFromT(double ro1i, double cp1 , double ro2i, 

double cp2, double Vi, double Ui, double currentTime, double tDelta)  

{  

    return (ro1i * cp1 * Vi + ro2i * cp2 * Ui) / 

GetDeltaRadius(currentTime -  tDelta, currentTime);  

}  

private double GetBcomponentFromT(double ro1i, double ro2i, double c p1, 

double cp2, double tDelta)  

{  

    return (ro1i * cp1 + ro2i * cp2) / tDelta;  

}  

private double GetAcomponentFromT(double currentTime, double tDelta)  

{  

    return (clConst.alpha1 + clConst.alpha2) / GetDeltaRadius(currentTime 

-  tDelta, currentTime);  

}  

ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ pi+1. ʇʨʠʤʝʤ i=0. ʊʦʛʜʘ pi+1 = ʨ1. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʨʘʩʯʝʪʘ ʵʪʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ ʘʥʘʣʦʛʠʯʝʥ ʢʦʜʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ 

ʨʘʥʝʝ.  



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

27 

( )

( )

i 1

i 1

i 1 2 2

2 2i i
1 2

i i i
i 1i 0 1i i 2i i

1i 2i i i i

2 2

i1 2 2 2i i
11 2

R T
p

1 1
1 R T

V U1 1
r r

t r t r

2V 2V 2U
p rV A(t) r r p rU B(

r r r

V1V U1 1
r r

t rt r t r

m +

+

m +

= ³
å õ
æ ö
æ ö- +
æ öå õ å õ
æ öD m + D m +æ ö æ öæ öD D D Dç ÷ ç ÷ç ÷

- + r D d - - r - + r D
r r

³ + + + + +
m m å õå õ å õm +D m + + D mæ öæ ö æ öD Dç ÷D D D Dç ÷ ç ÷

( ) i
0 2i

i

i
2

2U
t) r r

r

U1

t r

å õ
d - - ræ ö

æ ö
æ öå õ

m +æ öæ öæ öD Dç ÷ç ÷

 (12) 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ V ʠ U: 

 

2

i i 1 i

i 1i

i 1 i

i

2V p p

r r
V V

V1

t r

+

+

-
+
r D

= -
å õ
+æ ö

D Dç ÷

 (13) 

 

2

i i 1 i

i 2i

i 1 i

i

2U p p

r r
U U

U1

t r

+

+

-
+
r D

= -
å õ
+æ ö

D Dç ÷

 (14) 

ʅʘʢʦʥʝʮ, ʦʧʨʝʜʝʣʠʤ ʧʣʦʪʥʦʩʪʠ: 
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ʇʦʩʣʝ ʵʪʦʛʦ ʤʝʥʷʝʤ ʠʥʜʝʢʩ ʥʘ 1 ʠ ʧʦʚʪʦʨʷʝʤ ʚʩʝ ʰʘʛʠ. ɼʣʷ ʚʝʣʠʯʠʥ TpUV ,,,,, 21 rr  

ʩʦʟʜʘʶʪʩʷ ʤʘʩʩʠʚʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʆʪʨʠʩʦʚʢʘ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʵʣʝʤʝʥʪʝ ʫʧʨʘʚʣʝʥʠʷ pictureBoʭ. ʅʠʞʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʦʙʣʘʢʘ. ʅʘʜʦ ʪʘʢʞʝ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ CalculationClass, ʚ 

ʢʦʪʦʨʦʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʜʠʫʩ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

 

ʃʠʩʪʠʥʛ ʢʦʜʘ 2: ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʨʘʜʠʫʩʘ ʧʘʨʦʛʘʟʦʚʦʛʦ ʧʫʟʳʨʷ. 
public double GetRadius(double time)  

 {  

     double  coefA  = 1.8559;// y=coefA  * x ^ coefB  ( ʬʦʨʤʫʣʘ ʜʠʘʤʝʪʨʘ ʧʫʟʳʨʷ 

ʦʪ ʚʨʝʤʝʥʠ y- ʜʠʘʤʝʪʨ x- ʚʨʝʤʷ)  

     double coefB = 0.1911;  

 

     return  coefA * Math.Pow(time, coefB) / 2;  

 }  
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ʃʠʩʪʠʥʛ ʢʦʜʘ 3: ʆʪʨʠʩʦʚʢʘ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʧʫʟʳʨʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 
int T = 0;  

double R, R0;  

CalculationClass calculationClass = new CalculationClass();  

 

private void timer_Tick(object sender, EventArgs e)  

{  

    double DeltaT = 0.001;  

    double RatioValueColor = 0.04;  

    R = 2 * calculationClass.GetRadius(T++ * DeltaT);  

    R0 = 2 * calculationClass.GetRadius(DeltaT);  

     

    SolidBrush sb = new SolidBrush(Color.FromArgb(255, 255, 0, 0));  

    grRo1.FillEllipse (sb, (int)((pictureBoxRo1.Width -  R0 * 50) / 2), 

(int)((pictureBoxRo1.Height -  R0 * 50) / 2), (float)(R0 * 50), (float)(R0 

* 50));  

    try  

    {  

        Pen pen = new Pen(Color.FromArgb((int)(255 -  T * 

RatioValueColor), 0, (int)(T * RatioValueColor)), 4);  

        grRo1.DrawEllipse(pen, (int)((pictureBoxRo1.Width -  R * 50) / 2), 

(int)((pictureBoxRo1.Height -  R * 50) / 2), (float)(R * 50), (float)(R * 

50));  

    }  

    catch  

    {  

        Pen pen = new Pen(Color.FromArgb(0, 0, 255), 4);  

        grRo1.DrawEllipse(pen, (int)((pictureBoxRo1.Width -  R * 50) / 2), 

(int)((pictureBoxRo1.Height -  R * 50) / 2), (float)(R * 50), (float)(R * 

50));  

    }  

    T++;  

    pictureBoxRo 1. Refresh ();}  

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ (ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ, ʨʘʟʤʝʨʳ 

çʢʨʫʛʘè ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʜʠʫʩʘʤʠ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

(ʨʠʩ. 1) 

 
 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʘ ʧʫʟʳʨʷ, ʧʦʣʫʯʘʝʤʦʝ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʛʦ ʨʦʩʪʘ  

(ʢʘʨʪʠʥʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʜʠʥʘʤʠʢʝ) 

 

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʦʛʘʟʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʦʩʪ, ʩʪʘʙʠʣʠʟʘʮʠʷ, ʨʘʟʨʫʰʝʥʠʝ). ɹʣʘʛʦʜʘʨʷ 

ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʨʦʩʪ ʧʫʟʳʨʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ɼʃʗ ɼʀʉʊɸʅʎʀʆʅʅʆʁ 

ʆʎɽʅʂʀ ʈʀʉʂɸ ʇɽʈɽʃʆʄʆɺ ʇʈʀ ɿɸɹʆʃɽɺɸʅʀʗʍ ʇʆʏɽʂ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʠʥʝʨʘʣʴʥʦ-ʢʦʩʪʥʳʝ ʥʘʨʫʰʝʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʭʨʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʧʦʯʝʢ, ʦʩʪʘʶʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʤʠ, ʧʨʠʚʦʜʷ ʢ 

ʪʷʞʝʣʳʤ, ʞʠʟʥʝʫʛʨʦʞʘʶʱʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʣʝʯʝʥʠʶ ʧʘʮʠʝʥʪʦʚ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʧʦʯʝʢ, 

ʠʥʩʪʨʫʤʝʥʪ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʝʨʝʣʦʤʦʚ FRAX ʠ ʝʛʦ ʘʥʘʣʦʛʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʦʩʪʫʧʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠ ʚʥʝʜʨʝʥʠʶ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʨʦʥʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʧʦʯʝʢ; ʤʠʥʝʨʘʣʴʥʦ-ʢʦʩʪʥʳʝ ʥʘʨʫʰʝʥʠʷ; 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; ʦʩʪʝʦʧʦʨʦʟ. 

 

ʄʠʥʝʨʘʣʴʥʦ-ʢʦʩʪʥʳʝ ʥʘʨʫʰʝʥʠʷ (ʄʂʅ) ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʳʤ ʦʩʣʦʞʥʝʥʠʝʤ ʭʨʦʥʠʯʝʩʢʦʡ 

ʙʦʣʝʟʥʠ ʧʦʯʝʢ (ʍɹʇ), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʷʞʝʣʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʧʝʨʝʣʦʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʙʨʝʤʷ. ʉʝʛʦʜʥʷ 

ʦʪʤʝʯʝʥ ʪʨʝʥʜ ʨʦʩʪʘ ʯʠʩʣʘ ʧʝʨʝʣʦʤʦʚ ʢʘʢ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʠ. 112 ʪʳʩ. ʩʣʫʯʘʝʚ 

ʩʦʩʪʘʚʣʷʝʪ ʯʘʩʪʦʪʘ ʧʝʨʝʣʦʤʦʚ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʦʪʜʝʣʘ ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ ʚ ʈʦʩʩʠʠ, ʘ ʧʦ ʤʥʝʥʠʶ 

ʵʢʩʧʝʨʪʦʚ ʚ 2035 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ ʤʠʨʝ ʩʦʩʪʘʚʠʪ 159 ʪʳʩ. ʩʣʫʯʘʝʚ ʚ ʛʦʜ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʝʨʝʣʦʤʦʚ ʥʘ 140 ʪʳʩ. ʩʣʫʯʘʝʚ ʚ ʛʦʜ, ʜʦʩʪʠʛʥʫʚ 730 ʪʳʩ. (ʨʠʩ. 1) [3; 4; 7; 9]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʧʘʮʠʝʥʪ ʩ ʍɹʇ ʠʤʝʝʪ ʄʂʅ-ʍɹʇ. ʇʨʠ ʵʪʦʤ, ʨʠʩʢʠ ʠʭ 

ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘʨʷʜʫ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʬʦʨʤ ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʧʦʯʝʯʥʦʡ 

ʜʠʩʬʫʥʢʮʠʠ [2].  

ʇʝʨʝʣʦʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʦʩʣʦʞʥʝʥʠʡ ʍɹʇ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ, ʯʝʤ ʚ 

ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ. ʅʘ 15,0, 20,5, 24,2, 31,2 ʠ 46,3 ʥʘ 1000 ʯʝʣʦʚʝʢʦ-ʣʝʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʘʩʪʦʪʘ 

ʧʝʨʝʣʦʤʦʚ ʧʨʠ ʍɹʇ 1-2, 3a, 3b ʠ 4 ʩʪʘʜʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʣʠʮ ʩ ʪʝʨʤʠʥʘʣʴʥʦʡ ʧʦʯʝʯʥʦʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʟʨʘʩʪʝ ʩʪʘʨʰʝ 65 ʣʝʪ, ʧʝʨʝʣʦʤʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ 5 ʨʘʟ ʯʘʱʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʍɹʇʉ1-2. ɺ 4 ʨʘʟʘ ʚʳʰʝ ʯʘʩʪʦʪʘ ʧʝʨʝʣʦʤʦʚ ʙʝʜʨʘ ʫ ʧʘʮʠʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʜʠʘʣʠʟʝ, ʯʝʤ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʣʦʤ (ʨʠʩ. 2) [3; 4].  
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ʈʠʩ. 1. ʏʘʩʪʦʪʘ ʧʝʨʝʣʦʤʦʚ ʰʝʡʢʠ ʙʝʜʨʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʘʥ ʧʦ ʨʠʩʢʘʤ ʧʝʨʝʣʦʤʦʚ ʜʘʥʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ (https://clck.ru/3HPJaS) 

 

 
 

ʈʠʩ. 2. ʏʘʩʪʦʪʘ ʧʝʨʝʣʦʤʦʚ ʠ ʩʪʘʜʠʷ ʍɹʇ 

 

ʆʪ 12 ʜʦ 40% ʩʦʩʪʘʚʣʷʶʪ ʧʦʢʘʟʘʪʝʣʠ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʧʝʨʝʣʦʤʦʚ ʚ ʧʝʨʚʳʡ ʛʦʜ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʝʨʚʳʝ 6 ʤʝʩʷʮʝʚ, ʛʜʝ ʵʪʘ ʮʠʬʨʘ ʥʘ 5ï20% ʚʳʰʝ, ʯʝʤ ʫ ʣʠʮ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ ʙʝʟ ʧʝʨʝʣʦʤʦʚ. 

16% ʩʦʩʪʘʚʣʷʝʪ 30-ʜʥʝʚʥʳʡ ʫʨʦʚʝʥʴ ʩʤʝʨʪʥʦʩʪʠ ʧʦʩʣʝ ʧʝʨʝʣʦʤʘ ʰʝʡʢʠ ʙʝʜʨʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʍɹʇ ʠ ʚʳʰʝ, ʯʝʤ ʚ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʡ ʯʘʩʪʦʪʳ ʧʝʨʝʣʦʤʦʚ ʷʚʣʷʝʪʩʷ 

ʦʩʪʝʦʧʦʨʦʟ, ʥʝʬʨʦʛʝʥʥʘʷ ʦʩʪʝʦʜʠʩʪʨʦʬʠʷ, ʪʨʝʙʫʶʱʠʝ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʢʦʨʨʝʢʮʠʠ. ɺ ʈʦʩʩʠʠ 

ʚ ʣʝʯʝʥʠʠ ʦʩʪʝʦʧʦʨʦʟʘ ʥʫʞʜʘʝʪʩʷ ʢʘʞʜʘʷ ʪʨʝʪʴʷ ʞʝʥʱʠʥʘ ʠ 4% ʤʫʞʯʠʥ [1; 3; 4; 7; 9]. ʊʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʚʷʟʘʥʳ ʩ ʧʦʟʜʥʝʡ ʚʝʨʠʬʠʢʘʮʠʝʡ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʍɹʇ. 

ʀʤʝʶʱʠʝʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʝʣʦʤʘʤ, 

ʦʙʣʘʜʘʶʪ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʠʨʫʶʪ ʧʝʨʝʣʦʤʳ ʪʦʣʴʢʦ ʯʝʨʝʟ 10 ʣʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʮʠʝʥʪʳ ʩ ʍɹʇ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʙʦʣʴʥʳʭ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

  ʅʠʟʢʠʡ (< 150/100 000) 
  ʉʨʝʜʥʠʡ (150-250 / 100 000) 
  ɺʳʩʦʢʠʡ (> 250/100 000) 
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ʄʂʅ, ʯʪʦ ʥʝ ʦʪʨʘʞʝʥʦ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʧʦ ʦʮʝʥʢʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʝʨʝʣʦʤʦʚ ʠ 

ʦʩʪʝʦʧʦʨʦʟʘ. ʉʝʛʦʜʥʷ ʚʩʝ ʩʠʣʳ ʙʨʦʰʝʥʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʘʮʠʝʥʪʘʤ ʩ 

ʍɹʇ: ʥʝʦʙʭʦʜʠʤʦ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʛʨʫʧʧʳ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʄʂʅ-ʍɹʇ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʠʢʪʠʚʥʫʶ (ʧʨʝʜʫʧʨʝʞʜʘʶʱʫʶ) ʜʠʘʛʥʦʩʪʠʢʫ, ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʢʘʟʘʥʠʡ ʥʘʟʥʘʯʘʪʴ ʧʨʦʬʠʣʴʥʦʝ ʪʘʨʛʝʪʥʦʝ ʣʝʯʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʙʫʜʫʱʠʭ ʧʝʨʝʣʦʤʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʧʨʷʤʳʭ ʠ 

ʢʦʩʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ.  

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʠʤʝʥʥʦ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʥʮʝʧʮʠʷʤ ʤʝʜʠʮʠʥʳ 5ʇ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʥʥʝʡ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʄʂʅ-ʍɹʇ ʥʘʤʠ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʩʦʟʜʘʥʠʝ ʢʘʣʴʢʫʣʷʪʦʨʘ 

ʧʦ ʦʮʝʥʢʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʩʪʝʦʧʦʨʦʟʘ ʠ ʧʝʨʝʣʦʤʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʍɹʇ ʚ ʙʣʠʞʘʡʰʠʝ 3 ʛʦʜʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦ ʵʪʦʡ ʠʥʠʮʠʘʪʠʚʝ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʨʘʙʦʪʢʠ: 

¶ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʥʦʛʦʮʝʥʪʨʦʚʦʛʦ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦ ʦʩʪʝʦʧʦʨʦʟʫ 

çʇʨʦʤʝʪʝʡè (çʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʝʨʝʣʦʤʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʪʝʦʧʦʨʦʟʦʤè) 

(https://clck.ru/3HPKaw). 

¶ ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 08.07.2022 ˉ 480ʥ 

çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʩʪʘʥʜʘʨʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚʟʨʦʩʣʳʤ ʧʨʠ ʦʩʪʝʦʧʦʨʦʟʝ (ʜʠʘʛʥʦʩʪʠʢʘ, 

ʣʝʯʝʥʠʝ ʠ ʜʠʩʧʘʥʩʝʨʥʦʝ ʥʘʙʣʶʜʝʥʠʝ)è (https://clck.ru/3HPLCz). 

¶ ɽʞʝʛʦʜʥʦ ʧʨʦʚʦʜʠʤʳʝ ʘʢʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʦʙʣʝʤʝ ʄʂʅ: ɺʩʝʤʠʨʥʳʡ ʜʝʥʴ ʧʦʯʢʠ, 

ɼʝʥʴ ʦʩʪʝʦʧʦʨʦʟʘ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʝʨʝʣʦʤʦʚ. 

¶ ʌʝʜʝʨʘʣʴʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ, ʣʝʯʝʥʠʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ 

ʦʩʪʝʦʧʦʨʦʟʘ, ʈʦʩʩʠʡʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʵʥʜʦʢʨʠʥʦʣʦʛʦʚ, 2021 ʛ. (https://clck.ru/3HPLdt). 

¶ ʌʝʜʝʨʘʣʴʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʝʬʨʦʣʦʛʦʚ 

çʍʨʦʥʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʧʦʯʝʢè, 2024 ʛ. (https://clck.ru/3HPLqY) 

¶ ɹʘʟʘ ʜʘʥʥʳʭ (n=90 ʧʘʮʠʝʥʪʦʚ ʩ ʍɹʇ) ʚ ʬʦʨʤʘʪʝ MS Office Excel. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʟʘʪʨʦʥʫʣʘ ʥʝʬʨʦʣʦʛʠʶ, ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʤʝʜʠʮʠʥʳ, ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʚ ʩʨʘʚʥʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʢʘʨʜʠʦʣʦʛʠʝʡ, ʨʝʥʪʛʝʥʦʣʦʛʠʝʡ, 

ʵʥʜʦʢʨʠʥʦʣʦʛʠʝʡ ʠ ʜʨ. ʅʘʧʨʠʤʝʨ, ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʥʘʰʝʡ ʩʪʨʘʥʳ ʧʘʮʠʝʥʪʳ ʧʦʣʫʯʘʶʪ 

ʟʘʤʝʩʪʠʪʝʣʴʥʫʶ ʧʦʯʝʯʥʫʶ ʪʝʨʘʧʠʶ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʝʨʠʪʦʥʝʘʣʴʥʦʛʦ 

ʜʠʘʣʠʟʘ, ʩʫʱʝʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 3D-ʧʨʠʥʪʝʨʠʥʛʘ ʠ ʜʨ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʩʨʝʜʠ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʚ ʥʝʬʨʦʣʦʛʠʠ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʨʘʟʜʝʣʘʭ ʤʝʜʠʮʠʥʳ, ʚʳʭʦʜʷʪ ʚʥʦʚʴ 

ʧʦʷʚʣʷʶʱʠʝʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʧʮʠʡ, ʘ ʪʘʢʞʝ 

ʢʘʣʴʢʫʣʷʪʦʨʳ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. ʊʘʢ, ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʘ ʧʝʨʝʣʦʤʦʚ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʠʨʝ ʥʘʰʝʣ ʘʣʛʦʨʠʪʤ FRAXÈ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

10-ʣʝʪʥʶʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʪʝʦʧʦʨʦʪʠʯʝʩʢʦʛʦ ʧʝʨʝʣʦʤʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʨʠʩʢʘ, ʧʦʢʘʟʘʚʰʠʭ ʩʚʦʝ ʥʝʟʘʚʠʩʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʥʝʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʢʦʩʪʠ ʠ/ʠʣʠ 

ʧʨʦʯʥʦʩʪʴ ʢʦʩʪʠ (ʨʠʩ. 3) [5; 6; 8]. 
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ʈʠʩ. 3. ʂʘʣʴʢʫʣʷʪʦʨ ʦʮʝʥʢʠ 10-ʣʝʪʥʝʛʦ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʝʨʝʣʦʤʦʚ FRAX 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʘʮʠʝʥʪʘʤ ʩ ʍɹʇ ʜʦʣʞʥʘ 

ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʛʨʫʧʧ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʧʝʨʝʣʦʤʦʚ, ʨʘʥʥʝʡ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ 

ʠ ʥʘʟʥʘʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʙʫʜʫʱʠʭ 

ʧʝʨʝʣʦʤʦʚ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʦʚʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ï ʢʘʣʴʢʫʣʷʪʦʨʘ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʝʨʝʣʦʤʦʚ ʠ ʄʂʅ ʚ ʙʣʠʞʘʡʰʠʝ 3 ʛʦʜʘ 

ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʍɹʇ - çOSTEOKIDNEYè, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʷ ʚ ʣʝʯʝʙʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʦʢʨʫʛʘ 

ʘʣʛʦʨʠʪʤʘ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʝʨʝʣʦʤʦʚ, ʩʦʟʜʘʥʥʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʣʴʢʫʣʷʪʦʨʘ, ʠ ʩʦʟʜʘʥʠʷ ʮʝʥʪʨʘ ʙʦʨʴʙʳ ʩ ʧʝʨʝʣʦʤʘʤʠ ʧʨʦʛʨʘʤʤʳ çʇʨʦʤʝʪʝʡè ʚ 

ʦʢʨʫʛʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʠʤʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʣʴʢʫʣʷʮʠʠ 

ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʄʂʅ ʠ ʧʝʨʝʣʦʤʦʚ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʮʠʷʤʠ: ʨʘʩʯʝʪ 

ʩʢʦʨʦʩʪʠ ʢʣʫʙʦʯʢʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʢ ʧʦ ʢʨʝʘʪʠʥʠʥʫ, ʪʘ ʠ ʧʦ ʮʠʩʪʘʪʠʥʫ ʉ, 

ʨʘʟʜʝʣ ʧʦ ʜʠʝʪʠʯʝʩʢʠʤ ʠʥʪʝʨʚʝʥʮʠʷʤ ʠ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʥʩʫʣʴʪʘʮʠʷ ʩ ʚʨʘʯʘʤʠ ʚ ʬʦʨʤʘʪʝ ʯʘʪ-ʙʦʪʘ ʠ ʜʨ. (ʨʠʩ. 4).  
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ʈʠʩ. 4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʠ ʚʝʜʝʥʠʷ 

ʧʘʮʠʝʥʪʦʚ ʩ ʄʂʅ-ʍɹʇ IDEF0 ʀʉ çOSTEOKIDNEYè 

 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʍɹʇ. ʊʘʢʠʤʠ ʜʘʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ:  

¶ ʧʦʣ,  

¶ ʚʦʟʨʘʩʪ,  

¶ ʨʦʩʪ,  

¶ ʚʝʩ, ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ,  

¶ ʘʥʘʤʥʝʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʧʨʠʥʠʤʘʝʤʳʝ ʧʨʝʧʘʨʘʪʳ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʥʘʣʠʯʠʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʧʝʨʝʣʦʤʘ, ʥʘʣʠʯʠʝ ʧʝʨʝʣʦʤʘ ʙʝʜʨʘ ʫ ʨʦʜʠʪʝʣʝʡ, ʢʫʨʝʥʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʫʧʦʪʨʝʙʣʝʥʠʝ 3 ʠʣʠ ʙʦʣʝʝ ʝʜʠʥʠʮ ʘʣʢʦʛʦʣʷ ʚ ʜʝʥʴ, ʧʨʠʝʤ ʧʝʨʦʨʘʣʴʥʳʭ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ, ʥʘʣʠʯʠʝ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ, ʥʘʣʠʯʠʝ ʧʨʠʯʠʥ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʪʦʨʠʯʥʦʛʦ 

ʦʩʪʝʦʧʦʨʦʟʘ),  

¶ ʜʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ (ʢʨʝʘʪʠʥʠʥ, ʢʘʣʴʮʠʡ ʦʙʱʠʡ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ, 

ʬʦʩʬʦʨ, ʙʝʣʦʢ, ʘʣʴʙʫʤʠʥ, ʪʠʨʝʦʪʨʦʧʥʳʡ ʛʦʨʤʦʥ, ʛʣʶʢʦʟʘ, ʧʘʨʘʪʠʨʝʦʠʜʥʳʡ ʛʦʨʤʦʥ, ʚʠʪʘʤʠʥ 

ɼ, ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ, ʙʠʢʘʨʙʦʥʘʪ ʧʣʘʟʤʳ),  

¶ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ï ʊ-ʢʨʠʪʝʨʠʡ ʧʦ ʜʘʥʥʳʤ 

ʦʩʪʝʦʜʝʥʩʠʪʦʤʝʪʨʠʠ. 

ɼʘʥʥʳʝ ʦ ʢʘʞʜʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ɺ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋɹɼ PostgreSQL ʢʘʢ ʩʘʤʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɼʣʷ ʩʚʷʟʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʠʙʣʠʦʪʝʢʠ ʪʠʧʘ ORM.  

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʴʥʦ-

ʢʦʩʪʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʯʘʩʪʦʪʫ ʧʝʨʝʣʦʤʦʚ ʫ ʙʦʣʴʥʳʭ ʩ ʍɹʇ 

ʥʘ 30%, ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʚʝʜʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʧʝʨʝʣʦʤʘʤʠ ʚ 2 ʨʘʟʘ, ʫʤʝʥʴʰʠʪʴ 
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ʧʦʢʘʟʘʪʝʣʠ ʣʝʪʘʣʴʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ ʩ ʍɹʇ ʤʝʥʝʝ 12% (ʚʢʣʶʯʘʷ ʧʘʮʠʝʥʪʦʚ, ʧʦʣʫʯʘʶʱʠʭ 

ʟʘʤʝʩʪʠʪʝʣʴʥʫʶ ʧʦʯʝʯʥʫʶ ʪʝʨʘʧʠʶ). 
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ʂʦʧʳʣʴʮʦʚ ɸ.ɺ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʄɽɾɼʋ 

ʕʈʀʊʈʆʎʀʊɸʄʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʈʅʄʇ), ʧʦʨʦʞʜʘʝʤʦʛʦ ʜʠʩʢʨʝʪʥʳʤʠ ʟʘʨʷʜʘʤʠ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʘ, ʚ ʫʟʢʦʤ ʢʘʧʠʣʣʷʨʝ. ʈʘʩʯʝʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ (ʜʠʘʤʝʪʨʘ ʢʘʧʠʣʣʷʨʘ, ʦʙʲʝʤʘ, ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʨʷʜʘ, ʩʢʦʨʦʩʪʠ 

ʵʨʠʪʨʦʮʠʪʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ, ʛʝʤʘʪʦʢʨʠʪʘ), ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʜʠʘʧʘʟʦʥ 

ʢʦʣʝʙʘʥʠʡ ʈʅʄʇ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʦʢʘʣʴʥʦʛʦ 

ʢʨʦʚʦʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʙʦʨʦʚ, 

ʠʟʤʝʨʷʶʱʠʭ ʈʅʄʇ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʥʘʨʫʰʝʥʠʡ 

ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ; ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʵʨʠʪʨʦʮʠʪ; 

ʤʝʤʙʨʘʥʘ; ʟʘʨʷʜ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ) ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ 

ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʚʦʛʦ (ʛʝʥʝʪʠʯʝʩʢʦʤ, ʢʣʝʪʦʯʥʦʤ, ʦʨʛʘʥʥʦʤ, ʦʨʛʘʥʠʟʤʝʥʥʦʤ). ʆʜʥʘʢʦ, ʞʠʚʳʝ 

ʦʙʲʝʢʪʳ ʪʦʞʝ ʛʝʥʝʨʠʨʫʶʪ ʕʄʀ. ʕʄʀ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤ 

ʕʄʀ ʘʢʪʫʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʉ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʅʄʇ, ʧʦʨʦʞʜʘʝʤʦʛʦ ʟʘʨʷʜʘʤʠ ʥʘ 

ʧʦʜʚʠʞʥʦʡ ʤʝʤʙʨʘʥʝ ʵʨʠʪʨʦʮʠʪʦʚ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ, ʈʅʄʇ ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʨʦʚʦʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʘ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʈʅʄʇ 

ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʮʝʥʠʚʘʪʴ ʣʦʢʘʣʴʥʳʡ 

ʢʨʦʚʦʪʦʢ ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʯʪʦ ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ.  

ɼʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ɺ 2-ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʠʩʢʨʝʪʥʳʝ ʟʘʨʷʜʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʩʪʦʨʦʥʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʪʨʘʧʝʮʠʠ (ʤʝʤʙʨʘʥʝ ʵʨʠʪʨʦʮʠʪʘ) ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʤʝʩʪʝ ʩ 

ʤʝʤʙʨʘʥʦʡ ʧʦ ʢʘʧʠʣʣʷʨʫ ʜʠʘʤʝʪʨʦʤ D [2; 5]. 

ɽʩʣʠ ʧʦʜʚʠʞʥʳʡ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʟʘʨʷʜ q ʜʚʠʞʝʪʩʷ ʧʦʜ ʫʛʣʦʤ a ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʪʦʯʢʫ (x0, y0, z0), ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r, ʪʦ ʧʦ ʟʘʢʦʥʫ ɹʠʦ-ʉʘʚʘʨʘ, ʚ ʵʪʦʡ 

ʪʦʯʢʝ ʩʦʟʜʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʄʇ) ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

2

sin
.
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qV
H

r

a

p
=  

ɽʩʣʠ ʟʘʨʷʜʦʚ ʥʝʩʢʦʣʴʢʦ, ʪʦ ʠʪʦʛʦʚʘʷ ʅʄʇ ʅ (ɸ/ʤ) ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ (x0, y0, z0) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʅʄʇ ʦʪʜʝʣʴʥʳʭ ʟʘʨʷʜʦʚ. 
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ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʵʨʠʪʨʦʮʠʪ ï ʢʚʘʜʨʘʪ 4Ĭ4 ʤʢʤ, 16 ʟʘʨʷʜʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʚʝʥ 2Ĭ10-13 ʂʣ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ w=10 ʦʙ/ʩ, ʜʣʠʥʘ ʩʪʦʣʙʠʢʘ 

ʧʣʘʟʤʳ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʘʤʠ L=2 ʤʢʤ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʅʄʇ ʚʜʦʣʴ ʦʩʠ 

ʢʘʧʠʣʣʷʨʘ (ʨʠʩ. 1ï4).  

ʈʘʩʯʝʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ (ʤʝʥʴʰʝ D) ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ 

ʵʨʠʪʨʦʮʠʪʘʤʠ, ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʵʨʠʪʨʦʮʠʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʝʛʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʘʩʯʝʪʘʭ. ʇʨʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ (ʙʦʣʝʝ 2ĬD) ʨʘʟʣʠʯʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʤʝʥʝʝ 3%) ʠ ʠʤ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

 

 
 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʅĬ10-5 (ɸ/ʤ) ʚʜʦʣʴ ʦʩʠ ʢʘʧʠʣʣʷʨʘ (ʤʢʤ),  

L=2 ʤʢʤ, ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʦʚ ʚʨʘʱʘʶʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 

 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʅĬ10-5 (ɸ/ʤ) ʚʜʦʣʴ ʦʩʠ ʢʘʧʠʣʣʷʨʘ (ʤʢʤ),  

L=8 ʤʢʤ, ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʦʚ ʚʨʘʱʘʶʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʅĬ10-5 (ɸ/ʤ) ʚʜʦʣʴ ʦʩʠ ʢʘʧʠʣʣʷʨʘ (ʤʢʤ),  

L=2  ʤʢʤ, ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʦʚ ʚʨʘʱʘʶʪʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

 

 
 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʅĬ10-5 (ɸ/ʤ) ʚʜʦʣʴ ʦʩʠ ʢʘʧʠʣʣʷʨʘ (ʤʢʤ),  

L=8 ʤʢʤ, ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʦʚ ʚʨʘʱʘʶʪʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ. 

ɼʚʠʞʝʥʠʝ ʢʨʦʚʠ ʚ ʢʘʧʠʣʣʷʨʝ ï ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ 

ʢʦʥʮʘʭ ʢʘʧʠʣʣʷʨʘ ʫʧʨʫʛʠʭ ʯʘʩʪʠʮ (ʵʨʠʪʨʦʮʠʪʦʚ) ʚ ʧʦʪʦʢʝ ʚʷʟʢʦʡ ʧʣʘʟʤʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʘʧʠʣʣʷʨ ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʪʨʫʙʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ D, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ 

ʵʨʠʪʨʦʮʠʪ ʩʦ ʩʢʦʨʦʩʪʴʶ U. ʇʣʘʟʤʘ - ʚʷʟʢʘʷ ʥʝʩʞʠʤʘʝʤʘʷ ʥʴʶʪʦʥʦʚʩʢʘʷ ʞʠʜʢʦʩʪʴʶ, 

ʟʘʧʦʣʥʷʶʱʘʷ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʘʤʠ ʠ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʘʤʠ ʠ ʩʪʝʥʢʦʡ ʢʘʧʠʣʣʷʨʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʨʠʪʨʦʮʠʪ - ʫʧʨʫʛʦʝ ʪʝʣʦ ʠ ʧʨʠ ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʘ ʝʛʦ ʤʝʤʙʨʘʥʘ ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ ʚʜʦʣʴ ʢʘʧʠʣʣʷʨʘ (ʨʠʩ. 5). ɼʣʷ 
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ʦʧʠʩʘʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʣʘʟʤʳ ʠ ʤʝʭʘʥʠʢʠ 

ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ [5]. 

 

 
 

ʈʠʩ. 5. ʉʝʯʝʥʠʝ ʵʨʠʪʨʦʮʠʪʘ ʧʣʦʩʢʦʩʪʴʶ XOZ.  

ABCD ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ ʠ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʦʚ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʨʠʪʨʦʮʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʝʯʝʥʥʳʡ ʮʠʣʠʥʜʨ (l2 ï 

ʥʘʠʙʦʣʴʰʘʷ, l1 ï ʥʘʠʤʝʥʴʰʘʷ ʦʙʨʘʟʫʶʱʠʝ) ʩ ʧʦʣʫʵʣʣʠʧʩʦʠʜʦʤ ʚʨʘʱʝʥʠʷ (ʧʦʣʫʦʩʠ a ʠ b). 

ʊʦʛʜʘ, ʬʦʨʤʘ ʵʨʠʪʨʦʮʠʪʘ ʟʘʜʘʝʪʩʷ ʣʠʙʦ ʯʝʨʝʟ a, b, l1, l2, ʣʠʙʦ a, b, ʦʙʲʝʤ V, ʧʣʦʱʘʜʴ ʤʝʤʙʨʘʥʳ 

S [5]. 
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ʇʦʣʦʞʝʥʠʝ ʵʨʠʪʨʦʮʠʪʘ ʚ ʢʘʧʠʣʣʷʨʝ ʟʘʜʘʝʪʩʷ ʫʛʣʦʤ ɓ ʤʝʞʜʫ ʦʩʷʤʠ ʵʨʠʪʨʦʮʠʪʘ ʠ 

ʢʘʧʠʣʣʷʨʘ ʠ ʨʘʩʩʪʦʷʥʠʝʤ l ʦʪ ʧʝʨʝʜʥʝʡ ʪʦʯʢʠ ʵʨʠʪʨʦʮʠʪʘ O ʜʦ ʦʩʠ ʢʘʧʠʣʣʷʨʘ. ɼʘʚʣʝʥʠʝ ʠ 

ʩʢʦʨʦʩʪʴ ʧʣʘʟʤʳ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʘʤʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʢʦʥʫ ʇʫʘʟʝʡʣʷ, ʘ ʚ ʱʝʣʠ ʤʝʞʜʫ 

ʩʪʝʥʢʦʡ ʢʘʧʠʣʣʷʨʘ ʠ ʵʨʠʪʨʦʮʠʪʦʤ ï ʫʨʘʚʥʝʥʠʷʤʠ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ [1; 3; 4]. 

ʈʘʩʯʝʪʳ ʅʄʇ H (ɸ/ʤ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʣʦʩʢʦʩʪʷʭ x=x0, ʧʨʠ x0=-1, -2, -3, -4 ʤʢʤ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

 

ʇʘʨʘʤʝʪʨʳ (ʠʥʪʝʨʚʘʣʳ ʠʭ ʠʟʤʝʥʝʥʠʷ) ʇʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ɼʠʘʤʝʪʨ ʵʨʠʪʨʦʮʠʪʘ (3 ï 8 ʤʢʤ) 4 ʤʢʤ 

ʉʢʦʨʦʩʪʴ ʵʨʠʪʨʦʮʠʪʘ (0 - 1000 ʤʢʤ/ʩ) 100 ʤʢʤ/ʩ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ (0-50 ʦʙ/ʩ) 20 ʦʙ/ʩ 

ʆʙʲʝʤ ʵʨʠʪʨʦʮʠʪʘ (80 -110 ʤʢʤ3) 94 ʤʢʤ3 

ʇʣʦʱʘʜʴ ʤʝʤʙʨʘʥʳ (120 - 150 ʤʢʤ2) 135 ʤʢʤ2 

ɿʘʨʷʜ ʵʨʠʪʨʦʮʠʪʘ (3Ĭ10-15 ï 3,5Ĭ10-12 ʂʣ) 3,2Ĭ10-12 ʂʣ 

ʏʠʩʣʦ ʪʨʘʝʢʪʦʨʠʡ (11 ï 501) 101 

ɻʝʤʘʪʦʢʨʠʪ (0 ï 20%) 10-20% 
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ɿʥʘʷ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʯʠʩʣʦ ʜʠʩʢʨʝʪʥʳʭ ʟʘʨʷʜʦʚ Nz=38594 ʥʘ 

ʤʝʤʙʨʘʥʝ ʠ ʦʙʨʘʟʫʶʱʠʝ ʫʩʝʯʝʥʥʦʛʦ ʮʠʣʠʥʜʨʘ l1=3,4 ʤʢʤ ʠ l2=11,5 ʤʢʤ, ʈʘʩʯʝʪʳ ʦʪ -4 ʤʢʤ ʜʦ 

4 ʤʢʤ ʩ ʰʘʛʦʤ h=0,1 ʤʢʤ ʜʝʣʘʣʠ ʧʦ ʦʩʷʤ Y ʠ Z. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʈʅʄʇ ʅ (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʷʭ 

x=x0, ʧʨʠ x0=-1, -2, -3, -4 (ʈʠʩ. 6-9). 

