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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ. ɿʙʽʨʥʠʢ 
ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʃʴʚʽʚ: ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ 
ʌʨʘʥʢʘ. ï 2021. ï   203  ʩ. 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 
ɯ.ɯ. ɼʠʷʢ  ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ  
   ʽʥʬʦʨʤʘʪʠʢʠ, ʜ-ʨ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
 
ʄ.ʄ. ʇʨʠʪʫʣʘ   ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ   

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, 
   ʜ-ʨ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
 
ʇ.ʉ. ɺʝʥʛʝʨʩʴʢʠʡ ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 
   ʜ-ʨ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ 
 
ɺ.ʄ. ɻʦʨʣʘʯ  ʟʘʩʪʫʧʥʠʢ ʜʝʢʘʥʘ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ 
 
ʗ.ɺ. ʂʦʢʦʚʩʴʢʘ ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ      

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. 
ʥʘʫʢ 

ʆʨʛʢʦʤʽʪʝʪ ʚʠʨʘʞʘʻ ʱʠʨʫ ʚʜʷʯʥʽʩʪʴ ʩʧʦʥʩʦʨʘʤ ʢʦʥʬʝʨʝʥʮʽʾ: 

 

TʟOBñABTO SoftWareò 

   ʊʟʆɺ ñBotsCrewò 
 

          TʟOB ñDevComò 

  
      ʊʟʆɺ ñINCORA  

 
                TʟOB ñN-iXò 

 
        ʊʟʆɺ ñSigmaò 

 
TʟOB ñSoftServeò   
É ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯ.ʌʨʘʥʢʘ 
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ɼʆ ʉʊʆʈɯʏʏʗ ʇʈʆʌɽʉʆʈɸ ʅɸʋʄɸ 
ʇɽʊʈʆɺʀʏɸ ʌʃɽʁʐʄɸʅɸ 

 

 
 

28 ʣʠʩʪʦʧʘʜʘ 2021 ʨʦʢʫ ʚʠʧʦʚʥʶʻʪʴʩʷ 100 ʨʦʢʽʚ ʧʨʦʬʝʩʦʨʫ ʅʘʫʤʫ 
ʇʝʪʨʦʚʠʯʫ (ʅʫʭʠʤʫ ʇʽʥʢʘʩʦʚʠʯʫ) ʌʣʝʡʰʤʘʥʫ ï ʚʠʜʘʪʥʦʤʫ ʚʯʝʥʦʤʫ, 
ʚʜʫʤʣʠʚʦʤʫ ʧʝʜʘʛʦʛʫ, ʦʜʥʦʤʫ ʟ ʬʫʥʜʘʪʦʨʽʚ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ 
ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ ʥʘʰʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ. 

 ʅʘʫʤ ʇʝʪʨʦʚʠʯ ʥʘʨʦʜʠʚʩʷ ʚ ʻʚʨʝʡʩʴʢʽʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʪʘ 
ʪʦʨʛʦʚʽʡ ʢʦʣʦʥʽʾ ʄʘʨʢʫʣʝʰʪʠ (ʥʘ ʪʦʡ ʯʘʩ ʈʫʤʫʥʽʷ), ʷʢʘ ʙʫʣʘ ʟʥʠʱʝʥʘ ʧʽʜ ʯʘʩ 
ɻʦʣʦʢʦʩʪʫ ʚ 1941 ʨʦʮʽ (ʪʝʧʝʨ - ʤʽʩʪʝʯʢʦ ʄʦʣʜʦʚʠ ʟ ʥʘʩʝʣʝʥʥʷʤ ʙʣʠʟʴʢʦ 2000 
ʦʩʽʙ). ɺ ʜʦʚʦʻʥʥʦʤʫ 1939 ʨ. ʚʽʥ ʟʘʢʽʥʯʠʚ ʛʽʤʥʘʟʽʶ ʚ ʤʽʩʪʽ ʉʦʨʦʢʠ ʽ ʩʢʣʘʚ 
ʽʩʧʠʪʠ ʥʘ ʙʘʢʘʣʘʚʨʘ. ʋ 1940-45 ʨʨ. ʥʘʚʯʘʻʪʴʩʷ ʫ ʏʝʨʥʽʚʝʮʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, 
ʜʝ, ʟʦʢʨʝʤʘ, ʩʣʫʭʘʻ (ʬʨʘʥʮʫʟʴʢʦʶ ʤʦʚʦʶ) ʣʝʢʮʽʾ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 
ʘʢʘʜʝʤʽʢʘ ʄ. ɹʦʛʦʣʶʙʦʚʘ, ʧʽʟʥʽʰʝ ï ʫ ʈʦʩʪʦʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽ 
ɹʫʭʘʨʩʴʢʦʤʫ ʧʝʜʽʥʩʪʠʪʫʪʽ, ʽ ʥʘʨʝʰʪʽ - ʂʠʰʠʥʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ʷʢʠʡ 
ʟʘʢʽʥʯʠʚ ʟ ʚʽʜʟʥʘʢʦʶ ʫ 1945 ʨʦʮʽ. ʇʽʩʣʷ ʚʩʪʫʧʫ ʥʘ ʯʝʪʚʝʨʪʠʡ ʢʫʨʩ ʬʽʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʢʽʥʯʠʚ ʡʦʛʦ ʟ 
ʚʽʜʟʥʘʢʦʶ ʫ 1948 ʨ. ʁʦʛʦ ʜʠʧʣʦʤʥʘ ʨʦʙʦʪʘ ñɺʧʣʠʚ ʧʨʫʞʥʠʭ ʢʽʣʝʮʴ, ʚʧʘʷʥʠʭ 
ʫ ʢʨʫʛʦʚʠʡ ʦʪʚʽʨ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʧʣʦʩʢʦʛʦ ʧʦʣʷò ʙʫʣʘ 
ʦʧʫʙʣʽʢʦʚʘʥʘ (ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ɻ.ʄ. ʉʘʚʽʥʠʤ) ʫ ʜʚʦʭ 
ʩʪʘʪʪʷʭ ɼʦʧʦʚʽʜʝʡ ɸʅ ʋʈʉʈ.  

ʅʘʫʢʽʚʝʮʴ. ʇʨʘʮʶʶʯʠ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʨʦʢʽʚ ʤʦʣʦʜʰʠʤ 
ʥʘʫʢʦʚʠʤ ʩʧʽʚʨʦʙʽʪʥʠʢʦʤ ɺʽʜʜʽʣʝʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʢʠ 
ɸʅ ʋʈʉʈ ʅʘʫʤ ʇʝʪʨʦʚʠʯ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʜʦʙʨʝ ʚʽʜʦʤʦʤʫ ʤʽʩʴʢʦʤʫ ʥʘʫʢʦʚʦʤʫ 
ʩʝʤʽʥʘʨʽ ʟ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʚ ʷʢʦʤʫ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʘʢʘʜʝʤʽʢʘ ɻ.ʄ. ʉʘʚʽʥʘ 
ʟʘʢʣʘʜʘʶʪʴʩʷ ʦʩʥʦʚʠ ʩʫʯʘʩʥʦʾ ʣʴʚʽʚʩʴʢʦʾ ʰʢʦʣʠ ʤʝʭʘʥʽʢʠ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 
ʡʦʛʦ ʪʚʦʨʯʠʡ ʨʦʟʚʠʪʦʢ ʽ ʙʘʯʝʥʥʷ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʤʦʣʦʜʦʶ ʩʧʽʣʴʥʦʪʦʶ 
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ʪʦʛʦ ʯʘʩʫ ʬʦʨʤʫʚʘʣʠ ʪʘʢʽ ʚʠʟʥʘʯʥʽ ʚʯʝʥʽ ʷʢ ʄ.ʇ. ʐʝʨʝʤʝʪʴʻʚ, ɹ.ɺ. ɻʥʻʜʝʥʢʦ, 
ɯ.ɻ. ʉʦʢʦʣʦʚ, ʃ.ɯ. ɺʦʣʢʦʚʠʩʴʢʠʡ, ʗ.ɹ. ʃʦʧʘʪʠʥʩʴʢʠʡ, ʆ.ʉ. ʇʘʨʘʩʶʢ, ʄ.ʗ. 
ʃʝʦʥʦʚ ʪʘ ʽʥʰʽ. 

ʋ ʮʝʡ ʯʘʩ ʩʢʣʘʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʡʦʛʦ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 
ʧʨʠʩʚʷʯʝʥʘ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʚʧʣʠʚ 
ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʨʝʙʨ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʤʽʮʥʽʩʪʴ, ʩʪʘʪʠʯʥʫ ʽ ʜʠʥʘʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ 
ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ, ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴ 
ʡʦʛʦ ʢʘʥʜʠʜʘʪʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ñɼʦ ʧʠʪʘʥʥʷ ʧʨʦ ʧʽʜʢʨʽʧʣʝʥʥʷ ʢʨʫʛʦʚʠʭ 
ʦʪʚʦʨʽʚ ʧʨʫʞʥʠʤʠ ʢʽʣʴʮʷʤʠò, ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʘʢʘʜʝʤʽʢ ɻ.ʄ. ʉʘʚʽʥ, 1950 ʨ. 
ʪʘ ʜʦʢʪʦʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ñɼʝʷʢʽ ʟʘʜʘʯʽ ʟʛʠʥʫ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʟ ʨʝʙʨʘʤʠ 
ʞʦʨʩʪʢʦʩʪʽò, 1962 ʨ. ʅʘʩʣʽʜʢʦʤ ʮʽʻʾ ʙʘʛʘʪʦʨʽʯʥʦʾ ʧʨʘʮʽ ʫ 1964 ʨ. ʩʪʘʣʘ ʫ ʩʧʽʚ-
ʘʚʪʦʨʩʪʚʽ ʟ ɻ.ʄ. ʉʘʚʽʥʠʤ ʤʦʥʦʛʨʘʬʽʷ ñʇʣʘʩʪʠʥʢʠ ʠ ʦʙʦʣʦʯʢʠ ʩ ʨʝʙʨʘʤʠ 
ʞʝʩʪʢʦʩʪʠò, ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1964, ʷʢʘ ʙʫʣʘ ʧʝʨʝʚʠʜʘʥʘ ʘʥʛʣʽʡʩʴʢʦʶ ʷʢ 
Rib-Reinforced Plates and Shells, Jerusalem:Israel Program for Scientific 
Translations, 1967. 

ʅʘʫʢʽʚʝʮʴ, ʧʝʜʘʛʦʛ ʽ ʦʨʛʘʥʽʟʘʪʦʨ ʥʘʫʢʠ. ʋ 1951 ʨ. ʅʘʫʤʘ ʇʝʪʨʦʚʠʯʘ 
ʦʙʨʘʥʦ ʥʘ ʧʦʩʘʜʫ ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʫ 1962 ʨ. ï ʥʘ ʧʦʩʘʜʫ 
ʧʨʦʬʝʩʦʨʘ ʮʽʻʾ ʢʘʬʝʜʨʠ, ʘ ʚ 1963 ʨ. ï ʥʘ ʧʦʩʘʜʫ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ 
ʤʝʭʘʥʽʢʠ ʪʘ ʛʽʜʨʦʘʝʨʦʜʠʥʘʤʽʢʠ. ɺʽʥ ʚʧʨʦʚʘʜʞʫʻ ʽ ʯʠʪʘʻ ʦʩʥʦʚʥʽ ʽ ʩʧʝʮʽʘʣʴʥʽ 
ʢʫʨʩʠ ʟ ʤʝʭʘʥʽʢʠ ʧʨʫʞʥʦʛʦ ʪʽʣʘ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ, 
ʦʧʪʠʤʽʟʘʮʽʾ ʾʭʥʴʦʾ ʬʦʨʤʠ. ɺʦʥʠ ʢʣʘʜʫʪʴʩʷ ʚ ʦʩʥʦʚʫ ʯʠʩʣʝʥʥʠʭ ʩʪʫʜʝʥʪʩʴʢʠʭ 
ʪʘ ʘʩʧʽʨʘʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʯʘʩʪʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʠʭ ʟʘʭʠʱʝʥʘ ʚ 
ʢʘʥʜʠʜʘʪʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʷʭ ʆ.ɺ. ɹʣʘʞʽʻʚʩʴʢʦʾ , ʃ.ʁ. ʆʱʠʧʢʦ, ʷʢʽ ʩʪʘʣʠ ʜʦ-
ʮʝʥʪʘʤʠ ʮʽʻʾ ʢʘʬʝʜʨʠ. 

ʋ ʮʽ ʞ ʨʦʢʠ ʚ ʩʪʽʥʘʭ ʋʥʽʚʝʨʩʠʪʝʪʫ ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 
ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʝʭʘʥʽʢʠ: ʩʪʨʫʢʪʫʨʘ 
ʋʥʽʚʝʨʩʠʪʝʪʫ ʧʦʧʦʚʥʶʻʪʴʩʷ ʤʝʭʘʥʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʤ ʬʘʢʫʣʴʪʝʪʦʤ, ʧʨʦʬ. 
ʆ.ʄ. ʂʦʩʪʦʚʩʴʢʠʤ ʟʘʢʣʘʜʘʶʪʴʩʷ ʦʩʥʦʚʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, 
ʫʪʚʦʨʶʻʪʴʩʷ ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʮʝʥʪʨ (ʦʜʠʥ ʟ ʧʝʨʰʠʭ ʩʝʨʝʜ ʫʥʽʚʝʨʩʠʪʝʪʽʚ 
ʋʢʨʘʾʥʠ), ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʪʝʤʘʪʠʢʘ ʷʢʦʛʦ ʦʙôʻʜʥʫʻ ʧʨʦʚʽʜʥʠʭ ʚʯʝʥʠʭ 
ʬʘʢʫʣʴʪʝʪʫ ʥʘʜ ʨʦʟʚôʷʟʘʥʥʷʤ ʧʨʦʙʣʝʤ ʝʣʝʢʪʨʦʥʥʦʾ ʦʧʪʠʢʠ ʪʘ ʤʽʮʥʦʩʪʽ 
ʦʙʦʣʦʥʦʢ ʝʣʝʢʪʨʦʥʥʦ-ʚʘʢʫʫʤʥʠʭ ʧʨʠʣʘʜʽʚ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ, ʟʦʢʨʝʤʘ, 
ʫʢʣʘʜʘʻʪʴʩʷ ʙʘʛʘʪʦʨʽʯʥʘ ʪʚʦʨʯʘ ʩʧʽʚʧʨʘʮʷ ʅʘʫʤʘ ʇʝʪʨʦʚʠʯʘ ʟ ʁ. ɺ. 
ʃʶʜʢʝʚʠʯʝʤ, ʩʧʦʯʘʪʢʫ ʷʢ ʟʘʚʽʜʫʚʘʯʝʤ ʆʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʮʝʥʪʨʫ, ʘ ʧʽʟʥʽʰʝ ï 
ʟʘʚʽʜʫʚʘʯʝʤ ʢʘʬʝʜʨʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ɺ ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʮʽ ʧʣʽʜʥʽ 
ʩʪʦʩʫʥʢʠ ʚ ʨʘʤʢʘʭ ʛʦʩʧʜʦʛʦʚʽʨʥʠʭ ʅɼʈ ʟ ɺʆ ʂʽʥʝʩʢʦʧ ʩʧʨʠʷʣʠ ʩʪʚʦʨʝʥʥʶ 
ʁ.ɺ. ʃʶʜʢʝʚʠʯʝʤ ʟʥʘʥʦʾ ʚ ʋʢʨʘʾʥʽ ʰʢʦʣʠ ʟ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʽʥ-
ʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʩʧʦʥʫʢʘʣʠ ʅʘʫʤʘ ʇʝʪʨʦʚʠʯʘ ʫ 1970 ʨ. ʜʦ ʨʝʦʨʛʘʥʽʟʘʮʽʾ 
ʦʯʦʣʶʚʘʥʦʾ ʥʠʤ ʢʘʬʝʜʨʠ ʫ ʢʘʬʝʜʨʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ (ʂʇʄ). 

ʋ ʟʚôʷʟʢʫ ʟ ʧʦʢʣʘʜʝʥʦʶ ʥʘ ʂʇʄ ʥʦʚʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ ʧʨʦʬʝʩʦʨ ʅ.ʇ. 
ʌʣʝʡʰʤʘʥ ʟ ʚʝʣʠʢʠʤ ʝʥʪʫʟʽʘʟʤʦʤ ʜʦʢʣʘʜʘʻ ʙʘʛʘʪʦ ʪʚʦʨʯʠʭ ʟʫʩʠʣʴ ʜʣʷ 
ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʨʦʟʚʠʪʢʦʤ ʯʠʩʣʦʚʠʭ 
ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʝʣʝʢʪʨʦʥʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ɼʣʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʟʘʚʜʘʥʴ ʚ 
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ʧʨʘʢʪʠʢʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʘʬʝʜʨʠ ʥʠʤ ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʱʦʪʠʞʥʝʚʠʡ 
ʥʘʫʢʦʚʠʡ ʩʝʤʽʥʘʨ ʟʘ ʫʯʘʩʪʶ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ɺʆ 
ʂʽʥʝʩʢʦʧ (ɸ.ʄ. ʄʘʨʛʦʣʽʥ, ʖ.ɯ. ʂʦʡʬʤʘʥ, ʉ.ʉ. ɻʨʠʛʦʨʷʥ, ʖ.ʗ. ʌʦʣʴʢʝʥʬʣʽʢ), 
ʢʘʬʝʜʨʠ ʤʝʭʘʥʽʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʜʦʮ. ɼ.ɻ. ʍʣʻʙʥʽʢʦʚ, ʜʦʮ. ɺ. ʗ. 
ʗʥʯʘʢ ) ʪʘ ʽʥ.( ʟ ʯʘʩʦʤ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ ʮʴʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʩʪʘʻ ʥʦʩʽʻʤ 
ʚʩʝʩʦʶʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʫ ʩʚʦʾʡ ʛʘʣʫʟʽ, ʚʦʥʦ ʫʢʦʤʧʣʝʢʪʦʚʫʻʪʴʩʷ 
ʥʘʡʧʦʪʫʞʥʽʰʦʶ ʥʘ ʪʦʡ ʯʘʩ ɽʆʄ ɹʕʉʄ-6, ʥʘʧʦʚʥʶʻʪʴʩʷ ʚʠʧʫʩʢʥʠʢʘʤʠ ʂʇʄ 
ʪʘ ʬʘʢʫʣʴʪʝʪʫ, ʘ ʧʨʦʜʫʢʮʽʷ ʦʙôʻʜʥʘʥʥʷ ʝʢʩʧʦʨʪʫʻʪʴʩʷ ʫ ʧʦʥʘʜ ʩʦʨʦʢ ʢʨʘʾʥ 
ʩʚʽʪʫ). 

ʆʩʦʙʣʠʚʽ ʩʧʦʜʽʚʘʥʥʷ ʧʨʦʬʝʩʦʨʘ ʅ.ʇ. ʌʣʝʡʰʤʘʥʘ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʚʦʾʤ 
ʪʘʣʘʥʦʚʠʪʠʤ ʫʯʥʝʤ ʗ.ɻ. ʉʘʚʫʣʦʶ, ʷʢʦʤʫ ʧʽʩʣʷ ʟʘʭʠʩʪʫ ʢʘʥʜʠʜʘʪʩʴʢʦʾ 
ʜʠʩʝʨʪʘʮʽʾ (1972 ʨ.) ʧʨʦʧʦʥʫʻ ʧʨʦʜʦʚʞʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʠʭ 
ʦʙʦʣʦʥʦʢ ʟ ʤʦʥʞʝʚʠʤʠ ʩʝʨʝʜʠʥʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 
ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ). ʆʜʥʦʯʘʩʥʦ ʜʦʮ. ʁ.ɺ. ʃʶʜʢʝʚʠʯ ʩʪʘʚʠʪʴ ʧʝʨʝʜ 
ʩʧʽʚʨʦʙʽʪʥʠʢʦʤ ʆʎ ɻ.ɸ. ʐʠʥʢʘʨʝʥʢʦʤ ʟʘʚʜʘʥʥʷ ʧʨʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ 
ʪʝʦʨʽʾ ʧʦʪʝʥʮʽʘʣʫ ʮʠʤ ʞʝ ʤʝʪʦʜʦʤ, ʘ ʧʽʩʣʷ ʘʥʘʣʽʟʫ ʧʝʨʰʠʭ ʫʩʧʽʰʥʠʭ ʨʝʟʫʣʴ-
ʪʘʪʽʚ ʨʝʢʦʤʝʥʜʫʻ ʡʦʤʫ ʥʘʚʯʘʥʥʷ ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ 
ʅ.ʇ. ʌʣʝʡʰʤʘʥʘ. ʊʝʤʘʪʠʢʘ ʩʧʝʮʽʘʣʴʥʠʭ ʢʫʨʩʽʚ ʢʘʬʝʜʨʠ ʜʦʧʦʚʥʶʻʪʴʩʷ 
ʚʘʨʽʘʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʝʦʨʽʻʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ ʄʉɽ ʪʘ ʩʝʤʽʥʘʨʦʤ ʟ ʮʠʭ 
ʧʨʦʙʣʝʤ. ʅʝʟʘʙʘʨʦʤ ʜʦ ʥʠʭ ʧʨʠʻʜʥʫʻʪʴʩʷ ɺ.ʄ. ɺʦʚʢ ʽ ʚʝʣʠʢʘ ʛʨʫʧʘ 
ʪʘʣʘʥʦʚʠʪʠʭ ʩʪʫʜʝʥʪʽʚ, ʟʘʘʥʛʘʞʦʚʘʥʠʭ ʫ ʥʦʚʫ ʪʝʤʘʪʠʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 
ʢʘʬʝʜʨʠ. ʏʘʩʪʠʥʘ ʟ ʥʠʭ ʟʛʦʜʦʤ ʩʪʘʻ ʘʩʧʽʨʘʥʪʘʤʠ ʪʘ ʟ ʽʥʽʮʽʘʪʠʚʠ ʅʘʫʤʘ 
ʇʝʪʨʦʚʠʯʘ ʥʘʫʢʦʚʠʤʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʢʘʬʝʜʨʠ (ʩʝʨʝʜ ʥʠʭ ɺ. ʂʘʨʧʦʚ, ʄ. 
ʂʦʧʠʪʢʦ, ɯ. ɼʠʷʢ, ɯ. ʄʫʭʘ, ʄ. ʑʝʨʙʘʪʠʡ, ɺ.ɼ. ɺʦʚʢ ʪʘ ʽʥʰʽ). ɿʘʚʜʷʢʠ ʚʣʘʩʥʠʤ 
ʫʩʧʽʰʥʠʤ ʨʦʟʨʦʙʢʘʤ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤ ʄʉɽ ʢʘʬʝʜʨʘ ʟʜʦʙʫʚʘʻ ʘʚʪʦʨʠʪʝʪ ʪʘ ʫ 
1979 ʨ. ʦʨʛʘʥʽʟʦʚʫʻ ʽ ʧʨʦʚʦʜʠʪʴ ɯɯɯ ɺʩʝʩʦʶʟʥʫ ʰʢʦʣʫ-ʩʝʤʽʥʘʨ ʟ ʄʉɽ, ʟ ʮʽʻʾ 
ʪʝʤʘʪʠʢʠ ʟʘʭʠʱʘʶʶʪʴ ʢʘʥʜʠʜʘʪʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ ʯʝʨʛʦʚʽ ʫʯʥʽ ʅʘʫʤʘ ʇʝʪ-
ʨʦʚʠʯʘ: ɻ.ɸ. ʐʠʥʢʘʨʝʥʢʦ, ɺ.ɺ.ʂʘʨʧʦʚ, ɺ.ʄ. ɺʦʚʢ.  

ɿʫʩʠʣʣʷʤʠ ʅ.ʇ. ʌʣʝʡʰʤʘʥʘ ʪʘ ʗ.ɻ. ʇʨʠʪʫʣʠ ʫ 1982ʨ. ʫʪʚʦʨʶʻʪʴʩʷ 
ʤʽʞʬʘʢʫʣʴʪʝʪʩʴʢʘ ʅɼʃ ˉ62, ʷʢʫ ʦʯʦʣʶʻ ɺ.ɺ. ʂʘʨʧʦʚ, ʘ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʾʾ 
ʢʦʣʝʢʪʠʚʫ ʬʦʨʤʫʶʪʴ ʚʠʧʫʩʢʥʠʢʠ ʂʇʄ (ʩʝʨʝʜ ʥʠʭ ʄ. ʂʦʧʠʪʢʦ, ʆ. ʂʦʩʘʢ, ɺ. 
ɻʦʨʣʘʯ, ɺ. ɿʫʙʦʚ, ʆ. ʃʝʚʯʝʥʢʦ, ɸ. ʊʦʢʘʨ). ɿʛʦʜʦʤ ʚʩʽ ʟʛʘʜʘʥʽ ʚʠʧʫʩʢʥʠʢʠ 
ʂʇʄ ʟʘʭʠʩʪʷʪʴ ʢʘʥʜʠʜʘʪʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ, ʧʨʠʩʚʷʯʝʥʽ ʪʝʦʨʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
ʄʉɽ ʽ ʚʠʢʦʥʘʥʽ ʚʞʝ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʫʯʥʽʚ ʅʘʫʤʘ ʇʝʪʨʦʚʠʯʘ ʜʦʮʝʥʪʽʚ ʗ.ɻ. 
ʉʘʚʫʣʠ ʪʘ ɻ.ɸ. ʐʠʥʢʘʨʝʥʢʦ, ʘ ʫ ʥʴʦʛʦ ʩʘʤʦʛʦ ʟʘʭʠʱʘʶʪʴ ʢʘʥʜʠʜʘʪʩʴʢʽ 
ʜʠʩʝʨʪʘʮʽʾ ʂ.ʉ. ɯʚʘʥʢʽʚ, ʉ.ʉ. ɻʨʠʛʦʨʷʥ, ʖ.ʗ. ʌʦʣʴʢʝʥʬʣʽʢ, ɺ. ʊʢʘʯʠʰʠʥ, ʆ.ɺ. 
ʃʽʭʘʯʦʚ, ʘ ʚ 1986 ʨ. ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʟʘʭʠʱʘʻ ʗ.ɻ. ʉʘʚʫʣʘ. 

ʋ 1988 ʨ. ʅʘʫʤ ʇʝʪʨʦʚʠʯ ʟʘʣʠʰʘʻ ʧʦʩʘʜʫ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʧʨʦʬʝʩʦʨʫ 
ʗ.ɻ. ʉʘʚʫʣʽ, ʣʠʰʘʶʯʠʩʴ ʧʨʦʬʝʩʦʨʦʤ ʂʇʄ ʪʘ ʯʣʝʥʦʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʨʘʜʠ ʟ 
ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʋ 1989 ʨ. 
ʚʠʭʦʜʠʪʴ ʟ ʜʨʫʢʫ ʤʦʥʦʛʨʘʬʽʷ ʗ.ɻ. ʉʘʚʫʣʘ, ʅ.ʇ. ʌʣʝʡʰʤʘʥ.òʈʘʩʯʝʪ ʠ 
ʦʧʪʠʤʠʟʘʮʠʷ ʦʙʦʣʦʯʝʢ ʩ ʨʝʟʥʳʤʠ ʩʨʝʜʠʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠò. ʃʴʚʦʚ: ɺʠʱʘ 
ʰʢʦʣʘ, 1989.  172 ʩ., ʚ ʷʢʽʡ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʚʘʞʣʠʚʽ ʜʦʩʷʛʥʝʥʥʷ ʙʘʛʘʪʦʨʽʯʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʽʚ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʙʣʝʤʘʭ ʪʝʦʨʽʾ ʽ ʟʘʩʪʦ-
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ʩʫʚʘʥʴ ʢʣʘʩʠʯʥʠʭ ʪʘ ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʦʜʝʣʝʡ ʦʙʦʣʦʥʦʢ ʽ ʤʝʪʦʜʽʚ ʾʭ ʯʠʩʣʦʚʦʛʦ 
ʨʦʟʚôʷʟʫʚʘʥʥʷ. 

ʋ ʚʘʞʢʽ ʯʘʩʠ ʜʝʚôʷʥʦʩʪʠʭ ʨʦʢʽʚ ʅʘʫʤ ʇʝʪʨʦʚʠʯ ʟʘʣʠʰʘʻ ʨʦʙʦʪʫ ʫ 
ʥʘʰʦʤʫ ʋʥʽʚʝʨʩʠʪʝʪʽ ʪʘ ʝʤʽʛʨʫʻ ʜʦ ʨʦʜʠʥʠ ʚ ɯʟʨʘʾʣʶ.  

ʋ ʧʽʜʩʫʤʢʫ ʩʚʦʻʾ ʧʣʽʜʥʦʾ ʥʘʫʢʦʚʦʾ, ʧʝʜʘʛʦʛʽʯʥʦʾ ʪʘ ʦʨʛʘʥʽʟʘʪʦʨʩʴʢʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʬʝʩʦʨ ʅ. ʇ. ʌʣʝʡʰʤʘʥ ʦʧʫʙʣʽʢʫʚʘʚ ʧʦʥʘʜ 200 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 
ʧʽʜʛʦʪʫʚʘʚ 3 ʜʦʢʪʦʨʽʚ ʪʘ 27 ʢʘʥʜʠʜʘʪʽʚ ʥʘʫʢ, ʟʘʢʣʘʚ ʤʽʮʥʽ ʧʽʜʚʘʣʠʥʠ 
ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʩʫʯʘʩʥʠʭ ʧʦʟʠʮʽʡ 
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. 

ʊʝʧʝʨ, ʢʦʣʠ ʰʘʥʦʚʥʠʡ ʧʨʦʬʝʩʦʨ ʅʘʫʤ ʇʝʪʨʦʚʠʯ ʌʣʝʡʰʤʘʥ ʚ ʜʦʙʨʦʤʫ 
ʟʜʦʨʦʚôʾ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʩʚʦʻʾ ʶʚʽʣʝʡʥʦʾ ʜʘʪʠ, ʤʠ ʙʝʨʝʞʝʤʦ ʡʦʛʦ ʙʝʟʮʽʥʥʠʡ 
ʚʢʣʘʜ ʚ ʩʪʘʥʦʚʣʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʥʘʰʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʪʘ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʽ ʟ 
ʛʣʠʙʦʢʦʶ ʚʜʷʯʥʽʩʪʶ ʙʘʞʘʻʤʦ ʅʘʫʤʫ ʇʝʪʨʦʚʠʯʫ ʜʦʙʨʦʛʦ ʩʘʤʦʧʦʯʫʪʪʷ ʽ 
ʱʘʩʣʠʚʠʭ ʨʦʢʽʚ ʫ ʢʦʣʽ ʨʦʜʠʥʠ ʽ ʜʨʫʟʽʚ.   

 
ʆʨʛʢʦʤʽʪʝʪ 
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ɯɿ ʉʇʆɻɸɼɯɺ ʇʈʆ ʇʈʆʌɽʉʆʈɸ  
ʅɸʋʄɸ ʇɽʊʈʆɺʀʏɸ ʌʃɽʁʐʄɸʅɸ 

 
ʋ ʮʠʭ ʥʦʪʘʪʢʘʭ ʚʽʜʩʫʪʥʽ ʪʦʯʥʽ ʜʘʪʠ, ʘʣʝ ʥʝ ʤʽʩʮʷ ʧʦʜʽʡ ï ʮʝ, ʤʘʡʞʝ 

ʟʘʚʞʜʠ, ʢʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɯ ʾʾ 
ʟʘʩʥʦʚʥʠʢ, ʜʠʚʦʚʠʞʥʘ ʣʶʜʠʥʘ ʽ ʚʠʜʘʪʥʠʡ ʚʯʝʥʠʡ, ʅʘʫʤ ʇʝʪʨʦʚʠʯ ʌʣʝʡʰʤʘʥ. 
ʃʶʜʠʥʘ, ʷʢʘ ʜʝʣʽʢʘʪʥʦ ʽ ʜʙʘʡʣʠʚʦ, ʧʦ-ʙʘʪʴʢʽʚʩʴʢʠ, ʥʘʟʘʚʞʜʠ ʩʬʦʨʤʫʚʘʣʘ ʤʦʻ 
ʧʽʩʣʷʫʥʽʚʝʨʩʠʪʝʪʩʴʢʝ ʞʠʪʪʷ. ʊʦʯʥʽʰʝ ʢʘʞʫʯʠ, ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʝ ʞʠʪʪʷ, 
ʦʩʢʽʣʴʢʠ ʤʝʥʽ ʥʝ ʚʜʘʣʦʩʷ ʟ ʥʴʦʛʦ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚʠʡʪʠ. 
 

1. ʇʝʨʰʘ ʟʫʩʪʨʽʯ:     ɿʘ ʪʠʞʜʝʥʴ ʤʦʞʫ ʧʨʠʡʥʷʪʠ ʫ ɺʘʩ ʝʢʟʘʤʝʥ 
ʅʘ ʧʦʯʘʪʢʫ ʤʦʛʦ ʧôʷʪʦʛʦ ʢʫʨʩʫ ʅ.ʇ. ʧʦʯʘʚ ʯʠʪʘʪʠ ʢʫʨʩ ɿʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ. ʅʘ ʧʝʨʰʽʡ ʣʝʢʮʽʾ ʅ.ʇ. ʘʥʦʥʩʫʚʘʚ, ʱʦ ʚʽʥ ʚ ʦʩʥʦʚʥʦʤʫ ʙʫʜʝ 
ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʱʦʡʥʦ ʚʠʜʘʥʦʾ ʤʦʥʦʛʨʘʬʽʾ ʂʦʣʣʘʪʮʘ (ʷʢʫ ʚʽʥ ʚʠʚʯʘʚ, ʟʘ ʡʦʛʦ 
ʩʣʦʚʘʤʠ, ʧʨʦʪʷʛʦʤ ʣʽʪʘ). ɯ ʜʦʜʘʚ, ʱʦ ʙʘʞʘʶʯʽ ʟʜʘʪʠ ʝʢʟʘʤʝʥ ʚ ʤʝʞʘʭ ʮʽʻʾ 
ʪʝʤʘʪʠʢʠ, ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʮʝ ʚʞʝ ʟʘ ʜʚʘ ʪʠʞʥʽ. ʇʝʨʩʧʝʢʪʠʚʘ ʚʽʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜ 
ʟʘʥʷʪʴ! ʗ ʽ ʤʽʡ ʢʦʣʝʛʘ, ʥʠʥʽ ʧʦʢʽʡʥʠʡ, ɺʘʣʝʥʪʠʥ ɿʜʨʦʢ ʧʽʩʣʷ ʪʠʞʥʷ ʰʪʫ-
ʜʽʶʚʘʥʥʷ ʮʽʾʻ ʤʦʥʦʛʨʘʬʽʾ ʟʛʦʣʦʩʠʣʠʩʷ ʥʘ ʝʢʟʘʤʝʥ.  

ʅ.ʇ.:-ʑʦ ʞ, ʧʨʠʭʦʜʴʪʝ ʟʘʚʪʨʘ ʥʘ ʜʝʚôʷʪʫ ʨʘʥʢʫ ʜʦ ʤʦʛʦ ʢʘʙʽʥʝʪʫ. ɺʘʤ 
ʛʦʜʠʥʠ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʚʠʩʪʘʯʠʪʴ? ʊʦʜʽ ʪʘʤ ʽ ʧʦʯʥʝʤʦ. 

ʇʝʨʝʜ ʚʠʾʟʜʦʤ ʟ ʥʘʰʦʾ ʢʽʤʥʘʪʠ ʛʫʨʪʦʞʠʪʢʘ ʷ ʧʦʨʘʜʠʚ ɺʘʣʝʥʪʠʥʫ, ʷʢʠʡ 
ʤʘʚ ʟʘʚʞʜʠ ʚʽʜʤʽʥʥʽ ʦʮʽʥʢʠ ʽ ʥʘ ʢʦʞʥʦʤʫ ʝʢʟʘʤʝʥʽ ʧʨʠʤʫʜʨʷʚʩʷ ʩʧʠʩʘʪʠ, ʥʝ 
ʙʨʘʪʠ ʥʘʰʠʭ ʥʦʪʘʪʦʢ ʽ ʢʥʠʞʢʠ, ʙʦ ʩʧʠʩʘʪʠ ʱʦʩʴ ʧʨʠ ʩʪʦʣʽ ʧʨʦʬʝʩʦʨʘ 
ʥʝʤʦʞʣʠʚʦ. 

ʅ.ʇ.: ʆʩʴ ɺʘʤ ʧʦ ʜʚʘ ʧʠʪʘʥʥʷ, ʧʘʧʽʨ, ʩʽʜʘʡʪʝ ʟʘ ʤʽʡ ʩʪʽʣ, ʛʦʪʫʡʪʝʩʷ, ʷ ʟʘ 
ʛʦʜʠʥʫ ʧʦʚʝʨʥʫʩʷ ʽ ʪʦʜʽ ʨʦʟʧʦʯʥʝʤʦ. 

ɺʘʞʢʦ ʧʝʨʝʜʘʪʠ ʩʣʦʚʘʤʠ ʪʦʡ ʩʪʘʥ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʝʢʟʘʤʝʥʫ, ʢʦʣʠ ʚ 
ʥʘʷʚʥʦʩʪʽ ʻ ʣʠʰʝ ʛʦʣʦʚʘ ʽ ʦʙʫʨʣʠʚʽ ʥʘ ʤʦʶ ʘʜʨʝʩʫ ʩʣʦʚʘ ʪʦʚʘʨʠʰʘ. ɿʘʪʝ 
ʝʢʟʘʤʝʥ ʩʪʘʚ ʥʝʟʘʙʫʪʥʽʤ: ʅ.ʇ. ʬʦʨʤʫʣʶʚʘʚ ʧʠʪʘʥʥʷ ʪʘʢ, ʱʦ ʥʝ ʤʦʞʥʘ ʙʫʣʦ 
ʚʠʢʨʫʪʠʪʠʩʷ, ʚʦʥʠ ʚʠʤʘʛʘʣʠ ʦʜʥʦʟʥʘʯʥʦʾ ʽ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʚʽʜʧʦʚʽʜʽ, 
ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʷʢʦʾ ʱʝ ʪʨʝʙʘ ʙʫʣʦ ʧʨʠʜʫʤʘʪʠ. 

ʅ.ʇ. ʦʮʽʥʠʚ ʥʘʰʽ ʩʪʘʨʘʥʥʷ ʥʘ ʚʽʜʤʽʥʥʦ, ʧʦʭʚʘʣʠʚ ʥʘʩ (ʧʦʚʪʦʨʠʚʰʠ, ʷʢ 
ʥʘʤ ʧʝʨʝʜʘʣʠ, ʮʽ ʩʣʦʚʘ ʥʘ ʯʝʨʛʦʚʽʡ ʣʝʢʮʽʾ), ʘʣʝ ʦʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʮʽʻʾ 
ʝʢʟʘʤʝʥʘʮʽʡʥʦʾ ʜʠʩʢʫʩʽʾ ʙʫʣʦ ʤʦʻ ʥʘʙʘʛʘʪʦ ʧʦʚʥʽʰʝ ʙʘʯʝʥʥʷ ʮʽʻʾ ʪʝʤʘʪʠʢʠ ʽ 
ʟʦʚʩʽʤ ʥʦʚʝ ʚʽʜʯʫʪʪʷ, ʱʦ ʷ ʩʧʽʣʢʫʚʘʚʩʷ ʩʧʦʯʘʪʢʫ ʟ ʜʦʩʚʽʜʯʝʥʠʤ ʢʦʣʝʛʦʶ, ʘ 
ʧʦʪʽʤ ʝʢʟʘʤʝʥʘʪʦʨʦʤ. 
 

2. ʇʝʨʰʘ ʢʦʥʩʫʣʴʪʘʮʽʷ: ʗʢʝ ʫ ɺʘʩ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ? 

ʇʽʩʣʷ ʜʚʦʭ ʨʦʢʽʚ ʨʦʙʦʪʠ ʚ ʆʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ʋʥʽʚʝʨʩʠʪʝʪʫ, ʜʝ ʷ 
ʨʦʙʠʚ ʧʝʨʰʽ ʢʨʦʢʠ ʚ ʦʧʘʥʫʚʘʥʥʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʟʘ 
ʧʦʨʘʜʦʶ ʩʚʦʛʦ ʢʝʨʽʚʥʠʢʘ ʁʦʩʠʧʘ ɺʘʩʠʣʴʦʚʠʯʘ ʃʶʜʢʝʚʠʯʘ ʷ ʟʚʝʨʥʫʚʩʷ ʟʘ 
ʢʦʥʩʫʣʴʪʘʮʽʻʶ ʜʦ ʅ.ʇ. ʩʪʦʩʦʚʥʦ ʨʦʟʚʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʩʢʨʫʯʫʚʘʥʥʷ 
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ʰʣʽʮʝʚʦʛʦ ʚʘʣʫ. ɺ ʪʦʡ ʯʘʩ ʷ ʟʘʢʽʥʯʠʚ ʧʠʩʘʪʠ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ 
ʦʙʯʠʩʣʶʚʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʄʉɽ ʥʘ ʧʦʩʣʽʜʦʚʥʦ ʟʛʫʱʫʚʘʥʠʭ ʩʽʪʢʘʭ ʽ 
ʛʦʨʜʠʚʩʷ,ʱʦ ʧʝʨʰʠʤ ʨʝʘʣʽʟʫʚʘʚ ʘʣʛʦʨʠʪʤ ʮʴʦʛʦ, ʱʝ ʥʝʟʥʘʥʦʛʦ ʫ ʃʴʚʦʚʽ 
ʤʝʪʦʜʫ. ʇʠʪʘʥʥʷ ʅ.ʇ.: ʗʢʽ ɺʠ ʦʜʝʨʞʘʣʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʠʭ 
ʥʘʧʨʫʞʝʥʴ ʽ ʚ ʷʢʠʭ ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʮʴʦʛʦ ʚʘʣʫ ʚʦʥʠ ʜʦʩʷ-
ʛʘʶʪʴʩʷ? ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ? ʧʨʠʟʝʤʣʠʣʦ ʤʝʥʝ ʽ ʷ 
ʩʢʘʟʘʚ, ʱʦ ʚʠʙʨʘʚ ʮʶ ʟʘʜʘʯʫ ʟʘ ʪʝʩʪ ʜʣʷ ʩʚʦʻʾ ʧʨʦʛʨʘʤʠ ʽ ʚʟʘʛʘʣʽ ʥʝ ʟʥʘʶ ʪʘʢʦʾ 
ʪʝʨʤʽʥʦʣʦʛʽʾ. ʊʦʜʽ ʅ.ʇ. ʥʘʧʠʩʘʚ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʮʠʭ ʤʝʭʘʥʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʯʝʥʥʷ ʩʪʨʠʞʥʽʚ ʽ ʜʦʜʘʚ, ʱʦ ʟʤʦʞʝ ʜʘʪʠ ʩʝʥʩʦʚʥʽ ʧʦʨʘʜʠ 
ʣʠʰʝ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʙʫʜʫʪʴ ʦʙʯʠʩʣʝʥʽ ʤʥʦʶ. ʊʘʢ ʚ ʮʝʡ ʨʘʟ ʽ ʚ ʫʩʽ 
ʥʘʩʪʫʧʥʽ ʤʝʥʽ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʦʚʥʦʮʽʥʥʝ ʪʝʩʪʫʚʘʥʥʷ ʯʠʩʣʦʚʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʜʝʱʦ ʙʽʣʴʰʝ ʥʽʞ ʟʙʽʞʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡ, ʘ ʩʘʤʝ ʾʭ 
ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʽʟʠʯʥʽʡ ʪʦʯʮʽ ʟʦʨʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙʻʢʪ. 
 

