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ʆʙʫʭʦʚʩʴʢʽ ʯʠʪʘʥʥʷ: XX ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, 

ʤ. ʂʠʾʚ, 30 ʙʝʨʝʟʥʷ 2026 ʨʦʢʫ: ʪʝʟʠ ʢʦʥʬʝʨʝʥʮʽʾ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ʂʠʾʚ. 2026. 186 ʩ. 

ɺ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʜʦʢʪʦʨʘʥʪʽʚ ʫʯʘʩʥʠʢʽʚ XX ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ- ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʆʙʫʭʦʚʩʴʢʽ ʯʠʪʘʥʥʷè, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʥʠʥʽʰʥʽʡ ʩʪʘʥ ʪʘ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʛʨʘʬʽʢʠ, 

ʜʠʟʘʡʥʫ, ʧʠʪʘʥʥʷ ʚʠʢʣʘʜʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ. 

 

ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ: 

ʆʪʯʝʥʘʰʢʦ ɺ.ɺ., ʥʘʯʘʣʴʥʠʢ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʯʘʩʪʠʥʠ ʅʋɹʽʇ ʋʢʨʘʾʥʠ, ï 

ʛʦʣʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ; 

ʇʠʣʠʧʘʢʘ ʉ.ʌ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʢʦʤʧôʶʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ, ï ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʢʦʤʽʪʝʪʫ; 

ʅʝʩʚʽʜʦʤʽʥ ɺ.ʄ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʢʦʤʧôʶʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ, ï ʩʝʢʨʝʪʘʨ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ. 

ʏʃɽʅʀ ʆʈɻɸʅɯɿɸʎɯʁʅʆɻʆ ʂʆʄɯʊɽʊʋ: 

ɸʜʘʤʯʫʢ ʆ.ɺ., ʜʠʨʝʢʪʦʨ ɻʆ çɸʛʨʘʨʥʠʡ ʢʣʫʙè, ʛʦʣʦʚʘ ʨʘʜʠ ʨʦʙʦʪʦʜʘʚʮʽʚ 

ʬʘʢʫʣʴʪʝʪʫ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ɸʨʘʢ ʄ., ʜʠʨʝʢʪʦʨ ʽʥʞʝʥʝʨʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ɽʩʪʦʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢ 

ʧʨʦ ʞʠʪʪʷ (ɽʩʪʦʥʩʴʢʘ ʈʝʩʧʫʙʣʽʢʘ) (ʟʘ ʟʛʦʜʦʶ); 

ɹʘʙʢʘ ɺ.ʄ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ 

ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ɹʫʣʛʘʢʦʚ ɺ.ʄ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʭʘʥʽʢʠ ʅʋɹʽʇ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ 

ʅɸɸʅ; 

ɺʦʣʽʥʘ ʊ.ʄ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ 

ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ɻʨʠʱʝʥʢʦ ɯ.ʖ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ 

ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ;  

ɼʞʝʦʥʛ ɯ., ɻʦʣʦʚʘ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ çHyundai Xitesolutionè 

(ʈʝʩʧʫʙʣʽʢʘ ʂʦʨʝʷ) (ʟʘ ʟʛʦʜʦʶ); 

ɼʦʤʝʡʢʘ ʈ., ʜʝʢʘʥ ʚʽʜʜʽʣʝʥʥʷ ʘʛʨʦʽʥʞʝʥʽʨʽʥʛʫ ʋʥʽʚʝʨʩʠʪʝʪʫ ɺʽʪʘʫʪʘʩʘ 

ɺʝʣʠʢʦʛʦ (ʃʠʪʦʚʩʴʢʘ ʈʝʩʧʫʙʣʽʢʘ) (ʟʘ ʟʛʦʜʦʶ); 

ʂʦʨʝʥʢʦ ʄ., ʧʨʦʬʝʩʦʨ ɯʥʩʪʠʪʫʪʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʉʣʦʚʘʮʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩ.-ʛ. ʚ ʅʽʪʨʽ, (ʉʣʦʚʘʮʴʢʘ ʈʝʩʧʫʙʣʽʢʘ); 

ʃʦʚʝʡʢʽʥ B.C., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ 

ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ʃʦʧʘʪʴʢʦ ʂ.ɻ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ʅʝʩʚʽʜʦʤʽʥ ɸ.ɺ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʢʦʤʧôʁ ʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 
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ʅʦʚʠʮʴʢʠʡ A.B., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʢʠ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ʈʦʛʦʚʩʴʢʠʡ ɯ.ʃ., ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʜʠʟʘʡʥʫ ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ; 

ʐʘʪʨʦʚ ʈ.ɺ., ʚ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ʪʘ ʽʥʞʝʥʝʨʥʝʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ; 

ʗʢʦʚʝʥʢʦ ɯ.ɸ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʙʫʜʽʚʥʠʮʪʚʘ ʅʋɹʽʇ ʋʢʨʘʾʥʠ 
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ʇʆɼʈʋɾɾʖ ʇʈʆʌɽʉʆʈɯɺ ɺɯʆʃɽʊʊʀ ʉɽʈɻɯɰɺʅʀ ʆɹʋʍʆɺʆɰ (ʅʋɹɯʇ 

ʋʂʈɸɰʅʀ) ɯ ʆʃɽʂʉɯʗ ʃɽʆʅʊɯʁʆɺʀʏɸ ʇɯɼɻʆʈʅʆɻʆ (ʂʅʋɹɸ), ʗʂɯ 

ʆʏʆʃʖɺɸʃʀ ʂɸʌɽɼʈʀ ɺ ʉɺʆɰʍ ʋʅɯɺɽʈʉʀʊɽʊɸʍ ɯ ʇʈʆɺʆɼʀʃʀ ʉʇɯʃʔʅɯ 

ɸʉʇɯʈɸʅʊʉʔʂɯ ʉɽʄɯʅɸʈʀ, ʇʈʀʉɺʗʏʋɭʊʔʉʗ 

  
 

ʆɹʋʍʆɺɸ ɺʽʦʣʝʪʪʘ ʉʝʨʛʽʾʚʥʘ (1926-2005) 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʨʦʜʠʣʘʩʷ ʚ 23 ʣʶʪʦʛʦ 1926 ʨ. ʚ ʤʽʩʪʽ ʊʦʤʩʴʢʫ. 

ɺ 1949 ʨʦʮʽ ʟʘʢʽʥʯʠʣʘ ʋʨʘʣʴʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

Ăɽʣʝʢʪʨʦ-ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚò. ɺ 1955 ʨʦʮʽ ʟʘʢʽʥʯʠʣʘ 

ʘʩʧʽʨʘʥʪʫʨʫ ʧʨʠ ʂʠʾʚʩʴʢʦʤʫ ʽʥʞʝʥʝʨʥʦ-

ʙʫʜʽʚʝʣʴʥʦʤʫ ʽʥʩʪʠʪʫʪʽ. ɿ 1955 ʜʦ 2005 ʨʦʢʫ 

ʧʨʘʮʶʚʘʣʘ ʥʘ ʢʘʬʝʜʨʽ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʢʨʝʩʣʝʥʥʷ ʋʢʨʘʾʥʩʴʢʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʘʢʘʜʝʤʽʾ (ʥʠʥʽ ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ), ʷʢʫ ʦʯʦʣʶʚʘʣʘ ʚ 1980-1991 ʨ.ʨ. ʽ 

1994-1999 ʨ.ʨ.. ɺ 1955 ʨʦʮʽ ʟʘʭʠʩʪʠʣʘ 

ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ, ʚ 1991 ʨʦʮʽ ï 

ʜʦʢʪʦʨʩʴʢʫ. ɹʫʣʘ ʯʣʝʥʦʤ ʨʝʜʢʦʣʝʛʽʾ 

ʨʝʩʧʫʙʣʽʢʘʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʙʽʨʢʠ 

ñʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘò, 

ʧʨʝʜʤʝʪʥʦʾ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ ʢʦʤʽʩʽʾ ʧʨʠ 

ʄʽʥʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʛʝʦʤʝʪʨʽʚ ʽ ʛʨʘʬʽʢʽʚ (ISGG), ʩʝʤʽʥʘʨʫ 

ʟʘʛʘʣʴʥʦʪʝʭʥʽʯʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɸʅ ɺʐʋ, 

ʇʨʝʟʠʜʽʾ ʋʢʨʘʾʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʟ ʧʨʠʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ. ʇʽʜʛʦʪʫʚʘʣʘ 9 ʢʘʥʜʠʜʘʪʽʚ ʪʘ 2 

ʜʦʢʪʦʨʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. ʅʘʛʦʨʦʜʞʝʥʘ 

ʤʝʜʘʣʷʤʠ ñɺʝʪʝʨʘʥ ʧʨʘʮʽò, ñɺ ʧʘʤôʷʪʴ 1500-

ʨʽʯʯʷ ʂʠʻʚʘò, ʥʘʛʨʫʜʥʠʤ ʟʥʘʢʦʤ ʄɺʆ ʉʈʉʈ 

ñɿʘ ʚʽʜʤʽʥʥʽ ʫʩʧʽʭʠ ʚ ʨʦʙʦʪʽò, ʧʦʯʝʩʥʦʶ 

ʛʨʘʤʦʪʦʶ ʄʽʥʦʩʚʽʪʠ ʋʢʨʘʾʥʠ. ɸʢʘʜʝʤʽʢ ɸʅ 

ɺʐ ʋʢʨʘʾʥʠ. ʇʦʤʝʨʣʘ 26 ʣʶʪʦʛʦ 2005 ʨʦʢʫ 

ʇɯɼɻʆʈʅʀʁ ʆʣʝʢʩʽʡ ʃʝʦʥʪʽʡʦʚʠʯ (1929-

2023) ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʨʦʜʠʚʩʷ 30 ʙʝʨʝʟʥʷ 1929 ʨʦʢʫ ʚ 

ʩ. ʏʝʯʝʣʽʾʚʢʘ, ʇʝʪʨʦʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺ 1947 ʨʦʮʽ ʧʦʩʪʫʧʠʚ, 

ʘ ʚ 1953 ʨ. ʟʘʢʽʥʯʠʚ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʠʾʚʩʴʢʦʛʦ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. 

ɼʦ 1956 ʨʦʢʫ ʥʘʚʯʘʚʩʷ ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʧʨʠ 

ʢʘʬʝʜʨʽ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽ ʢʨʝʩʣʝʥʥʷ ʂɯɹɯ, 

ʧʽʩʣʷ ʯʦʛʦ ʧʨʘʮʶʚʘʚ ʥʘ ʪʽʡ ʞʝ ʢʘʬʝʜʨʽ. ɺ 1959 

ʨʦʮʽ ʟʘʭʠʩʪʠʚ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ, ʚ 1975 

ʨʦʮʽ ï ʜʦʢʪʦʨʩʴʢʫ ɿ 1971 ʜʦ 2009 ʨʦʢʫ ï 

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʂʠʾʚʩʴʢʦʛʦ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

(ʥʠʥʽ ʂʅʋɹɸ), ʟ 2009 ʨʦʢʫ ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ. 

ʇʽʜʛʦʪʫʚʘʚ 44 ʢʘʥʜʠʜʘʪʠ ʪʘ 6 ʜʦʢʪʦʨʽʚ ʥʘʫʢ. 

ʏʣʝʥ ʩʧʽʣʢʠ ʘʨʭʽʪʝʢʪʦʨʽʚ ʋʢʨʘʾʥʠ ʟ 1975 ʨʦʢʫ. 

ɼʽʡʩʥʠʡ ʯʣʝʥ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʪʘ ɸʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ. ɸʢʘʜʝʤʽʢ ɸʅ 

ɺʐ ʋʢʨʘʾʥʠ. ʏʣʝʥ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ 

ʛʝʦʤʝʪʨʽʚ ʽ ʛʨʘʬʽʢʽʚ (ISGG). ɺʽʮʝ-ʧʨʝʟʠʜʝʥʪ 

ʋʢʨʘʾʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʟ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ 

(ʋɸʇɻ). ʅʘʛʦʨʦʜʞʝʥʠʡ ʆʨʜʝʥʦʤ çɿʘ ʟʘʩʣʫʛʠè 

ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ, ʜʚʦʤʘ ʤʝʜʘʣʷʤʠ ʪʘ ʟʥʘʢʘʤʠ 

çɺʠʥʘʭʽʜʥʠʢ ʉʈʉʈè, çɺʽʜʤʽʥʥʠʢ ʦʩʚʽʪʠ 

ʋʢʨʘʾʥʠè. ɺ 1996 ʨʦʮʽ ʧʨʦʬ. ʇʽʜʛʦʨʥʦʛʦ ʆ.ʃ. 

ʫʜʦʩʪʦʻʥʦ ʧʦʯʝʩʥʦʛʦ ʟʚʘʥʥʷ çɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠè. ʇʦʤʝʨ 19 ʩʽʯʥʷ 2023 

ʨʦʢʫ. 
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ʋɼʂ 514.18 

 

ʈɽɿʋʃʔʊɸʊʀ ʅɸʋʂʆɺʆɰ ʈʆɹʆʊʀ ʂɸʌɽɼʈʀ ʅɻʂɻɼ 

ʇʠʣʠʧʘʢʘ ʉ.ʌ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺʠʧʦʚʥʠʣʦʩʷ 100 ʨʦʢʠ ʚʽʜ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʧʨʦʬʝʩʦʨʘ ʆʙʫʭʦʚʦʾ ɺʽʦʣʝʪʪʠ 

ʉʝʨʛʽʾʚʥʠ ʽ 21 ʨʽʢ, ʷʢ ʾʾ ʥʝ ʩʪʘʣʦ. ʇʨʠʡʰʦʚʰʠ ʥʘ ʢʘʬʝʜʨʫ ʚ 1955 ʨʦʮʽ ʧʽʩʣʷ ʟʘʭʠʩʪʫ 

ʢʘʥʜʠʜʘʪʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ, ʚʦʥʘ ʚʽʜʨʘʟʫ ʞ ʟʘʧʦʯʘʪʢʫʚʘʣʘ ʽ ʨʦʟʛʦʨʥʫʣʘ ʥʘʫʢʦʚʫ 

ʨʦʙʦʪʫ. ɿʘʚʽʜʫʚʘʯʝʤ ʢʘʬʝʜʨʠ ʥʘ ʪʦʡ ʯʘʩ ʙʫʚ ʉ.ɺ. ʈʦʟʦʚ, ʷʢʠʡ ʘʢʪʠʚʥʦ ʟʘʡʤʘʚʩʷ 

ʤʝʪʦʜʠʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ. ʁʦʛʦ ʧʽʜʨʫʯʥʠʢʠ ʽ ʧʦʩʽʙʥʠʢʠ ʚ ʪʦʛʦ ʯʘʩʫ ʙʫʣʠ ʚʽʜʦʤʽ ʥʝ 

ʪʽʣʴʢʠ ʚ ʢʨʘʾʥʽ, ʘ ʽ ʟʘ ʾʾ ʤʝʞʘʤʠ. ʊʘʢʝ ʚʜʘʣʝ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʪʚʦʨʯʠʭ ʦʩʦʙʠʩʪʦʩʪʝʡ 

ʜʘʣʦ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ: ʥʘ ʢʘʬʝʜʨʽ ʨʦʟʚʠʚʘʣʘʩʷ ʽ ʤʝʪʦʜʠʯʥʘ, ʽ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ. 

ɿʛʦʜʦʤ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʘʩʧʽʨʘʥʪʫʨʫ ʽʟ ʥʘʫʢʦʚʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʇʨʠʢʣʘʜʥʘ 

ʛʝʦʤʝʪʨʽʷ, ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘè, ʟôʷʚʠʣʠʩʷ ʘʩʧʽʨʘʥʪʠ. ɺʽʦʣʝʪʪʦʶ ʉʝʨʛʽʾʚʥʦʶ ʙʫʚ 

ʩʬʦʨʤʦʚʘʥʠʡ  ʢʦʣʝʢʪʠʚ, ʫ ʷʢʦʤʫ ʧʨʘʮʶʚʘʣʠ ʚʠʢʣʘʜʘʯʘʤʠ ʾʾ ʢʦʣʠʰʥʽ ʘʩʧʽʨʘʥʪʠ. 

ʋ 2000 ʨʦʮʽ ʟʘʭʠʱʘʻ ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʧʽʜ ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʫʚʘʥʥʷʤ 

ʆʙʫʭʦʚʦʾ ɺ.ʉ. ʾʾ ʢʦʣʠʰʥʽʡ ʘʩʧʽʨʘʥʪ ʇʠʣʠʧʘʢʘ ʉ.ʌ., ʘ ʚ 2008 ʨʦʮʽ (ʫʞʝ ʧʽʩʣʷ 

ʩʤʝʨʪʽ ɺʽʦʣʝʪʪʠ ʉʝʨʛʽʾʚʥʠ) ʪʝʞ ʾʾ ʢʦʣʠʰʥʽʡ ʘʩʧʽʨʘʥʪ ʅʝʩʚʽʜʦʤʽʥ ɺ.ʄ. ʅʘ ʢʘʬʝʜʨʽ 

ʚʧʝʨʰʝ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʾʾ ʽʩʥʫʚʘʥʥʷ ʟôʷʚʠʣʦʩʷ ʜʚʘ ʜʦʢʪʦʨʠ ʥʘʫʢ ʽʟ ʧʨʦʬʽʣʴʥʦʾ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ. ʎʝ ʩʪʘʣʦ ʥʦʚʠʤ ʧʦʰʪʦʚʭʦʤ ʜʣʷ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. ɿʘ 21 ʦʩʪʘʥʥʽʭ 

ʨʦʢʽʚ ʥʘ ʢʘʬʝʜʨʽ ʟʘʭʠʱʝʥʦ 16 ʢʘʥʜʠʜʘʪʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ, 1 ʜʠʩʝʨʪʘʮʽʷ ʜʦʢʪʦʨʘ 

ʬʽʣʦʩʦʬʽʾ ʽ ʦʜʥʘ ʜʦʢʪʦʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ (ʢʦʣʠʰʥʷ ʘʩʧʽʨʘʥʪʢʘ ɺʦʣʽʥʘ ʊ.ʄ.). 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʥʘ ʢʘʬʝʜʨʽ ʚ ʜʘʥʠʡ ʯʘʩ ʧʨʘʮʶʻ ʪʨʠ ʜʦʢʪʦʨʠ ʥʘʫʢ ʽ ʪʨʠ ʢʘʥʜʠʜʘʪʠ 

ʥʘʫʢ, ʜʦʮʝʥʪʠ.  

ɿʥʘʯʥʠʤ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʚ ʧʣʘʥʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʢʘʬʝʜʨʠ, ʷʢʫ 

ʟʘʧʦʯʘʪʢʫʚʘʣʘ ɺ.ʉ. ʆʙʫʭʦʚʘ, ʩʪʘʣʦ ʚʽʜʢʨʠʪʪʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʨʘʜʠ ʽʟ ʟʘʭʠʩʪʫ 

ʜʦʢʪʦʨʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ ɼ 26.004.11 ʚ ʥʘʰʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʟʘ ʜʚʦʤʘ 

ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ: 05.01.01 ï ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ ʪʘ 05.23.01 

ï ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ (ʛʦʣʦʚʘ ʨʘʜʠ ï ʧʨʦʬ. ʉ.ʌ. 

ʇʠʣʠʧʘʢʘ). ɺ ʮʽʡ ʨʘʜʽ ʚ 2025 ʨʦʮʽ ʙʫʣʘ ʟʘʭʠʱʝʥʘ ʧʝʨʰʘ ʜʠʩʝʨʪʘʮʽʷ ï ʜʦʢʪʦʨʩʴʢʘ 

ʨʦʙʦʪʘ ɺʦʣʽʥʦʾ ʊ.ʄ. ɺ 2020 ʨʦʮʽ ʚʽʜʙʫʚʩʷ ʧʦʧʝʨʝʜʥʽʡ ʟʘʭʠʩʪ ʜʦʢʪʦʨʩʴʢʦʾ ʨʦʙʦʪʠ 

ʄʫʢʚʠʯʘ ʄ.ʄ., ʦʜʥʘʢ ʚʦʥʘ ʥʝ ʙʫʣʘ ʟʘʭʠʱʝʥʘ ʽʟ-ʟʘ ʪʦʛʦ, ʱʦ ʘʚʪʦʨ ʧʝʨʝʜʯʘʩʥʦ 

ʧʽʰʦʚ ʽʟ ʞʠʪʪʷ. ɼʦʦʧʨʘʮʴʦʚʫʻ ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʢʦʣʠʰʥʷ ʘʩʧʽʨʘʥʪʢʘ ʽ 

ʜʦʢʪʦʨʘʥʪʢʘ ʢʘʬʝʜʨʠ, ʘ ʥʠʥʽ ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʫ ʚʽʜʦʢʨʝʤʣʝʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ 

ʋʢʨʘʾʥʠ çʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʊ.ɸ. ʂʨʝʩʘʥ. ɿʘʢʽʥʯʫʻʪʴʩʷ ʪʝʨʤʽʥ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʜʦʢʪʦʨʘʥʪʫʨʽ ʢʦʣʠʰʥʴʦʛʦ ʘʩʧʽʨʘʥʪʘ ʢʘʬʝʜʨʠ, ʜʦʮʝʥʪʘ ɸ.ɺ. 

ʅʝʩʚʽʜʦʤʽʥʘ. ʅʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʽ ʧʨʘʮʽʚʥʠʢʠ ʢʘʬʝʜʨʠ ʫʩʧʽʰʥʦ ʧʫʙʣʽʢʫʶʪʴ ʩʚʦʾ 

ʧʨʘʮʽ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʦʶ ʙʘʟʦʶ ñScopusò. ʅʘʧʨʠʢʣʘʜ, 

ʫ ɸ.ɺ. ʅʝʩʚʽʜʦʤʽʥʘ ʟʘ ʪʝʤʦʶ ʜʦʢʪʦʨʩʴʢʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 10 ʧʨʘʮʴ.  

ʊʝʤʘʪʠʢʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʭʦʧʣʶʻ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʢʦʣʦ ʟʘʜʘʯ. ʎʝ 

ʟʘʜʘʯʽ ʟʛʠʥʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʙʫʜʦʚʘ ʚʠʢʨʽʡʦʢ, ʟʛʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʠʥʝʥʥʷ. ʆʢʨʝʤʠʡ ʥʘʧʨʷʤ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʨʦʚʽʜʥʦʛʦ 

ʪʨʠʛʨʘʥʥʠʢʘ ʌʨʝʥʝ ʚ ʟʘʜʘʯʘʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʢʽʥʝʤʘʪʠʢʠ ʽ 
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ʜʠʥʘʤʽʢʠ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ. ɺ ʮʴʦʤʫ ʧʣʘʥʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʩʝʨʝʜʥʴʦʾ ʩʪʘʣʦʾ ʽ ʥʫʣʴʦʚʦʾ ʢʨʠʚʠʥʠ, ʦʙʚʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʥʦʞʠʥʠ ʧʣʦʱʠʥ, ʣʽʥʽʡʯʘʪʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦʣʠʮʝʚʦʛʦ ʪʠʧʫ 

ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʪʦʱʦ. ɺ ʧʦʣʽ ʟʦʨʫ ʥʘʫʢʦʚʮʽʚ ʢʘʬʝʜʨʠ 

ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ: ʘʧʨʦʢʩʠʤʘʮʽʷ ʥʝʨʦʟʛʦʨʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʩʽʢʘʤʠ 

ʨʦʟʛʦʨʪʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʛʝʦʜʝʟʠʯʥʽ ʣʽʥʽʾ ʧʦʚʝʨʭʦʥʴ, 

ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʩʠʥʪʝʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʚʥʫʪʨʽʰʥʷ ʛʝʦʤʝʪʨʽʷ ʢʨʠʚʠʭ ʣʽʥʽʡ ʽ 

ʧʦʚʝʨʭʦʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ ʪʨʠ ʤʦʥʦʛʨʘʬʽʾ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʦʜʥʘ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ. ʅʝ ʚʽʜʩʪʘʻ ʽ ʩʪʫʜʝʥʪʩʴʢʘ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ ï ʥʘʰʽ 

ʩʪʫʜʝʥʪʠ ʥʝʦʜʥʦʨʘʟʦʚʦ ʙʫʣʠ ʧʨʠʟʝʨʘʤʠ ʚʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʢʦʥʢʫʨʩʫ ʩʪʫʜʝʥʪʩʴʢʠʭ 

ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʷʢʠʡ ʧʨʦʚʦʜʠʚʩʷ ʜʦ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʡʩʴʢʦʛʦ 

ʘʛʨʝʩʦʨʘ ʜʦ ʥʘʰʦʾ ʜʝʨʞʘʚʠ.  

ɿ ʪʦʛʦ ʯʘʩʫ, ʷʢ ʥʝ ʩʪʘʣʦ ɺʽʦʣʝʪʪʠ ʉʝʨʛʽʾʚʥʠ, ʧʨʦʡʰʦʚ 21 ʨʽʢ. ɿʘ ʮʝʡ ʯʘʩ ʙʫʣʠ 

ʟʘʭʠʱʝʥʽ ʥʘʩʪʫʧʥʽ ʢʘʥʜʠʜʘʪʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ: ɻʨʠʱʝʥʢʦ ɯ.ʖ. (2005), ʏʝʨʥʠʰʦʚʘ 

ɽ.ʆ. (2007), ɼʟʶʙʘ ɺ.ɺ. (2008), ʄʫʢʚʠʯ ʄ.ʄ. (2009), ɹʘʙʢʘ ɺ.ʄ. (2010), 

ʇʠʣʠʧʘʢʘ ʊ.ʉ. (2010), ʂʨʝʩʘʥ ʊ.ɸ. (2012), ɼʝʤʯʫʢ ɯ.ʆ. (2012), ɹʦʡʢʦ ʃ.ʉ. (2013), 

ɺʦʣʽʥʘ ʊ.ʄ. (2014), ʇʠʣʠʧʘʢʘ ʆ.ɸ. (2014), ʂʨʝʤʝʮʴ ʊ.ʉ. (2016), ʅʝʩʚʽʜʦʤʽʥ ɸ.ɺ. 

(2016), ʂʨʝʤʝʮʴ ʗ.ʉ. (2017), ʏʝʧʽʞʥʠʡ ɸ.ɺ. (2019), ɹʠʯʦʢ ʆ.ɺ. (2021), ʍʨʦʧʦʩʪ 

ɺ.ɯ. (2025, ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ).  

ɿʘʛʘʣʦʤ ʧʨʦʬ. ʆʙʫʭʦʚʘ ɺ.ʉ. ʧʨʦʧʨʘʮʶʚʘʣʘ ʥʘ ʢʘʬʝʜʨʽ 50 ʨʦʢʽʚ (1955 ï

2005). ʊʘʢʠʤ ʯʠʥʦʤ, ʾʾ ʥʘʫʢʦʚʘ ʰʢʦʣʘ ʚʽʜʟʥʘʯʘʻ 70-ʣʽʪʪʷ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʠʤʠ ʟʜʦʙʫʪʢʘʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʦ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʙʘʚʠʚʩʷ ʱʝ ʦʜʠʥ ï ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ɰʾ ʘʢʪʠʚʥʦ ʧʨʦʩʫʚʘʻ ʷʢ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʪʘʢ ʽ ʫ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʦʢʪʦʨʘʥʪ ʅʝʩʚʽʜʦʤʽʥ ɸ.ɺ. ʁʦʛʦ ʩʪʘʨʰʠʡ ʢʦʣʝʛʘ ʧʨʦʬ. 

ʅʝʩʚʽʜʦʤʽʥ ɺ.ʄ. ʪʘʢʦʞ ʧʽʜʭʦʧʣʶʻ ʥʦʚʽʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɺʽʥ ʜʦʩʠʪʴ ˇʨʫʥʪʦʚʥʦ ʨʦʟʽʙʨʘʚʩʷ ʫ ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʽʟʥʠʭ ʚʝʨʩʽʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʫʩʧʽʰʥʦ ʾʭ ʟʘʩʪʦʩʦʚʫʻ ʚ ʥʘʚʯʘʣʴʥʽʡ ʨʦʙʦʪʽ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ 

ʜʦʨʫʯʘʪʠ ʾʤ ʧʝʨʝʚʽʨʢʫ ʩʪʫʜʝʥʪʩʴʢʠʭ ʨʦʙʽʪ.  

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ, ʩʢʘʞʝʤʦ ʪʘʢ. ɿ 2025 ʨʦʢʫ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʘ 

ʜʽʷʣʴʥʽʩʪʴ ʧʝʨʝʞʠʚʘʻ ʥʝ ʧʨʦʩʪʽ ʯʘʩʠ. ɽʧʽʜʝʤʽʷ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʘ ʟʛʦʜʦʤ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ ʟʤʫʩʠʣʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʷ ʫ 

ʜʠʩʪʘʥʮʽʡʥʠʡ ʬʦʨʤʘʪ. ɼʦ ʮʴʦʛʦ ʜʦʜʘʚʩʷ ʚʽʜʪʽʢ ʤʘʡʙʫʪʥʽʭ ʘʙʽʪʫʨʽʻʥʪʽʚ ʟʘ ʢʦʨʜʦʥ 

ʥʘ ʬʦʥʽ ʪʦʛʦ, ʱʦ ʧʘʜʘʻ ʧʨʝʩʪʠʞ ʟʜʦʙʫʪʪʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʽ ʩʢʦʨʦʯʫʶʪʴʩʷ ʛʦʜʠʥʠ ʥʘ 

ʚʠʢʣʘʜʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ. ʎʠʤ ʬʘʢʪʦʨʘʤ ʚʘʞʢʦ ʧʨʦʪʠʜʽʷʪʠ, ʯʝʨʝʟ ʪʝ 

ʢʘʬʝʜʨʘ ʰʫʢʘʻ ʰʣʷʭʠ ʚʠʭʦʜʫ ʽʟ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ, ʦʧʘʥʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ 

ʜʦʩ̫ʛʥʝʥʴ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʾʭ ʫ ʪʨʘʜʠʮʽʡʥʽ ʜʠʩʮʠʧʣʽʥʠ 

ʢʘʬʝʜʨʠ. 
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ɿɸʈʆɼɾɽʅʅʗ ɺ ʋʂʈɸɰʅɯ ʅɸɺʏɸʃʔʅʆɰ ɼʀʉʎʀʇʃɯʅʀ  

çʅɸʈʀʉʅɸ ɻɽʆʄɽʊʈɯʗè 

ɹʫʣʛʘʢʦʚʘ ʆʢʩʘʥʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʄʽʞʥʘʨʦʜʥʦʶ ʤʦʚʦʶ ʩʧʽʣʢʫʚʘʥʥʷ ʽʥʞʝʥʝʨʽʚ ʫʩʽʭ ʯʘʩʽʚ ʽ ʥʘʨʦʜʽʚ ʥʝʟʤʽʥʥʦ 

ʙʫʣʦ ʽ ʻ ʢʨʝʩʣʝʥʥʷ. ʅʝʚʤʽʥʥʷ ʯʠʪʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʢʨʝʩʣʝʥʠʢʠ, ʟʥʘʭʦʜʠʪʠ 

ʧʦʤʠʣʢʠ ʯʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘ ʥʠʭ ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʽʥʞʝʥʝʨʥʫ ʢʚʘʣʽʬʽʢʘʮʽʶ 

ʪʘʢʦʛʦ çʬʘʭʽʚʮʷè. 

ʇʨʝʜʤʝʪ çʅʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷè ʡ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ 

ʜʣʷ ʦʧʘʥʫʚʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʩʬʝʨʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʯʠʩʣʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʡ ʚʝʣʠʢʠʡ ʚʠʙʽʨ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʮʝʡ ʢʫʨʩ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽ ʡ ʯʘʩʪʦ ʩʧʨʠʡʤʘʻʪʴʩʷ 

ʩʪʫʜʝʥʪʘʤʠ ʧʝʨʰʠʭ ʢʫʨʩʽʚ ʚʠʰʽʚ ʷʢ ʤʘʣʦʟʨʦʟʫʤʽʣʠʡ. ʃʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫʷʚʣʷʪʠ, 

ʥʘʩʢʽʣʴʢʠ ʚʘʞʢʠʤ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʦʥʘʜ ʩʪʦ ʩʦʨʦʢ ʨʦʢʽʚ ʪʦʤʫ. 

ʆʩʦʙʣʠʚʘ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʚ ʪʽ ʯʘʩʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʽʩʥʫʚʘʣʦ 

ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʠ ʥʘʚʽʪʴ ʜʦʩʪʫʧʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʮʽʻʾ ʪʝʤʘʪʠʢʠ. ɹʘʟʦʚʽ 

ʪʝʭʥʽʯʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʩʪʘʥʜʘʨʪʠ, ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ, ʘ ʪʠʤ ʙʽʣʴʰʝ ʨʝʩʫʨʩʠ ʥʘ ʟʨʘʟʦʢ 

ʩʫʯʘʩʥʦʛʦ ɯʥʪʝʨʥʝʪʫ ʪʦʜʽ ʙʫʣʠ ʥʝʜʦʩʷʞʥʦʶ ʤʨʽʻʶ. ʂʣʘʩʠʯʥʘ ʣʽʪʝʨʘʪʫʨʘ ʚ ʮʽʡ 

ʛʘʣʫʟʽ ʟʜʝʙʽʣʴʰʦʛʦ ʱʝ ʥʘʚʽʪʴ ʥʝ ʙʫʣʘ ʥʘʧʠʩʘʥʘ. 

ʆʜʥʘʢ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʍʘʨʢʽʚʩʴʢʦʤʫ ʇʨʘʢʪʠʯʥʦʤʫ ʊʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ɯʥʩʪʠʪʫʪʽ (ʍʇʊɯ), ʚʽʜʢʨʠʪʦʤʫ ʚ 1885 ʨʦʮʽ, ʽʥʞʝʥʝʨʥʘ ʦʩʚʽʪʘ ʙʫʣʘ ʦʨʛʘʥʽʟʦʚʘʥʘ ʥʘ 

ʜʦʩʠʪʴ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ɿʦʢʨʝʤʘ, ʧʝʨʰʠʡ ʜʠʨʝʢʪʦʨ ʍʇʊɯ ʧʨʦʬʝʩʦʨ ɺʽʢʪʦʨ 

ʃʴʚʦʚʠʯ ʂʠʨʧʠʯʦʚ, ʚʠʜʘʪʥʠʡ ʩʧʝʮʽʘʣʽʩʪ ʫ ʛʘʣʫʟʽ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ, ʜʦʙʨʝ ʫʩʚʽʜʦʤʣʶʚʘʚ ʚʘʞʣʠʚʽʩʪʴ ʚʤʽʥʥʷ ʤʘʡʙʫʪʥʽʤʠ ʽʥʞʝʥʝʨʘʤʠ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ çʤʦʚʦʶ ʢʨʝʩʣʝʥʴè: ʯʠʪʘʪʠ ʡ ʩʪʚʦʨʶʚʘʪʠ ʛʨʘʬʽʯʥʽ ʧʨʦʻʢʪʠ. 

ɿʘʚʜʷʢʠ ʟʫʩʠʣʣʷʤ ʧʨʦʬʝʩʦʨʘ ɺ. ʃ. ʂʠʨʧʠʯʦʚʘ ʜʦ ʚʠʢʣʘʜʘʥʥʷ ʚ ɯʥʩʪʠʪʫʪʽ ʚʜʘʣʦʩʷ 

ʟʘʣʫʯʠʪʠ ʙʘʛʘʪʴʦʭ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʮʽʚ ʽ ʧʝʜʘʛʦʛʽʚ ʟ ʫʩʽʻʾ ʢʨʘʾʥʠ. 

ɺʦʥʠ ʫʩʧʽʰʥʦ ʥʘʚʯʘʣʠ ʩʪʫʜʝʥʪʽʚ ʥʝ ʣʠʰʝ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʢʨʝʩʣʝʥʥʷ, ʘ ʡ 

ʤʘʣʶʚʘʥʥʷ. ʉʝʨʝʜ ʥʠʭ ï ʪʘʢʽ ʟʥʘʥʽ ʚ ʍʘʨʢʦʚʽ ʘʨʭʽʪʝʢʪʦʨʠ, ʷʢ ɺʦʣʦʜʠʤʠʨ 

ɺʘʩʠʣʴʦʚʠʯ ʍʨʫʩʪʘʣʴʦʚ, ʖʣʽʡ ʉʝʤʝʥʦʚʠʯ ʎʘʫʥʝ, ɺʦʣʦʜʠʤʠʨ ʍʨʠʩʪʠʷʥʦʚʠʯ 

ʅʻʤʢʽʥ ʽ ʆʣʝʢʩʽʡ ʄʠʢʦʣʘʡʦʚʠʯ ɹʝʢʝʪʦʚ, ʷʢʽ ʯʠʪʘʣʠ ʩʪʫʜʝʥʪʘʤ ʣʝʢʮʽʾ ʟ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʟʘʛʘʣʴʥʦʛʦ ʢʨʝʩʣʝʥʥʷ. ʅʘʚʯʘʥʥʷ ʤʠʩʪʝʮʪʚʫ ʤʘʣʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʭʫʜʦʞʥʠʢʠ ɸʥʜʨʽʡ ɯʚʘʥʦʚʠʯ ɼʘʥʠʣʝʚʩʴʢʠʡ ʪʘ ɺʘʣʝʥʪʠʥ ɸʚʛʫʩʪʦʚʠʯ 

ʌʝʣʴʜʤʘʥ. 

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʟʛʽʜʥʦ çʇʦʣʦʞʝʥʥʷè ʪʘ çʉʪʘʪʫʪʫè ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (ʜʠʚ. ʨʠʩ. 1 ʪʘ ʨʠʩ. 2) ʩʝʨʝʜ ʥʘʚʯʘʣʴʥʠʭ 

ʜʠʩʮʠʧʣʽʥ ʧʝʨʝʜʙʘʯʘʣʦʩʴ ʚʠʢʣʘʜʘʥʥʷ ʩʪʫʜʝʥʪʘʤ ʪʦʜʽ ʽʩʥʫʶʯʠʭ ʪʽʣʴʢʠ ʜʚʦʭ 

ʬʘʢʫʣʴʪʝʪʽʚ (ʄʝʭʘʥʽʯʥʦʤʫ ʪʘ ʍʽʤʽʯʥʦʤʫ) ʦʢʨʝʤʠʭ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ ʟ 

çʅʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾè, çʂʨʝʩʣʝʥʥʷè ʽ çʄʘʣʶʚʘʥʥʷè. 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XɁ ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 
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ʇ ʆ ʃ ʆ ɾ ɽ ʅ ʅ ʗ 

ʧʨʦ ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

 

ɿʘ ʧʨʦʻʢʪʘʤʠ ʇʦʣʦʞʝʥʥʷ ʪʘ ʰʪʘʪʥʦʛʦ ʨʦʟʧʠʩʫ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. 

16 ʢʚʽʪʥʷ 1885 ʨʦʢʫ. 

ééééééééééééééééééééé 

ʉʪʦʨ. 2. 

III . ɼʦ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʠʪʘʥʥʷ ʧʨʦ ʩʣʫʞʙʦʚʽ 

ʧʨʘʚʘ, ʷʢʽ ʥʘʜʘʻ ʟʘʢʽʥʯʝʥʥʷ ʥʘʚʯʘʥʥʷ ʫ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʜʦʟʚʦʣʠʪʠ ʦʩʦʙʘʤ, ʫʜʦʩʪʦʻʥʠʤ 
ʟʚʘʥʥʷ ʽʥʞʝʥʝʨʘ-ʪʝʭʥʦʣʦʛʘ ʘʙʦ ʪʝʭʥʦʣʦʛʘ, ʦʪʨʠʤʫʚʘʪʠ 

ʧʨʘʚʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʠ ʚʩʪʫʧʽ ʥʘ ʜʝʨʞʘʚʥʫ ʩʣʫʞʙʫ ʥʘ 

ʰʪʘʪʥʽ ʧʦʩʘʜʠ ʪʝʭʥʽʢʽʚ ʫ ʪʘʢʠʭ ʯʠʥʘʭ: ʽʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ 
ï ʫ ʯʠʥʽ ʍ ʢʣʘʩʫ, ʘ ʪʝʭʥʦʣʦʛ ï ʫ ʯʠʥʽ XII ʢʣʘʩʫ; é.. 

ééééééééééééééééééééééé. 

ʄʝʪʘ ʪʘ ʟʘʩʦʙʠ ʽʥʩʪʠʪʫʪʫ. 

§ 1. ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 
ʤʘʻ ʥʘ ʤʝʪʽ ʥʘʜʘʚʘʪʠ ʩʚʦʾʤ ʫʯʥʷʤ ʚʠʱʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʦʩʚʽʪʫ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ ʤʝʭʘʥʽʯʥʦʶ ʪʘ ʭʽʤʽʯʥʦʶ. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʽʥʩʪʠʪʫʪ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ 

ʚʽʜʜʽʣʝʥʥʷ. 

 

ï 3 ï 

 

 

 

 

 

 

ʅʘʚʯʘʣʴʥʘ ʯʘʩʪʠʥʘ. 

Ä 3. ʅʘʚʯʘʣʴʥʠʡ ʢʫʨʩ ʽʥʩʪʠʪʫʪʫ ʪʨʠʚʘʻ ʧôʷʪʴ ʨʦʢʽʚ ʽ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧôʷʪʴ ʨʽʯʥʠʭ ʢʫʨʩʽʚ. 

Ä 4. ɺ ʽʥʩʪʠʪʫʪʽ ʚʠʢʣʘʜʘʶʪʴʩʷ: 1) ʟʘʢʦʥ ɹʦʞʠʡ; 2) ʚʠʱʘ 

ʤʘʪʝʤʘʪʠʢʘ; 3) ʥʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷ; 4) ʪʝʦʨʝʪʠʯʥʘ ʤʝʭʘʥʽʢʘ; 

5) ʬʽʟʠʢʘ; 6) ʭʽʤʽʷ; 7) ʘʥʘʪʦʤʽʷ ʽ ʬʽʟʽʦʣʦʛʽʷ ʨʦʩʣʠʥ; 

8) ʤ̔ ʥʝʨʘʣʦʛʽʷ ʟ ʛʝʦʛʥʦʟʽʻʶ; 9) ʛʝʦʜʝʟʽʷ; 10) ʙʫʜʽʚʝʣʴʥʝ 

ʤʠʩʪʝʮʪʚʦ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ; 11) ʧʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ ʽ ʪʝʦʨʽʷ 

ʤʘʰʠʥ; 12) ʤʝʭʘʥʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ; 13) ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ; 

14) ʤʝʪʘʣʫʨʛʽʷ; 15) ʧʦʣʽʪʠʯʥʘ ʝʢʦʥʦʤʽʷ ʽ ʩʪʘʪʠʩʪʠʢʘ; 

16) ʙʫʭʛʘʣʪʝʨʽʷ; 17) ʽʥʦʟʝʤʥʽ ʤʦʚʠ (ʬʨʘʥʮʫʟʴʢʘ, ʥʽʤʝʮʴʢʘ ʪʘ 

ʘʥʛʣʽʡʩʴʢʘ); 18) ʢʨʝʩʣʝʥʥʷ; 19) ʤʘʣʶʚʘʥʥʷ. 

Ä 5. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʣʽʯʝʥʠʭ ʫ ʩʪʘʪʪʽ 4 ʧʨʝʜʤʝʪʽʚ, ʜʦ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʫʨʩʫ ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʟ ʬʽʟʠʢʠ, 

ʭʽʤʽʾ, ʤʝʭʘʥʽʢʠ, ʽʩʪʦʨʽʾ ʪʘ ʽʥʰʠʭ ʜʠʩʮʠʧʣʽʥ. ʎʽ ʟʘʥʷʪʪʷ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʫ ʤʘʡʩʪʝʨʥʷʭ ʽ ʣʘʙʦʨʘʪʦʨʽʷʭ ʽʥʩʪʠʪʫʪʫ, ʪʘʢ ʽ 

ʧʦʟʘ ʥʠʤ ï ʥʘ ʟʘʚʦʜʘʭ, ʬʘʙʨʠʢʘʭ ʽ ʧʽʜ ʯʘʩ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. 

 

  

ʇ ʆ ʃ ʆ ɾ ɽ ʅ ʅ ʗ 

ʧʨʦ ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

 

ɿʘ ʧʨʦʻʢʪʘʤʠ ʇʦʣʦʞʝʥʥʷ ʪʘ ʰʪʘʪʥʦʛʦ ʨʦʟʧʠʩʫ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. 

16 ʢʚʽʪʥʷ 1885 ʨʦʢʫ. 

ééééééééééééééééééééé 

ʉʪʦʨ. 2. 

III . ɼʦ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʠʪʘʥʥʷ ʧʨʦ ʩʣʫʞʙʦʚʽ 

ʧʨʘʚʘ, ʷʢʽ ʥʘʜʘʻ ʟʘʢʽʥʯʝʥʥʷ ʥʘʚʯʘʥʥʷ ʫ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʜʦʟʚʦʣʠʪʠ ʦʩʦʙʘʤ, ʫʜʦʩʪʦʻʥʠʤ 
ʟʚʘʥʥʷ ʽʥʞʝʥʝʨʘ-ʪʝʭʥʦʣʦʛʘ ʘʙʦ ʪʝʭʥʦʣʦʛʘ, ʦʪʨʠʤʫʚʘʪʠ 

ʧʨʘʚʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʠ ʚʩʪʫʧʽ ʥʘ ʜʝʨʞʘʚʥʫ ʩʣʫʞʙʫ ʥʘ 

ʰʪʘʪʥʽ ʧʦʩʘʜʠ ʪʝʭʥʽʢʽʚ ʫ ʪʘʢʠʭ ʯʠʥʘʭ: ʽʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ 
ï ʫ ʯʠʥʽ ʍ ʢʣʘʩʫ, ʘ ʪʝʭʥʦʣʦʛ ï ʫ ʯʠʥʽ XII ʢʣʘʩʫ; é.. 

ééééééééééééééééééééééé. 

ʄʝʪʘ ʪʘ ʟʘʩʦʙʠ ʽʥʩʪʠʪʫʪʫ. 

§ 1. ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 
ʤʘʻ ʥʘ ʤʝʪʽ ʥʘʜʘʚʘʪʠ ʩʚʦʾʤ ʫʯʥʷʤ ʚʠʱʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʦʩʚʽʪʫ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ ʤʝʭʘʥʽʯʥʦʶ ʪʘ ʭʽʤʽʯʥʦʶ. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʽʥʩʪʠʪʫʪ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ 

ʚʽʜʜʽʣʝʥʥʷ. 

 

ï 3 ï 

 

 

 

 

 

 

ʅʘʚʯʘʣʴʥʘ ʯʘʩʪʠʥʘ. 

Ä 3. ʅʘʚʯʘʣʴʥʠʡ ʢʫʨʩ ʽʥʩʪʠʪʫʪʫ ʪʨʠʚʘʻ ʧôʷʪʴ ʨʦʢʽʚ ʽ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧôʷʪʴ ʨʽʯʥʠʭ ʢʫʨʩʽʚ. 

Ä 4. ɺ ʽʥʩʪʠʪʫʪʽ ʚʠʢʣʘʜʘʶʪʴʩʷ: 1) ʟʘʢʦʥ ɹʦʞʠʡ; 2) ʚʠʱʘ 

ʤʘʪʝʤʘʪʠʢʘ; 3) ʥʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷ; 4) ʪʝʦʨʝʪʠʯʥʘ ʤʝʭʘʥʽʢʘ; 

5) ʬʽʟʠʢʘ; 6) ʭʽʤʽʷ; 7) ʘʥʘʪʦʤʽʷ ʽ ʬʽʟʽʦʣʦʛʽʷ ʨʦʩʣʠʥ; 

8) ʤ̔ ʥʝʨʘʣʦʛʽʷ ʟ ʛʝʦʛʥʦʟʽʻʶ; 9) ʛʝʦʜʝʟʽʷ; 10) ʙʫʜʽʚʝʣʴʥʝ 

ʤʠʩʪʝʮʪʚʦ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ; 11) ʧʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ ʽ ʪʝʦʨʽʷ 

ʤʘʰʠʥ; 12) ʤʝʭʘʥʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ; 13) ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ; 

14) ʤʝʪʘʣʫʨʛʽʷ; 15) ʧʦʣʽʪʠʯʥʘ ʝʢʦʥʦʤʽʷ ʽ ʩʪʘʪʠʩʪʠʢʘ; 

16) ʙʫʭʛʘʣʪʝʨʽʷ; 17) ʽʥʦʟʝʤʥʽ ʤʦʚʠ (ʬʨʘʥʮʫʟʴʢʘ, ʥʽʤʝʮʴʢʘ ʪʘ 

ʘʥʛʣʽʡʩʴʢʘ); 18) ʢʨʝʩʣʝʥʥʷ; 19) ʤʘʣʶʚʘʥʥʷ. 

Ä 5. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʣʽʯʝʥʠʭ ʫ ʩʪʘʪʪʽ 4 ʧʨʝʜʤʝʪʽʚ, ʜʦ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʫʨʩʫ ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʟ ʬʽʟʠʢʠ, 

ʭʽʤʽʾ, ʤʝʭʘʥʽʢʠ, ʽʩʪʦʨʽʾ ʪʘ ʽʥʰʠʭ ʜʠʩʮʠʧʣʽʥ. ʎʽ ʟʘʥʷʪʪʷ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʫ ʤʘʡʩʪʝʨʥʷʭ ʽ ʣʘʙʦʨʘʪʦʨʽʷʭ ʽʥʩʪʠʪʫʪʫ, ʪʘʢ ʽ 

ʧʦʟʘ ʥʠʤ ï ʥʘ ʟʘʚʦʜʘʭ, ʬʘʙʨʠʢʘʭ ʽ ʧʽʜ ʯʘʩ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. 

 
 

ʈʠʩ. 1. ʊʠʪʫʣʴʥʘ ʩʪʦʨʽʥʢʘ ʪʘ ʬʨʘʛʤʝʥʪ 3 ʩʪʦʨʽʥʢʠ (ʜʝʷʢʽ ʚʽʜʦʤʦʩʪʽ ʟ 2 ʩʪʦʨʽʥʢʠ) 

ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʬʘʢʫʣʴʪʝʪʽʚ (ʚʽʜʜʽʣʝʥʴ), ʟʚʘʥʴ, ʷʢʠʤʠ ʙʫʜʫʪʴ 

ʚʽʜʟʥʘʯʘʪʠʩʷ ʚʠʧʫʩʢʥʠʢʠ ʽʥʩʪʠʪʫʪʫ, ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ, ʱʦ ʚʠʢʣʘʜʘʪʠʤʫʪʴʩʷ 

ʩʪʫʜʝʥʪʘʤ ʧʨʦʪʷʛʦʤ ʧôʷʪʠ ʨʦʢʽʚ ʥʘʚʯʘʥʥʷ (ʣʽʚʦʨʫʯ ï ʬʦʪʦ ʘʨʭʽʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, 

ʧʨʘʚʦʨʫʯ ï ʧʝʨʝʢʣʘʜ ʘʚʪʦʨʘ) 

 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 

 

7 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʅʘʡʚʠʱʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ 16 ʢʚʽʪʥʷ 1885 

ʨʦʢʫ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʍʘʨʢʽʚʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʟʘʪʚʝʨʜʞʫʶ. 24 ʣʠʧʥʷ 1885 ʨʦʢʫ. 

ʇʽʜʧʠʩʘʚ: ʄʽʥʽʩʪʨ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ, ʩʪʘʪʩ-ʩʝʢʨʝʪʘʨ 

ɯ. ɼʝʣʷʥʦʚ. 

 

 

ʉ ʊ ɸ ʊ ʋ ʊ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. 
 

 

I. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ. 

Ä 1. ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʘʻ ʥʘ ʤʝʪʽ 

ʥʘʜʘʚʘʪʠ ʩʚʦʾʤ ʫʯʥʷʤ ʚʠʱʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʩʚʽʪʫ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 

ʤʝʭʘʥʽʯʥʦʶ ʪʘ ʭʽʤʽʯʥʦʶ (ʩʪ. 1 ʅʘʡʚʠʱʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ 16 ʢʚʽʪʥʷ 1885 

ʨʦʢʫ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

Ä 2. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʽʥʩʪʠʪʫʪ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʚʽʜʜʽʣʝʥʥʷ: 

ʤʝʭʘʥʽʯʥʝ ʪʘ ʭʽʤʽʯʥʝ. 
 

éééééééééééééééééééééé.. 

 
Ä 4. ɯʥʩʪʠʪʫʪ ʧʝʨʝʙʫʚʘʻ ʫ ʚʽʜʘʥʥʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ ʽ 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʧʽʢʣʫʚʘʣʴʥʠʢʫ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʦʢʨʫʛʫ 

(ʩʪ. 17 ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

Ä 5. ʋʧʨʘʚʣʽʥʥʷ ʽʥʩʪʠʪʫʪʦʤ ʜʦʨʫʯʘʻʪʴʩʷ ʜʠʨʝʢʪʦʨʦʚʽ ʟʘ ʫʯʘʩʪʶ, ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʚʯʘʣʴʥʦʛʦ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʽʪʝʪʽʚ (ʩʪ. 18 

ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

 

II. ʅʘʚʯʘʣʴʥʘ ʯʘʩʪʠʥʘ ʽʥʩʪʠʪʫʪʫ 

Ä 7. ʅʘʚʯʘʣʴʥʠʡ ʢʫʨʩ ʽʥʩʪʠʪʫʪʫ ʪʨʠʚʘʻ ʧôʷʪʴ ʨʦʢʽʚ ʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʧôʷʪʴ ʨʽʯʥʠʭ ʢʫʨʩʽʚ (ʩʪ. 3 ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

Ä 8. ɺ ʽʥʩʪʠʪʫʪʽ ʚʠʢʣʘʜʘʶʪʴʩʷ: 1) ʟʘʢʦʥ ɹʦʞʠʡ; 2) ʚʠʱʘ 

ʤʘʪʝʤʘʪʠʢʘ; 3) ʥʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷ; 4) ʪʝʦʨʝʪʠʯʥʘ ʤʝʭʘʥʽʢʘ; 5) ʬʽʟʠʢʘ; 

6) ʭʽʤʽʷ; 7) ʘʥʘʪʦʤʽʷ ʽ ʬʽʟʽʦʣʦʛʽʷ ʨʦʩʣʠʥ; 8) ʤʽʥʝʨʘʣʦʛʽʷ ʟ ʛʝʦʛʥʦʟʽʻʶ; 9) 
ʛʝʦʜʝʟʽʷ; 10) ʙʫʜʽʚʝʣʴʥʝ ʤʠʩʪʝʮʪʚʦ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ; 11) ʧʨʠʢʣʘʜʥʘ 

ʤʝʭʘʥʽʢʘ ʽ ʪʝʦʨʽʷ ʤʘʰʠʥ; 12) ʤʝʭʘʥʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ; 13) ʭʽʤʽʯʥʘ 

ʪʝʭʥʦʣʦʛʽʷ; 14) ʤʝʪʘʣʫʨʛʽʷ; 15) ʧʦʣʽʪʠʯʥʘ ʝʢʦʥʦʤʽʷ ʽ ʩʪʘʪʠʩʪʠʢʘ; 

16) ʙʫʭʛʘʣʪʝʨʽʷ; 17) ʽʥʦʟʝʤʥʽ ʤʦʚʠ (ʬʨʘʥʮʫʟʴʢʘ, ʥʽʤʝʮʴʢʘ ʪʘ 

ʘʥʛʣʽʡʩʴʢʘ); 18) ʢʨʝʩʣʝʥʥʷ; 19) ʤʘʣʶʚʘʥʥʷ (ʩʪ. 4 ʧʦʣʦʞʝʥʥʷ ʧʨʦ 

ʽʥʩʪʠʪʫʪ). 

Ä 9. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʣʽʯʝʥʠʭ ʫ ʩʪʘʪʪʽ 4 ʧʨʝʜʤʝʪʽʚ, ʜʦ ʩʢʣʘʜʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʫʨʩʫ ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʟ ʬʽʟʠʢʠ, ʭʽʤʽʾ, 
ʤʝʭʘʥʽʢʠ, ʽʩʪʦʨʽʾ ʪʘ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ. ʎʽ ʟʘʥʷʪʪʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʫ 

ʤʘʡʩʪʝʨʥʷʭ ʽ ʣʘʙʦʨʘʪʦʨʽʷʭ ʽʥʩʪʠʪʫʪʫ, ʪʘʢ ʽ ʧʦʟʘ ʥʠʤ ï ʥʘ ʟʘʚʦʜʘʭ, 

ʬʘʙʨʠʢʘʭ ʽ ʧʽʜ ʯʘʩ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ (ʩʪ. 5 ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

 

  

ʅʘ ʧʽʜʩʪʘʚʽ ʅʘʡʚʠʱʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ 16 ʢʚʽʪʥʷ 1885 

ʨʦʢʫ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʍʘʨʢʽʚʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʟʘʪʚʝʨʜʞʫʶ. 24 ʣʠʧʥʷ 1885 ʨʦʢʫ. 

ʇʽʜʧʠʩʘʚ: ʄʽʥʽʩʪʨ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ, ʩʪʘʪʩ-ʩʝʢʨʝʪʘʨ 

ɯ. ɼʝʣʷʥʦʚ. 

 

 

ʉ ʊ ɸ ʊ ʋ ʊ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. 
 

 

I. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ. 

Ä 1. ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʘʻ ʥʘ ʤʝʪʽ 

ʥʘʜʘʚʘʪʠ ʩʚʦʾʤ ʫʯʥʷʤ ʚʠʱʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʩʚʽʪʫ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 

ʤʝʭʘʥʽʯʥʦʶ ʪʘ ʭʽʤʽʯʥʦʶ (ʩʪ. 1 ʅʘʡʚʠʱʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ 16 ʢʚʽʪʥʷ 1885 

ʨʦʢʫ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

Ä 2. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʽʥʩʪʠʪʫʪ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʚʽʜʜʽʣʝʥʥʷ: 

ʤʝʭʘʥʽʯʥʝ ʪʘ ʭʽʤʽʯʥʝ. 
 

éééééééééééééééééééééé.. 

 
Ä 4. ɯʥʩʪʠʪʫʪ ʧʝʨʝʙʫʚʘʻ ʫ ʚʽʜʘʥʥʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ ʽ 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʧʽʢʣʫʚʘʣʴʥʠʢʫ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʦʢʨʫʛʫ 

(ʩʪ. 17 ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

Ä 5. ʋʧʨʘʚʣʽʥʥʷ ʽʥʩʪʠʪʫʪʦʤ ʜʦʨʫʯʘʻʪʴʩʷ ʜʠʨʝʢʪʦʨʦʚʽ ʟʘ ʫʯʘʩʪʶ, ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʚʯʘʣʴʥʦʛʦ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʽʪʝʪʽʚ (ʩʪ. 18 

ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

 

II. ʅʘʚʯʘʣʴʥʘ ʯʘʩʪʠʥʘ ʽʥʩʪʠʪʫʪʫ 

Ä 7. ʅʘʚʯʘʣʴʥʠʡ ʢʫʨʩ ʽʥʩʪʠʪʫʪʫ ʪʨʠʚʘʻ ʧôʷʪʴ ʨʦʢʽʚ ʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʧôʷʪʴ ʨʽʯʥʠʭ ʢʫʨʩʽʚ (ʩʪ. 3 ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

Ä 8. ɺ ʽʥʩʪʠʪʫʪʽ ʚʠʢʣʘʜʘʶʪʴʩʷ: 1) ʟʘʢʦʥ ɹʦʞʠʡ; 2) ʚʠʱʘ 

ʤʘʪʝʤʘʪʠʢʘ; 3) ʥʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷ; 4) ʪʝʦʨʝʪʠʯʥʘ ʤʝʭʘʥʽʢʘ; 5) ʬʽʟʠʢʘ; 

6) ʭʽʤʽʷ; 7) ʘʥʘʪʦʤʽʷ ʽ ʬʽʟʽʦʣʦʛʽʷ ʨʦʩʣʠʥ; 8) ʤʽʥʝʨʘʣʦʛʽʷ ʟ ʛʝʦʛʥʦʟʽʻʶ; 9) 
ʛʝʦʜʝʟʽʷ; 10) ʙʫʜʽʚʝʣʴʥʝ ʤʠʩʪʝʮʪʚʦ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ; 11) ʧʨʠʢʣʘʜʥʘ 

ʤʝʭʘʥʽʢʘ ʽ ʪʝʦʨʽʷ ʤʘʰʠʥ; 12) ʤʝʭʘʥʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ; 13) ʭʽʤʽʯʥʘ 

ʪʝʭʥʦʣʦʛʽʷ; 14) ʤʝʪʘʣʫʨʛʽʷ; 15) ʧʦʣʽʪʠʯʥʘ ʝʢʦʥʦʤʽʷ ʽ ʩʪʘʪʠʩʪʠʢʘ; 

16) ʙʫʭʛʘʣʪʝʨʽʷ; 17) ʽʥʦʟʝʤʥʽ ʤʦʚʠ (ʬʨʘʥʮʫʟʴʢʘ, ʥʽʤʝʮʴʢʘ ʪʘ 

ʘʥʛʣʽʡʩʴʢʘ); 18) ʢʨʝʩʣʝʥʥʷ; 19) ʤʘʣʶʚʘʥʥʷ (ʩʪ. 4 ʧʦʣʦʞʝʥʥʷ ʧʨʦ 

ʽʥʩʪʠʪʫʪ). 

Ä 9. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʣʽʯʝʥʠʭ ʫ ʩʪʘʪʪʽ 4 ʧʨʝʜʤʝʪʽʚ, ʜʦ ʩʢʣʘʜʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʫʨʩʫ ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʟ ʬʽʟʠʢʠ, ʭʽʤʽʾ, 
ʤʝʭʘʥʽʢʠ, ʽʩʪʦʨʽʾ ʪʘ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ. ʎʽ ʟʘʥʷʪʪʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʫ 

ʤʘʡʩʪʝʨʥʷʭ ʽ ʣʘʙʦʨʘʪʦʨʽʷʭ ʽʥʩʪʠʪʫʪʫ, ʪʘʢ ʽ ʧʦʟʘ ʥʠʤ ï ʥʘ ʟʘʚʦʜʘʭ, 

ʬʘʙʨʠʢʘʭ ʽ ʧʽʜ ʯʘʩ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ (ʩʪ. 5 ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʽʥʩʪʠʪʫʪ). 

 
 

ʈʠʩ. 2. ʊʠʪʫʣʴʥʘ ʩʪʦʨʽʥʢʘ ʪʘ ʬʨʘʛʤʝʥʪ 2 ʩʪʦʨʽʥʢʠ ʉʪʘʪʫʪʫ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʟʘʛʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʽ 

ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʟʘʧʣʘʥʦʚʘʥʠʭ ʜʣʷ ʚʠʢʣʘʜʘʥʥʷ ʩʪʫʜʝʥʪʘʤ (ʣʽʚʦʨʫʯ ï ʬʦʪʦ 

ʘʨʭʽʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʧʨʘʚʦʨʫʯ ï ʧʝʨʝʢʣʘʜ ʘʚʪʦʨʘ) 

 

ʇʨʠ ʯʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʥʘʟʚʽ çʇʦʣʦʞʝʥʥʷè ʪʘ çʉʪʘʪʫʪʫè ʮʝʡ 

ʧʝʨʰʠʡ ʪʝʭʥʽʯʥʠʡ ʚʠʰ ʋʢʨʘʾʥʠ ʥʘʯʝʙʪʦ ʤʘʻ ʨʽʟʥʽ ʥʘʟʚʠ, ʦʜʥʘʢ ʥʘ ʧʦʯʘʪʢʫ 

ʽʩʥʫʚʘʥʥʷ (ʦʬʽʮʽʡʥʝ ʚʽʜʢʨʠʪʪʷ ʚʽʜʙʫʣʦʩʷ 27 ʚʝʨʝʩʥʷ 1885 ʨʦʢʫ) ʚʽʥ ʤʘʚ ʥʘʟʚʫ, ʷʢʘ 

ʜʝʢʣʘʨʫʚʘʣʘʩʴ ʧʝʨʰʠʤ ʦʬʽʮʽʡʥʠʤ ʜʦʢʫʤʝʥʪʦʤ [1, 2]. 

ʋ ʢʚʽʪʥʽ 1885 ʨʦʢʫ ʜʣʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʇʨʘʢʪʠʯʥʦʛʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʙʫʣʦ ʟʘʪʚʝʨʜʞʝʥʦ ʰʪʘʪʥʠʡ ʨʦʟʧʠʩ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʚ ʪʘʢʽ ʧʦʩʘʜʠ: 

ʜʝʩʷʪʴ ʧʨʦʬʝʩʦʨʽʚ, ʩʽʤ ʘʜôʶʥʢʪ-ʧʨʦʬʝʩʦʨʽʚ, ʦʜʠʥ ʟʘʢʦʥʦʚʯʠʪʝʣʴ, ʤʝʭʘʥʽʢ 

ʤʝʭʘʥʽʯʥʠʭ ʤʘʡʩʪʝʨʝʥʴ, ʣʘʙʦʨʘʥʪ ʭʽʤʽʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʙʽʦʣʦʛ. ʆʜʥʘʢ ʽʟ 

ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ ʚ 
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ɯʥʩʪʠʪʫʪʽ ʥʝ ʚʜʘʣʦʩʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʩʪʘʣʦ ʪʝ, ʱʦ ʟ ʥʘʙʦʨʦʤ ʣʠʰʝ ʥʘ ʧʝʨʰʠʡ 

ʢʫʨʩ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʟʘʩʥʫʚʘʥʥʷ ʟʘʢʣʘʜʫ ʥʝ ʙʫʣʦ ʧʦʪʨʝʙʠ ʫ ʚʠʢʣʘʜʘʯʘʭ ʜʣʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ ʩʪʘʨʰʠʭ ʢʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷʤ, 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʜʨʽʞʜʞʽʚ, ʤʝʪʘʣʫʨʛʽʷ ʯʠ ʮʫʢʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʬʘʭʽʚʮʽʚ ʽʟ ʜʝʷʢʠʭ ʙʘʟʦʚʠʭ ʜʠʩʮʠʧʣʽʥ ʟʘʣʫʯʘʣʠ ʟ 

ɯʤʧʝʨʘʪʦʨʩʴʢʦʛʦ ʍʘʨʢʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɿʦʢʨʝʤʘ, ʮʝ ʩʪʦʩʫʚʘʣʦʩʷ ʚʠʢʣʘʜʘʯʽʚ 

ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʛʝʦʣʦʛʽʾ, ʩʪʘʪʠʩʪʠʢʠ, ʬʘʙʨʠʯʥʦʾ ʛʽʛʽʻʥʠ ʪʘ ʥʘʚʽʪʴ ʬʽʟʠʢʠ ʡ 

ʭʽʤʽʾ. ɼʝʷʢʽ ʟ ʥʠʭ ʙʫʣʠ ʚʠʧʫʩʢʥʠʢʘʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘ ʜʝʭʪʦ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʚʘʚ 

ʽ ʚʠʢʣʘʜʘʚ ʫ ʥʴʦʤʫ. 

ʉʪʘʥʦʤ ʥʘ 1885 ʨʽʢ ʜʦ ʩʢʣʘʜʫ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʍʇʊɯ ʦʬʽʮʽʡʥʦ 

ʚʭʦʜʠʣʠ: ʦʜʠʥ ʧʨʦʬʝʩʦʨ ɺʽʢʪʦʨ ʃʴʚʦʚʠʯ ʂʠʨʧʠʯʦʚ (ʧʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ), ʚʽʥ ʞʝ 

ʜʠʨʝʢʪʦʨ ɯʥʩʪʠʪʫʪʫ, ʜʚʘ ʘʜôʶʥʢʪ-ʧʨʦʬʝʩʦʨʠ ï ʬʽʟʠʢ ʆʣʝʢʩʘʥʜʨ ʂʦʩʪʷʥʪʠʥʦʚʠʯ 

ʇʦʛʦʨʝʣʢʦ ʪʘ ʭʽʤʽʢ ʆʣʝʢʩʘʥʜʨ ʇʘʚʣʦʚʠʯ ɽʣʴʪʝʢʦʚ; ʜʚʘ ʰʪʘʪʥʽ ʚʠʢʣʘʜʘʯʽ ï 

ɻʨʠʛʦʨʽʡ ʆʣʝʢʩʽʡʦʚʠʯ ʃʘʪʠʰʝʚ (ʢʨʝʩʣʝʥʥʷ) ʪʘ ʆʣʝʢʩʽʡ ɺʘʩʠʣʴʦʚʠʯ ɻʨʝʯʘʥʽʥʦʚ 

(ʢʨʝʩʣʝʥʥʷ ʡ ʤʝʭʘʥʽʢʘ, ʷʢʠʡ ʜʦʻʜʥʘʚʩʷ ʜʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʢʦʨʧʫʩʫ ʍʇʊɯ ʚ 1886 

ʨʦʮʽ), ʘ ʪʘʢʦʞ ʟʘʢʦʥʦʚʯʠʪʝʣʴ ɺʘʩʠʣʴ ʄʠʢʦʣʘʡʦʚʠʯ ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ [3, ʩ. 37]. 

ɿʛʦʜʦʤ, ʽʟ ʨʦʟʰʠʨʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʫʨʩʽʚ, ʱʦ ʧʦʯʘʣʠ ʚʠʢʣʘʜʘʪʠʩʴ ʚ ʽʥʩʪʠʪʫʪʽ, ʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʢʦʥʪʠʥʛʝʥʪʫ, ʧʦʩʪʫʧʦʚʦ ʧʦʧʦʚʥʶʚʘʣʠʩʷ ʡ ʣʘʚʠ 

ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ɯʥʩʪʠʪʫʪʫ. 

ʇʝʨʰʠʤ ʚʠʢʣʘʜʘʯʝʤ, ʷʢʠʡ ʟʘʢʣʘʚ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʚʠʪʢʫ ʜʠʩʮʠʧʣʽʥ ʟ 

ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʛʨʘʬʽʢʠ, ʩʪʘʚ ɻʨʠʛʦʨʽʡ ʆʣʝʢʩʽʡʦʚʠʯ ʃʘʪʠʰʝʚ. ʁʦʛʦ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʰʣʷʭ ʫ ʍʇʊɯ ʨʦʟʧʦʯʘʚʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 1885 ʨʦʮʽ, ʢʦʣʠ ʚʽʥ ʧʦʯʘʚ 

ʚʠʢʣʘʜʘʪʠ ʧʝʨʰʠʤ ʩʪʫʜʝʥʪʘʤ ɺʠʰʫ ʥʘʨʠʩʥʫ ʛʝʦʤʝʪʨʽʶ ʡ ʢʨʝʩʣʝʥʥʷ. ʋ 1886 ʨʦʮʽ 

ʚʽʥ ʜʦʜʘʪʢʦʚʦ ʧʦʯʘʚ ʯʠʪʘʪʠ ʢʫʨʩ ʣʝʢʮʽʡ ʽʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ, ʘ ʚ 1892 

ï ʽʟ ʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɿ 1893 ʨʦʢʫ ʃʘʪʠʰʝʚ ɻ. ʆ. ʦʙʽʡʥʷʚ ʧʦʩʘʜʫ ʘʜôʶʥʢʪ-

ʧʨʦʬʝʩʦʨʘ ʟ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʣʘʜʘʚ ʮʶ ʜʠʩʮʠʧʣʽʥʫ ʷʢ ʧʨʠʚʘʪ-

ʜʦʮʝʥʪ ʚ ɯʤʧʝʨʘʪʦʨʩʴʢʦʤʫ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʚ ʨʽʟʥʽ ʨʦʢʠ ʤʽʞ 1891 ʪʘ 

1916 ʨʦʢʘʤʠ, ʜʝ ʪʘʢʦʞ ʯʠʪʘʚ ʢʫʨʩ ʣʝʢʮʽʡ ʟ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ [4, ʩ. 92]. ʋ 1897 

ʨʦʮʽ ɻʨʠʛʦʨʽʡ ʆʣʝʢʩʽʡʦʚʠʯ ʦʧʫʙʣʽʢʫʚʘʚ ʧʝʨʰʠʡ ʧʽʜʨʫʯʥʠʢ çʅʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷè, 

ʷʢʠʡ ʢʦʨʠʩʪʫʚʘʚʩʷ ʚʝʣʠʢʠʤ ʫʩʧʽʭʦʤ ʽ ʟʛʦʜʦʤ ʜʚʽʯʽ ʧʝʨʝʚʠʜʘʚʘʚʩʷ (ʫ 1901 ʪʘ 1910 

ʨʦʢʘʭ) ʟʽ ʟʥʘʯʥʠʤʠ ʜʦʧʦʚʥʝʥʥʷʤʠ ʪʘ ʦʥʦʚʣʝʥʥʷʤʠ, ʟʦʢʨʝʤʘ ʟ ʧʨʠʢʣʘʜʘʤʠ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʬʽʯʥʦʾ ʩʪʘʪʠʢʠ. ʎʝʡ ʧʽʜʨʫʯʥʠʢ ʩʪʘʚ ʦʩʥʦʚʦʶ ʜʣʷ 

ʚʠʢʣʘʜʘʥʥʷ ʢʫʨʩʫ çʅʘʨʠʩʥʘ ʛʝʦʤʝʪʨʽʷè, ʷʢʠʡ ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʚʯʘʪʠ ʩʪʫʜʝʥʪʠ 

ʅʊʋ çʍʇɯè (ʪʘʢʫ ʥʘʟʚʫ ʤʘʻ ʩʫʯʘʩʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʫ ʍʘʨʢʦʚʽ) ʡ 

ʜʦʪʝʧʝʨ. 

ɿʛʦʜʦʤ ʃʘʪʠʰʝʚ ɻ. ʆ. ʟʜʦʙʫʚ ʫ 1916ï1921 ʨʦʢʘʭ ʟʚʘʥʥʷ ɿʘʩʣʫʞʝʥʦʛʦ 

ʧʨʦʬʝʩʦʨʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (ʪʘʢ ʧʦʯʘʚ ʽʤʝʥʫʚʘʪʠʩʴ 

ʍʘʨʢʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ), ʽ ʟ ʪʦʛʦ ʯʘʩʫ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʡʦʛʦ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚʠʪʢʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ [5, 6]. 

ʇʨʦʜʦʚʞʫʶʯʠ ʪʨʘʜʠʮʽʾ ɻʨʠʛʦʨʽʷ ʆʣʝʢʩʽʡʦʚʠʯʘ ʃʘʪʠʰʝʚʘ ʢʝʨʽʚʥʠʮʪʚʦ 

ʚʠʰʫ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʣʦ ʫ ʩʚʦʾʡ ʧʝʜʘʛʦʛʽʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʽʜʭʽʜ. 

ʊʘʢ, ʯʠʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʣʘʜʘʯʽʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ ʧʦʯʠʥʘʣʠ ʩʚʦʶ ʢʘʨôʻʨʫ 

ʟ ʧʦʩʘʜʠ ʚʠʢʣʘʜʘʯʽʚ ʢʨʝʩʣʝʥʥʷ. ɸ ʫ ʨʘʤʢʘʭ ʫʩʴʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 
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ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʜʚʦʭ ʬʘʢʫʣʴʪʝʪʘʭ (ʪʦʙʪʦ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ 

ʥ̔ʞʝʥʝʨʥʦʛʦ ʧʨʦʬʽʣʶ) ʥʝʨʽʜʢʦ ʟʘʤʽʩʪʴ ʢʨʝʩʣʝʥʴ ʘʙʩʪʨʘʢʪʥʠʭ ʬʽʛʫʨ ʩʪʫʜʝʥʪʠ 

ʧʨʘʮʶʚʘʣʠ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʢʨʝʩʣʝʥʴ ʨʝʘʣʴʥʠʭ ʜʝʪʘʣʝʡ, ʚʫʟʣʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʧʘʨʦʚʦʟʽʚ, ʧʘʨʦʚʠʭ ʤʘʰʠʥ, ʜʝʪʘʣʝʡ ʚʝʨʩʪʘʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʟʘʢʦʥʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʢʨʝʩʣʝʥʥʷ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ 

ʧʽʜʭʦʜʫ ʚʩʽ ʫʯʘʩʥʠʢʠ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ (ʪʦʙʪʦ ʚʠʢʣʘʜʘʯʽ ʪʘ ʩʪʫʜʝʥʪʠ) 

ʥʘʙʫʚʘʣʠ ʥʘʚʠʯʦʢ ʢʨʝʩʣʝʥʥʷ ʥʘʚʽʪʴ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʜʝʪʘʣʝʡ, 

ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʤʘʰʠʥ. ʋ ʧʦʜʘʣʴʰʦʤʫ, ʥʘ ʩʪʘʨʰʠʭ ʢʫʨʩʘʭ, ʚʠʢʦʥʘʥʥʷ ʢʨʝʩʣʝʥʴ, 

ʥʘʚʽʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʞʝ ʥʝ ʚʠʢʣʠʢʘʣʦ ʞʦʜʥʠʭ ʪʨʫʜʥʦʱʽʚ. 

ʅʘʚʯʘʣʴʥʽ ʪʘ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ ɻʨʠʛʦʨʽʷ ʆʣʝʢʩʽʡʦʚʠʯʘ ʃʘʪʠʰʝʚʘ ʟʘʢʣʘʣʠ 

ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚʠʢʣʘʜʘʥʥʷ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽ ʢʨʝʩʣʝʥʥʷ, ʷʢʽ ʩʪʘʣʠ 

ʩʧʨʘʚʞʥʽʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʢʣʘʜʘʯʽʚ ʽ ʣʘʙʦʨʘʥʪʽʚ ʥʘ ʧʦʯʘʪʢʫ 

ʾʭʥʴʦʾ ʢʘʨôʻʨʠ ʚ ʍʇʊɯ ʪʘ ʍʊɯ. ɺʦʜʥʦʯʘʩ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʽ ʚʠʧʫʩʢʥʠʢʽʚ 

ʮʠʭ ʟʘʢʣʘʜʽʚ ʦʪʨʠʤʫʚʘʣʠ ʥʘʜʽʡʥʠʡ ʬʫʥʜʘʤʝʥʪ ʫ ʚʠʛʣʷʜʽ ʦʧʘʥʦʚʘʥʠʭ ʢʫʨʩʽʚ 

ʢʨʝʩʣʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʜʠʩʮʠʧʣʽʥ. ʎʝ ʩʪʦʩʫʚʘʣʦʩʷ ʪʘʢʠʭ 

ʧʨʝʜʤʝʪʽʚ, ʷʢ ʪʝʦʨʽʷ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʤʘʰʠʥ, ʜʝʪʘʣʽ ʤʘʰʠʥ, ʧʽʜʥʽʤʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʥʽ ʤʘʰʠʥʠ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʘʨʦʚʠʭ ʤʘʰʠʥ, ʧʘʨʦʚʦʟʽʚ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɹʝʟʫʤʦʚʥʦ, ʱʦ ʫʩʧʽʰʥʝ ʚʠʚʯʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʪʘ 

ʟʥʘʨʷʜʴ, ʚʠʢʣʘʜʘʥʥʷ ʷʢʠʭ ʚʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʩʪʫʜʝʥʪʘʤ ʚʠʰʽʚ ʚʽʜʙʫʣʦʩʴ ʩʘʤʝ ʫ 

ʍʘʨʢʦʚʽ, ʚʠʤʘʛʘʣʦ ʚʽʜ ʩʪʫʜʝʥʪʽʚ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʙʝʟʜʦʛʘʥʥʠʭ ʟʥʘʥʴ 

ʩʘʤʝ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʢʨʝʩʣʝʥʥʷ. ɹʝʟ ʨʦʟʫʤʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ, ʢʨʝʩʣʝʥʴ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʝʤʣʝʨʦʙʩʴʢʠʭ ʤʘʰʠʥ ʪʘ 

ʭʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʢʨʝʩʣʝʥʴ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ 

ʮʽ ʤʘʰʠʥʠ, ʽʥʞʝʥʝʨʥʘ ʜʽʷʣʴʥʽʩʪʴ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʪʘʚ 

ʚʘʞʣʠʚʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʽ ʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ ʫ ʨʦʟʚʠʪʦʢ ʚʽʪʯʠʟʥʷʥʦʾ ʦʩʚʽʪʠ. 

ʊʘʢʠʡ ʞʝ ʩʘʤʠʡ ʧʽʜʭʽʜ ʥʝʦʙʭʽʜʥʠʡ ʽ ʫ ʩʫʯʘʩʥʠʡ ʧʝʨʽʦʜ ʧʽʜʛʦʪʦʚʢʠ 

ʽʥʞʝʥʝʨʥʠʭ ʢʘʜʨʽʚ ʜʣʷ ʘʛʨʘʨʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. ɯ ʤʘʡʙʫʪʥʽ ʽʥʞʝʥʝʨʠ-ʪʝʭʥʦʣʦʛʠ, 

ʽ ʽʥʞʝʥʝʨʠ-ʢʦʥʩʪʨʫʢʪʦʨʠ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ, ʽ ʽʥʞʝʥʝʨʠ-ʙʫʜʽʚʝʣʴʥʠʢʠ, ʱʦ 

ʟʜʦʙʫʚʘʶʪʴ ʦʩʚʽʪʫ ʚ ʘʛʨʘʨʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʥʘʰʦʾ ʜʝʨʞʘʚʠ, ʧʦʚʠʥʥʽ ʙʝʟʜʦʛʘʥʥʦ 

ʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ ʚ ʛʘʣʫʟʷʭ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʪʝʭʥʽʯʥʦʛʦ ʢʨʝʩʣʝʥʥʷ, 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ ʜʠʟʘʡʥʫ. 
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3. ɾʫʨʠʣʦ ɼ. ʖ. ʉʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ 
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ʈʆɿɺʀʊʆʂ ʅɸʋʂʆɺʆɰ ʐʂʆʃʀ ʆɹʋʍʆɺʆɰ ɺ. ʉ. 

ɺʦʣʽʥʘ ʊ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʠʣʠʧʘʢʦʶ ʉ. ʌ. ʥʘ ʅʝʩʚʽʜʦʤʽʥʠʤ ɺ. ʄ. ʫ 2000 ʪʘ 2008 ʨʦʢʘʭ ʚʽʜʧʦʚʽʜʥʦ 

ʙʫʣʦ ʟʘʭʠʱʝʥʦ ʜʦʢʪʦʨʩʴʢʽ ʜʠʩʝʨʪʘʮʽʾ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 05.01.01 çʇʨʠʢʣʘʜʥʘ 

ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘè (ʢʦʥʩʫʣʴʪʘʥʪ ï ʧʨʦʬ. ʆʙʫʭʦʚʘ ɺ. ʉ.). ʎʝ 

ʚʽʜʢʨʠʣʦ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʥʘ ʢʘʬʝʜʨʽ ʥʘʨʠʩʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. 

ʊʝʤʘʪʠʢʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʶʚʘʣʘʩʴ ʧʨʦʪʷʛʦʤ ʨʦʢʽʚ. ʅʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ (2000ï2010 ʨ.ʨ.) ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘʨʠʩʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʜʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʦʙô̒ ʢʪʽʚ (ʨʠʩ. 1).  

ɼʨʫʛʝ ʜʝʩʷʪʠʣʽʪʪʷ (2011ï2019 ʨ.ʨ.) ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʦʩʷ ʧʦʛʣʠʙʣʝʥʠʤ 

ʚʠʚʯʝʥʥʷʤ ʢʽʥʝʤʘʪʠʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʬʦʨʤ. ʂʣʶʯʦʚʠʤ ʚʝʢʪʦʨʦʤ ʩʪʘʚ 

ʘʥʘʣʽʟ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʧʦ ʰʦʨʩʪʢʠʭ ʧʦʚʝʨʭʥʷʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʩʫʧʨʦʚʽʜʥʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ʌʨʝʥʝ ʪʘ ɼʘʨʙʫ. ʇʘʨʘʣʝʣʴʥʦ 

ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʚʩʷ ʥʘʧʨʷʤʦʢ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʨʦʟʛʦʨʪʥʠʭ ʽ ʤʽʥʽʤʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʛʝʦʜʝʟʠʯʥʠʭ ʣʽʥʽʡ, ʱʦ ʟʥʘʡʰʣʦ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʤʘʩʠʚʫ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ 

ʚʠʢʣʶʯʥʦ ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʠʩʪʝʤ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʘʣʛʝʙʨʠ 

(CAS). ɸʥʘʣʽʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʘʛʘʣʦ ʩʪʚʦʨʝʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɹʘʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʪʦʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʠ 

ʧʨʦʛʨʘʤʥʽ ʩʝʨʝʜʦʚʠʱʘ MapleSoft, Mathematica ʪʘ MatLAB. 
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2000ï2008 ʨʨ.: 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʤʦʜʝʣʽ, ʢʦʥʬʦʨʤʥʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ 

2009ï2014 ʨʨ.: 

ʂʽʥʝʤʘʪʠʢʘ, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ 

ʛʝʦʤʝʪʨʽʷ 

2015ï2025 ʨʨ.: 

ɯʟʦʤʝʪʨʠʯʥʽ ʩʽʪʢʠ, 

ʜʝʬʦʨʤʘʮʽʷ 

ʌʦʢʫʩ: ʦʨʪʦʛʦʥʘʣʴʥʽ 

ʩʽʪʢʠ, ʬʫʥʢʮʽʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʥʥʦʾ, 

ʤʽʥʽʤʘʣʴʥʽ ʧʦʚʝʨʭʥʽ 

ʌʦʢʫʩ: ʩʢʣʘʜʥʠʡ ʨʫʭ 

ʪʦʯʢʠ, ʩʫʧʨʦʚʽʜʥʠʡ 

ʪʨʠʛʨʘʥʥʠʢ ʢʨʠʚʦʾ, 

ʥʘʪʫʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʌʦʢʫʩ: ʽʟʦʤʝʪʨʠʯʥʽ 

ʢʦʦʨʜʠʥʘʪʠ, ʧʨʫʞʥʦ-

ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, 

ʽʥʪʝʛʨʘʮʽʷ ʟ ʉɸʇʈ 

   
ɿʜʦʙʫʚʘʯʽ: ɸʥʘʥʝʥʢʦ 

ʊ.ɸ., ɻʨʠʱʝʥʢʦ ɯ.ʖ., 

ɼʟʶʙʘ ɺ.ɺ., 

ʏʝʨʥʠʰʦʚʘ ɽ.ʆ. 