ʀʟ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʵʨʠʪʨʦʮʠʪʘ ʅ ʥʝʦʜʥʦʨʦʜʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʩʢʦʨʦʩʪʠ ʟʘʨʷʜʦʚ ʥʘ ʧʦʜʚʠʞʥʦʡ ʤʝʤʙʨʘʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʏʝʤ ʜʘʣʴʰʝ ʦʪ 

ʵʨʠʪʨʦʮʠʪʘ, ʪʝʤ ʅ ʤʝʥʴʰʝ. ʊʘʢ, ʝʩʣʠ x0 ʠʟʤʝʥʠʪʴ ʦʪ -1 ʤʢʤ ʜʦ -4 ʤʢʤ, ʪʦ ʤʘʢʩʠʤʫʤ H 

ʠʟʤʝʥʠʪʩʷ ʦʪ 2,2Ĭ10-6 ɸ/ʤ ʜʦ 3,9Ĭ10-7 ɸ/ʤ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʈʅʄʇ H (ɸ/ʤ) ʚ 

ʧʣʦʩʢʦʩʪʠ x=-1 ʤʢʤ ʧʨʠ U=100 ʤʢʤ/ʩ ʠ w=10, 30, 50 ʦʙ/ʩ (ʈʠʩ. 10-12). 

ʀʟ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ w ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ ʅ ʪʘʢʞʝ 

ʨʘʩʪʝʪ. ʊʘʢ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ w ʚ 5 ʨʘʟ ʦʪ 10 ʦʙ/ʩ ʜʦ 50 ʦʙ/ʩ ʤʘʢʩʠʤʫʤ H ʨʘʩʪʝʪ ʦʪ 1,3Ĭ10-6 ɸ/ʤ 

ʜʦ 5,0Ĭ10-6 ɸ/ʤ. 

 
 

ʈʠʩ. 6. ʈʅʄʇ ʅ (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ x=-1 ʤʢʤ 

 

 
 

ʈʠʩ. 7. ʈʅʄʇ ʅ (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ x=-2 ʤʢʤ 
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ʈʠʩ. 8. ʈʅʄʇ ʅ (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ x=-3 ʤʢʤ 

 

 
 

ʈʠʩ. 9. ʈʅʄʇ ʅ (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ x=-4 ʤʢʤ 

 

 
 

ʈʠʩ. 10. ʈʅʄʇ ʅ (ɸ/ʤ) ʧʨʠ w=10 ʦʙ/ʩ 
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ʈʠʩ. 11. ʈʅʄʇ ʅ (ɸ/ʤ) ʧʨʠ w=30 ʦʙ/ʩ 

 

 
 

ʈʠʩ. 12. ʈʅʄʇ ʅ (ɸ/ʤ) ʧʨʠ w=50 ʦʙ/ʩ 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʈʘʩʯʝʪʳ ʥʘ 2-ʤʝʨʥʦʡ ʠ 3-ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʨʘʱʝʥʠʝ ʤʝʤʙʨʘʥ ʵʨʠʪʨʦʮʠʪʦʚ 

ʣʠʙʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʣʠʙʦ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʈʅʄʇ ʤʝʞʜʫ 

ʵʨʠʪʨʦʮʠʪʘʤʠ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʦʤ H ʠ ʤʠʥʠʤʫʤʦʤ ʅ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ w ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʵʨʠʪʨʦʮʠʪʘ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʈʅʄʇ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʘʤʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʤʦʜʠʥʘʤʠʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. 

ɼʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ ʈʅʄʇ ʤʝʞʜʫ ʵʨʠʪʨʦʮʠʪʘʤʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʣʦʢʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʙʦʨʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʈʅʄʇ, ʩ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʥʘʨʫʰʝʥʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ FSRF-2023-0003, çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
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ʦʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʳʭ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘè. 
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ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

 

ʈɽʂʋʈʈɽʅʊʅʓɽ ʅɽʁʈʆʅʅʓɽ ʉɽʊʀ ɺ ɿɸɼɸʏɸʍ ʇʈɽɼʉʂɸɿɸʅʀʗ ʆʊʂʃʀʂɸ 

ʅɽʃʀʅɽʁʅʓʍ ʌʀɿʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʪʢʣʠʢʘ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʥʘ ʟʘʜʘʥʥʦʝ 

ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ SimpleRNN, LSTM ʠ GRU ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʣʦʸʚ 

ʠ ʷʯʝʝʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʜʘʯʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʪʢʣʠʢʘ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ 

LSTM ʠʣʠ GRU ʩ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ ʧʦʨʷʜʢʘ 100. ɼʣʷ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʥʝʪ ʩʤʳʩʣʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʣʦʸʚ, ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʦʧʨʘʚʜʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʝʪʳʨʸʭʩʣʦʡʥʳʭ ʩʝʪʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ; ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; 

ʥʝʣʠʥʝʡʥʳʡ ʦʪʢʣʠʢ; LSTM; GRU 

 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʥʘ ʥʝʢʦʪʦʨʦʝ ʟʘʜʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦ 

ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚʢʣʶʯʘʷ ʨʘʜʠʦʣʦʢʘʮʠʶ [7], ʩʚʷʟʴ [10], ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ [8] 

ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʶ [4]. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ ï ʜʣʷ 

ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʠʣʠ ʠʟʤʝʨʠʪʴ ʠʤʧʫʣʴʩʥʫʶ, ʧʝʨʝʭʦʜʥʫʶ ʠʣʠ ʯʘʩʪʦʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʨʘʟʚʝ ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʦʚ ɺʦʣʴʪʝʨʨʘ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ 

ʨʘʟʣʦʞʝʥʠʶ ʠ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʨʘʟʣʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʜʘʣʝʢʦ ʥʝ 

ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2]. ɼʣʷ ʤʥʦʛʠʭ ʟʘʜʘʯ, ʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʪʦʤ 

ʯʠʩʣʝ, ʢʨʦʤʝ ʥʝʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʦʪʢʣʠʢʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʭʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʨʝʘʢʮʠʝʡ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʨʘʟʥʳʡ ʚʨʝʤʝʥʥʦʡ ʤʘʩʰʪʘʙ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [3] ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [6], ʚ ʯʘʩʪʥʦʩʪʠ. ɺ 

ʵʪʦʤ ʧʦʜʭʦʜʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʠʣʠ ʩʨʝʜʳ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘʜʘʯʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʣʠ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʷʚʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʵʪʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩ ʪʝʤ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʦʪʢʣʠʢ ʥʘ 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʦʩʥʦʚʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [9]. ɺ 

ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʟʥʘʯʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 
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ɺ ʧʝʨʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1a, ʵʣʝʤʝʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʘʥʥʳʭ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʦʪʢʣʠʢʦʤ ʩʠʩʪʝʤʳ s ʥʘ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ x1 

ʷʚʣʷʝʪʩʷ y1, ʪʦ ʦʪʢʣʠʢ y2 ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ x2 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ, ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʡ x1 ʠ y1. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ s ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ ʚʭʦʜʥʳʭ, ʥʠ ʦʪ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʪʢʣʠʢʘ y ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ x ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʩʚʷʟʥʦʡ ʠʣʠ ʩʚʸʨʪʦʯʥʦʡ ʩʝʪʠ [1].  

 

 
 

ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʘʥʥʳʭ:  

ʘ) ʦʜʠʥ ʚʭʦʜ, ʦʜʠʥ ʚʳʭʦʜ (one-to-one); b) ʦʜʠʥ ʚʭʦʜ, ʤʥʦʛʦ ʚʳʭʦʜʦʚ (one-to-many); ʩ) ʤʥʦʛʦ 

ʚʭʦʜʦʚ, ʦʜʠʥ ʚʳʭʦʜ (many-to-one); d) ʤʥʦʛʦ ʚʭʦʜʦʚ, ʤʥʦʛʦ ʩʠʥʭʨʦʥʥʳʭ ʚʳʭʦʜʦʚ (synchronized 

many-to-many); d) ʤʥʦʛʦ ʚʭʦʜʦʚ, ʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʳʭ ʚʳʭʦʜʦʚ (asynchronized many-to-many) 

 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1b, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʢʣʠʢʦʚ yi ʥʘ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ x. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, 

ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʠ ʝʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʢʘʞʜʦʤ 

ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʥʝʢʦʪʦʨʳʤ ʚʝʢʪʦʨʦʤ si. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ yi, ʥʘʧʨʠʤʝʨ, ʧʦ ʝʛʦ ʩʧʝʢʪʨʫ x. ʊʘʢ ʢʘʢ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪʩʷ ʝʝ ʩʦʩʪʦʷʥʠʝʤ si, ʩ ʧʦʤʦʱʴʶ ʫʢʘʟʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʜʝʣʝʥʠʝ ʠʣʠ ʧʦʜʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɸʨʭʠʪʝʢʪʫʨʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1c, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ xi ʩʪʘʚʠʪ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨ y. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ: ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʧʦ ʝʛʦ ʦʪʩʯʝʪʘʤ xi; ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ 

ʦʜʥʦʛʦ ʠʣʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ; ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʛʥʘʣʦʚ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1d ʢʘʞʜʦʤʫ ʚʭʦʜʥʦʤʫ ʦʪʩʯʝʪʫ xi 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʯʝʪ ʦʪʢʣʠʢʘ yi. ʕʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʣʶʙʳʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ çʠʟ ʪʦʯʢʠ ʚ ʪʦʯʢʫè: 
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ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ, ʥʝʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʚʳʯʠʩʣʝʥʠʝ ʦʪʢʣʠʢʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ. 

ʅʘʢʦʥʝʮ, ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1e ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʩʯʝʪʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ xi ʩʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʦʪʢʣʠʢʦʚ yi. ʕʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʟʘʜʘʯʘʭ, ʢʦʛʜʘ ʦʪʢʣʠʢ ʠ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʜʣʷ ʦʜʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦʡ, ʝʩʣʠ ʦʪʢʣʠʢ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʶʪʩʷ 

ʥʘ ʦʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʘʨʭʠʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʪʩʯʝʪʳ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ xn, ʛʜʝ n ï ʥʦʤʝʨ ʦʪʩʯʝʪʘ, ʧʦʜʘʶʪʩʷ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʚʭʦʜʳ ʷʯʝʡʢʠ ʧʝʨʚʦʛʦ ʩʣʦʷ L1, 

ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ C ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʦʚ. ʈʝʢʫʨʨʝʥʪʥʘʷ ʷʯʝʡʢʘ ʧʝʨʦʚʦʛʦ ʩʣʦʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ Ὤ  ʚʳʯʠʩʣʷʝʪ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ Ὤ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 1 Ĭ C. ɺ ʛʣʫʙʦʢʠʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʝʪʷʭ ʵʪʦʪ 

ʚʝʢʪʦʨ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʩʣʝʜʫʶʱʝʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʣʦʷ ï L2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ M 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʣʦʸʚ ʚʩʝ ʚʝʢʪʦʨʳ ʩʦʩʪʦʷʥʠʡ Ὤ  ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʙʱʠʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ hn ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ 1 Ĭ (C Ŀ M), ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ D, ʬʦʨʤʠʨʫʶʱʝʛʦ 

ʦʪʩʯʝʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ yn. ʆʪʯʝʪʳ yn ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ 

ʟʥʘʢ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 

 

 
 

ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʛʣʫʙʦʢʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  

ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʨʝʢʫʨʨʝʥʪʥʳʤʠ ʷʯʝʡʢʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʝ 

ʨʝʢʫʨʨʝʥʪʥʳʝ ʷʯʝʡʢʠ (SimpleRNN), Long Short-Term Memory (LSTM) ʠ Gated Recurrent Unit 

(GRU) [1]. ʂʦʥʝʯʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ 

ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 8 ʤʦʜʠʬʠʢʘʮʠʡ ʷʯʝʡʢʠ LSTM, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʝ ʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳʰʝ 
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ʘʨʭʠʪʝʢʪʫʨʘʤʠ [5]. ʇʦʵʪʦʤʫ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʤʝʥʥʦ ʵʪʠ ʷʯʝʡʢʠ. ʏʠʩʣʦ ʷʯʝʝʢ ʚ ʩʣʦʝ ʚʳʙʠʨʘʣʦʩʴ ʠʟ ʥʘʙʦʨʘ 4, 16, 32, 64, 128, 256, ʯʠʩʣʦ 

ʩʣʦʸʚ ï ʦʪ 1 ʜʦ 4. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʙʠʙʣʠʦʪʝʢʠ keras 2.10.0 

ʥʘʩʪʨʦʡʢʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ return_sequences = True, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʨʠʩʫʥʢʘ 2. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʪʢʣʠʢʘʭ ʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ ï ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 10-ʛʦ ʧʦʨʷʜʢʘ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʩʨʝʟʘ 0,1 ʠ 0,2. 

ʆʙʫʯʘʶʱʝʝ ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʣʦ ʠʟ 1000 ʩʣʫʯʘʡʥʳʭ ʧʘʨ ʚʦʟʜʝʡʩʪʚʠʝ-ʦʪʢʣʠʢ (ʨʠʩ. 3), 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 200 ʦʪʩʯʝʪʦʚ. ɺʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩʦ 

ʩʣʫʯʘʡʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʯʘʩʪʦʪʘ ʚ ʜʠʘʧʘʟʦʥʝ [0,05; 0,25), ʘʤʧʣʠʪʫʜʘ ï [0,1; 1), ʥʘʯʘʣʴʥʘʷ 

ʬʘʟʘ ï [0; 2ˊ). ʈʘʟʤʝʨ ʧʘʢʝʪʘ (mini-batch) ʙʳʣ ʨʘʚʝʥ 64, ʦʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ Adam ʥʘ 200 ʵʧʦʭʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʦʪʩʯʝʪʦʚ ʦʪ ʟʘʜʘʥʥʳʭ. ʈʘʟʤʝʨ 

ʪʝʩʪʦʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣ 5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʠʛʥʘʣʦʚ, ʪʦ ʝʩʪʴ 50 ʩʠʛʥʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʥʘ 

ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʠ ʪʝʩʪʦʚʦʤ ʤʥʦʞʝʩʪʚʘʭ. 

 

 
 

 

ʈʠʩ. 3. ʇʨʠʤʝʨʳ ʧʘʨ ʦʙʫʯʘʶʱʠʭ ʦʙʨʘʟʦʚ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦʪʢʣʠʢʦʚ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ  

10-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʯʘʩʪʦʪʘʤʠ,  

ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʬʘʟʘʤʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʡ ʦʰʠʙʢʠ ʦʪ ʯʠʩʣʘ ʉ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʣʦʝʚ M ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʯʝʝʢ 

SimpleRNN. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ C = 128 ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʩʝʪʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ C = 256 ʥʝʡʨʦʥʦʚ ʚ ʦʜʥʦʤ ʩʣʦʝ ʚʝʨʦʷʪʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʝʥʴʰʫʶ ʦʰʠʙʢʫ 

ʧʨʠ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʵʧʦʭ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ. ʊʘʢʞʝ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʣʫʙʦʢʘʷ ʩʝʪʴ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ ʚ 

ʨʝʢʫʨʨʝʥʪʥʦʡ ʷʯʝʡʢʝ (C = 256, M = 4) ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʤ ʯʠʩʣʝ ʵʧʦʭ ʥʝ ʦʙʫʯʘʝʪʩʷ. ɼʣʷ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʦʰʠʙʢʘ ʧʦʨʷʜʢʘ 2Ŀ10-2. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʚ 

ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ 500 ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʝʢʪʦʨʝ ʩʦʩʪʦʷʥʠʷ ʷʚʥʦ 

ʠʟʙʳʪʦʯʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʵʧʦʭ ʦʙʫʯʝʥʠʷ ʜʦ 1000 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʰʠʙʦʢ ʜʦ ʫʨʦʚʥʷ 
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5Ŀ10-5 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 32, 64 ʠʣʠ 128 ʥʝʡʨʦʥʦʚ ʚ ʷʯʝʡʢʝ ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʯʝʝʢ SimpleRNN ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʩʣʦʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ. 

 

 
 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʧʨʦʩʪʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (SimpleRNN) ʦʪ ʯʠʩʣʘ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʦʰʠʙʢʘ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ 

ʤʥʦʞʝʩʪʚʝ, ʩʧʨʘʚʘ ï ʥʘ ʪʝʩʪʦʚʦʤ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʡ ʦʰʠʙʢʠ ʦʪ ʯʠʩʣʘ ʉ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʣʦʸʚ M ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʯʝʝʢ 

LSTM. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ï ʯʝʤ ʛʣʫʙʞʝ 

ʩʝʪʴ ʩ ʷʯʝʡʢʘʤʠ LSTM, ʪʝʤ ʣʫʯʰʝ ʦʥʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ SimpleRNN, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʥʝʡʨʦʥʦʚ ʚ ʷʯʝʡʢʝ (C = 256) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʝʪʴ ʧʝʨʝʩʪʘʝʪ ʦʙʫʯʘʪʴʩʷ (ʧʨʠ M = 1é3), 

ʠʣʠ ʦʙʫʯʘʝʪʩʷ ʧʣʦʭʦ (M = 4). ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʥʜʝʥʮʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 1000 ʵʧʦʭ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʥʘ ʨʠʩʫʢʘʭ 4 ʠ 5 ʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʜʣʷ ʩʝʪʠ LSTM ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, 

ʯʝʤ ʜʣʷ ʩʝʪʠ SimpleRNN. ʆʪʤʝʪʠʤ, ʯʪʦ ʷʯʝʡʢʘ LSTM ʧʦʤʠʤʦ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʠʤʝʝʪ ʷʯʝʡʢʫ 

ʧʘʤʷʪʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʣʦʠ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʣʦʷ ʵʪʘ ʷʯʝʡʢʘ ʧʘʤʷʪʠ ʧʝʨʝʜʘʸʪʩʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʯʝʝʢ GRU ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6 ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʷʯʝʡʢʠ GRU ʭʫʞʝ ʦʙʫʯʘʶʪʩʷ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʊʦʣʴʢʦ ʜʣʷ ʧʷʪʠ ʩʦʯʝʪʘʥʠʡ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʚ ʷʯʝʡʢʝ ʠ ʯʠʩʣʘ ʩʣʦʸʚ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʦʙʫʯʝʥʠʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 200 ʵʧʦʭ. ʇʦʵʪʦʤʫ ʥʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʡ 

ʦʰʠʙʢʠ ʦʪ ʯʠʩʣʘ ʉ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʣʦʸʚ M ʜʣʷ ʷʯʝʝʢ 

GRU ʧʦʩʣʝ 1000 ʵʧʦʭ ʦʙʫʯʝʥʠʷ. ʇʦ ʟʥʘʯʝʥʠʷʤ ʬʫʥʢʮʠʡ ʦʰʠʙʢʠ ʜʣʷ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ 

ʚ ʩʣʦʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ M ʚ ʜʚʘ ʨʘʟʘ ʜʘʸʪ ʥʝʤʥʦʛʦ ʣʫʯʰʠʡ 

ʵʬʬʝʢʪ, ʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʷʯʝʝʢ C ʚ ʩʣʦʝ. ʊʘʢ, ʜʚʫʭʩʣʦʡʥʘʷ ʩʝʪʴ ʩ C = 16 ʷʯʝʡʢʘʤʠ ʚ ʩʣʦʝ 

ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ, ʢʘʢ ʠ ʦʜʥʦʩʣʦʡʥʘʷ ʩʝʪʴ ʩ C = 32 ʷʯʝʡʢʘʤʠ ʢʘʢ ʥʘ 

ʪʨʝʥʠʨʦʚʦʯʥʦʤ, ʪʘʢ ʠ ʥʘ ʪʝʩʪʦʚʦʤ ʤʥʦʞʝʩʪʚʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʪʨʸʭ ʠ ʯʝʪʳʨʸʭʩʣʦʡʥʦʡ ʩʝʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝ ʠʤʝʝʪ 
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ʩʤʳʩʣʘ ʫʚʝʣʠʯʠʚʘʪʴ ʛʣʫʙʠʥʫ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ GRU, ʣʫʯʰʝ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ 

ʦʜʥʦ- ʠʣʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʝʪʠ. 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ LSTM  

ʦʪ ʯʠʩʣʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʦʰʠʙʢʘ  

ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʩʧʨʘʚʘ ï ʥʘ ʪʝʩʪʦʚʦʤ 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ GRU  

ʦʪ ʯʠʩʣʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʦʰʠʙʢʘ  

ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʩʧʨʘʚʘ ï ʥʘ ʪʝʩʪʦʚʦʤ 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʨʝʢʫʨʨʝʥʪʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʯʝʡʢʠ ʣʶʙʦʛʦ ʪʠʧʘ, ʨʘʟʥʠʮʘ ʪʦʣʴʢʦ 

ʚ ʢʦʣʠʯʝʩʪʚʝ ʵʧʦʭ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʦʰʠʙʢʠ ʠ ʚʨʝʤʝʥʠ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʦʙʫʯʝʥʠʝ ʥʘ ʦʜʥʦʡ ʵʧʦʭʝ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ 

ʠʟʤʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʪʦʨʘ (learning_rate) ʠʣʠ ʧʦʜʦʙʨʘʪʴ ʜʨʫʛʠʝ 

ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʣʦʷ. ʄʳ ʧʨʦʚʝʣʠ ʦʙʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6 

ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʷʯʝʡʢʘʤʠ SimpleRNN, LSTM ʠ GRU ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ 

ʘʢʪʠʚʘʮʠʠ ʠʟ ʥʘʙʦʨʘ ReLU, Softplus, Sigmoid, Linear, Leaky ReLU, GELU, SELU, SiLU, Tanh. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ (M = 1) ʥʘ ʦʩʥʦʚʝ ʷʯʝʝʢ ʩ 

C = 128 ʥʝʡʨʦʥʘʤʠ. ɼʣʷ ʷʯʝʝʢ SimpleRNN ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʢʣʠʢ ʜʘʶʪ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

ReLU, Leaky ReLU ʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, Tanh. ʉʝʪʴ LSTM ʦʯʝʥʴ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ 

ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʛʝʡʪʦʚ: ʪʦʣʴʢʦ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

50 

SELU ʠ Tanh ʦʢʘʟʘʣʠʩʴ ʫʩʪʦʡʯʠʚʳʤʠ. ʇʨʠ ʵʪʦʤ ʩʝʪʴ ʭʦʪʴ ʢʘʢ-ʪʦ ʦʙʫʯʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʩʦʯʝʪʘʥʠʡ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʚʳʭʦʜʘ ʠ ʛʝʡʪʘ: Tanh + Sigmoid (ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ 

ʫʤʦʣʯʘʥʠʶ), SELU + Sigmoid, Sigmoid + SELU. ʗʯʝʡʢʘ GRU ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ, ʯʪʦ 

ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭ, ʘ ʥʝ ʯʝʪʳʨʸʭ ʛʝʡʪʦʚ. ʆʜʥʘʢʦ ʚʩʝʛʦ ʧʷʪʴ 

ʩʦʯʝʪʘʥʠʡ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʙʫʯʘʪʴʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʤ 

ʯʠʩʣʝ ʵʧʦʭ, ʧʨʠʯʝʤ ʯʝʪʳʨʝ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ ʩʠʛʤʦʠʜʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʛʝʡʪʦʚ. 

ʅʘʠʣʫʯʰʠʤ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʦʯʝʪʘʥʠʝ Tanh + Sigmoid. 

ʄʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʧʨʝʜʣʦʞʝʥʥʫʶ ʚʳʰʝ ʘʨʭʠʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʯʝʝʢ SimpleRNN, 

LSTM, GRU. ɺ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʫʣʠ ʦʪʢʣʠʢʦʚ ʬʠʣʴʪʨʘ 10-ʛʦ 

ʧʦʨʷʜʢʘ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. ʇʨʠ ʦʙʫʯʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ Adam ʩ ʧʘʨʘʤʝʪʨʘʤʠ  

learning_rate = 10-3, clipnorm = 1. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 1000 ʵʧʦʭʘʭ. 

 

 
 

ʈʠʩ. 7. ʇʨʠʤʝʨʳ ʧʘʨ ʦʙʫʯʘʶʱʠʭ ʦʙʨʘʟʦʚ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚʳʧʨʷʤʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʠʢʦʚ 

ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 10-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, 

ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʬʘʟʘʤʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʠ ʯʠʩʣʘ ʷʯʝʝʢ SimpleRNN ʚ ʩʣʦʝ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʪʢʣʠʢʘ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʣʦʸʚ M ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ M = 4 ʩʣʦʷʤʠ ʜʘʝʪ ʭʫʜʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʜʚʫʭʩʣʦʡʥʘʷ ʩʝʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ C ʚ ʩʣʦʝ ʪʘʢʞʝ 

ʥʝ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʦʧʪʠʤʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʩʣʦʡʥʦʡ ʩʝʪʠ M = 2 ʩ C = 64 ʥʝʡʨʦʥʘʤʠ ʚ ʩʣʦʝ. 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʠ ʯʠʩʣʘ ʷʯʝʝʢ ʚ ʩʣʦʝ ʜʣʷ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ LSTM. ʇʦ ʟʥʘʯʝʥʠʷʤ ʬʫʥʢʮʠʡ 

ʦʰʠʙʢʠ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʤʥʦʞʝʩʪʚʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʜʚʘ ʨʘʟʘ ʯʠʩʣʘ 

ʥʝʡʨʦʥʦʚ C ʚ ʩʣʦʝ ʠʣʠ ʪʘʢʦʝ ʞʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʣʦʸʚ M ʜʘʝʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʝʪʠ ʚʩʸ ʞʝ ʜʘʶʪ ʩʣʝʛʢʘ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

ʦʰʠʙʢʠ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʪʝʩʪʦʚʦʤ 

ʤʥʦʞʝʩʪʚʝ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʩʝʪʠ ʩ C = 128 ʷʯʝʡʢʘʤʠ LSTM. 

ʇʨʠ ʵʪʦʤ ʜʚʫʭʩʣʦʡʥʘʷ ʩʝʪʴ ʩ C = 256 ʥʝʡʨʦʥʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʰʠʙʢʫ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʥʦ 
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ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ nVidia GeForce RTX 2060 ʦʙʫʯʘʝʪʩʷ ʥʘ 30% 

ʙʳʩʪʨʝʝ (ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ LSTM M = 4 ʠ C = 128 ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 18 ʤʠʥʫʪ, ʜʣʷ ʩʝʪʠ 

LSTM M = 2 ʠ C = 256 ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʨʠʤʝʨʥʦ 12 ʤʠʥʫʪ). 

 

 
 

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ SimpleRNN ʦʪ ʯʠʩʣʘ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʪʢʣʠʢʘ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʦʰʠʙʢʘ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʩʧʨʘʚʘ ï ʥʘ ʪʝʩʪʦʚʦʤ 

 

 

 
 

ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ LSTM ʦʪ ʯʠʩʣʘ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʪʢʣʠʢʘ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʦʰʠʙʢʘ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʩʧʨʘʚʘ ï ʥʘ ʪʝʩʪʦʚʦʤ 

 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʠ ʯʠʩʣʘ ʷʯʝʝʢ ʚ ʩʣʦʝ ʜʣʷ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ GRU. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʣʦʝʚ ʚ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ GRU ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʀʟ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʥʘ ʪʝʩʪʦʚʦʤ 

ʤʥʦʞʝʩʪʚʝ ʜʣʷ ʯʝʪʳʨʸʭʩʣʦʡʥʦʡ ʩʝʪʠ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ ʙʦʣʴʰʝ C = 64 ʥʝ 

ʦʧʨʘʚʜʘʥʦ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʫ ʦʜʥʦʩʣʦʡʥʦʡ ʩʝʪʠ ʩ 

C = 512 ʥʝʡʨʦʥʘʤʠ ʚ ʩʣʦʝ. 
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ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʠ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ GRU ʦʪ ʯʠʩʣʘ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʷʯʝʝʢ ʚ ʩʣʦʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʪʢʣʠʢʘ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ. ʉʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʦʰʠʙʢʘ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʩʧʨʘʚʘ ï ʥʘ ʪʝʩʪʦʚʦʤ 

 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʘʭ ʥʘ ʩʠʩʪʝʤʫ ʧʦʜʘʚʘʣʠʩʴ ʥʝʧʨʝʨʳʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʦ ʚʚʝʜʝʥʠʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ, ʧʨʠʯʝʤ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʦʪʢʣʠʢʦʤ ʚ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ 

ʥʝʚʦʟʤʦʞʥʦ. ʄʳ ʧʦʜʛʦʪʦʚʠʣʠ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʪʢʣʠʢʠ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʜʚʫʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʦʛʠʙʘʶʱʠʤʠ. ʅʘ 

ʨʠʩʫʥʢʝ 11 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʦʪʢʣʠʢʦʚ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ LSTM. 

 

 
 

ʈʠʩ. 11. ʇʨʠʤʝʨʳ ʧʘʨ ʦʙʫʯʘʶʱʠʭ ʦʙʨʘʟʦʚ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦʪʢʣʠʢʦʚ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ  

ʥʘ ʜʚʘ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʘ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ 200 ʵʧʦʭ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʪʠʤʠʟʘʪʦʨʘ Adam ʩ ʧʘʨʘʤʝʪʨʦʤ learning_rate = 10-3 ʣʫʯʰʝ ʚʩʝʛʦ ʦʙʫʯʘʶʪʩʷ ʩʝʪʠ ʩ 32 ʠʣʠ 64 

ʷʯʝʡʢʘʤʠ ʚ ʩʣʦʝ. ʇʦʩʣʝ ʤʳ ʧʨʦʚʝʣʠ ʝʱʝ ʜʚʝ ʠʪʝʨʘʮʠʠ ʦʙʫʯʝʥʠʷ ʧʦ 200 ʵʧʦʭ ʢʘʞʜʘʷ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ learning_rate = 10-4 ʠ learning_rate = 10-5 ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʠ ʯʝʪʳʨʸʭʩʣʦʡʥʦʡ ʩ 64 

ʷʯʝʡʢʘʤʠ ʚ ʩʣʦʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʪʳʨʸʭʩʣʦʡʥʘʷ ʩʝʪʴ ʦʙʫʯʘʝʪʩʷ ʥʝʤʥʦʛʦ ʣʫʯʰʝ, ʯʝʤ 

ʜʚʫʭʩʣʦʡʥʘʷ. ʅʘ ʨʠʩʫʥʢʝ 12 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʪʢʣʠʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʧʷʪʠ ʈʏ ʠʤʧʫʣʴʩʦʚ.  
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ʈʠʩ. 12. ʇʨʠʤʝʨʳ ʦʪʢʣʠʢʦʚ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ LSTM  

ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ M = 4, C = 64 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɼʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ çʪʦʯʢʘ ʚ ʪʦʯʢʫè ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʠ ʩ ʷʯʝʡʢʘʤʠ LSTM ʠʣʠ 

GRU c ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ (ʧʦʨʷʜʢʘ 100). ɼʣʷ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ 

ʥʝʪ ʩʤʳʩʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʣʦʸʚ, ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʦʧʨʘʚʜʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭʩʣʦʡʥʳʭ ʩʝʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʠʤʧʫʣʴʩʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʪʠ LSTM ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʦʪʢʣʠʢʘ ʩʧʠʥʦʚʳʭ 

ʩʠʩʪʝʤ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ, ʜʘʞʝ ʢʦʛʜʘ ʥʘ ʚʭʦʜ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʧʦʜʘʸʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʆʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ ʧʨʦʩʪʘʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʟʘʜʘʯʘʭ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʪʢʣʠʢʘ ʥʝʣʠʥʝʡʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʪʘʤ, ʛʜʝ ʦʧʠʩʳʚʘʝʤʫʶ 

ʩʠʩʪʝʤʫ ʥʝ ʫʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʪʴ, ʣʠʙʦ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʠʤ. ʅʝʡʨʦʥʥʫʶ ʩʝʪʴ ʤʦʞʥʦ ʦʙʫʯʠʪʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʝʝ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʣʠ ʨʝʜʢʠʡ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʠ ʧʝʨʝʜʘʪʴ 

ʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʚ ʜʨʫʛʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ, ʫʞʝ ʯʠʩʣʝʥʥʦʛʦ, ʠʟʫʯʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ. ʊʘʢ, ʚ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʥʦ ʦʙʫʯʠʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʘʜʝʢʚʘʪʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʘʪʝʤ, 

ʠʩʧʦʣʴʟʫʷ ʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ, ʧʦʜʦʙʨʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʢʨʫʧʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʘʭ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʸʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ  

ˉ 24-22-20025 (https://rscf.ru/project/24-22-20025/) ʠ ʟʘ ʩʯʸʪ ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʘ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 
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ʘʩʧʠʨʘʥʪ, ʘʩʩʠʩʪʝʥʪ 

ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʄɽʊʆɼ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ɺɽʈʆʗʊʅʆʉʊɽʁ ɺɿɸʀʄʆʀʉʂʃʖʏɸʖʑʀʍ 

ʇɽʈɽʍʆɼʆɺ ɺ ʉʊʈʋʂʊʋʈɽ ʂʆʄʇɸʈʊʄɽʅʊɸʃʔʅʓʍ ʄʆɼɽʃɽʁ ʕʇʀɼɽʄʀʁ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʧʠʜʝʤʠʡ. ʇʨʠʚʦʜʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ SIR ʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʦʙʦʙʱʸʥʥʳʡ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ. ʉʪʘʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʭʦʜʦʚ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʇʦʢʘʟʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʛʥʦʟʦʚ ʵʧʠʜʝʤʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʚʘʨʠʘʥʪʦʚ ʧʘʪʦʛʝʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʧʠʜʝʤʠʡ; SIR ʤʦʜʝʣʴ; ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ; 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʷʚʣʝʥʠʡ. ɺʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʵʧʠʜʝʤʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʢʦʨʨʝʢʪʥʳʝ ʤʝʨʳ 

ʧʦ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ [1, ʩ. 11]. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʧʠʜʝʤʠʡ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ SIR. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʢʘʞʜʳʡ ʠʥʜʠʚʠʜ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʪʨʸʭ ʩʦʩʪʦʷʥʠʡ, 

ʚʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ [4, ʩ. 47]: 

1. S (susceptible) ʚʦʩʧʨʠʠʤʯʠʚʳʡ ï ʠʥʜʠʚʠʜ, ʢʦʪʦʨʳʡ ʝʱʸ ʥʝ ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʬʠʮʠʨʦʚʘʥ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʪʘʢʦʚʳʤ; 

2. I (infected) ʠʥʬʠʮʠʨʦʚʘʥʥʳʡ ï ʠʥʜʠʚʠʜ, ʢʦʪʦʨʳʡ ʙʦʣʝʝʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠ ʤʦʞʝʪ 

ʠʥʬʠʮʠʨʦʚʘʪʴ ʚʦʩʧʨʠʠʤʯʠʚʳʭ; 

3. R (recovered) ʚʳʟʜʦʨʦʚʝʚʰʠʡ ï ʠʥʜʠʚʠʜ, ʢʦʪʦʨʳʡ ʫʞʝ ʥʝ ʙʦʣʝʝʪ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʬʠʮʠʨʦʚʘʥ ʧʦʚʪʦʨʥʦ ʠ ʥʝ ʤʦʞʝʪ ʠʥʬʠʮʠʨʦʚʘʪʴ ʚʦʩʧʨʠʠʤʯʠʚʳʭ. 

ɺ ʦʨʠʛʠʥʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ SIR ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʪʨʸʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠʥʜʠʚʠʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ: 

ừ
Ử
Ừ

Ử
ứ

ϽϽ

ϽϽ
ὍϽ‎

ὍϽ‎

      (1) 

ʛʜʝ S, I ʠ R ï ʬʫʥʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ, ʦʪʨʘʞʘʶʱʠʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʦʩʪʦʷʥʠʷʭ, t ï ʚʨʝʤʷ, N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʦʚ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʟʘʨʘʞʝʥʠʷ, g ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ. 
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ʀʩʭʦʜʷ ʠʟ ʩʠʩʪʝʤʳ (1), ʚ SIR ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʚʘ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ: 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ (f1) ʠ ʚʳʟʜʦʨʦʚʣʝʥʠʝ (f2). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʭʦʜʦʚ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʘʢ, ʜʣʷ SIR ʤʦʜʝʣʠ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʦʪʥʦʰʝʥʠʷ: 

ȟ Ͻ ȟ Ͻ
Ͻ

ȟ Ͻ ȟ Ͻ
     (2) 

ʛʜʝ Q(f1, t) ʠ Q(f2, t) ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ f1 ʠ f2, ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʠʥʬʠʮʠʨʦʚʘʥʳ ʠʣʠ ʚʳʟʜʦʨʦʚʝʣʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, P(f1, t) ʠ P(f2, t) ï 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ f1 ʠ f2, ʪʦ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʳʪʴ ʠʥʬʠʮʠʨʦʚʘʥʥʳʤ ʚ ʩʦʩʪʦʷʥʠʠ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʚʳʟʜʦʨʦʚʝʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʠʥʬʠʮʠʨʦʚʘʥʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʥʝʯʥʳʡ ʧʨʦʛʥʦʟ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʚʦʩʧʨʠʠʤʯʠʚʳʭ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʠ 

ʚʳʟʜʦʨʦʚʝʚʰʠʭ ʠʥʜʠʚʠʜʦʚ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʟʘʜʘʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. 

