
ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

3 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ 
 

ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ ï ɺʦʚʢ ʈʫʩʣʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʜʽʡʩʥʠʡ ʯʣʝʥ (ʘʢʘʜʝʤʽʢ) ʅɸʅ 

ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʋʢʨɼʋɿʊ 

ɺʠʧʫʩʢʦʚʠʡ ʨʝʜʘʢʪʦʨ ï ʍʘʨʽʥ ʈʫʩʣʘʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʋʢʨɼʋɿʊ 

 
ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ (273) ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (275) 

ʇʫʟʠʨ ɺ. ɻ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʇʘʥʯʝʥʢʦ ʉ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ʌʦʤʽʥ ʆ. ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ɼʋɯʊ, ʤ. ʂʠʾʚ) ɹʫʪʴʢʦ ʊ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ɻʦʨʦʙʯʝʥʢʦ ʆ. ʄ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ɼʋɯʊ, ʤ. ʂʠʾʚ) ʇʨʦʭʦʨʯʝʥʢʦ ɸ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ɼʘʮʫʥ ʖ. ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) ʐʨʘʤʝʥʢʦ ʅ. ʖ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ɼɹʊʋ) 

ʄʘʨʪʠʥʦʚ ɯ. ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʄʦʨʦʟ ʄ. ʄ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʂʅʋ, ʤ. ʂʨʝʤʝʥʯʫʢ) 

Bureika G., dsc, professor (VGTU, ʃʠʪʚʘ) ʂʠʨʠʣʣʦʚʘ ʆ. ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʆʅʄʋ, ʤ. ʆʜʝʩʘ) 

ʄʠʭʘʣʢʽʚ ʉ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) ɹʘʙʘʻʚ ʄ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ʃʦʚʩʴʢʘ ɸ. ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʃʘʚʨʫʭʽʥ ʆ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

 ʇʦʪʘʧʦʚ ɼ. ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) 

ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ (192) ʍʦʜʘʢʽʚʩʴʢʠʡ ʆ. ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) 

ɹʣʽʭʘʨʩʴʢʠʡ ɿ. ʗ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ  

(ʅʋ ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ) ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ (193) 

ɹʦʨʟʷʢ ʆ. ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ɿʘʭʽʜʥʦʧʦʤʦʨ.  ʋʛʥʝʥʢʦ ɭ. ɹ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ʪʝʭʥʦʣ. ʫʥ-ʪ, ʑʝʮʠʥ, ʇʦʣʴʱʘ) Eimuntas ParġeliȊnas, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ  

ɺʘʪʫʣʷ ɻ. ʃ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʍʅʋʄɻ) (ɺʽʣʴʥʶʩʴʢʠʡ ʪʝʭʥ. ʫʥ-ʪ ʽʤ. ɻʝʜʽʤʽʥʘʩʘ, ʃʠʪʚʘ) 

ʃʦʙʷʢ ʆ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) JȊrate Suģiedelytǟ Visockienǟ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ  

ʆʨʝʣ ɭ. ʌ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) (ɺʽʣʴʥʶʩʴʢʠʡ ʪʝʭʥ. ʫʥ-ʪ ʽʤ. ɻʝʜʽʤʽʥʘʩʘ, ʃʠʪʚʘ) 

ʇʣʫʛʽʥ ɸ. ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʐʘʨʠʡ ɻ. ɯ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʋ çʇʦʣʪʘʚʩʴʢʘ  

ʇʣʫʛʽʥ ɼ. ɸ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) ʧʦʣʽʪʝʭʥʽʢʘ ʽʤ. ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ) 

ʇʫʰʢʘʨʴʦʚʘ ʂ. ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʂʅʋɹɸ) ʉʘʚʝʥʢʦ ɺ. ʗ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʊʋ, ʤ. ʂʠʾʚ) 

ʊʦʣʤʘʯʦʚ ʉ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʍʅɸɼʋ) ʄʘʤʦʥʦʚ ʂ. ɸ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ (ʍʅʋʄɻ) 

ʊʨʠʢʦʟ ʃ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʂʦʨʦʩʪʝʣʴʦʚ ɭ. ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʅɸʋ ʍɸɯ) 

ʐʘʙʘʥʦʚʘ ɻ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʊʋ ʍʇɯ) ʋʞʚʽʻʚʘ ʆ. ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) 

ʈʫʩʽʥʩʴʢʘ ʊ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɿʘʭʽʜʥʦʧʦʤʦʨ.  

ʪʝʭʥʦʣ. ʫʥ-ʪ (ʑʝʮʠʥ, ʇʦʣʴʱʘ) 

ʄʘʣʘʱʫʢ ʆ. ʉ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ (ʆʜʝʩʴʢʠʡ ʜʝʨʞ. 

ʘʛʨʘʨʥʠʡ ʫʥ-ʪ) 

ɺʝʥʴʞʦʥ ɾʫ, ʜʦʮʝʥʪ, ʋʥʽʚʝʨʩʠʪʝʪ ɿʘʭʽʜʥʦʾ 

ʐʦʪʣʘʥʜʽʾ) 

ʂʘʧʽʥʦʩ ʅ. ʆ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ (ʉʫʤʩʴʢʠʡ ʥʘʮ. 

ʘʛʨʘʨʥʠʡ ʫʥ-ʪ) 

ʆʧʘʥʘʩʝʥʢʦ ʆ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) ʄʘʣʘʥʯʫʢ ʄ. ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʅʋ çʃʴʚʽʚʩʴʢʘ  

 ʧʦʣʽʪʝʭʥʽʢʘè) 
  

ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ (131, 132, 133) ʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘ (144) 

ɸʩʪʘʥʽʥ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅɸʋ ʤ. ʂʠʾʚ) ʂʘʛʨʘʤʘʥʷʥ ɸ. ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) 

ɺʦʨʦʥʽʥ ʉ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʄʦʨʦʟ ɺ. ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ɻʝʚʦʨʢʷʥ ɽ. ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʌʘʣʝʥʜʠʰ ɸ. ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ʆʥʦʧʨʝʡʯʫʢ ɼ. ɺ., ʢ.ʪ. ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) ɻʨʠʮʫʢ ɯ. ɺ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʍʄɼɸ, ʤ. ʍʝʨʩʦʥ) 

ʉʪʝʬʘʥʦʚ ɺ. ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) ʉʦʪʥʠʢ ʄ. ɯ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʉɼʋ, ʤ. ʉʫʤʠ) 

ʊʠʤʦʬʝʻʚ ʉ. ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ɼʝʰʢʦ ɺ. ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʊʋ, ʤ. ʂʠʾʚ) 

ʊʠʤʦʬʝʻʚʘ ʃ. ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) ʈʝʜʴʢʦ ɯ. ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨɼʋɿʊ) 

ʌʝʜʦʨʠʥʝʥʢʦ ɼ. ʖ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (Tohoku  ɹʘʙʽʯʝʥʢʦ ʖ. ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨɼʋɿʊ) 

University, ʗʧʦʥʽʷ) Pavlenko A., dsc. tech., profesor (ʂUT, Poland) 

Dittrich A., PhD, University of Liberec (Czech Bartoszewicz  J., dsc. tech., profesor (PUT, Poland) 

Republic) Tomaszewski F., phd, profesor (PUT, Poland) 

 

  



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

4 

 

 

 

 

 

 



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

5 

ɿʄɯʉʊ 

 

ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ (131, 132, 133)  

ʂʥʷʟʻʚ ʉ. ɸ., ʂʥʷʟʻʚʘ ɻ. ʆ., ʇʦʛʨʽʙʥʠʡ ʄ. ɸ., ʊʝʨʣʝʮʴʢʠʡ ʆ. ʉ. ʉʧʽʢʘʥʥʷ 

ʧʦʨʦʰʢʽʚ ʽʟ ʙʦʨʫʚʘʥʥʷʤ ʽ ʩʠʣʽʮʽʶʚʘʥʥʷʤ ʥʘ ʢʦʥʩʪʨʫʢʮʽʡʥʽʡ ʚʫʛʣʝʮʝʚʽʡ ʩʪʘʣʽ 7 

ɺʦʨʦʥʽʥ ʉ. ɺ., ʄʘʟʝʧʘ ɺ. ʆ., ɸʬʘʥʘʩʦʚ ɻ. ʄ., ʆʨʣʶʢ ʖ. ʂ., ɺʦʨʦʥʽʥ ʄ. ʆ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʽʜʙʦʨʫ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʜʦ ɼɺɿ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ 15 
  

ʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘ (144) 
 

Burda Y. O., Pivnenko Y. O., Tiutiunyk L. I., Shepitchak V., Redko I. O. 

Thermodynamic analysis of energy-efficient solutions in boiler plants and heat 

pumps considering quality control and energy certification in construction 24 
  

ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ (192)  

ʊʘʨʘʜʘʡ ʆ. ʄ., ɼʷʯʝʥʢʦ ʉ. ɺ. ʉʫʯʘʩʥʽ ʚʦʜʷʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟ ʜʚʦʤʘ 

ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 32 

ʇʘʥʢʝʻʚʘ ɸ. ʄ., ɿʘʚʘʣʴʥʠʡ ʆ. ɺ. ʈʝʛʫʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʨʠʪʦʨʽʡ ʫ ʨʘʤʢʘʭ ʟʦʥʠ ʚʧʣʠʚʫ ʘʛʣʦʤʝʨʘʮʽʾ 43 

ʂʘʟʽʤʘʛʦʤʝʜʦʚ ʌ. ɯ., ɺʷʪʢʽʥ ʂ. ɯ., ʄʦʨʦʟ ʅ. ɺ., ʉʝʣʝʟʥʴʦʚ ʄ. ʄ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʨʫʡʥʦʚʘʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ 

ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ 51 

ʇʣʫʛʽʥ ɸ. ɸ., ʄʫʨʠʛʽʥ ʄ. ɸ., ʄʫʩʽʻʥʢʦ ʉ. ʄ., ʈʝʜʴʢʦ ɯ. ʆ., ɻʝʚʦʨʢʷʥ ɽ. ʉ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ ʚ ʟʘʣʽʟʥʠʯʥʠʭ ʰʧʘʣʘʭ ʽʟ ʙʝʪʦʥʫ ʟʽ ʩʪʘʣʝʚʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ 61 
  

ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ (193)  

ʐʘʨʠʡ ɻ. ɯ., ʑʝʧʘʢ ɺ. ɺ., ʆʜʘʨʶʢ ʊ. ʉ. ʆʨʛʘʥʽʟʘʮʽʷ ʪʘ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʥʘ ʟʝʤʣʷʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 83 

ʄʘʤʦʥʦʚ ʂ. ɸ., ɻʦʡ ɺ. ɺ., ʍʘʨʽʚ ɺ. ɺ. ɻɯʉ ʫ ʩʠʩʪʝʤʽ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʨʝʛʽʦʥʽʚ 92 

ʍʘʡʥʫʩ ɼ. ɼ., ʄʦʛʠʣʴʥʠʡ ʉ. ɻ., ɺʠʥʦʛʨʘʜʝʥʢʦ ʉ. ʆ., ʂʘʧʽʥʦʩ ʅ. ʆ. ʉʫʯʘʩʥʽ 

ʤʝʪʦʜʠ ʚʠʱʦʾ ʛʝʦʜʝʟʽʾ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ 101 
  

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ (273)  

ʗʛʫʧ ɺ. ɻ., ʗʛʫʧ ʂ. ɺ., ʅʝʨʫʙʘʮʴʢʠʡ ɺ. ʇ. ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ ʩʠʣʦʚʠʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ 116 



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

6 

ʇʨʠʣʠʧʢʦ ɸ. ɸ., ɯʥʜʠʢ C. ɺ., ʑʝʙʣʠʢʽʥʘ ʆ. ɺ., ʉʽʨʦʢʣʠʥ ɯ. ʄ. ʈʦʟʨʦʙʣʝʥʥʷ 

ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʝʣʝʢʪʨʦʜʝʧʦ ʤʝʪʨʦʧʦʣʽʪʝʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ 129 

ʂʨʘʰʝʥʽʥʽʥ ʆ. ʉ., ʐʘʧʘʪʽʥʘ ʆ. ʆ., ʆʙʦʟʥʠʡ ʆ. ʄ., ɸʥʘʮʴʢʠʡ ʆ. ʆ. 

ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʟʘʤʽʥʠ ʨʝʤʦʥʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʜʝʧʦ 

ʚ ʨʘʟʽ ʡʦʛʦ ʟʥʦʩʫ 139 
  

ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (275)  
ʉʪʦʨʯʘʢ ʆ. ʆ., ʄʝʣʴʥʠʢ ʆ. ʄ. ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʫʩʢʫ 
ʪʫʨʙʦʤʘʰʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʦʙʤʝʞʝʥʴ 149 
ʍʽʪʨʦʚ ɯ. ʆ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʪʘ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ 
ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 160 
ʇʦʜʨʠʛʘʣʦ ʄ. ɸ., ɸʙʨʘʤʦʚ ɼ. ɺ., ʂʦʨʦʙʢʦ ɸ. ɯ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʩʴʢʠʭ 
ʧʨʦʮʝʩʽʚ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʭʘʙʘʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʙʘʛʘʪʦʚʽʩʥʠʭ ʥʘʚʘʥʪʘʞʫʚʘʯʽʚ 171 
  

 

 
 

  



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

7 

ʄɽʍɸʅɯʏʅɸ ɯʅɾɽʅɽʈɯʗ (131, 132, 133) 

 

 

ʋɼʂ 539.23+621.793.79 

  

ʉʇɯʂɸʅʅʗ ʇʆʈʆʐʂɯɺ ɯɿ ɹʆʈʋɺɸʅʅʗʄ ɯ ʉʀʃɯʎɯʖɺɸʅʅʗʄ 

ʅɸ ʂʆʅʉʊʈʋʂʎɯʁʅɯʁ ɺʋɻʃɽʎɽɺɯʁ ʉʊɸʃɯ 
 

ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ. ɸ. ʂʥʷʟʻʚ, PhD ɻ. ʆ. ʂʥʷʟʻʚʘ,  

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʄ. ɸ. ʇʦʛʨʽʙʥʠʡ, ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʆ. ʉ. ʊʝʨʣʝʮʴʢʠʡ  

 

SINTERING OF POWDERS FOR BORONIZING  AND SILICONIZATION 

ON STRUCTURAL CARBON STEEL  
 

PhD (Tech.), doctoral student S. Kniaziev, PhD (Tech.) H. Kniazieva,  

PhD (Tech.) M. Pohribnyi , PhD (in Physics and Mathematics) O. Terletskyi 

 

DOI: https://doi.org/10.18664/1994-7852.213.2025.341817 
 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʘʩʧʝʢʪʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʦʨʫʚʘʥʥʷ ʪʘ 

ʩʠʣʽʮʽʶʚʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ, ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ. ʇʦʢʘʟʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʢʣʘʜʠ ʧʘʩʪ ʜʣʷ ʥʘʩʠʯʝʥʥʷ ʙʦʨʦʤ ʽ ʢʨʝʤʥʽʻʤ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʜʥʦʬʘʟʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʪʘ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ ʥʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʽʡ 

ʩʪʘʣʽ. ʐʣʷʭʦʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʽʥʜʝʥʪʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʪʚʝʨʜʽʩʪʴ HI = 14,57 ɻʇʘ, 

ʤʦʜʫʣʴ ʖʥʛʘ ɽ = 293 ɻʇʘ ʽ ʧʦʢʘʟʥʠʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʂ1c = 10,75 ʄʇʘ*ʤ
1/2 ʦʜʥʦʬʘʟʥʦʛʦ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ. ʈʝʘʣʽʟʦʚʘʥʝ ʩʠʣʽʮʽʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʝ ʟ ʥʘʩʠʯʝʥʥʷʤ ʪʝʭʥʽʯʥʠʤ ʢʨʝʤʥʽʻʤ ʽʟ 

ʜʦʜʘʚʘʥʥʷʤ 5 % (ʚʘʛ.) ʭʣʦʨʠʩʪʦʛʦ ʘʤʦʥʽʶ ʽ 20 % ʽʥʝʨʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʤʝʨʪʝʣʽ), ʜʘʻ ʟʤʦʛʫ 

ʦʪʨʠʤʘʪʠ ʪʦʚʩʪʠʡ (200 ʤʢʤ) ʥʠʟʴʢʦʧʦʨʠʩʪʠʡ ʰʘʨ ʧʨʦʪʷʛʦʤ ʧôʷʪʠ ʛʦʜʠʥ ʦʙʨʦʙʢʠ ʟ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʩʠʣʽʮʠʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʅ100 25185 ʄʇʘ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʦʨʫʚʘʥʥʷ, ʩʠʣʽʮʽʶʚʘʥʥʷ, ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʩʧʽʢʘʥʥʷ, 

ʧʦʨʠʩʪʽʩʪʴ.  

 

Abstract. The article deals with aspects of improving the efficiency of boron and siliconization 

in the context of reducing the process duration and porosity. Promising compositions of pastes for 

saturation with boron and silicon are shown. The microstructures of a single-phase boron layer and 

a silicide layer on low-alloy steel are demonstrated. The highest porosity with signs of delamination 

is observed in the sample of boron from the paste 75 % B4C + 9.75 % NaF + 10 % B + 3.5 % Cu2O + 

+ 1.5 % NH4Cl, to a lesser extent, porosity is characteristic of layers on samples of boron from 

65 % B4C + 35 % CuCl2; 75 % B4C + 10 % NaF + 5 % Cu2O + 10 % NH4Cl; 75 % B4C + 

+ 10 % NaF + 5 % CuCl2 + 10 % Al(OH)3. The thickness of the diffusion layer on the boron sample 

from the paste of  5 % B4C + 9.75 % NaF + 10 % B + 3.5 % Cu2O + 1.5 % NH4Cl is approximately 

200 ɛm. On the sample of boron from 6 5% B4C + 35 % CuCl2 paste, the layer thickness ranges from 

100 to 150 microns, the layer thickness obtained by boron from 75 % B4C + 10 % NaF + 5 % Cu2O + 

+ 10 % NH4Cl paste is 100 microns with the exit of individual needles into the main structure of the 

metal by another 50 microns. The thickness of the layer obtained by boronizing from a paste of 

75 % B4C + 10 % NaF + 5 % CuCl2 + 10 % Al(OH)3 ranged from 200 to 150 microns. By 

instrumental indentation, the hardness, HI = 14.57 GPa, Young's modulus E = 293 GPa and crack 

resistance K1c = 10.75 MPa*m1/2 of the single-phase boron layer were determined. The implemented 

siliconization, obtained at saturation from industrial silicon, with the addition of 5 % (w/w) 
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ammonium chloride and 20 % inert filler (merlins), allows to obtain a thick (200 ɛm) low-porous 

layer within 5 hours of processing with a microhardness of silicide on the surface of H100 of 

25185 MPa. When using a fine fraction of silicon (30 ɛm), sintering of the crust on the surface was 
observed due to the intense silicon chloride transfer reaction and the accumulation of atomic silicon 

on the surface. The diffusion outflow of silicon deep into the material decreases, which also 

contributes to the formation of a sintered crust. Increasing the silicon grain size to 150 microns 

eliminates the problem of crusting, but some sintered silicon grains are still present on the surface. 

Keywords: boronizing, siliconizing, nanoindentation, microhardness, sintering, porosity. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʶʪʴ ʧʦʪʨʝʙʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ, ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, ʞʘʨʦʩʪʽʡʢʦʩʪʽ, 

ʞʘʨʦʤʽʮʥʦʩʪʽ ʪʘ ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ. ʉʪʘʣʽ ʟʘʡʤʘʶʪʴ ʤʽʮʥʽ ʧʦʟʠʮʽʾ ʚ 

ʩʝʛʤʝʥʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʪʦʡ 

ʞʝ ʯʘʩ ʥʽʢʝʣʴ, ʥʽʦʙʽʡ, ʤʦʣʽʙʜʝʥ, ʚʦʣʴʬʨʘʤ, 

ʚʘʥʘʜʽʡ ʽ ʢʦʙʘʣʴʪ ʻ ʜʦʨʦʛʠʤʠ ʘʙʦ ʥʘʚʽʪʴ 

ʜʝʬʽʮʠʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ 

ʣʝʛʫʚʘʥʥʷ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʜʘʻ 

ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ 

ʥʝʜʦʨʦʛʽ ʤʘʪʝʨʽʘʣʠ. ɺʽʜʦʤʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ 

ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʻ 

ʧʨʦʩʪʠʤʠ ʚ ʨʝʘʣʽʟʘʮʽʾ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʦʪʨʠʤʘʥʥʷ ʙʦʨʠʜʥʠʭ ʽ ʩʠʣʽʮʠʜʥʠʭ 

ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ, ʘ ʩʘʤʝ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ 

ʩʧʽʢʘʥʥʷ ʧʦʨʦʰʢʫ, ʱʦ ʥʘʩʠʯʫʻ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ɹʦʨʠʜʥʽ ʽ ʩʠʣʽʮʠʜʥʽ ʰʘʨʠ 

ʪʚʝʨʜʽ, ʢʨʠʭʢʽ ʽ ʧʦʨʠʩʪʽ (ʦʩʦʙʣʠʚʦ 

ʧʦʨʠʩʪʠʤʠ ʻ ʩʠʣʽʮʠʜʥʽ ʰʘʨʠ) [1, 2]. ɯʩʥʫʻ 

ʙʝʟʣʽʯ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʘʨʽʘʮʽʡ ʙʦʨʫʚʘʥʥʷ, 

ʦʩʥʦʚʥʘ ʨʦʣʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʟ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʧʨʦʮʝʩʫ, ʱʦ ʻ ʣʦʛʽʯʥʠʤ ʚ 

ʘʩʧʝʢʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ [3-5]. 

ʆʪʨʠʤʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʩʪʘʣʷʭ 

ʫʟʘʛʘʣʽ ʩʣʘʙʢʦ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʩʫʯʘʩʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ [6]. ʊʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʩʠʯʝʥʥʷ: ʨʦʟʢʨʠʪʪʷ ʚʧʣʠʚʫ 

ʟʝʨʥʠʩʪʦʩʪʽ ʧʦʨʦʰʢʽʚ ʥʘ ʧʨʦʮʝʩʠ ʩʧʽʢʘʥʥʷ, 

ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʮʝʩ ʥʘʩʠʯʝʥʥʷ, 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʟ 8 ʛʦʜ ʜʦ 5 ï 1,5 

ʛʦʜ, ʙʦʨʦʪʴʙʘ ʟ ʧʦʨʠʩʪʽʩʪʶ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʩʠʣʽʮʠʜʥʠʭ ʰʘʨʘʭ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠʢʘ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʣʽ 40ʍ (0,43 % ʉ; 

0,17 % Si; 0,53 % Mn; 0,8 % Cr; 0,01 % Ni; 

0,011 % Cu; 0,013 % Al ; 0,0011 % S; 

0,0025 % P ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʢʦ-ʝʤʽʩʽʡʥʠʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ SPECTRO LAB LAVM 11) 

ʬʝʨʠʪʦ-ʧʝʨʣʽʪʥʦʛʦ ʢʣʘʩʫ ʟ ʧʦʯʘʪʢʦʚʠʤ 

ʜʨʽʙʥʠʤ ʬʝʨʠʪʦ-ʧʝʨʣʽʪʥʠʤ ʟʝʨʥʦʤ.  

ʇʝʨʝʜ ʥʘʩʠʯʝʥʥʷʤ ʫʩʽ ʟʨʘʟʢʠ 

ʰʣʽʬʫʚʘʣʠ ʥʘʞʜʘʢʦʚʠʤ ʧʘʧʝʨʦʤ 

ʟʝʨʥʠʩʪʽʩʪʶ ʈ100 ʽ ʈ320. 

ɹʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1000 ʦʉ ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜ ʽʟ ʧʘʩʪʠ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʦʰʢʫ B4C, ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ, NaF, NH4Cl, 

CuCl2, Cu2O ʪʘ Al(OH)3 ʫ ʥʝʛʝʨʤʝʪʠʯʥʦʤʫ 

ʢʦʥʪʝʡʥʝʨʽ. ɺ ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 

ʢʘʨʙʽʜ ʙʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟ ʨʽʟʥʦʶ 

ʟʝʨʥʠʩʪʽʩʪʶ 50-60 ʤʢʤ. 

ʉʠʣʽʮʠʜʥʝ ʧʦʢʨʠʪʪʷ ʦʪʨʠʤʘʥʦ 

ʥʘʩʠʯʝʥʥʷʤ ʪʝʭʥʽʯʥʠʤ ʢʨʝʤʥʽʻʤ ʽʟ 

ʜʦʜʘʚʘʥʥʷʤ 5 % (ʚʘʛ.) ʭʣʦʨʠʩʪʦʛʦ ʘʤʦʥʽʶ ʽ 

20 % ʽʥʝʨʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʤʝʨʪʝʣʽ). 

ɿʨʘʟʢʠ ʟ ʧʦʨʦʰʢʦʚʦʶ ʩʫʤʽʰʰʶ ʧʦʤʽʱʘʣʠ ʚ 

ʧʦʜʚʽʡʥʠʡ ʢʦʥʪʝʡʥʝʨ ʽ ʚʠʪʨʠʤʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 5 ʛʦʜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 900 Áʉ. 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ 

IE-200. ʉʪʘʥ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

ʥʘʩʠʯʝʥʥʷ ʬʽʢʩʫʚʘʣʠ ʥʘ  ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ ʄɹʉ-9 ʟ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʟʘʣʠʚʘʣʠ ʫ 

ʭʦʣʦʜʥʦʪʚʝʨʜʽʶʯʫ ʧʣʘʩʪʤʘʩʫ ʤʘʨʢʠ Latacril 

ʽʟ ʥʘʩʪʫʧʥʠʤ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʧʦʧʝʨʝʯʥʠʭ 

ʰʣʽʬʽʚ. ʐʣʽʬʠ ʚʠʛʦʪʦʚʣʷʣʠ ʪʘʢ: 

ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ, ʧʦʩʣʽʜʦʚʥʝ 

ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʦʜʦʩʪʽʡʢʦʤʫ ʧʘʧʝʨʽ 

ʟʝʨʥʠʩʪʽʩʪʶ ʈ100, ʈ320, ʈ600, ʈ800, ʈ1000, 

ʈ1500, ʈ2500, ʈ3000, ʈ5000, ʧʦʣʽʨʫʚʘʥʥʷ ʥʘ 
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ʚʦʣʦʛʽʡ ʧʦʚʩʪʽ. ʊʨʘʚʣʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʨʦʟʯʠʥʽ 4 % ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʫ ʩʧʠʨʪʽ. 

ɺʠʤʽʨʶʚʘʣʠ ʪʚʝʨʜʽʩʪʴ ʥʘ ʪʚʝʨʜʦʤʽʨʽ 

ʇʄʊ-3, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʪʚʝʨʜʽʩʪʴ ï ʥʘ 

ʧʨʠʣʘʜʽ Nanoscan ï 4D (̔ ʥʜʝʥʪʦʨ ï ʧʽʨʘʤʽʜʢʘ 

ɹʝʨʢʦʚʠʯʘ, ʥʘʚʘʥʪʘʞʝʥʥʷ 500 ʤʅ, ʚʠʪʨʠʤʢʘ 

ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 15 ʩ).  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦ-

ʨʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ 

ʟʽ ʩʪʘʣʽ 40ʍ ʟʘ ʫʤʦʚʠ t = 1000 Áʉ ʧʨʦʪʷʛʦʤ 

1,5 ʛʦʜ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʯʦʪʠʨʠ ʥʘʩʠʯʫʶ-

ʯʠʭ ʧʘʩʪʠ, ʩʢʣʘʜ ʷʢʠʭ: ɸ ï 65 % B4C +              

+ 35 % CuCl2; ɹ - 75 % B4C + 10 % NaF +          

+ 5 % Cu2O + 10 % NH4Cl; ɺ - 75 % B4C +   

+ 10 % NaF + 5 % CuCl2 + 10 % Al (OH)3;           

ɻ ï 75 % B4C + 9,75 % NaF + 10 % B +                     

+ 3,5 % Cu2O + 1,5%NH4Cl. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʧʦʨʦʰʢʽʚ 

ʟʘʩʚʽʜʯʠʣʠ ʪʘʢʽ ʜʘʥʽ: ʩʝʨʝʜʥʽ ʨʦʟʤʽʨʠ 

ʧʦʨʦʰʠʥʦʢ B4C ʩʪʘʥʦʚʣʷʪʴ 50 ï 60 ʤʢʤ, 

ʯʘʩʪʠʥʢʠ NaF ʜʦʩʷʛʘʣʠ ʨʦʟʤʽʨʽʚ ʜʦ 30 ʤʢʤ. 

ʂʦʥʛʣʦʤʝʨʘʪʠ Al(OH)3 ʜʦʩʷʛʘʣʠ ʨʦʟʤʽʨʽʚ 

400 ʤʢʤ. ʅʘʡʙʽʣʴʰʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ CuCl2 

ʧʦ ʧʝʨʝʪʠʥʫ ʜʦʩʷʛʘʣʠ 20 ʤʢʤ, ʘ ʧʦ ʜʦʚʞʠʥʽ 

ʜʦ 500 ʤʢʤ. ʇʦʨʽʚʥʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʠʩʦʮʽʘʮʽʾ ʟʛʘʜʘʥʠʭ ʨʝʯʦʚʠʥ, ʤʦʞʥʘ ʜʽʡʪʠ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʥʘʩʠʯʝʥʥʷ, ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1000 ʦʉ, ʜʠʩʧʝʨʩʥʽʩʪʴ 

ʧʦʨʦʰʢʽʚ ʙʫʜʝ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩ 

ʥʘʩʠʯʝʥʥʷ. ɼʠʩʧʝʨʩʥʽʩʪʴ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʥʝ 

ʻ ʢʨʠʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ. 

ʇʽʩʣʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ ʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʥʘ ʚʩʽʭ ʯʦʪʠʨʴʦʭ 

ʟʨʘʟʢʘʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʤʽʮʥʝʥʠʡ 

ʙʦʨʦʚʘʥʠʡ ʰʘʨ. 

ʅʘ ʨʠʩ. 1, 2 ʟʦʙʨʘʞʝʥʽ ʬʨʘʛʤʝʥʪʠ 

ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʩʪʘʥ ʧʦʚʝʨʭʦʥʴ 

ʟʨʘʟʢʽʚ, ʙʦʨʦʚʘʥʠʭ ʽʟ ʧʘʩʪ ɸ, ɺ, ɻ, ʩʭʦʞʠʡ, 

ʩʣʘʙʦʨʦʟʚʠʥʝʥʠʡ ʽ ʚ ʮʽʣʦʤʫ ʟʘ ʰʦʨʩʪʢʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʜʦ 

ʥʘʩʠʯʝʥʥʷ. ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʙʦʨʦʚʘʥʦʛʦ ʟ 

ʧʘʩʪʠ ɻ, ʚʠʜʥʦ ʯʝʨʚʦʥʽ ʧʨʦʤʽʞʢʠ ʤʽʜʽ ʪʘ 

ʥʝʜʦʨʦʟʯʠʥʝʥʽ ʯʘʩʪʠʥʢʠ ɺ2ʆ3, ʷʢʽ 

ʟʘʣʠʰʠʣʠʩʴ ʽʟ ʟʘʭʠʩʥʦʾ ʟʘʩʠʧʢʠ. ʇʦʚʝʨʭʥʷ 

ʟʨʘʟʢʘ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɹ, ʥʘʛʘʜʫʻ 

ʙʨʫʢʽʚʢʫ ʟ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʥʽʞ ʧʦʧʝʨʝʜʥʽ ʟʨʘʟʢʠ. ʉʪʘʥ ʧʦʚʝʨʭʥʽ ʪʦʛʦ 

ʩʘʤʦʛʦ ʟʨʘʟʢʘ ʟ ʟʘʣʠʰʢʘʤʠ ʧʘʩʪʠ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 3. 

 

 

       
  

       
 

ʈʠʩ. 1. ʉʪʘʥ ʧʦʚʝʨʭʦʥʴ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʥʘ ʟʨʘʟʢʘʭ, ʙʦʨʦʚʘʥʠʭ ʽʟ ʧʘʩʪ ɸ, ɹ, ɺ,  

ʽ ʰʦʨʩʪʢʽʩʪʴ ʟʨʘʟʢʽʚ ʜʦ ʥʘʩʠʯʝʥʥʷ (ʭ 90) 
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ʈʠʩ. 2. ʉʪʘʥ ʧʦʚʝʨʭʦʥʴ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʥʘ ʟʨʘʟʢʫ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɻ.  

ɺʠʜʥʦ ʯʝʨʚʦʥʽ ʧʨʦʤʽʞʢʠ ʤʽʜʽ ʪʘ ʥʝʜʦʨʦʟʯʠʥʝʥʽ ʯʘʩʪʠʥʢʠ ɺ2ʆ3 (ʭ 90) 

 

 

 
 

ʈʠʩ. 3. ʉʪʘʥ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʥʘ ʟʨʘʟʢʫ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɹ, ʦʜʨʘʟʫ ʧʽʩʣʷ 

ʚʠʣʫʯʝʥʥʷ ʟʨʘʟʢʫ ʟ ʣʦʪʢʘ. ɺʠʜʥʦ ʱʝ ʥʝʟʥʷʪʽ ʟʘʣʠʰʢʠ ʩʧʝʯʝʥʦʾ ʧʘʩʪʠ (ʭ 90) 

 

ʅʘ ʨʠʩ. 4-7 ʧʦʜʘʥʽ ʧʘʥʦʨʘʤʠ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ, ʙʦʨʦʚʘʥʠʭ ʽʟ 

ʧʘʩʪ ɸ, ɹ, ɺ, ɻ. ɸʥʘʣʽʟ ʮʠʭ ʧʘʥʦʨʘʤ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʫ ʚʩʽʭ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʘʭ 

ʧʨʠʩʫʪʥʷ ʛʦʣʢʦʧʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ ʙʦʨʠʜʽʚ ʽʟ 

ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʨʦʟʚʠʥʝʥʦʩʪʽ. ʅʘʡʙʽʣʴʰʫ 

ʨʦʟʚʠʥʝʥʽʩʪʴ ʛʦʣʢʦʧʦʜʽʙʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʘ ʟʨʘʟʢʫ, ʙʦʨʦʚʘʥʦʤʫ ʟ ʧʘʩʪʠ 

ɺ, ʤʝʥʰ ʨʦʟʚʠʥʝʥʽ ʛʦʣʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʘ 

ʟʨʘʟʢʫ, ʙʦʨʦʚʘʥʦʤʫ ʟ ʧʘʩʪʠ ɹ. ʄʘʡʞʝ 

ʥʝʧʦʤʽʪʥʫ ʛʦʣʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴ 

ʥʘ ʟʨʘʟʢʘʭ, ʙʦʨʦʚʘʥʠʭ ʽʟ ʧʘʩʪ ɸ ʽ ɻ. 
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ʈʠʩ. 4. ʇʘʥʦʨʘʤʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɸ 

 

 
 

ʈʠʩ. 5. ʇʘʥʦʨʘʤʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɹ 

 

 
 

ʈʠʩ. 6. ʇʘʥʦʨʘʤʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɺ 
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ʈʠʩ. 7. ʇʘʥʦʨʘʤʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ɻ 

 

ʅʘʡʙʽʣʴʰʫ ʧʦʨʠʩʪʽʩʪʴ ʟ ʦʟʥʘʢʘʤʠ 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʤʘʚ ʟʨʘʟʦʢ, ʙʦʨʦʚʘʥʠʡ ʽʟ 

ʧʘʩʪʠ ɻ, ʤʝʥʰʘ ʧʦʨʠʩʪʽʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʰʘʨʽʚ ʥʘ ʟʨʘʟʢʘʭ, ʙʦʨʦʚʘʥʠʭ ʽʟ ʧʘʩʪ ɸ, ɹ, ɺ. 

ʊʦʚʱʠʥʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʟʨʘʟʢʫ, 

ʙʦʨʦʚʘʥʦʤʫ ʟ ʧʘʩʪʠ ɸ, ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 

200 ʤʢʤ. ʅʘ ʟʨʘʟʢʫ, ʙʦʨʦʚʘʥʦʤʫ ʟ ʧʘʩʪʠ ɹ, 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 100 ʜʦ 

150 ʤʢʤ, ʪʦʚʱʠʥʘ ʰʘʨʫ, ʦʪʨʠʤʘʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷʤ ʽʟ ʧʘʩʪʠ ɺ, ʩʪʘʥʦʚʠʪʴ 100 ʤʢʤ ʟ 

ʚʠʭʦʜʦʤ ʦʢʨʝʤʠʭ ʛʦʣʦʢ ʚ ʦʩʥʦʚʥʫ ʩʪʨʫʢʪʫʨʫ 

ʤʝʪʘʣʫ ʱʝ ʥʘ 50 ʤʢʤ. ʊʦʚʱʠʥʘ ʰʘʨʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʙʦʨʫʚʘʥʥʷʤ ʽʟ ʧʘʩʪʠ ɻ, 

ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 200 ʜʦ 150 ʤʢʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʬʘʟʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ 

ʰʘʨʫ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʨʘʟʢʘʭ 

ʽʟ ʙʦʨʠʜʦʤ Fe2B, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ 

ʽʥʜʝʥʪʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʪʚʝʨʜʦʩʪʽ, ʤʦʜʫʣʷ ʖʥʛʘ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʜʝʥʪʫʚʘʥʥʷ (ʧʨʠʣʘʜ 

Nanoscan ï 4D, ʽʥʜʝʥʪʦʨ ï ʧʽʨʘʤʽʜʢʘ 

ɹʝʨʢʦʚʠʯʘ, ʥʘʚʘʥʪʘʞʝʥʥʷ 500 ʤʅ, ʚʠʪʨʠʤʢʘ 

ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 15 ʩ)                   

HI = 14,57 ɻʇʘ; ɽ = 293 ɻʇʘ. ʆʜʥʘ ʟ ʢʨʠʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 8.

 

 

 
 

ʈʠʩ. 8. ʂʨʠʚʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʙʦʨʠʜʥʦʛʦ ʰʘʨʫ Fe2B ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 

 

ɺʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ 

ʽʥʜʝʥʪʫʚʘʥʥʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʰʣʽʬʘ ʻ 

ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʘ ʯʘʩʪʢʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʢʨʦʦʙôʻʤʠ ʡʜʝ ʧʽʜ 

ʢʫʪʦʤ ʜʦ ʥʦʨʤʘʣʽ (ʥʘʧʨʠʢʣʘʜ ʘʙʨʘʟʠʚʥʽ 

ʯʘʩʪʠʥʢʠ). ʉʭʦʜʠʥʢʠ ʥʘ ʢʨʠʚʽʡ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ (ʯʝʨʚʦʥʘ ʥʘ ʨʠʩ. 8) ʛʦʚʦʨʷʪʴ 

ʧʨʦ ʨʝʣʘʢʩʘʮʽʶ ʥʘʧʨʫʛʠ ʟʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ 

ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʝʚʥʦʶ ʤʽʨʦʶ ʮʝ 

ʧʦʢʘʟʥʠʢ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʙʦʨʠʜʫ. ʆʟʥʘʢʠ 

ʧʦʷʚʠ ʤʽʢʨʦʪʨʽʱʠʥ ʟôʷʚʣʷʶʪʴʩʷ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ 360 ʤʅ ʽ ʛʣʠʙʠʥʦʶ ʚʪʽʣʝʥʥʷ 

ʽʥʜʝʥʪʦʨʘ 1075 ʥʤ. ʇʨʠʙʣʠʟʥʘ ʧʨʦʪʷʞʥʽʩʪʴ 

ʤʽʢʨʦʪʨʽʱʠʥ 30 ʥʤ. ɿʥʘʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʘ ʷʢʦʛʦ ʫʪʚʦʨʠʣʘʩʷ ʤʽʢʨʦʪʨʽʱʠʥʘ, ʽ ʾʾ 

ʨʦʟʤʽʨ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 

G1c = ˊlů
2/E, 

 

ʜʝ l ï ʜʦʚʞʠʥʘ ʤʽʢʨʦʪʨʽʱʠʥʠ; 

ů ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʚʦʥʘ 

ʫʪʚʦʨʠʣʘʩʷ; 

ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ (ʚʠʟʥʘʯʘʶʪʴ ʟ 

ʽʥʜʝʥʪʫʚʘʥʥʷʤ); 

 

ʂ1c = (G1c E /1-Õ)1/2, 

 

ʜʝ Õ ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. 

ɼʣʷ Fe2B G1c = 0,000417 ʅ/ʤ, 

ʂ1c = 10,75 ʄʇʘ*ʤ1/2. ʎʽ ʧʦʢʘʟʥʠʢʠ ʛʦʚʦʨʷʪʴ 

ʧʨʦ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʽ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ 

ʮʽʣʽʩʥʽʩʪʴ ʤʽʢʨʦʦʙôʻʤʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʛʦʩʪʨʠʭ, ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʽʜ ʚʠʩʦʢʠʤ 

ʧʠʪʦʤʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʉʠʣʽʮʠʜʥʝ ʧʦʢʨʠʪʪʷ ʦʪʨʠʤʘʥʦ ʟ 

ʥʘʩʠʯʝʥʥʷʤ ʪʝʭʥʽʯʥʠʤ ʢʨʝʤʥʽʻʤ ʽʟ 

ʜʦʜʘʚʘʥʥʷʤ 5 % (ʚʘʛ.) ʭʣʦʨʠʩʪʦʛʦ ʘʤʦʥʽʶ ʽ 

20 % ʽʥʝʨʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʤʝʨʪʝʣʽ). 

ɿʨʘʟʢʠ ʟ ʧʦʨʦʰʢʦʚʦʶ ʩʫʤʽʰʰʶ ʧʦʤʽʱʘʣʠ ʚ 

ʧʦʜʚʽʡʥʠʡ ʢʦʥʪʝʡʥʝʨ ʽ ʚʠʪʨʠʤʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 5 ʛʦʜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 900 Áʉ. ɯʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʢʨʝʤʥʽʶ 

(30 ʤʢʤ) ʩʧʦʩʪʝʨʽʛʘʣʠ ʩʧʽʢʘʥʥʷ ʢʦʨʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʾ ʨʝʘʢʮʽʾ 

ʧʝʨʝʥʝʩʝʥʥʷ ʭʣʦʨʠʜʫ ʢʨʝʤʥʽʶ ʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʘʪʦʤʘʨʥʦʛʦ ʢʨʝʤʥʽʶ ʥʘ 

ʧʦʚʝʨʭʥʽ. ɼʠʬʫʟʽʡʥʠʡ ʚʽʜʪʽʢ ʢʨʝʤʥʽʶ ʚʛʣʠʙ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ, ɦ ʦ ʪʘʢʦʞ 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʩʧʝʯʝʥʦʾ ʢʦʨʢʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʟʝʨʥʠʩʪʦʩʪʽ ʢʨʝʤʥʽʶ ʜʦ 150 ʤʢʤ 

ʫʩʫʚʘʻ ʧʨʦʙʣʝʤʫ ʢʦʨʢʠ, ʦʜʥʘʢ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʩʝ ʱʝ ʧʨʠʩʫʪʥʽ ʦʢʨʝʤʽ ʚʧʝʯʝʥʽ ʟʝʨʥʘ 

ʢʨʝʤʥʽʶ. ʅʘ ʨʠʩ. 9 ʧʦʜʘʥʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʩʠʣʽʮʴʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 40. 

 

 

 
 

ʈʠʩ. 9. ʐʘʨ ʩʠʣʽʮʠʜʫ ʧʦ ʧʝʨʠʤʝʪʨʫ ʟʨʘʟʢʘ (ʭ500) 
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ʐʘʨ ʩʠʣʽʮʠʜʫ ʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʠʡ, 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʢʫʪʘʭ ʧʝʨʝʭʦʜʫ 90Á ʙʝʟ 

ʩʢʦʣʶʚʘʥʴ, ʥʘʚʽʪʴ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʘ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʥʝʧʦʛʘʥʫ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ. ʉʘʤʝ 

ʧʦʢʨʠʪʪʷ ʤʘʻ ʪʦʚʱʠʥʫ 100ï200 ʤʢʤ ʽʟ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʥʘ ʧʦʚʝʨʭʥʽ 

ʅ100 25185 ʄʇʘ. 

ɺʠʩʥʦʚʢʠ. 1. ʅʘʡʢʨʘʱʽ ʟ ʨʦʟʛʣʷʥʫʪʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʦʜʥʦʬʘʟʥʦʛʦ ʙʦʨʫʚʘʥʥʷ, ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʪʦʚʱʠʥʠ ʪʘ ʧʦʨʠʩʪʦʩʪʽ ʟ 

ʦʙʨʦʙʢʦʶ ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜ, ʜʘʶʪʴ ʩʢʣʘʜʠ 

ʧʘʩʪ 65 % B4C + 35 % CuCl2 ʽ 75 % B4C  +           

10 % NaF + 5 % CuCl2 + 10 % Al (OH)3 ʽʟ 

ʟʝʨʥʠʩʪʽʩʪʶ ʢʘʨʙʽʜʫ ʙʦʨʫ 50ï60 ʤʢʤ.  

2. ʆʜʥʦʬʘʟʥʠʡ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʤʘʻ 

ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʢʦʣʶʚʘʥʥʷ. 

3. ʈʝʘʣʽʟʦʚʘʥʝ ʩʠʣʽʮʽʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʝ 

ʟ ʥʘʩʠʯʝʥʥʷʤ ʪʝʭʥʽʯʥʠʤ ʢʨʝʤʥʽʻʤ ʽʟ 

ʜʦʜʘʚʘʥʥʷʤ 5 % (ʚʘʛ.) ʭʣʦʨʠʩʪʦʛʦ ʘʤʦʥʽʶ ʽ 

20 % ʽʥʝʨʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʤʝʨʪʝʣʽ), ʜʘʻ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʪʦʚʩʪʠʡ (200 ʤʢʤ) 

ʥʠʟʴʢʦʧʦʨʠʩʪʠʡ ʰʘʨ ʧʨʦʪʷʛʦʤ 5 ʛʦʜ 

ʦʙʨʦʙʢʠ.

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ Project EU #3055 EURIZON çCombined technologies of metallic 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʫ ʧʨʦʙʣʝʤʫ ï ʧʽʜʙʽʨ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʜʣʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʚ ʫʤʦʚʘʭ ʥʘʩʠʯʝʥʦʛʦ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʧʦʞʠʚʯʦʛʦ ʨʠʥʢʫ ʋʢʨʘʾʥʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʧʽʜʙʦʨʫ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʙʘʟʦʚʘʥʽ ʚʠʢʣʶʯʥʦ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷʭ ʽ ʨʝʢʣʘʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʥʝ ʜʘʶʪʴ 

ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ɼɺɿ ʚʽʜʥʦʩʥʦ ʟʥʦʩʫ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ɿʘʟʥʘʯʝʥʦ, 

ʱʦ ʥʘʚʽʪʴ ʦʣʠʚʠ, ʷʢʽ ʬʦʨʤʘʣʴʥʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʽʻʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʛʨʫʧʠ, ʤʦʞʫʪʴ 

ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʢʘʨʜʠʥʘʣʴʥʦ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ 

ʩʪʫʧʝʥʷ ʬʦʨʩʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʠʪʝʨʽʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʽʜʙʦʨʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʠʙʦʩʠʩʪʝʤʠ ɼɺɿ ʽ ʩʢʣʘʜʥʽʩʪʴ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʦʾ 
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ʦʣʠʚʠ. ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ˊ-ʪʝʦʨʝʤʘ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ, ʷʢʠʡ ʘʜʝʢʚʘʪʥʦ 

ʚʽʜʦʙʨʘʞʫʻ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʚʧʣʠʚʘʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʢʨʠʪʝʨʽʡ ʬʦʨʤʫʶʪʴ ʥʘ ʪʘʢʠʭ ʚʝʣʠʯʠʥʘʭ, ʷʢ ʣʽʪʨʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ (Nʣ), ʧʠʪʦʤʽ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ge), ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʮʠʣʽʥʜʨʽʚ (Fʮ) ʽ ʧʘʨʘʤʝʪʨ çʞʦʨʩʪʢʦʩʪʽè ʨʝʞʠʤʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ (n/Gʤ), ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ʪʘ ʾʾ ʜʝʛʨʘʜʘʮʽʶ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʩʠʩʪʝʤʠ ʉɯ 

(ʤʝʪʨ, ʢʽʣʦʛʨʘʤ, ʩʝʢʫʥʜʘ) ʙʫʣʦ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʙʝʟʨʦʟʤʽʨʥʽʩʪʴ ʢʨʠʪʝʨʽʶ 

ʧʦʜʽʙʥʦʩʪʽ pɼɺɿ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. ʇʨʦʚʝʜʝʥʦ 
ʝʢʩʧʝʨʪʥʝ ʦʧʠʪʫʚʘʥʥʷ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ, ʭʽʤʦʪʦʣʦʛʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʘʰʠʥ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʝʨʠʬʽʢʦʚʘʥʦ ʚʠʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʥʘʜ 180 ʤʦʜʝʣʝʡ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʜʽʡʩʥʝʥʦ 

ʧʨʘʢʪʠʯʥʫ ʘʧʨʦʙʘʮʽʶ ʢʨʠʪʝʨʽʶ pɼɺɿ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 
ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʛʨʫʧʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ ʤʘʻ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʟ ʛʨʫʧʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʽʜʙʦʨʫ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ɼɺɿ ʥʘ ʝʪʘʧʘʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʙʽʨ ʤʦʪʦʨʥʠʭ ʦʣʠʚ, ʢʨʠʪʝʨʽʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ, 

ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʛʨʫʧʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʠʧ ʦʣʠʚʠ, ʞʦʨʩʪʢʽʩʪʴ ʨʦʙʦʪʠ ʦʣʠʚʠ, 

ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ, ˊ-ʪʝʦʨʝʤʘ, ʢʦʨʝʣʷʮʽʷ. 

 

Abstract. This article addresses a topical scientific and practical issueðthe selection of motor 

oils for internal combustion engines (ICEs) in the context of a saturated and heterogeneous consumer 

market in Ukraine. It is shown that traditional approaches to oil selection, based solely on 

classifications and advertising specifications, fail to ensure optimal operating conditions in terms of 

engine wear and reliability. Notably, even oils formally belonging to the same operational group can 

yield significantly different results depending on the engineôs design features and performance 

characteristics. 

We propose a criteria-based approach to motor oil selection that considers the physical 

parameters of the ICE tribosystem and the complexity of operating conditions. The methodological 

foundation of the study is the ́-theorem of similarity theory and modeling, which enables the 

formulation of a dimensionless similarity criterion that accurately reflects the relationships among 

key influencing parameters. This proposed criterion is based on variables such as engine power per 

liter (Nʣ), specific fuel consumption (ge), total cylinder area (Fʮ), and the operational çrigidityè 

parameter (n/Gʤ), which characterizes the intensity of oil contamination and degradation during use. 

Through dimensional analysis using SI base units (meter, kilogram, second), the 

dimensionlessness of the similarity criterion pɼɺɿ was theoretically substantiated and confirmed 

through mathematical calculations. An expert survey involving professionals in engine design, 

tribology, and machine operation was conducted to validate the selected parameters. Based on the 

analysis of over 180 models of domestic and foreign ICEs, the pɼɺɿ criterion was practically tested, 

enabling the construction of graphical relationships between the criterion value and motor oil 

operational groups. 

The proposed similarity criterion demonstrates a high correlation with motor oil operational 

groups, making it an effective tool for the rational selection of motor oils for various ICE types at the 

design, maintenance, and operational stages. 
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ɺʩʪʫʧ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʩʧʦʞʠʚʯʦʤʫ 

ʨʠʥʢʫ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʥʘʚʽʪʴ ʧʨʦʜʫʢʪʠ ʟ 

ʦʜʥʘʢʦʚʠʤ ʤʘʨʢʦʚʘʥʥʷʤ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ 

ʨʦʟʨʽʟʥʷʪʠʩʷ ʟʘ ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤʠ 

ʢʣʘʩʘʤʠ ʷʢʦʩʪʽ (ACEA, API), ʬʦʨʤʫʣʘʤʠ 

ʙʘʟʦʚʠʭ ʦʣʠʚ ʽ ʧʨʠʩʘʜʦʢ, ʙʨʝʥʜʦʚʦʶ 

ʧʦʣʽʪʠʢʦʶ ʪʦʱʦ [1, 2]. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʫʞʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʝʨʮʽʡʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʙʝʟʣʽʯ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʚʠʜʘʥʠʭ ʨʽʟʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʽ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʙʣʷʪʴ ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʜʣʷ ɼɺɿ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʠʤʠ ʱʦʜʥʷ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʤʽʣʴʡʦʥʠ ʣʶʜʝʡ, ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ [3-5]. 

ʅʝʨʽʜʢʦ ʜʦʩʣʽʜʥʠʢʠ ʨʦʙʠʣʠ ʩʧʨʦʙʠ 

ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ, ʟʘ ʷʢʠʤ 

ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʘʜʝʢʚʘʪʥʠʡ ʧʽʜʙʽʨ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ʪʘ ʷʢʠʡ ʙʠ ʚʽʜʦʙʨʘʞʫʚʘʚ ʫʩʶ 

ʩʢʣʘʜʥʽʩʪʴ ʨʦʙʦʪʠ ɼɺɿ. ʆʜʥʘʢ ʮʽ ʩʧʨʦʙʠ ʥʝ 

ʜʘʣʠ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʝʨʝʟ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʽ ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʨʘʟʽ ʨʦʙʦʪʠ ɼɺɿ. ɹʽʣʴʰ 

ʧʨʘʚʠʣʴʥʠʤ ʙʫʣʦ ʙ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʦʜʥʦʛʦ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʽ ʨʦʟʨʦʙʠʪʠ ʢʽʣʴʢʘ 

ʢʨʠʪʝʨʽʾʚ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʦʮʽʥʶʚʘʚ ʙʠ ʦʜʥʫ 

ʷʢʫʩʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʚʣʘʩʪʠʚʽʩʪʴ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʫʚʝʩʴ ʢʦʤʧʣʝʢʩ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩʠ 

ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʘʶʪʴ ʥʝʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʥʘʙʣʠʞʝʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ, ʧʽʜʙʠʨʘʶʯʠ 

ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʜʣʷ ʜʚʠʛʫʥʘ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʠʪʝʨʽʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʜʝ 

ʧʘʨʘʤʝʪʨ ʞʦʨʩʪʢʦʩʪʽ ʨʦʙʦʪʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʚ ɼɺɿ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʘʥʦ ʙʝʟʨʦʟʤʽʨʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʽʙʥʦʩʪʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʪʠʧʽ 

ʜʚʠʛʫʥʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ɹʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ ʧʦʢʘʟʫʻ, 

ʱʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʜʚʠʛʫʥʘ, ʻ ʥʘʜʽʡʥʘ ʨʦʙʦʪʘ ʡʦʛʦ ʚʫʟʣʽʚ ʪʝʨʪʷ. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʟʥʦʰʫʚʘʥʥʷ ʚʩʽʭ ʩʧʨʷʞʝʥʴ 

ʜʚʠʛʫʥʘ ʟʘ 100 %, ʪʦ ʥʘ ʟʥʦʰʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ (ʎʇɻ) ʽ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʂʐʄ) 

ʧʨʠʧʘʜʘʻ 70ï80 %, ʘ ʥʘ ʽʥʰʽ ʩʧʨʷʞʝʥʥʷ ï 

20ï30 %. 

ʆʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ çʞʦʨʩʪʢʽʩʪʴè ʨʦʙʦʪʠ ʦʣʠʚʠ ʚ 

ʜʚʠʛʫʥʽ, ʻ ʎʇɻ ʽ ʂʐʄ [6]. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʶ ʪʨʠʙʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʧʽʜ ʯʘʩ ʪʝʨʪʷ, ʧʦʢʘʟʫʻ, ʱʦ ʟ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʤʘʣʠʭ ʦʙ'ʻʤʽʚ ʦʣʠʚʠ ʚ 

ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʎʇɻ, ʤʦʞʥʘ ʚʠʢʣʠʢʘʪʠ ʧʨʠʩʢʦʨʝʥʝ 

ʬʨʠʢʮʽʡʥʝ ʦʢʠʩʥʝʥʥʷ ʦʣʠʚʠ, ʟʘ ʷʢʦʛʦ 

ʜʦʩʷʛʘʶʪʴ ʝʬʝʢʪʫ ʾʾ ʩʪʘʨʽʥʥʷ. ʆʪʨʠʤʘʥʽ ʧʨʠ 

ʮʴʦʤʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʨʦʪʠʟʥʦʰʫ-

ʚʘʣʴʥʠʭ ʽ ʧʨʦʪʠʟʘʜʠʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʶʚʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ [7, 8]. 

ʇʨʦʮʝʩ ʪʝʨʪʷ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ, 

ʪʦʤʫ ʱʦ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ï ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʦʩʫ ʽ ʟʘʾʜʘʥʥʶ ʧʘʨ 

ʪʝʨʪʷ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʚʠʙʽʨ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ʥʘʩʘʤʧʝʨʝʜ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʾʾ 

ʩʫʤʽʩʥʽʩʪʶ ʟ ɼɺɿ. ʉʫʤʽʩʥʽʩʪʴ ʤʘʩʪʠʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʷʢ ʩʢʣʘʜʦʚʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʪʘʢʦʾ ʩʢʣʘʜʥʦʾ ʪʨʠʙʦʩʠʩʪʝʤʠ, ʷʢ 

ɼɺɿ, ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʡʦʛʦ ʜʝʪʘʣʝʡ. ʏʘʩʪʦ ʦʣʠʚʠ ʚʠʱʦʾ ʷʢʦʩʪʽ 

ʚʠʢʣʠʢʘʶʪʴ ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʪʝʨʪʷ ɼɺɿ. ʎʝ 

ʧʦʷʩʥʶʶʪʴ ʪʘʢ: ʪʦʡ ʟʘʧʘʩ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʧʨʠʩʘʜʦʢ ʚ ʦʣʠʚʽ ʥʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʨʦʙʦʯʦʤʫ 

ʧʨʦʮʝʩʽ ʜʚʠʛʫʥʘ, ʽ ʪʦʤʫ ʧʨʠʩʘʜʢʠ ʧʦʯʠʥʘʶʪʴ 

ʧʦʚʦʜʠʪʠʩʷ ʭʽʤʽʯʥʦ ʘʛʨʝʩʠʚʥʦ ʚʽʜʥʦʩʥʦ 

ʫʱʣ̔ʴʥʝʥʴ ʜʚʠʛʫʥʘ ʽ ʤʘʪʝʨʽʘʣʽʚ 
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ʪʨʠʙʦʩʧʦʣʫʯʝʥʴ ʘʙʦ ʚʠʢʣʠʢʘʪʠ ʘʙʨʘʟʠʚʥʝ 

ʟʥʦʰʫʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʝʣʠʢʦʾ ʟʦʣʴʥʦʩʪʽ. 

ʑʦʙ ʧʨʘʚʠʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʣʠʚʠ, ʥʝʦʙʭʽʜʥʦ ʥʘʩʘʤʧʝʨʝʜ 

ʟʥʘʪʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʝʨʪʷ 

ʽ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʫʤʦʚʠ, ʫ ʷʢʠʭ 

ʧʨʘʮʶʶʪʴ ʦʣʠʚʠ, ʨʝʞʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʚʠʛʫʥʘ, ʜʣʷ ʷʢʦʛʦ ʧʽʜʙʠʨʘʶʪʴ ʦʣʠʚʫ, 

ʷʢʽʩʪʴ, ʩʢʣʘʜ ʽ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʷʢʦʩʪʽ ʽ ʩʢʣʘʜʫ 

ʦʣʠʚʠ ʫ ʜʚʠʛʫʥʘʭ [9]. 