3. ɼʨʫʛʘ ʢʦʥʩʫʣʴʪʘʮʽ̫ : ʉʢʘʞʽʪ  ɹʜʨʫʞʠʥ ,̔ ɦ ʦ ɺʠ ʢʘʥʜʠʜʘʪ ʥʘʫʢ 
ʅʘ ʟʜʠʚʫʚʘʥʥʷ ʅ.ʇ. ʟʘ ʪʠʞʜʝʥʴ ʷ ʧʦʚʝʨʥʫʚʩʷ ʜʦ ʥʴʦʛʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʚʦʾʭ ʦʙʯʠʩʣʝʥʴ ʞʦʨʩʪʢʦʩʪʽ ʩʪʨʠʞʥʷ ʥʘ ʩʢʨʫʯʫʚʘʥʥʷ ʽ ʨʦʟʧʦʜʽʣʽʚ ʥʘʧʨʫʞʝʥʴ ʚ 
ʡʦʛʦ ʧʝʨʝʨʽʟʽ. ʂʦʣʠ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʚʦʥʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʬʽʟʠʯʥʠʤʠ 
ʫʷʚʣʝʥʥʷʤʠ ʷʢ ʷʢʽʩʥʦ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʦ, ʅ.ʇ. ʥʝʩʧʦʜʽʚʘʥʦ ʟʘʧʠʪʘʚ: ɺʠ 
ʦʜʨʫʞʝʥʽ? ʆʜʝʨʞʘʚʰʠ ʩʪʚʝʨʜʞʫʚʘʣʴʥʫ ʚʽʜʧʦʚʽʜʴ ʚʽʥ ʧʨʦʜʦʚʞʠʚ: ʉʢʘʞʽʪʴ 
ʩʚʦʾʡ ʜʨʫʞʠʥʽ, ʱʦ ɺʠ ʢʘʥʜʠʜʘʪ ʥʘʫʢ. ʅʘ ʤʦʻ ʟʘʫʚʘʞʝʥʥʷ, ʱʦ ʪʘʢ ʥʝ ʤʦʞʥʘ 
ʞʘʨʪʫʚʘʪʠ, ʅ.ʇ. ʚʽʜʧʦʚʽʚ: ɺʠʟʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʧʨʠʭʦʜʠʪʴ ʟʥʘʯʥʦ 
ʧʽʟʥʽʰʝ, ʥʽʞ ɺʠ ʾʭ ʟʜʦʙʫʣʠ. ʇʝʨʝʜʘʡʪʝ ʜʨʫʞʠʥʽ, ʱʦʙ ʚʦʥʘ ʟʘʧʘʩʣʘʩʷ 
ʪʝʨʧʽʥʥʷʤ. 

ɼʨʫʞʠʥʫ ʷ ʥʝ ʪʨʠʚʦʞʠʚ (ʮʴʦʛʦ ʚʠʟʥʘʥʥʷ ʚʦʥʘ ʙ ʯʝʢʘʣʘ ʙʣʠʟʴʢʦ ʧʷʪʠ 
ʨʦʢʽʚ), ʘ ʟ ʮʴʦʛʦ ʝʧʽʟʦʜʫ ʚʠʥʽʩ ʧʝʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʚ ʜʽʾ 
ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝʡ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʷ ʦʧʘʥʦʚʫʶ ʡ ʜʦʩʽ. 

ɿʘ ʪʠʞʜʝʥʴ, ʟʫʩʪʨʽʚʰʠ ʤʝʥʝ ʚ ʢʦʨʠʜʦʨʽ ʅ.ʇ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʥʽ ʚʩʪʫʧʠʪʠ 
ʜʦ ʥʴʦʛʦ ʥʘ ʥʘʚʯʘʥʥʷ ʚ ʘʩʧʽʨʘʥʪʫʨʽ. ʅʘ ʤʦʶ ʨʝʧʣʽʢʫ, ʱʦ ʚʽʥ ʤʝʥʝ ʟʦʚʩʽʤ ʥʝ 
ʟʥʘʻ, ʷ ʦʜʝʨʞʘʚ ʚʽʜʧʦʚʽʜʴ: ɿʘʪʝ ʷ ʟʥʘʶ, ʱʦ ɺʠ ʤʦʞʝʪʝ ʨʦʙʠʪʠ. 
 

4. ʇʝʨʰʠʡ ʨʽʢ ʘʩʧʽʨʘʥʪʫʨʠ: ʗʢʱʦ ɺʠ ʟʥʘʡʜʝʪʝ ʛʦʜʠʥʫ ʯʘʩʫ 
ʧʨʘʮʶʚʘʪʠ ʥʘ ʤʝʥʝ 

ʇʽʜ ʯʘʩ ʧʝʨʰʦʾ ʟʫʩʪʨʽʯʽ ʧʽʩʣʷ ʤʦʛʦ ʟʘʨʘʭʫʚʘʥʥʷ ʜʦ ʘʩʧʽʨʘʥʪʫʨʠ ʅ.ʇ. 
ʩʢʘʟʘʚ: ʄʦʣʦʜʽ ʣʶʜʠ ʟʘʚʞʜʠ ʧʦʪʨʝʙʫʶʪʴ ʛʨʦʰʝʡ. ɺʠ ʤʘʻʪʝ ʷʢʠʡʩʴ 
ʧʽʜʨʦʙʽʪʦʢ? ʅʘ ʪʦʡ ʯʘʩ ʷ ʜʽʩʪʘʚ ʧʨʦʧʦʟʠʮʽʶ ʧʨʦʚʦʜʠʪʠ ʫʨʦʢʠ ʽʥʬʦʨʤʘʪʠʢʠ ʫ 
ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽʡ ʰʢʦʣʽ 11 ʟ ʧʦʛʦʜʠʥʥʦʶ ʦʧʣʘʪʦʶ. ɼʽʟʥʘʚʰʠʩʷ ʚʽʜ ʤʝʥʝ 
ʧʨʦ ʮʝ ʅ.ʇ. ʩʢʘʟʘʚ: ʗʢʱʦ ɺʠ ʟʥʘʭʦʜʠʪʠʤʝ ʛʦʜʠʥʫ ʯʘʩʫ ʥʘ ʪʠʞʥʽ, ʱʦʙ ʧʦ-
ʧʨʘʮʶʚʘʪʠ ʥʘ ʤʝʥʝ, ʷ ʙʫʜʫ ɺʘʤ ʧʣʘʪʠʪʠ ʚ ʧʷʪʴ ʨʘʟ ʙʽʣʴʰʝ, ʥʽʞ ʰʢʦʣʘ. 
ʇʦʜʫʤʘʡʪʝ ʥʘʜ ʮʠʤ, ʤʦʣʦʜʠʡ ʯʦʣʦʚʽʯʝ. ɯ ʥʘ ʤʘʡʙʫʪʥʻ: ʇʦʚʦʜʴʪʝʩʷ ʪʘʢ, ʱʦʙ 
ʛʨʦʰʽ ʙʽʛʘʣʠ ʟʘ ɺʘʤʠ, ʘ ʥʝ ɺʠ ʟʘ ʥʠʤʠ. 

ʅʘ ʞʦʜʥʫ ʟ ʧʨʦʧʦʟʠʮʽʡ ʧʨʠʩʪʘʪʠ ʥʝ ʚʜʘʣʦʩʷ, ʙʦ ʥʝʟʘʙʘʨʦʤ ʷ ʩʪʘʚ 
ʧʨʦʚʦʜʠʪʠ ʟʘʥʷʪʪʷ ʥʘ ʧʦʩʘʜʽ ʘʩʠʩʪʝʥʪʘ ʢʘʬʝʜʨʠ ʟʘ ʩʫʤʽʩʥʠʮʪʚʦʤ ʽ ʧʨʘʮʶʚʘʪʠ 
ʟʘ ʛʦʩʧʜʦʛʦʚʽʨʥʦʶ ʪʝʤʘʪʠʢʦʶ ʢʘʬʝʜʨʠ ʽʥʞʝʥʝʨʦʤ ʅɼʏ ʪʝʞ ʟʘ ʩʫʤʽʩʥʠʮʪʚʦʤ 
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(ʪʝʧʝʨ ʚ ʟʘʷʚʘʭ ʥʘ ʪʘʢʝ ʟʘʨʘʭʫʚʘʥʥʷ ʜʦʧʠʩʫʶʪʴʩʷ ʜʠʚʥʽ ʩʣʦʚʘ: ʫ ʚʽʣʴʥʠʡ ʚʽʜ 
ʨʦʙʦʪʠ ʯʘʩ). ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʂɹ ɺʆ ʂʽʥʝʩʢʦʧ, ʽ, ʚ 
ʦʩʥʦʚʥʦʤʫ, ʩʪʦʩʫʚʘʣʠʩʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘ-
ʥʫ ʙʘʣʦʥʽʚ ʢʽʥʝʩʢʦʧʽʚ. ɺʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʨʦʩʪʘʣʠ 
(ʥʝʟʘʙʘʨʦʤ ʦʙôʻʜʥʘʥʥʷ ʩʪʘʣʦ ɺʩʝʩʦʶʟʥʠʤ ʥʦʩʽʻʤ ʩʪʘʥʜʘʨʪʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ) ʽ 
ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ ʧʦʯʘʣʠ ʧʦʩʽʜʘʪʠ ʙʽʣʴʰ ʟʥʘʯʥʝ ʤʽʩʮʝ ʫ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʪʘʢʠʭ 
ʟʘʜʘʯ. ʎʴʦʤʫ ʩʧʨʠʷʣʠ ʩʫʤʽʩʥʽ ʩʝʤʽʥʘʨʠ ʟʘ ʫʯʘʩʪʶ ʧʨʦʚʽʜʥʠʭ ʬʘʭʽʚʮʽʚ ʂɹ, 
ʧʨʠʪʽʢ ʟʜʽʙʥʠʭ ʚʠʧʫʩʢʥʠʢʽʚ ʬʘʢʫʣʴʪʝʪʫ ʜʦ ʂɹ ʽ ʟ ʯʘʩʦʤ ʢʦʤʧʣʝʢʪʘʮʽʷ ʮʴʦʛʦ 
ʧʽʜʨʦʟʜʽʣʫ ʥʘʡʧʦʪʫʞʥʽʰʦʶ ʥʘ ʪʦʡ ʯʘʩ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ɹɽʉʄ-6. 
ʄʝʥʽ ʚʽʜʢʨʠʚʘʚʩʷ ʥʦʚʠʡ ʩʚʽʪ, ʫ ʷʢʦʤʫ ʙʝʟ ʤʝʭʘʥʽʢʠ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʽʚʥʦʛʦ 
ʪʽʣʘ ʥʝ ʙʫʣʦ ʤʽʩʮʷ. ɿʜʘʚʘʣʦʩʷ, ʱʦ ʷ ʟʘʙʣʫʜʠʚʩʷ ʩʝʨʝʜ ʪʠʭ, ʷʢʽ ʚʩʝ ʟʥʘʶʪʴ ʽ 
ʚʤʽʶʪʴ, ʽ, ʛʦʣʦʚʥʝ, ʨʦʟʫʤʽʶʪʴ ʦʜʥʝ ʦʜʥʦʛʦ.  

ʋ ʥʘʰʠʭ ʜʠʩʢʫʩʽʷʭ ʅ.ʇ.,ʥʘʧʨʠʢʣʘʜ, ʛʦʚʦʨʠʚ: ʎʝ ʧʠʪʘʥʥʷ, ʥʘ ʤʦʶ ʜʫʤʢʫ, 
ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʦʜʥʠʤ ʽʟ ʪʨʴʦʭ ʰʣʷʭʽʚ. ɼʠʚʽʪʴʩʷ ʩʶʜʠ, ... . ʉʢʽʣʴʢʠ ɺʘʤ ʥʘ 
ʮʝ ʧʦʪʨʽʙʥʦ ʯʘʩʫ, ʜʚʘ ʪʠʞʥʽ ʚʠʩʪʘʯʠʪʴ? ʏʝʨʝʟ ʜʚʘ ʪʠʞʥʽ ʤʦʻʾ ʱʦʜʝʥʥʦʾ ʧʨʘʮʽ 
ʚ ʙʽʙʣʽʦʪʝʮʽ, ʦʙʯʠʩʣʝʥʥʷʭ ʪʦʱʦ ʷ ʽʟ ʟʘʜʦʚʦʣʝʥʥʷʤ ʧʦʯʠʥʘʚ ʨʦʟʢʘʟʫʚʘʪʠ ʧʨʦ 
ʪʝ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʻ ʜʨʫʛʠʡ ʰʣʷʭ. ʇʽʩʣʷ ʤʦʛʦ ʜʝʩʷʪʠʭʚʠʣʠʥʥʦʛʦ, 
ʱʝ ʜʘʣʝʢʦ ʥʝʧʦʚʥʦʛʦ, ʚʠʩʚʽʪʣʝʥʥʷ ʩʣʽʜʫʚʘʣʦ ʧʠʪʘʥʥʷ: ʏʠ ʚʨʝʰʪʽ ɺʠ ʦʜʝʨ-
ʞʘʣʠ ʪʝ ʪʦ ʡ ʪʝ ʪʦ?  ʗ ʙʝʨʽʛ ʮʝ ʪʝ ʪʦ ʡ ʪʝ ʪʦ ʥʘ ʢʽʥʝʮʴ ʩʚʦʻʾ ʜʦʧʦʚʽʜʽ, ʷ ʥʘʜ ʥʠʤ 
ʪʨʫʜʠʚʩʷ ʜʚʘ ʪʠʞʥʽ ʽ ʪʘʢ ʪʽʰʠʚʩʷ, ʱʦ ʡʦʛʦ ʚʠʢʦʧʘʚ ʦʜʥʦʤʫ ʤʝʥʽ ʚʽʜʦʤʠʤ 
ʩʧʦʩʦʙʦʤ, ʘ ʚʽʥ ʮʝ ʪʝʪʦ ʡ ʪʝʪʦ ʚʽʜʛʘʜʘʚ ʟʘ ʧʘʨʫ ʭʚʠʣʠʥ ʤʦʛʦ ʚʩʪʫʧʫ. ʅʫ ʧʘʣʝʮʴ 
ʚ ʨʦʪ ʥʝ ʢʣʘʜʠ, ʽ ʷʢ ʜʦʩʷʛʪʠ ʪʘʢʦʛʦ ʨʽʚʥʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʙʣʝʤ? ʇʦʜʽʙʥʽ 
ʚʽʜʯʫʪʪʷ ʟʥʘʯʥʦ ʧʽʟʥʽʰʝ ʷ ʧʝʨʝʞʠʚʘʚ ʚ ʩʧʽʣʢʫʚʘʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʪʥʠʤʠ 
ʚʯʝʥʠʤʠ, ʪʘʢʠʤʠ ʷʢ ʃʠʪʚʠʥʦʚ ɺʽʣʴʷʤ ɻʨʠʛʦʨʦʚʠʯ, ʄʘʢʘʨʦʚ ɺʦʣʦʜʠʤʠʨ 
ʃʝʦʥʽʜʦʚʠʯ. 

 
5. ʗʢ ɺʠ ʩʧʘʣʠ, ʤʦʣʦʜʠʡ ʯʦʣʦʚʽʯʝ? 
ʄʽʡ ʩʪʽʣ ʘʩʧʽʨʘʥʪʘ ʩʪʦʷʚ ʫ ʢʘʙʽʥʝʪʽ ʅ.ʇ. ʽ ʧʽʩʣʷ ʥʘʰʦʛʦ ʨʘʥʢʦʚʦʛʦ 

ʧʨʠʚʽʪʘʥʥʷ ʚʽʜʨʘʟʫ ʩʣʽʜʫʚʘʣʦ ʪʨʘʜʠʮʽʡʥʝ ʧʠʪʘʥʥʷ: ʄʦʣʦʜʠʡ ʯʦʣʦʚʽʯʝ, 
ʥʘʩʢʽʣʴʢʠ ɺʠ ʧʨʦʩʫʥʫʣʠʩʷ ʚ ʮʴʦʤʫ ʧʠʪʘʥʥʽ, ʱʦ ʤʠ ʦʙʛʦʚʦʨʶʚʘʣʠ ʚʯʦʨʘ? ɿ 
ʯʘʩʦʤ ʷ ʟʚʠʢ ʜʦ ʮʽʻʾ ʟʚʠʯʢʠ ʅ.ʇ. ʨʦʙʠʪʠ ʨʦʟʤʠʥʢʫ ʧʝʨʝʜ ʚʭʦʜʞʝʥʥʷʤ ʚ 
ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʽ ʛʦʪʫʚʘʚʩʷ ʜʘʪʠ ʭʦʯ ʷʢ ʥʝʙʫʜʴ ʦʙʛʨʫʥʪʦʚʘʥʫ ʚʽʜʧʦʚʽʜʴ. ɸʣʝ 
ʦʜʥʦʛʦ ʨʘʟʫ ʟ ʡʦʛʦ ʫʩʪ ʧʨʦʟʚʫʯʘʣʦ ʥʝʩʧʦʜʽʚʘʥʦ: ʗʢ ɺʠ ʩʧʘʣʠ ʮʽʻʾ ʥʦʯʽ, 
ʤʦʣʦʜʠʡ ʯʦʣʦʚʽʯʝ? ɺʽʜʧʦʚʽʜʜʶ ʥʘ ʤʦʻ ʥʝʚʠʨʘʟʥʝ ʤʫʢʘʥʥʷ ʙʫʣʦ ʛʨʽʟʥʝ: ɸ ʷ ʥʝ 
ʥʝ ʩʧʘʚ! ɯ ʟʥʘʻʪʝ ʯʦʤʫ? ɺʠ ʜʫʤʘʻʪʝ ʯʠʤ ʟʘʡʤʘʻʪʴʩʷ ʧʨʦʬʝʩʦʨ, ʢʦʣʠ ʚʽʥ ʥʝ 
ʩʧʠʪʴ ʚʥʦʯʽ? ɯ ʧʽʩʣʷ ʧʘʫʟʠ: ʐʫʢʘʻ ʚʽʜʧʦʚʽʜʽ ʥʘ ʪʝ ʧʠʪʘʥʥʷ, ʷʢʝ ʡʦʤʫ ʟʘʜʘʚ 
ʘʩʧʽʨʘʥʪ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʧʽʰʦʚ ʜʦʜʦʤʫ! ɯ ʟʦʚʩʽʤ ʤʷʢʦ: ʇʽʜʩʽʜʘʡʪʝ ʧʦʙʣʠʞʯʝ, 
ʦʩʴ ʱʦ ʷ ɺʘʤ ʚʽʜʧʦʚʽʤ. 
ʇʽʩʣʷ ʮʴʦʛʦ ʷ ʥʘʤʘʛʘʚʩʷ ʥʝ ʟʘʜʘʚʘʪʠ ʧʠʪʘʥʥʷ ʩʚʦʻʤʫ ʧʨʦʬʝʩʦʨʦʚʽ ʧʝʨʝʜ ʪʠʤ, 
ʷʢ ʧʦʧʨʦʱʘʪʠʩʷ ʜʦ ʟʘʚʪʨʘ. 
 

6. ɺʘʞʣʠʚʽʩʪʴ ʟʥʘʥʥʷ ʤʦʚ: ʈʽʪʘ ʖʭʠʤʽʚʥʘ 
ʅ.ʇ. ʥʘʟʠʚʘʚ ʤʘʪʝʤʘʪʠʢʫ ʰʣʷʭʝʪʥʦʶ. ɽʡʣʝʨ ʛʦʚʦʨʠʚ, ʱʦ ʚʦʥʘ ʻ ʤʦʚʦʶ 

ʙʦʛʘ. ʈʦʟʧʦʚʽʜʘʶʯʠ ʧʨʦ ʮʝ ʩʚʦʾʤ ʩʪʫʜʝʥʪʘʤ, ʷ ʯʘʩʪʦ ʥʘʚʦʜʞʫ ʪʘʢʠʡ ʧʨʠʢʣʘʜ ʟ 
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ʯʘʩʽʚ, ʢʦʣʠ ʤʠ ʧʦʯʘʣʠ ʚʠʾʟʜʠʣʠ ʨʘʟʦʤ ʟ ʅ.ʇ. ʥʘ ʨʽʟʥʽ ʢʦʥʬʝʨʝʥʮʽʾ. ʗʢʦʩʴ ʧʽʜ 
ʯʘʩ ʧʨʦʛʫʣʷʥʢʠ ʧʽʩʣʷ ʟʘʩʽʜʘʥʴ ʟʘʡʰʣʘ ʤʦʚʘ ʧʨʦ ʱʦʜʝʥʥʽ ʜʚʦʛʦʜʠʥʥʽ 
ʧʨʦʛʫʣʷʥʢʠ ʫ ʩʪʫʜʝʥʪʩʴʢʽ ʯʘʩʠ ɻʽʣʴʙʝʨʪʘ, ʄʽʥʢʦʚʩʴʢʦʛʦ ʽ ɻʫʨʚʽʮʘ ʜʦ ʚʽʜʦʤʦʾ 
ʾʤ ʷʙʣʫʥʽ ʽ ʥʘʟʘʜ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʤʦʞʥʘ ʙʫʣʦ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʥʘ ʪʝʤʠ 
ʤʘʪʝʤʘʪʠʢʠ.  

ʅ.ʇ. ʧʦʞʚʘʚʽʰʘʚ: ʎʝ ʩʠʣʴʥʠʡ ʤʝʪʦʜ! ʗ ʟʽ ʩʚʦʾʤ ʜʨʫʛʦʤ ʥʘ ʪʘʢʠʭ ʞʝ 
ʫʤʦʚʘʭ ʚʠʚʯʘʚ ʬʨʘʥʮʫʟʴʢʫ - ʧʦ ʜʦʨʦʟʽ ʜʦ ʰʢʦʣʠ. ʋʩʧʽʭʠ ʙʫʣʠ ʪʘʢʽ, ʱʦ ʷ 
ʦʩʤʽʣʠʚʩʷ ʧʠʩʘʪʠ ʮʽʻʶ ʤʦʚʦʶ ʚʽʨʰʽ ʦʜʥʽʡ ʜʽʚʯʠʥʮʽ. ɯ ʟʛʦʜʦʤ ʚʦʥʘ ʩʪʘʣʘ ʤʦʻʶ 
ʜʨʫʞʠʥʦʶ. 

  
7. ɯʥʪʝʨʧʦʣʷʮʽʡʥʠʡ ʧʦʣʽʥʦʤ ʃʘʛʨʘʥʞʘ:  ʗ ʪʘʢ ʽ ʜʫʤʘʚ! 
ʗʢʦʩʴ ʚʟʠʤʢʫ ʅ.ʇ. ʦʧʦʥʫʚʘʚ ʜʠʩʝʨʪʘʮʽʶ ʫ ʅʦʚʦʩʠʙʽʨʩʴʢʫ. ʊʘʤ ʡʦʛʦ 

ʟʘʩʪʘʚ ʪʘʢʠʡ ʣʶʪʠʡ ʤʦʨʦʟ, ʱʦ ʚʽʜʤʽʥʠʣʠ ʧʦʣʴʦʪʠ ʣʽʪʘʢʽʚ ʽ ʚʽʥ ʜʦʚʛʦ 
ʧʦʚʝʨʪʘʚʩʷ ʧʦʾʟʜʦʤ. ɿʘʡʰʦʚʰʠ ʜʦ ʢʘʙʽʥʝʪʫ ʚʽʥ ʟʙʫʜʞʝʥʦ ʩʢʘʟʘʚ: ʄʦʣʦʜʠʡ 
ʯʦʣʦʚʽʯʝ, ʧʦʜʠʚʽʪʴʩʷ, ʱʦ ʷ ʧʨʠʜʫʤʘʚ ʫ ʮʽʡ ʜʦʚʛʽʡ ʧʦʜʦʨʦʞʽ! ɯ ʩʪʘʚ ʥʘʪʭʥʝʥʥʦ 
ʨʦʟʧʦʚʽʜʘʪʠ, ʽ ʥʘ ʟʘʢʽʥʯʝʥʥʷ ʩʚʦʾʭ ʜʫʤʦʢ: ʑʦ ɺʠ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʩʢʘʞʝʪʝ? 
ʅʽʷʢʦʚʽʶʯʠ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʘʪʠ ʚʽʜʧʦʚʽʜʴ ʷ ʧʨʦʤʦʚʠʚ: ʗ ʚ ʟʘʭʦʧʣʝʥʥʽ ʚʽʜ 
ʧʦʙʫʜʦʚʠ ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʞʝ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ. ɺʦʥʘ ʤʘʻ ʥʘʟʚʫ: 
ɯʥʪʝʨʧʦʣʷʮʽʡʥʠʡ ʇʦʣʽʥʦʤ ʃʘʛʨʘʥʞʘ. ʅ.ʇ. ʨʘʜʽʩʥʦ ʩʪʫʢʥʫʚʰʠ ʧʦ ʩʪʦʣʫ: ʗ ʪʘʢ 
ʽ ʜʫʤʘʚ! ʍʪʦʩʴ ʤʫʩʠʚ ʮʝ ʧʦʙʘʯʠʪʠ ʨʘʥʽʰʝ! ʎʝ ʞ ʤʦʨʝ ʟʘʩʪʦʩʫʚʘʥʴ! 

ʂʦʞʝʥ ʟ ʥʘʩ ʧʝʨʝʞʠʚʘʚ ʭʚʠʣʠʥʠ ʱʘʩʪʷ ʩʚʦʛʦ ʚʽʜʢʨʠʪʪʷ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʷ 
ʪʘʢ ʱʠʨʦ ʨʘʜʽʚ ʯʠʻʤʫʩʴ ʚʽʜʢʨʠʪʪʶ, ʚʙʘʯʘʶʯʠ ʚ ʱʘʩʣʠʚʯʠʢʫ ʢʦʥʢʫʨʝʥʪʘ, ʘ ʥʝ 
ʢʦʣʝʛʫ. ɼʫʤʘʶ, ʱʦ ʅ.ʇ. ʟʥʘʚ, ʱʦ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʣʽʩʽ ʤʦʞʥʘ ʚʽʜʰʫʢʘʪʠ ʣʠʰʝ 
ʩʚʦʾ ʛʨʠʙʠ. 

 
8. ʉʝʤʽʥʘʨ ʢʘʬʝʜʨʠ: ʂʨʘʱʝ ʙʫʪʠ ʟʜʦʨʦʚʠʤ ʽ ʙʘʛʘʪʠʤ ... 
ɺʠʩʪʫʧʘʶʯʠ ʥʘ ʦʜʥʦʤʫ ʽʟ ʩʚʦʾʭ ʧʝʨʰʠʭ ʩʝʤʽʥʘʨʽʚ ʢʘʬʝʜʨʠ, ʷ ʜʦʚʛʦ 

ʨʦʟʧʦʚʽʜʘʚ ʧʨʦ ʪʝ, ʱʦ ʜʦʩʷʛʥʫʪʠ ʷʢʽʩʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʢʨʘʡʦʚʠʭ 
ʟʘʜʘʯ ʤʦʞʥʘ ʷʢ ʟʛʫʱʝʥʥʷʤ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʧʽʜʚʠʱʝʥʥʷʤ 
ʧʦʨʷʜʢʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʥʠʭ. ʗ ʙʫʚ ʟʘʜʦʚʦʣʝʥʠʡʽ, ʱʦ ʤʦʾ ʧʨʦʛʨʘʤʠ ʥʘʨʝʰʪʽ 
ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʫʶʪʴ ʘʙʦ ʧʝʨʰʫ, ʘʙʦ ʜʨʫʛʫ ʧʨʦʮʝʜʫʨʫ ʽ ʜʝʤʦʥʩʪʨʫʚʘʚ ʙʘʛʘʪʦ 
ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʗ ʙʘʯʠʚ, ʱʦ ʅ.ʇ. ʮʝʡ ʤʽʡ ʧʦʩʪʫʧ ʪʝʞ ʪʽʰʠʪʴ, ʽ ʯʘʩʪʢʦʚʦ 
ʪʦʤʫ ʤʝʥʝ ʟʘʩʪʘʣʦ ʟʥʝʥʘʮʴʢʘ ʧʠʪʘʥʥʷ ʆʜʘʨʢʠ ɺʦʣʦʜʠʤʠʨʽʚʥʠ: ʊʘʢ ʚʩʝ ʪʘʢʠ, 
ʱʦ ʥʘ ɺʘʰʫ ʜʫʤʢʫ ʢʨʘʱʝ: ʟʛʫʩʪʠʪʠ ʩʽʪʢʫ ʯʠ ʧʽʜʚʠʱʠʪʠ ʧʦʨʷʜʦʢ 
ʘʧʨʦʢʩʠʤʘʮʽʾ? 

ʗ ʱʦʩʴ ʤʠʤʨʠʚ ʫ ʚʽʜʧʦʚʽʜʴ ʥʝʧʝʨʝʢʦʥʣʠʚʦ ʥʘʚʽʪʴ ʜʣʷ ʩʝʙʝ, ʘʞ ʥʝ 
ʚʠʪʨʠʤʘʚ ʅ.ʇ.: ʆʜʘʨʢʦ ɺʦʣʦʜʠʤʠʨʽʚʥʦ, ɺʠ ʞ ʙʘʯʠʪʝ, ʱʦ ɻ.ɸ. ʥʘʤʘʛʘʻʪʴʩʷ 
ʜʦʥʝʩʪʠ ʥʘʤ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʨʘʱʝ ʙʫʪʠ ʟʜʦʨʦʚʠʤ ʽ ʙʘʛʘʪʠʤ, ʥʽʞ ʙʽʜʥʠʤ ʽ 
ʭʚʦʨʠʤ. 

 ɺʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʆ.ɺ. ʷ ʰʫʢʘʪʠʤʫ ʜʦ ʮʠʭ ʧʽʨ, ʰʫʢʘʶʯʠ ʥʘʜʽʡʥʦ 
ʦʙʯʠʩʣʶʚʘʥʽ ʦʮʽʥʢʠ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʡ ʄʉɽ ʽ ʧʨʦʝʢʪʫʶʯʠ h- ʪʘ hp-
ʘʜʘʧʪʠʚʥʽ ʩʭʝʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ. ɿʘ ʮʽʻʶ ʪʝʤʘʪʠʢʦʶ ʟʘʭʠʩʪʠʣʠ ʜʠʩʝʨʪʘʮʽʾ 
ʩʝʤʝʨʦ ʟ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʤʥʦʶ ʧôʷʪʥʘʜʮʷʪʠ ʢʘʥʜʠʜʘʪʽʚ ʥʘʫʢ. ʎʝ ʜʘʣʝʢʦ ʥʝ 
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ʨʽʚʝʥʴ ʯʝʤʧʽʦʥʩʴʢʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʅ.ʇ. (ʟʘ ʤʦʾʤʠ ʥʝʧʦʚʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ) ʫ 
27 ʢʘʥʜʠʜʘʪʽʚ ʽ 3 ʜʦʢʪʦʨʠ ʥʘʫʢ. 

 
9. ɺʩʝʩʦʶʟʥʠʡ ʩʝʤʽʥʘʨ ʟ ʄʉɽ: ʄʘʶ ʟʘʧʨʦʰʝʥʥʷ ʚʽʜ 
ʋʛʦʜʯʠʢʦʚʘ, ʾʜʴʪʝ ... 

ʋ ʪʨʘʚʥʽ ʧʝʨʰʦʛʦ ʨʦʢʫ ʤʦʻʾ ʘʩʧʽʨʘʥʪʫʨʠ ʧʦʚʽʜʦʤʠʚ, ʱʦ ʦʜʝʨʞʘʚ 
ʟʘʧʨʦʰʝʥʥʷ ʚʽʜ ɸ.ɻ. ʋʛʦʜʯʠʢʦʚʘ, ʪʦʜʽʰʥʴʦʛʦ ʨʝʢʪʦʨʘ ɻʦʨʴʢʽʚʩʴʢʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ, ʟʘʧʨʦʰʝʥʥʷ ʥʘ ʫʯʘʩʪʴ ʫ ɯɯ ɺʩʝʩʦʶʟʥʦʤʫ ʩʝʤʽʥʘʨʽ ʟ ʄʉɽ.  

ɺʠ ʧʦʾʜʴʪʝ ʟʘʤʽʩʪʴ ʤʝʥʝ, ʧʝʨʝʜʘʡʪʝ ʤʦʾ ʚʽʪʘʥʥʷ ɸ.ɻ., ʧʦʩʣʫʭʘʡʪʝ ʽʥʰʠʭ ʽ, 
ʧʨʠ ʤʦʞʣʠʚʦʩʪʽ, ʚʠʩʪʫʧʽʪʴ ʩʘʤʽ. ɺʘʤ ʮʝ ʙʫʜʝ ʢʦʨʠʩʥʦ! ï ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʽʥ. 

ʅʝ ʪʝ ʩʣʦʚʦ, ʥʽʢʦʣʠ ʷ ʜʦ ɺʦʣʛʠ ʥʝ ʜʦʙʠʨʘʚʩʷ! ʂʨʽʤ ʩʚʦʛʦ ʦʪʦʯʝʥʥʷ ʥʝ ʙʘʯʠʚ 
ʞʠʚʠʭ ʣʶʜʝʡ, ʷʢʽ ʙ ʟʘʡʤʘʣʠʩʷ ʄʉɽ (ʚʞʝ ʥʘ ʪʦʡ ʯʘʩ ʯʣʝʥʽʚ ʄʉɽ-ʢʦʤʘʥʜʠ ʥʘʰʦʾ 
ʢʘʬʝʜʨʠ ʤʦʷ ʜʨʫʞʠʥʘ ʞʘʨʪʽʚʣʠʚʦ ʥʘʨʝʢʣʘ ʢʦʥʯʝʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ) ʽ ʟʥʘʚ ʧʨʦ 
ʥʴʦʛʦ ʣʠʰʝ ʪʝ, ʱʦ ʚʜʘʣʦʩʷ ʧʨʦʯʠʪʘʪʠ ʫ ʈʝʬʝʨʘʪʠʚʥʦʤ ɾʫʨʥʘʣʝ, ʚ ʜʦʩʪʫʧʥʽʡ 
ʣʠʰʝ ʄʦʩʢʚʽ ʘʥʛʣʦʤʦʚʥʽʡ ʧʝʨʽʦʜʠʮʽ ʪʘ ʜʚʦʭ ʙʝʟʮʽʥʥʠʭ ʽ ʥʝʚʠʜʘʥʠʭ ʟʘ ʷʢʽʩʪʶ 
ʧʦʣʽʛʨʘʬʽʾ ʢʥʠʛʘʭ ʆ. ɿʻʥʢʻʚʽʯʘ ʪʘ ɼʞ. ʌʽʢʩʘ, ɻ. ʉʪʨʝʥʛʘ, ʷʢʽ ʧʨʠʜʙʘʣʘ ʽ ʧʝʨʝʩʣʘʣʘ 
ʥʘʤ ʟ ʂʘʥʘʜʠ ʨʦʜʠʥʘ ʗʨʝʤʠ ɻʨʠʛʦʨʦʚʠʯʘ ʉʘʚʫʣʠ ʪʘ ʷʢʽ ʩʪʘʣʠ ʪʝʤʦʶ ʟʘʥʷʪʴ 
ʩʝʤʽʥʘʨʫ ʥʘʰʦʾ ʢʦʤʘʥʜʠ ʪʘ ʥʘʰʠʭ ʩʪʫʜʝʥʪʽʚ. 

ɺʽʜ ʟʥʘʡʦʤʩʪʚ ʟ ʫʯʘʩʥʠʢʘʤʠ ʽ ʟʘʩʽʜʘʥʴ ʮʴʦʛʦ ʪʠʞʥʝʚʦʛʦ ʩʝʤʽʥʘʨʫ ʷ ʙʫʚ ʫ 
ʟʘʭʚʘʪʽ. ʎʽʣʽ ʢʦʤʘʥʜʠ ʟ ʂʠʻʚʘ, ʃʝʥʽʥʛʨʘʜʫ, ɻʦʨʴʢʦʛʦ ʽ , ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʄʦʩʢʚʠ 
ʜʠʩʢʫʪʫʚʘʣʠ ʽ ʢʦʥʢʫʨʫʚʘʣʠ ʚ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 
ʟʘʜʘʯ . ɯ ʟʥʦʚʫ ʚʽʜʢʨʠʚʘʚʩʷ ʥʦʚʠʡ ʩʚʽʪ, ʩʚʽʪ,  ʷʢʠʡ ʪʝʧʝʨ ʥʘʟʠʚʘʻʪʴʩʷ 
ʢʦʤʧôʶʪʝʨʥʦʶ ʤʝʭʘʥʽʢʦʶ (computational engineering). ʄʝʥʽ ʚʜʘʣʦʩʷ ʚʠʩʪʫʧʠʪʠ ʚ 
ʦʩʪʘʥʥʽʡ ʜʝʥʴ ʨʦʙʦʪʠ ʩʝʤʽʥʘʨʫ ʽ, ʚʩʫʧʝʨʝʯ ʤʦʾʤ ʩʪʨʘʭʘʤ ʽ ʟʘʩʪʝʨʝʞʝʥʥʷʤ, ʷ ʜʽʩʪʘʚ 
ʚʠʩʦʢʫ ʦʮʽʥʢʫ ʥʘʰʦʾ ʨʦʙʦʪʠ. ʉʪʘʪʪʷ, ʷʢʘ ʚʠʡʰʣʘ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʮʽʻʾ ʜʦʧʦʚʽʜʽ ʚ 
ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ʗ.ɻ. ʉʘʚʫʣʦʶ ʽ ɺ.ʄ. ɺʦʚʢʦʤ, ʧʨʠʩʚʷʯʝʥʘ ʧʦʙʫʜʦʚʽ ʘʧʦʩʪʝʨʽʦʨʥʠʭ 
ʦʮʽʥʦʢ ʧʦʭʠʙʦʢ ʢʫʩʢʦʚʦ ʣʽʥʽʡʥʠʭ, ʢʚʘʜʨʘʪʠʯʥʠʭ ʽ ʢʫʙʽʯʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʄʉɽ 
ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʤʝʥʽ ʟʜʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. 

 
10. ɺʩʝʩʦʶʟʥʽ ʢʦʥʬʝʨʝʥʮʽʾ: ɿʥʘʡʦʤʪʝʩʷ, ɺʠ ʥʝʟʘʙʘʨʦʤ ʧʦʯʫʻʪʝ 

... 
ʅ.ʇ. ʥʘʩ ʙʘʣʫʚʘʚ. ʇʘʤʷʪʘʶ, ʷʢʦʩʴ ʥʘ ʦʜʥʽʡ ʟ ɺʩʝʩʦʶʟʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ 

ʧʨʠ ʟʫʩʪʨʽʯʽ ʟ ɯ.ʅ. ɺʝʢʫʘ ʪʘ ʡʦʛʦ ʜʨʫʞʠʥʦʶ ʚʽʥ ʩʢʘʟʘʚ: ɿʥʘʡʦʤʪʝʩʷ, ʮʝ ʤʽʡ 
ʘʩʧʽʨʘʥʪ ɻ.ɸ.ʐ., ɺʠ ʥʝʟʘʙʘʨʦʤ ʧʨʦ ʥʴʦʛʦ ʧʦʯʫʻʪʝ.  

ʇʦʜʽʙʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʷ ʯʫʚ ʱʦʨʘʟʫ, ʢʦʣʠ ʚʽʥ ʧʨʝʜʩʪʘʚʣʷʚ ʯʣʝʥʽʚ ʥʘʰʦʾ 
ʢʦʤʘʥʜʠ, ʚʠʜʘʪʥʠʤ ʽ, ʷʢ ʟʜʘʚʘʣʦʩʷ, ʥʝʜʦʩʷʞʥʠʤ ʜʣʷ ʥʘʩ ʣʶʜʷʤ ʥʘʫʢʠ. 

