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ʉɽʂʎʀʗ çʅɸɺʀɻɸʎʀʆʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ ʄʆʈɽʇʃɸɺɸʅʀʗ  

ʀ ɺɽɼɽʅʀɽ ʇʈʆʄʓʉʃɸè 

 

SECTION " SAFETY OF NAVIGATION AND FISHING "  
 

ʋɼʂ 316.6 

 

ɺʃʀʗʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɸʂʎɽʅʊʋɸʎʀʁ ʍɸʈɸʂʊɽʈɸ ʃʀʏʅʆʉʊʀ 

ʅɸ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʋʖ ɼɽʗʊɽʃʔʅʆʉʊʔ ʉʋɼʆɺʆɼʀʊɽʃʗ 

 
1ɹʦʥʜʘʨʝʚʘ ʆʣʴʛʘ ʄʠʭʘʡʣʦʚʥʘ, ʢʘʥʜ. ʧʩʠʭʦʣ. ʥʘʫʢ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ  

ʩʫʜʦʚʦʞʜʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ; 
2ʈʘʛʫʣʠʥʘ ʀʟʫʤʨʫʜ ʈʘʤʘʟʘʥʦʚʥʘ, ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʫʜʦʚʦʞʜʝʥʠʷ  

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ; 
3ʈʘʛʫʣʠʥ ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʫʨʩʘʥʪ ʄʦʨʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ;  
4ɹʦʥʜʘʨʝʚʘ ɽʢʘʪʝʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ, ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ, ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ çʇʩʠʭʦʣʦʛʠʷè  

 
1,2,3ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʌɻɹʆʋ ɺʆ çʂɻʊʋè,  

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: 1bondareva.om@bgarf.ru, 2izragulina@mail.ru, 
3andrey_ragulin03@mail.ru 
4ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ, ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʩʫʜʦʚʦʜʠʪʝʣʝʡ, ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʤʦʨ-

ʩʢʦʡ ʧʨʦʬʝʩʩʠʠ ʥʘ ʨʘʟʚʠʪʠʝ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ. ʇʨʦʚʝʜʝʥʳ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʘʢʮʝʥʪʫʘʮʠʡ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʠʟʘʮʠʠ ʠ ʩʪʘʞʘ (ʚʦʟʨʘʩʪʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʣʠʯʥʦʩʪʠ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴʶ ʩ ʤʦʪʠʚʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʣʠʯʥʦʩʪʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʘ ʩʧʝʮʠʬʠʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢ-

ʪʝʨʘ ʣʠʯʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩ ʤʦʪʠʚʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 

ɺʚʝʜʝʥʠʝ 

 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʤʦʨʩʢʠʤ ʩʫʜʥʦʤ ʪʨʝʙʫʝʪ ʦʪ ʩʫʜʦʚʦʜʠʪʝʣʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʦ ʠ ʦʩʦʙʦʡ ʣʠʯʥʦʩʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʪʘʢ ʢʘʢ ʩʫʜʦʚʦʜʠʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʜʚʝ 

ʟʥʘʯʠʤʳʝ ʨʦʣʠ: ʚʦ-ʧʝʨʚʳʭ, ʨʫʢʦʚʦʜʠʪʝʣʷ-ʦʧʝʨʘʪʦʨʘ, ʛʜʝ ʨʘʙʦʪʘʝʪ ʩʠʩʪʝʤʘ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘè, ʚʦ-

ʚʪʦʨʳʭ, ʨʫʢʦʚʦʜʠʪʝʣʷ-ʫʧʨʘʚʣʝʥʮʘ ʩʫʜʦʚʦʛʦ ʵʢʠʧʘʞʘ, ʛʜʝ ʛʣʘʚʝʥʩʪʚʫʝʪ ʩʠʩʪʝʤʘ çʯʝʣʦʚʝʢ-ʯʝʣʦʚʝʢè 

ʚ ʫʩʣʦʚʠʷʭ ʥʘʧʨʷʞʝʥʥʦʡ ʨʘʙʦʪʳ ʠ ʜʣʠʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʩʠʭʠʯʝʩʢʠʤ ʩʚʦʡ-

ʩʪʚʘʤ ʠ ʢʘʯʝʩʪʚʘʤ ʭʘʨʘʢʪʝʨʘ ʣʠʯʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ ʧʦʚʳʰʘʶʪʩʷ. ʂʨʦʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ. ɺʳʩʦʢʘʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʪʨʫʜʘ ʩʚʷʟʘʥʘ ʩ ʤʦʱʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʜʝʣʦʚʳʭ ʠ ʤʝʞ-

ʣʠʯʥʦʩʪʥʳʭ ʢʦʥʪʘʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ 

ʩʢʘʟʳʚʘʶʪʩʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʛʨʫʟʢʠ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʣʠʯʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʢʘʯʝʩʪʚ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʧʝʰʥʦʤʫ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ - ʠʟʤʝʥʝʥʠʝ ʠ ʜʘʞʝ 

ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʥʘʨʫʰʘʶ-

ʱʠʝ ʮʝʣʦʩʪʥʦʩʪʴ ʣʠʯʥʦʩʪʠ, ʩʥʠʞʘʶʱʠʝ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʝʸ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʛʘ-

ʪʠʚʥʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʘʢʮʝʥʪʫʘʮʠʠ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ. ɸʢʮʝʥʪʫʠʨʦʚʘʥ-

ʥʦʩʪʴ ʣʠʯʥʦʩʪʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘʣʠʯʠʝʤ ʜʝʩʷʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʮʝʥʪʫʘʮʠʡ. ʉ ʚʦʟʨʘʩ-

ʪʦʤ ʘʢʮʝʥʪʫʘʮʠʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ï ʚʦʟʨʘʩʪʘʪʴ ʠʣʠ ʩʛʣʘʞʠʚʘʪʴʩʷ [1]. 



5 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʘ ʩʫʜʦʚʦʜʠʪʝ-

ʣʷ ʧʨʦʷʚʣʷʶʪʩʷ ʘʢʮʝʥʪʫʘʮʠʠ. ʆʥʠ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʚʦʡʩʪʚʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʤʝʡʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʩʦ-

ʮʠʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʘʢʮʝʥʪʫʘʮʠʡ ʟʘʥʠʤʘʣʠʩʴ ʇ. ɹ. ɻʘʥʥʫʰʢʠʥ, ʂ. ʃʝʦʥʛʘʨʜ, ɸ.ɽ. ʃʠʯʢʦ, 

ʕ.ʌʨʦʤʤ, ʕ. ʐʝʣʜʦʥ, ɸ. ʐʦʩʪʨʝʤ ʠ ʜʨ. [2, 3, 4] 

ʅʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʢʮʝʥʪʫʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʛʨʘʥʠʯʘʪ ʩ ʘʢʮʝʥʪʫʘʮʠʷʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʥʘʣʠʯʠʝ ʩʝʤʠ ʚʳʷʚʣʝʥʥʳʭ ʘʢ-

ʮʝʥʪʫʠʨʦʚʘʥʥʳʭ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʩʫʜʦʚʦʜʠʪʝʣʝʡ: ʘʚʪʦʨʠʪʘʨʥʦʩʪʠ, ʜʦʤʠʥʘʥʪʥʦʩʪʠ, ʚʣʘʩʪʥʦʩʪʠ, ʙʝʩ-

ʢʦʤʧʨʦʤʠʩʩʥʦʩʪʠ, ʩʫʨʦʚʦʩʪʠ, ʘʛʨʝʩʩʠʠ, ʠʥʜʠʬʬʝʨʝʥʪʥʦʩʪʠ [5]. 

ʇʦʚʳʰʝʥʠʝ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʢʠ 

ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠʢʦʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ 

ʣʠʯʥʦʩʪʠ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴʶ ʩ ʤʦʪʠʚʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʯʥʦʩʪʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʇʦʥʷʪʠʝ çʘʢʮʝʥʪʫʘʮʠʷè 

ʊʝʨʤʠʥ çʘʢʮʝʥʪʫʘʮʠʷè ʧʦʷʚʠʣʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʠ ʙʳʣ ʪʦʞʜʝʩʪʚʝʥ ʪʝʨʤʠʥʫ 

çʧʩʠʭʦʧʘʪʠʷè ʙʝʟ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʷʚʣʝʥʠʝ 

ʤʝʞʜʫ ʥʘʨʫʰʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʠ ʥʦʨʤʦʡ ʧʦʚʝ-

ʜʝʥʯʝʩʢʠʭ ʯʝʨʪ ʣʠʯʥʦʩʪʠ. 

ɺ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʢʮʝʥʪʫʘʮʠʶ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʢ ʦʥʪʦʛʝʥʝʪʠʯʝ-

ʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʠʥʜʠʚʠʜʘ: ʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʜʝʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʷʚ-

ʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ.  

ɺʳʜʘʶʱʠʡʩʷ ʥʝʤʝʮʢʠʡ ʧʩʠʭʠʘʪʨ ʂʘʨʣ ʃʝʦʥʛʘʨʜ ʩʯʠʪʘʝʪ, ʯʪʦ ʘʢʮʝʥʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʘ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʘʥʦʤʘʣʠʝʡ, ʪʦ ʝʩʪʴ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʥʦʨʤʳ, ʘ ʧʨʠʚʥʦʩʠʪ ʚ ʨʘʟʚʠʪʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʯʝʨʪ 

ʥʝʢʫʶ ʫʥʠʢʘʣʴʥʦʩʪʴ. ʋʯʝʥʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʥʦʨʤ ʣʠʯʥʦʩʪʠ: ʦʩʥʦʚʥʫʶ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫʶ. ʇʝʨʚʘʷ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʥʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ, ʤʝʥʪʘʣʴʥʦʝ ʩʘʤʦʯʫʚʩʪʚʠʝ. ʇʨʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʯʝʨʪʳ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʜʦʙʘʚʣʷʶʪ ʦʨʠʛʠʥʘʣʴʥʫʶ 

ʥʝʧʦʚʪʦʨʠʤʦʩʪʴ, ʘ ʫʩʣʦʚʠʷ ʜʠʩʢʦʤʬʦʨʪʘ ʚʝʜʫʪ ʢ ʜʝʩʪʨʫʢʮʠʠ [3]. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʢʮʝʥʪʫʘʮʠʡ, ʧʦ ʤʥʝʥʠʶ ʫʯʝʥʳʭ, ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʣʘʩʪʠ ʤʦʪʠʚʘʪʦʨʦʚ, ʢʦʪʦ-

ʨʳʝ ʚʦʟʥʠʢʣʠ ʧʨʠ ʨʦʞʜʝʥʠʠ ʠʣʠ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʠ. ɺʥʫʪʨʝʥʥʠʝ ʤʦʪʠʚʘʪʦʨʳ-

ʬʘʢʪʦʨʳ ï ʪʝʤʧʝʨʘʤʝʥʪ, ʭʘʨʘʢʪʝʨ, ʛʦʨʤʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʠʥʘʪʘʣʴʥʦʛʦ 

ʦʥʪʦʛʝʥʝʟʘ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ, ʜʠʩʙʘʣʘʥʩ ʚ ʨʘʟʚʠʪʠʠ ʩʘʤʦʦʮʝʥʢʠ. ʆʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ, ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʞʠʟʥʠ, ʚʦʩʧʠʪʘʥʠʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʘʚʤʳ ï ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ [3]. 

 

ʊʠʧʳ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ 

ʊʝʨʤʠʥ ʘʢʮʝʥʪʫʘʮʠʷ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʣ ʦʪʥʦʰʝʥʠʝ ʢ ʧʩʠʭʦʧʘʪʠʠ, ʘ ʥʝ ʢ ʧʩʠʭʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ 

ʫʯʝʥʳʤʠ ʥʝ ʙʳʣʠ ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʝʛʦ ʢʨʠʪʝʨʠʠ.  ʇʦʵʪʦʤʫ ʨʘʟʥʳʝ ʫʯʝʥʳʝ 

ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʚʘʨʠʘʥʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ.   

ʂʘʨʣ ʃʝʦʥʛʘʨʜ ʦʧʨʝʜʝʣʠʣ ʜʝʩʷʪʴ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʘʢʮʝʥʪʫʘʮʠʡ ʣʠʯʥʦʩʪʠ: ʜʝʤʦʥʩʪʨʘʪʠʚ-

ʥʳʡ; ʧʝʜʘʥʪʠʯʥʳʡ; ʟʘʩʪʨʝʚʘʶʱʠʡ; ʚʦʟʙʫʜʠʤʳʡ; ʛʠʧʝʨʪʠʤʠʯʝʩʢʠʡ; ʜʠʩʪʠʤʠʯʝʩʢʠʡ; ʮʠʢʣʦʪʠʤʠʯʝ-

ʩʢʠʡ; ʘʬʬʝʢʪʠʚʥʦ-ʵʢʟʘʣʴʪʠʨʦʚʘʥʥʳʡ; ʵʤʦʪʠʚʥʳʡ; ʪʨʝʚʦʞʥʦ-ʙʦʷʟʣʠʚʳʡ [2,3].  

ɼʝʤʦʥʩʪʨʘʪʠʚʥʳʡ ʪʠʧ.  ʂʦʥʪʘʢʪʥʳʝ ʣʶʜʠ, ʣʝʛʢʦ ʚʩʪʫʧʘʶʱʠʝ ʚ ʦʙʱʝʥʠʝ ʩ ʜʨʫʛʠʤʠ, ʩʪʨʝ-

ʤʷʱʠʝʩʷ ʟʘʥʷʪʴ ʣʠʜʝʨʩʢʠʝ ʧʦʟʠʮʠʠ. ɿʥʘʶʪ ʩʝʙʝ ʮʝʥʫ, ʜʝʨʞʘʪʩʷ ʩ ʜʦʩʪʦʠʥʩʪʚʦʤ, ʵʛʦʠʩʪʠʯʥʳ, ʩʘ-

ʤʦʥʘʜʝʷʥʥʳ, ʣʶʙʷʪ ʚʦʩʭʚʘʣʷʪʴ ʩʝʙʷ ʠ ʩʚʦʠ ʜʝʡʩʪʚʠʷ, ʧʨʠ ʵʪʦʤ ʣʝʛʢʦ ʚʪʷʛʠʚʘʶʪ ʜʨʫʛʠʭ ʣʶʜʝʡ ʚ 

ʠʥʪʨʠʛʠ ʠ ʢʦʥʬʣʠʢʪʳ. ʂʦʛʜʘ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʨʦʣʴ ʦʙʭʦʜʠʪʝʣʴʥʦʛʦ, ʚʦʩʧʠʪʘʥ-

ʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʧʦʢʦʨʷʷ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʤʳʰʣʝʥʠʝʤ ʠ ʫʚʣʝʢʘʷ ʟʘ ʩʦʙʦʡ. 

ʉʨʝʜʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʝʨʪ ʵʪʦʛʦ ʪʠʧʘ ï ʵʥʝʨʛʠʯʥʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʜʧʨʠʠʤʯʠʚʦʩʪʴ, 

ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴ, ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʴ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʫʤʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʝʙʷ ʠ ʜʨʫʛʠʭ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʫʢʦʚʦʜʩʪʚʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʜʠ, ʦʙʣʘʜʘʶʱʠʝ ʯʝʨʪʘʤʠ ʵʪʦʛʦ ʪʠʧʘ, ʙʳʩʪʨʦ 

çʚʳʛʦʨʘʶʪè, ʞʝʣʘʥʠʝ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʦʧʘʜʘʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʳʭ ʯʝʨʪ - ʵʛʦʠʩʪʠʯʥʦ-

ʩʪʠ, ʠʤʧʫʣʴʩʠʚʥʦʩʪʠ, ʣʫʢʘʚʩʪʚʘ, ʜʚʫʣʠʯʠʷ, ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʪʚʦʨʷʪʴʩʷ ʙʦʣʴʥʳʤ ʠ ʫʭʦʜʠʪʴ ʦʪ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʠ ï ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʬʣʠʢʪʘʤ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʪʠʧʘ ʧʨʦʷʚʣʷʶʪ ʥʝʪʝʨʧʠʤʦʩʪʴ ʚ 

ʩʣʫʯʘʷʭ ʣʞʠ, ʢʨʠʪʠʢʠ, ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ, ʦʩʢʦʨʙʣʝʥʠʷ ʩʘʤʦʣʶʙʠʷ.  
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ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʶʪ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʜʝʤʦʥʩʪʨʘʪʠʚʥʦʛʦ ʪʠʧʘ, ʧʨʠʥʠʤʘʷ 

ʫʩʣʦʚʠʷ çʠʛʨʳè ʠʣʠ ʧʨʠʜʫʤʳʚʘʷ ʜʣʷ ʩʝʙʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʦʙʨʘʟ, ʩʪʘʨʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʤʫ.  

ʇʝʜʘʥʪʠʯʥʳʡ ʪʠʧ. ʍʦʨʦʰʠʝ ʠʩʧʦʣʥʠʪʝʣʠ, ʜʦʙʨʦʩʦʚʝʩʪʥʦ ʚʳʧʦʣʥʷʶʱʠʝ ʩʚʦʶ ʨʘʙʦʪʫ, 

ʜʝʨʞʘʪ ʩʣʦʚʦ, çʥʝ ʢʠʜʘʶʪʩʷè ʦʙʝʱʘʥʠʷʤʠ, ʧʨʝʜʧʦʯʠʪʘʶʪ ʨʦʚʥʦʝ ʥʘʩʪʨʦʝʥʠʝ, ʚ ʧʨʠʚʳʯʢʘʭ ʢʦʥʩʝʨ-

ʚʘʪʠʚʥʳ, ʚ ʧʦʚʝʜʝʥʠʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʩʪʘʥʜʘʨʪʥʦʩʪʴ ʠ ʰʘʙʣʦʥʥʦʩʪʴ. ʊʱʘʪʝʣʴʥʦʩʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʙʦʪʳ ʜʦʭʦʜʠʪ ʜʦ ʬʦʨʤʘʣʴʥʦʛʦ, ʘ ʠʥʦʛʜʘ ʧʨʠʜʠʨʯʠʚʦʛʦ, ʚʲʝʜʣʠʚʦʛʦ ʧʦʜʭʦʜʘ. ʃʶʜʠ ʩ ʧʨʝʦʙʣʘʜʘ-

ʶʱʠʤʠ ʯʝʨʪʘʤʠ ʵʪʦʛʦ ʪʠʧʘ ʥʝ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʥʝʫʚʝʨʝʥʥʳʝ ʚ ʩʝʙʝ, ʞʜʫʪ 

ʯʝʪʢʠʭ ʫʢʘʟʘʥʠʡ ʠ ʠʥʩʪʨʫʢʮʠʡ ʦʪ ʨʫʢʦʚʦʜʩʪʚʘ.  

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʧʝʜʘʥʪʠʯʥʦʛʦ ʪʠʧʘ ʚʳ-

ʙʠʨʘʝʪ ʩʚʦʡ ʪʝʤʧ ʨʘʙʦʪʳ, ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʫ ʠ ʥʝ ʪʨʝʙʫʶʪ ʥʦʚʦʚʚʝʜʝ-

ʥʠʡ, ʨʘʙʦʪʘ ʧʨʦʭʦʜʠʪ ʚ ʢʦʤʬʦʨʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ.  

ɿʘʩʪʨʝʚʘʶʱʠʡ ʪʠʧ. ʆʩʥʦʚʥʘʷ ʯʝʨʪʘ - ʥʘʩʪʦʡʯʠʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʚʦʟʥʠʢʰʠʝ ʚʚʠʜʫ ʩʠʣʴʥʦʛʦ 

ʧʝʨʝʞʠʚʘʥʠʷ, ʧʦʷʚʣʝʥʠʝ ʩʚʝʨʭ ʠʜʝʡ, ʞʝʣʘʥʠʝ ʥʝ ʩʪʦʣʴʢʦ ʠʭ ʨʝʘʣʠʟʦʚʘʪʴ, ʩʢʦʣʴʢʦ ʥʘʚʷʟʘʪʴ ʜʨʫʛʠʤ. 

ʕʪʦ ʦʙʠʜʯʠʚʳʝ ʣʶʜʠ, ʤʩʪʠʪʝʣʴʥʳʝ, ʨʝʚʥʠʚʳʝ, ʩʧʦʩʦʙʥʳʝ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʵʤʦʮʠʠ ʠ 

ʧʝʨʝʞʠʚʘʥʠʷ, ʥʝʧʦʤʝʨʥʦ ʪʨʝʙʦʚʘʪʝʣʴʥʳʝ ʢ ʦʢʨʫʞʘʶʱʠʤ, ʦʪʢʘʟʳʚʘʶʱʠʝʩʷ ʦʪ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦ-

ʢʠʭ ʮʝʣʝʡ. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʟʥʘʥʠʠ ʠʭ ʟʘʩʣʫʛ, ʚʳʩʦʢʦʡ ʦʮʝʥʢʠ 

ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 ɺʦʟʙʫʜʠʤʳʡ ʪʠʧ. ʃʝʛʢʦ ʚʥʫʰʘʝʤʳʝ, ʚʦʟʙʫʜʠʤʳʝ ʣʶʜʠ, ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʚʣʠʷʥʠʶ, ʥʝ ʩʧʦ-

ʩʦʙʥʳ ʜʝʨʞʘʪʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʩʚʦʠ ʞʝʣʘʥʠʷ, ʚʣʝʯʝʥʠʷ, ʩʪʨʘʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʠ 

ʘʣʢʦʛʦʣʝʤ. ʅʝʪʝʨʧʠʤʳ, ʧʦʜʜʘʶʪʩʷ ʛʥʝʚʫ, ʨʘʟʜʨʘʞʘʶʪʩʷ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʜʨʫ-

ʛʠʤʠ ʣʶʜʴʤʠ. ʄʦʛʫʪ ʧʦʜʥʷʪʴ ʨʫʢʫ ʥʘ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ, ʥʝ ʢʦʥʪʨʦʣʠʨʫʷ ʩʝʙʷ. ʀʥʝʨʪʥʳ ʚ ʧʨʦʪʝʢʘ-

ʥʠʠ ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʚʦ ʚʟʛʣʷʜʘʭ ʥʘ ʞʠʟʥʴ. ʇʨʦʷʚʣʷʶʪ ʙʝʟʨʘʩʩʫʜʩʪʚʦ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʯʝʨʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʩʪʴ, ʘʢʢʫʨʘʪ-

ʥʦʩʪʴ, ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʢ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ. ʂ ʢʦʥʬʣʠʢʪʦʛʝʥʥʳʤ ʩʠʪʫʘʮʠʷʤ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢʦʥʢʫ-

ʨʝʥʮʠʷ ʩʨʝʜʠ ʢʦʣʣʝʛ, ʜʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʨʫʢʦʚʦʜʩʪʚʘ, ʦʙʚʠʥʝʥʠʷ, ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʘ, ʣʦʤʢʘ ʫʩʪʦ-

ʷʚʰʠʭʩʷ ʧʨʘʚʠʣ. 

ɻʠʧʝʨʪʠʤʠʯʝʩʢʠʡ ʪʠʧ. ʉʚʝʨʭʘʢʪʠʚʥʳʡ. ʏʝʣʦʚʝʢ ʧʦʩʪʦʷʥʥʦ ʩʪʨʝʤʠʪʩʷ ʢ ʥʦʚʳʤ ʨʝʟʫʣʴʪʘ-

ʪʘʤ, ʧʨʦʷʚʣʷʝʪ ʠʥʠʮʠʘʪʠʚʫ, ʠʱʝʪ ʜʣʷ ʩʝʙʷ ʥʦʚʦʝ ʧʦʣʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ çʨʘʟ-

ʙʨʘʩʳʚʘʥʠʶè - ʥʝʭʚʘʪʢʝ ʚʨʝʤʝʥʠ ʜʦʚʝʩʪʠ ʥʘʯʘʪʳʝ ʜʝʣʘ ʜʦ ʢʦʥʮʘ. ʆʜʥʦʦʙʨʘʟʠʝ ʠ ʦʜʠʥʦʯʝʩʪʚʦ, ʥʝ-

ʪʦʨʦʧʣʠʚʦʩʪʴ, ʤʦʥʦʪʦʥʥʦʩʪʴ ʯʝʣʦʚʝʢ ʩ ʪʨʫʜʦʤ ʚʳʜʝʨʞʠʚʘʝʪ. 

ɼʠʩʪʠʤʠʯʝʩʢʠʡ ʪʠʧ. ʕʪʦʪ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʨʴʝʟʥʦʩʪʴʶ, ʤʝʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʩʣʘʙʦʩʪʴʶ 

ʚʦʣʝʚʳʭ ʫʩʠʣʠʡ, ʧʦʜʘʚʣʝʥʥʦʩʪʴʶ ʥʘʩʪʨʦʝʥʠʷ, ʥʠʟʢʦʡ ʢʦʥʪʘʢʪʥʦʩʪʴʶ, ʤʦʣʯʘʣʠʚʦʩʪʴʶ, ʩʢʣʦʥʥʦ-

ʩʪʴʶ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʥʘ ʪʝʥʝʚʳʭ ʩʪʦʨʦʥʘʭ ʞʠʟʥʠ, ʦʙʦʩʪʨʝʥʥʳʤ ʯʫʚʩʪʚʦʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ɽʩʣʠ ʧʦ-

ʷʚʣʷʝʪʩʷ ʥʦʚʦʝ ʦʢʨʫʞʝʥʠʝ ʠʣʠ ʥʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʙʳʩʪʨʘʷ ʧʝʨʝʩʪʨʦʡʢʘ, ʯʝʣʦʚʝʢʫ ʪʨʫʜʥʦ ʦʩʪʘ-

ʚʘʪʴʩʷ çʚ ʥʦʨʤʝè. 

ʊʨʝʚʦʞʥʦ-ʙʦʷʟʣʠʚʳʡ ʪʠʧ. ʉʢʨʦʤʥʦʩʪʴ, ʥʝʨʝʰʠʪʝʣʴʥʦʩʪʴ, ʩʪʳʜʣʠʚʦʩʪʴ ʧʨʠʩʫʱʠ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʷʤ ʵʪʦʛʦ ʪʠʧʘ. ʊʨʝʚʦʛʠ, ʩʪʨʘʭʠ ʧʦʷʚʣʷʶʪʩʷ ʧʦ ʧʦʚʦʜʫ ʠ ʙʝʟ ʧʦʚʦʜʘ, ʧʦʵʪʦʤʫ ʢʦʥʬʣʠʢʪʦʛʝʥ-

ʥʳʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʞʜʳʡ ʜʝʥʴ. ʈʝʜʢʦ ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʬʣʠʢʪʳ, ʦʙʣʘʜʘʶʪ ʩʘʤʦʢʨʠʪʠʯ-

ʥʦʩʪʴʶ, ʜʨʫʞʝʣʶʙʠʝʤ, ʠʩʧʦʣʥʠʪʝʣʴʥʦʩʪʴʶ. ɹʣʘʛʦʧʨʠʷʪʥʦʝ ʚʨʝʤʷ ï ʨʘʚʥʦʤʝʨʥʦʝ, ʧʨʦʜʫʤʘʥʥʦʝ, 

ʨʘʩʧʠʩʘʥʥʦʝ, ʢʦʛʜʘ ʥʝ ʥʘʜʦ ʜʦʙʠʚʘʪʴʩʷ ʮʝʣʝʡ, ʥʝ ʥʘʜʦ ʙʨʘʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. 

ʎʠʢʣʦʪʠʤʥʳʡ ʪʠʧ. ʕʪʦ ʣʶʜʠ, ʫ ʢʦʪʦʨʳʭ ʥʘʩʪʨʦʝʥʠʝ ʤʝʥʷʝʪʩʷ, ʢʘʢ ʤʘʷʪʥʠʢ, ʦʪ çʥʝʚʦʟʤʦʞ-

ʥʦ ʧʣʦʭʦʛʦè ʜʦ çʚʦʟʤʦʞʥʦ ʭʦʨʦʰʝʛʦè. ʈʘʜʦʩʪʥʳʝ ʩʦʙʳʪʠʷ ʚʳʟʳʚʘʶʪ ʞʘʞʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʦʚʦʨ-

ʣʠʚʦʩʪʴ; ʧʝʯʘʣʴʥʳʝ ï ʧʦʜʘʚʣʝʥʥʦʩʪʴ, ʟʘʤʝʜʣʝʥʥʦʩʪʴ ʨʝʘʢʮʠʡ ʠ ʤʳʰʣʝʥʠʷ; ʪʘʢʞʝ ʯʘʩʪʦ ʤʝʥʷʝʪʩʷ 

ʠʭ ʤʘʥʝʨʘ ʦʙʱʝʥʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʣʶʜʴʤʠ. ʋʯʝʥʳʝ ʨʘʟʣʠʯʘʶʪ ʧʦʜʪʠʧʳ ʵʪʦʛʦ ʪʠʧʘ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʣʶʙʠʪʝʣʠ ʚʝʩʝʣʦ ʧʦʙʦʣʪʘʪʴ; ʧʦʯʠʪʘʪʝʣʠ ʚʳʜʝʨʞʘʥʥʦʡ ʠʨʦʥʠʠ; ʨʦʤʘʥʪʠʯʝʩʢʠʝ ʧʘʠʥʴʢʠ; 

ʙʝʟʟʘʙʦʪʥʳʝ ʧʨʠʚʝʨʞʝʥʮʳ ʞʠʟʥʠ; ʜʝʣʦʚʳʝ ʨʝʘʣʠʩʪʳ.  

ɸʬʬʝʢʪʠʚʥʦ-ʵʢʟʘʣʴʪʠʨʦʚʘʥʥʳʡ ʪʠʧ.   ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʪʠʧʘ ʦʯʝʥʴ ʵʤʦʮʠʦʥʘʣʴʥʳʝ 

ʣʶʜʠ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʚʦʩʪʦʨʛ, ʚʝʩʝʣʴʝ, ʨʘʜʦʩʪʴ, ʟʘʪʝʤ ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʢ ʧʝʯʘʣʠ, ʛʨʫʩʪʠ, ʦʪ-

ʯʘʷʥʠʶ. ɺʩʝ ʵʤʦʮʠʠ ʦʥʠ ʧʝʨʝʞʠʚʘʶʪ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ, ʩ ʚʦʣʥʝʥʠʝʤ, çʚʩʝʤ ʩʝʨʜʮʝʤè. ʀʤ ʪʘʢʞʝ 

ʩʚʦʡʩʪʚʝʥʥʘ ʚʳʩʦʢʘʷ ʢʦʥʪʘʢʪʥʦʩʪʴ, ʩʣʦʚʦʦʭʦʪʣʠʚʦʩʪʴ, ʦʥʠ ʯʘʩʪʦ ʩʧʦʨʷʪ, ʥʦ ʥʝ ʜʦʚʦʜʷʪ ʜʝʣʦ ʜʦ 

ʦʪʢʨʳʪʦʛʦ ʢʦʥʬʣʠʢʪʘ. 

ʕʤʦʪʠʚʥʳʡ ʪʠʧ. ʊʨʦʛʘʪʝʣʴʥʳʝ, ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʣʶʜʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʛʣʫʙʠʥʦʡ ʧʝ-

ʨʝʞʠʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʦʥʢʠʭ ʵʤʦʮʠʡ ʚ ʜʫʭʦʚʥʦʡ ʞʠʟʥʠ, ʛʫʤʘʥʥʦʩʪʴʶ, ʦʪʟʳʚʯʠʚʦʩʪʴʶ, ʦʙʦʩʪʨʝʥ-

ʥʳʤ ʯʫʚʩʪʚʦʤ ʜʦʣʛʘ, ʠʩʧʦʣʥʠʪʝʣʴʥʦʩʪʴʶ. ɺʩʝ ʞʠʟʥʝʥʥʳʝ ʥʝʧʨʠʷʪʥʦʩʪʠ ʦʥʠ ʧʝʨʝʞʠʚʘʶʪ ʥʘʤʥʦʛʦ 
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ʜʦʣʴʰʝ, ʯʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʨʫʛʠʭ ʪʠʧʦʚ. ʇʝʨʝʞʠʚʘʥʠʷ ʢʘʩʘʶʪʩʷ ʠ ʩʤʳʩʣʦʚʳʭ ʚʧʝʯʘʪʣʝʥʠʡ: 

ʥʨʘʚʩʪʚʝʥʥʳʭ, ʵʩʪʝʪʠʯʝʩʢʠʭ, ʨʝʣʠʛʠʦʟʥʳʭ ʠ ʪʘʢ ʜʘʣʝʝ. ʋʚʷʟʘʷ ʚ ʧʝʨʝʞʠʚʘʥʠʷʭ ʠ ʵʤʦʮʠʷʭ, ʦʥʠ ʥʝ 

ʤʦʛʫʪ ʦʪʜʝʣʠʪʴ ʛʣʘʚʥʦʝ ʦʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʛʦ, ʚʦ ʚʩʝʤ ʦʧʠʨʘʷʩʴ ʥʘ ʩʫʙʲʝʢʪʠʚʥʦʝ ʤʥʝʥʠʝ. ɹʣʘʛʦʧʨʠ-

ʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʣʶʜʝʡ ʵʪʦʛʦ ʪʠʧʘ ʧʦʷʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʘʥʘ-

ʣʠʟʘ, ʘ ʚʘʞʝʥ ʩʫʙʲʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʥʘ ʫʨʦʚʥʝ ʯʫʚʩʪʚʦʚʘʥʠʷ.  

ɸʢʮʝʥʪʫʠʨʦʚʘʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʘ ʣʠʯʥʦʩʪʠ ʜʦʣʞʥʘ ʧʨʠʥʦʩʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ 

ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ: ʘʢʮʝʥʪʫʘʮʠʠ ʜʘʥʥʦʡ ʣʠʯʥʦʩʪʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʜʨʫʛʠʤʠ ʧʩʠʭʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɸʢʮʝʥʪʫʠʨʦʚʘʥʥʳʝ ʯʝʨʪʳ ʥʝʦʜʠʥʘʢʦʚʦ ʚʣʠʷʶʪ ʥʘ ʨʘʟʥʳʝ ʣʠʯʥʦʩʪʠ: ʦʜʥʘ ʠ ʪʘ ʞʝ ʯʝʨʪʘ ʤʦ-

ʞʝʪ ʧʨʠʚʝʩʪʠ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʢ ʫʩʧʝʭʫ, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʙʣʝʤ [6].   ʇʦʵʪʦʤʫ 

ʫʯʝʥʳʝ-ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʩʥʦʚʘʪʝʣʴʥʦ ʧʳʪʘʶʪʩʷ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʦʙʣʝʤʝ ʚʣʠʷʥʠʷ ʘʢʮʝʥʪʫʠʨʦʚʘʥ-

ʥʳʭ ʯʝʨʪ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ [5]. ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʢʮʝʥʪʫʠʨʦʚʘʥʥʳʭ ʯʝʨʪ, ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʥʘʧʨʘʚʣʷʪʴ ʚ ʥʫʞʥʦʝ ʨʫʩʣʦ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʭ, ʫʯʠʪʳʚʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʣʠʯʥʦʩʪʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʩʧʝʭʘ. 

 

ʆʩʥʦʚʥʳʝ ʢʘʯʝʩʪʚʘ ʭʘʨʘʢʪʝʨʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ 

ʂ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʤ ʜʣʷ ʩʫʜʦʚʦʜʠʪʝʣʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ, ʢʚʘʣʠʬʠʢʘʮʠʷ, ʩʘʤʦʦʙʣʘʜʘʥʠʝ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ, ʤʝʥʪʘʣʠʪʝʪ, ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ, 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ, ʨʝʰʠʪʝʣʴʥʦʩʪʴ, ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ [1]. ʈʘʩʩʤʦʪʨʠʤ ʧʩʠ-

ʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1- ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʦʚʦʜʠʪʝʣʷ 
ˉ ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʉʦʜʝʨʞʘʥʠʝ ʧʦʥʷʪʠʷ 

1 ʆʙʷʟʘʪʝʣʴʥʦʩʪʴ ɼʦʣʛ, ʥʘʜʝʞʥʦʩʪʴ, ʚʘʞʥʦʩʪʴ, ʩʝʨʴʝʟʥʦʩʪʴ, ʩʦʚʝʩʪʴ.  

2 ʂʚʘʣʠʬʠʢʘʮʠʷ  ʄʘʩʪʝʨʩʪʚʦ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ. 

3 ʉʘʤʦʦʙʣʘʜʘʥʠʝ  ʊʝʨʧʝʥʠʝ, ʩʧʦʢʦʡʩʪʚʠʝ, ʩʘʤʦʢʦʥʪʨʦʣʴ, ʚʦʣʷ. 

4 ʆʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ʀʩʧʦʣʥʠʪʝʣʴʥʦʩʪʴ, ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʦʩʪʴ 

5  ʄʝʥʪʘʣʠʪʝʪ  ʄʳʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʦʩʦʟʥʘʥʠʝ, ʤʠʨʦʚʦʩʧʨʠʷʪʠʝ 

6  ʅʨʘʚʩʪʚʝʥʥʦʩʪʴ  ʏʝʩʪʥʦʩʪʴ, ʙʣʘʛʦʨʦʜʩʪʚʦ, ʤʦʨʘʣʴ. 

7 ʂʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ ʆʙʱʠʪʝʣʴʥʦʩʪʴ, ʧʦʥʠʤʘʥʠʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ.  

8  ʈʝʰʠʪʝʣʴʥʦʩʪʴ  ʇʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʦʮʝʥʠʚʘʪʴ ʩʠʪʫʘʮʠʶ. 

9  ʊʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʍʘʨʘʢʪʝʨ, ʥʘʧʦʨʠʩʪʦʩʪʴ, ʚʦʣʷ. 

10 ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ  ʉʪʨʝʤʣʝʥʠʝ, ʧʦʪʨʝʙʥʦʩʪʴ, ʠʥʪʝʨʝʩ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʩʫʜʦʚʦʜʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʘʷ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ, ʥʦ ʠ ʚʳʩʦʢʘʷ ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʚʝʨʜʘʷ ʫʙʝʞʜʝʥʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʩʘʤʦʦʙʣʘʜʘʥʠʝ, ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʢʦʥʪʘʢʪʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʷʭ.    

ʈʘʙʦʪʘ ʚ ʤʦʨʝ ʩʦʧʨʷʞʝʥʘ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʃʶʙʦʡ ʩʙʦʡ ʤʦʞʝʪ ʜʘʪʴ ʪʦʣʯʦʢ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʤʦʮʠʷʤ ʚʳʡʪʠ ʠʟ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʧʝʨʝʤʝʥ, ʩʚʷʟʘʥʥʳʭ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʩ ʩʫʜʥʦʤ, ʛʨʫʟʦʤ ʠʣʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʝʜʝʥʠʝʤ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ, ʜʣʷ ʩʫʜʦʚʦʜʠʪʝʣʷ 

ʚʘʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʤʛʥʦʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʡʩʪʚʠʡ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʳ: ʚʳ-

ʜʝʨʞʢʘ, ʪʚʝʨʜʦʩʪʴ, ʨʝʰʠʤʦʩʪʴ, ʩʤʝʣʦʩʪʴ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʪʘʢ ʜʘʣʝʝ.  

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʨʦʷʚʣʝʥʠʝ ʘʢʮʝʥʪʫʘʮʠʡ ʣʠʯʥʦʩʪʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ  

ʋʯʝʥʳʝ-ʧʩʠʭʠʘʪʨʳ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪ ʭʘʨʘʢʪʝʨ ʥʘ ʪʨʠ ʩʪʝʧʝʥʠ: ʥʦʨʤʘʣʴʥʳʡ (ʥʘ ʫʨʦʚʥʝ ʥʦʨʤʳ), 

ʘʢʮʝʥʪʫʠʨʦʚʘʥʥʳʡ ʠ /ʠʣʠ ʧʩʠʭʦʧʘʪʠʯʝʩʢʠʡ. ʇʦʩʣʝʜʥʠʡ, ʧʩʠʭʦʧʘʪʠʯʝʩʢʠʡ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʯʝʨʪʳ ʭʘ-

ʨʘʢʪʝʨʘ ʥʘ ʫʨʦʚʥʝ ʧʘʪʦʣʦʛʠʠ. ʃʶʜʠ ʩ ʪʘʢʦʡ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʥʝ ʧʨʦʭʦʜʷʪ ʤʝʜʠʮʠʥʩʢʫʶ 

ʢʦʤʠʩʩʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʚ ʩʦʩʪʘʚʝ ʵʢʠʧʘʞʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʪʴ ʥʝ ʤʦʛʫʪ.  

ʉʧʝʮʠʘʣʠʩʪʳ ʩ ʭʘʨʘʢʪʝʨʦʤ ʥʘ ʫʨʦʚʥʝ ʥʦʨʤʳ ʣʝʛʢʦ ʨʝʰʘʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʤʦʨʝ ʭʦʜʷʪ ʜʦ ʛʣʫʙʦʢʦʡ ʩʪʘʨʦʩʪʠ.  

ʃʶʜʠ ʩ ʘʢʮʝʥʪʫʠʨʦʚʘʥʥʳʤ ʪʠʧʦʤ ʭʘʨʘʢʪʝʨʘ ʜʘʞʝ ʩʨʝʜʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʦ. 

ɸʢʮʝʥʪʫʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ - ʧʨʝʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʦʨʤʳ. ɼʝʩʷʪʠ ʪʠʧʘʤ ʘʢʮʝʥʪʫʠʨʦʚʘʥʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ ʧʨʠʩʫʱʠ ʩʚʦʠ ʣʠʯʥʦʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʄʦʞʝʪ ʙʳʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʠ ʩʤʝʰʘʥʥʳʡ ʪʠʧ. 
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ʆʪʜʝʣʴʥʳʝ ʠʟ ʥʠʭ ʧʨʠʜʘʶʪ ʠʣʠ ʫʩʠʣʠʚʘʶʪ ʮʝʥʥʳʝ ʜʣʷ ʣʠʯʥʦʩʪʠ ʢʘʯʝʩʪʚʘ. ʂ ʧʨʠʤʝʨʫ, ʣʠʜʝʨʩʪʚʦ - 

ʚʘʞʥʘʷ ʯʝʨʪʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʪʠʚʥʦʛʦ ʪʠʧʘ, ʘʢʪʠʚʠʟʠʨʫʷʩʴ, ʦʥʘ ʧʦʤʦʛʘʝʪ ʧʨʠʥʠʤʘʪʴ ʥʝʬʦʨʤʘʪʥʳʝ 

ʨʝʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʫʩʠʣʠʪʴʩʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʝʨʪʳ ʣʠʜʝʨʘ ï ʩʘʤʦʣʶʙʠʝ, ʘʤʙʠʮʠʦʟʥʦʩʪʴ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʝʨʪʳ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ 

ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ: ʩʪʨʝʩʩʦʚʳʝ ʩʠʪʫʘʮʠʠ, ʚʦʟʥʠʢʰʠʝ ʠʟ-ʟʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʫʜʥʘ 

ʠʣʠ   ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʛʨʫʟʘ, ʦʧʘʩʥʦʩʪʠ ʝʛʦ ʩʤʝʱʝʥʠʷ ʚʦ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʚʠʜʫ 

ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʡ ʠ ʪʘʢ ʜʘʣʝʝ. 

 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʘʢʮʝʥʪʫʘʮʠʠ 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʩʨʝʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʪʢʣʘʜʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʥʘ ʣʠʯʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʪʝʨʠʘʣʴʥʦʡ, ʟʘ ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʩʦʙʳʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʠʪʠʶ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʪʢʨʳʚʘʶʱʠʭ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʪʠʤʫʣʠʨʫʶ-

ʱʠʭ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢ ʧʦʩʪʫʧʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝ-

ʜʝʣʠʚʰʠʤʠʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʣʠʯʥʦʩʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʳʧʦʣʥʝʥʠʷ. ʕʪʦ ʧʝʨʚʘʷ ʬʘʟʘ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ. 

ɺʪʦʨʘʷ ʬʘʟʘ ʠʣʠ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʥʘʩʪʫʧʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʚʳʨʘʙʦʪʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʧʦʟʠʮʠʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ. ʀʥʠʮʠʘʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʠʯʥʦʩʪʴ ʥʘ ʪʦʡ ʬʘʟʝ ʧʨʠʭʦʜʠʪ ʚ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʫʨʦʚʝʥʴ 

ʧʨʦʷʚʣʝʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʣʠʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʪʦʡ ʬʘʟʝ ʢʘʞʜʳʡ ʩʫʜʦʚʦʜʠʪʝʣʴ ʠʤʝʝʪ ʩʚʦʡ ʩʪʘʙʠʣʴʥʳʡ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ.  

 ɼʣʷ ʬʘʟʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳ ʧʦʢʘʟʘʪʝʣʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʩʘʤʦ-

ʨʝʘʣʠʟʘʮʠʷ ʠ ʠʥʠʮʠʘʪʠʚʥʦʩʪʴ ʣʠʯʥʦʩʪʠ, ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʦʧʳʪ. ʏʝʣʦʚʝʢ ʩʦʚʝʨʰʝʥʥʦ ʧʦ-

ʥʦʚʦʤʫ ʚʠʜʠʪ ʩʧʦʩʦʙʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ ʩʪʝʨʝʦʪʠʧʦʚ ʤʳʰʣʝʥʠʷ, ʜʝʣʝʛʠʨʫʝʪ 

ʧʦʣʥʦʤʦʯʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤ ʚʠʜʝʥʠʝʤ, ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʦ ʜʦʙʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [7]. 

ɽʩʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʩʧʝʮʠʘʣʠʩʪ ʚʳʧʦʣʥʷʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʨʘʙʦʪʫ, ʫ ʥʝʛʦ ʬʦʨ-

ʤʠʨʫʶʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʘʞʥʳʝ ʢʘʯʝʩʪʚʘ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʙʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ, 

ʧʦʷʚʣʷʷʩʴ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʳʢʘʥʠʷ, ʢʘʯʝʩʪʚʘ ʨʘʟʨʫʰʠʪʝʣʴʥʦ ʚʣʠʷʶʪ, ʜʝʬʦʨʤʠʨʫʷ ʣʠʯʥʦʩʪʴ.   

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʠʦʜʘ ʚʟʨʦʩʣʝʥʠʷ ʯʝʣʦʚʝʢʘ (ʩ ʚʳʙʦ-

ʨʘ ʧʨʦʬʝʩʩʠʠ ʚ 14-17 ʣʝʪ) ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʧʝʥʩʠʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʣʠ ʧʦʟʞʝ, ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʤʥʦʛʠʭ ʞʠʟʥʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (65-75 ʣʝʪ ʜʣʷ ʤʫʞʯʠʥ; ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʝʩʪʴ ʧʨʠʤʝʨʳ ʨʘʙʦʪʘʶʱʠʭ ʩʫʜʦʚʦʜʠʪʝʣʝʡ, ʢʦʪʦʨʳʤ ʟʘ 80 ʣʝʪ). ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟ-

ʜʝʣʠʪʴ ʥʘ ʧʝʨʠʦʜʳ: ʦʙʨʘʟʦʚʘʥʠʷ; ʧʨʠʦʙʨʝʪʝʥʠʷ ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʡ ʘʜʘʧʪʘʮʠʠ; ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʧʳʪʘ; ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ.  

ʆʚʣʘʜʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʤʘʩʪʝʨʩʪʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ.  ʀʩʩʣʝʜʦʚʘ-

ʪʝʣʴ ɻ. ɻʨʠʤʤ ʫʪʚʝʨʞʜʘʝʪ: çɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʟʢʦ ʢʦʣʝʙʣʝʪʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʠ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠè. ʊʘʢʦʡ ʠʥʜʠʢʘʪʦʨ, ʢʘʢ çʧʝʨʝʣʦʤ ʚ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʞʝʪ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʥʝ ʚʳʩʪʫʧʘʪʴ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʚ ʚʠʜʝ çʧʝʨʝʣʦʤʘè. ɽʩʪʝ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʦʤ ʫ ʤʫʞʯʠʥ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʤʧʪʦʤʳ ʬʠʟʠʯʝʩʢʦʛʦ 

ʨʝʛʨʝʩʩʘ, ʢʦʪʦʨʳʝ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʥʚʘʣʠʜʥʦʩʪʠ. ʆʜʥʘʢʦ, ʚʦʟʨʘʩʪʥʳʝ ʛʨʘʥʠ-

ʮʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʛʫʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 50 ʜʦ 80 ʩ ʣʠʰʥʠʤ ʣʝʪè [8]. ɸʚʪʦʨ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʝ-

ʨʠʦʜʳ ʟʨʝʣʦʩʪʠ ʠ ʩʪʘʨʝʥʠʷ ʫʜʦʩʪʦʝʥʳ ʦʪʜʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʉʪʠʣʴ ʨʘʙʦʪʳ ʤʝʥʷʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ. 

ʅʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʥʝ ʧʨʠʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʦʧʳʪʦʤ [9].  

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ï ʵʪʦ ʟʘʚʦʝʚʘʥʠʝ, ʦʩʚʦʝʥʠʝ, ʦʩʦʟʥʘʥʠʝ, ʩʪʘʥʦʚʣʝʥʠʝ, 

ʵʪʦ ʠ ʨʘʟʨʫʰʝʥʠʝ, ʜʝʩʪʨʫʢʮʠʷ. ʕʪʦ ʠ ʣʠʯʥʦʩʪʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʝʨʝʭʦ-

ʜʝ ʠʟ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʪʘʥʦʚʣʝʥʠʷ ʚ ʜʨʫʛʦʡ ʠʣʠ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ. ʀʥʦʛʜʘ ʜʝʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʪ ʤʦʥʦʪʦʥʥʦʩʪʠ ʨʘʙʦʪʳ, ʝʜʠʥʦʦʙʨʘʟʠʷ, ʧʨʦʜʦʣ-

ʞʘʶʱʝʛʦʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʪʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʣʠʯʥʦʩʪʠ, ʥʝʞʝʣʘʪʝʣʴ-

ʥʳʝ ʢʘʯʝʩʪʚʘ ʤʝʥʷʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʘʛʨʝʩʩʠʚʥʳʤ, ʨʘʟʜʨʘ-

ʞʠʪʝʣʴʥʳʤ, ʘʤʙʠʮʠʦʟʥʳʤ. 
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ɼʘʞʝ ʚ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʧʨʦʬʝʩʩʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʩʢʘʞʘʝʪ ʣʠʯʥʦʩʪʴ. 

ʄʘʪʝʨʠʘʣʠʟʘʮʠʷ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʟʘʯʘʩʪʫʶ, ʪʨʝʙʫʝʪ ʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʯʝʩʪʚ 

(ʦʩʪʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʨʝʤʷ, ʠʥʦʛʜʘ ʥʘ ʛʦʜʳ, ʥʝʥʫʞʥʳʤʠ). ʉʧʝʮʠʘʣʠʩʪ, ʚʳʧʦʣʥʷʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʧʣʝʢʩ ʢʘʯʝʩʪʚ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʨʝʟʫʣʴʪʘʪ, ʠ ʵʪʦʪ ʢʦʤ-

ʧʣʝʢʩ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʦʛʜʘ ʯʝʣʦʚʝʢ ʥʘʙʠʨʘʝʪ 

ʦʧʳʪ, ʚʳʧʦʣʥʷʝʪ ʟʘʫʯʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʙʳʩʪʨʝʝ, ʥʝʢʦʪʦʨʳʝ ʢʘʯʝʩʪʚʘ, ʥʘʭʦʜʷʩʴ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ, 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ, ʦʥʠ ʥʘʯʠʥʘʶʪ ʪʦʨʤʦʟʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. ʊʘʢ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʘʢʮʝʥʪʫʘʮʠʠ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʣʠʯ-

ʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʘ - ʜʝʬʦʨʤʘʮʠʷ [1]. 

ɼʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʦʪ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʪʷʞʝʩʪʠ ʪʨʫʜʘ, ʜʣʠʪʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʤʦʥʦʪʦʥʥʦʩʪʠ ʨʘʙʦʪʳ. ɼʝʧʨʝʩʩʠʚʥʳʝ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʥʘʯʘʣʘ ʩʪʘʥʦʚʷʪʩʷ 

ʯʘʩʪʳʤʠ, ʧʦʪʦʤ ʧʨʠʚʳʯʥʳʤʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʜʝʩʪʨʫʢʮʠʡ. 

ɺ ʧʩʠʭʦʣʦʛʠʠ ʝʩʪʴ ʧʦʥʷʪʠʝ çʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʳʛʦʨʘʥʠʷè. ʆʥʦ ʧʨʠʩʫʱʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ 

ʤʥʦʛʠʭ ʧʨʦʬʝʩʩʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʫʜʦʚʦʜʠʪʝʣʷʤ. ʏʝʣʦʚʝʢ ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʧʨʦ-

ʬʝʩʩʠʠ, ʜʘʣʴʥʝʡʰʠʡ ʢʘʨʴʝʨʥʳʡ ʨʦʩʪ ʦʪʩʫʪʩʪʚʫʝʪ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʤʦʪʠʚʳ ʥʝ ʠʥʪʝʨʝʩʥʳ, ʧʦʷʚʣʷ-

ʝʪʩʷ ʯʫʚʩʪʚʦ ʥʝʢʦʪʦʨʦʛʦ ʨʘʟʦʯʘʨʦʚʘʥʠʷ. ɺʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʪʥʘʷ ʧʦʯʚʘ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʘʢʮʝʥʪʫʘʮʠʡ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʷʚ-

ʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʝʬʦʨʤʘʮʠʠ ʣʠʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʚ ʣʶʙʦʡ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ 

ʣʠʯʥʦʩʪʠ, ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʝ ʢʘʯʝʩʪʚʘ ʭʘʨʘʢʪʝʨʘ, ʚʝʩʪʠ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʟʫʯʘʪʴ ʯʪʦ-ʪʦ ʥʦ-

ʚʦʝ, ʦʪʢʨʳʚʘʪʴ ʜʣʷ ʩʝʙʷ ʜʨʫʛʠʝ ʩʪʦʨʦʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ.  

 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʩʫʜʦʚʦʜʠʪʝʣʝʡ 

ɼʝʪʝʨʤʠʥʘʥʪʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʧʝʨʝʣʦʤʥʳʡ ʤʦʤʝʥʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʫʜʦʚʦʜʠʪʝʣʷ, ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʚʦʟʨʘʩʪʥʳʝ ʧʩʠʭʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʥʠʢʰʠʝ ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ, ʩʙʦʠ ʚ ʧʩʠʭʠʢʝ ʠ ʪʘʢ ʜʘʣʝʝ.  

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʣʶʜʝʡ ʥʘ ʧʠʢʝ ʧʝʨʝʣʦʤʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʧʦʣʥʘʷ ʩʦʩʨʝʜʦʪʦ-

ʯʝʥʥʦʩʪʴ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʫʜʦʚʦʜʠʪʝʣʠ ʦʜʝʨʞʠʤʳ ʨʘʙʦʪʦʡ 

ʚʚʠʜʫ ʢʘʢʠʭ-ʪʦ ʧʨʠʯʠʥ. çʋʭʦʜ ʚ ʧʨʦʬʝʩʩʠʶè ʤʦʞʝʪ ʙʳʪʴ ʠʟ-ʟʘ ʩʝʤʝʡʥʦʛʦ ʨʘʟʣʘʜʘ, ʧʦʪʝʨʠ ʯʣʝʥʦʚ 

ʩʝʤʴʠ, ʦʱʫʱʝʥʠʷ ʥʝʥʫʞʥʦʩʪʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʦʠʩʭʦʜʠʪ ʩʫʙʣʠʤʘʮʠʷ, ʯʝʣʦʚʝʢ ʥʘ ʨʘʙʦʪʝ ʪʨʝʙʫʝʪ 

ʧʨʠʟʥʘʥʠʷ, ʦʞʠʜʘʝʪ ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ, ʧʦʩʚʷʱʘʷ ʨʘʙʦʪʝ ʚʩʶ ʞʠʟʥʴ. ʀʥʦʛʜʘ, ʥʝ ʧʦʣʫʯʘʷ ʜʦʣʞʥʦ-

ʛʦ ʚʥʠʤʘʥʠʷ ʠʣʠ ʧʨʠʟʥʘʥʠʷ, ʠʣʠ, ʩʯʠʪʘʷ ʩʝʙʷ ʩʧʝʮʠʘʣʠʩʪʦʤ ʥʘʠʚʳʩʰʝʡ ʠʥʩʪʘʥʮʠʠ, ʩʫʜʦʚʦʜʠʪʝʣʴ 

ʥʝʚʦʣʴʥʦ ʧʝʨʝʭʦʜʠʪ ʛʨʘʥʠʮʳ: ʥʘʨʫʰʘʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʵʪʠʢʫ, ʩʪʘʥʦʚʠʪʩʷ ʞʝʩʪʢʠʤ ʚʦ ʚʟʘʠʤʦ-

ʦʪʥʦʰʝʥʠʷʭ, ʢʦʥʬʣʠʢʪʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʘʢʮʝʥʪʫʘʮʠʠ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. 

ɸʚʪʦʨʠʪʘʨʥʦʩʪʴ. ɽʜʠʥʦʣʠʯʥʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʚʠ-

ʜʝ ʨʘʩʧʦʨʷʞʝʥʠʡ, ʫʢʘʟʘʥʠʡ, ʨʝʢʦʤʝʥʜʘʮʠʡ; ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʩʝʙʷ ʩʦ ʩʪʦʨʦʥʳ.  

ɼʦʤʠʥʘʥʪʥʦʩʪʴ.  ʌʣʝʛʤʘʪʠʢʠ ʠ ʭʦʣʝʨʠʢʠ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʵʪʦʡ ʯʝʨʪʳ. 

ʇʨʝʦʙʣʘʜʘʥʠʝ, ʛʦʩʧʦʜʩʪʚʦ, ʚʣʘʩʪʥʦʩʪʴ, ʦʱʫʱʝʥʠʝ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ï ʢʦʤʬʦʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʜʦ-

ʤʠʥʘʥʪʥʦʡ ʘʢʮʝʥʪʫʘʮʠʠ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʘʷ ʩ ʚʦʟʨʘʩʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʠ ʷʨʢʦʡ. 

ʆʙʳʯʥʦ ʧʦʩʣʝ ʜʝʩʷʪʠ ʣʝʪ ʩʪʘʞʘ ʩʫʜʦʚʦʜʠʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩʝʙʝ ʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʫ ʯʝʨʪʫ.    

ɺʣʘʩʪʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʛʦʩʧʦʜʩʪʚʘ, ʥʝʞʝʣʘʥʠʝ ʩʯʠʪʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ 

ʣʶʜʴʤʠ. 

ɹʝʩʢʦʤʧʨʦʤʠʩʩʥʦʩʪʴ. ʊʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʪʨʦʛʦʩʪʴ, ʨʝʟʢʦʩʪʴ, ʙʝʩʧʦʱʘʜʥʦʩʪʴ. ʉʫʜʦʚʦʜʠ-

ʪʝʣʴ ʦʧʠʨʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʚʦʝ ʤʥʝʥʠʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʨʫʛʠʤ ʚʳʩʢʘʟʳʚʘʪʴʩʷ, ʦʙʩʫʞʜʘʪʴ ʩʠʪʫʘʮʠʶ, 

ʤʦʪʠʚʠʨʫʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʟʘ ʚʩʝ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʥʘ ʩʫʜʥʝ, ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʦʥ. 

ʉʫʨʦʚʦʩʪʴ. ɹʝʟʞʘʣʦʩʪʥʳʝ ʩʣʦʚʝʩʥʳʝ ʦʩʢʦʨʙʣʝʥʠʷ, ʧʫʙʣʠʯʥʳʝ ʫʥʠʞʝʥʠʷ, ʥʘʢʘʟʘʥʠʷ ʪʨʫʜʦʤ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʩʣʘʙʣʝʥʠʝ ʚʦʣʠ ʯʝʣʦʚʝʢʘ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʜʠʩʢʦʤʬʦʨʪ. 

ɸʛʨʝʩʩʠʷ. ɺʨʘʞʜʝʙʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʣʶʜʷʤ, ʠʤʝʶʱʠʤ ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʘʷʚʣʝʥʥʦʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʶ. 

ʀʥʜʠʬʬʝʨʝʥʪʥʦʩʪʴ. ʈʘʚʥʦʜʫʰʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʧʨʦʙʣʝʤʘʤ ʣʶʜʝʡ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʬʦʥʝ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʨʦʚʥʝʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʘʢʮʝʥʪʫʘʮʠʡ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ 

ʇ. ɻʘʥʥʫʰʢʠʥ, ʂ. Leonhard, ɸ. ʃʠʯʢʦ, ʕ.ʐʝʣʜʦʥ, ɸ. ʐʦʩʪʨʝʤ, ʕ.ʌʨʦʤʤ, ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʩʣʫʞʘʪ ʧʨʠʯʠʥʦʡ ʤʦʜʠ-

ʬʠʢʘʮʠʡ ʚ ʧʦʩʪʨʦʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʠ ʚʣʠʷʶʪ ʥʘ ʦʙʨʘʟ ʜʝʡʩʪʚʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʯʝʣʦ-

ʚʝʢʘ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [3, 4]. ʅʘʰʘ ʟʘʜʘʯʘ: ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʦʙʨʘʞʝʥʠʝ 

ʣʠʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʧʨʠʤʝʨʝ ʢʫʨʩʘʥʪʦʚ ʪʨʝʪʴʝʛʦ-ʯʝʪʚʝʨʪʦʛʦ ʢʫʨʩʦʚ (ʙʫʜʫʱʠʭ ʩʫʜʦʚʦʜʠʪʝʣʝʡ) 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ ʨʘʙʦʪʳ 2-7 ʣʝʪ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʩʦ ʩʪʘʞʝʤ 7-15 ʣʝʪ ʠ 

ʩʚʳʰʝ 15 ʣʝʪ ï ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚʦ ʚʨʝʤʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʘʩʴ ʙʝ-

ʩʝʜʘ ʚ ʩʦʦʙʱʝʩʪʚʝ çʕʢʩʧʝʨʠʤʝʥʪè, ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʢʦʥʪʘʢʪ ʩ ʠʩʧʳʪʫʝʤʳʤʠ, ʧʦʢʘʟʳʚʘʣʘʩʴ ʟʥʘʯʠ-

ʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʦʧʦʨʦʡ 

ʥʘ ʦʙʱʝʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʟʙʦʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʣʠʯʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ. ʉʚʦʝʦʙʨʘʟʠʝ ʨʘʟʙʦʨʘ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʷʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʜʠ-

ʮʠʥʩʢʠʭ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ; ʧʨʦʚʝʜʝʥʠʠ ʩʦʮʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʧʨʦʩʘ, ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʉ ʜʝʢʘʙʨʷ 2022ʛʦʜʘ ʧʦ ʘʧʨʝʣʴ 2023 ʛʦʜʘ ʨʝʘʣʠʟʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʥʘ ʪʝʤʫ çɺʣʠʷʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʫʜʦʚʦʜʠʪʝʣʷè. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʠʧʦʚ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ 

ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʠ ʣʶʜʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʢ ʨʘʙʦʪʝ ʚ ʤʦʨʝ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʥʘʤʠ ʩʦʟʜʘʥʦ 

ʩʦʦʙʱʝʩʪʚʦ çʕʢʩʧʝʨʠʤʝʥʪè, ʢʫʜʘ ʙʳʣʠ ʧʨʠʛʣʘʰʝʥʳ ʩʫʜʦʚʦʜʠʪʝʣʠ ʠ ʣʶʜʠ, ʥʝ ʠʤʝʶʱʠʝ ʦʪʥʦʰʝ-

ʥʠʷ ʢ ʨʘʙʦʪʝ ʚ ʤʦʨʝ. ɺ ʧʠʣʦʪʘʞʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 150 ʯʝʣʦʚʝʢ ʦʪ 20 ʜʦ 40 ʣʝʪ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦʢʘʟʘʪʝʣʠ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʠ ʣʶʜʝʡ ʜʨʫʛʠʭ ʧʨʦʬʝʩʩʠʡ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʫʜʦʚʦʜʠʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʜʝʡʩʪʚʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʩʧʨʠʷʪʠʷ ʤʠʨʘ, ʦʪʥʦʰʝʥʠʡ ʢ ʣʶʜʷʤ, ʩʚʦʝʤʫ ʜʝʣʫ. ʇʨʦʬʝʩʩʠʷ ʩʚʦʝʦʙʨʘʟ-

ʥʳʤ ʦʙʨʘʟʦʤ ʥʘʢʣʘʜʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʳʡ ʜʠʘʧʘʟʦʥ ʵʤʦʮʠʦʥʘʣʴ-

ʥʳʭ ʧʝʨʝʞʠʚʘʥʠʡ. ʃʶʜʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʩʠʡ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʥʫʰʘʝʤʦʩʪʠ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʪ-

ʩʫʪʩʪʚʠʶ ʬʠʢʩʘʮʠʠ ʚ ʦʮʝʥʦʯʥʳʭ ʨʘʩʩʫʞʜʝʥʠʷʭ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʬʝʚʨʘʣʴ-ʤʘʨʪ 2023 ʛʦʜʘ) ʦʪʩʣʝʞʠʚʘʣʦʩʴ ʜʝʡʩʪʚʠʝ ʧʨʦʬʝʩ-

ʩʠʠ ʠ ʣʠʯʥʦʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʨʘʟʚʠʪʠʝ ʘʢʮʝʥʪʫʘʮʠʡ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. ʅʘ ʜʘʥ-

ʥʦʤ ʵʪʘʧʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʘʩʪʚʦʚʘʣʦ 200 ʩʫʜʦʚʦʜʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 50 ʢʫʨʩʘʥʪʦʚ 3-4 ʢʫʨʩʦʚ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚʦʡ ʨʘʙʦʪʳ ʚ ʦʧʨʦʩʥʠʢ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʘʢʮʝʥʪʫʘ-

ʮʠʡ: ʘʚʪʦʨʠʪʘʨʥʦʩʪʴ; ʜʦʤʠʥʘʥʪʥʦʩʪʴ; ʚʣʘʩʪʥʦʩʪʴ; ʙʝʩʢʦʤʧʨʦʤʠʩʩʥʦʩʪʴ; ʩʫʨʦʚʦʩʪʴ; ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʘʷ ʘʛʨʝʩʩʠʷ; ʠʥʜʠʬʬʝʨʝʥʪʥʦʩʪʴ. 

ʂʘʞʜʦʤʫ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʦʪʧʨʘʚʣʝʥ ʪʝʩʪ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦ-

ʜʦʚ ɺ.ʇ. ʉʠʤʦʥʦʚʘ. 70 ʚʦʧʨʦʩʦʚ ʪʝʩʪʘ ʪʨʝʙʦʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʪʠʧʫ ʘʢʮʝʥʪʫʘʮʠʡ ʫʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 24 ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʙʘʣʣ. ʇʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʚʳʰʘʝʪ 12ʙʘʣʣʦʚ, ʛʦʚʦʨʠʪ ʦ ʧʨʠʟʥʘʢʘʭ ʘʢʮʝʥʪʫʘʮʠʠ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠ ʧʦʢʘʟʘʪʝʣʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʥʦʨʤʳ.  ʇʦʢʘʟʘʪʝʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʠʞʝ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʡ ʥʦʨʤʳ, ʛʦʚʦʨʷʪ ʦ ʩʢʨʳʪʦʡ ʘʢʮʝʥʪʫʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʜʠʘʛʨʘʤʤʝ çɸʥʘʣʠʟ ʚʳʨʘʞʝʥʥʦʩʪʠ ʘʢʮʝʥʪʫʘʮʠʡè. 
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ʈʠʩ. 1. ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʥʦʩʪʠ ʘʢʮʝʥʪʫʘʮʠʡ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʞʘ ʨʘʙʦʪʳ ʚ ʤʦʨʝ 

 

ɺʣʘʩʪʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʥʦʨʤʳ ʫ ʢʫʨʩʘʥʪʦʚ ʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ ʙʦʣʝʝ 15 ʣʝʪ. ɿʘʚʳ-

ʰʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʣʘʩʪʥʦʩʪʠ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ 7-15 ʣʝʪ.  ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

(ʜʚʘʜʮʘʪʴ ʧʨʠ N=12) ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ ʨʘʙʦʪʳ ʦʪ 2ʜʦ 7 ʣʝʪ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʤʦʣʦʜʳʝ ʩʫʜʦʚʦʜʠʪʝʣʠ, ʥʘʙʠʨʘʶʱʠʝ ʩʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʦʧʳʪ, ʠʤʝʶʪ ʩʢʣʦʥʥʦʩʪʴ ʠʣʠ ʧʨʠ-

ʚʳʯʢʫ ʧʦʚʝʣʝʚʘʪʴ. ʇʨʠ ʩʪʘʞʝ ʩʚʳʰʝ 15 ʣʝʪ ʧʦʜʦʙʥʘʷ ʩʢʣʦʥʥʦʩʪʴ ʠʩʯʝʟʘʝʪ, ʘʢʮʝʥʪʫʘʮʠʷ ʚʣʘʩʪʥʦ-

ʩʪʠ ʩʥʠʞʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ ʥʦʨʤʳ (N=12). ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʘʪʦʣʦʛʠʝʡ. 

 ɹʝʩʢʦʤʧʨʦʤʠʩʩʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʫ ʢʫʨʩʘʥʪʦʚ ʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ 2-7 ʣʝʪ, ʟʘʪʝʤ ʨʝʟ-

ʢʦ ʩʥʠʞʘʝʪʩʷ (ʩʦ ʩʪʘʞʝʤ 7-15 ʣʝʪ) ʠ   ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʝ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ 

ʩʚʳʰʝ 15 ʣʝʪ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʳʙʦʨʢʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʘ ʘʢʮʝʥʪʫʘʮʠʷ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ 

ʥʦʨʤʳ ʠ ʷʚʣʷʝʪʩʷ ʩʢʨʳʪʦʡ ʜʣʷ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʫʨʦʚʦʩʪʠ ʥʠʞʝ ʥʦʨʤʳ ʫ ʢʫʨʩʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ ʦʪ 2ʜʦ 

7 ʣʝʪ. ɺʦʟʨʘʩʪʘʝʪ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʨʫʛʠʭ ʢʘʪʝʛʦʨʠʡ, ʥʦ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʦʙʱʝʡ ʥʦʨʤʳ, ʷʚʣʷʝʪʩʷ 

ʩʢʨʳʪʦʡ ʘʢʮʝʥʪʫʘʮʠʝʡ. ʕʪʦ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʧʘʪʦʣʦʛʠʝʡ. 

ɸʛʨʝʩʩʠʚʥʦʩʪʴ ʫ ʢʫʨʩʘʥʪʦʚ ʦʪʩʫʪʩʪʚʫʝʪ (ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ ʥʫʣʶ), ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʚʩʝʭ ʩʪʘʜʠ-

ʷʭ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ. ʕʪʘ ʘʢʮʝʥʪʫʘʮʠʷ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʥʦʨʤʳ ʠ ʷʚʣʷʝʪʩʷ ʩʢʨʳʪʦʡ. 

ʀʥʜʠʬʬʝʨʝʥʪʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʩʦ ʩʪʘʞʝʤ ʦʪ ʩʝʤʠ ʠ ʚʳʰʝ ʣʝʪ, ʥʦ ʧʦʢʘʟʘ-

ʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʦʨʤʳ (4 ʧʨʠ N=12).   

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʪʝʛʦʨʠʡ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʘʢʮʝʥʪʫʘʮʠʠ ʘʚʪʦʨʠʪʘʨ-

ʥʦʩʪʠ, ʜʦʤʠʥʘʥʪʥʦʩʪʠ, ʚʣʘʩʪʥʦʩʪʠ.  ɸʚʪʦʨʠʪʘʨʥʦʩʪʴ ʧʦʤʦʛʘʝʪ ʩʫʜʦʚʦʜʠʪʝʣʶ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦ-

ʯʠʡ ʧʨʦʮʝʩʩ. ɼʦʤʠʥʘʥʪʥʦʩʪʴ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʩʪʠʣʝʤ ʨʘʙʦʪʳ. ɺʣʘʩʪʥʦʩʪʴ 

ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʫ ʚʩʝʭ ʩʫʜʦʚʦʜʠʪʝʣʝʡ, ʫ ʢʫʨʩʘʥʪʦʚ ʦʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʢʨʳʪʦʡ ʬʦʨʤʝ. ɸʢʮʝʥʪʫʘʮʠʷ 

ʚʣʘʩʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʫʜʦʚʦʜʠʪʝʣʶ ʩʪʨʦʠʪʴ ʦʪʥʦʰʝʥʠʷ ʩ ʵʢʠʧʘʞʝʤ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʮʝʣʠ. ɼʣʷ ʩʫʜʦʚʦʜʠʪʝʣʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʚʩʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʫʜʥʝ, ʪʘʢʠʝ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʪʨʝʙʦ-

ʚʘʪʝʣʴʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ, ʚʣʘʩʪʥʦʩʪʴ, ʚʧʦʣʥʝ ʫʤʝʩʪʥʳ.   

ɸʢʮʝʥʪʫʘʮʠʷ ʙʝʩʢʦʤʧʨʦʤʠʩʩʥʦʩʪʠ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʦʧʳʪʘ ʦʙʝʟʣʠʯʠʚʘʝʪʩʷ. ʉʫʨʦʚʦʩʪʴ, 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʠ ʠʥʜʠʬʬʝʨʝʥʪʥʦʩʪʴ ʥʝ ʥʘʭʦʜʷʪ ʩʚʦʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʞʜʫ ʜʦʤʠʥʘʥʪʥʦʩʪʴʶ, ʚʣʘʩʪʥʦʩʪʴʶ, ʠ ʘʚʪʦʨʠʪʘʨʥʦʩʪʴʶ ʩʫʱʝʩʪʚʫʝʪ ʥʝ-

ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʩʚʷʟʴ. ɸʢʮʝʥʪʫʘʮʠʠ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʣʠʯʥʦʩʪʠ ʤʦʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʳ ʯʝʨʪʳ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ, ʥʘʣʘʜʠʪʴ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʫʶ ʨʘʙʦʪʫ ʩ ʵʢʠʧʘʞʝʤ, ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ.  
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ʅʘ ʪʨʝʪʴʝʤ, ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ, ʵʪʘʧʝ (ʤʘʨʪ-ʘʧʨʝʣʴ 2023 ʛʦʜʘ) ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʩ ʤʦʪʠʚʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʯʥʦʩʪʠ ʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʘʩʪʚʦʚʘʣʦ 100 ʩʫʜʦʚʦʜʠʪʝʣʝʡ. 

ʅʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠ ʫʚʝʨʝʥʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʚʝʨʥʳʭ ʜʨʫʟʝʡ, 

ʪʦ ʝʩʪʴ ʮʝʥʥʦʩʪʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʂ ʩʫʙʜʦʤʠʥʘʥʪʥʳʤ ʮʝʥʥʦʩʪʷʤ ʦʪʥʦʩʷʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʤʠʨ ʠ ʩʜʝʣʘʪʴ ʩʯʘʩʪʣʠʚʳ-

ʤʠ ʙʣʠʟʢʠʭ ʣʶʜʝʡ. 

ʉʨʝʜʠ ʮʝʥʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʝʦʙʣʘʜʘʶʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʩʘʤʦʜʦʩʪʘ-

ʪʦʯʥʦʩʪʴ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʚʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ 

ʣʠʯʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ, ʢʘʢ ʚʘʞʥʳʭ ʢʘʯʝʩʪʚ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ:  

- ʘʢʮʝʥʪʫʘʮʠʠ ʯʝʨʪ ʭʘʨʘʢʪʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ; 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʘʢʮʝʥʪʫʘʮʠʠ ʧʦʣʠʚʘʣʝʥʪʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʧʨʦʷʚʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʢʮʝʥʪʫʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʞʘ ʨʘʙʦʪʳ ʠ 

ʚʦʟʨʘʩʪʘ ʩʫʜʦʚʦʜʠʪʝʣʷ; 

- ʘʢʮʝʥʪʫʘʮʠʠ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨ-
ʨʝʢʪʠʨʦʚʘʥʳ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʠʥʛʦʚ.   

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʦʧʨʝʜʝʣʝʥʳ ʚʝʜʫʱʠʝ ʤʦʪʠʚʳ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ.  ʇʦʚʳʰʝʥʠʝ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜ-

ʛʦʪʦʚʢʠ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠʢʦʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʮʝʥʪʫʘʮʠʡ ʭʘʨʘʢʪʝʨʘ ʣʠʯʥʦʩʪʠ ʠ 

ʠʭ ʚʟʘʠʤʦʩʚʷʟʴʶ ʩ ʤʦʪʠʚʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʯʥʦʩʪʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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The paper analyzes the features of character accentuations of navigators, reveals the influence of 

the maritime profession on the development of character accentuations. The obtained results were pro-

cessed and a qualitative analysis of the interdependencies in the development of character trait accentua-

tions in the process of professionalization and length of service (age) was carried out. It has been estab-

lished that the increase in the success of professional activity and the improvement of the preparation of 

navigators for activity are due to the specific features of the accentuations of the character of the individ-

ual and their relationship with the motivational characteristics of the individual and activity. The speci-

ficity of the relationship between the features of accentuations of the nature of the personality of naviga-

tors with motivational characteristics is determined. 
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ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʥʝʚʨ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʭʦʞ-

ʜʝʥʠʷ ʩ ʩʫʜʘʤʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʠʪʘʮʠʠ ʤʘʥʝʚʨʘ ʚ ʉɸʈʇ, ʧʦʩʢʦʣʴʢʫ ʩʫʜʘ ʤʝʥʝʝ 

10000 ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʪʘʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʢʘʢ ʉʕʇ ʠʣʠ ʉɸʉ. ʇʨʠʤʝʥʝʥʠʝ ʧʘʣʝʪʢʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʣʠʯʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʚʟʷʪʠʠ ʩʫʜʦʚ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʚʳʩʪʫʧʠʪ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤ ʉɸʈʇ. 

 

ɼʣʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʘʙʦʪʳ ʤʠʨʦʚʦʛʦ ʬʣʦʪʘ ʥʝʦʙʭʦʜʠʤʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʤʦʨʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʝʪʝʥʮʠʠ ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʜʝʢʩʘ 

ʇɼʅɺ. ɼʣʷ ʩʫʜʦʚʦʜʠʪʝʣʴ-ʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʘʙʣʠʮʘʭ ʩʪʘʥʜʘʨʪʦʚ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʥʘ ʫʨʦʚʥʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʩʬʝʨʳ ʢʦʤʧʝʪʝʥʮʠʠ çʅʝʩʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʭʦʜʦʚʦʡ ʥʘʚʠ-

ʛʘʮʠʦʥʥʦʡ ʚʘʭʪʳè, çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʠ ʉɸʈʇ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘ-

ʥʠʷè ʠ çʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʥʝʩʝʥʠʷ ʚʘʭʪʳè, çʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʧʣʘʚʘʥʠʷ ʧʫʪʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ, ʦʙʣʝʛʯʘʶʱʠʭ ʧʨʦʮʝʩʩ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡè [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʩʫʜʦʚʦʜʠʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘʚʘ-

ʨʠʡʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʦʤ ʫʨʦʚʥʝ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ. 

ʇʨʦʙʣʝʤʘ ʧʨʦʜʦʣʞʘʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʩʪʦʣʢʥʦʚʝʢʥʠʡ ʩʫʜʦʚ. ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʘʪʠʩʪʠʢʫ ʘʚʘʨʠʡʥʦʩʪʠ ʗʧʦʥʠʠ. ʅʘ ʩʘʡʪʝ ʜʝʧʘʨʪʘʤʝʥʪʘ 

ʪʨʘʥʩʧʦʨʪʘ ʗʧʦʥʠʠ ʜʘʝʪʩʷ ʦʯʝʥʴ ʧʦʜʨʦʙʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʘʨʠʡʥʦʩʪʠ ʩʫʜʦʚ ʟʘ 
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ʤʥʦʛʠʝ ʛʦʜʳ.  ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʚʢʣʶʯʘʷ ʩʚʝʜʝʥʠʷ ʦʪ ʥʘʯʘʣʘ ʪʝʢʫʱʝʛʦ 

ʛʦʜʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚʩʝʛʦ ʥʘ ʜʚʘ õ ʪʨʠ ʤʝʩʷʮʘ ʦʪ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ - ʧʦ ʪʠ-

ʧʘʤ ʘʚʘʨʠʡ ʠ ʧʦ ʪʠʧʘʤ ʩʫʜʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʘʚʘʨʠʷʭ.   

ɿʘ ʧʷʪʴ ʤʝʩʷʮʝʚ ʵʪʦʛʦ ʛʦʜʘ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 1, ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ  ï 61ʩʣʫʯʘʡ, ʧʦʩʘʜʦʢ ʥʘ ʤʝʣʴ ï 60 ʩʣʫʯʘʝʚ [2]. 

 

 
 

ʈʠʩ. 1 ʂʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʟʘ 2023 ʛʦʜ ʥʘ 31ʤʘʷ 

 
ʅʘ ʨʠʩʫʥʢʝ 2ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ, ʛʜʝ ʦʪʨʘʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ, ʩʦʛʣʘʩʥʦ ʪʘʙ-

ʣʠʮʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʝʧʘʨʪʘʤʝʥʪʘ ʪʨʘʥʩʧʦʨʪʘ ʗʧʦʥʠʠ. ɿʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022ʛʦʜʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʫʜʦʚ ʩ ʛʦʜʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʧʦʩʘʜʢʠ ʩʫʜʦʚ ʥʘ ʤʝʣʴ ʠʤʝʣʠ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʥʘ ʬʦʥʝ ʦʩʪʘʣʴʥʳʭ 

ʚʠʜʦʚ ʘʚʘʨʠʡ [2]. 

 

    
 

ʈʠʩ. 2 ɻʨʘʬʠʢ ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ 2008 ʧʦ 2022ʛʦʜʳ 

 
ʅʘ ʜʠʘʛʨʘʤʤʝ ʘʚʘʨʠʡʥʦʩʪʠ ʩʫʜʦʚ ʧʦ ʪʠʧʘʤ (ʨʠʩʫʥʦʢ 3), ʟʘ ʧʷʪʴ ʤʝʩʷʮʝʚ ʵʪʦʛʦ ʛʦʜʘ ʦʪʨʘʞʝ-

ʥʘ ʩʣʝʜʫʶʱʘʷ ʩʪʘʪʠʩʪʠʢʘ: ʚ ʘʚʘʨʠʷʭ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʳʙʦʣʦʚʥʳʝ ʩʫʜʘ ï 93 ʩʣʫʯʘʷ, 

ʣʠʯʥʳʝ ʧʣʘʚʩʨʝʜʩʪʚʘ ï 63 ʠ ʛʨʫʟʦʚʳʝ ʩʫʜʘ ï 52ʩʣʫʯʘʷ [2]. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʩʫʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ. ɼʣʷ ʩʫʜʦʚ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʪʳʩʷʯ ʨʝʛʠʩʪʨʦʚʳʭ ʪʦʥʥ, ʥʝ ʠʤʝʶʱʠʭ ʚ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉɸʈʇ - ʩʨʝʜʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʧʨʦʢʣʘʜʢʠ,  

ʢʨʦʤʝ ʈʃʉ (ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ) ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʉʕʇ (ʩʨʝʜʩʪʚʦ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʢʣʘʜʢʠ) ʠʣʠ ʉɸʉ (ʩʨʝʜʩʪʚʦ ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʠ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʦʣʥʫʶ ʦʮʝʥʢʫ 

ʩʠʪʫʘʮʠʠ ʩʙʣʠʞʝʥʠʷ ʩʫʜʦʚ ʧʨʠ ʚʟʷʪʠʠ ʠʭ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ɼʣʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʥʘ ʪʘʢʠʭ ʩʫʜʘʭ ʚ 

ʨʘʡʦʥʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʩʫʜʦʭʦʜʩʪʚʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ 

ʧʦ ʚʳʙʦʨʫ ʤʘʥʝʚʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ, ʪ.ʢ. ʦʙʦʨʫʜʦʚʘʥʠʝ ʉʕʇ ʠ ʉɸʉ ʥʝ ʠʤʝʝʪ ʬʫʥʢʮʠʠ 

ʠʤʠʪʘʮʠʠ ʤʘʥʝʚʨʘ, ʢʦʪʦʨʘʷ ʝʩʪʴ ʫ ʉɸʈʇ [3]. 
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ʈʠʩʫʥʦʢ. 3. ʂʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʧʦ ʪʠʧʘʤ ʩʫʜʦʚ ʟʘ 2023 ʛʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʡ 

 

ɿʘʯʘʩʪʫʶ, ʥʘ ʩʫʜʥʝ ʥʝʪ ʤʘʥʝʚʨʝʥʥʳʭ ʧʣʘʥʰʝʪʦʚ, ʦʙ ʵʪʦʤ ʛʦʚʦʨʷʪ ʩʫʜʦʚʦʜʠʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʥʘ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʫʜʘʭ ʧʦ ʪʠʧʘʤ ʠ ʨʘʟʤʝʨʘʤ ʠ ʧʦʜ ʨʘʟʥʳʤʠ ʬʣʘʛʘʤʠ.  ʅʘ ʩʫʜʘʭ, ʛʜʝ 

ʠʤʝʶʪʩʷ ʧʣʘʥʰʝʪʳ, ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ  ʚʝʜʝʥʠʠ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʦʡ ʧʨʦʢʣʘʜʢʠ, ʚʳʙʦʨʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʤʘʥʝʚʨʘ (ʦʪ ʰʝʩʪʠ ʜʦ ʜʚʝʥʘʜʮʘʪʠ ʤʠʥʫʪ). 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʣʝʪʢʠ ʧʦʟʚʦʣʠʪ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʣʘʥʰʝʪ 

ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʢʨʘʥʝ ʈʃʉ. ɼʣʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ 

ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʉʕʇ ʠʣʠ ʉɸʉ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ, ʩʫʜʘ ʙʫʜʫʪ ʚʟʷʪʳ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʥʘ 

ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ ʈʃʉ ʧʦʷʚʷʪʩʷ ʚʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʫʜʦʚ ʚ ʧʨʠʥʷʪʦʤ ʤʘʩʰʪʘʙʝ ʚ ʨʝ-

ʞʠʤʝ ʈʃʉ çRMè - ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʘʣʝʪʢʫ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʘ ʣʶʙʦʤ ʧʨʦʟʨʘʯʥʦʤ ʤʘʪʝ-

ʨʠʘʣʝ (ʦʙʣʦʞʢʘ ʧʘʧʢʠ ʜʣʷ ʬʘʡʣʦʚ ʠʣʠ ʬʘʡʣʠʢ) ʥʘ ʢʦʪʦʨʦʤ ʪʨʘʥʩʧʦʨʪʠʨʦʤ ʥʘʥʦʩʷʪ ʧʝʨʤʘʥʝʥʪʥʳʤ 

ʤʘʨʢʝʨʦʤ ʛʨʘʜʫʠʨʦʚʢʫ ʧʦ ʧʝʨʠʤʝʪʨʫ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʈʃʉ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ:  

- ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʥʦʨʜʫ, ʨʝʞʠʤ - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ (RM), ʢʨʘʩʥʳʤ ʧʦ-

ʜʚʠʞʥʳʤ ʚʠʟʠʨʦʤ ʜʘʣʴʥʦʩʪʠ VRM ʦʪʤʝʯʘʝʤ ʜʠʩʪʘʥʮʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ, ʙʝʨʝʤ ʥʘ ʩʦ-

ʧʨʦʚʦʞʜʝʥʠʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʦʙʲʝʢʪʳ, ʫʯʠʪʳʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ; 

- ʚʳʙʠʨʘʝʤ ʚʨʝʤʝʥʥʦʡ ʤʘʩʰʪʘʙ ʩʢʦʨʦʩʪʝʡ, ʠʩʭʦʜʷ ʠʟ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ; 

- ʥʘʥʦʩʠʤ ʥʘ ʧʘʣʝʪʢʫ ʩʚʦʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʧʨʠʥʷʪʦʤ ʤʘʩʰʪʘʙʝ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʚʠʟʠʨʳ ʜʘʣʴʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʣʠ ʤʘʨʢʝʨ; 

- ʚʳʙʨʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʤʘʩʰʪʘʙ ʩʢʦʨʦʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʤ ʢʘʢ ʚʨʝʤʷ ʫʧʨʝʞʜʝʥʠʷ (ʥʘ ʜʘʥ-
ʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ, ʚʳʙʦʨ ʤʘʥʝʚʨʘ ʠ ʚʳʧʦʣʥʠʪʴ ʝʛʦ). 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʚʳʙʦʨʫ ʙʝʟʦʧʘʩʥʦʛʦ ʤʘʥʝʚʨʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦ 

ʠʤʠʪʘʮʠʠ ʤʘʥʝʚʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʈʇ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʤʦʥʠʪʦʨ 

ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʪʘʥʢʝʨʦʤ ï ʩʫʜʥʦʤ ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʦʧʝʨʘʪʦʨ ʈʃʉ.  

 

 
 

ʈʠʩ. 4. ʄʦʥʠʪʦʨ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ 
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ʅʘ ʩʫʜʥʝ ʚʝʜʝʪʩʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. ʅʘ ʵʢʨʘʥʝ ʈʃʉ ʩ ʧʦʤʦʱʴʶ ʧʦʜʚʠʞʥʦʛʦ 

ʢʨʫʛʘ ʜʘʣʴʥʦʩʪʠ ʟʘʜʘʜʠʤ ʜʠʩʪʘʥʮʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʢ ʩʫʜʥʫ ʧʨʠʙʣʠʞʘ-

ʶʪʩʷ ʪʨʠ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ (ʨʠʩ.5) 

 

 
 

ʈʠʩ. 5. ʄʦʥʠʪʦʨ ʈʃʉ ʩ ʚʟʷʪʳʤʠ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʝʣʷʤʠ 

 

ʉʕʇ ʠʣʠ ʉɸʉ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ ʚʩʪʨʝʯʠ ʠ ʯʝʨʝʟ ʪʨʠ ʤʠʥʫʪʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʵʪʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʚʝʨʷʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦʜʭʦʜʘ ʩʫʜʦʚ ʥʘ ʜʠʩʪʘʥʮʠʶ ʢʨʘʪʯʘʡʰʝʛʦ 

ʩʙʣʠʞʝʥʠʷ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʚʨʝʤʷ ʫʧʨʝʞʜʝʥʠʷ (ʵʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʬʫʥʢʮʠʠ çDelayè ʥʘ 

ʉɸʈʇ ʚ ʦʧʮʠʠ ʧʨʦʠʛʨʳʚʘʥʠʷ ʤʘʥʝʚʨʘ çTrialè) ʠ ʟʘʜʘʪʴ ʜʣʠʥʫ ʚʝʢʪʦʨʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʅʘ 

ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʦ ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʘʣʝʪʢʫ ʩʚʦʝʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʂʄɺ-ʢʨʫʛʘ ʤʘʥʝʚʨʝʥʥʳʭ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ʧʦ ʦʪʤʝʪʢʝ ʧʦʜʚʠʞʥʦʛʦ ʢʨʫʛʘ ʜʘʣʴʥʦʩʪʠ ʥʘ ʵʢʨʘʥʝ ʈʃʉ ʠ ʣʠʥʠʠ ʢʫʨʩʘ. 

 

 
 

ʈʠʩ. 6. ʅʘʥʝʩʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʰʝʡ ʩʢʦʨʦʩʪʠ ʠ ʂʄɺ ʚ ʧʨʠʥʷʪʦʤ ʤʘʩʰʪʘʙʝ 

 

ɼʘʣʝʝ, ʧʦʩʣʝ ʪʨʝʭ ʤʠʥʫʪ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ ʧʦʣʫʯʘʝʤ ʧʦʟʠʮʠʠ ʮʝʣʝʡ ʠ ʠʟ 

ʚʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ [4]. ʆʪʤʝʪʠʤ ʠʭ ʚʦʜʷʥʳʤ ʤʘʨʢʝʨʦʤ, ʨʠʩ. 7. ʊʦʯʢʠ ʢʦʥʮʦʚ ʚʝʢʪʦ-

ʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʙʫʜʫʪ ʪʦʯʢʘʤʠ ʫʧʨʝʞʜʝʥʠʷ, ʘ ʪʦʯʢʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʮʝʣʝʡ ʙʫʜʫʪ 

ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʧʝʨʚʳʭ ʪʦʯʝʢ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
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ʈʠʩ. 7. ʅʘʥʝʩʝʥʠʝ ʪʦʯʝʢ ç1è ʠ ç3è ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʢʦʨʦʩʪʝʡ 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʢʣʘʜʳʚʘʥʠʝ ʣʠʥʝʡʢʠ  ʢʘʩʘʪʝʣʴʥʦ ʦʪ  ʜʠʩʪʘʥʮʠʠ ʙʝʟʦʧʘʩʥʦ-

ʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʢ ʪʦʯʢʝ ʫʧʨʝʞʜʝʥʠʷ ʠ ʜʘʣʝʝ, ʢʘʢ ʛʨʘʥʠʮʫ ʉʆʆʂ ï ʩʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʧʘʩʥʳʭ 

ʢʫʨʩʦʚ ï ʨʠʩʫʥʦʢ 8. 

 

 
 

ʈʠʩ. 8. ʃʠʥʝʡʢʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʫʧʨʝʞʜʘʶʱʝʡ ʪʦʯʢʝ ʠ ʜʠʩʪʘʥʮʠʠ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ 

 

ʇʨʠʢʣʘʜʳʚʘʝʤ ʧʘʣʝʪʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʥʘʰʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʘʣʝʪʢʝ ʫʧʠʨʘʣʩʷ 

ʢʦʥʮʦʤ ʚ ʪʦʯʢʫ ç1è (ʨʠʩ. 9ʘ) ʪʦʡ ʮʝʣʠ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʣʦʞʝʥʘ ʣʠʥʝʡʢʘ. ʇʝʨʝʩʝʯʝʥʠʝ ʣʠʥʝʡʢʠ ʠ 

ʂʄɺ ʥʘ ʧʘʣʝʪʢʝ ʦʪʨʘʞʘʝʪ ʥʫʞʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʦʜʷʥʳʤ 

ʤʘʨʢʝʨʦʤ, ʨʠʩ. 9ʙ. 
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ʘ  ʙ 

 

ʈʠʩ. 9(ʘ, ʙ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʠʢʣʘʜʳʚʘʥʠʷ ʧʘʣʝʪʢʠ ʩ ʣʠʥʝʡʢʦʡ  

ʠ ʚʳʙʦʨʘ ʤʘʥʝʚʨʘ ʜʣʷ ʦʜʥʦʡ ʮʝʣʠ 

 

ɸʥʘʣʦʛʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʤ ʩ ʜʨʫʛʦʡ ʮʝʣʴʶ (ʨʠʩ.10 (ʘ,ʙ).ɽʩʣʠ ʤʘʥʝʚʨ ʩ ʦʯʝʨʝʜʥʳʤ 

ʩʫʜʥʦʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʩ ʧʝʨʚʳʤ, ʤʝʥʷʝʤ ʟʘʩʝʯʢʫ ʥʘ ʂʄɺ. 

 

ʘ ʙ 

 

ʈʠʩ. 10. ɺʳʙʦʨ ʤʘʥʝʚʨʘ ʥʘ ʂʄɺ ʜʣʷ ʦʯʝʨʝʜʥʦʛʦ ʩʫʜʥʘ 

 

ʉ ʦʯʝʨʝʜʥʦʡ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʷʝʤ ʵʪʫ ʦʧʝʨʘʮʠʶ ʧʦ ʪʘʢʦʡ ʞʝ ʩʭʝʤʝ (ʨʠʩ.11ʘ, ʙ). 

 

ʘ   ʙ 

 

ʈʠʩ. 11. ɺʳʙʦʨ ʤʘʥʝʚʨʘ ʧʨʠʢʣʘʜʳʚʘʥʠʝʤ ʣʠʥʝʡʢʠ ʩ ʧʘʣʝʪʢʦʡ ʜʣʷ ʥʦʚʦʡ ʮʝʣʠ 
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ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʪʚʦʨʦʪ ʩʥʠʤʘʝʤ ʩ ʂʄɺ ʠ ʚʳʧʦʣʥʷʝʤ ʤʘʥʝʚʨ, ʨʠʩ.12ʘ, ʙ. 

 

 ʘ  ʙ 

 

ʈʠʩ. 12. ʉʥʷʪʠʝ ʤʘʥʝʚʨʘ ʠ ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʫʨʩʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 13 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʜʥʦ ʚʳʧʦʣʥʠʣʦ ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʢ ʤʦʤʝʥʪʫ ʫʧʨʝʞʜʝʥʠʷ. 

 

 
 

ʈʠʩ. 13. ʋʩʪʘʥʦʚʢʘ ʨʫʣʷ ʥʘ ʘʚʪʦʤʘʪ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʪʚʦʨʦʪʘ 

 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʤ ʢʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʪʦ-

ʨʦʛʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʩʣʝʜʦʚ ʠ ʚʝʢʪʦʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʦʙʲʝʢʪʦʚ ʨʘʩʭʦʞʜʝʥʠʷ (ʨʠʩ. 14 ʘ, ʙ, ʚ). 

 

 ʘ  ʙ ʚ 

 

ʈʠʩ. 13. ʂʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʤʘʥʝʚʨʘ 

 

ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ NTpro-5000, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʨʝʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʥʘ ʩʫʜʘʭ, ʥʝ ʠʤʝʶʱʠʭ ʉɸʈʇ. 

 

 



20 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʇɼʅɺ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʚʝʥʮʠʷ ʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʜʠʧʣʦʤʠʨʦʚʘʥʠʠ ʤʦʨʷʢʦʚ ʠ ʥʝʩʝʥʠʠ 

ʚʘʭʪʳ. ɺʢʣʶʯʘʝʪ ʄʘʥʠʣʴʩʢʠʝ ʧʦʧʨʘʚʢʠ 2010 ʛʦʜʘ: ʶʨʠʜʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ/ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨ-

ʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ. ï ʉʚʦʜʥʦʝ ʠʟʜʘʥʠʝ ʂʦʥʚʝʥʮʠʠ ʇɼʅɺ 2017 ʛʦʜʘ. ï ʃʦʥʜʦʥ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʀʄʆ, 

2017. ï 418 ʩ.: ʪʘʙʣ. 

2. ʗʧʦʥʠʷ. ʉʪʘʪʠʩʪʠʢʘ ʤʦʨʩʢʠʭ ʘʚʘʨʠʡ ʥʘ 31ʤʘʷ 2023 ʛʦʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: Statistics of Marine Accident/ https://www.mlit.go.jp/jtsb/statistics_mar.html  

3. ʉʆʃɸʉ. ʉʚʦʜʥʦʝ ʠʟʜʘʥʠʝ 2014 ʛʦʜʘ: ʩʚʦʜʥʳʡ ʪʝʢʩʪ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʚʝʥʮʠʠ ʧʦ 

ʦʭʨʘʥʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ ʥʘ ʤʦʨʝ 1974 ʛʦʜʘ ʠ ʇʨʦʪʦʢʦʣʘ 1988 ʛʦʜʘ ʢ ʥʝʡ: ʩʪʘʪʴʠ, ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ/ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ï   6-ʝ ʠʟʜ. ï ʃʦʥʜʦʥ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʀʄʆ, 

2014. ï 526 ʩ. 

4. ʇʦʜʛʦʪʦʚʢʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ (ʈʃʉ) ʣʝʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʄʋʊʎ, 2018 ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ, ɹɻɸ, 40 ʩ. 

 

ALTERNATIVE METHOD OF SIMULATING MANOEUVRE  

ON VESSELS NOT EQUIPPED WITH ARPA 
 

1Gavrilchenko Galina Nikolaevna, Senior Lecturer of the Department  

of Navigation ʘnd Safety of Navigation 

 
1Baltic Fishing Fleet State Academy FSBEI HE çKSTUè,  

Kaliningrad, Russia, e-mail: galina.gavrilchenko@mail.ru 

 

The use of this method will make it possible to quickly determine the maneuver of safe movement 

with ships in the absence of the possibility of simulating the maneuver in the ARPA (automatic radar plot-

ting aid), since ships less than 10,000 can be equipped with such devices as EPA (electronic plotting aid) 

or ATA(automatic tracking aid). The use of the pallet implies the principle of relative movement, the 

presence of adjustable vectors of relative movement velocities when taking ships for escort and will act as 

an alternative to the ARPA capabilities 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʘʥʠʷ ʦʪʢʨʳʪʦʛʦ ʧʝʨʝʯʥʷ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ (ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ) 

ʜʚʠʞʝʥʠʷ ʤʦʨʩʢʠʤʠ ʘʚʪʦʥʦʤʥʳʤʠ ʥʘʜʚʦʜʥʳʤʠ ʩʫʜʘʤʠ (ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ). ʆʙʦʩʥʦʚʘʥʥʳʝ 

ʧʨʠʥʮʠʧʳ ʟʘʪʨʘʛʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʠʤʳʝ ʘʩʧʝʢʪʳ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʩʫʜʥʦʤ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 
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ɺʚʝʜʝʥʠʝ 

 

ʂʣʶʯʝʚʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʩ 

ʧʝʨʝʜʘʯʝʡ ʝʛʦ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ ʠ ʨʝʘʣʠʟʫʶʱʠʤ ʠʭ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʧʨʦʛʨʘʤʤ-

ʥʳʤ ʩʨʝʜʩʪʚʘʤ. ʄʦʞʥʦ ʫʢʘʟʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʠ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʵʪʦʡ ʪʝʥʜʝʥʮʠʠ. ʇʝʨʚʘʷ ï ʵʢʦʥʦʤʠʯʝʩʢʘʷ ï ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʠʟʜʝʨʞʢʠ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʠʩ-

ʧʦʣʥʠʪʝʣʝʡ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ. ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʞʝʣʘʥʠʝʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʛʨʦʟʫ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʨʠʩʢʦʛʝʥʥʳʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʦʪʨʘʩʣʷʭ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʘʭ ʠ ʧʨʦʬʝʩʩʠʷʭ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʮʝʣʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ï ʠʩʢʣʶʯʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠʟ 

ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʢʘʢ ʥʘ ʭʦʜ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢ ʠ ʥʘ 

ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʦʪʨʘʩʣʠ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʝʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʚʥʝʜʨʝʥʠʝʤ ʤʦʨʩʢʠʭ ʘʚʪʦʥʦʤʥʳʭ 

ʥʘʜʚʦʜʥʳʭ ʩʫʜʦʚ (ʄɸʅʉ) [1]. ɸʚʪʦʥʦʤʥʳʝ ʩʫʜʘ ʷʚʣʷʶʪʩʷ ʩʝʡʯʘʩ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʫʯʸʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʤʠʨʘ. ɹʦʣʝʝ ʪʦʛʦ ï 

ʪʝʢʫʱʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ, ʛʜʝ 

ʠʥʠʮʠʘʪʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʢʦʤʧʘʥʠʠ ʠ ʫʯʨʝʞʜʝʥʠʷ ʠʟ ʈʦʩʩʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʅʦʨʚʝʛʠʠ, ʌʠʥ-

ʣʷʥʜʠʠ, ɼʘʥʠʠ, ʅʠʜʝʨʣʘʥʜʦʚ, ʐʚʝʮʠʠ. ɺ ʨʘʙʦʪʫ ʚʦʚʣʝʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʳʝ ʯʘʩʪʥʳʝ ʙʠʟʥʝʩ-

ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (ʀʄʆ), ʫʥʠʚʝʨʩʠʪʝʪʳ, ʛʨʫʟʦʚʣʘʜʝʣʴʮʳ, ʩʫ-

ʜʦʚʣʘʜʝʣʴʮʳ ʠ ʵʢʩʧʝʨʪʳ [2].  

ʌʠʣʦʩʦʬʠʷ ʩʫʜʦʭʦʜʩʪʚʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʫʜʦʚʦʞʜʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ, 

ʧʨʘʚʠʣ ʠ ʧʦʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʜʦʛʤʳ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʄɸʅʉ ʜʦʣʞʥʘ ʧʨʝʪʝʨʧʝʪʴ ʠ ʧʨʝʪʝʨʧʠʪ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʘʚʦʚʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʘʩʧʝʢʪʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʬʣʦʪʘ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʄɸʅʉ ʢʘʢ ʧʨʠ 

ʦʜʠʥʦʯʥʦʤ ʧʣʘʚʘʥʠʠ, ʪʘʢ ʧʨʠ ʧʣʘʚʘʥʠʠ ʩʦʚʤʝʩʪʥʦʤ, ʪʨʝʙʫʶʱʠʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩ-

ʭʦʞʜʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ ʜʦʚʦʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦ, ʥʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʜʸʞʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʦʧʨʦʙʦʚʘʥʥʦʛʦ ʢʘʢ 

ʤʠʥʠʤʫʤ ʥʘ ʢʦʥʮʝʧʪʘʭ ʠ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʘʭ ʄɸʅʉ, ʝʱʸ ʥʝ ʧʦʣʫʯʝʥʦ [3]. 

ɸʣʛʦʨʠʪʤ ï ʵʪʦ ʯʝʪʢʘʷ, ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ 

ʧʨʠʚʝʜʸʪ ʢ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʠ ʤʦʨʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʥʘʜʚʦʜʥʦʛʦ ʩʫʜʥʘ, ʘ ʘʣʛʦʨʠʪʤ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʝʸ ʨʝʰʝʥʠʶ, ʜʘʣʝʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʝʨʤʠʥʦʤ çʥʘʚʠʛʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤè. 

ɺ ʦʩʥʦʚʝ ʞʝ ʛʨʘʤʦʪʥʦʛʦ ʠ ʫʩʧʝʰʥʦʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʶ-

ʙʦʛʦ ʘʣʛʦʨʠʪʤʘ ʣʝʞʠʪ ʩʪʨʦʛʦʝ ʩʣʝʜʦʚʘʥʠʝ ʙʘʟʦʚʳʤ ʧʨʠʥʮʠʧʘʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦ-

ʙʣʝʤʳ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʧʝʨ-

ʚʳʭ ʵʪʘʧʦʚ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʜʝʢʩʘ ʧʨʠʥʮʠʧʦʚ, ʪ.ʝ. 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʢʦʥʦʚ ʠ ʧʨʘʚʠʣ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʜʫʨʝ ʦʮʝʥʢʠ ʠ ʝʝ ʨʝʟʫʣʴʪʘʪʫ. 

 

ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʜʝʢʩʘ ʧʨʠʥʮʠʧʦʚ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ 

 

ʉʫʜʦʚʦʜʠʪʝʣʴ, ʧʨʠʥʠʤʘʷ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʢʘʢ ʧʨʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ ʨʝʡʩʘ ʠ ʧʨʠ ʝʛʦ ʚʳʧʦʣʥʝʥʠʠ, ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʘʚʠʣ, ʠʟʣʦʞʝʥʥʳʭ 

ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ, ʢʘʢ ʩʚʦʠʤ, ʪʘʢ 

ʟʘʠʤʩʪʚʦʚʘʥʥʳʤ ʦʧʳʪʦʤ (ʭʦʨʦʰʝʡ ʤʦʨʩʢʦʡ ʧʨʘʢʪʠʢʦʡ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ. ʀʪʦʛʦʚʘʷ ʮʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʷ ï ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʆʜʥʘʢʦ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ, ʦʪʩʫʪʩʪʚʠʝ ʦʧʳʪʘ, ʩʫʙʲʝʢ-

ʪʠʚʠʟʤ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ, ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʩʫʜʦʚʦʜʠʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ. ɺ ʪʘʢʦʤ ʢʦʥʪʝʢʩʪʝ ʯʝʣʦ-
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ʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʘʙʩʪʨʘʢʪʥʦʝ ʦʪʩʪʦʷʥʠʝ ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ ʦʪ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. ɺ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʄɸʅʉ ʠ 

ʨʘʙʦʪʘʶʱʠʤ ʘʚʪʦʥʦʤʥʦ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʶʙʳʝ 

ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʤ ʨʝʰʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʦʧʪʠʤʘʣʴʥʳʤʠ.  

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʣʶʙʦʤ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʚʩʸ-

ʪʘʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʘʚʪʦʨʦʤ ʘʣʛʦʨʠʪʤʘ ʚʩʸ-ʪʘʢʠ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢ. ʂ ʪʦʤʫ ʞʝ, ʢʘʢ ʘʧʨʠʦʨʥʦ, 

ʪʘʢ ʠ ʘʧʦʩʪʝʨʠʦʨʥʦ ʦʮʝʥʠʪʴ ï ʷʚʣʷʝʪʩʷ ʣʠ ʪʨʘʝʢʪʦʨʠʷ, ʚʳʙʨʘʥʥʘʷ ʄɸʅʉ ʧʨʠ ʧʦʤʦʱʠ ʥʘʚʠʛʘʮʠʦʥ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʧʪʠʤʘʣʴʥʦʡ ï ʥʝʚʦʟʤʦʞʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʝʢʦʪʦʨʦʤ ʤʥʦʞʝ-

ʩʪʚʝ ʨʝʰʝʥʠʡ (ʤʥʦʞʝʩʪʚʝ ʪʨʘʝʢʪʦʨʠʡ), ʢʦʪʦʨʳʝ ʙʣʠʟʢʠ ʢ ʦʧʪʠʤʘʣʴʥʳʤ, ʠʣʠ ʦ ʤʥʦʞʝʩʪʚʝ ʢʚʘʟʠ-

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʜʦʣʞʝʥ ʙʳʪʴ, ʪ.ʝ. ʩʘʤ 

ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʥʝʯʥʳʤ. 

ʀʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʝʨʚʳʝ ʜʚʘ ʧʨʠʥʮʠʧʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʤʦʨʩʢʠʤ ʘʚʪʦʥʦʤʥʳʤ ʥʘʜʚʦʜʥʳʤ ʩʫʜʥʦʤ: ʧʨʠʥʮʠʧ ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧ ʨʝ-

ʟʫʣʴʪʘʪʠʚʥʦʩʪʠ (ʢʦʥʝʯʥʦʩʪʠ). 

ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʤʥʦʛʦ-

ʢʨʠʪʝʨʠʘʣʴʥʦʡ. ɺʳʙʨʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ, ʷʚʣʷʷʩʴ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʦʜʥʦʤʫ (ʯʘʩʪʥʦʤʫ) ʢʨʠʪʝʨʠʶ, ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʪʘʢʦʚʦʡ ʧʦ ʜʨʫʛʠʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʦʙʦʙʱʸʥʥʦʛʦ (ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ, ʠʥʪʝʛʨʘʣʴʥʦʛʦ) ʢʨʠʪʝʨʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʦʩʫʱʝʩʪʚʣʝʥʥʦʡ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʘʚʠʣʘʤ ʩʚʸʨʪʢʦʡ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ [4].  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ (ʫʩʣʦʚʠʡ ʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʪʨʘʝʢʪʦʨʠʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʫʩʣʦʚʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤ, ʘ 

ʟʥʘʯʠʤʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʚʝʣʠʯʠʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʂʦʥʝʯʥʦ ʞʝ, ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝ-

ʨʠʝʚ ʙʝʩʢʦʥʝʯʥʦ, ʥʦ ʯʘʩʪʴʶ ʠʟ ʥʠʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʜʤʥʦʞʝ-

ʩʪʚʘ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʢʦʪʦʨʳʤʠ ʜʦʧʫʩʪʠʤʦ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʝʱʸ ʦʜʠʥ ʧʨʠʥʮʠʧ ï ʧʨʠʥʮʠʧ ʫʯʸʪʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ 

ʤʥʦʞʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ. 

ʉ ʧʦʩʣʝʜʥʠʤ ʧʨʠʥʮʠʧʦʤ ʪʝʩʥʦ ʩʚʷʟʘʥ ʜʨʫʛʦʡ ï ʧʨʠʥʮʠʧ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ 

(ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʧʣʘʚʘʥʠʷ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʠʥʮʠʧʦʤ ʘʣʛʦʨʠʪʤʳ ʚʳʙʦʨʘ ʪʨʘʝʢʪʦ-

ʨʠʠ ʜʣʷ ʦʪʢʨʳʪʦʤ ʤʦʨʷ, ʩʪʝʩʥʸʥʥʳʭ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ ʠ ʧʨ. ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ ʠʣʠ, ʯʪʦ ʪʦʯʥʝʝ, ʘʣ-

ʛʦʨʠʪʤ ʙʫʜʝʪ ʝʜʠʥʳʤ, ʥʦ ʨʘʟʚʝʪʚʣʷʶʱʠʤʩʷ ʧʦʩʣʝ ʰʘʛʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢ-

ʪʝʨʘ ʘʢʚʘʪʦʨʠʠ ʠ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ. ʊʝʤ ʩʘʤʳʤ ʙʫʜʝʪ ʩʦʙʣʶʜʝʥ ʝʱʝ ʦʜʠʥ ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʨʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʧʨʠʥʮʠʧ ï ʧʨʠʥʮʠʧ ʤʘʩʩʦʚʦʩʪʠ (ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʥʝ ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ. 

ʅʘʣʠʯʠʝ ʚʝʪʚʝʡ ʘʣʛʦʨʠʪʤʘ (ʚʥʫʪʨʝʥʥʠʭ ʘʣʛʦʨʠʪʤʦʚ) ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʚʠʛʘʮʠʠ ʄɸʅʉ ʚ 

ʦʪʢʨʳʪʦʤ ʤʦʨʝ, ʚ ʧʨʠʙʨʝʞʥʦʤ ʧʣʘʚʘʥʠʠ, ʚ ʫʟʢʦʩʪʠ ʠ ʧʨ. ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʚʳʙʦʨʘ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʧʨʠʥʮʠʧʘ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʝʪʦʜʦʚ ʚ ʦʙʱʠʡ ʧʝʨʝʯʝʥʴ ʧʨʠʥʮʠʧʦʚ, 

ʧʨʠʟʥʘʚʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʝʛʦ ʥʝʩʢʦʣʴʢʦ ʬʘʢʫʣʴʪʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʆʯʝʚʠʜʥʦ ʠ ʪʨʠʚʠʘʣʴʥʦ, ʯʪʦ ʤʦʨʩʢʦʝ ʘʚʪʦʥʦʤʥʦʝ ʥʘʜʚʦʜʥʦʝ ʩʫʜʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʚʠʛʘʮʠʶ 

ʦʪʥʶʜʴ ʥʝ ʚ ʥʝʡʪʨʘʣʴʥʦʡ, ʘ ʚ ʜʦʩʪʘʪʦʯʥʦ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ-

ʨʦʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʦ ʠ ʩʫʜʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʦʡ ʞʝ ʘʢʚʘʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʄɸʅʉ ʚ ʩʠʩʪʝʤʝ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ, ʪ.ʝ. ʩʣʝʜʦʚʘʪʴ ʧʨʠʥʮʠʧʫ ʩʠʩʪʝʤʥʦʩʪʠ. 