ɿʜʦʙʫʚʘʯʽ: ɹʘʙʢʘ ɺ.ʄ., 

ɹʦʡʢʦ ʃ.ʉ., ɺʦʣʽʥʘ 

(ɿʘʭʘʨʦʚʘ) ʊ.ʄ., 

ʂʦʨʦʚʽʥʘ ɯ.ʆ., ʄʫʢʚʠʯ 

ʄ.ʄ., ʇʠʣʠʧʘʢʘ ʊ.ʉ. 

ɿʜʦʙʫʚʘʯʽ: ʂʨʝʤʝʮʴ ʊ.ʉ., 

ɹʠʯʦʢ (ʅʝʩʚʽʜʦʤʽʥʘ) ʆ.ɺ., 

ʂʨʝʤʝʮʴ ʊ.ʉ., ʅʝʩʚʽʜʦʤʽʥ 

ɸ.ɺ., ʍʨʦʧʦʩʪ ɺ.ɯ., 

ʏʝʧʽʞʥʠʡ ɸ.ɺ., ʂʨʝʤʝʮʴ 

ʗ.ʉ., 

17 ʟʘʭʠʱʝʥʠʭ ʜʠʩʝʨʪʘʮʽʡ, ʦʙôʻʜʥʘʥʠʭ ʻʜʠʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ïʚʽʜ 

ʘʙʩʪʨʘʢʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʟʘʜʘʯ. 

ʈʠʩ. 1. ʍʨʦʥʦʣʦʛʽʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʩʪʨʫʢʪʫʨʥʦ 

ʨʦʟʛʘʣʫʞʫʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʩʝʙʽʯʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ 
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ʆʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʬʦʨʤʫʣʠ ʌʨʝʥʝ ʪʘ ʚʝʢʪʦʨʠ ʩʫʧʨʦʚʽʜʥʦʛʦ 

ʪʨʠʛʨʘʥʥʠʢʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ 

ʩʢʣʘʜʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʘʰʠʥ.  

ɺʦʜʥʦʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ ʧʦʚʝʨʭʦʥʴ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʛʝʦʜʝʟʠʯʥʽ ʣʽʥʽʾ ʪʘ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ 

ʚʥʫʪʨʽʰʥʴʦʾ ʛʝʦʤʝʪʨʽʾ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʘʨʤʫʚʘʥʥʽ ʦʙʦʣʦʥʦʢ).  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʚ ʽʥʞʝʥʝʨʥʫ ʧʨʘʢʪʠʢʫ ʘʧʘʨʘʪʫ ʬʫʥʢʮʽʡ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʥʥʦʾ 

ʚʽʜʢʨʠʣʦ ʰʣʷʭ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʬʦʨʤʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʙʫʜʫʚʘʪʠ ʽʟʦʤʝʪʨʠʯʥʽ ʩʽʪʢʠ ʪʘ ʩʢʣʘʜʥʽ ʧʨʦʬʽʣʽ ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʢʫʪʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʪʫʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʢʨʠʚʠʭ ʩʪʘʣʦ ʝʬʝʢʪʠʚʥʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʫ ʟʘʜʘʯʘʭ ʟʛʠʥʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʩʢʽʣʴʢʠ ʮʝʡ 

ʤʝʪʦʜ ʛʘʨʘʥʪʫʻ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʜʦʚʞʠʥʠ ʜʫʛʠ ʧʨʠ ʪʘʢʠʭ ʜʝʬʦʨʤʘʮʽʷʭ. 

ʃʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʨʦʙʦʢ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʩʪʘʣʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʘʙʩʪʨʘʢʪʥʠʭ ʤʦʜʝʣʝʡ ʫ ʧʣʦʱʠʥʫ ʧʨʘʢʪʠʯʥʦʾ ʢʽʥʝʤʘʪʠʢʠ, ʱʦ 

ʩʬʦʨʤʫʚʘʣʦ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤʦʢ ï ʢʽʥʝʤʘʪʠʯʥʫ ʛʝʦʤʝʪʨʽʶ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ (ʨʠʩ. 3). 

ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʪʨʠʛʨʘʥʥʠʢʘ ʌʨʝʥʝ ʘʙʦ ɼʘʨʙʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʭʦʜʫ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʢʦʦʨʜʠʥʘʪ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʧʨʦ̒ʢʮʽʶʚʘʥʥʷ ʚʩʽʭ ʜʽʶʯʠʭ ʩʠʣ ʪʘ ʦʧʠʩʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʟ 

ʧʦʚʝʨʭʥʝʶ ʚ ʧʨʦʝʢʮʽʷʭ ʥʘ ʦʨʪʠ ʨʫʭʦʤʠʭ ʪʨʠʛʨʘʥʥʠʢʽʚ. 

 
ʈʠʩ. 3. ʂʽʥʝʤʘʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ 

 

ʎʝʥʪʨʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʦ ʩʢʣʘʜʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʦʧʠʩʫ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʧʦ ʰʦʨʩʪʢʠʭ 

ʧʦʚʝʨʭʥʷʭ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʮʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʣʷʛʘʻ ʚ ʾʭʥʽʡ 

ʧʨʷʤʽʡ ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʦʪʨʝʙ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʷʶʪʴ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʨʦʩʪʦʨʦʚʽ ʬʦʨʤʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ (ʜʠʩʢʠ ʚʽʜʮʝʥʪʨʦʚʠʭ ʘʧʘʨʘʪʽʚ, 

ʨʦʟʢʠʜʘʯʽ, ʧʦʣʠʮʽ ʧʣʫʛʽʚ, ʪʫʢʦʥʘʧʨʷʤʥʠʢʠ ʪʦʱʦ). 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 
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ʅʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʻ ʢʦʤʧʣʝʢʩʥʝ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʽʟʦʤʝʪʨʠʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʩʽʪʦʢ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʌʦʨʤʦʫʪʚʦʨʝʥʥʷ: ʚʽʜ ʽʟʦʤʝʪʨʽʾ ʜʦ ʪʦʯʥʠʭ ʪʘ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʛʦʨʪʦʢ 

 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʮʝʡ ʧʽʜʭʽʜ ʨʦʟʛʣʷʜʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʫ ʢʦʤʽʨʢʫ ʩʽʪʢʠ ʷʢ 

ʢʚʘʜʨʘʪ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʦʥʬʦʨʤʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʜʘʥʠʭ ʢʦʥʪʫʨʽʚ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʽ ʧʦʚʝʨʭʥʽ ʙʝʟ 

ʩʧʦʪʚʦʨʝʥʥʷ ʢʫʪʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʟʛʠʥʘʥʥʷ ʧʣʦʩʢʠʭ ʽʟʦʤʝʪʨʠʯʥʠʭ ʩʽʪʦʢ ʫ ʧʨʦʩʪʦʨʦʚʽ ʦʙʦʣʦʥʢʠ, ʟʘʩʪʦʩʦʚʘʥʦ ʘʧʘʨʘʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʚʝʨʩʽʾ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʬʦʨʤ. 

ʆʢʨʝʤʠʤ ʚʘʛʦʤʠʤ ʟʜʦʙʫʪʢʦʤ ʩʪʘʣʦ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʦʯʥʠʭ ʨʦʟʛʦʨʪʦʢ ʨʦʟʛʦʨʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʩʢʣʘʜʥʠʭ ʥʝʨʦʟʛʦʨʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʩʽʢʘʤʠ ʘʙʦ ʩʤʫʛʘʤʠ ʨʦʟʛʦʨʪʥʠʭ. 

ɺʽʜʤʦʚʠʚʰʠʩʴ ʚʽʜ ʥʘʙʣʠʞʝʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʜʫʨ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʥʶʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʦʩʪʦʨʦʚʽ 

ʬʦʨʤʠ ʥʘʙʦʨʦʤ ʦʜʥʦʪʠʧʥʠʭ ʚʽʜʩʽʢʽʚ. ʊʘʢʠʡ ʤʝʪʦʜ ʩʫʪʪʻʚʦ ʦʧʪʠʤʽʟʫʻ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʨʦʟʢʨʦʶ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʪʨʠʤʘʥʽ ʘʣʛʦʨʠʪʤʠ ʻ 

ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʣʦʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʰʥʝʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʧʦʣʠʮʴ. 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʘʩʧʝʢʪʠ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩ. 4). ʋ 

ʨʦʟʨʘʭʫʥʢʘʭ ʨʦʟʛʦʨʪʦʢ ʽ ʤʘʪʨʠʮʴ ʜʣʷ ʰʪʘʤʧʫʚʘʥʥʷ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʚʩʷ 

ʬʽʟʠʯʥʠʡ ʘʩʧʝʢʪ ʧʨʦʮʝʩʫ: ʷʚʠʱʝ ʧʨʫʞʠʥʝʥʥʷ ʤʝʪʘʣʫ ʧʽʩʣʷ ʟʛʠʥʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʫʤʦʚʠ ʥʝʟʤʽʥʥʦʩʪʽ ʦʙôʻʤʫ ʪʘ ʽʟʦʪʨʦʧʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʝʚʦʣʶʮʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʛʣʠʙʦʢʦʶ ʘʣʛʦʨʠʪʤʽʟʘʮʽʻʶ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʪʝʛʨʘʮʽʻʶ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʘʣʛʝʙʨʠ (CAS) ʫ ʧʨʦʮʝʩ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʩʦʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ 
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ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʬʨʘʛʤʝʥʪʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʜʝ ʪʦʯʥʠʡ 

ʨʝʥʜʝʨʠʥʛ ʩʢʣʘʜʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʨʝʢʪʥʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʛʨʘʬʽʯʥʠʭ ʙʽʙʣʽʦʪʝʢ. ʏʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ 

ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʢʽʥʝʤʘʪʠʢʠ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʤʘʪʨʠʯʥʽ ʦʧʝʨʘʮʽʾ ʚ 

MatLab ʽʟ ʧʦʜʘʣʴʰʦʶ 3D-ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʚ AutoCAD. 

 
ʈʠʩ. 5. ʎʠʬʨʦʚʽ ʪʨʝʥʜʠ ʪʘ ʤʘʡʙʫʪʥʻ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ 

 

ʅʘʧʨʷʤʦʢ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʰʢʦʣʠ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʽʥʪʝʛʨʘʮʽʶ 

ʢʣʘʩʠʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʥʦʚʽʪʥʽʤʠ ʮʠʬʨʦʚʠʤʠ ʪʨʝʥʜʘʤʠ (ʨʠʩ. 5). 

ʆʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʽʚ ʩʪʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʫ ʜʠʟʘʡʥ-

ʧʨʦʮʝʩʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ. 

ɯʥʰʠʤ ʚʘʛʦʤʠʤ ʢʨʦʢʦʤ ʻ ʧʝʨʝʭʽʜ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʬʦʨʤ ʫ 

ʩʝʨʝʜʦʚʠʱʘʭ ʜʦʧʦʚʥʝʥʦʾ ʪʘ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (AR/VR), ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʜʝʬʦʨʤʘʮʽʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʻ ʙʝʟʰʦʚʥʘ ʽʥʪʝʛʨʘʮʽʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽʟ ʩʫʯʘʩʥʠʤʠ CAD/CAM/CAE ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʧʨʷʤʦʾ 

ʧʝʨʝʜʘʯʽ ʤʦʜʝʣʝʡ ʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘʤʠ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ ʙʽʣʴʰʝ, ʥʽʞ ʟʘ ʯʚʝʨʪʴ ʩʪʦʣʽʪʪʷ (2000ï

2026 ʨʨ.), ʚʘʨʪʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʥʘʫʢʦʚʘ ʰʢʦʣʘ ʟʜʽʡʩʥʠʣʘ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ 

ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʚ ʋʢʨʘʾʥʽ, ʦʨʛʘʥʽʯʥʦ ʧʦʻʜʥʘʚʰʠ ʾʾ ʟ ʢʽʥʝʤʘʪʠʢʦʶ ʪʘ ʦʧʦʨʦʤ 

ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩ. 6). 
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ʈʠʩ. 6. ɯʥʬʦʛʨʘʬʽʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

 
ʈʠʩ. 7. ʉʪʘʪʠʩʪʠʢʘ ʪʘ ʪʦʧʦʣʦʛʽʷ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ 

 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʘʙʩʪʨʘʢʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʧʨʦʤʠʩʣʦʚʽ ʽʥʥʦʚʘʮʽʾ 

ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʩʝʢʪʦʨʽʚ ʙʝʟʟʘʧʝʨʝʯʥʦ ʜʦʚʦʜʠʪʴ ʾʭʥʶ ʚʠʩʦʢʫ 

ʧʨʠʢʣʘʜʥʫ ʮʽʥʥʽʩʪʴ. ɿʜʦʙʫʪʢʦʤ ʰʢʦʣʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʫʞʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʷʜʨʘ ï ʫʩʧʽʰʥʘ ʧʽʜʛʦʪʦʚʢʘ 17 ʢʘʥʜʠʜʘʪʽʚ ʪʘ 1 ʜʦʢʪʦʨʘ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ (ʨʠʩ. 7), ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʥʘʧʨʷʤʢʫ, ʦʙʨʘʥʦʤʫ ʥʘʫʢʦʚʦʶ ʰʢʦʣʦʶ ʆʙʫʭʦʚʦʾ ɺ. ʉ. 
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ʋɼʂ 514.18 

 

ʇɽʈɽʇɸʈɸʄɽʊʈʀɿɸʎɯʗ ʇʆɺɽʈʍʆʅʔ 

ʅʝʩʚʽʜʦʤʽʥ ɺ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙ̔ ʣʴʰʽʩʪʴ 

ʧʨʦʩʪʦʨʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʤʦʜʝʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʟʘʜʘʥʠʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʻʶ ὶόȟὺ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ όȟὺ-ʟʤʽʥʥʠʭ. ʂʦʦʨʜʠʥʘʪʥʘ 

όȟὺ-ʩʽʪʢʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ὶόȟὺ ʽ ʚ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜʘʻʪʴʩʷ ̔ ʟ ʧʨʷʤʠʭ ʣʽʥʽʡ ʪʘ ʢʽʣ. ʇʨʦʪʝ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʨʠʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ (ʥʘʤʦʪʫʚʘʥʥʷ, ʛʝʥʝʨʘʮʽʷ ʘʜʘʧʪʠʚʥʠʭ ʩʽʪʦʢ) 

ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʧʝʮʠʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʥʘ ʦʜʥʽʡ ʪʽʡ ʞʝ 

ʧʦʚʝʨʭʥʽ. ɼʦʩʣʽʜʠʤʦ ʩʧʦʩʽʙ ʘʣʛʝʙʨʘʾʯʥʦʾ ʧʝʨʝʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʧʦʚʝʨʭʥʽ ὶόȟὺ  
ʯʝʨʝʟ ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʜʝʬʦʨʤʘʮʽ ʁʧʣʦʩʢʦʛʦ ʜʦʤʝʥʫ (ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ό ὺ). 

ʅʝʭʘʡ ʤʘʻʤʦ ʨʝʛʫʣʷʨʥʫ ʧʦʚʝʨʭʥʶ ὶόȟὺ  ὼόȟὺȟώόȟὺȟᾀόȟὺ , 

ʚʠʟʥʘʯʝʥʫ ʥʘ ʧʨʷʤʦʢʫʪʥʦʤʫ ʜʦʤʝʥʽ Ὀ ό ȟװό  ὺ ȟὺ . ʉʪʚʦʨʠʤʦ 

ʧʨʦʤʽʞʥʠʡ ʜʚʦʚʠʤʽʨʥʠʡ ʧʨʦʩʪʨ̔ ʧʘʨʘʤʝʪʨʽʚ όȟὺ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ Ὢȡ ὈᴼὈ, ʱʦ 
ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷʤʠ ʧʝʨʝʭʦʜʫ: 

ό  ὪρόȟÖȟὺ  ὪςόȟÖ. (1) 

ʊʦʜʽ ʥʦʚʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʦʚʝʨʭʥʽ  ̒ʢʦʤʧʦʟʠʮʽʻ  ʁʚʽʜʦʙʨʘʞʝʥʴ: 

ὶόȟÖ  ὶὪρόȟÖȟὪςόȟÖȢ (2) 

ʆʙʦʚ'ʷʟʢʦʚʦʶ ʚʠʤʦʛʦʶ ʜʦ ʬʫʥʢʮʽʡ Ὢρ ʪʘ Ὢς ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʧʦʣʦʛʽʯʥʠʭ 
ʚʠʨʦʜʞʝʥʴ (ʩʢʣʘʜʦʢ). ɸʥʘʣʽʪʠʯʥʦ ʮʝʡ ʚʠʧʘʜʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʚʠʟʥʘʯʥʠʢ 

ʤʘʪʨʠʮʽ ʗʢʦʙʽ ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʜʦʤʝʥʫ, ʷʢʠʡ ʥʝ ʧʦʚʠʥʝʥ ʨʽʚʥʷʪʠʩʷ ʥʫʣʶ. 

ɸʥʘʣʽʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʫʛʦʚʦʛʦ 

ʮʠʣʽʥʜʨʘ. ʂʣʘʩʠʯʥʝ ʨʽʚʥʷʥʥʷ ʮʠʣʽʥʜʨʘ ʨʘʜʽʫʩʘ ὥ, ʜʝ ʧʘʨʘʤʝʪʨ ό ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʚʠʩʦʪʫ, ʘ ὺ ð ʟʘ ʘʟʠʤʫʪʘʣʴʥʠʡ ʢʫʪ, ʤʘʻ ʚʠʛʣʷʜ: 

ὶόȟὺ  ὥ ÃÏÓὺȟὥ ÓÉÎὺȟόȢ (3) 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʨʽʟʥʽ ʟʘʢʦʥʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʤʝʥʫ ὪρȟὪς, ʤʠ ʦʪʨʠʤʫʻʤʦ 
ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʚʝʨʭʥʶ ʨʘʜʽʫʩʘ ὥ, ʘʣʝ ʟ ʨʽʟʥʦʶ ʬʦʨʤʦʶ όȟὺ  ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʣʽʥʽʡ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʦʧʦʣʦʛʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʽʜ 

ʧʣʦʩʢʦʾ Ὢόȟὺ ʩʽʪʢʠ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ὶόȟὺ  ʩʪʨʫʢʪʫʨʠ ʚʠʜʽʣʠʤʦ 

ʢʦʦʨʜʠʥʘʪʥʫ ʣʽʥʽ ʁό ὧέὲίὸ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ, ʘ ʣʽʥʽ ʁὺ ὧέὲίὸ  ʯʝʨʚʦʥʠʤ.  

ɺ ʪʘʙʣ.1 ʨʷʜʦʢ 1 ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʧʣʦʩʢʦʾ ʩʽʪʢʠ ʫ ʚʠʛʣʷʜʽ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ʟ ʚʝʨʰʠʥʘʤʠ πȟπ, “ȟς“ ʧʦ ʜʽʘʛʦʥʘʣʽ. ɺʝʨʰʠʥʠ ʮʽʻʾ ʧʣʦʩʢʦʾ ʩʽʪʢʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʚʝʨʰʠʥʠ ʮʠʣʽʥʜʨʘ: 1) ʧʨʷʤʽ ʣʽʥʽʾ ό ὧέὲίὸ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ 

˛  ̖ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽ ʪʚʽʨʥʽ (ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ); 2) ʧʨʷʤʽ ʣʽʥʽʾ ὺ
ὧέὲίὸ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ ˛  ̔ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʢʦʣʘ ʥʘ ʮʠʣʽʥʜʨʽ (ʩʠʥʽʡ ʢʦʣʽʨ).  

ɿʜʽʡʩʥʠʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʦʩʢʦʾ ʩʽʪʢʠ όȟὺ ʚ ʧʘʨʘʣʝʣʦʛʨʘʤ 

ό  Ὧ ὺȟὺ, ʜʝ Ὧ-ʢʦʝʬʽʮʽʻʥʪ ʥʘʭʠʣʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʷʤʠʭ (ʨʷʜʦʢ 2 ʪʘʙʣ.1). ɺ 
ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʷʤʽ ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ ˛  ̖ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽ ʪʚʽʨʥʽ 

ʮʠʣʽʥʜʨʘ, ʘ ʦʩʴ ʥʘʭʠʣʝʥʽ ʧʨʷʤʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʛʚʠʥʪʦʚʽ ʥʘ ʮʠʣʽʥʜʨʽ.  
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ʊʘʙʣʠʮʷ 1. ɺʧʣʠʚ ʬʦʨʤʠ όȟὺ-ʩʽʪʢʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ ʮʠʣʽʥʜʨʘ 

N ʆʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

όȟὺ 

ʂʦʦʨʜʠʥʘʪʥʽ u,v-ʣʽʥʽʾ ʥʘ ʮʠʣʽʥʜʨʽ 

ὶόȟὺ ὼόȟὺȟώόȟὺȟᾀόȟὺ  

 

1 

 
ʧʨʷʤʦʢʫʪʥʘ ʩʽʪʢʘ 

όȟὺȟό  π ȢȢ“ȟὺ  π ȢȢ“ 

 

 
ʦʨʪʦʛʦʥʘʣʴʥʘ ʩʽʪʢʘ ʽʟ ʧʨʷʤʠʭ ʪʘ ʢʽʣ 

ὥ ὧέίὺȟὥ ίὭὲὺȟό 

 

2 

 
ʢʦʩʦʢʫʪʥʘ ʩʽʪʢʘ 

ό  Ὧ ὺȟὺȟό  π ȢȢ“ȟὺ  π ȢȢς“ 

 

 
ʩʽʪʢʘ ʽʟ ʧʨʷʤʠʭ ʪʘ ʛʚʠʥʪʦʚʠʭ ʣʽʥʽʡ 

ὥ ὧέίὺȟὥ ίὭὲὺȟό Ὧ ὺ 

 

3 

 
ʢʦʩʦʢʫʪʥʘ ʩʽʪʢʘ 

ό ȟὺ Ὧ όȟό  π ȢȢ“ȟὺ  π ȢȢς“ 

 

 
ʩʽʪʢʘ ʽʟ ʢʽʣ ʪʘ ʛʚʠʥʪʦʚʠʭ ʣʽʥʽʡ 
ὥ ὧέίὺ Ὧ όȟὥ ίὭὲὺ Ὧ όȟό 

 

4 

 
ό ρ  Ὧ ὺȟὺ ȟό π ȢȢ“ȟὺ π ȢȢς“ 

 

 
ὥ ὧέίὺȟὥ ίὭὲὺȟό ρ  Ὧ ὺ  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1 

 

5 

 
ό ὧέίὺȟό ÓÉÎ ὺ  ȟό π ȢȢ“ȟὺ

π ȢȢ“Ⱦς 

 

 
ὥ ὧέίό ÓÉÎὺ ȟὥ ίὭὲό ÓÉÎ ὺ ȟό ὧέίὺ  

 

6 

 
ὪρόȟὺȟὪςόȟὺ  ȟό π ȢȢ“ȟὺ π ȢȢ“Ⱦς 

 

 
ὥ ὧέίὪρόȟὺ ȟὥ ίὭὲὪρόȟὺ ȟὪςόȟὺ  

 

7 

 
ό Ὧ ὺͮςȟὺ ȟό π ȢȢ“ȟὺ π ȢȢς“ 

 

 
ὥ ὧέίὺȟὥ ίὭὲὺȟό Ὧ ὺͮς 

 

8 

 
ό Ὧ ÓÉÎ ὰ ὺȟὺ ȟό π ȢȢ“ȟὺ π ȢȢς“ 

 
ὥ ὧέίὺȟὥ ίὭὲὺȟό Ὧ ίὭὲὰ ὺ  
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ɼʣʷ ʚʩʽʭ ʮʠʭ ʧʝʨʝʧʘʨʘʤʝʪʨʠʟʘʮʽʡ ʮʠʣʽʥʜʨ ʟʘʣʠʰʘʻʪʴʩʷ ʮʠʣʽʥʜʨʦʤ. 

ʇʦʢʘʞʝʤʦ, ʱʦ ʜʣʷ ʨʽʟʥʠʭ ʡʦʛʦ ʘʣʛʝʙʨʘʾʯʥʠʭ ʧʝʨʝʧʘʨʘʤʝʪʨʠʟʘʮʽʡ ὶόȟὺ
 ὶὪρόȟὺȟὪςόȟὺ  ʥʝ ʙʫʜʝ ʩʧʦʪʚʦʨʝʥʴ ʮʠʣʽʥʜʨʘ ʷʢ ʮʽʣʽʩʥʦʛʦ ʦʙôʻʢʪʘ, ʘ ʣʠʰʝ 

ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʥʘʧʨʷʤʢʠ (ʪʦʧʦʣʦʛʽ)̫ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ ʥʘ ʥʴʦʤʫ. ɹʘʟʦʚʠʡ 

ʩʧʦʩʽʙ ʻ ʧʝʨʝʚʽʨʢʘ ʨʽʚʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʮʠʭ ʧʘʨʘʤʝʪʨʠʟʘʮʽʡ ʮʠʣʽʥʜʨʘ ʨʘʜʽʫʩʫ ὥ: 
ὼόȟὺ ώόȟὺ ὥȢ (4) 

ɯʥʰʠʡ ʩʧʦʩʽʙ ʧʝʨʝʚʽʨʢʠ ʽʥʜʝʥʪʠʯʥʦʩʪʽ ʧʦʚʝʨʭʥʽ  ̒ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʨʠʥʮʠʧ, 

ʱʦ ̔ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʠʭ. ɿʛʽʜʥʦ ʟ ʦʩʥʦʚʥʦʶ ʪʝʦʨʝʤʦʶ ʪʝʦʨʽʾ 

ʢʨʠʚʠʭ, ʜʚʽ ʧʨʦʩʪʦʨʦʚʽ ʣʽʥʽʾ ʻ ʢʦʥʛʨʫʝʥʪʥʠʤʠ (ʽʜʝʥʪʠʯʥʠʤʠ), ʷʢʱʦ ʟʙʽʛʘʶʪʴʩʷ 

ʾʭʥʽ ʚʥʫʪʨʽʰʥʽ ʽʥʚʘʨʽʘʥʪʠ ð ʢʨʠʚʠʥʘ ‖ ʪʘ ʢʨʫʯʝʥʥʷ (ʩʢʨʫʪ) †, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 
ʟʘʢʦʥʫ ʨʫʭʫ (ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ) ʚʟʜʦʚʞ ʥʠʭ. 

ʇʝʨʝʥʝʩʝʤʦ ʮʝʡ ʧʨʠʥʮʠʧ ʥʘ ʜʚʦʚʠʤʽʨʥʽ ʤʥʦʛʦʚʠʜʠ (ʧʦʚʝʨʭʥʽ), ʫ ʷʢʠʭ ʨʦʣʴ 

ʘʙʩʦʣʶʪʥʠʭ ʣʦʢʘʣʴʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ ʚʽʜʽʛʨʘʶʪʴ ʛʦʣʦʚʥʽ ʢʨʠʚʠʥʠ Ὧρ ʪʘ Ὧς. 
ʇʝʨʝʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʶ ʜʦʤʝʥʫ Ὢόȟὺ ʻ ʘʥʘʣʦʛʦʤ 

ʥʘʥʝʩʝʥʥʷ ʥʦʚʦʾ, ʚʠʢʨʠʚʣʝʥʦʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ ʥʘ ʦʙ'ʻʢʪ. ʃʦʢʘʣʴʥʠʡ ʙʘʟʠʩ 

ʜʦʪʠʯʥʠʭ ʚʝʢʪʦʨʽʚ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʰʦʾ ὉȟὊȟὋ ʪʘ ʜʨʫʛʦʾ ὒȟὓȟὔ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ ʧʦʚʝʨʭʥʽ, ʘʣʝ 

ʬʽʟʠʯʥʘ ʟʽʛʥʫʪʽʩʪʴ ʩʘʤʦʛʦ ʦʙ'ʻʢʪʘ ʚ ʢʦʞʥʽʡ ʡʦʛʦ ʪʦʯʮʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. 

ʆʙʯʠʩʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʢʨʠʚʠʥ ʷʢ ʢʦʨʝʥʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ὨὩὸὍὍ 
 ὯϽὍ  π ʜʘʻ ʪʦʪʦʞʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʜʝ: Ὅ, ὍὍ ï ʤʘʪʨʠʮʽ 1-ʾ ʪʘ 2-ʾ ʢʚʘʜʨʘʪʠʯʥʠʭ 

ʬʦʨʤ; Ὧ - ʛʦʣʦʚʥʽ ʢʨʠʚʠʥʠ Ὧρ, Ὧς. 
ɼʣʷ ʢʨʫʛʦʚʦʛʦ ʮʠʣʽʥʜʨʘ ʨʘʜʽʫʩʘ ὥ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦʾ 

όȟὺ-ʢʘʨʪʠ (ʘʬʽʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʩʫʚ ʯʠ ʥʝʣʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʷ), ʛʦʣʦʚʥʽ ʢʨʠʚʠʥʠ 

ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʽ ʘʥʘʣʽʪʠʯʥʦ ʩʧʨʦʱʫʶʪʴʩʷ ʜʦ ʢʦʥʩʪʘʥʪ: Ὧρ π, Ὧς ρȾὥ. 
ʊʘʢ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʡ ʮʠʣʽʥʜʨʘ (1) ʨʘʜʽʫʩʘ ὥ: 

ὶόȟὺ ὥ ὧέίὺȟὥ ίὭὲὺȟό Ὧ ὺ, (5) 

ὶόȟὺ  ὥ ὧέίὺ Ὧ όȟὥ ίὭὲὺ Ὧ όȟόȟ (6) 

ʈʽʚʥʷʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ὉȟὊȟὋ 1-ʾ ʪʘ ὒȟὓȟὔ 2-ʾ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ ʙʫʜʫʪʴ 

ʨʽʟʥʠʤʠ, ʘʣʝ ɻʘʫʩʦʚʘ ὑ ʪʘ ʩʝʨʝʜʥʷ Ὄ ʢʨʠʚʠʥʠ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʽ ʽ ʨʽʚʥʷʶʪʴʩʷ: 

ὑ
 

 
π,  Ὄ

    

 
  (7) 

ɻʦʣʦʚʥʽ ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʥʽ ὯρȟὯς ʧʦʚ'ʷʟʘʥʽ ʟ ɻʘʫʩʦʚʦʶ ὑ ʪʘ ʩʝʨʝʜʥʴʦʶ Ὄ 

ʢʨʠʚʠʥʘʤʠ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ: 
ὑ ὯρϽὯςȟ

Ὄ Ὧρ ὯςȾς
, 

(8) 

ʟʚʽʜʢʠ ʦʪʨʠʤʘʻʤʦ ʛʦʣʦʚʥʽ ʢʨʠʚʠʥʠ Ὧρ π, Ὧς ρȾὥ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʮʠʣʽʥʜʨʠʯʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚ ʢʦʞʥʽʡ ʾʾ ʪʦʯʮʽ. 

ɺʠʩʥʦʚʦʢ. ʂʝʨʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʻʶ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʥʘ 3D-ʧʦʚʝʨʭʥʷʭ 

ʝʬʝʢʪʠʚʥʦ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʾ ʘʣʛʝʙʨʘʾʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʧʣʦʩʢʦʛʦ 2D-ʜʦʤʝʥʫ. ʎʝʡ ʧʽʜʭʽʜ ʫʩʫʚʘʻ ʧʦʪʨʝʙʫ ʚ ʩʢʣʘʜʥʦʤʫ ʪʝʥʟʦʨʥʦʤʫ 

ʯʠʩʣʝʥʥʽ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʛʘʨʘʥʪʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʽʜʝʘʣʴʥʫ ʛʣʘʜʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ (ʟʘ ʫʤʦʚʠ ʢʦʥʪʨʦʣʶ ʗʢʦʙʽʘʥʘ). ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ 

ʣʝʛʢʦ ʘʣʛʦʨʠʪʤʽʟʫʻʪʴʩʷ ʟʘʜʘʥʥʷʤ ʚʠʜʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜ όȟὺ-ʜʦʤʝʥʦʤ.  
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ʋɼʂ 514.18 

 

ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʂɸʅɸʃʆʇʆɼɯɹʅʀʍ ɻɺʀʅʊʆɺʀʍ ʇʆɺɽʈʍʆʅʔ 

ɯɿ ʉʄʋɻ ʊʆʈʉɯɺ 

ʇʠʣʠʧʘʢʘ ʉ.ʌ., ʅʝʩʚʽʜʦʤʽʥ ɸ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ  

 

ʅʝʨʦʟʛʦʨʪʥʽ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʩʤʫʛʘʤʠ ʨʦʟʛʦʨʪʥʠʭ. ʇʨʠ 

ʮʴʦʤʫ ʩʤʫʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟʤʽʥʥʦʾ, ʪʘʢ ʽ ʩʪʘʣʦʾ ʰʠʨʠʥʠ. ʗʢʱʦ ʥʝʨʦʟʛʦʨʪʥʫ 

ʧʦʚʝʨʭʥʶ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʩʤʫʛʦʶ ʪʦʨʩʘ ʚʟʜʦʚʞ ʣʽʥʽʾ ʾʾ ʢʨʠʚʠʥʠ, ʪʦ ʧʨʷʤʦʣʽʥʽʡʥʽ 

ʪʚʽʨʥʽ ʨʦʟʛʦʨʪʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʣʽʥʽʾ ʜʦʪʠʢʫ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʣʽʥʽʷ ʜʦʪʠʢʫ ʻ ʣʽʥʽʻʶ ʢʨʠʚʠʥʠ ʷʢ ʜʣʷ ʥʝʨʦʟʛʦʨʪʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʫ 

ʘʧʨʦʢʩʠʤʫʶʪʴ, ʪʘʢ ʽ ʜʣʷ ʨʦʟʛʦʨʪʥʦʾ, ʷʢʦʶ ʘʧʨʦʢʩʠʤʫʶʪʴ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʢʣʘʜʘʪʠ ʦʜʥʘʢʦʚʽ ʚʽʜʨʽʟʢʠ ʚʟʜʦʚʞ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʪʚʽʨʥʠʭ ʪʦʨʩʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʣʽʥʽʾ ʜʦʪʠʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʠʚʦʣʽʥʽʡʥʘ ʩʤʫʛʘ 

ʩʪʘʣʦʾ ʰʠʨʠʥʠ, ʦʙʤʝʞʝʥʘ ʝʢʚʽʜʠʩʪʘʥʪʥʠʤʠ ʢʨʠʚʠʤʠ. ʅʝ ʚʩʷʢʽ ʧʦʚʝʨʭʥʽ 

ʜʦʧʫʩʢʘʶʪʴ ʘʧʨʦʢʩʠʤʘʮʽʶ ʩʤʫʛʘʤʠ ʩʪʘʣʦʾ ʰʠʨʠʥʠ. ɺ ʧʨʘʮʽ [1] ʨʦʟʛʣʷʥʫʪʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦʚʝʨʭʥʽ ʢʫʣʽ ʥʝʧʝʨʝʨʚʥʦʶ ʩʤʫʛʦʶ ʩʪʘʣʦʾ ʰʠʨʠʥʠ. ʊʘʢʫ 

ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʦʧʫʩʢʘʶʪʴ ʪʨʫʙʯʘʩʪʽ ʧʦʚʝʨʭʥʽ ʙʝʟ ʣʽʥʽʡ ʩʘʤʦʧʝʨʝʪʠʥʫ. 

ʗʢʱʦ ʚʽʩʩʶ ʪʨʫʙʯʘʩʪʦʾ ʧʦʚʝʨʭʥʽ ʻ ʛʚʠʥʪʦʚʘ ʣʽʥʽʷ, ʪʦ ʾʾ ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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   (1) 

ʜʝ Ŭ ʽ v ï ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʮʴʦʤʫ Ŭ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʪʦʯʢʠ ʥʘʚʢʦʣʦ 

ʦʩʽ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ ʧʨʠ ʾʾ ʨʫʩʽ ʧʦ ʥʽʡ; v ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʪʦʯʢʠ ʥʘʚʢʦʣʦ ʮʝʥʪʨʫ 

ʪʚʽʨʥʦʛʦ ʢʦʣʘ ʧʨʠ ʾʾ ʨʫʩʽ ʧʦ ʥʴʦʤʫ. ɼʦ ʨʽʚʥʷʥʴ (1) ʚʭʦʜʷʪʴ ʩʪʘʣʽ ʚʝʣʠʯʠʥʠ: ʘ ï 

ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ, ʥʘ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʘ ʛʚʠʥʪʦʚʘ ʣʽʥʽʷ, b ï ʛʚʠʥʪʦʚʠʡ ʧʘʨʘʤʝʪʨ, 

ɟ ï ʨʘʜʽʫʩ ʪʚʽʨʥʦʛʦ ʢʦʣʘ. 

ʋ ʧʦʚʝʨʭʥʽ, ʦʧʠʩʘʥʦʾ ʨʽʚʥʷʥʥʷʤʠ (1) ʪʽʣʴʢʠ ʦʜʥʘ ʩʽʤô̫  ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ 

ï ʩʽʤô̫  ʢʽʣ ï ʻ ʣʽʥʽʷʤʠ ʢʨʠʚʠʥʠ. ʉʽʪʢʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʢʦʩʦʢʫʪʥʘ. ʃʽʥʽʷʤʠ 

ʜʦʪʠʢʫ ʩʤʫʛ ʜʦ ʧʦʚʝʨʭʥʽ ʙʫʜʝ ʜʨʫʛʘ ʩʽʤô̫  ʣʽʥʽʡ ʢʨʠʚʠʥʠ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ. 

ɼʣʷ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʥʦʚʽ ʟʤʽʥʥʽ ʟʘʤʽʩʪʴ ʽʩʥʫʶʯʠʭ:  
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=a ,    (2) 

ʜʝ s ï ʥʦʚʘ ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʧʦʚʝʨʭʥʽ ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʣʽʥʽʾ ʮʝʥʪʨʽʚ; w ï ʜʨʫʛʘ 

ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ï ʪʝʞ ʢʫʪ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ w=0é2́, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʘʤʢʥʝʥʽ ʪʚʽʨʥʽ ʢʦʣʘ ʪʨʫʙʯʘʩʪʦʾ ʧʦʚʝʨʭʥʽ. 
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ʅʘ ʨʠʩ. 1,ʘ ʧʦʙʫʜʦʚʘʥʠʡ ʦʜʠʥ ʚʠʪʦʢ ʧʦʚʝʨʭʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (1), ʘ ʥʘ ʨʠʩ. 

1,ʙ ï ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʥʦʚʠʭ ʟʤʽʥʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ (2). ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʩʽʪʢʘ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʘ, ʘ ʚ ʜʨʫʛʦʤʫ ʦʨʪʦʛʦʥʘʣʴʥʘ, ʪʦʤʫ ʱʦ ʦʙʠʜʚʽ 

ʩʽʤôʾ  ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʾ ʻ ʣʽʥʽʷʤʠ ʢʨʠʚʠʥʠ. ʗʢʱʦ ʚ ʜʨʫʛʽʡ ʟʘʣʝʞʥʦʩʪʽ (2) 

ʧʨʠʡʥʷʪʠ w=const, ʪʦ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʜʽʣʠʪʴʩʷ ʣʽʥʽʷ ʢʨʠʚʠʥʠ ʜʨʫʛʦʾ ʩʽʤôʾ . 

ʇʦʨʽʚʥʶʶʯʠ ʨʠʩ. 1, ʘ ʽ ʨʠʩ. 1,ʙ, ʙʘʯʠʤʦ ʱʦ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʷ ʢʨʠʚʠʥʠ 

(ʪʦʙʪʦ ʣʽʥʽʷ ʜʦʪʠʢʫ), ʻ ʦʜʥʽʻʶ ʽʟ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ. 

  
     ʘ       ʙ 

ʈʠʩ. 1. ʊʨʫʙʯʘʩʪʘ ʛʚʠʥʪʦʚʘ ʧʦʚʝʨʭʥʷ ʧʨʠ ʘ=2;   b=1,1; ɟ=1 ʟ ʚʠʜʽʣʝʥʦʶ ʣʽʥʽʻʶ 

ʢʨʠʚʠʥʠ ʥʘ ʥʽʡ: ʘ) ʩʽʤô̒ ʶ ʣʽʥʽʡ ʢʨʠʚʠʥʠ ʻ ʪʽʣʴʢʠ ʢʘʨʢʘʩ ʪʚʽʨʥʠʭ ʢʽʣ; 

 ʙ) ʦʙʠʜʚʽ ʩʽʤôʾ  ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʻ ʣʽʥʽʷʤʠ ʢʨʠʚʠʥʠ 

 

ʅʘ ʨʠʩ. 2,ʘ ʚʟʜʦʚʞ ʣʽʥʽʾ ʢʨʠʚʠʥʠ ʧʦʙʫʜʦʚʘʥʘ ʩʤʫʛʘ ʨʦʟʛʦʨʪʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʊʘʢʠʭ ʩʤʫʛ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ, ʧʦʯʠʥʘʶʯʠ ʽʟ ʪʨʴʦʭ. ʑʦʙ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʧʦʚʝʨʭʥʶ ʩʤʫʛʘʤʠ, ʧʦʪʨʽʙʥʦ ʣʽʥʽʾ ʜʦʪʠʢʫ ʨʦʟʪʘʰʫʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʤʽʨʥʦ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 2,ʙ ʪʘʢʠʭ ʩʤʫʛ ʯʦʪʠʨʠ, ʘ ʥʘ ʨʠʩ. 2,ʚ ï ʰʽʩʪʴ. ʉʤʫʛʠ ʚʟʜʦʚʞ 

ʣʽʥʽʾ ʜʦʪʠʢʫ ʙʫʜʫʚʘʣʠʩʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʘ ʻ ʣʽʥʽʻʶ ʢʨʠʚʠʥʠ, ʘ ʥʦʨʤʘʣʴ ʜʦ 

ʧʦʚʝʨʭʥʽ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʢʨʠʚʦʾ ʟʘʜʘʻ ʜʦʪʠʯʥʫ ʧʣʦʱʠʥʫ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʨʷʤʦʣʽʥʽʡʥʘ ʪʚʽʨʥʘ. 

ɹʫʣʦ ʟʥʘʡʜʝʥʦ ʨʦʟʛʦʨʪʢʫ ʢʦʞʥʦʾ ʩʤʫʛʠ ʜʣʷ ʩʢʣʘʜʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʦʙʨʘʞʝʥʦʾ 

ʥʘ ʨʠʩ. 2,ʙ. ɿʘ ʦʩʥʦʚʫ ʙʫʣʦ ʚʟʷʪʦ ʧʦʣʦʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʨʦ ʪʝ, 

ʱʦ ʛʝʦʜʝʟʠʯʥʘ ʢʨʠʚʠʥʘ ʢʨʠʚʦʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʛʠʥʘʥʥʽ ʧʦʚʝʨʭʥʽ. ɿʘ 

ʟʥʘʡʜʝʥʦʶ ʛʝʦʜʝʟʠʯʥʦʶ ʢʨʠʚʦʶ ʙʫʜʫʚʘʣʘʩʷ ʧʣʦʩʢʘ ʢʨʠʚʘ, ʷʢʘ ʻ ʣʽʥʽʻʶ ʜʦʪʠʢʫ ʥʘ 

ʨʦʟʛʦʨʪʮʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʚʽʜ ʢʨʠʚʦʾ 

ʙʫʜʫʚʘʣʠʩʷ ʝʢʚʽʜʠʩʪʘʥʪʥʽ ʢʨʠʚʽ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʩʤʫʛʫ. ʐʠʨʠʥʘ ʩʤʫʛʠ 

ʚʠʟʥʘʯʘʣʘʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʤʝʞʫʚʘʣʴʥʽ ʣʽʥʽʾ ʩʫʩʽʜʥʽʭ ʩʤʫʛ 

ʟʙʽʛʘʣʠʩʷ. ʇʨʷʤʦʣʽʥʽʡʥʽ ʪʚʽʨʥʽ ʥʘ ʨʦʟʛʦʨʪʮʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʣʽʥʽʾ ʜʦʪʠʢʫ, ʻ 

ʣʽʥʽʷʤʠ ʟʛʠʥʘʥʥʷ ʩʤʫʛʠ. 
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   ʘ    ʙ    ʚ 

ʈʠʩ. 2. ʇʦʚʝʨʭʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʧʨʠ ʘ=2;   b=1; ɟ=1 

 

ʊʘʢʦʞ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʥʘʪʫʨʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʧʽʜʪʚʝʨʜʠʣʘ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ (ʨʠʩ. 4). ɼʦ ʥʝʾ ʥʝ ʜʦʣʫʯʠʣʠ ʦʜʥʽʻʾ ʩʤʫʛʠ, ʦʩʢʽʣʴʢʠ ʥʝ ʙʫʣʦ ʙ ʚʠʜʥʦ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʪʚʽʨʥʠʭ, ʚʟʜʦʚʞ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʠʥʘʥʥʷ ʩʤʫʛ, ʽ ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚʩʝʨʝʜʠʥʽ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

  
ʈʠʩ. 4. ʅʘʪʫʨʥʘ ʤʦʜʝʣʴ, ʚʠʛʦʪʦʚʣʝʥʘ 

ʟô̒ ʜʥʘʥʥʷʤ ʨʦʟʛʦʨʪʦʢ ʦʢʨʝʤʠʭ ʩʤʫʛ 

ʈʠʩ. 5. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʢʦʥʪʫʨʽʚ 

ʨʦʟʛʦʨʪʢʠ ʩʤʫʛʠ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʯʠʩʣʘ ʾʾ ʚʠʪʢʽʚ 

ʃʽʪʝʨʘʪʫʨʘ 

1. A technique for approximating a tubular helical surface with strips of toruses. 

Nesvidomin, A., Pylypaka, S., Nesvidomin, V., Babka, V., Shoman, O., Savoiskyi, O., 

Pylypaka, T., Lokhonia, M., Semirnenko, S., Borodai, Y. Eastern-European Journal of 

Enterprise Technologies, 6(1 (138), 64ï70. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.scopus.com/pages/publications/105031529334?origin=resultslist  

https://www.scopus.com/pages/publications/105031529334?origin=resultslist
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ʋɼʂ 514.18 

 

ʇɽʈɽʍɯɼʅɯ ʂʈʀɺɯ ɼʃʗ ʇʃɸɺʅʆɻʆ ɿôɭɼʅɸʅʅʗ ʃɯʅɯʁ ɯɿ 

ɿɸɼɸʅʀʄʀ ʂʈʀɺʀʅɸʄʀ ʅɸ ɰʍ ʂɯʅʎʗʍ 

ʅʝʩʚʽʜʦʤʽʥ ɸ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ  

 

ʋ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʧʨʦʻʢʪʫʚʘʥʥʽ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʣʝʟ ʪʫʨʙʽʥ, 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʫʟʦʚʽʚ ʘʙʦ ʚʝʨʩʪʘʪʥʠʭ ʪʨʘʻʢʪʦʨʽʡ) ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʝʩʪʝʪʠʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʪʘ ʷʢʦʩʪʽ ʬʨʝʟʝʨʫʚʘʥʥʷ. ɿ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʦʯʥʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʟô̒ ʜʥʘʥʴ ʢʨʠʚʠʭ. 

ɺʽʜʦʤʦʶ ʢʨʠʚʦʶ, ʷʢʘ ʟô̒ ʜʥʫʻ ʧʨʷʤʦʣʽʥʽʡʥʫ ʽ ʢʨʠʚʦʣʽʥʽʡʥʫ ʜʽʣʷʥʢʠ ʟʘ ʜʨʫʛʠʤ 

ʧʦʨʷʜʢʦʤ ʛʣʘʜʢʦʩʪʽ, ʻ ʢʣʦʪʦʾʜʘ. ɺ ʪʦʯʮʽ ʟô̒ ʜʥʘʥʥʷ ʣʽʥʽʡ ʜʦʪʠʯʥʘ ʩʧʽʣʴʥʘ ʽ 

ʢʨʠʚʠʥʠ ʾʭ ʢʽʥʮʽʚ ʤʘʶʪʴ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʽʟ ʨʦʟʚʠʪʢʦʤ ʚʠʩʦʢʦʪʦʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ, ʦʩʢʽʣʴʢʠ ʢʨʠʚʠʥʘ ʢʣʦʪʦʾʜʠ ʟʤʽʥʶʻʪʴʩʷ 

ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. ʗʢʱʦ ʾʾ ʜʫʛʘ ʟô̒ ʜʥʫʻ ʜʚʽ ʜʫʛʠ ʢʦʣʘ ʽʟ ʩʪʘʣʠʤʠ ʢʨʠʚʠʥʘʤʠ, ʪʦ 

ʛʨʘʬʽʢ ʢʨʠʚʠʥʠ ʪʘʢʦʾ ʩʢʣʘʜʝʥʦʾ ʣʽʥʽʾ ʻ ʣʘʤʘʥʦʶ ʣʽʥʽʻʶ, ʭʦʯʘ ʩʘʤʘ ʢʨʠʚʘ ʤʘʻ 

ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʛʣʘʜʢʦʩʪʽ ʫ ʪʦʯʢʘʭ ʟô̒ ʜʥʘʥʥʷ. 

ɺ ʟʚô̫ ʟʢʫ ʽʟ ʮʠʤ ʜʦʮʽʣʴʥʦ ʣʘʤʘʥʫ ʣʽʥʽʶ ʛʨʘʬʽʢʘ ʢʨʠʚʠʥʠ ʟʘʤʽʥʠʪʠ ʧʣʘʚʥʦʶ 

ʢʨʠʚʦʶ. ɻʨʘʬʽʢ ʢʨʠʚʠʥʠ ʦʧʠʩʫʻʪʴʩʷ ʢʫʙʽʯʥʠʤ ʧʦʣʽʥʦʤʦʤ ʽʟ ʟʘʜʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʨʠʚʠʥ kA ʽ kɺ ʚ ʪʦʯʢʘʭ ɸ ʽ ɺ, ʪʦʙʪʦ ʥʘ ʢʽʥʮʷʭ ʜʫʛʠ ʧʝʨʝʭʽʜʥʦʾ ʢʨʠʚʦʾ 

ʜʦʚʞʠʥʦʶ S: 
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ʇʦ ʩʫʪʽ, ʨʽʚʥʷʥʥʷ (1) ʻ ʥʘʪʫʨʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ k=k(s) ʢʨʠʚʦʾ. ɺʦʥʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʫ ʟʤʽʥʫ ʛʨʘʬʽʢʘ ʢʨʠʚʠʥʠ ʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʜʦʪʠʯʥʠʤʠ ʥʘ ʡʦʛʦ 

ʢʽʥʮʷʭ. ʉʘʤʫ ʢʨʠʚʫ ʧʦʪʨʽʙʥʦ ʙʫʜʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʽʥʪʝʛʨʫʚʘʥʥʷ, ʷʢ ʽ ʢʣʦʪʦʾʜʫ. ʗʢʱʦ ʟʘʜʘʪʠ ʢʨʠʚʠʥʠ ʥʘ ʢʽʥʮʷʭ ʢʨʠʚʦʾ ʽʟ 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʟʥʘʢʘʤʠ, ʪʦ ʚʦʥʘ ʤʘʪʠʤʝ ʪʦʯʢʫ ʧʝʨʝʛʠʥʫ, ʚ ʷʢʽʡ ʢʨʠʚʠʥʘ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. ʅʘ ʨʠʩ. 1,ʘ ʧʦʙʫʜʦʚʘʥʘ  ʪʘʢʘ ʧʝʨʝʭʽʜʥʘ ʢʨʠʚʘ ʽʟ ʦʜʥʘʢʦʚʠʤ ʘʙʩʦʣʶʪʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʨʠʚʠʥʠ ʥʘ ʢʽʥʮʷʭ, ʘ ʥʘ ʨʠʩ. 1,ʙ ï ʛʨʘʬʽʢ ʟʤʽʥʠ ʾʾ ʢʨʠʚʠʥʠ. 

    
  ʘ      ʙ 

ʈʠʩ. 1. ɻʨʘʬʽʯʥʽ ʽʣʶʩʪʨʘʮʽʾ ʜʦ ʧʝʨʝʭʽʜʥʦʾ ʢʨʠʚʦʾ ʟ ʢʨʠʚʠʥʘʤʠ ʥʘ ʢʽʥʮʷʭ ʜʫʛʠ 

kA=4,  kɺ=-4 ̔  ʜʦʚʞʠʥʦʶ S=8 

 

ʂʨʠʚʘ ʧʦʜʽʙʥʘ ʜʦ ʢʣʦʪʦʾʜʠ, ʘʣʝ ʥʝ ʻ ʥʝʶ. ʋ ʢʣʦʪʦʾʜʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

k=k(s) ʻ ʣʽʥʽʡʥʠʤ, ʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 1,ʙ) ï ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʧʣʘʚʥʠʤ. 
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ʋɼʂ 514.18 

 

ʅɽʇɽʈɽʈɺʅɽ ɿɻʀʅɸʅʅʗ ɺɯɼʂʈʀʊʆɻʆ ɻɽʃɯʂʆɰɼɸ ɼʃʗ ʇʆɹʋɼʆɺʀ 

ʈʆɿɻʆʈʊʂʀ 

ʍʨʦʧʦʩʪ1 ɺ.ɯ., ʇʠʣʠʧʘʢʘ2 ʉ.ʌ., ʂʨʝʩʘʥ1 ʊ.ɸ. 

1 ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ çʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 
2 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʃʽʥʽʡʯʘʪʽ ʥʝʨʦʟʛʦʨʪʥʽ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʥʝʧʝʨʝʨʚʥʦʛʦ ʟʛʠʥʘʥʥʷ 

ʙʝʟ ʚʪʨʘʪʠ ʧʨʷʤʦʣʽʥʽʡʥʦʩʪʽ ʪʚʽʨʥʠʭ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʚʦʶ ʣʽʥʽʡʯʘʪʽʩʪʴ. ʋ 

ʨʦʙʦʪʽ ʮʝʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦ ʧʨʷʤʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʛʝʣʽʢʦʾʜʘ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ 

ʡʦʛʦ ʥʘʙʣʠʞʝʥʦʾ ʨʦʟʛʦʨʪʢʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʛʚʠʥʪʦʚʠʡ ʢʦʥʦʾʜ 

(ʰʥʝʢ), ʷʢʠʡ ʻ ʣʽʥʽʡʯʘʪʠʤ ʣʠʰʝ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ. 

ʇʨʷʤʠʡ ʟʘʢʨʠʪʠʡ ʛʝʣʽʢʦʾʜ (ʰʥʝʢ), ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʫ ʪʝʭʥʽʮʽ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʛʚʠʥʪʦʚʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʚʽʜʨʽʟʢʘ ʟ ʧʝʨʝʪʠʥʦʤ ʦʩʽ. ɺʽʜʢʨʠʪʠʡ 

ʛʝʣʽʢʦʾʜ ʬʦʨʤʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ, ʦʜʥʘʢ ʡʦʛʦ ʪʚʽʨʥʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴ ʚʽʩʴ ʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʩʪʘʣiʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʝʾ. ʋ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ ʮʽʻʾ ʚʽʜʩʪʘʥʽ 

ʛʝʦʤʝʪʨʠʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʚʽʜʢʨʠʪʠʤ ʽ ʟʘʢʨʠʪʠʤ ʛʝʣʽʢʦʾʜʘʤʠ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʅʘʡʪʦʯʥʽʰʝ ʚʽʜʪʚʦʨʝʥʥʷ ʚʠʪʢʘ ʚʽʜʢʨʠʪʦʛʦ ʛʝʣʽʢʦʾʜʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʰʪʘʤʧʫʚʘʥʥʷʤ, ʪʦʜʽ ʷʢ ʫ ʤʘʣʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʰʣʷʭʦʤ ʨʦʟʪʷʛʫʚʘʥʥʷ ʟʚʘʨʝʥʠʭ ʧʣʦʩʢʠʭ ʢʽʣʝʮʴ ʫʟʜʦʚʞ ʚʘʣʘ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʽʭ ʨʦʟʤʽʨʽʚ. 

 

      
  ʘ       ʙ 

ʈʠʩ. 1. ʇʨʦʝʢʮʽʾ ʚʠʪʢʘ ʧʨʷʤʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʛʝʣʽʢʦʾʜʘ: ʘ) ʬʨʦʥʪʘʣʴʥʘ ʧʨʦʝʢʮʽʷ; 

 ʙ) ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʦʝʢʮʽʷ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʛʦʨʪʢʠ ʰʥʝʢʘ ʷʢ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʫ ʪʝʭʥʽʮʽ 

ʧʦʚʝʨʭʦʥʴ ʥʘʷʚʥʽ ʚʽʜʧʦʚʽʜʥʽ ʜʦʚʽʜʢʦʚʽ ʤʘʪʝʨʽʘʣʠ. ɺʦʜʥʦʯʘʩ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ 

ʛʝʣʽʢʦʾʜʘ ʪʘʢʽ ʚʽʜʦʤʦʩʪʽ ʚʽʜʩʫʪʥʽ, ʪʦʤʫ ʥʘʙʣʠʞʝʥʫ ʨʦʟʛʦʨʪʢʫ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ 



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 
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ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʦʞʝʥʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʟʦʢʨʝʤʘ ʚʽʜʦʤʦʛʦ ʬʘʢʪʫ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦʛʦ ʟʛʠʥʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʛʚʠʥʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʦʚʝʨʭʥʶ 

ʦʙʝʨʪʘʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʪʦʢ ʚʽʜʢʨʠʪʦʛʦ ʛʝʣʽʢʦʾʜʘ ʜʦʮʽʣʴʥʦ ʟʽʛʥʫʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʠʡ ʚʽʜʩʽʢ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʡ 

ʢʦʥʫʩʦʤ. ɼʣʷ ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʨʦʟʛʦʨʪʥʦʾ, ʽʩʥʫʻ ʪʦʯʥʘ ʨʦʟʛʦʨʪʢʘ, ʱʦ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʣʫʛʫʚʘʪʠʤʝ ʥʘʙʣʠʞʝʥʦʶ ʨʦʟʛʦʨʪʢʦʶ ʚʠʪʢʘ ʚʽʜʢʨʠʪʦʛʦ 

ʛʝʣʽʢʦʾʜʘ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʟʛʠʥʘʥʥʷ ʧʦʚʝʨʭʥʽ ʽʟ, 

ʢʦʣʠ ʧʦʯʘʪʢʦʚʠʤ ʩʪʘʥʦʤ ʻ ʧʦʚʝʨʭʥʷ ʧʨʷʤʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʛʝʣʽʢʦʾʜʘ, ʘ ʢʽʥʮʝʚʠʤ ï 

ʧʦʚʝʨʭʥʷ ʦʜʥʦʧʦʨʦʞʥʠʥʥʦʛʦ ʛʽʧʝʨʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ: 

  

( )
( )

( )
( )

( )
( )

( )
( )

( ).sinsin

;
cos

cos
coscos

cos

cos
sin

cos

coscos

;
cos

cos
sincos

cos

cos
cos

cos

coscos

ggg

gg

g
gg

gg

g

g

ggg

gg

g
gg

gg

g

g

ggg

-+=

öö
÷

õ
ææ
ç

å

-
-+

+öö
÷

õ
ææ
ç

å

-

-
=

öö
÷

õ
ææ
ç

å

-
--

-öö
÷

õ
ææ
ç

å

-

-
=

pupsZ

s
pa

pu

s
pa

ppa
Y

s
pa

pu

s
pa

ppa
X

   (1) 

ʋ ʨʽʚʥʷʥʥʷʭ (1) ʷʢ ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ί, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʞʠʥʽ 
ʜʫʛʠ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʮʠʣʽʥʜʨʽ ʨʘʜʽʫʩʘ ὥ, ʘ ʪʘʢʦʞ όð ʜʦʚʞʠʥʫ 

ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʪʚʽʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʽʜʣʽʢ ʷʢʦʾ ʚʝʜʝʪʴʩʷ ʚʽʜ ʟʘʟʥʘʯʝʥʦʾ ʛʚʠʥʪʦʚʦʾ 

ʣʽʥʽʾ. ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʻ ʩʪʘʣʠʤʠ: ‎ʚʠʟʥʘʯʘʻ ʢʫʪ ʧʽʜʡʦʤʫ ʮʽʻʾ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ, ʘ ὴ ʻ 
ʧʘʨʘʤʝʪʨʦʤ ʟʛʠʥʘʥʥʷ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʜʦ 0 ð ʾ ʾ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʫ. ɼʣʷ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʦʛʦ 

ʚʽʜʩʽʢʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʽʜʣʷʛʘʻ ʟʛʠʥʘʥʥʶ, ʩʣʽʜ ʟʘʜʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʘ ʪʘʢʦʞ ʤʝʞʽ ʟʤʽʥʠ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ί ̔ ό. 
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ʋɼʂ 514.18 

 

ʂʈʀɺɯ ʂʆʃɽʉɸ, ʆɼʅɽ ɿ ʗʂʀʍ  ʆʂʈɽʉʃɽʅɽ ʂʆʃʆʄ ɿɯ ɿʄɯʑɽʅʀʄ 

ʎɽʅʊʈʆʄ ʆɹɽʈʊɸʅʅʗ 
 

ʂʨʝʩʘʥ ʊ.ɸ.,1 ʇʠʣʠʧʘʢʘ ʉ.ʌ.,2 ʍʨʦʧʦʩʪ ɺ.ɯ.1, ʌʝʜʦʨʠʥʘ ʊ.ʇ.1 
1ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ çʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺ ʧʝʨʝʜʘʯʘʭ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʷʢ ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤʠ ʦʩʷʤʠ, ʪʘʢ ʽ 

ʤʠʤʦʙʽʞʥʠʤʠ, ʘ ʪʘʢʦʞ ʟ ʪʘʢʠʤʠ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʣʽ 

ʮʝʥʪʨʦʾʜ ʢʨʫʛʣʽ ʢʦʣʝʩʘ ʽʟ ʩʪʘʣʠʤ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʯʠʩʣʦʤ. ʊʘʢʽ ʧʝʨʝʜʘʯʽ ʻ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ. ʆʜʥʘʢ ʻ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʜʘʯ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʥʝʢʨʫʛʣʠʤʠ ʢʦʣʝʩʘʤʠ ʽʟ ʟʤʽʥʥʠʤ 

ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʯʠʩʣʦʤ. ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʢʦʣʽʩ ʻ ʜʚʘ ʢʦʥʛʨʫʝʥʪʥʽ 

ʝʣʽʧʩʠ, ʫ ʷʢʠʭ ʮʝʥʪʨʠ ʦʙʝʨʪʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʬʦʢʫʩʘʭ. ʗʢʱʦ ʚʟʷʪʠ ʢʨʫʛʣʝ 

ʢʦʣʝʩʦ, ʦʢʨʝʩʣʝʥʝ ʢʦʣʦʤ, ʽ ʟʘ ʮʝʥʪʨ ʦʙʝʨʪʘʥʥʷ ʚʟʷʪʠ ʪʦʯʢʫ, ʟʤʽʱʝʥʫ ʚʽʜʥʦʩʥʦ 

ʡʦʛʦ ʮʝʥʪʨʘ ʥʘ ʧʝʚʥʫ ʚʝʣʠʯʠʥʫ, ʪʦ ʢʨʫʛʣʝ ʢʦʣʝʩʦ ʩʪʘʻ ʥʝʢʨʫʛʣʠʤ. ʗʢʱʦ ʡʦʛʦ 

ʚʚʘʞʘʪʠ ʚʝʜʫʯʠʤ, ʪʦ ʚʽʜʰʫʢʘʥʥʷ ʢʦʥʪʫʨʫ ʚʝʜʝʥʦʛʦ ʢʦʣʝʩʘ ʽ ʮʝʥʪʨʘ ʦʙʝʨʪʘʥʥʷ 

ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʝʜʝʥʝ ʢʦʣʝʩʦ ʙʫʜʝ 

ʦʢʨʝʩʣʝʥʝ ʥʝ ʢʦʣʦʤ, ʘ ʽʥʰʦʶ ʟʘʤʢʥʝʥʦʶ ʢʨʠʚʦʶ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʟʘ ʦʜʠʥ ʧʦʚʥʠʡ 

ʦʙʝʨʪ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ ʚʝʜʝʥʝ ʪʝʞ ʨʦʙʠʪʴ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ. 

ɿʘ ʚʝʜʫʯʝ ʢʦʣʝʩʦ ʙʫʣʦ ʚʟʷʪʦ ʢʨʫʛ, ʦʢʨʝʩʣʝʥʠʡ ʢʦʣʦʤ ʨʘʜʽʫʩʘ R=2 ʽʟ 

ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʦʤ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘ ʢʦʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʘ. ʅʘ ʨʠʩ. 1 

ʧʦʙʫʜʦʚʘʥʦ ʧʘʨʫ ʢʦʣʽʩ ʧʨʠ ʘ=1. ʇʨʠ ʮʴʦʤʫ ʤʽʞʮʝʥʪʨʦʚʘ ʚʽʜʩʪʘʥʴ ʩʪʘʥʦʚʠʪʴ 

L=4,23. ʎʝʥʪʨʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 
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ʈʠʩ.1. ʅʝʢʨʫʛʣʽ ʢʦʣʝʩʘ ʽʟ ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʦʤ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ, 

ʦʢʨʝʩʣʝʥʦʛʦ ʢʦʣʦʤ ʨʘʜʽʫʩʘ R=2, ʥʘ ʘ=1 ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘ ʢʦʣʘ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʘ=0 ʦʙʠʜʚʘ ʢʦʣʝʩʘ ʩʪʘʶʪʴ ʢʨʫʛʣʠʤʠ ʽ ʜʣʷ ʥʠʭ 

ʤʽʞʮʝʥʪʨʦʚʘ ʚʽʜʩʪʘʥʴ L=4. ʇʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʘ 

ʤʽʞʮʝʥʪʨʦʚʘ ʚʽʜʩʪʘʥʴ ʪʝʞ ʟʨʦʩʪʘʻ. ʆʜʥʘʢ ʮʝ ʟʤʽʱʝʥʥʷ ʤʘʻ ʧʝʚʥʫ ʤʝʞʫ: ʚʦʥʦ ʤʘʻ 

ʙʫʪʠ ʤʝʥʰʠʤ ʨʘʜʽʫʩʘ R. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʪʫʨʫ ʚʝʜʝʥʦʛʦ ʢʦʣʝʩʘ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʟʤʽʱʝʥʥʽ ʘ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ.  
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ʄʆɼɽʃʔ ʅɸɼɯʁʅʆʉʊɯ ʆɼʅʆʂɯʃʔʎɽɺʆɰ ʄɽʈɽɾɯ ɿ ʋʈɸʍʋɺɸʅʅʗʄ 

ɼɽɻʈɸɼɸʎɯɰ ɽʃɽʄɽʅʊɯɺ 

ʋʩʝʥʢʦ ɺ.ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ʋ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʢʽʣʴʮʝʚʘ ʪʦʧʦʣʦʛʽʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʦʜʥʘ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʬʦʨʤ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʫʨʫ ʩʪʚʦʨʶʻ ʧʨʠʨʦʜʥʠʡ ʤʝʭʘʥʽʟʤ 

ʜʫʙʣʶʚʘʥʥʷ ʰʣʷʭʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʪʦʢʫ, ʝʥʝʨʛʽʾ ʘʙʦ ʽʥʬʦʨʤʘʮʽʾ. ʎ  ̫ʪʦʧʦʣʦʛʽʯʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʘʨʰʨʫʪʠ ʤʽʞ ʚʫʟʣʘʤʠ ʩʠʩʪʝʤʠ, ʱʦ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʾʾ ʞʠʚʫʯʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʯʘʩʪʢʦʚʠʭ ʧʦʰʢʦʜʞʝʥʴ. ʋ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ ʧʦʪʽʢ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʽʥʰʦʤʫ ʰʣʷʭʫ ʙʝʟ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʟʚôʷʟʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. 

ɼʣʷ ʦʜʥʦʢʽʣʴʮʝʚʦʾ ʤʝʨʝʞ ̔ ʽʩʥʫʻ ʚʘʞʣʠʚʘ ʪʦʧʦʣʦʛʽʯʥʘ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʾʾ ʥʘʜʽʡʥʦʩʪʽ. ɺ̔ ʜʤʦʚʘ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʰʣʷʭ, 

ʪʦʜʽ ʷʢ ʚʽʜʤʦʚʘ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʨʝʙʝʨ ʫʞʝ ʨʫʡʥʫʻ ʟʘʤʢʥʝʥʽʩʪʴ ʢʦʥʪʫʨʫ ʪʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʟʚôʷʟʥʦʩʪʽ. ʎ̫  ʪʦʧʦʣʦʛʽʯʥʘ ʫʤʦʚʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ 

ʩʢʣʘʜʥʦʛʦ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʤʝʨʝʞʽ ʜʦ ʢʦʤʧʘʢʪʥʦʛʦ ʪʘ 

ʚʠʟʥʘʯʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

ʅʝʭʘʡ ʢʽʣʴʮʝʚʘ ʤʝʨʝʞʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ὴ ʨʝʙʝʨ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ r i. ʊʦʜʽ ʩʪʨʫʢʪʫʨʥʘ 

ʥʘʜʽʡʥʽʩʪʴ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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ʎʝʡ ʚʠʨʘʟ ʚʨʘʭʦʚʫʻ ʜʚʘ ʜʦʧʫʩʪʠʤʽ ʩʪʘʥʠ: ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʤʦʚ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʦʜʥʽʻʾ ʚʽʜʤʦʚʠ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʢʨʠʪʝʨʽʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʮʠʢʣʫ. ɼʣʷ ʚʨʘʭʫʚʘʥʥ ̫ʜʝʛʨʘʜʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʧʘʨʘʤʝʪʨʠ ʥʘʜʽʡʥʦʩʪʽ  ̒ʬʫʥʢʮʽʷʤʠ 

ʯʘʩʫ: 

()  i ir r t=
. (2) 

ɼʣʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʠʧʘʜʢʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʤʘʻʤʦ 

( ) it

ir t e
l-

=
, (3) 

ʜʝ ɚi ð ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʘʙʦ ʜʝʛʨʘʜʘʮʽʾ i-ʛʦ ʝʣʝʤʝʥʪʘ. 
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ʊʦʜʽ ʥʘʜʽʡʥʽʩʪʴ ʤʝʨʝʞʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

( )
11 1

( ) 1 ji i

p pp
tt t

p

ii j
j i

R t e e e
ll l -- -

== =
¸

= + -äÔ Ô
. 

(4) 

ɯʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʥʘ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ [0,T] ʚʠʢʦʨʠʩʪʦʚʫ ̒

ʩʝʨʝʜʥʶ ʥʘʜʽʡʥʽʩʪʴ: 

0

1
( ) ( )

T

pR T R t dt
T
= ñ

. 
(5) 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʘʥʘʣʽʟʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ. ɼʣʷ ʮʴʦʛʦ ʩʣʫʞʠʪʴ ʧʦʢʘʟʥʠʢ ʯʫʪʣʠʚʦʩʪʽ: 

( )
( )

( )

p

i

i

R t
S t

r t

µ
=
µ

, 
(6) 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʧʣʠʚ ʟʤʽʥʠ ʥʘʜʽʡʥʦʩʪʽ i-ʛʦ ʨʝʙʨʘ ʥʘ ʟʘʛʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʩʫʯʘʩʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʘʥʘʣʽʟʫ ʤʝʨʝʞ, ʜʝ 

ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʷʚʣʝʥʥʶ ʢʨʠʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʦʧʦʣʦʛʽʾ [1ï3]. 

ʎ  ̫ ʤʦʜʝʣ ɹ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʘʛʘʪʦʢʽʣʴʮʝʚʠʭ ʽ ʩʽʪʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ. ɿʦʢʨʝʤʘ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʞʠʚʫʯʦʩʪʽ ʚʦʜʦʧʨʦʚʽʜʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʜʝ ʢʽʣʴʮʝʚʽ ʪʦʧʦʣʦʛʽʾ ʻ ʪʠʧʦʚʠʤʠ [1ï3]. ʇʦʻʜʥʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʮʠʢʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʦʚʦʾ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʦʮʽʥʢʦʶ 

ʢʨʠʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʩʪʨʫʢʪʫʨ. 
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ʉʊʈʋʂʊʋʈʀɿɸʎɯʗ ɼɸʅʀʍ ʋ ʅɸɹʆʈɸʍ ʇʈɸɺʀʃʔʅʀʍ 

ɹɸɻɸʊʆɻʈɸʅʅʀʂɯɺ 

ʄʦʨʦʟʦʚʘ ʄ.ʖ., ʉʠʜʦʨʝʥʢʦ ʆ.ʉ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʟʨʦʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʦʧʠʩʽʚ ʦʙôʻʢʪʽʚ ʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. 

ʆʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʪʘʢʠʭ ʥʘʙʦʨʘʭ, ʻ ʧʨʘʚʠʣʴʥʽ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ, ʱʦ ʤʘʶʪʴ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʫ ʽʥʞʝʥʝʨʽʾ, ʘʨʭʽʪʝʢʪʫʨʽ, 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʽʜʢʨʠʪʽ ʥʘʙʦʨʠ 

ʜʘʥʠʭ: Canonical Polyhedra, Off Polyhedra, Netlib Polyhedra, ʫ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʨʘʚʠʣʴʥʠʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ. ɺʘʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʙʦʨʽʚ ʧʦʣʷʛʘʻ ʫ ʾʭʥʴʦʤʫ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʘʙʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ, ʦʩʥʦʚʦʶ 

ʷʢʠʭ ʚʦʥʠ ʻ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʬʦʨʤʘʪʘʭ, ʨʦʟʛʣʷʥʫʪʽ ʥʘʙʦʨʠ ʜʘʥʠʭ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʻʜʠʥʦʤʫ ʧʨʠʥʮʠʧʽ: ʦʧʠʩʘʭ ʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʯʝʨʝʟ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ ʽ ʤʥʦʞʠʥʫ ʛʨʘʥʝʡ, ʟʘʜʘʥʠʭ 

ʽʥʜʝʢʩʘʤʠ ʮʠʭ ʚʝʨʰʠʥ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʧʦʚʽʜʘʻ 

ʢʣʘʩʠʯʥʦʤʫ ʧʦʜʘʥʥʶ ʧʨʘʚʠʣʴʥʦʛʦ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ ʷʢ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʦʩʢʠʭ ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ, ʟôʻʜʥʘʥʠʭ ʨʝʙʨʘʤʠ [1]. ɺ ʥʘʚʝʜʝʥʠʭ 

ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʥʘʷʚʥʽ ʧôʷʪʴ ʪʠʧʽʚ ʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ, ʘ ʩʘʤʝ: ʪʝʪʨʘʝʜʨ, 

ʛʝʢʩʘʝʜʨ, ʦʢʪʘʝʜʨ, ʜʦʜʝʢʘʝʜʨ, ʽʢʦʩʘʝʜʨ [1]. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʨʽʟʥʝ ʢʦʦʨʜʠʥʘʪʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʫ ʚʩʽʭ ʥʘʙʦʨʘʭ ʩʧʽʚʧʘʜʘʶʪʴ ʜʘʥʽ 

ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ, ʨʝʙʝʨ ʽ ʛʨʘʥʝʡ, ʪʦʙʪʦ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʽʥʚʘʨʽʘʥʪʘʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʦʮʽʥʢʠ 

ʨʽʚʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʚ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʙʦʨʘʭ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʛʝʦʤʝʪʨʠʯʥʽ ʥʘʙʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʷʢ 

ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʤʘʩʠʚʠ ʦʟʥʘʢ. ʊʘʢ ʧʨʘʚʠʣʴʥʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ ʟʜʝʙʽʣʴʰʦʛʦ 

ʦʧʠʩʫʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦ ʷʢʦʾ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʥʝ ʣʠʰʝ 

ʩʪʘʥʜʘʨʪʥʽ ʽʥʚʘʨʽʘʥʪʠ (ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ, ʨʝʙʝʨ, ʛʨʘʥʝʡ), ʘʣʝ ʽ ʜʦʜʘʪʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʚʠʜ ʦʙôʻʢʪʘ, ʛʨʫʧʫ ʩʠʤʝʪʨʽʾ ʪʦʱʦ). ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʥʘʧʨʠʢʣʘʜ, 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʨʦʟʧʦʜʽʣʠ ʽ ʢʦʨʝʣʷʮʽʾ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʧʨʘʚʠʣʴʥʠʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʻ ʜʦʧʫʩʪʠʤʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ, ʜʝ ʚʝʨʰʠʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʫʟʣʘʤ, ʘ ʨʝʙʨʘ ð ʟʚôʷʟʢʘʤ, ʮʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ 

ʛʨʘʬʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʾʭʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [2]. ʎʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʥʘ ʜʦʙʨʝ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʥʘʙʦʨʘʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʯʠ 

ʛʨʫʧʫʚʘʥʥʷ ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ.  

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʙʦʨʽʚ, ʫ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʘʚʠʣʴʥʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ, ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ 
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ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʜʘʥʠʭ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʟʘʜʘʯ, ʱʦ 

ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʥʘʙʦʨʽʚ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʦʢʨʝʤʽ 

ʧʽʜʭʦʜʠ: 

1. ʋʥʽʬʽʢʘʮʽʷ ʬʦʨʤʘʪʽʚ. JSON ʜʦʟʚʦʣʷʻ ʧʦʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʚʢʣʘʜʝʥʦʩʪʽ ʽ ʟʙʝʨʽʛʘʪʠ ʤʝʪʘʜʘʥʽ ʧʨʦ ʦʙôʻʢʪ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʩʪʨʫʢʪʫʨ [3]. ʄʝʪʘʜʘʥʠʤʠ ʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʙʦʨʘʭ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʥʘʟʚʘ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, 

ʛʨʫʧʘ ʩʠʤʝʪʨʽʾ, ʚʠʜ ʛʨʘʥʝʡ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʝʨʰʠʥʠ ʪʦʱʦ. ʆʩʢʽʣʴʢʠ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ ʻ ʧʨʦʩʪʦʨʦʚʠʤʠ ʦʙôʻʢʪʘʤʠ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʠʭ ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ 

ʧʦʜʘʚʘʪʠ ʷʢ ʪʘʙʣʠʯʥʽ ʨʷʜʢʠ. ʏʝʨʝʟ ʮʝ ʬʦʨʤʘʪʠ OFF ʯʠ CSV, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʟʨʫʯʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʦʪʨʝʙʫʚʘʪʠ ʙʽʣʴʰʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ 

ʜʦʩʣʽʜʥʠʢʦʤ. 

2. ʋʨʽʟʥʦʤʘʥʽʪʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʧʣʦʱʘ ʘʙʦ ʦʙôʻʤ ʧʨʘʚʠʣʴʥʦʛʦ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʝʢʩʪʽʚ, ʫ ʷʢʠʭ ʮʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ.  

3. ɼʦʜʘʚʘʥʥʷ ʛʨʘʬʦʚʠʭ ʜʘʥʠʭ. ɿʙʝʨʝʞʝʥʥʷ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʥʝ ʣʠʰʝ ʫ 

ʚʠʛʣʷʜʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʘʣʝ ʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʦʚʠʭ ʩʪʨʫʢʪʫʨ (ʪʘʢʠʭ ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ), ʤʦʞʝ ʧʦʪʝʥʮʽʡʥʦ ʜʦʟʚʦʣʠʪʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ 

ʥʠʭ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʠʪʴ 

ʢʽʣʴʢʽʩʪʴ ʟʘʚʜʘʥʴ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʽ ʛʝʦʤʝʪʨʠʯʥʽ ʥʘʙʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʜʽʡʪʠ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʧʨʘʚʠʣʴʥʠʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʾʭʥʽʡ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʟʘ ʽʥʚʘʨʽʘʥʪʘʤʠ (ʚʝʨʰʠʥʘʤʠ, 

ʨʝʙʨʘʤʠ, ʛʨʘʥʷʤʠ). ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʮʝ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʥʘʙʦʨʽʚ. ɼʦʪʨʠʤʘʥʥʷ ʻʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʘʪʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʘʥʠʭ, ʜʦʜʘʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʨʘʬʦʚʠʭ ʤʝʪʦʜʽʚ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʨʦʟʰʠʨʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ. 
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ʋɼʂ 514.18 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʊʈɸʅʉʄɯʉɯʁʅʀʍ ʊɽʇʃʆɺʊʈɸʊ ɺ ʍʆɼɯ 

ɸʈʍɯʊɽʂʊʋʈʅʆɻʆ ʇʈʆɭʂʊʋɺɸʅʅʗ ʇʈʀ ʆʇʊʀʄɯɿɸʎɯɰ 

ʇʈʆʇʆʈʎɯʁ ɿɽʃɽʅʀʍ ɹʋɼɯɺɽʃʔ 

ʄʘʨʪʠʥʦʚ ɺ.ʃ., ʄʘʨʪʠʥʶʢ ʆ.ʃ., ʇʦʣʷʢ ʖ.ʖ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ 

 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ ʋʢʨʘʾʥʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʟʝʣʝʥʠʭ ʙʫʜʽʚʝʣʴ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʘʢʪʠʢʠ ʥʘ ʩʪʨʘʪʝʛʽʯʥʠʡ 

ʧʨʽʦʨʠʪʝʪ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʬʘʭʽʚʮʽ ʤʘʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʜʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʚʩʽ ʩʫʪʪʻʚʽ 

ʬʘʢʪʦʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʘ. 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʪʫʪ ʟʘʡʤʘʻ ʘʥʘʣʽʟ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʧʨʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʪʝʨʤʦʟʘʭʠʩʪʫ, ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ð ʚʽʜ ʤʘʪʝʨʽʘʣʽʚ ʩʪʽʥ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʢʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʨʦʧʦʨʮʽʡ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʊʘʢʘ ʩʠʩʪʝʤʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʦʙôʻʢʪʽʚ, ʫ ʷʢʠʭ ʝʩʪʝʪʠʢʘ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʻ ʬʦʨʤʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʥʦʚʦʛʦ 

ʟʨʘʟʢʘ ð ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʪʘ ʢʦʤʬʦʨʪʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ 

ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʚʘʛʠ ʚ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʢʣʠʢʽʚ. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʜʘʻ ʟʤʦʛʫ 

ʚʠʦʢʨʝʤʠʪʠ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʽʚʝʣʴ, ʘ 

ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʝʣʝʥʠʭ ʙʫʜʽʚʝʣʴ ʥʘ 

ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʚʥʝʩʦʢ ʦʢʨʝʤʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥ ʜʦ ʩʢʣʽʥʥʷ) ʪʘ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɸʚʪʦʨʠ [2] ʟʘʧʨʦʚʘʜʠʣʠ ʢʦʥʮʝʧʮʽʶ çʢʚʘʟʽʢʫʣʽè ʷʢ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʪʨʘʪ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [3] ʮʶ ʽʜʝʶ ʨʦʟʚʠʥʫʪʦ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ ʙʫʜʽʚʝʣʴ ʽ ʪʦʚʱʠʥʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʣʷ 

ʦʢʨʝʤʠʭ ʪʘ ʙʣʦʢʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ. 