ʆʙʦʙʱʘʷ ʧʨʠʥʮʠʧʳ SIR ʤʦʜʝʣʠ, ʚʦʟʥʠʢ ʢʣʘʩʩ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʵʧʠʜʝʤʠʡ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʠʜʝʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʛʨʫʧʧʳ 

(ʢʦʤʧʘʨʪʤʝʥʪʳ) ʠʥʜʠʚʠʜʦʚ. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʠʥʜʠʚʠʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʟʥʘʯʠʤʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ. ʇʦʤʠʤʦ ʤʦʜʝʣʠ SIR 

ʩʫʱʝʩʪʚʫʶʪ ʝʸ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʦʤʫ ʧʦʜʭʦʜʫ [5, ʩ. 72-

73]: 

1. SEIR ʤʦʜʝʣʴ ï ʚʚʝʜʝʥʦ ʩʦʩʪʦʷʥʠʝ E (Exposed), ʦʧʠʩʳʚʘʶʱʝʝ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʟʘʙʦʣʝʚʘʥʠʷ; 

2. SIRD ʤʦʜʝʣʴ ï ʚʚʝʜʝʥʦ ʩʦʩʪʦʷʥʠʝ D (Dead), ʦʧʠʩʳʚʘʶʱʝʝ ʩʤʝʨʪʴ ʦʪ ʟʘʙʦʣʝʚʘʥʠʷ; 

3. SIRS ʤʦʜʝʣʴ ï ʚʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ R ʚ ʩʦʩʪʦʷʥʠʝ S, 

ʦʧʠʩʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʫʶ ʧʦʪʝʨʶ ʚʦʟʥʠʢʰʝʛʦ ʠʤʤʫʥʠʪʝʪʘ. 

ɺ ʨʘʤʢʘʭ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʣʶʙʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʘʷ ʥʘʙʦʨʦʤ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ, ʫʟʣʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʠʥʜʠʚʠʜʘ, ʘ 

ʨʸʙʨʘʤʠ ï ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ. 

ʊʘʢ ʤʦʜʝʣʴ SIR ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʛʨʘʬʦʤ ʧʝʨʝʭʦʜʦʚ: 

 

S I Rf1 f2

 
 

ʈʠʩ. 1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ SIR ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ 

 

ʂʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʜʦʧʫʩʢʘʝʪ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʜʝʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʝʨʝʭʦʜʦʚ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʂ ʪʘʢʠʤ ʩʣʫʯʘʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʪʦʛʝʥʘʤʠ [3, ʩ. 2-3]; ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʩʤʝʨʪʴ ʦʪ ʥʝʩʚʷʟʘʥʥʳʭ ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ ʧʨʠʯʠʥ [6, ʩ. 2]; ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʦʟʤʦʞʥʫʶ 

ʚʘʢʮʠʥʘʮʠʶ ʠʥʜʠʚʠʜʦʚ [2, ʩ. 417] ʠ ʜʨ. ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʠʟ ʩʦʩʪʦʷʥʠʷ 
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ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʧʦʤʠʤʦ ʧʝʨʝʭʦʜʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ ʠʥʬʠʮʠʨʦʚʘʥʠʷ, ʚʚʦʜʷʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʭʦʜʳ ʚ ʜʨʫʛʠʝ ʩʦʩʪʦʷʥʠʷ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʧʘʪʦʛʝʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʱʝʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

S

I1

R

f1 fn+1

I2

In

f2

f i ...
fn

fn+2

fn+i

f2n

 
 

ʈʠʩ. 2. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʘʪʦʛʝʥʘ  

ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʱʝʛʦ ʠʤʤʫʥʠʪʝʪʘ ʚ ʚʠʜʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ 

 

ɼʣʷ ʪʘʢʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʮʝʥʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʢʘʞʜʳʤ 

ʚʘʨʠʘʥʪʦʤ ʧʘʪʦʛʝʥʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ f1 ï fn. 

ʂʘʢ ʨʘʥʝʝ ʦʪʤʝʯʝʥʦ, ʧʝʨʝʭʦʜʳ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʩʦʙʳʪʠʷʤʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʧʝʨʝʭʦʜʦʚ ʦʮʝʥʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ 

ʩʫʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʆʜʥʘʢʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʥʜʠʚʠʜ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʚ 

ʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʪʫʘʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʜʚʘ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʭʦʜʦʚ ʢ ʥʦʚʳʤ ʟʥʘʯʝʥʠʷʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʝʨʦʷʪʥʦʩʪʷʤ ʜʘʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʢʘʢ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʩʦʙʳʪʠʡ. 

ʇʫʩʪʴ ʜʘʥ ʚʝʢʪʦʨ ὴ ὴ  ï ʠʩʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʝʢʪʦʨ ὴᶻ ὴᶻ  ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʊʘʢ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʧʝʨʝʭʦʜʦʚ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʢʪʦʨ p ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὴ       (3) 

ʇʦʩʢʦʣʴʢʫ ʚʝʢʪʦʨ p ʩʦʜʝʨʞʠʪ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ, 

ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʨʘʙʘʪʳʚʘʥʠʡ ʧʝʨʝʭʦʜʦʚ. ʇʫʩʪʴ Ὑ ὶ  ï ʤʘʪʨʠʮʘ, 

ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʘʟʤʝʱʝʥʠʷ ʩ ʧʦʚʪʦʨʝʥʠʷʤʠ ʜʣʠʥʳ Î ʠʟ 

ʤʥʦʞʝʩʪʚʘ {0,1}. ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ R ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʠʟ ʧʝʨʝʭʦʜʦʚ ʩʨʘʙʦʪʘʣʠ ʚ 

ʜʘʥʥʦʤ ʠʩʭʦʜʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʸʤ ʤʘʪʨʠʮʫ Ὑ ὶӶ ȿρ Ὑȿ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ 

ʣʦʛʠʯʝʩʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ 2. ʊʘʢ ʜʣʷ Î Є φ ʤʘʪʨʠʮʳ 2 ʠ Ὑ 

ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ρ ρ
ρ π
π ρ
π π

     (4) 

ʇʦʣʫʯʠʤ ʚʝʢʪʦʨ Ὧ Ὧ  ï ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ: 

Ὧ Б ὴϽὶ ρ ὴ ϽὶӶ     (5) 

ɼʣʷ ʩʠʪʫʘʮʠʠ ʜʚʫʭ ʧʝʨʝʭʦʜʦʚ ʧʦʣʫʯʝʥʥʳʝ ʚ ʚʝʢʪʦʨʝ k ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʝʨʦʷʪʥʦʩʪʷʤ ʩʣʝʜʫʶʱʠʭ ʩʦʙʳʪʠʡ: ʩʦʭʨʘʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʪʦʣʴʢʦ 

ʧʝʨʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʚʳʧʦʣʥʝʥʠʝ ʪʦʣʴʢʦ ʚʪʦʨʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʙʦʠʭ 

ʧʝʨʝʭʦʜʦʚ. 

ʀʩʭʦʜʥʘʷ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʥʝʙʦʣʴʰʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʚ ʪʝʢʩʪʝ ʥʘʟʳʚʘʣʩʷ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ. ʊʘʢ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʥʬʠʮʠʨʦʚʘʥʠʷ, ʚʳʟʜʦʨʦʚʣʝʥʠʷ, ʩʤʝʨʪʠ ʠʣʠ ʚʘʢʮʠʥʘʮʠʠ ʟʘʯʘʩʪʫʶ ʦʧʨʝʜʝʣʝʥʳ 

ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ ʚ ʦʜʠʥ ʜʝʥʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʭʦʜʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʩʨʘʙʘʪʳʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʟʘʜʘʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʥʝʪ ʦʩʥʦʚʘʥʠʷ 

ʧʦʣʘʛʘʪʴ, ʢʘʢʦʡ ʠʟ ʥʠʭ ʙʦʣʝʝ ʚʝʨʦʷʪʝʥ ʚ ʵʪʦʤ ʧʨʦʤʝʞʫʪʢʝ. ʊʦʛʜʘ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʨʘʚʥʦʤʝʨʥʦʤ ʩʣʫʯʘʡʥʦʤ ʚʳʙʦʨʝ ʦʜʥʦʛʦ ʠʟ 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʭʦʜʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʩʭʦʜʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʭʦʜʦʚ, ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʳ. 

ɺʚʝʜʸʤ ʚʝʢʪʦʨ Ὠ Ὠ  ï ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʭʦʜʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʨʘʚʥʳ ʠʩʭʦʜʥʳʤ ʚʝʨʦʷʪʥʦʩʪʷʤ ʠʟ ʚʝʢʪʦʨʘ Ëȟ ʨʘʟʜʝʣʸʥʥʳʤ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ, 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʩʭʦʜʝ. ʊʦʛʜʘ, ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ d ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὠ
В

      (6) 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʩʭʦʜʘ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʥʝʩʦʚʝʨʰʝʥʠʝ ʥʠ ʦʜʥʦʛʦ ʠʟ ʧʝʨʝʭʦʜʦʚ, ʪʦ 

ʝʩʪʴ ʩʦʭʨʘʥʝʥʠʝ ʧʨʝʞʥʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (6) ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝ ʥʘ 0. ʆʜʥʘʢʦ 

ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʠʩʭʦʜ ʥʝ ʙʫʜʝʪ ʫʯʪʸʥ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʝʨʝʭʦʜʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʩʫʤʤʘ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʪʝʭ ʠʩʭʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʸʣ ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʯʠʩʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὴᶻ В Ὠᶰ ȿ      (7) 

ɺʳʯʠʩʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ 

ʚʠʜʝ. ʇʫʩʪʴ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ ʨʘʚʥʦʡ ʦʜʥʦʤʫ ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ. 

ɺʝʨʦʷʪʥʦʩʪʠ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʭʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʪʣʦʞʝʥʳ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʩʪʦʨʦʥʘʭ ʜʘʥʥʦʛʦ ʢʚʘʜʨʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʱʘʜʴ ʢʚʘʜʨʘʪʘ ʙʫʜʝʪ ʨʘʟʙʠʪʘ ʥʘ ʫʯʘʩʪʢʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʭʦʜʦʚ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʯʝʨʝʟ ʥʘʭʦʞʜʝʥʠʝ ʧʣʦʱʘʜʝʡ ʥʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ ʫʯʘʩʪʢʦʚ. 
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ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʠʩʭʦʜʥʳʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʚʫʭ ʧʝʨʝʭʦʜʦʚ 

 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʷ (4) ï (7), ʧʨʠʤʝʥʸʥ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʥʘʤʠ ʧʘʢʝʪʝ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʵʧʠʜʝʤʠʡ ï epidemmo 

(https://pypi.org/project/epidemmo). 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʘʢʝʪʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʸʭ 

ʧʘʪʦʛʝʥʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʘʨʘʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʛʥʦʟʦʚ. ʇʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʘʨʘʤʝʪʨ 
ɿʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʛʥʦʟʘ 1 

ɿʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʛʥʦʟʘ 2 

ʅʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ï S(0) 97 97 

ʅʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʞʜʳʤ 

ʧʘʪʦʛʝʥʦʤ ï I1(0), I2(0), I3(0),  
1 1 

ʅʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʟʜʦʨʦʚʝʚʰʠʭ ï R(0) 0 0 

ʆʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ 

(g) 
0.05 0.05 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʨʘʞʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʛʝʥʦʚ: 

ʇʘʪʦʛʝʥ ˉ1 (ɓ1) 2.0 4.0 

ʇʘʪʦʛʝʥ ˉ2 (ɓ2) 2.5 3.5 

ʇʘʪʦʛʝʥ ˉ3 (ɓ3) 3.0 5.0 
 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʛʥʦʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʙʝʟ. 

https://pypi.org/project/epidemmo/
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ʈʠʩ. 4. ʇʨʦʛʥʦʟ 1 ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʘʪʦʛʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʡ  

ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʩʣʝʚʘ) ʠ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʧʨʘʚʘ) 

 

 
 

ʈʠʩ. 5. ʇʨʦʛʥʦʟ 2 ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʘʪʦʛʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʡ  

ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʩʣʝʚʘ) ʠ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʧʨʘʚʘ) 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʛʥʦʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʨʨʝʢʪʥʳʤʠ. ʇʦʣʫʯʝʥʥʳʡ ʵʬʬʝʢʪ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʩʫʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʤʦʛʣʘ 

ʧʨʝʚʳʰʘʪʴ ʝʜʠʥʠʮʫ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʟ ʛʨʫʧʧʳ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʧʝʨʝʭʦʜ 

ʠʥʜʠʚʠʜʦʚ, ʧʨʝʚʳʰʘʶʱʠʡ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʤʫ ʠʩʭʦʜʥʫʶ ʛʨʫʧʧʫ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʪʦʨʦʛʦ ʧʨʦʛʥʦʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʨʘʞʝʥʠʷ, ʧʨʝʚʳʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ 

ʥʘʜ ʝʜʠʥʠʮʝʡ ʙʳʣʦ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʷʚʠʣʘʩʴ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. 
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ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʦʛʥʦʟʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʚʳʭʦʜʷʪ ʟʘ 

ʧʨʝʜʝʣʳ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜʳ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʩʪʘʶʪʩʷ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʝʭʦʜʘʤʠ ʩ ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʥʘʜʸʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 
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ʘʩʧʠʨʘʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʀ ʊɽʅɼɽʅʎʀʀ ɺ ʈɸɿʈɸɹʆʊʂɽ ʄʆɼɽʃɽʁ  

ʀ ʄɽʊʆɼʆɺ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʇʆɻʆɼʅʓʍ ʄɽʊɽʆʇɸʈɸʄɽʊʈʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʨʘʟʦʙʨʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʆʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ 

ʥʘ ʪʝʢʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳʝ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʙʫʜʫʱʝʤ ʨʘʟʚʠʪʠʝ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʛʦʜʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʛʦʜʳ; ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ; ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ; ʧʦʛʦʜʘ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ, ʧʨʦʙʣʝʤʘ ʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ ʧʦʛʦʜʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʤʦʛʫʪ ʩ 

ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ ʥʘ ʙʣʠʞʘʡʰʠʝ 3 ʩʫʪʦʢ. ʉʨʝʜʥʝʩʨʦʯʥʳʝ ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʦʭʚʘʪʳʚʘʶʪ ʤʝʥʴʰʠʡ ʢʦʤʧʣʝʢʩ ʧʘʨʘʤʝʪʨʦʚ (ʫʩʨʝʜʥʝʥʥʳʝ ʚʝʣʠʯʠʥʳ) 

ʠ ʩ ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴ. ɽʱʝ ʦʩʪʨʝʝ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʨʦʛʥʦʟʘ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ ʧʦʛʦʜʳ. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪʝʦʨʠʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʤʦʞʝʪ ʩʜʝʣʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ ʪʦʯʥʦʩʪʠ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ: 

-  ʩʠʥʦʧʪʠʯʝʩʢʠʡ (ʢʘʯʝʩʪʚʝʥʥʳʡ ʠʣʠ ʨʘʩʯʝʪʥʳʡ); 

-  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ (ʯʠʩʣʝʥʥʳʡ) ʤʝʪʦʜ; 

-  ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ (ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ) ʤʝʪʦʜ; 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʘʥʦʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʩʥʘʯʘʣʘ ʦʪʨʘʙʘʪʳʚʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʪʤʦʩʬʝʨʳ (ɻɼʄɸ), ʧʦʪʦʤ 

ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ, ʠ ʟʘʪʝʤ ʩ 

ʧʦʤʦʱʴʶ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʛʥʦʟʠʩʪʘʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʪʜʝʣʘ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟ [2]. 

ʉʠʥʦʧʪʠʯʝʩʢʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʦʛʦʜʳ. ɼʦ 

ʢʦʥʮʘ 1950-ʭ ʛʦʜʦʚ ʵʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ. ʉʠʥʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʧʨʠʟʝʤʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʠ ʢʦʣʴʮʝʚʳʭ 

ʢʘʨʪ ʧʦʛʦʜʳ, ʢʘʨʪ ʙʘʨʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ (ʵʪʦ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʦʝ ʜʘʚʣʝʥʠʝ; ʦʙʳʯʥʦ ʩʪʨʦʷʪʩʷ ʢʘʨʪʳ ʚʳʩʦʪ ʠʟʦʙʘʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʠʤʝʶʱʠʭ ʜʘʚʣʝʥʠʝ 850, 700, 500, 300, 200 ʛʇʘ), ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ (ʮʠʢʣʦʥʳ, ʘʥʪʠʮʠʢʣʦʥʳ, ʘʪʤʦʩʬʝʨʥʳʝ 
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ʬʨʦʥʪʳ ʠ ʪ. ʜ.), ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʝʥʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʙʳʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ. ʕʪʠ ʧʨʘʚʠʣʘ ʧʦʤʦʛʘʶʪ ʤʝʪʝʦʨʦʣʦʛʘʤ 

ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʛʦʜʥʳʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʠʟʚʝʩʪʝʥ ʪʠʧ 

ʧʦʛʦʜʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʚʜʦʣʴ ʬʨʦʥʪʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʫʱʝʡʩʷ ʙʫʨʠ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʡ ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ 

ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʘʪʠʚʝʥ, ʧʨʦʩʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʯʝʥʴ ʰʠʨʦʢʦ. ʅʦ ʠʟ-ʟʘ ʚʥʝʟʘʧʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʪʠ ʧʨʦʛʥʦʟʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʣʠʰʴ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ, ʩʢʘʞʝʤ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠʣʠ ʜʥʷ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ ʫʞʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʣʠʙʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʛʥʦʟ ʦʙʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʠʟʤʝʥʝʥʠʡ. 

ɻʣʘʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʵʪʦ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʣʴʢʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʦʪ ʯʘʩʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ; 

- ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʟʘʢʣʶʯʝʥʠʷ ʦ ʧʨʦʛʥʦʟʝ ï ɻ ʪʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ 

ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢʪʦ ʩʦʩʪʘʚʠʣ ʵʪʠ ʚʳʚʦʜʳ, ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʘ ʠ ʨʝʣʴʝʬʘ ʧʨʦʠʩʭʦʜʠʪ 

ʘʥʘʣʠʟ, ʪʦ ʝʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʚʦʜʠʪʴ ʧʦʧʨʘʚʢʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʫʯʘʝ; 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʥʘʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʷʜʘ ʣʦʢʘʣʴʥʳʭ ʦʧʘʩʥʳʭ 

ʷʚʣʝʥʠʡ ʧʦʛʦʜʳ. 

ʏʠʩʣʝʥʥʳʡ ʠʣʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʦʩʥʦʚʘʥ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʠ ʚʦʜʥʦʡ ʦʙʦʣʦʯʢʝ ʧʣʘʥʝʪʳ ʠ ʩʚʷʟʳʚʘʶʱʠʝ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʨ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʝʱʝ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ, ʥʦ 

ʪʦʣʴʢʦ ʩ ʠʟʦʙʨʝʪʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʦʛʨʦʤʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʮʝʥʥʦ 

ʦʩʫʱʝʩʪʚʣʝʥ ʪʦʣʴʢʦ ʥʘ ʤʦʱʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ. ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʚʦ-

ʧʝʨʚʳʭ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʨʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ 

ʤʝʪʝʦʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʧʝʨʚʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʤʦʜʝʣʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʦʪ ʩʪʝʧʝʥʠ 

ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʩʢʦʨʦʩʪʴʶ ʨʘʩʯʸʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʘʢ ʞʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʛʣʦʙʘʣʴʥʦʡ, ʧʦʢʨʳʚʘʶʱʝʡ ʚʩʶ ɿʝʤʣʶ, ʪʘʢ ʠ 

ʣʦʢʘʣʴʥʦʡ, ʧʦʢʨʳʚʘʶʱʝʡ ʦʪʜʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʣʘʥʝʪʳ. ʋʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʤʦʜʝʣʴ 

ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʠ ʥʝ ʠʤʝʶʪ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʀʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʢʨʝʪʠʟʠʨʫʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʫʶ ʥʘʙʦʨʳ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ (ʫʟʣʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ). ʏʝʤ ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʯʝʢ ʜʣʷ 

ʨʘʩʯʝʪʘ, ʪʝʤ ʚʳʰʝ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ, ʥʦ ʠ ʪʝʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ 
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ʕɺʄ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʤʝʪʝʦʟʦʥʜʦʚ, 

ʤʝʪʝʦʩʧʫʪʥʠʢʦʚ ʠ ʥʘʟʝʤʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ (https://clck.ru/3ErGgY).  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʳʭ ʪʝʢʫʱʠʭ ʟʘʤʝʨʦʚ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʟʝʤʥʦʤʫ ʰʘʨʫ. ʊʦ ʝʩʪʴ ʜʣʷ ʙʦʣʴʰʦʡ ʤʦʜʝʣʠ ʩ ʙʦʣʴʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʪʨʝʙʫʝʪʩʷ ʟʘʤʝʨʳ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʠ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʦʣʴʢʦ ʟʘʤʝʨʦʚ ʥʝ ʚʠʜʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʠʤʝʶʱʠʭʩʷ ʟʘʤʝʨʦʚ. 

ʅʝʜʦʩʪʘʪʦʢ ʢʦʤʧʝʥʩʠʨʫʶʪ ʢʦʩʚʝʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʬʦʪʦʛʨʘʬʠʷʤ, ʧʦ ʚʠʜʫ ʚʦʣʥ ʦʧʨʝʜʝʣʷʶʪ ʩʠʣʫ ʚʝʪʨʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʝʛʘʪʠʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʩʝʪʢʘ ʟʘʤʝʨʦʚ ʠ ʧʨʦʙʣʝʤʘ ʩ ʙʦʣʴʰʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ 

ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ: ʚ ʦʢʝʘʥʘʭ, ʚ ɸʥʪʘʨʢʪʠʜʝ ʠ ɸʨʢʪʠʢʝ, ʯʪʦ ʪʘʢ ʞʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʪʦʯʥʦʩʪʷʤ 

ʚ ʨʘʩʯʝʪʝ ʤʦʜʝʣʠ. 

- ʨʦʩʪ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ. ʇʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ 

ʥʝʫʯʪʝʥʥʳʭ ʠʣʠ ʥʝʚʝʨʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʢʘʞʜʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ 

ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʷ ʦʰʠʙʢʠ/ʰʫʤʘ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʤʝʨʦʚ ʠ ʦʪ ʚʣʠʷʥʠʝ ʥʝʫʯʪʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʤʘʣʳ ʚ ʤʘʩʰʪʘʙʝ ʥʝʙʦʣʴʰʦʛʦ/ʥʘʯʘʣʴʥʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ, ʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠʚʦʜʷ ʢ ʩʝʨʴʝʟʥʳʤ ʥʝʪʦʯʥʦʩʪʷʤ (ʪʝʦʨʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʜʝʪʘʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ. ʅʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʶʪʩʷ ʩʦʚʩʝʤ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʯʝʤ ʪʝ 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʢʨʘʪʢʦ ʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʘʭ. 

- ʧʨʦʙʣʝʤʘ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʤʝʩʪʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ 

ʦʛʨʘʥʠʯʝʥʘ ʩʝʪʢʦʡ ʠ ʨʘʟʨʝʰʝʥʠʝʤ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʫʯʝʩʪʴ ʢʘʢʠʝ-ʪʦ 

ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʛʦʜʝ (ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʴʥʳʝ ʤʝʩʪʥʳʝ ʟʘʤʦʨʦʟʢʠ, ʢʦʪʦʨʦʝ ʪʷʞʝʣʦ 

ʫʯʝʩʪʴ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʴʶ, ʥʦ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦ ʤʝʩʪʫ ʟʥʘʷ ʜʘʥʥʳʝ ʪʦʯʢʠ ʨʦʩʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʠ ʚʦʟʜʫʭʘ). 

- ʩʣʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ (ʢʘʢ ʥʘʧʨʠʤʝʨ, ʰʢʚʘʣʦʚ, ʛʨʘʜʘ, 

ʣʠʚʥʝʡ ʠ ʪ. ʜ.) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ ʤʠʥʫʪ ʜʦ ʜʝʩʷʪʢʦʚ 

ʤʠʥʫʪ. ʕʪʦ ʪʘʢ ʞʝ ʧʨʦʙʣʝʤʘ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʩʛʣʘʞʠʚʘʶʱʠʭ ʤʝʪʝʦʜʘʥʥʳʝ.  

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ,  

- ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʥʮʠʧ ʧʨʦʛʥʦʟʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʥʷʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʘʭ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʶʱʠʡ ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʜʦ 3 ʩʫʪʦʢ ʩ 

ʪʦʯʥʦʩʪʴʶ ʚʳʰʝ 97%. 

- ʥʘ ʚʳʭʦʜʝ ʤʦʜʝʣʠ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʛʥʦʟ ʮʝʣʦʛʦ ʨʷʜʘ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ 

(ʤʝʪʝʦʵʣʝʤʝʥʪʦʚ), ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʷʜʘ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ ʧʦʛʦʜʳ, 

ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʤʝʩʪʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʨʝʰʘʝʤʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʟʘʜʘʯ [2]. 

https://clck.ru/3ErGgY
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- ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʝʩʣʠ ʥʝ 

ʫʯʠʪʳʚʘʪʴ ʢʦʨʨʝʢʮʠʶ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ), ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʭ ʝʱʝ ʥʝ ʙʳʣʦ ʚ ʩʪʘʪʠʩʪʠʢʝ, ʣʠʙʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʛʦʜʳ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ. 

ʈʘʟʙʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ 

ʧʨʦʛʥʦʟʦʚ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʛʦʜʳ ʚʳʷʚʣʷʝʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʘ) ʵʪʦ ʜʘʣʴʥʝʡʰʠʝ ʫʩʣʦʞʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

- ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ. 

- ʟʘ ʩʯʝʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʘʥʩʘʤʙʣʝʚʦʛʦ ʨʘʩʯʝʪʘ ʤʦʜʝʣʝʡ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠʟ ʩʝʨʠʠ. 

- ʟʘ ʩʯʝʪ ʫʩʣʦʞʥʝʥʠʷ ʢʘʢ ʠʤʝʶʱʠʭʩʷ, ʪʘʢ ʠ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʴ, ʢʘʢ ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʩʚʝʥʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʤʝʪʝʦʦʙʩʪʘʥʦʚʢʫ.  

ʙ) ʵʪʦ ʚʥʝʜʨʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ (ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ) ʤʝʪʦʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ) ʚ ʩʪʨʫʢʪʫʨʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʦ ʧʝʨʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ ʨʦʩʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʩ ʢʘʞʜʳʤ ʵʪʘʧʦʤ ʫʩʣʦʞʥʝʥʠʷ ʤʦʜʝʣʠ. ʀ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʤʦʜʝʣʠ ʩʣʦʞʥʝʝ ʥʘʩʪʨʘʠʚʘʪʴ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ. ɼʦ ʩʠʭ ʧʦʨ ʝʩʪʴ ʨʘʟʜʝʣʝʥʠʝ ʤʦʜʝʣʝʡ ʧʦ 

ʢʨʘʪʢʦʩʨʦʯʥʦʤʫ ʠ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ (ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʦʛʥʦʟʠʨʫʶʱʠʝ 

ʦʙʱʠʝ ʛʣʦʙʘʣʴʥʳʝ ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ), ʨʘʟʜʝʣʝʥʠʝ ʤʦʜʝʣʝʡ ʧʦ ʦʙʲʝʢʪʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʠ, ʤʦʜʝʣʴ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʪ ʛʣʦʙʘʣʴʥʳʭ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʷʪ ʧʦʧʳʪʢʠ ʩʦʚʤʝʩʪʠʪʴ ʵʪʠ ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʚ ʦʜʥʫ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʘʢ 

ʪʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʝʣʴ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

SLNE, ʦʙʲʝʜʠʥʠʚʰʫʶ ʚ ʩʝʙʝ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ SLAV (ʨʫʩʩʢʦʷʟʳʯʥʘʷ 

ʘʙʙʨʝʚʠʘʪʫʨʘ ï ʇʃɸɺ), ʝʚʨʦʧʝʡʩʢʫʶ ʤʦʜʝʣʴ ʦʢʝʘʥʘ NEMO ʠ ʤʦʜʝʣʴ SI3, ʜʘʶʱʫʶ ʧʨʦʛʥʦʟʳ 

ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚ ɸʨʢʪʠʢʝ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ (https://clck.ru/3ErGiq). ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʣʘʥʠʨʫʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʩʨʦʯʥʳʭ (3ï10 ʩʫʪʦʢ), 

ʩʫʙʩʝʟʦʥʥʳʭ (2ï6 ʥʝʜʝʣʴ) ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ (1ï6 ʤʝʩʷʮʝʚ) ʧʨʦʛʥʦʟʘʭ ʧʦʛʦʜʳ ʠ ʝʝ ʘʥʦʤʘʣʠʡ [16]. 

ʆʙʲʝʜʠʥʝʥʠʝ ʤʦʜʝʣʠ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ (ʘʪʤʦʩʬʝʨʘ, ʦʢʝʘʥ, ʤʦʨʩʢʦʡ ʣʝʜ) ʜʦʣʞʥʦ ʜʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʢʘʢ ʫʞʝ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ, ʠ ʩʣʦʞʥʦʩʪʴ ʚ ʥʘʩʪʨʦʡʢʝ 

ʨʘʙʦʪʳ ʦʙʱʝʡ ʤʦʜʝʣʠ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʟʘʢʨʳʪʠʝʤ ʥʝʜʦʩʪʘʪʢʦʚ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʦʨʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʫʩʧʝʰʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʝʸ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʧʦʣʫʯʠʣʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʜʘʣʝʝ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʰʣʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʛʦʜʳ 

ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʛʦʜʳ ʥʘ ʥʝʢʦʪʦʨʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʪʦ 
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ʝʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʜʘʥʥʳʭ ʚ ʙʫʜʫʱʝʤ ʠʩʭʦʜʷ ʠʟ 

ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʰʣʳʭ ʣʝʪ. 

ʄʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

ʘ) ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

- ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 

- ʦʩʪʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʙ) ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ (ʩʚʷʟʘʥʥʳʝ ʪʦʣʴʢʦ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤʠ) 

ʇʨʠ ʵʪʦʤ ʩʚʷʟʘʥʥʳʝ ʩ ʯʠʩʣʝʥʥʳʤʠ (ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ) ʤʦʜʝʣʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ 

ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʚʳʭʦʜʥʳʭ/ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠ ʠʭ ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʥʘʧʨʘʚʣʝʥʠʷ: 

- ʩ ʮʝʣʴʶ ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʜʣʷ ʪʦʯʝʢ ʥʘ ʢʦʪʦʨʳʭ ʥʝʪ ʟʘʤʝʨʦʚ ʠʣʠ ʥʝʪ ʚʳʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʦʜʝʣʠ; 

- ʩ ʮʝʣʴʶ ʢʦʨʨʝʢʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʴʶ ʜʘʥʥʳʭ ʧʦ ʠʤʝʶʱʠʤʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ; 

ʀʟʥʘʯʘʣʴʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʘʥʘʣʦʛʦʚ, ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʤʝʪʦʜ, ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʤʝʪʦʜ, ʥʘʧʨʠʤʝʨ ʘʣʛʦʨʠʪʤʳ ʢʦʥʮʝʧʮʠʷ 

çPerfect Progè (ʈʈ) ʠ ʢʦʥʮʝʧʮʠʷ çModel Output Statisticsè (MOS) [6]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʷʶʪ ʪʝʦʨʠʶ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʧʨʠʟʝʤʥʳʭ ʤʝʪʝʦʵʣʝʤʝʥʪʦʚ ʧʦ ʩʪʘʥʮʠʷʤ ʧʦʣʫʯʘʝʤʳʡ ʧʫʪʸʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʢʣʶʯʝʥʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [1].  

ɺ ʵʪʦʤ ʧʦʜʭʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʨʝʢʮʠʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʘ ʤʦʜʝʣʝʡ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʘʷ ʧʦʜʛʦʥʢʘ ʧʦʜ ʫʥʠʢʘʣʴʥʦʩʪʴ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʟʘ ʯʘʩʪʫʶ ʚ ʤʦʜʝʣʷʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʵʪʦʡ 

ʢʦʨʨʝʢʮʠʝʡ ʟʘʥʠʤʘʣʩʷ ʩʠʥʦʧʪʠʢ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʠʤʝʶʱʠʤʩʷ ʘʨʭʠʚʫ ʩʠʥʦʧʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʦʥ ʢʦʨʨʝʢʪʠʨʦʚʘʣ ʟʥʘʯʝʥʠʷ, ʧʦʜʧʨʘʚʣʷʣ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʤʝʩʪʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ (ʅʉ) ʤʦʜʝʣʠ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʯʝʤ ʤʦʜʝʣʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʥ ʜʝʣʘʝʪ ʧʨʦʛʥʦʟ. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ çʂʦʤʧʣʝʢʩʘè: ʵʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ 

ʠ ʠʭ ʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʝʡ ʠ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʢʘʟʳʚʘʶʪʩʷ ʠ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʉʚʦʝʛʦ ʨʦʜʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʳʩʪʫʧʘʝʪ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʨʨʝʢʪʠʨʫʷ ʠ ʧʘʨʘʤʝʪʨʠʟʠʨʫʷ ʩʚʦʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʫʥʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʤʝʩʪʥʦʩʪʠ ʠ ʩʝʟʦʥʥʦʩʪʠ. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʅʉ ʚ ʩʚʷʟʢʝ ʩ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʴʶ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʙʫʯʝʥʠʶ ʛʨʘʬʦʚʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʜʛʦʪʦʚʠʣʘ 

ʠʤʝʶʱʘʷʩʷ ʫʞʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʣʠ ʩʚʦʶ ʥʝʟʘʚʠʩʠʤʫʶ 

ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʫʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

67 

ʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ, ʧʦ ʩʫʪʠ, ʠʤʠʪʠʨʫʝʪ ʪʫ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ. ʇʨʠ ʵʪʦʤ ʧʦ 

ʫʪʚʝʨʞʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʘʟʳ, ʘ ʪʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʘʝʪʩʷ ʫʚʝʣʠʯʠʪʴ [21]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ECMWF, ʦʩʥʦʚʘʥʥʳʝ ʥʘ çʨʝʘʥʘʣʠʟʠʩʝè (reanalysis). ʊʦ ʝʩʪʴ ʵʪʦ 

ʥʝ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʟʘʤʝʨʳ, ʘ ʜʘʥʥʳʝ ʤʦʜʝʣʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʚʳʚʦʜʘʤ ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ, ʧʦʨʦʜʠʚʰʝʡ ʜʘʥʥʳʝ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ ʫʧʨʦʱʝʥʠʝ ʚ ʧʣʘʥʝ ʚʳʯʠʩʣʝʥʠʡ ʤʦʜʝʣʠ, 

ʠ ʫʩʣʦʞʥʝʥʠʝ ʚ ʧʣʘʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʊʦ ʝʩʪʴ ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʤʝʩʪʦ 

ʙʳʪʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʚʳʯʠʩʣʝʥʠʝ, ʠ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʠ ʜʦ ʥʘʩʪʨʦʡʢʠ 

ʤʦʜʝʣʠ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʦ ʚʦʧʨʦʩ ʦ ʪʦʤ ʤʦʞʝʪ ʣʠ ʧʦʣʫʯʝʥʥʘʷ ʅʉ ʫʡʪʠ ʜʘʣʴʰʝ, 

ʯʝʤ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʡ ʦʥʘ ʥʘʩʪʨʘʠʚʘʣʘʩʴ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʠ ʧʦ ʩʫʪʠ 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʩʣʫʞʘʪ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʪʦʯʥʦʩʪʠ ʠʣʠ ʩʥʠʞʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʩʥʦʚʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ 

ʷʚʣʝʥʠʡ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʛʥʦʟʘ ʛʨʦʟ ʥʘ 1 3 ʩʫʪʢʠ (12 72 

ʯʘʩʦʚ) ʥʘ ʙʘʟʝ ʤʦʜʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ COSMO-Ru_Sib ʠ GFS (NCEP) [4]. ɺ ʢʘʯʝʩʪʚʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʣʦʛʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʨʝʰʝʥʠʷ. ʊʘʢ ʞʝ ʥʘ ʦʩʥʦʚʝ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʤʝʪʝʦʧʦʣʝʡ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ 

ʛʦʣʦʣʝʜʘ [3; 5]. 

ʆʩʪʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʤʝʪʦʜʳ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʘ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʧʦʛʦʜʳ ʠ ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʘʢʪʦʨʘʤʠ [6]. ʏʘʩʪʴ ʠʟ 

ʥʠʭ ʜʦ ʩʠʭ ʧʦʨ ʠʩʪʨʝʙʦʚʘʥʘ ʚ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʘʭ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʦʩʘʜʢʦʚ, ʠ ʦʩʦʙʦ 

ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʙʦʣʴʰʦʡ ʩʧʠʩʦʢ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ [8; 12; 14; 20]. ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʵʪʠ ʤʝʪʦʜʳ ʥʦʩʷʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠʚʷʟʢʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʣʠʙʦ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʥʘʯʘʣʴʥʳʤ ʟʘʤʝʨʘʤ ʜʣʷ ʨʘʩʯʝʪʘ. ʊʘʢ ʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʩʧʠʩʦʢ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʩʨʝʜʠ ʥʠʭ ʧʦʨʦʡ ʪʨʫʜʥʦ ʚʳʜʝʣʠʪʴ ʪʦʪ ʤʝʪʦʜ, ʯʪʦ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ ʠʣʠ 

ʵʬʬʝʢʪʠʚʥʳʤʠ, ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʪʨʫʜʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ [11].  

ʏʠʩʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʢʦʪʦʨʳʭ ʥʝ ʩʪʘʚʠʪʩʷ 

ʟʘʜʘʯʘ ʬʠʟʠʯʝʩʢʦʛʦ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʦʚ, ʧʝʨʠʦʜʠʯʥʦʩʪʝʡ, ʧʨʦʷʚʣʝʥʠʡ 

ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʩʘʤʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ [6; 9]. ʆʩʥʦʚʥʘʷ 

ʧʨʦʙʣʝʤʘʪʠʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʦʥʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʥʘ ʧʦʠʩʢʝ ʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [7]. ʇʦʠʩʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʦʩʣʦʞʥʝʥʳ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ, ʵʪʦ ʪʨʫʜʥʦʩʪʴ, ʘ ʧʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʥʘʡʜʝʥʥʘʷ ʤʦʜʝʣʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʪʨʘʞʘʝʪ 
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ʠʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʩʪʴʶ. ʅʦ ʥʘʯʘʣʦ 21 ʚʝʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ 

ʪʘʢʠʝ ʤʦʜʝʣʠ, ʥʘʟʳʚʘʝʤʳʝ çʯʝʨʥʳʤʠ ʷʱʠʢʘʤʠè, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʅʉ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ 

ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʀʟ ʦʩʥʦʚʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʰʠʨʦʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʅʉ, ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʤʝʪʝʦʫʩʣʦʚʠʷ ʷʚʣʷʝʪʩʷ 

ʪʨʝʙʫʝʤʘʷ ʩʣʦʞʥʦʩʪʴ ʅʉ ʤʦʜʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ʠʤʝʶʱʝʡʩʷ ʬʘʢʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʠʪʴ ʤʦʜʝʣʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʦʙʦʙʱʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʈʝʰʘʝʪʩʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʣʝʜʫʶʱʠʤʠ ʧʦʜʭʦʜʘʤʠ: 

a) ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ 

çʨʝʘʥʘʣʠʟʠʩʘè ɻɼʄɸ, ʚʦʟʥʠʢʘʶʱʠʝ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʳʰʝ.  