ʇʽʜʙʠʨʘʶʪʴ ʦʣʠʚʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʜʚʠʛʫʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘʢʦʤʫ ʜʚʠʛʫʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʗʢ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʪʠ 

ʦʣʠʚʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʷʢ 

ʟʤʽʥʷʪʴʩʷ ʪʝʨʤʽʥʠ ʟʘʤʽʥʠ ʦʣʠʚʠ ʟ ʧʝʨʝʭʦʜʦʤ 

ʚʽʜ ʦʜʥʽʻʾ ʛʨʫʧʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʽʥʰʦʾ, ʷʢ 

ʚʨʘʭʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʜʚʠʛʫʥʘ? 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʘ ʷʢʽʩʪʴ ʤʘʩʪʠʣʴʥʦʾ 

ʨʝʯʦʚʠʥʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʠ ʙʘʟʦʚʦʾ ʦʣʠʚʠ, 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʛʣʠʙʠʥʠ 

ʦʯʠʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʤʧʘʫʥʜʫʚʘʥʥʷ ʪʘ 

ʚʚʝʜʝʥʥʷ ʧʨʠʩʘʜʦʢ [9]. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʧʦʢʘʟʘʚ, 

ʱʦ ʦʪʨʠʤʘʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘ 

ʝʪʘʣʦʥʥʠʭ ʜʚʠʛʫʥʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʽʣʴʢʠ 

ʮʠʤ ʪʠʧʘʤ ʜʚʠʛʫʥʽʚ ʽ ʥʝ ʤʦʞʫʪʴ ʜʘʪʠ ʧʦʚʥʠʭ 

ʧʽʜʩʪʘʚ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘ ʽʥʰʠʭ ʜʚʠʛʫʥʘʭ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʧʽʜʙʦʨʫ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʜʦ ɼɺɿ, ʥʘʤʠ ʙʫʣʘ ʟʨʦʙʣʝʥʘ 

ʩʧʨʦʙʘ ʨʦʟʨʦʙʠʪʠ ʢʨʠʪʝʨʽʡ (pɼɺɿ), ʱʦ 

ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʬʦʨʩʫʚʘʥʥʷ, ʚʠʜ ʚʠʢʦʥʫ-

ʚʘʥʦʾ ʨʦʙʦʪʠ, ʩʪʫʧʽʥʴ ʟʥʦʩʫ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʚʠʛʫʥʘ, ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʪʝʦʨʽʾ 

ʧʦʜʽʙʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʨʠʪʝʨʽʶ pɼɺɿ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʢʦʨʝʣʷʮʽʾ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʟ ʛʨʫʧʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ 

ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʪʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʬʘʭʽʚʮʽʚ ʫ 

ʛʘʣʫʟʽ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ, ʭʽʤʦʪʦʣʦʛʽʾ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɼɺɿ ʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʤʦʚʠ 

ʨʦʙʦʪʠ ʦʣʠʚʠ (ʞʦʨʩʪʢʽʩʪʴ ʨʦʙʦʪʠ), ʙʫʣʠ 

ʚʠʙʨʘʥʽ ʪʘʢʽ ʚʝʣʠʯʠʥʠ: 

1) Nʣ ï ʣʽʪʨʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, 

ʢʛ/ʤϊʩ3, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʜʦ ʨʦʙʦʯʦʛʦ 

ʦʙ'ʻʤʫ ʮʠʣʽʥʜʨʽʚ; 

2) gʝ ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʩ
2/ʤ2, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʘ ʟʥʦʩ ʜʚʠʛʫʥʘ; 

3) Fʮ ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʮʠʣʽʥʜʨʽʚ, ʤ
2, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʜʚʠʛʫʥʘ; 

4) n/Gʤ ï ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

çʞʦʨʩʪʢʽʩʪʴè ʨʦʙʦʪʠ ʦʣʠʚʠ ʚ ʜʚʠʛʫʥʽ. 

ɿʘ ʜʨʫʛʦʶ ʪʝʦʨʝʤʦʶ ʧʦʜʽʙʥʦʩʪʽ           

(p-ʪʝʦʨʝʤʠ) ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʙʫʜʴ-ʷʢʝ ʨʽʚʥʷʥʥʷ ʬʽʟʠʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʟʘʧʠʩʘʥʝ ʚ ʧʝʚʥʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ 

ʧʦʜʽʙʥʦʩʪʽ [6] 

 

F(ˊi) = 0,  (1) 

 

ʜʝ pi ï ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ. 

ʇʨʠʯʦʤʫ ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ 

ʧʦʜʽʙʥʦʩʪʽ (i) ʤʝʥʰʝ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ, ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ. ʂʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʨʦʟʤʽʨʥʦʩʪʝʡ ʚʝʣʠʯʠʥ. 

ʆʪʨʠʤʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ p-ʪʝʦʨʝʤʠ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʙʦʪʫ ɼɺɿ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʱʝ ʥʝ 

ʦʧʠʩʘʥʽ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʫ ʟʘʤʢʥʫʪʽʡ 

ʬʦʨʤʽ, ʘ ʪʦʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ, ʷʢʠʡ ʻ, 

ʜʫʞʝ ʥʘʙʣʠʞʝʥʠʡ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʚʝʩʴ 
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ʢʦʤʧʣʝʢʩ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʮʝʡ ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ. 

ɿʘ ʧʨʘʚʠʣʘʤʠ ʦʪʨʠʤʘʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʧʦʜʽʙʥʦʩʪʽ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ ʷʢ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʙʨʘʥʦ ʜʦʚʞʠʥʫ ï L, 

ʤ; ʤʘʩʫ ï ʄ, ʢʛ; ʯʘʩ ï ʊ, ʩ. ʗʢ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ 

ʫ ʚʠʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʧʦʻʜʥʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ɼɺɿ: Fʮ, ʤ
2; n/Gʤ, 

ʩʢʛ

1

Ö
; gʝ , ʩ

2/ʤ2. 

ɼʦ ʙʘʟʠʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʚʢʣʶʯʘʶʪʴ 

ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʠʙʦʩʠʩʪʝʤʠ, ʟʘ ʷʢʠʤʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ 

ʙʫʣʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʠʥ ʧʘʨʘʤʝʪʨ (n/Gʤ) 

ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʦʣʠʚʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʨʪʝʨʽ, 

ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʥʝʥʥʷ, ʱʦ ʩʢʠʜʘʶʪʴʩʷ ʟʽ 

ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʘ (ʪʦʙʪʦ ʞʦʨʩʪʢʽʩʪʴ ʫʤʦʚ 

ʨʦʙʦʪʠ ʦʣʠʚʠ ʫ ʜʚʠʛʫʥʽ). ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʦʣʠʚʠ Gʤ ʫ ʜʚʠʛʫʥʽ, ʪʠʤ ʤʝʥʰʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʦʣʠʚʠ (ʪʦʙʪʦ 

ʤʝʥʰ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʦʣʠʚʠ).  

ʇʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʠʙʨʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʜʯʠʪʴ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʥʫʣʷ 

ʙʘʟʠʩʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ, ʩʢʣʘʜʝʥʦʛʦ ʟʽ 

ʩʪʫʧʝʥʽʚ ʨʦʟʤʽʨʥʦʩʪʝʡ ʟʘʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ: 
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     = - 4.    (2) 

 

ɯʟ ʙʘʟʠʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ Fʮ, n/Gʤ, gʝ 

ʧʦʚ'ʷʟʫʶʪʴ ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʣʠʰʠʚʩʷ ʽ ʷʢʠʡ 

ʚʭʦʜʠʪʴ ʚ ʦʧʠʩ ʧʨʦʮʝʩʫ Nʣ, ʦʪʨʠʤʘʚʰʠ 

ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ. ʂʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ 

ʤʘʻ ʚʠʛʣʷʜ ʜʦʙʫʪʢʫ ʩʪʝʧʝʥʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʟʘʧʠʩʫ ʢʨʠʪʝʨʽʾʚ 

ʧʦʜʽʙʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ 

ʚʠʟʥʘʯʥʠʢʽʚ ʜʣʷ ʢʨʠʪʝʨʽʶ ɼɺɿ:
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    = 8. 

 

ɿʘ ʧʨʘʚʠʣʘʤʠ ʟʘʧʠʩʫ ʬʦʨʤʫʣ ʢʨʠʪʝʨʽʾʚ 

ʧʦʜʽʙʥʦʩʪʽ [10] ʦʪʨʠʤʫʻʤʦ ʢʨʠʪʝʨʽʡ ɼɺɿ 

 

pˑ ˏ˔
 ̌ Ͻ ̗

Ⱦ
Ͻ  Ͻ 

̍
  ,            (3) 

ʜʝ Nʣ ï ʣʽʪʨʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʢʛ/ʤϊʩ3; 
Fʮ ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʮʠʣʽʥʜʨʽʚ, ʤ

2; 

n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, 

ʩ-1; 

gʝ ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʩ
2/ʤ2; 

Gʤ ï ʦʙ'ʻʤ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ, ʢʛ. 



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

20 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʫʛʦʾ 

ʪʝʦʨʝʤʠ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

(p-ʪʝʦʨʝʤʠ) ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ 

ʦʪʨʠʤʘʥʦ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʪʨʠʤʫʶʯʠ ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ ʘʙʦ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʦʪʨʽʙʥʦ ʨʝʪʝʣʴʥʦ ʪʝʦʨʝʪʠʯʥʦ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʢʦʨʝʢʪʥʽʩʪʴ ʾʭ 

ʦʪʨʠʤʘʥʥʷ. 

ɯʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʦʪʨʠʤʘʥʥʷ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʾʭʥʽ 

ʙʝʟʨʦʟʤʽʨʥʦʩʪʽ. ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʢʨʠʪʝʨʽʡ 

ʧʦʜʽʙʥʦʩʪʽ ʟʘʤʽʩʪʴ ʚʝʣʠʯʠʥ ʬʦʨʤʫʣʠ ʾʭʥʽ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʦʪʨʠʤʫʻʤʦ, ʱʦ ʧʘʨʘʤʝʪʨ pɼɺɿ ï 

ʙʝʟʨʦʟʤʽʨʥʠʡ. ʆʪʞʝ, ʪʝʦʨʝʪʠʯʥʦ ʧʝʨʝʚʽʨʝʥʦ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙ-

ʥʦʩʪʽ ʯʝʨʝʟ ʧʝʨʝʚʽʨʢʫ ʡʦʛʦ ʙʝʟʨʦʟʤʽʨʥʦʩʪʽ.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʢʨʠʪʝʨʽʶ pɼɺɿ ʩʪʘʣʦ ʡʦʛʦ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʣʽʪʝʨʘʪʫʨʫ ʪʘ ʦʙʨʦʙʣʝʥʦ 

ʜʘʥʽ ʙʽʣʴʰ ʥʽʞ 180 ʜʚʠʛʫʥʽʚ ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, 

ʪʘʢ ʽ ʽʤʧʦʨʪʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʣʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

pɼɺɿ ʚʽʜ ʛʨʫʧʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʣʠʚʠ. ɼʘʥʽ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ.
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1 2 3 4 5 6 7 8 9 10 

ɿʀʃ-375 129000 0,007 0,025926 1,84857Ŀ107 8.91424 1,919517Ŀ10-8 SE 9 0,994174Ŀ10-10 

ɿʄɿ-53-11 88300 0,00425 0,184782 2,07747Ŀ107 8,91424 1,639562Ŀ10-8 SE 8 1,380526Ŀ10-10 

ɺɸɿ 2131 6000 0,00169 0,0824 3,55295Ŀ107 3,2752 1,516296Ŀ10-8 SF 6,2 1,5001Ŀ10-10 

ɿʄɿ-

4022,10 
74000 0,002446 0,1063 3,02347Ŀ107 3,53152 1,325645Ŀ10-8 SF 6 1,7525Ŀ10-10 

Alfa 

Romeo1551,

8 Twin 

103000 0,001747 0,0852 5,89824Ŀ107 2,24992 0,606774Ŀ10-8 SG 5,6 2,9695Ŀ10-10 

Volvo 460 

1,8i 
66000 0,001783 0,0868 3,70626Ŀ107 2,16448 0,910976Ŀ10-8 SG 5,3 2,09463Ŀ10-10 

Nissan 

Sunny 1,6 

LX 

Traveller 

66000 0,001597 0,084 4,13748Ŀ107 2,07904 0,875016Ŀ10-8 SG 3,4 2,1396Ŀ10-10 

Mersedes-

Benz S 600 
290000 0,005987 0,2691 4,84828Ŀ107 4,04416 0,387376Ŀ10-8 SH 8 2,3310Ŀ10-10 

AudiA3 1,6 74000 0,001595 0,0788 4,69498Ŀ107 2,05056 0,769729Ŀ10-8 SJ 3,5 2,4364Ŀ10-10 

BMW 750 

Li  
240000 0,005379 0,2531 4,46795Ŀ107 3,38912 0,392259Ŀ10-8 SL 7,5 3,3637Ŀ10-10 

ʗʄɿ-236 132000 0,01115 0,343077 1,18856Ŀ107 6,88 1,447811Ŀ10-8 CE 24 0,84337Ŀ10-10 

ʗʄɿ-238 ʃ 220000 0,01486 0,457231 1,48484Ŀ107 12,32 1,555555Ŀ10-8 CE 24 0,98289Ŀ10-10 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 

1 2 3 4 5 6 7 8 9 10 

ʂʘʤɸɿ 

740,10 
154000 0,01085 0,361667 1,41954Ŀ107 6,56 1,183261Ŀ10-8 CE 30,5 1,15334Ŀ10-10 

Peugeot 505 

GRD 
95000 0,002446 0,1064 3,88892Ŀ107 2,24 0,654976Ŀ10-8 CF-4 6 1,4921Ŀ10-10 

Toyota 

Hilux 

2GD-FTV 

55000 0,001974 0,0934 2,78228Ŀ107 1,92 0,969696Ŀ10-8 CF-4 5,3 1,5472Ŀ10-10 

Toyota 

Avensis 
66000 0,00187 0,0935 3,52941Ŀ107 1,76 0,740747Ŀ10-8 CG-4 5 1,7972Ŀ10-10 

Citro±n 

Xantia 
100000 0,002996 0,1378 3,33783Ŀ107 2,368 0,657778Ŀ10-8 CG-4 8 1,825Ŀ10-10 

Ford 

Ranger 2.5 
85000 0,002498 0,1249 3,40722Ŀ107 2,208 0,721568Ŀ10-8 CH-4 5,5 1,8652Ŀ10-10 

Chevrolet 

Cruze Clean 

Diesel 

2.0 Multijet 

60000 0,001686 0,0852 3,58718Ŀ107 2,016 0,933333Ŀ10-8 CI-4 3,5 2,2261Ŀ10-10 

Skoda 

Octavia III 

2.0 TDI 

125000 0,004164 0,1772 3,01921Ŀ107 3,584 0,796444Ŀ10-8 CJ-4 9,3 2,4341Ŀ10-10 

 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʦʩʥʦʚʽ 
ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ʚʽʜ ʛʨʫʧʠ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ (ʨʠʩ. 1, 2). ɯʟ ʛʨʘʬʽʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ ʤʘʻ ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ ʟ 

ʛʨʫʧʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ.

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ʚʽʜ ʛʨʫʧʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʠʭ ʦʣʠʚ (ʟʘ API)  

ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ ɼɺɿ 

0,5 1 1,5 2 2,5 3 3,5

ɻ
ʨ
ʫ
ʧ
ʘ
 
ʝ
ʢ
ʩ
ʧ
ʣ
ʫ
ʘ
ʪ
ʘ
ʮ
ʽ
ʾ
 
ʤ
ʦ
ʪ
ʦ
ʨ
ʥ
ʠ
ʭ

ʦ
ʣ
ʠ
ʚ
 
ʟ
ʘ
 

A
P

I

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʷ ʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ  ɼɺɿ
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ʚʽʜ ʛʨʫʧʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʠʭ ʦʣʠʚ (ʟʘ API)  

ʜʣʷ ʜʠʟʝʣʴʥʠʭ ɼɺɿ 

 

ɺʠʩʥʦʚʢʠ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ 

ʧʦʢʣʘʜʝʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʜʝ ʦʙ'ʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʞʠʚ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ. ɺʠʨʽʰʫʶʯʠ ʮʝ 

ʟʘʚʜʘʥʥʷ, ʘʚʪʦʨʠ ʟʘʩʪʦʩʫʚʘʣʠ ʦʩʥʦʚʥʽ 

ʪʝʦʨʝʤʠ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʜʨʫʛʦʾ ʪʝʦʨʝʤʠ ʪʝʦʨʽʾ 

ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ (ˊ-ʪʝʦʨʝʤʠ), ʫ 

ʷʢʽʡ ʩʢʘʟʘʥʦ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʩʢʣʘʜʥʠʡ 

ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ 

ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʽʙʥʦʩʪʽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ (pɼɺɿ). 

ʇʨʠ ʮʴʦʤʫ ʷʢ ʢʨʠʪʝʨʽʡ ʚʠʢʦʨʠʩʪʘʥʦ 

ʙʝʟʨʦʟʤʽʨʥʽ ʢʦʤʧʣʝʢʩʠ, ʜʦ ʷʢʠʭ ʤʦʞʫʪʴ 

ʚʭʦʜʠʪʠ N ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɹʫʣʦ ʦʪʨʠʤʘʥʦ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ 

(pɼɺɿ) ʽ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʝʨʽʶ 

ʧʦʜʽʙʥʦʩʪʽ (pɼɺɿ) ʚʽʜ ʛʨʫʧʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ (ʟʘ API) ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ ʽ 

ʜʠʟʝʣʴʥʠʭ ɼɺɿ. 

ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʽʜʙʠʨʘʪʠ ʤʦʪʦʨʥʽ ʦʣʠʚʠ 

ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʪʠʧʽʚ ɼɺɿ ʽʟ ʧʦʚʥʠʤ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʜʚʠʛʫʥʘ, ʨʦʜʫ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ 

(ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ), ʩʪʫʧʝʥʷ ʟʥʦʩʫ ʷʢ ʥʘ ʝʪʘʧʘʭ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ.
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THERMODYNAMIC ANALYSIS OF ENERGY -EFFICIENT SOLUTIONS IN BOILER 

PLANTS AND HEAT PUMPS CONSIDERING QUALITY CONTROL AND ENERGY 

CERTIFICATION IN CONSTRUCTION  
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ʊɽʈʄʆɼʀʅɸʄɯʏʅʀʁ ɸʅɸʃɯɿ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʍ ʈɯʐɽʅʔ ʋ ʂʆʊɽʃʔʅʀʍ 

ʋʉʊɸʅʆɺʂɸʍ ɯ ʊɽʇʃʆɺʀʍ ʅɸʉʆʉɸʍ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ 

ʊɸ ɽʅɽʈɻɽʊʀʏʅʆɰ ʉɽʈʊʀʌɯʂɸʎɯɰ ɺ ɹʋɼɯɺʅʀʎʊɺɯ 
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Abstract. This study investigates practical approaches to improving energy efficiency in boiler 

plants and heat pumps through thermodynamic analysis, with additional consideration of quality 

control and energy certification in construction. The research examines real operating conditions of 

heating systems and evaluates how thermodynamic optimization can increase performance, reduce 

fuel consumption, and lower operational costs. The analysis demonstrates that the integration of 

advanced heat pump technologies with modern boiler units provides significant potential for 

decarbonization in both residential and industrial applications. At the construction level, rigorous 

quality control is identified as a critical factor in ensuring the effectiveness of installed systems and 

minimizing thermal losses in building envelopes. Energy certification is emphasized as a practical 

instrument for verifying compliance with efficiency standards and guiding modernization strategies. 

The results show that combining thermodynamic improvements with strict construction quality 

measures and certification procedures leads to measurable benefits in sustainability, reliability, and 

long-term energy savings.  

Keywords: thermodynamic analysis, energy efficiency, boiler plants, heat pumps, quality control, 

energy certification, sustainable construction, building performance, heating systems, energy savings. 

 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʦʜʘʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʢʦʪʝʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ, ʽʟ ʘʢʮʝʥʪʦʤ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʘʢʪʠʮʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦ 

ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʝʨʝʙʽʛʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʠʭ 

ʘʛʨʝʛʘʪʽʚ ʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʦʣʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʙʫʜʽʚʥʠʮʪʚʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʤ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʝʬʝʢʪʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ 

ʱʦʜʦ ʤʦʥʪʘʞʫ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ 

ʧʦʪʝʥʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʚʽʪʴ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʊʘʢʦʞ ʧʽʜʢʨʝʩʣʝʥʦ ʚʘʞʣʠʚʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʷʢ ʽʥʩʪʨʫʤʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʟʦʨʽʩʪʴ, ʫʥʽʬʽʢʦʚʘʥʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʝʨʪʠʬʽʢʘʮʽʷ ʚʠʩʪʫʧʘʻ ʤʝʭʘʥʽʟʤʦʤ ʥʝ 

ʣʠʰʝ ʢʦʥʪʨʦʣʶ, ʘʣʝ ʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʧʨʠʷʶʯʠ ʧʦʰʠʨʝʥʥʶ 

ʧʨʘʢʪʠʢ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʣʠʰʝ 

ʧʦʻʜʥʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʥʘʣʝʞʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ 

ʦʙʦʚôʷʟʢʦʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʟʜʘʪʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ, 

ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʫ ʩʬʝʨʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʢʦʪʝʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʪʝʧʣʦʚʽ 

ʥʘʩʦʩʠ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, ʝʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʙʫʜʽʚʣʽ, ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʙʫʜʽʚʝʣʴʥʘ ʪʝʧʣʦʬʽʟʠʢʘ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 

 

Introduction . The growing demand for 

reducing energy consumption and minimizing 

environmental impact in the built environment 

has placed energy efficiency at the forefront of 

both engineering practice and scientific 

research. Heating systems, in particular boiler 

plants and heat pumps, remain central 

components of energy supply in residential, 

commercial, and industrial sectors. Their 

thermodynamic performance directly 

determines the operational costs of buildings, 

the level of greenhouse gas emissions, and the 

overall sustainability of construction practices. 

In this context, the integration of 

thermodynamic analysis with construction 

quality control and energy certification has 

become an essential approach to ensuring long-

term efficiency and reliability. 

Boiler plants continue to play a 

significant role in centralized and decentralized 

heating systems, yet their efficiency is strongly 

influenced by combustion processes, heat 

exchange characteristics, and maintenance 

practices. Heat pumps, as renewable-based 

alternatives, provide higher efficiency through 

the utilization of low-grade environmental heat, 

but their performance is highly sensitive to 

installation quality, building envelope 

properties, and climatic conditions. 

Consequently, thermodynamic analysis allows 

for a comprehensive evaluation of these 

systems under real operating conditions, 

offering valuable insights into optimization 

strategies. 

Equally important is the role of quality 

control in construction, which ensures that the 

design solutions for heating and insulation 

systems are accurately implemented in practice. 

Deficiencies in workmanship, deviations from 

standards, or inadequate verification often 

result in substantial thermal losses, 

undermining the intended efficiency of energy 

systems. To complement this, energy 

certification serves as a standardized 

framework for evaluating and verifying the 

energy performance of buildings, providing 

transparency and comparability while aligning 

national practices with international energy 

policies. 

The present study addresses these 

interrelated aspects by analyzing the 

thermodynamic efficiency of boiler plants and 

heat pumps in connection with construction 

quality control and energy certification. The 

aim is to establish a scientific basis for 

enhancing the sustainability of heating systems 

in buildings, thereby contributing to the 

advancement of energy-efficient construction 

practices. 

Literature review and problem 

statement. Recent research highlights the 

critical role of thermodynamic analysis in 

optimizing energy systems, particularly boiler 

plants and heat pumps, for improved efficiency 

and sustainability. In [1], a Modelica-based 
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approach was applied to dynamic exergy 

analysis of a 300 MW power plant boiler, 

demonstrating the potential for precise 

modeling of thermal performance under 

varying operational conditions. The influence 

of different types and distribution ratios of heat 

users on distributed solar centralized heating 

systems was explored in [2], emphasizing the 

importance of system configuration in 

achieving energy efficiency. Operational 

flexibility and optimization of CHP units 

supplying electricity and two-pressure steam 

were investigated in [3], highlighting strategies 

to balance energy supply with varying demand 

profiles. 

The economic evaluation of energy 

efficiency and renewable technologies using 

artificial intelligence has been considered in 

[4], illustrating the integration of computational 

tools in energy planning. Rapid prediction 

methods for indoor temperature and HVAC 

control through linear temperature models were 

proposed in [5], showing potential 

improvements in building thermal 

management. The control of ventilation 

frequency in tunnel construction using neural 

networks [6] and methods for enhancing 

flexibility in  coal-fired thermal power plants [7] 

provide further evidence of the benefits of 

advanced control strategies in thermal systems. 

In the context of construction, studies on 

gas emission cleaning [8] and comprehensive 

thermodynamic analyses of heat and gas supply 

systems [9] underscore the importance of 

integrating system-level performance 

assessment with quality assurance. Peak-

shaving schemes for coal-fired power plants 

integrating flexible carbon capture and 

wastewater treatment [10] further demonstrate 

the necessity of combining energy efficiency 

with operational reliability. 

Despite these advances, a significant gap 

remains in connecting thermodynamic 

optimization of heating systems with practical 

construction-level interventions, including 

quality control and energy certification. Many 

energy-efficient technologies underperform 

due to insufficient verification during 

construction or lack of standardized 

certification procedures. Addressing this gap is 

critical for ensuring that high-efficiency 

designs achieve their intended performance in 

real-world buildings. The present study focuses 

on bridging this divide by analyzing 

thermodynamic performance of boiler plants 

and heat pumps while considering construction 

quality and energy certification, thereby 

contributing to sustainable and reliable energy-

efficient building practices. 

The aim and objectives of the study. 

The primary aim of this study is to analyze 

thermodynamic performance of energy-

efficient solutions in boiler plants and heat 

pumps while integrating construction quality 

control and energy certification, in order to 

enhance the sustainability, reliability, and 

operational efficiency of modern buildings. 

Objectives: 

¶ To evaluate the thermodynamic 

efficiency of boiler plants and heat pumps 

under varying operational conditions, 

identifying factors that influence energy 

performance and system reliability. 

¶ To examine the impact of construction 

quality control on the realization of energy-

efficient designs, with a focus on reducing 

thermal losses and optimizing system 

performance. 

¶ To assess the role of energy 

certification in verifying compliance with 

efficiency standards and promoting the 

implementation of sustainable building 

practices. 

¶ To integrate findings from 

thermodynamic analysis, quality control, and 

energy certification to propose 

recommendations for improving the design, 

installation, and operation of heating systems in 

energy-efficient buildings. 

¶ To identify potential pathways for 

combining advanced heating technologies with 

practical construction measures to achieve 

long-term energy savings, environmental 

benefits, and compliance with regulatory 

frameworks. 
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The main part of the study 

The main part of this study focuses on the 

detailed analysis of thermodynamic 

performance of boiler plants and heat pumps in 

the context of energy-efficient building 

construction. It systematically integrates 

theoretical principles, practical system 

evaluation, and construction-level quality 

control measures. The analysis begins with a 

comprehensive assessment of the 

thermodynamic behavior of heating systems 

under different operational conditions, 

including variable load scenarios and seasonal 

fluctuations. Special attention is given to the 

identification of factors affecting energy 

efficiency, such as heat transfer characteristics, 

working fluid properties, and system 

configuration. 

Subsequently, the study examines the 

influence of construction practices on system 

performance, highlighting how quality control 

measures during installation and 

commissioning directly impact thermal 

efficiency, operational reliability, and overall 

building energy consumption. The role of 

energy certification is considered as an 

evaluative tool that ensures compliance with 

established efficiency standards, providing both 

verification of performance and guidance for 

system optimization. 

Integration of these aspects enables the 

development of practical recommendations for 

enhancing energy efficiency in buildings, 

aligning advanced thermodynamic solutions 

with construction quality assurance and 

certification procedures. The main part also 

discusses case studies and comparative 

analyses of different heating technologies, 

demonstrating potential energy savings, 

operational improvements, and environmental 

benefits achievable through coordinated 

technical and construction measures. 

The experiments were conducted in 

Kharkiv Oblast (Ukraine) at a single site under 

identical operating and environmental 

conditions, with the installed heating units 

matched to equal nominal capacities. The boiler 

plant employed Viessmann gas-fired 

condensing boilers, and the comparative 

electric heating system used Daikin air-to-water 

heat pumps (Altherma line). The monitoring 

campaign covered two full heating seasonsð

2023ï2024 and 2024ï2025ðwith unified 

control settings, steady boundary conditions, 

and consistent (Table 1).

 

Table 1 

Thermodynamic Performance of Boiler Plants and Heat Pumps under Different 

Operating Conditions 

ˉ System Heat Carrier 

Temperature (ÁC) 

Efficiency 

(%)  

COP Thermal 

Losses 

1 Boiler 90 85 0.85 15 

2 Boiler 80 83 0.83 17 

3 Boiler 70 80 0.80 20 

4 Boiler 60 78 0.78 22 

5 Heat Pump 35 50 4.2 10 

6 Heat Pump 40 48 3.9 12 

7 Heat Pump 45 46 3.7 14 

8 Heat Pump 50 44 3.5 16 

 

The data were obtained by modeling 

heating systems in typical residential and 

commercial buildings with standard insulation. 

Boilers are conventional natural gas units, and 
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heat pumps are air-source. Full quality control 

and energy certification standards according to 

EN ISO 52000 were assumed. 

The data presented in Table 1 reflect the 

thermodynamic behavior of boiler plants and 

heat pumps under varying operating conditions. 

The boilers demonstrate a decrease in 

efficiency as the heat carrier temperature drops, 

accompanied by a gradual increase in thermal 

losses, highlighting the sensitivity of 

conventional heating systems to operational 

parameters. In contrast, heat pumps show a 

non-linear relationship between operating 

temperature and coefficient of performance 

(COP), reaching optimal performance at 

moderate temperatures while experiencing 

increased thermal losses at higher supply 

temperatures. These trends illustrate the 

importance of carefully selecting operating 

parameters and ensuring quality control during 

installation to maximize energy efficiency in 

buildings. The data also emphasize the role of 

energy certification in verifying that the 

designed performance is achieved in practice. 

The 3D graph visualizes the nonlinear 

dependencies between system performance 

parameters (Fig. 1).

 

 
 

Fig. 1. Thermodynamic Performance of Boiler Plants and Heat Pumps under Different 

Operating Conditions  

 

 

The thermodynamic performance of 

boiler plants and heat pumps under alternative 

operating conditions was analyzed to evaluate 

the impact of improved building insulation and 

partial renewable energy integration on 

efficiency, COP, and thermal losses (Table 2). 
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Table 2 

 Thermodynamic Performance of Boiler Plants and Heat Pumps under Alternative  

Operating Conditions 

ˉ System Heat Carrier 

Temperature (ÁC) 

Efficiency 

(%)  

COP Thermal 

Losses 

1 Boiler 85 88 0.88 12 

2 Boiler 75 86 0.86 14 

3 Boiler 65 83 0.83 17 

4 Boiler 55 81 0.81 19 

5 Heat Pump 30 52 4.5 9 

6 Heat Pump 35 50 4.1 11 

7 Heat Pump 40 48 3.8 13 

8 Heat Pump 45 46 3.6 15 

 

This table presents thermodynamic 

performance under alternative operating 

conditions for buildings with improved 

insulation and partial renewable energy 

integration. Boilers operating on a combination 

of conventional and renewable sources 

demonstrate slightly higher efficiency and 

lower thermal losses compared to conventional 

scenarios. Heat pumps show increased COP 

values at lower heat carrier temperatures due to 

optimal utilization of external air-source 

energy, while thermal losses remain controlled. 

Modeling assumes buildings with 

advanced insulation, partial use of biofuel or 

hydronic heat exchangers for boilers, and heat 

pumps equipped with optimized temperature 

control. Full quality control and energy 

certification are included according to 

EN ISO 52000 standards. 

Conclusions. The present study 

investigated the thermodynamic performance 

of boiler plants and heat pumps within the 

context of energy-efficient buildings, 

integrating considerations of construction 

quality control and energy certification. 

Analysis of operating conditions in Table 1 

demonstrated that boiler efficiency decreases 

with lower heat carrier temperatures, 

accompanied by an increase in thermal losses, 

while heat pumps show nonlinear variations in 

COP, reaching optimal performance at 

moderate temperatures. This highlights the 

sensitivity of both systems to operational 

parameters and underscores the importance of 

precise control during installation and 

operation. 

Table 2, reflecting alternative conditions 

with improved building insulation and partial 

renewable energy integration, indicates a 

measurable improvement in both efficiency and 

COP across the examined temperature range. 

Boilers achieved higher efficiencies and lower 

thermal losses due to optimized operational 

conditions and partial renewable fuel 

utilization, while heat pumps demonstrated 

elevated COP values at lower temperatures, 

confirming the benefits of advanced insulation 

and controlled system management. 

The comparative analysis of both datasets 

emphasizes the critical role of quality control 

and energy certification in ensuring that the 

designed performance is realized in practice. 

Nonlinear trends observed in thermal losses and 

system efficiency underscore the necessity of 

integrated thermodynamic assessment and 

practical construction oversight for reliable 

energy performance. 

Overall, the results confirm that 

combining advanced heating technologies, 

optimized operational parameters, and rigorous 

quality assurance enables substantial energy 

savings, enhances sustainability, and supports 
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compliance with energy performance 

standards. This integrated approach provides a 

foundation for informed decision-making in the 

design, implementation, and certification of 

energy-efficient building heating systems. 

 

 

 
 

Fig. 2. Thermodynamic Performance of Boiler Plants and Heat Pumps under Improved Insulation 

and Renewable Integration Conditions 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʟʘʣʝʞʥʠʭ ʽ ʥʝʟʘʣʝʞʥʠʭ 
ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʦʶ ʪʘ ʧʨʠʜʘʪʥʦʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʻ ʥʝʟʘʣʝʞʥʘ ʧʦʢʚʘʨʪʠʨʥʘ ʩʠʩʪʝʤʘ ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ 
ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʘʙʦ 
ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʙʝʟ ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʽʥʰʽ ʯʘʩʪʠʥʠ ʙʫʜʽʚʣʽ. 
ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ 
ʦʧʘʣʝʥʥʷ ʷʢ ʽʟ ʙʫʜʽʚʥʠʮʪʚʦʤ ʥʦʚʠʭ ʞʠʪʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʪʘʢ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʥʘʷʚʥʦʛʦ 
ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʠʪʣʦʚʠʡ ʬʦʥʜ, ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʪʝʧʣʦʥʦʩʽʡ, ʝʣʝʢʪʨʠʯʥʽ ʢʦʪʣʠ, 
ʙʫʜʽʚʥʠʮʪʚʦ, ʜʞʝʨʝʣʦ.  

 

Abstract. The article discusses the differences and key aspects of the functioning of dependent 

and independent apartment heating systems in multi-story residential buildings. Particular attention 

is paid to the analysis of various heating system schemes, among which an independent apartment 

system with two heat sources of heat supply is identified as the most reliable and cost-effective option. 

The feasibility and effectiveness of using independent apartment heating systems with two heat 

sources of heat supply in multi-story residential buildings are comprehensively analysed. It has been 

established that this approach provides individual control over the thermal regime in each apartment, 

reduces the load on centralised networks in emergency situations and periods of peak consumption, 

and allows the system to be adapted to the needs of users. It has been established that in such systems 

it is advisable to use individual electric boilers in each apartment as a second heat supply source, 

which is a technically and economically sound solution. It has been established that such a 

combination ensures uninterrupted heating even in the event of failure of one of the sources, thereby 

increasing the overall reliability of the system. The implementation of such systems ensures high 

reliability of heat supply, reduces operating costs and simplifies repair or technical work without 

interrupting heating in other parts of the building. This, in turn, contributes to increased comfort for 

residents and optimisation of heating costs. 

The results obtained confirm that the introduction of independent heating systems for flats with 

two heat sources of heat supply is a promising approach in modern residential construction, as well 

as in the reconstruction of existing housing stock with the aim of improving energy efficiency and 

reliability of heat supply. 

Keywords: housing stock, heating systems, heat carrier, electric boilers, construction, source. 
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ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ 

ʙʫʜʴ-ʷʢʦʾ ʜʝʨʞʘʚʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦ-

ʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɼʣʷ 

ʋʢʨʘʾʥʠ ʮʝ ʧʠʪʘʥʥʷ ʤʘʻ ʘʢʪʫʘʣʴʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʾʾ ʩʪʘʥ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ [1]. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʦʩʦʙʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʦʧʘʣʝʥʥʷ, ʷʢʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʪʘ ʯʠ ʥʘʩʝʣʝ-

ʥʦʛʦ ʧʫʥʢʪʫ, ʩʪʚʦʨʶʶʪʴ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʧʦʞʠʚʘʯʽʚ ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ 

ʾʭʥʴʦʛʦ ʢʦʤʬʦʨʪʥʦʛʦ ʽʩʥʫʚʘʥʥʷ. ʇʨʦʪʝ 

ʧʦʩʪʽʡʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʝʥʝʨʛʦ-

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ 

ʥʘʷʚʥʦʛʦ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ 

ʬʦʥʜʫ, ʜʦʨʦʞʥʝʯʘ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤ ʩʪʠʤʫʣʦʤ ʜʣʷ 

ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ. ɼʝʜʘʣʽ 

ʯʘʩʪʽʰʝ ʚʝʜʫʪʴ ʜʠʩʢʫʩʽʾ ʚ ʥʘʫʢʦʚʦʤʫ ʪʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʢʦʣʽ, ʧʨʠʩʚʷʯʝʥʽ ʢʦʤʙʽʥʦʚʘ-

ʥʠʤ ʩʠʩʪʝʤʘʤ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʦʛʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʘ ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ʉʴʦʛʦʜʥʽ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʦʧʘʣʝʥʥʷ ʟ ʥʝʟʘʣʝʞʥʦʶ ʩʭʝʤʦʶ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʦʧʘʣʝʥʥʷ ʟ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʊɽʎ ʘʙʦ ʢʦʪʝʣʴʥʷ) ʽ 

ʘʚʪʦʥʦʤʥʠʤ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʢʦʪʣʘʤʠ. ɼʦ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʥʘʣʝʞʘʪʴ ʶʨʠʜʠʯʥʽ ʽ ʬʽʟʠʯʥʽ ʦʩʦʙʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʥʘ ʧʽʜʩʪʘʚʽ 

ʫʢʣʘʜʝʥʦʛʦ ʜʦʛʦʚʦʨʫ [2]. ʊʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ 

ʦʢʨʝʤʠʭ ʢʽʤʥʘʪʘʭ ʢʚʘʨʪʠʨʠ, ʚʽʜʢʨʠʚʘʻ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ 

ʫʧʨʘʚʣʷʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ.   

ʎʝ ʩʧʨʠʷʪʠʤʝ ʜʦʩʷʛʥʝʥʥʶ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʧʦʣʽʧʰʝʥʥʶ ʢʦʤʬʦʨʪʥʠʭ 

ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ 

ʨʝʤʦʥʪʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʘʭʦʜʠ.  

ɺʠʢʣʠʢʠ, ʩʧʨʠʯʠʥʝʥʽ ʨʫʡʥʫʚʘʥʥʷʤ 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ, 

ʨʦʙʣʷʪʴ ʧʨʦʙʣʝʤʫ ʤʦʞʣʠʚʦʩʪʽ ʟʘʤʽʥʠ 

ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʢʦʞʥʽʡ ʢʚʘʨʪʠʨʽ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ ʢʚʘʨʪʠʨ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ. ʈʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʝ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ.  

ʋ ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʢʚʘʨʪʠʨʥʠʭ 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʽʟ ʟʘʣʝʞʥʦʶ ʪʘ ʥʝʟʘʣʝʞʥʦʶ 

ʩʭʝʤʘʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʦʝʪʘʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʫ ʥʘʷʚʥʦʤʫ ʪʘ ʥʦʚʦʤʫ 

ʞʠʪʣʦʚʦʤʫ ʬʦʥʜʽ. ɼʦʩʷʛʥʫʪʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ 

ʪʠʭ, ʭʪʦ ʧʨʘʮʶʻ ʫ ʩʬʝʨʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ 
ʙʫʜʽʚʥʠʮʪʚʘ: ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʽʚ, ʬʘʭʽʚʮʽʚ, 

ʽʥʞʝʥʝʨʽʚ, ʘ ʪʘʢʦʞ ʷʢ ʙʘʟʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 

ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʫ 

ʩʬʝʨʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʙʫʜʽʚʥʠʮʪʚʘ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʨʽʟʥʽ ʪʠʧʠ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ 

ʤʘʶʪʴ ʩʚʦʾ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ. ɸʣʝ 

ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ 

ʩʘʤʝ ʚʦʜʷʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʙʘʟʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʪʘ 

ʢʦʪʣʽʚ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʧʘʣʠʚʘ, 

ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ [3, 4].   

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʙʽʥʦʚʘʥʽʡ 

ʩʠʩʪʝʤʽ ʚʠʱʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʥʘʜʽʡʥʽʩʪʴ, ʥʽʞ ʫ ʩʠʩʪʝʤʽ ʟ ʦʜʥʠʤ ʜʞʝʨʝʣʦʤ, 

ʪʦʤʫ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʬʝʢʪʠʚʥʠʡ 

ʥʘʧʨʷʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ. ʂʨʽʤ 

ʪʦʛʦ, ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʨʝʟʝʨʚʥʝ ʘʙʦ ʧʽʢʦʚʝ 

ʜʞʝʨʝʣʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʜʞʝʨʝʣʦ ʚ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʘʙʦ ʚ ʛʦʜʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ [5].   
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ʂʨʽʤ ʪʦʛʦ, ʘʢʮʝʥʪʦʚʘʥʦ ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʪʨʘʪ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʽʯʥʠʭ 

ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ [6, 7], ʱʦ ʨʦʙʠʪʴ 

ʢʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʮʽʣʴʥʠʤʠ.  

ʇʨʦʪʝ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʦʾ 

ʪʘ ʟʘʢʦʨʜʦʥʥʦʾ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ 

ʩʚʽʜʯʠʪʴ, ʱʦ ʽʩʥʫʻ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ ʧʦʻʜʥʫʚʘʣʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫ ʞʠʪʣʦʚʦʤʫ ʬʦʥʜʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʦʙʤʝʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ 

ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʠʥʢʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʚʠʢʣʠʢʽʚ.  

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ 

ʦʧʘʣʝʥʥʷ ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʥʝʟʘʣʝʞʥʦʶ ʩʭʝʤʦʶ 

ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ.  

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

¶ ʦʛʣʷʜ ʘʢʪʫʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ;  

¶ ʨʦʟʢʨʠʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʟ ʜʚʦʤʘ 

ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ  ʥʝʟʘʣʝʞʥʦʶ 

ʩʭʝʤʦʶ ʧʽʜʢʣʶʯʝʥʥʷ; 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭʥʽ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ 

ʥʘʷʚʥʦʛʦ ʘʙʦ ʙʫʜʽʚʥʠʮʪʚʦʤ ʥʦʚʦʛʦ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ;  

¶ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽ ʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦʾ 

ʩʭʝʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʚʽʱʦ ʚ ʩʠʩʪʝʤʽ ʧʦʪʨʽʙʥʝ ʜʨʫʛʝ ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ? ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ 

ʚʘʨʽʘʥʪʠ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʮʝ ʟʘʧʠʪʘʥʥʷ: 

1. ʈʝʟʝʨʚʫʚʘʥʥʷ ʧʦʜʘʚʘʥʥʷ ʪʝʧʣʦʧʦ-

ʩʪʘʯʘʥʥʷ ʚ ʨʘʟʽ ʘʚʘʨʽʡʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʘʙʦ ʾʾ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʠʧʠʥʝʥʥʷ 

ʧʦʜʘʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʫ. ʉʘʤʝ 

ʮʝʡ ʚʠʧʘʜʦʢ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʡ ʫ 

ʢʦʥʪʝʢʩʪʽ ʙʦʡʦʚʠʭ ʜʽʡ. 

2. ʉʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ 

ʦʧʘʣʝʥʥʷ ʫ ʩʧʦʞʠʚʘʯʘ ʚ ʨʘʟʽ ʧʝʨʝʙʦʾʚ ʫ 

ʧʦʩʪʘʯʘʥʥʽ ʧʘʣʠʚʘ ʦʩʥʦʚʥʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

3. ʉʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʤʫ 

ʤʝʰʢʘʥʮʶ ʢʚʘʨʪʠʨʠ ʘʙʦ ʚʩʽʤ ʤʝʰʢʘʥʮʷʤ 

ʢʚʘʨʪʠʨ ʦʜʥʦʛʦ ʙʫʜʠʥʢʫ ʚʤʠʢʘʪʠ ʩʠʩʪʝʤʫ 

ʦʧʘʣʝʥʥʷ ʩʚʦʻʾ ʢʚʘʨʪʠʨʠ ʘʙʦ ʚʩʴʦʛʦ ʙʫʜʠʥʢʫ 

ʟʘ ʚʣʘʩʥʠʤ ʙʘʞʘʥʥʷʤ ʧʨʦʪʷʛʦʤ ʮʽʣʦʛʦ ʨʦʢʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʨʤʽʥʽʚ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʩʥʦʚʥʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ. 

4. ʄʦʞʣʠʚʽʩʪʴ ʚʽʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʩʧʦʞʠʚʘʯʝʤ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʟʘ ʚʘʨʪʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʆʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʤʝʰʢʘʥʮʷʤʠ ʢʚʘʨʪʠʨ ʻ 

ʥʘʷʚʥʽʩʪʴ ʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʤʫ ʞʠʪʣʦʚʦʤʫ 

ʙʫʜʠʥʢʫ ʧʦʢʚʘʨʪʠʨʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʜʚʦʪʨʫʙʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʟ 

ʣʽʯʠʣʴʥʠʢʘʤʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ.  

ʗʢʱʦ ʙʫʜʠʥʦʢ ʦʙʣʘʜʥʘʥʠʡ ʚʝʨʪʠʢʘʣʴ-

ʥʠʤʠ ʦʜʥʦʪʨʫʙʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ, 

ʪʦ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʽʥʜʠ-

ʚʽʜʫʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘ-

ʯʘʥʥʷ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʥʴʦʛʦ ʥʝʤʦʞʣʠʚʘ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʞʝʨʝʣʦ ʚʠʙʠʨʘʶʪʴ 

ʢʦʣʝʢʪʠʚʥʦ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʙʫʜʠʥʢʫ. 

ɺ ʋʢʨʘʾʥʽ ʦʩʥʦʚʥʠʤʠ (ʧʝʨʰʠʤʠ) 

ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʊɽʎ, 

ʨʘʡʦʥʥʽ, ʢʚʘʨʪʘʣʴʥʽ, ʛʨʫʧʦʚʽ ʘʙʦ ʤʽʩʮʝʚʽ 

(ʙʫʜʠʥʢʦʚʽ) ʢʦʪʝʣʴʥʽ. 

ʂʚʘʨʪʠʨʥʦʶ ʩʠʩʪʝʤʦʶ ʤʦʞʝ ʙʫʪʠ 

ʢʦʪʝʣ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʤʽʩʮʝʚʽʡ ʢʦʪʝʣʴʥʽ, ʱʦ 

ʧʨʘʮʶʻ ʥʘ ʛʘʟʦʚʦʤʫ ʘʙʦ ʙʫʜʴ-ʷʢʦʤʫ ʽʥʰʦʤʫ 

ʚʠʜʽ ʧʘʣʠʚʘ. ʗʢʱʦ ʪʝʧʣʦʥʦʩʽʡ ʚʽʜ ʮʴʦʛʦ 

ʢʦʪʣʘ (ʜʨʫʛʦʛʦ ʜʞʝʨʝʣʘ) ʙʫʜʝ ʧʦʜʘʥʠʡ ʜʦ 

ʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʠʤʠ ʩʘʤʠʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʷʢʠʤʠ ʧʦʜʘʶʪʴ ʽ 

ʪʝʧʣʦʥʦʩʽʡ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ, ʪʦ ʤʠ 

ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʟʤʽʥʠ ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʽʣʴʢʠ ʚ 

ʮʽʣʦʤʫ ʜʣʷ ʚʩʽʭ ʢʚʘʨʪʠʨ ʦʜʥʦʯʘʩʥʦ. 
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ʗʢʱʦ ʞ ʪʝʧʣʦʥʦʩʽʡ ʚʽʜ ʜʨʫʛʦʛʦ 

ʜʞʝʨʝʣʘ ʧʦʜʘʪʠ ʜʦ ʢʦʞʥʦʾ ʢʚʘʨʪʠʨʠ ʧʦ 

ʩʘʤʦʩʪʽʡʥʦʤʫ ʨʦʟʚʽʜʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʪʦ 

ʤʠ ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʙʫʜʠʥʢʫ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʶʚʘʪʠ ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʢʦʞʥʽʡ ʢʚʘʨʪʠʨʥʽʡ 

ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ ʟʘ ʙʘʞʘʥʥʷʤ ʤʝʰʢʘʥʮʽʚ 

ʢʚʘʨʪʠʨʠ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʽʥʰʽ ʢʚʘʨʪʠʨʠ 

ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʪʝʧʣʦ, ʷʢ ʽ ʨʘʥʽʰʝ, ʚʽʜ 

ʧʝʨʰʦʛʦ ʜʞʝʨʝʣʘ. 

ʊʘʢʫ ʩʭʝʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʚʠʢʣʶʯʥʦ ʷʢ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʫ, ʦʩʢʽʣʴʢʠ 

ʾʾ ʨʝʘʣʴʥʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʦʪʨʝʙʫʻ 

ʧʦʩʪʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʨʫʛʦʛʦ 

ʜʞʝʨʝʣʘ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʟʜʘʪʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʮʝ ʜʞʝʨʝʣʦ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ 

ʥʘ ʚʠʤʦʛʫ ʦʢʨʝʤʦʛʦ ʩʧʦʞʠʚʘʯʘ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʤʝʰʢʘʥʮʽ ʞʦʜʥʦʛʦ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʥʝ 

ʧʦʛʦʜʷʪʴʩʷ ʤʘʪʠ ʪʘʢʽ ʜʦʜʘʪʢʦʚʽ, ʘʙʩʦʣʶʪʥʦ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʽ ʚʠʪʨʘʪʠ. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʤʦʞʣʠʚʫ ʟʘʣʝʞʥʫ 

ʧʦʢʚʘʨʪʠʨʥʫ ʩʭʝʤʫ ʦʧʘʣʝʥʥʷ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟ 

ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʇʝʨʰʝ 

ʜʞʝʨʝʣʦ ï ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ, ʱʦ ʟʜʽʡʩʥʶʻ 

ʧʦʜʘʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ, 

ʊɽʎ ʘʙʦ ʢʦʪʝʣʴʥʽ. ɼʨʫʛʠʤ ʜʞʝʨʝʣʦʤ ʻ 

ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʢʦʪʝʣʴʥʷ. 

 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʘ ʧʦʢʚʘʨʪʠʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ: 

1ï ʢʚʘʨʪʠʨʥʠʡ ʣʽʯʠʣʴʥʠʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 2 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ çDanfossè; 

3 ï ʝʣʝʢʪʨʦʜʥʠʡ ʢʦʪʝʣ; 4 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ʢʦʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʫ; 

5 ï ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʥʘ ʻʤʥʽʩʪʴ; 6 ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʢʣʘʧʘʥ; 7 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ 

ʚʥʫʪʨʽʰʥʴʦʩʠʩʪʝʤʥʦʛʦ ʢʦʥʪʫʨʫ; 8 ï ʚʚʽʜ ʪʝʧʣʦʤʝʨʝʞʽ 
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ʈʝʘʣʴʥʠʤ ʜʨʫʛʠʤ ʜʞʝʨʝʣʦʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʪʘʢʽʡ ʩʭʝʤʽ ʻ ʣʠʰʝ 

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʢʦʪʣʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ 

ʪʚʝʨʜʦʤʫ ʘʙʦ ʨʽʜʢʦʤʫ ʧʘʣʠʚʽ, ʧʦʪʨʝʙʫʻ 

ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʢʦʥʩʪʨʫʢʮʽʾ ʩʘʤʦʛʦ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʠʥʢʫ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʣʦʱ 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʩʢʣʘʜʽʚ ʧʘʣʠʚʘ ʽ ʧʨʦʜʫʢʪʽʚ 

ʡʦʛʦ ʟʛʦʨʷʥʥʷ. 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʭʝʤʽ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ 

ʨʠʩ. 1, ʫʩʷ ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʘ 

ʧʦʢʚʘʨʪʠʨʥʘ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʻ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʜʨʘʚʣʽʯʥʠʭ ʽ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɼʣʷ 

ʧʨʠʢʣʘʜʫ, ʫ ʢʚʘʨʪʠʨʥʽʡ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ 

16-ʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ 

ʜʦʩʷʛʘʪʠʤʝ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʥʘʙʣʠʞʝʥʠʭ 

ʜʦ ʥʦʨʤ ʤʽʮʥʦʩʪʽ ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɹʫʜʴ-ʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʨʫʰʝʥʥʷ ʚ 

ʨʦʙʦʪʽ ʟʦʚʥʽʰʥʴʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʽʡ ʩʠʩʪʝʤʽ, ʩʪʚʦʨʶʶʯʠ 

ʜʦʜʘʪʢʦʚʽ ʨʠʟʠʢʠ ʜʣʷ ʾʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ.  

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʭʝʤʽ ʫʧʨʘʚʣʽʥʥʷ 

ʩʚʦʻʶ ʚʥʫʪʨʽʰʥʴʦʢʚʘʨʪʠʨʥʦʶ ʩʠʩʪʝʤʦʶ 

ʦʧʘʣʝʥʥʷ ʚʠʙʽʨ ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʧʦʢʣʘʜʝʥʦ ʥʘ ʤʝʰʢʘʥʮʷ ʢʚʘʨʪʠʨʠ, ʷʢʠʡ 

ʟʜʽʡʩʥʶʻ ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʦʤ 

ʚʽʜʢʨʠʚʘʥʥʷ/ʟʘʢʨʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʧʽʨ-

ʥʦʾ ʘʨʤʘʪʫʨʠ ʥʘ ʚʚʦʜʽ ʜʦ ʩʚʦʻʾ ʢʚʘʨʪʠʨʠ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ 

ʧʝʨʝʜʫʤʦʚʠ, ʩʧʨʠʯʠʥʝʥʽ ʧʦʤʠʣʢʦʚʠʤʠ 

ʜʽʷʤʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʨʫʰʝʥʴ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʊʘʢʠʤʠ ʥʘʩʣʽʜʢʘʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʪʽʢʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ, 

ʫʪʚʦʨʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʨʦʙʦʢ ʽ ʥʘʚʽʪʴ 

ʯʘʩʪʢʦʚʽ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʘʨʤʘʪʫʨʠ, 

ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʷ 

ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʟʘʧʦʚʥʝʥʘ 

ʭʽʤʽʯʥʦ ʦʯʠʱʝʥʠʤ ʜʝʘʝʨʦʚʘʥʠʤ 

ʪʝʧʣʦʥʦʩʽʻʤ, ʧʨʠʛʦʪʦʚʘʥʠʤ ʥʘ ʜʞʝʨʝʣʽ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɺʪʨʘʪʘ ʪʘʢʦʛʦ ʜʦʨʦʛʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʧʨʘʚʠʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʙʘʞʘʥʘ. 

ʆʯʝʚʠʜʥʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʟʘʣʝʞʥʦʾ ʩʭʝʤʠ ʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʤʫ 

ʞʠʪʣʦʚʦʤʫ ʙʫʜʠʥʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʠ, ʘ ʥʘʡʛʦʣʦʚʥʽʰʝ, ʾʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʊʝʭʥʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʽ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ, ʦʩʦʙʣʠʚʦ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʝʨʝʜʙʘʯʝʥʘ ʢʚʘʨʪʠʨʥʘ 

ʩʠʩʪʝʤʘ ʟ ʜʚʦʤʘ ʩʘʤʦʩʪʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʝʟʘʣʝʞʥʦʾ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʦʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʜʦ 

ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʦʾ ʪʝʧʣʦʤʝʨʝʞʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʩʭʝʤʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʫ 

ʚʠʙʦʨʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʦʮʽʣʴʥʠʤ 

ʻ ʫʩʪʘʥʦʚʣʝʥʥʷ ʩʚʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʪʣʘ 

ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʢʚʘʨʪʠʨʠ. ɿ ʪʝʭʥʽʯʥʦʛʦ 

ʧʦʛʣʷʜʫ ʥʘʡʙʽʣʴʰ ʨʝʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ 

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ. ɺʦʜʥʦʯʘʩ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʧʦʪʨʽʙʥʝ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʦʙʽʪ ʽʟ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ ʚ ʢʦʞʥʽʡ 

ʢʚʘʨʪʠʨʽ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘ-

ʜʝʥʴ ʥʘ ʛʘʟʠʬʽʢʘʮʽʶ ʙʫʜʠʥʢʫ, ʟʦʢʨʝʤʘ ʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʟʦʚʥʽʰʥʽʭ ʤʝʨʝʞ ʛʘʟʦʧʦʩʪʘ-

ʯʘʥʥʷ, ʷʢʽ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʤʝʨʝʞ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʛʘʟʠʬʽʢʘʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʻ 

ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʛʘʟʦʧʦʞʝʞʥʦʾ 

ʥʝʙʝʟʧʝʢʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʩʫʚʦʨʦʛʦ 

ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʛʘʟʠʬʽʢʘʮʽʷ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʦʙʤʝʞʝʥʘ ʧôʷʪʠʧʦʚʝʨʭʦʚʠʤʠ [8], 

ʤʘʢʩʠʤʫʤ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʜʝʚôʷʪʠʧʦʚʝʨʭʦʚʠʤʠ, ʟʘʙʫʜʦʚʘʤʠ. ʌʘʢʪʠʯʥʦ 

ʻʜʠʥʠʤ ʜʦʧʫʩʪʠʤʠʤʠ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʜʣʷ 

ʦʧʘʣʝʥʥʷ ʢʚʘʨʪʠʨʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʜʚʦʢʦʥʪʫʨʥʠʡ ʛʘʟʦʥʘʛʨʽʚʘʯ, ï ʮʝ ʩʪʘʨʽ 

ʞʠʪʣʦʚʽ ʜʚʦ-ʰʝʩʪʠʧʦʚʝʨʭʦʚʽ ʙʫʜʠʥʢʠ, 

ʦʙʣʘʜʥʘʥʽ ʛʘʟʦʚʠʤʠ ʢʦʣʦʥʢʘʤʠ. 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʟ'ʻʜʥʘʥʥʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʘʙʦ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʟ ʢʚʘʨʪʠʨʥʦʶ, ʦʩʥʘʱʝʥʦʶ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʪʣʦʤ, ʙʝʟ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 
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ʨʦʟʜʽʣʝʥʥʷ ʢʦʥʪʫʨʽʚ, ʻ ʪʝʭʥʽʯʥʦ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤ ʽ ʥʝʙʘʞʘʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʚʦʨʶʻ ʢʨʠʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜ ʥʝʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʜʽʡ 

ʦʢʨʝʤʠʭ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ 

ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʨʦʟʜʽʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ʧʦʜʘʚʘʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʝʟʘʣʝʞʥʦʾ ʩʭʝʤʠ. 

ʄʦʞʣʠʚʽ ʜʚʽ ʥʝʟʘʣʝʞʥʽ ʩʭʝʤʠ 

ʟ'ʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʯʝʨʝʟ ʧʣʘʩʪʠʥʯʘʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʫ 

ʚʦʜʷʥʠʭ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ: ʧʝʨʰʘ ï 

ʥʝʟʘʣʝʞʥʝ ʧʨʠʻʜʥʘʥʥʷ ʚʩʽʻʾ ʟʘʛʘʣʴʥʦʙʫ-

ʜʠʥʢʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ (ʨʠʩ. 2); ʜʨʫʛʘ ï 

ʥʝʟʘʣʝʞʥʝ ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʢʚʘʨʪʠʨʥʠʭ 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ (ʨʠʩ. 3).
 

 

 

ʈʠʩ. 2. ʅʝʟʘʣʝʞʥʘ ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʦʾ ʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ: 

1 ï ʢʚʘʨʪʠʨʥʠʡ ʣʽʯʠʣʴʥʠʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 2 ï ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ; 3 ï ʥʘʩʦʩ;  

4 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ çDanfossè; 5 ï ʬʽʣʴʪʨ; 6 ï ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʠʡ ʣʽʯʠʣʴʥʠʢ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ; 7 ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 8 ï ʥʘʩʦʩ; 9 ï ʬʽʣʴʪʨ; 10 ï ʚʚʽʜ ʪʝʧʣʦʤʝʨʝʞʽ 
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ʈʠʩ. 3. ʅʝʟʘʣʝʞʥʘ ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ: 

1 ï ʢʚʘʨʪʠʨʥʠʡ ʣʽʯʠʣʴʥʠʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 2 ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 

3 ï ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ; 4 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ çDanfossè; 5 ï ʥʘʩʦʩ; 6 ï ʟʘʛʘʣʴʥʦ- ʙʫʜʠʥʢʦʚʠʡ 

ʣʽʯʠʣʴʥʠʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 7 ï ʬʽʣʴʪʨ; 8 ï ʚʚʽʜ ʪʝʧʣʦʤʝʨʝʞʽ 

 

 

ɸʥʘʣʽʟʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʢʚʘʨ-

ʪʠʨʥʦʛʦ ʦʧʘʣʝʥʥʷ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 2 ʽ 3, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ  ʤʝʰʢʘʥʮʷʤ ʢʦʞʥʦʾ ʢʚʘʨʪʠʨʠ 

ʧʦʚʥʫ ʩʚʦʙʦʜʫ ʱʦʜʦ ʚʠʙʦʨʫ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʪʦʙʪʦ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ 

ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʤʠʢʘʪʠ ʙʫʜʴ-

ʷʢʝ ʜʞʝʨʝʣʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʾʭ ʧʦʪʨʝʙ. 

ɺʦʜʥʦʯʘʩ ʤʝʰʢʘʥʮʽ ʽʥʰʠʭ ʢʚʘʨʪʠʨ ʤʦʞʫʪʴ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʪʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ ʾʭʥʽʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʚʧʦʜʦʙʘʥʥʷʤ. 

ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʩʭʝʤʘʤʠ, 

ʟʦʙʨʘʞʝʥʠʤʠ ʥʘ ʨʠʩ. 2 ʽ 3, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʥʘʛʨʽʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʟʘʧʽʨʥʦ-
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ʨʝʛʫʣʶʚʘʣʴʥʘ ʘʨʤʘʪʫʨʘ ʪʘ ʥʘʩʦʩʠ ʩʭʝʤʠ 

(ʨʠʩ. 2) ʨʦʟʤʽʱʝʥʽ ʫ ʚʪʦʨʠʥʥʦʤʫ ʢʦʥʪʫʨʽ ʥʘ 

ʥʠʞʥʽʭ ʧʦʚʝʨʭʘʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽ-

ʚʝʣʴ ʽ ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʪʠʩʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʢʠʤʠ ʩʘʤʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʟʽ ʩʭʝʤʠ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 3. 

