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ʊʆʏʅʓɽ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

ʄʈʅʊʀ 14.25.09 

ʃ.ʅ. ɸʣʝʢʩʘʥʜʨʦʚʠʯ
1
  

1
 ɻʋ çʌʠʟʠʢʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʣʠʮʝʡ ʦʪʜʝʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʠʤʘʪʘ ʛʦʨʦʜʘ 

ʂʦʩʪʘʥʘʷè, ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʠ ʩʧʦʩʦʙʦʚ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʝʛʦ ʩʚʦʠʤʠ ʩʠʣʘʤʠ, ʯʝʨʝʟ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

 
ʊװʡʽʥʜʝʤʝ: ʄʘץʘʣʘʜʘ ᴅʣʝʤʜʽʢ ʙʽʣʽʤ ʩʘʙʘץʪʘʨʳʥʜʘ ʦץʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ץʳʟʳסʫʰʳʣʳסʳʥ 

ʜʘʤʳʪʫʜʳײץ שʨʘʣʳ ʨʝʪʽʥʜʝ ʞʦʙʘʣʘʨ ᴅʜʽʩʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʘʩʪʘʫʳʰ ʤʝʢʪʝʧʪʝʛʽ ʤסײʘʣʽʤʥʽש ʞᴅʥʝ ʦץʫʰʳʥʳש 

ʨᴇʣʽ ᴇʟʛʝʨʝʜʽ.  

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʨʦʝʢʪʦʚ ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝ-

ʨʝʩʘ ʫʯʘʱʠʭʩʷ ʥʘ ʫʨʦʢʘʭ ʧʦʟʥʘʥʠʷ ʤʠʨʘ. ʊʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʨʦʣʴ ʫʯʠʪʝʣʷ ʠ ʫʯʝʥʠʢʘ ʚ ʤʣʘʜʰʝʡ ʰʢʦʣʝ. 

Abstract: The article deals with the method of projects as a means of development of cognitive interest of 

students in the lessons of knowledge of the world. The role of teacher and student in primary school is transformed. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʞʦʙʘʣʘʨ ᴅʜʽʩʽ, ʞʦʙʘʣʳץ ץʳʟʤʝʪ, ץʳʟʤʝʪʪʽʢ ʪᴅʩʽʣʜʝʨ, ʦץʫʰʳʣʘʨʜʳ ʳʥʪʘʣʘʥʜʳʨʫ, 

ʢʦʛʥʠʪʠʚʪʽ ץʳʟʳסʫʰʳʣʳץ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʧʨʦʝʢʪʦʚ, ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʤʦʪʠʚʘʮʠʷ 

ʰʢʦʣʴʥʠʢʘ, ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. 

Key words: project method, project activity, activity approach, pupil motivation, cognitive interest. 

 

ɺʚʝʜʝʥʠʝ 

ʄʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʚʷʪ ʧʝʨʝʜ ʰʢʦʣʦʡ ʥʦʚʳʝ ʟʘʜʘʯʠ, ʦʪ-

ʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʆʪ ʫʯʝʥʠʢʘ ʪʝʧʝʨʴ ʪʨʝʙʫʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ 

ʚʣʘʜʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʝʡ, ʩʢʦʣʴʢʦ ʫʤʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʘʭ, ʙʳʪʴ ʤʦʙʠʣʴʥʳʤ, ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʘʤʦʦʙʫʯʘʪʴʩʷ, ʠʩʢʘʪʴ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʟʥʘʥʠʷ ʠʣʠ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ. ɽʩʣʠ ʟʥʘʥʠʷ ʩʘʤʠ ʧʦ ʩʝʙʝ ʙʦʣʴʰʝ ʥʝ 

ʮʝʥʥʦʩʪʴ, ʪʦ ʢʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʣʠʯʥʦʩʪʠ ʠ ʚʦʩʪʨʝʙʦʚʘʥ ʦʙʱʝʩʪʚʦʤ? 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʦʙʫʯʝʥʠʝ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʧʨʠʸʤʘʤ ʧʨʦ-

ʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʳ  ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʱʝʥʘʫʯʥʳʝ 

ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʪʚʦʨʯʝʩʢʘʷ ʧʨʦ-

ʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʘ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʚʳʚʦʜʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʫʯʘʱʠʭʩʷ ʥʘ ʫʨʦʢʘʭ ʧʦʟʥʘʥʠʷ ʤʠʨʘ. ʄʝʪʦʜ 

ʧʨʦʝʢʪʦʚ ï ʵʪʦ ʥʝʢʦʪʦʨʳʡ ʩʧʦʩʦʙ ʜʦʩʪʠʞʝʥʠʷ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʮʝʣʠ ʯʝʨʝʟ ʜʝʪʘʣʴʥʫʶ ʨʘʟʨʘ-

ʙʦʪʢʫ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʟʘʚʝʨʰʠʪʴʩʷ ʨʝʘʣʴʥʳʤ, ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝ-

ʟʫʣʴʪʘʪʦʤ, ʦʬʦʨʤʣʝʥʥʳʤ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ. 

ʇʝʜʘʛʦʛ ʜʦʣʞʝʥ ʭʦʨʦʰʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʫʚʣʝʯʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʫʯʝʥʠʷ ʥʘ ʫʨʦʢʘʭ ʧʦʟʥʘʥʠʷ  ʤʠʨʘ, ʢʘʢ, ʚʧʨʦʯʝʤ, ʠ ʥʘ ʜʨʫʛʠʭ ʫʨʦʢʘʭ ʚ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ, 

ʪʨʝʙʫʝʪ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʪʘʢʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʘʤʷʪʴ, ʠ ʥʝ 

ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʳ ʤʳʰʣʝʥʠʷ ʠ ʚʦʦʙʨʘʞʝʥʠʷ. ɽʩʣʠ ʰʢʦʣʴʥʠʢʠ 

ʜʦʣʞʥʳ ʦʚʣʘʜʝʪʴ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ ʥʘʫʯʠʪʴʩʷ ʫʯʠʪʴʩʷ (çʫʤʝʶ ʫʯʠʪʴ ʩʝʙʷè), 

ʪʦ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʚʠʪʳʝ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʠʥʪʝʨʝʩʳ (çʣʶʙʣʶ ʫʯʠʪʴʩʷ, ʚʩʝ ʠʥʪʝʨʝʩ-

ʥʦè), ʚʥʫʪʨʝʥʥʶʶ ʤʦʪʠʚʘʮʠʶ (çʧʦʥʠʤʘʶ, ʟʘʯʝʤ ʫʯʫʩʴè), ʵʣʝʤʝʥʪʘʨʥʳʝ ʨʝʬʣʝʢʩʠʚʥʳʝ ʢʘ-

ʯʝʩʪʚʘ (çʫʤʝʶ ʧʨʠʥʷʪʴ ʦʮʝʥʢʫ ʫʯʠʪʝʣʷ ʠ ʩʘʤ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʶ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴè). 

ʀ, ʥʘʢʦʥʝʮ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ: ʤʣʘʜʰʠʡ ʰʢʦʣʴʥʠʢ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʦʧʨʦʩ çʏʪʦ ʷ 

ʜʝʣʘʶ?è, ʥʦ ʠ ʥʘ ʚʦʧʨʦʩ çʂʘʢ ʷ ʵʪʦ ʜʝʣʘʶ?è 
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ɼʣʷ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʦʩʪʘʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʢʘʢ ʞʝʣʘʥʠʷ ʠ ʫʤʝʥʠʷ ʫʯʠʪʴʩʷ, ʨʘʟʚʠʪʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʦʙʫʯʝʥʠʶ ʚ ʦʩʥʦʚʥʦʤ ʰʢʦʣʴʥʦʤ ʟʚʝʥʝ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʨʘʢʪʝʨ ʚʘʞʥʝʡʰʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ï ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ ʧʦʟʥʘʥʠʷ ʤʠʨʘ ʠ ʚ 

ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ ʚ ʮʝʣʦʤ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʟʠʮʠʠ ʫʯʠʪʝʣʷ. ʄʳ ʧʨʠʚʳʢʣʠ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʧʝʜʘʛʦʛʘ, ʢʘʢ ʥʦʩʠʪʝʣʷ ʛʦʪʦʚʳʭ ʟʥʘʥʠʡ. ʊʝʧʝʨʴ ʞʝ ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʪʦʨʘ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʤʝʥʷ-

ʝʪʩʷ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʣʠʤʘʪ ʚ ʢʣʘʩʩʝ, ʪʘʢ ʢʘʢ ʫʯʠʪʝʣʶ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʫʯʘʱʠʭʩʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʦʛʦ, ʧʦʠʩʢʦʚʦʛʦ, ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʆʩʥʦʚʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʥʝʦʪʲʝʤʣʝʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʘʢ ʥʝʣʴʟʷ ʣʫʯʰʝ ʜʣʷ ʵʪʦʛʦ ʧʦʜʭʦʜʷʪ ʫʨʦʢʠ ʧʦʟʥʘʥʠʷ ʤʠʨʘ. ʇʨʦ-

ʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʜʝʪʴʤʠ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ, ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ, ʘ ʜʝʪʩʢʘʷ çʪʷʛʘ ʢ ʪʘʡʥʘʤè ʧʨʝʚʨʘʱʘʝʪ ʠʭ ʚ çʠʩʩʣʝʜʦʚʘʪʝʣʝʡè. 

ʋʩʧʝʭ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʬʦʨʤʠʨʫʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʨʘʜʦʩʪʴ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʵʤʦʮʠʠ, ʦʞʠʜʘʥʠʝ çʪʚʦʨʯʝʩʢʦʛʦ ʩʯʘʩʪʴʷè ʠ ʢʦʥʝʯʥʦ ʞʝ ʨʘʟʚʠʚʘʝʪ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ. 

ʉʦʙʩʪʚʝʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʧʨʘʢʪʠʢʘ ʧʨʠʟʚʘʥʘ ʨʘʩʰʠʨʷʪʴ ʢʨʫʛʦʟʦʨ ʨʝʙʝʥʢʘ ʠ 

ʨʘʟʚʠʚʘʪʴ ʝʛʦ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʢʣʶʯʘʷʩʴ ʚ ʧʨʦʮʝʩʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʦʙʳ-

ʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʙʝʥʦʢ ʥʝ ʪʦʣʴʢʦ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʥʦ ʠ 

ʦʩʚʘʠʚʘʝʪ ʤʝʭʘʥʠʟʤʳ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ. ʆʙ ʫʨʦʚʥʝ ʠʭ ʨʘʟʚʠʪʠʷ ʤʦʞʥʦ ʩʫ-

ʜʠʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʘ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʙʝʥʢʘ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ 

ʩʪʝʧʝʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʫ ʜʝʪʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʧʦʠʩʢʝ. ʋʨʦʚʝʥʴ ʠʭ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʧʨʦʷʚʣʷʝ-

ʤʳʤ ʜʝʪʴʤʠ ʫʤʝʥʠʷʤ: ʚʠʜʝʪʴ ʧʨʦʙʣʝʤʳ, ʩʪʘʚʠʪʴ ʚʦʧʨʦʩʳ, ʚʳʜʚʠʛʘʪʴ ʛʠʧʦʪʝʟʳ, ʧʣʘʥʠʨʦ-

ʚʘʪʴ ʠ ʧʨʦʚʦʜʠʪʴ ʥʘʙʣʶʜʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʩʢʘʟʳʚʘʪʴ ʩʫʞʜʝʥʠʷ, ʜʝʣʘʪʴ ʫʤʦʟʘʢʣʶ-

ʯʝʥʠʷ ʠ ʚʳʚʦʜʳ, ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ (ʟʘʱʠʱʘʪʴ) ʩʚʦʠ ʠʜʝʠ ʠ ʪ. ʧ. 