ʙ) ʟʘ ʩʯʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʫʯʝʥʠʷ ʅʉ ʤʦʜʝʣʝʡ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʦʙʣʘʩʪʝʡ, ʣʠʙʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʣʦʞʥʦʩʪʠ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʝ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 

ʩʨʝʟʫ. 

ʚ) ʟʘ ʩʯʝʪ ʧʦʜʛʦʪʦʚʢʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʅʉ ʠʤʝʶʱʝʝ ʣʦʛʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ ʠ ʟʘʢʣʘʜʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʝʢʪʦʨ ʚ ʦʙʫʯʝʥʠʝ ʅʉ, ʧʨʠ ʚʝʨʥʦʤ ʚʳʙʨʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʃʠʙʦ ʵʪʦ ʚʥʝʜʨʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʬʠʟʠʯʝʩʢʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʯʝʨʝʟ ʦʙʫʯʝʥʠʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʇʨʠʤʝʨʘʤʠ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʤʦʨʦʟʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ ʤʝʩʪʥʦʩʪʠ [22]. ɺ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʙʫʯʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʧʦʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʤʝʪʝʦʜʘʪʯʠʢʘʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʪʦʯʢʫ ʤʝʩʪʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦ ʥʠʤ 

ʦ ʟʘʤʦʨʦʟʢʝ ʧʦ ʤʝʩʪʫ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʘʚʪʦʥʦʤʥʦʩʪʴ ʦʪ ʙʦʣʴʰʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢ ʞʝ ʨʝʰʘʝʪʩʷ 

ʚʦʧʨʦʩ ʩʧʝʮʠʬʠʢʠ ʤʝʩʪʥʦʩʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʯʘʛʦʚʳʝ, ʤʝʩʪʥʳʝ, 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʟʘʤʦʨʦʟʢʠ, ʪʝ, ʢʦʪʦʨʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʝ ʚʳʯʠʩʣʠʪʴ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʫʢʘʩʪʠʥʛ ï ʩʚʝʨʭʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʵʪʦ ʙʦʣʴʰʦʝ 

ʧʦʣʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʷʟʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʟʘʤʝʨʘʤʠ 

ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʧʦ ʤʝʩʪʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʚ 

ʩʝʙʝ ʩʦʜʝʨʞʘʪʴ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʘ ʪʘʢ ʠ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʄʆ ʠ ʅʉ. ʎʝʣʳʡ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʄʆ ʠ ʅʉ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʦʪ 1 ʯʘʩʘ ʜʦ ʩʫʪʦʢ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʝʦʧʨʘʨʘʤʝʪʨʦʚ, ʧʦ ʪʦʯʥʦʩʪʠ, ʥʝ ʫʩʪʫʧʘʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠ ʚʳʠʛʨʳʚʘʷ ʧʦ 

ʤʠʥʠʤʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ [23]. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʛʥʦʟʝ ʦʪ 3 ʩʫʪʦʢ 

ʪʦʯʥʦʩʪʴ ʅʉ ʧʘʜʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʣʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ [17]. ʇʦ ʤʠʤʦ ʥʘʫʢʘʩʪʠʥʛʘ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʅʉ, ʚ ʩʦʩʪʦʷʥʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʙʦʣʴʰʝʛʦ ʤʘʩʰʪʘʙʘ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʠʦʜʘ ʟʘʤʦʨʦʟʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʣʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʦʩʘʜʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʦ ʩʝʟʦʥʘ ʜʦʞʜʝʡ [10; 19]. 
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ʇʨʠʤʝʨʘʤʠ ʪʨʝʪʴʝʛʦ ʧʦʜʭʦʜʘ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʛʨʘʬʦʚʳʝ ʠ 3D ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [15; 21]. 

ɺ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʝʚ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʅʦ ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ ʦʙʫʯʝʥʠʝ ʵʪʠʭ ʅʉ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʊʘʢ ʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʚʝʨʪʦʯʥʳʭ, 

ʨʝʢʫʨʨʝʥʪʥʳʭ, ʥʝʯʝʪʢʠʭ, ʙʘʡʝʩʦʚʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʜʦʣʝʡ ʫʩʧʝʰʥʦʩʪʠ, ʛʜʝ-

ʪʦ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʧʦ ʪʦʯʥʦʩʪʠ, ʛʜʝ-ʪʦ ʫʩʪʫʧʘʶʱʠʤʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ 

[13; 18]. ʂʘʨʜʠʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʛʣʠ ʙʳ ʜʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ 

ʩʧʝʮʠʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʅʉ, ʚ ʢʦʪʦʨʫʶ ʙʳ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʠʥʮʠʧʳ ʦʧʠʩʳʚʘʝʤʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ, ʩ ʣʦʛʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝ 

ʪʦʛʦ, ʢʘʢ ʧʨʦʭʦʜʠʪ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʣʦʷʤ ʅʉ, ʩ ʤʦʜʫʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʦʙʫʯʝʥʠʶ ʠ ʩʙʦʨʢʠ ʅʉ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪ ʥʘʙʠʨʘʪʴ 

ʦʙʦʨʦʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʩʝ ʙʦʣʴʰʝʝ ʩʨʘʩʪʘʥʠʝ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʤʦʜʝʣʷʤʠ, ʥʘ ʪʘʢʦʤ ʫʨʦʚʥʝ, ʛʜʝ ʦʙʱʠʡ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ 

ʙʫʜʝʪ ʧʦʥʷʪʝʥ, ʥʦ ʜʝʪʘʣʠ ʨʘʙʦʪʳ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʩʷ ʨʘʙʦʪʦʡ çʯʝʨʥʦʛʦ ʷʱʠʢʘè. 

ʈʘʟʚʠʪʠʝ ʯʠʩʪʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʦʧʨʷʞʝʥʥʦ ʩ ʩʝʨʴʝʟʥʳʤ ʫʩʣʦʞʥʝʥʠʝʤ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʥʘʩʪʨʦʡʢʝ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʥʠʯʪʦʞʥʦʛʦ ʨʦʩʪʘ 

ʪʦʯʥʦʩʪʠ ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʠ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴʩʷ ʩʝʨʴʝʟʥʳʝ ʟʘʪʨʘʪʳ, ʢʘʢ ʥʘ ʚʳʯʠʩʣʝʥʠʷ, ʪʘʢ 

ʠ ʥʘ ʦʪʣʘʜʢʫ ʤʦʜʝʣʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʅʉ ʤʦʜʝʣʠ, ʧʨʠ ʥʘʡʜʝʥʥʦʤ ʚʝʨʥʦʤ ʧʦʜʭʦʜʝ ʚ 

ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʅʉ ʠ ʚʝʨʥʦʤ ʩʧʦʩʦʙʝ ʦʙʫʯʝʥʠʷ, ʤʦʞʝʪ ʜʘʪʴ ʩʝʨʴʝʟʥʳʡ ʪʦʣʯʦʢ ʚ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʚʠʪʠʝ ʪʘʢʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʅʉ. 
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ɺɺʆɼɸ ʀʅʌʆʈʄɸʎʀʀ, ʇʆʉʊʈʆɽʅʅʆɻʆ ʅɸ ʆʉʅʆɺɽ ɸʂʋʉʊʀʏɽʉʂʀʍ 

ʀɿʄɽʈʀʊɽʃɽʁ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʩʝʥʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣ ̫ʣʦʢʘʣʠʟʘʮʠʠ 

ʤʝʩʪʘ ʢʘʩʘʥʠʷ ʟʘʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ɻ ʢʨʘʥʦʤ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ; ʚʚʦʜ ʜʘʥʥʳʭ; ʘʢʫʩʪʠʯʝʩʢʦʝ ʩʝʥʩʦʨʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ; ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ; ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʪʦʯʢʠ ʢʘʩʘʥʠʷ; ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ; 

ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ. 

 

ʉʝʛʦʜʥʷ ʚ ʙʳʪʫ, ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʫʩʪʨʦʡʩʪʚ [4; 8; 10], ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʝʥʩʦʨʥʳʝ ʵʢʨʘʥʳ ʜʣʷ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ 

(ʩʤʘʨʪʬʦʥʳ, ʧʣʘʥʰʝʪʳ, ʪʝʨʤʠʥʘʣʳ ʠ ʪ. ʜ.). ʏʘʩʪʦ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʛʦʜʘ, ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʠ ʪ. ʧ.). ʕʪʦ 

ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ [2]. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ: 

- ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ; 

- ʠʟʣʫʯʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ; 

- ʤʘʪʨʠʮʳ (ʨʝʟʠʩʪʠʚʥʳʭ, ʝʤʢʦʩʪʥʳʭ ʠ ʪ. ʧ.).  

ʆʧʠʩʳʚʘʷ ʫʢʘʟʘʥʥʳʝ ʧʦʜʭʦʜʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʙʨʘʥ ʧʝʨʚʳʡ 

ʙʘʟʦʚʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʩʦʟʜʘʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʚʪʦʨʘʤʠ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʤʝʩʪʘ ʧʨʠʢʦʩʥʦʚʝʥʠʷ. ɺ ʝʛʦ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥ ʩʧʦʩʦʙ ʨʝʛʠʩʪʨʘʮʠʠ 

ʤʠʢʨʦʬʦʥʘʤʠ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ɻʢʨʘʥ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ, ʚ ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʘʭ ʠ ʥʝ ʪʦʣʴʢʦ, ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʦʙʩʫʞʜʘʝʪʩ ̫ʚ [5-7; 9]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʪʴ ʥʘ ʧʨʘʢʪʠʢʝ, 

ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ ʨʝʰʝʪʢʠ ʤʠʢʨʦʬʦʥʦʚ (ʤʠʢʨʦʬʦʥʥʳʝ ʤʘʩʩʠʚʳ), ʩʦʩʪʦʷʱʠʝ 

ʠʟ 5ï40 ʤʠʢʨʦʬʦʥʦʚ, ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ [6; 9]. ɺ ʜʨʫʛʦʡ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣ ̫ʟʘʧʠʩʠ ʟʚʫʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʟ ʦʩʦʙʳʭ ʤʘʪʝʨʠʘʣʦʚ [5]. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ɻ ʪʠʭ ʧʦʜʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, [7]) ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ʩ ʪʦʯʥʦʩʪʴʶ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʤʝʪʨʘʭ, ʪʦʛʜʘ ʢʘʢ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩ ʪʦʯʥʦʩʪʴʶ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʤʠʣʣʠʤʝʪʨʘʭ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʘ. ʂʦʦʨʜʠʥʘʪʳ ʥʝʠʟʚʝʩʪʥʦʡ ʪʦʯʢʠ ʢʘʩʘʥʠʷ 

(xʢʘʩ; yʢʘʩ; zʢʘʩ) ʤʦʞʥʦ ʣʦʢʘʣʠʟʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʟʚʫʢʘ (ʤʠʢʨʦʬʦʥʘʤʠ) ʩ 

ʧʦʤʦʱʴʶ ʟʚʫʢʦʚʦʡ, ʚʦʣʥʳ, ʠʜʫʱʝʡ ʦʪ ʤʝʩʪʘ ʢʘʩʘʥʠʷ. ʇʨʠʤʝʤ, ʯʪʦ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʤʠʢʨʦʬʦʥʦʚ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʤʝʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʬʦʥʦʚ ʠ ʠʭ ʢʦʦʨʜʠʥʘʪʳ (xi; yi; zi). ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʧʦʩʪʨʦʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʜʦ ʢʘʞʜʦʛʦ ʤʠʢʨʦʬʦʥʘ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (1) ʚ ʧʣʦʩʢʦʩʪʠ ʠ 

ʬʦʨʤʫʣʳ (2) ʚ ʦʙʲʝʤʝ: 

Ὓ ὼ ὼ̋ ́̒ ώ ώ̋́ ;̒    (1) 

Ὓ ὼ ὼ̋ ́̒ ώ ώ̋́̒ ᾀ ᾀ̋́ ,̒  (2) 

ʛʜʝ S ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʢʦʥʪʘʢʪʘ ʜʦ iïʛʦ ʤʠʢʨʦʬʦʥʘ. ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ (ti) ʠʟʚʝʩʪʥʦ, S ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὓ ὠὸ ὸ,       (3) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ; t0 ï ʥʝʠʟʚʝʩʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʝʥʦ ʧʨʠʢʦʩʥʦʚʝʥʠʝ. 

ɼʣʷ ʥʝʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʝʝ ʜʦʧʫʱʝʥʠʝ ï ʢʦʦʨʜʠʥʘʪʘ zʢʘʩ 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ. ɽʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ ʪʦʣʱʠʥʝ ʵʢʨʘʥʘ, ʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʨʘʚʥʦ ʥʫʣʶ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʘ z ʤʠʢʨʦʬʦʥʦʚ ʙʫʜʝʪ ʨʘʚʥʘ ʪʦʣʱʠʥʝ ʵʢʨʘʥʘ), ʠ 

ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʨʘʩʯʝʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ i ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʤʠʢʨʦʬʦʥʦʚ) 

ʟʘʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ i ʫʨʘʚʥʝʥʠʡ (4): 

ừ
Ử
Ừ

Ử
ứ
ὠὸ ὸ ὼ ὼ̋ ́̒ ώ ώ̋́̒

ὠὸ ὸ ὼ ὼ̋ ́̒ ώ ώ̋́̒

ὠὸ ὸ ὼ ὼ̋ ́̒ ώ ώ̋́̒

ȣ
ὠὸ ὸ ὼ ὼ̋ ́̒ ώ ώ̋́̒

    (4) 

ʇʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʫʩʣʦʚʠʝʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ (5): 

ὼ̋ ́̒π
ώ̋́̒π
ὸ π

     (5) 

ɺʳʙʝʨʝʤ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ 3 ʤʠʢʨʦʬʦʥʘ (ʨʠʩ. 1). ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʫ ʚʠʜʘ (4), ʠʤʝʝʪ ʪʨʠ 

ʫʨʘʚʥʝʥʠʷ.  
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ɺʳʧʦʣʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʨʘʩʢʨʳʚ ʩʢʦʙʢʠ ʠ ʧʨʦʠʟʚʝʜʷ 

ʚʳʯʠʪʘʥʠʝ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟ ʧʝʨʚʦʛʦ, ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟ ʚʪʦʨʦʛʦ, ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʠʟ ʪʨʝʪʴʝʛʦ (6): 

ὼ ςὼ̋ ́ὼ̒ ώ ςώ̋́ώ̒ ὼ ςὼ̋ ́ὼ̒ ώ ςώ̋́ώ̒ ὠ ὸ ςὸὸ ὸ ςὸὸ

ὼ ςὼ̋ ́ὼ̒ ώ ςώ̋́ώ̒ ὼ ςὼ̋ ́ὼ̒ ώ ςώ̋́ώ̒ ὠ ὸ ςὸὸ ὸ ςὸὸ

ὼ ςὼ̋ ́ὼ̒ ώ ςώ̋́ώ̒ ὼ ςὼ̋ ́ὼ̒ ώ ςώ̋́ώ̒ ὠ ὸ ςὸὸ ὸ ςὸὸ

 (6) 

 

ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (7) ʜʣ ̫ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʤʘʪʨʠʯʥʳʤ ʩʧʦʩʦʙʦʤ: 

ὑ ὼ ὑ ώ ὑ ὸ Ὧ
ὑ ὼ ὑ ώ ὑ ὸ Ὧ
ὑ ὼ ὑ ώ ὑ ὸ Ὧ

,     (7) 

ʛʜʝ, Yмм Ґ нόȄн ς ȄмύΤ Yмн Ґ нόȅн ς ȅмύΤ Yмо Ґ н±нόǘм ς ǘнύΤ ƪм Ґ όȄнн ς Ȅмнύ Ҍ όȅнн ς ȅмнύ Ҍ ±нόǘмн ς ǘннύΤ Yнм Ґ нόȄо ς ȄнύΤ 

Yнн Ґ нόȅо ς ȅнύΤ Yно Ґ н±нόǘн ς ǘоύΤ ƪн Ґ όȄон ς Ȅннύ Ҍ όȅон ς ȅннύ Ҍ ±нόǘнн ς ǘонύΤ Yом Ґ нόȄм ς ȄоύΤ Yон Ґ нόȅм ς ȅоύΤ Yоо Ґ 

н±нόǘо ς ǘмύΤ ƪо Ґ όȄмн ς Ȅонύ Ҍ όȅмн ς ȅонύ Ҍ ±нόǘон ς ǘмнύΦ 

ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (7) ʚ ʚʠʜʝ ʤʘʪʨʠʮ A, B, X ʠ, ʥʘʡʜʝʤ ʦʧʨʝʜʝʣʠʪʝʣʴ 

ʤʘʪʨʠʮʳ ɸ. 

ὃ
ὑ ὑ ὑ
ὑ ὑ ὑ
ὑ ὑ ὑ

ȟὄ

Ὧ
Ὧ
Ὧ
ȟὢ  

ὼ
ώ
ὸ

    (8) 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (xi, yi), ʚʨʝʤʝʥʠ ti ʠ ʩʢʦʨʦʩʪʠ V, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

[1]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʤʳ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɸ ʨʘʚʝʥ ʥʫʣʶ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʠʤʝʝʪ. ɼʘʣʝʝ ʦʥʘ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

 
 

ʈʠʩ. 1. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩ 3 ʤʠʢʨʦʬʦʥʘʤʠ 
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ʈʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʩʪʘ ʢʘʩʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʪʩʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (4) ʩ ʘʥʘʣʠʟʦʤ ʨʘʟʥʠʮʳ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʤʠʢʨʦʬʦʥʘʤʠ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʦʜʠʥ ʤʠʢʨʦʬʦʥ ʟʘʬʠʢʩʠʨʦʚʘʣ ʟʚʫʢ, 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʨʘʟʥʠʮʫ ʚʨʝʤʝʥʠ (ȹt) ʤʝʞʜʫ ʵʪʠʤ ʤʠʢʨʦʬʦʥʦʤ ʠ ʦʩʪʘʣʴʥʳʤʠ: 

Ўὸ ὸ ὸ,      (9) 

ʛʜʝ t1 ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʩʘʤʳʤ ʙʣʠʞʥʠʤ ʢ ʪʦʯʢʝ 

ʢʘʩʘʥʠʷ ʤʠʢʨʦʬʦʥʦʤ; ti ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʦʩʪʘʣʴʥʳʤʠ ʤʠʢʨʦʬʦʥʘʤʠ. ɿʥʘʯʠʪ, ʧʦʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ (Si), ʧʨʦʡʜʝʥʥʦʝ ʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ ʩʦ ʚʨʝʤʝʥʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʙʣʠʞʘʡʰʠʤ 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʜʦ ʚʨʝʤʝʥʠ ʬʠʢʩʘʮʠʠ ʦʩʪʘʣʴʥʳʤʠ ʤʠʢʨʦʬʦʥʘʤʠ: 

Ὓ ὠЎὸ      (10) 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4): 

ừ
Ử
Ừ

Ử
ứ

Ὓ ὼ ὼ̋ ́̒ ώ ώ̋́̒

Ὓ Ὓ ὼ ὼ̋ ́̒ ώ ώ̋́̒

Ὓ Ὓ ὼ ὼ̋ ́̒ ώ ώ̋́̒

ȣ
Ὓ Ὓ ὼ ὼ̋ ́̒ ώ ώ̋́̒

,    (11) 

ʛʜʝ S, xʢʘʩ ʠ yʢʘʩ ̫ ʚʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

3 ʤʠʢʨʦʬʦʥʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (10) 

 

ʇʨʠʤʝʥʠʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʥʴʶʪʦʥʘ ʜʣ ̫ʥʘʭʦʞʜʝʥʠʷ ʪʨʝʭ ʥʝʠʟʚʝʩʪʥʳʭ. ɼʣʷ 

ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʫʨʘʚʥʝʥʠʷ. ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὂ ὼ ὼ̋ ́̒ ώ ώ̋́̒ Ὓ Ὓ

Ὂ ὼ ὼ̋ ́̒ ώ ώ̋́̒ Ὓ Ὓ

Ὂ ὼ ὼ̋ ́̒ ώ ώ̋́̒ Ὓ Ὓ

   (12) 
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ɼʣ ̫ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʟʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʘʞʜʦʡ ʥʝʠʟʚʝʩʪʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ: 

ừ
Ử
Ừ

Ử
ứ ὼ̋ ́̒

ώ̋́̒

Ὓ
Ѝ

,      (13) 

ʛʜʝ w ï hʠʨʠʥʘ ʩʝʥʩʦʨʥʦʡ ʧʘʥʝʣʠ; h ï ʚʳʩʦʪʘ ʩʝʥʩʦʨʥʦʡ ʧʘʥʝʣʠ. 

ʇʦʩʪʨʦʠʤ ʤʘʪʨʠʮʫ ʗʢʦʙʠ ʠʟ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʥʘʡʜʝʤ ʝʝ ʦʧʨʝʜʝʣʠʪʝʣʴ: 

ὐɳ

ụ
Ụ
Ụ
Ụ
ợ

Ứ
ủ
ủ
ủ
Ủ

      (14) 

ʅʘʡʜʝʤ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ 

Ўὼ̋ ́̒
ụ
Ụ
Ụ
Ụ
Ụ
ợ

Ứ
ủ
ủ
ủ
ủ
Ủ

ᶯ
ȟЎώ̋́̒

ụ
Ụ
Ụ
Ụ
ợ

Ứ
ủ
ủ
ủ
Ủ

ᶯ
ȟЎὛ

ụ
Ụ
Ụ
Ụ
Ụ
ợ

Ứ
ủ
ủ
ủ
ủ
Ủ

ᶯ
    (15) 

ʉʨʘʚʥʠʚʘʝʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ x, y, S ʩ ʟʘʜʘʥʥʳʤ ʠʟʥʘʯʘʣʴʥʦ ʠ ʩ ʚʚʝʜʝʥʥʳʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʩʠʩʪʝʤʝ ʥʝʨʘʚʝʥʩʪʚ (16): 

ừ
Ử
Ừ

Ử
ứ
ὼ̋ ́̒Ўὼ̋ ́̒‐
ώ̋́̒Ўώ̋́̒‐
 Ὓ ЎὛ ‐
ὼ̋ ́̒π
ώ̋́̒π
Ὓ π

,     (16) 

ʛʜʝ Ů ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʘʤʠ ʠʪʝʨʘʮʠʡ. ɺ ʩʣʫʯʘʝ ʨʘʩʭʦʞʜʝʥʠʷ ȹxʢʘʩ ʠ xʢʘʩ, 

ʠʣʠ ȹyʢʘʩ ʠ yʢʘʩ, ʠʣʠ ȹS ʠ S, ʧʨʠʩʚʘʠʚʘʝʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʠ 

ʧʦʚʪʦʨʷʝʤ ʧʨʦʮʝʜʫʨʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ Ů. 

ʆʮʝʥʢʘ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʯʝʪʘ ʥʝʠʟʚʝʩʪʥʦʡ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʴʶ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʠʨʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʤʠʢʨʦʬʦʥʦʚ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘʯʘʣʘ ʨʘʩʯʝʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3]. 

ɿʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ: 

ï ʜʣʠʥʘ ʩʝʥʩʦʨʥʦʡ ʧʘʥʝʣʠ L = 0,2 ʤ;  

ï h ʠʨʠʥʘ ʩʝʥʩʦʨʥʦʡ ʧʘʥʝʣʠ W = 0,3 ʤ; 

ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ 

ʤʘʪʝʨʠʘʣʝ: V = 6360 ʤ/ʩ; 

ï h ʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʠʟʤʝʥʝʥʠʷ ʪʦʯʢʠ ʢʘʩʘʥʠʷ): d = 5 ʤʤ (0,005 ʤ), ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ (xʢʘʩ = 0 ʤ, yʢʘʩ = 0 ʤ);  
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ï ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʟʘʜʘʥʥʦʡ ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʪʦʯʢʘʤʠ ʢʘʩʘʥʠʷ: e <= 

0,001 ʤ; 

ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʘʤʠ ʠʪʝʨʘʮʠʡ: Ů = 0,00000001; 

ï ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʨʘʟʤʝʱʝʥʠʷ ʤʠʢʨʦʬʦʥʦʚ (xi, yi): ʤʝʪʨʳ.  

ʆʙʦʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
 

ʈʠʩ. 3. ɺʝʨʦʷʪʥʦʩʪʠ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʩʪʘ ʧʨʠʢʦʩʥʦʚʝʥʠʷ  

ʦʪ ʪʦʯʝʢ ʨʘʟʤʝʱʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʬʦʥʦʚ ʙʫʜʝʪ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʢʘʢ ʤʦʞʥʦ ʜʘʣʴʰʝ ʦʪ ʮʝʥʪʨʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʧʦ ʫʛʣʘʤ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʦʢʘʟʘʣʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ 

ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʭ. 

ʊʘʙʣʠʮʘ 1 

ɺʳʙʦʨ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʥʘʯʘʣʘ ʨʘʩʯʝʪʘ  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʠʪʝʨʘʮʠʡ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ ʨʘʩʯʝʪ ʪʦʯʢʠ ʢʘʩʘʥʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ, 
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ʯʪʦ ʫʢʘʟʘʥʳ ʨʘʥʝʝ, ʩ ʥʘʯʘʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʅʇ1 ʠ ʨʘʟʤʝʱʝʥʠʝʤ ʤʠʢʨʦʬʦʥʦʚ ʥʘ ʧʦʟʠʮʠʷʭ: 

ʄ1 (ï0,01; ï0,01), M2 (ï0,01; 0,21), M3 (0,31; ï0,01). ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ʂʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʯʢʠ ʢʘʩʘʥʠʷ 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ ʨʘʩʯʝʪ 

ʪʦʯʢʠ ʢʘʩʘʥʠʷ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʯʝʪʳʨʝʭ ʜʦ ʰʝʩʪʠ ʠʪʝʨʘʮʠʡ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʤ, ʥʘʩʢʦʣʴʢʦ ʚʣʠʷʝʪ ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ 

ʨʘʩʯʝʪʘʤʠ ʠʪʝʨʘʮʠʡ (Ů), ʠʩʧʦʣʴʟʫʷ ʚʩʝ ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 5. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ̫ ʚʣʷʝʪʩʷ ʜʦʧʫʩʢ Ñ0,0001 ʤ ʜʣ ̫ʦʜʥʦʟʥʘʯʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʩʪʘ ʢʘʩʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 6 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠʟʤʝʥʠʚʰʠʡʩʷ ʜʠʘʧʘʟʦʥ ʠʪʝʨʘʮʠʡ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʧʨʠ Ů = 0,0001 ʤ. 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ  

ʦʪ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ʨʘʩʯʝʪʘʤʠ ʠʪʝʨʘʮʠʡ (Ů) 
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ʈʠʩ. 6. ʋʤʝʥʴʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʯʢʠ ʢʘʩʘʥʠʷ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʤʝʩʪʦ ʢʘʩʘʥʠʷ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʥʘ ʠʤʝʝʪ 100% ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʩʪʘ ʢʘʩʘʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʬʦʥʦʚ ʠ ʟʘʜʘʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘʠʣʫʯʰʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʤʠʢʨʦʬʦʥʦʚ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʠʣʫʯʰʠʤ ʟʘʜʘʥʠʝʤ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦ ʮʝʥʪʨʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʘʚʪʦʨʘʤʠ ʘʧʨʦʙʠʨʫʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʘʜʝʞʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʣʦʞʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʋɼʂ 004.31 

ʂʨʦʪʦʚ ʗ.ɽ. 
ʘʩʧʠʨʘʥʪ 

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɸ ɹɸɿɽ ʊɽʆʈʀʀ ɻʈɸʌʆɺ ɺ 

ʍʆʃɸʂʈɸʊʀʏɽʉʂʀʍ ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄɸʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʥʘ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʦʩʪʦʷʣʘ ʚ 

ʧʨʦʚʝʨʢʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʕʡʣʝʨʦʚʳʭ ʦʙʭʦʜʦʚ ʠ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʜʚʫʜʦʣʴʥʳʭ ʛʨʘʬʘʭ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʥʝ ʪʦʣʴʢʦ ʧʨʠʤʝʥʠʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʦ ʠ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ 

ʭʦʣʦʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʢʘʩʢʘʜʥʳʤʠ ʠ ʤʘʪʨʠʯʥʳʤʠ 

ʤʦʜʝʣʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ  ʦʧʨʝʜʝʣʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʘʟʨʳʚʳ ʥʘ ʫʨʦʚʥʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʩʦʟʜʘʚʘʷ ʟʘʜʝʣ ʜʣʷ ʙʫʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʥʦʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ; ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ; ʪʝʦʨʠʷ ʛʨʘʬʦʚ; ʕʡʣʝʨʦʚʳ ʦʙʭʦʜʳ; ʧʘʨʦʩʦʯʝʪʥʠʷ ʚ ʜʚʫʜʦʣʴʥʳʭ ʛʨʘʬʘ; ʛʠʙʨʠʜʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ 

ʚʩrʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʠʪʝʨʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʟʤʝʨʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʨʘʙʦʪʳ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ, ʢʘʩʢʘʜʥʦʡ ʠʣʠ ʤʘʪʨʠʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʫʩʢʦʨʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʜʦ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʶʯʝʚʦʡ ʮʝʥʥʦʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʘʮʠʷ ʙʫʜʝʪ 

ʠʩʧʦʣʥʷʪʴ ʧʨʦʮʝʩʩʳ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʨʫʧʧʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʢʣʘʜ ʊ.ʃ. ʍʘʨʣʘʤʦʚʦʡ [3, ʩ. 99], ʝʡ ʫʜʘʣʦʩʴ 

ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ʂʣʶʯʝʚʦʡ ʮʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʦʚ ʠ ʚʟʚʝʰʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʦʚ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʪʦʢʘʭ ʠ ʨʝʩʫʨʩʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘʙʦʨʦʤ ʨʝʰʝʥʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʮʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢʞʝ ʚʳʜʝʣʠʤ ʪʨʫʜʳ ʍ. ɺʦʥʛʘ [9, ʩ. 916], ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʣ 

ʪʝʦʨʠʶ ʩʝʪʝʚʳʭ ʛʨʘʬʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʘʭ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʠ ʜʦʢʘʟʘʣ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʥʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʆʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʘʟʘʣʘ ʥʘʫʯʥʘʷ 

ʨʘʙʦʪʘ ɼ. ʕʩʪʝʩʘ [5, ʩ. 4] ʠ ʈ. ʄʫʭʘʥʘ [7, ʩ. 12] ʚ ʯʘʩʪʠ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦʡ ʢʦʤʘʥʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ɺ ʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʯʝʨʝʟ ʛʨʘʬʳ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʦʜʝʣʴ 

ʈ. ɼʠʞʢʤʘʥʘ [4, ʩ. 8] ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ 

ʚʠʜʝ ʛʨʘʬʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʠʥʚʘʨʠʘʥʪʦʚ ʛʨʘʬʘ ʜʣʷ 

ʫʟʣʦʚ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʚʳʙʨʘʪʴ ʧʦʜʛʨʘʬ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ 

ʢʦʤʘʥʜʝ. ɼʘʣʝʝ ʯʝʨʝʟ ʨʘʩʯʝʪ ʠʥʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʳ 

ɻ. ʄʦʫʪʩʠʥʘʩʘ [6, ʩ. 8] ʧʦ ʠʟʫʯʝʥʠʶ ʠʝʨʘʨʭʠʠ ʛʨʘʬʦʚ ʢʘʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ʂʣʶʯʝʚʦʡ ʬʦʢʫʩ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʛʨʘʬʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [2, ʩ. 51] ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʦʨʠʶ ʛʨʘʬʦʚ ʠ ʨʷʜ ʝʸ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʪʘʢʠʭ ʢʘʢ ʕʡʣʝʨʦʚʳ 

ʦʙʭʦʜʳ ʠ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʜʚʫʜʦʣʴʥʳʭ ʛʨʘʬʘʭ. ʕʡʣʝʨʦʚʳ ʦʙʭʦʜʳ ʧʦʟʚʦʣʷʪ ʚʳʚʝʩʪʠ 

ʦʧʪʠʤʘʣʴʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʙʦʪʘ ʩ ʛʦʪʦʚʳʤʠ ʜʘʪʘ-ʩʝʪʘʤʠ, 

ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʛʨʘʬʘʭ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʥʳʭ 

ʪʠʧʘʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ 

ʛʨʘʬʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʝʸ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʧʣʦʩʢʠʝ 

ʛʨʘʬʳ ʠ ʣʝʤʤʘ ʨʝʛʫʣʷʨʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʤʘʪʨʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʧʨʠʤʝʥʠʤʳ ʢ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ, ʯʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ɸ. ɸʙʛʘʣʜʘʝʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [1, ʩ. 12]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ 

ʈʘʟʜʝʣ 1. ʇʨʠʤʝʥʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʕʡʣʝʨʦʚʳʭ ʦʙʭʦʜʦʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʩʢʘʜʥʳʭ ʠ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ.  

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʥʘ ʙʘʟʝ ʕʡʣʝʨʦʚʘ ʦʙʭʦʜʘ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʠʤ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʜʘʪʘ-ʩʝʪʘ ʚ ʨʘʤʢʘʭ ʙʠʟʥʝʩ-ʘʥʘʣʠʟʘ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɺʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʠʤ ʵʪʫ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʩʢʘʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. ʕʡʣʝʨʦʚʳʤ ʦʙʭʦʜʦʤ ʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʟʘʤʢʥʫʪʦʛʦ 

ʤʘʨʰʨʫʪʘ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʝ ʨʝʙʨʦ ʛʨʘʬʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʤʘʨʰʨʫʪʘ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

83 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʕʡʣʝʨʦʚʘ ʦʙʭʦʜʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɸʆ çɹʘʥʢ çʊʦʯʢʘè. ʆʙʨʘʪʠʤʩʷ ʢ ʩʭʝʤʝ 

ʥʠʞʝ (ʨʠʩ. 1).  

 
 

ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʚ ɸʆ çɹʘʥʢ çʊʦʯʢʘè 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʛʨʘʬ, ʠʤʝʶʱʠʡ ʤʝʥʝʝ n ʚʝʨʰʠʥ, ʩʦʜʝʨʞʠʪ ʕʡʣʝʨʦʚ ʮʠʢʣ ʚ ʫʩʣʦʚʠʷʭ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʚʷʟʥʳʡ ʛʨʘʬ Ὃ ὠȟὉ, ʩ ὲ π ʚʝʨʰʠʥʘʤʠ, ʩʪʝʧʝʥʠ ʢʦʪʦʨʳʭ ʯʝʪʥʳ. ʇʫʩʪʴ ὺ ʠ 

ὺ ï ʚʝʨʰʠʥʳ ʛʨʘʬʘ. ʇʦʩʢʦʣʴʢʫ ʛʨʘʬ ʩʚʷʟʥʳʡ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʠʟ ὺ ʠ ὺ. ʉʪʝʧʝʥʴ  ὺ 

ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʨʝʙʨʦ ʛʨʘʬʘ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʤʦʞʥʦ ʧʨʦʣʦʞʠʪʴ ʧʫʪʴ ʠʟ  ὺ. ʊʘʢ ʢʘʢ ʛʨʘʬ ʢʦʥʝʯʥʳʡ, ʪʦ ʧʫʪʴ ʜʦʣʞʝʥ ʚʝʨʥʫʪʩʷ ʚ ὺ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʳ ʧʦʣʫʯʠʤ ʟʘʤʢʥʫʪʳʡ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʮʠʢʣʦʤ ˞. ɹʫʜʝʤ 

ʧʨʦʜʦʣʞʘʪʴ ʩʪʨʦʠʪʴ ˞ ʯʝʨʝʟ Öʧʦʢʘ ʥʝ ʩʤʦʞʝʤ ʧʦʢʨʳʚʘʪʴ ʚʩʝ ʨʝʙʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ˞ 

ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʤ ʕʡʣʝʨʘ ʜʣʷ ʛʨʘʬʘ Ὃ ὠȟὉ, ʛʜʝ ὲ π, ʪʦ ʠʤʝʝʤ ʠʜʝʘʣʴʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʥʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʜʛʨʘʬ Ὃᴂ ὠᴂȟὉᴂ ʛʨʘʬʘ Ὃ ὠȟὉ ʜʦʩʪʠʛʘʝʪʩʷ 

ʯʝʨʝʟ ʫʜʘʣʝʥʠʝ ʚʩʝʭ ʨʸʙʝʨ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ˞Ȣ ʇʦʩʢʦʣʴʢʫ ˞ ʩʦʜʝʨʞʠʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʨʝʙʝʨ, 

ʠʥʮʠʜʝʥʪʥʳʭ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʛʨʘʬʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʧʦʜʛʨʘʬʘ Ὃᴂ ὠᴂȟὉᴂ 

ʠʤʝʝʪ ʯʝʪʥʫʶ ʩʪʝʧʝʥʴ. ʇʦʩʢʦʣʴʢʫ ˞ ʧʦʢʨʳʚʘʝʪ ʚʩʝ ʨʝʙʨʘ, ʠʥʮʠʜʝʥʪʥʳʝ Ö, ʪʦ ʧʦʜʛʨʘʬ Ὃᴂ

ὠᴂȟὉᴂ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʷʟʥʦʩʪʠ, ʘ ʟʥʘʯʠʪ ʧʨʦʮʝʩʩ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴʩʷ ʟʘʚʝʨʰʝʥʥʳʤ.  