ɼʚʠʞʝʥʠʝ ʩʫʜʥʘ ï ʧʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʳʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʚʳʙʦʨʦʤ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝ 

ʤʦʞʝʪ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ï ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʮʠʢʣʘ (ʠʣʠ ʤʦʤʝʥʪ ʛʝʥʝʨʘʮʠʠ ʨʝʰʝʥʠʷ) 

ʜʦʣʞʝʥ ʩʦʚʧʘʜʘʪʴ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʩ ʤʦʤʝʥʪʦʤ ʥʘʯʘʣʘ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ. ʇʨʠʯʸʤ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʮʠʢʣʘ ʩʣʝʜʫʝʪ ʧʦʜʙʠʨʘʪʴ ʪʘʢʦʚʦʡ, ʯʪʦʙʳ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ, ʧʨʠʥʠʤʘʝʤʳʝ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʘʣ-

ʛʦʨʠʪʤʝ ʟʘ ʥʘʯʘʣʴʥʳʝ, ʟʘ ʚʨʝʤʷ ʮʠʢʣʘ ʙʳʣʦ ʥʝʟʥʘʯʠʤʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʙʫʜʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʙʫʜʫʪ ʜʠʩʢʨʝʪʥʳʤʠ, ʘ ʧʦ ʩʫʪʠ ï ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʧʨʝʨʳʚʥʳʤʠ. ʆʜʥʘʢʦ ʥʝ ʢʘʞʜʦʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʪʨʘ-

ʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ, ʧʨʠʥʠʤʘʝʤʘʷ ʧʦ ʦʢʦʥʯʘʥʠʶ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʟʘ 

ʦʧʪʠʤʘʣʴʥʫʶ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʝʢʫʱʝʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. ʏʪʦʙʳ ʠʩ-
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ʢʣʶʯʠʪʴ ʭʘʦʪʠʯʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʄɸʅʉ ʢʘʢ ʦʙʲ-

ʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʷʭ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘ ʮʠʢʣ ʠ 

ʪʝʢʫʱʝʡ (ʬʘʢʪʠʯʝʩʢʦʡ) ʪʨʘʝʢʪʦʨʠʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʩʜʝʣʘʪʴ ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ (ʠ ʚʦʟʤʦʞʥʦ ʧʝʨʝʤʝʥʥʦʡ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦ-

ʚʠʡ) ʝʛʦ çʠʩʧʦʣʥʠʪʝʣʴʥʫʶè ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʩʭʦʞʜʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʙʫʜʝʪ ʚ 

ʧʨʝʜʝʣʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ ʫʩʝʯʸʥʥʦʤ ʨʝʞʠʤʝ ʠ çʟʘʙʳʚʘʪʴè ʧʦ ʦʢʦʥ-

ʯʘʥʠʶ ʮʠʢʣʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʫʤʦʟʘʢʣʶʯʝʥʠʷ ʜʝʣʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʚʢʣʶʯʝʥʠʝ ʚ ʬʦʨʤʠʨʫʝʤʳʡ ʢʦʜʝʢʩ 

ʧʨʠʥʮʠʧʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʘ ʥʝʥʫʣʝʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʥʘ ʩʚʦʝʤ ʚʭʦʜʝ (ʚ ʥʘʯʘʣʝ ʮʠʢʣʘ) ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʂʦʥʝʯʥʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʙʝʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʯʠʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʦʪʢʘʟʘ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʥʘʜʸʞʥʦʩʪʴ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʚʠʛʘʮʠʶ ʩʫʜʦʚ, ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʪʨʘʝʢʪʦʨʠʠ ʚʦʩʧʨʠʥʠʤʘʣ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʢʘʢ 

ʥʝʚʦʟʤʦʞʥʦʝ ʩʦʙʳʪʠʝ. ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤʘ ʠʜʝʷ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʦʚʦʞʜʝʥʠʷ ʩʪʘʣʘ ʙʳ ʥʠʯʪʦʞʥʦʡ ʧʨʠ 

ʧʦʷʚʣʝʥʠʠ ʧʨʦʙʣʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ɺ ʠʪʦʛʝ, ʝʱʸ ʦʜʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʦʩʪʨʦʝ-

ʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʪʨʘʝʢʪʦʨʠʠ ʤʦʨʩʢʠʤ ʘʚʪʦʥʦʤʥʳʤ ʥʘʜʚʦʜʥʳʤ ʩʫʜʥʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʨʠʥ-

ʮʠʧ ʧʨʝʟʫʤʧʮʠʠ ʤʘʢʩʠʤʫʤʘ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ. 

ʄʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ ʪʨʘʝʢʪʦʨʠʷ, ʚʳʜʘʚʘʝʤʘʷ ʠʤ ʟʘ ʦʧʪʠʤʘʣʴʥʫʶ, ʚ ʩʠʣʫ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʘʚʦʚʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ 

ʠʣʠ ʠʥʳʭ ʧʨʠʯʠʥ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ çʟʘʥʷʪʘè ʩʫʜʥʦʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʢʘʢ ʪʘʢʦʚʦʡ 

ʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʨʘʟʤʝʨʘʤʠ, ʤʘʥʸʚʨʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʪ.ʧ.) ʩʫʜʥʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʜʦʣʞʝʥ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺ ʣʶʙʦʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʧʦʥʷʪʥʳʝ ʰʘʛʠ (ʜʝʡʩʪʚʠʷ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʜʦʣʞʝʥ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʠʩʧʦʣʥʠʪʝʣʝʤ (ʢʦʤʧʴʶʪʝʨʦʤ). ɺ ʵʪʦʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʧʨʠʥʮʠʧʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʦʨʩʢʠʤʠ ʘʚʪʦ-

ʥʦʤʥʳʤʠ ʥʘʜʚʦʜʥʳʤʠ ʩʫʜʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ: 

- ʧʨʠʥʮʠʧ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ (ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʧʣʘʚʘʥʠʷ),  

- ʧʨʠʥʮʠʧ ʤʘʩʩʦʚʦʩʪʠ (ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ),  

- ʧʨʠʥʮʠʧ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʝʪʦʜʦʚ, 

- ʧʨʠʥʮʠʧ ʩʠʩʪʝʤʥʦʩʪʠ, 

- ʧʨʠʥʮʠʧ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, 

- ʧʨʠʥʮʠʧʘ ʥʝʥʫʣʝʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

- ʧʨʠʥʮʠʧ ʧʨʝʟʫʤʧʮʠʠ ʤʘʢʩʠʤʫʤʘ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ, 

- ʧʨʠʥʮʠʧ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

- ʧʨʠʥʮʠʧʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤ, ʦʜʥʘʢʦ ʦʥ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ 

ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʳʤ ʜʦʣʞʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʧʦʣʫʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʨʩʢʠʤ ʘʚʪʦʥʦʤʥʳʤ 

ʥʘʜʚʦʜʥʳʤ ʩʫʜʥʦʤ ʪʨʘʝʢʪʦʨʠʠ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʩʥʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʢʦʜʝʢʩ 

ʧʨʠʥʮʠʧʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʩʫʜʦʚʦʞʜʝʥʠʷ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʩʫʜʥʘ ʢʘʢ ʘʚʪʦʥʦʤʥʦʛʦ, ʪʘʢ ʠ ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʵʢʠʧʘʞʝʤ. 

 

  



24 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɽʨʤʘʢʦʚ ʉ.ɺ. ʄʦʨʩʢʠʝ ʘʚʪʦʥʦʤʥʳʝ ʥʘʜʚʦʜʥʳʝ ʩʫʜʘ: ʧʨʦʙʣʝʤʳ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ / ʉ.ɺ. ɽʨʤʘʢʦʚ, ʅ.ɾ. ʄʘʣʠʥʠʥ, ɽ.ɺ. ʄʫʣʠʥʘ // ʅʦ-

ʚʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʧʨʦʤʳʩʣʘ. ʄʘʪʝʨʠʘʣʳ ʇʝʨʚʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠ-

ʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 25 ʬʝʚʨʘʣʷ 2022ʛʦʜʘ. ï ʂʘʣʠʥʠʥʛʨʘʜ: ʀʟʜ-ʚʦ ɹɻɸʈʌ ʌɻɹʆʋ ɺʆ çʂɻʊʋè, 

2022. ï ʉ. 81-85. 

2. ʂʦʨʦʪʢʦʚ ɺ.ʖ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʨʩʢʠʭ ʘʚʪʦʥʦʤʥʳʭ ʥʘʜʚʦʜʥʳʭ ʩʫʜʦʚ [ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ URL: https://kmu.itmo.ru/file/download/application/4149 (ʜʘʪʘ ʦʙʨʘ-

ʱʝʥʠʷ: 16.09.2023). 

3. ɽʨʤʘʢʦʚ ʉ.ɺ. ɹʘʟʦʚʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʪʝʦʨʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʣʷ / ʉ.ɺ. ɽʨʤʘʢʦʚ, ɽ.ɺ. 

ʄʫʣʠʥʘ // ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʩʢʠʭ ʧʫʪʷʭ ʠ ʚ ʨʘʡ-

ʦʥʘʭ ʧʨʦʤʳʩʣʘ: ʤʘʪʝʨʠʘʣʳ II ʥʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʂʝʨʯʴ, 24-25 ʤʘʨ-

ʪʘ 2023 ʛ.) / ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʨʳʙʦʣʦʚʩʪʚʫ; ʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ [ʠ ʜʨ.]. ï 

ʂʝʨʯʴ: ʂɻʄʊʋ, 2023. ï 82ʩ.  

4. ʅʝʣʶʙʠʥ ɸ.ʇ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ: ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ: 05.13.18 / ʅʝʣʶʙʠʥ ɸʥ-

ʜʨʝʡ ʇʘʚʣʦʚʠʯ; ʉ.-ʇʝʪʝʨʙ. ʛʦʩ. ʫʥ-ʪ. ï ʄ., 2019. ï 14 ʩ. 

 

 

GENERAL PRINCIPLES OF ALGORITHMIZATION  

FOR DETERMINING THE TRAJECTORY  

OF MARITIME AUTONOMOUS SURFACE SHIPS  
 

1Ermakov Sergey Vladimirovich, PhD, Nautical Institute Director; 
2Mulina Elena Vadimovna, graduate student 

 
1,2Baltic Fishing Fleet State Academy FSBEI HE çKSTUè,  

Kaliningrad, Russia, e-mail: sv.ermakov@bgarf.ru; mulina409@gmail.com 

 

The paper presents the results of substantiating an open list of general principles on which the 

process of developing an algorithm for determining the trajectory (optimal trajectory) of movement of 

maritime autonomous surface vessels (navigation algorithm) should be based. Well-founded principles 

touch on various significant aspects of the algorithmization of solving the problem of choosing a ship's 

trajectory. These principles are the foundation for building a navigation algorithm. 
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ʆʙʦʩʥʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ 

ʧʨʦʩʝʜʘʥʠʷ ʩʫʜʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʛʜʝ ʧʨʦʛʨʘʤʤʥʘʷ 
ʯʘʩʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʘ ʘʧʧʘʨʘʪʥʘʷ (ʪʝʭʥʠʯʝʩʢʘʷ) ʩʦʩʪʦʠʪ ʠʟ ʩʧʫʪʥʠʢʦʚʦʛʦ ʢʦʤʧʘ-
ʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʠ ʠ ʝʸ ʠʟʤʝʥʝʥʠʷ, ʵʭʦʣʦʪʘ ʠ ʕʂʅʀʉ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʠʩʪʝʤʳ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʥʦʝ ʧʨʦʩʝʜʘʥʠʝ ʩʫʜʥʘ ʧʨʠ 
ʟʘʜʘʥʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ ʥʘ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ï ʢʘʢ ʥʘ ʪʝʢʫʱʠʡ, ʪʘʢ ʠ ʥʘ ʙʫʜʫʱʠʡ ʜʣʷ 
ʢʦʥʢʨʝʪʥʦʡ ʘʢʚʘʪʦʨʠʠ. 

 

ɺʚʝʜʝʥʠʝ 

 
ɺʩʷ ʤʠʨʦʚʘʷ ʪʦʨʛʦʚʣʷ ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʇʝʨʝʚʦʟʢʠ ʛʨʫ-

ʟʦʚ ʤʝʞʜʫ ʢʦʥʪʠʥʝʥʪʘʤʠ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʤʠʨʦʚʳʤ ʤʦʨʩʢʠʤ ʬʣʦʪʦʤ. ɼʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʤʛʥʦʚʝʥʥʦ ʫʚʠʜʝʪʴ ʦʙʩʪʘʥʦʚʢʫ ʤʦʱʥʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʪʦʢʘ ʩʫʜʦʚ ʧʦ ʦʩʥʦʚʥʳʤ ʨʝʢʦʤʝʥ-
ʜʫʝʤʳʤ ʧʫʪʷʤ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʢʘʨʪʫ ʠʟ ʧʨʦʛʨʘʤʤʳ Marinetraffic. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ 
ʚʩʝ ʟʘʭʦʜʳ ʚ ʧʦʨʪʳ ʜʣʷ ʧʦʛʨʫʟʢʠ-ʚʳʛʨʫʟʢʠ ʩʦʧʨʷʞʝʥʳ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ ʚ ʩʪʝʩʥʝʥ-
ʥʳʭ ʚʦʜʘʭ ʠ ʥʘ ʤʝʣʢʦʚʦʜʴʝ.  

ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʧʣʘʚʘʥʠʷ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʥʦʝ ʧʨʦʩʝʜʘʥʠʝ ʩʫʜʦʚ, ʪ.ʝ. ʫʚʝ-
ʣʠʯʝʥʠʝ ʦʩʘʜʢʠ, ʫʤʝʥʴʰʝʥʠʠ ʟʘʧʘʩʘ ʛʣʫʙʠʥʳ ʧʦʜ ʢʠʣʝʤ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ. ʆʯʝʚʠʜʥʦ, 
ʯʪʦ ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʧʣʘʚʘʥʠʠ ʥʘ ʤʝʣʢʦʚʦʜʴʝ, ʚ ʫʟʢʦʩʪʷʭ, ʢʘʥʘʣʘʭ, 
ʬʘʨʚʘʪʝʨʘʭ (ʪ.ʝ. ʧʨʝʚʳʰʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʩʘ-
ʥʠʶ ʛʨʫʥʪʘ ʠʣʠ ʧʦʩʘʜʢʝ ʥʘ ʤʝʣʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʦʨʠʷ ʜʘʸʪ ʥʘʤ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʠ ʬʦʨʤʫʣ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʢʦʨʦʩʪʥʦʡ 
ʨʝʞʠʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʧʘʩ ʛʣʫʙʠʥʳ ʧʦʜ ʢʠʣʝʤ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ 
ʩʧʦʩʦʙʦʚ ʠ ʬʦʨʤʫʣ ʩʢʨʳʪʘ ʣʘʪʝʥʪʥʘʷ ʦʧʘʩʥʦʩʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʬʦʨʤʫʣʳ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʠʤʝʶʪ 
ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺʦ-ʚʪʦʨʳʭ, ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. ɺ-
ʪʨʝʪʴʠʭ, ʥʠ ʦʜʥʘ ʠʟ ʬʦʨʤʫʣ ʥʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʫʥʠʚʝʨʩʘʣʠʟʤʘ (ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʥʝʢʦ-
ʪʦʨʳʭ ʜʝʢʣʘʨʠʨʫʝʪʩʷ ʦʙʨʘʪʥʦʝ). ɺ-ʯʝʪʚʸʨʪʳʭ, ʥʝʢʦʪʦʨʳʝ ʬʦʨʤʫʣʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ 
ʧʨʦʩʝʜʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʫʜʥʘ. 

ɺ ʩʠʣʫ ʩʢʘʟʘʥʥʦʛʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʣʶʙʳʭ ʨʘʩʯʸʪʦʚ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʬʦʨʤʫ-
ʣʘʤ ʤʦʞʥʦ ʧʨʠʟʥʘʪʴ ʩʦʤʥʠʪʝʣʴʥʦʡ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦ-
ʛʦ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʝ ʩʫʜʥʘ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʠ ʧʦʷʚʣʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʦ-
ʚʦʣʴʥʦ ʩʣʦʞʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʦʡ (ʘ ʪʝʤ ʙʦʣʝʝ ʵʤʧʠʨʠʯʝʩʢʦʡ) 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ 
ʟʘʜʘʯ ï ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʥʝʯʸʪʢʘʷ ʣʦʛʠʢʘ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʅʝʯʸʪʢʘʷ ʣʦʛʠʢʘ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝ-
ʪʠ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʸʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʢʣʘʩʩʠʯʝ-
ʩʢʦʡ ʣʦʛʠʢʠ ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʯʸʪʢʠʭ ʤʥʦʞʝʩʪʚ [1]. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦ ʚʩʝʤʫ ʧʨʦ-
ʯʝʤʫ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘ ʜʣʷ ʩʣʫʯʘʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝ-
ʜʘʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʫʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʪ.ʝ. ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ) ʤʦʛʫʪ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʘ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʫʜʦʚʦʜʠʪʝʣʶ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ-
ʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʥʦʤ ʧʨʦʩʝʜʘʥʠʠ ʥʘ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʩʫʜʦʚʦʜʠʪʝʣʴ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʥʠʤʘʷ ʛʨʘʤʦʪʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʪʚʨʘ-
ʪʠʪ ʧʦʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʤʘʣʦʛʦ ʟʘʧʘʩʘ ʛʣʫʙʠʥʳ ʧʦʜ ʢʠʣʝʤ. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʠ ʩʫʜʥʘ ʥʘ ʭʦʜʫ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʦʩʘʜʢʠ [2]: 

1) ʚʠʟʫʘʣʴʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ; 

2) ʧʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ (ʜʘʪʯʠʢ-ʛʠʜʨʦʩʪʘʪ); 

3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ GLONASS /GPS; 

4) ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ; 

5) ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ʠ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. 

ɽʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦ ʟʜʝʩʴ ʚʠʜʠʪʩʷ ʪʨʝʪʠʡ ʩʧʦʩʦʙ, ʧʨʠʯʸʤ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʨʸʭʘʥʪʝʥʥʦʤ 

ʩʧʫʪʥʠʢʦʚʦʤ ʢʦʤʧʘʩʝ, ʩʧʦʩʦʙʥʳʤ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʪʫ ʘʥʪʝʥʥʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʥʦ ʠ 

ʜʠʬʬʝʨʝʥʪ, ʠʣʠ ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʩʧʦʩʦʙʥʳʤ ʦʧʨʝʜʝʣʷʪʴ ʦʩʘʜʢʫ ʢʘʢ ʥʦʩʦʤ, ʪʘʢ ʠ ʢʦʨʤʦʡ (ʘ ʪʘʢʞʝ 

ʠʭ ʠʟʤʝʥʝʥʠʝ). 

ɺ ʮʝʣʷʭ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʚʚʝʜʸʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʩʜʝʣʘʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦ-

ʧʫʱʝʥʠʷ: 

- ʘʥʪʝʥʥʘ ʩʧʫʪʥʠʢʦʚʦʛʦ ʢʦʤʧʘʩʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʫʜʥʘ ( )0=x  ʠ 

ʠʤʝʝʪ ʘʧʧʣʠʢʘʪʫ z; ʪʦʛʜʘ ʦʩʘʜʢʘ ʥʘ ʤʠʜʝʣʝ, ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʧʨʠʥʠʤʘʪʴ ʪʘʢʞʝ ʩʨʝʜʥʝʡ ʦʩʘʜʢʦʡ 

ʙʫʜʝʪ ʨʘʚʥʘ hzTʩʨ -=   ʛʜʝ h ï ʚʳʩʦʪʘ, ʠʟʤʝʨʝʥʥʘʷ ʩʧʫʪʥʠʢʦʚʳʤ ʢʦʤʧʘʩʦʤ;  

- ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʚʘʪʝʨʣʠʥʠʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

( )0=fx , ʪʦʛʜʘ ʧʨʠ ʠʟʤʝʨʝʥʥʦʤ ʩʧʫʪʥʠʢʦʚʳʤ ʢʦʤʧʘʩʦʤ ʜʠʬʬʝʨʝʥʪʝ y ʦʩʘʜʢʠ ʥʦʩʦʤ ʠ ʢʦʨʤʦʡ ʙʫ-

ʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: y5,0+=ʩʨʢ TT  ʠ y5,0-=ʩʨʥ TT . 

 ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʭʦʜʠʪ: 

- ʙʣʦʢ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 
(ʜʘʣʝʝ ï ʦʩʥʦʚʥʦʡ ʙʣʦʢ), ʚ ʢʦʪʦʨʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʣʠʥʝ ʩʫʜʥʘ ʠ ʘʧʧʣʠʢʘʪʝ 

ʘʥʪʝʥʥʳ; 

- ʩʧʫʪʥʠʢʦʚʳʡ ʢʦʤʧʘʩ; 

- ʵʭʦʣʦʪ; 

- ʕʂʅʀʉ.  

ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʩʫʜʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

- ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ ʩʧʫʪʥʠʢʦʚʳʡ ʢʦʤʧʘʩ ʩ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʠʟʤʝʨʷʝʪ ʚʳʩʦʪʫ h 

ʠ ʜʠʬʬʝʨʝʥʪ y (ʯʪʦ ʨʘʚʥʦʟʥʘʯʥʦ ʠʟʤʝʨʝʥʠʶ ʦʩʘʜʦʢ) ʠ ʧʝʨʝʜʘʸʪ ʵʪʠ ʜʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʡ ʙʣʦʢ, ʢʦ-

ʪʦʨʳʡ çʟʘʧʦʤʠʥʘʝʪè ʠʭ; 

- ʝʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩ ʫʯʸʪʦʤ ʩʛʣʘʞʠʚʘʥʠʷ 

ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, ʪ.ʝ. ʦʩʘʜʢʠ ʥʝ ʤʝʥʷʶʪʩʷ ʠ ʧʨʦʩʝʜʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ (ʝʸ ʦʩ-

ʥʦʚʥʦʡ ʙʣʦʢ) ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ; 

- ʝʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʳʩʦʪʳ ʠ/ʠʣʠ ʜʠʬʬʝʨʝʥʪʘ ʥʘʯʠʥʘʶʪ ʤʝʥʷʪʴʩʷ, ʪ.ʝ. ʥʘʯʠʥʘʶʪ 
ʤʝʥʷʪʴʩʷ ʦʩʘʜʢʠ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʥʦʝ ʧʨʦʩʝʜʘʥʠʝ, ʪʦ ʢʘʞʜʳʡ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʣʦʪʘʤʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʡ ʙʣʦʢ, ʧʨʠ ʵʪʦʤ ʚ ʢʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʣʦʪ ʚʭʦʜʠʪ: ʠʟʤʝʥʝʥʠʝ ʦʩʘ-

ʜʦʢ ʧʦ ʤʠʜʝʣʶ, ʥʦʩʦʤ ʠ ʢʦʨʤʦʡ (ʪ.ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ), ʩʢʦ-

ʨʦʩʪʴ ʩʫʜʥʘ (ʠʩʪʦʯʥʠʢ ï ʩʧʫʪʥʠʢʦʚʳʡ ʢʦʤʧʘʩ), ʛʣʫʙʠʥʘ (ʠʩʪʦʯʥʠʢ ï ʵʭʦʣʦʪ), ʰʠʨʠʥʘ ʢʘʥʘʣʘ (ʠʩ-

ʪʦʯʥʠʢ ï ʈʃʉ ʠʣʠ ʕʂʅʀʉ); 

- ʢʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʣʦʪ ʧʦʧʘʜʘʝʪ ʥʘ ʚʭʦʜ ʦʙʫʯʘʝʤʦʡ ʥʝʡʨʦʩʝʪʠ ʠ ʠʥʠʮʠʠʨʫʝʪ 
ʦʯʝʨʝʜʥʦʡ ʮʠʢʣ ʦʙʫʯʝʥʠʷ; ʚʳʭʦʜʦʤ ʥʝʡʨʦʩʝʪʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʧʦ ʤʠ-

ʜʝʣʶ, ʥʦʩʫ ʠ ʢʦʨʤʝ ʧʨʠ ʠʤʝʶʱʝʡʩʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 
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ʈʠʩ. ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʩʫʜʥʘ 

 

ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʥʘ ʜʠʩʧʣʝʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚʝʣʠ-

ʯʠʥʘ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʧʦ ʤʠʜʝʣʶ, ʥʦʩʫ ʠ ʢʦʨʤʝ (ʠʣʠ ʥʘ ʚʳʙʦʨ ï ʟʘʧʘʩ ʛʣʫʙʠʥʳ ʧʦʜ ʢʠʣʝʤ), 

ʘ ʪʘʢʞʝ ʛʣʫʙʠʥʘ, ʩ ʢʦʪʦʨʦʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʥʘ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʩʢʦʨʦʩʪʥʦʝ ʧʨʦʩʝʜʘʥʠʝ 

(ʪ.ʝ. ʛʣʫʙʠʥʘ, ʩ ʢʦʪʦʨʦʡ ʜʣʷ ʥʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʤʝʣʢʦʚʦʜʴʝ), ʪʘʢ ʚ ʨʝʞʠʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦ-

ʛʦ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠʤ ʩʣʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʳ. ʊʦʛʜʘ ʥʘʚʝʜʷ ʢʫʨʩʦʨ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʯʘʩʪʴ ʘʢʚʘ-

ʪʦʨʠʠ ʠ ʫʩʪʘʥʦʚʠʚ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʣʠ-

ʯʠʥʝ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʠʣʠ ʦ ʟʘʧʘʩʝ ʛʣʫʙʠʥʳ ʧʦʜ ʢʠʣʝʤ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʫʯʘʝʤʦʡ ʥʝʡʨʦʩʝʪʠ ʪʘʢʦʚʘ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʫʜʥʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʚʠʛʘʮʠʶ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʚʧʝʨʚʳʝ 

ʠ ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʦ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʦ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʫʜʠʚʣʝʥʠʝ, ʯʪʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʩʫʜʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠ-

ʙʣʠʞʸʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ ʠ ʤʝʪʦʜʘʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʦʩʥʦʚʘʥʳ ʝʱʸ ʚ 

ʧʨʦʰʣʦʤ ʚʝʢʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʷʚʣʷʝʪʩʷ ʥʘʩʪʦʷʱʝʡ ʢʣʘʩʩʠ-

ʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʥʘʫʢʠ, ʦʜʥʘʢʦ ʥʠʢʘʢʘʷ ʢʣʘʩʩʠʢʘ, ʢʘʢʦʡ ʙʳ ʵʪʦ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʢʘʩʘ-

ʣʦʩʴ, ʥʠʢʦʛʜʘ ʥʝ ʪʦʨʤʦʟʠʣʦ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʩʬʝʨʳ. 

ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʥʷʪʴ ʥʝʢʦʪʦʨʳʡ ʥʘʫʯʥʳʡ ʟʘʩʪʦʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘ-

ʥʠʷ, ʝʩʣʠ ʙʳ ʵʪʦ ʷʚʣʝʥʠʷ ʙʳʣʦ ʤʘʣʦʟʥʘʯʠʤʦ ʜʣʷ ʩʫʜʦʚʦʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʟʜʝʩʴ ʚʩʸ ʩ ʪʦʯʥʦʩʪʴʶ 

ʥʘʦʙʦʨʦʪ ï ʦʰʠʙʢʘ ʚ ʨʘʩʯʸʪʘʭ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʝ ʠʣʠ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʠʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʟʘʧʘʩʘ ʛʣʫʙʠʥʳ ʧʦʜ ʢʠʣʝʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʘʚʘʨʠʠ (ʚ ʣʫʯʰʝʤ 

ʩʣʫʯʘʝ ï ʢ ʢʘʩʘʥʠʶ ʛʨʫʥʪʘ, ʚ ʭʫʜʰʝʤ ï ʢ ʧʦʩʘʜʢʝ ʥʘ ʤʝʣʴ). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʤʝʪʦʜʘ ʠ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ ʩʫʜʥʘ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʪ.ʝ. ʥʘʙʦʨʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʩʦʚʤʝʩʪ-

ʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʝʜʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ. ɺ 

ʯʠʩʣʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʳ ʚʭʦʜʠʪ ʩʧʫʪʥʠʢʦʚʳʡ ʢʦʤʧʘʩ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʦʩʘʜʢʘ ʠ ʝʸ ʠʟʤʝʥʝʥʠʝ, ʵʭʦʣʦʪ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʜʚʝ ʬʫʥʢʮʠʠ ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʤʝʨʘʭ 

ʘʢʚʘʪʦʨʠʠ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ (ʟʘʧʘʩʘ ʛʣʫʙʠʥʳ ʧʦʜ 

ʢʠʣʝʤ). ʆʩʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʫʯʘʝʤʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ.  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʤʝʪʦʜ ʠ ʩʠʩʪʝʤʘ ʚ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʘʥʳ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ, 

ʪ.ʝ. ʥʘ ʫʨʦʚʥʝ ʠʜʝʠ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʝʸ ʨʝʘʣʠʟʘ-

ʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ (ʦʙʦʩʥʦʚʘʪʴ) ʪʠʧ ʠ ʘʨʭʠʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʤʦʤʝʥʪ 

ʦʢʦʥʯʘʥʠʷ ʦʙʫʯʝʥʠʷ ʠ ʧʨ. 
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16.09.2023). 

3. ʀʚʘʥʦʚʩʢʠʡ ɸ.ʅ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʠ ʩʫʜʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ / ɸ.ʅ. ʀʚʘʥʦʚʩʢʠʡ, ɽ.ɻ. ɿʠʥʯʝʥʢʦ, ʉ.ɻ. ʏʸʨʥʳʡ 

// ʊʨʫʜʳ ʂʨʳʣʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ. ï 2021ï ʉʧʝʮʠʘʣʴʥʳʡ ʚʳʧʫʩʢ 2. ï ʉ. 

33ï39. 

 

CONCEPT OF AN ADAPTIVE SYSTEM FOR ASSESSING  

CURRENT AND PROGNOSTIC VALUES OF SQUAT 
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2Shevchuk Danila Vladimirovich, graduate student 

 
1,2Baltic Fishing Fleet State Academy FSBEI HE çKSTUè,  

Kaliningrad, Russia, e-mail: 1sv.ermakov@bgarf.ru; 2schevchuk.dan@yandex.ru 

 

The concept of an adaptive system for calculating and predicting the squat, which is a software 

and hardware complex, is substantiated, where the software part is based on a neural network, and the 

hardware (technical) consists of a satellite compass designed to determine the draft and its changes, an 

echo sounder and ECDIS. 

The main task of the system is to automatically determine the squat at a given speed limit at any 

time ï both current and future for a specific water area. 

 

 

ʋɼʂ 551.515.2; 551.515.2 

 

ɺʃʀʗʅʀɽ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ  

ʅɸ ʇʆɺʊʆʈʗɽʄʆʉʊʔ ʀ ʀʅʊɽʅʉʀɺʅʆʉʊʔ ʊʈʆʇʀʏɽʉʂʀʍ ʎʀʂʃʆʅʆɺ 

ɺ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ ʊʀʍʆɻʆ ʆʂɽɸʅɸ 

 
1ʃʘʟʘʨʝʚʘ ʅʘʪʘʣʴʷ ʅʠʢʦʣʘʝʚʥʘ, ʢʘʥʜ. ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 
1ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʌɻɹʆʋ ɺʆ çʂɻʊʋè, 

ʈʦʩʩʠʷ, e-mail: lazareva.rgu@mail.ru 

 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʜʣʷ ʤʦʨʝʧʣʘʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ï 

ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ, ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʨʘʡʦ-

ʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʦ ʨʘʡʦʥ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʊʎ ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ ʧʨʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. ʈʘʟʚʠʪʠʝ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʧʦʟʚʦʣʷ-

ʶʪ ʜʦ ʢʦʥʮʘ ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʊʎ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʨʦʧʠʯʝ-

ʩʢʠʤʠ ʮʠʢʣʦʥʘʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠ ʮʠʢʣʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʥʘʙʣʶʜʘʶʪʩʷ. ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʥʩʠʚʥʳʝ ʠ ʤʦʱʥʳʝ ʪʨʦʧʠʯʝʩʢʠʝ ʮʠʢʣʦʥʳ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʫʨʘʛʘʥʥʳʝ ʚʝʪʨʳ, ʩʠʣʴʥʦʝ 

ʚʦʣʥʝʥʠʝ, ʣʠʚʥʝʚʳʝ ʦʩʘʜʢʠ, ʧʣʦʭʘʷ ʚʠʜʠʤʦʩʪʴ (ʠʥʦʛʜʘ ʤʝʥʝʝ 50 ʤ), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʜʘʞʝ ʜʣʷ ʙʦʣʴʰʠʭ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʮʠʢʣʦʥʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʚʳʰʝ             

70 ʤ/ʩ, ʘ ʚʳʩʦʪʘ ʚʦʣʥ ʧʨʝʚʳʰʘʪʴ 20 ʤ. ɺʩʝʤ ʩʫʜʘʤ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʫʢʣʦʥʷʪʴʩʷ ʦʪ ʚʩʪʨʝʯʠ ʩ ʪʨʦʧʠ-
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ʯʝʩʢʠʤʠ ʮʠʢʣʦʥʘʤʠ, ʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʤʦʨʝʧʣʘʚʘʥʠʷ ʚ ʵʪʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʊʎ 

ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʪʤʦʩʬʝʨʳ ʩ ʦʢʝʘʥʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʕʪʦʡ 

ʧʨʦʙʣʝʤʝ ʧʦʩʚʷʱʝʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ (ɹʘʨʘʙʘʰʢʠʥʘ ɸ.ʇ.., ɺʝʨ-

ʪʝʣʴʥʠʢ ʋ.ɺ., ʉʫʪʳʨʠʥ ɻ.ɻ, ʍʘʠʥ ɸ.ʇ., ʊʫʥʝʛʦʣʦʚʝʮ ɺ.ʇ., ʇʘʚʣʦʚ ʅ.ʀ., ʈʠʣʴ ɻ., ɻʨʝʡ ɺ. ʀ ʜʨ.).               

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʩʤʠʯʝʩʢʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢ-

ʣʦʥʦʚ [1]. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʊʎ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʠʩʴ. ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʦ ʢʦʥʮʘ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʊʎ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʨʦʩʣʝʜʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʪʨʦʧʠʯʝʩʢʠʤʠ ʮʠʢʣʦʥʘʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠ ʮʠʢʣʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʝʛʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʊʎ.  

 

I  ʇʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 

1.1ʈʝʣʴʝʬ 

ʈʘʡʦʥ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ɹʝʨʠʥʛʦʚʘ ʤʦ-

ʨʷ, ʆʭʦʪʩʢʦʝ, ʗʧʦʥʩʢʦʝ, ɾʝʣʪʦʝ, ɺʦʩʪʦʯʥʦ-ʂʠʪʘʡʩʢʦʝ ʤʦʨʷ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʨʘʡʦʥʳ ʦʪʢʨʳʪʦʡ ʯʘ-

ʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ɸʢʚʘʪʦʨʠʷ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 20,5 ʤʣʥ ʢʤĮ ʠ ʠʤʝʝʪ ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘ-

ʥʠʝ ʧʨʠʤʝʨʥʦ ʦʪ 100 ʩ.ʰ. ʜʦ 600 ʩ.ʰ., ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʈʝʣʴʝʬ ʜʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʐʠʨʠʥʘ 

ʰʝʣʴʬʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʜʦ 700ï800 ʢʤ (ʚ ɹʝʨʠʥʛʦʚʦʤ, ɺʦʩʪʦʯʥʦ-

ʂʠʪʘʡʩʢʦʤ ʠ ʖʞʥʦ-ʂʠʪʘʡʩʢʦʤ ʤʦʨʷʭ), ʘ ʠʭ ʛʣʫʙʠʥʘï ʦʪ 150 ʜʦ 500 ʤ. ʄʘʪʝʨʠʢʦʚʳʝ ʩʢʣʦʥʳ ʢʨʫ-

ʪʳʝ, ʯʘʩʪʦ ʩʪʫʧʝʥʯʘʪʳʝ, ʦʩʣʦʞʥʝʥʥʳʝ ʢʘʥʴʦʥʘʤʠ. ɼʣʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʝʥ ʢʦʥʪʨʘʩʪʥʳʡ 

ʨʝʣʴʝʬ ʜʥʘ, ʯʝʨʝʜʦʚʘʥʠʝ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʞʝʣʦʙʦʚ ʚʜʦʣʴ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʠʥʪʝʥʩʠʚʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʪʣʦʚʠʥʳ ʫʢʘʟʘʥʥʳʭ ʤʦʨʝʡ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3500ï7500 ʤ. ʄʥʦ-

ʛʠʝ ʠʟ ʢʦʪʣʦʚʠʥ ʦʩʣʦʞʥʝʥʳ ʧʦʜʥʷʪʠʷʤʠ (ʈʠʩ.2) [2]. 

 
ʈʠʩ. 1. ʉʝʚʝʨʦ-ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ [3]. 

 

1.2ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʢʠʝ ʫʩʣʦʚʠʷ 

 

ɹʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʦʙʫʩʣʘʚʣʠʚʘʝʪ  

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʢʣʠʤʘʪʘ 

ʷʚʣʷʝʪʩʷ ʤʫʩʩʦʥʥʳʡ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ ï  ʆʭʦʪʩʢʦʝ ʤʦʨʝ ʠ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ɹʝʨʝʥʛʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʜʝʩʴ ʫʩʪʦʡʯʠʚʦʛʦ ʣʝʜʷʥʦʛʦ 
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ʧʦʢʨʦʚʘ ʩ ʦʢʪʷʙʨʷ ʧʦ ʘʧʨʝʣʴ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -14 0ʉ ʜʦ -240ʉ. ʖʞʥʝʝ 

ʩʪʘʥʦʚʠʪʩʷ  ʪʝʧʣʝʝ ï ʩʨʝʜʥʷʷ ʟʠʤʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ -5Áʉ ʜʦ -7Áʉ. ʉʘʤʦʝ ʪʝʧʣʦʝ ʚʨʝʤʷ 

ï ʠʶʣʴ ʠ ʘʚʛʫʩʪ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʣʝʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʚʳʰʘʝʪʩʷ ʦʪ +10Áʉ ʜʦ +18Áʉ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʅʘ ʩʝʚʝʨʝ ʚ ʩʨʝʜʥʝʤ ʬʠʢʩʠʨʫʝʪʩʷ 400-500 ʤʤ ʚ ʛʦʜ; ʥʘ ʶʛʝ ï 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1000 ʤʤ ʚ ʛʦʜ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ ʧʦʛʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʚʣʠʷʥʠʷ ʉʠʙʠʨʩʢʦʛʦ 
ʘʥʪʠʮʠʢʣʦʥʘ. ʉʫʭʠʝ, ʭʦʣʦʜʥʳʝ ʚʝʪʨʳ ʩ ʤʘʪʝʨʠʢʘ, ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ, ʜʦʩʪʠʛʘʶʪ ʰʪʦʨʤʦʚʦʡ ʩʠʣʳ ʠ 

ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ 10-11ʤ/ʩ. ʅʝʥʘʩʪʥʘʷ ʧʦʛʦʜʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ 

ɸʣʝʫʪʩʢʦʛʦ ʤʠʥʠʤʫʤʘ. ɹʣʠʞʝ ʢ ʣʝʪʫ ʙʘʨʠʯʝʩʢʠʝ ʧʦʣʷ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ. ʅʘ ʩʤʝʥʫ ʉʠʙʠʨʩʢʦʤʫ 

ʘʥʪʠʮʠʢʣʦʥʫ ʧʨʠʭʦʜʠʪ ɻʘʚʘʡʩʢʠʡ ʤʘʢʩʠʤʫʤ, ʧʨʠʥʦʩʷʱʠʡ ʩʣʘʙʳʝ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 6-7 ʤ/ʩ. ɺʤʝʩʪʝ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʣʝʪʦʤ ʚ ʵʪʠ ʨʘʡʦʥʘ ʧʨʠʭʦʜʷʪ ʠ ʪʘʡʬʫʥʳ. 

ʉʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʥʠ ʚʳʧʘʜʝʥʠʝʤ ʪʫʤʘʥʘ, ʧʦʚʳʰʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʴʶ, ʜʦʞʜʷʤʠ ʠ ʧʨʦʜʦʣʞʘʶʪʩʷ 7-

9 ʜʥʝʡ. ʕʪʠ ʫʩʣʦʚʠʷ ʦʩʣʦʞʥʷʶʪ ʤʦʨʝʧʣʘʚʘʥʠʝ, ʟʘʪʨʫʜʥʷʶʪ ʤʦʨʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʩʦʟʜʘʶʪ 

ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʚʝʪʨʦʚ ʠ ʧʨʠʪʦʢʘ ʚʦʜ ʯʝʨʝʟ ʂʫʨʠʣʴʩʢʠʝ ʧʨʦʣʠʚʳ ʮʠʨʢʫʣʠʨʫʶʪ  

ʪʝʯʝʥʠʷ ï ʭʦʣʦʜʥʳʝ ʠ ʪʝʧʣʳʝ. ʈʘʡʦʥ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʨʠʥʛʦʚʘ ʤʦʨʷ ʥʘʭʦʜʷʪʩʷ 

ʚ ʟʦʥʝ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʘʣʝʢʦ ʦʪ ʙʝʨʝʛʘ ʠʤʝʶʪ ʚʨʘʱʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʙʣʠʞʝ ʢ 

ʩʫʰʝ ï ʨʝʚʝʨʩʠʚʥʳʡ. ʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʨʘʟʣʠʯʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʣʠʟʦʩʪʠ ʢ ʙʝʨʝʛʫ. ʅʘ 

ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʤʦʨʷ ʚʦʜʘ ʮʠʢʨʫʣʠʨʫʝʪ ʤʝʜʣʝʥʥʦ ï 5-10 ʩʤ/ʩ, ʘ ʚ ʟʘʣʠʚʘʭ ʠ ʧʨʦʣʠʚʘʭ 

ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ 2-4 ʤ/ʩ. ʆʩʦʙʝʥʥʦʩʪʴ ʪʝʯʝʥʠʡ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʩʫʪʦʯʥʳʭ ʧʨʠʣʠʚʦʚ [4].  

ɹʦʣʝʝ ʶʞʥʳʝ ʨʘʡʦʥʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʗʧʦʥʩʢʦʝ, ɾʝʣʪʦʝ ʠ ɺʦʩʪʦʯʥʦ-

ʂʠʪʘʡʩʢʦʝ ʤʦʨʷ) ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʠ ʶʛʦ-

ʚʦʩʪʦʯʥʫʶ. ɹʦʣʝʝ ʩʝʚʝʨʥʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʠ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʖʛʦ-ʚʦʩʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʠʞʝʥʠʝʤ ʪʝʧʣʳʭ ʪʠʭʦʦʢʝʘʥʩʢʠʭ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʷʛʢʫʶ ʧʦʛʦʜʫ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ. ɺ ʮʝʣʦʤ 

ʢʣʠʤʘʪ ʚ ʨʘʡʦʥʝ ʫʤʝʨʝʥʥʳʡ ʩ ʚʳʨʘʞʝʥʥʳʤ ʤʫʩʩʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʢʦʣʝʙʣʝʪʩʷ: +25Áʉ ʥʘ ʶʛʝ ʠ ʦʢʦʣʦ +15Áʉ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʤʫʩʩʦʥʳ ʩ ʤʘʪʝʨʠʢʘ 

ʧʨʠʥʦʩʷʪ ʩʫʭʫʶ ʷʩʥʫʶ ʧʦʛʦʜʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ +5Áʉ ʥʘ ʶʛʝ ʠ ʜʦ -20Áʉ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ. ʃʝʪʦʤ ʥʘʜ ʤʦʨʝʤ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʘʯʥʦʩʪʠ ʠ 

ʚʳʧʘʜʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʠ ʛʣʫʙʠʥʳ ʤʦʨʷ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʮʠʢʣʦʥʘʤʠ, ʬʦʨʤʠʨʫʶʪ ʢʨʫʛʦʚʦʨʦʪʳ, ʩʦʩʪʦʷʱʠʝ  ʠʟ 

ʭʦʣʦʜʥʳʭ  ʠ ʪʝʧʣʳʭ ʪʝʯʝʥʠʡ. ɿʠʤʦʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -1Áʉ 

ʜʦ 0Áʉ, ʶʞʥʦʡ ʦʪ +10Áʉ ʜʦ +14Áʉ; ʣʝʪʦʤ ʜʦ +20Áʉ ʥʘ ʩʝʚʝʨʝ, ʜʦ +27Áʉ ʥʘ ʶʛʝ. ʉʘʤʳʤ ʢʨʫʧʥʳʤ 

ʩʨʝʜʠ ʭʦʣʦʜʥʳʭ ʚ ʗʧʦʥʩʢʦʤ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʪʝʯʝʥʠʝ ʐʨʝʥʢʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 9  

ʢʤ/ʯ. ʉʨʝʜʠ ʪʝʧʣʳʭ ʪʝʯʝʥʠʡ ʦʪʤʝʯʘʶʪ: ʂʫʨʦʩʠʦ; ʎʫʩʠʤʩʢʦʝ; ʉʦʷ.  

 

 
 

ʈʠʩ. 2. ʈʝʣʴʝʬ ʜʥʘ ʠ ʪʝʯʝʥʠʷ ɾʝʣʪʦʛʦ ʠ ɺʦʩʪʦʯʥʦ-ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʝʡ [5] 
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ɺ ʮʝʣʦʤ, ʚʣʠʷʥʠʝ ʗʧʦʥʩʢʦʛʦ, ɾʝʣʪʦʛʦ ʠ ɺʦʩʪʦʯʥʦ-ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʝʡ ʥʘ ʢʣʠʤʘʪ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ 

ʩʝʟʦʥʘʤ. ɿʠʤʦʡ ʚʦʜʦʝʤ ʦʙʦʛʨʝʚʘʝʪ ʧʦʙʝʨʝʞʴʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʝʤ ʥʘ ʪʝʭ 

ʞʝ ʰʠʨʦʪʘʭ ʚ ʛʣʫʙʠʥʝ ʤʘʪʝʨʠʢʘ. ʃʝʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ, ʚʝʪʝʨ ʜʫʝʪ ʩ ʤʦʨʷ ʥʘ ʩʫʰʫ ʠ 

ʦʙʨʘʟʫʝʪʩʷ ʣʝʪʥʠʡ ʤʫʩʩʦʥ. ʅʝʤʘʣʦ ʚʘʞʥʫʶ ʨʦʣʴ ʥʘ ʮʝʨʢʫʣʷʮʠʶ ʘʪʤʦʩʬʝʨʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʡ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʉʝʚʨʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʤʘʢʩʠʤʫʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʪʘʡʬʫʥʳ, ʢʦʪʦʨʳʝ ʙʳʚʘʶʪ ʚʝʟʜʝ, ʢʨʦʤʝ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ. ʉʢʦʨʦʩʪʴ ʪʘʡʬʫʥʦʚ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 175 ʢʤ/ʯ[6]. 

 

II  ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʡʬʫʥʦʚ 

 

ɻʣʘʚʥʳʡ ʨʘʡʦʥ ʟʘʨʦʞʜʝʥʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ ʥʘʭʦʜʠʪʩʷ ʶʞʥʝʝ 

ʉʝʚʝʨʥʦʛʦ ʪʨʦʧʠʢʘ, ʢ ʚʦʩʪʦʢʫ ʦʪ ʌʠʣʠʧʧʠʥʩʢʠʭ ʦʩʪʨʦʚʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʪʨʦʧʠʢʠ ʷʚʣʷʶʪʩʷ 

ʦʙʣʘʩʪʴʶ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʚʦ ʚʩʝʡ ʘʪʤʦʩʬʝʨʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ 

ʧʨʝʚʳʰʘʝʪ ʟʜʝʩʴ 26 0 ʉ ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ ʩʠʣʴʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ 

ʥʘʩʳʱʝʥʠʝ ʚʠʭʨʷ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. 

 

 
 

ʈʠʩ. 3 ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʦʧʠʯʝʩʢʦʛʦ ʮʠʢʣʦʥʘ [7] 

 

ʇʝʨʝʤʝʱʘʷʩʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʢ ʟʘʧʘʜʫ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ, ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʙʝʨʝʛʦʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ 

ʂʠʪʘʷ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʜʦʣʴ ʢʦʥʪʠʥʝʥʪʘ, ʦʪʢʣʦʥʷʷʩʴ ʢ ʗʧʦʥʩʢʠʤ ʠ ʂʫʨʠʣʴʩʢʠʤ ʦʩʪʨʦʚʘʤ. 

ʇʨʦʭʦʞʜʝʥʠʝ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ: ʚʝʪʨʘʤʠ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʩʠʣʳ; ʩʠʣʴʥʳʤ 

ʚʦʣʥʝʥʠʝʤ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ; ʩʠʣʴʥʝʡʰʠʤʠ ʣʠʚʥʷʤʠ;ʟʘʪʦʧʣʝʥʠʝʤ ʨʘʚʥʠʥ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʰʝ; 

ʥʘʚʦʜʥʝʥʠʷʤʠ ʠ ʨʘʟʨʫʰʝʥʠʷʤʠ. 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʤʦʱʥʦʛʦ ʩʣʦʷ ʚʣʘʞʥʦʛʦ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʚʦʟʜʫʭʘ; ʥʘʣʠʯʠʝ ʧʘʩʩʘʪʦʚ ʠʣʠ ʤʫʩʩʦʥʦʚ. ʇʘʩʩʘʪʳ ï ʧʦʩʪʦʷʥʥʳʝ 

ʚʝʪʨʳ ʛʣʦʙʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ɿʝʤʣʠ, ʜʫʶʱʠʝ ʦʪ ʪʨʦʧʠʢʦʚ ʢ ʵʢʚʘʪʦʨʫ: ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ 

ʠʤʝʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʥʘʧʨʚʣʝʥʠʝ, ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ï ʶʛʦ-ʚʦʩʪʦʯʥʦʝ. ʄʫʩʩʦʥʳ ï  ʩʝʟʦʥʥʳʝ 

ʚʝʪʨʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʝ ʤʘʪʝʨʠʢʘ ʠ ʦʢʝʘʥʘ, ʤʝʥʷʶʱʠʝ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ  

ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʩʫʰʠ ʠ ʤʦʨʷ. ɺʘʞʥʦ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʫʞʝ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʟʦʥʳ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʦʛʦʜʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʝʥʯʠʚʦʩʪʠ ʚʝʪʨʘ ʩ ʚʳʩʦʪʦʡ ʚ 

ʥʠʞʥʝʡ ʪʨʦʧʦʩʬʝʨʝ ʚ ʨʘʡʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊʎ (ʨʠʩ.3). 
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ʅʘʢʦʧʣʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʟʘʧʘʩʦʚ ʚʣʘʛʠ ʚ ʚʦʟʜʫʭʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʜʲʝʤʫ, ʘ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʧʨʠʜʘʝʪ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ (ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʠ ʧʦ ʯʘʩʦʚʦʡ ʚ ʶʞʥʦʤ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʚʦʨʦʥʢʘ ʩ 

ñʛʣʘʟʦʤ ʙʫʨʠ ò ʚ ʮʝʥʪʨʝ. ʇʦʩʣʝ ʟʘʨʦʞʜʝʥʠʷ ʦʥʠ ʜʚʠʞʫʪʩʷ ʧʦ ʧʘʨʘʙʦʣʝ ï ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʧʦ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʚʝʪʚʠ, ʧʦʩʣʝ ʪʦʯʢʠ ʧʦʚʦʨʦʪʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʝʥʷʝʪʩʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʚ ʶʞʥʦʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʧʦ ʧʦʣʷʨʥʦʡ ʚʝʪʚʠ ʧʘʨʘʙʦʣʳ ( ʈʠʩ.4 ) [2]. 

 

 
 

ʈʠʩ.4. ʊʨʘʝʢʪʦʨʠʷ ʪʨʦʧʠʯʝʩʢʦʛʦ ʮʠʢʣʦʥʘ [7] 

 

ʇʦʩʢʦʣʴʢʫ ʊʎ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʝʘʥʠʯʝʩʢʠʝ, ʦʥʠ 

ʟʘʩʣʫʞʠʚʘʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. ʊʨʦʧʠʯʝʩʢʠʡ ʰʪʦʨʤ ʤʦʞʝʪ ʠʤʝʪʴ ʦʙʤʘʥʯʠʚʦ 

ʤʘʣʳʡ ʨʘʟʤʝʨ ʠ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʣʴ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʭʦʨʦʰʘʷ ʧʦʛʦʜʘ. ɹʳʩʪʨʦʪʫ, 

ʩ ʢʦʪʦʨʦʡ ʧʦʛʦʜʘ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴʩʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʮʠʢʣʦʥʘ ʠ ʩʠʣʫ ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʚʰʝʛʦʩʷ 

ʮʠʢʣʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʝʩʣʠ ʥʠʢʦʛʜʘ ʩ ʥʠʤ ʥʝ ʩʪʘʣʢʠʚʘʪʴʩʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʪʘʡʬʫʥʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʤʦʨʝʧʣʘʚʘʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʢʣʦʥʘ ʩʣʦʞʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʟʘʠʩʷʱʠʡ ʦʪ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

 

ʐ ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʢʣʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉ-ɿ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ  

ʠ ʝʝ ʩʚʷʟʴ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

 

3.1. ʆʩʦʙʝʥʥʦʩʪʠ ʮʠʢʣʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉ-ɿ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʉ-ɿ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʂʘʞʜʳʡ ʛʦʜ, ʢʘʢ ʤʠʥʠ-

ʤʫʤ 5 ʠʟ ʥʠʭ, ʜʦʩʪʠʛʘʝʪ ʩʠʣʳ ʚʝʪʨʘ ʙʦʣʝʝ 130 ʫʟʣʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʮʠʢʣʦʥʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʚʦʩʪʦʢʝ ʦʪ ʌʠʣʠʧʧʠʥ ʠ ʜʚʠʞʫʪʩʷ ʧʦ ʊʠʭʦʤʫ ʦʢʝʘʥʫ ʥʘʚʩʪʨʝʯʫ ʗʧʦʥʠʠ, ʌʠʣʠʧʧʠʥʘʤ ʠ ʂʠʪʘʶ, 

ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʪʨʦʧʠʯʝʩʢʠʝ ʮʠʢʣʦʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʷ. ʉʝʟʦʥ ʪʨʦ-

ʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʜʣʠʪʩʷ ʩ ʘʧʨʝʣʷ ʧʦ ʜʝʢʘʙʨʴ. ʅʦ ʩʘʤʦʝ ʧʠʢʦʚʦʝ ʚʨʝʤʷ ï ʩ ʠʶʣʷ ʧʦ ʦʢʪʷʙʨʴ, ʛʜʝ 

ʩʣʫʯʘʶʪʩʷ ʦʢʦʣʦ 70% ʚʩʝʭ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ [6]. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʫʯʝʥʳʤʠ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʙʦʣʝʝ ʠʥ-

ʪʝʥʩʠʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʊʎ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ.  
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ʊʘʙʣʠʮʘ 1 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʩ 1977-2022 ʛʛ. 

 

ʈʘʡʦʥ 
ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʪʨʦʧʠʯʝʩʢʠʭ 

ʮʠʢʣʦʥʦʚ ʟʘ ʛʦʜ 

ɺ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 25 31 

ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 16 21 

  ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, 

ʚʢʣʶʯʘʷ ʂʘʨʠʙʩʢʦʝ ʤʦʨʝ ʠ ʄʝʢʩʠʢʘʥʩʢʠʡ ʟʘʣʠʚ 
10 13 

ʖʞʥʘʷ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 8 10 

ʖʞʥʘʷ ʯʘʩʪʴ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ 8 10 

ɹʝʥʛʘʣʴʩʢʠʡ ʟʘʣʠʚ 7 9 

ʂ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ɸʚʩʪʨʘʣʠʠ 3 3 

ɸʨʘʚʠʡʩʢʦʝ ʤʦʨʝ 3 3 

 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʠ-

ʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ.1. 

 

3.2. ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʯʠʩʣʘ ɺʦʣʴʬʘ 

 

ɺʣʠʷʥʠʝ ʉʦʣʥʮʘ ʥʘ ʟʝʤʥʳʝ ʧʨʦʮʝʩʩʳ ʦʪʤʝʯʘʣʦʩʴ ʜʘʚʥʦ. ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ï ʵʪʦ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉʦʣʥʮʘ ʠ ʬʠʢʩʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ. ʉʘʤʳʝ ʧʝʨʚʳʝ ʟʘʤʝʯʝʥ-

ʥʳʝ ʯʝʣʦʚʝʢʦʤ ʧʨʦʷʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ. ʆʥʠ ʷʚʠʣʠʩʴ ʧʝʨʚʳʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʯʠʩʣʘ ɺʦʣʴʬʘ). ʉʦʣʥʝʯʥʳʝ ʧʷʪʥʘ 

ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʨʘʟ ʩʠʣʴʥʝʝ, 

ʯʝʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ. ʕʪʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʚʠʞʝʥʠʝʤ ʧʣʘʟʤʳ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʟʦʥʝ ʉʦʣʥʮʘ. ʏʠʩʣʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʩʨʝʜʥʠʡ ʧʝʨʠʦʜ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘ-

ʚʝʥ 11,1ʛʦʜʘ, ʥʦ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 7 ʜʦ 17 ʣʝʪ ʧʦ ʤʘʢʩʠʤʫʤʘʤ, ʘ ʧʦ ʤʠʥʠʤʫʤʘʤ ʦʪ 9 ʜʦ 14 ʣʝʪ. 

ʆʥʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʥʘʯʘʣʝ ʮʠʢʣʘ ʥʘ ʰʠʨʦʪʝ + 30 0   ʦʪ ʵʢʚʘʪʦʨʘ ʉʦʣʥʮʘ, ʘ ʚ ʢʦʥʮʝ (ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ ʰʠʨʦʪʝ + 80). ʆʪʩʶʜʘ, ʠ ʧʦʷʚʠʣʩʷ ʪʝʨʤʠʥ ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ. [8] ʏʠʩʣʘ ɺʦʣʴʬʘ ʷʚʣʷʶʪʩʷ ʤʝ-

ʨʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʝʝ ʠʟʤʝʥʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʆʥʠ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

W=10q+ä,                                                                  (1) 

 
ʛʜʝ, W ʯʠʩʣʘ ɺʦʣʴʬʘ; q ï ʯʠʩʣʦ ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ; ä ï ʦʙʱʝʝ ʯʠʩʣʦ ʧʷʪʝʥ. 

ɺʣʠʷʥʠʶ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʊʎ ʧʦʩʚʷʱʝʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʝʤʘʪʠʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʫʯʝʥʳʭ, 

ʤʦʛʫʪ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 3 ʢʘʪʝʛʦʨʠʠ: ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʦʙʱʠʤ ʩʦʣʥʝʯʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ï TSI (Total Solar Irradi-

ence); ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʧʫʪʝʤ ʧʦʛʣʦʱʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʚʝʨʭʥʝʡ ʩʪʨʘʪʦʩʬʝʨʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʟʦʥʦʚʦʡ ʭʠʤʠʝʡ; ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʫʪʝʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʣʫʯʘ ʚ ʪʨʦʧʦʩʬʝʨʫ [9]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ 1977 ʧʦ 2022ʛʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʠʤʫʣʷ-

ʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʉʦʣʥʮʘ, ʢʦʨʨʝʣʷʮʠʠ ʩ ʜʨʫʛʠʤʠ ʢʘʪʘʢʣʠʟʤʘʤʠ ʠ ʧʨʦʯʝʝ. ʂʨʘʪʢʦ ʨʝʟʶʤʠʨʫʷ ʚʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʪʢʨʳʪʠʡ (ʪʘʙʣ.2) [10]. 

 

3.3 ʉʚʷʟʴ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʊʎ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ (ʊʘʙʣ.2) ʦʪʤʝʯʘʝʤ, ʯʪʦ ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝ-

ʣʷʶʱʠʤʠ ʜʣʷ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢ-
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ʪʠʚʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʄʘʮʘʨʝʣʣʳ ʠ ʇʘʣʫʤʙʦ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʙʦʨʝ ʜʘʥʥʳʭ ʩ 1950 ʧʦ 2005 ʛʦʜʘ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʛʦʜʘ ʥʘʠʙʦʣʴʰʝʡ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [11]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ 

ʧʷʪʥʘʤʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ.  

ɼʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʉ-ɿ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩ ʩʘʡʪʘ ʷʧʦʥʩʢʦ-

ʛʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ - RSMC Tokyo, ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʦʧʠʯʝʩʢʠʝ ʮʠʢʣʦʥʳ ʚ ʧʝʨʠ-

ʦʜ ʩ 1977 ʧʦ 2022ʛʦʜʘ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʩ 21ʧʦ 25 ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ. RSMC Tokyo ʩʦʩʪʦʠʪ ʠʟ 

12ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʠ ʢʘʞʜʳʡ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʮʠʢʣʦʥʫ ʢʘʞʜʳʝ 6 ʯʘʩʦʚ ʩ ʫʢʘʟʘʥʠ-

ʝʤ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʮʠʢʣʦʥʘ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ.  

ɻʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ, ʨʘʩʩʯʠʪʘʥ-

ʥʳʝ ʚ ʧʝʨʠʦʜ ʩ 1977 ʧʦ 2022ʛʦʜʘ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢ (ʈʠʩ.5). ʊʘʢʞʝ ʚʳʜʝʣʝ-

ʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

ʟʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (ʈʠʩ.6). 

 

ʊʘʙʣʠʮʘ 2 

ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʦʪ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

 

ʋʯʝʥʳʝ ɻʦʜʘ ɺʳʚʦʜʳ 

Mazzarella, 

Palumbo [10].  
1989 ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 11-ʣʝʪʥʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʮʠʢʣʘʤʠ  

Tinsley, Heelis 1993 ɼʘʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

Lander, 

Saunders, 

Wang & Chan 

1994, 

2000, 

2022 

ɸʢʪʠʚʥʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʩʚʷʟʘʥʘ ʩ ʷʚ-

ʣʝʥʠʷʤʠ ʕʣʴ-ʅʠʥʴʦ ʠ ʃʘ-ʅʠʥʴʷ 

Veretenenko, 

Thejll 
2004 ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʩʚʷʟʘʥʘ ʩ ʩʦʣʥʝʯʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ 

Trenberth 2005 ʉʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʠ ʪʨʦʧʠʯʝʩʢʠʤʠ ʮʠʢʣʦʥʘʤʠ 

Choi & Moon 

[12]. 
2012 ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʨʦʧʠʯʝʩʢʦʛʦ ʮʠʢʣʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʕʣʴ-ʅʠʥʴʦ 

Kossin 2014 
ʋʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʨʝʜʥʝʡ ʰʠʨʦʪʳ ʚ ʢʦʪʦʨʦʡ ʪʨʦʧʠʯʝʩʢʠʡ ʮʠʢʣʦʥ 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  

Zhou 2016 ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠʤʝʝʪ ʩʚʷʟʴ ʩ ʩʦʣʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ 

 

 

 
 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʩ 1977 ʧʦ 2022ʛʦʜʘ ʧʦ ʚʩʝʤʫ ɿʝʤʥʦʤʫ ʰʘʨʫ 
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ʈʠʩ.6. ʂʦʣʠʯʝʩʪʚʦ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʩ 1977 ʧʦ 2022ʛʦʜʘ 

 

ʅʘ ʛʨʘʬʠʢʝ (ʈʠʩ. 6) ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʨʠ ʚʦʣʥʳ ʘʢʪʠʚʥʦʩʪʠ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ, ʛʨʘʥʠʮʳ 

ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʠʭ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 1977, 1998, 2010, 2021ʛʦʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘ-

ʬʠʢʘ (ʈʠʩ.6) ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ (ʊʘʙʣ.3) ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʠ ʥʘʠʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 

ʊʘʙʣʠʮʘ 3 

ʅʘʠʙʦʣʴʰʠʝ ʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ  

ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 
ˉ 

ʧ/ʧ 

ɻʦʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ɻʦʜʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

1 1970 1976 

2 1981 1987 

3 1989 1997 

4 2001 2010 

5 2013 2020 

 

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ (ʈʠʩ.6) ʠ ʪʘʙʣʠʮʳ (ʊʘʙʣ.3) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʩʣʫʯʘʣʦʩʴ ʚ ʛʦʜʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʦʛʜʘ ʢʘʢ ʚ ʛʦʜʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ.  

 

 
 

ʈʠʩ. 7 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʉ-ɿ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (20,21,22,23,24,25 -ʮʠʢʣʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 ʧʦ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤ ʯʠʩʣʘʤ ɺʦʣʴʬʘ)  
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ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʈʠʩ.6) ʩʦʩʪʘʚʣʝʥʘ 

ʪʘʙʣʠʮʘ ʥʘʠʙʦʣʴʰʠʭ ʠ ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ. ɼʣʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʨʦʧʠʯʝʩʢʠʤʠ ʮʠʢʣʦʥʘʤʠ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʚʩʝʭ 

ʵʢʩʪʨʝʤʫʤʦʚ ï ʥʘʠʙʦʣʴʰʠʭ ʠ ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ (ʊʘʙʣ. 4).   

 

ʊʘʙʣʠʮʘ 4  

ʅʘʠʙʦʣʴʰʠʝ ʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʉ-ɿ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʟʘ 21, 

22, 23, 24 ʠ 25 ʮʠʢʣʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 

ʎʠʢʣʳ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʎʠʢʣʳ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ 

ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ɻʦʜ 
ʂʦʣʠʯʝʩʪʚʦ ʪʨʦʧʠʯʝʩʢʠʭ  

ʮʠʢʣʦʥʦʚ 
ɻʦʜ 

ʂʦʣʠʯʝʩʪʚʦ  

ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ 

21 1978 31 21 1977 20 

21 1981 29 21 1980 24 

22 1986 29 21 1983 23 

22 1989 32 22 1987 23 

22 1994 36 22 1995 24 

23 1996 31 23 1998 16 

23 2001 26 23 2003 21 

23 2004 29 24 2010 14 

24 2013 31 24 2014 23 

242 24 2018 29 25 2021 12 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʨʘʬʠʢʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʈʠʩ.7) ʥʘʠʤʝʥʴʰʠʭ ʠ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ 

ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʊʘʙʣ. 4) ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʮʠʢʣʠʯʥʦʩʪʴ ʚ ʧʦʚʝʜʝʥʠʠ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʠʝ ʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʦʩʥʦʚʥʦʤ, 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʤʘʢʩʠʤʫʤʘʭ ʠ ʤʠʥʠʤʫʤʘʭ). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʠʥʠʤʫʤʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ 

ʮʠʢʣʦʥʦʚ ʚʣʠʷʝʪ ʭʦʜ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ 

ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʨʦʧʠʯʝʩʢʦʛʦ ʮʠʢʣʦʥʘ çMawarè (ʩ18.05.2023ʛ. ʧʦ 

31.05.2023ʛ.). ʉʪʘʜʠʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʜʠʥʘʤʠʢʦʡ ʚʩʧʳʰʢʠ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʚʰʝʡ ʚ ʵʪʦʪ ʞʝ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ. 

 
 

ʈʠʩ. 8. ʉʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʪʘʡʬʫʥʘ çMawarè 

 

 

ʩʫʧʝʨʪʘʡʬʫʥ 

ʪʘʡʬʫʥ 

ʞʝʩʪ.ʪʨʦʧ.ʰʪ 

ʪʨʦʧ. ʰʪʦʨʤ 

ʪʨ. ʜʝʧʨʝʩʩʠʷ 

ʪʨ. ʚʦʟʤʫʱʝʥ 

23/06 

21/06 

26/06 

19/06 

30/06 

03/07 
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ʈʠʩ. 9. ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʧʝʨʠʦʜ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ 18 ʧʦ 31ʤʘʷ 2023 ʛʦʜʘ 

 

ʇʨʠʯʝʤ, ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʠʢʣʦʥʘ çMawarè ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʩʫʧʝʨʪʘʡʬʫʥ    

23 ʤʘʷ (ʈʠʩ.8), ʪʘʢʞʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʦʤʝʥʪ ʥʘʠʙʦʣʴʰʝʡ ʚʩʧʳʰʢʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 23 ʤʘʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʣʝʥʥʳʤ ʛʨʘʬʠʢʦʤ (ʈʠʩ. 9). ʋʛʘʩʘʥʠʝ ʪʘʡʬʫʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʜʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʠʯʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʨʘʩʩʤʦʪʨʝʥʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ. ɼʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʉ-ɿ ʯʘʩʪʠ ʊʠʭʦʛʦ 

ʦʢʝʘʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩ ʩʘʡʪʘ ʷʧʦʥʩʢʦʛʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ - RSMC 

Tokyo, ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʦʧʠʯʝʩʢʠʝ ʮʠʢʣʦʥʳ ʚ ʧʝʨʠʦʜ ʩ 1977 ʧʦ 2022ʛʦʜʘ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʩ 

21ʧʦ 25 ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ. ʉʨʘʚʥʝʥʠʝ ʚʩʧʳʰʢʠ ʥʘ ʩʦʣʥʮʝ ʠ ʜʠʥʘʤʠʢʠ ʩʫʧʝʨʪʘʡʬʫʥʘ çMawarè ʚ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʦʧʠʯʝʩʢʠʭ 

ʮʠʢʣʦʥʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʦʪ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ.  
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The frequency and intensity of the most dangerous natural phenomena for navigationïtropical cy-

clonesïin the northwestern part of the Pacific Ocean is three times greater than in other areas of the 

World Ocean. At the same time, this is an area of intense shipping. The reasons for the occurrence of TCs 

are due to a complex system of physical processes occurring in the tropical zone during the interaction of 

the atmosphere and the ocean. The development of science, technology and modern technologies do not 

allow us to fully explain the nature of TCs. In this regard, the relationship between tropical cyclones of 

the northwest Pacific Ocean and solar activity cycles was examined. 

 

 

ʋɼʂ 656.085 

 

ɸʅɸʃʀɿ ʌɸʂʊʆʈʆɺ ʈʀʉʂɸ ɺʆɿʅʀʂʅʆɺɽʅʀʗ  

ʏʈɽɿɺʓʏɸʅʓʍ ʉʀʊʋɸʎʀʁ ʀ ɸɺɸʈʀʁ ɺ ʄʆʈʉʂʀʍ ʇʆʈʊɸʍ 

 
1ʃʦʙʢʦʚʘ ʂʘʪʨʠʥ ʕʜʫʘʨʜʦʚʥʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ 

ɹɻɸʈʌ, ʘʩʧʠʨʘʥʪ ʂɻʊʋ; 
2ʄʦʡʩʝʝʥʢʦ ʉʝʨʛʝʡ ʉʝʨʛʝʝʚʠʯ, ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ɹɻɸʈʌ 

 
1,2ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʌɻɹʆʋ ɺʆ çʂɻʊʋè,  

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: 1lobkova.ke@bgarf.ru; 2moyseenko.ss@bgarf.ru 

 

ʉʨʝʜʠ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʩʢʠʝ ʧʦʨʪʳ, ʩʣʝʜʫʝʪ 

ʥʘʟʚʘʪʴ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ. ɺ ʤʦʨʩʢʠʭ 

ʧʦʨʪʘʭ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʚʦʟʢʦʡ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ ʧʦʛʨʫʟʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʩʫʜʦʚ ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʠʩʢʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʕʪʠ ʨʠʩʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʟʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʢ ʧʨʠʤʝʨʫ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʢʣʠʟʤʳ, ʪʝʭ-

ʥʠʯʝʩʢʠʝ ʩʙʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʢʪʳ ʠ ʜʨʫʛʠʝ. ɿʘʜʘʯʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ, ʘ ʬʘʢʪʦʨʳ 

ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʥʫʞʜʘʶʪʩʷ ʚ ʘʥʘʣʠʟʝ, ʠ ʜʘʞʝ ʧʨʦʛʥʦʟʝ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʢʘʞʜʦʤ ʤʦʨʩʢʦʤ ʧʦʨʪʫ.  

 

ʄʦʨʩʢʠʝ ʧʦʨʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʝ ʧʨʠʙʨʝʞʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʫʟʣʳ, ʛʜʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʩʦʧʨʷʞʝʥʠʝ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʚʥʫʪʨʝʥʥʠʤ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ, ʘʚʪʦʤʦʙʠʣʴʥʳʤ). ɺʦʧʨʦ-

ʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝʛʜʘ ʙʳʣʠ ʠ ʦʩʪʘʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʚʦʧʨʦʩʘʤʠ ʚ ʨʘʟʚʠʪʠʠ ʪʨʘʥʩ-

ʧʦʨʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʨʩʢʦʛʦ. ʄʦʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʠʩʢʦʚʘʥʥʳʭ ʚʠ-

ʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʧʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ. 
ʇʦʜ ʠʥʮʠʜʝʥʪʘʤʠ, ʯʨʝʟʚʳʯʘʡʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ ʠ ʘʚʘʨʠʷʤʠ ʧʦʥʠʤʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, 

ʥʝʩʫʱʠʝ ʟʘ ʩʦʙʦʡ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʩʫʜʥʘ, ʛʨʫʟʘ, ʪʝʭʥʠʢʠ, ʨʘʙʦʯʠʭ, ʧʦʨʪʘ ʠ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʚ ʮʝʣʦʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʩʧʫʪʥʠʢoʚʘʷ ʥaʚʠʛʘʮʠʷ, ʨʘʜʠoʣʦʢʘʮʠoʥʥʳʝ 

ʠ ʛʠʜʨʦaʢʫʩʪʠʯʝcʢʠʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʩʧaʩʝʥʠʷ ʯʝʣʦʚʝʢa ʥʘ ʤʦʨʝ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʦʪʩʣʝʞʠ-
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ʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʩʫʜʦʚ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʫʛʨʦʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʪʦʣʢʥʦʚʝʥʠ-

ʷʤʠ ʩʫʜʦʚ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʝ ʤʦʨʝʧʣʘʚʘʥʠʷ, ʥʦ ʠ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʩʫʜʦʚ ʚ ʘʢʚʘʪʦʨʠʷʭ ʧʦʨʪʦʚ [1]. 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ (ʀʄʆ) ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʨʘʟʣʠʯʥʳʭ ʜʦʢʫʤʝʥ-

ʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ʆʩ-

ʥʦʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʜʝʢʩ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ (ʄʂʋɹ) ʠ 

ʌʦʨʤʘʣʴʥʘʷ ʦʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ (FSA). ʄʂʋɹ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʘ ʩʫʜʘʭ ʠ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ, ʘ FSA ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʠ ʧʨʠʥʠ-

ʤʘʪʴ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʵʪʠʭ ʨʠʩʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʀʄʆ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪ ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʝʤʠʥʘʨʳ ʜʣʷ ʤʦʨʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʩʝ ʵʪʠ ʤʝʨʳ ʧʦʤʦʛʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʤʦʨʩʢʦʤ 

ʪʨʘʥʩʧʦʨʪʝ [2].  

ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʨʠʩʢʦʚ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠʨʦʜʥʳʝ ʨʠʩʢʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʤʦʨʷ, ʧʨʠʨʦʜʥʳʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ (ʪʘʢʠʤʠ ʢʘʢ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʮʫʥʘʤʠ, ʪʨʦʧʠʯʝʩʢʠʝ ʮʠʢʣʦʥʳ, ʩʭʦʜ ʣʘʚʠʥ ʠ ʧʨʦʯʠʝ) ʠ ʜʨʫʛʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢ-

ʪʦʨʘʤʠ. ʄʦʨʩʢʠʝ ʧʦʨʪʳ ʠ ʚʩʷ ʧʨʠʙʨʝʞʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʥʳʭ ʧʦʨʪʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ 

ʧʨʠʨʦʜʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʢʨʦʤʷ ʫʱʝʨʙʘ ʧʦʨʪʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʧʝʨʝʛʨʫʟʦʯ-

ʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʪʘʢʞʝ ʚʳʟʚʘʪʴ ʩʝʨʴ-

ʝʟʥʳʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʧʦʨʪʘ ʠ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ [3]. 

ʊʝʭʥʦʛʝʥʥʳʡ ʨʠʩʢ ʚʳʨʘʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʠ ʠʣʠ ʢʘʪʘʩʪʨʦʬʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝ-

ʛʨʫʟʦʯʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ. ʂ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʨʠʩʢʦʚ ʦʪʥʦʩʷʪ ʪʘʢʠʝ, ʢʘʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ (ʥʘ ʪʝʨʤʠʥʘʣʘ, ʩʢʣʘʜʝ, 

ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ); ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʩʥʦʚʥʦʡ ʧʝʨʝʛʨʫʟʦʯ-

ʥʦʡ ʝʜʠʥʠʮʳ, ʘ ʪʘʢ ʞʝ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʩʫʜʥʝ, ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ; ʘʚʘʨʠʠ ʢʨʘʥʦʚ, 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʚ ʧʦʨʪʘʭ; ʘʚʘʨʠʠ ʥʘ ʧʦʜʲʝʟʜʥʳʭ ʧʫʪʷʭ, ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʝ (ʨʘʟʣʠʚ ʪʦʧʣʠʚʘ, ʷʜʦʭʠʤʠʢʘʪʦʚ, ʚʟʨʳʚʳ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ ʠ ʜʨ.). 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʘʢʠʝ ʨʠʩʢʠ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳ ʩ 

ʥʝʥʘʜʣʝʞʘʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ, ʪʨʘʥʩʧʦʨʪʘ, ʩʢʣʘʜʦʚ, ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʂ ʛʨʫʧʧʝ ʪʘʢʠʭ ʨʠʩʢʦʚ ʦʪʥʦʩʷʪ: ʧʦʪʝʨʷ/ʧʦʨʯʘ ʛʨʫʟʘ; ʧʦʪʝʨʷ ʦʨʫʜʠʡ ʣʦʚʘ; 

ʦʪʢʘʟ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; ʧʨʦʩʪʦʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʚ ʧʦʨʪʫ ʠ ʧʨʦʯʝʝ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʘʚʣʷʶʪ ʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʳʝ ʨʠʩʢʠ, ʨʠʩʢʠ ʧʦʪʝʨʠ ʛʨʫʟʘ/ʬʨʘʭʪʘ, ʧʦʪʝʨʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʨʠʩʢʠ ʫʙʳʪʢʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʘʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ, ʦʰʠʙʦʢ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʯʝʝ. [4] 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʧʨʠ ʟʘʭʦʜʝ 

ʩʫʜʥʘ ʚ ʧʦʨʪ, ʧʨʠ ʩʪʦʷʥʢʝ ʥʘ ʨʝʡʜʝ, ʰʚʘʨʪʦʚʢʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʛʨʫʟʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʧʨʠ ʦʪʭʦʜʝ ʩʫʜʥʘ ʠʟ ʧʦʨʪʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ [5]: 

1. ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʚ ʤʦʨʩʢʠʭ ʧʦʨ-

ʪʘʭ ʚʳʜʝʣʷʶʪ: ʧʨʠʨʦʜʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʪʝʭʥʦʛʝʥʥʳʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ (ʯʝ-
ʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ), ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ. 

2. ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʚ ʤʦʨʩʢʠʭ ʧʦʨ-

ʪʘʭ ʚʳʜʝʣʷʶʪ: 

- ʧʦʪʝʨʠ ʩʫʜʥʘ, ʛʨʫʟʘ, ʬʨʘʭʪʘ, ʘ ʪʘʢʞʝ ʛʠʙʝʣʴ ʣʶʜʝʡ ʧʨʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥʘʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ;  
- ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʥʘʚʘʣ ʩʫʜʥʘ ʥʘ ʧʨʠʯʘʣ, ʦʪʢʘʟ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘ-

ʮʠʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʨʘʟʣʠʚʘ ʪʦʧʣʠʚʘ ʠ ʜʨ. ʧʨʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ 

ʧʨʘʚʠʣ ʠʭ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʧʨʠʥʷʪʠʝ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʠʣʠ ʦʰʠʙʦʯʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʚʦʧʨʦʩʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʛʨʫʟʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ, ʨʝʰʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʠ ʜʨ. ʧʨʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ);  
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- ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʚʣʦʞʝʥʠʝ ʠʣʠ ʧʦʪʝʨʷ ʠʥʚʝʩʪʠʮʠʡ, ʧʦʪʝʨʷ ʛʨʫʟʘ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʨʠʩʢ ʥʝʩʝʥʠʷ ʫʙʳʪʢʦʚ ʚʩʣʝʜʩʪʚʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʨʠʟʠ-

ʩʦʚ, ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ, ʦʰʠʙʦʢ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʯʝʝ, ʧʨʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʧʦʣʫʯʝʥʠʝ ʪʨʘʚʤ, ʫʚʝʯʠʡ, ʘ ʪʘʢʞʝ ʛʠʙʝʣʴ ʣʶʜʝʡ ʧʨʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ. 

3. ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʚ ʤʦʨʩʢʠʭ 

ʧʦʨʪʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʫʜʥʘ, ʛʠʙʝʣʴ ʩʫʜʥʘ, ʧʦʪʝʨʷ ʛʨʫʟʘ, ʛʠʙʝʣʴ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʨʘʟʨʫʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʩʢʣʘʜʦʚ ʦʛʥʝʤ, ʘ ʪʘʢʞʝ ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʧʦʪʝʨʷ ʠʣʠ ʧʦʨʯʘ ʛʨʫʟʘ, ʨʘʟʨʫʰʝʥʠʝ ʧʨʠʯʘʣʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʥʝʚʳʧʦʣʥʝʥʠʝ ʩʨʦʢʦʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʛʨʫʟʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ, ʧʦʪʝ-

ʨʠ/ʧʦʨʯʠ ʛʨʫʟʘ, ʧʨʦʩʪʦʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʠ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡ-

ʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʪʝʨʷ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʢʣʘʜʦʚ, ʛʨʫʟʦʚ, ʠ ʜʨ. ʧʨʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʘʚʘʨʠʡ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ 

(ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ); 

- ʧʦʪʝʨʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ ʧʨʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʯʠʥʘʭ; 

- ʩʦʮʠʘʣʴʥʳʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʫʱʝʨʙ. 

ʂʦ ʚʩʝʤ ʦʙʲʝʢʪʘʤ ʧʦʨʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʯʘʩʪʠ ʠʭ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʢʦʥʦʜʘʪʝʣʴ-

ʩʪʚʦ ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʞʜʦʤ ʧʦʨʪʫ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ 

ʦʪʨʘʩʣʝʚʳʝ ʜʦʢʫʤʝʥʪʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʧʦʨʷʜʦʢ: 

- ʩʦʟʜʘʥʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʤʦʥʪʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʜʦʣʞʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ; 

- ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʧʦʛʨʫʟʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ; 

- ʧʦʨʷʜʦʢ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʢ ʨʝʘʛʠ-

ʨʦʚʘʥʠʶ ʥʘ ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʩʠʪʫʘʮʠʠ ʠʣʠ ʫʞʝ ʩʣʫʯʠʚʰʠʝʩʷ ʏʉ ʠ ʘʚʘʨʠʠ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʚʚʠʜʫ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ, ʧʦʨʪ ʦʙʷʟʘʥ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʥʳ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʡ, ʠ ʣʠʢʚʠʜʘʮʠʶ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ; ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʣʶʜʝʡ, 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʢʦʥʦʤʠʢʠ, ʚ ʮʝʣʦʤ, ʦʪ ʚʣʠʷʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜ-

ʩʪʚʠʡ; ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʣʶʜʝʡ ʚ 

ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʘ ʨʷʜʫ ʩ ʵʪʠʤ, ʨʫʢʦʚʦʜʩʪʚʦ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ ʦʙʷ-

ʟʘʥʦ ʩʦʦʙʱʘʪʴ ʦʨʛʘʥʘʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʦʙ ʘʚʘʨʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʦʠʟʦʰʣʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʠ ʦ ʤʝʨʘʭ, ʧʨʠʥʷʪʳʭ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʝʸ ʧʦʩʣʝʜʩʪʚʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʩʚʦ-

ʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʨʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʦʚ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚ ʧʨʠʥʮʠʧʝ ʩʦʩʪʦʠʪ ʧʦʨʪʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚʩʷ ʝʛʦ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʨʠʩʢʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦʨʪʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʯʠʩʣʘ ʛʨʘʞʜʘʥʩʢʠʭ 

ʣʠʮ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦʨʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʦʩʪʘʚ ʙʝʨʝʛʦʚʦʡ ʦʭʨʘʥʳ 

ʤʦʞʥʦ ʧʨʠʚʣʝʢʘʪʴ ʠʥʩʧʝʢʪʦʨʩʢʠʡ ʧʝʨʩʦʥʘʣ ʉʂʄʇ, ʢʦʪʦʨʳʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʩʪʦʠʪ ʠʟ ʦʬʠʮʝʨʦʚ 

ʟʘʧʘʩʘ ɺʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ ʈʦʩʩʠʠ (ɺʄʌ), ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʠʩʢʣʶʯʠʪ ʧʨʦ-

ʙʣʝʤʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʘʪʪʝʩʪʘʮʠʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ, ʚ ʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʤʥʦʛʠʝ ʧʦʨʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʠʛʨʘʥʠʯʥʦʡ ʟʦʥʝ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʡ ʧʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʚʣʝʯʝʥʠʝ ʚʳ-

ʧʫʩʢʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʙʝʨʝʛʦʚʦʡ ʦʭʨʘʥʳ ʌʉɹ ʈʦʩʩʠʠ, ʧʨʦʰʝʜʰʠʭ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʨʪʘ. ʊʘʢʠʝ ʤʝʨʳ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʩʚʦʝʦʙʨʘʟʥʫʶ 

çʟʘʢʦʣʴʮʦʚʘʥʥʫʶè ʩʣʫʞʙʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʦʧʨʘʚʜʘʥʦ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ ʥʝʙʦʣʴʰʠʭ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ [4].  
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ʉʠʩʪʝʤʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʯʝʣʦʚʝʢ ï ʩʫʜʥʦ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʨʸʭ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʥʫʪʨʝʥʥʠʝ ʦʪʢʘʟʳ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʬʘʢʪʦʨ, 

ʪ.ʝ. ʦʰʠʙʢʠ ʯʝʣʦʚʝʢʘ [5]. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʢʦʥʢʨʝʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʢʘʢ ʚ ʩʦʯʝʪʘʥʠʠ, ʪʘʢ ʠ ʢʘʞʜʳʡ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʂ ʧʨʠʤʝʨʫ, 

ʨʠʩʢʠ ʩʫʜʥʘ, ʟʘʭʦʜʷʱʝʛʦ ʚ ʧʦʨʪ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʛʣʫʙʠʥʘ ʠ 

ʩʦʩʪʦʷʥʠʝ ʜʥʘ ʚ ʨʘʡʦʥʝ ʧʦʨʪʘ, ʪʝʯʝʥʠʷ, ʥʘʣʠʯʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʩʫʜʥʘ, ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʫʜʥʘ, ʜʝʡʩʪʚʠʷ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʠ ʜʠʩʧʝʪʯʝʨʦʚ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ. 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʠʣʴʥʳʡ ʚʝʪʝʨ, ʚʦʣʥʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, 

ʤʦʨʩʢʠʝ ʪʝʯʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʠʜʠʤʦʩʪʴ (ʛʫʩʪʦʡ ʪʫʤʘʥ, ʩʫʤʝʨʢʠ/ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʥʠʟʢʘʷ 

ʦʙʣʘʯʥʦʩʪʴ, ʦʩʘʜʢʠ ʠ ʧʨʦʯʝʝ), ʘʪʤʦʩʬʝʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʛʨʦʟʘ ʚ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʜʘʨʘ ʤʦʣʥʠʠ) ʠ ʪ.ʜ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʩʫʜʥʘ ʠ ʫʚʝʣʠʯʠʪʴ ʨʠʩʢ ʥʘʚʘʣʘ ʩʫʜʥʘ ʥʘ 

ʧʨʠʯʘʣ ʠʣʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʩʫʜʘʤʠ ʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʚ ʘʢʚʘʪʦʨʠʠ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ.  

ɻʣʫʙʠʥʘ ʠ ʩʦʩʪʦʷʥʠʝ ʜʥʘ ʚ ʨʘʡʦʥʝ ʧʦʨʪʘ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʠʩʢ ʜʣʷ ʩʫʜʥʘ. ʅʝʜʦ-

ʩʪʘʪʦʯʥʘʷ ʛʣʫʙʠʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʮʝʧʣʝʥʠʶ ʩʫʜʥʘ ʩ ʜʥʦʤ (ʧʦʩʘʜʢʘ ʥʘ ʤʝʣʴ), ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʧʦʪʝʨʠ ʛʨʫʟʘ, ʙʣʦʢʠʨʦʚʢʝ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ ʥʘ ʚʭʦʜʝ/ʚʳʭʦʜʝ ʠʟ 

ʧʦʨʪʘ. ʅʝʨʦʚʥʦʝ ʠʣʠ ʩʣʠʰʢʦʤ ʤʷʛʢʦʝ ʜʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʩʫʜʥʘ. 

ʊʝʯʝʥʠʷ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʘʣʠʯʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʩʫʜʥʘ, 

ʪʘʢʠʭ ʢʘʢ ʤʦʩʪʳ, ʧʨʠʯʘʣʳ, ʟʘʪʦʥʫʚʰʠʝ ʩʫʜʘ ʠʣʠ ʤʫʩʦʨ, ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ 

ʩʠʪʫʘʮʠʷʤ. 

ʐʚʘʨʪʦʚʢʘ/ ʦʪʰʚʘʨʪʦʚʢʘ ʩʫʜʥʘ - ʵʪʦ ʧʨʦʮʝʩʩ ʧʦʜʭʦʜʘ/ ʦʪʭʦʜʘ ʩʫʜʥʘ ʢ/ʦʪ ʙʝʨʝʛʘ ʠ ʧʨʠʚʷʟʳ-

ʚʘʥʠʝ/ ʦʪʩʦʝʜʠʥʝʥʠʝ ʝʛʦ ʢ/ʦʪ ʧʨʠʯʘʣʘ. ɺʦ ʚʨʝʤʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʪʦʞʝ ʝʩʪʴ ʨʠʩʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

1. ʈʠʩʢ ʩʪʦʣʢʥʦʚʝʥʠʷ: ʝʩʣʠ ʩʫʜʥʦ ʥʝ ʙʫʜʝʪ ʧʨʘʚʠʣʴʥʦ ʥʘʧʨʘʚʣʝʥʦ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʰʚʘʨ-

ʪʦʚʳʭ ʦʧʝʨʘʮʠʷʭ, ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʩʫʜʘʤʠ, ʥʘʚʘʣ ʥʘ ʧʨʠʯʘʣ ʧʦʨʪʘ ʠ ʧʦ-

ʚʨʝʞʜʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʠʯʘʣʘʭ (ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʧʦʛʨʫ-

ʟʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ, ʩʢʣʘʜʳ ʠ ʪ.ʜ), ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʩʘʤʦʛʦ ʩʫʜʥʘ, ʛʨʫʟʘ, 

ʦʙʲʝʢʪʦʚ ʧʦʨʪʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʨʫʛʠʤ ʠʤʫʱʝʩʪʚʝʥʥʳʤ ʫʱʝʨʙʘʤ. 

2. ʈʠʩʢ ʧʦʨʘʞʝʥʠʷ ʵʢʠʧʘʞʘ: ʚʦ ʚʨʝʤʷ ʰʚʘʨʪʦʚʢʠ/ʦʪʰʚʘʨʪʦʚʢʠ, ʵʢʠʧʘʞ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʘʞʝʥ ʢʘ-
ʥʘʪʘʤʠ ʠʣʠ ʜʨʫʛʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʪʨʘʚʤʘʤ ʠʣʠ ʜʘʞʝ ʩʤʝʨʪʠ. 

3. ʈʠʩʢ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʝʩʣʠ ʰʚʘʨʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝ-
ʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʘʤ ʧʝʨʩʦʥʘʣʘ ʠʣʠ ʧʦʚʨʝʞʜʝ-

ʥʠʶ ʩʫʜʥʘ ʠ ʧʨʠʯʘʣʘ. 

4. ʈʠʩʢ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ: ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʠʣʴʥʳʡ ʚʝʪʝʨ, 
ʦʙʣʝʜʝʥʝʥʠʝ, ʧʣʦʭʘʷ ʚʠʜʠʤʦʩʪʴ ʠʣʠ ʧʨʠʣʠʚ/ʦʪʣʠʚ, ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʧʨʦʮʝʩʩ ʰʚʘʨʪʦʚ-

ʢʠ/ʦʪʰʚʘʨʪʦʚʢʠ ʠ, ʦʧʷʪʴ ʞʝ, ʫʚʝʣʠʯʠʪʴ ʨʠʩʢ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʩʫʜʥʘ ʠ ʧʦʨʪʦʚʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ. 

5. ʈʠʩʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʰʠʙʦʢ: ʦʰʠʙʦʯʥʳʝ ʨʝʰʝʥʠʷ ʵʢʠʧʘʞʘ, ʪʘʢʠʝ ʢʘʢ ʥʝʧʨʘʚʠʣʴʥʘʷ 
ʢʦʤʤʫʥʠʢʘʮʠʷ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ, ʥʝʰʪʘʪ-

ʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʙʝʨʝʛʦʚʳʤʠ ʩʣʫʞʙʘʤʠ ʠ ʩʫʜʦʚʦʜʠʪʝʣʷʤʠ, ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʵʢʠʧʘʞʘ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʝʥʠʝ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʩʦʥʘʣʘ ï 

ʚʩʸ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʘʩʥʳʤ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʫʜʥʘ ʤʘʥʸʚʨʦʚ, ʘ ʯʘʩʪ-

ʥʦʩʪʠ ʧʨʠ ʰʚʘʨʪʦʚʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʚʘʨʪʦʚʢʘ/ʦʪʰʚʘʨʪʦʚʢʘ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʨʠʩʢʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʠ ʧʦʵʪʦʤʫ 

ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʥʠʤʘʥʠʷ, ʦʩʪʦʨʦʞʥʦʩʪʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʩʦ ʩʪʦʨʦʥʳ ʵʢʠʧʘʞʘ. ʊʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʨʠʩʢ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʪʨʦʣʷ (ʧʨʦʮʝʩʩ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʦʣʞʥʳʤ ʦʙ-

ʨʘʟʦʤ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʤʘʩʩʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʫʱʝʨʙ ʧʦʨʪʫ, ʩʫʜʥʫ, ʧʦʨʯʘ 

ʛʨʫʟʘ ʠ ʪʨʘʚʤʳ ʵʢʠʧʘʞʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ ʠ ʘʚʘʨʠʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ: ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ, ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʠ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʡ (ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ) [5]. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦ-

ʜʠʪʴ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʷʤ ʠ ʜʨʫʛʠʤ ʥʝʛʘʪʠʚ-
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ʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ. ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʬʘʢʪʦʨʳ, ʚʢʣʶʯʘʷ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ 

ʘʩʧʝʢʪʳ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʣʘʥʳ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʊʘʢʠʝ ʧʣʘʥʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʤʝʨʳ ʧʦ ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ, ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʜʫʨ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʶ ʨʝʛʫʣʷʨʥʳʭ ʠʥʩʧʝʢʮʠʡ ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʠʪʫʘʮʠʝʡ ʚ ʤʦʨʩʢʦʤ 

ʧʦʨʪʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ ʫʛʨʦʟʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʏʉ. ʉʦʯʝʪʘʥʠʝ ʚʩʝʭ ʵʪʠʭ ʤʝʨ - ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʠ ʟʘʱʠ-

ʪʠʪʴ ʞʠʟʥʴ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  
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Among the primary factors affecting seaports is their security, which must be ensured to the nec-

essary extent. There are a lot of various operations in seaports related to cargo and passenger transpor-

tation, loading and unloading operations, ship maintenance and other activities that may be associated 

with the risks of emergency situations. These risks may be caused by various reasons, for example, 

weather conditions, natural disasters, technical failures of equipment, human factor, terrorist acts and 

others. The task of preventing or reducing their negative impact is very important, and the risk factors of 

emergencies and accidents need to be analyzed and even forecasted for each seaport. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʈʋʊʗʑʀʍ ʄʆʄɽʅʊʆɺ ɹɸʃʂɽʈɸ  

ʇʈʀ ʇʃɸɺɸʅʀʀ ʅɸ ʅɽʈɽɻʋʃʗʈʅʆʄ ɺʆʃʅɽʅʀʀ 

 
1ʗʢʫʪʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʫʜʦʚʦʞʜʝʥʠʷ  
ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ; 
2ʐʢʠʪʠʥ ɼʘʥʠʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢʫʨʩʘʥʪ ʤʦʨʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 
 
1,2ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʌɻɹʆʋ ɺʆ çʂɻʊʋè,  
ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: yakuta@bgarf.ru 
 
ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʦʨʧʫʩʝ ʙʘʣʢʝʨʘ ʩ ʧʦʤʦʱʴʶ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʙʘʣʢʝʨʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʚʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʥʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʚʦ-
ʜʠʪʴ ʘʥʘʣʠʟ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʙʘʣʢʝʨʘ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʣʥʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝʥʠʠ.  

 

1. ʂʨʫʯʝʥʠʝ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʠ ʥʘ ʚʦʣʥʝʥʠʠ 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 
ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘ ʩʫʜʥʦ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʴʥʳʡ ʚʝʪʝʨ, ʰʪʦʨʤʦʚʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʣʠ-
ʚʳ ʠ ʦʪʣʠʚʳ, ʘ ʪʘʢʞʝ ʚʦʣʥʝʥʠʝ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪʳ ʧʨʠ ʧʣʘʚʘʥʠʠ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʤ 
ʚʦʣʥʝʥʠʠ. ʅʝʨʝʛʫʣʷʨʥʦʝ ʚʦʣʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʧʨʝʜʩʢʘʟʫ-
ʝʤʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʩʦʢʠʤʠ, ʢʨʫʪʳʤʠ ʠ ʠʤʝʪʴ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ 
ʤʦʛʫʪ ʩʝʨʴʝʟʥʦ ʚʣʠʷʪʴ ʥʘ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʫʜʥʘ, ʩʦʟʜʘʚʘʷ ʦʧʘʩʥʦʩʪʴ ʢʘʢ ʜʣʷ ʩʘʤʦʛʦ 
ʩʫʜʥʘ, ʪʘʢ ʠ ʜʣʷ ʵʢʠʧʘʞʘ ʠ ʛʨʫʟʘ ʥʘ ʙʦʨʪʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʦʣʴʰʠʭ ʧʘʣʫʙʥʳʭ ʚʳʨʝʟʦʚ. ɹʦʣʴʰʠʝ ʧʘʣʫʙʥʳʝ ʚʳʨʝʟʳ 
ʩʧʦʩʦʙʥʳ ʫʩʠʣʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢ-

ʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʤʦʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ. ɹʦʣʴʰʠʝ ʣʶʢʦʚʳʝ ʚʳʨʝʟʳ ʚ ʧʘʣʫʙʘʭ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʢʨʫʪʠʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʧʨʝʚʨʘʱʘʷ ʝʛʦ ʚ ʪʦʥʢʦʩʪʝʥʥʫʶ 
ʙʘʣʢʫ ʦʪʢʨʳʪʦʛʦ ʧʨʦʬʠʣʷ. ʂʨʫʯʝʥʠʝ ʪʘʢʦʡ ʙʘʣʢʠ ʚʦʟʥʠʢʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʥʝʰʥʝʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦ-
ʤʝʥʪʘ, ʥʦ ʠ ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ, ʠʟʛʠʙʘʶʱʠʭ ʢʦʨʧʫʩ ʩʫʜʥʘ ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʜʦʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʙʦʣʴʰʠʤʠ ʧʘʣʫʙʥʳʤʠ ʚʳʨʝʟʘʤʠ ʠ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʝʤ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ 
ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʦʚ ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ ʧʘʣʫʙʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ. ʅʝʢʦʪʦʨʳʝ 
ʠʟ ʪʘʢʠʭ ʤʝʨ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʫʩʪʘʥʦʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʟʘʱʠʪʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʠʣʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʤ ʥʘ 
ʢʦʨʧʫʩʝ ʩʫʜʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʚʦʜʝ. ʂʦʨʧʫʩ ʩʫʜʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ 
ʜʚʠʞʝʪʩʷ ʚ ʚʦʜʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʠʣʘ ʚʝʪʨʘ, ʪʝ-
ʯʝʥʠʷ, ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩʠʣʳ, ʚʳʟʚʘʥʥʳʝ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝʤ ʩʫʜʥʘ. 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʳʯʘʛ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʦʜʦʡ, ʜʝʡʩʪʚʫʝʪ 
ʥʝʢʦʪʦʨʘʷ ʩʠʣʘ. ʕʪʦʪ ʨʳʯʘʛ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʳ ʥʘ 
ʙʦʨʪʘʭ ʠ ʢʦʨʤʝ ʩʫʜʥʘ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ ʚ ʚʦʜʝ, ʵʪʘ ʨʘʟʥʠʮʘ ʚ ʜʘʚʣʝʥʠʠ ʩʦʟʜʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʡ 
ʨʳʯʘʛ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʠ ʚʳʟʳʚʘʝʪ ʝʛʦ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʦʢʨʫʛ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʚʦʜʝ. ʆʥ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝ-

ʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʘ ʢʦʨʧʫʩʘ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʠ ʪ.ʜ. 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʳʟʳʚʘʝʪ ʚʨʘʱʝʥʠʝ ʩʫʜʥʘ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʳʟʳʚʘʝʪ ʚʨʘʱʝʥʠʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ 

ʪʘʢʞʝ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʩʠʣʴʥʦ ʠ ʢʘʢ ʙʳʩʪʨʦ ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ [1].  

ɺʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʦ ʚʦʜʝ ʪʷʛʦʚʘʷ ʩʠʣʘ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʥʝ ʚʩʝʛʜʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʚʦʢʨʫʛ 

ʩʫʜʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʢʦʨʤʳ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʘ ʩʫʜʥʦ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

ʅʝʧʨʘʚʠʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʥʦʤ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʶ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫʛʦʣ ʧʝʨʝʢʣʘʜʢʠ ʨʫʣʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ, ʵʪʦ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʛʦʚʦʡ ʩʠʣʳ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ. ʅʝʧʨʘʚʠʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʘʥʝʚʨʘʤʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʚʝʩʘ ʥʘ ʩʫʜʥʝ, ʯʪʦ ʤʦʞʝʪ ʪʘʢʞʝ ʚʳʟʚʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

ʇʨʠ ʢʨʝʥʝ ʠ ʚʦʣʥʝʥʠʠ ʢʦʨʧʫʩ ʩʫʜʥʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʠʣ. ʂʦʛʜʘ 

ʩʫʜʥʦ ʥʘʢʣʦʥʷʝʪʩʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʥʘ ʵʪʦʡ ʩʪʦʨʦʥʝ ʢʦʨʧʫʩʘ ʧʦʜ ʚʦʜʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʝʤ ʚʦʜʳ, 

ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʢʦʨʧʫʩ ʩʫʜʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʵʪʦʡ ʩʪʦʨʦʥʝ ʚʦʟʥʠʢʘʝʪ ʤʝʥʴʰʘʷ ʩʠʣʘ ʧʦʜ-

ʜʝʨʞʘʥʠʷ. ʅʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʢʦʨʧʫʩʘ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʠʟ ʚʦʜʳ, ʦʙʲʝʤ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ 

ʢʦʨʧʫʩ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʵʪʦʡ ʩʪʦʨʦʥʝ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʘʷ ʩʠʣʘ ʧʦʜʜʝʨʞʘʥʠʷ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʫʶ ʢʨʝʥʫ [2]. 

ʇʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʫʯʝʪ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʧʣʘʚʘʥʠʠ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝ-

ʥʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʜʦʚʦʜʠʪʝʣʷʤ ʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫ-

ʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʩʫʜʥʘ ʠ ʝʛʦ ʛʨʫʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʪ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝʥʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤ-

ʣʝʤʦʡ ʯʘʩʪʴʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. 

 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝʥʠʠ 

 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ 

 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʙʘʣʢʝʨʘ çOslo Bulk 7è. ɹʘʣʢʝʨʳ, ʢʘʢ 

ʛʨʫʟʦʚʳʝ ʩʫʜʘ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʧʝʨʝʚʦʟʢʝ ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʛʦʣʴ, ʨʫʜʘ, ʟʝʨʥʦ ʠ 

ʜʨʫʛʠʝ ʛʨʫʟʳ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. ʀʤʝʥʥʦ ʥʘ ʙʘʣʢʝʨʘʭ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʩʦ-

ʙʫʶ ʦʧʘʩʥʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʟʘ, ʘʩʠʤ-

ʤʝʪʨʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʩʠʣ. ʅʝʫʜʘʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʟʘ ʤʦʞʝʪ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʮʝʥʪʨʝ ʪʷʞʝʩʪʠ ʩʫʜʥʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʚʦʣʥʝʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʙʘʣʢʝ-

ʨʦʚ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʧʨʠʥʷʪʠʷ ʤʝʨ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʪʘʢʠʭ ʩʫʜʦʚ.  

ɹʘʣʢʝʨ çOslo Bulk 7è ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3]: ʜʣʠʥʘ ʩʫʜʥʘ ï 108,2ʤ; ʰʠʨʠʥʘ ï 

18,2ʤ; ʦʩʘʜʢʘ ï 7,057 ʤ; ʚʦʜʦʠʟʤʝʱʝʥʠʝ ï 11069 ʪ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ï DNV GL; ʢʨʝʡʩʝʨʩʢʘʷ ʩʢʦ-

ʨʦʩʪʴ ï 12ʫʟ. (6,17 ʤ/ʩ). 

 

2.2. ɺʳʙʦʨ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦ-

ʛʨʘʤʤʳ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʫʶ ʪʨʝʙʦʚʘʣʦʩʴ ʨʝʰʠʪʴ, ʙʳʣʦ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ 

ʵʪʦʡ ʮʝʣʠ ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʩʧʦʩʦʙʥʘʷ ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʢʦʨ-
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ʧʫʩʘ ʩʫʜʥʘ. ɹʳʣʦ ʧʨʦʩʤʦʪʨʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ, ʠ ʚʳʙʦʨ ʙʳʣ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʧʨʦʛʨʘʤʤ ï çRhino 7è ʠ çANSYS AQWAè. 

çRhino 7è ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ. ʆʥ 

ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʫʥʢʮʠʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 

çANSYS AQWAè, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʩʧʝʮʠʘʣʠʟʠʨʫʶ-

ʱʠʤʩʷ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʩʢʠʭ ʩʠʩʪʝʤ. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʣʥʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʨʘʩʯʝʪʘ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʩʫʜʥʝ. 

çANSYS AQWAè ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʦʣʥʦʚʳʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʥʘʜʝʞ-

ʥʳʝ ʠ ʪʦʯʥʳʝ ʘʥʘʣʠʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʫʜʥʘ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ çRhino 7è ʠ çANSYS AQWAè ʧʨʝʜʦʩʪʘʚʠʣʦ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ. ʕʪʠ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ ʠ ʨʝʣʝʚʘʥʪʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʦʙ-

ʱʝʩʪʚʘ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

 

2.3. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤ ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ ʢʦʨʧʫʩʘ. ɺ çRhino 7è ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʜʠʟʘʡ-

ʥʘ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʫʯʠʪʳʚʘʷ ʝʛʦ ʦʙʱʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʳ. 

ʇʝʨʚʳʤ ʜʝʡʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʬʠʣʷ ʤʘʢʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʪʘʢʠʭ, ʢʘʢ ʜʣʠʥʘ ʩʫʜʥʘ (ʨʠʩ.1). 

 

 
 

ʈʠʩ. 1. ʉʦʟʜʘʥʠʝ ʧʨʦʬʠʣʷ ʤʦʜʝʣʠ 

 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣ ʧʦʩʪʨʦʝʥ ʦʩʥʦʚʥʦʡ ʧʨʦʬʠʣʴ ʩʫʜʥʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʚʩʝ ʬʦʨʤʳ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʯʝʨʪʳ ʩʫʜʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʰʠʨʠʥʫ ʩʫʜʥʘ ʠ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʷ-

ʤʳʝ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ (ʨʠʩ.2).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʷʤʳʭ ʠʣʠ ʢʨʠʚʳʭ ʷʚʣʷʝʪʩʷ ʫʜʦʙʩʪʚʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʬʠʛʫʨ, ʘ ʪʘʢʞʝ ʝʩʪʴ ʬʫʥʢʮʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʙʘʚʠʪʴ ʯʝʨʪʝʞ ʦʙʲʝʢʪʘ ʧʨʷʤʦ ʚ ʧʨʦʛʨʘʤʤʫ. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʨʘʟʳ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. 

ɺʳʩʪʘʚʠʚ ʰʠʨʠʥʫ ʩʫʜʥʘ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʬʠʣʶ ʣʠʥʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʙʝʨ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʙʣʶʜʘʷ ʚʩʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʯʝʨʪʳ ʩʫʜʥʘ (ʨʠʩ.3). 
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ɼʘʣʝʝ, ʢʦʛʜʘ ʙʫʜʫʪ ʛʦʪʦʚʳ ʚʩʝ ʨʝʙʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʚʝʨʝʥʳ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʥʘʣʠʯʠʝ 

ʦʰʠʙʦʢ, ʧʨʠʩʪʫʧʠʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʜʠʥʦʛʦ ʪʝʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ (ʨʠʩ.4).  

ɼʘʥʥʳʡ ʵʪʘʧ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʪʨʫʜʦʝʤʢʠʤ ʠ ʪʨʝʙʫʝʪ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʩ ʩʦʟʜʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʣʷ ʵʪʦʛʦ ʪʨʝ-

ʙʫʝʪʩʷ ʧʨʦʚʝʨʢʘ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʙʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʢʨʠʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʰʠʙʢʘ ʚ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʨʝʙʨʘʤʠ ʠʣʠ ʞʝ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʨʠʚʳʤʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʟʘʢʨʳʪʳʡ ʢʦʥʪʫʨ.  

 

 
 

ʈʠʩ. 2. ɺʳʩʪʘʚʣʝʥʠʝ ʰʠʨʠʥʳ ʩʫʜʥʘ 

 

 
 

ʈʠʩ. 3. ʉʦʟʜʘʥʠʝ ʨʝʙʝʨ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʊʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʝʪ ʨʘʟʜʝʣʝʥʠʷ ʤʦʜʝʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʥʦʩʦʚʫʶ ʯʘʩʪʴ; ʙʦʨʪʦʚʫʶ ʯʘʩʪʴ, 

ʠʤʝʶʱʠʝ ʧʨʷʤʳʝ ʣʠʥʠʠ; ʢʦʨʤʦʚʘʷ ʯʘʩʪʴ. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʤʦʜʝʣʠ ʥʘ ʯʘʩʪʠ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ 

ʩʦʟʜʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʢʨʝʧʣʝʥʠʷ ʚʩʝʭ ʯʘʩʪʝʡ ʚʦʝʜʠʥʦ. 
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ʈʠʩ. 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ 

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝ-

ʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ. 

 

2.4. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

 

ɼʘʣʝʝ ʧʨʦʚʝʜʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ DNV GL. DNV GL (Det Norske Veritas Germanischer Lloyd) ï ʵʪʦ ʚʝʜʫʱʝʝ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʝʩʷ ʥʘ ʦʮʝʥʢʝ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ, 

ʚʢʣʶʯʘʷ ʩʫʜʘ. ʆʥʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʪʘʥʜʘʨʪʳ ʠ ʨʫʢʦʚʦʜʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠ-

ʷʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʦʨʤʘʭ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʜʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

ʉʦʟʜʘʥʦ ʚ 2013 ʛʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷʥʠʷ ʜʚʫʭ ʦʨʛʘʥʠʟʘʮʠʡ ï Det Norske Veritas ʠ Germanischer 

Lloyd. 

ɼʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʪ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʣʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʳ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʳʝ ʠ ʪʦʯ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʣʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʣʥʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʫʜʥʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ DNV GL ʠ ʦʧʨʝʜʝʣʷʪʴ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʩʫʜʥʘ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʥʝʩʪʠ ʚ çANSYS AQWAè ʠ ʚʳʩʪʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʝ ʥʘʩʪʨʦʡʢʠ, ʨʘʩʩʯʠʪʘʥʳ ʠ ʫʢʘʟʘʥʳ ʚ ʪʨʝʙʦʚʘ-

ʥʠʷʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ DNV GL.  

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʨʝʛʫʣʷʨʥʦʝ ʚʦʣʥʝʥʠʝ ʧʦ 

ʩʧʝʢʪʨʫ ʇʠʨʩʦʥʘïʄʦʩʢʦʚʠʮʘ, ʛʣʫʙʠʥʘ ʫʯʘʩʪʢʘ ʤʦʨʷ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 500 ʤ, ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʙʫʜʝʪ 

ʨʘʚʥʘ 6,17 ʤ/ʩ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʣʥ, ʢʘʢ ʫʧʦʤʷʥʫʪʦ 

ʚʳʰʝ, ʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʚʦʣʥʳ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʢʫʨʩʫ ʩʫʜʥʘ. ʂʫʨʩ ʩʫʜʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,0Á [4]. 

