
                 
 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 

 
 

 

 

ʇʈʆɹʃɽʄʓ ʉʆʎʀɸʃʔʅʆɻʆ 

ʀ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ 

ʈɸɿɺʀʊʀʗ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʄʀʈɽ 

 

 
 

ʄʘʪʝʨʠʘʣʳ XXIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ  

ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

(ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) 

23-24 ʘʧʨʝʣʷ 2021 ʛ. 
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ʋɼʂ  51+53+6 

ɹɹʂ   60+65+74+87+88 

 

ʇ 78 ʇʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ: ʄʘʪʝʨʠʘʣʳ XXIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) 23-24 ʘʧʨʝʣʷ 2021 ʛ. / 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ. ï ʈʫʙʮʦʚʩʢ, 2021. ï783 ʩ. 

 

ɺ ʦʯʝʨʝʜʥʦʡ ʚʳʧʫʩʢ ʩʙʦʨʥʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʩʦ-

ʮʠʘʣʴʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝè, ʧʨʦʭʦʜʠʚʰʝʡ ʚ 

ʈʫʙʮʦʚʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ 23-24 ʘʧʨʝʣʷ 2021 ʛʦʜʘ, ʚʦʰʣʠ ʩʪʘʪʴʠ ʩʪʫʜʝʥ-

ʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʚʫʟʦʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ɹʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʭʦʜʠʣʘ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ɻʦʜʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦ-

ʩʚʷʱʘʣʘʩʴ 75-ʣʝʪʠʶ ʈʫʙʮʦʚʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ.  

 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʩʪʫʜʝʥʪʘʤ, ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʷʤ ʰʢʦʣ, ʩʨʝʜʥʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ 

ʯʠʪʘʪʝʣʝʡ. 

 

ʉʪʠʣʠʩʪʠʢʘ ʪʝʢʩʪʦʚ ʩʦʭʨʘʥʝʥʘ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ. 

 
 

ʅʘʫʯʥʳʝ ʨʝʜʘʢʪʦʨʳ: 

 

ɼʫʜʥʠʢ ɽ.ɸ. ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠ-

ʢʘè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

ɻʨʠʮʝʥʢʦ ɺ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè 

ʂʫʨʩʦʚ ʀ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝ-

ʤʳè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʊʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʵʢʦʣʦʛʠʷè 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʤʝʭʘʥʠʢʘè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè 

ɻʦʥʯʘʨʦʚ ʉ.ɸ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʠè 

ʈʝʤʠʟʦʚ ɼ.ɺ. - ʢ.ʵ.ʥ., ʜʦʮʝʥʪ , ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝ-

ʥʠʝè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè 

ʗʟʳʢʦʚʘ ʀ.ʅ. ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çɻʫʤʘʥʠʪʘʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳè, ʧʨʝʜʩʝ-

ʜʘʪʝʣʴ ʩʝʢʮʠʠ çʆʙʨʘʟʦʚʘʥʠʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʉʝʚʘʩʪʴʷʥʦʚʘ ʉ.ʂ. ï ʜ.ʬ.ʥ., ʜʦʮʝʥʪ,  ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʂʘʤʳʰʥʠʢʦʚʘ ʅ.ʅ. ï ʢ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 
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ʉʦʜʝʨʞʘʥʠʝ 
 

ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʂɸ ʀ ʀʅʌʆʈʄɸʊʀʂɸ 

ɹʠʨʢʦ ʀ.ɺ. 

 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ï ɼʆɹʈʆ 

ʀʃʀ ɿʃʆ? 

 

16 

ɹʦʙʨʦʚʘ ɸ.ɽ. ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʅʅʆɻʆ 

ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊɸ ɺ ɺʋɿɽ 

 

20 

ɻʦʪʦʣʦʚʘ ɸ.ɸ. ʈɽɸʃʀɿɸʎʀʗ ʄɽʍɸʅʀɿʄɸ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʉɹʆʈɸ ɼɸʅʅʓʍ ʀ 

ʇʆʉʊʈʆɽʅʀʗ ʆʊʏɽʊʆɺ ɼʃʗ ʃʀɿʀʅɻʆɺʆʁ 

ʂʆʄʇɸʅʀʀ  

 

 

 

25 

ɿʚʷʛʠʥ ɼ.ʉ. ʆɹɿʆʈ SPNMATRIXANALYZER ï 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ ɸʅɸʃʀɿɸ 

ʉʊʆʍɸʉʊʀʏɽʉʂʀʍ ʉɽʊɽʁ ʇɽʊʈʀ 

 

 

28 

ʀʞʫʥʠʥʦʚ ʄ.ɸ. 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ 

ʀʅʌʆʈʄʀʈʆɺɸʅʀʗ ʋʏɸʑʀʍʉʗ 

ʄɸʃʆʂʆʄʇʃɽʂʊʅʓʍ ʐʂʆʃ 

 

 

31 

ʂʘʧʯʝʣʷ ɸ.ɻ. 

 

ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʋʏɪʊɸ ʊʆʈɻʆɺʆɻʆ ʇʈɽɼʇʈʀʗʊʀʗ 

 

40 

ʃʠʩʪʦʚ ɼ.ʆ. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄ ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʋʈʆɺʅʗ 

ʇʆɾɸʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɾʀʃʓʍ 

ʇʆʄɽʑɽʅʀʁ 

 

 

 

44 

ʄʘʢʘʨʦʚ ɸ.ɼ. 

 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ 

ʉʆʉʊɸɺʃɽʅʀʗ ʈɸʉʇʀʉɸʅʀʗ ɼʃʗ 

ɼɽʊʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ 

 

 

47 

ʇʘʥʠʥ ɽ.ʆ. ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʈɸɹʆʊʓ ʉ ɼɸʅʅʓʄʀ ʆ 

ʂɸɼʈʆɺʆʄ ʉʆʉʊɸɺɽ ʇʈɽɼʇʈʀʗʊʀʗ 

 

52 

ʈʘʜʞʘʙʦʚ ɸ.ʀ., 

ɿʶʢʦʚ ʀ.ɺ. 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ 

ʄʆʅʀʊʆʈʀʅɻɸ ʀ ɸʅɸʃʀɿɸ ʎɽʅ ʅɸ 

ʊʆɺɸʈʓ ɺ ʀʅʊɽʈʅɽʊɽ 

 

 

63 

ʈʦʛʦʟʠʥ ɸ.ʆ.,  

ɹʝʣʝʡ ɽ ʉ. 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ çʏʀʉʃɽʅʅʆɽ 

ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʂʆʐʀ ɼʃʗ 

ʆɹʓʂʅʆɺɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ 

ʋʈɸɺʅɽʅʀʁè 

 

 

 

68 

ʈʦʜʥʷʢ ɼ.ʀ. ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʋʏɪʊɸ ʈɽɿʋʃʔʊɸʊʆɺ 

ʊɽʉʊʀʈʆɺɸʅʀʗ ʐʂʆʃʔʅʀʂʆɺ 

 

77 

ʉʘʬʠʥʘ ɻ.ʌ. ɺɽʂʆɺʆɽ ʋʈɸɺʅɽʅʀɽ ʉɺʆɹʆɼʅʓʍ 

ʂʆʃɽɹɸʅʀʁ ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ 

ʆɹʆʃʆʏʂʀ  

 

 

84 

ʊʘʛʣʘʩʦʚ ʕ.ʉ. 

 

ʂʈʀʊɽʈʀʁ ESI
*
-ʇʆʃʅʆʊʓ ʄʅʆɾɽʉʊɺɸ  

ʄʋʃʔʊʀʌʋʅʂʎʀʁ ʈɸʅɻɸ 2 
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ʍʦʤʫʪʦʚʩʢʠʡ ʉ.ʃ. 

 

ʇʈɸʂʊʀʏɽʉʂʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇɸʂɽʊɸ 

LAMMPS ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ɸʊʆʄʅʓʍ 

ʄʆɼɽʃɽʁ ʄɽʊɸʃʃʆɺ 

 

 

91 

ʐʘʥʴʛʠʥ ʄ.ʖ. ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ 

ʇʆʃʔɿʆɺɸʊɽʃʗ ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ 

 

98 

ʑʝʪʥʝʚ ɺ.ʉ.,  

ʂʥrʰʦʚ ʀ.ʖ.
 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʈɸɹʆʊʓ ʉ ʃʀʅɽʁʅʓʄʀ 

ʆʇɽʈɸʊʆʈɸʄʀ ɺ ʋʅʀʊɸʈʅʆʄ 

ʇʈʆʉʊʈɸʅʉʊɺɽ. 

 

 

104 

ʉɽʂʎʀʗ 2. ʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʈʋɼʆɺɸʅʀɽ 
ʃʫʥʝʚ ʀ.ʀ. ɸʅɸʃʀɿ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʇʃɸʅʆɺʆ-

ʇʈɽɼʋʇʈɽɼʀʊɽʃʔʅʓʍ ʈɽʄʆʅʊʅʓʍ ʈɸɹʆʊ 

ʉʈɽɼʉʊɺ ʊɽʍʅʀʏɽʉʂʆɻʆ ʆʉʅɸʑɽʅʀʗ  

ʅɸ ʇʈʀʄɽʈɽ ʈʋʏʅʆʁ ɿɸɼʅɽʁ ɹɸɹʂʀ HTS-5 

 

 

 

110 

ʇʦʜʚʠʥʮʝʚ ɺ.ɸ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ 

ɹɽʉʉʊɸʅʀʅʅʆʁ ʂʃɽʊʀ ɼʃʗ 

ʄʆɼɽʈʅʀɿɸʎʀʀ ʇʈʆʂɸʊʅʆɻʆ ʉʊɸʅɸ 

ç370è ɸʆ çʏʄɿè 

 

 

 

115 

ʉʪʫʢʦʣʦʚ ɼ.ɸ.
 

 

ʇʈʀʄɽʅɽʅʀɽ ɻʀɼʈʆɸɹʈɸɿʀɺʅʓʍ 

ʉʊɸʅʂʆɺ ɺ ʉʆɺʈɽʄɽʅʅʆʄ 

ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 

 

 

124 

ʉʳʯʢʠʥ ʄ.ɸ. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ 

ʈʆɹʆʊɸ-ʄɸʅʀʇʋʃʗʊʆʈɸ 

 

127 

ʏʝʨʥʠʢ ʂ.ʅ. 

 

ʆɹʆʉʅʆɺɸʅʀɽ ʆʉʅʆɺʅʓʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʀɼʈʆʎʀʃʀʅɼʈʆɺ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ʄɸʅʀʇʋʃʗʊʆʈɸ ʃɽʉʅʆʁ ʄɸʐʀʅʓ 

 

 

 

135 

ʏʝʨʥʠʢ ʂ.ʅ. 

 

ʄɽʍɸʅʀɿʄ ʇʈʆʊɽʂɸʅʀʗ ʀ ʇʈʀʏʀʅʓ 

ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʌʈɽʊʊʀʅɻ-ʂʆʈʈʆɿʀʀ ɺ 

ʐɸʈʅʀʈʅʓʍ ʉʆɽɼʀʅɽʅʀʗʍ 

ʄɸʅʀʇʋʃʗʊʆʈʆɺ ʃɽʉʅʓʍ ʄɸʐʀʅ 

 

 

 

140 

ʏʝʨʥʦʙʘʡ ɸ.ɹ.  

 

ʆɹ ʀʉʊʆʈʀʀ ʈɸɿɺʀʊʀʗ ʄɽʊʆɼɸ 

ʉɸʄʆʈɸʉʇʈʆʉʊʈɸʅʗʖʑɽɻʆʉʗ  

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʉʀʅʊɽɿɸ 

 

 

144 

ʉɽʂʎʀʗ 3. ʊʈɸʅʉʇʆʈʊʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʂʆʄʇʃɽʂʉʓ ʀ ʕʂʆʃʆɻʀʗ 
ʂʠʨʝʝʚʘ ʆ.ɺ. ʌʆʊʆɺʆʃʔʊɸʀʂɸ ï ʕʅɽʈɻɽʊʀʏɽʉʂʆɽ 

ɹʋɼʋʑɽɽ ʏɽʃʆɺɽʂɸ 

 

147 

ʅʠʢʠʪʠʥʘ ɼ.ɸ.,  

ʆʨʣʦʚʩʢʠʡ ɽ.ʇ. 

ɹɽʉʇʀʃʆʊʅʓʁ ʊʈɸʅʉʇʆʈʊ ɺ ʅɸʉʊʆʗʑɽɽ 

ɺʈɽʄʗ ʀ ʆʉʅʆɺʅʓɽ ʊɽʅɼɽʅʎʀʀ ɸɿɺʀʊʀʗ 

 

152 

ʏʠʯʝʨʠʥʘ ʆ.ɺ. 

 

ʇʈʆɻʈɸʄʄʓ ʀ ʇʈʀʆʈʀʊɽʊʓ ʈɸɿɺʀʊʀʗ 

ʃɽʉʅʆɻʆ ʍʆɿʗʁʉʊɺɸ ɸʃʊɸʁʉʂʆɻʆ ʂʈɸʗ 

 

159 
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ʉɽʂʎʀʗ 4. ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ʄɽʍɸʅʀʂɸ 

ɸʚʜʝʝʥʢʦ ɽ.ʂ. 

 

ʆ ʈɸɹʆʊɽ ʆʇʆʈʅʓʍ ʋɿʃʆɺ ɼɽʈɽɺʗʅʅʓʍ 

ɸʈʆʂ 

 

165 

ɻʘʣʘʪ ʂ.ɸ., 

ɼʦʣʛʦʚ ʅ.ɸ. 

ʆʇʈɽɼɽʃʅʀɽ ɾɽʉʊʂʆʉʊʀ ɹɸʃʂʀ ʇʈʀ 

ʆɹʉʃɽɼʆɺɸʅʀʀ ʆɹʒɽʂʊʆɺ 

 

171 

ʂʠʨʙʘʡ ʊ.ʉ. ʇʈʆɽʂʊ ʉʊʈʆʀʊɽʃʔʉʊɺɸ. ʇʈʀʄɽʅɽʅʀɽ 

ɹʀʆʃʆɻʀʏɽʉʂʆɻʆ ɹɽʊʆʅɸ ɺ ʂʃʀʄɸʊɽ 

ʇɽʈʄʉʂʆɻʆ ʂʈɸʗ ɺ ʂɸʏɽʉʊɺɽ ʅɸʈʋɾʅʆʁ 

ʆʊɼɽʃʂʀ ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ 

 

 

 

176 

ʃʳʤʘʨʝʚʘ ʂ.ɺ. ʆ ʈɸɹʆʊɽ ɼɽʈɽɺʗʅʅʓʍ ʂʋʇʆʃʔʅʓʍ 

ʉʀʉʊɽʄ 

 

183 

ʆʩʪʘʥʠʥʘ ɼ.ɼ. ɼʆʄɸ ʂʆʅʊɽʁʅɽʈʅʆɻʆ ʊʀʇɸ 189 

ʉʘʡʬʫʣʠʥʘ ɸ.ʀ. ʇʈʀʅʎʀʇʓ ɹɽʈɽɾʃʀɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

 

193 

ʏʝʨʥʝʮʢʘʷ ʄ.ʂ. 

 

ɹʀʆʎʀɼʅʓɽ ɼʆɹɸɺʂʀ ʂ ʉʊʈʆʀʊɽʃʔʅʓʄ 

ʉʄɽʉʗʄ ʅɸ ʆʉʅʆɺɽ ɻʃʀʅʓ 

 

197 

ʉɽʂʎʀʗ 5. ʕʃɽʂʊʆʕʅɽʈɻɽʊʀʂɸ, ʕʃɽʂʊʈʆʊɽʍʅʀʂɸ ʀ 

ʕʃɽʂʊʈʆʊɽʍʅʆʃʆɻʀʀ 

ɹʦʥʜʘʨʝʥʢʦ ɺ.ɸ., 

ɿʚʝʨʝʚʘ ɸ.ɸ. 

ʎʀʌʈʆɺʀɿɸʎʀʗ ʕʅɽʈɻɽʊʀʂʀ 

 

 

204 

ɻʣʫʙʦʯʝʥʢʦ ʉ.ʆ., 

ɼʨʦʟʜ ʈ.ɸ. 

 

ʆʉʄʆʊʀʏɽʉʂɸʗ ʕʃɽʂʊʈʆʉʊɸʅʎʀʗ ʂɸʂ 

ɸʃʔʊɽʈʅɸʊʀɺʅʓʁ ʀʉʊʆʏʅʀʂ 

ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

 

 

213 

ɽʣʴʢʠʥ ʀ.ɸ. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ, ʀɿɻʆʊʆɺʃɽʅʀɽ, 

ʇʋʉʂʆ-ʅɸʃɸɼʆʏʅʓɽ ʈɸɹʆʊʓ 

ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼɸ 

çɸɺʊʆʄɸʊʀɿɸʎʀʗ ʄɸʃʓʍ ʉʀʉʊɽʄè ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʈʆɻʈɸʄʄʀʈʋɽʄʆɻʆ 

ʂʆʅʊʈʆʃʃɽʈɸ ʌʀʈʄʓ ʆɺɽʅ 

 

 

 

 

 

216 

ɿʚʝʨʝʚʘ ɸ.ɸ. ɸʅɸʃʀɿ ʇʈʆɹʃɽʄ ʕʃɽʂʊʈʆʄʆɹʀʃɽʁ 219 

ʂʠʥʢʦʚʠʯ ʄ.ɸ. ʈɸɿʈɸɹʆʊʂɸ ʋʏɽɹʅʆ-ʃɸɹʆʈɸʊʆʈʅʆɻʆ 

ʉʊɽʅɼɸ ʉ ʈɸɿʈɸɹʆʊʂʆʁ  

ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʆʁ ʉʀʉʊɽʄʓ 

çʋʇʈɸɺʃɽʅʀɽ ʇʆʊʆʏʅʓʄʀ ʃʀʅʀʗʄʀè 

ʅɸ ɹɸɿɽ ʇʃʂ ʆɺɽʅ 

 

 

 

 

223 

ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. ʎʀʌʈʆɺʀɿɸʎʀʗ ʅɸ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ 

ʇʈɽɼʇʈʀʗʊʀʗʍ ɺ ʈʆʉʉʀʁʉʂʆʁ 

ʌɽɼɽʈɸʎʀʀ 

 

 

226 

ʂʫʟʥʝʮʦʚʘ ʊ.ʇ., 

ʏʝʨʥʦʙʘʡ ɸ.ɹ., 

ʇʠʤʘʥʢʠʥʘ ɸ.ɸ. 

ʇɽʈʉʇɽʂʊʀɺʓ ɺɽʊʈʆʕʅɽʈɻɽʊʀʂʀ 

 

 

 

230 
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ʃʦʙʘʯ ɼ.ɺ.,  

ʂʨʘʫʩ ʇ.ɼ.,  

ʌʠʣʠʧʧʦʚʘ ɺ.ɸ., 

ʊʢʘʯʝʥʢʦ ɸ.ɽ. 

ɺʅɽɼʈɽʅʀɽ ɸʂʊʀɺʅʓʍ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ 

ʂʆʄʇʃɽʂʉʆɺ ʅɸ ʄɸʃʓʍ 

ʇʈʆʀɿɺʆɼʉʊɺɸʍ ʀ ʍʆɿʗʁʉʊɺɸʍ 

 

 

 

 

237 

ʄʦʣʦʜʝʥʢʦʚʘ ɽ.ʖ. ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀɽʄ ɻɸɿʆɺʆʁ 

ʂʆʊɽʃʔʅʆʁ 

 

 

239 

ʅʝʜʦʟʨʝʣʦʚ ɸ.ɺ. 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʎʀʌʈʆɺʓʍ 

ʇʆɼʉʊɸʅʎʀʁ ɺ ʉʀʉʊɽʄɽ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʁ 

 

 

 

242 

ʉʝʨʛʝʝʚʘ ʊ.ɸ. ʄʆɼɽʈʅʀɿɸʎʀʗ ʊʆʂɸʈʅʆɻʆ ʉʊɸʅʂɸ ɼʀʇ 

500 ɼʃʗ ʅɸɺʀɺʂʀ ʇʈʋɾʀʅ 

 

245 

ʉʦʣʦʚʩʢʦʡ ɸ.ʉ. ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀɽ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 

ɼʃʗ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʆʇɸʉʅʓʍ 

ʊɽʍʅʆɻɽʅʅʓʍ ʉʀʊʋɸʎʀʁ 

 

 

248 

ʉʦʣʦʚʩʢʦʡ ɸ.ʉ. 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ɸʅɸʃʀɿ ʄʆɼɽʃɽʁ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʆʇɸʉʅʓʍ 

ʊɽʍʅʆɻɽʅʅʓʍ ʉʀʊʋɸʎʀʁ ʅɸ ʆʉʅʆɺɽ 

ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

 

 

253 

ʉʦʩʥʠʥ ɸ.ɺ.,  

ʉʢʦʨʦʭʦʜʦʚ ʆ.ɺ. 

 

ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ 

ʕʃɽʂʊʈʆʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ 

ʆɹʈɸɹʆʊʂʀ ʈʋɼʓ ʅɸ çɿɸʈɽʏɽʅʉʂʆʁ 

ʆɹʆɻɸʊʀʊɽʃʔʅʆʁ ʌɸɹʈʀʂɽè 

 

 

 

258 

ʉʪʝʨʣʷʞʥʠʢʦʚ ʉ.ʉ.
 
çSTONGè - ʉʀʉʊɽʄɸ ʇʆʀʉʂɸ ʇʈʆʇɸɺʐʀʍ 

ʃʖɼɽʁ 

 

262 

ʊʦʣʤʘʯʝʚ ɺ.ɸ. ʉʆɺʈɽʄɽʅʅʓɽ ʕʃɽʂʊʈʆʊɽʍʅʆʃʆɻʀʀ. 

ɺʆɿʄʆɾʅʆʉʊʀ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ʕʃɽʂʊʈʆʄʆɹʀʃɽʁ ɺ ɸʃʊɸʁʉʂʆʄ ʂʈɸɽ 

 

 

264 

ʊʨʠʛʫʙ ʄ.ɸ. 

 

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ 

ʈɸɿɺʀʊʀʗ ʅɽʊʈɸɼʀʎʀʆʅʅʆʁ 

ʕʅɽʈɻɽʊʀʂʀ ɼʃʗ ɺʆʉʊʆʏʅʆ-

ʂɸɿɸʍʉʊɸʅʉʂʆʁ ʆɹʃɸʉʊʀ  

 

 

 

268 

ʊʨʷʩʮʠʥ ʉ.ʆ. ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʀʊʆʏʅʆ-ɺʓʊʗɾʅʆʁ 

ɺɽʅʊʀʃʗʎʀʀ ɸɼʄʀʅʀʉʊʈɸʊʀɺʅʆ 

ɹʓʊʆɺʆɻʆ ɿɼɸʅʀʗ 

 

 

273 

ʋʪʨʦʙʠʥ ɸ.ʉ. ʆʉʅʆɺʅʓɽ ʄɽʈʆʇʈʀʗʊʀʗ, 

ʅɸʇʈɸɺʃɽʅʅʓɽ ʅɸ ʕʂʆʅʆʄʀʖ 

ʇʆʊʈɽɹʃʗɽʄʆʁ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

 

 

277 

ʏʝʨʥʦʙʘʡ ɸ.ɹ.,  

ɹʦʥʜʘʨʝʚ ɺ.ɸ.,  

ɼʦʨʦʥʠʥʘ ɽ.ɺ.,  

ɿʚʝʨʝʚʘ ɸ.ɸ. 

ʆʉʅʆɺʅʓɽ ʇʋʊʀ ʈɽɸʃʀɿɸʎʀʀ 

ɸʂʊʀɺʅʆɻʆ ʕʅɽʈɻʆʂʆʄʇʃɽʂʉɸ 

 

 

 

 

280 
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ʏʠʨʪʫʣʦʚ ʇ.ɺ. ʄʆɼɽʈʅʀɿɸʎʀʗ ʉʍɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ ʋʉʊɸʅʆɺʂʀ 

ʇɸʉʉʀɺɸʎʀʀ ʇʆ ʊʀʇʋ çʍʀʄʂʆʋʊɽʈè  

 

 

283 

ʐʘʤʘʡʢʠʥʘ ʆ.ɸ. 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ʅɸ ʈɸʁʆʅʅʓʍ ʇʆʅʀɿʀʊɽʃʔʅʓʍ 

ʇʆɼʉʊɸʅʎʀʗʍ 

 

 

285 

ʐʠʧʫʣʷ ʊ.ɺ.,  

ɹʝʣʳʭ ɽ.ɸ.,  

ʂʫʨʴʷʥʦʚʘ ɸ.ɸ.,  

ɿʚʝʨʝʚʘ ɸ.ɸ. 

 

ʉʆʃʅɽʏʅɸʗ ʕʅɽʈɻɽʊʀʂɸ ɺ ʈʌ 

 

 

 

 

288 

ʑʝʧʠʥ ʄ.ʅ. ʈɸɿʈɸɹʆʊʂɸ ʉʄɽʉʀʊɽʃʗ ɹʋʈʆɺʆɻʆ 

ʈɸʉʊɺʆʈɸ ʅɸ ʋʉʊɸʅʆɺʂʋ 

ɻʆʈʀɿʆʅʊɸʃʔʅʆ-ʅɸʇʈɸɺʃɽʅʅʆɻʆ 

ɹʋʈɽʅʀʗ 

 

 

 

294 

ʉɽʂʎʀʗ 6. ʕʂʆʅʆʄʀʂɸ ʀ ʋʇʈɸɺʃɽʅʀɽ 

ɸʙʫʟʷʨʦʚʘ ɸ.ʀ. 

 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʉʋʑʅʆʉʊʔ 

ɺʅʋʊʈɽʅʅɽɻʆ ʂʆʅʊʈʆʃʗ 

 

298 

ɸʛʘʤʝʨʴʷʥʮ  ɸ.ɸ. 

 

ʋʇʈɸɺʃɽʅʀɽ ʆʍʈɸʅʆʁ ʊʈʋɼɸ ɺ ʇɽʈʀʆɼ 

ʇɸʅɼɽʄʀʀ 

 

302 

ɸʤʠʨʦʚʘ ɸ.ʈ. 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɹʋʍɻɸʃʊɽʈʉʂʆɻʆ 

ʋʏɽʊɸ. ʂʆʅʊʈʆʃʔ ɼɽɹʀʊʆʈʉʂʆʁ ʀ 

ʂʈɽɼʀʊʆʈʉʂʆʁ ɿɸɼʆʃɾɽʅʅʆʉʊʀ 

 

 

307 

ɸʥʜʨʝʝʚʘ ɽ.ɻ. 

 

ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ 

ɼʀɸɻʅʆʉʊʀʂʀ ʉʆʎʀɸʃʔʅʆ-

ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ʊɽʈʈʀʊʆʈʀɸʃʔʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ 

ʃʋɻɸʅʉʂʆʁ ʅɸʈʆɼʅʆʁ ʈɽʉʇʋɹʃʀʂʀ 

 

 

 

 

311 

ɸʥʠʩʠʤʦʚʘ ɺ.ɸ. 

 

ʕʂʆʅʆʄʀʂɸ ʀ ʄɽʅɽɼɾʄɽʅʊ ʅɸ ʈʓʅʂɽ 

ʊʈʋɼɸ: ʋʈʆɺɽʅʔ ɺʆʉʊʈɽɹʆɺɸʅʅʆʉʊʀ 

ʇʈʆʌɽʉʉʀʁ 

 

 

317 

ɹʘʤʙʠʟʘ ɸ.ɽ. 

 

ɹʖɼɾɽʊʀʈʆɺɸʅʀɽ ʂɸʂ ʄɽʊʆɼ 

ʌʀʅɸʅʉʆɺʆɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ 

ɼɽʗʊɽʃʔʅʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʗ 

 

 

322 

ɹʝʣʷʢʦʚ ɸ.ɸ. ʈʆʃʔ ʇʈʀʊʆʂɸ ʈɸɹʆʏɽʁ ʉʀʃʓ ɺ 

ʈɸʉʍʆɼɸʍ ʅɸ ʅɸʁʄ ʇʈʀ 

ʀʅɺɽʉʊʀʈʆɺɸʅʀʀ ɺ ʇɽʈʉʆʅɸʃ 

 

 

326 

ɺʘʛʘʥʦʚʘ ʆ.ɽ.
 

 

ʇʆɼɻʆʊʆɺʂɸ ʀ ʇʈʆɺɽɼɽʅʀɽ 

ɺʅʋʊʈɽʅʅɽɻʆ ɸʋɼʀʊɸ ʅɸ ʇʈɽɼʇʈʀʗʊʀʀ 

ʆɹʆʈʆʅʅʆ-ʇʈʆʄʓʐʃɽʅʅʆɻʆ 

ʂʆʄʇʃɽʂʉɸ 

 

 

 

329 

ɺʘʨʘʯʢʠʥʘ ɽ.ɸ. ʕʌʌɽʂʊʀɺʅʓʁ ʀʅʉʊʈʋʄɽʅʊ ʂʆʅʊʈʆʃʗ 

ɿɸʊʈɸʊ 

 

335 

file:///D:/Конференция%202019/Сборник%20конференция%20студенты%202019.doc%23_Toc13613731
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ɺʦʣʢʦʚʘ ɽ.ʉ. 

 

ʈɽɺʀɿʀʗ ʂɸʂ ʆʉʅʆɺʅʆʁ ʄɽʊʆɼ 

ʌʀʅɸʅʉʆɺʆɻʆ ʂʆʅʊʈʆʃʗ 

 

338 

ɺʦʣʢʦʚʘ ɺ.ɽ. 

 

ʇʆɺʓʐɽʅʀɽ ʅɸʃʆɻʆɺʆʁ ɻʈɸʄʆʊʅʆʉʊʀ 

ʅɸʉɽʃɽʅʀʗ ʇʋʊɽʄ ʈɽɸʃʀɿɸʎʀʀ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʇʈʆɽʂʊʆɺ 

 

 

343 

ɺʦʨʦʙʴʝʚʘ ɽ.ɽ. ʆɹɽʉʇɽʏɽʅʅʆʉʊʔ ʅɸʉɽʃɽʅʀʗ ʉɽʃʔʉʂʀʍ 

ʊɽʈʈʀʊʆʈʀʁ ɸʃʊɸʁʉʂʆɻʆ ʂʈɸʗ ɾʀʃʔɽʄ 

ʂɸʂ ʌɸʂʊʆʈ ʊɽʈʈʀʊʆʈʀɸʃʔʅʆʁ 

ʃʆʗʃʔʅʆʉʊʀ 

 

 

 

350 

ɻʘʡʥʝʪʜʠʥʦʚ ʊ.ʈ., 

ɻʨʠʛʦʨʴʝʚʘ ɸ.ʉ.
 

 

ʀʄʇʆʈʊʆɿɸʄɽʑɽʅʀɽ ʂɸʂ ʆʉʅʆɺɸ 

ʋʂʈɽʇʃɽʅʀʗ ʕʂʆʅʆʄʀʏɽʉʂʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʈɽɻʀʆʅɸ 

 

 

356 

ɻʘʣʴʷʥ ɽ. ʕ. 

 

ɺʃʀʗʅʀɽ ʀʅʌʃʗʎʀʀ ʅɸ ɹʋʍɻɸʃʊɽʈʉʂʋʖ 

ʆʊʏɽʊʅʆʉʊʔ 

 

362 

ɻʦʨʙʫʥʦʚʘ ɺ.ɺ. 

 

ʈɽʀʅɾʀʅʀʈʀʅɻ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ 

ʉʊʈɸʊɽɻʀʀ ʇʈɽɼʇʈʀʗʊʀʗ 

 

364 

ɻʨʫʤʘʥʩ ʖ.ɼ.
 

 

ɹɸʃʃʔʅɸʗ ʉʀʉʊɽʄɸ ʄʆʊʀɺɸʎʀʀ ɺ 

ʋʉʃʆɺʀʗʍ ʇɽʈɽʍʆɼɸ ʆʊ ʊʈɸɼʀʎʀʆʅʅʆʁ 

ʉʀʉʊɽʄʓ ʂ ʎʀʌʈʆɺʆʁ 

 

 

367 

ɼʘʚʳʜʦʚʘ ɽ.ɸ. ʉʆʎʀɸʃʔʅɸʗ ɿʅɸʏʀʄʆʉʊʔ ʇʈʆʌɽʉʉʀʀ 

ɹʋʍɻɸʃʊɽʈɸ 

 

373 

ɼʟʶʙʘ ʖ.ʉ. 

 

ʀʅʅʆɺɸʎʀʀ ɺ ʉʌɽʈɽ ʋʇʈɸɺʃɽʅʀʗ 

ʇɽʈʉʆʅɸʃʆʄ 

 

376 

ɼʨʠʥʝʚʩʢʘʷ ɸ.ɺ. 

 

ɺʓɹʆʈ ʀ ʇʈʀʄɽʅɽʅʀɽ ʂʆʅʂʋʈɽʅʊʅʓʍ 

ʉʊʈɸʊɽɻʀʁ ɺ ʋʉʃʆɺʀʗʍ ʂʈʀɿʀʉɸ  

 

381 

ɼʨʦʥʦʚʘ ɽ.ɺ. 

 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ɺ 

ʃʋɻɸʅʉʂʆʁ ʅɸʈʆɼʅʆʁ ʈɽʉʇʋɹʃʀʂɽ:  

ʉʊɸʅʆɺʃɽʅʀɽ ʀ ʈɸɿɺʀʊʀɽ 

 

 

385 

ɽʥʠʥʘ ɸ.ɸ. 

 

ʈʆʃʔ ʄʆʅʀʊʆʈʀʅɻɸ ɺ ʈɽɸʃʀɿɸʎʀʀ 

ʉʊʈɸʊɽɻʀʏɽʉʂʀʍ ʇʈʆɻʈɸʄʄ ʈɸɿɺʀʊʀʗ 

ʄʋʅʀʎʀʇɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

 

 

392 

ʀʚʘʥʦʚʘ ʖ.ɸ.
 

 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʊɽʍʅʆʃʆɻʀʀ 

ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ ɺ ʈʆʉʉʀʀ ʀ ɿɸ 

ʈʋɹɽɾʆʄ  

 

 

 

394 

ʀʜʝʤʝʥʝʚʘ ʆ.ʉ. ɸʅɸʃʀɿ ʇʆɼɼɽʈɾʂʀ ʄɸʃʆɻʆ  ʀ 

ʄʆʃʆɼɽɾʅʆɻʆ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʊɺɸ 

ɺ ʉɸʄɸʈʉʂʆʁ ʆɹʃɸʉʊʀ 

 

 

397 

ʀʜʝʤʝʥʝʚʘ ʆ.ʉ. ʉʆʎʀɸʃʔʅʆɽ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʊɺʆ ɺ 

ʈʆʉʉʀʀ: ʆʉʅʆɺʅʓɽ ʊʈɽʅɼʓ ʀ 

ʅɸʇʈɸɺʃɽʅʀʗ ʉɸʄɸʈʉʂʆʁ ʆɹʃɸʉʊʀ 

 

 

402 
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ʀʣʴʠʥʘ ɸ.ɺ. 

 

ʇʆɺʓʐɽʅʀɽ ʋʈʆɺʅʗ ʀ ʂɸʏɽʉʊɺɸ ɾʀɿʅʀ 

ʅɸʉɽʃɽʅʀʗ ɺ ʋʉʃʆɺʀʗʍ 

ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʂʈʀɿʀʉɸ 

 

 

405 

ʀʩʪʦʤʠʥʘ ʇ.ʅ. 

 

ʇʈʆɹʃɽʄʓ ʈɸɿɺʀʊʀʗ ɻʆʉʊʀʅʀʏʅʆɻʆ 

ɹʀɿʅɽʉɸ ɺ ʈʆʉʉʀʀ 

 

410 

ʂʦʚʘʣʴʯʫʢ ɺ.ʀ. 

 

ʂɸɼʈʆɺʓʁ ʄɽʅɽɼɾʄɽʅʊ ɺ ʉʀʉʊɽʄɽ 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʁ ʉʃʋɾɹʓ ɺ 

ʉʆɺʈɽʄɽʅʅʓʍ ʕʂʆʅʆʄʀʏɽʉʂʀʍ 

ʋʉʃʆɺʀʗʍ 

 

 

 

412 

ʂʦʟʣʦʚʘ ʇ.ɺ. 

 

ʊʋʈʀʉʊʀʏɽʉʂɸʗ ʆʊʈɸʉʃʔ ʈʆʉʉʀʁʉʂʆʁ 

ʌɽɼɽʈɸʎʀʀ: ɺʓɿʆɺʓ ɺ ʇɽʈʀʆɼ 

ʇɸʅɼɽʄʀʀ 

 

 

419 

ʂʦʢʘhʨʦʚʘ ɺ.ʄ. 

 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ɺ 

ʎʀʌʈʆɺʆʁ ʕʂʆʅʆʄʀʂɽ 

 

425 

ʂʦʩʦʛʦʨ ɼ.ɺ. 

 

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ 

ʉʆɺʈɽʄɽʅʅʆɻʆ ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ʇʈɽɼʇʈʀʗʊʀɽʄ 

 

 

427 

ʂʦʩʪʝʥʢʦʚ ɺ. ʉ. 

 

ʆʎɽʅʂɸ ʋʈʆɺʅʗ ʕʂʆʅʆʄʀʏɽʉʂʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʗ ʀ 

ʇɽʈʉʇɽʂʊʀɺ ɽɻʆ ʈɸɿɺʀʊʀʗ (ʅɸ ʇʈʀʄɽʈɽ 

ʇɸʆ çʄʈʉʂ ʎɽʅʊʈɸè) 

 

 

 

434 

ʂʦʪʣʥ̫ʠʢ ʗ.ɸ. 

 

ʎʀʌʈʆɺʀɿɸʎʀʗ ʉʆʎʀɸʃʔʅʓʍ ʋʉʃʋɻ ʅɸ 

ʇʈʀʄɽʈɽ ʌʆʅɼɸ ʉʆʎʀɸʃʔʅʆɻʆ 

ʉʊʈɸʍʆɺɸʅʀʗ 

 

 

443 

ʂʦʪʣʷʥʠʢ ʗ.ɸ.,  

ʄʫʢʘʥʝ ʄ.ʉ. 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʀʅɺɽʉʊʀʎʀʆʅʅʆɻʆ 

ʇʆʈʊʌɽʃʗ ʀ ʄɽʊʆɼʓ ʋʇʈɸɺʃɽʅʀʗ ʀʄ 

 

448 
 

ʂʦʪʦʚʘ ɸ.ɺ. 

 

ʄɽʉʊʆ ɻʋʇ ɼʍ ɸʂ çʖɻʆ-ɿɸʇɸɼʅʆɽ ɼʉʋè ɺ 

ɼʆʈʆɾʅʆʄ ʍʆɿʗʁʉʊɺɽ ɸʃʊɸʁʉʂʆɻʆ 

ʂʈɸʗ 

 

 

458 

ʂʦʰʝʚʘʷ ɺ.ɽ. 

 

ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʋʇʈɸɺʃɽʅʀʗ ʆʈɻɸʅʀɿɸʎʀɽʁ 

 

463 

ʃʦʙʢʘʨʝʚʘ ɺ.ɺ.
 

 

ʆʎɽʅʂɸ ʋɻʈʆɿ ɺ ɼɽʄʆɻʈɸʌʀʏɽʉʂʆʁ 

ʉʌɽʈɽ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ 

ʕʂʆʅʆʄʀʏɽʉʂʋʖ ɹɽɿʆʇɸʉʅʆʉʊʔ 

ʈɽɻʀʆʅɸ (ʅɸ ʇʈʀʄɽʈɽ ʈɽʉʇʋɹʃʀʂʀ 

ɹɸʐʂʆʈʊʆʉʊɸʅ) 

 

 

 

 

466 

ʃʴʚʦʚʘ ʅ.ɽ. 

 

ʄɽɾɼʋʅɸʈʆɼʅʆɽ ʉʆʊʈʋɼʅʀʏɽʉʊɺʆ 

ʈʆʉʉʀʀ ʀ ʉʊʈɸʅ ʉʅɻ  ʅɸ ʉʆɺʈɽʄɽʅʅʆʄ 

ʕʊɸʇɽ (ʅɸ ʇʈʀʄɽʈɽ ʈɽʉʇʋɹʃʀʂʀ 

ʂɸɿɸʍʉʊɸʅ) 

 

 

 

474 
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ʄʘʪʶʰʝʥʢʦ ʉ.ɼ. 

 

ʋʇʈɸɺʃɽʅʀɽ ɿɸʊʈɸʊɸʄʀ: ʆʉʅʆɺʅʓɽ 

ʄɽʊʆɼʓ ʀ ʇʈɽʀʄʋʑɽʉʊɺɸ ʀʍ 

ʇʈʀʄɽʅɽʅʀʗ 

 

 

478 

ʅʠʢʦʣʘʝʚʘ ɼ.ʉ. 

 

ʋʇʈɸɺʃɽʅʀɽ ʂʆʄʄʋʅʀʂɸʎʀʗʄʀ ɺ 

ʋʏʈɽɾɼɽʅʀʗʍ, ʀʉʇʆʃʅʗʖʑʀʍ 

ʅɸʂɸɿɸʅʀʗ 

 

 

482 

ʇʘʫʢʦʚʘ ɺ. ʉ. 

 

ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʄʅʆɻʆʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʅɸʇʀʊʂʆɺ ɺ 

ʈʆʉʉʀʀ 

 

 

486 

ʇʘʱʝʥʢʦ ʆ.ɸ. 

 

SWIFT ʂɸʂ ʕʌʌɽʂʊʀɺʅʓʁ ʀʅʉʊʈʋʄɽʅʊ 

ʎʀʌʈʆɺʆʁ ʕʂʆʅʆʄʀʂʀ ɺ ɹɸʅʂʆɺʉʂʆʁ 

ʉʌɽʈɽ 

 

 

488 

ʇʝʪʨʫʭʠʥ ɸ.ɸ. 

 

ʆʎɽʅʂɸ ʊʈʋɼʆɺʆɻʆ ʇʆʊɽʅʎʀɸʃɸ 

ʇʈɽɼʇʈʀʗʊʀʗ 

 

491 

ʇʦʧʠʣʠʥ ʉ.ʉ. 

 

ʂʈɸʋɼʌɸʅɼʀʅɻʆɺʓʁ ʉʀʄɹʀʆɿ: 

ʉʆʏɽʊɸʅʀɽ ʌʀʅɸʅʉʆɺʆʁ ʀ 

ʉʆʎʀɸʃʔʅʆʁ ʉʌɽʈ 

 

 

495 

ʈʝʟʥʦʚʘ ɸ.ɼ. 

 

ʌʈɸʅʏɸʁɿʀʅɻ ʂɸʂ ʆɼʅɸ ʀɿ 

ɸʃʔʊɽʈʅɸʊʀɺʅʓʍ ʌʆʈʄ ʆʈɻɸʅʀɿɸʎʀʀ 

ɹʀɿʅɽʉɸ 

 

 

500 

ʈʝʤʠʟʦʚʘ ʆ.ɺ. 

 

ɸʅɸʃʀɿ ʀʅʅʆɺɸʎʀʆʅʅʆ-

ʀʅɺɽʉʊʀʎʀʆʅʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʇʈɽɼʇʈʀʗʊʀʁ ɸʃʊɸʁʉʂʆɻʆ ʂʈɸʗ 

 

 

503 

ʈʫʜʝʥʢʦ ʊ. ɼ. 

 

ʂʈʀʊɽʈʀʀ ʇʈʀʅʗʊʀʗ ʋʇʈɸɺʃɽʅʏɽʉʂʀʍ 

ʈɽʐɽʅʀʁ 

 

508 

ʉʝʨʦʚ ɸ.ɸ. 

 

ɾʀɿʅɽʅʅʓʁ ʋʈʆɺɽʅʔ ʀ ʂɸʏɽʉʊɺʆ 

ɾʀɿʅʀ ɺ ʉɽɺɽʈʆɼɺʀʅʉʂɽ, ɸʅɸʃʀɿ 

ɸʂʊʋɸʃʔʅʓʍ ʇʆʂɸɿɸʊɽʃɽʁ 

 

 

511 

ʉʦʣʦʤʘʭʘ ɸ.ʅ.
 

ʕʂʆʅʆʄʀʂɸ ʅɸ ʄɸʈʉ 519 

ʉʫʨʛʠʥ ɸ.ʉ. 

 

ɸʅɸʃʀɿ ʊʆʈɻʆɺʆ-ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ 

ʉʆʊʈʋɼʅʀʏɽʉʊɺɸ ʈʆʉʉʀʀ ʀ ʉʊʈɸʅ ɽɸʕʉ 

 

521 

Tsyganova D. E.,  

Titova S. Yu. 

CHANGES IN COMPANIESô BUSINESS 

ACTIVITIES IN COVID-19 PANDEMIC 

 

528 

ʊʨʫʭʠʥʘ ɺ.ɺ.
 

 

ɿʅɸʏʀʄʓɽ ʇʈʆɹʃɽʄʓ ɻʆʉʊʀʅʀʏʅʆɻʆ 

ʍʆɿʗʁʉʊɺɸ ɺ ʆʄʉʂɽ 

 

532 

ʊʶʢʠʥʝʝʚʘ ʄ.ɸ. 

 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʄʆɼɽʃɽʁ ʀ 

ʊʀʇʆʃʆɻʀʁ ʅɽɿɸʂʆʅʅʆʁ ʃɽɻɸʃʀɿɸʎʀʀ 

ʇʈɽʉʊʋʇʅʓʍ ɼʆʍʆɼʆɺ 

 

 

536 

ʍʘʨʠʥʘ ʂ.ɸ. 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆʁ ʉʊʈʋʂʊʋʈʓ 

ʇʈɽɼʇʈʀʗʊʀʗ ɺ ʉʆɺʈɽʄɽʅʅʓʍ 

ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʋʉʃʆɺʀʗʍ 

 

 

 

543 
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ʍʦʡʥʘ ʄ.ʅ. 

 

ʅɽʆɹʍʆɼʀʄʆʉʊʔ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ 

ʉʀʉʊɽʄʓ ʅɽʄɸʊɽʈʀɸʃʔʅʆɻʆ 

ʉʊʀʄʋʃʀʈʆɺɸʅʀʗ ɺ ʆʈɻɸʅʀɿɸʎʀʀ 

 

 

547 

ʍʦʤʝʥʢʦʚʘ ɽ.ɹ. 

 

ʇʃɸʅʊɸʎʀʆʅʅʆɽ ɺʓʈɸʑʀɺɸʅʀɽ 

ʃɽʉʅʓʍ ʗɻʆɼ ʂɸʂ ʉʇʆʉʆɹ ʇʆɺʓʐɽʅʀʗ 

ʋʈʆɺʅʗ ʇʈʆɼʆɺʆʃʔʉʊɺɽʅʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɸʈʍɸʅɻɽʃʔʉʂʆʁ 

ʆɹʃɸʉʊʀ 

 

 

 

 

551 

ʉɽʂʎʀʗ 7. ʆɹʈɸɿʆɺɸʅʀɽ ʀ ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ɸʙʫʣʴʭʘʥʦʚʘ ɸ.ʌ. 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʂʆʄʄʋʅʀʂɸʊʀɺʅʓʍ 

ʂʆʄʇɽʊɽʅʎʀʁ ʆɹʋʏɸʖʑʀʍʉʗ ʅɸ 

ʋʈʆʂɸʍ ʍʀʄʀʀ 

 

 

556 

ɻʠʣɹʤʘʥʦʚʘ ʈ.ɸ. 

 

ʈʆʃʔ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʄ ʇʈʆʎɽʉʉɽ ʄʃɸɼʐʀʍ 

ʐʂʆʃʔʅʀʂʆɺ 

 

 

561 

ɽʣʘʥʦʚʘ ʂ. ʉ. 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-

ʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ 

ɺʋɿɽ 

 

 

563 

ʂʦʣʦʩʦʚʘ ɺ.ɽ. ʂʆʅʊɽʅʊ ɸʅɸʃʀɿ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʈɽʉʋʈʉʆɺ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ 

ʋʏʈɽɾɼɽʅʀʗ ʅɸ ʇʈʀʄɽʈɽ ʉʀɹʀʈʉʂʆɻʆ 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ 

ɻɽʆʉʀʉʊɽʄ ʀ ʊɽʍʅʆʃʆɻʀʁ 

 

 

 

 

567 

ʃʳʩʢʦʚʘ ʄ.ɺ. 

 

ʆʎɽʅʂɸ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɸʅɻʃʆʗɿʓʏʅʆʁ 

ɺɽʈʉʀʀ ʉɸʁʊɸ ʉɸʌʋ ʀʄɽʅʀ ʄ.ɺ. 

ʃʆʄʆʅʆʉʆɺɸ  

 

 

571 

ʄʘʩʢʘʝʚʘ ʉ.ɸ. 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɼʋʍʆɺʅʆ-

ʅʈɸɺʉʊɺɽʅʅʆɻʆ ɺʆʉʇʀʊɸʅʀʗ 

ʆɹʋʏɸʖʑʀʍʉʗ ʅɸ ʋʈʆʂɽ ʈʋʉʉʂʆʁ 

ʃʀʊɽʈɸʊʋʈʓ 

 

 

 

575 

ʆʭʨʠʤʝʥʢʦ ʀ.ɺ. ʈʆʃʔ ʇʈɸʂʊʀʂʀ ɺ ʉʊɸʅʆɺʃɽʅʀʀ 

ʉʇɽʎʀɸʃʀʉʊɸ ʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʆɻʆ 

ʇʈʆʌʀʃʗ 

 

 

581 

ʇʘʭʘʨʴ ɺ.ɺ., 

ʇʘʭʘʨʴ ɽ.ʀ., 

ʇʘʭʘʨʴ ɺ.ɸ. 
 

ʎʀʌʈʆɺʆʁ ɼʀɼɸʂʊʆʈ ʂɸʂ ɸʃɻʆʈʀʊʄ 

ʇʈɽʆɼʆʃɽʅʀʗ ʎʀʌʈʆɺʓʍ ʈɸɿʈʓɺʆɺ  

ɺ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʆʈɻɸʅʀɿɸʎʀʗʍ ʆ 

 

 

590 

ʇʝʨh ʠʥʘ ʆ.ʆ. 

 

ʂ ɺʆʇʈʆʉʋ ʆ ʈɸɿʈɸɹʆʊʂɽ ʀ ɺʅɽɼʈɽʅʀʖ ɺ 

ʋʏɽɹʅʓʁ ʇʈʆʎɽʉʉ ʀʄʀʊɸʎʀʆʅʅʆɻʆ 

ʊʈɽʅɸɾɽʈɸ çɼɽʁʉʊɺʀʗ ɼʉʇ (ɼʅʎ) ɺ 

ʅɽʉʊɸʅɼɸʈʊʅʓʍ ʉʀʊʋɸʎʀʗʍè      

 

 

 

598 
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ʈʘʪʫʥhʘʷ ʆ.ɺ. 

 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʁ ɺɽɹ-ʂɺɽʉʊ ʂɸʂ 

ʊɽʍʅʆʃʆɻʀʗ ʈɽɸʃʀɿɸʎʀʀ ʇʈʆɽʂʊʅʆʁ 

ɼɽʗʊɽʃʔʅʆʉʊʀ ʀ ʆʇʊʀʄʀɿɸʎʀʀ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ ʇʈʆʎɽʉʉɸ 

 

 

 

601 

ʉʦʣʦʚʴʝʚ ɸ.ɸ.,  

ʀʚʘʥʦʚʘ ʄ.ɸ. 

ʇɽɼɸɻʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ 

ʎʀʌʈʆɺʀɿɸʎʀʀ ɼʀʉʎʀʇʃʀʅʓ çɼɽʊɸʃʀ 

ʄɸʐʀʅ ʀ ʆʉʅʆɺʓ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀʗè 

 

 

606 

ʉʪʘʨʯʠʢʦʚʘ ɽ.ʉ. 
 

 

ʕʂʆʃʆɻʀʏɽʉʂɸʗ ʂʋʃʔʊʋʈɸ ʉʊʋɼɽʅʊʆɺ 

ɺʋɿɸ 

 

609 

ʊʨʦʰʠʥ ɼ.ʉ.,  

ʊʨʦh ʠʥʘ ʀ.ɸ.  
 

 

ɼʀɼɸʂʊʀʏɽʉʂɸʗ ʀɻʈɸ ʂɸʂ ʄɽʊʆɼ 

ʆɹʋʏɽʅʀʗ ʉʊɸʈʐʀʍ ɼʆʐʂʆʃʔʅʀʂʆɺ ʅɸ 

ɿɸʅʗʊʀʗʍ ʇʆ ʕʂʆʃʆɻʀʏɽʉʂʆʄʋ 

ɺʆʉʇʀʊɸʅʀʖ 

 

 

 

613 

ʋʩʦʚʘ ɸ.ɺ.,  

ʖʩʫʧʦʚʘ ʃ.ʉ. 

 

ʈʆʃʔ ʅɸʉʊɸɺʅʀʏɽʉʊɺɸ ɺ ʇʈʆʎɽʉʉɽ  

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʇʆɼɻʆʊʆɺʂʀ 

ʉʊʋɼɽʅʊʆɺ 

 

 

617 

ʏʝʨʥʠʢʦʚʘ ʂ.ɸ. ʆʉʆɹɽʅʅʆʉʊʀ ɺʅɽɼʈɽʅʀʗ ʀ ʈɽɸʃʀɿɸʎʀʀ 

ʂʆʄʇʃɽʂʉɸ ɻʊʆ ɺ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ 

ʆʈɻɸʅʀɿɸʎʀʗʍ 

 

 

622 

ʐʫʪʨʦʚʘ ʀ.ɺ.
 

 

ʄɽʊʆɼʀʏɽʉʂʀɽ ʇʈɸɺʀʃɸ ʉʆɿɼɸʅʀʗ  

ʀʅʌʆɻʈɸʌʀʂʀ ɼʃʗ ʋʈʆʂʆɺ 

ʄɸʊɽʄɸʊʀʂʀ ɺ ʐʂʆʃɽ 

 

 

629 

ʉɽʂʎʀʗ 8. ʉʆʎʀɸʃʔʅʆ-ʌʀʃʆʉʆʌʉʂʀɽ, 

ʀʉʊʆʈʀʏɽʉʂʀɽ ʀ ʇʆʃʀʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 
ɸʩʘʯʘʷ ɺ.ɸ.,   

ʂʘʪʮʠʥ ɺ.ɸ. 

ʇʈʆɹʃɽʄɸ ɸʅɻʃʀʁʉʂʆɻʆ ʗɿʓʂɸ ʂɸʂ 

ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ 

 

635 

ɹʘʨʤʠʥʘ ɼ.ʕ.
 

 

ɺɽʈɹɸʃʔʅɸʗ ʉɸʄʆʇʈɽɿɽʅʊɸʎʀʗ 

ɸʅɻʃʆʗɿʓʏʅʓʍ ʀʅʌʃʖɽʅʉɽʈʆɺ 

INSTAGRAM ʇʆʉʈɽɼʉʊɺʆʄ 

ʅɸʀʄɽʅʆɺɸʅʀʁ ʈɸɿɼɽʃɸ çɸʂʊʋɸʃʔʅʓɽè 

(HIGHLIGHTS) 

 

 

 

 

637 

ɹʝʣʷʥʢʠʥ ɺ.ɸ. 

 

ʇʈɽɼʉʊɸɺʃɽʅʀɽ ʌʀɿʀʏɽʉʂʀʍ ɿʅɸʅʀʁ ɺ 

ʀʅʊɽʈʅɽʊ-ʄɽʄɸʍ 

 

642 

ɼʨʦʥʦʚʘ ɽ.ɺ. ʊʈɸɻʀʏɽʉʂʀɽ ʉʊʈɸʅʀʎʓ ʀʉʊʆʈʀʀ 

ʇʈɸɺʆʉʃɸɺʀʗ ʅɸ ʃʋɻɸʅʑʀʅɽ ɺ ɯ-ʁ 

ʇʆʃʆɺʀʅɽ ʍʍ ɺɽʂɸ 

 

 

646 

ʂʣʠʤʦʚʘ ʖ. ʉ.,  

ʇʦʣʠʪʢʦʚʘ ɽ. ʉ. 

ʌɽʄʀʅʀʊʀɺʓ ɺ ʈʋʉʉʂʆʄ ʀ 

ɸʅɻʃʀʁʉʂʆʄ ʗɿʓʂɽ: 

ʉʃʆɺʆʆɹʈɸɿʆɺɸʊɽʃʔʅʓʁ ɸʉʇɽʂʊ 

 

 

651 
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ʂʦʚʘʣʝʚ ɺ. ɺ. 

 

ʇʈɸɺʆɺʆɽ ʈɽɻʋʃʀʈʆɺɸʅʀɽ ʇʆʃʆɾɽʅʀʗ 

ɺʆɽʅʅʆʇʃɽʅʅʓʍ ɺ ʄɽɾɼʋʅɸʈʆɼʅʆʄ 

ɻʋʄɸʅʀʊɸʈʅʆʄ ʇʈɸɺɽ (ʀʉʊʆʈʀʂʆ-

ʇʈɸɺʆɺʆʁ ɸʉʇɽʂʊ) 

 

 

 

656 

ʃʝʩʙʘʝʚʘ ɹ.ɸ. 
 

 

ʇɸʅɼɽʄʀʗ: ɺʓɿʆɺʓ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ 

ʉʇʆʈʊɸ ʀ ʄʀʈʆɺʆʁ ʇʆʃʀʊʀʂʀ (ʂɽʁʉ 

ʊʆʂʀʆ-20/21) PANDEMIA: CHALLENGES OF 

INTERNATIONAL SPORTS AND WORLD 

POLITICS (CASE STUDY TOKYO-20/21) 

 

 

 

 

663 

ʄʘʢʘʨʦʚʘ ɸ.ɺ.,  

ʋʟʙʝʢʦʚʘ ɸ.ʌ. 