ʂ ʧʨʠʤʝʨʫ, ʨʘʙʦʪʘʷ ʥʘʜ ʧʨʦʝʢʪʦʤ çʄʦʷ ʩʝʤʴʷ ï ʤʦʸ ʙʦʛʘʪʩʪʚʦè, ʫʯʘʱʠʝʩʷ ʧʦʤʠʤʦ 

ʠʟʫʯʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʟ ʫʯʝʙʥʠʢʘ, ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ: ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʫʯʠʪʝʣʷ ʠ ʩ ʧʦʤʦʱʴʶ ʨʦʜʠʪʝʣʝʡ ʥʘʢʘʧʣʠʚʘʣʠ ʤʘʪʝʨʠʘʣʳ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʝ. ʇʨʠʰʣʦʩʴ ʧʦʨʘʙʦʪʘʪʴ ʩʦ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, ʧʦʜʦʙʨʘʪʴ ʥʫʞʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʠʟ ʩʝʤʝʡʥʳʭ ʘʨʭʠʚʦʚ, ʚʳʫʯʠʪʴ ʩʪʠʭʠ ʦ ʩʝʤʴʝ, ʥʘʡʪʠ ʧʦʩʣʦʚʠʮʳ ʠ ʧʦʛʦʚʦʨʢʠ, ʫʟʥʘʪʴ 

ʩʚʦʶ ʨʦʜʦʩʣʦʚʥʫʶ, ʥʘʧʠʩʘʪʴ ʩʦʯʠʥʝʥʠʷ, ʧʦʦʙʱʘʪʴʩʷ ʩʦ ʚʟʨʦʩʣʳʤʠ ʠ ʦʬʦʨʤʠʪʴ ʧʦʣʫʯʝʥ-

ʥʫʶ ʧʨʦʝʢʪʥʫʶ ʨʘʙʦʪʫ. 

ɺʳʚʦʜʳ 

ʇʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʢʘʭ ʧʦʟʥʘʥʠʷ ʤʠʨʘ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʨʘʩʰʠʨʠʪʴ 

ʨʘʤʢʠ ʫʯʝʙʥʠʢʘ, ʧʨʦʩʣʝʜʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʰʢʦʣʴʥʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ, ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫʯʘʱʠʭʩʷ, ʚʳʚʦʜʠʪ ʫʯʝʙʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʟ ʩʪʝʥ ʰʢʦʣʳ ʚ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ. ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʠʟʣʦʞʝʥ-

ʥʦʤʫ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʨʦʧʦʪʣʠʚʘʷ ʨʘʙʦʪʘ ʥʘʜ ʫʯʝʙʥʳʤʠ ʧʨʦʝʢʪʘʤʠ 

ʧʦʣʥʦʩʪʴʶ ʩʝʙʷ ʦʧʨʘʚʜʳʚʘʝʪ: ʦʥʘ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʣʫʯʰʝʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʠʪʝʣʝʤ ʠ ʫʯʘʱʠʤʠʩʷ, ʧʦʚʳʰʘʝʪ ʩʘʤʦʦʮʝʥʢʫ, ʫʢʨʝʧʣʷʝʪ ʯʫʚʩʪʚʦ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʜʦʩʪʦʠʥʩʪʚʘ, ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʟʥʘʥʠʡ, ʦʙʱʝʝ ʨʘʟʚʠʪʠʝ ʫʯʘʱʠʭʩʷ, ʧʦʜʪʘʣʢʠ-

ʚʘʝʪ ʜʝʪʝʡ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʦʠʩʢʫ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ. 

ʇʦʣʥʦʮʝʥʥʦʝ ʧʨʦʞʠʚʘʥʠʝ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ, ʝʛʦ ʧʦʟʠʪʠʚʥʳʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʝʙʝʥʢʘ ʢʘʢ 

ʘʢʪʠʚʥʦʛʦ ʩʫʙʲʝʢʪʘ ʧʦʟʥʘʥʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʚʟʨʦʩʣʳʭ ʚ ʨʘʙʦʪʝ ʩ ʜʝʪʴʤʠ 

ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ - ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʩʢʨʳʪʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ 



7 
 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʝʪʝʡ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʨʝʙʝʥʢʘ. ɺ ʵʪʦʤ ʢʘʢ ʨʘʟ ʠ ʧʦʤʦ-

ʛʘʝʪ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ  ʜʝʷʪʝʣʴʥʦʩʪʴ. 
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1
 ʄ.ɼʫʣʘʪʦʚ ʘʪʳʥʜʘסʳ פʦʩʪʘʥʘʡ ʠʥʞʝʥʝʨʣʽʢ - ʵʢʦʥʦʤʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ 

 ʩʪʘʥץʘʟʘפ ,ʦʩʪʘʥʘʡפ

 

ʌʠʟʠʢʘ ʩʘʙʘץʪʘʨʳʥʘ ʘʨʥʘʣסʘʥ ײץʨʘʣʜʘʨʜʳ װʡ ʞʘסʜʘʡʳʥʜʘ ץʦʣʜʘʥ ʞʘʩʘʫ ï ʩʪʫʜʝʥʪ-

ʪʝʨʜʽש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʙʽʨ ʪװʨʽ 

 
ʊװʡʽʥʜʝʤʝ: ʌʠʟʠʢʘ ï ʪʝʢ סʳʣʳʤʠ ʢʽʪʘʧʪʘʨ, ʢװʨʜʝʣʽ ײץʨʳʣסʳʣʘʨ, װʣʢʝʥ ʟʝʨʪʭʘʥʘʣʘʨ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʬʠʟʠʢʘ ï ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ סʳʣʳʤ. ʉʦʥʜʳץʪʘʥ, ײץʨʳʣסʳʣʘʨʜʳ ᴇʟ ץʦʣʳʤʝʥ ʞʘʩʘʫ, ʟʘשʜʘʨ ʤʝʥ 

 ץʘʥ ʜʝʤʦʥʩʪʨʘʮʠʷʣʳסʳʥʘ ʘʨʥʘʣסʘʣʘʜʘ ʬʠʟʠʢʘ ʩʘʙʘץʣ ʤʘײʧʘʣ ʝʪʝʜʽ. ɹץʛʝʨʫʛʝ ʳשʩʳ ʤʝץʙʳʣʳʩʪʘʨʜʳ ʞʘײץ

 ʩʽʥʜʽʨʫ ʞᴅʥʝ ʢᴇʨʩʝʪʫװʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ʪײʞ שʦʣʳʤʝʥ ʞʘʩʘʫ, ʦʣʘʨʜʳץ ʳʣʘʨʜʳ ᴇʟסʨʳʣײץ

 ʘʙʽʣʝʪʪʝʨʽʥץ ץʘʨʤʘʰʳʣʳסʘ ʞᴅʥʝ ʰʳסʳʥ ʘʨʪʪʳʨʫסʫʰʳʣʳסʳʟʳץ שʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ

ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

ɸʥʥʦʪʘʮʠʷ: ʌʠʟʠʢʘ - ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʳʝ ʢʥʠʛʠ, ʩʣʦʞʥʳʝ ʧʨʠʙʦʨʳ ʠ ʦʛʨʦʤʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʌʠʟʠʢʘ - ʥʘʫʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʩʦʟʜʘʥʠʝ ʧʨʠʙʦʨʦʚ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʫʩʚʦʝʥʠʶ 

ʟʘʢʦʥʦʚ ʠ ʷʚʣʝʥʠʡ.  ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʠʙʦʨʦʚ ʧʦ ʬʠʟʠʢʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʧʨʠʙʦʨʘ ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʠʭ ʨʘʙʦʪ. ʈʘʙʦʪʘ ʥʘʜ 

ʧʨʠʙʦʨʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʡʪʠ ʦʪ çʤʝʣʦʚʦʡè ʬʠʟʠʢʠ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʨʠʙʦʨʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ. 

Abstract: Physics is not only scientific books, complex instruments and huge laboratories. Physics is an 

experimental science and the creation of instruments with its own hands contributes to a better assimilation of laws 

and phenomena. This article discusses the manufacture of instruments in physics to demonstrate physical phenome-

na, explain the principle of operation of each instrument and demonstrate their work. Work on the device provides 

an opportunity to get away from the "chalky" physics, aimed at attracting students to the manufacture of devices and 

identifying the creative abilities of students. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʬʠʟʠʢʘ, ץʦʣʜʘʥ ʞʘʩʘʣסʘʥ ײץʨʳʣסʳʣʘʨ, ʄʘʢʩʚʝʣʣ ʤʘʷʪʥʠʢʪʝʨʽ, ʇʘʩʢʘʣ ʰʘʨʳ, 

ʵʣʝʢʪʨʦʩʢʦʧ, ʵʥʝʨʛʠʷʥʳש ʩʘץʪʘʣʫ ʟʘשʳ, ʤʝʭʘʥʠʢʘʣʳץ ʪʝʨʙʝʣʽʩʪʝʨ, ʵʣʝʢʪʨ ײץʙʳʣʳʩʪʘʨʳ, ᴇʰʝʪʽʥ ʪʝʨʙʝʣʽʩʪʝʨ, 

ʵʢʩʧʝʨʠʤʝʥʪ, ʜʝʤʦʥʩʪʨʘʮʠʷ, ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʢʘ, ʩʘʤʦʜʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʤʘʷʪʥʠʢ ʄʘʢʩʚʝʣʣʘ, ʰʘʨ ʇʘʩʢʘʣʷ, ʵʣʝʢʪʨʦʩʢʦʧ, 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ɿʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, 

ʵʢʩʧʝʨʠʤʝʥʪ, ʜʝʤʦʥʩʪʨʘʮʠʷ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ. 
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ʂʽʨʽʩʧʝ 

ʐʳסʘʨʤʘʰʳʣʳץ ץʘʩʠʝʪ ᴅʨ ʘʜʘʤʥʳש ʪʘʙʠסʘʪʳʥʘ ʪᴅʥ. ײפʨʳʣסʳʣʘʨʜʳ ᴇʟ ץʦʣʳʥʘʥ 

ʞʘʩʘʫ ʰʳסʘʨʤʘʰʳʣʳץ ʪʘʙʳʩ ʧʝʥ ʧʨʘʢʪʠʢʘʣʳץ ʧʘʡʜʘ ᴅʢʝʣʝʜʽ, ᴅʣʝʫʤʝʪʪʽʢ ᴇʥʜʽʨʽʩʪʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʊʝʭʥʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʩʪʫʜʝʥʪʪʝʨʜʽש ʞײʤʳʩʳ ʰʳסʘʨʤʘʰʳʣʳץ 

ʦʡʣʘʫʜʳ ʜʘʤʳʪʫסʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. ᴄʣʝʤ ʪʫʨʘʣʳ ʪʦʣʳץ ʘץʧʘʨʘʪ ʙʘץʳʣʘʫ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ײץʙʳʣʳʩʪʘʨʜʳ 

ʪʽʢʝʣʝʡ ץʘʜʘסʘʣʘʧ, ʦʣʘʨʜʳ ʪᴅʫʝʣʩʽʟ ʪᴅʞʽʨʠʙʝ ʘʨץʳʣʳ ʪʽʢʝʣʝʡ  ʙʘʡץʘʧ, ʟʘʪʪʘʨ ʤʝʥ 

 .ʩʽʥʽʢʢʝ ʠʝ ʙʦʣʘ ʘʣʘʜʳװʪʳ ʪץʳʥ, ʥʘץʙʳʣʳʩʪʘʨ ʪʫʨʘʣʳ ʘʡײץ

ᴆʟ ץʦʣʳʤʝʥ ʞʘʩʘʣסʘʥ ײץʨʳʣסʳʣʘʨʜʳש ᴇʥʜʽʨʽʩʽʥ ʦץʫ ʞʘʙʜʳץʪʘʨʳʥ ʞʝʪʽʣʜʽʨʫʜʽש 

ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ ʜʝʧ ʩʘʥʘʡʤʳʟ. ʌʠʟʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʬʠʟʠʢʘʥʳ ʟʝʨʪʪʝʫʜʝ 