ʈʦʙʦʪʠ [4, 5] ʧʨʠʩʚʷʯʝʥʦ ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʦʜʝʣʷʤ, ʱʦ ʚʽʟʫʘʣʽʟʫʶʪʴ ʟʚôʷʟʦʢ 

ʤʽʞ ʪʝʧʣʦʚʠʤ ʙʘʣʘʥʩʦʤ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʚʦʥʠ ʨʝʘʣʽʟʦʚʘʥʽ ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʇɿ ʜʣʷ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [6] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʦʨʤʠ ʪʘ ʢʦʣʴʦʨʫ ʬʘʩʘʜʽʚ ʯʝʨʝʟ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. ʆʜʥʘʢ ʧʦʟʘ ʫʚʘʛʦʶ 

ʟʘʣʠʰʠʣʘʩʷ ʢʦʤʧʣʝʢʩʥʘ ʚʟʘʻʤʦʜʽʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʧʦʨʫʜʠ, ʫʪʝʧʣʝʥʥʷ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʢʦʥʥʠʭ ʩʠʩʪʝʤ. 
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ʆʢʨʝʤʠʡ ʥʘʧʨʷʤ ʩʪʘʥʦʚʣʷʪʴ ʨʦʙʦʪʠ [7, 8], ʧʨʠʩʚʷʯʝʥʽ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʮʽʥʮʽ ʾʭ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʘʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʪʝʢʩʪʽ. ʋ ʛʘʣʫʟʽ ʘʨʭʽʪʝʢʪʫʨʥʦʾ 

ʪʝʧʣʦʪʝʭʥʽʢʠ [9, 10] ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʪʘ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ [11] ʚʠʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ 

ʤʠʪʪʻʚʦ-ʚʝʢʪʦʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʜʦʨʦʙʦʢ, ʥʘʷʚʥʽ ʨʦʟʨʦʙʢʠ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʨʘʭʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʚʪʨʘʪ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʝʣʴ 

ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʫ ʢʦʥʪʝʢʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʟʥʘʯʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʩʪʚʦʨʠʪʠ ʩʧʦʩʽʙ 

ʪʘ ʜʦʚʽʜʢʦʚʽ ʜʘʥʥʽ, ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʚʠʪʨʘʪ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʨʦʧʦʨʮʽʡ 

ʙʫʜʽʚʝʣʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʭʦʜʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʪʝʢʩʪ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ  [1] ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʘʭʦʜʠ ʱʦ 

ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘ ʪʨʘʥʩʤʽʩʽʡʥʽ 

ʪʝʧʣʦʚʪʨʘʪʠ DQʪ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘʩʪʫʧʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʽʚʝʣʴ (ʨʠʩ.1).   

 
ʈʠʩ. 1. ɿʘʭʦʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʚʠʪʨʘʪ ʙʫʜʽʚʝʣʴ 
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ʎʝ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ, 

ʦʧʪʠʤʽʟʘʮʽʷ ʬʦʨʤʠ ʙʫʜʽʚʝʣʴ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʝʣʴ, ʙʣʦʢʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʰʝ. 

ɺʧʣʠʚ ʢʦʞʥʦʛʦ ʟʘʭʦʜʫ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʘʛʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʧʣʠʚʫ. 

ʂʣʶʯʦʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʻ ʦʮʽʥʢʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʚʪʨʘʪ ʪʝʧʣʘ 

ʧʽʜ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʾ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ, ʟʤʽʥʽ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ. 

ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʂ3 ʧʦʢʘʟʫʻ ʷʢʫ ʯʘʩʪʠʥʫ ʙʫʜʫʪʴ ʩʪʘʥʦʚʠʪʠ ʪʨʘʥʤʽʩʽʡʥʽ 

ʪʝʧʣʦʚʪʨʘʪʠ DQʪʨ ʚʽʜ ʽʩʥʫʶʯʠʭ Qʪʨ ʧʨʠ ʟʤʽʥʥʽ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ, ʪʘ ʜʦʟʚʦʣʷʻ 

ʪʦʯʥʽʰʝ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʧʦʨʮʽʾ ʙʫʜʠʥʢʫ, 

ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʩʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚ ʭʦʜʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ ʂ113 ( ʩʢʦʨʦʯʝʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ) ʧʨʠ 
ʟʤʽʥʠ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ, ʷʢʠʡ   ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ 

 

                       (1) 

 

ʜʝ: 

1..n  ï ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʝʡ ʙʫʜʠʥʢʫ; 

Sʛ.ʥ. ï  ʧʣʦʱʘ ʥʝʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥʠ ʛʨʘʥʽ; 

Sʛ.ʥ.ʥ ï  ʧʣʦʱʘ ʥʝʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥʠ ʛʨʘʥʽ ( ʧʽʩʣʷ ʟʤʽʥʠ ʧʨʦʧʦʨʮʽʡ); 

Sʛ.ʧʨ ï  ʧʣʦʱʘ ʩʚʽʪʣʦʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥʠ ʛʨʘʥʽ ; 

Sʛ.ʧʨ.ʥ ï ʧʣʦʱʘ ʩʚʽʪʣʦʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥʠ ʛʨʘʥʽ ( ʧʽʩʣʷ ʟʤʽʥʠ ʧʨʦʧʦʨʮʽʡ); 

Rʛ.ʥ  ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʝʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

Rʛ.ʧʨ  ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʅʘ ʨʠʩʫʥʢʫ 2  ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʟʤʽʥʠ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ ʥʘ ʚʘʛʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʂ 3   ʪʘ  ʥʘʚʝʜʝʥʦ ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ.  
ɼʣʷ ʙʫʜʽʚʝʣʴ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ 

ʂ113  ʟʤʽʥʠ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʨʘʮʽʦʥʘʣʴʥʽʡ ʟʤʽʥʽ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ 

(ʨʠʩ.2). ɺʠʟʥʘʯʝʥʦ ʤʝʞʽ ʤʦʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ  ʂ113. ɺʦʥʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 1 ʜʦ 

0,616. 
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ʈʠʩ. 2. ɺʧʣʠʚ ʟʤʽʥʠ ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ ʥʘ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʂ 3 

 

ɼʣʷ ʙʫʜʽʚʣʽ ʛʨʘʥʥʦʾ ʬʦʨʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ  

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʦʞ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʧʦʨʮʽʡ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʂ113 ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʫ 

ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ. 

ɺʠʩʥʦʚʦʢ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ K113, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʫ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʨʽʶʚʘʥʥʷ ʧʨʦʧʦʨʮʽʷʤʠ 

ʟʝʣʝʥʦʾ ʙʫʜʽʚʣʽ ʚ ʭʦʜʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʜʦʚʽʜʢʦʚʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʨʦʧʦʨʮʽʡ ʟʝʣʝʥʠʭ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʝʣʴ ʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ K113. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʫʜʝʥʪʘʤʠ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʪʘ ʧʨʦʻʢʪʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʟʝʣʝʥʠʭ ʦʙôʻʢʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ. 
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ʉʊʈʋʂʊʋʈʅʆ-ʇɸʈɸʄɽʊʈʀʏʅɽ ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ 

ʇʈɸɺʆʉʃɸɺʅʀʍ ʂɸʇʃʀʎʔ 

ɺʽʨʯʝʥʢʦ1 ɻ.ɸ., ʊʝʨʝʱʫʢ2 ʄ.ʆ. 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ» 
2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʊʝʤʘ ʧʫʙʣʽʢʘʮʽʾ ʦʙʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʘʤʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʾ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [1] ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʩʬʝʨʠ ʾʾ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʋ ʜʘʥʦʤʫ ʨʘʟʽ ʮʝ ʧʝʚʥʠʤ ʯʠʥʦʤ ʪʘʢʦʞ 

ʦʙʫʤʦʚʣʝʥʦ ʚʘʞʢʦʶ ʩʠʪʫʘʮʽʻʶ ʚ ʋʢʨʘʾʥʽ, ʧʦʚôʷʟʘʥʦʶ ʟ ʚʽʡʥʦʶ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʘʛʠʙʝʣʽ ʡ ʢʘʣʽʮʪʚʘ ʣʶʜʝʡ, ʨʫʡʥʫʚʘʥʥʷ ʤʽʩʪ ʪʘ ʩʽʣ, ʟʥʠʱʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦʾ 

ʩʧʘʜʱʠʥʠ, ʢʫʣʴʪʦʚʠʭ ʩʧʦʨʫʜ ʽ ʪ. ʜ. ʏʝʨʝʟ ʟʘʟʥʘʯʝʥʽ ʪʨʘʛʽʯʥʽ ʦʙʩʪʘʚʠʥʠ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʛʨʦʤʘʜʷʥ, ʩʝʨʝʜ ʷʢʠʭ ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʩʪʘʥʦʚʣʷʪʴ ʧʨʘʚʦʩʣʘʚʥʽ 

ʭʨʠʩʪʠʷʥʠ, ʟʚʝʨʪʘʻʪʴʩʷ ʟʘ ʜʫʭʦʚʥʦʶ ʧʽʜʪʨʠʤʢʦʶ ʜʦ ʚʩʝʚʠʰʥʽʭ ʩʠʣ. ʆʙʤʝʞʝʥʽ 

ʤʘʪʝʨʽʘʣʴʥʽ ʩʪʘʪʢʠ ʧʘʨʘʬʽʷʥ ʩʧʨʠʯʠʥʷʶʪʴ ʫ ʥʘʰ ʯʘʩ ʧʦʧʫʣʷʨʥʽʩʪʴ ʟʚʝʜʝʥʥʷ ʥʝ 

ʚʝʣʠʢʠʭ ʭʨʘʤʽʚ, ʘ ʤʘʣʝʥʴʢʠʭ ʢʘʧʣʠʮʴ. ɼʦ ʮʠʭ ʦʙôʻʢʪʽʚ ʚʠʩʫʚʘʶʪʴʩʷ ʩʫʚʦʨʽ 

ʨʝʣʽʛʽʡʥʽ ʢʘʥʦʥʽʯʥʽ ʚʠʤʦʛʠ [2, 3] ʩʪʦʩʦʚʥʦ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ. ɻʦʣʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʢʫʧʦʣʠ, ʷʢʽ ʫʦʩʦʙʣʶʶʪʴ 

ʥʝʙʝʩʥʫ ʩʚʷʪʽʩʪʴ. ʉʫʪʪʻʚʦ ʩʧʨʠʷʻ ʟʘʙʝʟʧʝʯʝʥʥʶ ʥʝʦʙʭʽʜʥʦʾ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ, 

ʝʩʪʝʪʠʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʘ ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʢʫʧʦʣʽʚ ʧʨʘʚʦʩʣʘʚʥʠʭ ʭʨʘʤʽʚ [4]. ʂʦʥʢʨʝʪʥʽ ʘʩʧʝʢʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʡ ʚʽʜʥʦʚʣʝʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [5]. 

ʄʝʪʘ ʜʘʥʦʾ ʧʨʘʮʽ ʧʦʣʷʛʘʻ ʫ ʚʠʩʚʽʪʣʝʥʥʽ ʙʘʟʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʘʚʦʩʣʘʚʥʠʭ ʢʘʧʣʠʮʴ. ʈʠʩ. 1 

ʽʣʶʩʪʨʫʻ ʩʪʚʦʨʝʥʫ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʤʝʪʦʜʦʣʦʛʽʾ ʚʽʜʧʦʚʽʜʥʫ ʤʦʜʝʣʴ. ʉʢʣʘʜ ʾʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʧʠʩʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ 

  ,)()( 10
11 ==== ii

N
ii ʢʧʣʢʧʣʂʇʃ  (1) 

ʜʝ ʢʧʣ1=ʬʫʥʜʘʤʝʥʪ, ʢʧʣ2=ʢʦʣʦʥʠ, ʢʧʣ3=ʧʘʧʝʨʪʴ, ʢʧʣ4=ʩʭʦʜʠ, ʢʧʣ5=ʧʽʜʣʦʛʘ, 

ʢʧʣ6=ʩʪʽʥʠ, ʢʧʣ7=ʜʚʝʨʽ, ʢʧʣ8=ʚʽʢʥʘ, ʢʧʣ9=ʜʘʭ, ʢʧʣ10=ʙʘʥʥʝ ʟʘʚʝʨʰʝʥʥʷ. 

ʅʘʚʝʜʝʥʠʡ ʛʨʘʬ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʻʢʪʫʚʘʪʠ 

ʧʦʪʨʽʙʥʫ ʤʥʦʞʠʥʫ ʚʘʨʽʘʥʪʽʚ 

 ,)( 1
ʂʇʃN

nnʂʇʃʂʇʃ ==   (2) 

ʜʝ Nʂʇʃ ï ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ. 

ɼʫʛʠ ʧʦʜʘʥʦʾ ʤʦʜʝʣʽ ʩʚʦʾʤʠ ʜʦʚʞʠʥʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʚʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʚʝʣʠʯʠʥʠ. ʆʧʪʠʤʘʣʴʥʠʡ, ʟʘ ʥʝʦʙʭʽʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʨʽʟʥʦʚʠʜ 

ʧʨʘʚʦʩʣʘʚʥʦʾ ʢʘʧʣʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʠʤ (ʤʽʥʽʤʘʣʴʥʠʤ ʘʙʦ 

ʤʘʢʩʠʤʘʣʴʥʠʤ) ʰʣʷʭʦʤ ʫ ʛʨʘʬʽ.  
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʢʘʧʣʠʮʽ 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʜʘʥʦʾ ʙʫʜʽʚʣʽ ʥʘ ʝʪʘʧʽ 

ʝʩʢʽʟʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

 
ʈʠʩ. 2. ɹʘʟʦʚʽ ʩʢʣʘʜʦʚʽ ʢʘʧʣʠʮʽ 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘ ʥʴʦʤʫ ʟʦʙʨʘʞʝʥʦ ʪʽʣʴʢʠ ʙʘʟʦʚʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ʊʦʙʪʦ, ʥʘʧʨʠʢʣʘʜ, ʱʝ ʥʝ ʧʨʠʡʥʷʪʦ ʦʩʪʘʪʦʯʥʽ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʚʝʨʝʡ, ʚʽʢʦʥ, ʜʝʢʦʨʘʪʠʚʥʠʭ ʪʘ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʦʙʣʠʚʦ ʚʘʨʪʦ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʽʩʪʴ ʧʨʘʚʦʩʣʘʚʥʠʭ ʢʘʧʣʠʮʴ, 

ʷʢʫ ʟʜʘʪʥʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ, 

ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ (ʩʪʦʚʧʯʘʩʪʠʭ, ʩʪʨʽʯʢʦʚʠʭ, ʧʣʠʪʥʠʭ), 

ʢʦʣʦʥ (ʢʚʘʜʨʘʪʥʦʛʦ, ʢʨʫʛʣʦʛʦ ʪʘ ʽʥʰʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʟ ʮʝʛʣʠ, 

ʟʘʣʽʟʦʙʝʪʦʥʫ, ʜʝʨʝʚʘ ʪʦʱʦ), ʩʪʽʥ (ʥʝʩʫʯʠʭ, ʩʘʤʦʥʝʩʫʯʠʭ, ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ, ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ), ʙʘʥʥʠʭ ʟʘʚʝʨʰʝʥʴ (ʩʬʝʨʠʯʥʠʭ, ʷʡʮʝʧʦʜʽʙʥʠʭ, 

ʮʠʙʫʣʴʯʘʩʪʠʭ ʽ ʪ. ʜ. ʟ ʰʝʩʪʠ-, ʩʝʤʠ- ʪʘ ʚʦʩʴʤʠʢʽʥʮʝʚʠʤʠ ʭʨʝʩʪʘʤʠ). 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʦʣʘʪʠ ʥʘʷʚʥʫ ʩʫʧʝʨʝʯʥʽʩʪʴ ʤʽʞ 

ʧʦʪʨʝʙʦʶ ʩʫʚʦʨʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʽʩʥʫʶʯʠʭ ʨʝʣʽʛʽʡʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʭʨʠʩʪʠʷʥʩʴʢʠʭ ʢʘʥʦʥʽʚ ʩʪʦʩʦʚʥʦ ʩʘʢʨʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʙʘʞʘʥʦʶ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʶ ʪʘ ʝʩʪʝʪʠʯʥʦʶ ʧʨʠʚʘʙʣʠʚʽʩʪʶ ʦʩʪʘʥʥʽʭ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ ʥʘʣʝʞʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʽ ʚʽʜʧʦʚʽʜʥʘ ʝʢʦʥʦʤʽʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʚʝʜʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʦʙôʻʢʪʽʚ.  

ɺʠʩʥʦʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʘʚʦʩʣʘʚʥʠʭ ʢʘʧʣʠʮʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʠʩʪʝʤʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʫʯʘʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ 

ʩʚʦʾʤ ʧʝʨʝʚʘʛʘʤ ʚʘʨʪʘ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʝ ʥʠʥʽʰʥʽʭ BIM 

(Building Information Modeling) ʪʝʭʥʦʣʦʛʽʡ. ʆʢʨʝʩʣʝʥʘ ʥʘʫʢʦʚʘ ʪʝʤʘʪʠʢʘ 

ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʘʥʽʥ ɺ.ɺ., ɺʽʨʯʝʥʢʦ ɻ.ɸ. ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɻʝʦʤʝʪʨʠʯʥʝ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. 2009. ɺʠʧ. 23. ʉ. 42ï48. 

2. ʂʫʮʝʚʠʯ ɺ. ʂʘʥʦʥʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʧʨʘʚʦʩʣʘʚʥʠʭ ʭʨʘʤʽʚ. 

ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʤʠʩʪʝʮʪʚʘ. 2021. ɺʠʧ. 30. ʉ. 5ï13. 

3. ʉʣʻʧʮʦʚ ʆ.ʉ. ɸʨʭʽʪʝʢʪʫʨʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʨʘʚʦʩʣʘʚʥʠʭ 

ʭʨʘʤʽʚ. ʂʠʾʚ: ɸ+ʉ, 2014. 272 ʩ. 

4. ʊʝʨʝʱʫʢ ʄ.ʆ. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʢʫʧʦʣʽʚ ʧʨʘʚʦʩʣʘʚʥʠʭ ʭʨʘʤʽʚ. ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ. 2022. 

ɺʠʧ. 103. ʉ. 201ï208. https://www.doi.org/10.32347/0131-579x.2022.103.201-208 

5. ʊʝʨʝʱʫʢ ʄ.ʆ. ɼʝʷʢʽ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ. ʇʨʠʢʣʘʜʥʘ 

ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ. 2024. ɺʠʧ. 107. ʉ. 162ï171. 

https://doi.org/10.32347/0131-579X.2024.107.162-171 

  

https://www.doi.org/10.32347/0131-579x.2022.103.201-208
https://doi.org/10.32347/0131-579X.2024.107.162-171


çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 

 

39 

ʋɼʂ 514.18 

 

ɹɸɻɸʊʆʇɸʈɸʄɽʊʈʀʏʅɸ ʆʇʊʀʄɯɿɸʎɯʗ ʌʆʈʄʀ ɿɽʃɽʅʀʍ 

ɹʋɼɯɺɽʃʔ ɼʃʗ ʇôʗʊʀ ɸʈʍɯʊɽʂʊʋʈʅʆ-ʂʃɯʄɸʊʀʏʅʀʍ ʈɸʁʆʅɯɺ 

ʋʂʈɸɰʅʀ 

ʄʘʨʪʠʥʦʚ ɺ.ʃ., ʉʪʘʜʥʽʡʯʫʢ ɼ.ʄ., ɹʘʥʥʠʡ ʊ.ɸ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʝʣʝʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ 

ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. ɿ 1 ʢʚʽʪʥʷ 2025 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʥʘʙʫʣʠ ʯʠʥʥʦʩʪʽ 

ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʙʫʜʽʚʝʣʴ ʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB), ʷʢʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʙʦʚôʷʟʢʦʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʙʣʠʞʘʻ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ 

ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ. ʊʘʢʦʞ ʤʘʩʰʪʘʙʥʽ ʨʫʡʥʫʚʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʚʥʘʩʣʽʜʦʢ 

ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʩʪʚʦʨʠʣʠ ʙʝʟʧʨʝʮʝʜʝʥʪʥʫ ʧʦʪʨʝʙʫ ʫ ʚʽʜʙʫʜʦʚʽ ʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʨʠʥʮʠʧʽʚ "ʟʝʣʝʥʦʾ" ʨʝʢʦʥʩʪʨʫʢʮʽʾ  ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ. ɯʩʥʫʶʯʠʡ 

ʞʠʪʣʦʚʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ, ʧʝʨʝʚʘʞʥʦ ʟʙʫʜʦʚʘʥʠʡ ʟʘ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ: ʙʣʠʟʴʢʦ 80% ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʥʝ ʤʘʶʪʴ ʥʘʣʝʞʥʦʾ ʽʟʦʣʷʮʽʾ, ʘ ʩʝʨʝʜʥʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʙʫʜʽʚʝʣʴ 

(163 ʢɺʪĿʛʦʜ/ʤĮ ʥʘ ʨʽʢ) ʤʘʡʞʝ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʠʡ ʧʦʢʘʟʥʠʢ. 

ʋʨʷʜʦʚʘ ʧʨʦʛʨʘʤʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʜʦ 2030 ʨʦʢʫ, ʩʭʚʘʣʝʥʘ ʂʘʙʽʥʝʪʦʤ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ, ʧʝʨʝʜʙʘʯʘʻ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʞʠʪʣʦʚʦʤʫ 

ʩʝʢʪʦʨʽ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 30%, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʽʥʪʝʛʨʘʮʽʷ ʋʢʨʘʾʥʠ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʦʙʦʚôʷʟʫʻ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʜʠʨʝʢʪʠʚʠ ɭʉ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʱʦ ʨʦʙʠʪʴ 

ʨʦʟʚʠʪʦʢ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʠʤ ʽʤʧʝʨʘʪʠʚʦʤ, ʘ ʡ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ 

ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʟʝʣʝʥʠʭ ʙʫʜʽʚʝʣʴ ʫ ʧôʷʪʠ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ 

ʨʘʡʦʥʘʭ ʋʢʨʘʾʥʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʢʣʽʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʚʽʜʤʽʥʥʦʩʪ ̔

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ, ʽʥʩʦʣʷʮʽʾ ʪʘ ʚʽʪʨʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʙʫʜʽʚʝʣʴ. ʋ ʙʫʜʽʚʣʷʭ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʬʦʨʤʫ ʙʫʜʽʚʝʣʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ 

ʟʝʣʝʥʦʾ ʙʫʜʽʚʣʽ ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʛʽʦʥʘʣʴʥʽ ʢʣʽʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ 

ʧʦʰʫʢʫ ʙʘʣʘʥʩʫ ʤʽʞ ʘʨʭʽʪʝʢʪʫʨʥʦʶ ʬʦʨʤʦʶ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʨʘʡʦʥʽʚ ʋʢʨʘʾʥʠ ʩʧʨʠʷʪʠʤʝ ʩʪʚʦʨʝʥʥʶ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʦ 

ʟʙʘʣʘʥʩʦʚʘʥʠʭ, ʘʣʝ ʡ ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʤʽʩʮʝʚʠʭ ʫʤʦʚ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʝʣʝʥʠʭ ʙʫʜʽʚʝʣʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʧʦʩʽʙ ʦʜʥʦʯʘʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʥʥʠʭ 
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ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫʛʨi
QD

 ʢʦʞʥʦʾ 

ʛʨʘʥʽ ʙʫʜʽʚʣʽ, ʱʦ ʚʢʣʶʯʘʻ ʧʘʨʘʤʝʪʨʠ ʾʾ ʧʨʦʧʦʨʮʽʡ (a, b, h, rɹ, ɤ, Ŭ), ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʝʧʨʦʟʦʨʠʭ Rʩʪʽ ʽ ʧʨʦʟʦʨʠʭ Rʚʽ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʣʦʱʫ 

ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚi
S
. ɺʨʘʭʦʚʫʻʪʴʩʷ ʦʨʽʻʥʪʘʮʽʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʘ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʶ ʨʘʜʽʘʮʽʻʶ. 

ʇʨʠ ʮʴʦʤʫ ʧʣʦʱʘ ʚʽʢʦʥ ʥʘ ʛʨʘʥʽ ʙʫʜʽʚʣʽ ʟʘ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʨʘʭʫʥʢʦʤ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 )( ʧʦʚʧʚ P̔FNSfS
i

Ö= ,   (1) 

ʜʝ Sʧ = f(a ,b, rɹ, Ŭ, ɤ) ï ʧʣʦʱʘ ʧʽʜʣʦʛʠ ʧʦʚʝʨʭʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʧʦʨʮʽʡ ʙʫʜʽʚʣʽ; Nʧʦʚï ʢʽʣʴʢʽʩʪʴ ʧʦʚʝʨʭʽʚ ʙʫʜʽʚʣʽ; F ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ 

ʚʽʢʦʥ ʜʦ ʧʣʦʱʽ ʧʦʚʝʨʭʫ (ʚʽʜ 0,2 ʜʦ 0,125 ʧʨʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʘʭ), ʱʦ  

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʽʚʥʷ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ; ʈ̔ ï 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʢʣʝʥʥʷ ʩʪʽʥ ʙʫʜʽʚʣʽ (ʚʽʜ 0 ʜʦ 1).  

ʅʘʪʦʤʽʩʪʴ ʧʣʦʱʘ ʥʝʧʨʦʟʦʨʦʾ ʢʦʥʩʪʨʫʢʮʽʾ  ʛʨʘʥʽ ʙʫʜʽʚʣʽ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

                                            Sʩʪʽ = f(a ,b, rʙ, Ŭ, ɤ),                                                 (2) 

ʜʝ ʟʤʽʥʥʠʤʠ ʻ ʧʘʨʘʤʝʪʨʠ ʬʦʨʤʠ ʙʫʜʽʚʣʽ, ʘ  ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʾʾ ʛʨʘʥʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʟʤʽʥʥʠʤʠ: 
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ʜʝ 
i

tʟï ʬʘʢʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʛʨʘʜ); itʚï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʛʨʘʜ.); r i ï ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʽ ʛʨʘʥʽ ʙʫʜʽʚʣʽ; i
I cp ï 

ʝʥʝʨʛʝʪʠʯʥʘ ʦʩʚʽʪʣʝʥʽʩʪʴ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʶ ʨʘʜʽʘʮʽʻʶ (ɺʪ/ʤ2);  iʟcʪŬ  ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʨʽʻʥʪʘʮʽʶ ʽ ʥʘʧʨʷʤʦʢ ʚʽʪʨʫ; 

i
Rʩʪï ʦʧʽʨ  ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʝʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʤ

2Āʂ/ɺʪ); 

ʜʽʙN  ï ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ; i
Rʚï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʛʨʘʜʫʩʦ-ʜʽʙ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ; iSʩʪ ʘʙʦ (Sʢi) ï ʧʣʦʱʘ ʥʝʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʛʨʘʥʽ (ʤ
2); 

i
Qcp ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʧʨʦʪʷʛʦʤ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ (ʢɺʪĿʛʦʜ/ʤ2); K  ̔ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʡʩʥʠʭ ʫʤʦʚ ʭʤʘʨʥʦʩʪʽ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ;   iɕ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʟʘʪʽʥʝʥʥʷ ʚʽʢʦʥʥʦʛʦ ʧʨʦʨʽʟʫ ʥʝʧʨʦʟʦʨʠʤʠ ʝʣʝʤʝʥʪʘʤʠ; 
iʦ
Ůï ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʥʦʩʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʜʣʷ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

oig ŮɕÖ= ï ʬʘʢʪʦʨ ʟʘʩʢʣʝʥʥʷ ʚʽʢʦʥ.  
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ʋɼʂ 514.18:728.8 

 

ʇʆɺɽʈʍʅʗ ʊʆʏʂʀ ʈʆʉʀ 

ɿʜʘʥʝʚʠʯ ɺ.ɸ., ʂʫʥʜʨʘʪ ʊ.ʄ., ʃʽʪʥʽʮʴʢʠʡ ʉ.ɯ., ʇʫʛʘʯʦʚ ɭ ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

 

ʊʦʯʢʘ ʨʦʩʠ Űʨ [1-4] ï ʪʝʤʧʝʨʘʪʫʨʘ, Á ʉ, ʟʘ ʷʢʦʾ ʧʦʚʽʪʨʷ ʜʦʩʷʛʘʻ ʩʪʘʥʫ 

ʥʘʩʠʯʝʥʦʩʪʽ ʧʨʠ ʜʘʥʦʤʫ ʚʤʽʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ, ʪʦʙʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ. ɰʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ  

ʪʘʙʣʠʮʷʤʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʫʞʥʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ E, ʷʢʱʦ ʚʽʜʦʤʘ ʨʝʘʣʴʥʘ 

ʧʨʫʞʥʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ e. ɿʘ ʟʥʘʯʝʥʥʷʤ ʧʨʫʞʥʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ e ʚ ʪʘʙʣʠʮʽ 

ʰʫʢʘʶʪʴ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʷʢʝ ʽ ʙʫʜʝ ʪʦʯʢʦʶ ʨʦʩʠ. 

ʊʦʯʢʫ ʨʦʩʠ ʪʘʢʦʞ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ [4] 

 Űʨ = (ű/100)
0,1247·(108,8 + t) ï 109,8,   (1) 

ʘʙʦ ʪʝʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʄʘʛʥʫʩʝʥʘ-ʊʝʪʝʥʩʘ 

 Űʨ = b·(a·t/(b+t) + ln(ű/100))/(a - (a·t/(b+t) + ln(ű/100)),   (2) 

ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, Á ʉ;  ű ï ʡʦʛʦ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, %; a ̔ b ï ʢʦʝʬʽʮʽʻʥʪʠ, 

ʱʦ ʜʦʨʽʚʥʶʶʪʴ 17,27 ʪʘ 237,7, ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʠ ʟʘ ʥʦʨʤʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʪʠʩʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ t ʪʘ ʡʦʛʦ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ű ï  ̔ʪʦʤʫ ʛʝʦʤʝʪʨʠʯʥʦ ʻ ʧʦʚʝʨʭʥʝʶ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɺʽʟʫʘʣʽʟʫʻʤʦ ʪʘ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʩʧʦʯʘʪʢʫ ʧʦʚʝʨʭʥʶ, ʟʘʜʘʥʫ ʬʦʨʤʫʣʦʶ (1). 

ɺ ʩʝʨʝʜʦʚʠʱʝ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ MathCad ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʧʦʚʝʨʭʥʷ 

(ʨʠʩ. 1), ʟʘʜʘʥʘ ʬʦʨʤʫʣʦʶ (1). 

 
ʈʠʩ. 1. ʇʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ, ʟʘʜʘʥʘ ʬʦʨʤʫʣʦʶ (1) 

 

ʇʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜ -40 ʜʦ 50 Áʉ ʽ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʚʽʜ 5 

ʜʦ 100 % ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʨʦʩʠ ʩʪʘʥʦʚʠʣʦ 50 Áʉ (ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʯʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ t = 50 Áʉ  ʽ ű = 100 %, ʪʦʙʪʦ ʪʦʯʢʘ ʨʦʩʠ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʟʘ 100- ʚʽʜʩʦʪʢʦʚʦʾ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ). 
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ʅʘ ʨʠʩ. 2 ʪʘ ʞ ʧʦʚʝʨʭʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʦʥʫʤʝʨʦʚʘʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʝʡ. 

 
ʈʠʩ. 2. ʇʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʛʦʨʠʟʦʥʪʘʣʝʡ 

 

ɸ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʽ 4 ʤʘʻʤʦ ʧʦʚʝʨʭʥʶ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʨʽʟʽʚ ʧʣʦʱʠʥʘʤʠ t = 

const ʽ ű = const.  

 
ʈʠʩ. 3. ʇʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʨʽʟʘʤʠ t = const 

  

ʇʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ ʫ ʚʠʛʣʷʜʽ ʛʦʨʠʟʦʥʪʘʣʝʡ

TR
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ʈʠʩ. 4. ʇʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʨʽʟʘʤʠ ű = const 

 

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʝʨʝʨʽʟʠ ʧʦʚʝʨʭʥʽ ʧʦʢʘʟʘʥʽ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ t = 8-38 

Áʉ ʯʝʨʝʟ 2 Áʉ, ʘ ʥʘ ʨʠʩ. 4 ï ʜʣʷ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ű = 30-100 % 

ʯʝʨʝʟ 10 %. ɿ ʨʠʩʫʥʢʽʚ 1 ʽ 4 ʟʨʦʟʫʤʽʣʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ ʻ ʣʽʥʽʡʯʘʪʦʶ. 

ʇʦʚʝʨʭʥʷ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 2, ʤʘʻ ʧʨʠʙʣʠʟʥʦ ʪʘʢʫ ʞ ʬʦʨʤʫ, ʱʦ  ʡ 

ʧʦʚʝʨʭʥʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʘʣʝ ʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʨʦʩʠ ʪʨʦʭʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʧʦʚʝʨʭʥʷ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʪʦʯʢʠ ʨʦʩʠ (ʚʽʜ ʟʥʘʯʝʥʴ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ 1, ʚʽʜʥʽʤʘʣʠʩʴ  ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ 2). 

 

 
ʈʠʩ. 5. ʇʦʚʝʨʭʥʷ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʪʦʯʢʠ ʨʦʩʠ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 3  

Áʉ. ʅʘ ʨʠʩ. 6. ʤʘʻʤʦ ʧʦʚʝʨʭʥʶ ʨʽʟʥʠʮʴ ʟʥʘʯʝʥʴ ʪʦʯʢʠ ʨʦʩʠ ʫ ʚʽʜʩʦʪʢʘʭ (ʟʘ 100 

ʚʽʜʩʦʪʢʽʚ ʧʨʠʡʤʘʣʠʩʷ ʟʥʘʯʝʥʥʷ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ 1). ʄʘʢʩʠʤʘʣʴʥʘ ʨʽʟʥʠʮʷ 

ʫ ʚʽʜʩʦʪʢʘʭ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 2 %. ʇʨʠʯʦʤʫ ʚʠʥʠʢʘʻ ʚʦʥʘ ʚ ʪʽʡ ʦʙʣʘʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜô̒ ʤʥʽ, ʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʤʽʥʽʤʘʣʴʥʘ. 

 

 
ʈʠʩ. 6. ʇʦʚʝʨʭʥʷ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʪʦʯʢʠ ʨʦʩʠ ʫ ʚʽʜʩʦʪʢʘʭ. 

 

ʆʪʞʝ, ʧʦʚʝʨʭʥʷ ʪʦʯʢʠ ʨʦʩʠ ʷʢ ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʽ ʡʦʛʦ 

ʚʦʣʦʛʦʩʪʽ ʻ ʣʽʥʽʡʥʦʶ, ʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʨʦʩʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʽ ʟʙʽʛʘʶʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ. 
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ʋɼʂ 514.18  

 

ɼɺʆɺʀʄɯʈʅɸ ɼʀʉʂʈɽʊʅɸ ɯʅʊɽʈʇʆʃʗʎɯʗ ʉʋʇɽʈʇʆɿʀʎɯʗʄʀ 

ʂʆʆʈɼʀʅɸʊ ʊʈʔʆʍ ʊʆʏʆʂ 

ɺʦʨʦʥʮʦʚ ʆ.ɺ., ɺʦʨʦʥʮʦʚʘ ɯ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè. 

ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ ʽ ʛʘʟʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè. 

 

ʊʚʝʨʜʞʝʥʥʷ.  ʂʦʦʨʜʠʥʘʪʠ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʙʫʜʴ-ʷʢʦʾ ʜʚʦʚʠʤʽʨʥʦʾ ʯʠʩʣʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ ʢʦʦʨʜʠʥʘʪ ʪʨʴʦʭ ʜʦʚʽʣʴʥʠʭ 

ʪʦʯʦʢ ʜʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʠ ʚʽʜʦʤʽʡ ʚʝʣʠʯʠʥʽ ʨʝʢʫʨʝʥʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ɿʘʧʠʰʝʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʫ ʚʠʛʣʷʜʽ:  

                                                      

ừ
Ử
Ừ

Ử
ứВ Ὧ ρ

В Ὧὠ ὠ

В Ὧὡ ὡ

В ὯὝ ὖ Ὕ

 ,                                         (1) 

ʜʝ ʥʝʚʽʜʦʤʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʙʫʜʫʪʴ  k1 ,  k2 ,  k3 ,  T .   

ɼʘʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʨʽʚʥʷʥʥʷ ʽ ʯʦʪʠʨʠ ʥʝʚʽʜʦʤʽ ʚʝʣʠʯʠʥʠ, ʪʦʤʫ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʨʦʟʚôʷʟʦʢ.  

ɺʠʟʥʘʯʥʠʢʠ ῳ ʩʠʩʪʝʤʠ (1) ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ:  

  ῳ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ  ;  

  ῳ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ;  

  ῳ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ;  

  ῳ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ   

  ῳ ὠ Ὕὡ Ὕὡ ὠὝὡ Ὕὡ ὠ Ὕὡ Ὕὡ    

  647 47 6 07 47 6 07 47    

  ὠ Ὕὡ Ὕὡ ὠὝὡ Ὕὡ ὠ ὖὡ Ὕὡ    

  ὠ ὖὡ Ὕὡ ὠ ὖὡ Ὕὡ ὠ ὖὡ Ὕὡ  .  

ʂʦʝʬʽʮʽʻʥʪʠ ʩʫʧʝʨʧʦʟʠʮʽʾ ʙʫʜʫʪʴ ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

                                                Ὧ Ƞί ρȠσ .  

ʗʢʱʦ ʥʝʚʽʜʦʤʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʙʫʜʫʪʴ  k1 ,  k2 ,  k3 ,  Ὕ ,  ʪʦ ʚʠʨʘʟʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʫʧʝʨʧʦʟʠʮʽʾ ʟʘʜʘʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ 

ʜʠʩʢʨʝʪʥʦʛʦ ʢʘʨʢʘʩʘ ʪʘ ʘʧʣʽʢʘʪʠ ʰʫʢʘʥʦʾ ʪʦʯʢʠ 4 ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 

  Ὧ  ;   

  Ὧ  ;   

  Ὧ  ;   

  Ὕ ῳȾῳ    

  ὠ Ὕὡ Ὕὡ ὠὝὡ Ὕὡ ὠ Ὕὡ Ὕὡ    

  ὠὝὡ Ὕὡ ὠ ὖὡ Ὕὡ ὠ ὖὡ Ὕὡ    
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  ὠ Ὕὡ Ὕὡ ὠὝὡ Ὕὡ ὠ ὖὡ Ὕὡ    

  ὠ ὖὡ Ὕὡ ὠ ὖὡ Ὕὡ ὠ ὖὡ Ὕὡ Ⱦ   
  Ⱦὠὡ ὠὡ ὠὡ ὠὡ ὠὡ ὠὡ  .  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (1) ʤʘʻ ʨʦʟʚôʷʟʦʢ, ʱʦ ʜʦʚʦʜʠʪʴ ʚʽʨʥʽʩʪʴ 

ʊʚʝʨʜʞʝʥʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʨʫʛʫ ʧʦʩʪʘʥʦʚʢʫ, ʜʝ ʥʝʚʽʜʦʤʠʤʠ ʙʫʜʫʪʴ  k1 ,  k2 ,  k3 ,  P   ,  ʘ  T  

ʚʚʘʞʘʻʪʴʩʷ ʟʘʜʘʥʠʤ. 

ʊʦʜʽ ʚʝʣʠʯʠʥʘ ʨʝʢʫʨʝʥʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʠʪʴʩʷ ʽʟ ʚʠʨʘʟʫ:  

    ὖ ῳȾῳ    

    Ὕ Ὕ ὠ ὡ ὠ ὡ Ὕ Ὕ ὠ ὡ ὠ ὡ    

    Ὕ Ὕ ὠ ὡ ὠ ὡ Ὕ Ὕ ὠ ὡ ὠ ὡ    

    Ὕ Ὕ ὠ ὡ ὠ ὡ Ὕ Ὕ ὠ ὡ ὠ ὡ Ⱦ   
     Ⱦ ὠ ὠ ὡ ὠ ὠ ὡ ὠ ὠ ὡ  .   

ɸʙʦ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʽʟ ʩʠʩʪʝʤʠ (1): 

                                     ὖ Ὕ ὯὝ ὯὝ ὯὝ  .   

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʩʫʮʽʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʯʠʩʣʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʜʚʦʭ ʟʤʽʥʥʠʭ ʩʢʣʘʜʦʚʠʤʠ 

ʷʢʠʭ ʻ ʙʫʜʴ-ʷʢʽ ʦʜʥʦʚʠʤʽʨʥʽ ʯʠʩʣʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʥʝʩʢʽʥʯʝʥʥʽ ʜʠʩʢʨʝʪʥʽ ʬʦʨʤʠ ʧʝʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʨʝʢʫʨʝʥʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ  P ,  ʱʦ ʪʦʪʦʞʥʘ ʚʝʣʠʯʠʥʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  KP  ʩʪʘʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ.  

ʆʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʜʠʩʢʨʝʪʥʠʡ ʢʘʨʢʘʩ, ʙʫʜʴ-ʷʢʦʾ, ʜʚʦʚʠʤʽʨʥʦʾ ʯʠʩʣʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʬʦʨʤʫʣʘʤʠ (1) ʧʨʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ 

ʨʝʢʫʨʝʥʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 
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ʋɼʂ 514.18 

 

ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɼʀʌɽʈɽʅʎɯɸʃʔʅʀʁ ɸʅɸʃɯɿ 

ʉɯʄɽʁʉʊɺɸ ɻɸʋʉɯɺʉʔʂʆ-ʄʆɼʀʌɯʂʆɺɸʅʀʍ ʎʀʂʃʆɰɼɸʃʔʅʀʍ 

ʂʈʀɺʀʍ 

ʂʦʪʣʷʨ ɼ.ɺ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʨʠʢʣʘʜʥʽʡ ʛʝʦʤʝʪʨʽʾ ʻ 

ʦʧʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʬʦʨʤ 

ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʋ ʟʘʜʘʯʘʭ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʥʦʩʦʚʠʭ ʢʦʥʫʩʽʚ ʙʘʣʽʩʪʠʯʥʠʭ ʩʥʘʨʷʜʽʚ, ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʥʝ ʣʠʰʝ ʚʽʟʫʘʣʴʥʘ ʧʣʘʚʥʽʩʪʴ ʦʙʚʦʜʫ, ʘ ʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʢʨʠʚʠʥʠ. 

ʂʣʘʩʠʯʥʽ ʮʠʢʣʦʾʜʘʣʴʥʽ ʢʨʠʚʽ ʤʘʶʪʴ ʞʦʨʩʪʢʦ ʚʠʟʥʘʯʝʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʢʦʨʝʢʮʽʾ ʬʦʨʤʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʮʠʢʣʦʾʜʠ ʟ ʛʘʫʩʽʚʩʴʢʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ ʣʦʢʘʣʴʥʽ ʪʘ ʛʣʦʙʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʚʦʜʫ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ʇʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʨʘʜʽʫʩ-ʬʫʥʢʮʽʾ ʮʠʢʣʦʾʜʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʤʥʦʞʥʠʢʦʤ ɻʘʫʩʩʘ. ɺʝʢʪʦʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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 (1) 

ʜʝ a(t) = 1 + Ŭ exp(ï(t ï ɛ)² / 2ů²) ï ʬʫʥʢʮʽʷ ʤʦʜʠʬʽʢʘʮʽʾ ɻʘʫʩʩʘ, ʘ c ʪʘ h ï 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ.  

ɚ= c/(Ŕ) ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, R = h/2 ï ʨʘʜʽʫʩ ʮʠʢʣʦʾʜʠ. ʇʘʨʘʤʝʪʨʠ Ŭ, ů 

ʪʘ ɛ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʘʤʧʣʽʪʫʜʫ, ʰʠʨʠʥʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʣʦʢʘʣʴʥʦʛʦ 

ʟʙʫʨʝʥʥʷ ʬʦʨʤʠ. 

ɸʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚʠ ʥʝʩʧʘʜʥʦʩʪʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʨʝʢʪʥʦʩʪʽ ʧʨʦʬʽʣʶ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʦʨʜʠʥʘʪʘ y(t) ʙʫʣʘ ʤʦʥʦʪʦʥʥʦ 

ʥʝʩʧʘʜʥʦʶ ʥʘ ʽʥʪʝʨʚʘʣʽ t  ɴ[0, ]́. ɹʫʜʴ-ʷʢʘ ʚʪʨʘʪʘ ʤʦʥʦʪʦʥʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʣʦʢʘʣʴʥʠʭ ʚʧʘʜʠʥ, ʱʦ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʜʣʷ ʦʙʪʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ y'(t) ʧʦʢʘʟʘʣʦ, ʱʦ ʢʨʠʪʠʯʥʦʶ ʜʽʣʷʥʢʦʶ ʻ ʧʨʦʤʽʞʦʢ 

t  ɴ[0, ɛ], ʜʝ ʧʦʭʽʜʥʘ ʤʦʜʠʬʽʢʘʮʽʾ a'(t) < 0. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘʚʜʷʢʠ ʛʨʘʜʽʻʥʪʥʦʤʫ 

ʜʦʤʽʥʫʚʘʥʥʶ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʥʝʨʽʚʥʦʩʪʽ ʚ ʦʢʦʣʽ ʧʦʯʘʪʢʦʚʦʾ 

ʪʦʯʢʠ (ʧʨʠ t Ÿ 0), ʤʦʥʦʪʦʥʥʽʩʪʴ ʦʨʜʠʥʘʪʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ Ŭ > -1 

ʜʦʩʣʽʜʞʝʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʦʧʫʢʣʽ ʧʨʦʬʽʣʽ. 

 
() () () ()( )sin 1 cos .Ö ² -a t t a t t

  (2) 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XɁ ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

48 

ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʢʨʠʚʠʥʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʷʢʦʩʪʝʡ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʜʘʪʢʦʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʚʠʤʦʛʫ ï ʤʦʥʦʪʦʥʥʝ ʩʧʘʜʘʥʥʷ 

ʢʨʠʚʠʥʠ ə(t) ʚʽʜ ʥʦʩʦʚʦʾ ʯʘʩʪʠʥʠ ʜʦ ʚʠʭʦʜʫ: 

 
( ) [ ], , , / 0, 0,a s m p¢ " Ídk t dt t

,  (3) 

ʏʝʨʝʟ ʚʠʩʦʢʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʠʨʘʟʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʭʽʜʥʽ ʬʫʥʢʮʽʾ ɻʘʫʩʩʘ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʙʣʘʩʪʝʡ ʛʣʘʜʢʦʩʪʽ ʧʨʦʚʝʜʝʥʘ ʯʠʩʝʣʴʥʦ-ʩʠʤʚʦʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ. ʋ ʭʦʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ 

ʚʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʪʦʧʦʣʦʛʽʶ ʧʨʦʩʪʦʨʫ ʧʘʨʘʤʝʪʨʽʚ Ŭ, ů, ɛ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʪʥʽʩʪʴ ʦʙʚʦʜʽʚ. ʇʦʙʫʜʦʚʘʥʽ ʩʽʤʝʡʩʪʚʘ ʽʟʦʣʽʥʽʡ (ʨʠʩ. 1) 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʘʧʨʽʦʨʥʠʡ ʚʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ 

ʛʘʨʘʥʪʫʚʘʥʥʷ ʥʝʩʧʘʜʥʦʩʪʽ ʦʨʜʠʥʘʪʠ y(t). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʞʘ ʟʦʥʠ ʥʝʩʧʘʜʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ ʩʪʘʥʦʤ y'(t) = 0, ʟʘ ʷʢʠʤ ʚʠʥʠʢʘʶʪʴ ʣʦʢʘʣʴʥʽ 

ʩʘʤʦʧʝʨʝʪʠʥʠ ʧʨʦʬʽʣʶ.  

 
ʈʠʩ.1. ʂʦʥʪʫʨʠ ʟʘʣʝʞʥʦʩʪi Ŭ i ů ʜʣʷ ʬiʢʩʦʚʘʥʠʭ ɛ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʞi ʟʦʥʠ 

ʥʝʩʧʘʜʥʦʩʪi ʧʦ iʟʦʣiʥiʾ y'(t) = 0 

 

ɺʠʷʚʣʝʥʦ ʝʬʝʢʪ çʛʝʦʤʝʪʨʠʯʥʦʛʦ ʢʘʨʤʘʥʘè ð ʚʫʟʴʢʦʾ ʦʙʣʘʩʪʽ ʚ ʧʨʦʩʪʦʨʽ 

ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 2), ʜʝ ʧʨʠ ʚʽʟʫʘʣʴʥʽʡ ʧʣʘʚʥʦʩʪʽ ʢʨʠʚʦʾ ʚʠʥʠʢʘʻ ʧʦʨʫʰʝʥʥʷ 

ʤʦʥʦʪʦʥʥʦʩʪʽ ʢʨʠʚʠʥʠ. ʎʝ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʟʘ ʽʟʦʣʽʥʽʻʶ MAXT (DK/DT) = 0  ʽ ʻ  

 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʘʜʘʯ ʘʝʨʦʜʠʥʘʤʽʢʠ, ʜʝ ʥʝʤʦʥʦʪʦʥʥʽʩʪʴ ʢʨʠʚʠʥʠ ʩʧʨʠʯʠʥʷʻ 

ʧʝʨʝʜʯʘʩʥʠʡ ʚʽʜʨʠʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ. 

ʈʠʩ.2. ʂʦʥʪʫʨʠ ʟʘʣʝʞʥʦʩʪi Ŭ i ů ʜʣʷ ʬiʢʩʦʚʘʥʠʭ ɛ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʤʝʞi ʟʦʥʠ ʥʝʤʦʥʦʪʦʥʥʦʩʪi ʢʨʠʚʠʥʠ ʧʦ iʟʦʣiʥiʾ maxt (də/dt) = 0 
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ɸʥʘʣʽʟ ʪʨʠʚʠʤʽʨʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 3) 

ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʩʪʽʡʢʽʩʪʴ ʤʦʜʝʣʽ.   

ʘ) ʇʨʠ ʟʤʽʥʥʦʤʫ Ŭ ʪʘ ʬʽʢʩʦʚʘʥʠʭ (ů = 0.8, ɛ = 

ˊ/4) 

ʙ) ʇʨʠ ʟʤʽʥʥʦʤʫ ů ʪʘ ʬʽʢʩʦʚʘʥʠʭ (Ŭ = ī0.3, ɛ = ˊ/4) 

ʚ) ʇʨʠ ʟʤʽʥʥʦʤʫ ɛ ʪʘ ʬʽʢʩʦʚʘʥʠʭ (Ŭ = ī0.3, ů = 0.8) 

ʈʠʩ.3. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʣʘʥʜʰʘʬʪʠ ʛʘʫʩʽʚʩʴʢʦ-ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʮʠʢʣʦʾʜʠ  log |ə(t)| (ʟʣiʚʘ) i log |də/dt| (ʩʧʨʘʚʘ)  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʝʥʴ log |k(t)| ʪʘ log |dk/dt| ʜʦʟʚʦʣʠʣʦ ʥʽʚʝʣʶʚʘʪʠ ʟʥʘʯʥʽ 

ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʧʦʨʷʜʢʘʭ ʚʝʣʠʯʠʥ ʪʘ ʯʽʪʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʦʥʠ ʝʢʩʪʨʝʤʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ɻʘʫʩʩʘ. 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʘʤʧʣʽʪʫʜʠ ʤʦʜʠʬʽʢʘʮʽʾ Ŭ (ʨʠʩ. 3, ʘ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʛʣʠʙʠʥʦʶ ʟʙʫʨʝʥʥʷ ʪʘ ʧʽʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʨʠʚʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ Ŭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ "ʟʘʛʦʩʪʨʝʥʥʷ" 

ʧʨʦʬʽʣʶ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʣʦʢʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʘʙʦ ʪʠʩʢʫ ʧʦʪʦʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʣʦʢʘʣʽʟʘʮʽʾ ů (ʨʠʩ. 3, ʙ) ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ 

ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʫ ʚʽʜ ʛʣʦʙʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʮʠʢʣʦʾʜʘʣʴʥʦʛʦ ʦʙʚʦʜʫ ʜʦ 

ʚʫʟʴʢʦʩʧʨʷʤʦʚʘʥʦʾ ʣʦʢʘʣʴʥʦʾ ʢʦʨʝʢʮʽʾ. ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ů ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʶʶʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʝʮʠʟʽʡʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ ʛʝʦʤʝʪʨʽʶ ʦʢʨʝʤʦʾ ʜʽʣʷʥʢʠ ʧʨʦʬʽʣʶ ʙʝʟ ʩʫʪʪʻʚʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ ʟʘʛʘʣʴʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ. 

ʆʩʦʙʣʠʚʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʜʠʥʘʤʽʢʘ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ 

ʤʦʜʠʬʽʢʘʮʽʾ ɛ (ʨʠʩ. 3, ʚ). ʇʦʙʫʜʦʚʘʥʽ ʧʦʚʝʨʭʥʽ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʶʪʴ ʪʨʘʻʢʪʦʨʽʶ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʢʨʠʚʠʥʠ ʚʟʜʦʚʞ ʜʫʛʠ ʦʙʚʦʜʫ. ʎʝ ʜʦʚʦʜʠʪʴ ʛʥʫʯʢʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʫ ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʬʦʨʤ, ʜʝ ʧʦʣʦʞʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʨʦʟʧʦʜʽʣʫ ʢʨʠʚʠʥʠ ʤʘʻ ʙʫʪʠ ʯʽʪʢʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʝ ʟ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʪʦʯʢʦʶ ʧʝʨʝʭʦʜʫ ʣʘʤʽʥʘʨʥʦʛʦ ʧʦʪʦʢʫ ʚ 

ʪʫʨʙʫʣʝʥʪʥʠʡ).è 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʦʪʦʥʥʦʩʪʽ ʢʨʠʚʠʥʠ ʧʘʨʘʤʝʪʨʠ 

ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʶʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʤʝʞʘʭ: Ŭ  ɴ [ï0.81, 0.00], ů  ɴ [0.27, 0.95],  

ɛ  ɴ[0, ˊ/2]. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʘʫʩʽʚʩʴʢʦ-ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʠʢʣʦʾʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʚʞʠʥʠ ʪʘ ʚʠʩʦʪʠ ʦʙʚʦʜʫ. ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʛʣʘʜʢʠʭ 

ʦʙʚʦʜʽʚ ʽʟ ʢʝʨʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʨʠʚʠʥʠ, ʱʦ ʻ ʪʝʦʨʝʪʠʯʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʬʦʨʤ. 
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The modern paradigm of Smart Agriculture is rapidly evolving from the use of 

single automated machines to the implementation of complex robotic complexes, 

which may include swarms of uncrewed aerial vehicles. The integration of soft robotics 

technologies into drone design enables the manipulatorôs gripper to interact delicately 

with plants in agroforestry and horticultural [1]. 

Effective execution of operations, such as variable-rate fertilisation or 

autonomous harvesting, requires not only modern mechatronic solutions but also a 

reliable communication architecture. 

The integration of cloud computing and the Internet of Things is a fundamental 

prerequisite for coordinating mobile agricultural robots [2]. Drone swarm control 

involves a combination of reactive and deterministic behaviours. Reliable 

communication is essential not only for avoiding collisions but also for the effective 

and standardised monitoring of the swarm by a human operator (HumanïRobot 

Interaction) [3].  

The key problem remains the energy dependence of UAVs. Traditional Wi-Fi 

and 4G protocols rapidly drain batteries. To mitigate this negative factor, the use of 

energy-efficient communication technologies, particularly LPWANs (e.g., 

LoRaWAN) and WPANs (e.g., Zigbee), provides an effective solution. 

To perform precision application tasks, such as those of mineral fertilisers, which 

were conceptually studied for ground-based pneumatic agricultural robots [4], the 

swarm, in this case, requires a two-level communication architecture: 

Intra-swarm communication (Zigbee): Based on the IEEE 802.15.4 standard [5], 

this protocol is suitable for short-range data exchange (up to 100 m) between drones. 

The use of a mesh topology enables drones to locally synchronise trajectories, allocate 

processing areas, and coordinate fruit capture without delays or the need to call a 

central server [6]. 

Global Telemetry (LoRaWAN): Comprehensive reviews of the development of 

LPWAN for the Internet of Things [4] confirm that the LoRaWAN architecture enables 

the deployment of low-power networks over large areas. This channel can be used to 

communicate between the swarm and the cloud server over distances of up to 15 km. 

It transmits task maps, global coordinates, and overall operation status. 

The use of low-power networks directly affects the operating time of 

autonomous drones. The energy balance of each uncrewed vehicle in a swarm, for 

example, a UAV, can be described by the following expressions: 

Ὁ Ὁ Ὁ Ὁ  
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where Etotal is the total available battery energy; Eflight is the energy 

consumption on flight; Emanip is the energy to perform agrotechnical operations (e.g., 

sprayer pumps, manipulator actuators); Ecom is the energy spent on communication. 

In turn, the energy consumption for data transmission (Ecom) is calculated using 

the following expressions: 

 

Ὁ ὖ Ͻ
ὒ

Ὑ
ὖ Ͻὸ  

 

where Ptx and Prx are the power consumption of the radio module in the transmit and 

receive modes; L is the data packet size (bit); R is the data transfer rate (bit/s); 

trxï duration in receive mode. 

As LoRaWAN and Zigbee protocols significantly minimise Ptx and Prx 

compared to broadband networks, Ecom is reduced accordingly. This allows the 

battery capacity to be redistributed between Eflight and Emanip, thereby increasing the 

UAV's autonomous operating time. 

The use of the LoRaWAN protocol for macro control and Zigbee for micro 

coordination protocols forms an optimal infrastructure for the operation of agricultural 

drones. This approach ensures the execution of agrotechnical operations while 

simultaneously reducing the energy consumption of robotic complexes. 
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Under conditions of large-scale destruction caused by military aggression, the 

issue of greening construction waste management acquires systemic importance for the 

recovery of the national economy and the reduction of anthropogenic pressure on the 

environment. The shortage of primary construction resources, limited logistical 

capacities, and rising material costs necessitate the active use of secondary raw 

materials obtained through the recycling of construction debris. According to analytical 

assessments of infrastructure damage, a significant share of destroyed assets consists 

of residential buildings, as well as transport, energy, and social infrastructure, which 

generates substantial flows of mixed construction waste [1]. 

The specificity of waste generated by explosive destruction lies in its 

heterogeneity and the high degree of mixing of materials of different origins. Unlike 

waste from planned demolition, such masses are characterized by deformed structures, 

contaminated fractions, and potentially hazardous components, which significantly 

complicate sorting and further processing [2]. Particular attention should be paid to 

asbestos-containing materials which, in the absence of selective removal, can render 

large volumes of waste hazardous and therefore require specialized handling in 

accordance with environmental safety requirements [3]. 

In accordance with the provisions of the Law of Ukraine «On Waste 

Management», priority is given to the implementation of the waste hierarchy, which 

ʧʨʝʜʫʩʤʘʪʨʠʻ prevention of waste generation, preparation for reuse, recycling, other 

recovery operations, and only as a last resort ï disposal. Additionally, the regulatory 

framework for waste classification is defined by the Resolution of the Cabinet of 

Ministers of Ukraine No. 1102 «On Approval of the Procedure for Waste 

Classification», which ensures the identification of hazardous components and the 

selection of appropriate treatment technologies. 

An analysis of the material structure of typical buildings indicates that the 

predominant share of waste consists of reinforced concrete and stone materials, 

construction mortars, metal elements, as well as wood and polymer-based thermal 

insulation materials [1]. In the context of destruction, these components are 

transformed into significant volumes of secondary raw materials suitable for reuse after 

appropriate processing. In particular, crushed concrete and reinforced concrete can be 

used as secondary aggregates, metals as feedstock for metallurgical recycling, and 

brick and ceramic materials in road construction or for manufacturing new building 

products. 
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The formation of an effective waste management system for such materials 

requires a phased organization of processes: from initial site clearance and 

transportation to treatment facilities, to sorting, temporary storage, preparation for 

reuse, and final recovery or disposal [2]. A key element of greening this system is the 

implementation of selective demolition, which minimizes material mixing and 

improves the quality of secondary resources. 

Recycling of construction waste is implemented at several technological levels 

ï from the direct reuse of homogeneous materials to complex processes of mechanical, 

chemical, and thermal treatment. In practice, the most widespread is secondary 

recycling, which includes sorting, crushing, and cleaning of materials, ensuring their 

further use in construction production [2]. At the same time, the development of 

advanced processing technologies opens up opportunities for deeper transformation of 

waste into new value-added materials. 

The technological implementation of recycling processes requires the use of 

specialized equipment, including telescopic handlers, mobile and stationary crushing 

and screening plants, as well as separation and fractionation systems that ensure the 

production of standardized secondary materials [1]. A complicating factor in the 

operation of such equipment is its functioning under conditions of high dust pollution. 

The application of these solutions contributes not only to reducing landfill 

volumes but also to the formation of local closed-loop material cycles within the 

construction sector. From a strategic perspective, the greening of construction waste 

management aligns with the principles of the circular economy and corresponds to the 

objectives of the European Green Deal. The transition from a linear «productionï

consumptionïwaste» model to a circular model reduces resource dependency, lowers 

greenhouse gas emissions, and minimizes landfill burdens. For Ukraine, this represents 

not only a solution to environmental challenges but also the creation of new economic 

opportunities in the recycling industry. 

Thus, the sorting and recycling of construction waste generated as a result of 

military destruction serve as key instruments for the greening of reconstruction 

processes. Their systematic implementation ensures increased resource efficiency, 

reduced environmental risks, and the establishment of a foundation for the sustainable 

development of Ukraine in the post-war period. 
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ʅɸʋʂʆɺʆ-ʄɽʊʆɼʀʏʅɯ ɿɸʉɸɼʀ ʆʎɯʅʖɺɸʅʅʗ ʊɽʍʅɯʏʅʆɻʆ 

ʉʊɸʅʋ ɼɺʆʉʊʋʇɽʅɽɺʀʍ ʉʀʉʊɽʄ ʆʏʀʑɽʅʅʗ ʇʆɺɯʊʈʗ 

ɼɺʀɻʋʅɯɺ ʊɽʃɽʉʂʆʇɯʏʅʀʍ ʅɸɺɸʅʊɸɾʋɺɸʏɯɺ 

ʅʦʚʠʮʴʢʠʡ ɸ.ɺ., ʅʦʚʠʮʴʢʠʡ ʖ.ɸ., ʇʽʜʚʠʩʦʮʴʢʠʡ ɺ.ʄ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʠʩʪʝʤʘ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʜʚʠʛʫʥʽʚ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʥʘʚʘʥʪʘʞʫʚʘʯʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʩʧʝʮʠʬʽʢʦʶ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʟʘʧʠʣʝʥʠʭ ʫʤʦʚʘʭ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ 

ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ Manitou MLT-

X735LSU ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʚʦʩʪʫʧʝʥʝʚʘ ʩʠʩʪʝʤʘ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʟʦʚʥʽʰʥʽʡ (ʧʝʨʚʠʥʥʠʡ) ʬʽʣʴʪʨ 563416 ʪʘ ʚʥʫʪʨʽʰʥʽʡ (ʚʪʦʨʠʥʥʠʡ) ʬʽʣʴʪʨ 563415. 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʝʪʘʧʥʝ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʽ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ [1]. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ, ʱʦ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ 

ʧʦʚʽʪʨʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ 

ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʘʪʨʠʤʘʥʥʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ [2, 3]. 

ʇʝʨʚʠʥʥʽ ʬʽʣʴʪʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʪʨʠʤʘʥʥʷ ʦʩʥʦʚʥʦʾ ʤʘʩʠ ʧʠʣʫ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ, ʪʦʜʽ ʷʢ ʚʪʦʨʠʥʥʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʜʦʦʯʠʱʝʥʥʷ ʪʘ ʘʚʘʨʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʚʠʛʫʥʘ ʫ ʨʘʟʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʬʽʣʴʪʨʘ. ɿʘ 

ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʩʪʫʧʝʥʝʚʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʨʝʩʫʨʩ ʜʚʠʛʫʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʽʪʨʷʥʠʡ 

ʬʽʣʴʪʨ 563416 ʚʠʢʦʥʫʻ ʦʩʥʦʚʥʫ ʬʫʥʢʮʽʶ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʟʘʪʨʠʤʘʥʥʷ ʜʦ 99 ï 99,9 % ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʟʘʚʜʷʢʠ ʟʥʘʯʥʽʡ ʧʣʦʱʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ 

ʚʠʩʦʢʽʡ ʧʠʣʦʤʽʩʪʢʦʩʪʽ. ɿʦʚʥʽʰʥʽʡ ʧʦʚʽʪʨʷʥʠʡ ʬʽʣʴʪʨ 563416 ʻ ʧʝʨʚʠʥʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʜʚʦʩʪʫʧʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʜʚʠʛʫʥʽʚ. ʁʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʛʨʫʙʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ 

ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʜʚʠʛʫʥʘ, ʪʘ ʩʧʨʠʡʥʷʪʪʽ 

ʦʩʥʦʚʥʦʛʦ ʧʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʽʥ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ. 

ɺʥʫʪʨʽʰʥʽʡ ʬʽʣʴʪʨ 563415, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ, ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʩʣʫʛʫʻ ʜʦʜʘʪʢʦʚʠʤ ʙʘʨôʻʨʦʤ ʜʣʷ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ ʧʨʦʥʠʢʥʝʥʥʶ ʜʦ ʜʚʠʛʫʥʘ, ʦʩʦʙʣʠʚʦ 

ʫ ʚʠʧʘʜʢʘʭ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʥʝʩʚʦʻʯʘʩʥʦʾ ʟʘʤʽʥʠ ʧʝʨʚʠʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʊʠʧ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʩʠʥʪʝʪʠʯʥʠʡ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʡ (ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ). 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʣʴʪʨʘ ʚʩʝʨʝʜʠʥʽ ʧʝʨʚʠʥʥʦʛʦ ʝʣʝʤʝʥʪʘ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʢʪʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʦʙʦʭ ʩʪʫʧʝʥʽʚ ʦʯʠʱʝʥʥʷ. ɺʽʥ 
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ʚʠʢʦʥʫʻ ʪʘʢʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ: ʪʦʥʢʝ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ (ʜʦ 1ï5 ʤʢʤ); ʘʚʘʨʽʡʥʠʡ ʟʘʭʠʩʪ ʜʚʠʛʫʥʘ ʫ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ 

ʧʨʦʨʠʚʫ ʧʝʨʚʠʥʥʦʛʦ ʬʽʣʴʪʨʘ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ 

ʚʧʫʩʢʥʽʡ ʩʠʩʪʝʤʽ; ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʜʚʠʛʫʥʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʢʣʶʯʦʚʠʤʠ ʻ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʘʭ, ʩʪʫʧʽʥʴ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʢʦʝʬʽʮʽʻʥʪ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʫʱʽʣʴʥʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʤʦʛʘʤ [3]. ʆʮʽʥʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʬʽʣʴʪʨʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ 

ʚʢʣʶʯʘʻ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ (ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ), ʘʥʘʣʽʪʠʯʥʽ 

ʤʝʪʦʜʠ (ʢʦʥʪʨʦʣʴ ʚʤʽʩʪʫ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʧʦʚʽʪʨʽ ʘʙʦ ʤʘʩʪʠʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ), ʘ ʪʘʢʦʞ ʚʽʟʫʘʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʽ ʤʝʪʦʜʠ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ 

ʜʦʪʨʠʤʘʥʥʷ ʨʝʛʣʘʤʝʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ, ʟʦʢʨʝʤʘ ʟʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʟʘʧʠʣʝʥʦʩʪʽ, ʨʝʩʫʨʩ ʧʝʨʚʠʥʥʦʛʦ ʬʽʣʴʪʨʘ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʪʦʨʠʥʥʠʡ ʬʽʣʴʪʨ ʽ ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ ʧʨʦʥʠʢʥʝʥʥʷ 

ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʜʚʠʛʫʥ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʬʘʢʪʠʯʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ɸʚʪʦʨʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ [4] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʩʠʩʪʝʤʘ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟʘ ʬʘʢʪʠʯʥʠʤ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʥʝʜʦʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʬʽʣʴʪʨʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʘʪʝʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʚʥʦʛʦ ʨʝʩʫʨʩʫ ʧʦʚʽʪʨʷʥʠʭ 

ʬʽʣʴʪʨʽʚ ʜʚʠʛʫʥʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪ [5]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʦʩʪʫʧʝʥʝʚʘ ʩʠʩʪʝʤʘ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʜʚʠʛʫʥʘ 

ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʯʘ Manitou MLT-X735LSU, ʨʝʘʣʽʟʦʚʘʥʘ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʣʴʪʨʽʚ 563416 ʪʘ 563415, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʡʦʛʦ 

ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ. ʈʘʮʽʦʥʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʽʚ, ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ. 
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The COPILOT project is a European initiative aimed at transforming higher 

education institutions into innovation-driven ecosystems, particularly in the field of 

Sustainable Energy and Clean Technologies (SECT). Its main objective is to strengthen 

the capacity of universities to support deep-tech entrepreneurship, bridge the skills gap, 

and foster collaboration between education, research, and industry. The project focuses 

on training approximately 1,500 students and 550 academic staff, while also 

contributing to startup creation and the development of green technologies aligned with 

the EU Green Deal. 

The implementation of the COPILOT project is based on a comprehensive 

approach that integrates education, innovation, and entrepreneurship. One of the key 

mechanisms is the development of innovation-oriented curricula co-created by partner 

universities and aligned with real market needs. Additionally, the project introduces a 

capacity-building framework that includes staff training, mentoring, and the 

modernization of institutional infrastructure. Another important component is the 

establishment of strong links with industry through internships, networking, and 

startup support programs, enabling students and researchers to apply their knowledge 

in real-world contexts. 
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Within the framework of the project, a wide range of disciplines is taught, 

especially at the National University of Life and Environmental Sciences of Ukraine. 

These courses cover both technological and pedagogical aspects of innovation. For 

example, courses related to artificial intelligence focus on machine learning, natural 

language processing, and intelligent systems, as well as their application in education 

and engineering. Other disciplines include innovative teaching approaches, robotics 

systems, additive manufacturing, 3D technologies, modern technical systems, and 

digital twins. These courses provide both theoretical knowledge and practical skills 

necessary for designing advanced technological solutions and implementing them in 

professional practice. 

The courses are designed for a broad target audience, including students, 

academic staff, researchers, and industry representatives. Such an inclusive and 

multidisciplinary approach ensures the development of relevant competencies required 

by the modern labor market, particularly in the fields of sustainable energy, digital 

transformation, and innovation-driven entrepreneurship. 

The results achieved by the COPILOT project demonstrate its significant impact 

on higher education and innovation ecosystems. Among the key outcomes are the 

development of new educational programs, modernization of teaching methods, 

strengthening cooperation between universities and industry, and the creation of 

innovation-oriented learning environments. Furthermore, these results are not limited 

to the duration of the project: they will be actively integrated into existing educational 

programs, leading to the modernization of their content and structure. This integration 

will ensure that curricula remain relevant to current technological trends and labor 

market demands, ultimately enhancing the quality of education. 

As a result, the implementation of COPILOT outcomes will elevate educational 

activities to a higher level by promoting innovation, interdisciplinarity, and practical 

orientation in teaching and learning processes. It will also contribute to the long-term 

sustainability of educational reforms and strengthen the role of universities as key 

drivers of technological progress and socio-economic development. 

In conclusion, the COPILOT project represents an effective model for 

modernizing higher education through the integration of innovation, technology, and 

entrepreneurship. By combining advanced curricula, practical training, and 

international cooperation, it prepares a new generation of specialists capable of 

addressing global challenges in sustainable development and driving technological 

progress. 
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ʋɼʂ 614.82 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɯʅʊɽʅʉʀɺʅʆʉʊɯ ʅɸʂʆʇʀʏɽʅʅʗ ɺʊʆʄʅʆɻʆ 

ʇʆʐʂʆɼɾɽʅʅʗ ʋ ɿʈɸɿʂɸʍ ʄɽʊɸʃʆʂʆʅʉʊʈʋʂʎɯʁ ʅɸ ʆʉʅʆɺɯ 

ʉʊɸʊʀʉʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʗʉʂʈɸɺʆʉʊɯ ʉʇɽʂʃʆɻʈɸʄ 

ɺʦʡʥʘʣʦʚʠʯ1ʆ.ɺ., ʇʠʩʘʨʝʥʢʦ2ɻ.ɻ., ʄʘʡʣʦ2ɸ.ʄ., ɹʷʣʦʥʦʚʠʯ2ɸ.ɺ. 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

2ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤʝʥʽ ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
 

ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʫ ʜʝʪʘʣʷʭ ʤʦʙʽʣʴʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʚʠʟʥʘʯʘʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʫʤʦʚʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

(ʩʠʣʦʚʝ ʥʝʨʝʛʫʣʷʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ, 

ʢʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ ʪʦʱʦ), ʪʦ ʞ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ (ʟʘʣʠʰʢʦʚʦʛʦ 

ʨʝʩʫʨʩʫ) ʪʝʭʥʽʢʠ ʻ ʩʢʣʘʜʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʑʦʙ ʦʮʽʥʠʪʠ 

ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʧʽʩʣʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽʥʞʝʥʝʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʨʠʪʝʨʽʾ, ʷʢʠʡ ʧʦʚ'ʷʟʫʶʪʴ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘ ʝʚʦʣʶʮʽʾ ʮʠʢʣʽʯʥʦʾ ʧʦʚʟʫʯʦʩʪʽ 

(ʥʘʥʦʚʠʤʽʨʥʦʛʦ ʤʘʩʰʪʘʙʫ) ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʟ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʶ [1]. 

ʑʦʙ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʚʽʜʩʪʝʞʫʶʪʴ ʢʽʥʝʪʠʢʫ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʚʥʷʭ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ [2]. ʈʦʟʚʠʚʘʶʪʴʩʷ ʥʝʩʪʘʥʜʘʨʪʥʽ ʧʽʜʭʦʜʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ, ʥʘʢʦʧʠʯʝʥʦʛʦ ʧʽʜ ʯʘʩ 

ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ, ʱʦ  ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʝʬʦʨʤʘʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3]. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʢʽʥʝʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʩʽʷʥʦʾ ʧʦʰʢʦʜʞʝʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʢʦʛʝʨʝʥʪʥʦ-ʦʧʪʠʯʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ ʤʽʢʨʦʜʝʬʦʨʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ [2]. ʑʦʙ ʦʮʽʥʠʪʠ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʨʝʣʴʻʬʫ ʨʦʟʚʠʥʝʥʠʭ ʩʤʫʛ ʢʦʚʟʘʥʥʷ (ʤʽʢʨʦʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ), ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ, ʘʥʘʣʽʟʫʚʘʣʠ ʟʤʽʥʠ ʷʩʢʨʘʚʦʩʪʽ ʩʧʝʢʣʦʛʨʘʤ ʚʽʜʙʠʪʦʛʦ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʦʤʽʥʥʷ, ʷʢʽ ʨʝʻʩʪʨʫʶʪʴ ʥʘ ʬʦʪʦʜʽʦʜʥʽʡ ʤʘʪʨʠʮʽ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ ʘʥʘʣʽʟʫ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʣʽʚ ʷʩʢʨʘʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʛʨʘʤʠ ʮʠʬʨʦʚʦʛʦ 

ʦʙʨʦʙʣʷʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ 

ʰʦʨʩʪʢʦʩʪʽ ʽʥʞʝʥʝʨʥʦʾ ʧʦʚʝʨʭʥʽ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ISO 25178: Geometrical 

Product Specifications (GPS) ï Surface texture: areal. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʫ ʮʽʡ ʨʦʙʦʪʽ 

ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʧʣʦʩʢʽ ʩʪʘʣʝʚʽ ʟʨʘʟʢʠ ʮʠʢʣʽʯʥʠʤ ʟʛʠʥʦʤ ʟ ʯʘʩʪʦʪʦʶ 

ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ 13 ʢɻʮ ʫ ʜʽʘʧʘʟʦʥʽ 1Ŀ105 ï 5·107 ʮʠʢʣʽʚ. ɸʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ 

ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʚʘʣʠ ʩʪʘʣʦʶ ʥʘ ʯʘʩʪʦʪʽ 

ʨʝʟʦʥʘʥʩʫ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʤʦʤʝʥʪʫ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ʥʘ 3 % 

ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʯʘʩʪʦʪʠ ʚʪʦʤʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ. 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XɁ ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

60 

ʉʪʫʧʽʥʴ ʣʦʢʘʣʽʟʘʮʽʾ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʦʮʽʥʶʚʘʣʠ ʟʘ ʟʤʽʥʘʤʠ 

ʟʦʙʨʘʞʝʥʥʷ ʩʧʝʢʣʦʛʨʘʤ ʟʜʝʬʦʨʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʢʦʨʝʣʶʶʪʴ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʚʠʤʽʨʷʥʦʛʦ ʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʘʢʩʠʤʫʤʽʚ (ʤʽʥʽʤʫʤʽʚ) ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʫ ʟʦʥʽ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʨʘʟʢʘ. 

ʂʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʶ ʥʘʢʦʧʠʯʝʥʥʷ ʮʠʢʣʽʯʥʦʾ ʧʦʰʢʦʜʞʝʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟ ʝʢʩʪʨʝʤʫʤʘʤʠ ʟʜʝʬʦʨʤʦʚʘʥʦʛʦ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʦʜʽʣʫ 

ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʩʧʝʢʣʩʪʨʫʢʪʫʨʠ ʟʜʝʬʦʨʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ. 

ɿʤʽʥʠ ʤʽʢʨʦʜʝʬʦʨʤʦʚʘʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʦʮʽʥʶʚʘʣʠ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʧʝʢʣʦʛʨʘʤ, ʷʢʽ ʢʦʨʝʣʶʶʪʴ ʟʽ ʟʤʽʥʘʤʠ ʘʤʧʣʽʪʫʜ ʨʦʟʤʘʭʫ ʣʦʢʘʣʴʥʠʭ ʤʘʢʩʠʤʫʤʽʚ 

ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʫ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʘʤʧʣʽʪʫʜ ʮʠʢʣʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ. ʂʦʥʪʫʨʥʽ ʪʦʧʦʛʨʘʤʠ ʢʦʤʧôʁ ʪʝʨʥʦ ʦʙʨʦʙʣʝʥʠʭ ʩʧʝʢʣʦʛʨʘʤ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ ʧʣʦʱʽ ʣʦʢʘʣʴʥʠʭ ʧʽʢʽʚ ʪʘ ʚʧʘʜʠʥ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʘ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

   
  a    b    c 

ʈʠʩ. 1. ʂʦʤʧôʶʪʝʨʥʦ ʦʙʨʦʙʣʝʥʽ ʩʧʝʢʣʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟʘ ʨʽʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʣʽʥʽʡ ʢʦʥʪʫʨʫ ʨʝʣʴʻʬʫ 

ʦʜʥʘʢʦʚʠʭ ʘʤʧʣʽʪʫʜ (ʩʚʽʪʣʘ ʦʙʣʘʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ ʧʽʢʽʚ ʨʝʣʴʻʬʫ, ʪʝʤʥʘ - 

ʦʙʣʘʩʪʽ ʚʧʘʜʠʥ ʨʝʣʴʻʬʫ; ʧʣʦʱʫ ʩʚʽʪʣʦʾ ʦʙʣʘʩʪʽ Ὓ ʦʮʽʥʝʥʦ ʫ ʚʽʜʩʦʪʢʘʭ ʱʦʜʦ 

ʧʣʦʱʽ ʟʘʛʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʧʝʢʣʽʚ): ʘ ï ὔ  103 ʮʠʢʣ, Ὓ  72,9%; ʙ ï ὔ  105 

ʮʠʢʣ, Ὓ  70,7%; ʚ ï ὔ  106 ʮʠʢʣ, Ὓ  39,31%. 

 

ɼʣʷ ʦʮʽʥʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʥʘ ʢʽʥʝʪʠʢʫ 

ʧʦʰʢʦʜʞʝʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʜʝʢʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʂ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ  

ὑ Ὅ ȾὍ ẗρππϷȢ 
ʜʝ Ὅ  ï ʘʤʧʣʽʪʫʜʘ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, Ὅ  ï ʘʤʧʣʽʪʫʜʘ ʣʦʢʘʣʴʥʦʛʦ 

ʤʽʥʽʤʫʤʫ ʥʘ ʩʧʝʢʣʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. 

ʅʘ ʨʠʩ. 2 ʫ ʢʦʦʨʜʠʥʘʪʘʭ: ʚʽʩʴ ʘʙʩʮʠʩ ï ʧʦʪʦʯʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʫ ʚʽʜʩʦʪʢʘʭ 

(ʜʦ ʤʦʤʝʥʪʫ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ʥʘ 3% ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʯʘʩʪʦʪʠ ʚʪʦʤʥʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʘ); ʚʽʩʴ ʦʨʜʠʥʘʪ ï ʽʥʜʝʢʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʱʦʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʝʥʥʷ ʧʣʦʱ ʦʢʨʝʩʣʝʥʠʭ ʥʘ ʪʦʧʦʛʨʘʤʘʭ ʟʦʥ ʧʽʢʽʚ ʪʘ ʚʧʘʜʠʥ 

ʨʝʣʴʻʬʫ ʤʽʢʨʦʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʤʘʢʨʦʪʨʽʱʠʥʠ.  
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ʈʠʩ. 2. ʂʽʥʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʣʴʻʬʫ ʟʨʘʟʢʽʚ 

ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʫ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʮʠʢʣʽʚ N = 2 · 106 ʮʠʢʣ (ʛʨʘʬʽʢ 1 ï ʚʽʜʧʦʚʽʜʘʻ ʧʽʢʘʤ ʨʝʣʴʻʬʫ, ʛʨʘʬʽʢ 2 ï 

ʚʧʘʜʠʥʘʤ) 

 

ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʛʨʘʬʽʢʽʚ 1 ʽ 2 ʥʘ ʨʠʩ. 2 ʚʽʜʧʦʚʽʜʘ ̒ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ Nlim, ʢʦʣʠ ʩʫʤʘʨʥʽ ʧʣʦʱʽ ʧʽʢʽʚ ʽ ʚʧʘʜʠʥ ʪʦʧʦʛʨʘʤ (ʧʣʦʱʽ 

ʝʢʩʪʨʫʟʽʡ ʪʘ ʽʥʪʨʫʟʽʡ ʟʜʝʬʦʨʤʦʚʘʥʦʛʦ ʨʝʣʴʻʬʫ) ʜʦʩʷʛʘʶʪʴ ʩʧʽʚʤʽʨʥʠʭ ʨʦʟʤʽʨʽʚ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʥʦ ʩʪʘʥ ʧʣʘʩʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʥʽ, 

ʟʜʝʬʦʨʤʦʚʘʥʠʭ ʫ ʚʟʘʻʤʥʦ-ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ʱʦʜʦ ʧʣʦʱʠʥʠ ʽʥʞʝʥʝʨʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɺʢʘʟʘʥʘ ʪʦʯʢʘ ʻ ʤʝʞʝʶ ʚʠʯʝʨʧʘʥʥʷ ʤʽʢʨʦʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʯʝʨʧʘʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʜʝʬʦʨʤʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦ ʧʝʨʝʭʽʜ ʤʽʢʨʦʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ ʧʦʰʠʨʝʥʥʷ ʚʪʦʤʥʦʾ ʤʘʢʨʦʪʨʽʱʠʥʠ. 
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ʋɼʂ 656 

 

ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ ʗʂ ʉʂʃɸɼʅɯ ɼʀʅɸʄɯʏʅɯ ʉʀʉʊɽʄʀ: 

ɸɼɸʇʊɸʎɯʗ ɼʆ ɿʆɺʅɯʐʅɯʍ ɿɹʋʈɽʅʔ ʊɸ ʆʉɺɯʊʅɯ ɯʄʇʃɯʂɸʎɯɰ 

ʄʘʮʶʢ ʅ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʝʢʦʥʦʤʽʢʠ ʙʫʜʴ-ʷʢʦʾ 

ʢʨʘʾʥʠ. ʅʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʩʫʯʘʩʥʫ ʨʦʟʚʠʥʝʥʫ ʜʝʨʞʘʚʫ ʙʝʟ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ 

ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʚʯʝʥʥʷ ʪʝʦʨʽʾ 

ʪʨʘʥʩʧʦʨʪʫ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʚʠʩʪʫʧʘʻ ʥʝ ʣʠʰʝ ʙʘʟʦʚʦʶ ʥʘʚʯʘʣʴʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ, ʘ ʡ ʚʘʞʣʠʚʠʤ 

ʧʨʦʬʝʩʽʡʥʦ ʬʦʨʤʫʚʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 

J8 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè ʪʘ çʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʟʘ ʚʠʜʘʤʠ)è. 

ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʋʢʨʘʾʥʘ ʧʨʦʜʦʚʞʫʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʫʩʽʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ, ʟʦʢʨʝʤʘ ʪʨʘʥʩʧʦʨʪʥʦʾ. 

ʉʫʯʘʩʥʠʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʦʙôʻʜʥʫʻ ʨʽʟʥʽ 

ʚʠʜʠ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʧʨʠʪʘʤʘʥʥʠʤʠ ʾʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʯʫʪʣʠʚʦ ʨʝʘʛʫʻ ʷʢ ʥʘ ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʠ, ʪʘʢ ʽ, ʧʝʨʝʜʫʩʽʤ, ʥʘ ʚʧʣʠʚʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1], [2]. 