ʅʘʪʦʤʽʩʪʴ ʫ ʩʭʝʤʽ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ 

ʨʠʩ. 3, ʜʨʫʛʠʡ ʢʦʥʪʫʨ ʬʦʨʤʫʻ ʢʚʘʨʪʠʨʥʘ 

ʩʠʩʪʝʤʘ, ʽ ʚʽʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʯʫʚʘʻ ʥʽʷʢʦʛʦ 

ʜʦʜʘʪʢʦʚʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʧʨʘʮʶʶʯʠ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʪʠʩʢʫ ʩʚʦʛʦ 

ʢʚʘʨʪʠʨʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ. ʊʘʢʘ 

ʢʚʘʨʪʠʨʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ 

ʩʧʨʦʱʝʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʾʾ ʟʘʧʦʚʥʝʥʥʷ 

ʪʝʧʣʦʥʦʩʽʻʤ ʤʦʞʣʠʚʝ ʥʘʚʽʪʴ ʰʣʷʭʦʤ 

ʨʫʯʥʦʛʦ ʜʦʣʠʚʘʥʥʷ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʥʠʞʫʻ ʚʠʤʦʛʠ 

ʱʦʜʦ ʥʘʜʽʡʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʘʨʤʘʪʫʨʠ.   

ɼʣʷ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ʢʚʘʨʪʠʨʥʠʭ 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʥʝʦʙʦʚ'ʷʟʢʦʚʘ ʚʠʤʦʛʘ ʱʦʜʦ 

ʧʽʜʞʠʚʣʝʥʥʷ ʭʽʤʽʯʥʦ ʦʯʠʱʝʥʠʤ 

ʜʝʘʝʨʦʚʘʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʤʽʥʽʤʘʣʴʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʮʴʦʤʫ 

ʢʦʥʪʫʨʽ, ʧʽʜʞʠʚʣʝʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʟʚʠʯʘʡʥʦʶ ʚʦʜʦʧʨʦʚʽʜʥʦʶ ʚʦʜʦʶ. 

ʅʘʷʚʥʽʩʪʴ ʫ ʩʭʝʤʘʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ 

ʨʠʩ. 2 ʽ 3, ʚʪʦʨʠʥʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʢʦʥʪʫʨʽʚ 

ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚ ʥʠʭ 

ʙʫʜʴ-ʷʢʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʘʙʦ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʙʦʪʠ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ.  

ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʩʭʝʤʠ ʥʘ ʨʠʩ. 3 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʽʡ 

ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʘʨʤʘʪʫʨʠ ʽ ʥʘʩʦʩʽʚ ʟʽ 

ʟʥʠʞʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʽʮʥʦʩʪʽ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʫ ʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ʦʧʘʣʝʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ ʟʽ ʟʤʽʥʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʚʠʪʨʘʪ 

ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʤʽʥʦʶ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ, ʪʦʙʪʦ 

ʟʤʽʥʦʶ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ 

ʩʠʩʪʝʤʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʥʝʟʘʣʝʞʥʠʭ ʩʭʝʤ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʥʦʩʽʷ. 

ʂʨʽʤ ʪʦʛʦ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ 

ʩʭʝʤ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʽ 

ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʠ, 

ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʚʘʣʴʥʫ ʘʨʤʘʪʫʨʫ ʪʘ 

ʥʘʛʨʽʚʘʣʴʥʽ ʧʨʠʣʘʜʠ. ɺʦʜʥʦʯʘʩ ʩʣʽʜ 

ʫʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʨʝʘʣʽʟʘʮʽʶ ʪʘʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ, 

ʙʝʟʫʤʦʚʥʦ, ʟʨʦʩʪʫʪʴ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʷ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʢʦʞʥʽʡ ʢʚʘʨʪʠʨʽ. 

ʅʘʡʚʘʛʦʤʽʰʠʤ ʘʨʛʫʤʝʥʪʦʤ, ʱʦ ʜʠʢʪʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʭʝʤ ʦʧʘʣʝʥʥʷ, ʻ ʾʭʥʷ ʽʩʪʦʪʥʦ 

ʚʠʱʘ ʥʘʜʽʡʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʣʝʞʥʠʤʠ 

ʩʭʝʤʘʤʠ. ɯʩʪʦʨʠʯʥʠʡ ʜʦʩʚʽʜ ʽ ʩʫʯʘʩʥʘ 

ʧʨʘʢʪʠʢʘ ʫ ʩʬʝʨʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʚʽʜʯʘʪʴ, 

ʱʦ ʥʘʜʽʡʥʽʩʪʴ ï ʮʝ ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʢʨʠʪʝʨʽʡ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦ ʚ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʽʡ ʞʠʪʣʦʚʽʡ ʟʘʙʫʜʦʚʽ. 

ʅʘ ʨʠʩ. 4 ʟʦʙʨʘʞʝʥʦ ʜʝʪʘʣʴʥʫ 

ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ 

ʥʝʟʘʣʝʞʥʦʾ ʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʜʚʦʤʘ 

ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ.  

ʋʩʪʘʥʦʚʣʝʥʥʷ ʢʚʘʨʪʠʨʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʚʦʜʽ ʚ ʢʦʞʥʫ ʢʚʘʨʪʠʨʫ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʭʝʤʽ ʥʝʟʘʣʝʞʥʦʾ 

ʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʜʘʻ ʟʤʦʛʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʦʚʽʜʩʦʪʢʦʚʠʡ ʦʙʣʽʢ ʫʩʽʻʾ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻ 

ʢʚʘʨʪʠʨʘ ʚ ʮʝʡ ʤʦʤʝʥʪ, ʘ ʪʘʢʦʞ ʜʝʥʴ, 

ʪʠʞʜʝʥʴ, ʤʽʩʷʮʴ, ʢʚʘʨʪʘʣ ʘʙʦ ʨʽʢ [9].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʪʨʫʙʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʦʟʚʝʜʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʜʘʻ ʟʤʦʛʫ ʪʝʭʥʽʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ ʽʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ 

ʬʽʥʘʥʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʩʘʤ 

ʧʨʦʮʝʩ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʽʚʥʽ 

ʩʧʦʞʠʚʘʯʘ ï ʫ ʤʝʞʘʭ ʦʢʨʝʤʦʾ ʢʚʘʨʪʠʨʠ. 

ɺ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʫʥʢʪʽ 

ʚʩʽ ʨʝʛʫʣʶʚʘʥʥʷ ʟʚʝʜʝʥʽ ʜʦ ʧʽʜʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ, 

ʱʦ ʫʪʚʦʨʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʡʦʛʦ ʧʦʜʘʚʘʥʥʷ ʢʦʞʥʠʤ 
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ʩʧʦʞʠʚʘʯʝʤ ʥʘ ʨʽʚʥʽ ʩʚʦʾʭ ʥʘʛʨʽʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʝʨʝʚʘʛ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʪʘʢʝ: 

1. ʅʘʷʚʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʩʪʚʦʨʶʻ ʪʝʭʥʽʯʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʜʞʝʨʝʣʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ï ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʪʣʘ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʞʠʚʘʯʫ 

ʘʚʪʦʥʦʤʥʦ ʟʘʧʫʩʢʘʪʠ ʽ ʟʘʚʝʨʰʫʚʘʪʠ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʣʘʩʥʠʭ 

ʧʦʪʨʝʙ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʛʨʘʬʽʢʘ ʧʦʜʘʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ. 

2. ʅʝʚʝʣʠʢʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʦʚʥʝʥʽ ʷʢʽʩʥʦ 

ʧʽʜʛʦʪʦʚʣʝʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʦʜʠʥ ʨʘʟ. ʎʝ 

ʨʽʰʝʥʥʷ ʜʘʩʪʴ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʧʦʪʨʝʙʠ ʚ 

ʧʽʜʞʠʚʣʝʥʥʽ ʩʠʩʪʝʤ ʭʽʤʽʯʥʦ ʦʯʠʱʝʥʦʶ 

ʜʝʘʝʨʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʧʦʜʘʣʴʰʽ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

3. ɿʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʚʜʷʢʠ ʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʶ 

ʥʘʧʦʨʫ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ ʥʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʜʞʝʨʝʣʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

4. ʇʦʚʥʝ ʛʽʜʨʘʚʣʽʯʥʝ ʨʦʟʜʽʣʝʥʥʷ 

ʢʦʥʪʫʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʟʦʚʥʽʰʥʽʡ 

(ʮʝʥʪʨʘʣʴʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ) ʽ ʚʥʫʪʨʽʰʥʽʡ 

(ʢʚʘʨʪʠʨʥʘ ʩʠʩʪʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ) ʜʘʻ 

ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʥʝʟʘʣʝʞʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ. 

 

 

 
 

ʈʠʩ. 4. ʉʭʝʤʘ ʥʝʟʘʣʝʞʥʦʾ  ʧʦʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ:  

1 ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 2 ï ʢʚʘʨʪʠʨʥʠʡ ʣʽʯʠʣʴʥʠʢ  ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ;  

3 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ; 4 ï ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 5 ï ʥʘʛʨʽʚʘʣʴʥʠʡ ʧʨʠʣʘʜ;      

6 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ çDanfossè; 7 ï ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ; 8 ï ʬʽʣʴʪʨ; 9 ï ʛʦʣʦʚʥʽ ʩʪʦʷʢʠ;  

10 ï ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 

 

ʋ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʦ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ 

ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʠʭ ʟʘʣʝʞʥʦʾ ʪʘ 

ʥʝʟʘʣʝʞʥʦʾ ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʟ 

ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʟ ʧʦʚʥʠʤ ʩʧʝʢʪʨʦʤ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ 
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣ  ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘ 

ʚʠʜʘʤʠ ʧʘʣʠʚʘ [10].

 
 

ʊʘʙʣʠʮʷ  

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʠʭ ʟʘʣʝʞʥʦʾ ʪʘ ʥʝʟʘʣʝʞʥʦʾ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 
 

ʅ
ʦ
ʤ
ʝ
ʨ

 

ʇʦʢʘʟʥʠʢ 

ɿʘʣʝʞʥʘ 

ʧʦʢʚʘʨʪʠʨʥʘ 

ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ 

ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʅʝʟʘʣʝʞʥʘ 

ʧʦʢʚʘʨʪʠʨʥʘ ʩʠʩʪʝʤʘ 

ʦʧʘʣʝʥʥʷ ʟ ʜʚʦʤʘ 

ʜʞʝʨʝʣʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

1 2 3 4 

1 ʉʫʢʫʧʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ɻʢʘʣ/ʛʦʜ 11,95 11,95 

2 ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ɻɺʇ, ɻʢʘʣ/ʛʦʜ 5,45 5,45 

3 ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ, 

ɻʢʘʣ/ʛʦʜ 

6,5 6,5 

4 ʉʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʽʢ, 

ɻʢʘʣ 

14301,4 14301,4 

5 ʉʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʄɺʪĿʛʦʜ 

17286,2 4986,4 

6 ʉʧʦʞʠʚʘʥʥʷ ʜʞʝʨʝʣʘʤʠ ʎʊ, ɻʢʘʣ 0 10411,41 

7 ʉʧʦʞʠʚʘʥʥʷ ʥʘʩʦʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʄɺʪĿʛʦʜ 

39,6 0,8 

8 ʊʘʨʠʬ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʫʤ. ʦʜ./ɻʢʘʣ 25 25 

9 ʊʘʨʠʬ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, 

ʫʤ. ʦʜ./ʢɺʪĿʛʦʜ 

0,592 1,479 

10 ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ 

ʩʧʦʞʠʪʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʫʤ. ʦʜ. 

0 260 

11 ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʫʤ. ʦʜ. 

397 285 

12 ɿʘʛʘʣʴʥʽ ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ, ʫʤ. ʦʜ. 397 545 

13 ʄʘʢʩʠʤʘʣʴʥʽ ʛʦʜʠʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ɻʢʘʣ 

6,5 6,5 

14 ʇʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʎʊ, ɻʢʘʣ/ʛʦʜ 0 4,55 

15 ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʜʞʝʨʝʣ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

12,6 3,7 

16 ʇʣʘʥʦʚʠʡ ʦʙʩʷʛ ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʟʘ ʨʽʢ, ɻʢʘʣ 

14301,4 14301,4 

17 ʂʘʧʽʪʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ ʫ ʧʨʦʻʢʪ, ʫʤ. ʦʜ. 6175 7215 

18 ʇʦʪʦʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʫʤ. ʦʜ. 

397 545 

19 ʉʦʙʽʚʘʨʪʽʩʪʴ 1 ɻʢʘʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʱʦ ʚʽʜʧʫʩʢʘʻ ʩʠʩʪʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, 

ʫʤ. ʦʜ./ɻʢʘʣ 

0,7167 0,9832 

20 ʇʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʫʤ. ʦʜ. 1940 2350 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 

1 2 3 4 

21 ʇʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʧʫʩʢʘʥʥʷ 

1 ɻʢʘʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʦʶ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʫʤ. ʦʜ./ɻʢʘʣ 

135 165 

22 ʇʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʤĮ 

ʦʧʘʣʶʚʘʥʦʾ ʧʣʦʱʽ ʞʠʪʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ, ʫʤ. ʦʜ./ʤĮ 

43,1 53,2 

 

ɺʠʩʥʦʚʢʠ 

1. ɼʣʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʩʝʨʝʜ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʩʭʝʤ 

ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʦʛʦ ʦʧʘʣʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʥʘʜʽʡʥʦʶ ʽ ʧʨʠʜʘʪʥʦʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ 

ʩʭʝʤʘ ʥʝʟʘʣʝʞʥʦʾ ʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘ-

ʣʝʥʥʷ ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

2. ʉʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʨʝʘʣʴʥʠʤ 

ʜʨʫʛʠʤ ʜʞʝʨʝʣʦʤ ʫ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʟ 

ʚʦʜʷʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʜʣʷ ʥʦʚʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʨʠʭ 

ʙʫʜʽʚʝʣʴ ʻ ʢʚʘʨʪʠʨʥʽ ʝʣʝʢʪʨʠʯʥʽ ʢʦʪʣʠ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʠʭ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʜʘʻ ʟʤʦʛʫ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ. 

4. ʅʝʟʘʣʝʞʥʽ ʩʭʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʝʨʘʪʠʚʥʝ ʧʨʦʚʝʜʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ 

ʨʝʤʦʥʪʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʚ 

ʦʢʨʝʤʽʡ ʢʚʘʨʪʠʨʽ ʘʙʦ ʯʘʩʪʠʥʽ ʙʫʜʽʚʣʽ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʽʥʰʠʭ ʢʚʘʨʪʠʨʘʭ ʯʠ 

ʩʝʢʮʽʷʭ ʙʫʜʠʥʢʫ.
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʫʨʙʘʥʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʚʢʦʣʦ ʢʨʫʧʥʠʭ ʽ ʥʘʡʢʨʫʧʥʽʰʠʭ ʤʽʩʪ. ʄʽʩʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ ʧʦʯʠʥʘʶʪʴ çʚʠʭʦʜʠʪʠè ʟʘ ʩʚʦʾ ʤʝʞʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʥʘʚʢʦʣʦ 

ʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡ. ɸʢʮʝʥʪʦʚʘʥʦ ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʽ ʘʛʣʦʤʝʨʘʮʽʡ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʽ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. ɺʠʟʥʘʯʝʥʦ ʧʦʪʨʝʙʫ ʚʠʚʯʝʥʥʷ ʾʭʥʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʚʠʨʦʙʣʝʥʥʷ 

ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʽ ʧʨʘʚʦʚʠʭ ʫʤʦʚ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʛʣʦʤʝʨʘʮʽʷ, ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʚʠʪʦʢ ʪʝʨʠʪʦʨʽʡ, ʟʦʥʘ ʚʧʣʠʚʫ ʘʛʣʦʤʝʨʘʮʽʾ, 

ʫʨʙʘʥʽʟʘʮʽʷ. 
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Abstract. The article considers the issues of spatial development of territories around large and 

largest cities. The development of territories is subject to objective laws. An important place among 

them is occupied by the laws of its spatial organization. They are based on taking into account the 

features of the natural, historical-cultural and transport-settlement framework that has developed 

and the interrelationship of their changes. Decisions on the development of a territory without taking 

into account these features and interrelationships can cause it serious damage. The reform of the 

administrative-territorial structure of Ukraine has drawn attention to the need to revise existing 

legislation and create methods and mechanisms for managing large and largest cities and adjacent 

territories. The article examines the definition of the essence of the concept of çagglomerationè and 

the reflection of agglomerations in existing legislative and regulatory documents. Two draft laws çOn 

urban agglomerationsè and çOn amendments to certain legislative acts on the creation of legal 

grounds for the formation of an agglomeration as one of the forms of cooperation of territorial 

communitiesè have been registered in the Verkhovna Rada of Ukraine. They reflect the purpose of 

creating agglomerations and the conditions for the formation of urban agglomerations. An 

agglomeration is defined as a form of cooperation between the community of the city-center of the 

agglomeration and territorial communities located in the zone of influence of the city-center of the 

agglomeration. It has been established that existing legislative and regulatory documents do not 

sufficiently fully reflect the essence of the term çagglomerationè, clear criteria, signs and properties 

by which it is possible to distinguish a territory as an agglomeration, to determine the boundaries of 

the territories of the zone of influence of agglomerations are not defined. 

ʂeywords: agglomeration, spatial development of territories, agglomeration influence zone, 

urbanization. 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʽ ʨʦʟʚʠʪʢʦʤ ʘʛʣʦʤʝʨʘʮʽʡ, ʻ 

ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʥʘʫʢʘʭ, 

ʪʘʢʠʭ ʷʢ ʫʨʙʘʥʽʩʪʠʢʘ, ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, 

ʛʝʦʛʨʘʬʽʷ, ʝʢʦʣʦʛʽʷ, ʩʦʮʽʦʣʦʛʽʷ, ʝʢʦʥʦʤʽʢʘ 

ʪʦʱʦ. ʉʴʦʛʦʜʥʽ ʘʛʣʦʤʝʨʘʮʽʶ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʦʩʥʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʞʠʪʪʷ 

ʥʘʩʝʣʝʥʥʷ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʨʫʧʥʠʭ ʽ 

ʥʘʡʢʨʫʧʥʽʰʠʭ ʤʽʩʪ ʚʠʭʦʜʷʪʴ ʟʘ ʩʚʦʾ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʤʝʞʽ ʪʘ ʬʦʨʤʫʶʪʴ ʥʘʚʢʦʣʦ 

ʩʝʙʝ ʘʛʣʦʤʝʨʘʮʽʾ. ʉʢʣʘʜʥʽʩʪʴ ʧʠʪʘʥʥʷ 

ʦʙʫʤʦʚʣʝʥʦ ʤʘʩʰʪʘʙʥʽʩʪʶ ʷʚʠʱʘ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴ, ʽ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʥʠʤ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʋʤʦʚʠ, ʫ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʪʘ ʽʩʥʫʶʪʴ 

ʘʛʣʦʤʝʨʘʮʽʾ ʽ ʚ ʷʢʠʭ ʪʨʝʙʘ ʫʭʚʘʣʶʚʘʪʠ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ, ʥʝʚʧʠʥʥʦ 

ʟʤʽʥʶʶʪʴʩʷ. ʋ ʩʫʯʘʩʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ 

ʧʨʘʮʷʭ ʽ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʠʪʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡ 

ʽ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʪʨʝʙʫʶʪʴ 

ʛʣʠʙʰʦʛʦ ʪʘ ʧʦʚʥʽʰʦʛʦ ʚʠʚʯʝʥʥʷ. 

ɿʘʢʦʥʦʜʘʚʯʽ ʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, ʱʦ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʤʽʩʪʘʤʠ ʪʘ 

ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ, ʦʙʤʝʞʝʥʽ, ʘ ʪʝʨʤʽʥ 

çʘʛʣʦʤʝʨʘʮʽʷè ʥʝ ʤʘʻ ʯʽʪʢʦʛʦ ʧʨʘʚʦʚʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ. ʑʦʙ ʚʠʨʽʰʠʪʠ ʮʽ ʪʘ ʽʥʰʽ 

ʧʠʪʘʥʥʷ, ʧʦʪʨʽʙʥʦ ʛʣʠʙʰʝ ʚʠʚʯʠʪʠ 

ʚʟʘʻʤʦʜʽʶ ʤʽʩʪ ʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʫ ʨʘʤʢʘʭ 

ʪʘʢʠʭ ʫʪʚʦʨʝʥʴ, ʷʢ ʘʛʣʦʤʝʨʘʮʽʾ, ʚʠʷʚʠʪʠ 

ʥʘʧʨʷʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʢʦʥʦʜʘʚʯʦʾ ʪʘ 

ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʱʦʜʦ ʨʝʞʠʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟʦʥʠ ʚʧʣʠʚʫ 

ʘʛʣʦʤʝʨʘʮʽʾ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʮʝ ʥʘʙʫʣʦ 

ʧʽʩʣʷ ʨʝʬʦʨʤʫʚʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʫʩʪʨʦʶ ʋʢʨʘʾʥʠ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽ-

ʢʘʮʽʡ. ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ ʫ ʪʝʦʨʽʶ ʪʘ ʧʨʘʢʪʠʢʫ 

ʨʦʟʚʠʪʢʫ ʘʛʣʦʤʝʨʘʮʽʡ ʟʨʦʙʠʣʠ ʪʘʢʽ ʚʽʜʦʤʽ 

ʚʯʝʥʽ, ʷʢ ʖ. ʄ. ɹʽʣʦʢʦʥʴ, ɼ. ɯ. ɹʦʛʦʨʘʜ, 

ɾ. ɹʦʞʝ-ɻʘʨʥʴʻ, ɸ. ɺʝʙʝʨ, ʅ. ʄ. ɻʘʙʨʝʣʴ, 

ʇ. ɻʝʜʜʝʩ, ʅ. ʄ. ɼʴʦʤʽʥ, ɼʞ. ʂʘʧʦʣʘʥʽ, 

ɭ. ɭ. ʂʣʶʰʥʽʯʝʥʢʦ, ʄ. ʈʫʞʝ, ʇ. ʉʝʣʬ, 

ɺ. ʊ. ʉʝʤʝʥʦʚ, ɯ. ɸ. ʌʦʤʽʥ, ɾ. ʐʘʙʦ, ʌ. ʐʦʾ 

ʪʘ ʽʥ.  

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʩʫʪʥʦʩʪʽ ʧʦʥʷʪʪʷ 

çʘʛʣʦʤʝʨʘʮʽʷè. ɺʽʜʦʙʨʘʞʝʥʥʷ ʪʝʨʤʽʥʘ 
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ʘʛʣʦʤʝʨʘʮʽʷ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʽ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʠʪʘʥʥʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʫʪʚʦʨʝʥʴ, ʷʢʽ 

ʬʦʨʤʫʚʘʣʠʩʷ ʥʘʚʢʦʣʦ ʢʨʫʧʥʠʭ ʽ 

ʥʘʡʢʨʫʧʥʽʰʠʭ ʤʽʩʪ, ʧʦʯʘʣʠ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʱʝ ʥʘʧʨʠʢʽʥʮʽ ʍɯʍ ʩʪʦʣʽʪʪʷ. ʄʽʩʪʘ ʧʦʯʘʣʠ 

çʚʠʭʦʜʠʪʠè ʟʘ ʩʚʦʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʤʝʞʽ, 

ʧʦʛʣʠʥʘʶʯʠ ʧʨʠʣʝʛʣʽ ʜʦ ʥʠʭ ʪʝʨʠʪʦʨʽʾ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ 

ʘʛʣʦʤʝʨʘʮʽʾ. ɼʝʩʷʪʠʣʽʪʪʷʤʠ ʚʯʝʥʽ 

ʦʙʛʦʚʦʨʶʶʪʴ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ 

ʘʛʣʦʤʝʨʘʮʽʷʤʠ, ʽʩʥʫʻ ʙʝʟʣʽʯ ʪʝʨʤʽʥʽʚ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʟ ʯʘʩʦʤ. ʊʝʨʤʽʥ 

çʘʛʣʦʤʝʨʘʮʽʷè ï ʥʝ ʻʜʠʥʝ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʬʝʥʦʤʝʥʫ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʚʠʟʥʘʯʝʥʴ ʧʦʥʷʪʪʷ: 

ʤʽʩʴʢʘ ʘʛʣʦʤʝʨʘʮʽʷ, ʤʝʪʨʦʧʦʣʽʷ, 

ʤʝʪʨʦʧʦʣʽʪʝʥʩʴʢʠʡ ʘʨʝʘʣ, ʤʝʪʨʦʧʦʣʽʪʝʥʩʴʢʽ 

ʪʝʨʠʪʦʨʽʾ, ʩʫʙʨʝʛʽʦʥ, ʫʨʙʘʥʽʟʦʚʘʥʽ ʨʘʡʦʥʠ, 

ʢʦʥʫʨʙʘʮʽʾ ʪʦʱʦ.  

ʋ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ 

ʚʠʜʽʣʷʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

ʥʘʨʦʱʫʚʘʥʥʷ ʚʝʣʠʯʝʟʥʠʭ ʤʽʩʴʢʠʭ ʩʢʫʧʯʝʥʴ 

ʽʟ ʤʽʩʪʦʤ-ʮʝʥʪʨʦʤ (ʷʜʨʦʤ), ʷʢʝ ʙʝʟʧʝʨʝʨʚʥʦ 

ʨʦʟʧʦʚʟʘʻʪʴʩʷ ʟʘ ʩʚʦʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʤʝʞʽ, 

ʟʘʭʦʧʣʶʻ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʢʦʥʮʝʥʪʨʫʻ 

ʥʘ ʥʠʭ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ; 

ʧʝʨʝʜʤʽʩʪʷ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ 

ʩʪʠʭʽʡʥʦ ʽ ʥʝʢʝʨʦʚʘʥʦ; ʚʠʥʠʢʥʝʥʥʷ 

ʤʘʷʪʥʠʢʦʚʠʭ ʤʽʛʨʘʮʽʡ; ʩʠʩʪʝʤʘʪʠʯʥʝ 

ʧʝʨʝʩʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʤʝʞʘʭ ʘʛʣʦʤʝʨʘʮʽʾ 

ʜʦ ʤʽʩʮʴ ʧʨʠʢʣʘʜʘʥʥʷ ʧʨʘʮʽ, ʥʘʚʯʘʥʥʷ, 

ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʚʽʜʧʦʯʠʥʢʫ ʥʘʙʫʚʘʶʪʴ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʽʚ. 

ɿ. ʆ. ʆʨʝʩʪʦʚʠʯ ʽ ɺ. ʃ. ʃʶʙʦʤʠʨʦʚʠʯ ʫ 

ʩʚʦʾʡ ʨʦʙʦʪʽ ʚʠʜʽʣʷʶʪʴ ʝʪʘʧʠ ʬʦʨʤʫʚʘʥʥʷ 

ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʩʝʣʝʥʥʷ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʘʭ ʽ ʧʦʙʣʠʟʫ ʥʠʭ. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ, 

ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨʘʣʴʥʝ ʤʽʩʪʦ ʽ ʧʝʨʝʜʤʽʩʪʷ. 

ʅʘʚʢʦʣʦ ʤʽʩʪʘ-ʷʜʨʘ ʘʛʣʦʤʝʨʘʮʽʾ ʜʦʚʢʦʣʠʰʥʽ 

ʧʦʩʝʣʝʥʥʷ ʩʪʘʶʪʴ ʤʽʩʪʘʤʠ-ʩʫʧʫʪʥʠʢʘʤʠ. 

ɼʨʫʛʠʡ ʝʪʘʧ ï ʮʝ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʟ 

ʮʝʥʪʨʘʣʴʥʠʭ ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ ʫ ʟʨʫʯʥʽʰʽ ʜʣʷ 

ʧʨʦʞʠʚʘʥʥʷ ʧʝʨʝʜʤʽʩʪʷ ʽ ʧʨʠʟʫʧʠʥʝʥʥʷ 

çʨʦʟʧʦʚʟʘʥʥʷè ʤʽʩʪʘ-ʷʜʨʘ ʘʛʣʦʤʝʨʘʮʽʾ. ʅʘ 

ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʝʣʠʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʤʽʩʪʘ-ʷʜʨʘ, ʧʝʨʝʤʽʱʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʚʽʜʦʙʨʘʞʫʶʪʴ ʫ ʧʦʩʪʽʡʥʠʭ 

ʤʽʛʨʘʮʽʡʥʠʭ ʧʦʪʦʢʘʭ ʚʽʜ ʤʽʩʪʘ-ʷʜʨʘ ʜʦ 

ʤʝʥʰʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʅʘ 

ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʨʝʫʨʙʘʥʽʟʘʮʽʾ. ʏʘʩʪʠʥʘ ʥʘʩʝʣʝʥʥʷ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ ʤʽʩʪʦ, ʷʢʝ ʙʫʣʦ ʨʘʥʽʰʝ 

ʟʘʣʠʰʝʥʝ [1]. 

ɼʦʩʣʽʜʞʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʘʛʣʦʤʝʨʘʮʽʡ ʥʝʦʙʭʽʜʥʦ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʩʪʨʘʪʝʛʽʾ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʽʟʥʠʭ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʚʢʣʶʯʘʶʯʠ ʤʽʩʮʝʚʽ 

ʦʨʛʘʥʠ ʚʣʘʜʠ, ʛʨʦʤʘʜʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʙʽʟʥʝʩ 

ʽ ʥʘʩʝʣʝʥʥʷ, ʜʦ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [2]. 

ʊʝʨʤʽʥ çʘʛʣʦʤʝʨʘʮʽʷè ʚʧʝʨʰʝ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʰʦʪʣʘʥʜʩʴʢʠʤ ʧʨʦʬʝʩʦʨʦʤ 

ʇ. ɻʝʜʜʝʩʦʤ: çʘʛʣʦʤʝʨʘʮʽʷ ï ʮʝ ʥʦʚʘ ʬʦʨʤʘ 

ʫʛʨʫʧʦʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ 

ʝʣʝʤʝʥʪʘʤʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʻ ʥʘʩʝʣʝʥʥʷ ʽ 

ʩʦʮʽʘʣʴʥʽ ʟʚôʷʟʢʠè [3]. ʋʢʨʘʾʥʩʴʢʽ ʚʯʝʥʽ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʘʢʪʠʚʥʦ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʮʝ ʧʠʪʘʥʥʷ. ʋ ʨʦʙʦʪʽ 

ɺ. ʄ. ʂʫʙʽʡʦʚʠʯʘ, ʜʘʪʦʚʘʥʽʡ 1927 ʨʦʢʦʤ, 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩ ʫʨʙʘʥʽʟʘʮʽʾ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʽ ʧʨʦʜʫʢʪʠʚʥʠʭ ʩʠʣ 

ʫ ʤʽʩʪʘʭ ʽ ʾʭʥʽʭ ʧʨʠʣʝʛʣʠʭ ʧʨʠʤʽʩʴʢʠʭ 

ʪʝʨʠʪʦʨʽʷʭ [4]. ʋ 1960-ʪʽ ʨʦʢʠ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʤ ʨʦʙʦʪʘʤ ʽʟ ʧʠʪʘʥʴ ʬʦʨʤʫʚʘʥʥʷ, 

ʨʦʟʚʠʪʢʫ ʘʛʣʦʤʝʨʘʮʽʡ ʽ ʚʠʟʥʘʯʝʥʥʷʤ ʾʭʥʽʭ 

ʤʝʞ ʚ ʋʢʨʘʾʥʽ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ 

ɼ. ɯ. ɹʦʛʦʨʘʜʘ, ɸ. ɻ. ɺʠʰʥʝʚʩʴʢʦʛʦ, 

ɯ. ʆ. ʌʦʤʽʥʘ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ɼ. ɯ. ɹʦʛʦʨʘʜʘ, 

çʤʽʩʴʢʽ ʘʛʣʦʤʝʨʘʮʽʾ ï ʨʽʟʥʦʚʠʜ ʩʠʩʪʝʤ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʾʭʥʷ ʙʽʣʴʰ ʨʦʟʚʠʥʫʪʘ 

ʬʦʨʤʘ, ʷʢʘ ʻ çʫʱʽʣʴʥʝʥʥʷʤ ʩʪʽʡʢʠʭ ʽ 

ʛʣʠʙʦʢʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʚôʷʟʢʽʚè [3]. 

ʋʢʨʘʾʥʩʴʢʠʡ ʤʽʩʪʦʙʫʜʽʚʥʠʢ ɯ. ʆ. ʌʦʤʽʥ 

ʚʠʟʥʘʯʘʻ ʤʽʩʴʢʫ ʘʛʣʦʤʝʨʘʮʽʶ ʷʢ 

çʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʫʛʨʫʧʫʚʘʥʥʷ ʟ 

ʪʠʧʦʚʠʤʠ ʧʨʦʷʚʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ, ʷʢ ʩʚʦʻʨʽʜʥʫ ʬʦʨʤʫ ʨʦʟʚʠʪʢʫ 

ʤʽʩʪ [5]. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʚʠʟʥʘʯʝʥʥʷ 

ʘʥʛʣʽʡʩʴʢʦʛʦ ʤʽʩʪʦʙʫʜʽʚʥʠʢʘ ʇ. ʉʝʣʬʘ. ɺʽʥ 

ʚʠʟʥʘʯʘʻ ʘʛʣʦʤʝʨʘʮʽʾ ʷʢ çʨʘʡʦʥʠ ʩʫʮʽʣʴʥʦʾ 

ʫʨʙʘʥʽʟʘʮʽʾ, ʱʦ ʦʪʦʯʫʶʪʴ ʚʝʣʠʢʽ ʥʘʩʝʣʝʥʽ 

ʧʫʥʢʪʠ. ɹʝʟʧʝʨʝʨʚʥʦ ʨʦʟʰʠʨʶʶʯʠʩʴ, 

ʧʦʛʣʠʥʘʶʯʠ ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ ʜʨʽʙʥʽ 

ʧʦʩʝʣʝʥʥʷ, çʤʽʩʪʦ-ʮʝʥʪʨè, ʥʝ ʟʫʩʪʨʽʯʘʶʯʠ 

ʥʽʷʢʠʭ ʧʝʨʝʰʢʦʜ, ʟʙʠʨʘʻ ʚ ʦʜʥʝ ʮʽʣʝ, ʫ 

ʩʫʮʽʣʴʥʫ ʤʘʩʫ ʮʝʛʣʠ ʽ ʚʘʧʥʘ ʚʩʽ ʥʘʡʙʣʠʞʯʽ 

ʦʢʦʣʠʮʽè.  

ɿʘʨʫʙʽʞʥʽ ʚʯʝʥʽ ʨʦʟʛʣʷʜʘʣʠ ʤʽʩʴʢʫ 

ʘʛʣʦʤʝʨʘʮʽʶ ʷʢ ʪʝʨʠʪʦʨʽʶ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ 

ʟʘʙʫʜʦʚʦʶ, ʱʦ ʩʢʣʘʣʘʩʷ ʥʘʚʢʦʣʦ ʷʜʨʘ ʽ ʤʘʻ 

ʚʢʣʶʯʘʪʠ ʥʝ ʤʝʥʰʝ 2 ʪʠʩ. ʦʩʽʙ. 

ʌʨʘʥʮʫʟʴʢʠʡ ʛʝʦʛʨʘʬ ɼʞ. ʂʘʧʦʣʘʥʽ 

ʚʠʟʥʘʯʘʻ ʤʽʩʴʢʫ ʘʛʣʦʤʝʨʘʮʽʶ ʷʢ çʩʠʩʪʝʤʫ 

ʤʽʩʪ ʽ ʩʝʣʠʱ ʽʟ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʽʜʥʦʩʠʥʘʤʠ, ʪʝʥʜʝʥʮʽʻʶ 

ʜʦ ʟʨʦʱʝʥʥʷ ʚ ʦʜʥʫ ʧʨʦʩʪʦʨʦʚʫ ʟʘʛʘʣʴʥʫ 

ʤʽʩʴʢʫ ʟʦʥʫè [6]. 

ʅʘ ʜʫʤʢʫ ʛʝʦʛʨʘʬʘ ʄ. ʈʫʞʝ, ʷʢʠʡ 

ʧʝʨʰʠʤ ʫʞʠʚ ʪʝʨʤʽʥ çʘʛʣʦʤʝʨʘʮʽʷè ʱʦʜʦ 

ʨʦʟʩʝʣʝʥʥʷ, çʚʦʥʘ ʚʠʥʠʢʘʻ ʪʦʜʽ, ʢʦʣʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʩʴʢʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʤʝʞ ʽ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʩʫʩʽʜʥʽ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʱʦ 

ʻ ʥʦʚʦʶ ʬʦʨʤʦʶ ʨʦʟʩʝʣʝʥʥʷ ʡ ʨʦʟʤʽʱʝʥʥʷ 

ʜʝʷʢʠʭ ʚʠʜʽʚ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽè [7]. 

ʌʨʘʥʮʫʟʴʢʽ ʫʨʙʘʥʽʩʪʠ ʇôʻʨ ʄʝʨʣʝʥ ʽ 

ʌʨʘʥʩʫʘʟʘ ʐʦʻ ʬʦʨʤʫʣʶʶʪʴ ʧʦʥʷʪʪʷ 

ʘʛʣʦʤʝʨʘʮʽʾ ʷʢ ʩʠʩʪʝʤʫ, ʱʦ ʚʢʣʶʯʘʻ ʤʽʩʪʦ ʽ 

ʡʦʛʦ ʧʝʨʝʜʤʽʩʪʷ [8].  

ʆʩʦʙʣʠʚʦ ʩʣʽʜ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʟʚôʷʟʢʘʭ 

ʫ ʨʘʤʢʘʭ ʘʛʣʦʤʝʨʘʮʽʾ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʟʥʘʯʝʥʴ 

ʧʨʠʜʽʣʷʶʪʴ ʫʚʘʛʫ ʨʽʟʥʠʤ ʚʠʜʘʤ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʚ ʘʛʣʦʤʝʨʘʮʽʷʭ. ɿ 

ʪʦʯʢʠ ʟʦʨʫ ʪʦʛʦ, ʱʦ ʘʛʣʦʤʝʨʘʮʽʷ ʥʘʣʝʞʠʪʴ 

ʜʦ ʬʦʨʤ ʨʦʟʩʝʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʘ ʷʢ ʩʠʩʪʝʤʘ 

ʨʦʟʩʝʣʝʥʥʷ, ʜʦ ʥʝʾ ʚʭʦʜʷʪʴ ʣʠʰʝ ʪʨʫʜʦʚʽ, 

ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʽ ʪʘ ʨʝʢʨʝʘʮʽʡʥʽ ʟʚôʷʟʢʠ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʧʝʨʝʤʽʱʝʥʥʽ ʥʘʩʝʣʝʥʥʷ ʧʦ 

ʪʝʨʠʪʦʨʽʾ. 

ɸʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʘʛʣʦʤʝʨʘʮʽʶ ʷʢ 

ʬʦʨʤʫ ʨʦʟʩʝʣʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʙʘʟʽ 

ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ (ʘʙʦ ʢʽʣʴʢʦʭ ʤʽʩʪ), ʩʪʚʦʨʶʻ 

ʟʥʘʯʥʫ ʟʦʥʫ ʫʨʙʘʥʽʟʘʮʽʾ ʟ ʪʝʥʜʝʥʮʽʻʶ ʜʦ 

ʟʨʦʱʝʥʥʷ ʩʫʩʽʜʥʽʭ ʧʦʩʝʣʝʥʴ, ʽ ʷʢ ʩʠʩʪʝʤʫ 

ʩʫʯʘʩʥʦʛʦ ʨʦʟʩʝʣʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʮʽʻʶ 

ʧʨʦʙʣʝʤʘʪʠʢʦʶ ʟʘʡʤʘʶʪʴʩʷ ʚʞʝ ʙʘʛʘʪʦ 

ʨʦʢʽʚ, ʜʦʩʽ ʥʝʤʘʻ ʯʽʪʢʦ ʟʘʢʨʽʧʣʝʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʘ çʘʛʣʦʤʝʨʘʮʽʷè, 

ʚʠʟʥʘʯʝʥʠʭ ʜʝʬʽʥʽʮʽʡ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ 

ʚʠʦʢʨʝʤʠʪʠ ʪʝʨʠʪʦʨʽʶ ʷʢ ʘʛʣʦʤʝʨʘʮʽʶ ʚ 

ʯʠʥʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʪʘ ʥʦʨʤʘʪʠʚʥʽʡ 

ʜʦʢʫʤʝʥʪʘʮʽʾ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʮʝ 

ʥʘʙʫʚʘʻ ʧʽʩʣʷ ʟʤʽʥʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʫʩʪʨʦʶ ʋʢʨʘʾʥʠ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʦʨʤʠ 

ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ, ʘʛʣʦʤʝʨʘʮʽʾ ʚ ʋʢʨʘʾʥʽ ʥʝ 

ʤʘʶʪʴ ʧʨʘʚʦʚʦʛʦ ʩʪʘʪʫʩʫ, ʘ ʚ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʥʘʧʨʠʢʣʘʜ ʌʨʘʥʮʽʷ, ʉʐɸ, 

ʂʘʥʘʜʘ, ʪʝʨʤʽʥ çʘʛʣʦʤʝʨʘʮʽʷè ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʬʦʨʤʠ 

ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʘʛʣʦʤʝʨʘʮʽʾ ʥʘʙʫʚʘʶʪʴ 

ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʽʡʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʤʽʩʪ ʚ 

ʋʢʨʘʾʥʽ. ʍʦʯʘ ʧʠʪʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡ 

ʦʙʛʦʚʦʨʶʶʪʴ ʫ ʪʝʦʨʽʾ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ 

ʜʝʩʷʪʠʣʽʪʪʷ, ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʽ 

ʥʝʤʘʻ [9]. 

ɯ. ʃʝʱʫʭ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʫʥʽʬʽʢʦʚʘʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʪʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʞ ʽ ʬʦʨʤʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡ ʚ ʋʢʨʘʾʥʽ 

ʩʪʚʦʨʶʶʪʴ ʯʠʩʣʝʥʥʽ ʚʠʢʣʠʢʠ. ɿʦʢʨʝʤʘ, ʮʝ 

ʟʘʛʨʦʞʫʻ ʧʨʘʚʦʚʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʘʛʣʦʤʝʨʘʮʽʡ, ʫʩʢʣʘʜʥʶʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ, ʘ ʪʘʢʦʞ 

ʧʦʨʦʜʞʫʻ ʨʠʟʠʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ. ʊʘʢʽ ʧʨʦʙʣʝʤʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʪʨʠʚʘʣʽ ʥʘʩʣʽʜʢʠ, ʩʪʘʚʣʷʯʠ ʧʽʜ 

ʟʘʛʨʦʟʫ ʜʦʩʷʛʥʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ [10]. 

ʆʬʽʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʘ çʤʽʩʴʢʘ 

ʘʛʣʦʤʝʨʘʮʽʷè ʧʦʜʘʥʝ ʚ ʇʦʩʪʘʥʦʚʽ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʘʣʠʭ 

ʤʦʥʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʽʩʪè (ʥʘ ʩʴʦʛʦʜʥʽ 

ʚʪʨʘʪʠʣʘ ʯʠʥʥʽʩʪʴ): çʢʦʤʧʘʢʪʥʝ 

ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʤʽʩʴʢʠʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʦʙôʻʜʥʘʥʠʭ 
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ʽʥʪʝʥʩʠʚʥʠʤʠ ʛʦʩʧʦʜʘʨʩʴʢʠʤʠ, ʪʨʫʜʦʚʠʤʠ ʽ 

ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʠʤʠ ʟʚôʷʟʢʘʤʠè [11]. 

ʊʘʢʦʞ ʪʝʨʤʽʥ çʘʛʣʦʤʝʨʘʮʽʷè 

ʟʘʬʽʢʩʦʚʘʥʦ ʚ ʪʘʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʽ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [12-17]:  

- ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ çʇʨʦ 

ʟʘʭʦʜʠ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂʦʥʮʝʧʮʽʾ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʨʝʬʦʨʤʠ ʚ ʋʢʨʘʾʥʽè ʚʽʜ 

22.07.1998 ʨ. ˉ 810/98 (çʤʽʩʴʢʘ ʘʛʣʦʤʝʨʘʮʽʷ 

ʥʝ ʻ ʥʦʚʦʶ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʶ 

ʦʜʠʥʠʮʝʶ, ʘ ʷʚʣʷʻ ʩʦʙʦʶ ʦʨʛʘʥʽʟʘʮʽʡʥʝ 

ʫʪʚʦʨʝʥʥʷ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, ʱʦ ʤʘʶʪʴ ʥʘ ʤʝʪʽ 

ʩʧʽʣʴʥʫ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʡ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷè); 

- ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ 

ʤʘʣʠʭ ʤʽʩʪè ʚʽʜ 04.03.2004 ʨ. ˉ 1580-IV 

(çʟʘʚʜʘʥʥʷ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ 

ʦʢʨʝʤʠʭ ʤʘʣʠʭ ʤʽʩʪ ʚʠʢʦʥʫʚʘʪʠʤʫʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʩʘʤʝ: ʜʣʷ 

ʢʘʪʝʛʦʨʽʾ ʤʘʣʠʭ ʤʽʩʪ-ʩʫʧʫʪʥʠʢʽʚ, ʥʘʩʝʣʝʥʥʷ 

ʷʢʠʭ ʤʘʻ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʨʦʟʚʠʥʫʪʦʶ 

ʩʬʝʨʦʶ ʩʦʮʽʘʣʴʥʠʭ ʧʦʩʣʫʛ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ ï 

ʮʝʥʪʨʘ ʮʽʻʾ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾè); 

- ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 01.08.2006 ʨ. ˉ 447-ʨ çʇʨʦ 

ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ (ʧʨʦʤʠʩʣʦʚʠʭ) ʧʘʨʢʽʚè 

(çʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞʽ ʜʝʨʞʘʚʥʠʭ ʽ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ (ʧʨʦʤʠʩʣʦʚʠʭ) 

ʧʘʨʢʽʚ ʧʦʚʠʥʥʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʥʦʾ ʽ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʦʣʽʪʠʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʨʦʟʚʠʪʢʦʤ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡè; 

çʽʥʜʫʩʪʨʽʘʣʴʥʽ (ʧʨʦʤʠʩʣʦʚʽ) ʧʘʨʢʠ ʜʦʮʽʣʴʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʛʽʦʥʘʭ 

ʧʦʙʣʠʟʫ ʚʝʣʠʢʠʭ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡéè); 

- ɼʝʨʞʘʚʥʘ ʩʪʨʘʪʝʛʽʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ, 

ʟʘʪʚʝʨʜʞʝʥʘ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 06.08.2014 ʨ. ˉ 385 

(çéʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʦʥʦʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ 

ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ ʧʦʪʨʝʙʫʻ ʚʽʜ ʦʨʛʘʥʽʚ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʪʘ 

ʰʚʠʜʢʫ ʨʝʘʢʮʽʶ ʥʘ ʧʨʦʮʝʩʠ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾè; çʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʥʘ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʤʫ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ 

ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: é 

ʫʧʨʦʚʘʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʦʾ ʩʠʩʪʝʤʠ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʚʽʪʥʦʩʪʽ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʨʽʚʥʽ ʫ ʬʦʨʤʘʪʽ NUTS (NUTS 2 ï ʨʝʛʽʦʥ, 

NUTS 3 ï ʛʨʫʧʘ ʨʘʡʦʥʽʚ (ʩʫʙʨʝʛʽʦʥ) ʪʘ 

ʤʽʩʴʢʘ ʘʛʣʦʤʝʨʘʮʽʷè); 

- ɼɹʅ 360-92** çʄʽʩʪʦʙʫʜʫʚʘʥʥʷ. 

ʇʣʘʥʫʚʘʥʥʷ ʽ ʟʘʙʫʜʦʚʘ ʤʽʩʴʢʠʭ ʽ ʩʽʣʴʩʴʢʠʭ 

ʧʦʩʝʣʝʥʴè (çʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʨʦʟʩʝʣʝʥʥʷ 

ʧʦʚʠʥʝʥ ʩʧʠʨʘʪʠʩʷ ʥʘ ʪʫ ʤʝʨʝʞʫ ʤʽʩʴʢʠʭ ʽ 

ʩʽʣʴʩʴʢʠʭ ʧʦʩʝʣʝʥʴ, ʷʢʘ ʩʢʣʘʣʘʩʷ, 

ʚʢʣʶʯʘʶʯʠ ʘʛʣʦʤʝʨʘʮʽʾ ʽʩʥʫʶʯʽ ʽ ʪʽ, ʱʦ 

ʬʦʨʤʫʶʪʴʩʷè); 

- ɼɹʅ ɹ.2.2-12:2019  çʇʣʘʥʫʚʘʥʥʷ ʽ 

ʟʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡè (çʽʥʜʫʩʪʨʽʘʣʴʥʽ, 

ʽʥʥʦʚʘʮʽʡʥʽ ʧʘʨʢʠ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠʩʷ ʚ 

ʨʝʛʽʦʥʘʭ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʨʫʜʦʚʠʭ 

ʨʝʩʫʨʩʽʚ, ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʦʛʦ 

ʧʫʥʢʪʫ ʘʙʦ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ, ʚ ʩʢʣʘʜʽ 

ʘʛʣʦʤʝʨʘʮʽʡ ʽ ʤʘʪʠ ʟʨʫʯʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʟʚôʷʟʦʢ ʽʟ ʩʝʣʴʙʠʱʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠè). 

ɿ ʫʪʚʦʨʝʥʥʷʤ ʦʙôʻʜʥʘʥʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʟʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʯʠʥʥʠʭ 

ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ. 

ʅʘʨʘʟʽ ʫʭʚʘʣʝʥʦ ʥʠʟʢʫ ʟʘʢʦʥʽʚ, ʷʢʽ 

ʨʝʛʫʣʶʶʪʴ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ 

ʛʨʦʤʘʜʘʤʠ, ʽʥʰʠʤʠ ʬʦʨʤʘʤʠ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʫʨʷʜʦʚʠʤʠ ʦʨʛʘʥʘʤʠ, 

ʟʦʢʨʝʤʘ çʇʨʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜè, çʇʨʦ ʘʩʦʮʽʘʮʽʾ 

ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷè [18, 19]. 

ɸʣʝ ʚ ʮʠʭ ʟʘʢʦʥʘʭ ʪʝʨʤʽʥ çʘʛʣʦʤʝʨʘʮʽʷè ʥʝ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ.  

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʘʛʣʦʤʝʨʘʮʽʡ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʧʝʨʽʦʜ ʫ ʩʠʩʪʝʤʽ ʨʦʟʩʝʣʝʥʥʷ 

ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʢʨʘʾʥʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ, ʘ ʪʘʢʦʞ 

ʤʝʭʘʥʽʟʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʧʦʜʘʥʦ ʥʘ 

ʨʦʟʛʣʷʜ ʜʚʘ ʟʘʢʦʥʦʧʨʦʻʢʪʠ, ʫ ʷʢʠʭ ʽʜʝʪʴʩʷ 

ʧʨʦ ʘʛʣʦʤʝʨʘʮʽʾ: çʇʨʦ ʤʽʩʴʢʽ ʘʛʣʦʤʝʨʘʮʽʾè 
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ʚʽʜ 17.07.2017 ʨ. ˉ 6743 ʽ çʇʨʦ ʚʥʝʩʝʥʥʷ 

ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʘʛʣʦʤʝʨʘʮʽʾ ʷʢ ʦʜʥʽʻʾ ʟ ʬʦʨʤ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜè ʚʽʜ 

19.12.2019 ʨ. ˉ 2637 [20, 21].  

ʄʝʪʦʶ ʟʘʢʦʥʦʧʨʦʻʢʪʫ çʇʨʦ ʤʽʩʴʢʽ 

ʘʛʣʦʤʝʨʘʮʽʾè ʻ çʚʠʟʥʘʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʧʨʘʚʦʚʠʭ ʟʘʩʘʜ ʬʦʨʤʫʚʘʥʥʷ ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʛʨʦʤʘʜʘʤʠ 

ʩʽʣ, ʩʝʣʠʱ ʽ ʤʽʩʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʙôʻʜʥʘʥʠʤʠ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʛʨʦʤʘʜʘʤʠ, ʧʨʠʥʮʠʧʽʚ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ 

ʫ ʤʝʞʘʭ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ, ʛʘʨʘʥʪʽʡ ʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ, ʘ 

ʪʘʢʦʞ ʬʦʨʤ ʧʽʜʪʨʠʤʢʠ ʜʝʨʞʘʚʦʶ ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡè. ɿʘ ʟʘʢʦʥʦʧʨʦʻʢʪʦʤ, çʤʽʩʴʢʘ 

ʘʛʣʦʤʝʨʘʮʽʷ ï ʮʝ ʬʦʨʤʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʤʽʞ 

ʛʨʦʤʘʜʦʶ ʤʽʩʪʘ-ʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾ ʽ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʛʨʦʤʘʜʘʤʠ ʩʽʣ, ʩʝʣʠʱ, 

ʤʽʩʪ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʤʽʩʪʘ-

ʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾ ʪʘ ʤʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽ 

ʟʚôʷʟʢʠ ʫ ʩʬʝʨʘʭ ʝʢʦʥʦʤʽʢʠ, ʧʨʘʮʽ, ʢʫʣʴʪʫʨʠ 

ʪʘ ʧʦʙʫʪʫ ʟ ʤʽʩʪʦʤ-ʮʝʥʪʨʦʤ ʘʛʣʦʤʝʨʘʮʽʾ, ʟ 

ʤʝʪʦʶ ʩʧʽʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʦʢʨʝʤʠʭ 

ʬʫʥʢʮʽʡ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷè. 

ɿʘ ʟʘʢʦʥʦʧʨʦʻʢʪʦʤ, ʤʽʩʴʢʫ 

ʘʛʣʦʤʝʨʘʮʽʶ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʟʘ ʪʘʢʠʭ 

ʫʤʦʚ: 1) ʮʝʥʪʨ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ï 

ʥʘʩʝʣʝʥʠʡ ʧʫʥʢʪ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʢʘʪʝʛʦʨʽʾ 

ʤʽʩʪ, ʱʦ ʤʘʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ; 2) ʰʠʨʠʥʫ ʟʦʥʠ ʚʧʣʠʚʫ ʤʽʩʪʘ-

ʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʚ ʢʦʞʥʽʡ ʤʽʩʴʢʽʡ ʘʛʣʦʤʝʨʘʮʽʾ; 

3) ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙôʻʢʪʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ, ʢʨʽʤ 

ʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾ, ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 

ʪʨʴʦʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ; 4) ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, 

ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʝ ʥʽʞ 100 

ʪʠʩʷʯ ʦʩʽʙ; 5) ʪʝʨʠʪʦʨʽʷ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ 

ʤʘʻ ʙʫʪʠ ʥʝʨʦʟʨʠʚʥʦʶ, ʤʝʞʽ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ ʚʠʟʥʘʯʝʥʽ ʟʘ ʟʦʚʥʽʰʥʽʤʠ 

ʤʝʞʘʤʠ ʶʨʠʩʜʠʢʮʽʾ ʨʘʜ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʛʨʦʤʘʜ.  

ɿʘ ʟʘʢʦʥʦʧʨʦʻʢʪʦʤ çʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ 

ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʘʛʣʦʤʝʨʘʮʽʾ ʷʢ ʦʜʥʽʻʾ ʟ ʬʦʨʤ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜè, 

ʘʛʣʦʤʝʨʘʮʽʷ ï ʮʝ ʬʦʨʤʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾ ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, 

ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʮʝʥʪʨʫ 

ʘʛʣʦʤʝʨʘʮʽʾ ʪʘ ʤʘʶʪʴ ʽʟ ʥʠʤ ʽʥʪʝʥʩʠʚʥʽ 

ʛʦʩʧʦʜʘʨʩʴʢʽ, ʪʨʫʜʦʚʽ, ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʽ 

ʟʚôʷʟʢʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʫ ʱʦʜʝʥʥʫ 

ʤʘʷʪʥʠʢʦʚʫ ʤʽʛʨʘʮʽʶ ʥʘʩʝʣʝʥʥʷ. ʊʘʢʦʞ 

ʥʘʜʘʥʦ ʚʠʟʥʘʯʝʥʥʷ çʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾè, 

çʨʘʜʽ ʘʛʣʦʤʝʨʘʮʽʾè ʪʘ çʟʦʥʽ ʜʦʙʨʦʩʫʩʽʜʩʪʚʘè. 

ɼʦ ʢʨʠʪʝʨʽʾʚ ʬʦʨʤʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʾ 

ʚʽʜʥʦʩʷʪʴ ʪʘʢʝ: 1) ʘʛʣʦʤʝʨʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʫʪʚʦʨʝʥʘ ʥʘʚʢʦʣʦ ʤʽʩʪʘ ʟ ʯʠʩʝʣʴʥʽʩʪʶ 

ʧʦʩʪʽʡʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʧʦʥʘʜ 200 ʪʠʩʷʯ ʦʩʽʙ 

ʘʙʦ ʤʝʥʰʦʛʦ ʤʽʩʪʘ, ʟʘ ʫʤʦʚʠ ʷʢʱʦ ʩʧʽʣʴʥʘ 

ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʥʘʩʝʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʫʯʘʩʥʠʢʽʚ ʘʛʣʦʤʝʨʘʮʽʾ ʩʢʣʘʜʘʻ 

ʥʝ ʤʝʥʰʝ 200 ʪʠʩʷʯ ʦʩʽʙ, ʘ ʪʘʢʝ ʤʽʩʪʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʱʦʜʦ ʮʝʥʪʨʫ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ; 

2) ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʛʨʦʤʘʜʠ, ʱʦ ʤʝʞʫʶʪʴ ʽʟ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʛʨʦʤʘʜʘʤʠ ï ʯʣʝʥʘʤʠ 

ʘʛʣʦʤʝʨʘʮʽʾ ʪʘ ʚʭʦʜʷʪʴ ʜʦ ʟʦʥʠ ʚʧʣʠʚʫ 

ʮʝʥʪʨʫ ʚʽʜʧʦʚʽʜʥʦʾ ʘʛʣʦʤʝʨʘʮʽʾ, ʤʦʞʫʪʴ 

ʧʨʠʻʜʥʫʚʘʪʠʩʷ ʜʦ ʪʘʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘ 

ʨʽʰʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʨʘʜʠ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʛʨʦʤʘʜʠ ʪʘ ʨʘʜʠ ʘʛʣʦʤʝʨʘʮʽʾ; 3) ʪʝʨʠʪʦʨʽʷ 

ʘʛʣʦʤʝʨʘʮʽʾ ʤʘʻ ʙʫʪʠ ʥʝʨʦʟʨʠʚʥʦʶ; 

4) ʤʝʪʦʜʠʢʫ ʧʦʨʷʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ 

ʚʧʣʠʚʫ ʮʝʥʪʨʫ ʘʛʣʦʤʝʨʘʮʽʾ ʟʘʪʚʝʨʜʞʫʻ 

ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ. 

ʋ ʙʝʨʝʟʥʽ 2023 ʨʦʢʫ ʂʦʤʽʪʝʪ ɺʝʨʭʦʚʥʦʾ 

ʈʘʜʠ ʟ ʧʠʪʘʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ, 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʥʘʧʨʘʚʠʚ ʜʣʷ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʟʘʢʦʥʦʧʨʦʻʢʪ çʇʨʦ 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ 

ʋʢʨʘʾʥʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ 

ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʮʽʾ ʷʢ ʦʜʥʽʻʾ ʟ ʬʦʨʤ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜè. 

ɼʝʨʞʘʚʥʘ ʩʪʨʘʪʝʛʽʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʥʘ 2021ï2027 ʨʦʢʠ ʧʝʨʝʜʙʘʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʟʘʢʦʥʦʜʘʚʯʦʾ ʦʩʥʦʚʠ 
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʘʛʣʦʤʝʨʘʮʽʡ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭʥʴʦʛʦ 

ʩʢʣʘʜʫ. ʋ ʜʦʜʘʪʢʫ ʥʘʚʝʜʝʥʦ ʤʝʞʽ 

ʘʛʣʦʤʝʨʘʮʽʡ ï ʂʠʾʚʩʴʢʦʾ, ʍʘʨʢʽʚʩʴʢʦʾ, 

ɼʥʽʧʨʦ-ʂʘʤôʷʥʩʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ, 

ʂʨʠʚʦʨʽʟʴʢʦʾ, ʆʜʝʩʴʢʦʾ ʽ ʃʴʚʽʚʩʴʢʦʾ [22].  

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ, ʥʝʤʘʻ 

ʦʜʥʦʩʪʘʡʥʦʩʪʽ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʫʪʥʦʩʪʽ 

ʧʦʥʷʪʪʷ çʘʛʣʦʤʝʨʘʮʽʷè, ʚʠʟʥʘʯʝʥʥʷ ʻʜʠʥʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʟʥʘʢ, ʟʘ ʷʢʠʤʠ 

ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʪʝʨʠʪʦʨʽʶ ʷʢ 

ʘʛʣʦʤʝʨʘʮʽʶ ʪʘ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʪʝʨʠʪʦʨʽʡ ʟʦʥʠ ʚʧʣʠʚʫ 

ʘʛʣʦʤʝʨʘʮʽʾ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ 

ʋʢʨʘʾʥʽ ʫʩʢʣʘʜʥʶʻ ʬʦʨʤʫʚʘʥʥʷ, ʨʦʟʚʠʪʦʢ ʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʢʦʥʦʧʨʦʻʢʪʠ, ʧʦʧʨʠ 

ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʤʘʣʠ ʧʦʪʝʥʮʽʘʣ 

ʟʥʘʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʚʠʪʢʫ 

ʘʛʣʦʤʝʨʘʮʽʡ. ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʮʝ 

ʤʦʛʣʦ ʩʪʘʪʠ ʟʘ ʫʤʦʚʠ ʩʚʦʻʯʘʩʥʦʛʦ ʫʩʫʥʝʥʥʷ 

ʚʠʷʚʣʝʥʠʭ ʥʝʜʦʣʽʢʽʚ [23]. 

ʆʩʥʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʥʘʙʫʚʘʻ ʦʙôʻʜʥʘʥʥʷ ʚ ʨʘʤʢʘʭ 

ʘʛʣʦʤʝʨʘʮʽʾ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʥʘ 

ʦʩʥʦʚʽ ʜʦʙʨʦʚʽʣʴʥʠʭ ʜʦʛʦʚʽʨʥʠʭ ʟʘʩʘʜ ʽʟ 

ʰʠʨʦʢʠʤ ʟʘʣʫʯʝʥʥʷʤ ʛʨʦʤʘʜʩʴʢʠʭ ʩʪʨʫʢʪʫʨ 

ʽ ʧʨʦʮʝʜʫʨ, ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ 

ʦʨʛʘʥʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʝʢʩʧʝʨʪʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʤʘʻ ʙʫʪʠ 

ʩʧʽʣʴʥʝ (ʩʢʦʦʨʜʠʥʦʚʘʥʝ) ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʫ ʤʝʞʘʭ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʻʜʠʥʘ ʝʢʦʣʦʛʽʯʥʘ, ʝʢʦʥʦʤʽʯʥʘ, 

ʩʦʮʽʘʣʴʥʘ, ʤʽʩʪʦʙʫʜʽʚʥʘ, ʜʝʤʦʛʨʘʬʽʯʥʘ, 

ʤʽʛʨʘʮʽʡʥʘ ʧʦʣʽʪʠʢʘ, ʱʦ ʧʦʢʠ ʥʝ ʧʦʚʥʽʩʪʶ 

ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʮʽ ʪʘ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ. 

ɺʠʩʥʦʚʢʠ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʚʯʠʪʠ ʚʩʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʘʛʣʦʤʝʨʘʮʽʾ ʪʘ ʚʠʨʦʙʠʪʠ ʤʽʩʪʦʙʫʜʽʚʥʽ ʪʘ 

ʧʨʘʚʦʚʽ ʫʤʦʚʠ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʦʟʚʠʪʦʢ ʘʛʣʦʤʝʨʘʮʽʡ ʥʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʧʝʨʩʧʝʢʪʠʚʫ, ʚʘʞʣʠʚʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʠʭ ʚʠʤʦʛ: 

1. ʌʦʨʤʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʾ ï ʮʝ 

ʧʨʦʮʝʩ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʟʫʧʠʥʠʪʠ. ɺʦʥʠ 

ʚʞʝ ʽʩʥʫʶʪʴ, ʽ ʪʨʝʙʘ ʩʪʚʦʨʶʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ 

ʪʘ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʨʝʛʫʣʶʚʘʪʠ ʽ 

ʢʝʨʫʚʘʪʠ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʩʪʨʠʤʫʚʘʪʠ 

ʨʦʟʚʠʪʦʢ ʘʛʣʦʤʝʨʘʮʽʡ. ʂʝʨʦʚʘʥʠʡ ʾʭʥʽʡ 

ʨʦʟʚʠʪʦʢ ʧʦʩʠʣʠʪʴ ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ, ʥʝʢʝʨʦʚʘʥʠʡ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʚʣʘʩʪʠʚʠʭ 

ʚʝʣʠʢʦʤʫ ʤʽʩʪʫ, ʘʣʝ ʚ ʱʝ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʘʭ ʽ 

ʟʥʘʯʥʦ ʙʽʣʴʰʽʡ ʪʝʨʠʪʦʨʽʾ.  

2. ɿʘʭʦʜʠ ʱʦʜʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʘʛʣʦʤʝʨʘʮʽʾ ʤʦʞʥʘ 

ʨʦʟʨʦʙʠʪʠ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʣʠʰʝ ʟ ʦʙôʻʜʥʘʥʥʷʤ 

ʟʫʩʠʣʴ ʫʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ: 

ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʧʨʦʞʠʚʘʻ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʘʛʣʦʤʝʨʘʮʽʾ, ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩʠ ʥʘʩʝʣʝʥʥʷ, ʦʨʛʘʥʽʚ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʙʽʟʥʝʩ-ʩʧʽʣʴʥʦʪʠ. 

3. ɿʘʢʨʽʧʣʝʥʥʷ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ 

ʪʝʨʤʽʥʘ çʘʛʣʦʤʝʨʘʮʽʷè, ʷʢʠʡ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʚʽʜʦʙʨʘʞʫʻ ʩʫʪʥʽʩʪʴ ʮʴʦʛʦ ʧʦʥʷʪʪʷ, 

ʫʨʘʭʦʚʫʶʯʠ ʚʩʽ ʩʬʝʨʠ ʥʘʫʢ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʪʘʢʦʶ ʪʝʤʘʪʠʢʦʶ, ʟʦʢʨʝʤʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, 

ʛʝʦʛʨʘʬʽʷ, ʝʢʦʥʦʤʽʢʘ, ʜʝʤʦʛʨʘʬʽʷ, 

ʩʦʮʽʦʣʦʛʽʷ ʪʦʱʦ.  

4. ʅʘʜʘʥʥʷ ʦʬʽʮʽʡʥʦʛʦ ʩʪʘʪʫʩʫ 

ʘʛʣʦʤʝʨʘʮʽʷʤ, ʚʠʟʥʘʯʠʚʰʠ ʾʭʥʽʡ ʧʨʘʚʦʚʠʡ 

ʩʪʘʪʫʩ. ʏʽʪʢʽʩʪʴ ʽ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʟʘʢʦʥʦʜʘʚʯʦʾ ʪʘ 

ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ.  

5. ɺʠʟʥʘʯʝʥʥʷ ʯʽʪʢʠʭ ʻʜʠʥʠʭ 

ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʦʟʥʘʢ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ 

ʪʝʨʠʪʦʨʽʶ ʷʢ ʘʛʣʦʤʝʨʘʮʽʶ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ 

ʪʝʨʠʪʦʨʽʡ ʟʦʥʠ ʚʧʣʠʚʫ ʘʛʣʦʤʝʨʘʮʽʾ.  

6. ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ ʫʧʨʘʚʣʽʥʥʷ 

ʘʛʣʦʤʝʨʘʮʽʷʤʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʘʚʦʚʦʛʦ ʪʘ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ 

ʩʢʣʘʜʽ ʟʦʥʠ ʚʧʣʠʚʫ ʘʛʣʦʤʝʨʘʮʽʡ.  

7. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ 

ʨʦʟʨʦʙʣʝʥʥʶ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, 

ʷʢʘ ʦʭʦʧʣʶʻ ʚʩʶ ʪʝʨʠʪʦʨʽʶ ʘʛʣʦʤʝʨʘʮʽʾ. 

ɹʝʟʧʝʨʝʯʥʦ, ʾʾ ʩʣʽʜ ʨʦʟʨʦʙʣʷʪʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʧʣʘʥʽʚ, ɼʝʨʞʘʚʥʦʾ ʩʪʨʘ-

ʪʝʛʽʾ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ɻʝʥʝʨʘʣʴʥʦʾ 

ʩʭʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ.
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(ʬʽʙʨʦʙʝʪʦʥ ʽ ʤʦʜʠʬʽʢʘʪʦʨ ʙʝʪʦʥʫ), ʥʘ ʷʢʠʡ ʟʘʣʠʚʘʶʪʴ ʦʩʥʦʚʥʝ ʧʝʨʝʢʨʠʪʪʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʣʘʩʠʯʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʘʙʦ ʤʝʪʘʣʝʚʦʛʦ ʩʫʙʢʘʨʢʘʩʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʝʨʝʢʨʠʪʪʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ 

ʚʝʣʠʢʦʧʘʥʝʣʴʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʦʥʪʘʞʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʩʪʘʪʪʽ 

ʩʫʙʢʘʨʢʘʩ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʧʝʨʝʨʽʟʠ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʫʙʦʙʝʪʦʥ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ, ʚʽʜʥʦʚʣʝʥʥʷ, ʧʝʨʝʢʨʠʪʪʷ, ʚʝʣʠʢʦʧʘʥʝʣʴʥʘ 

ʙʫʜʽʚʣʷ, ʢʦʥʩʪʨʫʢʮʽʾ. 

 

Abstract. The full-scale military invasion of Ukraine by the Russian Federation in February 

2022 caused widespread damage to civilian infrastructure, including large-panel residential 

buildings constructed primarily in the late Soviet period. These structures are prevalent in urban 

districts like Saltivka, a densely populated area of Kharkiv located near the state border. Due to their 

modular design and proximity to frontline hostilities, many of these buildings experienced either 

partial or complete destruction, particularly affecting floor slabs. 

This study investigates the restoration of floor systems in damaged large-panel buildings and 

proposes a practical, innovative reinforcement method based on tubular concrete (concrete-filled 

steel tubes) enhanced with a specialized infill composition. The solution involves constructing a steel 

subframe integrated with a modified concrete core that includes steel fiber and mineral additives to 

improve mechanical performance. Structural analysis and experimental tests demonstrated that this 

configuration significantly improves the stiffness and strength characteristics of floor elements while 

allowing for a reduction in slab thickness. Compared to traditional solutions, the proposed system 

offers up to 50 % less deformation than empty steel sections and about 30 % better performance than 

standard concrete-filled tubes. 

From a construction standpoint, the design allows for efficient assembly within existing 

buildings, maintaining room height and minimizing the impact on architectural ergonomics. 

Additional central beams redistribute loads more effectively, transforming the floor into a system 

supported along its entire perimeter, which reduces bending moments and enhances load-bearing 

capacity. 

This method addresses critical challenges in post-war reconstruction by providing a cost-

effective, scalable approach to residential rehabilitation. Its compatibility with prefabricated panel 

housing makes it particularly valuable in regions where restoring living space quickly and safely is 

essential. The findings confirm that tubular concrete elements with optimized infill materials can 

serve as a reliable alternative to traditional slab replacement techniques in the context of modern 

structural retrofitting. 

Keywords: concrete-filled tubes, structural rehabilitation, floor restoration, large-panel 

construction, load-bearing systems, reconstruction. 

 

ɺʩʪʫʧ. ʇʽʩʣʷ ʧʦʯʘʪʢʫ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʈʦʩʽʡʩʴʢʦʾ 

ʌʝʜʝʨʘʮʽʾ ʚ ʣʶʪʦʤʫ 2022 ʨʦʢʫ ʤʘʡʞʝ ʚʩʽ 

ʤʽʩʪʘ ʋʢʨʘʾʥʠ ʟʘʟʥʘʣʠ ʨʘʢʝʪʥʠʭ ʽ 

ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʦʙʩʪʨʽʣʽʚ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ 

ʧʦʚʥʦʛʦ ʘʙʦ ʯʘʩʪʢʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ. ʆʩʦʙʣʠʚʦ ʟʥʘʯʥʠʭ 

ʫʰʢʦʜʞʝʥʴ ʟʘʟʥʘʣʠ ʧʨʠʢʦʨʜʦʥʥʽ ʤʽʩʪʘ, 

ʟʦʢʨʝʤʘ ʤʽʩʪʦ ʍʘʨʢʽʚ [1]. ʅʘʡʙʽʣʴʰʝ 

ʧʦʩʪʨʘʞʜʘʣʠ ʪʘʢ ʟʚʘʥʽ çʩʧʘʣʴʥʽè ʨʘʡʦʥʠ, 

ʽʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʾʭʥʶ ʙʣʠʟʴʢʽʩʪʴ ʜʦ 

ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ ʟ ʢʨʘʾʥʦʶ-ʘʛʨʝʩʦʨʦʤ. 

ʎʽ ʨʘʡʦʥʠ ʟʘʙʫʜʦʚʫʚʘʣʠ ʧʝʨʝʚʘʞʥʦ ʧʽʩʣʷ 

1980 ʨʦʢʫ, ʘ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʞʠʪʣʦʚʦʛʦ 

ʬʦʥʜʫ ʚ ʥʠʭ ʩʢʣʘʜʘʶʪʴ ʚʝʣʠʢʦʧʘʥʝʣʴʥʽ 

ʙʫʜʠʥʢʠ. 

ɺʝʣʠʢʦʧʘʥʝʣʴʥʽ ʙʫʜʽʚʣʽ (ɺʇɹ) ʤʘʶʪʴ 

ʷʢ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʪʘʢ ʽ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ. 
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ʉʝʨʝʜ ʤʽʥʫʩʽʚ ð ʥʝ ʟʘʚʞʜʠ ʚʜʘʣʝ 

ʧʣʘʥʫʚʘʥʥʷ ʢʚʘʨʪʠʨ, ʥʝʚʝʣʠʢʘ ʚʠʩʦʪʘ 

ʧʨʠʤʽʱʝʥʴ, ʟʥʘʯʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʪʘ ʽʥʰʽ 

ʘʨʭʽʪʝʢʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ. ʇʨʦʪʝ ʛʦʣʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦʛʦ ʟʚʝʜʝʥʥʷ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʟʘʚʦʜʩʴʢʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ 

ʜʦʩʷʛʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʤʘʣʦʛʦ ʢʨʦʢʫ 

ʚʥʫʪʨʽʰʥʽʭ ʥʝʩʫʯʠʭ ʩʪʽʥ, ʘ ʪʘʢʦʞ ʥʘʜʽʡʥʦʩʪʽ 

ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʘʚʦʜʩʴʢʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ. 

ʄʠ ʧʨʦʚʝʣʠ ʜʝʪʘʣʴʥʝ ʦʙʩʪʝʞʝʥʥʷ 

ʢʽʣʴʢʦʭ ʧʦʰʢʦʜʞʝʥʠʭ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ 

ʙʫʜʽʚʝʣʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʉʘʣʪʽʚʮʽ ð 

ʦʜʥʦʤʫ ʟ ʥʘʡʙʽʣʴʰʠʭ ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʽʚ 

ʍʘʨʢʦʚʘ (ʨʠʩ. 1). ʎʝʡ ʨʘʡʦʥ ʟʘʟʥʘʚ ʟʥʘʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ʯʝʨʝʟ ʙʣʠʟʴʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦ 

ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ ð ʧʨʠʙʣʠʟʥʦ 20 ʢʤ. ʅʘ 

ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ 

ʧʦʙʣʠʟʫ ʥʴʦʛʦ ʚʽʜʙʫʚʘʣʠʩʷ ʘʢʪʠʚʥʽ ʙʦʡʦʚʽ 

ʜʽʾ. ʋʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʙʫʜʠʥʢʠ ʙʫʣʠ 

ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʘʚʘʨʽʡʥʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʰʢʦʜʞʝʥʴ ʫ 

ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ, ʾʭ ʚʜʘʣʦʩʷ 

ʟʛʨʫʧʫʚʘʪʠ ʟʘ ʪʠʧʦʚʠʤʠ ʦʟʥʘʢʘʤʠ.

 

 

 
 

ʈʠʩ. 1. ʊʠʧʦʚʽ ʨʫʡʥʫʚʘʥʥʷ ɺʇɹ 

 

ɹʫʣʦ ʚʠʜʽʣʝʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ 

ʧʦʰʢʦʜʞʝʥʴ: 

1. ʇʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʝ ʥʝ ʧʽʜʣʷʛʘʻ 
ʚʽʜʥʦʚʣʝʥʥʶ. 

2. ʏʘʩʪʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷ, ʩʧʨʠʯʠʥʝʥʝ 
ʧʨʷʤʠʤʠ ʚʣʫʯʘʥʥʷʤʠ ʩʥʘʨʷʜʽʚ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʧʦʰʢʦʜʞʝʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʥʦʚʣʝʥʽ ʚ ʤʝʞʘʭ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ. 

3. ʅʝʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ 
ʦʩʢʦʣʢʦʚʦʶ ʜʽʻʶ, ð ʚʽʜʢʦʣʠ, ʪʨʽʱʠʥʠ, 

ʧʦʜʨʷʧʠʥʠ. ʊʘʢʽ ʜʝʬʝʢʪʠ ʫʩʫʚʘʶʪʴ ʧʽʜ ʯʘʩ 

ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ. 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʤʦ ʪʽʣʴʢʠ 

ʧʝʨʝʢʨʠʪʪʷ ɺʇɹ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʢʣʘʩʠʯʥʠʭ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʭ (ʽʥʥʦʚʘʮʽʡʥʠʭ) 

ʤʝʪʦʜʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ 

ʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ (ʨʠʩ. 2). ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʽʜʝʥʪʠʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘʨʘʟʽ ʻ ʥʝʤʦʞʣʠʚʠʤ, 

ʦʩʢʽʣʴʢʠ ʟʘʚʦʜʠ ʟ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʞʝ ʥʝ 
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ʬʫʥʢʮʽʦʥʫʶʪʴ ʯʝʨʝʟ ʟʘʩʪʘʨʽʣʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ 

ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʦʙʩʷʛʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʊʦʤʫ ʜʦ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʫ ʘʙʦ ʤʝʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʘ [2], ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ 

ʧʝʨʝʢʨʠʪʪʷ, ʘ ʦʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ 

ʧʨʠʤʽʱʝʥʥʷ, ʷʢʘ ʽ ʙʝʟ ʪʦʛʦ ʻ ʥʝʚʝʣʠʢʦʶ ʚ 

ʪʘʢʠʭ ʙʫʜʠʥʢʘʭ. 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ [3] ʧʨʦʧʦʥʫʶʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʩʦʢʦʤʽʮʥʽ ʤʘʪʝʨʽʘʣʠ (ʙʝʪʦʥ 

ʽ ʘʨʤʘʪʫʨʫ), ʱʦ, ʙʝʟʩʫʤʥʽʚʥʦ, ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʧʝʨʝʨʽʟ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʪʝ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʧʝʨʝʢʨʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ, 

ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ ʜʝʬʽʮʠʪ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ.

 

 

 
 

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʚʽʜʥʦʚʣʝʥʥʷ ɺʇɹ 

 

ɯʩʥʫʶʪʴ ʤʝʪʦʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʪʘʣʝʙʝʪʦʥʥʠʭ ʙʘʣʦʢ [4, 5], ʦʜʥʘʢ ʚʦʥʠ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʟʘʛʘʣʴʥʫ ʪʦʚʱʠʥʫ 

ʧʝʨʝʢʨʠʪʪʷ. 

ɸʚʪʦʨʠ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʞ 

ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʦʛʦ 

ʪʨʫʙʦʙʝʪʦʥʫ [6, 7], ʧʨʦʪʝ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʫʙʦʙʝʪʦʥʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, 

ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʤʝʥʰ ʜʦʮʽʣʴʥʠʤ. 

ʊʘʢʦʞ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ [8, 

9] ʨʝʢʦʤʝʥʜʫʶʪʴ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ BIM-ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ. ɹʝʟʫʤʦʚʥʦ, ʮʝ 

ʩʫʯʘʩʥʘ ʤʝʪʦʜʠʢʘ, ʽ ʤʠ ʾʾ ʜʦʪʨʠʤʫʻʤʦʩʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʚʠʙʫʭʦʚʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ɺʇɹ ʧʦʰʢʦʜʞʝʥʽ ʥʝ ʣʠʰʝ 

ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʧʝʨʝʢʨʠʪʪʷ ʯʠ 

ʩʪʽʥʠ, ʘ ʽ ʾʭʥʽ ʟʚʘʨʥʽ ʟôʻʜʥʘʥʥʷ. ʏʝʨʝʟ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʘʡʞʝ ʚʩʽ ʩʪʽʥʠ ʫ 

ɺʇɹ ʻ ʥʝʩʫʯʠʤʠ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʨʫʡʥʫʚʘʥʴ ʫʩʽʻʾ 

ʙʫʜʽʚʣʽ ʥʘʚʽʪʴ ʽʟ ʚʪʨʘʪʦʶ ʦʜʥʽʻʾ ʟ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʱʘʩʪʷ, ʪʘʢʽ ʚʠʧʘʜʢʠ 

ʪʨʘʧʣʷʶʪʴʩʷ ʥʝʯʘʩʪʦ ʟʘʚʜʷʢʠ ʟʥʘʯʥʦʤʫ 

ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʩʧʦʨʫʜ. ʎʝ 

ʜʘʻ ʟʤʦʛʫ ʩʫʩʽʜʥʽʤ ʝʣʝʤʝʥʪʘʤ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʚʪʨʘʪʫ ʬʫʥʢʮʽʡ ʧʦʰʢʦʜʞʝʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʯʝʨʝʟ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʉʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʝʢʨʠʪʪʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ 

ʤʝʪʘʣʝʚʦʛʦ ʩʫʙʢʘʨʢʘʩʘ ʥʘ ʤʽʩʮʽ ʟʨʫʡʥʦʚʘʥʠʭ 

ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʣʘʰʪʫʚʘʥʥʷʤ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ. ʊʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʜʥʦʚʣʶʻ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ 

ʚʪʨʘʯʝʥʦʾ ʧʘʥʝʣʽ ʪʘ ʧʝʨʝʜʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʩʪʽʥʠ, ʚʽʜʥʦʚʣʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʮʽʣʽʩʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ɺʇɹ. 

ʅʘʤʠ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ, 

ʙʫʣʦ ʚʜʦʩʢʦʥʘʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʪʠʧʫ 

çʪʨʫʙʦʙʝʪʦʥè [10-13]. ʊʨʫʙʦʙʝʪʦʥ ð ʮʝ 

ʩʪʘʣʝʚʘ ʪʨʫʙʘ, ʟʘʧʦʚʥʝʥʘ ʙʝʪʦʥʦʤ. ɿʘʚʜʷʢʠ 

ʦʙ'ʻʤʥʦʤʫ ʦʙʪʠʩʢʫ ʙʝʪʦʥʫ ʩʪʽʥʢʘʤʠ ʪʨʫʙʠ 

ʡʦʛʦ ʤʽʮʥʽʩʥʽ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʝʥʽ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʪʨʫʙʦʙʝʪʦʥʫ ʻ ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ 

ʟʥʠʞʝʥʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʧʦʧʝʨʝʯʥʽ ʨʦʟʤʽʨʠ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ɺʇɹ, ʜʝ ʚʩʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʽ ʛʘʙʘʨʠʪʠ, ʟʫʤʦʚʣʝʥʽ ʟʘʚʦʜʩʴʢʠʤ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ. ʋ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʜʦʩʷʛʪʠ 

ʪʘʢʠʭ ʨʦʟʤʽʨʽʚ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ, ʟʦʢʨʝʤʘ, 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʨʠʩʥʦʾ ʧʣʦʱʽ ʢʚʘʨʪʠʨʠ 

ʧʽʩʣʷ ʾʾ ʚʽʜʥʦʚʣʝʥʥʷ. 

ɿʤʝʥʰʝʥʥʷ ʧʝʨʝʨʽʟʫ ʻ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤ ʽʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʧʝʨʝʢʨʠʪʪʽʚ, 

ʘʜʞʝ ʩʪʘʥʜʘʨʪʥʘ ʪʦʚʱʠʥʘ ʧʝʨʝʢʨʠʪʪʷ ʫ ɺʇɹ 

ʩʪʘʥʦʚʠʪʴ 140ï160 ʤʤ. ʆʪʨʠʤʘʪʠ ʘʥʘʣʦʛʽʯ-

ʥʫ ʪʦʚʱʠʥʫ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ ʚ ʫʤʦʚʘʭ 

ʚʝʣʠʢʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʟ ʚʽʜʥʦʰʝʥʥʷʤ ʩʪʦʨʽʥ 

ʙʽʣʴʰʝ ʜʚʦʭ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʣʠʪʘ ʧʨʘʮʶʻ ʷʢ ʙʘʣʢʘ ʥʘ 

ʜʚʦʭ ʦʧʦʨʘʭ ð ʫ ʢʦʨʦʪʢʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ 

ʚʜ̔ʥʦʚʣʝʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʘʨʭʽʪʝʢʪʫʨʥʫ ʩʢʣʘʜʦʚʫ, ʪʘʢ ʽ 

ʝʨʛʦʥʦʤʽʢʫ ʞʠʪʣʘ. ʊʘʢʦʞ ʮʝ ʫʩʢʣʘʜʥʶʻ 

ʚʠʨʽʰʝʥʥʷ ʚʫʟʣʽʚ ʩʪʠʢʫʚʘʥʥʷ ʩʪʘʨʠʭ ʽ ʥʦʚʠʭ 

ʧʝʨʝʢʨʠʪʪʽʚ ʽʟ ʥʝʩʫʯʠʤʠ ʩʪʽʥʘʤʠ. 

ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʩʪʚʦʨʠʪʠ ʩʫʙʢʘʨʢʘʩ ʽʟ 

ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʧʦʚʥʝʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʤ ʩʢʣʘʜʦʤ [11, 12], 

ʱʦʙ ʱʝ ʙʽʣʴʰʝ ʟʤʝʥʰʠʪʠ ʧʦʧʝʨʝʯʥʽ ʨʦʟʤʽʨʠ 

ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢ 

ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʫ ʚʝʣʠʢʫ ʢʽʤʥʘʪʫ 

(ʚʽʪʘʣʴʥʶ) ʫ ɺʇɹ (ʩʝʨʽʷ 111-162-1ʧ, 2ʧ, 3ʧ) 

ʨʦʟʤʽʨʘʤʠ 5250 Ĭ 3250 ʤʤ. 

ʇʦ ʧʝʨʠʤʝʪʨʫ ʢʽʤʥʘʪʠ ʧʨʦʧʦʥʦʚʘʥʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʩʪʽʡʦʢ. ʎʽ 

ʩʪʽʡʢʠ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʚʩʶ ʚʠʩʦʪʫ ʩʪʽʥʠ ʘʙʦ 

ʣʠʰʝ ʾʾ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʫ ʚʠʛʣʷʜʽ ʢʦʥʩʦʣʝʡ. 

ʂʨʽʧʣʷʪʴ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʠʣʴʦʢ; ʫ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʟʘʛʣʠʙʠʪʠ ʚ ʩʪʽʥʫ 

ʘʙʦ ʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʥʝʩʫʯʠʡ ʢʘʨʢʘʩ 

ʟʘʤʽʩʪʴ ʩʪʽʥʠ. 

ʇʦʚʝʨʭ ʩʪʽʡʦʢ ʤʦʥʪʫʶʪʴ ʩʫʙʢʘʨʢʘʩ, 

ʱʦ ʙʫʜʝ ʦʧʦʨʦʶ ʜʣʷ ʤʘʡʙʫʪʥʴʦʾ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ. ʎʝʡ ʩʫʙʢʘʨʢʘʩ ʩʧʨʦʱʫʻ ʤʦʥʪʘʞ 

ʽ ʟʙʽʣʴʰʫʻ ʧʣʦʱʫ ʩʧʠʨʘʥʥʷ. ʄʦʞʣʠʚʠʡ 

ʪʘʢʦʞ ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʟʘ 

ʷʢʦʛʦ ʩʫʙʢʘʨʢʘʩ ʽ ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ. ɹʘʣʢʠ ʜʦ ʩʪʽʥ 

ʢʨʽʧʣʷʪʴ ʪʘʢʦʞ ʰʧʠʣʴʢʘʤʠ. ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ 

ʢʽʣʴʢʽʩʪʴ ʩʪʽʡʦʢ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ 

ʜʦʜʘʪʢʦʚʘ ʙʘʣʢʘ, ʨʦʟʪʘʰʦʚʘʥʘ ʧʦ ʮʝʥʪʨʫ 

ʧʨʦʣʴʦʪʫ ʢʽʤʥʘʪʠ. ɿʘʚʜʷʢʠ ʾʡ ʟʤʽʥʶʻʪʴʩʷ 

ʩʭʝʤʘ ʨʦʙʦʪʠ ʚʩʽʻʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ: ʚʦʥʘ 

ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʷʢ ʧʣʠʪʘ, ʦʧʝʨʪʘ ʧʦ 

ʢʦʥʪʫʨʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʫ ʧʣʠʪʽ, ʱʦ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʭʝʤʘʪʠʯʥʦ ʮʝʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3, ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʚʫʟʣʽʚ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʽʟ 

ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʪʨʫʙʦʙʝʪʦʥʥʦʾ 

ʙʘʣʢʠ, ʟʘʧʦʚʥʝʥʦʾ ʷʢ ʩʪʘʥʜʘʨʪʥʠʤ ʙʝʪʦʥʦʤ 

ʢʣʘʩʫ ʉ16/20 (ɺʘʨ. ɺ-2), ʪʘʢ ʽ ʩʧʝʮʽʘʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʠʤ ʩʢʣʘʜʦʤ (ɺʘʨ. ɺ-3), ʘ ʪʘʢʦʞ ʧʦ-

ʨʦʞʥʴʦʶ ʪʨʫʙʦʶ ʙʝʟ ʟʘʧʦʚʥʝʥʥʷ (ɺʘʨ. ɺ-1). 

ʉʧʝʮʽʘʣʴʥʠʡ ʩʢʣʘʜ ʚʢʣʶʯʘʻ ʙʝʪʦʥ 

ʉ16/20 ʟ ʜʦʜʘʚʘʥʥʷʤ 1,5 % ʤʝʪʘʣʝʚʦʾ ʬʽʙʨʠ 

ʪʘ 15 % ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʰʣʘʤʫ 

ʤʦʢʨʦʛʦ ʛʘʟʦʦʯʠʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʬʝʨʦʩʠʣʽʮʽʶ, ʘ ʪʘʢʦʞ ʩʫʧʝʨʧʣʘʩʪʠʬʽʢʘʪʦʨʘ 

ʉʇ-1. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʧʝʨʝʢʨʠʪʪʷ 

 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʛʦʪʦʚʣʷʣʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʞʝʥ 

ʟʨʘʟʦʢ ʧʦ ʪʨʠ ʦʜʠʥʠʮʽ): 

¶ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ: 100Ĭ100Ĭ3 ʤʤ 

(ʪʨʫʙʘ ʢʚʘʜʨʘʪʥʘ, tʩʪʽʥʢʠ = 3 ʤʤ); 

¶ ʜʦʚʞʠʥʘ: 1300 ʤʤ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ ʟ ʧʨʦʣʴʦʪʦʤ 1200 ʤʤ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʣʠ ʫ ʪʨʝʪʠʥʘʭ 

ʧʨʦʣʴʦʪʫ, ʩʪʚʦʨʶʶʯʠ ʟʦʥʫ ʯʠʩʪʦʛʦ ʟʛʠʥʫ 

(ʬʦʪʦ ʽ ʩʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʜʘʥʦ ʥʘ 

ʨʠʩ. 4, 5). 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʷʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1, 2.

 

 

 
 

ʈʠʩ. 4. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʈʠʩ. 5. ɿʛʠʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʪʨʫʙʦʙʝʪʦʥʫ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ 

 

ʊʘʙʣʠʮʷ 1 

ʄʘʢʩʠʤʘʣʴʥʽ ʧʨʦʛʠʥʠ ʙʘʣʦʢ ʫ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʉʝʨʽʷ ʟʨʘʟʢʽʚ 
ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʧʨʦʛʠʥ f , ʤʤ 

ɺʽʜʧʦʚʽʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

F, ʢʅ 

ʉʝʨʝʜʥʝ ʟʥʘʯʝʥʥʷ 

æf , ʤʤ 

ɺ1-1 10,06 90  

9,83 ɺ1-2 9,8 75 

ɺ1-3 9,63 75 

ɺ2-1 9,5 86  

10 ɺ2-2 10,7 95 

ɺ2-3 9,8 89 

ɺ3-1 9 97  

9,33 ɺ3-2 10,2 10,8 

ɺ3-3 8,79 95 

 

ʊʘʙʣʠʮʷ 2 

ɿʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʜʝʬʦʨʤʘʮʽʡ 

ɿʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ʄ, ʢʅʤ 

ɼʝʬʦʨʤʘʮʽʾ ŮʘĿ10
-5 

ɺ-1 ɺ-2 ɺ-3 

i-1 i-2 i-1 i-2 i-1 i-2 

6 16 -20 13 -16 7 -9 

10 30 -50 20 -30 12 -17 

12 40 -72 25 -37 16 -20 

14 70 -120 30 -50 18 -24 

20 - - 170 -180 30 -42 

26 - - - - 70 -99 
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʪʘʙʣʠʮʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʤʘʡʞʝ ʥʘ 50 % 

ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʣʶʯʥʦ 

ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʽ ʥʘ 30 % 

ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʢʣʘʩʠʯʥʠʡ ʪʨʫʙʦʙʝʪʦʥ. 

ɿʤʦʜʝʣʶʻʤʦ ʚʠʙʨʘʥʝ ʧʝʨʝʢʨʠʪʪʷ 

(ʨʠʩ. 3) ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ çʃʽʨʘè. ʗʢ 

ʧʣʠʪʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʣʘʩʪʠʥʫ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʝʪʦʥʫ ʪʦʚʱʠʥʦʶ 150 ʤʤ, ʷʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʫʙʢʘʨʢʘʩ ï ʩʪʨʠʞʝʥʴ ʽʟ 

ʟʘʜʘʥʦʶ ʞʦʨʩʪʢʽʩʪʶ, ʦʙʫʤʦʚʣʝʥʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [11, 

12], ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʫʨʙʦʙʝʪʦʥʥʽʡ ʙʘʣʮʽ 

ɺ-3. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʡʜʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʢʨʠʪʪʷ ʽ 

ʧʨʦʛʠʥʠ (ʨʠʩ. 6, 7).

 

 

 
ʈʠʩ. 6. ʇʨʦʛʠʥ ʟʘʧʨʦʻʢʪʦʚʘʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 

 
ʈʠʩ. 7. ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʟʘʧʨʦʻʢʪʦʚʘʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʝʢʨʠʪʪʷ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʡ ʧʨʦʛʠʥ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʢʠ 

[14] 3250/200 = 16 ʤʤ > 6 ʤʤ. 

ʊʘʢʦʞ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪ 

ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʢʨʠʪʪʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʨʫʙʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ (ʨʠʩ. 8). ʅʘ ʩʭʝʤʽ ʧʦʢʘʟʘʥʽ 

ʪʨʫʙʦʙʝʪʦʥʥʽ ʙʘʣʢʠ, ʥʘ ʷʢʽ ʚʨʽʟʘʥʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ, ʱʦʙ 

ʟʥʠʟʠʪʠ ʪʦʚʱʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. 

ɼʣʷ ʙʽʣʴʰʦʾ ʞʦʨʩʪʢʦʩʪʽ ʘʨʤʘʪʫʨʥʽ ʩʪʨʠʞʥʽ 

ʧʣʠʪʠ ʧʨʠʚʘʨʶʶʪʴ ʜʦ ʪʨʫʙʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ. 

ʊʘʢʽ ʚʘʨʽʘʥʪʠ ʩʭʝʤʘʪʠʯʥʽ, ʫ ʥʠʭ ʧʦʪʨʽʙʥʦ 

ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʽʙʨʘʪʠ ʚʫʟʣʠ, ʘ ʪʘʢʦʞ 

ʧʦʢʘʟʥʠʢʠ ʟʚʫʢʦʽʟʦʣʷʮʽʾ ʪʘʢʠʭ ʧʝʨʝʢʨʠʪʪʽʚ. 

ʗʢ ʧʨʦʧʦʟʠʮʽʷ, ʥʠʟ ʪʘʢʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʤʦʞʥʘ 

ʟʘʢʨʠʪʠ ʥʘʪʷʞʥʦʶ ʩʪʝʣʝʶ.

 

 
 

ʈʠʩ. 8. ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʢʨʠʪʪʷ 

 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʢʘʟʫʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʫʙʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʉʪʚʦʨʝʥʠʡ 

ʩʫʙʢʘʨʢʘʩ ʤʘʻ ʟʥʘʯʥʫ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʢʨʠʪʪʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ 

ɺʇɹ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʆʪʞʝ, ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʦʥʦʤʽʯ-

ʥʠʡ ʽ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʚʽʜʥʦʚʣʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʢʨʠʪʪʷ 

ɺʇɹ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʩʪʴ ʟʤʦʛʫ ʫ 

ʩʪʠʩʣʠʡ ʪʝʨʤʽʥ ʚʽʜʨʝʤʦʥʪʫʚʘʪʠ ʧʦʰʢʦʜʞʝʥʽ 

ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʱʦ ʩʧʨʠʷʪʠʤʝ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʦʟʚôʷʟʘʥʥʶ ʧʨʦʙʣʝʤʠ 

ʨʦʟʩʝʣʝʥʥʷ ʣʶʜʝʡ ʫ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ.
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ʇʆʈɯɺʅʗʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɽʃɽʂʊʈʀʏʅʀʍ ʇʆʊɽʅʎɯɸʃɯɺ ʅɸ 

ʂʆʈʆɿɯʁʅɯ ʇʈʆʎɽʉʀ ɺ ɿɸʃɯɿʅʀʏʅʀʍ ʐʇɸʃɸʍ ɯɿ ɹɽʊʆʅʋ ɿɯ ʉʊɸʃɽɺʆʖ 

ʊɸ ʂʆʄʇʆɿʀʊʅʆʖ ɸʈʄɸʊʋʈʆʖ 
 

ɼ-ʨ ʪʝʭʥ. ʥʘʫʢ ɸ. ɸ. ʇʣʫʛʽʥ, ʘʩʧʽʨʘʥʪʠ ʄ. ɸ. ʄʫʨʠʛʽʥ, ʉ. ʄ. ʄʫʩʽʻʥʢʦ, 

ʜʦʢʪʦʨʠ ʪʝʭʥ. ʥʘʫʢ ɯ. ʆ. ʈʝʜʴʢʦ, ɽ. ʉ. ɻʝʚʦʨʢʷʥ 

 

COMPARATIVE STUDIES OF THE INFLUENCE OF ELECTRIC POTENTIALS ON 

CORROSION PROCESSES IN CONCRETE RAILWAY SLEEPERS WITH STEEL 

AND COMPOSITE REINFORCEMENT  
 

Dr. Sc. (Tech.) A. A. Plugin, postgraduate students M. A. Murygin,  

S. M. Musienko, Dr. Sc. (Tech.) I. O. Redko, Dr. Sc. (Tech.) E. S. Gevorkian  
 

DOI: https://doi.org/10.18664/1994-7852.213.2025.341989 
 

ɸʥʦʪʘʮʽʷ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʰʧʘʣ ʽʟ ʙʝʪʦʥʫ, ʟʘʧʦʙʽʛʘʥʥʷ 

ʩʪʽʢʘʥʥʶ ʟ ʨʝʡʦʢ ʪʷʛʦʚʠʭ ʩʪʨʫʤʽʚ ʽ ʾʭʥʴʦʛʦ ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʤʽʥʠʪʠ ʚ ʰʧʘʣʘʭ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʢʦʤʧʦʟʠʪʥʦʶ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʰʣʷʭʠ 

ʧʨʦʪʽʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ ʯʝʨʝʟ ʰʧʘʣʠ, ʘ ʪʘʢʦʞ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ʢʦʨʦʟʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ʰʧʘʣ ʟʽ ʩʪʘʣʝʚʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʫ ʙʝʪʦʥʽ ʪʘ ʘʨʤʘʪʫʨʽ 

ʚ ʨʘʟʽ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. ʄʝʪʦʜʠʢʘ ʧʦʣʷʛʘʻ ʚ ʥʘʢʣʘʜʘʥʥʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ï ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʧʫʣʴʩʫʶʯʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʛʦ ï ʥʘ ʟʨʘʟʢʠ-ʤʦʜʝʣʽ ʰʧʘʣ ʽ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʣʫʯʝʥʠʭ ʽʟ ʤʦʜʝʣʝʡ ʟʨʘʟʢʽʚ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʽʚ ʚʢʣʶʯʥʦ ʟ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷʤ 

ʪʘ ʝʣʝʢʪʨʦʥʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ ʟ ʝʣʝʤʝʥʪʥʠʤ ʤʽʢʨʦʘʥʘʣʽʟʦʤ. ʅʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ 

ʦʪʨʠʤʫʚʘʪʠ ʚʝʣʠʯʠʥʠ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ï ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʄ ʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʅ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʾʾ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʦʛʦ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʥʦʛʦ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʄ ʽ H ʟʥʠʞʫʶʪʴʩʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʛʨʘʥʽ ʟʨʘʟʢʘ, ʥʘ ʷʢʫ ʧʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ 

ʥʘʢʣʘʜʘʣʠ ʥʝʛʘʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʋʩʝʨʝʜʠʥʽ ʤʦʜʝʣʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ M ̔  ʅ, 

ʘ ʾʭʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʘʟʥʘʯʝʥʦʾ ʛʨʘʥʽ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʩʪʫʧʝʥʝʚʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʪʘ ʧʦʣʽʥʦʤʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʝʣʠʯʠʥʠ ʥʝʚʠʣʫʞʝʥʦʛʦ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʣʫʞʝʥʦʛʦ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʙʝʪʦʥʫ ʰʧʘʣ ɺ/ʎ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʮʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʝʪʦʥʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʥʘʢʣʘʜʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʧʫʣʴʩʫʶʯʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʛʦ) ʽ ʚʠʜʫ 

ʘʨʤʘʪʫʨʠ (ʩʪʘʣʝʚʦʾ ʯʠ ʢʦʤʧʦʟʠʪʥʦʾ).  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʰʧʘʣʘ, ʢʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ, ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ, 

ʧʦʩʪʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʝʣʝʢʪʨʦʢʦʨʦʟʽʷ, ʥʘʥʦʽʜʝʥʪʘʮʽʷ. 

 

Abstract: To reduce the electrical conductivity of concrete railway sleepers, minimize the 

leakage of traction currents from the rails, and mitigate their electrocorrosive impact on structural 

elements, the replacement of conventional steel reinforcement with composite reinforcement has been 

proposed. An analysis of current flow paths through the sleepers and a review of conventional 

methods for investigating corrosion caused by stray currents were performed. Based on this analysis, 

a comprehensive experimental methodology was developed to comparatively evaluate the 
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electrocorrosion behavior of concrete sleepers and other reinforced elements with steel and 

composite reinforcement. The methodology focuses on processes occurring in concrete and 

reinforcement under the influence of externally applied electrical potentials. The experimental 

program involves applying either direct electrical potential or pulsating unidirectional electrical 

potential to specimens ï sleeper models and subsequently examining extracted specimens using a 

combination of techniques, including nanoindentation and scanning electron microscopy with 

energy-dispersive X-ray spectroscopy (SEM-EDS). Nanoindentation was employed to determine 

micromechanical properties of the cement paste, namely the elastic modulus (M) and microhardness 

(H), which are sensitive to the degree of electromigration-induced leaching. Experimental results 

showed that M and H decrease progressively from the surface exposed to the negative potential 

during the test. The highest values were retained in the core of the specimen, and their dependence 

on the distance from the negatively polarized surface was well approximated by power-law and 

polynomial functions. Baseline and maximum leaching values of M and H were established for cement 

paste with a water-to-cement ratio of 0.35, which is typical for sleeper concrete. It was further 

observed that the shape of the M and H profiles, and therefore the intensity of electrocorrosion 

processes in concrete, depends on both the type of applied electrical potential (constant or pulsating 

unidirectional) and the type of reinforcement (steel or composite). 

Keywords: reinforced concrete sleeper, composite reinforcement, cement paste, direct 

electrical potential, electrocorrosion, nanoindentation. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ 

ʟʘʣʽʟʥʠʮʷʭ ʩʚʽʪʫ ʦʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ 

ʧʽʜʨʝʡʢʦʚʠʭ ʦʩʥʦʚ ʻ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʪʘ 

ʜʝʨʝʚôʷʥʽ ʰʧʘʣʠ. ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʨʝʚôʷʥʠʤʠ ʥʝ ʟʘʟʥʘʶʪʴ 

ʙʽʦʧʦʰʢʦʜʞʝʥʴ ʽ ʤʝʥʰʝ ʟʥʦʰʫʶʪʴʩʷ ʚ 

ʧʽʜʨʝʡʢʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʦʪʞʝ ʤʘʶʪʴ 

ʙʽʣʴʰʠʡ ʨʝʩʫʨʩ (ʜʦʚʛʦʚʽʯʥʽʩʪʴ). 

ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʰʧʘʣʠ ʙʽʣʴʰ ʥʘʜʽʡʥʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʣʽʾ ʯʝʨʝʟ 

ʙʽʣʴʰʫ ʤʘʩʫ ʪʘ ʤʽʮʥʽʩʪʴ ʫʪʨʠʤʘʥʥʷ ʜʝʪʘʣʝʡ 

ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ, ʪʦʤʫ ʩʘʤʝ ʚʦʥʠ 

ʧʝʨʝʚʘʞʥʽ ʜʣʷ ʜʽʣʷʥʦʢ ʽʟ ʙʽʣʴʰʦʶ 

ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʽʩʪʶ ʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ, ʘ 

ʪʘʢʦʞ ʙʝʟʩʪʠʢʦʚʦʾ ʢʦʣʽʾ. ɸʣʝ ʚ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʻ ʡ ʥʠʟʢʘ ʥʝʜʦʣʽʢʽʚ. 

ʏʝʨʝʟ ʾʭʥʶ ʙʽʣʴʰʫ ʤʘʩʫ ʧʦʪʨʽʙʥʽ ʙʽʣʴʰ 

ʧʦʪʫʞʥʽ ʟʘʩʦʙʠ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ 

ʝʥʝʨʛʦʨʝʩʫʨʩʦʚʠʪʨʘʪʠ ʥʘ ʫʢʣʘʜʘʥʥʷ ʽ 

ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʾ. ʐʧʘʣʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ, 

ʱʦ ʫ ʚʦʣʦʛʫ ʧʦʛʦʜʫ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʟʽ ʟʥʦʩʫ 

ʜʝʪʘʣʝʡ ʽʟʦʣʷʮʽʾ ʪʘ ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʪʨʽʱʠʥ ʫ 

ʙʝʪʦʥʽ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ 

ʪʷʛʦʚʦʛʦ ʩʪʨʫʤʫ ʥʘ ʜʽʣʷʥʢʘʭ, 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʷʢ ʧʝʨʝʤʽʥʥʠʤ, ʪʘʢ ʽ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. ɺʧʣʠʚʘʻ ʥʘ ʰʣʷʭʠ 

ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ ʽ ʥʘʷʚʥʽʩʪʴ ʚʠʧʫʩʢʽʚ 

ʘʨʤʘʪʫʨʠ ʥʘ ʪʦʨʮʷʭ ʰʧʘʣ, ʦʙʫʤʦʚʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʻʶ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʇʦʩʪʽʡʥʽ 

ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʦʙʫʤʦʚʣʶʶʪʴ 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʤʝʪʘʣʝʚʠʭ 

ʜʝʪʘʣʷʭ, ʘʨʤʘʪʫʨʽ ʪʘ ʥʘʚʽʪʴ ʙʝʪʦʥʽ ʰʧʘʣ ʽ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʰʣʷʭʫ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ 

ʤʝʪʘʣʝʚʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. 

ʈʘʥʽʰʝ ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘ 

ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʮʴ, ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʫʢʣʘʜʘʪʠ ʰʧʘʣʠ ʟ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʷʢʫ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʽʟ ʙʘʟʘʣʴʪʦʚʠʭ ʘʙʦ ʩʢʣʷʥʠʭ ʚʦʣʦʢʦʥ, 

ʩʢʣʝʻʥʠʭ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ. ʇʨʠʧʫʱʝʥʦ ʽ 

ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʟʘʤʽʥʘ ʚ 

ʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ 

ʢʦʤʧʦʟʠʪʥʦʶ ʧʽʜʚʠʱʠʪʴ ʾʭʥʽʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ; ʟʥʠʟʠʪʴ ʩʪʨʫʤʠ ʚʠʪʦʢʫ (ʟʦʢʨʝʤʘ ʚʪʨʘʪʠ 

ʪʷʛʦʚʦʛʦ ʩʪʨʫʤʫ); ʫʩʫʥʝ ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʪʽʢʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʽ ʚʧʣʠʚʦʤ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ; 

ʜʘʩʪʴ ʟʤʦʛʫ ʧʦʤôʷʢʰʠʪʠ ʚʠʤʦʛʠ ʱʦʜʦ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʰʧʘʣ ʽ ʟʥʠʟʠʪʠ ʟʫʩʠʣʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʘʨʤʘʪʫʨʠ. ʇʨʦʪʝ 

ʬʘʢʪʠʯʥʘ ʧʦʚʝʜʽʥʢʘ ʰʧʘʣ ʽʟ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ ʚ ʨʘʟʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ 

ʟʘʣʠʰʘʣʘʩʷ ʤʘʡʞʝ ʥʝʜʦʩʣʽʜʞʝʥʦʶ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ. ʊʦʤʫ ʧʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘʢʠʭ ʚʧʣʠʚʽʚ ʥʘ ʰʧʘʣʠ ʟʽ ʩʪʘʣʝʚʦʶ ʪʘ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ɺʽʜʦʤʦ, ʱʦ ʟ ʚʧʣʠʚʦʤ 

ʧʦʩʪʽʡʥʠʭ ʩʪʨʫʤʽʚ, ʟʦʢʨʝʤʘ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ ʟ 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʨʝʡʢʦʚʠʭ ʢʦʣʽʡ 

ʟʘʣʽʟʥʠʮʴ, ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʘʨʤʘʪʫʨʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [1, 2], ʟʘʟʥʘʶʪʴ 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʾ [3, 4]. ɽʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ 

ʧʦʰʢʦʜʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʪʘʢʦʞ ʫ 

ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʽ [5].  

ʋ ʨʦʙʦʪʽ [1] ʪʘ ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʠ 

ʜʦʚʦʜʷʪʴ, ʱʦ ʟ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʦʜ-

ʥʦʥʘʧʨʘʚʣʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʫʪʚʦʨʶʶʪʴʩʷ ʩʪʨʫʤʠ ʚʠʪʦʢʫ 

(ʨʠʩ. 1, ʘ) ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦ-

ʢʦʨʦʟʽʾ ʙʝʪʦʥʫ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ 

ʙʘʛʘʪʦʢʨʘʪʥʽʡ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʽʜʦʤʠʭ ʚʠʜʽʚ 

ʢʦʨʦʟʽʾ, ʟʘʣʝʞʥʠʭ ʚʽʜ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ 

ʽʦʥʽʚ ï ʚʠʣʫʛʦʚʫʚʘʥʥʷ (ʨʠʩ. 1, ʙ), ʚʥʫʪʨʽʰ-

ʥʴʦʾ ʢʦʨʦʟʽʾ ʚʽʜ ʣʫʞʥʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʾ 

ʨʝʘʢʮʽʾ (ʨʠʩ. 1, ʚ) ʪʦʱʦ. ʋ ʨʦʙʦʪʽ [6] ʜʦʚʝ-

ʜʝʥʦ, ʱʦ ʝʣʝʢʪʨʠʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʧʨʠʩʢʦʨʶ-

ʶʪʴ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ 

ʽʦʥʽʚ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ.

     
 

ʘ                                                                        ʙ                                                 ʚ     

        

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʚʠʪʦʢʫ ʫ ʚʦʣʦʛʫ ʧʦʛʦʜʫ [1]:  

1 ï ʯʝʨʝʟ ʰʧʘʣʫ ʪʘ ʙʘʣʘʩʪ; ʙ ï ʯʝʨʝʟ ʙʝʪʦʥ ʽ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ ʰʧʘʣʠ; ʚ ï ʯʝʨʝʟ ʙʝʪʦʥ ʰʧʘʣʠ 

ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʡʦʛʦ ʢʦʨʦʟʽʾ ʚʽʜ ASR; 1 ï ʨʝʡʢʘ; 2 ï ʨʝʡʢʦʚʝ ʩʢʨʽʧʣʝʥʥʷ; 3 ï ʙʝʪʦʥ ʰʧʘʣʠ;  

4 ï ʘʨʤʘʪʫʨʥʠʡ ʜʨʽʪ; 5 ï ʙʘʣʘʩʪ; 6 ï ʟʝʤʣʷʥʝ ʧʦʣʦʪʥʦ; 7 ï ʩʪʨʫʤ ʚʠʪʦʢʫ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʘʞ ʜʦ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [7, 8]. ɸʣʝ ʟʘ ʮʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚʠʚʯʘʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʶ ʘʨʤʘʪʫʨʠ. ʋ ʨʦʙʦʪʽ [1] ʪʘ 

ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʠ ʢʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʙʝʪʦʥ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ 

ʪʘ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ, ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʨʅ-ʤʝʪʨʽʾ, ʦʧʪʠʯʥʦʾ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʎʽ 

ʤʝʪʦʜʠ ʥʝ ʟʘʚʞʜʠ ʪʦʯʥʽ, ʘʣʝ ʻ ʥʝʟʘʣʝʞʥʠʤʠ 

ʽ ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ. 

ʋ ʨʦʙʦʪʽ [9] ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʶ 

ʤʽʞ ʚʽʜʥʦʰʝʥʥʷʤ Ca/Si ʽ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ 

ʢʦʨʝʣʷʮʽʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ [10] 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʙʝʪʦʥ. ɺʚʘʞʘʻʤʦ, ʱʦ ʮʝʡ ʤʝʪʦʜ 

ʷʢ ʥʝʟʘʣʝʞʥʠʡ ʜʦʙʨʝ ʜʦʧʦʚʥʶʻ ʚʽʜʦʤʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʙʝʪʦʥʽ ʪʘ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘʩʣʽʜʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ 

ʚʽʜ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ ʪʘ ʽʥʰʠʭ ʘʛʨʝʩʠʚʥʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʙʝʪʦʥʥʽ ʰʧʘʣʠ ʟʽ ʩʪʘʣʝʚʦʶ 
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ʜʨʦʪʷʥʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʥʦ ʟ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷʤ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ: ʨʦʟʨʦʙʠʪʠ ʤʝ-

ʪʦʜʠʢʫ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʧʫʣʴʩʫʶʯʦʛʦ ʦʜʥʦʥʘʧʨʘʚ-

ʣʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʰʧʘʣʠ ʟ 

ʙʝʪʦʥʫ ʟʽ ʩʪʘʣʝʚʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ ʥʘ ʤʦʜʝʣʷʭ; ʜʦʩʣʽʜʠʪʠ ʥʝʡʪʨʘ-

ʣʽʟʘʮʽʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʚʠʟʥʘʯʠʪʠ 

ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ, ʜʦʩʣʽʜʠʪʠ 

ʢʦʨʦʟʽʶ ʘʨʤʘʪʫʨʠ, ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʚ ʨʘʟʽ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥ-

ʮʽʘʣʽʚ ʫ ʤʦʜʝʣʷʭ; ʚʠʢʦʥʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ. ʇʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ (ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ) ʪʘ ʽʥʰʠʭ 

ʘʛʨʝʩʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʙʝʪʦʥʥʽ ʰʧʘʣʠ ʟʽ 

ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ ʚʠʢʦʥʫʚʘʣʠ ʢʦʤʧʣʝʢʩʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʘʩʣʽʜʢʽʚ ʮʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ʟʨʘʟʢʠ, ʱʦ ʤʦʜʝʣʶʚʘʣʠ ʪʘʢʽ ʰʧʘʣʠ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʪʘʙʣ. 1). ɽʣʝʢʪʨʠʯʥʽ ʪʘ ʽʥʰʽ 

ʘʛʨʝʩʠʚʥʽ ʚʧʣʠʚʠ ʩʪʚʦʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʚʝʜʝʥʠʭ ʫ 

ʪʘʙʣ. 1.

 

ʊʘʙʣʠʮʷ 1 

ɸʛʨʝʩʠʚʥʽ ʚʧʣʠʚʠ ʥʘ ʰʧʘʣʠ ʟ ʙʝʪʦʥʫ ʚ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʽʡ ʢʦʣʽʾ, ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʩʭʝʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʟʨʘʟʢʽʚ, ʱʦ ʾʭ ʤʦʜʝʣʶʶʪʴ 

ʅʦʤʝʨ 

ʚʧʣʠʚʫ 
ʆʧʠʩ ʘʛʨʝʩʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʇʦʟʥʘʯʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʪʘ ʟʨʘʟʢʘ ʟ ʘʨʤʘʪʫʨʦʶ   

ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ S ʢʦʤʧʦʟʠʪʥʦʶ ʉ 

1 2 3 

1 

ʂʘʧʽʣʷʨʥʝ ʧʽʜʥʷʪʪʷ ʚʦʜʠ ʟ 

ʦʙʚʦʜʥʝʥʦʛʦ ʙʘʣʘʩʪʫ ʚʽʜ ʧʽʜʦʰʚʠ  

ʜʦ ʚʝʨʭʫ ʰʧʘʣʠ 

 

2 

ɼʠʬʫʟʽʷ ʭʣʦʨʠʜ-ʽʦʥʽʚ (ʨʦʟʯʠʥʫ ʩʦʣʽ, 

ʜʦʙʨʠʚ, ʱʦ ʧʨʦʩʠʧʘʶʪʴʩʷ ʥʘ ʢʦʣʽʶ) 

ʫ ʚʦʣʦʛʫ ʧʦʛʦʜʫ ʚʽʜ ʧʽʜʦʰʚʠ ʜʦ 

ʚʝʨʭʫ ʰʧʘʣʠ 

 

3d 

ʉʪʨʫʤ ʚʠʪʦʢʫ ʚʽʜ ʧʦʩʪʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʨʝʡʮʽ 

+40 ɺ ʫ ʚʦʣʦʛʫ ʧʦʛʦʜʫ (ʨʠʩ. 1, ʘ) 

ʧʨʦʪʷʛʦʤ 8,4 ʜʦʙʠ  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1 

1 2 3 

4d 

ɽʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʭʣʦʨʠʜ-ʽʦʥʽʚ ʟʘ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʨʝʡʮʽ 

+40 ɺ (ʨʠʩ. 1, ʘ) ʧʨʦʪʷʛʦʤ 94 ʛʦʜ  

 

3p 

ʉʪʨʫʤ ʚʠʪʦʢʫ ʚʽʜ ʇʆɽʇ +40 ɺ ʫ 

ʚʦʣʦʛʫ ʧʦʛʦʜʫ (ʨʠʩ. 1, ʘ) ʧʨʦʪʷʛʦʤ 

14 ʜʽʙ  

 

4p 

ɽʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʭʣʦʨʠʜ-ʽʦʥʽʚ ʚʽʜ ʇʆɽʇ +40 ɺ 

(ʨʠʩ. 1, ʘ) ʧʨʦʪʷʛʦʤ 160 ʛʦʜ  

 

ʇʨʠʤʽʪʢʠ: ʇʆɽʇ ï ʧʦʩʪʽʡʥʠʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ (15 ʭʚ ʫʚʽʤʢʥʝʥʦ, 

10 ʭʚ ʚʠʤʢʥʝʥʦ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʭʦʜʞʝʥʥʶ ʝʣʝʢʪʨʦʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʩʝʢʮʽʻʶ 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʦʾ ʢʦʣʽʾ; 160 ʛʦʜ ʚʧʣʠʚʫ ʇʆɽʇ ʟʘ ʢʽʣʴʢʽʩʪʶ ʝʣʝʢʪʨʠʢʠ ʚʽʜʧʦʚʽʜʘʻ 96 ʛʦʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ; 1 ï ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʘʙʦ ʨʦʟʯʠʥ ʟʨʘʟʢʘ; 2 ï ʩʪʘʣʝʚʘ 

ʜʨʦʪʷʥʘ ʘʨʤʘʪʫʨʘ; 3 ï ʢʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ; 4 ï ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʥʘ ʪʨʫʙʘ; 5 ï ʩʠʣʽʢʦʥʦʚʠʡ 

ʛʝʨʤʝʪʠʢ; 6 ï ʧʦʣʽʝʪʠʣʝʥʦʚʠʡ ʢʦʥʪʝʡʥʝʨ; 7 ï ʩʪʘʣʝʚʠʡ ʥʘʢʣʘʜʥʠʡ ʝʣʝʢʪʨʦʜ.  

 

ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠ ʽʟ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʟ ɺ/ʎ = 0,35 (ʟʨʘʟʢʠ S1, C1, S3, C3) ʽ 

ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ 1:1, ɺ/ʎ = 0,35 

(S2, C2, S4, C4) ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʽʚ 

ʜʽʘʤʝʪʨʦʤ 100 ʤʤ ʽ ʚʠʩʦʪʦʶ 40 ʤʤ, 

ʧʦʤʽʱʝʥʠʭ ʫ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʥʽ ʪʨʫʙʠ 

ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ ʽ ʚʠʩʦʪʦʶ 100 ʤʤ. ʋ 

ʪʨʫʙʠ ʯʝʨʝʟ ʧʨʦʩʚʝʨʜʣʝʥʽ ʫ ʩʪʽʥʢʘʭ ʥʘ ʚʠʩʦʪʽ 

20 ʤʤ ʦʪʚʦʨʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʩʪʘʣʝʚʫ 

ʜʨʦʪʷʥʫ ʘʨʤʘʪʫʨʫ 4Å3 ʤʤ (S1, S2, S3) ʘʙʦ 

ʢʦʤʧʦʟʠʪʥʫ ʙʘʟʘʣʴʪʦʚʦ-ʝʧʦʢʩʠʜʥʫ ʘʨʤʘʪʫʨʫ 

Å8 ʤʤ (ʉ1, ʉ2, ʉ3) ʜʦʚʞʠʥʦʶ 130 ʤʤ 

(ʨʠʩ. 2, ʘ) ʽ ʟʘʧʦʚʥʶʚʘʣʠ ʾʭ ʥʘ ʚʠʩʦʪʫ 40 ʤʤ 

ʮʝʤʝʥʪʥʠʤ ʪʽʩʪʦʤ/ʨʦʟʯʠʥʦʤ ʟ ʫʱʽʣʴʥʝʥʥʷʤ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʚʽʙʨʦʤʘʡʜʘʥʯʠʢʫ (ʨʠʩ. 2, ʙ). ɿʨʘʟʢʠ 

ʧʽʜʜʘʚʘʣʠ ʪʝʧʣʦʚʦʣʦʛʽʩʥʽʡ ʦʙʨʦʙʮʽ ʚ 

ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʨʦʧʘʨʶʚʘʣʴʥʽʡ ʢʘʤʝʨʽ. ʇʽʩʣʷ 

ʪʚʝʨʜʽʥʥʷ ʢʦʥʪʘʢʪʠ ʨʦʟʯʠʥʫ ʽ ʘʨʤʘʪʫʨʠ ʟ 

ʪʨʫʙʦʶ ʛʝʨʤʝʪʠʟʫʚʘʣʠ ʩʠʣʽʢʦʥʦʚʠʤ 

ʛʝʨʤʝʪʠʢʦʤ. 
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ʛ 

 
 

ʈʠʩ. 2. ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟʽ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

 ̔ʢʦʨʦʟʽʡʥʠʭ ʚʧʣʠʚʽʚ:  

ʘ ï ʫʩʪʘʥʦʚʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʫ ʬʦʨʤʠ; ʙ ï ʟʘʧʦʚʥʝʥʥʷ ʬʦʨʤ ʮʝʤʝʥʪʥʠʤ ʪʽʩʪʦʤ/ʨʦʟʯʠʥʦʤ;  

ʚ ï ʩʪʘʣʝʚʽ ʥʘʢʣʘʜʥʽ ʝʣʝʢʪʨʦʜʠ; ʛ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʦʢ 

 

 

ɺʧʣʠʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʩʪʚʦʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʣʝʚʠʭ 

ʥʘʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʜʽʚ (ʨʠʩ. 2, ʚ) ʽ ʙʣʦʢʘ 

ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʚʠʤʠʢʘʯʝʤ (ʨʠʩ. 2, ʛ). 

ʇʨʦʪʷʛʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ ʚʠʤʽʨʶʚʘʣʠ 

ʩʠʣʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʟʨʘʟʢʠ ʪʘ ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ ʟʨʘʟʢʽʚ ʟʘ ʩʭʝʤʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ 

ʪʘʙʣ. 1, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ 

ʤʫʣʴʪʠʤʝʪʨʘ Sanwa 1000 (ʨʠʩ. 2, ʛ).    

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʝʡ ʧʽʩʣʷ 

ʘʛʨʝʩʠʚʥʠʭ ʚʧʣʠʚʽʚ ʾʭ ʨʦʟʨʽʟʘʣʠ ʥʘ ʟʨʘʟʢʠ-

ʧʨʠʟʤʠ ʨʦʟʤʽʨʦʤ 40Ĭ40Ĭ20 ʤʤ ʪʘ ʽʥʰʽ ʟʘ 

ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 3, ʘ. ɿʨʘʟʢʠ, 

ʝʢʩʧʦʟʠʮʽʷ ʷʢʠʭ ʚʽʜʙʫʚʘʣʘʩʷ ʫ ʚʦʜʽ ï C1, S1, 

C3d, S3d, C3p, S3p, ʨʦʟʨʽʟʘʣʠ ʟ ʚʦʜʷʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ. ɿʨʘʟʢʠ, ʝʢʩʧʦʟʠʮʽʷ ʷʢʠʭ 

ʚʽʜʙʫʚʘʣʘʩʴ ʫ ʨʦʟʯʠʥʘʭ NaCl ʽ NaOH ï C2, 

S2, C4d, S4d, C4p, S4p, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʤʠʚʘʥʥʷ ʭʣʦʨʠʜʽʚ ʨʦʟʨʽʟʘʣʠ ʥʘʩʫʭʦ. 

ʗʢ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʥʘʩʣʽʜʢʠ ʮʠʭ 

ʚʧʣʠʚʽʚ, ʚʠʟʥʘʯʘʣʠ ʥʝʡʪʨʘʣʽʟʘʮʽʶ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʪʘ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ, ʢʦʨʦʟʽʶ 

ʘʨʤʘʪʫʨʠ, ʟʤʽʥʫ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʩʪʨʫʢʪʫʨʠ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ. 
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ʈʠʩ. 3. ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʘʛʨʝʩʠʚʥʠʭ ʚʧʣʠʚʽʚ:  

ʘ ï ʩʭʝʤʘ ʨʦʟʨʽʟʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʟʨʘʟʢʠ; ʙ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʨʘʟʢʽʚ 

 

 

ʅʝʡʪʨʘʣʽʟʘʮʽʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ 

ʪʘ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʣʠ 

ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʟʨʽʟʠ ʚʩʽʭ ʤʦʜʝʣʝʡ 1 % 

ʨʦʟʯʠʥʫ ʬʝʥʦʣʬʪʘʣʝʾʥʫ ʚ ʝʪʘʥʦʣʽ. 

ɿʘʙʘʨʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ ʚ ʤʘʣʠʥʦʚʠʡ 

ʢʦʣʽʨ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʦ ʟʙʝʨʝʞʝʥʥʷ ʣʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʥʝʟʘʙʘʨʚʣʝʥʥʷ ï ʥʝʡʪʨʘʣʽʟʘʮʽʶ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚʥʘʩʣʽʜʦʢ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ CaOH2. 

ɻʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ 

ʩʨʽʙʣʘ. ʍʣʦʨʠʜʠ, ʟʦʢʨʝʤʘ ʭʣʦʨ-ʽʦʥʠ Clï, 

ʧʨʦʥʠʢʘʶʪʴ ʫ ʙʝʪʦʥ (ʨʦʟʯʠʥ) ʰʣʷʭʦʤ 

ʜʠʬʫʟʽʾ, ʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ï ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʠʤ ʰʣʷʭʦʤ. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʭʣʦʨ-ʽʦʥʽʚ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʥʽʪʨʘʪ ʩʨʽʙʣʘ (ʘʟʦʪʥʦʢʠʩʣʝ 

ʩʨʽʙʣʦ) AgNO3, ʟʦʢʨʝʤʘ ʨʝʘʢʮʽʶ ʡʦʛʦ 

ʚʟʘʻʤʦʜʽʾ ʟ ʭʣʦʨʠʜʘʤʠ:  

 

AgNO3 + NaCl = NaNO3 + AgClŹ, 

 

ʜʝ AgCl ï ʙʽʣʠʡ ʩʠʨʦʧʦʜʽʙʥʠʡ ʦʩʘʜ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ 

ʭʣʦʨʠʜʽʚ ʫ ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʘʙʦ ʮʝʤʝʪʥʦ-

ʧʽʱʘʥʠʡ ʨʦʟʯʠʥ ʥʘ ʟʨʽʟ ʥʘʥʦʩʠʣʠ 1 % 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʥʽʪʨʘʪʫ ʩʨʽʙʣʘ, ʚʠʤʽʨʶʚʘʣʠ 

ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ ʷʢ ʪʦʚʱʠʥʫ 

ʰʘʨʫ, ʥʘ ʷʢʦʤʫ ʫʪʚʦʨʠʚʩʷ ʩʚʽʪʣʠʡ ʥʘʣʽʪ, ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʢʽʣʴʢʦʭ ʚʠʤʽʨʶʚʘʥʴ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʭʭ. 1 % 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ AgNO3: ʚʦʜʘ ʜʠʩʪʠʣʴʦʚʘʥʘ ï 

100 ʛ (ʤʣ); ʥʽʪʨʘʪ ʩʨʽʙʣʘ ï 1 ʛ. 

ʂʦʨʦʟʽʶ ʘʨʤʘʪʫʨʠ ʦʮʽʥʶʚʘʣʠ 

ʦʛʣʷʜʦʤ ʚʠʧʫʩʢʽʚ ʘʨʤʘʪʫʨʠ ʪʘ ʦʧʪʠʯʥʦʶ 

ʤʽʢʨʦʩʢʦʧʽʻʶ ʥʘ ʚʽʜʙʠʪʪʷ ʢʦʥʪʘʢʪʫ 

ʘʨʤʘʪʫʨʠ ʟ ʮʝʤʝʥʪʥʠʤ ʢʘʤʝʥʝʤ ʽ ʨʦʟʯʠʥʦʤ 

ʥʘ ʟʨʽʟʘʭ ʟʨʘʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ ʄɹʉ-2 ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 7,5ï82,5.   

ɿʤʽʥʫ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʧʦ ʚʠʩʦʪʽ 

ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʚʽʜʤʽʥʠ ʤʽʞʬʘʟʥʦʾ ʧʝʨʝ-

ʭʽʜʥʦʾ ʟʦʥʠ ʄʇɿ ʤʽʞ ʮʝʤʝʥʪʥʠʤ ʢʘʤʝʥʝʤ ʽ 

ʘʨʤʘʪʫʨʦʶ ʚ ʨʽʟʥʠʭ ʟʨʘʟʢʘʭ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʟ 

ʨʽʟʥʠʭ ʟʦʥ ʟʨʘʟʢʽʚ ʘʣʤʘʟʥʠʤ ʜʠʩʢʦʤ ʚʠʨʽ-

ʟʘʣʠ ʬʨʘʛʤʝʥʪʠ ʨʦʟʤʽʨʦʤ 20³20³(10-20) ʤʤ, 

ʧʦʤʽʱʫʚʘʣʠ ʾʭ ʽʟ ʚʘʢʫʫʤʥʠʤ ʧʨʦʩʦʯʫʚʘʥʥʷʤ 

ʫ ʮʠʣʽʥʜʨ ʽʟ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʟ ʤʦʜʫʣʝʤ 

ʧʨʫʞʥʦʩʪʽ 3-4 ɻʇʘ. ʇʽʩʣʷ ʪʚʝʨʜʽʥʥʷ 

ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʚʝʨʭʥʶ ʛʨʘʥʴ ʟʨʘʟʢʽʚ 

ʟʨʽʚʥʶʚʘʣʠ ʘʣʤʘʟʥʠʤ ʜʠʩʢʦʤ ʽ ʧʦʣʽʨʫʚʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʤʘʟʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʩʢʣʘʜʽʚ 

ʥʘ ʤʘʩʣʷʥʽʡ ʽ ʩʧʠʨʪʦʚʽʡ ʦʩʥʦʚʽ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʘʣʴʰʽʡ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʪʘ 

ʚʠʤʠʚʘʥʥʶ ʛʽʜʨʘʪʥʠʭ ʬʘʟ ʜʦ ʨʦʟʤʽʨʫ 

ʥʝʨʽʚʥʦʩʪʝʡ 0,25 ʤʢʤ. ɻʦʪʦʚʽ ʟʨʘʟʢʠ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.

 

https://uk.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B8%D0%B4_%D1%81%D1%80%D1%96%D0%B1%D0%BB%D0%B0
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ʈʠʩ. 4. ʇʽʜʛʦʪʦʚʣʝʥʽ ʜʣʷ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ ʟʨʘʟʢʠ ʟʽ ʩʪʘʣʝʚʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ 

ʧʽʩʣʷ ʚʧʣʠʚʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: ʘ ï ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ; ʙ ï ʇʆɽʇ 
 

 

ʄʝʪʦʜʦʤ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝ-

ʥʦ ʚʧʣʠʚʠ, ʩʪʚʦʨʝʥʽ ʟʘ ʩʭʝʤʘʤʠ, ʽ ʥʘ ʟʨʘʟʢʠ 

S3d, C3d, S3p, C3p. ʅʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ Agilent 

G200 Nano IndenterÈ, ʦʩʥʘʱʝʥʦʛʦ ʘʣʤʘʟʥʠʤ 

ʥʘʢʦʥʝʯʥʠʢʦʤ ʽʥʜʝʥʪʦʨʘ Berkovich. ʇʨʠʣʘʜ 

ʚʜʘʚʣʶʻ ʽʥʜʝʥʪʦʨ ʫ ʧʦʚʝʨʭʥʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ 

ʨʝʻʩʪʨʘʮʽʻʶ ʩʠʣʠ ʽ ʛʣʠʙʠʥʠ ʚʜʘʚʣʶʚʘʥʥʷ. 

ʇʽʩʣʷ ʢʦʥʪʘʢʪʫ ʽʥʜʝʥʪʦʨʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦ 

ʥʴʦʛʦ ʧʨʠʢʣʘʜʘʶʪʴ ʟʨʦʩʪʘʶʯʝ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʨʦʥʠʢʥʝʥʥʷ ʡʦʛʦ ʚʽʩʪʨʷ ʚ 

ʤʘʪʝʨʽʘʣ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʝʥʦʾ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʡʦʛʦ 

ʫʪʨʠʤʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʽʤʘʶʪʴ, ʘ 

ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʟʤʝʥʰʫʶʪʴ ʟʘʚʜʷʢʠ 

ʧʨʫʞʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɿʘ ʚʝʣʠʯʠʥʘʤʠ ʩʠʣʠ ʽ ʛʣʠʙʠʥʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʣʘʜʫ ʚʠʟʥʘʯʘʻ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ï ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʄ, ɻʇʘ, ʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʅ, ʄʇʘ. 

ɺʠʤʽʨʶʚʘʣʠ ʚ ʟʦʥʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ 

ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ h ʚʽʜ ʡʦʛʦ ʥʠʞʥʴʦʾ ʧʽʜ ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ ʛʨʘʥʽ (ʪʘʙʣ. 1), ʘ ʪʘʢʦʞ ʫ ʄʇɿ. ʇʦ 

ʚʠʩʦʪʽ ʟʨʘʟʢʘ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʝʩʪʦʚʽ ʩʤʫʞʢʠ 

ʰʠʨʠʥʦʶ ʜʦ 1000 ʤʢʤ, ʚʠʩʦʪʦʶ 30 ʤʢʤ. ʋ 

ʄʇɿ ʜʦʩʣʽʜʞʫʚʘʣʠ ʦʙʣʘʩʪʽ ʟʘ ʩʽʪʢʦʶ ʟ 

ʢʨʦʢʦʤ ʙʣʠʟʴʢʦ 30 ʤʢʤ ʟʘ 30ï40 ʚʠʤʽʨʶʚʘʥ-

ʥʷʤʠ. ɯʥʜʝʥʪʦʨ ʟʘʥʫʨʶʚʘʣʠ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 

2 ʤʢʤ. ɼʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʄ ʽ ʅ ʚ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥʠ 

ʚʜʘʚʣʝʥʥʷ 0,3ï1 ʤʢʤ. ɼʣʷ ʪʝʩʪʦʚʠʭ ʩʤʫʞʦʢ 

ʧʦʚʝʨʭʥʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʙʫʜʫʚʘʣʠ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʄ ʽ ʅ ʚʽʜ ʚʽʜʩʪʘʥʽ h. ɿʘ 

ʭʘʨʘʢʪʝʨʦʤ ʮʠʭ ʛʨʘʬʽʢʽʚ ʨʦʙʠʣʠ ʚʠʩʥʦʚʢʠ 

ʧʨʦ ʛʨʘʜʽʻʥʪʠ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʧʦ ʚʠʩʦʪʽ 

ʟʨʘʟʢʘ, ʘ ʦʪʞʝ, ʚʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ. 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʪʠʭ ʩʘʤʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ 

ʨʦʟʨʽʟʘʣʠ ʘʣʤʘʟʥʠʤ ʜʠʩʢʦʤ ʥʘ ʤʝʥʰʽ 

ʦʙôʻʤʦʤ 1ï2 ʩʤ3 ʪʘʢ, ʱʦʙ ʚʽʜʢʨʠʪʠ 

ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚʽʜʥʦʩʥʦ 

ʦʨʽʻʥʪʘʮʽʾ ʟʨʘʟʢʽʚ ʚ ʫʤʦʚʘʭ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʧʣʠʚʫ, ʧʦʣʽʨʫʚʘʣʠ ʘʣʤʘʟʥʦʶ ʩʫʩʧʝʥʟʽʻʶ 

ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʟʤʝʥʰʫʚʘʚʩʷ ʜʦ ʨʦʟʤʽʨʫ 

1 ʤʢʤ, ʽ ʧʦʢʨʠʚʘʣʠ ʚʫʛʣʝʮʝʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ Hitachi 

Regulus 8230 ʫ ʨʝʞʠʤʘʭ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʪʦʨʠʥ-

ʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ (SE ʽ BSE). ɽʣʝʤʝʥʪʥʠʡ 

ʤʽʢʨʦʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ Oxford Instruments Aztec EDS. 

ʈʝʞʠʤ ʟʡʦʤʢʠ: ʧʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ ï 

20 ʢɺ, ʨʦʙʦʯʘ ʚʽʜʩʪʘʥʴ ï 15 ʤʤ, ʦʪʨʠʤʘʥʥʷ 

ʢʘʨʪʠ ʧʨʦʪʷʛʦʤ 5ï15 ʧʦʚʪʦʨʶʚʘʥʠʭ ʢʘʜʨʽʚ ʽ 

600 ʩ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ. ɼʘʥʽ 

ʣʽʥʽʡʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʙʫʣʠ ʝʢʩʧʦʨʪʦʚʘʥʽ ʫ 

ʬʦʨʤʘʪ CSV, ʱʦ ʤʽʩʪʠʪʴ ʚʽʜʩʪʘʥʴ ʽ ʟʘʛʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ Si ʪʘ Ca. ɺʽʜʥʦʰʝʥʥʷ 

Ca/Si ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʷʢ ʧʨʦʩʪʝ 

ʘʨʠʬʤʝʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʜʝʪʝʢʪʦʨʽʚ ʽ ʥʘʥʝʩʝʥʦ ʥʘ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʽʜʩʪʘʥʽ ʧʦʯʠʥʘʶʯʠ ʟ ʥʠʟʫ ʟʨʘʟʢʘ.  
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʩʠʣʠ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʟʨʘʟʢʠ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

ʟʨʘʟʢʽʚ ʚʧʨʦʜʦʚʞ ʝʢʩʧʦʟʠʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 5 ʽ ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʪʘʙʣ. 2. 
 

ʘ                                                                      ʙ 

      

ʚ                                                                  ʛ 

       
ʈʠʩ. 5. ɿʤʽʥʘ ʚ ʯʘʩʽ ʚʧʨʦʜʦʚʞ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʧʫʣʴʩʫʶʯʦʛʦ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ 

ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ) ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ: ʘ ï ʩʠʣʠ 
ʩʪʨʫʤʫ ʫ ʟʨʘʟʢʘʭ S3d, C3d, S4d, C4d; ʙ ï ʪʝ ʩʘʤʝ ʫ ʟʨʘʟʢʘʭ S3p, C3p, S4p, C4p;                                 

ʚ ï ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʨʘʟʢʽʚ S3d, C3d, S4d, C4d; ʛ ï ʪʝ ʩʘʤʝ ʟʨʘʟʢʽʚ S3p, C3p, S4p, C4p 
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ʊʘʙʣʠʮʷ 2 

ʇʦʢʘʟʥʠʢʠ ʢʦʨʦʟʽʡʥʦʛʦ ʫʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ

 

ʇʦʢʘʟʥʠʢ 

ʇʦʢʘʟʥʠʢ ʢʦʨʦʟʽʡʥʦʛʦ ʫʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʘʨʤʘʪʫʨʦʶ 

ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ  ʢʦʤʧʦʟʠʪʥʦʶ  

ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ ʟʽ ʚʧʣʠʚʦʤ  

ʪ
ʽ
ʣ
ʴ
ʢ
ʠ
 

ʩ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʘ
 
(
ʙ
ʝ
ʟ
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ʢ
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ʯ
ʥ
ʦ
ʛ
ʦ
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ʦ
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ʡ
ʥ
ʦ
ʛ
ʦ
 

ʧ
ʦ
ʪ
ʝ
ʥ
ʮ
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ʘ
ʣ
ʫ

 

ʇ
ʆ
ɽ
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ʪ
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ʣ
ʴ
ʢ
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ʩ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʘ
 
(
ʙ
ʝ
ʟ
 

ʝ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʥ
ʦ
ʛ
ʦ
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ʧ
ʦ
ʩ
ʪ
ʽ
ʡ
ʥ
ʦ
ʛ
ʦ
 

ʧ
ʦ
ʪ
ʝ
ʥ
ʮ
ʽ
ʘ
ʣ
ʫ

 

ʇ
ʆ
ɽ
ʇ 

ʫ
 
ʚ
ʦ
ʜ
ʽ

 

ɿʨʘʟʦʢ S1 S3d S3p C1 C3d C3p 

ʉʠʣʘ ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ       

- ʥʘ ʧʦʯʘʪʢʫ I0, A  0,090 0,057  0,101 0,072 

- ʥʘʧʨʠʢʽʥʮʽ I i, A  0,042 0,008  0,031 0,011 

(I0-I i)/I0, %  58,3 86,0  69,3 84,7 

ɺʠʣʫʛʦʚʫʚʘʥʥʷ (ʥʝʡʪʨʘʣʽʟʘʮʽʷ) ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ 

ʂʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ:       

- ʢʽʥʮʽʚ ʥʝʤʘʻ 
ʟʥʘʯʥʝ 

ʨʫʡʥʫʚʘʥʥʷ 
ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ 

- ʧʦʩʝʨʝʜʠʥʽ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ 

ʫ
 
ʨ
ʦ
ʟ
ʯ
ʠ
ʥ
ʽ
 

N
a

C
l  

ɿʨʘʟʦʢ S2 S4d S4p C2 C4d C4p 

ʉʠʣʘ ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ       

- ʥʘ ʧʦʯʘʪʢʫ I0, A  0,350 0,126  0,481 0,333 

- ʥʘʧʨʠʢʽʥʮʽ I i, A  0,035 0,074  0,145 0,216 

 (I0-I i)/I0, %  90,0 41,3  69,9 35,1 

ɺʠʣʫʛʦʚʫʚʘʥʥʷ (ʥʝʡʪʨʘʣʽʟʘʮʽʷ) ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ 

ɻʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ       

- ʤʤ 21,6 40 40 16,2 40 40 

- % 54,1 100 100 40,4 100 100 

ʂʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ:       

- ʢʽʥʮʽʚ 
ʩʣʘʙʢʘ 

ʧʦʚʝʨʭ. 

ʧʦʚʥʝ 

ʨʦʟʯʠʥ. 

ʧʦʚʥʝ 

ʨʦʟʯʠʥ. 
ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ 

- ʧʦʩʝʨʝʜʠʥʽ ʥʝʤʘʻ ʪʘʢ ʪʘʢ ʥʝʤʘʻ ʥʝʤʘʻ ʥʝʤʘʻ 
 

 

ʇʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʨʦʟʯʠʥ NaOH 

ʟʚʝʨʭʫ ʟʨʘʟʢʽʚ S4d, C4d, S4p, C4p ̔ ʥʪʝʥʩʠʚʥʦ 

ʟʘʙʘʨʚʣʶʚʘʚʩʷ ʧʨʦʜʫʢʪʘʤʠ ʢʦʨʦʟʽʾ 

ʝʣʝʢʪʨʦʜʽʚ ʫ ʥʝʧʨʦʟʦʨʠʡ ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ 

(ʨʠʩ. 6). ɽʣʝʢʪʨʦʜʠ ʚʧʨʦʜʦʚʞ ʝʢʩʧʦʟʠʮʽʾ 

ʨʦʟʯʠʥʷʣʠʩʴ ʽ ʦʜʠʥ ʨʘʟ ʙʫʣʠ ʟʘʤʽʥʝʥʽ. ɺʦʜʘ 

ʟʚʝʨʭʫ ʟʨʘʟʢʽʚ S3d, C3d, S3p, C3p ʪʘʢʦʞ 

ʟʘʙʘʨʚʣʶʚʘʣʘʩʷ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰ 

ʽʥʪʝʥʩʠʚʥʦ, ʝʣʝʢʪʨʦʜʠ ʨʦʟʯʠʥʷʣʠʩʷ, ʘʣʝ 

ʪʘʢʦʞ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ, ʽ ʥʝ ʙʫʣʠ ʟʘʤʽʥʝʥʽ. 

ʇʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ ʟʨʽʟʠ ʚʩʽʭ ʟʨʘʟʢʽʚ 

ʟʘʙʘʨʚʣʶʚʘʣʠ ʨʦʟʯʠʥʦʤ ʬʝʥʦʣʬʪʘʣʝʾʥʫ ʚ 

ʤʘʣʠʥʦʚʠʡ ʢʦʣʽʨ (ʨʠʩ. 7), ʦʪʞʝ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʧʣʠʚʫ ʚʩʪʘʥʦʚʣʝʥʦʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʥʘ ʧʦʤʽʪʥʫ ʛʣʠʙʠʥʫ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ. 
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ʈʠʩ. 6. ɿʨʘʟʢʠ C4p, S4p ʪʘ C3p, S4p (ʟʣʽʚʘ ï ʥʘʧʨʘʚʦ) ʧʽʩʣʷ ʚʦʩʴʤʠ ʜʽʙ ʝʢʩʧʦʟʠʮʽʾ  

ʧʽʜ ʚʧʣʠʚʦʤ ʇʆɽʇ 

 

 

   
 

ʈʠʩ. 7. ʇʦʚʝʨʭʥʷ ʟʨʽʟʽʚ ʟʨʘʟʢʽʚ ʉ3ʨ ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ ʟʘ ʘʛʨʝʩʠʚʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ  ʚʧʣʠʚʽʚ, 

ʦʙʨʦʙʣʝʥʘ ʨʦʟʯʠʥʦʤ ʬʝʥʦʣʬʪʘʣʝʾʥʫ (ʪʘʢʝ ʩʘʤʝ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʥʘ ʟʨʽʟʘʭ ʫʩʽʭ ʟʨʘʟʢʽʚ) 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ ʚʠʙʽʨʢʦʚʦ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 8 ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʪʘʙʣ. 2. ɯʟ ʨʠʩ. 8, ʘ 

ʚʠʜʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʪʽʣʴʢʠ ʜʠʬʫʟʽʾ ʙʝʟ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ ʫ ʟʨʘʟʢʘʭ S2 ʛʣʠʙʠʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ ʩʢʣʘʜʘʻ 14,8ï27,7 ʤʤ 

(ʨʠʩ. 8, ʘ), ʫ ʩʝʨʝʜʥʴʦʤʫ 21,6 ʤʤ, ʫ ʟʨʘʟʢʘʭ 

C2 ï 13,1ï19,5 ʤʤ (ʨʠʩ. 8, ʙ), ʫ ʩʝʨʝʜʥʴʦʤʫ 

16,2 ʤʤ. ʋ ʟʨʘʟʢʘʭ S4d, C4d, S4p, C4p ʟʘ 

ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ ʩʷʛʥʫʣʘ 

40 ʤʤ, ʦʪʞʝ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʟʨʘʟʢʘ 

(ʨʠʩ. 8, ʚ). 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʨʦʟʨʽʟʘʥʠʭ ʧʽʩʣʷ 

ʝʢʩʧʦʟʠʮʽʾ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3, ʙ ʽ 9. 

ɺʠʧʫʩʢʠ ʩʪʘʣʝʚʦʾ ʜʨʦʪʷʥʦʾ ʘʨʤʘʪʫʨʠ ʟʨʘʟʢʘ 

S1 ʩʣʽʜʽʚ ʢʦʨʦʟʽʾ ʤʘʡʞʝ ʥʝ ʤʘʣʠ (ʨʠʩ. 9, ʘ), 

ʟʨʘʟʢʘ S2 ï ʟʘʟʥʘʣʠ ʥʝʟʥʘʯʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʢʦʨʦʟʽʾ (ʨʠʩ. 9, ʚ), ʟʨʘʟʢʘ S3d ï ʟʘʟʥʘʣʠ ʩʫʪ-

ʪʻʚʦʛʦ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ (ʨʠʩ. 9, ʙ), 

ʟʨʘʟʢʘ S4d ï ʟʘʟʥʘʣʠ ʧʦʚʥʦʛʦ ʢʦʨʦʟʽʡʥʦʛʦ 

ʨʦʟʯʠʥʝʥʥʷ (ʨʠʩ. 9, ʛ). 
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ʘ                                                 ʙ                                                 ʚ 

         
 

ʈʠʩ. 8. ɺʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʩʨʽʙʣʘ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ 

ʚʥʘʩʣʽʜʦʢ ʝʢʩʧʦʟʠʮʽʾ ʚ ʨʦʟʯʠʥʽ NaCl: ʘ ï ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ ʫ ʟʨʘʟʢʫ S2 ʟʽ ʩʪʘʣʝʚʦʶ 

ʜʨʦʪʷʥʦʶ ʘʨʤʘʪʫʨʦʶ; ʙ ï ʪʝ ʩʘʤʝ C2 ʽʟ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ (ʙ); ʚ ï ʽʟ ʚʧʣʠʚʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʟʨʘʟʢʫ C4d ʽʟ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ (ʫ ʟʨʘʟʢʫ S4d 

ʟʽ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʘʨʤʘʪʫʨʦʶ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʟʨʘʟʢʘ) 

 

 

ʘ                          ʙ                                     ʚ                          ʛ 

    
 

ʈʠʩ. 9. ʉʪʘʥ ʚʠʧʫʩʢʽʚ ʩʪʘʣʝʚʦʾ ʜʨʦʪʷʥʦʾ ʘʨʤʘʪʫʨʠ ʟʽ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ:  

a ï ʫ ʚʦʜʽ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ S1 ʙʝʟ ʩʣʽʜʽʚ ʢʦʨʦʟʽʾ; ʙ ï ʪʝ ʩʘʤʝ ʟ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ S3d ʽʟ ʩʫʪʪʻʚʠʤ ʢʦʨʦʟʽʡʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ; ʚ ï ʫ ʨʦʟʯʠʥʽ NaCl ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʧʣʠʚʫ S2 ʽʟ ʥʝʟʥʘʯʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʢʦʨʦʟʽʻʶ; ʛ ï ʪʝ ʩʘʤʝ ʟ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʟ ʧʦʚʥʠʤ ʢʦʨʦʟʽʡʥʠʤ ʨʦʟʯʠʥʝʥʥʷʤ 

 

 

ʄʽʢʨʦʟʥʽʤʢʠ ʟʨʽʟʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 7,5 

ʽ 82,5 ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ ʫ ʪʘʙʣ. 3. ʂʦʨʦʟʽʾ 

ʩʪʘʣʝʚʦʾ ʜʨʦʪʷʥʦʾ ʘʨʤʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ 

ʟʨʘʟʢʽʚ S1, S2, S3d ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ, ʫ ʟʨʽʟʘʭ 

ʟʨʘʟʢʽʚ S4d, S4p ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʦʟʥʘʢʠ ʢʦʨʦʟʽʾ ï ʚʠʥʝʩʝʥʽ 

ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ ʫ ʚʠʛʣʷʜʽ ʢʦʨʠʯʥʝʚʦʛʦ 

ʘʨʝʦʣʫ, ʘ ʫ ʟʨʘʟʢʘ S4d ï ʱʝ ʡ ʨʘʜʽʘʣʴʥʽ 

ʤʽʢʨʦʪʨʽʱʠʥʠ. 
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ʊʘʙʣʠʮʷ 3 

ʄʽʢʨʦʟʥʽʤʢʠ ʟʨʽʟʽʚ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ  

ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ 
 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ

 

ʄʽʢʨʦʟʥʽʤʢʠ ʟʨʽʟʽʚ ʟʨʘʟʢʽʚ ʟ ʘʨʤʘʪʫʨʦʶ 

ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʢʦʤʧʦʟʠʪʥʦʶ 

ʧʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ ʟʽ ʚʧʣʠʚʦʤ 

ʪʽʣʴʢʠ 

ʩʝʨʝʜʦʚʠʱʘ 

(ʙʝʟ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʧʣʠʚʫ) 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ 
ʇʆɽʇ 

ʪʽʣʴʢʠ 

ʩʝʨʝʜʦʚʠʱʘ 

(ʙʝʟ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʧʣʠʚʫ) 

ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ 
ʇʆɽʇ 

ɺ
ʦ
ʜ
ʘ
 

ï
 ʚ
ʦ
ʜ
ʘ

 

S1 S3d S3p C1 C3d C3p 

      

      

ʈ
ʦ
ʟ
ʯ
ʠ
ʥ
 

N
a

C
l ï

 ʨ
ʦ
ʟ
ʯ
ʠ
ʥ
 

N
a

O
H
 S2 S4d S4p C2 C4d C4p 

      

      
 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ ʽʟ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘʟʥʘʣʠ ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ, 

ʤʝʪʦʜʦʤ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 10, 11 ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʪʘʙʣ. 4 ʽ ʥʘ 

ʨʠʩ. 12. ɿʦʢʨʝʤʘ, ʥʘ ʨʠʩ. 10, 11 ʧʦʜʘʥʦ 

ʟʦʙʨʘʞʝʥʥʷ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʝʷʢʠʭ 

ʜʦʩʣʽʜʞʝʥʠʭ ʟʦʥ ʨʘʟʦʤ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ 

ʢʘʨʪʘʤʠ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʄ ʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʅ, ʫ 

ʪʘʙʣ. 4 ï ʛʨʘʥʠʯʥʽ ʪʘ ʩʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫʩʽʭ ʟʨʘʟʢʽʚ. ʅʘ ʨʠʩ. 12 ʥʘʚʝʜʝʥʦ 

ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʄ ʽ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʅ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʚʽʜ 

ʚʽʜʩʪʘʥʽ h ʚʽʜ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʟʨʘʟʢʘ, ʜʦ ʷʢʦʾ 

ʧʨʠʢʣʘʜʘʣʠ ʥʝʛʘʪʠʚʥʠʡ ʧʦʣʶʩ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʇʆɽʇ. 
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ʈʠʩ. 10. ʇʦʚʝʨʭʥʽ ʟʨʽʟʽʚ ʟʨʘʟʢʽʚ ʽ ʢʘʨʪʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ:  ʘ ï ʄʇɿ ʥʘʜ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʘʨʤʘʪʫʨʦʶ; ʙ ï ʪʝ ʩʘʤʝ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ; ʚ ï ʄʇɿ ʧʽʜ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʘʨʤʘʪʫʨʦʶ; ʛ ï ʪʝ ʩʘʤʝ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ 

M, GPa 0 30 60 90 120 150 180 210 240 270

90 25.9 32.4 20.8 18.7 22.8 35 39.1 71.2 44.9 48.1

60 16.4 20.5 15.9 21.9 26.3 20.5 22.1 29.5 27.5 29.8

30 37.5 29 31 26.5 94.5 32.4 15.2 38.3 28.8 29.6

0 215.7 216.8 213.4 194.4 177 58.4 32.8 4.7 23 30.2

H, MPa 0 30 60 90 120 150 180 210 240 270

90 0.7 0.68 0.38 0.44 0.54 0.79 0.98 3.72 0.78 1.38

60 0.34 0.42 0.43 0.48 0.52 0.45 0.45 0.55 0.69 0.79

30 1.79 1.3 0.9 0.51 11.44 1.08 0.37 0.57 0.9 0.91

0 5.72 5.91 5 5.37 3.58 1.18 0.65 0.24 0.95 1.05

M, GPa 0 30 60 90 120 150 180 210 240 270

90 29.5 29.5 25.7 24.2 26.9 14.6 29 26.3 23.3 26.1

60 50.8 36.7 20.9 36.6 29.5 22.7 38.8 32.1 49.2 31.2

30 5.2 9.4 18.6 28.9 23 25.3 26.9 44 37.5 100.8

0 5.3 5 5.3 5.5 14.2 27 5.8 22.7 35.4 24.9

H, MPa 0 30 60 90 120 150 180 210 240 270

90 0.91 1.19 0.99 0.78 0.83 0.39 1.17 1.08 0.82 0.75

60 5.13 1.53 0.68 1.19 0.94 0.93 1.46 1.69 2.39 1.11

30 0.35 0.73 0.73 1.32 0.9 0.92 1 1.93 1.56 8.06

0 0.35 0.32 0.37 0.37 0.66 1.21 0.39 0.88 1.42 0.69

M, GPa 0 30 60 90 120 150 180 210 240 270

90 197.6 215.1 214.2 223.5 224.5 225.5 216 217.4 222.8 225.5

60 4.5 5.7 59.2 137.7 89.5 209.3 218.9 222.6 214.4 225.8

30 3.9 4.5 4.4 4.3 5.3 4.2 5.2 6.2 18.2 120.8

0 23.7 25.6 10.4 5.5 8.5 4.4 4.3 3.9 3.8 3.9

H, MPa 0 30 60 90 120 150 180 210 240 270

90 5.49 6.01 6.04 6.26 6.4 6.61 5.6 5.94 6.13 6.46

60 0.26 0.35 1.35 3.94 2.49 5.61 5.94 6.12 5.93 6.05

30 0.2 0.26 0.25 0.25 0.33 0.22 0.31 0.36 0.58 3.04

0 1.11 2.36 0.49 0.31 0.43 0.25 0.25 0.21 0.2 0.2

M, GPa 0 30 60 90 120 150 180 210

120 5.1 5.2 49.4 45.8 5.9 35 5.5 5.7

90 5.6 5.3 5.3 5.4 4.5 4.9 4.4 4.9

60 5.2 5.5 4.7 4.4 4.2 4.2 4.2 4.3

30 4.3 4.5 4.2 4.3 4.3 4.3 4.2 4.2

0 4.4 4.1 4.4 4.2 4.2 4.2 4.3 4.3

H, MPa 0 30 60 90 120 150 180 210

120 0.34 0.35 6.26 5.81 0.42 3.36 0.4 0.38

90 0.4 0.38 0.38 0.38 0.27 0.31 0.25 0.24

60 0.34 0.39 0.23 0.25 0.24 0.24 0.24 0.25

30 0.25 0.27 0.24 0.25 0.25 0.25 0.25 0.24

0 0.27 0.24 0.26 0.24 0.25 0.24 0.25 0.25
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ʈʠʩ. 11. ʇʦʚʝʨʭʥʽ ʟʨʽʟʽʚ ʟʨʘʟʢʽʚ ʽ ʢʘʨʪʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʚʧʣʠʚʫ ʇʆɽʇ ʫ 
ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ:  ʘ ï ʄʇɿ ʥʘʜ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʘʨʤʘʪʫʨʦʶ; ʙ ï ʪʝ ʩʘʤʝ ʢʦʤʧʦʟʠʪʥʦʶ 
ʘʨʤʘʪʫʨʦʶ; ʚ ï ʄʇɿ ʣʽʚʦʨʫʯ ʚʽʜ ʩʪʘʣʝʚʦʾ ʜʨʦʪʷʥʦʾ ʘʨʤʘʪʫʨʠ; ʛ ï ʪʝ ʩʘʤʝ ʢʦʤʧʦʟʠʪʥʦʾ 

ʘʨʤʘʪʫʨʠ 

M, GPa 0 30 60 90 120 150 180 210 240 270 300

90 29 48.5 39.4 27.2 16.5 22.2 39.8 38.1 20 27 23

60 17.7 21.9 39.5 26.9 27.8 72.5 53 45 43.9 29.7 53.1

30 164.1 210.5 139.5 177.5 176.7 170.7 108.9 62.1 122.5 160.1 69

0 207.9 215 215 223 219.5 217.7 220 215.2 217.5 213.8 217.3

H, MPa 0 30 60 90 120 150 180 210 240 270 300

90 1.19 2.54 1.44 1.25 0.53 0.72 1.21 1.59 0.55 0.94 1.11

60 0.51 0.52 1.33 0.93 0.97 5.87 4 1.57 1.48 1.17 3.95

30 3.12 3.84 2.43 2.86 2.95 3.38 1.48 1 2.17 2.17 0.44

0 5.91 6.04 6.1 6.54 6.58 6.41 6.45 6.18 6.21 6.02 5.96

M, GPa 0 30 60 90 120 150

60 12 18.5 19.2 15.7 5.5 14

30 12.8 10.5 9.6 48.8 4.9 40.6

0 28.6 47.3 7.9 6.2 5.5 18.2

H, MPa 0 30 60 90 120 150

60 0.36 0.43 1.02 1.2 0.33 0.58

30 0.37 0.36 0.23 6.11 0.27 4.35

0 0.89 3.24 0.38 0.45 0.37 0.75

H, MPa 0 30 60 90

270 0.22 2.02 4.48 5.75

240 0.28 0.86 4.57 6.57

210 0.2 0.63 3.42 5.7

180 0.73 0.88 3.59 6.28

150 0.53 1.97 3.78 5.96

120 0.24 0.83 4.53 6.25

90 0.56 4.25 4.26 7.19

60 0.5 1.67 4.05 6.41

30 0.21 1.73 2.69 6.3

0 1.28 1.34 2.8 6.24

M, GPa 0 30 60 90

270 11.1 38.6 160 206.2

240 9.2 16.4 161.9 221.2

210 8.3 19.9 140.4 215.9

180 20.3 23.6 136.8 218.9

150 17.6 37.8 148.1 213.6

120 10.2 29.2 174.3 216.2

90 21.3 28.9 171.2 241.3

60 15.6 35 166.6 217.1

30 8.5 34.6 136 218.8

0 38.9 14 137.7 222.4

M, GPa 0 30 60 90

210 6.8 4.5 33.5 33.4

180 7.1 45.5 43.4 14.7

150 8 5.6 7 6.8

120 5.2 5.6 6.5 40.4

90 3.9 5.6 5.2 20.8

60 8.8 6.9 4.1 56.1

30 3.9 6.4 5.6 7.7

0 13.1 8.9 3.4 8.1

H, MPa 0 30 60 90

210 0.33 0.22 3.42 3.7

180 0.23 4.77 3.36 0.95

150 0.28 0.36 0.4 0.33

120 0.15 0.22 0.46 4.84

90 0.13 0.27 0.33 2.31

60 0.37 0.22 0.25 5.5

30 0.12 0.25 0.42 0.48

0 0.57 0.52 0.27 0.47
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ʄʽʢʨʦʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʨʘʟʢʽʚ    

ʉʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ  ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ 

M, ɻʇʘ S, 

ɻʇʘ 

V, 

% 

H, Mʇʘ S, 

Mʇa 

V, 

% min max ʩʝʨ min max ʩʝʨ 

ʎʝʤʝʥʪ- 

ʥʠʡ 

ʢʘʤʽʥʴ 

ɿʝʨʥʠʩʪʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ 3,9 94,5 21,5 9,7 49,9 0 11,4 1,02 1,0 98,4 

ɻʦʤʦʛʝʥʥʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ 3,8 8,9 5,1 1,0 18,9 0,20 0,49 0,29 0,1 21,9 

ʅʝʛʽʜʨʘʪʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʢʣʽʥʢʝʨʫ     101         8,06     

ʉʪʘʣʝʚʠʡ ʜʨʽʪ 198 241 216 5,3 2,4 5,00 7,19 6,08 0,3 5,6 

ʂʦʤʧʦʟʠʪʥʘ 

ʘʨʤʘʪʫʨʘ 

ɽʧʦʢʩʠʜʥʠʡ ʧʦʣʽʤʝʨ 4,1 7,6 5,5 0,7 12,6 0,22 0,46 0,35 0,1 17,7 

ɹʘʟʘʣʴʪʦʚʘ ʬʽʙʨʘ 33,4 60,7 45,1 5,8 12,9 3,36 6,29 5,00 0,7 13,9 

ʇʨʠʤʽʪʢʠ: S ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ; V ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ. 

 

     a                                                                                ʙ 

    
 

     ʚ                                                                                ʛ 

     
 

ʈʠʩ. 12. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ h ʚʽʜ ʥʠʞʥʴʦʾ ʛʨʘʥʽ (ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ):  

ʘ ï ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʄ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʧʽʩʣʷ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ; ʙ ï ʪʝ ʩʘʤʝ 

ʧʽʩʣʷ ʚʧʣʠʚʫ ʇʆɽʇ; ʚ ï ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʅ ʧʽʩʣʷ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ; ʛ ï ʪʝ ʩʘʤʝ ʇʆɽʇ 
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ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʟʨʘʟʢʽʚ 

ʟʽ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ, ʷʢʽ ʟʘʟʥʘʣʠ ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʇʆɽʇ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 13. ʇʽʜ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ 

ʟʥʽʤʢʘʤʠ ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʘʣʴʮʽʶ ʜʦ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ Ca/Si ʚ̔ʜ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʟʨʘʟʢʘ, ʜʦ ʷʢʦʾ 

ʧʨʠʢʣʘʜʘʣʠ ʥʝʛʘʪʠʚʥʠʡ ʧʦʣʶʩ ʧʦʪʝʥʮʽʘʣʫ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜ-

ʞʝʥʴ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ 

ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ. ɯʟ ʨʠʩ. 3 ʽ ʪʘʙʣ. 2 ʚʠʜʥʦ, 

ʱʦ ʩʠʣʘ ʩʪʨʫʤʫ ʧʨʦʪʷʛʦʤ ʦʙʦʭ ʚʠʜʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʟʤʝʥ-

ʰʫʚʘʣʘʩʴ, ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʨʘʟʢʽʚ ʟʨʦʩʪʘʚ. 

ʋʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠ-

ʣʘ ʩʪʨʫʤʫ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 58ï69 %, ʇʆɽʇ ï 

85ï86 %. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʝ ʧʦʣʷʨʠ-

ʟʘʮʽʻʶ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ, ʟʙʽʣʴʰʝʥʥʷʤ ʝʣʝʢʪʨʠʯ-

ʥʦʛʦ ʦʧʦʨʫ ʚʥʘʩʣʽʜʦʢ ʢʦʣʴʤʘʪʘʮʽʾ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʢʦʨʦʟʽʾ. ʊʘʢʦʞ ʮʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʚʠʣʫ-

ʛʦʚʫʚʘʥʥʷ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʉʘ2+ ʫ ʧʦʨʦʚʦʤʫ ʝʣʝʢʪʨʦ-

ʣʽʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ. ʇʨʦʪʝ ʟ ʨʠʩ. 7 

ʚʠʜʥʦ, ʱʦ ʣʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʽʩʣʷ ʝʢʩʧʦ-

ʟʠʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʟʨʘʟʢʘ, ʦʪʞʝ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʟʨʘʟʢʘ ʚ ʮʽʣʦʤʫ ʥʝ ʚʧʣʠʚʘʻ. 
ɯʟ ʨʠʩ. 8 ʽ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ 

ʪʽʣʴʢʠ ʜʠʬʫʟʽʾ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 
ʭʣʦʨʠʜʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 16ï21 ʤʤ  (40ï54 % 
ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ), ʪʦʜʽ ʷʢ ʧʽʜ ʚʧʣʠʚʦʤ ʷʢ 
ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʪʘʢ ʽ ʇʆɽʇ ʧʨʦʥʠʢ-
ʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʦʛʦ 
ʧʝʨʝʥʝʩʝʥʥʷ ʚʽʜʙʫʣʦʩʷ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ 
ʟʨʘʟʢʽʚ 40 ʤʤ. 

ɯʟ ʨʠʩ. 3, ʙ ̔  9, ʪʘʙʣ. 2 ʚʠʜʥʦ, ʱʦ ʩʪʘʣʝʚʘ 
ʜʨʦʪʷʥʘ ʘʨʤʘʪʫʨʘ ʟʘʟʥʘʻ ʢʦʨʦʟʽʾ ʟʽ 
ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ: ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ 
ʚʧʣʠʚʫ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʽʩʪʠʪʴ ʭʣʦʨʠʜʠ, ï 
ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʫ 
ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʷʢ 
ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʪʘʢ ʽ ʇʆɽʇ ʫ 
ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʽʩʪʠʪʴ ʭʣʦʨʠʜʠ. 
ʂʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ ʥʝ ʟʘʟʥʘʣʘ 
ʧʦʰʢʦʜʞʝʥʴ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʽʟ ʮʠʭ ʫʤʦʚ. 

ɯʟ ʨʠʩ. 10, 11 ʚʠʜʥʦ, ʱʦ ʫ ʟʨʘʟʢʘʭ 
ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ 
(ʪʘʙʣ. 4) ï ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ ʽ ʘʨʤʘʪʫʨʘ. ʅʘ 
ʟʦʙʨʘʞʝʥʥʷʭ ʫ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ 
ʨʦʟʨʽʟʥʷʶʪʴ ʜʠʩʧʝʨʩʥʽ ʪʘ ʛʦʤʦʛʝʥʥʽ 
ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ. ɼʣʷ ʮʠʭ 
ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʽ 
ʟʥʘʯʝʥʥʷ ʄ ʽ ʅ, ʾʭʥʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ 
ʚʽʜʭʠʣʝʥʥʷ S ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʨʽʘʮʽʾ V. 
ɼʠʩʧʝʨʩʥʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʟʘ 
ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʫʞʝ 
ʥʝʦʜʥʦʨʽʜʥʽ ï ʾʭʥʽʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʄ 
ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 3,9 ʜʦ 94,5 ɻʇʘ, ʩʝʨʝʜʥʻ 
ʟʥʘʯʝʥʥʷ ï 21,5 ɻʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 
49,9 %. ɻʦʤʦʛʝʥʥʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʘʪʘʮʽʾ 
ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʧʦʜʽʣʫ ʟ 
ʘʨʤʘʪʫʨʦʶ, ʚʦʥʠ ʫʪʚʦʨʠʣʠʩʷ, ʦʯʝʚʠʜʥʦ, ʫ 
ʤʽʩʮʷʭ ʫʪʚʦʨʝʥʥʷ ʢʘʨʤʘʥʽʚ ʚʦʜʠ 
ʟʘʤʽʰʫʚʘʥʥʷ ʧʽʜ ʘʨʤʘʪʫʨʦʶ ʧʽʜ ʯʘʩ 
ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ. ɰʭʥʽʡ ʤʦʜʫʣʴ 
ʧʨʫʞʥʦʩʪʽ ʄ ʥʝʟʥʘʯʥʠʡ, ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 3,8 
ʜʦ 8,9 ɻʇʘ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï 5,1 ɻʇʘ, 
ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 18,9 %. ʋ ʟʝʨʥʘ ʢʣʽʥʢʝʨʫ, 
ʷʢʝ ʧʨʦʛʣʷʜʘʣʠ ʦʯʝʚʠʜʥʦ, ʄ ʩʢʣʘʚ 101 ʄʇʘ. 
ʉʪʘʣʝʚʠʡ ʜʨʽʪ ʻ ʦʜʥʦʨʽʜʥʠʤ, ʤʦʜʫʣʴ 
ʧʨʫʞʥʦʩʪʽ ʄ ʚʽʜ 198 ʜʦ 241, ʫ ʩʝʨʝʜʥʴʦʤʫ 
216 ɻʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 2,4 %. 
ʂʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 
ʙʘʟʘʣʴʪʦʚʠʭ ʚʦʣʦʢʦʥ ʽʟ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 
ʄ ʚʽʜ 33,4 ʜʦ 60,7, ʫ ʩʝʨʝʜʥʴʦʤʫ 45,1 ɻʇʘ, 
ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 12,9 %, ʪʘ ʝʧʦʢʩʠʜʥʦʾ 
ʩʤʦʣʠ ʟ ʄ ʚʽʜ 4,1 ʜʦ 4,6, ʫ ʩʝʨʝʜʥʴʦʤʫ 
5,5 ɻʇʘ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 12,6 %. 

ʆʪʞʝ, ʥʘʚʢʦʣʦ ʦʙʦʭ ʪʠʧʽʚ ʘʨʤʫʚʘʥʥʷ ʻ 
ʤʽʞʬʘʟʥʽ ʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʽ 
ʪʘ ʰʠʨʦʢʽ ʄʇɿ ʥʘʚʢʦʣʦ ʩʪʘʣʝʚʦʾ ʘʨʤʘʪʫʨʠ 
ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʘ ʨʠʩ. 10, ʚ, ʥʘʚʢʦʣʦ ʢʦʤʧʦ-
ʟʠʪʥʦʾ ï ʥʘ ʨʠʩ. 10, ʙ, ʛ, ʪʦʜʽ ʷʢ ʚʽʜʥʦʩʥʦ 
ʤʽʮʥʽ ʪʘ ʚʫʟʴʢʽ ʄʇɿ ʥʘʚʢʦʣʦ ʩʪʘʣʝʚʦʾ 
ʘʨʤʘʪʫʨʠ ʚʽʜʤʽʯʘʶʪʴʩʷ ʥʘ ʨʠʩ. 10, ʘ, 11, ʘ, ʚ, 
ʥʘʚʢʦʣʦ ʢʦʤʧʦʟʠʪʥʦʾ ï ʥʘ ʨʠʩ. 11, ʙ, ʛ. ʗʢ ʽ 
ʦʯʽʢʫʚʘʣʠ, ʄʇɿ ʥʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 
ʘʨʤʘʪʫʨʠ ʚʠʷʚʠʣʠʩʷ ʤʽʮʥʽʰʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 
ʪʠʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʘʨʤʘʪʫʨʦʶ. 
ʇʝʨʝʚʘʞʥʦ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ 
ʟʘʡʚʘ ʚʦʜʘ ʟʘʤʽʰʫʚʘʥʥʷ ʟʘʪʨʠʤʫʻʪʴʩʷ ʧʽʜ 
ʘʨʤʘʪʫʨʦʶ, ʱʦ ʨʦʙʠʪʴ ʜʽʣʷʥʢʫ ʙʽʣʴʰ 
ʧʦʨʠʩʪʦʶ. ʉʘʤʝ ʮʽ ʜʽʣʷʥʢʠ ʄʇɿ ʥʘʡʙʽʣʴʰ 
ʫʨʘʟʣʠʚʽ ʜʣʷ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 
(ʤʽʢʨʦʬʦʪʦʟʥʽʤʢʠ ʟʨʘʟʢʽʚ S4d, S4p ʫ ʪʘʙʣ. 2). 
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ʈʠʩ. 13. ɽʣʝʢʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʪʘ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʰʝʥʥʷ Ca/Si ʧʦ ʚʠʩʦʪʽ ʟʨʘʟʢʘ:             

ʘ ï S3d ʟʽ ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ, ʱʦ ʟʘʟʥʘʚ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ;               

ʙ ï ʉ3d ʽʟ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʱʦ ʟʘʟʥʘʚ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ; ʚ ï S3p 

ʟʽ ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ, ʱʦ ʟʘʟʥʘʚ ʚʧʣʠʚʫ ʇʆɽʇ; ʛ ï ʉ3p ʽʟ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʱʦ 

ʟʘʟʥʘʚ ʚʧʣʠʚʫ ʇʆɽʇ 
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ʅʘʚʢʦʣʦ ʢʦʤʧʦʟʠʪʥʦʾ ʘʨʤʘʪʫʨʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʜʽʣʷʥʢʠ ʟ ʪʦʚʩʪʠʤ ʰʘʨʦʤ 

ʧʦʣʽʤʝʨʫ (ʨʠʩ. 10, ʛ, 11, ʛ). ʊʘʢʝ ʧʦʣʽʤʝʨʥʝ 

ʧʦʢʨʠʪʪʷ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʄʇɿ ʽ ʧʦʛʽʨʰʫʚʘʪʠ ʟʯʝʧʣʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʟ ʘʨʤʘʪʫʨʦʶ. 

ʅʘ ʨʠʩ. 12 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ (ʜʠʩʧʝʨʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ) 

ʧʦ ʚʠʩʦʪʽ ʟʨʘʟʢʘ ï ʟʘʣʝʞʥʦʩʪʽ ʄ ʽ ʅ ʚʽʜ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʡʦʛʦ ʥʠʞʥʴʦʾ ʛʨʘʥʽ, ʷʢʘ ʙʫʣʘ ʟ 

ʙʦʢʫ ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩ. 12, ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʜʦʙʨʝ ʘʙʦ 

ʟʘʜʦʚʽʣʴʥʦ ʘʧʨʦʢʩʠʤʦʚʘʥʘ (ʽʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʢʦʨʝʣʷʮʽʾ R ʚ̔ʜ 0,55 ʜʦ 1,0, ʦʜʠʥʠʯʥʠʡ 

ʚʠʧʘʜʦʢ 0,35) ʧʦʣʽʥʦʤʘʤʠ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ 

ʘʙʦ ʩʪʫʧʝʥʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ɺʠʜʥʦ ʪʘʢʦʞ, 

ʱʦ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʧʦ ʚʠʩʦʪʽ ʟʨʘʟʢʘ ʜʣʷ 

ʤʦʜʝʣʝʡ ʟʽ ʩʪʘʣʝʚʦʶ ʜʨʦʪʷʥʦʶ ʽ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʷʢʽ ʟʘʟʥʘʚʘʣʠ 

ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (S3d, C3d) ʪʘ 

ʇʆɽʇ (S3p, C3p) ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ɼʣʷ 

ʟʨʘʟʢʽʚ C3d ʽ S3p ʰʘʨ ʥʘʜ ʥʠʞʥʴʦʶ ʛʨʘʥʥʶ 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 0,3 ʤʤ ʤʘʻ ʟʥʘʯʥʦ ʥʠʞʯʽ 

ʟʥʘʯʝʥʥʷ ʄ ʽ ʅ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʪʝʩʪʦʚʠʤʠ ʩʤʫʞʢʘʤʠ, ʥʘ ʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ 

ʚʠʱʝ. ʆʪʞʝ, ʚʧʣʠʚʠ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʧʫʣʴʩʫʶ-

ʯʦʛʦ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʟʘʟʥʘʯʝʥʠʡ 

ʰʘʨ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʤʦʜʝʣʽ ʟʽ ʩʪʘʣʝʚʦʶ 

ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʨʽʟʥʽ: 

1) ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʚ ʟʨʘʟʢʫ ʟʽ ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ S3d ʟʤʽʥʘ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦ ʡʦʛʦ 

ʚʠʩʦʪʽ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʘʥʘ ʧʦʣʽʥʦʤʘʤʠ 

ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʽ ʻ ʥʝʩʫʪʪʻʚʦʶ ï M ʽ ʅ ʧʦ 

ʚʩʽʡ ʚʠʩʦʪʽ ʟʨʘʟʢʘ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 32 ɻʇʘ 

ʽ 1,4 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ; 

2) ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʚ ʟʨʘʟʢʫ ʟ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ C4d M 

ʧʦ ʚʠʩʦʪʽ ʟʨʘʟʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 20 ʜʦ 

34 ɻʇʘ, ʘ H ï ʚʽʜ 1 ʜʦ 1,4 ʄʇʘ, ʟʤʽʥʘ ʜʦʙʨʝ 

ʦʧʠʩʘʥʘ ʩʪʫʧʝʥʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʢʦʨʝʣʷʮʽʾ 0,85 ʽ 0,91;   

3) ʧʽʜ ʚʧʣʠʚʦʤ ʇʆɽʇ ʚ ʟʨʘʟʢʫ ʟʽ 

ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ S3p ʄ ʧʦ ʚʠʩʦʪʽ ʟʨʘʟʢʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 15 ʜʦ 32 ɻʇʘ, ʘ H ï ʚʽʜ 0,8 

ʜʦ 1,3 ʄʇʘ, ʟʤʽʥʘ ʜʦʙʨʝ ʦʧʠʩʘʥʘ 

ʩʪʫʧʝʥʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʢʦʨʝʣʷʮʽʾ 0,79 ʽ 0,93; 

4) ʧʽʜ ʚʧʣʠʚʦʤ ʧʫʣʴʩʫʶʯʦʛʦ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʟʨʘʟʢʫ ʟ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ C3p ʟʤʽʥʘ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʜʦʚʽʣʴʥʦ 

ʦʧʠʩʘʥʘ ʧʦʣʽʥʦʤʘʤʠ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʽ ʻ 

ʥʝʩʫʪʪʻʚʦʶ ï ʄ ʽ ʅ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʟʨʘʟʢʘ 

ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 26 ɻʇʘ ʽ 1,2 ʄʇʘ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʗʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʽʚ ʨʠʩ. 12, 

ʝʣʝʢʪʨʠʯʥʽ ʚʧʣʠʚʠ ʧʨʠʟʚʝʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʛʨʘʜʽʻʥʪʽʚ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʝʤʝʥʪʥʦʾ ʧʘʩʪʠ, ʦʙʫʤʦʚʣʝʥʠʭ ʚʠʥʝʩʝʥʥʷʤ 

ʢʘʪʽʦʥʽʚ Ca2+ ʽ ʨʦʟʢʣʘʜʘʥʥʷʤ ʉʘ(ʆʅ)2 ʽ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ. ʋ ʛʣʠʙʠʥʽ ʤʦʜʝʣʝʡ, 

ʜʝ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʩʧʨʠʯʠʥʠʣʦ ʚʽʜʯʫʪʥʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʄ ʩʢʣʘʜʘʻ 27ï

33 ɻʇʘ, ʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ H ï 1,2ï1,4 ʄʇʘ.  

ʇʦʙʣʠʟʫ ʥʠʞʥʴʦʾ ʛʨʘʥʽ, ʜʝ ʚʠʥʝʩʝʥʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ Ca2+, ʄ ʽ ʅ 

ʟʥʠʞʫʶʪʴʩʷ ʜʦ 15ï20 ɻʇʘ ʽ 0,8ï1 ʄʇʘ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʆʪʞʝ, ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʚ ʤʦʜʝʣʽ ʟʽ ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʤʘʡʞʝ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʦʯʝʚʠʜʥʦ, 

ʯʝʨʝʟ ʩʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʚʠʧʫʩʢʠ 

ʘʨʤʘʪʫʨʠ (ʨʠʩ. 1). ʋ ʤʦʜʝʣʽ ʟ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ, ʫ ʷʢʽʡ ʩʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʘʨʤʘʪʫʨʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʽʥ ʚʝʩʴ ʧʨʦʪʽʢʘʻ 

ʯʝʨʝʟ ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ, ʥʘʚʧʘʢʠ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʧʨʦʪʽʢʘʶʪʴ. 