ʤʘשʳʟʜʳ ʢʦʤʧʦʥʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʪʫʜʝʥʪ ʬʠʟʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʥʽ ʪʝʢ ᴇʟʽ ʞʘʩʘסʘʥ ʢʝʟʜʝ סʘʥʘ ʪװʩʽʥʝʜʽ. ɹʽʨʘץ ʦʣ ʩʦʣ 

 ʽʨʝʢשʳʥʳ  ᴇʟʽ ʞʘʩʘʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʵʢʩʧʝʨʠʤʝʥʪ ʞʘʩʘʡʪʳʥ ʙʦʣʩʘ, ʦʜʘʥ ʜʘ ʪʝʨʝסʨʳʣײץ

ʪװʩʽʥʝʜʽ. ɼʝʤʝʢ, ʩʪʫʜʝʥʪʪʝʨʜʽ ײץʨʳʣסʳʥʳ ᴇʟ ץʦʣʳʤʝʥ ʞʘʩʘʫסʘ ᴅʨʜʘʡʳʤ ʪʘʨʪʳʧ, 

 .ʘ ʘʣʫ ʢʝʨʝʢסʦʣץ ʨʫʜʳײʪʘʨʳʥ ʘʨʪʪʳʨʳʧ ʪץʫʰʳʣʳסʳʟʳץ

ʆʙʲʝʢʪ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝ 

 שʨʘʩʪʳʨʳʧ, ʞʠʥʘʫ ʢʝʟʽʥʜʝ ʩʪʫʜʝʥʪʪʝʨʜʽײץ ʥʠסʳʥʳ ʞʘʩʘʫ ʙʘʨʳʩʳʥʜʘ, ʷסʨʳʣײפ

ʰʳסʘʨʤʘʰʳʣʳץ ץʘʙʽʣʝʪʪʝʨʽʥ ʘʥʳץʪʘʫסʘ ʥʘʟʘʨ ʘʫʜʘʨʫ ʢʝʨʝʢ, ᴇʥʝʨʪʘʧץʳʰʪʳץ ʙʝʡʽʤʜʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʫ װʰʽʥ ʢʝʤ ʜʝʛʝʥʜʝ ʢʽʰʽʛʽʨʽʤ ʥᴅʨʩʝʣʝʨ ʞʘʩʘʫסʘ ʙʘʨʳʥʰʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ ʢʝʨʝʢ.  

ʃʘʙʦʨʘʪʦʨʠʷʣʳץ ʞײʤʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫ, ʬʠʟʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʙʘץʳʣʘʫ 

ʙʘʨʳʩʳʥʜʘ, ʙʽʣʽʤ  ʘʣʫ װʨʜʽʩʽʥʜʝ ʩʪʫʜʝʥʪʪʝʨ ץʦʨʰʘסʘʥ ᴅʣʝʤ ʪʫʨʘʣʳ ץʳʟʳסʫʰʳʣʳץʪʘʨʳʥ 

ʘʨʪʪʳʨʘʜʳ. ʆץʫʣʳץץʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ,  ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦʜʘʥ ʘʣʰʘץʪʘʫ, ʷסʥʠ ʪᴅʫʝʣʩʽʟ ʙʦʣʫ, 

ᴇʟʽʥʜʽʢ ʦʡʣʘʫʜʳ ʜʘʤʳʪʘʜʳ, ײʟʘץ ʫʘץʳʪ ʙʦʡʳʥʘ ʳʥʪʘ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ [1]. 

ɿʝʨʪʪʝʫʜʽש ʤʘשʳʟʜʳʣʳסʳ - ʙײʣ ײץʨʳʣסʳʣʘʨʜʳש ᴇʥʜʽʨʽʩʽ ʙʽʣʽʤ ʜʝשʛʝʡʽʥ ʢᴇʪʝʨʫʛʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʳʪʳʥ ʘʰʫסʳʟʤʝʪ ʙʘץ ʥʝʛʽʟʛʽ שʘʪʘʨ ʩʪʫʜʝʥʪʪʝʨʜʽץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס

  .ʩʽʥʽʢʩʽʟè ʬʠʟʠʢʘʜʘʥ ʢʝʪʝʤʽʟװʳ çʪסʤʳʩ ʽʩʪʝʛʝʥʜʝ ʙʽʟ ʩʘʥʘʤʳʟʜʘײʳʜʘ ʞסʨʳʣײפ

ʌʦʨʤʫʣʘʣʘʨ çʪʽʨʽʣʝʜʽè, ʠʜʝʷ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʪʦʣʳץ ʞᴅʥʝ ʘʥʳץ ʪװʩʽʥʽʢ ץʘʣʳʧʪʘʩʘʜʳ. 

ɽʢʽʥʰʽ ʞʘסʳʥʘʥ, ʤײʥʜʘʡ ʞײʤʳʩ - ᴅʣʝʫʤʝʪʪʽʢ ʧʘʡʜʘʣʳ ʝשʙʝʢʪʽש ʞʘץʩʳ װʣʛʽʩʽ: ʞʘץʩʳ 

ʜʘʡʳʥʜʘʣסʘʥ װʡ ײץʨʳʣסʳʣʘʨʳ ʬʠʟʠʢʘ ʢʘʙʠʥʝʪʽʥʽש ʞʘʙʜʳץʪʘʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʪʦʣʳץʪʳʨʘ 

ʘʣʘʜʳ. ײפʨʳʣסʳʥʳ ᴇʟ ץʦʣʳʤʝʥ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ ʞᴅʥʝ ʞʘʩʘʫ ץʘʞʝʪ.  

ᴆʟ ץʦʣʳʤʝʥ ʞʘʩʘʣסʘʥ ײץʨʳʣסʳʣʘʨʜʳש ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʤᴅʥʽ ʙʘʨ: ʦʣʘʨʜʳש 

ᴇʥʜʽʨʽʩʽ, ʙʽʨ ʞʘסʳʥʘʥ, ʤסײʘʣʽʤ ʤʝʥ ʩʪʫʜʝʥʪʪʝʨʜʽש ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʘʜʳ, ʘʣ 

ʝʢʽʥʰʽ ʞʘסʳʥʘʥ - ʰʳסʘʨʤʘʰʳʣʳץ ʞײʤʳʩ ʞᴅʥʝ ʤסײʘʣʽʤʥʽש ᴅʜʽʩʪʝʤʝʣʽʢ ᴇʩʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ʂʝʡʙʽʨ ʩᴅʪʪʽ ʞʘʩʘʣסʘʥ װʡ ײץʨʳʣסʳʣʘʨʳ ᴇʥʜʽʨʽʩʪʝʥ ʛᴇʨʽ, ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣʤʝʥ, ʚʠʟʫʘʣʜʳ 

ʞᴅʥʝ ץʘʨʘʧʘʡʳʤ ᴅʨʝʢʝʪʧʝʥ, ʦץʫʰʳʣʘʨ װʰʽʥ ʪװʩʽʥʽʢʪʽ ʙʦʣʳʧ ʢʝʣʝʜʽ.  

ɹʘʩץʘʣʘʨʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʳʩʪʘסʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ײץʨʳʣסʳʣʘʨʜʳש ʢᴇʤʝʛʽ 

ʘʨץʳʣʳ ʪʦʣʳסʳʤʝʥ ʞᴅʥʝ ʞװʡʝʣʽ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʣʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫʜʳש ʤʘשʳʟʜʳʣʳסʳʥ ʢʝשʝʡʪʝʜʽ, ʙײʣ ʤʝʪʦʜʦʣʦʛʠʷʣʳץ ʤʘשʳʟʳ ʙʘʨ ʞײʤʳʩ. 

ɿʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʩʽʥʽש ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ ʞʘʙʜʳץʪʘʨʳʥ ʞʦʙʘʣʘʫ 

ʤʝʥ ʜʘʡʳʥʜʘʫʜʳש ᴅʜʽʩʥʘʤʘʩʳ ᴇʟʛʝʨʫʜʝ. תʡ ײץʨʳʣסʳʣʘʨʳʥ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ץʘʨʘʧʘʡʳʤ 

  .ʘʣʳʧʪʘʤʩʘʜʳץ ʜʳʣʘʨסʨʘʣʤʝʥ ʜʘײץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴇʟʜʽʛʽʥʝʥ ʞʘʩʘʣʘʪʳʥ ײץʨʳʣסʳʣʘʨʜʳש ᴇʥʜʽʨʽʩʽ ײץʨʳʣסʳʣʘʨʜʳש 

ʧʨʠʥʮʠʧʽʥ ʪʝʨʝש ʟʝʨʜʝʣʝʫ ʘʨץʳʣʳ ʩʪʫʜʝʥʪʪʝʨʜʽש ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫʳʥʘ ץʳʟʳסʫʰʳʣʳץ 

ʪʘʥʳʪʘʜʳ.  

ʉʪʫʜʝʥʪʪʝʨʜʽש ʢʦʛʥʠʪʠʚʪʽʢ ʤװʜʜʝʣʝʨʽʥ ʜʘʤʳʪʫʜʘ ʦʩʳ ʧʨʦʮʝʩʪʽש ʘʩʧʘʧʪʘʨʜʳ 

ʞʘʩʘʫʜʘסʳ ʞײʤʳʩʳʥʳש ʤʘשʳʟʜʳʣʳסʳʥ ʞᴅʥʝ ʦʩʳ ʧʨʦʮʝʩʪʽש ʨᴇʣʽʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ, 

ʦʣʘʨ װʰʽʥ ʙʘʩʪʳ ʤװʜʜʝ ʜʘʡʳʥ ʰʳʥʜʳץץʘ ʠʝ ʝʤʝʩ, ʰʳʥʜʳץʪʳ ʽʟʜʝʩʪʽʨʫʜʝ, ʰʳʥʜʳץʪʳ 

ʠʛʝʨʫ ʞʦʣʳʥʜʘסʳ ץʠʳʥʜʳץʪʘʨʜʳ ʞʝשʝ ʙʽʣʫʜʝ [2].  
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ɿʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʩʽ 

ʄʘʢʩʚʝʣʣ ʤʘʷʪʥʠʛʽ (ʙʘʩץʘʰʘ ʄʘʢʩʚʝʣʣʜʽש ʜᴇשʛʝʣʝʛʽ) ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷʥʳ 

ʪװʨʣʝʥʜʽʨʫʜʽש ʢʣʘʩʩʠʢʘʣʳץ ʠʣʣʶʩʪʨʘʮʠʷʩʳ ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ (1-ʩʫʨʝʪ). ʄʘʷʪʥʠʢʪʽש 

ʢᴇʣʜʝʥʝש ʦʩʽʥʝ ʙʝʢʽʪʽʣʛʝʥ ʜʠʩʢʽʩʽ ʙʘʨ, ʘʣ ʦʩʴ ʝʢʽ ʞʘסʳʥʘʥ ײʟʳʥ ʞʽʧʪʝʨʛʝ ʪʽʨʝʢʢʝ ʙʝʢʽʪʽʣʛʝʥ. 