ʉʦʛʣʘʩʥʦ ʨʠʩ. 5 ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʷʜ ʤʝʨ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʧʝʰʥʦ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘ-

ʣʠʟ. ɺ ʵʪʠ ʤʝʨʳ ʚʭʦʜʠʪ: ʨʘʟʜʝʣʝʥʠʝ ʝʜʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ ʧʦ ʦʩʘʜʢʝ 

ʩʫʜʥʘ, ʨʘʚʥʦʡ 7,057 ʤ, ʚʳʩʪʘʚʠʪʴ ʫʧʨʦʱʝʥʥʳʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ ʚ 

ʘʥʘʣʠʟʝ. 
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ʈʠʩ. 5. ʅʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ ʠ ʩʦʟʜʘʥʠʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʘʥʘʣʠʟʘ 

 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʘʚʠʪʴ ʩʝʪʴ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʘʷ ʩʝʪʴ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʘ ʜʝʣʠʪ ʩʫʜʥʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʨʦ-

ʠʪʩʷ ʨʝʰʝʥʠʝ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʉʦʟʜʘʥʠʝ ʩʝʪʠ 

 

ʄʦʜʝʣʴ ʢʦʨʧʫʩʘ ʠʤʝʝʪ ʚʩʝ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʛʦʪʦʚʦ ʢ ʘʥʘʣʠʟʫ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʘʥʘ-

ʣʠʟʘ ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʘʚʣʝʥʠʷ ʚʦʜʳ, ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 7, ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʟʦʥʝ ʙʫʣʴʙʘ ʤʦʜʝʣʠ ʢʦʨ-

ʧʫʩʘ ʩʫʜʥʘ ʠ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʟʦʥʘ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʟʘʜʘʯʫ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʫʜʥʘ, ʧʨʠʥʠʤʘʷ ʦʩʥʦʚʥʦʡ ʫʜʘʨ ʚʦʣʥʳ ʦ ʢʦʨʧʫʩ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʩʦʭʨʘ-

ʥʷʷ ʠ ʫʣʫʯʰʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. ʆʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦ-

ʤʝʨʥʦ ʧʦ ʢʦʨʧʫʩʫ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʠʩʫʥʦʢ ʧʦʢʘʟʳʚʘʝʪ ʜʘʚ-

ʣʝʥʠʝ ʚʦʜʳ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʳ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʛʨʘʪʴ ʜʚʠʞʝʥʠʝ 

ʚʦʣʥʳ ʧʦʩʝʢʫʥʜʥʦ ʠ ʚ ʣʶʙʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʥʘʯʠʥʘʷ ʦʪ 0,0Á ʜʦ 360,0Á. 
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ʈʠʩ. 7. ɺʣʠʷʥʠʝ ʚʦʜʳ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ 

 

ɺ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 8-10) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʚʠʞʝʥʠʷʤʠ ʩʫʜʥʘ. ɻʨʘʬʠʢʠ ʦʪʦʙʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝ-

ʥʠ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʦʩʠ ʩʫʜʥʘ: X, Y, 

Z. ʆʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦ-

ʧʳʪʘʪʴʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ɼʘʥʥʳʝ ʛʨʘʬʠʢʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ RAO (Response Amplitude Operators) ï ʜʚʠʞʝʥʠʷ, ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ RAO, ʠʛʥʦʨʠʨʫʷ ʚʣʠʷʥʠʝ ʩʦʝʜʠʥʝʥʠʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʳ ʚ ʘʥʘʣʠʟ ʜʠʬʨʘʢʮʠʠ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʪʨʠʮʳ), ʠʩ-

ʧʦʣʴʟʫʷ ʟʘʜʘʥʥʫʶ ʚʦʣʥʫ. RAO ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦ-

ʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʜʚʠʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢ ʘʤʧʣʠʪʫʜʝ ʚʥʝʰʥʝʡ ʚʦʟʜʝʡʩʪʚʫʶ-

ʱʝʡ ʩʠʣʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʦʣʥʳ) ʧʨʠ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ, ʢʘʢ ʩʪʨʫʢʪʫʨʘ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʣʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʯʘʩʪʦʪʳ. 

 

 
 

ʈʠʩ. 8. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʦʩʠ RX (roll) 
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ʈʠʩ. 9. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʦʩʠ RY (pitch) 

 

 
 

ʈʠʩ. 10. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʦʩʠ RZ (yaw) 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ. 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 15 ʤʠʥʫʪ. ʉʫʜʦʚʦʜʠʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʚʚʦʜʠʪʴ ʪʦʣʴʢʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ 

ʠʟ ʬʦʨʤʫʣʷʨʦʚ ʥʘ ʤʦʩʪʠʢʝ ʩʫʜʥʘ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʫʟʢʠ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠ 

ʘʜʘʧʪʘʮʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʊʘʢʞʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʨʫ-

ʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ  

 

2.5. ʉʨʘʚʥʝʥʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ DNV GL  

 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ DNV GL, ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ 

ʥʝʨʝʛʫʣʷʨʥʦʤ ʚʦʣʥʝʥʠʠ ʠ ʛʨʘʬʠʢʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʦʩʷʤ RX, RY, RZ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʣʘʚʥʳʤʠ ʠ ʥʝ ʠʤʝʪʴ ʦʙʨʳʚʦʚ ʠʣʠ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ ʟʥʘʯʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʨʘʱʘʷʩʴ ʢ 

ʨʠʩ. 8-10 ʚʠʜʥʦ, ʯʪʦ ʛʨʘʬʠʢʠ ʥʝ ʠʤʝʶʪ ʦʙʨʳʚʦʚ ʠ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦ-

ʚʘʥʠʷʤ, ʩʦʩʪʘʚʣʷʝʪ 20 ʩʝʢʫʥʜ. ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʜʦʧʫʩʪʠʤʳ-

ʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʙʠʨʘʶʪʩʷ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʛʨʘʬʠʢʝ. ɼʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʷ 
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ʜʣʷ ʙʘʣʢʝʨʦʚ ʜʣʠʥʦʡ L Ó100 ʤ ʠ ʰʠʨʠʥʦʡ 15Ò B Ò24 ʤ ʜʣʷ ʦʩʝʡ: RX = 55850 ʢʅʤ; RY = 44245 

ʢʅʤ; RZ =26735 ʢʅʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ |MRX| < |Mʜʦʧ|, |MRY| < |Mʜʦʧ|, |MRZ| < |Mʜʦʧ|. ʂʘʩʘʪʝʣʴʥʦ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʘʚʣʝʥʠʷʤ ʠ ʜʚʠʞʝʥʠʷʤ (ʨʠʩ. 7), ʪʦ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʪʨʘʢʪʫʶʪʩʷ ʪʘʢʠʝ ʧʨʘʚʠʣʘ: ʧʨʦʚʝ-

ʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩ ʚʳʩʪʘʚʣʝʥʥʦʡ ʩʝʪʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 1ʤ, ʟʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʦʣʞʥʳ 

ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʳʤʠ ʠ ʮʚʝʪ ʜʦʣʞʝʥ ʧʝʨʝʭʦʜʠʪʴ ʤʷʛʢʦ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ ʟʘʤʝʪʥʦ ʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʪʨʝʙʦʚʘʥʠʷ ʩʦʙʣʶʜʘʶʪʩʷ [4]. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʢʫʱʠʝ ʦʙʚʦʜʳ ʢʦʨʧʫʩʘ ʙʘʣʢʝʨʘ ʥʝ ʦʧʪʠʤʘʣʴʥʳ ʠ ʤʦʛʫʪ ʧʨʠ-

ʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʤʘʥʝʚ-

ʨʝʥʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ ʟʦʥʝ ʙʫʣʴʙʘ ʠ ʯʫʪʴ ʚʳʰʝ ʢ ʩʢʫʣʦʚʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʜʘʚʣʝ-

ʥʠʝ ʦʪ ʚʦʜʳ ʧʨʠ ʫʜʘʨʝ ʚʦʣʥʳ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʧʫʩʪʠʤʳʤ, ʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʦʨʝ-

ʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʙʘʣʢʝʨʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʚʦʜʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʦʨʤʳ ʠ ʢʦʥʪʫʨʦʚ ʥʦʩʘ, ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʟʷʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʳ ʠ ʫʣʫʯʰʘʪ ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʜʥʘ. 

ʀʟʤʝʥʝʥʠʝ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʥʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ, ʧʦʤʠ-

ʤʦ ʠʟʤʝʥʝʥʠʷ ʦʙʚʦʜʦʚ ʢʦʨʧʫʩʘ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ: 

ï ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʚʥʝʩʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʥʘʛʨʫʟʢʘʤ, 

ʚʢʣʶʯʘʷ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪʳ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʣʥ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʫʣʫʯʰʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʫʣʝʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʪ ʩʫʜʥʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʠʟʤʝʥʯʠʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʴ; 

ï ʪʱʘʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʚ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦ 

ʚʢʣʶʯʘʝʪ ʫʯʝʪ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʥʘʛʨʫʟʦʢ. 

ï ʧʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʤʦʪʨʦʚ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʫʜʥʘ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʝʛʦ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚʘʭ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʵʢʠʧʘʞʘ ʩʫʜʥʘ ʧʦ ʤʦʨʝʭʦʜʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʶ ʩʫʜʥʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʧʦʤʦʞʝʪ ʵʢʠʧʘʞʫ ʵʬʬʝʢ-

ʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʩʫʜʥʦʤ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çANSYS 

AQWAè ʥʘ ʢʦʤʧʴʶʪʝʨ ʤʦʩʪʠʢʘ ʩʫʜʥʘ ʠʣʠ ʥʘ ʣʠʯʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ. ʇʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çANSYS AQWAè ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘ-

ʣʠʟ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʥʘ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʛʨʫʟʢʠ ʠ ʤʦʨʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʟ-

ʚʦʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʜʥʘ ʩ ʚʦʣʥʘʤʠ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʘʞ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʫʜʥʦ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʩʫʜʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʨʝʧʣʘʚʘʥʠʷ. ʄʦʞʥʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʟʘʛʨʫʟʢʠ, ʬʦʨʤʳ ʢʦʨ-

ʧʫʩʘ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʝʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʘʥʥʳʝ çANSYS AQWAè ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʠʥʷʪʠʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çANSYS AQWAè ʚ ʤʦʨ-

ʩʢʫʶ ʧʨʘʢʪʠʢʫ ʧʦʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʜ-

ʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʆʜʥʘʢʦ, ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʠ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝ-

ʥʠʡ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʚ ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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The article evaluates the torques arising in the bulk carrier body using modern software. In the 

process of analyzing the hydrodynamic characteristics of the bulk carrier, it was revealed that the exist-

ing contours lead to increased resistance to the movement of the vessel, as well as negatively affect its 

maneuverability. The possibility of installing software on the ship, with the help of which it is possible to 

analyze the seaworthiness of the vessel under various conditions, is being considered. Operational re-

strictions have been developed, which are aimed at ensuring the safety of the seaworthiness of the bulk 

carrier under the influence of wave loads on irregular waves. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ ʨʘʟʨʫʰʝʥʠʷ ʥʦʩʦʚʳʭ ʦʢʦʥʝʯʥʦʩʪʝʡ ʩʫʜʦʚ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ SPH ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʪʝʢʘʥʠʷ ʥʦʩʦʚʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ʩʫʜʥʘ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʨʳʚʘʥʠʠ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʚ 

ʚʦʣʥʫ ʠ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʩʪʠ ʩ ʨʝʟʢʠʤ ʧʦʥʠʞʝʥʠʝʤ ʜʘʚ-

ʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʚʠʪʘʮʠʷ. ɺʝʣʠʯʠʥʘ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʪʦʥʥ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ. 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʫʯʝʥʠʠ ʠʤʠ 

ʩʝʨʴʸʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʪʦʯʥʠ-

ʢʦʚ ʵʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʫʜʘʨʘʤʠ ʚʦʣʥ. ʆʜʥʘʢʦ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ 

ʩ ʠʥʞʝʥʝʨʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʥʝ ʚʳʷʚʣʷʶʪ ʥʘʛʨʫʟʦʢ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ ʧʦʜʦʙʥʳʤ ʨʘʟʨʫʰʝ-

ʥʠʷʤ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʮʝʥʢʘʤ ʧʨʠ ʫʜʘʨʝ ʚʦʣʥʳ ʜʘʚʣʝʥʠʝ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 980 ʢʇʘ [1], ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 100 ʪʦʥʥ ʥʘ 1ʤʝʪʨ ʢʚʘʜʨʘʪʥʳʡ. ʇʦ ʜʨʫʛʠʤ 

ʦʮʝʥʢʘʤ, ʵʪʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʨʘʟʳ ʙʦʣʴʰʝ. 

 

2. ɸʥʘʣʠʟ ʧʦʚʨʝʞʜʝʥʠʡ 

 

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʫʯʘʠ ʛʠʙʝʣʠ ʙʘʣʢʝʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. ʊʘʢ, ʚ ʘʚʛʫʩʪʝ 1991ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʘ ʚ ʀʥʜʠʡʩʢʦʤ ʦʢʝʘʥʝ ʛʦʜʘ ʟʘ-

ʪʦʥʫʣ ʛʨʝʯʝʩʢʠʡ ʙʘʣʢʝʨ çMeleteè (ʜʣʠʥʘ 228 ʤ) ʩ ʛʨʫʟʦʤ ʞʝʣʝʟʥʦʡ ʨʫʜʳ. ʉ ʙʦʨʪʘ ʩʫʜʥʘ ʧʦʩʪʫʧʠʣʦ 

ʩʦʦʙʱʝʥʠʝ, ʯʪʦ ʦʥʦ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʨʝʤʦʥʪ ʪʨʝʱʠʥʳ ʚ ʨʘʡʦʥʝ ʧʝʨʚʦʛʦ ʛʨʫʟʦʚʦʛʦ ʪʨʶʤʘ. ʂʘʢ ʧʦ-

ʢʘʟʘʣʦ ʧʨʦʚʝʜʝʥʥʦʝ ʨʘʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʚʨʝʞʜʝʥʠʷ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʦʛʨʫʟʢʠ ʚ 

ʧʦʨʪʫ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʫʜʥʦ ʧʦʧʘʣʦ ʚ ʩʣʦʞʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʶʞʥʝʝ ʄʘʜʘʛʘʩʢʘʨʘ. 

ʈʫʜʦʚʦʟ çCalifornia Maruè (ʜʣʠʥʘ 218 ʤ) ʚ ʫʩʣʦʚʠʷʭ ʰʪʦʨʤʘ ʧʦʪʝʨʧʝʣ ʢʨʫʰʝʥʠʝ ʫ ʙʝʨʝʛʦʚ 

ʗʧʦʥʠʠ 9 ʬʝʚʨʘʣʷ 1970 ʛ. ʉ ʩʫʜʥʘ ʙʳʣʦ ʧʝʨʝʜʘʥʦ ʩʦʦʙʱʝʥʠʝ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʚʦʜʳ ʯʝʨʝʟ ʚʥʝʟʘʧʥʦ 

ʚʦʟʥʠʢʰʫʶ ʧʨʦʙʦʠʥʫ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ. ɺ ʪʝʯʝʥʠʝ 21ʯʘʩʘ ʢʦʤʘʥʜʘ ʙʦʨʦʣʘʩʴ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʚʦʜʳ, ʦʜʥʘʢʦ ʩʫʜʥʦ ʟʘʪʦʥʫʣʦ.  

ʉʝʨʴʸʟʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʡʦʥʝ ʖʞʥʦʡ ɸʬʨʠʢʠ ʚ 

1991ʛʦʜʫ ʧʦʣʫʯʠʣʦ ʩʫʜʥʦ çAtlas Prideè [3] (ʜʣʠʥʘ 326 ʤ, ʰʠʨʠʥʘ 52ʤ) (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʇʦʚʨʝʞʜʸʥʥʘʷ ʥʦʩʦʚʘʷ ʦʢʦʥʝʯʥʦʩʪʴ çAtlas Prideè [3] 

 

ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʜʘʥʠʷ ʚ ʰʪʦʨʤ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥ [2] ʧʨʦʙʦʠʥʳ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯ-

ʥʦʩʪʠ ʧʦʣʫʯʠʣ ʪʘʥʢʝʨ çEnergy Enduranceè (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʇʦʚʨʝʞʜʸʥʥʘʷ ʥʦʩʦʚʘʷ ʦʢʦʥʝʯʥʦʩʪʴ ʪʘʥʢʝʨʘ çEnergy Enduranceè [2] 

 

ɹʦʣʴʰʠʝ ʦʙʲʸʤʳ ʨʘʟʨʫʰʝʥʠʡ ʙʦʨʪʦʚʦʡ ʠ ʜʥʠʱʝʚʦʡ ʦʙʰʠʚʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʩʫʜʥʝ 

çMarcona Traderè, ʧʦʧʘʚʰʝʤ ʚ ʰʪʦʨʤ ʚ ʤʘʨʪʝ 1981ʛ. ʚ 300 ʤʠʣʷʭ ʢ ʟʘʧʘʜʫ ʦʪ ʦʩʪʨʦʚʦʚ ʄʠʜʫʵʡ ʚ 

ʊʠʭʦʤ ʦʢʝʘʥʝ [4] ʧʨʠ ʧʝʨʝʚʦʟʝ ʛʨʫʟʘ ʠʟ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ ʚ ʗʧʦʥʠʶ (ʨʠʩ. 3). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʦʣʥ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʨʦʙʦʠʥʘ ʨʘʟʤʝʨʦʤ 5,84,2 ³  ʤʝʪʨʦʚ. 
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ʈʠʩ. 3. ʋʩʪʨʘʥʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʢʦʨʧʫʩʘ çMarcona Traderè [4] 

 

ɺ ʪʦʤ ʞʝ ʨʘʡʦʥʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʧʦʜʦʙʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʠʣʦ 

ʩʫʜʥʦ çChi Starè [5]. 8 ʘʚʛʫʩʪʘ 1980 ʛʦʜʘ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʫʜʥʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʝʨʴʝʟʥʘʷ 

ʧʨʦʙʦʠʥʘ (ʨʠʩ. 4). ɺ ʪʦ ʚʨʝʤʷ ʩʫʜʥʦ ʥʘʭʦʜʠʣʦʩʴ ʢ ʩʝʚʝʨʫ ʦʪ ʦʩʪʨʦʚʘ ʄʠʜʫʵʡ ʧʦ ʧʫʪʠ ʠʟ ʃʦʩ-

ɸʥʜʞʝʣʝʩʘ, ʂʘʣʠʬʦʨʥʠʷ, ʚ ʉʘʢʘʠ, ʗʧʦʥʠʷ, ʩ ʛʨʫʟʦʤ ʫʛʣʷ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʦʧʨʠʯʠʥʘ ʧʦʜʦʙ-

ʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʠʟʚʝʩʪʥʘ ʠ ʚʨʷʜ ʣʠ ʢʦʛʜʘ-ʥʠʙʫʜʴ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ. 

 

 
 

ʈʠʩ. 4. ʇʦʚʨʝʞʜʝʥʠʷ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ çChi Starè [5] 

 

ʇʨʠʯʠʥʘ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ï ʟʘʨʳʚʘʥʠʝ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʚ ʚʦʣʥʫ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʦʙʪʝʢʘʥʠʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʭʦʜʘ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʠʟ ʚʦ-

ʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʯʢʠ ʩʫʜʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʦʙʪʝʢʘʥʠʷ ʢʦʨʧʫʩʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʥʘʣʠʯʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʢʘʚʠʪʘʪʦʨʦʚ ʨʝʟʢʦ ʧʘʜʘʝʪ ʜʘʚʣʝʥʠʝ ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʚʠʪʘʮʠ-

ʦʥʥʳʝ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʟʘʭʣʦʧʳʚʘʥʠʠ ʥʘ ʢʦʨʧʫʩ ʩʦʟʜʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʙʦʨʪʦʚʳʝ ʧʝʨʝʢʨʳʪʠʷ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʩʫʜʦʚ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʩʣʝʜʥʠʭ. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ DualSPHysics, ʨʝʘʣʠʟʫʶʱʝʡ ʤʝʪʦʜ SPH. ʇʨʠ ʵʪʦʤ ʥʦʩʦʚʘʷ ʦʢʦʥʝʯʥʦʩʪʴ 

ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʦʚʘʣʘʩʴ. ɼʘʚʣʝʥʠʝ ʦʧʨʝʜʝ-

ʣʣ̫ʦʩʴ ʚ ʨʷʜʝ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ʬʦʨʰʪʝʚʥʷ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʤʦʜʝʣʠ ʥʦʩʦʚʦʡ ʦʢʦ-

ʥʝʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

 

 
 

ʈʠʩ. 5. ʀʩʧʳʪʘʥʠʝ ʤʦʜʝʣʠ ʚ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʘʥʳ ʥʘ ʨʠʩ. 6. ɿʜʝʩʴ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʣʦʞʝʥʳ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ¤= ppp /  ʧʦ ʚʳʩʦʪʝ ʢʦʨʧʫʩʘ ʚ ʨʘʡʦʥʝ ʬʦʨʰʪʝʚʥʷ. ʆʪʩʯʸʪ ʢʦʦʨ-

ʜʠʥʘʪʳ z ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʆʇ ʩʫʜʥʘ. ɼʘʥʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʨʳʚʘʝʤʦʩʪʠ ʥʦʩʘ ʩʫʜʥʘ ʚ ʚʦʣʥʫ ʠ ʝʛʦ ʦʙʪʝʢʘʥʠʠ ʧʦʪʦʢʦʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʫʯʘʩʪ-

ʢʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ [6]. ʈʠʩʫʥʦʢ ʧʦʩʪʨʦʝʥ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʦʙʪʝʢʘʥʠʷ 1,5 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ 15 ʤ/ʩ ʜʣʷ ʥʘʪʫʨʳ. 

 
 

ʈʠʩ. 6. ʇʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʧʨʠ ʝʸ ʦʙʪʝʢʘʥʠʠ 
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4. ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʦʚʝʜʸʥʥʦʝ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʚ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʦʥʥ ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ. ɺʦʩʧʨʠʷʪʠʝ ʪʘʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʘʚʘʨʠʡʥʳʝ ʩʣʫʯʘʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽPATʋʈʓ 

 

1. ɼʦʮʝʥʢʦ, ʉ.ʌ. ɺʦʣʥʳ-ʫʙʠʡʮʳ / ʉ.ʌ. ɼʦʮʝʥʢʦ, ɺ.ɸ. ʀʚʘʥʦʚ. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2006. ï 43 ʩ.ï 

(ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʢʝʘʥʦʣʦʛʠʠ; ʚʳʧ. 1). 

2. Report of FSA Study on Bulk Carrier Safety (MSC75/5/2) / IMO Maritime Safety Committee. 

ï 2002.ï 41p. 

3. AtlasPride. ï ʊʝʢʩʪ, ʠʟʦʙʨʘʞʝʥʠʝ : ʵʣʝʢʪʨʦʥʥʳʝ // ShipsNostalgia : [ʩʘʡʪ]. ï 2015. ï URL: 

https://www.shipsnostalgia.com/media/atlas-pride.381548/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.08.2023). 

4. Okumoto, Y. Design of ship hull structures / Y. Okumoto, Y. Takeda, M. Mano, T. Okada.ï 

Berlin : Springer, 2009.ï 578 p. 

5. Ross, S.G. So who says its Pacific Ocean / S.G. Ross // Mariners Weather Log. ï 1982. ï Vol. 

26, ˉ 4. ï P. 196-198. 

6. ʇʘʪʝʥʪ ˉ 2787422ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ B63B 1/32(2006.01), ʄʇʂ B63B 43/00 

(2006.01). ʅʦʩʦʚʘʷ ʦʢʦʥʝʯʥʦʩʪʴ ʢʦʨʧʫʩʘ ʩʫʜʥʘ : ˉ2022114149 : ʟʘʷʚʣ. 25.05.2022: ʦʧʫʙʣ. 

09.01.2023 / ɹʫʨʘʢʦʚʩʢʠʡ ɽ.ʇ., ɹʫʨʘʢʦʚʩʢʠʡ ʇ.ɽ., ʖʩʳʧ ɺ.ʄ. ; ʟʘʷʚʠʪʝʣʴ ʌɻɹʆʋ ɺʆ çʂɻʊʋè. ï 

14 ʩ. : ʠʣ. ï ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ. 

 

 

IDENTIFYING THE CAUSES OF DAMAGE TO HULL STRUCTURES  

AT THE BOW OF VESSELS 

 
1Burʘkovskiy ɽvgʝny Pʝtrovich, Dr. hab., professor; 
2Burʘkʦvskiy Pavel ɽvgʝniʝvich, Ph. D., assistant professor; 
3Yusyp Vyʘcheslav ʄikhaylovich, captain of the 1st rank, head of the department of theory,  

design and survivability of the ship 

 
1,3Admiral N.G.Kuznetsov Naval Academy (Branch Kaliningrad), Kaliningrad, Russia,  

e-mail: 1e_burakovsky@mail.ru; 3v-y48@yandex.ru 
2Baltic Fishing FleetState Academy, Kaliningrad, Russia, e-mail: 2paul_b@mail.ru 

 

 

This article discusses cases of destruction of the bows of ships in storm conditions. Using the SPH 

technology, the process of fluid flow around the bow of the vessel was simulated. It is shown that when 
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ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʠʟʙʝʞʘʪʴ ʦʰʠʙʢʠ ʚ ʦʧʘʩʥʫʶ ʩʪʦʨʦʥʫ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦ-

ʜʘʤ ʨʘʩʯʸʪʘ.  

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʨʝʡ ʦʩʪʦʡʯʠʚʦʩʪʠ, ʪ.ʢ. ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʚʠʚʘʶʪʩʷ ʩʪʨʝʤʠ-

ʪʝʣʴʥʦ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʛʠʙʝʣʴʶ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʣʠ ʚʩʝʛʦ ʵʢʠʧʘʞʘ. ɸʥʘʣʠʟ ʘʚʘʨʠʡʥʳʭ ʩʠ-

ʪʫʘʮʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʫʜʘ ʤʦʛʫʪ ʦʧʨʦʢʠʜʳʚʘʪʴʩʷ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: ʚʩʣʝʜʩʪʚʠʝ ʟʘʭʚʘʪʘ 

ʩʫʜʥʘ ʧʦʧʫʪʥʦʡ ʚʦʣʥʦʡ, ʧʨʠ ʟʘʨʳʚʘʥʠʠ ʥʦʩʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʚʦ ʚʩʪʨʝʯʥʫʶ ʚʦʣʥʫ, ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʫʜʘʨʦʚ ʨʘʟʨʫʰʘʶʱʝʛʦʩʷ ʚʦʣʥʝʥʠʷ ʠ ʪ.ʜ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʡ ʩʠʪʫʘ-

ʮʠʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʨʷʜʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʩʪʦʡʯʠ-

ʚʦʩʪʠ ʩʫʜʥʘ ʥʘ ʨʘʟʨʫʰʘʶʱʝʤʩʷ ʚʦʣʥʝʥʠʠ. ʇʝʨʚʳʡ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɸ.ʅ. ʍʦʣʦʜʠʣʠʥʳʤ ʠ ʉ.ʅ. ɹʣʘ-

ʛʦʚʝʱʝʥʩʢʠʤ, ʩʚʷʟʘʥ ʩ ʦʮʝʥʢʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʦʦʙʱʘʝʤʦʡ ʩʫʜʥʫ ʧʨʠ ʫʜʘʨʝ ʚ ʙʦʨʪ ʨʘʟʨʫ-

ʰʘʶʱʝʡʩʷ ʚʦʣʥʳ, ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʝʸ ʩ ʟʘʧʘʩʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘ-

ʛʨʘʤʤʳ ʩʪʘʪʠʯʝʩʢʦʡ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ [1]. 

ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʅ.ɹ. ʉʝʚʘʩʪʴʷʥʦʚʳʤ, ʧʦʤʠʤʦ ʢʨʝʥʘ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʫʜʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʜʨʝʡʬʘ ʦʪ ʫʜʘʨʘ 

ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʜʝʥʠʝ ʩʫʜʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ ʠ ʜʨʝʡʬʘ [2]. 

 

2. ʆʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʩʫʜʥʘ ʥʘ ʨʘʟʨʫʰʘʶʱʝʤʩʷ ʚʦʣʥʝʥʠʠ 

 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥ-

ʥʦʡ ʩ ʧʦʚʝʜʝʥʠʝʤ ʤʘʣʦʛʦ ʩʫʜʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʫʧʥʦʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦʩʷ ʚʦʣʥʝʥʠʷ, ʯʪʦ ʩʦ-

ʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʟʘʪʨʫʜʥʝʥʠʡ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ [3], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʦʛʦ 

ʩʫʜʥʘ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʚʦʣʥʳ ʚ ʙʦʨʪ ʠ ʨʘʙʦʪʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʜʠʘʛʨʘʤʤʝ ʦʩʪʦʡʯʠʚʦʩʪʠ, ʥʝ ʜʘʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘ-

ʪʘ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡ ʨʷʜʘ ʤʘʣʳʭ ʩʫʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʨʫʰʘʶʱʝʛʦʩʷ ʚʦʣʥʝʥʠʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʩʫʜʥʘ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʦʜʥʠʤ ʣʠʰʴ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʢʨʝʥʘ, ʘ ʦʩʪʦʡʯʠʚʦʩʪʴ ʩʫʜʥʘ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ 

ʩʫʜʥʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ [3]. 
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ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʩʪʘʪʠ-

ʯʝʩʢʦʡ ʦʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʩʫʜʥʘ ʧʦʜ ʫʜʘʨʦʤ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʚ ʙʦʨʪ 

ʜʘʸʪ ʨʠʩ. 1, ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʨʘʙʦʪʳ [4].  

 

 
 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʩʫʜʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʜʘʨʘ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʚ ʙʦʨʪ [4] 

 

ɺʠʜʥʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥʳ ʥʘ ʙʦʨʪ ʩʫʜʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʘʪʝʨʣʠʥʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʩʪʘʪʠʯʝʩʢʦʡ 

ʦʩʪʦʡʯʠʚʦʩʪʠ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʫ-

ʜʦʚ ʥʘ ʨʘʟʨʫʰʘʶʱʝʤʩʷ ʚʦʣʥʝʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʨʠʬʪʝʨ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 45,8 

ʪ ʠ ʪʘʥʢʝʨ, ʠʤʝʶʱʠʡ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʧʦʨʦʞʥʝʤ 16300 ʪ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʜʣʷ ʧʝʨʚʦʛʦ ʩʫʜʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʈʘʩʯʸʪ ʚʳʧʦʣʥʷʣʩʷ ʜʣʷ ʪʨʸʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʳʩʦʪ ʨʘʟʨʫʰʘʶ-

ʱʠʭʩʷ ʚʦʣʥ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʚʳʩʦʪʳ ʚʦʣʥʳ ʢ ʛʣʫʙʠʥʝ ʘʢʚʘʪʦʨʠʠ 8,0=g . ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʨʘʩʯʸʪʫ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʫʯʠʪʳʚʘʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚʘʪʝʨʣʠʥʠʠ, ʧʫʥʢʪʠʨ-

ʥʳʝ ʣʠʥʠʠ ï ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʦʮʝʜʫʨʝ ʦʮʝʥʢʠ ʦʩʪʦʡʯʠʚʦʩʪʠ, ʥʝ ʫʯʠʪʳʚʘʶʱʝʡ ʵʪʦʛʦ 

ʬʘʢʪʦʨʘ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʩʦʪʘʭ ʚʦʣʥ ʨʘʩʯʸʪ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʜʘʝʪ 

ʙʦʣʴʰʠʝ ʫʛʣʳ ʢʨʝʥʘ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʨʘʟʨʫʰʘʶʱʠʭʩʷ ʚʦʣʥ ʤ3,3max =ʦʙʨh  ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʩʫʜʥʘ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʦʮʝʥʢʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʚʦ-

ʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʫʜʥʦ ʚʳʜʝʨʞʠʚʘʝʪ ʫʜʘʨ ʠ ʪʘʢʦʡ ʚʦʣʥʳ. 
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ʈʠʩ. 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʨʠʬʪʝʨʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʚʦʣʥʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʘʥʢʝʨʘ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 16300 ʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3 

ʠ ʨʠʩ. 4. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʝʥʘ ʩʫʜʥʘ ʦʪ ʚʨʝʤʝʥʠ, ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʅ.ɹ. ʉʝʚʘʩʪʴʷʥʦʚʳʤ, ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʘʪʝʨʣʠʥʠʠ ʧʨʠ ʧʦʜʭʦʜʝ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʢ ʙʦʨʪʫ ʩʫʜʥʘ, ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʦʩʪʨʦʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦʜʭʦʜʦʚ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʨʝʡʬʘ ʦʪ ʚʨʝʤʝʥʠ. ɺʠʜʥʦ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʘʪʝʨʣʠʥʠʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʨʝʥ 

ʩʫʜʥʘ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʜʨʝʡʬʘ ʚ ʦʙʝʠʭ ʤʦʜʝʣʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ. ɿʘʚʠʩʠʤʦʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3 ʧʫʥʢʪʠʨʦʤ (ʪʨʘʜʠʮʠʦʥʥʘʷ ʤʦʜʝʣʴ), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʜʥʦ ʚʳʜʝʨʞʠʚʘʝʪ ʫʜʘʨ 

ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʚʦʣʥʳ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʢʨʝʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 40Á. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʢʘ ʩʫʜʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʢʨʝʥʘ ʩʫʜʥʘ ʦʪ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ)  

ʠ ʙʝʟ ʫʯʸʪʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʘʪʝʨʣʠʥʠʠ 

 

ʉʠʪʫʘʮʠʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 3 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ (ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʤʦ-

ʜʝʣʴ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʢʦʤʫ ʥʘʨʘʩʪʘʥʠʶ ʫʛʣʘ ʢʨʝʥʘ ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʩʫʜʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʩʫʜʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʨʫʰʘ-

ʶʱʝʡʩʷ ʚʦʣʥʳ ʩ ʫʯʸʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʘʪʝʨʣʠʥʠʠ ʠ ʙʝʟ ʫʯʝʪʘ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʚʳʚʦʜʘʤ, ʘ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʰʠʙʢʦʡ ʚ ʦʧʘʩʥʫʶ ʩʪʦʨʦʥʫ ʧʨʠ ʦʮʝʥʢʝ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʫʜʥʘ. 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʜʨʝʡʬʘ ʩʫʜʥʘ ʦʪ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ)  

ʠ ʙʝʟ ʫʯʸʪʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʘʪʝʨʣʠʥʠʠ 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʞʝʥʠʷ ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥ-

ʥʦʡ ʩ ʝʛʦ ʦʧʨʦʢʠʜʳʚʘʥʠʝʤ.  

 

 
 

ʈʠʩ. 5. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʫʜʥʘ ʧʨʠ ʫʜʘʨʝ ʚ ʙʦʨʪ ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʚʦʣʥʳ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 5, ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʚʦʣʥʳ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʥʘʨʘʩʪʘʥʠʶ 

ʢʨʝʥʘ ʩʫʜʥʘ ʠ ʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʜʨʝʡʬʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʘʚʘʨʠʡʥʘʷ 

ʩʠʪʫʘʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫ ʩʫʜʦʚʦʡ ʢʦʤʘʥʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʝʸ ʠʩʭʦʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʨʫʰʘʶʱʝʛʦʩʷ ʚʦʣʥʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʙʦʨʪʦʚʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥʝʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ ʦʩʪʦʡʯʠʚʦʩʪʴ ʩʫʜʥʘ 

ʥʘ ʨʘʟʨʫʰʘʶʱʝʤʩʷ ʚʦʣʥʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʦʚ. 

 

4. ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʯʸʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʘʪʝʨʣʠʥʠʠ ʩʫʜʥʘ ʧʨʠ ʫʜʘʨʝ ʨʘʟʨʫ-

ʰʘʶʱʝʡʩʷ ʚʦʣʥʳ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʩʫʜʠʪʴ ʦ ʝʛʦ ʦʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʠ 

ʠʟʙʝʞʘʪʴ ʦʰʠʙʢʠ ʚ ʦʧʘʩʥʫʶ ʩʪʦʨʦʥʫ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʨʘʩʯʸʪʘ.  
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The article is devoted to the study of the dynamics of the vessel on a breaking wave. It is shown 

that traditional calculation methods do not allow to fully characterize the behavior of the vessel under the 

impact of a breaking wave. The analysis performed showed that taking into account the transformation of 

the ship's waterline in this situation makes it possible to more objectively judge its stability in such a situ-

ation and avoid an error in the dangerous direction inherent in traditional calculation methods. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ ʙʘʣʣʘʩʪʥʦ-ʦʩʫʰʠʪʝʣʴʥʳʭ                     

ʩʠʩʪʝʤ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. ʇʨʠʚʝʜʝʥʳ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʠʤ ʩʠʩʪʝʤʘʤ. ʅʘ ʢʦʥ-

ʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʥʘʩʦʩʘ ʚ ʩʝʪʠ. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʨʘʩʭʦʜʘ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʧʦʚʦʨʦʪʦʚ, ʥʘʧʦʨʘ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʚʦʨʦʪʦʚ, ʨʘʩ-

ʭʦʜʘ ʦʪ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

 

ɼʨʝʥʘʞ ʧʨʦʛʫʣʦʯʥʳʭ ʧʘʣʫʙ, ʛʨʫʟʦʚʳʭ ʪʨʶʤʦʚ ʠ ʧʣʘʚʘʪʝʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʩʪʘʥʜʘʨʪʦʤ ISO 15749-5 [1]. ʕʪʘ ʩʝʨʠʷ ʩʪʘʥʜʘʨʪʦʚ ʫʯʠʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʟʘʱʠʪʳ ʤʦʨʩʢʦʡ ʩʨʝʜʳ. ɼʘʥʥʘʷ ʯʘʩʪʴ ʩʪʘʥ-

ʜʘʨʪʘ ISO 15749 ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʩʠʩʪʝʤʘʤ, ʧʦ ʢʦʪʦʨʳʤ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʤʘʩ-

ʣʷʥʠʩʪʳʝ, ʭʠʤʠʯʝʩʢʠ ʟʘʛʨʷʟʥʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶ-

ʱʠʝʩʷ ʩʤʝʩʠ ʛʘʟʘ ʠ ʢʠʩʣʦʨʦʜʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʜʘ ʧʝʨʝʚʦʟʷʪ ʞʠʜʢʠʡ ʙʘʣʣʘʩʪ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʨʝʩʥʫʶ ʚʦʜʫ, ʩʦʣʝʥʫʶ 

ʚʦʜʫ ʠʣʠ ʩʦʣʦʥʦʚʘʪʫʶ ʚʦʜʫ ʚ ʨʘʟʣʠʯʥʳʭ ʙʘʣʣʘʩʪʥʳʭ ʮʠʩʪʝʨʥʘʭ [2]. ʇʦʩʢʦʣʴʢʫ ʩʫʜʘ ʫʚʝʣʠʯʠʚʘʶʪ-

ʩʷ ʚ ʨʘʟʤʝʨʘʭ, ʘ ʛʨʫʟ, ʧʝʨʝʚʦʟʠʤʳʡ ʩʫʜʘʤʠ, ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʧʦʨʪʘ ʢ ʧʦʨʪʫ (ʠʟ-ʟʘ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʥʦ-

ʤʠʢʠ, ʩʦʩʪʦʷʥʠʷ ʩʫʜʥʘ, ʤʝʩʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʡʩʫ ʠ ʪ.ʜ.), ʮʠʩʪʝʨʥʳ ʩ ʚʦʜʷʥʳʤ ʙʘʣʣʘʩʪʦʤ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʬʬʝʨʝʥʪʘ ʠ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʫʜʥʘ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʝʨʝ-

ʭʦʜʘ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʩʫʜʥʝ ʥʝʪ ʙʘʣʣʘʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʚʦʟʥʠʢ-

ʥʫʪʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʛʨʝʙʥʦʡ ʚʠʥʪ ʤʦʞʝʪ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʚʦʜʫ, ʯʪʦ ʧʦʚʣʠʷʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʩʫʜʥʘ; ʩʫʜʥʦ ʤʦʞʝʪ ʥʘʢʨʝʥʠʪʴʩʷ ʠʣʠ ʧʦʣʫʯʠʪʴ ʜʠʬʬʝʨʝʥʪ ʥʘ ʥʦʩ 

ʠʣʠ ʢʦʨʤʫ, ʧʦʩʢʦʣʴʢʫ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʩʫʜʥʘ ʜʦʩʪʠʛʥʫʪʘ ʥʝ ʧʦʣʥʦʩʪʴʶ; ʥʘʛʨʫʟʢʠ ʥʘ ʩʫʜʥʦ ʧʨʠ 

ʩʜʚʠʛʝ ʠ ʢʨʫʯʝʥʠʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʥʘ, ʧʨʠʚʦʜʷ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʟʘʭʣʦʧʳʚʘʥʠʶ; ʩʫʜʥʦ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʎʠʩʪʝʨʥʳ ʩ ʚʦʜʷʥʳʤ ʙʘʣʣʘʩʪʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʫʜʥʘ.  

ɺʝʨʭʥʠʝ ʨʝʟʝʨʚʫʘʨʳ ʠʤʝʶʪ ʪʨʝʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʠ ʩʥʘʙʞʝʥʳ ʢʨʳʣʴʷʤʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʛʨʫ-

ʟʦʚʳʭ ʦʪʩʝʢʦʚ. ʆʥʠ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʩʫʜʘʭ-ʩʫʭʦʛʨʫʟʘʭ ʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʧʝʨʝʯʥʳʭ ʰʧʘʥʛʦʫʪʦʚ,   

ʕʪʠ ʨʝʟʝʨʚʫʘʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʙʘʣʣʘʩʪʥʳʤ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘʤ ʩʫʜʥʘ, ʠ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʧʦʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ ʛʨʫʟʘ ʦʙʲʝʤ ʩʫʜʦʚʦʡ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʚ ʚʝʨʭ-

ʥʝʤ ʨʝʟʝʨʚʫʘʨʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʚʝʩʦʤ ʛʨʫʟʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʚʝʨʭʥʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʚ ʥʝʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʟʘʭʚʘʪʘ ʤʝʩʪʘʭ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦʤʦʛʘʶʪ ʧʝʨʝʚʦʟʠʪʴ ʪʘʢʠʝ ʛʨʫʟʳ, 

ʢʘʢ ʟʝʨʥʦ. 

ɸʥʘʣʦʛʠʯʥʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʨʭʥʠʤ ʙʘʣʣʘʩʪʥʳʤ ʮʠʩʪʝʨʥʘʤ ʥʠʞʥʠʝ ʙʫʥʢʝʨʥʳʝ ʝʤʢʦʩʪʠ. 

ʕʪʠ ʚʦʜʷʥʳʝ ʙʘʣʣʘʩʪʥʳʝ ʮʠʩʪʝʨʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʥʠʞʥʠʭ ʙʦʨʪʘʭ ʢʘʞʜʦʛʦ ʛʨʫʟʦʚʦʛʦ ʦʪʩʝʢʘ ʩʫ-

ʜʦʚ ʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʜʚʦʡʥʳʤ ʜʥʦʤ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʧʦ ʮʝʥʪʨʫ ʩʫʜʥʘ.   

ɼʚʦʡʥʦʝ ʜʥʦ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ 

ʚʦʜʳ ʚ ʩʣʫʯʘʝ ʧʦʩʘʜʢʠ ʥʘ ʤʝʣʴ ʠʣʠ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʕʪʠ ʧʫʩʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʩʫʜʦʚʦʛʦ ʚʦʜʷʥʦʛʦ ʙʘʣʣʘʩʪʘ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʜʥʘ. 
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ɹʘʢʠ ʩ ʜʚʦʡʥʳʤ ʜʥʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ ʥʦʩʦʚʦʡ ʯʘʩʪʴʶ ʠ ʢʦʨʤʦʚʦʡ ʧʝʨʝʙʦʨʢʦʡ, ʨʘʟʜʝ-

ʣʷʶʱʝʡ ʤʘʰʠʥʥʦʝ ʦʪʜʝʣʝʥʠʝ. 

ʅʘ ʥʝʢʦʪʦʨʳʭ ʩʫʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʪʝʡʥʝʨʦʚʦʟʳ ʠ ʩʫʜʘ ʜʣʷ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ 

ʜʚʦʡʥʳʤ ʜʥʦʤ ʨʘʟʜʝʣʝʥʦ ʧʦʧʝʨʝʯʥʦ ʥʘ ʪʨʠ ʩʝʢʮʠʠ (ʚʤʝʩʪʦ ʜʚʫʭ). ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʬ-

ʬʝʨʜʘʤʘ ʚ ʮʝʥʪʨʝ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʢʠʣʴ ʚʦʟʜʫʭʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʨʘʙʦ-

ʪʳ ʢʣʘʧʘʥʦʚ ʙʘʣʣʘʩʪʥʳʭ ʠ ʙʫʥʢʝʨʥʳʭ ʮʠʩʪʝʨʥ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʩʫʜʦʚʳʭ 

ʙʘʣʣʘʩʪʥʳʭ ʮʠʩʪʝʨʥ ʠ ʩʠʩʪʝʤʳ ʙʫʥʢʝʨʦʚʢʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʨʝʟʝʨʚʫʘʨʦʚ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʜʣʠʥʦʡ ʩʫʜʥʘ, ʧʦʩʢʦʣʴʢʫ ʩʫʜʥʦ ʜʣʠʥʦʡ ʙʦʣʝʝ 

120 ʤ ʙʫʜʝʪ ʠʤʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʜʦʣʴʥʳʡ ʢʘʨʢʘʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʧʝʨʝʯʥʳʤ ʢʘʨʢʘʩʦʤ ʜʣʷ 

ʩʫʜʦʚ ʜʣʠʥʦʡ ʤʝʥʝʝ 120 ʤ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʝʨʭʥʠʭ ʙʦʨʪʦʚʳʭ ʮʠʩʪʝʨʥ, ʵʪʠ ʚʦʜʷʥʳʝ ʙʘʣʣʘʩʪʥʳʝ ʮʠʩʪʝʨʥʳ ʧʨʠʤʳʢʘʶʪ ʢ 

ʨʝʟʝʨʚʫʘʨʘʤ ʜʣʷ ʤʘʟʫʪʘ ʩ ʜʚʦʡʥʳʤ ʜʥʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʦʙʳʯʥʦ ʥʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʙʘʣʣʘʩʪ-

ʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʅʦʩʦʚʳʝ ʠ ʢʦʨʤʦʚʳʝ ʧʠʢʦʚʳʝ ʙʘʣʣʘʩʪʥʳʝ ʮʠʩʪʝʨʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʯ-

ʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʩʫʜʥʫ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʵʪʠ ʨʝʟʝʨʚʫʘʨʳ ʟʘʧʦʣʥʷ-

ʶʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʬʬʝʢʪʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʂʦʥʩʪʨʫʢʮʠʷ ʥʦʩʦʚʳʭ ʠ ʢʦʨʤʦʚʳʭ ʮʠʩʪʝʨʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʙʘʣʣʘʩʪʥʳʭ ʮʠʩʪʝʨʥ ʩʫ-

ʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʬʦʨʤʘ ʜʦʚʦʣʴʥʦ ʥʝʧʨʘʚʠʣʴʥʘʷ ʠʟ-ʟʘ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʠ ʠʭ ʬʦʨʤʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʩʘ ʠ ʢʦʨʤʳ ʩʫʜʥʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʵʪʠʭ ʩʫʜʦʚʳʭ ʙʘʣʣʘʩʪʥʳʭ ʮʠʩʪʝʨʥ ʪʘʢʦʚʘ, ʯʪʦ ʦʥʠ ʫʟʢʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʠ ʧʦ 

ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʮʠʩʪʝʨʥʳ ʚʚʝʨʭ ʰʠʨʠʥʘ ʮʠʩʪʝʨʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʐʠʨʠʥʘ ʨʝʟʝʨ-

ʚʫʘʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʠʥʝ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ. 

ʈʝʟʝʨʚʫʘʨ ʜʣʷ ʚʦʜʷʥʦʛʦ ʙʘʣʣʘʩʪʘ ʥʘ ʩʫʜʥʝ ʦʩʥʘʱʝʥ ʜʘʪʯʠʢʘʤʠ ʫʨʦʚʥʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘ-

ʧʘʥʘʤʠ ʠ ʙʘʣʣʘʩʪʥʳʤʠ ʥʘʩʦʩʘʤʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʙʘʣʣʘʩʪʠʨʦʚʢʠ. 

ɺ ʤʘʰʠʥʥʦʤ ʦʪʜʝʣʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʙʘʣʣʘʩʪʥʳʭ ʥʘʩʦʩʦʚ, ʢʦʪʦʨʳʝ ʟʘʙʠʨʘʶʪ ʚʦ-

ʜʫ ʠʟ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ ʠ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʜʝʙʘʣʣʘʩʪʠʨʦʚʢʠ 

ʩʙʨʘʩʳʚʘʶʪ ʚʦʜʫ ʠʟ ʙʘʣʣʘʩʪʘ ʟʘ ʙʦʨʪ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʢʣʘʧʘʥʦʤ. ʉʠʩʪʝʤʘ ʦʩʥʘʱʝʥʘ ʜʘʪʯʠʢʘʤʠ 

ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʙʘʣʣʘʩʪʥʦʡ ʮʠʩʪʝʨʥʳ, ʠ ʦʪʢʣʶʯʝʥʠʝ ʥʘʩʦʩʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʢʘʢ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ 

ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʜʘʪʯʠʢʘ, ʯʪʦʙʳ ʘʢʪʠʚʠʨʦʚʘʪʴ ʦʪʢʣʶʯʝʥʠʝ. 

ɺʦ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʩʫʜʥʘ ʚ ʟʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʘʣʣʘʩʪʥʘʷ ʮʠʩʪʝʨʥʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴ-

ʩʷ ʧʫʩʪʦʡ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʪʨʝʭʭʦʜʦʚʦʡ ʢʣʘʧʘʥ ʚ ʣʠʥʠʠ ʦʪʙʦʨʘ ʧʨʦʙ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ɼʘʥʥʳʝ ʧʦ ʦʙʲʝʤʫ ʙʘʣʣʘʩʪʥʦʡ ʮʠʩʪʝʨʥʳ ʠ ʩʪʝʧʝʥʠ ʝʝ ʟʘʧʦʣʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʩʭʦʜʘ ʙʘʣʣʘʩʪʥʦʛʦ ʥʘʩʦʩʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʟʘʚʝʨ-

ʰʝʥʠʷ ʦʧʝʨʘʮʠʠ ʙʘʣʣʘʩʪʠʨʦʚʢʠ ʠʣʠ ʜʝʙʘʣʣʘʩʪʠʨʦʚʢʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʟʘʚʝʨʰʠʪʴ ʦʧʝ-

ʨʘʮʠʶ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʦʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʧʨʘʚʣʝʥʠʷ ʩʫʜʥʘ [2]. 

ɹʠʦʠʥʚʘʟʠʷ, ʚʳʟʚʘʥʥʘʷ ʩʙʨʦʩʦʤ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ [3]. ʈʷʜ ʩʪʨʘʥ ʧʨʠʟʥʘʣʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʦʨʦʪʦʤ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ. 

ʉʪʨʘʥʳ, ʧʦʨʘʞʝʥʥʳʝ ʠʥʚʘʟʠʚʥʳʤʠ ʚʠʜʘʤʠ, ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʥʢʨʝʪʥʳʝ ʟʘʢʦʥʳ ʜʣʷ ʩʙʨʦʩʘ ʙʘʣʣʘʩʪ-

ʥʳʭ ʚʦʜ ʚ ʩʚʦʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʨʪʘʭ. ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʀʄʆ, ʩʪʨʘʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʧʨʠʣʘʛʘʶʪ ʫʩʠʣʠʷ ʜʣʷ  ʚʥʝʜʨʝʥʠʷ ʦʙʱʝʧʨʠʥʷʪʳʭ ʨʫʢʦʚʦʜʷʱʠʭ 

ʧʨʠʥʮʠʧʦʚ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʞʜʦʝ ʩʫʜʥʦ ʧʨʠ ʟʘʭʦʜʝ ʚ ʣʶʙʦʡ ʧʦʨʪ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʀʄʆ ʚ ʢʦʥʚʝʥʮʠʠ (2004) ʦ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜʘʭ ʧʨʝʜʣʦʞʠʣʘ ʨʫʢʦʚʦʜʷʱʠʝ ʧʨʠʥʮʠʧʳ ʥʘʜʣʝʞʘ-

ʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ. ʕʪʠ ʧʨʠʥʮʠʧʳ ʚʢʣʶʯʘʶʪ ʟʘʤʝʥʫ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ, ʦʯʠʩʪʢʫ 

ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ, ʧʦʨʪʦʚʳʝ ʧʨʠʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʦʮʝʩʩ ʫʪʚʝʨʞʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʙʦʨ ʧʨʦʙ 

ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ, ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʠ ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʚʝʥʮʠʝʡ. ɺ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢʦʥʚʝʥʮʠʷ 2004 ʛʦʜʘ ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʡ ʣʠʢ-

ʚʠʜʘʮʠʠ ʙʠʦʠʥʚʘʟʠʠ. ʉ ʛʦʜʘʤʠ ʚ ʢʦʥʚʝʥʮʠʶ 2004 ʛʦʜʘ ʚʥʦʩʷʪʩʷ ʧʦʧʨʘʚʢʠ, ʢʘʩʘʶʱʠʝʩʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ. ʇʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʘʙʦʨʘ-

ʪʦʨʠʡ ʧʦ ʦʪʙʦʨʫ ʧʨʦʙ ʠ ʠʩʧʳʪʘʥʠʷʤ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʙʠʦʠʥʚʘʟʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʦʥʘ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʚʳʭ ʚʠʜʦʚ ʧʨʠ ʦʮʝʥʢʝ ʨʠʩʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʙʦʨʦʢ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ. ʉʪʘʥʜʘʨʪ, ʫʧʦʤʷʥʫʪʳʡ ʚ ʢʦʥʚʝʥʮʠʠ 2004 ʛʦʜʘ, ʚ ʙʫʜʫʱʝʤ ʤʦʞ-

ʥʦ ʠʟʤʝʥʠʪʴ ʩ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʧʫʩʢʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ  ʥʘ ʩʪʘʥʜʘʨʪ "ʦʪʩʫʪʩʪʚʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ" ʚ 

ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʝ ʜʣʷ ʩʙʨʦʩʘ. ʅʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʩʠʩʪʝʤ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʠ ʩʠʩʪʝʤʳ "ʙʝʟ ʙʘʣʣʘʩʪʘ" ʩ 
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ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ [3, 4]. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʘʣʣʘʩʪʥʦ ï ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʧʠʩʘʥʘ ʚ 

ʨʘʙʦʪʝ [5]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʥʘʧʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʘʨʘʙʦʣʳ. 

ɼʣʷ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ: 

 

ab

HH
Q C

PT
-

-
= 0 ,                                                              (1) 

 

ʛʜʝ H0, a ïɻ ʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, Hʉ ï ʩʪʘʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, b ʨʘʩʯʝʪʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ. 

ɼʣʷ ʩʫʭʦʛʨʫʟʘ [5-7] (ʨʠʩ. 1) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʙʘʣʣʘʩʪʥʦ ï ʦʩʫʰʠʪʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ 2-5. ʇʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ, ʥʘʧʦʨʘ, ʤʦʱʥʦ-

ʩʪʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʘʤʦʭʦʜʥʦʝ ʩʫʭʦʛʨʫʟʥʦʝ ʩʫʜʥʦ RDB 63.01[9]  

 

 
 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʨʘʩʭʦʜ - ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ L= 200 ʤ, ȹ=0,2ʤʤ 

 ʠ ʯʠʩʣʝ ʧʦʚʦʨʦʪʦʚ: 1ï m=10, 2ï m=25, 3 ï m=45, 4 ï m=70. 
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ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʥʘʧʦʨ - ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ L= 200 ʤ, ȹ=0,2ʤʤ  

ʠ ʯʠʩʣʝ  ʧʦʚʦʨʦʪʦʚ: 1ï m=10, 2ï m=25, 3 ï m=45, 4 ï m=70. 

 

 
 

ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʤʦʱʥʦʩʪʴ - ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ L= 200 ʤ, ȹ=0,2ʤʤ  

ʠ ʯʠʩʣʝ  ʧʦʚʦʨʦʪʦʚ: 1ï m=10, 2ï m=25, 3 ï m=45, 4 ï m=70. 

 

 
 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢ ʨʘʩʭʦʜ ï ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ d=160 ʤʤ, m=20  

ʠ ʨʘʟʣʠʯʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ: 1ï ȹ=0,1ʤʤ, 2ï ȹ=0,2; 3 ï ȹ=0,4 ʤʤ; 3 ïȹ=0,7 ʤʤ. 
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ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʣʣʘʩʪʥʦ ï ʦʩʫʰʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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The results of a study of the processes of operation of ballast and drainage systems of marine ves-

sels are presented.  The development trends and requirements for these systems are given. Specific exam-

ples show the algorithm for calculating the system parameters when the pump is running in the network. 

The dependences at the operating point of the flow rate on the diameter of the pipeline with a different 

number of turns, the pressure on the diameter of the pipeline with a different number of turns, the flow 

rate on the length of the pipeline are obtained.   
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ʈʘʩʩʤʦʪʨʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʠʚʷʟʥʦʡ ʚʳʩʦʪʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʙʣʠʢʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʨʦʚʘ-

ʥʠʷ: ʢʦʤʧʘʢʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ɹʇʃɸ ʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʤ ʢʦʥʪʝʡʥʝʨʝ ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʫʩʢʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʢʦʨʘʙʣʷ. ɺʳ-

ʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ɹʇʃɸ, ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʩʦʩʪʘʚ ʧʨʠʚʷʟʥʦʡ ʩʠʩʪʝʤʳ. ʆʧʨʝʜʝʣʝʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʨʘ-

ʙʝʣʴʥʦʡ ʧʨʠʚʷʟʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʦʙʣʠʢ ʧʦʜʚʝʩʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʠʩʘʥʘ ʝʝ 

ʨʘʙʦʪʘ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘ-

ʪʘʤ (ɹʇʃɸ), ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ ʩʭʝʤʝ ʤʫʣʴʪʠʢʦʧʪʝʨ ï ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʠʤʝʶʱʠʡ ʙʦʣʝʝ ʜʚʫʭ 

ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ. ʅʘ ʠʭ ʙʘʟʝ ʩʦʟʜʘʶʪʩʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʟʘʜʘʯ ʢʘʢ ʚ ʚʦʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʣʘʩʪʷʭ [1, 2]. ʆʧʳʪ ʫʯʘʩʪʠʷ ʈʌ ʚ ʢʦʥʬʣʠʢʪʝ ʉɸʈ, ʘ 

ʪʘʢʞʝ ʉɺʆ ʥʘ ʋʢʨʘʠʥʝ ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʚ ɺʄʌ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺʩʣʝʜʩʪʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘ-

ʝʪʩʷ ʬʣʦʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹʇʃɸ ʥʘ ʢʦʨʘʙʣʷʭ, ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʜʣʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ, ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ɹʇʃɸ [3]. ɺʤʝʩʪʝ 

ʩ ʵʪʠʤ, ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʘʤʠʭ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʤʘʣʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʝʤʢʦʩʪʴʶ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ʠʣʠ ʟʘʧʘʩʦʤ ʪʦʧʣʠʚʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ɹʇʃɸ ʥʝ ʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʥʘ ʢʦʨʘʙʣʷʭ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʧʨʠʚʷʟʥʦʡ ʚʳʩʦʪʥʦʡ ʩʠʩʪʝ-

ʤʳ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ (ʇɺʉ). ʇɺʉ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʦʨʘʙʝʣʴʥʳʤ ʤʦʜʫʣʝʤ, ʩʨʝʜʩʪʚ ʝʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʠʪʘʥʠʷ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʠ ʘʧʧʘʨʘʪʫʨʳ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʦʥʢʦʤʫ ʢʘʙʝʣʴ-ʪʨʦʩʫ ʦʪ ʢʦʨʘʙʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʠ ʵʪʦʤ 

ɹʇʃɸ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʙʝʟ ʧʦʩʘʜʢʠ, ʘ ʚʩʷ ʇɺʉ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʤʝʱʝ-

ʥʘ ʚ ʢʦʥʪʝʡʥʝʨʝ ʭʨʘʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇɺʉ ʚ ɺʄʌ ʤʦʞʝʪ ʨʝʰʘʪʴ ʨʷʜ ʟʘʜʘʯ: ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷ-

ʟʠ, ʮʝʣʝʫʢʘʟʘʥʠʝ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʙʦʨʴʙʘ ʠ ʨʘʟʚʝʜʢʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ʟʘʜʘ-

ʯʘʤʠ, ʇɺʉ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʟʘ ɹʇʃɸ ʠ ʙʝʟʵʢʠʧʘʞʥʳʤʠ ʢʘʪʝ-

ʨʘʤʠ (ɹʕʂ). 

ʇʨʝʜʝʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ ʦʛʨʘʥʠʯʝʥʘ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʴʶ, ʟʥʘʯʝʥʠʝ ʢʦʪʦ-

ʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ: 

 

ὒ τȢρς Ὤ́ Ὤ̗ , 

 

ʛʜʝ hʘ ï ʚʳʩʦʪʘ ʘʥʪʝʥʥʳ (ʥʘʙʣʶʜʘʪʝʣʷ), hʮ ï ʚʳʩʦʪʘ ʮʝʣʠ. 

ʇʨʠ ʚʳʩʦʪʝ ʮʝʣʠ hʮ =0 (ʥʘʧʨʠʤʝʨ, ɹʕʂ) ʠ ʥʘʙʣʶʜʝʥʠʠ ʩ ʚʝʨʭʥʝʡ ʧʘʣʫʙʳ ʢʦʨʘʙʣʷ (hʘ å10ʤ) 

ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʩʪʘʚʠʪ Lmaxå13ʢʤ. ʆʜʥʘʢʦ, ʧʨʠ ʧʦʜʲʝʤʝ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʚʳʩʦʪʫ 

hʘå100ʤ, ʧʨʝʜʝʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ: Lmaxå41ʢʤ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʇɺʉ, ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ: ʢʦʤʧʘʢʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ɹʇʃɸ ʠ ʢʦʨʘʙʝʣʴʥʦʛʦ 

ʤʦʜʫʣʷ, ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʤ ʢʦʥʪʝʡʥʝʨʝ (ʊʇʂ) ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 
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ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʫʩʢʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ʋɺʇʋ). ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʇɺʉ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʨʘʙʦʪ: ʚʳʙʦʨ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ ɹʇʃɸ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ, ʦʙʣʠʢʘ, ʤʝʩʪʘ ʭʨʘʥʝʥʠʷ ʠ ʟʘʧʫʩʢʘ ʇɺʉ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʇɺʉ. 

ʇʨʠ ʚʳʙʦʨʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ ɹʇʃɸ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ ʨʘʙʦ-

ʪʳ ʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ [4]. ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ï ʧʨʦʩʪʦʪʘ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʝ-

ʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ɹʇʃɸ ʦʪ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪ-

ʨʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʇɺʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʩʭʝʤ ɹʇʃɸ: ʦʜʥʦʚʠʥʪʦʚʘʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʨʫʣʝʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʨʫʣʝʚʳʤʠ ʚʠʥʪʘʤʠ), 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ; ʩʦʦʩʥʘʷ; ʤʫʣʴʪʠʨʦʪʦʨʥʘʷ, ʩ ʯʝ-

ʪʳʨʴʤʷ ʠ ʙʦʣʝʝ ʚʠʥʪʘʤʠ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ɹʇʃɸ. ʆʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ ɹʇʃɸ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʇɺʉ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ʆʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ ɹʇʃɸ 
 

ʆʩʦʙʝʥʥʦ-

ʩʪʠ 

ʊʠʧ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ ɹʇʃɸ 

ʦʜʥʦʚʠʥʪʦʚʘʷ ʩʦʦʩʥʘʷ ʤʫʣʴʪʠʨʦʪʦʨʥʘʷ 

ʜʦʩʪʦʠʥʩʪʚʘ - ʧʨʦʩʪʘʷ, ʣʝʛʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; 

- ʧʨʦʩʪʘʷ, ʢʦʤʧʘʢʪʥʘʷ ʪʨʘʥʩʤʠʩʩʠʷ 

- ʢʫʨʩʦʚʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʝʥʝʝ 

ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʪʨʘ 

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

- ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʝʜʦʩʪʘʪʢʠ - ʥʘʣʠʯʠʝ ʨʫʣʝʚʳʭ ʚʠʥʪʦʚ - ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ (ʘʚ-

ʪʦʤʘʪ ʧʝʨʝʢʦʩʘ) 

- ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʛʘ-

ʪʝʣʝʡ 

 

ɺʩʝ ʪʠʧʳ ɹʇʃɸ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʫʶ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʇɺʉ ʚʳʙʨʘʥʘ ʩʦʦʩʥʘʷ ʩʭʝʤʘ ï ʪʘʢʦʡ ʪʠʧ ɹʇʃɸ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴ-

ʥʫʶ ʧʣʦʱʘʜʴ ʚ ʧʣʘʥʝ (ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʢʦʥʪʝʡʥʝʨʝ) ʠ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʇɺʉ [5 ï 7]. ʆʜʥʘʢʦ ʵʪʠ ʩʠʩʪʝʤʳ ʥʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ, ʟʘʧʫʩʢʘ ʠ ʧʦʩʘʜʢʠ ʚ ʊʇʂ ʥʘ ʢʦʨʘʙʣʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʇɺʉ ʣʠʰʝʥʘ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ: ʚʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ɹʇʃɸ ʨʘʟʤʝʱʝʥʳ ʚ ʩʪʘʥʜʘʨʪʥʦʤ 

ʊʇʂ ʜʣʷ ʋɺʇʋ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʇɺʉ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʤʝʩʪʘ ʭʨʘʥʝ-

ʥʠʷ. ɿʘʛʨʫʟʢʘ ʠ ʭʨʘʥʝʥʠʷ ʚ ʋɺʇʋ ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ: ʛʠʙʢʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

(ʇɺʉ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʥʘ ʣʶʙʦʤ ʥʦʩʠʪʝʣʝ ʩ ʋɺʇʋ), ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʟʘʛʨʫʟʢʠ (ʤʦʞʥʦ ʟʘ-

ʛʨʫʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʇɺʉ ʚ ʨʘʟʥʳʭ ʤʦʜʫʣʷʭ ʋɺʇʋ), ʩʢʨʳʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ (ʧʨʦʪʠʚʥʠʢ ʥʝ ʩʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʯʪʦ ʟʘʛʨʫʞʝʥʦ ʚ ʋɺʇʋ). 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʇɺʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʚʦʟʜʫʰʥʦʛʦ (ɹʇʃɸ) ʠ ʢʦʨʘʙʝʣʴʥʦʛʦ ʤʦʜʫʣʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʛʠʙʢʦʡ ʩʚʷʟʴʶ (ʢʘʙʝʣʴ-ʪʨʦʩʦʤ) ʠ 

ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʤ ʢʦʥʪʝʡʥʝʨʝ (ʊʇʂ) ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʫʩʢʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʢʦʨʘʙʣʷ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʧʨʠʚʷʟʥʦʡ ʚʳʩʦʪʥʦʡ ʩʠʩʪʝʤʳ: 1ï ɹʇʃɸ, 2ï ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, 3 ï ʢʘʙʝʣʴ-ʪʨʦʩ,  

4 ï ʢʦʨʘʙʝʣʴʥʳʡ ʤʦʜʫʣʴ (ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʡ ʢʦʥʪʝʡʥʝʨ), 5 ï ʤʝʩʪʦ ʭʨʘʥʝʥʠʷ ɹʇʃɸ, 6 ï ʢʦʨʘʙʝʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, 7 ï ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ (ʘʢʢʫʤʫʣʷʪʦʨ), 8 ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʢʦʥʚʝʨʪʝʨ) 

ʥʘʧʨʷʞʝʥʠʷ, 9 ï ʣʝʙʝʜʢʘ, 10 ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʣʝʙʝʜʢʦʡ, 11ï ʧʨʠʚʦʜ ʣʝʙʝʜʢʠ, 

12- ʜʘʪʯʠʢ ʥʘʪʷʞʝʥʠʷ ʢʘʙʝʣʴ-ʪʨʦʩʘ 
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ɺ ʩʦʩʪʘʚ ʇɺʉ ʚʭʦʜʠʪ: 

- ʊʇʂ ʩ ʨʘʟʤʝʱʝʥʥʳʤ ʚ ʥʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʤʝʩʪʦʤ ʭʨʘʥʝʥʠʷ ɹʇʃɸ; 

- ɹʇʃɸ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʩʦʦʩʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʦʡ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʊʇʂ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʲ-

ʝʤʘ ʠ ʫʜʝʨʞʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ; 

- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ɹʇʃɸ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʣʝʙʝʜʢʦʡ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ɹʇʃɸ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʟʘʜʘʥʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʢʘʙʝʣʴ-ʪʨʦʩʘ; 

- ʢʘʙʝʣʴ-ʪʨʦʩ, ʨʘʚʥʦʤʝʨʥʦ ʥʘʤʦʪʘʥʥʳʡ ʥʘ ʣʝʙʝʜʢʫ. 

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɹʇʃɸ ʥʝʦʙʭʦʜʠʤʘ ʦʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʠʪʘʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ [8]. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʠʪʘʥʠʷ ʧʝʨʝʤʝʥʥʳʤ ʠ ʧʦʩʪʦʷʥ-

ʥʳʤ ʪʦʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

(ʢʦʨʘʙʝʣʴʥʦʝ ʧʠʪʘʥʠʷ), ʚʳʧʨʷʤʠʪʝʣʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ (ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ)  

ʠ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ (ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ) 

 

ʇʨʠ ʪʘʢʠʭ ʩʭʝʤʘʭ ʧʠʪʘʥʠʷ (ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʨʦʜʘ ʪʦʢʘ) ʢ ʢʘʙʝʣʴ-ʪʨʦʩʫ ʇɺʉ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

- ʜʦʩʪʘʪʦʯʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ; 

- ʧʨʦʚʦʜʥʠʢʠ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ (å0,5 ʤʤ2); 

- ʤʠʥʠʤʘʣʴʥʦ-ʚʦʟʤʦʞʥʘʷ ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʠ ʪʦʣʱʠʥʘ; 

- ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʤʦʱʥʦʩʪʠ; 

- ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʦʧʪʦʚʦʣʦʢʥʦ); 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʩʦʣʥʮʝ, ʜʦʞʜʴ, ʩʥʝʛ ʠ ʪ.ʜ.). 

ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʢʘʙʝʣʴ-ʪʨʦʩʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʢʘʙʝʣʴ-ʪʨʦʩʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʚʝ ʤʝʜʥʳʝ 

ʞʠʣʳ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʙʦʣʴʰʦʡ ʧʦʛʦʥʥʦʡ ʤʘʩʩʦʡ ʢʘʙʝʣʴ-

ʪʨʦʩʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʂʇɼ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʝʥʴʰʝ ʧʝʨʝʤʝʥʥʦʛʦ. ʇʨʠ ʚʳʙʦʨʝ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ, ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʚʦʟʥʠʢʘʶʪ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪ-

ʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʣʠʥʠʠ. ʋʚʝʣʠʯʝ-

ʥʠʝ ʯʠʩʣʘ ʬʘʟ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ [9] ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʷʪʠʞʠʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʝ ʢʘʙʝʣʴ-ʪʨʦʩʘ, ʨʦʜ ʪʦʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʧʣʘʥʠʨʫʝʤʦʡ ʤʦʱʥʦʩʪʠ: ʜʦ 15 ʢɺʪ ʮʝʣʝʩʦʦʙʨʘʟʥʝʡ ʦʨʛʘʥʠʟʘʮʠʷ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʳʤ ʪʦ-

ʢʦʤ, ʘ ʩʚʳʰʝ 15 ʢɺʪ ï ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ [10]. ʇʘʨʘʤʝʪʨʳ ʢʘʙʝʣʷ ʧʨʠ ʥʘʧʨʷʞʝ-

ʥʠʠ 400ɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʢʘʙʝʣʷ ʧʠʪʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʜʘ ʪʦʢʘ 

 

ʄʦʱʥʦʩʪʴ, ʢɺʪ 
ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ 

ɼʠʘʤʝʪʨ ʞʠʣʳ, ʤʤ ʇʦʛʦʥʥʘʷ ʤʘʩʩʘ, ʢʛ/ʤ ɼʠʘʤʝʪʨ ʞʠʣʳ, ʤʤ ʇʦʛʦʥʥʘʷ ʤʘʩʩʘ, ʢʛ/ʤ 

5 6,33 0,072 5,7 0,056 

20 8,472 0,157 6,5 0,076 

  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʦʩʪʘʚ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʚʢʣʶʯʘʝʪ ʤʝʜʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ (ʢʦʣʠʯʝ-

ʩʪʚʦ ʠ ʩʝʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʦʜʘ ʪʦʢʘ) ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, 

ʦʧʪʦʚʦʣʦʢʥʦ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʢʝʚʣʘʨʦʚʦʡ 

ʦʩʥʦʚʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʚʷʟʴ. 

ʇʦʣʥʦʪʘ ʩʦʩʪʘʚʘ ʪʨʝʙʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʇɺʉ, ʢʦʪʦʨʳ-

ʤʠ ʦʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ. ɼʣʷ ʇɺʉ ʢ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʢʦʤʧʘʢʪʥʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ [11].  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʇɺʉ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʤʘʩʩʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʥʝ ʤʝʥʝʝ 10 ʢʛ; 

- ʚʳʩʦʪʘ ʟʘʚʠʩʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʜʦ 100 ʤʝʪʨʦʚ; 

- ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ɹʇʃɸ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʤʝʥʝʝ ʩʫʪʦʢ; 

- ʤʘʩʩʘ ʢʘʙʝʣʷ-ʪʨʦʩʘ, ʥʝ ʙʦʣʝʝ 10 ʢʛ; 

- ʢʦʤʧʘʢʪʥʦʩʪʴ ɹʇʃɸ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ; 

- ʥʦʨʤʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠ: ʪʝʤʧʝʨʘʪʫʨʝ -35Áʉé+55Áʉ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 20 ʤ/ʩ, ʩʢʦ-

ʨʦʩʪʠ ʢʦʨʘʙʣʷ ʜʦ 15 ʫʟʣʦʚ; ʚʦʣʥʝʥʠʠ ʤʦʨʷ ʜʦ 5 ʙʘʣʣʦʚ. 

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʠʢ ʠ ʩʭʝ-

ʤʫ ʧʦʩʪʨʦʝʥʠʷ ʇɺʉ, ʦʙʣʘʜʘʶʱʫʶ ʥʘʠʣʫʯʰʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʝʜʣʘʛʘʝʤʦʡ ʇɺʉ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.  
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ʘ) ʙ) ʚ)  
 

ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʇɺʉ: ʘ) ï ʊʇʂ ʜʣʷ ɺʇʉ; ʙ) ï ʇɺʉ ʚ ʧʦʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ; ʚ) ï ʇɺʉ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʧʦ-

ʣʦʞʝʥʠʠ. 1ï ɹʇʃɸ, 2ï ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, 3 ï ʢʘʙʝʣʴ-ʪʨʦʩ, 4 ï ʊʇʂ, 5 ï ʧʦʜʚʠʞʥʘʷ ʪʫʤʙʘ ʩʦ ʩʪʘʢʘʥʦʤ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ɹʇʃɸ, 6 ï ʙʘʨʘʙʘʥ ʩ ʣʝʙʝʜʢʦʡ, 7 ï ʘʢʢʫʤʫʣʷʪʦʨ 
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ɺʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʇɺʉ ʠ ɹʇʃɸ ʨʘʟʤʝʱʝʥʳ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʊʇʂ ʩ ʜʚʫʩʪʚʦʨʯʘʪʳʤʠ ʢʨʳʰ-

ʢʘʤʠ. ɹʇʃɸ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʧʦʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʩʪʘʢʘʥʝ 

ʧʦʜʚʠʞʥʦʡ ʪʫʤʙʳ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʦ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ ʩʦ ʩʪʦʧʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ɹʇʃɸ ʟʘʢʨʝʧʣʝʥ ʢʘʙʝʣʴ-ʪʨʦʩ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʜʘʪʯʠʢ ʥʘʪʷʞʝʥʠʷ, ʩʠʩʪʝʤʫ ʨʦʣʠʢʦʚ ʠ 

ʢʘʙʝʣʝʫʢʣʘʜʯʠʢ, ʥʘʤʘʪʳʚʘʝʪʩʷ ʥʘ ʙʘʨʘʙʘʥ ʣʝʙʝʜʢʠ, ʧʨʠʚʦʜʠʤʳʡ ʚ ʜʚʠʞʝʥʠʝ ʧʨʠʚʦʜʦʤ, ʫʧʨʘʚʣʷʝ-

ʤʳʤ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜʚʠʞʥʘʷ ʪʫʤʙʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʟʫʙʯʘʪʦʡ ʨʝʡʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ ʠ ʟʫʙʯʘ-

ʪʳʭ ʢʦʣʝʩ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʚʠʞʝʥʠʝ ʧʨʠʚʦʜʦʤ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʜʣʷ ɹʇʃɸ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʦʪ ʢʦʨʘʙʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʦʜʥʘʢʦ ʧʨʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʘʢ-

ʢʫʤʫʣʷʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʦʥʥʦʡ ʯʘʩʪʠ ʊʇʂ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʣʫʞʠʪ ʪʘʢʞʝ ʜʣʷ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʢʦʨʘʙʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʳʩʦʢʦʝ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʙʝʣʴ-ʪʨʦʩʫ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦ-

ʥʠʞʝʥʠʷ ʙʦʨʪʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʚ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʠʪʘʥʠʷ ɹʇʃɸ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇɺʉ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦ ʩʠʛʥʘʣʫ ʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʇɺʉ ʦʪʢʨʳʚʘʝʪʩʷ ʢʨʳʰ-

ʢʘ ʋɺʇʋ ʠ ʢʨʳʰʢʠ ʊʇʂ. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʩʪʚʦʨʦʢ ʢʨʳʰʢʠ, ʧʦʜʥʠʤʘʝʪʩʷ ʩʪʘʢʘʥ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʊʇʂ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʪʫʤʙʝ. ʇʦʩʣʝ ʧʦʜʲʝʤʘ ʪʫʤʙʳ ʚ ʢʨʘʡʥʝʝ ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʧʫʩ-

ʢʘʶʪʩʷ ʚʠʥʪʳ ɹʇʃɸ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʚʠʞʝʥʠʝ ʧʘʨʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʦʣʫʯʘʶʱʠʭ ʧʠʪʘʥʠʝ ʧʦ 

ʢʘʙʝʣʴ-ʪʨʦʩʫ ʠ ɹʇʃɸ ʥʘʯʠʥʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʟʣʝʪ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʧʨʠʚʦʜʘ ʣʝʙʝʜʢʠ, ʜʘʪʯʠʢ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʣʫʞʠʪ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʡ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʢʘʙʝʣʴ-ʪʨʦʩʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʘʯʢʠ ʢʦʨʘʙʣʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʚʝʨʰʠʚ ʥʘʙʦʨ ʚʳʩʦʪʳ, 

ɹʇʃɸ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ ʠ ʢʫʨʩʘ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ 

ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʚʩʝʡ ʨʘʙʦʪʳ. ʉʪʘʙʠʣʠʟʘʮʠʷ ɹʇʃɸ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʜʘʪʯʠʢʦʚ: ʛʠʨʦʩʢʦʧʘ, ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʳʩʦ-

ʪʦʤʝʨʘ (ʘʣʴʪʠʤʝʪʨʘ), ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʋʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʠ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʫʨʩʘ, ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʝʪʨʘ, ʜʚʠʞʝʥʠʶ ʠ ʢʘʯʢʝ ʢʦʨʘʙʣʷ. ʂʦʤʧʝʥʩʘʮʠʷ 

ʩʥʦʩʘ ɹʇʃɸ ʠʟ-ʟʘ ʚʝʪʨʘ ʠʣʠ ʜʚʠʞʝʥʠʷ ʢʦʨʘʙʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʥʠʢʘ ʛʣʦʙʘʣʴʥʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. ʂʦʤʧʝʥʩʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʚʦʣʥʝʥʠʝʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʧʦ ʩʠʛʥʘʣʘʤ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠ-

ʢʦʚ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʘʚʘʨʠʡʥʦʡ ʧʦʩʘʜʢʠ 

ɹʇʃɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʙʦʨʪʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʈʘʟʚʝʨʪʳʚʘʥʠʝ, ʚʟʣʝʪ, ʧʦʩʘʜʢʘ ʠ ʩʚʝʨ-

ʪʳʚʘʥʠʝ ʇɺʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʇɺʉ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʢʪʥʘʷ ʠ ʥʘʜʝʞʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʳʰʝʥʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʊʇʂ ʜʣʷ ʋɺʇʋ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʢʦʥʩʪʨʫʢʮʠʷ ʇɺʉ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʢʦʨʘʙʣʷʭ ʙʝʟ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʩʚʝʨʪʳʚʘʥʠʷ, ʦʨʠʝʥʪʘʮʠʶ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ ɹʇʃɸ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟ-

ʢʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʇɺʉ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ, ʦʙʣʘʜʘʷ ʣʫʯʰʠʤʠ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʝʡʥʝʨ-

ʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʋɺʇʋ ʥʘ ʢʦʨʘʙʣʷʭ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʣʝʪʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʨʳʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʟʘʱʠʱʝʥʥʦʩʪʴ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʇɺʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 
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Abstract. The work examines the goals and objectives of a promising tethered high-altitude sys-

tem, as well as the principles of forming its architecture and appearance that meets the requirements of a 

ship-based system: compact design of the UAV and ship module, placement in a standard transport and 

launch container for a universal vertical ship launcher. The optimal aerodynamic design of the UAV was 

selected, the structure of the high-voltage power supply, and the composition of the tethered system were 

developed. The necessary requirements for the ship's harness system have been determined and justified. 

The perspective appearance of the suspension system is presented and its operation is described. 
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ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʧʦʨʰʥʝʚʦʝ ʢʦʣʴʮʦ ʠ ʛʠʣʴʟʘ ʮʠʣʠʥʜʨʘ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʠ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʫʜʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ.  ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʛʥʦʟ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʩʫʜʥʘ.  ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʮʠ-

ʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ. ʇʨʝʜʣʦʞʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʜʝʢʩʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʦʪʦʨʥʦʛʦ 

ʤʘʩʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʛʥʦʟʦʤ ʧʦʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ. 

 

ɺʚʝʜʝʥʠʝ 

 

 ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʥʦʨʤʘʪʠʚʘʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʄʦʨʩʢʦʡ ʆʨʛʘʥʠ-

ʟʘʮʠʠ ʩ 2020 ʛʦʜʘ ʫʩʪʘʥʦʚʣʝʥ ʧʨʝʜʝʣ ʚ 0,5% (ʠ ʤʝʥʝʝ 0,1% ʚ ʥʝʢʦʪʦʨʳʭ ʟʦʥʘʭ) ʧʦ ʤʘʩʩʝ ʥʘ ʩʦʜʝʨ-

ʞʘʥʠʝ ʩʝʨʳ ʚ ʩʫʜʦʭʦʜʥʦʤ ʪʦʧʣʠʚʝ. ʂʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʨ-

ʩʢʦʛʦ ʩʫʜʥʘ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʢʘʢ: ʪʠʧ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʦʧʣʠʚʝ ʩʝʨʳ. ɼʣʷ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʩʝʨʥʠ-

ʩʪʦʛʦ ʪʦʧʣʠʚʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʤʝʞʜʫ ʧʦʨʰʥʝʤ ʠ ʮʠʣʠʥʜʨʦʤ ʙʣʘʛʦʜʘʨʷ ʩʤʘʟʳʚʘ-

ʶʱʝʤʫ ʩʚʦʡʩʪʚʫ ʩʝʨʳ.  ʋʚʝʣʠʯʝʥʠʝ ʩʣʫʯʘʝʚ ʚʳʩʦʢʦʛʦ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʠ ʘʥʦʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʢʦʨʨʦ-

ʟʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ (ʎʇɻ) ʩʫʜʦʚʳʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʤʘʟʫʪʝ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʧʨʠʚʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʰʠʨʦʢʦʤʫ ʠʟʫ-

ʯʝʥʠʶ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ. ɺʘʞʥʦʡ ʧʘʨʦʡ ʪʨʝʥʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʉʕʋ ʷʚʣʷʝʪʩʷ ʧʘʨʘ 

ʛʠʣʴʟʘ ʮʠʣʠʥʜʨʘ ï ʢʦʣʴʮʦ ʧʦʨʰʥʷ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʙʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (35-40%) [1].  ʇʨʦʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʠʟʥʦʩʘ ʎʇɻ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚ ʨʘʢʫʨʩʝ ʩʤʘʟʢʠ 

ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʘ [2]. ʉʫʜʘ, ʛʜʝ ʧʦʜʘʯʘ ʮʠʣʠʥʜʨʦʚʦʡ ʩʤʘʟʢʠ ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ ʣʫʙʨʠʢʘʪʦʨʳ ʪʦʯʥʦ 

ʚʦ ʚʪʫʣʢʫ, ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʜʘʯʫ ʩʤʘʟʢʠ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʝʤ, ʧʦʤʦʛʘʶʱʠʤ ʠʟʙʝʞʘʪʴ ʩʫ-

ʭʦʛʦ ʪʨʝʥʠʷ, ʩʣʫʞʠʪ ʜʦʙʘʚʣʝʥʠʝ ʧʨʠʩʘʜʦʢ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʤʝʥʦʡ ʤʘʩʣʘ.  ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦ-

ʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʤʘʣʦʩʝʨʥʠʩʪʦʤ ʪʦʧʣʠʚʝ, ʩʪʘʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʩʘʜʦʢ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʨ ʪʨʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʛʥʦʟʦʤ, ʙʘʟʦʚʦʡ ʧʨʦʮʝʜʫʨʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʯʘʩʪʴʶ 

ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ï ʘʥʘʣʠʟ ʧʨʦʙ ʦʪʨʘʙʦʪʘʥ-

ʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ.  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʤʘʩʣʘ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʩʫʜʘʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʪʨʦʷ ʫʟʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʘʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʢʦʩʚʝʥ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠʤʝʥʷʝʤʳʭ ʞʠʜʢʦʩʪʝʡ, ʥʘʛʨʫʟʢʦʡ, ʜʘʚʣʝʥʠʝʤ ʠ ʪ.ʜ. (ʨʠʩ.1). ʂ 

ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʤʘʩʣʷʥʦʡ ʩʠ-

ʩʪʝʤʳ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʩʙʦʨ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠʭ ʦʙʨʘʙʦʪʢʘ ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʀʕʌ) ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ.  

 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʣʘʚʥʦʤ ʨʝʜʫʢʪʦʨʝ (ʥʘ ʦʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ) 

 

ʉʚʦʡʩʪʚʘ ʤʘʩʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʚʠʛʘʪʝʣʷʭ, ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʯʝʩʪʚʫ ʪʦʧ-

ʣʠʚʘ, ʜʘʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʠʟʥʦʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʳʰʘʷ ʪʝʤ 

ʩʘʤʳʤ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʷ ʨʝʩʫʨʩ ʉʕʋ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʧʨʠ-

ʭʦʜʠʪʩʷ ʥʘ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʙʫʞʜʘʷ ʫʯʝʥʳʭ ʥʘʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠ-

ʞʝʥʠʶ ʧʦʪʝʨʴ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, 

ʯʪʦ ʩʥʠʞʝʥʠʝ ʪʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʙʣʘʛʦʜʘʨʷ ʪʝʢʩʪʫʨʠ-

ʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʤʘʟʢʠ ʩʠʩʪʝʤʳ ʧʦʨʰʥʝʚʦʝ ʢʦʣʴʮʦ ï ʮʠʣʠʥʜʨ [3,4,5]. ʇʦʢʘʟʘʪʝʣʝʤ ʠʟʥʦʩʘ 

ʤʘʩʣʘ ʩʣʫʞʠʪ ʧʨʠʙʣʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʢ ʨʘʙʦʯʠʤ ʛʨʘʥʠ-

ʮʘʤ, ʘ ʜʘʣʴʥʝʡʰʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʤʦʛʘʝʪ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʧʦʩʣʝʜʫʶʱʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʉʕʋ ʠ ʝʝ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ 

ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʝʡ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʤʘʩʣʝ, ʩʙʦʨʝ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ [6], ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʫʟʝʣ ʉʕʋ ʧʦʜʚʝʨ-

ʞʝʥ ʠʟʥʦʩʫ.  ʍʘʨʘʢʪʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʎʇɻ 

ʥʘ ʧʨʠʤʝʨʝ ʩʨʝʜʥʝʦʙʦʨʦʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʄʘʂ ʄ32ʉ ʩʣʫʞʘʪ ʣʝʛʠʨʦʚʘʥʥʘʷ ʤʦʣʠʙʜʝʥʦʤ ʩʪʘʣʴ ï 

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʦʩʪʘʚʥʦʛʦ ʧʦʨʰʥʷ, ʯʫʛʫʥ ï ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʦʩʪʘʚʥʦʛʦ ʧʦʨʰʥʷ ʠ ʛʦʣʦʚʢʘ ʮʠʣʠʥʜʨʘ 

(ʨʠʩ.2).  ɿʥʘʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʝʡ ʫʟʣʦʚ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ ʚ ʤʘʩʣʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʵʣʝʤʝʥʪ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥ ʠʟʥʦʩʫ.  

ɸʣʛʦʨʠʪʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʩʣʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫ-

ʶ ʠɦʭ ʵʪʘʧʦʚ: 

ʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʣʘ (ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʛʨʘʥʠʮ).  

ʨʠʚʝʜʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʠʩʪʝʤʥʳʭ ʧʝʨʝʤʝʥʥʳʭ) ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʤʘʩʣʘ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʝʣʠʯʠʥʘʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 10. ʌʦʨʤʫʣʳ ʧʝʨʝʚʦʜʘ (1) ʠ (2): 
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ʈʠʩ. 2. ʉʦʩʪʘʚʥʦʡ ʧʦʨʰʝʥʴ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʀʩʪʦʯʥʠʢ: industrialmarinepower.com 
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ʛʜʝ Fij ï ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ, Ph ï ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, Pl -ʟʥʘʯʝʥʠʝ 

ʥʠʞʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʘʥʠʮʳ, Pt ï ʟʥʘʯʝʥʠʝ ʚʝʨʭʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʘʥʠʮʳ. 

ɺʳʨʘʞʝʥʠʝ (1) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʤʝʥʥʦʡ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʘ ʚ ʟʦʥʝ ʥʠʞʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʘʥʠʮʳ (ʈl). ʂ ʪʘʢʠʤ ʧʝʨʝʤʝʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʘʢ ʚʦʜʘ, ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʧʨʠʤʝʩʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɺʳʨʘʞʝʥʠʝ (2) ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʫʩʣʦ-

ʚʠʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚ ʟʦʥʝ ʚʝʨʭʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʘ-

ʥʠʮʳ (Pt).  

ʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ (ʬʦʨʤʫʣʘ 3), ʛʜʝ ʪʝʣʦ ʤʘʪʨʠʮʳ ï ʢʦʜʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʪʦʣʙʮʳ ï ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ ɼɺʉ ʚ ʯʘʩʘʭ: 
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ʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ (ʚʳʨʘʞʝʥʠʷ 4 ʠ 5): 
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Qij ï ʪʦʯʢʘ ʜʘʥʥʳʭ ʤʘʪʨʠʯʥʦʛʦ ʧʨʦʬʠʣʷ, m -ʩʪʨʦʢʠ, n- ʩʪʦʣʙʮʳ. 

ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʯʘʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʩʣʘ ʩʫʜʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʄɸʂ ʄ32ʉ, ʢʘʩʘʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.4. 
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ʈʠʩ.3. ʀʥʜʝʢʩʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʣʘ 

 

ʉʥʠʞʝʥʠʝ ʠʥʜʝʢʩʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʥʘʜʠʷ (ʨʠʩ.3) ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʥʦʩʘ 

ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʦʛʦ ʪʦʧʣʠʚʘ ʚ ʤʘʩʣʝ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʧʦʨʰʥʷ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʩʢʦʨʦʛʦ ʠʟʥʦʩʘ ʧʦʨʰʥʷ, ʥʠʞʥʷʷ ʯʘʩʪʴ (ʶʙʢʘ 

ʧʦʨʰʥʷ) ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʥʘʥʝʩʝʥʠʝʤ ʥʠʢʝʣʴ-ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ, ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ 

ʠʥʜʝʢʩʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʠʢʝʣʷ, ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʩʪʠʨʘʥʠʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʠʢʝʣʝʤ ʩʪʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʥʘʣʠʟʘʭ ʥʘʪʨʠʷ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʦʧʘʜʘʥʠʝ ʚ ʤʘʩʣʦ ʚʦʜʳ. 

ʉʦʯʝʪʘʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʪʘʣʠ, ʧʦʜʚʝʨʛʘʶʱʝʡʩʷ ʠʟʥʦʩʫ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʘʥʘʣʠʟʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʤʙʠʥʘʮʠʷ 

çʞʝʣʝʟʦ + ʭʨʦʤ ʠ/ʠʣʠ ʚʘʥʘʜʠʡè, ʵʪʦ ʫʢʘʞʝʪ ʥʘ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. ʆʜʥʘʢʦ, 

ʧʦʜʦʙʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩ ʫʯʝʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʠ 

ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʞʝʩʪʚʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ï 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʩʣʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ 

ʜʝʛʨʘʜʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʝʜʫʱʠʤʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʦʪʢʘʟʘʤ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ, ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʧʦʩʪʨʦʝ-

ʥʠʝ ʧʨʦʛʥʦʟʘ ʦʙ ʠʟʥʦʩʝ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʜʦʧʫʩʪʠʤʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʙʠʥʘʮʠʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝ-

ʘʣʠʟʦʚʘʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʠʩ-

ʢʨʝʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ.  ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʜʢʦʥʪʨʦʣʴʥʦʛʦ ʫʟʣʘ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ 

 

ʀʟʣʦʞʠʤ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʝ. ʈʝʘ-

ʣʠʟʘʮʠʷ ʙȳͦʣʴʰʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʧʠʩʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʝʜʩʪʘʚʠʤ ʎʇɻ ʚ ʬʦʨʤʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʛʨʘʬʘ, ʧʨʠʥʠʤʘʷ 

ʫʨʦʚʝʥʴ - ʩʦʙʩʪʚʝʥʥʦ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ, ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ 2ʫʨʦʚʝʥʴ ï ɻ ʪʦ ʫʟʣʳ (Dn), 

ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ: ʧʦʨʰʝʥʴ, ʛʠʣʴʟʘ ʮʠʣʠʥʜʨʘ, ʤʘʩʣʦʩʲʝʤʥʳʝ ʢʦʣʴʮʘ, ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʢʦʣʴʮʘ, 

ʧʦʨʰʥʝʚʦʡ ʧʘʣʝʮ. (ʨʠʩ. 4ʘ). ʂʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʦʚ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʣʛʦ-

ʨʠʪʤʘʤʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʝʝ ʜʚʫʭ ʠʩʭʦʜʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʪʜʝʣʴ-

ʥʳʝ ʙʠʥʘʨʥʳʝ ʧʨʦʚʝʨʢʠ (ʨʠʩ. 4ʙ), ʛʜʝ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʷʚʣʷʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʜʫʛʘʤʠ ï ʚʦʟʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʦʩʪʦʷʥʠʝ ʫʟʣʘ (ʉ) ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʟʣʠʯʥʳʝ ʧʦʟʠʮʠʠ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʨʢʠ, q ï ʧʨʦʮʝʜʫʨʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩ ʩʠʤʚʦʣʘʤʠ ç0è - ʦʪʢʘʟ ʠʣʠ ʥʝʜʦʧʫʩʪʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʠ 

ç1è - ʜʦʧʫʩʪʠʤʳʡ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ [7]. 
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ʈʠʩ. 4. ɻʨʘʬʳ ʘ) ʩʪʨʫʢʪʫʨʳ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ; ʙ) ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʨʦʣʷ ʫʟʣʘ 

 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʝʨʝʙʦʨʝ ï ʚʝʪʚʣʝʥʠʠ, ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʚʳʛʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʩ çʥʘʠʣʫʯʰʝʤè ʚʝʨʭʥʠʤ ʟʥʘʯʝʥʠʝʤ ʠ 

ʦʮʝʥʢʦʡ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʥʘ ʢʘʞʜʦʡ ʠʟ ʚʝʨʰʠʥ ʛʨʘʬʘ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ (G) ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʟʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʀʕʌ ʢʘʞʜʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʣʘ, ʪʦʛʜʘ: 

 

Ὃ ˕˪ ȟl̞ ˪ ȣl˕˪ˡȟ φ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʦʙʣʘʜʘʝʪ ʥʝʢʠʤ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʀʕʌ. ʆʧʨʝʜʝʣʷʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʜʣʷ ʎʇɻ ʧʦʢʘʟʘʪʝʣʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ, 

ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ Gi ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʥʘ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʛʨʘʬʘ ʚ ʩʦʩʪʦʷʥʠʷʭ ʉn.  ʇʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʳʩʪʨʘʠʚʘʥʠʠ ʮʝʧʦʯʝʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʚʭʦʜʷʱʠʤʠ ʚ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʘʤʠ ʚʦʟʥʠʢʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʝʫʯʪʝʥʥʳʝ ʪʦʯʢʠ ï ʠʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʧʘʨʘʤʝʪʨʳ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʝ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʫʟʝʣ. ʅʘʧʨʠʤʝʨ, ʪʦʯʢʘ ʩʦʚʧʘʜʝʥʠʷ 

ʧʨʠ ʧʝʨʝʙʦʨʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʀʕʌ ʚ ʩʦʩʪʦʷʥʠʠ Gi (ʉ1). ʆʙʥʘʨʫʞʝʥʠʝ ʪʘʢʠʭ ʪʦʯʝʢ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ, ʥʘʭʦʜʷʪʩʷ ʣʠ ʜʘʥʥʳʝ ʪʦʯʢʠ ʥʘ ʩʘʤʦʤ ʜʣʠʥʥʦʤ ʧʫʪʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ 

ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʩʘʤʦʛʦ ʜʣʠʥʥʦʛʦ ʧʫʪʠ, ʪ.ʝ. ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʫʟʣʘ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʉʕʋ, ʨʘʟʚʠʪʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦ-

ʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʠʩʪʝʤʥʦ-

ʩʪʠ, ʘ ʦʙʲʝʜʠʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʇʦʪʝʨʠ, ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʤʝʭʘʥʠʟʤʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ 

ʢ ʤʠʥʠʤʫʤʫ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʝ ʨʘʙʦʪʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ ʤʘʩʣʘ ʧʦʤʦʞʝʪ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦ-

ʩʪʴʶ ʧʨʦʮʝʩʩʘ ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʩʫʜʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʫʧʨʦʱʘʷ 

ʧʨʦʮʝʩʩ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʥʘ ʙʘʟʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʪʢʘʟʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʣʝʤʝʥʪʘ ʎʇɻ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʨʝʜʩʪʚʘʤ ʦʮʝʥʢʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʦʚ ʤʘʩʣʘ ʠ ʧʨʦʧʫʩʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ʛʨʘʬʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ. 
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The failure of elements such as the piston ring and cylinder liner, operating under conditions of 

high temperature and heavy load, entails a decrease in the efficiency and service life of a marine engine. 

Timely diagnostics and forecast of the operational characteristics of diesel engine elements have a signif-

icant impact on the safety of the ship. In the presented work, an approach is proposed for assessing the 

technical condition of the cylinder-piston group of a ship power plant, based on the application of math-

ematical analysis methods to a data array formed on the basis of the results of measuring the parameters 

of the used engine oil. A mathematical approach is proposed based on determining the efficiency index of 

the physical and chemical parameters of used motor oil, followed by the prediction of the occurrence of 

malfunctions of the cylinder-piston group using the branch and bound method. 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʫʯʝʪʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʨʠ 

ʘʥʘʣʠʟʝ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ ʧʣʦʩʢʠʭ ʩʝʢʮʠʡ ʥʘ ʙʘʟʝ ʨʘʟʚʝʨʥʫʪʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ (ʊʂʇ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ (ʊʇ), ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ʠʩʧʦʣʥʠʪʝʣʝʡ, ʧʨʦʠʟʚʦʜʷʱʝʡʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʧʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʵʣʝʤʝʥʪʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʙʦʨʢʠ ʧʣʦʩʢʦʡ ʩʝʢʮʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 4 ʚʘʨʠʘʥʪʦʚ ʧʦʜʘʯʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ (ʣʠʩʪʦʚ), 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʩʥʘʩʪʢʠ ʢ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʩ ʧʝʨʚʠʯʥʳʤ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝʤ. ʇʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ 

ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ ʦʩʥʦʚʝ 

ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ 

ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʧʣʦʩʢʠʭ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʨʘʙʦʪʢʘʭ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʚ ʧʣʘʥʝ ʠʭ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ ʧʨʠ ʩʙʦʨʢʝ ʩʫʜʦʚʳʭ 

ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʉʂʂ). ʂ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ ï 

ʧʦʢʘʟʘʪʝʣʷʤ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʦʪ ʩʦʩʪʘʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʤʝʩʪʘ ʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʩʙʦʨʢʠ ʉʂʂ ʙʳʣʠ ʚʳʜʝ-

ʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ:  

1. ʌʠʟʠʯʝʩʢʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ (ʢʢʘʣ) ʧʨʠ ʦʙʱʝʡ ʥʘʛʨʫʟʢʝ ʢʦʨʧʫʩʘ 
ʠ ʥʦʛ, ʪ.ʝ. ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠʩʧʦʣʥʠʪʝʣʝʡ;  

2. ʌʠʟʠʯʝʩʢʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʧʣʝʯʝ-

ʚʦʛʦ ʧʦʷʩʘ ʧʨʠ ʧʦʜʲʝʤʝ (ʩʧʫʩʢʝ) ʛʨʫʟʦʚ ʨʫʢʘʤʠ; 

3. ʈʘʙʦʯʘʷ ʧʦʢʘ ʠ ʦʪʩʫʪʩʪʚʫʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʦʧʝʨʘʮʠʠ; 

4. ʌʠʟʠʯʝʩʢʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚʦ ʚʥʝʰʥʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʟʘ ʚʨʝʤʷ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ, ʢʛʤ;  

ɼʘʣʝʝ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʧʩʠʭʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʝʨʚʳʝ ʪʨʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷ, ʠʤʝʶʱʠʝ 

ʨʘʥʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʫʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʢɼʞ/ʤʠʥ).  

ʉʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ ʧʣʦʩʢʦʩʪʥʳʭ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ-

ʩʝʢʮʠʡ ʢʦʨʧʫʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʥʫʪʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ.  

ʇʨʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʚʝʨʥʫʪʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩʝʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘ ʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʠ ʜʣʷ 

ʦʙʦʙʱʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ɺ ʩʦʩʪʘʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʪʠʧʦʚʳʝ ʩʙʦʨʦʯʥʳʝ ʦʧʝʨʘʮʠʠ: 

ʩʙʦʨʢʘ ʙʘʟʦʚʦʛʦ ʧʦʣʦʪʥʠʱʘ, ʫʩʪʘʥʦʚʢʘ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʥʘʙʦʨʘ, ʩʙʦʨʢʘ ʟʘʤʳʢʘʶʱʝʛʦ ʧʦʣʦʪʥʠʱʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʦʧʝʨʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ ʧʨʠʝʤʦʚ: 

1. ʇʦʜʘʯʘ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ ʢ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʩ ʧʝʨʚʠʯʥʳʤ ʦʨʠ-
ʝʥʪʠʨʦʚʘʥʠʝʤ ï ʊʂʇ ï 1;  
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2. ʆʩʥʦʚʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 
ʬʠʢʩʘʮʠʝʡ ʠʭ ʧʦʣʦʞʝʥʠʷ ï ʊʂʇ ï 2; 

3. ʈʘʟʤʝʪʢʘ ʠ ʧʨʠʛʦʥʢʘ ʩʦʧʨʷʞʝʥʠʡ ï ʊʂʇ ï 3; 

4. ɿʘʯʠʩʪʢʘ ʧʦʜ ʩʙʦʨʢʫ ʢʨʦʤʦʢ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʧʨʷʞʝʥʠʷ ï ʊʂʇ ï 4; 

5. ʉʪʷʛʠʚʘʥʠʝ ʩʦʧʨʷʛʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ï ʊʂʇ ï 5; 

6. ʉʦʝʜʠʥʝʥʠʝ (ʟʘʢʨʝʧʣʝʥʠʝ) ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʊʂʇ ï 6; 

7. ʇʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʩʙʦʨʢʠ ʠ ʜʦʚʦʜʦʯʥʳʝ ʨʘʙʦʪʳ ï ʊʂʇ ï 7; 

ɺ ʩʦʩʪʘʚʝ ʪʠʧʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʙʦʨʢʠ ʜʦʣʞʥʳ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʷʪʴ ʪʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ: 

1. ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʨʘʙʦʪʳ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ (ʊʇ 1); 

2. ɺʟʷʪʠʝ ʠ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʧʦʜʛʦʪʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʊʇ 2); 

3. ʇʦʜʛʦʪʦʚʢʘ ʠ ʟʘʭʚʘʪ (ʦʩʚʦʙʦʞʜʝʥʠʝ) ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ, ʦʩʥʘʩʪʢʠ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ (ʊʇ 3); 

4. ʇʝʨʝʭʦʜʳ ʨʘʙʦʯʠʭ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ (ʊʇ 4); 

5. ʇʦʜʛʦʪʦʚʢʘ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩʦʧʨʷʞʝʥʠʡ (ʊʇ 5). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʜʝʣʝʥʥʳʭ ʚʳʰʝ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ ʠ 

ʥʘ ʙʘʟʝ ʧʨʦʚʝʨʝʥʥʳʭ ʨʘʥʝʝ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʠ ʩʝʢʮʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʥʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʘʨʠʘʥʪʳ 

ʩʙʦʨʢʠ ʩʝʢʮʠʠ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ.  

ɿʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ (ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ) ʧʝʨʚʳʭ ʪʨʝʭ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚʳʰʝ, ʚʢʣʶʯʘʷ ʫʩʣʦʚʠʷ ʪʨʫʜʘ.  

ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʫʜʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʙʘʣʣʘʭ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

çʄʝʞʦʪʨʘʩʣʝʚʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷè ʅʀʀ ʪʨʫʜʘ [1]. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʷʞʝʩʪʠ ʪʨʫʜʘ (ʀʊ) ʚ ʙʘʣʣʘʭ ʩ ʫʯʝʪʦʤ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ 10-ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʪʷʞʝʩʪʠ ʪʨʫʜʘ j-ʦʤ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʨʤʘʪʠʚʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳ-

ʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3 ʢʘʪʝ-

ʛʦʨʠʠ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʨʘʙʦʪʘʶʱʠʭ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ: ʧʨʠ ʦʙʱʝʡ ʥʘʛʨʫʟʢʝ ʢʦʨʧʫʩʘ ʥʦʛ ʥʝ ʙʦʣʝʝ 23 ʢɼʞ/ʤʠʥ; ʧʨʠ ʨʝʛʠʦ-

ʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʧʣʝʯʝʚʦʛʦ ʧʦʷʩʘ ʥʝ ʙʦʣʝʝ 12,5 ʢɼʞ/ʤʠʥ.  

ɼʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʠʟʠ-

ʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʷʞʝʩʪʠ 

ʪʨʫʜʘ ʂʊ, ʜʣʷ III  ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ ï 0,094; ʜʣʷ IV ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ ï 0,111; ʜʣʷ V ʢʘʪʝʛʦʨʠʠ 

ʪʷʞʝʩʪʠ ï 0,122; ʜʣʷ VI ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ ï 0,125.  

ʉʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ ʂʪ ʜʣʷ ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ ʧʨʠ ʩʫʜʦʚʦʡ ʩʙʦʨʢʝ ʠ ʧʨʠʥʷʪʴ ʝʛʦ ʨʘʚ-

ʥʳʤ ʩʨʝʜʥʝʤʫ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ III  ʠ IV ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ Kʪʟ = 0,103. ʇʨʠ ʦʮʝʥʢʝ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʥʦʡ ʩʙʦʨʦʯʥʦʡ ʦʧʝʨʘʮʠʡ ʩʨʘʚʥʠʤʳʭ ʚʘʨʠʘʥʪʦʚ ʩʙʦʨʢʠ ʩʣʝʜʫʝʪ ʜʦ-

ʧʫʩʪʠʪʴ, ʯʪʦ ʫʯʝʪ ʪʷʞʝʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʝʨʘʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʮʝʥʢʠ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (ti) ʤʦʞʥʦ ʫʯʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ï ʂʊʇ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʤʝʜʠʢʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʤʝʪʦʜʠʢʠ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʧʦ ʫʩʣʦʚʠʷʤ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʧʨʝʜʧʨʠʷʪʠʷ ɺʦʣʞʩʢʠʡ 

ʘʚʪʦʟʘʚʦʜ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʜʦʧʣʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʪʷʞʝʩʪʠ ʨʘʙʦʪ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. ʈʘʟʤʝʨʳ ʜʦʧʣʘʪ ʟʘ ʨʘʙʦʪʫ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʩʦʧʦ-

ʩʪʘʚʠʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʢʦʨʧʫʩʦʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʩʙʦʨʢʝ 

ʩʝʢʮʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʘʨʠʘʥʪʦʚ ʨʘʙʦʪ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʦʧʝʨʘʮʠʡ ʢʘʢ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʙʦʪ.  ʈʘʟʤʝʨ ʜʦʧʣʘʪʳ ʟʘ ʨʘʙʦʪʫ ʩ 

ʫʯʝʪʦʤ ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʂʊ ʚ ʚʠʜʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʪʷʞʝʩʪʠ ʪʨʫʜʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʂʊʇ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ: ʜʣʷ 

I ʠ II ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ; ʜʣʷ III  ʢʘʪʝʛʦʨʠʠ ʂʊʇ3 = 1,08; ʜʣʷ IV ʢʘʪʝʛʦʨʠʠ ʂʊʇ4 = 1,16; ʜʣʷ V ʢʘʪʝ-

ʛʦʨʠʠ ʂʊʇ5 = 1,20; ʜʣʷ VI ʢʘʪʝʛʦʨʠʠ ʂʊʇ6 = 1,24.  
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ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʧʫʩʦʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʩʙʦʨʢʝ ʧʣʦʩ-

ʢʦʩʪʥʳʭ ʩʝʢʮʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʚʸʨʥʫʪʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱ ʠ 

ʫʩʪʘʥʦʚʢʠ ʥʘʙʦʨʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʦʧʝʨʘʮʠʡ ʩʙʦʨʢʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠʝʤʦʚ (ʊʂʇ): 

1. ʇʦʜʘʯʘ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ ʢ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʩ ʧʝʨʚʠʯʥʳʤ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʠʝʤ (ʊʂʇ-1); 

2. ʆʩʥʦʚʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 
ʬʠʢʩʘʮʠʝʡ ʠʭ ʧʦʣʦʞʝʥʠʷ (ʊʂʇ-2); 

ɺ ʵʪʠʭ ʪʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʝʤʦʚ (ʊʂʇ) ʜʣʷ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱ ʩʝʢʮʠʡ 

ʠ ʫʩʣʦʚʠʷʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʪʠʧʦʚʳʭ ʊʂʇ, ʪʘʢ 

ʜʣʷ ʊʂʇ-1ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ:  

1. ʊʂʇ - 1. ɿʘʭʚʘʪ ʣʠʩʪʦʚ ʩʪʨʫʙʮʠʥʦʡ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʚʘʨʠʘʥʪ 1). 

ɿʘʭʚʘʪ ʣʠʩʪʦʚ ʩʪʨʫʙʮʠʥʦʡ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʚʘʨʠʘʥʪ 2). 

ɿʘʭʚʘʪ ʣʠʩʪʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʳʩʪʨʦʟʘʭʚʘʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʚʘʨʠʘʥʪ 3). 

ɿʘʭʚʘʪ ʣʠʩʪʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʨʘʚʝʨʩʦʡ ʣʠʩʪʦʫʢʣʘʜʯʠʢʘ ʠʣʠ ʜʨʫʛʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ (ʚʘʨʠʘʥʪ 4). 

ɿʘʭʚʘʪ ʣʠʩʪʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʡ (ʚʘʨʠʘʥʪ 1ʠ 2) ʤʦʞʝʪ ʧʨʦʠʟ-

ʚʦʜʠʪʴʩʷ ʦʙʳʯʥʦʡ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʩʪʨʫʙʮʠʥʦʡ. ɺ ʚʘʨʠʘʥʪʝ 3 ʟʘʭʚʘʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʘʤʦʟʘ-

ʭʚʘʪʳʚʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʪʠʧʘ ʢʣʷʤʤʝʨʦʚ. 

ʇʦʩʪʨʦʝʥʠʝ ʨʘʟʚʝʨʥʫʪʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʨʘʙʦʪ, ʚʭʦʜʷ-

ʱʠʭ ʚ ʊʂʇ-1ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱ ʩ ʫʯʝʪʦʤ ʪʷʞʝʩʪʠ ʨʘʙʦʪ ʜʣʷ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʝʨʥʫʪʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪ, ʚʭʦʜʷʱʠʭ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʠʝʤʦʚ (ʊʂʇ-1) ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱ: ʧʦʜʘʯʘ ʣʠʩʪʦʚ ʧʦʣʦʪʥʠʱ ʩʝʢʮʠʡ 

ʥʘ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʫʶ ʦʩʥʘʩʪʢʫ.  