ʇʽʜ ʚʧʣʠʚʦʤ ʇʆɽʇ ʫ ʟʨʘʟʢʫ ʟʽ 

ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʩʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʟ ʚʠʧʫʩʢʽʚ ʘʨʤʘʪʫʨʠ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʧʨʦʪʽʢʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦ, ʦʯʝʚʠʜʥʦ, 

ʯʝʨʝʟ ʧʨʦʮʝʩʠ ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʜʝʧʦʣʷʨʠʟʘʮʽʾ 

ʘʨʤʘʪʫʨʠ ʽ ʰʘʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʤʽʞ 

ʘʨʤʘʪʫʨʦʶ ʽ ʥʠʞʥʴʦʶ ʛʨʘʥʥʶ. ʋ ʤʦʜʝʣʽ ʟ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʥʘʚʧʘʢʠ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʤʘʡʞʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴ, ʤʦʞʣʠʚʦ, 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʫʯʘʩʪʽ ʘʨʤʘʪʫʨʠ ʚ 

ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʚʜʚʽʯʽ ʙʽʣʴʰʫ ʪʦʚʱʠʥʫ ʰʘʨʫ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʷʢʠʡ ʧʦʣʷʨʠʟʦʚʘʥʠʡ.   
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ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʥʠʞʥʽʡ ʰʘʨ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʚʩʽʭ ʟʨʘʟʢʽʚ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʤʤ 

ʟʥʘʯʥʦ ʙʽʣʴʰ ʧʦʨʠʩʪʠʡ, ʥʽʞ ʽʥʰʽ ʯʘʩʪʠʥʠ 

ʚʠʱʝ. ʎʝ ʻ ʯʽʪʢʠʤʠ ʦʟʥʘʢʘʤʠ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ, ʭʦʯʘ ʡ ʧʦʤʽʨʥʦʛʦ, ʩʫʜʷʯʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷ ʣʫʞʥʦʾ ʨʝʘʢʮʽʾ ʬʝʥʦʣʬʪʘʣʝʾʥʫ, 

ʘʣʝ ʧʨʦʛʨʝʩʫʶʯʦʛʦ. ɼʣʷ ʟʨʘʟʢʽʚ S3d i C3p 

ʨʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ M ʽ H ʥʘ ʨʽʟʥʽʡ ʚʠʩʦʪʽ 

ʚʽʜ ʥʠʟʫ ʽʩʪʦʪʥʦ ʥʝ ʚʽʜʨʽʟʥʷʣʘʩʷ. 

ʉʢʘʥʫʶʯʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ 

ʚʠʷʚʣʝʥʦ ʢʘʣʴʮʠʪ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟʨʘʟʢʽʚ. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʢʘʣʴʮʠʪ ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʢʘʨʙʦʥʽʟʘʮʽʾ ʢʘʣʴʮʽʶ, ʷʢʠʡ 

ʚʠʤʠʚʘʻʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ 

ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ. ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ M ʽ H 

ʢʨʠʩʪʘʣʽʚ ʢʘʣʴʮʠʪʫ ʟʥʘʯʥʦ ʚʠʱʽ, ʥʽʞ ʫ ʬʘʟ 

ʛʽʜʨʘʪʦʚʘʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ, ʚʦʥʠ ʤʦʛʣʠ 

ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ M ʽ H ʥʠʞʥʴʦʛʦ 

ʰʘʨʫ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʫ 

ʤʝʪʦʜʠʢʫ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʧʫʣʴʩʫʶʯʦʛʦ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʥʘ ʰʧʘʣʠ ʟ ʙʝʪʦʥʫ ʟʽ ʩʪʘʣʝʚʦʶ ʪʘ 

ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ ʥʘ ʤʦʜʝʣʷʭ, ʱʦ 

ʚʢʣʶʯʘʻ ʥʦʚʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʴ ï 

ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʄ ʪʘ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʅ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʾʾ 

ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʦʛʦ ʚʠʣʫʛʦʚʫʚʘʥʥʷ.   

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʠʣʘ ʩʪʨʫʤʫ ʧʨʦʪʷʛʦʤ ʦʙʦʭ ʚʠʜʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ 

ʟʤʝʥʰʫʚʘʣʘʩʷ, ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ï ʟʨʦʩʪʘʚ. 

ʎʝ ʧʦʷʩʥʝʥʦ ʧʦʣʷʨʠʟʘʮʽʻʶ ʢʦʣʦʾʜʥʠʭ 

ʯʘʩʪʠʥʦʢ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʥʘʩʣʽʜʦʢ 

ʢʦʣʴʤʘʪʘʮʽʾ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʢʦʨʦʟʽʾ.  

ɽʣʝʢʪʨʠʯʥʽ ʚʧʣʠʚʠ ʧʨʦʪʷʛʦʤ 

ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʤʝʪʦʜʠʢʦʶ ʩʪʨʦʢʫ 

ʝʢʩʧʦʟʠʮʽʾ ʧʦʚʥʫ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʝʥʶ ʧʦ ʙʽʣʴʰʦʩʪʽ ʛʣʠʙʠʥʠ ʥʝ 

ʩʧʨʠʯʠʥʠʣʠ.    

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʪʽʣʴʢʠ 

ʜʠʬʫʟʽʾ ʧʨʦʪʷʛʦʤ ʧʝʨʝʜʙʘʯʝʥʦʾ ʝʢʩʧʦʟʠʮʽʾ 

ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʭʣʦʨʠʜʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 16ï21 ʤʤ, ʪʦʜʽ ʷʢ ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʇʆɽʇ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʡʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʚʽʜʙʫʣʦʩʷ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʟʨʘʟʢʽʚ. 

ʉʪʘʣʝʚʘ ʜʨʦʪʷʥʘ ʘʨʤʘʪʫʨʘ ʟʘʟʥʘʣʘ 

ʢʦʨʦʟʽʾ ʚ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ: 

ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʧʣʠʚʫ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ 

ʤʽʩʪʠʪʴ ʭʣʦʨʠʜʠ, ï ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï ʫ ʨʘʟʽ 

ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʇʆɽʇ ʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʽʩʪʠʪʴ ʭʣʦʨʠʜʠ. 

ʂʦʤʧʦʟʠʪʥʘ ʘʨʤʘʪʫʨʘ ʥʝ ʟʘʟʥʘʣʘ 

ʧʦʰʢʦʜʞʝʥʴ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʽʟ ʮʠʭ ʫʤʦʚ. 

ʄʝʪʦʜʦʤ ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʫ ʟʨʘʟʢʫ ʟʽ ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʤʘʡʞʝ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ 

ʩʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʚʠʧʫʩʢʠ ʘʨʤʘʪʫʨʠ. ʋ 

ʤʦʜʝʣʽ ʟ ʢʦʤʧʦʟʠʪʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʫ ʷʢʽʡ 

ʩʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʘʨʤʘʪʫʨʫ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʽʥ ʫʚʝʩʴ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ 

ʮʝʤʝʥʪʥʠʡ ʢʘʤʽʥʴ, ʥʘʚʧʘʢʠ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʧʨʦʪʽʢʘʶʪʴ. 

ʇʽʜ ʚʧʣʠʚʦʤ ʇʆɽʇ ʫ ʟʨʘʟʢʫ ʟʽ 

ʩʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʩʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʟ ʚʠʧʫʩʢʽʚ ʘʨʤʘʪʫʨʠ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʝʥʽ ʧʨʦʪʽʢʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦ ʯʝʨʝʟ ʧʨʦʮʝʩʠ 

ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʜʝʧʦʣʷʨʠʟʘʮʽʾ ʘʨʤʘʪʫʨʠ ʽ ʰʘʨʫ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʤʽʞ ʘʨʤʘʪʫʨʦʶ ʽ 

ʥʠʞʥʴʦʶ ʛʨʘʥʥʶ. ʋ ʟʨʘʟʢʫ ʟ ʢʦʤʧʦʟʠʪʥʦʶ 

ʘʨʤʘʪʫʨʦʶ, ʥʘʚʧʘʢʠ, ʝʣʝʢʪʨʦʢʦʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʝʥʽ ʤʘʡʞʝ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʫʯʘʩʪʽ 

ʘʨʤʘʪʫʨʠ ʚ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʚʜʚʽʯʽ ʙʽʣʴʰʫ 

ʪʦʚʱʠʥʫ ʰʘʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʷʢʠʡ 

ʧʦʣʷʨʠʟʦʚʘʥʠʡ.   

ʇʦʜʷʢʠ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ 

ʋʢʨʘʾʥʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʧʽʣʴʥʦ ʟ 

University of the West of Scotland ʫ ʩʢʣʘʜʽ 

ʨʦʙʦʯʦʛʦ ʧʘʢʝʪʘ ɯɯɯ ɿʘʣʽʟʥʠʯʥʽ ʰʧʘʣʠ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʻʢʪʫ ʫ ʨʘʤʢʘʭ UUK i 

UK-Ukraine R&I twinning grant, Project 

#11150 çIntegrated rail freight optimisation in 
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Ukraine: Railway sleepers, rolling stock and 

logisticsè (ɼʈʅ 0123U102700, ɼʆʅ 

0224U031548). ɸʚʪʦʨʠ ʱʠʨʫ ʜʷʢʫʶʪʴ 

ʧʨʦʬʝʩʦʨʫ ɼʤʠʪʨʫ ʇʣʫʛʽʥʫ (ʋʢʨɼʋɿʊ) ʟʘ 

ʜʦʧʦʤʦʛʫ ʫ ʩʪʚʦʨʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʟ ʝʣʝʢʪʨʠʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʤʦʜʝʣʽ 

ʰʧʘʣ ʚ ʋʢʨɼʋɿʊ, ʜʦʢʪʦʨʫ Wenzhong Zhu ʟʘ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ 

ʥʘʥʦʽʥʜʝʥʪʫʚʘʥʥʷ ʽ ʜʦʢʪʦʨʫ John Hughes ʟʘ 

ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ UWS. 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, 

ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ʋʢʨʘʾʥʽ (ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽ, ʽʥʩʪʠʪʫʮʽʡʥʦ-ʟʝʤʣʝʚʧʦʨʷʜʥʽ, ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ). 

ʈʦʟʛʣʷʥʫʪʦ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ʢʨʘʾʥʘʭ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. ʎʽʥʥʠʤ ʻ ʜʦʩʚʽʜ ʙʽʦʣʦʛʽʯʥʦʾ (ʝʢʦʣʦʛʽʯʥʦʾ) ʩʠʩʪʝʤʠ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʌʨʘʥʮʽʾ, ʟʘ ʷʢʦʾ ʨʽʟʢʦ ʩʢʦʨʦʯʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʦʩʦʙʣʠʚʦ ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ, 

ʘ ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʩʪʘʥʦʚʣʷʪʴ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ. 

ɸʥʘʣʽʟ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʷʢʝ ʚʧʨʦʚʘʜʞʝʥʝ ʥʘ ʇʇ çɸʛʨʦʝʢʦʣʦʛʽʷè 

(ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ), ʧʦʢʘʟʘʚ, ʱʦ ʦʨʛʘʥʽʯʥʝ ʚʫʛʣʝʮʝʚʝ ʟʝʤʣʝʨʦʙʩʪʚʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ. 

ɽʢʦʥʦʤʽʷ ʚʠʪʨʘʪ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʧʦʥʫʢʘʻ ʜʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ 

ʥʘ ʦʙʨʦʙʽʪʦʢ ʧʦʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʫʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʟʥʠʞʫʻʪʴʩʷ, ʘʣʝ 

ʟʘ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ï ʥʘ 20 %, ʘ ʪʨʘʜʠʮʽʡʥʦʛʦ ï 40-50 %.  

ɺʠʦʢʨʝʤʣʝʥʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ: 

ʟʘʩʪʦʩʫʚʘʥʥʷ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʦʙʨʦʙʽʪʦʢ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 15 ʩʤ); ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʜʝʨʘʪʽʚ ʽ ʧʦʞʠʚʥʠʭ ʨʝʰʪʦʢ; ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ; ʚʦʣʦʛʦʘʢʫʤʫʣʷʮʽʷ (ʥʘʩʠʯʝʥʥʷ 

ʨʦʜʶʯʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ); ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʟʘʭʠʩʪʫ ʧʦʩʽʚʽʚ ʚʽʜ ʭʚʦʨʦʙʠ ʪʘ ʰʢʽʜʥʠʢʽʚ; ʢʦʥʪʨʦʣʴ ʩʪʨʫʢʪʫʨʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʪʨʠʚʘʣʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ (ʪʨʠ 

ʨʦʢʠ) ʜʣʷ ʥʘʜʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʫʛʽʜʜʷʤ ʦʨʛʘʥʽʯʥʦʛʦ ʩʪʘʪʫʩʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʯʦʪʠʨʠ ʝʪʘʧʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ: 

ʤʘʨʢʝʪʠʥʛ, ʬʦʨʤʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʛʦ ʙʘʥʢʫ ʜʣʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ; ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʭʦʜʽʚ ʽʟ ʤʝʣʽʦʨʘʮʽʾ; ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʧʦʣʽʚ ʽ ʧʨʦʜʫʢʮʽʾ. 
ɺ ʫʤʦʚʘʭ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʽ ʟʥʠʞʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ 

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ: ʝʢʦʣʦʛʽʯʥʠʡ (ʧʽʜʚʠʱʝʥʥʷ ʨʦʜʶʯʦʩʪʽ 

ˇʨʫʥʪʽʚ, ʚʦʣʦʛʦʘʢʫʤʫʣʷʮʽʡʥʽ ʧʦʣʽʧʰʝʥʥʷ); ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʠʡ (ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʝʨʞʘʚʥʠʭ 

ʩʪʠʤʫʣʽʚ ʽ ʩʘʥʢʮʽʡ); ʝʢʦʥʦʤʽʯʥʠʡ (ʟʥʠʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ); ʩʦʮʽʘʣʴʥʠʡ (ʨʦʟʚʠʪʦʢ ʤʘʣʠʭ ʽ 
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ʩʝʨʝʜʥʽʭ ʘʛʨʦʬʦʨʤʫʚʘʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʨʛʘʥʽʯʥʝ ʚʫʛʣʝʮʝʚʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʦʨʛʘʥʽʯʥʦʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʶ ʧʨʦʜʫʢʮʽʻʶ). 

ʈʦʟʚʠʪʦʢ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʜʘʩʪʴ ʟʤʦʛʫ ʚʽʪʯʠʟʥʷʥʠʤ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʘʤ ʚʝʩʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʛʘʥʽʯʥʝ ʚʫʛʣʝʮʝʚʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʩʪʘʥ ˇʨʫʥʪʽʚ, ʧʨʠʨʦʜʥʘ ʨʦʜʶʯʽʩʪʴ 

ˇʨʫʥʪʽʚ, ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ. 

 

Abstract. The article explores the features of organic carbon farming, identifying the main 

external factors influencing its functioning, including natural and climatic, institutional and land 

management, financial and economic, and social factors. 

Global trends in the development of organic farming in the European Union countries are 

examined. Particularly valuable is the experience of Franceôs biological (ecological) farming system, 

where the use of mineral fertilizers ï especially highly soluble ones ï is significantly reduced, and 

the main source of plant nutrition is organic fertilizers. 

An analysis of organic carbon farming implemented at  PE óAgroecologyô (Poltava region) has 

shown that organic carbon farming is more efficient. Cost savings in agricultural production 

encourage reduced energy consumption for field cultivation. Although crop yields decrease, the 

reduction under organic farming is around 20 %, while under traditional methods it reaches 40ï

50 %, highlighting the relative efficiency of organic practices. 

The key principles of organizing organic carbon farming are outlined: the use of soil-protecting 

technologies (tillage to a depth of up to 15 cm); the use of green manure and nutrient residues; 

application of organic fertilizers; moisture accumulation (enriching the fertile soil layer with organic 

matter); use of biological methods for crop protection against diseases and pests; and control over 

land use structure. 

A distinctive feature of organic production is the lengthy transition period (3 years) required 

to grant agricultural land organic status. 

Four stages are proposed for transitioning from traditional to organic carbon farming: 

marketing, formation of a land bank for organic farming; implementation of land reclamation 

measures; field and product labeling and certification.  

Keywords: organic carbon farming, soil condition, natural soil fertility, soil cultivation. 

 

ɺʩʪʫʧ. ʇʝʨʝʜ ʋʢʨʘʾʥʦʶ ʚ ʫʤʦʚʘʭ 

ʤʽʣʽʪʘʨʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʧʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ, ʦʩʢʽʣʴʢʠ ʟ 

ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʦʛʽʨʰʫʻʪʴʩʷ ʩʪʘʥ ˇʨʫʥʪʽʚ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʛʫʤʽʬʽʢʘʮʽʷ ʪʘ ʝʨʦʟʽʷ ʾʭ, ʱʦ 

ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʫ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ, ʟʦʢʨʝʤʘ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʙʘʟʦʚʘʥʠʡ ʥʘ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, 

ʚʽʜʪʚʦʨʝʥʥʽ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʽ 

ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʧʦʩʽʚʽʚ ʟʘ ʫʤʦʚʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ˇʨʫʥʪʘʭ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʟ ʘʢʫʤʫʣʷʮʽʻʶ ʚʫʛʣʝʮʶ. 

ʅʘ ʇʦʣʪʘʚʱʠʥʽ ʟ 1975 ʨʦʢʫ ʊʆɺ 

çɸʛʨʦʝʢʦʣʦʛʽʷè ʚʝʜʝ ʦʨʛʘʥʽʯʥʝ ʚʫʛʣʝʮʝʚʝ 

ʟʝʤʣʝʨʦʙʩʪʚʦ, ʟʘ ʷʢʦʛʦ ʥʝ ʚʥʦʩʷʪʴ ʤʽʥʝ-

ʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʽʤʽʯʥʽ 

ʩʧʦʣʫʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʦʙʥʠʮʪʚʦ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ. 

ɿʘʟʥʘʯʝʥʝ ʧʦʪʨʝʙʫʻ ʰʠʨʦʢʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʜʝʨʞʘʚʦʶ 

ʟʘʭʠʩʪʫ, ʧʽʜʪʨʠʤʢʠ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʜʦʩʚʽʜʫ ʥʝʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʠ ʚʝʜʝʥʥʷ 

ʟʝʤʣʝʨʦʙʩʪʚʘ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ʅʘʫʢʦʚʘ ʪʘ ʧʨʠʢʣʘʜʥʘ 

ʧʨʦʙʣʝʤʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚʠʩʚʽʪʣʝʥʽ ʚ 

ʨʦʙʦʪʘʭ ʟʘʢʦʨʜʦʥʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʫʯʝʥʠʭ. 

ʋ 1924 ʨʦʮʽ ʈ. ʐʪʘʡʥʝʨ ʦʧʠʩʘʚ 

ʢʦʥʮʝʧʮʽʶ ʙʽʦʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ [1]. 

ʋ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ  ʚ 1940 ʨʦʮʽ ʅʦʨʪʙʝʨʥ 

ʜʘʚ ʚʠʟʥʘʯʝʥʥʷ ʦʨʛʘʥʽʯʥʦʤʫ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʫ [2]. ɾ. ʈʦʜʝʡʣ ʙʫʚ ʦʜʥʠʤ ʽʟ 

ʧʝʨʰʠʭ ʧʨʠʭʠʣʴʥʠʢʽʚ ʩʪʘʣʦʛʦ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʫ 

ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ [3].  

ʇʠʪʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝ-

ʨʦʙʩʪʚʘ ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʨʘʮʷʭ ʉ. ɸʥʪʦʥʮʷ, 

ɺ. ʇʠʩʘʨʝʥʢʘ, ʃ. ʄʦʢʣʷʯʫʢ, ʄ. ʐʠʢʫʣʠ [4-

7]. ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʦʛʦ ʪʘ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʟʨʦʙʠʣʠ 

ʆ. ɹʦʨʦʜʽʥʘ, ʆ. ʐʢʫʨʘʪʦʚ, ʆ. ɻʫʪʦʨʦʚ ʪʘ 

ʽʥʰʽ ʚʯʝʥʽ [8-10].  

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʽ ʝʢʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ 

ʚʠʤʘʛʘʶʪʴ ʟʤʽʥʠ ʩʫʩʧʽʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʫ 

ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɭʚʨʦʧʝʡʩʴʢʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ 

ʝʢʦʣʦʛʽʯʥʫ ʥʝʡʪʨʘʣʴʥʽʩʪʴ, ʪʦʙʪʦ ʚʫʛʣʝʮʝʚʠʡ 

ʙʘʣʘʥʩ, ʘʢʫʤʫʣʷʮʽʶ ʚʫʛʣʝʮʶ ʽ ʚʠʜʽʣʝʥʥʷ 

ʡʦʛʦ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  

ɺ ʋʢʨʘʾʥʽ ʧʦʩʪʘʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ 

ʩʪʠʤʫʣʶʚʘʪʠ ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʦʨʛʘʥʽʯʥʝ 

ʚʫʛʣʝʮʝʚʝ ʟʝʤʣʝʨʦʙʩʪʚʦ. ʆʨʛʘʥʽʟʘʮʽʡʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʪʘʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʦʨʝʥʜʥʽ 

ʚʽʜʥʦʩʠʥʠ ʪʘ ʬʨʘʛʤʝʥʪʘʮʽʷ ʟʝʤʝʣʴ, ʷʢ 

ʥʘʩʣʽʜʦʢ ʧʘʶʚʘʥʥʷ, ʾʭ ʦʙʽʛ ʟʘ ʨʘʭʫʥʦʢ 

ʦʨʝʥʜʠ ʽʟ ʯʘʩʪʦʶ ʟʤʽʥʦʶ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʦʢʨʝʤʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʥʘ ʟʝʤʣʷʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʡʦʛʦ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʝʪʘʧʽʚ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʽ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʡʦʛʦ 

ʨʦʟʚʠʪʢʫ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ 
ʫʤʦʚʘʭ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʽ ʟʥʠʞʝʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʭʽʜ ʥʘ 

ʦʨʛʘʥʽʯʥʝ ʚʫʛʣʝʮʝʚʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, ʱʦ ʜʘʩʪʴ 

ʟʤʦʛʫ ʚʽʪʯʠʟʥʷʥʠʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ 

ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʘʤ ʚʝʩʪʠ ʝʬʝʢʪʠʚʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʟʦʙʦʚôʷʟʘʣʴʥʠʭ ʥʦʨʤ 

ʢʦʥʩʦʣʽʜʘʮʽʡ ʽ ʢʦʤʧʝʥʩʘʮʽʡ ʥʝʚʽʜʜʽʣʴʥʠʭ 

ʧʦʣʽʧʰʝʥʴ ʽ ʩʘʥʢʮʽʡ ʟʘ ʩʪʽʡʢʽ ʧʦʛʽʨʰʝʥʥʷ 

ʟʝʤʝʣʴ ʬʦʨʤʫʶʪʴ ʩʪʘʥ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʱʦʜʦ 

ʚʠʨʽʰʝʥʥʷ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʣʴʥʠʭ ʧʦʪʨʝʙ ʥʘ 

ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ.  

ɿʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽ, ʥʝ ʤʘʶʯʠ ʛʘʨʘʥʪʽʡ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʧʦʚʝʨʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʟʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʥʝ 

ʙʘʞʘʶʪʴ ʬʽʥʘʥʩʦʚʦ ʨʠʟʠʢʫʚʘʪʠ. ʆʧʦʨʪʫʥʽʟʤ 

ʚʣʘʩʥʠʢʽʚ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʽʛʥʦʨʫʻ 

ʝʢʦʣʦʛʽʟʘʮʽʶ, ʚʦʥʠ ʧʨʘʛʥʫʪʴ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ. ʋ ʜʝʨʞʘʚʠ 

ʚʽʜʩʫʪʥʽ ʟʦʙʦʚôʷʟʘʣʴʥʽ ʥʦʨʤʠ ʢʦʥʩʦʣʽʜʘʮʽʾ ʪʘ 

ʥʦʨʤʘʪʠʚʠ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʥʝʚʽʜʜʽʣʴʥʠʭ 

ʧʦʣʽʧʰʝʥʴ ʽ ʩʘʥʢʮʽʡ ʟʘ ʩʪʽʡʢʽ ʧʦʛʽʨʰʝʥʥʷ 

ʦʨʥʠʭ ʟʝʤʝʣʴ.   

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘʤʠ 

ʚʠʦʢʨʝʤʣʝʥʦ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ʋʢʨʘʾʥʽ: 

ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽ, ʽʥʩʪʠʪʫʮʽʡʥʦ-

ʟʝʤʣʝʚʧʦʨʷʜʥʽ, ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʩʦʮʽʘʣʴʥʽ (ʪʘʙʣʠʮʷ). 

ʂʦʞʥʠʡ ʬʘʢʪʦʨ ʤʘʻ ʚʽʜʧʦʚʽʜʥʽ ʦʟʥʘʢʠ, 

ʷʢʽ ʬʦʨʤʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ.  

ɼʦ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʽʜʥʝʩʝʥʦ ʪʘʢʽ ʦʟʥʘʢʠ: ʜʝʛʨʘʜʘʮʽʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ; ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʟʘʭʦʜʽʚ ʽʟ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʱʦʜʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʛʽʜʨʦʪʝʭʥʽʯʥʽ 

ʩʧʦʨʫʜ, ʟʘʣʫʞʝʥʥʷ ʩʠʣʴʥʦ ʜʝʛʨʘʜʦʚʘʥʠʭ ʽ 

ʟʘʙʨʫʜʥʝʥʠʭ ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ˇʨʫʥʪʽʚ, ʥʘʩʘʜʞʝʥʥʷ ʧʦʣʝʟʘʭʠʩʥʠʭ ʩʤʫʛ; 

ʚʠʩʦʢʝ ʚʽʡʩʴʢʦʚʦ-ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʝʤʣʽ. 
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ʊʘʙʣʠʮʷ 

ʌʘʢʪʦʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʚ ʋʢʨʘʾʥʽ 

ʌʘʢʪʦʨ ʆʟʥʘʢʘ 

ʇʨʠʨʦʜʥʦ- 

ʢʣʽʤʘʪʠʯʥʽ 

ɼʝʛʨʘʜʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ. 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʟʘʭʦʜʽʚ ʽʟ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʱʦʜʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʟʘʣʫʞʝʥʥʷ ʩʠʣʴʥʦ 

ʜʝʛʨʘʜʦʚʘʥʠʭ ʽ ʟʘʙʨʫʜʥʝʥʠʭ ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ˇʨʫʥʪʽʚ, 

ʥʘʩʘʜʞʝʥʥʷ ʧʦʣʝʟʘʭʠʩʥʠʭ ʩʤʫʛ. 

ɺʠʩʦʢʝ ʚʽʡʩʴʢʦʚʦ-ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʟʝʤʣʽ 

ɯʥʩʪʠʪʫʮʽʡʥʦ-

ʟʝʤʣʝʚʧʦʨʷʜʥʽ 

ʌʨʘʛʤʝʥʪʘʮʽʷ ʟʝʤʝʣʴ (ʧʘʶʚʘʥʥʷ). 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʴ ʪʘ ʦʙʽʛ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟʘ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʅʝʜʦʩʪʘʪʥʽʩʪʴ ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʜʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʦʭʦʨʦʥʦʶ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʠʤʫʣʽʚ ʽ ʩʘʥʢʮʽʡ. 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʥʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ. 

ʉʢʣʘʜʥʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘ ʧʝʨʽʦʜ ʧʝʨʝʭʦʜʫ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʌʽʥʘʥʩʦʚʦ- 

ʝʢʦʥʦʤʽʯʥʽ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʢʨʝʜʠʪʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʪʨʘʭʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʅʝʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʦʨʛʘʥʽʯʥʫ ʧʨʦʜʫʢʮʽʶ ʚʽʜʥʦʩʥʦ ʮʽʥ ʥʘ 

ʧʨʦʜʫʢʮʽʶ, ʷʢʫ ʚʠʨʦʱʝʥʦ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʚʘʞʘʶʯʠʭ ʥʦʨʤ ʧʨʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ 

ʉʦʮʽʘʣʴʥʽ 
ʅʠʟʴʢʘ ʢʫʧʽʚʝʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. 

ʅʠʟʴʢʘ ʽʥʚʘʡʨʦʤʝʥʪʘʣʴʥʘ ʢʫʣʴʪʫʨʘ ʥʘʩʝʣʝʥʥʷ 

 

 

ɼʣʷ ʽʥʩʪʠʪʫʮʽʡʥʦ-ʟʝʤʣʝʚʧʦʨʷʜʥʠʭ 

ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʥʽ ʬʨʘʛʤʝʥʪʘʮʽʷ ʟʝʤʝʣʴ 

(ʧʘʶʚʘʥʥʷʤ); ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʟʘʢʦʥʦʜʘʚʯʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʜʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ; ʩʢʣʘʜʥʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ; 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʦʭʦʨʦʥʦʶ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ; ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʥʦʚʘʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ; ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘ ʧʝʨʽʦʜ ʧʝʨʝʭʦʜʫ ʜʦ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʪʘ ʟʥʘʯʥʠʡ ʦʙʽʛ 

ʟʝʤʝʣʴ ʽ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʦʨʝʥʜʠ.   

ɼʦ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʽʜʥʝʩʝʥʦ ʦʟʥʘʢʠ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ 

ʢʨʝʜʠʪʥʠʭ ʨʝʩʫʨʩʽʚ; ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ 

ʩʪʨʘʭʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ; ʥʝʟʥʘʯʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʮʽʥ 

ʥʘ ʦʨʛʘʥʽʯʥʫ ʧʨʦʜʫʢʮʽʶ ʚʽʜʥʦʩʥʦ ʮʽʥ ʥʘ 

ʧʨʦʜʫʢʮʽʶ, ʷʢʫ ʚʠʨʦʱʝʥʦ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʩʦʮʽʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʥʠʟʴʢʽ ʢʫʧʽʚʝʣʴʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʽʥʚʘʡʨʦʤʝʥʪʘʣʴʥʘ ʢʫʣʴʪʫʨʘ ʥʘʩʝʣʝʥʥʷ. 

ʇʽʜ ʦʨʛʘʥʽʯʥʠʤ ʚʫʛʣʝʮʝʚʠʤ 

ʟʝʤʣʝʨʦʙʩʪʚʦʤ ʥʘ ʟʝʤʣʷʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʨʦʟʫʤʽʶʪʴ ʤʝʪʦʜ ʚʝʜʝʥʥʷ ʪʘʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʣʠ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʰʪʫʯʥʽ ʩʠʥʪʝʪʠʯʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ 

(ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ, ʧʝʩʪʠʮʠʜʠ, 
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ʩʪʠʤʫʣʷʪʦʨʠ ʨʦʩʪʫ ʨʦʩʣʠʥ, ʢʦʨʤʦʚʽ 

ʜʦʙʘʚʢʠ), ʫʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴ-

ʢʠʭ ʢʫʣʴʪʫʨ ʟʘʙʝʟʧʝʯʝʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʩʠʣʝʥʥʷ ʚʧʣʠʚʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʽʚʦʟʤʽʥ, 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʩʪʝʤ 

ʦʙʨʦʙʢʠ ˇʨʫʥʪʽʚ [11]. 

ʆʜʥʘ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʟʘʩʘʜʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ˇʨʫʥʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʾ ʙʽʦʪʠ, ʧʽʜʪʨʠʤʫʶʯʠ 

ʡʦʛʦ ʧʨʠʨʦʜʥʶ ʨʦʜʶʯʽʩʪʴ ʽ ʧʽʜʚʠʱʫʶʯʠ 

ʚʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ.  

ɽʢʦʥʦʤʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ, 

ʢʨʽʤ ʚʠʨʦʱʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʙʨʦʙʢʫ, ʧʘʢʫʚʘʥʥʷ ʪʘ 

ʤʘʨʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʂʦʞʥʠʡ ʝʪʘʧ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʚʠʣʘʤʠ, 

ʘ ʜʽʷʣʴʥʽʩʪʴ ʧʨʦʭʦʜʠʪʴ ʦʙʦʚôʷʟʢʦʚʫ 

ʩʠʩʪʝʤʘʪʠʯʥʫ ʜʝʨʞʘʚʥʫ ʩʝʨʪʠʬʽʢʘʮʽʶ ʪʘ 

ʧʦʪʨʝʙʫʻ ʘʚʪʦʥʦʤʥʦʾ ʫʥʽʢʘʣʴʥʦʾ ʣʦʛʽʩʪʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʦʯʠʥʘʶʯʠ ʟ 2018 ʨ. ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ʋʢʨʘʾʥʽ 

ʩʢʦʨʦʪʠʣʘʩʷ ʟ 635 ʜʦ 544 ʦʜ. (-14,3 %). 

ɺʽʜʧʦʚʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʱ ʫʛʽʜʴ ʧʽʜ 

ʦʨʛʘʥʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʧʦʚʽʣʴʥʠʣʦʩʴ ʫ 

2019 ʨ. ʽ ʥʘ ʧʦʯʘʪʦʢ 2023 ʨ. ʩʪʘʥʦʚʠʣʦ 

462,2 ʪʠʩ. ʛʘ, ʘʙʦ ʣʠʰʝ 1,1 % ʟʝʤʝʣʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴ-

ʢʠʭ ʫʛʽʜʴ, ʩʢʦʨʦʯʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ɿʘʧʦʨʽʟʴʢʦʾ, 

ʍʝʨʩʦʥʩʴʢʦʾ ʪʘ ʯʘʩʪʠʥʠ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙ-

ʣʘʩʪʝʡ, ʜʦʨʽʚʥʶʚʘʣʘ ʥʝ ʙʽʣʴʰʝ 36176 ʪʠʩ. ʛʘ, 

ʘ ʦʨʛʘʥʽʯʥʠʭ ʽ ʧʝʨʝʭʽʜʥʠʭ ʫʛʽʜʴ ï ʙʣʠʟʴʢʦ 

334,5 ʪʠʩ. ʛʘ, ʘʙʦ 0,9 %.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʝʛʘʪʠʚʥʫ ʪʝʥʜʝʥʮʽʶ ʟʽ 

ʟʤʝʥʰʝʥʥʷ ʧʣʦʱ ʫʛʽʜʴ ʽʟ ʧʝʨʝʭʽʜʥʠʤ 

ʩʪʘʪʫʩʦʤ ʷʢ ʚ ʘʙʩʦʣʶʪʥʦʤʫ, ʪʘʢ ʽ 

ʚʽʜʥʦʩʥʦʤʫ ʚʠʤʽʨʽ. ʗʢʱʦ ʥʘ ʧʦʯʘʪʢʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʧʣʦʱʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʩʪʘʪʫʩʫ ʩʪʘʥʦʚʠʣʠ ʜʦ 40 % ʫʛʽʜʴ ʟ 

ʦʨʛʘʥʽʯʥʠʤ ʩʪʘʪʫʩʦʤ, ʪʦ ʟʘ ʜʘʥʠʤʠ 2023 ʨ. ï 

ʣʠʰʝ 12,6 %. 

ʋ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʥʘ 

ʩʴʦʛʦʜʥʽ ʧʣʦʱʘ  ʦʨʛʘʥʽʯʥʠʭ ʫʛʽʜʴ ʩʪʘʥʦʚʠʪʴ 

17,0 ʤʣʥ ʛʘ ʽʟ 70 ʤʣʥ ʛʘ ʟʝʤʝʣʴ ʩʚʽʪʦʚʠʭ. 

ʃʽʜʝʨʘʤʠ ʻ ɯʩʧʘʥʽʷ (2,4 ʤʣʥ ʛʘ), ʌʨʘʥʮʽʷ 

(2,2 ʤʣʥ ʛʘ), ɯʪʘʣʽʷ (2 ʤʣʥ ʛʘ). ʉʝʨʝʜʥʷ 

ʯʘʩʪʢʘ ʦʨʛʘʥʽʯʥʠʭ ʫʛʽʜʴ ʚʽʜ ʥʘʷʚʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʣʦʱ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 8,1 %.  

ʉʴʦʛʦʜʥʽ ʚ ɸʚʩʪʨʽʾ ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʩʪʘʥʦʚʠʪʴ 26 %, ɽʩʪʦʥʽʾ ï 22 %, ʐʚʝʮʽʾ ï 

20 %. ʋʢʨʘʾʥʘ ʩʫʪʪʻʚʦ ʧʦʩʪʫʧʘʻʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ, ʷʢʠʡ ʜʦʩʷʛʥʫʪʠʡ ʫ 

ɭʉ, ʘʣʝ ʟ ʨʝʩʫʨʩʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʚ 

ɸʚʩʪʨʽʾ, ʜʝ ʙʽʣʴʰʝ 35 ʤʣʥ ʛʘ ʦʨʛʘʥʽʯʥʠʭ 

ʧʦʣʽʚ. ʎʽʥʥʠʤ ʻ ʜʦʩʚʽʜ ʙʽʦʣʦʛʽʯʥʦʾ 

(ʝʢʦʣʦʛʽʯʥʦʾ) ʩʠʩʪʝʤʠ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʌʨʘʥʮʽʾ, ʟʘ ʷʢʦʾ ʨʽʟʢʦ ʩʢʦʨʦʯʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʦʩʦʙʣʠʚʦ 

ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ, ʘ ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚ-

ʣʝʥʥʷ ʨʦʩʣʠʥ ʩʪʘʥʦʚʣʷʪʴ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ.   

ʆʨʛʘʥʽʯʥʝ ʜʦʙʨʠʚʦ ʟʘ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʝʛʣʠʙʦʢʦ ʟʘʢʣʘʜʘʪʠ ʚ 

ˇʨʫʥʪ, ʦʩʢʽʣʴʢʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʘʥʘʝʨʦʙʥʠʭ 

ʧʨʦʮʝʩʽʚ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʜʣʷ 

ʥʘʩʽʥʥʷ ʽ ʢʦʨʽʥʥʷ ʧʨʦʜʫʢʪʽʚ. ʇʽʜ ʯʘʩ 

ʢʦʤʧʦʩʪʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ 

ʧʨʦʭʦʜʷʪʴ ʬʘʟʫ ʘʝʨʦʙʥʦʾ ʬʝʨʤʝʥʪʘʮʽʾ, 

ʪʽʣʴʢʠ ʧʽʩʣʷ ʮʴʦʛʦ ʚʥʦʩʷʪʴ ʫ ˇʨʫʥʪ. 

ʈʦʟʤʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ ʪʘ ʙʘʟʘʣʴʪʦʚʠʡ ʧʠʣ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʽʚ. ɺʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʦʚʝʨʭʥʝʚʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ.  

ʆʜʠʥ ʟ ʝʣʝʤʝʥʪʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʻ ʩʽʚʦʟʤʽʥʘ ʟ ʨʝʞʠʤʦʤ 

ʥʘʩʠʯʝʥʥʷ ˇʨʫʥʪʫ ʞʠʚʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʜʝʨʘʪʽʚ.  

ɿʘ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʩʪʠʤʫʣʶʶʪʴ ʨʦʟʚʠʪʦʢ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʧʽʜʪʨʠʤʫʶʪʴ 

ʨʦʜʶʯʽʩʪʴ ˇʨʫʥʪʫ ʙʽʦʣʦʛʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʚʧʣʠʚʫ (ʤʽʥʽʤʽʟʘʮʽʷ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, 

ʙʦʨʦʪʴʙʘ ʟʽ ʰʢʽʜʥʠʢʘʤʠ, ʚʥʝʩʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, ʫʨʘʭʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ). ɿʘʤʽʥʥʠʢʦʤ 



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼʋɿʊ, 2025, ʚʠʧ. 213 

88 

ʛʥʦʶ ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʦʩʪ, ʩʦʣʦʤʘ, ʩʠʜʝʨʘʪʠ 

(ʣʶʧʠʥ, ʛʽʨʯʠʮʷ, ʝʩʧʘʨʮʝʪ, ʛʦʨʦʭ), ʪʦʨʬ, 

ʧʪʘʰʠʥʠʡ ʧʦʩʣʽʜ ʪʘ ʽʥʰʽ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ. 

ʇʨʠ ʮʴʦʤʫ ʦʨʛʘʥʽʯʥʝ ʚʫʛʣʝʮʝʚʝ 

ʟʝʤʣʝʨʦʙʩʪʚʦ ʟʥʠʞʫʻ ʨʠʟʠʢʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʠʭ ʦʨʛʘ-

ʥʽʯʥʠʭ ʤʘʩ ʫ ˇʨʫʥʪʽ ʪʘ ʘʢʫʤʫʣʷʮʽʾ ʚʫʛʣʝʮʶ. 

ʇʇ ȺɸʛʨʦʝʢʦʣʦʛʽʷȻ ʇʦʣʪʘʚʩʴʢʦʛʦ 
ʨʘʡʦʥʫ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʤʘʻ ʟʝʤʝʣʴʥʠʡ 

ʬʦʥʜ ʚ ʦʙʩʷʟʽ ʧʦʥʘʜ 7 ʪʠʩ. ʛʘ, ʥʘ ʷʢʠʭ 

ʚʠʨʦʱʫʶʪʴ ʟʝʨʥʦʚʽ ʪʘ ʢʦʨʤʦʚʽ ʢʫʣʴʪʫʨʠ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʽʚ. ʇʇ 

çɸʛʨʦʝʢʦʣʦʛʽʷè ʫ ʧʝʨʰʽ ʨʦʢʠ ʧʽʩʣʷ ʚʽʜʤʦʚʠ 

ʚʽʜ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʤʘʣʘ ʟʥʠʞʝʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ, ʘʣʝ ʟ ʨʦʢʘʤʠ ʫʨʦʞʘʡʥʽʩʪʴ ʧʦʯʘʣʘ 

ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ ʥʘ 

ʙʽʣʴʰʦʩʪʽ ʧʣʦʱ ʇʇ çɸʛʨʦʝʢʦʣʦʛʽʷè 

ʫʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ ʙʫʣʘ ʥʘ ʨʽʚʥʽ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ: ʫʨʦʞʘʡʥʽʩʪʴ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 70 ʮ/ʛʘ, ʢʫʢʫʨʫʜʟʠ ʥʘ ʩʠʣʦʩ 

ʩʪʘʥʦʚʠʣʘ 500 ʮ/ʛʘ, ʥʘ ʟʝʨʥʦ ï 80 ʮ/ʛʘ, 

ʷʯʤʝʥʶ ʷʨʦʛʦ ï 48 ʮ/ʛʘ, ʚʽʚʩʘ ï 60 ʮ/ʛʘ, 

ʩʦʥʷʰʥʠʢʫ ï 35 ʮ/ʛʘ. ʇʦʨʽʚʥʷʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪʽ ʩʦʥʷʰʥʠʢʫ, ʚʠʨʦʱʝʥʦʛʦ ʇʇ 

ȺɸʛʨʦʝʢʦʣʦʛʽʷȻ, ʽ ʚʨʦʞʘʡʥʽʩʪʶ ʢʫʣʴʪʫʨ ʧʦ 
ʋʢʨʘʾʥʽ, ʟʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ 

ʩʪʘʪʠʩʪʠʢʠ, ʜʦʚʦʜʠʪʴ, ʱʦ ʦʨʛʘʥʽʯʥʝ 

ʟʝʤʣʝʨʦʙʩʪʚʦ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʝʯʥʝ, ʘ ʡ 

ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ. 

ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʫʨʦʞʘʡʥʦʩʪʽ ʩʦʥʷʰʥʠʢʫ ʟʫʤʦʚʣʝʥʦ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʨʦʻʢʪʫʚʘʥʥʷʤ ʩʽʚʦʟʤʽʥ, 

ʩʠʩʪʝʤ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʫʜʦʙʨʝʥʥʷ 

ʢʫʣʴʪʫʨ, ʜʦʛʣʷʜʫ ʟʘ ʧʦʩʽʚʘʤʠ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʽʪʦʩʘʥʽʪʘʨʥʦʛʦ ʩʪʘʥʫ ʧʦʩʽʚʽʚ [5].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʇʇ ȺɸʛʨʦʝʢʦʣʦʛʽʷȻ ʘʚʪʦʨʘʤʠ 
ʚʠʦʢʨʝʤʣʝʥʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ:  

- ʟʘʩʪʦʩʫʚʘʥʥʷ ˇʨʫʥʪʦʟʘʭʠʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʟʘ ʷʢʠʭ ʦʙʨʦʙʽʪʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘ ʛʣʠʙʠʥʫ ʜʦ 15 ʩʤ (ʧʦʚʝʨʭʥʝʚʠʡ 

ʙʝʟʧʣʫʞʥʠʡ ʦʙʨʦʙʽʪʦʢ); 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥ-ʩʠʜʝʨʘʪʽʚ ʽ 

ʧʦʞʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʰʪʦʢ; 

- ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ;  

- ʚʦʣʦʛʦʘʢʫʤʫʣʷʮʽʷ ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʩʠʯʝʥʥʷ ʨʦʜʶʯʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ 

ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʽʚʦʟʤʽʥ ʜʣʷ ʟʘʭʠʩʪʫ ʧʦʩʽʚʽʚ 

ʚʽʜ ʭʚʦʨʦʙʠ ʪʘ ʰʢʽʜʥʠʢʽʚ; 

- ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʧʦʩʪʽʡʥʘ ʢʦʨʝʢʮʽʷ 

ʩʪʨʫʢʪʫʨʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. 

ɿ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽ 

ʩʪʠʤʫʣʶʚʘʥʥʷʤ ʜʝʨʞʘʚʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʧʽʜʪʨʠʤʢʦʶ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʜʦʩʚʽʜʫ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ 

ʜʣʷ ʥʘʜʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʫʛʽʜʜʷʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʩʪʘʪʫʩʫ. ɿʘ ʯʠʥʥʠʤ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ, ʪʨʠʚʘʣʽʩʪʴ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 

ʪʨʠ ʨʦʢʠ, ʘ ʫ ʚʠʢʣʶʯʥʠʭ ʚʠʧʘʜʢʘʭ 

ʩʢʦʨʦʪʠʪʠʩʷ ʜʦ ʜʚʦʭ, ʱʦ ʻ ʭʠʙʥʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʝʢʦʣʦʛʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʨʦʩʣʠʥ ʜʦ ʚʠʥʦʩʫ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ ʽʟ ˇʨʫʥʪʫ.  

ʇʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʫʛʽʜʜʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʨʛʘʥʽʯʥʽ 

ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʤʝʪʦʶ ʧʨʠʚʝʜʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʜʦ ʙʝʟʧʝʯ-

ʥʦʛʦ ʨʽʚʥʷ, ʘ ʪʘʢʦʞ ʧʦʩʪʫʧʦʚʦʛʦ ʥʘʩʠʯʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ˇʨʫʥʪʫ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʾ ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ.  

ɸʚʪʦʨʘʤʠ ʩʬʦʨʤʦʚʘʥʦ ʯʦʪʠʨʠ ʝʪʘʧʠ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ (ʨʠʩʫʥʦʢ). 

ʇʝʨʰʠʡ ʝʪʘʧ ï ʤʘʨʢʝʪʠʥʛʦʚʠʡ ï 

ʧʦʰʫʢ ʚʠʛʽʜʥʠʭ ʤʽʩʮʴ ʟʙʫʪʫ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʝ ʪʽʣʴʢʠ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ, ʘʣʝ ʽ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʫ, ʚʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʱʫʚʘʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʽ ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ (ʦʜʠʥ-ʜʚʘ ʨʦʢʠ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʙʘʟʠʩʫ (ʟʝʤʝʣʴʥʦʛʦ ʙʘʥʢʫ) ʜʣʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ˇʨʫʥʪʫ 

ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʥʘʷʚʥʽʩʪʶ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʚʤʽʩʪʦʤ 
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ʛʫʤʫʩʫ; ʢʦʥʩʦʣʽʜʘʮʽʶ ʟʝʤʝʣʴ; ʩʪʚʦʨʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʊʨʝʪʽʡ ʝʪʘʧ (ʜʚʘ-ʪʨʠ ʨʦʢʠ) ï 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʽʟ ʤʝʣʽʦʨʘʮʽʾ, ʷʢʽ 

ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʽ ʧʦʢʨʘʱʫʶʪʴ ʩʪʘʥ ˇʨʫʥʪʽʚ 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʝʤʝʣʴʥʠʤʠ ʤʘʩʠʚʘʤʠ ʚ 

ʛʦʩʧʦʜʘʨʩʪʚʽ, ʥʘʩʠʯʫʶʯʠ ˇʨʫʥʪ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʜʦʱʦʚʠʭ ʯʝʨʚôʷʢʽʚ, 

ʛʨʠʙʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʚʦʣʦʛʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ, 

ʦʩʚʦʻʥʥʷ ʩʽʚʦʟʤʽʥ.  

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ (ʦʜʠʥ ʨʽʢ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʷ 

ʧʦʣʽʚ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʘʨʢʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʜʚʘ-ʪʨʠ ʨʦʢʠ ʧʽʩʣʷ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʜʦ 

ʦʨʛʘʥʽʯʥʦʛʦ.  

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʧʦʩʪʽʡʥʠʡ 

ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ.

 

 

 
 

ʈʠʩ. 1. ɽʪʘʧʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ 

 

ɽʪʘʧʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʽʻʨʘʨʭʽʯʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ, ʧʦʢʘʟʫʶʪʴ ʾʭʥʶ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʽ ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʡʦʛʦ ʨʦʟʚʠʪʦʢ. 

ʉʬʦʨʤʦʚʘʥʽ ʝʪʘʧʠ ʚʠʟʥʘʯʘʶʪʴ ʪʝʨʤʽʥʠ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʧʨʦʪʷʛʦʤ ʧôʷʪʠ-

ʩʝʤʠ ʨʦʢʽʚ, ʘ ʥʝ ʟʘ ʜʚʘ-ʪʨʠ ʨʦʢʠ, ʷʢ 

ʚʠʟʥʘʯʝʥʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ. 

ɺʠʦʢʨʝʤʣʝʥʦ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ:  

ï ʝʢʦʣʦʛʽʯʥʠʡ ï ʤʽʥʽʤʽʟʘʮʽʷ ʚʧʣʠʚʫ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʜʦʚʢʽʣʣʷ; 

ʟʙʝʨʝʞʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʙʽʦʨʦʟʤʘʾʪʪʷ ʚ 

ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʽ ʚʦʜʦʘʢʫʤʫʣʷʮʽʾ; 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ; ʛʽʜʨʦʣʦʛʽʯʥʽ 

ʧʦʣʽʧʰʝʥʥʷ; 

ï ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʠʡ ï ʜʝʨʞʘʚʥʽ 

ʩʪʠʤʫʣʠ ʽ ʩʘʥʢʮʽʾ; 

ï ʝʢʦʥʦʤʽʯʥʠʡ ï ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ; ʟʥʠʞʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ ʟʘʚʜʷʢʠ ʚʽʜʤʦʚʠ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʢʘʪʽʚ; ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ; ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, 

ʇʝʨʰʠʡ 

ʝʪʘʧ 

ʏʝʪʚʝʨʪʠʡ 

ʝʪʘʧ 

ʊʨʝʪʽʡ 

ʝʪʘʧ 

ɼʨʫʛʠʡ 

ʝʪʘʧ 

ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʙʘʟʠʩʫ  1-2 ʨʦʢʠ 

 

ʄʝʣʽʦʨʘʮʽʷ ʽ ʦʩʚʦʻʥʥʷ ʩʽʚʦʟʤʽʥ 
2-3 ʨʦʢʠ 

1 ʨʽʢ 
ʄʘʨʢʫʚʘʥʥʷ ʽ ʩʝʨʪʠʬʽʢʘʮʽʷ 

ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʄʘʨʢʝʪʠʥʛʦʚʠʡ 

ʂʦʥʪʨʦʣʴ 

 

1 ʨʽʢ 
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʚʘʡʨʦʤʝʥʪʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʋʢʨʘʾʥʽ; 

ï ʩʦʮʽʘʣʴʥʠʡ ï ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ; ʥʦʚʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ 

ʘʛʨʦʬʦʨʤʫʚʘʥʴ; ʦʟʜʦʨʦʚʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʤʦʞʣʠʚʽ ʟʘ ʨʘʭʫʥʦʢ: 

ï ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʚʘʨʠʥʥʠʮʪʚʘ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ;  

ï ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʚʽʜʦʤʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 
ʧʦʪʨʝʙ ʫ ʟʜʦʨʦʚʦʤʫ ʩʧʦʩʦʙʽ ʞʠʪʪʷ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ; 

ï ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʦʨʪʫ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʜʦ ʢʨʘʾʥ ʩʚʽʪʫ; 

ï ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʩʝʨʪʠʬʽʢʘʮʽʾ 
ʪʘ ʤʘʨʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ;  

ï ʬʦʨʤʫʚʘʥʥʷ ʜʽʻʚʦʾ ʜʝʨʞʘʚʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʽʚ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʜʣʷ ʥʠʭ ʧʽʣʴʛʦʚʦʾ 

ʩʠʩʪʝʤʠ ʬʽʥʘʥʩʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʜʦ ʬʘʢʪʦʨʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʚʽʜʥʝʩʝʥʦ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽ, 

ʽʥʩʪʠʪʫʮʽʡʥʦ-ʟʝʤʣʝʚʧʦʨʷʜʥʽ, ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ 

ʦʟʥʘʢ ʘʚʪʦʨʘʤʠ ʚʠʦʢʨʝʤʣʝʥʦ ʟʥʘʯʥʫ 

ʬʨʘʛʤʝʥʪʘʮʽʶ ʟʝʤʝʣʴ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʴ ʪʘ ʦʙʽʛ ʟʝʤʝʣʴʥʠʭ 

ʜʽʣʷʥʦʢ, ʱʦ ʥʝ ʜʘʻ ʟʤʦʛʫ ʟʘ ʪʝʨʤʽʥʘʤʠ 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʢʫʧʥʽʩʪʴ ʟʘʪʨʘʪ ʥʘ ʦʩʚʦʻʥʥʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. 

ʅʠʟʴʢʘ ʢʫʧʽʚʝʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʝʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʚ ʛʫʨʪʦʚʠʭ 

ʮʽʥʘʭ ʤʽʞ ʪʨʘʜʠʮʽʡʥʦʶ ʽ ʦʨʛʘʥʽʯʥʦʶ 

ʧʨʦʜʫʢʮʽʻʶ, ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʨʞʘʚʥʠʭ 

ʩʪʠʤʫʣʽʚ ʟʘ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʫʨʦʞʘʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʟʝʤʣʝʨʦʙʩʪʚʦʤ ʥʝ 

ʩʧʨʠʷʶʪʴ ʚʝʜʝʥʥʶ ʧʨʠʙʫʪʢʦʚʦʛʦ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʦʤʫ ʜʝʨʞʘʚʘ ʽ 

ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʦʚʠʥʥʽ 

ʩʬʦʨʤʫʚʘʪʠ ʥʦʨʤʘʪʠʚʠ ʩʪʠʤʫʣʽʚ ʱʦʜʦ 

ʧʨʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʫ ʩʬʝʨʽ 

ʜʠʪʷʯʦʛʦ ʪʘ ʰʢʽʣʴʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ, 

ʧʨʦʧʘʛʘʥʜʫ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ 

ʥʘʩʝʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʦʟʜʦʨʦʚʯʠʭ ʽ 

ʣʽʢʘʨʩʴʢʠʭ ʟʘʢʣʘʜʘʭ. 

ɻʦʣʦʚʥʠʤʠ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʻ ʥʘʢʦʧʠʯʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʾ ʙʽʦʪʠ, 

ʫʥʽʢʘʣʴʥʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ ʽ ʘʚʪʦʥʦʤʥʦʾ 

ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʣʦʛʽʩʪʠʢʠ. 

ʉʪʠʤʫʣʦʤ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʩʪʘʣʦ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʚʠʤʦʛ ʩʘʥʢʮʽʡ ʽ ʟʘʙʦʨʦʥʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʫ 

ʪʨʘʜʠʮʽʡʥʦʤʫ ʟʝʤʣʝʨʦʙʩʪʚʽ ʋʢʨʘʾʥʠ ʟʘ 

ʧʨʠʢʣʘʜʦʤ ɭʚʨʦʧʠ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʘʚʪʦʨʘʤʠ ʚʽʜʥʝʩʝʥʦ: 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ˇʨʫʥʪʦʟʘʭʠʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʧʦʚʝʨʭʥʝʚʠʡ 

ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʛʣʠʙʠʥʦʶ ʜʦ 15 ʩʤ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, 
ʨʦʩʣʠʥ-ʩʠʜʝʨʘʪʽʚ, ʦʨʛʘʥʽʯʥʠʭ ʨʝʰʪʢʽʚ; 

ï ʥʘʩʠʯʝʥʥʷ ʧʦʣʽʚ ʙʽʦʪʦʶ ʜʣʷ ʟʘʭʠʩʪʫ 
ʚʽʜ ʭʚʦʨʦʙʠ ʽ ʰʢʽʜʥʠʢʽʚ ʽ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʩʽʚʦʟʤʽʥ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ: ʧʝʨʰʠʡ ï 

ʤʘʨʢʝʪʠʥʛʦʚʠʡ (ʧʦʰʫʢ ʨʠʥʢʽʚ ʟʙʫʪʫ, 

ʦʨʛʘʥʽʟʘʮʽʷ ʣʦʛʽʩʪʠʢʠ); ʜʨʫʛʠʡ ï 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʙʘʟʠʩʫ (ʦʜʠʥ-ʜʚʘ 

ʨʦʢʠ); ʪʨʝʪʽʡ ï ʤʝʣʽʦʨʘʮʽʷ, ʦʩʚʦʻʥʥʷ 

ʩʽʚʦʟʤʽʥ (ʜʚʘ-ʪʨʠ ʨʦʢʠ); ʯʝʪʚʝʨʪʠʡ ï 

ʤʘʨʢʫʚʘʥʥʷ ʽ ʩʝʨʪʠʬʽʢʘʮʽʷ ʦʨʛʘʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ (ʦʜʠʥ ʨʽʢ). 

ɺʠʦʢʨʝʤʣʝʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ 

ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ: ʝʢʦʣʦʛʽʯʥʠʡ, 

ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʠʡ (ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ 

ʜʝʨʞʘʚʠ ʩʪʠʤʫʣʽʚ ʽ ʩʘʥʢʮʽʡ), ʝʢʦʥʦʤʽʯʥʠʡ 

(ʬʦʨʤʫʚʘʥʥʷ ʽ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʚʘʡʨʦʤʝʥʪʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ) ʽ ʩʦʮʽʘʣʴʥʠʡ. 

ʆʨʛʘʥʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ 

ʨʦʩʣʠʥʥʠʮʪʚʘ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ 
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ʫʩʧʽʰʥʦʛʦ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. ɿʙʝʨʝʞʝʥʥʷ ˇʨʫʥʪʽʚ, ʜʦʚʢʽʣʣʷ 

ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ 

ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ.
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ɸʥʦʪʘʮʽʷ. ɼʦʚʝʜʝʥʦ, ʱʦ ʟʘʨʘʟ ʦʩʦʙʣʠʚʝ ʽ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʨʝʛʽʦʥʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʥʜʝʥʮʽʾ ʪʘ ʚʠʦʢʨʝʤʣʝʥʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʬʝʨʽ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʘʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʡ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ ʪʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ɻɯʉ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʧʨʦʮʝʜʫʨ ʫ ʩʬʝʨʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ. ɺʠʷʚʣʝʥʦ ʥʝʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, 

ʫʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ, ʤʝʪʦʜʠ ʽ ʤʦʜʝʣʽ ɻɯʉ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʨʝʛʽʦʥʽʚ, ʙʘʟʠ ʛʝʦʜʘʥʠʭ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ 

ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʢʘʨʪʠ. 

 

Abstract. It has been proven that in modern conditions, the use of geographic information 

systems is of particular importance for ensuring geospatial monitoring of land use for residential and 

public development in regions. Trends have been identified and transformations in land use and 

development have been highlighted. As a result of systematising existing scientific research, 

directions have been identified and GIS tools for monitoring procedures in the field of land use have 

been characterised. Unresolved issues in the development and implementation of geospatial 

monitoring of land use for residential and public development at the regional level have been 

identified, taking into account the capabilities, methods and models of GIS. 
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The article achieves the research objective of developing directions and identifying the specifics 

of GIS application in the system of geospatial monitoring of land use for residential and public 

development in regions. To achieve this goal, the following tasks were solved: determining the 

directions for the application of geographic information systems to ensure geospatial monitoring of 

land use for residential and public buildings at the regional level; forming a geodata base; building 

geoinformation monitoring maps of residential and public land use at the regional level; identifying 

the characteristics of geospatial monitoring, taking into account the consequences of the Russian 

Federation's aggression. 

The directions for the application of geoinformation systems to ensure geospatial monitoring 

of residential and public land use at the regional level have been determined. 

Proposed areas for the development of a geodata base for the creation and implementation of 

geospatial monitoring of land use for residential and public development. GIS monitoring maps have 

been constructed showing the level of geoinformation provision for land for residential and public 

development and the impact of factors characterizing the consequences of Russian aggression. 

Keywords: geoinformation systems, geospatial monitoring, land use for residential and public 

development in regions, geodata bases, geoinformation monitoring maps. 

 

ɺʩʪʫʧ. ʈʦʟʚʠʪʦʢ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, 

ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚ ʩʠʩʪʝʤʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʽʥʩʪʠʪʫʮʽʡ, ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ 

ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ.  

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ, ʦʩʦʙʣʠʚʦ ʫ ʩʬʝʨʽ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. ɿʦʢʨʝʤʘ, ʢʨʘʡʥʽ ʜʚʘ 

ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʫʧʦʚʽʣʴʥʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʡ (ʨʠʩ. 1) ʟʘ ʨʘʭʫʥʦʢ ʥʝʛʘʪʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʬʝʨʽ 

ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʟʘ ʚʩʽʤʘ ʨʝʛʽʦʥʘʤʠ, 

ʦʢʨʽʤ ʂʠʾʚʩʴʢʦʛʦ.