ɸסʳʥʜʘʨʜʳײ שʰʪʘʨʳ ʘʡʥʘʣʫ ʦʩʽʥʝ ʙʝʢʽʪʽʣʝʜʽ. ɸʡʥʘʣʫ ʦʩʽʥʝ ʞʽʧʪʝʨʜʽ ʦʨʘʫ ʞᴅʥʝ ʦʥʳ 

ʘʡʥʘʣʜʳʨʫ ʘʨץʳʣʳ, ʤʘʷʪʥʠʢ ʞʦסʘʨʳ ʞᴅʥʝ ʪᴇʤʝʥ ʜʝשʛʝʡʜʝ ʪʝʨʙʝʣʤʝʣʽ ץʦʟסʘʣʳʩʪʘʨʜʳ 

ʦʨʳʥʜʘʡʜʳ. ײפʨʳʣסʳʥʳ çʕʥʝʨʛʠʷ ʩʘץʪʘʫ ʟʘשʳè, çʄʝʭʘʥʠʢʘʣʳץ ʪʝʨʙʝʣʽʩʪʝʨè, çᴆʰʝʪʽʥ 

ʪʝʨʙʝʣʽʩʪʝʨè ʪʘץʳʨʳʧʪʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

 

 
 

1 ʩʫʨʝʪ ï ʄʘʢʩʚʝʣʣ ʤʘʷʪʥʠʛʽ 

 

ʇʘʩʢʘʣʴ ʰʘʨʳ ʞʘʙʳץ ʳʜʳʩʪʘ ʩײʡʳץʪʳץ ʥʝʤʝʩʝ ʛʘʟʜʘסʳ ץʳʩʳʤʥʳש ʙʽʨʢʝʣʢʽ 

ʙʝʨʽʣʫʽʥ ʢᴇʨʩʝʪʫ װʰʽʥ, ʩʦʥʜʘʡ-ʘץ ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤʥʳש ᴅʩʝʨʽʥʝʥ ʩײʡʳץʪʳץʪʳ 

ʧʦʨʰʝʥʴʜʽש ʘʨʪʳʥʘ ʢᴇʪʝʨʫ װʰʽʥ ʞʘʩʘʣסʘʥ. ײפʨʳʣסʳ ʧʦʨʰʝʥʜʽ ʧʣʘʩʪʠʢʘʣʳץ ʳʜʳʩʪʘʥ ʞᴅʥʝ 

ʧʣʘʩʪʤʘʩʩʘʜʘʥ ʞʘʩʘʣסʘʥ ʰʘʨʜʘʥ, ʙװʢʽʣ ʩʬʝʨʘʣʳץ ʙʝʪʽʥʜʝ ʙʽʨʜʝʡ ʜʠʘʤʝʪʨʣʽ ʙʘʨ ʪʝʩʽʢʪʝʨʜʝʥ 

(1 ʤʤ) ʪײʨʘʜʳ.  

ʐʘʨ ʧʦʨʰʝʥʜʽ ʳʜʳʩʪʳש ʰʘʰʘʪʳʥ ʪװʪʽʢʰʝʩʽʥʝ ʪʳסʳʟ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ײץʨʳʣסʳ 

ʩײʡʳץʪʳץʪʘʨסʘ ʘʨʥʘʣסʘʥ ʇʘʩʢʘʣʴ ʟʘשʳʥ ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼᴅʣ ʦʩʳʣʘʡ ʛʘʟʜʘʨסʘ 

ʜʘ ץʘʪʳʩʪʳ (2-ʩʫʨʝʪ). 

 

 
 

2 ʩʫʨʝʪ ï ʉײʡʳץ ʞᴅʥʝ ʛʘʟ ץʳʩʳʤʳʥ ʜʝʤʦʥʩʪʨʘʮʠʷʣʘʫסʘ ʘʨʥʘʣסʘʥ ײץʨʘʣ (ʇʘʩʢʘʣ ɹ

ʰʘʨr) 
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ʕʣʝʢʪʨʦʩʢʦʧ (ʛʨʝʢʰʝ çʵʣʝʢʪʨʦʥè ʞᴅʥʝ ʩʢʦʧʦ - ʙʘʡץʘʫ, ʪʘʙʫ) - ʵʣʝʢʪʨ ʟʘʨʷʜʳʥ 

ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ. ʕʣʝʢʪʨʦʩʢʦʧ ʝʢʽ ʞʦʣʘץ ץʘסʘʟ ʥʝʤʝʩʝ ʘʣʶʤʠʥʠʡ ʬʦʣʴʛʘʩʳ 

ʙʝʢʽʪʽʣʛʝʥ ʤʝʪʘʣʣ ʩʪʝʨʞʝʥʥʝʥ ʪײʨʘʜʳ (3-ʩʫʨʝʪ). ʎʠʣʠʥʜʨʣʽʢ ʤʝʪʘʣʣ ʢʦʨʧʫʩ ʽʰʽʥʜʝ ʵʙʦʥʠʪ 

ʙײʨʘʥʜʘʤʝʥ ʙʝʢʽʪʽʣʛʝʥ, ʰʳʥʳ ץʘץʧʘץʪʘʨʤʝʥ ʞʘʙʳʣסʘʥ [3]. 

 

 
 

3 ʩʫʨʝʪ ï ʕʣʝʢʪʨʦʩʢʦʧ 

 

ʕʣʝʢʪʨʦʩʢʦʧ ײץʨʳʣסʳʩʳ ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʣʝʨʜʽש ʵʣʝʢʪʨʣʽʢ ʪʝʙʽʣʫʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ɿʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʥʽש, ʤʳʩʘʣʳ, װʡʢʝʣʛʝʥ ʰʳʥʳ ʪʘʷץʰʘ, ʵʣʝʢʪʨʦʩʢʦʧʪʳש ʩʪʝʨʞʝʥʽʤʝʥ 

ʞʘʥʘʩץʘʥ ʢʝʟʜʝ, ʵʣʝʢʪʨ ʟʘʨʷʜʳ ʩʪʝʨʞʝʥ ʤʝʥ ץʘסʘʟʜʳש (ʬʦʣʴʛʘʥʳש) ʙʦʡʳʤʝʥ ʙᴇʣʽʥʝʜʽ. 

ɸʪʪʘʩ ʟʘʨʷʜʪʘʨ ʙʽʨ-ʙʽʨʽʥ ʪʝʙʝʪʽʥʜʽʢʪʝʥ, ʪʝʙʫ ʢװʰʽʥʽש ʝʩʝʙʽʥʝʥ ʵʣʝʢʪʨʦʩʢʦʧʪʘסʳ ץʘסʘʟʜʘʨ 

ʝʢʽ ʞʘץץʘ ʙײʨʳʰ ʞʘʩʘʡ ʙʽʨ-ʙʽʨʽʥʝʥ ʘʣʰʘץʪʘʡʜʳ. ʆʥʳװ שʩʪʽʥʝ, ʵʣʝʢʪʨʦʩʢʦʧʪʳש ʟʘʨʷʜʳ 

 ʨʳʰײʣʢʝʥʽʨʝʢ ʙװ ʨʣʳʤײסʰʽ ʩʦװʰʪʽ ʢװʢ שʘʟʜʳסʘץ ʨʣʳʤײסʪʳ ʢᴇʧ ʙʦʣʩʘ, ʩʦץʘʥʰʘʣʳץ

ʞʘʩʘʡʜʳ. ʉʦʥʜʳץʪʘʥ ʵʣʝʢʪʨʦʩʢʦʧ ץʘסʘʟʜʘʨʳʥʳש ʙײʨʳʰʪʘʨʳ ʵʣʝʢʪʨʦʩʢʦʧʪʘ ʦʨʥʘʣʘʩץʘʥ 

ʟʘʨʷʜ ʢᴇʣʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ [4]. 

 ʦʨʳʪʳʥʜʳפ

ᴄʜʝʙʠʝʪʪʝʨ ʢᴇʟʜʝʨʽʥʝʥ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʣʜʘʧ, ʬʠʟʠʢʘʥʳ ʦץʳʪʫ װʨʜʽʩʽʥʜʝ 

 ʩʽʥʽʢʪʝʤʝװʨʘʩʪʳʨʫ, ʞʘʩʘʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʪʫʨʘʣʳ ʪײץ ʪʘʨʜʳץʘʥ ʞʘʙʜʳסʦʣʜʘʥ ʞʘʩʘʣץ

ʞʘʩʘʜʳʤ. ʌʠʟʠʢʘ ʩʘʙʘסʳʥʘ ʘʨʥʘʣסʘʥ ײץʨʘʣʜʘʨʜʳ װʡ ʞʘסʜʘʡʳʥʜʘ ץʦʣʜʘʥ ʞʘʩʘʫ ʦץʳʪʫʰʳסʘ 

ʜʘ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʜʘ ᴇʪʝ ʧʘʡʜʘʣʳ. ʉʝʙʝʙʽ, ʙʽʨʽʥʰʽʜʝʥ ï ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ 

ʜʘʤʳʪʘʜʳ, ʘʣ ʝʢʽʥʰʽ ʞʘסʳʥʘʥ - ʰʳסʘʨʤʘʰʳʣʳץ ʞײʤʳʩ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ᴇʩʫʽʥʝ ʳץʧʘʣ 

ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʩʢʝʨʝ ʢʝʪʝʪʽʥ ʞʘסʜʘʡ, ײץʨʘʣʜʘʨʜʳ ʞʘʩʘסʘʥʜʘ,ʢʝʨʝʢʩʽʟ, ʙʘʨ ײץʨʘʣʜʳ 

ʝʤʝʩ, ʪᴅʞʽʨʠʙʝʥʽ ʞʘʩʘʡʪʳʥ ײץʨʘʣ ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʜʘ, ʥʝʤʝʩʝ ʙʘʨ ײץʨʘʣ ʢװʨʜʝʣʽ, ʪװʩʽʥʽʢʩʽʟ 

ʪװʨʜʝ ʙʦʣʩʘ, ʞʘʩʘסʘʥ ʞᴇʥ. ɹʽʟ ʪʘשʜʘסʘʥ ײץʨʳʣסʳʣʘʨʜʳ çʕʥʝʨʛʠʷʥʳש ʩʘץʪʘʣʫ ʟʘשʳè, 

çʄʝʭʘʥʠʢʘʣʳץ ʪʝʨʙʝʣʽʩʪʝʨè, çᴆʰʝʪʽʥ ʪʝʨʙʝʣʽʩʪʝʨè, çʕʣʝʢʪʨ ײץʙʳʣʳʩʪʘʨʳè 

ʪʘץʳʨʳʧʪʘʨʳʥʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ײפʨʳʣסʳʣʘʨʜʳ ʞʘʩʘʫ ʙʘʨʳʩʳʥʜʘ ʰʳסʳʥʳ ʞʘסʳʥʘʥ 

ʝש ʘʟʳ ʪʘשʜʘʣʜʳ. 

 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ 

 

1 ɸʣʙʳʯʝʚ ʇ.ɺ. ʉʘʤʦʜʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʧʦ ʬʠʟʠʢʝ. ʇʦʩʦʙʠʝ ʜʣʷ ʫʯʠʪʝʣʝʡ. 

ʄʦʩʢʚʘ 1950. 

2 ʌʝʜʦʨʝʥʢʦ ɸ.ʅ., ʏʫʛʫʡ ɸ.ʀ. ʉʘʤʦʜʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʧʦ ʬʠʟʠʢʝ (ʪʝʤʘ çɿʘʢʦʥʳ 
ʩʦʭʨʘʥʝʥʠʷ ʚ ʤʝʭʘʥʠʢʝè) // ʉʪʘʨʪ ʚ ʥʘʫʢʝ. ï 2016. ï ˉ 2. ï ʉ. 137-142; 

3 ʋʯʝʙʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʬʠʟʠʢʝ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. ʇʦʜ ʨʝʜʘʢʮʠʝʡ ɸ.ɸ ʇʦ-

ʢʨʦʚʩʢʦʛʦ çʇʨʦʩʚʝʱʝʥʠʷè 1973 

4 ʉ.ɸ.ʍʦʨʦʰʘʚʠʥ. ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʦʩʚʝʱʝʥʠʷ 1983 ʛ. 208 

ʩ.  
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ʄʈʅʊʀ 29.03.77 

ɻ.ɼ. ɹʘʠʨʦʚʘ 
1
  

1
 ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

 
ʊװʡʽʥʜʝʤʝ: FeCr ץʦʩʧʘʩʳʥʳײץ שʨʳʣʳʤʳʥ ʄʦʥʪʝ ʂʘʨʣʦ ᴅʜʽʩʽ ʘʨץʳʣʳ װʣʛʽʣʝʫ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ  Abell-

Brenner-Tersoff (ABOP) ʘʪʦʤʘʨʘʣʳץ ᴅʨʝʢʝʪ ʝʪʫ װʜʝʨʽʩʽʥ ץʦʣʜʘʥʫʤʝʥ FeCr-ʥʳש ᴇʟʘʨʘ ʽʩ-ᴅʨʝʢʝʪʽ ʘʥʳץʪʘʣʜʳ. 