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʘʢʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʊʂʇ-1ʧʨʠ ʧʦʜʘʯʝ ʣʠʩʪʦʚ ʧʦʣʦʪʥʠʱ 

ʩʝʢʮʠʡ ʥʘ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʫʶ ʦʩʥʘʩʪʢʫ ʩ ʧʦʤʦʱʴʶ ʢʨʘʥʘ, ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʧʦ ʩʫʪʠ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʡ ʨʘʙʦʯʠʤʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʦ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʤʘʨʢʠʨʦʚʢʠ ʠ ʥʘʜʧʠʩʝʡ, ʩʜʝʣʘʥʥʳʭ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʣʠʩʪʘ ʚ ʩʦʩʪʘʚʝ ʧʦʣʦʪʥʠʱʘ ʠ ʩ ʦʮʝʥʢʦʡ ʧʦʣʦʞʝʥʠʷ ʧʦʜʘʥʥʦʛʦ ʣʠʩʪʘ 

ʥʘ ʚʝʩʫ ʥʘ ʤʝʩʪʝ ʫʢʣʘʜʢʠ; ʧʨʠ ʟʘʭʚʘʪʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʣʠʩʪʘ ʩʪʨʫʙʮʠʥʦʡ ʝʝ ʚʠʥʪ ʚʨʘʱʘʝʪʩʷ 

ʨʫʢʦʡ ʠ ʣʦʤʠʢʦʤ; ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʥʘʜʝʚʘʥʠʷ ʩʪʨʫʙʮʠʥʳ ʠʣʠ ʜʨʫʛʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʨʫʟʦʟʘʭʚʘʪ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʣʝʞʘʱʠʡ ʣʠʩʪ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʧʦʜʥʷʪʴ ʝʛʦ ʢʨʦʤʢʫ ʠ ʫʩʪʘʥʦ-

ʚʠʪʴ ʧʦʜʢʣʘʜʢʫ, ʪʘʢʞʝ ʠʤʝʪʴ ʧʨʦʚʠʩʘʥʠʝ ʪʨʦʩʘ; ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʩʪʘ ʠ ʪʝʣʝʞʢʠ ʢʨʘʥʘ, ʘ ʪʘʢʞʝ ʧʝ-

ʨʝʭʦʜʳ ʨʘʙʦʯʠʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʘʯʢʠ ʣʠʩʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʩʪʘ ʩʙʦʨʢʠ, ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʦʡ ʦʩʥʘʩʪʠ, ʦʯʝʨʝʜʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʣʠʩʪʦʚ ʥʘ 

ʦʩʥʘʩʪʢʫ, ʤʝʩʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʭ ʚ ʩʦʩʪʘʚʝ ʧʦʣʦʪʥʠʱʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʝʤʦʚ ʧʦ ʵʥʝʨʛʦʪʨʘʪʘʤ ʨʘʙʦʯʠʭ ʙʳʣʠ ʫʯʪʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ: ʟʘʢʨʫʯʠʚʘʥʠʝ ʠ ʦʪʢʨʫʯʠʚʘʥʠʝ ʚʠʥʪʘ ʩʪʨʫʙʮʠʥʳ ʣʦʤʠʢʦʤ ʠ 

ʧʦʜʛʦʪʦʚʢʘ ʣʠʩʪʘ ʢ ʟʘʭʚʘʪʫ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʙʦʯʠʤ ʚ ʧʦʣʦʞʝʥʠʠ ʥʘʛʥʫʚʰʠʩʴ, ʘ ʚʦ ʚʨʝʤʷ ʥʘʭʦʞʜʝ-

ʥʠʷ ʤʘʨʢʠʨʦʚʢʠ ʣʠʩʪʘ ʠ ʨʘʙʦʪʳ ʩʦ ʩʪʨʫʙʮʠʥʦʡ ʨʫʢʦʡ ʨʘʙʦʯʠʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʦʨʪʦʯʢʘʭ. ʇʨʠ ʟʘʭʚʘ-

ʪʝ ʣʠʩʪʦʚ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʦʞʝʥʠʷ, ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʥʠʭ ʤʘʨʢʠʨʦʚʢʠ ʠ ʥʘʜʧʠʩʝʡ ʨʘʙʦʪʳ ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʨʘʙʦʯʠʤ ʚ ʧʦʣʦʞʝʥʠʠ ʥʘʛʥʫʚʰʠʩʴ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʨʘʙʦʪʳ - ʚ ʧʦʣʦʞʝʥʠʠ ʩʪʦʷ. ʆʨʠʝʥʪʘʮʠʷ 

ʣʠʩʪʘ ʥʘ ʚʝʩʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʙʦʯʠʤ ʪʦʣʴʢʦ ʚ ʧʦʣʦʞʝʥʠʠ ʩʪʦʷ. ʇʦ ʨʦʜʫ (ʪʷʞʝʩʪʠ) ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ: ʧʦʜʛʦʪʦʚʢʘ ʣʠʩʪʘ ʢ ʟʘʭʚʘʪʫ, ʟʘʢʨʫʯʠʚʘʥʠʝ ʠ ʦʪʢʨʫʯʠʚʘʥʠʝ ʚʠʥʪʘ ʩʪʨʫʙʮʠʥʳ ʣʦʤʠʢʦʤ - 

ʪʷʞʝʣʘʷ ʨʘʙʦʪʘ ʨʫʢʦʡ; ʟʘʢʨʫʯʠʚʘʥʠʝ ʠ ʦʪʢʨʫʯʠʚʘʥʠʝ ʚʠʥʪʘ ʩʪʨʫʙʮʠʥʳ ʨʫʢʦʡ - ʪʷʞʝʣʘʷ ʨʘʙʦʪʘ ʢʠ-

ʩʪʴʶ; ʨʘʟʚʦʨʦʪ ʣʠʩʪʘ ʧʨʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʚʝʩʫ - ʣʝʛʢʘʷ ʨʘʙʦʪʘ ʨʫʢʦʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʊʂʇ-1ʩʙʦʨʢʠ ʧʦ-

ʣʦʪʥʠʱ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʠ ʧʦ ʵʥʝʨʛʦʪʨʘʪʘʤ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 
ʇ

Sʇ

ʇ

Sɿ

ʇ

Sʀ

ʇ

Sʈ

ʇ

Sʊʂʇ ttttt 11111 +++= , 
ʇ

Sʇ

ʇ

Sɿ

ʇ

Sʀ

ʇ

Sʈ

ʇ

Sʂʇ ʝʝʝʝɽ 11111 +++= , 

ʛʜʝ - ʠʥʜʝʢʩ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʊʂʇ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʘʢʪʦʚ ʢ ʦʧʝʨʘʮʠʠ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ; 

ʇ

ʊʂʇt 1

ʇ

ʊʂʇɽ 1

ʇ
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- ʠʥʜʝʢʩ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʊʂʇ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʘʢʪʦʚ; 

ʀɿʀʈ tttt  , , , - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʥʘ ʦʩʤʦʪʨ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ (ʈt ), ʥʘ ʧʦʜʛʦʪʦʚʢʫ, ʦʪ-

ʢʣʘʜʳʚʘʥʠʝ ʠ ʩʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ (
ʀt ), ʟʘʢʨʝʧʣʝʥʠʝ (ʫʩʪʘʥʦʚʢʫ) ʠ ʩʥʷʪʠʝ ʛʨʫʟʦ-

ʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ (ɿt ), ʧʝʨʝʭʦʜʳ ʨʘʙʦʯʠʭ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʩʙʦʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʝʪʘʣʝʡ, ʫʟʣʦʚ 

ʠ ʪ.ʧ.), ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʩʥʘʩʪʢʠ (ʇt ), ʤʠʥ; 

ʇɿʀʈ ʝʝʝʝ  , , , - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʨʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʦʩʤʦʪʨ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ (

ʈʝ), ʥʘ ʧʦʜʛʦʪʦʚʢʫ, ʦʪʢʣʘʜʳʚʘʥʠʝ ʠ ʩʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ (ʀʝ), ʟʘʢʨʝʧʣʝʥʠʝ 

(ʫʩʪʘʥʦʚʢʫ) ʠ ʩʥʷʪʠʝ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ (ɿʝ), ʧʝʨʝʭʦʜʳ ʨʘʙʦʯʠʭ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʩʙʦʨʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʜʝʪʘʣʝʡ, ʫʟʣʦʚ ʠ ʪ.ʧ.), ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʩʥʘʩʪʢʠ (ʇʝ), ʢɼʞ; 

ʇʨʠ ʪʠʧʦʚʦʤ ʊʂʇ-1ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 4 ʚʘʨʠʘʥʪʘ ʨʘʙʦʪ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʪʨʘ-

ʪʘʤ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ɼʣʷ 1ʚʘʨʠʘʥʪʘ ʊʂʇ-1ʬʦʨʤʫʣʳ ʨʘʟʚʝʨʥʫʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʣ-

ʥʦʤ ʦʙʲʝʤʝ, ʚ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʠ, ʚʚʦʜʷʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭ-

ʩʷ ʚʳʨʘʞʝʥʠʡ ʬʦʨʤʫʣ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʘʨʠʘʥʪʫ (ʥʦʤʝʨ ʠʥʜʝʢʩʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʤʝʨʦʤ ʚʘʨʠʘʥʪʘ). 

1) ɺʘʨʠʘʥʪ 1. ɿʘʭʚʘʪ ʣʠʩʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʙʮʠʥʳ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

 

ὸ˟˗˜
˜  ὸ̋̎

̘́
ὲϽὸ ὸˣ ὸ̋̋

̏̎
ὲϽὑ˟ ˜Ͻὸ̝˝ ὸ̝˘ ὸ̨̋ ςϽὸˏ˔ ὸ̐̏̅

 

 

, ʤʠʥ; 

 ʤʠʥ; 

 ʤʠʥ; 

 ʤʠʥ. 

ɺ ʫʢʨʫʧʥʝʥʥʦʤ ʚʠʜʝ ʟʥʘʯʝʥʠʝ  ʧʨʠʤʝʪ ʚʠʜ: 

, ʤʠʥ, 

ʛʜʝ  -ʚʨʝʤʷ ʪʠʧʦʚʦʛʦ ʘʢʪʘ 1ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ, ʤʠʥ; 

- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʪʠʧʦʚʳʭ ʧʨʠʝʤʦʚ 2ʠ 3 ʚ ʊʂʇ-1ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʩʙʦʨʢʠ 

ʧʦʣʦʪʥʠʱʘ, ʤʠʥ; 

- ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʪʠʧʦʚʦʛʦ ʧʨʠʝʤʘ 4, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʧʦʚʪʦʨʷʝʪʩʷ ʚ ʚʘʨʠʘʥʪʘʭ ʊʂʇ-

1ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ, ʤʠʥ; 

- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʥʘ ʦʩʤʦʪʨ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʧʨʦʚʝ-

ʜʝʥʠʷ ʧʝʨʚʦʛʦ ʧʨʠʝʤʘ, ʤʠʥ; 
ʧ - ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʦʚ ʚ ʧʦʣʦʪʥʠʱʝ; 
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 - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʨʢʠʨʦʚʢʠ ʜʝʪʘʣʠ ʠ ʚʨʝʤʷ ʦʮʝʥʢʠ ʧʦʣʦʞʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʩʪʘ ʫʢʣʘʜʢʠ, ʤʠʥ. 

 
- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʟʘʚʠʥʯʠʚʘʥʠʷ ʨʫʢʦʡ () ʠ ʣʦʤʠʢʦʤ () ʦʪ-

ʚʠʥʯʠʚʘʥʠʷ ʨʫʢʦʡ () ʠ ʣʦʤʠʢʦʤ () ʚʦ 2-ʦʤ ʠ 3-ʝʤ ʧʨʠʝʤʘʭ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʤʠʥ; 

- ʚʨʝʤʷ ʚʟʷʪʠʷ ʠ ʦʪʢʣʘʜʳʚʘʥʠʷ ʣʦʤʠʢʘ, ʤʠʥ; 

 - ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ i-ʦʛʦ ʣʠʩʪʘ ʢ ʟʘʭʚʘʪʫ ʚ 4-ʦʤ ʧʨʠʝʤʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʤʠʥ; 

, - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ i-ʦʛʦ ʣʠʩʪʘ ʢʨʘʥʦʤ ʠ ʝʛʦ ʪʝʣʝʞʢʦʡ ʧʦ ʦʩʠ 

ʭ ( ) ʠ ʦʩʠ ʫ ( ), ʤ; 

,  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʳ ʢʦʨʨʝʢʪʠʨʦʚʦʢ i-ʦʛʦ ʣʠʩʪʘ ʥʘ ʚʝʩʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʭ ( ) 

ʠ ʦʩʠ ʫ ( ), ʤ; 

- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʪʘ ʧʨʦʚʠʩʘʥʠʷ ʪʨʦʩʘ (), ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʧʘʩ ʚʳʩʦ-

ʪʳ ʥʘʜ ʦʩʥʘʩʪʢʦʡ (), ʚʳʩʦʪʘ ʦʩʥʘʩʪʢʠ (), ʤ; 

- ʚʳʩʦʪʘ ʧʘʯʢʠ ʣʠʩʪʦʚ ʚ ʤʦʤʝʥʪ ʧʦʜʲʝʤʘ i-ʦʛʦ ʦʯʝʨʝʜʥʦʛʦ ʣʠʩʪʘ, ʤ; 

=  - ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʣʠʩʪʘ, ʤ/ʤʠʥ; 

, - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʰʠʨʠʥʘ () ʠ ʜʣʠʥʘ ()i-ʦʛʦ ʣʠʩʪʘ, ʤ; 

- ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʘʟʚʦʨʦʪʘ ʜʝʪʘʣʠ ʥʘ ʚʝʩʫ, ʤ/ʤʠʥ; 

 - ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʣʠʥʠʠ ʣʠʩʪʘ ʦʪ ʣʠʥʠʠ ʫʢʣʘʜʢʠ, ʛʨʘʜ; 

- ʧʫʪʴ ʨʘʙʦʯʝʛʦ ʦʪ ʧʘʯʢʠ (ʢʦʥʪʝʡʥʝʨʘ)ʣʠʩʪʦʚ ʜʦ ʤʝʩʪʘ ʫʢʣʘʜʢʠ, ʤ; 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ, ʤ/ʤʠʥ; 

- ʜʣʠʥʘ ʪʨʘʧʘ, ʤ; 

,  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ () ʠ ʩʧʫʩʢʘ () ʨʘʙʦʯʝʛʦ ʧʦ ʪʨʘʧʫ ʙʝʟ ʛʨʫ-

ʟʘ, ʤ/ʤʠʥ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

 

, ɼʞ, 

, ɼʞ, 

 , ɼʞ, 

ɿʥʘʯʝʥʠʝ  ʧʦ (ʫʢʨʫʧʥʝʥʥʦʤʫ) ʩʦʩʪʘʚʫ ʵʥʝʨʛʦʪʨʘʪ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠʤʝʪ ʚʠʜ: 

, 

ʛʜʝ - ʵʥʝʨʛʦʪʨʘʪʳ (ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ) ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 1-ʦʛʦ ʪʠʧʦʚʦʛʦ ʧʨʠʝʤʘ 

ʊʂʇ-1ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ, ɼʞ; 

-ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 2-ʦʛʦ ʠ 3-ʝʛʦ ʧʨʠʝʤʘ 

ʚ ʊʂʇ-1ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ, ɼʞ; 

- ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 4-ʦʛʦ ʧʨʠʝʤʘ ʊʂʇ-1ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ 

ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ, ɼʞ. 
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2) ɺʘʨʠʘʥʪ 2 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʊʂʇ-1ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʟʘʭʚʘʪʦʤ ʣʠʩʪʘ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ. 

ὸ˟˗˜
˜ ὸ̋˜ ˗˟ ˜Ͻὸ̞

˜ ὸ̝˜ ὸ̃˜
 Ͻ ̌ ̈́̐̃̌

̐̏̅
, ʤʠʥ 

 

ʛʜʝ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʪʠʧʦʚʳʭ ʧʨʠʝʤʦʚ ʜʣʷ ʚʪʦʨʦʛʦ ʚʘ-

ʨʠʘʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʠʝʤʘʤʠ ʧʝʨ-

ʚʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʦʪʨʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

 

, ʢɼʞ, 

ʛʜʝ  , , , - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʦʪʨʘʪʳ (ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ) ʠʩʧʦʣ-

ʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 1, 2, 3 ʠ 4 ʧʨʠʝʤʦʚ ʨʘʙʦʪʳ ʚ ʊʂʇ-1ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʩʙʦʨʢʠ ʧʦʣʦʪʥʠʱʘ, 

ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʩ ʧʨʠʝʤʘʤʠ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ, ɼʞ; 

- ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʦʪʨʘʪ ʠʩʧʦʣʥʠʪʝʣʷ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʤʘʨʢʠʨʦʚʢʠ ʜʝʪʘʣʠ ʚʦ 

ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ, ʢɼʞ; 

- ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʦʪʨʘʪ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʠ 

ʦʪʢʨʝʧʣʝʥʠʠ ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʣʦʤʠʢʦʤ ( , ) ʠ ʨʫʢʦʡ  ʚʦ ʚʪʦʨʦʤ 

ʚʘʨʠʘʥʪʝ, ʢɼʞ. 

3) ɺʘʨʠʘʥʪ 3 

ɺ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʭʚʘʪ ʣʠʩʪʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʳʩʪʨʦʟʘ-

ʭʚʘʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʝʤʦʚ ʨʘʙʦʪ+ . ɼʣʷ 

ʪʨʝʪʴʝʛʦ ʚʘʨʠʘʥʪʘ ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʚʧʘʜʝʥʠʝ ʯʘʩʪʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʩ 1ʠ 

2ʚʘʨʠʘʥʪʘʤʠ. 

 

ὸ˟˗˜
˜ ὸ˜ ψϽ̠˟˜ϽὲϽὸ̎́̅

˜ ὸ̃˜ В χϽὸ̐̏̅
˜

В Ͻ̃ ˘ ˘ В Ͻ ˜˝ ˔ˍ˜ ˘ Ў

̐̏̅
, ʤʠʥ 

ʛʜʝ ,˗˟ ˜Ͻ , , ö
÷

õ
æ
ç

å
ää
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ʧʦʜ

ʧ

ʧʦʜ ii
tt

11
1113

, - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ ʪʠʧʦʚʳʭ 

ʧʨʠʝʤʦʚ ʪʨʝʪʴʝʛʦ ʚʘʨʠʘʥʪʘ ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʩ ʧʨʠʝʤʘʤʠ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ, 

ʤʠʥ; 

- ʚʨʝʤʷ ʥʘʜʝʚʘʥʠʷ ʠ ʩʥʷʪʠʷ ʙʳʩʪʨʦʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤʠʥ; 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

, ʢɼʞ 

ʛʜʝ ( ), , ( ) - ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʠ-

ʝʤʦʚ ʚ ʊʂʇ-1ʪʨʝʪʴʝʛʦ ʚʘʨʠʘʥʪʘ ʨʘʙʦʪ ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʩ ʧʨʠʝʤʘʤʠ ʧʝʨʚʦʛʦ 

ʚʘʨʠʘʥʪʘ. 

4) ɺʘʨʠʘʥʪ 4 

ɺ ʯʝʪʚʝʨʪʦʤ ʚʘʨʠʘʥʪʝ ʟʘʭʚʘʪ ʣʠʩʪʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʚʝʨ-

ʩʦʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʠ ʟʘʭʚʘʪʝ ʣʠʩʪʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʨʘʚʝʨʩʦʡ ʨʝʟʢʦ ʩʦʢʨʘʱʘʶʪʩʷ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʦʚ ʚ ʊʇʂ-1ʧʨʠ ʵʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʪʠʭ ʧʨʠʝʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʟ 

ʫʢʨʫʧʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ. 

ὸ˟˗˜
˜ ὸ̎
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ὲϽὸ ὸ̨ˣ ὸ̋
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˗˟ ˜ϽὲϽὸ̝˘
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В Ὓ Ў

‡
 

)( ),( ),( ),( 1112111211121112

ʇ

ʇ

ʇ

ʇ

ʇ

ɿ

ʇ

ɿ

ʇ

ʀʀ

ʇ

ʈ

ʇ

ʈ tttttttt

[ ]++++ÖÖÖ-++ÖÖ-= )(105,0)101,0(
121212121212121212

33

ʈɿʈʆʃɿʃ

ʇ

ɿ

ʇ

ʀʆʉ

ʇ

ʈ

ʇ

ʊʂʇ ttttʧʝʝtʝɽ ʆ

)103,13(
1

3

1212 äÖÖ++
ʧ

ʧʦʜ

ʇ

ʇ i
tʝ

)(
1112

ʇ

ʈ

ʇ

ʈ ʝʝ )(
1112

ʇ

ʀ

ʇ

ʀ ʝʝ )(
1112

ʇ

ɿ

ʇ

ɿ ʝʝ )(
1112

ʇ

ʇ

ʇ

ʇ ʝʝ

12

3101,0 ʆʉtÖÖ

)(105,0
12121212

3

ʈɿʈʆʃɿʃ tttt ʆ+++ÖÖ

12ɿʃt
12ʆʃt ) ,(

1212 ʆʈɿʈ tt

ʀt ɿt

)(  ),( 11131113

ʇ

ʇ

ʇ

ʇ

ʇ

ʈ

ʇ

ʈ tttt )(8
13

ʧ

ɿ

ʧ

ʀ

ʧ

ʥʘʜ tttʧ +ÖÖÖ )(8
13

ʧ

ɿ

ʧ

ʀ

ʧ

ʥʘʜ tttʧ +ÖÖÖ

ʧ

ʥʘʜt
13

)8102,20(104,82
1

33

131313 iɺ ʧʦʜ

ʧ
ʇ

ʇʥʘʜ

ʇ

ʈ

ʇ

ʊʂʇ tʝtʝɽ ÖÖÖ++ÖÖ+= ä
ʇ

ʈʝ13

ʇ

ʈʝ11
)(104,82

13

3 ʧ

ɿ

ʧ

ʀʥʘʜ ttt +ÖÖÖ ʇ

ʇʝ13

ʇ

ʇʝ11



86 

, ʤʠʥ;

 
 ʤʠʥ;

 

, ʤʠʥ, 

- ʚʨʝʤʷ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʨʘʙʦʯʠʤ-ʦʧʝʨʘʪʦʨʦʤ, ʤʠʥ; 

- ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ ʪʨʘʚʝʨʩʳ, ʤʠʥ; 

ɺ ʫʢʨʫʧʥʝʥʥʦʤ ʚʠʜʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʊʂʇ-1ʚ ʯʝʪʚʝʨʪʦʤ ʚʘʨʠʘʥʪʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

, ʤʠʥ; 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ:

 , ɼʞ,
  

, ɼʞ, 

ʠʣʠ                                                       , ɼʞ, 

ʛʜʝ - ʵʥʝʨʛʦʪʨʘʪʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʠʝʤʦʚ ʚ ʊʂʇ-1ʯʝʪʚʝʨʪʦʛʦ 

ʚʘʨʠʘʥʪʘ ʨʘʙʦʪ. 

ɸʥʘʣʠʟ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦʜʘʯʠ ʣʠʩʪʦʚ ʥʘ ʤʝʩʪʦ ʩʙʦʨʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʘʨʠʘʥʪʳ 1, 3 ʠ 4 

ʤʝʥʝʝ ʟʘʪʨʘʪʥʳ ʧʦ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʣʠʩʪʦʚ ʥʘ ʤʝʩʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʭ ʭʨʘʥʝʥʠʷ.  
ɺʳʚʦʜʳ: 

1. ɺʚʝʜʝʥʠʝ ʚ ʨʘʩʯʝʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-
ʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʠʭ ʧʨʦʚʝ-

ʜʝʥʠʷ. 

2. ʋʯʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʨʠ ʘʥʘʣʠʟʘʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʙʦʨʦʯʥʳʡ ʧʨʦʮʝʩʩ, ʦʮʝʥʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʜʠʥʘ-

ʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʙʦʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʝʜʣʦ-

ʞʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʭʝʤʘʤ ʩʙʦʨʢʠ.  

3. ʅʘ ʙʘʟʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʪʷʞʝʩʪʠ ʪʨʫʜʘ ʨʘʟʨʘʙʦʪʘʪʴ 
ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʨʘʙʦʪ. 
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ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʝʢʮʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ. ʆʪʯʝʪ ʦ ʅʀʈ 
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5. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦ-
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MODELING OPTIONS FOR MANUFACTURING FLAT SECTIONS  

OF A SHIP HULL TAKEN INTO ACCOUNT OF THE INFLUENCE  

OF PRODUCTION ELEMENTS OF WORKING CONDITIONS  
 

Sheverdyaev Alexander Sergeevich, Associate Professor of the Department of Shipbuilding,  

Ship Repair and Marine Engineering 

 

Kaliningrad State Technical University, Kaliningrad, Russia, e-mail: sheverd49@gmail.com 

 

The article presents the results of work on taking into account production elements of working 

conditions when analyzing technology options for assembling flat sections on the basis of detailed math-

ematical models of the duration of execution of elements of technological operations: technological com-

plexes of techniques (TCP) and technological techniques (TP), as well as the energy consumption of per-

formers produced by introducing the corresponding coefficients of labor severity for one or another ele-

ment of the technological operation of assembling a flat section. As an example, we consider 4 options 

for supplying assembly units (sheets), equipment and accessories to the installation site with primary ori-

entation. The presented scheme for analyzing options for the assembly process, taking into account pro-

duction working conditions, based on the introduction of appropriate coefficients of labor severity in 

terms of duration and energy consumption of performers, will make it possible to more accurately deter-

mine the optimal options for elements of the technological process of assembling flat hull structures. 
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ʉɽʂʎʀʗ çʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ʆɹʒɽʂʊʆɺ  

ʄʆʈʉʂʆʁ ʀʅɼʋʉʊʈʀʀè 

 

SECTION "ELECTRICAL SYSTEMS OF MARINE INDUSTRY FACILITIES " 
 

ʋɼʂ 621.3 

 

ɿɸʑʀʊɸ ɼʀɿɽʃʔ-ɻɽʅɽʈɸʊʆʈʆɺ ʇʈʀ ʅɽʉʀʄʄɽʊʈʀʏʅʆʁ ʅɸɻʈʋɿʂɽ 

 
 
1ɹʘʙʘʩʶʢ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʫʨʩʘʥʪ; 
2ɹʦʯʘʨʥʠʢʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ; 
3ʇʦʧʦʚ ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ; 
4ʏʠʞʤʘ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʥʘʫʯʥʦʛʦ 

ʢʣʘʩʪʝʨʘ çʀʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡè ɹʌʋ ʠʤ. ʀ. ʂʘʥʪʘ 

 
1ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʌɻɹʆʋ ɺʆ çʂɻʊʋè,  

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: babasuk@yandex.ru.ru 
2,3,4ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ, ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ,  

e-mail: 2ABocharnikov@stud.kantiana.ru; 3MPopov@stud.kantiana.ru; 4SChizhma@kantiana.ru  

 

ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʨʝʞʠʤ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʥʦʡ ʚʠʙʨʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝʩʠʤ-

ʤʝʪʨʠʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ ʥʝʩʠʤʤʝʪʨʠʠ ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦ-

ʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʥʝʩʠʤʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʙʘʣʣʘʩʪʥʦʡ 

ʥʘʛʨʫʟʢʠ ʢ ʥʝʜʦʛʨʫʞʝʥʥʳʤ ʬʘʟʘʤ. ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʩʠʤʤʝʪʨʠʶ 

ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʫʨʦʚʝʥʴ ʪʦʢʘ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʪʨʝʭʬʘʟʥʦʡ ʣʠʥʠʠ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʦʢ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ. 

 

ʉʝʛʦʜʥʷ ʚʩʝ ʙʦʣʴʰʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʪʢʘʟ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠ ʜʘʞʝ ʢ ʘʚʘ-

ʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʛʦ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʜʣʷ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ. 

ʅʝʩʠʤʤʝʪʨʠʷ ʥʘʧʨʷʞʝʥʠʡ ï ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ, ʚ ʢʦʪʦʨʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʝʞʜʫʬʘʟʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ ʠʣʠ ʫʛʣʳ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʝʞʜʫʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʆʜʥʦʬʘʟʥʳʝ ʥʘʛʨʫʟʢʠ ʪʨʝʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʠ ʚʳʟʳʚʘʶʪ 

ʥʝʩʠʤʤʝʪʨʠʶ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʘʥʘʣʠʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʞʠʤʦʚ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝ-

ʛʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʪʘʢʠʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ. ʉʪʝʧʝʥʴ 

ʥʝʩʠʤʤʝʪʨʠʠ ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʦʪʥʦʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʢ ʥʘʧʨʷʞʝʥʠʶ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [1]: 

 

.100;100
1

0

0

1

2

2
Ö=Ö=

U

U
k

U

U
k                                                 (1) 

 

ʛʜʝ ʂ2U ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʤʤʝʪʨʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

K0U ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʤʤʝʪʨʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

Ul(l) ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ; 

U2(1) ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ; 

U0(1) ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʝʩʠʤʤʝʪʨʠʠ ʩʪʘʥʜʘʨʪ [2, 3] ʧʨʷʤʦ ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [4]. ʀʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦʚʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ 0,2ʩ (10 ʧʝʨʠʦʜʦʚ ʜʣʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ ʯʘʩʪʦʪʦʡ 50 ɻʮ).  

ʅʝʩʠʤʤʝʪʨʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʩʠʣʝ ʨʷʜʘ ʧʨʠʯʠʥ [5, 6]:  

ï ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʘʛʨʫʟʢʝ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʝʞʠʤ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʠʤʤʝʪʨʠʠ ʪʦʢʦʚ ʚ ʬʘʟʘʭ; 

ï ʩʭʝʤʥʘʷ ʥʝʩʠʤʤʝʪʨʠʷ, ʪ.ʝ. ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʩʘʤʦʡ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʠ ʨʝʤʦʥʪʝ ʬʘʟʳ ʛʨʫʧʧʳ, ʨʘʙʦʪʘ ʯʝʨʝʟ ʥʝʧʦʣʥʦʬʘʟʥʫʶ ʛʨʫʧʧʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʦʙʨʳʚ 

ʧʨʦʚʦʜʘ ʣʠʥʠʠ, ʦʙʨʳʚ ʬʘʟʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʥʝʚʢʣʶʯʝʥʠʝ ʬʘʟʳ ʚʳʢʣʶʯʘʪʝʣʷ ʠ ʜʨ.;  

ï ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ [1, 7] ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʩʠʤʤʝʪʨʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ K2U ʠ ʥʝʩʠʤʤʝʪʨʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ K0U ʚ ʪʦʯʢʝ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ, ʫʩʨʝʜʥʝʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 10 ʤʠʥ, ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 4% ʚ ʪʝʯʝʥʠʝ 100% ʚʨʝ-

ʤʝʥʠ ʠʥʪʝʨʚʘʣʘ ʚ ʦʜʥʫ ʥʝʜʝʣʶ. ʆʜʥʘʢʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʠ ʧʠʪʘʥʠʠ ʥʘʛʨʫʟʢʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʥʝʩʠʤʤʝʪʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ [8, 9, 10]. 

ɺ ʩʣʫʯʘʝ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʩʧʦʣʴʟʫʶʪ ʠʩʪʦʯʥʠʢʠ ʙʝʩʧʝʨʝ-

ʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ (ʀɹʇ) ï ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʧʨʝʨʳʚʥʦʝ ʧʠʪʘʥʠʝ ʧʦʜʢʣʶʯʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʣʶʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ʀɹʇ ʪʘʢʞʝ ʧʨʝʜʦʭʨʘʥʷʝʪ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ ʦʪ ʧʝʨʝʧʘʜʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝʤ. 

ɺ ʦʩʥʦʚʥʦʤ ʀɹʇ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʨʦʙʣʝʤ, ʩʥʠʞʘʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʂʨʦʤʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʀɹʇ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʠʪʘʥʠʝʤ ʠ ʜʨʫʛʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ, ʢʨʠʪʠʯʥʫʶ ʢ ʥʘʣʠʯʠʶ ʧʠʪʘʥʠʷ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʦʧʠʪʘʶʱʝʡ ʩʝʪʠ, 

ʥʘʧʨʠʤʝʨ, ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʦʧʠʪʝʣʴʥʳʤʠ ʢʦʪʣʘʤʠ. ʉʣʦʞʥʳʝ ʠ ʜʦʨʦʛʠʝ ʀɹʇ ʩʧʦʩʦʙʥʳ ʢʦʨʨʝʢ-

ʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ (ʥʘʧʨʷʞʝʥʠʝ, ʯʘʩʪʦʪʫ) ʚʳʭʦʜʥʦʡ ʩʝʪʠ. ʄʦʞʝʪ ʩʦʚʤʝʱʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠ-

ʜʘʤʠ ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʥʘʧʨʠʤʝʨ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ). 

ɺ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠ ʘʚʘʨʠʠ ʚ ʧʝʨʚʠʯʥʳʭ ʮʝʧʷʭ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʠ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʦʙʭʦ-

ʜʠʤʦ ʥʘʣʠʯʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʪʦʨʠʯʥʳʭ ʮʝʧʷʭ. ɺ ʵʥʝʨʛʝʪʠʢʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʠ-

ʪʘʥʠʝʤ ʚʪʦʨʠʯʥʳʝ ʮʝʧʠ, ʥʘʟʳʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʦʢʘ. 

ʀɹʇ ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ [11]: 

ï ʨʦʪʦʨʥʳʝ. ʀɹʇ ʠʤʝʝʪ ʜʚʠʛʘʪʝʣʴ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʦʩʥʦʚʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ, ʢʦʪʦ-

ʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʧʠʪʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚʤʝʩʪʝ ʩ ʙʘʪʘʨʝʡʥʳʤ ʙʣʦʢʦʤ; 

ï ʵʣʝʢʪʨʦʥʥʳʝ, ʠʣʠ ʩʪʘʪʠʯʝʩʢʠʝ. ʀɹʇ ʠʩʧʦʣʴʟʫʝʪ ʠʥʚʝʨʪʦʨʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʥʫʩʦʠʜʘʣʴ-

ʥʦʡ ʚʦʣʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʘʪʘʨʝʡʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝ-

ʤʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ. ɺ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʥʘʭʦʜʷʪʩʷ ʀɹʇ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: ʨʝʟʝʨʚʥʦʛʦ, ʣʠʥʝʡʥʦ-

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʠ ʜʚʦʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦ ʤʦʱʥʦʩʪʠ ʤʦʜʝʣʠ ʀɹʇ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: 

ï ʀɹʇ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʜʦ 3 ʢɺɸ) ï ʦʜʥʦʬʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʭʦʣʦʜʠʣʴʥʠʢʦʚ, ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʠ ʧʨʦʯʝʡ ʪʝʭʥʠʢʠ ʜʦʤʘʰʥʝʛʦ ʦʙʠʭʦʜʘ, ʘ ʪʘʢʞʝ ʦʪʦ-

ʧʠʪʝʣʴʥʳʭ ʢʦʪʣʦʚ, ʚʦʜʷʥʳʭ ʥʘʩʦʩʦʚ, ʧʨʠʚʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʦʨʦʪ ʠ ʪ.ʜ. ʄʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʚ 

ʦʬʠʩʝ ʠʣʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʜʣʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ, IT-ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʙʦʣʴ-

ʰʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ï ʀɹʇ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (ʜʦ 20 ʢɺɸ) ï ʦʜʥʦʬʘʟʥʳʝ ʠ ʪʨʝʭʬʘʟʥʳʝ ʧʨʠʙʦʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʚʤʝʩʪʝ ʩ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ, ʤʝʜʠʮʠʥʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ ʙʳʪʦʚʦʤ 

ʩʝʢʪʦʨʝ ʪʘʢʠʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʘʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʟʘʱʠʪʫ ʚʩʝʡ ʵʣʝʢʪʨʦʩʝʪʠ ʚ ʢʚʘʨʪʠʨʝ ʠʣʠ ʯʘʩʪ-

ʥʦʤ ʜʦʤʝ, ʚ ʦʬʠʩʝ ï ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʘʣʘ ʠʣʠ ʩʝʨʚʝʨʥʦʡ (ʨʠʩ. 1). 

ï ʀɹʇ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (ʦʪ 20 ʢɺɸ ʠ ʚʳʰʝ ï ʚʧʣʦʪʴ ʜʦ 300 - 500 ʢɺɸ) ï ʪʨʝʭʬʘʟʥʳʝ ʠʟ-

ʜʝʣʠʷ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʥʠ ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʘʚʪʦ-

ʥʦʤʥʦʡ ʨʘʙʦʪʳ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ ʠ 

ʦʙʲʝʢʪʦʚ. 
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ʈʠʩ. 1. ʆʜʥʦʬʘʟʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

 

ʕʣʝʢʪʨʦʥʥʳʝ ʀɹʇ ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʠʩ-

ʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʨʘʟʨʷʞʘʶʪʩʷ, ʧʦʵʪʦʤʫ 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʀɹʇ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ. 

ʅʝʩʠʤʤʝʪʨʠʷ ʤʦʞʝʪ ʩʣʫʯʘʪʴʩʷ ʧʨʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ. ʊʘ-

ʢʠʝ ʩʣʫʯʘʠ ʙʳʚʘʶʪ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʝ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʬʘʟ ʩʝʪʠ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʘʢʠʭ 

ʩʠʪʫʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʠʙʨʘʮʠʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʯʪʦ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʝʛʦ ʠʟ ʩʪʨʦʷ 

ʠʣʠ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʝʩʠʤʤʝʪʨʠʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʯʘʩʪʴ ʤʦʱʥʳʭ ʦʜʥʦʬʘʟʥʳʭ 

ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʨʘʙʦʪʘʝʪ ʧʦ ʫʩʣʦʚʠʷʤ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʚʩʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʬʠʣʘʢʪʠʯʝ-

ʩʢʠʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʨʝʤʦʥʪʘʭ). ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʤʤʝʪʨʠʨʫ-

ʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ, ʨʝʰʘʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʜʘʯʠ: 

1.ʉʠʤʤʝʪʨʠʨʫʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ʎʝʥʳ ʥʘʯʠʥʘʶʪʩʷ ʦʪ 100 ʪʳʩ. ʨʫʙ. ʟʘ ʘʥʘʣʦʛʠʯʥʫʶ 

ʤʦʱʥʦʩʪʴ. ʅʝʜʦʩʪʘʪʢʠ: ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʥʝʩʠʤʤʝʪ-

ʨʠʠ (ʙʦʣʝʝ 30%). ʇʨʠ ʵʪʦʤ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʝʩʠʤʤʝʪʨʠʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. 

 

 
 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʩʠʤʤʝʪʨʠʨʫʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

2. ʉʪʘʪʢʦʤʳ. ʈʝʰʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʘʜʘʯʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʦ 

ʦʯʝʥʴ ʜʦʨʦʛʠ. ʃʠʥʝʡʢʘ ʩʪʘʪʢʦʤʦʚ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 1ʄɺʘ, ʮʝʥʘ ï ʦʪ 22ʤʣʥ. ʨʫʙ. 

  



91 

 
 

ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʘʪʢʦʤʘ 
 

3. ʉʠʤʤʝʪʨʠʨʦʚʘʥʠʝ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʅʠʟʢʘʷ ʮʝʥʘ, ʥʝʜʦʩʪʘʪʦʢ ï 

ʥʠʟʢʠʡ ʂʇɼ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ. ʉ ʫʢʘʟʘʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʠʭʦ-

ʜʠʪʩʷ ʤʠʨʠʪʴʩʷ, ʪ.ʢ. ʛʣʘʚʥʘʷ ʮʝʣʴ ï ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʫʩʪʘʥʦʚʦʢ. 

ɽʩʣʠ ʧʦʪʨʝʙʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʪʨʸʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʠʩʢʣʶʯʘʝʪ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʝ ʪʨʝʭʬʘʟʥʦʛʦ ʀɹʇ. ʊʘʢ, ʝʩʣʠ ʦʜʥʘ ʬʘʟʘ ʪʨʝʭʬʘʟʥʦʛʦ 

ʀɹʇ ʥʘʛʨʫʞʝʥʘ ʥʘ 95%, ʘ ʜʚʝ ʜʨʫʛʠʝ ï ʥʘ 40% ʠ ʥʘ 50%, ʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 

ʪʨʝʭʬʘʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 20% ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘʜʦ ʤʝʥʷʪʴ ʪʨʝʭʬʘʟʥʳʡ 

ʀɹʇ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʡ. ʕʪʦ ʟʘʪʨʘʪʥʦ. ɺʳʭʦʜ ï ʧʦʜʢʣʶʯʝʥʠʝ ʬʠʣʴʪʨʦʩʠʤʤʝʪʨʠʨʫʶʱʝʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʬʘʟʘʤʠ, ʯʪʦ ʥʝ 

ʧʦʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʀɹʇ.  

ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʧʨʘʚʜʘʥʦ, ʝʩʣʠ ʥʝʩʠʤʤʝʪʨʠʷ ʪʦʢʦʚ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʩʠʤʤʝʪʨʠʠ ʪʦʢʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʝ-

ʰʝʥʠʷ, ʤʝʥʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ, ʥʦ ʨʝʰʘʶʱʠʝ ʚʦʧʨʦʩ ʩʥʠʞʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʟʘʱʠʱʘʶʱʠʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ ʦʪ ʚʠʙʨʘʮʠʠ [12, 13, 14]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʦʪ ʥʝʩʠʤʤʝʪʨʠʠ ʪʦʢʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʟʘ-

ʱʠʪʳ ʪʨʝʭʬʘʟʥʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʠʙʨʘʮʠʠ, ʧʦʷʚʣʷʶʱʝʡʩʷ ʧʨʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʥʝʩʠʤʤʝʪʨʠʠ ʧʠʪʘʶʱʠʭ ʪʦʢʦʚ ʚ ʪʨʝʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʜʠ-

ʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʫ. ʇʨʠ ʧʠʪʘʥʠʠ ʦʜʥʦʬʘʟʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʡ ʥʘʛʨʫʟʢʝ ʚʦʟʤʦʞʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʙʘʣʘʥʩ ʪʦʢʦʚ ʧʦ ʬʘʟʘʤ, ʚ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʦʤ ʩʣʫʯʘʝ ï ʧʦʪʨʝ-

ʙʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʡ ʬʘʟʳ, ʜʚʝ ʜʨʫʛʠʝ ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʢ ʥʫʣʶ ʚʳʭʦʜʥʦʡ 

ʪʦʢ. ʊʘʢʦʝ ʥʝʙʘʣʘʥʩʳ ʚʳʟʳʚʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʥʘʛʨʫʟʢʫ ʛʝʥʝʨʘʪʦʨʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʚʠʙ-

ʨʘʮʠʶ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣʷ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʜʠʟʝʣʷ ʠ 

ʛʝʥʝʨʘʪʦʨʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪ. 

ʇʦʜ ʫʨʦʚʥʝʤ ʥʝʩʠʤʤʝʪʨʠʠ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʥʠʤʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʥʠʮʫ ʬʘʟ-

ʥʳʭ ʪʦʢʦʚ ï ʦʪʥʦʰʝʥʠʝ ʨʘʟʥʠʮʳ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʬʘʟʥʳʭ ʪʦʢʦʚ 

ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʪʨʝʭʬʘʟʥʳʭ ʪʦʢʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʧʦʜʢʣʶʯʝʥʠʷ ʦʜʥʦʬʘʟʥʦʡ ʥʘʛʨʫʟʢʠ ʢ ʣʠʥʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʠʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʦʡ ʬʘʟʳ (ʬʘʟʥʳʡ ʧʨʦʚʦʜ 

ʣʠʥʠʠ ʩ ʥʘʠʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʪʦʢʘ). ʇʦʜʢʣʶʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʢ ʵʪʦʡ ʬʘʟʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʩʠʤ-

ʤʝʪʨʠʶ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʫʨʦʚʝʥʴ ʪʦʢʘ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʪʨʝʭʬʘʟʥʦʡ ʣʠʥʠʠ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʘ ʯʘʩʪʠ ʦʜʥʦʬʘʟʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʣʠʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴ-

ʰʠʪʴ ʪʦʢ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʧʦ ʚʩʝʡ ʝʝ ʜʣʠʥʝ ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʘʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʥʘʛʨʫ-

ʟʦʢ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʘʠʤʝʥʝʝ ʟʘʪʨʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʤʤʝʪʨʠʨʦʚʘʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʧʦʟ-

ʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʪʦʢʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʬʘʟʘʤ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ 

ʚʠʙʨʘʮʠʶ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ. 

ɿʘʜʘʯʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʪʨʝʭʬʘʟʥʦʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʣʫʯʘʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʩʠʤʤʝʪʨʠʠ ʪʦʢʦʚ ʟʘ ʩʯʝʪ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʧʦ ʧʨʝʚʳʰʝ-

ʥʠʶ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʥʘʠʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʬʘʟʘʤ ʙʘʣʣʘʩʪʥʳʭ ʥʘʛʨʫ-

ʟʦʢ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʪʦʢʦʚ ʯʝʨʝʟ ʙʘʣʣʘʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʤʠʩʪʦʨ-

ʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʠ ʚʝʣʠʯʠʥʘ ʵʪʠʭ ʪʦʢʦʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʥʝʩʠʤʤʝʪʨʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʤʤʝʪʨʠʶ ʬʘʟʥʳʭ ʪʦʢʦʚ ʛʝʥʝʨʘʪʦʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝʥʠʝ ʚʠʙʨʘʮʠʠ ʩʘʤʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. 
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ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʜʣʷ ʟʘʱʠʪʳ ʪʨʝʭʬʘʟʥʦʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʦʪ ʥʝʩʠʤʤʝʪʨʠʠ 

ʪʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. ɼʠʟʝʣʴ ʚʨʘʱʘʝʪ ʨʦʪʦʨ ʪʨʝʭʬʘʟʥʦʛʦ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʥʘ ʬʘʟʥʳʭ ʚʳʚʦʜʘʭ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʪʦʢʘ. ɼʘʪʯʠʢʠ ʪʦʢʘ ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ, ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʳʝ ʬʘʟʦʚʳʤ ʪʦʢʘʤ ʥʘ ʚʭʦʜ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʦʪʦ-

ʨʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʵʪʠ ʩʠʛʥʘʣʳ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ ʠ ʧʦʜʘʝʪ ʥʘ ʧʝʨʚʳʡ ʚʭʦʜ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʚʚʦʜʘ ʫʩʪʘʚʦʢ ʟʘʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ, ʥʠʞʥʠʡ 

ʧʦʨʦʛ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʩʠʤʤʝʪʨʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʚ ʯʝʨʝʟ 

ʙʘʣʣʘʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʝʩʠʤʤʝʪʨʠʠ. ʈʝʛʫʣʷʪʦʨʳ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚʢʣʶʯʝʥʳ ʤʝʞ-

ʜʫ ʬʘʟʥʳʤʠ ʚʳʭʦʜʘʤʠ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʫʣʝʚʳʤ ʧʨʦʚʦʜʦʤ. ʂʘʞʜʳʡ ʨʝʛʫʣʷʪʦʨ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ 

ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʠʩʪʦʨʘʤʠ, ʩʠʤʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʠʩʪʦʨʘ-

ʤʠ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʩʠʤʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʪʦʢʘ ʯʝʨʝʟ ʙʘʣʣʘʩʪʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʘʟʥʳʡ ʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʳ ʛʝʥʝʨʘʪʦʨʘ. 

 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʦʪ ʥʝʩʠʤʤʝʪʨʠʠ 

 

ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʠʟʝʣʴ ʚʨʘʱʘʝʪ ʨʦʪʦʨ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠ-

ʨʫʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʨʠ ʵʪʦʤ ʬʘʟʥʳʝ ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʷ ʚ 

ʢʘʞʜʦʡ ʬʘʟʝ. ɼʘʪʯʠʢʠ ʪʦʢʘ ʧʝʨʝʜʘʶʪ ʥʘ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛ-

ʥʘʣʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʬʘʟʦʚʳʤ ʪʦʢʘʤ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟʥʳʭ ʪʦ-

ʢʦʚ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʠ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠʣʠ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʨʘʟʣʠʯʠʠ ʪʦʢʦʚ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʚʢʣʶʯʘʝʪ ʨʝʛʫʣʷʪʦʨʳ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟ-

ʢʘ ʢ ʬʘʟʦʚʳʤ ʚʳʭʦʜʘʤ ʛʝʥʝʨʘʪʦʨʘ ʥʝ ʧʦʜʢʣʶʯʘʝʪʩʷ.  

ɺʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʚʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʘ, ʝʛʦ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʪʠʧʦʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʠ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʙʣʦʢʘ ʚʚʦʜʘ ʫʩʪʘʚʦʢ. 

ɽʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʥʝʩʠʤʤʝʪʨʠʠ ʪʦʢʦʚ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʦ-

ʛʦ ʙʣʦʢʦʤ ʚʚʦʜʘ ʫʩʪʘʚʦʢ ʧʦ ʧʨʠʯʠʥʝ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʥʠʞʝʥʠʷ ʬʘʟʦʚʳʭ ʪʦʢʦʚ 

ʚ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʬʘʟʘʭ ʛʝʥʝʨʘʪʦʨʘ, ʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʢʦʚ ʬʘʟ: 

 

IN > 0,9IM,                                                             (2) 

 

ʛʜʝ IN ï ʥʘʠʤʝʥʴʰʠʡ ʪʦʢ ʚ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʬʘʟʘʭ, IM ï ʪʦʢ ʚ ʥʦʤʠʥʘʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʭ ʬʘʟʘʭ. ɺ 

ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʫ ʠʣʠ ʜʚʝ ʥʝʥʘʛʨʫʞʝʥʥʳʝ 

ʬʘʟʳ, ʚʳʯʠʩʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʢʦʚ ʥʘʛʨʫʞʝʥʥʦʡ ʠ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʬʘʟ, ʟʘʜʘʝʪ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟ-
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ʜʝʡʩʪʚʠʝ ʥʘ ʙʣʦʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʙʘʣʣʘʩʪʥʳʭ ʥʘʛʨʫʟʦʢ ʢ ʥʝʥʘʛʨʫʞʝʥʥʳʤ ʬʘʟʘʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʘʭ ʧʨʠʚʝʩʪʠ ʥʝʩʠʤʤʝʪʨʠʶ ʪʦʢʦʚ ʢ ʟʥʘʯʝʥʠʶ, ʥʠʞʝ ʧʦʨʦʛʦ-

ʚʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʜʘʥʥʦʡ ʙʣʦʢʦʤ ʚʚʦʜʘ ʫʩʪʘʚʦʢ.  

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʝʪ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʡʩʪʚʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʪʦʢʘ ʜʣʷ ʙʣʦʢʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʠʩʪʦʨʘʤʠ ʬʦʨʤʠʨʫʶʪ ʫʧʨʘʚʣʷʶʱʠʝ 

ʩʠʛʥʘʣʳ ʜʣʷ ʩʠʤʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʘ ʠʤʝʥʥʦ ʫʛʣʳ ʦʪʢʨʳʚʘʥʠʷ ʩʠʤʠʩʪʦʨʦʚ, ʧʨʠ ʵʪʦʤ ʟʘʜʘʝʪʩʷ 

ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʙʘʣʣʘʩʪʥʳʝ ʥʘʛʨʫʟʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʷ ʚʳʭʦʜʥʳʭ ʪʦʢʦʚ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ 

ʥʘʛʨʫʞʝʥʥʳʝ ʬʘʟʳ ʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʘʣʣʘʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʢ ʵʪʠʤ ʬʘʟʘʤ. ʇʦʜʢʣʶ-

ʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʢ ʥʝʥʘʛʨʫʞʝʥʥʳʤ ʬʘʟʘʤ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʩʠʤʤʝʪʨʠʶ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʫʨʦ-

ʚʝʥʴ ʪʦʢʘ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʪʨʝʭʬʘʟʥʦʡ ʣʠʥʠʠ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ, ʥʘ ʯʘʩʪʠ ʦʜʥʦʬʘʟʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʣʠʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʦʢ ʚ ʥʫʣʝʚʦʤ 

ʧʨʦʚʦʜʝ ʧʦ ʚʩʝʡ ʝʝ ʜʣʠʥʝ. ʇʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʦʜʥʦʬʘʟʥʳʭ 

ʥʘʛʨʫʟʦʢ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʩʠʤʤʝʪʨʠʨʦʚʘʥʠʷ ʬʘʟʥʳʭ ʪʦ-

ʢʦʚ ʠ ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʪʦʢʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʬʘʟʘʤ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʥʠʟʠʪ ʚʠʙʨʘʮʠʶ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣʷ ʠ ʧʦʚʳʩʠʪ ʠʭ ʥʘʜʝʞʥʦʩʪʴ. 
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An asymmetric mode for uninterruptible power supplies based on diesel generators can lead to in-

creased vibration of the generator with a significant amount of asymmetry. The purpose of the work is to 

analyze the systems of protection against asymmetry and, based on the analysis, to build a system of pro-

tection against asymmetry based on monitoring phase currents and connecting the ballast load to under-

loaded phases. Such a technical solution allows you to reduce the asymmetry of phase currents and the 

current level in the zero wire of a three-phase line, and the use of such switching allows you to reduce the 

current in the zero wire. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʩʭʦʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘʚʦʜʘ, ʚʳʷʚʣʝʥʳ ʫʟʣʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʧʨʠʸʤʥʠʢʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʘ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, ʵʤʠʩʩʠʨʫʝʤʳʭ ʚ ʩʝʪʴ ʩʚʘʨʦʯʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʘʢʪʠʚʥʦ ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʤʳʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʟʘʥʠʤʘʶʱʠʤʠ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʚ ʥʝʣʠʥʝʡʥʦʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʷ-

ʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. 

 

ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʇʨʠʙʘʣʪʠʡʩʢʦʛʦ ʩʫʜʦʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ (ʇʉɿ) çʗʥʪʘʨʴè, ʦʪʨʘʞʘʶʱʘʷ ʧʨʠʥʮʠʧ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʂʘʣʠʥʠʥ-

ʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʝʨʝʪʦʢʠ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤ ʧʦʜʩʪʘʥʮʠ-

ʷʤ ʥʘʧʨʷʞʝʥʠʝʤ 6/0,4 ʢɺ ʟʘʚʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ 

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʟʘʚʦʜʝ ʧʨʦʣʦʞʝʥʘ ʢʘʙʝʣʝʤ ʤʘʨʢʠ ɸʉɹ 

3ʭ95. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʬʘʢʪʦʨʦʚ (ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ, ʟʘʟʝʤʣʝʥʠʷ ʵʢʨʘʥʦʚ, ʩʧʦʩʦʙʘ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʴʥʦʡ ʣʠ-

ʥʠʠ) ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʨʘʩʯʝʪʘʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʯʴʝ ʠʥʜʫʢʪʠʚ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ, ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʥʫʣʝʚʦʛʦ ʧʨʦ-

ʚʦʜʥʠʢʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ, ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʢʘ, ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ [1]. ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʳʡ ʧʘʨʢ ʟʘʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʜʚʫʭʦʙʤʦʪʦʯʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʝʤ 6/0,4 ʢɺ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 

 

ɼʘʥʥʳʝ ʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤ ʧʘʨʢʝ 6/0,4 ʢɺ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ 

 

Sʪʨ-ʨʘ, ʄɺɸ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʥʘ ʩʭʝʤʝ Y/Y0, % 

1,6 12 33 

1,0 11 81 

0,63 22 77 

0,56 2 100 

0,4 4 100 

0,32 1 100 
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ʈʠʩ. 2. ʉʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʦ ʦʮʝʥʢʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘʚʦʜʘ  

 

ʇʨʠ ʩʭʝʤʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ Y0/æ (ʈʠʩʫʥʦʢ 2ʘ) ʪʦʢ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʝʸ 

ʧʨʝʜʝʣʳ, ʥʘ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʩʝʪʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʜʘʣʴʰʝ ʩʯʠʪʘʝʪʩʷ 

ʟʘʢʦʨʦʯʝʥʥʦʡ [1, 2]. ʇʨʠ ʩʭʝʤʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ Y0/Y (ʈʠʩʫʥʦʢ 2ʙ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʟʘʤʝ-

ʱʝʥʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʤʘʣʦʡ ʜʦʣʝ ʥʘʛʨʫʟʢʠ [1, 2]. ɼʣʷ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ ʦʙʤʦʪʢʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʝʚ ʢʘʢ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʦʢ 2ʚ) [1, 2]. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʩʭʦʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ NEPLAN (ʈʠʩʫ-

ʥʦʢ 3), ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ: ʫʨʦʚʝʥʴ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʇʨʠ-

ʙʘʣʪʠʡʩʢʦʛʦ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ çʗʥʪʘʨʴè; ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʝʪʠ, ʧʦʜʩʪʘʥʮʠʠ ʩ ʚʳʩʦ-

ʢʦʡ ʜʦʣʝʡ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʧʨʠʸʤʥʠʢʦʚ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ ï ʥʘʤʝʪʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. 

 

  

͊ύ 

 

 

 

 

 

 

 

 

 

 

͋ύ 
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ʈʠʩ. 3. ʀʩʭʦʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʟʘʚʦʜʘ 

 

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʛʘʨʤʦʥʠʢʠ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ, ʦʪʤʝʪʠʪʴ ʫʨʦʚʥʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʠʟ ʥʠʭ ʠ ʚʳʷʚʠʪʴ ʫʟʣʳ 

ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʧʨʠʸʤʥʠʢʦʚ (ʈʠʩʫʥʦʢ 8).  

 

               
 

ʈʠʩ. 4. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʛʘʨʤʦʥʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʨʷʜʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ  

ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ NEPLAN 

 

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʢʦʚ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  
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ʊʘʙʣʠʮʘ 2 

 

ʋʨʦʚʥʠ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʘ ʯʝʪʳʨʝʭ ʛʦʣʦʚʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ ʟʘʚʦʜʘ çʗʥʪʘʨʴè 

 

ʇʦʜʩʪʘʥʮʠʷ ʕʣʝʤʝʥʪ 
ʊʦʢ ʛʘʨʤʦʥʠʢʠ, ɸ ʥʘ ʯʘʩʪʦʪʝ 

150, ɻʮ 250, ɻʮ 350, ɻʮ 

ʎʝʥʪʨʘʣʴʥʘʷ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ 

ʧʦʜʩʪʘʥʮʠʷ ˉ 1 

ʃʕʇ 0,2078 0,1536 0,1487 

ʃʕʇ 0,1419 0,1485 0,1451 

ʃʕʇ 1,5903 0,9524 0,5926 

ʃʕʇ 1,3983 0,4452 0,3746 

ʇʦʜʩʪʘʥʮʠʷ ˉ 7 
ʃʕʇ 3,8013 2,2943 1,3583 

ʃʕʇ 2,3283 0,9583 0,6791 

ʇʦʜʩʪʘʥʮʠʷ ˉ 47 

ʃʕʇ 1,1773 0,1578 0,1509 

ʃʕʇ 1,2463 0,1657 0,1566 

ʃʕʇ 0,1474 0,1397 0,1388 

ʃʕʇ 0,4566 0,1418 0,14 

ʃʕʇ 0,6186 0,1452 0,1423 

ʃʕʇ 0,546 0,1425 0,1403 

ʇʦʜʩʪʘʥʮʠʷ ˉ 27 
ʃʕʇ 0,2684 0,1426 0,1408 

ʃʕʇ 0,5157 0,1442 0,1417 

 

ʅʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʛʘʨʤʦʥʠʢ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʦʜʥʦʡ ʠʟ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ 6 ʢɺ ʩʫʜʦ-

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ˉ4: ʥʘ ʯʘʩʪʦʪʝ 150 ɻʮ ï 

3,701ɸ, ʥʘ ʯʘʩʪʦʪʝ 250 ɻʮ ï 2,192ɸ, ʥʘ ʯʘʩʪʦʪʝ 350 ɻʮ ï 1,253 ɸ. 

ʅʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 0,4 ʢɺ ʟʘʚʦʜʘ çʗʥʪʘʨʴè, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ˉ3: ʥʘ ʯʘʩʪʦʪʝ 150 ɻʮ ï 58 ɸ, ʥʘ ʯʘʩʪʦʪʝ 250 ɻʮ ï 

34,2ɸ, ʥʘ ʯʘʩʪʦʪʝ 350 ɻʮ ï 19,4 ɸ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʘʨʤʦʥʠʢ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴ-

ʰʦʡ ʜʦʣʝʡ ʩʚʘʨʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘʚʦʜʘ (18% ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚʩʝʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, ʵʤʠʩʩʠʨʫʝʤʳʭ ʚ ʩʝʪʴ ʩʚʘʨʦʯʥʳʤ ʘʧʧʘʨʘʪʦʤ ɺɼʄ-1600, ʘʢʪʠʚʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʤ ʥʘ ʟʘʚʦʜʝ. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʘʨʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 
ʈʠʩ. 4. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʚʦʜʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3-5. 
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ʊʘʙʣʠʮʘ 3 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ɺɼʄ-1600 

 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʌʘʟʥʳʝ ʪʦʢʠ IL1, IL2, IL3, ɸ 20,1 24,9 16,2 

ʃʠʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ UL1-L2, UL2-L3, UL3-L1, ɺ 392,6 406,9 403 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ PL1, PL2, PL3, ʢɺʪ 0,51 1,45 2,15 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ QL1, QL2, QL3, ʢɺɸʨ 4,49 5,65 3,07 

ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ SL1, SL2, SL3, ʢɺɸ 4,52 5,83 3,74 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ cos◖ 0,11 0,25 0,59 

 

ʊʘʙʣʠʮʘ 4 

 

ɿʥʘʯʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦ ʪʦʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ  

 

ɻʘʨʤʦʥʠʢʠ 
ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, % 

ʌʘʟʘ L1, % ʌʘʟʘ L2, % ʌʘʟʘ L3, % 

ʊʨʝʪʴʷ ʛʘʨʤʦʥʠʢʘ 32,461 13,261 39,061 

ʇʷʪʘʷ ʛʘʨʤʦʥʠʢʘ 19,161 5,361 9,461 

ʉʝʜʴʤʘʷ ʛʘʨʤʦʥʠʢʘ 11,061 3,161 6,661 

ɼʝʚʷʪʘʷ ʛʘʨʤʦʥʠʢʘ 9,861 3,461 7,361 

ʆʜʠʥʥʘʜʮʘʪʘʷ ʛʘʨʤʦʥʠʢʘ 8,961 3,961 7,761 

ʊʨʠʥʘʜʮʘʪʘʷ ʛʘʨʤʦʥʠʢʘ 6,361 4,061 7,161 

ʇʷʪʥʘʜʮʘʪʘʷ ʛʘʨʤʦʥʠʢʘ 8,561 3,461 6,861 

ὑȟϷ (ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ 

ʚ ʪʦʯʢʝ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ) 
43,861 17,761 44,861 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʜʦʣʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ, ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʪʦʢʦʚ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʪʦʢʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʜʚʫʤ ʬʘʟʘʤ (L1ʠ L3) ʪʨʸʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘʚʦʜʘ.  

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦ ʩʠʩʪʝʤʘʤ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩ ʦʧʦʨʦʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʠ ʤʘʪ. ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ï ʈʘʟʨʘʙʦʪʘʥʘ ʠʩʭʦʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʘ ʤʦʨ-

ʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʨʷʤʦʡ, 

ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʞʜʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤʠ ʧʦʜʩʪʘʥʮʠʷʤʠ ʟʘʚʦʜʘ, ʚʳ-

ʷʚʠʪʴ ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦ-

ʧʨʠʸʤʥʠʢʦʚ; 

ï ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, ʵʤʠʩʩʠʨʫʝ-

ʤʳʭ ʚ ʩʝʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʟʘʚʦʜʝ 

ï ʩʚʘʨʦʯʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ. ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʘ ï 41,5%, 

15,4%, 42,5% ʧʦ ʬʘʟʘʤ L1, L2ʠ L3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʳʩʰʠʭ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʭ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʪʦʢʠ ʛʘʨʤʦʥʠʢ ʪʨʝʪʴʝʛʦ (32% ʧʦ ʬʘʟʝ L1), ʧʷʪʦ-

ʛʦ (19% ʧʦ ʬʘʟʝ L1) ʠ ʩʝʜʴʤʦʛʦ (11% ʧʦ ʬʘʟʝ L1) ʧʦʨʷʜʢʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʧʫʪʷʤ ʩʣʝʜʦ-

ʚʘʥʠʷ ʪʦʢʦʚ ʥʫʣʝʚʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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This paper presents some research results on the propagation of higher harmonic components of 

currents and voltage on the initial mathematical model of the plantôs power supply system, identifying 

nodes with a predominant share of nonlinear electrical receivers, which can have high practical signifi-

cance in the further restructuring of the power supply system of a marine industry facility with the pur-

pose of improving the quality of electrical energy in accordance with GOST and reducing electricity loss-

es. The results of experimental studies of higher harmonics emitted into the network by welding units that 

are actively operated at the enterprise and occupy the main share in the non-linear power-consuming 

equipment of a marine industry facility are presented. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʠʛʥʘʣʳ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʧʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʙʠʙʣʠʦʪʝʢ SciPy, Numpy ʠ Pandas ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛ-

ʥʘʣʦʚ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʆ. ʄʘʡʝʨʘ. ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʫʯʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʠ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʨʳʙʦʣʦʚʩʪʚʫ (ʢʦʥʪʨʘʢʪ ˉ 122030900054-0). 

 

ɺʚʝʜʝʥʠʝ 

 

ɼʫʛʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʝʪʷʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʞʘʨʦ-

ʦʧʘʩʥʳʤʠ [1]. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ [2] ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʠʟʦʰʝʜ-

ʰʠʭ ʧʦ ʧʨʠʯʠʥʝ ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ 2021ʛ ʩʦ-

ʩʪʘʚʠʣʦ 57 766. ʇʨʦʚʦʜʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠʜʝʥʪʠʯʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ. ʉʫʪʴ ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʦʟʜʘʥʠʠ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʝʛʦ ʦʩʮʠʣʣʦʛʨʘʬʦʤ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʨʫʪʠʥʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʣʴʚʠʥʫʶ ʜʦʣʶ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʉʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʫʯʘʩʪʢʘ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘ ʢʦʪʦʨʦʤ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʜʫʛʠ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ. ɺ ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʯʘʩʪʦʪʦʡ 50ɻʮ, ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʫʛʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʳ ʧʦʣʫʯʘʝʤ ʦʢʦʣʦ 100 ʧʦʣʫʧʝʨʠʦʜʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʘʥʘʣʠʟʫ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʦʩʮʠʣʣʦ-

ʛʨʘʤʤʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʚʦʩʩʦʟʜʘʥʠʷ ʜʫʛʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʡ ʦʙʲʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ 

ʯʘʩʪʴ ʜʘʥʥʳʭ ʟʘʥʠʤʘʝʪ ʥʝ ʙʦʣʝʝ 20% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ. 

ʈʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕɺʄ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʜʫ-

ʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩʧʝʮʠʬʠʯʥʘ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʘʧʠʩʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ Microsoft Visual Studio 

Code, Python 3.11, ʘ ʪʘʢʞʝ ʙʠʙʣʠʦʪʝʢʠ NumPy, Pandas, SciPy, Matplotlib, ArgParse, ConfigParse, 

Openpyxl.  

 

ʄʝʪʦʜʠʢʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʷʟʳʢ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɹʦʣʴʰʦʡ ʚʳʙʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ, ʧʦ-

ʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʠ ʛʠʩʪʦʛʨʘʤʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʝʣʘʶʪ Python 

ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞ-

ʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʙʘʟʦʚʳʤ ʢʨʠʪʝʨʠʷʤ: 

- ʦʙʨʘʙʦʪʢʘ ʦʜʥʦʛʦ ʠ ʤʥʦʞʝʩʪʚʘ ʬʘʡʣʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʧʦʠʩʢ ʫʯʘʩʪʢʘ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘ ʢʦʪʦʨʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʫʛʦʚʦʡ ʧʨʦʮʝʩʩ; 

- ʥʘʩʪʨʘʠʚʘʝʤʘʷ ʬʠʣʴʪʨʘʮʠʷ ʰʫʤʦʚ; 

- ʧʦʜʜʝʨʞʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ; 
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ʉʦʩʪʘʚ ʜʘʥʥʳʭ ʩʠʛʥʘʣʘ 

 

ɼʘʥʥʳʝ ʩ ʦʩʮʠʣʣʦʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʩʯʠʪʳʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʩ ʦʧʨʝ-

ʜʝʣʸʥʥʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʌʦʨʤʘʪ ʬʘʡʣʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʦʩʮʠʣʣʦʛʨʘʬʘ*.CSV. ʇʨʠ ʦʙʨʘʙʦʪʢʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʬʘʡʣʘʭ *.CSV ʩʦʜʝʨʞʠʪʩʷ ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʱʫʧʘʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʱʫʧʳ ʦʩʮʠʣʣʦ-

ʛʨʘʬʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʰʫʥʪʫ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʰʫʥʪʠʨʫʶʱʠʡ ʨʝʟʠʩʪʦʨ 75-ʈʀ. ʆʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʫʥʪʠʨʫʶʱʝʛʦ ʨʝʟʠʩʪʦʨʘ, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʤʝʨʘʤʠ, ʩʦʩʪʘʚʣʷʝʪ 0,16 ʆʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʘ, ʚ ʢʘʥʘ-

ʣʝ ʪʦʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʨʘʩʯʝʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ 

Ὅ .  

ʇʨʠʤʝʨ ʩʦʭʨʘʥʸʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʬʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʠ-

ʜʝ ʬʘʡʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʌʘʡʣʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʘʷ ʦʩʮʠʣʣʦʛʨʘʬʦʤ. 

 

ɺʩʝ ʬʘʡʣʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʧʘʧʢʫ ʩʦ ʩʚʦʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʥʦʤʝʨʦʤ ʠʟʤʝʨʝʥʠʷ. ɺ ʥʘʰʝʤ 

ʧʨʠʤʝʨʝ ʵʪʦ ALL0414.ʌʘʡʣʳ A0414CH1.CSV ʠ A0414CH2.CSV ʵʪʦ ʪʝʢʩʪʦʚʳʝ ʪʘʙʣʠʮʳ ʩ ʥʘʩʪʨʦʡ-

ʢʘʤʠ ʠʟʤʝʨʝʥʠʷ ʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʩʠ OY ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʉʦʜʝʨʞʘ-

ʥʠʝ ʪʘʢʦʛʦ ʬʘʡʣʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɺ ʧʝʨʚʳʭ 16 ʩʪʨʦʢʘʭ ʤʳ ʚʠʜʠʤ ʥʘʩʪʨʦʡʢʠ ʦʩʮʠʣʣʦʛʨʘʬʘ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ: 

- ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʸʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʩʠ OY 

- ʫʨʦʚʝʥʴ ʪʨʠʛʛʝʨʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ 

- ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ 

- ʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ 

- ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦ ʚʝʨʪʠʢʘʣʠ 

- ʤʘʩʰʪʘʙ ʧʦ ʚʝʨʪʠʢʘʣʠ 

- ʩʤʝʱʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ 

- ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

- ʤʘʩʰʪʘʙ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

- ʩʤʝʱʝʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

- ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

- ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

- ʚʝʨʩʠʷ ʧʨʦʰʠʚʢʠ ʦʩʮʠʣʣʦʛʨʘʬʘ 

- ʪʝʢʫʱʝʝ ʚʨʝʤʷ (ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʦʩʮʠʣʣʦʛʨʘʬʝ) 

- ʨʝʞʠʤ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ 

- ʜʘʥʥʳʝ ʩʠʛʥʘʣʘ (ʩʠʛʥʘʣ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠ ʪ.ʜ.) 
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ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʨʦʢʘʭ ʟʘʧʠʩʘʥʳ ʜʘʥʥʳʝ ʩʠʛʥʘʣʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʨʦʢ ʦʧʨʝ-

ʜʝʣʝʥʦ ʚ ʧʘʨʘʤʝʪʨʝ Memory Length ʠ ʩʦʜʝʨʞʠʪ 4000 ʟʥʘʯʝʥʠʡ. ʊʦʯʥʦʩʪʴ ʟʘʧʠʩʘʥʥʳʭ ʜʘʥʥʳʭ ʩʦ-

ʛʣʘʩʥʦ ʧʘʨʘʤʝʪʨʫ Probe ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʦʢʨʫʛʣʝʥʠʝʤ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

 

 
 

ʈʠʩ. 2. ʉʦʜʝʨʞʘʥʠʝ ʬʘʡʣʘ ʩ ʜʘʥʥʳʤʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

ʌʘʡʣ A0414DS.BMP ʵʪʦ ʬʦʪʦʛʨʘʬʠʷ (ʩʢʨʠʥʰʦʪ) ʵʢʨʘʥʘ ʦʩʮʠʣʣʦʛʨʘʬʘ ʥʘ ʤʦʤʝʥʪ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʦʡ ʩʢʨʠʥʰʦʪ ʠʤʝʝʪ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʛʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ. ʉʢʨʠʥʰʦʪ, ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ʌʦʪʦʛʨʘʬʠʷ ʵʢʨʘʥʘ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ. 

 

ʌʘʡʣʳ ɸ0414DS.SET ʠ A0414S01.SET ʩʦʜʝʨʞʘʪ ʦʙʱʠʝ ʥʘʩʪʨʦʡʢʠ ʦʩʮʠʣʣʦʛʨʘʬʘ ʪʘʢʠʝ ʢʘʢ 

ʪʝʢʫʱʝʝ ʚʨʝʤʷ, ʚʝʨʩʠʠ ʧʨʦʰʠʚʦʢ ʤʦʜʫʣʝʡ, ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʠ ʪ.ʧ. ɼʘʥʥʳʝ ʬʘʡʣʳ ʥʝ ʥʝʩʫʪ ʥʠʢʘ-

ʢʦʡ ʧʦʣʝʟʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ. 
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ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ 

 

ʈʘʙʦʪʘʪʴ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʩʠʛʥʘʣʦʚ ʚ ʪʦʤ ʚʠʜʝ ʚ ʢʘʢʦʤ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʩʴʤʘ 

ʥʝʫʜʦʙʥʦ. ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʚʝʜʝʥʠʠ ʚ ʫʜʦʙʦʯʠʪʘʝʤʳʡ ʚʠʜ ʠ ʩʦʭʨʘ-

ʥʝʥʠʠ ʠʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ Excel. ʀʩʧʦʣʴʟʫʷ ʥʘʩʪʨʦʡʢʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʰʘʧʢʝ ʬʘʣʘ ʩ ʜʘʥʥʳʤʠ, ʧʨʦ-

ʛʨʘʤʤʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʨʘʩʯʝʪ ʠ ʟʘʧʠʩʴ ʚ ʤʘʩʩʠʚ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ ʠ ʠʭ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ NumPy ʠ Pandas. ʏʘʩʪʴ ʢʦʜʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʜʘʥ-

ʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

 

ɼʘʥʥʳʝ ʦʙʦʠʭ ʢʘʥʘʣʦʚ (ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ) ʧʨʠʚʦʜʷʪʩʷ ʢ ʥʦʨʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠ ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʚ ʦʜʠʥ ʤʘʩʩʠʚ. 

ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʙʠʨʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʜʘʥʥʳʤ ʠ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʥʠʭ ʦʰʠʙʦʯʥʳʭ. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʚ ʦʜʠʥ ʤʘʩʩʠʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʤʝʨʘʤʠ. ʅʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪ-

ʩʷ ʚʳʯʠʩʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ ʚʨʝʤʝʥʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʫʛʠ ʠ ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʥʝʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʨʝʟʝ ʜʚʫʭ ʨʝʛʠʩʪʨʘʮʠʡ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ Excel. 
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ʉʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʘʡʣʦʚ. ɻʣʘʚʥʳʡ ʬʘʡʣ main.py ʩʦʜʝʨʞʠʪ ʪʝʣʦ 

ʧʨʦʛʨʘʤʤʳ, ʩ ʧʦʜʜʝʨʞʢʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣ-

ʥʷʝʪ ʟʘʛʨʫʟʢʫ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʦʚ CSV ʠ ʟʘʧʠʩʴ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʪʘʙʣʠʮʳ ʚ ʬʘʡʣ Excel. ʅʘʩʪʨʦʡʢʠ ʦʩ-

ʥʦʚʥʦʛʦ ʪʝʣʘ ʧʨʦʛʨʘʤʤʳ ʭʨʘʥʷʪʩʷ ʚ ʬʘʡʣʝ main_config.ini. ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʘʨʛʫ-

ʤʝʥʪʦʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʢ. ʂ ʥʘʩʪʨʦʡʢʘʤ ʧʨʦʛʨʘʤʤʳ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʘʨʛʫʤʝʥʪʳ: 

- ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʚʳʚʦʜʘ ʚ ʪʝʨʤʠʥʘʣ ʦʪʣʘʜʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʟʘʧʠʩʴ ʚʳʧʦʣʥʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʚʦʟʥʠʢʰʠʭ ʦʰʠʙʦʢ ʚ ʞʫʨʥʘʣ; 

- ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʘʧʦʢ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʜʘʥʥʳʤʠ; 

- ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʫʥʪʘ; 

- ʚʝʣʠʯʠʥʘ ʜʝʣʠʪʝʣʷ ʱʫʧʦʚ ʦʩʮʠʣʣʦʛʨʘʬʘ; 

- ʚʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʠʥʚʝʨʩʠʠ ʢʘʥʘʣʦʚ; 

- ʚʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʪʠʭʦʛʦ ʨʝʞʠʤʘ. 

ʌʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʬʘʡʣʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦ-

ʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʥʘʭʦʜʠʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, ʥʝ ʚʣʠʷʷ ʥʘ ʨʘʙʦʪʫ ʦʩʥʦʚʥʦʡ 

ʧʨʦʛʨʘʤʤʳ. ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʬʘʡʣ ʥʘʩʪʨʦʝʢ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʢʦʥ-

ʢʨʝʪʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: 

- ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ; 

- ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ ʠ ʠʭ ʩʦʭʨʘʥʝʥʠʝ ʚ ʬʘʡʣ; 

- ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʠ ʪʦʯʝʢ ʵʢʩʪʨʝʤʫʤʦʚ; 

- ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 
 

ɸʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 
 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠʤʝʝʪ ʚʘʨʠʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʠ-

ʨʦʚʘʪʴ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ. ʈʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ: 

- ʬʠʣʴʪʨʘʮʠʷ ʰʫʤʦʚ ʂʀʍ ʬʠʣʴʪʨʦʤ; 

- ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʵʢʩʪʨʝʤʫʤʦʚ ʩʠʛʥʘʣʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ; 

- ʚʳʯʠʩʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʫʛʠ; 

- ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʌʠʣʴʪʨʘʮʠʷ ʰʫʤʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʂʀʍ ʬʠʣʴʪʨʦʤ (ʩ ʘʥʛʣ. FIR ï çfinite impulse responseè). 

ʂʀʍ ʬʠʣʴʪʨʳ ï ʵʪʦ ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ ʩ ʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʀʤʧʫʣʴʩʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ ʦʛʨʘʥʠʯʝʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʠʤʝʶʪ ʢʦʥʝʯʥʦʝ ʩʯʝʪʥʦʝ ʯʠʩʣʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ. ʄʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʂʀʍ ʬʠʣʴʪʨʦʚ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʙʠʙʣʠʦʪʝʢʠ SciPy [4]. ɼʣʷ ʬʠʣʴ-

ʪʨʘʮʠʠ ʥʘʰʠʭ ʩʠʛʥʘʣʦʚ ʦʧʳʪʥʳʤ ʧʫʪʸʤ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʤʝʪʦ-

ʜʦʤ ʂʘʡʟʝʨʘ [4]. ʈʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

 
ʘ)      ʙ) 

ʈʠʩ. 8. ʌʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ. (ʘ ï ʟʘʰʫʤʣʝʥʥʳʡ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ; ʙ ï ʩʠʛʥʘʣ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ) 
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ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʠʛʥʘʣʦʚ ʝʜʚʘ ʟʘʤʝʪʝʥ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ. ʊʘʢ ʢʘʢ ʬʠʣʴʪʨ ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʦʙʝʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ) ʪʦ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ.  

ɹʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʥʘʣʠʟʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʫ-

ʛʦʡ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
ʈʠʩ. 9. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʆʧʨʝʜʝʣʠʚ ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʦʚ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʫʤʘ ʢ 

ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʩʧʝʢʪʨʫ. ɸʣʛʦʨʠʪʤʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʰʫʤʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʙʠʙʣʠʦʪʝʢʠ SciPy [4]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠ-

ʤʫʤʦʚ ʠ ʤʘʢʩʠʤʫʤʦʚ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʪʦʢʘ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʛʘʰʝʥʠʷ ʜʫʛʠ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤʳ 

ʥʘʧʨʷʞʝʥʠʷ.  

 
 

ʈʠʩ. 10. ʄʘʢʩʠʤʫʤʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʠʥʠʤʫʤʳ ʪʦʢʘ. 

 

ʏʘʩʪʴ ʢʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʪʦʯʝʢ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʜʫʛʦʚʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 11. 
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ʈʠʩ. 11. ʂʦʜ Python ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ. 

 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʠʤ ʥʘʧʨʷʞʝ-

ʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʫʛʠ, ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ, ʨʘʩʩʝʠʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʠ ʧʦʩʪʦʷʥʥʫʶ 

ʚʨʝʤʝʥʠ. 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʠʥʪʝʨʚʘʣʝ ʛʦʨʝʥʠʷ 

ʜʫʛʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʜʝʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ, ʪʘʢ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘ-

ʪʠʯʥʫʶ ʥʘ ʚʩʸ ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʜʫʛʠ. 

ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʦʤʝʥʪ ʛʘʰʝʥʠʷ ʜʫʛʠ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ʆʤʘ. 

Ὑ
Ὗ

Ὅ
 

(1) 

 

ʈʘʩʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʆ.ʄʘʡʝʨʦʤ: 

 

—
ρ

Ὑ
ᶻ
ὨὙ

Ὠὸ
 

(2) 

 

ɿʥʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʜʫʛʠ ʧʦʟʚʦʣʷʝʪ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʧʦʚʪʦʨʥʦʛʦ ʟʘʞʠʛʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ [5]. ɼʣʷ ʘʥʘʣʠʟʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʝʜʝ-

ʥʠʷ ʜʫʛʠ ʠʤʝʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ. ɼʣʷ ʦʙ-

ʱʝʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʚʳʧʦʣʥʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʦʨʤʘʣʴʥʦʛʦ ɻʘʫʩʩʦʚʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʪʘʢʦʡ ʘʥʘʣʠʟ ʠ ʧʦʩʪʨʦʠʪʴ ʛʠʩʪʦ-

ʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ Charts.py ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʠ ʩʦʭʨʘʥʠʪʴ ʥʘ ʜʠʩʢ 

ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 12. 

 

 
 

ʈʠʩ. 12. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ 
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ʈʝʟʫʣʴʪʘʪʳ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

 

ʀʟ-ʟʘ ʟʘʰʫʤʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ. ɺ ʩʣʝʜʩʪʚʠʠ 

ʵʪʦʛʦ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʦʪʢʣʦʥʝʥʠʝʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʪʘʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʧʦʣʥʠʤ ʩʨʘʚʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʠ ʨʫʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ . ʉʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʪʘʙʣʠʮʝ Excel ʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 13. 

 

 
 

ʈʠʩ. 13 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

ʈʘʩʯʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʢʘʟʘʣ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ 3.22, ʜʣʷ ʪʦʢʘ 

2.48. ʈʘʩʯʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ [6] ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

„
ВὨ ὴz

ὲ
 

(3) 

ʛʜʝ: ǰ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

- d ï ʦʪʢʣʦʥʝʥʠʷ; 

- p ï ʯʘʩʪʦʪʘ ʦʪʢʣʦʥʝʥʠʡ; 

- n ï ʯʠʩʣʦ ʚʩʝʭ ʚʘʨʠʘʥʪ. 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʙʨʦʩ ʚʘʨʠʘʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʚʝ-

ʣʠʯʠʥʳ (ʪ.ʝ. ʢʦʣʝʙʣʝʤʦʩʪʴ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ). ʏʝʤ ʙʦʣʴʰʝ ʩʠʛʤʘ, ʪʝʤ ʩʪʝʧʝʥʴ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʘʥʥʦʛʦ 

ʨʷʜʘ ʚʳʰʝ. ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʪʦʤʫ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʨʷʜʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥʘ ʚʳʯʠʩʣʝʥʘ. 

 

ɺʳʚʦʜʳ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Python, ʧʨʠʛʦʜʝʥ ʜʣʷ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɻʠʙʢʦʩʪʴ ʚ ʧʦʩʪʨʦʝ-

ʥʠʠ ʠ ʥʠʟʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʫʶ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʩʠʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʪʳ ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʩʝ-

ʪʠ, ʨʘʙʦʪʘʶʱʫʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʩʝʪʠ, ʥʦ ʠ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʜʦʨʘ-

ʙʦʪʢʝ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʩʝʪʠ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʩʢʨʝʥʠʡ ʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠ-

ʤʘʭ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶ-

ʱʝʛʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ. 
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The paper discusses a software method for analyzing arc processes using current and voltage sig-

nals in the circuit. The use of algorithms from the SciPy, Numpy and Pandas libraries for processing ex-

perimental data is considered. A comparison of the experimentally obtained signals with the mathemati-

cal model of arc processes by O. Mayer was carried out. A comparison was made between manual pro-

cessing and machine processing of arc process signals. The work was carried out with the financial sup-

port of the Federal Fisheries Agency (contract No. 122030900054-0). 

 

 

ʋɼʂ 621.31 

 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʆʅʆɺʆʏʅʓʍ ʈɽʐɽʅʀʁ ʄʆɼʋʃʔʅʆʁ ʇʃɸɺʋʏɽʁ 

ʕʃɽʂʊʈʆʉʊɸʅʎʀʀ ʅɸ ʆʉʅʆɺɽ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇɸʅɽʃɽʁ 
 

1ɿʫʙʘʚʠʯʶʩ ʈʦʤʘʥ ɺʠʨʛʠʥʝʚʠʯ, ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ ʢʘʬʝʜʨʳ ʵʥʝʨʛʝʪʠʢʠ; 
2ʍʘʨʠʪʦʥʦʚ ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʥʝʨʛʝʪʠʢʠ 

 
1,2ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: zubavichus.rv@yandex.ru 

 

ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʚʫʯʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʦʚ. ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʠʥʩʦʣʷʮʠʠ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛ-

ʣʘ ʥʘʢʣʦʥʘ ʠ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʦʙʦʩʥʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʟʘʠʤ-

ʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʘʥʝʣʝʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʟʘʪʝʥʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʣʘʚʫʯʝʛʦ ʤʦʜʫʣʷ ʠ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʣʘʜʘʶʱʘʷ 

ʥʘʠʣʫʯʰʠʤʠ ʫʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʧʦ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʡ, ʪʘʢ ʠ ʚ ʬʦʨʤʘʪʝ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ (ʌʕʇ) ʧʦ ʧʨʠʯʠʥʝ ʤʘʣʳʭ ʛʘʙʘʨʠʪʦʚ, ʫʜʦʙʩʪʚʘ ʤʦʥʪʘʞʘ ʠ ʧʨʦʩʪʦʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. 



110 

ʆʜʥʘʢʦ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʤʦʱʥʦʩʪʴ ʩʦʣ-

ʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʘʥʠʤʘʝʤʳʤ ʪʝʨʨʠʪʦʨʠʷʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʙʲʝʢʪʘʭ, ʥʝ ʨʘʩʧʦʣʘʛʘʶʱʠʭ ʩʚʦʙʦʜʥʳʤʠ ʧʣʦʱʘ-

ʜʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʦʩʦʙ ʨʘʟʤʝʱʝʥʠʷ ʌʕʇ ʥʘ ʢʨʦ-

ʚʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ.  

ʆʜʥʘʢʦ ʥʘ ʦʙʲʝʢʪʘʭ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʧʣʦʱʘʜʝʡ ʤʦʞʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 

ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʝʤʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʤʝʱʝʥʠʶ ʧʘʥʝʣʝʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʣʘʚʫʯʝʡ ʛʝʥʝʨʘʮʠʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʢʦʥʮʝʧʪ-

ʧʨʦʝʢʪʦʚ, ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦʜ 

ʥʫʞʜʳ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ, ʙʝʟ ʷʚʥʳʭ ʧʝʨʩʧʝʢʪʠʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘ-

ʙʦʪʳ ʚ ʦʪʨʳʚʝ ʦʪ ʙʝʨʝʛʦʚʳʭ ʩʝʪʝʡ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ? ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʴʥʦʡ ʧʣʘʚʫʯʝʡ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʥʫʞʜ ʦʙʲʝʢʪʦʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʠʥʳʭ ʦʙʲ-

ʝʢʪʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭ ʚʦʜʦʝʤʘʤʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʣʘʚʫʯʝʡ ʛʝʥʝʨʘʮʠʠ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʚʫʯʠʭ ʤʦʜʫʣʝʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ, ʥʘ ʢʦ-

ʪʦʨʳʭ ʨʘʟʤʝʱʘʶʪʩʷ ʌʕʇ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʪʠʧʘ ʌʕʇ, ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ, ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ ʩʧʦʩʦʙʘ ʨʘʟʤʝʱʝʥʠʷ. ʇʨʠʥʷʪʦʝ ʢʦʤʧʦʥʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʛʘʙʘ-

ʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʣʘʚʫʯʝʛʦ ʤʦʜʫʣʷ ʠ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʌʕʇ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪ-

ʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ ʧʦ ʜʦʛʦʚʦʨʫ ˉ17925ɻʋ/2022. 

ʉʦʛʣʘʩʥʦ ʦʙʟʦʨʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ [1], ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʨʝʤʥʠʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʨʠ ʨʝʘ-

ʣʠʟʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ 

ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʉ ʫʯʝʪʦʤ ʦʙʟʦʨʘ ʧʨʝʜʣʦʞʝʥʠʡ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʌʕʇ [2], ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʛʝʥʝʨʠ-

ʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʚʫʯʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚʳʙʨʘʥʳ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʝ 

ʧʘʥʝʣʠ HVL-395/HJT ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ çʍʝʚʝʣè [3]. ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʧʘʥʝʣʠ 395 ɺʪ. ʄʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʠʥʷʪʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ: 

ʤʘʩʩʘ ï 32ʢʛ, ʜʣʠʥʘ ï 1995 ʤʤ, ʰʠʨʠʥʘ ï 1002ʤʤ, ʪʦʣʱʠʥʘ ï 30 ʤʤ.   

 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 

 

ʆʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʌʕʇ ï ʵʪʦ ʫʛʦʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʣʦʩʢʦʩʪʴ ʧʘʥʝʣʠ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʛʝʥʝʨʘʮʠʷ 

ʵʥʝʨʛʠʠ. ɺʚʠʜʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʉʦʣʥʮʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʌʕʇ, ʯʪʦ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʪʨʝʢʝʨʦʚ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʢʝʨʦʚ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʥʠʟʠʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠ-

ʯʠʪ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʩʪʘʥʦʚʢʘ ʪʨʝʢʝʨʥʳʭ ʩʠʩʪʝʤ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝ-

ʤʫ ʚʳʧʦʣʥʷʶʪ ʩʪʘʮʠʦʥʘʨʥʦʡ ï ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. 

ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʫʛʣʘ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʦʪʳ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʡʦʥʘʤ ʤʠʨʘ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʛʣʦʚ 

ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ [4]. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʘʥʝʣʝʡ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʨʘʩʯʝʪ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʤʦʜʫʣʷ HVL-

395/HJT ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʘʥʥʳʤ 

[4, 5]. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 32ʜʦ 50 ʛʨʘʜʫʩʦʚ. 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʌʕʇ ʟʘʚʠʩʠʪ ʦʪ ʨʘʡʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʦʧʨʝʜʝ-

ʣʷʝʪ ʜʣʠʥʫ ʚʟʘʠʤʥʦ ʟʘʪʝʥʷʝʤʦʡ ʧʘʥʝʣʷʤʠ ʦʙʣʘʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʨʷʜʘʤʠ 

ʌʕʇ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʘʥʝʣʠ Ŭ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ɓ ʩʦʟʜʘʝʪ 

ʟʘʪʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥʦʡ L.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʨʥʦʡ ʜʣʠʥʳ ʪʝʥʠ L ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʘʥʝʣʷʤʠ, 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

 

ὒ σὬ σὰϽίὭὲ‌ (1) 

 

ʛʜʝ h ï ʚʳʩʦʪʘ ʧʘʥʝʣʠ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ Ŭ; 

l ï ʰʠʨʠʥʘ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ. 

ɹʦʣʝʝ ʪʦʯʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [6] ʠ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʩʪʝʡʰʠʝ ʪʨʠʛʦʥʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ.  ɼʣʠʥʘ ʪʝʥʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ὒ ὰϽὧέί‌ίὭὲ‌ϽὧὸὫ‍ 
 

(2) 

ɺ ʪʘʙʣʠʮʝ 2ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (1), (2) ʠ ʩ ʧʦʤʦʱʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʪʝʥʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʰʠʨʠʥʦʡ 1,002ʤ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ 38ϊ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ɓ. 

 

 
ʈʠʩ. 1. ɿʘʪʝʥʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʫʩʪʘʥʦʚʢʝ 

 

ʊʘʙʣʠʮʘ 1 

 

ʇʘʨʘʤʝʪʨʳ ʟʘʪʝʥʝʥʠʷ ʧʘʥʝʣʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ 

 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ 
ɼʣʠʥʘ ʪʝʥʠ L ʧʨʠ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ɓ, ʤ 

30ʾ  40ʾ  50ʾ  60ʾ  70ʾ  80ʾ  

ʬʦʨʤʫʣʘ (3.1) 1,851 

ʬʦʨʤʫʣʘ (3.2) 1,858 1,525 1,307 1,146 1,014 0,898 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ 1,881 1,532 1,308 1,146 1,014 0,898 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʯʝʪ ʜʣʠʥʳ ʟʘʪʝʥʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (1) ʷʚʣʷʝʪʩʷ 

ʥʘʠʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʙʦʣʝʝ 30 ʛʨʘʜʫʩʦʚ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʬʦʨʤʫʣʘ (2) ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʦʣʱʠʥʫ ʌʕʇ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʠʯʠʥʝ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʳʙʨʘʥʳ 

ʫʩʣʦʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʆʧʪʠʤʘʣʴʥʳʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʌʕʇ ʜʣʷ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

38 ʛʨʘʜʫʩʦʚ. ʅʘ ʨʠʩ. 2ʧʦʢʘʟʘʥʳ ʤʝʩʷʯʥʳʝ ʚʝʣʠʯʠʥʳ ʚʳʨʘʙʦʪʢʠ ʦʜʥʦʡ ʌʕʇ HVL-395/HJT. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʘʷ ʚʳʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʚʳʧʘʜʘʝʪ ʥʘ ʤʘʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 58 ʢɺʪʯ, ʘ ʤʠʥʠʤʘʣʴ-

ʥʘʷ ʚʳʨʘʙʦʪʢʘ ʚʝʣʠʯʠʥʦʡ 9 ʢɺʪʯ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʢʘʙʨʶ. 
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ʈʠʩ. 2. ɺʝʣʠʯʠʥʳ ʚʳʨʘʙʦʪʢʠ ʤʦʜʫʣʷ HVL-395/HJT ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ 38 ʛʨʘʜʫʩʦʚ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 

 

ɼʣʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʚʳʙʦʨʘ ʯʠʩʣʘ ʌʕʇ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʦʡ ʠʤʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. ʉʦʛʣʘʩʥʦ [7], ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ɓ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 20 ʛʨʘʜʫʩʘʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʠʤʥʝʤʫ ʚʨʝʤʝʥʠ ʠ ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʥʝ ʟʘʪʝʥʝʥʠʷ. ɼʣʠʥʘ ʟʘʪʝʥʷʝʤʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2) ʜʣʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ, ʨʘʚʥʦʛʦ 38 ʛʨʘʜʫʩʘʤ ʩʦʩʪʘʚʣʷʝʪ 2,48 ʤ. ʊʦʛʜʘ 

ʜʣʠʥʘ ʧʨʦʝʢʮʠʠ L1(ʨʠʩ. 1) ʌʕʇ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ L2ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʩʦʣ-

ʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,79 ʤ ʠ 1,69 ʤ. 

ʉ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʟʘʠʤʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʘʥʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦ-

ʩʪʨʦʝʥʠʡ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʯʠʩʣʘ ʌʕʇ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʩ ʫʯʝʪʦʤ ʠʥʪʝʨʚʘʣʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥ (ʨʠʩ. 3) ʩʪʫʧʝʥʯʘʪʳʡ ʛʨʘ-

ʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʯʠʩʣʦʤ ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʌʕʇ. 

 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʌʕʇ ʦʪ ʧʣʦʱʘʜʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 3), ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʌʕʇ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʠ ʥʝ ʠʤʝʝʪ ʷʚʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʌʕʇ 

ʧʣʘʚʫʯʝʛʦ ʤʦʜʫʣʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʠ ʩʫʤ-

ʤʘʨʥʘʷ ʛʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʠ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ  

ʦʪ ʧʣʦʱʘʜʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʪʝʪ ʠ ʩʦʚʦ-

ʢʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʌʕʇ ʠ ʧʣʦʱʘʜʠ ʤʦʜʫʣʷ ʚʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʜʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʠ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ ʚʝʣʠʯʠʥʫ ʚʳʨʘʙʦʪʢʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʤʦʜʫʣʷ W, ʢɺʪʯ, ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ S, ʤ2, ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

Ὧ
ὡ

Ὓ
 (3) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ kC, ʪʳʩ. ʨʫʙ./ʢɺʪʯ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4). ʉʪʦʠ-

ʤʦʩʪʴ ʌʕʇ ʧʨʠʥʷʪʘ ʩʦʛʣʘʩʥʦ ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʧʨʝʜʣʦʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʷ [3]. ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʫʩʣʦʚʥʦ, ʪʘʢ ʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ kC(S). 

 

Ὧ˞
ὲϽὅ̍ ὛϽὅ

ὡ
 (4) 

 

ʛʜʝ n ï ʯʠʩʣʦ ʌʕʇ; 

Cʤ = 27,49 ʪʳʩ. ʨʫʙ. ï ʩʪʦʠʤʦʩʪʴ ʌʕʇ HVL-395/HJT; 

CS = 10,00 ʪʳʩ. ʨʫʙ./ʤ2ï ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ (ʨʠʩ. 5). ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʤʝʝʪ ʧʠʣʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʜʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ 82,39 ʢɺʪʯ/ʤ2ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ 

187,67 ʪʳʩ. ʨʫʙ./ʢɺʪʯ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʶ ʧʣʦʱʘʜʠ, ʨʘʚʥʦʤʫ 100,64 ʤ2. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʣʦʱʘʜʠ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʜʚʘʜʮʘʪʠ ʌʕʇ. ʅʘ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʳʣʘ ʧʨʠʥʷʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʣʘʚʫʯʝʛʦ ʤʦʜʫʣʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦ-

ʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʈʠʩ. 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʜʝʣʴʥʦʡ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ  

ʠ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ ʰʝʩʪʠʫʛʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 2 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʤʦʜʫʣʴʥʦʡ ʧʣʘʚʫʯʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 
 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ HVL-395/HJT 20 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 7,9 ʢɺʪ 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 38ϊ 
ʄʠʥʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʰʝʩʪʠʫʛʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ2 100,64 ʤ2 

ʏʠʩʣʦ ʨʷʜʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 5 

ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʨʷʜʘʤʠ 1,694 ʤ 

 

ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʥʘ ʛʨʫʧʧʳ 
 

ɺʚʠʜʫ ʨʘʟʜʝʣʝʥʠʷ ʌʕʇ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʜʝʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʌʕʇ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʦʚ 

ʛʝʥʝʨʘʮʠʠ ʦʙʝʠʭ ʛʨʫʧʧ ʜʦ ʛʨʘʥʝʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʪ ʤʠʥʠʤʘʣʴʥʳʤʠ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʮʝʥʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʌʕʇ ʧʦ ʛʨʫʧʧʘʤ, ʢʦʪʦʨʳʝ ʩ ʮʚʝʪʦʚʳʤ ʚʳʜʝʣʝʥʠʝʤ ʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6.  

 

 
 

ʈʠʩ. 6. ɺʘʨʠʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʧʦ ʛʨʫʧʧʘʤ 
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ʈʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʛʨʫʧʧʳ ʌʕʇ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (5) ʠ (6) ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ὢ
ὖ˞ В̇ὼ

ὲϽὖ˞ ˙
 (5) 

ὣ
ὖ˞ В̇ώ

ὲϽὖ˞ ˙
 (6) 

ʛʜʝ Pʉʄ ï ʤʦʱʥʦʩʪʴ ʦʜʥʦʡ ʌʕʇ; 

xi, yi ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ i-ʪʦʡ ʌʕʇ;   

n = 10 ï ʯʠʩʣʦ ʌʕʇ ʚ ʛʨʫʧʧʝ. 

 

 
 

ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʮʝʥʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʛʨʫʧʧ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ 

 

ʀʟ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ (ʨʠʩ. 7) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʮʝʥʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʛʨʫʧʧ ʧʘʥʝʣʝʡ ʜʦ ʚʝʨʰʠʥ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʌʕʇ ʧʦ ʛʨʫʧʧʘʤ. ɺʳʙʦʨ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʤʧʦʥʦʚʢʠ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʣʘʚʫʯʠʭ ʤʦʜʫʣʝʡ ʯʝʨʝʟ ʣʶʙʦʝ ʠʟ ʨʝ-

ʙʝʨ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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The article considers the issue of calculating the parameters of floating modules for placing pho-

tovoltaic power plants on the surface of water bodies. Taking into account the conditions of insolation, 

the optimal angle of inclination and overall dimensions of photovoltaic panels, the requirements for the 

mutual arrangement of panels to exclude shading are substantiated. An approach is proposed to deter-

mine the optimal dimensions of the floating module and the equipment configuration is determined, which 

has the best specific indicators for the production of electricity. 
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ʆʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʵʣʝʢʪʨʦ-

ʩʝʪʷʭ ʩ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ ʥʘʧʨʷʞʝʥʠʝʤ 380 ɺ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʨʘʩʩʪʨʦʡʢʠ ʨʝ-

ʘʢʪʦʨʘ ʥʘ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʷʜʦʚ, ʤʦʱʥʦʩʪʴ, ʧʦʜʚʦ-

ʜʠʤʘʷ ʢ ʨʘʟʨʷʜʫ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦ-

ʩʝʪʝʡ ʧʫʪʝʤ ʧʦʜʜʝʨʞʘʥʠʷ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʟʘʟʝʤʣʷʶʱʝʛʦ ʥʝʡʪʨʘʣʴ ʨʝʘʢʪʦʨʘ ʚ ʨʝʟʦʥʘʥʩ ʩ ʬʘʟʥʦʡ 

ʝʤʢʦʩʪʴʶ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʨʳʙʦʣʦʚʩʪʚʫ 

(ʢʦʥʪʨʘʢʪ ˉ 122030900054-0). 

 

ɿʘʤʳʢʘʥʠʝ ʦʜʥʦʡ ʬʘʟʳ ʥʘ ʢʦʨʧʫʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʧʦʚʨʝʞʜʝ-

ʥʠʷ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʝ ʟʘʤʳʢʘʥʠʷ ʥʝ ʦʪʢʣʶʯʘʶʪʩʷ ʟʘʱʠʪʦʡ ʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦ-

ʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʦ ʚʳʷʚʣʝʥʠʷ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ. ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʦʠʩʢ ʠ ʫʩʪʨʘ-

ʥʝʥʠʝ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʊʨʘʜʠʮʠʦʥʥʦ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʩʝʪʝʡ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʱʠʪ-

ʥʦʛʦ ʟʘʟʝʤʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʨʧʫʩʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷ-

ʮʠʠ; ʨʝʞʠʤʘ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʤʝʨʦʧʨʠʷʪʠʷ, ʜʣʠʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʟʘʤʳʢʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʦʧʘʩʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʚʟʨʳʚ, ʚʦʟʛʦʨʘʥʠʝ ʠ ʪ.ʜ. 

ʀʟʚʝʩʪʥʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ: 

ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ; ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ ʟʘʤʳ-

ʢʘʥʠʷ. ʇʝʨʚʳʡ ʧʫʪʴ ʪʨʝʙʫʝʪ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʦʩʝʪʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷ-

ʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʫʜʦ-

ʚʳʭ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʦ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʣʝʢʪʨʦʩʝʪʠ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʪʦʢʘ ʚ ʤʝʩʪʝ ʟʘʤʳʢʘʥʠʷ. ʕʪʦ ʥʝ ʪʨʝʙʫʝʪ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʨʝʘʣʠʟʫʶʱʠʭ ʵʪʦʪ ʩʧʦʩʦʙ ʫʩʪʨʦʡʩʪʚ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʟʝʤ-

ʣʝʥʠʠ ʥʝʡʪʨʘʣʠ ʯʝʨʝʟ ʨʝʘʢʪʦʨ. ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʙʝʨʝʛʦʚʳʭ ʵʣʝʢ-
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ʪʨʦʩʝʪʷʭ ʩʨʝʜʥʠʭ ʢʣʘʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ [1]. ɼʣʷ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʵʪʦʪ 

ʧʦʜʭʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩʫʱʝʩʪʚʫʝʪ [2]. 

ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʟʘʟʝʤʣʝʥʠʷ ʥʝʡʪʨʘʣʠ ʥʦʩʠʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ [3], ʧʦʩʢʦʣʴʢʫ ʟʘʪʨʘʛʠʚʘ-

ʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʝʨʝʚʦʜʘ ʵʣʝʢ-

ʪʨʦʩʝʪʝʡ ʚ ʨʝʞʠʤ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʠ ʥʘ ʪʦʢ ʛʣʫʭʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ [4], ʚʢʣʶ-

ʯʘʷ ʝʛʦ ʜʝʡʩʪʚʠʝ ʥʘ ʜʫʛʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʝʪʷʭ ʩʨʝʜʥʠʭ ʢʣʘʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ [5], ʥʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ 

ʚ ʵʣʝʢʪʨʦʩʝʪʷʭ [6-8]. ʆʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʩʝʪʝʡ ʚ ʨʝʞʠʤʝ ʜʫʛʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ ʬʘʟʳ ʧʫʪʝʤ ʟʘʟʝʤʣʝʥʠʷ ʠʭ 

ʥʝʡʪʨʘʣʝʡ ʯʝʨʝʟ ʨʝʘʢʪʦʨʳ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʢʘʙʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʢʪʦʨʘ 

ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩ ʬʘʟʥʦʡ ʝʤʢʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ.  

 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

L ï ʨʝʘʢʪʦʨ, ʊ ï ʚʪʦʨʠʯʥʳʝ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, U ï ʨʘʟʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ,  

R ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʰʫʥʪ, ʉ ï ʝʤʢʦʩʪʴ, PS ï ʦʩʮʠʣʣʦʛʨʘʬ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʥʘʩʪʨʦʝʥʥʘʷ ʚ ʨʝʟʦʥʘʥʩ ʩ ʬʘʟ-

ʥʦʡ ʝʤʢʦʩʪʴʶ ʵʣʝʢʪʨʦʩʝʪʠ 8 ʤʢʌ. V-ʦʙʨʘʟʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʩʝʪʠ ʥʘʧʨʷʞʝʥʠʝʤ 

380 ɺ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  

 
 

ʈʠʩ. 2. V-ʦʙʨʘʟʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʫʛʦʛʘʩʷʱʝʛʦ ʨʝʘʢʪʦʨʘ 
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ʇʝʨʚʠʯʥʳʝ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊ ʧʦʜʢʣʶʯʝʥʳ ʢ ʪʨʝʭʬʘʟʥʦʤʫ ʃɸʊʈʫ, ʧʦʟʚʦʣʷʶʱʝʤʫ 

ʚʘʨʴʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʥʘʧʨʷʞʝʥʠʠ 

220 ɺ ʜʫʛʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʩ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, 

ʧʦʵʪʦʤʫ ʚʩʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚ 

ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ 380 ɺ. 

ɺ [9] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʟʝʤʣʷʶʱʝʡ ʜʫʛʠ ʚ ʥʠʟʢʦʚʦʣʴʪ-

ʥʳʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʚʦʟʜʫʭʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʘ-

ʤʳʢʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʢʘʙʝʣʷ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʫʯʘʩʪʦʢ ʢʘʙʝʣʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʦʚʨʝʞʜʝʥʥʦʡ ʠʟʦʣʷʮʠʝʡ.  

ʌʘʟʥʘʷ ʝʤʢʦʩʪʴ ʵʣʝʢʪʨʦʩʝʪʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 12ʤʢʌ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝ-

ʚʦʩʭʦʜʠʪ ʩʪʝʧʝʥʠ ʨʘʩʩʪʨʦʡʢʠ, ʦʛʨʘʥʠʯʠʚʘʝʤʳʝ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʜʣʷ ʩʝʪʝʡ ʩʨʝʜʥʠʭ ʢʣʘʩ-

ʩʦʚ ʥʘʧʨʷʞʝʥʠʷ [10]. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʫʩʣʦʚʠʡ ʚʦʟʙʫʞʜʝʥʠʷ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʝʤʢʦʩʪʴ ʧʦ-

ʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʚʩʝʛʜʘ ʟʘʜʘʚʘʣʘʩʴ ʥʫʣʝʚʦʡ. ʈʝʛʠʩʪʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʦʩʮʠʣʣʦʛʨʘʬʘ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ .CSV, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ ʠʭ 

ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʫʛʦʚʳʝ ʧʨʦʮʝʩʩʳ. 

ʇʨʠʤʝʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʜʫʛʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 3. 

 

 
 

 
 

ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʜʫʛʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʝ  

ʧʨʠ ʥʝʫʩʪʦʡʯʠʚʦʤ ʦʜʥʦʬʘʟʥʦʤ ʟʘʤʳʢʘʥʠʠ 
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ʈʘʟʨʷʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʜʚʫʤʷ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ. ʇʦʜ ʧʝʨʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʙʳʯʥʦ ʧʦ-

ʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʨʘʟʨʷʜʦʚ, ʥʘʧʨʠʤʝʨ [11]. ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 

3 ʜʫʛʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʥʝʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪʩʷ ʧʦʣʫʧʝʨʠʦʜʦʤ ʩʚʦʙʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʟʘʤʳʢʘʥʠʷ. ʇʦʵʪʦʤʫ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ 

ʚʳʛʣʷʜʠʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʚʝʣʠʯʠʥʦʡ ʯʘʩʪʦʪʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɺ ʧʨʦʚʦʜʠ-

ʤʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʩʨʝʜʥʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʨʘʟʨʷʜʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʟʘ ʥʝʩʢʦʣʴʢʦ ʦʩʮʠʣʣʦʛʨʘʤʤ. ʂʦʣʠʯʝʩʪʚʦ ʫʯʠʪʳʚʘʝʤʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʧʨʦʤʝʞʫʪʦʢ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʨʷʜʦʚ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʘʟʥʦʡ ʝʤʢʦ-

ʩʪʠ ʢ ʜʨʫʛʦʤʫ. ʄʦʱʥʦʩʪʴ ʜʫʛʠ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʝ ʪʦʢʘ ʥʘ ʥʘʧʨʷʞʝʥʠʝ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3, ʨʘʟʨʷʜʳ ʥʝ ʚʩʝʛʜʘ ʠʤʝʣʠ ʜʫʛʦʚʦʡ ʭʘʨʘʢʪʝʨ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʩʯʝʪʦʚ 

ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʫʛʦ-

ʚʳʭ ʨʘʟʨʷʜʦʚ.  

 

 
ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʬʘʟʥʦʡ ʝʤʢʦʩʪʠ ʠ ʪʦʢʘ ʟʘʤʳʢʘʥʠʷ 

 ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʷʜʦʚ ʤʝʞʜʫ ʬʘʟʦʡ ʠ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ 

1ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʫʛʦʚʳʭ ʨʘʟʨʷʜʦʚ; 2ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʭ ʨʘʟʨʷʜʦʚ;  

3 ï ʪʦʢ ʛʣʫʭʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ 

 

 
 

ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʬʘʟʥʦʡ ʝʤʢʦʩʪʠ ʠ ʥʘʠʙʦʣʴʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ  

ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʷʜʦʚ ʤʝʞʜʫ ʬʘʟʦʡ ʠ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ 

1ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʫʛʦʚʳʭ ʨʘʟʨʷʜʦʚ; 2ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʭ ʨʘʟʨʷʜʦʚ;  

3 ï ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 4 ʠ 5 ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʷʜʦʚ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʪʦʢ 

ʛʣʫʭʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʦʝ ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʝ ʦʯʝʚʠʜʥʦ. ʆʮʝʥʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ 

ʧʨʦʚʝʜʝʥʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ: 

 

ὶ
В Ӷ

В Ӷ В
                                                                     (1) 

ʛʜʝ ὼ , ώ ï ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ; ὼӶ, ώ ï ʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ; ὲ ï ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʷʜʦʚ 

 

ʉʦʧʦʩʪʘʚʣʷʝʤʳʝ ʜʘʥʥʳʝ 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʜʫʛʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ ʚʩʝʭ ʨʘʟʨʷʜʳ 0,465 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʫʛʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ ʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʘʤʳʢʘʥʠʷ -0,66 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʭ ʨʘʟʨʷʜʦʚ ʠ ʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 0,114 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʫʛʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ -0,07 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʭ ʨʘʟʨʷʜʦʚ ʠ ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 0,658 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1ʟʘʤʝʪʥʘʷ ʩʚʷʟʴ ʠʤʝʝʪʩʷ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʜʫʛʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ, ʘ ʪʘʢ-

ʞʝ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʠ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʩʝʭ ʨʘʟʨʷʜʦʚ. 

ɺʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʛʥʦʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʫʶʩʷ ʧʨʠ ʨʘʟʨʷʜʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ 

1ï ʪʦʢ ʛʣʫʭʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ; 2ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ;  

3 ï ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʧʨʠ ʨʘʟʨʷʜʘʭ 

 
ʌʘʢʪʦʨʳ ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 

ʊʦʢ ʛʣʫʭʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ 0,839 

ʅʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 0,035 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1ʥʘʠʙʦʣʴʰʘʷ ʩʚʷʟʴ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʠʤʝʝʪʩʷ ʩ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ ʛʣʫ-

ʭʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ.  

 

ɺʳʚʦʜʳ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʦʧʘʩʥʦʩʪʴ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʜʥʦʬʘʟ-

ʥʳʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʩʝʪʷʭ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ ʧʫʪʝʤ ʠʭ ʧʝʨʝ-

ʚʦʜʘ ʚ ʨʝʞʠʤ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʠ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʦʚ ʧʦʢʘʟʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʟʘʟʝʤʣʷʶʱʝʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʚʨʝʞʜʘʝʪʩʷ ʠ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʠʟ-ʟʘ ʜʝʬʝʢʪʦʚ 

ʠʟʦʣʷʮʠʠ, ʯʘʩʪʴ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʦʙʟʦʨ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʟʦʣʷʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ IEC 

60851-5-2017. ɺʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʣʦʞʝʥʠʡ ʛʦʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʳʪʘ-

ʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʚ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ ʪʨʝʙʦʚʘʥʠʷʤ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ. 

 

ʀʩʧʳʪʘʥʠʷ ʠʟʦʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʝʸ ʦʙʱʝʡ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʸʞʥʫʶ 

ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʠ ʜʝʬʝʢʪʳ ʥʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʩʪʦʛʦ ʦʩʤʦʪʨʘ ʠʟʦʣʷʮʠʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʚʳʷʚʣʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʘ ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʳʪʘʥʠʡ. ʀʩʧʳʪʘʥʠʷ ʨʝʟʢʦ ʩʥʠʞʘʶʪ ʘʚʘʨʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤʘʭ ʠʟ-ʟʘ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʥʦʡ ʠʟʦʣʷʮʠʠ.  

ʇʦʚʨʝʞʜʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʫʶ ʧʨʠʯʠʥʫ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʝʤ 110ï500 ʢɺ ʠ ʤʦʱʥʦ-

ʩʪʴʶ 63 ʄɺĬɸ ʠ ʙʦʣʝʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʞʩʠʩʪʝʤʥʳʭ ʩʝʪʝʡ ʈʦʩʩʠʠ ʦʢʦʣʦ 30% 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʣʶʯʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʟʘʤʳʢʘʥʠʷʤʠ [1]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʯʠʥ ʧʦʚʨʝʞʜʝʥʠʷ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩ. 1. ʇʨʠʯʠʥʳ ʧʦʚʨʝʞʜʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ [2] 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1ʜʠʘʛʨʘʤʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʝʬʝʢʪʦʚ, ʚʦʟʥʠ-

ʢʘʝʪ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʝʬʝʢʪʳ ʠʟʦʣʷʮʠʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠ ʚ ʘʚʘʨʠʡʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʇʦ ʜʘʥʥʳʤ [3] ʚʠʪʢʦʚʳʝ ʟʘʤʳʢʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʠ, ʷʚʣʷʶʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʚʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʦʪʢʘʟʫ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠʣʠ ʧʦʜʩʪʘʥʮʠʷʭ, ʦʧʘʩʝʥ ʧʦʚʨʝʞʜʝʥʠʷ-

ʤʠ ʩʦʩʝʜʥʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʩ ʩʝʪʴʶ [4].  

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2ʜʠʘʛʨʘʤʤʳ, ʦʪʨʘʞʘʶʱʝʡ ʩʪʘʪʠʩʪʠʢʫ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʠʜʥʦ, ʯʪʦ ʠ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝ-

ʥʠʷ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʫʶ ʧʨʠʯʠʥʫ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ [5].  

 

 
 

ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠ ʠʩʪʦʯʥʠʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ [5] 

 

ɼʝʬʝʢʪʳ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʘʤʳʤ ʨʘʟʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦ-

ʩʣʝʜʩʪʚʠʷʤ ʦʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʩʘʤʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ 

[6]. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ 

ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘ ʩʪʘʜʠʠ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʨʦ-

ʚʝʩʪʠ ʘʥʘʣʠʟ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʦʛʣʘʩʥʦ ɻʆʉʊ IEC 

60851-5-2017. 
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ʉʪʘʥʜʘʨʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʘʤ ʠʩʧʳʪʘʥʠʡ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʪʘʥʜʘʨʪʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʠʩʧʳʪʘʥʠʡ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʘ, ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ ʠʟʦʣʷʮʠʠ, ʯʠʩʣʘ ʝʸ ʪʦ-

ʯʝʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ 

ʤʠʢʨʦʪʨʝʱʠʥ.  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʘ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ. ɽʩʣʠ ʠʟʤʝ-

ʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rt ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t, ʦʪʣʠʯʥʦʡ ʦʪ 20 ᴈ, ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R20 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ (1). 

 

               Ὑ  
 

 ,                                                           (1) 

 

ʛʜʝ ‌ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ˗ ;      

t ï ʬʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ, ᴈ. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʧʨʦʙʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ ʝʛʦ 

ʧʦʚʳʰʘʶʪ ʦʪ ʥʫʣʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʠʟʦʣʷʮʠʠ ʩʧʦʩʦʙʥʘ ʚʳʜʝʨʞʠʚʘʪʴ. 
ʎʝʣʦʩʪʥʦʩʪʴ ʠʟʦʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʪʦʯʝʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʧʨʦʚʦʜʝ ʦʧʨʝʜʝʣʸʥ-

ʥʦʡ ʜʣʠʥʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ.  
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪ ʥʘ ʦʜʥʦʤ ʦʙ-

ʨʘʟʮʝ. ɺ ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʩʩʝʠʚʘʝʤʦʡ ʚ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ.  
ʀʩʧʳʪʘʥʠʝ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠʟʦ-

ʣʷʮʠʠ ʧʦʩʣʝ ʝʸ ʚʳʜʝʨʞʢʠ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʬʠʢʩʠʨʫ-

ʝʪʩʷ ʯʠʩʣʦ ʤʠʢʨʦʪʨʝʱʠʥ, ʚʠʜʠʤʳʭ ʧʨʠ ʚʥʝʰʥʝʤ ʦʩʤʦʪʨʝ [7]. ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʞʜʦʤ ʠʟ 

ʠʩʧʳʪʘʥʠʡ ʠʟʦʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ɺʠʜʳ ʠʩʧʳʪʘʥʠʡ ʠʟʦʣʷʮʠʠ ʠ ʮʝʣʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ 

 
ʀʩʧʳʪʘʥʠʝ 

ʠʟʦʣʷʮʠʠ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʕʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʦʚʦʜʘ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʙʦʷ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʣʦ-

ʢʘʣʴʥʳʭ ʧʦʚʨʝ-

ʞʜʝʥʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʥʛʝʥ-

ʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʦʪʝʨʴ 

ʀʩʧʳʪʘʥʠʝ ʧʦ 

ʦʙʥʘʨʫʞʝʥʠʶ 

ʤʠʢʨʦʪʨʝʱʠʥ 

ʀʟʤʝʨʷʝʤʳʝ 

ʚʝʣʠʯʠʥʳ 

ʕʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 20 ᴈ 

ʇʨʦʙʠʚʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʪʦ-

ʯʝʯʥʳʭ ʧʦʚʨʝ-

ʞʜʝʥʠʡ ʠʟʦʣʷ-

ʮʠʠ 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʠ ʸʤ-

ʢʦʩʪʴ ʠʟʦʣʷʮʠʠ 

ʏʠʩʣʦ ʤʠʢʨʦ-

ʪʨʝʱʠʥ ʧʦʩʣʝ ʝʛʦ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ 

 

ʎʝʣʴ 

ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʷ 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦ-

ʦʪʚʝʪʩʪʚʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʘ 

ʟʘʷʚʣʝʥʥʦʤʫ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʝʤ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, 

ʜʦʧʫʩʪʠʤʦʛʦ 

ʜʣʷ ʠʟʦʣʷʮʠʠ 

ʆʮʝʥʢʘ ʮʝʣʦʩʪ-

ʥʦʩʪʠ ʠʟʦʣʷʮʠʠ 

ʆʮʝʥʢʘ ʧʦʪʝʨʴ ʵʥʝʨ-

ʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʨʘʩʩʝʠʚʘʝʤʦʡ ʚ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ 

ʆʮʝʥʢʘ ʮʝʣʦʩʪ-

ʥʦʩʪʠ ʠʟʦʣʷʮʠʠ 

 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʘʤ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 

ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʪʨʝʙʫʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʦʤʠ-

ʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 500 ɺϽɸ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ 
ʬʠʢʩʘʮʠʠ ʧʨʦʙʦʷ, ʩʨʘʙʘʪʳʚʘʶʱʝʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ 5 ʤɸ ʠ ʙʦʣʝʝ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʝ ʧʦʜʲʸʤ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ [7]. ʀʟ ʠʟʚʝʩʪʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʘʢʦʛʦ ʠʩʧʳʪʘʥʠʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʨʠʙʦʨʳ çʈɽʊʆʄ-6000è, çʋʇʋ-10ʄè, ʢʦʪʦ-

ʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʜʘʚʘʪʴ ʚʳʭʦʜʥʦʝ ʧʦʩʪʦʷʥʥʦʝ, ʘ ʪʘʢʞʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦ 6 ʢɺ ʠ 10 ʢɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʙʦʨʘ ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘ ʠʥʜʠʢʘʪʦʨʝ 
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ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ ʫʪʝʯʢʠ ʠ ʚʨʝʤʝʥʠ ʧʦʜʘʯʠ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʙʦʷ, 

ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʤʛʥʦʚʝʥʥʳʤ ʦʪʢʣʶʯʝʥʠʝʤ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʧʨʦʙʦʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʪʦʯʝʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʣʝ ʩʦ ʩʯʸʪʯʠʢʦʤ. ʉʯʸʪʯʠʢ ʜʦʣʞʝʥ ʩʨʘʙʘʪʳʚʘʪʴ ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʘ ʪʦʣʴʢʦ ʤʝʥʝʝ 

10 ʢʆʤ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 0,04 ʩ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʪʦʯʝʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʦʣʷʮʠʠ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʦʝ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʪʦʢʝ, ʫʢʘʟʘʥʥʦʤ ʚ ʪʘʙʣʠʮʝ 2ʠ ʠʤʝ-

ʝʪ ʩʯʝʪʯʠʢ ʧʦʚʨʝʞʜʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʛʠʩʪʨʘʮʠʶ ʩ ʯʘʩʪʦʪʦʡ (500 Ñ 25) ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʤʠʥʫʪʫ 

ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʨʦʚʦʜʘ ʙʝʟ ʠʟʦʣʷʮʠʠ [7]. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʦʪʩʫʪʩʪʚʫ-

ʶʪ ʧʦʜʦʙʥʳʝ ʧʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʩʪʠ ʪʘʢʦʝ ʠʩʧʳʪʘʥʠʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 2 

 

ʊʦʢ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʪʦʯʝʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʧʨʠ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ  

ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʞʠʤʘ 

 
ʀʩʧʳʪʘʪʝʣʴʥʦʝ  

ʥʘʧʨʷʞʝʥʠʝ  

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ɺ 

ʊʦʢ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʧʦ-

ʚʨʝʞʜʝʥʠʠ, ʤʢɸ 

ʀʩʧʳʪʘʪʝʣʴʥʦʝ  

ʥʘʧʨʷʞʝʥʠʝ  

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ɺ 

ʊʦʢ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʧʦ-

ʚʨʝʞʜʝʥʠʠ, ʤʢɸ 

3000 16 1000 8 

2500 14 750 7 

2000 12 500 6 

1500 10 350 5 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴ ʠʤʧʝʜʘʥ-

ʩʘ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʯʘʩʪʦʪʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ ʥʘ ʧʨʦʚʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʪʦʨ, ʠʤʝʶʱʠʡ ʥʘ ʚʳʭʦʜʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʦʡ [7]. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʠʤʧʝʜʘʥʩʘ ʷʚʣʷʝʪʩʷ ʧʨʠʙʦʨ 

LCR-76002(ʠʟʤʝʨʠʪʝʣʴ ʠʤʧʝʜʘʥʩʘ ʧʨʝʮʠʟʠʦʥʥʳʡ).  

 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʪʝʥʜʦʚ 

 

ʇʦʤʠʤʦ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʩʪʦʯʥʠʢʘʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʩʪʘʥʜʘʨʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʤʝ-

ʭʘʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʩʪʝʥʜʘ. ɺ ʠʩʧʳʪʘʥʠʠ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʦʜʥʦʤʫ ʠʟ ʢʦʥʮʦʚ ʟʘʢʨʝʧ-

ʣʸʥʥʦʛʦ ʧʨʦʚʦʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʝʤʦʝ ʥʦʤʠʥʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʞʠʣʳ ʧʨʦʚʦʜʘ 

ʫʩʠʣʠʝ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʫʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤ ʜʠʥʘʤʦʤʝʪʨ. ʇʨʠ ʵʪʦʤ ʪʘʢ ʢʘʢ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʥʝʮ ʧʨʦʚʦʜʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʞʠʣʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʘ, ʜʠʥʘʤʦʤʝʪʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʜʦ-

ʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʧʨʝʜʝʣʦʤ ʠʟʤʝʨʝʥʠʷ ʦʪ 0 ʜʦ 108 ʅ, ʦʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ 

ʪʘʢʞʝ ʜʦʣʞʝʥ ʬʠʢʩʠʨʦʚʘʪʴ ʠ ʜʦʚʦʣʴʥʦ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

0,001ʅ, ʨʘʟʫʤʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙ-

ʨʘʟʮʘ ʧʨʦʚʦʜʘ ʜʚʘ ʧʨʠʙʦʨʘ ï ʧʝʨʚʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʫʩʠʣʠʡ ʦʪ 0 ʜʦ 2ʅ, ʚʪʦʨʦʡ ï ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʦʪ 2ʜʦ 108 ʅ. ʇʝʨʚʳʡ ʧʨʠʙʦʨ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,001ʅ, ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʠʥʘʤʦʤʝʪʨ ï ʄɽɻɽʆʅ 

53002. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʫʩʠʣʠʡ ʦʪ 2ʜʦ 108 ʅ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʡ ʜʠʥʘʤʦʤʝʪʨ, ʩʧʦʩʦʙ-

ʥʳʡ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1ʅ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʧʨʠʙʦʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʠʥʘʤʦʤʝʪʨ ï ʄɽɻɽʆʅ 53500, ʩʧʦʩʦʙʥʳʡ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʦ 

500 ʅ ʠ ʦʙʣʘʜʘʶʱʠʡ ʨʘʟʨʝʰʝʥʠʝʤ 0,1ʅ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴʶ  5%. 

ɺ ʠʩʧʳʪʘʥʠʠ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʞʠ-

ʣʳ ʧʨʦʚʦʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʦʙʨʘʟʝʮ ʧʨʦʚʦʜʘ ʚ ʢʦʥʢʨʝʪʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʴ ʥʘ ʥʝʛʦ ʦʧʨʝʜʝʣʸʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ʇʨʦʚʦʜʘ ʩ ʞʠʣʦʡ ʥʦʤʠʥʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʜʦ 0,1ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʘʤʦʪʘʥʳ ʦʜʥʠʤ ʚʠʪʢʦʤ ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ (25 ρ) ʤʤ, ʧʨʠʩʦ-
ʝʜʠʥʸʥʥʳʡ ʢ ʦʜʥʦʤʫ ʠʟ ʚʳʚʦʜʦʚ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʇʦʩʣʝ ʥʘʤʦʪʢʠ ʧʨʦʚʦʜʘ ʥʘ ʮʠ-

ʣʠʥʜʨ ʢ ʦʜʥʦʤʫ ʠʟ ʝʛʦ ʢʦʥʮʦʚ ʜʣʷ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʣʦʞʠʪʴ ʥʝʢʦʪʦʨʦʝ ʫʩʠ-
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ʣʠʝ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʜʠʥʘʤʦʤʝʪʨʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘʜ ʦʙʨʘʟʮʘʤʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʞʠʣʳ ʩʚʳʰʝ 0,1ʜʦ 2,5 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʣʝ-

ʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʩʢʨʫʯʠʚʘʶʪ 

ʜʚʘ ʦʪʨʝʟʢʘ ʧʨʦʚʦʜʘ ʥʘ ʜʣʠʥʝ 125 ʤʤ. ʏʝʨʪʸʞ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. ɺ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʩʢʨʫʯʠʚʘʝʪ ʦʙʨʘʟʝʮ, ʢ ʦʜʥʦʤʫ ʠʟ ʝʛʦ ʢʦʥʮʦʚ ʪʘʢʞʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʫʩʠʣʠʝ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʦʤʝʪʨʘ. 

 

1 ï ʥʝʧʦʜʚʠʞʥʘʷ ʨʘʩʧʦʨʢʘ;

2 ï ʚʨʘʱʘʶʱʠʡʩʷ ʢʨʶʢ-

ʨʘʩʧʦʨʢʘ;

3 ï ʦʙʨʘʟʝʮ

 
 

ʈʠʩ. 3. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʢʨʫʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʧʨʦʙʠʚʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

 

ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʛʦʪʦʚʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ 

ʦʙʦʨʫʜʦʚʘʥʠʶ, ʨʝʘʣʠʟʫʶʱʝʤʫ ɻʆʉʊ IEC 60851-5-2017. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʤʳʰ-

ʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʪʯʠʢʘ ʯʠʩʣʘ ʪʦʯʝʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʥʠʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʩʪʘʥʜʘʨʪʦʤ ʧʦʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʪʝʥʜʦʚ. 
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A significant proportion of electrical equipment is damaged and fails due to insulation defects; 

some of these defects arise at the manufacturing stage. The article provides an overview of the equipment 

necessary to carry out insulation tests in accordance with the requirements of IEC 60851-5-2017. It was 

revealed that there is no ready-made set of testing equipment that fully satisfies the requirements of this 

standard. 
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ɺʚʝʜʝʥʠʝ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʦʠʩʢʝ ʠ ʦʙʥʘʨʫʞʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʠ ʥʝʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʝʪʘʣʣʦʚ [1]. ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʜʘʪʯʠʢʘʭ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥ-

ʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ [2]. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʫʶ ʤʘʪʨʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʘʙʦʨʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʦʩʦ-

ʙʳʤ ʦʙʨʘʟʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʩʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ ʠ ʵʢʦʥʦʤʠʶ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʡ 
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ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠʩʧʦʣʴʟʫʷ ʤʠʢʨʦʤʘʛʥʠʪʥʦʝ ʩʢʘʥʠʨʦʚʘ-

ʥʠʝ ʠʣʠ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʧʠʥ-ʪʫʥʥʝʣʴʥʦʛʦ ʤʘʛ-

ʥʠʪʦʨʝʟʠʩʪʠʚʥʦʛʦ (ʉʊʄʈ) ʜʘʪʯʠʢʘ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʠʩʢʝ ʠ ʦʙʥʘʨʫʞʝʥʠʠ ʤʠʢʨʦ-ʥʘʥʦ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ 

ʫʨʦʚʥʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʉʊʄʈ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʠʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ: ʥʘʢʦʧʣʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʌʫʨʴʝ ï ʘʥʘʣʠʟ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ [3].   

ʄʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ (MFL), ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʩʣʝʜʩʪʚʠʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʪʨʝʱʠʥ ʠ ʧʦʨ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ [4]. ʇʦʩʢʦʣʴʢʫ ʩʚʘʨʥʦʡ ʰʦʚ ʠʤʝʝʪ ʯʝʪʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʫʱʝʩʪʚʫ-

ʶʪ ʨʘʟʣʠʯʠʷ ʚ ʩʧʦʩʦʙʘʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜʷʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʫʨʦʚʥʷ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʝʙʦʣʴ-

ʰʦʛʦ ʨʘʟʤʝʨʘ ʟʘ ʩʯʝʪ ʩʪʠʤʫʣʷʮʠʠ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʧʦʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ ʠ ʧʦʩʪʦ-

ʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʫʯʠʪʳʚʘʷ ʤʘʪʝʨʠʘʣʴʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚ ʨʘʟʥʳʭ ʠʟʜʝʣʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʦʜʠʥʦʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʘʪʯʠʢʘʭ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʤʝʪʦʜʝ (MFL). ʆʩ-

ʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ  ᴆˏ̑
 ̍ ́Ȣ̓  ʠ 

ᴆˏ̑
 ̄ ̆̏̍Ȣʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ˏᴆ̑ (ʨʠʩ.1): 

 

ᴆˏ̑  ˏᴆ̑ ̍ ́Ȣ̓  ˏᴆ̑ ̄ ̆̏̍Ȣ                                                                (1) 

 

ʛʜʝ ᴆˏ̑ ̄ ̆̏̍Ȣ ï ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʷʤʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʨʳ, ʪʨʝʱʠʥʳ ʠ ʪ.ʜ., ᴆˏ̑
 ̍ ́Ȣ̓ - ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʩʝʷ-

ʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ ᴆˏ̑  ʦʪ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʦʡ ʪʨʫʙʳ ʩ ʧʦʤʦʱʴʶ 

ʦʙʲʝʤʥʳʭ ʜʘʪʯʠʢʦʚ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ  ᴆˏ. 
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ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʦʙʣʘʜʘʶʪ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʪ ʤʘʛʥʠʪʘ ʤʦ-

ʞʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ ʧʦʪʦʢ ʚ ʦʙʣʘʩʪʴ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʧʦʜʢʦʚʦʦʙʨʘʟʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ. ɺ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʠʪ ʚ çʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠè ʙʦʣʴʰʠʝ ʯʘʩʪʠ ʧʦʪʦʢʘ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘ-

ʩʪʷʭ, ʛʜʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʩʪʨʘʮʠʠ. ʕʪʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʧʦʪʦʢ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʚʚʝʜʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʱʫʶʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʉʘʤʳʡ ʷʨʢʠʡ ʧʨʠʤʝʨ ʵʪʦʛʦ ʧʨʠʥ-

ʮʠʧʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ çʍʘʣʴʙʘʭʘè [5,6], ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʥʘ 

ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʤʘʩʩʠʚʘ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʘʛʥʠʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʷ ʧʦʪʦʢ ʥʘ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʝ. ʋʯʠʪʳʚʘʷ ʫʩʧʝʰʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʧʝʯʝʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʤʝʪʦʜʝ (MFL) [7]. 

ʅʘ ʨʠʩ.1ʧʨʝʜʣʦʞʝʥʘ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʠʩʪʦʯʥʠʢ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʘʨʳ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 5 ʤʘʨʢʠ Nd 35 ʩ ʦʩʴʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʟʘʚʠʩʷʱʝʡ 

ʦʪ ʫʛʣʦʚ Ŭ, ű ʠ ʧʣʘʩʪʠʥʳ 6 ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʪʘʣʠ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʵʢʦʥʦʤʠʶ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ 24 ʠ ʙʦʣʝʝ ʜʘʪʯʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʪʦʢʦʚ ʨʘʩ-

ʩʝʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʝʬʝʢʪʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʛʥʠʪ-

ʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʧʨʠ ʚʥʝʰʥʝʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
                                      ʘ)                                                                                          ʙ) 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʥʠʡ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʥʝ ʤʘʪʝ-

ʨʠʘʣʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ 1(V1) ʠ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ: ʘ) 2ï ʧʘʨʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʤʘʨʢʠ Nd 35,  

3 ï ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ (ʩʪʘʣʴ 1010) ʠ 1ï ʦʙʣʘʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʝʪʦʜʝ (MFL), ʙ) 4 ï ʦʜʠʥʦʯʥʳʡ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʤʘʨʢʠ Nd 35. 

 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʩʠʩʪʝʤʳ ï ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦ ʦʙʲʝʤʫ ʦʙʣʘʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ (ʨʠʩ.2) ï 1, ʦʙʦʟʥʘʯʝʥʥʳʡ V1. ʇʨʠʯʝʤ ʵʥʝʨ-

ʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟ ʦʙʱʝʠʟ-

ʚʝʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ: 

 

˒  ᷿ ᷿ὌὄὨὄὨὠ                                                                (2) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʤʝʥʝʥ 

ʧʦʜʭʦʜ ʧʦ ʚʘʨʠʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʨʘʟʤʝʨʦʚ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ: ʦʪ ʦʜʠʥʦʯʥʦʛʦ 

ʤʘʛʥʠʪʘ ʩ ʰʠʨʠʥʦʡ ʨʘʚʥʦʡ ʦʙʣʘʩʪʠ V1(30ʤʤ), ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʫʤʝʥʴʰʝʥʠʝʤ  ̑́̈̍̆̑̏̃ ʤʘʛʥʠʪʦʚ 

ʜʦ 9 ʤʤ (ʨʠʩ.3) ʠ ʫʛʣʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ Ŭ,  • ρψπ ɻ (ʨʠʩ.4). ɼʣʷ ʦʮʝʥʢʠ ʦʧʪʠʤʠ-
ʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʝʥ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ - ɽʧ ʨʘʚʥʳʡ 

ʦʪʥʦʰʝʥʠʶ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʦʙʲʝʤʝ V1 ʦʪ ʠʩʪʦʯʥʠʢʘ ï ʦʜʠʥʦʯʥʦʛʦ ʧʦ-

1(V1) 

2 

3 4  

1(V1) 

 

3 
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ʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʢ ʟʥʘʯʝʥʠʶ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʨʝʜʦʪʦʯʝʥ-

ʥʦʡ ʚ ʪʦʤ ʞʝ ʦʙʲʝʤʝ ʥʦ ʦʪ ʧʘʨʳ ʤʘʛʥʠʪʦʚ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  ʠ 

ʫʛʣʘ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ: 

 

˒̐
᷿ ᷿

ˏ
ˏ

᷿ ᷿̍ˏ

 ρππϷ,                                                       (3) 

 

ʛʜʝ, ɺn , ɺ0 - ʤʘʢʩʠʤʘʣʴʥʦʝ  ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʟʜʘʥ-

ʥʦʝ ʦʜʠʥʦʯʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ ʚ ʦʙʲʝʤʝ V1,  ʠ ɺʤ ,ɺʢ - ʤʘʢʩʠʤʘʣʴʥʦʝ  ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʷ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʟʜʘʥʥʦʝ  ʧʘʨʦʡ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚ ʦʙʲʝʤʝ V1ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʛʣʘ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʨʠʩ.3, 4). 

 

 
 

ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ɽʧ ʦʪ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʜʚʫʭ  

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 9 ʤʤ, ʧʨʠ ʫʛʣʝ Ŭ = ű = 900. 

 

 
 

ʈʠʩ. 4 ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ɽʧ ʦʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ Ŭ  

ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʘʨʳ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʦʪ 40 ʜʦ 75 ʛʨʘʜʫʩʦʚ. 

 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʫʤʤʘʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ Ŭ =550 , ʢʘʢ ʵʢʦʥʦʤʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʠ ʦʙʲʝʤʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʨʠʩ.5), ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ.   
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ʈʠʩ. 5 ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʵʢʦʥʦʤʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʦʜʫʣʷʮʠʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʙʥʘ-

ʨʫʞʝʥʠʠ ʜʝʬʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʲʝʤʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʦʨʤʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʩ ʧʦ-

ʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ (ʨʠʩ. 6).  

 

 
 

ʈʠʩ. 6 ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʪʨʠʮʝʡ 4ʭ6 ʵʣʝʤʝʥʪʦʚ  

ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ. 

 

ɺʳʚʦʜʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ ʨʘʩʩʝʠʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʫʛʣʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠ ʨʘʟʤʝʨʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 10% ʠ ʙʦʣʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʠʥʦʯʥʳʤ ʤʘʛʥʠʪʦʤ ʩ ʪʝʤʠ ʞʝ ʨʘʟʤʝʨʘʤʠ ʠ ʤʘ-

ʪʝʨʠʘʣʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʳ, ʩʦʭʨʘ-

ʥʠʚ ʧʨʝʞʥʠʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʘʪʯʠʢʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦ 20% ʦʙʲʝʤʘ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʪʦʡ 

ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 3-ʜ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʧʦʣʝʡ ʤʘʛʥʠʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ (MFL) [8].    
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ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʩʪʨʦʡʩʪʚ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʦʡ ʵʥʝʨ-

ʛʦʫʩʪʘʥʦʚʢʦʡ ʩʦʚʤʝʩʪʥʦ ʩ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦ-

ʨʘ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʦʱʫʪʠʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʉʕʕʉ) ʩʚʷʟʘʥʦ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝ-

ʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʫʜʘʭ ʚʘʣʦʛʝʥʝʨʘʪʦʨʦʚ (ɺɻ), ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʚʠʞʝʥʠʝ ʦʪ 

ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻɼ). ʕʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʠ ʤʝʥʴʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘʤʠ (ɺɼɻ) ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʥʦ ʠ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʘʚʘʨʠʡʥʳʡ ʭʦʜ ʩʫʜʥʘ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ɻɼ [1]. 

 ʂʨʦʤʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺɻ ʥʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʪʘʥʠʷ 

ʤʦʱʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʪʦʣʴʢʦ ʚ ʧʨʦʤʳʩʣʦʚʦʤ ʨʝʞʠʤʝ (ʪʨʘʣʦʚʳʝ ʣʝʙʝʜʢʠ), ʥʝ ʠʩ-

ʧʦʣʴʟʫʷ ʙʦʣʝʝ ʟʘʪʨʘʪʥʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ɺɼɻ. 

ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʉʕʋ) ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʩʫʜʥʘ ʩʦ-

ʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʜʚʫʤʷ ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ (ʉʆɼ), ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʏɺ) ʥʘ ʚʠʥʪ ʨʝʛʫʣʠ-

ʨʫʝʤʦʛʦ ʰʘʛʘ (ɺʈʐ) ʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ ʜʚʫʤʷ ɺɻ ʠ ʥʝʩʢʦʣʴʢʠʤʠ ɺɼɻ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʙʦʪʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʏɺ ʦʙʲʷʩʥʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʩʪʦʷʥʩʪʚʘ ʯʘʩʪʦʪʳ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ɺɻ ʪʨʘ-

ʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʅʝʜʦʩʪʘʪʢʠ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʏɺ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

- ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻɼ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʭʦʜʝ ʩʫʜʥʘ ʩ ʤʘʣʳʤ ʫʛʣʦʤ ʨʘʟʚʦʨʦʪʘ ʣʦʧʘ-

ʩʪʝʡ (ʰʘʛʦʤ) ɺʈʐ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʚʠʪʘʥʮʠʦʥʥʦʡ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʥʪʘ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʩ 

ʤʘʣʳʤ ʰʘʛʦʤ ɺʈʐ ʠ ʚʳʩʦʢʦʡ ʏɺ; 

- ʦʛʨʘʥʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ɻɼ (ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʰʘʛʘ ɺʈʐ) ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ɺɻ 

ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʏɺ ɻɼ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʩʫʜʦʚʦʡ ʩʝʪʠ; 

- ʧʨʠ ʭʦʜʝ ʥʘ ʚʦʣʥʝʥʠʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʩʫʜʦʚʦʡ ʩʝʪʠ ʠ ʥʘʧʨʷʞʝʥ-

ʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ (ʄʀʐ) ɺʈʐ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ɻɼ; 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ɺɻ ʠ ɺɼɻ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʉʕʋ 

ʠ ʉʕʕʉ ʧʦʟʚʦʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 

- ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ ɻɼ, ʧʨʠ ʢʦʪʦʨʦʤ ʭʦʜ ʩʫʜʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴ-

ʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʏɺ ɻɼ ʠ ʰʘʛʦʤ (ʫʛʣʦʤ ʨʘʟʚʦʨʦʪʘ ʣʦʧʘʩʪʝʡ) ɺʈʐ; 

- ʚʘʣʦʛʝʥʝʨʘʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʏɺ. 

ʕʪʠ ɺɻ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

- ʥʘ ʦʩʥʦʚʝ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʉɻ) ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʯʝʤ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ (ʇʇ) ʠ ʩʠʥʭʨʦʥʥʳʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ (ʉʂ); 
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- ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥʳ ʜʚʦʡʥʦʛʦ ʧʠʪʘʥʠʷ (ʄɼʇ) ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ 

ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ (ɸɻ ʩ ʌʈ) ʠʣʠ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ (ɸʉʄ). 

ʇʨʠʥʮʠʧ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʪʦʢʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ɺɻ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ 

ʏɺ ʨʦʪʦʨʘ ɺɻ ʩ ʧʦʤʦʱʴʶ ʇʇ ʜʣʷ ɻɼ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʠʥʪ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʰʘʛʘ (ɺʌʐ), ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʩ ʢʦʥʮʘ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [2]. ʉʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʚ ʇʇ ʚʤʝʩʪʦ ʪʠʨʠʩʪʦʨʦʚ IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʉʭʝʤʘ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʉʕʉ) ʩ ʜʚʫʤʷ ɺɻ ʠ ɺɼɻ, ʇʇ ʠ ʉʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, 

ʛʜʝ ʦʙʦʟʥʘʯʝʥʳ: ɻʈʑ ï ʛʣʘʚʥʳʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ, QF1, QF2, QF5, QF7 ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʚʳʢʣʶʯʘʪʝʣʠ ʛʝʥʝʨʘʪʦʨʦʚ, QF3, QF6 ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʶʯʘʪʝʣʠ, QF4 ï ʧʝʨʝʤʳʯʢʘ, ʋɺ1, 

ʋɺ2ï ʪʠʨʠʩʪʦʨʥʳʝ ʫʧʨʘʚʣʷʝʤʳʝ ʚʳʧʨʷʤʠʪʝʣʠ ʜʣʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ɺɻ1ʠ ɺɻ2, ʇ1, 

ʇ2- ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ɼ ï ʧʨʠʚʦʜʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʦʚ ɼɻ1ʠ ɼɻ2, ʈ- ʨʝʜʫʢʪʦʨ, ʄʀʐ ï ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʉʕʉ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʩʫʜʥʘ ʩ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʏɺ  

 

ɺ ʢʘʯʝʩʪʚʝ ʉʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ. ʇʇ ʚʳʧʦʣʥʝʥʳ ʧʦ ʩʭʝʤʝ 

ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ï ʚʝʜʦʤʳʡ ʠʥʚʝʨʪʦʨ ʥʘ ʜʚʫʭ ʤʦʩʪʦʚʳʭ ʩʭʝʤʘʭ ʩ 12ʪʠʨʠʩʪʦʨʘʤʠ. ɼʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ɺɻ1ʠ ɺɻ2ʠʩʧʦʣʴʟʫʶʪʩʷ ʋɺ1ʠ ʋɺ2. ɿʘʧʫʩʢ ʉʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʅʘ ʚʨʝʤʷ ʧʫʩʢʘ ʩʠʥʭʨʦʥʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ ʉʂ1(ʉʂ2) ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʇ1(ʇ2) ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʮʝʧʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: ʧʝʨʝʤʝʥ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʫʜʦʚʦʡ ʩʝʪʠ ï ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ï ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʫʧʨʘʚʣʷʝʤʦʡ 

ʯʘʩʪʦʪʦʡ. ʇʦʩʣʝ ʨʘʟʛʦʥʘ ʉʂ1(ʉʂ2) ʜʦ 50% ʥʦʤʠʥʘʣʴʥʦʡ ʏɺ ʋɺ1(ʋɺ2) ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʦʙʤʦʪʢʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ɺɻ1(ɺɻ2) ʠ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʏɺ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʠʪʘ-

ʥʠʠ ʦʪ ɺɻ1(ɺɻ2). 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʩʫʜʦʚʫʶ ʩʝʪʴ, ʠ ʯʘʩʪʦʪʘ ʪʦʢʘ ʚ ʩʫʜʦʚʦʡ ʩʝʪʠ ʨʝʛʫʣʠ-

ʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʦʪʢʨʳʪʠʷ ʪʠʨʠʩʪʦʨʦʚ ʫʧʨʘʚʣʷʝʤʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ ʇʇ.  

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ɺɻ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʧʦʜʚʦʜʠʤʦʛʦ ʢ ʇʇ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ ʉʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʢʦʤʤʫʪʘʮʠʠ ʪʠʨʠʩʪʦʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʫʝʤʳʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʉʕʉ. ʊʘʢ ʢʘʢ ɺɻ ʚ ʵʪʦʡ ʩʭʝʤʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʯʝʨʝʟ ʫʧʨʘʚʣʷʝʤʳʡ 

ʚʳʧʨʷʤʠʪʝʣʴ-ʠʥʚʝʨʪʦʨ, ʪʦ ʙʝʟ ʉʂ ʥʝʚʦʟʤʦʞʥʘ ʫʩʪʦʡʯʠʚʘʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩ ɺɼɻ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʚʘʣʦ- ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ. ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʉʂ ʠ ɺɼɻ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ɺɻ ʠ ɺɼɻ. ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʩʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʦʡ ʨʝʛʫʣʷʪʦʨʦʚ ʯʘʩʪʦʪʳ ɺɻ ʠ ɺɼɻ, ʦʜʥʘʢʦ ʟʘʜʘʚʘʪʴ ʯʘʩʪʦʪʫ 

ʪʦʢʘ ʚ ʉʕʉ ʙʫʜʝʪ ɺɻ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʦ-

ʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʠʟʤʝʨʠʤʘ ʩ ʤʦʱʥʦʩʪʴʶ ɺɻ ʠ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠ-

ʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʳʩʰʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʳ-
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ʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʚʦʜʷ ʢ ʧʫʣʴʩʘʮʠʠ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʠʙʨʘʮʠʠ ʠ ʥʘʛʨʝʚʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʝʡ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ 

ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ɺɻ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʳ ʜʚʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʬʘʟʥʳʤ 

ʨʦʪʦʨʦʤ ʠʣʠ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʚʳ-

ʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʮʝʧʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʦ ʜʚʫʭ- ʠʣʠ ʦʙʤʦʪʢʝ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʧʨʦʪʝʢʘʶʪ ʪʦ-

ʢʠ ʯʘʩʪʦʪʳ ʩʢʦʣʴʞʝʥʠʷ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʦʙʤʦʪʢʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʰʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʨʝʟ ʩʪʘʪʦʨ ɺɻ ʧʨʦʭʦʜʠʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘ-

ʩʪʦʪʦʡ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʦʪʦʨʘ ɸʉʄ ʜʦʣʞʥʦ ʚʨʘʱʘʪʴʩʷ ʩʦʛʣʘʩʥʦ ʩ ʚʘʣʦʤ, ʢʦʛʜʘ ʏɺ ʤʝʥʴʰʝ ʩʠʥ-

ʭʨʦʥʥʦʡ ʠ ʚʩʪʨʝʯʥʦ, ʢʦʛʜʘ ʏɺ ʙʦʣʴʰʝ ʩʠʥʭʨʦʥʥʦʡ. ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʯʘʩʪʦʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʩʪʘʝʪʩʷ 

ʥʝʧʦʜʚʠʞʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʪʦʨʘ.  

ʅʘ ʨʠʩ. 2ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ (ɸʉɺɻ) ʩ 

ʧʨʠʚʦʜʦʤ ʦʪ ɻɼ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ɺʌʐ ʠ ʧʝʨʝʤʝʥʥʦʡ ʏɺ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ 

 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʇʇ ʩʦʩʪʦʠʪ ʠʟ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʠ ʘʚʪʦ-

ʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʰʠʥʘʤ ɻʈʑ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ɸʉʄ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʢʦʣʴʮʘʤʠ. ʇʨʝʜʣʦʞʝʥʳ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʩ ʙʝʩʱʝʪʦʯʥʳʤʠ ɸʉʄ ʩ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷʤʠ ʯʘʩʪʦʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʦʪʦʨʝ ʤʘʰʠʥʳ. ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʙʝʩʱʝʪʦʯʥʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʤ ʥʘ ʨʦʪʦʨʝ ʤʘʰʠʥʳ. 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʙʝʩʱʝʪʦʯʥʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ  
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ɺʘʣʦʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʵʪʦʛʦ ʪʠʧʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʯʘʩʪʦʪʳ ʚʳʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ɻɼ 70 ï 100% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ʢʨʘʪ-

ʢʦʚʨʝʤʝʥʥʦ ʜʦ 110% ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ɺɻ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ɺɻ ʟʘʢʣʶʯʘ-

ʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ɺɼɻ ʠ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʳʨʘʙʘʪʳ-

ʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʤʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʦʱʥʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʢʦʣʴʞʝʥʠʷ. ʆʜʥʘʢʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ɸʉʄ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚʤʝʩʪʦ ʪʠʨʠʩʪʦʨʦʚ IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʱʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʩʠʩʪʝʤʝ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪ ʬʦʨʤʫ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʛʘʨʤʦʥʠʢ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʬʠʣʴʪʨʳ [3].  

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʣʦʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ, ʩ ʘʢʪʠʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʦʱʫʪʠʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 
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The purpose of the work is to analyze the possibilities of using modern technical solutions in the 

field of sources, energy storage devices and devices for improving the quality of electricity on fishing ves-

sels. The novelty of the work lies in the offer of a complex of modern technical solutions that ensure an 

increase in the efficiency of electric power systems. The use on fishing vessels of the combinatorial prin-

ciple of controlling the head of the power plant together with the generators operating with variable rotor 

speed will allow to obtain a tangible economic effect. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʘ 

ʧʨʠʤʝʨʝ ʫʯʘʩʪʢʘ ʩʝʪʠ 15 ʢɺ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʉɸɺʉ ʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʫʯʘʩʪʢʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝ-

ʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ SAIDI ʠ SAIFI ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ, ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 

ʉɸɺʉ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʉɸɺʉ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɸɺʉ ʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ʉ ʮʝʣʴʶ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʪʠ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ɸʇɺ ʢʘ-

ʙʝʣʴʥʦ-ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʠʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʙʨʘʥʳ ʣʠʥʠʠ ʩʝʪʝʚʦʛʦ ʫʯʘʩʪʢʘ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʙʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ (ʨʠʩ. 1). 

ʅʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʷʚʣʷʝʪʩʷ ʇʨʠʢʘʟ ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ ʦʪ 29.11.2016 ʛ. ˉ1256 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʧʦ ʨʘʩʯʝʪʫ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʣʷʝʤʳʭ ʪʦʚʘʨʦʚ ʠ ʦʢʘʟʳ-

ʚʘʝʤʳʭ ʫʩʣʫʛ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʝʜʠʥʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ (ʦʙʱʝʨʦʩʩʠʡʩʢʦʡ) ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʩʝʪʴʶ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʝʪʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡè [1]. ɼʦʢʫʤʝʥʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʚʘ ʠʥʜʠ-

ʢʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ ï ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (SAIDI) ʠ ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝ-

ʙʠʪʝʣʷʤ (SAIFI). 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʪʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʤʝʥʝʥʠʝ ʉɸɺʉ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ, 

ʥʦ ʩʜʝʣʘʝʪ ʧʝʨʝʨʳʚʳ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʤʝʥʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ. ʆʩʥʦʚʥʳʤ ʠʥʜʠʢʘʪʠʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʜʝʞʥʦʩʪʠ ʪʦʛʜʘ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘ-

ʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ˜ , ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

˜
В

                                                                             (1) 

 

ʛʜʝ Ὕ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ -ʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʯʘʩ; 

ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦ-

ʨʳʭ ʧʨʦʠʟʦʰʣʦ -ʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʰʪ.; 

ὔ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘ ʛʦʜ ʯʠʩʣʦ ʪʦʯʝʢ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ -ʡ 

ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʰʪ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ 

 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Ὕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

Ὕ ‫ Ὕ                                                                               (2) 

 

ʛʜʝ Ὕ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʜʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, ʯ; 

.ï ʯʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ -ʛʦ ʫʯʘʩʪʢʘ ʬʠʜʝʨʘ, ʦʪʢʣ/ʛʦʜ ‫ 

ʏʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ -ʛʦ ʫʯʘʩʪʢʘ :ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ ‫ 

 

‫ πȟπρ‫ ρ Ὧ̎ ̔ ὒ                                                                (3) 

 

ʛʜʝ ‫  ï ʫʜʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ 100 ʢʤ ʣʠʥʠʠ, 1/ʛʦʜĿʢʤ; 

Ὧ̎  ̔ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʣʠʯʠʝ ɸʇɺ; 

ὒ ï ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʫʯʘʩʪʢʦʚ ʬʠʜʝʨʘ, ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʶʯʝ-

ʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ -ʛʦ ʫʯʘʩʪʢʘ, ʢʤ. 

ɿʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʚʨʝʞʜʝʥʠʡ ‫  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

‫ ̏̓̋̌                                                                                (4) 

 

ʛʜʝ ὲ̏ ̓̋̌ ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʬʠʜʝʨʘ ʚ ʛʦʜ, 1/ʛʦʜ; 

ὒ ï ʜʣʠʥʘ ʬʠʜʝʨʘ, ʢʤ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2] ʚ ʩʝʪʷʭ 6-20 ʢɺ ʚ ʩʨʝʜʥʝʤ ʚ ʛʦʜ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 30 ʦʪʢʣʶʯʝʥʠʡ ʥʘ 100 

ʢʤ ʣʠʥʠʠ. ɺ ʪʘʙʣʠʮʝ 1ʩʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3]. 

ʊʘʙʣʠʮʘ 1 

ɺʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ 

ˉ 

ʧ/ʧ 
ʕʣʝʤʝʥʪ ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ, ʯ 

1 ʊʨʘʥʩʬʦʨʤʘʪʦʨ 15/0,4 ʢɺ 6 

2 ɺʳʢʣʶʯʘʪʝʣʴ 15 ʢɺ 10 

3 ʃʕʇ 5 

4 ʃʠʥʝʡʥʳʡ ʨʘʟʲʝʜʠʥʠʪʝʣʴ 6 

 

ʆʜʥʘʢʦ ʥʘ ʧʦʢʘʟʘʪʝʣʴ SAIFI ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ɸʇɺ ʥʘ ʣʠʥʠ ʃ1, ʪʘʢ ʢʘʢ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ɸʇɺ ʥʘ ʜʘʥʥʦʤ ʬʠʜʝʨʝ ʥʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚʦʚʩʝ. ʉʪʘʪʠ-

ʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ɸʇɺ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠʤʝʨʥʦ ʥʘ 60% [4]. ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ SAIFI ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

˜
В

                                                                             (5) 

 

ʛʜʝ ;ʯʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ -ʛʦ ʫʯʘʩʪʢʘ, ʦʪʢʣ/ʛʦʜ - ‫ 

ὔ - ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ                     

ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʦ -ʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʰʪ.; 

ὔ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘ ʛʦʜ ʯʠʩʣʦ ʪʦʯʝʢ ʧʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ                  

ʟʘ -ʡ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʰʪ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʵʪʘʧʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ: 

1) ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ; 

2) ɺʥʝʜʨʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʩʝʪʠ ʉɸɺʉ; 

3) ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ. 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ 

 

1.1. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʬʠʜʝʨʘ: 

ʃ1(ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʠʣʝʛʘʶʱʝʡ ʩʝʪʠ 18,919 ʢʤ) ʠ ʃ2(ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʠʣʝʛʘʶʱʝʡ ʩʝʪʠ 10,399 

ʢʤ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʠʝ ʥʘ ʬʠʜʝʨʝ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʚʨʝʤʷ ʨʘʚʥʦʝ 

ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

ɿʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ :ʧʦ ʚʳʨʘʞʝʥʠʶ (3) ʜʣʷ ʬʠʜʝʨʘ ʃ1 ‫ 

 

‫ πȟπρσπρ π ρψȟωρωυȟφχφ ̏̓̋̌Ⱦ̄ ̏̅ 
 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ Ὧ̎  ̔ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0, ʪʘʢ ʢʘʢ ʥʘ ʣʠʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ɸʇɺ. 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʬʠʜʝʨʘ ʃ2: 

 

‫ πȟπρσπρ πȟφ ρπȟσωωρȟςτψ ̏̓̋̌Ⱦ̄ ̏̅ 
 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ Ὧ̎  ̔ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0,6, ʪʘʢ ʢʘʢ ʥʘ ʣʠʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦ-

ʢʨʘʪʥʦʝ ɸʇɺ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʥʠʞʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ 60%. 

ʇʦ ʚʳʨʘʞʝʥʠʶ (2) ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ Ὕ ʜʣʷ ʬʠʜʝʨʘ ʃ1: 

 

Ὕ υȟφχφφ στȟπυτ ̘Ⱦ̄ ̏̅ 
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʬʠʜʝʨʘ ʃ2: 

 

Ὕ ρȟςτψφ χȟτψχ ̘Ⱦ̄ ̏̅ 

 

ʇʦ ʚʳʨʘʞʝʥʠʶ (1) ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ SAIDI ʩʦʩʪʘʚʠʪ: 

 

˜
στȟπυτςυ χȟτψχω

ςυ ω
ςχȟπςςȾ̘̄ ̏̅ 

 

ʇʦ ʚʳʨʘʞʝʥʠʶ (5) ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ SAIFI: 

 

˜
υȟφχφςυ ρȟςτψω

ςυω
τȟυπτ ̏̓̋̌Ⱦ̄ ̏̅ 

 

ɺ ʪʘʙʣʠʮʝ 2ʩʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI ʠ SAIFI ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ. 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI  ʠ SAIFI  ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ 
 

ʃʠʥʠʷ ʃ1 ʃ2 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ὒ, ʢʤ 18,919 10,399 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʝʤʳʭ ʊʇ ὔ, ʰʪ 25 9 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ Ὕ, ʯ 6 6 

ʏʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪʢʣ/ʛʦʜ 5,676 1,248 ,‫ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Ὕ, ʯ/ʛʦʜ 34,054 7,487 

SAIDI, ʯ/ʛʦʜ 27,022 

SAIFI, ʦʪʢʣ/ʛʦʜ 4,504 
 

1.2. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʉɸɺʉ 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʪʠ (ʉɸɺʉ) ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʠʪʘʥʠʝ ʥʝʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʤʝʤ ʨʘʚʥʳʤ 2ʤʠʥʫʪʘʤ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ 

ʟʘʧʘʩʘ. ʉʝʪʴ ʬʠʜʝʨʘ ʃ1ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ ʫʯʘʩʪʢʘ: ʜʦ ʊʇ1-1ʠ ʧʦʩʣʝ (ʨʠʩ. 1). ʇʦʚʨʝʞʜʝ-

ʥʠʝ ʥʘ ʣʶʙʦʤ ʠʟ ʜʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠʚʝʜʝʪ ʢ ʦʪʢʣʶʯʝʥʠʶ ʚʩʝʛʦ ʬʠʜʝʨʘ, ʦʜʥʘʢʦ ʩ ʧʦʤʦʱʴʶ ʉɸɺʉ 

ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʫʯʘʩʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥ ʟʘ ʩʯʝʪ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʊʇ1-1, ʘ ʥʝʧʦʚʨʝʞʜʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʪʘʥʳ ʦʪ ʬʠʜʝʨʘ ʃ2ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʢʣʶ-

ʯʝʥʠʷ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʊʇ1, ʊʇ2ʠʣʠ ʊʇ3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʥʘ ʬʠ-

ʜʝʨʝ ʃ1ʥʘ ʫʯʘʩʪʢʝ ʜʦ ʊʇ1-1, ʙʫʜʫʪ ʦʙʝʩʪʦʯʝʥʳ ʚʩʝʛʦ 2ʊʇ ʥʘ ʚʨʝʤʷ ʨʘʚʥʦʝ ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʩʪʘʚʰʠʝʩʷ 23 ʊʇ ʥʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʉɸɺʉ. ʇʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʥʘ ʫʯʘʩʪʢʝ ʧʦʩʣʝ  

ʊʇ1-1ʘʥʘʣʦʛʠʯʥʦ ʚʩʝʛʦ 2ʊʇ ʙʫʜʫʪ ʧʝʨʝʟʘʧʠʪʘʥʳ ʯʝʨʝʟ ʚʨʝʤʷ ʨʘʙʦʪʳ ʉɸɺʉ, ʘ ʦʩʪʘʚʰʠʝʩʷ 23 ʊʇ 

ʧʦʪʝʨʷʶʪ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʥʘ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʫʯʘʩʪʦʢ 1(ʜʦ ʊʇ1-1). ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 4,06 ʢʤ. ʊʦ-

ʛʜʘ, ʩ ʫʯʝʪʦʤ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʫʯʘʩʪʢʘ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʩʩʯʠʪʘʥ-

ʥʦʝ ʧʦ ʚʳʨʘʞʝʥʠʶ (3) ʩʦʩʪʘʚʠʪ: 

 

‫ πȟπρσπρ π τȟπφ ρȟςρψ ̏̓̋̌Ⱦ̄ ̏̅ 
 

ɼʣʷ ὔ ςʊʇ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Ὕ̒̑ φ ʯ.  

ɼʣʷ ὔ ςσ ʊʇ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʠʪ Ὕ̒̑ πȟπσ ʯ. ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Ὕ: 

 

Ὕ ρȟςρψφ χȟσπψ ̘Ⱦ̄ ̏̅ 
 

Ὕ ρȟςρψπȟπσ πȟπτρȾ̘̄ ̏̅ 
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʫʯʘʩʪʢʘ 2(ʧʦʩʣʝ ʊʇ1-1), ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 14,859 ʢʤ: 

 

‫ πȟπρσπρ π ρτȟψυωτȟτυψ ̏̓̋̌Ⱦ̄ ̏̅ 
 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ὔ ςσ ʊʇ, ὔ ςʊʇ. 
 

Ὕ τȟτυψφ ςφȟχτφ ̘Ⱦ̄ ̏̅ 
 

Ὕ τȟτυψπȟπσ πȟρτω ̘Ⱦ̄ ̏̅ 
 

ɼʣʷ ʬʠʜʝʨʘ ʃ2ʟʥʘʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʨʘʩʯʝʪʘʤ ʧʦʜʨʘʟʜʝʣʘ 1.1. ʈʘʩʩʯʠʪʘʝʤ ʧʦʢʘʟʘʪʝʣʠ SAIDI 

ʠ SAIFI ʫʯʘʩʪʢʘ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʉɸɺʉ: 

 

˜
χȟσπψς πȟπτρςσ ςφȟχτφςσ πȟρτως χȟτψχω

ςυω
ςπȟυτρȾ̘̄ ̏̅ 

 

˜
ρȟςρψς ρȟςρψςσ τȟτυψςσ τȟτυψς ρȟςτψω

ςυ ω
τȟυπτ ̏̓̋̌Ⱦ̄ ̏̅ 

 

ɺ ʪʘʙʣʠʮʝ 3 ʩʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI ʠ SAIFI ʜʣʷ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝ-

ʪʠ ʩ ʫʯʝʪʦʤ ʚʥʝʜʨʝʥʠʷ ʉɸɺʉ. 

ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI  ʠ SAIFI  ʜʣʷ ʫʯʘʩʪʢʘ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʉɸɺʉ 

 

ʃʠʥʠʷ 
ʃ1 

ʃ2 
ʋʯ. 1 ʋʯ. 2 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ὒ, ʢʤ 4,06 14,859 10,399 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʝʤʳʭ ʊʇ ὔ, ʰʪ 2 23 9 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ Ὕ, ʯ 
6  

(0,03) 

6  

(0,03) 
6 

ʏʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪʢʣ/ʛʦʜ 1,218 4,458 1,248 ,‫ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Ὕ, ʯ/ʛʦʜ 
7,308 

(0,041) 

26,746 

(0,149) 
7,487 

SAIDI, ʯ/ʛʦʜ 20,541 

SAIFI, ʦʪʢʣ/ʛʦʜ 4,504 

 

1.3. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʣʠʥʠʠ ʃ1ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ɸʇɺ. ʇʨʠʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʥʘ 60% [4], ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʠ SAIDI ʠ SAIFI.  

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʯʝʪʘʤ ʧʦʜʨʘʟʜʝʣʘ 1.2ʨʘʩʩʯʠʪʘʝʤ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɸʇɺ. ɼʣʷ ʫʯʘʩʪʢʘ 1ʬʠʜʝʨʘ ʃ1: 

 

‫ πȟπρσπρ πȟφ τȟπφ πȟτψχ ̏̓̋̌Ⱦ̄ ̏̅ 
 

Ὕ ρȟςρψφ ςȟωςσ ̘Ⱦ̄ ̏̅ 
 

Ὕ ρȟςρψπȟπσ πȟπρυ ̘Ⱦ̄ ̏̅ 
 

ɼʣʷ ʫʯʘʩʪʢʘ 2: 

 

‫ πȟπρσπρ πȟφ ρτȟψυωρȟχψσ ̏̓̋̌Ⱦ̄ ̏̅ 
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Ὕ ρȟχψσφ ρπȟφωψ ̘Ⱦ̄ ̏̅ 
 

Ὕ ρȟχψσπȟπσ πȟπυσ ̘Ⱦ̄ ̏̅ 
 

ɼʣʷ ʬʠʜʝʨʘ ʃ2ʟʥʘʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʨʘʩʯʝʪʘʤ ʧʦʜʨʘʟʜʝʣʘ 1.1. ʈʘʩʩʯʠʪʘʝʤ ʧʦʢʘʟʘʪʝʣʠ SAIDI 

ʠ SAIFI ʫʯʘʩʪʢʘ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʉɸɺʉ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ: 

 

˜
ςȟωςσς πȟπρυςσ ρπȟφωψςσ πȟπυσς χȟτψχω

ςυ ω
ωȟτπτ ̘Ⱦ̄ ̏̅ 

 

˜
πȟτψχς πȟτψχςσ ρȟχψσςσ ρȟχψσς ρȟςτψω

ςυ ω
ρȟωωω ̏̓̋̌Ⱦ̄ ̏̅ 

 

ɺ ʪʘʙʣʠʮʝ 4 ʩʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI ʠ SAIFI ʜʣʷ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝ-

ʪʠ ʩ ʫʯʝʪʦʤ ʚʥʝʜʨʝʥʠʷ ʉɸɺʉ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ. 

ʊʘʙʣʠʮʘ 4 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI  ʠ SAIFI  ʜʣʷ ʫʯʘʩʪʢʘ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʉɸɺʉ ʠ ʉɸʇɺ 
 

ʃʠʥʠʷ 
ʃ1 

ʃ2 
ʋʯ. 1 ʋʯ. 2 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ὒ, ʢʤ 4,06 14,859 10,399 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʝʤʳʭ ʊʇ ὔ, ʰʪ 2 23 9 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ Ὕ, ʯ 
6  

(0,03) 

6  

(0,03) 
6 

ʏʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪʢʣ/ʛʦʜ 0,487 1,783 1,248 ,‫ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Ὕ, ʯ/ʛʦʜ 
2,923 

(0,015) 

10,698 

(0,053) 
7,487 

SAIDI, ʯ/ʛʦʜ 9,404 

SAIFI, ʦʪʢʣ/ʛʦʜ 1,999 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʴ SAIDI ʚ 

2,87 ʨʘʟ, ʘ ʧʦʢʘʟʘʪʝʣʴ SAIFI ʚ 2,25 ʨʘʟʘ. ɺ ʪʘʙʣʠʮʝ 5 ʩʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʝʞʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 5 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI , SAIFI  
 

 
ɼʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 

ʉɸɺʉ 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʉɸɺʉ  

ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ 

SAIDI, ʯ/ʛʦʜ 27,022 20,541 9,404 

SAIFI, ʦʪʢʣ/ʛʦʜ 4,504 4,504 1,999 

 

ʅʘ ʨʠʩ. 2 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʣʝ ʧʨʠʥʷ-

ʪʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 5. 
 

 
 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ SAIDI, SAIFI ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜ-

ʨʝʥʠʷ ʉɸɺʉ (ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ SAIDI ʚ 1,3 ʨʘʟʘ) ʠ ʚ ʮʝʣʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʨʝʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʝʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ ʥʘ ʜʘʥʥʦʤ ʩʝʪʝʚʦʤ ʫʯʘʩʪʢʝ 

ʚʥʦʩʠʪ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ SAIDI ʠ SAIFI (ʩʥʠʞʝʥʠʝ SAIDI ʚ 2,18 ʨʘʟ, SAIFI ï 

ʚ 2,25 ʨʘʟ), ʧʦʩʢʦʣʴʢʫ ʚʥʝʜʨʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʚʠʜ ʘʚʪʦʤʘ-

ʪʠʢʠ ʥʘ ʢʘʙʝʣʴʥʦ-ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ, ʛʜʝ ʨʘʥʝʝ ɸʇɺ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʦʚʩʝ ʚ ʩʠʣʫ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʢʘʙʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘʜʝʞʥʦʩʪʠ ʜʦ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʴ SAIDI ʚ 2,87 ʨʘʟ, ʘ ʧʦʢʘ-

ʟʘʪʝʣʴ SAIFI ʚ 2,25 ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʜʝʞʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʉɸɺʉ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ɸʇɺ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 29.11.2016 ʛ. ˉ1256 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʧʦ ʨʘʩʯʝʪʫ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʣʷʝʤʳʭ ʪʦ-

ʚʘʨʦʚ ʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʝʜʠʥʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ çʦʙʱʝʨʦʩʩʠʡ-

ʩʢʦʡè ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʴʶ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʝʪʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡè 

2. ʉʊʆ 34.01-2.2-032-2017. ʃʠʥʝʡʥʦʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 6-35 ʢɺ - ʩʝʢʮʠʦʥʠ-

ʨʫʶʱʠʝ ʧʫʥʢʪʳ (ʨʝʢʣʦʫʟʝʨʳ). ʇɸʆ çʈʦʩʩʝʪʠè, 2017 

3. ɻʆʉʊ ʈ 52735-2007 ʂʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʚ ʵʣʝʢʪ-

ʨʦʫʩʪʘʥʦʚʢʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ ʩʚʳʰʝ 1ʢɺ. 

4. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 6-20 ʢɺ / ʍ. ɹ. ʖʥʫʩʦʚ // ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʋʨʘʣʴʩʢʘʷ ʛʦʨʥʘʷ ʰʢʦʣʘ - ʨʝʛʠʦʥʘʤè, 16-17 ʘʧʨʝʣʷ 2018. ï ɽʢʘʪʝʨʠʥʙʫʨʛ, 2018. - ʉ. 324-325. 

 

ASSESSMENT OF THE RELIABILITY OF THE APPLICATION  

OF FLISR AND SELECTIVE AUTOMATIC RECLOSING  

ON THE EXAMPLE OF THE PART OF THE ELECTRICAL NETWORK  

 
1Starostin Egor Sergeevich, post-graduate student of the Department of Energy 

 
1Kaliningrad State Technical University, Kaliningrad, Russia,  

e-mail: starostin-es@list.ru 

 

The paper considers a method for improving the reliability of electrical distribution networks us-

ing the example of a 15 kV network section. In the article, the calculation of the main indicators of the 
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SAIFI with the existing network configuration, after the introduction of FLISR and after the implementa-

tion of FLISR and selective auto-reclosing is carried out. The effectiveness of the use of FLISR and selec-
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ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ 

ʘʛʨʝʛʘʪʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʠʟ-

ʤʝʥʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩ ʥʘʨʘʙʦʪʢʦʡ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ.  

 

ʇʦʩʣʝʜʩʪʚʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʠ-

ʚʘʶʪʩʷ ʩʘʤʠʤ ʚʳʰʝʜʰʠʤ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʀʭ ʪʷʞʝʩʪʴ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʮʝʥʦʡ ʚʩʝʛʦ 

ʩʫʜʥʘ ʠ ʞʠʟʥʴʶ ʝʛʦ ʵʢʠʧʘʞʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʨʝʞʜʝʥʠʝ ʬʘʟʥʦʡ ʠʟʦʣʷʮʠʠ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʨʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʯʠʪʘʝʪʩʷ ʩʦʙʳʪʠʝʤ, ʢʦʪʦʨʦʝ ʥʝ ʪʨʝʙʫʝʪ ʥʝʤʝʜʣʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ. ʆʜʥʘʢʦ ʠʭ 

ʜʣʠʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʫʜʦʚʳʭ ʧʦʞʘʨʦʚ, ʵʣʝʢʪʨʦʪʨʘʚʤ, 

ʥʘʨʫʰʝʥʠʶ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ [1, 2].  

ɹʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʡ ʚʝʨʦ-

ʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(ʊʆ). ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘ-

ʙʦʪ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʦʚʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. ʇʦʵʪʦʤʫ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫ-

ʯʘʶʪ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ çCondition-Based Overhaul (CBO) strategyè ʦʪ ʢʦʤʧʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʜʚʫʭʪʘʢʪʥʳʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ MAN B&W [3].  

ɼʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʷʚʣʷʝʪʩʷ ʝʜʚʘ ʣʠ ʥʝ ʛʣʘʚʥʳʤ ʘʛʨʝʛʘʪʦʚ ʩʫʜʦʚʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. ʈʘʙʦʪʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʛʨʝʙʥʦʡ ʚʘʣ, ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ (ɼɻ) ʫʩʪʘʥʦʚʢʠ ɼɺʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʩʫʜʥʘ ʠʩʧʦʣʥʷʪʴ ʩʚʦʝ ʬʘʢʪʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʭʦʜ-

ʩʪʚʘ ʠ ʵʢʠʧʘʞʘ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʥʘʜʝʞʥʦʩʪʠ ɼɻ ʘʛʨʝʛʘʪʘ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʜʠʟʝʣʷ ʥʘ ʧʦʨʷ-

ʜʦʢ, ʙʦʣʴʰʝ ʦʪʢʘʟʦʚ ʚʳʟʚʘʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʴʶ ʛʝʥʝʨʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʜʝ-

ʣʠʤ ʚʥʠʤʘʥʠʝ ʠʤʝʥʥʦ ʜʠʟʝʣʴʥʦʤʫ ʜʚʠʛʘʪʝʣʶ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʜʠʟʝʣʷ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠʚ-

ʥʳʡ ʥʘʩʦʩ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊʅɺɼ). ʆʩʥʦʚʥʳʤ ʞʝ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʴ ʊʅɺɼ ʩʯʠʪʘʝʪʩʷ ʧʣʫʥʞʝʨʥʘʷ ʧʘʨʘ (ʇʇ). ʉʫʱʝʩʪʚʫʶʪ ʜʦʚʦʣʴʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʇʇ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʵʪʦ ʩʪʝʥʜʦ-

ʚʳʝ ʠʩʧʳʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʦʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [4].  ʄʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʠʟʝʣʝ ʙʝʟ ʨʘʟʙʦʨʢʠ ʠʣʠ ʩ ʯʘʩʪʠʯʥʦʡ ʨʘʟʙʦʨʢʦʡ ʊʅɺɼ, ʦʪ-

ʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʠʛʥʘʣʫ ʜʘʚʣʝʥʠʷ 

ʚ ʪʨʫʙʢʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊɺɼ) ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦ ʩʠʛʥʘʣʫ ʚʠʙʨʘʮʠʠ ʊɺɼ ʫ ʬʦʨʩʫʥʢʠ [5]. ɺʩʝ 

ʫʧʦʤʷʥʫʪʳʝ ʩʧʦʩʦʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʠʤʳ ʥʘ ʩʫʜʘʭ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʦʪʩʫʪ-

ʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ.  ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦʙʲʝʢʪʠʚʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʇʇ ʵʢʠʧʘʞʝʤ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʠʝʩʷ ʟʘ ʮʠʢʣ ʧʦʢʘʟʘ-

ʪʝʣʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʯʝʤ, ʢ ʜʘʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʳʥʢʝ ʩʠʩʪʝʤʘʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʪʘʢʠʤ ʢʘʢ çKyma Diesel Analyserè, çEPM XP plusè, ʜʦʙʘʚʠʣʠʩʴ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ 
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ʢʦʥʪʨʦʣʷ, ʥʘʧʨʠʤʝʨ, çʉʉʄ Marineè. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʤʧʣʝʢʪ ʩʠʩʪʝʤʳ ʬʠʨʤʳ çAutronicè ʚʭʦʜʷʪ: ï 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ ʠ 

ʧʨʠʥʪʝʨʦʤ; ï ʧʝʨʝʥʦʩʥʦʡ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʪʝʥʟʦʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ ʩ ʧʨʝ-

ʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʷ ʜʦ 10é15 ʠʣʠ 20 ʄʇʘ ʠ ʪʦʯʥʦʩʪʴʶ 1%; ï ʧʝʨʝʥʦʩʥʦʡ ʪʝʥʟʦʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʷ 0ï100 ʠʣʠ 200 ʄʇʘ ʠ ʪʦʯʥʦʩʪʴʶ 1%. ɼʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ 150 Üʉ; ï ʪʝʥʟʦʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ; ï ʠʥʜʫʢʪʠʚʥʳʡ ʜʘʪʯʠʢ ʜʣʷ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʦʨʰʥʷ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝ-

ʨʝʥʠʡ ʚ ʚʠʜʝ ʢʨʠʚʳʭ ʜʘʚʣʝʥʠʡ ʠ ʮʠʬʨʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʚʦʜʷʪʩʷ ʥʘ ʮʚʝʪ-

ʥʦʡ ʜʠʩʧʣʝʡ ʠ ʧʝʯʘʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. ɺʩʪʨʦʝʥʥʳʡ ʚ ʩʠʩʪʝʤʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘ-

ʥʷʪʴ ʚ ʧʘʤʷʪʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʷʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʩ ʧʨʝʞʥʠʤʠ ʠʣʠ ʵʪʘʣʦʥʥʳ-

ʤʠ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʧʦʣʫʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʯʘʩʪʫʶ, ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʪʘʝʪʩʷ ʟʘ ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʭʦʪʷ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʦʚʩʝ 

ʥʝ ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʅʘ ʨʠʩ. 1ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʘʥʜʘʨʪʥʳʡ ʪʘʙʣʠʯʥʳʡ ʦʪʯʝʪ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʬʦʨʤʘʪʝ pdf.  

 

 
ʈʠʩ. 1. ʕʣʝʢʪʨʦʥʥʳʡ ʦʪʯʝʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çDoctor Dieselè ʧʦʩʣʝ ʠʥʜʠʮʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ 
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ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ ʜʚʠʛʘʪʝʣʷ 

MAN B&W 8L32/40 ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ çDoctor Dieselè ʢʦʤʧʘʥʠʠ Icon Research ltd. ɼʘʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʠʥʜʠʢʘʪʦʨ-

ʥʳʡ ʢʣʘʧʘʥ ʮʠʣʠʥʜʨʘ ʚʦ ʚʨʝʤʷ ʠʥʜʠʮʠʨʦʚʘʥʠʷ  ʜʚʠʛʘʪʝʣʷ; ʠʥʜʫʢʪʠʚʥʳʡ ʜʘʪʯʠʢʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ, ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʤʘʭʦʚʠʢʝ; ʧʝʨʝʥʦʩʥʦʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʶʪʩʷ ʜʘʪʯʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʘ ʦʩʥʦʚʝ ʆʉ Windows.   

ʊʘʢ ʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩʪʨʦʷʪʩʷ ʩʚʝʨʥʫʪʳʝ ʠ ʨʘʟʚʝʨʥʫʪʳʝ ʠʥʜʠʢʘʪʦʨʥʳʝ 

ʜʠʘʛʨʘʤʤʳ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʪʯʝʪʝ ʧʦʢʘʟʘʪʝʣʝʡ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʥʘʛʨʫʟʢʘ ʜʚʠʛʘʪʝʣʷ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʠʥʜʠʢʘʪʦʨʥʦʝ ʤʦʱʥʦʩʪʴ (Ni), ʩʨʝʜʥʝʝ ʠʥʜʠʢʘʪʦʨʥʦʝ ʜʘʚʣʝʥʠʝ (Pi), 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʛʦʨʘʥʠʷ (Pz), ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ (Pc), ʫʛʦʣ ʦʧʝʨʝʞʝʥʠʷ ʟʘʞʠʛʘʥʠʷ 

(jʦʟ), ʫʛʦʣ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (jz) ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠ ʚʳʚʦʜʷʪʩʷ ʩʠʩʪʝʤʦʡ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʚʚʦʜʷʪʩʷ ʚʨʫʯʥʫʶ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥʥʳʝ ʩ ʷʥʚʘʨʷ 2022ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ, ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟ ʚ ʤʝʩʷʮ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʝʤ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ ʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ. ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʧʨʠ ʧʘʨʥʦʡ ʢʦʨ-

ʨʝʣʷʮʠʠ ʠʤʝʝʪ ʚʠʜ: 

ὶ
ӶϽ
ȟ       (1) 

ʛʜʝ  ὼӶ
В
ȟώ

В
 - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʦʚ; 

ὼώ
В

 - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʬʘʢʪʦʨʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʦʚ; 

„
В

ὼӶȟ„
В

ώ   - ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʦʨʥʦʛʦ ʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʦʚ. 

ʅʫʞʥʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʝ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ ʥʝʪ ʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʳ ʧʨʠʥʠʤʘʝʤ ï ʯʝʤ ʙʦʣʴʰʝ ʥʘʨʘʙʦʪʢʘ, ʪʝʤ ʭʫʞʝ ʩʦʩʪʦʷʥʠʝ, ʠ 15000 ʯʘʩʦʚ ï ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʪʨʝʙʫʶʱʘʷ ʟʘʤʝʥʳ.  

ʇʨʦʚʝʨʢʘ ʥʘ ʢʦʨʨʝʣʷʮʠʶ ʤʝʪʦʜʦʤ ʢʚʘʜʨʘʪʦʚ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʘʤʦʡ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩ ʚʨʝʤʝʥʝʤ ʥʘʨʘʙʦʪʢʠ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ, ʧʦʢʘʟʘʣʘ ʩʣʘʙʫʶ ʩʚʷʟʴ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʢʦʨʨʝʣʷʮʠʠ |r| <0,55.  

ɺ ʜʠʘʛʥʦʩʪʠʢʝ ʩʫʜʦʚʳʭ ʤʥʦʛʦʮʠʣʠʥʜʨʦʚʳʭ ʜʠʟʝʣʝʡ ʠʟʚʝʩʪʥʳ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʠʤʧʣʝʢʩʦʚ, ʪʦʝ ʝʩʪʴ ʚʳʯʠʩʣʷʝʤʳʭ ʢʨʠʪʝʨʠʝʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʚʠʛʘʪʝʣʷ. ɺ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ ʚ [6], ʦʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʩʠʤʧʣʝʢʩʘ 

ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ Pc ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʮʠʣʠʥʜʨʘ 

ʊʦʛ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʣʠʥʜʨʘ ʠ ʚʨʝʤʝʥʠ ʥʘʨʘ-

ʙʦʪʢʠ. ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ - ʜʝʛʨʘʜʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʇʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʣʦʧʥʳʭ 

ʛʘʟʦʚ ʙʳʣʘ ʠʩʢʣʶʯʝʥʘ ʠʟ ʥʘʙʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ ʞʝ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ, ʚʚʦʜʠʤʳʝ ʚʨʫʯʥʫʶ, ʪʘʢ ʢʘʢ, ʚʦ-ʧʝʨʚʳʭ, ʢʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ, ʚʦ-ʚʪʦʨʳʭ, ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʥʠʡ ʥʝʪ. 

ɺ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ, ʪʘʢʦʡ ʧʨʦʠʟʚʦʜʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 
ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ (Pz-Pc) ʧʦʢʘʟʘʣ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʮʠʣʠʥʜʨʘʭ ʦʜʥʦʟʥʘʯʥʫʶ ʩʠʣʴʥʫʶ ʦʙʨʘʪ-

ʥʫʶ ʢʦʨʨʝʣʷʮʠʶ |rxy|> 0,7. ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʯʠʪʘʥʦ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩ-

ʩʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

 

    
Вώ ὲὥ ὥВὼ

Вὼώ ὥ ὥВὼ
     (2) 

 

ʅʘ ʨʠʩ.2ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʮʠʣʠʥʜʨʦʚ ʩ ʩʠʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʠ ʛʨʘʬʠʢʠ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ.  
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ (Pz-Pc) ʦʪ ʥʘʨʘʙʦʪʢʠ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ ʠ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ  

ʜʣʷ ʮʠʣʠʥʜʨʘ 1,3,5,6 ʠ 7 
 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʥʘʨʘ-

ʙʦʪʢʠ ʯʘʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʠ ʥʘ ʥʘʦʙʦʨʦʪ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʥʦʩʘ ʇʇ ʥʘ ʧʨʦʮʝʩʩ ʚʧʨʳʩʢʠʚʘʥʠʷ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʛʨʘʥʠʮʳ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʥʘʰʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ [7]. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʢ ʵʪʦʤʫ 

ʟʥʘʯʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʦʩʣʝ ʟʘʤʝʥʳ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʥʘ ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʮʠʣʠʥʜʨʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  ʉʘʤʘ ʨʘʟʥʦʩʪʴ Pz ʠ Pc ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɼʣʷ ʪʨʝʭ ʦʩʪʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ ʟʥʘʯʠʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. ʅʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʥʘ ʨʠʩ.3 ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʩʦ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʨʘʙʦʪʢʠ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (Pz-Pc) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  
 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ (Pz-Pc) ʦʪ ʥʘʨʘʙʦʪʢʠ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ ʜʣʷ ʮʠʣʠʥʜʨʘ 2,4,8 
 

ɼʣʷ ʮʠʣʠʥʜʨʦʚ 2ʠ 4 ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪ ʟʘʤʝʥʳ ʩʦʩʪʘʚʣʷʝʪ 31bar ʠ 29 bar ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʮʠʣʠʥʜʨʦʚ. ʇʦʩʣʝ ʟʘʤʝʥʳ ʇʇ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʝʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ. ʅʘ ʮʠʣʠʥʜʨʝ 8 ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʫʨʦʚʥʷʭ, ʙʣʠʟʢʠʭ ʩ ʪʨʝʪʴʠʤ ʮʠʣʠʥʜʨʦʤ, ʥʦ ʧʦʩʣʝ ʟʘʤʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʚʝʣʠʯʠʣʘʩʴ, 

ʥʦ ʜʘʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ.  
 

ɺʳʚʦʜʳ 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʜʠʢʘʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʯʝʪʳʨʝʭʪʘʢʪʥʦ-

ʛʦ ʜʚʠʛʘʪʝʣʷ MAN B&W 8L32/40 ʙʳʣʦ ʚʳʷʚʣʝʥʦ: 

1. ʉʠʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʨʘʙʦʪʢʦʡ ʯʘʩʦʚ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ ʠ 
ʨʘʟʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʩʞʘʪʠʷ ʥʘ ʧʷʪʠ ʮʠʣʠʥʜʨʘʭ ʠʟ ʚʦʩʴʤʠ.  

2. ɺʠʜ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʦʚʦʨʠʪ ʦ ʥʝʣʠʥʝʡʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʚʧʨʳʩ-

ʢʘ ʦʪ ʠʟʥʦʩʘ ʧʣʫʥʞʝʨʥʦʡ ʧʘʨʳ.  

3. ʅʘʣʠʯʠʝ ʮʠʣʠʥʜʨʦʚ ʩ ʥʝʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʨʘʩʩʤʘʪʨʠʚʘʝ-
ʤʦʡ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʩ ʥʘʨʘʙʦʪʢʦʡ ʇʇ, ʧʦʢʘ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦ-

ʚʝʨʛʥʫʪʴ ʥʘʙʣʶʜʝʥʠʷ. 

4. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʪ ʚʟʷʪʳ ʧʘʨʘʤʝʪʨʳ ʠʥʜʠʮʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʪʘʢʦ-

ʛʦ ʞʝ ʪʠʧʘ ʥʘ ʦʜʥʦʪʠʧʥʳʭ ʩʫʜʘʭ, ʟʘ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 
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The article presents the results of the diagnostic parameters of diesel generator sets. It was found 

that the most informative of them is pressure. For the first time, changes in these parameters during the 

operation of the operating plant are shown. A correlation analysis has been carried out, which makes it 

possible to evaluate the coefficients of correspondence for various diagnostic parameters with the opera-

tion of power units. 
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ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʧʦ-

ʪʨʝʙʣʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʷʜʘ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʠ ʜʘʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʫʟʢʠ ʧʦ ʯʘʩʪʦʪʝ.  

 

ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩ-

ʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʙʲʝʢʪʘ ʠ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ 

ʜʦʣʷ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʦʙʱʝʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩ-

ʪʘʝʪ ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʜ-

ʭʦʜʦʤ ʢ ʦʧʠʩʘʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʫʟʢʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 

ʠ ʯʘʩʪʦʪʝ. ɺ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ ʠ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʚʝʪʦʜʠʦʜʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʩʚʝʪʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʘʛʨʫʟʢʠ (ʉʍʅ) ʧʦ ʯʘʩʪʦʪʝ ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʩʠʥʭʨʦʥʥʳʭ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ï ʙʘʣʘʥʩʦʤ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʉʍʅ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʵʪʦ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʙʝʨʝʛʦʚʳʭ ʠ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʜʣʷ 

ʢʦʪʦʨʳʭ ɻʆʉʊ 32144-2013 [1] ʠ ʇʨʘʚʠʣʘʤʠ ʨʝʛʠʩʪʨʘ [2] ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʯʘ-

ʩʪʦʪʳ 10%. ɺ ʫʩʣʦʚʠʷʭ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʉʍʅ ʩʚʝʪʦʜʠʦʜʥʳʭ ʦʩʚʝʪʠ-

ʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʆʇ) ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʉʍʅ ʪʠʧʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʟʣʘ 

ʥʘʛʨʫʟʢʠ (ʨʠʩ. 1ʘ) [3], ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʆʇ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʜʨʘʡʚʝʨʘ (ʨʠʩ. 1ʙ) [4], ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʠʪʘʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ.  
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ʈʠʩ. 1. ʉʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʧʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ ʧʦ ʯʘʩʪʦʪʝ (ʘ),  

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ (ʙ) 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʨʝʛʫʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥ ʵʣʝʢʪʨʦʤʘʰʠʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʠʛʘ-

ʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɼʇʊ) ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʉɻ). ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
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ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʷʢʦʨʝ ɼʇʊ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʝʠʟʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ 

ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʉɻ. ʂʦʥʪʨʦʣʴ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʟ-

ʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʑʄ120, ʘ ʠʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ-

ʪʦʨʘ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Fluke 434.  

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʉʍʅ ʧʦ ʯʘʩʪʦʪʝ 

 

ʉ ʫʯʝʪʦʤ ʫʧʦʤʷʥʫʪʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʨʘʡʚʝʨʦʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʆʇ ʜʣʷ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʥʷʪʳ ʜʚʘ ʦʙʨʘʟʮʘ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʤʦʱʥʦʩʪʴʶ 6 ɺʪ (ʦʙʨʘʟʝʮ 1) ʠ 9 ɺʪ (ʦʙʨʘʟʝʮ 2) ʩ ʨʘʟʣʠʯ-

ʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʣʘʤʧ ʧʦ ʥʘʧʨʷ-

ʞʝʥʠʶ, ʠʤʝʶʱʠʝ ʦʯʝʚʠʜʥʳʝ ʨʘʟʣʠʯʠʷ (ʝʜʠʥʠʮʳ ʧʦ ʦʩʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦ-

ʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 230 ɺ). 

 

 
 

ʈʠʩ. 3. ʉʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʣʘʤʧ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʧʨʠ ʦʪ-

ʢʣʦʥʝʥʠʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ ʧʦ ʦʩʠ ʯʘʩʪʦʪʳ ʨʘʩʩʯʠʪʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ 50 ɻʮ, ʧʦ ʦʩʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʯʘʩʪʦʪʝ 50 ɻʮ.  

 

 
 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 1 

 

 

 

 

 



151 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 2 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚ ʧʨʝ-

ʜʝʣʘʭ ʦʪ 40 ʜʦ 60 ɻʮ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʟʣʘ ʧʦ 

ʯʘʩʪʦʪʝ (ʨʠʩ. 1). ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʥʘ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 40 ʜʦ 51ɻʮ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʩʚʳʰʝ 

51ɻʮ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʘʝʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʢʠ ʧʦ ʯʘʩʪʦʪʝ ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʆʇ ʤʦ-

ʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʆʇ ʥʝ ʷʚʣʷ-

ʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʘʭ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʦʣʷ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨ-

ʩʧʝʢʪʠʚ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʤʘʩʰʪʘʙʥʦʤ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤ ʦʩʚʝ-

ʱʝʥʠʷ ʥʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʘʟʠʩ. 
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The article considers the issue of supply voltage frequency deviation influence on the power con-

sumption of LED lamps. An experimental unit is presented for studying electrical equipment when the 

frequency of the supply voltage deviates. The results of experimental studies of a number of LED lamps 

are presented and an analysis of the obtained static characteristics of the load by frequency is given. 
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ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʨʝʛʫʣʷ-

ʪʦʨʦʚ ʦʙʦʨʦʪʦʚ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʥʳʭ ʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʘ 

ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨʦʚ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʝʡ. ʊʘʢʠʝ ʷʚʣʝʥʠʷ ʚʳʟʳʚʘʶʪ ʚʳʧʘʜʝʥʠʝ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘ ʠ ʦʙʝʩʪʦʯʠʚʘʥʠʝ 

ʩʫʜʥʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʣʠʷʥʠʝ ʠʥʝʨʮʠʦʥ-

ʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʄʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʫʜʦʚʦʡ ʩʝʪʠ ʠ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʢʩ-

ʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʥʚʝʨʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ 

ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʝʛʦ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ ʩʠʥʭʨʦʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ɽʩʣʠ ʛʝʥʝʨʘʪʦʨ ʧʨʠʚʦʜʠʪ-

ʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʦʪ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʫʜʥʘ, ʪʦ ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʦʤ [1,2]. ʉʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʝʛʫʣʷʪʦʨʳ ʦʙʦʨʦʪʦʚ ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʥʘ 

ʠʭ ʨʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʠ ʜʦ ʝʝ ʦʢʦʥʯʘʥʠʷ [3]. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʨʝʛʫʣʷʪʦʨʳ, ʨʘʩʧʨʝʜʝʣʷʝʪ ʘʢʪʠʚʥʫʶ ʠ ʨʝʘʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʠ [4]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩʫʜʦʚʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ, ʩ 

ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʄʦʨʩʢʦʛʦ ʈʝʛʠʩʪʨʘ, ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʚʦʟʣʦʞʝʥʥʳʤʠ ʥʘ ʥʠʭ ʟʘʜʘʯʘʤʠ, ʦʜʥʘʢʦ,  

ʨʝʛʫʣʷʪʦʨʳ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʳ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʚʦʟʜʝʡʩʪʚʫʶʪ, ʦʙʣʘʜʘʶʪ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ, ʩʝʨʴʝʟʥʦ ʚʣʠʷʶʱʝʡ ʥʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ [5]. ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʣʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦ-

ʩʪʠ, ʚʦʟʥʠʢʘʶʱʝʝ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʠʥʝʨʮʠʦʥʥʦʩʪʠ [6]. ɼʣʷ ʘʥʘʣʠʟʘ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠʠ  

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʨʩʢʠʭ ʩʫʜʦʚ 

 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʷʚʣʷʶʪʩʷ ʩʠʥ-

ʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʚʝʣʠʯʠʥ. ʊʘʢ ʢʘʢ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʨʘʙʦʪʘ ʛʝʥʝ-

ʨʘʪʦʨʘ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ, ʪʦ ʩʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʷ ʧʦ ʟʘʢʦʥʘʤ ʂʠʨʭʛʦʬʬʘ ʚʩʝʭ ʝʛʦ ʮʝʧʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʳʚʘʝʤ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʦʙʤʦʪʦʢ ʛʝʥʝʨʘʪʦʨʘ ʩ ʪʦʢʘʤʠ, ʧʨʦʪʝ-

ʢʘʶʱʠʤʠ ʚ ʝʛʦ ʦʙʤʦʪʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ [7]. 
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ʂʘʞʜʳʡ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʠʤʝʝʪ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ʆʧʠʩʳʚʘʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝ-

ʛʫʣʷʪʦʨ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʤ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝʤ [7]. 
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ʇʨʠʥʠʤʘʝʤ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʢʦʨʨʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ Tʢʥ=0,1ʩ; ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʢʦʨʨʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ kʢʥ=2; ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ȹ kʢʥ ʩʦ-

ʩʪʘʚʣʷʝʪ Ñ10% ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʠʚʝʜʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦ-

ʩʪʠ ʦʪʨʘʞʘʶʪ ʜʝʡʩʪʚʠʝ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʪʠʯʝʩʢʘʷ (ʪʨʝʭʬʘʟʥʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ) 
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ʄʦʜʝʣʠʨʫʝʤ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʩʠʤʤʝʪʨʠʯʥʫʶ ʧʦ ʪʨʝʤ ʬʘʟʘʤ [7]: 

 

1
;

1
,
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ʛʜʝ ʠʥʜʝʢʩ çʥè ʦʟʥʘʯʘʝʪ ʧʘʨʘʤʝʪʨ ʥʘʛʨʫʟʢʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʋʨʘʚʥʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʷʤ ʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ.  

ʋʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʜʣʷ ʪʦʢʦʚ ʧʦʣʫʯʘʝʤ ʚ ʚʠʜʝ [7]: 
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʝʤ: 
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ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ɻɼ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ: 

 

()1 2 3 4 ,d ʣ p pT a a a k a f tj j z n m jÖ + =- Ö + Ö + Ö + Ö + Ö
 

 

ʛʜʝ Td ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʜʚʠʛʘʪʝʣʷ; 

ʈʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʟʝʣʷ ʦʧʠʩʳʚʘʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  

 

,ʧ y x ʟʘʜ y ocz k k x k yh jÖ = Ö - Ö - Ö 

( ) ( )2 1 ,i s n c n i n p p ipTT p T T jk p Tfd d d d d mè øè ø+ + + + Ö =- +
ê úê ú

 

,c ʟʘʜT pz z z+ =  

 

ʊʩ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʩʝʨʚʦʜʚʠʛʘʪʝʣʷ, ʩ. 

ɺʚʝʜʝʤ ʦʛʨʘʥʠʯʝʥʠʝ ʫʛʣʘ ʨʘʟʚʦʨʦʪʘ ɺʈʐ 

 

min max,ʟʘʜz z z¢ ¢
 

 

ʛʜʝ ɕmin, ɕmax ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʰʘʛ ɺʈʐ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʝʙʥʦʤ ʚʘʣʫ ʩʫʜʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʧʨʦʮʝʩʩ, ʘ  ʧʘʨʘʤʝʪʨʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴ-

ʢʦ ʪʝ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ɺ ʭʦʜʝ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ ʚʦʣʥʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ɺʈʐ, ʠʤʝʝʪ ʚʠʜ [7]: 

 

( ) ( ) ( )2, 2 1 1 sin ,a a af t m tj j j j g g j w= - + - - - Öè øê ú  
 

ʛʜʝ ɔʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʤʝʥʪʘ ɺʈʐ,  
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h`a ï ʩʪʝʧʝʥʴ ʧʦʛʨʫʞʝʥʠʷ ʚʠʥʪʘ; 

ʉ2h ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʣʝʙʘʥʠʡ ʤʦʤʝʥʪʘ ɺʈʐ; 
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h`0 ï ʩʪʝʧʝʥʴ ʧʦʛʨʫʞʝʥʠʷ ɺʈʐ ʚ ʪʠʭʦʡ ʚʦʜʝ; 

h`ʥ ï ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʛʨʫʞʝʥʠʷ ɺʈʐ. 

ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥʥʦ-ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʫʜʥʘ ʦʙ-

ʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʙʦʪʫ ʧʨʠʚʦʜʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ. ɺ ʩʠʩʪʝʤʫ, ʦʧʠʩʳʚʘʶ-

ʱʫʶ ʧʨʠʚʦʜ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ, ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ [7]: 
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ʉʫʜʦʚʘʷ ʜʠʟʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʡ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʳʢʥʦʚʝʥʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʤʝʝʪ ʚʠʜ [7]: 
 

( )1 ,a m ob ʣT p k kj m l+ = Ö - Ö 

ʛʜʝ 
ʥʦʤj w w=D ; 

ʦʙ ʊ ʊʥʦʤh hm = ; 

ʪ ʥʦʤC Cl= ; 

ʘ ʥʦʤ ʥʦʤT I Mw= ; 

m hk k z=  

h ʜ ʪk dM dh=  

hʪ ï ʭʦʜ ʨʝʡʢʠ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ; 

z ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʩʩ ʚʘʣʘ ʜʠʟʝʣʷ; 

ʄʜ ï ʜʚʠʛʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ; 

ʉ ï ʥʦʨʤʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

( ) ( )2 1 ,e s n e p s n p p e ʣ nT T p T T p T p kd d d d m f d lè ø+ + + Ö =- + -
ê ú  

 

ʛʜʝ ʊʝ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʫʩʠʣʠʪʝʣʷ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʚʭʦʜʘ; 

ɚ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʛʨʫʟʢʠ ʜʠʟʝʣʷ. 
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʠʟʝʣʷ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʯʘʩʪʦʪʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [7]: 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ 
 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚʘʣʦʛʝʥʝʨʘʪʦʨ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʦʙʱʫʶ ʩʫʜʦ-

ʚʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ. ʉʫʜʦʚʘʷ ʘʚʪʦʤʘʪʠʢʘ ʩʣʝʜʠʪ ʟʘ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ, ʠ ʚʳʨʘʚ-

ʥʠʚʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʥʝʨʠʨʫʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʚʘʣʦʛʝ-

ʥʝʨʘʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʣʦʛʝʥʝʨʘʪʦʨʫ ʥʝ ʚʳʧʘʜʘʪʴ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘ ʚ ʩʣʫʯʘʝ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʝʙʥʦʤ ʚʘʣʫ.  

ʆʙʤʝʥʥʳʝ (ʨʠʩ. 1) ʠ ʩʠʥʬʘʟʥʳʝ (ʨʠʩ. 2) ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ [8], ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʦʚ-

ʤʝʩʪʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʩʫʜʦʚʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʢʦʤ-

ʧʣʝʢʩʝ, ʦʢʘʟʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʘ ʟʥʘʯʠʪ, ʥʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʘ ʪʘʢʞʝ ʦʙʤʝʥ-

ʥʳʭ ʠ ʩʠʥʬʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʤ ʨʝʞʠʤʦʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦ-

ʪʳ, ʩʧʦʩʦʙʥʳʤ ʧʨʠʚʝʩʪʠ ʢ ʦʙʝʩʪʦʯʠʚʘʥʠʶ ʩʫʜʥʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ [9]. 

 

  

ʈʠʩʫʥʦʢ 1ï ʆʙʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ ʈʠʩʫʥʦʢ 2ï ʉʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ 

 

ʇʦʣʫʯʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ ʩʦ-

ʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʘ ʤʦʱʥʦʡ 

ʘʩʠʥʭʨʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʫʜʦʚʫʶ ʩʝʪʴ, ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʤʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʠ ʚʘʣʦ-

ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʘʤʠ. ɿʜʝʩʴ ʤʳ ʚʠʜʠʤ ʧʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ. ʈʝʞʠʤ ʜʣʠʪʩʷ ʦʪ 0 ʜʦ 1ʩʝʢ. 
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ʈʠʩʫʥʦʢ 3 ï ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ 
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ʈʠʩʫʥʦʢ 4 ï ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʳʭʦʜ ʜʠʟʝʣ-ɹʛʝʥʝʨʘʪʦʨʥʦʡ ʠ ʚʘʣʦʛʝʥʝ-

ʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʦʢ ʥʘ ʥʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 1ʩʝʢ. 

ʇʨʠ ʫʯʝʪʝ ʚ ʤʦʜʝʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʘʣʘ - ʛʝʥʝʨʠʨʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʝ ʨʝʟʢʦ çʧʨʦʩʷʜʝʪè, ʧʦʩʣʝ ʯʝʛʦ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʘʯʥʸʪ ʚʳʚʦʜʠʪʴ ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘ ʧʨʝʞʥʝʝ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩ. 5). ʆʜʥʘʢʦ, ʚʝʩʴ ʧʨʦʮʝʩʩ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʥʠʤʘʝʪ 2-3 ʩʝʢʫʥʜʳ. ɽʩʣʠ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʳʡ ʘʛʨʝʛʘʪ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦ-
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ʪʘʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ ʥʘʩʪʨʦʝʢ, ʪʦ ʦʙʤʝʥʥʳʝ ʠ ʩʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ ʫʩʠʣʷʪʩʷ ʢʦʣʝʙʘ-

ʥʠʷʤʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʝ ʚʩʝʡ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘ-

ʙʦʪʘʶʱʝʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʦʥʠ ʥʘʯʥʫʪ ʧʦʦʯʝʨʝʜʥʦ ʚʳʭʦʜʠʪʴ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʫʜʥʘ ʦʢʘʞʝʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

 
 

ʈʠʩʫʥʦʢ 5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʝ  

ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ  

 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘʭ ʢ ʥʘʧʨʷʞʝʥʠʶ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ.  ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝʤ ʚ 

ʨʘʙʦʪʫ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [10], ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʅʘʧʨʷʞʝʥʠʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ Uʚʛ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ Uʜʛ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

 

ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʧʦʣʥʦʩʪʴʶ, ʘ ʣʠʰʴ ʚʦʟʤʦʞʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʝ-

ʨʝʭʦʜʥʦʛʦ ʨʝʞʠʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘ ʩʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʩʫʜʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ 

ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʢʘʢ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʩʠʥʭʨʦʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʦʢ ʫʩʪʨʘʥʝʥʠʷ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ 

ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʥʦ, ʥʝ ʩʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʯʝʚʠʜʥʦ, ʪʘʢʞʝ, ʯʪʦ ʪʘʢʠʝ ʧʨʦʚʘʣʳ ʯʘʩʪʦʪʳ, ʘ ʟʥʘʯʠʪ ʠ ʧʝʨʠʦʜʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʛʫʪ ʧʦʚʪʦʨʷʪʴʩʷ ʧʦʩʪʦʷʥʥʦ ʠʟ-ʟʘ ʚʦʣʝʥʠʷ ʤʦʨʷ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʫʜʥʘ ʚ ʮʝʣʦʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʝʘʣʴʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, 
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ʯʪʦ ʙʣʦʢ ʫʩʪʨʘʥʝʥʠʷ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʙʦʪʫ ʚ ʢʚʘʟʠʫʩʪʘʥʦʚʠʚ-

ʰʠʭʩʷ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʟʘʪʝʤ ʦʙʨʘʪʥʦʝ ʝʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʚ ʧʝʨʝʤʝʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʠʥʚʝʨʪʦʨʦʚ. ʇʨʠ ʪʘʢʦʤ ʤʝʪʦʜʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʘ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʚʘʣʦʛʝ-

ʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʫʜʦʚʦʡ ʩʝʪʠ.  ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦ-

ʣʠʪ ʠʩʢʣʶʯʠʪʴ ʚʩʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʯʘʩʪʦʪ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʚʝʨʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʪʴ ʦʙʤʝʥʥʳʝ ʠ ʩʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʦʚʤʝʩʪʥʦ ʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʧʦʤʦʱʠ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʩʥʠʟʠʪʴ ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʫʜʦʚʦʡ ʩʝʪʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʚ ʣʶʙʳʭ ʨʝʞʠʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʨʠʪʠʯʝʩʢʠʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʨʝʙʫʝʤʳʝ ʄʦʨ-

ʩʢʠʤ ʈʝʛʠʩʪʨʦʤ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʫʜʥʝ ʙʣʦʢʘ ʫʩʪʨʘʥʝʥʠʷ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʠ 

ʚʳʧʨʷʤʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝʤ ʠ ʧʨʠ-

ʚʝʜʝʥʠʝʤ ʢ ʧʘʨʘʤʝʪʨʘʤ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʤ ʢ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʩʠʥ-

ʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 
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The application of parallel operation of diesel-generator and shaft-generator installations in elec-

trical complexes of sea vessels is considered. The influence of the inertia of the speed and voltage regula-

tors of synchronous generators, as well as the control objects on which they act, the distribution of active 

and reactive power is noted. Such phenomena cause the synchronous generator to fall out of synchronism 

and the vessel to be de-energized. The results of mathematical modeling are presented, confirming the 

influence of the inertia of the regulators on the parallel operation of synchronous generators. Using 

mathematical modeling methods, it has been established that it is possible to reduce voltage dips in the 

ship's network and carry out parallel operation of the shaft generator and diesel generators using an ad-

ditional expert system. 

 

  



162 

ʉɽʂʎʀʗ çʉʊɸʎʀʆʅɸʈʅʓɽ ʀ ʊʈɸʅʉʇʆʈʊʅʓɽ  

ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʋʉʊɸʅʆɺʂʀè 

SECTION "STATIONARY AND TRANSPORT POWER PLANTS " 
 

ʋɼʂ 536.22 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ  

ʇʈʀʈʆɼʅʓʍ ʍʆʃʆɼʀʃʔʅʓʍ ɸɻɽʅʊʆɺ. ʎʀʂʃʆʇɽʅʊɸʅ 
 

1ɹʝʨʢʦʚʘ ɽʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ;  
2ɸʣʝʢʩʘʥʜʨʦʚ ʀʛʦʨʴ ʉʪʘʥʠʩʣʘʚʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ; 
3ʀʚʘʥʴʢʦʚʘ ɺʠʢʪʦʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʤʘʛʠʩʪʨ; 
4ʊʝʨʠʥʦʚ ʉʝʨʛʝʡ ɸʥʜʨʝʝʚʠʯ, ʤʘʛʠʩʪʨ  

 
1,2,3,4ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: igor.aleksandrov@klgtu.ru 

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʨʠ-

ʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʮʠʢʣʦʧʝʥʪʘʥʘ. ʇʨʦʚʝʜʝʥ ʩʙʦʨ, ʘʥʘʣʠʟ ʠ ʢʦʤʧʦʥʦʚʢʘ ʤʘʩʩʠʚʘ ʥʘʜʝʞʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʮʠʢʣʦʧʝʥʪʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʨʘʚ-

ʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥ-

ʩʪʘʥʪʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʠ ʘʥʘʣʠʟ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʯʠʩʣʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
 

ɺʚʝʜʝʥʠʝ 
 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩ 

ʚʩʝ ʥʘʨʘʩʪʘʶʱʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʝʨʛʠʠ.  

ɺ ʩʠʩʪʝʤʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʪʫ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ ʝʸ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʞʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʝ ʚʝʱʝʩʪʚʦ (ʭʦʣʦʜʠʣʴʥʳʡ 

ʘʛʝʥʪ). ɼʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʩʝ ʝʛʦ ʪʝʧ-

ʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʤʝʪʴ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʜʦʩʪʦʚʝʨʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʠ ʩʚʦʡʩʪʚʘ. ʇʦ-

ʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʙʦʯʠʭ ʪʝʣ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ï ʘʢʪʫʘʣʴʥʘʷ ʠ ʚʘʞʥʘʷ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ.  

ɺ ʩʠʩʪʝʤʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʭʦʣʦʜʠʣʴʥʳʝ 

ʘʛʝʥʪʳ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʠʪʩʷ ʮʠʢʣʦʧʝʥʪʘʥ. ɼʣʷ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷ-

ʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ ï ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ.  
 

ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʮʠʢʣʦʧʝʥʪʘʥʘ 
 

ɽʜʠʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (ʌʋʉ) ʫʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʚ ʢʦʤ-

ʧʘʢʪʥʦʡ ʬʦʨʤʝ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʣʶʠʜʝ ʠ ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʋʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚ ʚʠʜʝ: 

 
ȟ ȟ ȟ

‌ †ȟ‏ ‌ †ȟ(1)   ,‏ 

 

ʛʜʝ a(T,ɟ) ï ʠʟʦʭʦʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ; Ŭ0(Ű,ŭ) ï ʠʜʝʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ;  
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Ŭr(Ű,ŭ) ï ʠʟʙʳʪʦʯʥʘʷ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ; ŭ = ɟ/ɟr ; Ű = Tr/T ï ʧʨʠʚʝʜʝʥʥʳʝ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝ-

ʨʘʪʫʨʘ;  

ɟr, Tr ï ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʠʷ (ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʨʠʥʠʤʘʣʠʩʴ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ,                

ʢʦʪʦʨʳʝ ʨʘʚʥʳ Tʩ =  511,72ʂ ʠ ɟʩ = 3,82ʢʤʦʣʴ/ʤ3);  

R = 8,314472ɼʞ/(ʤʦʣʴĀʂ) ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ.   

ʂʨʠʪʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʨʠʥʷʪʳ ʧʦ [1].  

ʀʜʝʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (2) 

 

‌ †ȟ‏ ρ ὰὲ ᷿ Ὠ† ᷿ Ὠ†,   (2) 

 

ʛʜʝ ŭ0 = ɟ0/ɟʩ ï ʧʨʠʚʝʜʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʜʘʚʣʝʥʠʠ ʨ0 = 101325 ʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ0 = 298,15 ʂ;  

Ű0 = Tc/T0 ï ʧʨʠʚʝʜʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʨ0 ʠ ʊ0;  

Ὤ ï ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ; ί ï ʵʥʪʨʦʧʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʡ ʬʦʨʤʳ  

 

‌ †ȟ‏ В ὔ‏ † В ὔ‏ † Ὡὼὴ‏      

 

В ὔ‏ † Åὼὴ– ‏ ‐ ‍ † ‎     (3) 

 

ʂʦʥʩʪʘʥʪʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (3) ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʂʦʥʩʪʘʥʪʳ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (3)  
 

i Nk tk dk lk ɖk ɓk ɔk Ůk 

1 0,05292443570608 1 4 - -  -  -  -  

2 1,606896772886 0,29 1 - -  -  -  -  

3 -2,430005305351 0,8 1 - -  -  -  -  

4 -0,4658160712966 1,14 2 - -  -  -  -  

5 0,2028865827053 0,5 3 - -  -  -  -  

6 -0,9939795660036 2 1 2 -  -  -  -  

7 -0,3392323118349 1,5 3 2 -  -  -  -  

8 0,3400235443541 1 2 1 -  -  -  -  

9 -0,1852538311716 3,36 2 2 -  -  -  -  

10 -0,03752954389874 0,95 7 1 -  -  -  -  

11 0,8805641529353 1 1 - 0,82 1,15 1,08 0,68 

12 -0,4341705726504 2,5 1 - 1,19 1,61 0,36 0,97 

13 -0,1033426402165 2,5 3 - 0,79 0,66 0,09 0,84 

14 -0,09061389263042 1,5 3 - 1,52 2,72 1,48 0,66 

 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴʶ 

 

ὧ В ὺ
Ⱦ

Ⱦ
.    (4) 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (4) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (4) 

 
ʩ0 1,96   

v1 3,34 u1 120 

v2 18,6 u2 1300 

v3 13,9 u3 2700 

v4 4,86 u4 5300 

 

ʅʘʙʦʨ ʧʦʜʛʦʥʦʯʥʳʭ ʢʦʥʩʪʘʥʪ ʫʨʘʚʥʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʩʪʝʧʝʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ), 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʮʠʢʣʦʧʝʥʪʘʥʘ, ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʤʝʪʦʜʘ [2], ʢʦʪʦʨʳʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

  

ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [3-20] ʩ ʨʘʩʯʸʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫ-

ʯʝʥʥʳʤʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (1), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʌʋʉ (1) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 
 

ɻʦʜ 
ɸʚʪʦʨ, 

ʠʩʪʦʯʥʠʢ 
ʊʦʯʢʠ 

ɼʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ 

ʉʨʝʜʥʝʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (ʉʆʆ), % 

ʊ, ʂ ʨ, ʄʇʘ ʞʠʜʢʦʩʪʴ ʛʘʟ 

ʇʣʦʪʥʦʩʪʴ 

1969 ɹʨʘʟʠʝʨ [3] 10 303,15 0,1-450 0,067  

1992 ɻʘʨʩʠʷ [4] 210 192,8-298 0,1-104 0,078  

1970 ʂʫʩʩ [5] 22 298-353 0,1-196 0,338  

2022 ʃʠʫ [6] 107 293-363 0,1-70 0,065  

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

1943 ɸʩʪʦʥ [7] 11 226-287   0,783 

1985 ʄʵʯʝʪ [8] 9 280-320   0,057 

1995 ʄʦʢʙʝʣ [9] 23 204-343   0,338 

1991 ʐʘʭ [10] 15 276-493   0,737 

1945 ɺʠʣʣʠʥʛʭʵʤ [11] 11 288-323   0,033 

ʇʣʦʪʥʦʩʪʴ ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ 

1992 ɻʘʨʩʠʷ [4] 38 188-302  0,054  

1944 ɻʘʨʨʝʪ [12] 6 275-298  0,022  

2004 ʍʘʨʨʠʩ [13] 5 278-298  0,033  

2014 ʄʘʮʫʤʦʪʦ [14] 6 273-298  0,314  

ʊʝʧʣʦʝʤʢʦʩʪʴ ʥʘʩʳʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʉs 

1934 ʗʢʦʙʩ [15] 21 186-293  0,387  

ʊʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʉʨ 

1943 ɸʩʪʦʥ [7] 32 184-300  1,406  

1946 ɼʦʫʩʣʠʥ [16] 29 186-300  0,902  

1959 ʄʘʢʢʘʣʘʬ [17] 6 329-463  0,157  

1946 ʐʧʠʮʝʨ [18] 8 353-539  0,391  

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ 

2004 ʇʝʨʝʡʨʦ [19] 5 293-313 0,101 0,131  

2002 ʊʘʢʘʛʠ [20] 142 283-343 0,1-19 0,115  

 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 3 ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʘʩ-

ʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʮʠʢ-

ʣʦʧʝʥʪʘʥʘ ʚ ʦʜʥʦʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʣʴʢʦ ʞʠʜʢʘʷ ʬʘʟʘ. ʕʪʦ ʢʘʩʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʧʣʦʪʥʦʩʪʠ [3-6]. ɼʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʥʘ ʣʠʥʠʠ ʨʘʚʥʦʚʝʩʠʷ çʛʘʟ-ʞʠʜʢʦʩʪʴè ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʨʫʙʝʞ-

ʥʳʤʠ ʘʚʪʦʨʘʤʠ ʪʦʣʴʢʦ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʐʘʭʘ [10] ʜʣʷ ʜʘʚʣʝ-
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ʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ. ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘʠʙʦʣʝʝ ʦʙʰʠʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ɻʘʨʩʠʠ 

[4]. ʊʝʧʣʦʸʤʢʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʘʭ 

ɸʩʪʦʥʘ [7] ʠ ɼʫʩʣʠʥʘ [16] ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚʙʣʠʟʠ ʪʨʦʡʥʦʡ ʪʦʯʢʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠ ʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠ ʩʚʝʨʭʢʨʠʪʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʚʦʟʤʦʞʝʥ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʙʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ ʜʦʢʣʘʜʘ ʩ 

ʜʘʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʦʢʦʥʩʪʘʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ (1) ʦʙʣʘʜʘʝʪ 

ʤʦʱʥʳʤʠ ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʠʘʛʨʘʤʤʘʤʠ ʩʦʩʪʦʷʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʘʭ 1-3. ʅʘ ʨʠʩʫʥʢʝ 1ʭʦʜ ʠʟʦʪʝʨʤ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʡ ʭʘʨʘʢ-

ʪʝʨ. ʏʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʚʟʘʠʤʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ ʠʟʦʪʝʨʤ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʢʨʦʤʝ ʪʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʘʚʠʣʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʠʘʤʝʪʨʘ. ʅʘ ʨʠʩʫʥʢʝ 2ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʤʘʢʩʠʤʫʤʳ ʪʝʧʣʦʸʤʢʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʘʨʘʭ, ʜʦʩʪʠʛʘʶʱʠʝ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʠʟʦʙʘʨʝ. ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʘʨʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʤʝʶʪ ʛʣʘʜʢʠʡ ʚʠʜ 

ʠ ʥʝ ʤʝʥʷʶʪ ʥʘʢʣʦʥ, ʘ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʦʪ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) 

 

ʌʠʟʠʯʝʩʢʠ ʚʝʨʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʮʠʢʣʦʧʝʥʪʘʥʘ ʵʤʧʠʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠ-

ʝʤ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʜʝʬʠʮʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʥʦʛʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʝ ʩʣʫʯʘʡʥʦʛʦ 

ʧʦʠʩʢʘ. ɸʣʛʦʨʠʪʤ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʛʨʘʜʠʝʥʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝ-

ʰʘʪʴ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʡ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɻʦʚʦʨʷ ʦʙ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ 

ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʡ ʭʦʜ ʠʟʦʣʠʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩʫʥʢʘʭ 1-3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʫʩʣʦʚʥʦʛʦ ʤʠʥʠʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʯʝʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.   
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʫʨʘʚʥʝʥʠʷ ʫʯʠʪʳʚʘʣʠʩʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦ-

ʨʷʜʢʦʚ ʦʪ ʜʘʚʣʝʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʠʟʦʪʝʨʤʝ. ʇʦʵʪʦʤʫ ʚ ʰʠʨʦʢʦʡ ʦʢʨʝʩʪʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʫʨʘʚʥʝʥʠʝ ʚʝʨʥʦ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʩ ʙʦʣʴʰʠʤʠ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʷʤʠ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʦʧʠʩʘʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʪʦ ʜʣʷ ʵʪʦʛʦ ʧʨʠ-

ʤʝʥʠʤʳ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʘʩʰʪʘʙʥʦʡ ʪʝʦʨʠʠ, ʘ ʵʤʧʠʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝ-

ʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʜʝʩʴ ʥʝʧʨʠʤʝʥʠʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. 

ʅʘʣʠʯʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʚʦʡʩʪʚ ʧʝʨʝʥʦʩʘ ʚ ʧʝʨʝʤʝʥʥʳʭ çʪʝʤʧʝʨʘʪʫʨʘ-ʧʣʦʪʥʦʩʪʴè, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʦʧʠʩʘʥʠʶ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʚʦʡʩʪʚ.  

ɽʱʝ ʦʜʥʘ ʚʘʞʥʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ï ʵʪʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʤʝʩʝʡ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂ ʪʘ-

ʢʠʤ ʩʤʝʩʷʤ ʦʪʥʦʩʷʪʩʷ ʥʝʬʪʴ ʠ ʛʘʟʦʚʳʝ ʢʦʥʜʝʥʩʘʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʭ ʬʨʘʢʮʠʠ, ʘ ʪʘʢ-

ʞʝ ʪʦʚʘʨʥʳʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. ʎʠʢʣʦʘʣʢʘʥʳ ʚʭʦʜʷʪ ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʫʢʘʟʘʥʥʳʝ ʩʤʝʩʠ, ʠ ʥʘʣʠ-

ʯʠʝ ʥʘʜʝʞʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʥʠʭ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʫʢʘʟʘʥʥʳʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʩʤʝʩʝʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʦʚ ʠ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ. ʊʘʢʞʝ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚʘʞʥʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʭʨʘʥʝʥʠʠ ʠ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʠ ʪʦʨʛʦʚʳʭ ʦʧʝʨʘʮʠʡ.  
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) 

 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʜʦʢʣʘʜʘ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʨʝʩ ʢ ʨʘʟʚʠʪʠʶ ʧʨʦʛʥʦʟʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʭʥʠʯʝʩʢʠ ʚʘʞʥʳʭ ʬʣʶʠʜʦʚ ʠ ʠʭ ʩʤʝʩʝʡ. ʕʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ 

ʧʦʠʩʢʘ ʥʘʜʝʞʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ.  

 

ɿʘʢʣʶʯʝʥʠʝ  

 

ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʠ ʦʙʦʙʱʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʮʠʢʣʦʧʝʥʪʘʥʘ. ʊʦʯʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʳʩʦʢʘ ʠ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʝʩʪʴ ʬʠʟʠʯʝʩʢʠ ʚʝʨʥʦ ʦʧʠʩʳʚʘʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦ ʵʢʩʪʨʘʧʦʣʠʨʫʝʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʮʠʢʣʦ-

ʧʝʥʪʘʥʘ ï ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ, ʪʘʢ ʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ 

ʩʝʢʪʦʨʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʤʝʩʝʡ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʢʣʦʧʝʥʪʘʥ.   
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The report presents a new equation of state for a technically important refrigerant of natural 

origin - cyclopentane. The collection, analysis and layout of an array of reliable experimental data on the 

thermodynamic properties of cyclopentane was carried out to develop the equation of state. Using a non-

linear optimization procedure, the constants are determined and the form of the equation is optimized. 