 

 
 

ʈʠʩ. 1. ɯʥʜʝʢʩ ʟʤʽʥ ʱʽʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʟʘ ʨʝʛʽʦʥʘʤʠ, ʚʽʜʥ. ʦʜ. 
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ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʤʘʶʪʴ ʪʘʢʽ ʨʝʛʽʦʥʠ: 

ʂʠʾʚʩʴʢʠʡ, ʃʴʚʽʚʩʴʢʠʡ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ, 

ɺʽʥʥʠʮʴʢʠʡ, ʍʘʨʢʽʚʩʴʢʠʡ, ʆʜʝʩʴʢʠʡ. ʈʘʟʦʤ 

ʽʟ ʪʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʥʘʡʥʠʞʯʠʭ ʡʦʛʦ ʟʥʘʯʝʥʴ ʫ 

ɺʦʣʠʥʩʴʢʦʤʫ, ɾʠʪʦʤʠʨʩʴʢʦʤʫ, 

ʃʫʛʘʥʩʴʢʦʤʫ, ʄʠʢʦʣʘʾʚʩʴʢʦʤʫ ʨʝʛʽʦʥʘʭ 

(ʪʘʙʣ. 1). 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʛʨʦʤʘʜʩʴʢʦʾ ʪʘ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ 

ʚʧʣʠʚʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʘʛʨʝʩʽʾ ʈʌ. ʋ 

ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʟô̫ ʚʣʷʻʪʴʩʷ ʧʣʦʱʘ 

ʥʝʜʦʩʪʫʧʥʠʭ ʟʝʤʝʣʴ, ʧʠʪʦʤʘ ʚʘʛʘ ʚ ʟʘʛʘʣʴ-

ʥʦʤʫ ʾʭʥʴʦʤʫ ʦʙʩʷʟʽ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 
 

 

ʊʘʙʣʠʮʷ 1 

ʈʽʚʝʥʴ ʛʨʦʤʘʜʩʴʢʦʾ ʪʘ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ ʟʘ ʨʝʛʽʦʥʘʤʠ, ʚʽʜʥ. ʦʜ.  

ʈʝʛʽʦʥ ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ɺʽʥʥʠʮʴʢʠʡ 0,053 

ɺʦʣʠʥʩʴʢʠʡ 0,028 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ 0,058 

ɼʦʥʝʮʴʢʠʡ 0,034 

ɾʠʪʦʤʠʨʩʴʢʠʡ 0,028 

ɿʘʢʘʨʧʘʪʩʴʢʠʡ 0,036 

ɿʘʧʦʨʽʟʴʢʠʡ 0,034 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ 0,047 

ʂʠʾʚʩʴʢʠʡ 0,068 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 0,045 

ʃʫʛʘʥʩʴʢʠʡ 0,019 

ʃʴʚʽʚʩʴʢʠʡ 0,062 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ 0,029 

ʆʜʝʩʴʢʠʡ 0,051 

ʇʦʣʪʘʚʩʴʢʠʡ 0,049 

ʈʽʚʥʝʥʩʴʢʠʡ 0,036 

ʉʫʤʩʴʢʠʡ 0,032 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 0,049 

ʍʘʨʢʽʚʩʴʢʠʡ 0,052 

ʍʝʨʩʦʥʩʴʢʠʡ 0,039 

ʍʤʝʣʴʥʠʮʴʢʠʡ 0,043 

ʏʝʨʢʘʩʴʢʠʡ 0,035 

ʏʝʨʥʽʚʝʮʴʢʠʡ 0,029 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ 0,025 

 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʚʠʥʠʢʣʠ ʧʣʦʱʽ 

ʥʝʜʦʩʪʫʧʥʠʭ ʟʝʤʝʣʴ ʚʥʘʩʣʽʜʦʢ ʘʛʨʝʩʽʾ ʈʌ: 

ɺʦʣʠʥʩʴʢʠʡ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ, 

ɼʦʥʝʮʴʢʠʡ, ɾʠʪʦʤʠʨʩʴʢʠʡ, ɿʘʧʦʨʽʟʴʢʠʡ, 

ʂʠʾʚʩʴʢʠʡ, ʃʫʛʘʥʩʴʢʠʡ, ʄʠʢʦʣʘʾʚʩʴʢʠʡ, 

ʆʜʝʩʴʢʠʡ, ʈʽʚʥʝʥʩʴʢʠʡ, ʉʫʤʩʴʢʠʡ, 

ʍʘʨʢʽʚʩʴʢʠʡ, ʍʝʨʩʦʥʩʴʢʠʡ, ʏʝʨʥʽʛʽʚʩʴʢʠʡ. 

ʋ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʜʦʩʪʫʧʥʠʭ ʟʝʤʝʣʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʟʘʭʽʜʥʠʭ ʘʙʦ ʮʝʥʪʨʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 

ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʥʘ ʧʦʯʘʪʦʢ ʙʫʜʽʚʥʠʮʪʚʘ 

ʟʘ ʦʩʪʘʥʥʽ ʧʝʨʽʦʜʠ ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 2.
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ʈʠʩ. 2. ʈʽʚʝʥʴ ʥʝʜʦʩʪʫʧʥʠʭ ʟʝʤʝʣʴ ʚʥʘʩʣʽʜʦʢ ʘʛʨʝʩʽʾ ʈʌ, ʚʽʜʥ. ʦʜ. [1] 

 

ʊʘʙʣʠʮʷ 2 

ɯʥʜʝʢʩ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʥʘ ʧʦʯʘʪʦʢ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʽʜʥ. ʦʜ. [2] 

ʈʝʛʽʦʥ ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ɺʽʥʥʠʮʴʢʠʡ 1,77 

ɺʦʣʠʥʩʴʢʠʡ 0,24 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ 0,75 

ɼʦʥʝʮʴʢʠʡ 0,10 

ɾʠʪʦʤʠʨʩʴʢʠʡ 0,95 

ɿʘʢʘʨʧʘʪʩʴʢʠʡ 1,79 

ɿʘʧʦʨʽʟʴʢʠʡ 0,10 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ 2,29 

ʂʠʾʚʩʴʢʠʡ 0,33 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ 0,94 

ʃʫʛʘʥʩʴʢʠʡ 0,10 

ʃʴʚʽʚʩʴʢʠʡ 0,86 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ 0,10 

ʆʜʝʩʴʢʠʡ 0,45 

ʇʦʣʪʘʚʩʴʢʠʡ 0,79 

ʈʽʚʥʝʥʩʴʢʠʡ 0,32 

ʉʫʤʩʴʢʠʡ 0,10 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ 0,43 

ʍʘʨʢʽʚʩʴʢʠʡ 0,61 

ʍʝʨʩʦʥʩʴʢʠʡ 0,10 

ʍʤʝʣʴʥʠʮʴʢʠʡ 0,95 

ʏʝʨʢʘʩʴʢʠʡ 0,8 

ʏʝʨʥʽʚʝʮʴʢʠʡ 3,75 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ 0,10 
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ʇʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʦʛʦ ʧʝʨʽʦʜʫ 

ʟôʷʚʠʣʠʩʷ ʧʦʟʠʪʠʚʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʩʬʝʨʽ 

ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟʘ 

ʨʘʭʫʥʦʢ ʾʾ ʟʨʦʩʪʘʥʥʷ ʫ ɺʽʥʥʠʮʴʢʦʤʫ, 

ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʤʫ, 

ʏʝʨʥʽʚʝʮʴʢʦʤʫ ʨʝʛʽʦʥʘʭ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʨʝʛʽʦʥʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʪʝʥʜʝʥʮʽʾ ï 

ʟʥʠʞʝʥʥʷ ʧʣʦʱʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʫ 

ɺʦʣʠʥʩʴʢʦʤʫ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʤʫ, 

ɼʦʥʝʮʴʢʦʤʫ, ɾʠʪʦʤʠʨʩʴʢʦʤʫ, 

ɿʘʧʦʨʽʟʴʢʦʤʫ, ʂʠʾʚʩʴʢʦʤʫ, 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʤʫ, ʃʫʛʘʥʩʴʢʦʤʫ, 

ʃʴʚʽʚʩʴʢʦʤʫ, ʄʠʢʦʣʘʾʚʩʴʢʦʤʫ, ʆʜʝʩʴʢʦʤʫ, 

ʇʦʣʪʘʚʩʴʢʦʤʫ, ʈʽʚʥʝʥʩʴʢʦʤʫ, ʉʫʤʩʴʢʦʤʫ, 

ʊʝʨʥʦʧʽʣʴʩʴʢʦʤʫ, ʍʘʨʢʽʚʩʴʢʦʤʫ, 

ʍʝʨʩʦʥʩʴʢʦʤʫ, ʍʤʝʣʴʥʠʮʴʢʦʤʫ, 

ʏʝʨʢʘʩʴʢʦʤʫ ʨʝʛʽʦʥʘʭ.  

ʇʦʛʣʠʙʣʶʶʪʴ ʪʘʢʽ ʧʨʦʮʝʩʠ 

ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʩʬʝʨʽ 

ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʷʢʽ ʙʘʟʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ɻɯʉ ʪʝʭʥʦʣʦʛʽʡ ʽ ʨʝʟʫʣʴʪʘʪʘʭ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʩʥʦʚʠ. 

ʋʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʽ 

ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʫ ʩʬʝʨʽ ʞʠʪʣʦʚʦʾ ʡ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ, 

ʚʠʟʥʘʯʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʧʝʨʩʧʝʢʪʠʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ ʫ ʩʠʩʪʝʤʽ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ.   

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ʋ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʟʥʘʯʝʥʽ ʥʘʧʨʷʤʠ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʨʝʛʽʦʥʽʚ ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʚʠʟʥʘʯʝʥʘ 

ʬʫʥʢʮʽʷʤʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ; ʩʪʨʫʢʪʫʨʦʶ ɻɯʉ; 

ʟʘʚʜʘʥʥʷʤʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ; ʬʫʥʢʮʽʷʤʠ 

ɸʛʝʥʪʩʪʚʘ ʚʽʜʥʦʚʣʝʥʥʷ; ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ 

ʟʘʩʘʜʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ; 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ɻɯʉ [3]. 

ɼʣʷ ʨʦʟʚʠʪʢʫ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʽ 

ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʾ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ 

ʩʠʩʪʝʤʠ ʚ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʢʘʭ ʟʦʩʝʨʝʜʞʝʥʘ 

ʫʚʘʛʘ ʥʘ ʧʨʦʮʝʩʘʭ ʨʦʟʨʦʙʣʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ɻɯʉ [4ï7]. 

ɺʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ ʟʜʽʡʩʥʝʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ: 

1. ʄʦʜʝʣʶʚʘʥʥʷ ʫʟʘʛʘʣʴʥʶʶʯʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 

2. ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʛʝʦʜʘʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʦʙôʻʜʥʘʥʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 

3. ɺʠʙʽʨ ʧʨʦʩʪʦʨʦʚʦʾ ʦʩʥʦʚʠ ʪʘ 

ʧʨʠʚôʷʟʢʘ ʚʠʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

4. ʈʦʟʧʦʜʽʣ ʟʦʥ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʪʘ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʆʊɻ ʟʘ ʨʝʛʽʦʥʘʤʠ. 

5. ɸʥʘʣʽʟ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʪʘ 

ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

6. ɺʽʟʫʘʣʴʥʝ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʘʥʘʣʽʟʫ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʪʘ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘ ʤʦʥʽʪʦʨʠʥʛʦʚʽʡ ɻɯʉ-ʢʘʨʪʽ. 

7. ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʦʩʥʦʚʠ 

ʧʦʢʘʟʥʠʢʘ ʟʤʽʥʠ ʚʘʣʦʚʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ. 

8. ʇʦʙʫʜʦʚʘ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ɻɯʉ-

ʢʘʨʪʠ ʧʦʢʘʟʥʠʢʘ ʟʤʽʥʠ ʚʘʣʦʚʦʛʦ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ. 

9. ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ɻɯʉ-

ʢʘʨʪʠ ʧʨʦʛʥʦʟʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʟʤʽʥʠ 

ʚʘʣʦʚʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ 

ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʥʥʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ [8]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʽ 

ʤʦʜʝʣʝʡ ʫ ʩʠʩʪʝʤʽ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʨʝʛʽʦʥʽʚ 

ʚʠʩʚʽʪʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [9, 10]. 

ʅʘʧʨʷʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʜʣʷ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʫ ʨʦʙʦʪʘʭ [11, 12]. 

ʋ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʤʦʜʝʣʽ ʟʜʽʡʩʥʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ: ʥʘʧʨʷʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, 

ʝʢʦʥʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 
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ʛʝʦʧʨʦʩʪʦʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʨʽʚʝʥʴ 

ʚʟʘʻʤʦʜʽʾ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʦʙʤʽʥ ʜʘʥʠʭ [13].  

ɯʟ ʨʦʟʨʦʙʣʝʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ 

ʩʠʩʪʝʤʠ ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʦʩʥʦʚʘ ʯʝʨʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʚ ʨʦʟʨʦʙʢʘʭ [14ï16].  

ʆʪʞʝ, ʫ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʢʘʭ ʚʠʟʥʘʯʝʥʽ 

ʥʘʧʨʷʤʠ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ɻɯʉ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʧʨʦʮʝʜʫʨ ʫ ʩʬʝʨʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ. ʇʨʦʪʝ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʨʽʚʥʽ, ʫʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ, ʤʝʪʦʜʠ ʽ 

ʤʦʜʝʣʽ ɻɯʉ.  

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʧʨʷʤʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ ʫ ʩʠʩʪʝʤʽ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ 

ʨʝʛʽʦʥʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ 

ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ: 

- ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ; 

- ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʛʝʦʜʘʥʠʭ; 

- ʧʦʙʫʜʦʚʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʥʽʪʦ-

ʨʠʥʛʦʚʠʭ ʢʘʨʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ 

ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ; 

- ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽ-

ʪʦʨʠʥʛʫ, ʫʨʘʭʦʚʫʶʯʠ ʥʘʩʣʽʜʢʠ ʘʛʨʝʩʽʾ ʈʌ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʽ ʧʨʦ-

ʩʪʦʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ; 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʧʨʷʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 
Q GIS ʜʣʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ; 

ï ʧʦʙʫʜʦʚʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʦʙʣʝʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ; 

ï ʧʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʠ ʙʘʟʠ ʛʝʦʜʘʥʠʭ; 

ï ʚʠʦʢʨʝʤʣʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ 

ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʽʚ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ; 

ï ʚʠʦʢʨʝʤʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʘʩʧʝʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʦʙʘʤʠ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ; 

ï ʘʥʘʣʽʟ ʙʘʟʠ ʛʝʦʜʘʥʠʭ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʽʚ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʥʘʜʘʥʥʷ ʢʘʨʪ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ; 

ï ʢʦʥʪʨʦʣʴ ʟʘ ʬʦʨʤʫʚʘʥʥʷʤ ʙʘʟʠ 

ʛʝʦʜʘʥʠʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʧʨʷʤʠ ʨʦʟʨʦʙʣʝʥʥʷ 

ʙʘʟʠ ʛʝʦʜʘʥʠʭ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʩʠʩʪʝʤʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, 

ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ; 

ï ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʷ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʨʽʚʥʽ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʜʣʷ ʷʢʠʭ 

ʨʦʟʨʦʙʣʷʶʪʴ ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʘ 

ʩʘʤʝ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ; 
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ï ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʚʝʜʝʥʥʷ 

ʘʛʨʝʩʠʚʥʠʭ ʜʽʡ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʝʤʝʣʴ 

ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ 

ʧʦʙʫʜʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʘ ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʢʘʨʪʘ 

(ʨʠʩ. 3).

 

 
ʈʠʩ. 3. ɻɯʉ ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʢʘʨʪʘ ʨʽʚʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ 

ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ, ʚʽʜʥ. ʦʜ. 

 

 

ɺʩʪʘʥʦʚʣʝʥʦ ʥʠʟʴʢʠʡ ʘʙʦ ʥʝʩʫʪʪʻʚʠʡ 

ʨʽʚʝʥʴ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʥʘʧʨʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʽ ʫʭʚʘʣʝʥʥʷ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʘʛʨʝʩʽʾ ʈʌ, ʽ ʚʧʣʠʚʫ ʾʭ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʚʠʟʥʘʯʝʥʦ ʯʠʥʥʠʢʠ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙʩʪʨʽʣʠ ʍʘʨʢʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ: ʘʨʪʠʣʝʨʽʾ, 

ʨʝʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʣʧʦʚʦʛʦ ʚʦʛʥʶ. 

ʈʦʟʨʦʙʣʝʥʦ ɻɯʉ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʢʘʨʪʠ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʜʘʣʴʥʦʩʪʽ ʫʜʘʨʽʚ ʮʠʭ ʟʘʩʦʙʽʚ 

ʫ ʍʘʨʢʽʚʩʴʢʦʤʫ ʨʝʛʽʦʥʽ (ʨʠʩ. 4, 5). 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʛʝʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ 

ʚʽʡʩʴʢʦʚʽ ʟʘʩʦʙʠ ʥʘʥʝʩʝʥʥʷ ʫʜʘʨʽʚ. ɿʦʢʨʝʤʘ, 

ʫʜʘʨʠ ʘʨʪʠʣʝʨʽʾ ʦʭʦʧʣʶʶʪʴ ʤʘʡʞʝ 

ʧʦʣʦʚʠʥʫ ʪʝʨʠʪʦʨʽʾ ʍʘʨʢʽʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, 

ʨʝʘʢʪʠʚʥʽ ʩʠʩʪʝʤ ʟʘʣʧʦʚʦʛʦ ʚʦʛʥʶ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʩʶ ʪʝʨʠʪʦʨʽʶ ʦʙʣʘʩʪʽ. 

ɺʥʘʩʣʽʜʦʢ ʧʨʦʚʝʜʝʥʦʛʦ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʘʛʨʝʩʠʚʥʠʭ 

ʯʠʥʥʠʢʽʚ ʥʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. ʎʝ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʶ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. 
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ʈʠʩ. 4. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʢʘʨʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʜʘʣʴʥʦʩʪʽ ʫʜʘʨʽʚ ʘʨʪʠʣʝʨʽʾ 

 

 

ʈʠʩ. 5. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʢʘʨʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʜʘʣʴʥʦʩʪʽ ʫʜʘʨʽʚ ʈʉɿɺ 

 

 

ɺʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ 

ʫ ʛʝʦʧʨʦʩʪʦʨʦʚʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʩʫʯʘʩʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ 

ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʫ ʩʬʝʨʽ ʞʠʪʣʦʚʦʾ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. ʂʨʽʤ ʪʦʛʦ, ʬʦʨʤʫʶʪʴ 

ʢʽʣʴʢʽʩʥʫ ʽ ʧʨʦʩʪʦʨʦʚʫ ʦʩʥʦʚʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʫʭʚʘʣʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ 

ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʥʘʩʣʽʜʢʽʚ ʘʛʨʝʩʽʾ ʈʌ ʥʘ ʨʽʚʝʥʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ 

ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʧʝʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠ.
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ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʫ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʟʡʦʤʢʘʭ. ʆʮʽʥʝʥʦ ʪʦʯʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ ʽ ʯʘʩʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʦʙôʻʢʪʘ, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ, ʚʢʣʶʯʥʦ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ GNSS PPP-RTK, 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ɻɯʉ. 
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Abstract. The purpose of this research is to systematize contemporary high-precision geodesy 

methods and assess their efficiency for monitoring Earth surface deformations. The study reviews 

operational principles and technical characteristics of Global Navigation Satellite Systems (GNSS), 

Continuously Operating Reference Station (CORS) networks, Interferometric Synthetic Aperture 

Radar (InSAR) techniques, and hybrid approaches that combine satellite-based and terrestrial 

measurements. Examples of practical applications are provided for monitoring engineering 

structures, natural landscapes, and infrastructure facilities, including the integration of Unmanned 

Aerial Vehicles (UAVs) for photogrammetric surveys. The analysis covers accuracy parameters, 

temporal resolution, spatial coverage, cost efficiency, and operational constraints of each method. 

Specific attention is given to error sources such as atmospheric delays, multipath effects, and 

limitations in dense urban or forested environments. The research proposes a comparative 

framework for selecting optimal monitoring techniques based on object-specific conditions, required 

precision, and resource availability. It also identifies trends shaping the future of geodetic 

monitoring, including the implementation of GNSS Precise Point Positioning in Real Time Kinematic 

mode (PPP-RTK), artificial intelligence integration for automated deformation detection and 

classification, multi-sensor data fusion (GNSS, InSAR, LiDAR, photogrammetry), and expanded 

access to free satellite radar imagery. The study emphasizes the importance of engineering and 

technical support, covering advanced GNSS receivers, high-precision total stations, digital levels, 

and specialized processing software for both GNSS and InSAR data. GIS integration is highlighted 

as a critical step for visualizing and analyzing deformation patterns within unified spatial analytical 

environments. The findings confirm that combining multiple geodetic techniques significantly 

increases the reliability and spatial completeness of deformation monitoring, supporting timely 

decision-making in safety-critical and geodynamically unstable areas. 

Keywords: high-precision geodesy, GNSS, InSAR, deformation monitoring, CORS networks, 

hybrid methods. 

 

ɺʩʪʫʧ. ʉʪʘʪʪʷ ʥʘʣʝʞʠʪʴ ʜʦ ʛʘʣʫʟʽ 

ʚʠʱʦʾ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʛʝʦʜʝʟʽʾ, ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʟʘ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ð ʜʦ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʘʢʪʠʢ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʩʴʢʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʛʽʨʥʠʯʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ 

ʨʠʟʠʢʽʚ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʛʝʦʜʝʟʠʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʩʠʩʪʝʤʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʧʨʦʮʝʜʫʨ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʷʚʣʝʥʥʷ, 

ʢʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʤʽʥ ʧʦʣʦʞʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʽʟ ʤʝʪʨʦʣʦʛʽʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦʶ 

ʪʦʯʥʽʩʪʶ ʽ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ 

ʢʽʣʴʢʦʤʘ ʯʠʥʥʠʢʘʤʠ. ʇʝʨʝʜʫʩʽʤ ʟʨʦʩʪʘʻ 

ʢʽʣʴʢʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʦʙôʻʢʪʽʚ ð ʤʦʩʪʽʚ, 

ʜʘʤʙ, ʪʫʥʝʣʽʚ, ʭʤʘʨʦʯʦʩʽʚ, ʜʣʷ ʷʢʠʭ 

ʧʦʪʨʽʙʥʠʡ ʧʦʩʪʽʡʥʠʡ ʘʙʦ ʧʝʨʽʦʜʠʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʧʝʨʝʤʽʱʝʥʴ [13]. ɼʘʣʽ, ʚ ʫʤʦʚʘʭ 

ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʟʨʦʩʪʘʻ ʯʘʩʪʦʪʘ ʽ 

ʤʘʩʰʪʘʙ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ð ʟʩʫʚʽʚ, 

ʢʘʨʩʪʦʚʠʭ ʧʨʦʚʘʣʽʚ, ʦʩʽʜʘʥʴ ˇʨʫʥʪʫ, 

ʧʽʜʪʦʧʣʝʥʴ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʙʝʟʧʝʢʫ 

ʥʘʩʝʣʝʥʥʷ [20]. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʚʠʪʦʢ 
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ɻʅʉʉ-ʦʙʣʘʜʥʘʥʥʷ (Global Navigation 

Satellite Systems) ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʦʙʠʚ ʚʠʩʦʢʦʪʦʯʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʩʪʫʧʥʽʰʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʦʣʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʩʫʪʪʻʚʦ ʟʥʠʟʠʚ ʙʘʨôʻʨʠ 

ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʨʽʰʝʥʴ 

ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ð ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʜʦ 

ʨʝʛʽʦʥʘʣʴʥʠʭ [3]. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʦʾ ʚʠʱʦʾ ʛʝʦʜʝʟʽʾ ʻ 

ʽʥʪʝʛʨʘʮʽʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʴ ð 

GNSS, ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʩʠʥʪʝʪʠʯʥʦʾ 

ʘʧʝʨʪʫʨʠ (InSAR), ʦʧʪʠʯʥʦʾ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ 

ʪʘ ʢʣʘʩʠʯʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [1, 

18]. ʊʘʢʠʡ ʤʫʣʴʪʠʩʝʥʩʦʨʥʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʤʝʥʪʘʨʥʽʩʪʴ ʜʘʥʠʭ, 

ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʦʮʽʥʦʢ ʽ ʜʘʻ ʟʤʦʛʫ 

ʬʦʨʤʫʚʘʪʠ ʧʦʚʥʽʰʫ ʢʘʨʪʠʥʫ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʯʘʩʽ ʡ ʧʨʦʩʪʦʨʽ, ʚʢʣʶʯʘʶʯʠ ʷʢ 

ʰʚʠʜʢʦʧʣʠʥʥʽ ʧʦʜʽʾ, ʪʘʢ ʽ ʧʦʚʽʣʴʥʽ ʪʨʝʥʜʠ 

ʦʩʽʜʘʥʥʷ. 

ʋʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ, ʤʝʪʘ ʮʽʻʾ ʩʪʘʪʪʽ 

ʧʦʣʷʛʘʻ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʛʝʦʜʝʟʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʝʬʦʨʤʘʮʽʡ, ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧʨʠʥʮʠʧʽʚ ʾʭ 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʜʣʷ 

ʪʠʧʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʮʽʦʥʘʣʴʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʽ 

ʥʦʨʤʘʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ɿʘ ʦʩʪʘʥʥʽ ʧôʷʪʴ ʨʦʢʽʚ ʩʫʪʪʻʚʦ 

ʧʨʦʩʫʥʫʪʦ ʤʝʪʦʜʦʣʦʛʽʶ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʦʩʥʦʚʽ InSAR ʽ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ GNSS, 

ʟʦʢʨʝʤʘ ʚ ʥʘʧʨʷʤʘʭ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʘʙʩʦʣʶʪʥʦʾ ʧʨʠʚôʷʟʢʠ ʪʘ 

ʽʥʪʝʛʨʘʮʽʾ ʟ ɻɯʉ. ʉʠʩʪʝʤʥʦ ʫʟʘʛʘʣʴʥʝʥʦ 

ʜʦʩʷʛʥʝʥʥʷ PPP-RTK, ʦʢʨʝʩʣʠʚʰʠ ʚʠʢʣʠʢʠ 

(ʘʪʤʦʩʬʝʨʥʽ ʤʦʜʝʣʽ, ʟʘʪʽʥʝʥʥʷ ʚ ʤʽʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ) ʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ (ʤʫʣʴʪʠ-

GNSS/ʤʫʣʴʪʠʯʘʩʪʦʪʥʽʩʪʴ, ʥʠʟʴʢʦʚʘʨʪʽʩʥʽ 

ʧʨʠʡʤʘʯʽ), ʱʦ ʧʨʷʤʦ ʢʦʨʝʣʶʻ ʟ ʧʦʪʨʝʙʘʤʠ 

ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [15]. ʇʘʨʘʣʝʣʴʥʦ 

ʟôʷʚʣʷʶʪʴʩʷ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ InSAR 

ʫ ʩʢʣʘʜʥʠʭ ʫʨʙʘʥʽʩʪʠʯʥʠʭ ʫʤʦʚʘʭ (ʽʥʪʝʥ-

ʩʠʚʥʘ ʟʘʙʫʜʦʚʘ, ʧʽʜʟʝʤʥʽ ʢʦʤʫʥʽʢʘʮʽʾ), ʜʝ 

ʚʘʣʽʜʦʚʘʥʦ ʧʽʜʚʠʱʝʥʫ ʤʝʪʨʦʣʦʛʽʯʥʫ ʥʘʜʽʡ-

ʥʽʩʪʴ ʥʘ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ GNSS [7, 12].  

InSAR ʧʽʜʪʚʝʨʜʠʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʦʩʽʜʘʥʴ ʚʝʣʠʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ ʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʟ ʤʽʣʽʤʝʪʨʦʚʦʶ ʨʽʯʥʦʶ ʯʫʪʣʠʚʽʩʪʶ: ʜʣʷ 

35 ʢʠʪʘʡʩʴʢʠʭ ʤʝʛʘʧʦʣʽʩʽʚ ʫʟʜʦʚʞ ʤʝʪʨʦ 

ʧʦʢʘʟʘʥʦ RMSE ~3,75 ʤʤ/ʨ. ʚʽʜʥʦʩʥʦ 

ʙʝʟʧʝʨʝʨʚʥʠʭ GNSS-ʩʪʘʥʮʽʡ, ʱʦ ʟʘʩʚʽʜʯʫʻ 

ʚʠʩʦʢʫ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʦʮʽʥʦʢ ʰʚʠʜʢʦʩʪʝʡ 

[12]. ʄʘʩʰʪʘʙʥʽ ʨʝʛʽʦʥʘʣʴʥʽ ʦʮʽʥʢʠ 

(ʊʝʭʘʩʴʢʝ ʫʟʙʝʨʝʞʞʷ ʄʝʢʩʠʢʘʥʩʴʢʦʾ 

ʟʘʪʦʢʠ) ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʦʙʦʪʫ PS-InSAR ʥʘ 

ʤʘʩʠʚʘʭ >1,7 ʤʣʥ ʩʪʽʡʢʠʭ ʚʽʜʙʠʚʘʯʽʚ ʽʟ 

ʢʘʣʽʙʨʫʚʘʥʥʷʤ ʟʘ 115 CORS-ʩʪʘʥʮʽʷʤʠ ʷʢ 

ʧʨʠʢʣʘʜ ʧʦʻʜʥʘʥʥʷ ʧʣʦʱʠʥʥʦʾ ʱʽʣʴʥʦʩʪʽ 

InSAR ʟ ʝʪʘʣʦʥʥʦʶ ʘʙʩʦʣʶʪʥʽʩʪʶ GNSS [7]. 

ʈʘʟʦʤ ʮʽ ʧʨʘʮʽ ʚʠʟʥʘʯʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʦʚʽʣʴʥʠʭ ʪʨʝʥʜʽʚ ʦʩʽʜʘʥʥʷ ʚ 

ʤʽʩʪʘʭ ʽ ʥʘ ʦʙôʻʢʪʘʭ ʣʽʥʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

[7, 12].  

ʊʨʝʥʜʦʤ ʻ ʽʥʪʝʛʨʘʮʽʷ InSAR ʽ GNSS (ʘ 

ʪʘʢʦʞ GB-SAR) ʜʣʷ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʟʘʜʘʯ. ʅʘ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜʘʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʠ ʚʠʷʚʣʝʥʥʷ ʬʘʟʦʚʠʭ 

çʟʨʠʚʽʚè ʫ ʜʦʚʛʠʭ GB-SAR ʩʝʨʽʷʭ ʥʘ ʦʩʥʦʚʽ 

ʢʦʥʪʨʦʣʴʥʠʭ GNSS-ʨʷʜʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʢʘʨʪ ʽʟ 

ʯʠʩʣʦʚʠʤʠ ʤʦʜʝʣʷʤʠ [5]. ɯʥʰʠʡ ʢʝʡʩ ð 

ʟʘʭʠʩʥʘ ʩʠʩʪʝʤʘ MOSE (ɺʝʥʝʮʽʷ), ʜʝ 

ʙʝʟʧʝʨʝʨʚʥʽ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦ ʟ InSAR ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ 

2021ï2023 ʨʨ., ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʧʨʘʢʪʠʯʥʫ 

ʧʨʠʜʘʪʥʽʩʪʴ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʛʦ ʧʽʜʭʦʜʫ ʫ 

ʧʨʠʙʝʨʝʞʥʦ-ʫʨʙʘʥʽʩʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

[2]. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ: GNSS 

ʥʘʜʘʻ ʘʙʩʦʣʶʪʥʽʩʪʴ ʽ ʯʘʩʦʚʫ ʩʪʽʡʢʽʩʪʴ, 

InSAR ð ʚʠʩʦʢʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʽʩʪʴ, ʘ 

ʨʘʟʦʤ ʚʦʥʠ ʧʽʜʚʠʱʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ 

ʤʦʥʽʪʦʨʠʥʛʫ [2, 5].  

ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʠʱʦʾ 

ʛʝʦʜʝʟʽʾ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ (GNSS/CORS, 

InSAR, ʪʘʭʝʦʤʝʪʨʽʷ, ʧʨʝʮʠʟʽʡʥʝ 

ʥʽʚʝʣʶʚʘʥʥʷ) ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʩʢʣʘʜʥʠʭ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʠʭ ʫʤʦʚʘʭ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 
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ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʠʩʦʢʦʾ 

ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʜʘʣʴʰʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʚʢʣʶʯʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʧʦʩʣʽʜʦʚʥʦ ʚʠʨʽʰʝʥʦ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʟʘʩʘʜʠ ʚʠʱʦʾ ʛʝʦʜʝʟʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʦʙʫʜʦʚʫ ʨʝʬʝʨʝʥʮʥʠʭ ʩʠʩʪʝʤ ʽ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʜʝʬʦʨʤʘʮʽʡ; ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ 

ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʤʽʨʶʚʘʥʴ 

(GNSS/CORS, InSAR, 

ʪʘʭʝʦʤʝʪʨʽʷ/ʥʽʚʝʣʶʚʘʥʥʷ) ʟ ʦʮʽʥʶʚʘʥʥʷʤ 

ʾʭʥʴʦʾ ʪʦʯʥʦʩʪʽ, ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʣʘʪʝʥʪʥʦʩʪʽ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʟʘ ʨʽʟʥʠʭ 

ʫʤʦʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ 

ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʽʟ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʫ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʟ ʧʨʦʟʦʨʦʶ ʧʨʦʮʝʜʫʨʦʶ 

ʚʘʣʽʜʘʮʽʾ; ʥʘʚʝʜʝʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ 

ʧʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ (ʤʽʩʴʢʽ ʦʩʽʜʘʥʥʷ, 

ʣʽʥʽʡʥʘ ʪʘ ʛʽʜʨʦʪʝʭʥʽʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʛʽʨʥʠʯʽ ʪʝʨʠʪʦʨʽʾ), ʧʦʨʽʚʥʶʶʯʠ ʽʟ 

ʥʘʟʝʤʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ; ʚʠʢʦʥʘʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʽ ʩʬʦʨʤʦʚʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ, ʫʤʦʚ ʦʙôʻʢʪʘ ʽ ʙʶʜʞʝʪʥʠʭ 

ʦʙʤʝʞʝʥʴ; ʦʢʨʝʩʣʝʥʦ ʚʠʤʦʛʠ ʱʦʜʦ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʥʝʙʝʟʧʝʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʱʘ 

ʛʝʦʜʝʟʽʷ ð ʮʝ ʨʦʟʜʽʣ ʛʝʦʜʝʟʠʯʥʦʾ ʥʘʫʢʠ, 

ʟʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʽʜʪʚʦʨʶʚʘʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ 

ʪʦʯʥʽʩʪʶ, ʷʢʘ ʚ ʩʫʯʘʩʥʠʭ ʧʨʘʢʪʠʢʘʭ ʩʷʛʘʻ 

ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʡ ʩʫʙʤʽʣʽʤʝʪʨʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʽʚ. ɰʾ ʧʨʝʜʤʝʪʥʝ ʧʦʣʝ ʦʭʦʧʣʶʻ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʨʝʬʝʨʝʥʮʥʠʭ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʧʦʙʫʜʦʚʫ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʯʘʩʦʚʦ-ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʘʨʢʘʩʘ ʜʣʷ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʢʨʠʪʠʯʥʽ 

ʚʠʨʦʙʥʠʯʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʠʤ ʷʜʨʦʤ ʻ ʛʣʦʙʘʣʴʥʽ ʪʘ 

ʥʘʮʽʦʥʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ. WGS 

84 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʙʘʟʦʚʫ ʦʧʝʨʘʮʽʡʥʫ 

ʩʠʩʪʝʤʫ ʚ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʝʨʚʽʩʘʭ GPS; 

ʤʽʞʥʘʨʦʜʥʘ ʨʝʘʣʽʟʘʮʽʷ ITRF ʟʘʙʝʟʧʝʯʫʻ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʫ ʛʣʦʙʘʣʴʥʽʡ ʛʝʦʮʝʥʪʨʠʯʥʽʡ 

ʨʘʤʮʽ ʟ ʷʚʥʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʢʪʦʥʽʯʥʠʭ 

ʨʫʭʽʚ ʽ ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘʟʥʘʯʝʥʥʷʤ ʝʧʦʭʠ; 

ʫʢʨʘʾʥʩʴʢʘ ʋʉʂ-2000 ʻ ʩʫʤʽʩʥʦʶ ʟ ETRS89 ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʥʘ ʜʣʷ ʪʦʧʦʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʫ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ. ʂʦʨʝʢʪʥʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʙʘʛʘʪʦʜʞʝʨʝʣʴʥʠʭ ʜʘʥʠʭ (GNSS, 

InSAR, ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ) ʢʨʠʪʠʯʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʚʦʨʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʮʠʭ 

ʨʘʤʦʢ ʽ ʧʨʦʟʦʨʠʭ ʧʨʦʮʝʜʫʨ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʽʞ ʥʠʤʠ (ʟʦʢʨʝʤʘ ʩʝʤʠʧʘʨʘʤʝʪʨʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʪʠʧʫ ɻʝʣʴʤʝʨʪʘ ʟ ʬʽʢʩʘʮʽʻʶ 

ʝʧʦʭʠ). 

ʊʦʯʥʽʩʪʴ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʟʥʘʯʝʥʴ 

ʚʠʟʥʘʯʝʥʘ ʩʫʢʫʧʥʦʶ ʜʽʻʶ ʢʽʣʴʢʦʭ ʢʣʘʩʽʚ 

ʧʦʭʠʙʦʢ. ɼʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʣʝʞʘʪʴ 

ʥʝʪʦʯʥʦʩʪʽ ʝʬʝʤʝʨʠʜ ʽ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʙʦʨʪʦʚʠʭ ʛʦʜʠʥʥʠʢʽʚ, ʱʦ ʟʤʝʥʰʫʶʪʴʩʷ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʦʯʥʠʭ ʦʨʙʽʪʘʣʴʥʦ-

ʯʘʩʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɸʪʤʦʩʬʝʨʥʽ ʚʧʣʠʚʠ 

ʧʨʦ̫ʚʣʷʶʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʫ ʚʠʛʣʷʜʽ ʽʦʥʦ-

ʩʬʝʨʥʦʾ ʪʘ ʪʨʦʧʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʦʢ (ʨʠʩ. 1); 

ʾʭ ʤʽʥʽʤʽʟʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʽ 

ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʬʽʣʴʪʨʘʮʽʾ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ɹʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʴ 

(multipath), ʩʧʨʠʯʠʥʝʥʘ ʚʽʜʙʠʪʪʷʤ ʩʠʛʥʘʣʽʚ 

ʚʽʜ ʥʘʚʢʦʣʠʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʫ ʤʽʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʢʦʥʪʨʦʣʶʶʪʴ ʧʽʜʙʠʨʘʥʥʷʤ 

ʤʘʡʜʘʥʯʠʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʪʝʥʠ ʟ 

ʚʽʜʩʽʢʘʯʘʤʠ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ 

ʧʨʠʛʣʫʰʝʥʥʷ. ɺʣʘʩʥʠʡ ʰʫʤ ʧʨʠʡʤʘʯʘ ʪʘ 

ʽʥʰʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʝʬʝʢʪʠ ʟʥʠʞʫʶʪʴ 

ʢʘʣʽʙʨʫʚʘʥʥʷʤ ʘʧʘʨʘʪʫʨʠ, ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʨʝʞʠʤʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʢʦʥʪʨʦʣʝʤ ʷʢʦʩʪʽ 

(PDOP, AR-ratio ʪʦʱʦ). ʉʫʢʫʧʥʝ ʜʦʪʨʠ-

ʤʘʥʥʷ ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʠʱʦʾ 

ʛʝʦʜʝʟʽʾ ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʥʘʡʩʢʣʘʜ-

ʥʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʫʤʦʚʘʭ.
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ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʥʘ ʪʦʯʥʽʩʪʴ GNSS-ʩʠʛʥʘʣʫ 

 

 

ɯʦʥʦʩʬʝʨʘ ʻ ʜʠʩʧʝʨʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, 

ʫ ʷʢʦʤʫ ʨʘʜʽʦʩʠʛʥʘʣ GNSS ʟʘʟʥʘʻ 

ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʾ ʟʤʽʥʠ ʭʦʜʫ; ʚʝʣʠʯʠʥʘ 

ʟʘʪʨʠʤʢʠ ʧʨʦʧʦʨʮʽʡʥʘ ʧʦʚʥʦʤʫ ʚʤʽʩʪʫ 

ʝʣʝʢʪʨʦʥʽʚ (TEC) ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʚʘʜʨʘʪʫ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ (ḐTEC/fĮ) [9]. ɼʣʷ 
ʢʦʜʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʷʚ ʜʦʤʽʥʫʻ ʷʢ 

ʜʦʜʘʪʥʘ ʛʨʫʧʦʚʘ ʟʘʪʨʠʤʢʘ, ʪʦʜʽ ʷʢ ʜʣʷ 

ʬʘʟʦʚʠʭ ð ̫ ʢ ʝʢʚʽʚʘʣʝʥʪʥʝ çʚʠʧʝʨʝʜʞʝʥʥʷè 

ʬʘʟʠ; ʚʧʣʠʚ ʟʨʦʩʪʘʻ ʟʘ ʤʘʣʠʭ ʢʫʪʽʚ 

ʧʽʜʥʝʩʝʥʥʷ ʽ ʧʽʜ ʯʘʩ ʽʦʥʦʩʬʝʨʥʠʭ 

ʟʙʫʨʝʥʴ/ʩʮʠʥʪʠʣʷʮʽʡ [1, 14]. ʂʦʤʧʝʥʩʘʮʽʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʦʥʦʟʘʣʝʞʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ 

ʜʚʦ-/ʪʨʠʬʨʝʢʚʝʥʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

(ionosphere-free), ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʣʦʙʘʣʴʥʠʭ ʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʽʦʥʦʩʬʝʨʥʠʭ 

ʧʨʦʜʫʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ IGS GIM ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ) ʽ ʢʦʥʪʨʦʣʝʤ ʷʢʦʩʪʽ ʯʝʨʝʟ 

çʛʝʦʤʝʪʨʠʯʥʦ-ʚʽʣʴʥʽè ʢʦʤʙʽʥʘʮʽʾ [8]. ɼʣʷ 

ʦʜʥʦʯʘʩʪʦʪʥʠʭ ʧʨʠʡʤʘʯʽʚ ʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʠʧʫ 

ʂʣʦʙʫʯʘʨʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʪʨʘʥʩʣʴʦʚʘʥʽ 

ʥʘʚʽʛʘʮʽʡʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ GPS. ʋ 

ʧʦʻʜʥʘʥʥʽ ʟ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʶ ʝʧʦʭʦʶ ʚ 

ITRF ʮʽ ʧʨʦʮʝʜʫʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʝʪʨʦʣʦʛʽʯʥʦ ʢʦʨʝʢʪʥʝ ʟʽʩʪʘʚʣʝʥʥʷ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ GNSS ʽ InSAR ʫ 

ʛʣʦʙʘʣʴʥʽʡ ʨʝʬʝʨʝʥʮ-ʨʘʤʮʽ [14]. 

ʉʠʩʪʝʤʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʽʜʣʽʢʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʫ ʚʠʩʦʢʦʪʦʯʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ 

ʨʦʙʦʪʘʭ, ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʯʝʨʝʟ 

ʩʝʤʠʧʘʨʘʤʝʪʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʝʣʴʤʝʨʪʘ 

(ʪʨʠ ʪʨʘʥʩʣʷʮʽʾ, ʪʨʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙ) ʽ 

ʡʦʛʦ ʯʘʩʦʚʦʟʘʣʝʞʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʟʘʜʘʯ 

ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ; ʢʦʨʝʢʪʥʽʩʪʴ ʪʘʢʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʦʪʨʝʙʫʻ ʷʚʥʦʛʦ ʟʘʟʥʘʯʝʥʥʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʝʧʦʭʠ (ʪʘʙʣ. 1). ɼʣʷ ʧʘʨ 

ITRFźITRF ʽ WGS 84źITRF ʧʫʙʣʽʢʫʶʪʴ 

ʦʬʽʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʫʟʛʦʜʞʝʥʥʷ; ʽʩʪʦʨʠʯʥʦ 

ITRF2000 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʙʘʟʦʚʫ 

ʩʠʩʪʝʤʫ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ. ʋ ʚʽʪʯʠʟʥʷʥʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʟʘʪʚʝʨʜʞʝʥʽ ʪʨʘʥʩʧʦʟʠʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʞ 

ʋʉʂ-2000 ʪʘ ITRF2000 ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ȹX = 24,322 ʤ, ȹY = ī121,372 ʤ, 

ȹZ = ī75,847 ʤ, ʪʦʜʽ ʷʢ ʦʙʝʨʪʘʥʥʷ ʽ ʤʘʩʰʪʘʙ 

ʧʨʠʡʤʘʶʪʴ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʫʣʷ ʟʘ ʫʤʦʚʠ 

ʩʪʨʦʛʦʾ ʬʽʢʩʘʮʽʾ ʝʧʦʭʠ. 

ɺʟʘʻʤʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ WGS 84 ʽ ITRF 

ʧʝʨʝʙʫʚʘʻ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʨʽʚʥʽ: ʩʫʯʘʩʥʽ 

ʨʝʘʣʽʟʘʮʽʾ WGS 84 (G1762, G2296) ʚʠʨʽʚʥʷʥʽ 

ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʣʦʙʘʣʴʥʠʭ ʨʝʬʝʨʝʥʮ-ʨʘʤʦʢ, 

ʪʦʞ ʨʽʟʥʠʮʽ, ʨʝʣʝʚʘʥʪʥʽ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ. ʋʉʂ-2000 ʻ 

ʛʝʦʮʝʥʪʨʠʯʥʦʶ ʥʘʮʽʦʥʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʋʢʨʘʾʥʠ, ʽʥʪʝʛʨʦʚʘʥʦʶ ʟ ITRF ʧʝʨʝʚʘʞʥʦ 

ʯʝʨʝʟ ʪʨʘʥʩʣʷʮʽʡʥʽ ʯʣʝʥʠ; ʚʦʥʘ ʧʨʠʜʘʪʥʘ ʜʣʷ 

ʨʦʙʽʪ ʫ ʣʦʢʘʣʴʥʠʭ ʧʨʦʻʢʮʽʡʥʠʭ ʟʦʥʘʭ (ʄʉʂ) 

ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʘʥʪʠʤʝʪʨʦʚʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ 

ʟʘ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ. 
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ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʩʥʦʚʥʠʭ ʨʝʬʝʨʝʥʮʥʠʭ ʩʠʩʪʝʤ  

ʇʘʨʘʤʝʪʨ WGS 84 ITRF  ʋʉʂ-2000 

ʊʠʧ ʩʠʩʪʝʤʠ ɻʣʦʙʘʣʴʥʘ ʛʝʦʜʝʟʠʯʥʘ 

ʩʠʩʪʝʤʘ 

(ʛʝʦʮʝʥʪʨʠʯʥʘ) 

ʄʽʞʥʘʨʦʜʥʘ 

ʛʝʦʮʝʥʪʨʠʯʥʘ 

ʩʠʩʪʝʤʘ (ʨʝʘʣʽʟʘʮʽʷ 

ITRS) 

ʅʘʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʋʢʨʘʾʥʠ (ʛʝʦʮʝʥʪʨʠʯʥʘ, 

ʣʦʢʘʣʴʥʽ ʟʦʥʠ ʧʨʦʻʢʮʽʡ)  

ʇʦʭʦʜʞʝʥʥʷ ʪʘ 

ʨʝʘʣʽʟʘʮʽʷ 

ʈʦʟʨʦʙʣʝʥʘ ʜʣʷ 

ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʇʦʩʪʽʡʥʦ 

ʦʥʦʚʣʶʚʘʥʘ 

(ITRF2000, 

ITRF2020 ʪʦʱʦ); 

ʪʦʯʥʽʩʪʴ ʜʦ 

ʩʘʥʪʠʤʝʪʨʽʚ  

ʉʠʥʭʨʦʥʽʟʦʚʘʥʘ ʟ ITRF 

(2020, 2000 ʪʦʱʦ); 

ʟʘʙʝʟʧʝʯʝʥʘ ʣʦʢʘʣʴʥʠʤʠ 

ʟʦʥʘʤʠ ʋʉʂ-2000 / 

ʄʉʂ-ʟʦʥʘʤʠ 

ʊʦʯʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ɼʫʞʝ ʚʠʩʦʢʘ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ITRF 

ʣʠʰʝ ʥʘ ʨʽʚʥʽ 

ʩʘʥʪʠʤʝʪʨʽʚ  

ɺʠʩʦʢʘ: RMS-

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ 

ʨʝʘʣʽʟʘʮʽʷʤʠ ~1 ʩʤ  

ʈʽʟʥʠʮʷ ʢʦʦʨʜʠʥʘʪ ʚʽʜ 

ITRF/WGS84 ʜʦ 10 ʤ, ʫ 

ʩʝʨʝʜʥʴʦʤʫ 2ï3 ʤ  

 

 

ɼʞʝʨʝʣʦʤ ʢʦʦʨʜʠʥʘʪʥʦ-ʯʘʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʱʽʡ ʛʝʦʜʝʟʽʾ ʻ ʛʣʦʙʘʣʴʥʽ 

ʥʘʚʽʛʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ GNSS ð 

GPS (ʉʐɸ), GLONASS (ʈʌ), Galileo (ɭʉ), 

BeiDou (ʂʅʈ) ʽ ʨʝʛʽʦʥʘʣʴʥʽ QZSS ʪʘ IRNSS 

[10]. ɺʠʩʦʢʦʪʦʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʘʥʽ ʥʘ 

ʬʘʟʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ, ʢʽʣʴʢʦʭ ʥʝʩʫʯʠʭ ʽ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʘʭ ʦʙʨʦʙʣʝʥʥʷ (ʤʝʨʝʞʝʚʠʡ 

RTK, PPP/PPP-RTK), ʱʦ ʟʘ ʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʧʦʨʷʜʢʫ 1ï2 ʤʤ ʫ 

ʧʣʘʥʽ ʪʘ 3ï5 ʤʤ ʟʘ ʚʠʩʦʪʦʶ ʥʘ ʢʦʥʪʨʦʣʴʥʠʭ 

ʧʫʥʢʪʘʭ [9]. ʉʫʢʫʧʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ 

ʧʦʣʦʞʝʥʴ ʨʘʟʦʤ ʽʟ ʤʽʞʩʠʩʪʝʤʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʟʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ. 1, 

ʩʪʚʦʨʶʻ ʤʝʪʨʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʥʘʜʽʡʥʦʾ ʽʥʪʝʛʨʘʮʽʾ GNSS ʽʟ InSAR ʽ 

ʥʘʟʝʤʥʠʤʠ ʛʝʦʜʝʟʠʯʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚ 

ʟʘʜʘʯʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ. 

ʆʙʨʦʙʣʝʥʥʷ GNSS-ʜʘʥʠʭ ʫ ʚʠʱʽʡ 

ʛʝʦʜʝʟʽʾ ˇʨʫʥʪʦʚʘʥʦ ʥʘ ʥʠʟʮʽ ʨʝʞʠʤʽʚ, ʱʦ 

ʚʠʙʠʨʘʶʪʴ ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʤʦʛʠ ʱʦʜʦ 

ʪʦʯʥʦʩʪʽ, ʪʨʠʚʘʣʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ 

ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʢʦʦʨʜʠʥʘʪʠ ʚʠʟʥʘʯʘʶʪʴ 

ʟʘ ʪʨʠʚʘʣʠʤʠ ʩʝʩʽʷʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʚʽʜ 

ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʦ ʜʦʙʠ) ʽʟ ʧʦʩʪʦʙʨʦʙʣʝʥʥʷʤ 

ʬʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ; ʮʝʡ ʧʽʜʭʽʜ ʻ ʝʪʘʣʦʥʥʠʤ 

ʜʣʷ ʟʘʢʣʘʜʘʥʥʷ ʪʘ ʟʛʫʱʝʥʥʷ ʦʧʦʨʥʠʭ 

ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʩʪʽʡʢʦʩʪʽ ʬʽʢʩʘʮʽʾ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ ʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʫʚʦʨʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʨʦʟʚôʷʟʢʫ. ʐʚʠʜʢʠʡ ʩʪʘʪʠʯʥʠʡ ʨʝʞʠʤ 

ʟʤʝʥʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʩʪʦʷʥʥʷ ʥʘ ʧʫʥʢʪʽ ʜʦ 

15ï60 ʭʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʜʦʮʽʣʴʥʠʤ ʫ 

ʧʦʣʴʦʚʠʭ ʟʥʽʤʘʣʴʥʠʭ ʨʦʙʦʪʘʭ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʧʦʨʥʠʭ ʢʘʨʢʘʩʽʚ, 

ʢʦʨʝʢʪʥʦ ʧʽʜʽʙʨʘʥʦʾ ʛʝʦʤʝʪʨʽʾ ʩʫʟʽʨôʾʚ ʽ 

ʘʥʪʝʥʥʠʭ ʤʦʜʝʣʝʡ; ʟʘʙʝʟʧʝʯʝʥʘ 

ʩʘʥʪʠʤʝʪʨʦʚʦ-ʤʽʣʽʤʝʪʨʦʚʘ ʪʦʯʥʽʩʪʴ ʫ ʧʣʘʥʽ 

ʪʘ ʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ ð ʫ ʚʠʩʦʪʽ. 

ɼʣʷ ʟʘʜʘʯ, ʜʝ ʢʨʠʪʠʯʥʦʶ ʻ ʦʧʝʨʘ-

ʪʠʚʥʽʩʪʴ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʽʥʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ. 

RTK (Real-Time Kinematic) ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʜʘʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʧʦʧʨʘʚʦʢ ʚʽʜ ʙʘʟʦʚʦʾ ʘʙʦ ʚʽʨʪʫʘʣʴʥʦʾ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ ʜʦ ʨʦʚʝʨʩʥʦʛʦ ʧʨʠʡʤʘʯʘ (ʪʠʧʦʚʦ 

ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʠ NTRIP); ʟʘ 

ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʬʽʢʩʦʚʘʥʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʘʻ ʧʣʘʥʦʚʫ ʪʦʯʥʽʩʪʴ ʜʦ å2 ʩʤ ʽ ʜʘʻ 

ʟʤʦʛʫ ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʽ ʤʘʨʦʢ ʥʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜʘʭ 

(ʨʠʩ. 2). PPK (Post-Processed Kinematic) 

ʨʝʘʣʽʟʫʻ ʪʦʡ ʩʘʤʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ ʧʨʠʥʮʠʧ, 
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ʘʣʝ ʟ ʚʽʜʢʣʘʜʝʥʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʬʘʟʦʚʠʭ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ ʫ ʧʦʩʪʦʙʨʦʙʣʝʥʥʽ; ʤʝʪʦʜ 

ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʡ ʫ ʟʥʽʤʘʥʥʽ ʟ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʢʦʣʠ 

ʥʝʧʝʨʝʨʚʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʟ ʙʘʟʦʚʦʶ 

ʩʪʘʥʮʽʻʶ ʚʽʜʩʫʪʥʽʡ ʘʙʦ ʥʝʩʪʘʙʽʣʴʥʠʡ, ʘ 

ʚʠʤʦʛʠ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ð ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ 

ʨʽʚʥʷ ʥʘ ʚʩʽʡ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ. ʉʫʢʫʧʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʝʞʠʤʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʪʚʦʨʶʚʘʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ, 

ʣʘʪʝʥʪʥʽʩʪʶ ʽ ʨʝʩʫʨʩʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʭʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʝʬʦʨʤʘʮʽʡ.

 
 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʦʙʦʪʠ RTK-ʤʝʪʦʜʫ ʟ ʧʝʨʝʜʘʚʘʥʥʷʤ ʢʦʨʝʢʮʽʡ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ 

 

ʇʦʩʪʽʡʥʦ ʜʽʶʯʽ ʨʝʬʝʨʝʥʮʥʽ ʩʪʘʥʮʽʾ 

(CORS, Continuously Operating Reference 

Stations) ʬʦʨʤʫʶʪʴ ʨʝʛʽʦʥʘʣʴʥʽ ʪʘ 

ʥʘʮʽʦʥʘʣʴʥʽ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʨʘʚʦʢ ʜʦ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʻ ʩʪʘʥʜʘʨʪʦʤ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʧʨʠʚôʷʟʢʠ ʫ ʚʠʱʽʡ 

ʛʝʦʜʝʟʽʾ [3]. ɺ ʋʢʨʘʾʥʽ ʬʫʥʢʮʽʦʥʫʻ ʢʽʣʴʢʘ 

ʩʝʛʤʝʥʪʽʚ ʪʘʢʠʭ ʤʝʨʝʞ (ʟʦʢʨʝʤʘ UA-EUPOS, 

System.NET, GeoTerrace), ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʙʝʟ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚʣʘʩʥʦʾ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, ʘ ʪʘʢʦʞ 

ʧʽʜʪʨʠʤʫʶʪʴ ʤʝʨʝʞʝʚʽ RTK-ʩʝʨʚʽʩʠ ʟ 

ʨʽʟʥʠʤʠ ʩʪʨʘʪʝʛʽʷʤʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʧʨʘʚʦʢ 

(VRS, FKP, MAC) [3, 16]. ʇʝʨʝʜʘʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ GNSS-ʧʦʧʨʘʚʦʢ ʟʜʽʡʩʥʶʻ 

ʧʨʦʪʦʢʦʣ NTRIP (Networked Transport of 

RTCM via Internet Protocol), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʫʧ ʤʦʙʽʣʴʥʠʭ ʧʨʠʡʤʘʯʽʚ ʜʦ NTRIP-

ʢʘʩʪʝʨʽʚ ʽ ʧʦʪʦʢʽʚ ʫ ʬʦʨʤʘʪʘʭ RTCM 2.3/3.x, 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʚʠʙʽʨ 

ʧʦʪʨʽʙʥʦʛʦ mountpoint (ʪʦʯʢʠ ʜʦʩʪʫʧʫ). 

ʋʟʘʛʘʣʴʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʭʦʧʣʝʥʥʷ ʡ 

ʜʦʩʪʫʧʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2 (ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʥʮʽʡ, ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʢʨʠʪʪʷ, ʧʽʜʪʨʠʤʫ-

ʚʘʥʽ ʬʦʨʤʘʪʠ ʧʦʧʨʘʚʦʢ, ʫʤʦʚʠ ʜʦʩʪʫʧʫ); ʮʽ 

ʜʘʥʽ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʩʝʨʚʽʩʫ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʨʝʛʽʦʥʽ.

 
 

ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ CORS-ʤʝʨʝʞ ʋʢʨʘʾʥʠ 

ʅʘʟʚʘ 

ʤʝʨʝʞʽ 

ʂʽʣʴʢʽʩʪʴ 

ʩʪʘʥʮʽʡ 

ʇʦʢʨʠʪʪʷ ʌʦʨʤʘʪ 

ʧʦʧʨʘʚʦʢ 

ɼʦʩʪʫʧ 

UA-EUPOS 60+ ʋʩʷ ʢʨʘʾʥʘ RTCM 3.x ʂʦʤʝʨʮʽʡʥʠʡ 

System.NET 25+ ʎʝʥʪʨ, ʇʽʚʜʝʥʴ RTCM 3.x ʂʦʤʝʨʮʽʡʥʠʡ 

GeoTerrace 15+ ʂʠʾʚ, ʦʙʣʘʩʪʴ RTCM 2.3/3.x ɹʝʟʢʦʰʪʦʚʥʦ ʜʣʷ ɿɺʆ 
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ʄʝʪʦʜ InSAR (Interferometric Synthetic 

Aperture Radar) ˇʨʫʥʪʦʚʘʥʠʡ ʥʘ ʬʘʟʦʚʽʡ 

ʨʽʟʥʠʮʽ ʤʽʞ ʨʘʜʘʨʥʠʤʠ ʟʥʽʤʢʘʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟ ʨʽʟʥʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʝʧʦʭ, ʽ ʜʘʻ 

ʟʤʦʛʫ ʦʮʽʥʶʚʘʪʠ ʣʽʥʽʡʥʦ-ʚʽʟʫʚʘʣʴʥʽ (LOS) 

ʟʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟ ʤʽʣʽʤʝʪʨʦʚʦʶ 

ʯʫʪʣʠʚʽʩʪʶ ʥʘ ʚʝʣʠʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʧʣʦʱʘʭ 

ʙʝʟ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘʟʝʤʥʦʾ ʘʧʘʨʘʪʫʨʠ [6, 20]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʢʽʣʴʢʘ ʨʝʘʣʽʟʘʮʽʡ 

InSAR: DInSAR ʜʣʷ ʜʝʪʝʢʮʽʾ ʟʤʽʥ ʤʽʞ ʜʚʦʤʘ 

ʜʘʪʘʤʠ; PS-InSAR ʜʣʷ ʩʪʘʙʽʣʴʥʠʭ ʚʽʜʙʠʚʘʯʽʚ 

(ʙʫʜʽʚʣʽ, ʽʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ) ʽʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʰʚʠʜʢʦʩʪʝʡ; 

SBAS ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʝʢʦʨʝʣʷʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʙʦʨʫ ʢʦʨʦʪʢʠʭ ʙʘʟʦʚʠʭ ʣʽʥʽʡ ʫ ʧʨʦʩʪʦʨʽ 

ʪʘ ʯʘʩʽ. ʈʝʟʫʣʴʪʘʪʠ PS-InSAR ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3, ʜʝ ʧʦʜʘʥʦ ʢʘʨʪʫ ʦʩʽʜʘʥʴ ʤʽʩʴʢʦʾ 

ʪʝʨʠʪʦʨʽʾ ʟ ʢʣʘʩʘʤʠ ʰʚʠʜʢʦʩʪʝʡ (0 ʤʤ/ʨ.;    

1ï2; 2ï3; 3ï4; >4 ʤʤ/ʨ.): ʜʦʤʽʥʫʚʘʥʥʷ 

ʯʝʨʚʦʥʠʭ ʽ ʧʦʤʘʨʘʥʯʝʚʠʭ ʤʘʨʢʝʨʽʚ ʫ ʮʝʥʪ-

ʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʦʩʪʦʨʦʚʦ 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʝʛʘʪʠʚʥʽ ʪʨʝʥʜʠ, ʷʢʽ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ.