ʅʘʚʯʘʣʴʥʘ ʜʠʩʮʠʧʣʽʥʘ çʆʩʥʦʚʠ ʪʝʦʨʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤè 

ʚʽʜʦʙʨʘʞʘʻ ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ, ʾʾ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʘʜʘʧʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʦʰʢʦʜʞʝʥʥʷʤ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʚʠʥʠʢʘʶʪʴ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ, ʟʫʤʦʚʣʝʥʽ 

ʰʚʠʜʢʦʶ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʨʝʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʫ ʧʦʩʪʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ, ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʫʻ ʥʘ ʚʠʢʣʠʢʠ ʪʘ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʘʢʘʜʝʤʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʽʟ ʘʢʪʫʘʣʽʟʘʮʽʻʶ 

ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ [3], [4], [5]. 

ʉʫʪʪʻʚʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʢ ʫ ʧʘʩʘʞʠʨʩʴʢʠʭ [6], [7], [8], [9], 

ʪʘʢ ʽ ʫ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ [3], [10], [11], [12]. ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ 

ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʜʘʧʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʰʚʠʜʢʦʤʫ ʧʝʨʝʧʣʘʥʫʚʘʥʥʽ ʤʘʨʰʨʫʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʰʣʷʭʽʚ, ʧʽʜʚʠʱʝʥʥʽ ʤʦʙʽʣʴʥʦʩʪʽ ʩʢʣʘʜʩʴʢʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ 

ʘʢʪʠʚʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʦʢʨʝʤʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʪʘ ʪʝʭʥʦʣʦʛʽʡ Big Data ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʽ ʟʨʦʩʪʘʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʬʘʭʽʚʮʷ, ʟʜʘʪʥʦʛʦ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʚʠʢʣʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʙʫʪʽ 

ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʽ ʫʤʦʚʠ ʚʽʜʢʨʠʚʘʶʪʴ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ ʤʦʞʣʠʚʦʩʪʽ ʥʝ 

ʣʠʰʝ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʘ ʡ ʧʨʦʚʦʜʠʪʠ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʢʝʡʩʽʚ, ʬʦʨʤʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʪʘ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ. 
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MODERN ASPECTS OF RELIABILITY AND SERVICE LIFE OF OIL 

FILTERS IN INTERNAL COMBUSTION ENGINES  

Melnyk Valentyna, Novitskiy Andriy, Lisetskyi Vitalii  

National University of Life and Environmental Sciences of Ukraine 

 

Oil filters play a crucial role in ensuring the stable operation of internal 

combustion engines by removing abrasive particles, wear products, and chemical 

contaminants, which directly affects the durability and efficiency of engine assemblies. 

Their hydraulic function contributes to pressure stabilization and the prevention of 

erosive processes in the lubrication system [1, 2]. 

Contamination of lubricating oil with particles sized 5ï25 ɛm may account for 

up to 70% of wear in the crank-and-connecting-rod mechanism. Exceeding cleanliness 

standards increases bearing wear intensity by 1.8ï2.3 times. Experimental data indicate 

a reduction in engine service life by 12ï18% when contaminated oil passes through a 

defective filter [1, 2, 5]. 

Abrasive wear arises from the circulation of solid particles, adhesive wear results 

from the breakdown of the lubricating film under pressure drop conditions, and 

corrosion-mechanical wear is caused by the accumulation of acidic by-products. 

According to standards, an increase of one contamination class level raises bearing 
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wear rates by 1.5 times, while the use of filters with a low particle retention coefficient 

increases wear of the cylinderïpiston group by 25ï40% [1, 4, 6]. 

The main sources of contamination include fuel combustion products, wear 

particles, atmospheric dust, and residues of oxidized oil, with a limiting concentration 

of mechanical impurities of 0.02ï0.04%. Deterioration of the oil cleanliness class leads 

to a multiple increase in wear, as demonstrated by empirical data on the relative wear 

rate of bearings [6, 7]. 

Filter service life depends on design factors (type, surface area, material), 

operational conditions (load regime, temperature, material quality), and logistical 

factors (maintenance intervals, forecasting). Temperatures above 120 °C cause 

material degradation, while a pressure drop exceeding 0.15ï0.25 MPa activates bypass 

valves, allowing unfiltered oil to enter the system [3, 4, 7]. 

The main failure modes include clogging (46ï52%), element destruction (18ï

24%), valve failures (12ï16%), and loss of tightness (6ï10%), which leads to up to 

30% of premature bearing failures. Monitoring is performed through differential 

pressure control, contamination analysis, ferrography, and vibroacoustic diagnostics, 

with a transition toward condition-based maintenance in accordance with standards [3, 

4, 6, 7]. 

Key challenges include the use of non-certified filters, violations of maintenance 

regulations, lack of monitoring, and logistical disruptions. The transition to logistics-

based resource management grounded in residual service life diagnostics enables 

optimization of engine reliability [3, 7]. 
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ʇʃɸʅʋɺɸʅʅʗ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ɼʀʅɸʄɯʂʀ 

ʈʋʍ ɽʃɽʄɽʅʊɯɺ ʃɸɹʆʈɸʊʆʈʅʆɰ ʋʉʊɸʅʆɺʂʀ ɹɸʐʊʆɺʆɻʆ 

ʂʈɸʅɸ 

ʈʦʤʘʩʝʚʠʯ ʖ.ʆ., ɺʝʣʠʢʦʽʚʘʥʝʥʢʦ ɼ.ɯ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɽʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʙʘʰʪʦʚʠʤ ʢʨʘʥʦʤ ʧʦʪʨʝʙʫʻ ʪʦʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʪʨʘ̒ʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʫ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʡʦʛʦ ʨʦʟʛʦʡʜʫʚʘʥʥʷ. ɼʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʤʦʜʝʣʽ ʢʨʘʥʘ. 

ʄʝʪʦʶ ʻ ʧʝʨʝʚʽʨʢʘ ʘʣʛʦʨʠʪʤʫ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʤʘʩʘʭ ʚʘʥʪʘʞʫ ʪʘ ʦʮʽʥʢʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ ʫ 

ʧʨʦʮʝʩʽ ʨʫʭʫ. 

ʈʝʻʩʪʨʘʮʽʷ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 8-ʢʘʥʘʣʴʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ. ɺʠʤʽʨʶʚʘʥʽ ʚʝʣʠʯʠʥʠ ʦʭʦʧʣʶʶʪʴ: ʧʦʣʦʞʝʥʥʷ (ʢʦʦʨʜʠʥʘʪʠ) ʚʽʟʢʘ ʥʘ 

ʩʪʨʽʣʽ ï 2 ʢʘʥʘʣʠ (ʝʥʢʦʜʝʨʠ); ʢʫʪ ʧʦʚʦʨʦʪʫ ʩʪʨʽʣʠ ï 2 ʢʘʥʘʣʠ; ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ 

ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʫ ʜʚʦʭ ʧʣʦʱʠʥʘʭ (ʫ ʧʣʦʱʠʥʽ ʩʪʨʽʣʠ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʜʦ ʥʝʾ) ï 2 ʢʘʥʘʣʠ; ʩʪʨʫʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʨʠʚʦʜʫ ï 1 ʢʘʥʘʣ. ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʧʦʚʥʫ ʢʽʥʝʤʘʪʠʯʥʫ ʢʘʨʪʠʥʫ ʨʫʭʫ ʚʘʥʪʘʞʫ ʪʘ 

ʦʮʽʥʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠʚʦʜʫ. 

ʗʢ ʥʝʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ ʦʙʨʘʥʦ ʜʦʚʞʠʥʫ ʧʽʜʚʽʩʫ ʚʘʥʪʘʞʫ (1,0 ʤ ʪʘ 1,5 ʤ) ʽ 

ʤʘʩʫ ʚʘʥʪʘʞʫ (13 ʢʛ ʪʘ 24 ʢʛ). ʈʫʭ ʚʽʟʢʘ ʦʙʤʝʞʝʥʦ ʧʦʣʦʚʠʥʦʶ ʜʦʚʞʠʥʠ ʩʪʨʽʣʠ 

(150 Ñ 10 ʩʤ). ʇʦʚʥʠʡ ʧʣʘʥ ʚʢʣʶʯʘʻ 4 ʩʮʝʥʘʨʽʾ ʨʫʭʫ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʨʠ 4 ʢʦʤʙʽʥʘʮʽʷʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʜʘʻ 16 ʜʦʩʣʽʜʽʚ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʞʝʥ ʜʦʩʣʽʜ ʧʦʚʪʦʨʶʻʪʴʩʷ 4 ʨʘʟʠ ï ʟʘʛʘʣʦʤ 64 ʨʝʘʣʽʟʘʮʽʾ. 

ʂʦʞʝʥ ʜʦʩʣʽʜ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʜʘʥʦʾ 

ʜʦʚʞʠʥʠ ʢʘʥʘʪʫ ʪʘ ʧʽʜʚʽʰʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʚʘʛʠ; ʨʦʟʩʪʘʥʦʚʢʘ ʧʝʨʝʰʢʦʜ; 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʽʟʢʘ ʫ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ; ʟʘʧʫʩʢ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʰʘʬʫ ʟ 

ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ; ʚʠʢʦʥʘʥʥʷ ʨʫʭʫ ʟʘ ʟʘʜʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʋ ʧʨʦʮʝʩʽ 

ʨʫʭʫ ʙʝʟʧʝʨʝʨʚʥʦ ʨʝʻʩʪʨʫʶʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʚʽʟʢʘ, ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʘʥʪʘʞʫ ʽ 

ʩʪʨʫʤ ʜʚʠʛʫʥʘ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʩʣʽʜʫ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ Wolfram Cloud. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʧʨʠʜʫʰʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ, ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʚʽʜ ʤʘʩʠ ʚʘʥʪʘʞʫ ʪʘ ʜʦʚʞʠʥʠ 

ʧʽʜʚʽʩʫ, ʘ ʪʘʢʦʞ ʚʝʨʠʬʽʢʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʨʘʥʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ çɼɽʈɽɺʆ ɺɯɼʄʆɺè ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ 

ɼʆʂʆʈɯʅʅʀʍ ʇʈʀʏʀʅ ʊʈɸɺʄɸʊʀɿʄʋ ʉɽʈɽɼ ʇʈɸʎɯɺʅʀʂɯɺ 

ʉɯʃʔʉʔʂʆɻʆ ɻʆʉʇʆɼɸʈʉʊɺɸ 

ʄʘʨʯʠʰʠʥʘ ɭ.ɯ., ɿʫʙʦʢ ʊ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʥʘʣʝʞʠʪʴ ʜʦ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʨʽʚʥʝʤ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ. ɿʘ ʜʘʥʠʤʠ ʤʽʞʥʘʨʦʜʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʱʦʨʽʯʥʦ ʫ ʩʚʽʪʽ 

ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʧʨʘʮʶʻ ʧʦʥʘʜ 1,3 ʤʣʨʜ ʦʩʽʙ, ʧʨʠ ʮʴʦʤʫ ʨʽʚʝʥʴ ʚʠʨʦʙʥʠʯʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʫ ʫ ʮʽʡ ʩʬʝʨʽ ʩʪʘʙʽʣʴʥʦ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɿʘ ʦʮʽʥʢʘʤʠ International Labour Organization, ʙʣʠʟʴʢʦ 170 ʪʠʩ. ʩʤʝʨʪʝʣʴʥʠʭ 

ʚʠʧʘʜʢʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʱʦʨʦʢʫ ʧʨʠʧʘʜʘʻ ʩʘʤʝ ʥʘ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ.  

ɺ ʋʢʨʘʾʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚʽʪʽʚ State Labor Service of Ukraine, 

ʘʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʚʭʦʜʠʪʴ ʜʦ ʧôʷʪʽʨʢʠ ʥʘʡʪʨʘʚʤʦʥʝʙʝʟʧʝʯʥʽʰʠʭ ʛʘʣʫʟʝʡ, ʜʝ ʯʘʩʪʢʘ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 9ï12 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʨʦʙʥʠʯʠʭ ʪʨʘʚʤ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʪʨʘʚʤʘʪʠʟʤʫ ʬʽʢʩʫʶʪʴʩʷ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʝʭʥʽʯʥʦ ʥʝʩʧʨʘʚʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ, ʥʝʜʦʩʪʘʪʥʽʡ 

ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʧʨʘʮʽʚʥʠʢʽʚ, ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʦʢʦʨʽʥʥʠʭ ʧʨʠʯʠʥ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ 

ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ ʤʝʪʦʜ çɼʝʨʝʚʦ ʚʽʜʤʦʚè (Fault Tree Analysis, FTA), 

ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʾ ʙʝʟʧʝʢʠ. ʄʝʪʦʜ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʫ 1960-ʭ ʨʦʢʘʭ ʫ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʚ ʢʦʤʧʘʥʽʾ Bell Telephone Laboratories, ʽ ʟʛʦʜʦʤ ʚʽʥ ʥʘʙʫʚ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʝʪʠʢʫ, ʪʨʘʥʩʧʦʨʪ ʪʘ 

ʘʛʨʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʣʦʛʽʯʥʦʾ ʽʻʨʘʨʭʽʯʥʦʾ 

ʤʦʜʝʣʽ ʧʦʜʽʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʜʝ ʢʦʞʥʘ ʧʦʜʽʷ 

ʧʦʚôʷʟʫʻʪʴʩʷ ʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ çɯè ʪʘ çɸɹʆè ʟ ʽʥʰʠʤʠ ʧʦʜʽʷʤʠ ʥʠʞʯʦʛʦ 

ʨʽʚʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʪʘ ʣʶʜʩʴʢʠʤʠ ʯʠʥʥʠʢʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ çɼʝʨʝʚʦ ʚʽʜʤʦʚè ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʘʛʨʘʨʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʧʦʜʽʾ, ʪʦʙʪʦ ʥʝʙʘʞʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ʋ ʢʦʥʪʝʢʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʶ ʧʦʜʽʻʶ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʪʨʘʚʤʫʚʘʥʥʷ 

ʧʨʘʮʽʚʥʠʢʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʙʣʠʟʥʦ 38 % ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʪʨʘʢʪʦʨʽʚ ʪʘ 

ʢʦʤʙʘʡʥʽʚ. ʑʝ 24 % ʚʠʧʘʜʢʽʚ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʥʘʚʽʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʘ ʙʣʠʟʴʢʦ 18 % - ʫʥʘʩʣʽʜʦʢ ʧʘʜʽʥʥʷ ʘʙʦ ʢʦʥʪʘʢʪʫ ʟ ʨʫʭʦʤʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. ɯʥʰʽ 

20 % ʧʦʚôʷʟʘʥʽ ʟ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʚʪʦʤʫ 

ʧʨʘʮʽʚʥʠʢʽʚ ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʦʙʫʜʦʚʘ çʜʝʨʝʚʘ ʚʽʜʤʦʚè ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʧʨʠʯʠʥʥʦʩʪʽ 

ʪʨʘʚʤʘʪʠʯʥʠʭ ʧʦʜʽʡ. ʅʘʧʨʠʢʣʘʜ, ʪʨʘʚʤʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʪʨʘʢʪʦʨʘ ʤʦʞʝ ʙʫʪʠ 
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ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʢʠʜʘʥʥʷ ʤʘʰʠʥʠ, ʷʢʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʫʤʦʚʣʶʻʪʴʩʷ ʥʠʟʢʦʶ 

ʬʘʢʪʦʨʽʚ: ʧʝʨʝʚʠʱʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʥʝʨʽʚʥʽʩʪʶ ʨʝʣʴʻʬʫ, ʥʝʩʧʨʘʚʥʽʩʪʶ 

ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ ʦʧʝʨʘʪʦʨʘ. ɯʤʦʚʽʨʥʽʩʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʠʟʠʢ ʚʽʜʤʦʚʠ 

ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʪʝʭʥʽʢʠ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʜʦ 0,12, ʪʦʜʽ ʷʢ ʨʝʛʫʣʷʨʥʝ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʜʘʪʥʝ ʟʥʠʟʠʪʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʦ 0,03. ɸʥʘʣʦʛʽʯʥʦ ʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ: ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʜʦ 45 % ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ 

ʽʥʩʪʨʫʢʮʽʡ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ çɼʝʨʝʚʦ ʚʽʜʤʦʚè ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ 

ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʨʠʟʠʢʫ. ʗʢʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʪʝʭʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʩʪʘʥʦʚʠʪʴ 0,05, ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʦʧʝʨʘʪʦʨʘ - 0,08, ʪʦ ʩʫʤʘʨʥʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʧʦʜʽʾ ʧʨʠ ʣʦʛʽʯʥʦʤʫ ʦʧʝʨʘʪʦʨʽ çɸɹʆè ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

0,126. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʝʣʝʤʝʥʪʠ, 

ʫʩʫʥʝʥʥʷ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʷ ʷʢʠʭ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʟʥʠʞʫʻ ʨʠʟʠʢ ʪʨʘʚʤʘʪʠʟʤʫ. ʋ 

ʧʨʘʢʪʠʮʽ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ʋ ʛʦʩʧʦʜʘʨʩʪʚʘʭ, ʜʝ ʚʧʨʦʚʘʜʞʝʥʦ 

ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʧʨʠʯʠʥ ʘʚʘʨʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ FTA, ʨʽʚʝʥʴ ʚʠʨʦʙʥʠʯʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʫ ʟʥʠʞʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20ï30 % ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʪʨʴʦʭ ʨʦʢʽʚ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠʭʦʚʘʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʥʝʜʦʣʽʢʽʚ, 

ʷʢʽ ʯʘʩʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʟʘ ʫʚʘʛʦʶ ʧʽʜ ʯʘʩ ʪʨʘʜʠʮʽʡʥʦʛʦ ʨʦʟʩʣʽʜʫʚʘʥʥʷ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ. 

ʆʪʞʝ, ʤʝʪʦʜ çɼʝʨʝʚʦ ʚʽʜʤʦʚè ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ 

ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʪʘ 

ʣʶʜʩʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʠʪʠʯʥʽʰʽ ʝʣʝʤʝʥʪʠ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʟʜʽʡʩʥʠʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚ 

ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʪʨʘʚʤʘʪʠʟʤʫ, 

ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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One of the primary directions for improving seed quality is the optimization of 

drying technology in a suspended state [1, 2]. The use of aerodynamic devices in this 

process has demonstrated its efficiency [3]. 

We have developed an aerotrough dryer [4] operating as follows. At the first 

drying stage, seeds with an initial moisture content of 27 - 30 % are fed into the shaft 

through a loading hopper onto the gas-distribution grate of the air-supply box. The 

material layer height, specific load on the grate, and drying agent velocity are selected 

to form a gravitationally moving layer chamber. Within this chamber, seeds are dried 

to a moisture content of 25 - 27 % under the influence of a heat carrier stream at 65 - 

75 °C supplied through the gas-distribution grate of the upper channel of the box, and 

then conveyed via a chute to the second drying stage - a chamber with alternating 

pseudo-fluidized and falling layers. 

At the second stage, the drying material is positioned between the gas-

distribution grates of oppositely arranged boxes. Exposure to converging streams of 

the heat carrier forms an alternating pseudo-fluidized and falling layer that moves 

toward the discharge hopper along a trajectory approximating a sinusoid with straight 

extremal segments. When the grain flow transitions from one air-supply box to another, 

layer inversion and uniform mixing of seeds occur. 

To determine the operating modes of the shaft for drying seed, food, and fodder 

grains, the dryer was integrated into a conventional grain cleaning and drying line. The 

line comprised a receiving section with aerotroughs and bucket elevators, a bulk 

cleaner, a shaft-aerotrough grain dryer, a grain cleaning machine, storage bins, a 

universal furnace unit TAU-0.75, and a cyclone. 

During experiments, the temperature of the drying agent (t, °C) was regulated 

by adjusting the fuel consumption in the TAU-0.75 unit. The performance of the 

discharge device was varied by changing the rotor speed of the rotary valve (n, min ĭ). 

Through the cut-off method, the throughput of the installation was measured and 

converted to the nominal dryer capacity (W, planned, t/h). The flow rate of the drying 

agent (G, m³/s) was set using inlet dampers in each channel and monitored via dynamic 

pressure. Specific energy consumption (q , MJ/kg of evaporated moisture) was 

determined in accordance with industry standard recommendations. 

The results demonstrated that, depending on the selected operating parameters, 

the actual heat consumption for evaporating 1 kg of moisture in the shaft-aerotrough 

dryer module ranged from 11 to 57 MJ. 
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An analysis of the causes of high specific energy consumption indicated 

unsatisfactory operation of the dryerôs gas-distribution system. A significant portion of 

unused heat was lost from the shaft along with the drying agent through the lower 

grates of the integrated aerotroughs. Consequently, solid partitions were installed to 

replace the perforated grates, and an active overflow threshold was introduced at the 

end of each drying box to remove spilled grain [5-7]. 

To reduce aerodynamic resistance, gas-exhaust boxes replaced the perforated 

shaft walls. These structural modifications significantly improved the reliability of the 

technological process and reduced specific energy consumption. 

The determination of optimal operating modes for drying seed, food, and fodder 

grains in the modernized aerotrough dryer shaft was performed using a graph-

analytical method. Two-dimensional response surface sections, reflecting changes in 

actual specific energy consumption and seed germination in response to technological 

factors, were generated using a PC and superimposed in corresponding scales and 

coordinates [8, 9]. 

The selection of boundary values for technological factors during seed drying 

was guided by national standards for sowing quality (germination and moisture 

content). For soft wheat (winter and spring), a reduction in germination of up to 90 % 

is acceptable, and final moisture should be 14 - 17 %. These criteria correspond to the 

following operational parameters: G = 0.76 - 0.82 m/s; t = 58.0 - 64.4 °C; n = 2.5 - 3.2 

min ĭ. 

Under this mode for a single shaft: specific energy consumption q  = 18 - 22 

MJ/kg of evaporated moisture; possible germination change ȹG = 0ï10 %; planned 

productivity = 0.6 - 0.7 t/h. 

For food (fodder) grain drying: G = 0.97 - 1.03 m/s; t = 58.0ï64.4 °C; n = 1.8 - 

2.08 min ĭ. Minimum specific energy consumption q  = 14 - 18 MJ/kg of evaporated 

moisture; germination variation ȹG = 0 - 15 %; planned productivity = 0.70 - 1.1 t/h. 

It should be noted that gluten quality during drying under these regimes remains 

unaffected since the grain does not heat above 70 °C. 

Analysis of the operation of a single shaft of the aerotrough dryer demonstrated 

that the requirements for drying quality were met. The uniformity of wheat drying in 

the seed regime was -0.60 % ±1.74 %, and in the food regime - 0.02 % ±1.58 %. No 

reduction in seed germination or gluten content was observed after storage.  

The heat required to evaporate 1 kg of moisture was 5591 kJ. Fuel consumption 

was 13.6 kg/t in the seed regime and 10.1 kg/t in the food regime, with corresponding 

productivity of 2.18 t/h and 3.9 t/h. 
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ʋɼʂ 624.072.2 : 534.1 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʂʆʃʀɺɸʅʔ ʅɽʉʂɯʅʏɽʅʅʀʍ ʇɽʈɯʆɼʀʏʅʀʍ 

ɹɸʃʆʂ ʇɯɼ ɼɯɭʖ ɻɸʈʄʆʅɯʏʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ɸʃʔʊɽʈʅɸʊʀɺʅʀʄ ɼʆ ʊɽʆʈɯɰ ʌʃʆʂɽ ʄɽʊʆɼʆʄ 

ʂʫʮʝʥʢʦ1ɸ.ɻ., ʂʫʮʝʥʢʦ2ʆ.ɻ., ɹʦʥʜʘʨ1ʄ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʟʘʤʽʩʪʴ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʦʢʨʝʤʦʛʦ 

ʧʝʨʽʦʜʫ, ʷʢ ʮʝ ʟʘʟʚʠʯʘʡ ʨʦʙʠʪʴʩʷ ʟʘ ʪʝʦʨʽʻʶ ʌʣʦʢʝ [1], ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʩʷ ʦʙʣʘʩʪʴ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʦʜʥʦʨʽʜʥʦʾ ʙʘʣʢʠ ʟ ʧʝʨʽʦʜʠʯʥʠʤʠ ʰʘʨʥʽʨʥʠʤʠ ʦʧʦʨʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʫʥʢʮʽʾ ʚʧʣʠʚʫ 

ʛʘʨʤʦʥʽʯʥʦ ʟʤʽʥʥʦʾ ʫ ʯʘʩʽ ʟʦʩʝʨʝʜʞʝʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʦʜʠʥʠʯʥʦʾ ʘʤʧʣʽʪʫʜʠ: 
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ʜʝ cp /w= , AEJc r/=  ð E , r ð ʚʽʜʧʦʚʽʜʥʦ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʪʘ ʛʫʩʪʠʥʘ 

ʤʘʪʝʨʽʘʣʫ ʙʘʣʢʠ, A, J  ð ʚʽʜʧʦʚʽʜʥʦ ʧʣʦʱʘ ʪʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ, w ð ʢʦʣʦʚʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʙʘʣʢʠ. 

ɿʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʘʤʧʣʽʪʫʜ ʨʝʘʢʮʽʡ nP , ZnÍ ʫ ʰʘʨʥʽʨʘʭ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʥʠʭ ʧʨʦʛʠʥʽʚ. ʋ ʷʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʩʪʫʧʘʻ ʛʘʨʤʦʥʽʯʥʦ ʟʤʽʥʥʘ ʫ ʯʘʩʽ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʘʤʧʣʽʪʫʜʦʶ P, ʧʨʠʢʣʘʜʝʥʘ 
ʧʦʩʝʨʝʜʠʥʽ ʧʝʨʰʦʛʦ ʧʨʦʣʴʦʪʫ (1=n ). ʅʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʫʤʦʚʠ ʚ 

ʰʘʨʥʽʨʘʭ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʩʢʽʥʯʝʥʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ ʨʽʟʥʠʮʝʚʦʛʦ ʪʠʧʫ. 
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ʜʝ a  ð ʜʦʚʞʠʥʘ ʧʝʨʽʦʜʫ ʙʘʣʢʠ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʰʘʨʥʽʨʘʤʠ). 

ʉʠʩʪʝʤʘ (2) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʽʟʥʠʮʝʚʠʭ, ʪʦʙʪʦ ʪʘʢʠʭ, ʽʥʜʝʢʩʠ k  ʪʘ n  ʫ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʷʢʦʾ ʚʭʦʜʷʪʴ ʣʠʰʝ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʮʽ kn- . ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʙʽʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʨʷʜʽʚ ʯʘʩʪʦʪʥʠʡ ʧʘʨʘʤʝʪʨ p  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʝ 

ʯʠʩʣʦ ʟ ʤʘʣʦʶ ʫʷʚʥʦʶ ʯʘʩʪʠʥʦʶ, ʷʢʘ ʬʽʟʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʩʠʣʘʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʫ ʤʘʪʝʨʽʘʣʽ ʙʘʣʢʠ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ ʪʠʧʫ (2) ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʦʨʘʥʘ [2]. ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʰʫʢʘʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʫ ʧʨʦʩʪʽʨ ʦʙʨʘʟʽʚ ʥʘ 

ʦʜʠʥʠʯʥʦʤʫ ʢʦʣʽ ʢʦʤʧʣʝʢʩʥʦʾ ʧʣʦʱʠʥʠ, ʜʝ ʟʛʦʨʪʢʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʜʦʙʫʪʦʢ ʾʭ ʦʙʨʘʟʽʚ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʦʨʘʥʘ  



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 

 

73 

 

() ä
¤

-¤=

=
k

k
ktatA

, 

() ä
¤

-¤=

=
k

k
ktctC

, 

() ä
¤

-¤=

=
k

k
ktPtP

,   (3) 

 

ʜʝ panipan
n eea -=

- , ( ) ( )( )panipan
n eePc 2121 ++- --= , ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ t  

ʦʪʨʠʤʫʻʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʢʦʣʽ: 

 

()() ()tCtPtA = , 1=t .     (4) 

 

ʇʨʦʚʽʚʰʠ ʥʝʩʢʣʘʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʦ ʬʦʨʤʫʣʫ ʜʣʷ 
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(4) ʟʥʘʡʜʝʤʦ ʷʚʥʽ ʚʠʨʘʟʠ: 
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ʆʩʪʘʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜ ʨʝʘʢʮʽʡ ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʥʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʦʨʘʥʘ, ʱʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʽʥʪʝʛʨʘʣʽʚ: 

 
() ()

()
dt

ttA

tC
dt

t

tP
P

t
n

t
nn ññ

=
+

=
+
==

1
1

1
1 2

1

2

1

p
, ZnÍ . (6) 

 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʘʤʧʣʽʪʫʜ ʨʝʘʢʮʽʡ ʽʜʝʥʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʘʤ, ʱʦ ʜʘʻ 

ʪʝʦʨʽʷ ʌʣʦʢʝ, ʧʨʦʪʝ ʚʠʚʝʜʝʥʽ ʙʝʟ ʾʾ ʧʨʷʤʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʪʝʦʨʽʶ 

ʬʫʥʢʮʽʡ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʥʥʦʾ, ʜʦʚʝʜʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʝ ʧʦʣʝ ʧʨʦʛʠʥʽʚ ʻ ʻʜʠʥʠʤ 

ʦʙʤʝʞʝʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʝʘʢʮʽʾ ʥʝ ʣʠʰʝ ʚʽʜ ʩʠʣʠ, ʧʨʠʢʣʘʜʝʥʦʾ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʧʝʨʝʨʽʟʽ ʜʝʷʢʦʛʦ ʧʨʦʣʴʦʪʫ, ʘ ʡ ʚʽʜ ʜʦʚʽʣʴʥʦʾ ʩʠʣʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʝʨʝʨʽʟʽ ʘʙʦ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʣʴʦʪʘʭ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʚʽʜʨʘʟʫ ʟʘ ʤʝʞʘʤʠ 

ʥʘʚʘʥʪʘʞʝʥʦʾ ʜʽʣʷʥʢʠ ʧʦʣʝ ʧʨʦʛʠʥʽʚ ʟʘʚʞʜʠ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʦʾ 

ʭʚʠʣʽ. 
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ʋɼʂ: 631.171:004.94:636 

 

ʎʀʌʈʆɺɯɿɸʎɯʗ ʉʀʉʊɽʄ ʊɽʍʅɯʏʅʆɻʆ ʉɽʈɺɯʉʋ ʆɹʃɸɼʅɸʅʅʗ 

ɻʆɼɯɺʃɯ ʊɺɸʈʀʅ ʋ ʂʆʅʊɽʂʉʊɯ ʊʆʏʅʆɻʆ ʊɺɸʈʀʅʅʀʎʊɺɸ 

ʅʦʚʠʮʴʢʠʡ ɸ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʛʦʜʽʚʣʽ ɺʈʍ, ʘ ʪʘʢʦʞ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʚʘʨʠʥʥʠʮʴʢʽʡ ʛʘʣʫʟʽ, 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʦʢʨʝʤʠʪʠ ʥʠʟʢʫ ʢʣʶʯʦʚʠʭ ʧʝʨʝʜʫʤʦʚ, ʱʦ ʦʙˇʨʫʥʪʦʚʫʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʨʝʤʦʥʪʫ (ʉʊʆʈ) ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ (ɿʇʈʂ) ʫ 

ʢʦʥʪʝʢʩʪʽ ʪʦʯʥʦʛʦ ʪʚʘʨʠʥʥʠʮʪʚʘ [1]. 

ʇʝʨʝʜʫʩʽʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʛʣʘʤʝʥʪʘʭ, ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ/  

ɺʘʨʽʘʮʽʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʨʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʦʙʦʯʽ ʦʨʛʘʥʠ, ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʪʘ ʟʤʽʥʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʽʜʤʦʚ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʰʠʥ ʽ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [2]. 

ɺʘʞʣʠʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʻ ʪʘʢʦʞ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʫʯʘʩʥʠʭ ɿʇʈʂ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʤʝʭʘʥʽʯʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ [3, 

4]. ɯʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʟʚʘʞʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʘʮʽʦʥʦʤ ʽ 

ʮʠʬʨʦʚʠʭ ʤʦʜʫʣʽʚ ʢʦʥʪʨʦʣʶ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʚʽʜʤʦʚʘ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʥʦʰʫʚʘʥʥʷʤ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʜʝʛʨʘʜʘʮʽʻʶ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʧʦʨʫʰʝʥʥʷʤ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʽʚ ʽ ʥʝʪʦʯʥʽʩʪʶ ʩʠʩʪʝʤ ʜʦʟʫʚʘʥʥʷ [5, 6]. ʇʨʠ ʮʴʦʤʫ ʨʘʥʥʽ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ 

ʜʝʬʝʢʪʽʚ ʯʘʩʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʷʚʣʝʥʠʤʠ ʚ ʤʝʞʘʭ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʝʥʩʦʨʥʠʭ 

ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʜʘʪʥʠʭ ʬʽʢʩʫʚʘʪʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʉʠʩʪʝʤʘ ʊʆʈ ʫ ʩʝʨʝʜʦʚʠʱʽ ʪʦʯʥʦʛʦ ʪʚʘʨʠʥʥʠʮʪʚʘ ʬʦʨʤʫʻʪʴʩʷ ʷʢ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʪʨʠʤʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɿʇʈʂ [7, 8]. ɼʦ ʾʾ ʩʪʨʫʢʪʫʨʠ ʚʭʦʜʷʪʴ ʥʝ ʣʠʰʝ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʘ ʡ ʮʠʬʨʦʚʽ ʧʣʘʪʬʦʨʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʩʝʥʩʦʨʥʽ ʢʦʤʧʣʝʢʩʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʦʟʫʚʘʥʥʷ 

ʢʦʨʤʽʚ ʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ. 

ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʦʾ ʉʊʆʈ ʻ ʽʥʪʝʛʨʘʮʽʷ ʢʣʘʩʠʯʥʠʭ 

ʨʝʛʣʘʤʝʥʪʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʮʠʬʨʦʚʦʛʦ 
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ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʜʘʻ 

ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʤʘʰʠʥ, ʱʦ 

ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʧʨʦʛʥʦʟʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Predictive Maintenance). ʋ ʩʪʨʫʢʪʫʨʽ ʉʊʆʈ ʟʘʩʦʙʽʚ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʽ ʨʦʟʜʘʚʘʥʥʷ ʢʦʨʤʽʚ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʷʪʠ ʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʽʚʥʽ: 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʩʝʨʚʽʩʥʠʡ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ.  

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʩʦʥʘʣʦʤ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʚʢʣʶʯʘʻ ʚʠʢʦʥʘʥʥʷ ʱʦʜʝʥʥʠʭ ʪʘ ʧʝʨʽʦʜʠʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʢʦʥʪʨʦʣʴ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʟʫʘʣʴʥʠʡ 

ʦʛʣʷʜ ʚʫʟʣʽʚ, ʦʯʠʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʧʝʨʝʚʽʨʢʫ ʧʨʠʚʦʜʽʚ, ʪʨʘʥʩʧʦʨʪʝʨʽʚ ʽ 

ʜʦʟʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʨʽʚʥʷ ʻ ʪʘʢʦʞ ʢʦʥʪʨʦʣʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʫ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʩʝʨʚʽʩʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ ʩʝʨʚʽʩʥʠʭ 

ʧʽʜʨʦʟʜʽʣʽʚ ʘʙʦ ʜʠʣʝʨʩʴʢʠʭ ʮʝʥʪʨʽʚ ʚʠʨʦʙʥʠʢʽʚ ʪʝʭʥʽʢʠ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʛʣʠʙʣʝʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ, 

ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʪʝʣʝʤʝʪʨʠʯʥʽ ʜʘʥʽ ʪʘ 

ʩʚʦʻʯʘʩʥʦ ʧʣʘʥʫʚʘʪʠ ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʟʘʭʦʜʠ. 

ɯʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ ʦʭʦʧʣʶʻ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʨʝʤʦʥʪʥʠʭ 

ʽ ʤʦʜʝʨʥʽʟʘʮʽʡʥʠʭ ʨʦʙʽʪ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʚʠʨʦʙʥʠʢʽʚ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʮʝʥʪʨʽʚ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʘʧʽʪʘʣʴʥʠʡ 

ʨʝʤʦʥʪ, ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʫ ʚʫʟʣʽʚ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʥʦʚʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ [7, 8]. ʉʫʪʪʻʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʉʊʆʈ ʚʽʜʽʛʨʘʶʪʴ ʮʠʬʨʦʚʽ ʧʣʘʪʬʦʨʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʨ ʽ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘʚʪʦʤʘʪʠʯʥʝ 

ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ, ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʽʚ [7]. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ Smart 

Maintenance ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʜʽʘʛʥʦʩʪʠʢʫ, ʘʥʘʣʽʪʠʢʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʻ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʤʦʜʫʣʴʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʚʫʟʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʠʩʪʘʥʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʝʨʚʽʩʥʠʭ 

ʧʨʦʮʝʩʽʚ [8]. ʎʝ ʩʧʨʠʷʻ ʩʢʦʨʦʯʝʥʥʶ ʯʘʩʫ ʧʨʦʩʪʦʶ ʪʝʭʥʽʢʠ, ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ 

ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʆʪʞʝ, ʉʊʆʈ ʦʙʣʘʜʥʘʥʥʷ ʛʦʜʽʚʣʽ ʪʚʘʨʠʥ ʫ ʤʝʞʘʭ ʢʦʥʮʝʧʮʽʾ ʪʦʯʥʦʛʦ 

ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʫ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ 

ʪʘ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ [9]. ɰʾ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ɿʇʈʂ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 
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ʈɸʎɯʆʅɸʃʔʅʀʁ ʂʆʄʃɽʂʉ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ɺʀʈʆɹʅʀʎʊɺɸ 

ʆʃɯɰ ɺ ʋʄʆɺɸʍ ʌɽʈʄɽʈʉʔʂʀʍ ɻʆʉʇʆɼɸʈʉʊɺ 

ɭʨʝʤʝʥʢʦ ʆ.ɯ., ɿʘʛʦʨʦʜʥʠʡ ʅ.ɹ., ɻʨʠʥʶʢ ɺ.ʉ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɻʦʣʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʘʰʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʦʣʽʡʥʦʛʦ ʥʘʩʽʥʥʷ ʥʘ 

ʦʣʽʶ ʪʘʢʽ: ʦʯʠʱʝʥʥʷ ʚʽʜ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʩʦʨʪʫʚʘʥʥʷ ʽ 

ʦʙʨʫʰʫʚʘʥʥʷ, ʩʫʰʽʥʥʷ, ʧʨʝʩʫʚʘʥʥʷ (ʝʢʩʪʨʘʛʫʚʘʥʥʷ), ʬʽʣʴʪʨʘʮʽʷ, ʚʽʥʪʝʨʽʟʘʮʽʷ, 

ʛʽʜʨʘʪʘʮʽʷ, ʥʝʡʪʨʘʣʽʟʘʮʽʷ, ʜʝʟʦʜʦʨʘʮʽʷ, ʚʠʙʽʣʶʚʘʥʥʷ ʦʣʽʾ [1, 2].  

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ, ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ ʻ ʧʝʨʝʨʦʙʢʘ 

ʦʣʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ çʛʘʨʷʯʦʛʦè ʘʙʦ çʭʦʣʦʜʥʦʛʦè ʧʨʝʩʫʚʘʥʥʷ. ɺ 

ʥʝʜʘʚʥʴʦʤʫ ʤʠʥʫʣʦʤʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʙʫʚ ʩʧʦʩʽʙ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʥʘʩʽʥʥʷ. ɿʘʨʘʟ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʻ 

ʩʧʦʩʽʙ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʥʘʩʽʥʥʷ ʥʘ ʧʨʝʩ-ʝʢʩʪʨʫʜʝʨʘʭ [2-4]. 

ɺʠʜʦʙʫʪʦʢ ʦʣʽʾ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ - ʮʝ ʜʫʞʝ ʟʘʪʨʝʙʫʚʘʥʘ ʛʘʣʫʟʴ, ʪʦʤʫ ʚ 

ʢʦʞʥʦʤʫ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʻ ʭʦʯʘ ʙ ʦʜʥʘ ʘʙʦ ʜʚʽ ʦʣʽʡʥʠʮʽ. ʍʦʣʦʜʥʝ ʧʨʝʩʫʚʘʥʥʷ 

ʦʣʽʾ ʻ ʥʘʡʢʦʨʠʩʥʽʰʠʤ, ʪʦʤʫ ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʥʰʝ 80Üʉ ʥʝ ʤʦʞʫʪʴ 

ʚʪʨʘʪʠʪʠʩʷ ʢʦʨʠʩʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚʽʪʘʤʽʥʠ ʽ ʤʽʥʝʨʘʣʠ. ʆʣʽʡʥʠʡ ʧʨʝʩ ʭʦʣʦʜʥʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ ʧʽʜʽʛʨʽʚʘʻ ʚ ʤʝʞʘʭ 60-80Üʉ ʽ ʚʽʜʞʠʤʘʻ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ, ʨʽʧʘʢʫ, 

ʣʴʦʥʫ ʪʦʱʦ. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʭʦʜʠʪʴ ʩʚʽʞʘ ʦʣʽʷ. ʃʶʜʠ, ʷʢʽ ʤʘʶʪʴ ʩʚʦʾ ʧʘʾ ʽ ʩʚʦʻ 

ʟʝʨʥʦ, ʚʚʘʞʘʶʪʴ ʟʘ ʢʨʘʱʝ ʟʜʘʚʘʪʠ ʩʦʥʷʰʥʠʢ ʚ ʦʣʽʡʥʠʮʶ, ʜʝ ʧʨʘʮʶʻ ʤʘʩʣʦʧʨʝʩ 

ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʧʨʠ ʛʘʨʷʯʦʤʫ ʚʽʜʪʠʩʢʘʥʥʽ ʦʣʽʷ ʚʠʭʦʜʠʪʴ ʟ ʤʝʥʰ 

ʚʠʩʦʢʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʣʽʥʽʾ ʟʘ ʩʭʝʤʦʶ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ [1, 2, 4] ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʘʯʥʫ ʝʥʝʨʛʦ- ʪʘ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʦʣʽʾ, ʦʢʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʤ'ʷʪʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʣʽʾ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʫʤʦʚʘʭ ʛʦʩʧʦʜʘʨʩʪʚ ʟ ʥʝʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʚʠʥʠ ʥʝʜʦʮʽʣʴʥʝ ʯʝʨʝʟ ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʦʣʽʾ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʦʜʥʦʨʘʟʦʚʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʤ'ʷʪʢʠ, 

ʱʦ ʜʝʱʦ ʩʧʨʦʱʫʻ ʪʝʭʥʦʣʦʛʽʶ, ʘʣʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ 

ʢʦʤʧʣʝʢʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʝʜʝ ʜʦ ʚʝʣʠʢʦʾ ʤʝʪʘʣʦʻʤʥʦʩʪʽ. 

ɿʜʽʡʩʥʝʥʥʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʨʦʙʢʠ ʦʣʽʡʥʦʾ 

ʩʠʨʦʚʠʥʠ ʚʠʤʘʛʘʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʰʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʨʽʚʥʽ ʚʠʥʘʭʦʜʽʚ [1, 3, 4]. 

ɼʣʷ ʩʫʯʘʩʥʦʛʦ ʦʣʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʫʤʦʚʘʭ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʟ 

ʦʜʝʨʞʘʥʥʷʤ ʦʣʽʾ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ (100-150 ɺʪ/ʢʛ) ʽ 

ʚʠʩʦʢʦʤʫ ʚʽʜʩʦʪʢʫ ʚʠʭʦʜʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (35-40%), ʧʨʠ ʚʤʽʩʪʫ ʫ ʩʠʨʦʚʠʥʽ 

ʣʽʧʽʜʽʚ 42-49%, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʣʽʥʽʶ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʧʦ ʥʘʩʽʥʥʶ ʩʦʥʷʰʥʠʢʘ ʜʦ 190 ʢʛ/ʛʦʜ ʽʟ ʟʘʡʤʘʥʦʶ ʧʣʦʱʝʶ 32 ʤ2 [1, 4]. 
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ʅʘʩʽʥʥʷ ʧʝʨʝʚʦʟʠʪʴʩʷ ʚʽʜ ʩʭʦʚʠʱ ʟʝʨʥʦʚʦʛʦ ʝʣʝʚʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʘʥʪʘʞʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 2 ʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʧʨʠʡʤʘʣʴʥʦʤʫ ʙʫʥʢʝʨʽ 1 

(ʨʠʩ. 1). ɼʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʽʾ 3 ʩʠʨʦʚʠʥʘ ʧʦʜʘʻʪʴʩʷ ʫ ʧʨʦʤʽʞʥʠʡ ʙʫʥʢʝʨ 5, 

ʟʚʽʜʢʠ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 4 ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʟʝʨʥʦʦʯʠʩʥʠʡ ʩʝʧʘʨʘʪʦʨ 6, ʜʝ ʥʘʩʽʥʥʷ 

ʦʯʠʱʘʻʪʴʩʷ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʤʽʰʦʢ. ʇʦʪʽʤ ʧʦʭʠʣʠʡ 7 ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 8 ʪʨʘʥʩʧʦʨʪʝʨʠ ʧʦʜʘʶʪʴ ʦʣʽʡʥʝ ʟʝʨʥʦ ʫ ʧʨʝʩ-ʝʢʩʪʨʫʜʝʨ 9 ʤʘʨʢʠ 

ɽʂ-75/1200, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʚʠʥʥʝ ʭʦʣʦʜʥʝ (50-80Áʉ) ʧʨʝʩʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʘ 

ʚ ʝʢʩʪʨʫʜʝʨʽ ʩʠʨʦ-ʜʘʚʣʝʥʘ ʦʣʽʷ ʟʘ ʜʦʧʦʤʦʛʦ ʥʘʩʦʩʘ 10 ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʫ ʧʨʦʤʽʞʥʫ 

ʻʤʥʽʩʪʴ 11. ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʩʠʨʘ ʦʣʽʷ ʦʯʠʱʘʻʪʴʩʷ ʚʽʜ ʬʫʟʫ 

ʧʣʘʩʪʠʥʯʘʩʪʠʤ ʬʽʣʴʪʨʦʤ 12 ʤʘʨʢʠ ɺʅʇ-3 ʽ ʜʘʣʽ ʧʨʷʤʫʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʘ ʚ 

ʻʤʥʽʩʪʴ ʦʯʠʱʝʥʦʾ ʦʣʽʾ 13. ɺ ʻʤʥʦʩʪʷʭ 11 ʽ 13 ʨʽʚʝʥʴ ʦʣʽʾ ʨʝʛʫʣʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʽ ʥʘʩʦʩʘ. 

ʄʘʢʫʭʘ ʧʽʩʣʷ ʝʢʩʪʨʫʜʝʨʘ 9 ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʨʝʩ ʦʩʪʘʪʦʯʥʦʛʦ ʚʽʜʞʠʤʘʥʥʷ ɽʂ-

ʇɼ-120/820 11 ʜʣʷ ʚʠʪʷʛʫ ʟʘʣʠʰʢʽʚ ʦʣʽʾ. ɼʘʣʽ ʤʘʢʫʭʘ ʧʦʜʘʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 

14 ʚ ʙʫʥʢʝʨ 15 ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ.  

ʆʙʩʣʫʛʦʚʫʶʪʴ ʚʩʶ ʣʽʥʽʶ ʟ ʜʚʦʭ ʜʽʣʷʥʦʢ ʪʨʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʘ. 

ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʦʣʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʣʽʥʽʶ ʟ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʢʘ.  

 

 
 

ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʦʣʽʡʥʠʮʽ ʚ ʫʤʦʚʘʭ ʬʝʨʤʝʨʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ: 

1 ï ʩʭʦʚʠʱʝ ʦʣʽʡʥʦʛʦ ʟʝʨʥʘ; 2 ï ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ; 3 ï ʥʦʨʽʷ; 4, 7 ï ʰʥʝʢʦʚʽ 

ʪʨʘʥʩʧʦʨʪʝʨʠ; 5 ï ʧʨʦʤʽʞʥʠʡ ʙʫʥʢʝʨ; 6 ï ʩʝʧʘʨʘʪʦʨ ʦʣʽʡʥʦʛʦ ʟʝʨʥʘ; 8 ʽ 

14 ï ʩʢʨʝʙʢʦʚʽ ʪʨʘʥʩʧʦʨʪʝʨʠ; 9 ï ʧʨʝʩ-ʝʢʩʪʨʫʜʝʨ; 10 ï ʥʘʩʦʩ; 11 ï ʻʤʥʽʩʪʴ ʩʠʨʦʾ 

ʦʣʽʾ; 12 ï ʬʽʣʴʪʨ; 13 ï ʻʤʥʽʩʪʴ ʦʯʠʱʝʥʦʾ ʦʣʽʾ; 15 ï ʙʫʥʢʝʨ ʜʣʷ ʤʘʢʫʭʠ 
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ʊʝʭʥʦʣʦʛʽʯʥʘ ʣʽʥʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʠʨʦʙʥʠʯʠʭ ʜʽʣʷʥʦʢ, ʘ ʩʘʤʝ: ʜʽʣʷʥʢʘ 

ʦʯʠʱʝʥʥʷ ʥʘʩʽʥʥʷ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʜʦʤʽʰʦʢ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʩʧʦʩʦʙʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʩʠʨʦ-ʜʘʚʣʝʥʦʾ ʦʣʽʾ; ʃɺʈʆ-ɽʂʆ-ɹɯʆ (ʪʘʙʣ. 1), 

ʜʽʣʷʥʢʘ ʦʯʠʱʝʥʥʷ ʦʣʽʾ ʰʣʷʭʦʤ ʬʽʣʴʪʨʘʮʽʾ ʃʌʈʆ-ɽʂʆ-ɹɯʆ (ʪʘʙʣ. 2). 

ɼʽʣʷʥʢʘ ɺʠʨʦʙʥʠʮʪʚʘ ʈʦʩʣʠʥʥʠʭ ʆʣʽʡ ʃɺʈʆ-ɽʂʆ-ɹɯʆ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ, ʱʦ 

ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ. 

 

ʊʘʙʣʠʮʷ 1. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʣʷʥʢʠ ʃɺʈʆ-ɽʂʆ-ɹɯʆ 

 

 ̄ ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʥʷ 

1 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʪ/ʜʦʙ. 1000 

2 ʇʣʦʱʘ ʣʽʥʽʾ, ʤ2 8 

3 ɺʠʩʦʪʘ ʣʽʥʽʾ, ʤ 2,8 

4 ʄʘʩʘ ʣʽʥʽʾ, ʢʛ 1800 

5 
ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʣʽʥʽʾ, 

ʢɺʪ 
20 

6 ʆʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ, ʣʶʜ. 2 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʢʦʤʧʣʝʢʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʽʣʷʥʢʠ: 

1. ʈʫʰʢʘ ʥʘʩʽʥʥʷ ɹɸʈʉ-1044     1 

2. ʂʦʤʧʣʝʢʩ ʦʯʠʱʝʥʥʷ ʟʝʨʥʘ ʂ-ɹ 01-00    1 

3. ʂʦʥʚʝʻʨ ʧʨʫʞʠʥʥʠʡ L= 6 ʤ     1 

4. ʇʨʝʩ-ʝʢʩʪʨʫʜʝʨ ɽʂ-75/1200     1 

5. ʇʨʝʩ ʰʥʝʢʦʚʠʡ ʜʦʪʠʩʢʘʥʥʷ ɽʂ-ʇɼ-120/820  1 

6. ʊʨʘʥʩʧʦʨʪʝʨ ʰʥʝʢʦʚʠʡ L=6     2 

 

ʊʘʙʣʠʮʷ 2. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʣʷʥʢʠ ʬʽʣʴʪʨʘʮʽʾ ʃʌʈʆ-ɽʂʆ-ɹɯʆ  

 

 ̄ ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʥʷ 

1 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʢʛ/ʜʦʙ. 1000 

2 ʇʣʦʱʘ ʣʽʥʽʾ, ʤ2 24 

3 ɺʠʩʦʪʘ ʣʽʥʽʾ, ʤ 3,35 

4 ʄʘʩʘ ʣʽʥʽʾ, ʢʛ 1800 

5 
ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ 

ʣʽʥʽʾ, ʢɺʪ 
18,5 

6 ʆʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ, ʣʶʜ. 1 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʢʦʤʧʣʝʢʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʽʣʷʥʢʠ ʃʌʈʆ-ɽʂʆ-ɹɯʆ: 

 

1. ʌʽʣʴʪʨ ɺʅʇ-3 ʊʋ ʋ 29.2-14247520-004:2007  1 

2. ɭʤʥʽʩʪʴ ʩʠʨʦʾ ʦʣʽʾ       1 

3. ɭʤʥʽʩʪʴ ʥʘʤʠʚʘʥʥʷ       1 
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4. ɭʤʥʽʩʪʴ ʭʦʣʦʜʦʘʛʝʥʪʘ      1 

5. ʂʨʠʩʪʘʣʽʟʘʪʦʨ        1 

6. ɭʤʥʽʩʪʴ ʯʠʩʪʦʾ ʦʣʽʾ       1 

7. ʌʽʣʴʪʨ ʢʦʥʪʨʦʣʴʥʠʡ (ʧʦʣʽʮʝʡʩʴʢʠʡ)   1 

 

ɺʠʩʥʦʚʢʠ. ʄʝʪʦʜ çʭʦʣʦʜʥʦʛʦ ʚʽʜʪʠʩʢʘʥʥʷè (ʜʦ 100Áʉ ʧʨʝʩʦʚʦʾ ʦʣʽʾ) ʥʘ 

ʩʴʦʛʦʜʝʥʥʷ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ. 

ʆʜʥʦʯʘʩʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʦʣʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʚʘʢʫʫʤʥ̔ ʬʽʣʴʪʨʠ ʟʘʤʽʩʪʴ ʚʽʜʩʪʽʡʥʠʢʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʦʣʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʤʘʣʠʭ ʦʣʽʡʥʠʭ ʽ ʙʽʦʜʠʟʝʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ 

ʟʘ ʭʦʣʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʜʪʠʩʢʘʥʥʷ ʥʘʩʽʥʥʷ, ʦʩʥʘʱʝʥʽ ʚʽʪʯʠʟʥʷʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. 

ʇʝʨʝʨʦʙʢʘ ʥʘʩʽʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʦʣʽʾ ʭʦʣʦʜʥʠʤ ʧʨʝʩʫʚʘʥʥʷʤ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʥʝʚʽʜôʻʤʥʠʤ ʝʪʘʧʦʤ ʦʣʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʣʝ ʚʠʨʦʙʥʠʯʦ-

ʤʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʽʚ ʪʘ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʯʘʩʪʦ ʻ ʥʝʧʦʚʥʠʤʠ ʘʙʦ ʩʫʧʝʨʝʯʣʠʚʠʤʠ. ʊʦʤʫ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʤʘʻ ʙʫʪʠ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʚʠʙʦʨʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʡ ʧʝʨʝʨʦʙʢʠ ʥʘʩʽʥʥʷ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʣʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʇʦʣʽʱʫʢ ɺ. ʊʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʩʣʠʥʥʦʾ  ʦʣʽʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʮʽʣʷʭ. ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ ʊʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩ.-ʛ. ʋʢʨʘʾʥʠ. ɼʦʩʣʽʜʥʠʮʴʢʝ: 2010. 

ɺʠʧ. 14 (22)., ʢʥ. 1. ʉ. 377-384. 

2. ɭʨʝʤʝʥʢʦ ʆ.ɯ., ɻʫʜʟʝʥʢʦ ʄ.ʄ., ʃʫʢôʷʥʝʮʴ ɺ.ʆ. ɼʦ ʧʠʪʘʥʥʷ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʧʝʨʝʨʦʙʢʠ ʥʘʩʽʥʥʷ ʨʽʧʘʢʫ ʚ ʋʢʨʘʾʥʽ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ʉʝʨʽʷ: 

ʪʝʭʥʽʢʘ ʪʘ ʝʥʝʨʛʝʪʠʢʘ ɸʇʂ. ʂʠʾʚ: ʅʋɹʽʇʋ, 2010. ɺʠʧ.144, ʯ. 3. ʉ. 173-182. 

3. Gudzenko M. M., Vasyliv V. P., Mushtruk M. M., Zheplinska M. M., 

Palamarchuk I. P., Burova Z. A., Sarana V. V. Parameters of screw nozzles of twin-

screw extruder-press on oil yield. Animal Science and Food Technology. 2021. Vol. 

12(3). P. 5ï17. https://doi.org/10.31548/ animal2021.03.001 

4. ɭʨʝʤʝʥʢʦ ʆ.ɯ., ɻʫʜʟʝʥʢʦ ʄ.ʄ. ʇʝʨʩʧʝʢʪʠʚʥʘ ʣʽʥʽʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʦʣʽʾ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚ ʤʘʣʦ ʾ ʧʦʪʫʞʥʦʩʪʽ. ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʪʝʭʥʽʯʥʽ ʥʘʫʢʠ. ɺʽʥʥʠʮʷ: ɺʅɸʋ, 2012. ˉ 10, 

ʪ. 2(59). ʉ.138ï141. 
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ʋɼʂ 331.45 (075.8) 

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ 

ʆʎɯʅʎɯ ʈʀɿʀʂɯɺ ʊʈɸɺʄʋɺɸʅʅʗ ʇʈɸʎɯɺʅʀʂɯɺ ʅɸ 

ʄɽʍɸʅɯɿʆɺɸʅʀʍ ʇʈʆʎɽʉɸʍ ɺ ɸɻʈɸʈʅɯʁ ʉʌɽʈɯ 

ʄʘʨʯʠʰʠʥʘ ɭ.ɯ., ɼʽʜʠʯʝʥʢʦ ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʘ ʟ ʽʥʰʦʛʦ - ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʠʭ 

ʨʠʟʠʢʽʚ ʪʨʘʚʤʫʚʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʣʘʜʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ, ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʪʘ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ 

ʰʣʷʭʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʪʨʘʚʤʘʤ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʟʜʘʪʥʠʭ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʚʠʷʚʣʷʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʪʠ 

ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ. ʋ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʡʪʠ 

ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʜʦ ʧʨʦʘʢʪʠʚʥʦʛʦ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʽ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ ʧʨʦ ʧʦʧʝʨʝʜʥʽ ʽʥʮʠʜʝʥʪʠ, 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʚʝʜʽʥʢʦʚʽ ʬʘʢʪʦʨʠ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ 

ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʪʨʘʚʤ. 

ʋ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʧʨʦʮʝʩʘʭ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʩʝʥʩʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʙʦʪʫ ʪʝʭʥʽʢʠ, ʧʘʨʘʤʝʪʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʽʾ ʦʧʝʨʘʪʦʨʘ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ ʟʜʘʪʝʥ ʚʠʷʚʣʷʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʧʨʦ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʚʞʝ ʘʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʢʦʥʮʝʧʮʽʾ ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʜʝ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʧʨʠʷʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽ ʧʽʜʚʠʱʝʥʥʶ 

ʙʝʟʧʝʢʠ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʨʘʚʤʘʪʠʟʤʫ. ɸʥʘʣʽʟ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ, ʪʘʢʽ ʷʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʝʭʥʽʢʠ, ʥʝʜʦʪʨʠʤʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʚʪʦʤʘ ʧʨʘʮʽʚʥʠʢʽʚ ʘʙʦ ʥʝʩʧʨʠʷʪʣʠʚʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. 

ʇʦʜʽʙʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʣʫʟʷʭ, ʜʝ ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʫ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʨʘʥʥʴʦʛʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ, ʱʦ ʟʥʠʞʫʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ʪʨʘʚʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ. 
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ɺʦʜʥʦʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʩʠʩʪʝʤʫ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ. ʉʝʨʝʜ ʥʠʭ ð ʧʨʦʙʣʝʤʘ ʷʢʦʩʪʽ ʪʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʨʠʟʠʢʠ 

ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʫʧʝʨʝʜʞʝʥʦʩʪʽ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʤʠʣʢʦʚʠʭ ʚʠʩʥʦʚʢʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʽʥʪʝʛʨʘʮʽʶ 

ʩʠʩʪʝʤ ʽ ʧʽʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʫ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʦʚʠʥʝʥ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʘ ʥʝ ʷʢ ʧʦʚʥʘ ʟʘʤʽʥʘ ʣʶʜʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʮʠʬʨʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽ 

ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʾʭ ʟʜʘʪʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʢʠ. 

ʊʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦʶ 

ʧʽʜʛʦʪʦʚʢʦʶ ʢʘʜʨʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷʤ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ 

ʪʨʘʚʤʫʚʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʧʨʦʮʝʩʘʭ ʚ ʘʛʨʘʨʥʽʡ ʩʬʝʨʽ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. 

ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʷʤ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʩʠʪʫʘʮʽʡ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ 

ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ʇʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʩʧʝʮʠʬʽʢʠ ʘʛʨʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʋɼʂ 331.45 (075.8) 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ç5 WHY?è ɺ 

ʆʎɯʅʖɺɸʅʅɯ ʂʆʈɽʅɽɺʀʍ ʇʈʀʏʀʅ ɺʀʈʆɹʅʀʏʆɻʆ 

ʊʈɸɺʄɸʊʀɿʄʋ ʄɽʍɸʅɯɿɸʊʆʈɯɺ 

ʄʘʨʯʠʰʠʥʘ ɭ.ɯ., ɿʫʙʦʢ ʊ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺʠʨʦʙʥʠʯʠʡ ʪʨʘʚʤʘʪʠʟʤ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʩʝʢʪʦʨʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʦʜʥʽʻʶ ʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ɿʘ ʜʘʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʘʛʨʘʨʥʘ ʛʘʣʫʟʴ ʚʭʦʜʠʪʴ ʜʦ ʪʨʽʡʢʠ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʩʬʝʨ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʧʨʠʧʘʜʘʻ ʥʘ 

ʤʝʭʘʥʽʟʘʪʦʨʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʽʟ ʪʨʘʢʪʦʨʘʤʠ, ʢʦʤʙʘʡʥʘʤʠ ʪʘ ʽʥʰʦʶ ʩʢʣʘʜʥʦʶ 

ʪʝʭʥʽʢʦʶ. ɺʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ ʤʘʰʠʥ 

ʪʘ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ ʩʧʨʠʯʠʥʷʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ 

ʪʨʘʚʤʫʚʘʥʥʷ. ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʫ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ 

ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʯʘʩʪʢʘ ʤʝʭʘʥʽʟʘʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 35ï45 %. ʇʨʠ ʮʴʦʤʫ 

ʧʦʥʘʜ 60 % ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʧʦʚôʷʟʘʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʧʘʨʢʫ, ʘ ʧʨʠʙʣʠʟʥʦ 25 % ʪʨʘʚʤ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ ʙʝʟʧʝʢʠ 

ʧʽʜ ʯʘʩ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʭʥʽʢʠ. 

ɽʬʝʢʪʠʚʥʝ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʨʦʙʥʠʯʦʤʫ ʪʨʘʚʤʘʪʠʟʤʫ ʧʦʪʨʝʙʫʻ ʥʝ ʣʠʰʝ 

ʬʽʢʩʘʮʽʾ ʧʦʜʽʡ, ʘʣʝ ʡ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʧʨʦʩʪʠʭ 

ʽ ʚʦʜʥʦʯʘʩ ʨʝʟʫʣʴʪʘʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʟʫ ʢʦʨʝʥʝʚʠʭ ʧʨʠʯʠʥ ʻ ʤʝʪʦʜ ç5 

Why?è (çʇôʷʪʴ ʯʦʤʫ?è), ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ ʪʘ ʙʝʟʧʝʢʦʶ. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʰʣʷʭʦʤ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʟʘʧʠʪʘʥʥʷ çʯʦʤʫ?è ʜʦ ʢʦʞʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʷʩʥʝʥʥʷ ʧʦʜʽʾ. ʋ ʩʝʨʝʜʥʴʦʤʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧôʷʪʴ ʽʪʝʨʘʮʽʡ ʟʘʧʠʪʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʧʦʚʝʨʭʥʝʚʠʭ 

ʬʘʢʪʦʨʽʚ ʜʦ ʛʣʠʙʠʥʥʠʭ ʩʠʩʪʝʤʥʠʭ ʧʨʠʯʠʥ. 

ʋ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʤʝʭʘʥʽʟʘʪʦʨʽʚ ʤʝʪʦʜ ç5 Why?è ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝ 

ʣʠʰʝ ʚʠʟʥʘʯʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʶ ʧʨʠʯʠʥʫ ʪʨʘʚʤʫʚʘʥʥʷ, ʘʣʝ ʡ ʚʩʪʘʥʦʚʠʪʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʪʝʭʥʽʯʥʽ ʪʘ ʧʦʚʝʜʽʥʢʦʚʽ ʬʘʢʪʦʨʠ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ 

ʥʝʱʘʩʥʦʛʦ ʚʠʧʘʜʢʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʪʨʘʚʤʫʚʘʥʥʷʤ ʦʧʝʨʘʪʦʨʘ ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʫ 

ʞʘʪʢʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʧʝʨʰʝ ʧʦʷʩʥʝʥʥʷ ʤʦʞʝ ʟʚʫʯʘʪʠ ʪʘʢ: 

ʧʨʘʮʽʚʥʠʢ ʦʪʨʠʤʘʚ ʪʨʘʚʤʫ ʨʫʢʠ ʯʝʨʝʟ ʨʘʧʪʦʚʝ ʦʙʝʨʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ. ʅʘʩʪʫʧʥʝ 

ʟʘʧʠʪʘʥʥʷ çʯʦʤʫ ʮʝ ʩʪʘʣʦʩʷ?è ʤʦʞʝ ʧʦʢʘʟʘʪʠ, ʱʦ ʤʝʭʘʥʽʟʤ ʥʝ ʙʫʚ 

ʟʥʝʩʪʨʫʤʣʝʥʠʡ. ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʨʘʮʽʚʥʠʢ ʥʝ ʚʠʢʦʥʘʚ 

ʧʨʦʮʝʜʫʨʫ ʙʣʦʢʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʧʨʠʯʠʥ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ ʯʽʪʢʠʭ ʽʥʩʪʨʫʢʮʽʡ ʘʙʦ ʢʦʥʪʨʦʣʶ ʟ ʙʦʢʫ ʢʝʨʽʚʥʠʮʪʚʘ. ʅʘ 

ʬʽʥʘʣʴʥʦʤʫ ʝʪʘʧʽ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʩʠʩʪʝʤʥʘ ʧʨʦʙʣʝʤʘ, ʥʘʧʨʠʢʣʘʜ ʥʝʜʦʩʪʘʪʥʽʡ 

ʨʽʚʝʥʴ ʥʘʚʯʘʥʥʷ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. 

ʇʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ç5 Why?è 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʛʣʠʙʠʥʥʽ ʧʨʠʯʠʥʠ ʫ 70ï80 % ʚʠʧʘʜʢʽʚ ʚʠʨʦʙʥʠʯʠʭ ʽʥʮʠʜʝʥʪʽʚ. 

ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʪʨʘʚʤʘʪʠʟʤʫ ʤʝʭʘʥʽʟʘʪʦʨʽʚ ʯʘʩʪʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ, ʱʦ 
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ʙʝʟʧʦʩʝʨʝʜʥʷ ʪʝʭʥʽʯʥʘ ʧʨʠʯʠʥʘ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʧʨʠʙʣʠʟʥʦ 20ï30 % ʚʽʜ ʫʩʽʭ 

ʬʘʢʪʦʨʽʚ, ʪʦʜʽ ʷʢ ʙʣʠʟʴʢʦ 50 % ʚʠʧʘʜʢʽʚ ʧʦʚôʷʟʘʥʽ ʟ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ, 

ʘ ʱʝ 20ï30 % ï ʽʟ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ. ʅʘʧʨʠʢʣʘʜ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ 

ʧʝʨʝʢʠʜʘʥʥʷ ʪʨʘʢʪʦʨʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 40 % ʚʠʧʘʜʢʽʚ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʻ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʝʭʥʽʢʠ ʥʘ ʩʭʠʣʘʭ ʙʝʟ ʥʘʣʝʞʥʠʭ ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ, ʫ 35 

% ʚʠʧʘʜʢʽʚ ï ʥʝʜʦʩʪʘʪʥʷ ʧʽʜʛʦʪʦʚʢʘ ʦʧʝʨʘʪʦʨʘ, ʘ ʱʝ ʫ 25 % ï ʥʝʟʘʜʦʚʽʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʤʘʰʠʥ. 

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ç5 Why?è ʻ ʡʦʛʦ ʧʨʦʩʪʦʪʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟ ʩʢʣʘʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʜʦʩʪʘʪʥʴʦ ʩʬʦʨʤʫʚʘʪʠ ʨʦʙʦʯʫ ʛʨʫʧʫ ʟ 3ï5 ʬʘʭʽʚʮʽʚ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʽʥʬʦʨʤʘʮʽʻʶ 

ʧʨʦ ʦʙʩʪʘʚʠʥʠ ʧʦʜʽʾ. ʋ ʩʝʨʝʜʥʴʦʤʫ ʘʥʘʣʽʟ ʦʜʥʦʛʦ ʽʥʮʠʜʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʟʘʡʤʘʻ ʚʽʜ 30 ʜʦ 60 ʭʚʠʣʠʥ. ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʩʫʥʝʥʥʷ 

ʩʠʩʪʝʤʥʠʭ ʧʨʠʯʠʥ ʥʝʙʝʟʧʝʢʠ. ɼʦʩʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʮʠʜʝʥʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ç5 

Why?è ʤʦʞʝ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʫ ʥʘ 15ï25 % ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʜʚʦʭ 

ʨʦʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʤʝʪʦʜ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ʁʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʽʚ ʪʘ ʧʦʚʥʦʪʠ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʋ 

ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ ʧʦʜʽʾ ʤʘʶʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʧôʷʪʠ 

ʽʪʝʨʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʩʽʭ ʧʨʠʯʠʥʥʠʭ ʟʚôʷʟʢʽʚ. ʊʦʤʫ 

ʜʦʮʽʣʴʥʦ ʧʦʻʜʥʫʚʘʪʠ ʮʝʡ ʧʽʜʭʽʜ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ, ʟʦʢʨʝʤʘ ʟ 

ʧʦʙʫʜʦʚʦʶ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʜʽʘʛʨʘʤ ʘʙʦ ʤʝʪʦʜʘʤʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ç5 Why?è ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʫ ʤʝʭʘʥʽʟʘʪʦʨʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʷʚʣʝʥʥʷ ʢʦʨʝʥʝʚʠʭ 

ʧʨʠʯʠʥ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʘʥʘʣʽʟʫ ʜʦ 

ʩʠʩʪʝʤʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʨʦʙʣʝʥʥʶ ʙʽʣʴʰ 

ʨʝʟʫʣʴʪʘʪʠʚʥʠʭ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ ʚ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʪʘ ʩʧʨʠʷʪʠ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ 

ʪʨʘʚʤʘʪʠʟʤʫ ʩʝʨʝʜ ʧʨʘʮʽʚʥʠʢʽʚ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʪʝʩʪʘʮʽʾ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʟʘ ʫʤʦʚʘʤʠ ʧʨʘʮʽ ʫ 

ʚʦʻʥʥʠʡ ʧʝʨʽʦʜ ʟʫʤʦʚʣʝʥʽ ʩʫʪʪʻʚʠʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʷʤʠ ʚʠʨʦʙʥʠʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʨʠʟʠʢʽʚ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ɸʪʝʩʪʘʮʽʷ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʨʘʜʠʮʽʡʥʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʫ 

ʦʮʽʥʢʫ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʨʫʜʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʽʣʴʛ ʽ ʢʦʤʧʝʥʩʘʮʽʡ, 

ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ. ʋ ʚʦʻʥʥʠʡ ʧʝʨʽʦʜ ʮʽ 

ʟʘʚʜʘʥʥʷ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʦʜʥʘʢ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ. 

ʇʦ-ʧʝʨʰʝ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʟʤʽʥʶʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦ 

ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɿʘ ʦʮʽʥʢʘʤʠ, ʧʦʥʘʜ 30ï40% ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʟʥʘʣʠ 

ʨʝʣʦʢʘʮʽʾ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʟʫʧʠʥʢʠ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʚʝʜʝʥʥʷ ʘʪʝʩʪʘʮʽʾ. ʅʦʚʽ ʚʠʨʦʙʥʠʯʽ ʧʨʠʤʽʱʝʥʥʷ ʯʘʩʪʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʧʝʨʝʜʥʽʤ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʧʝʢʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʟʘʯʝʨʛʦʚʦʾ ʦʮʽʥʢʠ 

ʫʤʦʚ ʧʨʘʮʽ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʘʻʪʴʩʷ ʩʧʨʦʱʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʮʝʜʫʨ, ʦʜʥʘʢ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʦ ʨʽʚʝʥʴ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʇʦ-ʜʨʫʛʝ, ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʰʢʽʜʣʠʚʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʬʘʢʪʦʨʽʚ. ɿʨʦʩʪʘʻ ʚʧʣʠʚ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʰʫʤ, ʚʽʙʨʘʮʽʷ, ʧʠʣ), 

ʧʩʠʭʦʝʤʦʮʽʡʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʤʦʞʣʠʚʠʤʠ 

ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ (ʦʙʩʪʨʽʣʠ, ʧʝʨʝʙʦʾ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ). ɿʘ ʜʘʥʠʤʠ 

ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʽʚʝʥʴ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʫ 

ʚʦʻʥʥʠʡ ʧʝʨʽʦʜ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʥʘ 20-50%, ʱʦ ʚʠʤʘʛʘʻ ʚʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʜʦ ʧʨʦʮʝʜʫʨʠ ʘʪʝʩʪʘʮʽʾ. 

ʇʦ-ʪʨʝʪʻ, ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʘʢʨʝʜʠʪʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʫʩʢʣʘʜʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʽʜʭʦʜʠ, ʟʦʢʨʝʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʘʨʭʽʚʥʠʭ ʜʘʥʠʭ, ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʘ ʪʘʢʦʞ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. ɺʦʜʥʦʯʘʩ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʜʦʧʫʩʢʘʻ ʚʽʜʪʝʨʤʽʥʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ 

ʘʪʝʩʪʘʮʽʾ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʾʾ ʚʠʢʦʥʘʥʥʷ ʻ ʥʝʤʦʞʣʠʚʠʤ ʟ ʦʙôʻʢʪʠʚʥʠʭ ʧʨʠʯʠʥ, 

ʧʨʦʪʝ ʨʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚôʷʟʘʥʠʡ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘʢʽ ʦʙʩʪʘʚʠʥʠ. 

ʇʦ-ʯʝʪʚʝʨʪʝ, ʢʘʜʨʦʚʠʡ ʬʘʢʪʦʨ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ. ɺʥʘʩʣʽʜʦʢ ʤʦʙʽʣʽʟʘʮʽʾ 

ʪʘ ʤʽʛʨʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʪʝʨʽʘʣʽʚ ʘʪʝʩʪʘʮʽʾ ʪʘ ʧʦʪʨʝʙʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʣʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʬʫʥʢʮʽʾ ʩʧʝʮʽʘʣʽʩʪʽʚ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʨʘʮʽʚʥʠʢʠ, ʷʢʽ ʧʨʦʡʰʣʠ ʧʨʠʩʢʦʨʝʥʝ 

ʥʘʚʯʘʥʥʷ, ʱʦ, ʦʜʥʘʢ, ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʝʢʩʧʝʨʪʥʦʩʪʽ. 
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ʇʦ-ʧôʷʪʝ, ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʮʠʬʨʦʚʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ. ʋ ʚʦʻʥʥʠʡ ʧʝʨʽʦʜ 

ʘʢʪʠʚʽʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʢʦʥʩʫʣʴʪʘʮʽʡ ʪʘ ʦʥʣʘʡʥ-ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʘʪʝʩʪʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ 

ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. 

ʗʢʱʦ ʩʪʨʦʢ ʧʨʦʚʝʜʝʥʥʷ ʘʪʝʩʪʘʮʽʾ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʟʘ ʫʤʦʚʘʤʠ ʧʨʘʮʽ ʥʘʩʪʘʚ ʫ 

ʧʝʨʽʦʜ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʨʦʙʦʪʦʜʘʚʝʮʴ ʤʦʞʝ ʫʭʚʘʣʠʪʠ ʨʽʰʝʥʥʷ ʧʨʦʚʝʩʪʠ ʾʾ 

ʧʨʦʪʷʛʦʤ ʰʝʩʪʠ ʤʽʩʷʮʽʚ ʟ ʜʥʷ ʧʨʠʧʠʥʝʥʥʷ ʯʠ ʩʢʘʩʫʚʘʥʥʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ 

ʋʢʨʘʾʥʽ. ʎʝ ʨʽʰʝʥʥʷ ʨʦʙʦʪʦʜʘʚʝʮʴ ʧʦʛʦʜʞʫʻ ʟ ʧʨʦʬʩʧʽʣʢʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʥʷ ʘʪʝʩʪʘʮʽʾ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʫ ʚʦʻʥʥʠʡ ʧʝʨʽʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʜʘʧʪʠʚʥʽʩʪʶ, ʩʧʨʦʱʝʥʥʷʤ ʦʢʨʝʤʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʦʜʥʦʯʘʩʥʠʤ 

ʧʦʩʠʣʝʥʥʷʤ ʫʚʘʛʠ ʜʦ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʽ ʨʝʘʣʴʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʜʦʮʽʣʴʥʠʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʟʦʚʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ ʛʥʫʯʢʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʫʤʦʚ ʧʨʘʮʽ. 

 

ʃʽʪʝʨʘʪʫʨʘ 
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ʋɼʂ 535.2 

 

ʉʊɸʅɼɸʈʊʀɿɸʎɯʗ ʊɸ ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ɹɯʆɻɸɿʆɺʀʍ ʋʉʊɸʅʆɺʆʂ 

ɼʝʚôʷʪʢʦ ʆ., ɼʝʥʠʩʝʥʢʦ ʄ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʦʞʝʥʴ, ʤʦʞʣʠʚʦʩʪʝʡ ʱʦʜʦ 

ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʟʘʚʜʘʥʴ. ɼʣʷ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʽʜʥʦʩʥʦ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʮʝ ʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʛʦʩʧʦʜʘʨʩʪʚʘʭ 

ʘʢʮʝʥʪʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʤʽʥ. ɰʭʥʻ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʝʧʣʘ ʘʙʦ ʙʽʦʤʝʪʘʥʫ ʟ ʧʝʨʩʧʝʢʪʠʚʦʶ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʥʘ 

ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢ ʙʘʯʠʤʦ, ʻ ʟʥʘʨʷʜʜʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʪʠ 

ʜʦʜʘʪʢʦʚʠʡ ʥʘʧʨʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʝʭʥʽʢʠ ʟ ʧʦʟʠʮʽʾ ʩʧʦʣʫʯʥʦʾ 

(ʜʦʜʘʪʢʦʚʦʾ) ʣʘʥʢʠ ʽ ʮʝ ʥʘʜʘʻ ʾʤ ʧʨʽʦʨʠʪʝʪʥʝ ʤʽʩʮʝ ʚ ʧʦʪʨʝʙʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʨʷʤʠʭ ʜʞʝʨʝʣ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʚ 

ʋʢʨʘʾʥʽ ʥʘ ʦʩʥʦʚʽ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʘ ʩʴʦʛʦʜʥʽ, ʟʛʽʜʥʦ [1], ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʙʽʦʛʘʟʦʚʠʭ ʟʘʚʦʜʽʚ ʪʘ ʙʽʦʤʝʪʘʥʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 41 ʤʣʥ. 

ʢʫʙʦʤʝʪʨʽʚ ʥʘ ʨʽʢ. ɺʽʜʥʦʚʣʶʚʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ, 

ʷʢʠʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ 

(ʦʜʠʥʠʯʥʠʭ ʙʫʜʠʥʢʽʚ) ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʾ. 

ɺʘʛʦʤʠʤ ʩʢʣʘʜʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʻ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʘ ʩʘʤʝ: 

- ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ; 

- ʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ; 

- ʟʙʝʨʽʛʘʥʥʷ ʪʝʭʥʽʢʠ ʽ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ. 

ʆʮʽʥʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʥʫʶʪʴ ʟʘ ʨʽʚʥʷʤʠ ʚʽʜ ʚʠʩʦʢʦʛʦ ʜʦ ʜʫʞʝ 

ʥʠʟʴʢʦʛʦ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʤʽʩʪʠʪʴ 

ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʢʦʥʘʥʥʷ ʾʭ ʙʫʚʘʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʽ ʽʥʦʜʽ ʥʝ ʧʽʜʧʘʜʘʻ ʧʽʜ ʦʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʭʝʤʫ ʯʝʨʝʟ ʤʽʥʣʠʚʽʩʪʴ ʦʧʝʨʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʩʢʣʘʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʧʝʨʝʜʙʘʯʘʻ ʩʧʨʦʤʦʞʥʽʩʪʴ ʰʠʨʦʢʦʛʦ ʚʠʙʦʨʫ ʩʠʨʦʚʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʡʦʛʦ ʧʝʨʝʨʦʙʢʘ ʚ ʫʩʪʘʥʦʚʮʽ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʾ ʱʦʜʦ ʪʝʭʥʽʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʦʧʝʨʘʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʛʽʜʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɹʽʦʤʝʪʘʥ ʚ ʋʢʨʘʾʥʽ: ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʨʦʟʚʠʪʦʢ ð ʤʘʪʝʨʽʘʣʠ ʧʦʜʽʾ ʪʘ ʪʝʟʠ 

ʩʧʽʢʝʨʽʚ. UABIO. URL: https://uabio.org/news/17950/.  
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ʋɼʂ 535.2 

 

ʂʆʅʉʊʈʋʂʊʀɺʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʉʀʉʊɽʄ ɸɻʈʆɺʆʃʔʊɸɰʂʀ 

ɻʦʣʫʙ ɻ.ɸ., ʎʠʚʝʥʢʦʚʘ ʅ.ʄ., ʈʦʛʦʚʩʴʢʠʡ ɯ.ʃ., ʄʘʨʫʩ ʆ.ɸ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺʘʛʦʤʠʤ ʯʠʥʥʠʢʦʤ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʾʭ ʨʦʟʤʽʨʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʦʥʪʘʞʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʉʣʽʜ 

ʪʘʢʦʞ ʟʛʘʜʘʪʠ ʧʨʦ ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ, ʷʢʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʻ 

ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʧʦʛʽʨʰʫʶʪʴ ʫʤʦʚʠ ʚʝʜʝʥʥʷ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʪʞʝ, ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ 

ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʧʦʪʨʝʙʫʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʚ ʚʠʨʽʰʝʥʥʷʤ ʥʠʟʢʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʘʜʘʯ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʢʽʥʛʫ ʩʠʩʪʝʤ 

ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʎʝ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʢʽʥʛʫ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʚʽʜ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʣʦʱʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʘʩʠʚʘʤʠ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʧʽʜ ʯʘʩ ʥʘʡʙʽʣʴʰʦʾ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʆʩʥʦʚʥʘ ʛʽʧʦʪʝʟʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʰʣʷʭʦʤ 

ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʢʽʥʛʫ ʘʞ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʉʭʝʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ: ʘ ï ʚʽʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʘ, 

ʥʘʧʨʷʤʦʢ çʉʭʽʜ-ɿʘʭʽʜè; ʙ ī ʚʽʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʘ, ʥʘʧʨʷʤʦʢ çʇʽʚʥʽʯ-ʇʽʚʜʝʥʴè; ʩ ī 

ʚʽʩʴ ʚʩʪʘʥʦʚʣʝʥʘ ʧʽʜ ʢʫʪʦʤ ʰʠʨʦʪʠ, ʥʘʧʨʷʤʦʢ çʇʽʚʥʽʯ-ʇʽʚʜʝʥʴè; ʜ ī ʚʽʩʴ 

ʚʩʪʘʥʦʚʣʝʥʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʥʘʧʨʷʤʦʢ 

çʇʽʚʥʽʯ-ʇʽʚʜʝʥʴè 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʣʦʱʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ ʧʽʜ ʯʘʩ ʥʘʡʙʽʣʴʰʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ 

ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʾʭ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʘʛʨʦʚʦʣʴʪʘʾʢʠ çʇʽʚʥʽʯ-ʇʽʚʜʝʥʴè ʽʟ 

ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʽʜ ʢʫʪʦʤ ʰʠʨʦʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʢʽʥʛʫ ʩʠʩʪʝʤ ʘʛʨʦʚʦʣʴʪʘʾʢʠ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʧʦʣʷʛʘʪʠ ʫ ʨʦʟʨʦʙʮʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʩʠʚʫ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ. 
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ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʧʣʦʱʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʚ ʩʠʩʪʝʤʽ ʘʛʨʦʚʦʣʴʪʘʾʢʠ 

 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʢʽʥʛʫ ʩʠʩʪʝʤʠ 

ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʻʶ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

çʉʭʽʜ-ɿʘʭʽʜè ʩʪʘʥʦʚʠʪʴ 34,75 %; ʜʣʷ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʽʟ ʦʨʽʻʥʪʘʮʽʻʶ 

çʇʽʚʥʽʯ-ʇʽʚʜʝʥʴè ī 52,89 %. ɿʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʢʽʥʛʫ ʩʠʩʪʝʤʠ 

ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʽʟ ʦʨʽʻʥʪʘʮʽʻʶ çʇʽʚʥʽʯ-ʇʽʚʜʝʥʴè ʪʘ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʧʽʜ ʢʫʪʦʤ ʰʠʨʦʪʠ (50Á) ʩʪʘʥʦʚʠʪʴ 67,95 %, ʘ ʧʨʠ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ ʚʽʜʩʣʽʜʢʦʚʫʚʘʣʠ ʧʦʪʽʢ ʩʦʥʷʯʥʠʭ 

ʧʨʦʤʝʥʽʚ ʪʘʢʦʞ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ī 69,5 %. ʇʨʦʪʷʞʥʽʩʪʴ ʜʥʷ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 12 ʛʦʜʠʥ 21 ʙʝʨʝʟʥʷ ʪʘ 21 ʚʝʨʝʩʥʷ 

ʜʦ 16 ʛʦʜʠʥ 21 ʯʝʨʚʥʷ. ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʯʘʩʫ ʫʚʽʤʢʥʝʥʥʷ-ʚʠʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ 

ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʚ ʨʦʙʦʪʫ ʪʘ ʧʨʦʪʷʞʥʦʩʪʽ ʜʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʫʪ ʥʘʭʠʣʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʾʭ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 45Á. 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʤʦʜʫʣʽʚ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚ 

ʩʠʩʪʝʤʽ ʘʛʨʦʚʦʣʴʪʘʾʢʠ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʘʩʠʚʘʤʠ 

ʘʛʨʦʚʦʣʴʪʘʾʢʠ, ʷʢʘ ʩʪʘʥʦʚʠʣʘ 3,79 ʤ, ʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʧʣʦʱʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʧʽʜ ʯʘʩ ʥʘʡʚʠʱʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ī 52,8 %.  