ʎʝ ʧʽʜʥʦʩʠʣʦ ʜʫʭ, ʘʣʝ ʡ ʟʘʩʪʘʚʣʷʣʦ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʚʠʜʘʥʽ ʥʘʤ ʘʚʘʥʩʠ. 
ɹʦʩ (ʪʘʢ ʯʘʩʦʤ ʧʦʟʘ ʦʯʽ ʤʠ ʡʤʝʥʫʚʘʣʠ ʅ.ʇ.) ʩʘʤ ʧʨʘʮʶʚʘʚ (ʟʘ ʡʦʛʦ ʩʣʦʚʘʤʠ ʷʢ 
ʚʽʣ!) ʽ ʚ ʪʘʢʠʡ ʩʧʝʮʠʬʽʯʥʠʡ ʩʧʦʩʽʙ ʟʘʩʪʘʚʣʷʚ ʥʘʩ ʪʘʢ ʩʘʤʦ ʧʨʘʮʶʚʘʪʠ! 

11. ɿʘʩʽʜʘʥʥʷ ʢʘʬʝʜʨʠ: ʐʢʽʨʷʥʠʡ ʜʠʚʘʥ 
ʅʘ ʟʘʩʽʜʘʥʥʷʭ ʢʘʬʝʜʨʠ ʷ ʥʝ ʧʨʠʛʘʜʫʶ,ʱʦʙ ʅ.ʇ. ʢʦʤʫʩʴ ʯʠʤʦʩʴ ʜʦʢʦʨʷʚ. 

ɿʘʪʝ ʟʘʚʜʞʠ ʟʥʘʭʦʜʠʚ, ʢʦʛʦ ʟ ʥʘʩ ʚʠʨʽʟʥʠʪʠ, ʧʦʭʚʘʣʠʪʠ ʘʙʦ ʧʽʜʙʘʜʴʦʨʠʪʠ ʫ 
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ʚʠʨʽʰʝʥʥʽ ʢʘʬʝʜʨʘʣʴʥʠʭ ʽ ʦʩʦʙʠʩʪʠʭ ʩʧʨʘʚ. ɯ ʷ ʯʝʢʘʚ, ʽ ʥʘʤʘʛʘʚʩʷ ʦʜʝʨʞʘʪʠ 
ʪʘʢʫ ʚʽʜʟʥʘʢʫ. 

ʎʝ ʙʫʣʦ ʚʘʞʢʦ, ʙʦ ʩʢʨʫʧʫʣʴʦʟʥʠʡ ʅ.ʇ. ʥʘʚʽʪʴ ʩʘʤ ʧʠʩʘʚ ʧʨʦʪʦʢʦʣʠ 
ʟʘʩʽʜʘʥʴ (ʂʨʘʱʝ ʷ ʩʘʤ ʮʝ ʟʨʦʙʣʶ, ʥʽʞ ʙʫʜʫ ʢʦʤʫʩʴ ʛʦʣʦʚʫ ʤʦʨʦʯʠʪʠ ï ʡʦʛʦ 
ʩʣʦʚʘ!). 

ɸʣʝ ʙʫʣʠ ʡ ʽʥʰʽ ʦʮʽʥʢʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʦʜʥʦʤʫ ʽʟ ʧʝʨʝʜʥʦʚʦʨʽʯʥʠʭ 
ʟʘʩʽʜʘʥʴ ʅ.ʇ. ʩʢʘʟʘʚ, ʱʦ ʙʶʜʞʝʪʫ ʢʘʬʝʜʨʠ ʚ ʦʩʪʘʥʥʽʡ ʤʦʤʝʥʪ ʜʦʜʘʣʠ ʢʦʰʪʽʚ, 
ʷʢʽ ʜʦ ʢʽʥʮʷ ʨʦʢʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ, ʽʥʘʢʰʝ ʾʭ ʩʧʠʰʫʪʴ. ʗʢʽ ʙʫʜʫʪʴ 
ʧʦʙʘʞʘʥʥʷ ʽ ʧʨʦʧʦʟʠʮʽʾ ?  

ɺ.ʄ. ɺʦʚʢ ʩʢʘʟʘʚ: ʇʦʛʣʷʥʴʪʝ, ʥʘ ʢʘʬʝʜʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʯʠ 
ʤʝʭʘʥʽʢʠ. ʋ ʥʠʭ ʻ ʜʠʚʘʥʠ, ʘ ʫ ʤʝʭʘʥʽʢʽʚ ʥʘʚʽʪʴ ʰʢʽʨʷʥʠʡ! ʅʘʤ ʙʠ ʜʠʚʘʥ ʪʝʞ 
ʟʥʘʜʦʙʠʚʩʷ. ʄʠ ʨʝʛʫʣʷʨʥʦ ʭʦʜʠʤʦ ʮʽʣʠʤʠ ʢʦʤʘʥʜʘʤʠ, ʨʘʟʦʤ ʟʽ ʩʪʫʜʝʥʪʘʤʠ, 
ʥʘ ʮʽʣʽ ʥʦʯʽ (ʜʦ ʰʦʩʪʦʾ ʨʘʥʢʫ ʟ ʋʥʽʚʝʨʩʠʪʝʪʫ ʦʭʦʨʦʥʘ ʥʽʢʦʛʦ ʥʝ ʚʠʧʫʩʢʘʣʘ) 
ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʤʘʰʠʥʽ ʆʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʮʝʥʪʨʫ. ʏʘʩʦʤ 
ʧʦʪʨʽʙʥʦ ʡ ʚʽʜʧʦʯʠʪʠ!  

ʅʘ ʷʢʠʡʩʴ ʯʘʩ ʟʘʧʘʣʘ ʛʨʦʙʦʚʘ ʪʠʰʘ, ʷʢʫ, ʟʽʪʭʥʫʚʰʠ, ʧʦʨʫʰʠʚ ʅ.ʇ.: ɺʩʽ 
ʯʦʣʦʚʽʢʠ ʢʘʬʝʜʨʠ ʤʨʽʷʣʠ ʧʨʦ ʜʠʚʘʥ, ʘʣʝ ʪʽʣʴʢʠ ʥʘʡʤʦʣʦʜʰʠʡ ʟ ʥʘʩ ʦʩʤʽʣʠʚʩʷ 
ʦʟʚʫʯʠʪʠ ʮʶ ʤʨʽʶ ʚʩʣʫʭ! 
P.S.: ɯ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʢʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʜʠʚʘʥʫ ʥʝ ʤʘʻ! 

 
12. ɺʩʝʩʦʶʟʥʠʡ ʩʝʤʽʥʘʨ ʟ ʄʉɽ:  ʄʠ ʡʦʛʦ ʧʨʦʚʝʜʝʤʦ ʫ ʩʝʙʝ!  
ʇʽʜ ʯʘʩ ɺʩʝʩʦʶʟʥʦʛʦ ʩʝʤʽʥʘʨʫ ʟ ʄʉɽ ʫ ɺʘʜʝʣʫʡ-ɺʘʜʝ ʧʦʙʣʠʟʫ ʂʠʰʠʥʝʚʘ 

ʡʦʛʦ ʽʥʽʮʽʘʪʦʨ ʽ ʢʝʨʽʚʥʠʢ ʧʨʦʬʝʩʦʨ ʈʦʟʽʥ ʃʝʦʥʽʜ ʆʣʝʢʩʘʥʜʨʦʚʠʯ (ʪʦʜʽ ʚʽʥ 
ʦʯʦʣʶʚʘʚ ʢʘʬʝʜʨʫ ʃʝʥʽʥʛʨʘʜʩʴʢʦʾ ʇʦʣʽʪʝʭʥʽʢʠ, ʜʝ ʚ ʩʚʽʡ ʯʘʩ ʧʨʘʮʶʚʘʣʠ ɺ.ʃ. 
ʂʠʨʧʠʯʦʚ, ɯ.ɻ. ɹʫʙʥʦʚ, ʽ ɹ.ɻ. ɻʘʣʴʦʨʢʽʥ) ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʘʤ, ʗ.ɻ.ʉʘʚʫʣʽ, ɺ.ʄ. 
ɺʦʚʢʫ ʽ ʤʝʥʽ, ʧʨʦʚʝʩʪʠ ʯʝʨʛʦʚʠʡ ʩʝʤʽʥʘʨ ʫ ʃʴʚʦʚʽ. ɼʣʷ ʥʘʩ ʮʝ ʙʫʣʘ ʚʝʣʠʢʘ 
ʥʝʩʧʦʜʽʚʘʥʢʘ ʽ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʥʥʷ ʥʘʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʠ ʥʝ ʫʷʚʣʷʣʠ ʩʦʙʽ ʽ 
ʩʪʨʘʰʠʣʠʩʷ ʥʝʟʥʘʥʦʾ ʥʘʤʠ ʨʦʙʦʪʠ ʧʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʠʭ ʤʽʨʦʧʨʠʻʤʩʪʚ. ʇʦ 
ʧʦʚʝʨʥʝʥʥʽ ʜʦʜʦʤʫ ʤʠ ʧʝʨʝʜʘʣʠ ʮʶ ʧʨʦʧʦʟʠʮʽʶ ʅ.ʇ., ʷʢʠʡ ʪʫʪ ʞʝ ʟ 
ʝʥʪʫʟʽʘʟʤʦʤ ʩʢʘʟʘʚ: ʄʠ ʡʦʛʦ ʧʨʦʚʝʜʝʤʦ! 

ɿ ʪʘʢʠʤ ʢʘʧʽʪʘʥʦʤ ʚʩʽ ʩʪʨʘʭʠ ʱʝʟʘʶʪʴ ï ʩʝʤʽʥʘʨ ʧʨʦʡʰʦʚ ʫʩʧʽʰʥʦ 
(ʧʦʥʘʜ 70 ʛʦʩʪʝʡ-ʫʯʘʩʥʠʢʽʚ, ʋʥʽʚʝʨʩʠʪʝʪ ʽ ɹʫʜʠʥʦʢ ʚʯʝʥʠʭ ʪʦʱʦ ), ʘ ʢʘʬʝʜʨʘ 
ʜʽʩʪʘʣʘ ʥʦʚʝ ʟʦʚʥʽʰʥʻ ʚʠʟʥʘʥʥʷ. 

 
13. ɿʘʭʠʩʪ ʜʠʩʝʨʪʘʮʽ: ʗ ʧʦʢʣʘʚ ʾʾ ʥʘ ʩʪʽʣ ʘʢʘʜʝʤʽʢʫ! 
ʅʘ ʯʘʩ ʟʘʢʽʥʯʝʥʥʷ ʤʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʨʦʟʧʦʯʘʣʘʩʷ ʚʩʝʩʦʶʟʥʘ 

ʨʝʦʨʛʘʥʽʟʘʮʽʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʈʘʜ ʽʟ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʡ. ʊʨʠʚʘʣʘ ʮʷ ʢʘʤʧʘʥʽʷ 
ʜʦʚʛʦ ʽ ʪʘʢʘ ʈʘʜʘ ʫ ʃʴʚʦʚʽ ʙʫʣʘ ʚʽʜʢʨʠʪʘ ʣʠʰʝ ʧʨʠ ʪʦʜʽʰʥʽʡ ʬʽʣʽʾ ɯʥʩʪʠʪʫʪʫ 
ʤʘʪʝʤʘʪʠʢʠ ɸʅ ʋʈʉʈ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʘʢʘʜʝʤʽʢʘ ʗ.ʉ. ʇʽʜʩʪʨʠʛʘʯʘ ʟʘ 
ʧʨʦʬʽʣʝʤ ʤʝʭʘʥʽʢʘ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ. ʗ ʥʝʦʜʥʦʨʘʟʦʚʦ ʚʠʩʪʫʧʘʚ ʟ 
ʤʘʪʝʨʽʘʣʘʤʠ ʩʚʦʻʾ ʜʠʩʝʨʪʘʮʽʾ ʫ ʚʽʜʜʽʣʘʭ, ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʩʝʤʽʥʘʨʽ ʬʽʣʽʾ ʽ, ʤʝʥʽ 
ʟʜʘʚʘʣʦʩʷ, ʱʦ ʩʧʨʘʚʠʚ ʥʝʧʦʛʘʥʝ ʚʨʘʞʝʥʥʷ ʥʘ ʗ.ʉ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʷʢʠʡʩʴ ʯʘʩ ʾʾ 
ʨʫʢʦʧʠʩ ʧʨʦʣʝʞʘʚ ʙʝʟ ʨʫʭʫ ʥʘ ʧʦʣʠʮʽ ʢʘʙʽʥʝʪʫ ʘʢʘʜʝʤʽʢʘ, ʅ.ʇ. ʚʠʙʨʘʚ ʯʘʩ ʽ 
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ʧʦʾʭʘʚ ʥʘ ʟʫʩʪʨʽʯ ʟ ʗʨʦʩʣʘʚʦʤ ʉʪʝʧʘʥʦʚʠʯʝʤ. ʗ ʥʝ ʯʫʚ ʚʽʜ ʥʴʦʛʦ ʜʝʪʘʣʝʡ 
ʨʦʟʤʦʚʠ, ʢʨʽʤ ʦʜʥʽʻʾ: ʗ ʧʦʢʣʘʚ ɺʘʰʫ ʜʠʩʝʨʪʘʮʽʶ ʡʦʤʫ ʥʘ ʩʪʽʣ!   

ʇʨʠ ʭʘʨʘʢʪʝʨʽ ʅ.ʇ., ʱʦ ʮʝ ʢʦʰʪʫʚʘʣʦ ʡʦʤʫ, ʚʘʞʢʦ ʫʷʚʠʪʠ, ʘʣʝ ʚ ʩʢʦʨʦʤʫ 
ʯʘʩʽ ʟʘʭʠʩʪ ʚʽʜʙʫʚʩʷ. ɯ ʩʪʘʣʘ ʚʽʜʦʤʦʶ ʧʨʠʯʠʥʘ ʩʫʤʥʽʚʽʚ ʽ ʚʽʜʪʷʛʫʚʘʥʥʷ ʮʽʻʾ 
ʘʢʮʽʾ ï  ʮʝ ʙʫʚ ʧʝʨʰʠʡ ʨʦʟʛʣʷʜ ʈʘʜʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʚ ʷʢʽʡ ʟʘʜʘʯʽ ʤʝʭʘʥʽʢʠ 
ʨʦʟʚʷʟʫʚʘʣʠʩʷ ʚʠʢʣʶʯʥʦ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘ ʪʦʡ ʯʘʩ ʄʉɽ ʚʚʘʞʘʚʩʷ 
ʤʘʪʝʤʘʪʠʯʥʦ ʩʢʣʘʜʥʠʤ ʽ ʱʝ ʨʽʜʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʥʘʰʠʭ 
ʤʝʭʘʥʽʢʽʚ. 

 
14. ʊʝʧʣʦʧʨʦʚʽʜʥʘ ʚʷʟʢʘ ʨʽʜʠʥʘ:  ɺʘʤ ʨʦʙʠʪʠ ʥʽʯʦʛʦ ... 
ʋ ʩʽʯʥʽ 1980 ʨʦʢʫ ʅ.ʇ. ʩʢʘʟʘʚ ʤʝʥʽ: ʂɹ ɺʆ ʂʽʥʝʩʢʦʧʫ ʥʘʩʪʠʨʣʠʚʦ 

ʥʘʩʪʦʶʻ, ʱʦʙ ʚ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʅɼʈ ʟ ʥʠʤʠ ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʮʽʣʢʦʤ ʥʦʚʘ 
ʜʣʷ ʥʘʩ ʪʝʤʘ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʦʟʧʣʘʚʽʚ ʩʢʣʘ ʪʘ ʧʨʦʮʝʩʫ ʰʪʘʤʧʫʚʘʥʥʷ 
ʝʢʨʘʥʽʚ. ɻ.ɸ., ɺʘʤ ʧʽʩʣʷ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʨʦʙʠʪʠ ʥʽʯʦʛʦ, ʦʪʦʞ ʷ ʧʨʦʧʦʥʫʶ 
ɺʘʤ ʚʟʷʪʠʩʷ ʟʘ ʮʽ ʟʘʜʘʯʽ. ʗ ʚʩʽʣʷʢʦ ʚʽʜʥʽʢʫʚʘʚʩʷ, ʱʦ ʥʝ ʟʥʘʶ ʤʝʭʘʥʽʢʠ ʨʽʜʠʥ 
(ʚ ʷʢʠʭ ʚʟʘʛʘʣʽ ʤʦʞʥʘ ʟʘʚʷʟʥʫʪʠ, ʘ ʪʫʪ ʱʝ ʡ ʟʚʘʨʠʪʠʩʷ!), ʱʦ ʪʫʪ ʥʝʣʽʥʽʡʥʦʩʪʽ ʽ 
ʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʟ ʧʝʯʽ ʽ ʬʦʨʤʫʚʘʥʥʽ 
ʧʦʨʮʽʡ ʨʦʟʧʣʘʚʫ (ʷʢ ʮʝ ʦʧʠʩʘʪʠ ʽ ʱʝ ʡ ʨʘʭʫʚʘʪʠ!) ʽ ʪ.ʜ. ʽ ʪ.ʧ. (ʷ ʜʦ ʪʘʢʦʛʦ ʡ 
ʙʣʠʟʴʢʦ ʥʝ ʧʽʜʭʦʜʠʚ, ʤʝʥʽ ʥʝ ʤʦʞʥʘ ʮʴʦʛʦ ʜʦʨʫʯʘʪʠ!) . ʅ.ʇ. ʙʫʚ 
ʥʝʚʙʣʘʛʘʥʥʠʡ: ʅʽʭʪʦ ʟ ʥʘʩ ʪʘʢʦʛʦ ʥʝ ʨʦʙʠʚ, ʧʨʠʡʰʦʚ ʯʘʩ ʧʦʯʠʥʘʪʠ. ʑʦ ɺʘʤ 
ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ?  

ʎʝ ʙʫʣʦ ʪʘʢ ʩʝʨʡʦʟʥʦ ʽ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦ, ʱʦ ʧʨʠʡʰʣʦʩʷ ʧʦʛʦʜʠʪʠʩʷ ʥʘ 
ʮʶ ʨʦʙʦʪʫ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: (ʽ) ʷ, ʢʦʣʠ ʮʝ ʧʦʪʨʽʙʥʦ, ʽ ʩʪʽʣʴʢʠ ʨʘʟʽʚ, ʩʢʽʣʴʢʠ ʤʝʥʽ 
ʧʦʪʨʽʙʥʦ, ʙʫʜʫ ʜʦʧʦʚʽʜʘʪʠ ʥʘ ʢʘʬʝʜʨʘʣʴʥʦʤʫ ʩʝʤʽʥʘʨʽ ʧʨʦ ʮʶ ʧʨʦʙʣʝʤʫ (!) ʽ 
ʤʦʻ ʨʦʟʫʤʽʥʥʷ ʷʢ ʾʾ ʨʦʟʚôʷʟʫʚʘʪʠ; (ʽʽ) ʤʝʥʽ ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ ɺ.ɺ. ʂʘʨʧʦʚ 
(ʦʩʥʦʚʥʘ ʞʝʨʪʚʘ, ʷʢʘ ʱʝ ʥʝ ʟʘʭʠʩʪʠʣʘ ʩʚʦʻʾ ʜʠʩʝʨʪʘʮʽʾ!) ʽ ʱʝ ʪʨʦʻ ʩʪʫʜʝʥʪʽʚ, 
ʷʢʠʭ ʷ ʚʠʙʝʨʫ ʩʦʙʽ ʧʽʟʥʽʰʝ( ʥʠʤʠ ʩʪʘʣʠ ɸ.ʖ. ʊʦʢʘʨ, ɺ.ʄ. ɿʫʙʦʚ ʽ ʆ.ʄ. 
ʃʝʚʯʝʥʢʦ). 

ʇʨʦʪʷʛʦʤ ʩʝʤʝʩʪʨʫ ʷ ʨʘʟʽʚ ʧôʷʪʴ ʜʦʧʦʚʽʜʘʚ ʧʨʦ ʬʦʨʤʫʣʶʚʘʥʥʷ 
ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʧʨʦ ʨʫʭ ʪʝʧʣʦʧʨʦʚʽʜʥʦʾ ʚʷʟʢʦʾ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ 
ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ.  

ɿʘʜʘʯʘ ʩʧʨʘʚʜʽ ʙʫʣʘ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʦʶ! ʆʩʢʽʣʴʢʠ ʤʦʻ ʨʦʟʫʤʽʥʥʷ ʯʘʩʦʤ 
ʥʘʰʪʦʚʭʫʚʘʣʦʩʷ ʥʘ ʥʝʱʘʜʥʫ (ʪʘ ʩʧʨʘʚʝʜʣʠʚʫ!) ʢʨʠʪʠʢʫ ʤʦʾʭ ʧʦʤʠʣʦʢ, ʚ 
ʦʩʥʦʚʥʦʤʫ, ʆʜʘʨʢʦʶ ɺʦʣʦʜʠʤʠʨʽʚʥʦʶ, ʪʦ ʢʦʞʥʘ ʜʦʧʦʚʽʜʴ ʥʘʛʘʜʫʚʘʣʘ 
ʯʝʨʛʦʚʠʡ ʢʨʦʢ ʽʪʝʨʘʮʽʡʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ: ʚʥʦʩʠʣʠʩʷ ʢʦʨʝʢʪʠʚʠ ʜʦ ʧʦʧʝʨʝʜʥʽʭ 
ʬʦʨʤʫʣʶʚʘʥʴ ʽ ʟ ʧʝʚʥʠʤ ʦʙʛʨʫʥʪʫʚʘʥʥʷʤ ʜʦʜʘʚʘʣʘʩʷ ʯʝʨʛʦʚʘ ʧʦʨʮʽʷ ʥʦʚʠʭ. 
ʅʘʨʝʰʪʽ, ʢʦʣʠ ʷ ʟʫʤʽʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʚʠʪʦʢʫ ʟ ʢʘʥʘʣʫ, ʽ ʧʠʪʘʥʴ 
ʪʘ ʟʘʫʚʘʞʝʥʴ ʚʽʜ ʆ.ɺ. (ʷʢ ʢʨʠʪʝʨʽʶ ʟʫʧʠʥʢʠ ʽʪʝʨʘʮʽʡ) ʥʝ ʚʠʥʠʢʣʦ, ʅ.ʇ. 
ʟʘʢʣʶʯʠʚ: ɻʝʥʽʘʣʴʥʦ!  ʗ ʜʘʚʥʦ ʟʥʘʚ, ʱʦ ʧʨʦʬʝʩʦʨ ʚʚʘʞʘʻ ʟʘʜʘʯʫ ʚʞʝ 
ʨʦʟʚôʷʟʘʥʦʶ, ʷʢ ʪʽʣʴʢʠ ʚʜʘʣʦʩʷ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ. 

ʇʨʦʪʝ ʆ.ɺ. ʟʘʫʚʘʞʠʣʘ: ʄʝʥʽ ʟʜʘʻʪʴʩʷ, ʱʦ ʪʘʢʫ ʟʘʜʘʯʫ ʯʠʩʣʦʚʠʤʠ ʥʝ 
ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ!  ʆʪ ʪʫʪ-ʪʦ ʚʦʥʘ ʧʨʠʧʫʩʪʠʣʘʩʷ ʧʦʤʠʣʢʠ: ʩʫʤʥʽʚʽʚ ʫ ʄʉɽ ʚ 
ʤʝʥʝ ʞʦʜʥʦʛʦ ʨʘʟʫ ʥʝ ʙʫʣʦ, ʩʫʤʥʽʚʠ ʙʫʣʠ ʚ ʤʝʥʽ! ʗ ʩʪʘʚ ʨʦʟʨʦʙʣʷʪʠ 
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ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʄʉɽ, ʰʢʦʣʠʪʠ (ʫ ʚʽʜʧʫʩʢʥʠʡ ʧʝʨʽʦʜ!) ʽ ʨʦʟʨʦʙʣʷʪʠ 
ʧʨʦʛʨʘʤʠ ʮʽʣʠʡ ʩʝʨʧʝʥʴ ʟ ʧʨʠʜʘʥʦʶ ʤʝʥʽ ʢʦʤʘʥʜʦʶ. 

ʋ ʩʝʨʝʜʠʥʽ ʚʝʨʝʩʥʷ ʷ ʧʦʾʭʘʚ ʥʘ ʩʝʤʝʩʪʨ ʩʪʘʞʫʚʘʪʠʩʷ ʜʦ ʄɼʋ, ʩʣʫʭʘʚ, 
ʟʦʢʨʝʤʘ, ʣʝʢʮʽʾ ʧʨʦʬ. ʄ.ʆ. ʉʣʴʦʟʢʽʥʘ ʟ ʤʝʭʘʥʽʢʠ ʚôʷʟʢʠʭ ʨʽʜʠʥ, ʧʨʦʬ. ʖ.ʇ. 
ʇʦʧʦʚʘ ʟ ʨʽʟʥʠʮʝʚʠʭ ʤʝʪʦʜʽʚ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ ʽ ʥʘʙʠʨʘʚʩʷ ʚʧʝʚʥʝʥʦʩʪʽ ʚ 
ʧʨʘʚʠʣʴʥʦʩʪʽ ʥʘʰʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʮʠʭ ʧʨʦʙʣʝʤ. ɸ ʟʘ ʮʝʡ ʯʘʩ ʥʘʰʘ ʢʦʤʘʥʜʘ 
(ʚʞʝ ʙʝʟ ʤʦʻʾ ʫʯʘʩʪʽ ʚ ʧʨʦʛʨʘʤʫʚʘʥʥʽ!) ʦʜʝʨʞʘʣʘ ʧʝʨʰʽ ʯʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘ 
ʨʽʢ ɸ.ʖ. ʊʦʢʘʨ, ɺ.ʄ. ɿʫʙʦʚ ʩʪʘʣʠ ʣʘʫʨʝʘʪʘʤʠ ɺʩʝʩʦʶʟʥʦʛʦ ʢʦʥʢʫʨʩʫ 
ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʘ ʟʛʦʜʦʤ ɺ.ʄ. ɿʫʙʦʚ ʟʘʭʠʩʪʠʚ ʢʘʥʜʠʜʘʪʩʴʢʫ 
ʜʠʩʝʨʪʘʮʽʶ ʥʘ ʮʶ ʪʝʤʫ ʫ ʂʠʾʚʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ. ɸʣʝ ʮʝ 
ʦʢʨʝʤʘ ʪʝʤʘ. 

ɼʫʤʘʶ, ʱʦ ʅ.ʇ. ʽʥʦʜʽ ʜʦʟʚʦʣʷʚ ʩʦʙʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʽʾ ʞʠʪʪʻʚʠʡ 
ʣʦʟʫʥʛ ʅʘʧʦʣʝʦʥʘ: ɻʦʣʦʚʥʝ ï ʚʚôʷʟʘʪʠʩʷ ʚ ʙʽʡ, ʘ ʪʘʤ ʙʫʜʝ ʚʠʜʥʦ! ʗʢʱʦ ʤʘʻʰ 
ʜʦʙʨʫ ʢʦʤʘʥʜʫ ʯʠ ʛʨʘʻʰ ʚ ʥʽʡ .... 

 
15.  ʅɼʃ-62: ʏʠʤ ʷ ʱʝ ʤʦʞʫ ʜʦʧʦʤʦʛʪʠ?  
ʂʦʣʝʢʪʠʚ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʨʦʟʨʦʩʪʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʾʾ 

ʚʠʧʫʩʢʥʠʢʽʚ, ʷʢʽ, ʟʘ ʨʽʜʢʠʤ ʚʠʢʣʶʯʝʥʥʷʤ, ʙʫʣʠ ʧʦʚʷʟʘʥʽ ʟ ʯʠʩʣʦʚʠʤ 
ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʘʩʦʙʘʤʠ ʄʉɽ. ʇʦʧʦʚʥʶʚʘʣʘʩʷ ʪʝʤʘʪʠʢʘ ʥʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 
ʯʘʩʪʦ ʚ ʮʽʡ ʛʦʩʧʦʜʽ ʚʽʜ ʅ.ʇ. ʤʦʞʥʘ ʙʫʣʦ ʧʦʯʫʪʠ ʪʘʢʽ ʧʨʦʧʦʟʠʮʽʾ: ʏʠʤ ʷ ʤʦʞʫ 
ʜʦʧʦʤʦʛʪʠ ɺʘʤ? 

ʄʦʞʣʠʚʦ ʧʽʩʣʷ ʦʜʥʦʛʦ ʟ ʪʘʢʠʭ ʟʘʧʠʪʘʥʴ ʽ ʧʦʯʘʣʦʩʷ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦ-
ʜʦʩʣʽʜʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʅɼʃ-62, ʫ ʷʢʫ ʚʚʽʡʰʣʠ ɺ.ɺ. ʂʘʨʧʦʚ, ɯ.ɯ. ɼʠʷʢ, ɯ.ʉ. 
ʄʫʭʘ, ʄ.ɺ. ʑʝʨʙʘʪʠʡ, ʄ.ʌ.ʂʦʧʠʪʢʦ, ʈ. ʄ. ɹʫʨʜʘ, ɯ.ɸ. ʇʨʦʢʦʧʠʰʠʥ, ʆ.ʉ. 
ʂʦʩʩʘʢ, ɯ. ʉʠʧʘ, ɸ.ʖ. ʊʦʢʘʨ, ɺ.ʄ. ɿʫʙʦʚ , ʆ.ʄ. ʃʝʚʯʝʥʢʦ, ɺ.ʄ. ɻʦʨʣʘʯ, ɺ.ɼ. 
ɺʦʚʢ ʪʘ ʽʥʰʽ. ʃʘʙʦʨʘʪʦʨʽʷ ʫʪʨʠʤʫʚʘʣʘʩʷ ʥʘ ʢʦʰʪʠ ʛʦʩʧʜʦʛʦʚʽʨʥʠʭ ʽ 
ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʨʦʙʽʪ ʽ ʧʨʦʽʩʥʫʚʘʣʘ ʜʦ ʥʝʜʘʚʥʽʭ ʧʽʨ, ʢʦʣʠ ʫ ʚʣʘʜʠ ʋʢʨʘʾʥʠ 
ʧʨʦʧʘʚ ʽʥʪʝʨʝʩ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʝʣʽʪʠ ʥʘʮʽʾ. ʃʘʙʦʨʘʪʦʨʽʷ ʟʥʠʢʣʘ, ʘʣʝ 
ʙʽʣʴʰʽʩʪʴ ʾʾ ʯʣʝʥʽʚ, ʧʽʩʣʷ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʡ, ʧʝʨʝʡʰʣʘ ʥʘ ʚʠʢʣʘʜʘʮʴʢʫ 
ʨʦʙʦʪʫ ʥʘ ʨʽʟʥʽ ʢʘʬʝʜʨʠ ʬʘʢʫʣʴʪʝʪʫ. 

ʆʧʠʩʫʚʘʪʠ ʩʚʦʾ ʩʫʙôʻʢʪʠʚʥʽ ʽ ʜʘʣʝʢʦ ʥʝ ʧʦʚʥʽ ʘʧʦʩʪʝʨʽʦʨʥʽ ʦʮʽʥʢʠ 
ʩʪʘʥʦʚʣʝʥʥʷ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʥʘ ʰʣʷʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʦʜʥʦʤʫ ʥʝ ʩʫʤʥʽʚʘʶʩʷ ï ʢʦʞʝʥ ʫʯʘʩʥʠʢ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 
ʟʛʦʜʠʪʴʩʷ ʩʪʦʩʦʚʥʦ ʚʠʨʽʰʘʣʴʥʦʾ ʨʦʣʽ ʚ ʮʽʡ ʧʦʜʦʨʦʞʽ ʥʘʰʦʛʦ ʟʘʚʽʜʫʚʘʯʘ, 
ʇʨʦʬʝʩʦʨʘ ʅʘʫʤʘ ʇʝʪʨʦʚʠʯʘ ʌʣʝʡʰʤʘʥʘ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʚʘʚ ʥʘʩ, ʧʽʜʰʪʦʚ-
ʭʫʚʘʚ ʽ ʧʽʜʙʘʜʴʦʨʶʚʘʚ ʥʘ ʮʴʦʤʫ ʰʣʷʭʫ. ɯ ʩʴʦʛʦʜʥʽ ʧʦʢʘʟʫʻ ʥʘʤ ʧʨʠʢʣʘʜ 
ʧʦʚʥʦʮʽʥʥʦʛʦ ʜʦʚʛʦʣʽʪʪʷ. 

ʗ ʚʠʙʨʘʚ ʜʝʱʦ ʣʝʛʢʠʡ ʪʦʥ ʮʽʻʾ ʨʦʟʧʦʚʽʜʽ, ʱʦʙ ʚ ʮʽ ʜʥʽ ʧʽʜʙʘʜʴʦʨʠʪʠ ɺʘʩ, 
ʰʘʥʦʚʥʠʡ ʅʘʫʤʝ ʇʝʪʨʦʚʠʯʫ. ɹʫʜʴʪʝ ʟʜʦʨʦʚʽ! 

 
ɹʝʟʤʽʨʥʦ ʚʜʷʯʥʠʡ ʜʦʣʽ ʽ ɺʘʤ, ɻʝʦʨʛʽʡ ʐʠʥʢʘʨʝʥʢʦ. 
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ʈʆɿɼʋʄʀ ʇʈʆ ɺʏɽʅʆɻʆ-ʇɽɼɸɻʆɻɸ 
ɯɺɸʅɸ ɼʄʀʊʈʆɺʀʏɸ ʂɺɯʊɸ 

ɼʆ 100-ʈɯʏʏʗ ɺɯɼ ɼʅʗ ʅɸʈʆɼɾɽʅʅʗ 
 

 
 

ʅʘ ʞʠʪʪʻʚʦʤʫ ʰʣʷʭʫ ʢʦʞʥʦʛʦ ʟ ʥʘʩ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʣʶʜʠ, ʷʢʽ, ʥʘʚʽʪʴ ʧʽʩʣʷ 
ʥʝʪʨʠʚʘʣʦʛʦ ʟʥʘʡʦʤʩʪʚʘ ʟ ʥʠʤʠ, ʟʤʫʰʫʶʪʴ ʥʘʩ ʧʦʜʫʤʢʠ ʨʘʟ ʧʦ ʨʘʟ 
ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʩʧʦʛʘʜʽʚ ʪʘ ʨʦʟʜʫʤʽʚ ʧʨʦ ʪʽ ʩʝʥʩʠ ʽ ʩʤʠʩʣʠ, ʷʢʽ ʚʦʥʠ ʥʝʩʣʠ ʫ 
ʩʚʽʪ, ʧʨʦ ʪʫ ʰʣʷʭʝʪʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʽ ʥʝʥʘʚôʷʟʣʠʚʫ ʛʘʣʘʥʪʥʽʩʪʴ, ʷʢʠʭ ʪʘʢ 
ʙʨʘʢʫʻ ʩʴʦʛʦʜʥʽ, ʧʨʦ ʩʢʨʦʤʥʫ ʤʫʜʨʽʩʪʴ ʽ ʜʘʨ ʩʧʽʣʢʫʚʘʥʥʷ. ɺʧʨʦʜʦʚʞ ʤʘʡʞʝ 
ʩʦʨʦʢʘ ʨʦʢʽʚ ʩʪʫʜʝʥʪʠ ʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʌʨʘʥʢʦʚʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʤʘʣʠ ʥʘʛʦʜʫ 
ʚʯʠʪʠʩʷ ʫ ʪʘʢʦʾ ʣʶʜʠʥʠ, - ɯʚʘʥʘ ɼʤʠʪʨʦʚʠʯʘ ʂʚʽʪʘ. ʂʦʣʝʛʠ - ʚʯʠʪʠʩʷ ʩʫʚʦʨʽʡ 
ʧʨʘʚʜʽ ʞʠʪʪʷ, ʩʪʫʜʝʥʪʠ ï ʚʠʚʯʘʪʠ ʥʘʡʩʢʣʘʜʥʽʰʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʝʦʨʽʾ, ʘ, ʧʦʨʷʜ ʟ 
ʮʠʤ, ʢʫʣʴʪʫʨʫ ʧʦʚʝʜʽʥʢʠ, ʣʘʢʦʥʽʯʥʽʩʪʴ ʽ ʚʠʚʘʞʝʥʫ ʛʽʜʥʽʩʪʴ. ʊʽʣʴʢʠ ʟ ʧʣʠʥʦʤ 
ʯʘʩʫ ʧʨʠʭʦʜʠʪʴ ʫʩʚʽʜʦʤʣʝʥʥʷ ʪʦʛʦ, ʷʢʦʶ ʧʦʪʫʞʥʦʶ ʦʩʦʙʠʩʪʽʩʪʶ ʙʫʚ ʪʚʽʡ 
ʢʦʣʝʛʘ, ʚʯʠʪʝʣʴ, ʥʘʩʪʘʚʥʠʢ. 

ʄʘʙʫʪʴ ʥʽʭʪʦ ʟ ʡʦʛʦ ʨʦʚʝʩʥʠʢʽʚ, ʱʦ ʥʘʨʦʜʠʣʠʩʴ ʫ ɿʘʭʽʜʥʽʡ ʋʢʨʘʾʥʽ, ʥʝ 
ʚʭʦʜʠʚ ʚ ʥʘʫʢʫ ʪʘʢ ʩʪʨʽʤʢʦ ʽ ʪʘʢ ʚʧʝʚʥʝʥʦ. 

 ɯʚʘʥ ʂʚʽʪ, ʥʘʱʘʜʦʢ ʜʨʝʚʥʴʦʛʦ ʢʦʟʘʮʴʢʦʛʦ ʨʦʜʫ, ʥʘʨʦʜʠʚʩʷ 16 ʣʠʩʪʦʧʘʜʘ 
1921 ʨʦʢʫ ʚ ʩ. ʇʦʤʦʨʷʥʠ ɿʦʣʦʯʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 7 ʢʣʘʩʽʚ 
ʰʢʦʣʠ ʚ ʇʦʤʦʨʷʥʘʭ ʪʘ 3-ʾ ʩʝʨʝʜʥʴʦʾ ʰʢʦʣʠ ʤ.ʃʴʚʦʚʘ ʚʣʽʪʢʫ 1940 ʨ. ɯʚʘʥ ʩʪʘʚ 
ʩʪʫʜʝʥʪʦʤ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʴʚʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ. ɺʽʡʥʘ ʧʝʨʝʨʚʘʣʘ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʥʝ ʟʤʽʥʠʣʘ 
ʪʚʝʨʜʠʭ ʥʘʤʽʨʽʚ ʶʥʘʢʘ, ʽ ʟ 1945 ʧʦ 1949 ʨʽʢ ɯʚʘʥ ɼʤʠʪʨʦʚʠʯ ʧʨʦʜʦʚʞʠʚ 
ʥʘʚʯʘʥʥʷ ʥʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʽ. ʆʜʨʘʟʫ ʞ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʥ ʚʩʪʫʧʠʚ ʜʦ ʘʩʧʽʨʘʥʪʫʨʠ ʥʘ ʢʘʬʝʜʨʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ. 
ʊʨʠʨʽʯʥʠʡ ʪʝʨʤʽʥ ʥʘʚʯʘʥʥʷ ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʟʘʚʝʨʰʠʚʩʷ ʚ 1952 ʨ. ʫʩʧʽʰʥʠʤ 
ʟʘʭʠʩʪʦʤ ʢʘʥʜʠʜʘʪʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʽ ʟʜʦʙʫʪʪʷʤ ʚʯʝʥʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ 
ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ. 
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ɿ ʚʝʨʝʩʥʷ 1952 ʨ. ɯʚʘʥ ɼʤʠʪʨʦʚʠʯ ʂʚʽʪ ð ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ 
ʪʝʦʨʽʾ ʬʫʥʢʮʽʡ ʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʘ ʟ 1953 ʨ. ʽ ʜʦ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʞʠʪʪʷ ð 
ʜʦʮʝʥʪ ʃʴʚʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ (ʢʘʬʝʜʨ 
ʪʝʨʽʾ ʬʫʥʢʮʽʡ ʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʠʭ 
ʧʨʦʮʝʩʽʚ).  

ʋʯʝʥʴ ʘʢʘʜʝʤʽʢʘ ɹ.ɺ.ɻʥʝʜʝʥʢʘ, ɯʚʘʥ ɼʤʠʪʨʦʚʠʯ ʂʚʽʪ ʨʦʟʚʠʚʘʚ ʥʦʚʽ 
ʥʘʧʨʷʤʢʠ ʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʪʘ ʪʝʦʨʽʾ 
ʥʘʜʽʡʥʦʩʪʽ. ɺʽʥ ʦʧʫʙʣʽʢʫʚʘʚ ʧʦʥʘʜ 60 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʽʟ ʥʠʭ 13 ʥʘʚʯʘʣʴʥʠʭ 
ʧʦʩʽʙʥʠʢʽʚ, ʷʢʽ ʱʝ ʜʦʚʛʦ ʙʫʜʫʪʴ ʟʨʘʟʢʘʤʠ ʤʝʪʦʜʠʯʥʠʭ ʨʦʟʨʦʙʦʢ. 