ʆʉʆɹɽʅʅʆʉʊʀ ɸʅɻʃʀʁʉʂʆɻʆ ʗɿʓʂɸ ɺ 

ʀʅʊɽʈʅɽʊ-ʆɹʑɽʅʀʀ 

 

670 

ʄʝʣʝʥʪʴʝʚʘ ɺ.ɺ. 

 

ʇʈɸɺʆɺʆɽ ʇʆʃʆɾɽʅʀɽ ʂʈʀʇʊʆɺɸʃʖʊʓ: 

ʆʇʓʊ ʈʆʉʉʀʀ ʀ ɿɸʈʋɹɽɾʅʓʍ ʉʊʈɸʅ 

 

674 

ʄʫʢʘʥʦʚʘ ʂ.ʉ. ɺʃʀʗʅʀɽ ʇɸʅɼɽʄʀʀ ʂʆʈʆʅɸɺʀʈʋʉɸ ʅɸ 

ɼɽʗʊɽʃʔʅʆʉʊʔ ʕʂʆɸʂʊʀɺʀʉʊʆɺ ʀ 

ʕʂʆʃʆɻʀʖ  

 

 

679 

ʇʘʭʘʨʴ ɺ.ɺ. ʈʆʃʔ ʆʈɽʅɹʋʈɻʉʂʆɻʆ ʅɸʈʆɼʅʆɻʆ ʄʋɿɽʗ 

ɿɸʑʀʊʅʀʂʆɺ ʆʊɽʏɽʉʊɺɸ ʀʄɽʅʀ 

ɻɽʅɽʈɸʃɸ ʄ.ɻ. ʏɽʈʅʗɽɺɸ ɺ 

ʇɸʊʈʀʆʊʀʏɽʉʂʆʄ ɺʆʉʇʀʊɸʅʀʀ 

ɻʈɸɾɼɸʅ ʈʆʉʉʀʀ 

 

 

 

 

686 

ʉʝʤʘʥʠʥ ɽ. ɺ. ɸʅɸʃʀɿ ʉʊʀʃɽɺʓʍ ʆʉʆɹɽʅʅʆʉʊɽʁ 

ʉɸʄʆʈɽɻʋʃʗʎʀʀ ʉʊʋɼɽʅʊʆɺ 

 

690 

ʊʠʤʦʰʠʥʘ ʀ. ɸ. 

 

ʆɹʒɽɼʀʅɪʅʅʓʁ ɺʓʊɽɻʆʈʉʂʀʁ ʀ 

ɹɽʃʆʈʋʏɽʁʉʂʀʁ ʃɽʉʇʈʆʄʍʆɿʓ ɺ 1941-

1945 ɻ.ɻ. ʍʍ ɺɽʂɸ 

 

 

693 

ʊʠʭʦʥʦʚʘ ɽ.ɺ. ʆʇʓʊ ʄɽɾʄʋʅʀʎʀʇɸʃʔʅʆɻʆ 

ʉʆʊʈʋɼʅʀʏɽʉʊɺɸ ʈʆʉʉʀʀ ʀ ɻɽʈʄɸʅʀʀ ɺ 

ʇɽʈʀʆɼ ʇɸʅɼɽʄʀʀ 

 

 

696 

ʊʨʝʩʢʠʥʘ ɸ.ɸ. ʇʈɽɼʄɽʊ ɺɿʗʊʆʏʅʀʏɽʉʊɺɸ: ʉʋʑʅʆʉʊʔ ʀ 

ɺʀɼʓ 

 

700 

ʌʝʜʦʩʝʝʚʘ ɽ.ɸ. ɸʈʍɸʅɻɽʃʔʉʂɸʗ ʃʆʎɺɸʍʊɸ ɺ ɻʆɼʓ 

ɺɽʃʀʂʆʁ ʆʊɽʏɽʉʊɺɽʅʅʆʁ ɺʆʁʅʓ  

 

706 

ʍʣʶʙʢʦ ɼ.ɸ. 

 

ʄʗɻʂɸʗ ʉʀʃɸ ʖɾʅʆʁ ʂʆʈɽʀ ʂɸʂ 

çʉʈɽɼʅɽʁ ɼɽʈɾɸɺʓè ɺ ʂʆʅʊɽʂʉʊɽ 

ʋʈɽɻʋʃʀʈʆɺɸʅʀʗ ʂʆʈɽʁʉʂʆɻʆ ɺʆʇʈʆʉɸ 

 

 

709 

ʏʝʣʦʛʘʝʚʘ ɸ.ʉ. 

 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʂʆʈʈʋʇʎʀʗ: ʉʋʑʅʆʉʊʔ 

ʀ ʉʇʆʉʆɹʓ ɹʆʈʔɹʓ 

 

713 

ʏʝʨʥʦʙʘʡ ɸ.ɹ. 

 

ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʄʆʃʆɼɽɾʀ ʆ 

ʉʆʎʀɸʃʔʅʆʄ ʅɽʈɸɺɽʅʉʊɺɽ ʀ ʌʆʈʄɸʍ 

ɽɻʆ ʇʈʆʗɺʃɽʅʀʗ ɺ ʉʆɺʈɽʄɽʅʅʆʁ 

ɼɽʁʉʊɺʀʊɽʃʔʅʆʉʊʀ 

 

 

 

719 
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ʏʝʨʥʦʙʘʡ ɸ.ɹ. 

 

ʆɹ ʆʉʆɹɽʅʅʆʉʊʗʍ ʋʏɸʉʊʀʗ ʄʆʃʆɼɪɾʀ 

ɺ ʇʆʃʀʊʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉɸʍ 

 

727 

ʏʝʨʥʦʙʘʡ ɸ.ɹ., 

ɿʚʝʨʝʚʘ ɸ.ɸ., 

ʑʝʨʙʠʥʠʥʘ
 
ʖ.ʉ. 

ɸʅɸʃʀɿ ʆʊʅʆʐɽʅʀʗ ʇʈɽɼʉʊɸɺʀʊɽʃɽʁ 

ʄʆʃʆɼɪɾʀ ʂ ɺɽɻɽʊɸʈʀɸʅʉʂʆʄʋ 

ʇʀʊɸʅʀʖ 

 

 

734 

ʐʠʧʫʣʷ ʊ.ɺ. ʆɹ ʆʊʅʆʐɽʅʀʀ ʋʏɸʑɽʁʉʗ ʄʆʃʆɼɽɾʀ ʂ 

ʕʂʆʃʆɻʀʏɽʉʂʀʄ ʇʈʆɹʃɽʄɸʄ 

 

739 

ʉɽʂʎʀʗ 9. ʇɽʈɺʓɽ ʐɸɻʀ ɺ ʅɸʋʂɽ 

ɹʘʢʫʥʦʚʠʯ ʊ.,  

ɼʴʷʯʢʦʚʘ ɺ., 

ʉʘʣʷʚʠʥ ɽ., 

ʖʨʳʰʝʚ ɼ.  

ʊʋʈɹʆʅɸɼɼʋɺ 

 

 

 

 

 

743 

ɹʦʨʠʩʦʚʘ ɽ.ɺ.,  

ʉʝʤʝʨʴʷʥʦʚ ɻ.ʆ. 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ EXCEL-ʊɸɹʃʀʎ ɼʃʗ 

ʆɹʈɸɹʆʊʂʀ ʄɸʉʉʀɺɸ ʇɽʈɺʀʏʅʓʍ 

ʕʂʉʇɽʈɽʄɽʅʊɸʃʔʅʓʍ ɼɸʅʅʓʍ 

ʉɽʃɽʂʎʀʆʅʅʆ-ʉɽʄɽʅʆɺʆɼʏɽʉʂʆʁ 

ʂʆʄʇɸʅʀʀ ʉʀɹɸɻʈʆʎɽʅʊʈ 

 

 

 

 

744 

ɺʘʛʠʥʘ ʂ.ʀ., 

ʄʘʢʝʝʚʘ ʊ.ʀ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅɺɽʂʊʀɺʅʆʁ ʀ 

ʀʅʌʈɸʂʈɸʉʅʆʁ ʉʋʐʂʀ ʅɸ ʇʈʀʄɽʈɽ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʉʋʐɽʅʆʁ ʄʀʂʈʆɿɽʃɽʅʀ 

 

 

746 

ɼʦʨʦʬʝʝʚ ɼ.,  

ʂʘʟʘʥʮʝʚʘ ɸ. 

ʈɸɿʈɸɹʆʊʂɸ ɸʕʂ 

 

 

751 

ɼʴʷʢʦʚʘ ʉ.ɼ. 

 

ʇʈʀʄɽʅɽʅʀɽ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ 

ʄɽʊʆɼʆɺ ʇʈʀ ʈɽʐɽʅʀʀ ʍʀʄʀʏɽʉʂʀʍ 

ɿɸɼɸʏ 

 

 

752 

ʂʦʟʣʦʚ ɼ.ʖ.
 

 

ʈɸɿʈɸɹʆʊʂɸ WEB-ʉɸʁʊɸ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʂʆʅʉʊʈʋʂʊʆʈʆɺ  

 

757 

ʄʠʪʨʦʧʦʣʴʩʢʘʷ ʉ.ɸ.,  

ʈʘʷ ɼ.ɸ. 

ɻɽɼʆʅʀʉʊʀʏɽʉʂʀʁ ʀʄʇɽʈɸʊʀɺ ʂɸʂ 

ɺʆɿʄʆɾʅʆʉʊʔ ʏɽʃʆɺɽʏɽʉʊɺɸ 

ʃʀʐʀʊʔʉʗ ʉʊʈɸɼɸʅʀʁ 

 

 

766 

ʇʝʨʤʷʢʦʚ ɼ.ɺ.,
 

ʋʪʨʦʙʠʥ ɺ.ʖ. 

 

ɸʅɸʃʀɿ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 

ɹɽʉʇʀʃʆʊʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ ɺ ʄɸʃʆʄ 

ɻʆʈʆɼɽ 

 

 

770 

ʇʦʛʘʜʘʝʚ ɼ.ɼ.,  

ʇʦʣʪʦʨʘʮʢʘʷ ɺ.ʉ.,  

ʉʘ̫ʨʦʚʘ ʄ.ʄ. 

ʄʆʃɽʂʋʃʗʈʅɸʗ ʂʋʍʅʗ 
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ʉʪʘʥʦʚʦʡ ɺ. ʀɿɻʆʊʆɺʃɽʅʀɽ ʇʆʈʊɸʊʀɺʅʆɻʆ 

ɿɸʈʗɼʅʆɻʆ ʋʉʊʈʆʁʉʊɺɸ 

 

777 

ʌʠʣʴ ɽ.ʉ.
 

 

ʌʀɿʀʏɽʉʂʀɽ ʀ ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʊɽʅʅɽʉʉʀʅɸ 
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             ʇʈɽɼʀʉʃʆɺʀɽ           

 

ɺ ʩʙʦʨʥʠʢʝ ʚʥʠʤʘʥʠʶ ʯʠʪʘʪʝʣʝʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ XXI II ɺʩʝʨʦʩ-

ʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥ-

ʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʇʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝè, ʧʦʩʚʷʱʝʥʥʦʡ 75-ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ 

ʈʫʙʮʦʚʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʭʦʜʠʣʘ 23-24 ʘʧʨʝʣʷ 

2021 ʛʦʜʘ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ɻʦʜʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʚʦʟʛʣʘʰʸʥʥʦʛʦ 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʂʦʥʬʝʨʝʥʮʠʠ ï ʚʦʚʣʝʯʝʥʠʝ ʚ ʥʘʫʢʫ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʤʦʣʦʜʸʞʠ, ʧʨʦʙʫʞʜʝʥʠʝ ʫ ʥʝʸ ʠʥʪʝʨʝʩʘ ʢ ʥʦʚʳʤ ʥʘʫʯʥʳʤ ʟʥʘʥʠʷʤ, ʚʳʭʦʜʷʱʠʤ 

ʟʘ ʨʘʤʢʠ ʦʩʥʦʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʈʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʟʚʦʣʠʣ ʝʸ ʫʯʘʩʪʥʠʢʘʤ ʦʙʩʫʜʠʪʴ ʩʘʤʳʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʢʪʫ-

ʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ. ʈʘʙʦʪʘ ʂʦʥʬʝʨʝʥʮʠʠ ʩʪʨʦʠʣʘʩʴ 

ʥʘ ʧʨʠʥʮʠʧʝ ʩʝʢʮʠʦʥʥʳʭ ʟʘʩʝʜʘʥʠʡ ʩ ʚʳʜʝʣʝʥʠʝʤ 9 ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʝʢʮʠʡ: 

I: ʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ.  

II : ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

III: ʊʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʵʢʦʣʦʛʠʷ.  

IV: ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘ.  

V: ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʠ.  

VI : ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ.  

VII : ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

VIII : ɻʫʤʘʥʠʪʘʨʥʳʝ, ʩʦʮʠʘʣʴʥʦ-ʬʠʣʦʩʦʬʩʢʠʝ, ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʧʦʣʠʪʠʯʝ-

ʩʢʠʝ ʥʘʫʢʠ.  

IX: ʇʝʨʚʳʝ ʰʘʛʠ ʚ ʥʘʫʢʝ. 

ʐʠʨʦʢʘʷ ʪʝʤʘʪʠʢʘ ʦʙʝʩʧʝʯʠʣʘ ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ ʧʣʦʱʘʜʢʠ, ʛʜʝ ʤʦʞʥʦ 

ʙʳʣʦ ʧʨʦʷʚʠʪʴ ʩʝʙʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʙʣʝʩʥʫʪʴ 

ʢʨʫʛʦʟʦʨʦʤ ʠ ʵʨʫʜʠʮʠʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʳ ʚʳʨʘʞʘʶʪ ʨʘʟʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ 

ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ, ʘʢʮʝʥʪʠʨʫʷ ʧʨʠ ʵʪʦʤ ʚʥʠʤʘʥʠʝ ʥʘ ʘʚʪʦʨʩʢʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʩʧʝʢʪʘ, ʥʶʘʥʩʘ, ʧʦʜʭʦʜʘ. ɺʘʞʥʦ ʪʦ, ʯʪʦ ʚʩʝ ʤʘ-

ʪʝʨʠʘʣʳ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʨʘʟʤʳʰʣʝʥʠʡ ʥʘʯʠʥʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʦʙʫʶ-

ʱʠʭ ʩʚʦʠ ʩʠʣʳ ʚ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʚʩʝʭ ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʦʙʣʝ-

ʤʘʤʠ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ.  

 

ʉ ʫʚʘʞʝʥʠʝʤ, ʨʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ. 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʂɸ ʀ ʀʅʌʆʈʄɸʊʀʂɸ 
ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʘʷ 

ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

 

 

ʋɼʂ 004.8 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ï ɼʆɹʈʆ ʀʃʀ ɿʃʆ? 

ʀ.ɺ. ɹʠʨʢʦ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  ʀ.ʌ. ʉʫʭʠʥʘ 

ʂɻɹʇʆʋ çʈʫʙʮʦʚʩʢʠʡ ʘʛʨʘʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʝʭʥʠʢʫʤè  
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ: ʯʝʣʦʚʝʯʝʩʪʚʦ ʙʫʜʝʤ ʫʧʨʘʚʣʷʪʴ ʢʦʤʧʴʶʪʝʨʘ-

ʤʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʠʣʠ ʨʘʟʫʤʥʳʝ ʤʘʰʠʥʳ ʥʘʤʠ. ʅʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʛʫʪ ʦʪʚʝʪʠʪʴ 

ʪʦʣʴʢʦ ʦʧʳʪʥʳʝ ʵʢʩʧʝʨʪʳ. ɸ ʦʥʠ ʜʦ ʩʠʭ ʧʦʨ ʩʧʦʨʷʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ ʯʝʣʦʚʝʢʘ ʠʣʠ ʤʘʰʠʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʀʀ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʛʣʫʙʦʢʘ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʘ ʧʨʦʙʣʝʤʘ ʩʦ-

ʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʀʀ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʨʘʟʫʤ, ʫʛʨʦʟʘ ʯʝʣʦʚʝ-

ʯʝʩʪʚʫ, ʧʨʦʙʣʝʤʘ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

 

Cʣʦʚʫ çʨʦʙʦʪè ʨʦʚʥʦ ʩʪʦ ʣʝʪ. ʇʨʠʜʫʤʘʣ ʝʛʦ ʯʝʰʩʢʠʡ ʧʠʩʘʪʝʣʴ ʂʘʨʝʣ 

ʏʘʧʝʢ. ʀʟʥʘʯʘʣʴʥʦ ʩʣʦʚʦ ʦʙʦʟʥʘʯʘʣʦ ʨʘʙʦʪʫ. ɻʝʨʦʡ ʧʴʝʩʳ çʈ. ʋ. ʈ.è ʫʯʸʥʳʡ 

ʈʦʩʩʫʤ ʠʟʦʙʨʸʣ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʣʶʜʝʡ. ɺʩʢʦʨʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʳʣʦ ʧʦʩʪʘʚʣʝ-

ʥʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʝʣʴʩʳ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʣʶʜʠ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʤʦʛʘʪʴ ʯʝ-

ʣʦʚʝʢʫ ʚʦ ʚʩʸʤ [1].  

ɼʘʞʝ ʩʧʫʩʪʷ ʦʜʠʥ ʚʝʢ ʠʜʝʷ ʩʦʟʜʘʥʠʷ çʠʩʢʫʩʩʪʚʝʥʥʳʭè ʣʶʜʝʡ ʥʝ ʠʟʤʝʥʠ-

ʣʘʩʴ: ʧʫʩʪʴ ʨʦʙʦʪʳ ʦʩʪʘʥʫʪʩʷ  ʧʦʤʦʱʥʠʢʘʤʠ ʠ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʣʶʜʝʡ ʧʦ ʨʘʟʫ-

ʤʫ. 

ʋʤʠʨʦʪʚʦʨʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʨʘʟʫʤʫ ʚʟʦʨʚʘʣ ʬʠʣʴʤ 

çʊʝʨʤʠʥʘʪʦʨè, ʚ ʢʦʪʦʨʦʤ ʚʦʩʩʪʘʥʠʝ ʤʘʰʠʥ ʠʟʤʝʥʠʣʦ ʩʦʟʥʘʥʠʝ ʣʶʜʝʡ ʨʘʟ ʠ 

ʥʘʚʩʝʛʜʘ. ɺ XXI  ʚʝʢʝ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʦʬʠʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ  ʠ ʠʥʪʝʨ-

ʚʴʶ ʠʟʚʝʩʪʥʳʭ ʣʶʜʝʡ ʧʦ ʧʨʦʙʣʝʤʝ, ʧʦʩʚʷʱʝʥʥʦʡ  ʫʛʨʦʟʝ ʫʜʘʨʘ ʤʘʰʠʥ ʧʦ ʩʚʦʠʤ 

ʪʚʦʨʮʘʤ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʧʨʦʙʣʝʤʝ: ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʨʝʘʣʴʥʘʷ ʦʧʘʩ-

ʥʦʩʪʴ  ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʪʠʪ ʨʦʙʦʪʘ ʠʟ 

ʙʣʠʞʘʡʰʝʛʦ ʧʦʤʦʱʥʠʢʘ ʚʦ ʚʨʘʛʘ.  

ʆʩʥʦʚʘ ʧʨʦʝʢʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ, ʦʙʦʱʝʥʠʠ,  ʜʝʜʫʢʪʠʚʥʦʤ ʤʝʪʦʜʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʟʷʪʦʡ ʠʟ ʦʪʢʨʳʪʳʭ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ.  

ʀʟʫʯʝʥʠʝ ʵʪʦʛʦ  ʚʦʧʨʦʩʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʥʷʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʤʦʣʦʜʦ. ɸʚʪʦʨ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ɼʞʦʥ ʄʘʢʢʘʨʪʠ  ʚ 1956 ʛʦʜʫ ʫʢʘʟʘʣ, 

ʯʪʦ çʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʢʘ ʤʳ ʥʝ ʤʦʞʝʤ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʤʳ ʭʦʪʠʤ ʥʘʟʳʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ʄʳ ʧʦ-

ʥʠʤʘʝʤ ʥʝʢʦʪʦʨʳʝ ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʣʣʝʢʪʘ ʠ ʥʝ ʧʦʥʠʤʘʝʤ ʦʩʪʘʣʴʥʳʝ. ʇʦʵʪʦʤʫ 

ʧʦʜ ʠʥʪʝʣʣʝʢʪʦʤ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʥʘʫʢʠ ʧʦʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʩʪʠʛʘʪʴ ʮʝʣʝʡ ʚ ʤʠʨʝè[2]. 

https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%82%D0%20%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82#cite_note-macarti-2
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ʇʦʣʦʞʝʥʠʝ ʩ 1956 ʛʦʜʘ ʥʝ ʠʟʤʝʥʠʣʦʩʴ: ʨʘʟʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ ʢʘʞʜʳʡ ʧʦ-ʩʚʦʝʤʫ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʵʪʦ ʧʦʥʷʪʠʝ. 

ʀ ʨʝʯʴ ʩʝʛʦʜʥʷ ʠʜʝʪ ʙʦʣʴʰʝ ʦʙ  çʫʩʝʯʝʥʥʦʤè ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʨʘʟʫʤʝ. ʕʪʦ 

ʠʥʪʝʣʣʝʢʪ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʝʨʝʥʝʩʝʥʥʳʡ ʚ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʨʘʟʫʤ ʥʝ ʟʘʤʝʥʠʤ ʜʣʷ  ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ, 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʫʩʪʨʘʥʝʥʠʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʂʦʤʧʴʶʪʝʨʳ ʠ ʨʦʙʦʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, 

ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʫʪʠʥʥʳʤʠ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʜʝʡʩʪʚʠʷʤʠ ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ 

ʯʝʣʦʚʝʢʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʶʜʝʡ ʨʦʙʦʪʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 24 ʯʘʩʘ ʚ 

ʩʫʪʢʠ, 7 ʜʥʝʡ ʚ ʥʝʜʝʣʶ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʩʜʝʣʘʣʘ ʵʪʠ ʤʘʰʠʥʳ ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʨʘʙʦʪʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʩʬʝʨʳ. ʈʦʙʦʪʳ ʩʧʦʩʦʙʥʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʩʝʨʴʸʟʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ [3]. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʩʧʦʩʦʙʥʳʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ 

ʜʘʥʥʳʭ ʦʙ ʫʛʨʦʟʘʭ, ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪ ʧʦʜʭʦʜ ʢ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʫʞʙ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʠʩʧʳʪʳʚʘʶʱʠʭ ʥʝʜʦʩʪʘʪʦʢ ʨʝʩʫʨʩʦʚ 

ʇʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʤʘʰʠʥʦʡ, ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʳʜʫʱʠʭ 

ʟʘʧʠʩʷʭ ʜʘʥʥʳʭ ʠ ʥʘʙʦʨʝ ʘʣʛʦʨʠʪʤʦʚ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʫʤʝʥʴʰʘʝʪʩʷ.  

ʇʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʵʤʦʮʠʡ ʤʘʰʠʥʳ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʀʥʪʝʛʨʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʀ ʚ ʩʝʢʪʦʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ 

ʣʦʞʥʦʛʦ ʜʠʘʛʥʦʟʘ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʫʷʟʚʠʤʘ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʰʠʥʳ, ʦʩʥʘʱʝʥʥʳʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʅʘʧʨʠʤʝʨ: ʫʯʝʥʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʣʦʞʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʥʘ ʦʢʝʘʥʘ, ʛʜʝ 

ʚʳʞʠʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʥʳʤ. ʕʪʦ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʀʀ ʧʦʤʦʛʘʝʪ ʧʨʝʦʜʦʣʝʪʴ.  

ʄʳ ʩʦʚʝʨʰʝʥʩʪʚʫʝʤ ʤʘʰʠʥʳ. ʅʦ, ʛʜʝ ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʠ, 

ʛʣʘʚʥʦʝ, ʛʜʝ ʯʝʨʪʘ, ʢʦʪʦʨʘʷ ʦʪʜʝʣʷʝʪ ʜʨʫʟʝʡ-çʨʦʙʦʪʦʚè ʦʪ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʨʘʟʫʤʘ? 

ɸʥʘʣʠʟ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʦʧʘʩʥʦʩʪʠ ʀʀ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. 

1. ʀʀ ʤʦʞʝʪ   ʩʦʟʥʘʪʝʣʴʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʥʘ ʚʨʘʞʜʝʙʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, 

ʚʦʝʥʥʳʤʠ ʠʣʠ ʪʝʨʨʦʨʠʩʪʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʩʪʫʧʥʳʭ ʮʝʣʝʡ; 

2. ɸ ʯʪʦ ʙʫʜʝʪ, ʝʩʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʨʝʰʠʪ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʩʧʦʩʦʙ ʜʦʩʪʠʯʴ ʮʝʣʠ - ʵʪʦ ʫʥʠʯʪʦʞʠʪʴ ʚʩʝʭ ʣʶʜʝʡ? ɺʨʘʞʜʝʙʥʦʩʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ 

ʮʝʣʝʡ ʩʘʤʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ.  

http://www.dsnews.ua/future/da-vinchi-so-skalpelem-top-5-robotov-hirurgov-i-medsestra-16092014131500
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3. ʀʀ ʥʝʙʝʟʛʨʝʰʝʥ, ʝʩʣʠ ʦʥ ʨʘʙʦʪʘʝʪ ʩ ʥʝʧʦʣʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʦʞʝʪ 

ʦʰʠʙʠʪʴʩʷ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʯʝʣʦʚʝʢ. ʆʰʠʙʦʢ ʪʘʢʦʛʦ ʨʦʜʘ ʠʟʙʝʞʘʪʴ 

ʥʝʚʦʟʤʦʞʥʦ, ʢʘʢ ʥʝʚʦʟʤʦʞʥʦ ʠ ʟʥʘʪʴ ʚʩʝ ʥʘ ʩʚʝʪʝ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʀʀ 

ʩʧʦʩʦʙʝʥ ʫʯʠʪʴʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ, ʜʘʥʥʳʡ ʨʠʩʢ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʦʧʘʩʥʳʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʦʰʠʙʢʠ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʩʥʠʞʘʪʴʩʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʀʀ. 

4. ɹʦʣʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘ ʩʦʩʪʦʠʪ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʪʘʢʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʧʨʝʚʟʦʡʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʣʣʝʢʪʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ. 

5. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʤʥʝʝ 

ʣʶʙʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ɿʝʤʣʝ, ʣʶʜʷʤ ʩʪʘʥʝʪ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʧʦʥʷʪʴ ʝʛʦ. 

ʆʥ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʫʣʫʯʰʘʪʴ ʩʝʙʷ ʩ ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺʦʟʤʦʞʥʦʩʪʠ ʀʀ 

ʩʪʘʥʫʪ ʧʦʠʩʪʠʥʝ ʙʝʩʢʦʥʝʯʥʳʤʠ [4]. 

ʀ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʚʩʝ ʙʦʣʴʰʝ ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ 

ʩʦʛʣʘʰʘʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʣʶʜʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʩʦʟʜʘʜʫʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʢʦʪʦʨʳʡ ʩʪʘʥʝʪ ʫʤʥʝʝ ʠʭ. 

ɸʩʪʨʦʬʠʟʠʢ ʉʪʠʚʝʥ ʍʦʢʠʥʛ ʧʨʝʜʫʧʨʝʞʜʘʣ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ 2014 ʛʦʜʫ: 

çʋʩʧʝʰʥʦʝ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʘʥʝʪ ʩʘʤʳʤ ʙʦʣʴʰʠʤ 

ʩʦʙʳʪʠʝʤ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʥʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʩʣʝʜʥʠʤ, ʝʩʣʠ ʤʳ ʥʝ ʥʘʫʯʠʤʩʷ ʠʟʙʝʛʘʪʴ ʨʠʩʢʦʚè. ʆʥ ʩʯʠʪʘʣ, ʯʪʦ 

ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʦʩʪʘʥʦʚʠʪʴ ʤʘʰʠʥʳ ʩ 

ʥʝʯʝʣʦʚʝʯʝʩʢʠʤ ʠʥʪʝʣʣʝʢʪʦʤ ʦʪ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ.  

ɺ ʠʶʣʝ 2020 ʛʦʜʘ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ, ʠʥʞʝʥʝʨ ʠ ʤʠʣʣʠʘʨʜʝʨ, 

ʀʣʦʥ ʄʘʩʢ ʚ ʠʥʪʝʨʚʴʶ The New York Times ʟʘʷʚʠʣ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʦʧʘʩʥʦʩʪʴʶ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. çʆʰʠʙʢʘ 

ʫʤʥʳʭ ʣʶʜʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʫʧʫʩʢʘʶʪ ʠʟ ʚʠʜʫ ʪʦ, ʯʪʦ ʢʦʤʧʴʶʪʝʨ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ ʤʝʥʝʝ ʫʤʥʳʤ, ʯʝʤ ʦʥʠ, - ʛʦʚʦʨʠʪ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ. ï ʕʪʦ 

ʛʦʨʜʳʥʷ ʠ ʦʯʝʚʠʜʥʘʷ ʦʰʠʙʢʘè. 

ʈʘʥʝʝ ʄʘʩʢ ʫʞʝ ʧʨʝʜʩʢʘʟʳʚʘʣ ʦʧʘʩʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɺʳʩʪʫʧʘʷ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʚ 2014 ʛʦʜʫ, ʦʥ 

ʙʫʢʚʘʣʴʥʦ ʩʨʘʚʥʠʚʘʣ ʀʀ ʩ ʜʝʤʦʥʦʤ: çʀʩʧʦʣʴʟʫʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʳ 

ʧʨʠʟʳʚʘʝʤ ʜʝʤʦʥʘ. ɺʦ ʚʩʝʭ ʠʩʪʦʨʠʷʭ ʦ ʧʘʨʥʝ ʩ ʧʝʥʪʘʛʨʘʤʤʦʡ ʠ ʩʚʷʪʦʡ ʚʦʜʦʡ 

ʵʪʦʪ ʧʘʨʝʥʴ ʫʚʝʨʝʥ, ʯʪʦ ʩʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʝʤʦʥʘ. ʅʦ ʧʦʢʘ ʫ ʥʝʛʦ ʥʠʯʝʛʦ 

ʥʝ ʚʳʭʦʜʠʣʦè. 

ʄʘʩʢ ʩʯʠʪʘʝʪ, ʯʪʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʤʘʰʠʥʳ ʤʦʛʫʪ ʧʨʝʚʟʦʡʪʠ ʯʝʣʦʚʝʢʘ, ʠ 

ʩʠʪʫʘʮʠʷ ʩʪʘʥʝʪ ʥʝʩʪʘʙʠʣʴʥʦʡ, ʝʩʣʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ 

ʧʦʣʥʫʶ ʩʚʦʙʦʜʫ [5]. 

ɺ ʈʦʩʩʠʠ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʤʥʝʥʠʷ ʙʦʣʝʝ ʦʧʪʠʤʠʩʪʠʯʥʳ. 
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ɺʣʘʜʠʤʠʨ ʇʫʪʠʥ ʚ ʨʝʞʠʤʝ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʚ ʦʩʥʦʚʥʦʡ ʜʠʩʢʫʩʩʠʠ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ Artificial Intelligence Journey (AI 

Journey 2020) ʚ ʢʦʥʮʝ 2020 ʛʦʜʘ  ʥʘ ʪʝʤʫ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʛʣʘʚʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ XXI ʚʝʢʘè ʚʳʨʘʟʠʣ ʩʣʝʜʫʶʱʝʝ ʤʥʝʥʠʝ: çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʥʠʢʦʛʜʘ ʥʝ ʟʘʤʝʥʠʪ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʷ ʠ ʩʢʘʟʘʣ, ʯʪʦ, ʜʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʙʫʜʝʪ, ʤʘʰʠʥʳ ʙʫʜʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʝʣʦʚʝʢʘ, ʥʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠ ʥʦʚʳʝ. 

ʅʦ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʠ ʤʘʰʠʥʳè.  

ɻʣʘʚʘ ʉʙʝʨʙʘʥʢʘ ɻʝʨʤʘʥ ɻʨʝʬ, ʚʳʩʪʫʧʘʷ ʥʘ ɻʘʡʜʘʨʦʚʩʢʦʤ ʬʦʨʫʤʝ ʚ ʷʥʚʘʨʝ 

2021 ʛʦʜʘ, ʟʘʷʚʠʣ: çʏʝʣʦʚʝʢʫ ʩʦʨʝʚʥʦʚʘʪʴʩʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʝʤʘ ʟʥʘʥʠʡ ʥʝʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʝ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠè [6]. 

ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʀʥʩʪʠʪʫʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʝʜʠʮʠʥʝ ʌʀʎ ʀʋ ʈɸʅ, ɹʦʨʠʩ ʂʦʙʨʠʥʩʢʠʡ ʥʘ ʚʦʧʨʦʩ 

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ çʂʦʤʤʝʨʩʘʥʪʘè, çʂʘʢʦʚʳ ʚʦʦʙʱʝ ʢʦʛʥʠʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʙʫʜʫʪ ʣʠ ʦʥʠ ʢʦʛʜʘ-ʥʠʙʫʜʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ?è, ʦʪʚʝʪʠʣ, ʯʪʦ: çɺʟʚʝʰʝʥʥʘʷ ʦʮʝʥʢʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʝ ʩʤʦʞʝʪ ʩʨʘʚʥʠʪʴʩʷ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʚ ʠʟʦʙʨʝʪʝʥʠʠ ʥʦʚʦʛʦ. ʄʳ ʥʝ ʟʥʘʝʤ, ʢʘʢ ʯʝʣʦʚʝʢ ʠʟʦʙʨʝʣ ʢʦʣʝʩʦ, ʘʥʘʣʦʛʦʚ 

ʢʦʪʦʨʦʛʦ ʚ ʧʨʠʨʦʜʝ ʥʝʪ. ʂʘʢ ʦʙʫʯʠʪʴ ʧʦʜʦʙʥʦʤʫ ʀʀ? ʅʦʚʦʝ ʟʥʘʥʠʝ ʚʦʟʥʠʢʘʝʪ ʚ 

ʤʦʟʛʝ ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ [7]è. 

ʄʥʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʥʦ ʚʩʝ ʩʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ: ʥʫʞʥʦ ʛʦʪʦʚʠʪʴʩʷ ʢ 

ʭʫʜʰʝʤʫ ʩʮʝʥʘʨʠʶ. 

ʆ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘ ʛʦʚʦʨʠʪ ʪʦ, 

ʯʪʦ ʚ 2020 ʛʦʜʫ ɻʝʥʝʨʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ 

ʧʦ ʚʦʧʨʦʩʘʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳ (ʖʅɽʉʂʆ) ʚ ʭʦʜʝ ʩʚʦʝʡ 40-ʡ 

ʩʝʩʩʠʠ, ʧʨʦʭʦʜʠʚʰʝʡ ʚ ʇʘʨʠʞʝ, ʚʳʨʘʙʦʪʘʣʘ ʧʝʨʚʳʡ ʧʨʦʝʢʪ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʙ 

ʵʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [8].  

ʈʘʙʦʪʘ ʥʘʜ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʦʚʝʜʝʥʥʦʤ ɺʩʝʤʠʨʥʦʡ ʢʦʤʠʩʩʠʝʡ ʖʅɽʉʂʆ ʧʦ ʵʪʠʢʝ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʡ (ʂʆʄɽʉʊ). ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʠ ʦʜʠʥ ʛʣʦʙʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʯʝʣʦʚʝʢʘ. 

ʇʨʦʨʘʙʦʪʢʘ ʨʫʢʦʚʦʜʩʪʚʘ ʯʝʣʦʚʝʯʝʩʪʚʫ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ ʠ ʚ 2021 ʛʦʜʫ, ʪ. 

ʢ. ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʦʝʢʪʳ ʥʠʢʦʛʦ ʥʝ ʫʩʪʨʦʠʣʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʤʥʦʛʦʛʨʘʥʥʦʩʪʠ  ʠ ʩʣʦʞʥʦʩʪʠ ʪʝʤʳ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʯʝʣʦʚʝʯʝʩʪʚʦ ʦʩʪʘʥʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʩʠʣʦʡ ʥʘ ʟʝʤʣʝ, ʥʦ ʧʝʨʩʧʝʢʪʠʚʘ ʪʫʤʘʥʥʘ. 

ɺʦʧʨʦʩ ʦ ʚʨʘʞʜʝʙʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, ʪ.ʢ. ʤʳ ʚ 

ʥʘʯʘʣʝ ʧʫʪʠ ʦʩʦʟʥʘʥʠʷ ʧʨʦʙʣʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʩʮʝʥʘʨʠʡ çʊʝʨʤʠʥʘʪʦʨʘè ʥʝ ʩʪʘʣ ʨʝʘʣʴʥʦʩʪʴʶ.  
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The article is devoted to the question: will humanity control computers in the near future or 

intelligent machines by us. Only experienced experts can answer this question. And they still argue 

about the superiority of man or machine. AI research shows how deep and controversial the prob-

lem of creating and using artificial intelligence is. 

Keywords: artificial intelligence, AI, artificial intelligence, threat to humanity, the problem of 

humanity. 

 

ʋɼʂ 004.91 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʅʅʆɻʆ ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊɸ  

ɺ ɺʋɿɽ 

Ȭ.ȱ. ȭɚɍɜɚɎɌ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥ-

ʪʦʦʙʦʨʦʪʘ ʚ ʚʫʟʝ. ʆʧʠʩʳʚʘʶʪʩʷ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʨʠʚʝʜʝʥʳ ʧʨʦʙʣʝʤʳ ʧʝʨʝʭʦʜʘ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʫ ʠ ʧʫʪʠ ʠʭ ʨʝ-

ʰʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʉʕɼ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫ-

ʤʝʥʪʦʦʙʦʨʦʪ, Python, Django, MySQL. 

 

ɺʚʝʜʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʨʝʜʩʪʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʙʫʤʘʞʥʦ-

ʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-

ʨʦʪʘ (ʉʕɼ). ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʚʨʝʤʷ ʧʦʠʩʢʘ 

ʥʫʞʥʳʭ ʜʘʥʥʳʭ. 
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ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʝʝ: 

- ʈʝʘʣʠʟʦʚʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, 

ʧʨʠʯʝʤ ʩ ʛʠʙʢʠʤ ʨʘʟʛʨʘʥʠʯʝʥʠʝʤ ʧʨʘʚ ʜʦʩʪʫʧʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʝʡ;  

- ɿʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ ʩʦʪʨʫʜʥʠʢʦʚ; 

- ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʝ ʠ ʥʘʜʝʞʥʦʝ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [2, c. 395-396].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-

ʨʦʪʘ. 

ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝ-

ʣʠ: ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʦʧʠʩʘʪʴ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʠ ʜʘʪʘʣʦʛʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʠ-

ʤʝʨʝ. 

ʇʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʫ 

ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʤʘʞʥʳʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. ʆʜʥʘʢʦ, ʧʨʠ ʠʭ ʚʥʝʜʨʝʥʠʠ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

1. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʣʦʞʥʦʩʪʠ. ɺʦʟʥʠʢʘʶʪ ʧʨʠ ʩʣʘʙʦʡ ʧʦʜʛʦʪʦʚʣʝʥ-

ʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ 

ʧʦʷʚʣʝʥʠʶ ʦʰʠʙʦʢ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʡ. ʕʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʝʞʝʣʘʥʠʠ ʩʦʪʨʫʜʥʠ-

ʢʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

2. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ. ʇʦʢʫʧʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʥʘ ʢʦʪʦʨʳʝ ʨʫʢʦʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʚʩʝ-

ʛʜʘ ʛʦʪʦʚʦ ʩʦʛʣʘʩʠʪʴʩʷ. ʇʨʠ ʵʪʦʤ, ʦʢʫʧʘʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʟʘʥʷʪʴ ʜʦʚʦʣʴʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

3. ʊʝʭʥʠʯʝʩʢʠʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʩʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʛʦʪʦʚʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʧʝʨʝʡʪʠ ʢ ʨʘ-

ʙʦʪʝ ʧʦ ʥʦʚʳʤ ʧʨʠʥʮʠʧʘʤ. ɽʩʣʠ ʚʥʝʜʨʷʝʤʳʡ ʧʨʦʜʫʢʪ ʦʢʘʞʝʪʩʷ ʩʣʠʰʢʦʤ ʩʣʦ-

ʞʝʥ ʠ ʥʝʧʨʠʚʳʯʝʥ, ʪʦ ʥʝ ʩʪʦʠʪ ʞʜʘʪʴ ʦʪ ʥʝʛʦ ʭʦʨʦʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʧʝʨʚʳʭ ʧʦʨʘʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʧʨʘʚʠʪʴʩʷ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ, ʨʫʢʦʚʦʜ-

ʩʪʚʫ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ, ʘ ʪʘʢ-

ʞʝ ʧʨʦʚʝʩʪʠ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʙʦʪʝ ʩ ʵʪʦʡ ʩʠʩʪʝʤʦʡ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʛʦ-

ʪʦʚʫʶ ʩʠʩʪʝʤʫ, ʯʝʤ ʩʦʟʜʘʚʘʪʴ ʩʚʦʶ. ʕʪʦ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪ-

ʢʫ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʠʟʙʘʚʠʪʴ ʦʪ ʜʣʠʪʝʣʴʥʦʛʦ ʦʞʠʜʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʧʨʠ ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩʪʦʠʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʫʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ 
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ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʘʮʠʠ [2, c. 401-402]. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʜʣʷ 

ʈʫʙʮʦʚʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʙʣʝʛʯʠʪʴ ʠ ʫʩʢʦ-

ʨʠʪʴ ʨʘʙʦʪʫ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʩʦʪʨʫʜʥʠʢʘʤ ʠʥʩʪʠʪʫʪʘ. 

ʉʦʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʩʪʝʨʞʥʝʚʳʤʠ ʩʫʱʥʦ-

ʩʪʷʤʠ: ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʠ ʜʦʢʫʤʝʥʪ (ʨʠʩ.1). 

 
 

ʈʠʩ. 1. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʉʋɹɼ MySQL ʠ ʦʧʠʩʘʥʘ ʜʘʪʘʣʦʛʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 2). 

 

ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ: ʢʦʤʧʴʶʪʝʨʘ, ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʘʨʭʠʪʝʢʪʫʨʳ çʢʣʠ-

ʝʥʪ-ʩʝʨʚʝʨʘè. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʭʨʘʥʠʣʠʱʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ:  

1. HTML (HyperText Markup Language) ï ʷʟʳʢ ʣʦʛʠʯʝʩʢʦʡ ʨʘʟʤʝʪʢʠ 

ʚʝʙ-ʩʪʨʘʥʠʮ [1, ʩ. 25].  

2. CSS. (Cascading Style Sheets) ï ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʦʧʠʩʘʥʠʷ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʜʦʢʫʤʝʥʪʘ (ʚʝʙ-ʩʪʨʘʥʠʮʳ), ʥʘʧʠʩʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ 

ʨʘʟʤʝʪʢʠ [1, ʩ. 95]. 

3. Django ï ʩʚʦʙʦʜʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʷʟʳʢʝ Py-

thon, ʠʩʧʦʣʴʟʫʶʱʠʡ ʰʘʙʣʦʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ MVC [3, ʩ. 500]. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Django, ʦʙʣʘʜʘʶʱʠʡ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʝʨʚʝʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ 

ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ [3, ʩ. 500]. 

ʌʨʝʡʤʚʦʨʢ Django ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʜʘʯ ʠ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ɽʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ: 

ï CRM-ʩʠʩʪʝʤ (ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ); 

ï CMS (ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʪʝʥʪʦʤ ʩʘʡʪʘ); 

 

 
ʈʠʩ. 2. ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ï ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʣʘʪʬʦʨʤ; 

ï ʇʣʘʪʬʦʨʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. 

Django ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʘʨʦʣʷʤʠ, ʠʟʙʝʛʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʰʠʙʦʢ, ʪʘʢʠʭ ʢʘʢ ʨʘʟ-

ʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʘʥʩʝ ʚ ʬʘʡʣʳ cookie, ʛʜʝ ʦʥʘ ʫʷʟʚʠʤʘ (ʚʤʝʩʪʦ ʵʪʦʛʦ 

ʬʘʡʣʳ cookie ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʢʣʶʯ, ʘ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ) ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʧʘʨʦʣʝʡ. Django, ʧʦ ʫʤʦʣʯʘʥʠʶ, ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʤʥʦʛʠʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʚʢʣʶʯʘʷ SQL-ʠʥʲʝʢʮʠʶ, ʤʝʞʩʘʡʪʦ-

ʚʳʡ ʩʢʨʠʧʪʠʥʛ, ʧʦʜʜʝʣʢʫ ʤʝʞʩʘʡʪʦʚʳʭ ʟʘʧʨʦʩʦʚ [3, ʩ. 500-502]. 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʟʘʛʨʫʞʘʪʴ 

ʜʦʢʫʤʝʥʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨ. ʆʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʥʘʟʚʘʥʠʶ, ʪʠʧʫ 

ʜʦʢʫʤʝʥʪʘ ʠ ʧʝʨʠʦʜʫ ʧʫʙʣʠʢʘʮʠʠ. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʩʩʳʣʢʘ ʦʧʦ-

ʚʝʱʝʥʠʡ ʦ ʥʦʚʦʤ ʜʦʢʫʤʝʥʪʝ ʚʳʙʨʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʢʝʪʳ Python: djan-

go.contrib.auth ï ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

django.core.mail ï ʜʣʷ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʥʘ ʧʦʯʪʫ, django_filters ïʜʣʷ ʩʦʨ-

ʪʠʨʦʚʢʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ɿʘʛʨʫʟʢʘ ʜʦʢʫʤʝʥʪʦʚ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʥʣʘʡʥ ʩʠʩʪʝʤʘ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʉʠ-

ʩʪʝʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Django ʠ ʙʘʟʳ 

ʜʘʥʥʳʭ MySQL. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʯʝʪʳʨʝ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ: ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʩʦʪʨʫʜʥʠʢʘ ʦʪʜʝʣʘ ʢʘʜʨʦʚ, ʩʦʪʨʫʜʥʠʢʘ ʚʫʟʘ ʠ ʦʙʳʯʥʦ-

ʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʈʝʘʣʠʟʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʠʭ ʟʘʛʨʫʟʢʘ 

ʠ ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʚ ʙʘʟʝ. ʊʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʩʩʳʣʢʘ ʦʧʦʚʝʱʝʥʠʡ ʦ ʥʦʚʳʭ 

ʜʦʢʫʤʝʥʪʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʘ ʧʦʯʪʫ. ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʘʢ ʚ ʩʨʝʜʥʠʭ, ʪʘʢ ʠ ʚ ʢʨʫʧʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʝʜʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʪʨʫʜʦʚʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 
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The article is considered electronic document management system development in a higher 

education institution. Infological and datological models are described. The problems of transition 

to electronic document management and ways to solve them are given. The implementation of a 

document management system in an organisation allows to automate work with documents and to 

increase the efficiency of the staff. 

Keywords: electronic document management system, EDMS, electronic document manage-

ment, Python, Django, MySQL 
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ʈɽɸʃʀɿɸʎʀʗ ʄɽʍɸʅʀɿʄɸ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʉɹʆʈɸ ɼɸʅʅʓʍ 

ʀ ʇʆʉʊʈʆɽʅʀʗ ʆʊʏɽʊʆɺ ɼʃʗ ʃʀɿʀʅɻʆɺʆʁ ʂʆʄʇɸʅʀʀ  

ɸ.ɸ. ɻʦʪʦʣʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɸ.ʉ. ɿʠʥʯʝʥʢʦ 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ 
 

ɸʥʥʦʪʘʮʠʷ.  

ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠ-

ʟʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʩʘʡʪʦʚ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʚʝʙ-

ʨʝʩʫʨʩʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʦʚ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ ʩ ʩʘʡʪʦʚ. ʊʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʩʠ-

ʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʩʝʨ, ʩʙʦʨ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʦʪʯʝʪʦʚ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

 

ɼʣʷ ʥʘʧʦʣʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ ʩʦʪʨʫʜ-

ʥʠʢʘʤ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʩʘʡʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʨʫʯʥʫʶ. ʂʘʞʜʳʡ 

ʩʘʡʪ ʠʤʝʶʪ ʩʚʦʶ ʫʥʠʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʠʟ-ʟʘ ʵʪʦ-

ʛʦ ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʪʯʝʪʦʚ ʜʣʷ ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʦʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

ʉʫʱʝʩʪʚʫʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥ ʧʘʨʩʝʨ ʜʣʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʝʩʪʴ ʧʘʨʩʝʨ ʨʘʩʧʠʩʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʦʝʟʜʦʚ [6, 

ʩ. 31ï42] ʠ ʧʘʨʩʝʨ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʥʶ ʩʪʫʜʝʥʪʦʚ [5, 

ʩ. 64ï67]. ʆʜʥʘʢʦ ʚ ʥʠʭ ʥʝ ʫʯʪʝʥʦ ʜʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʧʣʘʪʬʦʨʤʝ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè [7] ʩʫ-

ʱʝʩʪʚʫʝʪ ʧʨʠʢʣʘʜʥʦʡ ʦʙʲʝʢʪ çʇʣʘʥ ʚʠʜʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢè, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ, ʩʦʩʪʘʚ ʠ ʪʠʧ ʢʦʪʦʨʳʭ ʥʝ ʠʟʚʝʩʪʝʥ ʥʘ ʵʪʘʧʝ 
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ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʦʙʰʠʨʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʠ ʟʘʢʨʳʪʦ-

ʩʪʴʶ ʧʣʘʪʬʦʨʤʳ, ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝ ʧʦʜʭʦʜʠʪ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʩʝʨʘ ʜʣʷ 

ʣʠʟʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ. 

ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ ʩʤʦʞʝʪ ʟʘʛʨʫʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʠʩʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʦʙʠʨʘʷ ʜʘʥʥʳʝ ʠʟ ʠʩʪʦʯʥʠʢʘ, ʤʝʭʘ-

ʥʠʟʤ ʜʦʙʘʚʣʷʝʪ ʠʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦ-

ʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʧʘʨʩʝʨ ʩ ʝʜʠʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʥʘʩʪʨʦʝʥʥʳʡ ʜʣʷ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʩʘʡʪʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʪʝʤ ʩʘʤʳʤ ʚ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʨʘʩʰʠʨʷʝʤʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ. ɺ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʙʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʫʱʥʦʩʪʝʡ ʚ ʢʦʤʧʘʥʠʠ ʧʦ ʣʠʟʠʥʛʫ ʘʚʪʦʤʦʙʠʣʝʡ. ʊʘʢ 

ʢʘʢ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʫʱʥʦʩʪʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʪʦ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʥʘʙʦ-

ʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʘʨʩʝʨʦʤ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʳ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʘʨʩʝʨ ʩʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʩʘʡʪʘ, 

ʟʘʪʝʤ ʧʨʦʚʝʨʷʝʪ, ʝʩʪʴ ʣʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʩʣʠ ʠʭ 

ʥʝʪ, ʪʦ ʩʠʩʪʝʤʘ ʫʚʝʜʦʤʣʷʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʜʦʙʘʚʣʷʷ ʠʭ ʚ ʙʘʟʫ ʠ ʧʨʝʜʣʘʛʘʷ ʝʤʫ 

ʚʳʙʨʘʪʴ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʪʠʧ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʤʦʞʝʪ ʙʳʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʯʠʩʣʦʚʦʡ, ʩʪʨʦʢʦʚʳʡ, ʣʦʛʠʯʝʩʢʠʡ ʠ 

ʩʩʳʣʦʯʥʳʡ. ʇʨʠ ʨʘʙʦʪʝ ʩʦ ʩʩʳʣʦʯʥʳʤ ʪʠʧʦʤ, ʩʠʩʪʝʤʘ ʠʱʝʪ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʥʝʪ, ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʦʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʩʪʨʦʠʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʣʶʙʦʛʦ ʠʩʪʦʯʥʠʢʘ.  

ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʦʥʩʪʨʫʢʪʦʨ ʦʪʯʝʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʥʘʩʪʨʦʡʢʠ ʜʘʥʥʳʭ: ʚʳʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʩʪʨʦʡʢʘ ʬʠʣʴʪʨʦʚ, ʨʝʞʠʤ ʫʧʦʨʷʜʦ-

ʯʠʚʘʥʠʷ ʟʘʧʠʩʝʡ. ʆʪʯʝʪʳ ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʩʤʦʛʫʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʠʭ ʜʘʥʥʳʝ ʚ ʥʫʞʥʦʤ ʬʦʨʤʘʪʝ, ʥʘʧʨʠʤʝʨ, 

ʚ ʪʘʙʣʠʮʝ Microsoft Excel. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦ-

ʝʥʠʷ ʦʪʯʝʪʦʚ ʧʦ SQL-ʟʘʧʨʦʩʫ ʚ ʠʥʪʝʨʬʝʡʩʝ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ MySQL [2], ʧʣʘʪʬʦʨʤʘ NodeJS 

[3], ʬʨʝʡʤʚʦʨʢ ExpressJS [1] ʠ ʰʘʙʣʦʥʠʟʘʪʦʨ Pug [4]. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3. 
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Due to the need of simplifying the work of the leasing company in order to collect and analyze 

information from web-sites, it was proposed to create a mechanism for automatic collection of data 

from web resources and reports generation. The article describes an informational system in which 

it will be possible to download data from sites. A description on how the system works is also pro-

vided below. 
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ʆɹɿʆʈ SPNMATRIXANALYZER  ï ʇʈʆɻʈɸʄʄʅʆɻʆ ʉʈɽɼʉʊɺɸ 

ɸʅɸʃʀɿɸ ʉʊʆʍɸʉʊʀʏɽʉʂʀʍ ʉɽʊɽʁ ʇɽʊʈʀ 

ɼ.ʉ. ɿʚʷʛʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆ.ɺ. ʇʴʷʥʢʦʚ
 

ɺʦʨʦʥʝʞʩʢʠʡ ʠʥʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠ, ʛ. ɺʦʨʦʥʝʞ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ, ʷʚʣʷʶʱʘʷʩʷ 

ʫʜʦʙʥʳʤ ʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʇʝʪʨʠ. ʄʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʤʘʪʨʠʯʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʜʦʩʪʠʞʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʦ-

ʭʘʩʪʠʯʝʩʢʦʡ ʩʝʪʠ. ʇʨʠʚʝʜʝʥʳ ʩʢʨʠʥʰʦʪʳ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʧʨʠʤʝʨʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʩʝʤʴʶ ʧʦʟʠʮʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʩʝʪʠ ʇʝʪʨʠ, ʤʘʪʨʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 

ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʩʝʪʠ ʇʝʪʨʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠʤʝʶʱʠʝ ʚ ʥʘʯʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʚʝ-

ʨʦʷʪʥʦʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʣʠʯʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʠʰʝʢ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʣʠʯʠʷ ʬʠʰʝʢ ʚ ʚʳʭʦʜʥʳʭ ʧʦʟʠ-

ʮʠʷʭ, ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʷʪʴ ʚʝʢʪʦʨ ʜʠʘʛʦʥʘʣʴ-

ʥʦʡ ʩʚʝʨʪʢʠ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʝʪʴʶ ʇʝʪʨʠ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘ , ʛʜʝ ʉ = {ʈ, ʊ, I, 

O}, ʷʚʣʷʶʱʘʷʩʷ ʦʧʠʩʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ ʇʝʪʨʠ, ʘ  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ, 

ʧʨʠʩʚʘʠʚʘʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʟʠʮʠʠ  ʚʝʢʪʦʨ ʚʝʨʦʷʪʥʦʩʪʝʡ  ʥʘʣʠʯʠʷ 

ʬʠʰʝʢ [1]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʘʧʧʘʨʘʪʘ ʩʝ-

ʪʝʡ ʇʝʪʨʠ, ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʜʦʩʪʠʞʠʤʦʩʪʴʶ ʩʝʪʝʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʩʝʪʝʡ. ʆʜ-

ʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʝʪʝʡ ʇʝʪʨʠ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʯʥʳʡ ʧʦʜʭʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʭʦʜʳ, ʩʨʘʙʘʪʳʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʪ ʦʧʝʨʘʪʦʨʘ 

ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ [2]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ. 