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ HEI-COPILOT ʫ 

ʤʝʞʘʭ ʽʥʽʮʽʘʪʠʚʠ EIT HEI Initiative çʈʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʱʦʾ 

ʦʩʚʽʪʠè, ʱʦ ʬʽʥʘʥʩʫʻʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ. 
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ʋɼʆʉʂʆʅɸʃɽʅɸ ʂʆʅʉʊʈʋʂʎɯʗ ʇʆɼʈɯɹʅʖɺɸʏɸ 

ʂʆʅʎɽʅʊʈʆɺɸʅʀʍ ʂʆʈʄɯɺ 

ʄʦʥʴʢʦ ʈ.ɺ., ʇʦʪʘʧʦʚʘ ʉ.ɭ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, 

 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʻ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ. ʇʨʦʪʝ ʮʝʡ ʧʨʦʮʝʩ ʻ ʜʫʞʝ 

ʝʥʝʨʛʦʻʤʥʠʤ ʽ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʛʦʪʦʚʢʠ ʟʝʨʥʦʚʠʭ ʢʦʨʤʽʚ ʜʦ ʟʛʦʜʦʚʫʚʘʥʥʷ ʻ 

ʧʦʜʨʽʙʥʝʥʥʷ. 

ʅʠʥʽ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʥʘʙʫʣʠ ʤʦʣʦʪʢʦʚʽ ʜʨʦʙʘʨʢʠ. ɰʭ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʻ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ 

ʙʘʨʘʙʘʥʽ ʤʦʣʦʪʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʠʩʣʝʥʥʽ ʫʜʘʨʠ 

ʧʦʜʨʽʙʥʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʠʭ ʤʘʰʠʥ ʻ 

ʧʝʨʝʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʰʚʠʜʢʝ ʟʥʦʰʫʚʘʥʥʷ ʤʦʣʦʪʢʽʚ.  

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʙʘʨʦʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʽʰʝ ʧʦʜʨʽʙʥʶʚʘʪʠ ʽ ʩʚʦʻʯʘʩʥʦ ʚʠʚʘʥʪʘʞʫʚʘʪʠ ʧʦʜʨʽʙʥʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. 

ɼʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʢʦʨʤʽʚ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʨʦʙʘʨʢʠ ʫʜʘʨʥʦ-ʧʝʨʝʪʠʨʘʶʯʦʾ ʜʽʾ (ʨʠʩ. 1), ʚ ʷʢʽʡ ʚ ʧʨʦʮʝʩʽ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣ 

ʧʽʜʜʘʻʪʴʩʷ ʫʜʘʨʥʽʡ ʜʽʾ ʞʦʨʩʪʢʦ-ʟʘʢʨʽʧʣʝʥʠʭ ʙʠʣ ʽ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʪʠʨʘʻʪʴʩʷ ʦʙ 

ʩʝʧʘʨʫʶʯʫ ʧʦʚʝʨʭʥʶ ʨʝʰʽʪ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʜʨʦʙʘʨʢʠ ʟʝʨʥʘ ʫʜʘʨʥʦ-ʧʝʨʝʪʠʨʘʶʯʦʾ ʜʽʾ:  

1 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʝ ʚʽʢʥʦ; 2 ï ʙʠʣʘ; 3 ï ʨʦʪʦʨ; 4 ï ʢʦʞʫʭ 5 ï ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʡ 

ʧʘʪʨʫʙʦʢ; 6 ï ʪʦʨʮʝʚʝ ʨʝʰʝʪʦ. 

 

ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʨʦʟʨʦʙʣʝʥʦʾ ʜʨʦʙʘʨʢʠ ʟʝʨʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ: 

- ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʰʘʨʥʽʨʥʦ ʧʽʜʚʽʰʝʥʽ 

ʤʦʣʦʪʢʠ, ʘ ʞʦʨʩʪʢʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʨʦʪʦʨʽ ʙʠʣʘ; 
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- ʧʦʜʨʽʙʥʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘʜʭʦʜʠʪʴ ʚ ʢʘʤʝʨʫ ʧʦʜʨʽʙʥʝʥʥʷ ʥʝ ʯʝʨʝʟ ʦʪʚʽʨ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ, ʘ ʯʝʨʝʟ ʦʪʚʽʨ ʚ ʪʦʨʮʝʚʽʡ ʩʪʽʥʮʽ; 

- ʧʦʜʨʽʙʥʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʜʘʻʪʴʩʷ ʥʝ ʧʨʷʤʦʤʫ ʫʜʘʨʫ ʤʦʣʦʪʢʽʚ, ʘ 

ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʚʝʨʭʥʝʶ ʙʠʣ, ʨʦʟʛʦʨʥʫʪʦʾ ʥʘ ʧʝʚʥʠʡ ʢʫʪ ʚʽʜʥʦʩʥʦ ʾʭ 

ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ; 

- ʧʽʩʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʶ ʙʠʣ ʧʦʜʨʽʙʥʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʩʧʨʷʤʦʚʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʥʝ ʜʦ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʨʝʰʝʪʘ, ʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʽ ʪʦʨʮʝʚʠʤ ʨʝʰʝʪʘʤʠ. 

ɼʨʦʙʘʨʢʘ ʟʝʨʥʘ ʫʜʘʨʥʦ-ʧʝʨʝʪʠʨʘʶʯʦʾ ʜʽʾ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ: ʟʝʨʥʦ, ʱʦ 

ʧʽʜʣʷʛʘʻ ʧʦʜʨʽʙʥʝʥʥʶ ʽʟ  ʙʫʥʢʝʨʘ 1 ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʝ ʚʽʢʥʦ 2 ʥʘʜʭʦʜʠʪʴ ʚ 

ʜʨʦʙʠʣʴʥʫ ʢʘʤʝʨʫ, ʜʝ ʧʦʪʨʘʧʣʷʻ ʧʽʜ ʫʜʘʨʠ ʦʙʝʨʪʦʚʠʭ ʙʠʣ ʨʦʪʦʨʘ 3, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʚʽʜʢʠʜʘʻʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʫ ʧʣʠʪʫ, ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʢʘʤʝʨʠ 

ʧʦʜʨʽʙʥʝʥʥʷ ʯʝʨʝʟ ʨʝʰʝʪʦ 4 ʽ ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ 5. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚʠʱʦʾ ʷʢʦʩʪʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʣʦʪʢʦʚʠʤʠ ʜʨʦʙʘʨʢʘʤʠ (ʤʝʥʰʝ ʧʠʣʦʚʠʜʥʦʾ ʬʨʘʢʮʽʾ, ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ) ʧʨʠ ʥʠʞʯʠʭ ʝʥʝʨʛʦʟʘʪʨʘʪʘʭ. 
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ʄɽʊʆɼʀ ʊɸ ʇɯɼʍʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʈɽɾʀʄʋ ʈʋʍʋ ʈʆɹʆʊɸ ɿ 

ʆɼʅɯɭʖ ʇʆʉʊʋʇɸʃʔʅʆʖ ʊɸ ɼɺʆʄɸ ʆɹɽʈʊɸʃʔʅʀʄʀ ʃɸʅʂɸʄʀ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʂʘʜʠʢʘʣʦ ɯ.ʆ., ɹʘʣʶʢ ʖ.ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʈʦʙʦʪʠ-ʤʘʥʽʧʫʣʷʪʦʨʠ, ʱʦ ʤʘʶʪʴ 

ʢʦʤʙʽʥʦʚʘʥʫ ʢʽʥʝʤʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʦʜʥʽʻʶ ʧʦʩʪʫʧʘʣʴʥʦʶ ʪʘ ʜʚʦʤʘ 

ʦʙʝʨʪʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ, ʻ ʩʧʝʮʠʬʽʯʥʠʤ ʢʣʘʩʦʤ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʧʝʨʘʮʽʷʭ ʩʦʨʪʫʚʘʥʥʷ, ʧʘʣʝʪʫʚʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʝʨʩʪʘʪʽʚ. ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʫʭʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʩʢʣʘʜʥʠʤ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟôʻʜʥʘʥʴ ʩʪʚʦʨʶʻ 

ʥʝʣʽʥʽʡʥʽ ʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʤʘʥʽʧʫʣʷʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʥʠʟʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, ʘ ʡ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʚʦʜʠ, 

ʱʦ ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʨʦʙʦʪʘ ʟ ʦʜʥʽʻʶ ʧʦʩʪʫʧʘʣʴʥʦʶ ʪʘ ʜʚʦʤʘ ʦʙʝʨʪʘʣʴʥʠʤʠ 

ʣʘʥʢʘʤʠ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʘʙʦ ʩʬʝʨʠʯʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. ʇʦʩʪʫʧʘʣʴʥʘ ʣʘʥʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʥʫ ʚʠʣʴʦʪʫ ʩʪʨʽʣʠ ʘʙʦ ʚʠʩʦʪʠ 

ʧʽʜʡʦʤʫ, ʪʦʜʽ ʷʢ ʦʙʝʨʪʘʣʴʥʽ ʣʘʥʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʨʽʻʥʪʘʮʽʶ ʪʘ ʢʫʪʦʚʝ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʟʥʘʯʥʽ 

ʦʙôʻʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʧʣʦʱʽ ʦʩʥʦʚʠ. ʆʩʥʦʚʥʠʤʠ 

ʩʬʝʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʢʣʘʜʠ, ʜʝ 

ʥʝʦʙʭʽʜʥʘ ʚʝʨʪʠʢʘʣʴʥʘ ʧʦʜʘʯʘ ʚʘʥʪʘʞʽʚ, ʪʘ ʩʢʣʘʜʘʣʴʥʽ ʣʽʥʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʫ ʟ ʪʦʯʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʫ ʛʣʠʙʦʢʽ ʧʘʟʠ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʧʨʝʩʠ ʪʘ ʧʘʢʫʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʚʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦʾ ʧʘʨʠ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʛʥʫʯʢʽʩʪʶ 

ʦʙʝʨʪʘʣʴʥʠʭ ʩʫʛʣʦʙʽʚ, ʧʨʦʪʝ ʥʝʜʦʣʽʢʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʨʠ ʰʚʠʜʢʠʭ ʟʤʽʥʘʭ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʨʫʭʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʙʫʜʦʚʠ ʪʦʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʦʙʦʪʘ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʣʘʥʢʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʩʠʣʠ 

ʽʥʝʨʮʽʾ, ʮʝʥʪʨʦʙʽʞʥʽ ʩʠʣʠ ʪʘ ʩʠʣʠ ʂʦʨʽʦʣʽʩʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʧʨʠ ʨʫʩʽ 

ʧʦʩʪʫʧʘʣʴʥʦʾ ʣʘʥʢʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʙʝʨʪʘʣʴʥʠʭ ʣʘʥʦʢ ʟʤʽʥʶʻʪʴʩʷ ʥʝʣʽʥʽʡʥʦ, ʱʦ 

ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʟʙʫʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. ʇʝʨʰʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʚʘʨʽʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʜʝ ʦʙʤʝʞʝʥʥʷʤʠ ʚʠʩʪʫʧʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠʚʦʜʽʚ. ʊʘʢʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʧʽʢʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʥʚʝʻʨʥʠʭ ʣʽʥʽʡ, ʘʣʝ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʙʨʘʮʽʡ ʥʘʧʨʠʢʽʥʮʽ ʨʫʭʫ. 
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ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʧʽʜʭʦʜʦʤ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʨʘʻʢʪʦʨʽʷ ʙʫʜʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʽʥʪʝʛʨʘʣ ʢʚʘʜʨʘʪʘ ʥʘʧʨʫʛʠ ʘʙʦ ʤʦʤʝʥʪʫ ʥʘ ʜʚʠʛʫʥʘʭ ʙʫʚ ʤʽʥʽʤʘʣʴʥʠʤ. ɼʣʷ ʩʠʩʪʝʤ 

ʽʟ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ ʮʝ ʦʟʥʘʯʘʻ ʚʠʙʽʨ ʪʘʢʠʭ ʰʣʷʭʽʚ ʧʝʨʝʤʽʱʝʥʥʷ, ʜʝ ʟʤʽʥʘ 

ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʚʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʨʽʟʢʠʭ ʩʪʨʠʙʢʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʡ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ 

ʤʦʙʽʣʴʥʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʘʙʦ ʚʝʣʠʢʠʭ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʚʠʪʨʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʩʢʣʘʜʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʊʨʝʪʽʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʊʨʘʜʠʮʽʡʥʽ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʝʨʮʽʾ, 

ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʤʘʩʘ ʚʘʥʪʘʞʫ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʘ. ɸʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʣʘʚʥʽʩʪʴ ʨʫʭʫ ʙʝʟ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʙʦʨʦʪʠʩʷ ʟ ʣʶʬʪʘʤʠ ʚ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯʘʭ 

ʦʙʝʨʪʘʣʴʥʠʭ ʣʘʥʦʢ ʪʘ ʪʝʨʪʷʤ ʫ ʧʦʩʪʫʧʘʣʴʥʽʡ ʧʘʨʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʜʪʦʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʙʽʦʤʝʜʠʯʥʽʡ 

ʽʥʞʝʥʝʨʽʾ ʘʙʦ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ. 

ɼʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʩʝʥʩʦʨʥʦʾ ʽʥʪʝʛʨʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʥʘ ʢʽʥʮʝʚʦʤʫ ʝʬʝʢʪʽ ʪʘ 

ʜʘʪʯʠʢʽʚ ʟʫʩʠʣʣʷ ʫ ʚʫʟʣʘʭ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʟʘ ʩʪʘʥʦʤ. ʎʝ 

ʜʘʻ ʟʤʦʛʫ ʚʯʘʩʥʦ ʜʝʤʧʬʫʚʘʪʠ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʰʚʠʜʢʦʤʫ ʚʠʩʫʚʘʥʥʽ 

ʧʦʩʪʫʧʘʣʴʥʦʾ ʣʘʥʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʧʦʤʘʛʘʻ ʱʝ ʥʘ 

ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʷʚʠʪʠ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ 

ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ. 

ʆʪʞʝ, ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʪʽʚ ʽʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ ʻ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʧʦʻʜʥʫʻ ʢʣʘʩʠʯʥʫ ʤʝʭʘʥʽʢʫ, ʪʝʦʨʽʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʤʘʥʽʧʫʣʷʮʽʡ, ʟʥʠʟʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʫ ʩʢʣʘʜʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʩʘʤʦʥʘʚʯʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʫʭʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʚʠʜʦʤ 

ʪʨʘʥʩʧʦʨʪʫ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʫʯʠʭ, 

ʢʫʩʢʦʚʠʭ ʪʘ ʰʪʫʯʥʠʭ ʚʘʥʪʘʞʽʚ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʫʤʦʚʣʝʥʘ 

ʚʽʜʥʦʩʥʦʶ ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʣʦʛʽʩʪʠʢʠ ʩʪʨʽʯʢʦʚʽ 

ʢʦʥʚʝʻʨʠ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʦʩʥʦʚʥʦʾ ʩʧʦʣʫʯʥʦʾ ʣʘʥʢʠ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʪʠʧʦʚʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʩʧʝʮʠʬʽʯʥʫ ʬʫʥʢʮʽʶ. ʆʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ 

ʪʘ ʪʷʛʦʚʠʤ ʦʨʛʘʥʦʤ ʻ ʥʝʩʢʽʥʯʝʥʥʘ ʛʥʫʯʢʘ ʩʪʨʽʯʢʘ, ʷʢʘ ʦʛʠʥʘʻ ʧʨʠʚʦʜʥʠʡ ʪʘ 

ʥʘʪʷʞʥʠʡ ʙʘʨʘʙʘʥʠ. ʉʪʨʽʯʢʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʨʦʣʠʢʦʦʧʦʨʘʤʠ, ʷʢʽ ʟʘʧʦʙʽʛʘʶʪʴ ʾʾ ʧʨʦʚʠʩʘʥʥʶ ʧʽʜ ʚʘʛʦʶ ʚʘʥʪʘʞʫ. ʇʨʠʚʦʜʥʘ 

ʩʪʘʥʮʽʷ, ʱʦ ʚʢʣʶʯʘʻ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʪʘ ʨʝʜʫʢʪʦʨ, ʧʝʨʝʜʘʻ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʥʘ 

ʧʨʠʚʦʜʥʠʡ ʙʘʨʘʙʘʥ, ʷʢʠʡ ʟʘʚʜʷʢʠ ʩʠʣʘʤ ʪʝʨʪʷ ʧʨʠʚʦʜʠʪʴ ʩʪʨʽʯʢʫ ʚ ʨʫʭ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʾʾ ʚʠʪʷʛʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʪʷʞʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʛʚʠʥʪʦʚʠʤ 

ʘʙʦ ʚʘʥʪʘʞʥʠʤ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʞʦʨʩʪʢʽʡ ʤʝʪʘʣʝʚʽʡ ʩʪʘʥʠʥʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʉʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʫ ʩʬʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʦʥʠ ʥʝʟʘʤʽʥʥʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ, 

ʨʫʜʠ ʪʘ ʱʝʙʝʥʶ ʟ ʢʘʨ'ʻʨʽʚ ʥʘ ʟʙʘʛʘʯʫʚʘʣʴʥʽ ʬʘʙʨʠʢʠ. ɺ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʘ ʥʘ ʝʣʝʚʘʪʦʨʘʭ, ʧʦʜʘʯʽ ʢʦʨʤʽʚ 

ʘʙʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʩʢʣʘʜʘʭ. ʃʦʛʽʩʪʠʯʥʽ ʮʝʥʪʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʚʝʻʨʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʧʦʩʠʣʦʢ ʪʘ ʙʘʛʘʞʫ. 

ʂʨʽʤ ʪʦʛʦ, ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʻ ʙʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʢʣʘʜʘʣʴʥʠʭ ʣʽʥʽʡ ʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʜʝ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʣʘʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ ʚʽʜ ʦʜʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʜʦ ʽʥʰʦʛʦ. ʄʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʚʝʻʨʽʚ ʧʽʜ ʢʫʪʦʤ ʜʦ 

ʪʨʠʜʮʷʪʠ ʛʨʘʜʫʩʽʚ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʧʽʜʡʦʤʫ ʚʘʥʪʘʞʽʚ 

ʥʘ ʨʽʟʥʽ ʨʽʚʥʽ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʝʣʴ. 

ʈʦʙʦʪʘ ʩʪʨʽʯʢʦʚʦʛʦ ʢʦʥʚʝʻʨʘ ʧʦʣʷʛʘʻ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦʪʦʢʫ 

ʤʘʪʝʨʽʘʣʫ ʟ ʪʦʯʢʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʪʨʽʯʢʠ, ʷʢʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʥʘ ʩʝʢʫʥʜʫ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʝʣʠʯʝʟʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʮʠʢʣʽʯʥʠʭ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ. ʂʦʥʚʝʻʨʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʣʠʰʝ ʪʨʘʥʩʧʦʨʪʥʽ, ʘ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʧʝʨʘʮʽʾ, ʪʘʢʽ ʷʢ ʜʦʟʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʩʫʰʽʥʥʷ ʧʽʜ ʯʘʩ ʨʫʭʫ, 

ʘ ʪʘʢʦʞ ʟʚʘʞʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʢʦʥʚʝʻʨʥʠʭ ʚʘʛ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʪʘ ʛʫʤʦʚʦʪʢʘʥʠʥʥʠʭ ʩʪʨʽʯʦʢ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʟ ʘʛʨʝʩʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʝʨʝʚʘʛʠ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʨʦʙʣʷʪʴ ʾʭ ʧʨʽʦʨʠʪʝʪʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʇʦ-ʧʝʨʰʝ, ʮʝ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʶ ʧʨʦʮʝʩʫ. ʇʦ-ʜʨʫʛʝ, ʢʦʥʚʝʻʨʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʠʪʦʤʫ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʥʘ ʦʜʠʥʠʮʶ ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʚʘʥʪʘʞʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʇʦ-ʪʨʝʪʻ, ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʨʘʩʠ 

ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʢʦʥʚʝʻʨʽʚ, 

ʱʦ ʤʽʥʽʤʽʟʫʻ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʚʫʟʣʽʚ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽ ʥʝ 

ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʩʪʨʽʯʢʦʚʽ ʢʦʥʚʝʻʨʠ ʤʘʶʪʴ ʽ ʧʝʚʥʽ 

ʥʝʜʦʣʽʢʠ. ʆʩʥʦʚʥʠʤ ʟ ʥʠʭ ʻ ʦʙʤʝʞʝʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʪʨʘʩʠ, ʱʦ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʠʧʫʯʠʭ ʚʘʥʪʘʞʽʚ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʚʘʜʮʷʪʠ ʛʨʘʜʫʩʽʚ, 

ʽʥʘʢʰʝ ʤʘʪʝʨʽʘʣ ʧʦʯʠʥʘʻ ʩʧʦʚʟʘʪʠ ʥʘʟʘʜ. ʉʪʨʽʯʢʘ ʻ ʥʘʡʙʽʣʴʰ ʜʦʨʦʛʠʤ ʽ 

ʚʨʘʟʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʦʥʘ ʩʭʠʣʴʥʘ ʜʦ ʰʚʠʜʢʦʛʦ ʟʥʦʩʫ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʨʦʙʦʪʽ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʘʙʦ ʛʘʨʷʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʪʨʽʯʢʦʚʽ 

ʢʦʥʚʝʻʨʠ ʯʫʪʣʠʚʽ ʜʦ ʥʘʣʠʧʘʥʥʷ ʚʦʣʦʛʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʙʘʨʘʙʘʥʠ ʪʘ ʨʦʣʠʢʠ, ʱʦ 

ʚʠʤʘʛʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʦʯʠʩʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʦʞ ʚʦʥʠ ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʫʞʝ ʣʠʧʢʠʭ ʘʙʦ ʥʘʜʪʦ 

ʧʠʣʦʧʦʜʽʙʥʠʭ ʚʘʥʪʘʞʽʚ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʠʩʥʠʭ ʢʦʞʫʭʽʚ. 

ɺʠʩʥʦʚʦʢ: ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʩʫʯʘʩʥʽʡ ʽʥʜʫʩʪʨʽʾ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ 

ʥʘʜʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʨʽʯʦʢ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʽʜʰʠʧʥʠʢʽʚ ʪʘ ʥʘʪʷʛʫ ʩʪʨʽʯʢʠ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʧʨʠʚʦʜʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʪʠʧʫ ʢʦʥʚʝʻʨʘ 

ʪʘ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʄɽʊʆɼʀ ʊɸ ʇɯɼʍʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʈɽɾʀʄʋ ʈʋʍʋ ʈʆɹʆʊɸ ɿ 

ʊʈʔʆʄɸ ʇʆʉʊʋʇɸʃʔʅʀʄʀ ʃɸʅʂɸʄʀ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʂʘʜʠʢʘʣʦ ɯ.ʆ., ʄôʷʟʢʦ ʄ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʽʥʜʫʩʪʨʽʾ ʪʘ ʧʝʨʝʭʽʜ ʜʦ ʢʦʥʮʝʧʮʽʾ ʨʦʟʫʤʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʤʘʛʘʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʜʘʪʥʠʭ 

ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʤʘʥʽʧʫʣʷʮʽʡʥʽ ʟʘʚʜʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʦʭʠʙʢʘʤʠ. ʉʝʨʝʜ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʘʾʪʪʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʨʦʙʦʪʠ ʟ 

ʪʨʴʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʞʦʨʩʪʢʦʩʪʽ, ʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʚʽʜʥʦʩʥʽʡ 

ʧʨʦʩʪʦʪʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʪʘʢʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʠʩʪʝʤ 3D-

ʜʨʫʢʫ, ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʽʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʘ ʪʘʢʦʞ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʣʽʥʽʡ ʩʦʨʪʫʚʘʥʥʷ. ʇʨʦʪʝ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʰʚʠʜʢʦʜʽʾ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʽʥʞʝʥʝʨʘʤʠ ʥʦʚʽ ʚʠʢʣʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʛʣʠʙʦʢʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭʥʽʭ ʨʝʞʠʤʽʚ ʨʫʭʫ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟ ʪʨʴʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟôʻʜʥʘʥʥʽ ʣʽʥʽʡʥʠʭ ʧʨʠʚʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʫʭ ʚʟʜʦʚʞ ʦʩʝʡ X, Y ʪʘ Z. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʨʦʙʦʯʫ ʟʦʥʫ ʫ 

ʬʦʨʤʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʧʝʨʘʮʽʡ. ʉʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʨʦʙʦʪʽʚ ʦʭʦʧʣʶʻ ʝʣʝʢʪʨʦʥʥʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʜʝ ʥʝʦʙʭʽʜʥʘ ʥʘʜʪʦʯʥʘ ʨʦʟʩʪʘʥʦʚʢʘ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʧʣʘʪʠ, 

ʭʘʨʯʦʚʫ ʛʘʣʫʟʴ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʤʝʜʠʯʥʫ ʩʬʝʨʫ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʫ ʟ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʞʢʠʭ ʟʘʛʦʪʦʚʦʢ, 

ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ ʘʙʦ ʛʝʨʤʝʪʠʢʘ ʟʘ ʩʢʣʘʜʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ, ʘ ʪʘʢʦʞ ʧʨʝʮʠʟʽʡʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʚʠʨʦʙʽʚ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʝʢʘʨʪʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʪʦʯʥʽʩʪʴ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ. ɺʦʜʥʦʯʘʩ 

ʥʝʜʦʣʽʢʦʤ ʻ ʟʥʘʯʥʘ ʤʝʪʘʣʦʤʽʩʪʢʽʩʪʴ ʪʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʤʘʩʠʚʥʠʭ ʣʘʥʦʢ, ʱʦ ʦʙʤʝʞʫʻ 

ʛʨʘʥʠʯʥʽ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʨʫʭʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʽʟʽ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʧʽʜʭʦʜʦʤ ʻ ʨʦʟʨʦʙʢʘ ʟʘʢʦʥʽʚ ʨʫʭʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʽʟʘʮʽʶ çʨʠʚʢʘè (ʧʦʭʽʜʥʦʾ ʧʨʠʩʢʦʨʝʥʥʷ). ɺʠʢʦʨʠʩʪʘʥʥʷ S-

ʧʦʜʽʙʥʠʭ ʧʨʦʬʽʣʽʚ ʰʚʠʜʢʦʩʪʽ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʭ ʜʦʟʚʦʣʷʻ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʽʙʨʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʭʘʥʽʯʥʽ ʧʝʨʝʜʘʯʽ. 

ʎʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʨʦʙʦʪʽʚ ʽʟ ʪʨʴʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ, ʦʩʢʽʣʴʢʠ 

ʨʽʟʢʘ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʦʜʥʽʻʾ ʟ ʤʘʩʠʚʥʠʭ ʦʩʝʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʜʝʬʦʨʤʘʮʽʶ 

ʚʩʽʻʾ ʨʘʤʠ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʝʬʝʢʪʦʨʘ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʝʥʝʨʛʝʪʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ. ʆʩʢʽʣʴʢʠ ʢʦʞʥʘ ʣʘʥʢʘ 

ʨʦʙʦʪʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʦʢʨʝʤʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ, ʩʫʤʘʨʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʟʛʦʜʞʝʥʦʩʪʽ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ʄʝʪʦʜʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʪʨʘʻʢʪʦʨʽʾ, ʧʨʠ ʷʢʠʭ 
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ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʤʽʞ ʦʩʷʤʠ, ʫʥʠʢʘʶʯʠ ʧʽʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʢʨʝʤʽ ʧʨʠʚʦʜʠ. ʋ ʜʝʢʘʨʪʦʚʠʭ ʩʠʩʪʝʤʘʭ ʮʝ ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʯʝʨʝʟ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʫʪʽʚ ʧʨʠ ʧʝʨʝʭʦʜʽ ʤʽʞ ʣʽʥʽʡʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ ʰʣʷʭʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʨʠʚʠʭ ɹʝʟʴʻ ʘʙʦ ʩʧʣʘʡʥʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʠʪʴ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʘ ʡ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʱʫ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ. 

ɸʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴ ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʦʧʨʠ 

ʪʝ, ʱʦ ʢʽʥʝʤʘʪʠʢʘ ʜʝʢʘʨʪʦʚʦʛʦ ʨʦʙʦʪʘ ʣʽʥʽʡʥʘ, ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʠ ʚʘʥʪʘʞʫ, ʷʢʠʡ ʧʝʨʝʤʽʱʫʻʪʴʩʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʽʟ ʩʘʤʦʥʘʣʘʰʪʫʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʝʛʫʚʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʫʣʷʪʦʨʽʚ ʫ ʨʘʟʽ ʟʤʽʥʠ ʽʥʝʨʮʽʾ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ 

ʜʠʥʘʤʽʯʥʦʾ ʪʦʯʥʦʩʪʽ ʷʢ ʧʨʠ ʨʦʙʦʪʽ ʟ ʣʝʛʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʪʘʢ ʽ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʤʘʩʠʚʥʠʭ ʦʙôʻʢʪʽʚ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʩʫ ʥʘʧʨʷʤʥʠʭ 

ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʩʠʣ ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʩʪʫʧʘʣʴʥʠʭ ʧʘʨʘʭ. 

ʂʨʽʤ ʪʦʛʦ, ʦʧʪʠʤʽʟʘʮʽʷ ʚʢʣʶʯʘʻ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʩʪʘʥʠʥʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʚʣʘʩʥʽ 

ʯʘʩʪʦʪʠ ʩʠʩʪʝʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ 

ʟʦʥʠ ʥʘʡʙʽʣʴʰʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʦʣʝʛʰʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘʤ, ʜʝ ʮʝ ʥʝ ʟʘʰʢʦʜʠʪʴ 

ʪʦʯʥʦʩʪʽ. ʂʦʤʙʽʥʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʦʙʠʪʴ ʜʝʢʘʨʪʦʚʽ ʨʦʙʦʪʠ ʟ ʪʨʴʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ 

ʣʘʥʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʫ ʨʫʭʫ 

ʻ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʢʽʥʝʤʘʪʠʯʥʝ 

ʟʛʣʘʜʞʫʚʘʥʥʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʥʦʚʦʛʦ ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ 

ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʫ ʩʢʣʘʜʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ, ʟʤʝʥʰʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ 

ʪʘ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʄɽʊʆɼʀ ʊɸ ʇɯɼʍʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʈʋʍʆʄ ʄɽʍɸʅɯɿʄʋ 

ʇʆɺʆʈʆʊʋ ʈʆɹʆʊɸ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʂʘʜʠʢʘʣʦ ɯ.ʆ., ʆʣʝʢʩʽʻʥʢʦ ɼ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʩʫʚʘʻ ʞʦʨʩʪʢʽ 

ʚʠʤʦʛʠ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʦʨʦʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʙʦʪʠʟʦʚʘʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʄʝʭʘʥʽʟʤ ʧʦʚʦʨʦʪʫ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʚʫʟʣʦʤ ʙʽʣʴʰʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ, ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ ʪʘ ʘʥʪʨʦʧʦʤʦʨʬʥʠʭ ʩʠʩʪʝʤ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʢʫʪʦʚʫ ʦʨʽʻʥʪʘʮʽʶ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʘʙʦ ʚʩʽʻʾ ʧʣʘʪʬʦʨʤʠ 

ʚ ʧʨʦʩʪʦʨʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʚʫʟʣʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʦʙʨʘʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʨʠʚʦʜʽʚ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʧʦʚʦʨʦʪʫ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 

ʝʬʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʟʤʽʥʘ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʪʘ ʧʨʫʞʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʜʘʯʽ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʟʘʟʚʠʯʘʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʘ, ʟôʻʜʥʘʥʦʛʦ ʟ ʚʠʭʽʜʥʦʶ ʣʘʥʢʦʶ 

ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ (ʭʚʠʣʴʦʚʠʡ, ʧʣʘʥʝʪʘʨʥʠʡ ʘʙʦ ʯʝʨʚôʷʯʥʠʡ). ʊʘʢʽ ʤʝʭʘʥʽʟʤʠ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʚʘʨʶʚʘʣʴʥʠʭ ʨʦʙʦʪʘʭ, ʜʝ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʢʫʪʦʚʘ 

ʪʦʯʥʽʩʪʴ, ʫ ʣʦʛʽʩʪʠʯʥʠʭ ʨʦʙʦʪʘʭ ʜʣʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʫ 

ʩʠʩʪʝʤʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʧʘʥʦʨʘʤʫʚʘʥʥʷ ʢʘʤʝʨ. ʄʦʞʣʠʚʦʩʪʽ ʤʝʭʘʥʽʟʤʫ 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʷʢ ʰʚʠʜʢʽʩʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʚʝʣʠʢʽ ʢʫʪʠ, ʪʘʢ ʽ 

ʧʨʝʮʠʟʽʡʥʝ ʤʽʢʨʦʢʨʦʢʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʫʯʘʩʥʠʭ 

ʧʦʚʦʨʦʪʥʠʭ ʤʦʜʫʣʽʚ ʻ ʾʭʥʷ ʚʠʩʦʢʘ ʽʥʪʝʛʨʦʚʘʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʥʝʩʪʠ ʚʝʣʠʢʽ ʦʩʴʦʚʽ 

ʪʘ ʨʘʜʽʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʪʝ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʘʚʪʦʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʢʽʡ ʟʫʧʠʥʮʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʻʢʪʦʨʽʡ. 

ʆʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ 

ʟʘʢʦʥʽʚ ʨʫʭʫ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʠʭ ʰʚʠʜʢʦʩʪʷʭ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʤʦʤʝʥʪʠ ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʥʦʤʽʚ ʧ'ʷʪʦʛʦ ʘʙʦ ʩʴʦʤʦʛʦ ʩʪʫʧʝʥʷ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʧʣʘʚʥʽ 

ʧʨʦʬʽʣʽ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʟʥʦʰʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ ʪʘ 

ʟʘʧʦʙʽʛʘʻ ʟʙʫʜʞʝʥʥʶ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʽʟ ʚʝʣʠʢʠʤ ʚʠʣʴʦʪʦʤ ʩʪʨʽʣʠ, ʜʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʚʽʙʨʘʮʽʾ ʚ 

ʦʩʥʦʚʽ ʧʦʚʦʨʦʪʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʢʽʥʮʝʚʦʛʦ ʝʬʝʢʪʦʨʘ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʧʨʠ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʰʚʠʜʢʽʩʥʠʭ ʩʢʣʘʜʘʣʴʥʠʭ ʣʽʥʽʷʭ. 

ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʝʥʝʨʛʝʪʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʧʦʚʦʨʦʪʫ. 

ʆʩʢʽʣʴʢʠ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʧʽʜ ʯʘʩ 

ʨʦʟʛʦʥʫ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ 
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ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʨʘʻʢʪʦʨʽʡ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʢʫʧʝʨʘʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʘʙʦ ʦʧʪʠʤʽʟʫʶʪʴ ʢʫʪʦʚʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʢʘʭ 

ʜʚʠʛʫʥʘ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ʩʠʩʪʝʤʠ. ʋ ʨʦʙʦʪʘʭ 

ʽʟ ʤʦʙʽʣʴʥʠʤ ʞʠʚʣʝʥʥʷʤ ʮʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʘʚʪʦʥʦʤʥʦʾ 

ʨʦʙʦʪʠ ʙʝʟ ʧʽʜʟʘʨʷʜʢʠ. 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ 

ʢʦʤʧʝʥʩʘʮʽʶ ʩʠʣ ʪʝʨʪʷ ʪʘ ʣʶʬʪʽʚ. ʆʩʢʽʣʴʢʠ ʚ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯʘʭ ʟʘʚʞʜʠ 

ʧʨʠʩʫʪʥʽ ʟʘʟʦʨʠ, ʧʽʜ ʯʘʩ ʨʝʚʝʨʩʠʚʥʦʛʦ ʨʫʭʫ ʚʠʥʠʢʘʶʪʴ ʧʦʤʠʣʢʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʩʪʘʥʫ ʪʘ ʚʠʢʦʨʝʥʥʽ 

ʘʣʛʦʨʠʪʤʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʦʮʽʥʶʶʪʴ ʤʦʤʝʥʪ ʦʧʦʨʫ 

ʪʘ ʚʥʦʩʷʪʴ ʚʽʜʧʦʚʽʜʥʽ ʢʦʨʝʢʪʠʚʠ ʚ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ ʪʘ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ çʥʘʚʯʘʪʠʩʷè ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʧʦʚʪʦʨʶʚʘʥʠʭ ʦʧʝʨʘʮʽʡ, ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʯʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʜʘʥʦʾ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʤʝʪʦʜʘʤ ʤʦʜʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʘʢʪʠʚʥʦʛʦ 

ʧʨʠʜʫʰʝʥʥʷ ʚʽʙʨʘʮʽʡ. ɿʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʜʘʪʯʠʢʽʚ (ʛʽʨʦʩʢʦʧʽʚ 

ʘʙʦ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ) ʥʘ ʨʫʭʦʤʽʡ ʣʘʥʮʽ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʷʢʽ ʤʠʪʪʻʚʦ ʨʝʘʛʫʶʪʴ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʚʦʨʦʪ ʽʟ ʚʠʱʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ. ʆʧʪʠʤʽʟʘʮʽʷ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʦʛʨʘʤʥʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʨʫʭʫ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʻ ʢʣʶʯʦʚʦʶ ʫʤʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ. ʇʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʧʣʘʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ, 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʚʠʱʠʤ ʩʪʘʥʜʘʨʪʘʤ ʩʫʯʘʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʟʜʘʪʥʠʭ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʟʤʽʥʥʽ 

ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʚʢʽʣʣʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɼʀʅɸʄɯʂʀ ʄɽʍɸʅɯɿʄʋ ʇʆɺʆʈʆʊʋ ʉʊʈɯʃʆɺʆɻʆ 

ʂʈɸʅɸ ɿ ʇʆɼɺɯʁʅʀʄ ʄɸʗʊʅʀʂʆɺʀʄ ʇɯɼɺɯʉʆʄ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʂʘʜʠʢʘʣʦ ɯ.ʆ., ʏʤʫʣʴ ʆ.ɸ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʩʪʨʽʣʦʚʠʤʠ ʢʨʘʥʘʤʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʭʚʘʪʥʽ ʧʨʠʩʪʨʦʾ, ʤʘʩʘ ʷʢʠʭ ʻ 

ʩʧʽʚʤʽʨʥʦʶ ʘʙʦ ʙʣʠʟʴʢʦʶ ʜʦ ʤʘʩʠ ʚʘʥʪʘʞʫ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʠʩʪʝʤʘ çʚʘʥʪʘʞ ï 

ʟʘʭʚʘʪʥʠʡ ʧʨʠʩʪʨʽʡ ï ʧʽʜʚʽʩè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʜʠʥʘʤʽʯʥʦʶ 

ʧʦʚʝʜʽʥʢʦʶ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʛʥʫʯʢʠʡ ʧʽʜʚʽʩ ʚʘʥʪʘʞʫ 

ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ ʧʦʜʚʽʡʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʦʢʨʝʤʠʤʠ ʣʘʥʢʘʤʠ ʩʠʩʪʝʤʠ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʜʠʥʘʤʽʢʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʩʪʨʽʣʦʚʦʛʦ ʢʨʘʥʘ 

ʟ ʛʥʫʯʢʠʤ ʧʽʜʚʽʩʦʤ ʚʘʥʪʘʞʫ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, ʷʢ ʧʦʜʚʽʡʥʠʡ ʤʘʷʪʥʠʢ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʨʦʙʦʪʠ ʢʨʘʥʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʦʥʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʟʤʝʥʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʙʫʜʦʚʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ 

ʧʦʚʦʨʦʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨ ʢʦʣʠʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʄʝʭʘʥʽʟʤ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʟ ʯʦʪʠʨʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ, ʷʢ ʦʩʥʦʚʥʠʡ ʨʫʭ ʧʨʠʚʦʜʫ, 

ʪʘʢ ʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʫ ʧʽʜʚʽʩʥʽʡ ʩʠʩʪʝʤʽ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ ʃʘʛʨʘʥʞʘ 

ʜʨʫʛʦʛʦ ʨʦʜʫ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ, ʷʢʘ 

ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʋ 

ʜʘʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ ʜʠʥʘʤʽʯʥʫ ʤʝʭʘʥʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʧʨʠʚʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ. 

ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ 

ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʨʫʭʫ ʩʠʩʪʝʤʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʢʽʥʝʤʘʪʠʯʥʽ, ʜʠʥʘʤʽʯʥʽ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʩʪʨʽʣʦʚʦʛʦ ʢʨʘʥʘ. ʇʨʦʚʝʜʝʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʫ ʩʠʩʪʝʤʽ ʚʠʥʠʢʘʶʪʴ, ʷʢ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʫ, ʪʘʢ ʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʤʘʷʪʥʠʢʦʚʽ 

ʢʦʣʠʚʘʥʥʷ ʚʘʥʪʘʞʫ ʪʘ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʪʫʭʘʶʪʴ ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʨʫʭʫ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʪʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɼʦʜʘʪʢʦʚʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʪʘʢʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʫʩʢʣʘʜʥʶʶʪʴ ʢʝʨʫʚʘʥʥʷ 

ʨʫʭʦʤ ʢʨʘʥʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʦʯʥʠʭ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʨʫʰʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʧʨʠʚʦʜʫ ʥʘ ʜʠʥʘʤʽʢʫ 
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ʩʠʩʪʝʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʢʘ ʟʤʽʥʘ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ 

ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʪʨʠʚʘʣʠʤ ʯʘʩʦʤ ʟʘʪʫʭʘʥʥʷ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʘʥʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʫ ʧʨʠʚʦʜʽ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ. 

ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ 

ʧʦʪʨʝʙʫʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʠʚʦʜʦʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʞʠʤʠ ʧʣʘʚʥʦʾ ʟʤʽʥʠ ʨʫʰʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʧʽʜ ʯʘʩ 

ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʚʦʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʨʝʞʠʤʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʨʽʚʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʤʝʥʰʠʪʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʨʫʭ ʚʘʥʪʘʞʫ. ʎʝ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʦʯʥʠʭ 

ʤʦʥʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʜʝ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ 

ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʝʜʽʥʢʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ 

ʩʪʨʽʣʦʚʦʛʦ ʢʨʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʧʨʠʚʦʜʫ ʪʘ ʧʽʜʚʽʩʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʥʘʷʚʥʽʩʪʴ ʩʫʪʪʻʚʠʭ ʢʦʣʠʚʘʥʴ ʢʽʥʝʤʘʪʠʯʥʠʭ, 

ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʢʨʘʥʘ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʥʝʟʘʪʫʭʘʶʯʠʭ 

ʢʦʣʠʚʘʥʴ ʻ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʨʫʰʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʧʨʠʚʦʜʫ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʨʽʟʢʘ ʟʤʽʥʘ. 

ʆʪʞʝ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʪʨʽʣʦʚʠʭ ʢʨʘʥʽʚ ʜʦʮʽʣʴʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ ʧʫʩʢʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ 

ʧʦʚʦʨʦʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʢʨʘʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʣʘʜʥʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ.  
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ʋɼʂ 621.87 

 

ʄɽʊʆɼʀ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʊɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ 

ʈʆɹʆʊɯɺ-ʄɸʅɯʇʋʃʗʊʆʈɯɺ ɿ ɺɸɾɯʃʔʅʀʄ ɿɸʍɺɸʊʅʀʄ 

ʇʈʀʉʊʈʆɭʄ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʂʘʜʠʢʘʣʦ ɯ.ʆ., ʖʨôʻʚ ɯ.ʖ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʈʦʙʦʪʠ-ʤʘʥʽʧʫʣʷʪʦʨʠ ʻ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʫʭʦʚʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʘ ʩʚʦʾʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʽʙʥʽ ʜʦ ʜʽʡ ʣʶʜʩʴʢʦʾ ʨʫʢʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʦʥʠ ʩʪʘʣʠ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʦʧʝʨʘʮʽʡ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʻ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʧʨʦʩʪʦʨʽ ʟʘ ʟʘʜʘʥʦʶ 

ʪʨʘʻʢʪʦʨʽʻʶ. ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʞʥʦʛʦ ʨʦʙʦʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʩʭʝʤʦʶ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʨʦʙʦʯʫ 

ʟʦʥʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʢʦʥʢʨʝʪʥʽʡ ʩʬʝʨʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʠʧʽʚ ʻ ʜʝʢʘʨʪʦʚʽ ʨʦʙʦʪʠ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʠʭ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʣʽʥʽʡʥʠʭ ʥʘʧʨʷʤʥʠʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʪʨʴʦʭ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ. ʊʘʢʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʧʦʨʪʘʣʴʥʠʭ ʘʙʦ ʢʦʥʩʦʣʴʥʠʭ ʩʠʩʪʝʤ. ɺʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʤʝʪʘʣʦʦʙʨʦʙʮʽ, ʥʘ ʚʝʨʩʪʘʪʘʭ ʽʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʜʣʷ ʣʘʟʝʨʥʦʛʦ 

ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʩʢʣʘʜʩʴʢʽʡ ʣʦʛʽʩʪʠʮʽ ʜʣʷ ʧʘʣʝʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʜʝʢʘʨʪʦʚʠʭ ʨʦʙʦʪʽʚ ʻ ʚʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʦʩʪʦʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʾʭʥʴʦʛʦ ʨʫʭʫ, ʦʩʢʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʬʽʟʠʯʥʠʤʠ ʦʩʷʤʠ. ɺʦʥʠ ʟʜʘʪʥʽ ʧʝʨʝʤʽʱʫʚʘʪʠ ʚʘʞʢʽ ʚʘʥʪʘʞʽ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ. 

ʇʨʦʪʝ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʟʥʘʯʥʽ ʛʘʙʘʨʠʪʠ ʩʘʤʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʯʘʩʪʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʨʦʟʤʽʨ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʘ ʤʘʥʝʚʨʝʥʽʩʪʴ, ʱʦ ʥʝ 

ʜʦʟʚʦʣʷʻ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʫ ʧʽʜʭʦʜʠʪʠ ʜʦ ʜʝʪʘʣʝʡ ʧʽʜ ʩʢʣʘʜʥʠʤʠ ʢʫʪʘʤʠ. 

ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʨʽʟʥʦʚʠʜʦʤ ʻ ʮʠʣʽʥʜʨʠʯʥʽ ʨʦʙʦʪʠ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʠʭ 

ʧʦʻʜʥʫʻ ʦʜʥʫ ʦʙʝʨʪʘʣʴʥʫ ʚʽʩʴ ʚ ʦʩʥʦʚʽ ʪʘ ʜʚʽ ʣʽʥʽʡʥʽ ʦʩʽ. ʊʘʢʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ 

ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʫ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʟʦʥʫ ʫ ʬʦʨʤʽ ʮʠʣʽʥʜʨʘ. ɰʭ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʝʩʽʚ, ʣʠʚʘʨʥʠʭ ʤʘʰʠʥ ʘʙʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʦʯʢʦʚʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʢʦʤʧʘʢʪʥʽʩʪʴ ʦʩʥʦʚʠ ʧʨʠ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʦʤʫ ʚʠʣʴʦʪʽ ʩʪʨʽʣʠ. ʆʜʥʘʢ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʨʦʙʠʪʴ ʾʭ 

ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʜʝ ʧʦʪʨʽʙʥʘ 

ʚʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʆʢʨʝʤʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ SCARA-ʨʦʙʦʪʠ, ʷʢʽ ʤʘʶʪʴ ʜʚʘ ʧʘʨʘʣʝʣʴʥʽ 

ʦʙʝʨʪʘʣʴʥʽ ʰʘʨʥʽʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʪʘ ʦʜʥʫ 

ʣʽʥʽʡʥʫ ʚʽʩʴ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʎʝ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ 

ʦʧʝʨʘʮʽʡ ʰʚʠʜʢʦʛʦ ʟʙʠʨʘʥʥʷ, ʜʝʪʘʣʴ ʟʘ ʜʝʪʘʣʣʶ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʝʣʝʢʪʨʦʥʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʤʦʥʪʘʞʫ ʧʣʘʪ, ʫ ʬʘʨʤʘʮʽʾ ʪʘ ʭʘʨʯʦʚʽʡ ʛʘʣʫʟʽ. 

ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ SCARA-ʨʦʙʦʪʽʚ ï ʮʝ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʪʘ 

ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʦʥʦʪʦʥʥʠʭ ʮʠʢʣʽʯʥʠʭ ʟʘʚʜʘʥʴ. 
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ʅʝʜʦʣʽʢʦʤ ʻ ʚʫʟʴʢʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ: ʚʦʥʠ ʬʘʢʪʠʯʥʦ ʦʙʤʝʞʝʥʽ ʨʦʙʦʪʦʶ ʥʘ ʧʣʘʩʢʠʭ 

ʧʦʚʝʨʭʥʷʭ ʽ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʤʘʥʽʧʫʣʷʮʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʧʽʜ 

ʥʘʭʠʣʦʤ. 

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʻ ʘʥʪʨʦʧʦʤʦʨʬʥʽ ʘʙʦ ʰʘʨʥʽʨʥʽ ʨʦʙʦʪʠ. ɰʭʥʷ 

ʢʦʥʩʪʨʫʢʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʣʘʥʦʢ ʯʝʨʝʟ ʦʙʝʨʪʘʣʴʥʽ ʰʘʨʥʽʨʠ, 

ʱʦ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘʛʘʜʫʻ ʘʥʘʪʦʤʽʶ ʣʶʜʠʥʠ. ʊʘʢʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʤʘʶʪʴ ʚʽʜ 

ʧôʷʪʠ ʜʦ ʩʝʤʠ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. ʉʬʝʨʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʭʦʧʣʶʻ ʘʚʪʦʤʦʙʽʣʴʥʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʟʚʘʨʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʰʚʽʚ, ʬʘʨʙʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ ʪʘ ʥʘʚʽʪʴ ʭʽʨʫʨʛʽʶ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʫ ʚʠʥʷʪʢʦʚʽʡ ʤʘʥʝʚʨʝʥʦʩʪʽ: 

ʨʦʙʦʪ ʤʦʞʝ ʦʙʭʦʜʠʪʠ ʧʝʨʝʰʢʦʜʠ ʪʘ ʧʨʘʮʶʚʘʪʠ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ. ʆʜʥʘʢ 

ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʩʢʣʘʜʥʝ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʪʨʝʙʫ ʚ ʧʦʪʫʞʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ. 

ʊʘʢʦʞ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʜʝʣʴʪʘ-ʨʦʙʦʪʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʩʠʩʪʝʤ ʽʟ 

ʧʘʨʘʣʝʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʴʦʭ ʚʘʞʝʣʽʚ, ʟ'ʻʜʥʘʥʠʭ ʟ 

ʦʜʥʽʻʶ ʧʣʘʪʬʦʨʤʦʶ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʜʨʽʙʥʠʭ 

ʧʨʝʜʤʝʪʽʚ ʥʘ ʢʦʥʚʝʻʨʘʭ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʥʝʡʤʦʚʽʨʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʨʠʩʢʦʨʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʜʚʠʛʫʥʠ ʥʝʨʫʭʦʤʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʨʘʤʽ. ʇʨʦʪʝ ʚʦʥʠ ʤʘʶʪʴ 

ʜʫʞʝ ʤʘʣʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʽ ʦʙʤʝʞʝʥʠʡ ʨʦʙʦʯʠʡ ʦʙ'ʻʤ. 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʟʘʭʚʘʪʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʤʝʭʘʥʽʯʥʠʤ, ʚʘʢʫʫʤʥʠʤ ʘʙʦ ʤʘʛʥʽʪʥʠʤ. ʄʝʭʘʥʽʯʥʽ ʚʘʞʽʣʴʥʽ ʟʘʭʚʘʪʠ ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʝʪʘʣʷʤʠ ʨʽʟʥʦʾ ʬʦʨʤʠ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʠʣʦʚʽ ʦʧʝʨʘʮʽʾ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʘʥʥʷ, ʱʦʙ ʥʝ ʧʦʰʢʦʜʠʪʠ ʦʙ'ʻʢʪ. 

ʗʢ ʚʠʩʥʦʚʦʢ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʣʘʥʩʫ ʤʽʞ ʰʚʠʜʢʽʩʪʶ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʪʘ ʥʝʦʙʭʽʜʥʦʶ ʛʥʫʯʢʽʩʪʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ-ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨ ʫ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥʘʭ, ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʫʪʪʻʚʦ 

ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʈʦʟʚʠʪʦʢ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʥʘʜʘʣʽ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʣʝʛʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭʥʴʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ. 
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ʇɯɼɺʀʑɽʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʄɽʊɸʃʆʆɹʈʆɹʅʀʍ ɺɽʈʉʊɸʊɯɺ 

ʇʦʭʠʣʝʥʢʦ ɻ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ ʚʝʨʩʪʘʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʏʇʂ (CNC), ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʪʠʩʢʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ, ʟʤʝʥʰʠʪʠ ʧʨʦʩʪʦʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʯʘʩʪʦ ʟʘʤʽʥʶʶʯʠ ʢʽʣʴʢʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʦʜʥʠʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ɺ ʫʤʦʚʘʭ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜʭʽʜ ʙʘʛʘʪʴʦʭ ʢʦʤʧʘʥʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʙ̔ʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʮʝ ʦʜʠʥ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ VMC (ʚʝʨʪʠʢʘʣʴʥʠʭ) ʪʘ HMC (ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ) 

ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʮʝʥʪʨʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ.  

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʟʤʽʥʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ, ʟʘʤʽʩʪʴ 10ï30 ʩʝʢʫʥʜ ʥʘ ʢʦʞʥʫ ʟʤʽʥʫ ʽʥʩʪʨʫʤʝʥʪʘ ʚʠ 

ʚʠʢʦʥʫʻʪʝ ʢʽʣʴʢʘ ʦʧʝʨʘʮʽʡ ʦʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʥʘʧʨʠʢʣʘʜ, ʩʚʝʨʜʣʽʥʥʷ + 

ʟʝʥʢʫʚʘʥʥʷ + ʮʝʢʫʚʘʥʥʷ). ɸʙʦ ʟʤʝʥʰʝʥʥʷ ʭʦʣʦʩʪʠʭ ʧʝʨʝʤʽʱʝʥʴ ʥ̔ʩʪʨʫʤʝʥʪʫ ʥʝ 

ʧʦʪʨʽʙʥʦ ʱʦʨʘʟʫ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʛʘʟʠʥʫ ʪʘ ʟʥʦʚʫ ʧʽʜʭʦʜʠʪʠ 

ʜʦ ʜʝʪʘʣʽ. ɺʠʢʦʥʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʤʽʥʽʤʽʟʫʻ 

ʧʦʭʠʙʢʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʽʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɿʚʽʣʴʥʝʥʥʷ 

ʤʽʩʮʴ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʤʘʛʘʟʠʥʽ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ, ʜʝ 

ʩʪʘʥʜʘʨʪʥʠʭ 24ï40 ʧʦʟʠʮʽʡ ʥʘ VMC ʤʦʞʝ ʥʝ ʚʠʩʪʘʯʘʪʠ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ. ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʤʘʻ ʥʘʡʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʅʝ ʚʩʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʟʥʦʰʫʶʪʴʩʷ ʦʜʥʘʢʦʚʦ ʦʜʥʦʯʘʩʥʦ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʟʘʪʦʯʫʚʘʥʥʷ. ʉʪʨʫʞʢʘ ʚʽʜ 

ʦʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʤʦʞʝ ʟʘʙʠʚʘʪʠʩʷ ʚ ʩʫʩʽʜʥʽʡ ʽʥʩʪʨʫʤʝʥʪ. ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ 

ʨʽʟʘʥʥʷ ʥʝʤʦʞʣʠʚʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʣʷ ʚʩʽʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʧʨʦʙʣʝʤʘ ʟ ʧʦʣʦʤʢʦʶ ʩʪʨʫʞʢʠ. ʏʦʨʥʦʚʘ ʦʙʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ 

ʧʨʠʡʥʷʪʥʦʶ, ʘʣʝ ʥʝ ʯʠʩʪʦʚʦʶ, ʦʩʢʽʣʴʢʠ ʥʘ ʯʠʩʪʦʚʫ ʦʙʨʦʙʢʫ ʚʧʣʠʚʘʻ ʚʠʭʽʜ ʘʙʦ 

ʚʭʽʜ ʽʥʰʦʾ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʚ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ - ʚʧʨʦʚʘʜʞʝʥʥʷ LCA, 

ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. LCA (Life Cycle Assessment)ð ʮʝ ʦʮʽʥʢʘ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʥʘʫʢʦʚʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʜʫʢʪʫ, 

ʧʦʩʣʫʛʠ ʘʙʦ ʧʨʦʮʝʩʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʾʭʥʴʦʛʦ ʽʩʥʫʚʘʥʥʷ, ʚʽʜ ʚʠʜʦʙʫʪʢʫ 

ʩʠʨʦʚʠʥʠ, ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʯʠ 

ʧʝʨʝʨʦʙʢʠ (ʧʨʠʥʮʠʧ çʚʽʜ ʢʦʣʠʩʢʠ ʜʦ ʤʦʛʠʣʠè). ɹʝʟʫʤʦʚʥʦ, ʮʝ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʤʦʪʠʚʫʻ ʧʨʘʮʽʚʥʠʢʽʚ. ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʮʽ ʟʥʘʥʥʷ 

ʟʙʠʨʘʶʪʴʩʷ ʚʣʘʩʥʠʤʠ ʩʠʣʘʤʠ. ɼʣʷ ʨʦʟʨʦʙʢʠ LCA ʧʦʪʨʽʙʥʽ ʽʥʚʝʩʪʠʮʽʾ ʚ ʥʘʚʯʘʥʥʷ 

ʧʝʨʩʦʥʘʣʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʽ ʧʦʪʨʽʙʥʦ ʚʧʨʦʚʘʜʞʝʥʥʥʷ ʩʠʣʴʥʦ ʾʩʠʩʪʝʤʠ 5S 

(ʚʧʦʨʷʜʢʫʚʘʥʥʷ), ʧʨʠʥʮʠʧʠ Kaizen (ʙʝʟʧʝʨʝʨʚʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ) ʪʘ ʢʫʣʴʪʫʨʘ, ʱʦ 
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ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ. ʎʝ ʦʟʥʘʯʘʻ ʧʝʨʝʭʽʜ ʜʦ ʜʠʩʮʠʧʣʽʥʠ, ʫʩʫʥʝʥʥʷ ʚʪʨʘʪ, ʯʠʩʪʦʪʠ 

ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʪʘ ʟʘʣʫʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ ʜʦ ʧʦʢʨʘʱʝʥʴ.  

ʆʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ 5S (ʉʦʨʪʫʚʘʥʥʷ, ɺʧʦʨʷʜʢʫʚʘʥʥʷ, ʏʠʩʪʦʪʘ, 

ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ, ʇʽʜʪʨʠʤʘʥʥʷ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʦʚʘʥʠʡ, ʯʠʩʪʠʡ ʪʘ 

ʝʬʝʢʪʠʚʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʩʪʽʨ. Kaizen (ɹʝʟʧʝʨʝʨʚʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ) - ʢʫʣʴʪʫʨʘ, ʜʝ 

ʢʦʞʝʥ (ʚʽʜ ʢʝʨʽʚʥʠʢʘ ʜʦ ʨʦʙʽʪʥʠʢʘ) ʧʦʩʪʽʡʥʦ ʰʫʢʘʻ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʽʚ. 

Enabling Culture (ʂʫʣʴʪʫʨʘ, ʱʦ ʩʪʠʤʫʣʶʻ) - ʩʪʚʦʨʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ 

ʧʨʘʮʽʚʥʠʢʠ ʤʘʶʪʴ ʧʦʚʥʦʚʘʞʝʥʥʷ ʪʘ ʤʦʪʠʚʘʮʽʶ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʤʽʥʠ. 

ɺʠʙʽʨ ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʽʟʘʥʥʷ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ. ʂʦʤʧʘʥʽʾ ʽʥʚʝʩʪʫʶʪʴ ʚ ʜʦʨʦʞʯʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʱʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʥʥʷ, ʱʦ ʟʤʝʥʰʫ ̒

ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʥʦʛʦ ʚʠʨʦʙʫ ʟʘʚʜʷʢʠ ʢʨʘʱʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʝʨʩʪʘʪʘ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʝʥʥʶ ʯʘʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɹʘʛʘʪʦ 

ʢʦʤʧʘʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʭʽʜ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʧʠʥʜʝʣʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ 

ʟʙʦʨʫ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʝʨʽʦʜʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

CAM-ʧʨʦʛʨʘʤʫʚʘʥʥʷ (Computer-aided manufacturing) ð ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ (G-

ʢʦʜ) ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ (CNC) ʥʘ ʦʩʥʦʚʽ 3D-ʤʦʜʝʣʝʡ (CAD). ɺʦʥʦ ʘʚʪʦʤʘʪʠʟʫʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥ,̔ ʪʦʯʽʥʥ,̔ ʩʚʝʨʜʣʽʥʥ ̔ʪʘ 

3D-ʜʨʫʢʫ, ʟʥʘʯʥʦ ʧʨʠʰʚʠʜʰʫʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʥʠʞʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʪʘ 

ʦʧʪʠʤʽʟʫʶʯʠ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ. ɺʠʨʦʙʥʠʢʠ ʜʦʩʣʽʜʞʫʶʪʴ ʪʨʘʻʢʪʦʨʽʶ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʱʦ ʟʤʝʥʰʫ ̒ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʟʘʥʥʷ ʧʦʚʽʪʨʷʤ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʰʧʠʥʜʝʣʴ ʨʽʞʝ ʤʝʪʘʣ 

ʰʚʠʜʰʝ, ʥʽʞ ʧʦʚʽʪʨʷ. ɯʥʦʜʽ ʯʝʨʝʟ ʦʩʦʙʣʠʚʽ ʧʨʠʯʠʥʠ ʚ ʧʨʦʛʨʘʤʫ ʚʥʦʩʷʪʴʩʷ ʨʫʯʥʽ 

ʟʤʽʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ. 

ɼʝʷʢʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʜʝʨʥʽʟʫʶʪʴ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʪʘ ʝʣʝʤʝʥʪʠ ʢʨʽʧʣʝʥʥʷ 

ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʜʝʪʘʣʝʡ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʴ. 

ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ ʜʦʜʘʣʠ 4-ʪʫ ʘʙʦ 5-ʪʫ ʜʦʜʘʪʢʦʚʫ ʚʽʩʴ ʥʘ ʩʚʦʾʭ ʚʝʨʩʪʘʪʘʭ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʯʘʩ ʥʘ ʟʘʪʠʩʢʘʥʥ ̫ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥ.̫ ʊʦʙʪʦ ʨʦʟʰʠʨʶʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʞʝ ʥʘʷʚʥʠʭ ʚʝʨʩʪʘʪʽʚ. 

ɿʥʷʪʪʷ ʟʘʜʠʨʦʢ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ ʽ ʩʢʣʘʜʥʠʤ 

ʧʨʦʮʝʩʦʤ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚ. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʨʦʟʨʦʙʢʫ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʜʠʨʦʢ ʥʘ ʩʘʤʦʤʫ ʚʝʨʩʪʘʪʽ ʟ 

ʏʇʂ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʜʠʨʦʢ.  

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ANOVA ʪʘ DOE. ɺʠʢʦʨʠʩʪʘʥʥʷ DOE (ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʪʘ ANOVA 

(ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ) ð ʮʝ ʧʦʪʫʞʥʠʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. DOE 

ʩʪʨʫʢʪʫʨʫʻ ʟʙʽʨ ʜʘʥʠʭ, ʘ ANOVA ʩʪʘʪʠʩʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʫʻ, ʷʢʽ ʬʘʢʪʦʨʠ (ʽ ʾʭ 

ʚʟʘʻʤʦʜʽʾ) ʟʥʘʯʫʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʆʜʥʘʢ ʮʝ ʚʠʤʘʛʘʻ ʛʘʨʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʤʽʥʥʠʭ ʧʨʦʮʝʩʫ ʪʘ ʟʥʘʥʥʷ ʤʝʪʦʜʠʢʠ.



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 

 

107 

ʋɼʂ 621.873 

 

ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ ʆʇʊʀʄɸʃʔʅʆɻʆ ɿɸ ʐɺʀɼʂʆɼɯɭʖ 

ʂɽʈʋɺɸʅʅʗ ʄɽʍɸʅɯɿʄʆʄ ʇʆɺʆʈʆʊʋ ɹɸʐʊʆɺʆɻʆ ʂʈɸʅɸ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʈʦʤʘʩʝʚʠʯ ʖ.ʆ., ʉʪʝʭʥʦ ʆ.ɺ., ʂʚʘʩʥʠʮʴʢʠʡ ɸ.ɺ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɽʬʝʢʪʠʚʥʘ ʚʽʜʙʫʜʦʚʘ ʨʽʟʥʦʛʦ ʪʠʧʫ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ 

ʚ ʋʢʨʘʾʥʽ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʥʘ ʙʫʜʽʚʥʠʮʪʚʽ ʧʨʦʜʫʢʪʠʚʥʠʭ ʙʘʰʪʦʚʠʭ ʢʨʘʥʽʚ. 

ʇʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʰʪʦʚʠʭ ʢʨʘʥʽʚ ʤʦʞʥʘ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʦʤ 

ʧʦʚʦʨʦʪʫ, ʧʨʠ ʷʢʦʤʫ ʤʘʷʪʥʠʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʛʥʫʯʢʦʤʫ ʧʽʜʚʽʩʽ 

ʚʘʥʪʘʞʫ ʫʩʫʚʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʧʫʩʢʫ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʚʦʤʘʩʦʚʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɼʚʦʤʘʩʦʚʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ. 

 

ʅʘ ʨʠʩ. 1 ʚʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʄ ï ʟʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ 

ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ ʧʨʠʚʦʜʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; ʄʆ ï ʟʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ 

ʤʦʤʝʥʪ ʩʠʣ ʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ; L ï ʜʦʚʞʠʥʘ ʛʥʫʯʢʦʛʦ ʧʽʜʚʽʩʫ ʚʘʥʪʘʞʫ; R ï 

ʜʦʚʞʠʥʘ ʚʠʣʴʦʪʫ ʚʘʥʪʘʞʫ; g ï ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; J1 ï ʟʚʝʜʝʥʠʡ ʜʦ 

ʦʩʽ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ, ʙʘʰʪʠ ʪʘ ʩʪʨʽʣʠ 

ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ. 

ɺ ʷʢʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʫ ʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ (ʨʠʩ. 1) ʧʨʠʡʥʷʪʽ: 

ʟʚʝʜʝʥʘ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʨʘʥʘ ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦʚʦʨʦʪʫ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ, 

ʙʘʰʪʠ ʪʘ ʩʪʨʽʣʠ ű1 ʽ ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦʚʦʨʦʪʫ ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʛʥʫʯʢʦʤʫ 

ʧʽʜʚʽʩʽ ʚʘʥʪʘʞʫ ű2. 
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ʈʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ. 1) 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [1]: 
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ʂʨʘʧʢʘ ʥʘʜ ʩʠʤʚʦʣʦʤ ʦʟʥʘʯʘʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʯʘʩʦʤ. ʇʨʝʜʩʪʘʚʠʤʦ 

ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʟ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (1) ʫ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ, ʧʽʩʣʷ 

ʯʦʛʦ ʤʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ: 
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ʈʦʟʜʽʣʠʚʰʠ ʣʽʚʫ ʪʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (2) ʥʘ ʚʝʣʠʯʠʥʫ J1, ʦʪʨʠʤʘʻʤʦ 

ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ: 
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Rm ʆ-
=-ÖÖ

Ö
+ jjj""                                     (3) 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ (3), ʚʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ 
L

g

J

Rm
Ö

Ö
=W

1

2
2  ʪʘ 

1J

ʄʄ
U O-
= , ʧʽʩʣʷ ʯʦʛʦ ʤʘʪʠʤʝʤʦ ʨʽʚʥʷʥʥʷ [1]: 

.)( 21

2

1 U=-ÖW+ jjj""                                                 (4) 

ɺʝʣʠʯʠʥʘ ɋ ʦʟʥʘʯʘʻ ʧʝʨʽʦʜ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʫ ʽʟ ʨʫʭʦʤʦʶ ʪʦʯʢʦʶ 

ʧʽʜʚʽʩʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

.
1

2

L

g

J

Rm
Ö

Ö
=W                                                          (5) 

ʇʦʢʣʘʚʰʠ J1ŸÐ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (5) ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʧʝʨʽʦʜ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʫ ʽʟ ʥʝʨʫʭʦʤʦʶ ʪʦʯʢʦʶ ʧʽʜʚʽʩʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

.0
L

g
=W                                                              (6) 

ɿʘʧʠʩʘʚʰʠ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (1) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʤ̔ʥ (4) ï (6), ʦʪʨʠʤʘʻʤʦ [1]: 

îí

î
ì
ë

-ÖW=

=-ÖW+

).(

;)(

21

2

02

21

2

1

jjj

jjj

""

"" U
                                          (7) 

ɯʟ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (7) ʚʠʨʘʟʠʤʦ ʢʫʪʦʚʫ ʢʦʦʨʜʠʥʘʪʫ ű1 ʯʝʨʝʟ 

ʢʦʦʨʜʠʥʘʪʫ ű2, ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʘʻʤʦ: 

.2

2

021 jjj ""ÖW+= -
                                                (8) 

ɺʟʷʚʰʠ ʧʝʨʰʫ ʪʘ ʜʨʫʛʫ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ ʚʽʜ ʚʠʨʘʟʫ (8), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟʠ: 

.2

2

021 jjj """"" ÖW+= -
                                                (9) 

.2

2

021

IV

jjj ÖW+= -""""                                               (10) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (10) ʫ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (7), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 
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.2

02

2

2

2

02 U
IV

=WÖÖW+ÖW+ -- jjj """"                                  (11) 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʨʽʚʥʷʥʥʷ  (11) ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

.2

02

22

022 WÖ=ÖW+WÖ+ U
IV

jjj """"                                      (12) 

ɺ ʨʽʚʥʷʥʥʽ (12) ʚʠʥʝʩʝʤʦ 2j"" ʟʘ ʜʫʞʢʠ ʪʘ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ: 

.)( 2

0

22

022 WÖ=W+WÖ+ U
IV

jj ""                                          (13) 

ɺʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

.
~

1
1

2

1

2
22

0 W=Ööö
÷

õ
ææ
ç

å Ö
+=Ö

Ö
+=W+W

L

g

J

Rm

L

g

J

Rm

L

g                      (14) 

ʇʽʜʩʪʘʚʠʚʰʠ W
~

 ʟʘʤʽʩʪʴ ʩʫʤʠ 
22

0 W+W  ʫ ʚʠʨʘʟ (14), ʤʘʪʠʤʝʤʦ ʨʽʚʥʷʥʥʷ: 

.
~ 2

022 WÖ=WÖ+ U
IV

jj ""                                                  (15) 

ʇʝʨʝʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (15) ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ: 

.
~

2

2

02 WÖ-WÖ= jj ""U
IV

                                                   (16) 

ɺʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ 
21 j"=y . ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (16) ʫ ʬʦʨʤʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʂʦʰʽ [1]: 

î
í

î
ì

ë

WÖ-WÖ=

=

=

.
~

;

;

2

2

03

32

21

yUy

yy

yy

"

"

"

                                                     (17) 

ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʚʠʛʣʷʜʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʯʠʥʦʤ: 

í
ì
ë

===

===

,0)()(;)(

;0)0()0()0(

321

321

TyTyTy

yyy

Tw
                                         (18) 

ʜʝ ɤʊ ï ʫʩʪʘʣʝʥʘ (ʢʽʥʮʝʚʘ) ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ; ʊ ï 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʥʫ ʤʝʭʘʥʽʟʤʫ ʜʦ ʫʩʪʘʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʨʫʭʫ (18) ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʫ ʩʧʦʢʦʶ ʤʝʭʘʥʽʟʤʫ. ʂʽʥʮʝʚʽ ʫʤʦʚʠ 

(18) ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʥʘ ʫʩʪʘʣʝʥʽʡ ʰʚʠʜʢʦʩʪʽ ʽʟ ʚʽʜʩʫʪʥʽʤʠ 

ʤʘʷʪʥʠʢʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʚʘʥʪʘʞʫ ʥʘ ʛʥʫʯʢʦʤʫ ʧʽʜʚʽʩʽʚ ʤʦʤʝʥʪ ʯʘʩʫ ʊ. 

ʂʨʠʪʝʨʽʻʤ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ, ʚʠʩʪʫʧʘʻ ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʥʫ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ ʜʦ ʫʩʪʘʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ [1]: 

ñ ä ­==
=

T

i

itTdt
0

3

1

.min                                                (19) 

ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʊ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʨʘʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʚʠʭʦʜʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʥʘ ʫʩʪʘʣʝʥʫ ʰʚʠʜʢʽʩʪʴ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ 

ʚʘʥʪʘʞʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ U ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ: 
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ʜʝ UMIN ʪʘ UMAX ï ʥʠʞʥʷ ʪʘ ʚʝʨʭʥʷ ʤʝʞʽ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʢʝʨʫʚʘʥʥʷ U; ʄMAX ï

ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʜʽʻ ʥʘ ʝʣʝʤʝʥʪ ʽʟ ʟʚʝʜʝʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ 

J1. ɺʝʣʠʯʠʥʘ UMIN ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʽʟ ʚʠʤʢʥʝʥʠʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ, ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʧʨʠ ʜʽʾ ʤʦʤʝʥʪʫ ʩʠʣʠ ʩʪʘʪʠʯʥʦʛʦ 

ʦʧʦʨʫ ʄʆ ʪʘ ʩʠʣ ʽʥʝʨʮʽʾ. ʇʨʘʢʪʠʯʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ U (20) ʧʦʚôʷʟʘʥʘ ʽʟ ʦʙʤʝʞʝʥʥʷʤ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ. 

ɺʝʣʠʯʠʥʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʧʨʠ ʷʢʠʭ 

ʚʠʢʦʥʫʚʘʚʩʷ ʨʦʟʚôʷʟʦʢ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣ. 

 

ʊʘʙʣʠʮʷ 1. ɿʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʏʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʅʤ MMAX 129,3·103 

ɿʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʩʠʣʠ ʩʪʘʪʠʯʥʦʛʦ 

ʦʧʦʨʫ 

ʅʤ 
M0 12,6·103 

ɿʚʝʜʝʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʛ · ʤ2 J1 1,5·106 

ɿʚʝʜʝʥʘ ʤʘʩʘ ʚʘʥʪʘʞʫ ʢʛ m 500 

ɼʦʚʞʠʥʘ ʛʥʫʯʢʦʛʦ ʧʽʜʚʽʩʫ 

ʚʘʥʪʘʞʫ 
ʤ 

L 
5 

ɼʦʚʞʠʥʘ ʚʠʣʴʦʪʫ ʚʘʥʪʘʞʫ ʤ R 30 

ʋʩʪʘʣʝʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʦʨʦʪʫ 
ʨʘʜ/ʩ ɤT 0,089 

 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʨʫʭʫ (18) ʧʨʠ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ 

ʧʫʩʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʢʣʘʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʨʤʽʥʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ: 

,)()())(( 42

3

22

2

2

12

-- WÖ+WÖ+-=D= TyTyTyTER Tw                              (21) 

ʜʝ ȹ2 ï ʚʝʢʪʦʨ ʚʽʜʭʠʣʝʥʥʷ ʬʘʟʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʚʽʜ ʾʭ ʙʘʞʘʥʠʭ (ʢʽʥʮʝʚʠʭ) ʟʥʘʯʝʥʴ 

(18). ʆʪʞʝ, ʢʦʤʧʣʝʢʩʥʠʡ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

min,­Ö+= yTERTCr                                              (22) 

ʜʝ ɣ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʢʦʪʨʠʡ ʚʽʜʦʙʨʘʞʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʽʥʮʝʚʠʭ ʫʤʦʚ ʨʫʭʫ (21) ʪʘ ʟʚʦʜʠʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʢʨʠʪʝʨʽʶ TER ʜʦ ʨʦʟʤʽʨʥʦʩʪʽ T. 

ɺ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʥʦʚʠʪʴ ɣ=106·ɤT
-1. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʃʦʚʝʡʢʽʥ ɺ.ʉ. ʈʦʤʘʩʝʚʠʯ ʖ.ʆ. ʉʪʝʭʥʦ ʆ.ɺ. (2025). ʉʠʥʪʝʟ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʨʝʞʠʤʫ ʨʫʭʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ çʢʨʘʥ-ʚʘʥʪʘʞè ʤʝʭʘʥʽʟʤʫ 

ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʫ ʚʠʛʣʷʜʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʇʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʘ 

ʪʝʭʥʽʢʘ. ʆʜʝʩʘ. ɺʠʧ. 2.(70). ʉ. 4-15. http://dx.doi.org/10.15276/pidtt.2.70.2025.01.  
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ʋɼʂ 621.873 

 

ʈʆɿɺôʗɿʆʂ ɿɸɼɸʏɯ ʆʇʊʀʄɸʃʔʅʆɻʆ ɿɸ ʐɺʀɼʂʆɼɯɭʖ 

ʂɽʈʋɺɸʅʅʗ ʄɽʍɸʅɯɿʄʆʄ ʇʆɺʆʈʆʊʋ ɹɸʐʊʆɺʆɻʆ ʂʈɸʅʋ 

ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʈʦʤʘʩʝʚʠʯ ʖ.ʆ., ʉʪʝʭʥʦ ʆ.ɺ., ʂʚʘʩʥʠʮʴʢʠʡ ɸ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʦʤʫ ʜʚʦʤʘʩʦʚʫ ʜʠʥʘʤʽʯʥʫ 

ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɼʚʦʤʘʩʦʚʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ. 

 

ʅʘ ʨʠʩ. 1 ʚʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʄ ï ʟʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ 

ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ ʧʨʠʚʦʜʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; ʄʆ ï ʟʚʝʜʝʥʠʡ ʜʦ ʦʩʽ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ 

ʤʦʤʝʥʪ ʩʠʣ ʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ; L ï ʜʦʚʞʠʥʘ ʛʥʫʯʢʦʛʦ ʧʽʜʚʽʩʫ ʚʘʥʪʘʞʫ; R ï 

ʜʦʚʞʠʥʘ ʚʠʣʴʦʪʫ ʚʘʥʪʘʞʫ; g ï ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; J1 ï ʟʚʝʜʝʥʠʡ ʜʦ 

ʦʩʽ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ, ʙʘʰʪʠ ʪʘ 

ʩʪʨʽʣʠ. 

ɺ ʷʢʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʫ ʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ (ʨʠʩ. 1) ʧʨʠʡʥʷʪʽ ʪʘʢʽ 

ʢʦʦʨʜʠʥʘʪʠ: ʟʚʝʜʝʥʘ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʨʘʥʘ ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦʚʦʨʦʪʫ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ, ʙʘʰʪʠ ʪʘ ʩʪʨʽʣʠ ű1 ʽ ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦʚʦʨʦʪʫ 

ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʛʥʫʯʢʦʤʫ ʧʽʜʚʽʩʽ  ʚʘʥʪʘʞʫ ű2. 

ʈʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ. 1) 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ, ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [1]: 
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ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʚʠʛʣʷʜʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʯʠʥʦʤ: 
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ʜʝ ɤʊ ï ʫʩʪʘʣʝʥʘ (ʢʽʥʮʝʚʘ) ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ; ʊ ï 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʥʫ ʤʝʭʘʥʽʟʤʫ ʜʦ ʫʩʪʘʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʨʫʭʫ (2) ʧʨʠ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ 

ʧʫʩʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʢʣʘʜʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʨʤʽʥʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ: 
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ʜʝ ȹ2 ï ʚʝʢʪʦʨ ʚʽʜʭʠʣʝʥʥʷ ʬʘʟʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʚʽʜ ʾʭ ʙʘʞʘʥʠʭ (ʢʽʥʮʝʚʠʭ) ʟʥʘʯʝʥʴ 

(2). ʆʪʞʝ, ʢʦʤʧʣʝʢʩʥʠʡ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

min,­Ö+= yTERTCr                                              (4) 

ʜʝ ɣ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʢʦʪʨʠʡ ʚʽʜʦʙʨʘʞʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʽʥʮʝʚʠʭ ʫʤʦʚ ʨʫʭʫ (2) ʪʘ ʟʚʦʜʠʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʢʨʠʪʝʨʽʶ TER ʜʦ ʨʦʟʤʽʨʥʦʩʪʽ T. ɺ 

ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʥʦʚʠʪʴ ɣ=106·ɤT
-1. 

ʄʽʥʽʤʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ (4) ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʣʠʯʠʥ ʪʨʠʚʘʣʦʩʪʽ ʨʦʟʛʦʥʫ ʢʦʞʥʦʛʦ ʟ ʝʪʘʧʽʚ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ t1, t2, 

t3, ʷʢʽ ʚ ʩʫʤʽ ʬʦʨʤʫʶʪʴ ʚʝʣʠʯʠʥʫ ʊ. ʊʦʙʪʦ ʚʭʦʜʘʤʠ ʩʠʩʪʝʤʠ ʻ ʟʥʘʯʝʥʥʷ t1, t2, t3, ʘ 

ʚʠʭʦʜʦʤ ʚʝʣʠʯʠʥʘ ʢʨʠʪʝʨʽʶ Cr (ʩʠʩʪʝʤʫ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʬʫʥʢʮʽʶ multiple input, 

single output). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʰʚʠʜʢʦʜʽʾ ʢʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜ 

ʦʧʪʠʤʽʟʘʮʽʾ RING-ROT-PSO [2]. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʟʘ ʷʢʠʭ ʚʠʢʦʥʫʚʘʚʩʷ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ, ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2. ʆʩʥʦʚʥʽ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ RING-ROT-PSO  

ˉ 

ʧ/ʧ 
ʇʘʨʘʤʝʪʨʠ ʈʦʟʤʽʨʥʽʩʪʴ ʏʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ 

1 ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʯʦʢ ʚ ʨʦʾ ʰʪ 30 

2 ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʰʪ 100 

3 t1, t2, t3 ʩ ʚʽʜ 0,1 ʜʦ 2,0 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ RING-ROT-PSO [2], ʟʜʽʡʩʥʝʥʦ ʤʽʥʽʤʽʟʘʮʽʶ 

ʢʨʠʪʝʨʽʶ (4). ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ 

ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ. 