The results of comparison with experimental data and analysis of state diagrams allow us to conclude 

that the new equation is highly accurate and numerically stable.  
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ʦʙʲʸʤʘ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʵʪʘʣʦʥʦʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʪʦʡ 

ʯʘʩʪʠ ʪʨʘʢʪʘ, ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʧʦʜʣʝʞʠʪ ʦʮʝʥʢʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

 

1. ɺʚʝʜʝʥʠʝ 

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʘ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩʠʩʪʝʤʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

(ʌɼ) ʜʠʟʝʣʝʡ, ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʧʦʤʠʤʦ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ 

ʛʨʫʧʧʳ (ʎʇɻ) ʠ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʊɸ), ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʦ-ʛʘʟʦʚʳʡ ʪʨʘʢʪ (ɺɻʊ). ʊʘʢʦʡ ʚʳ-

ʚʦʜ ʦʙʦʩʥʦʚʘʥ ʪʝʤ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʝʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝ-

ʩʪʚʦʤ ʧʨʦʪʝʢʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʢʘʟʘʥʥʳʭ ʫʟʣʘʭ. ʕʪʠ ʞʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʠ ʥʘʜʝʞ-

ʥʦʩʪʴ ʜʚʠʛʘʪʝʣʝʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʎʇɻ, ʧʦʜʚʝʨʛʘʶʱʝʡʩʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʪʝʧʣʦʚʳʤ 

ʥʘʛʨʫʟʢʘʤ. ʅʘʙʣʶʜʘʝʤʳʝ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʮʝʩʩʳ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʘ ʪʘʢ-

ʞʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ɺɻʊ, ʢʘʢ ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʬʠʣʴʪʨʦʚ, ʪʨʘʢʪʘ ʛʘʟʦʦʙʤʝʥʘ, ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ (ʇʏ) ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʠ 

ʜʨ., ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʨʦʩʪʘ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʦʨʰʥʝʡ, ʚʪʫʣʦʢ 

ʠ ʢʨʳʰʝʢ ʨʘʙʦʯʠʭ ʮʠʣʠʥʜʨʦʚ. ʉʥʠʞʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʘʤʠʭ ʘʛʨʝʛʘʪʦʚ ʥʘʜʜʫʚʘ, ʚʦʟʥʠʢʘʝʪ ʦʧʘʩ-

ʥʦʩʪʴ ʧʦʤʧʘʞʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʦʛʘʨʘ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʨʘʟʚʠʪʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʦʩʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʝʧʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʷʚʣʝʥʠʷ ʩ ʧʦ-

ʤʦʱʴʶ ʰʪʘʪʥʳʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

  



170 

2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺɻʊ ʜʠʟʝʣʝʡ ʩ ʥʘʜʜʫʚʦʤ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝ-

ʥʠʝʤ ʵʣʝʤʝʥʪʦʚ. ʂʘʢ ʦʙʲʝʢʪ ʌɼ ʵʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ 2ʯʘʩʪʠ: ʪʨʘʢʪʳ ʚʦʟʜʫʭʦʩ-

ʥʘʙʞʝʥʠʷ (ɺʉ) ʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʆɻ). ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʵʪʦʛʦ ʜʝʣʝʥʠʷ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɿʘʛʨʷʟʥʝʥʠʷ ʚ ʪʨʘʢʪ ɺʉ ʧʦʧʘʜʘʶʪ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʯʘʩʪʠʮʳ (ʪʚʝʨʜʳʝ ʠ 

ʞʠʜʢʠʝ) ʨʘʟʤʝʨʦʤ ʦʪ 0,1ʜʦ 100 ʤʢʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʠʩʪʝʤʝ ɺʉ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʝʪʯʘʪʳʝ ʬʠʣʴ-

ʪʨʳ, ʫʣʘʚʣʠʚʘʶʱʠʝ ʯʘʩʪʠʮʳ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 6 ʤʢʤ. ɹʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʥʝ ʫʣʘʚ-

ʣʠʚʘʶʪʩʷ ʬʠʣʴʪʨʦʤ ʠ ʧʦʧʘʜʘʶʪ ʚʤʝʩʪʝ ʩ ʚʦʟʜʫʭʦʤ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ. ʄʝʣʢʦʜʠʩ-

ʧʝʨʩʥʳʡ ʘʵʨʦʟʦʣʴ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʚʦʟʜʫʭʝ, ʧʨʦʰʝʜʰʝʤ ʯʝʨʝʟ ʬʠʣʴʪʨ, ʩʣʫʞʠʪ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʟʘʛʨʷʟʥʝʥʠʷ ʇʏ ʢʦʤʧʨʝʩʩʦʨʘ. ʅʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʚʣʠʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, 

ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʇʏ ʢʦʤʧʨʝʩʩʦʨʘ ʠ 

ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ ʪʚʝʨʜʳʤʠ ʠ ʞʠʜʢʠʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ [1, 2] ʪʦʣ-

ʱʠʥʘ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ ʇʏ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɼʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩ 5,1¢ʢp ʩʪʘ-

ʙʠʣʠʟʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʨʷʜʢʘ 2,0-2,5 ʤʤ, ʘ ʧʨʠ 2>ʢp  ï 1,0-1,5 ʤʤ. 

ʀʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʨʘʢʪʘ ʆɻ ʩʣʫʞʘʪ ʨʘʙʦʯʠʝ ʮʠʣʠʥʜʨʳ. ʅʘ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʦʨʪ ʪʦʧʣʠʚʘ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʪʦʯʢʘ 

ʨʦʩʳ ʜʣʷ ʧʘʨʦʚʳʭ ʬʨʘʢʮʠʡ ʚ ʧʦʪʦʢʝ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʣʦʧʘʪʦʢ ʪʫʨʙʠ-

ʥʳ (ʩʦʧʣʦʚʳʭ ʠ ʨʘʙʦʯʠʭ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [1, 2] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʣʦʡ ʦʪ-

ʣʦʞʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʣʝʜʫʶʱʠʭ ʪʦʣʱʠʥ: 2,0 ï 3,0 ʤʤ ʜʣʷ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ; 5,0 ï 6,0 ʤʤ ʜʣʷ 

ʩʦʧʣʦʚʳʭ ʣʦʧʘʪʦʢ. ʅʘʠʙʦʣʴʰʠʡ ʩʣʦʡ ʦʪʣʦʞʝʥʠʡ ʦʙʨʘʟʫʝʪʩʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 

100ï200 ʯʘʩʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʪʨʘʢʪʦʚ ɺʉ ʠ ʆɻ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʜʚʠʛʘʪʝʣʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠ ʦʙʲʸʤ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʝʡ ɺɻʊ ʜʦʣʞʥʳ ʨʘʟʣʠʯʘʪʴʩʷ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʵʪʘʣʦʥʦʚ (ʀʕ), ʨʝʘʛʠʨʫʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʨʦʷʚʣʝʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʪʦʡ ʯʘʩʪʠ ʪʨʘʢʪʘ, ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʧʦʜʣʝʞʠʪ ʦʮʝʥʢʝ ʩ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 

ʌʘʢʪʠʯʝʩʢʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʢʪʝ ʆɻ ʜʠʟʝʣʝʡ ʩ ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʥʘʜʜʫʚʦʤ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ (ɻʊ), ʦʙʦʙʱʸʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʪʫʨʙʠʥʳ (ʈʊ) 
ʪn . ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʠ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʣʷ 

ɻʊ ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʯʠʝ ʮʠʣʠʥʜʨʳ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʀʇ), ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʭ ʨʝʞʠʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʈʊ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʧʦʣʦ-

ʞʝʥʠʝ ʫʢʘʟʘʪʝʣʷ ʥʘʛʨʫʟʢʠ (ʋʅ) 
xS  ʠ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ (ʂɺ) ʜʚʠʛʘʪʝʣʷ n. ɺ ʪʘʢʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʕ ʜʣʷ ʌɼ ʪʨʘʢʪʘ ʆɻ ʜʠʟʝʣʝʡ ʩ ʥʘʜʜʫʚʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʷʚʥʦʛʦ ʚʠʜʘ ʥʝʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʀʇ 
xS  ʠ n ʠ ʚrʭʦʜʥʳʤ ʀʇ 

ʪn  ʚ ʧʦʣʝ ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʅʠʞʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʈʠʩ. 1. ʅʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʜʚʠʛʘʪʝʣʷ 6ʏʅ 25/34-3 

 

ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʘʥʥʳʤʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʩʝʨʠʠ ʥʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ (ʅʍ) ɻʊ ʜʠʟʝʣʷ 6 ʏʅ 25/34-3, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ )( xomo Sfn =  

(ʨʠʩ. 1). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʵʪʠ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʴ, ʣʝʞʘʱʫʶ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴ-

ʥʳʤʠ ʧʨʷʤʳʤʠ 1

min 350 -= ʤʠʥn , 1500 -= ʤʠʥnʥ . ɺʚʝʨʭʫ ʦʥʘ ʦʛʨʘʥʠʯʝʥʘ ʬʫʥʢʮʠʝʡ )( xomo Sfn =  ʧʨʠ 

0,1=ʦn ; ʚʥʠʟʫ ʬʫʥʢʮʠʝʡ )( xomo Sfn =  ʧʨʠ 7,0=ʦn . ʉʯʠʪʘʷ ʵʪʫ ʦʙʣʘʩʪʴ ʵʪʘʣʦʥʦʤ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ, ʧʨʠʯʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʀʇ: 

mʥ

m
mo

n

n
n =  ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʈʊ; 

xʥ

x
xo

S

S
S =  ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʋʅ; 

ʥ

o
n

n
n =  ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʂɺ ʜʠʟʝʣʷ. 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʠʞʥʠʡ ʠʥʜʝʢʩ çʥè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʀʇ ʧʨʠ ʨʘʙʦʪʝ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ: 121700 -= ʤʠʥnmʥ
; ʩʤSxʥ 9,4= ; 1500 -= ʤʠʥnʥ . 

 
 

 
 

ʈʠʩ. 2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ()oi nfx =  
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ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨʠʩ. 1ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ )( xomo Sfn =  ʣʠʥʝʡʥʳʝ. ʇʦʵʪʦʤʫ ʢʘʞʜʘʷ 

ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʧʦʣʠʥʦʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʠʜʘ: 

)()( 21 ʦxoʦmo ʧʭSʧʭn +Ö= . (1) 

ʉʠʩʪʝʤʘ ʧʦʣʠʥʦʤʦʚ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʩʝʨʠʶ ʥʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

1230,01235,1 -Ö= xomo Sn , ʧʨʠ 0,1=ʦn ; 

0646,09811,0 -Ö= xomo Sn , ʧʨʠ 9,0=ʦn ; 

0516,08507,0 -Ö= xomo Sn , ʧʨʠ 8,0=ʦn ;  (2) 

0103,06823,0 -Ö= xomo Sn , ʧʨʠ 7,0=ʦn . 

ʉʠʩʪʝʤʘ ʧʦʣʠʥʦʤʦʚ (2) ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ )( ʦi ʧfʭ=  ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢ ʜʨʫʛʦʡ. ʅʘ ʨʠʩ. 2ʜʘʥʦ ʛʨʘ-

ʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ )( ʦi ʧfʭ= . ɺʠʜʥʦ, ʯʪʦ ʵʪʦ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʵʪʦ-

ʤʫ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʧʦʣʠʥʦʤʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

7880,05590,26500,0 2

1 -Ö+Ö-= ʦʦ ʧʧʭ ; 

0675,03756,04275,0 2

2 -Ö+Ö-= ʦʦ ʧʧʭ . 

 (3) 

ʇʦʜʩʪʘʥʦʚʢʦʡ (3) ʚ (1) ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʩʤʝʱʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ )( xomo Sfn =  , ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢ ʜʨʫʛʦʡ. 

)0675,03756,04275,0()7880,05590,26500,0( 22 -Ö+Ö-+Ö-Ö+Ö-= ʦʦxoʦʦmo ʧʧSʧʧn . (4) 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʩʯʝʪʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (4) ʧʦ 

ʚʩʝʤʫ ʤʘʩʩʠʚʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (4) ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ °3%. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʢʪʘ ʆɻ ʧʦʩʨʝʜʩʪʚʦʤ ʀʕ (4) ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʘʣʛʦʨʠʪʤʫ: 

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ )( moʨmoɻ nfn =  ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠʥʷʪʘʷ ʟʘ ʵʪʘʣʦʥ, ʧʨʝʦʙʨʘ-

ʟʫʝʪʩʷ ʚ ʧʨʷʤʫʶ ï ʵʪʘʣʦʥ. 

2. ɺ ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʀʇ 
ʦxomo nSn ,,  ʥʘ ʥʝʩʢʦʣʴ-

ʢʠʭ ʨʝʞʠʤʘʭ (ʯʝʪʳʨʝ ï ʧʷʪʴ), ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʀʇ. 

3. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ, )( moʨmoɻ nfn = , ʦʪʚʝʯʘʶʱʠʭ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠ-

ʷʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʢʪʝ ʆɻ. 

4. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʢʪʘ ʆɻ ʩ ʫʯʝʪʦʤ ʥʘʙʣʶʜʘʝʤʳʭ ʦʪʢʣʦ-

ʥʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʣʠʥʠʡ ʦʪ ʀʕ. 

 

 
 

ʈʠʩ. 3. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʩʯʝʪʘ ʧʦ ʚʩʝʤʫ ʤʘʩʩʠʚʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 
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ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʘʣʦʥʘ (4) ʦʮʝʥʠʚʘʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʚ ʜʚʠʛʘʪʝʣʴ 

ʩʣʝʜʫʶʱʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ: 

 - ʫʤʝʥʴʰʝʥʦ ʥʘ 50% ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʬʠʣʴʪʨʘ; 

 - ʩʥʠʞʝʥʦ ʜʘʚʣʝʥʠʝ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʚʦʤ ʮʠʣʠʥʜʨʝ ʜʦ 7,5 ʄʇʘ, ʥʘ ʚʪʦʨʦʤ -  

ʜʦ 5 ʄʇʘ; 

 - ʫʚʝʣʠʯʝʥʳ ʟʘʟʦʨʳ ʚ ʧʨʠʚʦʜʝ ʢʣʘʧʘʥʦʚ ʥʘ ʪʨʝʪʴʝʤ ʮʠʣʠʥʜʨʝ ʜʦ 1ʤʤ, ʘ ʥʘ ʯʝʪʚʝʨʪʦʤ 

ʜʦ 1,5 ʤʤ; 

 - ʫʚʝʣʠʯʝʥʦ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʟʘ ɻʊ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʨʘʢʪʘ ʆɻ ʜʠʟʝʣʷ 6ʏʅ 25/34-3 ʧʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʚʳʰʝ ʩʭʝʤʝ ʜʘʥʳ ʥʘ ʨʠʩ. 4, ʛʜʝ ʀʕ ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ 1. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʘʣʦʥʘ (4) ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʕ (4) ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ɺɻʊ ʜʠʟʝʣʝʡ ʩ ʛʘ-

ʟʦʪʫʨʙʠʥʥʳʤ ʥʘʜʜʫʚʦʤ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʀʕ (4) ʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʪʨʘʢʪʝ ɺʉ, 

ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʤʝʭʘʥʠʟʤʝ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʘ 
moɻn  ʠ 

moʨn . ʇʨʠ ʵʪʦʤ ʯʸʪʢʦ ʦʧʨʝʜʝʣʝʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʴ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʩʘʤʦʤ ʪʨʘʢʪʝ ʆɻ (ʧʨʷʤʘʷ 2ʥʘ ʨʠʩ. 4): ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʘ 
moɻn  ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ 
moʨn , ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʭʫʜʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ɻʊ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ  
moʨmoɻ nn <  ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʥʢʨʝʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʯʠʥʘʭ, ʧʨʠʚʝʜʰʠʭ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻʊ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ )( moʨmoɻ nfn =  ʦʪʢʣʦʥʝʥʠʷ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʙʦʙʱʸʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻʊ. ʊʦ ʝʩʪʴ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʀʕ (4) ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ʪʨʘʢʪʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚ ʧʦʣʝ 

ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ: ʠʩʧʨʘʚʝʥ ʠʣʠ ʥʝʠʩʧʨʘʚʝʥ. 

 

4. ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʘʣʦʥʳ ʪʠʧʘ (4) ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʨʘʢʪʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠ-

ʟʝʣʝʡ ʩ ʥʘʜʜʫʚʦʤ. ʉʚʦʡʩʪʚʦ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʵʪʠ ʵʪʘʣʦʥʳ ʩʦʭʨʘʥʷʶʪ ʪʦʣʴʢʦ ʥʘ ʨʝʞʠʤʘʭ ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʥʷʪʦʡ ʟʘ ʵʪʘʣʦʥ. ʇʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʥʘ ʨʝʞʠʤʘʭ ʚʥʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʵʪʘʣʦʥʦʚ ʠ ʩʥʠʞʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. 
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The quality of functioning of the elements of the air-gas path changes with varying intensity dur-

ing engine operation. The problem of determining the timing and volume of repair and maintenance work 

can be solved using diagnostic invariant standards that respond exclusively to the occurrence of faults in 

that part of the tract, the quality of functioning of which is subject to assessment using them. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʨʦʪʦʨʦʚ ʜʣʷ ʜʚʫʭʚʠʥʪʦʚʳʭ ʥʘʩʦʩʦʚ. 

ʇʨʦʚʦʜʠʪʩʷ ʚʳʙʦʨ ʪʠʧʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʦʩʘ, ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʧʨʦʬʠʣʷ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʵʪʘ-

ʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʚʠʥʪʘ.  

 

ɺʚʝʜʝʥʠʝ 

 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʨʘʙʦʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚ-

ʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʅʘʜʝʞʥʦʩʪʴ ʠ ʵʢʦ-

ʥʦʤʠʯʥʦʩʪʴ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ 

ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ 

ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʥʦ ʷʚʣʷʶʪʩʷ çʩʝʨʜʮʝʤ ʠ ʜʳʭʘʥʠʝʤè ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʝʨʝʢʘʯʠʚʘʷ ʠ ʨʘʩʧʨʝʜʝʣʷʷ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʳ ʚ ʩʠʩʪʝʤʝ.   

ʀʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʜʦʩʪʦʠʥʩʪʚ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʛʜʝ ʣʶʙʳʝ ʩʙʦʠ ʚ ʧʦʪʦʢʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʳʚʘʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʥʝʨʛʠʠ ʠʣʠ ʜʘʞʝ ʢ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʝ. ʅʘʩʦʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ, ʥʦ ʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʪʠʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. 
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ʅʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪ ʚʠʭʨʝʚʳʭ ʥʘʩʦʩʦʚ ʜʦ ʮʝʥ-

ʪʨʦʙʝʞʥʳʭ ʠ ʧʦʨʰʥʝʚʳʭ. ʂʘʞʜʳʡ ʪʠʧ ʥʘʩʦʩʘ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʳʭ ʥʘʩʦʩʥʳʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʳʤʠ ʪʨʝʥʜʘʤʠ ʚ ʦʙʣʘʩʪʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷ-

ʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʥʘʩʦʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, 

ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʩʦʩʘ ʚʘʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʝʛʦ ʨʘʙʦʯʝʡ ʯʘʩʪʠ, ʘ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʟʳʩʢʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. 

 

1. ɺʳʙʦʨ ʪʠʧʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʦʩʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ   ʥʘʩʦʩ ʦʜʥʦʛʦ ʪʠʧʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʬʠʣʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ. ʇʦʜʛʦʪʦʚʣʝʥ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʦʝʢʪʠ-

ʨʫʝʤʳʡ ʥʘʩʦʩ: 

¶ ʅʘʜʸʞʥʘʷ ʨʘʙʦʪʘ; 

¶ ɼʦʣʛʦʚʝʯʥʦʩʪʴ; 

¶ ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ ɺʳʩʦʢʠʡ ʂʇɼ; 

¶ ʄʘʣʳʡ ʛʘʙʘʨʠʪ ʠ ʚʝʩ; 

¶ ʉʘʤʦʚʩʘʩʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʇʦʜ ʚʩʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʨʦʪʦʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʝ ʥʘʩʦʩʳ.  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʦʪʦʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʭ ʥʘʩʦʩʦʚ: ʦʜʥʦʚʠʥʪʦʚʳʝ, ʜʚʫʭ-

ʚʠʥʪʦʚʳʝ, ʪʨʝʭʚʠʥʪʦʚʳʝ, ʰʝʩʪʝʨʝʥʥʳʝ, ʢʦʣʦʚʨʘʪʥʳʝ ʠ ʪ.ʜ. ɽʱʝ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʧʨʦʬʠ-

ʣʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ʈʆ), ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʵʪʠʭ ʥʘʩʦʩʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʨʦʬʠʣʝʡ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʦʬʠʣʝʡ ʈʆ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʥʘʩʦʩʦʚ ʩ 

ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʝʨʝʢʘʯʢʠ ʥʝʩʤʘʟʳ-

ʚʘʶʱʠʭ ʠ ʩʤʘʟʳʚʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʚʷʟʢʦʩʪʠ, ʩ ʥʘʣʠʯʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʛʘ-

ʟʦʚ. [1] 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʦʨ ʧʘʣ ʥʘ ʜʚʫʭʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʜʘʯ (ʦʪ 2ʜʦ 8000 ʣ/ʤʠʥ) ʧʨʠ ʜʘʚʣʝʥʠʠ ʥʘʛʥʝʪʘʥʠʷ ʜʦ 200 ʙʘʨ. [2] 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʥʘʩʦʩʘ ʜʘʣʝʝ ʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʦʬʠʣʷ ʨʘʙʦʯʝʡ 

ʯʘʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʧʨʦʬʠʣʝʡ ʪʘʢʠʭ ʢʘʢ: ʜʚʫʩʪʦʨʦʥʥʠʡ ʥʝʛʝʨʤʝʪʠʯʥʳʡ ʧʨʦʬʠʣʴ, 

ʜʚʫʩʪʦʨʦʥʥʠʡ ʛʝʨʤʝʪʠʯʥʳʡ ʧʨʦʬʠʣʴ, ʜʚʫʩʪʦʨʦʥʥʠʡ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʧʨʦʬʠʣʴ, ʛʝʨʤʝʪʠʯʥʦʝ ʮʠʢ-

ʣʦʠʜʘʣʴʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʧʨʦʬʠʣʝʤ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʛʝʨʤʝʪʠʯʥʦʝ ʮʠʢʣʦʠʜʘʣʴʥʦʝ ʟʘʮʝʧ-

ʣʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʧʨʦʬʠʣʝʤ ʠ ʜʨ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ 11ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʧʨʦʬʠʣʝʡ ʚʠʥʪʦʚ ʦʧʠʩʘʥʦ 

ʚ ʨʘʙʦʪʝ [3].  

 
 

ʈʠʩ. 1. ɼʚʫʩʪʦʨʦʥʥʠʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʧʨʦʬʠʣʴ 
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ʈʘʩʩʤʦʪʨʝʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʬʠʣʠ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʩʪʦʠʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʩʠʤʤʝʪʨʠʯʥʦʤ ʧʨʦʬʠʣʝ, ʪ.ʢ. ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʜʠʥʘʢʦʚʳʭ ʚʠʥʪʦʚ, ʘ ʧʨʦʬʠʣʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʵʬʬʝʢʪʠʚʝʥ. ɺʳʙʨʘʥʥʳʡ ʧʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 1. 

 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʚʠʥʪʦʚ 

 

ʋ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ ʥʘʯʘʣʘ ʬʘʩʢʠ q ʨʘʚʝʥ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʩʨʝʜʥʝʤʫ ʨʘ-

ʜʠʫʩʫ ά̗ Ὑ̗ȾὙ̆ , ʧʦʵʪʦʤʫ ʧʨʦʬʠʣʴ ʦʪʢʨʳʪʳʡ. ɿʘʮʝʧʣʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

ʅʦʞʢʠ ʟʫʙʘ "ʘʩ" ʠ ʛʦʣʦʚʢʠ ʟʫʙʘ "ʝʚ". ʂʨʠʚʘʷ "ʘʩ", ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʫʜʣʠʥʝʥʥʫʶ ʵʧʠ-

ʮʠʢʣʦʠʜʫ (ʋʕ), ʦʙʨʘʟʦʚʘʥʘ ʪʦʯʢʦʡ ɸ ʧʨʠ ʢʘʯʝʥʠʠ ʦʢʨʫʞʥʦʩʪʠ I ʧʦ ʦʢʨʫʞʥʦʩʪʠ II, ʜʠʘʤʝʪʨʳ 

ʦʢʨʫʞʥʦʩʪʝʡ I ʠ II ʨʘʚʥʳ ʤʝʞʮʝʥʪʨʦʚʦʤʫ ʨʘʩʩʪʦʷʥʠʶ. ʂʨʠʚʘʷ "ʝʚ" - ʦʙʳʯʥʘʷ ʵʧʠʮʠʢʣʦʠʜʘ (ʆʕ), 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʪʦʯʢʦʡ ʉ ʧʨʠ ʢʘʯʝʥʠʠ ʦʢʨʫʞʥʦʩʪʠ I ʧʦ ʦʢʨʫʞʥʦʩʪʠ II.[1] 

ɸʚʪʦʨʦʤ ʟʘʨʘʥʝʝ ʧʦʜʦʙʨʘʥʳ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʸʥ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʡ ʨʘʩʯʸʪ ʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ. ʇʦ ʨʘʩʯʸʪʘʤ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʥʘʩʦʩʘ ὗ̓  ʟʘʚʠʩʠʪ 

ʦʪ ʧʣʦʱʘʜʠ ʢʘʤʝʨʳ ʥʘʛʥʝʪʘʥʠʷ Ὂ̋. 

ὗ̓ Ὂ̋ ὸzz –zz ᾀ (1) 

Ὂ̋ ᶻὈ̆ Ὀ ̆ᶻ‌ ÓÉÎ‌  (2) 

ʛʜʝ -ʰʘʛ ʚʠʥʪʘ, ὲ- ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ, –- ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʸʤʥʳʭ ʧʦʪʝʨʴ, ᾀ- ʯʠʩʣʦ ʩʝʢʮʠʡ, ‌- 

ʫʛʦʣ ʩʦʝʜʠʥʝʥʠʷ ʯʝʨʚʷʢʦʚ. 

ʀʟ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʜʠʘ-

ʤʝʪʨʘ ʮʝʥʪʨʦʠʜʳ (Ὀ̗ , ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʪʫʧʘ (Ὀ̆) ʠ ʚʧʘʜʠʥʳ (Ὀ) ʚʠʥʪʘ.  

ɼʘʣʝʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʚʠʥʪʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʣʦʩʢʠʝ ʢʨʠʚʳʝ ʧʦ ʫʨʘʚʥʝʥʠʷʤ 

ʫʜʣʠʥʝʥʥʦʡ ʵʧʠʮʠʢʣʦʠʜʳ (3) ʠ ʦʙʳʯʥʦʡ ʵʧʠʮʠʢʣʦʠʜʳ (4). 

ὼ Ὀ̗ ÃzÏÓ† ̆ ÃzÏÓ ς†

ώ Ὀ̗ ÓzÉÎ† ̆ ÓzÉÎ ς†
(3) 

ὼ Ὀ̗ ÃzÏÓ† ̗ ÃzÏÓ ς†

ώ Ὀ̗ ÓzÉÎ† ̗ ÓzÉÎ ς†
(4) 

ʇʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʦʜʥʦʡ ʢʨʠʚʦʡ ʥʘ ʜʨʫʛʫʶ ʠ ʜʦʚʦʨʦʪʘ ʫʜʣʠʥʝʥʥʦʡ ʵʧʠʮʠʢʣʦʠʜʳ, ʜʣʷ ʧʣʘʚ-

ʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢʨʠʚʳʭ ʚ ʪʦʯʢʝ ʩ, ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʦʤʧʘʩ ï 3D ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ.2 

 

 
 

ʈʠʩ. 2. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ 
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ɼʘʣʝʝ ʧʨʦʬʠʣʴ ʧʦʜʚʝʨʛʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʜʦʨʘʙʦʪʢʘʤ ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʦʪʦʚʳʝ ʧʨʦʬʠʣʠ 

ʜʣʷ ʚʝʜʦʤʦʛʦ ʠ ʚʝʜʫʱʝʛʦ ʚʠʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3. 

  

 
 

ʈʠʩ. 3. ʇʨʦʬʠʣʠ ʚʝʜʦʤʦʛʦ ʠ ʚʝʜʫʱʝʛʦ ʚʠʥʪʘ 

 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʟʦʨʳ ʚ ʦʙʦʡʤʝ ʚʠʥʪʦʚ ʨʠʩ.4 ʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘ-

ʯʝʥʠʷ ʫʪʝʯʝʢ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʟʦʨʘʭ. 

 

 
 

ʈʠʩ. 4. ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʠʥʪʦʚ ʥʘʩʦʩʘ ʚ ʦʙʦʡʤʝ 

 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʟʥʘʯʝʥʠʡ ʫʪʝʯʢʠ ʠ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʲʸʤʥʳʭ ʧʦʪʝʨʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʧʨʝʜʤʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʇʦʜʦʙʥʳʤ ʦʙʨʘ-

ʟʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʸʪʳ ʨʘʟʥʳʭ ʧʨʦʬʠʣʝʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʨʠʚʠʟʥʦʡ 

ʧʨʦʬʠʣʷ ʠ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʫʞʝ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʬʠʣʷ. 
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ʈʠʩ. 5. ʕʣʝʢʪʨʦʥʥʘʷ ʤʦʜʝʣʴ ʚʝʜʫʱʝʛʦ ʚʠʥʪʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʥʘʩʦʩʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʲʸʤʥʳʭ ʧʦʪʝʨʴ ʧʦʢʘʟʘʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ, ʩʦʩʪʘʚʣʷʶʱʠʡ 89%, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʵʬ-

ʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ. 

ʆʢʦʥʯʘʥʠʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʨʦʪʦʨʦʚ ʜʚʫʭʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʩʣʫʞʠʪ 

ʧʦʜʛʦʪʦʚʢʘ 3D ʤʦʜʝʣʠ ʚʠʥʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʨʠʩ.5), ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʧʨʦʬʠʣʷ ʚʠʥʪʘ, ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʤ ʙʦʣʴʰʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʚʠʨʪʫʘʣʴʥʦʛʦ ʜʚʦʡʥʠʢʘ ʠ ʠʤʠʪʘʮʠʠ 

ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʚ CAE-ʩʠʩʪʝʤʝ COMSOL ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʨʘʚʥʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʪʨʫʙʯʘʪʦ-

ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʠʥʝʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʧʠʩʳʚʘʶʪʩʷ ʪʨʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ. ʀʟ-

ʣʘʛʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚ-

ʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʡ. 
 

ɺʚʝʜʝʥʠʝ 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ (ʂʊʆ) ʠ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʇɼ) ʦʭʣʘʞʜʘʝʤʦʡ ʠʣʠ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʰʴ ʪʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ (ʊʆ), ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʢʨʫʛʣʳʭ ʪʨʫʙ ʠ 

ʩʧʣʦʰʥʳʭ ʧʣʦʩʢʠʭ ʨʸʙʝʨ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ ʠʥʝʷ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʭ ʚʦʟʜʫʭʦʦʭʣʘ-

ʜʠʪʝʣʝʡ (ɺʆ) ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʫʭʫʜʰʘʝʪ ʪʝʨʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʆ 

ʜʨʫʛʠʭ ʪʠʧʦʚ [1]. ʂʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʊʆ ʨʘʟʣʠʯʘʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʟʥʘʯʝʥʠʡ ʥʘʨʫʞʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʪʨʫʙ Ὠ̓, ʧʦʧʝʨʝʯʥʦʛʦ Ὓ ʠ ʧʨʦʜʦʣʴʥʦʛʦ Ὓ ʠʭ ʰʘʛʘ ʚ ʧʫʯʢʝ, ʰʘʛʘ Ὓ ʠ ʪʦʣʱʠʥʳ ‏ ʨʸʙʝʨ, ʯʠʩʣʘ 

ʨʷʜʦʚ ʪʨʫʙ ʚʜʦʣʴ ὔὶ ʠ ʧʦʧʝʨʸʢ  ὔὸ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. ɽʜʠʥʦʝ ʤʥʝʥʠʝ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʰʘʭʤʘʪʥʦʛʦ ʠʣʠ 
ʢʦʨʠʜʦʨʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʚ ʧʫʯʢʝ ʧʦʢʘ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ. ʉ ʫʯʸʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ 

ʩʣʦʷ ʠʥʝʷ ʧʦ ʨʷʜʘʤ ʪʨʫʙ ʥʝʨʝʜʢʦ ʰʘʛ ʨʸʙʝʨ  Ὓ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʦʜʠʥʘʢʦʚʳʤ ʚʜʦʣʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. ʏʘʱʝ 

ʝʛʦ ʫʤʝʥʴʰʘʶʪ ʦʪ ʚʭʦʜʘ ʢ ʚʳʭʦʜʫ ɺʆ, ʭʦʪʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʥʘʠʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ ʩʣʦʷ 

ʠʥʝʷ ‏ ʥʘ ʪʨʫʙʘʭ ʠ ʨʸʙʨʘʭ ʧʝʨʚʦʛʦ ʨʷʜʘ [2]. ʏʠʩʣʦ ʨʷʜʦʚ ʪʨʫʙ ʧʦ ʭʦʜʫ ʚʦʟʜʫʭʘ ὔὶ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʠ ɺʆ c ʫʯʸʪʦʤ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʏʠʩʣʦ ʨʷʜʦʚ ʪʨʫʙ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ὔὸ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʸʤʥʦʛʦ ʨʘʩʭʦʜʘ ὠ ʦʭʣʘʞʜʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ὗ , ʥʘ ʢʦ-
ʪʦʨʫʶ ʚʣʠʷʝʪ ʧʦʣʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɺʆ. 

ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ ʛʘʟʦʚ ʧʨʦʚʦʜʷʪʩʷ 

ʩ 1915 ʛ. [3]. ʆʙʨʘʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠ-

ʷʥʠʷ ʥʘ ʂʊʆ [4]. ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʠ ʤʝʪʦʜʠʢ ʦʙʦʙ-

ʱʝʥʠʷ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʯʸʪʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ 

ʨʘʩʯʸʪʘ ʂʊʆ ʚ ɺʆ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ ʩʪʦʨʦʥʝ ʚʦʟʜʫʭʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦ ʪʝʧʣʦʦʪʜʘʯʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʣʦʷ ʠʥʝʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆ. ɺʩʝ ʘʚʪʦʨʳ ʩʦʛʣʘʩʥʳ ʩ ʪʝʤ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʝʷ ʧʦʚʳʰʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɺʆ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʂʊʆ 

ʥʝʪ ʝʜʠʥʦʜʫʰʥʦʛʦ ʤʥʝʥʠʷ. ʆʜʥʠ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʧʦʚʳʰʝʥʠʝ ʂʊʆ ʩ ʨʦʩʪʦʤ ʩʣʦʷ ʠʥʝʷ ‏, ʦʙʲʷʩʥʷʷ ʵʪʦ 
ʨʦʩʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʤʝʨʟʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [5]. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʴ ʠʥʝʷ ʚʣʠʷʝʪ ʣʠʰʴ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʝʷ ὸ̐  ̉, ʚʳʟʚʘʥʥʦʛʦ ʨʦʩʪʦʤ ʧʦʣʥʦʛʦ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɺʆ, ʚʣʠʷʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ [1]. ɺ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʘʭ ʩʯʠʪʘʝʪʩʷ 

ʜʦʧʫʩʪʠʤʳʤ ʥʘʭʦʜʠʪʴ ʂʊʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʆ ʧʦ ʧʦʜʭʦʜʷʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ 

[6 , 2]. ʇʨʠ ʵʪʦʤ, ʦʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʣʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ή̐ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʠ 
ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʝʷ ʠʤʝʝʪ ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʥʦʛʦ ή̠ ʠ ʩʢʨʳʪʦʛʦ ή  ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

 



180 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʂʊʆ ʚ ʪʨʫʙʯʘʪʦ-

ʧʣʘʩʪʠʥʯʘʪʳʭ ʊʆ, ʩʦʙʨʘʥʳ ʜʦʩʪʫʧʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʂʊʆ ʩ ʫʢʘʟʘʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʦʚʝ-

ʜʝʥʠʷ ʦʧʳʪʦʚ, ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʂʊʆ ʨʷʜʘ ʊʆ ʧʦ ʨʘʟʥʳʤ ʤʝʪʦʜʠʢʘʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʣʦʷ ʠʥʝʷ ʠʣʠ 

ʟʘʛʨʷʟʥʝʥʠʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʠʢ ʧʦʜʛʦʪʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʤʧʘʢʪʥʳʤ ʊʆ ʩ ʰʘʛʦʤ ʨʸʙʝʨ Ὓ τ ̍ .̍ ʇʨʠ ʵʪʦʤ ʢ ʊʆ ʧʦʩʪʫʧʘʣ ʚʦʟʜʫʭ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (ὸ πᴈ ʠ ʚʳʩʦʢʠʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ Ὠ̃ . ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʪʘʢʠʝ ɺʆ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʪʪʘʡʢʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʮʠʢʣʘ ʥʝ ʙʦʣʝʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʯʘʩʦʚ. ʉʫʜʦʚʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʍʋ) ʯʘʱʝ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʳʤ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʚʭʦʜ ɺʆ ʧʦʩʪʫʧʘʝʪ ʚʦʟʜʫʭ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ὸ ρπᴈ) ʠ ʤʘʣʳʤ ʚʣʘʛʦʩʦ-
ʜʝʨʞʘʥʠʝʤ Ὠ̃ , ʘ ʦʪʪʘʡʢʠ ʜʦʣʞʥʳ  ʧʨʦʚʦʜʠʪʴʩʷ ʩ  ʧʝʨʠʦʜʦʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʏʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʯʘ-
ʩʪʦʪʫ ʦʪʪʘʝʢ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʜʦʙʥʳʝ ɺʆ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʰʘʛʦʤ ʨʸʙʝʨ Ὓ.  ʇʦʵʪʦʤʫ ʧʨʦʚʝʨʢʘ ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ ʂʊʆ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʨʠʤʝʨʘʭ ɺʆ ʩ 

ʰʘʛʦʤ ʨʸʙʝʨ Ὓ υ ̍  ̍ʠ ʪʝʤʧʝʨʘʪʫʨʳ ὸ ρπᴈ.  
 

ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 
 

ʇʦ ʠʪʦʛʘʤ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʩʪʨʦʷʪ ʛʨʘʬʠʢʠ ʠ ʧʦʣʫʯʘʶʪ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʦʩʥʦʚʥʳʭ ʚʣʠʷʶʱʠʭ ʚʝʣʠʯʠʥ. ʇʨʠ ʦʙʦʙʱʝʥʠʠ ʦʧʳʪʥʳʭ 

ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʨʫʞʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ‌̃ȟˏ Ⱦ̓̍Ͻ̠) ʥʝʨʝʜʢʦ ʚʢʣʶʯʘʶʪ ʚ ʩʦʩʪʘʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 
ʚʝʣʠʯʠʥ [7]:  

ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ὔό ‌̃ϽὨ̓Ⱦ‗̃, ʯʠʩʣʦ ʉʪʘʥʪʦʥʘ Ὓὸ ‌̃ȾύϽ”Ͻὧ̑, ʬʘʢʪʦʨ ʂʦʣʙʦʨʥʘ 

(Colburn) Ὦ ὛὸϽὖὶȾ ὔόȾὙὩϽὖὶȾ , 

ʛʜʝ Ὠ̓ - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ, ʦʙʳʯʥʦ ʨʘʚʥʳʡ ʜʠʘʤʝʪʨʫ ʪʨʫʙ ʊʆ; ύ” - ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʦʪʥʝ-

ʩʝʥʥʘʷ ʢ ʣʦʙʦʚʦʤʫ ʠʣʠ ʞʠʚʦʤʫ ʩʝʯʝʥʠʶ ʊʆ; ‗̃ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʟʜʫʭʘ; ὧ̑ - ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʟʜʫʭʘ; ὙὩ - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; ὖὶ - ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ. 

ʀʟ ʧʨʝʜʳʜʫʱʝʛʦ ʚʳʪʝʢʘʝʪ ʨʘʚʝʥʩʪʚʦ: 

‌̃ ὔόϽ‗̃ȾὨ̓ ὮϽύ”Ͻὧ̑ȾὖὶȾ.                                          (1)  

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [8,9,10] ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ (ʂʊʆ) ʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠ-

ʪʝʣʷʭ (ɺʆ) ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʙʦʪʘʭ ɸ.ɸ. ɻʦʛʦʣʠʥʘ. ʀʤ ʧʨʝʜʣʦʞʝʥʦ ʥʘʭʦʜʠʪʴ ʂʊʆ ʧʦ 

ʫʩʣʦʚʠʷʤ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʱʝʣʝʚʳʭ ʢʘʥʘʣʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ Ὠ̞ ʚ ʢʘʯʝ-

ʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ. ʂʨʠʪʝʨʠʡ (ʯʠʩʣʦ) ʅʫʩʩʝʣʴʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

ὔό ὅὙὩ̞ὖὶ                                                                   (2) 

ʏʠʩʣʦ ὙὩ̞ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʞʠʚʦʤ (ʩʫʞʝʥʥʦʤ) ʩʝʯʝʥʠʠ. ʇʘʨʘʤʝʪʨʳ C, n, m 

ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ɺʆ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ. ɺ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʥʠʠ [11] ʧʨʠʚʦʜʠʪ-

ʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ÌÇὔ  ʦʪ ÌÇ
̞

 ʚ ʧʣʘʩʪʠʥʯʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʤʠ ʩʝʨʠʡ ʦʧʳʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ. ʅʘ ʥʝʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ὙὩ̞= 2000 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʦʯʝʢ ʣʦʞʠʪʩʷ ʥʘ ʧʨʷʤʳʝ ʣʠʥʠʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ὲ πȢυχπȢφυ ʚ 
ʫʨʘʚʥʝʥʠʠ (2). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂʊʆ ‌̃ ʚ ɺʆ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʳʯʥʳʭ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʫʩʣʦʚʠʷʭ (ὸ̃ ςπЈ), ʧʨʝʜʣʦʞʝʥ ʛʨʘʬʠʢ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ύ” ρ ρπ 
̋̄

̍ᶻ̒
 ʠ 

̞
 

= 5é50. ʆʥ ʧʦʜʭʦʜʠʪ ʜʣʷ ɺʆ ʩ ʢʦʨʠʜʦʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙ, ʘ ʪʘʢʞʝ ʰʘʛʦʤ ʨʸʙʝʨ Ὓ ς τ ̍  ̍

ʠ Ὠ̓ ρπ ςπ ̍ Ȣ̍  ɺ ʢʥʠʛʝ [8] ʵʪʦʪ ʛʨʘʬʠʢ ʧʨʠʚʦʜʠʪʩʷ ʙʝʟ ʧʦʣʥʦʛʦ ʧʝʨʝʯʥʷ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɿʘʨʫʙʝʞʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʧʣʦʦʪʜʘʯʝ ʢʦʤʧʘʢʪʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʯʘ-

ʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ ʂʦʣʙʦʨʥʘ Ὦ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ὙὩ.  
ʌʦʨʤʫʣʳ (ʢʦʨʨʝʣʷʮʠʠ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʦʨʘ Ὦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʧʧʘʨʘʪʘʤ ʩ ʢʨʫʛʣʳʤʠ ʪʨʫ-

ʙʘʤʠ ʠ ʧʣʦʩʢʠʤʠ ʨʸʙʨʘʤʠ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [12,13,14,15,16,17,18,19,20,21,22,23,24, 15,25,26].  

ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʠʩʪʦʯʥʠʢʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Ὦ̞ ʠ/ʠʣʠ ὔό̞ ʦʭʚʘ-

ʪʳʚʘʶʪ ʊʆ ʩ ʨʘʟʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʠ ʨʝʞʠʤʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʂʘʞʜʘʷ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʣʠʷʶʱʠʭ ʚʝʣʠʯʠʥ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ὙὩ 
ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʦ ὙὩ, ʚ ʢʦʪʦʨʦʤ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 
ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙ Ὠ̓ ʠʣʠ ʚʦʨʦʪʥʠʯʢʦʚ (Collar) Ὠ̒ ʥʘʩʘʜʥʳʭ ʨʸʙʝʨ. ʅʝʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʯʠʩʣʦ ὙὩ 
ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ Ὠ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ. ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʡ 
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ʜʠʘʤʝʪʨ Ὠ̞ ɦ ʝʣʝʚʳʭ ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʠ ʪʨʫʙʘʤʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʚʪʦʨʳ ʥʝʢʦʪʦʨʳʭ ʧʫʙʣʠʢʘ-

ʮʠʡ ʥʝ ʫʪʦʯʥʷʶʪ, ʢʘʢʘʷ ʠʤʝʥʥʦ ʚʝʣʠʯʠʥʘ ʩʣʫʞʠʪ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ. ʇʦ ʫʤʦʣʯʘʥʠʶ, ʠʥʦʛʜʘ ʧʨʠʚʦ-

ʜʷʪ ʧʨʦʩʪʦ ὙὩ, ʧʦʣʘʛʘʷ ʝʛʦ ʨʘʚʥʳʤ ὙὩ. ʇʨʠ ʦʙʦʙʱʝʥʠʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦ, ʪʘʢ ʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʥʘʨʷʜʫ ʩ ʜʠʘʤʝʪʨʦʤ Ὠ̓ ʠʣʠ Ὠ̒ 

ʠʩʧʦʣʴʟʫʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ Ὠ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʶʶ ʩʪʝʧʝʥʴ ʦʨʝʙʨʝʥʠʷ ‍. ʇʨʠʚʝʜʸʤ ʬʦʨʤʫʣʳ 
ʜʣʷ ʵʪʠʭ ʚʝʣʠʯʠʥ: 

Ὠ̒ Ὠ̓ ςϽ̑‏; Ὠ τϽὊ̇Ͻ
̎
 Ƞ                                                      (3) 

Ὠ̞ ςὛ Ὠ̓ ϽὛ̑ ‏̑ ȾὛ Ὠ̓ Ὓ̑ ‏̑  ; ‍ Ὂ̇ȾὊ̓,                             (4) 

ʛʜʝ Ὂ̇ - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ, Ὂ̎ - ʧʣʦʱʘʜʴ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʊʆ, Ὂ̓ - ʧʣʦʱʘʜʴ ʪʨʫʙ ʤʝʞʜʫ ʨʸ-

ʙʨʘʤʠ, ὒ - ʜʣʠʥʘ ʧʣʘʩʪʠʥ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʞʠʚʦʤ ʩʝʯʝ-
ʥʠʠ ύ̇  ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ὙὩ ʠ ʜʨʫʛʠʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʥʘʨʷʜʫ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʦʟʜʫʭʘ ʚ ʣʦʙʦʚʦʤ ʩʝʯʝʥʠʠ ύ̌ . 

ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʩʧʳʪʘʥʥʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ 

ʊʆ, ʢʦʪʦʨʳʝ ʥʘʤ ʫʜʘʣʦʩʴ ʩʛʨʫʧʧʠʨʦʚʘʪʴ,  ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʦʨʝʙʨʝʥʠʷ ʠ ʜʠʘʧʘʟʦʥ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʊʆ 

 
ʀʩʪʦʯ-

ʥʠʢ 

▀̓,  

mm 

╛,  
mm 

╢◄, mm ╢■, mm 
╢▬,  

mm 
╝► ╡▄▀ 

◌̌ ,  

m/s 

◌̇ , 

 m/s 

7 
10,21-

17,17 

44- 

89 

25,4-

38,1 
22-44,5 3,18-3,28 2 

1684-

24739 

1,322-

11,699 
2,62-21,83 

 13 9,92 88-138,7 25,4-40 22-34,67 
2,2- 

4,2 
4 

1238-

22440 
0,076-3,365 0,189-5,9 

27 10,55 64,95 25 21,65 
2- 

3,2 
3 623-15929 

0,472-

11,932 

0,844-

22,62 

16 10,23 88 25,4 22 2,03-3,0 4 4020-5270 3,468-4,397 
5,964-

7,818 

17 7,52 25,4-33,4 20,4-21 
12,7-

16,7 
1,22-1,71 2 226-6802 0,248-7,104 

0,455-

13,73 

18 7,59 25,4-38,1 21 12,7 1104 2-3 270-7329 0,309-8,383 
0,534-

14,66 

28 10,3 
19,05-

76,2 
25,4 19,05 

1,4- 

2,82 
1-4 706-3780 

0,564- 

3,0 
1,04-5,569 

22 7,9 50 19 25 6,15 2 
260- 

528 
0,285-0,578 0,5-1,014 

12 9,525 39,1-78,2 25,4 19 558 
1,21-

2,117 
2-4 1442-3525 1,327-3,251 

2,264-

5,534 

23 12,7 64,95 31,8 27,5 1,75 4 
2000-

30315 

1,372- 

20,8 

2,502-

37,92 

20 8 
27- 

216 
26 27 

7,5- 

15 
1-8 

450- 

900 
0,522-1,044 

0,764-

1,528 

29 10,23 
44- 

132 
25,4 22 

3- 

3,2 
2-6 572-5259 0,527-4,677 

0,888-

8,167 

15 7,9 
88- 

220 
23 22 

7,98-

21,98 

4-

10 
324-1108 0,362-1,244 

0,558-

1,905 

24 18 
68- 

238 
42 34 3 2-7 2000-6000 0,899-2,698 

1,686-

5,059 

30 16,68 
66- 

264 
38,1 33 3,13-3,17 2-8 1960-7810 1,009-4,019 

1,866-

7,434 

31 25,4 300 60 50 2,82 6 3047 0,943 1906 

25 18,6 408 42 34 3,1 12 
6062-

12292 
2,489-5,047 

4,946-

10,03 

3 38 600 85 75 6,67 8 
2000-

12000 
0,393-2,358 

0,836-

5,017 

5 12,5 135 30 26 5,4 5 4800-7511 2,804-4,378 
5,192-

8,106 

2 15 350 50 50 10 7 2931-4474 1,641-2,351 
2,468-

3,533 
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ʅʘʧʦʤʥʠʤ, ʯʪʦ ʠʪʦʛʦʚʳʝ ʜʘʥʥʳʝ ʦ ʪʝʧʣʦʦʪʜʘʯʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʚʢʣʶʯʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʘʢʪʦʨʘ Ὦ  ʚ ʛʨʘʬʠʯʝʩʢʦʡ, ʪʘʙʣʠʯʥʦʡ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʧʦʣʫʯʘʶʪʩʷ ʥʘ ʦʩ-
ʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʘʞʝ ʘʚʪʦʨʳ ʘʥʛʣʦʷʟʳʯʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʡ ʚʤʝʩʪʦ 

ʬʘʢʪʦʨʘ Ὦ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʷʪ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ὔό, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʱʝʧʨʠʥʷʪʳʤ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ. ʂʘʞʜʘʷ ʩʝʨʠʷ ʦʧʳʪʦʚ ʦʭʚʘʪʳʚʘʝʪ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʊʆ. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʛʨʘʥʠ-

ʯʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢ ʫʩʣʦʚʠʷʤ ʨʘʩʯʸʪʘ ʠʣʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ɺʆ, ʧʨʠʤʝʥʝʥʠʝ ʞʝ ʥʝ ʚʧʦʣʥʝ ʧʦʜʭʦʜʷʱʠʭ ʤʝʪʦʜʠʢ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ 

ʢ ʛʨʫʙʳʤ ʦʰʠʙʢʘʤ. 

ʆʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʆ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʝʷ. ɼʦ ʩʠʭ ʧʦʨ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʤʝ-

ʨʝ ʦʙʤʝʨʟʘʥʠʷ. ɺ ʩʪʘʪʴʝ [32] ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌̃ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝ-

ʨʠʦʜ, ʢʦʪʦʨʳʡ ʜʣʠʪʩʷ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʯʘʩʦʚ, ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʝ ʝʛʦ ʧʦʥʠʞʝʥʠʝ. ɼʨʫʛʠʝ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʣʠʷʶʱʘʷ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠʥʝʷ ʧʨʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʝʷ 

ʚʩʢʦʨʝ ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʜʢʦʡ. ʊʘʢ, ʚ ʩʪʘʪʴʝ [33] ʧʨʠ ʦʙʤʝʨʟʘʥʠʠ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ ʧʦʢʘʟʘʥ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌̃ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦ 30 ʤʠʥʫʪ ʢʘʢ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ, ʪʘʢ ʠ ʪʫʨʙʫʣʝʥʪ-

ʥʦʤ ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʂʊʆ ʦʩʪʘʸʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʠʥʝʷ. ʅʝ ʩʣʫʯʘʡʥʦ ʚ ʨʘʙʦʪʘʭ [2,6] ʢʦʵʬʬʠʮʠʝʥʪ ‌̃ ʥʘʭʦʜʷʪ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ ʩʫʭʦʛʦ ʪʝʧ-

ʣʦʦʙʤʝʥʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʞʠʚʦʤ ʩʝʯʝʥʠʠ ύ̇  ʧʦ ʤʝʨʝ ʦʙʤʝʨʟʘʥʠʷ ɺʆ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʣʝʥ ʮʝʣʳʡ ʨʷʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʝʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺʆ, ʦʙʟʦʨ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʠʩʪʦʯʥʠʢʘʭ [2ʠ ʜʨ.]. ʄʦʜʝʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʠʥʠ-

ʤʘʝʤʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ. ʀʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ, ʩʦʩʨʝʜʦʪʦ-

ʯʝʥʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ. ɺ ʥʠʭ ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʩʪʥʳʝ ʠʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʠʥʝʷ ̉‏, 

ʝʛʦ ʧʣʦʪʥʦʩʪʠ ”̉ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ‗̉, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ, ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʘʢ ʠʣʠ 

ʠʥʘʯʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌̃  ʧʨʠ ʩʫʭʦʡ ʪʝʧʣʦʦʪʜʘʯʝ. ʂʦʥ-

ʢʨʝʪʥʘʷ ʬʦʨʤʫʣʘ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʫʩʤʦʪʨʝʥʠʶ ʘʚʪʦʨʘ ʤʦʜʝʣʠ ʠ ʨʝʜʢʦ ʧʦʚʪʦʨʷʝʪʩʷ ʚ ʜʨʫʛʠʭ ʤʦʜʝ-

ʣʷʭ. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌̃ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʭʦʪʷ ʙʳ ʧʦ ʩʫʭʦʡ ʪʝʧʣʦʦʪʜʘʯʝ ʚ ʪʨʫʙʯʘʪʦ-

ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ. 

 

ʄʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ 

 

ʂʦʥʢʨʝʪʥʳʝ ʬʦʨʤʫʣʳ (ʢʦʨʨʝʣʷʮʠʠ) ʜʣʷ ʨʘʩʯʸʪʘ ʬʘʢʪʦʨʘ ʂʦʣʙʦʨʥʘ Ὦ ʠʣʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ 
ὔό, ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʦʙʦʙʱʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʙʳʯʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʝʨʝʯʥʝʤ ʫʯʠʪʳʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʜʠʘʧʘʟʦʥʦʤ 

ʠʭ ʠʟʤʝʥʝʥʠʷ, ʚʠʜʦʤ ʬʦʨʤʫʣʳ ʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʩʪʝʧʝʥʠ). ʇʨʠʚʝʜʸʤ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʯʘʩʪʦ ʮʠʪʠʨʫʝʤʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ, ʫʯʠʪʳʚʘʷ ʦʯʝʨʝʜ-

ʥʦʩʪʴ ʠʭ ʧʦʷʚʣʝʥʠʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʠʩʚʦʠʤ ʦʙʩʫʞʜʘʝʤʳʤ ʤʝʪʦʜʠʢʘʤ 

ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ, ʫʢʘʟʳʚʘʷ ʬʘʤʠʣʠʶ ʘʚʪʦʨʘ (ʠʣʠ ʧʝʨʚʦʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ), ʛʦʜ ʧʫʙʣʠʢʘʮʠʠ ʠ ʥʦ-

ʤʝʨ ʠʩʪʦʯʥʠʢʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʟʷʪʘ ʤʝʪʦʜʠʢʘ. 

M1. Rich, 1973, [12] ʧʨʦʚʸʣ ʠʩʧʳʪʘʥʠʝ ʯʝʪʳʨʸʭʨʷʜʥʦʛʦ ʊʆ ʩ ʰʘʭʤʘʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʪʨʫʙ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʰʘʛʘ ʨʸʙʝʨ Ὓ̑ = 1,27-8,47 ʤʤ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ɼʠʘʤʝʪʨ 

ʪʨʫʙ Ὠ̓ = 13,3 ʤʤ, ʧʦʧʝʨʝʯʥʳʡ ʠ ʧʨʦʜʦʣʴʥʳʡ ʠʭ ʰʘʛ Ὓ = 31,75 ʤʤ, Ὓ = 27,45 ʤʤ. ʇʦʣʫʯʝʥʘ ʩʣʝ-

ʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ Ὦ ï ʬʘʢʪʦʨʘ: 

                                Ὦ πȟρωυϽὙὩȟ .                                                        (5) 

ɿʜʝʩʴ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʚ ʯʠʩʣʝ ὙὩ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʴʥʳʡ ʰʘʛ ʪʨʫʙ Ὓ.  

M2. Gray u Webb, 1986, [17] ʧʨʝʜʩʪʘʚʠʣʠ ʢʦʨʨʝʣʷʮʠʶ Ὦ ï ʬʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-

ʧʳʪʘʥʠʷ 16 ʢʦʥʬʠʛʫʨʘʮʠʡ ʯʝʪʳʨʸʭʨʷʜʥʳʭ ʊʆ ʧʨʠ ʩʫʭʦʤ ʪʝʧʣʦʦʙʤʝʥʝ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ: 

                 Ὦ πȟρτϽὙὩȟ ὛȾὛ ȟ ὛȾὨ˟ ȟ                                 (6) 
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ʄ3 Kayanasayan, 1994, [13]. ʀʩʩʣʝʜʦʚʘʣ ʪʝʧʣʦʦʪʜʘʯʫ ʚ ʜʝʩʷʪʠ ʯʝʪʳʨʸʭʨʷʜʥʳʭ ʊʆ ʩ ʰʘʭ-

ʤʘʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙ. ɼʠʘʧʘʟʦʥ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: Ὠ˟ ωȟυςρφȟσ ʤʤȟὛ
ςυȟτ τπ ʤʤȟὛ ςς στȟφχ ʤʤȟὛ ςȟςπστȟςπςʤʤ, ‍ ρρȟςψ ςσȟυσ, ʯʠʩʣʦ ὙὩ ρππ

σππππ. ʀʩʩʣʝʜʦʚʘʣʩʷ ʩʫʭʦʡ ʪʝʧʣʦʦʙʤʝʥ ʧʨʠ ʥʘʛʨʝʚʝ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʚʦʟʜʫʭʘ ʩ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘ-
ʪʫʨʦʡ 7 - 19,3 ᴈ. ɺʩʝʛʦ ʧʦʣʫʯʝʥʦ 110 ʟʥʘʯʝʥʠʡ Ὦ -ʬʘʢʪʦʨʘ. ʂʦʨʨʝʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

Ὦ πȟρυϽὙὩȟ ɼ ȟ .                                                      (7) 

M4. Wang C. ʠ ʜʨ. 1996 [14] ʠʩʧʳʪʘʣʠ 15 ʦʙʨʘʟʮʦʚ ʊʆ, ʠʤʝʶʱʠʭ ʜʠʘʤʝʪʨ ʪʨʫʙ ʩ ʚʦʨʦʪʥʠʯ-

ʢʘʤʠ Ὠ˟ ρπȟςσ ʤʤȟὛ ςυȟτ ʤʤȟὛ ςςʤʤ. ɺ ʧʨʦʮʝʩʩʝ ʦʧʳʪʦʚ ʧʦʦʯʝʨʸʜʥʦ ʠʟʤʝʨʷʣʠ ʟʥʘʯʝʥʠʷ 
ʰʘʛʘ ʨʸʙʝʨ Ὓ ρȟχχ σȟςρ̍,̍ ʠʭ ʪʦʣʱʠʥʳ ‏ πȟρσ πȟς̍ȟ̍ ʯʠʩʣʦ ʨʷʜʦʚ ʪʨʫʙ ὔ ς φ. ʇʫ-
ʪʸʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ: 

Ὦ πȟσωτϽὙὩȟ ȾὛ‏ ȟ ϽὛȾὨ˟ ȟ Ͻὔὶȟ .                      (8) 

ʄ5 Karartas ʠ ʜʨ. 1996. [15] ʧʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʷ ʯʝʪʳʨʸʭ ʦʙʨʘʟʮʦʚ ʥʝ ʦʙʤʝʨʟʘʶʱʠʭ ɺʆ ʜʣʷ 

ʙʳʪʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʩʠʩʪʝʤʳ çno-frostè. ʆʥʠ ʧʦʣʫʯʠʣʠ ʢʦʨʨʝʣʷʮʠʶ:  

Ὦ πȟρσψϽὙὩȟ ‍ ȟ ȟ̐ ̑ ̉ ὙὩ σππρπππ ̉ ‍ ρ φȢ                    (9) 

ʄ6. Wang C. ʠ ʜʨ. 1997, [16] ʠʩʧʳʪʘʣʠ ʜʝʚʷʪʴ ɺʆ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʥʘ ʚʩʝʡ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʜʘʥʥʳʝ: Ὠ˟ ρπȟςσ ʤʤ,  Ὓ ςυȟτ ʤʤ,  Ὓ ςςʤʤȟ‏

πȟρσ ʤʤȟὛ ρȟψς σȟςʤʤ,  ὔ ς φ . ɺ ʪʨʫʙʳ ʧʦʜʘʚʘʣʘʩʴ ʚʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ὸ χᴈ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ὡ ρȟυ ρȟχ ʤ/ʩ. ʈʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʩʪʦʨʦʥʝ ʚʦʟʜʫʭʘ: ὸ ςχᴈȠ • πȢυ
πȢωȠ ύ̌ πȟσ τȟυ ʤ/ʩ. ʇʦʣʫʯʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʬʘʢʪʦʨʦʚ ʩʫʭʦʡ (ʷʚʥʦʡ) ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʯʝʪʳʨʸʭʨʷʜ-
ʥʦʤ ɺʆ Ὦ ʠ ɺʆ ʩ ʜʨʫʛʠʤʠ ʯʠʩʣʘʤʠ ʨʷʜʦʚ Ὦȡ  

Ὦ πȟςωχχσϽὙὩȟ ‍ ȟ    ,                                            (10) 

Ὦ πȟτϽὙὩ ȟ ȟ Ͻ ‍ ȟ Ͻὔὶȟ .                                   (11) 

M7. Wang C. u Chang, 1998, [17] ʠʩʩʣʝʜʦʚʘʣʠ ʪʝʧʣʦ-ʤʘʩʩʦʦʙʤʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 11-ʪʠ ʊʆ, 

ʧʷʪʴ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʣʠ ʧʣʦʩʢʠʝ ʘʣʶʤʠʥʠʝʚʳʝ ʨʸʙʨʘ. ʆʮʝʥʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʧʦʢʨʳ-

ʪʠʷ ʧʣʘʩʪʠʥ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʠ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʇɼ). ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʫʭʦʤ ʪʝʧʣʦʦʙ-

ʤʝʥʝ ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʆ. ʀʩʧʦʣʴʟʫʷ ʥʝ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, 

ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʬʦʨʤʫʣʳ ʨʘʩʯʸʪʘ ʬʘʢʪʦʨʘ ʂʦʣʙʦʨʥʘ ʜʣʷ ʯʝʪʳʨʸʭʨʷʜʥʦʛʦ Ὦ ʠ ʤʥʦʛʦʨʷʜʥʦʛʦ 

Ὦ ʊʆ: 

Ὦ πȟσυχϽὙὩȟ ὛȾὛ ȟ ὛȾὨ˟ ȟ  ὛȾὨ˟ ȟ ,                   (12) 

          πȟωωρϽςȟςτϽὙὩȟ Ͻ ȟ ȟ Ͻ Ȣ                     (13) 

M8. Kim N. ʠ ʜʨ. 1999, [18] ʦʙʦʙʱʠʣʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʜʝʚʷʪʠ ʠʩʪʦʯʥʠʢʘʭ ʧʦ ʪʝʧʣʦʦʪʜʘʯʝ 

ʚ 47-ʠ ʊʆ ʩ ʰʘʭʤʘʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʭʚʘʪʳʚʘʶʪ ʜʠʘʧʘʟʦʥ Ὠ˟ χȟσ
ρωȟσ ʤʤ,  Ὓ ςρ υπȟψ ʤʤ,  Ὓ ρςȟχ ττȟτ ʤʤ, ‏ πȟρρπȟτπφ ʤʤ, Ὓ πȟωωψȟυ ʤʤ, ὔὶ

ρ ψ Ȣ ʇʦʣʫʯʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʬʘʢʪʦʨʘ  Ὦ ʜʣʷ ʊʆ ʩ ʯʠʩʣʦʤ ʨʷʜʦʚ ʪʨʫʙ ὔ σȡ  

Ὦ πȟρφσϽὙὩȟ ὛȾὛ ȟ ὛȾὨ˟ ȟ  ὛȾὨ˟ ȟ .                        (14) 

ʇʨʠ ʯʠʩʣʝ ʨʷʜʦʚ ὔȢ ʨʘʚʥʦʤ 1ʠʣʠ 2, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ  

Ὦȟ ὮϽρȟπτσὙὩȟ ὛȾὛ ȟ ὛȾὨ˟ ȟ  ὛȾὨ˟ ȟ Ȣ                  (15) 

ʌʦʨʤʫʣʘ (14) ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ὙὩ υπυςτχπχȟ ʘ ʬʦʨʤʫʣʘ (15) - ʧʨʠ ὙὩ υωρ
ρττσπȢ 

 

M9. Wang C. ʠ ʜʨ. 2000, [19] ʦʙʦʙʱʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʟʘʩʣʫʞʠʚʘʶʱʠʭ 

ʜʦʚʝʨʠʷ ʜʘʥʥʳʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 74 ʊʆ ʩ ʧʘʨʘʤʝʪʨʘʤʠ Ὠ˟
φȟσυ ρσȟσυ ʤʤ,  Ὓ ρχȟχ σρȟχυ ʤʤ,  Ὓ ρςȟτ σςʤʤ, ‏ πȟρρυπȟςʤʤ, Ὓ ρȟςσ

ψȟχ ʤʤ, ὔὶ ρ φȢ ɺʩʝʛʦ ʦʙʨʘʙʦʪʘʥʦ 672ʟʥʘʯʝʥʠʷ Ὦ -ʬʘʢʪʦʨʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ 
ʤʘʩʩʠʚʝ ʧʨʝʦʙʣʘʜʘʣʠ ʜʘʥʥʳʝ ʧʦ ʊʆ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʨʸʙʝʨ. ʄʝʥʝʝ 3% ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʩʷ 

ʢ ʊʆ ʩ ʰʘʛʦʤ Ὓ τ ʤʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʮʠʪʠʨʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ. ʂʦʨʨʝʣʷʮʠʷ ʬʘʢ-

ʪʦʨʘ Ὦ ʧʨʠʚʦʜʠʪʩʷ ʩ ʫʯʸʪʦʤ ʯʠʩʣʘ ʨʷʜʦʚ ὔὶȢ ɽʩʣʠ ὔὶ ρȟ ʪʦ: 

Ὦ πȟρπψϽὙὩȟ ὛȾὛ ὛȾὨ˟ ȟ  ὛȾὨ Ȣ ὛȾὛ  ,         (16) 
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ʛʜʝ ὧρ ρȟω πȟςσÌÎὙὩȟὧς πȟςσφπȟρςφÌÎὙὩ  .                   

ʂʦʛʜʘ ὔ ςȡ  

Ὦ πȟπψφϽὙὩ̒ὔ̒ ὛȾὨ˟ ̒  ὛȾὨ ̒ ὛȾὛ ȟ ,                                (17) 

̄̅ ̆̒σ πȟσφρπȟπτςϽ πȟρυψϽÌÎὔὶ
˟

ȟ

 , 

ὧτ  ρςςτπȟπχφ
ϳ ȟ

, ὧυ πȟπψσπȟπυψϽ   , ὧφ υȟυχσυρȟςρÌÎὙὩȾὔ . 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʚ ʦʙʝʠʭ ʢʦʨʨʝʣʷʮʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʘʤʝʪʨʳ Ὠ˟ ʠ Ὠ. 

ʄ10. Wang C. ʠ ʜʨ. 2000, [21] ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ɺʆ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʜʝʥ-

ʩʘʮʠʠ ʚʣʘʛʠ. ʆʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 31ɺʆ ʩ ʨʘʟʤʝʨʘʤʠ Ὠ˟ χȟυσρπȟστ ʤʤ,  Ὓ
ςρ ςυȟτ ʤʤ,  Ὓ ρςȟτ ςςʤʤ, ‏ πȟρρυπȟρσ ʤʤ, Ὓ ρȟρω σȟςʤʤ, ὔὶ ρ φ. ʉʧʨʘʚʝʜ-

ʣʠʚʘʷ ʜʣʷ ʯʠʩʝʣ ὙὩ σππυπππ ʢʦʨʨʝʣʷʮʠʷ Ὦ -ʬʘʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

Ὦ ρωȟσφϽὙὩϽὔὶȟ ϽὛȾὨ˟ ȟ Ͻ ὛȾὛ ȟ    ,                    (18) 

ʛʜʝ ὥρ πȟσχτυρȟυυτὛȾὨ˟ ȟ ὛȾὛ ȟὔὶȟ . 

ʄ11. Lee T. ʠ ʜʨ. 2002, [22] ʧʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʷ ʪʨʸʭ ɺʆ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʳʪʦʚʳʭ ʤʦʨʦ-

ʟʠʣʴʥʠʢʘʭ/ʭʦʣʦʜʠʣʴʥʠʢʘʭ ʩʠʩʪʝʤʳ ñno-frostò. ʆʜʠʥ ɺʆ ʠʤʝʣ ʩʧʣʦʰʥʳʝ ʧʣʘʩʪʠʥʳ ʥʘ ʢʨʫʛʣʳʭ ʪʨʫ-

ʙʘʭ ʩ ʰʘʭʤʘʪʥʳʤ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ɽʛʦ ʨʘʟʤʝʨʳ: Ὠ˟ χȟω ʤʤ, ὔὶ ρπȟὄ σςπʤʤ, Ὄ
ρωπ ʤʤ, ὒ υπ ʤʤ, Ὂ̎ ρȟπυ ̍ . ʂʊʆ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʙʦʚʦʡ ʩʢʦʨʦʩʪʠ ύ̌, ʘ ʯʠʩ-

ʣʦ ὔ ̏ ̘̓̉̒̌́ ὙὩȢ ʇʨʠ ʵʪʦʤ ὙὩ ςφπυςυȟ ʘ 
   
   υ   χȟχυȢ ʇʦʣʫʯʝʥʘ ʢʦʨʨʝʣʷʮʠʷ: 

ὔ πȟρφςϽὙὩȟȢ                                                  (19) 

ʄ12Mc Quiston 2005 [23] ʆʙʦʙʱʸʥʥʳʝ ʜʘʥʥʳʝ ʦ ʂʊʆ ʚ ʪʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʭ ʊʆ ʘʚʪʦʨʳ 

ʢʥʠʛʠ ʧʨʝʜʩʪʘʚʠʣʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʬʘʢʪʦʨʦʤ Ὦ ʠ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ JP: 

                      ὐὖ ὙὩ ȟ  ̎

 ̓
ȟ ,                                                   (20) 

ʛʜʝ Ὂ ̓- ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʙʝʟ ʨʸʙʝʨ. 

M13 Kim Y. ʠ Kim Y. 2005, [20] ʧʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʷ 22-ʭ ɺʆ ʩ ʙʦʣʴʰʠʤ ʰʘʛʦʤ ʨʸʙʝʨ ʧʨʠ 

ʩʫʭʦʤ ʪʝʧʣʦʦʙʤʝʥʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʊʆ ʩ ʰʘʭʤʘʪʥʳʤ ʠ ʢʦʨʠʜʦʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙ. ʈʘʩʧʦʣʦ-

ʞʝʥʠʝ ʪʨʫʙ ʚ ʧʫʯʢʝ ʫʯʠʪʳʚʘʣʦʩʴ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ Ὠ  ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʨʘʟʤʝʨʘʭ ʪʨʫʙ ʠ ʧʣʘʩʪʠʥ, ʥʦ ʥʝʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʧʝʨʝʯʥʦʛʦ ʰʘʛʘ ʪʨʫʙ Ὓ. ɼʣʷ ʢʦʨʠʜʦʨʥʦʛʦ 
ʧʫʯʢʘ Ὓ ςφ, ʘ ʜʣʷ ʰʘʭʤʘʪʥʦʛʦ Ὓ ρσ. ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʥʝʠʟʤʝʥʥʳʤʠ ʦʩʪʘʚʘʣʠʩʴ ὄ τππ ʤʤ, 
Ὠ= 8 ʤʤ, Ὓ=27 ʤʤ, ὸ̃ σᴈ,  •ρ πȟφ, ὸ σσᴈ. ɺʘʨʴʠʨʫʝʤʳʝ ʚʝʣʠʯʠʥʳ: Ὓ=χȟυȠρπȠρςȟυȠρυ 

ʤʤ, ὔὶ ρȟςȟσȟτȟ̏ ̧̝̜̂̍̎̊ ̖̑́̒̏̅ ̖̃̏̈̅̔́ ὠ πȟψȠρȟρȠρȟτȠρȟχ ̍ Ⱦ̍ ̉ ,̎ ʦʪʢʫʜʘ ύ̌ πȟυτ
ρȟρτ ̍Ⱦὧ.  ʇʫʪʸʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʘ ʢʦʨʨʝʣʷʮʠʷ Ὦ -ʬʘʢʪʦʨʘ: 

Ὦ πȟρχϽὙὩȟ ὔ ȟ ὛȾὨ˟ ȟ Ȣ                                 (21)  

ʆʥʘ ʩʧʨʘʚʝʜʣʠʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ὙὩ φππςπππ.  

ʄ14. Xie G. ʠ ʜʨ. 2009 [24]. ʆʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ ʊʆ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʘʚʪʦʨʳ 

ʩʦʩʪʘʚʠʣʠ 3D-ʤʦʜʝʣʴ ʊʆ ʩ ʰʘʭʤʘʪʥʳʤ ʧʫʯʢʦʤ ʪʨʫʙ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʠʤ ʧʨʦʩʣʝʜʠʪʴ 

ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʧʨʠ ʩʫʭʦʤ ʪʝʧʣʦʦʙʤʝʥʝ. ʇʫʪʸʤ ʨʝʛʨʝʩʩʠʚʥʦ-

ʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʦʥʠ ʧʦʣʫʯʠʣʠ ʢʦʨʨʝʣʷʮʠʶ ʜʣʷ ʯʠʩʣʘ Nu: 

ὔό ρȟυυφϽὙὩȟ ὔὶϽὛȾὨ˟ ȟ ϽὛȾὛ ȟ Ȣ                      (22) 

ɼʠʘʧʘʟʦʥ ʝʸ ʧʨʠʤʝʥʝʥʠʷ: ύ̌ πȟφχτ
̍
ȟὙὩ ρπππφπππȟὨ ρφςπ ʤʤ, Ὓ ς

τ ʤʤ, Ὓ σψ τφ ʤʤ, Ὓ σςσφ ʤʤ. 
ʄ15. Barbosa J. ʠ ʜʨ. 2009, [15] ʧʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʷ ʚʦʩʴʤʠ ɺʆ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʦʣʦʜʠʣʴ-

ʥʠʢʘʭ ñno-frostò. ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʰʘʭʤʘʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʫʙ, ʪʨʫʙʳ ʠ ʨʸʙʨʘ ʘʣʶʤʠʥʠʝʚʳʝ, 

ʦʜʠʥʘʢʦʚʳ ʟʥʘʯʝʥʠʷ Ὠ= 7,9 ʤʤ, Ὓ ςσʤʤ, Ὓ=22ʤʤ, ʰʠʨʠʥʘ ɺʆ ὄ στπ̍̍, ʝʛʦ ʚʳʩʦʪʘ Ὄ
υω̍,̍ ʪʦʣʱʠʥʘ ʨʸʙʝʨ ‏ πȟρςχ ʤʤ. ɺʘʨʴʠʨʦʚʘʣʠʩʴ ʚʝʣʠʯʠʥʳ ὔὶ  τ ρπȟὒ  χτ ɀ ρψω ̍ ȟ̍

ὲ σρ ςφρȟ ʩʪʝʧʝʥʠ ʦʨʝʙʨʝʥʠʷ ‍  ςȟυχ ɀ υȟψς. ʇʫʪʸʤ ʦʙʦʙʱʝʥʠʷ ʚʩʝʭ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ-
ʣʫʯʝʥʘ ʢʦʨʨʝʣʷʮʠʷ: 

Ὦ πȟφωχφϽὙὩȟ ‍ ȟ Ȣ                                                (23) 

ʆʥʘ ʦʭʚʘʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ὙὩ  σςπ ɀ ρςππȟ‍  ςȟφ ɀ υȟψȟὔὶȾς  υ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩ-
ʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ Ὦ - ʬʘʢʪʦʨʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʦʧʳʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝ ʙʦʣʝʝ +- 7%. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʯʸʪʝ Ὦ ï ʬʘʢʪʦʨʘ ʧʦ ʤʝʪʦʜʠʢʘʤ M5 [15], M11[22] ʠ M13 [20] ʧʦʣʫʯʘʶʪʩʷ ʟʘʥʠʞʝʥ-
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ʥʳʝ ʜʦ 40% ʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʄ16. Wang L. ʠ ʜʨ. 2013, [25] ʩʨʘʚʥʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʷʪʠ ʊʆ ʩ ʢʨʫʛʣʳʤʠ ʪʨʫʙʘʤʠ ʠ ʨʘʟʥʳʤ ʪʠʧʦʤ ʦʨʝʙʨʝʥʠʷ. ʊʨʫʙʥʘʷ 

ʯʘʩʪʴ ʚʩʝʭ ʊʆ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ Ὠ  χȟω ʤʤ, Ὓ τςʤʤ, Ὓ στ ʤʤ, ʰʘʭʤʘʪʥʳʡ ʧʫ-
ʯʦʢ. ɺ ʩʣʫʯʘʝ ʊʆ ʩ ʧʣʦʩʢʠʤʠ ʨʸʙʨʘʤʠ ‏ πȟσ ̍ ,̍ Ὓ σȟρ̍Ȣ̍  ɼʣʷ ʪʘʢʦʛʦ ʊʆ ʧʨʠ ὔὶ 

 ρςʧʨʝʜʣʦʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ: 

ὔό πȟπψϽὙὩ ȟȢ                                                          (24) 

ʄ17. Naji Z. ʠ Ibrahim, 2015, [26] ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʠʩʧʳʪʘʥʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʠʩʧʘʨʠʪʝʣʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʧʨʠʣʘʚʢʘ ʦʧʨʝʜʝʣʷʶʪ ʂʊʆ ‌̃ ʧʦ ʬʦʨʤʫʣʘʤ:  

‌̃ πȟρρσ ὙὩȟ ὖὶȾϽ‍ ȟ Ͻ̃ ȟ̐ ̑ ̉ ὙὩ̃ σππρπππȟ‍ σȟτσ υȟως,     (25) 

 ‌̃ πȟρρφ ὙὩȟ ὖὶȾϽ‍ ȟ Ͻ̃    ὙὩ σππρπππȟ‍ ρ υȟωςȢ          (26) 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʬʦʨʤʫʣʘ ʧʦʜʭʦʜʠʪ ʧʨʠ ‍  ρȟστσ, ʘ ʧʨʝʜʳʜʫʱʘʷ 
(25) - ʧʨʠ ‍  σȟτσ. 

ʄ18. MM. Shmidt Th. 1963, [3]: 

   ὔό πȟτυϽὙὩȟ Ͻὖὶ ̎

̓

ȟ   ,                                              (27) 

ʛʜʝ Ὂ̓ ï ʧʣʦʱʘʜʴ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʨʝʙʨʸʥʥʳʭ ʪʨʫʙ. 

ɺ ʯʠʩʣʦ ὙὩ ʚʭʦʜʠʪ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ὰ ὨϽ̎
̓
 . 

ʄ19. HE. Stasiulevicius, 1988 ʠ HEDH, 1987, [3]:  

ὔό Ͻ˞ὙὩ Ͻὖὶ ȟϽ
̓

ȟ Ͻ
̓

ȟ  ,                                  (28) 

ʛʜʝ ό  Ὓ  .ʧʨʦʩʚʝʪ ʤʝʞʜʫ ʨʸʙʨʘʤʠ - ‏

 ˞  πȟρωȟὅρ πȟφυ ʧʨʠ ὙὩ  ρππςππππ 

ὅ  πȟπυȟὅρ πȟψπ ʧʨʠ ὙὩ  ςππππςπππππ 

ʄ20. MI. Mircovic, 1974, [3]: 

 ὔό πȟςςτϽό Ὠ̓ ȟ

̓

ȟ ϽὙὩȟ Ͻὖὶ  Ȣ                             (29) 

ʏʠʩʣʦ ὙὩ ʟʜʝʩʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ὰ
̎

Ͻ̈ Ͻ̋
ȟ ʛʜʝ ὰ̋ ςϽὬ ὛὴȾὛὴ. 

ʄ21. FD. FDBR, 1980, [3]: ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ (27), ʥʦ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ὰ Ὂ̎Ⱦ“Ͻὒ̈ . 

ʄ22. EG. ESCOA, 1979, [3]:  

ὔό πȟςυϽὙὩȟ Ͻὖὶ ̃ ȟ

̑̂ ȟ
ȟ ̓

̓
ϽὅϽὅ  .                        (30) 

ʄ23. WA. WDI Waermeatlas, 1994, [3]: 

 ὔό Ͻ˞ὙὩȟϽὖὶ ̎

 ̓

ȟ  ,                                                  (31) 

ʛʜʝ  ˞  πȟσσ ʧʨʠ ὔὶ  ς; ὅ  πȟσφ ʧʨʠ ὔὶ   σ; ὅ  πȟσψ ʧʨʠ ὔὶ   σ. 
ʄ24. VA. Vampola J. 1966, [3] ʠʩʧʦʣʴʟʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʨʸʙʝʨ Ὠ̑ ̞ ὊϽὛȾς ȟ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʊʆ: 

Ὠ ὊϽὨ̓ ὊϽὨ̑ Ⱦ̞Ὂ̓ Ὂ̑ Ȣ                                          (32) 

ʏʠʩʣʦ ὔό ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʚʫʤ ʬʦʨʤʫʣʘʤ: 

ὔό πȟςυρϽὙὩ ȟϽ ρ ȟϽ ȟ   ,             (33) 

ὔό πȟςυρϽὙὩȟ ȟϽ ρ Ȣ  ,                              (34) 

ʛʜʝ Ὓ Ὓ Ȣ ï ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʪʨʫʙ ʚ ʰʘʭʤʘʪʥʦʤ ʧʫʯʢʝ. 

ɽʩʣʠ Ὓ Ὓ̓ ʧʦʜʭʦʜʠʪ ʬʦʨʤʫʣʘ (33), ʠʥʘʯʝ ʬʦʨʤʫʣʘ (34). 

ʆʙʦʟʥʘʯʝʥʥʳʝ ʜʚʫʤʷ ʙʫʢʚʘʤʠ ʤʝʪʦʜʠʢʠ ʚʟʷʪʳ ʠʟ ʢʥʠʛʠ Frass, 2015, [3]. ɺ ʥʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʊʆ ʩ ʢʨʫʛʣʳʤʠ ʪʨʫʙʘʤʠ ʠ ʰʘʭʤʘʪʥʳʤ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʠʚʦʜʠʪʩʷ ʨʷʜ ʤʝʪʦ-

ʜʠʢ, ʭʦʪʷ ʧʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ ʦ ʜʠʘʧʘʟʦʥʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʳ ʥʝ ʚʩʝʛʜʘ. 
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ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ 

 

ɺʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ ʠ ʥʘʣʠʯʠʷ ʪʨʸʭ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʝʣʠ-

ʯʠʥ. ɼʣʷ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʦʚʧʘʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʥʝʦʙʭʦʜʠ-

ʤʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ Ὦ, ʯʠʩʣʘ ὔό ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌  ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ 

ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʠʭ ʟʥʘʯʝʥʠʷʤ ὔόȟὮ, ‌, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʪʝʧʣʦʦʪʜʘʯʠ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʤʝʪʦʜʠʢʘʤ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʊʆ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʠʩʪʦʯʥʠʢʘʭ ʩ ʦʧʠʩʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʠʢ, ʨʘʩʯʝʪ ʧʦ ʢʘʞʜʦʡ 

ʠʟ ʥʠʭ ʚʳʧʦʣʥʝʥ ʧʦ ʫʩʣʦʚʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʩʜʝʣʘʥʦ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʨʠʛʦʜʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʤʝʪʦʜʠʢ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨ ʂʦʣʙʦʨʥʘ Ὦ 
ʠʣʠ ʯʠʩʣʦ ὔό, ʘ ʚ ʤʝʪʦʜʠʢʝ M17 ï ʂʊʆ ‌̃. ʉ ʫʯʝʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʯʝ-
ʪʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦ-

ʦʪʜʘʯʠ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʠʢ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʯʠʩʣʦ ὔό, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ 
ʯʠʩʣʘ ὙὩ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʤʝʨʦʤ ʚ ʯʠʩʣʝ ὙὩ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʤʝʪʦʜʠʢ ʩʯʠʪʘʝʪʩʷ ʥʘʨʫʞʥʳʡ 

ʜʠʘʤʝʪʨ ʪʨʫʙ Ὠ̓ ʠʣʠ ʚʦʨʦʪʥʠʯʢʦʚ ʥʘ ʥʠʭ. ʂʦʛʜʘ ʤʝʪʦʜʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ Ὠ, ʧʝʨʝʭʦʜ ʦʪ ὙὩ ʠ ὙὩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 

ὙὩ ὙὩϽὨ̓ȾὨ                                                                    (50) 

ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʘʪʴ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʘ ὙὩ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʚʣʠʷʶʱʠʭ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʸʤʢʦʩʪʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʨʘʩʯʝʪʦʚ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ (Ὦȟὔόȟ‌̃) ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʦʩʥʦʚʝ MS Excel ʠ 

ʄʘʢʨʦʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MS Visual Basic. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʨʘʩʯʝʪʘ ʦʥʘ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴ-

ʢʦ ʣʠʩʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʳ. ɼʣʷ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ ʟʘʜʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʨʝʞʠʤ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʊʆ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʚʦʜʷʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢʘʭ. ɼʣʷ ʢʘʞ-

ʜʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ ʢ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ: ʥʘʨʫʞʥʳʡ Ὠ̓ ʠ ʚʥʫʪʨʝʥʥʠʡ Ὠ ʜʠʘʤʝʪʨʳ 

ʪʨʫʙ, ʰʠʨʠʥʘ ὄ, ʚʳʩʦʪʘ Ὄ ʠ ʜʣʠʥʘ ʧʣʘʩʪʠʥ ὒ ʊʆ, ʧʦʧʝʨʝʯʥʳʡ Ὓ ʠ ʧʨʦʜʦʣʴʥʳʡ Ὓ ʘhʛ ʪʨʫʙ, ʪʦʣ-

ʱʠʥʘ ̑‏ ʠ ʰʘʛ Ὓ̑ ʨʝʙʝʨ, ʯʠʩʣʦ ʨʝʙʝʨ ὲ̑ ʠ ʨʷʜʦʚ ʪʨʫʙ ὔὶ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ὸ̃  

ʠ ʚʳʭʦʜʝ ὸ̃  ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʊʆ.  

ɼʣʷ ʚʩʝʛʦ ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ 355 ʩʪʨʦʢ, ʥʘʡʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ὦ̞Ȣ̒ ,̑ ὔό̞Ȣ̒  ̑ʠ ‌̞Ȣ̒ Ȣ̑. 

ʆʥʠ ʩʦʩʪʘʚʠʣʠ Ὦ̞Ȣ̒̑ πȟπρσωψρ; ὔό̞Ȣ̒̑ σπȟππυυ; ‌̞Ȣ̒ Ȣ̑ φςȟςσ ˏȾ̓̍ Ͻ̠ . ʆʧʨʝʜʝʣʝʥʳ ʪʘʢʞʝ 

ʩʨʝʜʥʠʝ ʧʦ ʢʘʞʜʦʡ ʤʝʪʦʜʠʢʝ ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ Ὦ̒ ,̑ ὔό̒ ,̑ ‌̒ Ȣ̑. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦ-

ʝʥʥʳʭ ʬʫʥʢʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʡʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʦʙʩʫʞʜʘʝʤʳʭ 

ʚʝʣʠʯʠʥ: ʉʂʆ, ʜʠʩʧʝʨʩʠʷ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (ɼʀ). 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʯʠʩʝʣ ὔό ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ὔό̞. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʪʦʙʨʘʥʳ ʣʠʰʴ ʤʝʪʦʜʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʪʥʦʰʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝ-

ʥʠʡ ὔόȾὔό̞Ȣ̒  ̑ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,9-1,1. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʦʪʦʙʨʘʥʥʳʭ ʤʝʪʦʜʠʢ 

ʨʘʩʯʸʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʪʝʢʫʱʠʝ ʦʪʥʦʰʝʥʠʷ ὔόȾὔό̞Ȣ  , ʢʦʪʦʨʳʝ ʧʨʠ ʢʘʞʜʦʤ 

ʩʦʯʝʪʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʢ ʝʜʠʥʠʮʝ. 

 ɺ ʪʘʙʣʠʮʝ 2ʧʨʠʚʦʜʷʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʯʠʩʝʣ .Õȟ ʧʦʣʫʯʝʥʥʳʭ ʧʦ 8 ʤʝʪʦʜʠʢʘʤ: ʄ4, 
ʄ8, ʄ10, ʄ14, ʄʄ, ʅɽ, WA, M10&WA. ɺ ʩʪʨʦʢʝ M10&WA ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʤʠ ʧʫʪʸʤ ʦʩʨʝʜʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʧʦ ʤʝʪʦʜʠʢʘʤ ʄ10 ʠ WA. ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ  ὔόȾ
ὔό̞Ȣ   ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʠʞʥʷʷ ʩʪʨʦʢʘ ʪʘʙʣʠ-
ʮʳ ʩʦʜʝʨʞʠʪ ʦʮʝʥʢʠ ʦʧʳʪʥʳʭ ʟʥʘʯʝʥʠʡ ὔό̞. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ ὔό̒,̑ ʧʦʣʫ-

ʯʝʥʥʳʭ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʪʘʢ ʠ ʧʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ὔό̞Ȣ̒  ̑ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʪ ʦʪ ʩʦ-

ʯʝʪʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʥʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʮʝʣʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ.  
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ʈʠʩ. 1. ʆʪʥʦʰʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ὔό ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ὔό̞Ȣ   
 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʝʜʠʥʠʮʝ ʟʥʘʯʝʥʠʷ ὔόȾὔό̞Ȣ̒ ̑ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʤʝʪʦʜʠʢʘʤ ʄ10, M14, 

WA ʠ M10&WA. ʇʦ ʛʠʩʪʦʛʨʘʤʤʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʦʪʥʦʰʝʥʠʡ  ὔόȾὔό̞Ȣ   ʚ ʪʘʙʣʠʮʝ 2ʧʦʢʘʟʘʥʦ, 

ʩʢʦʣʴʢʦ ʪʦʯʝʢ ʠʟ 355 ʚʭʦʜʠʪ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʝ ʠʥʪʝʨʚʘʣʳ. ʅʘʠʙʦʣʴʰʝʝ ʠʭ ʯʠʩʣʦ ʚʭʦʜʠʪ ʧʦ 

M10&WA. ʇʦʩʣʝʜʥʠʝ ʯʝʪʳʨʝ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ. 
ʊʘʙʣʠʮʘ 2 

ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʡ Nu, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 8 ʤʝʪʦʜʠʢʘʤ 

 

 
ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʏʠʩʣʦ ʪʦʯʝʢ ʚ 

ʠʥʪʝʨʚʘʣʘʭ 

 
   ʩʨNu  ʉʂʆ .   /ʩʨ ʵʩʨNu Nu  .( / )i ʵi ʩʨNu Nu  ʉʂʆ ʨʘʟʤʘʭ 0,9-1,1 0,8-1,2 0,7-1,3 

ʄʝʪʦʜʠʢʠ 

M4 25,741 18,377 0,858 0,914 0,32 1,513 87 131 203 

M8 27,263 13,554 0,909 1095 0,419 1,944 125 169 210 

M10 28,773 19,990 0,959 0,984 0,300 1,867 134 200 262 

M14 24,235 10,239 0,808 0,963 0,289 1,675 135 199 246 

MM 23,626 14,327 0,787 0,904 0,337 1,81 100 155 201 

HE 25,806 16,658 0,860 0,945 0,303 1,777 133 187 242 

WA 28,605 17,568 0,953 1060 0,327 2,017 112 186 246 

M10&WA 28,688 18,450 0,956 1,022 0,27 1,86 153 223 279 

ʆʧʳʪʳ 30,006 21,164 
       

 

ʅʝʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʘʢ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ, ʪʘʢ ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟ-

ʥʳʤʠ ʘʚʪʦʨʘʤʠ ʥʘ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʊʆ ʩ ʥʝʩʦʚʧʘʜʘʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʢ 

ʨʘʩʯʝʪʘ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʊʆ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʚʦʜʠʣʘʩʴ ʢ ʩʙʦʨʫ, ʘʥʘʣʠʟʫ ʠ ʦʙʦʙʱʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʦ ʪʝʧʣʦʦʪʜʘʯʝ ʥʘ ʩʪʦʨʦʥʝ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʢʨʫʛʣʳʭ ʪʨʫʙ ʠ ʩʧʣʦʰʥʳʭ ʧʣʦʩʢʠʭ ʨʝʙʝʨ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʠʟ ʟʘ-

ʩʣʫʞʠʚʘʶʱʠʭ ʜʦʚʝʨʠʷ ʠʩʪʦʯʥʠʢʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʟʜʘʥʠʷʭ. 

ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʦ ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʘ ʂʦʣʙʦʨʥʘ Ὦ̞, ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ὔό̞ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥ-

ʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ‌̞ ʦʪʦʙʨʘʥʳ ʣʠʰʴ ʠʟ 20 ʠʩʪʦʯʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʫʶ ʠʥ-
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ʬʦʨʤʘʮʠʶ ʦ ʤʝʪʦʜʠʢʝ ʠ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦʜʭʦʜʷʱʠʤʠ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠʟʥʘʥʳ 355 ʠʭ ʟʥʘʯʝʥʠʷ ʧʨʠ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʥʠ 

ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʊʆ. 

ʈʘʩʩʤʦʪʨʝʥʦ 26 ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ Ὦȟὔόȟ‌, ʤʝʞʜʫ 
ʢʦʪʦʨʳʤʠ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʠʩ-

ʣʘ ὔό. ʈʘʩʯʝʪ ʝʛʦ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʚʩʝʤ ʤʝʪʦʜʠʢʘʤ ʚʦ ʚʩʝʤ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 
ʭʦʪʷ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʦʜʛʦʪʦʚʣʝʥʘ ʜʣʷ ʩʚʦʝʛʦ ʙʦʣʝʝ ʫʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʆʪʥʦʰʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ὔό ʠ 
ʦʧʳʪʥʳʭ ὔό̞ ʧʨʠ ʚʩʝʭ 355 ʩʦʯʝʪʘʥʠʷʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 1,0. ʆʪʥʦʰʝʥʠʷ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ὔό̒̑ὔό̞Ȣ̒̑ϳ  ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,79-1,1ʣʠʰʴ ʧʦ 12ʤʝʪʦʜʠʢʘʤ. ʉʨʝʜʥʠʝ ʟʥʘ-

ʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ  ὔόȾὔό̞Ȣ̒ ̑ʧʦʧʘʣʠ ʚ ʜʠʘʧʘʟʦʥ 0,9-1,1 ʧʦ 8 ʤʝʪʦʜʠʢʘʤ. ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʸʥʥʳʭ 

ʚ ʪʘʙʣʠʮʝ 2ʧʦʢʘʟʘʪʝʣʝʡ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʧʨʠʟʥʘʪʴ ʤʝʪʦʜʠʢʠ ʄ10, ʄ14, WA ʠ M10&WA.  
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The article discusses the features of determining the heat transfer coefficient of tubular-plate heat 

exchangers, taking into account frost formation on the outer surface. Three dimensionless quantities 

characterizing the intensity of heat transfer are described. Methods for calculating heat transfer intensity 

are presented and analyzed. The purpose of the work is to determine reliable methods for calculating the 

required quantities by comparing the calculated data obtained using the methods with experimental data. 

The result of the study is recommendations on the choice of calculation methods or their combinations. 
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ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʤʦʱʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʧʫʩʢʦʤ. 

ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʠʚʦʜ ʦʪ ʥʘʜʝʞʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʟʘʙʨʦʩ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ, ʯʪʦ ʦʙʷʟʳʚʘʝʪ 

ʠʤʝʪʴ ʥʘ ʵʪʦʪ ʩʣʫʯʘʡ 2ʭ- 3-ʭ ʢʨʘʪʥʳʡ ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʝʪʠ. ʀʤʝʝʪʩʷ ʨʷʜ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝ-

ʥʠʡ, ʩʥʠʞʘʶʱʠʭ ʧʦʪʨʝʙʣʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʳʟʳʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɿʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʤʝʞʜʫ 

ʜʚʠʛʘʪʝʣʝʤ ʠ ʧʨʠʚʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʫʬʪ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʝʧʝʥʴʶ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʤʦʤʝʥʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʥ ʘʣʛʦʨʠʪʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʠʜʨʦʤʫʬʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ; ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʤʘʩʣʘ ʚ ʤʫʬʪʝ ʟʘ ʩʯʝʪ ʙʘʣʘʥʩʘ ʦʧʦʨʦʞʥʝʥʠʷ (ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʤʘʩʣʘ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴʥʳʝ ʞʠʢʣʝʨʳ) ʠ ʥʘʧʦʣʥʝʥʠʷ (ʦʪ ʰʝʩʪʝʨʝʥʯʘʪʦʛʦ ʥʘʩʦʩʘ). 

ʊʝʯʝʥʠʝ ʤʘʩʣʘ ʯʝʨʝʟ ʞʠʢʣʝʨʳ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʯʝʪʝ ʩʠʣ ʂʦʨʠʦʣʠʩʘ. ʕʪʘ ʟʘ-

ʜʘʯʘ ʨʝʰʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʝʯʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

ɺɺɽɼɽʅʀɽ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʧʨʠʚʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚ-

ʣʷʝʪʩʷ ʩʘʤʳʤ ʵʢʦʥʦʤʠʯʥʳʤ, ʧʨʦʩʪʳʤ, ʫʜʦʙʥʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ. ʆʜʥʠʤ ʠʟ ʥʝʜʦ-

ʩʪʘʪʢʦʚ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʦʱʥʦʩʪʠ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʝʱʸ ʙʦʣʝʝ ʦʙʦʩʪʨʷʶʪʩʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ. ʉʘʤʳʡ 

ʧʝʨʝʜʦʚʦʡ ʯʘʩʪʦʪʥʳʡ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʢʘ ʦʛʨʘʥʠʯʝʥ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʜʦ 1000 ʢɺʪ. ɼʣʷ ʧʨʠʚʦʜʘ ʧʠʪʘʪʝʣʴʥʳʭ ʥʘʩʦʩʦʚ ʩ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 12000 ʢɺʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʧʘʨʦʪʫʨʙʠʥʥʦʛʦ ʧʨʠʚʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʫʩʢ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʜʣʷ ʤʝʭʘʥʠʟʤʦʚ ʩ ʤʦʱʥʦʩʪʴʶ ʜʦ 12000 ʢɺʪ ʚʳʥʫʞ-

ʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʫʬʪʘ. ʆʙʱʠʡ ʚʠʜ ʧʨʠʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦ-

ʤʫʬʪʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.1. 

 
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʧʨʠʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʤʫʬʪʳ 

 

ɻʠʜʨʦʤʫʬʪʘ ʨʠʩ. 2ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʦʜʥʦʤ ʘʛʨʝʛʘʪʝ ʣʦʧʘʩʪʥʦʛʦ ʥʘʩʦʩʥʦʛʦ 

ʢʦʣʝʩʘ ʥʘ ʚʝʜʫʱʝʤ ʚʘʣʫ ʠ ʪʫʨʙʠʥʥʦʛʦ ʢʦʣʝʩʘ ʥʘ ʚʝʜʦʤʦʤ ʚʘʣʫ. ʏʘʰʢʠ ʛʠʜʨʦʤʫʬʪʳ ʧʦʤʝʱʘʶʪʩʷ ʚ 

ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʞʫʭ, ʧʨʠ ʵʪʦʤ ʨʘʙʦʯʝʝ ʪʝʣʦ (ʤʘʩʣʦ) ʤʝʞʜʫ ʢʦʣʝʩʦʤ ʥʘʩʦʩʘ ʠ ʢʦʣʝʩʦʤ ʪʫʨʙʠʥʳ 

ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʚʠʜʝ ʪʦʨʦʦʙʨʘʟʥʦʛʦ ʚʠʭʨʷ. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʢʨʫʯʝʥʠʷ ʚʠʭʨʷ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 



191 

ʢʦʣʸʩ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ, ʧʝʨʝʜʘʶʱʘʷ ʢʨʫʪʷ-

ʱʠʡ ʤʦʤʝʥʪ. 

ɼʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʢʨʫʯʝʥʠʷ ʚʠʭʨʷ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʨʘʟʥʠʮʫ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

(ʩʢʦʣʴʞʝʥʠʝ), ʢʦʪʦʨʘʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʦʩʪʠʛʘʝʪ 2é 3%. ʇʦʪʝʨʷʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ, ʧʦʵʪʦʤʫ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʞʜʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʠʨʢʫʣʷʮʠʠ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʛʠʜʨʦʤʫʬʪʳ 

 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ 

ʤʫʬʪʳ ʨʘʙʦʯʠʤ ʪʝʣʦʤ. ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʪʙʦʨʘ ʤʘʩʣʘ ʠʟ ʧʦʣʦʩʪʠ ʛʠʜʨʦʤʫʬʪʳ. ʅʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʨʝʘʣʠʟʫʝʤʳʡ ï ʧʨʠ ʧʦʤʦʱʠ ʯʝʨʧʘʢʦʚʦʛʦ ʟʦʥʜʘ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʠʟʳʤʘʪʴ ʨʘʙʦʯʫʶ 

ʞʠʜʢʦʩʪʴ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʨʝʛʫʣʠʨʫʝ-

ʤʦʡ ʤʫʬʪʦʡ.  

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʛʠʜʨʦʤʫʬʪʳ. 

ɺ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʧʦʣʦʞʝʥʦ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʛʠʜʨʦʤʫʬʪʳ, ʩʚʷ-

ʟʳʚʘʶʱʝʝ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ x, ʙʝʟʨʘʟʤʝʨʥʫʶ ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ű ʩʦ 

ʩʢʦʣʴʞʝʥʠʝʤ s ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʰʝʢ 1r , 2r . 
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ʛʜʝ: ɝ ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; 

j ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ; 

s  ï ʩʢʦʣʴʞʝʥʠʝ ʯʘʰʝʢ; 

1r , 2r  ï ʥʘʠʤʝʥʴʰʠʡ ʠ ʥʘʠʙʦʣʴʰʠʡ ʨʘʜʠʫʩʳ ʪʦʨʘ; 

ɼʠʘʤʝʪʨ ʪʦʨʘ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʤ s  ʠ j: 
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ʊʨʝʪʴʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ [2] ʩʚʷʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ z ʩ ʥʘʠʙʦʣʴʰʠʤ ʜʠʘʤʝʪ-

ʨʦʤ ʛʠʜʨʦʤʫʬʪʳ: 
 

= Ö0,2768,65z D                                                                   (3) 
 

ʆʙʦʙʱʝʥʠʝ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʜʨʦʤʫʬʪ ʩ ʥʘʠʙʦʣʴʰʠʤ ʂʇɼ ʚʳʧʦʣʥʝʥʦ ʚ 

[1] ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. ɻʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ.  

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ɝ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ű 

ʧʨʠ ʥʘʠʣʫʯʰʝʤ ʩʦʯʝʪʘʥʠʠ ʯʠʩʣʘ ʣʦʧʘʪʦʢ ʠ ʂʇɼ 

 

ʇʦ ʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ ʧʦʣʫʯʝʥʦ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʟʚʦʣʠʚʰʝʝ ʯʠʩʣʝʥʥʦ ʩʚʷʟʘʪʴ ʦʪ-

ʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ.  
 

j x
p

å õ
Y= Ö = - Ö -æ ö

ç ÷
ln 33,10545 5,99743 ln( ) 5,66628
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(4) 

 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

1. ɿʘʜʘʝʤʩʷ ʩʢʦʣʴʞʝʥʠʝʤ s  ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʚʠʭʨʷ 
1 2

/r r ; 

2. ɿʘʜʘʝʤʩʷ ʨʷʜʦʤ ʩʢʦʨʦʩʪʝʡ j ʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʚʳʯʠʩʣʷʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʪʨʝʥʠʝ; 

3. ʇʦ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (2) ʚʳʯʠʩʣʷʝʤ ʜʠʘʤʝʪʨ ʛʠʜʨʦʤʫʬʪʳ D ; 

4. ʇʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (4) ʚʳʯʠʩʣʷʝʤ ʬʫʥʢʮʠʶ Y  ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ  

p

j

Y= Ö
2

2
z e , ʘ ʧʦ ʬʦʨʤʫʣʝ (3) ʦʧʨʝʜʝʣʷʝʤ 

1
z ; 

ʈʘʩʯʸʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʥʦʩʠʤ ʥʘ ʛʨʘʬʠʢ ʠ ʦʧʨʝʜʝʣʷʝʤ z  ʠ j, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʦʙʝʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ. 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʤʫʬʪʳ. 
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ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʦʣʥʝʥʠʷ ʛʠʜʨʦʤʫʬʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʜʝʨʞʘʥʠʷ ʙʘʣʘʥʩʘ ʧʦʜʘʯʠ 

ʠ ʩʣʠʚʘ ʤʘʩʣʘ ʠʟ ʙʘʨʘʙʘʥʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 5. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʰʝʩʪʝʨʝʥʯʘʪʳʡ ʥʘʩʦʩ ʠ ʧʦʜʘʚʘʪʴ ʤʘʩʣʦ ʜʣʷ 

ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʧʦ ʩʚʝʨʣʝʥʠʷʤ ʚ ʚʝʜʫʱʝʤ ʠ ʚʝʜʦʤʦʤ ʚʘʣʘʭ ʟʘʧʦʣʥʷʪʴ ʛʠʜʨʦʤʫʬʪʫ. ʄʘʩʣʦ 

ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʯʘʰʢʘʤʠ ʛʠʜʨʦʤʫʬʪʳ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʦʩʪʴ ʙʘʨʘʙʘʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʳ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ï ʞʠʢʣʝʨʳ. ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʚ ʢʦʞʫʭʝ ʚ ʨʘʡʦʥʝ ʞʠʢʣʝʨʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ (5). 
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ʇʨʦʮʝʩʩ ʚʳʪʝʢʘʥʠʷ ʯʝʨʝʟ ʞʠʢʣʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʨʘʩʭʦʜʘ: 
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ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʪʝʯʝʥʠʷ Õʦ = 0,6 ʧʨʠʥʷʪ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʠʩʪʝʯʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʠʩʪʝʯʝʥʠʷ ʫʨʦʚʝʥʴ ʤʘʩʣʘ ʚ ʧʦʣʦʩʪʠ ʤʫʬʪʳ ʙʫʜʝʪ ʫʙʳʚʘʪʴ, ʪʦ ʠ ʜʘʚʣʝʥʠʝ 

ʬʦʨʤʠʨʫʶʱʝʝ ʠʩʪʝʯʝʥʠʝ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʤʘʩʣʘ ʥʘʡʜʝʤ ʚʨʝʤʷ ʦʧʦʨʦʞʥʝ-

ʥʠʷ ʤʫʬʪʳ: 
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ʈʠʩ. 5. ʕʩʢʠʟ ʛʠʜʨʦʤʫʬʪʳ ʩʦ ʩʭʝʤʦʡ ʤʘʩʣʷʥʦʡ 

ʩʠʩʪʝʤʳ 

 

ʈʠʩ. 6. 3-D ʤʦʜʝʣʴ ʛʠʜʨʦʤʫʬʪʳ 

 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʦʧʦʨʦʞʥʝʥʠʷ ʤʫʬʪʳ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʝʢʨʘʱʝ-

ʥʠʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʩʣʘ, ʛʠʜʨʦʤʫʬʪʘ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʦʪ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 300 ʩʝʢʫʥʜ. 
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ʈʠʩ 7. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʚ ʛʠʜʨʦʤʫʬʪʝ ʦʪ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ ʤʘʩʣʘ 

 

ɺʘʨʴʠʨʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʞʠʢʣʝʨʦʚ ʠ ʠʭ ʜʠʘʤʝʪʨʦʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʞʝʣʘʝʤʫʶ ʚʨʝʤʝʥ-

ʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʪʝʯʝʥʠʷ ʤʘʩʣʘ ʠʟ ʞʠʢʣʸʨʘ ʧʨʠʥʷʪ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʅʘ ʩʘʤʦʤ 

ʜʝʣʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʪʝʯʝʥʠʷ ʞʠʢʣʸʨ ʠ ʩʪʨʫʷ ʤʘʩʣʘ ʚʨʘʱʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʣʳ 

ʂʦʨʠʦʣʠʩʘ. ɼʣʷ ʫʯʝʪʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʤʦʜʝʣʴ ʤʫʬʪʳ ʚ ʩʠʩʪʝʤʝ 3-ʭ ʤʝʨʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʧʦ ʤʝʪʦʜʠʢʝ [4].  

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʫʬʪʳ ʧʦʩʪʨʦʝʥʘ ʚ CAE-ʩʠʩʪʝʤʝ Comsol Multiphysics. 

ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 8 ʠ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʦʙʦʣʦʯʢʫ ʥʘ ʢʦʨʦʪʢʦʤ ʚʘʣʫ. ʈʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʣʳʡ ʚʘʣ ʩ ʦʙʦʠʭ ʪʦʨʮʦʚ ʠ ʜʘʣʝʝ ʯʝʨʝʟ 

2ʦʪʚʝʨʩʪʠʷ ʚ ʚʘʣʝ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʣʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ, ʛʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʩʠʣ ʧʨʠʞʠʤʘʝʪʩʷ ʨʘʜʠʘʣʴʥʦ ʢ ʦʙʝʯʘʡʢʝ ʠ ʚʳʣʠʚʘʝʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʞʠʢʣʸʨʥʳʝ ʩʣʠʚʥʳʝ 

ʦʪʚʝʨʩʪʠʷ. ɺʳʩʦʪʘ ʫʨʦʚʥʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʝʨʝʜʘʚʘʝʤʳʡ ʢʨʫʪʷ-

ʱʠʡ ʤʦʤʝʥʪ, ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʘʩʭʦʜʦʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʮʠʣʠʥʜʨ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʩʯʝʪʫ: 

ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ 800 ʤʤ; 

ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʘ 240 ʤʤ; 

ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʚʘʣʘ 220 ʤʤ; 

ï ʰʠʨʠʥʘ ʦʙʝʯʘʡʢʠ 222ʤʤ; 

ï ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʧʦʜʚʦʜʘ ʤʘʩʣʘ Å 22ʤʤ, 2ʰʪ; 

ï ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʦʪʚʦʜʘ ʤʘʩʣʘ Å 1ʤʤ, 6 ʰʪ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 3000 ʦʙ/ʤʠʥ; 

ï ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ï ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʝ ʤʘʩʣʦ. 

ʉʚʦʡʩʪʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ 20Áʉ: 

ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ  = 0,8 ʇʘÖʩ; 

ï ʧʣʦʪʥʦʩʪʴ  = 899,5 . 

ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ 

ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʤ ʮʠʣʠʥʜʨʝ (ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ ʧʝʨʝʜʘʚʘʝʤʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ) ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 3000 ʦʙ/ʤʠʥ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ RANS ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ k e- . ʈʝʘʣʠʟʦʚʘʥ ʩʪʘʮʠʦʥʘʨʥʳʡ 
ʨʝʞʠʤ ʩ ʨʝʰʘʪʝʣʝʤ çʟʘʤʦʨʦʞʝʥʥʳʡ ʨʦʪʦʨè ï Frozen Rotor. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ, ʜʘʚ-

ʣʝʥʠʡ ʠ ʜʨ. ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʜʦʤʝʥʝ, ʚʢʣʶʯʘʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʠ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ. 

m

r 3ʢʛ/ʤ
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ʈʠʩ. 8. ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ. 

 

ɺ ʤʦʜʝʣʠ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʠʘʤʝʪʨʦʤ ʮʠʣʠʥʜʨʘ (800 ʤʤ) ʠ ʜʠʘʤʝʪʨʦʤ ʞʠʢʣʸ-

ʨʦʚ ʚʳʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ (1ʤʤ), ʧʦʵʪʦʤʫ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʧʦʩʪʨʦʝʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʛʫʱʝʥʠʝʤ ʚ 

ʦʙʣʘʩʪʠ ʞʠʢʣʝʨʦʚ, ʨʠʩ. 9, 10. 

 

 

 

 

 

ʈʠʩ. 9. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʮʠʣʠʥʜʨʘ ʩʦ ʩʛʫʱʝʥʠʝʤ ʢ 

ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʷʤ 

 

ʈʠʩ. 10. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʫ ʚʳʭʦʜʥʦʛʦ ʞʠʢʣʝʨʘ  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʥʘ ʚʭʦʜʝ ʚ ʛʠʜʨʦʤʫʬʪʫ ʚʦʟʥʠʢʘʝʪ ʜʘʚʣʝʥʠʝ 0,108 

ʙʘʨ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʦʙʝʯʘʡʢʝ ʙʘʨʘʙʘʥʘ 55,3 ʙʘʨ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ, ʨʘʩʩʯʠ-

ʪʘʥʥʳʤ ʧʦ ʬʦʨʤʫʣʝ (5). 
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ʈʠʩ. 11. ʉʢʦʨʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʩʝʢʫʱʝʡ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʞʠʢʣʸʨʘ ʧʦ ʜʠʘʤʝʪʨʫ ʙʘʨʘʙʘʥʘ, ʤ/ʩ. 

 

 
 

ʈʠʩ. 12. ɼʘʚʣʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʩʝʢʫʱʝʡ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʞʠʢʣʸʨʘ ʧʦ ʜʠʘʤʝʪʨʫ ʙʘʨʘʙʘʥʘ, ʙʘʨ 

 

ʈʘʩʭʦʜ ʤʘʩʣʘ ʯʝʨʝʟ ʤʫʬʪʫ ʧʨʠ ʧʦʣʫʯʝʥʥʳʭ ʵʧʶʨʘʭ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 

311,1ʩʤ3/ʩ. ʕʪʦʪ ʨʘʩʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʭʦʜʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʧʦ ʬʦʨʤʫʣʝ (6)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʝʯʝʥʠʝ ʤʘʩʣʘ ʯʝʨʝʟ ʚʨʘʱʘʶʱʠʡʩʷ ʞʠʢʣʸʨ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘ-

ʥʦ ʥʘʣʠʯʠʝʤ ʩʠʣ ʂʦʨʠʦʣʠʩʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʚʳʚʦʜ ʧʦʣʫʯʝʥ ʚ [3] ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʯʝʥʠʷ ʚ 

ʩʦʧʣʦʚʦʤ ʘʧʧʘʨʘʪʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʮʝʥʪʨʠʬʫʛʠ.   