ʇʨʦ ʮʶ ʱʠʨʫ ʽ ʯʝʩʥʫ ʣʶʜʠʥʫ, ʪʘʣʘʥʦʚʠʪʦʛʦ ʧʝʜʘʛʦʛʘ, ʚʝʣʠʢʦʛʦ ʧʘʪʨʽʦʪʘ 
ʋʢʨʘʾʥʠ, ʤʦʞʥʘ ʨʦʟʧʦʚʽʜʘʪʠ ʙʘʛʘʪʦ. ʄʘʪʝʤʘʪʠʢ ʟʘ ʬʘʭʦʤ, ʚʽʥ ʚʦʜʥʦʯʘʩ ʤʘʚ 
ʛʨʫʥʪʦʚʥʽ ʟʥʘʥʥʷ ʟ ʬʽʣʦʩʦʬʽʾ, ʣʽʪʝʨʘʪʫʨʠ, ʽʩʪʦʨʽʾ. ɻʣʠʙʦʢʘ ʝʨʫʜʠʮʽʷ, ʙʘʛʘʪʽ 
ʟʥʘʥʥʷ ʽ ʜʦʩʚʽʜ ʨʦʙʠʣʠ ʡʦʛʦ ʣʝʢʮʽʾ ʮʽʢʘʚʠʤʠ, ʢʦʣʦʨʠʪʥʠʤʠ, ʥʝʟʘʙʫʪʥʽʤʠ. 
ɺʽʣʴʥʦ ʚʦʣʦʜʽʶʯʠ 8 ʤʦʚʘʤʠ (ʫʢʨʘʾʥʩʴʢʦʶ, ʨʦʩʽʡʩʴʢʦʶ, ʧʦʣʴʩʴʢʦʶ, 
ʘʥʛʣʽʡʩʴʢʦʶ, ʥʽʤʝʮʴʢʦʶ, ʬʨʘʥʮʫʟʴʢʦʶ, ʛʨʝʮʴʢʦʶ ʪʘ ʣʘʪʠʥʥʶ), ɯʚʘʥ 
ɼʤʠʪʨʦʚʠʯ ʤʘʚ ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ ʥʘʫʢʦʚʠʭ ʥʘʜʙʘʥʴ ʣʶʜʩʪʚʘ. ʋ ʥʘʫʢʦʚʽʡ 
ʙʽʙʣʽʦʪʝʮʽ ʫʥʽʚʝʨʩʠʪʝʪʫ ʞʦʜʝʥ ʥʦʚʠʡ ʚʠʧʫʩʢ ʞʫʨʥʘʣʫ óTechnometricsò ʥʝ 
ʟʘʣʠʰʠʚʩʷ ʧʦʟʘ ʫʚʘʛʦʶ ʚʯʝʥʦʛʦ. ʅʘ ʩʴʦʛʦʜʥʽ ʦʛʣʷʜ ʽʥʦʟʝʤʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, - ʮʝ 
ʙʫʜʝʥʥʽʩʪʴ, ʘ ʫ ʩʽʤʜʝʩʷʪʠʭ - ʚʽʩʽʤʜʝʩʷʪʠʭ ʨʦʢʘʭ ʮʝ ʙʫʣʘ ʨʦʟʢʽʰ. ɯ ʜʣʷ 
ʪʦʛʦʯʘʩʥʠʭ ʩʪʫʜʝʥʪʽʚ ʙʫʚ ʯʫʜʦʚʠʡ ʧʨʠʢʣʘʜ ʜʣʷ ʥʘʩʣʽʜʫʚʘʥʥʷ, ʢʦʣʠ ʚ 
ʯʠʪʘʣʴʥʦʤʫ ʟʘʣʽ ʥʘʫʢʦʚʦʾ ʙʽʙʣʽʦʪʝʢʠ ʚʦʥʠ ʧʦʚʩʷʢʯʘʩ ʙʘʯʠʣʠ ʧʦʚʘʞʥʦʛʦ 
ʚʠʢʣʘʜʘʯʘ ʟʽ ʩʪʦʩʦʤ ʽʥʦʟʝʤʥʠʭ ʚʠʜʘʥʴ.  

ʋʧʨʦʜʦʚʞ 40 ʨʦʢʽʚ ʩʪʫʜʝʥʪʠ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʤʝʭʘʥʽʢʦ-
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʽ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʩʣʫʭʘʣʠ 
ʣʝʢʮʽʾ ʜʦʮʝʥʪʘ ʂʚʽʪʘ ɯ.ɼ. ʟ ʢʫʨʩʽʚ ñʈʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠò, ñʊʝʦʨʽʷ 
ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘò, ñɼʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡò, ñʊʝʦʨʽʷ 
ʥʘʜʽʡʥʦʩʪʽò, ñɯʥʪʝʛʨʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽò, ʷʢʽ 
ʚʠʨʽʟʥʷʣʠʩʷ ʫʥʽʢʘʣʴʥʽʩʪʶ, ʛʣʠʙʠʥʦʶ ʪʘ ʜʦʩʪʫʧʥʽʩʪʶ ʚʠʢʣʘʜʫ. 

ɹʘʛʘʪʦ ʨʦʢʽʚ ɯʚʘʥ ɼʤʠʪʨʦʚʠʯ ʙʫʚ ʋʯʝʥʠʤ ʩʝʢʨʝʪʘʨʝʤ ʈʘʜʠ ʤʝʭʘʥʽʢʦ-
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ, ʟʘʩʪʫʧʥʠʢʦʤ ʜʝʢʘʥʘ, ʯʣʝʥʦʤ ʤʝʪʦʜʠʯʥʦʾ ʨʘʜʠ. 
ɺʽʥ ʢʝʨʫʚʘʚ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʪʝʤʘʤʠ, ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ 
ɼʝʨʞʩʪʘʥʜʘʨʪʫ ʟ ʧʠʪʘʥʴ ʥʘʜʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ. 

ɯʚʘʥ ɼʤʠʪʨʦʚʠʯ ʙʫʚ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʥʠʤ ʚʯʝʥʠʤ ʽ ʧʝʜʘʛʦʛʦʤ, ʘʣʝ ʽ 
ʥʽʞʥʠʤ, ʣʶʙʣʷʯʠʤ ʙʘʪʴʢʦʤ. ʈʘʟʦʤ ʟ ʜʨʫʞʠʥʦʶ ʃʽʜʽʻʶ ʁʦʩʠʧʽʚʥʦʶ ʚʦʥʠ 
ʚʠʭʦʚʘʣʠ ʪʨʴʦʭ ʩʠʥʽʚ, ʷʢʽ ʥʠʥʽ ʻ ʚʽʜʦʤʠʤʠ ʽ ʰʘʥʦʚʘʥʠʤʠ ʣʶʜʴʤʠ ʃʴʚʦʚʘ. 

14 ʛʨʫʜʥʷ 1990 ʨʦʢʫ ʧʝʨʝʩʪʘʣʦ ʙʠʪʠʩʷ ʩʝʨʮʝ ɯʚʘʥʘ ɼʤʠʪʨʦʚʠʯʘ ʂʚʽʪʘ. 
 ʉʚʽʪʣʘ ʧʘʤôʷʪʴ ʧʨʦ ʮʶ ʯʫʜʦʚʫ ʃʶʜʠʥʫ ʥʘʟʘʚʞʜʠ ʟʙʝʨʝʞʝʪʴʩʷ ʚ ʥʘʰʠʭ 

ʩʝʨʮʷʭ. 
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ʄʀʍɸʁʃʋ  ʗʈʆʉʃɸɺʆɺʀʏʋ ɹɸʈʊɯʐʋ ï 80 

 
ʄʠʭʘʡʣʦ ʗʨʦʩʣʘʚʦʚʠʯ ɹʘʨʪʽʰ ʥʘʨʦʜʠʚʩʷ 1 ʙʝʨʝʟʥʷ 1941  ʚ ʩʝʣʽ 

ʉʦʢʦʣʽʚʢʘ ɹʫʩʴʢʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɿʘʮʽʢʘʚʣʝʥʽʩʪʴ ʤʘʪʝʤʘʪʠʢʦʶ ʫ 
ʥʴʦʛʦ ʚʠʷʚʠʣʘʩʷ ʱʝ ʫ ʰʢʽʣʴʥʽ ʨʦʢʠ. ʊʦʤʫ ʫ 1957 ʨʦʮʽ ʚʩʪʫʧʠʚ ʥʘ ʤʝʭʘʥʽʢʦ-
ʤʘʪʝʤʘʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ʃʴʚʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ 
ʌʨʘʥʢʘ. ɺʞʝ ʚ ʩʪʫʜʝʥʪʩʴʢʽ ʨʦʢʠ ʚʽʥ ʧʦʯʘʚ ʘʢʪʠʚʥʦ ʟʘʡʤʘʪʠʩʷ ʥʘʫʢʦʚʦʶ 
ʨʦʙʦʪʦʶ ʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʠʰʠʚʩʷ ʧʨʘʮʶʚʘʪʠ ʘʩʠʩʪʝʥʪʦʤ 
ʢʘʬʝʜʨʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ʋ 1964 ʨʦʮʽ ʄ.ʗ. ɹʘʨʪʽʰ ʚʩʪʫʧʠʚ ʜʦ 
ʘʩʧʽʨʘʥʪʫʨʠ ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʢʠ ɸʅ ʋʈʉʈ, ʜʝ ʫ 1968 ʨ. ʟʘʭʠʩʪʠʚ 
ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɺ.ɭ.ʐʘʤʘʥʩʴʢʦʛʦ. ʁʦʛʦ 
ʜʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʘʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 
ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  

ʇʽʩʣʷ ʟʘʭʠʩʪʫ ʄʠʭʘʡʣʦ ʗʨʦʩʣʘʚʦʚʠʯ ʧʦʚʝʨʥʫʚʩʷ ʥʘ ʨʦʙʦʪʫ ʚ ʃʴʚʽʚʩʴʢʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ, ʚ ʷʢʦʤʫ ʽ ʧʨʘʮʶʻ ʜʦ ʮʴʦʛʦ ʯʘʩʫ. ɺʽʥ 38 ʨʦʢʽʚ  ʧʨʘʮʶʚʘʚ 
ʟʘʚʽʜʫʚʘʯʝʤ ʢʘʬʝʜʨʠ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ.  ʆʜʠʥ ʟ ʽʥʽʮʽʘʪʦʨʽʚ 
ʩʪʚʦʨʝʥʥʷ ʫ 1975 ʨ. ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʤʝʭʘʥʽʢʠ, ʜʝʢʘʥʦʤ  
ʷʢʦʛʦ ʙʫʚ ʫ 1987-1988 ʨʨ.  ʘ ʫ 1988-1996 ʨʨ. ï ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ 
ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. 

ʋ 2003 ʟʘʭʠʩʪʠʚ ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʥʘ ʪʝʤʫ ñʄʝʪʦʜʠ ʪʠʧʫ ʅʴʶʪʦʥʘ 
ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʦʧʝʨʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ ʽ ʟʘʜʘʯ ʥʘ ʝʢʩʪʨʝʤʫʤò. ʋ 
2005 ʨʦʮʽ ʄʠʭʘʡʣʫ ʗʨʦʩʣʘʚʦʚʠʯʫ ʧʨʠʩʫʜʞʝʥʦ ʚʯʝʥʝ ʟʚʘʥʥʷ ʧʨʦʬʝʩʦʨʘ. ɿʘ 
ʘʢʪʠʚʥʫ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ 2015 ʨʦʢʫ ʡʦʤʫ ʧʨʠʩʫʜʞʝʥʦ ʟʚʘʥʥʷ 
ɿʘʩʣʫʞʝʥʦʛʦ ʧʨʦʬʝʩʦʨʘ ʃʅʋ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ.  

ʇʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʄ.ʗ. ɹʘʨʪʽʰʘ ʥʘ ʢʘʬʝʜʨʽ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 
ʩʬʦʨʤʫʚʘʣʘʩʷ ʥʘʫʢʦʚʘ ʰʢʦʣʘ ʟ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 
ʨʽʚʥʷʥʴ ʽ ʟʘʜʘʯ ʥʘ ʝʢʩʪʨʝʤʫʤ. ʁʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 
ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ. ʋ ʡʦʛʦ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 
ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʤʝʪʦʜʽʚ ʽʟ ʥʘʜʣʽʥʽʡʥʦʶ ʟʙʽʞʥʽʩʪʶ 
ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʢʣʘʩʽʚ ʟʘʜʘʯ.  ʇʦʥʘʜ 30 ʨʦʢʽʚ  ʚʽʥ ʢʝʨʫʚʘʚ 
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ʚʠʢʦʥʘʥʥʷʤ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʘ ʛʦʩʧʜʦʛʦʚʽʨʥʠʭ ʪʝʤ. ʇʽʜ  ʢʝʨʽʚʥʠʮʪʚʦʤ 
ʄ.ɹʘʨʪʽʰʘ ʟʘʭʠʱʝʥʦ 8 ʢʘʥʜʠʜʘʪʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ ʪʘ  2 ʜʦʢʪʦʨʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ. 

ʄ.ʗ. ɹʘʨʪʽʰ ï ʘʚʪʦʨʠʪʝʪʥʠʡ ʚʯʝʥʠʡ. ɺʽʥ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʻ 
ʯʣʝʥʦʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʘʜ, ʯʣʝʥʦʤ ʨʝʜʢʦʣʝʛʽʾ ʟʙʽʨʥʠʢʽʚ ʽ ʞʫʨʥʘʣʽʚ, ʯʣʝʥʦʤ 
ʦʨʛʢʦʤʽʪʝʪʽʚ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʟʦʢʨʝʤʘ, PDMU. ʊʘʢ, ʟ 2007 ʨ. ʽ ʜʦ ʪʝʧʝʨ 
ʧʨʘʮʶʻ ʯʣʝʥʦʤ ʝʢʩʧʝʨʪʥʦʾ ʨʘʜʠ ɺɸʂ, ʧʽʟʥʽʰʝ ɼɸʂ ʄʆʅ ʋʢʨʘʾʥʠ ʟ 
ʝʢʩʧʝʨʪʠʟʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ. ʋ 1986 ʨʦʮʽ ʥʘʛʦʨʦʜʞʝʥʠʡ ʟʥʘʢʦʤ 
çɺʽʜʤʽʥʥʠʢ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠè, ʟ 2009 ʨ. ï ʘʢʘʜʝʤʽʢ ɸʢʘʜʝʤʽʾ ʚʠʱʦʾ ʰʢʦʣʠ 
ʋʢʨʘʾʥʠ. ɺʽʥ ï ʣʘʫʨʝʘʪ ʥʘʛʦʨʦʜʠ ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ ɸʅ ɺʐ ʋʢʨʘʾʥʠ ʟ 2011 
ʨʦʢʫ, ɿʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ ʟ 2016 ʨʦʢʫ.  

ɺʠʢʣʘʜʘʮʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʄʠʭʘʡʣʘ ʗʨʦʩʣʘʚʦʚʠʯʘ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ 
ʥʘʫʢʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ. ʁʦʛʦ ʥʘʚʯʘʣʴʥʽ ʢʫʨʩʠ ʚʠʟʥʘʯʝʥʽ ʥʘʫʢʦʚʠʤʠ ʽʥʪʝʨʝʩʘʤʠ 
ï ʮʝ ʢʫʨʩʠ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʤʘʪʝʤʘʪʠʯʥʦʾ 
ʝʢʦʥʦʤʽʢʠ.  

ʄ.ʗ. ɹʘʨʪʽʰ ʻ ʘʚʪʦʨʦʤ ʧʦʥʘʜ 200 ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʭ 
ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ - ʧʽʜʨʫʯʥʠʢʽʚ ʽ ʧʦʩʽʙʥʠʢʽʚ ʽʟ ʛʨʠʬʦʤ ʄʆʅ ʋʢʨʘʾʥʠ, 
ʟʦʢʨʝʤʘ, ʩʝʨʽʾ ʧʽʜʨʫʯʥʠʢʽʚ ñɼʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡò ʫ 5 ʯʘʩʪʠʥʘʭ (ʫ 
ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ɯ.ʄ. ɼʫʜʟʷʥʠʤ).  

ʇʨʦʬʝʩʦʨ ɹʘʨʪʽʰ ʄ.ʗ. ʢʦʨʠʩʪʫʻʪʴʩʷ ʟʘʩʣʫʞʝʥʦʶ ʧʦʚʘʛʦʶ ʩʝʨʝʜ 
ʩʪʫʜʝʥʪʽʚ, ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ. 

ʆʨʛʢʦʤʽʪʝʪ  ʽ ʫʯʘʩʥʠʢʠ ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ APAMCS-2021 ʱʠʨʦ 
ʚʽʪʘʶʪʴ ʧʨʦʬʝʩʦʨʘ ɹʘʨʪʽʰʘ ʄ.ʗ. ʟ ʶʚʽʣʝʻʤ, ʟʠʯʘʪʴ ʤʽʮʥʦʛʦ ʟʜʦʨʦʚôʷ, 
ʜʦʚʛʦʣʽʪʪʷ ʽ ʧʽʜʢʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʝʨʰʠʥ. 
 
 
 
 

 

 

 

 

 

 



19 

 

ʄʀʂʆʃɯ ʄʀʂʆʃɸʁʆɺʀʏʋ ʇʈʀʊʋʃɯ ï 75 

 
 

ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ ʇʨʠʪʫʣʘ ʥʘʨʦʜʠʚʩʷ 25 ʪʨʘʚʥʷ 1946 ʨ. ʫ             
ʩ. ʅʝʟʥʘʥʽʚ ʂʘʤôʷʥʢʦ-ɹʫʟʴʢʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʋ 1964 ʨ. ʟʘʢʽʥʯʠʚ 
ʰʢʦʣʫ ʟʽ ʩʨʽʙʥʦʶ ʤʝʜʘʣʣʶ ʽ ʚʩʪʫʧʠʚ ʥʘ ʤʝʭʘʥʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 
ʃʴʚʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ʉʧʝʮʽʘʣʽʟʫʚʘʚʩʷ ʥʘ 
ʢʘʬʝʜʨʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʟʘʭʠʩʪʠʚ ʜʠʧʣʦʤʥʫ ʨʦʙʦʪʫ ʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʝʷʢʠʭ ʟʘʜʘʯ 
ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʊʨʫʜʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʄ.ʄ. ʇʨʠʪʫʣʘ ʨʦʟʧʦʯʘʚ ʫ ʚʝʨʝʩʥʽ 
1969 ʨ. ʽʥʞʝʥʝʨʦʤʧʨʦʛʨʘʤʽʩʪʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʩʪʘʪʫʧʨʘʚʣʽʥʥʷ 
ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʋ 1970ï 1971 ʨʨ. ʧʨʘʮʶʚʘʚ ʽʥʞʝʥʝʨʦʤ (ʤʘʪʝʤʘʪʠʢʦʤ) ʫ 
ɿʘʭʽʜʥʦ-ʋʢʨʘʾʥʩʴʢʽʡ ʛʝʦʬʽʟʠʯʥʽʡ ʨʦʟʚʽʜʫʚʘʣʴʥʽʡ ʝʢʩʧʝʜʠʮʽʾ (ɿʋɻʈɽ). ʇʽʩʣʷ 
ʧôʷʪʠʨʽʯʥʦʾ ʨʦʙʦʪʠ  ʡʦʛʦ ʧʝʨʝʚʝʣʠ ʥʘ ʧʦʩʘʜʫ ʥʘʯʘʣʴʥʠʢʘ ʚʽʜʜʽʣʫ 
ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʃʴʚʽʚʩʴʢʦʛʦ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 
ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ. ʋ 1971ï1973 ʨʨ. ʩʣʫʞʠʚ ʚ ʘʨʤʽʾ ʥʘ ʧʦʩʘʜʽ 
ʢʦʤʘʥʜʠʨʘ ʚʟʚʦʜʫ. ɿʘʚʞʜʠ ʧʨʘʛʥʫʚ ʟʘʡʤʘʪʠʩʷ ʥʘʫʢʦʚʦʶ ʨʦʙʦʪʦʶ ʡ ʫ 1978 ʨ. 
ʚʩʪʫʧʠʚ ʜʦ ʘʩʧʽʨʘʥʪʫʨʠ ʙʝʟ ʚʽʜʨʠʚʫ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʢʠ 
ɸʅ ʋʈʉʈ ʫ ʚʽʜʜʽʣ ʪʝʦʨʽʾ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʠʤ ʪʦʜʽ ʟʘʚʽʜʫʚʘʚ ʘʢʘʜʝʤʽʢ 
ʖ.ʆ. ʄʠʪʨʦʧʦʣʴʩʴʢʠʡ. ʋ 1982 ʨ. ʫʩʧʽʰʥʦ ʟʘʭʠʩʪʠʚ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ 
ñɿʘʩʪʦʩʫʚʘʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʝʣʽʥʽʡʥʦʾ ʤʝʭʘʥʽʢʠ ʜʦ ʜʝʷʢʠʭ ʨʽʚʥʷʥʴ 
ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠò (ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʙʫʚ ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ 
ʩʧʽʚʨʦʙʽʪʥʠʢ, ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ɺ.ɻ. ʂʦʣʦʤʽʻʮʴ). ʊʘ ʥʘ ʮʴʦʤʫ ʚʽʥ ʥʝ 
ʟʫʧʠʥʠʚʩʷ, ʘʜʞʝ ʧʨʘʛʥʫʚ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʨʽʜʥʦʾ Alma mater. ʋ 1980 ʨ. ʡʦʛʦ ʟʘ 
ʢʦʥʢʫʨʩʦʤ ʟʘʨʘʭʫʚʘʣʠ ʥʘ ʧʦʩʘʜʫ ʘʩʠʩʪʝʥʪʘ ʢʘʬʝʜʨʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 
ʤʘʪʝʤʘʪʠʢʠ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ ʃʴʚʽʚʩʴʢʦʛʦ 
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ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ʋ 1998 ʨ. ʚ ɯʥʩʪʠʪʫʪʽ 
ʤʘʪʝʤʘʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘʭʠʩʪʠʚ ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ñɻʨʘʜʽʻʥʪʥʦ-
ʛʦʣʦʥʦʤʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʥʘ 
ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʥʦʛʦʚʠʜʘʭò (ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʙʫʚ ʘʢʘʜʝʤʽʢ ʅɸʅ 
ʋʢʨʘʾʥʠ, ʜ-ʨ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ɸ.ʄ. ʉʘʤʦʡʣʝʥʢʦ). ɿ 1984 ʜʦ 1999 ʨ. 
ʄ.ʄ. ʇʨʠʪʫʣʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʟ 1999 ʜʦ 
2003 ʨ. ï ʧʨʦʬʝʩʦʨ ʮʽʻʾ ʞ ʢʘʬʝʜʨʠ. ɺʣʽʪʢʫ 2003 ʨ. ʟʘ ʫʯʘʩʪʶ ʄʠʢʦʣʠ 
ʄʠʢʦʣʘʡʦʚʠʯʘ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʥʦʚʘ ʢʘʬʝʜʨʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʣʘ ʯʠʪʘʥʥʷ 
ʦʩʥʦʚʥʠʭ ʢʫʨʩʽʚ ʽ ʢʫʨʩʽʚ ʟʘ ʚʠʙʦʨʦʤ: ñɼʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘò ʥʘ ʚʩʽʭ ʧʦʪʦʢʘʭ 
ʬʘʢʫʣʴʪʝʪʫ, ñʊʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘò, ñɼʦʩʣʽʜʞʝʥʥʷ 
ʦʧʝʨʘʮʽʡò, ñʄʘʪʝʤʘʪʠʯʥʘ ʣʦʛʽʢʘ ʽ ʪʝʦʨʽʷ ʘʣʛʦʨʠʪʤʽʚò, ñʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫò, ñɼʠʩʢʨʝʪʥʘ ʦʧʪʠʤʽʟʘʮʽʷò ʪʘ ʽʥ. ɿʘ ʘʢʪʠʚʥʫ ʪʘ ʧʣʽʜʥʫ ʥʘʫʢʦʚʦ-
ʧʝʜʘʛʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ 1998 ʨ. ʄ. ʇʨʠʪʫʣʽ ʧʨʠʩʫʜʠʣʠ ʛʨʘʥʪ ʄʽʞʥʘʨʦʜʥʦʾ 
ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ ñɺʯʝʥʽ ʽ ʚʠʢʣʘʜʘʯʽò, ʘ ʚ 2007 ʨ. ʥʘʛʦʨʦʜʠʣʠ 
ʟʥʘʢʦʤ ñɺʽʜʤʽʥʥʠʢ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠò. ʎʠʤ ʚʽʜʟʥʘʯʝʥʦ ʡʦʛʦ ʙʘʛʘʪʦʨʽʯʥʫ 
ʥʘʧʦʣʝʛʣʠʚʫ ʧʨʘʮʶ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʾ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʬʦʨʤʫʶʪʴ ʘʚʪʦʨʠʪʝʪ ʽ 
ʩʣʘʚʫ ʥʘʰʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ.  

ʄ.ʄ. ʇʨʠʪʫʣʘ ʫʩʧʽʰʥʦ ʧʦʻʜʥʫʻ ʥʘʫʢʦʚʫ ʽ ʧʝʜʘʛʦʛʽʯʥʫ ʨʦʙʦʪʫ ʟ 
ʛʨʦʤʘʜʩʴʢʦʶ. ɺʽʥ ʻ ʯʣʝʥʦʤ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʘʜʠ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʯʣʝʥʦʤ 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɺʯʝʥʦʾ ʨʘʜʠ ʟ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʡ, ʯʣʝʥʦʤ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ 
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ, ʜʽʡʩʥʠʡ ʯʣʝʥ ʅʘʫʢʦʚʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʽʤʝʥʽ 
ʐʝʚʯʝʥʢʘ. ɹʘʛʘʪʦʨʽʯʥʠʡ ʯʣʝʥ ɺʯʝʥʦʾ ʨʘʜʠ ʬʘʢʫʣʴʪʝʪʫ ʪʘ ʫʥʽʚʝʨʩʠʪʝʪʫ, 
ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʨʝʜʘʢʪʦʨʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʽʩʥʠʢʘ ʅʊʐ, ʯʣʝʥ ʨʝʜʢʦʣʝʛʽʾ 
ɺʽʩʥʠʢʘ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʉʝʨʽʷ ʧʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ ʪʘ 
ʽʥʬʦʨʤʘʪʠʢʘ), ʯʣʝʥ ʜʝʨʞʘʚʥʦʾ ʘʢʨʝʜʠʪʘʮʽʡʥʦʾ ʪʘ ʣʽʮʝʥʟʽʡʥʦʾ ʢʦʤʽʩʽʾ 
ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ (2003ï2007), ʛʦʣʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 
ʢʦʤʽʩʽʾ ʥʘʫʢʦʚʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʽʤʝʥʽ ʐʝʚʯʝʥʢʘ (2003ï2013). ʄʠʢʦʣʘ 
ʄʠʢʦʣʘʡʦʚʠʯ ï ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʯʦʪʠʨʴʦʭ ʟʘʭʠʱʝʥʠʭ ʢʘʥʜʠʜʘʪʩʴʢʠʭ 
ʜʠʩʝʨʪʘʮʽʡ. ɺʽʥ ʻ ʘʚʪʦʨʦʤ ʧʦʥʘʜ  200 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟ ʘʩʠʤʧʪʦʪʠʯʥʠʭ 
ʤʝʪʦʜʽʚ ʥʝʣʽʥʽʡʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʽʥʪʝʛʨʦʚʥʦʩʪʽ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 
ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ ʦʧʝʨʘʪʦʨʥʠʭ ʤʥʦʛʦʚʠʜʘʭ, ʚʠʜʘʥʠʭ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ 
ʢʦʨʜʦʥʦʤ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʦʢ ʽ ʥʘʚʯʘʣʴʥʠʭ ʧʦʩʽʙʥʠʢʽʚ ʜʣʷ 
ʩʪʫʜʝʥʪʽʚ, ʫ ʪʽʤ ʯʠʩʣʽ ʦʜʥʽʻʾ ʤʦʥʦʛʨʘʬʽʾ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ.  

ʆʨʛʢʦʤʽʪʝʪ  APAMCS-2021 ʱʠʨʦ ʚʽʪʘʻ ʧʨʦʬʝʩʦʨʘ ʇʨʠʪʫʣʫ ʄ.ʄ. ʽ 
ʙʘʞʘʻ ʡʦʤʫ ʤʽʮʥʦʛʦ ʟʜʦʨʦʚôʷ ʽ ʩʠʣ, ʙʘʛʘʪʦ ʨʦʢʽʚ  ʧʣʽʜʥʦʾ, ʪʚʦʨʯʦʾ ʨʦʙʦʪʠ ʥʘ 
ʪʝʨʝʥʘʭ ʥʘʫʢʠ ʡ ʦʩʚʽʪʠ.  
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ʇɸʄôʗʊɯ ʇʈʆʌɽʉʆʈɸ ʗʈɽʄʀ ɻʈʀɻʆʈʆɺʀʏɸ 
ʉɸɺʋʃʀ 

 
21 ʣʠʧʥʷ 2021 ʨʦʢʫ ʧʦʤʝʨ ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʉʘʚʫʣʘ, ɿʘʩʣʫʞʝʥʠʡ 

ʧʨʦʬʝʩʦʨ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 
ɿʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ-ʟʘʩʥʦʚʥʠʢ ɸʢʘʜʝʤʽʾ ɺʠʱʦʾ 
ʰʢʦʣʠ, ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ 
ʤʘʪʝʤʘʪʠʢʠ, ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 
ʽʥʬʦʨʤʘʪʠʢʠ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ.  

ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʉʘʚʫʣʘ ʥʘʨʦʜʠʚʩʷ 14 ʪʨʘʚʥʷ 1946 ʨ. ʫ ʤʽʩʪʽ ʉʪʨʠʶ 
ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʫ ʨʦʜʠʥʽ ʫʢʨʘʾʥʩʴʢʠʭ ʽʥʪʝʣʽʛʝʥʪʽʚ. ɺʩʝ ʡʦʛʦ ʩʚʽʜʦʤʝ ʞʠʪʪʷ 
ʙʫʣʦ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʦʜʥʠʤ ʽʟ ʥʘʡʩʪʘʨʽʰʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ï 
ʃʴʚʽʚʩʴʢʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ʋ 1969 ʨ. 
ʟʘʢʽʥʯʠʚ ʟ ʚʽʜʟʥʘʢʦʶ ʤʝʭʘʥʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ, ʘ ʚ 1972 ʨ. 
ʘʩʧʽʨʘʥʪʫʨʫ ʥʘ ʢʘʬʝʜʨʽ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ 
ʅ.ʇ. ʌʣʝʡʰʤʘʥʘ. ʋ 1973 ʨʦʮʽ ʟʘʭʠʩʪʠʚ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ñʉʪʘʪʠʢʘ 
ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʘʥʦʶ ʩʝʨʝʜʠʥʥʦʶ ʧʦʚʝʨʭʥʝʶò, ʘ ʚ 1986 ʨ. ï ʜʠʩʝʨʪʘʮʽʶ ñɿʘʜʘʯʽ 
ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʘʥʠʤʠ ʩʝʨʝʜʠʥʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠñ ʥʘ 
ʟʜʦʙʫʪʪʷ ʚʯʝʥʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ. ʋ 1989 ʨ. 
ʗ.ɻ. ʉʘʚʫʣʽ ʧʨʠʩʚʦʻʥʦ ʟʚʘʥʥʷ ʧʨʦʬʝʩʦʨʘ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʫ 
1991 ʨ. ï ɿʘʩʣʫʞʝʥʦʛʦ ʧʨʦʬʝʩʦʨʘ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ʋ 1996 - 2015 ʨʨ. ʥʘ ʧʦʩʘʜʽ ʜʝʢʘʥʘ ʦʯʦʣʶʚʘʚ ʬʘʢʫʣʴʪʝʪ 
ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 10 
ʞʦʚʪʥʷ 2011 ʨʦʢʫ ʧʨʠʩʚʦʻʥʦ ʗ.ɻ. ʉʘʚʫʣʽ ʧʦʯʝʩʥʝ ʟʚʘʥʥʷ ɿʘʩʣʫʞʝʥʦʛʦ 
ʧʨʘʮʽʚʥʠʢʘ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ. 
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ʆʩʦʙʣʠʚʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʥʘʫʢʠ, ʧʦʩʪʽʡʥʝ ʧʨʘʛʥʝʥʥʷ ʥʦʚʦʛʦ ʽ 
ʧʨʘʮʝʣʶʙʥʽʩʪʴ ʗ. ɻ. ʉʘʚʫʣʠ ʧʨʠʥʝʩʣʠ ʚʘʛʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʛʘʣʫʟʽ 
ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ, ʟʘʧʦʯʘʪʢʫʚʘʚʰʠ ʨʘʟʦʤ ʟ 
ʧʨʦʬʝʩʦʨʦʤ ɻ.ɸ. ʐʠʥʢʘʨʝʥʢʦʤ ʫ 1974 ʨʦʮʽ ʥʘʫʢʦʚʠʡ ʩʝʤʽʥʘʨ ñʄʝʪʦʜ 
ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚò, ʩʪʘʚ ʧʽʦʥʝʨʦʤ, ʥʘ ʪʝʨʝʥʘʭ ʢʦʣʠʰʥʴʦʛʦ ʈʘʜʷʥʩʴʢʦʛʦ 
ʉʦʶʟʫ, ʨʦʟʚʠʪʢʫ ʽʜʝʡ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘʡʧʦʰʠʨʝʥʽʰʦʛʦ ʤʝʪʦʜʫ 
ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚ ʦʙʣʘʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯ ʩʪʘʪʠʢʠ, ʜʠʥʘʤʽʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ 
ʂʽʨʭʛʦʬʘ-ʃʷʚʘ ʽ ʪʠʧʫ ʊʠʤʦʰʝʥʢʘ. ɽʬʝʢʪʠʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 
ʥʠʤ ʧʽʜʭʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʄʦʥʞʘ ʪʘ ʧʦʚʝʨʭʦʥʴ, ʧʦʣʦʛʠʭ ʚʽʜ-
ʥʦʩʥʦ ʧʦʚʝʨʭʦʥʴ ʄʦʥʞʘ, ʷʢ ʩʝʨʝʜʠʥʥʠʭ. ʊʘʢʝ ʘʥʘʣʽʪʠʯʥʝ ʧʦʜʘʥʥʷ ʛʝʦʤʝʪʨʽʾ 
ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 
ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʅʘʫʢʦʚʠʡ ʥʘʧʨʷʤ ʟ 
ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʦʢ, ʟʘʧʦʯʘʪʢʦʚʘʥʠʡ ʧʨʦʬ. 
ʗ.ɻ. ʉʘʚʫʣʦʶ ʩʪʘʚ ʰʠʨʦʢʦ ʚʽʜʦʤʠʤ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʢʦʨʜʦʥʦʤ. ʈʦʟʫʤʽʶʯʠ 
ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ 
ʪʦʥʢʦʩʪʽʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʩʦʙʣʠʚʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʘʩʠʚʥʠʤʠ 
ʪʽʣʘʤʠ, ʗ.ɻ. ʉʘʚʫʣʘ ʫ 1988 ʨʦʮʽ ʟʘʧʦʯʘʪʢʦʚʫʻ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ ʛʝʪʝʨʦʛʝʥʥʠʭ 
ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʠʡ ʫʩʧʽʰʥʦ ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʚʘʪʠ ʡʦʛʦ ʫʯʝʥʴ, 
ʧʨʦʬʝʩʦʨ ɯ.ɯ. ɼʠʷʢ  

ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʟʘʚʞʜʠ ʩʧʽʚʧʨʘʮʶʚʘʚ ʟ ʥʘʫʢʦʚʠʤʠ ʰʢʦʣʘʤʠ ʷʢ ɿʘʭʽʜ-
ʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ ʪʘʢ ʡ ʽʥʰʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ ʪʘ ʟʘʨʫʙʽʞʞʷ. ʋ 1997 ʨʦʮʽ 
ʪʘʢʘ ʩʧʽʚʧʨʘʮʷ ʧʨʠʚʝʣʘ ʜʦ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ ʟ 
ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʪʦʥʢʠʤʠ 
ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʚʢʣʶʯʝʥʥʷʤʠ. ʋ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ñʏʠʩʝʣʴʥʝ 
ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʣʽʚò ʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 
ʗ.ɻ.ʉʘʚʫʣʠ ʟʘʭʠʩʪʠʣʠ ʢʘʥʜʠʜʘʪʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ ɻ. ʐʠʥʢʘʨʝʥʢʦ, ɯ. ɼʠʷʢ, 
ɯ. ʄʫʭʘ, ʄ. ʑʝʨʙʘʪʠʡ, ʄ. ʂʦʧʠʪʢʦ, ʇ. ɺʘʛʽʥ, ɸ. ɼʫʙʦʚʠʢ, ʆ. ʂʦʩʩʘʢ, ɯ. ɹʫʜʟ, 
ʅ. ʇʘʫʢ, ɺ. ʂʫʭʘʨʩʴʢʠʡ, ʃ. ɼʷʢʦʥʶʢ, ʊ. ʄʘʥʜʟʘʢ, ʃ. ɺʠʥʥʠʮʴʢʘ, ɸ. ʉʪʷʛʘʨ, 
ʖ. ʊʫʨʯʠʥ, ʅ. ʉʧʦʜʘʨ. ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʟʘʚʞʜʠ ʧʝʨʝʡʤʘʚʩʷ ʜʦʣʝʶ ʩʚʦʾʭ 
ʫʯʥʽʚ ʽ ʜʦʧʦʤʘʛʘʚ ʢʦʞʥʦʤʫ ʟʘʚʝʨʰʠʪʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʩʧʽʰʥʠʤ 
ʟʘʭʠʩʪʦʤ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʤʘʡʙʫʪʥʽʤ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷʤ. ʋʩʽ ʫʯʥʽ ʟ ʚʜʷʯʥʽʩʪʶ 
ʧʘʤôʷʪʘʶʪʴ ʜʦʧʦʤʦʛʫ ʪʘ ʪʫʨʙʦʪʫ ʗʨʝʤʠ ɻʨʠʛʦʨʦʚʠʯʘ.ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ 
ʨʦʢʽʚ ʧʨʦʬʝʩʦʨ ʗ.ɻ. ʉʘʚʫʣʘ ʘʢʪʠʚʥʦ ʟʘʡʤʘʚʩʷ ʤʽʞʥʘʨʦʜʥʦʶ ʥʘʫʢʦʚʦʶ 
ʜʽʷʣʴʥʽʩʪʶ: ʙʫʚ ʢʝʨʽʚʥʠʢʦʤ ʛʨʫʧʠ ʫ ʪʝʤʽ, ʷʢʫ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʧʨʦʛʨʘʤʦʶ 
INTAS, ʢʝʨʫʚʘʚ ʩʧʽʣʴʥʠʤʠ ʫʢʨʘʾʥʩʴʢʦ-ʫʛʦʨʩʴʢʠʤ ʽ ʫʢʨʘʾʥʩʴʢʦ-ʰʚʝʜʩʴʢʠʤ 
ʧʨʦʝʢʪʘʤʠ. ʋ 1998 ʨ. ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʦʪʨʠʤʘʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʤʽʞʥʘ-
ʨʦʜʥʠʡ ʥʘʫʢʦʚʠʡ ʛʨʘʥʪ ñɺʯʝʥʽ ʪʘ ʚʠʢʣʘʜʘʯʽò. ɺʘʞʣʠʚʠʤʠ ʙʫʣʠ ʢʦʥʪʘʢʪʠ ʧʨʦ-
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ʬʝʩʦʨʘ ʗ.ɻ. ʉʘʚʫʣʠ ʟ ʫʯʝʥʠʤʠ ɺʽʜʝʥʩʴʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 
ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʤ. ɹʨʥʦ, ɺʝʩʧʨʝʤʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʤ. ʂʦʙʣʝʥʮ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʮʽʻʾ ʩʧʽʚʧʨʘʮʽ ʻ ʩʧʽʣʴʥʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʪʘ ʚʝʣʠʢʠʡ 
ʦʙʩʷʛ ʚʠʢʦʥʘʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʫʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʗ.ɻ. ʉʘʚʫʣʠ ʫʧʨʦʜʦʚʞ ʜʦʚʛʦʣʽʪʥʴʦʾ ʨʦʙʦʪʠ ʫ ʃʴʚʽʚ-
ʩʴʢʦʤʫ ʥʘʮʽʦʥʽʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ 
ʚʠʢʣʘʜʘʮʴʢʦʶ ʨʦʙʦʪʦʶ. ʅʘʚʯʘʣʴʥʽ ʢʫʨʩʠ, ʷʢʽ ʯʠʪʘʚ ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ, 
ʜʠʢʪʫʚʘʣʠʩʴ ʤʘʡʞʝ ʟʘʚʞʜʠ ʡʦʛʦ ʥʘʫʢʦʚʠʤʠ ʽʥʪʝʨʝʩʘʤʠ. ʎʝ ʢʫʨʩʠ ʟ ʤʦʚ 
ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʘʜʘʯ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ, ʚʘʨʽʘʮʽʡʥʦ-ʧʨʦʝʢʮʽʡʥʽ ʤʝʪʦʜʠ, 
ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 
ʬʽʟʠʢʠ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥ. ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʧʦʩʪʽʡʥʦ 
ʧʨʘʮʶʚʘʚ ʥʘʜ ʟʙʝʨʝʞʝʥʥʷʤ ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ ʪʘ 
ʟʘʣʫʯʝʥʥʷʤ ʜʦ ʨʦʙʦʪʠ ʤʦʣʦʜʠʭ ʪʘʣʘʥʦʚʠʪʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ. ʇʽʜ ʡʦʛʦ 
ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʽʜʢʨʠʪʦ ʥʦʚʽ ʢʘʬʝʜʨʠ ʪʘ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʷʢʽʩʥʦ ʚʠʱʠʡ ʨʽʚʝʥʴ 
ʥʘʚʯʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʣʘʙʦʨʘʪʦʨʽʾ. 