 
ʈʠʩ. 2. ʊʦʯʢʦʚʘ ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʽʟʘʮʽʾ ʚʝʣʠʯʠʥʠ ʢʨʠʪʝʨʽʶ (4) ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ 
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ɯʟ ʘʥʘʣʽʟʫ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 2) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʢʨʠʪʝʨʽʶ (4) ʜʦ ʩʦʨʦʢʦʚʦʾ ʽʪʝʨʘʮʽʾ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʚʝʣʠʯʠʥ t1, t2 ʪʘ t3 ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3. 

 

ʊʘʙʣʠʮʷ 3. ʊʨʠʚʘʣʽʩʪʴ ʟ ʝʪʘʧʽʚ ʨʫʭʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʢʝʨʫʚʘʥʥʽ 

ɽʪʘʧʠ ʨʦʟʛʦʥʫ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ 

ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ 

ʊʨʠʚʘʣʽʩʪʴ ʟ ʝʪʘʧʽʚ 

t1, ʩ t2, ʩ t3, ʩ 

0,81 1,06 0,81 

 

ʆʪʞʝ, ʟʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʥʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ ʙʘʰʪʦʚʦʛʦ 

ʢʨʘʥʘ ʜʦ ʫʩʪʘʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ɤT ʩʪʘʥʦʚʠʪʴ 2,68 ʩ.  

ɼʣʷ ʟʤʽʩʪʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʝʜʩʪʘʚʠʤʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʥʝʢʣʘʩʠʯʥʠʡ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʨʫʭʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʅʝʢʣʘʩʠʯʥʠʡ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ ʫ 

ʢʦʦʨʜʠʥʘʪʘʭ Ăʚʽʜʭʠʣʝʥʥʷ ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ï ʰʚʠʜʢʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ 

ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ï ʰʚʠʜʢʽʩʪʴ ʚʘʥʪʘʞʫò 
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ʅʘ ʨʠʩ. 3 ʢʨʘʧʢʠ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ ʦʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʽʡ ʽ ʢʽʥʮʝʚʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ, ʯʦʨʥʘ ʢʨʠʚʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ. 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 3 ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʚʦʾ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ 

ʢʽʥʮʝʚʠʤ ʫʤʦʚʘʤʠ ʨʫʭʫ (2). ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʜʘʣʴʰʠʡ ʫʩʪʘʣʝʥʠʡ ʨʫʭ 

ʤʝʭʘʥʽʟʤʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʙʝʟ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʘʚʝʜʝʤʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ U ʪʘ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʥʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ ʜʦ ʚʝʣʠʯʠʥʠ ɤT (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ (ʯʦʨʥʘ ʢʨʠʚʘ) ʪʘ ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ (ʩʽʨʘ ʢʨʠʚʘ) ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 4 ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ ʫ ʢʽʥʮʽ ʨʦʟʛʦʥʫ 

ʤʝʭʘʥʽʟʤʫ ʻ ʨʽʚʥʦʶ ʫʩʪʘʣʝʥʦʤʫ ʟʥʘʯʝʥʥʶ ɤT (ʪʘʙʣʠʮʷ 1). ʆʢʨʽʤ ʪʦʛʦ, 

ʧʨʝʜʩʪʘʚʠʤʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʧʨʠʚʦʜʦʤ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ɻʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʨʠʚʦʜʦʤ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ 

 

ʇʨʠ ʘʥʘʣʽʟʽ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 5) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʚʘ ʧʽʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. ʆʜʠʥ ʤʘʢʩʠʤʫʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʽʥʮʽ ʧʝʨʰʦʛʦ ʝʪʘʧʫ t1  ̔

ʩʪʘʥʦʚʠʪʴ 7,5 ʢɺʪ, ʘ ʽʥʰʠʡ ʤʘʢʩʠʤʫʤ ʚ ʢʽʥʮʽ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ t3, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 

11,5 ʢɺʪ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʫ 1,5 ʪʘ 2,3 ʨʘʟʠ 

ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ 

ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ. ʆʜʥʘʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʨʠʚʦʜʫ ʜʽʻ ʧʨʦʪʷʛʦʤ ʜʦʚʦʣʽ ʢʦʨʦʪʢʠʭ 

ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ (ʢʦʞʝʥ ʤʝʥʰʝ 1 ʩʝʢʫʥʜʠ), ʱʦ ʥʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʨʦʙʦʪʫ. 

ɺʠʩʥʦʚʦʢ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʨʝʞʠʤ ʧʫʩʢʫ ʤʝʭʘʥʽʟʤʫ 

ʧʦʚʦʨʦʪʫ ʚʘʥʪʘʞʫ ʧʨʠ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʫ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʦ ʷʢʦʾ ʟʚʝʜʝʥʦ ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʦʯʦʢ RING-ROT-PSO. 

ɽʬʝʢʪʠʚʥʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʞʠʤʫ ʧʫʩʢʫ ʤʦʞʣʠʚʘ 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ.  
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ʎʀʌʈʆɺɯ ɼɺɯʁʅʀʂʀ ɺ ʉɯʃʔʉʔʂʆʄʋ ɻʆʉʇʆɼɸʈʉʊɺɯ: 

ʊɽʍʅʆʃʆɻɯʏʅɸ ʈɽɺʆʃʖʎɯʗ ʊɸ ʐʃʗʍ ɼʆ ʉʊɸʃʆɻʆ 

ʌɽʈʄɽʈʉʊɺɸ 

ʈʝʙʝʥʢʦ ɺ.ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʽʥʪʫʾʮʽʾ ʪʘ ʬʽʟʠʯʥʽʡ ʧʨʘʮʽ, ʜʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ. 

ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ (Digital Twin) ð ʮʝ ʪʦʯʥʘ ʚʽʨʪʫʘʣʴʥʘ ʢʦʧʽʷ ʬʽʟʠʯʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʘʙʦ ʩʠʩʪʝʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʦʥʽʪʦʨʠʪʠ ʨʦʙʦʪʫ, 

ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ, ʩʠʤʫʣʶʚʘʪʠ ʩʮʝʥʘʨʽʾ ʪʘ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʚʧʝʨʰʝ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ NASA ʫ 2010 ʨʦʮʽ ʜʣʷ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʩʴʦʛʦʜʥʽ ʩʪʘʻ "ʤʘʰʠʥʦʶ ʯʘʩʫ" ʜʣʷ ʬʝʨʤʝʨʽʚ, ʜʦʟʚʦʣʷʶʯʠ ʟʘʟʠʨʥʫʪʠ ʚ 

ʤʠʥʫʣʝ (ʘʥʘʣʽʟ ʽʩʪʦʨʽʾ), ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʧʝʨʽʰʥʻ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʻ. 

ʈʠʥʦʢ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʽ, ʟʘ ʧʨʦʛʥʦʟʘʤʠ, ʧʝʨʝʚʠʱʠʪʴ 

73,5 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ʜʦ 2027 ʨʦʢʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʣʦʙʘʣʴʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʛʘʣʫʟʽ. 

ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʬʫʥʢʮʽʦʥʫʻ ʷʢ "ʜʚʦʩʪʦʨʦʥʥʷ ʚʫʣʠʮʷ": ʜʘʥʽ ʧʦʩʪʽʡʥʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʦʙ'ʻʢʪʘ ʜʦ ʡʦʛʦ ʮʠʬʨʦʚʦʾ ʢʦʧʽʾ ʽ ʥʘʚʧʘʢʠ. ʗʢʱʦ ʚ 

ʨʝʘʣʴʥʦʤʫ ʘʢʪʠʚʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ, ʚʦʥʠ ʤʠʪʪʻʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʤʦʜʝʣʽ, ʘ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ, ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʮʠʬʨʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʨʝʘʣʴʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ: 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT): ʜʘʪʯʠʢʠ ʚʦʣʦʛʦʩʪʽ, pH, ʪʝʤʧʝʨʘʪʫʨʠ, RFID-ʤʽʪʢʠ ʪʘ 

ʜʨʦʥʠ. 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ: ʦʙʨʦʙʢʘ ʚʝʣʠʯʝʟʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (AI) ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ: ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʥʦʟʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʩʠʤʫʣʷʮʽʡ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʡʪʠ ʰʽʩʪʴ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ: 

ɿʙʽʨ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʢʨʠʪʠʯʥʠʭ ʟʤʽʥʥʠʭ (ˇʨʫʥʪ, ʧʦʛʦʜʘ, ʩʪʘʥ ʧʦʩʽʚʽʚ). 

ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʫʙʣʽʢʘʪʘ: ʇʦʙʫʜʦʚʘ ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʧʦʣʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʪʦʧʦʛʨʘʬʽʾ, ʪʠʧʫ ˇʨʫʥʪʫ ʪʘ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ: ʌʽʣʴʪʨʘʮʽʷ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʮʽʣʽʩʥʦʾ ʢʘʨʪʠʥʠ ʩʪʘʥʫ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ: ɺʠʷʚʣʝʥʥʷ ʭʚʦʨʦʙ ʨʦʩʣʠʥ ʘʙʦ ʟʙʦʾʚ ʚ ʦʙʣʘʜʥʘʥʥʽ 

ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʛʦ, ʷʢ 

ʨʦʩʣʠʥʠ ʨʝʘʛʫʚʘʪʠʤʫʪʴ ʥʘ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʧʦʣʠʚʫ ʯʠ ʜʦʙʨʠʚ ʙʝʟ ʬʽʥʘʥʩʦʚʠʭ 

ʨʠʟʠʢʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ: ʂʦʨʠʛʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʧʦʩʽʚʫ, ʽʨʠʛʘʮʽʾ 

ʪʘ ʣʦʛʽʩʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʽʥʩʘʡʪʽʚ. 
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ʂʣʶʯʦʚʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʝʨʝʚʘʛʠ: 

ʋʧʨʘʚʣʽʥʥʷ ʧʦʣʷʤʠ ʪʘ ʪʦʯʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ. ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ 

ʜʦʟʚʦʣʷʶʪʴ ʬʝʨʤʝʨʘʤ ʪʦʯʥʦ ʟʥʘʪʠ, ʯʦʛʦ ʧʦʪʨʝʙʫʶʪʴ ʢʫʣʴʪʫʨʠ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ. 

ʎʝ ʤʽʥʽʤʽʟʫʻ ʚʽʜʭʦʜʠ ʨʝʩʫʨʩʽʚ (ʚʦʜʠ, ʜʦʙʨʠʚ) ʪʘ ʧʽʜʚʠʱʫʻ ʚʨʦʞʘʡʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ 

ʟʘʢʨʠʪʦʛʦ ˇʨʫʥʪʫ (ʽʥʜʦʨ-ʬʝʨʤʠ) ʪʝʭʥʦʣʦʛʽʷ ʜʦʧʦʤʘʛʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʽʜʝʘʣʴʥʠʡ 

ʤʽʢʨʦʢʣʽʤʘʪ, ʟʥʠʞʫʶʯʠ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʊʚʘʨʠʥʥʠʮʪʚʦ. ɼʘʪʯʠʢʠ ʚ ʢʦʨʽʚʥʠʢʘʭ ʘʙʦ ʥʘ ʩʪʘʥʮʽʷʭ ʛʦʜʽʚʣʽ ʚʽʜʩʪʝʞʫʶʪʴ 

ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʢʦʞʥʦʾ ʪʚʘʨʠʥʠ. ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʭʚʦʨʦʙʠ ʥʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ, ʟʘʧʦʙʽʛʘʶʯʠ ʧʦʰʠʨʝʥʥʶ ʽʥʬʝʢʮʽʡ ʫ ʩʪʘʜʽ, ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʣʦʢʘ ʯʠ ʤ'ʷʩʘ. 

ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʭʥʽʢʠ ʪʘ ʣʦʛʽʩʪʠʢʘ. ʈʝʧʣʽʢʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʾʭʥʽʡ ʩʪʘʥ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʫʥʠʢʘʶʯʠ ʧʨʦʩʪʦʾʚ 

ʯʝʨʝʟ ʨʘʧʪʦʚʽ ʧʦʣʦʤʢʠ. ʋ ʣʘʥʮʶʛʘʭ ʧʦʩʪʘʯʘʥʥʷ ʜʚʽʡʥʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʟʦʨʽʩʪʴ: ʚʽʜʩʪʝʞʝʥʥʷ ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ ʛʘʨʘʥʪʫʻ, ʱʦ ʧʨʦʜʫʢʪʠ ʧʦʪʨʘʧʣʷʪʴ 

ʜʦ ʩʧʦʞʠʚʘʯʘ ʩʚʽʞʠʤʠ ʪʘ ʚʯʘʩʥʦ. 

ʂʣʽʤʘʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʩʠʤʫʣʶʚʘʪʠ ʚʧʣʠʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʜʦʧʦʤʘʛʘʶʯʠ ʬʝʨʤʝʨʘʤ 

ʛʦʪʫʚʘʪʠʩʷ ʜʦ ʨʠʟʠʢʽʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʝʢʦʣʦʛʽʯʥʽʩʪʴ: ʤʦʥʽʪʦʨʠʥʛ ʨʽʚʥʽʚ 

ʚʫʛʣʝʮʶ ʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴ ʝʢʦʥʦʤʽʢʫ ʬʝʨʤ, ʘʥʘʣʽʟʫʶʯʠ ʚʠʪʨʘʪʠ ʪʘ 

ʚʠʛʦʜʠ ʢʦʞʥʦʛʦ ʨʽʰʝʥʥʷ. ɺʦʥʠ ʩʪʚʦʨʶʶʪʴ "ʚʽʨʪʫʘʣʴʥʫ ʧʽʩʦʯʥʠʮʶ" ʜʣʷ R&D, ʜʝ 

ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʥʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʨʦʱʫʚʘʥʥʷ ʙʝʟ ʟʘʛʨʦʟʠ ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʚʨʦʞʘʶ, ʱʦ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʻ "ʽʟʦʣʷʮʽʷ ʜʘʥʠʭ" (data silos), ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ 

ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʥʝ ʧʦʻʜʥʫʻʪʴʩʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ Intellias ʨʦʟʨʦʙʠʣʘ ʭʤʘʨʥʫ 

ʧʣʘʪʬʦʨʤʫ Intellias Digital Twin, ʷʢʘ ʽʥʪʝʛʨʫʻ ʜʘʥʽ ʟ ʙʫʜʴ-ʷʢʠʭ IoT-ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʚʽʟʫʘʣʽʟʫʻ ʾʭ ʫ 3D/4D ʬʦʨʤʘʪʘʭ. 

ʉʧʽʣʴʥʦ ʟ ʤʝʨʝʞʝʶ Grand Farm ʙʫʣʦ ʩʪʚʦʨʝʥʦ Grand Farm Data Hub ð 

ʧʣʘʪʬʦʨʤʫ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʘʛʨʦʜʘʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʚʽʪʴ 

ʥʝʚʝʣʠʢʠʤ ʛʨʘʚʮʷʤ ʨʠʥʢʫ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʝʨʝʜʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʪʠʢʠ 

ʪʘ ʩʠʤʫʣʷʮʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʫ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʻ ʥʝʤʠʥʫʯʠʤ 

ʝʪʘʧʦʤ ʝʚʦʣʶʮʽʾ ʛʘʣʫʟʽ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʝʨʛʽʶ ʧʨʠʨʦʜʠ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʚʝʜʫʯʠ ʘʛʨʦʙʽʟʥʝʩ ʜʦ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʦʛʦ, 

ʧʨʠʙʫʪʢʦʚʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. ɿʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʘʥʘʣʽʟʫʚʘʪʠ 

ʤʠʥʫʣʝ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʤʘʡʙʫʪʥʻ, ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʩʪʘʶʪʴ ʥʘʜʽʡʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ. 
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ʋɼʂ 621.9.048 

 

ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɿɸɼɸʏɯ ʇʆɿʀʎɯʖɺɸʅʅʗ 

ʄɸʅɯʇʋʃʗʎɯʁʅʆɰ ʈʆɹʆʊʆʊɽʍʅɯʏʅʆɰ ʉʀʉʊɽʄʀ  

ʏʝʨʥʠʰ ʆ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙˇʨʫʥʪʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʦʞʝʥʥʷ ʽ 

ʦʨʽʻʥʪʘʮʽʶ ʤʦʜʝʣʽ ʪʨʠʣʘʥʢʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʦʩʥʦʚʽ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠʻʜʥʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽ ʩʪʚʦʨʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʧʦʩʪʘʚʣʝʥʠʭ ʫʤʦʚ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʪʘʢʠʭ ʦʙʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʘʣʫʯʠʪʠ, ʷʢ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ʧʨʦʛʨʘʤʥ ̔

ʧʘʢʝʪʠ MathCAD, MATLAB , Maple, ʪʘʢ ʽ ʽʥʰʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ 

ʢʦʤʧʣʝʢʩʠ.  

ʋ ʮʽʣʦʤʫ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʤʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʨʘʟʦʤ ʽʟ ʟʘʜʘʯʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ 

ʰʚʠʜʢʦʩʪʽ ʧʦʟʠʮʽʶʚʘʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʨʫʭʫ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʩʥʫʻ ʪʘʢʦʞ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʎ ̔ʟʘʜʘʯʽ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʽ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʽ ʪʦʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʮʽʡʥʠʤʠ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ.  

ɼʦʮʽʣʴʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʟʘʜʘʯʘʭ 

ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʣʘʥʢʦʚʠʭ 

ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʫʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʣʘʥʢʠ ʜʦ ʥʘʩʪʫʧʥʦʾ. 

ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʦʨʫ ʤʘʪʨʠʮʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʟʚôʷʟʘʥʽ ʟ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʣʘʥʦʢ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ 

ʤʝʭʘʥʽʟʤʫ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʂʦʞʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʢʽʥʝʤʘʪʠʯʥʦʛʦ 

ʣʘʥʮʶʛʘ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ɼʝʥʘʚʽʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ ʧʦʩʣʽʜʦʚʥʦʾ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʨʠʮ ɹʧʝʨʝʪʚʦʨʝʥʥʷ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ὖ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ P i-ʾ ʣʘʥʢʠ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʫ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʱʦ ʨʫʭʦʤʦ ʟôʻʜʥʘʥʘ ʟ̔ ʩʫʤʽʞʥʦʶ (i-1)-ʶ ʣʘʥʢʦʶ: 

ὖ ὃẗὖ, 

ʜʝ ὃ ï ʤʘʪʨʠʮʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʩʫʤʽʞʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ; 

ὖ , ὖ ï ʚʝʢʪʦʨʠ ʧʦʣʦʞʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ P ʜʣʷ ʩʫʤʽʞʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʦʞʥʦʾ ʣʘʥʢʠ ʚʽʜʥʦʩʥʦ ʧʦʣʦʞʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʣʘʥʢʠ ʩʠʩʪʝʤʠ. 

ɼʦʙʫʪʦʢ ʤʘʪʨʠʮʴ ʫʪʚʦʨʶʻ ʦʜʥʦʨʽʜʥʫ ʤʘʪʨʠʮʶ ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ὃ Ὕȟ ẗὝȟ ẗὝȟ ẗὝȟ , 
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ʜʝ ὃ ï ɼʍ-ʤʘʪʨʠʮʷ ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʩʫʤʽʞʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, 

ai, Ŭi, di, qi ï ʯʦʪʠʨʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʟʚôʷʟʦʢ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ.  

ʇʨʠ ʮʴʦʤʫ ʤʘʪʨʠʮʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ P ʚ (i-1)-ʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʟʚôʷʟʘʥʦʶ 

ʟ (i-1)-ʶ ʣʘʥʢʦʶ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ὖ ὢ ȟὣ ȟ ὤ ȟρ , 

ʘ ʤʘʪʨʠʮʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ P ʚ i-ʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʟʚôʷʟʘʥʦʶ ʟ i-ʶ ʣʘʥʢʦʶ ï ʫ 

ʚʠʛʣʷʜʽ ὖ ὢȟὣȟ ὤȟρ , ʘ ʦʜʥʦʨʽʜʥʘ ʤʘʪʨʠʮʷ Ὕ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ i-

ʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʾ, ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʙʫʪʦʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʨʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

Ὕ ὃϽὃẗȢȢȢẗ ὃ ὃ
ὢ ὣ  ὤ ὖ

π π π ρ
Ὑ ὖ

π ρ
ȟ

Ὥ ρȟςȟȣȟὲ 

ʜʝ Ὑ ï ʤʘʪʨʠʮʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʨʽʻʥʪʘʮʽʶ i-ʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʙʘʟʦʚʦʾ; ὖ ï ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ, ʱʦ ʟ'ʻʜʥʫʻ ʧʦʯʘʪʦʢ ʙʘʟʦʚʦʾ ʽ i-  ʾʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʝʥʥ ̫ ʧʦʣʦʞʝʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʱʦʜʦ ʘʙʩʦʣʶʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, 

ʪʦʙʪʦ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʨʠʮʽ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ 

ʤʥʦʞʥʠʢʽʚ: 

Ὕ ὃẗὃẗȣẗ ὃ ὃȟ Ὥ ρȟςȟȣȟὲȟ 

ʜʝ n ï ʯʠʩʣʦ ʣʘʥʦʢ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ. 

ɺ ʟʘʜʘʯ ̔ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʨʠʩʪʫʧʝʥʝʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʽʟ ʦʙʝʨʪʦʚʦʶ 

ʢʦʣʦʥʦʶ 1 ʽ ʜʚʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʣʘʥʦʢ 2 ʽ 3 ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʫ ɼʝʥʘʚʽʪʘ-ʍʘʨʪʝʥʙʝʨʛʘ, 

ʤʘʪʨʠʮ ̫ʧʝʨʝʭʦʜʫ ʚʽʜ ρ-ʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ 3-  ʾʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

 ὃ

ὧ π ί π
ί π ὧ π
π ρ π π
π π π ρ

,             ὃ

ὧ ί π ὥὧ
ί ὧ π ὥί
π π ρ Ὠ
π π π ρ

,  

 ὃ

ὧ π ί ὥὧ
ί π ὧ ὥί
π ρ π π
π π π ρ

,        ὃ

ὧ π ί π
ί π ὧ π
π ρ π Ὠ
π π π ρ

,  

 ὃ

ὧ π ί π
ί π ὧ π
π ρ π π
π π π ρ

,                ὃ

ὧ ί π π
ί ὧ π π
π π ρ Ὠ
π π π ρ

ȟ  

ʄʘʪʨʠʮ ̫ʦʜʥʦʨʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ Ὕ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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 Ὕ ὃϽὃ Ͻὃ ϽὃϽὃ Ͻὃ ὃ Ͻὃ ,  

ʜʝ ὃ ὃϽὃ Ͻὃ ; ὃ ὃ Ͻὃ Ͻὃ . 

ʄʘʪʨʠʮ ̫Ὕ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ: 

 Ὕ

ὼ ώ ᾀ ὴ
ὼ ώ ᾀ ὴ
ὼ ώ ᾀ ὴ
π π π ρ

,  

ʜʝ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʫʜʫʪʴ 

 ὼ ὧὧ ὧὧὧ ίί ίίί ίίὧὧ ὧί ,  

 ὼ ίὧ ὧὧὧ ίί ίίὧ ὧίὧὧ ὧί ,  

 ὼ ί ὧὧὧ ίί ὧίὧ,  

 ώ ὧ ὧ ὧὧί ίὧ ίίί ί ίὧὧ ὧὧ ,  

 ώ ί ὧ ὧὧί ίὧ ίίί ὧ ίὧὧ ὧὧ ,  

 ώ ί ὧὧὧ ίὧ ὧίὧ,  

 ᾀ ὧὧὧί ί ὧ ίίί,  

 ᾀ ίὧὧί ίὧ ὧίί,  

 ᾀ ίὧὧ ὧὧ,  

ὴ ὧὨ ὧὧί ίὧ ίὨ ὥὧ ὥὧ ίὨίί Ὠ ,  

ὴ ίὨ ὧὧί ίὧ ίὨ ὥὧ ὥὧ ὧὨίί Ὠ ,  

ὴ Ὠ ὧὧ ίὧί ὧὨ ὥὧ ὥί,  

ʜʝ: 

 ÃÏÓή ὧ; ÓÉÎή ί;  ÃÏÓή ή ὧ ; ÓÉÎή ή ί .  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʦʞʝʥʥʷ ʣʘʥʦʢ ʨʦʙʦʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʠʤ ʜʦʙʫʪʢʦʤ 

ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʨʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʨʫʭʦʤʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ʣʘʥʦʢ ʜʦ ʘʙʩʦʣʶʪʥʦʾ. ʋ ʩʚʦʾʡ ʚʠʟʥʘʯʝʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʙʽʨ ʪʘʢʠʭ ʜʦʙʫʪʢʽʚ 

ʩʢʣʘʜʘʶʪʴ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʽ ʝʣʝʤʝʥʪʘʨʥʦʾ ʤʦʜʝʣʽ 

ʤʝʭʘʥʽʟʤʫ ʪʨʠʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʨʦʙʦʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʘʢʝʪʫ MathCAD.  

ɺʠʩʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʚ'ʷʟʘʥʘ 

ʟʘʜʘʯʘ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʨʠʣʘʥʢʦʚʦʾ ʤʦʜʝʣʽ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʾ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʽ ʦʨʽʻʥʪʘʮʽʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʜʥʦʩʥʦ 

ʘʙʩʦʣʶʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ.  

ʇʝʨʝʚʽʨʢʘ ʘʣʛʦʨʠʪʤʫ ʧʽʜʪʚʝʨʜʠʣʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʽ ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʪʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʟʘʜʘʯʘʭ 

ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʦʤ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʦʙʦʪʘ.   
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ʋɼʂ 631.354.2 

 

ʄɽʍɸʅɯʏʅɯ ɺʊʈɸʊʀ ɿɽʈʅɸ ɯ ɰʍ ɺʇʃʀɺ ʅɸ ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ 

ʂʆʄɹɸʁʅɸ 

ʅʘʜʪʦʯʽʡ ʆ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʦʛʦ ʧʘʨʢʫ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ (ɿʂ) ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʪʘʨʪʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ, ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʠʭ ʤʘʰʠʥ, 

ʘʣʝ ʡ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʟʤʽʥʠ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʨʦʙʽʪʢʫ (ʪʝʨʤʽʥʫ) ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘ ʧʦʣʷʭ ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʽʚ ʋʢʨʘʾʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɿʂ ʙʽʣʴʰʝ 100 ʤʘʨʦʢ, 

ʤʦʜʝʣʝʡ, ʤʦʜʠʬʽʢʘʮʽʡ ʚʩʽʭ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʩʚʽʪʫ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʩʭʝʤ ʽʟ ʩʪʨʦʢʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜ 1 ʜʦ 30 ʨʦʢʽʚ [1é3]. ʇʦʢʘʟʥʠʢʠ, ʟʘʷʚʣʝʥʽ 

ʚʠʨʦʙʥʠʢʘʤʠ, ʟʘ ʮʝʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʯʥʦ ʨʽʟʥʷʪʴʩʷ, ʘ ʪʦʤʫ ʥʝʜʦʮʽʣʴʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ [4]. ɹʽʣʴʰʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ. 

ʈʝʟʫʣʴʪʘʪ ʪʘʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 1. ʇʨʠ ʰʠʨʠʥʽ ʟʘʭʚʘʪʫ ʞʘʪʢʠ 7.6 ʤ ʧʨʘʢʪʠʯʥʘ ʰʠʨʠʥʘ ʟʤʽʥʶʚʘʣʘʩʷ ʚ 

ʟʘʛʽʥʮʽ πȢσ ʤ, ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʚ ʤʝʞʘʭ ςππ ʤ. ɿʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʘ 
ʚʽʜʙʫʚʘʣʦʩʷ ʧʦ ʛʦʨʠʟʦʥʪʫ ʻʤʥʦʩʪʽ ςυπȣσππ ʢʛ. ʇʽʜʢʦʥʪʨʦʣʴʥʠʤʠ ʙʫʣʠ 
ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʞʥʠʚʘʨʢʠ, ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʤʦʥʽʪʦʨʘ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʟʘ ʩʧʽʜʦʤʝʪʨʦʤ, ʤʘʩʘ ʟʽʙʨʘʥʦʛʦ ʫʨʦʞʘʶ ʧʦ ʢʚʠʪʘʥʮʽʷʭ 

ʽʟ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʚʘʛʠ. ʂʽʣʴʢʽʩʥʽ ʚʪʨʘʪʠ ʟʝʨʥʘ ʢʦʤʙʘʡʥʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʷʱʠʢʘʤʠ. ʉʦʣʦʤʘ ʧʽʩʣʷ ʦʙʤʦʣʦʪʫ ʚʠʩʠʧʘʣʘʩʷ ʫ ʚʘʣʦʢ. 

ʋ ʩʪʘʙʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʘ, ʢʦʥʪʨʦʣʴʥʦ-ʤʽʨʥʽ ʷʱʠʢʠ 

ʨʦʟʤʽʨʘʤʠ υππςππ ̍̍ πȢρ ̍  ʟʘʢʠʜʘʣʠʩʷ ʧʦ ʭʦʜʫ ʢʦʤʙʘʡʥʘ ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ 

ʤʽʞ ʧʝʨʝʜʥʽʤ ʽ ʟʘʜʥʽʤʠ ʤʦʩʪʘʤʠ ʧʽʜ ʤʦʣʦʪʘʨʢʫ ʯʝʨʝʟ ʚʽʜʩʪʘʥʴ υ φ ʤʝʪʨʽʚ (5 
ʰʪʫʢ) ʥʘ ʚʽʜʩʪʘʥʽ ςυσπ ʤʝʪʨʽʚ ʽʟ ʪʨʴʦʭ ʢʨʘʪʥʦʶ ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʟ ʽʥʪʝʨʚʘʣʦʤ 
ʚ ʦʜʥʫ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʱʠʢʘʤʠ ʟʙʽʣʴʰʠʣʘʩʷ ʜʦ 8-9 ʤ. 

ʇʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʯʝʥʠʭ ʟʝʨʝʥ ʚ ʷʱʠʢʘʭ ʟʘ ʤʦʣʦʪʘʨʢʦʶ ʧʽʩʣʷ ʧʨʦʭʦʜʫ 

ʢʦʤʙʘʡʥʘ ʧʨʦʚʦʜʠʚʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʝʨʽʚʥʠʢʘ ʘʛʨʦʬʽʨʤʠ, ʛʦʣʦʚʥʦʛʦ ʘʛʨʦʥʦʤʘ ʽ 

ʙʨʠʛʘʜʥʦʛʦ ʘʛʨʦʥʦʤʘ. ɿʘ ʚʠʩʥʦʚʢʘʤʠ ʘʛʨʦʥʦʤʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʫʨʦʞʘʡʥʦʩʪʽ ʥʘ ʧʣʦʱʽ ʧʦʣʷ ʩʢʣʘʜʘʣʘ υππʢʛ/ʛʘ. ɿʘ ʪʘʢʠʤʠ ʦʮʽʥʢʘʤʠ ʜʦʧʫʩʪʠʤʽ 
ʯʠʩʣʦʚʽ ʚʪʨʘʪʠ ʟʝʨʥʘ ʤʦʛʣʠ ʩʢʣʘʜʘʪʠ υ φ ʛʨʘʤ ʥʘ 1 ʤ2 ʧʣʦʱʽ. ʇʨʠ ʢʽʣʴʢʦʩʪʽ 

ρπππ ʟʝʨʥʠʥ ʾʭ ʤʘʩʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ τπυπ ʛʨʘʤ. ʊʦʙʪʦ ʥʘ 1 ʛʨʘʤ ʚ ʩʝʨʝʜʥʴʦʤʫ 
ʧʨʠʭʦʜʠʪʴʩʷ ςυ ʟʝʨʝʥ. ɻʨʘʥʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʪ ʥʘ 1 ʤ2 ʧʣʦʱʽ ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʽ 

υ φ ʪ/ʛʘ ʩʢʣʘʜʘʪʠʤʫʪʴ ρςυρυπ ʟʝʨʝʥ ʽ ʩʢʣʘʣʦ 1% ʚʽʜ ʚʘʣʦʚʦʛʦ ʟʙʦʨʫ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʨʦʙʦʯʽʡ 

ʰʚʠʜʢʦʩʪʽ ὠ τȟφ ʢʤ/ʛʦʜ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʘ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ 

1 ʙʫʥʢʝʨʘ ʩʢʣʘʜʘʣʘ 24 ʭʚʠʣʠʥʠ. ɿʘ ʪʝʨʤʽʥ ʥʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʘ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ 
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ʟʽʙʨʘʪʠ ρȢςωȢȢȢρȢσς ρȢσρ ʛʘ. ɿʘ ʛʦʜʠʥʫ ʯʠʩʪʦʛʦ ʯʘʩʫ ʟʙʠʨʘʣʦʩʷ σȢςς ʛʘ. ʏʠʩʣʦʚʽ 
ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʘ ʤʦʣʦʪʘʨʢʦʶ ʥʘ ʢʦʥʪʨʦʣʴʥʠʡ ʷʱʠʢ ʧʣʦʱʝʶ (πȢρ ʤ2) 

ʚʽʜ ω ʜʦ ρσ ʟʝʨʥʠʥ. (5 ʢʦʥʪʨʦʣʴʥʠʭ ʷʱʠʢʽʚ), ʚ ʩʝʨʝʜʥʴʦʤʫ υχ ʟʝʨʥʠʥ ʥʘ 1ʤ2. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʚʪʨʘʪ ʧʦʢʘʟʘʣʠ πȢσψ % ʚʽʜ ʚʘʣʦʚʦʛʦ ʟʙʦʨʫ 
ʫʨʦʞʘʶ, ʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʣʦʪʘʨʢʠ ʩʢʣʘʣʦ Ὣ
φȢτω ʢʛ/ʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʙʫʣʦ ʚ ʤʝʞʘʭ υτ%. 

ʊʘʙʣʠʮʷ 1. 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʂ ʉʅ642. 

ʇʦʢʘʟʥʠʢʠ 
ʈʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ, ʢʤ/ʛʦʜ 

4.6 5.9 6.6 7.6 

ʉʝʨʝʜʥʽʡ ʪʝʨʤʽʥ ʥʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʘ, ʭʚ 72  57 51 42 

ɿʽʙʨʘʥʦ ʟʘ 1 ʛʦʜ. ʯʠʩʪʦʛʦ ʯʘʩʫ, ʛʘ ὡ 3.22 4.13 4.62 5.40 

ɿʽʙʨʘʥʦ ʟʘ 1 ʛʦʜ. ʯʠʩʪʦʛʦ ʯʘʩʫ, ʪ/ʛʦʜ 7.2 7.1 6.9 7.15 

ɺʽʜʥʦʩʥʽ ʚʪʨʘʪʠ 1 ʤ2,% ,ῳὟ % 0.38 0.68 0.91 1.23 

ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ, 1 ʤ2, ά 57 102 136 188 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʢʛ/ʩ, ή̎ 6.49 8.20 9.20 10.34 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ, % , ὔ 54 67 74 83 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, %, ῳὡ 100 +28 +12 +16,6 

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ὠ υȟω ʢʤ/ʛʦʜ (1.64 ʤ/ʩ) ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʥʘʧʦʚʥʝʥʥʷ 

ʦʜʥʦʛʦ ʙʫʥʢʝʨʘ ʧʦʥʠʟʠʣʘʩʷ ʜʦ å19 ʭʚʠʣʠʥ. ɿʘ ʛʦʜʠʥʫ ʯʠʩʪʦʛʦ ʯʘʩʫ ʟʙʠʨʘʣʘʩʴ 

ʧʣʦʱʘ Ὓ τȢρσ ʛʘ/ʛʦʜ; ʘ ʥʘʤʦʣʦʪ ʧʽʜʚʠʱʠʚʩʷ ʜʦ Ὗ ςσ ʪʦʥʠ. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 
ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʟʘ ʤʦʣʦʪʘʨʢʦʶ ʥʘ ʢʦʥʪʨʦʣʴʥʠʡ ʷʱʠʢ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

95 ʜʦ 105 ʟʝʨʥʠʥ, ʩʝʨʝʜʥʽ 102 ʟʝʨʥʠʥʠ. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʦʣʦʪʘʨʢʠ 

ʧʽʜʚʠʱʠʣʘʩʴ ʜʦ Ὣ ψȟς ʢʛ/ʩ, ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʧʽʜʚʠʱʠʣʠʩʷ ʜʦ ʟʥʘʯʝʥʥʷ πȟφψ%, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʧʽʜʚʠʱʠʣʦʩʷ ʜʦ φχ% ʚʽʜ ὔ. ʗʢ ʥʘʩʣʽʜʦʢ, ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ 1 ʛʦʜʠʥʫ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 

ςψ%. 

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ὠ χȢχ ʢʤ/ʛʦʜ (ςȢρτ ʤ/ʩ) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ: ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʥʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʘ 

ʟʝʨʥʦʤ ʩʢʣʘʣʘ ρτ ʭʚʠʣʠʥ, ʟʘ ʛʦʜʠʥʫ ʯʠʩʪʦʛʦ ʯʘʩʫ ʟʙʠʨʘʥʥʷ ʧʣʦʱʘ ʧʰʝʥʠʮʽ Ὓ
υȢτπ ʛʘ, ʥʘʤʦʣʦʯʫʚʘʣʦʩʷ ςω ʪ. ʟʝʨʥʘ, ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ 
ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʤʝʞʘʭ ρψπρωπ ʟʝʨʥʠʥ (ρψψ ʰʪʫʢ) ʥʘ 1ʤ2 (σφȢȢȢσψ ʟʝʨʥʠʥ) ʥʘ 
ʢʦʥʪʨʦʣʴʥʠʡ ʷʱʠʢ; ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʟʙʽʣʴʰʠʣʠʩʷ ʜʦ ʟʥʘʯʝʥʥʷ 1,23% ʥʘ 1ʤ2; 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʧʽʜʚʠʱʠʣʦʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ψσ% ʚʽʜ ὔ ; ʈʦʟʨʘʭʫʥʢʦʚʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʣʦʪʘʨʢʠ ʟʙʽʣʴʰʠʣʦʩʷ ʜʦ Ὣ ρπȟστ ʢʛ/ʩ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ 
ʟʥʘʯʝʥʥʷ (ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ) ρς ʢʛ/ʩ. 

ʇʨʠ ʚʠʢʦʥʘʥʽ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʚʠʩʦʪʘ ʩʪʝʨʥʽ ʙʫʣʘ ʚ ρυςπ ʩʤ. ɯʟ 
ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʠ ʚʠʩʦʪʽ ʟʨʽʟʫ <ρυ ʩʤ ʚʠʥʠʢʘʣʘ ʥʝʙʝʟʧʝʢʘ 
ʧʦʰʢʦʜʞʝʥʥʷ ʥʦʞʘ, ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʫ, ʩʪʦʣʘ ʞʘʪʢʠ ʚʽʜ ʨʘʧʪʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʠʤʦʾʥʘʭ, ʨʠʪʚʠʥʘʭ, ʛʨʝʙʥʷʭ. ʊʦʤʫ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ 

ʞʘʪʢʠ ʽ ʦʜʥʦʯʘʩʥʦ ʟʤʝʥʰʝʥʥʷ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʙʫʣʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢʝʨʽʚʥʠʮʪʚʫ ʘʛʨʦʬʽʨʤʠ ʧʽʜʚʠʱʠʪʠ ʚʠʩʦʪʫ ʟʨʽʟʫ ʜʦ ςπςυʩʤ. 
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ʊʘʢʠʡ ʟʘʭʽʜ ʜʦʟʚʦʣʠʚ ʟʤʝʥʰʠʪʠ ʧʦʧʘʜʘʥʥʷ ʟʝʣʝʥʦʾ ʤʘʩʠ, ʱʦ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʽʟ 

ʟʘʪʷʛʫʚʘʥʥʷʤ ʩʪʨʦʢʽʚ ʞʥʠʚ. ʂʝʨʽʚʥʠʮʪʚʦ ʘʛʨʦʬʽʨʤʠ ʧʦʛʦʜʠʣʦʩʷ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʢʦʥʪʨʦʣʶ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʻʶ 

ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʜʦ ὠ χȢπ ʢʤ/ʛʦʜ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʷʚʠʣʘʩʷ ʫ ʧʦʢʨʘʱʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʚʘʛʦʤʠʭ 

ʩʢʣʘʜʦʚʠʭ ʞʥʠʚʫʚʘʥʥʷ: 

- ʟʤʽʥʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ ʟʽʙʨʘʥʽʡ ʧʣʦʱʽ ʽ ʤʘʩʽ ʫʨʦʞʘʶ ʥʘ σπσυ%;  

- ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʚʦʻʯʘʩʥʦ ʟʽʙʨʘʥʦʾ ʢʫʣʴʪʫʨʠ;  

- ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʯʝʨʝʟ ʦʧʪʠʤʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ 

ʢʦʤʙʘʡʥʘ ʥʘ ρυςπ%;  

- ʟʘʧʦʙʽʛʘʥʥʶ ʙʽʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ ʚʽʜ ʦʩʠʧʘʥʥʷ ʯʝʨʝʟ ʟʘʪʷʛʫʚʘʥʥʷ ʩʪʨʦʢʽʚ 

ʞʥʠʚ ʚ ʤʝʞʘʭ ψȢȢȢρτ% ʚʽʜ ʫʨʦʞʘʡʥʦʩʪʽ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʽʥʽʚ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʙʘʡʥʽʚ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʨʘʚʢʠ ʚ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʨʘʭʦʚʫʶʯʠ ʡʤʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ. 
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ʋɼʂ 631.354.2 

 

ʌʆʈʄʋɺɸʅʅʗ ʂʃɸʉʀʌɯʂɸʎɯʁʅʀʍ ʆɿʅɸʂ ʇɯɼɺʀʑɽʅʅʗ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɹʀʈɸʅʅʗ ɿɽʈʅʆɺʀʍ 

ʅʘʜʪʦʯʽʡ ʆ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʦʟʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ (ɿʂ), ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ, ʚʠʨʦʙʥʠʯʽ ʪʘ ʦʩʦʙʠʩʪʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʽ ʧʨʠʯʠʥʠ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʂ.  

ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʨʦʙʽʪ [1..6] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʮʽ ʯʠʥʥʠʢʠ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʦʩʦʙʣʠʚʦʩʪʽ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʩʪʘʥ ʟʝʨʥʦʚʦʾ ʢʫʣʴʪʫʨʠ, ʱʦ ʟʙʠʨʘʻʪʴʩʷ ʪʘ ʫʤʦʚʠ ʟʙʠʨʘʥʥʷ. 

ʋʩʽ ʛʨʫʧʠ ʯʠʥʥʠʢʽʚ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʽʜʛʨʫʧ ʠ. ʊʘʢ, ʛʨʫʧʘ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ɿʂ, ʜʽʣʷʪʴʩʷ ʥʘ ʧʽʜʛʨʫʧʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ. 

ɼʦ ʧʽʜʛʨʫʧʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘʤʠ ʚʽʜʥʝʩʝʥʦ: 

- ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʱʦ ʟʘʢʣʘʜʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʟʝʨʥʦʟʙʠʨʘʣʴʥʽ ʢʦʤʙʘʡʥʠ ʟ 

ʢʣʘʩʠʯʥʦʶ ʩʭʝʤʦʶ ʤʦʣʦʪʠʣʴʥʦ-ʩʝʧʘʨʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ (ʄʉʇ): ʂɿʉ-9, 

Lexion 540, ʈʉʄ-10ɹ "ɼʦʥ-1500ɹ", ʈʉʄ-101 "ɺʝʢʪʦʨ 410", ʈʉʄ-142 

"ɸʢʨʦʩ 530", John Deere, ʪʦʱʦ. ʅʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʪʘʢʦʞ ɿʂ ʟ ʘʢʩʽʘʣʴʥʦ-

ʨʦʪʦʨʥʦʶ ʩʭʝʤʦʶ ʄʉʇ (Lexion 570, ʈʉʄ-181, Tucano 470, New Holland 

(CS6090, ʉSX 7080) ʪʘ ʽʥʰʽ); 

- ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ɿʂ: ʜʦʚʞʠʥʘ ʪʘ ʜʽʘʤʝʪʨ ʙʘʨʘʙʘʥʘ 

ʯʠ ʨʦʪʦʨʘ, ʢʫʪ ʦʭʦʧʣʝʥʥʷ ʜʝʢʠ, ʪʠʧ ʩʦʣʦʤʦʪʨʷʩʫ, ʢʽʣʴʢʽʩʪʴ ʢʣʘʚʽʰ ʪʘ ʽʥʰʽ; 

- ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ: 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʤʦʣʦʪʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʪʘ ʚʝʥʪʠʣʷʪʦʨʘ ʦʯʠʱʝʥʥʷ, 

ʩʪʫʧʽʥʴ ʚʽʜʢʨʠʪʪʷ ʞʘʣʶʟʽ ʪʘ ʽʥʰʽ (ʢʣʘʩʠʯʥʘ ʩʭʝʤʘ ʄʉʇ), ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʜʝʢʠ, ʚʝʥʪʠʣʷʪʦʨʘ ʦʯʠʱʝʥʥʷ ʪʘ ʽʥʰʽ (ʘʢʩʽʘʣʴʥʦ-ʨʦʪʦʨʥʘ 

ʩʭʝʤʘ ʄʉʇ).  

ɼʦ ʧʽʜʛʨʫʧʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘʤʠ ʚʢʣʶʯʝʥʽ: 

- ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ɿʂ. ɼʘʥʠʡ ʯʠʥʥʠʢ ʚʠʙʠʨʘʻʪʴʩʷ ʟʘ ʪʝʭʥʽʯʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ ʜʦʧʫʩʪʠʤʦʶ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ ʄʉʇ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʚʪʨʘʪ ʟʝʨʥʘ; 

- ʨʦʙʦʯʘ ʰʠʨʠʥʘ ʞʥʠʚʘʨʢʠ (ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʄʉʇ ʧʨʠ ʦʙʨʘʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʽ ʫʨʦʞʘʡʥʦʩʪʽ); 

- ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʚʪʨʘʪʠ ʟʝʨʥʘ, ʟʥʠʟʠʪʠ ʯʠ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʢʦʤʙʘʡʥʘ; 

- ʩʪʘʞ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʢʦʤʙʘʡʥʝʨʽʚ ʪʘ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʊʘʢ, ʫ 

ʨʦʙʦʪʽ [5] ʧʦʢʘʟʘʥʦ, ʱʦ ʯʘʩʪʢʘ ʯʘʩʫ ʦʩʥʦʚʥʦʾ ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʽʚ, ʱʦ 
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ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʢʦʤʙʘʡʥʝʨʘʤʠ ʟʽ ʩʪʘʞʝʤ ʨʦʙʦʪʠ 4 ʨʦʢʠ, ʧʝʨʝʚʠʱʫʻ ʥʘ 41% 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʢʦʤʙʘʡʥʝʨʽʚ ʽʟ ʩʪʘʞʝʤ ʦʜʠʥ ʨʽʢ. ʗʢʽʩʪʴ ʊʆ ʚʠʱʘ 

ʫ ɿʂ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʚʠʩʦʢʦʧʨʦʬʝʩʽʡʥʠʤʠ ʤʘʡʩʪʨʘʤʠ-ʥʘʣʘʜʯʠʢʘʤʠ; 

- ʚʽʜʥʦʰʝʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʦ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʦʙʦʚ'ʷʟʢʽʚ;  

- ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʟʝʨʥʦʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʨʦʩʪʘʶʪʴ ʷʢ ʧʨʷʤʽ ʚʪʨʘʪʠ ʟʝʨʥʘ, ʪʘʢ ʽ 

ʥʝʧʨʷʤʽ (ʜʨʦʙʣʝʥʥʷ, ʪʨʘʚʤʫʚʘʥʥʷ) [2]. ʇʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʯʠʥʥʠʢʠ ʢʝʨʦʚʘʥʽ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʯʠʥʥʠʢʽʚ - ʩʪʘʥ ʟʝʨʥʦʚʦʾ ʢʫʣʴʪʫʨʠ ʚʢʣʶʯʝʥʽ: ʫʨʦʞʘʡʥʽʩʪʴ 

ʧʦ ʟʝʨʥʫ ʟʝʨʥʦʚʦʾ ʢʫʣʴʪʫʨʠ, ʩʦʣʦʤʠʩʪʽʩʪʴ, ʚʦʣʦʛʽʩʪʴ ʟʝʨʥʘ ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ, 

ʟʘʩʤʽʯʝʥʽʩʪʴ, ʧʦʣʝʛʣʽʩʪʴ ʨʦʩʣʠʥ. ʏʠʥʥʠʢʠ ʜʨʫʛʦʾ ʛʨʫʧʠ ʯʘʩʪʢʦʚʦ ʢʝʨʦʚʘʥʽ. 

ʊʨʝʪʷ ʛʨʫʧʘ ʯʠʥʥʠʢʽʚ ʚʢʣʶʯʘʻ ʯʠʥʥʠʢʠ ʫʤʦʚ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘ 

ʧʦʜʽʣʝʥʘ ʥʘ ʜʚʽ ʧʽʜʛʨʫʧʠ: ʦʙ'ʻʢʪʠʚʥʽ ʪʘ ʩʫʙ'ʻʢʪʠʚʥʽ. 

ʆʙ'ʻʢʪʠʚʥʽ ï ʮʝ ʧʦʢʘʟʥʠʢʠ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʟʦʥʠ ʟʙʠʨʘʥʥʷ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʱʦ ʚʠʧʘʣʠ ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ, 

ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ. ɼʘʥʽ ʯʠʥʥʠʢʠ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʽʚ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʝʢʝʨʦʚʘʥʠʭ. 

ʏʠʥʥʠʢʠ ʜʨʫʛʦʾ ʧʽʜʛʨʫʧʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʫʤʦʚʘʤʠ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɼʦ ʮʽʻʾ 

ʧʽʜʛʨʫʧʠ ʚʽʜʥʝʩʝʥʦ: ʧʣʦʱʽ, ʟʘʡʥʷʪʽ ʟʝʨʥʦʚʠʤʠ, ʦʨʛʘʥʽʟʘʮʽʷ, ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʩʪʨʦʢʠ 

ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʦʾ ʢʫʣʴʪʫʨʠ, ʥʘʷʚʥʽʩʪʴ ʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʨʝʤʦʥʪʥʦ-ʦʙʩʣʫʛʦʚʫʶʯʦʾ 

ʙʘʟʠ, ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʟʙʠʨʘʣʴʥʦʶ ʪʝʭʥʽʢʦʶ, ʢʦʤʙʘʡʥʝʨʘʤʠ ʪʘ 

ʦʙʩʣʫʛʦʚʫʶʯʠʤ ʧʝʨʩʦʥʘʣʦʤ. 

ɺʽʜʦʤʦ [4], ʱʦ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʨʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʦʜʠʥ ʢʦʤʙʘʡʥ (ʜʦ 

60 ʛʘ) ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʘʡʥʽʚ ʚʠʱʽ ʧʨʠ ʦʜʥʦʬʘʟʥʦʤʫ 

ʩʧʦʩʦʙʽ ʟʙʠʨʘʥʥʷ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʟʙʠʨʘʥʥʽ ʥʘʩʽʥʥʻʚʠʭ ʧʦʩʽʚʽʚ ï 

ʧʨʠ ʜʚʦʬʘʟʥʦʤʫ. 

ʋ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [1, 2, 3 ʪʘ ʽʥ.] ʜʦʚʝʜʝʥʦ, ʱʦ ʦʜʥʠʤ ʽʟ ʯʠʥʥʠʢʽʚ, 

ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ 

ʢʦʤʙʘʡʥʽʚ, ʷʢ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʚʪʨʘʪʠ ʟʝʨʥʘ, ʻ ʪʝʨʤʽʥʠ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ. ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ ʟʙʠʨʘʥʥʷ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ 

ʚʪʨʘʪʠ ʟʝʨʥʘ ʚʽʜ ʩʘʤʦ ʦʩʠʧʘʥʥʷ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʨʦʙʣʝʥʥʷ ʪʘ ʪʨʘʚʤʫʚʘʥʥʷ, 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʟʝʨʥʘ. ʉʫʙ'ʻʢʪʠʚʥʽ ʯʠʥʥʠʢʠ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʯʘʩʪʢʦʚʦ 

ʢʝʨʦʚʘʥʽ. 

ʋʩʽ ʦʙʨʘʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ ʽ, ʦʪʞʝ, ʥʘ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ ʪʘ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʊʘʢʠʡ ʟʚ'ʷʟʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ (ʨʠʩ. 1). 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʟʘʚʜʘʥʥʷ: 

ὑ̆ ̕ὃȟὄȟὅ ᴼÍÁØὑ̆  ̕ʧʨʠ ὡ ‭ Ὢὡ  

ʜʝ ὃȟὄȟὅ ï ʯʠʥʥʠʢʠ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ, 

ʩʪʘʥʫ ʟʝʨʥʦʚʦʾ ʢʫʣʴʪʫʨʠ, ʱʦ ʫʙʠʨʘʻʪʴʩʷ, ʪʘ ʫʤʦʚ ʟʙʠʨʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ; Ὢὡ  ï ʦʙʤʝʞʝʥʥʷ 
ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ ὡ . 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʚʯʝʥʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʛʘʣʫʟʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʙʠʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʪʝʦʨʽʾ ʣʦʛʽʢʠ ʥʘʫʢʠ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʨʘʥʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʟʘ ʛʨʫʧʘʤʠ ʯʠʥʥʠʢʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ. 
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ʌʆʈʄʋɺɸʅʅʗ ɽʂʆʅʆʄɯʏʅʀʍ ʄʆɼɽʃɽʁ ʅɸɼɯʁʅʆʉʊɯ ʃɸʅʎʖɻɸ 

ʇʆʉʊɸʏɸʅʔ 

ɿʘʛʫʨʩʴʢʠʡ ʆ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ  

 

ʄʦʜʝʣʴ çʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾè. ʄʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʢʦʥʘʭ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʽ. ɺ ʥʽʡ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʩʫʤʠ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ z = x + y, 

ʫ ʨʘʟʽ ʢʦʣʠ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʻ ʥʝʟʘʣʝʞʥʠʤʠ, ʚʠʨʘʞʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʬʦʨʤʫʣ. 

Ú Ð īÐ f (z) = f (x) f (z ī x)dx      (1)  

ʘʙʦ                                      f (z) = Ú f (z ī y) f ( y)dy                                                   (2)  

ʜʝ: f(z) ï ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʩʢʣʘʜʦʚʠʭ f1(x) ʽ f2 (y).  

ʇʨʠ ʦʧʠʩʽ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʢʫʧʽʚʝʣʴ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʤʦʚʣʝʥʥʷʤʠ ʟʽ 

ʩʪʦʭʘʩʪʠʯʥʠʤ ʧʦʧʠʪʦʤ ʩʧʦʞʠʚʘʯʽʚ (y) ʪʘ ʧʨʦʧʦʟʠʮʽʻʶ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ (x), 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʮʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʦʙʪʦ z = x 

ï y = x + (ï y). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʘʟʠ (1) ʽ (2) ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʬʦʨʤʫʣʫ: 

f (z) = Úf (x) f (x ī z)dx = Úf ( y ī z) f ( y)dy    (3)  

ɺʽʜʧʦʚʽʜʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʩʧʦʞʠʚʘʯʘ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʽʮʠʪʫ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ:  

F(z)=Úf(z) dy      (4)  

ʏʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ f(z) ʽ F(z) ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ, ʘʣʝ ʜʣʷ ʜʝʷʢʠʭ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ (ʨʠʩ 1). 

 
ʈʠʩ.1 ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ (ʤʦʜʝʣʴ 

çʧʦʧʠʪʫ ʪʘ ʧʨʦʧʦʟʠʮʽʾè) 

 

ʄʦʜʝʣʴ çʚʠʟʥʘʯʝʥʥʷ ʽʜʝʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʥʷè. ʄʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʽʜʦʤʽʡ ʩʪʘʪʠʯʥʽʡ (ʘʙʦ ʦʜʥʦʧʝʨʽʦʜʠʯʥʽʡ) ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʡ ʚʘʨʽʘʥʪ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʫʣʦʶ: 

ὅ ὅί ᾀ Ὤ᷿ ί ᾀὪὼὨὼ ὴ᷿ ὼ ίὪὼὨὼȟ   (5) 

ʜʝ: ʩ ï ʮʽʥʘ ʟʘʢʫʧʽʚʣʽ (ʘʙʦ ʚʠʨʦʙʥʠʮʪʚʘ) ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ;  

ʧʦʧʠʪ

ʅʦʨʤʘʣʴʥʠʡ; 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ My; 

ώ‏

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ; ʧʘʨʘʤʝʪʨ ɚy

ɿʘʢʦʥ ʨʦʟʧʦʜʳʫ ʇʫʘʩʩʦʥʽʚʩʴʢʠʡ; 

b

ʧʨʦʧʦʟʠʮʽ̫

ʅʦʨʤʘʣʴʥʘ; 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ MX; ὼ‏

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʘ 

(ʟʽ ʟʩʫʚʦʤ  xc ); ʧʘʨʘʤʝʪʨ - ɚx

ɿʘʢʦʥ ʨʦʟʧʦʜʳʫ ʇʫʘʩʩʦʥʳʚʩʴʢʠʡ; 

a

ʌʦʨʤʫʣʘ 

ʨʦʟʨʘʭʫʥʢʫ

ὖ ρ Ὂ
ὓὼ ὓώ

ὼ‏
ς

ώ‏
ς

ʈ ρ ÅØÐʇὼὼὧ

Pᾀ Ὧ ὥ В
Ȧ

e -a+b
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      s ï ʨʦʟʤʽʨ ʟʘʤʦʚʣʝʥʥʷ;  

      z ï ʧʦʯʘʪʢʦʚʠʡ ʟʘʧʘʩ (ʜʦ ʟʘʤʦʚʣʝʥʥʷ);  

      h ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʙʝʨʽʛʘʥʥʷʤ ʥʘʜʣʠʰʢʽʚ;  

      x ï ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʧʦʧʠʪʫ ʥʘ ʪʦʚʘʨ ʽʟ ʱʽʣʴʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ;  

      p ï ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʚʽʜ ʥʝʟʘʜʦʚʦʣʝʥʦʛʦ ʧʦʧʠʪʫ. 

ɿʘ ʫʤʦʚʠ (dCz /ds) = 0 ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʟʥʘʭʦʜʠʤʦ ʪʘʢ ʟʚʘʥʝ çʢʨʠʪʠʯʥʝ ʚʽʜʥʦʰʝʥʥʷè  

Ὂί  ,       (6) 

ʜʝ: F(s) ï ʢʫʤʫʣʷʪʠʚʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʦʧʠʪʫ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ ʮʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʨʝʘʣʽʟʦʚʘʥʦʾ ʧʘʨʪʽʾ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʜʝʬʽʮʠʪʫ P(s) = 1 ï F(s).  

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ çʢʨʠʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷè ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʚʘʨʪʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨ ʧʦʨʷʜʢʫ S ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ F(s), ʦʙʨʘʥʦʶ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʧʠʪʫ.  

ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ S ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʨʽʚʥʷʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʜʝʷʢʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ.  

ʊʘʙʣʠʮʷ 2 ï  ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʦʜʥʦʨʘʟʦʚʦʾ ʧʦʢʫʧʢʠ  ʧʨʠ 

ʨʽʟʥʠʭ ʟʘʢʦʥʘʭ ʨʦʟʧʦʜʽʣʫ 

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʇʘʨʘʤʝʪʨʠ ʟʘʢʦʥʫ ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʟʘʤʦʚʣʝʥʥʷ S 

Normal ʭ; ůʭ 
Ὂ
ί ὼ֞

„

ὴ ὧ

ὴ Ὤ
 

Exponential ‗
ρ

ὼ
 Ὓ

ρ

‗
ὰὲ
ὴ Ὤ

ὧ Ὤ
 

Weibull ά ὪόȠ ὼ
֞
; 

Ὓ ὼ ὰὲ
ὴ Ὤ

ὧ Ὤ
 

Rayleigh 
ὓ

ὼ֞

ЍπȢυ“
 Ὓ ὓЍς ὰὲ

ὴ Ὤ

ὧ Ὤ
 

Uniform ὥ ὼ Ƞὦ „Ѝσ Ὓ
ὴ ὧ

ὴ Ὤ
ὦ ὥ ὥ 

ʄʦʜʝʣʴ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ. ʂʣʘʩʠʯʥʘ ʧʨʦʮʝʩʥʘ ʤʦʜʝʣʴ 

ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʧʨʠ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʤʘʻ ʚʠʛʣʷʜ  

 Ὓ В В Ὓ ὢ ᴼάὭὲ
В

,  (7) 

ʟʘ ʦʙʤʝʞʝʥʴ: 
В ὢ ρȟᶅὭ ρȟὲ

 
ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʮʝʩʽʚ ʫ ʣʘʥʮʶʟʽ ʧʦʩʪʘʯʘʥʴ 

Б В ὖ ὢ ‍ ʥʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ 

ʜʝ: n ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʮʝʩʽʚ ʫ ʣʘʥʮʶʛʫ ʧʦʩʪʘʯʘʥʴ; 

     m = max {ki} n, ki ï ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ (ʩʪʨʘʪʝʛʽʡ) ʨʝʘʣʽʟʘʮʽʾ i ʛʦ ʧʨʦʮʝʩʫ;  

     Si,j ï ʚʠʪʨʘʪʠ ʥʘ i-ʠʡ ʧʨʦʮʝʩ ʚ ʣʘʥʮʶʟʽ ʧʦʩʪʘʯʘʥʴ ʟʘ ʨʝʘʣʽʟʘʮʽʾ j-ʦʾ ʩʪʨʘʪʝʛʽʾ;  

     {Sij}n
m ï ʤʘʪʨʠʮʷ ʚʠʪʨʘʪ ʥʘ ʧʨʦʮʝʩʠ;  
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ɓ ï ʥʝʦʙʭʽʜʥʘ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ (ʽʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ);  

Pi,j ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ j-ʦʾ ʩʪʨʘʪʝʛʽʾ ʚ i-ʤʫ ʧʨʦʮʝʩʽ;  

{ʈij}n
m ï ʤʘʪʨʠʮʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ;  

Xi,j ï ʙʽʥʘʨʥʘ ʟʤʽʥʥʘ (ʟʤʽʥʥʘ ʚʠʙʦʨʫ), ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 0 ʘʙʦ 1 

ʉʢʣʘʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ (7) ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʤʘʪʨʠʮʽ {ʈij}nm. ɺʦʜʥʦʯʘʩ, ʟʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ (ʧʨʦʮʝʩʫ ʧʦʩʪʘʯʘʥʥʷ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ 

ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʧʦʩʪʘʯʘʥʴ ɓ. ʊʦʙʪʦ, ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʥʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ 

ʧʨʦʮʝʩʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ. ɺʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʣʠʚʦ ʟʘ ʧʨʠʧʫʱʝʥʥ,̫ 

ʱʦ ʧʨʦʮʝʩʠ ʥʝʟʘʣʝʞʥʽ, ʘ ʧʦʪʦʢʠ ʚʽʜʤʦʚ ï ʥʘʡʧʨʦʩʪʽʰʽ. ʊʦʜʽ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʠʨʘʟ (8). 

ὖὸ Ὡὼὴ‗ὸ ‍     (8) 

ʟʚʽʜʢʠ 

‗       (9) 

ʜʝ: ɚ0 ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ;  

      tɓ ï ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ ʨʠʟʠʢʫ (ʯʘʩ, ʦʙʩʷʛ ʪʦʱʦ) ʟʘ ɓ-ʨʽʚʥʷ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ.  

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʣʘʥʮʶʟʽ ʧʦʩʪʘʯʘʥʴ ʧʨʦʮʝʩʽʚ ʟ ʜʦʤʽʥʫʶʯʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʚʽʜʤʦʚ ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ 

 ‗ ‗‫  (10) 

ʜʝ: ɚi,j ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ i-ʛʦ ʧʨʦʮʝʩʫ ʧʨʠ j-ʦʾ ʩʪʨʘʪʝʛʽʾ ʨʝʘʣʽʟʘʮʽʾ,  

     ɤi,j ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʢʣʘʜʫ j-ʦʾ ʩʪʨʘʪʝʛʽʾ i-ʛʦ ʧʨʦʮʝʩʫ ʫ ʟʘʛʘʣʴʥʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ j-ʦʾ ʩʪʨʘʪʝʛʽʾ ʚ i-ʤʫ ʧʨʦʮʝʩʽ 

ʜʦʨʽʚʥʶʻ: 

 ὖȟ Ὡὼὴ‗‫ȟὸ Ὡὼὴ‫ȟὰὲ‍   (11)  

ɿʘʣʠʰʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʤʘʪʨʠʮʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ‫ȟ . ɿʨʦʟʫʤʽʣʦ, 

ʚʠʤʦʛʘ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʮʝʩʫ ʤʘʻ ʙʫʪʠ ʪʠʤ ʚʠʱʦʶ, ʯʠʤ ʙʽʣʴʰʦʾ ʰʢʦʜʠ ʟʘʚʜʘʻ 

ʚʽʜʤʦʚʘ ʟʘ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. ɿʙʠʪʢʠ ʪʫʪ ʤʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠʩʷ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʮʝʩʫ, ʚʪʨʘʪʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʦʚʘʨʫ ʘʙʦ ʽʤʽʜʞʝʚʠʤʠ ʚʪʨʘʪʘʤʠ. ɰʭ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʯʝʨʝʟ ʚʪʨʘʪʠ ʥʘ ʦʙʦʨʦʪʽ ʪʘ ʪʘʨʠʬʘʭ ʟʘ ʬʦʨʤʫʣʦʶ:  

 Ὑ ὗẗὨρ ρ ρ ȟ  (12) 

ʜʝ: Q ï ʦʙʦʨʦʪ ʪʦʚʘʨʫ;  

      d ï ʮʽʥʘ ʨʝʘʣʽʟʘʮʽʾ ʪʦʚʘʨʫ;  

         ŭ, Ů ï ʚʪʨʘʪʠ ʥʘ ʦʙʦʨʦʪʽ ʪʘ ʮʽʥʽ ʫ % ʚʽʜʧʦʚʽʜʥʦ.  

ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʪʨʘʪʘʤʠ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ‫ȟ
ȟВ

ȟ

ȟ  (13)  

ʜʝ: Ὑȟ ï ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʽʜʤʦʚʦʶ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ j-ʦʾ ʩʪʨʘʪʝʛʽʾ i-ʛʦ ʧʨʦʮʝʩʫ. 
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ʅʆɺɯʊʅɯ ʄɸʊɽʈɯɸʃʀ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɿɸʉʆɹɯɺ 

ɯʅɼʀɺɯɼʋɸʃʔʅʆɻʆ ɿɸʍʀʉʊʋ ʇʈɸʎɯɺʅʀʂɯɺ ʇʈʆʊʀ ɺɯɹʈɸʎɯɰ 

ʄʘʨʯʠʰʠʥʘ ɭ.ɯ., ʊʘʽʨʦʚʘ ʊ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʨʦʙʣʝʤʘ ʚʠʨʦʙʥʠʯʦʾ ʚʽʙʨʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʬʽʟʠʯʥʠʭ ʥʝʙʝʟʧʝʢ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʽ, 

ʧʦʥʘʜ 25-30 % ʧʨʘʮʽʚʥʠʢʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʛʽʨʥʠʯʦʾ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʝʡ 

ʨʝʛʫʣʷʨʥʦ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʣʦʢʘʣʴʥʦʾ ʘʙʦ ʟʘʛʘʣʴʥʦʾ ʚʽʙʨʘʮʽʾ. ɼʦʚʛʦʪʨʠʚʘʣʘ ʜʽʷ 

ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 5ï1250 ɻʮ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʦʟʚʠʪʢʫ 

ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ ʚʽʙʨʘʮʽʡʥʦʾ ʭʚʦʨʦʙʠ, ʩʠʥʜʨʦʤʽʚ ʧʦʨʫʰʝʥʥʷ 

ʧʝʨʠʬʝʨʠʯʥʦʛʦ ʢʨʦʚʦʦʙʽʛʫ, ʫʨʘʞʝʥʥʷ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ 

ʘʧʘʨʘʪʫ. ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ ʧʨʦʬʝʩʽʡʥʦʾ ʧʘʪʦʣʦʛʽʾ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ʜʦ 12-15 % ʫʩʽʭ 

ʚʠʧʘʜʢʽʚ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʦʚôʷʟʘʥʽ ʩʘʤʝ ʟ ʚʧʣʠʚʦʤ ʚʽʙʨʘʮʽʾ. ʋ ʟʚôʷʟʢʫ 

ʟ ʮʠʤ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ (ɿɯɿ), ʫ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʘʥʪʠʚʽʙʨʘʮʽʡʥʽ 

ʤʘʪʝʨʽʘʣʠ. 
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ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʟʘʭʠʩʪʫ ʚʽʜ ʚʽʙʨʘʮʽʾ ʻ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʜʞʝʨʝʣʘ ʢʦʣʠʚʘʥʴ ʜʦ ʪʽʣʘ ʣʶʜʠʥʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʟʜʘʪʥʠʭ ʧʦʛʣʠʥʘʪʠ ʪʘ ʨʦʟʩʽʶʚʘʪʠ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ. ʂʣʘʩʠʯʥʠʤʠ 

ʘʥʪʠʚʽʙʨʘʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʻ ʛʫʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʪʫʨʘʣʴʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʢʘʫʯʫʢʫ, ʢʦʝʬʽʮʽʻʥʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 0,05ï0,15. 

ʆʜʥʘʢ ʩʫʯʘʩʥʽ ʚʠʨʦʙʥʠʯʽ ʫʤʦʚʠ, ʜʝ ʘʤʧʣʽʪʫʜʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʙʨʘʮʽʾ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 10-15 ʤ/ʩĮ, ʧʦʪʨʝʙʫʶʪʴ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦʣʽʤʝʨʥʽ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʽʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʝʣʘʩʪʦʤʝʨʽʚ. 

ʇʦʣʽʫʨʝʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 5ï50 ʄʇʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʜʦ 0,25, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʥʘ 40-60 % 

ʫ ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʩʪʨʫʢʪʫʨ ʫ ʨʫʢʘʚʠʮʷʭ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʽʜʙʽʡʥʠʤʠ 

ʤʦʣʦʪʢʘʤʠ ʤʦʞʝ ʟʥʠʟʠʪʠ ʚʽʙʨʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʫʢʠ ʧʨʘʮʽʚʥʠʢʘ ʥʘ 35-45 

%. 

ɯʥʰʠʤ ʥʘʧʨʷʤʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʽʢʦʥʦʚʠʭ ʝʣʘʩʪʦʤʝʨʽʚ. ʉʠʣʽʢʦʥ 

ʟʙʝʨʽʛʘʻ ʩʪʘʙʽʣʴʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ ī50 ʜʦ +200 ÁC, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ ʙʫʜʽʚʝʣʴʥʦʾ ʪʘ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʛʘʣʫʟʝʡ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ 

ʩʠʣʽʢʦʥʦʚʽ ʛʝʣʽ ʟ ʛʫʩʪʠʥʦʶ 1,05ï1,20 ʛ/ʩʤį ʟʜʘʪʥʽ ʟʤʝʥʰʫʚʘʪʠ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʙʨʘʮʽʾ ʥʘ 30-50 %. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ: ʾʭʥʽ ʜʝʤʧʬʽʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʥʠʞʫʶʪʴʩʷ ʤʝʥʰ ʥʽʞ ʥʘ 10 % 

ʧʽʩʣʷ 500 ʪʠʩʷʯ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʚʦʩʢʦʝʣʘʩʪʠʯʥʽ ʧʦʣʽʤʝʨʠ, ʟʦʢʨʝʤʘ 

ʤʘʪʝʨʽʘʣʠ ʪʠʧʫ Sorbothane ʪʘ ʽʥʰʽ ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʩʠʩʪʝʤʠ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʪʨʘʪ. ɼʣʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 0,4ï0,6, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ ʪʨʘʜʠʮʽʡʥʠʭ ʛʫʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʩʢʦʝʣʘʩʪʠʯʥʠʭ ʚʩʪʘʚʦʢ ʪʦʚʱʠʥʦʶ 6ï10 ʤʤ ʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʥʪʠʚʽʙʨʘʮʽʡʥʠʭ ʨʫʢʘʚʠʮʴ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʫ 

ʜʽʘʧʘʟʦʥʽ 50-300 ɻʮ ʥʘ 60-70 %. ʉʘʤʝ ʮʝʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʻ ʥʘʡʥʝʙʝʟʧʽʰʠʤ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʩʠʥʜʨʦʤʫ çʙʽʣʠʭ ʧʘʣʴʮʽʚè. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦʜʘʚʘʥʥʷ ʜʦ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʫʛʣʝʮʶ, ʛʨʘʬʝʥʫ ʘʙʦ 

ʢʨʝʤʥʝʟʝʤʫ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 1-5 % ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʽ 

ʜʝʤʧʬʽʨʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ 3 % 

ʛʨʘʬʝʥʦʚʠʭ ʥʘʥʦʧʣʘʩʪʠʥ ʟʙʽʣʴʰʫʻ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʦʣʽʫʨʝʪʘʥʫ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 20ï25 %. ʇʨʠ ʮʴʦʤʫ ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʟʨʦʩʪʘʻ ʥʝʟʥʘʯʥʦ, ʱʦ ʚʘʞʣʠʚʦ 

ʜʣʷ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. 

ʆʢʨʝʤʫ ʛʨʫʧʫ ʩʪʘʥʦʚʣʷʪʴ ʪʘʢ ʟʚʘʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʟ ʢʝʨʦʚʘʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɰʭ ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʽʦʜʠʯʥʠʭ ʦʩʝʨʝʜʢʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʛʘʩʠʪʠ ʭʚʠʣʽ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ʃʘʙʦʨʘʪʦʨʥʽ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʣʽʤʝʨʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʟ ʢʦʤʽʨʯʘʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʟʜʘʪʥʽ ʟʤʝʥʰʫʚʘʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʥʘ 70ï80 % ʫ ʚʫʟʴʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ʍʦʯʘ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʧʦʢʠ ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʪʘʜʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʨʦʙʦʢ, ʚʦʥʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʥʷʭ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʚʽʙʨʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʝ ʫ 

ʨʫʢʘʚʠʮʷʭ, ʫʩʪʽʣʢʘʭ, ʘʤʦʨʪʠʟʫʶʯʠʭ ʧʨʦʢʣʘʜʢʘʭ ʪʘ ʩʠʜʽʥʥʷʭ ʦʧʝʨʘʪʦʨʽʚ ʪʝʭʥʽʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʩʫʯʘʩʥʽ ʘʥʪʠʚʽʙʨʘʮʽʡʥʽ ʨʫʢʘʚʠʮʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʥʝ ʙʽʣʴʰʝ 0,9 ʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʤʫ ʪʘ 0,6 ʫ 

ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ EN ISO 10819. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʪʘ ʚʽʩʢʦʝʣʘʩʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʠʭ ʨʽʚʥʷʭ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʥʪʠʚʽʙʨʘʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʻ ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʝʣʘʩʪʦʤʝʨʠ, ʩʠʣʽʢʦʥʦʚʽ ʛʝʣʽ, 

ʚʽʩʢʦʝʣʘʩʪʠʯʥʽ ʧʦʣʽʤʝʨʠ ʪʘ ʧʦʣʽʤʝʨʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʥʘ 40ï70 %, ʱʦ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻ ʨʠʟʠʢ 

ʨʦʟʚʠʪʢʫ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʧʨʘʮʽʚʥʠʢʽʚ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʽʻʾ 

ʛʘʣʫʟʽ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʣʝʛʢʠʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʪʘ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʟ ʢʝʨʦʚʘʥʠʤʠ ʜʝʤʧʬʫʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʜʘʪʥʠʭ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 
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ʈʀɿʀʂʀ ɺʆɭʅʅʆɻʆ ʉʊɸʅʋ ʇʈʀ ʇɽʈɽɺɽɿɽʅʅɯ ʊɸʈʅʆ-ʐʊʋʏʅʀʍ 

ɺɸʅʊɸɾɯɺ ʋ ʇʈʀʄɯʉʔʂʆʄʋ ʉʇʆʃʋʏɽʅʅɯ ʅɸ ʊɽʈʀʊʆʈɯɰ 

ʋʂʈɸɰʅʀ 

ɼʴʦʤʽʥ ʆ.ɸ., ʆʩʘʜʯʘ ʆ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʝʨʝʚʝʟʝʥʥʷ ʪʘʨʥʦ-ʰʪʫʯʥʠʭ ʚʘʥʪʘʞʽʚ (ʧʨʦʜʫʢʪʦʚʠʭ ʧʘʣʝʪ, ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʽʰʢʘʭ, ʦʙʣʘʜʥʘʥʥʷ ʚ ʷʱʠʢʘʭ) ʫ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥʘʭ ʋʢʨʘʾʥʠ ʫ 2026 

ʨʦʮʽ ʩʪʠʢʘʻʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʦʤ ʨʠʟʠʢʽʚ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʙʝʟʧʝʢʦʚʽ, 

ʣʦʛʽʩʪʠʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ. ʇʨʠʤʽʩʴʢʽ ʟʦʥʠ ʻ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʯʘʩʪʦ ʩʪʘʶʪʴ ʪʨʘʥʟʠʪʥʠʤʠ ʚʫʟʣʘʤʠ ʤʽʞ ʪʠʣʦʚʠʤʠ ʤʽʩʪʘʤʠ ʪʘ ʧʨʠʬʨʦʥʪʦʚʠʤʠ ʘʙʦ 

ʜʝʦʢʫʧʦʚʘʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ. ʎʝ ʢʦʤʧʣʝʢʩ ʨʠʟʠʢʽʚ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ 

ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʟʘʛʨʦʟʠ: ʙʝʟʧʝʢʦʚʽ ʨʠʟʠʢʠ, ʣʦʛʽʩʪʠʯʥʽ 

ʨʠʟʠʢʠ, ʨʠʟʠʢʠ ʜʣʷ ʚʘʥʪʘʞʫ ʪʘ ʡʦʛʦ ʫʧʘʢʦʚʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʥʫ ʛʨʫʧʫ ʨʠʟʠʢʽʚ ʜʝʪʘʣʴʥʽʰʝ.  

1. ɹʝʟʧʝʢʦʚʽ ʨʠʟʠʢʠ - ʮʝ ʨʠʟʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʥʘʷʚʥʽʩʪʶ ʧʨʷʤʦʾʟʘʛʨʦʟʠ. ʎʝ 

ʛʦʣʦʚʥʘ ʢʘʪʝʛʦʨʽʷ ʨʠʟʠʢʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʛʨʦʞʫʻ ʞʠʪʪʶ ʧʝʨʩʦʥʘʣʫ ʪʘ 

ʮʽʣʽʩʥʦʩʪʽ ʚʘʥʪʘʞʫ. ʉʶʜʠ ʚʽʜʥʦʩʷʪʴʩʷ:  

- ɿʘʛʨʦʟʘ ɹʇʃɸ ʪʘ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ. ʇʨʠʤʽʩʴʢʽ ʣʦʛʽʩʪʠʯʥʽ ʮʝʥʪʨʠ ʪʘ ʜʨʽʙʥʽ 

ʩʢʣʘʜʠ ʯʘʩʪʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʦʟʚ'ʷʟʦʢ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʮʽʣʷʤʠ ʜʣʷ ʚʦʨʦʞʠʭ ʜʨʦʥʽʚ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɺʨʘʞʝʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

 

- ʄʽʥʥʘ ʥʝʙʝʟʧʝʢʘ ʥʘ ʫʟʙʽʯʯʷʭ. ʅʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʙʫʣʠ ʧʽʜ ʦʢʫʧʘʮʽʻʶ ʘʙʦ ʚ 

ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ, ʟôʾʟʜ ʚʘʥʪʘʞʽʚʢʠ ʥʘ ʫʟʙʽʯʯʷ ʚ ʧʝʨʝʜʤʽʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʢʨʠʪʠʯʥʠʤ ʨʠʟʠʢʦʤ (ʨʠʩ. 2). 

- ɹʣʦʢʧʦʩʪʠ ʪʘ ʧʝʨʝʚʽʨʢʠ. ʇʦʩʠʣʝʥʠʡ ʨʝʞʠʤ ʢʦʥʪʨʦʣʶ ʚ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥʘʭ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʟʘʪʨʠʤʦʢ, ʱʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʪʘʨʥʦ-

ʰʪʫʯʥʠʭ ʚʘʥʪʘʞʽʚ ʟ ʦʙʤʝʞʝʥʠʤ ʪʝʨʤʽʥʦʤ ʧʨʠʜʘʪʥʦʩʪʽ. 
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ʈʠʩ. 2. ʄʽʥʘ-ʧʝʣʶʩʪʢʘ (ʜʠʩʪʘʥʮʽʡʥʝ ʤʽʥʫʚʘʥʥʷ ʫʟʙʽʯʯʷ) 

 

2. ʃʦʛʽʩʪʠʯʥʽ ʨʠʟʠʢʠ  - ʧʨʦʚʦʢʫʶʪʴ ʦʧʝʨʘʮʽʡʥʽ ʟʙʦʾ. ʊʘʨʥʦ-ʰʪʫʯʥʽ ʚʘʥʪʘʞʽ 

ʚʠʤʘʛʘʶʪʴ ʯʽʪʢʦʛʦ ʛʨʘʬʽʢʫ, ʷʢʠʡ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʧʦʩʪʽʡʥʦ ʧʦʨʫʰʫʻʪʴʩʷ. ɼʦ ʪʘʢʠʭ 

ʨʠʟʠʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʈʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʄʦʩʪʠ ʪʘ ʧʝʨʝʧʨʘʚʠ): ʇʨʠʤʽʩʴʢʽ ʤʘʨʰʨʫʪʠ 

ʯʘʩʪʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʜʥʦʛʦ-ʜʚʦʭ ʤʦʩʪʽʚ. ʋ ʨʘʟʽ ʾʭ ʧʦʰʢʦʜʞʝʥʥʷ ʣʦʛʽʩʪʠʯʥʝ 

"ʧʣʝʯʝ" ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩʷ ʚ 3-4 ʨʘʟʠ. 

- ʆʙʤʝʞʝʥʥʷ ʢʦʤʝʥʜʘʥʪʩʴʢʦʾ ʛʦʜʠʥʠ: ʅʝʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʥʽʯʥʽ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʜʦʾʟʜʠ ʜʦ ʩʢʣʘʜʽʚ ʫ ʧʝʨʝʜʤʽʩʪʽ ʩʢʦʨʦʯʫʻ "ʨʦʙʦʯʝ ʚʽʢʥʦ" 

ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

- ɼʝʬʽʮʠʪ ʤʘʣʦʪʦʥʥʘʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʫʩʽʚ ʪʘ ʣʝʛʢʠʭ 

ʚʘʥʪʘʞʽʚʦʢ ʤʦʙʽʣʽʟʦʚʘʥʘ ʜʣʷ ʧʦʪʨʝʙ ʦʙʦʨʦʥʠ, ʱʦ ʩʪʚʦʨʶʻ ʜʝʬʽʮʠʪ ʤʘʰʠʥ 

ʜʣʷ ʨʦʟʚʝʟʝʥʥʷ ʰʪʫʯʥʠʭ ʪʦʚʘʨʽʚ ʧʦ ʜʨʽʙʥʠʭ ʪʦʯʢʘʭ. 

3. ʈʠʟʠʢʠ ʜʣʷ ʚʘʥʪʘʞʫ ʪʘ ʫʧʘʢʦʚʢʠ. ʉʧʝʮʠʬʽʢʘ ʪʘʨʥʦ-ʰʪʫʯʥʠʭ ʚʘʥʪʘʞʽʚ 

ʧʦʣʷʛʘʻ ʚ ʾʭʥʽʡ ʢʨʠʭʢʦʩʪʽ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ. ɼʦ ʪʘʢʠ ʨʠʟʠʢʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʇʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʫʧʘʢʦʚʢʠ ʯʝʨʝʟ ʧʦʛʘʥʠʡ ʩʪʘʥ ʜʦʨʽʛ (ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʾʟʜʫ ʚʘʞʢʦʾ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ) ʚʽʙʨʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʘʣʝʪʠ 

ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʪʦʚʘʨʫ ʚʩʝʨʝʜʠʥʽ ʪʘʨʠ. 