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʇʨʠʚʦʜ ʤʦʱʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʧʣʦʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʘʩʠʥʭʨʦʥ-

ʥʦʛʦ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʯʝʨʝʟ ʛʠʜʨʦʤʫʬʪʫ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʝʸ ʥʘʧʦʣʥʝ-

ʥʠʷ. ʋʨʦʚʝʥʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʛʠʜʨʦʤʫʬʪʳ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʥʥʦʛʦ 
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ʥʘʣʠʚʘ ʦʪ ʥʘʩʦʩʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʣʠʚʘ ʯʝʨʝʟ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʞʠʢʣʝʨʳ. ʇʣʘʚʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʤʫʬʪʳ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ ʟʘ ʩʯʝʪ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ ʞʠʢʣʸʨʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʋʩʢʦʨʝ-

ʥʠʝ ʂʦʨʠʦʣʠʩʘ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʩʪʨʫʶ ʠʟ ʞʠʢʣʸʨʦʚ, ʦʢʘʟʳʚʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʪʝʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʭʦʜ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʫʨʘʚʥʝ-

ʥʠʷʤ ʛʠʜʨʘʚʣʠʢʠ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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METHOD  FOR CALCULATION AND REGULATION OF HYDROMUTIC  

COUPLING TO DRIVE POWERFUL AUXILIARY MECHANISMS.  
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The electric drive of powerful mechanisms has a significant drawback associated with the start-up. The 

most common drive from a reliable asynchronous three-phase electric motor has a significant increase in the 

starting torque and the associated overshoot of the starting current, which obliges you to have a 2x-3x power 

supply in this case. There are a number of engineering solutions that reduce the consumption of inrush current, 

but their use causes electrical losses, which reduces the efficiency of their use. The problem can be solved by 

installing hydraulic clutches with an adjustable degree of transmitted torque between the engine and the drive 

mechanism. In this paper, an algorithm for designing a fluid coupling based on a criterion equation is given; the 

regulation of the oil level in the coupling is considered due to the balance of emptying (constant outflow of oil 

through the throttle jets) and filling (from the gear pump). The flow of oil through the jets is also considered with 

additional consideration of the Coriolis forces. This problem is solved by modeling the flow by the finite element 

method. 
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ʋɼʂ 621.833 

 

ʆʇʓʊ ʈɸɿʈɸɹʆʊʂʀ ʄʋʃʔʊʀʇʃʀʂɸʊʆʈɸ ʂʈʋʊʗʑɽɻʆ ʄʆʄɽʅʊɸ 

ɼʃʗ ɺʓʇʆʃʅɽʅʀʗ ʉɽʈɺʀʉʅʓʍ ʆʇɽʈɸʎʀʁ  

ɻɸɿʆʊʋʈɹʀʅʅʆʁ ʋʉʊɸʅʆɺʂʀ LM 6000 
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3sergej.yurkov@klgtu.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʥʩʧʝʢʮʠʡ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

(ɻʊʋ) ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʩʪʘʚʣʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʦʨʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʜʝʤʦʥʪʘʞʘ ɻʊʋ LM6000. 

ʇʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʠʭ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʢʠ ʥʘ ʟʘʚʦʜʝ-ʠʟʛʦʪʦʚʠʪʝʣʝ. ʇʦʣʫʯʝʥ ʧʨʘʢ-

ʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦ-

ʜʦʣʞʠʪʴ ʜʝʤʦʥʪʘʞ ɻʊʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʨʘʙʦʪ. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʘʚʠʘʮʠʠ ʠ ʵʥʝʨʛʝʪʠʢʝ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʠʢʘ, ʦʥʠ ʪʨʝʙʫʶʪ 

ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʩʘʥʢʮʠʡ ʉʐɸ, ʚʩʪʫʧʠʚʰʠʭ ʚ ʩʠʣʫ 18 ʠʶʥʷ 2023 ʛʦʜʘ ʠ ʟʘʧʨʝʱʘʶʱʠʭ ʘʤʝʨʠ-

ʢʘʥʩʢʠʤ ʢʦʤʧʘʥʠʷʤ ʦʢʘʟʳʚʘʪʴ ʠʥʞʠʥʠʨʠʥʛʦʚʳʝ ʫʩʣʫʛʠ ʚ ʈʦʩʩʠʠ, ʧʨʠʚʝʜʝʪ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʨʝ-

ʤʦʥʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʘʟʦʚʳʭ ʠ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʘʤʝʨʠʢʘʥʩʢʦʡ GE ʠ ʜʨʫʛʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɹʦʣʴʰʠʥʩʪʚʦ ɻʊʋ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʝ 

ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʛʦ ʪʠʧʦʚʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ɻʊʋ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʟʘʚʦʜʘʤ-

ʠʟʛʦʪʦʚʠʪʝʣʷʤ.  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʠʥʩʧʝʢʮʠʡ ɻʊʋ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʙʘʟʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝ-

ʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝ-

ʥʠʝ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʚʦʟʤʦʞʥʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʨʘʙʦʯʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʘʧʨʦʙʘʮʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʜʝʤʦʥʪʘʞʘ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ LM6000 ʩʠʣʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʆʆʆ çɹʕʄè. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

 

LM6000 - ʵʪʦ ʜʚʫʭʚʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ GE (ʨʠʩ. 1). ɺ ʧʨʦʮʝʩʩʝ 

ʜʝʤʦʥʪʘʞʘ ʤʥʦʛʦʚʘʣʴʥʳʭ ɻʊʋ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʪʜʝʣʠʪʴ ʤʦʜʫʣʴ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʳ ʦʪ ʤʦʜʫʣʷ ʛʘ-

ʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʘʣʳ ʵʪʠʭ ʤʦʜʫʣʝʡ ʫʜʝʨʞʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʞʝʩʪʢʦʤ ʟʘʮʝʧʣʝʥʠʠ ʧʝʨʝʭʦʜʥʦʡ 

ʛʘʡʢʦʡ (ʨʠʩ. 2), ʫʩʠʣʠʝ ʟʘʪʷʞʢʠ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʷ 16000 ʅĀʤ. 
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ʈʠʩ. 1. ɼʚʫʭʚʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ LM6000 

 

 
 

ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʘʷ ʛʘʡʢʘ ʚ ʟʘʮʝʧʣʝʥʠʠ 

 

ʆʧʝʨʘʮʠʷ ʧʦ ʠʭ ʜʝʤʦʥʪʘʞʫ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʫʩʠʣʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ - ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʜʝʤʦʥʪʘʞʘ ɻʊʋ, ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʦʝ ʧʝ-

ʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ; ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʚʘʣʘ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʝʨʝʜʘʯʝʡ ʚʳʩʦ-

ʢʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ; ʠʩʧʦʣʥʝʥʠʝ ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʚ ʚʠʜʝ ʰʣʠʮʝʚʦʡ ʚʪʫʣʢʠ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʰʪʘʥʛ, ʧʝʨʝʜʘʶʱʠʭ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ; ʤʘʣʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʫʩʠʣʠʪʝʣʠ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʜʝʤʦʥʪʘʞʘ ɻʊʋ. ʀʟʛʦ-

ʪʦʚʣʝʥʠʝ ʥʘ ʟʘʢʘʟ ʟʘʪʨʫʜʥʝʥʦ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʚ 

ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ GE. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʩʝʨʚʠʩʥʳʭ ʨʘʙʦʪ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦ ʥʘ ʙʘʟʝ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʪʫʨʙʦʤʝʭʘʥʠʯʝʩʢʦ-

ʛʦ ʟʘʚʦʜʘ (ʆʆʆ çʂʊʄɿè). 
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1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

 

1.1ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

 

ʇʝʨʚʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʦʨʘ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʈʘʩʯʝʪ ʤʫʣʴʪʠʧʣʠʢʘ-

ʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʠʣʦʚʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ [1], ʩʦʙʣʶʜʝʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ [2, 3] ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1. ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ; 

2. ʈʘʩʯʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ; 

3. ʇʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ; 

4. ʕʩʢʠʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 

5. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ; 

6. ʇʨʦʚʝʨʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ; 

7. ɺʳʙʦʨ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʩʪʝʤʳ ʩʤʘʟʳʚʘʥʠʷ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʥʘʯʘʣʘ ʨʘʩʯʝʪʘ ʷʚʣʷʣʠʩʴ: 

1. ʊʠʧ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ: ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ; 

2. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ: ʨʠʩ. 3; 

3. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ: n1=727  ʦʙ/ʤʠʥ; 

4. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ: n2=4  ʦʙ/ʤʠʥ; 

5. ʅʦʤʠʥʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ: T =̎16000  ʅĀʤ; 

6. ʄʘʪʝʨʠʘʣ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʚʘʣʦʚ-ʰʝʩʪʝʨʝʥ ʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ: ʉʪʘʣʴ 20ʍ, ʫʣʫʯʰʝʥʠʝ, ʟʘ-

ʢʘʣʢʘ ʊɺʏ. 

 
 

ʈʠʩ. 3. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

1ï ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ; 2ï ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ 

 

ʈʝʟʫʣʴʪʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

 
ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ 

ʆʙʦʟʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ɿʥʘʯʝʥʠʝ 

1.  ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ U - 181,75 

2.  ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʚʘʣʘ n1 ʆʙ/ʤʠʥ 290,7 

3.  ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ n2 ʆʙ/ʤʠʥ 30 

4.  ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ n3 ʆʙ/ʤʠʥ 4 

5.  ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ T1 ʅĀʤ 98,5 

6.  ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʚʘʣʫ T2 ʅĀʤ 1456,99 

7.  ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ T3 ʅĀʤ 16761,49 
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1.2 ʇʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʟʜʝʣʠʷ, ʫʩʣʦʚʠʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʘʙʘʨʠʪʥʳʤ ʨʘʟ-

ʤʝʨʘʤ ʚʳʙʠʨʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʚʝʨʜʦʩʪʴ ʢʦʣʝʩ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʣʷ ʩʠʣʦʚʳʭ 

ʧʝʨʝʜʘʯ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʩʪʘʣʠ. ʇʝʨʝʜʘʯʠ ʩʦ ʩʪʘʣʴʥʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʠʤʝʶʪ ʤʠʥʠ-

ʤʘʣʴʥʫʶ ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ, ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʚʳʰʝ ʪʚʝʨʜʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ, ʢʦʪʦ-

ʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʤʘʨʢʠ ʩʪʘʣʠ ʠ ʚʘʨʠʘʥʪʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [1, ʩ. 11]. 

ʄʘʨʢʘ ʩʪʘʣʠ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʢʦʣʝʩ ʠ ʚʘʣʦʚ: ʉʪʘʣʴ 20ʍ, ʫʣʫʯʰʝʥʠʝ, 

ʟʘʢʘʣʢʘ ʊɺʏ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʢʦʣʝʩ ʠ ʰʝʩʪʝʨʝʥ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 
 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ 

ʆʙʦʟʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ɿʥʘʯʝʥʠʝ 

1.  ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 1ʩʪʫʧʝʥʠ aw1 ʤʤ 112 

2.  ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 2ʩʪʫʧʝʥʠ aw2 ʤʤ 169,5 

3.  ʄʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 1ʩʪʫʧʝʥʠ m - 2 

4.  ʄʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 2ʩʪʫʧʝʥʠ m - 1,5 

5.  ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʘ-ʰʝʩʪʝʨʥʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ d1 ʤʤ 70 

6.  ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ d2 ʤʤ 154 

7.  
ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʘ-ʰʝʩʪʝʨʥʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʩʪʫʧʝʥʠ 

d3 
ʤʤ 51 

8.  ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ d4 ʤʤ 288 

9.  ʂʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʚʘʣʘ-ʰʝʩʪʝʨʥʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ n1 - 35 

10.  ʂʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ n2 - 77 

11.  
ʂʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʚʘʣʘ-ʰʝʩʪʝʨʥʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʫ-

ʧʝʥʠ 

n3 
- 34 

12.  ʂʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ n4 - 192 

13.  
ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ 

ʚʘʣʦʚ 

[ů]H1 
ʄʇʘ 1300,38 

14.  
ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

[ů]H2 
ʄʇʘ 2049,33 

15.  
ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʟʛʠʙ ʜʣʷ 

ʚʘʣʦʚ 

[ů]F1 
ʄʇʘ 292,67 

16.  
ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʟʛʠʙ ʜʣʷ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

[ů]F2 
ʄʇʘ 396,35 

17.  ʊʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʦʚ - HRC 45õ48 

18.  ʊʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ - HRC 56õ63 

 

1.3 ʕʩʢʠʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. 

ʅʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʪʘʣʝʡ ʧʝʨʝʜʘʯʠ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʚʳʙʠʨʘʶʪʩʷ ʪʠʧʳ ʧʦʜʰʠʧʥʠʢʦʚ ʠ 

ʩʭʝʤʳ ʠʭ ʫʩʪʘʥʦʚʢʠ [1, ʩ. 42]. ʏʝʨʪʝʞ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʩ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʝʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ʏʝʨʪʝʞ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

1ï ʚʘʣ-ʰʝʩʪʝʨʥʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ; 2ï ʢʦʣʝʩʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ; 3 ï ʚʘʣ-ʰʝʩʪʝʨʥʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʫʧʝʥʠ;  

4 ï ʢʦʣʝʩʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ; 5 ï ʚʪʫʣʢʘ ʰʣʠʮʝʚʘʷ 

 

ʂʦʨʧʫʩ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʠʤʝʝʪ ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʲʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʣʝʛʢʫʶ ʫʩʪʘ-

ʥʦʚʢʫ ʚʘʣʦʚ ʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʨʝʧʣʝʥʠʝʤ ʢʨʳʰʝʢ ʢʦʨʧʫʩʘ ʚʠʥʪʘʤʠ (ʨʠʩ. 5). ɼʣʷ 

ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʩʠʩʪʝʥʪʥʘʷ ʩʤʘʟʢʘ  
 

 
ʈʠʩ. 5. ʉʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

1ï ʢʦʨʧʫʩ ʢʨʳʰʢʘ; 2ï ʢʦʨʧʫʩ ʣʦʞʝ; 3 ï ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ; 4 ï ʧʨʠʣʠʚ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʡ;  

5 ï ʫʧʣʦʪʥʠʪʝʣʴʥʦʝ ʢʦʣʴʮʦ; 6 ï ʢʨʳʰʢʘ ʟʘʢʣʘʜʥʘʷ; 7 ï ʢʨʳʰʢʘ ʟʘʢʣʘʜʥʘʷ ʧʨʦʭʦʜʥʘʷ; 8 ï ʜʠʩʢ ʫʧʦʨʥʳʡ;  

9 ï ʜʠʩʢ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 
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ɺʝʜʦʤʳʡ ʚʘʣ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʰʣʠʮʝʚʦʡ ʚʪʫʣʢʠ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʘʚʣʷʝʪʩʷ 

ʰʪʘʥʛʘ-ʢʣʶʯ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʫʩʠʣʠʷ ʥʘ ʧʝʨʝʭʦʜʥʫʶ ʛʘʡʢʫ. ʇʨʠʚʦʜ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ MXT-5, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ 

ʥʘ ʚʝʜʫʱʠʡ ʚʘʣ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩʚʳʰʝ 7000 ʅĀʤ. ɺʘʨʠʘʥʪ ʫʩʪʘʥʦʚʢʠ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʦʨʘ ʥʘ ʪʨʘʚʝʨʩʝ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 6. 

 

 
 

ʈʠʩ. 6. ʇʨʠʤʝʨ ʫʩʪʘʥʦʚʢʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʥʘ ʪʨʘʚʝʨʩʫ 

 

1.4 ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ï ʠʟʛʦʪʦʚʣʝʥʠʝ, ʩʙʦʨʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. ɺʩʝ ʨʘʙʦʪʳ ʩʙʦʨʦʯʥʦʡ ʩʪʘʜʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ "ʂʊʄɿ", ʧʦʩʣʝ ʯʝʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ʙʳʣ ʜʦʩʪʘʚʣʝʥ ʥʘ ʨʝʤʦʥʪʥʫʶ ʙʘʟʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʨʘʚʝʨʩʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ LM6000 (ʨʠʩ. 7). 

 

 
 

ʈʠʩ. 7. ʄʫʣʴʪʠʧʣʠʢʘʪʦʨ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʪʨʘʚʝʨʩʝ 
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ʈʘʙʦʯʠʡ ʧʝʨʩʦʥʘʣ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 16000 ʅĀʤ 

ʦʪʚʠʥʯʠʚʘʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʛʘʡʢʠ ʥʝ ʜʦʙʠʣʩʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʦʩʪʝʧʝʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʥʝʚʤʦʧʨʠʚʦʜʝ. ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ 19000 ʅĀʤ ʧʨʦʠʟʦʰʝʣ ʩʨʝʟ ʪʨʝʭ 

ʟʫʙʴʝʚ ʚ ʤʝʩʪʝ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʘʣʘ ʰʝʩʪʝʨʥʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʫʧʝʥʠ ʠ 

ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ (ʨʠʩ. 8), ʦʪʚʠʥʯʠʚʘʥʠʷ ʛʘʡʢʠ ʜʦʩʪʠʛʥʫʪʦ ʥʝ ʙʳʣʦ. 

 

 
 

ʈʠʩ. 8. ʉʨʝʟʘʥʥʳʝ ʟʫʙʴʷ ʢʦʣʝʩʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

 

 ʇʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩʪʘʣʴ 20ʍ, ʧʦ ʩʦʩʪʘʚʫ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʵʣʝʤʝʥʪʦʚ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʩʪʘʣʴʶ 8, ʯʪʦ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʶ ʢ ʢʘʯʝʩʪʚʫ ʤʘʪʝʨʠʘʣʘ, ʟʘʣʦʞʝʥʥʦʤʫ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʫʣʴ-

ʪʠʧʣʠʢʘʪʦʨʘ. ɺʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʧʦ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʟʜʝʣʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘ-

ʪʝʨʠʘʣʘ ʩʪʘʣʴ 40ʍ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʜʦ 

20000 ʅĀʤ, ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʛʘʡʢʠ. 

 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

 

2.1ʇʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ 

 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʧʦ ʩʭʝʤʝ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʥʦʤʠʥʘʣʴʥʳʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʥʘ 

ʚʳʭʦʜʥʦʤ ʚʘʣʫ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ [3, 4]. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʷʚʣʷʣʠʩʴ: 

1. ʊʠʧ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ: ʧʣʘʥʝʪʘʨʥʳʡ, ʦʜʥʦʨʷʜʥʳʡ; 

2. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ: ʨʠʩ. 9; 

3. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ: n2=5  ʦʙ/ʤʠʥ; 

4. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ: T1=5334  ʅĀʤ; 

5. ʂʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ: 

- ʩʦʣʥʝʯʥʦʡ ʰʝʩʪʝʨʥʠ z1=32 ;  

- ʩʘʪʝʣʣʠʪʦʚ z2=28 ; 

- ʢʦʨʦʥʥʦʡ ʰʝʩʪʝʨʥʠ z3=88 ; 

6. ʂʦʣʠʯʝʩʪʚʦ ʩʘʪʝʣʣʠʪʦʚ: =̠4 ; 

7. ʐʠʨʠʥʘ ʰʝʩʪʝʨʥʠ b=80  ʤʤ; 

8. ʄʘʪʝʨʠʘʣ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ: ʉʪʘʣʴ 40ʍ, ʫʣʫʯʰʝʥʠʝ, ʟʘʢʘʣʢʘ. 
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ʈʠʩ. 9. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʜʥʦʨʷʜʥʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

1ï ʩʦʣʥʝʯʥʘʷ ʰʝʩʪʝʨʥʷ; 2ï ʩʘʪʝʣʣʠʪ; 3 ï ʢʦʨʦʥʥʘʷ ʰʝʩʪʝʨʥʷ; 4 ï ʚʦʜʠʣʦ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3. 

 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

 
ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ 

ʆʙʦʟʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ɿʥʘʯʝʥʠʝ 

1.  ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ U - 3,75 

2.  ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ T2 ʅĀʤ 20002,5 

3.  ʄʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ m - 3,5 

4.  ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʦʣʥʝʯʥʦʡ ʰʝʩʪʝʨʥʠ d1 ʤʤ 112 

5.  ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʘʪʝʣʣʠʪʘ d2 ʤʤ 98 

6.  ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʨʦʥʥʦʡ ʰʝʩʪʝʨʥʠ d3 ʤʤ 308 

7.  
ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

[ů]H 
ʄʇʘ 1181,82 

8.  
ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʟʛʠʙ ʟʫʙʯʘ-

ʪʳʭ ʢʦʣʝʩ 

[ů]F 
ʄʇʘ 257,32 

9.  ʊʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ - HRC 50õ55 

 

2.2 ʕʩʢʠʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ  

 

ʅʘ ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ 3D ʤʦʜʝʣʴ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

(ʨʠʩ. 10), ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 11. 

 

 
 

ʈʠʩ. 10. 3D ʤʦʜʝʣʴ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 
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ʈʠʩ. 11. ʉʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

1ï ʚʦʜʠʣʦ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʘʪʝʣʣʠʪʘʤʠ ʠ ʩʦʣʥʮʝʤ; 2ï ʧʣʘʩʪʠʥʘ ʤʦʥʪʘʞʥʘʷ;  

3 ï ʢʦʨʧʫʩ ʢʨʳʰʢʘ ʚʳʭʦʜʥʦʡ; 4 ï ʢʦʨʦʥʥʘʷ ʰʝʩʪʝʨʥʷ; 5 ï ʢʦʨʧʫʩ ʢʨʳʰʢʘ ʚʭʦʜʥʦʡ;  

6 ï ʢʨʳʰʢʘ ʪʦʨʮʝʚʘʷ ʧʨʦʭʦʜʥʘʷ; 7 ï ʤʫʬʪʘ; 8 ï ʫʧʦʨ ʧʥʝʚʤʦʧʨʠʚʦʜʘ 

 

2.3 ʇʨʦʚʝʨʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ 

 

ʀʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ, ʚʦʜʠʣʦ ʧʣʘʥʝʪʘʨʥʦʡ 

ʧʝʨʝʜʘʯʠ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʨʘʟʙʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʘʪʝʨʠʘʣ ʚʦʜʠʣʘ ʩʪʘʣʴ 40ʍ, ʪʚʝʨʜʦʩʪʴ 45õ50 

HRC, ʜʦʧʫʩʢʘʝʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʟʛʠʙ [ʎ]F=450  ʄʇʘ. ʇʨʦʚʝʨʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚʦ-

ʜʠʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ CAE-ʩʠʩʪʝʤʝ Comsol Multiphysics 6.1, ʭʦʜ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 12-14.  

 

ʘ) ʙ) 
 

ʈʠʩ. 12. ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʠ ʢ ʨʘʩʯʝʪʫ 

ʘ) ʬʠʢʩʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʡ, ʙ) ʧʨʠʣʦʞʝʥʠʝ ʢ ʧʣʦʩʢʦʩʪʠ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʊ=24000 ʅĀʤ 
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ʈʠʩ. 13. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʦʜʠʣʘ 

 

 
 

ʈʠʩ. 14. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚʦʜʠʣʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʤʝʥʝʝ 0,5 ʤʤ, ʯʪʦ ʜʦʧʫʩʪʠ-

ʤʦ ʜʣʷ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʎF  ʚ 

ʚʦʜʠʣʝ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʎF<[ʎ]F=393<450 ʄʇʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ ʚʦʜʠʣʘ ʩʦʙʣʶʜʝʥʳ. 

 

2.4 ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ, ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʜʦ-

ʧʫʩʢʝ ʠʟʜʝʣʠʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ (ʨʠʩ. 15). 
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ʈʠʩ. 15. ʇʣʘʥʝʪʘʨʥʳʡ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ 

 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʙʦʨʢʠ, ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʪʨʘʚʝʨʩʫ ʪʫʨʙʠʥʳ ʜʣʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ 20000 ʅĀʤ, ʧʝʨʝ-

ʭʦʜʥʘʷ ʛʘʡʢʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʚʳʚʠʥʯʝʥʘ ʠʟ ʨʦʪʦʨʘ ʪʫʨʙʠʥʳ ʢʦʤʧʨʝʩʩʦʨʘ (ʨʠʩ. 16). ɼʝʬʝʢʪʳ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʥʝ ʜʦʧʫʱʝʥʳ.  

 

  
 

ʈʠʩ. 16. ʆʪʚʠʥʯʝʥʥʘʷ ʧʝʨʝʭʦʜʥʘʷ ʛʘʡʢʘ 

 

ɺʳʚʦʜʳ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʜʣʷ ʨʝʤʦʥʪʘ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝ-

ʤʦʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʨʦʚʝʜʝʥʠʝ. 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʢʦʧʣʝʥ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʦʜʥʦʨʷʜʥʦʛʦ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʘʞʥʦʩʪʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʙʣʶʜʝʥʠʷ ʨʘʩʯʝʪʥʳʭ 

ʥʘʛʨʫʟʦʢ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʳ ʩ ʧʦʩʪʦʷʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʨʝʘʣʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʨʝ-

ʤʦʥʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʘʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʨʘʟʤʝʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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The urgent problem of inspections of gas turbine units (GTU) of foreign production is considered. 

The practical problem of designing a torque multiplier necessary for dismantling operations of GTU 

LM6000 is posed. The result of calculations of cylindrical and planetary multipliers, as well as their pre-

liminary design, construction and assembly at the manufacturing plant is presented. A practical result is 

obtained in the form of successful operation of planetary multiplier, allowing to continue GTU disman-

tling in accordance with the work plan. 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʫʩʠʣʠʷ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦ-

ʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ. 

 

ʂʦʤʧʘʥʠʝʡ ʆʆʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʪʫʨʙʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜè (ʆʆʆ çʂʊʄɿè) ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʫʩʧʝʰʥʳʭ ʠʩʧʳʪʘʥʠʡ ʟʘʧʫʩʢʘʶʪʩʷ ʚ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʣʷ ʮʝʥʪʨʦ-

ʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʚʦʜʫ ʠ ʥʝ ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʝ ʞʠʜʢʦʩʪʠ (ʪʠʧʘ ʎʅɺ), ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʫʥʠʢʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʫʩʠʣʠʷ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

  



210 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ, ʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [1]. ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘ-

ʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ: 

 - ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʧʫʪʝʡ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘ-

ʯʝʥʠʡ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʠʭ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ;  

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘ-

ʜʘʥʠʷ (ʊɿ) ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ;  

- ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

 

ʆʙʲʝʢʪ ʠʩʧʳʪʘʥʠʡ 

 

ɺ ʀʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʥʪʨʦ-

ʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʥʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çʂʊʄɿè ʧʨʦʚʦʜʷʪʩʷ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʪʦʨʮʝʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʫʩʠʣʠʷ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩʧʨʦʝʢʪʠ-

ʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ï ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ ʢʦʥʮʝʚʳʭ ʦʧʦʨ ʠ ʫʧʣʦʪ-

ʥʝʥʠʡ (ʉʂʆʋ).  

ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʉʂʆʋ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʉʂʆʋ ï 1993ʭ1060ʭ1315 ʤʤ (ʜʣʠʥʘ ʭ ʰʠʨʠʥʘ ʭ ʚʳʩʦʪʘ). ʄʘʩʩʘ ʉʂʆʋ ʩʦʩʪʘʚʣʷʝʪ 480 ʢʛ. 

ʅʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʳʪʳʚʘʶʪʩʷ ʜʚʘ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʷ (ʜʚʘ ʦʜ-

ʥʦʩʪʫʧʝʥʯʘʪʳʭ ʦʜʠʥʘʨʥʳʭ ʠʣʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʦʜʠʥʘʨʥʦʝ ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʜʚʦʡʥʦʝ) ʠ ʜʚʘ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʘ ʩ ʩʠʩʪʝʤʦʡ ʩʤʘʟʢʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʢʦʤʧʣʝʢʪ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ 

ʪʠʧʦʨʘʟʤʝʨʘ.  

ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʥʘ ʠʩʧʳʪʘʥʠʷ ʚ ʩʣʝʜʫʶʱʝʡ ʢʦʤ-

ʧʣʝʢʪʥʦʩʪʠ (ʩʤ. ʨʠʩ. 2): ʧʨʫʞʠʥʘ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 1; ʥʝʚʨʘʱʘʶʱʘʷʩʷ ʚʪʫʣʢʘ ʪʦʨʮʝʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʣʴʮʦʤ ʧʘʨʳ ʪʨʝʥʠʷ 2; ʚʨʘʱʘʶʱʘʷʩʷ ʚʪʫʣʢʘ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʣʴʮʦʤ ʧʘʨʳ ʪʨʝʥʠʷ 3; ʚʪʫʣʢʘ ʨʝʛʫʣʠʨʦʚʦʯʥʘʷ ʨʝʟʴʙʦʚʘʷ 4; ʢʦʨʧʫʩ ʪʦʨʮʝʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ 5; ʢʦʣʴʮʘ ʨʝʟʠʥʦʚʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ 6; ʚʠʥʪ ʬʠʢʩʠʨʫʶʱʠʡ 7. 

ʉʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʊʘʤ ʞʝ ʧʨʠʚʝʜʝʥʳ ʝʛʦ ʦʩ-

ʥʦʚʥʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʜʣʷ ʩʫʤʤʘʨʥʦʛʦ ʫʩʠʣʠʷ Fʢʦʥʪ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ 

ʢʦʥʪʘʢʪʥʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ [1,2,3]: 

 

Ὂ̋̏̎̓Ὂ̐̑ Ὂ̎́̄̑Ὂ̅Ȣ̈ Ὂ̔̐ ̌     (1) 

 

ʛʜʝ Ὂ̐  ̑ï ʫʩʠʣʠʝ ʧʨʫʞʠʥʳ, ʅ; Ὂ̎́̄̑ ï ʫʩʠʣʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʅ; Ὂ̅Ȣ̈ ï ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʚ 

ʟʘʟʦʨʝ, ʅ; Ὂ̔̐ ̌ï ʩʠʣʘ ʪʨʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʅ. 

 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʉʂʆʋ 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʩʠʣʘ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ 1ʙʳʣʘ ʙʦʣʴʰʝ ʩʫʤʤʳ ʩʠʣ, ʩʪʨʝʤʷʱʠʭʩʷ ʨʘʩʢʨʳʪʴ ʩʪʳʢ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦ-
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ʣʝʮ, Ὂ̋̏̎ȟ̓Ὂ̎́̄ ̑̉ Ὂ̅Ȣ̈. ʊʦ ʝʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʧʣʦʪʥʝʥʠʠ ʪʦʣʴʢʦ ʩʠʣʘ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ ʚʣʠʷʝʪ 

ʥʘ ʚʝʣʠʯʠʥʫ ʫʪʝʯʢʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʀ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʫʪʝʯʢʠ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʧʦʪʝʨʷʤʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʚ 

ʪʦʨʮʝʚʦʤ ʫʧʣʦʪʥʝʥʠʠ Nʪʨ.ʪʫ.  

 

 
 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ  

ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʈʠʩ. 3. ʉʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ  

ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ  

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʦʩʥʦʚʥʳʝ ʜʝʪʘʣʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʜʦ 

ʩʙʦʨʢʠ. 

 

     
 

ʈʠʩ. 4. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʜʝʪʘʣʠ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ  

 

ʇʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ  

 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ [4] ʨʘʟʨʘʙʦʪʘʥʘ çʇʨʦ-

ʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʢʦʥʮʝʚʳʭ ʦʧʦʨ ʠ ʫʧʣʦʪʥʝʥʠʡ ʥʘʩʦʩʦʚè, ʚʢʣʶʯʘʶʱʘʷ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʠ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ;  

- ʦʮʝʥʢʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; 

- ʦʮʝʥʢʫ ʠʟʥʦʩʘ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʫʪʝʯʢʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʠʩʧʳʪʘʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʨʦʚʝʨʢʠ ʢʦʤʧʣʝʢʪʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠʩʧʳ-

ʪʘʥʠʡ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɼʘʣʝʝ ʜʣʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʚʠʟʫʘʣʴʥʳʡ 

ʦʩʤʦʪʨ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ, ʠʟʤʝʨʝʥʠʝ ʠʭ ʪʦʣʱʠʥʳ, ʘ ʪʘʢʞʝ ʚʟʚʝʰʠʚʘʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ʠ 

ʥʝʚʨʘʱʘʶʱʝʡʩʷ ʚʪʫʣʦʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʧʘʨʳ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʠʟʥʦʩʘ ʢʦʥʪʘʢʪʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʥʦʩʷʪʩʷ ʚ ʇʨʦʪʦʢʦʣ ʦʮʝʥʢʠ ʠʟʥʦʩʘ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ ʪʦʨʮʝʚʳʭ 

ʫʧʣʦʪʥʝʥʠʡ. ʇʦʩʣʝʜʫʶʱʠʝ ʦʩʤʦʪʨʳ, ʠʟʤʝʨʝʥʠʷ ʠ ʚʟʚʝʰʠʚʘʥʠʷ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʣʝ ʢʘʞʜʦ-

ʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 10 ʯʘʩʦʚ ʨʘʙʦʪʳ. ʀʩʧʳ-

ʪʘʥʠʷ ʩʯʠʪʘʶʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ, ʝʩʣʠ ʩʫʤʤʘʨʥʳʡ ʠʟʥʦʩ ʫʧʣʦʪʥʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1% ʧʦ ʤʘʩʩʝ ʟʘ 1000 ʯʘʩʦʚ ʨʘʙʦʪʳ [4]. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʣʝʢʪʘ ʠʟʜʝʣʠʡ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣ-

ʥʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʧʨʫʞʠʥ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʝʚʘʷ ʜʝ-

ʬʦʨʤʘʮʠʷ ʧʨʫʞʠʥʳ (ʤʤ) ʠ ʥʘʛʨʫʟʢʘ ʩʞʘʪʠʷ (ʅ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʞʠʤ-

ʥʦʡ ʛʘʡʢʠ 4 (ʨʠʩ. 2). 

ʇʦʩʣʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʥʘʯʠʥʘʶʪʩʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʦʧʨʝ-

ʜʝʣʝʥʠʶ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ ʧʦʜʰʠʧ-

ʥʠʢʦʚʳʭ ʫʟʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ. ʆʥʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʚʘʣʫ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʚʨʘʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʪʨʝʥʠʷ.  

ʀʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ: 

- ʠʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ Nʵʣ 0, ɺʪ; 

- ʠʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʚʘʣʦʤ ʚ ʧʦʜʰʠʧʥʠʢʘʭ Nʵʣ 1, ɺʪ. 

ɼʣʷ ʵʪʦʛʦ ʥʘ ʚʘʣʫ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʫʟʣʳ;  

- ʠʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʚʘʣʦʤ ʧʦʩʣʝ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʟʘʧʦʣʥʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ Nʵʣ 2, ɺʪ.  

ʇʦʪʨʝʙʣʷʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʤʫʣʴʪʠʤʝʪʨʦʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʤʝʥʝʝ 

ʪʨʝʭ ʟʘʤʝʨʦʚ. ɺʩʝ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʥʦʩʷʪʩʷ ʚ ʇʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ. 

ʄʦʱʥʦʩʪʴ ʪʨʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ ʬʦʨʤʫʣʝ (2), 

ʤʦʱʥʦʩʪʴ ʪʨʝʥʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ï ʧʦ ʬʦʨʤʫʣʝ (3). 

 

Nʧʦʜʰ. = Nʵʣ 1ï Nʵʣ 0, ɺʪ      (2) 

Nʪʨ.ʪʫ = Nʵʣ 2ï Nʧʦʜʰ. ï Nʵʣ 0, ɺʪ     (3) 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʪʝʯʢʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ ʪʦʨʮʝʚʳʭ 

ʫʧʣʦʪʥʝʥʠʡ ʠ ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʪʘʧʘ: 

- ʠʩʧʳʪʘʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ 

ʩʞʘʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʧʨʫʞʠʥʳ; 

- ʠʩʧʳʪʘʥʠʝ ʧʨʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʩʞʘ-

ʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʧʨʫʞʠʥʳ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺʝʣʠʯʠʥʘ ʩʞʘʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʧʨʫʞʠʥʳ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɼʘʚʣʝʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦ-

ʚʳʰʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʣʷ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʪʘ ʪʦʨʮʝʚʳʭ 

ʫʧʣʦʪʥʝʥʠʡ ʟʥʘʯʝʥʠʷ. ɺʪʦʨʦʡ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʩʞʘʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʧʨʫʞʠʥʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʝ-

ʣʠʯʠʥʳ ʜʦ ʟʥʘʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʧʫʩʪʠʤʫʶ ʫʪʝʯʢʫ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʦʨʮʝʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0,25 ʄʇʘ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ï 0,18 

ʄʇʘ. 

ʋʪʝʯʢʘ ʯʝʨʝʟ ʪʦʨʮʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʥʝ ʤʝʥʝʝ 6 ʰʘʛʘʭ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʣʠ ʧʦʚʳʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʞʘʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʧʨʫʞʠʥʳ ʩ ʚʳʜʝʨʞʢʦʡ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʥʝ ʤʝʥʝʝ 10 ʤʠʥʫʪ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʬʠʢʩʠʨʫʶʪʩʷ: ʠʟʙʳ-
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ʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʨ, ʄʇʘ ʠʣʠ ʚʝʣʠʯʠʥʘ ʩʞʘʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʧʨʫʞʠʥ, 

ʅ; ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ t, Áʉ; ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴ Nɻ ʣ 2, ɺʪ; ʚʨʝʤʷ ʥʘʧʦʣʥʝʥʠʷ 

ʤʝʨʥʦʡ ʝʤʢʦʩʪʠ ˉ1Ű1, ʩ ʠ ʤʝʨʥʦʡ ʝʤʢʦʩʪʠ ˉ2Ű2, ʩ; ʦʙʲʝʤ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʞʜʦʡ ʠʟ 

ʝʤʢʦʩʪʝʡ V1ʠ V2, ʩʤ
3. ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʥʦʩʷʪʩʷ ʚ ʇʨʦʪʦʢʦʣ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝ-

ʜʝʣʝʥʠʶ ʫʪʝʯʢʠ ʯʝʨʝʟ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʫʪʝʯʢʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʞʜʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʠ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ, ʩʪʨʦʷʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʪʝʯʢʠ ʠ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ 

ʪʨʝʥʠʝ ʦʪ ʜʘʚʣʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʞʘʪʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʧʨʫʞʠʥ, ʘ 

ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʷ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ ʧʝʨʝʜ ʠʭ ʫʩʪʘʥʦʚʢʦʡ ʚʦ 

ʚʨʘʱʘʶʱʫʶʩʷ ʠ ʥʝʚʨʘʱʘʶʱʫʶʩʷ ʚʪʫʣʢʠ. ʅʘ ʨʠʩʫʥʢʝ 6 ï ʠʟʤʝʨʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ TR220 ʠ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʧʦʤʦʱʴʶ ʱʫʧʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʫʞʠʥʳ ʥʘ ʩʞʘʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʋʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʝʤʴʶ ʧʦʣʥʳʤʠ ʦʙʦʨʦʪʘʤʠ ʨʝʟʴʙʦʚʦʡ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʚʪʫʣʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ. ʆʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʘʛʫ ʨʝʟʴ-

ʙʳ 2ʤʤ ʦʩʝʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʫʞʠʥʳ. 

 

 

  

 

ʈʠʩ. 5. ʇʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʷ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ  

 

  
 

ʈʠʩ. 6. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ  
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʫʞʠʥʳ ʥʘ ʩʞʘʪʠʝ 

 

ʋʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ  

ʨʝʟʴʙʦʚʦʡ ʚʪʫʣʢʠ, ʛʨʘʜ. 
ʆʩʝʚʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʫʞʠʥʳ, ʤʤ ʅʘʛʨʫʟʢʘ ʩʞʘʪʠʷ, ʅ 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʪʝʯʢʠ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʫʞʠʥʳ (ʨʠʩ. 

7). ʇʨʠ ʜʘʥʥʦʤ ʫʩʠʣʠʠ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥʳ ʧʨʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ ʞʠʜʢʦʩʪʠ ʝʝ ʫʪʝʯʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ.  

 

 

 
 

ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʫʞʠʥʳ 

 

ʀʟʤʝʨʝʥʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (2) ʠ (3) ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɿʥʘʷ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ ʚ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʷʭ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʜʦʣʶ ʚ ʧʦʪʨʝʙʣʷʝʤʦʡ ʥʘʩʦʩʦʤ ʤʦʱʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 2 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ 
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ʉʨʝʜʥʝʝ      

 

ɺʳʚʦʜʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʘ ʣʠʰʴ ʯʘʩʪʴ ʠʟ ʥʘʤʝʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʠʩʧʳʪʘʥʠʡ ʪʦʨʮʝʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʫʩʠʣʠʷ ʧʦʜʞʘʪʠʷ ʧʨʫʞʠʥʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ï ʧʨʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ ʞʠʜʢʦʩʪʠ ʝʝ 

ʫʪʝʯʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʀʩʧʳʪʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʘ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʥʘʨʘʙʦʪʢʠ 

1000 ʯʘʩʦʚ. ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʦʚʝʨʝʥʘ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʦʪʢʘʟʦʚ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ.  

ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ.  
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A new design of mechanical seals is proposed, which have the ability to control the force of the 

spring during their operation. The description of the program and methods of testing mechanical seals of 
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ity of the designed mechanical seal. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʥʮʝʚʳʭ ʦʧʦʨ ʠ ʫʧʣʦʪʥʝʥʠʡ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʌʦʨʤʫ-

ʣʠʨʫʶʪʩʷ ʮʝʣʠ ʠ ʩʧʝʢʪʨ ʟʘʜʘʯ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʘʪʳʚʘ-

ʝʤʦʛʦ ʩʪʝʥʜʘ. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ, ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʜʘʥʥʳʝ 

ʦʙ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ.  

 

ɺʚʝʜʝʥʠʝ 

 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʫʧʣʦʪʥʝʥʠʝ ʠ ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʫʟʝʣ. ʆʪ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩʘ 

ʚ ʮʝʣʦʤ.  

ʀʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʠʧʦʚ ʢʦʥʪʘʢʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʣʝʤʝʥʪʘʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʤʘʰʠʥ ʠ ʘʧʧʘʨʘʪʦʚ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʪʠʧ ʫʧʣʦʪʥʝʥʠʷ, 

ʚ ʢʦʪʦʨʦʤ ʢʦʥʪʘʢʪʥʘʷ ʧʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʡʩʷ ʠ ʥʝʧʦʜʚʠʞʥʳʡ ʵʣʝʤʝʥʪ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ï ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʡ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʥʘʛʨʫʟʢʝ (ʨʘʟʛʨʫʞʝʥʥʦʝ ʠ 

ʥʘʛʨʫʞʝʥʥʦʝ), ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ (ʦʜʠʥʘʨʥʦʝ, ʜʚʦʡʥʦʝ) ʠ ʪ.ʜ. [1,2], ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʩʫʱʠ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʙʱʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʚʩʝʭ 

ʪʠʧʦʚ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʤʘʣʳʝ ʤʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʆʆʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʪʫʨʙʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜè (ʆʆʆ çʂʊʄɿè) ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʝʥʠʡ ʪʦʨʮʝʚʦʛʦ ʪʠʧʘ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʠʣʠʷ ʧʦʜʞʘ-

ʪʠʷ ʧʨʫʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʘʢ ʣʶʙʦʝ ʥʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʥʦ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

ʅʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʟʘʚʠʩʠʪ ʚʦ ʤʥʦʛʦʤ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʩʪʦʷʥʠʷ ʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ ʚʘʣʘ ʠʣʠ ʨʦʪʦʨʘ ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʘʷ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʫʟʣʘʤʠ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʮʝʚʳʭ ʦʧʦʨ, ʢʘʢ ʚ ʯʘʩʪʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʦʥ-

ʪʘʞʘ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ.  

 ʈʝʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ  

 

ʎʝʣʷʤʠ ʩʦʟʜʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʢʦʥʮʝʚʳʭ ʦʧʦʨ ʠ ʫʧʣʦʪʥʝʥʠʡ (ʉʂʆʋ) ʠ ʧʨʦʚʝ-

ʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʶʪʩʷ:  

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʧʫʪʝʡ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝ-

ʥʠʡ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʠʭ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ; 
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- ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʠʩʧʳʪʘʥʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘ-

ʜʘʥʠʷ (ʊɿ), ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠʩʧʳʪʘʥʠʡ ʢ ʟʘʚʦʜʩʢʠʤ ʧʨʠʝʤʦʯʥʳʤ (ʦʧʳʪ-

ʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ) ʠʩʧʳʪʘʥʠʷʤ; 

- ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʟʘʜʘʥʥʳʤ ʊɿ, ʚ 

ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

ɿʘʜʘʯʘʤʠ ʩʦʟʜʘʥʠʝ ʉʂʆʋ ʷʚʣʷʶʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʙʦʨʢʘ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳ-

ʪʘʥʠʡ.  

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʝʥʜʘ ʢʦʥʮʝʚʳʭ ʦʧʦʨ ʠ ʫʧʣʦʪʥʝʥʠʡ ï ʉʂʆʋ 

 

ʉʪʝʥʜ ʢʦʥʮʝʚʳʭ ʦʧʦʨ ʠ ʫʧʣʦʪʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʉʂʆʋ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʨʮʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ 

ʠ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʫʟʣʳ ʥʘʩʦʩʦʚ ʆʆʆ çʂʊʄɿè: 

- ʎʅɺ 65-40-7 (ʮʝʥʪʨʦʙʝʞʥʳʡ ʚʦʜʷʥʦʡ ʥʘʩʦʩ: 65 ï ʧʦʜʘʯʘ, ʤ3/ʯ; 40 ï ʜʘʚʣʝʥʠʝ ʥʘ ʥʘʛʥʝʪʘ-

ʥʠʠ, ʙʘʨ; 7 ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ), 

- ʎʅʊ 65-80-10 (ʮʝʥʪʨʦʙʝʞʥʳʡ ʪʦʧʣʠʚʥʳʡ ʥʘʩʦʩ: 65 ï ʧʦʜʘʯʘ, ʤ3/ʯ; 80 ï ʜʘʚʣʝʥʠʝ ʥʘ 

ʥʘʛʥʝʪʘʥʠʠ, ʙʘʨ; 10 ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ),  

- ʎʇʅ 240-130-10 (ʮʝʥʪʨʦʙʝʞʥʳʡ ʧʠʪʘʪʝʣʴʥʳʡ ʥʘʩʦʩ: 240 ï ʧʦʜʘʯʘ, ʤ3/ʯ; 130 ï ʜʘʚʣʝʥʠʝ ʥʘ 

ʥʘʛʥʝʪʘʥʠʠ, ʙʘʨ; 10 ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ). 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ɺʝʣʠʯʠʥʘ ʜʣʷ ʪʠʧʦʨʘʟʤʝʨʘ 

ɸ-NB041SO-BBSʊE ɸ-NB056SO-BBSTD ɸ-NB115SO-BBSʊE 

ɼʠʘʤʝʪʨ ʚʘʣʘ, ʤʤ 41 56 115 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʘʷ, Áʉ +5é+60 0é+20 +5é+165 

ɼʘʚʣʝʥʠʝ ʨʘʙʦʯʝʝ, ʄʇʘ 0,2 0,4 0,3 

ʇʝʨʝʢʘʯʠʚʘʝʤʘʷ ʩʨʝʜʘ 
ʦʙʝʩʩʦʣʝʥʥʘʷ  

ʚʦʜʘ 

ʜʠʟʝʣʴʥʦʝ 

 ʪʦʧʣʠʚʦ 

ʦʙʝʩʩʦʣʝʥʥʘʷ  

ʚʦʜʘ 

ʂʦʥʩʪʨʫʢʮʠʷ 
ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʦʜʠʥʘʨ-

ʥʦʝ 
ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʦʜʠʥʘʨʥʦʝ 

ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʦʜʠʥʘʨ-

ʥʦʝ 

ʄʘʪʝʨʠʘʣ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʢʦʣʴʮʘ 
ʉɻ-ʇ ʉɻ-ʇ ʉɻ-ʇ 

ʄʘʪʝʨʠʘʣ ʥʝʚʨʘʱʘʶʱʝʛʦʩʷ 

ʢʦʣʴʮʘ 
ʉɻ-ʇ ʉɻ-ʇ ʉɻ-ʇ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʫʞʠʥ, ʰʪ. 1 1 1 

ʄʘʪʝʨʠʘʣ ʧʨʫʞʠʥʳ 
ʉʪʘʣʴ ʧʨʫʞʠʥʥʘʷ (50ʍʌɸ 

ɻʆʉʊ 14963-78) 

ʉʪʘʣʴ ʧʨʫʞʠʥʥʘʷ (50ʍʌɸ 

ɻʆʉʊ 14963-78) 

ʉʪʘʣʴ ʧʨʫʞʠʥʥʘʷ (50ʍʌɸ 

ɻʆʉʊ 14963-78) 

ʄʘʪʝʨʠʘʣ ʧʨʦʯʠʭ ʜʝʪʘʣʝʡ 

ʫʧʣʦʪʥʝʥʠʷ 

ʉʪʘʣʴ  

ʥʝʨʞʘʚʝʶʱʘʷ (20ʍ13ʃ 

ɻʆʉʊ 5632-72) 

ʉʪʘʣʴ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ 

(ʉʪ. 20 ɻʆʉʊ 1050-2013) 

ʉʪʘʣʴ  

ʥʝʨʞʘʚʝʶʱʘʷ (20ʍ13ʃ 

ɻʆʉʊ 5632-72) 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʧʦʢʘʟʘʪʝʣʷ 

ɺʝʣʠʯʠʥʘ ʜʣʷ ʪʠʧʦʨʘʟʤʝʨʘ 

ɸ32510-40 ɸ32513-55 ɸ1032926-112 

ʇʦʜʰʠʧʥʠʢ 
92510  

ɻʆʉʊ 8328-75 

32513  

ɻʆʉʊ 8328-75 

1032926  

ɻʆʉʊ 8328-75 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʧʦʜ-

ʰʠʧʥʠʢʘ, ʤʤ 
50 65 130 

ʐʠʨʠʥʘ ʧʦʜʰʠʧʥʠʢʘ, ʤʤ 23 31 24 

ʄʘʥʞʝʪʘ ʫʧʣʦʪʥʠʪʝʣʴʥʘʷ 
1.1-40ʭ60-1 

 ɻʆʉʊ 8752-79 

1.1-55ʭ80-1 

 ɻʆʉʊ 8752-79 

1.1-112ʭ136-1/5   

ɻʆʉʊ 8752-79 

ʂʦʣʴʮʦ ʩʤʘʟʦʯʥʦʝ, ʚʥʫʪʨʝʥ-

ʥʠʡ ʜʠʘʤʝʪʨ ʭ ʪʦʣʱʠʥʘ, ʤʤ 
76ʭ4  96ʭ4 148ʭ4 

 

ʅʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʳʪʳʚʘʶʪʩʷ ʜʚʘ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʷ (ʜʚʘ ʦʜ-

ʥʦʩʪʫʧʝʥʯʘʪʳʭ ʦʜʠʥʘʨʥʳʭ ʠʣʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʦʜʠʥʘʨʥʦʝ ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʝ ʜʚʦʡʥʦʝ) ʠ ʜʚʘ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʘ ʩ ʩʠʩʪʝʤʦʡ ʩʤʘʟʢʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʢʦʤʧʣʝʢʪ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʉʂʆʋ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1, ʯʝʨʪʝʞ ʩ ʫʢʘʟʘʥʠʝʤ ʦʩ-

ʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʥʘ ʨʠʩʫʥʢʝ 2. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʉʂʆʋ ï1993ʭ1060ʭ1315 ʤʤ (ʜʣʠʥʘ ʭ ʰʠ-

ʨʠʥʘ ʭ ʚʳʩʦʪʘ). ʄʘʩʩʘ ʉʂʆʋ ï 480 ʢʛ. 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʉʂʆʋ 

 

ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʩʪʝʥʜ 1ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 2, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ 

ʦʧʦʨʥʳʭ ʩʪʦʡʢʘʭ 3 ʠ 4 ʥʘ ʨʘʤʝ ʚʝʨʭʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ 5; ʨʝʟʝʨʚʫʘʨ 6 ʩ ʠʩʧʳ-

ʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ ʦʙʲʝʤʦʤ 0,22ʤ3 ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ 

ʥʠʞʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ; ʜʚʝ ʤʘʩʣʷʥʳʝ ʝʤʢʦʩʪʠ 7 ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʳ ʩʤʘʟ-

ʢʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; ʰʠʪ ʫʧʨʘʚʣʝʥʠʷ 8.  

ʇʦʜʘʯʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʪʦʨʮʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜʨʦʬʦʨʦʤ 9, 

ʟʘʢʨʝʧʣʝʥʥʦʤ ʥʘ ʥʠʞʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ ʠ ʦʙʚʷʟʘʥʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. ʅʘ 

ʚʩʘʩʳʚʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʣʘʧʘʥʳ ʠ ʟʘʜʚʠʞʢʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʚʩʘʩʳʚʘʥʠʠ. ʅʘ ʥʘʧʦʨʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʘʷ ʘʨʤʘʪʫʨʘ ʜʣʷ ʠʟ-

ʤʝʥʝʥʠʷ ʥʘʧʦʨʘ ʠ ʧʦʜʘʯʠ.  

ʅʘ ʩʪʝʥʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʨʤʦʤʝʪʨʳ 10 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʙʦʡʤʝ ʧʦʜʰʠʧʥʠ-

ʢʦʚ, ʪʝʨʤʦʤʝʪʨ 11ʠ ʤʘʥʦʤʝʪʨ 12ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʝʥʜʘ ʠʤʝʶʪʩʷ ʩʣʠʚʥʳʝ ʧʘʪʨʫʙʢʠ 13 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʪʝʯʢʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʪʦʨʮʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ. ʂ ʢʘʞʜʦʡ ʤʘʩʣʷʥʦʡ ʝʤʢʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʘ ʫʢʘʟʘʪʝʣʴʥʘʷ 

ʢʦʣʦʥʢʘ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ 14. ɺ ʱʠʪʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʱʝʥ ʢʦʤʧʣʝʢʩ ʧʨʠʙʦʨʦʚ (ʤʫʣʴʪʠʤʝʪʨ) 15, 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʨʷʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʩʠʣʫ ʪʦʢʘ ʠ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ.  
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ʈʠʩ. 2. ʏʝʨʪʝʞ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʉʂʆʋ 

1ï ʩʪʝʥʜ; 2ïɻ ʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 3, 4 ï ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ; 5 ï ʨʘʤʘ ʚʝʨʭʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦ-

ʣʘ; 6 ï ʨʝʟʝʨʚʫʘʨ ʩ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ; 7 ï ʤʘʩʣʷʥʘʷ ʝʤʢʦʩʪʴ; 8 ï ʱʠʪ ʫʧʨʘʚʣʝʥʠʷ; 9 ï ʛʠʜʨʦʬʦʨ; 

10 ï ʪʝʨʤʦʤʝʪʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʙʦʡʤʝ ʧʦʜʰʠʧʥʠʢʦʚ; 11,12ï ʪʝʨʤʦʤʝʪʨ ʠ ʤʘʥʦʤʝʪʨ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ; 13 ï ʩʣʠʚʥʦʡ ʧʘʪʨʫʙʦʢ; 14 ï ʫʢʘʟʘ-

ʪʝʣʴʥʘʷ ʢʦʣʦʥʢʘ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ; 15 ï ʤʫʣʴʪʠʤʝʪʨ. 

 

ʇʝʨʝʯʝʥʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʠʩʧʳʪʘ-

ʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4. 

 

ʊʘʙʣʠʮʘ 3 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʄʘʨʢʘ ʄʦʱʥʦʩʪʴ ʅʘʧʨʷʞʝʥʠʝ ʏʘʩʪʦʪʘ 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʘʩʠʥʭʨʦʥ-

ʥʳʡ ʦʜʥʦʬʘʟʥʳʡ 
ɸʀʈɽ 80ʉ2 2200 ɺʪ 230 ɺ 50 ɻʮ 

ʅʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʷ 
BP 5 HOME Karcher 1100 ɺʪ 230 ɺ 50 ɻʮ 

 

ʊʘʙʣʠʮʘ 4 

ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 

ʇʨʠʙʦʨʳ 
ɼʠʘʧʘʟʦʥ  

ʠʟʤʝʨʝʥʠʡ 

ʂʣʘʩʩ 

ʪʦʯʥʦʩʪʠ 

ʂʦʣʠʯʝ-

ʩʪʚʦ 
ʄʘʩʩʘ, ʢʛ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʆɺɽʅ 

ʀʄʉ-ʌ1(ʤʫʣʴʪʠʤʝʪʨ) 

ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ:  

40-400 ɺ; 

ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ:  

0,02-5 ɸ; 

ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ:  

0,02-2,0 ʢɺʪ 

 

0,5 

 

0,5 

 

1,0 

1 ʥʝ ʙʦʣʝʝ 0,5 

ʄʘʥʦʤʝʪʨ ʧʦʢʘʟʳʚʘʶʱʠʡ ʪʝʭ-

ʥʠʯʝʩʢʠʡ ʊʄ 510ʈ 1ʄʇʘ 
0-1,0 ʄʇʘ 1,5 1 0,38 

ʊʝʨʤʦʤʝʪʨ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʊɹʬ-120-d100 

ʦʪ 0 ʜʦ + 

120 ÁC 
1,5 2 0,5 

ʊʝʨʤʦʤʝʪʨ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʊɹʬ-120-d100 ʩ ʦʩʝʚʳʤ ʰʪʦʢʦʤ 

ʦʪ 0 ʜʦ + 

100 ÁC 
1,5 1 0,5 
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ʉʪʝʥʜ 1ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʦʨʧʫʩʘ 1.1ʠ ʜʠʩʢʘ ʢʦʨ-

ʧʫʩʘ 1.2., ʩʦʝʜʠʥʝʥʥʳʭ ʙʦʣʪʘʤʠ. ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ ʨʘʩʧʦʣʦʞʝʥ ʚʘʣ 1.3. ʩ ʫʧʦʨʥʳʤʠ ʨʝʟʴʙʦʚʳʤʠ 

ʛʨʝʙʥʷʤʠ 1.4. ʂ ʢʦʨʧʫʩʫ 1.1. ʧʦʜʩʦʝʜʠʥʷʶʪʩʷ ʜʚʘ ʢʦʨʧʫʩʘ ʧʦʜʰʠʧʥʠʢʘ 1.5 ʩ ʢʨʳʰʢʘʤʠ 1.6 ʠ 1.7. 

ʉʲʝʤʥʳʝ ʢʨʳʰʢʠ 1.6 ʟʘʢʨʳʚʘʶʪ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ. 

ʂʨʳʰʢʠ 1.7 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘʜ ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʘʯʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʠʩʧʳʪʳʚʘ-

ʝʤʦʛʦ ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʩʪʝʥʜ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʤʝʥʥʳʝ ʪʦʨʮʝʚʳʝ ʢʨʳʰʢʠ 1.8, 

ʨʝʟʴʙʦʚʳʝ ʚʪʫʣʢʠ 1.9, ʚʩʪʘʚʢʠ 1.10, ʧʨʦʩʪʘʚʳʰʠ 1.11(ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ʋʩʪʨʦʡʩʪʚʦ ʩʪʝʥʜʘ 

 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʥʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʪʦʢʘʨʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʬʨʝʟʝʨʥʫʶ ʏʇʋ 

(ʯʠʩʣʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ) ʦʙʨʘʙʦʪʢʫ, ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ. ʆʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʘʣʫ ʠ ʩʤʝʥʥʳʤ ʚʪʫʣʢʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʜʦʣʞʥʘ ʩʦʙʣʶʜʘʪʴʩʷ ʩʦʦʩʥʦʩʪʴ ʩʦʧʨʷʛʘʝʤʳʭ 

ʜʝʪʘʣʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʚʘʣ ʠ ʩʤʝʥʥʳʝ ʚʪʫʣʢʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʜʦʩʪʠʛʘʝʤʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɺ-ʪʨʝʪʴʠʭ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʘʤʦʦʪʚʠʥʯʠʚʘʥʠʷ ʚʩʪʘʚʦʢ ʩ ʚʘʣʘ ʜʦʣʞʥʦ 

ʩʦʙʣʶʜʘʪʴʩʷ ʧʨʘʚʠʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʨʝʟʢʠ ʨʝʟʴʙʳ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

(ʨʠʩ. 4).  

 

 
 

ʈʠʩ. 4. ʅʘʧʨʘʚʣʝʥʠʝ ʥʘʨʝʟʢʠ ʨʝʟʴʙʳ ʚʘʣʘ 

 

ʇʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʩʝ ʜʝʪʘʣʠ ʧʨʦʭʦʜʷʪ ʩʠʩʪʝʤʫ ʧʨʦʚʝʨʢʠ ʂʀʄ (ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʤʘʰʠʥʘ), ʛʜʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,001ʤʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ.  

ʉʦʝʜʠʥʝʥʠʝ ʩʪʝʥʜʘ 1ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 2ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʫʧʨʫʛʫʶ ʚʪʫʣʦʯʥʦ-ʧʘʣʴʮʝʚʫʶ 

ʤʫʬʪʫ. ɼʣʷ ʮʝʥʪʨʦʚʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʣʘʟʝʨʥʳʡ ʮʝʥʨʦʚʱʠʢ BALTECH.  

ʈʘʟʨʝʟ ʩʪʝʥʜʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5, 

ʨʘʟʤʝʨʳ ʩʪʝʥʜʘ ï ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 5. ʈʘʟʨʝʟ ʩʪʝʥʜʘ 

 

 
 

ʈʠʩ. 6. ʈʘʟʤʝʨʳ ʩʪʝʥʜʘ 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜ ʉʂʆʋ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʂʊʄɿè (ʨʠʩ. 7). ʀʩʧʳʪʘ-

ʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʀʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʥʘ ʙʘʟʝ ʆʆʆ çʂʊʄɿè (ʨʠʩ. 8). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʝʨʩʦʥʘ-

ʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çʂʊʄɿè ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʚ ʦʙʲʝʤʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʦʙʲʝʢʪʘ ʠʩʧʳ-

ʪʘʥʠʡ, ʝʛʦ ʤʦʥʪʘʞ, ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʪʝʢʫʱʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʰʪʘʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʂʀʇ). 

 ʀʩʧʳʪʘʥʠʷ ʥʘ ʉʂʆʋ ʧʨʦʚʦʜʷʪʩʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ï 20 Ñ 10 ʦʉ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ï ʦʪ 45 ʜʦ 80 %, ʘʪʤʦʩʬʝʨ-

ʥʦʝ ʜʘʚʣʝʥʠʝ ï ʦʪ 740 ʜʦ 780 ʤʤ ʨʪ. ʩʪ. ʀʩʧʳʪʘʥʠʷ ʢʦʤʧʣʝʢʪʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʚʢʣʶʯʘʶʪ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ;  

- ʦʮʝʥʢʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ; 

- ʦʮʝʥʢʫ ʠʟʥʦʩʘ ʢʦʣʝʮ ʧʘʨʳ ʪʨʝʥʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʫʪʝʯʢʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ. 

 

 



222 

   
 

ʈʠʩ. 7. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʙʦʨʢʘ ʩʪʝʥʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʂʊʄɿè 

 

 
 

ʈʠʩ. 8. ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʉʂʆʋ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʂʊʄɿè 

 

ɺʳʚʦʜʳ 

 

ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ: 

1. ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ;  

2. ʠʟʛʦʪʦʚʣʝʥʳ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʝʥʜʘ; 

3. ʚʳʧʦʣʥʝʥ ʤʦʥʪʘʞ, ʥʘʣʘʜʢʘ ʠ ʦʧʳʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ; 

4. ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ.  

ʄʝʪʦʜʠʢʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʘ ʎʅɺ 

65-40-7. ʋʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʧʣʦʪʥʝʥʠʡ ʥʘ ʨʝʞʠʤʘʭ ʙʣʠʟʢʠʭ ʢ ʨʘʩʯʝʪʥʳʤ. 

 

ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʳ ʵʥʝʨʛʝʪʠʢʠ ʍʘʨʠʪʦʥʦʚʫ ʄ.ʉ. ʟʘ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʤʦʱʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʪʝʥʜʘ. 
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ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʧʘʨʘ ʷʚʣʷʶʪʩʷ ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ ʧʦʩʣʝ ʩʝʧʘʨʘʪʦʨʘ ʠ 

ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʘʨʘ ʚ ʩʝʧʘʨʘʪʦʨʝ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʠʚʝ-

ʜʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘ, ʩʦʣʸʥʦʩʪʠ ʠʩʧʘʨʷʝʤʦʡ ʚʦʜʳ, ʜʘʚʣʝʥʠʷ ʧʘʨʘ, ʚʣʘʞʥʦʩʪʠ ʧʝʨʝʜ ʩʝʧʘʨʘʪʦʨʦʤ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ ʠ ʦʧʨʝʩʥʠʪʝʣʝʡ. 

 

ɾʘʣʶʟʠʡʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʧʘʨʘ ʠʣʠ ʛʘʟʘ ʦʪ ʢʘʧʝʣʴʥʦʡ 

ʚʣʘʛʠ ʚ ʙʘʨʘʙʘʥʥʳʭ ʧʘʨʦʚʳʭ ʢʦʪʣʘʭ ʊʕʉ ʠ ʈʊʉ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʘʭ ɸʕʉ, ʩʝʧʘʨʘʪʦʨʘʭ-ʧʘʨʦʧʝʨʝʛ-

ʨʝʚʘʪʝʣʷʭ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ɸʕʉ, ʩʫʜʦʚʳʭ ʠ ʙʝʨʝʛʦʚʳʭ ʜʠʩʪʠʣʣʷʮʠʦʥʥʳʭ ʦʧʨʝʩʥʠʪʝʣʷʭ, ʘʧʧʘʨʘʪʘʭ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʝʧʘʨʘʪʦʨʳ ʩʦʙʠʨʘʶʪʩʷ 

ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ, ʘ ʢʘʞʜʘʷ ʩʝʢʮʠʷ ï ʠʟ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʩʪʘʣʴʥʳʭ, ʠʣʠ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʧʣʘ-

ʩʪʠʥ ʪʦʣʱʠʥʦʡ 0,5-1ʤʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʢʮʠʡ ʠ ʩʧʦʩʦʙʘ ʜʨʝʥʘʞʘ ʫʣʦʚʣʝʥʥʦʡ 

ʚʣʘʛʠ ʠʟ ʢʘʥʘʣʦʚ, ʨʘʟʣʠʯʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʞʘʣʶʟʠʡʥʳʝ ʩʝʧʘʨʘʪʦʨʳ 

ʆʧʠʩʘʥʠʝ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʠʪʩʷ ʚ [1-12]. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ 

ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ, ʠʣʠ ʛʘʟʘ ʧʦʩʣʝ ʩʝʧʘʨʘʪʦʨʘ w2 ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘ (ʛʘʟʘ) ʚ ʩʝʧʘʨʘʪʦʨʝ 

ʢʨW¡¡, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ w2. ɺ ʨʷʜʝ ʨʘʙʦʪ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝ-

ʧʘʨʘʪʦʨʦʚ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʝʧʘʨʘʪʦʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʯʠʩʪʢʠ ʧʘʨʘ (ʛʘʟʘ) [5-7, 12, 13]: 

121 wwh -= .      (1) 
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w
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ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘ w2, ʢʨW¡¡, ɖ, ʂʦʯ ʚʣʠʷʶʪ [1-13]: 

1. ʈʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

- ʩʢʦʨʦʩʪʴ ʧʘʨʘ ʚ ʩʝʧʘʨʘʪʦʨʝ ʩW¡¡; 

- ʩʢʦʨʦʩʪʴ ʧʘʨʘ ʧʨʠʚʝʜʝʥʥʘʷ ʢ çʟʝʨʢʘʣʫ ʠʩʧʘʨʝʥʠʷè ʦW¡¡; 

- ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ (ʛʘʟʘ) w1ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʢʘʧʝʣʴ ʚʣʘʛʠ ʥʘ ʚʭʦʜʝ ʚ ʩʝʧʘʨʘʪʦʨ; 

- ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ (r', r'',  m', m'', s), ʟʘʚʠʩʷʱʠʝ ʦʪ ʜʘʚʣʝʥʠʷ ʈ ; 

- ʩʦʣʸʥʦʩʪʴ ʠʩʧʘʨʷʝʤʦʡ ʚʦʜʳ; 

2. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

- ʚʳʩʦʪʘ ʦʪ çʟʝʨʢʘʣʘ ʠʩʧʘʨʝʥʠʷè ʜʦ ʩʝʧʘʨʘʪʦʨʘ ʅʧʦ; 

- ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʘʢʝʪʘ ʞʘʣʶʟʠ ʚ ʧʘʨʦʚʦʤ ʦʙʲʝʤʝ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ, ʚʝʨʪʠʢʘʣʴʥʦʝ, ʥʘʢʣʦʥʥʦʝ); 

3. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʨʦʬʠʣʷ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʞʘʣʶʟʠ (ʩʤ. ʨʠʩ. 1). 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ w2 ʠ ʢʨW¡¡, ʚ ʟʘ-

ʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʘʚʣʠʚʘʥʠʷ ʢʘʧʝʣʴ ʚ ʩʝʧʘʨʘʪʦʨʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʧʘʨʘʪʦʨʦʚ ʘʚʪʦʨʳ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ  ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ w2. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʚʦʟʜʫʭʦ-ʚʦʜʷʥʳʭ ʩʪʝʥʜʘʭ.  

ʊʦʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚʣʘʛʠ ʚ ʞʘʣʶʟʠʡ-

ʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʧʦʢʘ ʝʱʸ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʚʣʘʞʥʦʛʦ ʧʘʨʘ 

ʚ ʢʘʥʘʣʘʭ ʞʘʣʶʟʠʡʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʣʘʚʣʠʚʘʥʠʝ ʢʘʧʝʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʨʝʥʘʞʦʤ ʚʣʘʛʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʩʠʣ ʠʥʝʨʮʠʠ, ʪʷ-

ʞʝʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʠʣʳ ɸʨʭʠʤʝʜʘ. 

 

ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʨʦʬʠʣʷ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʢʘʥʘʣʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʚʣʘʛʠ ʚ ʞʘʣʶʟʠʡʥʦʤ ʩʝʧʘʨʘʪʦʨʝ 

 

ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʞʘʣʶʟʠʡʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ (ʨʠʩ. 2) 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʮʠʠ ʢʘʧʝʣʴʥʦʡ ʚʣʘʛʠ ʠʟʫʯʘʣʦʩʴ ʘʚʪʦʨʘʤʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

[4-6, 8, 9].  

 

 
 

ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʞʘʣʶʟʠ 

t - ʰʘʛ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, d - ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ, a - ʧʦʣʦʚʠʥʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ, ʛʨʘʜ;  

C ï ʧʝʨʝʢʨʳʪʠʝ ʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʜʨʫʛʦʡ, b ï ʤʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ,  

A - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʫʚʦʣʥʘʤʠ, R - ʨʘʜʠʫʩ ʛʠʙʘ, a - ʜʣʠʥʘ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ 

 

ɸʚʪʦʨʘʤʠ [8, 9, ] ʨʘʩʯʝʪʘʤʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʢʨʳʪʠʷ 

ʧʣʘʩʪʠʥ ʉ = (2-3) ʤʤ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʘ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ t ʠ ʫʛʦʣ Öa. ʉ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚ ʩʝʧʘʨʘʪʦʨʝ ʵʪʦ 

ʚʣʠʷʥʠʝ ʨʘʩʪʸʪ. ʆʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʙʘʨʙʦʪʘʞʥʦʤ ʧʘʨʦʚʦʜʷʥʦʤ ʩʪʝʥʜʝ ʧʨʠ ʈ = 0,3 ʄʇʘ 

ʫʚʝʣʠʯʝʥʠʝ a ʦʪ 400 ʜʦ 560 ʥʝ ʚʣʠʷʣʦ ʥʘ  w2 ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ [9].  
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ʖ.ʄ. ʂʠʛʫʨʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʰʘʛʘ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʝʧʘʨʘʪʦʨʘʭ ʦʪ 30 ʤʤ ʜʦ 15 ʤʤ ʩʥʠʞʘʣʦ w2ʧʨʠʤʝʨʥʦ ʚ (1,3-1,6) ʨʘʟʘ [12]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʎʂʊʀ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʝʧʘʨʘʪʦʨ ʩ ʰʘʛʦʤ ʧʣʘʩʪʠʥ 10 ʤʤ (ʩʤ. ʨʠʩ.3, ʧʨʦ-

ʬʠʣʴ çʚè) ʨʘʙʦʪʘʣ ʧʨʠʤʝʨʥʦ ʚ ʜʝʩʷʪʴ ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʩʝʧʘʨʘʪʦʨʳ ʩ ʰʘʛʦʤ 37 ʠ  41ʤʤ [10]. 

ʇʨʦʬʠʣʴ çʚè ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʣʷ ʈ Ò 11ʄʇʘ.  

ɺʣʠʷʥʠʝ ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ n ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʧʘʨʘʪʦʨʝ ʥʘ ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ 

ʧʦʩʣʝ ʩʝʧʘʨʘʪʦʨʘ w2 ʦʮʝʥʠʚʘʝʪʩʷ ʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʧʦ-ʨʘʟʥʦʤʫ. ʈʘʩʯʝʪʘʤʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʚ ʨʘʙʦʪʘʭ 

[8 ,9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʨʫʧʥʳʭ ʢʘʧʝʣʴ ʫʣʘʚʣʠʚʘʝʪʩʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʧʦʣʫʚʦʣʥʘʤʠ, ʘ 

ʤʝʣʢʠʝ ʢʘʧʣʠ ʧʨʦʭʦʜʷʪ ʢʘʥʘʣʳ ʩʝʧʘʨʘʪʦʨʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʫʚʝʣʠ-

ʯʝʥʠʝ n ʩ ʜʚʫʭ ʜʦ ʧʷʪʠ ʥʝ ʚʣʠʷʣʦ ʥʘ w2ʧʨʠ ʈ =0,3 ʄʇʘ [8, 9]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʚʦʟʜʫʭʦ-

ʚʦʜʷʥʦʤ, ʘʪʤʦʩʬʝʨʥʦʤ ʩʪʝʥʜʝ ʘʚʪʦʨʦʤ [12] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʧʦʩʣʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʚ ʚ (3,7 - 4,4) ʨʘʟʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ n ʩ ʜʚʫʭ ʜʦ ʚʦʩʴʤʠ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʩ ʧʨʦʬʠʣʷʤʠ, ʧʨʠʤʝʥʷʝʤʳ-

ʤʠ ʚ ʩʫʜʦʚʳʭ ʦʧʨʝʩʥʠʪʝʣʷʭ (ʩʤ. ʨʠʩ. 2, ʧʨʦʬʠʣʠ çʘè ʠ çʙè) ʧʨʠ ʈ = 0,02ʄʇʘ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʥʘ w2 ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ(ʩʤ. ʨʠʩ. 3) [1]. 

 

 
 

ʈʠʩ. 2. ʇʨʦʬʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ 

 ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʫʜʦʚʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 

 

ɺʣʠʷʥʠʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʢʮʠʡ  

ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ 
 

ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ [8, 10] ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘʦW¡¡ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʧʘʜʝʥʠʶ w2, ʚ ʪʦʞʝ ʚʨʝʤʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠ ʈ ² 0,1ʄʇʘ ʠ ʥʘ ʚʘʢʫʫʤʝ, ʘʚʪʦʨʳ               

[9, 11, 13] ʫʩʪʘʥʦʚʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʦW¡¡ʥʘ ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ ʧʦʩʣʝ ʩʝʧʘʨʘʪʦʨʦʚ. 

ɺʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʝʧʘʨʘʪʦʨ w1ʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦ-

ʚʘʣʦʩʴ ʘʚʪʦʨʘʤʠ [8 ,9]. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ w1ʧʫʪʸʤ ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʪʳ ʧʘʨʦʚʦʛʦ ʦʙʲʝʤʘ ʥʝ ʧʨʠ-

ʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ w2ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʩW¡¡. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʎʂʊʀ ʥʘ ʘʪʤʦʩʬʝʨʥʦʤ, 

ʚʦʟʜʫʭʦ-ʚʦʜʷʥʦʤ ʩʪʝʥʜʝ ʚʝʣʠʯʠʥʘ w1ʥʝ ʚʣʠʷʣʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ [10]. ɺ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʥʘ ʚʦʜʦ-ʚʦʟʜʫʰʥʦʤ ʩʪʝʥʜʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʘʚʪʦʨ [12] ʦʙʥʘʨʫʞʠʣ 

ʫʚʝʣʠʯʝʥʠʝ ʫʥʦʩʘ ʚʣʘʛʠ ʧʦʩʣʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʄʕʀ ʥʘ ʙʘʨʙʦʪʘʞʥʦʤ ʩʪʝʥʜʝ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʦʪ 0,3 ʄʇʘ ʜʦ 1,5 

ʄʇʘ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʧʨʠʤʝʨʥʦ ʚ 1,5 

ʨʘʟʘ [8, 9]. ɺ ʨʘʙʦʪʝ [13] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ w2ʧʨʠʤʝʨʥʦ ʚ 2ʨʘʟʘ ʧʨʠ 
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ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʦʪ 0,02ʄʇʘ ʜʦ 0,0074 ʄʇʘ. ʖ. ɺ. ʂʦʟʣʦʚ  ʩʯʠʪʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʝʧʘʨʘʪʦʨʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ w1 ʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʧʘʨʘ [11]. 

ɸʚʪʦʨʳ ʨʘʙʦʪ [8, 9] ʧʨʠʚʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʣʸʥʦʩʪʠ ʠʩʧʘʨʷʝʤʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʥʘ ʟʥʘʯʝʥʠʷ w2 ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʝʩʦʚʦʤ ʫʨʦʚʥʝ 

ʚʦʜʳ ʥʘʜ ʧʘʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʱʠʪʦʤ ʚ ʙʘʨʙʦʪʘʞʥʦʡ ʢʦʣʦʥʢʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 0,125; 0,7 ʠ 1,5 

ʄʇʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʣʸʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦ ʠʦʥʫ ʥʘʪʨʠʷ ʦʪ 1ʛ/ʣ ʜʦ 30 ʛ/ʣ ʚʣʘʞʥʦʩʪʴ w2 ʫʚʝʣʠ-

ʯʠʚʘʣʘʩʴ ʚ (2-7) ʨʘʟʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʩ ʧʨʦʬʠʣʷʤʠ, 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʩʫʜʦʚʳʭ ʦʧʨʝʩʥʠʪʝʣʷʭ (ʩʤ. ʨʠʩ. 2, ʧʨʦʬʠʣʠ çʘè ʠ çʙè) ʧʨʠ ʈ = 0,02ʄʇʘ ʠ ʈ = 

0,1ʄʇʘ ʚʣʠʷʥʠʝ ʩʦʣʸʥʦʩʪʠ ʠʩʧʘʨʷʝʤʦʡ ʚʦʜʳ ʥʘ w2 ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʝ-

ʧʘʨʘʪʦʨʦʚ [1]. 

ʇʦ ʜʘʥʥʳʤ ʄʕʀ ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʠ 

ʈ² 0,1ʄʇʘ ʦʢʘʟʘʣʘʩʴ ʦʜʠʥʘʢʦʚʦʡ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʩW¡¡. ɸʚʪʦʨ ʠʩʩʣʝʜʦʚʘʣ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ (ɻʀʉ) ʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʨʠ ʈ=0,125 ʟʥʘʯʝʥʠʷ 

w2ʧʦʩʣʝ ɻʀʉ ʦʢʘʟʘʣʠʩʴ ʥʠʞʝ ʚ (1,5 - 2,0) ʨʘʟʘ, ʯʝʤ ʧʦʩʣʝ ʦʩʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ [8]. ɺ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʧʨʠ ʈ = 0,02ʄʇʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʢʮʠʡ ʞʘʣʶʟʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣʦ ʥʘ ʟʥʘʯʝʥʠʷ w2(ʩʤ. 

ʨʠʩ. 3) [1].  

 

 
 

ʈʠʩ. 3. ɺʣʘʞʥʦʩʪʴ ʧʘʨʘ ʧʦʩʣʝ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʚ ʩʝʧʘʨʘʪʦʨʘʭ ʧʨʠ ʈ = 0,02ʄʇʘ, ʦW¡¡ = 1,6 ʤ/ʩ [1] 

1, 2- ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʧʨʦʬʠʣʠ çʘè ʠ çʙè; 3, 4 - ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʧʨʦʬʠʣʠ çʚè ʠ çʙè;   

5 ï ɻʀʉ, ʧʨʦʬʠʣʴ çʙè; 6 - ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ ʥʘ ʚʭʦʜʝ ʚ ʩʝʧʘʨʘʪʦʨʳ 

 

ʂʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʘʨʘ (ʛʘʟʘ) ʚ ʩʝʧʘʨʘʪʦʨʘʭ 

 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʢʨW¡¡ ʧʨʦʚʦʜʠʣʦʩʴ ʘʚʪʦʨʘʤʠ [1, 8-12]. ʇʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʢʨW¡¡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʢ-

ʮʠʡ ʩʝʧʘʨʘʪʦʨʘ ʠ ʚʣʘʞʥʦʩʪʠ w1ʧʨʦʚʦʜʠʣʠʩʴ ʎʂʊʀ [10]. ɺ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʖ. ʃ. ʉʦʨʦʢʠʥ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʘʨʘ ʠʣʠ ʛʘʟʘ ʠʩʧʦʣʴʟʫʝʪ ʬʦʨʤʫʣʫ  
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ʛʜʝ ʂ - ʯʠʩʣʦ ʂʫʪʘʪʝʣʘʜʟʝ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʟʥʘʯʝʥʠʷ: ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʂ = (0,3-0,4), ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʂ = 

(1,4-2,1). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʘʚʪʦʨ ʦʙʲʷʩʥʷʝʪ ʧʣʝ-

ʥʦʯʥʳʤ ʜʨʝʥʘʞʦʤ ʚʣʘʛʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʯʝʤ ʢʘʧʝʣʴʥʳʡ ʜʨʝʥʘʞ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦ-

ʨʘʭ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʥʘʢʣʦʥʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ:  
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ʛʜʝ: ʭ¡ - ʚʣʘʞʥʦʩʪʴ ʥʘ ʚʭʦʜʝ ʚ ʩʝʧʘʨʘʪʦʨ; h ʠ L - ʚʳʩʦʪʘ ʠ ʰʠʨʠʥʘ ʞʘʣʶʟʠ, ʤ; Kconst - ʧʘʨʘʤʝʪʨ, ʭʘ-

ʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ ʞʘʣʶʟʠ.  

ʀʟ ʚʳʨʘʞʝʥʠʡ (3) ʠ (4) ʚʠʜʥʦ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʩʝʧʘʨʘʪʦʨʘ. ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ w1. 

ʇʦ ʨʘʟʥʦʤʫ ʦʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ w1ʥʘ ʚʝʣʠʯʠʥʫ ʢʨW¡¡ ʜʣʷ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦ-

ʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʸʥʥʳʭ ʚ ɺʊʀ [11], ʖ.ɺ. ʂʦʟʣʦʚ ʧʨʝʜʣʘʛʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘ, ʤ/ʩ 
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ʛʜʝ Kp - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʘʨʘ ʧʝʨʝʜ ʩʝʧʘʨʘʪʦʨʦʤ, ʘ 

ɓ= (10-90) ʦ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʝʧʘʨʘʪʦʨʘ.  
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1
 ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ (4) ʠ (5) ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʩʝʧʘ-

ʨʘʪʦʨ w1ʥʘ ʢʨW¡¡, ʛʜʝ n ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 0,56 ʠ 0,1. ɸʚʪʦʨ [12] ʫʩʪʘʥʦʚʠʣ ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ w1ʥʘ ʚʝʣʠʯʠʥʫ ʢʨW¡¡ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ w1. ɺ ʨʘʥʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ [8] ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʧʨʠ ʈ = 0,101ʄʇʘ ʩʨʳʚ ʫʣʦʚʣʝʥʥʦʡ ʚʣʘʛʠ ʩ ʧʣʘʩʪʠʥ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʦʪʩʫʪʩʪʚʦʚʘʣ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʎʂʊʀ ʫʩʪʘʥʦʚʣʝʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʥʘ ʢʨW¡¡ ʧʨʠ w1> 

50 % [10]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1] ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʥʘ ʘʪʤʦʩʬʝʨʥʦʤ ʧʘʨʦʚʦʜʷʥʦʤ ʩʪʝʥʜʝ, ʥʘ ʩʝʧʘʨʘʪʦ-

ʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʩ ʧʨʦʬʠʣʷʤʠ ʢʘʥʘʣʘ ʞʘʣʶʟʠ çʘè ʠ çʙè ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʜʦʩʪʠʯʴ ʥʝ 

ʫʜʘʣʦʩʴ ʧʦ ʚʠʜʠʤʦʤʫ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ w1.  ɸʚʪʦʨʳ [10, 11] ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ w1< 

(30-50) % ʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʧʘʨʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣ (3), (4), (5) ʟʥʘʯʝʥʠʷ ʢʨW¡¡ ʚ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʜʦʣʞʥʳ ʩʥʠ-

ʞʘʪʴʩʷ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʈ < 0,101ʄʇʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1], ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʘʢʫʫʤʝ. ʇʨʠ ʈ = 0,02ʄʇʘ ʟʥʘʯʝ-

ʥʠʷ ʢʨW¡¡. ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʘʤ (3), (4).  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ (3), (4) ʠ (5) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʈ = 0,101ʄʇʘ ʨʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʨW¡¡ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ, ʨʘʩʭʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʚ (1,5 - 2,0) ʨʘʟʘ, ʘ ʧʨʠ ʈ = 

(0,0074 - 0,1) ʄʇʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨW¡¡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ, ʯʝʤ ʚ (2,5 -3) 

ʨʘʟʘ (ʩʤ. ʨʠʩ. 4). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ ʩʝʧʘʨʘ-

ʪʦʨʦʚ ʥʘ ʢʨW¡¡ ʨʘʩʭʦʜʷʪʩʷ ʪʘʢʞʝ.  ɸʚʪʦʨʳ [8, 9] ʩʯʠʪʘʶʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ a ʫʚʝʣʠʯʠʚʘʝʪ ʢʨW¡¡ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʥʘʢʣʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [10] ʚ ʢʦʪʦʨʳʭ 

ʫʚʝʣʠʯʝʥʠʝ a ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʢʨW¡¡. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʩʝʧʘʨʘʪʦʨʘʭ ʧʨʠ ʈ = 0,02ʄʇʘ [1] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʧʘʨʘʪʦʨʳ ʩ ʧʨʦʬʠʣʴ ʢʘʥʘʣʘ çʙè ʦʙʣʘʜʘ-

ʣʠ ʤʝʥʴʰʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʩʝʧʘʨʘʪʦʨʳ ʩ ʧʨʦʬʠʣʴ ʢʘʥʘʣʘ çʘè (ʩʤ. ʨʠʩ. 2, 3). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [12] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʰʘʛʘ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʦʪ 30 ʤʤ ʜʦ 15 ʤʤ ʫʚʝʣʠʯʠʚʘʝʪ ʢʨW¡¡ʧʨʠʤʝʨʥʦ ʥʘ 20 %. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʣʦʩʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ ʧʨʠ ʈ = 0,02ʄʇʘ [1] ʫʤʝʥʴʰʝ-

ʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩ 10 ʤʤ ʜʦ 1,7 ʤʤ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʢʨW¡¡ ʧʨʠʤʝʨʥʦ ʚ 2ʨʘʟʘ.  

 

 
 

ʈʠʩ. 4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ  

ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (6), (7), (8), ʧʨʦʬʠʣʴ çʚè, ʈ Ó 0,1ʄʇʘ, w1 = 10% [7] 

 

ɺʣʠʷʥʠʝ ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ n ʥʘ ʢʨW¡¡ ʦʮʝʥʠʚʘʝʪʩʷ ʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʠʩʩʣʝʜʦʚʘʥʠ-

ʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ [8, 9] ʫʚʝʣʠʯʝʥʠʝ n ʩ ʜʚʫʭ ʜʦ ʧʷʪʠ ʥʝ ʚʣʠʷʣʦ ʥʘ ʢʨW¡¡ ʜʣʷ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʩʝʧʘʨʘʪʦʨʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʚʦʟʜʫʭʦ-ʚʦʜʷʥʦʤ, ʘʪʤʦʩʬʝʨʥʦʤ ʩʪʝʥʜʝ ʘʚʪʦʨʦʤ [12] ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ  ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʝʧʘʨʘʪʦʨʝ ʚ (3,5-5,9) ʨʘʟʘ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ ʩ ʚʦʩʴʤʠ ʜʦ ʜʚʫʭ. 

 

 ɺʣʘʞʥʦʩʪʴ ʧʘʨʘ ʧʦʩʣʝ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ 

 

ɺʣʘʞʥʦʩʪʴ ʧʘʨʘ ʧʦʩʣʝ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʷʤʠ [1]: 

1. ʇʨʠ ʈ <0,1ʄʇʘ, ʜʣʷ ʦW¡¡> 1,0 ʤ/ʩ: 
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ʛʜʝ ʉ = (1,14 - 1,35) ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʧʘʨʘʪʦʨʘ. 
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2. ʇʨʠ ʈ Ó 0,1ʄʇʘ, ʜʣʷ ʦW¡¡< 0,5 ʤ/ʩ : 

( ) ( )
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ʌʦʨʤʫʣʳ (6) ʠ (7) ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ w2ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʚ ʩʝʧʘʨʘʪʦʨʝʩW¡¡ < ʢʨW¡¡.  

 

ɺʳʚʦʜʳ 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘ-

ʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʘʧʧʘʨʘʪʘʭ ʭʠʤʠʯʝʩʢʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʙʣʘʩʪʠ ʠʟʙʳʪʦʯʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʥʘ ʘʪʤʦʩʬʝʨʥʳʭ ʩʪʝʥʜʘʭ.  

ʇʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ 

ʩʫʜʦʚʳʭ ʦʧʨʝʩʥʠʪʝʣʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʚ ʨʘʙʦʪʝ [1] ʧʨʠ ʦW¡¡= 1,6 ʤ/ʩ ʠ ʈ = 0,02ʄʇʘ. ʌʦʨʤʫʣʳ 

ʜʣʷ ʨʘʩʯʝʪʘ w2, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʫʞʜʘʶʪʩʷ ʚ ʫʪʦʯʥʝʥʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʠ ʥʘʛʨʫʟʦʢ ʧʘʨʦʚʦʛʦ ʦʙʲʸʤʘ ʩʫʜʦʚʳʭ ʦʧʨʝʩʥʠʪʝʣʝʡ.  

ɺʣʠʷʥʠʝ ʰʘʛʘ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʠ ʈ < 

0,1ʄʇʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʥʘ ʧʘʢʝʪʘʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥ. ɺʣʠʷʥʠʝ ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ ʧʨʦʬʠ-

ʣʷ ʢʘʥʘʣʘ ʞʘʣʶʟʠ ʦʮʝʥʠʚʘʣʦʩʴ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ.  

ʆʪʩʫʪʩʪʚʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨW¡¡ʚ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʩʫʜʦʚʳʭ ʦʧʨʝʩ-

ʥʠʪʝʣʝʡ ʧʨʠ ʈ < 0,1ʄʇʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʦʣʸʥʦʩʪʠ ʠʩʧʘʨʷʝʤʦʡ ʚʦʜʳ ʥʘ w2, ʧʦ-

ʣʫʯʝʥʥʳʝ ʧʨʠ ʈ < 0,1ʄʇʘ, ʨʘʩʭʦʜʷʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʙʣʘʩʪʠ ʠʟʙʳʪʦʯ-

ʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʦʚʝʨʢʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ: 

1. ʋʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʠʩʧʘʨʷʝʤʦʡ ʚʦʜʳ ʠ ʜʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʧʘʨʘ ʥʘ 

ʚʝʣʠʯʠʥʫ w2 ʠ ʢʨW¡¡ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʈ < 0,1ʄʇʘ ʠ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʚ ʢʘʤʝʨʝ ʠʩʧʘʨʝʥʠʷ ʦW¡¡ > 1,5 ʤ/ʩ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʠ ʈ < 0,1ʄʇʘ ʠ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʚ 

ʢʘʤʝʨʝ ʠʩʧʘʨʝʥʠʷ ʦW¡¡ > 1,5 ʤ/ʩ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʧʘʨʘ ʚ ʩʝʧʘʨʘʪʦʨʝ ʩW¡¡ ʋʩʪʘʥʦʚʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨW¡¡ ʠ w2ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ.  

3. ʀʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʧʦʣʫʚʦʣʥ 

ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ ʞʘʣʶʟʠ, ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ ʠ ʰʘʛʦʤ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʨʠ ʈ < 0,1ʄʇʘ. 

4. ʇʨʦʠʟʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʘʣʶʟʠʡʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʨʘʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʫʜʦʚʳʭ ʜʠʩʪʠʣʣʷʮʠʦʥʥʳʭ ʦʧʨʝʩʥʠʪʝʣʷʭ. 
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Based on literary sources analysis, it was established that the main criteria for assessing louvered 

steam separators effectiveness are steam after the separator humidity and critical steam speed in separa-

tor. The influence of steam velocity, salinity of evaporated water, steam pressure, humidity in front of 

separator, and channel profile geometric parameters on separators efficiency is shown. The objectives of 

further research into effectiveness of louvered separators of steam boilers and desalination plants have 

been identified.   
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ʀʟʫʯʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʥʳʤ ʧʨʦʤʳʩʣʦʤ, ʜʣʷ ʧʦʥʠ-

ʤʘʥʠʷ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʨʳʙʳ, ʝʝ ʩʤʝʨʪʥʦʩʪʠ ʠ ʧʨʦʤʳʩʣʘ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʟʦʥ ï ʟʦʥʳ ʨʳʙʦʣʦʚʩʪʚʘ, ʪ.ʝ. ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʤʳʩʣʘ ʠ ʟʘʧʦʚʝʜʥʦʡ (ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ, ʨʝʟʝʨʚʥʦʡ) 

ʟʦʥʳ, ʛʜʝ ʨʳʙʦʣʦʚʩʪʚʦ ʟʘʧʨʝʱʝʥʦ. ɼʘʣʝʝ ʚ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ: ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠ ʙʠʦʥʦʤʠʯʝʩʢʘʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ 

ʵʪʠʭ ʪʦʯʝʢ, ʚʳʚʦʜʷʪʩʷ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʦʚʝʜʝʥʠʝ ʵʪʦʡ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʩʢʠʤʠ ʧʨʦʤʳʩʣʘʤʠ ʙʳʣʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʘʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʠʟʤʝʥʝ-

ʥʠʝ ʢʣʠʤʘʪʘ, ʯʨʝʟʤʝʨʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʠʩʪʦʱʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʦ-

ʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʨʠʚʣʝʢʘʶʪ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ, ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦ-

ʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʫʯʝʥʳʭ, ʢʘʢ ʥʘ ʤʝʩʪʥʦʤ, ʪʘʢ ʠ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʥʘʥʦʩʠʪ ʩʝʨʴʝʟʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʵʢʦʣʦʛʠʠ, ʥʘʠʙʦʣʝʝ ʜʨʘʤʘʪʠʯʥʳʤ ʠ 

ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʥʝʦʙʨʘʪʠʤʘ ʧʦʪʝʨʷ ʚʠʜʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠʣʠ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʧʨʠʨʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚ ʤʦʨʩʢʠʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʜʣʷ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. 

ʋʩʪʦʡʯʠʚʦʝ ʩʘʤʦʨʘʟʚʠʪʠʝ ʪʨʝʙʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʜʠʥʘʤʠʢʠ ʠ 

ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʧʨʠʨʦʜʥʳʤʠ ʨʝ-

ʩʫʨʩʘʤʠ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʦʙʱʝʡ ʵʢʦʩʠʩʪʝʤʝ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʤʝʨʘ ʢʦʥʪʨʦʣʷ ʪʘʢʠʭ ʩʠ-

ʩʪʝʤ, ʚʦ ʤʥʦʛʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʵʚʦʣʶʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, ʛʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʝʨʤʠʥʘʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ODE) ʠʛ-

ʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʘʣʴʥʳʭ ʷʚʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʣʫʯʰʠʭ ʩʪʨʘʪʝʛʠʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʦʪʤʝʪʠʤ ʨʘʙʦʪʫ Biswas ʠ ʜʨ. [3], ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜ-

ʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʨʝʩʧʫʙʣʠʢʝ ɹʘʥʛʣʘʜʝʰ. Mondal ʠ Biswas [15] ʨʘʟʨʘʙʦʪʘʣʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʝʨʝʜʘʯʠ ʚʠʨʫʩʘ Nipah ʤʝʞʜʫ ʣʝʪʫʯʠʤʠ ʤʳʰʘʤʠ ʠ ʯʝʣʦʚʝ-

ʢʦʤ.  Neilan ʠ LenHart [17] ʧʦʢʘʟʘʣʠ ʧʨʠʤʝʥʝʥʠʝ ʩʪʨʘʪʝʛʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ.   Biswas ʠ Haque [5] ʦʙʩʫʜʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʄʦʞʥʦ ʩʦʩʣʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ ʨʘʙʦ-

ʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʵʪʦʡ ʪʝʤʝ [1, 4, 6, 8, 9, 16] ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʠ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʩʪʘʚʠʣʠ ʩʚʦʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʳ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠ-
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ʨʦʚʘʥʠʝ ï ʵʪʦ ʠʩʢʫʩʩʪʚʦ ʧʝʨʝʚʦʜʘ ʧʨʦʙʣʝʤ ʠʟ ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʦʩʣʝʞʠʚʘʝʤʫʶ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘʧʨʠʤʝʨ, Leung ʠ Wang [13] ʧʨʝʜʩʪʘʚʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʳ-

ʙʦʣʦʚʩʪʚʘ.  ʉlark ʠ ʜʨ. [7] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʣʠ-

ʪʠʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʧʘʩʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. Kitabatake [11] ʨʘʟʨʘʙʦʪʘʣ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʭʠʱʥʠʢ-ʞʝʨʪʚʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 

ʦʟʝʨʘ Kasumigaura (ʗʧʦʥʠʷ). 

 Mesterton-Gibbons [14] ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʣʠʪʠʢʫ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠ-

ʙʳʣʠ ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʣʦʚʘ ʭʠʱʥʠʢʘ ʠ ʞʝʨʪʚʳ.  Zhang ʠ ʜʨ. [19] ʧʨʝʜʣʦʞʠʣʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʠ 

ʚʳʚʝʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʚʳʤʠʨʘʥʠʷ ʚʠʜʦʚ.  

 Song ʠ Chen ʚ ʨʘʙʦʪʝ [18] ʦʙʩʫʜʠʣʠ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʣʠʪʠʢʫ ʜʦʙʳʯʠ ʨʳʙʳ, ʚʳʚʝʣʠ ʫʩʣʦʚʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʜʚʫʭʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʚʝʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʩʠʤʧ-

ʪʦʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʪʘʢʞʝ ʚʳʚʝʣʠ ʣʠʤʠʪʳ ʜʣʷ ʜʦʙʳʯʠ ʟʨʝʣʦʡ 

ʧʦʧʫʣʷʮʠʠ.  

Dubey ʠ ʜʨ. [10] ʧʨʝʜʣʦʞʠʣʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʜʥʦʚʠʜʦʚʦʛʦ ʧʨʦʤʳʩʣʘ, ʢʦʪʦʨʳʡ 

ʯʘʩʪʠʯʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʪʫʱʝʛʦ ʨʝʩʫʨʩʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʝʨʝʯʠʩʣʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʦʙʩʫʜʠʤ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʪʦʯʝʢ ʠ ʧʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ.  

ʅʘʢʦʥʝʮ, ʦʙʩʫʜʠʤ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

 

2. ʌʦʨʤʫʣʠʨʦʚʢʘ ʤʦʜʝʣʠ 

ʈʘʩʩʤʦʪʨʠʤ ʨʳʙʥʳʡ ʨʝʩʫʨʩ ʧʨʦʤʳʩʣʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʟʦʥ: ʟʦʥʳ ʩʚʦʙʦʜʥʦʛʦ ʨʳʙʦʣʦʚ-

ʩʪʚʘ ʠ ʟʦʥʳ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ (ʟʘʧʦʚʝʜʥʳʭ) ʫʯʘʩʪʢʦʚ, ʚ ʩʠʩʪʝʤʝ ʞʝʨʪʚʘ-ʭʠʱʥʠʢ. ʇʫʩʪʴ ʩʨʝʜʘ ʩʦ-

ʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʯʘʩʪʢʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧʝʥ ʢʘʢ ʜʣʷ ʭʠʱʥʠʢʘ, ʪʘʢ ʠ ʜʣʷ ʞʝʨʪʚʳ, ʘ ʜʨʫʛʦʡ 

ʷʚʣʷʝʪʩʷ ʫʙʝʞʠʱʝʤ ʜʣʷ ʞʝʨʪʚʳ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʦʜʥʦʨʦʜʝʥ. ʋʙʝʞʠʱʝ ʜʣʷ ʞʝʨʪʚʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʧʦʚʝʜʥʫʶ ʟʦʥʫ ʠ ʚ ʥʝʡ ʟʘʧʨʝʱʝʥ ʣʦʚ ʨʳʙʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʘʷ ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʡ ʟʦʥʦʡ 

ʜʣʷ ʨʳʙʦʣʦʚʩʪʚʘ.  ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʞʝʨʪʚʘ ʤʠʛʨʠʨʫʝʪ ʤʝʞʜʫ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘ-

ʟʦʤ, ʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ ʨʦʩʪ ʧʦʧʫʣʷʮʠʠ ʨʳʙʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʋʯʠʪʳʚʘʷ ʚʩʝ 

ʵʪʦ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

 
Ὠὼ

Ὠὸ
ὶὼρ

ὼ

ὑ
„ὼ „ώ ήὉὼ 

 

(1) 

 

Ὠώ

Ὠὸ
ίώρ

ώ

ὒ
„ὼ „ώ 

 

(2) 

 

ɿʜʝʩʴ x(t) ï ʧʣʦʪʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʥʝʢʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʩʚʦʙʦʜʥʦʛʦ ʨʳʙʦʣʦʚ-

ʩʪʚʘ, ʘ y(t) ï ʧʣʦʪʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʪʦʡ ʞʝ ʧʦʧʫʣʷʮʠʠ ʚʥʫʪʨʠ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʦʪ 

ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t.  

ʇʫʩʪʴ E ï ʵʪʦ ʢʘʢ ʙʳ ʪʘ çʤʦʱʥʦʩʪʴè, çʫʩʠʣʠʝè, ʧʨʠʣʦʞʝʥʥʦʝ ʜʣʷ ʧʨʦʤʳʩʣʘ ʨʳʙʥʦʡ ʧʦʧʫ-

ʣʷʮʠʠ ʥʘ ʥʝʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʪʦʛʜʘ ʚʝʣʠʯʠʥʘ qE - ʙʫʜʝʪ ʧʨʦʤʳʩʣʦʚʦʡ ʩʤʝʨʪʥʦʩʪʴʶ 

ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʆʧʷʪʴ r ʠ s ï ʩʦʙʩʪʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʚ ʥʝʟʘʨʝʟʝʨʚʠʨʦʚʘʥ-

ʥʳʭ ʠ ʟʘʧʦʚʝʜʥʳʭ ʟʦʥʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

ʇʫʩʪʴ ʨʳʙʘ ʧʦʧʫʣʷʮʠʠ ʥʝ ʟʘʧʦʚʝʜʥʦʛʦ ʫʯʘʩʪʢʘ ʤʠʛʨʠʨʫʝʪ ʚ ʟʘʧʦʚʝʜʥʳʡ ʨʘʡʦʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʎ, ʘ ʨʳʙʥʘʷ ʧʦʧʫʣʷʮʠʠ ʟʘʧʦʚʝʜʥʦʡ ʦʙʣʘʩʪʠ ʤʠʛʨʠʨʫʝʪ ʚ ʥʝʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ ʎ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʠʜʦʚ ʨʳʙ ʚ ʥʝʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʟʦʥʝ K ʠ L ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ, q - ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʚʘ ʧʦʧʫʣʷʮʠʠ ʚʠʜʦʚ ʨʳʙ ʚ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ. 
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ɽʩʣʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʠ ʨʳʙ ʠʟ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʚ ʥʝʨʝʟʝʨʚʠʨʦʚʘʥʥʫʶ 

(ʪ.ʝ. „ π) ʠ   ὶ „ ήὉ π, ʪʦ πȟ    ɸʥʘʣʦʛʠʯʥʦ, ʝʩʣʠ ʥʝʪ ʤʠʛʨʘʮʠʠ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠʟ 

ʥʝʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʚ ʨʝʟʝʨʚʠʨʦʚʘʥʥʫʶ (ʪ.ʝ. „ π) ʠ ί „, ʪʦ π    . 

 

3. ɸʥʘʣʠʟ ʤʦʜʝʣʠ 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1)-(2).  ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʪʦʯʢʠ ʨʘʚ-

ʥʦʚʝʩʠʷ, ʠʩʩʣʝʜʫʝʤ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʘʥʘ-

ʣʠʟʝ ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʥʘ ʥʘ ʨʦʩʪ ʧʦʧʫʣʷʮʠʡ ʨʳʙ.  

 

3.1. ɸʥʘʣʠʟ ʧʦʟʠʪʠʚʥʦʩʪʠ 

ʉʥʘʯʘʣʘ ʤʳ ʜʦʢʘʞʝʤ, ʯʪʦ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʷʭ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ (1) ʠ (2) ʧʦʣʦʞʠ-

ʪʝʣʴʥʳ.  

ʃʝʤʤʘ 1. ɽʩʣʠ ὼὸ π ̉ ώὸ π, ʪʦ ʨʝʰʝʥʠʷ x(t) ʠ y(t) ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʷʚ-
ʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ʯʪʦʙʳ ʜʦʢʘʟʘʪʴ ʵʪʫ ʣʝʤʤʫ, ʠʟ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʣʫʯʘʝʤ (3) 
ÄØ

ÄÔ
ÒØÔ ρ

Ø

Ë
ʎʎØ ʎÙ Ñ%Ø 

(3) 

ɼʘʣʝʝ ʧʨʝʦʙʨʘʟʫʝʤ:  ʎØ Ñ%Øπ ʎ Ñ%Ø π  ʠʥʪʝʛʨʠʨʫʝʤ, ʧʦʣʫʯʘʝʤ 

ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʬʘʢʪʦʨ, ὍὊ Ὡ᷿ Ὠὸ Ὡ  

ʋʤʥʦʞʠʚ ʥʘ IF ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʧʦʣʫʯʠʤ,  Ὡ Ὡ Ὡ ʎ Ñ%Ø π
Ὡ ὧ ὼ ὧὩ , ʛʜʝ ὧ- ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ. ɼʣʷ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ὧ 

ʧʨʠʤʝʥʷʝʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ t = 0, ʪʦʛʜʘ x(t) = x(0), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ὼπ ὧ. 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ Ã ʚ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʘʝʤ, ØÔ ØπÅ . ʇʦʩʢʦʣʴʢʫ x(t) Ó 0 ʠ  

ʎ Ñ% π, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, x(t) Ó 0 ʜʣʷ ʚʩʝʭ t Ó 0. 

ɸʥʘʣʦʛʠʯʥʦ, ʠʟ ʫʨʘʚʥʝʥʠʷ (2) ʧʦʣʫʯʘʝʤ,  

ÓÙρ ʎØ ʎÙ ʎÙ π, ʠʥʪʝʛʨʠʨʫʝʤ, ʧʦʣʫʯʘʝʤ ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʬʘʢ-

ʪʦʨ, )& Å᷿ ÄÔÅ . 

ʊʝʧʝʨʴ, ʫʤʥʦʞʘʷ  Ὡ  ʦʙʝ ʩʪʦʨʦʥʳ, ʠʤʝʝʤ, Ὡ Ὡ ʎώ π Ὡ ώ π

Ὡ ώ ὧ ώ ὧὩ , ʛʜʝ ὧ- ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ. ɼʣʷ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ὧ ʧʨʠʤʝʥʷʝʤ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ t = 0, ʪʦʛʜʘ y(t) = y(0), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ώπ ὧ. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ Ã ʚ 

ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʘʝʤ, ώÔ ÙπÅ . ʇʦʩʢʦʣʴʢʫ y(t) Ó 0 ʠ  ʎ π, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, y(t) Ó 0 ʜʣʷ ʚʩʝʭ t 

Ó 0.   ɺʳʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ x(t) ʠ y(t) ʧʦʣʦʞʠʪʝʣʴʥʳ ʧʨʠ ʚʩʝʭ ὸ π. 
 

3.2. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʊʝʧʝʨʴ ʤʳ ʜʦʢʘʞʝʤ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ, ʧʨʠʨʘʚʥʷʚ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʣʝʚʳʭ ʯʘʩʪʷʭ ʢ ʥʫʣʶ ʠ ʨʝʰʠʚ ʧʦʣʫʯʝʥʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ.  ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʳ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʠʤʝʥʥʦ Ðπȟπ ̉ ÐØᶻȟÙᶻ. ɿʜʝʩʴ 
ὼᶻȟώᶻ ï ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ: 

 

ὶὼρ
ὼ

ὑ
„ὼ „ώ ήὉὼπ (4) 

 

ίώρ
ώ

ὒ
„ὼ „ώ π (5) 

 

 

ʀʩʢʣʶʯʠʚ y ʠʟ ʫʨʘʚʥʝʥʠʡ (4) ʠ (5), ʧʦʣʫʯʠʤ (6), 

„ώ „ὼ ήὉὼὶὼρ
ὼ

ὑ
ώ
ὑ„ὼ ήὉὼὑὶὼὑὶὼ

„ὑ
 

(6) 
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ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ y ʚ ʫʨʘʚʥʝʥʠʝ (5) 

ί
ὑ„ὼ ήὉὼὑὶὼὑὶὼ

„ὑ
ρ
ὑ„ὼ ήὉὼὑὶὼὑὶὼ

„ὑ
ὒ

 

„ὼ „
ὑ„ὼ ήὉὼὑὶὼὑὶὼ

„ὑ
π  

ὥὼ ὦὼ ὧὼὨ π,  ʛʜʝ   ὥ ȟ   ὦ ςίὶὶ „ ήὉ ʠ 

 ὧ ,    Ὠ ὶ „ ήὉ „ 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ὼ ὼᶻ, ʝʩʣʠ 
ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʝʨʘʚʝʥʩʪʚʘ: 

 

ίὶ „ ήὉ

ὒ„

ί „ ὶ

ὒ„
 

(7) 

 

 

(8) 
ί „ ὶ „ ήὉ „„ 

 

ʇʦʜʩʪʘʚʣʷʷ ὼᶻȟώᶻ    ʠʟ (3), ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ, ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ: 

ὼᶻ ὯȾὶ ὶ „ ήὉ 

 

3.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʟʫʯʝʥʦ ʧʫʪʝʤ ʚʳʯʠʩʣʝ-

ʥʠʷ ʤʘʪʨʠʮ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʶ.  

ɺ ʫʨʘʚʥʝʥʠʠ (1) ʤʳ ʦʪʤʝʯʘʝʤ, ʯʪʦ ʪʨʠʚʠʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ὴ ʚ̫ʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʀʩ-

ʧʦʣʴʟʫʷ ʢʨʠʪʝʨʠʡ, ʈʫʪʘ-ɻʫʨʚʠʮʘ, ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʦʡ 

ʤʘʪʨʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʢʦʪʦʨʦʤʫ ʟʥʘʯʝʥʠʶ  ὴᶻ, ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ, 
ʠ ʧʦʵʪʦʤʫ ὴᶻ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ ʥʘ ʧʣʦʩʢʦʩʪʠ.  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʤʦʞʝʤ ʥʘʡʪʠ ʪʘʢʫʶ ʤʘʣʫʶ ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ὴᶻ ʪʘʢʫʶ, ʯʪʦ ʣʶ-
ʙʦʝ ʨʝʰʝʥʠʝ (x(t), y(t)) ʩʠʩʪʝʤʳ (2), ʥʘʭʦʜʷʱʝʝʩʷ ʚʥʫʪʨʠ ʢʨʫʛʘ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ
ὸ, ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚʥʫʪʨʠ ʢʨʫʛʘ ʧʨʠ ʚʩʝʭ  ὸ ὸʠ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ (ὼᶻȟώᶻ)  ʧʨʠ ὸO Њ. ɺ ʩʣʝ-
ʜʫʶʱʝʡ ʣʝʤʤʝ ʤʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʚʩʝ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ (2) ʧʦʣʦʞʠʪʝʣʴʥʳ ʠ ʨʘʚʥʦʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʳ. 

ʃʝʤʤʘ 2. ʄʥʦʞʝʩʪʚʦ  • ὼȟώᶰὙ Ḋύ ὼ ώ   ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʜʣʷ ʚʩʝʭ ʨʝʰʝʥʠʡ, ʥʘʯʠʥʘʶʱʠʭʩʷ ʚ 

ʛʜʝ ◒ - ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʘ ‘ ὶ ‮ Ὡή ί ‮ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ:  

ʇʫʩʪʴ, ύὸ ὼὸ ώὸ  ʠ ,ʤʝʝʤʠ ʘʜʛʦʊ .ʘʪʥʘʪʩʥʦʢ - 0<‮ 

Ὠύ

Ὠὸ

ὶὼ

ὑ
ὶ ‮ Ὡήὼ

ίώ

ὒ
ί ώ‮  

ὑ

τὶ
ὶ ‮ Ὡή

ὒ

τί
ί ‮ ‘ 

ʀʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʥʝʨʘʚʝʥʩʪʚ [2] ʠʤʝʝʤ,  

π ύὸȟὼὸȟώὸ ρ Ὡ ύπȟὼπȟώπȟὩ , ʢʦʛʜʘ ὸO Њ ̉ π ύ  .    

ɺ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʝ ʤʳ ʦʙʩʫʜʠʤ ʛʣʦʙʘʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʚʥʦʚʝʩʠʡ ὴᶻ  .   
ʊʝʦʨʝʤʘ 1. ʊʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ ὴᶻ ʛʣʦʙʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʜʝʬʠʥʠʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ὴᶻ. 

ὠ ὼ ὼᶻὰὲ
ὼ

ὼz
ὑ ώ ώᶻ ώᶻὰὲ

ώ

ώz
 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ V ʧʦ ʚʨʝʤʝʥʠ t, ʧʦʣʫʯʘʝʤ: 
Ὠὠ

Ὠὸ

ὶ

ὑ
ὼ ὼᶻ

ώᶻ

ὼz

„ί

„ὒ
ώ ώᶻ

„

ὼzὼώ
ὼώᶻ ώὼᶻ π 



235 

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ   ʦʪʨʠʮʘʪʝʣʴʥʘ, ʠ, ʦʪʩʶʜʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʨʠʪʝʨʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʃʷʧʫʥʦʚʘ [12] ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʣʦʙʘʣʴʥʦ ʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ. 