ɹʠʟʥʝʩ-ʩʤʳʩʣ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʩʫʪʠ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʡ ʠ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ 

ʩ ʜʘʥʥʳʤʠ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʥʘʙʦʨ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʦʙʫʯʝʥʠʷ ʤʘʰʠʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʙʫʜʫʯʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʣʠʥʝʡʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʦʮʝʩʩʝ ʢʘʩʢʘʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʙʨʘʪʠʤʩʷ ʢ ʪʘʙʣʠʮʘʤ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʦʪ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ 
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ʦʨʛʘʥʠʟʘʮʠʠ ɸʆ çɹʘʥʢ çʊʦʯʢʘè ʠ ʢʘʩʢʘʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɸʆ çʋʨʘʣʴʩʢʠʡ ʙʘʥʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʠ ʨʘʟʚʠʪʠʷè. 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʦʙʭʦʜ ʕʡʣʝʨʘ 

 

ʊʠʧ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʚʝʨʰʠʥ (ʝʜ.) 

ʊʨʫʜʦʟʘʪʨʘʪʳ 

(ʯʝʣ./ʯʘʩ) 

ʉʪʦʠʤʦʩʪʴ ʯʝʣʦʚʝʢʦ-

ʯʘʩʘ (ʨʫʙ.) 

ʈʘʩʯʝʪ ʟʘʪʨʘʪ 

(ʨʫʙ.) 

ʍʦʣʘʢʨʘʪʠʯʝʩʢʘʷ 4 2 

750 

6000 

6 3 13500 

8 4 24000 

12 6 54000 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʟʘʪʨʘʪ ʥʘ ʠʩʧʦʣʥʝʥʠʝ ʢʘʩʢʘʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʕʡʣʝʨʦʚ ʦʙʭʦʜ 

 

ʊʠʧ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʚʝʨʰʠʥ (ʝʜ.) 

ʊʨʫʜʦʟʘʪʨʘʪʳ 

(ʯʝʣ./ʯʘʩ) 

ʉʪʦʠʤʦʩʪʴ 

ʯʝʣʦʚʝʢʦ-ʯʘʩʘ (ʨʫʙ.) 

ʈʘʩʯʝʪ 

ʟʘʪʨʘʪ (ʨʫʙ.) 

ʂʘʩʢʘʜʥʘʷ 6 4 

750 

18000 

8 6 36000 

12 8 72000 

16 12 144000 

 

ɺ ʨʘʩʯʝʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʥʷʷ ʨʳʥʦʯʥʘʷ ʩʪʘʚʢʘ ʘʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ 

ʥʘ ʦʢʪʷʙʨʴ 2024 ʛʦʜʘ, ʢʦʪʦʨʘʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ 

ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ, ʚʳʨʘʞʝʥʥʳʭ ʯʝʨʝʟ ʚʝʨʰʠʥʳ, ʠʤʝʝʪ 

ʨʘʟʥʠʮʫ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʧʝʨʘʮʠʡ ʤʝʞʜʫ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʠ ʢʘʩʢʘʜʥʦʡ ʩʠʩʪʝʤʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʢʨʫʛʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʢʨʘʪʥʦ ʤʝʥʴʰʝ ʚʚʠʜʫ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʠʟ ʪʘʙʣʠʮʳ 1 ʠ ʪʘʙʣʠʮʳ 2 ʘʚʪʦʨʫ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʨʘʩʯʝʪʥʫʶ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʕʡʣʝʨʦʚ ʦʙʭʦʜ ʧʦ ʨʘʟʥʦʤʫ ʯʠʩʣʫ 

ʚʝʨʰʠʥ. ʇʨʠ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ 

ʨʘʟʤʝʨʝ 54000 ʨʫʙʣʝʡ ʤʳ ʧʦʣʫʯʘʝʤ ʷʚʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʤʦʜʝʣʠ ʠ ʧʨʦʮʝʩʩʘ ʧʨʦʪʠʚ ʢʘʩʢʘʜʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚ ʨʘʟʤʝʨʝ 144000 ʨʫʙʣʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʯʝʨʝʟ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ 

ʕʡʣʝʨʦʚʘ ʦʙʭʦʜʘ ʚ 2,6 ʨʘʟʘ ʜʝʰʝʚʣʝ, ʯʝʤ ʚ ʢʘʩʢʘʜʥʦʡ ʩʠʩʪʝʤʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʘʤʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫ ʢʘʩʢʘʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʝʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚʩʝʛʜʘ ʙʫʜʝʪ 

ʚʳʰʝ ʚʚʠʜʫ ʠʟʙʳʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʧʝʨʝʧʨʦʚʝʨʦʢ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʫʶʪʩʷ ʧʦʜ ʟʘʜʘʯʠ ʠʟʤʝʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʠ ʢʘʩʢʘʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʥʝʝ ʜʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ɹ. ɺʶʨʤʘ ʠ 

ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [10, ʩ. 246] ʥʝ ʬʦʢʫʩʠʨʦʚʘʣʘʩʴ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʛʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩ ʦʜʥʦʛʦ ʪʠʧʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʜʨʫʛʦʡ. ʕʪʦʪ ʧʨʦʙʝʣ ʚ ʥʘʫʯʥʦʤ ʟʥʘʥʠʠ ʩʦʟʜʘʝʪ ʭʦʨʦʰʠʡ ʟʘʜʝʣ ʜʣʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʯʘʩʪʠ ʘʜʘʧʪʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʝʨʝʭʦʜʥʦʡ ʩʨʝʜʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʮʝʣʴʶ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʝʢʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʕ. ɺʝʣʠʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦ 
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85 

ʧʨʠʤʝʥʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʩʯʝʩʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ [8, ʩ. 26]. ʆʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦʡ ʮʝʥʥʦʩʪʠ ʤʦʞʝʪ ʩʪʘʪʴ 

ʨʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʧʝʨʝʭʦʜʘ ʩ ʢʘʩʢʘʜʥʦʡ ʠʣʠ ʤʘʪʨʠʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʫʶ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʥʘʛʣʷʜʥʳʡ ʘʥʘʣʠʟ ʢʘʢ ʚʩʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʜʨʦʙʣʝʥʠʝ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʦʨʛʘʥʠʟʘʮʠʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʪʝʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʤʠʛʨʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʚʦʜʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʥʢʘ ʤʦʞʥʦ ʧʝʨʝʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʟʘ 

ʧʨʦʮʝʩʩʦʤ ʯʝʨʝʟ ʧʘʨʘʜʠʛʤʫ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʢʦʤʘʥʜ, ʦʪʩʣʝʞʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʘʨʦʡ ʠ ʥʦʚʦʡ ʤʦʜʝʣʷʭ, ʪʝʤ ʩʘʤʳʤ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʪʴ ʮʝʥʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʟʜʝʣ 2. ʇʨʠʤʝʥʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʛʨʘʬʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʘʪʨʠʯʥʳʭ ʠ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʦʩʦʯʝʪʘʥʠʡ ʚ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʛʨʘʬʘʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʷ ʠʭ ʩʪʳʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʘʟʚʠʪʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʠʤ ʤʦʜʝʣʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ 

ʙʘʥʢʦʚʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʧʦʧʨʦʙʫʝʤ ʧʨʠʤʝʥʠʪʴ ʵʪʫ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʩʢʘʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. 

ʇʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʙʝʨ ʚ ʟʘʜʘʥʥʦʤ ʛʨʘʬʝ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʩʚʦʜʠʪʩʷ 

ʢ ʩʦʟʜʘʥʠʶ ʤʥʦʞʝʩʪʚʘ  ̇ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʙʝʨ ʛʨʘʬʘ Ὃ ὠȟὉ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʘʞʜʘʷ 

ʚʝʨʰʠʥʘ ʠʟ ʤʥʦʞʝʩʪʚʘ Ὗ Ṗ ὠ ʠʥʮʠʜʝʥʪʘ ʥʝʢʦʤʫ ʨʝʙʨʫ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ὓ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ὓ 

ʧʦʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ Ὗ. ʊʦʛʜʘ ʚʝʨʰʠʥʳ ʠʟ Ὗ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʧʦʢʨʳʪʳʤʠ, ʘ ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ 

ï ʥʝʧʦʢʨʳʪʳʤʠ. ʇʨʦʙʣʝʤʳ ʚʳʯʠʩʣʝʥʠʡ ʚ ʪʘʢʠʭ ʛʨʘʬʘʭ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ ʙʠʟʥʝʩ-ʩʧʝʮʠʬʠʢʫ 

ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʫ. ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʙʘʥʢʘʭ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʢʣʘʜʥʫʶ ʤʦʜʝʣʴ ʧʘʨʦʩʦʯʝʪʘʥʠʡ ʚ ʜʚʫʜʦʣʴʥʳʭ ʛʨʘʬʘʭ. ʇʫʩʪʴ ʛʨʘʬ 

Ὃ ὠȟὉ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʜʚʫʜʦʣʴʥʳʤ ʩ ʨʘʟʙʠʚʢʦʡ ʥʘ ʜʦʣʠ ὃȟὄ. ʊʦʛʜʘ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ 

ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʢʘʢ ὥ ὥᴂ ʠ ὦ ὦᴂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʰʠʤ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʨʝʙʝʨ, ʚʳʨʘʞʝʥʥʳʭ ʢʘʢ ʪʨʫʜʦʟʘʪʨʘʪʳ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʚ ʩʚʷʟʘʥʥʳʭ 

ʦʙʱʠʤ ʧʦʪʦʢʦʤ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ. ʅʘʯʥʝʤ ʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ὓ ʚ ʛʨʘʬʝ Ὃ. ʇʫʪʴ ʚ 

ʛʨʘʬ Ὃ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʩ ʥʝʧʦʢʨʳʪʦʡ ʚʝʨʰʠʥʳ ʚ ὃ ʠ ʩʦʜʝʨʞʘʱʠʡ ʧʦ ʦʯʝʨʝʜʠ ʨʝʙʨʘ ʠʟ Ὁ ͵ ὓ 

ʠʟ ὓ ʙʫʜʝʪ ʧʫʪʝʤ, ʯʝʨʝʜʫʶʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ὓ. ʏʝʨʝʜʫʶʱʠʡʩʷ ʧʫʪʴ ,̋ ʦʢʘʥʯʠʚʘʶʱʠʡʩʷ 

ʥʝʧʦʢʨʳʪʦʡ ʚʝʨʰʠʥʦʡ ʠʟ ὄ, ʦʢʘʥʯʠʚʘʶʱʠʡʩʷ ʥʝʧʦʢʨʳʪʦʡ ʚʝʨʰʠʥʦʡ ʠʟ ὄ, ʥʘʟʳʚʘʝʪʩʷ 

ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʧʫʪʝʤ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ὓ ʚ 
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ʩʠʤʤʝʪʨʠʯʝʩʢʫʶ ʨʘʟʥʦʩʪʴ ʤʥʦʞʝʩʪʚ ὓ ̉ ˒˝. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʪʘʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ 

ʙʘʟʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʙʘʥʢʦʚʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

 
 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ɸʆ çɹʘʥʢ çʊʦʯʢʘè 

 

ʅʘ ʨʠʩʫʥʢʝ ʜʚʘ ʠʟʦʙʨʘʞʝʥʦ ʩʪʘʨʪʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʘʨʦʩʦʯʝʪʘʶʱʠʭʩʷ ʜʚʫʜʦʣʴʥʳʭ 

ʛʨʘʬʦʚ. ʈʝʙʨʘ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʷʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʜʦʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʭʨʘʥʠʣʠʱʘ ʠ ʦʙʤʝʥʘ 

ʙʘʥʢʦʚʩʢʠʤʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ CRM ʠ BI-ʩʠʩʪʝʤʘʤʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʳʤ ʬʘʢʪʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʚʦʟʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʦʩʦʯʝʪʘʥʠʷ ὓ ʩ ʧʦʤʦʱʴʶ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʧʫʪʠ .̋ ʆʙʨʘʪʠʤʩʷ ʢ ʨʠʩʫʥʢʫ ʥʠʞʝ. 

 

 
 

ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ɸʆ çɹʘʥʢ çʊʦʯʢʘè  

ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʧʘʨʦʩʦʯʝʪʘʥʠʝʤ ʯʝʨʝʟ ʯʝʨʝʜʫʶʱʠʡʩʷ ʧʫʪʴ 

 

ʏʝʨʝʜʫʶʱʠʝʩʷ ʧʫʪʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʠʩʢʘ ʙʦʣʴʰʠʭ 

ʧʘʨʦʩʦʯʝʪʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʨʘʙʦʪʢʠ ʢʣʠʝʥʪʩʢʠʭ ʙʘʥʢʦʚʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʝʩʷʪʢʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʅʘʫʯʥʘʷ ʮʝʥʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʘʨʦʩʦʯʝʪʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʫʪʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʧʦʣʫʯʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʨʝʙʝʨ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

ʥʘʭʦʞʜʝʥʠʷ ʪʘʢʠʭ ʧʘʨʦʩʦʯʝʪʘʥʠʡ ʣʝʞʠʪ ʚ ʤʦʜʝʣʠ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.   

ʇʨʘʢʪʠʯʝʩʢʘʷ ʙʠʟʥʝʩ-ʮʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ 

ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʛʨʘʬʦʚ, ʪʝʤ ʩʘʤʳʤ ʤʦʞʥʦ ʚʳʩʪʨʘʠʚʘʪʴ ʢʘʨʪʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʘʢ ʚ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ ʢʘʩʢʘʜʥʦʡ ʠʣʠ ʤʘʪʨʠʯʥʦʡ ʤʦʜʝʣʷʭ ʫʧʨʘʚʣʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 
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ʤʦʜʝʣʴ ʟʘʢʨʳʚʘʝʪ ʧʨʦʙʣʝʤʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ.  

ʆʙʨʘʪʠʤʩʷ ʢ ʪʘʙʣʠʮʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɸʆ çɹʘʥʢ çʊʦʯʢʘè ʠ ʤʘʪʨʠʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɸʆ 

çʋʨʘʣʴʩʢʠʡ ʙʘʥʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʚʠʪʠʷè, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ n-ʛʨʘʬʘʭ 

(ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʝʟ ʧʘʨʦʩʦʯʝʪʘʥʠʷ 

 

ʊʠʧ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʘʨʦʩʦʯʝʪʘʥʠʡ 

ʂʦʣʠʯʝʩʪʚʦ 

ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ 

ʧʫʪʝʡ 

ʉʪʦʠʤʦʩʪʴ 

ʯʝʣʦʚʝʢʦ-ʯʘʩʘ 

(ʨʫʙ.) 

ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʘ (ʨʫʙ.) 

ʍʦʣʘʢʨʘʪʠʯʝʩʢʘʷ 2 3 

1400 

8400 

4 5 28000 

8 12 134400 

ʄʘʪʨʠʯʥʘʷ 2 4 11200 

6 8 67200 

10 15 210000 

 

ɺ ʨʘʩʯʝʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʥʷʷ ʨʳʥʦʯʥʘʷ ʩʪʘʚʢʘ python-ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ ʦʢʪʷʙʨʴ 2024 ʛʦʜʘ, ʢʦʪʦʨʘʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʠʟ ʪʘʙʣʠʮʳ 3 ʘʚʪʦʨʫ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʨʘʩʯʝʪʥʫʶ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʛʨʘʬʘʭ. ʇʨʠ 

ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʨʘʟʤʝʨʝ 134400 

ʨʫʙʣʝʡ ʤʳ ʧʦʣʫʯʘʝʤ ʷʚʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʤʦʜʝʣʠ ʠ ʧʨʦʮʝʩʩʘ ʚ 1,5 ʨʘʟʘ ʧʨʦʪʠʚ ʤʘʪʨʠʯʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚ ʨʘʟʤʝʨʝ 210 000 ʨʫʙʣʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ 

ʩʢʚʦʟʥʦʤʫ ʧʨʦʮʝʩʩʫ ʩ ʨʘʩʯʝʪʦʤ ʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʮʝʩʩʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ ʨʘʟʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʟʨʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʜʝʥʝʞʥʦʤ ʟʥʘʯʝʥʠʠ.  

ɺʳʚʦʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʡ 

ʠʟ ʙʘʥʢʦʚʩʢʦʡ ʦʪʨʘʩʣʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʀʤʝʝʪ ʤʝʩʪʦ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʟʘʜʝʣ ʠ ʘʢʪʫʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʥʷʶʪʩʷ ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢ ʠ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ. ʋʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʢʣʶʯʝʚʘʷ ʙʠʟʥʝʩ-ʮʝʥʥʦʩʪʴ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ 1,5ï2,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ; 

2. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʥʘ ʙʘʟʝ ʕʡʣʝʨʦʚʘ ʦʙʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʚ ʢʘʩʢʘʜʥʳʭ, ʪʘʢ ʠ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʝʨʚʠʯʥʳʝ 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʜ ʢʘʩʢʘʜʥʦʡ ʥʘ ʫʨʦʚʥʝ 90 000 ʨʫʙʣʝʡ ʜʣʷ ʦʜʥʦʛʦ 
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ʧʨʦʮʝʩʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʨʦʚʥʝ ʛʨʫʧʧʳ ʠʟ 120 ʧʨʦʮʝʩʩʦʚ ʵʬʬʝʢʪ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʦʨʷʜʢʘ 

11 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʚ ʛʦʜ;  

3. ʇʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʢʘʢ 

ʚ ʤʘʪʨʠʯʥʳʭ, ʪʘʢ ʠ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʜ ʤʘʪʨʠʯʥʦʡ ʙʳʣʘ ʧʝʨʚʠʯʥʦ ʜʦʢʘʟʘʥʘ ʜʣʷ ʠʜʝʥʪʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʦʜʥʦʪʠʧʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʩʦʩʪʘʚʠʣʘ 75 600 ʨʫʙʣʝʡ ʜʣʷ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʨʦʚʥʝ ʛʨʫʧʧʳ ʠʟ 100 ʧʨʦʮʝʩʩʦʚ ʵʬʬʝʢʪ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʦʨʷʜʢʘ 7,5 

ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʚ ʛʦʜ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʝ ʪʝʦʨʠʠ 

ʛʨʘʬʦʚ ʦʙʦʩʥʦʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʠʤʙʠʦʟʘ 

ʧʨʠʤʝʥʠʤʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʭʦʣʘʢʨʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʥʘ ʠʩʧʦʣʥʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʰʝʥʠʡ ʥʘ ʙʘʟʝ ʕʡʣʝʨʦʚʘ ʦʙʭʦʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʧʨʦʝʢʪʥʳʭ ʚʘʨʠʘʮʠʡ ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʚʨʝʤʝʥʠ. ɼʦʧʦʣʥʝʥʠʝ ʤʦʜʝʣʠ ʯʝʨʝʟ ʧʘʨʦʩʦʯʝʪʘʥʠʷ 

ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʚ ʦʙʲʝʜʠʥʸʥʥʳʭ ʛʨʫʧʧʘʭ ʩʢʚʦʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, 

ʪʝʩʪʠʨʦʚʘʥʠʠ, ʩ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʠʟʤʝʨʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʟʨʳʚʦʚ ʥʝ ʥʘ ʦʜʥʦʤ 

ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʨʝʙʨʘ, ʥʦ ʧʦ ʚʩʝʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤ ʨʝʙʨʘʤ ʛʨʘʬʦʚ ʨʘʟʨʘʙʦʪʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʘʟʨʳʚʳ ʚ ʯʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʩʤʝʞʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʜʣʝʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʝ ʩ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ. ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʤʦʜʝʣʠ ʩ 

ʷʚʥʳʤ ʫʯʝʪʦʤ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʝʜʝʥʠʝ ʩʢʚʘʞʠʥʳ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʩʪʦʱʝʥʠʷ ʧʨʠʪʦʢʘ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʷʥʘʷ ʩʢʚʘʞʠʥʘ; ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ; ʤʦʜʝʣʴ; 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ; ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʭʨʘʥʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦ ʚʩʝʭ 

ʦʪʨʘʩʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ [5, ʩ. 38-39]. ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʢʪʠʚʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [4, ʩ. 34-35]. 

ɺ ʦʩʥʦʚʝ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʧʦʣʦʞʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʥʘʭʦʜʷʱʠʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʥʝʬʪʝʜʦʙʳʯʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʙʫʩʪʨʦʡʩʪʚʦ ʩʢʚʘʞʠʥ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʪʝʣʝʤʝʪʨʠʠ [3, ʩ. 3-4; 

10, ʩ. 43-46] ʠ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ (ʕʎʅ) [2, ʩ. 25-26] 

ʨʘʩʰʠʨʷʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʩ ʢʦʥʪʨʦʣʝʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʘʣʠʟʫʝʤʘʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʘʭ 

ʮʝʭʘ ʜʦʙʳʯʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʙʣʶʜʘʪʝʣʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʨʝʞʠʤʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʩʢʚʘʞʠʥʳ ʠ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʪʝʢʫʱʠʭ ʨʝʞʠʤʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [9, ʩ. 1-3].  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʣʦʞʥʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʟ ʥʠʭ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʟʘʜʘʯʠ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʩʪʨʦʡʩʪʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʞʠʤʦʚ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʥʝ ʫʯʠʪʳʚʘʷ çʙʳʩʪʨʫʶè ʜʠʥʘʤʠʢʫ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʢʚʘʞʠʥʝ ʧʨʠ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʣʦʞʥʦʩʪʴ ʠ ʜʝʪʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʦʙʲʝʤʫ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ [1, ʩ. 164-

165]. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʢʚʘʞʠʥʳ ʩ 

ʕʎʅ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʪʦʢʘ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʫʯʝʪ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʟʘʙʦʝ, ʚ ʧʦʜʲʝʤʥʠʢʝ, ʥʘʩʦʩʝ ʠ ʫʩʪʴʝ ʚ ʚʠʜʝ 

ʫʧʨʦʱʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʩ ʷʚʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʥʘʩʪʨʦʝʢ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʝ ʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʨʘʥʝʝ 

ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ ʩ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳ 

ʕʎʅ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʙʲʝʜʠʥʷʝʪ ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʭ ʩʝʛʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʨʦʙʥʝʝ 

ʦʧʠʩʳʚʘʝʤʳʭ ʥʠʞʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʚʝʨʪʠʢʘʣʠ ʩʢʚʘʞʠʥʳ ʩ ʦʩʥʦʚʥʳʤʠ 

ʫʩʣʦʚʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʳ ʩ ʕʎʅ  

 

ʄʦʜʝʣʴ ʧʨʠʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠʟ ʧʣʘʩʪʘ ʚ ʟʘʙʦʡ ʩʢʚʘʞʠʥʳ ʚʢʣʶʯʘʝʪ ʣʠʥʝʡʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʦʧʠʩʳʚʘʶʱʫʶ ʜʠʥʘʤʠʢʫ ʧʨʠʪʦʢʘ ʚ ʧʨʠʟʘʙʦʡʥʫʶ ʟʦʥʫ (ʇɿ): 

†ς
Ὠ

Ὠὸ
ὴςȟὸ ήςȟὸ ήὸ 

ʠʣʠ: 

Ὕς
Ὠ

Ὠὸ
ὴςȟὸ ὴ ὸ ὴςȟὸ ὶςήὸ 

ʛʜʝ ὴ ὸ ï ʩʨʝʜʥʝʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʢʦʥʪʫʨʝ ʧʠʪʘʥʠʷ [ʄʇʘ], ὴςȟὸ ï ʜʘʚʣʝʥʠʝ ʚ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ [ʄʇʘ], ήὸ ï ʦʙʲʝʤʥʳʡ ʧʨʠʪʦʢ ʞʠʜʢʦʩʪʠ ʚ ʟʘʙʦʡ ʧʨʠʚʝʜʝʥʥʳʡ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ (ʅʊɹ) [ʤ3/ʩʫʪ.], ήςȟὸ ï ʦʙʲʝʤʥʳʡ ʧʨʠʪʦʢ ʞʠʜʢʦʩʪʠ 

ʚ ʇɿ (ʊʘʢʞʝ ʚ ʅʊɹ) [ʤ3/ʩʫʪ.], Ὕς †ςὶς ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ [ʩʫʪ.], ʦʧʨʝʜʝʣʷʝʤʘʷ 
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ʦʙʲʝʤʥʦʡ ʛʠʜʨʦʫʧʨʫʛʦʩʪʴʶ ʇɿ ï †ς [(ʄʇʘĀʩʫʪ.2)/ʤ3)] ʠ ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ï ὶς 

[ʤ3/(ʄʇʘĀʩʫʪ.)]. 

ʀ ʢʚʘʜʨʘʪʠʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ: 

ὴςȟὸ ὴρȟὸ ὶρήὸ ὧɭ ὸήὸ  

ʛʜʝ ὴρȟὸ ï ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ [ʄʇʘ], ɭ ὸ ρ ‍ὸ…ὴὋ ï ʧʨʠʚʝʜʝʥʥʘʷ ʢ 

ʅʊɹ ʚʝʩʦʚʘʷ ʜʦʣʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʥʝʬʪʠ ʛʘʟʘ, ὴ πȟρ ïʜʘʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʝ [ʄʇʘ], Ὃ ï 

ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ ʥʝʬʪʠ [ʤ3/ʤ3], …  ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ [ʤ-1], ‍ὸ ï ʜʦʣʷ ʚʦʜʳ 

(ʦʙʚʦʜʥʝʥʥʦʩʪʴ) ʚ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [ʜʦʣʠ ʝʜ.], ὧ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [ʩʫʪ.2/ʤ5]. 

ʄʦʜʝʣʴ ʥʠʞʥʝʛʦ ʩʝʛʤʝʥʪ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʟʘʙʦʷ ʜʦ ʧʨʠʝʤʘ ʥʘʩʦʩʘ: 

ὴρȟὸ ὴσȟὸ
‎ὸ

ὦ σȟὸ
Ὄ Ὄ ὶήὸ  

ʛʜʝ ὴσȟὸ ï ʜʘʚʣʝʥʠʝ ʫ ʧʨʠʝʤʘ ʕʎʅ [ʄʇʘ] ʥʘ ʛʣʫʙʠʥʝ ʧʦʜʚʝʩʢʠ Ὄ  [ʤ], ὶ ï

ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʛʤʝʥʪʘ ʆʂ [ʩʫʪ.2/ʤ6] ʦʪ ʟʘʙʦʷ ʥʘ ʛʣʫʙʠʥʝ Ὄ  [ʤ] ʜʦ ʧʨʠʝʤʘ ʥʘʩʦʩʘ, 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʅʊɹ ‎ὸ ρ ‍ὸ‎ ‍ὸ‎  ʦʮʝʥʠʚʘʝʪʩʷ ʜʦʣʷʤʠ 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʫʜʝʣʴʥʳʭ ʚʝʩʦʚ ʚʦʜʳ ‎  ʠ ʥʝʬʪʠ ‎ [ʄʇʘ/ʤ]. 

ʆʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʠ ʚ ʫʩʣʦʚʠʷʭ ʜʘʚʣʝʥʠʷ ὴσȟὸ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ: 

ὦ σȟὸ ρ ρ ‍ὸ‌Ὃ ρ ‌ σ
ὴ ὴσȟὸ

ὴ ὴ
 

ʛʜʝ ὴ ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ [ʄʇʘ], ‌ σ ï ʥʘʩʪʨʦʝʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʜʝʣʠ 

ʨʘʟʛʘʟʠʨʦʚʘʥʠʷ [ʝʜ.], ὦ ρ ‌Ὃ ï ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʩʪʘ [ʝʜ.]. 

ʄʦʜʝʣʴ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʥʘ ʫʩʪʴʝʚʦʤ ʰʪʫʮʝʨʝ: 

ὴψȟὸ ὴ ὸ ὶ ὸ
‎ὸ

ὦ ὸ
ή ὸ  

ʛʜʝ ὴψȟὸ ï ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʅʂʊ [ʄʇʘ], ὴ ὸ ï ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ 

ʥʝʬʪʝʩʙʦʨʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ [ʄʇʘ], ὶ ὸ ï ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʴʝʚʦʛʦ ʰʪʫʮʝʨʘ [ʩʫʪ.2/ʤ6], 

ή ὸ ï ʦʙʲʝʤʥʘʷ ʧʦʜʘʯʘ ʥʘʩʦʩʘ [ʤ3/ʩʫʪ.]. 

ʄʦʜʝʣʴ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʪʨʫʙʝ (ʅʂʊ): 

ὴυȟὸ ὴψȟὸ
‎ὸ

ὦ ψȟὸ
Ὄ ὶ ὶὸή ὸ  

ʛʜʝ ὴυȟὸ ï ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʢʠʜʝ ʕʎʅ [ʄʇʘ], ὶ ï ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʅʂʊ [ʩʫʪ.2/ʤ6], ὶὸ ï 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ [ʩʫʪ.2/ʤ6]. 

ɺ ʫʩʣʦʚʠʷʭ ʙʣʠʟʦʩʪʠ ʜʘʚʣʝʥʠʡ ὴ ὸ ὴψȟὸ ὴτȟὸ ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʠ 

ʫʧʨʦʱʝʥʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ: 

ὦ ὸ ὦ ψȟὸ ὦ τȟὸ ρ ρ ‍ὸ‌Ὃ ρ
ὴ ὴ ὸ

ὴ ὴ
 

ʄʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ɿʊ): 

Ὓ
Ὠ

Ὠὸ
Ὄτȟὸ ὦ ὸή ὸ ήὸ  
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ʛʜʝ Ὄτȟὸ ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ɿʊ [ʤ] ʩ ʧʣʦʱʘʜʴʶ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ Ὓ 

[ʤ2]. 

ʄʦʜʝʣʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ɿʊ: 

ὴτȟὸ ὴ ὸ ὶ όὸ‫ὸὥ ὴ ὴσȟὸ ήὸ  

ʛʜʝ ὴτȟὸ ï ʜʘʚʣʝʥʠʝ ʚ ɿʊ [ʄʇʘ], ὶ  ï ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ [ʩʫʪ.2/ʤ6], 

όὸ πȟρ ï ʢʦʤʘʥʜʥʳʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʪʠʧʘ {ʦʩʪʘʥʦʚ,ʧʫʩʢ}, ‫ὸ ï ʨʝʛʫʣʠʨʫʝʤʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʘʩʪʦʪʳ ʩʢʦʣʴʞʝʥʠʷ [ʝʜ.], 

ὥ Ὧ‘ σȟὸ , ‘ σȟὸ ρ ‍ὸὋ . 

ʄʦʜʝʣʴ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʕʎʅ ʚ ʚʠʜʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʘʩʧʦʨʪʥʦʡ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ὴυȟὸ ὴσȟὸ
‎ὸ

ὦ σȟὸ
όὸ’ ὸὬ ‗‫ὸ ‗‫ὸ

ή ὸ

’ ὸή

                                           ‗
ή ὸ

’ ὸή
ρ όὸὶὸ ὦ σȟὸή ὸ

 

ʛʜʝ ộὬȟήỚ ʧʘʨʘʤʝʪʨʳ ʪʠʧʦʨʘʟʤʝʨʘ ʕʎʅ ʧʦ ʥʦʤʠʥʘʣʫ ʥʘʧʦʨʘ [ʤ] ʠ ʧʦʜʘʯʠ [ʤ3/ʩʫʪ.] ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘʤʠ ʜʝʛʨʘʜʘʮʠʠ ộ’ ὸȟ’ ὸỚ [ʝʜ.] ʚʩʣʝʜʩʪʚʠʝ ʟʘʩʦʨʝʥʠʷ ʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ, ộ‗ȟ‗ȟ‗Ớ ï ʧʘʨʘʤʝʪʨʳ ʢʚʘʜʨʘʪʠʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ [ʝʜ.], ὶὸ ï ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ ʥʘ 

ʚʳʢʠʜʝ ʥʘʩʦʩʘ (ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ὶὸ Њ) [ʩʫʪ.2/ʤ6]. 

ʈʝʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʚʘʞʠʥʦʡ 

ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʩʠʪʫʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ 

ʧʨʠʪʦʢʘ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʥʝʧʣʘʩʪʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʦʩʪʦʤ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʜʦʙʳʚʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʝʞʠʤʘʭ, ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʘʩʥʦʩʪʴ ʚʳʭʦʜʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʚ ʧʨʝʜʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʷ ʩʨʳʚʘ ʧʦʜʘʯʠ [6, ʩ. 219-

220; 8, ʩ. 126-127]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʚʦʜʷʪʩʷ ʜʚʝ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʝʞʠʤʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ. 

ʇʨʝʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʥʘʜ ʧʨʠʝʤʦʤ ʥʘʩʦʩʘ Ὤ  [ʤ]: 

Ὤτȟὸ Ὄ Ὄτȟὸ Ὤ  

ʇʨʝʜʝʣ ʥʘ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫ ʧʨʠʝʤʘ ʥʘʩʦʩʘ ʥʠʞʝ ʜʘʚʣʝʥʠʷ ʨʘʟʛʘʟʠʨʦʚʘʥʠʷ ὴ σȟὸ  

[ʄʇʘ]: 

ὴσȟὸ ὴ σȟὸ
‘ ὸ

‘ ὸ ‌
ὴ  

ʛʜʝ ‘ ὸ ρ Ὧόὸ ‘‫ὸ σȟὸ, ‌ ‍ ρ ‍ϳ  [ʝʜ.], ‍  ï ʧʨʝʜʝʣʴʥʘʷ ʜʦʣʷ 

ʛʘʟʘ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʕʎʅ [ʝʜ.] 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʢʦʥʪʨʦʣʷ 

ʠ ʦʮʝʥʢʠ ʨʝʞʠʤʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʢʚʘʞʠʥʝ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʜʠʥʘʤʠʢʘ ʠʩʪʦʱʝʥʠʷ ʧʨʠʪʦʢʘ ʠʤʠʪʠʨʫʝʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʥʝʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ὴ ὸ ʠ ʨʦʩʪʦʤ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ‍ὸ ʧʦ ʣʠʥʝʡʥʳʤ 
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ʟʘʢʦʥʘʤ. ʇʨʦʛʨʘʤʤʘ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ‫ὸ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʫʩʣʦʚʠʶ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʚ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʚʳʧʦʣʥʝʥʠʷ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʙʣʠʞʘʡʰʝʡ ʛʨʘʥʠʮʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʙʦʪʳ ʥʘʩʦʩʘ. ʇʦʜʨʦʙʥʝʝ ʩ ʘʣʛʦʨʠʪʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʩʷ ʚ ʨʘʙʦʪʝ [7, ʩ. 36-38]. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ὸɴ πȟρς ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʣʦʝ ʩʪʫʧʝʥʯʘʪʦʝ ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ 

‫ὸ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ ʧʨʠʪʦʢʦʤ ʚ ʟʘʙʦʡ ήὸ ʠ ʧʦʜʘʯʝʡ ʥʘʩʦʩʘ ή ὸ.  

ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʚ ʤʦʤʝʥʪʳ  

ὸ ρςȟςτȟσφȟτψ ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʘʜʝʢʚʘʪʥʫʶ ʢʘʨʪʠʥʫ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʥʘʛʨʫʟʢʘ ʥʘ ʥʘʩʦʩ ὴυȟὸ ὴσȟὸ ʥʝ 

ʫʩʧʝʚʘʝʪ ʠʟʤʝʥʠʪʴʩʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʩʤʝʱʝʥʠʷ ʛʨʘʬʠʢʘ ʥʘʧʦʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʜʘʯʠ ʥʘʩʦʩʘ ή ὸ ʟʘ ʩʯʝʪ ʦʪʢʘʯʢʠ ʞʠʜʢʦʩʪʠ ʠʟ ʟʘʪʨʫʙʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʪʘʢʞʝ ʚʠʜʥʦ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ Ὤτȟὸ ʚ ʵʪʠ ʤʦʤʝʥʪʳ. ɺ ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʷ 

ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʧʦʧʦʣʥʝʥʠʝʤ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʞʠʜʢʦʩʪʴʶ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʥʦʚʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʨʘʚʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫ ʧʨʠʝʤʘ ὴσȟὸ ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ Ὤτȟὸ ʩ ʠʭ 

ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʢʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʠʢʩʠʨʫʶʪ ʦʪʤʝʯʝʥʥʫʶ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʚ ʠʥʪʝʨʚʘʣʘʭ ὸɴ ρςȟςτ ʠ ὸɴ τψȟφπ ʥʘ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʧʨʝʜʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʥʘʜ ʧʨʠʝʤʦʤ ʥʘʩʦʩʘ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫ ʧʨʠʝʤʘ ʥʘʩʦʩʘ ʧʨʠ ὸɴ

ρςȟςτ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠ ʙʣʠʟʢʦ ʢ ʧʨʝʜʝʣʴʥʦʤʫ. 

ʊʘʙʣʠʮʘ 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ 

 

ʇʘʨʘʤʝʪʨ ὶρ ὶς  ̒ ‎ ‎  ὴ π ‍π ὴ ωπ ‍ωπ 

ɿʥʘʯʝʥʠʝ 0,0635 0,0389 0,378 0,0065 0,012 23,55 0,25 19,42 0,57 

ʇʘʨʘʤʝʪʨ ὴ  …  ‌  ‌ σ Ὃ ὶ ὶ ὶ ὶ  

ɿʥʘʯʝʥʠʝ 16,48 0,00008 0,0014 0,4 150 0,0045 0,0394 0,047 0,04 

ʇʘʨʘʤʝʪʨ Ὧ ‗ ‗ ‗ ή Ὤ Ὄ  Ὄ  ὴ 

ɿʥʘʯʝʥʠʝ 0,7 1,7 0,28 0,42 80 2200 3000 2100 1,5 

ʇʘʨʘʤʝʪʨ ὴ ’ ’ ὶ Ὕς Ὓ Ўὸ Ὤ  ‍  

ɿʥʘʯʝʥʠʝ 0,1 1 1 0 0,3 0,012 0,001 100 0,25 

 

ʊʘʢʠ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʢʚʘʞʠʥʳ ʩ ʕʎʅ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʢʚʘʞʠʥʳ, ʚʭʦʜʥʳʤʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʠ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʫʯʝʪ ʨʘʟʥʦʪʝʤʧʦʚʦʡ ʜʠʥʘʤʠʢʠ ʧʣʘʩʪʘ ʠ ʧʦʜʲʝʤʥʠʢʘ ʩ ʷʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ 

ʦʩʥʦʚʥʳʭ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ.  