ʍʨʦʤʜʳ ʪʝʤʽʨʛʝ ʝʥʛʽʟʫ ץʦʩʧʘʩʳʥʳש ʪװʨʣʽ ʪʦʧʪʘʣʫʳ ʟʝʨʪʪʝʣʜʽ (5-50 ʘʪ.%). ɽʥʛʽʟʫ ץʦʩʧʘʣʘʨʳʥʳש ʪװʨʣʽ 

ʪʦʧʪʘʣʫʳ ʢʝʟʽʥʜʝ FeCr ʞװʡʝʩʽʥʽש ʘʨʘʣʘʩʫ ʵʥʝʨʛʠʷʩʳ ʝʩʝʧʪʝʣʛʝʥ. 

ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ FeCr ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ FeCr ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AbellïBrennerï

Tersoff (ABOP). ɹʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚʥʝʜʨʝʥʠʷ ʭʨʦʤʘ ʚ ʞʝʣʝʟʝ (5-50 ʘʪ. %). 

ʈʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ ʩʤʝʰʝʥʠʷ ʩʠʩʪʝʤʳ FeCr ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʤʝʩʝʡ ʟʘʤʝʱʝʥʠʷ.  

Abstract: The Monte Carlo structure of the FeCr alloy was simulated and the FeCr interaction was estab-

lished using the Abell ï Brenner ï Tersoff interatomic interaction potential (ABOP). Various concentrations of im-

purities of chromium intrusion in iron (5-50 at.%) Were studied. The mixing energy of the FeCr system was calcu-

lated for various concentrations of substitution impurities. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨ, ʄʦʥʪʝ ʂʘʨʣʦ װʣʛʽʣʝʫʽ, ʘʨʘʣʘʩʫ ʵʥʝʨʛʠʷʩʳ, ᴇʟʘʨʘ ʽʩ-ᴅʨʝʢʝʪʽ, ᴅʣʝʫʝʪ, 

ʭʨʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʄʦʥʪʝ ʂʘʨʣʦ, ʵʥʝʨʛʠʷ ʩʤʝʰʝʥʠʷ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ, ʧʦʪʝʥʮʠʘʣ, ʭʨʦʤ.  

Key words: solid solutions, Monte Carlo simulation, mixing energy, interaction, potential, chromium. 
 
ɺʚʝʜʝʥʠʝ 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ 

ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʝʚʦʩʭʦʜʥʳʤ ʩʚʦʡʩʪʚʘʤ. ɼʦʙʘʚʢʠ ʭʨʦʤʘ ʚ ʩʪʘʣʴ ʧʦʚʳʰʘʶʪ ʝʝ 

ʪʚʝʨʜʦʩʪʴ, ʫʤʝʥʴʰʘʶʪ ʦʙʲʝʤʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʟʘʢʘʣʢʝ, ʫʚʝʣʠʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦ-

ʪʠʚ ʨʘʟʨʫʰʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʤʥʦʛʠʭ ʠʟ ʵʪʠʭ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ.  

ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝ-

ʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʥʠʤʘʥʠʝ ʘʪʦʤʠʩʪʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʘ Fe-Cr ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷ-

ʝʪʩʷ ʥʝʧʦʣʥʳʤ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʤʦʪʠʚʠʨʦʚʘʣʘ ʨʷʜ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʚʦʛʦ ʧʨʠʥʮʠʧʘ 

[1-5], ʚ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʣʦʩʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʥʝʨʛʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʕʪʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ 

ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʚ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʠ ʚʦʟʨʘʩʪʘ-

ʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ ʚʳʰʝ 10 ʘʪ.%. ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʧʦʥʠʤʘʥʠʠ ʵʥʝʨʛʝʪʠʢʠ ʩʧʣʘʚʦʚ 

Fe-Cr ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʡ 

ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ Fe-Cr ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AbellïBrennerïTersoff (ABOP), ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʛʦ ʚ [6]. 

ʄʝʪʦʜʳ 

ʀʜʝʷ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ, ʧʨʠʤʝʥʷʝ-

ʤʦʛʦ ʢ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʘʪʦʤʦʚ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʩʪʨʦʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ ʝʝ 

ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʵʥʝʨʛʠʷʤ. ɺʤʝʩʪʦ ʧʨʷʤʦʡ ʛʝʥʝʨʘʮʠʠ 

ʩʣʫʯʘʡʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʜʝʣʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝ-

ʜʫʨʘ ʧʝʨʝʩʪʘʥʦʚʦʢ ʘʪʦʤʦʚ ʤʝʩʪʘʤʠ (ʘʣʛʦʨʠʪʤ ʄʝʪʨʦʧʦʣʠʩʘ).  
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ɺ ʨʘʙʦʪʝ [7] ʚ 1959 ʛʦʜʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʠʷ-ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʛʨʘʥʝ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʢʫʙʠʯʝʩʢʦʤ ʩʧʣʘʚʝ A3B ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʭʝʤʘ ʚʳʙʦʨʢʠ ʤʝʪʦʜʦʤ 

ʄʦʥʪʝ-ʂʘʨʣʦ. ʄʦʜʝʣʴ ʩʧʣʘʚʘ ʧʨʝʜʧʦʣʘʛʘʣʘ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʨʝʰʝʪʢʠ ʬʠʢʩʠʨʦʚʘʥʘ ʠ ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʱʝʩʪʚʫʶʪ ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʠ ʚʪʦʨʳʤʠ ʩʦʩʝʜʷʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʯʝ-

ʪʦʚ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʘʝʪʩʷ ʤʘʩʩʠʚʫ, ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʧʷʪʠ ʝʜʠʥʠʯʥʳʭ ʷʯʝʝʢ ʥʘ 

ʢʨʘʶ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

IBM 704 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ MonteCrysto. 

ɺ 1961 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [8] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥ-

ʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʣʦʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʩ-

ʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʙʠʥʘʨʥʦʤ ʩʧʣʘʚʝ AgZn.  

ɺ [9] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩ-

ʧʦʣʴʟʫʶʱʠʡ ʢʘʢ ʜʘʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ. ʀʟ ʧʦʣʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʠʩʩʣʝʜʫʝʤʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʙʣʠ-

ʞʝʥʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʯʘʩʪʠʯʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ ɹʭʘʪʠ - ʊʦʨʥʪʦʥʘ SNN (q) ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʝʤʫ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ʇʂʌ) gNN (R), ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʘʪʦʤʦʚ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʣʘʩʩʘ. ɿʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʪʥʳʡ 

ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʩʪʨʦʠʪʩʷ ʩʝʪʢʘ ʘʪʦʤʥʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʪʨʝʙʫʝʤʫʶ ʬʫʥʢʮʠʶ 

gNN (R). ʇʦʩʪʨʦʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʝʪʢʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ɺʦʨʦ-

ʥʦʛʦ, ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʬʝʨʠʯʥʦʩʪʠ. ʄʝʪʦʜ ʨʝʢʫʨʩʠʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʳʯʠʩʣʷʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʩʦʨʪʘ A ʩ ʘʪʦʤʘʤʠ A, B, C 

ʠ ʪ. ʜ. ʩʚʦʝʛʦ ʦʢʨʫʞʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʶ ʯʠʩʣʘ ʘʪʦʤʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʨʝʜʠ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝ-

ʜʝʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. ʇʦʩʪʨʦʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦ-

ʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʇʂʌ gNN (R) ʠ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʥʘʤʠ ʧʦʜʭʦʜʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ Fe-Cr ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ-

ʪʝʥʮʠʘʣ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AbellïBrennerïTersoff (ABOP). ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʙʦʩʥʦʚʘʥʦ ʪʝʤ, ʯʪʦ ʝʱʝ ʚ 2013 ʛʦʜʫ ʛʨʫʧʧʘ ʬʠʥʩʢʠʭ ʫʯʝʥʳʭ (K O E 

Henriksson, C Bjorkas ʠ K Nordlund) ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʧʘʨʘʤʝʪ-

ʨʠʟʘʮʠʶ ʚ ʬʦʨʤʝ AbellïBrennerïTersoff ʜʣʷ ʩʠʩʪʝʤʳ Fe-Cr-C. ʇʦʪʝʥʮʠʘʣ ʚʦʩʧʨʦʠʟʚʝʣ ʧʘ-

ʨʘʤʝʪʨ ʨʝʰʝʪʢʠ, ʵʥʝʨʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʳʭ ʢʘʨʙʠʜʦʚ Fe ʠ Cr, 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʨʠʚʘʷ ʵʥʝʨʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ Fe-Cr, ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʦʪʣʠʯʥʦʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [6]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ ʨʘʤʢʘʭ ʘʣʛʦʨʠʪʤʘ ʄʝʪʨʦʧʦʣʠ-

ʩʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ LAMMPS. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ Ovito. ɹʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʷʯʝʡʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 20Ĭ20Ĭ20, 22Ĭ22Ĭ22 ʆʎʂ ʝʜʠʥʠʯʥʳʤʠ ʷʯʝʡʢʘʤʠ, ʩʦ-

ʜʝʨʞʘʱʠʤʠ 16000 ʠ 21296 ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 ʂ. ʉʦʜʝʨʞʘʥʠʝ 

ʭʨʦʤʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 5 ʜʦ 50 ʘʪʦʤʥʳʭ ʧʨʦʮʝʥʪʦʚ. ʅʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʜʘʚʘʣʘʩʴ 

ʩʣʫʯʘʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʪʦʤʦʚ ʜʚʫʭ ʪʠʧʦʚ.  

ʕʥʝʨʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ FeCr ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʳʨʘʞʝʥʠʝʤ: 

 

Ὁ Ὁ ὊὩ ὅὶ ὔ Ὁ ὊὩ ὔ Ὁ ὅὶ)    (1) 

 

ʛʜʝ Ὁ  - ʦʙʱʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ὔ  ʠ ὔ  ʯʠʩʣʦ ʘʪʦʤʦʚ Fe ʠ Cr ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, Ὁ ὊὩ  - ʵʥʝʨʛʠʷ 1 ʘʪʦʤʘ Fe ʚ ʆʎʂ ʩʪʨʫʢʪʫʨʝ,  Ὁ ὅὶ ï  ɻ ʥʝʨʛʠʷ 1 ʘʪʦʤʘ Cr. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦ-

ʛʨʘʤʤʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ FeCr. ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ Cr. ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ 21296 ʠ 16000 ʘʪʦʤʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ [6] ʠ [2], ʠʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʥʝʧʣʦ-

ʭʦ. ʅʝʙʦʣʴʰʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʨʦʚʝ-

ʜʝʥʦ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ ʂʘʨʣʦ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʥʝʨʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ FeCr (ʆʎʂ ʨʝʰʝʪʢʘ, ʩʦʜʝʨ-

ʞʘʱʘʷ 21296 ʘʪʦʤʦʚ). 1 ï ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, 2 ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [6], 3 ï ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [2] 

 

 
 

ʈʠʩ.2. ʕʥʝʨʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʥʘʨʥʦʛʦ ʩʧʣʘʚʘ FeCr (ʆʎʂ ʨʝʰʝʪʢʘ, ʩʦʜʝʨʞʘʱʘʷ 

16000 ʘʪʦʤʦʚ). 1 ï ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, 2 ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [6], 3 ï ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ [2] 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʯʠʩʪʦʛʦ Cr (ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʠ ʵʥʝʨʛʠʷ ʢʦʛʝ-

ʟʠʠ), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʜʘʥʥʳʤʠ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ. 