 

3.4. ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʇʫʩʪʴ ʜʚʝ ʬʫʥʢʮʠʠ  ό όὼȟώ     ʠ ὺ ὺὼȟώ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʦʤʫ ʩʦ-

ʩʪʦʷʥʠʶ (ὼᶻȟώᶻ) = (0, 0) ʫʨʘʚʥʝʥʠʷ (1) 

ʠ (2). ʊʦʛʜʘ ʷʢʦʙʠʘʥ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ: 

ὐȟ

ở

Ở
ờ

‬ό

‬ὼ

‬ό

‬ώ
‬ὺ

‬ὼ

‬ὺ

‬ώỢ

ỡ
Ỡ ὶ

ςὶὼ
Ὧ

„ ήὉ

„

„

ί
ςώ
ὒ „

 

ɼʣʷ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ (x, y) = (0, 0) ʧʦʣʫʯʘʝʤ, 

ὐȟ
ὶ „ ήὉ ‫

„

„

ί „ ‫
 

ʊʝʧʝʨʴ, ʧʫʩʪʴ  ὶ „ ήὉ ‫ π  ʠʣʠ ί „ ‫ π   

‫ ὶ „ ήὉ,  ‫ ί „.    ɿʜʝʩʴ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɤ ʤʘʪʨʠʮʳ J ʦʧʨʝʜʝʣʷʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʩʪʦʷʥʠʡ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɤ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ: 

1. ɽʩʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ɤ<0, ʪʦ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʙʠʣʴʥʦ,  

2. ɽʩʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ɤ>0, ʪʦ ʩʠʩʪʝʤʘ ʥʝʫʩʪʦʡʯʠʚʘ. 

 

4. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʤʦʜʝʣʝʡ (1), (2). ɸ 

ʪʘʢʞʝ ʥʘ ʵʪʠʭ ʧʨʠʤʝʨʘʭ ʦʙʩʫʜʠʤ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. ʈʘʥʝʝ ʦʙʩʫʜʠʣʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʘʩʧʝʢʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʘʥʘʣʠʟ ʧʦʟʠʪʠʚʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ.  

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝ-

ʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʧʘʨʘʤʝʪʨʳ ʠʟ [11].  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʯʝʥʴ ʚʘʞʝʥ ʚʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʠ.  

ʇʫʩʪʴ ʦʙʱʘʷ ʫʙʳʣʴ ʧʦʧʫʣʷʮʠʠ ʨʳʙʳ ʚ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ ʟʘ ʩʯʝʪ ʚʳʣʦʚʘ ʨʘʚʝʥ E=0.2. ʇʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʳʙ ʚ ʟʘʧʦʚʝʜʥʦʡ ʠ ʥʝ ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ K = 110 ʠ L = 200. ɺʥʫʪ-

ʨʝʥʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʡ ʨʳʙʳ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ r=0,03, ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ 

s=0.04. ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʣʦʚʘ (ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʣʦʚʘ) q= 0,001.  

ʇʫʩʪʴ ʨʳʙʘ ʧʦʧʫʣʷʮʠʠ ʩʚʦʙʦʜʥʦʡ ʟʦʥʳ ʤʠʛʨʠʨʫʝʪ ʚ ʟʘʧʦʚʝʜʥʳʡ ʨʘʡʦʥ ʩʦ ʩʢʦʨʦʩʪʴʶ ʎ
πȟπυ, ʘ ʨʳʙʥʘʷ ʧʦʧʫʣʷʮʠʠ ʟʘʧʦʚʝʜʥʦʡ ʦʙʣʘʩʪʠ ʤʠʛʨʠʨʫʝʪ ʚ ʥʝʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ ʩʦ ʩʢʦ-
ʨʦʩʪʴʶ ʎ=0,05. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʙʝʨʝʤ 90 ʜʥʝʡ.  

ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ.1- ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʧʫʣʷʮʠʠ (ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ) ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (90 ʜʥʝʡ) 
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ʅʘ ʵʪʦʤ ʛʨʘʬʠʢʝ (ʈʠʩ.1) ʧʦʢʘʟʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʥʘ ʟʘʧʦʚʝʜʥʦʡ (ʧʫʥʢ-

ʪʠʨ) ʠ ʩʚʦʙʦʜʥʦʡ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʟʦʥʘʭ ʨʳʙʦʚʦʜʩʪʚʘ. ʉʥʘʯʘʣʘ ʨʦʩʪ ʙʠʦʤʘʩʩʳ ʩʪʨʝʤʠʪʝʣʝʥ, ʦʜ-

ʥʘʢʦ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʥʝ ʙʦʣʴʰʦʡ ʨʦʩʪ, ʥʝ ʪʘʢʦʡ 

ʠʥʪʝʥʩʠʚʥʳʡ ʢʘʢ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʧʨʠ ʜʘʥʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ.  

ʅʘ ʨʠʩʫʥʢʝ 2ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʙʠʦʤʘʩʩʳ ʨʳʙʳ ʧʨʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʠ ʨʳʙʳ ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ ʠ ʚ ʥʝ ʟʘʧʦʚʝʜʥʦʡ. ɸ ʯʝʨʝʟ 90 

ʜʥʝʡ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 400 ʝʜʠʥʠʮ. ɽʩʣʠ ʤʳ ʚʚʦʜʠʤ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ, ʧʨʠʤʝʥʷʝ-

ʤʦʛʦ ʜʣʷ ʜʦʙʳʯʠ ʧʦʧʫʣʷʮʠʠ ʨʳʙʳ ʠ ʫʚʝʣʠʯʠʚʘʝʤ ʚʳʣʦʚ ʨʳʙʳ, ʪʦ ʧʦʧʫʣʷʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ.  

 

 
 

ʈʠʩ.2- ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ (90 ʜʥʝʡ) ʧʨʠ 

0.002, 1000, 200, 0.03, 0.04, 0.001E K L r s q= = = = = = 

 

ʅʘ ʨʠʩ. 2ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʤʳʩʣʘ, ʚʩʝ ʨʘʚʥʦ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʚ 

ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʦ ʠ ʚ ʟʘʧʦʚʝʜʥʦʡ ʠ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ ʯʠʩʣʝʥʥʦʩʪʴ ʨʳʙ ʩʪʨʝʤʠʪʩʷ ʢ 

ʢʘʢʦʤʫ-ʪʦ ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ.  

ʄʝʥʷʷ ʧʨʦʤʳʩʣʦʚʫʶ ʩʤʝʨʪʥʦʩʪʴ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ -  qE,   ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʠʜʦʚ ʨʳʙ 

K, L, ʩʢʦʨʦʩʪʠ ʤʠʛʨʘʮʠʠ  ʎ  ̉ʎ, ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʨʳʙ r ʠ s ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʞʥʦ 

ʩʪʨʦʠʪʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷ-

ʶʪʩʷ ʠ ʛʨʘʬʠʢʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 ʠ ʨʠʩ. 4.  

 

 
ʈʠʩ.3. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʩʦ ʚʨʝʤʝʥʝʤ (90 ʜʥʝʡ) ʧʨʠ  

0.002, 1000, 200, 0.299, 0.004, 0.00001E K L r s q= = = = = =   
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ʅʘ ʨʠʩ.3 ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʪʦʞʝ ʚʦʟʨʘʩʪʘʝʪ.  

 

 
 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʩʦ ʚʨʝʤʝʥʝʤ (90 ʜʥʝʡ) ʧʨʠ 

0.002, 1000, 200, 0.03, 0.4, 0.00001E K L r s q= = = = = =   

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʯʠʩʣʝʥʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ ʚ ʥʘʯʘʣʝ ʥʝ ʜʦʛʦʥʷʝʪ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʚ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ, ʟʘʪʝʤ ʦʥʠ ʜʦʩʪʠʛʘʝʪ ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʤʝʨʥʦ ʥʘ 37-38 ʜʝʥʴ, 

ʟʘʪʝʤ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚ ʩʚʦʙʦʜʥʦʡ 

ʟʦʥʝ. 

 
 

ʈʠʩ.5. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ (90 ʜʥʝʡ) ʧʨʠ 

4, 1000, 200, 0.03, 0.004, 0.1E K L r s q= = = = = =
 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʨʳʙ. ʍʦʪʷ ʧʨʦʠʩʭʦʜʠʪ 

ʨʦʩʪ ʧʦʧʫʣʷʮʠʠ ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ (ʥʠʞʥʷʷ ʢʨʠʚʘʷ) ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʦʣʦʚʴʷ ʨʳʙ ʚ ʩʚʦʙʦʜʥʦʡ ʟʦʥʝ 

(ʚʝʨʭʥʷʷ ʢʨʠʚʘʷ) ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʂʦʛʜʘ ʧʦʛʦʣʦʚʴʝ ʨʳʙ ʠ ʚ ʩʚʦʙʦʜ-

ʥʦʡ ʟʦʥʝ, ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʠʤʝʨʥʦ ʩʨʘʚʥʠʚʘʝʪʩʷ.   
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ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ (90 ʜʥʝʡ) ʧʨʠ 

2.8, 1000, 200, 0.3, 0.006, 0.2E K L r s q= = = = = =
 

 

ʅʘ ʨʠʩ. 6 ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʜʨʫʛʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʨʦʩʪ ʚ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʝ (ʥʠʞʥʠʡ ʛʨʘʬʠʢ) 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ʅʦ ʠ ʚʝʨʭʥʠʡ (ʟʦʥʘ ʩʚʦʙʦʜʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ) ʪʦʞʝ ʨʝʟʢʦ ʩʪʨʝ-

ʤʠʪʴʩʷ ʢ ʥʫʣʶ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʝʣʠʯʠʥʳ qE ʠ ʥʝʙʦʣʴʰʠʤ ʨʦʩʪʦʤ ʚ ʟʘʧʦʚʝʜ-

ʥʦʡ ʟʦʥʝ.  

ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʦʚ 

ʨʦʩʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʧʫʣʷʮʠʠ ʚ ʥʝʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʠ ʩʢʦʨʦʩʪʠ ʚʳʣʦʚʘ ʨʳʙʳ ʠʣʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʩʤʝʨʪʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʨʳʙ ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʜʝʥʘ ʠʟ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʟʘʧʦʚʝʜʥʦʡ ʠ ʥʝ ʥʘ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ, ʪʝ. ʩʚʦʙʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. 

 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʚʝ ʵʢʦʩʠʩʪʝʤʳ: ʦʜʥʘ ʩʚʦʙʦʜʥʘʷ ʟʦʥʘ ʜʣʷ ʨʳʙʦ-

ʣʦʚʩʪʚʘ ʠ ʜʨʫʛʘʷ - ʟʘʧʦʚʝʜʥʘʷ ʟʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʳʚʝʜʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɹʳʣʘ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʘ ʠ ʜʦʢʘʟʘʥʘ ʣʝʤʤʘ ʦ ʧʦʟʠʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ (1) ʠ (2).  

ɿʘʪʝʤ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʠ ʧʨʠʚʝʜʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. ʄʳ ʚʳʷʚʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ - ʛʣʦʙʘʣʴʥʦ ʘʩʠʤʧʪʦ-

ʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ.  ʀ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦ-

ʩʪʦʷʥʠʡ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ, ʯʝʨʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 2ʠ ʪʝʦʨʝʤʳ 1., ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʷ 

ʢʨʠʪʝʨʠʡ ʈʫʪʘ ï ɻʫʨʚʠʮʘ ʠ ʢʨʠʪʝʨʠʠ ʃʷʧʫʥʦʚʘ.    

ʇʨʠ ʵʪʦʤ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ 

ʯʠʩʣʦʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ - ʛʣʦ-

ʙʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʭʨʘʥʝʥʠʝ ʵʢʦʩʠʩʪʝ-

ʤʳ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʳʙʦʣʦʚʩʪʚʘ ʥʘ ʜʦʣʛʦʩʨʦʯʥʦʡ ʦʩʥʦʚʝ. ɿʘʧʦ-

ʚʝʜʥʳʝ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʳʙʦʣʦʚʩʪʚʘ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʣʦʚʦʤ ʨʳʙʳ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʧʦʣʠʪʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʣʦʚʩʪʚʦʤ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʙʫʜʫʱʝʤ. 
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ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʉʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʳʙʳ, ʚʳʷʚʠʚ ʧʨʦʙʣʝʤʳ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʨʝʰʝʥʠʷ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʜʝʨʞʠʚʘʶʱʠʤ ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦ-

ʟʦʢ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʚʦʟʦʢ ʠʟ ʫʜʘʣʸʥʥʳʭ ʨʘʡʦʥʦʚ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚ ʝʚʨʦʧʝʡʩʢʫʶ ʯʘʩʪʴ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʥʝʨʘʟʚʠʪʘʷ ʙʝʨʝʛʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ-ʧʝʨʝʚʦʟʯʠʢʦʚ. ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʨʳʙʳ ʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ.  

 

ɸʨʢʪʠʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʨʝʛʠʦʥʦʤ ʈʦʩʩʠʠ, ʦʩʚʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʚʠʪʠʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ (ʉʄʇ) ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʨʪʝʨʠʠ. 

ʈʦʩʩʠʡʩʢʘʷ ɸʨʢʪʠʢʘ ʚʢʣʶʯʘʝʪ ʯʘʩʪʴ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ, ʠ ʦʙʣʘʜʘʝʪ 

ʩʚʦʠʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ ʠ ʦʧʨʝʜʝʣʸʥʥʳʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʦʤʠʤʦ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʜʦʙʳʚʘʝʤʳʭ ʚ 

ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ, ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʠʛʨʘʶʪ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʧʦʣʫʯʘʝ-

ʤʳʝ ʨʳʙʦʣʦʚʩʪʚʦʤ ʠ ʜʦʙʳʯʝʡ ʥʝʨʳʙʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʩʣʘ, ʘ ʪʘʢʞʝ ʠʭ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʘ. ɺ ʮʝʣʦʤ, ʵʪʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʪʦʣʴ ʫʜʘʣʸʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʪʘʢ ʢʘʢ, ʚʦ-ʧʝʨʚʳʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʭ ʘʨʢʪʠʯʝ-

ʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʚʦ-ʚʪʦʨʳʭ, ʠʛʨʘʝʪ ʘʢʪʠʚʥʫʶ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʨʦʣʴ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʕʢʩʧʝʜʠʮʠʷ ʆ.ʖ.ʐʤʠʜʪʘ ʚ 1932ʛʦʜʫ ʧʝʨʚʦʡ ʚ ʠʩʪʦʨʠʠ ʧʨʦʰʣʘ ʩʝʚʝʨʥʳʤʠ ʤʦʨʷʤʠ ʠʟ ɸʨ-

ʭʘʥʛʝʣʴʩʢʘ ʜʦ ɹʝʨʠʥʛʦʚʘ ʧʨʦʣʠʚʘ, ʧʦʣʦʞʠʚ ʥʘʯʘʣʦ ʦʩʚʦʝʥʠʶ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʈʦʩʩʠʷ ʚ 2022ʛʦʜʫ ʦʪʤʝʪʠʣʘ 90-ʣʝʪʠʝ ʉʄʇ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʄʇ ʥʘʟʳʚʘʶʪ ʩʝʚʝʨʥʳʤ 

ʤʦʨʩʢʠʤ ʢʦʨʠʜʦʨʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʦʢʝʘʥʘʤʠ: ɸʪʣʘʥʪʠʯʝʩʢʠʤ ʠ ʊʠʭʠʤ, ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

5770 ʤʦʨʩʢʠʭ ʤʠʣʴ. ʕʪʦʪ ʤʦʨʩʢʦʡ ʧʫʪʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʤʝʞʜʫ ʨʦʩʩʠʡʩʢʠʤʠ ʧʦʨʪʘʤʠ 

ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʤʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʏʫʢʦʪʩʢʦʝ, ɺʦʩʪʦʯʥʦ - 

ʉʠʙʠʨʩʢʦʝ, ʤʦʨʝ ʃʘʧʪʝʚʳʭ, ʂʘʨʩʢʦʝ ʠ ɹʘʨʝʥʮʝʚʦ ʤʦʨʷ. ʅʘ ʤʘʨʰʨʫʪʝ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʨʪʦʚʳʭ 

ʛʦʨʦʜʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʉʘʙʝʪʪʘ, ɼʫʜʠʥʢʘ, ʍʘʪʘʥʛʘ, ʊʠʢʩʠ, ʇʝʚʝʢ. ʅʘ ʨʠʩʫʥʢʝ 

1ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʫʢʘʟʘʥ ʩʭʝʤʘʪʠʯʥʦ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʦʩʩʠʡʩʢʦʝ ʧʨʘ-

ʚʠʪʝʣʴʩʪʚʦ ʥʝʤʘʣʦ ʜʝʣʘʝʪ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʘʞʥʝʡʰʝʡ ʩʝʚʝʨ-

ʥʳʤ ʤʦʨʩʢʠʤ ʢʦʨʠʜʦʨʦʤ. 

ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʦʪ 31.07.1998 ˉ 155-ʌɿ çʆ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʩʢʠʭ ʚʦʜʘʭ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʤʦʨʝ ʠ ʧʨʠʣʝʞʘʱʝʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ - ʵʪʦ 

çʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʝʜʠʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʚ ɸʨʢʪʠʢʝè [1]. ʇʦʟʞʝ ʜʘʥʥʳʡ ʟʘʢʦʥ ʙʳʣ ʜʦʨʘʙʦʪʘʥ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʧʨʠʥʷʪ ʌʝʜʝʨʘʣʴʥʳʡ 

ʟʘʢʦʥ ʦʪ 5 ʜʝʢʘʙʨʷ 2022ʛ. N 510-ʌɿ "ʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ "ʆ ʚʥʫʪʨʝʥʥʠʭ 

ʤʦʨʩʢʠʭ ʚʦʜʘʭ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʤʦʨʝ ʠ ʧʨʠʣʝʞʘʱʝʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" [2], ʧʨʠ ʵʪʦʤ 

ʜʦʧʦʣʥʝʥʠʷ ʥʝ ʢʦʩʥʫʣʠʩʴ ʦʧʨʝʜʝʣʝʥʠʷ ʉʄʇ  

ʉʝʚʤʦʨʧʫʪʴ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʠ 

ʦʧʘʩʥʳʭ ʤʦʨʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʨʪʝʨʠʡ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ, 

ʤʥʦʞʝʩʪʚʦʤ ʤʝʣʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʜʘʣʠ ʦʪ ʙʝʨʝʛʘ. ʂ ʪʦʤʫ ʞʝ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʡ 

ʨʝʣʴʝʬ ʜʥʘ ʤʥʦʛʠʭ ʨʘʡʦʥʦʚ ʧʦʢʘ ʠʟʫʯʝʥ ʩʣʘʙʦ. ʋʩʫʛʫʙʣʷʶʪ ʦʙʩʪʘʥʦʚʢʫ ʪʷʞʸʣʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʠ ʜʣʠʪʝʣʴʥʳʡ ʣʝʜʦʚʳʡ ʧʝʨʠʦʜ. ʇʦ ʉʄʇ ʧʨʦʭʦʜʷʪ ʪʦʣʴʢʦ ʩʫʜʘ ʣʝʜʦʚʳʭ ʢʣʘʩʩʦʚ. 

ɼʣʷ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʉʄʇ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʜʦʩʪʘʚʢʠ ʨʳʙʳ ʠ ʤʦʨʝ-

ʧʨʦʜʫʢʪʦʚ. 
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ʈʠʩʫʥʦʢ 1ï ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ 

 

ɺ 2018 ʛʦʜʫ ʧʨʝʟʠʜʝʥʪ ʈʌ ʇʫʪʠʥ ɺ.ɺ. ʧʦʨʫʯʠʣ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʠ ʛʦʩʢʦʨʧʦʨʘʮʠʠ "ʈʦʩʘʪʦʤ" 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʣʘʥ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʛʫʣʷʨʥʳʭ ʪʨʘʥʟʠʪʥʳʭ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʧʦ 

ʉʄʇ, ʥʘʯʠʥʘʷ ʩ 2022ʛʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʢʨʫʛ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʜʝʨʞʠ-

ʚʘʶʱʠʭ ʨʘʩʰʠʨʝʥʠʝ ʧʨʘʢʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʝʚʤʦʨʧʫʪʠ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ. [4] 

ʇʦ ʤʥʝʥʠʶ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʨʠʛʛʝʨʦʤ ʚ ʨʝʰʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʢʦʥʩʦʣʠʜʘʮʠʷ 

ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚ-ʧʝʨʝʚʦʟʯʠʢʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʚʦʜʦʢ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʫʜʦʚ ʚ ʟʠʤʥʠʡ ʣʝʜʦʚʳʡ ʧʝʨʠʦʜ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʣʘʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʠ ʤʦʨʩʢʠʭ ʨʝʡʩʦʚ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʡ ʠ ʫʣʫʯʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʉʝʚʤʦʨʧʫʪʠ.  

ɺ ʚʦʜʘʭ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʚʳʣʘʚʣʠʚʘʝʪʩʷ ʦʢʦʣʦ 20% ʚʩʝʭ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʪʨʘʥʳ. ʆʩʥʦʚʥʦʡ ʧʨʦʤʳʩʝʣ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ: ʩʝʣʴʜʴ, ʢʘʤʙʘʣʘ, ʩʢʫʤʙʨʠʷ, ʧʘʣ-

ʪʫʩ, ʪʨʝʩʢʘ, ʧʠʢʰʘ, ʧʫʪʘʩʩʫ, ʢʨʘʙ, ʢʨʝʚʝʪʢʘ, ʦʙʱʠʡ ʦʙʲʸʤ ʚʳʣʦʚʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 700 ʪʳʩ. 

ʪʦʥʥ ʚ ʛʦʜ. ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʫʩʠʣʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ʨʳʙʳ ʥʘ ʩʝʚʝʨ ʚʳʰʝ 70ʦ ʩ.ʰ., ʧʨʠ ʵʪʦʤ ʢʚʦʪʳ 

ʧʦ ʜʦʙʳʯʝ ʨʳʙʳ ʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ ʛʦʜ ʦʪ ʛʦʜʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦ ʉʝʚʝʨʥʦʤʫ 

ʤʦʨʩʢʦʤʫ ʧʫʪʠ ʩʤʦʞʝʪ ʜʦʩʪʘʚʣʷʪʴʩʷ ʦʢʦʣʦ 100 ʪʳʩ.ʪʦʥʥ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʛʦʜ, ʠ ʵʪʦ ʩʝʜʴʤʘʷ 

ʯʘʩʪʴ ʨʳʙʦʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʝʨʝʚʦʟʠʪʩʷ ʩ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʝʤʠ ʚʠ-

ʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. [3] 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʜʦʙʳʯʠ ʙʠʦʨʝʩʫʨʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʧʦʣʝʟ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʌɸʆ, ʢʫʜʘ ʈʦʩʩʠʷ ʚʩʪʫʧʠʣʘ ʚ ʘʧʨʝʣʝ 2006 ʛʦʜʘ. ʉʪʘʚ ʯʣʝ-

ʥʦʤ ʌɸʆ, ʥʘʰʘ ʩʪʨʘʥʘ ʧʦʣʫʯʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʳʪʘ ʌɸʆ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʚ ʤʠʨʦʚʫʶ ʩʠʩʪʝʤʫ ʨʳʙʥʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʠ ʪʦʨʛʦʚʣʠ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʌɸʆ, ʨʦʩʩʠʡʩʢʘʷ ɸʨʢʪʠʢʘ ʠ ʪʨʘʩʩʘ ʉʝʚʤʦʨʧʫʪʠ ʟʘʪʨʘʛʠʚʘʶʪ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʟʦʥʳ: ɹʘʨʝʥʮʝʚʦ, ɹʝʣʦʝ ʠ ʂʘʨʩʢʦʝ ʤʦʨʷ, ʟʦʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʨʩʢʠʭ ʨʝʩʫʨʩʦʚ: ʤʦʨʝ ʃʘʧʪʝʚʳʭ, ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʝ ʠ ʏʫʢʦʪʩʢʦʝ ʤʦʨʷ [4].  

3 ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ ʥʘ ʚʩʪʨʝʯʝ ʛʦʨʦʜʝ ʀʣʫʣʣʠʩʩʘʪʝ (ɻʨʝʥʣʘʥʜʠʷ) ʧʷʪʴ ʧʨʠʘʨʢʪʠʯʝʩʢʠʭ ʛʦʩ-

ʫʜʘʨʩʪʚ ʜʦʛʦʚʦʨʠʣʠʩʴ ʥʘʯʘʪʴ ʢʦʤʤʝʨʯʝʩʢʦʝ ʨʳʙʦʣʦʚʩʪʚʦ ʚ ʘʨʢʪʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʙʫʜʝʪ ʩʦʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʢʦʩʠʩʪʝʤʝ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʙʫʜʫʪ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʛʫʣʠʨʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʨʳʙʦʣʦʚʩʪʚʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʛʣʘʰʝʥʠʝ, ʢʦʪʦʨʦʝ. ʧʦʜʧʠʩʘʥʦ ʠ ʜʨʫʛʠʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ: 

ʉʐɸ, ʂʘʥʘʜʦʡ, ʅʦʨʚʝʛʠʝʡ, ɼʘʥʠʝʡ, ʀʩʣʘʥʜʠʝʡ, ʗʧʦʥʠʝʡ, ʂʠʪʘʝʤ, ʈʝʩʧʫʙʣʠʢʦʡ ʂʦʨʝʷ, ʈʦʩʩʠʝʡ ʠ 

ɽʚʨʦʩʦʶʟʦʤ. ʇʦʜʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʩʪʘʣʦ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʚʝʜʝʥʠʶ ʧʨʦ-

ʤʳʩʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ. ɺ ʦʩʥʦʚʫ ʩʦʛʣʘʰʝʥʠʷ ʧʦʣʦʞʝʥ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʦʩʪʦʨʦʞʥʳʡ ʧʦʜʭʦʜ ʢ ʨʳʙʦʣʦʚʩʪʚʫ ʧʫʪʸʤ ʟʘʧʨʝʪʘ ʅʅʅ-ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ. 25 ʠʶʥʷ 2021ʛʦʜʘ ʚʩʪʫʧʠʣʦ ʚ ʩʠʣʫ ʉʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʠ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦ-

ʛʦ ʦʢʝʘʥʘ. 
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ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʥʘʫʯʥʘʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ, ʢʨʦʤʝ ʪʦʛʦ ʩʪʦʨʦʥʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʝ-

ʰʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʠʥʷʪʠʶ ʠʥʳʭ ʜʦʛʦʚʦʨʝʥ-

ʥʦʩʪʝʡ. [5] 

ʆʜʥʘʢʦ ʧʦʢʘ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʠʟʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʣʝʜʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ. ɻʣʫʙʦʢʠʝ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʝ-

ʥʠʝ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʩʝʛʦʜʥʷ ʧʨʦʚʦʜʷʪʩʷ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ.  

 ʉʝʚʤʦʨʧʫʪʴ ʜʦʣʞʝʥ ʩʪʘʪʴ ʚ ʙʫʜʫʱʝʤ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʝʜʠʥʦʡ ɸʨʢʪʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪ-

ʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʙʳ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʢʘʢ ʤʦʨʩʢʦʛʦ, ʪʘʢ ʠ ʨʝʯ-

ʥʦʛʦ ʬʣʦʪʘ, ʧʦʣʷʨʥʦʡ ʘʚʠʘʮʠʠ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʙʝʨʝʛʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʘʯʠʥʘʷ ʩ 2010 ʛʦʜʘ, ʥʘʤʝʪʠ-

ʣʘʩʴ ʘʢʪʠʚʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʚʦʟʨʦʩʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʜʦʭʦʜʩʪʚʘ, ʫʚʝ-

ʣʠʯʠʣʘʩʴ ʜʦʣʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ, ʨʘʩʰʠʨʠʣʘʩʴ ʩʝʪʴ ʩʫʜʦʭʦʜʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʨʘʩʰʠʨʠʣʘʩʴ 

ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʥʘʚʠʛʘʮʠʠ  

ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 1ʘʚʛʫʩʪʘ 2022ʛ. ˉ 2115-ʨ ʩʦʜʝʨʞʠʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʩʣʦʞʥʦʩʪʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʸʪ ʘʢ-

ʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʣʝʜʦʢʦʣʴʥʦʛʦ ʬʣʦʪʘ, ʧʦʩʪʝʧʝʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʣʝʜʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʨʝ-

ʬʨʠʞʝʨʘʪʦʨʦʚ-ʢʦʥʪʝʡʥʝʨʦʚʦʟʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʢʦʥʪʝʡʥʝʨʳ ʩ ʨʳʙʦʡ ʠ ʤʦʨʝʧʨʦʜʫʢʪʘʤʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʥʘʚʠʛʘʮʠʠ ʉʄʇ. [6] 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʘʨʢʪʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʣʦʪʘ: ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʷʥʳʭ 

ʪʘʥʢʝʨʦʚ, ʪʘʥʢʝʨʦʚ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʉʇɻ) ʠ ʢʦʥʪʝʡʥʝʨʦʚʦʟʦʚ. ʇʦ ʪʝʭ-

ʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʪʘʥʢʝʨʳ ʉʇɻ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʥʘ ʉʝʚʝʨʥʦʤ ʤʦʨʩʢʦʤ ʧʫʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʨʦʚʥʶ ʤʠʨʦʚʦʛʦ ʬʣʦʪʘ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʩʚʦʠʤ ʛʘʙʘʨʠʪʘʤ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʤʠʨʦʚʳʭ, 

ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ. ʅʘ ʤʝʣʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʉʄʇ ʦʩʘʜʢʘ ʩʫʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 9,5 ʤ, ʯʪʦ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʨʰʨʫʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦʡ. 

ɺ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʨʘʟʚʠʪʠʷ ʉʝʚʤʦʨʧʫʪʠ ʚʦʧʨʦʩ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʤʘʛʠ-

ʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʭʦʜʠʪ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠ-

ʪʠʶ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ. ʇʣʦʭʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʩʣʘʙʦʝ ʝʸ ʨʘʟʚʠʪʠʷ ʚʜʦʣʴ ʪʨʘʩʩʳ ʉʄʇ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʘʨʢʪʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʨʰʨʫʪʦʚ. ʆʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʉʝʚʤʦʨʧʫʪʠ ʚʦʟʥʠ-

ʢʘʝʪ ʝʱʸ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʞʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ. ʉʦʟʜʘ-

ʥʠʝ ʦʧʦʨʥʳʭ ʟʦʥ ʨʘʟʚʠʪʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦ ʨʘʟʚʠʪʠʶ 

ʉʄʇ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʦʡ ʨʝʜʘʢʮʠʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʦʧʦʨʥʳʝ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʧʨʦʝʢʪʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʠ ʦʪʨʘʩʣʝʚʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʢʘʢ ʥʘ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʥʘ ʯʘʩʪʥʦʤ ʢʘʧʠʪʘʣʝ.  

ɸʨʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʧʣʦʱʘʜʢʠ ʩ ʤʦʱʥʳʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝʤ, 

ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʢ ʥʠʤ, ʚʤʝʩʪʠʪʝʣʴʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʳʙʳ ʠ ʜʨʫʛʠʭ ʩʢʦʨʦʧʦʨʪʷ-

ʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʧʦ ʪʠʧʫ ʢʦʨʝʡʩʢʠʭ ʭʘʙʦʚ ʚ ʇʫʩʘʥʝ, ʛʜʝ ʤʦʨʦʟʠʣʴʥʳʝ ʸʤʢʦʩʪʠ ʤʦʛʫʪ ʧʨʠʥʷʪʴ ʜʦ 5 

ʤʣʥ ʪ ʨʳʙʳ, ʪʦ ʝʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʜʦʙʳʚʘʶʪ ʚʩʝ ʨʦʩʩʠʡʩʢʠʝ ʨʳʙʘʢʠ ʟʘ ʛʦʜ. ʉʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʪʝʨʤʠ-

ʥʘʣʦʚ ʧʦʨʷʜʢʘ 1ʤʣʨʜ ʨʫʙʣʝʡ ʢʘʞʜʘʷ, ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʦʩʩʠʡʩʢʘʷ ʨʳʙʥʘʷ ʦʪʨʘʩʣʴ ʩʘʤʘ 

ʩʪʨʦʠʣʘ ʬʠʪʠʥʛʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʩʘʤʘ ʧʨʦʠʟʚʦʜʠʣʘ ʠ ʨʝʬʢʦʥʪʝʡʥʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʟʘʢʫ-

ʧʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʂʠʪʘʝ ʚ ʩʪʘʪʫʩʝ ʙ/ʫ [7].   

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʣʝʜʦʚʦʡ ʧʨʦʚʦʜʢʠ ʩʫʜʦʚ ʠ ʠʭ 

ʟʘʛʨʫʟʢʠ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʦ ʝʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʥʦʤʝʨʥʦʛʦ ʛʨʫʟʦʧʦʪʦʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝ-

ʣʠʯʝʥʠʝ ʩʫʙʩʠʜʠʡ. ʀʥʚʝʩʪʠʮʠʠ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʧʦʩʪʘʚʢʠ ʨʳʙʳ ʩ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚ ʝʚʨʦʧʝʡ-

ʩʢʫʶ ʯʘʩʪʴ ʩʪʨʘʥʳ ʧʦ ʉʄʇ ʨʝʛʫʣʷʨʥʳʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ. ɺ ʈʦʩʨʳʙʦʣʦʚʩʪʚʝ ʦʮʝʥʠ-

ʚʘʶʪ ʝʞʝʛʦʜʥʳʡ ʛʨʫʟʦʦʙʦʨʦʪ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʯʝʨʝʟ ʨʦʩʩʠʡʩʢʠʝ ʧʦʨʪʳ ʢ 2030 ʛʦʜʫ ʚ ʦʙʲʸʤʝ ʥʝ 

ʤʝʥʝʝ 3 ʤʣʥ ʪ. ʆʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ ʦʙʲʸʤʦʚ ʨʳʙʥʳʭ ʛʨʫʟʦʚ (ʜʦ 900 ʪʳʩ. ʪ) ʧʣʘʥʠʨʫʝʪʩʷ ʩ ʪʝʨʤʠʥʘ-

ʣʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʠʭ ʦʙʲʸʤʦʚ ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʚʦʜ ʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ ʭʦʣʦʜʠʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʝ ʤʝʥʝʝ 150 ʪʳʩ. ʪ. ʉʫʤʤʘʨʥʳʡ 

ʦʙʲʸʤ ʠʥʚʝʩʪʠʮʠʡ ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʝʥ ʩʦʩʪʘʚʠʪʴ ʜʦ 15 ʤʣʨʜ ʨʫʙ. 
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ɽʱʸ ʦʜʥʠʤ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʚʥʝʜʨʝʥʠʷ ʨʘʟʚʸʨʥʫʪʦʛʦ ʧʣʘʥʘ ʨʘʟʚʠʪʠʷ ʉʄʇ ʚ ʨʳʙʥʫʶ 

ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʚʙʘʟ ʥʘ ʜʦʙʳʚʘʶʱʝʤ ʬʣʦʪʝ. ʆʩʪʘʸʪʩʷ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ 

ʤʝʭʘʥʠʟʤ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʚʦʪ, ʚʥʝʜʨʝʥʥʳʡ ʈʦʩʨʳʙʦʣʦʚʩʪʚʦʤ, ʦʙʝʩʧʝʯʠʪ ʚʳʧʫʩʢ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ-ʧʨʦʮʝʩʩʦʨʦʚ ʚ ʙʣʠʞʘʡʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʕʪʦ ʩʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ 

ʨʳʙʳ ʧʦ ʉʝʚʤʦʨʧʫʪʠ ʙʦʣʝʝ ʜʝʰʸʚʳʤ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʥʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ, ʪʘʢ ʢʘʢ ʚʦ ʚʨʝʤʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙʥʦʛʦ ʠ ʥʝʨʳʙʥʦʛʦ ʩʳʨʴʷ.  

ʆʜʥʘʢʦ ʧʦʢʘ ʦʙʥʦʚʣʝʥʠʝ ʨʳʙʦʣʦʚʥʦʛʦ ʬʣʦʪʘ ʈʦʩʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ. ɺ ʩʝʥʪʷʙʨʝ 2020 

ʛʦʜʘ ʚʚʝʜʸʥ ʚ ʩʪʨʦʡ ʛʦʣʦʚʥʦʡ ʪʨʘʫʣʝʨ-ʧʨʦʮʝʩʩʦʨ ʧʨʦʝʢʪʘ ʂʄʊ01çɹʘʨʝʥʮʝʚʦ ʤʦʨʝè. ʕʪʦʪ ʪʠʧ ʢʦʨ-

ʤʦʚʳʭ ʤʦʨʦʟʠʣʴʥʳʭ ʪʨʘʫʣʝʨʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʨʘʣʦʚʦʛʦ ʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ ʠ ʯʘʩʪʠʯʥʦʡ ʠʣʠ 

ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʳʣʦʚʣʝʥʥʦʡ ʨʳʙʳ: ʦʙʝʟʛʣʘʚʣʠʚʘʥʠʝ, ʧʦʪʨʦʰʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʠʣʝ, ʠʢʨʳ 

ʠ ʧʝʯʝʥʠ ʪʨʝʩʢʠ, ʨʳʙʥʦʡ ʤʫʢʠ ʠ ʨʳʙʴʝʛʦ ʞʠʨʘ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʩʨʘʟʫ ʧʦʩʣʝ ʚʳʣʦʚʘ [4]. ɺʩʝʛʦ ʧʣʘ-

ʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ 4 ʩʫʜʥʘ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʟʘʢʣʶʯʝʥʦ 25 ʜʦʛʦʚʦʨʦʚ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ ʜʣʷ ʉʝʚʝʨʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʦʙʲʸʤʦʤ 

ʠʥʚʝʩʪʠʮʠʡ ʦʢʦʣʦ 10 ʤʣʨʜ ʨʫʙʣʝʡ. ʈʳʙʦʣʦʚʥʳʤʠ ʙʘʟʘʤʠ ʟʘʢʣʶʯʝʥʦ 11ʜʦʛʦʚʦʨʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʦʚʳʭ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʠ: ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ, ʄʫʨʤʘʥ-

ʩʢʦʡ ʦʙʣʘʩʪʷʭ ʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʝʣʠʷ.   

ɺ ʈʦʩʩʠʠ ʨʘʙʦʪʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ʤʠʨʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʫʜʥʦ ʩ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʦʡ çʉʝʚʤʦʨʧʫʪʴè (ʨʠʩ. 2). 7-ʛʦ ʠʶʣʷ 2023 ʛʦʜʘ çʉʝʚʤʦʨʧʫʪʴè ʧʨʠʙʳʣ ʚ ʇʨʠʤʦʨʴʝ, ʚʳʧʦʣʥʠʚ 

ʧʝʨʚʳʡ ʩʫʙʩʠʜʠʨʫʝʤʳʡ ʢʘʙʦʪʘʞʥʳʡ ʨʝʡʩ, ʧʨʠ ʵʪʦʤ ʥʘ ʧʝʨʝʭʦʜ ʠʟ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʚ ʙʫʭʪʫ ʅʘʭʦʜʢʘ ʦʥ 

ʟʘʪʨʘʪʠʣ 23 ʜʥʷ. ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʳʙʥʳʝ ʧʦʨʪʳ ʄʫʨʤʘʥʩʢʘ ʠ ɸʨʭʘʥʛʝʣʴʩʢʘ ʥʝ ʤʦʛʫʪ 

ʧʨʠʥʷʪʴ ʘʪʦʤʥʳʡ ʢʦʥʪʝʡʥʝʨʦʚʦʟ, ʧʦʩʢʦʣʴʢʫ ʝʤʫ ʥʝ ʭʚʘʪʘʝʪ ʛʣʫʙʠʥʳ, ʘ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩ 

ʧʨʠʯʘʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʂʦʥʪʝʡʥʝʨʦʚʦʟ ʤʦʞʝʪ ʚʦʡʪʠ ʪʦʣʴʢʦ ʚ ʪʦʨʛʦʚʳʡ ʧʦʨʪ ʄʫʨʤʘʥʩʢʘ, ʛʜʝ ʦʥ 

ʚʳʛʨʫʞʘʣʩʷ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ, ʘ ʚ ɸʩʪʨʘʭʘʥʠ ʚʳʛʨʫʟʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʨʝʡʜʝ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʩʫʜʘ. [8] 

ʈʘʟʚʠʪʠʝ ʣʝʜʦʢʦʣʴʥʦʛʦ ʠ ʪʘʥʢʝʨʥʦʛʦ ʬʣʦʪʘ ʚ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ʧʦʤʦʞʝʪ ʫʧʦʨʷʜʦ-

ʯʠʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʤʦʨʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʦ ʉʄʇ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʫʞʝ ʚʝʜʸʪʩʷ ʨʘʙʦʪʘ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʧʨʘʢʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʉʄʇ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚ ʮʝʥʪʨʘʣʴʥʳʝ ʨʘʡʦʥʳ ʈʌ: ʨʝʰʘʶʪʩʷ 

ʩʣʦʞʥʳʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʦʨʥʳʭ ʧʦʨʪʦʚ-ʭʘʙʦʚ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦ-

ʛʦ ʢʦʨʠʜʦʨʘ ʚ ʇʝʪʨʦʧʘʚʣʦʚʩʢʝ-ʂʘʤʯʘʪʩʢʦʤ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ ʩʝʚʝʨʘ ʈʦʩʩʠʠ, ʜʦ ʩʠʭ ʧʦʨ ʜʣʷ ʜʘʥʥʦ-

ʛʦ ʨʘʡʦʥʘ ʧʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ɸʨʢʪʠʯʝʩʢʠʤ ʨʳʙʦʣʦʚʩʪʚʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 2-  ɸʪʦʤʥʳʡ ʢʦʥʪʝʡʥʝʨʦʚʦʟ"ʉʝʚʤʦʨʧʫʪʴ" ʚ ʧʦʨʪʫ ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʦʩʚʦʝʥʠʝ ɸʨʢʪʠʢʠ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠʚʝʜʸʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʵʪʦ ʧʨʠʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʦʚ 

ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ.  

ʇʦ ʤʥʝʥʠʶ ʈʦʩʨʳʙʦʣʦʚʩʪʚʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʡʩʳ ʣʠʭʪʝʨʦʚʦʟʘ "ʉʝʚʤʦʨʧʫʪʴ" ʚ 2019 ʠ 

2020 ʛʦʜʘʭ ʥʝ ʙʳʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʠʟ-ʟʘ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʟʘʛʨʫʟʢʠ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ:ʢʘʢ ʚ ʟʘʧʘʜʥʦʤ, ʪʘʢ ʠ ʚ ʚʦʩʪʦʯʥʦʤ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʢʨʦʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʧʣʦ-

ʭʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  
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ʆʜʥʘʢʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʚʠʞʥʦʡ ʞ/ʜ ʩʦʩʪʘʚ ʦʩʪʘʸʪʩʷ ʥʝ ʩʣʠʰʢʦʤ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ, ʚʠʜʠʤʦ ʧʦʪʦʤʫ, ʯʪʦ ʝʛʦ ʪʘʨʠʬ ʜʦʨʦʞʝ ʚ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʳʯʥʳʤ. 

ʇʦ ʧʦʜʩʯʸʪʘʤ ʈʦʩʨʳʙʦʣʦʚʩʪʚʘ, ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʨʳʙʳ 40-ʬʫʪʦʚʳʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ ʧʦ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʠʟ ɺʣʘʜʠʚʦʩʪʦʢʘ ʚ ʄʦʩʢʚʫ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 18 ʨʫʙ. ʟʘ 1ʢʛ, ʚ ʘʚʪʦʨʝʬʨʠʞʝʨʘ-

ʪʦʨʘʭ ï 19 ʨʫʙ., ʘ ʧʦ ʉʝʚʝʨʥʦʤʫ ʤʦʨʩʢʦʤʫ ʧʫʪʠ ʢʘʞʜʳʡ ʢʠʣʦʛʨʘʤʤ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʙʭʦʜʠʪʩʷ ʚ 

20 ʨʫʙ.  

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʠ ʧʦ ʉʝʚʝʨʥʦʤʫ ʤʦʨʩʢʦʤʫ ʧʫ-

ʪʠ, ʪʦ ʠ ʪʫʪ ʤʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʛʨʳʚʘʝʪ. ʇʦ ʉʄʇ ʩʫʜʘ ʠʜʫʪ ʧʦʨʷʜʢʘ 3-ʭ ʥʝʜʝʣʴ, ʘ 

ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ 10-15 ʩʫʪʦʢ. ʅʦ ʝʩʣʠ ʩʨʘʚʥʠʪʴ ʧʝʨʝʚʦʟʢʫ ʨʳʙʳ ʧʦ ʉʝʚʤʦʨʧʫʪʠ ʠ ʯʝʨʝʟ ʉʫʵʮ-

ʢʠʡ ʢʘʥʘʣ, ʛʜʝ ʜʦʨʦʛʘ ʟʘʥʠʤʘʝʪ ʦʪ 32ʜʦ 37 ʜʥʝʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʯʝʨʸʜʥʦʩʪʠ ʚ ʩʘʤʦʤ ʢʘʥʘʣʝ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʷ ʧʠʨʘʪʦʚ ʚ ʂʨʘʩʥʦʤ ʤʦʨʝ ʠ ʜʨʫʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʦʨʛʦʚʳʭ ʧʨʦʚʦʣʦʯʝʢ, ʪʦ ʧʦ ʉʄʇ ʧʝ-

ʨʝʚʦʟʠʪʴ ʨʳʙʫ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʉʝʚʤʦʨʧʫʪʴ ʚʳʠʛʨʳʚʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʭʦʜʠʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʤʦʨʷʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ - ʙʝʟ ʦʯʝʨʝʜʝʡ ʠ ʙʝʟ ʨʠʩ-

ʢʦʚ ʧʠʨʘʪʩʢʠʭ ʥʘʧʘʜʝʥʠʡ. 

ʋ ʉʝʚʤʦʨʧʫʪʠ ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʧʣʶʩʳ: ʨʳʙʫ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ʧʝʨʝʚʦʟʷʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʩʸʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʘʭ, ʪʘʢ ʠ ʥʘ ʧʣʘʚʙʘʟʘʭ. 

ʇʦʩʢʦʣʴʢʫ ʨʳʙʘ - ʪʦʚʘʨ ʜʦʩʪʘʪʦʯʥʦ ʥʝʞʥʳʡ, ʩʘʤʦʝ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʜʣʷ ʝʸ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ï ɻ ʪʦ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʩʳʨʴʸ ʧʨʠ ʵʪʦʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʪʝʨʷʝʪ ʢʘʯʝʩʪʚʦ. ʇʨʠ ʜʦʩʪʘʚʢʝ ʯʝʨʝʟ 

ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʪ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʘʤʦʨʦʟʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʳʙʳ. ɺ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʨʳʙʘ ʩ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 

ʧʨʠʙʳʚʘʝʪ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʩʪʨʘʥʳ ʙʝʟ ʧʝʨʝʚʘʣʦʢ, ʘ ʟʥʘʯʠʪ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦ, ʥʦ ʠ 

ʩʥʠʞʘʝʪʩʷ ʢʦʥʝʯʥʘʷ ʮʝʥʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ ʧʣʘʚʙʘʟʘʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʨʝʤʷ ʚ ʜʦʨʦʛʝ, ʢʦʛʜʘ ʧʨʷʤʦ ʥʘ 

ʙʦʨʪʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʠʣʠ ʛʣʫʙʦʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʠʣʝ, ʬʘʨʰʘ, 

ʢʦʥʩʝʨʚʦʚ ʠʣʠ ʧʨʝʩʝʨʚʦʚ. ʇʦʵʪʦʤʫ ʧʝʨʝʚʦʟʢʘ ʨʳʙʳ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ʠʤʝʝʪ ʩʚʦʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʥʘ 

ï ʙʦʣʴʰʠʝ, ʯʝʤ ʧʝʨʝʚʦʟʢʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ, ʧʨʠʤʝʨʥʦ ʥʘ 20ī30% [9]. 

ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʝʚʤʦʨʧʫʪʠ ʧʦʟʚʦʣʠʣʦ ʙʳ ʨʘʟʛʨʫʟʠʪʴ ʧʦʨʪ ʚ ʇʝʪʨʦʧʘʚʣʦʚʩʢ-

ʂʘʤʯʘʪʩʢʦʤ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʧʫʪʠʥʳ, ʢʦʛʜʘ ʩʢʘʧʣʠʚʘʶʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʛʨʫʟʦʚ ʩ ʨʳʙʦʡ, 

ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʚʩʝ ʩʨʘʟʫ ʧʝʨʝʚʝʟʪʠ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ.  

ʈʘʥʝʝ, ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʠʭ ʧʨʦʰʣʳʭ ʣʝʪ, ʨʳʙʥʘʷ ʦʪʨʘʩʣʴ ʧʦʩʪʦʷʥʥʦ ʚʳʩʢʘʟʳʚʘʣʘ ʥʘʨʝʢʘʥʠʷ ʚ ʘʜ-

ʨʝʩ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʧʝʨʝʚʦʟʢʦʡ ʨʳʙʦʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʣʘ ʧʝʨʝʚʦʟʢʫ 

ʚʩʝʛʦ ʝʸ ʦʙʲʸʤʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʠʢʦʚʳʝ ʧʝʨʠʦʜʳ. ʅʦ ʚ 

ʧʦʩʣʝʜʥʠʝ 3ī4 ʛʦʜʘ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ, ʧʦʩʢʦʣʴʢʫ ʨʦʩʩʠʡʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʚʚʝʣʠ 5 ʥʦʚʳʭ ʝʞʝ-

ʜʥʝʚʥʳʭ, ʢʦʪʦʨʳʝ ʩʦʢʨʘʪʠʣʠ ʩʨʦʢ ʜʦʩʪʘʚʢʠ ʨʳʙʦʧʨʦʜʫʢʮʠʠ ʜʦ ʄʦʩʢʚʳ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʄʇ ʠʤʝʶʪʩʷ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʟʜʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʙʣʝ-

ʤʳ: ʧʝʨʝʚʦʟʠʪʴ ʧʨʦʜʫʢʮʠʶ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ʤʦʞʥʦ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʫʩʣʦ-

ʚʠʷ ʥʘʚʠʛʘʮʠʠ ʥʘ ʉʄʇ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ï ʵʪʦ 

ʥʝʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʠ ʥʝʜʝʰʸʚʳʡ ʚʘʨʠʘʥʪ ʧʝʨʝʚʦʟʢʠ. ʅʦ ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʵʪʦʪ ʩʧʦʩʦʙ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ, ʪʦ ʠʤʝʥʥʦ ʤʦʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘ-

ʥʷʪʴ ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʟʠʤʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʀ ʚʩʸ ʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʦʱʫʪʠʤʳʝ ʚʳʛʦʜʳ, ʦʨʛʘʥʠ-

ʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʉʝʚʝʨʥʦʤʫ ʃʝʜʦʚʠʪʦʤʫ ʦʢʝʘʥʫ ʧʦʢʘ ʥʝ ʫʜʦ-

ʚʣʝʪʚʦʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʧʦʪʦʢʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʭʦʜʷʪ ʧʦ ʩʫʰʝ. ʅʦ ʠ ʟʜʝʩʴ 

ʚʦʟʥʠʢʘʶʪ ʩʚʦʠ ʧʨʦʙʣʝʤʳ: ʧʨʠ ʜʦʩʪʘʚʢʝ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʨʳʙʘ ʧʝʨʝʛʨʫʞʘʝʪʩʷ ʤʠʥʠʤʫʤ 2-3 

ʨʘʟʘ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʥʝʠʟʙʝʞʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ. ʆɸʆ çʈɾɼè ʥʝ ʧʣʘʥʠʨʫʝʪ ʦʙʥʦʚʣʷʪʴ ʨʳʥʦʢ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ʚʘʛʦʥʦʚ, ʥʦ ʣʶʙʦʡ 

ʦʪʢʘʟ ʚ ʨʘʙʦʪʝ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʛʨʦʟʠʪ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʨʘʟʤʦʨʦʟʢʦʡ ʨʳʙʥʦʛʦ ʩʳʨʴʷ, ʘ, 

ʟʥʘʯʠʪ, ʝʛʦ ʧʦʪʝʨʝʡ [9].  

ɺ ʙʣʠʞʘʡʰʠʝ ʧʣʘʥʠʨʫʝʪʩʷ ʩʧʠʩʘʪʴ ʧʦʨʷʜʢʘ 650 ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ʚʘʛʦʥʦʚ, ʚ ʩʚʷʟʠ ʩ ʦʢʦʥ-

ʯʘʥʠʝʤ ʩʨʦʢʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʠ ʚʘʛʦʥʳ ʩʧʦʩʦʙʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʨʳʙʳ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʤʠʥʫʩ 18 ʛʨʘʜʫʩʦʚ ʠ ʥʠʞʝ, ʢʘʢ ʧʨʝʜʧʠʩʳʚʘʝʪ ʥʦʚʳʡ ʝʜʠʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘ-

ʤʝʥʪ ɽɸʕʉ. ɺʘʛʦʥʳ-ʨʝʬʨʠʞʝʨʘʪʦʨʳ ʙʫʜʫʪ ʟʘʤʝʥʷʪʴʩʷ ʥʘ ʥʝʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚʦ ʤʥʦ-
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ʛʠʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʚʘʛʦʥʘʤʠ-ʪʝʨʤʦʩʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʘʛʦʥʦʚ-ʨʝʬʨʠʞʝʨʘʪʦʨʦʚ ʥʝ ʠʤʝʶʪ 

ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʠ ʩʦʭʨʘʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʫ ʥʠʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴ-

ʢʦ ʟʘ ʩʯʸʪ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʛʨʫʟʦʚʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʊʘʢʠʭ ʚʘʛʦʥʦʚ ʜʦʩʪʘʪʦʯʥʦ, ʥʦ ʩʦʭʨʘʥʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʤʦʨʦʞʝʥʦʡ ʨʳʙʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʥʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝ ʤʦʛʫʪ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʫʢʦʚʦʜʩʪʚʦ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʫʚʝʣʠʯʠʚʚʘʝʪ ʘʚʪʦʧʝʨʝʚʦʟʢʠ, ʢʦʪʦʨʳʝ ʨʘʟ-

ʚʠʚʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʨʘʩʰʠʨʝʥʠʶ ʩʝʪʠ ʜʦʨʦʛ. ɺ ʇʨʠʤʦʨʴʝ ʫʞʝ ʥʘʯʘʣʘ ʨʘʙʦʪʫ ʢʦʤʧʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʚʦʟʠʪ ʧʨʦʜʫʢʮʠʶ ʠʟ ɺʣʘʜʠʚʦʩʪʦʢʘ ʚ ʮʝʥʪʨ ʈʦʩʩʠʠ ʠ ʥʘ ʟʘʧʘʜ ʩʪʨʘʥʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ʇʨʝʜ-

ʩʪʘʚʠʪʝʣʠ ʛʨʫʟʦʧʝʨʝʚʦʟʯʠʢʦʚ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʦʩʪʘʚʢʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ 

ʩʦʧʦʩʪʘʚʠʤʘ ʧʦ ʮʝʥʝ.  

ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ï ʵʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʧʨʦʩʪʦʡ ʠ ʥʝʜʝʰʝʚʳʡ ʩʧʦʩʦʙ ʧʝʨʝʚʦʟʢʠ 

ʨʳʙʳ ʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʦʥ ʝʱʸ ʠ ʥʝʨʝʛʫʣʷʨʥʳʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʉʄʇ ʥʝ ʤʦʞʝʪ 

ʩʯʠʪʘʪʴʩʷ ʧʦʢʘ ʧʨʠʦʨʠʪʝʪʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠ ʚʣʘʩʪʠ, ʠ ʧʝʨʝ-

ʚʦʟʯʠʢʠ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʧʝʨʝʚʦʟʢʘ ʨʳʙʳ ʧʦ ʉʄʇ ʚ ʮʝʣʦʤ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʠʤʦʛʦ ʪʦʚʘʨʘ ʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦ 

ʥʘʣʘʞʠʚʘʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʧʦʩʪʘʚʦʢ ʨʳʙʳ ʉʝʚʤʦʨʧʫʪʝʤ, ʧʦ ʤʥʝʥʠʶ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʨʳʙʥʦʡ ʦʪʨʘʩ-

ʣʠ, ʤʦʞʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʧʦ ʥʝʤʫ ʩʪʘʥʝʪ ʩʠʩʪʝʤʥʳʤ, ʘ ʪʨʘʬʠʢ - ʨʝʛʫʣʷʨʥʳʤ. 

ʂ 2024 ʛʦʜʫ ʦʙʲʸʤ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʧʦ ʉʄʇ ʜʦʣʞʝʥ ʚʦʟʨʘʩʪʠ ʜʦ 80 ʤʣʥ ʪʦʥʥ, ʥʦ ʠ ʵʪʦ ʜʣʷ ɼʘʣʴʥʝ-

ʛʦ ɺʦʩʪʦʢʘ ʮʠʬʨʳ ʥʝʙʦʣʴʰʠʝ. [10] 

ɽʱʸ ʦʜʠʥ ʚʝʩʴʤʘ ʚʘʞʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʫʤʘʥʥʦʛʦ ʧʣʘʥʘ ʨʘʟʚʠʪʠʷ ʉʄʇ ʚʦʧʨʦʩ ï ʵʪʦ 

ʢʘʜʨʳ: ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʜʦʣʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʧʦʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʉʝʛʦʜʥʷ ɸʨʢʪʠʢʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʠ ʜʨʫʛʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɹʝʩʢʦʥʪʨʦʣʴʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʝʛʠ-

ʦʥʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʝʪ ʠʤʝʪʴ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʚʝʜʴ ʵʪʦ ʢʣʶʯʝʚʦʡ ʚʦʧʨʦʩ ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʢʠ. 

ʄʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʣʘʥʘ ʨʘʟʚʠʪʠʷ ʉʄʇ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ɸʨʢʪʠʯʝʩʢʦʛʦ ʧʘʨʦʭʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʠʤʝʪʴ ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʨʦʩʩʠʡʩʢʠʭ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ ʤʦʨʩʢʠʝ ʩʫʜʘ ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʠ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʝ ʢʦʥʪʝʡʥʝʨʳ. 

ʊʦʣʴʢʦ ʧʘʨʦʭʦʜʩʪʚʦ ʩʤʦʞʝʪ ʥʘʣʘʜʠʪʴ ɽʜʠʥʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʧʦ ʪʨʘʩʩʝ ʉʄʇ. ʕʪʦ ʧʘ-

ʨʦʭʦʜʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʦ ʥʘ ʙʘʟʝ ʄʫʨʤʘʥʩʢʦʛʦ ʧʘʨʦʭʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʦ ʩʦ-

ʟʜʘʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʚ ɸʨʢʪʠʢʝ.  

ʇʦ ʤʥʝʥʠʶ ʨʫʢʦʚʦʜʩʪʚʘ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ, ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʤʦʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ ʩ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʩʪʨʘʥʘ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʥʝʜʦʨʦ-

ʛʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʝʡ.  
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ çʇʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘè ʥʘ ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʡ, ʧʨʠʚʦ-

ʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʛʠʙʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʪʝʢʘʶʱʝʝ, ʚ ʠʟʜʝʣʠʠ 

ʩ ʫʯʝʪʦʤ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʩʬʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʰʥʫʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʩʥʘʩʪʢʠ ʥʝʙʦʣʴʰʠʭ ʩʫʜʦʚ ʠʣʠ ʧʦʩʪʨʦʡʢʝ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ. ʏʘʩʪʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ 

ʚʦʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʣʴʧʠʥʠʩʪʩʢʠʭ ʨʘʙʦʪ, ʛʜʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝ-

ʤʝʥʪʘ ʩʪʨʘʭʦʚʦʯʥʦʛʦ ʠʣʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉ ʧʦʟʠʮʠʠ ʤʝʭʘʥʠʢʠ ʥʠʪʝʚʠʜʥʳʝ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ ʛʠʙʢʠʤʠ ʥʠʪʷʤʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʦʜʥʦ ʠʟ 

ʛʣʘʚʥʳʭ ʢʘʯʝʩʪʚ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ - ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʡ ʬʦʨʤʳ [1]. 

ʅʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʨʘʩʯʝʪ ʤʝʭʘʥʠʢʠ ʥʠʪʠ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ 

ʚʥʝʩʣʠ: ʌʨʠʜʤʘʥ ɸ.ʃ. [1], ɻʝʨʤʘʥ, ɹ.ʀ. [2], ʄ.ʄ. ʈʦʟʝʥʰʪʝʡʥ, [3], ʉʪʨʝʢʘʣʦʚʘ ɺ.ʅ. [4], ʅʝʜʦʩʪʫʧ 

ɸ.ɸ. ʠ ʈʘʞʝʚ ɸ.ʆ. [5, 6], LeeW. Chun [7], Wienbeck, W. Moderhak [8]. 
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ʅʦ ʥʝ ʦʙʨʘʱʘʷ ʚʥʠʤʘʥʠʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʦʩʦʙʦʚ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʛʠʙʢʠʭ ʥʠʪʝʡ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʚʷʟʘʥʳ ʤʝʞ ʩʦʙʦʡ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪ-

ʥʳʭ ʟʘʜʘʯ ï ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʦʪʦʡ ʠʟʫʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʠ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ (EJ) ʠ ʩ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʜʘʥʥʳʭ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʝ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʚ ʜʠʥʘʤʠʢʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʘ ʙʣʦʢʘ ʣʠʥʝʡʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ (ʨʠʩ. 1.) ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ (ʨʠʩ. 2.) ʠʟʤʝʥʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʠʟʜʝ-

ʣʠʠ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʨʘʩʩʯʠʪʘʪʴ, ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʰʥʫʨʦʚ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ. 

 
 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʰʥʫʨʦʚ. 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʪʝ-

ʢʘʶʱʝʛʦ ʚ ʠʟʜʝʣʠʠ ʙʳʣ ʥʘʧʠʩʘʥ ʘʣʛʦʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ 

 

ʅʘ ʦʩʥʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘè (ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ˉ2023662966 (24 ʤʘʷ 2023ʛ.). ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝ ʚʚʦʜʘ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʠʪʝʚʠʜʥʳʭ ʠʟʜʝʣʠʡ. 

ʀʟ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ.1ʠ 2. ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʰʥʫʨʦʚ ï ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʷʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʯʝʨʝʟ ʢʣʘʚʠʘʪʫ-

ʨʫ. ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ. 

ɺ ʪʘʙʣʠʮʘʭ 1. ʠ 2. ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʭʦʜʥʳʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʨʘʤʤʳ. 

ʊʘʙʣʠʮʘ 1 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ 
ʅʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 
ɼʠʘʧʘʟʦʥ 

ɿʥʘʢʦʚ ʧʦʩʣʝ 

ʟʘʧʷʪʦʡ 

ʐʘʛ ʠʟʤʝ-

ʥʝʥʠʷ ʟʥʘ-

ʯʝʥʠʷ 

d ï ʜʠʘʤʝʪʨ ʤʤ 1 [1-30] 0,0 0.0 

l ï ɼʣʠʥʘ ʤʤ 150 [10-5000] 0,00 0.0 

H ï ʰʘʛ ʧʣʝʪʝʥʠʷ ʤʤ 6 [2-100] 0 0 

dʥʧ ï ʜʠʘʤʝʪʨ ʥʠʪʠ ʧʨʷʜʠ ʤʤ 0,013 [0.009-2.5] 0,000 0.0 

dʩ ï ʜʠʘʤʝʪʨ ʩʝʨʜʝʯʥʠʢʘ ʤʤ 0 [0-29] 0,000 0.0 

N - ʢʦʣʠʯʝʩʪʚʦ ʧʨʷʜʝʡ - 16 [8-64] 0 0 

Nʧ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʷʜʝʡ ʥʘ 

ʦʜʥʦʤ ʩʣʦʝ 
- 8 [8-64] 0 0 

D  h- ʜʠʘʤʝʪʨ ʰʪʳʨʷ ʤʤ 2 [2-30] 0 0 

m ï ʄʘʩʩʘ ʛ 0.08 [0.005-400] 0,00 0.0 

Tx ï ʧʨʠʣʦʞʝʥʥʘʷ ʩʠʣʘ ʨʘʩ-

ʪʷʞʝʥʠʷ 
h 10 [10-500] 0,00 0.0 

Ex ï ʧʨʦʜʦʣʴʥʳʡ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ 
ʤʧʘ 100 [100-1000] 0,00 0.0 

EJ ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ 105ʅʤ2 100 [1-15000] 0,00 0.00 
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ʊʘʙʣʠʮʘ 2 

ɺʳʭʦʜʥʳʭ ʜʘʥʥʳʝ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ 
ɿʥʘʢʦʚ  

ʧʦʩʣʝ ʟʘʧʷʪʦʡ 

ɚ ï ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʫʜʣʠʥʝʥʠʝ, - 0,00 

ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʘʩʩʦʥʘ - 0,0000 

t - ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ , ʪʝʢʩ ʊʝʢʩ 0,00 

s - ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ, ʤʤ2 ʤʤ2 0,00 

Ŭ ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʩʫʞʝʥʠʝ 10-3 0,00 

e ï ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ 10-6 0,000 

ey ï  ʧʦʧʝʨʝʯʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʤʧʘ ʇʘ 0,000 

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ - 0,00 

ɢ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʘʷ ʩʠʣʘ 10-3 0,00 

Ůd ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, % % 0,0 

ty ï ʩʠʣʘ ʩʞʘʪʠʷ ʄʥ 0,00 

ty
d- ʢʦʤʧʝʥʩʘʮʠʦʥʥʘʷ ʩʠʣʘ (ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ) 
ʄʥ 0,00 

hx/hy -  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʣʦʚʥʳʭ ʧʨʦʜʦʣʴʥʳʭ/ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʥ2/ʪ 0,00 

e- ʤʦʜʫʣʴ ʶʥʛʘ ʤʇʧʘ 0,00 

ů ï ʥʘʧʨʷʞʝʥʠʝ ʤʇʘ 0,00 

n - ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʧʨʷʜʠ - 0 

lʚ - ʜʣʠʥʘ ʥʠʪʠ ʥʘ ʚʠʪʢʝ, ʤʤ ʤʤ 0,00 

ln - ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʦʧʣʝʪʢʠ ʜʦ ʤʦʤʝʥʪʘ ʝʝ ʦʙʞʘʪʠʷ ʥʠʪʝʡ ʩʝʨ-

ʜʝʯʥʠʢʘ 

ʰʘʛ ʚʠʪʢʘ ʦʧʣʝʪʢʠ ʧʨʠ ʦʙʞʘʪʠʠ ʥʠʪʝʡ ʩʝʨʜʝʯʥʠʢʘ, ʤʤ 

ʤʤ 0,00 

d1ï ʜʠʘʤʝʪʨ ʥʠʞʥʝʛʦ ʩʣʦʷ ʦʧʣʝʪʢʠ, ʤʤ ʤʤ 0.00 

h - ʰʠʨʠʥʘ ʧʨʷʜʠ , ʤʤ ʤʤ 0.00 

tgű - ʫʛʦʣ ʧʣʝʪʝʥʠʷ Á 0.00 

-ꜞ ʧʣʦʪʥʦʩʪʴ ʧʣʝʪʝʥʠʷ - 0,00 

kʦ ï ʯʠʩʣʦ ʧʨʷʜʝʡ ʚ ʦʧʣʝʪʢʝ - 0 

Ů - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ % 0 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ï ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʤʳ. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ï ʵʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʧʦʩʦʙʥʳʝ ʦʢʘ-

ʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʧʨʦʛʨʘʤʤʦʡ. ʀʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʩʨʝʜʩʪʚ ʠ ʧʨʘʚʠʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʛʨʘʤʤ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʝ ʦʪʢʨʳʚʘʝʪʩʷ ʦʩʥʦʚʥʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

(ʨʠʩ. 3.), ʩ ʪʘʙʣʠʮʝʡ ɺʭʦʜʥʳʭ ʠ ɺʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʦ ʩʧʝʢʪʨʦʤ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʠ 3D ʤʦʜʝʣʴʶ: 

ɺʚʝʨʭʫ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʨʘʟʤʝʱʘʝʪʩʷ ʤʝʥʶ ʚʢʣʘʜʦʢ: 

1. ʌʘʡʣ ï ʟʘʛʨʫʟʢʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ;  

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ (ʨʠʩ. 4.) - ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʪʘʙʣʠʮʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʦʩʝʡ ʠ ʧʝʨ-

ʩʧʝʢʪʠʚʳ; ʦʢʥʦ ʜʣʷ ʚʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʩʥʷʪʳʭ ʩ ʤʦʜʝʣʠ;  

3. ɻʨʘʬʠʢ (ʨʠʩ. 5.) ï ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʚʦʜʘ ʬʫʥʢʮʠʠ; 

4. ʉʧʨʘʚʢʘ ï ʩʚʝʜʝʥʠʝ ʦ ʧʨʦʛʨʘʤʤʝ. 
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ʈʠʩ. 3. ʆʢʥʦ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʆʢʥʦ çʄʦʜʝʣʠʨʦʚʘʥʠʝè 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʩ ʙʣʦʢʦʤ çʄʦʜʝʣʠʨʦʚʘʥʠʝè ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ. ɿʘʧʫʩʢʘʪʴ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʢʣʘʜʢʠ çʄʦʜʝʣʠʨʦʚʘʥʠʝè ʧʨʠ 

ʥʘʞʘʪʠʠ ʥʘ ʢʦʪʦʨʫʶ ʧʦʷʚʣʷʝʪʩʷ ʢʥʦʧʢʠ çʉʪʘʨʪè, çʉʪʦʧè ʠ çʅʘʩʪʨʦʡʢʠè. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ 

çʅʘʩʪʨʦʡʢʠè ʧʝʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʷʚʣʷʝʪʩʷ ʧʘʥʝʣʴ, ʛʜʝ ʤʦʞʥʦ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨʳ ʚ ʧʣʦʩʢʦʩʪʠ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

 

 
 

ʈʠʩ. 4. ʆʢʥʦ çʄʦʜʝʣʠʨʦʚʘʥʠʝè 

 

ʆʢʥʦ çɻʨʘʬʠʢè 

ʇʨʠ ʦʪʢʨʳʪʠʠ ʚʢʣʘʜʢʠ çɻʨʘʬʠʢè ʧʝʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʯʝʪʥʳʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ: Ů=f(ʊx); Ůd=f(ʊx); ɛ=f(ʊx); ɢ = f(ɚ) ʠ Ŭ = f(ɚ); 

Ey /Ex = f(Ů, ɚ); Ey/Ex = f(Ty/Tx); Ty/Tx = f(Ů, ɚ); Hy /Hx = f(Ey /Ex ) 
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ʈʠʩ. 5. ʆʢʥʦ çɻʨʘʬʠʢè 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘʪʫʨʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʰʥʫʨʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩʠʣʦʚʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʅʘ ʩʪʝʥʜ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʰʪʳʨʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ ʥʠʭ ʨʘʟʤʝʱʘʣʠʩʴ ʠʩ-

ʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ ʦʙʨʘʟʮʳ ʧʨʦʛʠʙʘʣʠʩʴ. ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦ-

ʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
 

ʊʘʙʣʠʮʘ 3 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʰʥʫʨʦʚ 
 

ˉ 

ʧ/

ʧ 

ʃʠʥʝʡ-

ʥʘʷ 

ʧʣʦʪ-

ʥʦʩʪʴ 

T 

ʪʝʢʩ 

(ʛ/ʢʤ) 

ʂʦʣ-

ʚʦ 

ʚʦʣʦ-

ʢʦʥ 

n 

 

ʂʦʣ-

ʚʦ 

ʧʨʷ-

ʜʝʡ 

N 

 

ɼʠʘ-

ʤʝʪʨ 

d 

ʤʤ 

ʐʘʛ 

ʧʣʝʪʝ-

ʥʠʷ 

H 

ʋʛʦʣ 

ʧʣʝʪʝ-

ʥʠʷ 

 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ 

Fmax 

ʢʅ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʜʝʬʦʨʤʘ-

ʮʠʷ Dmax 

ʄʤ 

ʇʨʝʜʝʣ 

ʧʨʦʯ-

ʥʦʩʪʠ 

Pmax 

ʢʅ/ʤʤ2 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ 

Lmax 

% 

ʇɸ ʦʜʥʦʧʨʷʜʥʳʡ 

1 1700 16 16 2 22 74 0,88 87,1 290,05 58,763 

2 3520 16 16 3 20 65 1,6 114,56 229,45 76,37 

3 6960 32 16 4 34 70 3,31 101,19 263,55 65,96 

ʇʇ ʦʜʥʦʧʨʷʜʥʳʡ 

4 1690 16 16 2 22 74 0,73 96,87 239,84 64,44 

5 3500 16 16 3 25 69 1,57 105,69 222,53 71,44 

6 5200 48 16 4 25 63 2,14 120,6 160,98 80,4 

ʇʵʌ ʦʜʥʦʧʨʷʜʥʳʡ 

7 1650 16 16 2 13 64 0,4 144,24 127,73 96,14 

8 3200 32 16 3 22 67 0,81 152,83 115,06 101,42 

9 5200 48 16 4 25 63 1,085 151,15 86,38 100,76 

ˉ 

ʧ/ʧ 

ʅʦʤʝʨ 

ʠʟ ʪʘʙ-

ʣʠʮʳ 1 

ɼʣʠʥʘ 

L 

ʄ 

ʄʘʩʩʘ 

m 

ʛ 

ɼʠʘʤʝʪʨ ʰʢʠʚʘ 

D 

ʤʤ 

b 

ʅĀʤ2 

B 

ʅĀʤ2 

EI 

ʅĀʤ2 

ʇɸ 2ʤʤ 

1 1 0,1 0,17 2 0,00052 0,00050 0,00103 

2 1 0,12 0,21 2 0,00031 0,00030 0,00060 

3 1 0,16 0,27 2 0,00028 0,00027 0,00055 

4 1 0,20 0,34 2 0,00054 0,00053 0,00107 

5 1 0,24 0,4 2 0,00091 0,00089 0,00179 

ʇɸ 3ʤʤ 

6 2 0,1 0,35 2 0,00967 0,00929 0,01895 

7 2 0,12 0,43 2 0,00666 0,00644 0,01310 

8 2 0,16 0,57 2 0,00114 0,00111 0,00225 

9 2 0,20 0,7 2 0,00124 0,00121 0,00245 

10 2 0,24 0,86 2 0,00238 0,00232 0,00470 
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ʅʘ ʨʠʩ. 6. ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠ ʥʘʪʫʨʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. 

 

 
 

ʈʠʩ. 6. ʌʦʨʤʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʘʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʙʣʠʟʢʠʭ ʢ ʨʘʟʨʳʚʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʧʨʠ ʙʦʣʴʰʠʭ ʠʟʛʠʙʘʭ - ʚʩʣʝʜʩʪʚʠʝ 

ʠʭ ʥʝʣʠʥʝʡʥʦʡ ʧʨʠʨʦʜʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʩʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ: ɹʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʌʄʉ; 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʠʟʫʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦ-

ʣʠʣʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ; ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʝʤ ʥʘʧʨʷʞʝʥʠʝ; 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʦʩʪʫʧʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʯʪʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʧʦʣʫʯʝ-

ʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠʟʜʝʣʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠʙʣʠʞʝʥʥʫʶ ʦʮʝʥʢʫ ʠʭ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ. ʅʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʨʳʙʦʣʦʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʰʥʫʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʴʥʳʝ ʥʘʨʘʙʦʪʢʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʜʫʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʥʝʨʮʠ-

ʦʥʥʫʶ ʩʚʦʙʦʜʫ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ. 
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The article deals with the problem of creating and conducting functional tests of an experimental 

software product for designing synthetic cords used in the construction of fishing gear. In the work the 

computer program "Designing synthetic cords for industrial fishing gear" is used on the basis of which, 

the results of bending simulation are given, illustrating the stresses flowing in the product with regard to 

bending stiffness. 

 

 

ʋɼʂ 639.2 

 

ʄʆɼʋʃʔ ʉɸʇʈ ʊʈɸʃʆɺ çʄʆɼɽʃʀʈʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ʈɸɿʅʆɻʃʋɹʀʅʅʆɻʆ ʊʈɸʃɸ (ɿɸɼɸʅʓ ɹɽɿʈɸɿʄɽʈʅʓɽ ʇɸʈɸʄɽʊʈʓ)è 
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ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʣʦʚ (ʉɸʇʈ ʪʨʘʣʦʚ) ʷʚʣʷʝʪʩʷ ʥʝʦʪʲ-

ʝʤʣʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʠ ʜʦʥʥʳʭ ʪʨʘʣʦʚ. ɺʭʦʜʷʱʠʝ ʚ 

ʉɸʇʈ ʪʨʘʣʦʚ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʜʝʡʩʪʚʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ. ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʉɸʇʈ ʪʨʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʥʷʪʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʨʘʩʯʝʪʝ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʞʘʪʴ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ. ʄʦʜʫʣʴ ʉɸʇʈ ʪʨʘʣʦʚ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ 

ʩʪʘʪʴʝ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʢʘʥʘʪʥʦ-ʩʝʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ; ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʷ ʫʩʪʴʷ ʪʨʘʣʘ ʠ 

ʜʨ. ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʘʩʯʝʪʦʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʪʨʘʣʦʚ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʜʝʣʠ ʠ ʦʩʥʘʩʪʢʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʨʘʣʦʚʦʛʦ ʧʨʦʤʳʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʢʦʩʷʢʘ ʨʳʙ. ʄʦʜʫʣʴ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè ʦʬʦʨʤʣʝʥ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ)è. 
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ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʣʦʚ (ʉɸʇʈ ʪʨʘʣʦʚ) ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʠ ʜʦʥʥʳʭ ʪʨʘʣʦʚ [1,2]. ʉɸʇʈ ʪʨʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʠ ʠʤʠʪʘʮʠʦʥʥʳʤʠ 

ʤʦʜʝʣʷʤʠ ʧʨʦʮʝʩʩʦʚ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ. ʆʰʠʙʢʘ ʚ ʨʘʩʯʝʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘ-

ʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʙʫʢʩʠʨʦʚʢʠ ʪʨʘʣʦʚ ʜʦʣʞʥʘ ʥʝ ʧʨʝʚʳʰʘʪʴ 10%. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʳʙʦʣʦʚʩʪʚʘ [3]. ʈʘʟʨʘʙʦʪʢʘ ʉɸʇʈ ʪʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠʥʞʝʥʝʨʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʘʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʜʦʣʞʥʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ: ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ, ʀʊ-ʠʥʜʫʩʪʨʠʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʛʠʜʨʦ-

ʜʠʥʘʤʠʢʠ ʠ ʜʨ. ʉʣʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʉɸʇʈ ʪʨʘʣʦʚ ʩʚʷʟʘʥʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦʚʝʜʝʥʠʝʤ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʵʪʦ: ʨʘʟʤʝʨʳ ʩʢʦʧʣʝʥʠʡ, ʨʝʘʢʮʠʷ ʥʘ ʨʘʟʜʨʘʞʠʪʝʣʠ, 

ʩʢʦʨʦʩʪʴ ʦʪʜʝʣʴʥʦʡ ʦʩʦʙʠ ʠ ʚʩʝʛʦ ʩʢʦʧʣʝʥʠʷ ʠʣʠ ʢʦʩʷʢʘ, ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʪ.ʜ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʤʦʜʫʣʴ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè, ʦʬʦʨʤʣʝʥʥʳʡ ʚ ʚʠʜʝ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ)è, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʤʦʜʫʣʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫ-

ʙʠʥʥʦʛʦ ʪʨʘʣʘ ʧʨʠ ʝʛʦ ʙʫʢʩʠʨʦʚʢʝ. 

ʅʘʟʥʘʯʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ - ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʥʦʛʣʫ-

ʙʠʥʥʦʛʦ ʪʨʘʣʘ, ʘ ʠʤʝʥʥʦ: ʨʘʩʯʝʪ ʮʠʢʣʦʚ ʢʨʦʡʢʠ ʩʝʪʥʳʭ ʧʣʘʩʪʠʥ, ʤʘʩʩʳ ʢʘʥʘʪʥʳʭ ʩʚʷʟʝʡ ʢʘʥʘʪʥʦʡ 

ʯʘʩʪʠ ʠ ʩʝʪʥʳʭ ʧʣʘʩʪʠʥ ʩʝʪʥʦʡ ʯʘʩʪʠ, ʨʘʟʤʝʨʦʚ ʩʝʪʥʳʭ ʧʣʘʩʪʠʥ, ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʘ; 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʘʩʪʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʚʘʝʨʦʚ, ʢʘʙʝʣʝʡ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʱʠʪʢʘ, ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ, ʨʘʩʢʨʳʪʠʷ ʫʩʪʴʷ ʪʨʘʣʘ; ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʝ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʘ ʩ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʦʡ ʪʨʘʫʣʝʨʘ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʪʨʘʣʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʭ ʨʘʩʯʝʪ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʨʝʜʝ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Embarcadero RAD Studio ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++. 

ʅʘ ʨʠʩ. 1ʠʟʦʙʨʘʞʝʥʦ ʦʢʥʦ çʂʘʥʘʪʥʘʷ ʯʘʩʪʴ - ʚʝʨʭ/ʥʠʟè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è. 

 

 
 

ʈʠʩ. 1. ʆʢʥʦ çʂʘʥʘʪʥʘʷ ʯʘʩʪʴ - ʚʝʨʭ/ʥʠʟè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ  

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʘʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ: 

ʜʠʘʤʝʪʨ ʢʘʥʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʪʥʳʭ ʩʚʷʟʝʡ, ʤʘʩʩʘ ʢʘʥʘʪʥʦʡ ʩʚʷʟʠ, ʜʣʠʥʘ ʢʘʥʪʘʪʥʦʡ ʩʚʷ-

ʟʠ, ʧʦʩʘʜʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ ʛʫʞʫ ʪʨʘʣʘ (ʢʦʵʬʬʠʮʠʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʫʧʝʨʠʤʝʪʨ ʫʩʪʴʷ 

ʪʨʘʣʘ ʠ ʨʘʩʢʨʳʪʠʝ ʫʩʪʴʷ), ʮʠʢʣ ʢʨʦʡʢʠ ʢʘʥʘʪʥʦʡ ʯʘʩʪʠ (ʫʩʣʦʚʥʳʡ ʮʠʢʣ ʢʨʦʡʢʠ) ʠ ʦʙʦʟʥʘʯʝʥʠʝ ʪʨʘ-

ʣʘ. ʊʘʢʞʝ ʥʘ ʨʠʩ. 1ʠʟʦʙʨʘʞʝʥʳ ʚʳʭʦʜʥʳʝ (ʨʘʩʯʝʪʥʳʝ) ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʘʪʝʨʠʘʣʦʝʤ-

ʢʦʩʪʴ (ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ) ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʥʘʪʥʦʡ ʯʘʩʪʠ - çʚʝʨʭ/ʥʠʟè: ʧʣʦʱʘʜʴ ʢʘʥʘʪʥʳʭ ʩʚʷʟʝʡ 

ʠ ʤʘʩʩʘ ʨʷʜʘ ʢʘʥʘʪʥʳʡ ʩʚʷʟʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ (ʥʘʯʠʥʘʷ ʩ ʢʨʳʣʴʝʚ) ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʦʛʨʘʥʠʯʝʥʦ 12ʨʷʜʘʤʠ (ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʷʜʦʚ ʢʘʥʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʨʘʟʥʦ-

ʛʣʫʙʠʥʥʳʭ ʪʨʘʣʘʭ).  

ʆʢʥʦ çʂʘʥʘʪʥʘʷ ʯʘʩʪʴ ʙʦʢè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟ-

ʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è ʚʳʛʣʷʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʦʢʥʫ çʂʘʥʘʪʥʘʷ 

ʯʘʩʪʴ - ʚʝʨʭ/ʥʠʟè. 

ʅʘ ʨʠʩ. 2ʠʟʦʙʨʘʞʝʥʦ ʦʢʥʦ çʉʝʪʥʘʷ ʯʘʩʪʴ - ʚʝʨʭ/ʥʠʟè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è. 

 

 
 

ʈʠʩ. 2. ʆʢʥʦ çʉʝʪʥʘʷ ʯʘʩʪʴ - ʚʝʨʭ/ʥʠʟè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ  

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è 

 

ʅʘ ʨʠʩ. 2ʠʟʦʙʨʘʞʝʥʳ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ (ʨʘʩʯʝʪʥʳʝ) ʧʘʨʘʤʝʪʨʳ, ʪʘʢ ʢ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪ-

ʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʰʘʛ ʷʯʝʠ, ʜʠʘʤʝʪʨ ʥʠʪʢʠ (ʚʝʨʝʚʢʠ), ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʧʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʝ ʧʣʘʩʪʠʥʳ, 

ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʧʦ ʥʠʞʥʝʡ ʢʨʦʤʢʝ ʧʣʘʩʪʠʥʳ ʩ ʫʯʝʪʦʤ ʨʫʙʘʰʢʠ ʠ ʤʝʰʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʧʦ ʚʳ-

ʩʦʪʝ ʧʣʘʩʪʠʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʩʪʠʥ (ʦʛʨʘʥʠʯʝʥʦ 12), ʤʘʩʩʘ 1ʤ2ʬʠʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ. ʂ ʚʳʭʦʜʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʜʣʠʥʘ ʧʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʝ ʩʝʪʥʦʡ ʧʣʘʩʪʠʥʳ, ʜʣʠʥʘ ʧʦ ʥʠʞʥʝʡ ʢʨʦʤʢʝ ʩʝʪ-

ʥʦʡ ʧʣʘʩʪʠʥʳ, ʚʳʩʦʪʘ ʩʝʪʥʦʡ ʧʣʘʩʪʠʥʳ, ʬʠʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ, ʧʣʦʱʘʜʴ ʥʠʪʦʢ (ʚʝʨʝʚʦʢ), ʤʘʩʩʘ ʩʝʪ-

ʥʦʡ ʧʣʘʩʪʠʥʳ, ʮʠʢʣʳ ʢʨʦʡʢʠ ʩʝʪʥʳʭ ʧʣʘʩʪʠʥ, ʧʨʠʯʝʤ (ʩʤ. ʨʠʩ. 3), ʨʘʩʯʝʪʥʳʝ ʮʠʢʣʳ ʢʨʦʡʢʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪʩʷ ʜʝʩʷʪʠʯʥʳʤʠ ʮʠʬʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʠʪ ʦʧʝʨʘʪʦʨ ʚ ʜʨʦʙʥʳʝ (ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʡ ʥʘ 

ʯʝʨʪʝʞʝ ʩʝʪʥʳʭ ʯʘʩʪʝʡ ʪʨʘʣʘ). ʂ ʧʨʠʤʝʨʫ: ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʮʠʢʣʘ ʢʨʦʡʢʠ ʩʝʪʥʦʡ ʧʣʘʩʪʠʥʳ ʦʢʘ-

ʟʘʣʦʩʴ - 0,5, ʪʦʛʜʘ ʦʧʝʨʘʪʦʨ ʚʚʦʜʠʪ ʟʥʘʯʝʥʠʝ ʮʠʢʣʘ ʢʨʦʡʢʠ - İ. ɽʩʣʠ ʜʝʩʷʪʠʯʥʦʝ (ʨʘʩʯʝʪʥʦʝ) ʟʥʘ-

ʯʝʥʠʝ ʮʠʢʣʘ ʢʨʦʡʢʠ - 0,33, ʪʦʛʜʘ ʦʧʝʨʘʪʦʨ ʚʚʦʜʠʪ ʟʥʘʯʝʥʠʝ - 1/3 ʠ ʪ.ʜ. ʇʨʠ ʨʘʩʯʝʪʝ ʮʠʢʣʘ ʢʨʦʡʢʠ 

ʦʢʘʟʘʣʦʩʴ ʟʥʘʯʝʥʠʝ 0,47 ʠʣʠ ʜʨʫʛʦʝ, ʪʦ ʦʧʝʨʘʪʦʨ ʤʝʥʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʩ ʫʯʝʪʦʤ ʢʦʥʫʩʥʦʩʪʠ ʩʝʪ-

ʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ. 
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ʈʠʩ. 3. ʎʠʢʣʳ ʢʨʦʡʢʠ ʩʝʪʥʳʭ ʧʣʘʩʪʠʥ 

 

ʆʢʥʦ çʉʝʪʥʘʷ ʯʘʩʪʴ - ʙʦʢè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è ʚʳʛʣʷʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʦʢʥʫ çʉʝʪʥʘʷ 

ʯʘʩʪʴ - ʚʝʨʭ/ʥʠʟè. 

ʆʢʥʦ çʊʨʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.  

 

 
 

ʈʠʩ. 4. ʆʢʥʦ çʊʨʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ  

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è 

 

ʂ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʜʣʠʥʘ ʚʘʝʨʘ, ʜʠʘʤʝʪʨ ʚʘʝʨʘ, ʪʦʣʱʠʥʘ ʱʠʪʘ ʪʨʘʣʦʚʦʡ 

ʜʦʩʢʠ, ʜʣʠʥʘ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ ʪʨʘʣʘ, ʧʦʣʫʧʝʨʠʤʝʪʨ ʫʩʪʴʷ ʪʨʘʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʝ-

ʨʘ, ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʙʝʟʨʘʟʤʝʨʥʘʷ ʨʘʩʧʦʨʥʘʷ 

ʩʠʣʘ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ, ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʦʩʥʘʩʪʢʠ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ ʠ ʙʝʟʨʘʟʤʝʨʥʘʷ ʟʘ-

ʛʣʫʙʣʷʶʱʘʷ ʩʠʣʘ ʦʩʥʘʩʪʢʠ ʥʠʞʥʝʡ ʧʦʜʙʦʨʳ ʠ ʛʨʫʟʦʚ-ʫʛʣʫʙʠʪʝʣʝʡ. ɹʝʟʨʘʟʤʝʨʥʳʝ ʩʠʣʳ ʟʘʜʘʶʪʩʷ ʚ 

ʩʪʨʦʛʦʤ ʜʠʘʧʘʟʦʥʝ (ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ) [3], ʧʨʠ ʵʪʦʤ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʦʪʢʣʦʥʠʪʴʩʷ ʦʪ ʜʠʘʧʘʟʦʥʘ ʚʚʦʜʠʤʳʭ ʯʠʩʝʣ. ɺʳʭʦʜʥʳʝ (ʨʘʩʯʝʪʥʳʝ) ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʠ ʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʨʠʩ. 5 ʠ 6.  
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ʈʠʩ. 5. ɺʳʭʦʜʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʥʘ çʊʨʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩè 

 

 
 

ʈʠʩ. 6. ɺʳʭʦʜʥʳʝ ʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʥʘ çʊʨʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩè 

 

ʅʘ ʨʠʩ. 7 ʠʟʦʙʨʘʞʝʥʦ ʦʢʥʦ çʊʨʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʄʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ 

ʠʟʦʙʨʘʞʝʥ ʧʘʨʘʤʝʪʨ (ʦʢʦʰʢʦ) - ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʤʝʥʷʪʴ ʩʢʦʣʴʟʷʱʠʤ 

ʢʫʨʩʦʨʦʤ. 

 

 
 

ʈʠʩ. 7. ʆʢʥʦ çʊʘʨʠʨʦʚʢʘè ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ  

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è 
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ɺ ʜʘʥʥʦʤ ʦʢʥʝ ʦʧʝʨʘʪʦʨ ʟʘʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʨʳʙʦʣʦʚʥʦʛʦ ʩʫʜʥʘ: ʪʠʧ ʩʫʜʥʘ ʠ ʧʨʦʮʝʥʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʠ (ʩʤ. ʨʠʩ. 8). 

 
ʈʠʩ. 8. ɺʚʦʜ ʪʠʧʘ ʩʫʜʥʘ ʠ ʧʨʦʮʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʨʘʩʧʦʣʦʛʘʝʤʦʡ ʪʷʛʠ 

 

ɺ ʦʢʥʝ çʊʘʨʠʨʦʚʢʘè ʦʧʝʨʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʦʡ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʠ 

ʩʫʜʥʘ ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʘ (ʩʤ. ʨʠʩ. 9), ʵʪʦ ʪʦʯʢʘ ʦʟʥʘʯʘʝʪ ʥʘʠʣʫʯʰʝʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʪʷʛʠ ʩʫʜʥʘ. 

 

 
 

ʈʠʩ. 9. ɿʘʚʠʩʠʤʩʪʴ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʠ ʩʫʜʥʘ ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ 

 

ʇʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʠ ʜʦʥʥʳʭ ʪʨʘʣʦʚ. ɺʭʦʜʷʱʠʝ ʚ 

ʉɸʇʈ ʪʨʘʣʦʚ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʜʝʡʩʪʚʫʶʱʠʝ ʧʨʦ-

ʮʝʩʩʳ. ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʉɸʇʈ ʪʨʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʥʷʪʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʪʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʞʘʪʴ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʄʦʜʫʣʴ ʉɸʇʈ ʪʨʘʣʦʚ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʪʘʪʴʝ, ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʥʘʪʥʦ-

ʩʝʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ; ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʷ ʫʩʪʴʷ ʪʨʘʣʘ ʠ ʜʨ. ɺʦʟʤʦʞʥʦʩʪʠ ʤʦ-

ʜʫʣʷ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʘʩʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʠ-

ʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʪʨʘʣʦʚ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʘʩʩʦʨʪʠʤʝʥʪ 

ʜʝʣʠ ʠ ʦʩʥʘʩʪʢʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʨʘʣʦʚʦʛʦ ʧʨʦʤʳʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʩʷʢʘ ʨʳʙ. ʄʦʜʫʣʴ 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘè ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ çʄʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʟʘʜʘʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ)è. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ çʈʘʟʨʘ-

ʙʦʪʢʘ ʬʠʟʠʯʝʩʢʠʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʥʥʦʛʦ 

ʠ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚè. 
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TRAWL CAD MODULE " MODELING THE CHARACTERISTICS  

OF A MID -WATER TRAWL (DIMENSIONLESS PARAMETERS ARE SET) "  
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The system of computer-aided design of trawls (CAD trawls) is an integral tool in the design of mid-

water and bottom trawls. The algorithms and mathematical models included in the trawl CAD system ade-
quately reproduce the existing processes. Trawl CAD simulation models provide clear tasks in the calculation 
and design of trawls, and also allow you to visually display output parameters and dependencies. The CAD 
module for trawls ñModeling of a mid-water trawlò, presented in the article, can be used to calculate such 
parameters as the hydrodynamic resistance of the rope-net part of the trawl; horizontal and vertical opening 
of the mouth of the trawl, etc. The capabilities of the module "Modeling of the mid-water trawl" are not lim-
ited to the calculation of the geometric and power parameters of the mid-water trawls, it is also possible to 
select the necessary assortment of nets and equipment for effective trawl fishing of the corresponding school 
of fish. The module "Simulation of a mid-water trawl" is provided by the computer program "Simulation of the 
characteristics of a mid-water trawl (dimensionless parameters are set)". 
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ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʧʘʩʦʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʚʦʜʦʝʤʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʷ-
ʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʪʦʨʥʦʡ ʣʦʜʢʠ çWyatboat - 430è ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʌɻɹʆʋ ɺʆ çʂɻʊʋè.  

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʘʤʘʨʘʥʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʬʦʨ-
ʤʳ ʢʦʨʧʫʩʘ ʣʦʜʦʢ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʥʠʱʘ ʣʦʜʦʢ, ʨʘʟʤʝʨʦʚ ʣʦ-
ʜʦʢ, ʩʢʦʨʦʩʪʠ ʙʫʢʩʠʨʦʚʢʠ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʦʜʢʘʤʠ (ʢʨʝʧʣʝʥʠʷ) ʠ ʜʨ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘʪʠʟʘ-
ʮʠʷ ʢʘʪʘʤʘʨʘʥ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʚ ʯʘʩʪ-
ʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ.  
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ʇʨʦʙʣʝʤʘ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʪʦʨʥʳʭ ʣʦʜʦʢ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʠ ʙʫʢʩʠ-

ʨʦʚʢʠ ʘʢʪʠʚʥʳʭ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʩʦʧʨʷʞʝʥʳ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʙʣʝʤ, ʵʪʦ [1-4]: 

- ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʷʜʝ ʨʘʡʦʥʦʚ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʧʨʦʤʳʩʝʣ ʘʢʪʠʚʥʳʤʠ ʦʨʫʜʠʷʤʠ ʨʳʙʦʣʦʚʩʪʚʘ; 

- ʦʪʣʠʯʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʷʛʠ ʤʦʪʦʨʥʦʡ ʣʦʜʢʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʫʜʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʤʦʪʦʨʥʳʭ ʣʦʜʦʢ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

ʕʪʦ ʥʝ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʪʦʨʥʳʭ ʣʦʜʦʢ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʠ 

ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʦʨʫʜʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ. 

ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʪʘʚʷʪ ʟʘʜʘʯʠ, ʢʦʪʦ-

ʨʳʝ ʨʝʰʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

- ʬʠʟʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ; 

- ʠʤʠʪʘʮʠʦʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ 3D ʤʦʜʝʣʠ ʤʦ-

ʪʦʨʥʦʡ ʣʦʜʢʠ ʪʠʧʘ çWyatboat - 430è. ʃʦʜʢʠ çWyatboat - 430è ʜʣʷ ʧʨʠʙʨʝʞʥʦʛʦ ʣʦʚʘ, ʘ ʪʘʢʞʝ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʘʭ, ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʧʘʩʦʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʚʦʜʦʝʤʘʭ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʦʜʢʠ çWyatboat - 430è ʟʘʚʠʩʠʪ ʦʪ ʤʥʦ-

ʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʬʦʨʤʳ ʢʦʨʧʫʩʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʥʠʱʘ, ʨʘʟ-

ʤʝʨʦʚ ʣʦʜʢʠ, ʩʢʦʨʦʩʪʠ ʙʫʢʩʠʨʦʚʢʠ ʠ ʜʨ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʧʨʦʛʨʘʤʤʝ 

Maxsurf Resistance ʙʳʣʦ ʩʦʟʜʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʣʦʜʢʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦ-

ʛʨʘʤʤʳ çBlenderè.  

ʅʘ ʨʠʩ. 1ʠʟʦʙʨʘʞʝʥʘ ʤʦʪʦʨʥʘʷ ʣʦʜʢʘ çWyatboat - 430è. ʊʝʭʥʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ çWyatboat - 430è ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣ. 1. 

 

 

 
 

ʈʠʩ. 1. ʄʦʪʦʨʥʘʷ ʣʦʜʢʘ çWyatboat - 430è  

 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨʥʦʡ ʣʦʜʢʠ çWyatboat - 430è  

 
ɼʣʠʥʘ 

ʤ 

ʐʠʨʠʥʘ 

ʤ 

ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ʄʘʩʩʘ 

ʢʛ 

4,3 1,6 ʘʣʶʤʠʥʠʡ 189 
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ʇʘʨʘʤʝʪʨʳ ʣʦʜʦʯʥʦʛʦ ʤʦʪʦʨʘ Mercury ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʣʦʜʦʯʥʦʛʦ ʤʦʪʦʨʘ Mercury   
 

ʄʦʱʥʦʩʪʴ 

ʣ/ʩ, ʢɺʪ 

ʄʘʩʩʘ 

ʢʛ 

ɼʚʠʛʘʪʝʣʴ ɻʨʝʙʥʦʡ ʚʠʥʪ ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʣ/ʯ 

25 ʣ/ʩ, 18,3 ʢɺʪ 

 

51 ʜʚʫʭʪʘʢʪʥʳʡ - ʢʦʣ-ʚʦ ʣʦʧʘʩʪʝʡ ï 3 ʰʪ.; 

- ʰʘʛ ï 9 ʜʶʡʤ; 

- ʜʠʘʤʝʪʨ ï 9 ʩʤ. 

13 

 

ʉʭʝʤʘʪʠʟʘʮʠʷ 3D ʤʦʜʝʣʠ ʤʦʪʦʨʥʦʡ ʣʦʜʢʠ çWyatboat - 430è ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʟʘʮʠʷ 3D ʤʦʜʝʣʠ ʤʦʪʦʨʥʦʡ ʣʦʜʢʠ çWyatboat - 430è 

 

Maxsurf Resistance ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʮʝʥʢʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʶ ʠ ʤʦʱʥʦʩʪʠ ʣʶʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʩʦʟʜʘʥʥʦʡ 3D ʤʦʜʝʣʠ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʥʘʪʫʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʯʝʨʪʝʞʘ, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝ-

ʥ  rʨʘʩʯʝʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʣʦʜʢʠ. 

ʅʘ ʨʠʩ. 3-11ʠʟʦʙʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ.  

 

 
 

ʈʠʩ. 3. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 0 ʤ. 
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ʈʠʩ. 4. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 0,25 ʤ. 

 

 
 

. 5. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 0,5 ʤ. 

 

 
ʈʠʩ. 6. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 0,75 ʤ. 

 

 
 

ʈʠʩ. 7. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 1ʤ. 
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ʈʠʩ. 8. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 1,25 ʤ. 

 

 
 

ʈʠʩ. 9. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 1,5 ʤ. 

 

 
 

ʈʠʩ. 10. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 1,75 ʤ. 

 

 
 

ʈʠʩ. 11. ʂʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 2ʤ. 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 

 

ʈʘʩʩʪʦʷʥʠʝ ʤ/ʫ ʙʦʨʪʘ ɺ, ʤ ʄʘʩʰʪʘʙ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ, Cɟ 

0 158,18 

0,25 158,04 

0,5 158,18 

0,75 158,04 

1 158,18 

1,25 158,04 

1,5 158,18 

1,75 158,04 

2 158,18 

 

ɻʨʘʬʠʢ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 12. 

 

 
 

ʈʠʩ. 12. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʦʨʪʘʤʠ. 

 

ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ ʣʦʜʢʠ 

çWyatboat - 430è. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʙʦʩʥʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʩ ʢʦʨʧʫʩʘʤʠ 

ʤʦʜʝʣʝʡ ʩʫʜʦʚ [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʨʝʭʦʜʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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EXPERIMENTAL STUDIES OF THE HYDRODYNAMICS  

OF THE MODEL BOAT çWYATBOAT - 430è 
 

1Nedostup Alexander Alekseevich, Associate Professor, Ph.D.,  

Head of the Department of Commercial Fishing; 
2Sergeev Egor Ilyich, postgraduate student of the Department of Commercial Fishing; 
3Razhev Aleksey Olegovich, Leading Researcher, PhD in Technical Sciences; 
4Chureev Evgeniy Andreevich, director Research Center 

 
1,2,3,4Kaliningrad State Technical University, Kaliningrad, Russia, e-mail: nedostup@klgtu.ru 

 

In this article, the hydrodynamics of a motor boat of the "Wyatboat - 430" type is achieved. Boats 

"Wyatboat - 430" are used for coastal fishing, as well as in inland waters, conducting scientific research 

on hydrobiont stocks in the waters of the Russian Federation. To substantiate the traction characteristics 

of the motor boat "Wyatboat - 430", experimental and technical studies were carried out in the experi-

mental pool of the Federal State Budgetary Educational Institution of Higher Education "KSTU". 

The hydrodynamic resistance of a catamaran depends on many characteristics: the shape of the 

hull of the boats, the roughness of the body surface, in particular the days of the boats, the size of the 

boats, the speed of towing, the distance between the boats (mounts), etc. A catamaran schematization is 

proposed, a mathematical model based on differential equations in first Navier-Stokes derivatives, com-

putational domain, initial and boundary conditions. In this case, the hydrodynamic result of a motor boat 

of the Wyatboat - 430 type was found. Boats "Wyatboat - 430" are used for coastal fishing, as well as in 

inland waters, conducting scientific research on hydrobiont stocks in the waters of the Russian Federa-

tion. To substantiate the traction characteristics of the motor boat "Wyatboat - 430", experimental studies 

were carried out with a boat model in the experimental pool of the Federal State Budgetary Educational 

Institution of Higher Education "KSTU". The hydrodynamic resistance of the boat "Wyatboat-430" de-

pends on many characteristics: the shape of the hull, the roughness of the surface of the hull, in particu-

lar the bottom, the size of the boat, the speed of towing, etc. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʅʀɿʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ  
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʤʳʩʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʨʘʟʥʦ-

ʛʣʫʙʠʥʥʳʝ ʪʨʘʣʳ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʝʥʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦ-

ʤʳʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦ ʨʘʟʥʦʛʣʫʙʠʥʥʳʡ ʪʨʘʣ ʜʣʷ ʣʦʚʘ ʨʷʧʫʰʢʠ (Coregonus 

albula) ʚ ʦʟʝʨʝ ɺʠʰʪʳʥʝʮʢʦʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʤʦʪʦʨʥʳʤʠ ʣʦʜʢʘʤʠ ʦʙʣʘʚʣʠʚʘʪʴ 

ʩʢʦʧʣʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ 40-50 ʤ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʪʨʘʣʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʪʨʘʣʦʚʦʛʦ ʧʨʦʤʳʩʣʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ 

ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʩ ʤʦʪʦʨʥʳʤʠ ʣʦʜʢʘʤʠ, ʤʦʪʦʨʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʚʳʭʣʦʧʳ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʜʣʷ ʣʦʚʘ ʨʷ-

ʧʫʰʢʠ (Coregonus albula) ʚ ʦʟʝʨʝ ɺʠʰʪʳʥʝʮʢʦʝ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʟʘ ʩʯʸʪ 

ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

 

ʅʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʤʳʩʣʦʚʳʡ ʢʦʤʧʣʝʢʩ ʠʣʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʪʨʘʣʦʚʳʡ ʢʦʤ-

ʧʣʝʢʩ (ʜʘʣʝʝ ʅʊʂ), ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʡ ʨʘʟʥʦʛʣʫʙʠʥʥʳʝ ʪʨʘʣʳ - ʪʝʨʤʠʥ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʩ 

ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʥʘ ʝʛʦ ʪʨʘʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠʣʠ ʧʨʦ-

ʤʳʩʣʦʚʦʡ ʝʜʠʥʠʮʳ çʩʫʜʥʦ-ʪʨʘʣè.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʤʳʩʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʨʘʟʥʦ-

ʛʣʫʙʠʥʥʳʝ ʪʨʘʣʳ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʄʦʱʥʳʝ ʨʳʙʦʣʦʚʥʳʝ ʩʫʜʘ ʦʢʘʟʳʚʘʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉ ʚʥʝʜʨʝʥʠʝʤ ʤʝ-

ʭʘʥʠʟʤʘ ʠʥʚʝʩʪʢʚʦʪ ʪʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʣʦʩʴ [1]. ʈʠʩʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʚ ʨʳʙʥʦʤ ʭʦʟʷʡʩʪʚʝ ʩʚʷʟʘʥʳ ʩ ʚʳʭʣʦʧʘʤʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʩ ʚʳʙʨʦʩʘʤʠ ʧʘʨʥʠʢʦ-

ʚʳʭ ʛʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʣʦʚʦʛʦ ʧʨʦʤʳʩʣʘ (ʧʝʨʝʭʦʜʳ, ʪʨʘʣʝʥʠʷ, ʚʳʛʨʫʟʢʘ ʫʣʦʚʘ) [2]. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʤʳʩʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʨʘʟʥʦʛʣʫʙʠʥ-

ʥʳʝ ʪʨʘʣʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʘʣʦʚʦʛʦ ʧʨʦʤʳʩʣʘ - ʩʥʠʞʝʥʠʝ ʚʳ-

ʙʨʦʩʦʚ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʝʥʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʤʳʩʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦ ʨʘʟʥʦʛʣʫʙʠʥʥʳʡ ʪʨʘʣ ʜʣʷ ʣʦʚʘ ʨʷʧʫʰʢʠ (Coregonus albula) ʚ ʦʟʝʨʝ 

ɺʠʰʪʳʥʝʮʢʦʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʤʦʪʦʨʥʳʤʠ ʣʦʜʢʘʤʠ ʦʙʣʘʚʣʠʚʘʪʴ ʩʢʦʧʣʝʥʠʷ ʥʘ 

ʛʣʫʙʠʥʘʭ 40-50 ʤ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʪʨʘʣʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʣʦʚʦʛʦ 

ʧʨʦʤʳʩʣʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʧʨʦʝʢʪ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʩ 

ʤʦʪʦʨʥʳʤʠ ʣʦʜʢʘʤʠ, ʤʦʪʦʨʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʚʳʭʣʦʧʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʨʦʝʢʪ 

ʪʨʘʣʘ ʚʳʧʦʣʥʷʣʩʷ ʚ ʇʆ ʉɸʇʈ ʨʘʟʨʘʙʦʪʢʠ ʢʘʬʝʜʨʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʂʘʣʠʥʠʥʛʨʘʜ-

ʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʳʤ ʘʛʨʝʛʘʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʣʦʤʝʨʥʳʝ ʩʫʜʘ ʩ ʤʘʣʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʝʭʦʜ ʠ ʪʨʘʣʝʥʠʝ, ʤʠʥʠʤʠʟʘ-

ʮʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʣʝʙʝʜʦʢ ʠ ʢʘʥʘʪʥʦ-ʩʝʪʥʦʛʦ ʙʘʨʘʙʘʥʘ ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʠ ʚʳʙʦʨʢʫ ʪʨʘʣʘ, ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʣʦʚʘ, ʧʨʦʤʳʩʣʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʧʨʦʤʳʩʣʦʚʦʝ ʫʩʠʣʠʝ, ʧʨʦʤʳʩʣʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʫʣʦʚʠʩʪʦʩʪʴ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʛʠʜʨʦʧʦʜʧʦʨʘ ʚ ʢʦʥʮʝ-
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ʚʦʡ ʯʘʩʪʠ ʪʨʘʣʘ ʠ ʪʨʘʣʦʚʦʤ ʤʝʰʢʝ [3]. ʊʘʢʠʝ ʪʨʘʣʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʫʤʝʥʴʰʘʶʪ ʚʳʙʨʦʩ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[4]. ɺ ʩʦʩʪʘʚ ʅʊʂ ʚʭʦʜʠʪ ʨʘʟʥʦʛʣʫʙʠʥʥʳʡ ʪʨʘʣ 18/95 ʤ, ʜʚʝ ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ (ʚ ʢʘʪʘʤʘ-

ʨʘʥ) ʤʦʪʦʨʥʳʝ ʣʦʜʢʠ çWellboatè (ʤʦʪʦʨ ʤʦʱʥʦʩʪʴʶ 25 ʣ/ʩ ʠʣʠ 18,3 ʢɺʪ), ʜʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʣʝ-

ʙʝʜʢʠ Tor S10000, ʢʘʥʘʪʥʦ-ʩʝʪʥʦʡ ʙʘʨʘʙʘʥ, ʜʚʘ ʘʢʢʫʤʫʣʷʪʦʨʘ Exide AGM 95 ʘ/ʯ. ʇʨʦʤʳʩʣʦʚʘʷ ʢʦ-

ʤʘʥʜʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʯʝʣʦʚʝʢ (ʜʚʘ ʯʣʝʥʘ ʵʢʠʧʘʞʘ ʫʧʨʘʚʣʷʶʪ ʤʦʪʦʨʘʤʠ ʣʦʜʦʢ, ʦʜʠʥ ʫʧʨʘʚʣʷʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʣʝʙʝʜʢʘʤʠ, ʦʥ ʞʝ ʩ ʯʝʪʚʝʨʪʳʤ ʯʣʝʥʦʤ ʵʢʠʧʘʞʘ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʠ ʧʦ ʧʦʩʪʘʥʦʚ-

ʢʝ ʠ ʚʳʙʦʨʢʝ ʪʨʘʣʘ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʥʷʪʠʝ ʧʦʢʘʟʘʥʠʡ ʩ ʜʘʪʯʠʢʦʚ ʥʘʪʷʞʝ-

ʥʠʷ ʚ ʚʘʝʨʘʭ, ʦʙʦʨʦʪʦʚ ʙʘʨʘʙʘʥʘ ʣʝʙʝʜʦʢ, ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ, ʩʢʦʨʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʠ ʚʳʙʦʨʢʠ ʚʘʝ-

ʨʦʚ, ʛʣʫʙʠʥʳ ʭʦʜʘ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ, ʧʦʢʘʟʘʥʠʡ ʵʭʦʣʦʪʘ ʠ ʛʠʜʨʦʣʦʢʘʪʦʨʘ) ʢʦʤʘʥʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦ ʰʝʩʪʠ ʯʝʣʦʚʝʢ. 

ɼʚʝ ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ (ʚ ʢʘʪʘʤʘʨʘʥ) ʚ ʧʨʠʪʳʢ ʤʦʪʦʨʥʳʝ ʣʦʜʢʠ çWellboatè (ʤʦʪʦʨ 

ʤʦʱʥʦʩʪʴʶ 25 ʣ/ʩ ʠʣʠ 18,3 ʢɺʪ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ (ʩʤ. ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ (ʚ ʢʘʪʘʤʘʨʘʥ)  

ʤʦʪʦʨʥʳʭ ʣʦʜʦʢ çWellboatè ʚ ʧʨʠʪʳʢ ʙʦʨʪʘʤʠ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʟ. ɺʠʰʪʳʥʝʮʢʦʝ [5] ʚʩʣʝʜʩʪʚʠʝ ʢʨʝʧʣʝʥʠʷ ʣʦʜʦʢ ʚʧʨʠ-

ʪʳʢ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʞʝʩʪʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʪʘʤʘʨʘʥʘ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʘ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯ-

ʥʫʶ ʦʩʪʦʡʯʠʚʦʩʪʴ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʜʝʣʘʪʴ ʢʘʪʘʤʘʨʘʥ ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʧʘʣʫʙʦʡ ʩ ʰʘʨʥʠʨʘʤʠ, ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʦʩʪʦʡʯʠʚʦʩʪʠ ʢʘʪʘʤʘʨʘʥʘ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦ ʜʚʝ ʤʦʪʦʨʥʳʝ ʣʦʜʢʠ çWellboatè (ʤʦʪʦʨ ʤʦʱʥʦ-

ʩʪʴʶ 25 ʣ/ʩ ʠʣʠ 18,3 ʢɺʪ) ʩʦʝʜʠʥʝʥʥʦʩʪʴ ʤʝʞʜʫ ʩʦʙʦʡ (ʚ ʢʘʪʘʤʘʨʘʥ) ʩ ʟʘʟʦʨʦʤ ʠ ʧʨʦʤʳʩʣʦʚʦʡ ʧʘ-

ʣʫʙʦʡ (ʩʤ. ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ (ʚ ʢʘʪʘʤʘʨʘʥ)  

ʤʦʪʦʨʥʳʭ ʣʦʜʦʢ çWellboatè ʩ ʟʘʟʦʨʦʤ ʠ ʧʘʣʫʙʦʡ 