ʇʦʤʠʤʦ ʦʙʩʫʞʜʘʝʤʳʭ ʟʘʜʘʯ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʩʪʨʦʡʩʪʚʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʥʘʣʠʯʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʢʦʥʪʨʦʣʷ ʫʩʪʴʝʚʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʟʘʤʢʥʫʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʢʘʨʪʠʥʫ ʧʦʚʝʜʝʥʠʷ ʧʨʠʪʦʢʘ, ʥʘʩʦʩʘ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʦʙʲʷʩʥʷʷ (ʠ ʫʧʨʝʞʜʘʷ) ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʦʜʘʯʠ ʧʨʠ 

ʩʪʫʧʝʥʯʘʪʦʤ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ. 
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ʘʩʩʠʩʪʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʋʊɽʏɽʂ ɺ ʄɽɾʇʈʆʄʓʉʃʆɺʓʍ ʅɽʌʊɽʇʈʆɺʆɼɸʍ  

ʄɽʊʆɼʆʄ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɻʀɼʈɸɺʃʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʥʘʧʦʨʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʳʟʚʘʥʥʳʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʫʪʝʯʢʘʤʠ ʠʟ ʥʝʬʪʝʧʨʦʚʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʚʤʝʱʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʬʪʝʧʨʦʚʦʜʘ ʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ 

ʫʪʝʯʢʠ. ʆʧʨʝʜʝʣʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʫʪʝʯʝʢ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʦʨʥʳʡ ʥʝʬʪʝʧʨʦʚʦʜ; ʫʪʝʯʢʘ; ʦʪʢʘʯʢʘ; ʥʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʜʘʚʣʝʥʠʝ; ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 

ʇʨʦʙʣʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʚ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʘʢ ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ (ʉʆʋ). ʉʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʫʪʝʯʢʠ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʩʣʝʜʩʪʚʠʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, - ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʫʪʝʯʢʠ 

ʯʝʨʝʟ ʥʝʙʦʣʴʰʠʝ ʦʪʚʝʨʩʪʠʷ, ʚʳʟʚʘʥʥʳʤʠ ʢʦʨʨʦʟʠʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʫʪʝʯʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʚʨʝʟʦʢ ʩʪʦʨʦʥʥʠʭ ʣʠʮ ʩ ʮʝʣʴʶ ʭʠʱʝʥʠʷ 

ʥʝʬʪʠ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʘʷ ʫʪʝʯʢʘ ʠʟ ʥʝʬʪʝʧʨʦʚʦʜʘ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʋʩʠʥʩʢʦʤ ʨʘʡʦʥʝ 

ʨʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʚ 1994 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʡ ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʥʠʞʥʝʡ 

ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʚʝʨʩʪʠʡ (ʩʚʠʱʝʡ) ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʣʠʣʦʩʴ ʦʢʦʣʦ 80 ʪʳʩ. ʪʦʥʥ ʥʝʬʪʠ, ʘ ʧʨʝʜʧʨʠʷʪʠʝ ɸʆ çʂʦʤʠʥʝʬʪʴè ʠʟ-ʟʘ 

ʦʛʨʦʤʥʳʭ ʰʪʨʘʬʦʚ ʦʙʘʥʢʨʦʪʠʣʦʩʴ ʠ ʚʦʰʣʦ ʚ ʩʦʩʪʘʚ ʆɸʆ çʅʂ çʃʫʢʦʡʣè. ʇʨʠʯʠʥʘ ʙʦʣʴʰʦʛʦ 

ʨʘʟʣʠʚʘ ï ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʢʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʫʪʝʯʝʢ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫ ʥʝʬʪʷʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʝ ʠʟ ʥʠʭ [1; 3]: 

1. ʄʝʪʦʜ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʪʝʯʢʠ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʫʪʝʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʥʠʮʝ ʧʦ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ ʜʦ 2-ʭ 

ʧʨʠʝʤʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʜʥʘʢʦ, ʝʩʣʠ ʫʪʝʯʢʘ ʠʣʠ ʦʪʙʦʨ 

ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʚʦʣʥʘ ʜʘʚʣʝʥʠʷ ʥʝ ʦʙʨʘʟʫʝʪʩʷ.  

2. ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʢʣʘʜʢʫ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʢʘʙʝʣʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚʩʝ ʰʫʤʳ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʟʚʘʥʥʳʝ 

ʫʪʝʯʢʦʡ ʠ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʪʴ ʚʩʝ ʧʦʩʪʦʨʦʥʥʠʝ 
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ʰʫʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʯʝʨʝʟ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʙʦʣʦʪʘ 1ï2 

ʢʘʪʝʛʦʨʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʩʪʥʦʩʪʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʫʪʝʯʝʢ ʥʠʟʢʘʷ. 

3. ʄʝʪʦʜ ʬʠʢʩʘʮʠʠ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʦʪ ʤʝʩʪʘ ʫʪʝʯʢʠ ʚʜʦʣʴ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʡ ʤʝʪʦʜ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʘʣʳʝ ʫʪʝʯʢʠ, ʚʝʣʠʯʠʥʦʡ ʜʦ 300 

ʣ/ʯʘʩ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʧʦ ʪʦʯʥʦʩʪʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ. ʆʜʥʘʢʦ, ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʦʨʫʜʦʚʘʪʴ ʪʨʫʙʦʧʨʦʚʦʜ ʢʦʣʦʜʮʘʤʠ ʩ ʚʳʨʝʟʢʦʡ ʦʢʦʥ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʘʥʪʝʥʥ. ʋʪʝʯʢʠ ʧʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʥʝʬʪʝʧʨʦʚʦʜʘʭ, 

ʜʘʚʣʝʥʠʝ ʚ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 0,4 ʄʇʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʚʭʦʜʝ ʚ ʮʝʥʪʨʘʣʴʥʳʝ ʪʦʚʘʨʥʳʝ 

ʧʘʨʢʠ ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,08 ʜʦ 0,4 ʄʇʘ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ʉʆʋ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʧʦ ʜʘʚʣʝʥʠʶ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʨʘʩʭʦʜʫ 

ʞʠʜʢʦʩʪʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʷʚʣʷʶʪʩʷ ʠʭ ʥʦʫ-ʭʘʫ ʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚ ʦʪʢʨʳʪʦʤ 

ʜʦʩʪʫʧʝ. 

ʇʦʵʪʦʤʫ, ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʢʘʟʘʥʠʷʤʠ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʧʦ ʩʠʩʪʝʤʝ 

ʪʝʣʝʤʝʭʘʥʠʢʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɽʩʣʠ 

ʫʪʝʯʢʘ ʙʦʣʴʰʘʷ, ʪʦ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʩʷ, ʯʪʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʠʣʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʦʪʙʦʨʝ. ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʫʪʝʯʢʘʭ ʝʝ ʬʠʢʩʘʮʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʥʝʦʯʝʚʠʜʥʘ. 

ʇʝʨʝʡʜʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʪʫʨʙʫʣʝʥʪʥʳʤ ʠʣʠ 

ʣʘʤʠʥʘʨʥʳʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʚʦʟʤʦʞʥʦ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʷʟʢʠʭ ʥʝʬʪʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ. ɺ ʪʫʨʙʫʣʝʥʪʥʦʤ 

ʧʦʪʦʢʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʩʪʝʥʢʠ ʨʘʚʥʘ ʥʫʣʶ. ɿʘ ʩʯʝʪ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʝ ʪʨʫʙʳ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʠʡ ʟʘʪʦʨʤʦʞʝʥʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ, ʩʢʦʨʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 98ï99% ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ. ɺ ʪʫʨʙʫʣʝʥʪʥʦʤ ʷʜʨʝ (ʨʠʩ. 1) ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʧʫʣʴʩʘʮʠʡ 

ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʞʠʚʦʤʫ ʩʝʯʝʥʠʶ ʧʦʪʦʢʘ ʙʦʣʝʝ ʨʦʚʥʦʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʤʠʥʘʨʥʳʤ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ [4]. 

 

 
 

ʈʠʩ. 1. ʕʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʦʚ 
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ʊʦʣʱʠʥʘ ʚʷʟʢʦʩʪʥʦʛʦ ʧʦʜʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʜʠʘʤʝʪʨʘ, ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʚʣʠʷʝʪ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʞʠʚʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ ʠ ʥʘ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʧʦ ʜʣʠʥʝ. 

ʇʦʪʝʨʠ ʥʘʧʦʨʘ (ʜʘʚʣʝʥʠʷ), ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʧʫʥʢʪʘ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ (ʥʘʯʘʣʦ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʠʜʫʪ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʞʠʜʢʦʩʪʠ ʠ ʩʪʝʥʢʦʡ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʷʛʦʪʝʥʠʷ ʧʨʠ ʧʦʜʲʝʤʝ 

ʞʠʜʢʦʩʪʠ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ) [4]. 

)· ·(ʥʘʯ ʢ ʪʨ ʥ ʢʈ ʈ ʈ g h hr= +D + -          (1) 

ʛʜʝ: 

ʈʥʘʯ ï ʜʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʇʘ; 

ʈʢ ï ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʇʘ; 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ, ʢʛ/ʤ3; 

g = 9,81 ʤ/ʩ2; 

(hʥïhʢ) ï ʨʘʟʥʠʮʘ ʚ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʢʘʭ ʤʝʞʜʫ ʢʦʥʝʯʥʦʡ ʠ   ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʘʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʇʦʪʝʨʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ 

ʪʝʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ ɼʘʨʩʠ-ɺʝʡʩʙʘʭʘ: 

2· · · /ʪʨʈ w L dlrD =                                                              (2) 

ʛʜʝ:   

w ï ʩʨʝʜʥʷʷ ʧʦ ʩʝʯʝʥʠʶ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʤ/ʩ; 

L ï ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; 

d ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; 

ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ 

ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ɸʣʴʪʰʫʣʷ [2]. 

0,250,11· 68 / /( )Re dl= +D                                              (3) 

· · /Re wdr h=                                                          (4) 

ʛʜʝ: 

ȹ ï ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ (ʦʙʳʯʥʦ ʨʘʚʥʦ 10-5 ʤ ʜʣʷ ʥʦʚʳʭ ʪʨʫʙ ʠ 

10-4é10-3 ʤ ʜʣʷ ʪʨʫʙ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ). 

Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ w (ʤ/ʩ), ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ, 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ɖ (ʇʘĿʩ), ʧʣʦʪʥʦʩʪʠ ɟ (ʢʛ/ʤ3). 

 

ʇʨʠ ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ (ʤʝʥʝʝ ʟʥʘʯʝʥʠʷ 2300) ʪʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʣʘʤʠʥʘʨʥʳʤ, 

ʙʦʣʝʝ, ï ʪʫʨʙʫʣʝʥʪʥʳʤ. ʇʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ Re, ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ 

ʪʨʫʙʳ (ʜʠʘʤʝʪʨʦʤ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʩʪʝʥʢʠ). 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʞʧʨʦʤʳʩʣʦʚʳʡ ʥʘʧʦʨʥʳʡ ʥʝʬʪʝʧʨʦʚʦʜ ʦʪ ʧʫʥʢʪʘ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ ï ʜʦʞʠʤʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ɼʅʉ) ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʙʦʨʥʦʛʦ ʧʫʥʢʪʘ 
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(ʂʉʇ), ʧʦ ʢʦʪʦʨʦʤʫ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʥʝʬʪʴ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʦʚʘʨʥʦʛʦ 

ʧʘʨʢʘ (ʎʊʇ, ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʤʝʞʧʨʦʤʳʩʣʦʚʦʛʦ ʥʘʧʦʨʥʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ 

 

ɿʘʢʘʯʢʘ ʥʝʬʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. ɼʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʚʭʦʜʝ ʎʊʇ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ 

ʥʝʬʪʠ ʚ ʧʨʠʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ. ɼʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʥʘ 

ʚʩʘʩʳʚʘʥʠʠ ʠ ʩʦʟʜʘʚʘʝʤʳʤ ʥʘʧʦʨʦʤ: 

· · ( )ʥʘʯ ʚʩP P g H Qr= +                                                   (5) 

ʅʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʢʨʝʪʥʦʡ ʤʘʨʢʠ ʥʘʩʦʩʘ H(Q) ʜʘʝʪʩʷ ʚ ʧʘʩʧʦʨʪʝ ʚ ʢʦʤʧʣʝʢʪʝ 

ʧʦʩʪʘʚʢʠ (ʇʨʠʣʦʞʝʥʠʝ ɸ). ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʠʘʤʝʪʨʘ 

ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ (ʟʘʛʨʫʟʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʝʛʦ 

ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (5) ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (1), ʨʠʩ. 3: 

 

 
 

ʈʠʩ. 3. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʫʟʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʥʘʧʦʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʥʘʩʦʩʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʪ.1 ï ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ, ʪ.2 ï ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʪʝʯʢʠ 

 

ɺ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ (ʪ.1) ʚ ʥʘʯʘʣʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʫʩʪʘʥʦʚʠʪʩʷ ʜʘʚʣʝʥʠʝ ʈʥ, ʘʪ. ʨʘʚʥʦʝ 

ʜʘʚʣʝʥʠʶ ʚʳʭʦʜʘ ʠʟ ʥʘʩʦʩʘ, ʘ ʦʪʢʘʯʢʘ (ʟʘʛʨʫʟʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ) ï Q ʤ3/ʯʘʩ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʫʪʝʯʢʠ ȹQ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʍ ʦʪ ʥʘʯʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʥʠʟʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 

˨˹˿ ό˴˿˽ύ

˾ͤ ͊; ͔̂ͭ;͊͟ ˾͟ ͦͤ

X

L

˾ˤ˾ˤ˿ ˹ ̇̇ ́˽
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ŭʈ, ʘ ʦʪʢʘʯʢʘ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ŭQ (ʪ.2). ʉʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩʚʷʟʘʥʳ 

ʠ ʟʘʚʠʩʷʪ ʦʪ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʦʯʢʝ 1. 

· · · / ·P Q g H Q Qd d r ad=- µ µ = ʠʣʠ /Q Pd d a=                             (6) 

ʛʜʝ: 

Ŭ ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ -ɟĿgĿÖH/ÖQ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ (ʦʪ ʥʘʩʦʩʘ ʜʦ ʫʪʝʯʢʠ) ʠ ʥʘ ʚʪʦʨʦʤ (ʧʦʩʣʝ ʫʪʝʯʢʠ ʜʦ 

ʪʦʯʢʠ ʚʨʝʟʢʠ) ʟʘʛʨʫʟʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʠʪ: 

1Q Q Qd= +  

2 ïQ Q Q Qd= D +                                                    (7) 

ʏʘʩʦʚʦʡ ʨʘʩʭʦʜ Q (ʤ3/ʯʘʩ) ʩʚʷʟʘʥ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ w ʩʦʦʪʥʦʰʝʥʠʝʤ: 

2/ 3600 / 3 )·( ,14 / 4W Q d=                                       (8) 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʜʚʫʭ ʫʯʘʩʪʢʦʚ ï ʦʪ ʥʘʯʘʣʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦ ʫʪʝʯʢʠ ʠ ʦʪ ʫʪʝʯʢʠ ʜʦ ʪʦʯʢʠ ʚʨʝʟʢʠ, ʧʨʠʥʠʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʤ:  

2·( ) ( )ï Ŀ ï Ŀʥʘʯ ʫʪ ʫʪ ʥʘʯʈ ʈ ʈ g h h ɸQ Q xd r d= + + +                              (9) 

2( ) ( )Ŀ Ŀ ï ï(Ŀ ï)ʫʪ ʢʦʥ ʢʦʥ ʫʪʈ P g h h ɸQ Q Q L xr d= + + + D                        (9ô) 

ʛʜʝ: 

ɸ ï ʧʦʩʪʦʷʥʥʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʚ ʧʷʪʦʡ ʩʪʝʧʝʥʠ.  

ʉʣʦʞʠʚ ʦʙʘ ʫʨʘʚʥʝʥʠʷ (9) ʠ (9ô) ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʤʘʣʳʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ŭQ2, ȹQ2, 

ŭQȹQ), ʧʦʣʫʯʠʤ: 

( ){ }2 · · · ·ʈ AQ Q L x QLd d= D - -                                                   (10) 

ʇʦʜʩʪʘʚʣʷʷ ʚʤʝʩʪʦ ŭQ ʟʘʚʠʩʠʤʦʩʪʴ (6) ʧʦ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʩʦʩʘ, ʦʧʨʝʜʝʣʠʤ 

ʚʝʣʠʯʠʥʫ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʘʩʦʩʥʦʡ ʚʥʝʰʥʝʡ ʦʪʢʘʯʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʪʝʯʢʠ ʠ 

ʝʝ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʍ: 

( )( )2 / 1 2 · · /ʈ AQ Q L x AQLd a= D - +                                      (11) 

ʊʘʢ ʢʘʢ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʫʪʝʯʢʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1). 

2 )ï  (ʪʨ ʥʘʯ ʢʦʥ ʢʦʥ ʥʘʯʈ AQ L P ʈ g h hrD = = - -                                   (12) 

ʋʜʦʙʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ (11) ʠ (9ô) ʢ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʚʝʣʠʯʠʥʘʤ ʧʦ ʚʝʣʠʯʠʥʝ 

ʫʪʝʯʢʠ ʠ ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʫʪʝʯʢʠ: 

( ) ( ) ( )  2 / · 1 / / 1 2 /ʪʨ ʪʨʈ ʈ Q Q x L P Qd a= D D - + D
                                (13) 

·( )2 ï / / 1 ( ï /)ʫʪ ʪʨʈ ʈ Q P Q x Ld d a= D D                                     (13ô) 

ʀʩʢʣʶʯʠʚ ʠʟ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʝʣʠʯʠʥʫ ʫʪʝʯʢʠ ȹQ, ʧʦʣʫʯʠʤ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʝ ʫʪʝʯʢʠ, ʜʘʚʣʝʥʠʝʤ ʥʘ ʚʳʭʦʜʝ ʠʭ ʥʘʩʦʩʘ ʠ ʢʦʦʨʜʠʥʘʪʦʡ ʫʪʝʯʢʠ: 

( )1 2 / · /ʫʪ ʪʨʈ ʈ ʈ Qx Ld d a= + D                                           (14) 

ɽʩʣʠ ʠʟʚʝʩʪʝʥ ʜʠʙʘʣʘʥʩ ȹQ (ʨʘʟʥʠʮʘ ʚ ʨʘʩʭʦʜʝ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ), ʪʦ 

ʢʦʦʨʜʠʥʘʪʘ ʫʪʝʯʢʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʟ (13) ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ:  
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}1ï 1 2 / /{ ( ) /( )2ʪʨ ʪʨʍ L ʈ P Q P Q Qd a= + D D D                                 (15) 

ɼʣʷ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.3 Q=420 ʤ3/ʯʘʩ, Pʥʘʯ= 15 ʘʪ, ʇʨʠ 

ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ 1,5 ʘʪ, ʨʘʩʭʦʜ ʫʚʝʣʠʯʠʪʩʷ ʜʦ 450 ʤ3/ʯʘʩ, ʪʦ ʝʩʪʴ  

Ŭ=1,5/(450-420)=0,05 ʘʪ/(ʤ3/ʯʘʩ). ɽʩʣʠ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ 

ʦʜʠʥʘʢʦʚʳ, ʘ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʪʦʚʘʨʥʳʡ ʧʘʨʢ ʧʨʠʥʷʪʴ 1 ʘʪ, ʪʦ ȹʈʪʨ=15-1=14 ʘʪ. 

ʇʦʜʩʪʘʚʣʷʝʤ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ (13), ʠʤʝʝʤ ŭʈ = ȹQ/35Ŀ(1 ï x/L). ʊʦ ʝʩʪʴ, ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʪʝʯʢʠ, 

ʨʘʚʥʦʡ 35 ʤ3/ʯʘʩ, ʜʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʩʥʠʟʠʪʩʷ ʥʘ 1 ʘʪ, ʝʩʣʠ ʫʪʝʯʢʘ ʧʨʦʠʟʦʰʣʘ ʚ ʥʘʯʘʣʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʠ ʥʘ 0,5 ʘʪ, ʝʩʣʠ ʫʪʝʯʢʘ ʧʨʦʠʟʦʰʣʘ ʧʦ ʩʝʨʝʜʠʥʝ. ʏʝʤ ʙʣʠʞʝ ʢ ʪʦʯʢʝ ʚʨʝʟʢʠ, ʪʝʤ 

ʤʝʥʴʰʝ ʨʝʘʛʠʨʫʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʫʪʝʯʢʫ. ɽʩʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʥʘʩʦʩʘ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʘʪ, ʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʫʪʝʯʢʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ (ʜʣʷ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʩʦʩʪʘʚʠʪ 7,0 ʤ3/ʯʘʩ. ʕʪʘ 

ʚʝʣʠʯʠʥʘ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʫʪʝʯʝʢ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʆʋ.  

ʋʨʘʚʥʝʥʠʝ (15) ʩʦʜʝʨʞʠʪ ʚʝʣʠʯʠʥʫ ʫʪʝʯʢʠ ȹQ, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ, ʝʩʣʠ ʚ 

ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʩʭʦʜʦʤʝʨ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʥʝʠʟʚʝʩʪʥʳʡ ʧʘʨʘʤʝʪʨ ʫʪʝʯʢʠ. ɼʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʝʩʢʦʣʴʢʦ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʦʬʠʣʴ 

ʜʘʚʣʝʥʠʷ (ʟʘ ʚʳʯʝʪʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɟgh, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʧʦ ʧʨʦʬʠʣʶ 

ʪʨʘʩʩʳ) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʫʪʝʯʢʠ ʚ ʪʦʯʢʝ ʍ.  

Yi  ï ʢʦʦʨʜʠʥʘʪʳ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ 

 

ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʧʨʷʤʘʷ ʈʥʘʯ ï ʈʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ L ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʫʪʝʯʢʠ. ɼʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʈʥʘʯ, ʚ 

ʢʦʥʮʝ ï ʈʢ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʫʪʝʯʢʠ ʚ ʪʦʯʢʝ ʍ ʚʝʣʠʯʠʥʦʡ ȹQ, ʜʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʫʤʝʥʴʰʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ŭʈ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʫʪʝʯʢʠ, ʣʠʥʠʷ ʥʘʢʣʦʥʘ ʧʨʦʬʠʣʷ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ ʩʪʘʣʘ ʙʦʣʝʝ ʢʨʫʪʦʡ, ʧʦʵʪʦʤʫ, ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

ɺʉ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʜʘʚʣʝʥʠʷ ʈʥʘʯ ï ɸ. 
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ʇʫʩʪʴ ʚʜʦʣʴ ʪʨʘʩʩʳ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Yi. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ ɸɺʈʢ ʠ AôBôPʢ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦ ʧʨʘʚʦʡ 

ʩʪʦʨʦʥʝ ʦʪ ʫʪʝʯʢʠ. ʆʧʨʝʜʝʣʠʪʴ ʪʘʢʦʡ ʜʘʪʯʠʢ ʤʦʞʥʦ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʜʣʷ ʜʘʪʯʠʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʦ ʫʪʝʯʢʠ, ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʥʘʯʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʜʣʷ ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘ ʫʪʝʯʢʦʡ ï ʧʘʜʘʝʪ. ʀʟ ʫʩʣʦʚʠʷ 

ʧʦʜʦʙʠʷ, AôBô/AB = (L-Yi )/(L-x) ʠʣʠ 

( ) ( )/   /i ʫʪʈ P L Yi L xd d = - -                                          (16) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʝ ʫʪʝʯʢʠ ŭʈʫʪ ʠʟ (14) ʠ 

ʨʝʰʠʚ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʳ ʫʪʝʯʢʠ, ʧʦʣʫʯʠʤ: 

)/ · / 2 · ·( / 1( ) ( )/ ïʪʨ i iʭ L Q P ʈ P Y L Pa d d d= D -                               (17) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʫʪʝʯʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʦʪʩʫʪʩʪʚʫʝʪ ʩʘʤʘ ʚʝʣʠʯʠʥʘ ʫʪʝʯʢʠ. ʂʦʩʚʝʥʥʦ, ʚʝʣʠʯʠʥʘ ʫʪʝʯʢʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʘʩʦʩʘ ŭʈ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʢʘʟʘʥʠʷ ʤʘʥʦʤʝʪʨʘ ŭPi, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ Y i ʦʪ ʥʘʯʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢʞʝ ʢʦʦʨʜʠʥʘʪʘ ʫʪʝʯʢʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ Ŭ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (6), ʪʝʢʫʱʝʡ ʟʘʛʨʫʟʢʠ (ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʪʝʯʢʠ) Q ʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ȹʈʪʨ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʬʦʨʤʫʣʝ (12). ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʯʠʪʘʪʴ ʝʝ ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʨʘʟʣʠʯʥʳʭ ʤʘʥʦʤʝʪʨʦʚ, ʘ ʟʘ ʠʩʢʦʤʫʶ ʢʦʦʨʜʠʥʘʪʫ ʧʨʠʥʷʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ɼʣʷ ʥʘʰʝʛʦ 

ʩʣʫʯʘʷ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ (16) ʟʥʘʯʝʥʠʷ Ŭ=0,05 ʘʪ/(ʤ3/ʯʘʩ), Q=420 ʤ3/ʯʘʩ, ȹʈʪʨ=14 ʘʪ, 

ʧʦʣʫʯʠʤ: 

/ 0,3 / Ŀ1ï /( 1[ ) ]i iʭ L ʈ P Y Ld d= -                                       (17ô) 

ʇʨʠʣʦʞʝʥʠʝ ɸ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʎʅ 1000-180-3 (ʅʘʧʦʨ ʅʤ, ʤʦʱʥʦʩʪʴ N ʢʚʪ, ʢ.ʧ.ʜ ï ɖ) 
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1. ɸʙʜʨʘʭʤʘʥʦʚ ʅ.ʍ., ɻʘʣʣʷʤʦʚ ʄ.ɸ., ʉʘʣʷʭʫʪʜʠʥʦʚ ɺ.ɺ., ʍʫʜʘʡʙʝʨʜʠʥ ʈ.ʈ., 

ɸʙʜʨʘʭʤʘʥʦʚʘ ʂ.ʅ., ɹʘʩʳʨʦʚʘ ɸ.ʈ. ɸʥʘʣʠʟ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 
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ˉ 3(109). ʉ. 154-164. 

2. ɸʣʴʪʰʫʣʴ ɸ.ɼ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ ʠ 
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3. ʄʘʢʰʘʝʚ ɸ.ʅ., ɼʨʦʰʣʠʚ ɺ.ɸ., ʉʫʧʨʫʥʯʠʢ ɺ.ɺ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʆɸʆ çɻʘʟʧʨʦʤ ʜʦʙʳʯʘ 

ʆʨʝʥʙʫʨʛè. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ: 

4. ʌʦʢʝʝʚʘ ʃ.ʍ. ɻʠʜʨʘʚʣʠʢʘ ʠ ʥʝʬʪʝʛʘʟʦʚʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ. ʏ. 2: ɻʠʜʨʦʜʠʥʘʤʠʢʘ. 

ʂʘʟʘʥʴ: ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2017. 85 ʩ. 

 

É ʇʘʨʠʧʩʢʠʡ ɸ.ɺ., ʀʙʘʜʫʣʣʘʝʚ ʀ.ɸ., 2025 
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ʋɼʂ 519.622.6 

ʉʘʬʠʥ ʕ.ʄ. 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ.ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ʆɹʈɸʊʅʆʁ ɿɸɼɸʏʀ ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʉʄɽʐɸʅʅʆɻʆ 

ʇɸʈɸɹʆʃʆ-ɻʀʇɽʈɹʆʃʀʏɽʉʂʆɻʆ ʊʀʇɸ ɺ ʇʈʗʄʆʋɻʆʃʔʅʆʁ ʆɹʃɸʉʊʀ  

ʉ ʅɽʀɿɺɽʉʊʅʆʁ ʇʈɸɺʆʁ ʏɸʉʊʔʖ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʰʝʥʠʶ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʧʘʨʘʙʦʣʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ, ʚʭʦʜʷʱʘʷ ʚ ʣʦʢʘʣʴʥʦʝ 

ʫʩʣʦʚʠʝ, ʠ ʬʫʥʢʮʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, 

ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʩ ʥʝʢʦʪʦʨʦʡ ʦʰʠʙʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ; ʧʘʨʘʙʦʣʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ; 

ʣʦʢʘʣʴʥʦʝ ʫʩʣʦʚʠʝ; ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ; ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ; ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

 

ɺʚʝʜʝʥʠʝ. ʉ 2007 ʛʦʜʫ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʝʰʝʥʠʶ ʧʨʷʤʳʭ ʟʘʜʘʯ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʂ.ɹ. ʉʘʙʠʪʦʚ ʠ ʝʛʦ 

ʫʯʝʥʠʢʠ, ʠʩʧʦʣʴʟʫʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʣʥʦʪʫ ʩʠʩʪʝʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʜʦʢʘʟʘʣʠ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʡ ʤʥʦʛʠʭ ʪʘʢʠʭ ʟʘʜʘʯ ʜʣʷ ʧʘʨʘʙʦʣʦ-

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʠ ʵʣʣʠʧʪʠʢʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʪʠʧʦʚ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩ ʠʭ ʨʘʙʦʪʘʤʠ ʤʦʞʥʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦ ʩʩʳʣʢʝ (https://clck.ru/3Hxr7G). 

ɺ 2009 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [2], ʧʦʩʚʷʱʸʥʥʘʷ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʧʘʨʘʙʦʣʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʠ, ʚʭʦʜʷʱʝʡ 

ʚ ʫʨʘʚʥʝʥʠʝ ʯʝʨʝʟ ʩʚʦʠ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʥʦ ʠ ʬʫʥʢʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ 

ʫʨʘʚʥʝʥʠʷ. ɼʘʣʝʝ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʜʘʥʥʦʡ ʠ ʩʤʝʞʥʦʡ ʪʝʤʘʪʠʢʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ [3; 4], ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʸʥʥʳʭ ʟʘʜʘʯ. ʇʨʠ 

ʦʙʩʫʞʜʝʥʠʠ ʵʪʠʭ ʨʘʙʦʪ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚʦʟʥʠʢʘʣ ʚʦʧʨʦʩ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ 2022 ʛʦʜʫ ʚʳʰʣʘ ʨʘʙʦʪʘ [1], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʧʘʨʘʙʦʣʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʥʝʣʦʢʘʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʬʫʥʢʮʠʷ, ʚʭʦʜʷʱʘʷ ʚ 

ʥʝʣʦʢʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʠ ʬʫʥʢʮʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʦ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʟʘʜʘʯʠ ʠʟ ʨʘʙʦʪʳ [4], ʧʨʠ 

ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʠʟ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ: 
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ὒό Ὢὼȟὸȟ  (1) 

ʛʜʝ 

ὒό
ό ό ȟ   ὸ πȟ
ό ό ȟ   ὸ πȟ

          Ὢὼȟὸ
Ὢὼȟ   ὸ πȟ

Ὢὼȟ   ὸ πȟ
 

ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ɱ ὼȟὸ ȿ π ὼ ρȟ‌ ὸ ‍ȟ 

ʛʜʝ ‌ πȟ‍ π ï ʟʘʜʘʥʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ. ʅʘʡʪʠ ʬʫʥʢʮʠʠ όὼȟὸ ʠ Ὢὼȟὸ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ: 

όὼȟὸᶰὅ ɱȟ  (2) 

ὪὼȟὪὼᶰὅπȟρȟ  (3) 

ὒόḳὪὼȟὸȟὼȟὸᶰ πȟρ ‌ȟ‍ȟ  (4) 

όπȟὸ όρȟὸ πȟ ‌ ὸ ‍ȟ  (5) 

όὼȟ‌ ‪ὼȟπ ὼ ρȟ  (6) 

ό ὼȟ‌ Ὣὼȟπ ὼ ρȟ  (7) 

όὼȟ‍ •ὼȟπ ὼ ρȟ  (8) 

ʟʜʝʩʴ ‪ὼȟὫὼȟ•ὼ  ï ʟʘʜʘʥʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ. 

ɺ ʚʠʜʫ (2) ï (8) ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʙʫʜʝʤ ʩʯʠʪʘʪʴ •π

•ρ ‪π  ‪ρ πȟ  ʠ Ὢπ  Ὢπ Ὢρ  Ὢρ πȢ 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ ʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʬʫʥʢʮʠʡ Ὢὼḳ Ὢὼ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʨʦʠʤ ʯʠʩʣʝʥʥʦ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ Ὢὼ

 Ὢὼ.  

ʇʨʷʤʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ (2) ï (6), ʝʩʣʠ ʬʫʥʢʮʠʠ ὪὼȟὪὼ ʠʟʚʝʩʪʥʳ. ɺ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝ, ʢʦʛʜʘ ʬʫʥʢʮʠʠ ὪὼȟὪὼ ʥʝ ʠʟʚʝʩʪʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʩʣʦʚʠʷ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ: (7) ï (8). 

ʀʟ ʨʘʙʦʪʳ [4] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʚʠʜʝ ʨʷʜʦʚ 

όὼȟὸ ό ὸϽίὭὲ“Ὧὼȟ                                                              ω 

Ὢὼ Ὢ ϽίὭὲ“Ὧὼȟ                                                                   ρπ 

Ὢὼ Ὢ ϽίὭὲ“Ὧὼȟ                                                                  ρρ 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ό ὸ ʦʧʨʝʜʝʣʝʥʳ ʨʘʚʝʥʩʪʚʘʤʠ 

ό ὸ
̒Ὡ ȟ                                       ὸ πȟ

̒ὧέί“ὯὸὦίὭὲ“Ὧὸȟ ὸ πȟ
                                                         ρς 

Ὢ ̒Ὡ “Ὧ•ȟ                                                                                              ρσ 

Ὢ “Ὧ̒ ίὭὲ“Ὧ‌ ὦὧέί“Ὧ‌ “Ὧ‪ȟ                                                     ρτ 

ὦ
“Ὧ • ‪ ὧέί“Ὧ‌ Ὣ ρ Ὡ “ὯίὭὲ“Ὧ‌

Ὠ Ὧ
ȟ                   ρυ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

107 

ὧ
“Ὧ • ‪ ίὭὲ“Ὧ‌ Ὣ ὧέί“Ὧ‌ ρ“Ὧ

Ὠ Ὧ
ȟ                                         ρφ 

Ὠ Ὧ “Ὧ ίὭὲ“Ὧ‌ “Ὧὧέί“Ὧ‌ Ὡ ίὭὲ“Ὧ‌ȟ                              ρχ 

• ς •ὼίὭὲ“ὯὼὨὼȟ    ‪ ς ‪ὼίὭὲ“ὯὼὨὼȟ 

Ὣ ς ὫὼίὭὲ“ὯὼὨὼȢ 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʜʦʣʞʥʳ 

ʥʘʧʝʨʸʜ ʟʥʘʪʴ ʚʠʜ ʬʫʥʢʮʠʡ ὪὼȟὪὼ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʦ ʪʦʛʜʘ ʚʩʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʜʨʫʛʦʤʫ ʚʠʜʫ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʥʘʭʦʜʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʦʚ ʌʫʨʴʝ ʛʨʘʥʠʯʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʠʟʚʝʩʪʥʳʤ Ὢὼȟ

Ὢὼ. 

ʀʟ (13) ï (16) ʠʤʝʝʤ 

Ὢ
“ὯίὭὲ“Ὧ‌

Ὠ Ὧ
Ὡ “Ὧ •

“ὯίὭὲ“Ὧ‌Ὡ

Ὠ Ὧ
‪  

“Ὧὧέί“Ὧ‌ ρὩ

Ὠ Ὧ
ὫȠ 

Ὢ “Ὧ
“ὯίὭὲ“Ὧ‌

ὨὯ
• “Ὧ

“ὯίὭὲ“Ὧ‌

Ὠ Ὧ
‪ “Ὧ

“Ὧὧέί“Ὧ‌ ρίὭὲ“Ὧ‌

Ὠ Ὧ
Ὣ  

“Ὧ‪ “Ὧ
“Ὧὧέί“Ὧ‌

Ὠ Ὧ
• “Ὧ

“Ὧὧέί“Ὧ‌

Ὠ Ὧ
‪  

“Ὧὧέί“Ὧ‌
Ὡ “ὯίὭὲ“Ὧ‌ ρ

Ὠ Ὧ
ὫȢ 

ʆʪʢʫʜʘ ʩ ʫʯʸʪʦʤ (17), ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ •  ʠ ‪  

ừ
Ử
Ừ

Ử
ứ“Ὧ “Ὧ ίὭὲ“Ὧ‌ “Ὧὧέί“Ὧ‌ • “Ὧὧέί“Ὧ‌ ρὩ Ὣ

ὪὨ Ὧ “ὯίὭὲ“Ὧ‌Ὡ ‪ȟ

“Ὧ•  “ὯὩ ρὧέί“Ὧ‌ “ὯίὭὲ“Ὧ‌Ὣ

ὪὨ Ὧ “Ὧ “ὯὨ Ὧ ‪Ȣ

              ρψ 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʂʨʘʤʝʨʘ, ʥʘʡʜʸʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʝʣʠ ЎȟЎȟЎ: 

Ў  
“Ὧ “Ὧ ίὭὲ“Ὧ‌ “Ὧὧέί“Ὧ‌       “Ὧὧέί“Ὧ‌ ρὩ                 

                          “Ὧ                           “ὯὩ ρὧέί“Ὧ‌ “ὯίὭὲ“Ὧ‌
ȟ        ρω 

Ў  

 ὪὨ Ὧ “ὯίὭὲ“Ὧ‌Ὡ ‪                    “Ὧὧέί“Ὧ‌ ρὩ                

 ὪὨ Ὧ “Ὧ “ὯὨ Ὧ ‪  “ὯὩ ρὧέί“Ὧ‌ “ὯίὭὲ“Ὧ‌ 
ȟςπ 
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Ў
“Ὧ “ὯίὭὲ“Ὧ‌ “Ὧὧέί“Ὧ‌  ὪὨ Ὧ “ὯίὭὲ“Ὧ‌Ὡ ‪

                                “Ὧ                                        ὪὨ Ὧ “Ὧ “ὯὨ Ὧ ‪ 
Ȣ  ςρ 

ʊʦʛʜʘ ʠʟ (18) ï (20) 

•
Ў

Ў
ȟ Ὣ

Ў

Ў
Ȣ    

ʊʝʧʝʨʴ ʦʧʠʰʝʤ ʘʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʠʟ (9) ï (11). 