- ʇʨʦʩʪʦʾ ʙʝʟ ʪʝʨʤʦʨʝʛʫʣʷʮʽʾ: ʗʢʱʦ ʚʘʥʪʘʞ ʜʦʚʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʘʪʦʨʽ ʧʝʨʝʜ 

ʙʣʦʢʧʦʩʪʦʤ ʘʙʦ ʯʝʨʝʟ ʪʨʠʚʦʛʫ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʙʽʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ 

ʜʣʷ ʨʝʬʨʠʞʝʨʘʪʦʨʽʚ ʤʦʞʝ ʟʽʧʩʫʚʘʪʠ ʧʘʨʪʽʶ ʪʦʚʘʨʫ. 

ɼʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʮʠʭ ʨʠʟʠʢʽʚ ʢʦʤʧʘʥʽʷʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʩʢʣʘʜʽʚ. ʊʦʙʪʦ ʥʘ ʟʤʽʥʫ ʚʝʣʠʢʠʭ ʤʘʛʘʩʪʨʘʣʴʥʠʭ ʩʢʣʘʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʤʘʣʠʭ ʩʢʣʘʜʽʚ ʫ ʨʽʟʥʠʭ ʧʝʨʝʜʤʽʩʪʷʭ. ʇʨʦʚʦʜʠʪʠ ʛʥʫʯʢʝ 

ʧʣʘʥʫʚʘʥʥʷ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʟʘʢʨʠʪʪʷ ʜʦʨʽʛ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʦʩʠʣʶʚʘʪʠ ʢʨʽʧʣʝʥʥʷ ʚʘʥʪʘʞʫ - ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʦʙʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʘʥʪʘʞʫ ʥʘ ʧʘʣʝʪʘʭ (ʩʪʨʽʯʪʫʚʘʥʥʷ, ʢʫʪʥʠʢʠ) ʯʝʨʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. 
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ʋɼʂ: 626.025.4:338.47](477) 

 

ʇɽʈʉʇɽʂʊʀɺʀ ʇɽʈɽɺɽɿɽʅʅʗ ʅɽɻɸɹɸʈʀʊʅʀʍ ɺɸʅʊɸɾɯɺ ɺ 

ʋʂʈɸɰʅɯ 

ɼʴʦʤʽʥ ʆ.ɸ., ʆʣʽʡʥʠʢ ʗ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʈʠʥʦʢ ʧʝʨʝʚʝʟʝʥʥʷ ʥʝʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʚ ʋʢʨʘʾʥʽ ʫ 2026 ʨʦʮʽ ʧʝʨʝʞʠʚʘʻ 

ʝʪʘʧ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʭʦʜʽ ʚʽʜ ʝʢʩʪʨʝʥʦʾ ʘʜʘʧʪʘʮʽʾ ʧʝʨʰʠʭ ʨʦʢʽʚ 

ʚʽʡʥʠ ʜʦ ʩʠʩʪʝʤʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ ʻʚʨʦʧʝʡʩʴʢʫ ʣʦʛʽʩʪʠʯʥʫ ʤʝʨʝʞʫ. 

ʂʣʶʯʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʪʘ ʪʝʥʜʝʥʮʽʾ ʮʴʦʛʦ ʩʝʢʪʦʨʘ ʧʨʦʜʠʢʪʦʚʘʥʽ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʝʥʝʨʛʝʪʠʯʥʦʶ ʛʘʣʫʟʟʶ ʪʘ ʚʽʜʙʫʜʦʚʦʶ ʷʢ ʦʩʥʦʚʥʠʤʠ ʜʨʘʡʚʝʨʘʤʠ ʟʨʦʩʪʘʥʥʷ 

ʦʙʩʷʛʽʚ ʥʝʛʘʙʘʨʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʆʩʥʦʚʥʠʤ ʟʘʤʦʚʥʠʢʦʤ ʥʝʛʘʙʘʨʠʪʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʜʝʨʞʘʚʘ ʪʘ ʚʝʣʠʢʠʡ ʙʽʟʥʝʩ, ʟʘʣʫʯʝʥʠʡ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʦʢʨʝʤʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʝʨʝʚʦʟʷʪʴʩʷ: 

- ʝʥʝʨʛʝʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʇʦʩʪʽʡʥʘ ʧʦʪʨʝʙʘ ʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʧʦʪʫʞʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

(ʨʠʩ. 1); 

 

 
ʈʠʩ. 1. ɸʚʪʦʧʝʨʝʚʝʟʝʥʥʷ ʥʝʛʘʙʘʨʠʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

- ʩʧʝʮʪʝʭʥʽʢʘ - ʤʘʩʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʪʝʭʥʽʢʠ 

(ʝʢʩʢʘʚʘʪʦʨʠ, ʢʨʘʥʠ, ʙʘʣʢʠ) ʜʣʷ ʨʝʤʦʥʪʫ ʤʦʩʪʽʚ ʪʘ ʘʚʪʦʰʣʷʭʽʚ; 

- ʦʙ'ʻʢʪʠ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ɿʨʦʩʪʘʻ ʧʦʧʠʪ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʛʦʪʦʚʠʭ 

ʞʠʪʣʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʦʜʫʣʽʚ. 

ʅʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ʟʘ ʨʦʟʚʠʪʢʦʤ ʥʝʛʘʙʘʨʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʧʨʦʮʝʩʠ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʙʝʟʚʽʟʫ. ʉʪʘʥʦʤ ʥʘ 2026 ʨʽʢ ʋʢʨʘʾʥʘ ʟʥʘʯʥʦ 

ʩʧʨʦʩʪʠʣʘ ʚʠʭʽʜ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʨʠʥʦʢ. ʊʫʪ ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʠ 

ʜʽʷʣʴʥʦʩʪʽ. 
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- ɼʦʩʪʫʧ ʜʦ 35+ ʢʨʘʾʥ: ʟʘʚʜʷʢʠ ʣʽʙʝʨʘʣʽʟʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, 

ʫʢʨʘʾʥʩʴʢʽ ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ɭʉ, ʅʦʨʚʝʛʽʾ, ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʪʘ 

ʊʫʨʝʯʯʠʥʽ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ ʥʘ ʪʨʘʥʟʠʪ (ʫ ʤʝʞʘʭ ʩʪʘʥʜʘʨʪʥʠʭ 

ʣʽʙʝʨʘʣʽʟʦʚʘʥʠʭ ʧʨʘʚʠʣ). 

- ɻʘʨʤʦʥʽʟʘʮʽʷ ʥʦʨʤ: ʋʢʨʘʾʥʘ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻ ʻʚʨʦʧʝʡʩʴʢʽ ʩʪʘʥʜʘʨʪʠ 

ʛʘʙʘʨʠʪʥʦ-ʚʘʛʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʎʝ ʧʦʣʝʛʰʫʻ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴ ʢʦʨʜʦʥ. 

ʊʨʝʪʽʤ ʜʨʘʡʚʝʨʦʤ ʨʦʟʚʠʪʢʫ ʥʝʛʘʙʘʨʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʪʝʭʥʽʯʥʘ 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʷ, ʢʫʜʠ ʤʦʞʥʘ ʚʢʣʶʯʠʪʠ ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ. 

- ʆʥʦʚʣʝʥʥʷ ʧʘʨʢʫ: ʧʦʥʘʜ 70% ʣʦʛʽʩʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ ʧʣʘʥʫʶʪʴ ʽʥʚʝʩʪʠʮʽʾ ʚ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʪʝʭʥʽʢʠ ʫ 2026 ʨʦʮʽ. ʇʨʽʦʨʠʪʝʪ ð ʥʠʟʴʢʦʨʘʤʥʽ ʪʨʘʣʠ 

(lowboys) ʟ ʨʦʟʩʫʚʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʪʘ ʧʦʚʦʨʦʪʥʦʶ ʚʽʩʩʶ ʜʣʷ ʢʨʘʱʦʛʦ 

ʤʘʥʝʚʨʫʚʘʥʥʷ. 

- eQueue ʪʘ WIM - ʩʠʩʪʝʤʘ ʻʏʝʨʛʘ (eQueue) ʜʣʷ ʚʘʥʪʘʞʽʚʦʢ ʪʘ ʤʘʡʜʘʥʯʠʢʠ 

ʟʚʘʞʫʚʘʥʥʷ ʚ ʨʫʩʽ (WIM) ʩʪʘʶʪʴ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʩʪʘʥʜʘʨʪʦʤ. ʎʝ ʟʤʝʥʰʫʻ 

ʢʦʨʫʧʮʽʡʥʽ ʨʠʟʠʢʠ ʪʘ ʟʘʪʨʠʤʢʠ ʥʘ ʢʦʨʜʦʥʽ. 

- ʎʠʬʨʦʚʽ ʜʦʟʚʦʣʠ: ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʽʚ ʥʘ ʥʝʛʘʙʘʨʠʪ (ʷʢʱʦ ʚʘʥʪʘʞ 

ʧʝʨʝʚʠʱʫʻ ʰʠʨʠʥʫ 2,6 ʤ ʘʙʦ ʚʠʩʦʪʫ 4 ʤ) ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʦʚʥʽʩʪʶ 

ʝʣʝʢʪʨʦʥʥʠʡ ʬʦʨʤʘʪ ʯʝʨʝʟ ʩʝʨʚʽʩʠ ʄʽʥʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʥʝʛʘʙʘʨʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʶ ʨʦʩʽʡʩʴʢʦʶ ʘʛʨʝʩʽʻʶ ʩʣʽʜ ʪʘʢʦʞ 

ʚʽʜʤʽʪʠʪʠ ʜʦʩʠʪʴ ʩʫʪʪʻʚʽ ʚʠʢʣʠʢʠ ʪʘ ʨʠʟʠʢʠ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʩʫʯʘʩʥʠʤ ʚʦʻʥʥʠʤ 

ʩʪʘʥʦʤ ʚ ʢʨʘʾʥʽ. ɿʦʢʨʝʤʘ, ʜʝʬʽʮʠʪ ʢʘʜʨʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʯʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʚʦʜʽʾʚ ʪʘ ʽʥʞʝʥʝʨʽʚ-ʣʦʛʽʩʪʽʚ, ʱʦ ʟʜʘʪʥʽ ʬʘʭʦʚʦ ʛʨʘʤʦʪʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʤʘʨʰʨʫʪʠ ʜʣʷ ʥʝʛʘʙʘʨʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʤʦʩʪʘʤʠ ʪʘ ʣʽʥʽʷʤʠ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʎʝ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦʶ ʧʨʦʙʣʝʤʦʶ. ʅʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ 

ʩʝʨʝʜ ʚʠʢʣʠʢʽʚ ʪʘ ʨʠʟʠʢʽʚ ʻ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʫ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ 

ʋʢʨʘʾʥʠ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʽ ʤʘʛʽʩʪʨʘʣʽ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʝʢʪ GO Highway, 

ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚ ʥʘʣʝʞʥʦʣʤʫ ʩʪʘʥʽ, ʜʦʨʦʛʠ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʝʣʠʢʦʚʘʛʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʯʦʛʦ 

ʚʦʥʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʽ ʩʪʨʘʞʜʘʶʪʴ. ʪʘʢʦʞ ʩʣʽʜ ʜʦʜʘʪʠ ʟʙʠʪʢʦʚʽʩʪʴ ʟʘʣʽʟʥʠʮʽ, ʱʦ 

ʚʠʜʥʦ ʽʟ ʧʨʦʛʥʦʟʽʚ ʥʘ 2026 ʨʽʢ. ɿʘ ʦʟʥʘʯʝʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ 

ʟʘʣʽʟʥʠʮʝʶ ʤʦʞʫʪʴ ʩʪʘʪʠ ʦʧʝʨʘʮʽʡʥʦ ʟʙʠʪʢʦʚʠʤʠ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʟʘʣʽʟʥʠʮʽ, ʱʦ 

ʩʪʠʤʫʣʶʻ ʧʝʨʝʭʽʜ ʥʝʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʣʷʭʠ ʷʢʽ ʽ ʙʝʟ ʪʦʛʦ 

ʧʦʪʝʨʧʘʶʪʴ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ.   
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ʋɼʂ: 631.825-045.85:63 

 

ɺɸʅʊɸɾʅɯ ʇɽʈɽɺɽɿɽʅʅʗ ʄɯʅɽʈɸʃʔʅʀʍ ɼʆɹʈʀɺ ɼʃʗ ʇʆʊʈɽɹ 

ɸʇʂ ʋʂʈɸɰʅʀ ɺ ʇɽʈɯʆɼ ʈʀɿʀʂɯɺ ɺʆɭʅʅʆɻʆ ʉʊɸʅʋ 

ɼʴʦʤʽʥ ʆ.ɸ., ʊʦʥʢʦʥʦʛ ɯ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɼʦʩʪʘʚʢʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ð ʮʝ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʠʤʘʛʘʻ 

ʚʠʩʦʢʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʠʩʮʠʧʣʽʥʠ. ʉʧʝʮʠʬʽʢʘ ʧʦʣʷʛʘʻ ʥʝ ʣʠʰʝ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʘ ʡ ʫ ʞʦʨʩʪʢʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʽʟʦʣʷʮʽʾ 

ʨʝʘʛʝʥʪʽʚ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʘʭʠʩʪʫ ʝʢʦʩʠʩʪʝʤ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʘʟʦʪʥʠʭ ʪʘ ʬʦʩʬʦʨʥʠʭ ʩʧʦʣʫʢ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʥʝʙʝʟʧʝʯʥʽ ʚʘʥʪʘʞʽ (ADR), ʱʦ 

ʟʦʙʦʚôʷʟʫʻ ʧʝʨʩʦʥʘʣ ʧʨʦʭʦʜʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʩʝʨʪʠʬʽʢʘʮʽʶ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ 

ʤʦʞʣʠʚʠʭ ʚʠʪʦʢʽʚ ʯʠ ʭʽʤʽʯʥʠʭ ʽʥʮʠʜʝʥʪʽʚ ʧʽʜ ʯʘʩ ʪʨʘʥʟʠʪʫ. 

ʅʦʚʘ ʧʘʨʘʜʠʛʤʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʜʣʷ ɸʇʂ 

ʋʢʨʘʾʥʠ ʧʨʦʜʠʢʪʦʚʘʥʘ ʧʦʯʩʪʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʟʘʩʦʙʽʚ ʚʨʘʞʝʥʥʷ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ɹʦʤʙʘʨʜʫʚʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ 

 

ɺʦʻʥʥʠʡ ʩʪʘʥ ʚʥʽʩ ʢʦʨʝʢʪʠʚʠ ʫ ʩʪʨʘʪʝʛʽʶ ʥʘʢʦʧʠʯʝʥʥʷ ʨʝʩʫʨʩʽʚ. ɼʦʩʚʽʜ 

2022-2025 ʨʦʢʽʚ ʜʦʚʽʚ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʠʩʷʯ ʪʦʥʥ ʜʦʙʨʠʚ ʥʘ ʚʝʣʠʢʠʭ 

ʪʝʨʤʽʥʘʣʘʭ ʻ ʢʨʠʪʠʯʥʦ ʚʨʘʟʣʠʚʦ .ʁ ʉʫʯʘʩʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʜʠʬʫʟʥʝ 

ʟʙʝʨʽʛʘʥʥʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ ʤʘʣʠʭ ʩʢʣʘʜʩʴʢʠʭ ʧʫʥʢʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ 

ʨʠʟʠʢ ʚʪʨʘʪʠ ʚʩʴʦʛʦ ʦʙʩʷʛʫ ʘʢʪʠʚʽʚ ʚʽʜ ʪʦʯʢʦʚʠʭ ʫʜʘʨʽʚ ɹʇʃɸ ʪʘ ʨʘʢʝʪ. 
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ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʜʦʪʨʠʤʘʥʥʷ ʦʟʥʘʯʝʥʠʭ ʚʠʤʦʛ ʨʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ ʜʣʷ 

ʘʛʨʦʭʦʣʜʠʥʛʫ, ʱʦ ʦʧʝʨʫʻ ʚ ɿʘʭʽʜʥʦʤʫ ʨʝʛʽʦʥʽ. ʏʝʨʝʟ ʧʝʨʝʭʽʜ ʥʘ ʤʦʜʝʣʴ ʤʘʣʠʭ 

ʩʢʣʘʜʽʚ, ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʤʘʨʰʨʫʪʽʚ ʧʦʩʪʘʯʘʥʥʷ. 

ʈʝʩʫʨʩʥʘ ʙʘʟʘ (ʉʢʣʘʜʠ): 

1. ʉʢʣʘʜ ˉ1 (ʊʝʨʥʦʧʽʣʴ): 240 ʪ 

2. ʉʢʣʘʜ ˉ2 (ʏʦʨʪʢʽʚ): 110 ʪ 

3. ʉʢʣʘʜ ˉ3 (ɹʫʯʘʯ): 150 ʪ (ʉʫʤʘʨʥʠʡ ʨʝʩʫʨʩ: 500 ʪ) 

ɺʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ ʚʽʜʜʽʣʝʥʴ ʭʦʣʜʠʥʛʫ: 

- ʌʽʣʽʷ çʉʭʽʜè: 180 ʪ 

- ʌʽʣʽʷ çʎʝʥʪʨè: 100 ʪ 

- ʌʽʣʽʷ çɿʘʭʽʜè: 120 ʪ 

- ʌʽʣʽʷ çʇʽʚʜʝʥʴè: 90 ʪ (ɿʘʛʘʣʴʥʠʡ ʟʘʧʠʪ: 490 ʪ; ʨʝʟʝʨʚʥʠʡ ʟʘʣʠʰʦʢ: 10 ʪ) 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʽʶʯʦʛʦ ʽ ʟʘʧʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʤʠ 

ʧʨʦʚʝʣʠ ʾʭ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

1. ɼʽʶʯʠʡ ʤʝʪʦʜ ʧʣʘʥʫʚʘʥʥʷ ʩʝʨʝʜ ʥʝʜʦʩʚʽʜʯʝʥʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʪʨʘʜʠʮʽʡʥʦ 

ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ: ʃʦʛʽʩʪʠʯʥʠʡ ʚʽʜʜʽʣ 

ʪʘʢʠʦʾ ʢʦʤʧʘʥʽʾ ʟʘʧʦʚʥʶʚʘʚ ʧʦʪʨʝʙʠ ʤʝʭʘʥʽʯʥʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ ʩʢʣʘʜʫ ʜʦ 

ʧʝʨʰʦʾ ʬʽʣʽʾ. ɿʘ ʪʘʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠ ʯʘʩʪʦ ʧʝʨʝʪʠʥʘʣʠʩʷ, ʘ ʧʘʣʠʚʦ 

ʚʠʪʨʘʯʘʣʦʩʷ ʥʝʝʬʝʢʪʠʚʥʦ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʪʨʘʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʪʘʥʦʚʠʣʠ 142 000 ʛʨʥ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʧʦʜʚʽʡʥʦʾ 

ʚʠʛʦʜʠ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʘʣʛʦʨʠʪʤ, ʜʝ ʧʨʽʦʨʠʪʝʪ ʚʽʜʜʘʻʪʴʩʷ ʤʘʨʰʨʫʪʘʤ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʪʘʨʠʬʦʤ (ʥʘʡʤʝʥʰʘ ʚʽʜʩʪʘʥʴ ʘʙʦ ʥʘʡʢʨʘʱʘ ʮʽʥʘ ʟʘ ʪʦʥʥʦ-ʢʽʣʦʤʝʪʨ). 

ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʪʘʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʥʘʩʪʫʧʥʽ: 

- ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʾ ʧʨʦʟʦʨʦʩʪʽ (ʚʠʢʣʶʯʝʥʥʷ ʧʝʨʝʧʣʘʪ ʟʘ ʩʢʣʘʜʥʫ 

ʣʦʛʽʩʪʠʢʫ ʤʽʞ ʚʽʜʜʘʣʝʥʠʤʠ ʪʦʯʢʘʤʠ); 

- ʩʧʨʠʷʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʧʘʨʪʥʝʨʩʪʚʫ (ʧʦʩʪʘʯʘʣʴʥʠʢ ʜʝʤʦʥʩʪʨʫʻ ʢʣʽʻʥʪʫ 

ʝʢʦʥʦʤʽʶ, ʱʦ ʨʦʙʠʪʴ ʩʧʽʚʧʨʘʮʶ ʜʦʚʛʦʩʪʨʦʢʦʚʦʶ); 

- ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʜʦʩʪʘʚʦʢ (ʤʝʥʰʽ ʚʽʜʩʪʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚhʠʜʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʧʝʨʽʦʜʠ ʩʧʨʠʷʪʣʠʚʠʭ ʧʦʛʦʜʥʽʭ ʫʤʦʚ ʜʣʷ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ). 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʫ ʧʦʜʚʽʡʥʦʾ ʚʠʛʦʜʠ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʣʦʛʽʩʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 15-20% ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʧʣʘʥʫʚʘʥʥʷʤ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ 

ʬʘʢʪʦʨʦʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʧʘʣʴʥʝ ʪʘ ʨʠʟʠʢʽʚ ʚʦʻʥʥʦʛʦ 

ʯʘʩʫ. 
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ʋɼʂ  631.171: 633.63 

 

ʇɽʈɽɼʋʄʆɺʀ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʇɯɼɻʆʊʆɺʂʀ ɻʈʋʅʊʋ  

ɼʆ ʉɯɺɹʀ ʎʋʂʈʆɺʀʍ ɹʋʈʗʂɯɺ  

ʊʝʩʣʶʢ1ɺ.ɺ., ɺʝʯʝʨʘ1ʆ.ʄ., ɯʢʘʣʴʯʠʢ2ʄ.ɯ. 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

2ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ "ʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ"  

 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʨʦʱʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚ ʪ. ʯ. ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ, ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʪʨʘʪ ʟʙʝʨʝʞʝʥʥʷ ʘ ʢʨʘʱʝ ʧʦʢʨʘʱʝʥʥʷ ʘʛʨʦʬʦʥʽʚ, ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ ʟʝʤʣʝʨʦʙʩʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ 

ʟʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʨʦʩʣʠʥʥʠʮʪʚʘ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʾ ʟʘʪʨʘʪʠ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ ʥʘ 

ʾʾ ʨʝʘʣʽʟʘʮʽʶ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʩʣʠʥʠ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʦʩʥʦʚʥʦʛʦ ʪʘ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. ʆʩʦʙʣʠʚʦ ʚʽʜʤʽʯʝʥʦ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʽʜʚʠʱʝʥʦʾ ʡʦʛʦ ʫʱʽʣʴʥʝʥʦʩʪʽ, ʷʢʘ  ̒ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʧʨʦʭʦʜʽʚ ʭʦʜʦʚʠʭ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦ- ʪʨʘʢʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ, ʦʩʦʙʣʠʚʦ ʚʘʞʢʦʛʦ ʟʘ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ, 

ʷʢʠʡ ʻ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ. 

ʅʘʫʢʦʚʦ ʜʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ 

ʧʝʨʝʜʧʦʩʽʚʥʠʤ ʦʙʨʦʙʽʪʢʦʤ ʛʨʫʥʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʫʱʽʣʴʥʝʥʦʾ ʜʨʽʙʥʦʛʨʫʜʫʯʢʫʚʘʪʦʾ 

ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ ʛʣʠʙʠʥʦʶ 4-5 ʩʤ (ʛʨʫʜʦʯʦʢ ʬʨʘʢʮʽʻʶ 1 - 10 ʤʤ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 80 

ï 90 ʚʽʜʩʦʪʢʽʚ, ʘ ʛʨʫʜʦʯʦʢ ʧʦʥʘʜ 30 ʤʤ  ʥʝ ʤʘʻ ʙʫʪʠ). ɿʘ ʪʘʢʠʭ ʚʠʤʦʛ ʜʦ 

ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ  ʚʠʨʽʚʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʣʷ, ʢʦʣʠ 

ʥʘʷʚʥʽʩʪʴ ʛʨʝʙʝʥʽʚ ʚʠʩʦʪʦʶ 2 ʩʤ ʥʝ ʤʘʻ ʙʫʪʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʛʨʫʥʪʫ 

ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ 1,1...1,3 ʛ/ʩʤ3. ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʠʟʥʘʯʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʩʪʘʥ ʽ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʽ ʚʦʣʦʛʦʻʤʥʽʩʥʦʛʦ ʩʪʘʥʫ 

ʛʨʫʥʪʫ, ʱʦ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʜʨʫʞʥʽʭ ʩʭʦʜʽʚ ʥʘʩʽʥʥʷ ʨʦʩʣʠʥ ʪʘ ʩʧʨʠʷʪʣʠʚʦʤʫ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʚ ʧʝʨʽʦʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʨʦʩʪʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʪʨʘʜʠʮʽʡʥʘ ʽʥʪʝʥʩʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʨʝʥʝʧʣʦʜʽʚ 

ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʧʝʨʝʜʙʘʯʘʻ ʙʣʠʟʴʢʦ ʜʝʩʷʪʢʘ ʦʧʝʨʘʮʽʡ, ʘ ʟʘ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ 

ʥʘ ʛʨʫʥʪʘʭ ʚʘʞʢʠʭ ʟʘ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʟʜʘʪʥʠʭ ʜʦ ʟʘʧʣʠʚʘʥʥʷ ʽ ʱʝ ʙʽʣʴʰʝ, 

ʟʘʪʨʘʪʠ ʧʘʣʠʚʥʠʭ ʽ ʩʝʨʚʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʩʢʣʘʜʘʶʪʴ 280-450 ʢʛ/ʛʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʛʦʪʦʚʢʠ ʛʨʫʥʪʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʽʜ 

ʯʘʩ  ʚʝʩʥʷʥʦʛʦ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʧʨʦʚʦʜʠʪʴʩʷ ʡʦʛʦ ʨʦʟʧʫʰʫʚʘʥʥʷ 

ʟʫʙʦʚʠʤʠ ʙʦʨʦʥʘʤʠ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʰʣʝʡʬ-ʙʦʨʦʥʘʤʠ ʚ ʘʛʨʝʛʘʪʽ ʟ 

ʟʫʙʦʚʠʤʠ, ʧʨʠʯʦʤʫ ʜʣʷ ʟʦʥʠ ʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʥʝʦʙʭʽʜʥʝ ʥʘʩʪʫʧʥʝ 

ʜʦʜʘʪʢʦʚʝ ʛʣʠʙʦʢʝ ʨʦʟʧʫʰʫʚʘʥʥʷ ʢʫʣʴʪʠʚʘʪʦʨʘʤʠ ʜʣʷ ʩʫʮʽʣʴʥʦʛʦ ʦʙʨʦʙʽʪʢʫ. ʋ 

ʪʨʘʜʠʮʽʡʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʝʩʥʷʥʦʾ ʧʝʨʝʜʧʦʩʽʚʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʛʨʫʥʪʫ 

ʢ̔ ʥʮʝʚʠʤ ʻ ʢʫʣʴʪʠʚʘʮʽʷ ʥʘ ʛʣʠʙʠʥʫ ʟʘʨʦʙʢʠ ʥʘʩʽʥʥʷ, ʘ ʧʨʠ ʥʘʜʤʽʨʥʦ 

ʨʦʟʧʫʰʝʥʦʤʫ ʛʨʫʥʪʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʢʦʪʢʫʚʘʥʥʷ. 
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ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʽ ʧʘʪʝʥʪʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʠ 

ʤʝʭʘʥʽʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽ ʨʦʟʨʦʙʢʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʾ ʚʠʢʦʥʘʥʥʷ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʚ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʧʨʦʜʫʢʮʽʾ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ ʤʦʞʥʘ ʙʘʯʠʪʠ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʩʧʦʩʦʙʽ ʧʽʜʛʦʪʦʚʢʠ ʛʨʫʥʪʫ. 

ʆʜʥʘʢ ʚ ʋʢʨʘʾʥʽ ʜʣʷ ʥʝʾ ʥʝʤʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʘʰʠʥ ʽ  ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ 

ʰʠʨʦʢʦʾ ʘʧʨʦʙʘʮʽʾ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʱʫʚʘʥʥʷ  ʢʦʨʝʥʝʧʣʦʜʽʚ 

ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʥʘ ʚʘʞʢʠʭ ʟʘ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ ʛʨʫʥʪʘʭ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ 

ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʽʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʦʧʝʨʘʮʽʾ ʥʘ ʦʩʽʥʴ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʟ 

ʨʦʟʧʦʜʽʣʦʤ ʦʧʝʨʘʮʽʡ ʥʘ ʦʩʽʥʥʽʡ ʽ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜʠ ʥʘ ʛʣʠʙʠʥʫ ʟʘʨʦʙʢʠ ʥʘʩʽʥʥʷ ʡ 

ʫʨʦʞʘʡʥʽʩʪʴ ʢʦʨʝʥʝʧʣʦʜʽʚ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ. ɺʦʩʝʥʠ ʥʘ ʬʦʥʽ ʦʩʥʦʚʥʦʛʦ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʦʣʷ  ʢʫʣʴʪʠʚʘʪʦʨʦʤ, ʦʙʣʘʜʥʘʥʠʤ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʛʨʝʙʝʥʝʫʪʚʦʨʶʚʘʯʘʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʽʚ ʰʠʨʠʥʦʶ ʤʽʞʨʷʜʴ 45 

ʩʤ.  ʇʦʧʝʨʝʜʥʴʦ ʧʽʜ ʛʨʝʙʝʥʷʤʠ  ʚ ʟʦʥʫ ʨʷʜʢʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʩʪʨʽʯʢʦʚʝ ʚʥʝʩʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʫʢʦʚʠʩʽʚʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʆʨʽʻʥʪʫʚʘʥʥʷ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ-ʛʨʝʙʝʥʝʫʪʚʦʨʶʚʘʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʘʨʢʝʨʽʚ. ʋʪʚʦʨʝʥʘ ʧʨʦʬʽʣʴʦʚʘʥʘ ʧʦʚʝʨʭʥʷ ʧʦʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ 

ʟʠʤʫ. 

ɺʝʩʥʷʥʠʡ ʧʝʨʝʜʧʦʩʽʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ʛʨʫʥʪʫ ʧʝʨʝʜʙʘʯʘʻ ʟʨʽʟʫʚʘʥʥʷ ʚʝʨʰʠʥ 

ʛʨʝʙʝʥʽʚ ʚʠʩʦʪʦʶ 3...4 ʩʤ, ʚʠʢʦʥʫʻʪʴʩʷ ʤʘʰʠʥʥʠʤ ʘʛʨʝʛʘʪʦʤ ʫ ʩʢʣʘʜʽ ʪʨʘʢʪʦʨʘ 1 

ʽ ʧʨʦʩʘʧʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʟ ʥʘʩʪʫʧʥʦʶ ʩʽʚʙʦʶ ʥʘʩʽʥʥʷ ʪʦʯʥʦʶ ʩʽʚʘʣʢʦʶ ʚ ʟʦʥʫ 

ʟʨʽʟʘʥʠʭ ʚʝʨʰʠʥ ʛʨʝʙʥʷ 

ʇʝʨʝʚʘʛʘʤʠ ʩʬʦʨʤʦʚʘʥʠʭ ʚʦʩʝʥʠ ʛʨʝʙʝʥʽʚ ʻ ʽʥʪʝʥʩʠʚʥʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʦʣʦʛʠ, ʚʝʩʥʷʥʝ ʧʨʠʩʢʦʨʝʥʝ ʜʦʟʨʽʚʘʥʥʷ ʛʨʫʥʪʫ ʚ ʟʦʥʽ ʛʨʝʙʝʥʽʚ, ʷʢʝ ʩʧʨʠʷʻ 

ʧʨʦʚʝʜʝʥʥʷ ʩʽʚʙʠ ʚ ʙʽʣʴʰ ʨʘʥʥʽ ʩʪʨʦʢʠ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʨʝʰʪʠ ʦʧʝʨʘʮʽʡ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʟʠʪʠʚʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʧʽʜ 

ʩʽʚʙʫ ʙʫʨʷʢʽʚ ʥʘ ʛʨʫʥʪʘʭ ʚʘʞʢʠʭ ʟʘ ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ/ ɺ.ɼ. ɻʨʝʯʢʦʩʽʡ, ɺ.ɼ. ɺʦʡʪʶʢ, ʈ.ɺ. ʐʘʪʨʦʚ, ɯ.ɯ. ʄʝʣʴʥʠʢ, 
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ʃ.ɺ. ɸʥʽʩʢʝʚʠʯ ʪʘ ʽʥ.; ʟʘ ʨʝʜ. ɼ.ɻ. ɺʦʡʪʶʢʘ. ð ʂ.: ɸʛʨʦʦʩʚʽʪʘ, 2015. ï 679 ʩ. 

3. ʊʝʩʣʶʢ ɺ.ɺ. ʊʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʽʟʘʮʽʾ 

ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʧʽʜ ʩʽʚʙʫ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ / ɺ.ɺ. ʊʝʩʣʶʢ, ʄ.ɹ. 
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ʢʦʥʬʝʨʝʥʮʽʾ " Ăʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʟʝʤʣʝʨʦʙʩʴʢʦʾ ʤʝʭʘʥʽʢʠò (16-18 ʞʦʚʪʥʷ 2022 

ʨʦʢʫ) ʄʆʅ ʋʢʨʘʾʥʠ, ʅʋɹʽʇ ʋʢʨʘʾʥʠ, ɾʠʪʦʤʠʨʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʬʘʭʦʚʠʡ 

ʢʦʣʝʜʞ. ʂʠʾʚ. ɾʠʪʦʤʠʨ. 2022. ï ʉ. 54 ï 56.  
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ʋɼʂ 631.4; 631.31 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɹʆʈɯʅ 

ɼʃʗ ʆɹʈʆɹɯʊʂʋ ɻʈʋʅʊʋ 

ʊʝʩʣʶʢ ɺ.ɺ., ɺʝʯʝʨʘ ʆ.ʄ., ʊʝʩʣʶʢ ɹ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ,  

 

ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʾ ʦʩʥʦʚʥʦʛʦ ʪʘ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʽʚ ˇʨʫʥʪʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʥʘʨʷʜʴ ʟ ʨʦʪʘʮʽʡʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ ʦʩʥʘʱʝʥʦʛʦ ʨʦʪʘʮʽʡʥʦ-ʣʦʧʘʪʝʚʠʤʠ 

ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ .  

ʉʫʯʘʩʥʘ ʘʛʨʘʨʥʘ ʪʝʭʥʽʢʘ ʧʦʚʠʥʥʘ ʨʦʟʨʦʙʣʷʪʠʩʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʝʩʪʝʪʠʯʥʠʭ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. ʌʘʢʪʦʨʦʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ, ʚʠʢʦʨʠʩʪʘʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ 

ʜʦʮʽʣʴʥʦʩʪʽ. ɼʦʩʷʛʥʫʪʠ ʛʘʨʤʦʥʽʾ ʫ ʬʦʨʤʽ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ 

ʢʦʤʧʦʟʠʮʽʾ: ʧʨʦʧʦʨʮʽʾ, ʤʘʩʰʪʘʙʥʦʩʪʽ, ʩʠʤʝʪʨʽʡ (ʘʩʠʤʝʪʨʽʾ), ʩʪʘʪʠʯʥʦʩʪʽ 

(ʜʠʥʘʤʽʯʥʦʩʪʽ), ʨʠʪʤʫ, ʢʦʥʪʨʘʩʪʫ, ʥʶʘʥʩʫ ʪʦʱʦ. ʎʽʣʠʡ ʚʠʨʽʙ ʫʪʚʦʨʶʻʪʴʩʷ ʟ 

ʯʘʩʪʠʥ, ʯʘʩʪʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʝʚʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʽ ʜʦ ʮʽʣʦʛʦ.  

ɺ ʩʠʩʪʝʤʽ ʦʩʥʦʚʥʦʛʦ ʪʘ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ ʦʙʨʦʙʽʪʢʽʚ ˇʨʫʥʪʫ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʟʥʘʨʷʜʜʷʤʠ ʟ ʨʦʪʘʮʽʡʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ˇʨʫʥʪʦʦʙʨʦʙʥʽ ʟʥʘʨʷʜʜʷ ʪʠʧʫ 

ɹɼʅ-1,8, ɹɼʊ-3, ɹɼʊ-7, ʦʩʥʘʱʝʥʽ ʩʬʝʨʠʯʥʠʤʠ ʚʠʨʽʟʥʠʤʠ ʨʦʪʦʨʘʤʠ [1,2].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʟʥʘʨʷʜʴ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʽʜʛʦʪʦʚʢʠ 

ˇʨʫʥʪʫ ʜʦ ʧʦʩʽʚʫ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ ʚʠʪʨʘʪ ʧʨʘʮʽ ʥʘ 20...25%, ʚ 

ʧʦʨʽʚʥʷʥʥʽ, ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ. ʆʜʥʘʢ, ʚ ʩʠʣʫ ʩʚʦʾʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ˇʨʫʥʪʦʦʙʨʦʙʥʽ ʟʥʘʨʷʜʜʷ ʦʩʥʘʱʝʥʽ ʩʝʨʽʡʥʠʤʠ 

ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʛʨʦʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ 

ʩʪʦʩʦʚʥʦ ʟʘʨʦʙʢʠ ʜʦʙʨʠʚ, ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ, ʛʝʨʙʽʮʠʜʽʚ ʪʦʱʦ. ʊʘʢ, ʧʨʠ ʟʘʨʦʙʮʽ 

ʜʠʩʢʦʚʦʶ ʙʦʨʦʥʦʶ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʚ ʰʘʨʽ 0...6ʤʤ, ʟʘʣʠʰʘʻʪʴʩʷ ʜʦ 75% 

ʚʥʝʩʝʥʠʭ ʜʦʙʨʠʚ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʨʦʩʣʠʥʘʤʠ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʙʝʨʪʘʥʥʷ ʩʢʠʙʠ ʪʘ ʨʦʟʨʦʙʢʘ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʪʘʮʽʡʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ 

ʦʙʨʦʙʽʪʢʫ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʨʦʙʢʠ ʚ ˇʨʫʥʪ ʥʘ ʦʧʪʠʤʘʣʴʥʫ ʛʣʠʙʠʥʫ ʩʪʝʨʥʽ, 

ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʪʦʱʦ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʪʘ ʧʝʨʝʜʧʦʩʽʚʥʦʛʦ 

ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʦʪʘʮʽʡʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʦʩʥʘʱʝʥʠʡ ʥʦʞʘʤʠ-ʣʦʧʘʪʷʤʠ, ʧʝʨʝʜʥʷ ʨʦʙʦʯʘ 

ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʻ ʢʦʥʦʾʜʦʤ, ʫʥʽʬʽʢʦʚʘʥʠʡ ʜʦ ʙʦʨʽʥ ɹɼʅ-1,8, ɹɼɺ-3, ɹɼɺ-7. 

ɺʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʤʝʞʽ ʚʘʨʽʶʚʘʥʥʷ ʢʫʪʘ ʘʪʘʢʠ ɓ=20Á...23Á ʙʘʪʘʨʝʾ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ, ʪʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʦʪʦʨʘʤʠ ʚ ʙʘʪʘʨʝʾ l=0,20é0,22. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʘʛʨʝʛʘʪʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʘʛʨʝʛʘʪʽʚ ˇʨʫʥʪʫ (d<0,25 ʽ d>10), ʷʢʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʘʛʨʦʚʠʤʦʛʘʤ, ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʘʭ ˉ1 ʪʘ ˉ2 ʟʤʝʥʰʠʣʘʩʴ ʥʘ 14,5% ʽ 

12,7% ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʬʦʥʫ ʪʘ ʥʘ 2,8% ʽ 1,0% ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ  ʘ 

ʢʦʝʬʽʮʽʻʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʟʙʽʣʴʰʠʚʩʷ ʚ 1,14 

(ʚʘʨʽʘʥʪ 1) ʪʘ 1,04 (ʚʘʨʽʘʥʪ 2) ʨʘʟʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ ʦʩʥʘʱʝʥʦʛʦ 

ʨʦʪʘʮʽʡʥʦ-ʣʦʧʘʪʝʚʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʝʨʦʟʽʡʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ˇʨʫʥʪʫ ʥʘ 14,5% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʛʨʦʬʦʥʦʤ, ʪʘ ʥʘ 

2,8% ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʧʦʨʽʚʥʷʥʥʷ; ʢʦʝʬʽʮʽʻʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʽ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʟʙʽʣʴʰʠʚʩʷ ʚ 1,14; ʘʙʩʦʣʶʪʥʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʫ 

ʰʘʨʽ 0...20ʩʤ ʚ ʧʦʨʽʚʥʷʥʥʷʤ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʙʫʣʘ ʚʠʱʦʶ ʥʘ 5,6%; ʱʽʣʴʥʽʩʪʴ 

ʦʙʨʦʙʣʝʥʦʛʦ ˇʨʫʥʪʫ ʟʥʘʨʷʜʜʷʤ ʟ ʧʨʦʧʦʥʦʚʘʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚʽʜʧʦʚʽʜʘʻ 

ʘʛʨʦʚʠʤʦʛʘʤ ʽ ʩʪʘʥʦʚʠʪʴ 1,198ʛ/ʩʤ3, ʱʦ ʥʘ 6,2% ʤʝʥʰʝ ʥʽʞ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ 

ʽ ʥʘ 37% ʤʝʥʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʛʨʦʬʦʥʦʤ; ʚʝʣʠʯʠʥʘ ʦʧʦʨʫ ʟʤʠʥʘʥʥʷ ˇʨʫʥʪʫ 

(ʪʚʝʨʜʽʩʪʴ) ʩʪʘʥʦʚʠʪʴ 49,77ʢʅ/ʤ2, ʱʦ ʤʝʥʰʝ ʥʘ 15,7% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ 

ʦʙʨʦʙʽʪʢʦʤ ʪʘ ʥʘ 43% ʤʝʥʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʥʦʤ. 

ɺʠʩʥʦʚʢʠ. ʇʦʢʘʟʥʠʢ ʟʘʨʦʙʢʠ ʜʦʙʨʠʚ ʪʘ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ, ʟʙʽʣʴʰʠʚʩʷ ʚ 2,07 ʨʘʟʽʚ ʽ ʩʪʘʥʦʚʠʪʴ 87% ʪʘ ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʤʫ ʟʥʘʯʝʥʥʶ. ʄʘʢʩʠʤʘʣʴʥʘ ʛʨʝʙʥʠʩʪʽʩʪʴ ʤʽʢʨʦʨʝʣʴʻʬʫ 

ʧʨʦʬʽʣʶ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʟʘ ʦʙʨʦʙʽʪʢʫ ʟʥʘʨʷʜʜʷʤ ʦʩʥʘʱʝʥʠʤ 

ʧʨʦʧʦʥʦʚʘʥʠʤʠ ˇʨʫʥʪʦʦʙʨʦʙʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 5,6ʩʤ. 
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ʋɼʂ 631.4; 631.31 

 

ɺʇʃʀɺ ɼɯɰ ʈʋʐɯɰɺ ʄɸʐʀʅ ʅɸʉʀʉʊɽʄʋ çʄɸʐʀʅɸ-

ɹɯʆʉɽʈɽɼʆɺʀʑɽè 

ʊʝʩʣʶʢ ɺ.ɺ. 1, ɯʢʘʣʴʯʠʢ ʄ.ɯ. 2, ʂʨʠʚʠʯʫʥ ʄ.ɼ. 3 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

2ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ "ʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ"  
3ʄʠʨʦʛʦʱʘʥʩʴʢʠʡ ʘʛʨʘʨʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

 

ɸʥʘʣʽʟ ʜʽʾ ʨʫʰʽʾʚ ʤʘʰʠʥ ʥʘ ʩʠʩʪʝʤʫ çʤʘʰʠʥʘ-ʙʽʦʩʝʨʝʜʦʚʠʱʝè ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ˇʨʫʥʪ: ʫʱʽʣʴʥʝʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, 

ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ʪʘ ʧʦʨʫʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʰʽʾʚ (ʪʠʩʢ ʥʘ ˇʨʫʥʪ, ʧʣʦʱʘ 

ʢʦʥʪʘʢʪʫ) ʜʣʷ ʩʪʘʣʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʨʦʝʢʦʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʨʫʰʽʾʚ (ʢʦʣʽʩ/ʛʫʩʝʥʠʮʴ): 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ çʤʘʰʠʥʘ-ʙʽʦʩʝʨʝʜʦʚʠʱʝè: ɺʢʣʶʯʘʻ ʤʝʭʘʥʽʯʥʠʡ 

ʚʧʣʠʚ ʨʫʰʽʷ (ʪʨʘʢʪʦʨʘ, ʢʦʤʙʘʡʥʘ) ʥʘ ˇʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʬʽʟʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʟʤʽʥʠ ˇʨʫʥʪʫ: ʈʫʰʽʾ ʚʠʢʣʠʢʘʶʪʴ ʥʘʜʤʽʨʥʝ ʫʱʽʣʴʥʝʥʥʷ 

ʥʠʞʥʽʭ ʰʘʨʽʚ, ʟʥʠʞʫʶʪʴ ʧʦʨʠʩʪʽʩʪʴ, ʱʦ ʧʦʛʽʨʰʫʻ ʚʦʜʥʦ-ʧʦʚʽʪʨʷʥʠʡ ʨʝʞʠʤ ʪʘ 

ʦʙʤʝʞʫʻ ʨʦʟʚʠʪʦʢ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ. 

ɽʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ: ʇʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʨʦʟʽʾ, 

ʟʥʠʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ˇʨʫʥʪʫ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʘʜʽʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ. 

ʐʣʷʭʠ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʠʥ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʟʜʚʦʻʥʠʭ 

ʢʦʣʽʩ, ʛʫʩʝʥʠʯʥʠʭ ʨʫʰʽʾʚ, ʘ ʪʘʢʦʞ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʣʽʾ ʜʣʷ 

ʦʙʤʝʞʝʥʥʷ ʧʣʦʱʽ ʫʱʽʣʴʥʝʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʾ ʢʦʥʮʝʧʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʪʨʘʢʪʦʨʘ ʩʣʽʜ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʛʨʫʥʪʫʶʯʠʩʴ, ʥʘʩʘʤʧʝʨʝʜ, ʥʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ (ʄʊɸ) 

ʟʘʛʘʣʦʤ. 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʮʝʧʮʽʶ 

ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʾʭ ʰʣʷʭʠ ʥʝʦʜʥʦʟʥʘʯʥʽ, ʘ ʽʥʦʜʽ ʽ 

ʩʫʧʝʨʝʯʣʠʚʽ, ʪʦʤʫ ʧʨʘʛʥʝʥʥʷ ʧʽʜʚʠʱʠʪʠ ʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʽʥʰʠʭ. ʊʘʢ, ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ - ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʝʥʝʨʛʦʦʩʥʘʱʝʥʦʩʪʽ ʄʊɸ, ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ - ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʡ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʪʷʛʠ, ʘ ʮʝ ʚʠʤʘʛʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʚʘʛʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʦʣʽʩʥʠʭ ʨʫʰʽʾʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ˇʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʘʜʠʢʘʣʴʥʠʡ ʩʧʦʩʽʙ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʯʘʩʪʢʠ ʟʯʽʧʥʦʾ ʚʘʛʠ ʚ ʘʛʨʝʛʘʪʽ, ʘʙʦ ʘʢʪʠʚʽʟʘʮʽʾ ʚʘʛʠ ʄʊɸ - ʦʩʥʘʱʝʥʥʷ ʡʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥʠ ʚʝʜʫʯʠʤʠ ʢʦʣʝʩʘʤʠ, ʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʫ ʨʫʭ ʚʽʜ ʩʠʩʪʝʤʠ 

ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʡ ʪʨʘʢʪʦʨʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ 
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ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʭʦʜʦʚʫ ʩʠʩʪʝʤʫ ʪʨʘʢʪʦʨʘ (ʚʽʜʧʦʚʽʜʥʦ, 

ʡʦʤʫ ʥʝ ʧʦʪʨʽʙʥʘ ʟʥʘʯʥʘ ʚʘʛʘ), ʪʦʤʫ ʡʦʛʦ ʧʠʪʦʤʘ ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʟʥʠʞʝʥʘ ʱʝ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʧʘʩʠʚʥʠʭ ʦʧʦʨʥʠʭ ʢʦʣʝʩʘʭ ʟʯʽʧʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʽʩʥʠʡ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʧʦʤʽʞ ʫʱʽʣʴʥʶʶʯʦʶ ʜʽʻʶ ʭʦʜʦʚʠʭ ʩʠʩʪʝʤ 

ʝʥʝʨʛʦʥʘʩʠʯʝʥʦʾ ʤʦʙʽʣʴʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʡ ʤʦʙʽʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʧʨʦʮʝʩʘʤʠ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʐʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʽ ʥʘʙʫʚʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʞʢʠʭ ʚʝʣʠʢʦʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠʚʦʜʫ ʧʨʠʯʽʧʥʠʭ ʩʽʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘhʠʥ ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʪʯʠʟʥʷʥʽ ʽ ʟʘʨʫʙʽʞʥʽ ʪʨʘʢʪʦʨʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʘʛʨʦʩʪʨʫʢʪʫʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ˇʨʫʥʪʫ ʾʭ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ. 

ʊʦʤʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʩʥʠʭ ʨʫʰʽʾʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʪʘ ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ, ʷʢʽ ʟʘʧʦʙʽʛʘʪʠʤʫʪʴ ʥʝʛʘʪʠʚʥʠʤ 

ʥʘʩʣʽʜʢʘʤ, ʩʧʨʠʷʪʠʤʫʪʴ ʟʙʝʨʽʛʘʥʥʶ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɿʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʠʩʢʫ ʤʦʙʽʣʴʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʪʝʭʥʽʢʠ ʥʘ ˇʨʫʥʪʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʟʘʚʜʷʢʠ ʢʦʤʧʣʝʢʩʥʽʡ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʫʰʽʾʚ ʤʦʙʽʣʴʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʥʦʨʤʫʚʘʥʥʷʤ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʨʫʰʽʾ 

ʪʨʘʢʪʦʨʽʚ ʦʙʣʘʜʥʫʚʘʪʠ ʰʠʥʘʤʠ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ ʘʙʦ ʩʧʘʨʝʥʠʤʠ ʢʦʣʝʩʘʤʠ.  

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙô̒ ʤʥʘ ʜʝʬʦʨʤʘʮʽʷ ʛʨʫʥʪʫ ʧʽʜ ʨʫʰʽʷʤʠ 

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ (ʪʨʘʢʪʦʨ ʊ-150ʂ, ʦʙʣʘʜʥʘʥʠʡ ʰʠʥʦʶ 28,1R26) ʚ 

2,73...3,1 ʨʘʟʠ ʤʝʥʰʘ ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʝʨʽʡʥʠʭ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ 

ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʭ ʪʨʘʢʪʦʨʽʚ (ʊ-150ʂ ʟ ʰʠʥʘʤʠ 21,3R24) ʽ ʣʠʰʝ ʚ 1,3...1,5 ʨʘʟʽʚ 

ʙʽʣʴʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʙʩʦʣʶʪʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ ʩʝʨʽʡʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ 3,9...4,2. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɯ ʈɽɾʀʄɯɺ ʉɽʇɸʈʋɺɸʅʅʗ 

ɿɽʈʅʆɺʀʍ ʂʋʃʔʊʋʈ  

ʊʝʩʣʶʢ ɺ.ɺ.1 , ɯʢʘʣʴʯʠʢ ʄ.ɯ. 2 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

2  ɺʇ ʅʋɹʽʇ ʋʢʨʘʾʥʠ çʅʽʞʠʥʩʴʢʠʡ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ʇʽʜʛʦʪʦʚʢʘ ʷʢʽʩʥʦʛʦ ʥʘʩʽʥʥʻʚʦʛʦ ʽ ʧʨʦʜʦʚʦʣʴʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʽʚ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ ʚʠʤʘʛʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʝʰʽʪʥʦʾ 

ʩʝʧʘʨʘʮʽʾ. ɯʩʥʫʶʯʽ ʚʽʙʨʘʮʽʡʥʽ ʽ ʚʽʙʨʦʚʽʜʮʝʥʪʨʦʚʽ ʩʝʧʘʨʘʪʦʨʠ ʥʝ ʧʦʚʥʽʩʪʶ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɸʥʘʣʽʟʦʤ ʜʦʩʣʽʜʞʝʥʴ ʨʝʰʽʪʥʦʾ 

ʩʝʧʘʨʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʰʘʨʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʦʟʧʫʰʫʚʘʯʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʫ ʧʨʦʩʽʶʚʘʥʥʷ ʥʘʩʽʥʥʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ʚʽʙʨʘʮʽʡʥʠʭ 

ʨʝʰʽʪ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʇ.ʄ. ɿʘʾʢʠ [1]. 

ʅʠʤ ʚʠʟʥʘʯʝʥʽ ʥʘʡʢʨʘʱʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʩʽʶʚʘʥʥʷ ʥʘʩʽʥʥʷ ʧʨʠ ʚʽʣʴʥʦʤʫ 

ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʦʪʚʽʨ ʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʡʦʛʦ ʟ ʢʨʦʤʢʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʨʝʰʽʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽ ʫʤʦʚʠ. 

ɸʥʘʣʽʟ ʨʦʙʽʪ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʩʝʛʨʝʛʘʮʽʾ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʰʘʨʦʚʦʛʦ ʨʫʭʫ. ɼʣʷ ʮʴʦʛʦ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʦʟʧʫʰʫʚʘʯʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʨʝʰʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʨʠʩʪʦʩʪʽ ɿʉ ʽ 

ʧʦʰʘʨʦʚʦʛʦ ʨʫʭʫ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʰʽʪ, ʱʦ ʨʦʟʧʫʰʫʶʪʴ ʩʫʤʽʰ, ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʝʨʥʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʽ ʨʝʰʝʪʘ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʦ ʽʟ ʩʝʨʽʡʥʠʭ, ʥʘ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʤʠʯʢʘʭ ʷʢʠʭ, ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʙʨʘ ʫ ʚʠʛʣʷʜʽ ʥʘʚʘʨʝʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʨʦʚʦʣʦʢ, 

ʘʙʦ ʚʠʰʪʘʤʧʫʚʘʥʽ| ʜʦʚʛʘʩʪʽ ʨʠʬʣʽ. ʊʘʢʽ ʨʝʰʝʪʘ ʨʦʟʧʫʰʫʶʪʴ ʟʝʨʥʦʚʫ ʩʫʤʽʰ, 

ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʦʰʘʨʦʚʠʡ ʨʫʭ ʽ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʧʘʨʘʮʽʾ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʩʝʧʘʨʘʮʽʾ ʩʠʧʢʠʭ ʩʫʤʽʰʝʡ, ʱʦ 

ʚʘʞʢʦ ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʦʟʨʦʙʥʠʢʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ 

ʚʽʙʨʦʚʽʜʮʝʥʪʨʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʨʫʭʦʤʽ ʢʽʣʴʮʝʧʦʜʽʙʥʽ ʦʙʠʯʘʡʢʠ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʥʘ ʥʠʭ ʰʧʠʣʴʢʘʤʠ-ʨʦʟʧʫʰʫʚʘʯʘʤʠ [2]. 

ɿʙʽʣʴʰʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʰʝʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʪʦʚʱʠʥʠ 

ʰʘʨʫ ʩʫʤʽʰʽ, ʱʦ ʟʥʠʞʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʝʛʨʝʛʘʮʽʾ: ʧʨʦʭʦʜʦʚʽ ʯʘʩʪʠʥʢʠ ʟ ʚʝʨʭʥʽʭ 

ʰʘʨʽʚ ʥʝ ʜʦʩʷʛʘʶʪʴ ʧʦʚʝʨʭʥʽ ʨʝʰʝʪʘ ʽ ʥʝ ʧʨʦʩʽʚʘʶʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʝʰʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʚʠʤʘʛʘʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʩʝʛʨʝʛʘʮʽʾ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ ʮʠʭ ʧʦʨ [3]. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʦʙʫʜʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʦʚʠʭ ʩʫʤʽʰʝʡ ʨʦʟʨʦʙʣʝʥʠʤʠ 
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ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʚʽʙʨʦʚʽʜʮʝʥʪʨʦʚʠʤʠ ʨʝʰʝʪʘʤʠ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʪʨʘʻʢʪʦʨʽʡ 

ʽ ʰʚʠʜʢʦʩʪʝʡ ʯʘʩʪʠʥʦʢ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʛʨʝʛʘʮʽʾ ʚʽʜ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʰʽʪ, ʾʭ ʧʠʪʦʤʠʭ ʟʘʚʘʥʪʘʞʝʥʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʫʰʫʚʘʯʽʚ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʨʥʦʚʠʭ ʩʫʤʽʰʝʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʛʨʝʛʘʮʽʾ ʥʘ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʨʝʰʝʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʧʦʨʠʩʪʦʩʪʽ 

Ů=0,59...0,62,  ʛʨʘʜʽʻʥʪʽ ʰʚʠʜʢʦʩʪʽ  grad ɡ=60,2é82,7 ʩ-1. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʠʭʣʶʚʘʯʽʚ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʛʨʝʛʘʮʽʾ ʥʘ 35...40%. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʨʝʰʽʪ ʽʥʪʝʥʩʠʬʽʢʫʻ 

ʩʝʛʨʝʛʘʮʽʶ.  

ɼʦʩʣʽʜʞʝʥʥʷʤ ʨʫʭʫ ʧʨʦʭʦʜʦʚʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʛʨʝʛʘʮʽʾ ɖ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʙʝʨ ʥʘ 

ʧʽʜʩʽʚʥʠʭ ʨʝʰʝʪʘʭ, ʧʨʦʭʦʜʦʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʷʢʠʭ ʻ ʜʨʽʙʥʽ ʜʦʤʽʰʢʠ ʽ 

ʨʦʟʜʨʦʙʣʝʥʝ ʟʝʨʥʦ, ʘ ʨʠʬʣʽʚ ï ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʨʝʰʝʪʘʭ, ʧʨʦʭʦʜʦʚʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʷʢʠʭ ʻ ʟʝʨʥʘ ʦʩʥʦʚʥʦʾ ʢʫʣʴʪʫʨʠ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ. ʈʦʟʙʽʞʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʪʝʦʨʝʪʠʯʥʠʭ ʩʢʣʘʜʘʻ 3é5%. ʇʽʜʪʚʝʨʜʞʝʥʘ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʨʝʰʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ 

ʟʝʨʥʦʩʫʤʽʰʽ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʠʩʪʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ɿʉ ʧʦ ʛʣʠʙʠʥʽ ʰʘʨʫ ʚʽʜ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʰʽʪ, ʾʭ ʧʠʪʦʤʠʭ ʟʘʚʘʥʪʘʞʝʥʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʫʰʫʚʘʯʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʨʠʩʪʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ɿʉ ʥʝʣʽʥʽʡʥʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʙʝʨ ʽ ʨʠʬʣʽʚ ʟʙʽʣʴʰʫʻ ʧʦʨʠʩʪʽʩʪʴ ʽ 

ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ɿʉ ʧʦ ʛʣʠʙʠʥʽ ʰʘʨʫ. 

ʂʦʤʧʣʝʢʩʥʠʤ ʘʥʘʣʽʟʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʙʝʨ ʧʽʜʩʽʚʥʦʛʦ ʽ ʨʠʬʣʽʚ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʨʝʰʽʪ: ʜʽʘʤʝʪʨ ʨʝʙʝʨ dʨʝʙ=1,4é1,6  ʤʤ; 

ʚʠʩʦʪʘ ʨʠʬʣʽʚ hʨʠʬ=1,2...1,4  ʤʤ; ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʝʙʨʘʤʠ ʽ ʨʷʜʘʤʠ ʨʠʬʣʽʚ 

lʨʝʙ=lʨʠʬ=21  ʤʤ; ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʠʬʣʷʤʠ l*=12é14  ʤʤ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʩʪʨʫʢʪʦʨʘʤ, ʥʘʫʢʦʚʠʤ ʨʦʙʽʪʥʠʢʘʤ ʽ 

ʩʧʝʮʽʘʣʽʩʪʘʤ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ. 
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ʋɼʂ  631.171: 633.63 

 

ɸʅɸʃɯɿ ʊɸ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʇɯʈɸ ɸʇɸʈɸʊɸ ɺʆɼɯʅʅʗ 

ʂʆʈɽʅɽɿɹʀʈɸʃʔʅʆɰ ʄɸʐʀʅʀ  

ʊʝʩʣʶʢ ɺ.ɺ.1, ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ.ʄ2. 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ,  

2 ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʇʫʣʶʷ 

 

ɺʠʨʦʱʫʚʘʥʥʷ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ ʚ ʋʢʨʘʾʥʽ ʻ ʩʪʨʘʪʝʛʽʯʥʦʶ ʛʘʣʫʟʟʶ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʜʦʚʦʣʴʯʫ ʙʝʟʧʝʢʫ (ʚʠʨʦʙʥʠʮʪʚʦ 

ʮʫʢʨʫ), ʧʨʠʥʦʩʠʪʴ ʚʠʩʦʢʫ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʬʝʨʤʝʨʘʤ (ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ) ʪʘ ʻ ʮʽʥʥʠʤ 

ʧʦʧʝʨʝʜʥʠʢʦʤ ʫ ʩʽʚʦʟʤʽʥʽ, ʧʽʜʚʠʱʫʶʯʠ ʚʨʦʞʘʡʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʢʫʣʴʪʫʨ ʥʘ 30-

40%. ɹʫʨʷʢ ʻ ʧʨʝʢʨʘʩʥʠʤ ʧʦʧʝʨʝʜʥʠʢʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʫʣʴʪʫʨ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʟʝʨʥʦʚʠʭ, ʦʩʢʽʣʴʢʠ ʟʘʣʠʰʘʻ ʧʦʣʝ ʯʠʩʪʠʤ ʚʽʜ ʙʫʨ'ʷʥʽʚ ʟʘʚʜʷʢʠ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʜʦʛʣʷʜʫ. ʎʫʢʨʦʚʽ ʙʫʨʷʢʠ ʻ ʦʩʥʦʚʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʣʦʛʦ ʮʫʢʨʫ. 

ʆʢʨʽʤ ʩʘʤʦʛʦ ʮʫʢʨʫ, ʟ ʢʦʨʝʥʝʧʣʦʜʽʚ ʦʪʨʠʤʫʶʪʴ ʧʘʪʦʢʫ (ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʠʨʪʫ, 

ʜʨʽʞʜʞʽʚ, ʛʣʽʮʝʨʠʥʫ) ʪʘ ʞʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʮʽʥʥʠʡ ʢʦʨʤ ʜʣʷ ʪʚʘʨʠʥ.  

ɺʘʞʣʠʚʠʤ ʨʝʟʝʨʚʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚʘʣʦʚʠʭ ʟʙʦʨʽʚ ʟʝʨʥʘ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʻ ʟʨʦʩʪʘʥʥʷ ʦʩʥʘʱʝʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʤʘʰʠʥʘʤʠ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ [1,2]. 

ɿʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ ʚ ʢʨʘʾʥʽ ʣʠʰʝ ʥʘ 1% ʨʽʚʥʦʟʥʘʯʥʦ 

ʟʙʽʣʴʰʝʥʥʶ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʥʘ 1 ʤʣʥ. ʛʘ. 

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚʪʨʘʪʠ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 4 ʜʦ 13% ʽ ʾʭ ʚʝʣʠʯʠʥʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʠʧʫ ʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ [3]. 

ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʫʜʦʩʢʦʥaʣʝʥʥʷ aʚʪʦʤaʪa ʢʝʨʫʚaʥʥʷ ʻ ʟʥaʯʥʝ 

ʩʧʨʦʱʝʥʥʷ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʦʜʥʦʯaʩʥʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʥaʜʽʡʥʦʩʪʽ 

ʨʦʙʦʪʠ 

ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʭ ʻ ʚʪʨʘʪʠ ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ ʚʠʢʦʧʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʊʦʤʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʪʨʘʪ, ʟʘʡʤʘʻ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ (ʉʂ), ʷʢʘ 

ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʚʝʜʝʥʥʷ ʢʦʤʙʘʡʥʘ ʧʦ ʨʷʜʢʘʭ ʧʨʠ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʟʙʠʨʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʘʰʠʥʠ, ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʢʦʨʝʥʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʝʛʰʠʪʠ ʫʤʦʚʠ ʧʨʘʮʽ ʤʝʭʘʥʽʟʘʪʦʨʘ, 

ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟʚʽʣʴʥʷʻ ʡʦʛʦ ʚʽʜ ʚʘʞʢʦʾ ʤʦʥʦʪʦʥʥʦʾ ʨʦʙʦʪʠ ʧʨʠ 

ʢʝʨʫʚʘʥʥʽ ʤʘʰʠʥʦʶ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʠʨʘʥʥʷ ʙʫʨʷʢʽʚ ʰʣʷʭʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ-ʘʧʘʨʘʪʘ ʚʦʜʽʥʥʷ. 

ʈʦʣʴ ʢʦʧʽʨa-ʨʦʟʨʠʭʣʶʚaʯa - ʚʽʜʩʣʽʜʢʦʚʫʚaʪʠ ʨʷʜʢʠ ʙʫʨʷʢʽʚ, ʨʦʟʧʫʰʫʚaʪʠ 

ˇʨʫʥʪ ʽ ʧʽʜʨʽʟaʪʠ ʙʫʨôʷʥʠ. ʂʨʽʤ ʮʴʦʛʦ, ʜʦ ʧʦʟʠʪʠʚʥʦʛʦ ʤʦʤʝʥʪʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝ, 

ʱʦ ʢʣʠʥ ʨʦʟʨʠʭʣʶʚaʯa ʩʪaʙʽʣʽʟʫʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʩʣʽʜʢʦʚʫʚaʥʥʷ ʨʷʜʢʽʚ 
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ʙʫʨʷʢʽʚ ʧʨʠ ʤaʣʽʡ ʚʠʩʦʪʽ ʾʭ ʛʦʣʦʚʦʢ ʽ ʥʝ ʜʦʧʫʩʢaʻ ʨʽʟʢʠʭ ʢʦʣʠʚaʥʴ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ. 

ʉʝʨʽʡʥʠʡ ʘʚʪʦʤʘʪ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ ʄʂʂ-6 ʚ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʙʠʨʘʥʥʷ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ ʟʘʜʦʚʽʣʴʥʦ ʚʠʢʦʥʫʻ ʩʚʦʾ ʬʫʥʢʮʽʾ. 

ʆʜʥʘʢ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʣʷ ʟʙʠʨʘʥʥʷ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ, ʷʢʽ 

ʙʫʣʠ ʚʠʙʠʪʽ ʛʠʯʢʦʟʙʠʨʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʽʞʨʷʜʜʷʭ, ʱʦ ʟʥʠʞʫʻ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʢʦʧʽʨʘ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ, 

ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʧʽʨʘ. 

ʋʜʦʩʢʦʥaʣʝʥʠʡ aʚʪʦʤaʪ ʢʝʨʫʚaʥʥʷ ʩʢʣaʜaʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯaʩʪʠʥ ï 

ʢʽʥʝʤaʪʠʢʠ ʤʝʭaʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʛʽʜʨaʚʣʽʯʥʦʾ ʯaʩʪʠʥʠ. 

ɻʽʜʨaʚʣʽʯʥa ʩʠʩʪʝʤa ʻ ʚʠʢʦʥaʚʯʦʶ, ʷʢa ʟaʙʝʟʧʝʯʫʻ ʢʝʨʫʚaʥʥʷ ʧʝʨʝʜʥʽʤʠ 

ʢʦʣʝʩaʤʠ ʤaʰʠʥʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʦʪʨʠʤaʥʠʤʠ ʩʠʛʥaʣaʤʠ ʦʨʽʻʥʪaʮʽʾ. 

ɼʣʷ ʟaʙʝʟʧʝʯʝʥʥʷ ʥaʜʽʡʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʚʽʜʩʣʽʜʢʦʚʫʚaʥʥʷ (ʢʦʧʽʶʚaʥʥʷ) 

ʨʷʜʢʽʚ ʥʝʦʙʭʽʜʥʦ ʚʩʪaʥʦʚʠʪʠ ʪaʢʫ ʚʽʜʩʪaʥʴ ʨʦʟʤʽʱʝʥʥʷ ʜaʪʯʠʢʽʚ, ʱʦʙ ʧʣʦʩʢʽ 

ʝʣʝʤʝʥʪʠ ʧʝʨ ʥʝ ʟaʪʠʩʢaʣʠʩʴ ʢʦʨʝʥʷʤʠ ʥaʧʨaʚʣʷʶʯʠʭ ʨʷʜʢʽʚ, aʣʝ ʡ ʥʝ 

ʟʥaʭʦʜʠʣʠʩʴ ʜaʣʝʢʦ ʚʽʜ ʥʠʭ, ʪʦʙʪʦ ʙʫʣʠ ʟ ʤʽʥʽʤaʣʴʥʠʤ ʟaʟʦʨʦʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʧʽʨʘ ʘʚʪʦʤʘʪʘ ʢʝʨʫʚʘʥʥʷ ʢʦʨʝʥʝʟʙʠʨʘ-

ʣʴʥʦʾ ʤʘʰʠʥʠ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʫʨʷʢʦʟʙʠʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʘ ʚʦʜʽʥʥʷ ʥʘ ʦʜʥʫ ʤʘʰʠʥʫ ʩʢʣʘʚ 5962,8 ʛʨʥ. 
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ʋɼʂ 656.073 

 

ɽʌɽʂʊʀɺʅɯʉʊʔ ʉʂʃɸɼʉʔʂʆɰ ʃʆɻɯʉʊʀʂʀ ʇɯɼʇʈʀɭʄʉʊɺ 

ɸɻʈʆʇʈʆʄʀʉʃʆɺʆɻʆ ʂʆʄʇʃɽʂʉʋ: ʄɽʊʆɼʆʃʆɻɯʏʅʀʁ ʇɯɼʍɯɼ 

ʊɸ ʇʈɸʂʊʀʂɸ ʆʎɯʅʖɺɸʅʅʗ 

ʉʘʚʯʝʥʢʦ ʃ.ɸ., ʂʫʣʴʙʘʯʥʠʡ I. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺʩʪʫʧ. ʉʢʣʘʜʩʴʢʘ ʣʦʛʽʩʪʠʢʘ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ 

ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ 

ʦʧʝʨʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʩʫʙ'ʻʢʪʽʚ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. ɺ ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʩʧʨʠʯʠʥʝʥʦʾ ʚʦʻʥʥʠʤ 

ʩʪʘʥʦʤ, ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɸʇʂ) ð 

ʧʨʦʚʽʜʥʦʛʦ ʩʝʢʪʦʨʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ 

ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ, ʯʘʩʪʢʘ ʚʠʪʨʘʪ ʥʘ ʩʢʣʘʜʫʚʘʥʥʷ ʫ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 28 ʜʦ 42 %, ʱʦ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʠʡ ʧʦʢʘʟʥʠʢ (18ï24 %). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʩʫʪʪʻʚʽ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʜʦʨʦʙʦʢ ʫ ʩʬʝʨʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ, 

ʧʠʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʘʣʫʟʝʚʦʾ 

ʩʧʝʮʠʬʽʢʠ ɸʇʂ, ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʫʤʦʚ ʚʦʻʥʥʦʛʦ ʯʘʩʫ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʠʤʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ 

ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʾʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʉʢʣʘʜʩʴʢʘ ʣʦʛʽʩʪʠʢʘ ʦʭʦʧʣʶʻ ʩʫʢʫʧʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʧʨʠʡʤʘʥʥʷʤ, ʨʦʟʤʽʱʝʥʥʷʤ, ʟʙʝʨʽʛʘʥʥʷʤ, ʢʦʤʧʣʝʢʪʘʮʽʻʶ ʪʘ ʚʽʜʚʘʥʪʘʞʝʥʥʷʤ 

ʪʦʚʘʨʥʦ-ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ. ɽʬʝʢʪʠʚʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʢʣʘʜʩʴʢʠʭ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʩʴʢʠʭ ʧʣʦʱ, ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ 

ʚʘʥʪʘʞʦʧʝʨʝʨʦʙʢʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʉʪʨʫʢʪʫʨʘ ʚʠʪʨʘʪ ʪʠʧʦʚʦʛʦ ʩʢʣʘʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɸʇʂ ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʚʠʪʨʘʪ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ, %  

(ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ) 
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ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʫ ʧʠʪʦʤʫ ʚʘʛʫ ʫ ʩʪʨʫʢʪʫʨʽ ʩʢʣʘʜʩʴʢʠʭ 

ʚʠʪʨʘʪ ʟʘʡʤʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʦʨʝʥʜʫ ʧʣʦʱ (34 %) ʪʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʧʝʨʩʦʥʘʣʫ (28 

%). ʆʪʞʝ, ʩʘʤʝ ʮʽ ʩʪʘʪʪʽ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʦʨʝʥʜʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʝʬʝʢʪʠʚʥʦʤʫ ʧʣʘʥʫʚʘʥʥʶ ʩʢʣʘʜʩʴʢʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʫʱʽʣʴʥʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʪʦʜʽ ʷʢ 

ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʧʝʨʩʦʥʘʣ ð ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʦʤ (Warehouse Management System, WMS). 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ, ʦʙ'ʻʜʥʘʥʠʭ ʫ ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʽʥʜʝʢʩ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ ɯʉʃ. ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

 ɯʉʃ = ɤ1 · ʂʦ + ɤ2 · ʂʚ + ɤ3 · ʂ̫ + ɤ4 · ʂʪ,      (1) 

ʜʝ ʂʦ ð ʢʦʝʬʽʮʽʻʥʪ ʦʙʦʨʦʪʥʦʩʪʽ ʟʘʧʘʩʽʚ; ʂʚ ð ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʪʨʘʪ; 

ʂ̫ ð ʢʦʝʬʽʮʽʻʥʪ ʷʢʦʩʪʽ ʩʢʣʘʜʩʴʢʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʂʪ ð ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʩʢʣʘʜʫ; ɤ1ï4 ð ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʙʽʥʜʝʢʩʽʚ (Ɇɤi 

= 1). 

ʂʦʝʬʽʮʽʻʥʪ ʦʙʦʨʦʪʥʦʩʪʽ ʟʘʧʘʩʽʚ ʂʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ʂʦ = ʉʨʝʘʣ / ɿʩʝʨ,      (2) 

ʜʝ ʉʨʝʘʣ ð ʩʦʙʽʚʘʨʪʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʟʚʽʪʥʠʡ ʧʝʨʽʦʜ (ʛʨʥ); ɿʩʝʨ ð 

ʩʝʨʝʜʥʽʡ ʟʘʣʠʰʦʢ ʟʘʧʘʩʽʚ ʥʘ ʩʢʣʘʜʽ ʟʘ ʪʦʡ ʩʘʤʠʡ ʧʝʨʽʦʜ (ʛʨʥ). ʅʦʨʤʘʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ ʂʦ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 6ï12 ʦʙʦʨʦʪʽʚ ʥʘ 

ʨʽʢ. 

ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʪʨʘʪ ʂʚ ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʥʦʰʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ 

ʩʢʣʘʜʩʴʢʠʭ ʚʠʪʨʘʪ ʥʘ ʦʜʠʥʠʮʶ ʚʘʥʪʘʞʦʦʙʽʛʫ ʜʦ ʬʘʢʪʠʯʥʠʭ: 

 ʂʚ = ɺʥʦʨʤ / ɺʬʘʢʪ,      (3) 

ʜʝ ɺʥʦʨʤ ð ʥʦʨʤʘʪʠʚʥʠʡ ʨʽʚʝʥʴ ʚʠʪʨʘʪ ʥʘ 1 ʪ ʚʘʥʪʘʞʦʦʙʽʛʫ (ʛʨʥ/ʪ); ɺʬʘʢʪ ð 

ʬʘʢʪʠʯʥʠʡ ʨʽʚʝʥʴ ʚʠʪʨʘʪ ʥʘ 1 ʪ ʚʘʥʪʘʞʦʦʙʽʛʫ (ʛʨʥ/ʪ). ʇʨʠ ʂʚ Ó 1 ð ʚʠʪʨʘʪʠ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʘʪʠʚ; ʂʚ < 1 ð ʧʝʨʝʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʂʪ ʦʮʽʥʶʻ ʨʽʚʝʥʴ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʩʢʣʘʜʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʦʙʩʷʛʫ ʚʘʥʪʘʞʽʚ, 

ʦʙʨʦʙʣʝʥʠʭ ʤʝʭʘʥʽʟʦʚʘʥʠʤ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ Qʘʚʪ, ʜʦ ʟʘʛʘʣʴʥʦʛʦ 

ʚʘʥʪʘʞʦʦʙʽʛʫ ʩʢʣʘʜʫ Qʟʘʛ: 

 ʂʪ = Qʘʚʪ / Qʟʘʛ × 100 %,      (4) 

ɼʠʥʘʤʽʢʘ ʚʧʨʦʚʘʜʞʝʥʥʷ WMS-ʩʠʩʪʝʤ ʥʘ ʩʢʣʘʜʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʋʢʨʘʾʥʠ ʚʽʜʦʙʨʘʞʘʻ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʮʠʬʨʦʚʽʟʘʮʽʾ ʛʘʣʫʟʽ (ʨʠʩ. 2). ʇʦʧʨʠ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʝʤʧʽʚ ʫ 2022 ʨʦʮʽ, ʟʫʤʦʚʣʝʥʝ ʚʦʻʥʥʠʤʠ ʫʤʦʚʘʤʠ, ʟ 2023 ʨʦʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʢʪʠʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʢʣʘʜʩʴʢʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ. 
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ʈʠʩ. 2. ɼʠʥʘʤʽʢʘ ʚʧʨʦʚʘʜʞʝʥʥʷ WMS-ʩʠʩʪʝʤ ʥʘ ʩʢʣʘʜʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʋʢʨʘʾʥʠ, 2020ï2024 ʨʨ., % (ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ɯʉʃ ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ 

ʚʠʙʽʨʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ (n = 47) ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʣʠʰʝ 23,4 % ʟ ʥʠʭ ʜʦʩʷʛʘʶʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ (ɯʉʃ Ó 0,80). ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʧʦ ʚʠʙʽʨʮʽ ʩʪʘʥʦʚʠʪʴ 0,64, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ 

ʥʝʨʝʘʣʽʟʦʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʅʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ ʟʘ ʩʫʙʽʥʜʝʢʩʦʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ (ʂʪ = 0,38) ʪʘ ʦʙʦʨʦʪʥʦʩʪʽ ʟʘʧʘʩʽʚ (ʂʦ = 4,2 ʦʙ./ʨʽʢ ʧʨʠ ʥʦʨʤʘʪʠʚʽ 

Ó 6). 

ɸʧʨʦʙʘʮʽʷ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʠʣʘ ʚʠʷʚʠʪʠ ʪʨʠ ʪʠʧʦʚʽ ʧʨʦʬʽʣʽ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ 

ʨ̔ ʚʥʝʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ: çʣʽʜʝʨʠè (ɯʉʃ = 0,82ï0,94) ð 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ WMS, ʤʘʶʪʴ ʤʝʭʘʥʽʟʦʚʘʥʠʡ ʩʢʣʘʜ, ʜʦʪʨʠʤʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʽʚ 

ʚʠʪʨʘʪ; çʩʝʨʝʜʥʷʢʠè (ɯʉʃ = 0,60ï0,79) ð ʯʘʩʪʢʦʚʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ, ʘʣʝ ʤʘʶʪʴ 

ʨʝʟʝʨʚʠ ʟʘ ʚʠʪʨʘʪʘʤʠ ʪʘ ʦʙʦʨʦʪʥʽʩʪʶ; çʘʫʪʩʘʡʜʝʨʠè (ɯʉʃ < 0,60) ð ʧʝʨʝʚʘʞʥʦ 

ʨʫʯʥʽ ʦʧʝʨʘʮʽʾ, ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʽ ʟʘʧʘʩʠ, ʚʽʜʩʫʪʥʽ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʘʥʫ ʩʢʣʘʜʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʟʘ ʯʦʪʠʨʤʘ ʢʣʶʯʦʚʠʤʠ ʚʠʤʽʨʘʤʠ: ʦʙʦʨʦʪʥʽʩʪʶ, ʚʠʪʨʘʪʥʽʩʪʶ, ʷʢʽʩʪʶ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ (1)ï(4) ʟʘʙʝʟʧʝʯʫʻ 

ʤʝʥʝʜʞʤʝʥʪ ʧʽʜʧʨʠʻʤʩʪʚ ʦʙ'ʻʢʪʠʚʥʦʶ ʘʥʘʣʽʪʠʯʥʦʶ ʙʘʟʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʥʘʧʨʷʤʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ. 

ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʟʘʭʦʜʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ: ʚʧʨʦʚʘʜʞʝʥʥʷ WMS-

ʩʠʩʪʝʤ (ʧʦʪʝʥʮʽʘʣ ʟʨʦʩʪʘʥʥʷ ʂʪ ʥʘ 25ï40 %); ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʘʭʦʚʠʭ ʟʘʧʘʩʽʚ 

ʤʝʪʦʜʦʤ ABC/XYZ-ʘʥʘʣʽʟʫ (ʟʨʦʩʪʘʥʥʷ ʂʦ ʥʘ 1,5ï2,5 ʦʙ./ʨʽʢ); ʧʝʨʝʭʽʜ ʥʘ 

ʘʫʪʩʦʨʩʠʥʛ ʩʢʣʘʜʩʴʢʠʭ ʧʦʩʣʫʛ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽʟ ʩʝʟʦʥʥʠʤ ʚʘʥʪʘʞʦʦʙʽʛʦʤ. 
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ʋɼʂ 515.2+563.3 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʂɯʅɽʄɸʊʀʏʅʀʍ ʇɸʈ ɿʋɹʏɸʉʊʆɻʆ 

ɿɸʏɽʇʃɽʅʅʗ ɺ ʄɽʍɸʅɯɿʄɸʍ ɺɯʁʉʔʂʆɺʆɰ ʊɽʍʅɯʂʀ ʊɸ 

ʆɿɹʈʆɭʅʅʗ ɿ ɺʀʂʃʖʏɽʅʅʗʄ ɯʅʊɽʈʌɽʈɽʅʎɯɰ  

ɯʩʤʘʽʣʦʚʘ ʅ.ʇ., ʄʽʢʨʶʢʦʚ ɯ.ʉ., ɹʠʢʦʚʘ ʃ.ɻ. 

ɺʽʡʩʴʢʦʚʘ ʘʢʘʜʝʤʽʷ ʤ. ʆʜʝʩʘ 

 

ʉʫʯʘʩʥʘ ʚʽʡʩʴʢʦʚʘ ʪʝʭʥʽʢʘ ʧʨʘʛʥʝ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʬʦʨʤ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʤʝʭʘʥʽʟʤʘʭ, ʷʢʘ ʚʠʧʫʩʢʘʻʪʴʩʷ 

ʚʽʡʩʴʢʦʚʦ-ʦʙʦʨʦʥʠʤ ʢʦʤʧʣʝʢʩʦʤ. ɿʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ ʻ ʥʝʚʽʜ'ʻʤʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ ʤʝʭʘʥʽʟʤʽʚ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʦʟʙʨʦʻʥʥʷ: ʪʘʥʢʦʚʠʭ 

ʪʨʘʥʩʤʽʩʽʡ, ʧʨʠʚʦʜʽʚ ʙʘʰʪ, ʤʝʭʘʥʽʟʤʽʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʥʘʚʝʜʝʥʥʷ, ʛʘʨʤʘʪʥʠʭ ʚʽʜʢʘʪʥʠʢʽʚ ʪʘ ʥʘʢʘʪʥʠʢʽʚ. ʅʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ 

ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ ʫ ʙʦʡʦʚʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʘʻ ʙʦʻʟʜʘʪʥʽʩʪʴ ʟʨʘʟʢʽʚ ʦʟʙʨʦʻʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʟʫʙʯʘʩʪʠʭ 

ʧʝʨʝʜʘʯ ʻ ʽʥʪʝʨʬʝʨʝʥʮʽʷ - ʧʽʜʨʽʟʘʥʥʷ ʥʽʞʢʠ ʟʫʙʘ ʛʦʣʦʚʢʦʶ ʩʧʨʷʞʝʥʦʛʦ ʟʫʙʘ, ʷʢʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʟʘʯʝʧʣʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʪʘ 

ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʟʫʙʮʽʚ. ɿʘ ʫʤʦʚ ʧʽʜʚʠʱʝʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʦʟʙʨʦʻʥʥʷ, ʮʝʡ ʝʬʝʢʪ ʦʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʠʡ. 