SPNMatrixAnalyzer (StochasticPetriMatrixAnalyzer) ï ʧʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥ-

ʥʘʷ ʚ 2021 ʛʦʜʫ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ 

ʢʘʣʴʢʫʣʷʪʦʨʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ ʟʘʧʫʩʢʘ ʧʝʨʝʭʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʦʚ, ʩʨʘʙʘʪʳʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʪ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴ-

ʪʘʪʫ ʩʝʪʠ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʫʜʦʙʥʳʡ ʠʥʪʝʨ-

ʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʙʝʟ ʪʨʫʜʘ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʥʝʡ ʣʶʙʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ (ʨʠʩ.1). 
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ʈʠʩ. 1. ɺʠʜ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ 

 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʛʣʘʚʥʦʤ ʦʢʥʝ ʚ ʧʦʣʝ: çʅʘʩʪʨʦʡʢʠè ʠ ʚ ʛʨʘʬʝ: 

çʈʘʟʤʝʨ ʤʘʪʨʠʮè ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʨʘʟʤʝʨ ʤʘʪʨʠʮ . ɼʘʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʙʫʜʝʪ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʦʣʙʮʦʚ ʚ ʵʪʠʭ ʤʘʪʨʠʮʘʭ. ʄʘʪʨʠʮʳ  ʙʫʜʫʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʤʝʪʴ ʧʦ ʜʚʝ ʩʪʨʦʢʠ, ʘ ʤʘʪʨʠʮʘ  ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʥʦʡ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʟʘʜʘʩʪʩʷ ʨʘʟʤʝʨ ʤʘʪʨʠʮʳ, ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ ʚʚʝʩʪʠ 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɺ ʤʘʪʨʠʮʝ ʠʟʤʝʥʝʥʠʡ Dʤʦʞʥʦ ʚʚʦʜʠʪʴ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ 0, 1 ʠ -1. ɿʥʘʯʝʥʠʷ 

ʤʘʪʨʠʮʳ ʠʟʤʝʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ: 

. 

ɺ ʥʘʯʘʣʴʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʩʝʪʠ  ʚʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʚʦ ʚʭʦʜʥʳʭ ʧʦʟʠʮʠʷʭ. 

ʊʘʤ, ʛʜʝ ʬʠʰʢʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʳʩʪʘʚʣʷʝʪʩʷ 1. 

ɺ ʢʦʥʝʯʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʩʝʪʠ  ʚʚʦʜʷʪʩʷ ʞʝʣʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʦʭʘʩʪʠ-

ʯʝʩʢʦʡ ʩʝʪʠ ʇʝʪʨʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ, ʚʦ 

ʚʭʦʜʥʳʭ ʧʦʟʠʮʠʷʭ ʬʠʰʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʘʣʠʯʠʝ ʬʠʰʢʠ, ʪʦʯʥʝʝ ʝʝ ʚʝʨʦʷʪʥʦʩʪʴ,  

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʩʣʝʜʥʝʡ ʧʦʟʠʮʠʠ. 

ɺ  ʠ  ʩʪʦʣʙʮʳ ʤʘʪʨʠʮ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʟʠʮʠʷʤ . 

ʇʦʩʣʝ ʚʚʦʜʘ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ: 

çʈʘʩʩʯʠʪʘʪʴè, ʠ ʚ ʧʦʣʝ: çʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘè, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ, ʚʳʚʦʜʪʩʷ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʦʤ 

2x7. 

ʉʪʦʣʙʮʳ ʚ ʜʘʥʥʦʡ ʤʘʪʨʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʘʤ . 
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ʈʠʩ. 2. ɺʠʜ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʩ ʚʚʝʜʝʥʥʳʤʠ ʜʘʥʥʳʤʠ 

 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʠʞʥʝʡ ʩʪʨʦʢʠ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʙʫʜʫʪ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʘʤ, ʩʨʘʙʘʪʳʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʪ ʥʘʩ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝ-

ʟʫʣʴʪʘʪʫ, ʷʚʣʷʶʱʠʤʩʷ ʤʘʪʨʠʮʝʡ . 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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In this article, a computer program is considered in detail, which is a convenient tool for ana-

lyzing stochastic Petri nets. The method of analysis is a matrix approach that allows solving the 

problem of reachability of the considered stochastic network. Screenshots of this software tool with 

an example of using a matrix approach to a stochastic network with seven positions are given. 

Keywords: stochastic Petri nets, matrix equations. 
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ʋɼʂ 004.4 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʀʅʌʆʈʄʀʈʆɺɸʅʀʗ ʋʏɸʑʀʍʉʗ 

ʄɸʃʆʂʆʄʇʃɽʂʊʅʓʍ ʐʂʆʃ 

ʄ.ɸ. ʀʞʫʥʠʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʄ.ʅ. ʇʘʨʭʠʤʦʚʠʯ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè, ʛ. ɸʨʭʘʥʛʝʣʴʩʢ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʯʝʥʠʢʘʤʠ ʤʘʣʦ-

ʢʦʤʧʣʝʢʪʥʳʭ ʰʢʦʣ, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʫʶʪʩʷ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʚʝʙ-ʩʘʡʪ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Django ʥʘ Python ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʘʡʪʘ ʠ 

Android Studio ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ Kotlin. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʤʫʥʠʢʘʮʠʷ ʚ ʩʝʣʴʩʢʠʭ ʰʢʦʣʘʭ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʫʯʘʱʠʭʩʷ, ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, Python, Django, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, Android Studio. 

 

ɺʩʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʦʱʫʱʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʚʨʝʤʷ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʫʯʝʥʠʢʘʤ ʜʦʩʪʫʧ ʢ ʚʥʫʪʨʝʥʥʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʥʘʧʨʠʤʝʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʥʘ ʥʦʚʳʡ ʫʯʝʙʥʳʡ ʛʦʜ (ʯʝʪʚʝʨʪʴ) ʠʣʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʵʪʦʤ ʨʘʩʧʠʩʘʥʠʠ. ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʦʙʷʟʘʥʘ ʥʝʤʝʜʣʝʥʥʦ ʫʚʝʜʦʤʠʪʴ 

ʚʩʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʦ ʚʥʝʩʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ, ʥʦ ʵʪʦ ʯʘʩʪʦ ʙʳʚʘʝʪ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʜʣʷ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʚ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʰʢʦʣʳ ʯʘʩʪʦ ʥʘʭʦʜʷʪʩʷ ʜʦʚʦʣʴʥʦ 

ʜʘʣʝʢʦ ʦʪ ʜʦʤʘ. ʊʘʢʞʝ ʚʣʠʷʝʪ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʣʠ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʝʸ ʦʢʘʟʘʥʠʝ.  ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʘʱʠʭʩʷ ʠ ʠʭ ʨʦʜʠʪʝʣʝʡ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʤʣʘʜʰʠʭ ʰʢʦʣʴ-

ʥʠʢʘʭ, ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ɿʘʯʘʩʪʫʶ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦ ʨʘʩʧʠʩʘʥʠʠ ʠ ʠʟʤʝʥʝʥʠʠ ʚ ʥʝʤ ʚ ʩʝʣʴʩʢʠʭ 

ʰʢʦʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ. 1. ʆʨʛʘʥʠʟʘʮʠʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʥʘʙʞʝʥʠʷ ʫʯʝʥʠʢʦʚ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ: 
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- ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʫʭʦʜʠʪ ʥʘ ʦʙʟʚʦʥ ʫʯʝʥʠʢʦʚ, ʯʘʱʝ ʚʩʝʛʦ ï ʚ 

ʥʝʨʘʙʦʯʠʝ ʯʘʩʳ; 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʦʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʜʦ ʚʩʝʭ ʘʜʨʝʩʘʪʦʚ (ʜʦʟʚʦʥʠʪʴʩʷ 

ʫʜʘʝʪʩʷ ʥʝ ʚʩʝʤ), ʧʨʠ ʵʪʦʤ ʦʙʟʚʦʥ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʚʝʜʦʤʠʪʴ 

ʫʯʘʱʠʭʩʷ; 

- ʥʝʫʜʦʙʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ (ʠʥʦʛʜʘ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʘʩʧʠʩʘʥʠʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʠʟʚʝʩʪʥʦ ʚ ʚʝʯʝʨʥʠʝ ʠ ʥʦʯʥʳʝ ʯʘʩʳ). 

ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʪʨʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʠʪʴ ʩʧʦʩʦʙ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʫʯʘʱʠʭʩʷ ʦʙ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʚʦʧʨʦʩʘʭ. ɸʣʴʪʝʨʥʘʪʠ-

ʚʦʡ ʤʘʩʩʦʚʳʤ ʟʚʦʥʢʘʤ ʤʦʞʝʪ ʩʪʘʪʴ ʦʙʤʝʥ ʤʛʥʦʚʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʠʣʠ ʩʦ-

ʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʦʜʥʘʢʦ ʠ ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ. ɺʦ-ʧʝʨʚʳʭ, ʩʣʦʞʥʦ ʥʘʡʪʠ 

ʢʘʥʘʣ, ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʫʯʝʥʠʢʠ, ʢʣʘʩʩʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʠ ʤʝʪʦʜʠʩʪ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʫʯʝʥʠʢʠ, ʠ ʫʯʠʪʝʣʷ 

ʜʦʣʞʥʳ ʙʫʜʫʪ ʚʨʫʯʥʫʶ ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʚʝʨʩʠʶ ʨʘʩʧʠʩʘʥʠʷ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ 

ʦʥʦ ʦʙʥʦʚʣʷʝʪʩʷ, ʘ ʤʝʪʦʜʠʩʪʫ ʧʨʠʜʝʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʝʨʝʜʝʣʳʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ, 

ʯʪʦʙʳ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʯʪʝʥʠʷ ʬʦʨʤʘʪʝ [8]. 

ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʛʠʙʢʦʛʦ ʩʧʦʩʦʙʘ ʢʦʤʤʫ-

ʥʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥ ʚʦ-

ʧʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʝʙ-ʩʘʡʪʘ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ [2]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʢʦʪʦʨʳʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʤ 

ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 

1. ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʩʘʡʪʘ: 

1.1. ʨʘʟʨʝʰʘʪʴ ʜʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʘʩʩʦʚ, ʫʯʠʪʝʣʝʡ, ʧʨʝʜ-

ʤʝʪʦʚ, ʢʣʘʩʩʦʚ, ʜʠʘʧʘʟʦʥʦʚ ʜʘʪ, ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʢʘʢ ʦʙʲʝʢʪʦʚ; 

1.2. ʨʘʟʨʝʰʠʪʴ ʜʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʢʣʘʩʩʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʦʙʲʝʢʪʳ; 

1.3. ʨʘʟʨʝʰʠʪʴ ʜʦʙʘʚʣʝʥʠʝ ʫʚʝʜʦʤʣʝʥʠʡ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʘʱʠʭʩʷ ʠ 

ʫʯʠʪʝʣʝʡ ʦ ʨʘʟʣʠʯʥʳʭ ʩʦʙʳʪʠʷʭ ʚ ʞʠʟʥʠ ʰʢʦʣʳ; 

1.4. ʠʤʝʪʴ ʫʜʦʙʥʳʡ ʠ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ; 

2. ʜʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩʘʡʪʘ: 

2.1. ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʳʭ ʟʘʥʷʪʠʡ ʚ ʫʜʦʙʥʦʤ 

ʬʦʨʤʘʪʝ (ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʠ ʯʝʪʳʨʝ ʥʝʜʝʣʠ ʧʦʜʨʷʜ); 

2.2. ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʫʯʠʪʝʣʷ ʥʘ ʟʘʜʘʥ-

ʥʫʶ ʥʝʜʝʣʶ (ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʠ ʯʝʪʳʨʝ ʥʝʜʝʣʠ ʧʦʜʨʷʜ) ʚ ʫʜʦʙʥʦʤ ʬʦʨʤʘʪʝ; 

2.3. ʠʤʝʶʪ ʫʜʦʙʥʳʡ ʠ ʢʨʘʩʠʚʳʡ ʠʥʪʝʨʬʝʡʩ; 

3. ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

3.1. ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʨʘʩʧʠʩʘʥʠʷ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʠʥʪʝʨʥʝʪʫ; 

3.2. ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʚʦʜ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʥʘ ʦʜʥʦʤ ʵʢʨʘʥʝ 

ʧʦ ʢʣʠʢʫ; 

3.3. ʧʦʟʚʦʣʷʪʴ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʳʭ ʟʘʥʷʪʠʡ ʚ ʫʜʦʙʥʦʤ 

ʬʦʨʤʘʪʝ (ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʠ ʯʝʪʳʨʝ ʥʝʜʝʣʠ ʧʦʜʨʷʜ); 

3.4. ʧʦʟʚʦʣʷʪʴ ʚ ʫʜʦʙʥʦʤ ʬʦʨʤʘʪʝ ʧʨʦʩʤʦʪʨʝʪʴ ʨʘʩʧʠʩʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʯʠʪʝʣʷ ʥʘ ʥʝʜʝʣʶ (ʥʘ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʠ ʯʝʪʳʨʝ ʧʦʩʣʝʜʫʶʱʠʝ ʥʝʜʝʣʠ); 
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3.5. ʠʤʝʪʴ ʫʜʦʙʥʳʡ ʠ ʢʨʘʩʠʚʳʡ ʠʥʪʝʨʬʝʡʩ. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʟʥʳʝ ʚʘʨʠ-

ʘʥʪʳ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʰʢʦʣ. ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʧʨʦʛʨʘʤʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʷʤ ʚ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʩʪʝʧʝʥʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦ-

ʜʫʢʪʘ ʢʦʥʢʨʝʪʥʦ ʧʦʜ ʟʘʜʘʯʠ ʤʘʣʦʢʦʤʧʣʝʢʪʥʳʭ ʰʢʦʣ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʘʡʪʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦ-

ʟʜʘʪʴ ʚʝʙ-ʩʘʡʪ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʰʢʦʣʳ. ʉʦʟʜʘʪʴ ʩʘʡʪ ʤʦʞʥʦ ʢʘʢ ʩ ʧʦʤʦʱʴʶ CMS 

(Wordpress, Joomla), ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʜʣʷ ʷʟʳ-

ʢʦʚ PHP, Java, JavaScript ʠ Python. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʪʘʢʠʭ ʢʘʢ Java Spring, PHP Laravel, PHP yii2, JavaScript Express, Python Django. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʠ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʙʳʣʦ ʨʝʰʝʥʦ ʚʳ-

ʙʨʘʪʴ Python Django, ʪʘʢ ʢʘʢ ʦʥ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʢʨʠʪʝʨʠʷʤ. ʉʨʝʜʠ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʬʨʝʡʤʚʦʨʢʘ Django [6] ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ-

ʣʦʞʝʥʠʷ ʥʘ Django ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʘʪʪʝʨʥʘ MVT (ʨʘʟʥʦʚʠʜʥʦʩʪʴ MVC 

ʧʘʪʪʝʨʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ Django). ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʘʪʪʝʨʥʘ MVC. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʘʪʪʝʨʥʘ MVC 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ MVT ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʠʥʪʝʨʬʝʡʩ ʦʪ ʤʦʜʝʣʝʡ ʙʘ-

ʟʳ ʜʘʥʥʳʭ ʠ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ. 

Django ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ORM ʬʨʝʡʤʚʦʨʢ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ 

ʢʣʘʩʩʳ ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʩʫʱʥʦʩʪʷʤʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ORM. 

 



34  

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ORM 

 

ʇʨʠʣʦʞʝʥʠʷ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ Django, ʨʘʙʦʪʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, 

ʭʦʪʷ Python ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. Django 

ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʰʘʙʣʦʥʳ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʨʘʩ-

ʰʠʨʠʪʴ. Django ʠʩʧʦʣʴʟʫʝʪ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python [7]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʣʘʢʦʥʠʯʥʳʭ, ʣʦʛʠʯʥʳʭ ʠ ʭʦʨʦʰʦ ʜʦʢʫʤʝʥʪʠ-

ʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ MVC ʧʘʪʪʝʨʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘʯʘʣʘʩʴ ʩ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʩʧʠʩʘʥʠʝ ʰʢʦʣʳ) ʙʳʣ ʚʳʜʝʣʝʥ ʨʷʜ ʦʙʲ-

ʝʢʪʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʭʨʘʥʠʪʴʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ: 

- ʢʣʘʩʩʳ; 

- ʫʯʠʪʝʣʷ; 

- ʧʨʝʜʤʝʪʳ; 

- ʢʘʙʠʥʝʪʳ; 

- ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ (ʜʣʷ ʨʘʩʧʠʩʘʥʠʷ ʟʚʦʥʢʦʚ); 

- ʠʥʪʝʨʚʘʣʳ ʜʘʪ (ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʳʝ ʨʘʩ-

ʧʠʩʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ) 

- ʫʨʦʢʠ ʚ ʨʘʩʧʠʩʘʥʠʠ; 

- ʨʘʩʧʠʩʘʥʠʷ; 

- ʦʧʦʚʝʱʝʥʠʷ. 

ʉʦʟʜʘʥʳ ʢʣʘʩʩʳ ʤʦʜʝʣʝʡ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʦʪ ʚʩʪʨʦʝʥʥʦʛʦ ʢʣʘʩʩʘ Django 

Model. 

ʈʘʟʚʝʨʥʫʪʘʷ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʩʦʚ ʤʦʜʝʣʝʡ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ʈʘʟʚʝʨʥʫʪʘʷ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʩʦʚ ʤʦʜʝʣʝʡ ʧʨʠʣʦʞʝʥʠʷ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʣʘʩʩʘʭ ʤʦʜʝʣʝʡ ʧʦʤʠʤʦ ʧʦʣʝʡ ʤʦʜʝʣʝʡ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ, ʟʘʜʘʝʪʩʷ ʧʦʨʷʜʦʢ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʦʙʲ-

ʝʢʪʦʚ ʤʦʜʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʝʡ. 

ʊʘʢ, ʫʨʦʢʠ ʚ ʨʘʩʧʠʩʘʥʠʠ (ʢʣʘʩʩ Lesson) ʩʦʨʪʠʨʫʶʪʩʷ ʩʥʘʯʘʣʘ ʧʦ ʜʥʶ ʥʝʜʝ-

ʣʠ, ʟʘʪʝʤ ʧʦ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʫʨʦʢʘ. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ordering ʚ ʧʦʜʢʣʘʩʩʝ Meta: ordering = ["day", 

"time_interval"]. 

ʊʘʢʞʝ ʚ ʬʘʡʣʘʭ ʤʦʜʝʣʝʡ ʟʘʜʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʝʡ. 

ʊʘʢ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʧʦʜʢʣʘʩʩʝ Meta ʢʣʘʩʩʘ Lesson ʦʛʨʘʥʠʯʝʥʠʝ 

unique_together ʜʣʷ ʧʦʣʝʡ "day", "time_interval", "timetable" ʥʝ ʧʦʟʚʦʣʠʪ ʚ ʦʜʥʦʤ 

ʠ ʪʦʤ ʞʝ ʨʘʩʧʠʩʘʥʠʠ ʩʦʟʜʘʪʴ ʫʨʦʢ ʩ ʦʜʠʥʘʢʦʚʳʤ ʜʥʝʤ ʥʝʜʝʣʠ ʠ ʠʥʪʝʨʚʘʣʦʤ 

ʚʨʝʤʝʥʠ, ʙʫʜʝʪ ʚʳʚʝʜʝʥʦ ʠʩʢʣʶʯʝʥʠʝ, ʠ ʧʨʦʩʴʙʘ ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʫ. 

ɹʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʩʘʡʪʘ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʚʦʟʤʦʞʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝ, ʜʦʙʘʚʣʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ (ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ) ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʪʠ ʤʦʜʝʣʠ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʩʘʡʪʘ (ʚ ʬʘʡʣʝ ad-

min.py). 
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ɼʣʷ ʯʘʩʪʠ ʤʦʜʝʣʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʢʣʘʩʩʳ ʬʦʨʤ ʤʦʜʝʣʝʡ 

(ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ forms, ʢʣʘʩʩ ModelForm). 

ɼʣʷ ʯʘʩʪʠ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʢʣʘʩʩʳ, ʥʘʩʣʝʜʫʶ-

ʱʠʝ ʢʣʘʩʩ ModelForm ʠ ʧʝʨʝʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʷ ʚʩʪʨʦʝʥʥʦʛʦ ʢʣʘʩʩʘ Meta ʪʘʢʠʝ 

ʢʘʢ model, fields, widgets. 

ɿʘʪʝʤ ʵʪʠ ʢʣʘʩʩʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʘʢ ʢʣʘʩʩʳ ʬʦʨʤ ʘʜʤʠʥʠʩʪʨʘ-

ʪʠʚʥʦʡ ʧʘʥʝʣʠ ʧʨʠ ʧʦʤʦʱʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʩʘ admin.ModelAdmin ʠ ʧʨʠʩʚʘʠ-

ʚʘʥʠʷ ʧʦʣʶ form ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

ɼʣʷ ʫʨʦʢʦʚ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʙʳʣ ʩʦʟʜʘʥ ʢʣʘʩʩ LessonInline, ʧʦʟ-

ʚʦʣʷʶʱʠʡ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʢʣʘʩʩʘ Lesson (ʫʨʦʢʠ) ʚ ʦʜʥʦʡ ʣʠʥʠʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʢʣʘʩʩʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʬʦʨʤʳ 

ʙʳʣ ʩʦʟʜʘʥ ʢʣʘʩʩ TimeTableAdmin ʥʘʩʣʝʜʫʶʱʠʡ admin.ModelAdmin. ɺ ʵʪʦʤ 

ʢʣʘʩʩʝ ʙʳʣ ʧʝʨʝʦʧʨʝʜʝʣʝʥ ʧʘʨʘʤʝʪʨ inlines.  

ʇʘʨʘʤʝʪʨ inlines ʙʳʣ ʧʨʠʨʘʚʥʝʥ ʤʘʩʩʠʚʫ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ LessonInLine, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ Lesson (ʫʨʦʢ), ʦʪʥʦʩʷ-

ʱʠʭʩʷ ʢ ʦʙʲʝʢʪʫ ʢʣʘʩʩʘ Timetable (ʨʘʩʧʠʩʘʥʠʝ) ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʬʦʨʤʳ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩʘʡʪʘ. ɺ 

views.py ʬʘʡʣʝ ʧʨʦʝʢʪʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ 

ʥʘʙʦʨʳ ʦʙʲʝʢʪʦʚ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ ʚ ʥʫʞʥʦʤ ʚʠʜʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʥʘ ʩʪʨʘʥʠʮʘʭ ʰʘʙʣʦʥʦʚ (templates): 

- class_list ï ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʩʧʠʩʦʢ ʢʣʘʩʩʦʚ 

ʰʢʦʣʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ ʙʣʦʢʠ ʠʟ ʙʫʢʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʢʣʘʩʩʘ; 

- class_schedule ï ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʙʲʝʢʪʳ ʥʫʞ-

ʥʳʝ ʜʣʷ ʚʳʚʦʜʘ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʢʣʘʩʩʘ ʥʘ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ ʥʝʜʝʣʴ; 

- teacher_schedule ï ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʙʲʝʢʪʳ 

ʥʫʞʥʳʝ ʜʣʷ ʚʳʚʦʜʘ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʫʯʠʪʝʣʷ ʥʘ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ ʥʝʜʝʣʴ; 

- teachers_list ï ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʩʧʠʩʦʢ ʫʯʠʪʝʣʝʡ 

ʰʢʦʣʳ. 

ɺ urls ʬʘʡʣʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʢ ʦʩʥʦʚʥʳʤ ʩʦʩʪʘʚʣʷʶ-

ʱʠʤ ʩʘʡʪʘ: 

- çʧʫʪʴ ʢ ʩʘʡʪʫè/admin ï ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ 

ʩʘʡʪʘ Django ʠ ʝʝ ʜʦʯʝʨʥʠʤ url; 

- çʧʫʪʴ ʢ ʩʘʡʪʫè - ʦʪʢʨʳʚʘʝʪ ʩʧʠʩʦʢ ʢʣʘʩʩʦʚ ʰʢʦʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-

ʪʦʜʘ class_list ʬʘʡʣʘ view; 

- çʧʫʪʴ ʢ ʩʘʡʪʫè/schedule ï ʦʪʢʨʳʚʘʝʪ ʨʘʩʧʠʩʘʥʠʝ ʥʘ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ 

ʥʝʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ class_schedule ʬʘʡʣʘ 

view; 

- çʧʫʪʴ ʢ ʩʘʡʪʫè/teachers - ʦʪʢʨʳʚʘʝʪ ʩʧʠʩʦʢ ʫʯʠʪʝʣʝʡ ʰʢʦʣʳ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʘ teachers_list ʬʘʡʣʘ view; 

- çʧʫʪʴ ʢ ʩʘʡʪʫè/teacher_scheduleï ʦʪʢʨʳʚʘʝʪ ʨʘʩʧʠʩʘʥʠʝ ʥʘ ʙʣʠʞʘʡʰʠʝ 

ʧʪ̫ʴ ʥʝʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ class_schedule 

ʬʘʡʣʘ view. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʩʘʡʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HTML, CSS ʠ JS. 

ɹʳʣʠ ʩʦʟʜʘʥʳ ʵʢʩʢʣʶʟʠʚʥʳʝ ʩʪʠʣʠ CSS ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢ-

ʪʫʨ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʧʠʩʘʥʠʷ ʢʘʨʪʦʯʝʢ ʢʣʘʩʩʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢ-
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ʞʝ ʘʥʠʤʘʮʠʶ. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʝ JS-ʩʢʨʠʧʪʳ ʜʦʙʘʚʷʪ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʢʣʠʝʥʪ-

ʩʢʦʡ ʩʪʦʨʦʥʝ. 

ɻʣʘʚʥʘʷ ʯʘʩʪʴ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩʘʡʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ Django, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʰʘʙʣʦʥʦʚ (templates), ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ html ʩʦ 

ʚʩʪʘʚʢʘʤʠ ʢʦʜʘ ʥʘ python ʜʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʦʜʦʚ ʬʘʡʣʘ 

views (ʧʨʝʜʩʪʘʚʣʝʥʠʡ). 

ɼʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩʘʡʪʘ ʙʳʣ ʩʦʟʜʘʥ ʥʘʙʦʨ ʰʘʙʣʦʥʦʚ. 

ʐʘʙʣʦʥ index.html ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʰʘʙʣʦʥʦʤ ʜʣʷ ʚʩʝʛʦ ʩʘʡʪʘ (ʵʪʦʪ ʰʘʙ-

ʣʦʥ ʥʘʩʣʝʜʫʶʪ ʜʨʫʛʠʝ ʰʘʙʣʦʥʳ ʩʘʡʪʘ). ɺ ʵʪʦʤ ʰʘʙʣʦʥʝ ʦʧʨʝʜʝʣʝʥʘ ʢʦʜʠʨʦʚʢʘ 

ʜʦʢʫʤʝʥʪʦʚ ʩʘʡʪʘ (UTF-8), ʩʪʘʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʘʡʪʦʤ (ʬʘʡʣʳ 

style.css ʩʦ ʩʪʠʣʷʤʠ ʥʘ ʷʟʳʢʝ CSS ʠ script.js ʩʦ ʩʢʨʠʧʪʘʤʠ ʥʘ ʷʟʳʢʝ JavaScript). 

ʊʘʢʞʝ ʚ ʰʘʙʣʦʥʝ ʦʧʨʝʜʝʣʝʥ ʙʣʦʢ content (ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʙʣʦʢʝ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴ-

ʩʷ ʩʦʜʝʨʞʠʤʦʝ ʜʨʫʛʠʭ ʰʘʙʣʦʥʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦ ʩʩʳʣʢʘʤ) ʠ ʢʦʜ ʜʣʷ ʬʫʪʝʨʘ 

ʩʘʡʪʘ. 

ʐʘʙʣʦʥ schedule.html ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʩʧʠʩʢʘ ʢʣʘʩʩʦʚ ʥʘ ʛʣʘʚʥʦʡ ʩʪʨʘ-

ʥʠʮʝ ʩʘʡʪʘ. 

ʐʘʙʣʦʥ class_schedule.html ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʙʣʠʞʘʡʰʠʝ 

ʧʷʪʴ ʥʝʜʝʣʴ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

ʐʘʙʣʦʥ teachers_list.html ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʩʧʠʩʢʘ ʫʯʠʪʝʣʝʡ ʰʢʦʣʳ. 

ʐʘʙʣʦʥ teacher_schedule.html ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʙʣʠʞʘʡʰʠʝ 

ʧʷʪʴ ʥʝʜʝʣʴ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʫʯʠʪʝʣʷ. 

CSS ʩʪʠʣʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʬʘʡʣʝ style.css. CSS 

ʬʘʡʣ ʚ Django ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʚ settings ʬʘʡʣʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʦʙʘʚʠʪʴ ʩʧʝʮʠʘʣʴ-

ʥʫʶ ʜʠʨʝʢʪʠʚʫ STATIC_URL = '/static/' 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CSS ʩʪʠʣʝʡ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʠʥʪʝʨʬʝʡʩ ʩʘʡʪʘ ʙʦʣʝʝ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʠʜʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʤ 

ʵʣʝʤʝʥʪʘʤ ʩʘʡʪʘ ʧʨʠ ʧʦʤʦʱʠ ʧʩʝʚʜʦʢʣʘʩʩʘ hover (ʦʧʨʝʜʝʣʷʝʪ ʩʪʠʣʴ ʵʣʝʤʝʥʪʘ 

ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʥʘ ʥʝʛʦ ʢʫʨʩʦʨʘ ʤʳʰʠ). 

ʊʘʢ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʢʫʨʩʦʨʘ ʥʘ ʙʣʦʢ ʩ ʢʣʘʩʩʦʤ ʧʦʷʚʣʷʝʪʩʷ ʢʥʦʧʢʘ çʚʳ-

ʙʨʘʪʴè.  

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʧʦʤʦʱʠ ʧʩʝʚʜʦʢʣʘʩʩʘ hover ʠ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʬʦʥʘ ʵʣʝ-

ʤʝʥʪʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ background ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʜʥʷ ʥʝʜʝʣʠ ʚ ʨʘʩʧʠʩʘʥʠʠ.  

ʇʦʤʠʤʦ CSS ʩʪʠʣʝʡ ʜʣʷ ʧʨʠʜʘʥʠʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʙʦʣʝʝ ʧʨʝʟʝʥʪʘʙʝʣʴ-

ʥʦʛʦ ʚʠʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ JavaScript ʩʢʨʠʧʪʳ. 

JavaScript ʩʢʨʠʧʪʳ ʚ Django ʪʘʢʞʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʡ ʨʝʩʫʨʩ. 

ɺ ʩʦʟʜʘʥʥʦʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ JavaScript ʩʢʨʠʧʪʳ ʚʳʧʦʣʥʷʶʪ ʥʝʩʢʦʣʴʢʦ 

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ. 

ʇʨʠ ʟʘʛʨʫʟʢʝ ʩʪʨʘʥʠʮʳ ʨʘʩʧʠʩʘʥʠʷ (ʜʣʷ ʢʣʘʩʩʦʚ ʠʣʠ ʫʯʠʪʝʣʝʡ) ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ onload ʩʪʨʘʥʠʮʳ. ɺ onload ʤʝʪʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʟʦʚ 

ʬʫʥʢʮʠʠ openFirstSchedule ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʧʝʨʚʫʶ ʚʢʣʘʜʢʫ ʩ 

ʨʘʩʧʠʩʘʥʠʝʤ (ʚʢʣʘʜʢʫ ʜʣʷ ʪʝʢʫʱʝʡ ʥʝʜʝʣʠ). 
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ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʚʢʣʘʜʢʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ 

openWeeklySchedule ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ ʥʦʤʝʨ ʪʝʢʫʱʝʡ ʚʢʣʘʜʢʠ ʠʟ event ʧʘʨʘ-

ʤʝʪʨʘ. 

ʌʫʥʢʮʠʷ fillSubjects ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʘʰʠʚʘʪʴ ʥʘʟʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ ʨʘʟʥʳʤʠ 

ʮʚʝʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʚʘʥʠʷ ʧʨʝʜʤʝʪʘ (ʜʣʷ ʩʪʨʘʥʠʮʳ ʩ ʨʘʩʧʠʩʘʥʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ). 

ʌʫʥʢʮʠʷ fillClasses fillSubjects ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʘʰʠʚʘʪʴ ʥʘʟʚʘʥʠʷ ʢʣʘʩʩʦʚ 

ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʚʘʥʠʷ ʢʣʘʩʩʘ (ʜʣʷ ʩʪʨʘʥʠʮʳ ʩ ʨʘʩʧʠʩʘʥʠ-

ʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ). 

ɺ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʝʥ ʥʘʙʦʨ ʮʚʝʪʦʚ, ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʝʛʦ ʥʝ ʭʚʘʪʘʝʪ ʠ ʥʘ 

ʩʪʨʘʥʠʮʝ ʦʯʝʥʴ ʤʥʦʛʦ ʥʘʟʚʘʥʠʡ ʢʣʘʩʩʦʚ ʮʚʝʪ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʜʠʥʘʤʠʯʝʩʢʠ  

ɹʳʣʦ ʨʝʰʝʥʦ ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʩʧʠʩʘʥʠʷ ʰʢʦʣʳ 

ʥʘ ʧʣʘʪʬʦʨʤʝ Android (ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʣʴʩʢʠʭ ʰʢʦʣʴ-

ʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʝʣʝʬʦʥʳ ʥʘ ʵʪʦʡ ʧʣʘʪʬʦʨʤʝ). ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ 

Android Studio [5]. ʆʥʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘ IDE ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜ 

Android ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ, ʢʘʢ Java ʠ Kotlin, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʩʪʫʜʠʠ. 

ʆʙʘ ʷʟʳʢʘ ʜʦʩʪʘʪʦʯʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳ, ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʝʠʤʫʱʝʩʪʚ Java ʠ Kotlin ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ Kotlin ʢʘʢ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Java, ʦʪʢʨʳʪʦʛʦ ʠ ʣʘʢʦʥʠʯʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝ ʙʠʙʣʠʦʪʝʢʠ Java ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ. 

ɺʳʙʦʨ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ Kotlin ʠ Android Studio ʧʦʟʚʦʣʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʷʜ 

ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʙʠʙʣʠʦʪʝʢ [1] ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

- Room ʢʘʢ ORM-ʢʦʤʧʦʥʝʥʪ ʜʣʷ Android; 

- Coroutines ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʬʫʥʢʮʠʡ; 

- Android KTX ʢʘʢ ʥʘʙʦʨ ʨʘʩʰʠʨʝʥʠʡ Android API ʚ Kotlin [4]; 

- Okhttp ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ API ʩʘʡʪʘ ʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ 

HTTP; 

- Retrofit (ʪʠʧ ʟʘʱʠʱʸʥʥʦʛʦ HTTP-ʢʣʠʝʥʪʘ) ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ REST API 

ʢʘʢ ʠʥʪʝʨʬʝʡʩʘ [3]; 

- Moshi ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʬʦʨʤʘʪʝ JSON ʚ ʦʙʲʝʢ-

ʪʳ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ Kotlin; 

- Dagger ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦ ʚʨʝʤʷ ʢʦʤʧʠʣʷʮʠʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʠʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʪʢʣʠʢʠ ʚ ʨʘʤʢʘʭ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʫʯʘʱʠʤʠ ʠ ʧʝʜʘʛʦʛʘʤʠ ʄɹʆʋ çʐʝʛʦʚʘʨʩʢʘʷ ʉʐè. ʄʝʪʦʜʠʩʪ ʦʪʤʝʪʠʣ 

ʫʜʦʙʩʪʚʦ ʠ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʯʝʨʝʟ ʘʜʤʠʥʠ-

ʩʪʨʘʪʠʚʥʫʶ ʯʘʩʪʴ, ʜʨʫʞʝʣʶʙʥʳʡ , ʠʥʪʫʠʪʠʚʥʦ-ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʨʠ ʨʘʙʦ-

ʪʝ ʩ ʢʦʪʦʨʳʤ ʥʝ ʚʦʟʥʠʢʣʦ ʚʦʧʨʦʩʦʚ. ʆʙʫʯʘʶʱʠʝʩʷ ʞʝ ʦʪʤʝʪʠʣʠ ʨʘʙʦʪʫ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩ ʩʘʤʠʤ ʩʘʡʪʦʤ: ʣʘʢʦʥʠʯʥʳʡ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʜʠʟʘʡʥ, ʥʘʣʠʯʠʝ 

ʘʜʘʧʪʠʚʥʦʡ ʤʦʙʠʣʴʥʦʡ ʚʝʨʩʠʠ. ɺ ʨʘʙʦʪʝ ʩ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ - ʦʧʝʨʘ-

ʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʫʚʝʜʦʤʣʝʥʠʡ, ʤʥʦʛʠʝ ʦʪʤʝʪʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʣʠʯʠʷ 

ʨʘʟʜʝʣʘ ʜʣʷ ʙʳʩʪʨʳʭ ʟʘʤʝʪʦʢ. ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʧʣʘʥʠ-
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ʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʧʦʜ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ iOS. 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʚ ʥʝʙʦʣʴʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʪʝʤʠ ʞʝ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʠ ʚ ʛʦʨʦʜʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ʈʝʰʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʧʨʝʜʣʘʛʘʝʪ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʪʠʧʠʯʥʳʝ ʢʨʫʧʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʩʝʣʴʩʢʠʭ 

ʰʢʦʣ ʯʘʩʪʦ ʥʝ ʧʦʢʨʳʚʘʝʪ ʧʦʢʫʧʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʳʙʦʨ ʨʘʟʨʘʙʦʪʢʠ ʥʝʙʦʣʴʰʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʨʝʡʤʚʦʨʢ Python Django ʠʣʠ 

Kotlin ʠ Android Studio ʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʤʤʫʥʠʢʘ-

ʮʠʠ ʩ ʫʯʝʥʠʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ, ʠ ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʝʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʝʛʢʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʜʩʪʨʦʠʪʴʩʷ 

ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʫʯʨʝʞʜʝʥʠʡ, ʘ ʚ ʙʫʜʫʱʝʤ ï ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʬʫʥʢ-

ʮʠʠ. 
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The article discusses the issue of organizing interaction with schoolchildren in rural areas, 

investigates options for solving this problem using various technologies. Based on the results of the 

study, it is proposed to develop a website and an associated mobile application. To accomplish the 

task, the Django framework in Python for developing a website and Android Studio for a mobile 

application in Kotlin were chosen. 
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ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʋ ɺʇʆ çɸʣʪʘʡʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè,  

ʛ. ʈʫʙʮʦʚʩʢ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʪʦʨ-

ʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʜʩʠʩʪʝʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʧʦʢʫʧʘʪʝʣʝʡ, ʪʦʨʛʦʚʳʭ ʪʦʯʝʢ ʠ ʜʘʥʥʳʭ ʦ ʪʦʚʘ-

ʨʘʭ, ʠʭ ʥʘʣʠʯʠʝ ʚ ʩʢʣʘʜʝ. ɸ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʸʤʘ 

ʧʨʦʜʘʞ ʥʘ ʛʦʜ, ʫʯʸʪʳ ʟʘʢʘʟʦʚ ʧʦʢʫʧʘʪʝʣʝʡ, ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʚʳʚʦʜ ʦʪʯʸʪʥʦʩʪʝʡ ʥʘ ʧʝʯʘʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʛʦʚʦʝ, ʧʨʝʜʧʨʠʷʪʠʝ, ʩʠʩʪʝʤʘ, ʧʦʜʩʠʩʪʝʤʘ, ʩʢʣʘʜ, ʪʦʨʛʦʚʣʷ, ʧʨʦ-

ʛʥʦʟ, ʫʯʸʪ, ʙʘʟʘ ʜʘʥʥʳʭ. 

 

ʆʙʦʡʪʠʩʴ ʙʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʦʨʛʦʚʦʡ ʦʪʨʘʩʣʠ ʩʝʛʦʜʥʷ 

ʩʣʦʞʥʦ. ɼʣʷ ʫʯʝʪʘ ʜʘʞʝ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʦʨʛʦʚʣʠ ʠʩʧʦʣʴʟʫʶʪ, ʢʘʢ ʤʠʥʠ-

ʤʫʤ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ. ʏʝʤ ʙʦʣʴʰʝ ʦʙʲʝʤʳ ʪʦʨʛʦʚʣʠ, ʪʝʤ ʙʦʣʴʰʝ ʪʨʝʙʦ-

ʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʶʪ ʪʦʨʛʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʦʢʘʤ, ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʠʤ ʜʚʠʞʝʥʠʝ ʪʦʚʘʨʦʚ ʠ ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ [3]. 

ʊʦʨʛʦʚʣʷ, ʢʘʢ ʩʬʝʨʘ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʩʪʘʣʘ 

ʚʥʝʜʨʷʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʥʝʡ ʧʦ-

ʷʚʠʣʘʩʴ çʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʸʪʘè.     

 ʇʨʦʛʨʘʤʤʘ çʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʸʪʘ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷè 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʦʨʛʦʚʦ-ʟʘʢʫʧʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʣʘʜʦʚʱʠʢʘʤʠ,  ʤʝʥʝʜʞʝʨʘʤʠ, ʙʫʭʛʘʣʪʝʨʘʤʠ, 

ʩʝʢʨʝʪʘʨʷʤʠ, ʧʨʦʜʘʚʮʘʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʬʝʨʝ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴʟʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʕɺʄ ʥʝ ʪʦʣʴʢʦ 

ʚ ʫʯʸʪʝ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʢʣʘʜʘ ʠ ʥʘʢʣʘʜʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʥʦ ʠ ʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʙʲʸʤʘ ʧʨʦʜʘʞ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʯʸʪʘ, ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʪʨʫʜ ʢʣʘʜʦʚʱʠʢʦʚ,  ʤʝʥʝʜʞʝʨʦʚ, ʩʝʢ-

ʨʝʪʘʨʝʡ ʠ ʧʨʦʜʘʚʮʦʚ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʦʨʛʦʚʦ-ʟʘʢʫʧʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʯʸʪʘ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ; 

¶ ʉʦʩʪʘʚʠʪʴ ʬʦʨʤʫ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʢʫʧʘʪʝʣʝʡ, ʧʦʩʪʘʚʱʠʢʦʚ, ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʪʦʨʛʦʚʳʭ ʪʦʯʝʢ ʚ ɹɼ ʧʨʝʜʧʨʠʷʪʠʷ;   

¶ ʉʦʟʜʘʪʴ ʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʫʶ ʢʣʘʜʦʚʱʠʢʘʤ, ʤʝʥʝʜʞʝʨʘʤ, ʙʫʭʛʘʣʪʝʨʘʤ, 
ʩʝʢʨʝʪʘʨʷʤ ʠ ʧʨʦʜʘʚʮʘʤ  ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɹɼ; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʚʝʜʝʥʠʝ ʨʘʩʭʦʜʥʦʡ ʠ ʧʨʠʭʦʜʥʦʡ ʥʘʢʣʘʜʥʳʭ, ʘ ʪʘʢʞʝ ʚʳʚʦʜ ʥʘ 
ʧʝʯʘʪʴ ʦʪʯʸʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 
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¶ ʉʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʡʩ-ʣʠʩʪ ʠ ʩʧʠʩʢʠ ʪʦʚʘʨʦʚ ʥʘ ʩʢʣʘʜʝ ʩ ʚʳʚʦʜʦʤ ʥʘ 

ʧʝʯʘʪʴ; 

¶ ʆʧʠʩʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʦʙʲʸʤʘ ʧʨʦʜʘʞ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ. 

 

ʅʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 

 

Å ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʪʘʥ-

ʜʘʨʪʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

o ʥʝ ʤʝʥʝʝ 10 ɻɹ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ; 

o 100 ʄɹ ʩʚʦʙʦʜʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

Å ʧʨʠʥʪʝʨ ʩʝʤʝʡʩʪʚʘ HP, Lexmark, Canon, Brother. 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʠ ʨʘʙʦʪʳ ʩ ʥʝʡ: 

Å ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪ Windows XP ʠ ʚʳʰʝ; 

Å MS Office: word, excel, PowerPoint; 

Å ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Embarcadero Delphi XE8; 

Å ̫ ʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ object Paskal. 

ɼʦʧʫʩʪʠʤ, ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʸʤʘ 

ʧʨʦʜʘʞ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ, ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ   ʟʘ 

2020 ʛʦʜ [6]: 

 
ʈʠʩ. 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ 

 

ʅʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʛʥʦʟ ʦʙʲʸʤʘ ʧʨʦʜʘʞ ʥʘ 2021 ʛʦʜ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦ-

ʬʘʢʪʦʨʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʣʠʥʝʡʥʫʶ (ʦʜʥʦʬʘʢʪʦʨʥʫʶ) ʨʝʛʨʝʩʩʠʦʥʥʫʶ 

ʤʦʜʝʣʴ (1) [5,7]: 

          (1) 

ʛʜʝ: 

 ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ; 

  ï ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ; 

 ï ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʦʥʘ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʳʪʘʝʤʩʷ 

ʧʨʝʜʩʢʘʟʘʪʴ; 
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  ï ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʜʝʩʴ (2)  

ï ʧʨʷʤʘʷ.                               (2) 

ʈʘʩʩʤʦʪʨʠʤ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ (ʠʣʠ ʦʰʠʙʦʢ) (3) 

          (3) 

ʆʮʝʥʢʦʡ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʥʘʟʳʚʘʝʪʩʷ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ , 

ʜʦʩʪʘʚʣʷʶʱʠʡ ʤʠʥʠʤʫʤ ʩʫʤʤʝ . 

ʀʩʧʦʣʴʟʫʷ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʵʢʩʪʨʝʤʫʤʘ, ʧʨʠʨʘʚʥʷʝʤ ʥʫʣʶ ʯʘʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ (4): 

          (4) 

ʇʨʦʚʝʜʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʝʣʠʚ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ  ʧʦʣʫʯʠʤ (5) 

[5,8]: 

          (5) 

ʠʣʠ ʚ ʜʨʫʛʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ (6) 

                                  (6) 

ʛʜʝ: 

 
 

ʈʝʰʠʚ ʩʠʩʪʝʤʫ (6), ʧʦʣʫʯʠʤ ʠʩʢʦʤʳʝ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ 

(7): 

         (7) 

ʀʣʠ (8) 

                             (8) 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʸʤʘ ʧʨʦʜʘʞ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʠʥʜʝʢʩ ʩʝʟʦʥʥʦʩʪʠ ʥʘ ʢʘʞʜʳʡ ʤʝʩʷʮ ʧʦ ʬʦʨʤʫʣʝ (9) [7]: 

 

            (9) 

 

ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʸʤʘ ʧʨʦʜʘʞ: 

1. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ  ʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

2. ɺʳʯʠʩʣʷʶʪʩʷ ʩʫʤʤʘ ; 

3. ʅʘʭʦʜʷʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʪʦʣʙʮʘʤ; 
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4. ʄʝʪʦʜʦʤ ʂʨʘʤʝʨʘ ʨʘʩʩʯʠʪʘʶʪʩʷ ʟʥʘʯʝʥʠʷ  

5. ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʫʣʫ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʟʥʘʯʝʥʠʡ ʪʨʝʥʜʘ; 

6. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʠʥʜʝʢʩʦʚ ʩʝʟʦʥʥʦʩʪʠ ʧʦ ʤʝʩʷʮʘʤ; 

7. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʦʛʥʦʟ ʦʙʲʸʤʘ ʧʨʦʜʘʞ ʥʘ ʩʣʝʜʫʶʱʠʡ 

ʛʦʜ, ʥʫʞʥʦ ʧʝʨʝʤʥʦʞʠʪʴ ʟʥʘʯʝʥʠʝ ʪʨʝʥʜʘ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʥʘ ʠʥʜʝʢʩ 

ʩʝʟʦʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ; 

8. ʇʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʛʨʘʬʠʢʠ. 
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ʤʳ ʧʨʦʜʘʞ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʪʦʨʛʦʚʳʤ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʦʝʥʘ ʚ ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. 
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ʋɼʂ 004 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ  

ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʋʈʆɺʅʗ ʇʆɾɸʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɾʀʃʓʍ 

ʇʆʄɽʑɽʅʀʁ 

ʃʠʩʪʦʚ ɼ.ʆ. 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ɸʨʭʘʥʛʝʣʴʩʢ 

 
ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʞʠʣʦʤ ʬʦʥʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

https://blog.oy-li.ru/avtomatizatsiya-torgovli-2/
https://solutions.1c.ru/articles/1012/
https://exceltable.com/otchety/prognozirovanie-prodazh-v-excel
https://bstudy.net/669119/ekonomika/metodika_rascheta_indeksa_sezonnosti%20(дата
https://bstudy.net/669119/ekonomika/metodika_rascheta_indeksa_sezonnosti%20(дата
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ɺ ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʧʦʞʘʨʦʚ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʞʠʣʦʡ ʬʦʥʜ, ʧʦʞʘʨʳ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʧʦʞʘʨʥʳʡ ʥʘʜʟʦʨ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʬʠʣʘʢʪʠʢʘ ʧʦʞʘʨʦʚ. 

 

ɿʘ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2018 ʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦ-

ʠʟʦʰʣʦ 8664 ʧʦʞʘʨʘ. ʀʟ ʥʠʭ 3332 (38,46%) ʧʨʦʠʟʦʰʣʦ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɿʘ 

2019 ʛʦʜ ʧʨʦʠʟʦʰʣʦ 2558 ʧʦʞʘʨʦʚ (ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʩʦʩʪʘʚʠʣ 454608 ʪʳʩ. 

ʨʫʙ.), ʟʘ 2020 ʛʦʜ ï 2550 ʧʦʞʘʨʦʚ (ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ 341736 ʪʳʩ. ʨʫʙ.), ʩʨʝ-

ʜʠ ʥʠʭ ʜʦʣʷ ʧʦʞʘʨʦʚ ʚ ʞʠʣʳʭ ʜʦʤʘʭ ʩʦʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʦʢʦʣʦ 40%. ɿʘ 2018 ʛʦʜ 

ʫɦ ʝʨʙ ʦʪ ʧʦʞʘʨʦʚ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʩʦʩʪʘʚʠʣ ʩʚʳʰʝ 13,8 ʤʣʥ. ʨʫʙ., ʘ ʟʘ ʧʦʩʣʝʜ-

ʥʠʝ ʧʷʪʴ ʣʝʪ ï ʩʚʳʰʝ 684 ʤʣʥ. ʨʫʙ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʚ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ï ʜʣʷ ʞʠʣʳʭ ʜʦʤʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʥʘʜʟʦʨʘ ʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʥʘʜʟʦʨʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʙʝ-

ʨʝʯʴ ʢʘʢ ʣʶʜʝʡ, ʪʘʢ ʠ ʠʭ ʞʠʣʠʱʝ ʦʪ ʧʦʞʘʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʘʢʪʠʢʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʤʥʦʛʠʝ ʧʨʝʥʝʙʨʝʛʘʶʪ ʧʨʘʚʠʣʘʤʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʚʦʚʩʝ ʠʭ 

ʥʝ ʟʥʘʶʪ. ʀ ʚʩʝ ʞʝ, ʧʨʦʬʠʣʘʢʪʠʢʘ ʧʦʞʘʨʦʚ ʠʤʝʥʥʦ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ 

ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʘ. ʕʪʦ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʨʦʙʣʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʣʠ ʪʘʢʦʛʦ ʵʪʘʧʘ 

ʨʘʟʚʠʪʠʷ, ʯʪʦ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ, ʥʦ ʠ, 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʥʝʦʙʭʦʜʠʤʳʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʮʠʬʨʦʚʳʝ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʠ ʚ ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʞʘʨʥʦʛʦ 

ʥʘʜʟʦʨʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʦʧʳʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʚʝʜʝʥʳ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʩʦʪʨʫʜʥʠʢʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʋʧʨʘʚʣʝʥʠʷ 

ʥʘʜʟʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ɻʣʘʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʄʏʉ ʈʦʩʩʠʠ ʧʦ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʣʘʥʰʝʪʦʚ 

ʠ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʝʩʫʨʩʦʚ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʟʚʘʥʦ ʦʙʣʝʛʯʠʪʴ ʧʨʦʚʝʜʝ-

ʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʤʫʥʠʮʠ-

ʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʙʫʯʝʥʠʝ 

ʥʝʨʘʙʦʪʘʶʱʝʛʦ ʥʘʩʝʣʝʥʠʷʠ ʧʨʦʚʝʜʝʥʠʝ ʠʥʩʪʨʫʢʪʘʞʝʡ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʘʤʦʧʨʦʚʝʨʢʠ ʜʣʷ 

ʥʘʩʝʣʝʥʠʷ. 

ʉʫʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʢʝʪʠʨʦʚʘʥʠʠ 

ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʦ ʩʦʩʪʦʷʥʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʭ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʝʛʦ ʜʦʤʘ ʠʣʠ ʢʚʘʨʪʠʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
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ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʤʝʱʝʥʠʡ. 

ɸʥʢʝʪʠʨʫʝʤʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʯʝʪʳʨʝ ʙʣʦʢʘ ʚʦʧʨʦʩʦʚ, ʘ ʠʤʝʥ-

ʥʦ, ʥʘ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ: 

- ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʥʘʧʨʠʤʝʨ, ʟʥʘʥʠʷ ʪʝʣʝʬʦʥʘ ʚʳʟʦʚʘ 
ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʠʣʠ ʧʝʨʚʠʯʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ); 

- ʧʝʯʥʦʛʦ ʦʪʦʧʣʝʥʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ); 

- ʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ); 

- ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ. 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʣʦʢ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ 

ʤʝʩʪ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʞʠʣʦʛʦ ʬʦʥʜʘ. 

ʇʦ ʠʪʦʛʘʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʞʠ-

ʣʦʝ ʧʦʤʝʱʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʞʝ ʥʝʪ. ɺ ʪʘʢʦʤ ʩʣʫ-

ʯʘʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʶ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʜʦʙʨʦʚʦʣʴʥʦʡ ʦʩʥʦʚʝ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢʦʡ-

ʣʠʙʦ ʢʚʘʨʪʠʨʳ ʠʣʠ ʜʦʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʠʢʫ. 

ʂʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʳʭ 
ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯ; 

- ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ (ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʩ 

ʚʥʝʩʝʥʠʝʤ ʚ ʧʨʦʛʨʘʤʤʫ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ); 

- ʜʦʩʪʫʧʥʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʘʯʠʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʳ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

(ʪʘʢʠʭ ʢʘʢ Google Playmarket ʠʣʠ AppStore)). 

ʇʨʦʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʝʩʫʨʩʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʧʦʞʘʨʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʚ 

ʞʠʣʴʝ ʠ ʩʘʤʦʧʨʦʚʝʨʢʝ ʛʨʘʞʜʘʥ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʟʚʦʣʠʪ ʩʦ-

ʢʨʘʪʠʪʴ ʧʨʷʤʦʡ ʠ ʢʦʩʚʝʥʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʧʦʞʘʨʦʚ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ 

ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʦʙʦʩʥʦʚʘʥʥʦʡ ʚ 

ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʛʦʜʦʚʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʧʦʞʘ-

ʨʦʚ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʴ-

ʰʫʶ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʟʘʪʨʘʯʝʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ. 

ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʪʘ-

ʥʝʪ ʝʛʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʦʞʘʨʥʦʛʦ ʥʘʜʟʦʨʘ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-
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ʥʠʡ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʦʙʫʯʝʥʠʝ ʥʝʨʘʙʦʪʘʶʱʝʛʦ ʥʘʩʝ-

ʣʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʥʩʪʨʫʢʪʘʞʝʡ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʚʩʣʝʜʩʪʚʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʠ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʨʘʙʦ-

ʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: 

- ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ ʩʘʤʦʧʨʦʚʝʨʢʠ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʘʥʢʝʪʠʨʫʝʤʦʤʫ, 

ʪʦ ʧʨʦʚʝʨʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɸ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʪʦʯʥʳʤʠ, ʪʘʢ ʢʘʢ ʧʦʣʥʦʩʪʴʶ 

ʟʘʚʠʩʷʪ ʦʪ ʦʪʚʝʪʦʚ. 

- ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʥʘ ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʨʢʠ. ɼʘʣʝʢʦ ʥʝ ʫ ʚʩʝʭ ʣʶʜʝʡ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʠʣʠ ʚʦʦʙʱʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʀʥʪʝʨʥʝʪʫ 

(ʧʦ ʩʝʡ ʜʝʥʴ ʥʝ ʚʦ ʚʩʝʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʝʩʪʴ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ). 
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʉʆʉʊɸɺʃɽʅʀʗ  

ʈɸʉʇʀʉɸʅʀʗ ɼʃʗ ɼɽʊʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ 

ɸ.ɼ. ʄʘʢʘʨʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. çʇʄè ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʀʥʩʪʠʪʫʪ, ʛ. ʈʫʙʮʦʚʩʢ 

 
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʙʫʯʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʚʩʝʛʜʘ ʪʨʝʙʫʝʪ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʠ, ʪʘʢ ʢʘʢ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʧʦʢʘ ʥʝʪ, ʜʣʷ ʢʘʞʜʦʡ ʫʯʝʙʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʩʚʦʸ ʨʝʰʝʥʠʝ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʦʪʨʝʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʠʩʘʥʠʝ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʠʩʘʥʠʝ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʫʯʝʙʥʳʡ ʧʣʘʥ. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ð ʵʪʦ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ. ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʨʝʰʘʝʪʩʷ ʚʦ 

ʚʩʝʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʚʩʝʛʦ ʤʠʨʘ. ʄʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʟʘʥʠʤʘ-

ʣʠʩʴ ʨʘʙʦʪʦʡ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʩ ʫʯʸ-
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ʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʟʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʥʝ ʨʝʰʝʥʘ 

ʧʦʣʥʦʩʪʴʶ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʳʭ ʤʝʪʦʜʠʢ ʨʝ-

ʰʝʥʠʷ ʨʘʩʧʣʘʥʠʨʦʚʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦ-

ʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʫʯʝʙʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʧʪʠʤʘʣʴʥʦ ʩʦʩʪʘʚʣʝʥʥʳʡ ʨʘʩʧʦ-

ʨʷʜʦʢ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʫʯʝʙʥʳʭ ʛʨʫʧʧ ʠ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʥʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʦʤʬʦʨʪʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʜʘʞʝ ʥʘ ʩʪʝ-

ʧʝʥʴ ʫʩʚʦʝʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʯʝʥʠʢʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʨʘʩʧʠʩʘʥʠʷ ʚʩʝʛʜʘ 

ʩʣʦʞʥʘ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʩʦʟʜʘʥʠʷ ʥʫʞʥʦ ʫʯʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠ-

ʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ 

ʤʝʪʦʜʠʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳ-

ʤʠ ʠ ʚ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʣʶʙʦʡ ʫʯʝʙʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʫʞʥʦ ʚʥʝʜ-

ʨʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʫʧʨʘʚʣʷʪʴ ʭʦʜʦʤ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʢ ʟʘʜʘʯʝ ʦ ʩʦ-

ʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʎɼʅʀʊʊ çʅʘʩʣʝʜʥʠʢʠ ʇʦʣʟʫʥʦʚʘè. 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ. 

ʉʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʨʘʟʣʠʯʥʳʭ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʦʪʥʦʩʷʪ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ [1,5]. ʊʝʢʫʱʝʝ ʨʘʟʚʠʪʠʝ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʧʠʩʘʥʠʡ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. ɼʳʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʨʘʙʦʪʘʶʪ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʝ ʩ ʝʛʦ 

ʫʥʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ï ʵʪʦ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʪʠʧ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ, ʧʨʠ-

ʤʝʥʷʝʤʳʡ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʜʙʦʨʘ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʙʳʣ ʚʟʷʪ ʟʘ ʠʜʝʶ ʠʟ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ ɼʘʨ-

ʚʠʥʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʪʙʦʨʝ, ʛʜʝ ʛʣʘʚʥʦʡ ʦʩʥʦʚʦʧʦʣʘʛʘʶ-

ʱʝʡ ʤʳʩʣʴʶ ʩʯʠʪʘʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʨʘʟʤʥʦʞʘʶʪʩʷ ʠ ʚʳʞʠʚʘʶʪ ʥʘʠʙʦʣʝʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʦʩʦʙʠ. ɺ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦ ʞʝ ʩʘʤʦʝ. 

ɽʩʪʴ ʥʝʢʦʪʦʨʘʷ ʧʦʧʫʣʷʮʠʷ ʛʠʧʦʪʝʟ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʘʩʧʠʩʘʥʠʡ) ʠ ʠʟ ʥʠʭ ʚʳʙʠ-

ʨʘʝʪʩʷ ʥʘʠʣʫʯʰʘʷ. ʂʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ 

ʩʣʫʞʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʠ), 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʦʩʦʙʝʡ ʥʘʰʝʡ ʧʦʧʫʣʷʮʠʠ ʨʘʩʧʠʩʘʥʠʡ ʧʦ ʦʧʨʝʜʝ-

ʣʸʥʥʳʤ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʥʘ ʩʢʦʣʴʢʦ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʙʣʠʟʦʢ ʢ ʠʜʝʘʣʴʥʦʤʫ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʩʣʦʚʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. ɼʣʷ ʜʝʪ-

ʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʦʥʠ ʩʣʝʜʫʶʱʠʝ: 

¶ ʆʪʩʫʪʩʪʚʠʝ ʥʝʩʦʩʪʳʢʦʚʦʢ ʚ ʨʘʩʧʠʩʘʥʠʠ. ɺ ʦʜʥʦ ʠ ʪʦʞʝ ʚʨʝʤʷ ʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʘʨ ʫ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫʧʧʳ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʘʨ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʘʫʜʠʪʦʨʠʠ ʚ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʤʦʛʫʪ 
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ʷʚʣʷʪʴʩʷ, ʠ ʦʥʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʧʘʨ ʚ ʧʦʪʦʢʝ, ʢʦʛʜʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʚʦʜʠʪ ʫʨʦʢ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

¶ ʇʦʣʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʤʝʪʘ (ʢʫʨʩʘ) ʝʩʪʴ 
ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʣʘʥ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ 

(ʯʘʩʦʚ) ʚ ʥʝʜʝʣʶ. 

¶ ʇʦʩʤʝʥʥʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ. ɻʨʫʧʧʳ ʫʯʝʥʠʢʦʚ ʦʙʫʯʘʶʪʩʷ ʚ 

ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʩʤʝʥʳ. 

¶ ʋ ʩʪʫʜʝʥʪʦʚ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʦʪʩʫʪʩʪʚʫʶʪ çʦʢʥʘè, ʵʪʦ 
ʪʨʝʙʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʠʚʘʥʠʷ ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʝʡ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʦʩʪʝʡʰʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʘʩʩʯʠʪʘʪʴ ʠ ʨʘʩʩʪʘʚʠʪʴ ʚʩʝ ʧʘʨʳ 

ʧʨʘʚʠʣʴʥʦ. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʝ ï ʵʪʦ ʤʥʦʞʝʩʪʚʘ [3,4]: 

¶ ʜʠʩʮʠʧʣʠʥʳ (ʢʫʨʩʳ) ; 

¶ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ; 

¶ ʛʨʫʧʧʳ ; 

¶ ʘʫʜʠʪʦʨʠʠ ; 

¶ ʟʘʥʷʪʠʷ (ʧʘʨʳ, ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ) , 

ʛʜʝ n ï ʯʠʩʣʦ ʢʫʨʩʦʚ (ʜʠʩʮʠʧʣʠʥ) ʦʙʫʯʝʥʠʷ, m ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʝʡ, lïʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʫʯʝʥʠʢʦʚ, sïʢʦʣʠʯʝʩʪʚʦ ʘʫʜʠʪʦʨʠʡ, uïʯʠʩʣʦ ʧʘʨ ʚ ʥʝ-

ʜʝʣʶ [4]. 

ʄʝʞʜʫ ʤʘʩʩʦʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ.  

ʅʘʧʨʠʤʝʨ, ʫʯʝʙʥʳʝ ʧʨʝʜʤʝʪʳ ʧʨʦʭʦʜʷʪ ʪʦʣʴʢʦ ʚ ʢʦʥʢʨʝʪʥʳʭ ʘʫʜʠʪʦʨʠʷʭ 

ʠʣʠ ʚʝʩʪʠ ʪʫ ʠʣʠ ʠʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʤʦʞʝʪ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ. 

ʕʪʠ ʩʚʷʟʠ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [4]. 

ʄʦʞʥʦ ʚʟʷʪʴ ʬʫʥʢʮʠʶ ʢʘʢ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ, ʦʪʦʙʨʘʞʘ-

ʶʱʫʶ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʥʦʞʝʩʪʚ  ʥʘ ʤʥʦʞʝʩʪʚʦ 

: 

 
ʛʜʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʥʷʪʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ  ʧʨʦʚʦ-

ʜʷʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ  ʜʣʷ ʛʨʫʧʧʳ ʚ ʘʫʜʠʪʦʨʠʠ  ʚʦ ʚʨʝʤʷ ʧʘʨʳ [4].  

ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

1. ɽʩʣʠ ʚʦʟʤʦʞʥʦ, ʪʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʸʪʩʷ ʧʦʧʫʣʷʮʠʷ ʩ 

ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʦʩʦʙʝʡ (ʨʘʩʧʠʩʘʥʠʡ).  

2. ʇʨʠ ʧʦʤʦʱʠ ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʠ ʢʘʞʜʘʷ ʦʩʦʙʴ (ʨʘʩʧʠʩʘʥʠʝ) 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʠʟʘʮʠʠ çʦʢʦʥè, ʪʦ ʝʩʪʴ ʯʝʤ ʤʝʥʴʰʝ çʦʢʦʥè ʫ 

ʫʯʝʥʠʢʦʚ ʠ ʫ ʫʯʠʪʝʣʝʡ, ʪʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʨʝʟʫʣʴʪʘʪ ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʠ ʫ ʢʘʞʜʦʡ 

ʦʩʦʙʠ. 

3. ɺʳʧʦʣʥʷʝʪʩʷ ʩʦʨʪʠʨʦʚʢʘ ʚ ʧʦʧʫʣʷʮʠʠ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʷ 

ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʠ ʠ ʝʩʣʠ ʝʩʪʴ ʪʘʢʘʷ ʦʩʦʙʴ (ʨʘʩʧʠʩʘʥʠʝ), ʫ ʢʦʪʦʨʦʡ ʦʥʘ ʨʘʚʥʘ 

ʥʫʣʶ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʥʘʡʜʝʥ ʠ ʥʠʢʘʢʠʭ ʜʝʡʩʪʚʠʡ ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ.  
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4. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʝʩʣʠ ʨʝʰʝʥʠʝ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʫʜʘʣʷʝʪʩʷ 75% 

çʥʘʠʭʫʜʰʠʭè ʦʩʦʙʝʡ ʧʦ ʦʮʝʥʠʚʘʥʠʶ ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʝʡ. 

5. ɼʘʣʝʝ ʩʦʟʜʘʸʪʩʷ ʥʦʚʘʷ ʧʦʧʫʣʷʮʠʷ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʪʨʠ 

ʤʫʪʠʨʫʶʱʠʝ ʦʩʦʙʠ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʚ ʧʨʝʜʳʜʫʱʝʡ ʧʦʧʫʣʷʮʠʠ. ʄʫʪʘʮʠʷ ʦʩʦʙʠ 

(ʨʘʩʧʠʩʘʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʩʣʫʯʘʡʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʘʨ ʚ ʜʚʫʭ 

ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʜʥʷʭ. 

6. ʀʟ ʥʦʚʦʡ ʧʦʧʫʣʷʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʦʩʦʙʴ ʩ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʬʠʪʥʝʩʩ ʬʫʥʢʮʠʠ (ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ), ʯʪʦ ʠ ʙʫʜʝʪ 

ʧʨʠʙʣʠʞʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. 

ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʩʦʟʜʘʥʠʶ ʨʘʩʧʠʩʘ-

ʥʠʷ ʚʦʟʴʤʸʤ ʚʩʝʛʦ ʪʨʠ ʛʨʫʧʧʳ, 6 ʫʨʦʢʦʚ ʜʣʷ ʛʨʫʧʧ, 5 ʫʯʠʪʝʣʝʡ ʠ 6 ʘʫʜʠʪʦʨʠʡ. 

ʊʘʢ ʞʝ ʩʜʝʣʘʝʤ ʧʨʠʚʷʟʢʫ ʧʨʝʜʤʝʪʘ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʫʯʠʪʝʣʷʤ ʠ ʢ ʘʫʜʠʪʦʨʠʷʤ. 

ʇʦʜʨʦʙʥʳʡ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 1-4. 

 

 
ʈʠʩ. 1. ʉʧʠʩʦʢ ʧʨʝʜʤʝʪʦʚ ʜʣʷ ʨʘʩʧʠʩʘʥʠʷ 

 

 
ʈʠʩ. 2. ʉʧʠʩʦʢ ʜʠʩʮʠʧʣʠʥ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʯʘʩʳ ʚ ʥʝʜʝʣʶ, ʩʚʷʟʠ ʩ ʫʯʠʪʝʣʷ-

ʤʠ ʠ ʘʫʜʠʪʦʨʠʷʤʠ 

 

 
ʈʠʩ. 3. ʉʧʠʩʦʢ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 
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ʈʠʩ. 4. ʉʧʠʩʦʢ ʘʫʜʠʪʦʨʠʡ 

 

ʇʨʠ ʧʦʤʦʱʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʘʚʠʣʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʦʢʦʥ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʨʸʭ ʛʨʫʧʧ (ʪʦʣʴʢʦ ʧʦʩʣʝʜʥʷʷ ʦʙʫ-

ʯʘʝʪʩʷ ʚʦ ʚʪʦʨʫʶ ʩʤʝʥʫ) ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5-7. 

 

 
ʈʠʩ. 5. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʜʣʷ ʛʨʫʧʧʳ  

ʇʨʦʧʝʜʝʚʪʠʢʘ 5 ʢʣʘʩʩ 

 

 
ʈʠʩ. 6. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʜʣʷ ʛʨʫʧʧʳ  

ʄʘʪʝʤʘʪʠʢʘ 6 ʢʣʘʩʩ 

 

 
ʈʠʩ. 7. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʜʣʷ ʛʨʫʧʧʳ  

ʌʠʟʠʢʘ 7 ʢʣʘʩʩ (ʦʙʫʯʝʥʠʝ ʚʦ ʚʪʦʨʫʶ ʩʤʝʥʫ) 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʜʝʪʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʥʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. 

ʊʝʧʝʨʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʧʠʩʘʥʠʷ ʙʫʜʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ. 
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Automation of the processes of organizing the educational process in training organizations 

always requires attention, and since there are no unified automated systems yet, each educational 

organization requires its own solution. This article discusses a genetic algorithm for solving the 

scheduling problem and its implementation. 

Keywords: schedule, genetic algorithm, automated systems, automation, curriculum. 

 

ʋɼʂ 004.62 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʈɸɹʆʊʓ ʉ ɼɸʅʅʓʄʀ ʆ ʂɸɼʈʆɺʆʄ ʉʆʉʊɸɺɽ 

ʇʈɽɼʇʈʀʗʊʀʗ 

ɽ.ʆ. ʇʘʥʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ʅ.ɸ. ʃʘʨʠʥʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʋ ɺʇʆ çɸʣʪʘʡʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, 

ʛ. ʈʫʙʮʦʚʩʢ 

 
ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʧʦʜʩʠʩʪʝʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʪʨʫʜʥʠʢʘʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʭ ʩʪʘʞʝ, ʢʦʥʪʘʢʪʘʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ. ɺʢʣʶʯʝʥʳ ʬʫʥʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʚʦʜʘ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʝʯʘʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʜʝʣ ʢʘʜʨʦʚ, ʫʯʸʪ, ʙʘʟʘ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʜʦʢʫʤʝʥʪ. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʥʘ ʣʶʙʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʪ.ʢ. ʯʝʣʦʚʝʯʝʩʢʠʡ ʪʨʫʜ ʥʝ ʠʜʝʘʣʝʥ. ʏʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ 

ʤʘʰʠʥʘ, ʝʤʫ ʥʫʞʥʦ ʚʨʝʤʷ ʥʘ ʦʪʜʳʭ, ʦʥ ʥʝ ʧʦʩʪʦʷʥʥʳʡ ʠ ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ - ʦʥ 

ʜʦʧʫʩʢʘʝʪ ʦʰʠʙʢʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ - ʷʚʣʷʝʪʩʷ ʧʝʨʚʦ-

ʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʫʞʜʘʶʪʩʷ ʚʩʝ ʩʬʝʨʳ, ʦʜʥʘʢʦ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʷ ʨʘʩʯʝʪʦʚ ʠ ʚʝʜʝʥʠʷ ɹɼ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ, ʚʝʜʴ ʦʜʥʘ ʤʘʣʝʡʰʘʷ 

ʦʰʠʙʢʘ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʢʦʤʧʘʥʠʠ ʚ ʢʨʫʧʥʫʶ ʩʫʤʤʫ. ʊʝʤʘ ʷʚ-

ʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-

ʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʪʜʝʣʘ ʢʘʜʨʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʘʜ-

ʨʦʚʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʳ çʆʪʜʝʣ ʂʘʜʨʦʚè ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʬʦʨʤʣʝʥʠʝ ʢʘʜʨʦ-

ʚʳʭ ʧʨʠʢʘʟʦʚ ʠ ʜʦʢʫʤʝʥʪʦʚ. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʪʜʝʣʘ ʢʘʜʨʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʟʫ ʜʘʥʥʳʭ çKadry.mdbè ʠ ʉʋɹɼ. 

ʎʝʣʴ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɿʘʜʘʯʠ: 

1) ʀʟʫʯʠʪʴ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʩʚʷʟʠ ʜʘʥʥʳʭ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ; 

2) ʆʧʠʩʘʪʴ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʠ; 

3) ʈʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ɹɼ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʸ ʚʝʜʝʥʠʝ; 

4) ʉʦʩʪʘʚʠʪʴ ʘʣʛʦʨʠʪʤ; 

5) ʈʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠʩʧʦʣʥʷʶʱʫʶ ʬʫʥʢʮʠʠ: 

1) ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ ʢ ɹɼ ʦ: 

- ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ; 

- ʩʦʪʨʫʜʥʠʢʘʭ: 

- ʩ ʚʳʩʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ; 

- ʩʥʷʪʳʭ ʩ ʚʦʠʥʩʢʦʛʦ ʫʯʝʪʘ; 

- ʩ ʟʘʨʧʣʘʪʦʡ ʙʦʣʝʝ 50000 ʨʫʙ.; 

- ʫʚʦʣʠʚʰʠʭʩʷ ʩ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʩʪʘ ʨʘʙʦʪʳ. 

2) ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʜʘʯʠ ʬʦʨʤ ʠ ʦʪʯʸʪʦʚ: 

- ʩʧʨʘʚʦʯʥʠʢ ʦ ʩʦʪʨʫʜʥʠʢʘʭ; 

- ʰʘʙʣʦʥ ʜʣʷ ʜʘʥʥʳʭ ʦ ʥʦʚʦʤ ʩʦʪʨʫʜʥʠʢʝ; 

- ʩʧʠʩʦʢ ʧʨʠʢʘʟʦʚ ʦ ʧʨʠʝʤʝ ʥʘ ʨʘʙʦʪʫ; 

- ʚʝʜʦʤʦʩʪʴ ʦ ʩʪʘʞʝ ʩʦʪʨʫʜʥʠʢʦʚ; 

      - ʚʝʜʦʤʦʩʪʠ: 

- ʦ ʩʪʘʞʝ ʨʘʙʦʪʳ; 

- ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ; 

- ʦ ʜʦʢʫʤʝʥʪʘʭ; 

- ʦ ʢʦʥʪʘʢʪʘʭ. 

6) ʉʦʩʪʘʚʠʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʢ ʇʆ; 

7) ʉʦʩʪʘʚʠʪʴ ʧʨʝʟʝʥʪʘʮʠʶ ʜʣʷ ʟʘʱʠʪʳ ʨʘʙʦʪʳ. 

ʄʝʪʦʜʠʢʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦ-

ʩʪʦʠʪ ʠʟ ʧʦʜʩʠʩʪʝʤ: ɹɼ ʠ ʉʋɹɼ ʠ ʠʩʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 
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ɿʘʜʘʯʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦ ʢʘʜʨʦʚʦʤ 

ʩʦʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɿʘʜʘʯʘ ʠʩʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ: 

ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ɹɼ; 

Å ʚʝʜʝʥʠʝ ɹɼ çKadry.mdbè; 

Å ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʠʩʢʘ ʚ ɹɼ ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ; 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ ʥʘ ʧʝʯʘʪʴ ʜʦʢʫʤʝʥʪʦʚ; 

Å ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʧʨʦʩʦʚ ʢ ɹɼ ʥʘ ʚʳʙʦʨʢʫ ʧʦ ʢʨʠʪʝʨʠʷʤ; 

Å ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʭʦʜʘ ʚ ʧʨʦʛʨʘʤʤʫ ʧʦ ʧʘʨʦʣʶ; 

Å ʩʦʩʪʘʚʣʝʥʠʝ ʠ ʚʳʚʦʜ ʬʦʨʤ: 

Å ʩʧʨʘʚʦʯʥʠʢ ʦ ʩʦʪʨʫʜʥʠʢʘʭ; 

Å ʰʘʙʣʦʥ ʜʣʷ ʜʘʥʥʳʭ ʦ ʥʦʚʦʤ ʩʦʪʨʫʜʥʠʢʝ; 

Å ʩʧʠʩʦʢ ʧʨʠʢʘʟʦʚ ʦ ʧʨʠʝʤʝ ʥʘ ʨʘʙʦʪʫ; 

Å ʟʘʧʨʦʩʳ; 

Å ʰʘʙʣʦʥ ʜʣʷ ʜʘʥʥʳʭ ʦ ʩʪʘʞʝ ʩʦʪʨʫʜʥʠʢʦʚ; 

Å ʩʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʳ; 

Å ʦ ʧʨʦʛʨʘʤʤʝ; 

Å ʦʢʥʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

 

ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 
ʈʠʩʫʥʦʢ - 1. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 
ʈʠʩʫʥʦʢ -2 ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʳ: 

 

 
ʈʠʩʫʥʦʢ ï 3 ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ 

 

ʇʫʥʢʪ ʧʦʜʤʝʥʶ çɼʘʥʥʳʝè ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʨʘʚʦʯʥʠʢʦʤ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʚʳʚʦʜ ʟʘʧʠʩʠ ʠʟ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʦʪʧʨʘʚʣʷʪʴ ʚ ʘʨʭʠʚ ʫʚʦʣʠʚʰʠʭʩʷ 

ʢʘʜʨʦʚ. 

ʉʧʨʘʚʦʯʥʠʢ 

ʅʦʚʳʡ 

ʩʦʪʨʫʜʥʠʢ 

ʉʧʠʩʦʢ 

ʧʨʠʢʘʟʦʚ 

ʐʘʙʣʦʥ ʜʣ ̫

ʜʘʥʥʳʭ ʦ 

ʩʪʘʞʝ 

ɺʳʭʦʜ 

ʇʦʠʩʢ ʧʦ 

ʬʘʤʠʣʠʠ 

ʇʦʠʩʢ 

ʫʚʦʣʝʥʥʳʭ 

ʇʦʠʩʢ ʧʦ 

ʪʘʙ. ʥʦʤʝʨʫ 

ɿʘʧʨʦʩʳ 

ɺʝʜʦʤʦʩʪʴ ʦ 

ʩʦʪʨʫʜʥʠʢʘʭ 

ɺʝʜʦʤʦʩʪʴ ʦ 

ʩʪʘʞʝ 

ɺʝʜʦʤʦʩʪʴ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ 

ɺʝʜʦʤʦʩʪʴ ʦ 

ʜʦʢʫʤʝʥʪʘʭ 

ɺʝʜʦʤʦʩʪʴ ʦ 

ʢʦʥʪʘʢʪʘʭ 

ʇʦʠʩʢ 
ʜʦʣʞʥʦ-

ʩʪʝʡ 

    ɼʘʥʥʳʝ 

    ɻʣʘʚʥʦʝ ʤʝʥʶ 

   ʇʝʯʘʪʴ   ʉʝʨʚʠʩ    ɺʳʭʦʜ 
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ʇʫʥʢʪ çʅʦʚʳʡ ʩʦʪʨʫʜʥʠʢè ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ɹɼ, 

ʜʦʙʘʚʣʷʷ, ʫʩʪʨʦʠʚʰʠʭʩʷ ʥʘ ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʇʦʜʤʝʥʶ çʉʝʨʚʠʩè ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʚʳ-

ʧʦʣʥʷʪʴ ʟʘʧʨʦʩʳ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʵʢʨʘʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ. 

ʇʫʥʢʪ ʧʦʜʤʝʥʶ çʇʝʯʘʪʴè ʧʦʟʚʦʣʷʝʪ ʚʳʚʦʜʠʪʴ ʜʦʢʫʤʝʥʪʳ ʥʘ ʧʝʯʘʪʴ. 

ʇʫʥʢʪ ʧʦʜʤʝʥʶ çʉʧʨʘʚʢʘè ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʨʘʚʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʨʘʙʦʪʯʠʢʝ ʠ 

ʚʝʨʩʠʠ ʇʆ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʩʦʥʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʣ ʙʁʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʋʩʧʝʭ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ) ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʨʘʙʦʪʥʠʢʠ, ʟʘʥʷʪʳʝ ʥʘ ʥʝʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʜʝʣʝʥʠʝ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʩʬʝʨ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʦʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʢʘʜʨʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʧʝʨʩʦʥʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʝʨʩʦʥʘʣ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʥʘʥʩʦʚʳʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʢʘʧʠʪʘʣʦʤ. ʇʨʘʚʠʣʴʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʨʘʙʦʪʳ HRïʤʝʥʝʜʞʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʩʦʥʘʣʦʤ, ʚʦʟʥʠʢʘʶʪ ʥʘ ʚʩʝʭ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʪʝʢʫʯʝʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʫʜʘ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʯʝʨʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. [7, 4] ʆʩʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʪʝʢʫʯʝʩʪʠ ʧʝʨʩʦʥʘʣʘ ʫʯʨʝʞʜʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʫʚʦʣʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ 

ʧʨʠʯʠʥ ʫʚʦʣʴʥʝʥʠʷ; 

 

Kʪ = 100*
ʏʩʨ

Ky
,      (1) 

 

ʛʜʝ: 

ʂʪ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʢʫʯʝʩʪʠ; 

ʂʫ ï ʢʦʣʠʯʝʩʪʚʦ ʫʚʦʣʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ ʛʦʜ; 

ʏʩʨ ï ʩʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ. 

ʉʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʏʩʨ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʩʚʦʜ-

ʥʫʁ ʯʠʩʣʝʥʥʦʩʪʴ ʚ ʢʘʞʜʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʧʝʨʠʦʜ: 

 

ʏʩʨ = )
2

ʏ1nʏ12
...

2

ʏ3ʏ2

2

2ʏ1ʏ
(*

2

1 +
++

+
+

+
,    (2) 

ʛʜʝ: 

ʏʩʨ ī ʩʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ; 

ʏ1, ʏ2, ʏ12 ī ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʝʨʚʦʝ ʯʠʩʣʦ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ; 
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ʏ1n ī ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ 1 ʷʥʚʘʨʷ ʛʦʜʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʦʪʯʝʪʥʳʤ. 

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʩʤʝʥʳ ʤʝʩʪʘ ʨʘʙʦʪʳ ʚ ʪʘʢʦʤ ʩʝʢʪʦʨʝ ʢʘʢ ʦʪ-

ʜʝʣ ʢʘʜʨʦʚ: 

ʘ) ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʙʦʪʳ (ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʫʩʪʨʘʠʚʘʝʪ);  

ʙ) ʥʠʟʢʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʘʠʚʘʣʘ);  

ʚ) ʥʝʫʜʦʙʥʳʡ ʛʨʘʬʠʢ ʨʘʙʦʪʳ; 

ʛ) ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʦʙʫʯʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʪʝʩʪʠʨʦʚʘʥʠʡ; 

ʜ) ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʝʨʩʧʝʢʪʠʚ ʨʘʙʦʪʳ; 

ʝ) ʧʣʦʭʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ; 

ʞ) ʦʜʥʦʦʙʨʘʟʠʝ ʠ ʤʦʥʦʪʦʥʥʦʩʪʴ ʨʘʙʦʪʳ; 

ʟ) ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʩʧʝʢʪʠʚ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ; 

ʠ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ; 

ʢ) ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʷ ʚ ʢʦʣʣʝʢʪʠʚʝ; 

ʣ) ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʣʴʛʦʪ;  

ʤ) ʠʟʤʝʥʝʥʠʝ ʣʠʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʩʝʤʴʷ, ʟʜʦʨʦʚʴʝ, ʤʝʩʪʦ ʞʠʪʝʣʴʩʪʚʘ; 

ʥ) ʥʦʚʦʝ ʤʝʩʪʦ ʨʘʙʦʪʳ ï ʨʘʚʥʦʟʥʘʯʥʘʷ ʧʦʟʠʮʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʦʧʣʘʪʦʡ; 

ʦ) ʥʦʚʦʝ ʤʝʩʪʦ ʨʘʙʦʪʳ ï ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʞʥʦʩʪʥʦʡ ʧʦʟʠʮʠʠ (ʢʘʨʴʝʨʥʳʡ 

ʨʦʩʪ); 

ʧ) ʥʦʚʦʝ ʤʝʩʪʦ ʨʘʙʦʪʳ, ʥʝ ʩʚʷʟʘʥʥʦʝ ʩ ʦʪʜʝʣʦʤ ʢʘʜʨʦʚ; 

ʨ) ʥʝʪ ʥʦʚʦʛʦ ʤʝʩʪʘ ʨʘʙʦʪʳ; 

ʩ) ʬʠʥʘʥʩʦʚʘʷ ʩʬʝʨʘ; 

ʪ) ʠʥʦʝ. 

 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʂʫi ʢʦʣʠʯʝʩʪʚʦ ʫʚʦʣʝʥʥʳʭ ʧʦ ʬʘʢʪʦʨʫ i ʠʟ ʦʙʦʟʥʘʯʝʥʥʦʛʦ 

ʚʳʰʝ ʩʧʠʩʢʘ, ʪʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʫʚʦʣʝʥʥʳʭ ʂʫ ʧʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʬʘʢʪʦ-

ʨʘʤ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Ky = ä = 2,11iKyi, .     (3) 

 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʚʦʣʠʚʰʠʭʩʷ ʧʦ ʧʝʨʚʦʤʫ ʬʘʢʪʦʨʫ. ɺ 

ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʩʦʪʨʫʜʥʠʢʠ, ʫʚʦʣʴʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʫʜʘ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʂʫ1 ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʚʦʣʝʥʥʳʭ 

ʧʦ ʬʘʢʪʦʨʫ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʫʜʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʙrʳʚʰʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

Ky = Ky1 + ä = 211,iKyi, .     (4) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʪʝʢʫʯʝʩʪʠ ʧʝʨʩʦʥʘʣʘ ʂʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ: 

 

Kʪ = 211,  i,100*
ʏʩʨ

KiKy1
=

+ä
,     (5) 

ʛʜʝ: 

ʂʪ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʢʫʯʝʩʪʠ; 
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ʂʫ1 ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʚʦʣʝʥʥʳʭ ʧʦ ʬʘʢʪʦʨʫ ʚʳʩʦʢʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʪʨʫʜʘ; 

ʂʫi ī ʢʦʣʠʯʝʩʪʚʦ ʫʚʦʣʝʥʥʳʭ ʧʦ ʬʘʢʪʦʨʫ i; 

ʏʩʨī ʩʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ. 

ʊʝʢʫʯʝʩʪʴ ʧʝʨʩʦʥʘʣʘ ʢʦʤʧʘʥʠʠ ʧʦʚʳʰʘʝʪ ʠʟʜʝʨʞʢʠ ʢʦʤʧʘʥʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʠʩʢʦʤ ʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦʤ ʥʦʚʦʛʦ ʩʦʪʨʫʜʥʠʢʘ. ʇʫʩʪʴ ʉʨʋ ï ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʫʱʝʨʙ, ʧʨʠʯʠʥʷʝʤʳʡ ʢʦʤʧʘʥʠʠ ʧʦ ʠʪʦʛʘʤ ʫʚʦʣʴʥʝʥʠʷ ʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ. ʊʦ-

ʛʜʘ ʦʙʱʠʡ ʫʱʝʨʙ ʆʉʨʋ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʁ ʱʠʤ ʦʙʨʘʟʦʤ: 

ʆʉʨʋ = ʉʨʋ * Ky.      (6) 

 

ʀʟ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʡ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʳʚ-

ʰʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʚʳʰʘʝʪ ʦʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ ʢʦʤʧʘ-

ʥʠʠ. ʋʱʝʨʙ, ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ ʫʚʦʣʴʥʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʫʜʘ ʀʉʨʋ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʨrʘʞʝʥʠʝʤ: 

 

ʀʉʨʋ = ʉʨʋ * Ky1.      (7) 

 

ɽʩʣʠ ʂʫ1 ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ, ʪʦ ʫʱʝʨʙ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʫʚʦʣʴʥʝ-

ʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʫʜʘ, ʙʫʜʝʪ ʪʘʢ ʞʝ ʩʪʨʝ-

ʤʠʪʴʩʷ ʢ ʥʫʣʶ: 

 

Kyi Ý0  ʀʉʨʋ 0 .     (8) 

 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʫʜʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝ-

ʢʫʯʝʩʪʠ ʧʝʨʩʦʥʘʣʘ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʫʞʜʝʥʠʷ ʚʦʩʧʦʣʴʟʫ-

ʝʤʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʠʧʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʳʚ-

ʰʝʛʦ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʦʜʥʦʛʦ ʠʟ ʦʪʜʝʣʘ ʢʘʜʨʦʚ (ʨʠʩ. 3). 

 
            2020 ʛʦʜ      2021 ʛʦʜ 

ʈʠʩʫʥʦʢ 4 - ʂʦʣʠʯʝʩʪʚʦ ʚʳʙʳʚʰʝʛʦ ʧʝʨʩʦʥʘʣʘ 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʢʫʯʝʩʪʴ ʧʝʨʩʦʥʘʣʘ ʚ 2021 ʛʦʜʫ ʚʳʨʦʩʣʘ ʧʦʯʪʠ 

ʚ 4 ʨʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2020 ʛʦʜʫ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟʨʘʩʪʥʫʶ ʛʨʫʧʧʫ ʚʳʙʳʚʰʝʛʦ ʧʝʨʩʦʥʘʣʘ ʟʘ 2020 ʛʦʜ 

(ʨʠʩ. 4) ʠ 2021 ʛʦʜ (ʨʠʩ. 5). 
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ʈʠʩʫʥʦʢ 5 - ɺʦʟʨʘʩʪ ʚʳʙʳʚʰʝʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ 2020 ʛʦʜ 

 

 
ʈʠʩʫʥʦʢ 6 - ɺʦʟʨʘʩʪ ʚʳʙʳʚʰʝʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ 2021 ʛʦʜ 

 

ʀʟ ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʫʶ ʛʨʫʧʧʫ ʚʳʙʳʚ-

ʰʝʛʦ ʧʝʨʩʦʥʘʣʘ ʩʦʩʪʘʚʣʷʶʪ ʩʦʪʨʫʜʥʠʢʠ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪ 26 ʜʦ 35 ʣʝʪ ʠ 

ʦʪ 36 ʜʦ 45 ʣʝʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʩʪʠʢʫ ʫʚʦʣʴʥʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʧʦ ʩʪʘʞʫ ʨʘʙʦʪʳ (ʨʠʩ. 6). 

 

 
ʈʠʩʫʥʦʢ 7 - ʉʪʘʞ ʨʘʙʦʪʳ ʚʳʙʳʚʰʝʛʦ ʧʝʨʩʦʥʘʣʘ 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʫʚʦ-

ʣʠʚʰʠʭʩʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʦʨʘʙʦʪʘʣʠ ʚ ʦʪʜʝʣʝ ʢʘʜʨʦʚ ʦʪ 3 ʜʦ 12 ʤʝʩʷʮʝʚ, ʘ 

ʠʤʝʥʥʦ 72 ʯʝʣʦʚʝʢʘ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʭʦʜʘ ʩʦʪʨʫʜʥʠ-

ʢʦʚ: 

ʨ) ʥʦʚʦʝ ʤʝʩʪʦ ʨʘʙʦʪʳ ï ʠʥʦʝ (ʩʦʪʨʫʜʥʠʢʠ ʫʭʦʜʷʪ ʠʟ ʦʨʛʘʥʠʟʘʮʠʠ, ʫʞʝ 

ʥʘʡʜʷ ʥʦʚʦʝ ʤʝʩʪʦ ʨʘʙʦʪʳ) ï 15 %;  
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ʘ) ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʙʦʪʳ (ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʫʩʪʨʘʠʚʘʝʪ) ï 13 %;  

ʩ) ʥʝʪ ʥʦʚʦʛʦ ʤʝʩʪʘ ʨʘʙʦʪʳ (ʩʦʪʨʫʜʥʠʢʠ ʫʭʦʜʷʪ ʠʟ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝ ʠʤʝʷ 

ʥʦʚʦʛʦ ʤʝʩʪʘ ʨʘʙʦʪʳ) ï 13 %.  

ʥ) ʠʟʤʝʥʝʥʠʝ ʣʠʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʩʝʤʴʷ, ʟʜʦʨʦʚʴʝ, ʤʝʩʪʦ ʞʠʪʝʣʴʩʪʚʘ) ï 

10 %.  

ʙ) ʥʠʟʢʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʘʠʚʘʣʘ) ï 8 %.  

ʇʨʠʯʠʥʳ ʨ), ʩ), ʥ) ʠ ʙ) ï ʵʪʦ ʧʨʠʯʠʥʳ, ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʨʘʙʦʪʦ-

ʜʘʪʝʣʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʯʠʥʘ ʘ), ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʫʜʘ, 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʘʙʦʪʦʜʘʪʝʣʷ. ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʫʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʢʫʯʝʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. 

 
ʈʠʩʫʥʦʢ 8 - ʇʨʠʯʠʥʳ ʫʭʦʜʘ ʚʳʙʳʚʰʝʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ 2021 ʛʦʜ 

 

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʫʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷ-

ʝʪ ʥʘ ʪʝʢʫʯʝʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʘʷ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʨʘʩʭʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʟʥʘʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʥʦ ʥʝ ʩʪʨʝʤʷʪʩʷ ʝʝ 

ʫʩʪʨʘʥʠʪʴ, ʪʘʢ ʢʘʢ ʥʝ ʩʯʠʪʘʶʪ ʘʢʪʫʘʣʴʥʦʡ. ɽʩʣʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʢʚʘʨʪʘʣʝ ʥʘʧʨʘʚʠʣʘ ʙʳ ʩʫʤʤʫ ʨʘʩʭʦʜʦʚ, ʩʚʷʟʘʥʥʫʶ ʩ ʪʝʢʫʯʝʩʪʴʶ ʧʝʨʩʦʥʘʣʘ, ʥʘ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʫʜʘ, ʪʦ ʩʥʠʟʠʣʘ ʙʳ ʧʦʣʫʯʘʝʤʳʡ 

ʫʱʝʨʙ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʰʝʥʠʶ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʚʨʝʤʝʥʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʚʥʝʰʥʝʛʦ ʢʘʜʨʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ ʜʣʷ 

ʧʦʠʩʢʘ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʠʚʝʣʠʨʫʶʱʝʤ ʪʝʢʫʯʝʩʪʴ ʧʝʨʩʦʥʘʣʘ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 

¶ ʢʦʤʧʴʶʪʝʨʳ ʩʝʤʝʡʩʪʚʘ IBM PC ʠʣʠ ʩʦʚʤʝʩʪʠʤʳʝ, ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʤ-

ʧʣʝʢʪʘʮʠʠ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ); 

¶ 1 ɻɹ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 
ʠ ɹɼ; 

¶ ʥʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʚʦʜʘ ï ʜʠʩʧʣʝʡ, ʧʨʠʥʪʝʨ; 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 

¶ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: Windows XP/7/8/10; 

¶ ̫ ʟʳʢ ʠ ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ BorlandDelphi; 

¶ ʅʘʣʠʯʠʝ ʙʘʟʳ ʜʘʥʥʳʭ çKadry.mdbè Microsoft Office Access ʚ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ). 

¶ ʇʘʢʝʪ ʜʨʘʡʚʝʨʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʦʙʲʝʢʪʦʚ OLE. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦ ʢʘʜʨʦʚʦʤ ʩʦ-

ʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʟʫʯʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩʦʩʪʘʚʣʝʥ 

ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 

ʆʧʠʩʘʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʘ 

ɹɼ, ʦʨʛʘʥʠʟʦʚʘʥʦ ʝʸ ʚʝʜʝʥʠʝ. 

ʉʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

-  ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ; 

-  ʚʳʚʦʜ ʟʘʧʠʩʝʡ ʠʟ ɹɼ; 

-  ʠʟʤʝʥʝʥʠʝ ʟʘʧʠʩʝʡ ʠʟ ɹɼ; 

-  ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʠʩʢʘ ʚ ɹɼ ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ; 

-  ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ ʥʘ ʧʝʯʘʪʴ ʜʦʢʫʤʝʥʪʦʚ; 

-  ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʧʨʦʩʦʚ ʥʘ ʚʳʙʦʨʢʫ ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ ʠʟ ɹɼ; 

-  ʩʦʩʪʘʚʣʝʥʠʝ ʠ ʚʳʚʦʜ ʬʦʨʤ ʠ ʦʪʯʝʪʦʚ; 

-  ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʧʦʤʦʱʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ. 

ɼʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʦʪʜʝʣʘʭ ʢʘʜʨʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʘ ʢʘʜʨʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʦʢʘʟʘʥʘ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʪʴ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʝʜʧʨʠʷʪʠʷ ï ʜʦʩʪʠʛʥʫʪʘ. 
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The article sets the task of considering the implementation of automated work with data on 

the personnel of the enterprise, including subsystems for storing information in the database about 

the employees of the enterprise, their experience, contacts, and provided documents. The functions 

of forming and printing documents are included. 

Keywords: HR department, accounting, database, software, mathematical model, document. 

 

ʋɼʂ 004.42 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʀ ɸʅɸʃʀɿɸ ʎɽʅ 

ʅɸ ʊʆɺɸʈʓ ɺ ʀʅʊɽʈʅɽʊɽ 

ɸ.ʀ. ʈʘʜʞʘʙʦʚ, ʀ.ɺ. ɿʶʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ. ʃ.ɸ. ʇʦʧʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʧʘʨʩʠʥʛ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʮʝʥ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʦʚʘʨʳ ʚ ʠʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʘʭ ʠ ʠʭ 

ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤʳ .NET Framework ʠ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:C#, ʤʦʥʠʪʦʨʠʥʛ, ʧʘʨʩʠʥʛ, ʙʘʟʳ ʜʘʥʥʳʭ, ʛʨʘʬʠʢʠ, ʩʪʘʪʠʩʪʠʢʘ, ʧʘʨʩʝʨ. 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʨʘ ï ʪʘʢ ʥʘʟʳʚʘʶʪ ʥʳʥʝ ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʧʝʨʠʦʜ 

ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʠʨʫʝʪʩʷ ʛʣʦʙʘʣʴʥʳʤ ʚʥʝʜʨʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʞʠʟʥʠ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʥʫʞʥʦʡ ʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʙʣʝʤʘ ʦʢʘʞʝʪʩʷ ʙʦʣʝʝ ʪʨʫʜʥʦʡ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦʙ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʘʭ 

ʜʘʥʥʳʭ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʪʘʢʫʶ ʧʦʧʫʣʷʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ 

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʧʘʨʩʠʥʛ. 

ʇʘʨʩʠʥʛ ï ʵʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʠʣʠ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ 

ʜʘʥʥʳʭ ʩ ʚʝʙ-ʩʘʡʪʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥ ʧʦʣʫʯʠʣ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ.[5] ʉʧʝʮʠʘʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʨʩʠʥʛʘ, 

ʥʘʟʳʚʘʶʪ ʧʘʨʩʝʨʦʤ. ʇʘʨʩʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʘʨʢʝʪʠʥʛʝ ʠ ʚʦ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʩʬʝʨʘʭ, ʛʜʝ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʥʫʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʠ ʩʜʝʣʘʪʴ ʵʪʦ ʙʝʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʩʠʥʛʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʩʠʥʛʘ. ɿʘʜʘʯʠ: 

- ʠʟʫʯʠʪʴ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ; 

- ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʙʦʪʦʡ ʜʨʫʛʠʭ ʧʘʨʩʝʨʦʚ; 

- ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ C# ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʩʠʥʛʘ; 

- ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʝ .NET ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ; 

- ʠʟʫʯʠʪʴ ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʘʙʦʪʳ ʩ html-ʜʦʢʫʤʝʥʪʘʤʠ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʙʦʯʠʡ ʤʦʜʫʣʴ ʧʘʨʩʠʥʛʘ; 

- ʜʦʙʘʚʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 
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- ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʫʣʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ; 

- ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʩʠʥʛʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʧʘʨʩʝʨʘ ʙʫʜʫʪ 

ʨʘʟʣʠʯʘʪʴʩʷ, ʥʦ ʠʭ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʦʩʥʦʚʥʦʤ 

ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʯʘʩʪʝʡ: ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜ 

ʠʥʬʦʨʤʘʮʠʠ (ʚʝʙ-ʩʪʨʘʥʠʮʘ, ʪʝʢʩʪ ʠʣʠ ʜʨʫʛʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ), ʦʙʨʘʙʦʪʢʘ ʠ 

ʠʟʚʣʝʯʝʥʠʝ ʥʫʞʥʳʭ ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʚʳʚʦʜ, 

ʩʜʝʣʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʝʣʘʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʧʘʨʩʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʟʘʱʠʱʝʥʥʳʝ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ, ʧʦʵʪʦʤʫ ʩ ʶʨʠʜʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤ. ʇʣʶʩʳ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʩʝʨʦʚ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ 

ʟʘʜʘʯ ʠ ʫʧʨʦʱʘʶʪ ʨʘʙʦʪʫ ʪʝʭ ʣʶʜʝʡ ʠʣʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʘʞʥʦ 

ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʨʠʝʣʪʦʨʳ, ʥʦʚʦʩʪʥʳʝ ʧʦʨʪʘʣʳ ʠʣʠ 

ʜʠʣʝʨʳ. ʊʘʢʞʝ ʧʘʨʩʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʢʦʤʧʘʥʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʦʡ ʞʝ ʩʬʝʨʝ, 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚ 

ʦʩʥʦʚʥʦʤ ʨʝʯʴ ʠʜʸʪ ʦ ʤʦʥʠʪʦʨʠʥʛʝ ʮʝʥ ʥʘ ʪʦʚʘʨʳ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʠʣʠ 

çʤʘʪʯʠʥʛè [6]. 

ʇʘʨʩʝʨ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʠʩʘʥ ʥʘ ʦʜʥʦʤ ʠʟ ʤʥʦʛʠʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: C#, PHP, Python ʠ ʪ.ʜ. ʊʘʢ ʢʘʢ ʧʘʨʩʝʨ ʟʘʯʘʩʪʫʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʟ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ, ʪʦ ʜʣʷ ʝʛʦ ʨʘʙʦʪʳ 

ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ [3]. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʮʝʥ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʦʚʘʨʳ ʚ 

ʠʥʪʝʨʥʝʪʝ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʨʝʜʩʪʚʘ ʬʨʝʡʤʚʦʨʢʘ .NET ʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# [2]. ʇʨʠʣʦʞʝʥʠʝ 

ʩʦʩʪʦʠʪ ʠʟ 4 ʯʘʩʪʝʡ: ʤʦʜʫʣʷ ʧʘʨʩʠʥʛʘ, ʤʦʜʫʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʜʘʥʥʳʭ, ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʤʦʜʫʣʷ ʩʪʘʪʠʩʪʠʢʠ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

ʄʦʜʫʣʴ ʧʘʨʩʠʥʛʘ ʨʘʙʦʪʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʤ. ɽʛʦ ʟʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʟʘʧʨʦʩ ʥʘ ʩʝʨʚʝʨ, ʧʦʣʫʯʠʪʴ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

html-ʩʪʨʘʥʠʮ [7]. ɼʘʣʝʝ ʦʥ ʧʨʦʭʦʜʠʪ ʧʦ ʚʩʝʤ ʧʦʣʫʯʝʥʥʳʤ ʩʪʨʘʥʠʮʘʤ ʠ ʩʦʙʠʨʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʥ 

ʧʝʨʝʜʘʸʪ ʤʦʜʫʣʶ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, ʦʪʢʫʜʘ ʦʙʨʘʙʦʪʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʥʘ ʭʨʘʥʝʥʠʝ. ʊʝʤ ʩʘʤʳʤ ʜʘʥʥʳʝ 

ʙʫʜʫʪ ʛʦʪʦʚʳ ʜʣʷ ʘʥʘʣʠʟʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʤʦʜʫʣʷ ʘʥʘʣʠʟʘ ʠ ʚʝʜʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ [8]. ʊʘʢʞʝ ʤʦʜʫʣʴ ʧʘʨʩʠʥʛʘ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ ʟʘʧʨʦʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʚʘʨʘʭ ʩ 

ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʮʝʥʝ. ʊʘʢʞʝ 

ʧʨʠʣʦʞʝʥʠʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʩʪʘʪʠʩʪʠʢʫ ʪʦʚʘʨʦʚ ʧʦ ʨʘʟʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ.  

ʅʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ.  
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ʇʦʤʠʤʦ ʦʢʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʛʣʘʚʥʫʶ ʩʪʨʘʥʠʮʫ[1] ʧʨʦʛʨʘʤʤʳ, ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ ʤʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʢʦʥʩʦʣʴ, ʛʜʝ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʘʭ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʠ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʥʩʦʣʴ 

ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʧʘʨʩʠʥʛʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʚ ʞʫʨʥʘʣ 

ʫʯʸʪʘ ʪʦʚʘʨʦʚ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ɾʫʨʥʘʣ ʫʯʸʪʘ ʪʦʚʘʨʦʚ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʢʫ, ʢʘʢ ʚʩʝʭ 

ʪʦʚʘʨʦʚ, ʪʘʢ ʠ ʢʘʞʜʦʛʦ ʪʦʚʘʨʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʦʙʱʝʡ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʡ ʮʝʥ ʥʘ ʚʩʝ ʪʦʚʘʨʦʚ 

 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʨʦʛʨʘʤʤʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ 

ʨʘʟʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠʣʠ ʢʨʠʪʝʨʠʷʤ. ʅʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ (ʨʠʩ. 4). 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʨʦʩʪʘ ʠʟʤʝʥʝʥʠʡ ʮʝʥʳ ʪʦʚʘʨʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ ʢʘʪʝʛʦʨʠʷʤ 

 

ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʩʪʘʪʠʩʪʠʢʫ ʪʦʚʘʨʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ɻʨʘʬʠʢ ʨʦʩʪʘ ʠʟʤʝʥʝʥʠʡ ʮʝʥʳ ʪʦʚʘʨʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 

ɸʥʘʣʠʟ ʦʪʜʝʣʴʥʦʛʦ ʪʦʚʘʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʛʨʘʬʠʢʦʚ 

(ʨʠʩ. 6). ʇʝʨʚʳʡ ʛʨʘʬʠʢ ʦʧʠʩʳʚʘʝʪ, ʥʘ ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʣʘʩʴ ʮʝʥʘ ʪʦʚʘʨʘ ʚ 

ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ɺʪʦʨʦʡ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʮʝʥʳ 

ʪʦʚʘʨʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʤʦʥʠʪʦʨʠʥʛʘ. 

 

ʈʠʩ. 6. ʉʪʘʪʠʩʪʠʢʘ ʦʪʜʝʣʴʥʦʛʦ ʪʦʚʘʨʘ 

ʇʨʠʚʝʜʸʤ ʦʩʥʦʚʥʳʝ ʧʣʶʩʳ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʩʠʥʛʘ ʥʘ ʧʨʘʢʪʠʢʝ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʷʩʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʪʝʤʳ. 

- ʂʦʛʜʘ ʥʫʞʥʦ ʩʦʙʨʘʪʴ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʩʜʝʣʘʪʴ ʵʪʦ ʚʨʫʯʥʫʶ 
ʟʘʯʘʩʪʫʶ ʧʦʧʨʦʩʪʫ ʥʝʚʦʟʤʦʞʥʦ. 

- ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚʦ ʚʨʝʤʷ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʰʠʙʢʠ. 

- ʉʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʤʦʞʥʦ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 
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ʀʟ ʤʠʥʫʩʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʩʝʨʳ ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳ. ɽʩʣʠ ʩʦʙʠʨʘʪʴ 

ʜʘʥʥʳʝ ʥʫʞʥʦ ʩ ʨʘʟʥʳʭ ʩʘʡʪʦʚ, ʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠʜʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʦʜ 

ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʩʘʡʪ ʥʦʚʳʡ ʧʘʨʩʝʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʘʢʘʷ ʥʳʥʝ ʘʢʪʫʘʣʴʥʘʷ 

ʪʝʤʘ, ʢʘʢ ʧʘʨʩʠʥʛ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʦʥʢʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʠʟʫʯʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ C#[4] ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʩʠʥʛʘ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʚʦʡ ʦʙʨʘʟʝʮ 

ʧʘʨʩʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ WPF ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʮʝʥ ʥʘ ʪʦʚʘʨʳ. ʋ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʝʩʪʴ ʙʦʣʴʰʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ. ɺ 

ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʚ ʧʨʦʛʨʘʤʤʫ ʙʦʣʴʰʝ ʢʘʪʝʛʦʨʠʡ ʪʦʚʘʨʦʚ ʠ ʤʥʦʞʝʩʪʚʦ 

ʬʫʥʢʮʠʡ, ʪʝʤ ʩʘʤʳʤ ʩʜʝʣʘʚ ʬʫʢʮʠʦʥʘʣ ʙʦʛʘʯʝ. ʊʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ web-

ʚʝʨʩʠʶ ʧʨʦʛʨʘʤʤʳ, ʯʪʦʙʳ ʦʥʘ ʤʦʥʠʪʦʨʠʣʘ ʮʝʥʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʙʨʘʤʷʥ, ɸ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʦʩʥʦʚʝ 
ʪʝʭʥʦʣʦʛʠʠ Windows Presentation Foundation: ʫʯʝʙʥʠʢ ʧʦ ʢʫʨʩʫ çʆʩʥʦʚʳ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 02.03.02 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

(ʙʘʢʘʣʘʚʨʠʘʪ) / ɸ.ɺ. ɸʙʨʘʤʷʥ, ʄ.ʕ. ɸʙʨʘʤʷʥ ; ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ; ʊʘʛʘʥʨʦʛ : ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

2018. ï 302 ʩ. : ʠʣ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ʧʦ ʧʦʜʧʠʩʢʝ. ï URL: 

https://biblioclub.ru/index.php?page=book&id=499453 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

17.12.2020). ï ɹʠʙʣʠʦʛʨ.: ʩ. 294. ï ISBN 978-5-9275-2375-7. ï ʊʝʢʩʪ : 

ʵʣʝʢʪʨʦʥʥʳʡ. 

2. ɺʘʩʶʪʢʠʥʘ, ʀ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʷʟʳʢʝ 

C# : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ : [16+] / ʀ.ɸ. ɺʘʩʶʪʢʠʥʘ ; ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʅʦʚʦʩʠʙʠʨʩʢ : ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2016. ï 112 ʩ. : ʠʣ., ʪʘʙʣ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: ʧʦ ʧʦʜʧʠʩʢʝ. ï URL: 

https://biblioclub.ru/index.php?page=book&id=576570 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

17.12.2020). ï ɹʠʙʣʠʦʛʨ. ʚ ʢʥ. ï ISBN 978-5-7782-2932-7. ï ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ. 

3. ʄʠʪʯʝʣʣ, ʈ. ʉʢʨʘʧʠʥʛ ʚʝʙ-ʩʘʡʪʦʚ ʩ ʧʦʤʦʱʶ Python : ʨʫʢʦʚʦʜʩʪʚʦ / ʈ. 

ʄʠʪʯʝʣʣ ; ʧʝʨʝʚʦʜ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ɸ. ɺ. ɻʨʫʟʜʝʚ. ï ʄʦʩʢʚʘ : ɼʄʂ ʇʨʝʩʩ, 2016. ï 

280 ʩ. ï ISBN 978-5-97060-223-2. ï ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ // ʃʘʥʴ : ʵʣʝʢʪʨʦʥʥʦ-

ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ. ï URL: https://e.lanbook.com/book/100903 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 20.01.2021). 

4. ʉʫʭʘʥʦʚ, ʄ.ɺ. ʆʩʥʦʚʳ Microsoft .NET Framework ʠ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʄ.ɺ. ʉʫʭʘʥʦʚ, ʀ.ɺ. ɹʘʯʫʨʠʥ, ʀ.ʉ. 

ʄʘʡʦʨʦʚ ; ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɺ. 

ʃʦʤʦʥʦʩʦʚʘ. ï ɸʨʭʘʥʛʝʣʴʩʢ : ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʉɸʌʋ), 2014. ï 97 ʩ. : ʩʭʝʤ., ʪʘʙʣ., ʠʣ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ʧʦ 

ʧʦʜʧʠʩʢʝ. ï URL: https://biblioclub.ru/index.php?page=book&id=312313 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 18.12.2020). ï ɹʠʙʣʠʦʛʨ. ʚ ʢʥ. ï ISBN 978-5-261-00934-4. ï ʊʝʢʩʪ : 

ʵʣʝʢʪʨʦʥʥʳʡ. 

5. ʅʘʫʯʠʪʴʩʷ ʧʘʨʩʠʥʛʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 

https://qna.habr.com/q/254656. 

https://biblioclub.ru/index.php?page=book&id=499453


68  

6. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʩʝʨʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 

https://clck.ru/UMwqH. 

7. ʇʘʨʩʠʥʛ ʩʘʡʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ C# [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 

https://phpnick.ru/posts/category/csharp/65. 