ʇʨʦʬʝʩʦʨ ʗ.ɻ. ʉʘʚʫʣʘ ʟʘʚʞʜʠ ʚʠʷʚʣʷʚ ʩʫʩʧʽʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɺʽʥ ʙʘʛʘʪʦ 
ʨʦʢʽʚ ʙʫʚ ʯʣʝʥʦʤ ʉʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʯʝʥʠʭ ʨʘʜ, ʯʣʝʥʦʤ ʨʝʜʢʦʣʝʛʽʡ ʥʘʫʢʦʚʠʭ 
ʟʙʽʨʥʠʢʽʚ ʽ ʞʫʨʥʘʣʽʚ. ʋ 1991 - 1997 ʨʨ. ʦʯʦʣʶʚʘʚ ʉʧʝʮʽʘʣʽʟʦʚʘʥʫ ʨʘʜʫ ʧʨʠ 
ʃʴʚʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʟʽ ʟʘʭʠʩʪʫ ʢʘʥʜʠʜʘʪʩʴʢʠʭ ʜʠʩʝʨ-
ʪʘʮʽʡ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʋ 1994 
ʨ. ʙʫʚ ʦʙʨʘʥʠʡ ʯʣʝʥʦʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʤʽʪʝʪʫ ʋʢʨʘʾʥʠ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʠ-
ʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ. ʅʝʦʜʥʦʨʘʟʦʚʦ ʙʫʚ ʯʣʝʥʦʤ ʝʢʩʧʝʨʪʥʦʾ ʨʘʜʠ ʟ ʧʨʠʢʣʘʜʥʦʾ 
ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʢʽʙʝʨʥʝʪʠʢʠ ɺɸʂ ʋʢʨʘʾʥʠ. 

ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʙʫʚ ʙʘʪʴʢʦʤ ʯʫʜʦʚʦʾ ʨʦʜʠʥʠ. ɺʩʽ ʟʘʚʞʜʠ ʟʥʘʣʠ ʽ 
ʙʘʯʠʣʠ ʡʦʛʦ ʣʶʙʦʚ ʽ ʧʦʚʘʛʫ ʜʦ ʜʨʫʞʠʥʠ. ʉʚʦʾʭ ʜʽʪʝʡ ʚʦʥʠ ʚʠʭʦʚʘʣʠ ʫ 
ʩʪʨʦʛʦʩʪʽ ʽ ʧʨʘʮʝʣʶʙʥʦʩʪʽ. ʁʦʛʦ ʞʠʪʪʷ ʙʫʣʦ ʚʽʜʢʨʠʪʝ ʪʘ ʛʽʜʥʝ ʥʘʩʣʽʜʫʚʘʥʥʷ. 
ʆʩʦʙʣʠʚʦ ʭʦʯʝʪʴʩʷ ʚʽʜʟʥʘʯʠʪʠ ʞʠʪʪʻʨʘʜʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʗʨʝʤʠ ɻʨʠʛʦʨʦʚʠʯʘ. 
ɺʽʥ ʟʘʚʞʜʠ ʧʨʠʥʦʩʠʚ ʧʦʩʤʽʰʢʫ ʪʘ ʦʧʪʠʤʽʟʤ. ʅʽʢʦʣʠ ʥʝ ʣʶʙʠʚ ʩʠʜʽʪʠ ʥʘ 
ʤʽʩʮʽ. ɺʽʥ ʮʽʢʘʚʠʚʩʷ ʚʩʽʤ: ʽʩʪʦʨʽʻʶ ʩʚʦʛʦ ʢʨʘʶ, ʣʽʪʝʨʘʪʫʨʦʶ, ʪʝʘʪʨʦʤ, 
ʤʠʩʪʝʮʪʚʦʤ. ʁʦʛʦ ʝʣʝʛʘʥʪʥʠʡ ʚʠʛʣʷʜ ʚʠʢʣʠʢʘʚ ʟʘʭʦʧʣʝʥʥʷ ʫ ʙʘʛʘʪʴʦʭ. 

ʁʦʛʦ ʞʠʪʪʻʚʠʡ ʰʣʷʭ ï ʚʟʽʨʝʮʴ ʚʽʨʥʦʛʦ ʪʘ ʩʫʤʣʽʥʥʦʛʦ ʩʣʫʞʽʥʥʷ ʨʽʜʥʽʡ 
ʟʝʤʣʽ ʪʘ ʦʙʨʘʥʽʡ ʩʧʨʘʚʽ. ɺʝʣʠʢʠʡ ʞʘʣʴ, ʱʦ ʚʩʝ ʮʝ ʫ ʤʠʥʫʣʦʤʫ ʯʘʩʽ. ɸʣʝ ʚʩʝ ʪʝ 
ʜʦʙʨʝ, ʱʦ ʗʨʝʤʘ ɻʨʠʛʦʨʦʚʠʯ ʟʘʣʠʰʠʚ ʫ ʥʘʩ, ʷʢ ʩʚʦʾʭ ʫʯʥʷʭ, ʞʠʪʠʤʝ ʚʽʯʥʦʶ 
ʧʘʤôʷʪʪʶ. 
      ʄ. ʂʦʧʠʪʢʦ, ɯ.ɼʠʷʢ 
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Unified local convergence analysis of generalized multistep methods is 
provided under the same set of convergence criteria. Some well-known 
multistep methods are also studied using the approach of restricted 
convergence regions.  

There is a plethora of problems that using mathematical modeling can be 
written in the form of an equation 

( ) = 0,F x  (1) 

where :F D X Y  is a nonlinear operator, defined on a convex domain D , 
X  and Y  are Banach spaces. The exact solution of this equation can be found 

only in special cases. To obtain an approximate solution to 
*x  of equation (1) 

different iterative methods are used, for example, multistep methods. In general, 
multistep methods can be written in the form 

(0) (0) (0)
2 2 1 1

(0) (0) (0) (0)
1 2

(1) (1) (0) (0) (0) (1) (0) (0) (0)
1 1

(2) (2) (0) (0) (1) (2) (0) (0) (1)
1 1

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

= ( , ) = ,

= ( , ) = ( , ) ( ),

= ( , ) = ( , ) ( ),
...

i i

n n n n

n n n n n n n

n n n n n n n

x x x x x x i

x x x x

x x x x x x F x

x x x x x x F x

x

 (2) 

m  is a given natural number and 
( ) :j D D X , 

( ) : ( , )j D D L Y X , 

= 0,1,2,...,j m  are continuous operators related to F  such that 
*= .lim n

n
x x

 

Depending on the type of operators 
( )j

 or 
( )j

, we can get well-studied multistep 
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Newton-type methods, methods with divided differences and other type 
methods [1-4]. 

It is known that multistep methods have a higher convergence order than the 
corresponding one-step methods. But the convergence order of these algorithms is 
found using the Taylor series with higher than one derivatives not appearing on the 
algorithm. We provide a local convergence analysis of the multistep methods (2) 
under weak conditions:  

,  

where 
( ) : [0, ) [0, ) [0, )j

 are continuous and nondecreasing 
functions. Under this type of conditions in general only linear convergence order is 
shown. But the computational order of convergence (COC) or the approximate 
computational order of convergence (ACOC) can be used [1]. The computation of 
these parameters does not require high order derivatives. The scheme of calculation 
of radii of convergence domain of methods is also described. 

In this work we also studied the multistep Newton's method and the Schmidt-
Schwetlick method under classical Lipschitz conditions using the approach of 
restricted convergence regions, and improved convergence analysis of the 
Kurchatov-Schmidt-Schwetlick method. As a result we get tighter error estimates 
and larger radii of convergence domain for these methods because new Lipschitz 
constants are smaller then the corresponding ones obtained in earlier works. 

Multistep methods were used to numerically solve test problems. Numerical 
experiments were also performed which confirm the obtained theoretical results 
and advantages of the new approach of studying iterative methods for solving 
nonlinear equations. 
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The generators for limit transfer process and control problem are constructed 
for a system of stochastic differential equations with Semi-Markov switching and 
diffusion perturbation. In particular, an algorithm for solving the control problem 
is determined, namely: for each value of the transfer pro- cess and the state of a 
semi-Markov process, we obtain control using the stochastic optimization 
procedure. 

 
Analyzing the state of the art concerning asymptotic properties of control 

problem for stochastic evolution models reveals that a complete theory is still to be 
worked out. Well understood are the models which are given by stochastic 
differential equations with Markov switchings and impulse or continuous-type 
perturbations in the classical schemes of averaging or diffusion approximation. 
Thus, it seems natural to develop a theory of evolution equations with Semi-
Markov switchings and random perturbations. 

Establishing convergence of the stochastic optimization procedure is an 
important pup rose of system analysis in the uncertainties, which can be modeled 
using an ergodic Semi-Markov environment.  The relevance of determining new 
properties and generalizations of optimization algorithms that use randomness in 
the process of finding the optimum is evidenced by numerous applications in 
control theory, information transfer theory, and also in solving nonparametric 
problems of mathematical statistics.   In present article we consider some prelim-it 
control evolution model with a small normalization parameter. The establishment 
of sufficient conditions for the convergence of the initial problem to the limit 
problem is carried out using Korolyukôs model theorems [4], [3]. We assume 

diffusion transfer process  has given by stochastic evolutionary equation 
[2], [3] 

mailto:yaroslav.chabanyuk@lnu.edu.ua.com
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, (1) 

where , ,  is a semi-Markov process on a standard phase space (X, X) [1] 

and it is defined by semi-Markov kernel [3], [4]  where 

stochastic kernel has a form  and it 

describes embedded Markov chain  between renewal moments 

0, and at intervals  between renewal 

moments . Values  of intervals are determines by distribution function 

 In the future, we use the following 

properties for the distribution function :  

 
Therefore semi-Markov process , , can be defined by relation 

 where counting process  has a form 

 
In (1)  is a Wiener process [2]. Further we assume that semi-Markov 

process ,  is regular, that is  [2] and it is also uniformly 
ergodic with stationary distribution 

 where ,  is a 

stationary distribution of embedded Markov chain ,  [4],and for the 

average residence time of the process in state , there is a restriction 

 
Generator of associated Markov process  to Markov process  

has a form [4]  where  

 
We define  as a potential operator for generator  by the relation [4] 

 where  is a projector on zero subspace of generator  [4]. 

We also assume satisfying conditions on functions , ,  

 This condition ensures the existence of a 
global solution for evolutionary equations  
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 for each fixed value of semi-Markov process , , that is, at , 

. 

Let the control function  for process (1) be evaluated by the quality 

criterion described by the function  with a single equilibrium point at 

each interval . 

We have control for solution of equation  when condition 

 is satisfied. 

Control problem (1), in averaged scheme with small parameter  has a 
form [1], [5]  

  
and control function  can be determinated by stochastic optimization 
procedure [1]  

  

where  
Initial conditions for problem (3), (4) have a form 

 We assume that functions , ,  

satisfy condition  at . 
 Definition 1.  Compensating operator for EMRP (3), (4) is defined by 

relation  

  
 

  
 

  
where   

Further we consider set of inhomogeneous semigroups , , 

 of problem (3), (4), which on test functions  has 
representation  
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where , . Then by (6) we have , . So for 

representation ,  we have:  

  
            Lemma 1. Compensating operator  on test functions  has 
representation  

 

 
where . 

            Lemma 2.  Compensating operator  has representation  
 

+ 
 

  

where set of semigroups  has generator  such that equation 

 is fullfiled and set of semigroups  has 

generator  such that equation  is 
fulfilled. 

Under conditions above for  we have representation 

 and for  
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In the present note we study an approximate method of solving boundary value 
problems for delay integro-differential equations based on approximation of 
the solution by cubic splines with defect two. 

Introduction. Existence and uniqueness of a solution of delay boundary value 
problems in various function spaces were considered by Grim and Schmitt [1], 
Kamensky and Myshkis [2], Athanasiadou [3]. Applying spline functions for 
solving differential-difference equations was investigated by Nikolova and Bainov 
[4], Nastasyeva and Cherevko [5], Cherevko and Dorosh [6,7]. 

Problem statement. Existence of a solution. 
Let us consider the following boundary value problem 

 (1) 

 (2) 

 , , 
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Let ,  be continuous 

functions in  and , where 

, , 1P , 2 P  are positive 

constants, , delays  and  are continuous 

functions on , and additionally,  is such that the set 

 is finite. 
We introduce the notations: 
 

 
*= ; ,J a a

  

 

A function  from the space  is called a solution of 

the problem (1)-(2) if it satisfies the equation (1) on  (with the possible 

exception of the set E ) and boundary conditions (2). 
 
Theorem 1  Let the following conditions hold:   

    Å   

    Å   

    Å the functions  satisfy the 

Lipschitz condition for variables , , = 0,1i iu v i  with constants 
1 2, , = 1,4j jL L j

,  
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    Å .  

 Then there exists a unique solution of the problem (1)-(2) in . 
 
Computational scheme. Example. 

Let us consider an irregular grid  on 

the segment , E . We denote by  an interpolating cubic 

spline with defect two on  which belongs to the space . 
An iterative scheme of finding an approximate solution using cubic splines 

with defect two is suggested in [4-7]. 
Let us consider the usage of this calculation scheme for finding an 

approximate solution of the following boundary value problem  

 

 

In this example 
1 1 1 1
1 2 3 4= = = 0, = ,L L L L  

2 2 2 2
1 3 4 2= = = 0, =1,L L L L  so 

1 2= , = ,
2  

= = , =1,
40

h H K
 

2 2 2= , = ,
32 8 4 3

Hu v H
 

2 2 2= .
32 8 2 4 3

H H
 If we put 

1=
4 , then the conditions of 

the theorem 1 are satisfied. The precise solution  of this boundary value 
problem, which was found using the step method, is  
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Table  1: Precise and approximate solutions 
      

x  ( )ay x  ( )py x
   

0   1   1   0   0%  

8   

 1.03971   1.03976   0.00005   0.01%  

4   

 1.2935   1.2936   0.00010   0.01%  

3
8   

 1.7162   1.7163   0.00010   0.01%  

2   

 2.25   2.25   0   0%  

 

The results of the calculation are given in Table 1, where 
( )py x

 is the 

precise solution, ( )ay x  is the approximate solution obtained with 
=

40
h

 after 2 

iterations,  is the absolute error and  is the relative error. 
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We proposed an approach to diagnosing coronavirus disease based on the 
classification of chest X-rays of patients with suspected COVID-19 and predicting 
the spread of coronavirus infection under quarantine and without vaccination. The 
COVID-19 pandemic, which originated in late 2019 in China, has become a 
problem for the whole world. As of the end of March 2021, more than 100 million 
people in the world were infected with COVID-19, and more than 2.5 million 
people died as a result of the disease [4]. 

The development of reliable mathematical models, supported by the 
availability and analysis of complete and accurate data, is a fundamental tool for 
the interpretation and understanding of the epidemic, as well as for providing 
support to digital health [1,2,4] 

The rapid detection of the disease with accurate diagnosis for cases without 
obvious symptoms can considerable reduce the mortality rate of patients. By using 
models of residual convolutional neural networks (ResCNN), which are trained to 
solve the problem of classifying X-rays of patients with suspected COVID-19, the 
diagnostic task is facilitated. Models distinguish images of healthy lungs from 
those affected by viral pneumonia or coronavirus. CNN can identify a particular 
class of respiratory organs that for various reasons have turbidity in the images 
also. 

The problem of image classification is formulated in the form:          let X ï 
the set of images or descriptions of objects, Y - the set of names or class numbers. 
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There is an unknown dependence ï reflection , whose values are known 

only on the elements of the training sample . We 

build an algorithm , which can classify any object . It is the 
convolutional neural network that is used to solve this problem. The network 
architecture is based on the convolution operation, which can be described by the 

following formula: , where ï the 

original image matrix;  ï the core of convolution. 
When a deep neural network begins to curl up as the depth of the network 

increases the accuracy of learning first increases and then decreases rapidly. 
Therefore, we use the residual network. 

The essence of such a network is that intermediate connections appear 
between the layers, and thus learning is easier. Such connections are called 
"shortcut connections". Residual neural network models were taught to solve the 
classification problem ResNet with 18, 34 and 50 layers. Periodically the number 
of filters doubles and their dimension decreases in increments 2. Only one layer 
with source classes is used. The activation function in the neurons of this network 
architecture is the truncated linear node function, which have the form 

, where ï input value of the neuron. 
A set of X-rays of patients' chests, which was publicly available in the 

competition organization system, was used to train the neural network. Kaggle. A 
total of 20,965 images are divided into four classes The ResNet architecture model 
was previously trained to classify about 1,000 classes of images, which greatly 
accelerated the learning of the sample with images. Using packages reduces 
ResNet learning time. Packet normalization was used to solve the problem of 
network retraining. As a function of the neural network costs, we use the cross-

entropy function:  where dj represents the target probability for 
the output node j and p_j is the probability output for j after applying the excitation 

function, where  represents the target probability for the output node j and p_j is 
the probability output for j after applying the excitation function. We will use an 
algorithm to optimize the residual convolutional neural network Adam (adaptive 
moment estimation), which combines the idea of accumulation of movement and 
the idea of a weaker update of the scales for typical features. We will choose the 

speed of learning . 
The residual neural network was previously trained to distinguish more than 

1000 objects in images, the ResNet model achieved good accuracy in solving the 
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problem of classification for 2 epochs. In each epoch, data packets from the 
training sample passed through the neural network for 4193 iterations. Every 20 
iterations, the accuracy and loss were measured on a test sample, where the 
network images were classified by 1048 iterations, taking into account the packet 
size 4.  
 

Table 1. Learning results of the model ResNet 
Number of layers of the 

model ResNet 
Accuracy on the test 

sample 
The average value of 

the loss function 
18 95% 0,1534 
34 96% 0,1298 
50 95% 0,1478 

 
The program which trains ResNet models with different numbers of layers is 

written in Python, and uses the PyTorch machine learning library.  
A Telegram bot has been developed that uses trained models to diagnose 

COVID-19 also. The bot is written entirely in Python using the aiogram library. 
Below is the screen shots of the process of the bot. 

 
Image 1. Process of the bot. 

A model based on Bayesian inference was used to predict the spread of 
COVID-19. These predictions are only a theoretical attempt to predict as only 
diagnosed cases are taken into account not actual ones and new strains of the virus 
appear periodically. 

The most machine learning methods are ineffective in predicting the spread of 
coronavirus disease because the growth of COVID-19 cases is a significantly non-
stationary process. To identify complex patterns it is necessary to have large 
enough training samples with a sufficient number of informative features, also.  
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One effective approach is to use Bayesian inference, which is based on 
Bayesian theorem. The least squares methods make it possible to find constant 
coefficients for the models. In addition, it is possible to take into account the 
opinion of the expert through the assignment of expert informative a priori 
distributions for the model parameters. Thus, the results of Bayesian inference 
forecasting can be seen as a compromise between historical data and expert 
opinion, which is important for cases with small data. 

This approach makes it possible to take into account the opinion of experts 
who have determined a priori distributions for the model parameters. Thus, the 
results of Bayesian inference forecasting can be seen as a compromise between real 
data and expert opinion, which is important for cases with insufficient data. 

Given the exponential increase in the incidence of COVID-19, we write a 
Bayesian regression model in the form: 

 (1) 
where t is the period for which the number of infected is determined; t_0 is the 

time shift in the spread of morbidity; Ŭ is the maximum value of the detected cases; 
ɓ is an empirical factor that describes the rate of spread of COVID-19; ů is the 
standard deviation. The number of infected ɛ is the solution of the logistic equation 
of the spread of infectious diseases 

. (2) 
The Monte Carlo method of Markov chains, in particular the Metropolis-

Hasting algorithm is used to find the solution with the PyStan package. 
The Bovid19 Predictor bot was developed for the cross-platform messenger 

Telegram to predict the spread of the disease. The Python 3.6 programming 
language was used to create the bot. The following software environments and 
components were used during the creation of the bot: Anaconda, PyStan, Scikit-
learn, Pandas, Matplotlib, PyFPDF, aiogram, pickle. The Anaconda distribution is 
used for conflict-free interoperability of various software packages. 
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The purpose of investigations is the construction of approximate schemes for 
solving some two dimensional integral equations of the first kind with weak 
singularities in kernel. 

The object of analysis is different aspects of approximate schemes 
construction of solving such integral equation of the first kind 

, , (1) 

where in general case  is an open Lipschitz surface,  and  are the points of 

Euclidean space . 

Ordinary generalization of (1) is a permission that surface  is formed by 

the aggregate  of surfaces, so that . It is possible to research operator 
equation (1) solvability in different functional spaces. However, it should be taken 
into account the specificity of the investigated physical phenomenon. For example, 
the modeling of electrostatic field in the substantially spatial setting foresees the 

account of conduct of the sought charge distribution density  near the contour 

of unclosed surface  and lines of its fracture. In addition ,  is the 
given boundary value of potential on an electrode which is actually modeled by a 

surface  ( ). 

In the most general case  is an isomorphism, and 
the solvability of (1) is expressed by such inequalities [1] 

 ( ).   
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Using parametrization  

, 

   
integral equation (1) will be shown as 

, , (2) 

   

   

 is an element of surface  in local coordinates , which are 

connected with . Parametric equations for presentation of arbitrary quadrangular 
plate provides as 

, ,   

, , ,   

, .   
Addressing to such type of boundary surfaces is explained by possibility of the use 
for the approximate solving (2) in this case of numerically-analytical 
methodology [2, 3]. 

Two-dimensional integral equation (2) was solved by the methods of 
collocation with the use of piecewise-constant, bilinear, biquadratic and bicubic 
approximations of the sought charge distribution density. As (2) belongs to integral 
equations with weak singularity in the kernel, then when constructing a numerical 
scheme of its solving there is a necessity in an approximate calculation of certain 
class of two-dimensional improper integrals. The algorithms of calculation of such 
integrals become substantially complicated through the presence of certain weight 
function which takes into account singular behavior of the sought solution near the 

contour of an open surface  and in the lines of its fracture. 

The method of calculation of a typical improper integral on an element , 

which contains the point of collocation  reviewed 

,   

,  ï steps of the net for  and  during discretisation . Consider the number 
of improper integral necessary transformations under the condition of 
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approximation of unknown density by the piecewise-constant base functions and 

the weight of  

     

   

 (3) 

   

,   

, 

, and coefficients , ,  depend on the concrete type of 

parametric equations which describe a surface . 

Integrand function  has singularities due to  which 

can acquire zero values in the separate points of surface . For elimination these 
singularities in the first integral of (3) preliminary it is necessary to perform special 
changes of variables. Besides, at further formal application of cubature formula for 
its approximate calculation it is necessary to find out the behavior of continuous 

function  as a point  tends to  in order to determine 

 in the point  of obtained limiting value. 
Consider another approach to the approximate analysis of integral equations 

of type (1)-(2). Taking into account the type of the surface , in most cases, topical 
for practice, it is possible to show (2) as 

, (4) 

where ,  and  are known functions, and, if 

 -smooth enough, then  is continuous, at least. It is said that 
in (4) the singularity of the kernel of the integral equation (2) is obviously isolated. 
The method we use to the approximate solving (4) consists in the substantial use of 
a priori information about the way of behavior of the sought function. This 
approach, in our opinion, can be considered as an approximate analogue the 
construction of left regularizer for (4). It is called the method of self-regularization, 
which is universal enough and it allows to get the solutions of the tasks with 



41 

 

complicated geometry of boundary surfaces and such that represents the 
investigated phenomenon in the best way. According to the basic idea of the 

method, we will show the function  as 

, (5) 
where 

   

   

Here ,  are some parameters, and 

.   

We will suppose that in  the function  changes a little 

choosing sufficiently small  and . Then, taking into account (5), it is possible 
to pass from (4) to its approximate analogue 

 (6) 

,   

where , 

.   
The equation (6) is a second-kind. By the help of this methodology we have 

got the solutions of test and practically important complicated problems of the 
theory of potential. It was also noticed that on condition of approximation of 
integral operator in (6) on a two-dimensional net with the fixed steps of 

discretisation of area  it is possible to improve the estimations of accuracy of the 

received results only due to the optimal choice of values of parameters  and . 

It was shown that for this method the quantities  and , to some extent, serve as 
regularization parameters. 
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Building correlation rules to detect anomalies are shown on the basis of 
the machine learning library for the system of security information and event 
management Splunk. One of the most effective algorithms for detecting 
anomalies is density function. The implementation of this algorithm allows you 
to set different parameters on which training may depend and, consequently, 
the end result. 

 
Every day, cybersecurity operation centers face the need to find a balance 

between the number of professionals who can analyze a cybersecurity events to the 
number of those events. 

We will focus on how to reduce the burden on analysts, namely, how to 
reduce the number of false positives. 

What is the main source of input for the analyst? That's right, correlation 
rules. What does the Threat Detection engineer first face when it wants to improve 
the response time of a CSOC - by reducing the number of false positives generated 
by correlation rules. What can be done for this? Give up static thresholds and use 
statistics instead. The idea is good, but not very effective, because the ecosystem in 
which cybersecurity operates is extremely dynamic and there is a high probability 
of "loss from the radar" is something extremely important due to changes in the 
behavior of one of the controlled objects (end devices, servers, network equipment 
or other). And when the statistics no longer meet your requirements in that case 
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comes machine learning. Therefore, all improvements and construction of 
interaction with ML will be carried out based on the SIEM "Splunk". 

SIEM (security information and event management) is a combination of two 
terms that indicate the scope of application software: SIM (Security information 
management) - information security management and SEM (Security event 
management) - management of security events. SIEM technology provides real-
time analysis of security events (alarms) coming from network devices and 
applications. SIEM is represented by applications, devices or services, and is also 
used to log data and generate reports for compatibility with other business data. 
The term itself was invented by Gartner in 2005, but since then the very concept 
and all that belongs to it, has undergone many changes. 

Machine learning (ML) is the study of computer algorithms that can improve 
automatically through experience and by the use of data.] It is seen as a part 
of artificial intelligence. Machine learning algorithms build a model based on 
sample data, known as "training data", in order to make predictions or decisions 
without being explicitly programmed to do so. Machine learning algorithms are 
used in a wide variety of applications, such as in medicine, email filtering, speech 
recognition, and computer vision, where it is difficult or unfeasible to develop 
conventional algorithms to perform the needed tasks.  

A subset of machine learning is closely related to computational statistics, 
which focuses on making predictions using computers; but not all machine 
learning is statistical learning. The study of mathematical optimization delivers 
methods, theory and application domains to the field of machine learning 

What exactly can you use ML in cybersecurity 

 
Pic.1 Splunk ML capabilities 

We will consider the first option - Anomaly Detection, because it will help us 
in building correlation rules to detect various anomalies. Splunk, out of the box, 
provides the ability to operate various machine learning algorithms, 

https://en.wikipedia.org/wiki/Machine_learning#cite_note-1
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namely:

 
Pic.2 Splunk ML algorithms 

All these algorithms will be useful and functional under different scenarios for 
creating correlation rules. 

One of the most effective algorithms for detecting anomalies is DensityFunction. 
The implementation of this algorithm allows you to set different parameters on which 
training may depend and, consequently, the end result. The algorithm also involves 
estimating the different distribution of events within the sample for training. 

 
Pic.3 The parameter that is responsible for the input data on which the training will depend 

 
Pic.4 Types of distribution: Exponential, Normal, Beta, Gaussian Kernel Density Estimation 

(Gaussian KDE) distribution. 
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So, let's write a correlation rule that will detect an abnormal number of end-
user infections with one type of malware. To implement we need input data, in our 
case, it will be data from the EDR system. To train DensityFunction, we will create 
a sample 180 days ago, not counting today. We will use the trained algorithm every 
hour to analyze events for the previous hour and thus we will detect anomalies. 

 

ʈic. 5 DensityFunction training and recording of results in the algorithm 
"count_malware_infections_by_signature_1h_with_features" 

 
Pic.6 Use the "count_malware_infections_by_signature_1h_with_features" algorithm to 

detect anomalies. 
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The rule is implemented and works in real conditions. The result of work are 8 
alerts in the last 7 days, which is an excellent result in terms of load, as the 
company has more than 15,000 different types of end-users (servers, laptops, PCs) 
where EDR is installed. 

 
Pic.7 Results 

On  this example is shown using of the DensityFunction algorithm, but the 
application of machine learning to detect other anomalies of different types of 
malware is possible. We also can use other algorithms for Anomaly Detection, in 
each case you need to conduct a lot of training on data sets to find the optimal 
choice. 

REFERENCES: 

1. Soma Haider, Sinan Ozdemir, Hands-On Machine Learning for 
Cybersecurity // Packt Publishing Ltd, 2018 

2.    https://www.splunk.com 

3. https://towardsdatascience.com/machine-learning-for-cybersecurity-101-
7822b802790b 

4. https://www.recordedfuture.com/machine-learning-cybersecurity-
applications/ 

 

 

 
 

https://www.splunk.com/
https://towardsdatascience.com/machine-learning-for-cybersecurity-101-7822b802790b
https://towardsdatascience.com/machine-learning-for-cybersecurity-101-7822b802790b
https://www.recordedfuture.com/machine-learning-cybersecurity-applications/
https://www.recordedfuture.com/machine-learning-cybersecurity-applications/


47 

 

UDK 519.6 

EXTENSION OF THE CLASSIC METHOD OF LIE-
ALGEBRAIC DISCRETE APPROXIMATIONS FOR 

THE WAVE EQUATION  

Arkadii Kindybaliuk1, Mykola Prytula2 
1Private entrepreneur, Software Developer  

2Ivan Franko National University of Lviv 

kindybaliuk.arkadii@outlook.com, mykola.prytula@gmail.com  

The classic method of Lie-algebraic discrete approximation is applied for 
solving the Cauchy problem for a partial differential equation with second 
derivative by time variable, in particular, for the wave equation. A new 
numerical scheme is proposed for the wave equation. 

For a long time the main focus of numerical investigations via the methods of 
Lie algebraic discrete approximations remained either evolution equations with the 
first derivative: e.g. advection, heat transfer equations or stationary equations, e.g. 
elliptic equations [1ï8]. Various modifications and generalizations were made for 
boosting performance, accuracy of numerical computations for solving evolution 
problems via the method of Lie-Algebraic discrete approximations [4, 6ï8]. The 
key aim of current paper is to extend the method of Lie-Algebraic discrete 
approximations for such evolution equations that have second derivate by time 
variable, e.g. wave equation. 

The method of Lie-algebraic discrete approximations was firstly developed by 
Calogero [5] for solving the eigen value problems and later was extended by 
Samoilenko V.Hr. for solving Cauchy problems for partial differential equations. 
We would suggest call this method as ñclassicò method of Lie algebraic discrete 
approximations since there have been introduced various modifications of the 
method e.g. the Generalized method of Lie-algebraic discrete approximations [6] 
and Direct method of Lie-algebraic discrete approximations [7, 8]. 

The wave equation has its application in the different fields such as acoustics, 
electromagnetics, and fluid dynamics. Hence efficient numerical solving of this 
problem is an important problem besides the variety of different approaches. 

Considering a bounded domain Rba , time limit , cylinder 

 we take a Banach space )(,
TQWV  and formulate the Cauchy 

problem for the wave equation 

mailto:kindybaliuk.arkadii@outlook.com
mailto:mykola.prytula@gmail.com
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                                       (1) 

where 0  denotes a real non-negative number, )(),( xx  denotes 

initial conditions and functional space )(,
TQW  denotes the functional space in 

which all functions and its derivative up to arbitrary order are bounded in the 

domain . 
The main prerequisite of the method of Lie-algebraic discrete 

approximations  is that the differential operator of the equation should belong to an 
universal enveloping Heisenberg-Weylôs algebra with the basic elements form the 

Lie algebra , i.e. differential operator within the given problem 
should be a linear combination or/and superposition of these base elements of Lie 
algebra [1]. 

The next important step is generation the finite dimensional discrete quasi 

representations of the Lie algebra  via matrixes . These 
matrices act as differential operators within finite dimensional space. These can be 
obtained via different approaches e.g. Lagrange interpolation [1, 3, 5ï8], 
trigonometric interpolation [2, 4]. We use Lagrange interpolation for our case. It is 
important to note that these Lagrange polynomials can be treated as the basis 

elements of finite dimensional space hV  that is a subspace of the original 

functional space V . Since we use Lagrange basis we denote h  the set of nodes 
that are nodes for these Lagrange polynomials. We use uniform grid in this paper. 

Having evaluated finite dimensional quasi representations  and 

computed matrix 
2Z  denoting a finite dimensional quasi representation of the 

differential operator 
22 x and it is constructed as a multiplication of matrix Z by 

itself, we are able to perform the main step: we reduce a problem (1) to the system 
of ordinary differential equations. 

Let n  denotes the count of nodes for the spacial variable and )(n , )(n are 

the values of functions  and  within the nodes of the grid h . Then we 

formulate the Cauchy problem for a set of functions )(nu  
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                              (2) 
System (2) can be solved via various approaches and numerical methods, 

e.g. Runge-Kutta that provides fourth order of convergence with respect to the time 
variable. Since we have used Lagrange interpolation during construction of finite 
dimensional quasi representations it is possible to achieve factorial rate of 
convergence by special variable because generated matrix allows include 
information regarding all the nodes within the grid.  
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A mathematical model of fluid flow in the channels and on the surface 

depends on many factors that can change fast enough, so this model should be 
resistant to external and internal influences that significantly modify the solution of 
the problem. Such changes depend on the relief of the surface on which the river 
flows, in order to collect data on the area of the river flow, it is good to use 
geoinformation technologies for the operational and real collection of input data. 

To find the dynamics of fluid flow changes on the surface and in the prismatic 
channel [1], the finite element method is used, which approximates the change of 
the channel square and the velocity of water over time.  

For this, the boundary value problem was formulated that describes the flow 
of a fluid, the transition from the boundary value problem to the variational one, an 
approximate numerical solution of the problem with the use of Gaussian 
quadrature formulas and the method of  tridiagonal matrix algorithm for solving 
the system of linear equations [2] was found. 

The initial-boundary problem of fluid motion in the prismatic channel is 
formulated as follows: 
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0=f(t,0)0,=u(t,0)                                 (4) 

 where u,f ï unknown variable speeds and cross-sectional areas; g = 9,8 m/s2 - 
acceleration of gravity; ʩ=const - coefficient of Shezi;  ʽ = const - 
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inclination of the middle bottom line; constbbB - width of free surface;  
R=const - hydraulic radius of the channel. 

For this initial-boundary the variational problem was formulated. The scheme 
of regularization of equations is constructed, which allows it to be used both for 
flat surfaces of the bottom of the channel, and for those in which the gradient of the 
slope changes rapidly. The variation problem was solved by the finite element 
method. Discretization by spatial variables was carried out by dividing the region 
into triangular finite elements using bilinear basis functions; time discretization 
was carried out using a one-time recurrent circuit. The model is tested in various 
test cases. In order to implement the constructed models an application software 
that allows using algorithms of constructed projection schemes for real territories 
was developed.  

Consider the result of the program work for a test case. 
Input results: length x: 1; number of breaks per x: 20; length by t: 1; number 

of breakdowns by t: 50; acceleration of free fall: 9,8; width of free surface: 20: 
hydraulic radius of the channel: 1; coefficient of Shezi: 60. 

Initial conditions: u0(x) = x, f0(x) = x. Sine of the angle of the inclination of 
the middle bottom is 0.02. 

As a result of the calculations the following results were obtained: 

 
Fig. 1. Electronic map of the Pivdennyi Bug river. 
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Fig. 2. ʉhange of the cross-sectional area of the river flow   by changing the angle of slope of the 

middle bottom line. 

 
As a result of the calculations the following results were obtained: 

      
Fig. 3. ʉhange of the speed of the river flow 

by changing the angle of slope of the middle bottom line. 
 

 
Consider another example in which the sine of the inclination angle of the 

middle bottom on the entire length of the segment is 0.05.  
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ɺʀɿʅɸʏɽʅʅʗ ʎɯʃɽʁ ʊʈɽʅʋɺɸʅʅʗ 
ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ ɹɽɿ ɿʄɯʅ ʎɯʃʔʆɺʆɰ 

ʌʋʂʅʎɯɰ ɺʊʈɸʊ 

ʄʠʢʦʣʘ ɹʘʨʘʥʦʚ , ʖʨʽʡ ʑʝʨʙʠʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ɻʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʪʫʞʥʠʡ ʤʝʭʘʥʽʟʤ 
ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʪʩʘʥʦʚʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʜʘʥʥʠʤʠ ʟʘʚʜʷʢʠ 
ʦʧʪʠʤʽʟʘʮʽʾ ʮʽʣʴʚʦʾ ʬʫʥʢʮʽʾ ʚʪʨʘʪ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʢʨʠʪʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ 
ʟʚôʷʟʢʠ ʤʽʞ ʮʣʽʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʚʪʨʘʪ ʪʘ ʨʝʟʫʣʴʪʘʪʦʤ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʘ 
ʚʣʘʩʥʝ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʢʘʪʠʮʽ, ʷʢ ʟʤʽʥʘ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʝʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʚʠʨʽʰʝʥʥʷ ʽʥʰʦʾ ʟʘʜʘʯʽ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʮʽʣʴʚʦʽʡ ʬʫʥʢʮʽʾ. 

ʄʝʭʘʥʽʟʤ ʫʟʘʛʘʣʴʥʝʥʥʷ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 
ɻʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʜʷʢʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʥʝʨʘʣʽʟʘʮʽʾ (ʫʟʘʛʘʣʴʥʝʥʥʷ) ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʜʘʥʠʤʠ. 
ɿʘʟʚʠʯʘʡ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʚ ʷʢʠʭ 
ʚʩʪʘʥʦʚʠʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʜʘʥʠʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 
ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ (ʥʘʧʨʠʢʣʘʜ, ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 
ʟʦʙʨʘʞʝʥʴ). ʇʽʜʛʦʪʦʚʢʘ ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʚʯʠʪʝʣʝʤ ʩʢʣʘʜʘʻʪʴʩʷ 
ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ[2]: 

ǒ ʇʽʜʛʦʪʦʚʢʘ ʤʦʜʝʣʽ 
ǒ ʇʽʜʛʦʪʦʚʢʘ ʚʭʽʜʥʠʭ ʪʘ ʦʯʽʢʫʚʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 
ǒ ɺʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ 

ʪʘ ʦʯʽʢʫʚʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʤʠ.  
ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʜʠʬʝʨʝʥʮʽʡʦʚʥʽʩʪʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʪʘ 

ʤʦʜʝʣʽ. ɿʘʚʜʷʢʠ ʮʠʤ ʚʣʘʩʪʠʚʦʩʪʽ ʤʠ ʤʘʻʤʦ ʧʨʘʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʯʠʩʣʝʣʴʥʽ 
ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʨʘʜʽʻʥʪʥʠʭ ʩʧʫʩʢʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʮʽʣʴʚʦʾ 
ʬʫʥʢʮʽʾ ʚʪʨʘʪ. ʇʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʩʪʫʧʘʶʪʴ ʚʣʘʩʥʝ ʚʥʫʪʨʽʰʥʽ 
ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʜʝʣʴ ʥʘʚʯʘʻʪʴʩʷ ʟʛʝʥʝʨʫʚʘʪʠ ʪʘʢʽ 
ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʪʴ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʚʪʨʘʪ. 

ʆʙʤʝʞʝʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ 
ʄʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫʩʧʽʰʥʦ ʟʜʘʪʥʽ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʟʚôʷʟʢʠ ʜʣʷ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʢʦʤʧôʶʪʝʨʥʦʛʦ 
ʙʘʯʝʥʥʷ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʩʝʛʤʝʥʪʘʮʽʷ, ʣʦʢʘʣʽʟʘʮʽʷ ʦʙôʻʢʪʽʚ ʪʦʱʦ. ʆʩʥʦʚʥʠʤ 
ʦʙʤʝʞʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʧʨʘʢʪʠʮʽ - ʻ ʫʤʦʚʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 
ʨʦʟʧʦʜʽʣʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʄʦʜʝʣʴ, ʱʦ ʙʫʣʘ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʨʦʟʧʦʜʽʣʽ ʜʘʥʠʭ P1 
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ʧʨʘʮʶʚʘʪʠʤʝ ʟʥʘʯʥʦ ʛʽʨʰʝ ʥʘ ʨʦʟʧʦʜʽʣʽ P2, ʧʨʠ ʯʦʤʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ 
ʟʥʠʞʫʚʘʪʠʤʝʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ɋ(P1, P2)[3]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʩʧʦʪʩʝʨʝʞʥʥʷ, ʤʦʜʝʣʴ ʥʝ ʟʜʘʪʥʘ ʧʨʘʮʶʚʘʪʠ ʟ 
ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʠʨʦʜʘ ʷʢʠʭ ʚʽʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʠʭ ʜʘʥʠʭ, ʷʢʽ ʤʦʜʝʣʴ ʙʘʯʠʣʘ 
ʨʘʥʽʰʝ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʩʧʦʩʽʙ, ʷʢʠʤ ʥʘʚʯʘʻʪʴʩʷ ʤʦʜʝʣʴ[4]. ʇʦʩʪʘʚʣʝʥʘ 
ʟʘʜʘʯʘ ʤʦʜʝʣʽ - ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ. ʎʷ ʟʘʜʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ 
ʚʠʦʢʨʝʤʣʝʥʥʷ ʧʝʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ 
ʫʩʧʽʰʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʧʨʘʚʠʣʴʥʫ ʚʽʜʧʦʚʽʜʴ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʜʝʣʴ ʚʠʚʯʘʻ 
ʦʙôʻʢʪʠ ʟ ʧʝʚʥʦʶ ʜʦʣʝʶ ʫʟʘʛʘʣʴʥʝʥʥʷ. ʈʽʚʝʥʴ ʮʴʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʚʦʣʽ 
ʦʙʤʝʞʝʥʠʡ - ʤʦʜʝʣʴ ʟʜʘʪʥʘ ʧʨʘʮʶʚʘʪʠ ʟ ʥʝʙʘʯʝʥʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʦʪʝ 
ʥʝʤʘʻ ʟʤʦʛʠ ʧʨʘʮʶʚʘʪʠ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʤʘʶʪʴ ʥʝʙʘʯʝʥʠʡ ʨʦʟʧʦʜʽʣ. 

ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʝʡ ʜʦ ʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ 
ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ʉʝʛʤʝʥʪʘʮiʷ ʟʦʙʨʘʞʝʥʴ - ʮʝ 

ʧʨʦʮʝʩ ʧʦʜiʣʫ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʤʥʦʞʠʥʫ ʩʝʛʤʝʥʪiʚ (ʤʥʦʞʠʥʠ 
ʧiʢʩʝʣiʚ, ʷʢi ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʦʙôʻʢʪʘʤʠ ʥʘ ʟʦʙʨʘʞʝʥi). ʂʣʘʩʠʯʥʽ ʘʨʭʽʪʝʢʪʫʨʠ 
ʪʠʧʫ U-Net ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʦʧʠʩʘʥʽ ʚʠʱʝ. ʏʠ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʰʣʷʭ 
ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʮʣʽʴʦʚʦʾ ʬʫʢʥʮʽʾ ʚʪʨʘʪ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʦʜʝʣʴ ʥʝ 
ʚʠʚʯʘʣʘ ʚʭʽʜʥʽ ʜʘʥʽ, ʘ ʚʯʠʣʘʩʴ ʫ ʙʽʣʴʰ ʫʟʘʛʘʣʴʥʝʥʠʡ ʩʧʦʩʽʙ, ʥʘʧʨʠʢʣʘʜ ʣʠʰʝ 
ʧʦʨʽʚʥʶʶʯʠ ʚʭʽʜʥʽ ʜʘʥʽ ʟ ʟʘʛʦʪʦʚʣʝʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ? 

ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʟ ʤʥʦʞʠʥʦʶ ʧʽʜʪʨʠʤʢʠ[1] 
 

ʅʘ ʈʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʝʣʽ ʩʛʝʥʤʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʱʦ 
ʧʨʠʡʤʘʻ ʥʘ ʚʭʽʜ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʤʥʦʞʠʥʫ ʧʽʜʪʨʠʤʢʠ - 
ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʧʨʠʢʣʘʜʠ ʧʨʘʚʠʣʴʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʆʙʨʘʭʦʚʘʥʘ ʤʥʦʞʠʥʚ ʦʟʥʘʢ 
ʫʩʽʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʦʙôʻʜʥʫʻʪʴʩʷ ʚ ʦʠʜʥ ʦʙôʻʢʪ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ 
ʤʘʩʢʘ ʩʝʛʤʝʥʪʘʮʽʾ.  

ʄʘʶʯʠ ʫ ʪʨʝʥʫʚʘʣʥʴʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 
ʦʙôʻʢʪʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʩʢʘʤʠ ʩʝʛʤʝʥʪʘʮʽʡ, ʜʘʥʘ ʤʦʜʝʣʴ ʙʝʟ ʟʤʽʥʠ ʮʣʽʴʚʦʾ 
ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʥʝ ʚʠʚʯʘʻ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʚʠʚʯʘʻ ʣʠʰʝ 
ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʤʥʦʞʠʥʦʶ ʟʘʧʠʪʫ ʪʘ ʧʽʜʪʨʠʤʢʠ. 
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ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʩʝʛʤʝʥʪʘʮʽʾ ʦʙôʻʢʪʘ, ʷʢʠʡ ʥʝ ʙʫʚ ʧʨʠʩʫʪʥʽʡ ʫ ʪʨʝʥʫʚʘʣʥʴʽʡ 

ʚʠʙʽʨʮʽ 
 
ʇʦʪʝʥʮʽʘʣ ʟʤʽʥʠ ʮʽʣʝʡ ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʝʛʤʝʥʪʘʮʽʡ ʟʦʙʨʘʞʝʥʴ, ʤʠ ʙʘʯʝʤʦ, ʱʦ ʜʘʥʠʡ ʧʽʜʭʽʜ 
ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʘʜʘʧʪʘʮʽʾ ʥʘʪʨʝʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʽʥʰʠʭ ʜʘʥʠʭ. 
ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʪʘʢʦʞ ʽ ʜʦ ʽʥʰʠʭ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ 
ʥʘʚʯʘʥʥʷ - ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ 
ʪʦʱʦ. 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
1. ɹʘʨʘʥʦʚ ʄ. ʊʝʭʥʽʢʠ ʥʘʚʯʘʥʥʷ ʥʘ ʤʘʣʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʜʣʷ ʟʘʜʘʯʽ 
ʩʝʛʤʝʥʪʘʮʽʾ / ʑʝʨʙʠʥʘ ʖ. // ɺʽʩʥʠʢ ʣʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʩʝʨʽʷ 
ʧʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ ʪʘ ʽʥʬʦʨʤʘʪʠʢʘ, ʚʠʧʫʩʢ 29, ʃʴʚʽʚ - 2020. ʩ. 110 - 
115 

2. ʅiʢʦʣʴʩʴʢʠʡ ʖ.ʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ iʥʪʝʣʝʢʪʫ / ʅiʢʦʣʴʩʴʢʠʡ ʖ., ʇʘʩiʯʥʠʢ 
ɺ.,ʑʝʨʙʠʥʘ ʖ. // ʅʘʚʯʘʣʴʥʠʡ ʧʦʩiʙʥʠʢ. ʉʝʨiʷ Ĳʂʦʤʧôʶʪʠʥˇ. ï 
Ĳʄʘʛʥʦʣiʷï2006, ʃʴʚiʚ ï 2013. ï 278 ʩ. 

3. Xavier G.Understanding the difficulty of training deep feedforward neural 
networks/ Xavier G., Yoshua B. // Proceedings of the thirteenth international 
conference onartificial intelligence and statistics, 2010 - c. 249-256 

4. Rumelhart D. ELearning representations by back-propagating errors / 
RumelhartD. E., Hinton G. E., Williams R. J. // Journal Nature, 1983, c. 533-
536 

5. Bingyi K.Few-shot object detection via feature reweighting / Bingyi K., 
Zhuang L.,Xin W., Fisher Y., Jiashi F., Trevor D., // Proceedings of the IEEE 
InternationalConference on Computer Vision - 2019 - c. 8420-8429 



57 

 

ʋɼʂ 519.6 

ɼɽʗʂɯ ʄɽʊʆɼʀ ʄɯʅɯʄɯɿɸʎɯɰ ʌʋʅʂʎɯɰ ɿ 
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ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

Olha.kovalchuk@lnu.edu.ua  
ʋ ʪʝʟʘʭ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʠʡ ʟʘʛʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʜʚʦʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ. ʅʘʚʝʜʝʥʘ ʪʝʦʨʝʤʠ ʧʨʦ ʦʮʽʥʢʫ ʟʙʽʞʥʦ-
ʩʪʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʝʚʥʽ ʫʤʦʚʠ. ʊʘʢʦʞ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜ-
ʜʘʪʠ ʢʦʥʢʨʝʪʥʽ ʚʘʨʽʘʥʪʠ ʜʚʦʢʨʦʢʦʚʠʭ ʤʝʪʦʜʽʚ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʦʮʽʥʢʠ 
ʟʙʽʞʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʥʠʟʢʘ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʙʨʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ. 
ʎʝ ʷʢ ʧʨʘʚʠʣʦ, ʽʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ. ʅʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʜʽʚ 
ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʚʢʘʟʫʻ ʥʘ ʪʝ ʱʦ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʽ 
ʡʦʛʦ ʧʦʙʫʜʫʚʘʪʠ ʻ ʥʝ ʤʦʞʣʠʚʦ.  ʅʘʤʠ ʨʦʟʛʣʷʥʫʪʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ 
ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ.  

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʙʝʟʫʤʦʚʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ 

  ( ) min, nf x x R      (1) 
ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʩʪʫʧʥʠʡ ʤʝʪʦʜ 
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ʜʝ ʦʧʝʨʘʪʦʨ ( )x ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ 

  

( ) * *

[1,2].

x x K x x

 
'( , )f x u  - ʧʦʜʽʣʝʥʘ ʨʽʟʥʠʮʷ ʚʝʢʪʦʨ ʬʫʥʢʮʽʾ '( )f x ʚʠʟʥʘʯʝʥʘ ʧʦ ʋʣʴʤʫ. 

ɼʣʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʘʻ ʤʽʩʮʝ ʪʝʦʨʝʤʘ ʧʨʦ ʦʮʽʥʢʫ ʟʙʽʞʥʦʩʪʽ 
ʊʝʦʨʝʤʘ 1. ʅʝʭʘʡ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ 

1. 
1( ) ( )f x C D  ʜʝ 0{ , ( ) ( )}nD x R f x f x ; 

2. , ,x y z D  '( , ) '( , )f x y f x z M y z ; 
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3. ,x y D  
1'( , )f x y B

; 

4. ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ  0x  ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ 

  0 * 1q BMK x x  

ʪʦʜʽ  ʧʦʩʣʽʜʦʚʥʽʩʪʴ { }kx ʚʠʟʥʘʯʝʥʘ ʟʘ (2), ʢʦʨʝʢʪʥʦ ʚʠʟʥʘʯʝʥʘ ʪʘ ʤʘʻ ʤʽʩʮʝ 
ʦʮʽʥʢʘ 

  
( 1) 1

0* *
k

kx x q x x  
ʅʘʤʠ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʘʣʛʦʨʠʪʤʠ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʦʧʝʨʘʪʦʨʘ 

( )x . 

ʅʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʙʽʨ ʢʦʣʠ ʟʘʤʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ( )x  - 
ʚʠʢʦʨʠʩʪʘʻʤʦ ʛʨʘʜʽʻʥʪʥʠʡ ʤʝʪʦʜ 

  

2

1
1

'( )

( ) ( ) '( )

(0;1)

'( , ) '( )
0,1,....

k k k k

k k k k

k k k k k

u x f x

f u f x f x

x x f x u f x
k     (3) 

ɼʣʷ ʤʝʪʦʜʫ (3) ʜʦʚʝʜʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʪʝʦʨʝʤʘ ʧʨʦ ʦʮʽʥʢʫ ʟʙʽʞʥʦʩʪʽ, ʷʢʘ ʧʨʠ 
ʚʠʢʦʥʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʤʘʻ ʤʽʩʮʝ 

  
2 1

0* *
k

kx x q x x  
ʜʝ q ï ʜʝʷʢʘ ʢʦʥʩʪʘʥʪʘ ʷʢʘ ʩʪʨʦʛʦ ʤʝʥʰʘ 1. 
ʑʝ ʦʜʥʘ ʮʽʢʘʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʤʝʪʦʜʫ (1) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 
ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ 

  

1

1
1

'( , '( )) '( )

'( , ) '( )
0,1,....

k k k k k k k

k k k k k

u x f x x f x f x

x x f x u f x
k    (4) 

ɼʣʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʠʭ ʫʤʦʚ ʪʝʦʨʝʤʠ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʘ 
ʥʘʩʪʫʧʥʘ ʦʮʽʥʢʘ: 

  
3 1

0* *
k

kx x q x x  

 
ʜʝ 1q   
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ʋɼʂ 519.6 

ʉʀʉʊɽʄʅʀʁ ɸʅɸʃɯɿ ʇʈɯʆʈʀʊɽʊɯɺ 
ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʈʆɹʆʊʀ ɿɸʂʃɸɼɯɺ    

ɺʀʑʆɰ ʆʉɺɯʊʀ 

ʆ. ʖ. ɹʝʥʴʢʦ, ʆ. ʇ. ɻʥʘʪʠʰʠʥ 

orysia.benko@gmail.com   oleksandra.hnatyshyn@lnu.edu.ua 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 
 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʊ. 
ʉʘʘʪʽ [1] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʪʘ ʦʮʽʥʢʠ 
ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʩʝʨʝʜ ʽʥʰʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ 
ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ (ɿɺʆ). ʂʝʨʽʚʥʠʢʠ 
ʢʣʶʯʦʚʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʧʨʠʜʽʣʷʶʪʴ ʩʧʝʮʽʘʣʴʥʫ ʫʚʘʛʫ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ 
ʚʠʰʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʫ  ʪʦʯʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʘʙʦ ʥʝʢʦʨʝʢʪʥʦ ʦʙʨʘʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʧʨʠʛʣʫʰʝʥʥʷ 
ʨʦʟʚʠʪʢʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʧʨʽʦʨʠʪʝʪʽʚ ʨʦʟʚʠʪʢʫ 
ʫʥʽʚʝʨʩʠʪʝʪʫ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 
ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʄʝʪʘ. ɼʝʤʦʥʩʪʨʘʮʽʷ ʜʦʮʽʣʴʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 
ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (ʄɸɯ) ʜʣʷ ʜʦʧʦʤʦʛʠ ʢʝʨʽʚʥʠʢʘʤ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ 
ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʽ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʧʦʟʠʮʽʾ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘ ʦʩʚʽʪʥʴʦʤʫ 
ʨʠʥʢʫ, ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʩʪʫʜʝʥʪʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʫʪʴ ʄɸɯ [1,2] ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ 
ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ, ʚʠʟʥʘʯʝʥʥʽ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ʪʘ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʢʚʘʜʨʘʪʥʠʭ 
ʦʙʝʨʥʝʥʦ ʩʠʤʝʪʨʠʯʥʠʭ ʤʘʪʨʠʮʴ, ʧʝʨʝʚʽʨʮʽ ʫʟʛʦʜʞʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 
ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʽʻʨʘʨʭʽʡ: ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 
ʢʨʠʪʝʨʽʾʚ ʥʘ ʩʧʽʣʴʥʫ ʤʝʪʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ ʢʨʠʪʝʨʽʾ, 
ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ ʩʧʽʣʴʥʫ ʮʽʣʴ. 

ʇʦʙʫʜʦʚʘ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ. ʇʠʪʘʥʥʷ, ʷʢʝ ʥʘʩ ʮʽʢʘʚʠʪʴ, ʧʦʚ'ʷʟʘʥʝ ʟ 
ʫʥʽʚʝʨʩʠʪʝʪʦʤ; ʤʠ ʧʨʘʛʥʝʤʦ ʚʠʟʥʘʯʠʪʠ ʩʮʝʥʘʨʽʡ, ʟʘ ʷʢʠʤ ʟ ʥʘʡʙʽʣʴʰʦʶ 
ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʎʝ ʽ ʙʫʜʝ 
ʥʘʰʦʶ ʤʝʪʦʶ. 

ʅʘ ʥʝʾ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʩʠʣʠ: ʥʘʚʯʘʥʥʷ, ʩʫʩʧʽʣʴʥʝ ʞʠʪʪʷ, ʥʘʷʚʥʽʩʪʴ 
ʤʘʪʝʨʽʘʣʴʥʦ ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ, ʪʨʘʜʠʮʽʾ ʫʥʽʚʝʨʩʠʪʝʪʫ(ʜʫʭ ʪʘ ʘʪʤʦʩʬʝʨʘ), 
ʟʦʚʥʽʰʥʷ ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ.  

ʎʽ ʩʠʣʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤʠ ʘʢʪʦʨʘʤʠ (ʜʽʡʦʚʠʤʠ ʦʩʦʙʘʤʠ): 
ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ ʨʝʛʽʦʥʫ, ʧʨʦʬʝʩʦʨʩʴʢʦ-
ʚʠʢʣʘʜʘʮʴʢʠʤ ʩʢʣʘʜʦʤ, ʩʪʫʜʝʥʪʘʤʠ ʪʘ ʤʝʮʝʥʘʪʘʤʠ.  

mailto:orysia.benko@gmail.com
mailto:oleksandra.hnatyshyn@lnu.edu.ua
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ʈʽʟʥʽ ʘʢʪʦʨʠ ʤʘʶʪʴ ʧʝʚʥʽ ʮʽʣʽ: ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʠʡ ʩʢʣʘʜ ʭʦʯʝ 
ʟʙʝʨʝʛʪʠ ʩʚʦʶ ʨʦʙʦʪʫ, ʧʨʦʬʝʩʽʡʥʦ ʟʨʦʩʪʘʪʠ, ʷʢʽʩʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘʚʯʘʣʴʥʽ 
ʟʘʥʷʪʪʷ, ʜʦʧʦʤʘʛʘʪʠ ʟ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷʤ ʩʪʫʜʝʥʪʽʚ, ʥʘʜʘʪʠ ʷʢʽʩʥʫ ʦʩʚʽʪʫ, 
ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʤ ʷʢʽʩʥʦʶ ʨʦʙʦʪʦʶ ʪʘ ʟʘʮʽʢʘʚʣʝʥʠʡ ʫ ʚʠʢʣʘʜʘʥʥʽ ʩʫʯʘʩʥʠʭ 
ʪʝʭʥʦʣʦʛʽʡ; ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʦʪʨʠʤʘʥʥʽ ʷʢʽʩʥʦʾ ʦʩʚʽʪʠ ʪʘ 
ʷʢʽʩʥʦ ʧʨʦʚʝʜʝʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʥʷʪʴ, ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʶ ʪʘ ʩʫʯʘʩʥʽʩʪʶ 
ʧʨʝʜʤʝʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ; ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʪʘ 
ʨʝʛʽʦʥʘʣʴʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʨʘʮʽ, ʧʨʦʬʝʩʽʡʥʦʤʫ 
ʟʨʦʩʪʘʥʥʶ, ʟʘʙʝʟʧʝʯʝʥʥʶ ʨʝʛʽʦʥʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʪʘ 
ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʽ ʩʪʫʜʝʥʪʽʚ; ʤʝʮʝʥʘʪʠ ʻ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʥʘʜʘʥʥʽ ʷʢʽʩʥʦʾ ʦʩʚʽʪʠ, 
ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʙʨʦʶ ʨʦʙʦʪʦʶ ʪʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʽ ʩʪʫʜʝʥʪʽʚ. ʅʘʨʝʰʪʽ, ʻ 
ʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ, ʪʘʢʠʭ ʷʢ: ʧʽʜʩʠʣʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʧʨʦʬʝʩʽʡʥʦʛʦ 
ʥʘʚʯʘʥʥʷ, ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʧʦʜʘʣʴʰʦʾ ʦʩʚʽʪʠ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ 
ʥʘʧʨʷʤʽʚ. ʉʮʝʥʘʨʽʾ ʚʠʟʥʘʯʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, ʮʽʣʽ ʚʧʣʠʚʘʶʪʴ 
ʥʘ ʘʢʪʦʨʽʚ, ʘʢʪʦʨʠ ʥʘʧʨʘʚʣʷʶʪʴ ʩʠʣʠ, ʷʢʽ, ʥʘʨʝʰʪʽ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ 
ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʽʻʨʘʨʭʽʶ (ʄʘʣ. 1). 

 
ʄʘʣ.1. ɯʻʨʘʨʭʽʷ ʜʣʷ ʦʙʨʘʥʥʷ ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ. 
ɺʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʟʥʘʯʘʶʪʴ ʧʨʽʦʨʠʪʝʪʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʘʙʦ ʧʝʨʝʚʘʛʫ 
ʝʣʝʤʝʥʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ. ʑʦ ʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ 
ʧʨʽʦʨʠʪʝʪʫ, ʪʦ ʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʻ ʚʽʜʧʦʚʽʜʥʠʡ ʝʣʝʤʝʥʪ. ʆʮʽʥʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʚôʷʪʠʙʘʣʴʥʦʾ ʰʢʘʣʠ ʚʽʜʥʦʩʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʄɸɯ. ʈʝʟʫʣʴʪʘʪʠ 
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ʧʦʨʽʚʥʷʥʴ ʬʦʨʤʫʶʪʴ ʤʘʪʨʠʮʶ, ʜʝ ʧʦʧʘʨʥʦ ʧʦʨʽʚʥʶʶʪʴ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ 
ʣʽʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʙʣʠʮʽ (ʢʨʠʪʝʨʽʾʚ) ʟ ʝʣʝʤʝʥʪʘʤʠ (ʢʨʠʪʝʨʽʷʤʠ) ʚʛʦʨʽ. ɺ 
ʦʮʽʥʶʚʘʥʥʽ ʙʫʣʠ ʧʨʠʩʫʪʥʽ 5 ʝʢʩʧʝʨʪʽʚ. ɺʩʽ ʦʮʽʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʟʥʘʯʝʥʥʷ 
ʽʥʜʝʢʩʫ ʫʟʛʦʜʞʝʥʦʩʪʽ ʽʻʨʘʨʭʽʾ 20%. 

ɼʣʷ ʦʮʽʥʦʢ ʝʢʩʧʝʨʪʘ ʙʫʣʠ ʦʙʨʘʭʦʚʘʥʽ ʤʘʪʨʠʮʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʘʨʥʠʭ 
ʧʦʨʽʚʥʷʥʴ ʜʣʷ ʚʩʽʭ ʪʘʙʣʠʮʴ ʫʩʽʭ ʨʽʚʥʽʚ ʢʦʞʥʦʛʦ ʟ ʝʢʩʧʝʨʪʽʚ ʽ ʦʙʨʘʭʦʚʘʥʦ 
ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ. ʉʫʤʘ ʚʩʽʭ 
ʝʣʝʤʝʥʪʽʚ ʚʝʢʪʦʨʘ ʣʦʢʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʝʢʩʧʝʨʪʽʚ ʙʫʣʘ ʨʽʚʥʘ 
~ 1. 

 
ʈʦʟʨʘʭʫʥʦʢ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʣʷ ʽʻʨʘʨʭʽʾ ʟʘʛʘʣʦʤ. ɸʛʨʝʛʫʚʘʥʥʷ ʪʚʝʨʜʞʝʥʴ 

ʝʢʩʧʝʨʪʽʚ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʥʴʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ. 

  
ʆʪʨʠʤʘʣʠ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʽʚʥʽʚ ʜʝ ɸ - ʮʝ ʉʠʣʠ, ɺ - ʮʝ ʘʢʪʦʨʠ, 

ʉ - ʮʽʣʽ, D - ʩʮʝʥʘʨʽʾ.  
A:[0.26105, 0.16490, 0.09876, 0.07435, 0.11559, 0.15758] 
B:[0.19111, 0.07972, 0.31072, 0.26502, 0.12383] 
C:[0.05143, 0.07670, 0.10617, 0.07226 0.14867 0.10122, 0.13213, 0.04672] 
D:[0.43091, 0.21178, 0.32933] 

 
 
 ʄʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʥʘ ʜʽʘʛʨʘʤʘʭ ʥʠʞʯʝ ʨʝʟʫʣʴʪʘʪʠ 
 
 

 
ʄʘʣ 2. ɼʽʘʛʨʘʤʘ ʜʣʷ ʨʽʚʥʷ ʩʮʝʥʘʨʽʾʚ 
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ʄʘʣ 3. ɼʽʘʛʨʘʤʘ ʜʣʷ ʨʽʚʥʷ ʘʢʪʦʨʽʚ, ʩʠʣ, ʮʽʣʝʡ. 
 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʝ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʪʘʢʝ: 
- ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʫ ʥʘʧʨʷʤʽ ʥʘ ʨʦʟʚʠʪʦʢ 

ʥʦʚʠʭ ʥʘʧʨʷʤʽʚ ʥʘ ʨʽʚʥʽ ʩʮʝʥʘʨʽʾʚ;  
-  ʩʝʨʝʜ ʮʽʣʝʡ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʨʝʛʽʦʥʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʾ ʦʩʚʽʪʠ;  
- ʩʝʨʝʜ ʘʢʪʦʨʽʚ ʚʘʨʪʦ ʨʦʟʚʠʚʘʪʠ ʚʠʢʣʘʜʘʯʽʚ ʽ ʩʪʫʜʝʥʪʽʚ; 
- ʩʝʨʝʜ ʩʠʣ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʫʢʦʚʫ ʨʦʙʦʪʫ.  
ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ʑʦʜʦ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʦʜʥʝ: ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ ʜʦʮʽʣʴʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ. 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ: 
1. ʉʘʘʪʠ ʊ. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʄʦʩʢʚʘ 

çʈʘʜʠʦʠʩʚʷʟʴè 1993 
2. ɸ.ɺ. ʂʘʪʨʝʥʢʦ ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ɺʠʜʘʚʥʠʮʪʚʦ çʅʦʚʠʡ ʩʚʽʪ - 2000è 

ʃʴʚʽʚ 2009 
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ʋɼʂ 519.6:517.958 

ɸʅɸʃɯɿ ɺɯʃʔʅʀʍ ʂʆʃʀɺɸʅʔ ʊʆʅʂʀʍ 
ʆɹʆʃʆʅʆʂ, ʇʆɼɸʊʃʀɺʀʍ ɼʆ ɿʉʋɺʋ               

ʊɸ ʉʊʀʉʅɽʅʅʗ 

ɯʨʠʥʘ ɹʝʨʥʘʢʝʚʠʯ, ɯʨʠʥʘ ʂʦʟʽʡ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

iryna.bernakevych@lnu.edu.ua, iryna.koziy@lnu.edu.ua 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʧʨʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ, 
ʧʦʜʘʪʣʠʚʠʭ ʜʦ ʟʩʫʚʫ ʪʘ ʩʪʠʩʥʝʥʥʷ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʘ 
ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʦʢ ʟʘʩʪʦʩʦʚʘʥʦ ʯʠʩʣʦʚʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ 
ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʤʝʪʦʜʫ ʽʪʝʨʘʮʽʡ ʫ ʧʽʜʧʨʦʩʪʦʨʽ. ʅʘʚʝʜʝʥʦ 
ʥʠʟʢʫ ʯʠʩʣʦʚʠʭ ʧʨʠʢʣʘʜʽʚ. ʇʦʨʽʚʥʷʥʦ ʦʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʨʦʟʚôʷʟʢʠ ʽʟ 
ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ. 

ʊʦʥʢʦʩʪʽʥʥʽ ʦʙʦʣʦʥʢʠ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ 
ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ. ɼʦʩʣʽʜʞʝʥʥʷ 
ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʘʢʠʭ 
ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʻ ʥʝʦʙʭʽʜʥʝ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙʦʣʦʥʢʦʚʠʭ 
ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʨʝʟʦʥʘʥʩʥʠʤ ʷʚʠʱʘʤ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ 
ʨʫʡʥʫʚʘʥʥʷ. ʄʝʪʦʜʠʢʘ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʦʙʦʣʦʥʦʢ 
ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ ʪʘ, ʟʘʟʚʠʯʘʡ, ʧʦʪʨʝʙʫʻ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ, ʟʦʢʨʝʤʘ, 
ʥʘ ʚʘʨʽʘʮʽʡʥʽʡ ʧʦʙʫʜʦʚʽ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʟʘʜʘʯ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ, ʧʦʜʘʪʣʠʚʠʭ ʜʦ 
ʟʩʫʚʽʚ ʪʘ ʩʪʠʩʥʝʥʥʷ (ʰʝʩʪʠʤʦʜʘʣʴʥʠʡ ʚʘʨʽʘʥʪ), ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʧʨʦ 
ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʧʦʜʘʪʣʠʚʠʭ ʜʦ ʟʩʫʚʫ ʪʘ ʩʪʠʩʥʝʥʥʷ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ. 
ʆʩʦʙʣʠʚʽʩʪʴ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ ʥʘʧʽʚʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʽʥʝʤʘʪʠʯʥʠʭ 
ʛʽʧʦʪʝʟ ʊʠʤʦʰʝʥʢʘïʄʽʥʜʣʽʥʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʟʘ ʟʤʽʥʥʦʶ 
ʪʦʚʱʠʥʦʶ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʧʦʚʦʨʦʪʽʚ ʥʦʨʤʘʣʽ ʩʝʨʝʜʠʥʥʦʾ 
ʧʦʚʝʨʭʥʽ.  

ʈʝʟʫʣʴʪʫʶʯʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʜʝʣʽ ʤʽʩʪʷʪʴ ʥʝʚʽʜʦʤʽ ʢʦʤʧʦʥʝʥʪʠ 
ʚʝʢʪʦʨʘ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ 

. 
ɼʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʘʢ ʟʚʘʥʦʾ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ  
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qMqK ~~ 2
, (1) 

ʜʝ  ï ʢʦʣʦʚʘ ʯʘʩʪʦʪʘ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, q~  ï ʚʝʢʪʦʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 
ʘʤʧʣʽʪʫʜʫ ʰʫʢʘʥʦʛʦ ʚʝʢʪʦʨʘ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, K  ï ʤʘʪʨʠʮʷ ʩʽʯʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ, M  ï ʤʘʪʨʠʮʷ ʤʘʩ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʪʘ ʚʣʘʩʥʠʭ 
ʚʝʢʪʦʨʽʚ ʪʘʢʦʾ ʟʘʜʘʯʽ ʚ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʘʭ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʜʦʙʨʝ ʚʽʜʦʤʠʡ 
ʤʝʪʦʜ ʽʪʝʨʘʮʽʡ ʫ ʧʽʜʧʨʦʩʪʦʨʽ. ɿʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʚ ʤʝʞʘʭ ʻʜʠʥʦʛʦ 
ʽʪʝʨʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʝʢʽʣʴʢʘ ʥʘʡʤʝʥʰʠʭ ʚʣʘʩʥʠʭ 
ʟʥʘʯʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʾʭ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʨʤʘʤ ʚʽʣʴʥʠʭ 
ʢʦʣʠʚʘʥʴ. 

ʆʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʢʠ ʥʠʟʢʠ ʤʦʜʝʣʴʥʠʭ ʟʘʜʘʯ, ʥʘ ʷʢʠʭ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʯʠʩʣʦʚʦʾ ʤʝʪʦʜʠʢʠ. ɿ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʟʥʘʡʜʝʥʽ ʟʘ 
ʰʝʩʪʠʤʦʜʘʣʴʥʦʶ ʪʝʦʨʽʻʶ ʦʙʦʣʦʥʦʢ, ʧʦʜʘʪʣʠʚʠʭ ʥʘ ʟʩʫʚ ʽ ʩʪʠʩʥʝʥʥʷ, ʻ ʙʽʣʴʰʽ 
ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʯʠʩʣʝʥʠʤʠ ʟʛʽʜʥʦ ʟ ʽʥʰʠʤʠ ʪʝʦʨʽʷʤʠ ʦʙʦʣʦʥʦʢ. ɿʘ ʚʨʘʭʫʚʘʥʥʷ 
ʩʪʠʩʥʝʥʥʷ ʦʙʦʣʦʥʢʘ ʰʚʠʜʰʝ ʤʦʞʝ ʧʽʜʜʘʪʠʩʷ ʨʝʟʦʥʘʥʩʫ, ʘ ʦʪʞʝ, ʡ 
ʨʫʡʥʫʚʘʥʥʶ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚ 
ʣʽʪʝʨʘʪʫʨʽ ʪʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ. 
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ʗ.ʁ. ɹʽʛʫʥ, ʄ.ʆ. ʇʘʩʪʫʣʘ 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 
  y.bihun@chnu.edu.ua 

 

 ʄʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʽ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ɿɼʈ) ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʫ ʙʘʛʘʪʴʦʭ ʧʨʘʮʷʭ, ʟʦʢʨʝʤʘ ʚ 
ʤʦʥʦʛʨʘʬʽʾ [1, 2]. ʆʙˇʨʫʥʪʫʚʘʥʥʶ ʤʝʪʦʜʫ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ 
ʩʠʩʪʝʤ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ ʙʘʛʘʪʦʪʦʯʢʦʚʠʤʠ ʽ ʽʥʪʝʛʨʘʣʴʥʠʤʠ 
ʫʤʦʚʘʤʠ ʧʨʠʩʚʷʯʝʥʽ ʜʠʩʝʨʪʘʮʽʾ [3-5]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʥʘʡʜʝʥʦ ʫʤʦʚʠ ʽʩʫʚʘʥʥʷ 
ʽ ʻʜʠʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʾ ʩʠʩʪʝʤʠʽʟ ʣʽʥʽʡʥʦ ʧʝʨʝʪʚʦʨʝʥʠʤʠ 
ʘʨʛʫʤʝʥʪʘʤʠ ʫ ʧʦʚʽʣʴʥʠʭ ʽ ʰʚʠʜʢʠʭ ʟʤʽʥʥʠʭ ʪʘ ʦʙˇʨʫʥʦʚʘʥʦ ʤʝʪʦʜ 
ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ ʰʚʠʜʢʠʤʠ ʟʤʽʥʥʠʤʠ. 

 ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ  

( , , ),

( , ) ( , , ),

da X a
d
d a Y a
d                                (1) 

ʜʝ [0, ]L , ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ 0(0, ], ,ma D R mT ï ʪʦʨ ʚ 
mR , 

1
( ,..., )

p
a a a

, 1
( ,..., )

q , 
( ) ( )

i ia a
,

( ) ( ),
i i 10 ... 1,p 10 ... 1.q   

ʋʩʝʨʝʜʥʝʥʥʷ ʟʘ  ʰʚʠʜʢʠʤʠ ʟʤʽʥʥʠʤʠ  1
,...,

q ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ 
ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ  

                

( , ),

( , ) ( , ).

da X a
d
d a Y a
d                              (2) 

ɼʣʷ ʩʠʩʪʝʤ (1) ʽ ʡ ʘʥʘʣʦʛʽʯʥʦ ʜʣʷ (2) ʟʘʜʘʶʪʴʩʷ ʙʘʛʘʪʦʪʦʯʢʦʚʽ ʫʤʦʚʠ 
ʚʠʛʣʷʜʫ 
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1
1

( )
r

v v
v

a d
,  

2
1

( ) ,
r

v v
v

d
                       (3) 

 ʜʝ 1 20 ... r L , 1
md R , 2 ,md R  ʯʠʩʣʘ i  ʽ i ʪʘʢʽ, ʱʦ 

1

0,
r

i
i 1

0
m

i
i . 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦʶ ʻ ʫʤʦʚʘ 
ʥʝʟʘʩʪʨʷʛʘʥʥʷ ʩʠʩʪʝʤʠ ʫ ʤʘʣʦʤʫ ʦʢʦʣʽ ʨʝʟʦʥʘʥʩʽʚ. ɼʣʷ ʟʚʠʯʘʡʥʠʭ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫʤʦʚʦʶ ʨʝʟʦʥʘʥʩʫ ʚ ʪʦʯʮʽ  ʻ ʨʽʚʥʦʩʪʽ  

1

( , ( )) 0
m

v v vi
i

k a
, ik Z , 1

0
m

i
i

k
. 

ɼʣʷ ʩʠʩʪʝʤʠ ʽʟ ʣʽʥʽʡʥʦ ʧʝʨʝʪʚʦʨʝʥʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ (1) ʚ [3] 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʤʦʚʫ ʨʝʟʦʥʘʥʩ ʯʘʩʪʦʪ 

   
( )( , ( , ( , )) 0,v

v v vk a     (4) 

ʜʝ 

( ) ( )

1

, 0, ( , )
m

v m v

v

k Z k
 ï ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ. 

ʋʤʦʚʦʶ ʚʠʭʦʜʫ ʽʟ ʨʝʟʦʥʘʥʩʽʚ ʩʣʫʞʠʪʴ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ  

1 1( , , ,..., ) 0,mV a b b     (5) 

ʜʝ [0, ]L , ,a D , 1, 1vb D v m , D  ï -ʦʢʽʣ ʨʦʟʚôʷʟʢʫ ʫʩʝʨʝʜʥʝʥʦʾ 

ʟʘʜʘʯʽ ʚ D , V ï ʚʠʟʥʘʯʥʠʢ ɺʨʦʥʩʴʢʦʛʦ ʧʦʨʷʜʢʫ mq , ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ 

ʩʠʩʪʝʤʦʶ ʬʫʥʢʮʽʡ 1
{ ,..., }.

q  
ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚ ʛʣʘʜʢʦʩʪʽ ʱʦʜʦ ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ 

(1) ʡ ʫʤʦʚʠ ʚʠʭʦʜʫ ʟ ʨʝʟʦʥʘʥʩʫ (5) ʜʣʷ ʜʦʩʠʪʴ ʤʘʣʦʛʦ 0 0
ʜʦʚʝʜʝʥʦ 

ʽʩʥʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (1), (3) ʡ ʦʜʝʨʞʘʥʦ ʦʮʽʥʢʫ  
1

1( , ) ( ) , (2 ) ,a a c m    (6) 

ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʚʩʽʭ [0, ]L  ʽ 0(0, ].ɼʣʷ ʰʚʠʜʢʠʭ ʟʤʽʥʥʠʭ 

ʘʩʠʤʧʪʦʪʠʢʘ ( )O  ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ  
1

2( , ) ( , ) .c  
 ʆʢʨʝʤʦ ʜʦʩʣʽʜʞʝʥʦ ʚʠʧʘʜʦʢ ʦʜʥʦʯʘʩʪʦʪʥʦʾ ʩʠʩʪʝʤʠ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ( 1m ) ʚʠʛʣʷʜʫ (1). ʋʤʦʚʘ ʚʠʭʦʜʫ ʽʟ ʨʝʟʦʥʘʥʩʽʚ ʫ 
ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʘ: 
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( , ) ( , ) ( , ) ( , ) 0,d da a a a
d d  

ʢʦʣʠ [0, ]L , 2, ,a a a D
. 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʦʜʥʦʯʘʩʪʦʪʥʦʾ ʩʠʩʪʝʤʠ ɿɼʈ ʝʬʝʢʪ ʨʝʟʦʥʘʥʩʫ ʥʝ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʷʢʱʦ 2( , ) 0a c . ʇʨʠ ʮʴʦʤʫ ʚ ʦʮʽʥʮʽ (6) 1 , ʪʦʜʽ ʷʢ ʜʣʷ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟ ʣʽʥʽʡʥʦ ʧʝʨʝʪʚʦʨʝʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ( 1 20 1) 

ʘʩʠʤʧʪʦʪʠʢʘ ( )O . 
 ʅʘ ʤʦʚʽ Python ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʫ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 
(1) ʟ ʫʤʦʚʘʤʠ (3) ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʫʩʝʨʝʜʥʝʥʦʾ ʟʘʜʘʯʽ. 
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ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʇʈʀ ʇʈʆɻʅʆɿʋɺɸʅʅɯ 
ɼʀʅɸʄɯʂʀ ɯʅʌɽʂʎɯʁʅʆɻʆ ɿɸʍɺʆʈʖɺɸʅʅʗ 
ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʇʈʆʉʊʆʈʆɺʀʍ ɿɹʋʈɽʅʔ ʊɸ 

ɯʄʇʋʃʔʉʅʀʍ ɺʇʃʀɺɯɺ 

ɸʥʜʨʽʡ ɹʦʤʙʘ1, ʉʝʨʛʽʡ ɹʘʨʘʥʦʚʩʴʢʠʡ1, ʉʝʨʛʽʡ ʃʷʰʢʦ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ. ʐʝʚʯʝʥʢʘ  
abomba@ukr.net 

ʋʟʘʛʘʣʴʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʄʘʨʯʫʢʘ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ 
ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʟʙʫʨʝʥʴ ʪʘ ʨʽʟʥʦʛʦ ʨʦʜʫ ʽʤʧʫʣʴʩʥʠʭ ʚʧʣʠʚʽʚ. 
ɺʽʜʧʦʚʽʜʥʫ ʩʠʥʛʫʣʷʨʥʦ ʟʙʫʨʝʥʫ ʤʦʜʝʣʴʥʫ ʟʘʜʘʯʫ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʟʚʝʜʝʥʦ ʜʦ 
ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʜʘʯ ʙʝʟ ʟʘʧʽʟʥʝʥʥʷ, ʜʣʷ ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʽ 
ʘʩʠʤʧʪʦʪʠʯʥʽ ʨʦʟʚʠʥʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʜʝʣʴʥʝ ʟʥʠʞʝʥʥʷ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʢʽʣʴʢʦʩʪʽ ʘʥʪʠʛʝʥʽʚ ʚ ʝʧʽʮʝʥʪʨʽ ʟʘʨʘʞʝʥʥʷ ʫʥʘʩʣʽʜʦʢ ʾʭ 
ʜʠʬʫʟʽʡʥʦʛʦ çʨʦʟʤʠʚʘʥʥʷè  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʤʝʜʠʯʥʦʾ ʥʘʫʢʠ ʽʥʬʝʢʮʽʡʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, 
ʦʩʦʙʣʠʚʦ ʩʴʦʛʦʜʥʽ ʚ ʫʤʦʚʘʭ ʧʘʥʜʝʤʽʾ Covid-19, ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʯʫʪʥʦʶ 
ʧʨʦʙʣʝʤʦʶ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʦʯʝʚʠʜʥʫ ʟʘʛʨʦʟʫ ʩʫʩʧʽʣʴʩʪʚʫ. ɺʞʝ ʫʩʪʘʣʝʥʠʤ 
ʧʽʜʭʦʜʦʤ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʻ ʾʭ 
ʨʦʟʛʣʷʜ ʟ ʻʜʠʥʦʾ ʧʦʟʠʮʽʾ ʷʢ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʙʫʜʥʠʢʘʤʠ 
ʭʚʦʨʦʙʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʪʘʢʦʞ ʽ ʰʠʨʦʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʽʚ 
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʭʘʨʘʢʪʝʨʥʽ 
ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʤʫ ʚ ʫʤʦʚʘʭ ʚʽʨʫʩʥʦʛʦ 
ʟʘʭʚʦʨʶʚʘʥʥʷ, ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʤʦʜʝʣʴʥʽ ʧʨʦʛʨʘʤʠ ʣʽʢʫʚʘʥʥʷ, ʷʢʽ 
ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʫʧʨʘʚʣʽʥʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʥʘʚʝʜʝʥʽʡ ʚ 
[1] ʪʘʢ ʟʚʘʥʽʡ ʥʘʡʧʨʦʩʪʽʰʽʡ (ʙʘʟʦʚʽʡ) ʤʦʜʝʣʽ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ 
ʙʘʟʦʚʽ ʤʝʭʘʥʽʟʤʠ ʛʫʤʦʨʘʣʴʥʦʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʚʠʷʚʣʝʥʽ ʚ ʦʨʛʘʥʽʟʤʽ ʚʽʨʫʩʠ 
ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ, 
ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʘʥʪʠʛʝʥʽʚ, ʧʣʘʟʤʘʪʠʯʥʠʭ ʢʣʽʪʠʥ, 
ʘʥʪʠʪʽʣ ʪʘ ʤʽʨʠ ʫʨʘʞʝʥʥʷ ʦʨʛʘʥʫ-ʤʽʰʝʥʽ. ɿʘʚʜʷʢʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ 
ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʦʜʝʣʽ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʪʘ 
ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ ʨʦʟʚôʷʟʢʽʚ. ɿʦʢʨʝʤʘ, ʚ [1] ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʘʥ 
ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʦʧʠʩʫʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʤ ʨʦʟʚôʷʟʢʦʤ, ʷʢʠʭ ʟʘ ʧʝʚʥʠʭ 
ʫʤʦʚ ʻ ʘʩʠʤʧʪʦʪʠʯʥʦ ʩʪʽʡʢʠʤ ʪʘ ʟʙʝʨʽʛʘʻ ʪʘʢʫ ʩʪʽʡʢʽʩʪʴ ʧʨʠ ʟʘʨʘʞʝʥʥʽ 
ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʽʟʤʫ ʜʦʟʦʶ ʘʥʪʠʛʝʥʫ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʷʢʦʛʦ ʨʽʚʥʷ  
ʽʤʫʥʦʣʦʛʽʯʥʦʛʦ ʙʘʨôʻʨʫ.  