 
ʊʘʙʣʠʮʘ 1 ï ʇʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ ʠ ʵʥʝʨʛʠʷ ʢʦʛʝʟʠʠ ʜʣʷ ʯʠʩʪʦʛʦ ʭʨʦʤʘ 

ʚʝʣʠʯʠʥʳ ɺʳʯʠʩʣʝʥʠʷ [6] ɺʳʯʠʩʣʝʥʠʷ [2] ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʘ, ɸ 2,872 2,878 2,873 

Ὁ ὅὶ, eV/atom -4,0994 -4,1 -4,095 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠ-

ʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.   
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ɺʳʚʦʜʳ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AbellïBrennerïTersoff 

(ABOP) ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʝʪʢʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʇʨʦ-

ʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʦʛʨʘʤʤʳ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʙʠʥʘʨʥʦʤ ʪʚʝʨʜʦʤ ʩʧʣʘʚʝ Fe-Cr. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʥʝʙʦʣʴʰʠʤ ʨʘʩʭʦʞʜʝʥʠʝʤ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ABOP ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

1 M. Hennion, J. Phys. F: Met. Phys. 13, 2351 (1983). 

2 P. Olsson, I. A. Abrikosov, and J. Wallenius, Phys. Rev. B 73, 104416 (2006). 

3 A. A. Mirzoev, M. M. Yalalov, and D. A. Mirzaev, Phys. Met. Metallogr. 97, 336 

(2004). 

4 T. P. C. Klaver, R. Drautz, and M. W. Finnis, Phys. Rev. B 74, 094435 (2006). 

5 P. Erhart, B. Sadigh, and A. Caro, Appl. Phys. Lett. 92, 141904(2008). 

6 K. Henriksson, C. Bjorkas, and K. Nordlund, J. Phys. Condens. Matter 25, 445401 

(2013) 

7 Fosdick L. D. Calculation of order parameters in a binary alloy by the Monte Carlo 

Method. // Phys.Rev. 1959. V. 116. ˉ 3. P. 565-573. 

8 Flinn P. A. and McManus G. M. Monte Carlo calculation of the order-disorder 

transformation in the body-centered cubic lattice. // Phys. Rev. 1961. V. 124. ˉ 1. P. 54-59.  

9 ʄʠʨʟʦʝʚ ɸ.ɸ., ʉʤʦʣʠʥ ʅ.ɸ., ɻʝʣʴʯʠʥʩʢʠʡ ɹ.ʈ. ʅʦʚʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʙʠʥʘʨʥʳʭ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ 

ʩʠʣʴʥʦʡ ʩʚʷʟʠ //  ʏ.: ʀʟʜ-ʚʦ ʖʋʨɻʋ 

 

 

 

 

ʄʈʅʊʀ 30.17.51  

ʄ.ɺ. ʏʫʨʩʠʥʦʚ 
1
  

1
 ʂʦʩʪʘʥʘʡʩʢʠʡ ʠʥʞʝʥʝʨʥʦ ʢɻʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɼʫʣʘʪʦʚʘ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʳʙʦʨ ʦʙʲʝʤʥʳʭ ʛʠʜʨʦʤʘʰʠʥ ʜʣʷ ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʦʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

 
ʊװʡʽʥʜʝʤʝ: ʄʘץʘʣʘʜʘ ʤʦʤʝʥʪʪʽש ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪװʟʝʪʢʽʰʽʥʜʝ (ʄɻʊ) ʛʠʜʨʦʤʘʰʠʥʘʣʘʨʜʳש 

ʠʥʝʨʮʠʷʣʳץ ʙʝʨʽʣʽʩʽʥ ʝʨʢʽʥ ʞװʨʽʩ ʞʘʣסʘסʳʰʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ  ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʠʜʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʚʳʧʨʷʤʠʪʝʣʝ ʤʦʤʝʥʪʘ (ɻɺʄ) ʠʥʝʨʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʛʠʜʨʦʤʘʰʠʥ ʚ ʢʘʯʝʩʪʚʝ ʤʫʬʪ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ.  

Abstract: The article considers the possibility of using in the hydraulic differential torque rectifier (KVM) 

the inertial transmission of hydraulic machines as clutches. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ץʘʪʪʳ ɸʡʥʘʣʜʳʨʫ ʤʦʤʝʥʪʽʥʽש ʠʥʝʨʮʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ; ʤʦʤʝʥʪʪʽש 

ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪװʟʝʪʢʽʰʽ; ʛʠʜʨʦʤʘʰʠʥʘ; ʝʨʢʽʥ ʞװʨʽʩ ʤʝʭʘʥʠʟʤʽ; ʛʠʜʨʘʚʣʠʢʘʣʳץ ʩײʡʳץʪʳץ; ʝʨʢʽʥ 

ʞװʨʽʩʪʽש ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞʘʣסʘסʳʰʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʝʨʮʠʦʥʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ; ʛʠʜʨʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʚʳʧʨʷʤʠʪʝʣʴ ʤʦʤʝʥʪʘ; ʛʠʜʨʦʤʘʰʠʥʘ; ʤʝʭʘʥʠʟʤ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ; ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ; ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʤʫʬʪʘ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ. 

Key words: Inertial transformer torque; hydrolytically rectifier moment; hydraulic machine; freewheel; 

hydraulic fluid; hydraulic clutch. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʷʛʦʚʳʭ ʤʘʰʠʥ (ʊʊʄ) ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʭ ʙʝʩʩʪʫʧʝʥʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʀʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʙʝʩʩʪʫʧʝʥʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʳʝ ʧʝʨʝʜʘʯʠ ʜʣʷ ʩʠʣʦʚʳʭ ʧʨʠʚʦʜʦʚ 

ʊʊʄ ʚʚʠʜʫ ʩʣʝʜʫʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠ ʙʝʩʩʪʫʧʝʥʯʘʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ, ʧʦʜʚʦʜʠʤʦʛʦ ʢ ʚʝʜʫʱʠʤ ʢʦʣʝʩʘʤ ʊʊʄ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠ ʚʳʩʦʢʦʤ ʂʇɼ; ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʧʝʨʝʛʨʫʟʦʢ; ʧʨʦʩʪʦ-

ʪʘ ʠ ʫʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ [4, ʩ. 18].  

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʀʊɺʄ) ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʧʨʠʚʦʜʘʭ ʊʊʄ. ʇʦʪʝʥ-

ʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʧʝʨʝʜʘʯ, ʠʟʥʘʯʘʣʴʥʦ ʟʘʣʦʞʝʥʥʳʝ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʴʶ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʀʊɺʄ, ʠ ʤʘʣʳʡ ʦʧʳʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ 

ʜʠʢʪʫʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʢʘʢ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ, 

ʪʘʢ ʠ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʊɺʄ ʥʝ ʧʦʣʫʯʠʣʠ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝ-

ʥʠʠ ʧʦ ʧʨʠʯʠʥʝ ʤʘʣʦʡ ʥʘʜʸʞʥʦʩʪʠ ʚʳʧʨʷʤʠʪʝʣʷ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ (ʄʉʍ), ʚ ʢʦʪʦʨʳʭ ʙʳʩʪʨʦ ʠʟʥʘʰʠʚʘʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪ-

ʩʷ ʪʝʣʘ ʟʘʢʣʠʥʠʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʳʧʨʷʤʠʪʝʣʠ 

ʤʦʤʝʥʪʘ ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʘ-

ʩʪʠʥʯʘʪʳʝ, ʨʦʣʠʢʦʚʳʝ, ʵʢʩʮʝʥʪʨʠʢʦʚʦ ʢʣʠʥʦʚʳʝ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʚ ʚʠʜʝ ʢʫʣʠʩʥʦ-

ʢʨʝʩʪʦʚʦʡ ʤʫʬʪʳ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʧʨʫʞʠʥʥʳʝ, ʤʠʢʨʦʭʨʘʧʦʚʳʝ, ʢʫ-

ʣʘʯʢʦʚʳʝ ʠ ʪ.ʜ. ʆʧʳʪ ʩʦʟʜʘʥʠʷ ʄʉʍ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʣʘ-

ʙʳʤʠ ʠʭ ʟʚʝʥʴʷʤʠ ʷʚʣʷʶʪʩʷ ʪʝʣʘ ʟʘʢʣʠʥʠʚʘʥʠʷ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʀʊɺʄ 

ʨʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʤʦʤʝʥʪʘ (ɻɺʄ), ʚ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʢʦʪʦʨʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʄʉʍ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʜʨʦʤʘʰʠʥʳ, ʘ ʪʝʣʦʤ ʟʘʢʣʠʥʠʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ.  

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʛʠʜʨʦʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʀɻʊɺʄ), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʠʤʧʫʣʴʩʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʚʝʜʫʱʠʡ ʚʘʣ 1, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʤʠ 

ʛʨʫʟʘʤʠ 3, ʚʘʣ-ʨʝʘʢʪʦʨ 2 ʠ ʦʩʥʦʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 4. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʩʪʦʠʪ ʠʟ ʟʫʙʯʘʪʳʭ ʢʦʣʸʩ 5 ʠ 6, ʩʘʪʝʣʣʠʪʦʚ 7, ʚʦʜʠʣʘ 8, 

ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 9 ʠ ʢʦʨʦʥʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 13, ʩʦʝʜʠʥʸʥʥʦʛʦ ʯʝʨʝʟ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 

9 ʩ ʚʳʭʦʜʥʦʡ ʦʙʲʸʤʥʦʡ ʛʠʜʨʦʤʘʰʠʥʥʦʡ (ʛʠʜʨʦʄʉʍ) 12, ʢʦʪʦʨʘʷ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʢʦʨʧʫʩʝ 

14 ʧʝʨʝʜʘʯʠ. ɸʥʘʣʦʛʠʯʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʢʦʨʧʫʩʥʘʷ ʛʠʜʨʦʤʘʰʠʥʘ 15. ɿʘʤʢʥʫʪʫʶ ʮʠʨʢʫʣʷ-

ʮʠʶ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʤʘʰʠʥʘʭ 12 ʠ 15 ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʪʥʳʝ ʢʣʘʧʘʥʳ 11 ʠ 16, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʉ ʚʦʜʠʣʦʤ 8 ʩʦʝʜʠʥʝʥ ʚʝʜʦʤʳʡ ʚʘʣ 10. 

ʀɻʊɺʄ ʨʘʙʦʪʘʝʪ ʚ ʪʨʝʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʘʭ:, ʪʨʘʥʩʬʦʨʤʘ- ʮʠʠ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ 

ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ (ʨʝʞʠʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʫʬʪʳ) [9, ʩ. 11]. 

 

 
ʈʠʩʫʥʦʢ 1 - ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʀɻʊɺʄ 
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ɸʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʄʉʍ 

ʘʢʩʠʘʣʴʥʦ- ʠ ʨʘʜʠʘʣʴʥʦ- ʧʦʨʰʥʝʚʳʭ ʥʘʩʦʩʦʚ ʥʝʧʨʠʝʤʣʝʤʦ ʠʟ-ʟʘ ʠʭ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʦʚ, 

ʤʘʩʩʳ, ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʭʦʪʴ ʦʥʠ ʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ 

(0,97-0,98) ʦʙʲʸʤʥʳʡ ʂʇɼ. ʅʝʜʦʩʪʘʪʢʦʤ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʭ ʥʘʩʦʩʦʚ, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʦʦʩʥʦ ʩ ʚʘʣʦʤ 2 ʀɻʊɺʄ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʠʚʦʜ ʛʠʜʨʦ ʄʉʍ ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʜʝʪ ʢ ʫʩʣʦʞ-

ʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʀɻʊɺʄ ʠ ʫʚʝʣʠʯʝʥʠʶ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʜʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʚ ʢʦʪʦʨʦʡ ʚʘʣ ʧʨʠʚʦʜʘ ʩʣʫʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʘʢʪʦʨʦʤ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʧʝʨʝʜʘ-

ʯʠ, ʪ.ʝ. ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʩʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 4 ʠ ʛʠʜʨʦ ʄʉʍ. 