ɺ ʚʠʜʫ ʨʘʚʝʥʩʪʚ (13) ï (17) ʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʫʱʠʝ ʤʥʦʞʠʪʝʣʠ, ʢʘʢ ʤʠʥʠʤʫʤ “Ὧ ʧʨʠ 

• , ‪  ʠ “Ὧ ʧʨʠ Ὣ, ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʨʷʜʦʚ (10), (11). ʇʨʝʜʧʦʣʦʞʠʚ ʯʪʦ 

ʠʩʭʦʜʥʳʝ ʬʫʥʢʮʠʠ •ὼ ʠ Ὣὼ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ (ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ 

ʦʰʠʙʦʢ), ʪʦ ʝʩʪʴ ʠʟʚʝʩʪʥʳ • ὼȟὫ ὼ ʠ 

ᴁ•ὼ • ὼᴁ ȟ‏ ᴁ Ὣὼ Ὣ ὼᴁ  Ȣ‏

ɺ ʨʘʙʦʪʝ [1, ʩ. 110] ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʩʣʫʯʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʨʷʜʦʚ ʧʦ ʬʫʥʢʮʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ ʦʰʠʙʢʠ. 

ʅʠʚʝʣʠʨʫʝʤ ʪʘʢʦʡ ʵʬʬʝʢʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʪ [5; 6], ʜʣʷ ʵʪʦʛʦ ʨʘʟʣʦʞʠʤ ʬʫʥʢʮʠʠ • ὼ 

ʠ Ὣ ὼ ʚ ʨʷʜʳ ʌʫʨʴʝ ʠ ʚʳʙʝʨʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ὑ, ʪʘʢ ʯʪʦʙʳ 

•ȟ ὼϽίὭὲ“Ὧὼ • ὼ ȟ‏ Ὣȟ ὼϽίὭὲ“Ὧὼ Ὣ ὼ  Ȣ‏

ʀ ʪʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʝʤ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʦʥʝʯʥʳʤʠ 

ʩʫʤʤʘʤʠ: 

Ὢὼ Ὢ ϽίὭὲ“Ὧὼȟ     Ὢὼ Ὢ ϽίὭὲ“ὯὼȢ                         ςς  

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɺʳʙʝʨʝʤ ʬʫʥʢʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ ʥʘʢʣʘʜʳʚʘʝʤʳʤ ʥʘ ʬʫʥʢʮʠʠ ὪὼȟὪὼ. 

ɼʘʣʝʝ ʧʨʠʚʝʜʸʤ ʧʨʠʤʝʨʳ ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʥʘ ʦʪʨʝʟʢʝ πȟρ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʥʘ ʢʦʥʮʘʭ ʠ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʥʫʣʝʡ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ πȟρ, ʪʦ ʝʩʪʴ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. 

1. Ὢὼ ὼρ ὼ ὼ πȢυ ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ πȢυ ʠ ὼ ρ. 

2. Ὢὼ ÓÉÎ“ὼÓÉÎς“ὼ ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ , ὼ ρ, ʘ ʪʘʢʞʝ ʧʨʠ ὼ  ʠ ὼ . 

3. Ὢὼ ὼρ ὼ ὼ ὼ  ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ , ὼ  ʠ ὼ ρ. 

4. Ὢὼ ὼρ ὼÓÉÎ“ὼ ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ  ʠ ὼ ρ. 

5. Ὢὼ ὼρ ὼÃÏÓσ“ὼ ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ , ὼ , ὼ  ʠ ὼ ρ. 

6. Ὢὼ ὼρ ὼ Ὡ Ὡ  ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ πȢυ ʠ ὼ ρ. 

7. Ὢὼ ὼρ ὼ Ὡ ρ Ὡ ρ ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ ρ, ʘ ʧʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʘ 

‗ π ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʫʣʴ  ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʝ ʠʥʪʝʨʚʘʣʘ πȟρ. 

8. Ὢὼ ὼρ ὼ Ὡ Ὡ  ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ πȢυ ʠ ὼ ρ. 

9. Ὢὼ ὼρ ὼ Ὡ ÓÉÎς“ὼ ï ʥʫʣʠ ʧʨʠ ὼ π, ὼ , ὼ , ὼ  ʠ ὼ ρ. 
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ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʷʪ ʥʘʩ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʤʫʣʷʮʠʠ ʨʘʙʦʪʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ, ʪʦ ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ὼ ὭὬȟὭ πȟρȟȣȟὔȟ   ὼ πȟὼ ρȟὬ ρȾὔȢ ɿʜʝʩʴ ʠ 

ʜʘʣʝʝ ʚʝʟʜʝ ʧʨʠʤʝʤ ὔ ςππȢ 

ɺʳʙʠʨʘʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʫʥʢʮʠʠ ὪὼȟὪὼ ʠʟ ʧʨʠʚʝʜʸʥʥʦʛʦ ʩʧʠʩʢʘ 1 ï 

9 ʜʣʷ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʛʨʘʥʠʯʥʳʝ ʬʫʥʢʮʠʠ •ὼ ʠ gὼ, ʚ ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ: 

• ὼ •ὼ ρ ‚
ὖ

ρππ
ȟ     Ὥ πȟρȟȣȟὔȟ 

ʛʜʝ ‚ ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʦʪʨʝʟʢʝ ρȟρ, ὖ ï ʧʨʦʮʝʥʪ 

ʦʰʠʙʢʠ, ʥʠʞʝ ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ὖ υϷ. ɼʣʷ ʵʪʠʭ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ ʙʫʜʫʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʀ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚ ʨʘʙʦʪʝ [4] ʜʦʢʘʟʘʥʳ ʣʝʤʤʳ ʦ ʤʘʣʦʩʪʠ ʟʥʘʤʝʥʘʪʝʣʝʡ 

Ὠ Ὧ ʜʣʷ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ ‌, ʥʦ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ ʯʪʦ ʚ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʤʳ ʥʝ 

ʤʦʞʝʤ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʪʘʢʠʤʠ ʯʠʩʣʘʤʠ ï ʵʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤʠ 

ʯʠʩʣʘʤʠ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʤ ‌ ρȟ‍ ρ, ʯʪʦ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʩʢʦʤʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ Ὢὼȟ Ὢὼ  ʥʘʭʦʜʠʤ ʠʟ ʬʦʨʤʫʣ (22) ʧʨʠ 

Ὥ ρȟȣȟὔ ρ. ʆʩʪʘʸʪʩʷ ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ὑ, ʜʣʷ ʵʪʦʛʦ ʚ ʚʠʜʫ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʯʪʦ ʬʫʥʢʮʠʠ •ὼ ʠ gὼ ʠʟʚʝʩʪʥʳ ʩ ʦʰʠʙʢʦʡ, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ: 

Ὤ •ȟ ὼϽίὭὲ“Ὧὼ • ὼ
ὖ

ρππ
ȟ 

Ὤ Ὣȟ ὼϽίὭὲ“Ὧὼ Ὣ ὼ
ὖ

ρππ
Ȣ 

ʆʧʨʝʜʝʣʠʚ ὑ ψ ʠʟ (22), ʥʘʭʦʜʠʤ Ὢὼȟ ὪὼȟὭ ρȟȣȟὔ ρ. ɺʩʝʛʦ ʧʦʜʦʙʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ 72, ʯʪʦʙʳ ʧʝʨʝʙʨʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʬʫʥʢʮʠʡ Ὢὼ Ὢὼ. ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 
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ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʧʘʨ ʬʫʥʢʮʠʡ █ ● ʠ █ ● ʠ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʫʥʢʪʠʨ) 
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʧʘʨ ʬʫʥʢʮʠʡ █ ● ʠ █ ● ʠ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʰʝʥʠʶ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʧʘʨʘʙʦʣʦ-ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʧʨʠ ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʋɼʂ 004.94 

ʗʨʝʤʝʥʢʦ ɼ.ɸ. 
ʘʩʧʠʨʘʥʪ 

ɹʫʰʤʝʣʝʚʘ ʂ.ʀ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʕɺɸʂʋɸʎʀʀ: 

ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ï ʠʭ ʵʚʘʢʫʘʮʠʷ ʠʟ ʦʙʲʝʢʪʦʚ (ʦʙʳʯʥʦ ʟʜʘʥʠʡ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʛʨʦʟʫ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ. ʇʦ-ʥʘʩʪʦʷʱʝʤʫ ʵʬʬʝʢʪʠʚʥʘʷ ʵʚʘʢʫʘʮʠʷ 

ʥʝʨʝʜʢʦ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʭ 

ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʤʘʨʰʨʫʪʳ ʜʚʠʞʝʥʠʷ, ʨʘʟʤʝʱʝʥʠʝ ʧʫʥʢʪʦʚ ʩʙʦʨʘ ʠ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʵʚʘʢʫʘʮʠ;̫ ʵʚʘʢʫʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ. 

 

ʕʚʘʢʫʘʮʠʷ ʣʶʜʝʡ ʠʟ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ï ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɽʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʞʝʨʪʚ ʠ ʤʘʩʰʪʘʙʳ ʫʱʝʨʙʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪʳ 

ʜʚʠʞʝʥʠʷ, ʨʘʟʤʝʱʝʥʠʝ ʧʫʥʢʪʦʚ ʩʙʦʨʘ ʠ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ï 

ʩʣʦʞʥʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ, 

ʧʩʠʭʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ, ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʠʥʞʝʥʝʨʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. ʉʪʨʝʩʩ, ʧʘʥʠʢʘ, ʵʬʬʝʢʪ ʪʦʣʧʳ, ʩʦʮʠʘʣʴʥʦʝ ʧʦʜʨʘʞʘʥʠʝ, ʜʦʚʝʨʠʝ ʢ ʫʢʘʟʘʥʠʷʤ 

ʩʧʘʩʘʪʝʣʝʡ ï ʚʩʝ ʵʪʦ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 

ʵʚʘʢʫʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ çɻ ʬʬʝʢʪ ʟʘʪʦʨʘè, ʢʦʛʜʘ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ 

ʧʨʝʧʷʪʩʪʚʠʝ ʥʘ ʧʫʪʠ ʵʚʘʢʫʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʟʘʤʝʜʣʝʥʠʶ ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʘ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ çɻ ʬʬʝʢʪ ʧʘʥʠʢʠè, ʢʦʛʜʘ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʘʤʦʩʦʭʨʘʥʝʥʠʶ ʟʘʩʪʘʚʣʷʝʪ 

ʣʶʜʝʡ ʧʨʠʥʠʤʘʪʴ ʠʨʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʘʪʦʨʘʤ ʠ ʪʨʘʚʤʘʤ. ɼʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʥʥʳʝ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʷʭ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ çʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠè ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʝʡ [4]. 

ʌʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʠʛʨʘʶʪ ʥʝ ʤʝʥʴʰʫʶ ʨʦʣʴ. ɻʝʦʤʝʪʨʠʷ ʟʜʘʥʠʷ, ʰʠʨʠʥʘ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʨʠʜʦʨʦʚ, ʥʘʣʠʯʠʝ ʣʝʩʪʥʠʮ ʠ ʣʠʬʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʦʚ, ʥʘʣʠʯʠʝ 

ʧʨʝʧʷʪʩʪʚʠʡ (ʤʝʙʝʣʠ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ), ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ï ʚʩʝ ʵʪʦ ʚʣʠʷʝʪ ʥʘ 

ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʚʘʢʫʘʮʠʠ. ʄʦʜʝʣʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʯʝʩʢʫʶ 

ʛʝʦʤʝʪʨʠʶ, ʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʟʘʜʳʤʣʝʥʠʝ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ 
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ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʫʯʝʪʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʯʘʩʪʦ ʠʥʪʝʛʨʠʨʫʶʪ ʜʘʥʥʳʝ ʠʟ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (CAD) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ ʚ ʭʦʜʝ ʵʚʘʢʫʘʮʠʠ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʠʷʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʵʚʘʢʫʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʧʝʨʝʯʝʥʴ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʚʭʦʜʷʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ï ʪʝ, ʯʪʦ ʩʧʦʩʦʙʥʳ ʥʘʧʨʷʤʫʶ ʧʦʚʣʠʷʪʴ ʥʘ ʪʦ, ʢʘʢ ʣʶʜʠ 

ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ [1]. 

ʊʘʢʞʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ: 

ǒ ʯʫʚʩʪʚʘ ʠ ʵʤʦʮʠʠ (ʩʪʨʘʭ, ʦʪʯʘʷʥʠʝ); 

ǒ ʩʦʮʠʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʣʶʜʝʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚ ʪʦʣʧʝ ʠʣʠ ʛʨʫʧʧʝ; 

ǒ ʩʪʝʧʝʥʴ ʜʦʚʝʨʠʷ ʢ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ 

ʠ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʵʚʘʢʫʘʮʠʷ: 

ǒ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʨʘʟʤʝʨʳ ʧʦʤʝʱʝʥʠʡ; 

ǒ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʷʭ ʚʳʭʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʝʦʜʦʣʝʪʴ; 

ǒ ʰʠʨʠʥʘ ʧʨʦʭʦʜʦʚ, ʢʦʨʠʜʦʨʦʚ, ʜʚʝʨʥʳʭ ʧʨʦʝʤʦʚ; 

ǒ ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʢ ʚ ʩʪʨʦʝʥʠʠ ʠ ʜʨ. 

ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʵʚʘʢʫʘʮʠʠ 

(ʩʢʦʨʦʩʪʴ, ʧʨʠʥʮʠʧʳ, ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ). ɸ ʟʥʘʯʠʪ, ʪʨʝʙʫʝʪʩʷ ʠʭ ʘʜʘʧʪʘʮʠʷ ʧʦʜ 

ʬʘʢʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʦʙʲʝʢʪʝ, ʦʞʠʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʢʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʪʦʯʥʳʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʚʩʝʭ ʵʚʘʢʫʠʨʫʝʤʳʭ. 

ʈʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʟʥʳʭ ʥʶʘʥʩʘʭ. ɺ ʦʜʥʠʭ 

ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʠʥʜʠʚʠʜʦʚ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺ ʜʨʫʛʠʭ ʠʟʫʯʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ ʢʘʢ ʢʦʣʣʝʢʪʠʚʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʘʥʠʢʠ. 

ɺʩʝ ʤʦʜʝʣʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʤʝʶʪ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʦʵʪʦʤʫ 

ʚʳʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʫʶ ʩʣʝʜʫʝʪ, ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʶʘʥʩʦʚ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ. 

ɸʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʦʧʫʣʷʨʥʳʡ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜʭʦʜ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʢʘʢ 

ʦʪʜʝʣʴʥʦʛʦ ʘʛʝʥʪʘ ʩ ʫʥʠʢʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ (ʠ, ʢʦʥʝʯʥʦ, ʣʠʯʥʦʩʪʥʳʤʠ ʠ ʧʨʦʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ). ʆʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛ ʜʨʫʛʘ, ʪʘʢ ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ [5]. 

ʕʪʦʪ ʤʝʪʦʜ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ, ʘʥʘʣʠʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʭʦʜʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ 

ʵʚʘʢʫʘʮʠʠ. 
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ɿʘʤʝʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ï ʦʥ ʪʨʫʜʦʝʤʦʢ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ. ɼʣʷ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. 

ɼʠʩʢʨʝʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʙʦʪʫ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʆʥʦ ʜʝʣʠʪʩʷ ʥʘ ʷʯʝʡʢʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʣʶʜʩʢʠʝ ʧʦʪʦʢʠ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ï ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʮʠʧʳ ʪʘʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ (ʛʝʦʤʝʪʨʠʷ ʧʦʤʝʱʝʥʠʡ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ, ʩʪʨʘʪʝʛʠʠ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ, ʚʣʠʷʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʜʘʥʠʷ ʥʘ ʵʪʠ 

ʩʪʨʘʪʝʛʠʠ ʠ ʜʨ.). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʵʚʘʢʫʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

ʂʦʥʪʠʥʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʕʪʦʪ ʤʝʪʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ʣʶʜʝʡ ʢʘʢ 

ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦʚʝʜʝʥʠʷ ʚ ʥʝʧʨʠʚʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʆʙʳʯʥʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʟʫʯʘʝʪʩʷ ʚ ʬʦʨʤʘʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʝʯʝʥʠʷ. ɸʥʘʣʠʟ 

ʩʠʪʫʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʷʚʣʷʶʪʩʷ ʘʩʧʝʢʪʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʚʘʢʫʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ [3]. 

ɺʳʙʦʨ ʤʝʪʦʜʠʢʠ. ʂʘʞʜʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʷʪʴ-ʪʘʢʠ, ʦʪʣʠʯʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʀʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʦʙʟʦʨ ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʫʜʥʝʥ. ʆʜʥʠ 

ʤʝʪʦʜʠʢʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʢʘʢ ʚʝʜʫʪ ʩʝʙʷ ʚ ʫʩʣʦʚʠʷʭ ʦʧʘʩʥʦʩʪʠ ʨʝʘʣʴʥʳʝ 

ʣʶʜʠ, ʘ ʜʨʫʛʠʝ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʥʘ ʨʘʩʯʝʪʘʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʦʜʙʠʨʘʪʴ 

ʧʦʜʭʦʜʷʱʫʶ ʤʝʪʦʜʠʢʫ ʨʘʟʫʤʥʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʟʥʘʥʠʷ ʦ ʢʦʥʢʨʝʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʥʘ ʧʨʘʢʪʠʢʝ ʩʠʪʫʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʩʠʩʪʝʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʩ ʠʭ ʧʦʤʦʱʴʶ ʠʟʫʯʘʶʪ ʠ ʦʧʠʩʳʚʘʶʪ ʵʚʘʢʫʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ) ʧʨʦʱʝ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʯʝʤ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʪʫʪ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʘʢ ʤʥʦʛʦ. ɿʘʪʦ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʤʝʥʴʰʘʷ 

ʪʦʯʥʦʩʪʴ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʧʠʩʘʪʴ ʧʦʚʝʜʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʵʚʘʢʫʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. 

ɸ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʤʝʪʦʜʠʢʫ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ï ʩ ʨʘʟʙʠʚʘʥʠʝʤ 

ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʟʦʥ ʥʘ ʷʯʝʡʢʠ ï ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʵʚʘʢʫʘʮʠʷ (ʥʘʯʠʥʘʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚ, ʛʜʝ ʩʢʘʧʣʠʚʘʶʪʩʷ ʣʶʜʠ, ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʦʪʜʝʣʴʥʳʤʠ ʚʠʜʘʤʠ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʷʭ ʠʭ ʧʝʨʝʜʚʠʞʝʥʠʷ). ʅʦ ʦʥʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʯʨʝʟʤʝʨʥʦ ʫʧʨʦʱʝʥʥʳʤ, ʝʩʣʠ ʥʘʜʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ, ʢʦʤʧʣʝʢʩʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʥʘ ʦʙʲʝʢʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʙʠʨʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʦ 

ʚʦʧʨʦʩʫ ʵʚʘʢʫʘʮʠʠ ʥʘʜʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ, ʦʙʲʝʤ ʜʦʩʪʫʧʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ, ʢʦʥʝʯʥʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʡ ʩʠʪʫʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʦʯʝʥʴ ʩʠʣʴʥʦ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʚʳʙʨʘʥ 

ʤʝʪʦʜ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʞʝʪ ʟʘʤʝʪʥʦ, ʯʫʪʴ ʣʠ ʥʝ ʢʨʠʪʠʯʥʦ, ʨʘʟʣʠʯʘʪʴʩʷ ʩʪʝʧʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ʵʚʘʢʫʘʮʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʠʟ 3 ʦʙʱʠʭ 

ʤʝʪʦʜʠʢ: 
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1. ɼʠʩʢʨʝʪʥʫʶ ï ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢʘʨʪʳ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʟʜʘʥʠʷ ʠʣʠ 

ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʩʪʫʧʝ ʠ ʠʭ ʣʝʛʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʩʯʝʨʪʠʚ ʢʘʨʪʫ ʥʘ ʷʯʝʡʢʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʜʠʥ ʠʣʠ ʛʨʫʧʧʘ ʯʝʣʦʚʝʢ, ʥʝʩʣʦʞʥʦ ʥʘʛʣʷʜʥʦ 

ʦʪʦʙʨʘʟʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɿʦʥʘ ʵʚʘʢʫʘʮʠʠ ʣʝʛʢʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦ ʤʥʦʛʦʤ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ. ʍʦʪʷ ʠ ʥʝʣʴʟʷ ʦʪʨʠʮʘʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʧʦʚʝʜʝʥʠʠ ʣʶʜʝʡ ʟʜʝʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʧʨʦʱʝʥʦ. ɼʠʥʘʤʠʢʘ ʠʭ ʜʚʠʞʝʥʠʷ ʫʯʠʪʳʚʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦ. 

2. ʅʝʧʨʝʨʳʚʥʳʝ ʤʦʜʝʣʠ ï ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ï 

ʢʦʤʧʝʥʩʠʨʫʶʪ ʫʢʘʟʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʜʠʩʢʨʝʪʥʦʡ ʤʝʪʦʜʠʢʠ. ʆʥʠ ʧʨʠʮʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪ 

ʜʚʠʞʝʥʠʝ ʣʶʜʩʢʠʭ ʧʦʪʦʢʦʚ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʠʥʘʤʠʢʠ ʵʚʘʢʫʠʨʫʶʱʠʭʩʷ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʍʦʜ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʟʜʝʩʴ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ, ʦʧʷʪʴ-ʪʘʢʠ, ʜʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ, ʪ. ʢ. ʫʨʘʚʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ. 

3. ɸʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ï ʥʝʢʠʡ ʛʠʙʨʠʜ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʜʠʩʢʨʝʪʥʦʡ. ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ, ʥʠʚʝʣʠʨʫʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʞʠʪ ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ 

ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʋ ʥʝʛʦ ʠʤʝʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʠ ʚʳʙʦʨ 

ʵʚʘʢʫʘʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʛʠʙʢʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʫʯʠʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʚʣʠʷʪʴ ʥʘ ʭʦʜ 

ʚʩʝʛʦ ʤʝʨʦʧʨʠʷʪʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʦ ʥʘʩʪʨʦʠʪʴ ʠ ʦʪʢʘʣʠʙʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʠ ʚʳʯʠʩʣʝʥʠʷ. 

ʇʨʠ ʚʳʙʦʨʝ ʠʟ ʵʪʠʭ 3 ʧʦʜʭʦʜʦʚ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʠʥʮʠʧʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʮʝʣʠ ʠ ʫʩʣʦʚʠʷ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʟʘʜʘʯʝ ʧʦ ʘʥʘʣʠʟʫ ʵʚʘʢʫʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɿʘʯʘʩʪʫʶ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʠʤʝʥʷʷ 

ʧʦʜʭʦʜʳ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʉʪʘʙʠʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʶʜʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʥʥʦʡ ʵʚʘʢʫʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʨʦʩʯʠʪʘʪʴ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ. ʉʧʝʮʠʘʣʠʩʪʳ ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʩʝ ʙʦʣʝʝ 

ʛʠʙʢʠʭ ʠ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʚʩʝ ʦʧʘʩʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʠʭ ʠʟʙʝʞʘʪʴ. 

ʇʝʨʚʳʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʫʧʦʤʷʥʫʪʦʝ ʚʳʰʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʳʭ, ʘʛʝʥʪʥʳʭ ʠ ʜʨ.). 

ʇʨʦʜʫʤʘʥʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠ ʨʝʘʣʠʩʪʠʯʥʳʤʠ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢʘʢ ʢ ʧʦʚʝʜʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ, ʪʘʢ ʠ ʢ 

ʦʙʱʝʡ ʜʠʥʘʤʠʢʝ, ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʯʠʪʘʝʪʩʷ ʤʝʪʦʜ ʫʯʝʪʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʚʝʣʠʯʝʥʥʦʛʦ 

ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ. ʊʝʧʝʨʴ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ, ʚ ʢʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʙʫʜʫʪ 

ʜʚʠʛʘʪʴʩʷ ʣʶʜʠ ʠ ʢʘʢ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚʳʭʦʜʘ ʠʟ ʟʜʘʥʠʡ, ʥʦ ʠ ʫʯʠʪʳʚʘʪʴ ʠʭ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʥʘʩʪʨʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʜʘʥʥʳʝ ʦ ʬʠʟʠʦʣʦʛʠʠ ʠ ʧʦʚʝʜʝʥʠʠ ʣʶʜʝʡ, 
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ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʪʨʝʩʩʘ. ʉʝʡʯʘʩ ʠʭ ʫʞʝ ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʶʪ ʚ ʨʘʩʯʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʣʶʜʝʡ ʥʝ ʪʦʣʴʢʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, 

ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦ ï ʘ ʵʪʦ ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ, ʝʩʣʠ 

ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʚʘʢʫʘʮʠʠ ʠʟ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʪʦʤ ʣʫʯʰʝ 

ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʵʚʘʢʫʘʮʠʦʥʥʳʝ ʩʮʝʥʘʨʠʠ ï ʫʯʠʪʳʚʘʝʪʩʷ ʙʣʦʢʠʨʦʚʢʘ ʚʳʭʦʜʦʚ [2]. 

ʈʘʟʫʤʝʝʪʩʷ, ʙʦʣʴʰʠʝ ʥʘʜʝʞʜʳ ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʦʛʦ 

ʩʧʦʩʦʙʥʳ ʚʥʝʩʪʠ ʥʝʤʘʣʳʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʘʜʘʧʪʠʚʥʳʭ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ʊʘʢʠʝ 

ʦʙʥʦʚʣʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʣʫʯʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ï ʘʚʪʦʥʦʤʥʦ ʧʦʚʳʰʘʪʴ 

ʩʦʙʩʪʚʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʣʶʜʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟʫʩʣʦʚʥʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʩʪʠ. 

ʅʘ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʚʟʘʠʤʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʩʝʡʯʘʩ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʩʬʝʨʝ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʩ ʦʧʘʩʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʏʝʤ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʪʝʤ ʚʳʰʝ ʰʘʥʩʳ, ʯʪʦ 

ʫʜʘʩʪʩʷ ʩʙʝʨʝʯʴ ʞʠʟʥʴ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʥʘ ʣʶʙʳʭ ʦʙʲʝʢʪʘʭ. ɼʘʞʝ ʚ ʢʨʠʪʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʫʩʣʦʞʥʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʩʪʠʯʥʳʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʨʦʮʝʩʩʦʚ ʵʚʘʢʫʘʮʠʠ. 
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ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʦʙʫʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʦʙʫʯʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ; ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ; ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ; ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ. 

 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʨʦʨʳʚʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʥʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʠʥʪʝʨʝʩʘ ʢ ʩʚʝʨʪʦʯʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʠʭ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʥʘʫʯʥʳʭ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʥʦ ʠ ʪʝʤʠ ʚʳʟʦʚʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠ 

ʧʨʘʢʪʠʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʠ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʦʙʫʯʘʶʱʠʭ 

ʜʘʥʥʳʭ. ʇʝʨʝʦʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʩʣʠʰʢʦʤ ʭʦʨʦʰʦ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ 

ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ, ʪʝʨʷʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʙʱʘʪʴ ʥʘ ʥʦʚʳʭ, ʥʝʚʠʜʠʤʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ 

ʧʝʨʝʦʙʫʯʝʥʠʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʚ ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʧʨʠʟʥʘʢʠ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʚʝʨʪʦʯʥʳʭ 

ʩʣʦʸʚ, ʩʣʦʸʚ ʧʦʜʚʳʙʦʨʢʠ ʠ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʸʚ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʚʝʨʪʦʯʥʳʤ 

ʩʝʪʷʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, ʩʦʭʨʘʥʷʷ ʣʦʢʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ [5]. 
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ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʚʸʨʪʦʯʥʳʭ ʩʣʦʸʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ. ʂʘʞʜʳʡ 

ʬʠʣʴʪʨ, ʠʣʠ ʩʚʝʨʪʦʯʥʦʝ ʷʜʨʦ, ʦʙʫʯʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʢʣʶʯʝʚʳʝ ʧʨʠʟʥʘʢʠ ʚ ʠʟʦʙʨʘʞʝʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʷ, ʪʝʢʩʪʫʨʳ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʦʨʤʳ. ʅʘ 

ʵʪʘʧʝ ʩʚʝʨʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʙʠʥʘʮʠʷ ʚʝʩʦʚ ʬʠʣʴʪʨʦʚ ʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʧʨʠʟʚʘʥʥʳʡ ʫʧʨʦʩʪʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʨʭʠʪʝʢʪʫʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʚʸʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʥʘʯʠʥʘʷ ʩ LeNet, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 1989 ʛʦʜʫ, ʠ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ VGGNet ʠ ResNet. ʕʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ [5]. ʅʘʧʨʠʤʝʨ, AlexNet, ʚʳʧʫʱʝʥʥʘʷ ʚ 2012 ʛʦʜʫ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʨʝʟʢʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʦʰʠʙʦʢ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʤʦʜʝʣʷʤʠ. ʂʘʞʜʘʷ ʠʟ 

ʵʪʠʭ ʘʨʭʠʪʝʢʪʫʨ ʧʨʝʜʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʣʦʸʚ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʯʪʦ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʚʳʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

ʆʙʫʯʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʰʠʙʢʠ, ʛʜʝ ʛʨʘʜʠʝʥʪʳ ʧʦʪʝʨʴ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʩʦʚ ʩʝʪʠ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʩʝʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ, ʫʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʲʸʤ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʝʥ, ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʳ 

ʧʝʨʝʦʙʫʯʝʥʠʷ, ʢʦʛʜʘ ʩʝʪʴ ʥʘʯʠʥʘʝʪ ʟʘʧʦʤʠʥʘʪʴ, ʘ ʥʝ ʦʙʦʙʱʘʪʴ ʜʘʥʥʳʝ. ʕʪʦʪ ʘʩʧʝʢʪ ʪʨʝʙʫʝʪ 

ʚʥʠʤʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʨʠʪʠʯʥʦ 

[1]. 

ɻʠʙʢʦʩʪʴ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ. ʋʩʧʝʰʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʬʠʣʴʪʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʢʘʜʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʠʜʝʦ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʸʨʪʦʯʥʳʭ ʩʝʪʝʡ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ, ʢʘʢ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ ʠʣʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʠʥʘʤʠʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʫʣʘʚʣʠʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʝʨʝʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʩʚʝʨʪʦʯʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʥʘʯʠʥʘʝʪ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʰʫʤ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʫʯʠʪʴʩʷ ʦʙʦʙʱʘʪʴ ʥʘ ʥʦʚʳʭ, ʥʝʚʠʜʠʤʳʭ 

ʜʘʥʥʳʭ. ʂʦʥʢʨʝʪʥʦ, ʚ ʩʣʫʯʘʝ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʫʨʦʚʝʥʴ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʠʣʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʣʦʭʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [2]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʝʨʝʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. 

ʄʘʣʳʝ ʚʳʙʦʨʢʠ ʯʘʩʪʦ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ 

ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ. ʉʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠ, 

ʧʨʝʚʳʰʘʶʱʘʷ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘʜʘʯʠ, ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ï ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦʡ, ʯʪʦʙʳ ʭʦʨʦʰʦ ʦʙʫʯʘʪʴʩʷ ʥʘ ʜʘʥʥʳʭ ʠ ʪʝʤ ʙʦʣʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʝʨʝʦʙʫʯʝʥʠʝʤ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʜʨʦʧʘʫʪ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʣʫʯʘʡʥʦʝ 

ʠʩʢʣʶʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʥʝʡʨʦʥʦʚ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʤʦʜʝʣʴ ʥʝ 

ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʢʦʥʢʨʝʪʥʳʤ ʥʝʡʨʦʥʘʤ ʠ ʫʣʫʯʰʘʝʪ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʡʨʦʥʦʚ, 

ʯʪʦʙʳ ʥʝ ʫʭʫʜʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ [2]. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʙʦʨʴʙʳ 

ʩ ʧʝʨʝʦʙʫʯʝʥʠʝʤ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ï ʧʨʠʤʝʥʝʥʠʝ ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʝʨʩʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʦʨʦʪʳ, ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʜʨʫʛʦʝ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ, ʧʦʟʚʦʣʷʷ ʤʦʜʝʣʠ ʫʯʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʘʥʥʳʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʧʝʨʝʦʙʫʯʝʥʠʝʤ, ʚʘʞʥʦ 

ʧʦʤʥʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʝʨʝʦʙʫʯʝʥʠʝʤ ʠ ʥʝ ʜʦʦʙʫʯʝʥʠʝʤ. 

ʅʝʜʦʦʙʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʫʣʦʚʠʪʴ ʧʘʪʪʝʨʥʳ ʚ 

ʜʘʥʥʳʭ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʝʨʝʦʙʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʀʩʢʫʩʩʪʚʦ 

ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʚʳʙʦʨʢʝ, ʥʝ ʧʦʟʚʦʣʷʷ 

ʤʦʜʝʣʠ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʚʘʣʠʜʘʮʠʠ. ʕʪʦ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʙʠʚʢʫ ʜʘʥʥʳʭ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʦʙʫʯʘʶʱʫʶ, ʚʘʣʠʜʘʮʠʦʥʥʫʶ ʠ ʪʝʩʪʦʚʫʶ 

ʚʳʙʦʨʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ ʥʘ ʥʝʚʠʜʠʤʳʭ 

ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ ʧʝʨʝʦʙʫʯʝʥʠʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʪʨʝʥʠʨʦʚʢʠ.  

ʄʝʪʦʜʳ ʘʫʛʤʝʥʪʘʮʠʠ ʩʣʫʞʘʪ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʠ ʫʣʫʯʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ ʩʠʪʫʘʮʠʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʨʝʘʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʫʛʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ 

ʧʝʨʝʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ 

ʦʙʦʙʱʘʶʱʠʤʠ ʠ ʪʦʯʥʳʤʠ [3]. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʘʫʛʤʝʥʪʘʮʠʠ: ʨʝʘʣʴʥʘʷ ʠ ʩʠʥʪʝʪʠʯʝʩʢʘʷ. ʈʝʘʣʴʥʘʷ 

ʘʫʛʤʝʥʪʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʦʨʦʪʳ, ʦʪʨʘʞʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ ʠ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʦʚʦʨʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʣʫʯʘʡʥʳʡ ʫʛʦʣ ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ 

ʷʨʢʦʩʪʥʳʭ ʬʠʣʴʪʨʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʟʥʘʢʦʚ, ʜʦʩʪʫʧʥʳʭ 

ʤʦʜʝʣʠ ʜʣʷ ʦʙʫʯʝʥʠʷ. 

ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʘʫʛʤʝʥʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʝʥʝʨʘʮʠʶ ʥʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʠʤʝʶʱʠʭʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ. ʕʪʠ 

ʘʣʛʦʨʠʪʤʳ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʟʘʧʦʣʥʷʪʴ 

ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʩʦʙʨʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʥʝʚʦʟʤʦʞʥʦ [3]. 
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ʄʝʪʦʜʳ ʘʫʛʤʝʥʪʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʜʠʬʠʮʠʨʫʶʪ ʛʝʦʤʝʪʨʠʶ ʠʟʦʙʨʘʞʝʥʠʡ: ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʚʠʛ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʣʠ ʚʨʘʱʝʥʠʝ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚʣʠʷʝʪ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʜʝʣʴʶ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʣʫʯʰʝ ʟʘʭʚʘʪʳʚʘʪʴ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʥʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ. ɸʫʛʤʝʥʪʘʮʠʷ ʧʦ ʮʚʝʪʫ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʠʟʤʝʥʝʥʠʝ 

ʷʨʢʦʩʪʠ, ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʤʦʜʝʣʠ ʩʪʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ 

ʢ ʠʟʤʝʥʝʥʠʷʤ ʦʩʚʝʱʝʥʠʷ ʠ ʮʚʝʪʦʚʳʤ ʠʩʢʘʞʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʝ ʩʲʝʤʢʠ. 

ʈʝʛʫʣʷʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ 

ʧʝʨʝʦʙʫʯʝʥʠʝʤ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ, 

ʢʦʪʦʨʳʝ ʰʪʨʘʬʫʶʪ ʟʘ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠ. ʅʘʧʨʠʤʝʨ, L1 ʠ L2 ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʠʟʙʝʞʘʪʴ ʯʨʝʟʤʝʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʤʦʜʝʣʝʡ ʥʝʥʫʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʷʤ. ʕʪʠ ʤʝʪʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʚʝʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʜʝʣʴ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʰʫʤʫ ʚ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Dropout ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʕʪʦʪ 

ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʝʪ ʩʣʫʯʘʡʥʦʛʦ çʚʳʢʣʶʯʝʥʠʷè ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʮʝʥʪʘ ʥʝʡʨʦʥʦʚ ʚʦ ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴ ʠʟʫʯʘʪʴ ʙʦʣʝʝ ʦʙʦʙʱʘʶʱʠʝʩʷ ʧʨʠʟʥʘʢʠ ʠ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʥʝʡʨʦʥʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʧʨʝʜʚʟʷʪʦʡ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʘʩʧʝʢʪʘʤ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʠ ʩʧʦʩʦʙʥʘ ʣʫʯʰʝ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʥʝʟʥʘʢʦʤʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

ɸʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʚʝʨʪʦʯʥʳʤʠ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ, 

ʧʨʦʜʚʠʛʘʷ ʝʛʦ ʢ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʄʝʪʦʜʳ ʘʫʛʤʝʥʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʚʨʘʱʝʥʠʝ, ʦʪʦʙʨʘʞʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʠ ʜʨʫʛʠʝ, ʜʝʣʘʶʪ ʤʦʜʝʣʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢ 

ʠʩʢʘʞʝʥʠʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʝʨʝʦʙʫʯʝʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʘʫʛʤʝʥʪʘʮʠʠ ʤʦʞʥʦ ʦʙʫʯʠʪʴ ʤʦʜʝʣʴ ʥʘ ʦʛʨʦʤʥʦʡ ʚʘʨʠʘʮʠʠ ʜʘʥʥʳʭ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʝʝ ʯʨʝʟʤʝʨʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʥʘʙʦʨʫ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ʈʘʥʥʝʝ ʧʨʝʢʨʘʱʝʥʠʝ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʦʡ ʩʪʨʘʪʝʛʠʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʝʨʴ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʦʤ 

ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ɽʩʣʠ ʤʦʜʝʣʴ ʥʘʯʠʥʘʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʫʭʫʜʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ 

ʤʝʪʨʠʢʘʤʠ, ʯʪʦʙʳ ʟʘʨʘʥʝʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʕʪʘ ʪʝʭʥʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʣʫʯʰʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʝʱʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʦʰʠʙʢʠ ʥʘ 

ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʥʘʙʦʨʝ [4]. 

ʋʧʨʦʱʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʝʣʠ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʧʝʨʝʦʙʫʯʝʥʠʷ. ɺʳʙʦʨ ʤʝʥʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʠʣʠ ʩʦʢʨʘʱʝʥʠʝ ʛʣʫʙʠʥʳ ʩʝʪʠ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʬʠʣʴʪʨʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ 

ʩʣʠʰʢʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʝʝ ʛʣʫʙʦʢʠʭ ʘʨʭʠʪʝʢʪʫʨ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

122 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʠʛʨʘʶʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʦʤ ʦʙʫʯʘʝʪʩʷ ʤʦʜʝʣʴ, 

ʥʝ ʩʦʜʝʨʞʠʪ ʣʠʰʥʝʛʦ ʰʫʤʘ ʠ ʘʥʦʤʘʣʠʡ. ʇʨʠʙʠʨʘʷ ʜʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ 

ʨʠʩʢ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʝʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ, ʨʘʥʝʝ ʥʝ 

ʚʠʜʠʤʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʘʰʣʠ ʩʚʦʠ ʰʠʨʦʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʷ ʛʦʨʠʟʦʥʪʳ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. ʉʚʝʨʪʦʯʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ, ʛʜʝ ʠʤʝʥʥʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʚʘʞʥʳʝ ʧʨʠʟʥʘʢʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʘʨʭʠʪʝʢʪʫʨʘ AlexNet, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 2012 ʛʦʜʫ, ʦʪʢʨʳʣʘ ʥʦʚʫʶ ʵʨʫ ʚ ʟʘʜʘʯʘʭ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ, ʦʪ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʜʦ ʩʠʩʪʝʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

ʄʝʜʠʮʠʥʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʪʘʢʞʝ ʧʦʣʫʯʠʣʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʜʠʮʠʥʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʄʈʊ ʠ ʂʊ, ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʢ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʪʦʯʥʦʩʪʠ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʘʥʦʤʘʣʠʡ, ʧʦʤʦʛʘʶʪ ʚʨʘʯʘʤ ʜʝʣʘʪʴ 

ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʠ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʧʦʟʚʦʣʷʷ ʚʨʘʯʘʤ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʤ ʣʝʯʝʥʠʠ ʠ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [6]. 

ʂʨʦʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ 

ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʚʠʜʝʦ. ʊʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩʧʦʩʦʙʥʳ 

ʦʪʩʣʝʞʠʚʘʪʴ ʦʙʲʝʢʪʳ ʚ ʜʠʥʘʤʠʢʝ, ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʝʡʩʪʚʠʷ ʠ ʩʦʙʳʪʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʠ ʘʥʘʣʠʟ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʢʘʤʝʨ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʫʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʵʨʦʧʦʨʪʘʭ ʠ ʥʘ ʩʪʘʜʠʦʥʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʩʬʝʨʝ ʘʚʪʦʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʂʅʅ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʘʚʠʛʘʮʠʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʦʙʠʣʷʤ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ, ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʜʨʫʛʠʭ 

ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʥʘ ʜʦʨʦʛʝ. ɺʥʝʜʨʝʥʠʝ 

ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʘʚʪʦʤʦʙʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʛʨʦʥʦʤʠʠ ʠ ʵʢʦʣʦʛʠʠ. ʉ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʠ 

ʜʨʦʥʦʚʳʭ ʩʥʠʤʢʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʫʱʝʨʙ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 
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ʊʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʪʘʢʞʝ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʝʥʪʘ. ʉ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʥʠʤʘʥʠʷ ʢʦʥʪʝʢʩʪʘ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴ ʩʧʦʩʦʙʳ ʧʦʢʘʟʘʪʴ ʠʤ ʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʠ ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʠʷʪʠʝ 

ʙʨʝʥʜʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʭʚʘʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʩʬʝʨ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʥʠʢʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠ ʘʥʘʣʠʟʦʤ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ. ʈʘʩʪʫʱʝʝ ʯʠʩʣʦ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʪʦʣʴʢʦ ʚʝʨʭʫʰʢʘ ʘʡʩʙʝʨʛʘ ʠʟʫʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʜʦʣʞʘʶʪ ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʤʦʱʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʯʝʪʘʷ ʝʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʝʱʝ ʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ 

ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ, ʥʦ ʠ ʧʦʤʦʛʘʝʪ ʤʦʜʝʣʠ ʣʫʯʰʝ ʦʙʦʙʱʘʪʴ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ 

ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ ʠ ʪʠʧʫ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙʣʘʩʪʝʡ, 

ʚʢʣʶʯʘʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʤʝʜʠʮʠʥʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ, ʘʚʪʦʥʦʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʚʘʞʥʦ ʧʦʤʥʠʪʴ ʦ ʧʨʦʙʣʝʤʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʝʨʝʦʙʫʯʝʥʠʝʤ ʠ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ. ɺ ʙʫʜʫʱʝʤ ʩʪʦʠʪ ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʦʙʫʯʝʥʠʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʤʝʪʦʜʳ 

ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʝʱʝ ʙʦʣʴʰʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʤʦʜʝʣʝʡ. 
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ʋɼʂ 004.89 

ɻʘʟʷ ɻ.ɺ. 

ʩʪʫʜʝʥʪ 

ɹʫʰʤʝʣʝʚʘ ʂ.ʀ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʘʟʷ ʅ.ʌ. 

ʩʪʫʜʝʥʪ 

ʉʫʨʛʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʫʨʛʫʪ, ʈʦʩʩʠʷ 

 

ʉɺɽʈʊʆʏʅʓɽ ʀʉʂʋʉʉʊɺɽʅʅʓɽ ʅɽʁʈʆʅʅʓɽ ʉɽʊʀ  

ɺ ʇʈʆʄʓʐʃɽʅʅʆʁ ʕʂʆʃʆɻʀʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʨʪʦʯʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʉʀʅʉ) ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

(ɺʉʈ) ʨʘʙʦʪʥʠʢʦʚ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ. 

ʇʨʠ ʧʦʤʦʱʠ ʉʀʅʉ ʚ ʦʙʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ: PAR ï ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʡʨʦʚʝʛʝʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, SSS 

ï ʯʠʩʣʦ ʫʜʘʨʦʚ ʩʝʨʜʮʘ ʚ ʤʠʥʫʪʫ; SDNN ï ʩʪʘʥʜʘʨʪ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʪʦʯʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ; ʧʘʨʘʤʝʪʨʳ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ; ʟʥʘʯʠʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ. 

 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʀʅʉ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʜʠʢʪʫʝʪʩʷ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [2; 4]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʙʝʩʩʠʣʴʥʳʤʠ ʚ ʚʳʷʚʣʝʥʠʠ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʣʦʞʥʳʭ ʙʠʦʩʠʩʪʝʤ 

3-ʛʦ ʪʠʧʘ [5]. ʇʨʦʚʝʜʝʥʠʝ ʜʘʞʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʘʙʦʪʥʠʢʘ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʦʤ ʧʦʜʭʦʜʝ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʠʣ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ɺʉʈ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ [6]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʉʀʅʉ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʥʘʤʠʢʠ ɺʉʈ ʫ ʨʘʙʦʪʥʠʢʦʚ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ (ɻʇɿ) ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ɺʇʌ): ʰʫʤʘ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʫ ʦʧʝʨʘʪʦʨʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʦʧʝʨʘʪʦʨʦʚ ʪʦʚʘʨʥʳʭ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ɺʇʌ. 

ɺ ʠʩʩʣʝʜʫʝʤʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 30 ʤʫʞʯʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 19 ʜʦ 35 ʣʝʪ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʬʠʟʠʯʝʩʢʦʡ ʵʪʠʦʣʦʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʤʫʞʯʠʥʳ, ʥʝ ʠʤʝʶʱʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, 

ʚʦʟʨʘʩʪʫ, ʩʪʘʞʫ ʨʘʙʦʪʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ, ʥʦ ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʶ 

ɺʇʌ. 
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ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ (ʦʧʳʪʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ɺʉʈ (ʫ.ʝ.): 

- x1 ï SIM ï ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʚʝʪʚʠ ʚʝʛʝʪʘʪʠʚʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ɺʅʉ), ʚʳʨʘʞʝʥʥʳʡ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ; 

- x2 ï PAR ï ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ɺʅʉ; 

- x3 ï SSS ï ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) ʚ ʤʠʥʫʪʫ; 

- x4 ï SDNN ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ; 

- x5 ï IBN ï ʠʥʜʝʢʩ ʥʘʧʨʷʞʝʥʠʷ ɹʘʝʚʩʢʦʛʦ; 

ɼʘʥʥʳʝ ʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʫʣʴʩʦʤʝʪʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ çʕʣʦʢʩ-01è. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ASCN5.0.2 (100 ʠʪʝʨʘʮʠʡ, 

wi=100). 

ɺ ʨʘʤʢʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʧʘʨʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ, 

ʦʙʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ 1 ʠ 2 (ʪʘʙʣ. 1) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʜʣʷ ʚʳʙʦʨʦʢ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ SIM, SDNN ʠ IBN ʩ ʥʝʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʨʠʤʝʥʷʣʩʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ U ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ ï ʋʠʪʥʠ; 

- ʜʣʷ ʚʳʙʦʨʦʢ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ PAR ʠ SSS ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʨʠʤʝʥʷʣʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʥʛʦʚ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʨʘʙʦʪʥʠʢʦʚ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ (ʤʫʞʯʠʥ) 

 

ʇʘʨʘʤʝʪʨʳ ɺʉʈ 

ʉʨʘʚʥʠʚʘʝʤʳʝ ʛʨʫʧʧʳ SIM PAR SSS SDNN IBN 

ɻʨʫʧʧʘ 1 ï ɻʨʫʧʧʘ 2 0,301 0,502 0,790 0,872 0,981 
 

ʇʨʠʤʝʯʘʥʠʷ: ʛʨʫʧʧʘ 1 ï ʤʫʞʯʠʥʳ ʜʦ 35 ʣʝʪ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ɺʇʌ; ʛʨʫʧʧʘ 2 ï ʤʫʞʯʠʥʳ 

ʜʦ 35 ʣʝʪ, ʥʝ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ɺʇʌ. p ï ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ p<0,05). 

 

ʆʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ (p<0,05) ʤʝʞʜʫ ʚʩʝʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ɺʉʈ ʦʙʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ (ʪʘʙʣ. 1) ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

1-ʛʦ ʪʠʧʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ. ʉʨʘʚʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ɺʉʈ ʜʦʣʞʥʳ ʨʘʟʣʠʯʘʪʴʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʧʨʠʯʠʥʝ ʥʘʭʦʞʜʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ (ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ 1 ʠ 2) ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ, ʥʦ ʜʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʥʝ ʧʦʢʘʟʳʚʘʝʪ. 

ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʝʨʚʦʛʦ ʪʠʧʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ASCN5.0.2 [1; 3]. ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʢʦʪʦʨʦʡ ʙʳʣ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʘʚʪʦʨʘʤʠ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʉʀʅʉ 

 

ʋʣʫʯʰʝʥʠʝ ʯʠʪʘʝʤʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʢʦʜʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʉʀʅʉ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʯʠʪʘʝʤʦʩʪʴ ʠ 

ʫʧʨʦʱʘʶʪ ʧʦʜʜʝʨʞʢʫ ʢʦʜʘ, ʠ ʢʦʥʩʪʘʥʪ ʜʣʷ ʪʝʢʩʪʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʦʜʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʠ ʛʨʘʬʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʝʩʩ ʙʘʨʘ: 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʚʘʨʝʡ ʜʣʷ ʦʧʪʠʤʠʟʘʪʦʨʦʚ ʠ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ. 

ʇʨʦʚʝʨʢʘ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʘʡʣʦʚ ʠ ʜʠʨʝʢʪʦʨʠʡ ʠ ʦʙʨʘʙʦʪʢʘ ʠʩʢʣʶʯʝʥʠʡ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʨʘʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʚ ʢʦʜʝ ʉʀʅʉ. 

ʀʩʧʦʣʴʟʦʚʘʚ ʤʝʪʦʜ çnet_mainè ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʚʥʫʪʨʠ ʮʠʢʣʦʚ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʉʀʅʉ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʜʘ ASCN5.0.2 [1] ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʟʘ ʩʯʝʪ ʫʧʨʦʱʝʥʠʷ ʣʦʛʠʢʠ 

(ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ). 

ʀʤʧʦʨʪʳ, ʩʣʦʚʘʨʠ ʜʣʷ ʦʧʪʠʤʠʟʘʪʦʨʦʚ ʠ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ, ʬʫʥʢʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʜʝʣʠ, ʬʫʥʢʮʠʷ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʝʩʩ ʙʘʨʘ, ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ ʉʀʅʉ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʀʤʧʦʨʪʳ, ʩʣʦʚʘʨʠ ʠ ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʉʀʅʉ 
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ɺ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʉʀʅʉ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ çkerasè ʚʤʝʩʪʝ ʩ ʝʝ ʤʦʜʫʣʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ, ʩʣʦʝʚ, 

ʦʧʪʠʤʠʟʘʪʦʨʦʚ ʠ ʨʝʛʫʣʷʨʠʟʘʪʦʨʦʚ. 

ʅʘʨʷʜʫ ʩ ʫʪʠʣʠʪʦʡ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ çplot_modelè ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ Python ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʣʫʯʘʡʥʳʤʠ ʯʠʩʣʘʤʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʛʨʘʬʠʢʦʡ, ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʜʘʪʦʡ ʠ ʚʨʝʤʝʥʝʤ, ʘ ʪʘʢʞʝ ʤʘʩʩʠʚʘʤʠ (random, math, 

matplotlib.pyplot, os, datetime, time, numpy), ʪʘʢʞʝ ʩʣʦʚʘʨʴ, ʩʦʧʦʩʪʘʚʣʷʶʱʠʡ ʠʤʝʥʘ 

ʦʧʪʠʤʠʟʘʪʦʨʦʚ ʩ ʠʭ ʦʙʲʝʢʪʘʤʠ ʚ Keras çdict_optimè ʠ ʩʣʦʚʘʨʴ, ʩʦʧʦʩʪʘʚʣʷʶʱʠʡ ʠʤʝʥʘ 

ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ ʩ ʠʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʚ Keras çdict_lossè. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʉʀʅʉ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠʷ çdefine_modelè ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ 

ʝʡ ʬʫʥʢʮʠʠ ʩʦʟʜʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ çmodel = models.Sequential()è, ʜʦʙʘʚʣʝʥʠʷ 

ʧʣʦʪʥʳʭ ʩʣʦʝʚ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ çmodel.add(layers.Dense(...))è ʠ ʚʦʟʚʨʘʱʝʥʠʷ 

ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ çreturn modelè. 

ɺʳʙʨʘʥʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ çsave_resultsè ʚ ʧʨʦʛʨʘʤʥʦʤ 

ʢʦʜʝ ʉʀʅʉ ʜʦʧʦʣʥʷʣʘʩʴ ʩʧʠʩʦʤ ʵʧʦʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ çepochesè, ʩʣʦʚʘʨʴ ʩ ʜʘʥʥʳʤʠ 

ʦ ʧʦʪʝʨʷʭ ʠ ʪʦʯʥʦʩʪʠ çhistory_dictè, ʬʫʥʢʮʠʷʤʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦʪʝʨʴ ʠ ʪʦʯʥʦʩʪʠ 

çplt.plotè, ʩʦʭʨʘʥʝʥʠʷ ʛʨʘʬʠʢʦʚ ʚ ʬʘʡʣʳ çplt.savefigè, ʚʳʯʠʩʣʝʥʠʷ ʚʘʞʥʦʩʪʠ ʚʭʦʜʦʚ 

çsum_wesè, ʦʪʢʨʳʪʠʷ ʬʘʡʣʘ ʜʣʷ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʪʠ çwith open(... as f)è ʠ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʪʠ ʚ ʬʘʡʣ çf.writeè. 

ʌʫʥʢʮʠʷ çnet_main(global_var)è ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʚ ʦʙʲʝʢʪʝ çglobal_varè ʠ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʠ ʧʦʜʛʦʪʦʚʢʘ ʜʠʨʝʢʪʦʨʠʡ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʜʘ: 

current_date (ʧʦʣʫʯʘʝʤ ʪʝʢʫʱʫʶ ʜʘʪʫ), path_to_dir (ʧʫʪʴ ʢ ʜʠʨʝʢʪʦʨʠʠ çRezultè, ʛʜʝ ʙʫʜʫʪ 

ʩʦʭʨʘʥʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʳ), os.mkdir(path_to_dir) ï ʩʦʟʜʘʝʤ ʜʠʨʝʢʪʦʨʠʶ çRezultè, ʝʩʣʠ ʦʥʘ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ). ɽʩʣʠ ʜʠʨʝʢʪʦʨʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ, ʚʳʚʦʜʠʤ ʩʦʦʙʱʝʥʠʝ ʦʙ ʵʪʦʤ. 

2. ʇʦʜʛʦʪʦʚʢʘ ʧʘʧʢʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʢʫʱʝʛʦ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ: number_data 

(ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʜʠʨʝʢʪʦʨʠʡ ʚ çRezultè), name_dir_data 

(ʩʦʟʜʘʝʤ ʠʤʷ ʥʦʚʦʡ ʧʦʜʜʠʨʝʢʪʦʨʠʠ, ʥʘʧʨʠʤʝʨ, çdata_0è, çdata_1è ʠ ʪ.ʜ.), path_to_dir_data 

(ʬʦʨʤʠʨʫʝʤ ʧʦʣʥʳʡ ʧʫʪʴ ʢ ʥʦʚʦʡ ʧʦʜʜʠʨʝʢʪʦʨʠʠ), os.mkdir(path_to_dir_data) ï ʩʦʟʜʘʝʤ ʥʦʚʫʶ 

ʧʦʜʜʠʨʝʢʪʦʨʠʶ. 

3. ɿʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʪʠ ʚ ʬʘʡʣ: flag_step (ʬʣʘʛ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʦʤ), info_all_network.txt (ʩʦʟʜʘʝʤ ʬʘʡʣ ʜʣʷ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʪʠ), 

wes_to_file (ʬʦʨʤʠʨʫʝʤ ʩʪʨʦʢʫ ʩ ʠʤʝʥʘʤʠ ʚʝʩʦʚ ʜʣʷ ʟʘʧʠʩʠ ʚ ʬʘʡʣ), g.write(...) (ʟʘʧʠʩʳʚʘʝʤ 

ʟʘʛʦʣʦʚʦʢ ʬʘʡʣʘ ʩ ʦʧʠʩʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ). 

4. ʎʠʢʣ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʙʫʯʝʥʠʶ: while flag_step == 0 (ʮʠʢʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ flag_step ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 1), for_step (ʚʳʯʠʩʣʷʝʤ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʜʣʷ ʧʨʦʛʨʝʩʩ-ʙʘʨʘ), step_bar (ʚʳʯʠʩʣʷʝʤ ʰʘʛ ʧʨʦʛʨʝʩʩ-ʙʘʨʘ), value_bar 

(ʠʥʠʮʠʘʣʠʟʠʨʫʝʤ ʟʥʘʯʝʥʠʝ ʧʨʦʛʨʝʩʩ-ʙʘʨʘ), flag_step = 1 (ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʬʣʘʛ ʚ 1, ʯʪʦʙʳ ʚʳʡʪʠ 

ʠʟ ʮʠʢʣʘ). 
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5. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: if global_var.func_activ == global_var.func_olm (ʧʨʦʚʝʨʷʝʤ 

ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ, ʚʝʨʦʷʪʥʦ, ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʩʝʪʠ ʙʫʜʫʪ ʦʙʫʯʘʪʴʩʷ), for index_seti in 

range(global_var.func_activ) ï  ʮʠʢʣ ʧʦ ʠʥʜʝʢʩʘʤ ʩʝʪʝʡ, name_dir_data_number_set (cʦʟʜʘʝʤ 

ʠʤʷ ʧʦʜʜʠʨʝʢʪʦʨʠʠ ʜʣʷ ʪʝʢʫʱʝʡ ʩʝʪʠ), os.mkdir(path_dir_data_number_set) ï ʩʦʟʜʘʝʤ 

ʧʦʜʜʠʨʝʢʪʦʨʠʶ ʜʣʷ ʪʝʢʫʱʝʡ ʩʝʪʠ, for number_seti in range(global_var.len_train_net) ï ʮʠʢʣ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʦʙʫʯʝʥʠʡ, model = define_model(global_var, index_seti) ï ʦʧʨʝʜʝʣʷʝʤ ʤʦʜʝʣʴ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, model.compile(...) ï ʢʦʤʧʠʣʠʨʫʝʤ ʤʦʜʝʣʴ ʩ ʟʘʜʘʥʥʳʤʠ ʦʧʪʠʤʠʟʘʪʦʨʦʤ, 

ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ ʠ ʤʝʪʨʠʢʦʡ, model.fit(...) ï ʦʙʫʯʘʝʤ ʤʦʜʝʣʴ ʥʘ ʜʘʥʥʳʭ input_data ʠ 

output_data, time_teacher (ʚʳʯʠʩʣʷʝʤ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ), value_bar += step_bar ï ʦʙʥʦʚʣʷʝʤ 

ʧʨʦʛʨʝʩʩ-ʙʘʨ, update_progress_bar(value_bar) ï ʦʙʥʦʚʣʷʝʤ ʧʨʦʛʨʝʩʩ-ʙʘʨ ʚ ʠʥʪʝʨʬʝʡʩʝ, 

history_dict ï ʠʟʚʣʝʢʘʝʤ ʜʘʥʥʳʝ ʠʟ ʦʙʲʝʢʪʘ history, ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, if 

acc_values[-1] >= global_var.required_accuracy ï ʧʨʦʚʝʨʷʝʤ, ʜʦʩʪʠʛʥʫʪʘ ʣʠ ʪʨʝʙʫʝʤʘʷ 

ʪʦʯʥʦʩʪʴ, dir_data_save ï ʩʦʟʜʘʝʤ ʠʤʷ ʧʦʜʜʠʨʝʢʪʦʨʠʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ, 

os.mkdir(path_dir_data_save_learn) ï ʩʦʟʜʘʝʤ ʧʦʜʜʠʨʝʢʪʦʨʠʶ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʫʯʝʥʠʷ, model.save(...) ï ʩʦʭʨʘʥʷʝʤ ʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʚ ʬʘʡʣ (ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʬʫʥʢʮʠʠ). 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʉʀʅʉ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʜ ʟʘʜʘʯʫ ʤʥʦʛʦ ʢʣʘʩʩʦʚʦʡ 

ʦʜʥʦʟʥʘʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩ ʬʫʥʢʮʠʝʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ 

ʛʨʘʜʠʝʥʪʥʦʤʫ ʩʧʫʩʢʫ (ʙʝʟ ʠʤʧʫʣʴʩʘ ʅʝʩʪʝʨʦʚʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ Cʀʅʉ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ASCN5.0.2 [1] ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʇʨʠ ʵʪʦʤ, ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʉʀʅʉ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʨʘʙʦʪʥʠʢʦʚ ɻʇɿ, ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʝʡʨʦʩʝʪʠ ʦʧʨʝʜʝʣʝʥʘ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ Cʀʅʉ  

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ 

 

ˉ 

ʧ/ʧ 
ʇʘʨʘʤʝʪʨ ʥʘʩʪʨʦʡʢʠ ʉʀʅʉ ɿʥʘʯʝʥʠʝ 

1 ʈʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 5 

2 ʈʘʟʤʝʨʥʦʩʪʴ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 2 

3 ʈʘʟʤʝʨ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 60 

4 ʊʠʧ ʟʘʜʘʯʠ ʄʥʦʛʦ ʢʣʘʩʩʦʚʘʷ ʦʜʥʦʟʥʘʯʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

5 ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʚʭʦʜʥʦʛʦ 

ʩʣʦʷ 
Relu 

6 ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʩʢʨʳʪʦʛʦ 

ʩʣʦʷ 
Sigmoid 

7 ɺʳʭʦʜʥʦʡ ʩʣʦʡ Softmax 

8 ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ Categorical crossentropy 

9 ʌʫʥʢʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʙʝʟ ʠʤʧʫʣʴʩʘ 

ʅʝʩʪʝʨʦʚʘ 

10 ʄʝʪʨʠʢʘ Accuracy 

11 ʂʦʣʠʯʝʩʪʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ 18 

13 ʂʦʣʠʯʝʩʪʚʦ ʦʙʫʯʝʥʠʡ ʀʅʉ 100 

14 ʊʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʦʙʫʯʝʥʠʷ 95% 
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ˉ 

ʧ/ʧ 
ʇʘʨʘʤʝʪʨ ʥʘʩʪʨʦʡʢʠ ʉʀʅʉ ɿʥʘʯʝʥʠʝ 

15 ʂʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʩʣʦʝʚ 3 

16 ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʳʭ 

ʩʣʦʷʭ 
6 

17 ɺʨʝʤʷ ʦʙʫʯʝʥʠʷ 0,97 ʩ 

18 ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚʦ ʚʭʦʜʥʦʤ 

ʩʣʦʝ 
7 

19 ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ 

ʩʣʦʝ 
2 

 

ʉ ʫʯʪyʦʤ ʢʦʣʠʯʝʩʪʚʘ ʦʙʫʯʝʥʠʡ ʀʅʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2, ʧʨʦʚʝʜʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ wi ʧʦʩʣʝ 100-ʪʘ ʠʪʝʨʘʮʠʡ ʚʳʙʦʨʢʠ xi(t) 

ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʨʘʙʦʪʥʠʢʦʚ ɻʇɿ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ wi ʧʦʩʣʝ 100-ʪʘ ʠʪʝʨʘʮʠʡ 

ʚʳʙʦʨʢʠ xi(t) ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ ʨʘʙʦʪʥʠʢʦʚ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ (ʤʫʞʯʠʥ) 

 

ʇʘʨʘʤʝʪʨʳ ɺʉʈ 

ʉʨʘʚʥʠʚʘʝʤʳʝ ʛʨʫʧʧʳ SIM PAR SSS SDNN IBN 

ɻʨʫʧʧʘ 1 ï ɻʨʫʧʧʘ 2 0,199 0,204 0,202 0,204 0,196 

ʇʨʠʤʝʯʘʥʠʷ:  

ʛʨʫʧʧʘ 1 ï ʤʫʞʯʠʥʳ ʜʦ 35 ʣʝʪ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ɺʇʌ; ʛʨʫʧʧʘ 2 ï ʤʫʞʯʠʥʳ ʜʦ 35 ʣʝʪ, ʥʝ 

ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ɺʇʌ. wʩʨ.>0,200 ï ʟʥʘʯʠʤʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʚʝʩʘ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ɺʉʈ. 

 

ʇʨʠ ʧʦʤʦʱʠ ʉʀʅʉ ʫ ʤʫʞʯʠʥ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ) ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʟʥʘʯʠʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ (ʧʘʨʘʤʝʪʨʳ 

ʧʦʨʷʜʢʘ) ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʫ ʨʘʙʦʪʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʥʘ ʩʚʦʝʤ 

ʨʘʙʦʯʝʤ ʤʝʩʪʝ ɺʇʌ, ʠ ʨʘʙʦʪʥʠʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʩʚʦʠ ʪʨʫʜʦʚʳʝ ʬʫʥʢʮʠʠ ʚ ʜʦʧʫʩʪʠʤʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ (ʙʝʟ ʝʞʝʩʤʝʥʥʦʛʦ ʭʨʦʥʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ɺʇʌ), ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦ ʨʠʪʤʘ: PAR ï ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʥʝʡʨʦʚʝʛʝʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, SSS ï ʯʠʩʣʦ ʫʜʘʨʦʚ ʩʝʨʜʮʘ ʚ ʤʠʥʫʪʫ; SDNN ï ʩʪʘʥʜʘʨʪ 

ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ wi ʚʩʝʭ ʛʨʫʧʧ ʦʙʩʣʝʜʫʝʤʳʭ 

(ʪʘʙʣ. 3) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʉʀʅʉ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ 

ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʝʨʚʦʛʦ 1-ʛʦ ʪʠʧʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ. 
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ɻʠʨʷ ʄ.ʄ. 

ʩʪʫʜʝʥʪ 

ʈʘʟʚʝʝʚʘ ʀ.ʌ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

 

ʇʆʀʉʂ ɼɽʌɽʂʊʆɺ ɺ ʉʊʈʆʀʊɽʃʔʅʆʄ ʄɽʊɽʈʀɸʃɽ  

ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼʆɺ ʂʆʄʇʔʖʊɽʈʅʆɻʆ ɿʈɽʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʘ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʘʨʭʠʪʝʢʪʫʨʳ YOLOv11s ʜʣʷ 

ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʚʳʙʨʘʥ ʢʠʨʧʠʯ ʩ ʚʠʟʫʘʣʴʥʦ 

ʨʘʟʣʠʯʠʤʳʤʠ ʜʝʬʝʢʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʝʱʠʥʳ, ʚʳʢʨʘʰʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʳ ʨʝʙʝʨ. ɼʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʝʪʨʠʢ: ʜʣʷ ʜʝʪʝʢʮʠʠ: 

Precision(B)=0.80, Recall(B) =0.33, ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ Precision(M)=0.70, Recall(M)=0.32. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ YOLO ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ; ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ; 

ʜʝʬʝʢʪ; ʢʠʨʧʠʯ.  

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʩʝʢʪʦʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʬʠʥʘʥʩʦʚʳʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʩʝʢʪʦʨʦʤ, ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʢʦʤ). ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʧʨʠʯʠʥ: 

1. ʉʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʜʘʯ. 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳ, ʨʘʩʪʷʥʫʪʳ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʜʝʩʷʪʢʠ ʣʝʪ ʠ ʠʤʝʶʪ 

ʤʥʦʞʝʩʪʚʦ ʩʣʦʞʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʣʶʙʦʤ 

ʠʟ ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʦʪ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʠ ʜʦ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʚʣʠʷʝʪ ʥʘ 

ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʙʲʝʢʪʘ.  

2. ʊʨʝʙʦʚʘʥʠʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 30 ʜʝʢʘʙʨʷ 2009 ʛʦʜʘ ˉ384-ʌɿ 

çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè, ʟʜʘʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʠ ʧʦʩʪʨʦʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʧʨʦʞʠʚʘʥʠʠ ʠ 

ʧʨʝʙʳʚʘʥʠʠ ʯʝʣʦʚʝʢʘ ʚ ʥʝʤ ʥʝ ʚʦʟʥʠʢʘʣʦ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʠʭ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʠʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (https://clck.ru/3Erzo3). ɸ 

ʟʥʘʯʠʪ ʚʩʝ ʤʝʪʦʜʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʨʦʮʝʩʩʘʤ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ 

ʧʨʘʚʠʣʘʤʠ ʢʦʥʪʨʦʣʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

3. ɻʠʙʢʦʩʪʴ ʠ ʘʜʘʧʪʘʮʠʷ ʢ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʬʘʢʪʦʨʘʤ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʶʪ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

(ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʧʦʣʠʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʥʘʨʫʰʝʥʠʝ ʩʨʦʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʧʦʜʨʷʜʯʠʢʦʚ ʠ ʧʨ.). 
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ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʥʦʚʦʚʚʝʜʝʥʠʡ ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʠʙʢʦʩʪʴ.  

4. ʅʝʭʚʘʪʢʘ ʢʘʜʨʦʚ. 

ʂʫʣʴʪʫʨʘ, ʩʣʦʞʠʚʰʘʷʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʟʙʠʨʘʪʴʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʪʘʢʞʝ ʟʘʤʝʜʣʷʝʪ ʘʜʘʧʪʘʮʠʶ. 

5. ʆʪʩʫʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʦʡ ʙʘʟʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʣʥʦʮʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʦʚʩʝʤʝʩʪʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʜʦʙʥʳʭ 

ʤʝʪʦʜʦʚ, ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʟʘʯʘʩʪʫʶ ʥʝ ʫʩʧʝʚʘʝʪ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʜʘʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʩʝʢʪʦʨʝ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʚʥʠʤʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʙʠʟʥʝʩʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢ ʧʦʜʦʙʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʉʨʝʜʠ ʧʦʜʦʙʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ʄʠʥʩʪʨʦʡ ʚ ʥʘʯʘʣʝ 2023 ʛʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʣ, ʯʪʦ 

çʧʨʠʨʦʩʪ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ 2,5% ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʛʦʜè 

(https://clck.ru/3ErzzP). 

çʋʤʥʳʝè ʘʣʛʦʨʠʪʤʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʥʪʝʨʝʩʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʀʀ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʯ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ï ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [3, ʩ. 9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʪʦʯʝʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʠʣʠ çʪʘʙʣʠʯʥʦʛʦè ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ) ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, 

ʚʠʙʨʦʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʦʪʨʦʧʥʦʛʦ ʙʝʪʦʥʘ ʩ ʫʯʝʪʦʤ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

2. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʀʀ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʜʝʣʘʪʴ 

ʙʦʣʝʝ ʪʦʯʥʳʝ ʦʮʝʥʢʠ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʠ 

ʧʨʦʙʣʝʤʳ. 

3. ʀʀ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʥʦʚʳʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʘʪʘ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ [2, 

ʩ. 144]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1, ʩ. 7] ʦʧʠʩʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʩʦʪʥʳʭ 

ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʘʞʝ ʩ ʤʘʣʦ ʨʘʟʣʠʯʠʤʳʤʠ ʜʝʬʝʢʪʘʤʠ ʠ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ, ʧʨʠ ʬʦʪʦʬʠʢʩʘʮʠʠ ʠ ʘʥʘʣʠʟʝ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. ɺ 
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ʠʩʩʣʝʜʦʚʘʥʠʠ [4] ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʨʝʜʠ ʨʘʙʦʯʠʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ST-GCN ʠ YOLO. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʚʳʰʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʥʠʟʠʚ ʚʝʨʦʷʪʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʧʦʣʫʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʨʝʜʣʘʛʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʝʨʚʠʩʘ ʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʝʢʪʳ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʤʠʜʞʘ ʠʥʥʦʚʘʪʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ 

ʠ ʠʥʚʝʩʪʦʨʦʚ. 

ɸʥʘʣʠʟ ʪʨʝʥʜʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦʟʚʦʣʠʣʠ ʦʪʤʝʪʠʪʴ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʜʘʥʥʦʤ 

ʩʝʢʪʦʨʝ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʝʜ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ YOLOv11 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥ, 

ʦʪʨʘʞʘʶʱʠʡ ʵʪʘʧʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
 

ʈʠʩ. 1. ʇʣʘʥ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʉʦʛʣʘʩʥʦ ʧʣʘʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ ʜʘʥʥʳʭ (ʜʘʪʘʩʪʝʪʘ). 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ ʜʝʬʝʢʪʦʚ, ʚʳʙʦʨ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʉʅʉ), 

ʝʝ ʦʙʫʯʝʥʠʝ ʠ ʦʮʝʥʢʘ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ. ɺ ʩʣʫʯʘʝ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʦʠʪ 

ʚʝʨʥʫʪʴʩʷ ʥʘ ʵʪʘʧ ʦʙʫʯʝʥʠʷ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʝʛʦ 

ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʚʳʩʪʫʧʘʝʪ ʧʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ ʠ ʦʮʝʥʢʘ 

ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʢʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚʳʩʪʫʧʘʝʪ ʢʠʨʧʠʯ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʌʦʪʦʬʠʢʩʘʮʠʷ ʤʘʪʝʨʠʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʬʦʪʦʘʧʧʘʨʘʪ Canon EOS 650D Kit. ʇʨʠʤʝʨ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2, ʚʩʝʛʦ ʙʳʣʦ ʩʦʙʨʘʥʦ 65 ʠʟʦʙʨʘʞʝʥʠʡ. 

ʈʘʟʤʝʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

Roboflow (https://app.roboflow.com). ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ çʘʥʥʦʪʘʮʠʷ 

ʧʦʣʠʛʦʥʦʚè, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʦʨ ʢʦʦʨʜʠʥʘʪ ʨʠʩʫʝʪʩʷ ʚʦʢʨʫʛ ʦʙʲʝʢʪʘ ʠʥʪʝʨʝʩʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʟʤʝʪʢʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʚʠʜʘ ʜʝʬʝʢʪʦʚ: ʪʨʝʱʠʥʳ, ʚʳʢʨʘʰʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʳ 

ʨʝʙʝʨ. 

https://app.roboflow.com/
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ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʘ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ YOLOv11. ɻʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʚʘʨʠʘʥʪʳ YOLOv11 (11n, 11s, 11m ʠ 11x) ʦʙʨʘʟʫʶʪ ʦʪʯʝʪʣʠʚʫʶ ʛʨʘʥʠʮʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (https://clck.ru/3EsBwH). ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʨʩʠʷ 11s 

ʧʦ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʝʩ ʢʦʪʦʨʦʡ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ.  

 
 

ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ YOLOv11 ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʚʝʨʩʠʷʤʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʦʡ ʉʅʉ [5, ʩ. 3].  

ʄʦʜʫʣʴ SPPF (Spatial Pyramid Pooling - Fast) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ 

ʚʝʨʩʠʶ ʩʪʘʥʜʘʨʪʥʦʛʦ Spatial Pyramid Pooling (SPP) ʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʩ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʀʩʧʦʣʴʟʫʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʚʝʨʪʦʢ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʷʜʝʨ (ʥʘʧʨʠʤʝʨ, 3x3, 5x5, 7x7), SPPF ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʦʙʱʘʪʴ ʢʦʥʪʝʢʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʙʲʝʢʪʦʚ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ.  

ʄʦʜʫʣʴ C2PSA (Cross-Stage Partial Self-Attention) ʦʙʲʝʜʠʥʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʘʨʭʠʪʝʢʪʫʨʳ Cross-Stage Partial Networks (CSPNet) ʩ ʤʝʭʘʥʠʟʤʦʤ Self-Attention, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠ ʚʳʜʝʣʷʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʢʦʥʪʝʢʩʪʥʳʝ ʧʨʠʟʥʘʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʥʘ ʜʚʘ ʧʫʪʠ: 