ɿʘʢʣʘʜʝʥʽ ʚ ʙʘʟʦʚʽʡ ʤʦʜʝʣʽ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʽʜʭʦʜʠ 
ʨʦʟʚʠʥʝʥʽ ʪʘ ʨʦʟʰʠʨʝʥʽ ʚ ʤʦʜʝʣʷʭ ʧʨʦʪʠʚʽʨʫʩʥʦʾ ʽ ʧʨʦʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʽʤʫʥʥʦʾ 
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ʚʽʜʧʦʚʽʜʽ [1]. ɺ ʮʠʭ ʤʦʜʝʣʷʭ ʧʦʨʷʜ ʟ ʤʝʭʘʥʽʟʤʦʤ ʛʫʤʦʨʘʣʴʥʦʾ ʽʤʫʥʥʦʾ 
ʚʽʜʧʦʚʽʜʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʜʫʢʫʚʘʥʥʷʤ ʘʥʪʠʪʽʣ, ʚʨʘʭʦʚʘʥʦ ʤʝʭʘʥʽʟʤ 
ʽʤʫʥʥʦʛʦ ʟʘʭʠʩʪʫ ʢʣʽʪʠʥʥʦʛʦ ʪʠʧʫ, ʱʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ 
ʮʠʪʦʪʦʢʩʠʯʥʠʭ ʊ-ʣʽʤʬʦʮʠʪʽʚ-ʝʬʝʢʪʦʨʽʚ. ɺ [1] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʘʥʪʠʪʽʣʘ 
ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʘʥʪʠʛʝʥʠ ʚ ʢʨʦʚʽ ʯʠ ʣʽʤʬʽ, ʘʣʝ ʥʝ ʟʜʘʪʥʽ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʚʽʨʫʩʠ 
ʚʩʝʨʝʜʠʥʽ ʚʞʝ ʟʘʨʘʞʝʥʠʭ ʢʣʽʪʠʥ. ɿʘ ʚʠʷʚʣʝʥʥʷ ʽ ʟʥʠʱʝʥʥʷ ʟʘʨʘʞʝʥʠʭ ʚʽʨʫʩʦʤ 
ʢʣʽʪʠʥ ʚ ʽʤʫʥʥʽʡ ʩʠʩʪʝʤʽ ʦʨʛʘʥʽʟʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʪʦʪʦʢʩʠʯʥʽ ʊ-ʣʽʤʬʦʮʠʪʠ-
ʢʽʣʝʨʠ.  

ʇʨʠ ʧʦʙʫʜʦʚʽ ʷʢ ʙʘʟʦʚʦʾ, ʪʘʢ ʽ ʤʦʜʝʣʝʡ ʧʨʦʪʠʚʽʨʫʩʥʦʾ ʽ 
ʧʨʦʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʪʘ ʨʷʜʫ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʧʨʠʧʫʩʢʘʣʦʩʷ, 
ʱʦ ʩʝʨʝʜʦʚʠʱʝ çʦʨʛʘʥʽʟʤʫè ʻ ʦʜʥʦʨʽʜʥʠʤ, ʚ ʷʢʦʤʫ ʫʩʽ ʜʽʶʯʽ ʬʘʢʪʦʨʠ ʧʨʦʮʝʩʫ 
ʟʘʚʜʷʢʠ çʤʠʪʪʻʚʦʤʫè ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʤʘʶʪʴ 
ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ. ɺ ʜʽʡʩʥʦʩʪʽ ʞ ʚʠʷʚʣʝʥʥʷ ʚʽʨʫʩʽʚ, ʟʘʨʘʞʝʥʠʭ ʥʠʤʠ 
ʢʣʽʪʠʥ ʪʘ ʟʘʧʫʩʢ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʤʫʥʥʦʛʦ ʟʘʭʠʩʪʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʤʠʪʪʻʚʦ ʧʽʩʣʷ ʚʪʦʨʛʥʝʥʥʷ ʘʥʪʠʛʝʥʽʚ ʚ ʩʝʨʝʜʦʚʠʱʝ ʦʨʛʘʥʽʟʤʫ. ʊʦʙʪʦ ʷʢʘʩʴ 
ʯʘʩʪʠʥʘ ʘʥʪʠʛʝʥʽʚ ʥʝ ʙʫʜʝ ʚʽʜʨʘʟʫ ʟʥʝʰʢʦʜʞʝʥʘ ʽʤʫʥʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʤʘʪʠʤʝ 
ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʥʠʢʥʫʪʠ ʚʩʝʨʝʜʠʥʫ ʢʣʽʪʠʥ ʦʨʛʘʥʫ-ʤʽʰʝʥʽ, ʨʦʟʤʥʦʞʠʪʠʩʴ ʚ 
ʥʠʭ ʪʘ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʫʪʚʦʨʠʪʠ ʦʩʝʨʝʜʢʠ ʟʘʨʘʞʝʥʥʷ ʟ ʙʽʣʴʰ 
ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʥʪʠʛʝʥʽʚ. ɿ ʯʘʩʦʤ ʧʦʨʦʜʞʝʥʽ ʘʥʪʠʛʝʥʠ 
ʧʦʰʠʨʶʚʘʪʠʤʫʪʴʩʷ ʚʽʜ ʪʘʢʠʭ ʦʩʝʨʝʜʢʽʚ ʟʘʨʘʞʝʥʥʷ ʜʦ ʥʘʚʢʦʣʠʰʥʽʭ ʜʽʣʷʥʦʢ, 
ʟʙʽʣʴʰʫʶʯʠ ʟʦʥʫ ʫʨʘʞʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʘʥʪʠʛʝʥʽʚ ʫ 
ʚʠʭʽʜʥʠʭ ʝʧʽʮʝʥʪʨʘʭ ʟʘʨʘʞʝʥʥʷ. ɺ ʨʦʙʦʪʘʭ [2-5] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʣʷ 
ʫʨʘʭʫʚʘʥʥʷ ʤʘʣʠʭ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʠʬʫʟʽʡʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʜʠʥʘʤʽʢʫ 
ʚʽʨʫʩʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʚ [4,5] ʧʨʠ ʤʦʜʠʬʽʢʘʮʽʾ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ 
ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʚʚʝʜʝʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʨʝʯʦʚʠʥ ʜʦʜʘʥʽ ʱʝ ʡ ʯʣʝʥʠ, ʷʢʽ 
ʦʧʠʩʫʶʪʴ ʜʠʬʫʟʽʡʥʽ ʟʙʫʨʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʅʘʡʧʨʦʩʪʽʰʘ ʤʦʜʝʣʴ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʤʦʜʝʣʽ ʽʤʫʥʥʦʾ 
ʚʽʜʧʦʚʽʜʽ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʧʽʩʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʢʣʽʥʽʯʥʠʤʠ ʜʘʥʠʤʠ 
ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪ 
ʟʘʭʚʦʨʶʚʘʥʥʷ, ʚʠʷʚʣʷʪʠ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 
ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ, ʤʦʜʝʣʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʽʤʫʥʥʦʶ 
ʚʽʜʧʦʚʽʜʜʶ ʦʨʛʘʥʽʟʤʫ, ʙʫʜʫʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 
ʧʨʦʛʨʘʤʠ ʣʽʢʫʚʘʥʥʷ. 

ɸʣʝ ʷʢ ʽ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʜʝʣʷʭ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʪʘ 
ʧʨʦʪʠʚʽʨʫʩʥʦʾ (ʧʨʦʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ) ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʪʘʢ ʽ ʚ ʾʭ ʤʦʜʠʬʽʢʘʮʽʷʭ 
[2-5], ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʽ ʜʠʬʫʟʽʡʥʽ ʟʙʫʨʝʥʥʷ, ʥʝ 
ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʣʽʢʫʚʘʣʴʥʽ ʽʤʫʥʦʣʦʛʽʯʥʽ ʯʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ 
ʚʧʣʠʚʠ ʽʤʧʫʣʴʩʥʦʛʦ ʪʠʧʫ. ɿ ʤʝʪʦʶ çʟʘʧʦʚʥʝʥʥʷè ʮʽʻʾ ʧʨʦʛʘʣʠʥʠ 
ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ [5] ʤʦʜʠʬʽʢʘʮʽʶ ʙʘʟʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʧʣʠʚʫ 
ʽʤʫʥʦʪʝʨʘʧʽʾ ʥʘ ʜʠʥʘʤʽʢʫ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʣʠʭ 
ʜʠʬʫʟʽʡʥʠʭ ʟʙʫʨʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʯʣʝʥʽʚ, ʱʦ 
ʦʧʠʩʫʶʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʙʣʠʟʴʢʠʭ ʜʦ ʽʤʧʫʣʴʩʥʠʭ ʚʧʣʠʚʽʚ. ɺʽʜʧʦʚʽʜʥʘ ʤʦʜʝʣʴʥʘ 
ʟʘʜʘʯʘ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʟʚʝʜʝʥʘ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʜʘʯ ʙʝʟ ʟʘʧʽʟʥʝʥʥʷ, ʜʣʷ ʷʢʠʭ 
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ʧʦʙʫʜʦʚʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʷʜʽʚ 
ʷʢ ʟʙʫʨʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʨʦʜʞʝʥʠʭ ʟʘʜʘʯ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʡʥʠʭ ʩʪʘʥʽʚ 
ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʟʥʠʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʪʠʛʝʥʽʚ ʚ 
ʝʧʽʮʝʥʪʨʘʭ ʟʘʨʘʞʝʥʥʷ ʫʥʘʩʣʽʜʦʢ ʾʭ ʜʠʬʫʟʽʡʥʦʛʦ çʧʝʨʝʨʦʟʧʦʜʽʣʫè. ɿʦʢʨʝʤʘ, 
ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ, ʱʦ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʠ 
ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽʤʧʫʣʴʩʥʦʛʦ ʜʞʝʨʝʣʘ ʚʽʨʫʩʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʝʚʥʽʡ ʯʘʩʪʠʥʽ 
ʦʩʝʨʝʜʢʫ ʟʘʨʘʞʝʥʥʷ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʜʝʷʢʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 
ʜʠʬʫʟʽʡʥʦʛʦ çʧʝʨʝʨʦʟʧʦʜʽʣʫè ʟʘ ʧʝʚʥʠʡ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 
ʥʘʜʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʨʫʩʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʝ ʟʤʝʥʰʠʪʠʩʴ ʜʦ ʟʥʘʯʝʥʥʷ 
ʚʞʝ ʥʠʞʯʦʛʦ ʟʘ ʢʨʠʪʠʯʥʠʡ ʨʽʚʝʥʴ ʽ ʧʦʜʘʣʴʰʝ ʟʥʝʰʢʦʜʞʝʥʥʷ ʘʥʪʠʛʝʥʽʚ ʤʦʞʝ 
ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʥʘʷʚʥʠʤ ʨʽʚʥʝʤ ʘʥʪʠʪʽʣ ʪʘ ʙʽʣʴʰ ʦʱʘʜʣʠʚʦʶ ʧʨʦʮʝʜʫʨʦʶ 
ʚʚʝʜʝʥʥʷ ʽʥôʻʢʮʽʡʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʜʦʥʦʨʩʴʢʠʤʠ ʘʥʪʠʪʽʣʘʤʠ. ʊʦʙʪʦ, ʫ ʤʝʞʘʭ 
ʜʘʥʦʾ ʤʦʜʝʣʽ çʛʦʩʪʨʦʪʫè ʧʨʦʪʽʢʘʥʥʷ ʚʽʨʫʩʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚ ʪʘʢʠʭ 
ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʦ ʟʥʠʟʠʪʠ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ, ʟ ʤʝʥʰʠʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʈʦʟʨʦʙʣʝʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʙʫʪʠ ʝʣʝʤʝʥʪʦʤ 
ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʰʠʨʦʢʦʛʦ 
ʢʦʤʧʣʝʢʩʫ ʨʽʰʝʥʴ ʪʠʧʫ: ʯʠ ʤʦʞʝʤʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʛʽʜʥʦ ʟʥʘʯʝʥʴ 
ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ, ʱʦʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʬʫʟʽʡʥʦʛʦ 
çʧʝʨʝʨʦʟʧʦʜʽʣʫè, ʚʝʣʠʯʠʥʠ ʪʝʨʠʪʦʨʽʾ ʟʘʨʘʞʝʥʥʷ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʽʤʧʫʣʴʩʥʠʭ ʜʞʝʨʝʣ ʚʽʨʫʩʥʠʭ ʘʥʪʠʛʝʥʽʚ ʪʦʱʦ ʧʦʢʣʘʩʪʠʩʷ ʥʘ ʥʘʷʚʥʠʡ ʚ 
ʦʨʛʘʥʽʟʤʽ ʨʽʚʝʥʴ ʽʤʫʥʥʦʛʦ ʟʘʭʠʩʪʫ, ʘʙʦ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʟʜʽʡʩʥʶʚʘʪʠ 
ʟʦʚʥʽʰʥʽʡ ʣʽʢʫʚʘʣʴʥʠʡ ʚʧʣʠʚ. ɸ ʚ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ, ʟʦʢʨʝʤʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥôʻʢʮʽʡ 
ʜʦʥʦʨʩʴʢʠʭ ʘʥʪʠʪʽʣ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʡ ʯʘʩ, 
ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʚʝʣʠʯʠʥʫ ʟʦʥʠ ʪʘ ʩʧʦʩʽʙ ʾʭ ʚʚʝʜʝʥʥʷ, ʧʨʠʡʥʷʪʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 
ʘʥʪʠʪʽʣ ʚ ʢʦʞʥʦʤʫ ʽʥôʻʢʮʽʡʥʦʤʫ ʨʦʟʯʠʥʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʫʨʘʭʫʚʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 
ʜʠʬʫʟʽʡʥʠʭ ʟʙʫʨʝʥʴ ʚ ʫʤʦʚʘʭ ʽʤʧʫʣʴʩʥʠʭ ʚʧʣʠʚʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ 
ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʟʦʢʨʝʤʘ, ʤʦʜʝʣʝʡ 
ʧʨʦʪʠʚʽʨʫʩʥʦʾ ʽ ʧʨʦʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʄʘʨʯʫʢʘ-ʇʝʪʨʦʚʘ [2]. 
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ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩ-ʪʠʢ 

ʧʨʠʩʪʨʦʾʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ɸʥʘʣʽʟ ʟʘʜʘʯʽ ʧʨʦ-ʚʦʜʠʪʴʩʷ 
ʤʝʪʦʜʦʤ ʧʨʠʤʝʞʦʚʠʭ ʬʫʥʢʮʽʡ. ʈʦʟʢʨʠʪʦ ʨʦʣʴ ʧʨʠ-ʤʝʞʦʚʠʭ ʧʦʧʨʘʚʦʢ ʫ 
ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥ-ʥʦ-ʜʽʨʢʦʚʦʾ ʧʣʘʟʤʠ p-i-n-
ʩʪʨʫʢʪʫʨ.  

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʚ 
ʤʝʞʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʠʨʽʰʝʥʥʷʤ 
ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʩʪʨʫʤʫ ʥʦʩʽʾʚ 
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ʟʘʨʷʜʫ, ʇʫʘʩʩʦʥʘ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [1]. 
ɸʥʘʣʦʛʽʯʥʘ ʟʘʜʘʯʘ ʩʪʘʚʠʪʴʩʷ ʽ ʜʣʷ ʧʦʰʫʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʧʣʘʟʤʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʘʢʪʠʚʥʽʡ ʦʙʣʘʩʪʽ p-i-n-ʜʽʦʜʽʚ 
[2]. ʈʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʮʴʦʤʫ ʦʧʠʩʫʶʪʴ ʜʠʬʫʟʽʡʥʦ-ʜʨʝʡʬʦʚʽ, 
ʨʝʢʦʤʙʽʥʘʮʽʡʥʦ-ʛʝʥʝʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚ i-ʦʙʣʘʩʪʽ p-i-n-ʜʽʦʜʽʚ, ʧʨʦʮʝʩʠ 
ʨʦʟʽʛʨʽʚʫ ʧʣʘʟʤʠ ʚʥʘʩʣʽʜʦʢ ʚʠʜʽʣʝʥʥʷ ʚ ʦʙôʻʤʽ i-ʦʙʣʘʩʪʽ ɼʞʦʫʣʝʚʦʛʦ ʪʝʧʣʘ ʪʘ 
ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʨʝʢʦʤʙʽʥʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʽ ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 
ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʧʣʘʟʤʠ, ʧʨʦʮʝʩʠ ʽʥʞʝʢʮʽʾ ʪʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ 
ʟʘʨʷʜʫ ʥʘ ʤʝʞʽ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʦʜʝʣʴʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʤʽʩʪʠʪʴ ʧʨʠʨʦʜʥʠʤ 
ʯʠʥʦʤ ʩʬʦʨʤʦʚʘʥʠʡ ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ ʪʘʢ, ʱʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʻ ʩʠʥʛʫʣʷʨʥʦ 
ʟʙʫʨʝʥʠʤ, ʘ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ï ʨʝʛʫʣʷʨʥʦ. ʎʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
ʤʦʞʣʠʚʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʾʾ ʘʥʘʣʽʪʠʢʦ-ʯʠʩʣʦʚʦʛʦ 
ʨʦʟʚôʷʟʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʫ ʧʨʠʤʝʞʦʚʠʭ ʬʫʥʢʮʽʡ [3,4]. ɿʛʽʜʥʦ ʽʟ ʟʘʟʥʘʯʝʥʠʤ 
ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯʽ ʟʥʘʭʦʜʠʤʦ ʫ ʚʠʛʣʷʜʽ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʷʜʽʚ ʟʘ 
ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʯʽ. ɸʩʠʤʧʪʦʪʠʯʥʽ ʨʷʜʠ ʤʽʩʪʷʪʴ ʨʝʛʫʣʷʨʥʽ 
ʯʘʩʪʠʥʠ ʪʘ ʧʨʠʤʝʞʦʚʽ ʧʦʧʨʘʚʢʠ, ʱʦ ʢʦʨʝʛʫʶʪʴ ʰʫʢʘʥʽ ʬʫʥʢʮʽʾ ʧʦʙʣʠʟʫ 
ʜʽʣʷʥʦʢ ʤʝʞʽ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ, ʯʝʨʝʟ ʷʢʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʞʝʢʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʽ 
ʜʽʨʦʢ. ʇʽʜʩʪʘʥʦʚʢʘ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʷʜʽʚ ʫ ʨʽʚʥʷʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʥʝʣʽʥʽʡʥʦʾ 
ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʨʠʨʽʚʥʶʚʘʥʥʷ 
ʚʽʜʧʦʚʽʜʥʠʭ ʤʥʦʞʥʠʢʽʚ ʜʦʟʚʦʣʠʣʘ ʧʨʠʚʝʩʪʠ ʧʦʯʘʪʢʦʚʫ ʟʘʜʘʯʫ ʜʦ 
ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʣʽʥʽʡʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʷʢʽ, ʟʦʢʨʝʤʘ, ʚʢʣʶʯʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ 
ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʘʤʙʽʧʦʣʷʨʥʦʾ ʜʠʬʫʟʽʾ.  

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʽʟʠʯʥʘ ʦʙʣʘʩʪʴ ʟʘʜʘʯʽ ʢʘʥʦʥʽʯʥʘ, 
ʨʦʟʚôʷʟʢʠ ʣʽʥʽʡʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʚʽʜʥʦʩʥʦ ʥʫʣʴʦʚʠʭ ʯʣʝʥʽʚ ʘʩʠʤʧʪʦʪʠʢ 
ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʗʢʱʦ ʤʝʞʘ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ ʤʽʩʪʠʪʴ 
ʢʨʠʚʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ, ʪʦ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʤʝʪʦʜʫ ʢʦʥʬʦʨʤʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʦʾ ʦʙʣʘʩʪʽ ʟʘʜʘʯʽ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʜʫ [5]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʘʤʝ ʧʨʠʤʝʞʦʚʽ ʧʦʧʨʘʚʢʠ ʫ ʬʫʥʢʮʽʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 
ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʦʧʠʩʫʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʽʚ ʚ ʟʦʥʘʭ ʽʥʞʝʢʪʫʶʯʠʭ 
ʢʦʥʪʘʢʪʽʚ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ p-i-n-ʩʪʨʫʢʪʫʨʠ, ʘ ʟʚôʷʟʘʥʘ ʽʟ ʨʦʟʧʦʜʽʣʦʤ ʟʘʨʷʜʽʚ 
ʧʨʠʤʝʞʦʚʘ ʯʘʩʪʠʥʘ ʬʫʥʢʮʽʾ ʛʨʘʜʽʻʥʪʘ ʧʦʪʝʥʮʽʘʣʫ ʚʠʟʥʘʯʘʻ ʥʘʧʨʫʞʝʥʽʩʪʴ 
ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʚ ʤʝʞʘʭ ʫʩʽʻʾ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ. ʅʘʷʚʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 
ʧʨʦ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʘʥʦʚʢʫ ʪʘ 
ʨʦʟʚôʷʟʘʥʥʷ ʥʠʟʢʠ ʥʦʚʠʭ ʟʘʜʘʯ. ʊʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʟʘʜʘʯʘ ʨʦʟʨʘʭʫʥʢʫ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ p-i-n-ʩʪʨʫʢʪʫʨ, ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ p-i-n-ʩʪʨʫʢʪʫʨ ʪʦʱʦ.   
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ɼʽʨʽʭʣʝ ʫ ʜʚʦʟʚôʷʟʥʠʭ ʦʙʣʘʩʪʷʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʛʝʨʨʘ 
ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ ʨʝʜʫʢʦʚʘʥʦ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʚ 
ʩʚʦʶ ʯʝʨʛʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 
ʨʦʟʚôʷʟʢʽʚ (ʄʌʈ). 

ɺʩʪʫʧ  
ʄʌʈ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʧʝʨʰʝ ʛʨʫʟʠʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ ɺ. ʂʫʧʨʘʜʟʝ ʽ ʄ. 

ɸʣʻʢʩʽʜʟʝ [1], ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʤʘʪʝʤʘʪʠʮʽ ʪʘ 

https://doi.org/10.1002/0470068329
mailto:ihor.borachok@lnu.edu,
mailto:roman.chapko@lnu.edu.ua
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ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʜʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 
ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʥʥʽ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ 
ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʟʚʫʞʝʥʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 
ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʅʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 
ʤʝʪʦʜʦʤ ʢʦʣʦʢʘʮʽʾ ʟ ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 

ʇʦʰʠʨʝʥʥʷ ʄʌʈ ʥʘ ʚʠʧʘʜʦʢ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʨʦʟʛʣʷʥʫʪʦ ʚ [2]. 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʘʙʦ ʤʝʪʦʜ ʈʦʪʝ ʧʦ ʯʘʩʦʚʽʡ ʟʤʽʥʥʽʡ, 
ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ ʨʝʜʫʢʫʶʪʴ ʜʦ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 
ʨʽʚʥʷʥʥʷ ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʘʜʽʘʣʴʥʠʭ ʙʘʟʠʩʥʠʭ 
ʬʫʥʢʮʽʡ ʙʫʜʫʻʪʴʩʷ ʯʘʩʪʠʥʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʽ ʟʘ ʄʌʈ ï 
ʟʘʛʘʣʴʥʠʡ ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʥʘʙʣʠʞʝʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʚʥʦʩʠʪʴ 
ʜʦʜʘʪʢʦʚʫ ʧʦʭʠʙʢʫ ʽ ʫʩʢʣʘʜʥʶʻ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ. ɺ [3, 4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 
ʧʽʜʭʽʜ, ʧʦʟʙʘʚʣʝʥʠʡ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ. 

ʆʧʠʰʝʤʦ ʩʫʪʴ ʤʝʪʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ ʧʝʨʰʦʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʫ 
ʜʚʦʟʚôʷʟʥʽʡ ʦʙʣʘʩʪʽ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʯʘʩʦʚʦʶ ʟʤʽʥʥʦʶ 

ʅʝʭʘʡ ʟʘʜʘʥʘ  ï ʦʙʤʝʞʝʥʘ ʜʚʦʟʚôʷʟʥʘ ʦʙʣʘʩʪʴ ʟ 

ʤʝʞʘʤʠ  ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ: 
 

  

 

(1
) 

ʜʝ ï ʟʘʜʘʥʽ ʧʦʩʪʽʡʥʽ, ,  ï ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʜʘʯʘ (1) 
ʤʘʻ ʻʜʠʥʠʡ ʢʣʘʩʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ. 

ɼʣʷ ʯʘʩʪʢʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘʜʘʯʽ (1) ʟʘ ʯʘʩʦʚʦʶ ʟʤʽʥʥʦʶ, 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʛʝʨʨʘ [4]. ʊʦʜʽ ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚ 
ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ 

 

(2
) 

ʜʝ ï ʬʽʢʩʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ, ï ʧʦʣʽʥʦʤʠ ʃʘʛʝʨʨʘ, ʽ ï ʨʦʟʚôʷʟʢʠ 
ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ 
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(
3) 

ʜʝ ï ʢʦʝʬʽʮʽʻʥʪʠ ʌʫʨôʻ-ʃʘʛʝʨʨʘ ʜʣʷ 

ʬʫʥʢʮʽʡ ,  
ʄʝʪʦʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ɼʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʽʚʥʷʥʴ ʚ (3) ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ (ʜʠʚ. [3,4]) 

 ʊʦʜʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ  ʟʘ ʄʌʈ 
ʤʘʶʪʴ ʚʠʛʣʷʜ 

 

(4
) 

ʜʣʷ  . ʊʘʢ ʟʚʘʥʽ ʪʦʯʢʦʚʽ ʜʞʝʨʝʣʘ  ʻ 

ʚʽʜʦʤʽ ʽ ʨʦʟʤʽʱʝʥʽ ʧʦʟʘ ʦʙʣʘʩʪʶ . ʅʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ  ʚ ʧʦʜʘʥʥʽ (4) 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʢʦʣʦʢʘʮʽʾ ʥʘ ʤʝʞʘʭ , ʪʦʙʪʦ ʟ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 
ʨʽʚʥʷʥʴ 

 

ʜʝ  ï ʚʠʙʨʘʥʽ ʪʦʯʢʠ ʢʦʣʦʢʘʮʽʾ. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ (2) ʽ (4) ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (1) ʤʘʻ ʚʠʛʣʷʜ 

 
ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʪʝʧʣʦʚʦʛʦ 

ʨʽʚʥʷʥʥʷ ʫ ʚʠʧʘʜʢʫ ʜʚʦʚʠʤʽʨʥʦʾ ʦʙʣʘʩʪʽ. ʅʝʭʘʡ ʤʝʞʽ  
ʟʘʜʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ 

 
. 

ɺʠʛʣʷʜ ʦʙʣʘʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩ. 1a, ʘ ʨʦʟʧʦʜʽʣ ʪʦʯʦʢ ʜʞʝʨʝʣʘ ʽ ʪʦʯʦʢ 
ʢʦʣʦʢʘʮʽʾ ʥʘ ʈʠʩ. 1ʙ.  
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a) ɺʠʛʣʷʜ ʦʙʣʘʩʪʽ  ʙ) ʈʦʟʧʦʜʽʣ ʪʦʯʦʢ  

 

ʈʠʩ. 1. ɺʠʛʣʷʜ ʦʙʣʘʩʪʽ  ʽ ʨʦʟʧʦʜʽʣ ʪʦʯʦʢ ʜʞʝʨʝʣʘ ʪʘ ʢʦʣʦʢʘʮʽʾ ʜʣʷ ʚʠʧʘʜʢʫ   
ɺ ʨʦʣʽ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʚʠʙʝʨʝʤʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʪʝʧʣʦʚʦʛʦ 
ʨʽʚʥʷʥʥʷ 

 
ʪʦʜʽ 

 
ɸʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ ʨʦʟʚôʷʟʢʫ ʚ ʟʘʜʘʥʠʭ ʪʦʯʢʘʭ 
ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ 
ʧʽʜʭʦʜʫ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ.  

   

       

       
       
       
       
       
       

ʊʘʙʣ. 1. ɸʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ 
ɼʣʷ ʯʘʩʪʢʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʚʦʶ ʟʤʽʥʥʦʶ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʡ ʽʥʰʽ 

ʩʧʦʩʦʙʠ, ʥʘʧʨʠʢʣʘʜ, ʚ [4] ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʫ ʈʦʪʝ ʡ ʄʌʈ ʜʣʷ 
ʟʘʜʘʯʽ ʂʦʰʽ ʜʣʷ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʗʢ ʙʘʯʠʤʦ, ʨʦʟʨʦʙʣʝʥʠʡ ʚʘʨʽʘʥʪ ʄʌʈ ʧʦʟʙʘʚʣʝʥʠʡ ʥʝʜʦʣʽʢʫ, 
ʧʦʚôʷʟʘʥʦʤʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʰʫʢʫ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 
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ʨʽʚʥʷʥʴ ʟ (3). ʇʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ 
ʜʘʻ ʜʦʙʨʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʝʢʦʥʦʤʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ. 
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʠʭ 
ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʐʅʄ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 
(ʄʉɽ) ʜʦ ʨʦʟʚʷôʷʟʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʣʘʥʽ ʟʘʜʘʯ 
ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʝʣʽʧʪʠʯʥʦʛʦ ʪʠʧʫ, 
ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʩʪʦʢʫ ʤʽʣʢʦʾ ʚʦʜʠ, ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ 
ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʟʘʜʘʯʽ ʤʽʛʨʘʮʽʾ ʜʦʤʽʰʢʠ, ʟʘʜʘʯʽ ʘʜʚʝʢʮʽʾ-ʜʠʬʫʟʽʾ. 

 
ʊʦʯʥʽ ʨʦʟʚôʷʟʢʠ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʨʽʚʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ, ʜʦ 

ʷʢʠʭ ʟʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʴʦʭ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʧʨʘʢʪʠʢʠ, ʚʜʘʻʪʴʩʷ 
ʟʥʘʡʪʠ ʣʠʰʝ ʜʣʷ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ. ʊʦʤʫ ʟʘʟʚʠʯʘʡ ʪʘʢʽ ʟʘʜʘʯʽ ʨʦʟʚôʷʟʫʶʪʴ 
ʥʘʙʣʠʞʝʥʦ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, 
ʜʦʩʷʛʥʝʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʢʦʥʩʪʨʫʶʚʘʥʥʶ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʻ 
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ʙʘʛʘʪʦ ʟʘʜʘʯ, ʷʢʽ ʘʙʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʨʦʟʚôʷʟʫʚʘʥʥʶ ʥʘʷʚʥʠʤʠ ʯʠʩʣʦʚʠʤʠ 
ʤʝʪʦʜʘʤʠ, ʘʙʦ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʘ ʪʦʯʥʽʩʪʴ. ʎʽʻʶ ʦʙʩʪʘʚʠʥʦʶ 
ʩʧʨʠʯʠʥʝʥʦ ʧʦʰʫʢ ʥʦʚʠʭ ʚ ʽʜʝʡʥʦʤʫ ʧʣʘʥʽ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ.  

ʆʢʨʽʤ ʪʦʛʦ, ʧʨʦʮʝʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʷʚʣʷʻ ʩʦʙʦʶ 
ʩʢʣʘʜʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʟʘʜʘʯʫ, ʱʦ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 
ʨʝʩʫʨʩʽʚ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʧʦʰʫʢʫ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 
ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ ʚʝʣʠʢʦʾ 
ʨʦʟʤʽʨʥʦʩʪʽ, ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʜʘʻ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʥʘ 
ʜʝʷʢʦʤʫ ʥʘʙʦʨʽ ʪʦʯʦʢ ï ʚʫʟʣʘʭ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ 
ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ, ʷʢʽ 
ʧʨʠʧʫʩʢʘʶʪʴ ʧʦʩʣʽʜʦʚʥʫ, ʘ ʥʝ ʧʘʨʘʣʝʣʴʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 
ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʦʨʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʝʢʩʪʝʥʩʠʚʥʠʡ ʰʣʷʭ ʨʦʟʚʠʪʢʫ 
ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʧʦʚôʷʟʘʥʠʡ ʣʠʰʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ 
ʧʨʦʮʝʩʦʨʘ ʚʞʝ ʜʘʚʥʦ ʚʠʯʝʨʧʘʚ ʩʝʙʝ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
ʙʘʛʘʪʦʷʜʝʨʥʽ ʧʨʦʮʝʩʦʨʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ 
ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ 
ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʯʠʩʣʝʥʴ, ʱʦ 
ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʣʝʛʢʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 
ʤʝʨʝʞ.  

ʅʘ ʮʝʡ ʯʘʩ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 
ʤʝʨʝʞ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ: 
ʤʝʨʝʞʘ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʘʣʴʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ (Radial-Basis Function (RBF) 
ʤʝʨʝʞʘ)[ 1, 2, 3, 4], ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʝʩʝʧʪʨʦʥ (Multilayer Perceptron (MLP)) 
[3], ʢʣʽʪʢʦʚʽ ʤʝʨʝʞʽ (Cellar Neural Networks (CNN))[3, 4, 6, 7].  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [3, 4, 6, 7] ʩʚʽʜʯʘʪʴ, ʱʦ 
ʧʦʙʫʜʦʚʘʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʥʝʡʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ CNN ʫ ʧʦʻʜʥʘʥʥʽ ʟ 
ʄʉɽ ʜʘʶʪʴ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʨʘʡʦʚʽ 
ʟʘʜʘʯʽ ʟ ʣʦʢʘʣʴʥʦ-ʛʨʘʜʽʻʥʪʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ, ʟʦʢʨʝʤʘ ʟʘʜʘʯʽ ʘʜʚʝʢʮʽʾ-ʜʠʬʫʟʽʾ ʟ 
ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʇʝʢʣʝ, ʧʨʠʯʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʤʫʣʴʪʠʩʽʪʢʦʚʦʛʦ 
ʤʝʪʦʜʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʈʦʟʚôʷʟʦʢ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
ʧʦʢʨʘʱʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ. ɹʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 
ʚʘʨʽʘʮʽʡʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʘʜʘʯ, ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʷʢʠʭ 
ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʦʝʢʮʽʡʥʦ-ʩʽʪʢʦʚʫ ʩʭʝʤʫ [3]. ʋʥʘʩʣʽʜʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘʜʘʯ ʚ 
ʯʘʩʽ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʠʤʠ ʥʘʙʣʠʞʝʥʥʷʤʠ ʦʪʨʠʤʘʥʦ ʦʜʥʦʢʨʦʢʦʚʽ ʨʝʢʫʨʝʥʪʥʽ 
ʩʭʝʤʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘʜʘʯ ʟʘ ʧʨʦʩʪʦʨʦʚʦʶ 
ʟʤʽʥʥʠʤʠ ʚʠʙʠʨʘʣʠ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʡ ʂʫʨʘʥʪʘ. 
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ʇʦʚʥʽʩʪʶ ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ 
ʨʽʚʥʷʥʴ ʨʦʟʚôʷʟʫʚʘʣʠ ʥʘ ʜʚʦʰʘʨʦʚʽʡ ʨʝʢʫʨʝʥʪʥʽʡ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ 

ɼʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐʅʄ ʥʘ ʧʽʜʩʪʘʚʽ ʈɹʌ [1, 3, 4] ʜʦ 
ʨʦʟʚôʷʟʫʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʝʣʽʧʪʠʯʥʦʛʦ ʪʠʧʫ ʪʘ ʟʘʜʘʯ ʩʪʦʢʫ ʤʽʣʢʦʾ ʚʦʜʠ. 
ʇʦʙʫʜʦʚʘʥʦ ʐʅʄ ʥʘ ʧʽʜʩʪʘʚʽ ʈɹʌ ʪʠʧʫ ɻʘʫʩʘ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʜʘʯʘ 
ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʚʘʨʽʘʮʽʡʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʟʽ 
ʰʪʨʘʬʦʤ (4). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʽʰʝ ʚʨʘʭʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʨʦʟʚôʷʟʢʫ 
ʪʘ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʜʝ ʟʘʪʨʘʯʘʻʪʴʩʷ ʤʝʥʰʝ 
ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 
ʝʣʝʤʝʥʪʽʚ. ʅʝʡʨʦʥʘ ʤʝʨʝʞʘ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʥʫʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʧʨʠʯʦʤʫ 
ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʮʴʦʛʦ, ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ 
ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʄʉɽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʞ ʪʦʯʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ 
ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʈɹʌ-ʤʝʨʝʞ ʜʦ 
ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʩʪʦʢʫ ʤʽʣʢʦʾ ʚʦʜʠ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ 
ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʧʦʪʦʢʠ ʪʘ ʾʭ ʛʨʘʜʽʻʥʪʠ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴʩʷ, 
ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ, ʦʪʨʠʤʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʉɽ, ʚʪʨʘʯʘʻ 
ʩʚʦʶ ʩʪʽʡʢʽʩʪʴ ʪʘ ʟôʷʚʣʷʶʪʴʩʷ Ăʧʘʨʘʟʠʪʠʯʥʽò ʦʩʮʠʣʷʮʽʾ. ɼʣʷ ʾʭ ʫʩʫʥʝʥʥʷ 
ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʧʨʦʪʠʧʦʪʦʢʦʚʽ ʩʭʝʤʠ ʄʉɽ. ʅʘ 
ʧʨʦʪʠʚʘʛʫ ʮʴʦʤʫ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟʜʘʪʥʘ ʚʨʘʭʫʚʘʪʠ ʪʦʥʢʽ ʧʨʦʰʘʨʢʠ ʦʙʣʘʩʪʽ, 
ʜʝ ʨʦʟʚôʷʟʢʠ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴʩʷ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ 
ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʥʝʡʨʦʩʪʨʫʢʪʫʨʠ ʜʘʶʪʴ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʚ 
ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʣʘʥʽ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
1. ɺʝʥʛʝʨʩʴʢʠʡ ʇ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʩʪʦʢʫ 

ʤʽʣʢʦʾ ʚʦʜʠ ʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ / ʇ. ɺʝʥʛʝʨʩʴʢʠʡ, ɺ. ʊʨʫʰʝʚʩʴʢʠʡ // 
ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ñʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 
ʽʥʬʦʨʤʘʪʠʢʠò (APAMCS-2019) 24 - 27 ʚʝʨʝʩʥʷ 2019 ʨʦʢʫ, ʃʴʚʽʚ.ï ʉ. 206-208. 

2. ɺʝʥʛʝʨʩʴʢʠʡ ʇ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʨʫʩʣʦʚʦʛʦ 
ʩʪʦʢʫ ʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ / ʇ. ɺʝʥʛʝʨʩʴʢʠʡ, ɺ. ʊʨʫʰʝʚʩʴʢʠʡ, ʗ. 
ʂʦʢʦʚʩʴʢʘ //  ɺʽʩʥʠʢ ʋʥʽʚʝʨʩʠʪʝʪʫ. ï 2018. ï ɺʠʧ. 26.ï ʉ. 40-56. 

3. ʊʨʫʰʝʚʩʴʢʠʡ ɺ. ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: 
ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʤʦʥʦʛʨʘʬʽʷ / ɺ. ʊʨʫʰʝʚʩʴʢʠʡ, 
ɻ. ʐʠʥʢʘʨʝʥʢʦ, ʅ. ʑʝʨʙʠʥʘ. ï ʃʴʚʽʚ: ʃʅʋ ʽʤ. ɯ. ʌʨʘʥʢʘ.ï2014. ï 396 ʩ. 

4. ʊʨʫʰʝʚʩʴʢʠʡ ɺ.  ʈʦʟʧʘʨʘʣʝʣʝʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʝʣʽʧʪʠʯʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ 
ʰʪʫʯʥʦʶ ʥʝʡʨʦʤʝʨʝʞʝʶ ʟ ʨʘʜʽʘʣʴʥʦ-ʙʘʟʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ / ɺ. ʊʨʫʰʝʚʩʴʢʠʡ, ɻ. 
ʐʠʥʢʘʨʥʢʦ // ɺʽʩʥʠʢ ʋʥʽʚʝʨʩʠʪʝʪʫ.ï 2014. ï ɺʠʧ. 22.ï ʉ. 108-117 



80 

 

5. ʊʨʫʰʝʚʩʴʢʠʡ ɺ. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʟʘʜʘʯʘʭ 
ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ / ʅ. ʑʝʨʙʠʥʘ, ɻ. ʐʠʥʢʘʨʝʥʢʦ // XXIɯ ʚʽʜʢʨʠʪʘ ʥʘʫʢʦʚʦ-
ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ 
ʽʥʩʪʠʪʫʪʫ ʽʤ. ɻ.ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ʤ. ʃʴʚʽʚ 26-28 ʞʦʚʪʥʷ 2011 ʨ, ʉ. 288-
291. 