ʆʜʥʘʢʦ ʛʠʜʨʦʤʘʰʠʥʳ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʩʠ-

ʘʣʴʥʳʤʠ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ, ʪ.ʢ. ʤʘʩʩʘ 

ʨʘʜʠʘʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʘʢʩʠʘʣʴʥʦʡ, ʧʦʵʪʦʤʫ ʦʥʘ ʤʝʥʝʝ 

ʧʨʠʝʤʠʩʪʘ ʠ ʙʦʣʝʝ ʪʠʭʦʭʦʜʥʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʚʠʥʪʦʚʳʭ, ʨʦʪʦʨʥʦ-ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʜʨ. ʪʠʧʦʚ ʛʠʜʨʦʤʘʰʠʥ ʥʝʚʦʟʤʦʞ-

ʥʦ, ʪ.ʢ. ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʤ (0,6-0,95) ʦʙʲʸʤʥʳʤ ʂʇɼ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʛʠʜʨʦ ʄʉʍ ï ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʚʢʣʶʯʝʥʠʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 

ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʝʛʦ ʟʚʝʥʴʷ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʥʦʩʫ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʰʝʩʪʝʨʸʥʥʳʭ ʥʘʩʦʩʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ 

ʛʠʜʨʦ ʄʉʍ, ʥʝʦʙʨʘʪʠʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʝʡ, ʩʪʘʨʝʥʠʶ ʠ ʪ.ʜ. [8, ʩ. 

34]. ɺʩʝ ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʟʘʟʦʨʳ ʚ ʛʠʜʨʦʤʘʰʠʥʝ ʠ ʫʪʝʯʢʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, 

ʪ.ʝ. ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʂʇɼ ʀɻʊɺʄ [3, c. 

22].  

ʆʙʲʸʤʥʳʝ ʧʦʪʝʨʠ ʚ ʰʝʩʪʝʨʝʥʥʦʤ ʥʘʩʦʩʝ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘ-

ʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʫʪʝʯʢʘʤʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʜʫʛʦʚʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʢʦʨʧʫʩʘ ʠ ʚʥʝʰʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʰʝʩʪʝʨʝʥ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ 

ʪʦʨʮʦʚʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ ʩʪʝʥʢʘʤʠ ʢʦʨʧʫʩʘ ʠ ʪʦʨʮʝʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʰʝʩʪʝʨʝʥ 

[2, ʩ. 74]. ʇʦʣʘʛʘʷ ʪʝʯʝʥʠʝ ʚ ʱʝʣʠ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʛʦʣʦʚʢʦʡ ʟʫʙʘ ʣʘʤʠʥʘʨʥʳʤ, ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ, ʯʪʦ ʫʪʝʯʢʘ ʥʘ ʝʜʠʥʠʮʫ ʰʠʨʠʥʳ ʨʦʪʦʨʘ [7, ʩ. 104]  

 

 
ʛʜʝ S ī ʟʘʟʦʨ ʤʝʞʜʫ ʰʝʩʪʝʨʥʝʡ ʠ ʫʧʣʦʪʥʷʶʱʝʡ ʯʘʩʪʴʶ ʢʦʨʧʫʩʘ ʥʘʩʦʩʘ; 

p ī ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʧʦʣʦʩʪʴʶ ʥʘʛʥʝʪʘʥʠʷ ʠ ʚʩʘʩʳʚʘʥʠʷ;  

Õ ī ʚʷʟʢʦʩʪʴ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ;  

l ī ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʱʝʣʠ ʫʧʣʦʪʥʝʥʠʷ, ʨʘʚʥʘʷ ʩʫʤʤʝ ʪʦʣʱʠʥ ʟʫʙʴʝʚ ʥʘ ʨʘʜʠʫʩʝ ʚʳ-

ʩʪʫʧʦʚ;  

u ī ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʦ ʚʩʘʩʳʚʘʶʱʝʡ ʤʘʛʠʩʪʨʘʣʠ ʥʘʩʦʩʘ [1, ʩ. 46]:  

 

 
 

ʛʜʝ  2 ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ;  

w ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʰʝʩʪʝʨʥʠ;  

m ï ʤʦʜʫʣʴ ʰʝʩʪʝʨʝʥ ʥʘʩʦʩʘ;  

n ï ʯʠʩʣʦ ʩʝʢʮʠʡ ʥʘʩʦʩʘ;  
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b ï ʰʠʨʠʥʘ ʰʝʩʪʝʨʥʠ;  

z ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ;  

Ŭ ï ʫʛʦʣ ʟʘʮʝʧʣʝʥʠʷ;  

fʤ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʩʘʩʳʚʘʶʱʝʡ ʤʘʛʠʩʪʨʘʣʠ;  

Qʪ ī ʨʘʩʯʝʪʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʥʘʩʦʩʘ.  

 

ɺʳʚʦʜʳ 

ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ S ʤʝʥʷʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʜʝʪʘʣʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʟʘʟʦʨ. ɺʚʠʜʫ ʵʪʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʪʝʯʝʢ ʦʪ ʜʘʚʣʝ-

ʥʠʷ ʙʫʜʝʪ ʥʝʣʠʥʝʡʥʦʡ. ʆʜʥʘʢʦ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ʠʟʤʝʥʝʥʠʝ 

ʟʘʟʦʨʦʚ ʚ ʥʘʩʦʩʘʭ ʦʙʳʯʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚʚʠʜʫ ʯʝʛʦ ʧʨʠ ʨʘʩʯʝʪʝ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

[6, ʩ. 90].  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʃ.ɺ. ʃʷʭʦʚʝʮʢʘʷ 
1
  

1
 ʂʦʩʪʘʥʘʡʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɼʫʣʘʪʦʚʘ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʨʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʚ ʦʙʚʦʜʥʸʥʥʳʭ ʛʨʫʥʪʘʭ ʠ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

 
ʊװʡʽʥʜʝʤʝ: ɹʘʧʪʘ ײʩʳʥʳʣʜʳ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ ʪᴅʩʽʣʜʝʨʽ ᴅʫʝ ʞʝʣʽʣʝʨʽ ʦʨʥʘʣʘʩץʘʥ ʩʫ ʙʘʩץʘʥ 

ʪʦʧʳʨʘץʪʘ ʞᴅʥʝ ʞʦסʘʨʳ ʘʡʤʘץʪʘʨʳʥʜʘ ʞʝʣ ʞװʢʪʝʤʝʩʽ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʙʚʦʜʥʸʥʥʳʭ ʛʨʫʥʪʘʭ ʠ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ  

Abstract: The methods of increase of stability of the air-tracks of electricity transmission, located on 

ʦʙʚʦʜʥʝʥʥʳʭ soils and in the zones of the enhanceable wind loading, offer in the article 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʵʣʝʢʪʨʙʝʨʫʞʝʣʽʩʽ, ʙʘʩʪʘʨʪʫ, ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʦʪʢʘʟ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ  

Key words: line of electricity transmission, refuse, electric power 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) 

ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ çʦʧʦʨʘ-ʠʟʦʣʷʪʦʨ-ʧʨʦʚʦʜè. ʉʦʛʣʘʩʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʂʘʙʘʰʸʚʘ ɺ.ʖ., ʧʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ɺʃ-6-10 ʢɺ ʦʙʱʝʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 135369 ʢʤ ʟʘ ʧʝʨʠʦʜ 
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ʧʷʪʠʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ɹʘʰʢʠʨʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ 27,3 % ʥʝʜʦʦʪʧʫʩʢʘ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʦʧʦʨ ʠ ʧʨʠʩʪʘʚʦʢ, 20,4% ʠʟ-ʟʘ ʦʙʨʳʚʘ ʧʨʦʚʦʜʦʚ, 16% 

ʠʟ-ʟʘ ʩʭʣʝʩʪʳʚʘʥʠʷ ʧʨʦʚʦʜʦʚ, 5,1 % ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʦʣʷʪʦʨʦʚ. ʇʨʠʯʠʥʘʤʠ 60,4 % 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʣʶʯʝʥʠʡ ʷʚʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ, 24,4 % - ʛʦʣʦ-

ʣʸʜʥʦ-ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ [1].  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘ-

ʯʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʙʚʦʜʥʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʩʩʳ ʠ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʚʝʪʨʦʚʦʡ 

ʥʘʛʨʫʟʢʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʘʚʘʨʠʡʥʳʤ ʦʪʢʣʶʯʝʥʠʷʤ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 2009 

ʛʦʜ [2] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʦʣʷʪʦʨʦʚ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʧʦʨ ɺʃ-10 ʢɺ 

ʥʝʜʦʦʪʧʫʩʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣ 76% ʦʪ ʦʙʱʝʛʦ ʥʝʜʦʦʪʧʫʩʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɸʥʘʣʦ-

ʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʕʇ ʥʘ ʦʙʚʦʜʥʸʥʥʳʭ ʛʨʫʥʪʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ, ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ [1]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʫʯʘʝʚ ʥʘʨʫʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʦʨ, ʦʙʨʳʚʦʚ ʧʨʦʚʦʜʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʦʣʷʪʦʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʕʇ ʥʘ ʦʙʚʦʜʥʸʥʥʳʭ ʛʨʫʥʪʘʭ ʠ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʚʝʪʨʦ-

ʚʦʡ ʥʘʛʨʫʟʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ IV  ʠ V ʨʘʡʦʥʘʤ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇʋʕ [3]. ʊʘʢʠʝ ʷʚʣʝʥʠʷ 

ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʃʕʇ ʥʘʧʨʷʞʝʥʠʝʤ 10ʢɺ, ʥʦ ʠ 35 ʢɺ, ʩʤʦʥʪʠʨʦ-

ʚʘʥʥʳʭ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨʘʭ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʳʚʦʚ ʧʨʦʚʦʜʦʚ ʚ ʟʦʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ IV ʠ V ʨʘʡʦʥʘʤ 

ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʦ ʩʢʦʨʦʩʪʥʳʤ ʥʘʧʦʨʦʤ ʚʝʪʨʘ ʚ ʜʠʘʧʘʟʦʥʝ 550é 800 ʇʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ 30é36 ʤ/ʩ [3] ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ (ʨʠ-

ʩʫʥʦʢ 1). ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘ-

ʥʠʠ ʨʝʘʢʪʠʚʥʦʡ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʩʢʦʨʦʩʪʥʦʤʫ ʥʘʧʦʨʫ ʚʝʪʨʘ, ʚʦʟʜʝʡ-

ʩʪʚʫʶʱʝʤʫ ʥʘ ʧʨʦʚʦʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʫʱʘʶʱʘʷ ʩʠʣʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʚʥʘ 

ʨʘʟʥʦʩʪʠ ʫʩʠʣʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʠ ʨʝʘʢʪʠʚʥʦʡ ʩʠʣʳ ʛʘʩʠʪʝʣʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʘʤʧʣʠʪʫʜʫ, 

ʯʘʩʪʦʪʫ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʦʚ, ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʦʙʨʳʚʫ ʠ ʨʘʟʨʫʰʝ-