ɽʚʦʣʴʚʝʥʪʥʠʡ ʧʨʦʬʽʣʴ ʟʫʙʮʷ ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʜʣʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʩʫʯʘʩʥʦʾ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʟʘʚʜʷʢʠ ʧʦʩʪʽʡʩʪʚʫ ʢʫʪʘ ʪʠʩʢʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʋʤʦʚʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʨʽʟʘʥʥʷ ʟʫʙʮʷ ʧʨʠ ʥʘʨʽʟʘʥʥʽ ʨʝʡʢʦʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʧʠʩʫʶʪʴ ʷʢ: 
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ʜʝ z  - ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ ʢʦʣʝʩʘ; akh =1,0 - ʢʦʝʬʽʮʽʻʥʪ ʚʠʩʦʪʠ ʛʦʣʦʚʢʠ ʟʫʙʘ; a

=20° - ʢʫʪ ʧʨʦʬʽʣʶ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ. ɿʚʽʜʩʠ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ ʙʝʟ 

ʧʽʜʨʽʟʘʥʥʷ ʩʪʘʥʦʚʠʪʴ minz =17. ɼʣʷ ʰʝʩʪʝʨʝʥʴ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʫʙʮʽʚ, ʱʦ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧʘʢʪʥʠʭ ʨʝʜʫʢʪʦʨʘʭ ʦʟʙʨʦʻʥʥʷ (z=8-16), 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʢʦʨʠʛʦʚʘʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʥʝʧʨʠʧʫʩʪʠʤʝ. 

ɻʝʦʤʝʪʨʠʯʥʫ ʫʤʦʚʫ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʨʠ ʟʘʯʝʧʣʝʥʥʽ ʜʚʦʭ ʢʦʣʽʩ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʯʝʨʝʟ ʜʦʚʞʠʥʫ ʣʽʥʽʾ ʟʘʯʝʧʣʝʥʥʷ. ʇʨʘʢʪʠʯʥʘ ʣʽʥʽʷ ʟʘʯʝʧʣʝʥʥʷ ʥʝ 

ʧʦʚʠʥʥʘ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ʦʩʥʦʚʥʠʭ ʢʽʣ ʦʙʦʭ ʢʦʣʽc. ʇʦʨʫʰʝʥʥʷ ʮʠʭ ʫʤʦʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʨʽʟʘʥʥʷ, ʷʢʝ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʝ ʜʣʷ ʰʝʩʪʝʨʝʥʴ ʧʨʠʚʦʜʽʚ 

ʤʝʭʘʥʽʟʤʽʚ ʥʘʚʝʜʝʥʥʷ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʜʘʯ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ: ʧʦʟʠʪʠʚʥʝ ʟʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʪʫʨʫ (ʚʠʩʦʪʥʘ ʢʦʨʝʢʮʽʷ), ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʩʦʪʠ ʛʦʣʦʚʢʠ ʟʫʙʘ, 

ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ ʩʭʝʤʠ ʢʦʨʝʢʮʽʾ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʤʘʣʦʟʫʙʥʠʭ ʰʝʩʪʝʨʝʥʴ ʻ ʤʝʪʦʜ ʚʠʩʦʪʥʦʾ ʢʦʨʝʢʮʽʾ. 

ʇʨʠ ʧʦʟʠʪʠʚʥʦʤʫ ʟʤʽʱʝʥʥʽ 0x>  ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ ʙʝʟ ʧʽʜʨʽʟʘʥʥʷ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ: 
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ɭ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ SolidWorks ʟ 

ʽʥʪʝʛʨʘʮʽʻʶ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʱʝʥʥʷ x  ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʟʘʜʘʥʦʛʦ ʤʽʞʦʩʴʦʚʦʛʦ ʚʽʜʩʪʘʥʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʘʧʨʦʙʦʚʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ʧʨʠʚʦʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʚʝʜʝʥʥʷ ʙʦʡʦʚʦʾ ʤʘʰʠʥʠ ʧʽʭʦʪʠ ʟ ʧʝʨʝʜʘʪʦʯʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ i = 48. ʇʝʨʰʠʡ ʩʪʫʧʽʥʴ: z  = 9, z  = 36, ʤʦʜʫʣʴ m = 2 ʤʤ; ʜʨʫʛʠʡ 

ʩʪʫʧʽʥʴ: z  = 12, z  = 48, ʤʦʜʫʣʴ m = 1,5 ʤʤ. ɼʣʷ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ z  = 9 < zmin = 

17, ʱʦ ʦʙʫʤʦʚʣʶʻ ʦʙʦʚ'ʷʟʢʦʚʝ ʚʚʝʜʝʥʥʷ ʢʦʨʝʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʠʣʠ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʪʘ ʧʽʜʨʽʟʘʥʥʷ ʧʨʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚ 

SolidWorks Motion: ʧʝʨʝʪʠʥ ʪʽʣ ʟʫʙʮʽʚ ʥʝ ʚʠʷʚʣʝʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ ‐
ρȟτς ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ ɼʉʊʋ. 

ʇʦʨʽʚʥʷʥʥʷ ʥʝʢʦʨʠʛʦʚʘʥʦʛʦ ʪʘ ʢʦʨʠʛʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʽʚ ʚ ANSYS 

Mechanical ʧʦʢʘʟʘʣʦ ʟʥʠʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ 18,3% ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ ʥʽʞʮʽ ʟʫʙʘ ʰʝʩʪʝʨʥʽ ʥʘ 24,7%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʫʤʦʚ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ 

ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʽʚ ʥʘʚʝʜʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ 

ʟʫʙʯʘʩʪʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦ ʚʠʢʣʶʯʠʪʠ 

ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʜʣʷ ʤʘʣʦʟʫʙʥʠʭ ʰʝʩʪʝʨʝʥʴ ʤʝʭʘʥʽʟʤʽʚ ʦʟʙʨʦʻʥʥʷ. ɯʥʪʝʛʨʘʮʽʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʨʽʟʘʥʥʷ ʟ ʧʘʨʘʤʝʪʨʠʯʥʠʤ CAD-ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ. ʇʨʘʢʪʠʯʥʘ 

ʘʧʨʦʙʘʮʽʷ ʥʘ ʨʝʜʫʢʪʦʨʽ ʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʘ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ 

ʟʫʙʮʷʭ ʥʘ 18ï25% ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʢʦʨʠʛʦʚʘʥʠʤ ʟʘʯʝʧʣʝʥʥʷʤ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʝʩʫʨʩ 

ʧʝʨʝʜʘʯʽ ʚ ʫʤʦʚʘʭ ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʧʽʜʚʠʱʝʥʥʶ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʽ ʜʦʟʚʦʣʠʪʴ ʫʥʝʤʦʞʣʠʚʠʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. 
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ʋɼʂ 514.18 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʋ ɼʀʉʂʈɽʊʅʀʍ ɽʃɽʄɽʅʊɯɺ (DEM) ɼʃʗ 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɻɽʆʄɽʊʈʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɺʀʉɯɺʅʆɻʆ 

ɼʀʉʂɸ ʗʂ ʏʀʅʅʀʂɸ ɹɽɿɺɯɼʄʆɺʅʆʉʊɯ 

ʄʠʭʘʡʣʶʢ ʆ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʩʽʚʘʣʢʘʭ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ 

ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʣʠʰʝ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ 

ʚʽʜʤʦʚ, ʘ ʽ ʷʢ ʟʜʘʪʥʽʩʪʴ ʩʪʘʙʽʣʴʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʫ ʷʢʽʩʪʴ ʚʠʩʽʚʫ ʚ ʫʩʴʦʤʫ 

ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. ɼʣʷ ʧʨʦʩʘʧʥʠʭ ʢʫʣʴʪʫʨ ʪʘʢʘ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʽʜʤʦʚ ð 

ʧʨʦʧʫʩʢʽʚ ʽ ʟʜʚʦʻʥʴ ʥʘʩʽʥʠʥ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʛʽʨʰʫʶʪʴ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʤʽʱʝʥʥʷ ʨʦʩʣʠʥ ʫ ʨʷʜʢʫ. ʋ ʩʫʯʘʩʥʠʭ ʦʛʣʷʜʦʚʠʭ ʧʨʘʮʷʭ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʚʠʩʽʚʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʜʘʣʽ ʙʽʣʴʰʝ 

ʟʤʽʱʫʶʪʴʩʷ ʚʽʜ ʩʫʪʦ ʤʝʭʘʥʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʧʥʝʚʤʘʪʠʯʥʠʭ, ʝʣʝʢʪʨʦʧʨʠʚʽʜʥʠʭ 

ʽ ʯʠʩʝʣʴʥʦ-ʤʦʜʝʣʴʥʠʭ ʨʽʰʝʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʤʝʪʦʜ 

ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ (DEM), ʱʦ ʜʘʻ ʟʤʦʛʫ ʤʦʜʝʣʶʚʘʪʠ ʨʫʭ ʽ ʢʦʥʪʘʢʪʥʫ 

ʚʟʘʻʤʦʜʽʶ ʥʘʩʽʥʥʷ, ʪʘ ʧʦʻʜʥʘʥʠʡ ʧʽʜʭʽʜ CFD-DEM, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʪʘʢʦʞ ʚʧʣʠʚ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʨʦʮʝʩ ʟʘʭʦʧʣʝʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʩʢʠʜʘʥʥʷ ʥʘʩʽʥʠʥʠ 

[1]. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧʽʜʭʦʜʫ ʜʦ ʚʠʙʦʨʫ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ DEM-ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʨʠʪʝʨʽʾʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: 1) ʚʩʪʘʥʦʚʠʪʠ, ʷʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʩʢʘ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʧʫʩʢʫ ʪʘ ʟʜʚʦʻʥʥʷ; 2) ʧʦʚôʷʟʘʪʠ ʨʝʟʫʣʴʪʘʪʠ DEM-

ʩʠʤʫʣʷʮʽʾ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʚʠʩʽʚʫ; 3) ʩʬʦʨʤʫʚʘʪʠ ʢʨʠʪʝʨʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ. ʋ 

ʩʫʯʘʩʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʠʩʽʚʫ ʟʜʽʡʩʥʶʶʪʴ ʯʝʨʝʟ ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ 

ʚʠʩʽʚʫ (qualified rate ʘʙʦ quality index), ʧʦʢʘʟʥʠʢ ʧʨʦʧʫʩʢʽʚ (miss index) ʽ ʧʦʢʘʟʥʠʢ 

ʟʜʚʦʻʥʴ (multiple index), ʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʮʝʩʫ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʧʝʨʝʚʽʨʷʶʪʴ 

ʟʛʽʜʥʦ ʟ ʧʽʜʭʦʜʘʤʠ ISO 7256-1, ʜʝ ʧʨʦʧʫʩʢ ʧʦʚôʷʟʫʶʪʴ ʟ ʽʥʪʝʨʚʘʣʦʤ ʧʦʥʘʜ 1,5 ʚʽʜ 

ʪʝʦʨʝʪʠʯʥʦʛʦ, ʘ ʟʜʚʦʻʥʥʷ ð ʟ ʽʥʪʝʨʚʘʣʦʤ ʤʝʥʰʝ 0,5 ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ [4]. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ 

ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʣʠʰʝ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ ʽ ʩʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʦʜʠʥʠʯʥʦʛʦ 

ʟʘʭʦʧʣʝʥʥʷ ʥʘʩʽʥʥʷ. ɺ ʢʦʥʪʝʢʩʪʽ DEM ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʬʦʨʤʘ ʡ ʨʦʟʤʽʨʠ ʦʪʚʦʨʫ, 

ʢʫʪʦʚʽ ʧʘʨʘʤʝʪʨʠ ʥʘʧʨʷʤʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʫʪ ʥʘʭʠʣʫ ʜʠʩʢʘ, ʘ ʪʘʢʦʞ ʯʘʩʪʦʪʘ ʡʦʛʦ 

ʦʙʝʨʪʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʥʘʩʽʥʠʥʠ, ʾʾ ʦʨʽʻʥʪʘʮʽʶ, ʢʦʥʪʘʢʪʥʽ ʚʟʘʻʤʦʜʽʾ 

ʟ ʩʫʩʽʜʥʽʤ ʥʘʩʽʥʥʷʤ ʽ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʗʢʱʦ ʛʝʦʤʝʪʨʽʷ ʦʪʚʦʨʫ ʘʙʦ 

ʢʽʥʝʤʘʪʠʢʘ ʜʠʩʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʥʘʩʽʥʥʷ, ʫ 

ʟʦʥʽ ʟʘʧʦʚʥʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʨʝʞʠʤʠ ʥʝʟʘʧʦʚʥʝʥʥʷ ʢʦʤʽʨʢʠ (no-fill) ʘʙʦ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʢʦʤʽʨʢʠ (over-fill), ʷʢʽ ʚ ʨʝʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ ʧʨʦʧʫʩʢʠ ʪʘ ʟʜʚʦʻʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 
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ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʜʦʮʽʣʴʥʦ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʟʙʝʨʝʞʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʘ ʧʨʦʧʫʩʢʽʚ ʽ ʧʦʢʘʟʥʠʢʘ ʟʜʚʦʻʥʴ ʫ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʘʛʨʝʛʘʪʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʩʫʯʘʩʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʚʠʩʽʚʥʠʭ ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ 

ʚʠʩʽʚʫ ʧʦʷʩʥʶʶʪʴ ʩʢʦʨʦʯʝʥʥʷʤ ʯʘʩʫ ʟʘʧʦʚʥʝʥʥʷ ʢʦʤʽʨʢʠ, ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ 

ʤʽʞʥʘʩʽʥʥʻʚʠʭ ʟʽʪʢʥʝʥʴ ʽ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʪʨʘʻʢʪʦʨʽʾ ʩʢʠʜʘʥʥʷ ʥʘʩʽʥʠʥʠ [4]. 

DEM-ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʮʽ ʷʚʠʱʘ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʝʟ 

ʪʨʠʚʘʣʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, DEM ʜʘʻ ʟʤʦʛʫ ʧʨʦʩʪʝʞʠʪʠ ʨʫʭ ʦʢʨʝʤʦʾ ʥʘʩʽʥʠʥʠ, 

ʚʠʟʥʘʯʠʪʠ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ, ʰʚʠʜʢʽʩʪʴ, ʢʫʪʦʚʫ ʦʨʽʻʥʪʘʮʽʶ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʟʦʥʽ 

ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʟ ʦʪʚʦʨʦʤ ʜʠʩʢʘ. ʉʘʤʝ ʪʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʠʯʠʥ 

ʧʨʦʧʫʩʢʽʚ ʽ ʟʜʚʦʻʥʴ, ʘ ʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʨʫ ʦʪʚʦʨʽʚ, ʬʦʨʤʠ ʚʠʨʽʟʽʚ, ʛʝʦʤʝʪʨʽʾ 

ʥʘʧʨʷʤʥʠʭ ʧʘʟʽʚ ʽ ʨʝʞʠʤʽʚ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʘ [2]. ɺ ʦʛʣʷʜʽ 2025 ʨʦʢʫ ʧʦʢʘʟʘʥʦ, ʱʦ 

CFD, DEM ʽ CFD-DEM ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ, ʢʽʥʝʪʠʢʠ ʯʘʩʪʠʥʦʢ, ʚʟʘʻʤʦʜʽʾ ʥʘʩʽʥʥʷ ʟ ʦʪʚʦʨʦʤ ʪʘ ʦʯʠʱʫʚʘʯʝʤ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʚʠʙʦʨʫ ʜʽʘʤʝʪʨʘ ʧʨʠʩʤʦʢʪʫʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ ʽ ʨʦʙʦʯʦʛʦ ʚʘʢʫʫʤʫ [2]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʛʝʦʤʝʪʨʽʾ 

ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ, ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʘʪʦʨʘ ʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʨʝʞʠʤʫ ʜʘʻ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ 

ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʩʽʚʫ ʧʦʥʘʜ 92 % ʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ 10ï18 ʢʤ/ʛʦʜ, 

ʨʦʟʰʠʨʶʶʯʠ ʦʙʣʘʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ [7]. 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ DEM-ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʨʝʟʫʣʴʪʘʪʠ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʽʚʫ ʢʫʢʫʨʫʜʟʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ CFD-DEM 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʘʧʘʨʘʪʫ ʦʪʚʽʨ ʜʽʘʤʝʪʨʦʤ 

4,5 ʤʤ ʽ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʥʘʩʽʥʥʻʧʨʦʚʦʜʫ 22 ʤʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʫ ʘʝʨʦʜʠʥʘʤʽʢʫ ʪʘ ʨʽʚʥʦʤʽʨʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʩʽʥʠʥʠ; ʟʘ ʥʝʛʘʪʠʚʥʦʛʦ 

ʪʠʩʢʫ -4 ʢʇʘ ʽ ʜʦʜʘʪʥʦʛʦ ʪʠʩʢʫ 3 ʢʇʘ ʧʽʜ ʯʘʩ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ 

ʜʦʩʷʛʥʫʪʦ ʷʢʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʠʩʽʚʫ 96,48% [3]. ʋ ʨʦʙʦʪʽ Dong ʪʘ ʽʥ. (2025) 

DEM-ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʦʧʝʨʝʜʥʻ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘʩʽʥʠʥʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʛʝʦʤʝʪʨʽʾ ʥʘʧʨʷʤʥʦʛʦ ʧʘʟʘ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʫʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ʥʝʟʘʧʦʚʥʝʥʥʷ ʪʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʢʦʤʽʨʢʠ; ʧʨʠ 

ʢʫʪʽ ʨʦʟʢʨʠʪʪʷ 21,6Á ʪʘ ʰʠʨʠʥʽ 8,4 ʤʤ ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʩʽʚʫ ʩʪʘʥʦʚʠʚ 94,8 %, 

ʧʦʢʘʟʥʠʢ ʟʜʚʦʻʥʴ ð 1,3 %, ʘ ʧʨʦʩʠʧʘʥʥʷ ʥʘʩʽʥʥʷ ð 3,9 % ʫ ʜʽʘʧʘʟʦʥʽ 8ï14 ʢʤ/ʛʦʜ 

[4]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʧʨʠʩʪʨʦʶ DEM-ʩʠʤʫʣʷʮʽʷ ʜʘʣʘ 

ʟʤʦʛʫ ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ ʛʝʦʤʝʪʨʽʶ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʢʽʣʴʮʷ; ʦʧʪʠʤʫʤ ʙʫʣʦ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʜʦʚʞʠʥʠ ʟʫʙʮʷ 8,65 ʤʤ, ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʫʪʘ 8Á ʪʘ ʰʚʠʜʢʦʩʪʽ 13,55 

ʢʤ/ʛʦʜ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʩʽʚʫ 94,5 %, ʧʦʢʘʟʥʠʢ ʟʜʚʦʻʥʴ 2,7 % 

ʽ ʧʦʢʘʟʥʠʢ ʧʨʦʩʠʧʘʥʥʷ ʥʘʩʽʥʥʷ 2,8 % [6]. ɹʣʠʟʴʢʽ ʚʠʩʥʦʚʢʠ ʦʪʨʠʤʘʥʦ ʽ ʜʣʷ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʟ V-ʧʦʜʽʙʥʠʤʠ ʥʘʧʨʷʤʥʠʤʠ ʧʘʟʘʤʠ ʪʘ 

ʦʧʪʠʤʽʟʦʚʘʥʦʶ ʬʦʨʤʦʶ ʧʨʠʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ: ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ CFD-DEM-

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʩʪʝʥʜʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʩʽʚʫ ʜʦʩʷʛʘʚ 98,94 %, 
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ʧʦʢʘʟʥʠʢ ʟʜʚʦʻʥʴ ʩʪʘʥʦʚʠʚ 0,93 %, ʘ ʧʦʢʘʟʥʠʢ ʧʨʦʧʫʩʢʽʚ ð 0,13 %, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ [8]. 

ʈʘʟʦʤ ʟ ʪʠʤ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʜʽʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ 

ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʤʘʰʠʥ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʢʣʘʜʦʚʫ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʟʘ ʷʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʶʪʴ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʦʮʽʥʶʚʘʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [9]. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ 

ʚʠʩʥʦʚʦʢ: ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ ʧʦʚʠʥʥʽ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠʩʷ ʥʝ 

ʽʟʦʣʴʦʚʘʥʦ, ʘ ʷʢ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ñʥʘʩʽʥʥʷ ï ʜʠʩʢ ï ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ï h ʚʠʜʢʽʩʪʴ 

ʨʫʭʫò. ʇʨʠ ʮʴʦʤʫ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʤʘʻ ʙʫʪʠ ʥʝ ʣʠʰʝ ʤʘʢʩʠʤʽʟʘʮʽʷ 

ʷʢʽʩʥʦʛʦ ʚʠʩʽʚʫ, ʘ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʙʝʟ ʧʝʨʝʭʦʜʫ ʚ ʨʝʞʠʤʠ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʨʦʧʫʩʢʽʚ ʘʙʦ ʟʜʚʦʻʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʢʦʥʪʝʢʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʚʽʜʤʦʚʫ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʷʢ 

ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʘ ʧʨʦʧʫʩʢʽʚ ʘʙʦ ʧʦʢʘʟʥʠʢʘ ʟʜʚʦʻʥʴ ʟʘ 

ʟʘʜʘʥʦʾ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ DEM-ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʝʞʽ ʙʝʟʚʽʜʤʦʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘ ʛʝʦʤʝʪʨʽʷ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʢʝʨʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʾʭ ʨʦʟʰʠʨʝʥʥʷ [5]. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʚʠʩʽʚʥʠʭ 

ʘʧʘʨʘʪʽʚ ʧʦʩʽʚʥʠʭ ʤʘʰʠʥ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʧʨʦʩʘʧʥʠʭ ʢʫʣʴʪʫʨ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʥʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʫ ʩʽʚʘʣʢʘʭ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ ʜʦʮʽʣʴʥʦ ʦʮʽʥʶʚʘʪʠ ʪʘʢʦʞ 

ʟ ʧʦʟʠʮʽʡ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʦʧʫʩʢʽʚ ʽ 

ʟʜʚʦʻʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʝ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [10].  DEM-ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʣʷʪʠ ʧʨʠʯʠʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʽʜʤʦʚ ʚʠʩʽʚʫ ʥʘ ʤʽʢʨʦʨʽʚʥʽ, ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʚʧʣʠʚ ʛʝʦʤʝʪʨʽʾ ʦʪʚʦʨʽʚ, ʧʘʟʽʚ ʽ ʢʫʪʘ ʥʘʭʠʣʫ ʜʠʩʢʘ ʥʘ ʧʨʦʧʫʩʢʠ ʪʘ ʟʜʚʦʻʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ 

ʤʦʞʣʠʚʦʩʪʽ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʠʨʘʪʠ ʛʝʦʤʝʪʨʽʶ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʩʽʚʫ ʧʦʥʘʜ 90ï95 % ʫ ʟʘʜʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ 

ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ [1]. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. Guan X., Nie S., Ge H., Ding Y., Yang J. Research status and development 

trends of adjustable precision seeders // Agronomy. 2026. Vol. 16, No. 5. Art. 495. 

DOI: 10.3390/agronomy16050495. 

2. Bustos-Gaytán A., Saldaña-Robles N., Joya-Cárdenas D. R., Gutiérrez-Vaca 

C., Alfaro-Ayala J. A., Barco-Burgos J., Saldaña-Robles A. Advancements in 

pneumatic seed-metering devices: a review of numerical and experimental approaches 

// Results in Engineering. 2025. Vol. 26. Art. 105626. DOI: 

10.1016/j.rineng.2025.105626. 

3. Chen J., Qi S., Xu F., Jia P., Yuan Z., Xi D., Xu H., Wang J. CFD-DEM-based 

simulation and performance analysis of key parameters in pneumatic high-speed 



ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XɁ ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

158 

precision maize seed-metering device // Frontiers in Plant Science. 2025. Vol. 16. Art. 

1700037. DOI: 10.3389/fpls.2025.1700037. 

4. Dong J., Gao X., Zheng Z., Zhao P., Bi Y., Huang Y. Design and testing of a 

posture-adjusting precision metering device for high-speed maize planting // Frontiers 

in Plant Science. 2025. Vol. 16. Art. 1458597. DOI: 10.3389/fpls.2025.1458597. 

5. Chen J., Guan T., Yuan Z., Xu F., Zhao K., Tang H., Wang J. Development 

of high-speed precision maize metering device for dense planting pattern with standard 

ridges // Frontiers in Plant Science. 2024. Vol. 15. Art. 1452699. DOI: 

10.3389/fpls.2024.1452699. 

6. Development of a novel perforated type precision metering device for efficient 

and cleaner production of maize // Journal of Cleaner Production. 2024. Vol. 443. Art. 

140928. DOI: 10.1016/j.jclepro.2024.140928. 

7. Gao X., Xie G., Li J., Shi G., Lai Q., Huang Y. Design and validation of a 

centrifugal variable-diameter pneumatic high-speed precision seed-metering device for 

maize // Biosystems Engineering. 2023. Vol. 227. P. 161ï181. DOI: 

10.1016/j.biosystemseng.2023.02.004. 

8. Design and test of a precision air-suction maize seed-metering device for plot 

planting based on CFD-DEM coupling // Computers and Electronics in Agriculture. 

2025. Vol. 238. Art. 110888. DOI: 10.1016/j.compag.2025.110888. 

9. Novytskyi A. V., Bannyi O. O. (2020). Reliability of agricultural machinery 

in the system of innovation processes from the experience of foreign companies. 

Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 11(2). 

115-124. 

10. Boiko A., Popyk P., Gerasymchuk I., Bannyi O., Gerasymchuk N. 

Application of the new structural solutions in the seeders for precision sowing as a 

resource saving direction. Eastern-European Journal of Enterprise Technologies. 2018, 

vʦl. 5, no. 1 (95). ʨʨ. 46-53. 

  



çȺɍɟɡɚɎɝɨɖɱ ɣɔɞɌəəɫè 

 

159 

ʋɼʂ 631.348:629.7.014.9 

 

ɽʌɽʂʊʀɺʅɯʉʊʔ ɿɸʉʊʆʉʋɺɸʅʅʗ ɹɽɿʇɯʃʆʊʅʀʍ ɸɺɯɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ ɼʃʗ ʋʃʔʊʈɸʄɸʃʆʆɹôɭʄʅʆɻʆ ʆɹʇʈʀʉʂʋɺɸʅʅʗ ɺ 

ʉʋʏɸʉʅʆʄʋ ʈʆʉʃʀʅʅʀʎʊɺɯ 

ɺʝʯʝʨʘ ʆ.ʄ., ʊʝʩʣʶʢ ɹ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʫʯʘʩʥʝ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʦ ʧʝʨʝʙʫʚʘʻ ʥʘ ʝʪʘʧʽ ʧʝʨʝʭʦʜʫ ʜʦ ʢʦʥʮʝʧʮʽʾ 

Agriculture 4.0, ʜʝ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʪʦʯʥʽʩʪʴ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ. ʊʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʩʪʠʢʘʶʪʴʩʷ ʟ ʚʠʢʣʠʢʘʤʠ: ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ, 

ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʩʦʢʠʭ ʢʫʣʴʪʫʨ (ʢʫʢʫʨʫʜʟʘ, ʩʦʥʷʰʥʠʢ) ʢʦʣʽʩʥʦʶ ʪʝʭʥʽʢʦʶ ʪʘ 

ʚʠʩʦʢʘ ʚʠʪʨʘʪʘ ʚʦʜʠ (200ï300 ʣ/ʛʘ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ (ʜʨʦʥʽʚ) ʧʨʦʧʦʥʫʻ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ [1, 2]. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʜʨʦʥʽʚ: 

- ʂʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʜʨʦʥʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʫʣʴʪʨʘʤʘʣʦʦʙôʻʤʥʦʛʦ ʦʙʧʨʠʩʢʫʚʘʥʥʷ.  

- ɼʠʩʧʝʨʩʥʽʩʪʴ ʢʨʘʧʝʣʴ - ʘʛʨʦʜʨʦʥʠ ʬʦʨʤʫʶʪʴ ʢʨʘʧʣʽ ʨʦʟʤʽʨʦʤ 100ï250 

ʤʢʤ. ɿʘʚʜʷʢʠ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʘʤ ʚʽʜ ʨʦʪʦʨʽʚ (downwash effect), ʧʨʝʧʘʨʘʪ 

ʧʨʦʥʠʢʘʻ ʚ ʩʝʨʝʜʥʽ ʪʘ ʥʠʞʥʽ ʷʨʫʩʠ ʨʦʩʣʠʥʠ. 

- ɺʽʜʩʫʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʣʽʾ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʦʜʨʦʥʽʚ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʧʦʩʽʚʽʚ, ʱʦ ʟʙʝʨʽʛʘʻ ʚʽʜ 3% ʜʦ 6% 

ʚʨʦʞʘʶ. 

- ʈʦʙʦʪʘ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ - ʘʛʨʦʜʨʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚʽʜʨʘʟʫ ʧʽʩʣʷ 

ʦʧʘʜʽʚ (ʢʦʣʠ ˇʨʫʥʪ ʟʘʥʘʜʪʦ ʚʦʣʦʛʠʡ ʜʣʷ ʚʘʞʢʦʾ ʪʝʭʥʽʢʠ) ʪʘ ʥʘ ʧʦʣʷʭ ʟʽ 

ʩʢʣʘʜʥʠʤ ʨʝʣʴʻʬʦʤ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

ʇʘʨʘʤʝʪʨ ʊʨʘʜʠʮʽʡʥʠʡ 

ʦʙʧʨʠʩʢʫʚʘʯ 

ɼʨʦʥ-ʦʙʧʨʠʩʢʫʚʘʯ (ʥʘʧʨ. DJI 

Agras T40) 

ɺʠʪʨʘʪʘ ʚʦʜʠ 200ï400 ʣ/ʛʘ 5ï20 ʣ/ʛʘ 

ɺʠʪʨʘʪʘ 

ʧʘʣʠʚʘ/ʝʥʝʨʛʽʾ 

ɺʠʩʦʢʘ (ɼʇ) ʅʠʟʴʢʘ (ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ) 

ʋʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʅʘʷʚʥʝ ɺʽʜʩʫʪʥʻ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ɺʠʩʦʢʘ ʥʘ ʚʝʣʠʢʠʭ 

ʤʘʩʠʚʘʭ 

ɺʠʩʦʢʘ ʥʘ ʩʢʣʘʜʥʠʭ/ʤʘʣʠʭ 

ʜʽʣʷʥʢʘʭ 
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ɽʢʦʥʦʤʽʷ ɿɿʈ ʪʘ ʚʦʜʠ - ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʪʘ 

ʪʦʯʥʦʤʫ ʧʦʟʠʮʽʶʚʘʥʥʶ (RTK), ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʶʯʦʾ ʨʝʯʦʚʠʥʠ ʟʨʦʩʪʘʻ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ ʥʦʨʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʧʘʨʘʪʽʚ 

ʥʘ 15ï25% ʙʝʟ ʚʪʨʘʪʠ ʙʽʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʦʧʨʠ ʦʯʝʚʠʜʥʽ ʧʝʨʝʚʘʛʠ, ʽʩʥʫʶʪʴ ʩʪʨʠʤʫʶʯʽ ʬʘʢʪʦʨʠ: 

- ʄʝʪʝʦʟʘʣʝʞʥʽʩʪʴ (ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʦʥʘʜ 5-7 ʤ/ʩ ʢʨʠʪʠʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʟʥʝʩʝʥʥʷ ʧʨʝʧʘʨʘʪʫ). 

- ʏʘʩ ʧʦʣʴʦʪʫ - ʥʝʦʙʭʽʜʥʽʩʪʴ ʯʘʩʪʦʾ ʟʘʤʽʥʠ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʟʘʧʨʘʚʢʠ ʙʘʢʘ. 

- ɿʘʢʦʥʦʜʘʚʩʪʚʦ: ʇʦʪʨʝʙʘ ʚ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʽʣʦʪʽʚ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʦʣʴʦʪʽʚ ʫ 

ʧʝʚʥʠʭ ʟʦʥʘʭ. 

ɽʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ - ʥ̔ʚʝʩʪʠʮʽʾ ʚ ʜʨʦʥ-ʦʙʧʨʠʩʢʫʚʘʯ ʦʢʫʧʘʶʪʴʩʷ 

ʧʨʦʪʷʛʦʤ 1ï2 ʩʝʟʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ: ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʠʪʦʧʪʫʚʘʥʥʷ), ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʣʦʛʽʩʪʠʢʫ ʚʦʜʠ (ʚ 20 ʨʘʟʽʚ ʤʝʥʰʝ ʧʽʜʚʝʟʝʥʴ), 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʇʄʄ. 

ɸʣʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʜʨʦʥʘʤʠ 

ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʣʛʦʨʠʪʤʽʚ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʧʣʦʱʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʫ. ʉʫʯʘʩʥʽ 

ɯʊ-ʨʽʰʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ɻɯʉ-ʜʘʥʠʭ ʪʘ RTK-ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ [3, 4]. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʻʢʪʦʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʦʣʽʛʦʥʽʚ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, DJI Terra ʘʙʦ ArduPilot Mission Planner) 

ʨʦʟʙʠʚʘʻ ʧʦʣʝ ʥʘ ʧʘʨʘʣʝʣʴʥʽ ʚʝʢʪʦʨʠ (ʛʘʣʩʠ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ: 

- ʐʠʨʠʥʘ ʟʘʭʚʘʪʫ (Swath Width) - ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʩʦʪʠ ʧʦʣʴʦʪʫ ʪʘ ʩʧʝʮʠʬʽʢʠ ʬʦʨʩʫʥʦʢ. 

- ʇʝʨʝʢʨʠʪʪʷ (Overlap) - ʟʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 10ï25% ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ çʦʛʨʽʭʘʤè ʧʨʠ ʙʽʯʥʦʤʫ ʚʽʪʨʽ. 

- ʂʦʥʪʫʨʥʘ ʘʜʘʧʪʘʮʽʷ - ʜʣʷ ʧʦʣʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ 

Boustrophedon (ʨʫʭ ʟʤʽʡʢʦʶ), ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʦʟʚʦʨʦʪʽʚ, ʥʘ ʷʢʽ 

ʧʨʠʧʘʜʘʻ ʜʦ 15% ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʘʢʫʤʫʣʷʪʦʨʘ. 

ɼʣʷ 3D-ʤʦʜʝʣʶʚʘʥʥ ̫ʪʘ ʜʦʪʨʠʤʘʥʥ ̫ʚʠʩʦʪʠ - ʥʘʡʩʢʣʘʜʥʽʰʠʤ ɯʊ-ʟʘʚʜʘʥʥʷʤ 

ʻ ʨʦʙʦʪʘ ʥʘ ʨʝʣʴʻʬʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ: Terrain Follow 

(ʈʘʜʘʨʥʝ ʩʢʘʥʫʚʘʥʥʷ), ʜʝ ʜʨʦʥ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

ʨʘʜʘʨʘ ʚʠʤʽʨʶʻ ʚʽʜʩʪʘʥʴ ʜʦ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʢʦʨʠʛʫʶʯʠ ʚʠʩʦʪʫ ʟ ʪʦʯʥʽʩʪʶ 

ʜʦ Ñ10 ʩʤ ʪʘ ʧʦʧʝʨʝʜʥʻ 3D-ʢʘʨʪʫʚʘʥʥʷ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʜʨʦʥʘ 

ʩʪʚʦʨʶʻʪʴʩʷ ʦʨʪʦʬʦʪʦʧʣʘʥ ʪʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ (DSM). ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʩʥʦʚʥʦʤʫ ʘʛʨʦʜʨʦʥʫ ʟʘʟʜʘʣʝʛʽʜʴ çʟʥʘʪʠè ʪʨʘʻʢʪʦʨʽʶ ʦʙʭʦʜʫ ʧʝʨʝʰʢʦʜ (ʜʝʨʝʚʘ, 

ʃɽʇ) ʪʘ ʧʝʨʝʧʘʜʠ ʚʠʩʦʪ, ʱʦ ʥʘ 20% ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʫ.  ɯʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ (Smart Swath Control).  ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʧʦʣʴʦʪʦʤ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʝʛʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʧʨʝʧʘʨʘʪʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʜʨʦʥʘ. ʊʦʯʢʦʚʽ ʤʽʩʽʾ (Spot Spraying): ʅʘ ʦʩʥʦʚʽ ʢʘʨʪ ʽʥʜʝʢʩʽʚ 

ʚʝʛʝʪʘʮʽʾ (NDVI), ʟʘʚʘʥʪʘʞʝʥʠʭ ʫ ʬʦʨʤʘʪʽ .shp ʘʙʦ .kml, ʜʨʦʥ ʨʦʟʨʘʭʦʚʫʻ 

ʪʨʘʻʢʪʦʨʽʶ ʣʠʰʝ ʜʦ ʟʦʥ ʧʨʠʛʥʽʯʝʥʥʷ ʧʦʩʽʚʽʚ, ʽʛʥʦʨʫʶʯʠ ʟʜʦʨʦʚʽ ʜʽʣʷʥʢʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʜʦ 60% ʧʨʝʧʘʨʘʪʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʢʠ ʜʦʟʘʧʨʘʚʢʠ - 
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ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʦʚʫʻ çʪʦʯʢʫ ʧʦʚʝʨʥʝʥʥʷè ʪʘʢ, ʱʦʙ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ʚʠʩʪʘʯʠʣʦ ʥʘ 

ʰʣʷʭ ʜʦ ʙʘʟʠ, ʬʽʢʩʫʶʯʠ ʚ ʧʘʤôʷʪʽ ʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʫʧʠʥʢʠ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʜʣʷ 

ʧʨʦʜʦʚʞʝʥʥʷ ʤʽʩʽʾ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 2 ʩʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʥʽʚ ʜʣʷ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʠʤ ʜʣʷ 

ʜʝʩʠʢʘʮʽʾ, ʚʥʝʩʝʥʥʷ ʬʫʥʛʽʮʠʜʽʚ ʪʘ ʽʥʩʝʢʪʠʮʠʜʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʧʦʣʷʭ ʟʽ 

ʩʢʣʘʜʥʠʤ ʢʦʥʪʫʨʦʤ. ʊʝʭʥʦʣʦʛʽʷ ʋʄʆ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʟʘʭʠʩʪʫ ʧʨʠ 

ʟʥʘʯʥʽʡ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʧʦʚʥʘ ʘʚʪʦʥʦʤʽʟʘʮʽʷ 

ʧʨʦʮʝʩʽʚ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ "ʜʨʦʥʽʚ-ʧʦʨʪʽʚ". 
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ʊʈɸʅʉʇʆʈʊʅʆ-ɽʂʉʇɽɼʀʊʆʈʉʔʂɸ ɼɯʗʃʔʅɯʉʊʔ ɺ ʋʂʈɸɰʅɯ: 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ʅɸʇʈʗʄʀ ʆʇʊʀʄɯɿɸʎɯɰ 

ʉʘʚʯʝʥʢʦ ʃ.ɸ, ɺʦʣʦʜʢʝʚʠʯ ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ, ʣʦʛʽʩʪʠʢʘ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʮʠʬʨʦʚʽʟʘʮʽʷ. 

ʊʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʻ ʩʠʩʪʝʤʦʫʪʚʦʨʶʚʘʣʴʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ. ɺ ʫʤʦʚʘʭ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʧʽʜʭʦʜʘʭ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ. ʄʝʪʦʶ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʡʦʛʦ ʧʽʜʚʠʱʝʥʥʷ. 

ʈʠʥʦʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʋʢʨʘʾʥʠ ʜʝʤʦʥʩʪʨʫʻ 

ʥʝʨʽʚʥʦʤʽʨʥʫ ʜʠʥʘʤʽʢʫ, ʟʫʤʦʚʣʝʥʫ ʷʢ ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʪʘʢ ʽ 

ʚʥʫʪʨʽʰʥʽʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ (ʨʠʩ. 1). ʆʩʦʙʣʠʚʦ ʟʥʘʯʥʝ ʧʘʜʽʥʥʷ 

ʦʙʩʷʛʽʚ ʨʠʥʢʫ ʚʽʜʙʫʣʦʩʴ ʫ 2022 ʨʦʮʽ ð ʥʘ 40,6 % ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʢʦʤ 

ð ʚʥʘʩʣʽʜʦʢ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʪʘ ʧʦʨʫʰʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. 

 
ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʦʙʩʷʛʫ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʋʢʨʘʾʥʠ, 

2019ï2023 ʨʨ. 

 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʊɽʆ) ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ 

ʂ̔ ʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʠʡ, ʚʘʨʪʽʩʥʠʡ ʪʘ ʷʢʽʩʥʠʡ ʢʦʤʧʦʥʝʥʪʠ. ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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 ʂ̔ ʥʪ = Ŭ Ŀ ʂʯ + ɓ Ŀ ʂʚ + ɔ Ŀ ʂ,̫      (1) 

ʜʝ ʂʯ ð ʯʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʚʽʜʥʦʰʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ ʜʦ ʬʘʢʪʠʯʥʦʛʦ); ʂʚ ð ʚʘʨʪʽʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʚʽʜʥʦʰʝʥʥʷ ʧʣʘʥʦʚʠʭ 

ʚʠʪʨʘʪ ʜʦ ʬʘʢʪʠʯʥʠʭ); ʂ̫  ð ʷʢʽʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʨʽʚʝʥʴ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʣʽʻʥʪʽʚ, 

ʯʘʩʪʢʘ ʙʝʟʜʝʬʝʢʪʥʠʭ ʜʦʩʪʘʚʦʢ); Ŭ, ɓ, ɔ ð ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (Ŭ + ɓ + ɔ = 1). 

ʏʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʂʯ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʂʯ = ʊʥʦʨʤ / ʊʬʘʢʪ,    

 

 

 

    (2) 

ʜʝ ʊʥʦʨʤ ð ʥʦʨʤʘʪʠʚʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ (ʛʦʜ.); ʊʬʘʢʪ ð ʬʘʢʪʠʯʥʠʡ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ (ʛʦʜ.). ʇʨʠ ʂʯ Ó 1 ʢʦʥʩʪʘʪʫʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ ʚʯʘʩʥʦ ʘʙʦ ʜʦʩʪʨʦʢʦʚʦ. 

ʉʪʨʫʢʪʫʨʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʟʘ ʚʠʜʘʤʠ 

ʪʨʘʥʩʧʦʨʪʫ ʻ ʥʝʨʽʚʥʦʤʽʨʥʦʶ (ʨʠʩ. 2). ɼʦʤʽʥʫʶʯʝ ʧʦʣʦʞʝʥʥʷ ʟʘʡʤʘʻ 

ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʛʥʫʯʢʽʩʪʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʜʦʩʪʫʧʥʽʩʪʶ 

ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʟʜʽʡʩʥʝʥʥʷ ʜʦʩʪʘʚʢʠ çʚʽʜ ʜʚʝʨʝʡ ʜʦ ʜʚʝʨʝʡè. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ, 

2023 ʨ., % 

 

ʈʝʥʪʘʙʝʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ Rʊɽɼ 
ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʬʦʨʤʫʣʦʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʠʪʨʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʧʝʮʠʬʽʢʠ ʛʘʣʫʟʽ: 

 Rʊɽɼ = (ɼʊɽʆ ī ɺʟʘʛ) / ɺʟʘʛ × 100 %,      (3) 

ʜʝ ɼʊɽʆ ð ʜʦʭʦʜʠ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʛʨʥ); ɺʟʘʛ 

ð ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʛʨʥ). 
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ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊɽʆ ʜʣʷ ʧʨʦʚʽʜʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʨʠʥʢʫ 

ʩʪʘʥʦʚʠʪʴ ʂ̔ ʥʪ = 0,72ï0,84, ʱʦ ʻ ʥʠʞʯʠʤ ʟʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ (Ó 0,90). 

ʆʩʥʦʚʥʠʤʠ ʨʝʟʝʨʚʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ: ʩʢʦʨʦʯʝʥʥʷ ʪʨʘʥʟʠʪʥʦʛʦ ʯʘʩʫ 

ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ (ʧʦʪʝʥʮʽʘʣ ʟʨʦʩʪʘʥʥʷ ʂʯ ʥʘ 12ï18 %), 

ʚʧʨʦʚʘʜʞʝʥʥʷ TMS-ʩʠʩʪʝʤ (ʟʥʠʞʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 8ï15 %) ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʩʝʨʚʽʩʫ (ʟʨʦʩʪʘʥʥʷ ʂ̫  ʥʘ 10ï14 %). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩʦʚʽ, ʚʘʨʪʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ (1)ï(3) ʥʘʜʘʻ ʢʝʨʽʚʥʠʢʘʤ ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ ʦʙ'ʻʢʪʠʚʥʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʽ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʘʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʩʣʫʛ. 
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ʋɼʂ 656.073 

 

ʋʇʈɸɺʃɯʅʅʗ ɿɸʇɸʉɸʄʀ ʇɯɼʇʈʀɭʄʉʊɺ ɸʇʂ ʅɸ ʆʉʅʆɺɯ 

ɯʅʊɽɻʈʆɺɸʅʆɻʆ ABC/XYZ-ɸʅɸʃɯɿʋ 

ʉʘʚʯʝʥʢʦ ʃ.ɸ., ʈʦʞʦʰʝʥʢʦ I. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʇʨʦʙʣʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʮʝʥʪʨʘʣʴʥʠʭ ʫ ʣʦʛʽʩʪʠʯʥʦʤʫ 

ʤʝʥʝʜʞʤʝʥʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɸʇʂ). ʅʘʜʣʠʰʢʦʚʽ 

ʟʘʧʘʩʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʦʙʦʨʦʪʥʠʭ ʢʦʰʪʽʚ ʪʘ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ, ʪʦʜʽ ʷʢ ʾʭ ʜʝʬʽʮʠʪ ð ʜʦ ʟʫʧʠʥʢʠ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʪʨʘʪʠ 

ʚʨʦʞʘʶ. ɿʘ ʦʮʽʥʢʘʤʠ ʘʥʘʣʽʪʠʢʽʚ, ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʩʧʨʠʯʠʥʷʻ 

ʚʪʨʘʪʠ ʫ ʨʦʟʤʽʨʽ 12ï18 % ʚʽʜ ʚʘʨʪʦʩʪʽ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ (ʊʄʎ) ʥʘ 

ʨʽʢ. ɯʥʪʝʛʨʦʚʘʥʠʡ ABC/XYZ-ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʘʩʦʨʪʠʤʝʥʪ ʊʄʎ 

ʟʘ ʜʚʦʤʘ ʢʣʶʯʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ð ʝʢʦʥʦʤʽʯʥʦʶ ʟʥʘʯʫʱʽʩʪʶ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʧʦʧʠʪʫ ð ʽ ʬʦʨʤʫʚʘʪʠ ʘʜʨʝʩʥʽ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ABC/XYZ-ʘʥʘʣʽʟʫ ʟʘʧʘʩʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ABC-ʘʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʇʘʨʝʪʦ ʽ ʧʝʨʝʜʙʘʯʘʻ ʨʘʥʞʫʚʘʥʥʷ 

ʧʦʟʠʮʽʡ ʟʘʧʘʩʽʚ ʟʘ ʾʭ ʯʘʩʪʢʦʶ ʫ ʩʫʢʫʧʥʽʡ ʚʘʨʪʦʩʪʽ. ʂʨʠʪʝʨʽʻʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʣʫʛʫʻ 

ʥʘʢʦʧʠʯʝʥʘ ʧʠʪʦʤʘ ʚʘʛʘ ʪʦʚʘʨʥʦʾ ʧʦʟʠʮʽʾ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙʦʨʦʪʽ. ʌʦʨʤʫʣʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʚʘʛʠ di ʢʦʞʥʦʾ i-ʾ ʧʦʟʠʮʽʾ: 

 di = Oi / ɆOi × 100 %,      (1) 

ʜʝ Oi ð ʨʽʯʥʠʡ ʦʙʦʨʦʪ i-ʾ ʧʦʟʠʮʽʾ (ʛʨʥ); ɆOi ð ʩʫʢʫʧʥʠʡ ʨʽʯʥʠʡ ʦʙʦʨʦʪ ʫʩʽʭ 

ʧʦʟʠʮʽʡ (ʛʨʥ). ʄʝʞʽ ʢʣʘʩʽʚ: A ð ʧʝʨʰʽ 50 % ʦʙʦʨʦʪʫ, B ð ʥʘʩʪʫʧʥʽ 30 %, C ð 

ʨʝʰʪʘ 20 %. 

XYZ-ʘʥʘʣʽʟ ʢʣʘʩʠʬʽʢʫʻ ʧʦʟʠʮʽʾ ʟʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʧʦʞʠʚʘʥʥʷ. ʂʽʣʴʢʽʩʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʚʠʩʪʫʧʘʻ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ CV, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 CV = ů / xe × 100 %,      (2) 

ʜʝ ů ð ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ; xe ð ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʘʥʘʣʽʟʦʚʘʥʠʡ ʧʝʨʽʦʜ. ʂʣʘʩʠ XYZ: X ð CV Ò 15 % 

(ʩʪʘʙʽʣʴʥʠʡ ʧʦʧʠʪ); Y ð 15 % < CV Ò 35 % (ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ); Z ð CV > 35 % 

(ʥʝʨʝʛʫʣʷʨʥʠʡ ʧʦʧʠʪ). 

 

ʊʘʙʣʠʮʷ 1.ʈʝʟʫʣʴʪʘʪʠ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ABC/XYZ-ʘʥʘʣʽʟʫ ʟʘʧʘʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɸʇʂ 

ʇʦʟʠʮʽʷ 
ʈʽʯʥʠʡ 

ʦʙʦʨʦʪ, 

ʪʠʩ. ʛʨʥ 
ʏʘʩʪʢʘ, % ʅʘʢʦʧ. ʯʘʩʪʢʘ, 

% CV, % ABC XYZ ɻʨʫʧʘ 

ɼʦʙʨʠʚʘ ʤʽʥʝʨʘʣʴʥʽ 4 820 24,1 24,1 8,2 A X AX 

ʅʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ 3 640 18,2 42,3 14,7 A Y AY 

ɿɿʈ (ʛʝʨʙʽʮʠʜʠ) 2 190 10,9 53,2 31,4 A Z AZ 
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ʇʘʣʠʚʦ ʜʠʟʝʣʴʥʝ 1 870 9,3 62,5 11,3 B X BX 

ɿʘʧʯʘʩʪʠʥʠ ʜʦ ʪʝʭʥʽʢʠ 1 540 7,7 70,2 22,8 B Y BY 

ʄʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ 980 4,9 75,1 38,6 B Z BZ 

ʅʘʩʽʥʥʷ ʢʫʢʫʨʫʜʟʠ 720 3,6 78,7 9,4 C X CX 

ʊʘʨʘ ʪʘ ʧʘʢʫʚʘʥʥʷ 610 3,0 81,7 18,2 C Y CY 

ɯʥʰʽ ʤʘʪʝʨʽʘʣʠ 3 660 18,3 100,0 44,1 C Z CZ 

ʇʨʠʤʽʪʢʘ: CV ð ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ; ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ ʟʘ ʜʘʥʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʪʘʙʣʠʮʽ 1 ʩʚʽʜʯʘʪʴ, ʱʦ ʪʨʠ ʧʦʟʠʮʽʾ ʛʨʫʧʠ A (ʜʦʙʨʠʚʘ, ʥʘʩʽʥʥʷ 

ʩʦʥʷʰʥʠʢʫ, ɿɿʈ) ʬʦʨʤʫʶʪʴ 53,2 % ʟʘʛʘʣʴʥʦʛʦ ʦʙʦʨʦʪʫ, ʪʦʜʽ ʷʢ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʻ 

ʣʠʰʝ 33,3 % ʥʦʤʝʥʢʣʘʪʫʨʠ. ɺʦʜʥʦʯʘʩ ʧʦʟʠʮʽʷ çɯʥʰʽ ʤʘʪʝʨʽʘʣʠè ʛʨʫʧʠ CZ, ʤʘʶʯʠ 

ʟʥʘʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ (44,1 %), ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ çʥʘ 

ʟʘʤʦʚʣʝʥʥʷè ʙʝʟ ʫʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʨʝʟʝʨʚʫ. ʄʘʪʨʠʮʷ ʨʦʟʧʦʜʽʣʫ ʟʘ ʜʝʚ'ʷʪʴʤʘ 

ʛʨʫʧʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʄʘʪʨʠʮʷ ABC/XYZ-ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʧʘʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ɸʇʂ (ʩʢʣʘʜʝʥʦ 

ʘʚʪʦʨʦʤ) 

 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʬʦʨʤʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʘʩʘʤʠ. ɼʣʷ ʛʨʫʧʠ AX ð ʩʠʩʪʝʤʘ ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘʤʦʚʣʝʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤ 

ʤʦʥʽʪʦʨʠʥʛʦʤ ʟʘʣʠʰʢʽʚ. ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʘʤʦʚʣʝʥʥʷ (Economic Order 

Quantity, EOQ) ʜʣʷ ʧʦʟʠʮʽʡ AX ʪʘ BX ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ɺʽʣʩʦʥʘ: 

 EOQ = ã(2 · D · S / H),      (3) 

ʜʝ D ð ʨʽʯʥʠʡ ʧʦʧʠʪ ʥʘ ʧʦʟʠʮʽʶ (ʦʜ.); S ð ʚʠʪʨʘʪʠ ʥʘ ʦʬʦʨʤʣʝʥʥʷ ʦʜʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ (ʛʨʥ); H ð ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʦʜʠʥʠʮʽ ʟʘʧʘʩʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 

(ʛʨʥ/ʦʜ.). ɼʣʷ ʧʦʟʠʮʽʡ ʛʨʫʧ AZ ʪʘ BZ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʩʪʨʘʪʝʛʽʷ çʪʦʯʥʦ ʚʯʘʩʥʦè 

(Just-in-Time) ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʩʢʣʘʜʩʴʢʠʤ ʟʘʣʠʰʢʦʤ. 
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ʈʽʚʝʥʴ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʫ ɿʩʪʨ ʜʣʷ ʧʦʟʠʮʽʡ ʽʟ ʥʝʩʪʘʙʽʣʴʥʠʤ ʧʦʧʠʪʦʤ (ʛʨʫʧʠ 

Y ʪʘ Z) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʦʧʠʪʫ: 

 ɿʩʪʨ = z Ŀ ůd · ãL,      (4) 

ʜʝ z ð ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ (ʧʨʠ ʨʽʚʥʽ ʩʝʨʚʽʩʫ 95 % ð z = 1,65); ůd ð ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʜʝʥʥʦʛʦ ʧʦʧʠʪʫ (ʦʜ./ʜʝʥʴ); L ð ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ (ʜʥʽʚ). ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣ (3)ï(4) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ABC/XYZ-

ʤʘʪʨʠʮʝʶ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʥʦʨʤʘʪʠʚʠ ʟʘʧʘʩʽʚ ʜʣʷ ʢʦʞʥʦʾ ʟ 

9 ʛʨʫʧ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚ ɸʇʂ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ABC/XYZ-ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ: ʧʦ-

ʧʝʨʰʝ, ʩʠʩʪʝʤʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʊʄʎ ʟʘ ʜʝʚ'ʷʪʴʤʘ ʛʨʫʧʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʷʢ ʚʘʨʪʽʩʥʦʾ ʟʥʘʯʫʱʦʩʪʽ, ʪʘʢ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ; ʧʦ-ʜʨʫʛʝ, 

ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ð ʚʽʜ ʩʠʩʪʝʤʠ EOQ ʜʣʷ ʛʨʫʧ AX/BX ʜʦ 

ʧʽʜʭʦʜʫ Just-in-Time ʜʣʷ ʛʨʫʧ AZ/CZ; ʧʦ-ʪʨʝʪʻ, ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʚʥʽ ʩʪʨʘʭʦʚʠʭ ʟʘʧʘʩʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (4). ʇʨʘʢʪʠʯʥʘ 

ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʠʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ɸʇʂ ʧʽʜʪʚʝʨʜʠʣʘ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʘʧʘʩʽʚ ʥʘ 19ï24 % ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʨʽʚʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ ʊʄʎ ʜʦ 97,3 %. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ 

ʽʥʪʝʛʨʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ WMS-ʩʠʩʪʝʤʘʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
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ʋɼʂ 631.362 

 

ʂɯʅɽʄɸʊʀʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʄʆʊʆɺʀʃɸ 

ɿɽʈʅʆɿɹʀʈɸʃʔʅʆɻʆ ʂʆʄɹɸʁʅɸ ʇʈʀ ɿɹʀʈɸʅʅɯ ʉʆʅʗʐʅʀʂʋ 

ʉʪʝʧʘʥʝʥʢʦ ʉ.ʇ., ʂʫʟʴʤʠʯ ɸ.ʗ., ɸʥʝʣʷʢ ʄ.ʄ. 

ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ 

 

ʋ ʧʨʦʮʝʩʽ ʟʙʠʨʘʥʥʷ ʩʦʥʷʰʥʠʢʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʢʽʥʝʤʘʪʠʯʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʤʦʪʦʚʠʣʘ [1-4], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ ʜʦ ʨʽʟʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ ʞʘʪʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʙʤʝʞʝʥʥʷ ʞʘʪʢʠ ʚʠʟʥʘʯʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʤʦʪʦʚʠʣʘ ʚ ʤʝʞʘʭ Ὑ
πȢυɀπȢυυ̍ױ, ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʰʠʢʽʚ 

ʜʦʧʫʩʪʠʤʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʮʝʥʪʨʘ ʤʦʪʦʚʠʣʘ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ Ὤ
πȢςυɀπȢσπ̍ױ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʦʨʩʪʢʦʛʦ 

ʪʨʠʣʦʧʘʪʝʚʦʛʦ ʤʦʪʦʚʠʣʘ (ὲ σ), ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʽʥʝʤʘʪʠʯʥʦʛʦ 

ʨʝʞʠʤʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʚʪʨʘʪ [5, 6]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʣʦʧʘʪʽ ʨʦʟʛʣʷʥʝʤʦ ʨʫʭ ʭʘʨʘʢʪʝʨʥʦʾ 

ʪʦʯʢʠ ʣʦʧʘʪʽ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʢʦʤʙʘʡʥʘ ʪʘ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʨʫʭʫ ʤʦʪʦʚʠʣʘ. ʊʨʘʻʢʪʦʨʽʷ ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ [8]: 

ὼ ὠὸὶὧέί‫ὸ 
ώ ὶίὭὲ ‫ὸ 

ʜʝ ὠ - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʤʙʘʡʥʘ, ὶ - ʧʦʪʦʯʥʠʡ ʨʘʜʽʫʩ ʪʦʯʢʠ ʣʦʧʘʪʽ, ʢʫʪʦʚʘ - ‫ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʤʦʪʦʚʠʣʘ. 

ɿʚôʷʟʦʢ ʤʽʞ ʧʦʩʪʫʧʘʣʴʥʦʶ ʪʘ ʢʫʪʦʚʦʶ ʰʚʠʜʢʦʩʪʷʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ 

ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ: 

ὠ
ʖὙ

ὑ
 

ɼʝ ὑ - ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ (ʟʘʟʚʠʯʘʡ 1.2 - 1.8). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʽʾ ʚʟʘʻʤʦʜʽʾ ʣʦʧʘʪʽ ʟ ʨʦʩʣʠʥʥʦʶ ʤʘʩʦʶ ʪʘ ʢʨʠʚʠʟʥʠ 

ʾʾ ʧʨʦʬʽʣʶ, ʪʨʘʻʢʪʦʨʽʷ ʫʪʦʯʥʶʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʢʫʪʘ ʜʦʪʠʯʥʦʾ ʜʦ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ: 

ʃ ʖὸ ÁÒÃÓÉÎ
ὶ

Ὓ
 

ʊʦʜʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʣʦʧʘʪʽ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

ὼ ὠὸὶÃÏÓʖὸ ÁÒÃÓÉÎ
ὶ

Ὓ
ȟ 

ώ ὶÓÉÎʖὸ ÁÒÃÓÉÎ
ὶ

Ὓ
 

ɼʝ Ὓ - ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʧʨʦʬʽʣʶ ʣʦʧʘʪʽ. 

ʇʦʙʫʜʦʚʘ ʪʨʘʻʢʪʦʨʽʡ (ʪʠʧʫ ʪʨʦʭʦʾʜʠ) ʧʦʢʘʟʫʻ, ʱʦ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʣʦʧʘʪʽ 

ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ὠ ʪʘ .ʘ ʪʘʢʦʞ ʚʽʜ ʢʨʠʚʠʟʥʠ ʧʨʦʬʽʣʶ Ὓ ,‫ 
ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ SŸ1000 ʤʤ ʪʨʘʻʢʪʦʨʽʷ ʩʪʘʻ ʙʽʣʴʰ 

ʧʦʣʦʛʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʽ ʤʦʞʣʠʚʦʛʦ 
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ʧʝʨʝʢʠʜʘʥʥʷ ʢʦʰʠʢʽʚ; ʧʨʠ ʤʘʣʠʭ SŸ500 ʤʤ ʪʨʘʻʢʪʦʨʽʷ ʥʘʙʫʚʘʻ ʘʛʨʝʩʠʚʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʝʬʝʢʪ ʚʠʰʪʦʚʭʫʚʘʥʥʷ ʨʦʩʣʠʥ; ʘ ʧʨʠ Så750 ʤʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘ ʬʦʨʤʘ ʪʨʘʻʢʪʦʨʽʾ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ ʨʠʩ.1.  

ɻʨʘʬʽʯʥʦ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʠʜʦʚʞʝʥʦʾ ʪʨʦʭʦʾʜʠ ʜʦ ʟʙʘʣʘʥʩʦʚʘʥʦʾ 

ʮʠʢʣʦʾʜʘʣʴʥʦʾ ʪʨʘʻʢʪʦʨʽʾ. 

 

 
ʈʠʩ. 1. ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʣʦʧʘʪʽ ʤʦʪʦʚʠʣʘ 

 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʫʤʦʚʫ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʭʦʜʫ ʣʦʧʘʪʽ ʟ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʬʘʟʽ ʚʠʭʦʜʫ ʣʦʧʘʪʽ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʥʦʩʽ 

ʤʦʪʦʚʠʣʘ Ὡ πȢρπɀπȢρυ̍ױ  ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʽ ʜʦ ʛʦʨʠʟʦʥʪʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ: 

¶ Ὓ ρπππ̍ױ ᵼ̍ɻ ψπᶼ ψυᶼ; 
¶ Ὓ χυπ̍ױ ᵼ̍ɻ ωπᶼ ωυᶼ; 
¶ Ὓ υππ̍ױ ᵼ̍ɻ ωυᶼ ρππᶼ 
ʆʧʪʠʤʘʣʴʥʠʤ ʻ ʧʦʣʦʞʝʥʥʷ, ʙʣʠʟʴʢʝ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

Ὓ χυπ̍ױ .̍ 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ: ʦʧʪʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ 

ʣʦʧʘʪʽ: Ὓ χυπ̍ױ ;̍ ʜʦʮʽʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʣʦʧʘʪʝʡ: n=3; ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʣʘʩʪʠʯʥʠʭ ʱʽʪʦʢ ʰʠʨʠʥʦʶ b=75 ʤʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʩʽʥʥʷ; 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ - ʞʦʨʩʪʢʝ ʤʦʪʦʚʠʣʦ ʟ ʧʨʦʟʦʨʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʞʘʪʢʠ ʢʦʤʙʘʡʥʘ ʪʠʧʫ çʉʘʤʧʦ-500è, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʥʘʩʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʣʦʧʘʪʝʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʈʋʍʋ ɿɽʈʅʆɺʆɰ ʉʋʄɯʐɯ ɺ 

ʈʆʊɸʎɯʁʅʆʄʋ ʇʅɽɺʄʆɺɯɼʎɽʅʊʈʆɺʆʄʋ ʈʆɿʂʀɼɸʏɯ 

ʉɽʇɸʈɸʊʆʈɸ 

ʉʪʝʧʘʥʝʥʢʦ ʉ.ʇ., ʐʚʠʜʷ ɺ.ʆ., ʇʦʧʘʜʶʢ ɯ.ʉ., ʄʝʣʴʥʠʢ ɺ.ɸ. 

ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ 

 

ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʨʦʪʘʮʽʡʥʠʡ ʨʦʟʢʠʜʘʯ ʧʥʝʚʤʦʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʠʧʫ ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʟʝʨʥʦʚʦʾ 

ʩʫʤʽʰʽ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʠʭ, ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʽ ʩʠʣ ʪʝʨʪʷ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʩʪʨʽʡ ʚʢʣʶʯʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʦʙʝʨʪʦʚʠʡ ʜʠʩʢ, 

ʥʘʧʨʘʚʣʷʶʯʠʡ ʨʦʟʧʦʜʽʣʴʥʠʡ ʢʦʥʫʩ, ʨʦʟʢʠʜʥʠʡ ʢʦʥʫʩ ʽʟ ʧʽʜʚʠʱʝʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʪʘ ʩʠʩʪʝʤʫ ʨʘʜʽʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʣʦʧʘʪʦʢ ʨʠʩ.1. 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʟʘʟʦʨ ŭ ʤʽʞ ʥʠʞʥʴʦʶ ʢʨʦʤʢʦʶ ʣʦʧʘʪʦʢ ʽ ʧʦʚʝʨʭʥʝʶ 

ʨʦʟʢʠʜʥʦʛʦ ʢʦʥʫʩʘ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʫ [1-4]. 

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ 

 

ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʯʘʩʪʠʥʢʠ ʧʦ ʜʠʩʢʫ ʚ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤ ̔ʢʦʦʨʜʠʥʘʪ. 

ʇʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʨʫʭʫ ʟʝʨʥʦʚʦʾ ʯʘʩʪʠʥʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʜʠʩʢʘ. ɼʣʷ ʦʧʠʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʷʨʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʍȟʒ , 

ʧʦʚôʷʟʘʥʘ ʟ ʦʙʝʨʪʘʥʥʷʤ ʜʠʩʢʘ [5, 6]. 

ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʘʻ ʚʠʛʣʷʜ: 

ʍ ʍʖ ʒ ὪὫ
ʍ

ʍ ʍʒ

 

ʍʒ ςʍʖ ʒ ὪὫ
ʍʒ

ʍ ʍʒ

 

ɼʝ - • ;ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʘ; ” - ʨʘʜʽʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ - ‫ 

ʚʽʜʥʦʩʥʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʯʘʩʪʠʥʢʠ; Ὢ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʦ ʜʠʩʢʫ. 

ɿʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: ὸ πȟʍ ὺȟʒ π. ʊʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ: ʍ ὶ. 
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ʎʝʡ ʝʪʘʧ ʚʠʟʥʘʯʘʻ ʨʦʟʛʽʥ ʯʘʩʪʠʥʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʾʾ ʧʦʯʘʪʢʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ 

ʧʝʨʝʜ ʚʟʘʻʤʦʜʽʻʶ ʟ ʣʦʧʘʪʢʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʫʟʜʦʚʞ ʣʦʧʘʪʢʠ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʘʜʽʫʩʘ ʨʦʟʤʽʱʝʥʥʷ 

ʣʦʧʘʪʦʢ ʯʘʩʪʠʥʢʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʧʨʠʤʫʩʦʚʦʛʦ ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʫʭʫ ʚʟʜʦʚʞ 

ʣʦʧʘʪʢʠ. ɼʠʥʘʤʽʢʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

ʍ ʍʖ ʒ ὪὫ ςʖʍ 

ʊʫʪ ʜʦʜʘʪʢʦʚʠʡ ʯʣʝʥ ςʖʍ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʢʦʨʽʦʣʽʩʦʚʠʭ ʧʨʠʩʢʦʨʝʥʴ, ʱʦ 
ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʭʘʨʘʢʪʝʨ ʨʫʭʫ. 

ɿʘʚʜʷʢʠ ʟʘʟʦʨʫ ŭ ʥʠʞʥʽʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʢʦʚʦ çʨʦʟʚʘʥʪʘʞʫʻʪʴʩʷè ʚʽʜ ʜʽʾ 

ʣʦʧʘʪʦʢ, ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʰʘʨʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʩʫʤʽʰʽ. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ, ʮʝ ʨʫʭ ʧʦ ʢʦʥʽʯʥʽʡ ʧʦʚʝʨʭʥʽ. ʇʦʜʘʣʴʰʠʡ ʨʫʭ ʯʘʩʪʠʥʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʟʢʠʜʥʦʛʦ ʢʦʥʫʩʘ, ʜʣʷ ʷʢʦʛʦ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ”ȟ—ȟᾀ. 

ɸʙʩʦʣʶʪʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ: — ʖ ʒ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʚ ʧʨʦʝʢʮʽʷʭ [7]: 

άʍ ʍʃ ὔ Ὂ 

ά ʍʃ ςʍʃ Ὂ 

άᾀ ὔ Ὂ άὫ 
ʅʘʧʨʷʤʥ̔ ʢʦʩʠʥʫʩʠ: 

ÃÏÓɼ ȟ ÃÏÓɼ ȟ ÃÏÓɼ  

ɸʙʩʦʣʶʪʥʫ ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ ʚʠʟʥʘʯʠʤʦ ʟʘ: 

ὺ ʍ ʍʃ ᾀ 

ʂʣʶʯʦʚʦʶ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʨʦʟʢʠʜʘʯʘ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ: Ὢ Ὢ. ɼʘʥʠʡ ʝʬʝʢʪ ʟʘʙʝʟʧʝʯʫʻ: ʛʘʣʴʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʢʦʥʫʩʘ; ʥʘʢʦʧʠʯʝʥʥʷ ʚʘʞʯʠʭ ʬʨʘʢʮʽʡ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ; 

ʧʝʨʝʤʽʱʝʥʥʷ ʣʝʛʢʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʝʨʭʥʽ ʰʘʨʠ (ʝʬʝʢʪ çʩʧʣʠʚʘʥʥʷè); ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʜ ʚʭʦʜʦʤ ʫ ʧʥʝʚʤʦʩʝʧʘʨʘʮʽʡʥʫ ʟʦʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʬʦʨʤʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʽʢ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʱʦ, ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦ ʦʧʠʩʫʻ 

ʨʫʭ ʟʝʨʥʦʚʦʾ ʯʘʩʪʠʥʢʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ: ʧʦ ʜʠʩʢʫ, ʣʦʧʘʪʢʘʭ ʪʘ ʢʦʥʽʯʥʽʡ ʧʦʚʝʨʭʥʽ, ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʷʨʥʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʠʥʘʤʽʢʘ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʦʶ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʠʭ, ʢʦʨʽʦʣʽʩʦʚʠʭ, ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʽ ʩʠʣ ʪʝʨʪʷ, ʧʨʠʯʦʤʫ ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʪʨʘʻʢʪʦʨʽʾ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʘʨʘʤʝʪʨ ŭ (ʟʘʟʦʨ ʤʽʞ ʣʦʧʘʪʢʘʤʠ ʽ ʢʦʥʫʩʦʤ) ʟʘʙʝʟʧʝʯʫʻ 

ʯʘʩʪʢʦʚʝ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʪʦʢʫ ʱʝ ʜʦ ʚʭʦʜʫ ʥʘ ʢʦʥʫʩ.  

ʇʽʜʚʠʱʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ( Ὢ Ὢ ) ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʩʫʤʽʰʽ ʟʘ ʛʫʩʪʠʥʦʶ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ: ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʢʠʜʘʯʘ; ʧʽʜʙʦʨʫ ʨʝʞʠʤʽʚ ʦʙʝʨʪʘʥʥʷ; ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʥʝʚʤʦʩʝʧʘʨʘʮʽʾ.  
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʤʝʥʰʫʻ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʠʪʨʘʪʠ ʽ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʩʝʧʘʨʘʮʽʾ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉ.ʇ. ʉʪʝʧʘʥʝʥʢʦ, ɺ.ɻ. ʄʠʨʦʥʝʥʢʦ, ʉ.ʇ. ʇʦʛʦʨʽʣʠʡ, ɸ.ʗ. ʂʫʟʴʤʠʯ, ɺ.ʆ. 

ʐʚʠʜʷ, ɯ. ʉ. ʇʦʧʘʜʶʢ (2025). ɸʥʘʣʽʟ ʪʘ ʨʦʟʚʠʪʦʢ ʤʦʜʝʣʝʡ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʽʚʢʠ ʚ ʧʨʦʮʝʩʘʭ ʩʝʧʘʨʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʫʢʦʚʠʡ 

ʚʽʩʥʠʢ ʊʘʚʨʽʡʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ: ʝʣʝʢʪʨʦʥʥʝ 

ʥʘʫʢʦʚʝ ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ / ʊɼɸʊʋ. ɿʘʧʦʨʽʞʞʷ: ʊɼɸʊʋ, 2025. ɺʠʧ. 15, ʪ. 1. ʉ.136-

146. https://doi.org/10.32782/2220-8674-2025-15-1-16 

2. S. Stepanenko, B. Kotov, A. Kuzmych, M. Aneliak, D. Volyk, V. Melnyk, & 

R. Kalinichenko. (2025) Mathematical modeling of grain movement dynamics in the 

processes of air-centrifugal separation of grain material. Journal of Central European 

Agriculture, 2025, 26(2), p.383-393. https://doi.org/10.5513/JCEA01/26.2.4301 

3. ʉʪʝʧʘʥʝʥʢʦ ʉ.ʇ, ʂʫʟʴʤʠʯ ɸ.ʗ., ʐʚʠʜʷ ɺ.ʆ., ʄʝʣʴʥʠʢ ɺ.ɸ., ʊʽʤʘʥʦʚ ɺ.ɺ. 

(2025). ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʦʜʽʣʫ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʘ ʥʘ 

ʢʦʥʽʯʥʦʤʫ ʨʝʰʝʪʽ. ʂʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ ʤʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ. ɺʠʧ. 55. ï ʂʨʦʧʠʚʥʠʮʴʢʠʡ: ʎʅʊʋ, 2025. ï ʉ. 97-111. 

https://doi.org/10.32515/2414-3820.2025.55.97-111 

4. ʉʪʝʧʘʥʝʥʢʦ, ʉ.ʇ, ʅʠʢʠʬʦʨʦʚ ɸ.ʆ. (2024). ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʷʢʽʩʪʴ ʚʽʙʨʦʬʨʠʢʮʽʡʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʜʨʽʙʥʦʥʘʩʽʥʥʻʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çʊʝʭʥʽʯʥʠʡ ʩʝʨʚʽʩ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʩʦʚʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚè. ɼɹʊʋ, ʍʘʨʢʽʚ. - 

2024, ˉ 24. ʉ. 52-68. https://doi.org/10.37700/ts.2024.24.52-68 

5. Stepanenko, S., Kuzmych, A., Melnyk, V., Volyk, D. (2025). Theoretical 

study of grain particle movement in vibro-aerodynamic field. ENGINEERING FOR 

RURAL DEVELOPMENT (ʩ. 1091ï1096). https://doi.org/10.22616/ 

ERDev.2025.24.TF278 

6. ʉʪʝʧʘʥʝʥʢʦ ʉ., ʂʦʪʦʚ ɹ., ɺʦʣʠʢ ɼ., ʄʝʣʴʥʠʢ ɺ. (2025). ʏʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʟʝʨʥʘ ʥʘ ʜʝʢʫ ʟʽ ʟ ʧʫʣʴʩʫʶʯʠʤ 

ʧʦʚʽʪʨʷʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʇʨʘʮʽ ʊʘʚʨʽʡʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɼʤʠʪʨʘ ʄʦʪʦʨʥʦʛʦ, 1(25), 54ï63. 

https://doi.org/10.32782/2078-0877-2025-25-1-7 

7. ʉʪʝʧʘʥʝʥʢʦ, ʉ. ʇ., ʂʦʪʦʚ, ɹ. ɯ., ɺʦʣʠʢ, ɼ. ɸ., ʄʝʣʴʥʠʢ, ɺ. ɸ. (2024). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʫʭʫ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʩʽʥʥʻʚʠʭ ʩʫʤʽʰʝʡ ʫ 

ʚʽʙʨʦʧʥʝʚʤʘʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʽʙʨʘʮʽʾ ʚ ʪʝʭʥʽʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ, 14(2), 

10. https://doi.org/10.37128/2306-8744-2024-2-2 

  

https://doi.org/10.32782/2220-8674-2025-15-1-16
https://doi.org/10.5513/JCEA01/26.2.4301
https://doi.org/10.32515/2414-3820.2025.55.97-111
https://doi.org/10.37700/ts.2024.24.52-68
https://doi.org/10.22616/%20ERDev.2025.24.TF278
https://doi.org/10.22616/%20ERDev.2025.24.TF278
https://doi.org/10.32782/2078-0877-2025-25-1-7
https://doi.org/10.37128/2306-8744-2024-2-2


ȳɍɱɜəɔɖ ɞɑɓ ɐɚɛɚɎɱɐɑɕ XɁ ȸɱɒəɌɜɚɐəɚɲ əɌɟɖɚɎɚ-ɛɜɌɖɞɔɣəɚɲ ɖɚəɠɑɜɑəɢɱɲ 

 

174 

ʋɼʂ 631.362 

 

ʏʀʉʃʆɺɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʅɽɺʄɸʊʀʏʅʆɰ ʉʀʉʊɽʄʀ 

ɺɯɹʈʆʇʅɽɺʄʆɯʄʇʋʃʔʉʅʆɻʆ ʉɽʇɸʈɸʊʆʈɸ 

ʉʪʝʧʘʥʝʥʢʦ ʉ.ʇ., ɺʦʣʠʢ ɼ.ɸ. 

ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʧʥʝʚʤʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʚʽʙʨʦʧʥʝʚʤʦʽʤʧʫʣʴʩʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD). ʄʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʥʘʥʦ ʫ ʜʚʦʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʩʴʦʚʽʡ ʧʣʦʱʠʥʽ ʩʠʤʝʪʨʽʾ 

ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʬʽʟʠʯʥʦʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʦʮʝʩʫ [1-3]. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʢʘʥʘʣʫ ʧʦʩʪʽʡʥʦʛʦ 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ, ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʦ 

ʢʝʨʫʶʯʠʡ ʝʣʝʤʝʥʪ - ʦʙʝʨʪʘʣʴʥʫ ʟʘʩʣʽʥʢʫ. ɻʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʜʦʧʦʚʥʝʥʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʽʪʢʦʶ ʨʠʩ. 1. ʟ ʣʦʢʘʣʴʥʠʤ ʟʛʫʱʝʥʥʷʤ ʫ ʟʦʥʽ ʨʫʭʫ ʟʘʩʣʽʥʢʠ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʝʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʠʩʢʫ. 

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ ʪʘ ʾʾ ʩʽʪʢʘ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ 

 

ʆʙʝʨʪʘʣʴʥʘ ʟʘʩʣʽʥʢʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʞʦʨʩʪʢʦʾ ʧʣʘʩʪʠʥʠ, ʷʢʘ 

ʟʜʽʡʩʥʶʻ ʧʝʨʽʦʜʠʯʥʠʡ ʨʫʭ ʥʘʚʢʦʣʦ ʦʩʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʧʣʦʱʠʥʠ ʤʦʜʝʣʽ ʪʘ 

ʪʘʢʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʡ ʮʝʥʪʨ. ɼʣʷ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʪʝʯʽʾ ʨʦʟʛʣʷʥʫʪʦ ʧʦʚʥʠʡ ʮʠʢʣ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʟʘʩʣʽʥʢʠ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ 

ʭʘʨʘʢʪʝʨʥʽ ʬʘʟʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʥʘʣʦʤ ʜʽʘʤʝʪʨʦʤ Ὀ πȟρ̍ױ ʽʟ 

ʨʦʟʪʘʰʦʚʘʥʦʶ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʦʙʝʨʪʘʣʴʥʦʶ ʟʘʩʣʽʥʢʦʶ. ʆʩʥʦʚʥʦʶ 

ʟʤʽʥʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ, ʻ ʢʫʪ ʧʦʚʦʨʦʪʫ ʟʘʩʣʽʥʢʠ 

—ὸ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʫ ʯʘʩʽ: 

ʃὸ ʃ ẗÓÉÎʖὸȟ 
—  - ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʚʽʜʢʨʠʪʪʷ; .ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ - ‫ 
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ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʟʘʩʣʽʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʦʤʫ 

ʧʦʣʦʞʝʥʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʦʩʽ ʢʘʥʘʣʫ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʙʣʦʢʫʻ 

ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʤʽʥʽʤʘʣʴʥʘ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ 

ʫʤʦʚʥʠʤʠ ʟʘʟʦʨʘʤʠ, ʚʨʘʭʦʚʘʥʠʤʠ ʫ ʤʦʜʝʣʽ [4-6]. 

ʇʽʜ ʯʘʩ ʬʘʟʠ ʚʽʜʢʨʠʪʪʷ ʟʘʩʣʽʥʢʘ ʽʥʪʝʥʩʠʚʥʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʰʚʠʜʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʬʦʨʤʫʻʪʴʩʷ 

ʽʤʧʫʣʴʩʥʠʡ ʩʪʨʫʤʽʥʴ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ 

ʛʨʘʜʽʻʥʪʘʤʠ ʪʠʩʢʫ, ʣʦʢʘʣʴʥʠʤ ʚʽʜʨʠʚʦʤ ʧʦʪʦʢʫ ʪʘ ʨʦʟʚʠʪʢʦʤ ʚʠʭʨʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʫ ʧʨʠʢʦʨʜʦʥʥʠʭ ʦʙʣʘʩʪʷʭ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʂʦʥʪʫʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʦʙʝʨʪʘʣʴʥʦʾ ʟʘʩʣʽʥʢʠ 

 

ʋ ʧʦʣʦʞʝʥʥʽ ʧʦʚʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʟʘʩʣʽʥʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʚʟʜʦʚʞ ʧʦʪʦʢʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʠʩʪʝʤʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʫ ʚʠʪʨʘʪʫ 

ʧʦʚʽʪʨʷ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʜʽʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʯʽʾ ʧʝʨʝʜ ʥʘʩʪʫʧʥʠʤ ʽʤʧʫʣʴʩʥʠʤ 

ʚʧʣʠʚʦʤ. 

ɼʠʥʘʤʽʢʘ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʅʘʚôʻ-ʉʪʦʢʩʘ 

ʜʣʷ ʩʪʠʩʣʠʚʦʛʦ ʛʘʟʫ: 

ʍ
Ћὺᴆ

Ћὸ
ὺᴆẗɳ ὺᴆ ὴɳ ʈɳ ὺᴆȟ 

ɼʝ ” - ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; ὴ - ʪʠʩʢ; ‘ - ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ. 

ʆʩʥʦʚʥʠʡ ʝʬʝʢʪ ʚʽʙʨʦʧʥʝʚʤʦʽʤʧʫʣʴʩʥʦʾ ʜʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʤʧʫʣʴʩʦʤ 

ʪʠʩʢʫ: 

Ὅ ɝὴὸױὨὸȟ 

ɼʝ ɝὴὸ - ʤʠʪʪʻʚʝ ʧʝʨʝʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

 

ʌʘʟʘ ʟʘʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʠʤ ʟʤʝʥʰʝʥʥʷʤ ʧʨʦʭʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʨʽʟʢʝ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʥʠʢʘʶʪʴ ʷʚʠʱʘ ʟʚʦʨʦʪʥʦʛʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʫʜʘʨʫ ʪʘ ʬʦʨʤʫʶʪʴʩʷ ʧʦʪʫʞʥʽ 

ʽʤʧʫʣʴʩʠ ʪʠʩʢʫ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʨʦʙʦʯʫ ʢʘʤʝʨʫ. ʉʘʤʝ ʮʽ ʽʤʧʫʣʴʩʠ ʻ 
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ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦ-ʫʜʘʨʥʦʾ ʜʽʾ ʥʘ ʟʝʨʥʦʚʠʡ 

ʤʘʪʝʨʽʘʣ. 

ʎʠʢʣʽʯʥʝ ʧʦʚʪʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʟʘʩʣʽʥʢʠ ʟʘʙʝʟʧʝʯʫʻ 

ʛʝʥʝʨʘʮʽʶ ʩʝʨʽʾ ʧʥʝʚʤʘʪʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽʟ ʟʘʜʘʥʦʶ ʯʘʩʪʦʪʦʶ ʪʘ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ 

ʩʪʚʦʨʶʻ ʝʬʝʢʪʠʚʥʝ ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʝʨʥʦʚʫ ʩʫʤʽʰ ʪʘ ʽʥʪʝʥʩʠʬʽʢʫʻ 

ʧʨʦʮʝʩʠ ʩʝʧʘʨʘʮʽʾ. 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʦʧʠʩʫ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʘ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʷʚʠʱ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST k-ɤ, ʷʢʘ ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ 

ʤʦʜʝʣʝʡ k-Ů ʪʘ k-ɤ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʨʠʚʫ 

ʧʦʪʦʢʫ, ʦʩʦʙʣʠʚʦ ʚ ʟʦʥʘʭ ʽʟ ʨʽʟʢʦʶ ʟʤʽʥʦʶ ʛʝʦʤʝʪʨʽʾ ʪʘ ʥʘ ʛʦʩʪʨʠʭ ʢʨʦʤʢʘʭ 

ʟʘʩʣʽʥʢʠ. 

ɼʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʟʘʩʣʽʥʢʠ (ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, 

ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ, ʘʤʧʣʽʪʫʜʘ ʚʽʜʢʨʠʪʪʷ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ, ʩʪʨʫʢʪʫʨʫ ʚʠʭʨʦʚʠʭ ʟʦʥ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʩʝʧʘʨʘʪʦʨʘ. 
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