8. ɼʦʢʫʤʝʥʪʘʮʠʷ ʙʠʙʣʠʦʪʝʢʠ Oxyplot ʜʣʷ Wpf [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

URL: https://oxyplot.readthedocs.io/en/latest/getting-started/hello-wpf-xaml.html. 
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ʋɼʂ 519.622.1 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ çʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ 

ʂʆʐʀ ɼʃʗ ʆɹʓʂʅʆɺɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ 

ʋʈɸɺʅɽʅʀʁè 

ɸ.ʆ. ʈʦʛʦʟʠʥ, ɽ.ʉ. ɹʝʣʝʡ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɸ.ʉ. ʐʝʚʯʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʂʦʰʠ ʦʜʥʦʰʘʛʦʚʳʤʠ ʠ ʤʥʦʛʦʰʘʛʦʚʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʚ ʩʨʝʜʝ Microsoft Visual Studio. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜ-

ʤʝʪ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ. ʇʨʠ-

ʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʤ 

ʚʠʜʝ ʠ ʫʩʪʨʘʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʠʣʦʞʝʥʠʝ Win-

dows, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ C#, ʤʝʪʦʜʳ ʕʡʣʝʨʘ, ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ, ʤʝʪʦʜ ʄʠʣʥʘ, ʤʝʪʦʜ 

ɸʜʘʤʩʘ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ, ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, 

ʦʙʳʢʥʦʚʝʥʥʳʤ ʠʣʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʜʥʳʭ [2].  

ɿʘʜʘʯʘ ʂʦʰʠ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʨʝʰʝʥʠʷ 

(ʠʥʪʝʛʨʘʣʘ)()y y x= ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ( , ) 
dy

f x y
dx
= , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (ʥʘʯʘʣʴʥʳʤ 

ʜʘʥʥʳʤ)() 0y a y= [1-2]: 

[ ]

() 0

( , ) ,  , ,

.

dy
f x y x a b

dx

y a y

ë
= Íî

ì
î =í
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ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʨʠʚʫʶ()y y x= , 

ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ( )0,M a y .  

ʀʥʞʝʥʝʨʫ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʠʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʠʟʜʝʣʠʡ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [2]. ɺ ʩʫʱʥʦʩʪʠ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʯʝʪʦʤ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʠʣʠ 

ʜʚʠʞʝʥʠʷ ʪʝʣ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ. ʊʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʦʥʦʤʠʢʝ, ʤʝʜʠ-

ʮʠʥʝ, ʙʠʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʛʨʘʬʠʯʝʩʢʠʝ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʠ 

ʯʠʩʣʝʥʥʳʝ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʣʠʰʴ ʦʯʝʥʴ ʥʝʤʥʦʛʠʝ ʠʟ ʥʠʭ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʙʝʟ ʧʦʤʦʱʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʇʦʵʪʦʤʫ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʘʢʪʠʢʝ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. ɹʦʣʝʝ 

ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʆɼʋ). 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ çʏʠʩʣʝʥʥʦʝ ʨʝʰʝ-

ʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʆɼʋè. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘ-

ʯʠ: 

ī ʠʟʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʆɼʋ; 

ī ʚʳʧʦʣʥʠʪʴ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ; 

ī ʚʳʧʦʣʥʠʪʴ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 

ī ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ çʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ 

ʆɼʋè. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ (ʉʂɸ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ), ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ [3]. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ï MathCad, 

MatLab, Maple, Maxima ʠ Mathematica, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʨʝʤʝʥʥʳʡ ʠ 

ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʘʟʣʠʯʥʳʝ ʩʠʤʚʦʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʘʥʘʣʠ-

ʟʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ɹʦʣʝʝ 

ʪʦʛʦ, ʉʂʄ ʥʝ ʪʨʝʙʫʶʪ ʦʪ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʟʥʘʥʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʦʪʣʘʜʢʫ 

ʧʨʦʛʨʘʤʤ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʰʠʙʦʢ.  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʂɸ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʜʦ ʟʥʘʪʴ ʩʠʥ-

ʪʘʢʩʠʩ ʠ ʢʦʤʘʥʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ 

Maple [3] ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ. 



70  

ʇʨʠʤʝʨ. ɺr ʯʠʩʣʠʪʝ ʠʥʪʝʛʨʘʣ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(),  0 1
2

dy xy
y

dx
= = ʥʘ ʦʪʨʝʟʢʝ [ ]0,1  ʩ ʰʘʛʦʤ 0.1h= . 

ʇʦʣʫʯʠʤ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʈʫʥʛʝïʂʫʪʪʘ ʠ ʕʡʣʝʨʘ. ʏʠʩʣʝʥʥʳʝ ʠ 

ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

>de:=diff(y(x),x)-x*y/2; ic:=y(0)=1; 

arr:=array([0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1]); 

 := de  - å
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 := ic  = ( )y 0 1  
 := arr [ ], , , , , , , , , ,0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1  

>F:=dsolve({de,ic},y(x),type=numeric,method=classical[rk4],value=arr); 

>F1:=dsolve({de,ic},y(x),type=numeric,method=classical[foreuler],value=arr); 

 := F
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.1 1.002377630

.2 1.009796067
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.5 1.063802086
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>p1:=plots[odeplot](F, [x,y(x)], 0..1, title="ɻʨʘʬʠʢ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ", titlefont=[TIMES,ITALIC ,14], labels=["ʦʩʴ x","ʦʩʴ y"], 

labelfont=[TIMES,ITALIC ,13], labeldirections=[HORIZONTAL, VERTICAL], 

xtickmarks=4, ytickmarks=6, color=green, legend="ʄʝʪʦʜ ʈʫʥʛʝ-

ʂʫʪʪʘ",thickness=1): 

>p2:=plots[odeplot](F1, [x,y(x)], 0..1, labels=[x,"y"], color=blue, leg-

end="ʄʝʪʦʜ ʕʡʣʝʨʘ",thickness=1): 

>p3:=plot(exp(x^2/4), x=0..1, color=red, legend="ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ", thick-

ness=1): 

>plots[display]({p1,p2,p3}); 
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ʈʠʩ. 1. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʚ Maple 

 

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʮʝʣʳʝ ʩʘʡʪʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʨʘʟʜʝʣʘʤʠ ʦʥʣʘʡʥ 

ʢʘʣʴʢʫʣʷʪʦʨʦʚ [5]. ʉ ʧʦʤʦʱʴʶ ʙʝʩʧʣʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʥʣʘʡʥ ī ʢʘʣʴʢʫʣʷ-

ʪʦʨʦʚ ʤʦʞʥʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ (ʨʠʩʫʥʦʢ 2).  

ʊʘʢʠʝ ʢʘʣʴʢʫʣʷʪʦʨʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥ-

ʪʝʨʥʝʪʘ, ʜʦʩʪʫʧ ʢ ʥʠʤ ʟʘʧʨʝʱʝʥ. 

 
ʈʠʩ. 2. ʆʥʣʘʡʥ ʢʘʣʴʢʫʣʷʪʦʨ 

 

ɺʳʧʦʣʥʠʚ ʦʙʟʦʨ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʛʦʪʦʚʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʥʘʰʣʦʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 
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ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ çʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ 

ʆɼʋè ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʯʝʪʘ ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ 

ʜʣʷ ʆɼʋ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ:  

ï ʚʚʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ; 

ï ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʦʜʥʦʰʘʛʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ (ʤʝʪʦʜ ʕʡʣʝʨʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʣʦʤʘʥʳʭ (ʤʝʪʦʜ ʭʦʨʜ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʠh, ʤʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʰʠ ʩ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ), ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ; 

ï ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʤʥʦʛʦʰʘʛʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ (ʤʝʪʦʜ ɸʜʘʤʩʘ, ʤʝʪʦʜ ʄʠʣʥʘ); 

ï ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʠ; 

ï ʚʳʛʨʫʟʢʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ Microsoft Excel. 

ɿʘʜʘʯʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

ī ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʩʪʳʤ, ʫʜʦʙʥʳʤ ʠ ʧʨʠʷʪʥʳʤ ʜʣʷ ʚʠʟʫʘʣʴʥʦ-

ʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

ī ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʧʨʦʮʝʩʩʦʨ IntelPenti-

umXeonCoreDuo/Core 2 Duo, AMDOpteronDualCore/Quad-Core; ʪʘʢʪʦʚʘʷ ʯʘʩʪʦ-

ʪʘ 1 ɻɻʮ ʠʣʠ ʚʳʰʝ (ʨʝʢʦʤʝʥʜʫʝʪʩʷ 1,6 ɻɻʮ); 1024 ʄɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 80 

ʄɹ ʩʚʦʙʦʜʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʤʦʥʠʪʦʨ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1024ʏ768 

(ʠʣʠ ʚʳʰʝ) c 32-ʙʠʪʥʳʤʠ (ʠʣʠ ʙʦʣʴʰʝ) ʮʚʝʪʘʤʠ, ʢʣʘʚʠʘʪʫʨʘ, ʤʳʰʴ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

- ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Microsoft Visual Studio 2019; 

- EPPlus ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʦʚ Excel ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʪʘ 

Office Open XML; 

- NCalc2 ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ; 

- OxyPlot ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ. 

Microsoft Visual Studio ī ʣʠʥʝʡʢʘ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʘʥʠʠ , ʚʢʣʶʯʘʶʱʠʭ  

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. ɼʘʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʘʢ , ʪʘʢ ʠ ʧʨʠʣʦʞʝʥʠʷ ʩ , ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʪʝʭʥʦʣʦʛʠʠ , ʘ ʪʘʢʞʝ , ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ [4, 6-7]. 

ɺʳʙʦʨ ʠʤʝʥʥʦ Microsoft Visual Studio 2019 [4,6], ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʦʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ, 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʣʘʜʢʠ, ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʢʦʜʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʳʩʪʨʘʷ 

ʢʦʤʧʠʣʷʮʠʷ, ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ ʣʶʙʦʡ Windows. 

ʆʩʥʦʚʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ VS 2019 ï ʵʪʦ Visual C#, Visual Basic, 

Visual C++, Visual F# (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʷʟʳʢ). ʊʘʢʞʝ ʜʦʩʪʫʧʥʳ ʜʦʧʦʣʥʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʚ Visual Studio ʥʘ ʷʟʳʢʘʭ Python, Rube ʠ ʜʨʫʛʠʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ C# [6].  
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ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦ-

ʞʝʥʠʷ. 

ʄʝʪʦʜ ʕʡʣʝʨʘï ʵʪʦ ʧʨʦʩʪʝʡʰʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʨʘʩʯʝʪʦʚ [1,2].ʈʘʩʩʤʦʪʨʠʤ ʆɼʋ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (1.1) ʠ ʧʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʝ ʠʱʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 

( ) , 1,  i iy x y i N= = . ɿʘʜʘʝʤ ʰʘʛ h, ʚʳʯʠʩʣʷʝʤ 
0 ,  ix x ih= +  

ʠ ( )1 ,  ,  i i i i i iy y hf f f x y+= + = , ( 0,  1,  2,...)i= . 

ɺ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤ ʤʝʪʦʜʝ ʣʦʤʘʥʳʭ (ʤʝʪʦʜ ʭʦʨʜ) ʩʥʘʯʘʣʘ ʚʳʯʠʩʣʷ-

ʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 
1 1

2 2

,  
2 2

i i i
i i

h h
x x y y f
+ +
= + = +, ʘ ʟʘʪʝʤ ʥʘʭʦʜʠʪʩʷ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʚ ʩʨʝʜʥʝʡ ʪʦʯʢʝ 
1 1

2 2

,  
i i

x y
+ +

å õ
æ ö
ç ÷

, 

ʪ.ʝ. 
1 1 1

2 2 2

 ,
i i i

f f x y
+ + +

å õ
= æ ö
ç ÷

. ʊʦʛʜʘ 
1 1

2

  i i
i

y y h f+
+

= + . 

ʉʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ï ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʕʡʣʝʨʘ ï ʂʦʰʠ (ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʧʝʨʝʩʯʝʪʦʤ) [1,2]. ɺ ʵʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʷʝʤ çʛʨʫʙʦʝ ʧʨʠʙʣʠʞʝʥʠʝè ʨʝʰʝʥʠʷ 
1  i i iy y h f+= + , ʟʘʪʝʤ ʥʘʭʦʜʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ( )1 1 1,i i if f x y+ + += . ʊʦʛʜʘ 

( )1 1 
2

i i i i

h
y y f f+ += + + . 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ï ʂʦʰʠ ʧʨʠʤʝʥʷʶʪ 

ʠʪʝʨʘʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ [1,2]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʫʙʦʛʦ ʧʨʠʙʣʠ-

ʞʝʥʠʷ ʙʝʨʝʤ () ( )0

1 ,i i i iy y hf x y+= + ʠ ʩʪʨʦʠʤ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ: 

() ( ) ( )( )1

1 1 1  , , ,  1, 2, ...
2

k k

i i i i i i

h
y y f x y f x y k

-

+ + +
è ø= + + =
ê ú

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷ ()

1i

m
y
+

 ʠ ( )

1

1

i

m
y
+

+
 ʥʝ 

ʩʦʚʧʘʜʫʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʩʷʪʠʯʥʳʭ ʟʥʘʢʘʭ. ʊʦʛʜʘ 
()

1 1

m

i i
y y+ +
º , ʛʜʝ 

()

1

m

i
y
+

 ï 

ʦʙʱʘʷ ʯʘʩʪʴ ʧʨʠʙʣʠʞʝʥʠʡ ()

1i

m
y
+

 ʠ ( )

1

1

i

m
y
+

+
. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʨʘʩʯʝʪʦʚ ʠʤʝʶʪ ʩʭʝʤʳ ʈʫʥʛʝ ð 

ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ: 

1,

1,

2,

2,

3,

4, 3,

( , );

, ;
2 2

, ;
2 2

( , );

i i i

i

i i i

i

i i i

i i i i

k f x y

hkh
k f x y

hkh
k f x y

k f x h y hk

=

å õ
= + +æ ö
ç ÷

å õ
= + +æ ö
ç ÷

= + +
 



74  

( )1, 2, 3, 4,2 2
6

i i i i i

h
y k k k kD = + + +, 1 , 0, 1i i iy y y i N+= +D = -. 

ɺ ʤʝʪʦʜʝ ɸʜʘʤʩʘ iy , 1iy-, 
2iy- , 3iy-  ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

ʇʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ iyD  ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

( )1 2 355 59 37 9
24

I

i i i i i

h
y y y y y- - -

¡ ¡ ¡ ¡D = - + - , 3, 4, 5, ...i= . ɿʘʪʝʤ ʚʳʯʠʩʣʝ̫ʤ 

(1)

1

I

i i iy y y+= +D. ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
(1)

1iy+ ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ( , )y f x y¡=  ʠ ʥʘʭʦʜʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

( )(1)

1 1 1,i i iy f x y+ + +
¡= .ɺʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ iyD  ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫ-

ʣʝ ( )II

1 19 19 5
24

i i i i i

h
y y y y y+ -

¡ ¡ ¡ ¡D = + - +. ɸʥʘʣʠʟʠʨʫʝʤ 
I

iyD  ʠ 
II

iyD . ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʦ Ů ŮII I

i i iy y= D -D ¢ (Ů ï ʟʘʜʘʥʥʘʷ ʧʨʝʜʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ), ʪʦ ʩʯʠ-

ʪʘʝʤ 
II

i iy yD =D, ʘ ʟʘʪʝʤ ʥʘʭʦʜʠʤ 1i i iy y y+= +D. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʫ 

ʰʘʛʘ hʫʤʝʥʴʰʘʝʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʄʠʣʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ 

ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʝʜʧʦʣʘ-

ʛʘʷ, ʯʪʦ iy , 1iy-, 
2iy- , 3iy-  ʠʟʚʝʩʪʥʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʤ ʜʘʣʴʥʝʡʰʠʝ 

ʟʥʘʯʝʥʠʷ ()i iy y x= ( )4, 5, ...i=  ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ʇʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 
()1
iy  

ʜʣʷ ʙʣʠʞʘʡʰʝʛʦ ʩʣʝʜʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ iy  ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

() ( )1

4 3 2 1

4
2 2 , 4, 5, ...

3
i i i i i

h
y y y y y i- - - -

¡ ¡ ¡= + - + = . ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
()1
iy  ʧʦʜʩʪʘ-

ʚʠʤ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ( , )y f x y¡=  ʠ ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ 

() ()( )1 1
,i i iy f x y¡= . ɺʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

()2
iy  ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ 

() ()( )2 1

2 2 14 , 4, 5, ...
3

i i i i i

h
y y y y y i- - -

¡ ¡ ¡= + + + = .ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʄʠʣʥʘ ʘʙʩʦʣʶʪʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʷ 
()2
iy  ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

() ()2 11
Ů

29
i i iy y= - .ʇʦʵʪʦʤʫ, ʝʩʣʠ Ů Ůi ¢ , ʪʦ ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ 

()2
i iy yº  ʠ 

()( )2
,i i iy f x y¡º , ʛʜʝ Ů ï ʟʘʜʘʥʥʘʷ ʧʨʝʜʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ.ɼʘʣʝʝ ʚʳʯʠʩ-

ʣʠʤ ʙʣʠʞʘʡʰʝʝ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 
1iy+, ʧʦʚʪʦʨʷʷ ʧʫʥʢʪʳ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ 

ʩʭʝʤʳ. ʀʥʘʯʝ: ʝʩʣʠ ʪʦʯʥʦʩʪʴ Ů ʥʝ ʚʳʧʦʣʥʝʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʰʘʛ 

(ʥʘʯʠʥʘʷ ʩ ʠʟʚʝʩʪʥʦʛʦ ʤʝʩʪʘ). ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʧʝʨʝʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

çʥʘʯʘʣʴʥʳʡ ʦʪʨʝʟʦʢè. 

ɺʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ ʙʫʜʝʪ: 

ī ʬʫʥʢʮʠʷ ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʩʣʫʞʘʱʘʷ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 

ī ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʪʨʝʟʢʘ; 

ī ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ; 
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ī ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʷ ʦʪʨʝʟʢʘ; 

ī ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʦʥʘ ʞʝ ʯʠʩʣʦ ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʫ ʚʳʚʦʜʠʤʳʭ 
ʥʘ ʵʢʨʘʥ ʜʝʩʷʪʠʯʥʳʭ ʜʨʦʙʝʡ; 

ī ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʨʝʰʝʥʠʠ. 

ɺʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ: 

ï ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ, ʩʦʜʝʨʞʘʱʘʷ 
ʩʪʦʣʙʮʳ: ʥʦʤʝʨ ʰʘʛʘ i, ʟʥʘʯʝʥʠʝ x, ʟʥʘʯʝʥʠʝ y. 

ï ʛʨʘʬʠʢ ʨʝʰʝʥʠʷ; 

ï ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʝʚʝʨʥʦ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ; 

ï ʚʳʛʨʫʟʢʘ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ MSExcel. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʦʙʣʘʩʪʠ: çɺʚʦʜ ʬʫʥʢʮʠʠè, çʇʘʨʘʤʝʪʨʳè, çʄʝʪʦʜʳè, çɻʨʘʬʠʢ ʨʝʰʝʥʠʷè, çʈʝ-

ʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡè. ʇʨʠʣʦʞʝʥʠʝ ʦʩʥʘʱʝʥʦ ʩʧʨʘʚʢʦʡ (ʨʠʩʫʥʦʢ 4). 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ. 

ʈʠʩ. 3. ɻʣʘʚʥʘʷ ʬʦʨʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ  

 

ʐʘʛ 1. ɺʚʝʜʠʪʝ ʬʫʥʢʮʠʶ.
2

xy
ʇʨʘʚʠʣʘ ʚʚʦʜʘ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʩʧʨʘʚʢʝ  . 

 
ʈʠʩ. 4. ʉʧʨʘʚʢʘ ʧʦ ʚʚʦʜʫ ʬʫʥʢʮʠʠ 
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ʐʘʛ 2. ɿʘʜʘʡʪʝ ʧʘʨʘʤʝʪʨʳ: a=0, b=1, x0=0, y0=1, N=10, Ů=10
-6
. 

ʐʘʛ 3. ɺʳʙʝʨʠʪʝ ʤʝʪʦʜʳ. 

ʐʘʛ 4. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ çʅʘʡʜʠʪʝ ʨʝʰʝʥʠʝè. 

ʐʘʛ 5. ʉʦʭʨʘʥʠʪʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʛʘʣʦʯʢʫ ʚ ʧʦ-

ʣʝ çɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʚ Excelè ʠ ʚʳʙʨʘʪʴ ʤʝʩʪʦ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʘ (ʨʠʩʫʥʦʢ 5, 

ʨʠʩʫʥʦʢ 6). 

 
ʈʠʩ. 5. ɺʳʙʦʨ ʤʝʩʪʘ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

 

 
ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ, ʩʦʭʨʘʥʝʥʥʳʝ ʚ Excel 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ī ʠʟʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ; 

ī ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ; 

ī ʚʳʧʦʣʥʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 

ī ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ çʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦ-

ʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡè. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ ʧʦʟʚʦʣʠʪʴ ʯʠʩʣʝʥʥʦ ʨʝʰʠʪʴ 

ʣʶʙʫʶ ʟʘʜʘʯʫ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʪʫʜʝʥʪʘʤʠ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʦʨʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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This article discusses the development of an application for the numerical solution of the 

Cauchy problem using one-step and multi-step methods. It was developed in the C # programming 

language in the Microsoft Visual Studio environment. The object, subject, purpose and objectives of 

the research are described. The application will reduce the time for processing and receiving re-

sults in electronic form and eliminate the appearance of errors. 

Keywords: differential equations, numerical methods, Windows application, C# program-

ming, Euler methods, Runge-Kutta method, Milne method, Adams method. 

 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʋʏɪʊɸ ʈɽɿʋʃʔʊɸʊʆɺ ʊɽʉʊʀʈʆɺɸʅʀʗ 

ʐʂʆʃʔʅʀʂʆɺ 

ɼ.ʀ. ʈʦʥʜʷʢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ. ʃ.ɸ. ʇʦʧʦʚʘ  

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʋ ɺʇʆ çɸʣʪʘʡʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʰʢʦʣʴʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʜʩʠʩʪʝʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʯʠʪʝʣʝʤ ʫʯʝʙʥʦʛʦ ʪʝʩʪʘ ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʝʛʦ ʚʘʣʠʜʥʦʩʪʠ, ʧʦʜʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʫʯʝʥʠʢʦʤ ʪʝʩʪʘ, ʨʘʩʯʸʪʘ ʨʝʟʫʣʴʪʘ-

ʪʘ ʠ ʝʛʦ ʭʨʘʥʝʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʜʩʠʩʪʝʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʩʠʭʦʣʦ-

ʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʩʪ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʘ, ʧʦʜʩʠʩʪʝʤʘ, ʚʘʣʠʜʥʦʩʪʴ, ʨʝʟʫʣʴʪʘʪ, 

ʫʯʝʥʠʢ, ʫʯʠʪʝʣʴ, ʙʘʟʘ ʜʘʥʥʳʭ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʪʝʩʪ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʕɺʄ ʥʝ ʪʦʣʴʢʦ ʚ ʜʦʧʦʣʥʝʥʠʠ ʢ ʦʙʳʯʥʳʤ ʬʦʨʤʘʤ ʦʙʫʯʝʥʠʷ, ʥʦ ʠ 

ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʬʦʨʤʘ ʨʘʙʦʪʳ ʩ ʦʙʫʯʘʶʱʠʤʠʩʷ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʜʣʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʫʯʘʱʠʤ-

ʩʷ, ʪʘʢ ʢʘʢ ʫʜʦʙʥʦ ʪʝʩʪ ʩʦʩʪʘʚʣʷʪʴ ʥʘ ʕɺʄ, ʨʝʟʫʣʴʪʘʪʳ ʭʨʘʥʠʪʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠ 

ʜʝʣʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʘʥʠʠ ʦʪʯʸʪʳ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ.  

ʊʝʩʪ ï ʵʪʦ ʩʨʝʜʩʪʚʦ, ʩʢʣʘʜʳʚʘʶʱʝʝʩʷ ʠʟ ʨʘʟʤʝʨʝʥʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʚʘ-

ʣʠʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʦʙʨʘʙʦʪʢʠ ʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʦ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ [1, ʩ.15]. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʦʣʫʯʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ [1, ʩ.10]. 

ɺʘʣʠʜʥʦʩʪʴ ï ʵʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʪʝʩʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʚʣʝʢʘʪʴ ʠʪʦʛʠ, ʦʪʚʝʯʘʶʱʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʠ ʜʦʢʘʟʳʚʘʶʱʘʷ ʧʨʘʚʠʣʴ-

ʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ [2, ʩ.56].  

ʎʝʣʴ ʨʘʙʦʪʳ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʸʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʡ ʠ ʧʨʦʚʝʨʢʘ 

ʪʝʩʪʦʚ ʥʘ ʚʘʣʠʜʥʦʩʪʴ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘ-

ʯʠ: 

- ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

- ʧʦʩʪʨʦʠʪʴ ɹɼ, ʨʘʙʦʪʘʶʱʫʶ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʪʝʩʪʦʚ ʠ 

ʧʨʦʚʝʨʢʠ ʠʭ ʥʘ ʚʘʣʠʜʥʦʩʪʴ, ʩʦʟʜʘʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʪʝʩʪʠʨʦʚʘʥʠʡ; 

- ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʯʠʪʝʣʷʤ, ʧʩʠʭʦʣʦʛʘʤ, ʫʯʝʥʠʢʘʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɹɼ; 

- ʦʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʣʠʜʥʦʩʪʠ ʪʝʩʪʘ; 

- ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʪʯʸʪʳ: çʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷè, çʋʩʧʝʚʘʝʤʦʩʪʴ 

ʫʯʝʥʠʢʘè, çʉʨʝʜʥʷʷ ʦʮʝʥʢʘ ʟʘ ʪʝʩʪʠʨʦʚʘʥʠʷè, çʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʫʯʝʥʠʢʘè; 

- ʜʦʢʘʟʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʠʩʧʨʘʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʣʠʜʥʦʩʪʠ ʪʝʩʪʘ ʚ ʩʠʩʪʝʤʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴ-

ʟʫʶʪ ʤʝʪʦʜ Item Response Theory (IRT). 

ɻʣʘʚʥʘʷ ʠʜʝʷ IRT ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʪʦʛʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʟʘʜʘʥʠʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. 

ʊʘʢʦʡ ʧʨʦʛʥʦʟ ʥʫʞʝʥ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʪʙʦʨʘ, ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʨʦʛʥʦʟ ʧʦʩʪʨʦʝʥ ʥʘ ʜʚʫʭ ʚʳʩʢʘʟʳʚʘ-

ʥʠʷʭ [3, ʩ. 20].  

1-ʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ ʪʝʦʨʠʠ IRT ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢ ʪʝʩʪʫ 

ʫʯʝʥʠʢ ʜʘʩʪ ʚʝʨʥʳʡ ʦʪʚʝʪ ʥʘ ʟʘʜʘʥʠʝ j, ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʝʨʥʦ-

ʛʦ ʦʪʚʝʪʘ ʫ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʫʯʝʥʠʢʘ: ʯʝʤ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʣʝʥ ʫʯʝʥʠʢ, ʪʝʤ 
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ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥ ʦʪʚʝʪʠʪ ʧʨʘʚʠʣʴʥʦ ʥʘ ʟʘʜʘʥʠʝ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʩʣʦʞʥʦʩʪʠ.   

2-ʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʠʠ ï ʦ ʚʝʨʦʷʪʥʦʩʪʠ ʚʝʨʥʦʛʦ ʦʪʚʝʪʘ ʪʝʩʪʠʨʫʝʤʦʛʦ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʥʘ ʟʘʜʘʥʠʷ ʪʝʩʪʘ, ʧʨʠ ʧʨʠʜʝʨʞʠʚʘʥʠʠ 

ʚʩʝʭ ʧʨʘʚʠʣ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʡ ʩʘʤʘ ʦʮʝʥʠʚʘʝʪ ʚʘʣʠʜʥʦʩʪʴ ʪʝʩʪʘ ʠ ʩʪʘʚʠʪ ʦʮʝʥʢʠ 

ʫʯʝʥʠʢʘʤ, ʯʪʦ ʪʦʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʫʯʠʪʝʣʴʩʢʠʡ ʪʨʫʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, ʦʙʣʝʛʯʝʥʠʝ ʪʨʫʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ï ʚʝʩʴʤʘ ʩʦʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. 

 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʣʠʜʥʦʩʪʠ 

 

ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚʘʣʠʜʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʣʘʪʝʥʪʥʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ (Item Response Theory), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

[5, ʩ.11]. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʤʘʪʨʠʮʘ: 

 

  

 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪ-

ʨʳ ɗi ʠ ɓj, ʛʜʝ ɗi ï ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ i-ʛʦ ʩʪʫʜʝʥʪʘ (ʚ ʣʦʛʠʪʘʭ), ʘ ɓj ï ʪʨʫʜʥʦʩʪʴ j-ʛʦ 

ʟʘʜʘʥʠʷ (ʚ ʣʦʛʠʪʘʭ) [5, ʩ.11]. 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʦʡ ʩʫʤʤʳ: 

Ÿmin,     (1) 

ʛʜʝ pij ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ i-ʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ x ʜʣʷ j-ʛʦ ʟʘʜʘʥʠʷ, 

ʚʳʯʠʩʣʷʝʪʩʷ ʦ ʬʦʨʤʫʣʝ [4, ʩ.10]: 

                                                                     .                                                              (2) 

 

ɸʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ. 

9. ɺ ʜʦʢʫʤʝʥʪ Excel ʚʚʦʜʠʪʩʷ ʤʘʪʨʠʮʘ xij .  

10. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɗi ʠ ɓj ʩʪʘʚʷʪʩʷ 1. 

11. ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʚʘʜʨʘʪʳ ʦʪʢʣʦʥʝʥʠʡ ʩʫʤʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ 

ʬʦʨʤʫʣʝ (1). 

12. ʏʝʨʝʟ ʤʘʪʨʠʮʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʩ 

ʧʦʤʦʱʴʶ ʩʫʤʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʦ ʩʪʨʦʢʘʤʠ ʠ ʩʪʦʣʙʮʘʤ. 

13. ɺʳʟʳʚʘʝʪʩʷ ʤʘʢʨʦʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

14. ɿʥʘʯʝʥʠʷ ɗi ʠ ɓj ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʫʣʫ (2). 

15. ɺʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʪʦʣʙʮʘʤ ʠ ʩʪʨʦʠʪʩʷ ʧʦ ʥʠʤ ʛʨʘ-

ʬʠʢ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ɽʩʣʠ ʟʥʘʯʝʥʠʝ pij, ʛʜʝ j ï ʚʦʧʨʦʩ ʪʝʩʪʘ, ʙʣʠʟʢʦ ʢ 0, ʟʘʜʘʥʠʝ ʙʝʩʧʦʣʝʟʥʦ ʜʣʷ 
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ʜʘʥʥʦʛʦ ʪʝʩʪʘ, ʪʘʢ ʢʘʢ ʫʯʝʥʠʢ ʚʨʷʜ ʣʠ ʩʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʵʪʦ ʪʨʫʜʥʦʝ ʟʘʜʘʥʠʝ 

ʧʨʘʚʠʣʴʥʦ, ʘ ʝʩʣʠ ʙʣʠʟʢʦ ʢ 1, ʦʥʦ ʙʝʩʧʦʣʝʟʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʘʜʘʥʠʝ ʪʘʢʦʡ ʪʨʫʜʥʦ-

ʩʪʠ ʜʘʚʥʦ ʦʩʚʦʝʥʦ ʫʯʘʱʠʤʩʷ. ɿʘʜʘʥʠʝ ʧʨʠʛʦʜʥʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, ʝʩʣʠ ʟʥʘ-

ʯʝʥʠʝ pijå0,5.  

ɺ ʧʨʦʛʨʘʤʤʝ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʸʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʰʢʦʣʴʥʠ-

ʢʦʚè ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʠ ʚʝʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C++ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʞʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠ 

ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʭ ʚ ʠʩʭʦʜʥʦʤ ʬʦʨʤʘʪʝ ʧʨʠʣʦʞʝʥʠʡ Embarcadero RAD Studio 

XE3 [4, ʩ. 54]. 

ɼʣʷ ʨʘʙʦʪʳ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ 

Test.exe, ʘ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʝʨʚʝʨʦʤ ɹɼ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ODBC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʘ test.dsn, ʢʦʪʦʨʳʡ ʨʘʩ-

ʧʦʣʦʞʝʥ ʚ ʜʠʨʝʢʪʦʨʠʠ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) ʙʳʣʘ ʚʳʙʨʘʥʘ 

MySQL 8.0 [6, ʩ.76]. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʢʝʪ Microsoft Office 2016. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʪʝʩʪ ʧʦ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ.  

ʂ ʧʨʠʤʝʨʫ, ʚʭʦʜ ʚ ʧʨʦʛʨʘʤʤʫ ʩʦʚʝʨʰʠʪ ʫʯʝʥʠʢ ʀʚʘʥʦʚ ʀʚʘʥ ʀʚʘʥʦʚʠʯ ʠ 

ʚʳʙʝʨʝʪ çʊʝʩʪ ˉ7è (ʨʠʩ. 1).  

 
ʈʠʩ.1. ʅʘʯʘʣʦ ʪʝʩʪʘ 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʫʯʝʥʠʢ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʪʝʩʪʘ (ʨʠʩ. 2). ɺʩʝʛʦ ʚ ʪʝʩʪʝ 

20 ʚʦʧʨʦʩʦʚ. 
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ʈʠʩ. 2. ɺʦʧʨʦʩ ˉ1 

 

ɺ ʬʦʨʤʝ çʈʝʟʫʣʴʪʘʪʳè ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʮʝʥʢʘ ʟʘ ʪʝʩʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʙʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ. ʅʘ ʬʦʨʤʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʥʘ 

ʢʘʢʠʝ ʚʦʧʨʦʩʳ ʫʯʝʥʠʢ ʦʪʚʝʪʠʣ ʧʨʘʚʠʣʴʥʦ, ʘ ʥʘ ʢʘʢʠʝ ʥʝʪ ʠ ʩʢʦʣʴʢʦ ʙʘʣʣʦʚ ʧʦ-

ʣʫʯʠʣ ʟʘ ʢʘʞʜʦʝ ʟʘʜʘʥʠʝ ʠ ʟʘ ʢʘʞʜʳʡ ʚʠʜ ʟʘʜʘʥʠʷ (ʨʠʩ.3). 

 
ʈʠʩ. 3. ʌʦʨʤʘ ʜʣʷ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ʇʨʦʚʝʨʠʤ ʥʘ ʚʘʣʠʜʥʦʩʪʴ ʜʘʥʥʳʡ ʪʝʩʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 20 ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ 

ʧʨʦʚʝʜʸʥ ʚ ʢʣʘʩʩʝ ʠʟ 15 ʯʝʣʦʚʝʢ  
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ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʠʪ ʥʘ ʣʠʩʪ ʜʦʢʫʤʝʥʪʘ Excel ʤʘʪʨʠʮʫ xij, ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʯʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɗi ʠ ɓj ʩʪʘʚʠʪʩʷ 1, ʧʦʩʣʝ ʯʝʛʦ ʚʳʟʳʚʘʝʪʩʷ ʤʘʢʨʦʩ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʨʠʩ. 4). 

 

 
ʈʠʩ.4. ʄʘʪʨʠʮʘ xij, ʟʥʘʯʝʥʠʷ ʫʨʦʚʝʥʷ ʟʥʘʥʠʡ i-ʛʦ ʩʪʫʜʝʥʪʘ (ʚ ʣʦʛʠʪʘʭ) ʠ ʪʨʫʜʥʦ-

ʩʪʠ j-ʛʦ ʟʘʜʘʥʠʷ (ʚ ʣʦʛʠʪʘʭ). 

 

ɼʘʣʝʝ ʧʦʜʩʪʘʚʣʷʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (2) ʠ ʧʦʣʫʯʘʝʤ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʨʝʰʝʥʠʷ i-ʳʤ ʫʯʝʥʠʢʦʤ j-ʛʦ ʚʦʧʨʦʩʘ ʜʣʷ ʚʩʝʛʦ ʢʣʘʩʩʘ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦ-

ʟʘʧʦʣʥʝʥʠʷ (ʨʠʩ. 5). 

 
ʈʠʩ.5. ʊʘʙʣʠʮʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʙʦʨʘ i-ʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ x ʜʣʷ j-ʛʦ ʟʘʜʘ-

ʥʠʷ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʪʦʣʙʮʘʤ 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʭʦʜʠʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʰʝʥʠʷ i-ʳʤ ʫʯʝʥʠ-

ʢʦʤ j-ʛʦ ʟʘʜʘʥʠʷ ʠ ʩʪʨʦʠʤ ʛʨʘʬʠʢ (ʨʠʩ. 6). 

 

 
ʈʠʩ. 6. ɺʘʣʠʜʥʦʩʪʴ ʪʝʩʪʘ 

 

ʀʟ ʨʠʩʫʥʢʘ 6 ʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʙʨʘʪʴ ʠʟ ʪʝʩʪʘ ʠʣʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ 
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ʚʦʧʨʦʩʳ ʧʦʜ ʥʦʤʝʨʘʤʠ 1, 7, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ p ʵʪʠʭ ʟʘʜʘʥʠʡ ʨʘʚʥʦ 

1 ʠ ʚʦʧʨʦʩʳ ʧʦʜ ʥʦʤʝʨʘʤʠ 10, 18, 19, ʪʘʢ ʢʘʢ ʠʭ ʟʥʘʯʝʥʠʝ p ʙʣʠʟʢʦ ʢ 0. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʠʤʝʶʱʘʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʦʪʣʠʯʘʶʱʠʝ 

ʝʸ ʦʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (Moodle, MyTestXPro, TestMaker): 

- ʩʦʟʜʘʥʠʝ ʠ ʥʘʧʦʣʥʝʥʠʝ ʙʘʥʢʘ ʟʘʜʘʥʠʡ ʜʣʷ ʫʯʝʙʥʳʭ ʪʝʩʪʦʚ; 

- ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʡ; 

- ʧʦʜʩʠʩʪʝʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. 

- ʦʮʝʥʢʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʯʝʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝ-

ʩʪʠʨʦʚʘʥʠʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʣʠʜʥʦʩʪʠ ʫʯʝʙʥʳʭ ʪʝʩʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʣʘ-

ʪʝʥʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʰʢʦʣʴʥʠʢʦʚ, 

ʚʢʣʶʯʘʶʱʘʷ ʧʦʜʩʠʩʪʝʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʦʛʦ ʪʝʩʪʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚʘ-

ʣʠʜʥʦʩʪʠ, ʧʦʜʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ, ʨʘʩʯʸʪʘ ʨʝʟʫʣʴʪʘʪʘ ʠ ʝʛʦ ʭʨʘʥʝ-

ʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʜʩʠʩʪʝʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʩʠʭʦʣʦʛʠ-

ʯʝʩʢʠʭ ʪʝʩʪʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʜʦʢʘʟʘʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤ-

ʤʳ. 
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The article sets the task of considering the implementation of a system for testing schoolchil-

dren, including a subsystem for creating a teacher training test and determining its validity, a sub-

system for passing a student test, calculating the result and storing it in a database, as well as a 

subsystem for creating and passing psychological tests.      

Keywords: test, testing, system, subsystem, validity, result, student, teacher. database, psycho-

logical test. 
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ʋɼʂ  517.984, 54.534 

ɺɽʂʆɺʆɽ ʋʈɸɺʅɽʅʀɽ ʉɺʆɹʆɼʅʓʍ ʂʆʃɽɹɸʅʀʁ  

ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ ʆɹʆʃʆʏʂʀ  

ɻ.ʌ. ʉʘʬʠʥʘ 
 

ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʅʝʬʪʝʢʘʤʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʅʝʬʪʝʢʘʤʩʢ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʚʝʢʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʦ-

ʩʪʝʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ɺʝʢʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʠʪʝʣʷ ʪʨʝʪʴʝ-

ʛʦ ʧʦʨʷʜʢʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ʈʝʰʝʥʠʝ ʚʝʢʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣʳ ʜʣʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʜʨʘ-

ʪʘʤ ʯʘʩʪʦʪ ʪʨʸʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ, ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʚʝʢʦʚʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ.  

 

ʉʤʦʜʝʣʠʨʫʝʤ ʟʘʜʘʯʫ ʩʦʙʩʪʚʝʥʥʳʭ (ʩʚʦʙʦʜʥʳʭ) ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʦʩʪʝʥʥʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠ  ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʷʭ [1, ʩ.44, 3, ʩ.132]: 

ï ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʦʙʦʣʦʯʢʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʢ ʝʸ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʜʦ ʜʝʬʦʨʤʘʮʠʠ, ʦʩʪʘʸʪʩʷ ʪʘʢʠʤ ʞʝ  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʢ  ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʩʚʦʶ ʜʣʠʥʫ; 

ï ʥʘʧʨʷʞʝʥʠʷ, ʥʦʨʤʘʣʴʥʳʝ ʢ ʧʣʦʱʘʜʢʘʤ, ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʨʝʜʠʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʩʯʠʪʘʶʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ; 

ï ʤʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ ʨʘʙʦʪʘʝʪ ʚ ʦʙʣʘʩʪʠ ʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦʩʪʠ; 

ï ʩʠʣʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʨʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʕʪʠ ʜʦʧʫʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʢʦʣʝʙʘʥʠʡ ʦʙʦʣʦʯʢʠ ʚ ʣʠʥʝʡʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʩ ʤʘʣʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ d/ R  ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʝʜʠʥʠʮʝʡ. ɿʜʝʩʴ 

dï ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ, ʘ Rï ʨʘʜʠʫʩ ʝʸ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ.1). 

 

 
 

ʈʠʩ.1.  ʂʨʫʛʦʚʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʚʦʜʷʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠ-

ʥʘʪʳ (,x q), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʨʝ-

ʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʯʝʤ ʢʦʦʨʜʠʥʘʪʘ x  ʟʘʜʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ ʦʙʦʣʦʯʢʠ ʜʦ ʪʦʯʢʠ ʧʦ ʦʙʨʘʟʫʶʱʝʡ, ʢʦʦʨʜʠʥʘʪʘ q ï ʫʛʦʣ,  ʦʪʩʯʠʪʳʚʘʝ-



85  

ʤʳʡ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʦʙʦʣʦʯʢʠ. ʆʮʝʥʢʠ ʚʚʝʜʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʚʠʜʝ: 

Lx¢¢0 , pq 20 ¢¢ , ʛʜʝ Lï ʜʣʠʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. 

ʇʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ (,x q) ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʝ-

ʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ,u v ʠ w  ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʷʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʯʝʤ ʦʩʴ 1 ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʙʨʘʟʫʶʱʝʡ, ʦʩʴ 2 ï ʧʦ ʢʘʩʘʪʝʣʴ-

ʥʦʡ ʢ ʥʘʧʨʘʚʣʷʶɦ ʝʤʫ ʢʨʫʛʫ, ʘ ʦʩʴ 3 ï ʧʦ ʨʘʜʠʫʩʫ ʦʙʦʣʦʯʢʠ (ʨʠʩ.1).  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʦʙʦʟʥʘʯʝʥʠʡ ʩʠʩʪʝʤʘ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʦʣʦʯʢʠ, ʧʨʠʤʝʪ 

ʚʠʜ:  
2 2 2 2 2

2 2 2 2

2 2 2 2 2

2 2 2 2 2

2 2 2

2 2 2

1 1 1
0,

2 2

1 1 1 1 1
0,

2 2

1 1
0.

12

u u v w u

x R R x R x E t

u v v w v

R x R x R E t

u v w w
w

R x R R E t

m m m m
r

q q

m m m
r

q q q

m d m
r

q

ûµ - µ + µ µ - µ
+ + - - = î

µ µ µ µ µ µ
î

+ µ µ - µ µ - µî
+ + - - =ü

µ µ µ µ µ µî
îµ µ - µ

- - + DD + + = î
µ µ µ ý 

(1) 

ɿʜʝʩʴ: 
4

4

422

4

24

4 11
2

qq µ

µ
+

µµ

µ
+

µ

µ
=DD

w

Rx

w

Rx

w
w  ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, mï ʢʦʵʬʬʠʮʠ-

ʝʥʪ ɻʫʢʘ, Eï ʤʦʜʫʣʴ ʖʥʛʘ, rï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ.  

   ʈʝʰʝʥʠʝ ʚʩʝʭ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʘʥʥʦʡ, ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ [3, ʩ.128]. 

ʈʘʩʩʤʦʪʨʠʤ ʢ ʥʘʰʝʡ ʟʘʜʘʯʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ (ʰʘʨʥʠʨʥʳʭ)  

ʦʧʦʨ ʢʦʥʮʦʚ ʪʦʥʢʦʩʪʝʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʪ.ʝ. ʧʨʠ Lx ,0=  ʠʤʝʝʤ: 

0| 0==xv ;    0| 0==xw ;    0| 0=
µ

µ
=x

x

u
;    0| 02

2

=
µ

µ
=x

x

w
; 

0| ==Lxv ;    0| ==Lxw ;   0| =
µ

µ
=Lx

x

u
;    0|

2

2

=
µ

µ
=Lx

x

w . 
(2) 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ (1) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʤʝʱʝʥʠʡ ,u v ʠ w  

ʧʨʠʤʝʤ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʦʙʦʣʦʯʝʢ: 

( , , ) Cos Cos Cos ,

( , , ) Sin Cos Cos ,

( , , ) Sin Cos Cos , ( 1,2,..., ; 1,2,..., ),

mn

mn

mn

m x
u x t A n t

L

m x
v x t B n t

L

m x
w x t C n t m n

L

p
q q w

p
q q w

p
q q w

=

=

= = ¤ = ¤

 (3) 

ʛʜʝ: wï ʯʘʩʪʦʪʘ, mnA , mnB , mnC ï ʘʤʧʣʠʪʫʜʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʙʦ-

ʣʦʯʢʠ. 

ʇʦʜʩʪʘʚʠʤ ʨʝʰʝʥʠʷ (3) ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1) ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ ʦʜʥʦʨʦʜʥʫʶ ʩʠʩʪʝʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ mnmn BA ,  ʠ 

mnC : 
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(4) 

ʛʜʝ  
2

2

2
,

12

R

L R

p d
l e= = . 

ʋʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʥʫʣʝʚʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4) ʷʚ-

ʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʦʧʨʝʜʝʣʠʪʝʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ: 

2 2 2

2 2 2

2 2 2 2 2

1 1

2 2

1 1
. . 0.

2 2

1 ( )

m n m n m

m n n m n

m n m n

m m
l l m l

m m
l l

m l e l

- +
+ -W
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- + -W =
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 (5) 

ɿʜʝʩʴ: 22
21
rw

m
R

E

-
=W ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʯʘʩʪʦʪʥʳʡ ʧʘʨʘʤʝʪʨ.                                                     

ʈʘʩʢʨʳʚʘʷ ʦʧʨʝʜʝʣʠʪʝʣʴ (5), ʧʦʣʫʯʠʤ ʚʝʢʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʦʙʦʣʦʯʢʠ: 

.0])1()[(
2

)1(2
])(

2

3

)(
2

1
)(
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3
[)](

2

3
)(1[

442222222222222
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- leml
m

elml
m

l
m

l
m

el
m

le

mnmnmnm

nmnmnmnm

 

ʂʦʨʥʠ W ʚʝʢʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠ̫ ʤ ʢʚʘʜʨʘʪʦʚ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ 
2w , ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʦʣʦʯʢʘ ʠʤʝʝʪ ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ ʘʤʧʣʠʪʫʜʥʳʝ 

ʟʥʘʯʝʥʠʷ. 

ʅʘʡʜʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʝʢʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (5). 

ʇʝʨʝʧʠʰʝʤ ʝʛʦ ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʯʘʩʪʦʪʳ W: 
3W  + A 2W

 
+ BW + C  = 0 ,                                        (6) 
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)(1[ 22222222 nmnm +

-
+++- l

m
le  

B  = ;)(
2

3
)(

2

1
)(

2

3 2222222222232222 nmnmnmnm +-+
-

++
-

++
-

lml
m

l
m

l
m

e  

C  = ].)1()[(
2

)1(2 44222222 leml
m

e mnm -++
-

-
 

ʋʨʘʚʥʝʥʠʝ (6) ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ 
3

A
z-=W  ʧʨʠʚʦʜʠʪʩʷ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ 

ʚʠʜʫ  

,03 =++ qpzz                                                (7) 

ʚ ʢʦʪʦʨʦʤ:   ;
3

2

B
A

p +-=  .
27

2 3

C
B

AA
q +-=  
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ʂʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (7) ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ 

,3
22

; 3,21

baba
ba

+
°

+
-=+= zz  

ʛʜʝ 
23

33

23
;

2
;

2
ö
÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
=--=+-=

qp
DD

q
D

q
ba , ʧʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ a ʠ 

b ʙʝʨʫʪʩʷ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʢʫʙʠʯʝʩʢʠʭ ʢʦʨʥʝʡ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʯʠʩʝʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʶ .
3

p
-=ab  

ʏʠʩʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ D , 

ʘ ʠʤʝʥʥʦ, ʝʩʣʠ 0>D  ï ʦʜʠʥ ʜʝʡʩʪʚʠʪʝʣʥɹʳʡ ʢʦʨʝʥʴ ʠ ʜʚʘ ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʢʦʨʥʷ; 0<D  ï ʪʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ; 0=D  ï ʦʜʠʥ ʦʜʥʦʢʨʘʪʥʳʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʠ ʜʚʘ ʜʚʫʢʨʘʪʥʳʭ, ʠʣʠ, ʝʩʣʠ 0==qp , ʪʦ ʦʜʠʥ ʪʨʝʭ-

ʢʨʘʪʥʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʯʝʪʘʥʠʷ ʯʠʩʝʣ nm,  ʫʨʘʚʥʝʥʠʝ (5) ʠʤʝʝʪ ʪʨʠ 

ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʚʘʜʨʘʪʘʤ ʯʘʩʪʦʪ 

ʪʨʸʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʢʦʣʝʙʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʘ m ʠ n  ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶ-

ʙʳʝ ʮʝʣʳʝ ʟʥʘʯʝʥʠʷ ʦʪ ʝʜʠʥʠʮʳ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʨʸʭ ʚʠ-

ʜʦʚ ʢʦʣʝʙʘʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦ-

ʣʝʙʘʥʠʡ. 
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ʂʈʀʊɽʈʀʁ ESI
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-ʇʆʃʅʆʊʓ ʄʅʆɾɽʉʊɺɸ  

ʄʋʃʔʊʀʌʋʅʂʎʀʁ ʈɸʅɻɸ 2 

ʕ.ʉ. ʊʘʛʣʘʩʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʜʦʮʝʥʪ ɺ.ʀ. ʇʘʥʪʝʣʝʝʚ 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʫʣʴʪʠʬʫʥʢʮʠʠ, ʟʘʜʘʥʥʳʝ ʥʘ ʜʚʫʭʵʣʝʤʝʥʪʥʦʤ 

ʤʥʦʞʝʩʪʚʝ. ʄʫʣʴʪʠʬʫʥʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʤʥʦʞʝʩʪʚ, ʠ ʦʧʝʨʘʪʦʨʘ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʧʨʝʜʠʢʘʪʫ ʨʘʚʝʥʩʪʚʘ. ɼʣʷ ʤʫʣʴʪʠ-

ʬʫʥʢʮʠʡ, ʟʘʜʘʚʘʝʤʳʭ ʥʘ ʜʚʫʭʵʣʝʤʝʥʪʥʦʤ ʤʥʦʞʝʩʪʚʝ, ʫʢʘʟʘʥʳ ʚʩʝ ʧʨʝʜʧʦʣʥʳʝ ʤʥʦʞʝʩʪʚʘ, 

ʧʨʠʚʝʜʝʥ ʢʨʠʪʝʨʠʡ ʧʦʣʥʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʤʳʢʘʥʠʝ, ʩʫʧʝʨʧʦʟʠʮʠʷ, ʧʨʝʜʠʢʘʪ ʨʘʚʝʥʩʪʚʘ, ʤʫʣʴʪʠʬʫʥʢʮʠʷ, ʧʦʣ-

ʥʦʪʘ. 

 

ɺ ʪʝʦʨʠʠ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʥʘʨʷʜʫ ʩʦ ʚʩʶʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷ-

ʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʘʩʪʠʯʥʳʝ ʬʫʥʢʮʠʠ [3], ʛʠʧʝʨ- ʠ ʤʫʣʴʪʠʬʫʥʢʮʠʠ [1, 2]. 
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ʄʫʣʴʪʠʬʫʥʢʮʠʷʤʠ ʥʘ ʢʦʥʝʯʥʦʤ ʤʥʦʞʝʩʪʚʝ A ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʦʠʭ ʟʥʘʯʝʥʠʡ ʚʦʟʚʨʘʱʘʶʪ ʚʩʝ ʥʝʧʫʩʪʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʤʥʦʞʝʩʪʚʘ A. 

ɼʘʜʠʤ ʩʪʨʦʛʠʝ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʫʩʪʴ , ʪʦʛʜʘ 

 

 

 

 
ï ʤʥʦʞʝʩʪʚʘ ʤʫʣʴʪʠʬʫʥʢʮʠʡ, ʛʠʧʝʨʬʫʥʢʮʠʡ ʠ ʯʘʩʪʠʯʥʳʭ ʬʫʥʢ-

ʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʤʫʣʴʪʠʬʫʥʢʮʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 

 ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʝʝ ʟʥʘʯʝʥʠʝ ʥʘ 

ʥʘʙʦʨʝ . ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʫʧʝʨʧʦʟʠʮʠʷ ʦʧʨʝʜʝʣʷʣʘ ʥʝ-

ʢʦʪʦʨʫʶ ʤʫʣʴʪʠʬʫʥʢʮʠʶ , ʦʧʨʝʜʝʣʠʤ ʝʝ ʟʥʘʯʝʥʠʷ ʥʘ ʥʘʙʦʨʘʭ  

 ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇʫʩʪʴ . ɽʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʥʘʙʦʨʘ , ʛʜʝ 

, ʚʳʧʦʣʥʷʝʪʩʷ  ʠʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ  ʚʳʧʦʣ-

ʥʷʝʪʩʷ , ʪʦ . ʀʥʘʯʝ 

 
ʆʧʨʝʜʝʣʝʥʥʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʫʧʝʨʧʦʟʠʮʠʶ, ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ . 

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʤʫʣʴʪʠʬʫʥʢʮʠʷ  ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʬʫʥʢʮʠʡ 

,  ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʧʨʝʜʠʢʘʪʫ ʨʘ-

ʚʝʥʩʪʚʘ [4], ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ  ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʫʣʴʪʠʬʫʥʢʮʠʠ, ʟʘʜʘʚʘʝʤʳʝ ʥʘ ʤʥʦʞʝʩʪʚʝ 

. ɼʘʣʝʝ ʜʣʷ ʤʥʦʞʝʩʪʚʘ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ çè, ʘ ʜʣʷ 

ʧʫʩʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ï ʦʙʦʟʥʘʯʝʥʠʝ çè. ʄʥʦʞʝʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʜʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ, ʥʝ ʙʫʜʝʤ ʨʘʟʣʠʯʘʪʴ ʩ ʵʣʝʤʝʥʪʦʤ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʆʧʨʝʜʝʣʠʤ -ʟʘʤʳʢʘʥʠʝ ʤʥʦʞʝʩʪʚʘ , ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ  ʤʫʣʴ-

ʪʠʬʫʥʢʮʠʡ ʠʟ , ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ  ʦʧʝʨʘʮʠʷʤʠ ʚʚʝʜʝʥʠʷ ʬʠʢʪʠʚ-

ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, -ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʧʨʝʜʠʢʘʪʫ ʨʘʚʝʥʩʪʚʘ. 

-ʟʘʤʳʢʘʥʠʝ ʤʥʦʞʝʩʪʚʘ  ʦʙʦʟʥʘʯʘʝʤ ʢʘʢ . 
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ʄʥʦʞʝʩʪʚʦ ʤʫʣʴʪʠʬʫʥʢʮʠʡ, ʢʦʪʦʨʦʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʚʦʠʤ ʟʘʤʳʢʘʥʠʝʤ, 

ʥʘʟʳʚʘʝʪʩʷ -ʟʘʤʢʥʫʪʳʤ ʤʥʦʞʝʩʪʚʦʤ. ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ 

, ʧʦʨʦʞʜʘʝʪ  (ʧʦʣʥʦ ʚ ,), ʝʩʣʠ . 

ʄʥʦʞʝʩʪʚʦ  ʥʘʟʳʚʘʝʪʩʷ -ʧʨʝʜʧʦʣʥʳʤ, ʝʩʣʠ -ʟʘʤʳʢʘʥʠʝ  

ʦʪʣʠʯʥʦ ʦʪ , ʥʦ  ʩʦʚʧʘʜʘʝʪ ʩ  ʜʣʷ ʣʶʙʦʡ ʤʫʣʴʪʠʬʫʥʢʮʠʠ  . 

ʇʫʩʪʴ  ï -ʤʝʩʪʥʳʡ ʧʨʝʜʠʢʘʪ, ʟʘʜʘʥʥʳʡ ʥʘ ʤʥʦʞʝʩʪʚʝ . 

ɼʣʷ ʤʫʣʴʪʠʬʫʥʢʮʠʠ  ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʦʥʘ ʩʦʭʨʘʥʷʝʪ ʧʨʝ-

ʜʠʢʘʪ , ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ  ʥʘʙʦʨʦʚ  ʠʟ ʧʨʝʜʠ-

ʢʘʪʘ, ʥʘʙʦʨ  ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʝʜʠʢʘʪʫ. 

ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʩʦʭʨʘʥʷʶʱʠʭ ʧʨʝʜʠʢʘʪ , ʦʙʦʟʥʘʯʠʤ ʢʘʢ Pol . 

ʆʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʚʦʩʝʤʴ ʤʥʦʞʝʩʪʚ ʤʫʣʴʪʠʬʫʥʢʮʠʡ: 

Pol   

Pol   
   

 

 
Pol   

Pol   

ʄʥʦʞʝʩʪʚʘ  ʩʦʚʧʘʜʘʶʪ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚ [5]. 

ʊʝʦʨʝʤʘ 1. ʄʥʦʞʝʩʪʚʘ  ʷʚʣʷʶʪʩʷ -ʟʘʤʢʥʫʪʳʤʠ. 

ʊʝʦʨʝʤʘ 2. ɼʣʷ ʤʥʦʞʝʩʪʚ  ʚʳʧʦʣʥʷʝʪʩʷ  ʧʨʠ . 

ʆʧʨʝʜʝʣʠʤ ʙʠʥʘʨʥʫʶ ʬʫʥʢʮʠʶ : 1 1 = 0, 0 1 = 1, 0 0 = , 1 1 = . 

ʃʝʤʤʘ 1. ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ , ʛʜʝ  ï -ʧʦʣʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʚ , ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʚ . 

ʆʧʨʝʜʝʣʠʤ ʫʥʘʨʥʫʶ ʬʫʥʢʮʠʶ : , . 

ʃʝʤʤʘ 2. ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ , ʛʜʝ  ï -ʧʦʣʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚ 

, ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʚ . 

ɹʫʜʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ  ʜʣʷ ʬʫʥʢʮʠʠ, ʥʝ ʧʨʠ-

ʥʘʜʣʝʞʘʱʝʡ ʤʥʦʞʝʩʪʚʫ  ( ). 

ʃʝʤʤʘ 3. ʉʧʨʘʚʝʜʣʠʚʦ . 

ʃʝʤʤʘ 4. ʇʫʩʪʴ , . ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ 

. 

ʃʝʤʤʘ 5. ʇʫʩʪʴ , . ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ 

. 

ʊʝʦʨʝʤʘ 3. ʄʥʦʞʝʩʪʚʦ ʤʫʣʴʪʠʬʫʥʢʮʠʡ R ʷʚʣʷʝʪʩʷ -ʧʦʣʥʳʤ ʚ  ʪʦ-

ʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʦ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʮʝʣʠʢʦʤ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʢʣʘʩʩʦʚ 

. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʪʦʞʜʝʩʪʚʣʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʬʫʥʢʮʠʠ  ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʦʜʥʫ ʠʟ ʚʦʩʴʤʠ ʩʣʝʜʫʶʱʠʭ ʦʜʥʦʤʝʩʪʥʳʭ ʬʫʥʢʮʠʡ: 

, , , , , , 

, . 
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ʊʘʢ ʢʘʢ  ʠ ,  ʠ 

, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʩʣʫʯʘʷ. 

ʉʣʫʯʘʡ 1. . ʀʟ ʬʫʥʢʮʠʠ  ʦʪʦʞʜʝʩʪʚʣʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʶ  ʪʘʢʫʶ, ʯʪʦ ʥʘ ʥʘʙʦʨʘʭ (01) ʠ (10) ʦʥʘ ʧʨʠʥʠ-

ʤʘʝʪ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʝʩʪʠ ʟʥʘʯʝʥʠʝ: (00), (11), (0), (1 ), ( 0), ( 1). 

ʆʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʶ  

ʉʫʧʝʨʧʦʟʠʮʠʷ  ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʫ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʡ: (0) ʠʣʠ (1). ɼʣʷ 

ʧʝʨʚʦʡ ʬʫʥʢʮʠʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʃʝʤʤʦʡ 5, ʜʣʷ ʚʪʦʨʦʡ ï ʃʝʤʤʦʡ 4. 

ʉʣʫʯʘʡ 2. . ʇʦʜʩʪʘʚʣʷʷ ʢʦʥʩʪʘʥʪʫ 0 ʚ ʬʫʥʢʮʠʶ , ʧʦʣʫʯʠʤ ʦʜ-

ʥʫ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʡ: (1) ʠʣʠ (). 

ɼʘʣʝʝ ʧʨʠʤʝʥʷʝʤ ʃʝʤʤʫ 3 ʠʣʠ ʃʝʤʤʫ 5. 

ʉʣʫʯʘʡ 3. . ʇʦʜʩʪʘʚʣʷʷ ʢʦʥʩʪʘʥʪʫ 1 ʚ ʬʫʥʢʮʠʶ , ʧʦʣʫʯʠʤ 

ʦʜʥʫ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʡ: (0) ʠʣʠ (). 

ʀ ʜʘʣʝʝ ʧʨʠʤʝʥʷʝʤ ʃʝʤʤʫ 3 ʠʣʠ ʃʝʤʤʫ 4. 

ʉʣʫʯʘʡ 4. . ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 1 ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʫʥʢʮʠʝʡ . ʇʦʜ-

ʩʪʘʚʣʷʷ ʚ ʥʝʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʩʪʘ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʶ (10), ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʦʜʥʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʜʥʦʤʝʩʪʥʳʭ ʬʫʥʢʮʠʡ: (00), (11), (0), (1 ), ( 0), 

( 1). 

ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʩ ʧʦʤʦʱʴʶ ʦʪʨʠʮʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʦʡʩʪʚʝʥ-

ʥʳʝ ʬʫʥʢʮʠʠ ʠ ʩʚʝʩʪʠ ʢ ʃʝʤʤʝ 4, ʘ ʦʩʪʘʣʴʥʳʝ ʩʣʫʯʘʠ, ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʩʧʦʩʦ-
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ʉʣʝʜʩʪʚʠʝ 1. ʄʥʦʞʝʩʪʚʘ  ʷʚʣʷʶʪʩʷ -ʧʨʝʜʧʦʣʥʳʤʠ. 
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In this paper multifunctions defined on a two-element set are considered. Multifunctions are 

considered with respect to the superposition based on the intersection of sets and the branching op-

erator by the equality predicate. For multifunctions defined on a two-element set, all the precom-

plete sets are specified, and the completeness criterion is given. 

Keywords: closing, superposition, equality predicate, multifunction, completeness set. 

 

ʋɼʂ 519.632.4 

ʇʈɸʂʊʀʏɽʉʂʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇɸʂɽʊɸ LAMMPS   

ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ɸʊʆʄʅʓʍ ʄʆɼɽʃɽʁ ʄɽʊɸʃʃʆɺ 

ʍʦʤʫʪʦʚʩʢʠʡ ʉ.ʃ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɼʫʜʥʠʢ ɽ.ɸ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʋ ɺʇʆ çɸʣʪʘʡʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʘʢʝʪʘ LAMMPS ʜʣʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʘʪʦʤʥʳʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʣʦʚ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ɻʎʂ ʨʝ-

ʰʝʪʢʘ ʪʘʢʦʛʦ ʤʝʪʘʣʣʘ ʢʘʢ ʥʠʢʝʣʴ. ʊʘʢ ʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʛʨʘʬʠʢʝ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʢʦʤʧʴʶ-

ʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, LAMMPS, OVITO. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠʛ-

ʨʘʝʪ ʠʟʫʯʝʥʠʝ ʘʪʦʤʦʚ, ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʪʩʷ ʚʝʩʴʤʘ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʳʩʦʢʦ-

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʘʪʦʤʥʳʝ ʩʠʩʪʝʤʳ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʤʦʱʠ ʩʣʦʞʥʳʭ ʥʘʫʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʧʦ ʪʝʤʝ ʢʦʤʧʴʶ-

ʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʠʟʫʯʝʥʠʶ ʤʘʪʝ-

ʨʠʘʣʘ, ʩʦʟʜʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢ-

ʪʠʢʝ. 

ʂʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʳʰʝʩʢʘʟʘʥʥʳʭ ʩʣʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʥʦʡ ʪʝʤʝ ʘʪʦʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜ-

ʯʝʨʢʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ ʠ ʤʥʦʞʝʩʪʚʦ ʫʯʝʥʳʭ ʟʘʜʫʤʳʚʘ-

ʝʪʩʷ ʠ ʠʱʝʪ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʣʶʩʘʤʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʘ ʜʝʡʩʪʚʠʡ ʠ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩ-

ʣʦ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʧʦʚʪʦʨʠʪʴ ʢʦʪʦʨʳʝ ʚ ʞʠʟʥʠ ʠʥʦʛʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤʠ, ʚ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʣʶʩʦʤ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʪʘʢ ʞʝ ʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ, ʢʘʢ ʥʘʛʣʷʜʥʦʝ ʧʦʷʩʥʝʥʠʝ. 

ʇʨʦʛʨʘʤʤʳ ʧʦ ʩʦʟʜʘʥʠʶ ʘʪʦʤʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʣʘʪʥʳʝ ʠ 

ʪʝ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʝʩʧʣʘʪʥʦ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʧʣʘʪʥʳʝ ʧʨʦʬʝʩ-
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ʩʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʠ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʠ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʠʟʫʯʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʧʦʣʥʝ ʭʚʘʪʠʪ ʠ ʙʝʩʧʣʘʪʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʙʝʩʧʣʘʪʥʦʤ ʧʘʢʝʪʝ LAMMPS ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʥʳʭ ʩʠʩʪʝʤ ʠ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʦ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ OVITO, ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʘʞʝ ʦʙʫʯʘʶʱʠʤʩʷ ʥʘ ʩʚʦʠʭ ʤʘʰʠʥʘʭ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ LAMMPS. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ  ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ  ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

LAMMPS ʠ  ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘOVITO. 

ʇʨʦʙʣʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟ-

ʣʘʭ. ʆʥʘ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʠʣʠ ʮʝʣʦʡ ʩʠʩʪʝʤʳ (ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ), ʧʦʥʷʪʠʷ ʦ ʬʦʨʤʝ, ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʩʚʦʡʩʪʚʘʭ 

ʦʙʲʝʢʪʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʭ 

ʦʪʨʘʩʣʷʭ ʥʘʰʝʡ ʞʠʟʥʠ, ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʤʦʚ ʜʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʪʦʤʥʳʭ 

ʩʪʨʫʢʪʫʨ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʪʦʤʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ[1-

3]. 

ʄʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʫʚʝʨʷʶʪ ʥʘʩ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ð 

ʵʪʦ ʰʘʛ ʚ ʙʫʜʫʱʝʝ [4-6], ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʧʨʦʮʝʩʩʘʭ ʙʝʟ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ ʩʢʨʠʧʪʘ ʜʣʷ ʧʘʢʝʪʘ LAMMPS ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʩʢʨʠʧʪʘ LAMMPS  

ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ LAMMPS ʨʘʙʦʪʘʝʪ ʩʦ ʩʢʨʠʧʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʜʦʣʞʝʥ ʥʘʧʠʩʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ [5]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʤʝʭʘʥʠʟʤʦʤ ʥʘʧʠʩʘʥʠʷ ʩʢʨʠʧʪʘ. ʇʝʨʚʦʝ ʩ ʯʝʤ ʥʘʤ 

ʥʫʞʥʦ ʙʫʜʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ï ʵʪʦ ʩʪʨʫʢʪʫʨʘ ʩʢʨʠʧʪʘ. 

ʉʢʨʠʧʪ ʩʦʩʪʦʠʪ ʠʟ 4 ʯʘʩʪʝʡ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʩʠʤʫʣʷʮʠʠ 

3. ʅʘʩʪʨʦʡʢʠ ʠ ʠʭ ʫʩʪʘʥʦʚʢʘ 

4. ɿʘʧʫʩʢ ʨʘʩʯʝʪʦʚ 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʩʢʨʠʧʪʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʢʦʤʘʥʜ, 

LAMMPS ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʳ ʧʦʩʪʨʦʯʥʦ. 

ʈʘʟʙʝʨʝʤ ʢʘʞʜʫʶ ʯʘʩʪʴ ʩʢʨʠʧʪʘ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʟʘ ʯʪʦ ʦʥʘ ʦʪʚʝʯʘʝʪ ʠ ʢʘʢʠʝ 

ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʝʪ 
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ʀʥʠʮʠʘʣʠʟʘʮʠʷ (Initialization ) 

ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʧʠʩʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʰʝʡ ʙʫʜʫʱʝʡ ʩʪʨʫʢʪʫʨʳ. ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫ-

ʶʪʩʷ ʥʘʤ ʜʣʷ ʨʘʙʦʪʳ: 

units ï ʢʦʤʘʥʜʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʠʜ ʤʘʪʝʨʠʘʣʘ, ʩ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʚʝʩʪʠʩʴ 

ʨʘʙʦʪʘ. ʂʦʤʘʥʜʘ units ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

metal ï ʜʣʷ ʤʝʪʘʣʣʦʚ 

electron ï ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

nano ï ʜʣʷ ʥʘʥʦ ʩʪʨʫʢʪʫʨ 

dimension ï ʢʦʤʘʥʜʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘʥʥʦʡ ʩʠ-

ʤʫʣʷʮʠʠ. ɼʦʧʫʩʪʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʝʪʩʷ 2 ʠ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʜʚʫ-

ʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

boundary ï ʢʦʤʘʥʜʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʠʤʫʣʷʮʠʠ, ʧʨʠʯʝʤ 

ʘʨʛʫʤʝʥʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʢʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ. ʂʦʤʘʥʜʘ boundaryʤʦʞʝʪ ʧʨʠ-

ʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

p - ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

f - ʬʠʢʩʠʨʦʚʘʥʥʳʝ 

s ï ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ 

mïʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ 

atom_styleïʢʦʤʘʥʜʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ, ʢʘʢʦʡ ʩʪʠʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʘʪʦʤʦʚ. ɼʘʥʥʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

atomic ï ʘʪʦʤ 

dipole ï ʜʠʧʦʣʴ 

molecular ï ʤʦʣʝʢʫʣʘ 

hybrid ï ʛʠʙʨʠʜʥʳʡ ʩʪʠʣʴ 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʩʠʤʫʣʷʮʠʠ (Simulation Box Definitions) 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʩʦʟʜʘʶʪʩʷ ʦʙʣʘʩʪʴ ʩʠʤʫʣʷʮʠʠ, ʘʪʦʤʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧ 

ʩʪʨʫʢʪʫʨʳ, ʠ ʚʳʜʝʣʷʶʪʩʷ ʨʝʛʠʦʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ 

ʦʩʥʦʚʥʳʭ ʢʦʤʘʥʜ ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʯʘʩʪʠ: 

latticeïʢʦʤʘʥʜʘ, ʟʘʜʘʶʱʘʷ ʪʠʧ ʨʝʰʝʪʢʠ. ɼʘʥʥʘʷ ʢʦʤʘʥʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 

fcc ï ʛʨʘʥʝʮʝʥʪʨʠʯʝʩʢʘʷ (ɻʎʂ) 

bcc ï ʦʙʲʝʤʦʮʝʥʪʨʠʯʝʩʢʘʷ (ʆʎʂ) 

diamond ï ʘʣʤʘʟʥʘʷ 

region ï ʢʦʤʘʥʜʘ, ʚʳʜʝʣʷʶʱʘʷ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʦʨʜʠ-

ʥʘʪʘʤʠ. ʇʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʷʚʣʷʶʪʩʷ ʥʘʟʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ (block, cylinder é)ʠ ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ, ʧʝʨʝʯʠʩʣʷʶʱʠʭʩʷ ʯʝʨʝʟ ʧʨʦ-

ʙʝʣ. 

create_box ï ʢʦʤʘʥʜʘ, ʩʦʟʜʘʶʱʘʷ ʦʙʣʘʩʪʴ ʩʠʤʫʣʷʮʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘ-

ʟʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. 

create_atoms ï ʢʦʤʘʥʜʘ, ʩʦʟʜʘʶʱʘʷ ʛʨʫʧʧʫ, ʣʠʙʦ ʦʜʠʥʦʯʥʳʡ ʘʪʦʤ, ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʫʢʘʟʘʥʥʦʡ ʢʦʨʦʙʢʠ ʠ ʨʝʛʠʦʥʘ. ʊʘʢʞʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʘʪʦ-

ʤʦʚ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

mass ï ʢʦʤʘʥʜʘ, ʟʘʜʘʶʱʘʷ ʘʪʦʤʥʫʶ ʤʘʩʩʫ. 
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ʋʩʪʘʥʦʚʢʘ ʥʘʩʪʨʦʝʢ (Settings) 

Settings ï ʪʨʝʪʴʷ ʯʘʩʪʴ ʩʢʨʠʧʪʘ. ʀʤʝʥʥʦ ʵʪʘ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʙʦʣʴʰʦʡ 

ʧʦ ʦʙʲʝʤʫ ʚʦ ʚʩʝʤ ʩʢʨʠʧʪʝ. ɺ ʥʝʡ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚʩʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʷ ʩʠʤʫʣʷʮʠʠ. ɺʩʝ ʢʦʤʘʥʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʜʘʥʥʦʡ ʯʘ-

ʩʪʠ ʩʢʨʠʧʪʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʢʦʤʘʥʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʣʠ ʟʘʜʘʶʱʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʠʝ ʢʦʤʘʥʜʳ ʢʘʢ pair_coeff, 

bond_coeff, angle_coeff, dihedral_coeff, imroper_coef, kspace_style, special_bonds 

ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʢʦʤʘʥʜ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï ʵʪʦ ʢʦʤʘʥʜʳ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʤʫʣʷʮʠʠ: 

neighbor ï ʢʦʤʘʥʜʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʧʘʨʘʤʝʪʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ 

ʥʘ ʩʤʝʞʥʳʝ ʧʘʨʳ ʘʪʦʤʦʚ. 

group ï ʢʦʤʘʥʜʘ, ʛʨʫʧʧʠʨʫʶʱʘʷ ʘʪʦʤʳ ʧʦ ʢʘʢʦʤʫ ʣʠʙʦ ʧʨʠʟʥʘʢʫ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩʨʘʟʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

velocity ï ʢʦʤʘʥʜʘ, ʟʘʜʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʤ ʘʪʦʤʘʤ ʪʘʢ ʠ ʛʨʫʧʧʝ 

timestep ï ʢʦʤʘʥʜʘ, ʟʘʜʘʶʱʘʷ ʚʨʝʤʷ ʦʜʥʦʛʦ ʰʘʛʘ ʩʠʤʫʣʷʮʠʠ 

ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ ʚʳʥʝʩʪʠ ʢʦʤʘʥʜʫ fix. ɼʘʥʥʘʷ ʢʦʤʘʥʜʘ ʦʧʠʩʳ-

ʚʘʝʪ ʜʝʡʩʪʚʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʢʘʟʘʥʳ ʥʠʞʝ ʵʪʦʡ ʢʦ-

ʤʘʥʜʳ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ fixʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʦʟʜʘʚʘʪʴ ʛʨʘʚʠ-

ʪʘʮʠʶ, ʨʘʩʧʣʘʚʣʷʪʴ ʤʝʪʘʣʣ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʝʡʩʪʚʠʷ. ɼʣʷ ʦʪʤʝʥʳ ʩʫʱʝʩʪʚʫʝʪ 

ʧʘʨʥʘʷ ʢʦʤʘʥʜʘ unfix. 

ɻʨʘʬʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʧʦʤʠʤʦ ʚʳʚʦʜʘ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ 

LAMMPSʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʝ ʬʘʡʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ dump, ʠʩʧʦʣʴʟʫ-

ʶʱʝʛʦʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ 

ʷʚʣʷʝʪʩʷ OVITO. 

OVITO - ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʥʘʫʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠ-

ʟʘ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ, ʦʙʳʯʥʦ ʛʝʥʝʨʠʨʫ-

ʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʦʚʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʜʠʩʮʠʧʣʠʥʘʭ ʤʘʪʝʨʠʘʣʦ-

ʚʝʜʝʥʠʷ, ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ [6]. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʰʠ 

ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ. OVITO ʦʙʣʘ-

ʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʩʪʨʦʝʢ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʩʘʤʦʤ ʣʫʯʰʝʤ ʠ ʫʜʦʙʥʦʤ ʚʠʜʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʟʜʘʣʠ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. 

ʅʠʢʝʣʴ ð ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ ʤʝʪʘʣʣ, ʥʝ ʪʫʩʢʥʝʝʪ ʥʘ ʚʦʟʜʫʭʝ. 

ʀʤʝʝʪ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ a = 3.5238 

ʘʥʛʩʪʨʝʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Fm3m. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʚʝʩʴʤʘ ʧʣʘʩʪʠʯʝʥ ʠ 

ʧʦʜʜʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ. ʗʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩ ʪʦʯʢʦʡ 

ʂʶʨʠ 358 ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʥʠʢʝʣʷ ï 1453 ʛʨʘʜʫʩʘ ʎʝʣʴʩʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠ ʦʧʠʩʘʥʠʷ ʤʝʞʘʪʦʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ (EAM). 

https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BA%D0%B0_%D0%9A%D1%8E%D1%80%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BA%D0%B0_%D0%9A%D1%8E%D1%80%D0%B8
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ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [9]. 

 ɼʣʷ ʥʘʜʝʞʥʦʩʪʠ ʫʩʪʘʥʦʚʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʤʠʥʠʤʠʟʘʮʠʠ 5000 

ʰʘʛʦʚ. ʊʘʢ ʞʝ ʨʘʩʩʯʠʪʘʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦʙʳ ʧʨʦʥʘʙʣʶʜʘʪʴ 

ʟʘ ʠʭ ʜʠʥʘʤʠʢʦʡ. 

ɻʦʪʦʚʳʡ ʩʢʨʠʧʪ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

# ---------- InitializeSimulation --------------------- 

clear 

unitsmetal     ## ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʤʝʪʘʣʣʦʚ 

boundaryppp   ## ʩʠʤʫʣʷʮʠʦʥʥʘʷ ʢʦʨʦʙʢʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ 

atom_styleatomic   ## ʘʪʦʤʥʳʡ ʩʪʠʣʴ ʜʣʷ ʤʝʪʘʣʣʦʚ 

# ---------- CreateAtoms --------------------- 

## ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ a0 

## ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʦʚ, ʪ.ʝ. x=[110], y=[1-11], z=[1-1- 2] 

ʠ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ. 

lattice fcc 3.52 orient x 1 1 0 orient y 1 -1 1 orient z 1 -1 -2 & 

 origin 0.1 0.1 0.1 

regionboxblock 0 12 0 12 0 9  ## ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʦʨʦʙʢʠ ʧʦ x, y, z 

(ʚ ʝʜʠʥʠʮʘʭ a0). Lx = 12*sqrt(2), Ly = 12*sqrt(3), Lz = 6*sqrt(6) 

create_box 3 box    ## ʩʦʟʜʘʥʠʝ ʢʦʨʦʙʢʠ ʩʠʤʫʣʷʮʠʠ 

create_atoms 1 box    ## ʩʦʟʜʘʥʠʝ ʦʜʥʦʛʦ ʪʠʧʘ ʘʪʦʤʦʚ ʚ ʢʦʨʦʙʢʝ 

# ---------- Define Interatomic Potential --------------------- 

pair_styleeam    ## ɽɸʄ-ʧʦʪʝʥʮʠʘʣ 

pair_coeff * * Ni_u3.eam   ## ʧʦʜʢʣʶʯʝʥʠʝ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

neighbor 0.3 bin   ## ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʦʚ 

neigh_modifydelay 5   ## ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʦʚ 

# ---------- DefineSettings --------------------- 

computeengallpe/atom  ## ʨʘʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʢʘʞʜʦʛʦ 

ʘʪʦʤʘ 

compute eatoms all reduce sum c_eng  ## ʨʘʩʯʝʪʧʦʣʥʦʡʵʥʝʨʛʠʠʩʠʩʪʝʤʳ 

# ---------- Run Minimization --------------------- 

reset_timestep 0    ## ʧʝʨʝʟʘʛʨʫʟʢʘʚʨʝʤʝʥʥʦʛʦʰʘʛʘ 

dump 1 all atom 50 dump_NiFCC_Or2.atom   ## ʚʳʭʦʜʥʦʡʬʘʡʣ 

thermo 10     ## ʚʳʚʦʜ ʜʘʥʥʳʭ ʢʘʞʜʳʝ 10 ʚʨʝʤʝʥʥʳʭ 

ʰʘʛʦʚ 

thermo_stylecustomsteppelxlylzpresspxxpyypzzc_eatoms  ## ʚʨʝʤʝʥʥʦʡ ʰʘʛ 

(step), ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ (pe), ʨʘʟʤʝʨʳ ʢʦʨʦʙʢʠ (Lx/Ly/Lz), ʜʘʚʣʝʥʠʝ (press) 

ʠ ʜʨ. ʙʫʜʝʪ ʚʳʚʝʜʝʥʦ ʥʘ ʵʢʨʘʥ 

min_stylecg   ## ʤʠʥʠʤʠʟʘʟʠʷ (ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ) 

minimize 1e-25 1e-25 5000 10000  ## ʫʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʥʠʤʠʟʘʮʠʠ. 

reset_timestep 0   ## ʧʝʨʝʟʘʛʨʫʟʢʘʚʨʝʤʝʥʥʦʛʦʰʘʛʘ 
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velocityallcreate 350 2  ##ʟʘʜʘʯʘ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

fixallnvetemp 350.0 350.0 350.0 

thermo 10    ## ʚʳʚʦʜ ʜʘʥʥʳʭ ʢʘʞʜʳʝ 10 ʚʨʝʤʝʥʥʳʭ 

ʰʘʛʦʚ 

computeallpe/atom   ##ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

computeallreducesumc   ## ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

variable itog equal "c /v "  ##ʨʘʩʯʝʪʠʪʦʛʘ 

thermo_style custom step pe ke temp time v_itog ##ʚʳʚʦʜ 

run 150    ##ʟʘʧʫʩʢʨʘʩʯʝʪʦʚ 
write_dumpallatomdump.pdh2  ##ʚʳʭʦʜʥʦʡʬʘʡʣ2 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ-

ʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʫʟʣʘʭ ʨʝʰʝʪʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ dump. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠʩ-

ʧʦʣʴʟʫʶʪ ʚʪʦʨʦʡ ʧʘʢʝʪ OVITO. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʘʢʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ3, ʚ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʨʝʭ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦ-

ʩʪʭ̫:(100),(010),(001) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʦʝʢʮʠʠ. 

 
ʈʠʩʫʥʦʢ 3  ï ɻʎʂ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

 

ɺʠʟʫʘʣʠʟʠʨʫʝʤ ʚʳʯʠʩʣʝʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʛʨʘʬʠʢʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʦʪ ʚʨʝʤʝʥʠ 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʠʥʘʤʠʢʝ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 350ʂ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ 

ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚ-

ʪʦʨʘʤʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʨʤʦ ʘʢʪʠʚʘʮʠʠ ʤʝʪʘʣʣʘ ʥʠʢʝʣʷ ʤʝʪʦʜʦʤ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʘʢʝʪʘLAMMPS. 

ɼʘʥʘ ʧʦʜʨʦʙʥʘʷ ʠʥʩʪʨʫʢʮʠʷ ʨʘʙʦʪʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʘ-

ʢʝʪʘʤʠ LAMMPSʠ OVITO. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʦʙʨʘʥʘ ʩʠʩʪʝʤʘ 

ʩʢʨʠʧʪʘ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʥʠʢʝʣʷ. ʅʘʧʠʩʘʥ ʩʢʨʠʧʪ, ʧʦ ʩʦʟʜʘʥʠʶ ʛʨʘ-

ʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠ-

ʢʠ ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʠ ʥʠʢʝʣʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ LAMMPS. 

ʉʦʟʜʘʥ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ dump, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘOVITO. 

ʇʦʣʫʯʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʢʦʪʦʨʦʤ 

ʵʥʝʨʛʠʷ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʠʝʡ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʘʭʠʪʦʚʘ ɽ.ɺ. ɺʠʨʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ: 

https://nsportal.ru/ap/library/drugoe/2017/02/28/issledovatelskaya-rabota-virtualnoe-

modelirovanie-molekul-i-atomov 

https://nsportal.ru/ap/library/drugoe/2017/02/28/issledovatelskaya-rabota-virtualnoe-modelirovanie-molekul-i-atomov
https://nsportal.ru/ap/library/drugoe/2017/02/28/issledovatelskaya-rabota-virtualnoe-modelirovanie-molekul-i-atomov
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2. ʉʘʡʪ Foxford: ʄʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ: 
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ɸ.ɺ. ɽʨʝʤʠʥ. ï ʉʘʤʘʨʘ: ʀʟʜ-ʚʦ ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2017. ï 68 ʩ. 

7. ʉʘʡʪ ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʘʢʝʪʘ LAMMPS: 

https://lammps.sandia.gov/doc/Manual.html 

8. ʉʘʡʪ ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ Ovito: https://ovito.org/manual/ 

9. ɿʚʦʥʘʨʝʚ ʉ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʘʥʦʩʠʩʪʝʤ: 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ʉ. ɺ. ɿʚʦʥʘʨʝʚ, ɺ. ʉ. ʂʦʨʪʦʚ, ʊ. ɺ. ʐʪʘʥʛ. - 

ɽʢʘʪʝʨʠʥʙʫʨʛ : ʀʟʜ-ʚʦ ʋʨʘʣ, ʫʥ-ʪʘ, 2014.-120 ʩ.  

 

ʋɼʂ004.056.5, 316.472.45 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ ʇʆʃʔɿʆɺɸʊɽʃʗ 

ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ 

ʄ.ʖ. ʐʘʥʴʛʠʥ
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʟʴʤʠʥʩʢʘʷ ʀ. ɽ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʬʠʣʠʘʣʘ ʌɻɸʆ ɺʆ ʉʝʚʝʨʥʦʛʦ (ɸʨʢʪʠʯʝʩʢʦʛʦ) ʬʝʜʝʨʘʣʴ-

ʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʉʝʚʝʨʦʜʚʠʥʩʢ  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʪʫʘʮʠʠ ʠ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʧʨʠʚʦʜʷʱʠʝ ʠʭ ʢ ʧʦʪʝʨʝ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝ-

ʪʦʜʳ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦ ʧʝʨʚʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʠ ʩʧʦʩʦʙʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʵʰʠʨʦʚʘʥʠʝ, ʭʨʘʥʝʥʠʝ ʧʘʨʦʣʝʡ, ʭʵʰ-ʬʫʥʢʮʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʦ-

ʣʝʡ, ʩʧʦʩʦʙʳ ʚʟʣʦʤʘ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ ʞʠʟʥʴ ʣʶʜʝʡ. ʉʝʛʦʜʥʷ ʤʘʣʦ ʢʪʦ ʥʝ ʠʤʝʝʪ 

ʘʢʢʘʫʥʪ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʘʢʪʠʚʥʦ ʜʝʣʷʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʨʘʟʤʝʱʘʶʪ ʥʘ ʩʪʨʘʥʠʮʘʭ ʩʚʦʠ ʣʠʯʥʳʝ ʬʦʪʦʛʨʘʬʠʠ 

ʠʣʠ ʚʠʜʝʦ. 

ʋ ʤʥʦʛʠʭ ʜʘʞʝ ʤʳʩʣʠ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʯʪʦ ʠʭ ʜʘʥʥʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʫ ʩʪʦ-

ʨʦʥʥʠʭ ʣʠʮ, ʢʦʪʦʨʳʝ ʚʦʩʧʦʣʴʟʫʶʪʩʷ ʠʤʠ ʜʣʷ ʥʝʙʣʘʛʦʥʘʜʝʞʥʳʭ ʜʝʡʩʪʚʠʡ. ʊʝ, 

ʢʪʦ ʟʘʜʫʤʳʚʘʶʪʩʷ, ʯʘʱʝ ʚʩʝʛʦ ʫʚʝʨʝʥʳ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʘʢʢʘʫʥʪʫ ʠ ʦʥʠ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʯʝʤʫ ʵʪʦ ʥʝ ʪʘʢ ʠ ʯʪʦ ʩ ʵʪʠʤ ʜʝʣʘʪʴ, ʤʳ ʨʘʩ-

ʩʤʦʪʨʠʤ ʜʘʣʝʝ. 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʚʟʣʘʤʳʚʘʶʪ ð ʵʪʦ ʬʘʢʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʠʜʝʘʣʝ ʥʝ-

ʚʦʟʤʦʞʥʦ ʚʟʣʦʤʘʪʴ ʟʘ ʚʤʝʥʷʝʤʦʝ ʚʨʝʤʷ, ʩʠʪʫʘʮʠʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʣʘʯʝʚʥʘʷ.  

https://foxford.ru/wiki/himiya/modeli-stroeniya-atoma
https://lammps.sandia.gov/doc/Manual.html
https://ovito.org/manual/
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ʊʦ ʪʫʪ, ʪʦ ʪʘʤ ʤʳ ʩʣʳʰʠʤ ʦ ʚʟʣʦʤʘʭ ʩʪʨʘʥʠʮ ʚ çʆʜʥʦʢʣʘʩʩʥʠʢʘʭè, çɺʂʦʥ-

ʪʘʢʪʝè, ʌʝʡʩʙʫʢʝ. ɼʘʚʘʡʪʝ ʨʘʟʙʠʨʘʪʴʩʷ, ʢʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʠʥʦʚʘʪ ʚʦ ʚʟʣʦʤʘʭ 

ʩʪʨʘʥʠʯʝʢ. 

ɻʜʝ ʭʨʘʥʷʪʩʷ ʧʘʨʦʣʠ? ʇʘʨʦʣʠ ʥʘ ʩʝʨʚʝʨʘʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʥʝ ʭʨʘʥʷʪʩʷ. 

ʅʦ ʪʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʣʦʛʠʯʥʳʡ ʚʦʧʨʦʩ: ʢʘʢ ʪʦʪ ʞʝ ɺʂ ʠʣʠ çʆʜʥʦʢʣʘʩʩʥʠʢʠè 

ʫʟʥʘʶʪ, ʯʪʦ ʤʳ ʚʚʦʜʠʤ ʧʨʘʚʠʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʩʠʤʚʦʣʦʚ ʧʨʠ ʘʚʪʦʨʠʟʘʮʠʠ? 

ɺʩʸ ʧʨʦʩʪʦ ð ʥʘ ʩʝʨʚʝʨʘʭ ʭʨʘʥʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʭʝʰ. 

ʍʝʰ ð ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʦʣʷ 

ʭʝʰ-ʬʫʥʢʮʠʝʡ. 

ɽʩʣʠ ʫ ʚʘʩ ʚ ʙʨʘʫʟʝʨʝ ʚʢʣʶʯʝʥʘ ʬʫʥʢʮʠʷ ʩʦʭʨʘʥʝʥʠʷ ʧʘʨʦʣʝʡ, ʦʥʠ ʭʨʘʥʷʪ-

ʩʷ ʚ ʬʘʡʣʝ LoginData ʧʦ ʧʫʪʠ: 

ʅʘʧʨʠʤʝʨʝ Google Chrome: 

C:\Users\ʀʄʗ_ʇʆʃʔɿʆɺɸʊɽʃʗ\AppData\Local\Google\Chrome \User Da-

ta\Default. 

ʇʨʦʩʪʦ ʪʘʢ ʦʪʢʨʳʪʴ ʝʛʦ ʠ ʧʦʩʤʦʪʨʝʪʴ ʧʘʨʦʣʴ ʥʝ ʧʦʣʫʯʠʪʩʷ. ɺ ʬʘʡʣʝ ʦʥʠ 

ʭʨʘʥʷʪʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʘ ʭʝʰʠʨʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʤʦʞʝʪ ʦʙʝʟʦʧʘʩʠʪʴ ʩʚʦʡ ʘʢʢʘʫʥʪ ʦʪ ʚʟʣʦʤʦʚ.ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʭʝʰ-

ʬʫʥʢʮʠʠ ð ʵʪʦ ʙʘʟʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʢʨʠʧʪʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ. ʆʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ: MD5, SHA1, 

SHA256, SHA384, SHA512, SHA3. 

ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʦʣʷ ʚ ʭʝʰ ʩ ʧʦʤʦʱʴʶ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʭʝʰ-ʬʫʥʢʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʭʝʰʠʨʦʚʘʥʠʝʤ. 

ʇʨʠ ʚʚʦʜʝ ʧʘʨʦʣʷ ʚ ʧʦʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʘʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʧʘʨʦʣʴ ʚ 

ʭʝʰ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩʘʡʪʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʠʤ-

ʚʦʣʦʚ ʚ ʧʘʨʦʣʝ, ʩʫʤʤʘ ʭʝʰʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʘʷ. ɼʣʷ MD5 ð ʵʪʦ 32 ʟʥʘʢʘ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʣʘʪʠʥʩʢʠʭ ʩʠʤʚʦʣʦʚ ʠ ʮʠʬʨ. 

ʅʘʧʨʠʤʝʨ, ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʘʨʦʣʴ QWERTY ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʚʦʪ ʪʘʢ: 

¶ ɼʣʷ MD5 ð c3981fa8d26e95d911fe8eaeb6570f2f 

¶ ɼʣʷ SHA1 ð 65e21ea0de8852abc2b0d821c1f9ac6f2cd5bd98 

¶ ɼʣʷ SHA256 ð 

435c554a2e9cd54d2d3431b8af2b5d7ba740c64f1dca92b7af8a76b05d484ef3 

ʀ ʦʥ ʚʩʝʛʜʘ ʥʝʠʟʤʝʥʥʳʡ. 

ʄʦʞʝʪʝ ʧʨʦʚʝʨʠʪʴ. ɺ ʛʝʥʝʨʘʪʦʨʝ ʭʝʰʝʡ ʚʚʝʩʪʠ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʦʣʫʯʠʪʴ 

ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ. ɸ ʚ ʩʝʨʚʠʩʝ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʭʝʰʝʡ ʚʳʚʝʩʪʠ ʦʙʨʘʪʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʨʘʥʝʝ ʙʳʣʦ ʟʘʥʝʩʝʥʦ ʚ ʙʠʙʣʠʦʪʝʢʠ. 

ʕʪʘ ʬʫʥʢʮʠʷ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ð ʪʦ ʝʩʪʴ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʭʝʰʠʨʦʚʘʥʠʝ 

ʥʝ ʨʘʙʦʪʘʝʪ. ʄʦʞʥʦ ʪʦʣʴʢʦ ʧʦʜʦʙʨʘʪʴ ʧʘʨʦʣʴ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʦ 

ʝʩʪʴ ʙʘʥʘʣʴʥʳʤ ʧʝʨʝʙʦʨʦʤ ʭʝʰʝʡ ʠ ʩʨʘʚʥʝʥʠʝʤ ʠʭ ʩʦ ʟʥʘʯʝʥʠʝʤ. ʀʣʠ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʫʞʥʳʭ ʪʘʙʣʠʮ. ʅʦ ʦʥʠ ʧʦʣʝʟʥʳ ʚ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ (ʧʨʦʩʪʳʭ) 

ʧʘʨʦʣʷʭ ʠ ʥʝ ʨʘʙʦʪʘʶʪ, ʝʩʣʠ ʚ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʣʴ ʠʣʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ 

ʟʘʱʠʪʳ. 

https://katvin.com/tools/hash-generator.html
http://cmd5.ru/
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ʅʝʤʥʦʛʦ ʧʨʦ ʤʝʪʦʜ Salting (ʜʦʩʣʦʚʥʦ - çʩʦʣʝʥʠʝè ʠʣʠ ʩʦʣʴ) ð ʵʪʦ ʩʨʝʜʩʪʚʦ 

ʟʘʱʠʪʳ ʭʝʰ-ʬʫʥʢʮʠʠ. ʇʨʦʩʪʳʤʠ ʩʣʦʚʘʤʠ, ʵʪʦ ʢʦʛʜʘ ʚ ʩʫʤʤʝ ʭʝʰʘ ʥʝʢʦʪʦʨʳʝ 

ʩʠʤʚʦʣʳ ʟʘʤʝʥʷʶʪʩʷ ʮʠʬʨʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʪʨʝʪʠʡ ʟʥʘʢ ʟʘʤʝʥʷʝʪʩʷ ʝʜʠ-

ʥʠʮʝʡ. ʀ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʯʠʢ ʟʥʘʝʪ, ʢʘʢʘʷ ʩʦʣʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ. ʊʘʢʦʡ ʧʘʨʦʣʴ ʥʝ 

ʚʟʣʦʤʘʪʴ ʥʠʢʦʛʜʘ! 

ʇʨʠ ʘʚʪʦʨʠʟʘʮʠʠ ʥʘ ʩʘʡʪʝ ʭʝʰ-ʬʫʥʢʮʠʷ ʢʘʞʜʳʡ ʨʘʟ ʩʦʟʜʘʝʪ ʵʪʦʪ ʫʥʠʢʘʣʴ-

ʥʳʡ ʭʝʰ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʘ ʩʠʤʚʦʣʦʚ. ʀ, ʝʩʣʠ ʚʚʝʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʭʝʰʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤ, ʯʪʦ ʩʦʭʨʘʥʸʥ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʪʦ ʚʳ ʙʣʘʛʦʧʦʣʫʯʥʦ 

ʚʭʦʜʠʪʝ ʥʘ ʩʚʦʶ ʩʪʨʘʥʠʮʫ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ ʥʝ ʤʦʛʫʪ ʚʳ-

ʩʣʘʪʴ ʚʘʰ ʧʘʨʦʣʴ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʝʛʦ ʥʝ ʟʥʘʶʪ, ʘ ʭʝʰ ʚʘʤ ʥʠʯʝʤ ʥʝ ʧʦʤʦʞʝʪ, 

ʝʩʣʠ ʚʳ ʥʝ ʭʘʢʝʨ. 

ɼʣʷ ʦʙʱʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʟʙʝʨʸʤ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʚʟʣʦʤʘ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ. ʀʭ, ʢʦʥʝʯʥʦ, ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ. ɿʜʝʩʴ ʩʦʙʨʘʥʳ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ. 

ʌʠʰʠʥʛ: ʬʘʣʴʰʠʚʘʷ ʩʪʨʘʥʠʮʘ ʠʣʠ ʚʳ ʦʩʣʝʧʣʠ. 

ʌʠʰʠʥʛʦʚʘʷ ʩʪʨʘʥʠʮʘ ð ʵʪʦ ʢʣʦʥ ʥʘʩʪʦʷʱʝʡ ʩʪʨʘʥʠʮʳ ʩ ʦʜʥʦʡ ʨʘʟʥʠʮʝʡ: 

ʜʦʤʝʥʥʦʝ ʠʤʷ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʠʤʚʦʣʦʚ. 

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʮʝʥʘʨʠʷ ð ʥʘ ʧʦʯʪʫ ʧʨʠʭʦʜʠʪ ʧʠʩʴʤʦ ʩ 

ʷʢʦʙʳ ʦʧʦʚʝʱʝʥʠʝʤ ʦ ʧʦʧʳʪʢʝ ʚʟʣʦʤʘ ʚʘʰʝʛʦ ʘʢʢʘʫʥʪʘ ʠ ʧʨʦʩʴʙʦʡ ʧʨʦʡʪʠ ʧʦ 

ʩʩʳʣʢʝ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʧʘʨʦʣʴ. ʇʠʩʴʤʦ ʚʳʛʣʷʜʠʪ ʚʧʦʣʥʝ ʫʙʝʜʠʪʝʣʴʥʦ. ʀʩ-

ʧʦʣʴʟʫʶʪʩʷ ʣʦʛʦʪʠʧʳ ʠ ʬʠʨʤʝʥʥʳʡ ʩʪʠʣʴ ʩʘʡʪʘ. ʇʨʦʡʜʷ ʧʦ ʩʩʳʣʢʝ, ʚʘʤ ʥʫʞʥʦ 

ʚʚʝʩʪʠ ʩʚʦʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ. ɺʦʪ ʪʘʢ ʚʳ ʠ ʦʪʜʘʸʪʝ ʤʦʰʝʥʥʠʢʘʤ ʩʚʦʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ. ɿʜʝʩʴ ʚʘʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʦʤʝʥʥʦʝ ʠʤʷ. 

ɺ ʥʸʤ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʣʠʰʥʠʭ ʠʣʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʠʤʚʦʣʦʚ. 

ɼʦʤʝʥʳ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʧʠʰʫʪʩʷ ʪʘʢ: 

¶ ʆʜʥʦʢʣʘʩʩʥʠʢʠ ð ok.ru 

¶ ɺʂʦʥʪʘʢʪʝ ð vk.ru 

¶ Facebook ð facebook.com 

¶ ʀʥʩʪʘʛʨʘʤ ð instagram.com 

¶ Pinterest ð pinterest.com 

ʌʠʰʠʥʛʦʚʳʝ ʩʪʨʘʥʠʮʳ ʩ ʢʘʞʜʳʤ ʜʥʸʤ ʜʝʣʘʶʪ ʚʩʸ ʢʘʯʝʩʪʚʝʥʥʝʡ, ʜʘʞʝ ʩʦ-

ʟʜʘʪʝʣʴ ʬʝʡʩʙʫʢʘ ʥʝ ʥʘʡʜʸʪ ʦʪʣʠʯʠʡ. 

ʂʝʡʣʦʛʛʝʨʳ ð ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʟʘʧʠʩʠ ʚʩʝʭ ʥʘʞʘʪʠʡ ʢʣʘʚʠʰ. ʇʦʧʘʜʘʶʪ ʥʘ 

ʢʦʤʧʴʶʪʝʨ ʚʤʝʩʪʝ ʩʦ ʚʟʣʦʤʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʢʨʷʢʘʤʠ. ʊʠʭʦ, ʥʝʟʘʤʝʪʥʦ 

ʠʥʩʪʘʣʣʠʨʫʶʪʩʷ ʠ ʦʪʧʨʘʚʣʷʶʪ ʩʚʦʝʤʫ ʩʦʟʜʘʪʝʣʶ ʚʩʝ, ʯʪʦ ʚʳ ʚʚʦʜʠʣʠ ʩ ʢʣʘʚʠʘ-

ʪʫʨʳ. ɸ ʜʘʣʴʰʝ ʨʘʟʦʙʨʘʪʴʩʷ, ʯʪʦ ʠ ʦʪʢʫʜʘ, ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ.  

ʀʩʪʠʥʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʣʝʛʝʥʜʳ ð ʪʨʦʷʥʩʢʠʡ ʢʦʥʴ. ʊʨʦʷʥʳ ʠʣʠ Malware 

ð ʚʨʝʜʦʥʦʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʦʧʘʜʘʶʪ ʥʘ ʇʂ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦ-

ʩʦʙʘʤʠ ʠ ʤʦʛʫʪ ʫʢʨʘʩʪʴ ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʦʤ ʯʠʩʣʝ ʠ ʣʦʛʠʥʳ ʩ ʧʘʨʦʣʷʤʠ ʦʪ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʉʘʤ ʧʦ ʩʝʙʝ ʚʠʨʫʩ ʧʦʧʘʩʪʴ ʚ ʩʠʩʪʝʤʫ ʥʝ ʤʦʞʝʪ. ɽʛʦ ʥʫʞʥʦ 

çʧʨʠʛʣʘʩʠʪʴè: ʧʨʦʡʪʠ ʧʦ ʚʨʝʜʦʥʦʩʥʦʡ ʩʩʳʣʢʝ, ʩʢʘʯʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʦʪʢʨʳʪʴ 

ʬʘʡʣ ʠʟ ʧʠʩʴʤʘ ʦʪ ʥʝʠʟʚʝʩʪʥʦʛʦ ʘʙʦʥʝʥʪʘ ʥʘ ʧʦʯʪʝ. ɺ ʠʪʦʛʝ ʚʳ ʩʘʤʠ, ʪʦʛʦ ʥʝ 

ʧʦʜʦʟʨʝʚʘʷ, ʩʪʘʥʝʪʝ ʯʘʩʪʴʶ ɹʦʪʥʝʪʘ. ɺʘʰ ʢʦʤʧʴʶʪʝʨ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʯʠʩʣʝ ʩʦʪʝʥ ʪʳʩʷʯ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʜʣʷ ʙʨʫʪʬʦʨʩʘ. 

ʉʦʮʠʘʣʴʥʘʷ ʠʥʞʝʥʝʨʠʷ: ʥʘʠʚʥʦʩʪʴ ʧʦʛʫʙʠʪ ʜʘʞʝ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ. ʗʨ-

ʢʠʡ ʧʨʠʤʝʨ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ ð ʵʪʦ ʧʠʩʴʤʦ ʦʪ çʜʨʫʛʘè, ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ 
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ʙʝʟʦʙʠʜʥʦ ʥʘʯʠʥʘʝʪ ʙʝʩʝʜʫ. ʉʧʨʘʰʠʚʘʝʪ, ʢʘʢ ʜʝʣʘ, ʤʦʞʝʪ ʧʦʠʥʪʝʨʝʩʦʚʘʪʴʩʷ 

ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ, ʩʦʙʘʢʦʡ, ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʝʩʪʴ ʫ ʚʘʩ ʥʘ ʩʪʨʘʥʠʯʢʝ 

ʠʣʠ ʫ ʚʘʰʠʭ ʜʨʫʟʝʡ. ɼʘʣʝʝ ʦʥ ʤʦʞʝʪ ʧʦʧʨʦʩʠʪʴ ʚʘʰ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ ʠ ʢʦʜ, ʢʦ-

ʪʦʨʳʡ ʧʨʠʜʸʪ ʥʘ ʥʝʛʦ. ʕʪʦʪ ʨʘʟʚʦʜ ʩʪʘʨʳʡ, ʢʘʢ ʩʘʤʠ ʤʘʤʦʥʪʳ. ʄʦʰʝʥʥʠʢʠ 

ʫʯʘʪʩʷ ʥʘ ʩʚʦʠʭ ʦʰʠʙʢʘʭ ʠ ʠʟʦʙʨʝʪʘʶʪ ʚʩʸ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʚʳʫʜʠʪʴ ʠʥ-

ʪʝʨʝʩʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦʙʳ ʚʟʣʦʤʘʪʴ ʚʘʩ. 

ʇʦʚʪʦʨʶʩʴ ð ɺɸʉ, ʘ ʥʝ ʚʘʰ ʇʂ, ʠʣʠ ʙʨʘʫʟʝʨ, ʠʣʠ ʩʦʮʠʘʣʴʥʫʶ ʩʝʪʴ. 

ʄʦʛʫʪ ʧʨʠʩʣʘʪʴ ʩʩʳʣʢʫ ʩ ʙʝʟʦʙʠʜʥʦʡ ʥʘʜʧʠʩʴʶ çʇʦʩʤʦʪʨʠ ʤʦʸ ʥʦʚʦʝ ʬʦ-

ʪʦè, ʘ ʚ ʢʦʥʮʝ ʧʨʠʟʳʚ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ, ʧʨʦʚʦʢʘʮʠʦʥʥʳʡ ʚʦʧʨʦʩ: çʂʘʢ ʪʝ-

ʙʝ?è ʇʝʨʝʭʦʜ ʧʦ ʪʘʢʦʡ ʩʩʳʣʢʝ ʛʘʨʘʥʪʠʨʫʝʪ ʟʘʨʘʞʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʚʨʝʜʦʥʦʩ-

ʥʳʤ ʢʦʜʦʤ. 

ʇʝʨʝʙʦʨ ʧʘʨʦʣʝʡ (ʙʨʫʪʬʦʨʩ): ʯʫʰʴ, ʥʦ ʚʳ ʚʩʸ ʪʘʢ ʞʝ ʵʪʦ ʜʝʣʘʝʪʝ. ʉʪʦʠʪ 

ʧʦʤʥʠʪʴ ð ʚʩʝ ʚʟʣʦʤʱʠʢʠ ʫʤʝʶʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʘʤʠ ʠʣʠ ʤʝʪʦʜʘʤʠ 

ʙʨʫʪʬʦʨʩʘ. 

ɹʨʫʪ ð ʵʪʦ ʩʧʦʩʦʙ ʚʟʣʦʤʘ ʧʝʨʝʙʦʨʦʤ ʧʘʨʦʣʝʡ. ʄʝʭʘʥʠʟʤ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪ. 

ʇʨʦʛʨʘʤʤʘ ʧʝʨʝʙʠʨʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ, ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʧʘʨʦʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʙʦʨʘ ʩʦʟʜʘʸʪ ʭʝʰ ʢ ʢʘʞʜʦʤʫ ʧʘʨʦʣʶ ʠ ʩʫʤʤʫ ʩʨʘʚʥʠ-

ʚʘʝʪ ʩ ʠʤʝʶʱʠʤʩʷ ʭʝʰʝʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (ʢʦʪʦʨʫʶ ʦʥ ʫʛʥʘʣ ʠʟ ʫʩʣʦʚʥʦʛʦ 

ʬʝʡʩʙʫʢʘ). ʕʪʦʪ ʩʧʦʩʦʙ ʥʝ ʣʠʰʸʥ ʠʟʲʷʥʘ. ɼʣʷ ʪʘʢʦʛʦ ʧʝʨʝʙʦʨʘ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ. 

ʆʯʝʥʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʶʜʘ ʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʜʨʫʛʦʡ ʩʧʦʩʦʙ, ʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʙʳʩʪʨʦʡ ʧʨʦʚʝʨʢʠ ʚ ʩʣʝʜʫʶʱʠʝ ʨʘʟʳ. 

ɼʣʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʪʨʝʙʫʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦ ʧʘʤʷʪʠ, ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʳʩʷʯ ʪʝʨʘ-

ʙʘʡʪ. 

ɺ ʩʝʪʠ ʤʦʞʥʦ ʥʘʡʪʠ ʙʠʙʣʠʦʪʝʢʠ ʩ ʛʨʫʧʧʘʤʠ ʩʦʭʨʘʥʸʥʥʳʭ ʧʘʨʦʣʝʡ ʜʣʷ 6, 7, 

10 ʩʠʤʚʦʣʦʚ ʠ ʪʘʢ ʜʘʣʝʝ. ɸ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʫʞʥʳʝ ʪʘʙʣʠʮʳ. 

ʆʥʠ ʵʬʬʝʢʪʠʚʥʳ, ʠ ʭʘʢʝʨʳ ʤʦʛʫʪ ʣʝʛʢʦ ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʦʜʦʙʨʘʪʴ ʧʘʨʦʣʴ, ʝʩʣʠ 

ʚʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʝʪʝ ʧʨʦʩʪʳʝ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʢʦʤʙʠʥʘʮʠʠ, ʪʘʢʠʝ 

ʢʘʢ: 123456789, qwerty, password, 12345, qwerty123, 1q2w3e, 12345678, 111111 ʠ 

1234567890 ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ð ʠʭ ʟʥʘʯʝʥʠʷ ʫʞʝ ʜʘʚʥʦ ʧʨʦʩʯʠʪʘʥʳ ʠ ʟʘʥʝʩʝʥʳ 

ʚ ʙʠʙʣʠʦʪʝʢʠ. ʀ ʝʩʣʠ ʥʘ ʩʘʡʪʝ ʨʘʟʨʘʙʦʪʯʠʢ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʟʘʱʠʪʫ ʚ ʚʠʜʝ ʩʦʣʠ. 

ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʥʝ ʜʨʝʤʣʶʪ ʠ ʩʦʟʜʘʶʪ ʬʝʡʢʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ʪʝʣʝʬʦʥʘ. 

ɸʥʘʣʦʛ ʬʠʰʠʥʛʘ, ʪʦʣʴʢʦ ʵʪʦ ʢʣʦʥ ʥʝ ʩʘʡʪʘ, ʘ ʧʨʠʣʦʞʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʝʪʫʝʪ, 

ʯʪʦ ʦʬʠʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ɺʂʦʥʪʘʢʪʝ ʪʷʞʝʣʦʚʝʩʥʦʝ, ʠ ʠʱʝʪ ʦʙʣʝʛʯʸʥʥʫʶ 

ʚʝʨʩʠʶ ʥʘ ʪʦʨʨʝʥʪʘʭ ʠ ʥʝʧʨʦʚʝʨʝʥʥʳʭ ʨʝʩʫʨʩʘʭ. ʀ ʥʘʭʦʜʠʪ. ʊʘʢʦʝ ʞʝ ʧʨʠʣʦʞʝ-

ʥʠʝ, ʪʦʣʴʢʦ ʚʝʩʠʪ ʦʥʦ ʨʘʟ ʚ 10 ʤʝʥʴʰʝ ʩ ʷʢʦʙʳ ʚʳʨʝʟʘʥʥʳʤʠ ʥʝʥʫʞʥʳʤʠ ʬʫʥʢ-

ʮʠʷʤʠ. ʇʨʠ ʩʢʘʯʠʚʘʥʠʠ, ʫʩʪʘʥʦʚʢʝ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʪʘʢʦʤ ʧʨʠʣʦʞʝʥʠʠ ʚʳ ʩʘʤʠ 

ʦʪʜʘʸʪʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʩʚʦʠ ʣʦʛʠʥʳ ʠ ʧʘʨʦʣʠ. 