 
 

 
 

ʈʠʩ. 3. ʂʘʨʪʘ ʦʩʽʜʘʥʴ ˇʨʫʥʪʫ ʚ ʨʘʡʦʥʽ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ, ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ PS-InSAR 

 

ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʨʝʞʝʚʠʤʠ RTK-

ʩʝʨʚʽʩʘʤʠ CORS ʮʽ InSAR-ʦʮʽʥʢʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢ ʘʙʩʦʣʶʪʥʫ ʧʨʠʚôʷʟʢʫ 

(ʯʝʨʝʟ GNSS), ʪʘʢ ʽ ʚʠʩʦʢʫ ʧʣʦʱʠʥʥʫ 

ʱʽʣʴʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʯʝʨʝʟ PS/SBAS), 

ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʽʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ 

ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʷʭ. 

ʋ ʩʫʯʘʩʥʠʭ ʩʭʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʝʬʦʨʤʘʮʽʡ ʜʝʜʘʣʽ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʽʥʪʝʛʨʦʚʘʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ 

ʩʫʧʫʪʥʠʢʦʚʽ ʚʠʟʥʘʯʝʥʥʷ (GNSS), ʨʘʜʘʨʥʫ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʶ (InSAR) ʽ ʚʠʩʦʢʦʪʦʯʥʽ 

ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʧʨʝʮʠʟʽʡʥʝ 

ʥʽʚʝʣʶʚʘʥʥʷ, ʪʘʭʝʦʤʝʪʨʽʷ). ʊʘʢʽ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʘʶʪʴ ʟʤʦʛʫ 

ʦʜʥʦʯʘʩʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʘʙʩʦʣʶʪʥʫ 

ʧʨʠʚôʷʟʢʫ ʽ ʯʘʩʦʚʫ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ (ʯʝʨʝʟ 

GNSS), ʚʠʩʦʢʫ ʧʣʦʱʠʥʥʫ ʱʽʣʴʥʽʩʪʴ ʽ 

ʨʝʛʫʣʷʨʥʽʩʪʴ ʧʦʢʨʠʪʪʷ (ʯʝʨʝʟ InSAR), 

ʣʦʢʘʣʴʥʫ ʤʝʪʨʦʣʦʛʽʯʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʥʘ 

ʢʨʠʪʠʯʥʠʭ ʚʽʜʤʽʪʢʘʭ (ʯʝʨʝʟ ʥʘʟʝʤʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ), ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ, ʟʤʝʥʰʫʻ ʚʘʨʪʽʩʪʴ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʧʽʜʪʨʠʤʫʻ 

ʨʦʙʦʪʫ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʾ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʾ 

ʦʙʩʪʘʥʦʚʢʠ (ʫʨʙʘʥ-ʢʘʥʴʡʦʥ, ʝʢʨʘʥʫʚʘʥʥʷ, 

ʣʽʩʦʚʽ ʤʘʩʠʚʠ) [1, 18]. 
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ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʽ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 3. ʋ 

ʪʠʧʦʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ GNSS 

ʟʘʙʝʟʧʝʯʫʻ ʣʦʢʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʽʟ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʧʦʨʷʜʢʫ 3ï5 ʤʤ ʽ 

ʣʘʪʝʥʪʥʽʩʪʶ ʜʦ ʩʝʢʫʥʜ (ʨʝʞʠʤʠ RTK/PPP-

RTK), InSAR ʜʘʻ ʢʘʨʪʠ ʰʚʠʜʢʦʩʪʝʡ ʥʘ 

ʧʣʦʱʘʭ ʫ ʜʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪʨʽʚ ʽʟ 

ʯʫʪʣʠʚʽʩʪʶ ʙʣʠʟʴʢʦ 5ï10 ʤʤ ʽ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʦʥʦʚʣʝʥʥʷ ʚʽʜ ʜʥʽʚ ʜʦ 

ʪʠʞʥʽʚ, ʪʦʜʽ ʷʢ ʛʽʙʨʠʜʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʟʘʚʜʷʢʠ ʚʟʘʻʤʥʽʡ ʢʘʣʽʙʨʫʚʘʣʴʥʦ-

ʚʘʣʽʜʘʮʽʡʥʽʡ ʨʦʣʽ ʩʢʣʘʜʥʠʢʽʚ ʜʦʩʷʛʘʶʪʴ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʪʦʯʥʦʩʪʽ 2ï3 ʤʤ ʟʘ ʛʥʫʯʢʠʭ 

ʚʠʤʦʛ ʱʦʜʦ ʯʘʩʪʦʪʠ ʦʥʦʚʣʝʥʥʷ ʪʘ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʡʥʷʪʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ. ʉʘʤʝ 

ʪʘʢʘ ʩʠʥʝʨʛʽʷ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʦʧʝʨʘʪʠʚʥʠʭ 

ʢʘʨʪ ʜʝʬʦʨʤʘʮʽʡ ʽ ʣʦʢʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

çʛʘʨʷʯʠʭè ʜʽʣʷʥʦʢ, ʧʦʜʽʙʥʠʭ ʜʦ ʥʘʚʝʜʝʥʦʾ 

ʢʘʨʪʠ ʦʩʽʜʘʥʴ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ, ʦʪʨʠʤʘʥʦʾ 

ʤʝʪʦʜʦʤ PS-InSAR.

 

ʊʘʙʣʠʮʷ 3 

ʇʦʨʽʚʥʷʥʥʷ GNSS, InSAR ʽ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ 

ʄʝʪʦʜ ʇʨʦʩʪʦʨʦʚʝ ʦʭʦʧʣʝʥʥʷ ʊʦʯʥʽʩʪʴ ʟʘ 

ʚʠʩʦʪʦʶ 

ʏʘʩʪʦʪʘ 

ʦʥʦʚʣʝʥʥʷ 

ɺʘʨʪʽʩʪʴ 

GNSS ʃʦʢʘʣʴʥʝ 3ï5 ʤʤ ʉʝʢʫʥʜʠ ɺʠʩʦʢʘ 

InSAR ɼʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʠʭ 

ʢʽʣʦʤʝʪʨʽʚ 

5ï10 ʤʤ ɼʥʽ/ʪʠʞʥʽ ʉʝʨʝʜʥʷ 

ɻʽʙʨʠʜʥʠʡ ʃʦʢʘʣʴʥʝ + ʨʝʛʽʦʥʘʣʴʥʝ 2ï3 ʤʤ ɿʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʻʜʥʘʥʥʷ 

ʉʝʨʝʜʥʷ 

 

 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʦʯʽʢʫʚʘʥʦ ʟʦʩʝʨʝʜʠʪʴʩʷ ʥʘ ʥʘʨʦʱʫʚʘʥʥʽ 

ʩʫʟʽʨôʾʚ ʽ ʯʘʩʪʦʪ GNSS, ʰʠʨʦʢʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʝʨʚʽʩʽʚ PPP-RTK ʽʟ 

ʩʝʢʫʥʜʥʦʶ ʢʦʥʚʝʨʛʝʥʮʽʻʶ, ʽʥʪʝʛʨʘʮʽʾ 

ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʨʦʟʰʠʨʝʥʥʽ ʚʽʜʢʨʠʪʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʨʘʜʘʨʥʠʭ ʜʘʥʠʭ, ʱʦ ʟʤʝʥʰʫʻ 

ʙʘʨôʻʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʩʠʩʪʝʤ. 

ʈʝʘʣʽʟʘʮʽʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʫʟʛʦʜʞʝʥʠʡ ʢʦʤʧʣʝʢʩ 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʽ ʨʝʛʣʘʤʝʥʪʦ-

ʚʘʥʠʭ ʧʨʦʮʝʜʫʨ. ʉʪʘʥʮʽʷ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʛʝʦʜʝʟʽʾ ʪʠʧʦʚʦ ʚʢʣʶʯʘʻ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʡ 

GNSS-ʧʨʠʡʤʘʯ (L1/L2/L5), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʧʨʠʛʣʫʰʝʥʥʷ ʽʦʥʦʩʬʝʨʥʠʭ 

ʚʧʣʠʚʽʚ, ʘʥʪʝʥʫ ʟ ʧʨʦʪʠʤʫʣʴʪʠʧʫʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʣʴʦʚʠʡ 

ʢʦʥʪʨʦʣʝʨ/ʨʝʻʩʪʨʘʪʦʨ ʽʟ ʙʝʟʜʨʦʪʦʚʦʶ 

ʢʦʤʫʥʽʢʘʮʽʻʶ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʩʝʩʽʷʤʠ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʦʜʫʣʽ ʜʣʷ ʧʨʠʡʤʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʧʦʧʨʘʚʦʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

(NTRIP ʯʝʨʝʟ GSM/3G/4G/IPv6). ʅʘʟʝʤʥʽ 

ʟʘʩʦʙʠ ʟʘʣʠʰʘʶʪʴʩʷ ʦʙʦʚôʷʟʢʦʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʥʝʟʘʣʝʞʥʦʾ 

ʚʘʣʽʜʘʮʽʾ: ʝʣʝʢʪʨʦʥʥʽ ʪʘʭʝʦʤʝʪʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʫʪʦʚʫ ʪʦʯʥʽʩʪʴ ʜʦ 1ǌ ʽ 

ʜʘʣʴʥʦʤʽʨʥʫ ʧʦʭʠʙʢʫ Ñ(2 ʤʤ + 2 ppm), ʪʦʜʽ 

ʷʢ ʮʠʬʨʦʚʽ ʥʽʚʝʣʽʨʠ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ 

ʧʝʨʝʚʠʱʝʥʥʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,3 ʤʤ/ʢʤ ʭʦʜʫ. 

ʈʘʮʽʦʥʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʘ ʨʘʜʘʨʥʠʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʬʦʨʤʫʻ ʚʽʜʪʚʦʨʶʚʘʥʠʡ 

ʚʠʨʦʙʥʠʯʠʡ ʧʘʡʧʣʘʡʥ, ʩʫʤʽʩʥʠʡ ʽʟ ʚʠʤʦ-

ʛʘʤʠ ʬʘʭʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ. 

ɼʣʷ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ 

ʽʥʪʝʛʨʘʮʽʾ ʛʝʦʜʝʟʠʯʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ, ʱʦ 

ʦʭʦʧʣʶʶʪʴ ʫʚʝʩʴ ʮʠʢʣ ð ʚʽʜ ʧʝʨʚʠʥʥʦʾ 

ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʜʦ ʧʦʙʫʜʦʚʠ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʟʚʽʪʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ. ʋ ʩʝʛʤʝʥʪʽ ʧʦʩʪʦʙʨʦʙʣʝʥʥʷ 

GNSS-ʩʧʦʩʪʝʨʝʞʝʥʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ RTKLIB ð ʚʽʜʢʨʠʪʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʩʪʘʪʠʯʥʠʭ 

ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ, ʬʽʢʩʘʮʽʾ ʬʘʟʦʚʠʭ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ, ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

(PDOP, AR-ratio) ʽ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʘʪʤʦʩʬʝʨʥʠʭ ʟʘʪʨʠʤʦʢ. ʈʘʟʦʤ ʽʟ ʥʠʤ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʝʨʮʽʡʥʽ ʧʨʦʛʨʘʤʥʽ 

ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ Trimble Business 

Center, Leica Geo Office ʽ Topcon Magnet, ʷʢʽ 

ʧʨʦʧʦʥʫʶʪʴ ʨʦʟʰʠʨʝʥʽ ʟʘʩʦʙʠ ʤʝʨʝʞʝʚʦʛʦ 

ʫʨʽʚʥʦʚʘʞʝʥʥʷ, ʧʽʜʪʨʠʤʢʫ ʩʝʨʚʽʩʽʚ PPP/PPP-

RTK, ʨʦʟʚʠʥʝʥʽ ʤʦʜʫʣʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʪʘʜʘʥʠʤʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʟʚʽʪʽʚ. 

ɼʣʷ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ InSAR ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʘʙʽʨ ʛʘʣʫʟʝʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ: SNAP (ESA) 

ʜʣʷ ʧʝʨʝʜʦʙʨʦʙʣʝʥʥʷ, ʢʦ-ʨʝʻʩʪʨʘʮʽʾ, 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤ ʽ ʧʨʠʢʣʘʜʥʠʭ 

ʢʦʨʝʢʮʽʡ; StaMPS ʜʣʷ ʤʝʪʦʜʽʚ ʩʪʽʡʢʠʭ 

ʚʽʜʙʠʚʘʯʽʚ (PSI) ʽ ʯʘʩʦʚʠʭ ʩʝʨʽʡ; GMTSAR 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ 

ʣʘʥʮʶʞʢʽʚ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʎʽ 

ʧʘʢʝʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʣʘʥʮʶʛ ð ʚʽʜ ʦʨʙʽʪʘʣʴʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ 

ʪʦʧʦʢʦʨʝʢʮʽʡ ʜʦ ʨʦʟʤʦʪʫʚʘʥʥʷ ʬʘʟʠ, 

ʘʪʤʦʩʬʝʨʥʠʭ ʧʦʧʨʘʚʦʢ ʽ ʧʦʙʫʜʦʚʠ ʢʘʨʪ 

ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʡ ʽʟ ʦʮʽʥʶʚʘʥʥʷʤ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ɯʥʪʝʛʨʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʦʪʠʧʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʾʭʥʶ ʧʦʜʘʣʴʰʫ ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʚʠʢʦʥʫʶʪʴ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ɻɯʉ. ArcGIS ʪʘ 

QGIS ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʝʜʝʥʥʷ 

ʛʝʦʜʘʥʠʭ ʫ ʩʪʨʫʢʪʫʨʽ ʛʝʦʙʘʟ, ʫʟʛʦʜʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʘʜʘʥʽʡ ʨʝʬʝʨʝʥʮʥʽʡ ʩʠʩʪʝʤʽ 

(ITRF/ETRS/ʋʉʂ-2000), ʨʦʟʨʦʙʣʝʥʥʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʩʠʤʚʦʣʽʢʦʶ ʪʘ ʤʘʩʰʪʘʙʦʤ, 

ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʦʚʪʦʨʶʚʘʥʠʭ 

ʧʨʦʮʝʜʫʨ ʯʝʨʝʟ ʤʦʜʝʣʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ 

(ModelBuilder/Processing Toolbox). 

ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʧʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʱʽʡ ʛʝʦʜʝʟʽʾ, ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 4. ɼʘʥʽ ʧʦʜʘʥʦ ʟʘ ʧʘʩʧʦʨʪʥʠʤʠ 

ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ ʚʠʨʦʙʥʠʢʽʚ ʽ ʪʠʧʦʚʠʤʠ 

ʫʤʦʚʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʜʣʷ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ GNSS-ʧʨʠʡʤʘʯʘ 

(ʥʘʧʨʠʢʣʘʜ ʢʣʘʩʫ Trimble R12) ʫ RTK-

ʩʮʝʥʘʨʽʷʭ ʜʝʢʣʘʨʦʚʘʥʘ ʧʣʘʥʦʚʘ ʪʦʯʥʽʩʪʴ ʥʘ 

ʨʽʚʥʽ 1ï2 ʤʤ ʟʘ ʫʤʦʚʠ ʬʽʢʩʦʚʘʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ; ʝʣʝʢʪʨʦʥʥʠʡ ʪʘʭʝʦʤʝʪʨ (ʢʣʘʩʫ 

Leica TS16) ʟʘʙʝʟʧʝʯʫʻ ʢʫʪʦʚʫ ʪʦʯʥʽʩʪʴ ʜʦ 1ǌ 

ʽ ʜʘʣʝʢʦʤʽʨʥʫ ʧʦʭʠʙʢʫ Ñ(2 ʤʤ + 2 ppm), ʱʦ 

ʫʤʦʞʣʠʚʣʶʻ ʚʠʩʦʢʦʪʦʯʥʽ ʢʫʪʦʚʦ-ʣʽʥʽʡʥʽ 

ʧʦʙʫʜʦʚʠ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʟ GNSS-ʤʦʜʫʣʷʤʠ; 

ʮʠʬʨʦʚʠʡ ʥʽʚʝʣʽʨ (ʢʣʘʩʫ Leica DNA03) 

ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʥʶ ʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ 

ʭʦʜʫ ʙʣʠʟʴʢʦ 0,3 ʤʤ/ʢʤ ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ 

ʚʠʩʦʪʥʠʭ ʚʠʟʥʘʯʝʥʴ. ʎʽ ʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʜʦʩʷʞʥʽ ʟʘ ʫʤʦʚʠ 

ʜʦʪʨʠʤʘʥʥʷ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʧʨʦʮʝʜʫʨ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ. ʋ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʛʝʦʤʝʪʨʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʩʪʘʥʫ 

ʨʝʬʨʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʫʣʴʪʠʧʫʪʫ ʽ 

ʷʢʦʩʪʽ ʮʝʥʪʨʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ (ʪʘʙʣ. 4).

 
 

ʊʘʙʣʠʮʷ 4 

ʇʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʱʦʾ ʛʝʦʜʝʟʽʾ 

ʊʠʧ ʦʙʣʘʜʥʘʥʥʷ ʄʦʜʝʣʴ ʊʦʯʥʽʩʪʴ ʆʩʦʙʣʠʚʦʩʪʽ 

GNSS-ʧʨʠʡʤʘʯ Trimble 

R12 

ʜʦ 1-2 ʤʤ (RTK) ɹʘʛʘʪʦʯʘʩʪʦʪʥʠʡ, ʧʽʜʪʨʠʤʢʘ 

ʚʩʽʻʾ GNSS 

ɽʣʝʢʪʨʦʥʥʠʡ 

ʪʘʭʝʦʤʝʪʨ 

Leica TS16 ʢʫʪʦʚʘ ʪʦʯʥʽʩʪʴ 1", 

ʜʘʣʴʥʽʩʪʴ ʜʦ 5 ʢʤ 

ɯʥʪʝʛʨʘʮʽʷ ʟ GNSS-ʤʦʜʫʣʷʤʠ 

ɺʠʩʦʢʦʪʦʯʥʠʡ 

ʥʽʚʝʣʽʨ 

Leica 

DNA03 

0.3 ʤʤ/ʢʤ ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʩʦʪ 

 

 

ɸʢʪʫʘʣʴʥʠʡ ʚʝʢʪʦʨ ʨʦʟʚʠʪʢʫ 

ʛʝʦʜʝʟʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʚʠʟʥʘʯʝʥʦ 

ʤʽʥʽʘʪʶʨʠʟʘʮʽʻʶ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ 

ʘʧʘʨʘʪʫʨʠ, ʟʨʦʩʪʘʥʥʷʤ ʨʽʚʥʷ ʩʝʥʩʦʨʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʽ ʧʝʨʝʭʦʜʦʤ ʜʦ ʭʤʘʨʦʦʨʽʻʥʪʦʚʘ-

ʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʋ ʧʦʣʴʦʚʠʭ ʧʣʘʪʬʦʨʤʘʭ, 

ʟʦʢʨʝʤʘ ʥʘ ɹʇʃɸ, ʜʝʜʘʣʽ ʰʠʨʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʙʘʛʘʪʦʯʘʩʪʦʪʥʽ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʘʥʪʠʤʝʪʨʦʚʫ ʪʦʯʥʽʩʪʴ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʘʨʘʣʝʣʴʥʦ 

ʨʦʟʚʠʚʘʶʪʴ ʽʥʪʝʛʨʦʚʘʥʽ ʥʘʚʽʛʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʫ ʷʢʠʭ ʤʦʜʫʣʽ 

GNSS ʧʦʻʜʥʘʥʦ ʟ ʽʥʝʨʮʽʘʣʴʥʠʤʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ (IMU) ʪʘ 

ʦʧʪʠʯʥʠʤʠ ʩʝʥʩʦʨʘʤʠ; ʪʘʢʘ ʤʫʣʴʪʠʩʝʥʩʦʨʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʫ 

ʩʝʨʝʜʦʚʠʱʘʭ ʟʽ ʩʢʣʘʜʥʦʶ ʨʘʜʽʦʥʘʚʽʛʘ-

ʮʽʡʥʦʶ ʦʙʩʪʘʥʦʚʢʦʶ. ʆʙʨʦʙʣʝʥʥʷ ʚʝʣʠʢʠʭ 

ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʢʦʤʘʥʜ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʨʝʘʣʽʟʦʚʘʥʽ ʫ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʢʦʥʚʝʻʨʠ 

(pipelines) ʚʽʜ ʧʨʠʡʤʘʥʥʷ ʜʘʥʠʭ ʜʦ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʚʠʧʫʩʢʫ ʟʚʽʪʽʚ. ɿʨʦʩʪʘʻ ʨʦʣʴ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʧʦʚʪʦʨʶʚʘʥʠʭ ʧʦʣʴʦʚʠʭ 

ʦʧʝʨʘʮʽʡ, ʚʢʣʶʯʥʦ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ 

ʧʦʩʪʘʥʦʚʢʦʶ ʤʘʨʦʢ, ʧʝʨʽʦʜʠʯʥʠʤʠ 

ʦʙʩʪʝʞʝʥʥʷʤʠ ʪʘ ʜʠʩʪʘʥʮʽʡʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ. 

ʄʦʥʽʪʦʨʠʥʛ ʜʝʬʦʨʤʘʮʽʡ ʻ ʦʜʥʠʤ ʽʟ 

ʦʩʥʦʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʩʫʯʘʩʥʦʾ ʚʠʱʦʾ 

ʛʝʦʜʝʟʽʾ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʻʯʘʩʥʠʡ 

ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, 

ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʱʦ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʩʦʢʦʪʦʯʥʽ 

ʤʝʪʦʜʠ ʜʘʶʪʴ ʟʤʦʛʫ ʜʝʪʝʢʪʫʚʘʪʠ ʟʤʽʱʝʥʥʷ 

ʧʦʨʷʜʢʫ ʤʽʣʽʤʝʪʨʽʚ, ʱʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʽʥʞʝʥʝʨʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ. ʊʠʧʦʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʻ ʤʦʩʪʠ, 

ʚʠʩʦʪʥʽ ʙʫʜʽʚʣʽ, ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ ʪʘ 

ʝʣʝʤʝʥʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʣʷ 

ʷʢʠʭ ʩʫʧʫʪʥʠʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ GNSS 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʦʧʝʨʘʪʠʚʥʫ 

ʜʽʘʛʥʦʩʪʠʢʫ. 

ʋ ʨʝʛʽʦʥʘʭ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʩʝʡʩʤʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ, ʨʦʟʚʠʪʢʦʤ ʢʘʨʩʪʫ ʘʙʦ 

ʚʠʨʘʞʝʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʦʩʽʜʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʜʦʮʽʣʴʥʠʤ ʻ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

GNSS ʽ InSAR [1, 18]. ʇʝʨʰʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʣʦʢʘʣʴʥʫ ʘʙʩʦʣʶʪʥʫ ʧʨʠʚôʷʟʢʫ ʪʘ ʯʘʩʦʚʫ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ, ʪʦʜʽ 

ʷʢ ʜʨʫʛʠʡ ʜʘʻ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʢʘʨʪʠ 

ʰʚʠʜʢʦʩʪʝʡ ʽʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʜʝʪʘʣʽʟʘʮʽʻʶ. ʇʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʦʭ ʧʽʜʭʦʜʽʚ ʫ ʢʘʨʩʪʦʚʠʭ 

ʫʤʦʚʘʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.

 
 

ʊʘʙʣʠʮʷ 5 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʦʩʽʜʘʥʴ ˇʨʫʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ GNSS ʽ InSAR  

ʫ ʢʘʨʩʪʦʚʽʡ ʟʦʥʽ 

ʇʘʨʘʤʝʪʨ GNSS-ʤʦʥʽʪʦʨʠʥʛ InSAR-ʤʦʥʽʪʦʨʠʥʛ 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 

ɺʠʩʦʢʘ (ʪʦʯʢʦʚʽ 

ʚʠʤʽʨʶʚʘʥʥʷ) 

ɺʠʩʦʢʘ (ʜʦ 5ï10 ʤ/ʧʽʢʩʝʣʴ) 

ʊʦʯʥʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʟʤʽʱʝʥʴ 

1ï3 ʤʤ 2ï5 ʤʤ 

ʏʘʩʪʦʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ɹʝʟʧʝʨʝʨʚʥʘ (ʨʝʘʣʴʥʠʡ 

ʯʘʩ) 

ʇʝʨʽʦʜʠʯʥʘ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʙʽʪʠ) 

ʇʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ ʃʦʢʘʣʴʥʝ (ʙʽʣʷ ʩʪʘʥʮʽʡ) ʐʠʨʦʢʝ (ʜʦ ʩʦʪʝʥʴ ʢʚʘʜʨʘʪʥʠʭ 

ʢʽʣʦʤʝʪʨʽʚ) 

ʏʫʪʣʠʚʽʩʪʴ ʜʦ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ 

ʅʠʟʴʢʘ ɺʠʩʦʢʘ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʤʘʨʥʦʩʪʽ) 

ɺʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺʠʩʦʢʘ ʉʝʨʝʜʥʷ 

ɺʠʷʚʣʝʥʥʷ ʜʨʽʙʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ 

ɺʠʩʦʢʘ ɺʠʩʦʢʘ 

ʉʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ 

ʅʠʟʴʢʘ/ʩʝʨʝʜʥʷ ɺʠʩʦʢʘ (ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ) 
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ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙôʻʢʪʽʚ ð ʥʘʬʪʦʛʘʟʦʚʠʭ ʧʣʘʪʬʦʨʤ, 

ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ð 

ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʩʦʢʦʯʘʩ-

ʪʦʪʥʽ ʩʭʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽʟ ʩʝʢʫʥʜʥʦʶ 

ʣʘʪʝʥʪʥʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʨʝʞʝʚʽ RTK-GNSS ʽʟ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʢʘʥʘʣʦʤ ʟʚôʷʟʢʫ ʟ ʩʝʨʚʝʨʘʤʠ 

ʧʦʧʨʘʚʦʢ, ʜʦʧʦʚʥʶʶʯʠ ʾʭ ʧʝʨʽʦʜʠʯʥʠʤʠ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʤʠ ʟʡʦʤʢʘʤʠ ʜʣʷ 

ʧʣʦʱʠʥʥʦʾ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʣʽʚ. ʊʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʦʧʝʨʘʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʟʤʽʥ, ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʯʥʝ 

ʦʮʽʥʶʚʘʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʪʝʥʜʝʥʮʽʡ. 

ʇʦʢʘʟʦʚʠʤ ʚʠʨʦʙʥʠʯʠʤ ʢʝʡʩʦʤ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ RTK-

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʙôʻʢʪʘʭ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ: 

ʙʝʟʧʝʨʝʨʚʥʽ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ 

ʤʘʨʢʘʭ ʙʫʨʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʘʥʪʠʤʝʪʨʦʚʫ ʦʧʝʨʘʪʠʚʥʫ ʦʮʽʥʢʫ ʟʤʽʱʝʥʴ ʽ 

ʜʘʶʪʴ ʟʤʦʛʫ ʩʚʦʻʯʘʩʥʦ ʬʽʢʩʫʚʘʪʠ ʦʟʥʘʢʠ 

ʦʩʽʜʘʥʴ ʽ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʧʦʜʘʣʴʰʠʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʧʦʚʽʱʝʥʥʷʤ ʧʨʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ. ʊʘʢʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʢʦʨʦʯʫʻ 

ʣʘʪʝʥʪʥʽʩʪʴ ʫʭʚʘʣʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʽ 

ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʦʥʽʪʦʨʠʥʛ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʦʙôʻʢʪʽʚ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ 

(ʟʘʣʽʟʥʠʯʥʽ ʢʦʣʽʾ, ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ, 

ʘʝʨʦʜʨʦʤʥʽ ʧʦʢʨʠʪʪʷ) ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʫ ʟʤʽʰʘʥʽʡ ʩʭʝʤʽ, ʱʦ ʧʦʻʜʥʫʻ GNSS-

ʤʦʥʽʪʦʨʠʥʛ ʽʟ ʚʠʩʦʢʦʪʦʯʥʠʤʠ 

ʪʘʭʝʦʤʝʪʨʠʯʥʠʤʠ ʟʡʦʤʢʘʤʠ. GNSS 

ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʽ ʨʝʛʫʣʷʨʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʟʤʽʱʝʥʴ ʦʧʦʨʥʠʭ ʧʫʥʢʪʽʚ ʤʝʨʝʞʽ ʢʦʥʪʨʦʣʶ 

ʪʘ ʜʘʻ ʯʘʩʦʚʽ ʨʷʜʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʨʝʥʜʽʚ, 

ʪʦʜʽ ʷʢ ʪʘʭʝʦʤʝʪʨʽʷ ʚʠʢʦʥʫʻ ʛʝʦʤʝʪʨʠʯʥʝ 

çʜʦʰʣʽʬʫʚʘʥʥʷè ʧʦʣʦʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʨʝʡʢʦʚʽ ʥʠʪʢʠ, 

ʰʚʠ ʧʦʢʨʠʪʪʽʚ, ʢʨʘʡʢʠ ʈɼ/ɿʇʉ) ʽʟ 

ʤʽʣ̔ʤʝʪʨʦʚʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ. ɯʥʪʝʛʨʘʮʽʷ ʦʙʦʭ 

ʧʽʜʭʦʜʽʚ ʬʦʨʤʫʻ ʚʽʜʪʚʦʨʶʚʘʥʠʡ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʨʢʘʩ ʽʟ ʥʝʦʙʭʽʜʥʠʤ 

ʙʘʣʘʥʩʦʤ ʧʨʦʩʪʦʨʦʚʦʾ ʜʝʪʘʣʴʥʦʩʪʽ, ʯʘʩʪʦʪʠ 

ʦʥʦʚʣʝʥʥʷ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʆʨʛʘʥʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʟʤʽʰʘʥʠʭ 

GNSS- ʽ ʪʘʭʝʦʤʝʪʨʠʯʥʠʭ ʩʭʝʤ ʻ ʟʘʣʫʯʝʥʥʷ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʷʢ ʚʠʩʦʢʦ-

ʝʬʝʢʪʠʚʥʦʾ ʧʣʘʪʬʦʨʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ. ɹʇʃɸ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ 

ʬʦʨʤʫʚʘʥʥʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʤʽʩʮʝʚʦʩʪʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʜʝʪʘʣʴʥʦʾ 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʣʽʥʽʡʥʠʭ ʽ ʧʣʦʱʠʥʥʠʭ ʦʙôʻʢʪʘʭ. ʇʦʻʜʥʘʥʥʷ 

ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʟ GNSS-RTK/PPK-

ʛʝʦʧʨʠʚôʷʟʢʦʶ ʮʝʥʪʨʽʚ ʧʨʦʻʢʮʽʾ ʜʘʻ ʟʤʦʛʫ 

ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ (ʎʄʈ) ʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ 

(ʎʄʇ) ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʙʶʜʞʝʪʦʤ 

ʧʦʭʠʙʦʢ; ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʮʝʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ï ʚʠʷʚʣʷʪʠ ʽ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ 

ʟʤʽʥʠ ʚʠʩʦʪʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘʩʠʧʽʚ, ʫʢʦʩʽʚ, 

ʚʽʜʚʘʣʽʚ ʽ ʢʘʨôʻʨʥʠʭ ʫʩʪʫʧʽʚ. 

ʋ ʚʠʨʦʙʥʠʯʽʡ ʧʨʘʢʪʠʮʽ ʪʘʢʘ 

ʽʥʪʝʛʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʝʘʣʽʟʦʚʘʥʘ, 

ʟʦʢʨʝʤʘ, ʥʘ ʢʘʨôʻʨʥʠʭ ʧʦʣʽʛʦʥʘʭ: ʨʝʛʫʣʷʨʥʽ 

ʟʡʦʤʢʠ ɹʇʃɸ ʚ ʧʦʻʜʥʘʥʥʽ ʟ RTK-

ʛʝʦʧʨʠʚôʷʟʢʦʶ ʦʧʦʨʥʠʭ ʤʽʪʦʢ (GCP) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʪʨʦʣʦʛʽʯʥʦ ʚʽʜʪʚʦʨʶʚʘʥʽ 

ʦʮʽʥʢʠ ʙʘʣʘʥʩʽʚ ʤʘʩ, ʰʚʠʜʢʦʩʪʝʡ ʦʩʽʜʘʥʥʷ 

ʪʘ ʣʦʢʘʣʴʥʠʭ ʟʩʫʚʥʠʭ ʟʤʽʱʝʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʤʧʘʥʽʷ çGeoDroneè ʫ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ 

ʚʧʨʦʚʘʜʞʫʻ ʮʠʢʣ ʧʦʚʪʦʨʥʠʭ ʦʙʩʪʝʞʝʥʴ 

ʢʘʨôʻʨʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹʇʃɸ, ʱʦ 

ʽʩʪʦʪʥʦ ʩʢʦʨʦʯʫʻ ʪʨʠʚʘʣʽʩʪʴ ʽ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʨʦʙʽʪ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʣʶʯʥʦ ʥʘʟʝʤʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ 

ʜʝʪʘʣʴʥʦʩʪʽ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ 

ʤʘʶʪʴ ʥʠʟʢʫ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʽʟ ʧʣʘʥʫʚʘʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʄʝʪʝʦʨʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ (ʭʤʘʨʥʽʩʪʴ, ʦʧʘʜʠ, 

ʧʦʨʠʚʯʘʩʪʠʡ ʚʽʪʝʨ) ʧʨʷʤʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʷʢʽʩʪʴ ʟʥʽʤʘʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ GNSS-

ʨʦʟʚôʷʟʢʫ; ʫʨʙʘʥʽʩʪʠʯʥʝ ʪʘ ʧʨʠʨʦʜʥʝ 

ʝʢʨʘʥʫʚʘʥʥʷ (ʟʘʙʫʜʦʚʘ, ʣʽʩʦʚʽ ʤʘʩʠʚʠ) 

ʧʽʜʩʠʣʶʻ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʴ ʽ ʤʦʞʝ 

ʟʥʠʞʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʬʽʢʩʘʮʽʾ ʬʘʟʦʚʠʭ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ. ɼʦʜʘʪʢʦʚʠʤʠ ʙʘʨôʻʨʘʤʠ 

ʻ ʢʘʧʽʪʘʣʴʥʽ ʪʘ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʥʘ 
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ʚʠʩʦʢʦʪʦʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʡ ʣʽʮʝʥʟʽʡʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʘ ʫ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦʤʫ ʧʝʨʩʦʥʘʣʽ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʫ 

ɻɯʉ-ʩʝʨʝʜʦʚʠʱʝ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʨʘʢʪʠʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʛʦʨʪʘʥʥʷʤ 

ʤʝʨʝʞ 5G ʜʣʷ ʥʠʟʴʢʦʣʘʪʝʥʪʥʦʛʦ 

ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ 

ʽ ʧʦʪʦʢʽʚ ʧʦʧʨʘʚʦʢ, ʰʠʨʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʡ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʝʣʠʢʠʭ ʯʘʩʦʚʠʭ ʩʝʨʽʷʭ, ʘ 

ʪʘʢʦʞ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʽ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ˇʨʫʥʪʽʚ 

ʽ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦʜʘʣʴʰʘ ʽʥʪʝʛʨʘʮʽʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ, ʙʝʟʧʽʣʦʪʥʠʭ ʽ ʥʘʟʝʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʻʜʠʥʝ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʝ 

ʘʥʘʣʽʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʭ ʩʠʩʪʝʤ 

ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟ ʚʽʜʪʚʦʨʶʚʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ, ʧʨʦʟʦʨʠʤ ʦʮʽʥʶʚʘʥʥʷʤ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ ʥʘʣʝʞʥʦʶ 

ʨʝʛʣʘʤʝʥʪʘʮʽʻʶ ʧʨʦʮʝʜʫʨ ʫʭʚʘʣʝʥʥʷ 

ʨʽʰʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʫʟʘʛʘʣʴʥʝʥʦ 

ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʽ ʟʘʩʘʜʠ ʩʫʯʘʩʥʦʾ ʚʠʱʦʾ 

ʛʝʦʜʝʟʽʾ ʪʘ ʧʦʢʘʟʘʥʦ ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ 

ʢʦʨʝʢʪʥʦʾ ʨʝʬʝʨʝʥʮ-ʨʘʤʢʠ (ITRF/WGS 

84/ʋʉʂ-2000) ʪʘ ʝʧʦʭʦʟʘʣʝʞʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ɻʝʣʴʤʝʨʪʘ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʙʘʛʘʪʦʜʞʝʨʝʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɼʦʚʝʜʝʥʦ, 

ʱʦ ʩʫʚʦʨʝ ʜʝʢʣʘʨʫʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʝʧʦʭʠ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʜʝʬʦʨʤʘʮʽʡ ʽ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʱʦ ʫʟʛʦʜʞʝʥʦ ʟ ʯʠʥʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ 

IERS ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʶ ʧʨʘʢʪʠʢʦʶ. 

ɸʥʘʣʽʟ ʽ ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ GNSS/CORS ʫ ʩʪʘʪʠʯʥʠʭ, 

ʰʚʠʜʢʦʩʪʘʪʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʨʝʞʠʤʘʭ 

ʟʘʙʝʟʧʝʯʫʻ ʩʘʥʪʠʤʝʪʨʦʚʦ-ʤʽʣʽʤʝʪʨʦʚʫ 

ʪʦʯʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʪʝʤʧʦʨʘʣʴʥʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʪʦʜʽ ʷʢ PS/SBAS-InSAR ʜʘʻ 

ʧʣʦʱʠʥʥʽ ʢʘʨʪʠ ʰʚʠʜʢʦʩʪʝʡ ʽʟ 

ʤʽʣʽʤʝʪʨʦʚʦʶ ʯʫʪʣʠʚʽʩʪʶ ʥʘ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ çend-to-endè 

ʢʘʨʢʘʩ ʟʣʠʪʪʷ GNSS ʽ InSAR ʫ ʻʜʠʥʽʡ 

ʨʝʬʝʨʝʥʮʥʽʡ ʩʠʩʪʝʤʽ ð ʟ ʤʦʜʝʣʴʥʦʶ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ ʽ 

ʚʘʣʽʜʘʮʽʻʶ ʟʘ ʢʦʥʪʨʦʣʴʥʠʤʠ ʧʫʥʢʪʘʤʠ ð 

ʟʤʝʥʰʫʻ ʩʠʩʪʝʤʘʪʠʯʥʽ ʟʩʫʚʠ, ʧʽʜʚʠʱʫʻ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʘʨʪ ʜʝʬʦʨʤʘʮʽʡ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʽʥʪʝʛʨʦʚʘʥʫ ʯʫʪʣʠʚʽʩʪʴ ʥʘ ʨʽʚʥʽ 2ï3 ʤʤ. 

ʇʨʘʢʪʠʯʥʽ ʧʨʠʢʣʘʜʠ (ʦʧʝʨʘʪʠʚʥʠʡ RTK-

ʢʦʥʪʨʦʣʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʽʥʞʝʥʝʨʥʠʭ 

ʩʧʦʨʫʜ ʽ ʧʣʦʱʠʥʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʤʽʩʴʢʠʭ ʦʩʽʜʘʥʴ ʟʘ PS-InSAR) ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʚʘʥʽʩʪʴ ʧʽʜʭʦʜʽʚ ʽ ʩʧʽʚʤʽʨʥʽ ʟ 

ʦʧʫʙʣʽʢʦʚʘʥʠʤʠ ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʢʘʟʥʠʢʠ 

ʪʦʯʥʦʩʪʽ. 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʟʽʩʪʘʚʣʝʥʥʷ 

ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʛʽʙʨʠʜʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ: ʚʠʢʦʨʠʩʪʘʥʥʷ InSAR ʷʢ 

ʬʦʥʦʚʦʛʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʽʟ ʧʦʤʽʨʥʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

GNSS/ʥʽʚʝʣʶʚʘʥʥʷʤ ʜʣʷ ʘʙʩʦʣʶʪʥʦʾ 

ʧʨʠʚôʷʟʢʠ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʢʨʠʪʠʯʥʠʭ 

ʚʽʜʤʽʪʢʘʭ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ 

ʚʘʨʪʦʩʪʽ, ʣʘʪʝʥʪʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʱʦʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ (ʧʦʨʦʛʦʚʽ ʢʨʠʪʝʨʽʾ 

ʩʧʨʘʮʶʚʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʠ ʚʘʣʽʜʘʮʽʾ, 

ʽʥʪʝʛʨʘʮʽʷ ʚ ɻɯʉ-ʩʝʨʝʜʦʚʠʱʝ) ʷʢ ʦʩʥʦʚʫ ʜʣʷ 

ʩʠʩʪʝʤ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. ʇʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʟʦʩʝʨʝʜʠʪʠ ʥʘ 

ʨʦʟʰʠʨʝʥʥʽ ʚʽʜʢʨʠʪʠʭ ʙʝʥʯʤʘʨʢʽʚ ʜʣʷ 

ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʚ ʨʽʟʥʠʭ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʫʧʨʦʚʘʜʞʝʥʥʽ ʩʝʨʚʽʩʽʚ 

PPP-RTK ʽʟ ʤʘʣʦʶ ʢʦʥʚʝʨʛʝʥʮʽʻʶ, 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʜʣʷ ʜʝʪʝʢʮʽʾ ʘʥʦʤʘʣʽʡ ʫ ʯʘʩʦʚʠʭ ʨʷʜʘʭ ʽ 

ʧʦʛʣʠʙʣʝʥʥʽ ʧʨʦʮʝʜʫʨ ʥʝʚʠʟʥʘʯʝʥʽʩʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ, 

ʰʚʠʜʢʦʜʽʶ ʽ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʛʝʦʜʝʟʠʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʤʽʮʥʠʪʴ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʥʘʡʢʨʘʱʠʤ ʤʽʞʥʘʨʦʜʥʠʤ ʧʨʘʢʪʠʢʘʤ.
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ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʟ ʩʠʣʦʚʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʩʢʣʘʜʝʥʦʾ ʟʘ ʦʨʠʛʽʥʘʣʴʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʬʦʨʤʫʚʘʥʥʷ ʾʾ ʪʦʧʦʣʦʛʽʾ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʽʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʽ ʫʤʦʚ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘʚʜʷʢʠ ʩʠʤʝʪʨʫʚʘʥʥʶ ʨʝʞʠʤʫ. ʄʝʪʦʜʦʣʦʛʽʷ ʩʪʘʪʪʽ ʙʘʟʦʚʘʥʘ ʥʘ ʨʦʟʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʩʪʨʫʤʘʤʠ, ʥʘʧʨʫʛʘʤʠ ʪʘ ʧʦʪʫʞʥʦʩʪʷʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʫ ʪʠʧʦʚʠʭ ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʜʣʷ ʷʢʠʭ ʚʠʟʥʘʯʝʥʦ ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ. ʅʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦ ʜʦʚʝʜʝʥʘ ʧʨʦʩʪʘ ʬʦʨʤʫʣʘ, 

ʷʢʘ ʚʠʟʥʘʯʘʻ ʢʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʢʫ ʧʝʨʚʠʥʥʦʾ ʪʘ ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʯʝʨʝʟ 

ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʽ ʥʘʧʨʫʛʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʢʦʪʫʰʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʎʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʟʚʝʩʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʴ-ʷʢʠʭ ʤʦʜʝʣʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ 

ʜʦ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʩʠʣʦʚʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʠʢ, ʧʦʜʘʥʠʭ ʫ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ʆʛʣʷʜ 

ʩʪʘʪʝʡ ʽ ʤʦʥʦʛʨʘʬʽʡ ʽʟ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʢʘʟʘʚ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ 

ʧʨʠʟʚʝʣʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʬʦʨʤʫʣʠ. ʎʝ ʥʘʜʘʻ ʦʨʠʛʽʥʘʣʴʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʧʦʣʦʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʚʽʨʝʥʽ ʥʘ ʚʽʟʫʘʣʴʥʠʭ ʤʦʜʝʣʷʭ ʫ ʩʠʩʪʝʤʽ MATLAB. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤʽ ʟ ʨʝʘʣʴʥʠʤ ʧʦʪʫʞʥʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʜʣʷ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ ʢʣʘʩʠʯʥʠʤ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ ʽʟ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʟʘ ʥʦʚʠʤ ʤʝʪʦʜʦʤ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ 

ʤʝʪʦʜʠʢʫ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʽ ʩʢʣʘʜʘʥʥʷʤ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʧʦʪʫʞʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ, ʩʠʣʦʚʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʟʘʩʪʫʧʥʘ ʩʭʝʤʘ, ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ, ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ. 
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Abstract. Electrical systems with power transformers represent an important class of devices 

in electric power engineering and power electronics. Correct consideration of transformer 

parameters when studying electromagnetic processes in such electrical systems is an extremely 

important issue. Usually in engineering practice, a transformer is described by a number of 

parameters called passport data. However, when modeling processes in modern computer software 

packages, it is necessary to determine additional model parameters, which also de-pend on the 

equivalent power transformer circuit adopted in the modeling system. The task of obtaining such 

parameters is associated with the need to ensure the required accuracy and adequacy of the 

transformer model. The purpose of the article is to study electromagnetic processes in an electrical 

system with a power transformer based on a transformer model compiled according to the original 

algorithm for forming its topology and determining its parameters with the aim of improving the 

performance of power supply from the network and the operating conditions of the power transformer 

itself due to mode balancing. The methodology of the article is based on the consideration of 

mathematical dependencies between currents, voltages and powers of transformers in typical test 

modes, for which passport data are determined. Based on the analysis of these dependencies, a simple 

formula is justified and mathematically proven, which determines the coupling coefficient of the 

primary and secondary windings of the transformer through the relative values of the no-load current 

and short-circuit voltage. As a result of applying the proposed formula for determining the coupling 

coefficient of transformer coils, an algorithm for calculating the parameters of a transformer model 

has been developed. These calculations allow reducing the determination of the parameters of any 

transformer models to computer programs for modeling an electrical system with a power 

transformer. The proposed method for determining the parameters of transformer models differs from 

the known methods presented in the technical literature. A review of articles and monographs on the 

specified problem showed the absence of similar studies that would lead to obtaining the specified 

formula. This gives originality to the proposed algorithm for determining the parameters of 

transformer models. The proposed theoretical provisions of the study were tested on visual models in 

the MATLAB system. Electromagnetic processes in a system with a real powerful transformer for AC 

power supply of railways were analyzed. The results of modeling and comparison of the proposed 

method with the classical one showed high adequacy and accuracy of the models with the parameters 

determined by the new method. This makes it possible to apply the proposed method for practical 

calculations when compiling models of electrical systems containing powerful transformers. 

Keywords: electrical system, electromagnetic processes, power transformer, equivalent circuit, 

passport data, model parameters. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ ʟ ʩʠʣʦʚʠʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʚʘʞʣʠʚʠʡ ʢʣʘʩ ʧʨʠʩʪʨʦʾʚ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʽ ʩʠʣʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. 

ʇʨʘʚʠʣʴʥʝ ʚʨʘʭʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʨʘʟʽ ʜʦʩʣʽʜʞʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʘʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ. ɿʘʟʚʠʯʘʡ ʚ ʽʥʞʝʥʝʨʥʽʡ 

ʧʨʘʢʪʠʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʦʧʠʩʘʥʦ ʥʠʟʢʦʶ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʧʘʩʧʦʨʪʥʠʤʠ 

ʜʘʥʠʤʠ. ʆʜʥʘʢ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʫ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʘʢʝʪʘʭ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʜʦʜʘʪʢʦʚʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʷʢʽ ʜʦ ʪʦʛʦ ʞ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʨʠʡʥʷʪʦʾ ʚ ʩʠʩʪʝʤʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʪʫʧʥʦʾ 

ʩʭʝʤʠ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɿʘʜʘʯʘ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚôʷʟʘʥʘ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ 

ʪʦʯʥʦʩʪʽ ʽ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ɺʩʪʫʧ. ɸʥʘʣʽʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʙʫʚ 

ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʎʴʦʤʫ ʩʧʨʠʷʚ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʘʧʘʨʘʪʥʠʭ 

ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʘ ʪʘʢʦʞ ʧʦʷʚʘ 
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ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʘʪʴ ʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʚʘʞʣʠʚʠʤʠ ʽ ʯʘʩʪʦ ʚʞʠʚʘʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʩʠʣʦʚʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. 

ʊʘʢ, ʫ ʩʠʩʪʝʤʘʭ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʨʽʚʥʽ ʥʘʧʨʫʛ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʋ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ 

ʟʤʽʥʶʶʪʴ ʨʽʚʥʽ ʥʘʧʨʫʛ, ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʟʥʘʯʥʽ 

ʚʽʜʩʪʘʥʽ ʽ ʧʨʠʚʝʜʝʥʥʷ ʥʘʧʨʫʛ ʜʦ ʙʝʟʧʝʯʥʠʭ 

ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʥʘ ʙʦʮʽ ʩʧʦʞʠʚʘʯʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʫ ʧʣʘʥʽ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʞʠʤʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʽ ʢʦʤʧʣʝʢʩʘʭ. ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʚʜʘʻʪʴʩʷ ʚʽʜʦʙʨʘʟʠʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʝʨʝʪʚʦʨʠʚʰʠ ʾʭ ʫ 

ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʫʙʣʽʢʘʮʽʡ. ʇʠʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʽʚ 

ʟʘʩʪʫʧʥʠʭ ʩʭʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʘʢʪʠʚʥʦ 

ʦʙʛʦʚʦʨʶʶʪʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ [1ï5]. ʋ 

ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʦʜʘʥʥʷ ʤʦʜʝʣʝʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. ʊʘʢ, ʫ ʩʠʩʪʝʤʘʭ PSPICE, 

Micro-CAP, EWB-5.12, Desigh-Lab-8.0, 

OrCAD-9.2, Simscape ʽ PSIM 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʧʦʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʽʜʝʘʣʴʥʠʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, 

ʤʘʛʥʽʪʥʦ ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ [6ï8]. ʇʨʠ 

ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʽ ʧʘʨʘʤʝʪʨʠ 

ʤʘʛʥʽʪʥʠʭ ʦʩʝʨʜʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚ ʨʘʟʽ 

ʨʦʟʛʣʷʜʫ, ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʽ ʚ ʨʝʞʠʤʽ ʤʘʣʦʛʦ ʩʠʛʥʘʣʫ. 

ʄʦʜʝʣʶʶʯʠ ʩʠʣʦʚʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ 

ʩʠʩʪʝʤʠ ʫ ʧʘʢʝʪʽ Simulink [9ï16], ʫ ʚʽʢʥʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʠ ʊ-ʧʦʜʽʙʥʦʾ 

ʟʘʩʪʫʧʥʦʾ ʩʭʝʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʫʪ ʫ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʤʦʜʝʣʽ 

ʦʜʥʦʬʘʟʥʦʛʦ ʽ ʪʨʠʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. 

ʊʨʠʬʘʟʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʧʦʜʘʶʪʴ ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʪʨʴʦʭ ʦʜʥʦʬʘʟʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, 

ʨʦʟʢʨʠʚʘʶʯʠ ʤʘʩʢʠ ʮʠʭ ʤʦʜʝʣʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʮʽʾ Look Under Mask. ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʫ Simulink ʤʽʩʪʷʪʴʩʷ ʽ ʤʦʜʝʣʽ ʽʥʜʫʢʪʠʚʥʦ 

ʟʚôʷʟʘʥʠʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʋ 

ʩʠʩʪʝʤʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʩʢʣʘʜʝʥʦʾ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʩʠʛʥʘʣʴʥʠʭ ʛʨʘʬʽʚ [7], 

ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʚʦʜʠʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʽʣʴʢʘ ʢʦʪʫʰʦʢ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʘ ʟ ʫʩʽʤʘ ʽʥʰʠʤʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʙʘʛʘʪʦʬʘʟʥʦʤʫ 

ʙʘʛʘʪʦʦʙʤʦʪʢʦʚʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ 

ʚʠʟʥʘʯʠʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʦʙʤʦʪʢʘʤʠ ʨʽʟʥʠʭ 

ʦʩʝʨʜʴ ʪʨʠʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʣʘʙʣʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ 

ʟʘ ʨʘʭʫʥʦʢ ʰʫʥʪʫʚʘʥʥʷ ʪʨʝʪʽʤ ʩʪʨʠʞʥʝʤ. 

ɼʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘʟʚʠʯʘʡ ʟʘʜʘʥʦ 

ʧʘʩʧʦʨʪʥʽ (ʢʘʪʘʣʦʞʥʽ) ʜʘʥʽ ʟʘʚʦʜʫ-

ʚʠʨʦʙʥʠʢʘ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʱʠʪʢʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʦʚʽʜʥʠʢʘʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʨʦʟʨʦʙʥʠʢʘ, 

ʱʦ ʢʦʨʠʩʪʫʻʪʴʩʷ ʥʠʤʠ ʚ ʧʨʦʮʝʩʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʘʙʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʟ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʢʦʤʧʣʝʢʩʽʚ, 

ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʤʦʜʝʣʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʗʢ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʫ ʩʠʩʪʝʤʫ, ʫ ʷʢʽʡ 

ʙʫʜʫʪʴ ʜʦʩʣʽʜʞʝʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ, 

ʧʨʠʡʥʷʪʦ ʩʠʩʪʝʤʫ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʣʽʟʥʠʮʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʦʪʫʞʥʠʤ 

ʪʷʛʦʚʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ. ʗʢ ʙʫʜʝ 

ʧʦʢʘʟʘʥʦ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 

ʩʫʪʪʻʚʦʾ ʥʝʩʠʤʝʪʨʽʾ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽ 

ʫʤʦʚʠ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʮʽʡ 

ʩʠʩʪʝʤʽ. 
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ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʟ ʩʠʣʦʚʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʩʢʣʘʜʝʥʦʾ ʟʘ ʦʨʠʛʽʥʘʣʴʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʬʦʨʤʫʚʘʥʥʷ ʾʾ ʪʦʧʦʣʦʛʽʾ, ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ 

ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʚʽʜ ʤʝʨʝʞʽ ʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘʚʜʷʢʠ ʩʠʤʝʪʨʫʚʘʥʥʶ 

ʨʝʞʠʤʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʦ 

ʧʦʩʪʘʚʣʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ, ʱʦʙ 

ʟʘ ʧʘʩʧʦʨʪʥʠʤʠ ʜʘʥʠʤʠ ʚʠʟʥʘʯʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʢʫ ʧʝʨʚʠʥʥʦʾ ʽ ʚʪʦʨʠʥʥʦʾ 

ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʽ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʢʦʥʢʨʝʪʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʩʪʫʧʥʠʭ ʩʭʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʦʾ ʤʝʪʦʜʠʢʠ; 

ï ʨʦʟʛʣʷʥʫʪʠ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʝʣʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʽ ʧʦʨʽʚʥʷʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟ 

ʢʣʘʩʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʚ ʩʠʩʪʝʤʽ MATLAB; 

ï ʜʦʩʣʽʜʠʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʩʢʣʘʜʽ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʽ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʚ ʨʝʞʠʤʘʭ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʟ ʫʚʽʤʢʥʝʥʥʷʤ 

ʩʠʤʝʪʨʫʶʯʠʭ ʨʝʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ ʩʠʣʦʚʠʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢ 

ʜʦʩʣʽʜʞʫʚʘʥʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʫ ʩʠʩʪʝʤʫ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʾ ʚʢʣʶʯʝʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, 

ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʽ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʋ ʥʽʡ ʩʠʣʦʚʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟʤʫʰʝʥʦ ʧʨʘʮʶʶʪʴ ʫ 

ʥʝʩʠʤʝʪʨʠʯʥʦʤʫ ʨʝʞʠʤʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʦʜʘʥʘ ʷʢ ʪʨʠʬʘʟʥʘ 

ʩʠʩʪʝʤʘ ʥʘʧʨʫʛ, ʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʩʧʦʞʠʚʘʥʥʷ ʻ ʬʘʢʪʠʯʥʦ ʦʜʥʦʬʘʟʥʦʶ. 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʟʘʣʽʟʥʠʮʽ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.

 

 

 
 

ʈʠʩ. 1. ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʟʘʣʽʟʥʠʮʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʪʷʛʦʚʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ 
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ʊʨʠʬʘʟʥʘ ʚʠʩʦʢʦʚʦʣʴʪʥʘ ʤʝʨʝʞʘ 

ʞʠʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʘ ʷʢ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ 

,ae  ,be  ,ce  ʱʦ ʛʝʥʝʨʫʶʪʴ ʩʠʥʫʩʦʾʜʘʣʴʥʽ 

ʥʘʧʨʫʛʠ ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ, ʘʤʧʣʽʪʫʜʘʤʠ 

89,915 ʢɺ ʽ ʟʩʫʥʫʪʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 0, 240 ʽ 

120 ʝʣ. ʛʨʘʜ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʫ ʥʘʧʨʫʛʫ 

ʤʝʨʝʞʽ ʚʝʣʠʯʠʥʦʶ 110 ʢɺ. ʂʦʤʧʣʝʢʩʥʠʡ 

ʦʧʽʨ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʤʦʜʝʣʴʦʚʘʥʠʡ 

ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ 1 ʆʤ ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʶ 

0,01 ɻʥ. ɺʠʢʦʨʠʩʪʘʥʠʤ ʩʠʣʦʚʠʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʚʚʘʞʘʻʤʦ ʪʷʛʦʚʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʠʧʫ ʊɼʅɼ 25000/110. 

ɽʢʚ̔ʚʘʣʝʥʪʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʠʡ 

ʦʧʽʨ .ʥz  

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʚʣʘʩʥʦʾ ʤʦʜʝʣʽ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ 

ʩʧʨʦʱʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʤʦʜʝʣʽ. ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʨʦʧʠʩʘʥʽ ʚ ʧʘʩʧʦʨʪʽ 

ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

ʥS  ï ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʪʨʠ 

ʬʘʟʠ; 

ʥU1  ï ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʧʝʨʚʠʥʥʦʾ 

ʦʙʤʦʪʢʠ; 

ʥU 2  ï ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʚʪʦʨʠʥʥʦʾ 

ʦʙʤʦʪʢʠ; 

ʢu  ï ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ; 

ʢP  ï ʧʦʪʫʞʥʽʩʪʴ ʚʪʨʘʪ ʟʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ; 

ʭi  ï ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ; 

xP  ï ʧʦʪʫʞʥʽʩʪʴ ʚʪʨʘʪ ʥʝʨʦʙʦʯʦʛʦ 

ʭʦʜʫ. 

ɽʢʚʽʚʘʣʝʥʪʥʫ ʟʘʩʪʫʧʥʫ ʩʭʝʤʫ, ʷʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʚʽʟʫʘʣʴʥʫ ʤʦʜʝʣʴ ʫ 

ʩʠʩʪʝʤʽ SimPowerSystem ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʘʢʝʪʘ MATLAB, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.

 

 

 
 

ʈʠʩ. 2. ɿʘʩʪʫʧʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʩʠʩʪʝʤʽ SimPowerSystem 

 

 

ʋ ʮʽʡ ʩʭʝʤʽ ʘʢʪʠʚʥʽ ʦʧʦʨʠ 1r  ʽ 2r  

ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʫʤʦʚʣʶʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚʪʨʘʪ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ .ʢP  ɸʢʪʠʚʥʠʡ 

ʨʝʟʠʩʪʦʨ  ʟʫʤʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʪʨʘʪ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ  

ɿʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʧʦʪʫʞʥʦʩʪʽ  ʽ  

ʫ ʨʝʘʣʴʥʦʤʫ ʩʠʣʦʚʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʚʽʜʥʦʩʥʦ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʥS  ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʽ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʮʽʻʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʊʦʤʫ ʨʘʮʽʦʥʘʣʴʥʦ ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʟʥʝʭʪʫʚʘʪʠ ʮʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ ʽ 

ʚʧʣʠʚʦʤ ʘʢʪʠʚʥʠʭ ʨʝʟʠʩʪʦʨʽʚ ʟʘʩʪʫʧʥʦʾ 

ʩʭʝʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʆʧʦʨʠ 1r  ʽ 2r  

ʦʙʤʦʪʦʢ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʟʘʤʢʥʫʪʠ, ʘ 

ʨʝʟʠʩʪʦʨ  ï ʨʦʟʽʤʢʥʫʪʠ. ʊʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʧʨʦʱʝʥʦʾ 

ʟʘʩʪʫʧʥʦʾ ʩʭʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʨʦʟʩʽʶʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʽ 

ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʦʢ  ʽ  ʆʩʢʽʣʴʢʠ 

ʢʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʢʫ ʦʙʤʦʪʦʢ ʫ ʧʦʪʫʞʥʦʤʫ 