6. ʊʨʫʰʝʚʩʴʢʠʡ ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ 
ʣʽʥʽʡʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ ʧʨʠʤʝʞʦʚʠʤ ʰʘʨʦʤ / ɺ. ʊʨʫʰʝʚʩʴʢʠʡ, ʅ. ʑʝʨʙʠʥʘ // 
ɺʽʩʥʠʢ ʃʴʚʽʚ. ʫʥ-ʪʫ. ʉʝʨʽʷ ʧʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ ʪʘ ʽʥʬʦʨʤʘʪʠʢʘ. ï 2009. ï 
ɺʠʧ. 15. ï ʉ. 267-280. 

7. Trushevsky V. Application of neural networks to the non-stationary heat conductivity 
problems / Trushevsky V., Shynkarenko G., Shcherbyna N. // ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʽ 
ʩʠʩʪʝʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: ʟʙ. ʧʨʘʮʴ ʥʘʫʢ. ʪʝʭʥ. ʢʦʥʬ., ʃʴʚʽʚ, 7-8 ʞʦʚʪʥʷ 
2010 ʨ., ʃʴʚʽʚ: ʌʄɯ ʅɸʅʋ, 2010. ï ʉ. 20-23. 

 
 
 

ʋɼʂ 519.6 

ʇʈʆ ʈʆɿɺ'ʗɿʋɺɸʅʅʗ ɿɸʃɽɾʅʀʍ ɺɯɼ ʏɸʉʋ 
ɻʈɸʅʀʏʅʀʍ ɯʅʊɽɻʈɸʃʔʅʀʍ ʈɯɺʅʗʅʔ ʋ 
ʇʆʏɸʊʂʆɺʆ-ʂʈɸʁʆɺʀʍ ɿɸɼɸʏɸʍ ɼʃʗ 
ʍɺʀʃʔʆɺʆɻʆ ʈɯɺʅʗʅʅʗ ʋ ɺɸɻʆɺʀʍ 

ʇʈʆʉʊʆʈɸʍ ʃɽɹɽɻɸ 

ɸ.ʈ. ɻʣʦʚʘ, ʉ.ɺ. ʃʽʪʠʥʩʴʢʠʡ, ʖ.ɸ. ʄʫʟʠʯʫʢ, ɸ.ʆ. ʄʫʟʠʯʫʢ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ, 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ, ʋʢʨʘʾʥʘ 

andrii.hlova@lnu.edu.ua 

 

ʅʝʭʘʡ  ð ʦʙʤʝʞʝʥʘ ʦʙʣʘʩʪʴ ʟ ʣʽʧʰʠʮʝʚʦʶ ʤʝʞʝʶ ,  ʽ 

 ð ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ  ʚ ʪʦʯʮʽ , 

,  ʽ . 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ: ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ , 

, ʱʦ ʟʘʜʦʚʽʣʴʥʷʻ ʭʚʠʣʴʦʚʝ ʨʽʚʥʷʥʥʷ  
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ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ  
 

  (2) 
 

ʽ ʢʨʘʡʦʚʫ ʫʤʦʚʫ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʧʫ  
 

   (3) 
 

ʜʝ  ʽ  ï ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ,  ʽ  ʧʦʟʥʘʯʘʶʪʴ ʧʦʭʽʜʥʫ ʟʘ ʯʘʩʦʚʦʶ ʟʤʽʥʥʦʶ 

ʽ ʥʦʨʤʘʣʴʥʫ ʧʦʭʽʜʥʫ ʚʽʜʧʦʚʽʜʥʦ,  ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 
ɼʘʣʽ ʟʘʜʘʯʫ (1)-(3) ʥʘʟʠʚʘʪʠʤʝʤʦ ʟʘʜʘʯʝʶ (HP). 
ʈʦʟʛʣʷʜʘʻʤʦ ʪʘʢ ʟʚʘʥʽ ʧʨʷʤʠʡ ʪʘ ʥʝʧʨʷʤʠʡ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ ʧʦʣʷʛʘʻ ʫ 

ʧʦʜʘʥʥʽ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ ʂʽʨʭʛʦʬʘ  
 

    (4) 
 

ʜʝ  
 

    (5) 

   (6) 
 

ʻ ʧʦʪʝʥʮʽʘʣʘʤʠ ʧʨʦʩʪʦʛʦ ʪʘ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʚʽʜʧʦʚʽʜʥʦ ʽ  
 

  (7) 
 

ʻ ʜʘʥʠʤʠ ʂʦʰʽ ʨʦʟʚ'ʷʟʢʫ  ʥʘ ʤʝʞʽ  ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ . 
ɼʘʥʽ ʂʦʰʽ ʙʫʜʝʤʦ ʰʫʢʘʪʠ ʽʟ ʟʘʣʝʞʥʦʾ ʚʽʜ ʯʘʩʫ ʩʠʩʪʝʤʠ ʛʨʘʥʠʯʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ɻɯʈ)  
 

  (8) 
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ʜʝ  ʥʘ ʤʝʞʽ  ʫ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ,  
 

   (9) 

   (10) 

  (11) 
 
ʇʨʠ ʥʝʧʨʷʤʦʤʫ ʧʽʜʭʦʜʽ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ (HD) ʧʦʜʘʶʪʴ ʣʠʰʝ ʦʜʥʠʤ ʟ 

ʧʦʪʝʥʮʽʘʣʽʚ. ɼʣʷ ʟʘʜʘʯʽ ɼʽʨʽʭʣʝ (HD) (ʧʨʠ ) 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʦʪʝʥʮʽʘʣ , ʘ ʥʝʚʽʜʦʤʫ ʛʫʩʪʠʥʫ  ʰʫʢʘʻʤʦ ʟ ɻɯʈ  
 

      (12) 
 

ʋ ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ ʅʝʡʤʘʥʘ (HN) (ʧʨʠ ) ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʧʦʪʝʥʮʽʘʣ , ʘ ʥʝʚʽʜʦʤʫ ʛʫʩʪʠʥʫ  ʰʫʢʘʻʤʦ ʟ ɻɯʈ  
 

      (13) 
 
ʈʦʟʛʣʷʜʘʻʤʦ ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ ʜʽʡʩʥʦʛʦ ʘʨʛʫʤʝʥʪʫ (ʯʘʩʦʚʘ ʟʤʽʥʥʘ 

 ), ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʣʴʙʝʨʪʦʚʠʭ ʧʨʦʩʪʦʨʘʭ . 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʘʛʦʚʽ ʧʨʦʩʪʦʨʠ ʃʝʙʝʛʘ  ʽ ʉʦʙʦʣʻʚʘ  ʟ 

ʚʘʛʦʶ . ʆʧʠʩ ʪʘʢʦʛʦ ʬʫʥʢʮʽʡʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʜʠʚ., 
ʥʘʧʨʠʢʣʘʜ, [5]. 

 

ʆʟʥʘʯʝʥʥʷ. ɼʣʷ ʟʘʜʘʥʠʭ ,  ʽ , 

 ʥʘ , ʩʠʣʴʥʠʤ ʨʦʟʚ'ʷʟʢʦʤ ʢʦʞʥʦʾ ʟ ʟʘʜʘʯ (HP), (HP) ʯʠ (HP) 
ʥʘʟʠʚʘʻʤʦ ʬʫʥʢʮʽʶ  

 (14) 
ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ  

    (15) 
ʽ ʨʽʚʥʽʩʪʴ  

   (16) 
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ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ .  
 

ʊʫʪ  ʽ  ʦʧʝʨʘʪʦʨʠ ʩʣʽʜʫ ʽ ʥʦʨʤʘʣʴʥʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜʧʦʚʽʜʥʦ. 
 

ʊʚʝʨʜʞʝʥʥʷ 1. ʅʝʭʘʡ ʬʫʥʢʮʽʷ  ʜʣʷ  ʽ 

,  ʥʘ . ʊʦʜʽ ʩʠʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ (HP) ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ ʂʽʨʭʛʦʬʘ (4), ʜʝ ʬʫʥʢʮʽʾ  ʽ 

 ʻ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻʜʠʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ  ʩʠʩʪʝʤʠ 
ʟʘʣʝʞʥʠʭ ʚʽʜ ʯʘʩʫ ɻɯʈ (8).  

 

ʊʚʝʨʜʞʝʥʥʷ 2. ʅʝʭʘʡ  ʜʣʷ . ʊʦʜʽ: 
a) ʩʠʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ (HD) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ (5), ʜʝ 

 ʻ ʨʦʟʚ'ʷʟʢʦʤ (ʻʜʠʥʠʤ) ɻɯʈ (12); 
b) ʩʠʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ (HN) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ (6), ʜʝ 

 ʻ ʨʦʟʚ'ʷʟʢʦʤ (ʻʜʠʥʠʤ) ɻɯʈ (13).  
ɺʠʙʽʨ ʚʘʛʦʚʠʭ ʧʨʦʩʪʦʨʽʚ ʃʝʙʝʛʘ ʜʘʻ ʟʤʦʛʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʟʘʣʝʞʥʠʭ ʚʽʜ 

ʯʘʩʫ ɻɯʈ (8), (12) ʽ (13) ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘˇʝʨʨʘ [5] ʽ ʟʚʝʩʪʠ ʾʭ ʜʦ ʨʝʢʫʨʝʥʪʥʠʭ 
ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɻɯʈ [6, 3, 4]. ɼʣʷ ʢʦʞʥʦʾ ʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽʥʪʝʛʨʘʣʴʥʠʡ 
ʦʧʝʨʘʪʦʨ ʻ ʝʣʽʧʪʠʯʥʠʤ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʜʣʷ ʫʩʽʭ 
ɻɯʈ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʟʫʤʦʚʣʶʶʪʴ ʝʬʝʢʪʠʚʥʫ ʯʠʩʝʣʴʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʦʻʜʥʘʥʥʷ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘˇʝʨʨʘ ʟ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʣʝʛʢʦ 
ʧʦʰʠʨʠʪʠ ʥʘ ʽʥʰʽ ʪʠʧʠ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ 
ʚ ʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʚʢʣʶʯʝʥʥʷʤʠ. ʊʘʢ, ʚ [1] ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, 
ʢʦʣʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʢʣʶʯʝʥʥʶ, ʫʩʽ ʜʘʥʽ ʂʦʰʽ ʻ 
ʥʝʚʽʜʦʤʠʤʠ. ʋ [2] ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʩʧʝʮʽʘʣʴʥʠʭ ʷʜʝʨ ʧʦʪʝʥʮʽʘʣʽʚ 
ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʧʽʜʭʦʜʫ, ʢʦʣʠ ʚʢʣʶʯʝʥʥʷ ʨʦʟʤʽʱʝʥʽ ʫ 
ʩʝʨʝʜʦʚʠʱʽ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʬʝʢʪʠʚʥʠʡ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ 
ʟʘʜʘʯ ʧʨʦ ʧʦʰʠʨʝʥʥʷ ʘʢʫʩʪʦʝʣʝʢʪʨʠʯʥʠʭ ʭʚʠʣʴ ʫ ʥʝʦʜʥʦʨʽʜʥʠʭ 
ʧôʻʟʦʢʝʨʘʤʽʯʥʠʭ ʮʠʣʽʥʜʨʘʭ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 
ʟʤʽʥʥʠʭ, ʢʦʤʧʦʥʝʥʪʠ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʫ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʫ ʚʠʛʣʷʜʽ 
ʭʚʠʣʴ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʚʟʜʦʚʞ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʩʪʦʷʯʠʭ 
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ʭʚʠʣʴ ʫ ʥʘʧʨʷʤʽ ʢʦʣʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ. ʊʘʢʠʡ ʚʠʙʽʨ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʘ 
ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʝʣʝʢʪʨʦʧʨʫʞʥʦʩʪʽ ʫ ʯʘʩʪʠʥʥʠʭ 
ʧʦʭʽʜʥʠʭ ʜʦ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ  ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ 
ʨʦʟʚôʷʟʫʻʪʴʩʷ ʩʪʽʡʢʠʤ ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʪʥʦʾ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʨʘʟʦʤ ʟ 
ʤʝʪʦʜʦʤ ʧʦʢʨʦʢʦʚʦʛʦ ʧʦʰʫʢʫ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 
ʨʦʟʨʘʭʫʥʢʽʚ  ʜʝʤʦʥʩʪʨʫʻ ʜʦʙʨʘ ʟʙʽʞʥʽʩʪʴ ʷʢ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 
ʦʪʨʠʤʘʥʠʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘʢ ʽ ʟ 
ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʝʧʝʥʝʚʠʭ ʨʷʜʽʚ ʜʣʷ 
ʜʝʷʢʠʭ ʧʨʦʩʪʠʭ ʚʠʧʘʜʢʽʚ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʠ ʧôʻʟʦʢʝʨʘʤʽʯʥʠʭ 
ʮʠʣʽʥʜʨʘʭ.   

ʂʨʫʛʦʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʽ ʭʚʠʣʝʚʦʜʠ ʰʠʨʦʢʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʢʫʩʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ 
ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧ'ʻʟʦʢʝʨʘʤʽʯʥʠʭ ʪʽʣʘʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʚʠʣʝʚʦʜʽʚ ʚʦʥʠ ʯʘʩʪʦ ʤʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʫ 
ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʽ ʙʝʟ ʪʦʛʦ ʜʦʩʠʪʴ 
ʩʢʣʘʜʥʘ ʟʘʜʘʯʘ ʝʣʝʢʪʨʦʧʨʫʞʥʦʩʪʽ ʱʝ ʙʽʣʴʰ ʫʩʢʣʘʜʥʷʻʪʴʩʷ. ʗʢʱʦ ʭʚʠʣʝʚʦʜʠ 
ʤʘʶʪʴ ʰʘʨʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ, ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʝ ʪʽʣʴʢʠ 
ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʪʽʣʦ, ʘʣʝ ʡ ʥʘ ʧʦʚʝʨʭʥʷʭ ʨʦʟʜʽʣʫ 
ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʘʨʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ. ʎʝ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʷʥʴ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ 
ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘʢʠʭ ʭʚʠʣʝʚʦʜʽʚ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʛʨʘʜʽʻʥʪʥʽ ʤʘʪʝʨʽʘʣʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʻ ʚʞʝ ʥʝ ʢʦʥʩʪʘʥʪʘʤʠ, ʘ ʬʫʥʢʮʽʷʤʠ (ʷʢ ʧʨʘʚʠʣʦ 
ʪʦʚʱʠʥʥʦʾ ʢʦʦʨʜʠʥʘʪʠ). ʎʝ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʙʘʛʘʪʴʦʭ 
ʯʠʩʝʣʴʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʗʢ ʚʽʜʦʤʦ, ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ 
ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʫ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʣʠʰʝ ʟʘ ʧʝʚʥʠʭ ʚʠʜʽʚ ʩʠʤʝʪʨʽʾ ʟʘʜʘʯʽ. ʊʘʢ 
ʮʝ ʚʠʧʘʜʦʢ ʦʩʴʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧôʻʟʦʢʝʨʘʤʽʢʠ ʜʣʷ ʧʦʚʟʜʦʚʞʥʽʭ ʭʚʠʣʴ 
(ʦʩʝʩʠʤʝʪʨʠʯʥʘ [12] ʪʘ ʥʝʦʩʝʤʝʪʨʠʯʥʘ ʟʘʜʘʯʽ [12,9,11] ʪʘ ʢʦʣʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ 
ʜʣʷ ʢʨʫʪʠʣʴʥʠʭ ʭʚʠʣʴ [10]. ʂʨʽʤ ʪʦʛʦ ʥʘʚʽʪʴ ʜʣʷ ʪʘʢʠʭ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʽʚ 
ʩʠʤʝʪʨʽʾ ʟʘʜʘʯʽ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ. 
ʗʢ ʚʽʜʦʤʦ ʨʽʚʥʷʥʥʷ ɹʝʩʩʝʣʷ ʮʝ ʨʽʚʥʷʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʗʢʱʦ 
ʨʦʟʛʣʷʜʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʛʨʘʜʽʻʥʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʪʦ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʨʽʚʥʷʥʥʽ 
ʙʫʜʫʪʴ ʬʫʥʢʮʽʷʤʠ ʪʦʚʱʠʥʥʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʘ ʦʪʞʝ, ʮʝ ʚʞʝ ʥʝ ʙʫʜʝ ʨʽʚʥʷʥʥʷʤ 
ɹʝʩʩʝʣʷ. ʊʦʤʫ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʫ ʚʠʛʣʷʜʽ 
ʢʦʤʙʽʥʘʮʽʾ ʬʫʥʢʮʽʡ ɹʝʩʩʝʣʷ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʝ ʻ ʧʨʠʧʫʩʪʠʤʠʤ. ɹʽʣʴʰ 
ʟʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʘʭ [1 ï 4]. ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ 
ʣʝʞʠʪʴ ʨʦʟʚʠʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʘ ʫ ʩʪʝʧʝʥʝʚʽ ʨʷʜʠ. ʋ 
ʮʴʦʤʫ ʨʦʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʜʣʷ ʫʩʽʭ ʚʠʧʘʜʢʽʚ ʧʦʣʷʨʠʟʘʮʽʾ 
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ʧôʻʟʦʢʝʨʘʤʽʢʠ, ʘʣʝ ʩʢʣʘʜʥʦʱʽ ʫ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʫ ʚʠʧʘʜʢʫ 
ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʭʚʠʣʝʚʦʜʫ ʨʦʙʣʷʪʴ ʡʦʛʦ ʤʘʣʦ ʝʬʝʢʪʠʚʥʠʤ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʝʬʝʢʪʠʚʥʠʡ 
ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʜʘʥʫ ʟʘʜʘʯʫ 
ʩʢʣʘʜʘʻʪʴʩʷ: ʨʽʚʥʷʥʴ ʨʫʭʫ (1), ʨʽʚʥʷʥʴ ʚʠʤʫʰʝʥʦʾ ʝʣʝʢʪʨʦʩʪʘʪʠʢʠ 
ʜʽʝʣʝʢʪʨʠʢʽʚ (2), ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʂʦʰʽ ʜʣʷ ʚʠʧʘʜʢʫ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ (3) ʪʘ 
ʤʘʪʝʨʽʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4) 

2
;

2
uT

t                                                                                                        (1) 

0D ; E ;                                                                                            (2) 

2 .S u u                                                                                                        (3) 

;T c S eE D eS Ů EE S
                                                                                 (4) 

ʪʫʪ ʚʚʝʜʝʥʽ ʧʦʟʥʘʯʝʥʥʷ: T , S , cE
, e , Ů

S
 ï ʪʝʥʟʦʨʠ ʥʘʧʨʫʞʝʥʴ, ʜʝʬʦʨʤʘʮʽʡ, 

ʧʨʫʞʥʠʭ ʤʦʜʫʣʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʧôʻʟʦʤʦʜʫʣʽʚ ʪʘ 
ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʥʠʢʥʦʩʪʝʡ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ; u , E  ʪʘ 
D  ï ʚʝʢʪʦʨʠ ʧʝʨʝʤʽʱʝʥʴ, ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ 
ʚʽʜʧʦʚʽʜʥʦ; ʪʘ  ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʤʢʥʝʥʽʩʪʴ ʮʠʣʽʥʜʨʘ ʧʦ ʢʦʣʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ ʪʘ ʡʦʛʦ 
ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ ʫ ʥʘʧʨʷʤʽ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʢʦʤʧʦʥʝʥʪʠ 
ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʭʚʠʣʴ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ 
ʚʟʜʦʚʞ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʩʪʦʷʯʠʭ ʭʚʠʣʴ ʫ ʥʘʧʨʷʤʽ ʢʦʣʦʚʦʾ 
ʢʦʦʨʜʠʥʘʪʠ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʘ 
ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʨʷʜʫ ʌʫʨôʻ. ɺʠʛʣʷʜ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʘ 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧôʻʟʦʢʝʨʘʤʽʢʠ ʽ ʜʣʷ ʚʠʧʘʜʢʫ 
ʦʩʴʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʤʘʻ ʚʠʛʣʷʜ 

(5):              (5) 
ɺʠʙʽʨ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʚʝʢʪʦʨʘ ʫ ʚʠʛʣʷʜʽ (5) ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ 

ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʝʣʝʢʪʨʦʧʨʫʞʥʦʩʪʽ (1) ï (4) ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʜʦ ʢʨʘʡʦʚʦʾ 
ʟʘʜʘʯʽ ʫ ʟʚʠʯʘʡʥʠʭ ʧʦʭʽʜʥʠʭ: 
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                                                                                        (6) 

                                                   (7) 

ʜʝ 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }, , , , , , ,R n n n n n n n nT r T r T r r u r u r u r D rr rz r z rr  

ʆʩʥʦʚʥʘ ʤʘʪʨʠʮʷ A  ʪʘ ʤʘʪʨʠʮʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 1B  ʪʘ 2B  ʟʘʣʝʞʘʪʴ ʚʽʜ 
ʥʘʧʨʷʤʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧôʻʟʦʢʝʨʘʤʽʢʠ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʦʾ 
ʟʘʜʘʯʽ (6) ï (7) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʽʡʢʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦʾ 
ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 
ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ [2 ï 4]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦ 
ʜʦʥʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʜʝʤʦʥʩʪʨʫʻ ʜʦʙʨʫ ʟʙʽʞʥʽʩʪʴ ʷʢ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 
ʦʪʨʠʤʘʥʠʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘʢ ʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 
ʦʪʨʠʤʘʥʠʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʝʧʝʥʝʚʠʭ ʨʷʜʽʚ, ʘʣʝ ʻ ʥʝʟʨʽʚʥʷʥʥʦ ʙʽʣʴʰ 
ʧʨʦʩʪʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʘʥʠʡ ʧʽʜʭʽʜ, ʦʧʠʩʘʥʠʡ ʫ 
ʤʦʥʦʛʨʘʬʽʾ [5]. 
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ʏʠʩʝʣʴʥʦ ʚʠʟʥʘʶʪʴʩʷ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʦʩʪʽʥʥʠʭ 
ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʦʙʦʣʦʥʢʠ ʜʦ 
ʨʘʜʽʫʩʫ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ 
ʥʘ ʪʦʨʮʷʭ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʣʽʮʝʥʟʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ FEMAP. ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʣʴʥʠʡ 
ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʊʦʚʩʪʦʩʪʽʥʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 
ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʘ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʯʘʩʪʦ 
ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʤʦʞʝ 
ʩʧʨʠʯʠʥʠʪʠ ʨʫʡʥʫʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʟʦʥʘʥʩʫ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʨʫʡʥʫʚʘʥʴ 
ʥʝʦʙʭʽʜʥʦ ʚʦʣʦʜʽʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʾʭʥʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʩʘʤʝ 
ʧʨʦ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʈʦʟʚôʷʟʦʢ ʜʘʥʦʾ ʟʘʜʘʯʽ ʚ ʪʝʦʨʽʾ ʪʦʥʢʠʭ 
ʦʙʦʣʦʥʦʢ ʤʦʞʣʠʚʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʪʝʦʨʽʡ [2, 3, 7, 9-11], ʦʜʥʘʢ ʚ ʨʘʟʽ 
ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʦʙʦʣʦʥʦʢ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʪʝʦʨʽʡ, 
ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʫ 
ʪʝʦʨʽʶ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ (computer-aided engineering - ʉɸɽ), ʷʢʘ ʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʥʘ ʦʩʥʦʚʽ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) [4, 6]. ʊʘʢʦʞ ʮʶ ʧʨʦʙʣʝʤʫ 
ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ 
ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ [1, 5, 8]. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ 
ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
ʪʦʚʱʠʥʠ ʦʙʦʣʦʥʢʠ ʜʦ ʨʘʜʽʫʩʫ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ 
ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʪʦʨʮʷʭ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ 
ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʮʝʥʟʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ FEMAP. 
ɻʝʦʤʝʪʨʽʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʦʟʙʠʚʢʘ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʦʙʨʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 
ʦʙʦʣʦʥʦʢ ʨʦʟʛʣʷʥʫʪʠʭ ʚ [5, 6]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 
ʷʢʽ ʤʘʶʪʴ ʤʘʣʫ ʨʦʟʙʽʞʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʨʘʥʽʰʝ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʦʤ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ɺ ʪʘʙʣʠʮʽ 1 
ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʟʨʘʭʦʚʘʥʽ ʄʉɽ ʪʘ ʦʪʨʠʤʘʥʽ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ [5], ʜʝ Ů ï ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʊʘʙʣ. 1. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

m n f,  ɻʮ Ů, % ʄʉɽ [5] 
1 4 2396 2238 6,6 
1 6 4598 4544 1,2 
1 8 8424 8346 0,9 
1 10 13303 13193 0,8 
2 4 7082 6722 5,1 
2 6 7127 7047 1,1 
2 8 10169 10090 0,8 
2 10 14812 14700 0,8 

ʅʘ ʨʠʩ. 1-2 ʟʦʙʨʘʞʝʥʽ ʜʝʷʢʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʪʨʠʤʘʥʽ ʚ 
FEMAP ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ [5]. 

FEMAP [5] FEMAP [5] 

    
m=1; n=4 m=1; n=6 

ʈʠʩ. 1. ʌʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 
FEMAP [5] FEMAP [5] 
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m=2; n=6 m=3; n=6 

ʈʠʩ. 2. ʌʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 
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ɺʚʦʜʷʪʴʩʷ ʧʦʥʷʪʪʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʱʦ ʻ 
ʨʦʟʚʠʪʢʦʤ ʧʦʥʷʪʪʷ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʂ. ɹʝʨʞʝʤ. 
ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʦʛʦ ʷʢ ʚ 
ʪʝʦʨʝʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʧʨʠʢʣʘʜʥʦʤʫ ʘʩʧʝʢʪʘʭ ʪʝʨʤʽʥʫ "ʟʘʜʘʯʘ 
ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ"  

ɺʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʧʦʥʷʪʪʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʨʦʧʦʥʫʶʪʴʩʷ 
ʩʪʨʦʛʽ ʦʟʥʘʯʝʥʥʷ ʨʷʜʫ ʚʘʞʣʠʚʠʭ ʧʦʥʷʪʴ, ʪʘʢʠʭ ʷʢ ʟʘʜʘʯʘ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 
ʦʧʪʠʤʽʟʘʮʽʾ (ɿʂʆ), ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʫʟʘʛʘʣʴʥʝʥʘ ʢʦʤʙʽʥʘʪʦʨʥʘ 
ʢʦʥʬʽʛʫʨʘʮʽʷ. ʇʨʦʧʦʥʦʚʘʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ 
ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʜʽʡʩʥʝʥʘ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚʠʪʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʂ.ɹʝʨʞʝʤ 
ʧʦʥʷʪʪʷ ʢʦʥʬʽʛʫʨʘʮʽʾ [1] ʪʘ ʧʽʜʭʦʜʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ [2] (ʜʝ ʚʞʠʚʘʚʩʷ 
ʪʝʨʤʽʥ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʦʙ'ʻʢʪ).  ʅʝʭʘʡ U={1, é, m}, ʘ V ï ʜʝʷʢʘ ʩʢʽʥʯʝʥʥʘ 

ʣʽʥʽʡʥʦ ʚʧʦʨʷʜʢʦʚʘʥʘ ʤʥʦʞʠʥʘ (ʣʘʥʮʶʛ); ʧʦʟʥʘʯʠʤʦ n V . 
ʆʟʥʘʯʝʥʥʷ 1. ʇʽʜ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʫ ʩʝʥʩʽ ɹʝʨʞʘ ʨʦʟʫʤʽʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ű:UŸ V, ʷʢʝ ʟʘʜʦʚʦʣʴʥʷʻ ʧʝʚʥʽʡ ʩʠʩʪʝʤʽ ʦʙʤʝʞʝʥʴ ȿ.  
ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʙʫʜʦʚʘʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʘʡʧʨʦʩʪʽʰʠʤ ʢʦʤʙʽʥʘʪʦʨʥʠʤ ʦʙôʻʢʪʘʤ: ʨʦʟʤʽʱʝʥʥʷʤ, ʧʝʨʝʩʪʘʥʦʚʢʘʤ, 
ʢʦʤʙʽʥʘʮʽʷʤ, ʨʦʟʙʠʪʪʷʤ ʪʘ ʽʥʰʠʤ ʦʙôʻʢʪʘʤ, ʫʪʚʦʨʝʥʠʤ ʥʘ ʦʩʥʦʚʽ ʫʨʥʦʚʦʾ 
ʩʭʝʤʠ. 

ʇʨʦʪʝ, ʧʦʟʘ ʨʘʤʢʘʤʠ ʮʽʻʾ ʩʭʝʤʠ ʟʘʣʠʰʠʣʠʩʷ ʽʥʰʽ ʢʦʤʙʽʥʘʪʦʨʥʽ ʦʙôʻʢʪʠ, 
ʥʘʧʨʠʢʣʘʜ, ʛʨʘʬʠ, ʛʽʧʝʨʛʨʘʬʠ, ʙʫʣʝʚʽ ʧʨʦʩʪʦʨʠ, ʧʝʨʝʩʪʘʥʦʚʦʯʥʽ ʤʘʪʨʠʮʽ ʪʘ ʽʥ. 
ʇʨʦʧʦʥʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʭʝʤʠ ʂ. ɹʝʨʞʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʨʦʜʞʫʚʘʪʠ ʪʘ 
ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʙʽʣʴʰ ʰʠʨʦʢʝ ʢʦʣʦ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ. 
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ʷʢʠʭ ʧʨʦʩʪʽʨ ʍ ʻ ʥʝʧʝʨʝʨʚʥʠʤ (ʢʦʥʪʠʥʫʘʣʴʥʠʤ). ʑʦʜʦ ʜʨʫʛʦʛʦ ʢʣʘʩʫ, ʪʦ ʪʫʪ 
ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʟʥʘʯʝʥʥʷ ʷʢ ʩʘʤʦʛʦ ʧʦʥʷʪʪʷ ɿʂʆ, ʪʘʢ ʽ ʡʦʛʦ 
ʧʽʜʢʣʘʩʽʚ ï ʚʣʘʩʥʝ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʟʘʜʘʯ ʮʽʣʦʯʠʩʣʦʚʦʛʦ 
ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʆʟʥʘʯʝʥʥʷ 8. ʆʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʜʘʯʝʶ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 
ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʱʦ ʧʨʦʩʪʽʨ ʾʾ ʨʦʟʚôʷʟʢʽʚ ʍ ï ʮʝ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʧʨʦʩʪʽʨ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ɿʂʆ ï ʮʝ ʟʘʜʘʯʽ ʥʘ ʣʦʢʘʣʴʥʦ ʩʢʽʥʯʝʥʥʠʭ ʧʨʦʩʪʦʨʘʭ. 
ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʦʥʷʪʪʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧʦʚôʷʟʘʥʝ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʽʟ ʘʙʩʪʨʘʢʪʥʠʤʠ ʙʘʟʦʚʠʤʠ ʧʨʦʩʪʦʨʘʤʠ, ʱʦ 
ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʬʦʨʤʘʣʽʟʘʮʽʾ 
ʰʠʨʦʢʠʭ ʢʣʘʩʽʚ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʚʢʣʶʯʠʚʰʠ ʜʦ ʮʴʦʛʦ ʢʣʘʩʫ ʽ ʜʝʷʢʽ 
ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʥʘ ʥʝʩʢʽʥʯʝʥʥʠʭ ʧʨʦʩʪʦʨʘʭ. ʅʘʧʨʠʢʣʘʜ, ʚ 
[10] ʚʠʜʽʣʝʥʦ ʢʦʤʙʽʥʘʪʦʨʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 
ʦʙôʻʢʪʽʚ. ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʘʙʩʪʨʘʢʪʥʠʭ ʙʘʟʦʚʠʭ ʤʥʦʞʠʥ ʨʦʟʛʣʷʜʘʪʠ ʙʘʟʦʚʽ 
ʛʝʦʤʝʪʨʠʯʥʽ ʦʙôʻʢʪʠ, ʪʦ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʦʙôʻʢʪʠ ʩʢʣʘʜʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʬʦʨʤʠ 
ʷʢ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʤʙʽʥʘʪʦʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. 
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ʅɸʇɯɺɻʈʋʇʆʖ ʊɸ -ɿɸʄʂʅɽʅʆʖ ʉɯʄôɭʖ 

ʆʣʝʛ ɻʫʪʽʢ1, ɯʥʥʘ ʇʦʟʜʥʷʢʦʚʘ2 
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ogutik@gmail.com, pozdnyakova.inna@gmail.com  
ʈʦʟʛʣʷʥʫʪʦ ʘʣʛʝʙʨʘʾʯʥʝ ʨʦʟʰʠʨʝʥʥʷ  ʨʦʟʰʠʨʝʥʦʾ ʙʽʮʠʢʣʽʯʥʦʾ 

ʥʘʧʽʚʛʨʫʧʠ ʜʣʷ ʜʦʚʽʣʴʥʦʾ -ʟʘʤʢʥʝʥʦʾ ʩʽʤôʾ  ʧʽʜʤʥʦʞʠʥ ʚ . ɼʦʚʝʜʝʥʦ, ʱʦ 
 ʻ ʢʦʤʙʽʥʘʪʦʨʥʦʶ ʽʥʚʝʨʩʥʦʶ ʥʘʧʽʚʛʨʫʧʦʶ, ʘ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʚʽʜʥʦʰʝʥʥʷ 

ɻʨʽʥʘ, ʯʘʩʪʢʦʚʠʡ ʧʨʠʨʦʜʥʠʡ ʧʦʨʷʜʦʢ ʥʘ ʥʘʧʽʚʛʨʫʧʽ  ʪʘ ʾʾ ʤʥʦʞʠʥʫ 
ʽʜʝʤʧʦʪʝʥʪʽʚ. ɿʥʘʡʜʝʥʦ ʢʨʠʪʝʨʽʾ ʧʨʦʩʪʦʪʠ, 0-ʧʨʦʩʪʦʪʠ, ʙʽʧʨʦʩʪʦʪʠ ʪʘ 0-
ʙʽʧʨʦʩʪʦʪʠ ʥʘʧʽʚʛʨʫʧʠ , ʘ ʪʘʢʦʞ ʢʦʣʠ ʥʘʧʽʚʛʨʫʧʘ  ʽʟʦʤʦʨʬʥʘ 
ʨʦʟʰʠʨʝʥʽʡ ʙʽʮʠʢʣʽʯʥʽʡ ʥʘʧʽʚʛʨʫʧʽ ʘʙʦ ʟʣʽʯʝʥʥʽʡ ʥʘʧʽʚʛʨʫʧʽ ʤʘʪʨʠʯʥʠʭ 
ʦʜʠʥʠʮʴ. ɼʦʚʝʜʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʽʤôʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ 
ʦʜʥʦʪʦʯʢʦʚʠʭ ʧʽʜʤʥʦʞʠʥ ʚ  ʪʘ ʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ, ʪʦ ʥʘʧʽʚʛʨʫʧʘ  
ʽʟʦʤʦʨʬʥʘ - ʨʦʟʰʠʨʝʥʥʶ ɹʨʘʥʜʪʘ ʥʘʧʽʚʛʨʘʪʢʠ ( ). 

ʂʦʥʩʪʨʫʢʮʽʷ ʥʘʧʽʚʛʨʫʧʠ  
ʅʝʭʘʡ  ï ʩʽʤôʷ ʫʩʽʭ ʧʽʜʤʥʦʞʠʥ ʦʨʜʠʥʘʣʘ . ɼʣʷ ʜʦʚʽʣʴʥʠʭ 

 ʽ  ʧʦʢʣʘʜʝʤʦ . ɹʫʜʝʤʦ 
ʛʦʚʦʨʠʪʠ, ʱʦ ʧʽʜʩʽʤôʷ   ʻ -ʟʘʤʢʥʝʥʦʶ, ʷʢʱʦ  
ʜʣʷ ʜʦʚʽʣʴʥʠʭ  ʽ  . 

ʅʝʭʘʡ  ï ʨʦʟʰʠʨʝʥʘ ʙʽʮʠʢʣʽʯʥʘ ʥʘʧʽʚʛʨʫʧʘ ʪʘ  ï -ʟʘʤʢʥʝʥʘ 
ʧʽʜʩʽʤôʷ ʚ . ʅʘ ʤʥʦʞʠʥʽ   ʦʟʥʘʯʠʤʦ ʙʽʥʘʨʥʫ ʦʧʝʨʘʮʽʶ çĿè ʟʘ 
ʬʦʨʤʫʣʦʶ 

 
ʊʚʝʨʜʞʝʥʥʷ. ʗʢʱʦ ʩʽʤôʷ  ʻ -ʟʘʤʢʥʝʥʦʶ, ʪʦ  ʻ 

ʥʘʧʽʚʛʨʫʧʦʶ. 
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ʆʟʥʘʯʝʥʥʷ. ɼʣʷ ʜʦʚʽʣʴʥʦʾ -ʟʘʤʢʥʝʥʦʾ ʩʽʤôʾ  ʦʟʥʘʯʠʤʦ 

 
ɸʣʛʝʙʨʘʾʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʛʨʫʧʠ  

ʊʝʦʨʝʤʘ. ʗʢʱʦ  ï -ʟʘʤʢʥʝʥʘ ʧʽʜʩʽʤôʷ ʚ , ʪʦ  ï ʽʥʚʝʨʩʥʘ 
ʥʘʧʽʚʛʨʫʧʘ. 

ʅʘʧʽʚʛʨʫʧʘ  ʥʘʟʠʚʘʻʪʴʩʷ ʙʽʧʨʦʩʪʦʶ, ʷʢʱʦ  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ -
ʢʣʘʩʫ. 

ʊʝʦʨʝʤʘ. ʅʝʭʘʡ  ï -ʟʘʤʢʥʝʥʘ ʧʽʜʩʽʤôʷ ʚ . ʊʦʜʽ ʪʘʢʽ ʫʤʦʚʠ 
ʝʢʚʽʚʘʣʝʥʪʥʽ: 

 ï ʙʽʧʨʦʩʪʘ ʥʘʧʽʚʛʨʫʧʘ; 

 ï ʦʜʥʦʝʣʝʤʝʥʪʥʘ ʩʽʤôʷ; 

ʅʘʧʽʚʛʨʫʧʘ  ʘʙʦ ʪʨʠʚʽʘʣʴʥʘ, ʘʙʦ ʽʟʦʤʦʨʬʥʘ ʨʦʟʰʠʨʝʥʽʡ ʙʽʮʠʢʣʽʯʥʽʡ 
ʥʘʧʽʚʛʨʫʧʽ. 
ɯʥʚʝʨʩʥʘ ʥʘʧʽʚʛʨʫʧʘ  ʟ ʥʫʣʝʤ 0 ʥʘʟʠʚʘʻʪʴʩʷ 0-ʙʽʧʨʦʩʪʦʶ, ʷʢʱʦ  ʤʘʻ 

ʣʠʰʝ ʜʚʘ -ʢʣʘʩʠ:  ʽ . 
ʅʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ ʦʧʠʩʫʻ ʩʪʨʫʢʪʫʨʫ 0-ʙʽʧʨʦʩʪʠʭ ʽʥʚʝʨʩʥʠʭ ʥʘʧʽʚʛʨʫʧ 

 ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʽʟʦʤʦʨʬʽʟʤʫ. 
ʊʝʦʨʝʤʘ. ʅʝʭʘʡ  ï -ʟʘʤʢʥʝʥʘ ʧʽʜʩʽʤôʷ ʚ ,  ʽ  ï 0-

ʙʽʧʨʦʩʪʘ ʥʘʧʽʚʛʨʫʧʘ. ʊʦʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʦʜʥʘ ʟ ʫʤʦʚ: 
1) ʥʘʧʽʚʛʨʫʧʘ  ʽʟʦʤʦʨʬʥʘ ʥʘʧʽʚʛʨʫʧʽ -ʤʘʪʨʠʯʥʠʭ ʦʜʠʥʠʮʴ ; 

2) ʥʘʧʽʚʛʨʫʧʘ  ʽʟʦʤʦʨʬʥʘ ʥʘʧʽʚʛʨʫʧʽ  ʜʣʷ ʜʝʷʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ 
ʯʠʩʣʘ . 
ʅʝʭʘʡ  ï ʥʘʧʽʚʛʨʫʧʘ ʪʘ  ï ʥʝʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ʧʦʪʫʞʥʦʩʪʽ . ʅʘ 

ʤʥʦʞʠʥʽ  ʦʟʥʘʯʠʤʦ ʥʘʧʽʚʛʨʫʧʦʚʫ ʦʧʝʨʘʮʽʶ ʪʘʢ: 

 
ʽ  ʜʣʷ ʚʩʽʭ  ʽ . 

ʗʢʱʦ  ï ʤʦʥʦʾʜ, ʪʦ ʥʘʧʽʚʛʨʫʧʘ  ʥʘʟʠʚʘʻʪʴʩʷ -ʨʦʟʰʠʨʝʥʥʷʤ ɹʨʘʥʜʪʘ 

ʥʘʧʽʚʛʨʫʧʠ .  

ʏʝʨʝʟ  ʧʦʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ  ʟ ʙʽʥʘʨʥʦʶ ʦʧʝʨʘʮʽʻʶ 

 ʜʣʷ . ʆʯʝʚʠʜʥʦ, ʱʦ  ï ʥʘʧʽʚʛʨʘʪʢʘ. 
























































































































































































