ɸʚʪʦʨʠʟʘʮʠʷ ʥʘ ʩʘʡʪʝ ʯʝʨʝʟ ʦʪʢʨʳʪʫʶ ʩʝʪʴ Wi-Fi ʪʦʞʝ ʛʨʦʟʠʪ ʩʣʠʚʦʤ ʜʘʥ-

ʥʳʭ ʩʘʤʠʤ ʧʨʦʚʘʡʜʝʨʦʤ ʠʣʠ ʛʨʫʧʧʦʡ ʭʘʢʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʠʣʠʩʴ ʢ ʵʪʦʡ 

ʩʝʪʠ ʠ ʙʣʘʛʦʧʦʣʫʯʥʦ ʧʝʨʝʭʚʘʪʳʚʘʶʪ ʥʫʞʥʫʶ ʠʤ ʠʥʬʦʨʤʘʮʠʶ. ʅʘʧʨʠʤʝʨ, ʚʳ 

ʟʘʰʣʠ ʚ ʢʘʬʝ ʠ ʨʘʜʦʩʪʥʦ ʧʦʜʢʣʶʯʠʣʠʩʴ ʢ ʙʝʩʧʣʘʪʥʦʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʫʩʣʫʛʝ Wi-

Fi, ʥʝ ʧʦʠʥʪʝʨʝʩʦʚʘʚʰʠʩʴ ʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʢʘʬʝ ʦ ʝʸ ʥʘʣʠʯʠʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚ 

ʢʘʬʝ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʙʝʩʧʣʘʪʥʦʛʦ Wi-Fi ʠʣʠ ʫ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʦʝ ʠʤʷ. ɺʳ 

ʜʘʣʠ ʜʦʩʪʫʧ ʢ ʩʚʦʠʤ ʫʩʪʨʦʡʩʪʚʘʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ. 
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ʊʘʢ ʢʘʢ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʙʘʥʢʦʚʩʢʠʝ ʢʘʨʪʳ, ʨʘʟʣʠʯʥʳʝ ʨʝʩʫʨʩʳ ʫ ʥʘʩ ʧʨʠ-

ʚʷʟʘʥʳ ʢ ʥʦʤʝʨʫ ʪʝʣʝʬʦʥʘ, ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʚʟʣʦʤʘ ð ʵʪʦ ʧʝʨʝʚʳʧʫʩʢ ʩʠʤ-

ʢʘʨʪʳ. ɺʳ ʤʦʞʝʪʝ ʜʘʞʝ ʥʝ ʟʘʤʝʪʠʪʴ ʩʨʘʟʫ, ʯʪʦ ʚʘʰʘ ʢʘʨʪʘ ʩʪʘʣʘ ʥʝʘʢʪʠʚʥʘ, ʧʦʢʘ 

ʥʝ ʧʦʧʳʪʘʝʪʝʩʴ ʧʦʟʚʦʥʠʪʴ. ɸ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʫʞʝ ʚʟʣʦʤʘʝʪ ʚʘʰʠ ʩʦʮʠʘʣʴʥʳʝ 

ʩʝʪʠ ʠ ʙʫʜʝʪ ʨʘʩʩʳʣʘʪʴ ʩʧʘʤ. ʀʣʠ, ʚʦʦʙʱʝ, ʧʝʨʝʧʨʦʜʘʩʪ ʩʪʨʘʥʠʮʫ, ʝʩʣʠ ʚʳ ʠʟ-

ʚʝʩʪʥʳʡ ʙʣʦʛʝʨ ʠʣʠ ʘʨʪʠʩʪ, ʣʠʙʦ ʝʩʣʠ ʩ ʚʘʰʝʡ ʩʪʨʘʥʠʮʳ ʝʩʪʴ ʜʦʩʪʫʧ ʢ ʨʘʩʢʨʫ-

ʯʝʥʥʦʡ ʛʨʫʧʧʝ ʠʣʠ ʙʠʟʥʝʩ-ʧʦʨʪʘʣʫ. 

ʇʨʠʯʠʥʳ ʚʟʣʦʤʘ ʩʪʨʘʥʠʮ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʚʩʝʛʜʘ ʨʘʟʥʳʝ. ʇʦʜ ʧʨʠʮʝʣʦʤ 

ʢʘʢ ʤʠʨʥʳʝ ʞʠʪʝʣʠ, ʥʠʯʝʛʦ ʥʝ ʧʦʜʦʟʨʝʚʘʶʱʠʝ ʧʦʜʨʦʩʪʢʠ ʠ ʜʦʤʦʭʦʟʷʡʢʠ, ʪʘʢ ʠ 

ʚʣʘʜʝʣʴʮʳ ʙʠʟʥʝʩʘ ʠʣʠ ʢʨʫʧʥʳʭ ʤʝʜʠʡʥʳʭ ʩʦʦʙʱʝʩʪʚ. 

ʉʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʧʨʠʯʠʥʘ ð ʵʪʦ ʚʳʤʦʛʘʥʠʝ ʜʝʥʝʛ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʩʪʨʘʥʠʮʘ ʮʝʥʥʘʷ, ʫ ʚʘʩ ʤʦʛʫʪ ʧʦʧʨʦʩʠʪʴ ʜʦʚʦʣʴʥʦ ʧʨʠʣʠʯ-

ʥʫʶ ʩʫʤʤʫ. ʀ ʥʝ ʬʘʢʪ, ʯʪʦ ʧʦʩʣʝ ʫʧʣʘʪʳ ʜʝʥʝʛ ʚʘʤ ʚʝʨʥʫʪ ʜʦʩʪʫʧ. ʏʘʩʪʳ ʩʣʫ-

ʯʘʠ, ʢʦʛʜʘ çʜʨʫʟʴʷè ʧʨʦʩʷʪ ʚ ʜʦʣʛ, ʨʘʩʩʢʘʟʳʚʘʶʪ ʧʨʦ ʩʤʝʨʪʴ ʨʦʜʩʪʚʝʥʥʠʢʘ ʠʣʠ 

ʢʘʢʫʶ-ʪʦ ʜʨʫʛʫʶ ʪʨʘʛʝʜʠʶ, ʠʛʨʘʶʪ ʥʘ ʯʫʚʩʪʚʘʭ ʚʧʝʯʘʪʣʠʪʝʣʴʥʳʭ ʣʶʜʝʡ. 

ʄʦʛʫʪ ʨʘʩʩʳʣʘʪʴ ʩʧʘʤ, ʨʝʢʣʘʤʥʳʝ ʦʙʲʷʚʣʝʥʠʷ, ʜʦʙʘʚʣʷʪʴ ʣʶʜʝʡ ʚ ʥʝʧʦ-

ʥʷʪʥʳʝ ʛʨʫʧʧʳ. ɺ ʦʙʱʝʤ, ʪʚʦʨʷʪ ʯʪʦ ʭʦʪʷʪ. ʎʝʣʴ ð ʦʙʦʛʘʪʠʪʴʩʷ. ʈʘʩʩʳʣʘʶʪ 

ʚʨʝʜʦʥʦʩʥʳʝ ʧʠʩʴʤʘ, ʯʪʦʙʳ ʟʘʨʘʟʠʪʴ ʚʩʸ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʧʝ-

ʨʝʭʦʜʷʪ ʧʦ ʩʩʳʣʢʘʤ, ʢʣʠʢʘʶʪ ʧʦ ʨʝʢʣʘʤʝ. 

ʋʟʥʘʪʴ ʣʠʯʥʳʝ ʜʘʥʥʳʝ. ʅʝʯʠʩʪʳʝ ʥʘ ʨʫʢʫ ʭʘʢʝʨʳ ʯʘʩʪʦ ʧʦʣʫʯʘʶʪ ʧʨʝʜʣʦ-

ʞʝʥʠʝ ʚʟʣʦʤʘʪʴ ʩʪʨʘʥʠʮʫ ʤʫʞʘ/ʞʝʥʳ, ʙʳʚʰʝʡ(-ʛʦ). ʉ ʮʝʣʴʶ ʧʦʢʦʧʘʪʴʩʷ ʚ ʠʭ 

ʛʨʷʟʥʦʤ ʙʝʣʴʝ. ʇʨʠ ʪʘʢʦʤ ʚʟʣʦʤʝ ʭʘʢʝʨ ʠʩʧʦʣʴʟʫʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʘʥʘʣʳ, ʤʦ-

ʞʝʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʩʪʫʧʠʪʴ ʚ ʧʝʨʝʧʠʩʢʫ ʩ ʞʝʨʪʚʦʡ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʙʦʣʴʰʝ ʧʦ-

ʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʀʟʫʯʘʶʪʩʷ ʧʨʦʬʠʣʠ ʚʦ ʚʩʝʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʭʘʢʝʨʦʚ 

ʠʥʪʝʨʝʩʫʝʪ ʚʩʸ: ʠʤʷ ʧʠʪʦʤʮʘ, ʜʝʪʠ, ʨʦʜʩʪʚʝʥʥʠʢʠ, ʨʘʟʤʝʱʸʥʥʳʡ ʥʘ ʩʪʨʘʥʠʮʝ 

ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠʣʠ ʯʘʩʪʴ ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʘ. 

ʃʠʯʥʘʷ ʥʝʧʨʠʷʟʥʴ. ɸʥʘʣʦʛʠʯʥʦ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʫʥʢʪʦʤ, ʪʦʣʴʢʦ ʢʦʛʜʘ 

ʞʝʨʪʚʝ ʭʦʪʷʪ ʟʘ ʯʪʦ-ʪʦ ʦʪʦʤʩʪʠʪʴ. ʄʦʛʫʪ ʫʜʘʣʠʪʴ ʧʨʦʬʠʣʴ, ʥʘʧʠʩʘʪʴ ʯʪʦ-ʪʦ 

ʧʣʦʭʦʝ ʥʘ ʩʪʨʘʥʠʮʝ. 

ʂʦʤʤʝʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɽʩʣʠ ʩʪʨʘʥʠʮʘ ʨʘʩʢʨʫʯʝʥʥʘʷ, ʘ ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥ ʠʣʠ ʘʢʢʘʫʥʪ ʪʦʛʦ ʞʝ ʨʘʩʢʨʫʯʝʥʥʦʛʦ ʙʣʦʛʝʨʘ ð ʝʸ ʩʧʦʢʦʡ-

ʥʦ ʤʦʛʫʪ ʧʝʨʝʧʨʦʜʘʪʴ. 

ʂʘʢ ʦʙʝʟʦʧʘʩʠʪʴ ʩʝʙʷ? 

100%-ʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʟʣʦʤʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʥʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʤʠʥʠ-

ʤʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢʠ ʜʦ ʤʠʥʠʤʫʤʘ. 

1. ʀʩʧʦʣʴʟʫʡʪʝ ʩʣʦʞʥʳʝ ʧʘʨʦʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 10 ʠ ʙʦʣʝʝ ʩʠʤʚʦʣʦʚ, 

ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʨʝʛʠʩʪʨʘ ʠ ʮʠʬʨ. ʅʝ ʠʩʧʦʣʴʟʫʡʪʝ ʜʘ-

ʪʳ ʨʦʞʜʝʥʠʷ ʠ ʢʘʢʠʝ-ʪʦ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʣʦʚʘ, ʠʤʝʥʘ ʧʠʪʦʤʮʝʚ, ʜʝʚʠʯʴʶ ʬʘʤʠ-

ʣʠʶ ʤʘʪʝʨʠ. ʅʝ ʠʩʧʦʣʴʟʫʡʪʝ ʛʝʥʝʨʘʪʦʨʳ ʧʘʨʦʣʝʡ. ʇʨʠʜʫʤʘʡʪʝ ʩʣʦʞʥʳʡ ʧʘʨʦʣʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

2. ʀʩʧʦʣʴʟʫʡʪʝ ʜʚʫʭʵʪʘʧʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʜʣʷ ʘʚʪʦʨʠʟʘʮʠʠ. ʕʪʦ ʚ 

ʨʘʟʳ ʩʦʢʨʘʱʘʝʪ ʰʘʥʩʳ ʙʳʪʴ ʚʟʣʦʤʘʥʥʳʤ ʜʘʞʝ ʩʦ ʩʣʘʙʳʤ ʧʘʨʦʣʝʤ. 

3. ɽʩʣʠ ʚʘʰ çʜʨʫʛè ʚ ʧʝʨʝʧʠʩʢʝ ʧʨʦʩʠʪ ʜʝʥʝʛ, ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ ʠʣʠ 

ʯʪʦʙʳ ʚʳ ʧʝʨʝʰʣʠ ʧʦ ʩʩʳʣʢʝ, ʧʨʦʚʝʨʴʪʝ, ʥʝ ʚʟʣʦʤʘʥʘ ʣʠ ʝʛʦ ʩʪʨʘʥʠʮʘ. ʇʦ ʚʦʟ-



103  

ʤʦʞʥʦʩʪʠ ʧʦʟʚʦʥʠʪʝ ʝʤʫ ʠʣʠ ʟʘʜʘʡʪʝ ʥʘʚʦʜʷʱʠʡ ʚʦʧʨʦʩ, ʦʪʚʝʪ ʥʘ ʢʦʪʦʨʳʡ ʟʥʘ-

ʝʪ ʪʦʣʴʢʦ ʥʘʩʪʦʷʱʠʡ ʚʣʘʜʝʣʝʮ ʩʪʨʘʥʠʮʳ. 

4. ʅʝ ʩʢʘʯʠʚʘʡʪʝ ʥʠʯʝʛʦ ʩ ʥʝʧʨʦʚʝʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɿʘʛʨʫʞʝʥʥʳʝ 

ʬʘʡʣʳ ʟʘʧʫʩʢʘʡʪʝ ʚ ʧʝʩʦʯʥʠʮʝ. ʄʥʦʛʠʝ ʚʠʨʫʩʳ ʤʘʩʢʠʨʫʶʪʩʷ, ʠ ʧʦʢʘ ʥʝ ʟʘʧʫ-

ʩʪʠʪʩʷ ʤʘʩʪʝʨ ʫʩʪʘʥʦʚʢʠ, ʘʥʪʠʚʠʨʫʩ ʤʦʞʝʪ ʝʛʦ ʥʝ ʫʚʠʜʝʪʴ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʬʘʡʣ 

ʙʳʣ ʚ ʘʨʭʠʚʝ. 

5. ʆʙʨʘʱʘʡʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʜʦʤʝʥʥʦʝ ʠʤʷ ð ʬʠʰʠʥʛʦʚʳʝ ʩʪʨʘʥʠʮʳ 

ʚʠʟʫʘʣʴʥʦ ʦʯʝʥʴ ʪʨʫʜʥʦ ʦʪʣʠʯʠʪʴ ʦʪ ʦʨʠʛʠʥʘʣʘ. 

6. ʉʣʝʜʠʪʝ, ʯʪʦʙʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʙʦʯʘʷ ʚʝʨʩʠʷ 

ʘʥʪʠʚʠʨʫʩʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ, ESET NOD32 InternetSecurity, ʠ ʚ ʥʝʡ ʚʩʝ-

ʛʜʘ ʙʳʣʠ ʘʢʪʫʘʣʴʥʳʝ ʚʠʨʫʩʥʳʝ ʙʘʟʳ. 

7. ʅʝ ʦʪʢʣʶʯʘʡʪʝ ʘʥʪʠʚʠʨʫʩ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʥʝ ʜʘʸʪ ʫʩʪʘʥʦʚʠʪʴ ʢʨʷʢ ʦʪ 

ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʠʛʨʳ. ʇʨʦ ʩʳʨ, ʢʦʪʦʨʳʡ ʙʝʩʧʣʘʪʥʳʡ, ʚʩʝ ʟʥʘʶʪ. ɽʩʣʠ ʥʝ ʭʦʪʠʪʝ, 

ʢʦʥʝʯʥʦ, ʩʪʘʪʴ ʯʘʩʪʴʶ ʙʦʪ-ʩʝʪʠ ʠʟ ʟʘʨʘʞʸʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

8. ʅʝ ʧʫʙʣʠʢʫʡʪʝ ʚ ʧʨʦʬʠʣʝ ʩʚʦʠ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ: email, ʥʦʤʝʨ ʪʝ-

ʣʝʬʦʥʘ. ʅʝ ʫʧʨʦʱʘʡʪʝ ʞʠʟʥʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʟʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʥʘʠʚʥʦʩʪʠ ʚʣʘ-

ʜʝʣʴʮʘ ʩʪʨʘʥʠʮʳ. ʇʨʠ ʚʢʣʶʯʸʥʥʦʤ ʘʥʪʠʚʠʨʫʩʝ ʦʥ ʚʘʩ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʧʦʚʝ-

ʩʪʠʪ ʦ ʧʝʨʝʭʦʜʝ ʥʘ ʬʠʰʠʥʛʦʚʳʡ ʩʘʡʪ. ʀʣʠ ʧʨʠ ʧʦʧʳʪʢʝ ʩʢʘʯʘʪʴ ʟʘʨʘʞʸʥʥʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʧʦʤʝʩʪʠʪ ʝʸ ʚ ʢʘʨʘʥʪʠʥ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʦʚʳʰʘʪʴ ʩʚʦʶ ʢʦʤʧʴʶʪʝʨʥʫʶ ʛʨʘʤʦʪʥʦʩʪʴ, ʯʪʦʙʳ ʥʝ ʧʦʧʘʜʘʪʴʩʷ ʥʘ ʫʣʦʚʢʠ 

ʤʦʰʝʥʥʠʢʦʚ ʠ ʥʝ ʨʘʩʧʣʘʯʠʚʘʪʴʩʷ ʧʦʪʝʨʝʡ ʩʪʨʘʥʠʯʢʠ. 
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ʋɼʂ 519.61 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʈɸɹʆʊʓ ʉ ʃʀʅɽʁʅʓʄʀ ʆʇɽʈɸʊʆʈɸʄʀ 

ɺ ʋʅʀʊɸʈʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ. 

ɺ.ʉ. ʑʝʪʥʝʚ, ʀ.ʖ. ʂʥʳʰʦʚ
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.-ʤ.ʥ. ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʷʟʳʢʘ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʦ ʨʘʙʦʪʝ ʩ ʣʠʥʝʡʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʚ ʫʥʠʪʘʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʪʨʦʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʤʦʜʫʣʝʡ, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʦʛʨʘʤʤ, ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ, ʫʥʠʪʘʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, Python, ʩʦʧʨʷʞʸʥʥʳʡ 

ʦʧʝʨʘʪʦʨ, ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. 

 

ʂ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʚʝʢʪʦʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʩʚʦʜʷʪʩʷ ʤʥʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘ-

ʯʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚʝʢʪʦʨʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷʫʥʠʪʘʨ-

ʥʳʤ (ʠʣʠ ʵʨʤʠʪʦʚʳʤ), ʝʩʣʠ ʟʘʜʘʥʦ ʥʝʢʦʪʦʨʦʝ ʦʪʦʙʨʘʞʝʥʠʝ , ʢʦʪʦʨʦʝ 

ʢʘʞʜʦʡ ʧʘʨʝ ʚʝʢʪʦʨʦʚ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ , 

ʥʘʟʳʚʘʝʤʦʝ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʠ ʷʚʣʷʶʱʝʝʩʷʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʵʨʤʠʪʦʚʦʡ ʬʦʨʤʦʡ.ʂʘʢ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʫʥʠʪʘʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚʝʩʴʤʘ ʧʦʣʝʟʥʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʦ-

ʛʦ ʤʠʨʘ. ɺ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩ ʪʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʥʷ-

ʪʠʷʤʠ ʢʘʢ ʘʪʦʤ ʚʦʜʦʨʦʜʘ, ʵʣʝʢʪʨʦʥ ʠ ʪ.ʧ. ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦ-

ʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ[3]: 

1. ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ,ʷʚʣʷʶʱʝʛʦʩʷ ʫʥʠʪʘʨʥʳʤ; 

2.  ʦʜʥʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ , ʥʘʟʳʚʘʝʤʳʭ 

ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ. 

3. ʪʘʢʠʤ ʬʠʟʠʯʝʩʢʠʤ ʚʝʣʠʯʠʥʘʤ ʢʘʢ ʵʥʝʨʛʠʷ, ʠʤʧʫʣʴʩ ʠ ʪ.ʧ., ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʠʟʤʝʨʷʪʴ ʥʘ ʩʦʩʪʦʷʥʠʷʭ ʩʠʩʪʝʤʳ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ  ,ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʡ 

ʦʧʝʨʘʪʦʨ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʣʠʥʝʡʥʳʤʠ ʦʧʝʨʘ-

ʪʦʨʘʤʠ ʚ ʫʥʠʪʘʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʥʘʤʠ ʙʳʣ 

ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷPython. ɺrʙʦʨ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 
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ʙʦʣʴʰʠʥʩʪʚʦ ʝʛʦ ʤʦʜʫʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ, ʘ ʩʘʤ ʷʟʳʢ ʨʝʘʣʠʟʦʚʘʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʧʘʢʝʪʦʚ, ʢʘʢ ï 

NumPy, Sympy, SciPy, matplotlib, ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʝʛʦ ʧʨʠʤʝʥʷʪʴ ʚ ʥʘʫʯʥʦʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. 

ʇʦʩʢʦʣʴʢʫ ʫ Python ʚʝʩʴʤʘ ʷʩʥʳʡ ʠ ʧʦʥʷʪʥʳʡ ʩʠʥʪʘʢʩʠʩ, ʦʥ ʚʝʩʴʤʘ ʫʜʦʙʝʥ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ [4, 5].  

ʄʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʫʥʠʪʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʙʣʠʟʢʠ ʢ ʩʚʦʡʩʪʚʘʤ ʝʚʢʣʠʜʦʚʳʭ, 

ʧʦʩʢʦʣʴʢʫ ʧʝʨʚʳʝ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʦʙʦʙʱʝʥʠʝʤ ʚʪʦʨʳʭ. ɼʣʷ ʫʥʠʪʘʨʥʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʦʡ ʪʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ ʠ ʥʝʨʘʚʝʥʩʪʚʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʆʜʥʘʢʦ, ʥʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙ-

ʨʘʪʥʘʷ ʪʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ ʠ ʥʝ ʦʧʨʝʜʝʣʝʥ ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ. 

ʅʘʧʦʤʥʠʤ ʥʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ[1, 2, 3].  

ʇʦʥʷʪʠʝ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ ɻʨʘʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʩʣʫʯʘʡ 

ʫʥʠʪʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɻʨʘʤʘ ʥʝʦʪʨʠʮʘʪʝʣʝʥ ʠ ʨʘʚʝʥ 

ʥʫʣʶ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʚʝʢʪʦʨʦʚ ʧʦ ʢʦʪʦʨʦʡ ʦʥ ʧʦʩʪʨʦʝʥ ʷʚ-

ʣʷʝʪʩʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʦʡ. ʋʢʘʞʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ, ʟʥʘʷ ʠʭ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʙʘʟʠʩʝ. 

ɺʳʙʝʨʝʤ ʚ ʫʥʠʪʘʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ  ʥʝʢʦʪʦʨʳʡ ʙʘʟʠʩ , ʪʦ-

ʛʜʘ 

 
ɿʘʧʠʰʝʤ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ: 

 
ʇʦʣʘʛʘʷ , ʧʦʣʫʯʠʤ  

 
ʠʣʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ 

 
ʛʜʝ  ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʩʠʩʪʝʤʝ ʚʝʢʪʦʨʦʚ . 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ ɻʨʘʤʘ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ  ʚ̫-

ʣʷʝʪʩʷ ʝʜʠʥʠʯʥʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1.ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʤ ʫʥʠʪʘʨʥʦʤ 

ʩʪʚʝʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ.ʅʘʟʦʚʝʤ ʦʧʝʨʘʪʦʨ ʩʦʧʨʷʞʝʥʥʳʤ ʢ ʣʠʥʝʡ-

ʥʦʤʫ ʦʧʝʨʘʪʦʨʫ  , ʝʩʣʠ ʜʣʷ ʚʩʝʭ ʚʝʢʪʦʨʦʚ   ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʨʘʚʝʥʩʪʚʦ 

 
ʊʝʦʨʝʤʘ 1.ʋ ʢʘʞʜʦʛʦ ʣʠʥʝʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʦ-

ʧʨʷʞʝʥʥʳʡ ʦʧʝʨʘʪʦʨ , ʧʨʠʯʝʤ ʝʛʦ ʤʘʪʨʠʮʘ ʚ ʙʘʟʠʩʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʘʪʨʠʮʝ  ʦʧʝʨʘʪʦʨʘ  ʬʦʨʤʫʣʦʡ  
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ɽʩʣʠ ʙʘʟʠʩ  ʷʚʣʷʝʪʩʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ, ʪʦ ʤʘʪʨʠʮʘ ɻʨʘʤʘ 

ʝʜʠʥʠʯʥʘʷ ʠ ʚʳʰʝʧʨʠʚʝʜʝʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʠʥʠʤʘʝʪ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ  

 
ɺ ʝʚʢʣʠʜʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩ ʧʦʤʦʱʴʶ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʠʩʘ ʢ ʜʨʫʛʦʤʫ. ɺ ʫʥʠʪʘʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʥʠʪʘʨʥʳʭ ʤʘʪʨʠʮ. 
ʆʧʨʝʜʝʣʝʥʠʝ 2.  ʄʘʪʨʠʮʘ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ, 

ʛʜʝ , ʥʘʟʳʚʘʝʪʩʷ ʫʥʠʪʘʨʥʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʅʘʟʦʚʝʤ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ ʵʨʤʠʪʦʚʳʤ ʠʣʠ ʩʘ-

ʤʦʩʦʧʨʷʞʝʥʥʳʤ ʝʩʣʠ ʜʣʷ ʥʝʛʦ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 

 
 ʄʘʪʨʠʮʘ ʵʨʤʠʪʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ 

 
ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Py-

thon ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ, ʥʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʛʨʘʤʤʘ ʧʦʟ-

ʚʦʣʷʝʪ: 

1. ʚʳʯʠʩʣʷʪʴ ʩʪʘʥʜʘʨʪʥʦʝ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩʥʦʤ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1); 

2. ʥʘʭʦʜʠʪʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ ʫʥʠʪʘʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʥʝ 

ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ (ʨʠʩʫʥʦʢ 2). 

3. ʥʘʭʦʜʠʪʴ ʤʘʪʨʠʮʫ ʩʦʧʨʷʞʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (ʨʠʩʫʥʦʢ 3); 

4. ʧʨʦʚʝʨʷʪʴ ʤʘʪʨʠʮʫ ʥʘ ʵʨʤʠʪʦʚʦʩʪʴ (ʨʠʩʫʥʦʢ 4); 

5. ʧʨʦʚʝʨʷʪʴ ʤʘʪʨʠʮʫ ʥʘ ʫʥʠʪʘʨʥʦʩʪʴ (ʨʠʩʫʥʦʢ 5); 

 

ʈʠʩ. 1. ʉʪʘʥʜʘʨʪʥʦʝ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ 



107  

 

ʈʠʩ.2. ʅʘʭʦʞʜʝʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʫʥʠʪʘʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚ ʥʝ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ 

 
ʈʠʩ.3. ʄʘʪʨʠʮʘ ʩʦʧʨʷʞʸʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 
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ʈʠʩ. 4. ʇʨʦʚʝʨʢʘ ʤʘʪʨʠʮʳ ʥʘ ʵʨʤʠʪʦʚʦʩʪʴ 

 

ʈʠʩ. 5. ʇʨʦʚʝʨʢʘ ʤʘʪʨʠʮʳ ʥʘ ʫʥʠʪʘʨʥʦʩʪʴ 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩ ʣʠʥʝʡʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʚ ʫʥʠʪʘʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘ-

ʤʠ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫ ʩʪʫʜʝʥʪʦʚ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʝʢʣʝʤʠʰʝʚ ɼ. ɺ. ʂʫʨʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ: 
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This article discusses the mathematical functionality of the Python programming language for 

working with linear operators in a unitary space. The possibilities of built-in libraries and modules 

are considered, examples of programs, their use and practical application are given. 
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ʉɽʂʎʀʗ 2 ʄɸʐʀʅʆʉʊʈʆʀʊʈʆʀʊɽʃʔʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʈʋɼʆɺɸʅʀɽ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ  

ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 
 

ʋɼʂ 62-294 

ɸʅɸʃʀɿ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʇʃɸʅʆɺʆ-ʇʈɽɼʋʇʈɽɼʀʊɽʃʔʅʓʍ 

ʈɽʄʆʅʊʅʓʍ ʈɸɹʆʊ ʉʈɽɼʉʊɺ ʊɽʍʅʀʏɽʉʂʆɻʆ ʆʉʅɸʑɽʅʀʗ  

ʅɸ ʇʈʀʄɽʈɽ ʈʋʏʅʆʁ ɿɸɼʅɽʁ ɹɸɹʂʀ HTS-5 

ʀ.ʀ. ʃʫʥʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  ɸ.ɸ. ɺʦʣʢʦʚʩʢʠʡ  

ʇʝʨʤʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʃʳʩʴʚʝʥʩʢʠʡ ʌʠʣʠʘʣ ʛ. ʃʳʩʴʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʯʠʥʳ ʙʳʩʪʨʦʛʦ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ 

ʫʟʣʦʚ ʟʘʜʥʝʡ ʙʘʙʢʠ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʨʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʩʥʘʩʪʢʠ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʚʳʙʨʘʥʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝ-

ʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘʜʥʝʡ ʙʘʙʢʠ, ʘ ʪʘʢ ʞʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʉʊʆ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʯʥʘʷ ʟʘʜʥʷʷ ʙʘʙʢʘ, ʧʣʘʥʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʰʧʠʥʜʝʣʴ, ʭʦʜʦʚʦʡ ʚʠʥʪ, ʧʨʝʩʩ-ʤʘʩʣʝʥʢʘ, ʩʤʘʟʦʯʥʳʡ ʰʧʨʠʮ. 

 

ɺʚʝʜʝʥʠʝ. ɺʦ ʚʨʝʤʝʥʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜ-

ʨʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʦʙʣʘʩʪʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʚʦʜʷʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʘʥʢʦʚ, ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʝ ʦʩʤʦʪʨʳ ʠ ʧʣʘʥʠʨʫʶʪ ʨʝʤʦʥʪʥʳʝ ʮʠʢʣʳ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʰʠʨʦʢʦʡ ʥʦʤʝʥ-

ʢʣʘʪʫʨʳ ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ, ʪʘʢ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʨʝʞʝ ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʜʫʨʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ. ɽʛʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʜʦ ʚʳʭʦʜʘ ʠʟ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʠ ʠʩʧʨʘʚʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ ʩ 

ʏʇʋ Haas VF-2, ʚ ʢʘʯʝʩʪʚʝ ʫʧʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ 

ʩʪʘʥʢʘ, ʠʩʧʦʣʴʟʫʶʪ ʨʫʯʥʫʶ ʟʘʜʥʶʶ ʙʘʙʢʫ HTS-5. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ ʠʟʥʘʰʠʚʘʶʪʩʷ ʝʛʦ ʫʩʪʘʥʦʚʦʯʥʳʝ, ʥʘʧʨʘʚʣʷʶʱʠʝ, 

ʮʝʥʪʨʠʨʫʶʱʠʝ ʜʝʪʘʣʠ [1]. ʇʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʙʘʟʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ-

ʩʧʦʩʦʙʣʝʥʠʷ, ʠʟ-ʟʘ ɻʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʤʝʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ. ʊʘʢ ʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʦʩʪʴ ʜʝʪʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʩʪʘʥʢʘ, ʩʥʠʞʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʩʦʚʦʤʫ ʙʨʘʢʫ [2]. 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʨʫʯʥʦʡ 

ʟʘʜʥʝʡ ʙʘʙʢʠ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʨʦʮʝʥʪ ʤʘʩʩʦʚʦʛʦ ʙʨʘʢʘ 

ʚʳʟʚʘʥʥʦʛʦ ʠʟʥʦʩʦʤ ʩʪʘʥʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʨʫʯʥʦʡ ʟʘʜʥʝʡ ʙʘʙʢʠ, 

- ʚʳʚ̫ʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠ ʚʠʜʳ ʧʦʣʦʤʦʢ, 

- ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

- ʦʧʨʝʜʝʣʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʙʘʙʢʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʜʥʝʡ ʙʘʙʢʠ ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʩʣʝ-

ʜʫʶɦʠʡ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ: ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʟʘʜʥʶʶ ʙʘʙʢʫ 

(ʨʠʩ. 1) ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʨʘʙʦʯʠʡ ʩʪʦʣ ʩʪʘʥʢʘ ʥʘ ʫʩʪʘʥʦʚʦʯʥʳʝ ʰʪʠʬʪʳ 10. ɺ 

ʧʠʥʦʣʴ 2 ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʟʘʜʥʠʡ ʚʨʘʱʘʶʱʠʡʩʷ ʮʝʥʪʨ. ʉ ʧʦʤʦʱʴʶ ʨʫʢʦʷʪʠ ʚʨʘ-

ʱʘʶʪ ʤʘʭʦʚʠʯʦʢ 27, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʢʚʘʜʨʘʪʥʫʶ ʰʧʦʥʢʫ 12 ʚʨʘʱʘʝʪ ʭʦʜʦʚʦʡ 

ʚʠʥʪ 11. ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʡʢʠ 3. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʳʜʚʠʛʘʝʪʩʷ ʧʠ-

ʥʦʣʴ ʟʘʜʥʝʡ ʙʘʙʢʠ ʜʦ ʟʘʞʠʤʘ ʜʝʪʘʣʠ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʫʶ 

ʞʠʜʢʦʩʪʴ. ʉʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ (ʉʆɾ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʠʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʧʨʦʱʘʶʪ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʫ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʩʣʫʯʘʝ ï ʝʩʣʠ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʷʤ. ʇʨʠ ʠʭ ʥʘʨʫʰʝʥʠʠ ʤʦʛʫʪ 

ʧʦʷʚʠʪʴʩʷ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ: ʙʳʩʪʨʳʡ ʠʟʥʦʩ, ʧʝʨʝʛʨʝʚ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʣʦʤʢʘ 

ʠ ʧʦʷʚʣʝʥʠʝ ʢʦʨʨʦʟʠʠ, ʠʥʦʛʜʘ ï ʜʘʞʝ ʦʪʨʘʚʣʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ [4]. 

ɺ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʜʥʝʡ ʙʘʙʢʠ ʚ ʨʘʙʦʯʠʝ ʫʟʣʳ ʧʦʧʘ-

ʜʘʝʪ ʉʆɾ (ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ) ʠ ʯʘʩʪʠʮʳ ʩʪʨʫʞʢʠ ʯʝʨʝʟ ʰʧʠʥ-

ʜʝʣʴ. ʂʘʢ ʨʘʥʝʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘʜʥʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦ-

ʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʦ ʧʨʠʯʠʥʝ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʜʥʝʡ ʙʘʙʢʠ ʧʨʦʠʩʭʦʜʠʣʘ ʢʦʨʨʦʟʠʷ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ 

ʦʩʥʘʩʪʢʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʢʣʠʥʠʚʘʥʠʶ ʭʦʜʦʚʦʛʦ ʚʠʥʪʘ, ʠʟ-ʟʘ ʯʝʛʦ ʥʝ ʚʳʜʚʠʛʘ-

ʣʘʩʴ ʧʠʥʦʣʴ ʟʘʜʥʝʡ ʙʘʙʢʠ. ɼʘʥʥʘʷ ʦʩʥʘʩʪʢʘ ʧʨʠʰʣʘ ʚ ʥʝʛʦʜʥʦʩʪʴ (ʨʠʩ.2). 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʫʯʥʘʷ ʟʘʜʥʷʷ ʙʘʙʢʘ HTS-5 ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʥʦʩʪʠʢʠ 

ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʥʝʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʡ, ʙʳʣʘ ʢʫʧʣʝʥʘ ʥʦʚʘʷ ʨʫʯʥʘʷ ʟʘʜʥʷʷ ʙʘʙʢʘ. 

ɼʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʫʯʥʦʡ ʟʘʜʥʝʡ ʙʘʙʢʠ ʢʦʤʧʘʥʠʝʡ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ çʨʫʢʦʚʦʜʩʪʚʦ ʦʧʝʨʘʪʦʨʘ HAAS AUTOMATION INCè. ɺ ʜʘʥʥʦʤ 

ʨʫʢʦʚʦʜʩʪʚʝ ʙʳʣʠ ʟʘʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʨʦʢʠ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠ-

ʤʘʥʠʝ ʠ ʥʝ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩ.3.) [5]. 
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ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʨʫʯʥʦʡ ʟʘʜʥʝʡ ʙʘʙʢʠ 
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ʈʠʩ. 2. ʂʦʨʨʦʟʠʷ ʠ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

 
ʈʠʩ. 3. ʇʘʨʘʤʝʪʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʙʳʩʪʨʦʛʦ ʠʟʥʦʩʘ, ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶ-

ʱʠʝ ʤʝʨʳ, ʘ ʠʤʝʥʥʦ: ʚ ʢʘʨʪʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʪʘʥʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʯʠʩʣʠʪʩʷ ʜʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʫʥʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟ ʚ 6 ʤʝʩʷʮʝʚ ʨʝʤʦʥʪʥʘʷ ʩʣʫʞʙʘ ʦʙʷʟʘʥʘ ʧʨʦʚʝʩʪʠ ʨʝʚʠ-

ʟʠʶ ʨʫʯʥʦʡ ʟʘʜʥʝʡ ʙʘʙʢʠ (ʫʜʘʣʠʪʴ ʩʪʘʨʫʶ ʩʤʘʟʢʫ, ʦʯʠʩʪʠʪʴ ʨʘʙʦʯʠʝ ʫʟʣʳ).  

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʜʘʥʥʦʡ ʟʘʷʚʢʠ ʦʪ ʄʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ. 

ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʉʊʆ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜ-

ʥʝʡ ʙʘʙʢʠ ʧʨʠʟʥʘʥʥʦʡ ʥʝʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʡ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  ʈʘʥʝʝ ʵʢʩʧʣʫʘʪʠʨʫʝʤʘʷ ʨʫʯʥʘʷ ʟʘʜʥʷʷ ʙʘʙʢʘ ʚʳʰʣʘ ʠʟ 

ʩʪʨʦʷ ʟʘ 2 ʛʦʜʘ ʨʘʙʦʪʳ ʙʝʟ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʚʠʜʫ ʯʝʛʦ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ, ʚ ʩʣʫʯʘʝ ʫʪʠʣʠʟʘʮʠʠ ʚʳʰʝ-

ʫʢʘʟʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ. 

 



114  
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʯʝʤ  

ʩʪʦʠʤʦʩʪʴ ʥʦʚʦʛʦ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ. ʇʨʠ ʨʝʛʫʣʷʨʥʦʤ ʦʙʩʣʫʞʠ-

ʚʘʥʠʠ ʜʘʥʥʦʡ ʦʩʥʘʩʪʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ  ʵʬʬʝʢʪ ʦʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘ 2 ʛʦʜʘ ʙʫ-

ʜʝʪ ʨʘʚʝʥ 67 242ʨʫʙ.   ʉʵʢʦʥʦʤʣʝʥʥʫʶ ʩʫʤʤʫ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ ʉʊʆ.  ʊʘʢ ʞʝ 

ʜʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʛʣʠ ʩʣʫʞʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʦʱʨʝʥʠʝʤ ʚ ʚʠʜʝ ʩʪʠʤʫʣʠ-

ʨʫʶʱʠʭ ʚʳʧʣʘʪ ʩʦʪʨʫʜʥʠʢʘʤ ʧʨʦʷʚʣʷʶʱʠʤ ʠʥʠʮʠʘʪʠʚʫ ʚ ʦʙʣʘʩʪʠ ʨʘʮʠʦʥʘʣʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ  

ɿʘʢʣʶʯʝʥʠʝ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʜʦʣʞʥʦ ʚʳ-

ʩʪʫʧʘʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʉʊʆ ʥʝʩʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʛʦ-

ʪʦʚʣʷʝʤʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʫʯʥʦʡ 

ʟʘʜʥʝʡ ʙʘʙʢʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟʥʦʩ ʩʧʨʦʚʦʮʠʨʦʚʘʥ ʧʦʧʘʜʘʥʠʝʤ ʩʤʘʟʳʚʘ-

ʶʱʝ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʪʘʢ ʞʝ ʧʦʧʘʜʘʥʠʝʤ ʩʪʨʫʞʢʠ ʥʘ ʨʘʙʦʯʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʫʟʣʘ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʯʠʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚ-

ʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʜʥʝʡ ʙʘʙʢʠ ʚʳʩʪʫʧʘʝʪ ʥʝʩʦʙʣʶʜʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʨʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦ-

ʛʣʘʩʥʦ ʨʫʢʦʚʦʜʩʪʚʫ ʦʧʝʨʘʪʦʨʘ ʠ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʣ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʦ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴ-

ʥʦʛʦ ʨʝʤʦʥʪʘ.  
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The article considers and determines the reasons for the rapid wear of the working compo-

nents of the tailstock. A tool maintenance map was developed with the use of selected lubricants. 

The result of the study is an increase in the durability of the tailstock's trouble-free operation, as 

well as an economic justification for the need for service station maintenance. 

Keywords: manual tailstock, scheduled maintenance, lubricants, spindle, lead screw, oil 

press, lubricating syringe. 
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ʋɼʂ. 62-112.6 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ ɹɽʉʉʊɸʅʀʅʅʆʁ ʂʃɽʊʀ 

ɼʃʗ ʄʆɼɽʈʅʀɿɸʎʀʀ ʇʈʆʂɸʊʅʆɻʆ ʉʊɸʅɸ ç370è ɸʆ çʏʄɿè 

ɺ.ɸ. ʇʦʜʚʠʥʮʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʃ.ʅ. ɻʫʩʝʣʴʥʠʢʦʚʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʃʳʩʚɹʝʥʩʢʠʡ ʬʠʣʠʘʣ, ʛ. ʃʳʩʴʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ç370è ʥʘ ʧʨʝʜʧʨʠ-

ʷʪʠʠ ɸʆ çʏʄɿè. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʩʩʪʘʥʠʥʥʦʡ ʢʣʝʪʠ, ʫʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦʡ ʧʦʟʚʦ-

ʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʝʨʝʥʘʣʘʜʢʠ ʩʪʘʥʘ ʧʨʠ ʩʤʝʥʝ 

ʩʦʨʪʘ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʢʘʪʢʠ ʧʨʦʬʠʣʝʨʘʟʤʝʨʦʚ ʧʨʦʢʘʪʘ, ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʘ, ʫʣʫʯʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʢʘʪʢʠ ʧʨʦʬʠ-

ʣʝʡ, ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ ʧʝʨʝʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ, ʙʝʩʩʪʘʥʠʥʥʘʷ ʢʣʝʪʴ, ʨʝʩʩʦʨʥʘʷ ʩʪʘʣʴ, ʤʦʜʝʨʥʠʟʘ-

ʮʠʷ, ʧʨʦʢʘʪʥʳʝ ʚʘʣʢʠ, ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ɸʆ çʏʄɿè ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʩʩʦʨʥʦʡ ʩʪʘʣʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥ ç370è. ɺ 1986 ʛʦʜʫ ʧʨʦʠʟʦʰʣʘ ʝʛʦ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʦʩʥʦʚʥʘʷ ʟʘ-

ʜʘʯʘ ʢʦʪʦʨʦʡ ʩʦʩʪʦʷʣʘ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʢʘʪʘ ʠ ʧʦʣʫʯʝʥʠʠ 

ʧʨʦʜʫʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʘʥʜʘʨʪʘ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʅʘ ʩʪʘʥʝ ʧʦʤʝʥʷʣʠ ʦʙʞʠʤʥʫʶ ʢʣʝʪʴ, ʯʪʦ ʫʣʫʯʰʠʣʦ ʨʘʙʦʪʫ 

ʩʪʘʥʘ, ʢʣʝʪʴ çʵʜʞʝʨè ʟʘʤʝʥʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʣʝʪʴʶ ʠ ʫʩʪʘʥʦʚʠʣʠ ʥʦʚʫʶ ʧʦʣʠ-

ʨʦʚʦʯʥʫʶ ʢʣʝʪʴ ʬʠʨʤʳ çSIEMENS VAIè. 

ʇʨʦʮʝʥʪ ʧʨʦʩʪʦʝʚ ʥʘ ʩʪʘʥʝ ç370è ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʠʛʘʝʪ 19%, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʝʨʝʚʘʣʢʫ, ʥʘʩʪʨʦʡʢʫ, ʩʤʝʥʫ ʢʘʣʠʙʨʦʚ, ʫʙʦʨʢʫ ʥʝʜʦʢʘʪʦʚ. ɺʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʧʝʨʝʚʘʣʢʫ, ʧʝʨʝʭʦʜʳ ʠ ʩʤʝʥʫ ʢʣʝʪʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 5 ʯʘʩʦʚ. 

ʂʣʝʪʠ ʩʪʘʥʘ ʧʦ ʩʚʦʝʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʣʝʪʠ ʩʪʘʥʠʥʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ 

ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʥʦʝ ʧʨʠʣʝʛʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝ-

ʯʠʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʣʝʪʝʡ. ʅʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʦʩ-

ʥʦʚʥʳʭ ʫʟʣʦʚ ʚ ʵʪʠʭ ʢʣʝʪʷʭ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʪʘʥʘ ʠʤʝʝʪ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʘʪʨʘʪʳ, 

ʨʘʩʭʦʜʫʝʤʳʝ ʥʘ ʝʞʝʛʦʜʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʠ ʪʝʢʫʱʠʝ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ 

ʤʦʛʫʪ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʦʪʩʪʘʣʦʩʪʴ ʠ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ, ʠ ʥʘʧʨʘʚʣʝ-

ʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʆʧʠʩʘʥʠʝ ʠ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʢʣʝʪʠ 
ɺ ʧʨʦʝʢʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʢʣʝʪʠ ʙʝʩʩʪʘʥʠʥʥʦʡ ʥʝʥʘʧʨʷʞʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʠ ʢʣʝʪʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʢʣʝʪʷʤʠ ʫʩʪʘʨʝʚʰʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʜʦʧʧʝʣʴ ï ʜʫʦ, ʜʫʦ, ʪʨʠʦ) [1]: 

- ʨʘʙʦʯʠʝ ʢʣʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ, ʢʘʢ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ, ʪʘʢ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ; 

- ʢʦʥʩʪʨʫʢʮʠʷ ʢʣʝʪʝʡ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʤʘʩʩʫ; 
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- ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʫʟʝʣ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ; 

- ʧʦʚʳʰʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʣʝʪʠ ʢʘʢ ʚ ʨʘʜʠʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʮʠʶ ʩ ʪʦʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚ 

ʫʟʢʠʭ ʜʦʧʫʩʢʘʭ; 

- ʙʳʩʪʨʘʷ ʩʤʝʥʘ ʚʘʣʢʦʚ ʠ ʢʘʣʠʙʨʦʚ; 

- ʧʨʦʩʪʦʝ ʫʧʨʘʚʣʝʥʠʝ; 

- ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

- ʧʝʨʝʤʝʱʝʥʠʝ ʢʣʝʪʠ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠʣʠ 

ʦʙʨʘʪʥʦ ʟʘʥʠʤʘʝʪ ʤʝʥʝʝ 2 ʤʠʥʫʪ. 

ʂʣʝʪʠ ʪʘʢʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʘ ç370è ʚ ʯʘʩʪʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʢʘʪʘ, ʫʩʣʦʚʠʡ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʘʞʜʘʷ ʜʚʫʭʚʘʣʢʦʚʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʢʘʪʥʘʷ ʢʣʝʪʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [4]: 

ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 

ï ʟʫʙʯʘʪʘʷ ʤʫʬʪʘ; 

ï ʨʝʜʫʢʪʦʨ; 

ï ʰʧʠʥʜʝʣʠ (ʢʘʨʜʘʥʥʳʝ ʚʘʣʳ) ʩ ʦʧʦʨʘʤʠ; 

ï ʢʦʨʧʫʩʥʳʡ ʙʣʦʢ ʢʣʝʪʠ; 

ï ʢʘʩʩʝʪʥʘʷ ʚʘʣʢʦʚʘʷ ʢʣʝʪʴ (ʨʠʩ. 1); 

ï ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʚʦʜʥʳʭ ʠ ʚʳʚʦʜʥʳʭ ʧʨʦʚʦʜʦʢ. 

ʇʨʠʚʦʜʥʦʡ ʫʟʝʣ 

ɺ ʩʦʩʪʘʚ ʧʨʠʚʦʜʥʦʛʦ ʫʟʣʘ ʢʘʞʜʦʡ ʢʣʝʪʠ ʛʨʫʧʧʳ ʚʭʦʜʠʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ 

ʟʫʙʯʘʪʦʡ ʤʫʬʪʦʡ, ʠʤʝʶʱʝʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʩʪʦʧʦʨʥʳʝ ʰʪʠʬʪʳ ʜʣʷ ʟʘʱʠ-

ʪʳ ʦʪ ʧʝʨʝʛʨʫʟʦʢ. 

ʈʝʜʫʢʪʦʨ ʩ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʨʝʜʫʮʠʨʦ-

ʚʘʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʪ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʜʚʘ 

ʚʳʭʦʜʥʳʭ ʚʘʣʘ ʨʝʜʫʢʪʦʨʘ, ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʥʘ ʰʧʠʥʜʝʣʠ. ʉʦʝʜʠʥʝʥʠʝ ʨʝ-

ʜʫʢʪʦʨʘ ʩʦ ʰʧʠʥʜʝʣ̫ʤʠ ʦʩʫɦ ʝʩʪʚʣʝ̫ʪʩʷ ʧʨʠ ʧʦʤʦɦ ʠ ʤʫʬʪʳ ʩ ʢʦʥʫʩʥʳʤ ʧʦʩʘ-

ʜʦʯʥʳʤ ʤʝʩʪʦʤ. 

ɼʚʘ ʰʧʠʥʜʝʣʷ ʩ ʢʘʨʜʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʠʤʝʶʱʠʝ ʨʘʟʜʚʠʞʥʫʶ ʢʦʥ-

ʩʪʨʫʢʮʠʶ, ʦʩʥʘʱʝʥʳ ʚʪʫʣʢʘʤʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʰʝʡʢʦʡ ʧʨʦʢʘʪʥʳʭ 

ʚʘʣʢʦʚ. ɺʪʫʣʢʠ ʩʥʘʨʫʞʠ ʦʩʥʘʱʝʥʳ ʧʦʜʰʠʧʥʠʢʘʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠʭ ʥʘ ʦʧʦʨ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʰʧʠʥʜʝʣʴʥʦʡ ʦʧʦʨʳ. ʐʧʠʥʜʝʣʴʥʘʷ ʦʧʦʨʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ, ʚʩʪʨʦʝʥʥʳʤ ʚ ʩʪʘʥʠʥʫ, ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʦʜʥʦ-

ʛʦ ʫʟʣʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʩʩʝʪʥʦʡ ʢʣʝʪʠ [2,3].  
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ʈʠʩ. 1.ʂʘʩʩʝʪʥʘʷ ʢʣʝʪʴ: 

1 ï ʢʨʳʰʢʘ; 2 ï ʵʥʢʦʜʝʨ; 3 ï ʥʘʞʠʤʥʦʡ ʤʝʭʘʥʠʟʤ; 4 ï ʫʩʪʨʦʡʩʪʚʦ ʦʩʝʚʦʡ 

ʥʘʩʪʨʦʡʢʠ ʚʘʣʢʘ ʠ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ; 5 ï ʧʦʜʫʰʢʠ; 6 ï ʯʝʪʳʨʝʭʨʷʜʥʳʝ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʝ ʨʦʣʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ; 7 ï ʩʪʷʞʢʠ; 8 ï ʥʘʧʨʘʚʣʷʶʱʘʷ ʧʦʜʫʰʢʠ. 

 

ɺʘʣʢʠ ʨʘʙʦʯʝʡ ʢʣʝʪʠ 

ɺʘʣʢʠ - ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʢʘʪʥʦʡ ʢʣʝʪʠ. ʂʘʯʝʩʪʚʦ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʘʣʢʦʚ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. ɺ ʜʘʥʥʦʡ ʯʝʨʥʦʚʦʡ 

ʨʘʙʦʯʝʡ ʢʣʝʪʠ ʧʨʠʤʝʥʝʥʳ ʩʦʨʪʦʚʳʝ ʚʘʣʢʠ. ɺʘʣʢʠ, ʣʠʪʳʝ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʘʣ-

ʢʦʚʦʛʦ ʯʫʛʫʥʘ ʩ ʰʘʨʦʚʠʜʥʳʤ ʛʨʘʬʠʪʦʤ, ʠʤʝʶʱʠʤ ʪʚʝʨʜʦʩʪʴ 45õ50 ʝʜ. HSD, 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ɺs  = 500 ʄʇʘ. ʂʦʥʮʝʚʘʷ ʯʘʩʪʴ ʚʘʣʢʘ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʬʦʨʤʫ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʫʤʫʬʪʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʚʘʣʦʢ ʩʦ ʰʧʠʥ-

ʜʝʣʝʤ.  

ɺʘʣʢʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ (ʨʠʩ. 2): 

-ʙʦʯʢʘ ʚʘʣʢʘ; 

-ʰʝʡʢʘ ʚʘʣʢʘ; 

-ʚʘʣʢʦʚʦʝ ʦʢʦʥʯʘʥʠʝ. 
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ʈʠʩ.2. ʇʨʦʢʘʪʥʳʡ ʚʘʣʦʢ 

1-ʙʦʯʢʘ ʚʘʣʢʘ; 2-ʰʝʡʢʘ ʚʘʣʢʘ; 3-ʚʘʣʢʦʚʦʝ ʦʢʦʥʯʘʥʠʝ 

 

ʇʦʜʰʠʧʥʠʢʠ ʠ ʧʦʜʫʰʢʠ 

ʐʝʡʢʠ ʜʚʫʭ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʦʧʠʨʘʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʧʦʜʫʰʢʠ (ʨʠʩ.3) ʠ 

ʚʨʘʱʘʶʪʩʷ ʥʘ ʤʥʦʛʦʨʦʣʠʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʩ ʯʝʪʳʨʴʤʷ ʨʷʜʘʤʠ ʨʦʣʠʢʦʚ. 

ʄʥʦʛʦʨʦʣʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ ʩʚʦʙʦʜʥʳ ʧʦ ʦʩʠ ʩ ʧʨʠʚʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʘʣʢʦʚ, ʘ 

ʩ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʥʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʫʧʦʨʥʳʤ ʦʩʝʚʳʤ ʧʦʜʰʠʧʥʠʢʦʤ. 

ʄʥʦʛʦʨʦʣʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ ʭʦʨʦʰʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʠʥʠ-

ʤʘʪʴ ʙʦʣʴʰʠʝ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝ-

ʥʠʷ, ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʚ ʨʘʙʦʪʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʨʦʢʘʪʢʝ. ʅʘ ʰʝʡʢʫ ʚʘʣʢʘ ʩ ʧʦʤʦʱʴʶ ʛʦʨʷʯʝʡ ʧʦʩʘʜʢʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ. ʂʘʞʜʳʡ ʧʦʜʰʠʧʥʠʢ ʟʘʢʨʝʧʣʝʥ ʚ ʧʦʜʫʰʢʝ 

ʢʦʣʴʮʦʤ. ʂʦʣʴʮʦ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʧʦʜʰʠʧʥʠʢʫ ʥʘʨʝʟʥʦʡ ʚʪʫʣʢʦʡ, ʢʦʪʦʨʘʷ ʚʨʘ-

ʱʘʝʪʩʷ ʚ ʩʦʯʣʝʥʝʥʠʠ ʩ ʚʘʣʢʦʤ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʪʦʤ ʠ ʰʪʠʬʪʘʤʠ. ɼʣʷ ʧʨʝʜʦ-

ʭʨʘʥʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʚʦʜʳ, ʧʳʣʠ ʠ ʦʢʘʣʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʣʦʪʥʝʥʠʷ. 

ʅʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʦʯʝʛʦ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʚ ʟʦʥʫ ʤʝʞʜʫ ʚʘʣʢʦʤ ʠ ʧʦʜʫʰʢʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʘʙʠʨʠʥʪʥʳʤ ʫʧʣʦʪʥʝ-

ʥʠʝʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʛʫʩʪʦʡ ʩʤʘʟʢʦʡ. 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʷʛʠ ʠ ʨʝʟʴʙʦʚʳʝ ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʚʪʫʣʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʚ 

ʢʦʨʧʫʩʝ ʧʦʜʫʰʝʢ.  

ʇʦʜʫʰʢʠ ʢʣʝʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʯʝʨʪʝʞʝ - ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ. ʇʦʜʫʰʢʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʨʘʙʦʪʫ 

ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʧʝʨʝʢʦʩʦʤ. ʉʘʤʦʫʩʪʘʥʦʚʢʘ ʧʦʜʫʰʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʬʝʨʠʯʝ-

ʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʜʧʷʪʥʠʢʦʚ ʥʘʞʠʤʥʳʭ ʚʠʥʪʦʚ. ʇʦʜʫʰʢʘ ʚʘʣʢʘ ʢʣʝʪʠ 

ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ʇʦʜʫʰʢʘ ʚʘʣʢʘ ʢʣʝʪʠ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ: 

1 - ʰʝʡʢʘ ʚʘʣʢʘ, 2 - ʧʦʜʫʰʢʘ 
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ʋʩʪʨʦʡʩʪʚʦ ʥʘʩʪʨʦʡʢʠ ʤʝʞʮʝʥʪʨʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ 

ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʨʘʙʦʯʘʷ ʢʣʝʪʴ ʩʪʘʥʘ 370 ï ʙʝʩʩʪʘʥʠʥʥʘʷ. 

ʇʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʣʝʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʳʭ ʪʷʛ ʩ ʥʘʞʠʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ: 

1-ʚʘʣ; 2-ʯʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ; 3- ʮʝʥʪʨʘʣʴʥʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ; 4-ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 

ʨʝʟʴʙʦʚʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʷʛʠ; 5-ʧʦʜʫʰʢʘ; 6- ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. 

 

ʈʝʛʫʣʠʨʦʚʢʘ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʘʣʢʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʦʨʘʯʠʚʘʥʠʷ 4-ʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʷʛ ʧʦʜʫʰʝʢ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘ 

ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʝ ʢʣʝʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʦʤʧʣʝʢʪʘ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 3 ʠ 4, ʧʨʠʚʦʜʠʤʦʝ ʚ ʜʝʡʩʪʚʠʝ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ 6. 

ʉ ʧʦʤʦʱʴʶ ʧʝʨʚʦʛʦ ʨʝʜʫʢʪʦʨʘ ʯʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ 2 ʧʝʨʝʜʘʝʪ ʜʚʠʞʝʥʠʝ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 3, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʧʨʝʜʝʣʷʝʪ ʜʚʠʞʝʥʠʝ 

ʥʘ ʜʚʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ, ʧʨʠʚʦʜʷʱʠʝ ʨʝʟʴʙʦʚʳʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʷʛʠ. 

ɼʚʠʞʝʥʠʝ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʛʨʘʜʫʠʨʦʚʘʥʥʦʤ ʙʘʨʘʙʘʥʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ 

ʩʦʦʩʥʦ ʢ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʪʷʛʘʤ. 

ʈʝʟʴʙʘ ʥʘ ʯʝʪʳʨʝʭ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʷʛʘʭ ʠʤʝʝʪ ʨʘʟʥʦʝ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʠʭ ʧʦʜʫʰʢʠ 5 ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʩʚʦʜʷʪʩʷ 

ʠʣʠ ʨʘʟʚʦʜʷʪʩʷ.  

ʄʝʭʘʥʠʟʤ ʦʩʝʚʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ 

ʅʠʞʥʠʡ ʚʘʣʦʢ ʥʝʧʦʜʚʠʞʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʝʪʠ, ʘ ʚʝʨʭʥʠʡ ʚʘʣʦʢ ʤʦʞʝʪ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʦʩʝʚʦʤ ʧʦʣʦʞʝʥʠʠ. ʄʝʭʘʥʠʟʤ ʦʩʝʚʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʦʢʘʪʥʳʭ 
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ʚʘʣʢʦʚ (ʨʠʩ. 5) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʬʦʨʤʳ 

ʨʫʯʴʝʚ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ. 

 

 
 

ʈʠʩ. 5. ʄʝʭʘʥʠʟʤ ʦʩʝʚʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ: 

1-ʯʝʨʚʷʢ; 2-ʛʘʡʢʘ; 3-ʢʦʣʝʩʦ 

 

ʈʝʛʫʣʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʛʘʡʢʠ 2, ʩʦʙʨʘʥʥʦʡ ʨʷʜʦʤ ʩ ʚʝʨʭʥʝʡ ʧʦ-

ʜʫʰʢʦʡ ʩʦ ʩʪʦʨʦʥʳ ʨʝʛʫʣʠʨʦʚʢʠ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʯʝʨʚʷʯʥʦʛʦ ʚʘʣʘ ʧʝʨʝʜʘʝʪʩʷ 

ʟʫʙʯʘʪʦʤʫ ʢʦʣʝʩʫ ʠ ʨʝʟʴʙʦʚʦʡ ʚʪʫʣʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʚʠʞʝʥʠʝ ʧʨʦʢʘʪʥʦʛʦ 

ʚʘʣʢʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʚʘʣʢʘ ʧʨʦʚʦʜʷʪ, ʢʦʛʜʘ ʤʘʰʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʤʘ-

ʩʪʝʨʩʢʦʡ ʜʣʷ ʩʤʝʥʳ ʚʘʣʢʦʚ, ʘ ʪʦʯʥʫʶ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʧʨʦʚʦʜʷʪ ʧʦʩʣʝ 

ʩʙʦʨʢʠ ʢʣʝʪʠ ʚʤʝʩʪʝ ʩ ʧʨʦʢʘʪʥʳʤʠ ʧʨʦʚʦʜʢʘʤʠ ʥʘ ʧʣʠʪʝ ʦʩʥʦʚʘʥʠʷ.  

ʋʨʘʚʥʦʚʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʋʨʘʚʥʦʚʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʞʘʪʠʷ 

ʧʦʜʫʰʝʢ ʚʘʣʢʦʚ ʢ ʥʘʞʠʤʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ɺ ʨʘʙʦʯʝʡ ʢʣʝʪʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʫʞʠʥʥʦʝ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʘʣʢʦʚ ʠ ʤʘʩʩʘ ʫʨʘʚʥʦʚʝʰʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʥʝʚʝʣʠʢʠ 

[4,5]. 

1 

2 

3 
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ʉʭʝʤʘ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʤʝʥʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʯʝʡ 

ʢʣʝʪʠ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʅʘ ʨʝʟʴʙʦʚʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʷʛʠ 5 ʥʘʭʦʜʠʪʩʷ ʦʧʦʨʥʦʝ ʢʦʣʴʮʦ 1 ʩ 

ʯʝʪʳʨʴʤʷ ʦʪʚʝʨʩʪʠʷʤʠ ʧʦʜ ʰʧʠʣʴʢʠ 4. ʐʧʠʣʴʢʠ ʚʢʨʫʯʝʥʳ ʚ ʧʦʜʫʰʢʠ 2 ʚʘʣʢʦʚ. 

ʅʘ ʰʧʠʣʴʢʘʭ ʥʘʭʦʜʷʪʩʷ ʧʨʫʞʠʥʳ 3.  

 

ɸ 

 

 

ʈʠʩ. 6. ʋʨʘʚʥʦʚʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ: 

1-ʦʧʦʨʥʦʝ ʢʦʣʴʮʦ;2- ʧʦʜʫʰʢʘ; 3-ʧʨʫʞʠʥʘ;4- ʰʧʠʣʴʢʘ; 

5- ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʷʛʘ. 

 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ɺ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʣʝʪʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʢʘʪʥʦʡ ʛʨʫʧʧʳ ʚʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚ ʦʙʚʷʟʢʝ: 

ï ʩʠʩʪʝʤʘ ʤʘʩʣʦʩʤʘʟʢʠ; 

ï ʩʠʩʪʝʤʘ ʤʘʩʣʦʚʦʟʜʫʰʥʦʡ ʩʤʘʟʢʠ; 

ï ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; 

ï ʩʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

ï ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʤʘʩʣʦʩʤʘʟʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʤʘʟʢʫ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʦʧʦʨ ʚʘʣʦʚ ʨʝʜʫʢʪʦʨʘ.  

ʉʠʩʪʝʤʘ ʤʘʩʣʦʚʦʟʜʫʰʥʦʡ ʩʤʘʟʢʠ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʤʘʟʢʠ ʚʦʟʜʫ-

ʭʦʤʘʩʣʝʥʥʦʡ ʩʤʝʩʴʶ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʦʚ, ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʬʣʘʥʮʝʚ 

ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʦʚ ʰʧʠʥʜʝʣʴʥʳʭ ʦʧʦʨ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ ʥʘʩʪʨʦʡʢʠ ʨʘʩʪʚʦʨʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨ ʢʦʨ-

ʧʫʩʥʦʛʦ ʙʣʦʢʘ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʦʚ ʢʨʫʛʣʳʭ ʛʘʝʢ ʢʨʝʧʣʝʥʠʷ ʢʘʩʩʝʪʳ ʢ 

ʢʦʨʧʫʩʥʦʤʫ ʙʣʦʢʫ. 
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ʉʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʞʝʩʪʢʠʭ ʠ ʛʠʙʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʩ ʚʦʜʦʩʪʨʫʡʥʳʤʠ ʬʦʨʩʫʥʢʘʤʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʢʘʪʥʳʭ ʚʘʣ-

ʢʦʚ ʠ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʜʚʠʛʘʪʝʣʷ. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚʘʨʠʘʥʪ ʟʘʤʝʥʳ ʜʝʡʩʪʚʫʶʱʝʡ ʢʣʝʪʠ ʩʪʘʥʘ 

ç370è ʥʘ ʢʣʝʪʠ ʙʝʩʩʪʘʥʠʥʥʦʡ ʥʝʥʘʧʨʷʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʥʪ ʧʨʦʩʪʦʝʚ ʥʘ ʩʪʘʥʝ ç370è ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦ-

ʩʪʠʛʘʝʪ 19%, ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʧʝʨʝʚʘʣʢʫ, ʧʝʨʝʭʦʜʳ ʠ ʩʤʝʥʫ ʢʣʝʪʝʡ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 5 ʯʘʩʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʩʩʪʘʥʠʥʦʡ ʢʣʝʪʠ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʛʥʫʪʴ ʩʣʝʜʫ-

ʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʢʘʪʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʣʝʛʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʣʝʪʝʡ ʠ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʚʥʦʚʴ ʦʩʚʘʠʚʘʝʤʳʭ ʧʨʦʬʠʣʝʨʘʟʤʝʨʦʚ ʧʨʦʢʘʪʘ, ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʦʩʪʦʝʚ ʩʪʘʥʘ ʠ ʚʨʝʤʝʥʠ ʧʝʨʝʚʘʣʢʠ ʢʣʝʪʝʡ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʡ ʩʤʝʥʳ ʚʘʣʢʦʚ ʠ ʢʘ-

ʣʠʙʨʦʚ. 
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The issue of modernization of the rolling mill "370" at the enterprise JSC "ChMP" was con-

sidered. The design of a frameless stand is proposed, the installation of which will improve the 

quality of finished products, reduce the mill changeover time when changing the grade, increase the 

efficiency of rolling the profile and size of rolled products, increase the utilization rate of the mill, 

improve the temperature and speed conditions for rolling profiles, reduce the production cost and 

conversion costs.  

Keywords: rolling mill, frameless stand, spring steel, modernization, rolling rolls, structural 

rigidity. 
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ʋɼʂ 67.05 

ʇʈʀʄɽʅɽʅʀɽ ɻʀɼʈʆɸɹʈɸɿʀɺʅʓʍ ʉʊɸʅʂʆɺ  

ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 

ɼ.ɸ. ʉʪʫʢʦʣʦʚ
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʊ.ɻ. ɹʝʣʦʙʦʨʦʜʦʚʘ 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʛ. ʉʪʝʨʣʠʪʘʤʘʢ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʟʘʨʫ-

ʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʬʠʨʤ, ʟʘʪʨʦʥʫʪʳ ʧʝʨʩʧʝʢʪʠʚʳ ʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʨʝʟʢʘ, ʩʪʘʥʢʠ ʜʣʷ ʦʙʲʸʤʥʦʡ 5-ʪʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʛʠʜ-

ʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ, ʨʝʞʫʱʘʷ ʛʦʣʦʚʢʘ 3D, ʛʠʜʨʦʘʙʨʘʟʠʚ, ʩʣʦʞʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʢʦʥʪʫʨʳ. 

 

ʄʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʛʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʨʝʟʢʘ (ɻɸʈ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ, ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʦʛʦ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʤʝʩʪʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʫʷ ʯʠʩʪʦʡ ʚʦʜʳ 

ʠʣʠ ʩʤʝʩʠ ʚʦʜʳ ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʳʧʫʩʢʘʝʤʘʷ ʠʟ ʨʝʞʫʱʝʡ ʛʦʣʦʚʳ ʩ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʇʨʦʮʝʩʩ ɻɸʈ ʩʦʩʪʦʠʪ ʚ ʩʞʘʪʠʠ ʚʦʜʳ ʜʦ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ 

1000ï6000 ʘʪ ʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʜʠʘʤʝʪʨʦʤ 0,08ï0,5 ʤʤ, ʩʢʦʨʦʩʪʴ 

ʚʳʪʝʢʘʥʠʷ ʧʨʠ ʵʪʦʤ ʙʣʠʟʢʘ ʦʢʦʣʦʟʚʫʢʦʚʦʡ ʠʣʠ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʅʘʧʨʘʚʣʷʝʤʘʷ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʠʟʜʝʣʠʝ, ʪʘʢʘʷ ʩʪʨʫʷ ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʨʝʞʫ-

ʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʝʝ ʨʝʞʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʦʪʥʠ ʨʘʟ, ʠ ʩʧʦʩʦʙʥʘ ʨʘʟʨʝʟʘʪʴ ʧʦʯʪʠ ʣʶʙʦʡ ʤʘʪʝʨʠʘʣ: ʤʝʪʘʣʣ, 

ʢʘʤʝʥʴ, ʩʪʝʢʣʦ, ʨʝʟʠʥʫ, ʜʝʨʝʚʦ, ʧʣʘʩʪʤʘʩʩʳ, ʢʦʤʧʦʟʠʪʳ ʠ ʧʨ., ʦʙʣʘʜʘʷ ʧʨʠ ʵʪʦʤ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʤʘʪʝʨʠʘʣʝ 

ʢʦʥʪʫʨʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ɼʣʷ ʛʘʰʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʩʪʨʫʠ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʩʣʦʡ ʚʦʜʳ ʪʦʣʱʠʥʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 70ï100 ʩʤ. 

ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʙʦʯʝʝ ʧʦʣʝ ʜʣʷ ʨʝʟʘ ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʠʛʘʪʴ ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʵʢʦʥʦʤʷ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʝʡ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʪʝʭʥʦʣʦʛʠʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ, ʜʦʢʘʟʳʚʘʷ ʩʚʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʦʪʩʫʪʩʪʚʠʝʤ ʚʨʝʜʥʳʭ ʭʠʤʠ-

ʯʝʩʢʠʭ ʠʩʧʘʨʝʥʠʡ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʚ ʦʙʣʘ-

ʩʪʠ ʩʨʝʟʘ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʣʦʞʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʢʦʥʪʫʨʳ (3D 

ʦʙʨʘʙʦʪʢʘ), ʤʠʥʠʤʠʟʘʮʠʝʡ ʦʪʭʦʜʦʚ ʤʘʪʝʨʠʘʣʘ, ʟʘ ʩʯʸʪ ʫʥʠʢʘʣʴʥʦ ʪʦʥʢʦʡ ʨʝʞʫ-

ʱʝʡ ʩʪʨʫʠ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʩʸ ʵʪʦ ʟʘʩʣʫʞʝʥʥʦ ʧʦʟʚʦʣʷʝʪ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʥʦ ʠ ʣʘʟʝʨʥʦʡ, 

ʧʣʘʟʤʝʥʥʦʡ, ʘ ʪʘʢʞʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʨʝʟʢʝ, ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦʡ. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʦʩʪʨʘʥʥʳʝ ʢʦʤʧʘʥʠʠ-

ʧʨʦʠʟʚʦʜʠʪʝʣʠ: OMAX, Jet Edge (ʉʐɸ), KNUTH (ɻʝʨʤʘʥʠʷ), Caretta 

Technology, Water Jet (ʀʪʘʣʠʷ), Resato (ɻʦʣʣʘʥʜʠʷ), PTV (ʏʝʭʠʷ), Bystronic 

(ʐʚʝʡʮʘʨʠʷ), ALICO (ʌʠʥʣʷʥʜʠʷ). ɺʳʩʦʢʘʷ ʮʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʘ-
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ʨʦʢ ʦʪʯʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʦʜʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʠʤʧʦʨʪʥʦʡ, ʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 250 ʪʳʩʷʯ ʝʚʨʦ. 

ʉʪʘʥʢʠ Water Jet (ʀʪʘʣʠʷ) ʠʤʝʶʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤ ʧʨʦʛʨʘʤʤ-

ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʷʤ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʤ ʢʘʢ CAD/CAM, ʘ ʪʘʢʞʝ ʧʨʦ-

ʛʨʘʤʤʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʥʠ 

ʦʩʥʘʱʝʥʳ ʢʦʤʧʣʝʢʩʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Taglio ï Igems. ɺ ʧʨʦ-

ʛʨʘʤʤʝ ʤʦʞʥʦ ʨʠʩʦʚʘʪʴ, ʯʝʨʪʠʪʴ ʜʝʪʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʠʤʧʦʨʪʠʨʦʚʘʪʴ 

ʩʪʘʥʜʘʨʪʥʳʝ ʬʘʡʣʳ DXF, ʩʦʟʜʘʥʥʳʝ ʚ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʘʭ. ʄʦʞʥʦ ʜʘʞʝ ʢʦʧʠ-

ʨʦʚʘʪʴ ʬʦʪʦʛʨʘʬʠʠ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨʤʘʪʝ bitmap.  

ɺʳʧʫʩʢʘʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʩ ʯʝʪʳʨʴʤʷ ʠ ʧʷʪʴʶ ʫʧʨʘʚʣʷʝʤʳʤʠ ʦʩʷʤʠ ʧʦʟʚʦ-

ʣʷʶʱʠʤʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʦʞʥʫʶ ʨʝʟʢʫ ʜʝʪʘʣʝʡ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʥʘʧʨʠʤʝʨ, ʚʳʨʝʟʢʫ ʥʘʢʣʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʣʶʙʦʛʦ ʧʨʦʬʠʣʷ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙ-

ʨʘʟʫʶʱʝʡ ʠ ʦʙʨʘʙʦʪʢʫ ʩʣʦʞʥʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʘʟʦʚ, ʚʳʨʝʟʢʫ ʜʝʪʘʣʝʡ ʩ ʚʥʫʪ-

ʨʝʥʥʠʤʠ ʠ ʥʘʨʫʞʥʳʤʠ ʬʘʩʢʘʤʠ ʧʦ ʣʶʙʳʤ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʊʘʢʞʝ ʚʳʧʫʩʢʘʶʪʩʷ ʩʪʘʥʢʠ ʜʣʷ ʦʙʲʸʤʥʦʡ 5-ʪʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʛʠʜʨʦʘʙʨʘ-

ʟʠʚʥʦʡ ʨʝʟʢʠ, ʠʤʝʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʷʪʴ ʛʠʜʨʦʘʙʨʘʟʠʚʥʫʶ ʩʪʨʫʶ ʧʦʜ 

ʣʶʙʳʤ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. 

ʋʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʨʝʞʫʱʠʤʠ ʛʦʣʦʚʢʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʣʠʙʦ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʦʜʥʦʤ ʧʦʨʪʘʣʝ ʣʠʙʦ ʥʘ ʦʜ-

ʥʦʤ ʰʠʨʦʢʦʤ ʩʫʧʧʦʨʪʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [4]. 

ɼʣʷ ʩʥʷʪʠʷ ʬʘʩʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʰʠʥʳ KNUTH ʩ ʨʝʞʫʱʝʡ ʛʦ-

ʣʦʚʢʦʡ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʧʷʪʠ ʦʩʷʤ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʵʪʦʡ ʨʝʞʫʱʝʡ ʛʦʣʦʚ-

ʢʠ 3D ʷʚʣʷʝʪʩʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʚʨʘʱʘʪʴʩʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞ-

ʥʦ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʟʢʠ ʜʝʣʘʪʴ ʢʦʥʪʫʨʳ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ Z ʥʘ 360  (ʥʘʧʨʠʤʝʨ, ʨʝʟʢʘ ʩʧʠʨʘ-

ʣʝʚʠʜʥʳʭ ʢʦʥʪʫʨʦʚ). ʇʦʵʪʦʤʫ ʝʝ ʤʦʞʥʦ ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʠ-

ʩʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʢʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʣʝ-

ʜʫʶʱʝʡ ʙʦʨʦʟʜʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʯʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦ-

ʥʳ, ʨʝʞʫʱʘʷ ʛʦʣʦʚʢʘ 3D ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʚʳʪʘʯʠʚʘʥʠʷ 

ʬʘʩʢʠ, ʥʦ ʠ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ 3D. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʦʣʥʦʮʝʥ-

ʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʬʦʨʤʘʪʝ 3D, ʝʩʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʥʢʘ ʨʘʟʙʣʦ-

ʢʠʨʦʚʘʥʘ ʬʫʥʢʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʩʝʭ ʧʷʪʠ ʦʩʝʡ ʧʝʨʝʤʝʱʝʥʠʷ 

[3]. 

ɹʣʘʛʦʜʘʨʷ ʧʦʣʠʪʠʢʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʇʦʩʪʘʥʦʚʣʝʥʠʶ ʇʨʘʚʠ-

ʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 24 ʜʝʢʘʙʨʷ 2013 ʛ. N 1224 çʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʧʨʝʪʘ ʠ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʥʘ ʜʦʧʫʩʢ ʪʦʚʘʨʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʨʘʙʦʪ 

(ʫʩʣʫʛ), ʚʳʧʦʣʥʷʝʤʳʭ (ʦʢʘʟʳʚʘʝʤʳʭ) ʠʥʦʩʪʨʘʥʥʳʤʠ ʣʠʮʘʤʠ, ʜʣʷ ʮʝʣʝʡ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʟʘʢʫʧʦʢ ʪʦʚʘʨʦʚ, ʨʘʙʦʪ (ʫʩʣʫʛ) ʜʣʷ ʥʫʞʜ ʦʙʦʨʦʥʳ ʩʪʨʘʥʳ ʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘè ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʩʤʦʛʣʠ ʧʨʠʦʨʠʪʝʪʥʦ ʫʯʘʩʪʚʦ-

ʚʘʪʴ ʚ ʪʝʥʜʝʨʘʭ ʥʘ ʧʦʩʪʘʚʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ [2]. 

ʉʨʝʜʠ ʥʘʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻɸʈ ɻʂ çʕʣʝʤʝʥʪè ʄʦʩʢʚʘ, 

çɼʝʣʴʪʘ-ʀʥʪʝʭè ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʆʆʆ çɻʠʜʨʦʘʙʨʘʟʠʚè ɽʢʘʪʝʨʠʥʙʫʨʛ, 

ʆʆʆ çʌʠʥɼʞʝʪè ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ. 

ʎʝʥʘ ʠʭ ʧʨʦʜʫʢʮʠʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ, ʜʝʪʘʣʠ ʠ ʢʦʤ-
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ʧʣʝʢʪʫʶʱʠʝ ʜʣʷ ʩʙʦʨʢʠ ʩʪʘʥʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʟʘʨʫʙʝʞʥʳʝ, ʪʘʢ ʠ ʨʦʩʩʠʡ-

ʩʢʠʝ. ɹʣʘʛʦʧʨʠʷʪʥʘʷ, ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʧʦʣʠʪʠʢʘ ʄʠʥʧʨʦʤ-

ʪʦʨʛʘ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ, ʧʦʟʚʦʣʠʣʘ ʜʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʤʝ-

ʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. 

ʆʆʆ çʌʠʥɼʞʝʪè ʷʚʣʷʝʪʩʷ ʜʦʯʝʨʥʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʢʦʤʧʘʥʠʠ Muototera 

(ʌʠʥʣʷʥʜʠʷ). ɽʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʥʘʙʞʘʝʪʩʷ ʩʠʩʪʝʤʘʤʠ ʩ ʏʇʋ, ʧʦʟʚʦʣʷʝʪ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʡ ʠʟʥʦʩ ʬʦʢʫʩʠʨʫʶʱʝʡ ʪʨʫʙʢʠ, ʯʪʦ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ʤʤ. ʀʤʝʝʪ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʙʦʨʫ ʩʘ-

ʤʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʶ ʥʘ ʯʝʪʚʝʨʪʴ ʚʨʝʤʝʥʠ ʥʘ ʧʝ-

ʨʝʥʘʣʘʜʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʌʦʢʫʩʠʨʫʶʱʘʷ ʪʨʫʙʢʘ ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʩʝʥʩʦ-

ʨʦʤ ʜʘʪʯʠʢʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʜʘʪʯʠʢʦʤ ʚʳʩʦʪʳ - ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʙʩʦʣʶʪʥʫʶ 

ʟʘʱʠʪʫ ʠ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʞʫʱʝʡ ʛʦʣʦʚʢʠ. ʇʨʠʝʤʥʠʢ ʩʪʨʫʠ, ʧʝ-

ʨʝʤʝʱʘʶʱʠʡʩʷ, ʢʘʢ ʠ ʧʦʨʪʘʣ, ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʳʭ ʧʨʠʚʦʜʦʚ, ʧʦʣʥʦʩʪʴʶ ʧʨʦ-

ʛʨʘʤʤʥʦ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʜʚʠʞʝʥʠʝʤ ʨʝʞʫʱʝʡ ʛʦʣʦʚʢʠ ʠ ʥʝʡʪʨʘʣʠʟʫʝʪ 

ʵʥʝʨʛʠʶ ʩʪʨʫʠ. ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʠʷ ʦʪʭʦʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʚʦʜʫ 

ʚʦʜʳ ʚ ʢʘʥʘʣʠʟʘʮʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʤ̫ʦʝ ʧʘʢʝʪʠʨʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʘʙʨʘ-

ʟʠʚʘ. ɸʨʦʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʨʪʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʢʨʳʪʴ ʧʦʜ ʢʦʞʫʭʘ-

ʤʠ ʚʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʛʠʩʪʨʘʣʠ [1]. 

ɸʆ çʈ-ɻʘʨʥʝʪè ʜʦʣʛʦʝ ʚʨʝʤʷ ʷʚʣʷʣʩʷ ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʘʙʨʘʟʠʚʘ, ʥʦ 

ʥʝ ʪʘʢ ʜʘʚʥʦ ʧʦʣʫʯʝʥ ʠ ʦʧʨʦʙʠʨʦʚʘʥ ʢʦʤʧʘʥʠʝʡ çʋʨʘʣʛʨʠʪè ʥʘʰ ʨʦʩʩʠʡʩʢʠʡ 

ʘʥʘʣʦʛ ʥʘ ʢʫʧʝʨʰʣʘʢʝ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʝʟʢʠ, ʥʦ ʪʘʢʞʝ 

ʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠʩʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɽʛʦ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʉʚʝʨʜʣʦʚ-

ʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʤʠʥʫʪʳ ʨʝʟʘ ʦʢʘʟʘʣʘʩʴ ʧʦʯʪʠ ʥʘ 30% ʤʝʥʴʰʝ, 

ʯʝʤ ʮʝʥʘ ʪʦʡ ʞʝ ʤʠʥʫʪʳ ʨʝʟʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʥʘʪʦʚʦʛʦ ʧʝʩʢʘ, ʯʪʦ ʚ ʧʝʨʩʧʝʢ-

ʪʠʚʝ ʧʦʟʚʦʣʠʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʜʝʣʘʪʴ ʵʪʫ 

ʧʨʦʜʫʢʮʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʳʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʠʥʥʦʚʘ-

ʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ, ʛʜʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʠʜʨʦʘʙʨʘʟʠʚ, ʵʪʦ: 

ʛʠʜʨʦʜʨʦʙʝʩʪʨʫʡʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʛʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʧʨʦʢʘʯʢʘ, ʘʙʨʘʟʠʚʥʦ-

ʵʢʩʪʨʫʟʠʦʥʥʦʝ ʭʦʥʠʥʛʦʚʘʥʠʝ, ʙʫʢʩʠʨʥʦʝ ʰʣʠʬʦʚʘʥʠʝ, ʩʪʨʫʡʥʘʷ ʛʘʣʪʦʚʢʘ. 

ɻʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʠʣʘ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʥʘ ʩʪʳʢʘʭ ʪʝʦʨʠʠ ʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʝʦʨʠʠ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʚʝ-

ʣʠʯʠʥʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ, ʪʝʦʨʠʠ ʣʘʤʠʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ. 

ʉ ʨʘʟʚʠʪʠʝʤ 3D ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘ-

ʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʘʜʜʠʪʠʚʥʦʡ ʧʝʯʘʪʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜʘ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘ. ʕʪʦ ʠ ʩʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʢʨʫʛʣʝʥʠʝ ʢʨʦʤʦʢ, ʫʜʘʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʛʦʨʦʜʦʢ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʙʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʘʙʨʘ-

ʟʠʚʘ ʠ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. 

ʆʧʳʪ ʝʚʨʦʧʝʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ 
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ʩʬʝʨʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʪʝʭʦʙ-

ʩʣʫʞʠʚʘʥʠʝ, ʫʣʫʯʰʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʧʨʝʜʧʨʠʷ-

ʪʠʷ. ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʡ ʨʝʟʢʠ ʠʤʝʶʪ ʥʝʩʦʤʥʝʥʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ. ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩ-

ʩʠʠ, ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʠ ʜʘʣʴʰʝ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʩʪʘʥʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʝʱʝ 

ʙʦʣʝʝ ʰʠʨʦʢʦ. 
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ʋɼʂ 62-231.1 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ 

ʈʆɹʆʊɸ-ʄɸʅʀʇʋʃʗʊʆʈɸ 

ʄ.ɸ. ʉʳʯʢʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʥʭ. ʥʘʫʢ ʊ.ʆ. ʉʦʰʠʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ, ʛ. ʃʳʩʴʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʭʚʘ-

ʪʦʤ ʩ ʟʫʙʯʘʪʦ-ʨʝʝʯʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ʇʦʩʪʨʦʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʦʧʨʝ-

ʜʝʣʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʨʘʟʤʝʨʳ ʝʛʦ ʨʘʙʦʯʝʡ ʟʦʥʳ. ɺʳ-

ʧʦʣʥʝʥʳ ʧʨʦʝʢʪʥʳʝ ʨʘʩʯʝʪʳ ʚ MathCAD: ʨʘʩʯʝʪ ʫʩʠʣʠʡ ʥʘ ʟʚʝʥʴʷ ʤʝʭʘʥʠʟʤʘ, ʨʘʩʯʝʪ ʥʘ 

ʧʨʦʯʥʦʩʪʴ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ, ʟʘʭʚʘʪ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʧʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ, 

ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ, 3D ʤʦʜʝʣʴ. 

 

ɺʚʝʜʝʥʠʝ 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʯʝʥʴ ʚʘʞʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦ-

ʩʪʠʞʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʥʳʤʠ ʩʬʝʨʘʤʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʉ ʢʘʞʜʳʤ ʜʥʝʤ ʨʦʙʦʪʠʟʘʮʠʷ ʚʩʸ ʦʩʥʦʚʘ-

ʪʝʣʴʥʝʝ ʚʭʦʜʠʪ ʚ ʥʘʰʫ ʞʠʟʥʴ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʦʙʦʪʳ ʤʘ-

ʥʠʧʫʣʷʪʦʨʳ ï ʚʩʸ ʵʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʨʦ-

ʙʦʪʦʪʝʭʥʠʢʠ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʦʩʪʘʚʥʳʤʠ ʯʘ-

ʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʮʠʬʨʦʚʠʟʘʮʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʜʝʣʘʝʪ ʟʘ-

ʜʘʯʫ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʈʦʙʦʪʳ ʫʩʧʝʰʥʦ ʟʘʤʝʥʷʶʪ ʯʝʣʦ-

ʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʝʰʘʝʪʩʷ ʩʦʮʠʘʣʴʥʘʷ ʟʘʜʘʯʘ - ʦʩʚʦ-

ʙʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʦʪ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʘʩʥʦʩʪʷʤʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠʣʠ ʩ ʪʷ-

ʞʝʣʳʤ ʬʠʟʠʯʝʩʢʠʤ ʪʨʫʜʦʤ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʦʩʪʳʭ ʤʦʥʦʪʦʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʝ ʪʨʝ-

ʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʢʣʶʯʠʪʴ ʠʟ ʥʝʛʦ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤ ʟʘʭʚʘʪʦʤ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʠ ʟʫʙʯʘʪʦ-ʨʝʝʯʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʤʝʭʘ-

ʥʠʟʤʦʤ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʩʯʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ, ʫʩʠʣʠʷ ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʣʠʥʝʡʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ, ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʣʠʥʝʡʥʦʤ ʧʝʨʝʤʝ-

ʱʝʥʠʠ, ʨʘʩʯʝʪ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MathCAD. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʤʦ-

ʜʝʣʴ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʨʦʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʂʆʄʇɸʉ 3D V19. ʇʦ ʤʦʜʝʣʷʤ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦʣʫʯʝʥʳ 

ʯʝʨʪʝʞʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ADEM ʩʬʦʨʤʠʨʦ-

ʚʘʥ G-ʢʦʜ ʥʘ ʢʘʞʜʫʶ ʜʝʪʘʣʴ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʠ ʩʙʦʨʢʠ ʦʧʳʪ-

ʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʨʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ, ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʂʨʠʪʝʨʠʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʢʦʤʧʘʢʪʥʳʡ ʨʘʟʤʝʨ, ʧʨʦʩʪʦʪʘ ʚ ʦʩʚʦʝʥʠʠ,  ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʫʩʣʦʚʠʷʭ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ  ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 1) ʦʙʨʘʟʦʚʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʦʜʥʦʛʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʟʚʝʥʘ ï ʩʪʦʡʢʠ 0 ʠ ʧʦʜʚʠʞʥʳʭ ʟʚʝʥʴʝʚ: 1, 2, 3. 

ɺ ʩʠʩʪʝʤʝ ʟʚʝʥʦ 1 ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʥʘ 0 ï ʚʨʘʱʘʶʱʠʡ 

ʤʦʤʝʥʪ ʄ. ɿʚʝʥʦ 2 ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʥʘ 1 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ɿʚʝʥʦ 3 ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʥʘ 2 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. 
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ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚʩʝʭ ʟʚʝʥʴʝʚ ʜʘʥʥʦ-

ʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʥʝʟʘʤʢʥʫʪʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʴʶ, ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʥʝʦʙʭʦʜʠʤʳ ʰʝʩʪʴ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ɼʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʦʙʦʪʘ ʮʠʢʣʠʯʥʦ ʠ ʧʦʚʪʦ-

ʨʷʝʪʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 48 ʩʝʢʫʥʜ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  MathCAD (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ˉ 

ʧ/ʧ 

ʈʘʩʯʝʪʥʘʷ ʚʝʣʠ-

ʯʠʥʘ 

ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘ-

ʯʝʥʠʝ 

ɽʜ.ʠʟʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

1 ʇʫʪʴ S1(t) 

S2(t) 

ʤ 0,15 

0,002 

2 ʉʢʦʨʦʩʪʴ V1(t) 

V2(t) 

ʤ/ʩ 0,248 

0,013 

3 ʋʩʢʦʨʝʥʠʝ A(t) ʤ/ʩ
2 

0,3 

 

ʈʘʙʦʯʘʷ ʟʦʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʛʠʙʘʶʱʘʷ ʚʩʝ ʚʦʟ-

ʤʦʞʥʳʝ ʧʦʣʦʞʝʥʠʷ (ʨʠʩ. 2). ʈʘʙʦʯʘʷ ʟʦʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʦʙʲʸʤʦʤ ʬʦʨʤʳ, ʢʦʪʦ-

ʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ. ɿʥʘʥʠʝ ʛʨʘʥʠʮ 

ʨʘʙʦʯʝʡ ʟʦʥʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʢʦʥʝʯʥʦʩʪʝʡ ʤʘʥʠʧʫʣʷʪʦʨʘ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʳ ʙʳʣ ʚʳ-

ʙʨʘʥ ʩʝʨʚʦʜʚʠʛʘʪʝʣʴ SpringRC SM-S4303R Continuous Rotation Servo 360Á. 

ʉʪʘʥʜʘʨʪʥʘʷ ʘʥʘʣʦʛʦʚʘʷ ʩʝʨʚʦʤʘʰʠʥʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʘʱʝʥʠʷ 360Á. ʉ ʤʝ-

ʪʘʣʣʦ-ʧʣʘʩʪʠʢʦʚʳʤ ʨʝʜʫʢʪʦʨʦʤ ʠ ʜʚʫʤʷ ʧʦʜʰʠʧʥʠʢʘʤʠ ʥʘ ʚʘʣʫ.  

ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʭʚʘʪ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʠ ʟʫʙʯʘʪʦ-

ʨʝʝʯʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ɿʘʭʚʘʪ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʝʜʥʘʟʥʘʯʘ-

ʝʪʩʷ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʧʝʨʝʥʦʩʘ ʜʝʪʘʣʝʡ. ɺʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʩʣʝ-

ʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ: ʬʦʨʤʘ, ʨʘʟʤʝʨʳ, ʤʘʩʩʘ ʠ ʤʘʪʝʨʠʘʣ ʟʘʛʦʪʦʚʢʠ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ.  

ʄʝʭʘʥʠʯʝʩʢʠʡ ʟʘʭʚʘʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 3): ʟʘʞʠʤʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (ʛʫʙʢʠ), ʦʩʥʦʚʘʥʠʝ, ʧʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, ʧʨʠʚʦʜʠʤʘʷ ʚ ʜʚʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. 

ɿʘʭʚʘʪ ʟʘʛʦʪʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʟʘʞʠʤʥʳʭ ʛʫʙʦʢ 1, ʢʦʪʦʨʳʝ ʧʨʠ-

ʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʚʘʣ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 5 ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 2, 

ʢʦʥʪʨʦʣʴ ʜʚʠʞʝʥʠʷ ʛʫʙʦʢ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʨʳʯʘʛʦʚ 4. ɿʫʙʯʘʪʳʡ ʤʝʭʘ-

ʥʠʟʤ 2 ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʢʦʨʧʫʩʝ 3.  

ʇʝʨʝʜ ʟʘʭʚʘʪʦʤ ʤʘʥʠʧʫʣʷʪʦʨ ʧʦʜʚʦʜʠʪʩʷ ʢ ʜʝʪʘʣʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʟʘʞʠʤʥʳʝ ʛʫʙʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʙʣʠʟʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʜʚʠʛʘʪʝʣʷ ʠ 

ʟʘʞʠʤʥʳʝ ʛʫʙʢʠ ʟʘʞʠʤʘʶʪ ʜʝʪʘʣʴ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʜʝʪʘʣʠ ʤʘʥʠʧʫʣʷ-

ʪʦʨʦʤ ʚ ʪʨʝʙʫʝʤʦʝ ʤʝʩʪʦ. ɼʣʷ ʨʘʟʞʠʤʘ ʟʘʞʠʤʥʳʭ ʛʫʙʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʪʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʟʘʞʠʤʥʳʝ ʛʫʙʢʠ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. 
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ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʘ 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦ-

ʣʠʣʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʛʫʙʦʢ 

ʟʘʭʚʘʪʘ ʠ ʜʝʪʘʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ 

ʩʭʝʤʳ ʙʳʣʘ ʚʟʷʪʘ ʩʭʝʤʘ ʨʝʝʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 4). 

 
 

ʈʠʩ. 4. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʦ ʩʦʩʪʘʚʣʝʥʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʦʚʝʜʝʥʳ ʧʨʦʝʢʪʥʳʝ ʨʘʩʯʝʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ MathCAD (ʨʠʩ. 5): ʨʘʩʯʝʪ ʫʩʠʣʠʷ ʧʨʠ 
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ʚʝʨʪʠʢʘʣʴʥʦʤ ʣʠʥʝʡʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ, ʨʘʩʯʝʪ ʫʩʠʣʠʷ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʣʠ-

ʥʝʡʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʠ ʧʨʦʚʝ-

ʨʦʯʥʦʛʦ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʟʘʭʚʘʪʘ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʆʙʦʟʥʘʯʝʥʠʝ ʧʘ-

ʨʘʤʝʪʨʘ ʠ ʝʛʦ 

ʟʥʘʯʝʥʠʝ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʠ ʝʛʦ 

ʟʥʘʯʝʥʠʝ 

ʄʘʩʩʘ ʜʝʪʘʣʠ ʄ 0,2 ʢʛ ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ 

ɛ 0,1 

ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʘʜʝʥʠʷ 

g 9,81 ʤ/ʩ
2
 ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʜʦ ʦʩʠ 

ʟʘʛʦʪʦʚʢʠ 

R 0,08 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ K 2 ʋʛʦʣ ʩʢʦʩʘ ʛʫʙʦʢ Ŭ 47 

ʋʩʢʦʨʝʥʠʝ ʧʨʠ ʚʝʨ-

ʪʠʢʘʣʴʥʦʤ ʧʝʨʝʤʝ-

ʱʝʥʠʠ 

ʘ1 0,3 ʤ/ʩ
2
 ʋʩʢʦʨʝʥʠʝ ʧʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ 

ʘ2 0,004 

ʤ/ʩ
2
 

 

 
 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʟʘʭʚʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MathCAD 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʤʝʩʪʘʭ 

ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʠ ʵʣʝʤʝʥʪʦʚ ʟʘʞʠʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɿʋ) (ʨʠʩ. 6). ɺ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʡ ʩʭʝʤʝ N1 ʠ N2 ï ʨʝʘʢʮʠʠ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʠ ʵʣʝʤʝʥʪʘ ɿʋ, Rn 

- ʩʫʤʤʘʨʥʘʷ ʨʝʘʢʮʠʷ. 
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ʈʠʩ. 6. ʉʭʝʤʘ ʫʩʠʣʠʡ ʟʘʞʠʤʘ 

 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʜʝʪʘʣʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʦʚʝʨʢʘ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ (ʨʠʩ. 7). ɽʩʣʠ ʞʝ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʦʧʫʱʝʥʳ ʦʰʠʙʢʠ ʧʨʠ ʚʳʙʦʨʝ ʟʘʭʚʘʪʘ ʠʣʠ ʝʛʦ ʛʘʙʘʨʠʪʥʳʭ 

ʨʘʟʤʝʨʦʚ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʳ ʠʭ ʠʩʧʨʘʚʣʝʥʠʝ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ ʨʘʩʯʝʪʝ 

ɽʟʘʛ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ, ɽʟʫ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ɿʋ, ɽʧʨ ï ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ.  

 
 

ʈʠʩ. 7. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʟʘʭʚʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MathCAD 

 

ɺʳʧʦʣʥʝʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʝʢʪʥʳʝ ʠ ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ 

ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʂʆʄʇɸʉ 3D V19 (ʨʠʩ. 8). ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʤʦʜʝʣʷʤ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʠ-

ʨʦʚʢʘ ʢʘʞʜʦʛʦ ʠʟʜʝʣʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʥ ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ. 
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ʈʠʩ. 8. ʄʦʜʝʣʴ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʯʝʨʪʝʞʘʤ ʜʝʪʘʣʝʡ ʩʬʦʨʤʠʨʦʚʘʥ G-ʢʦʜ ʥʘ ʢʘʞʜʫʶ ʜʝʪʘʣʴ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ ʠʟʛʦʪʦʚʠʪʴ 

ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʧʦʣʥʝʥ ʧʨʦʝʢʪ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʩʪʨʦʝ-

ʥʘ 3D ʤʦʜʝʣʴ ʟʘʭʚʘʪʘ ʠ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʨʦʚʝʜʝʥʳ ʧʨʦʝʢʪʥʳʡ ʠ ʧʨʦʚʝ-

ʨʦʯʥʳʡ ʨʘʩʯʝʪʳ ʤʝʭʘʥʠʟʤʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʠ ʜʦʢʘʟʘʪʴ ʥʘʜʝʞ-

ʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦ-

ʛʦ ʩʦʟʜʘʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ. 
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The design of a robotic manipulator with a mechanical grip with a rack-and-pinion transmis-

sion mechanism has been developed. A structural diagram has been constructed, the kinematic pa-

rameters of the robotic manipulator and the dimensions of its working area have been determined. 

Design calculations were performed in MathCAD: calculation of efforts on the links of the mecha-

nism, calculation of strength. 

Keywords: robotic arm, gripper, structural diagram, design calculation, verification calcula-

tion, 3D model. 

 

ʋɼʂ 630.32 

ʆɹʆʉʅʆɺɸʅʀɽ ʆʉʅʆɺʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ɻʀɼʈʆʎʀʃʀʅɼʈʆɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ʄɸʅʀʇʋʃʗʊʆʈɸ ʃɽʉʅʆʁ ʄɸʐʀʅʓ 

ʂ.ʅ. ʏʝʨʥʠʢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɼ.ɺ. ʏʝʨʥʠʢ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʜʫʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʧʫʩʢʘ ʵʢʦʥʦʤʠʯʥʳʭ, ʥʘʜʸʞʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʤʘʰʠʥ, ʧʦʚʳʰʝʥʠʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʣʝʩʥʦʡ ʦʪʨʘʩʣʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʰʠʥʳ, ʦʩʥʘʱʝʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʤʘʰʠʥʳ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘʜʝʞʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʥʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʜʙʦʨʘ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʠʟʚʝʜʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʝʩʥʦʡ 

ʤʘʰʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʮʠʣʠʥʜʨ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʥʠʧʫʣʷʪʦʨ, ʣʝʩʥʘʷ 

ʤʘʰʠʥʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 

ʄʘʥʠʧʫʣʷʪʦʨʘʤʠ ʥʘʟʳʚʘʶʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦ-

ʨʳʝ ʚʳʧʦʣʥʷʶʪ ʜʚʠʞʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʥʘʣʦʛʠʯʥʳʝ ʜʚʠʞʝʥʠʶ ʨʫʢʠ ʯʝʣʦ-

ʚʝʢʘ. ʄʘʥʠʧʫʣʷʪʦʨʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʟʘʭʚʘʪʳʚʘʪʴ ʛʨʫʟʳ ʠ ʧʝʨʝʤʝʱʘʪʴ ʠʭ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʤʘʰʠʥʳ, ʧʨʠʜʘʚʘʷ ʠʤ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ [2, ʩ. 7; 3, ʩ. 2]. 

ʄʘʰʠʥʳ, ʫ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʤʘʥʠʧʫʣʷʪʦʨʳ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʝʩʥʦʡ ʦʪʨʘʩʣʠ. ʅʘ ʣʝʩʦʟʘʛʦʪʦʚʢʘʭ 

ʪʘʢʠʝ ʤʘʰʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʷʭ: ʚʘʣʢʘ, ʚʘʣʢʘ-

ʧʘʢʝʪʠʨʦʚʘʥʠʝ, ʧʦʜʙʦʨ ʠ ʪʨʝʣʝʚʢʘ ʨʘʥʝʝ ʧʦʚʘʣʝʥʥʳʭ ʜʝʨʝʚʴʝʚ, ʰʪʘʙʝʣʝʚʢʘ ʩʦʨ-

ʪʠʤʝʥʪʦʚ, ʧʦʜʘʯʘ ʜʝʨʝʚʴʝʚ ʢ ʩʫʯʢʦʨʝʟʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʧʦʛʨʫʟʢʘ ʩʦʨʪʠʤʝʥʪʦʚ, 

ʦʙʨʝʟʢʘ ʩʫʯʴʝʚ, ʨʘʩʢʨʷʞʝʚʢʘ ʭʣʳʩʪʦʚ ʠ ʪ. ʜ. ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʥʠ ʤʦ-

ʛʫʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ: ʧʦʛʨʫʟʢʫ ʠ ʚʳʛʨʫʟʢʫ 

ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ (ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ) ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ, ʧʣʘʥʠʨʦʚʢʫ ʧʦʣʦʪʥʘ 

ʜʦʨʦʛʠ, ʨʳʭʣʝʥʠʝ ʛʨʫʥʪʘ, ʫʢʣʘʜʢʫ ʧʣʠʪ ʥʘ ʧʦʣʦʪʥʦ ʜʦʨʦʛʠ, ʧʦʛʨʫʟʢʫ ʧʥʝʚʦʛʦ 
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ʦʩʤʦʣʘ, ʫʙʦʨʢʫ ʦʪʭʦʜʦʚ ʥʘ ʥʠʞʥʠʭ ʩʢʣʘʜʘʭ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʚʠʜʦʚ ʨʘʙʦʪ 

ʦʥʠ ʦʩʥʘʱʘʶʪʩʷ ʩʤʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ: ʵʢʩʢʘʚʘʪʦʨʥʳʤʠ ʠ ʛʨʝʡʬʝʨʥʳʤʠ 

ʢʦʚʰʘʤʠ, ʛʨʝʡʜʝʨʘʤʠ, ʨʳʭʣʠʪʝʣʷʤʠ, ʧʣʘʥʠʨʦʚʱʠʢʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʟʦʟʘ-

ʭʚʘʪʥʳʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ.  [2, ʩ. 7]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʤʧʦʥʦʚʦʯʥʦ-

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨʘ. ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʦʥʦʚʦʯʥʦ-

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʢʣʘʜʢʠ ʛʨʫʟʘ 

ʚ ʟʘʜʘʥʥʦʝ ʤʝʩʪʦ, ʘ ʪʘʢʞʝ ʧʨʠʚʷʟʢʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ [1, ʩ. 32]. 

 ɼʣʷ ʨʘʩʯʝʪʘ ʥʘʛʨʫʟʦʢ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʝʛʦ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

(ʈʠʩʫʥʦʢ 1), ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦ ʧʦʣʦʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ 

ʵʣʝʤʝʥʪʳ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʛʨʫʞʝʥʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʦʣʦʞʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʪʨʝʣʘ ʠ ʨʫʢʦʷʪʴ ʧʘʨʘʣʣʝʣʴʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʧʣʝʯʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

 

 
 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ʂ ʟʚʝʥʴʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʣʳ: ʈʉ, ʈʈ ï 

ʫʩʠʣʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦʜʲʝʤʘ ʩʪʨʝʣʳ ʠ ʨʫʢʦʷʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ. ɼʣʷ ʪʦʛʦ ʯʪʦʙ ʵʪʦ ʩʜʝʣʘʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʳʣʝʪʝ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʛʨʫʟʘ Gʛʨ., ʢʅ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʳʣʝʪʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

L

LGʄ
G

oʨʛʨ
ʛʨ

Ö-
=

...
. ,     (1) 

ʛʜʝ ʄʛʨ. ï ʛʨʫʟʦʚʦʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʢʅĿʤ, ʄʛʨ. = 110; 
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Gʨ.ʦ. ï ʤʘʩʩʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʅ, Gʨ.ʦ. = 3,3; 

L ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʣʝʪ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʤ, L =7,6. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (1), ʧʦʣʫʯʠʤ 

    15,11
6,7

6,73,3110
. =

Ö-
=ʛʨG  ʢʅ. 

ʄʘʥʠʧʫʣʷʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʣʝʪʦʤ L, ʜʣʠʥʦʡ ʩʪʨʝʣʳ 

lC, ʨʫʢʦʷʪʠ lʈ. ʈʘʩʯʝʪ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʚʝʥʴʷʭ ʩʠʩʪʝʤʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ 

ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʳʣʝʪʝ. ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʪʨʝʣʳ ʠ ʨʫʢʦʷʪʠ ʧʦʣʫʯʘʝʤ 

ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝʤ ʫʩʠʣʠʡ ʥʘ ʰʪʦʢʘʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʩʪʨʝʣʳ ʠ ʨʫʢʦʷʪʠ 

ʩʠʣʘʤʠ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʨʰʝʥʴ. 

 ʋʩʠʣʠʝ ʥʘ ʰʪʦʢʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩʪʨʝʣʳ ʈʉ, ʢʅ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

nh

LGLGlGlG
ʈ

c

ʛʨʦʨGppGcc

ʉ
Ö

Ö+Ö+Ö+Ö
=

...
,    (2) 

ʛʜʝ Gc ï ʤʘʩʩʘ ʩʪʨʝʣʳ, ʢʅ, Gc = 3,75; 

lGc ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʩʪʨʝʣʳ ʜʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦʚʦʨʦʪʥʦʡ  

  ʢʦʣʦʥʥʳ, ʤ, lGc = 2,05; 

Gʨ ï ʤʘʩʩʘ ʨʫʢʦʷʪʠ, ʢʅ, Gʨ  = 2,92; 

lGʨ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʨʫʢʦʷʪʠ ʜʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʦʚʦʨʦʪʥʦʡ  

  ʢʦʣʦʥʥʳ, ʤ, lGʨ = 5,6; 

hc ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʩʦʯʣʝʥʝʥʠʷ ʩʪʨʝʣʳ ʠ ʢʦʣʦʥʥʳ ʜʦ ʢʨʝʧʣʝʥʠʷ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩʪʨʝʣʳ ʢ ʩʪʨʝʣʝ, ʤ, hc  = 0,48. 

n ï ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, n =2 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (2), ʧʦʣʫʯʠʤ 

                 43,139
248,0

6,715,116,73,36,592,205,275,3
=

Ö

Ö+Ö+Ö+Ö
=ʉʈ  ʢʅ. 

ʋʩʠʣʠʝ ʥʘ ʰʪʦʢʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʨʫʢʦʷʪʠ ʈʈ, ʢʅ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

aÖ

Ö+Ö+Ö
=

cos

.....

ʰ

ʈʛʨʈʦʨʨʮp

ʈ
l

lGlGlG
ʈ ,     (3) 

ʛʜʝ lʮ.c. ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʨʫʢʦʷʪʠ ʜʦ ʤʝʩʪʘ ʩʦʯʣʝʥʝʥʠʷ 

ʩʪʨʝʣʳ ʠ ʨʫʢʦʷʪʠ, ʤ, lʮ.c. = 1,4; 

lʈ ï ʜʣʠʥʘ ʨʫʢʦʷʪʠ, ʤ, lʈ = 3,355; 

l  hï ʜʣʠʥʘ ʰʘʪʫʥʘ, ʤ, l  h= 0,65; 

Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʠ ʦʩʴʶ ʰʘʪʫʥʘ, Ŭ = 66Á. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʠʤ (3), ʧʦʣʫʯʠʤ 

25,197
41,065,0

355,315,11355,33,34,192,2
=

Ö

Ö+Ö+Ö
=ʈʈ  ʢʅ. 

ʋʩʠʣʠʝ ʥʘ ʰʪʦʢʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʫʜʣʠʥʠʪʝʣʷ ʈʋ, ʢʅ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʉʂ

ʛʨʦʨ

ʋ

GG
ʈ

h

+
=

...
,      (4) 



138  

ʛʜʝ  ɖʩʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, 

ɖʩʢ = 0,9 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʠʤ (4), ʧʦʣʫʯʠʤ 

16
9,0

15,113,3
=

+
=ʋʈ  ʢʅ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʤ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʩʪʨʝʣʳ ʠ ʨʫʢʦʷʪʠ. 

ɼʠʘʤʝʪʨ ʛʠʜʨʦʮʠʣʠʥʜʨʘ D, ʤʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

                                           
hÖpÖ

Ö
=

ʅʆʄʈ

ʈ
D

4
,        (5) 

ʛʜʝ ʈ ï ʫʩʠʣʠʝ ʥʘ ʰʪʦʢʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʅ; 

ʈ ʅʆʄ ï ʥʦʤʠʥʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʠʩʪʝʤʳ, ʤʇʘ, ʈ ʅʆʄ = 20; 

ɖ ï ʂʇɼ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ɖ =0,95. 

 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (5), ʧʦʣʫʯʠʤ 

 

97
95,014,320

1394304
=

ÖÖ

Ö
=CD  ʤʤ; 

115
95,014,320

197254
=

ÖÖ

Ö
=ʈD  ʤʤ. 

33
95,014,320

160004
=

ÖÖ

Ö
=ʋD  ʤʤ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʨʘʟʤʝʨʳ ʜʠʘʤʝʪʨʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʦʢʨʫʛʣʷʝʤ ʜʦ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʦ ʆʉʊ22 ï 1417 ï 79. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʩʚʦʜʠʤ ʚ ʪʘʙʣʠʮʫ 1, ʚʩʝ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʤʠʣʣʠʤʝʪʨʘʭ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

  

 ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʳʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 

D d D1 d1 d2 b Rmax L  min 

ɻʠʜʨʦʮʠʣʠʥʜʨ ʩʪʨʝʣʳ 

100 63 114 ʄ33Ĭ2 40 40 50 50 

ɻʠʜʨʦʮʠʣʠʥʜʨ ʨʫʢʦʷʪʠ 

125 80 140 ʄ42Ĭ2 50 50 65 65 

ɻʠʜʨʦʮʠʣʠʥʜʨ ʫʜʣʠʥʠʪʝʣʷ 

63 50 83 ʄ22Ĭ1,5 32 32 45 45 
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ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. ɼʘʥʥʫʶ 

ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʣʝʩʥʳʭ 

ʤʘʰʠʥ. 
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The productive development of industry involves an increase in the production of economical, 

reliable and durable machines, an increase in their technical level and an improvement in produc-

tion technologies. Since machines equipped with manipulators are widely used in the forest indus-

try, it is necessary to increase the technical level of the machine with reliability indicators. To do 

this, when designing the process equipment, calculations should be made for the main characteris-

tics of the selection of hydraulic cylinders of the process equipment of the manipulator. In this 

work, the hydraulic cylinders of the manipulator process equipment were sequentially calculated, 

which can later be used at the design stage of the forest machine. 

Keywords: hydraulic cylinder, process equipment, manipulator, timber machine, design. 

 