ʥʠʶ ʧʨʦʚʦʣʦʢ ʚʝʨʭʥʝʛʦ ʧʦʚʠʚʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ 

1- ʚʭʦʜʥʦʝ ʩʦʧʣʦ ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʫʩʝʯʸʥʥʦʛʦ ʢʦʥʫʩʘ; 

2- ʥʘʩʘʜʢʘ (ʚʳʭʦʜʥʦʝ ʩʦʧʣʦ) ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʫʩʝʯʸʥʥʦʛʦ ʢʦʥʫʩʘ; 

 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʪʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʯʝʪʳʨʸʭ ʠʣʠ ʰʝʩʪʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ 

ʧʨʦʜʦʣʛʦʚʘʪʦʤ ʵʣʝʤʝʥʪʝ ʚ ʚʠʜʝ ʢʣʝʤʤʳ, ʩʦʝʜʠʥʸʥʥʦʡ ʙʦʣʪʘʤʠ ʠʣʠ ʚ ʚʠʜʝ ʜʝʪʘʣʠ ʪʨʫʙʯʘ-

ʪʦʡ ʬʦʨʤʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʘʩʠʪʝʣʴ ʢʨʝʧʠʪʩʷ ʥʘ ʧʨʦʚʦʜʝ, ʚʦ ʚʪʦʨʦʤ ʥʘ ʜʚʫʭ ʧʦʜʚʝʩʢʘʭ ʩ 

ʟʘʞʠʤʘʤʠ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʢ ʧʨʦʚʦʜʫ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʪʳ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʧʨʦʜʦʣʛʦʚʘʪʦʤ ʵʣʝʤʝʥʪʝ ʩʠʤʤʝʪ-

ʨʠʯʥʦ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʅʘʩʘʜʢʘ (ʚʳʭʦʜʥʦʝ ʩʦʧʣʦ) ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠʟ ʚʳʭʦʜʥʦʛʦ ʩʦʧʣʘ ʠ ʩʦʦʪʚʝʪ-
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ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʩʠʣʳ R. ɼʠʘʤʝʪʨ d  ʥʘʟʥʘʯʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. ʈʘʟʤʝʨ 

D  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 528,0
2

1 =ö
ö
÷

õ
æ
æ
ç

å

ʢʨ
ʈ

ʈ
[4]. ʂʨʠʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ 

ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʦʧʣʘ 1 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʣʦʚʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʩʪʨʫʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

ʇʨʠ ʤʤd 40=  ʠ ʤʤD 80=  1D  ʠ l  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ [4]. ʉʦ-

ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʦʧʣʘ 1 ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʧʣʦʱʘʜʷʤ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʦʦʪʥʦʰʝʥʠʶ ʩʢʦ-

ʨʦʩʪʝʡ 1w  ʠ 2w . 

ʊʘʢ ʢʘʢ 4
2

1 =
f

f
 ( 1f   ʠ -2f  ʧʣʦʱʘʜʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ  ʦʪʚʝʨʩʪʠʡ ʩʦʧʣʘ 1, ʤ

2
), 

ʪʦ ʙʝʟ ʫʯʸʪʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ 1 ʫʤʝʥʴʰʠʪʴʩʷ ʚ 4 ʨʘʟʘ, ʘ ʩʢʦ-

ʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ 4 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴʩʷ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ [5] ʧʨʠ ʩʦ-

ʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʩʪʨʫʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʠʪ-

ʩʷ ʫʩʠʣʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʚʝʪʨʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʧʨʦʚʦʜ [3].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʧʦʣʫʯʝʥʦ: 

1 ɼʣʷ ʨʘʡʦʥʦʚ III  ʠ IV ʢʘʪʝʛʦʨʠʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʚʝʪʨʘ 450 ʠ 550 

ʇʘ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʜʠʥ ʨʘʟ ʚ 5 ʣʝʪ [6]: 

;80ʤʤD=  ʤʤL 100= ; .170ʤʤl =  

2 ɼʣʷ ʨʘʡʦʥʘ V ʢʘʪʝʛʦʨʠʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʚʝʪʨʘ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 

ʦʜʠʥ ʨʘʟ ʚ 5 ʣʝʪ 700 ʇʘ [6] 

;80ʤʤD=  ʤʤL 100= ; .250ʤʤl =  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʷʤʳʭ ʩʚʦʙʦʜʥʦʩʪʦʷʱʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ɺʃ 

35 ʢɺ ʥʘ ʩʪʦʡʢʘʭ ʉʂ22.1-1.0, ʉʂ22.1-1.1, ʉʂ22.3-1.0 ʠ ʉʂ 22.3-1.1 ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʕʇ 

ʥʘ ʦʙʚʦʜʥʸʥʥʳʭ ʛʨʫʥʪʘʭ ʚʟʘʤʝʥ ʟʘʢʨʝʧʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʠʛʝʣʝʡ ɸʈ-5 

ʠ ɸʈ-6 [6] ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʝ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʥʦʞʥʠʢʦʚ ʜʣʷ ʦʩʦʙʦ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʌʉ1-4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʬʫʥʜʘʤʝʥʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 -  ʌʫʥʜʘʤʝʥʪ ʜʣʷ ʩʚʦʙʦʜʥʦʩʪʦʷʱʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ 

1- ʦʧʦʨʥʘʷ ʧʣʠʪʘ; 2- ʮʝʥʪʨʘʣʴʥʘʷ ʧʦʣʘʷ ʩʪʦʡʢʘ; 3- ʨʝʙʨʦ (ʨʠʛʝʣʴ) 
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ɺ ʧʦʣʫʶ ʮʝʥʪʨʘʣʴʥʫʶ ʩʪʦʡʢʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʦʡʢʘ ʦʧʦʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʝʪʦ-

ʥʠʨʦʚʘʥʠʝʤ. ʉʪʦʡʢʘ 2 ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʠʪʦʡ 1 ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʚʠʙʨʠʨʦʚʘʥʠʷ. ʈʝʙ-

ʨʦ 3 ʪʘʢʞʝ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʚʠʙʨʠʨʦʚʘʥʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʙʝʪʦʥʘ ɺ30 

ʠ ɺ40. ʈʝʙʨʘ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴ ʢʘʢ ʚʜʦʣʴ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʳ ʦʧʦʨʥʦʡ ʧʣʠʪʳ, ʪʘʢ ʚʜʦʣʴ ʝʸ 

ʢʦʨʦʪʢʦʡ ʩʪʦʨʦʥʳ. ʈʝʙʨʦ ʩʣʫʞʠʪ ʩʧʣʦʰʥʳʤ ʨʠʛʝʣʝʤ, ʘ ʩʘʤ ʬʫʥʜʘʤʝʥʪ ï ʦʧʦʨʥʦʡ ʩʪʝʥʢʦʡ 

[8].  

ʇʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʦʨʥʦʡ ʩʪʝʥʢʠ ʩ ʛʨʫʥʪʦʤ ʧʨʠ ʨʘʩʧʦʣʦʞʝ-

ʥʠʠ ʨʝʙʨʘ ʚʜʦʣʴ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʳ ʚ 2,65 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʪʦʡʢʠ ʩ ʜʚʫʤʷ ʨʠʛʝʣʷʤʠ ɸʈ-

5 ʠ ʚ 2,11 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʪʦʡʢʠ ʩ ʜʚʫʤʷ ʨʠʛʝʣʷʤʠ ɸʈ-6. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʠ ʧʦʚʦʨʦʪʫ ʬʫʥʜʘʤʝʥʪʘ.  

ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʸʙʝʨ ʚʜʦʣʴ ʢʦʨʦʪʢʦʡ ʩʪʦʨʦʥʳ ʬʫʥʜʘʤʝʥʪʘ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ 

ʫʤʝʥʴʰʠʪʩʷ ʥʘ 30%.  

ʅʘ ʢʦʥʩʪʨʫʢʮʠʶ ʬʫʥʜʘʤʝʥʪʘ ʧʦʣʫʯʝʥʦ ʪʨʠ ʠʟʦʙʨʝʪʝʥʠʷ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʸʪ ʠ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʦʧʦʨʳ ʚ ʦʩʥʦʚʘʥʠʠ ʦʧʦʨʳ ʇɹ 35-3.1ʪ ʥʘ ʩʪʦʡʢʝ ʉʂ22.1-

1.0 ʩ ʧʨʦʚʦʜʦʤ ɸʉ95/16 ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʥʪʘʭ ʩ ʧʦʤʦʱʴʶ ʨʠʛʝʣʝʡ ʠ 

ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʦʚ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʦʡʢʠ ʦʪ ʚʠʜʘ ʛʨʫʥʪʘ ʠ ʝʛʦ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʕʇ (ʨʠʩʫʥʦʢ 3).  

 

 
ʈʠʩʫʥʦʢ 3  ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ  ʦʪ ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʛʨʫʥʪʘ  

 
ʋʩʪʘʥʦʚʢʘ ʩʚʦʙʦʜʥʦʩʪʦʷʱʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʧʦʨʳ ʇɹ35-3.1ʪ ʥʘ ʩʪʦʡʢʝ ʉʂ22.1-1.0 ʩ 

ʧʨʦʚʦʜʦʤ ɸʉ95/16 ʚ ʛʣʠʥʳ 75,050,0 ¢< LI  ʚ 1 -ʢʦʧʘʥʳʡ ʢʦʪʣʦʚʘʥ ʩ ʙʘʥʢʝʪʢʦʡ ʠ ʨʠʛʝʣʷ-

ʤʠ ; 2 -  ʩ ʨʠʛʝʣʷʤʠ ʙʝʟ ʙʘʥʢʝʪʢʠ; 3 - ʚ ʤʝʤʙʨʘʥʥʳʡ ʬʫʥʜʘʤʝʥʪ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʦʡʢʠ 

ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʦʧʦʨʳ ʚ ʛʨʫʥʪʝ ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚ 1,1- 3,3 ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʩ ʨʠʛʝʣʷʤʠ ʧʨʠ ʫʩʪʘʥʦʚʢʠ ʦʧʦʨʳ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ɺʃ 35 ʢɺ ʥʘ ʦʧʦʨʘʭ ʉʂ22.1 ʚ 2.1é2.6 ʨʘʟʘ ʙʦʣʴʰʝ, ʘ 

ʧʨʠ ʤʦʥʪʘʞʝ ʥʘ ʦʧʦʨʘʭ ʉʂ 22.3 ʚ 2é2,4 ʨʘʟʘ ʙʦʣʴʰʝ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʦʧʦʨ ʧʨʝʜʣʦʞʝʥ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʢʨʝʧʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʠ ʜʚʫʭ ʨʠʛʝʣʝʡ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ [7]. 

ɺʳʚʦʜ  

ɺʥʝʜʨʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʧʨʦʚʦʜʦʚ ʠ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʧʨʷʤʳʭ ʩʚʦʙʦʜʥʦʩʪʦʷʱʠʭ ʦʧʦʨ ɺʃ 35 ʢɺ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢ-

ʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʣʴʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

ʚ ʩʠʩʪʝʤʝ çʦʧʦʨʘ-ʠʟʦʣʷʪʦʨ- ʧʨʦʚʦʜè ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

 

b
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ʆ.ɺ. ʄʦʠʩʝʝʥʢʦ
1
, ɽ.ɸ. ʉʘʚʯʝʥʢʦ

1
  

1
 ʂʦʩʪʘʥʘʡʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɼʫʣʘʪʦʚʘ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʨʝʢʝʨʘ ʩʣʝʞʝʥʠʷ ʟʘ ʩʦʣʥʮʝʤ 

 
ʊװʡʽʥʜʝʤʝ. ɹײʣ ʤʘץʘʣʘʜʘ ʢװʥʜʽ ץʘʜʘסʘʣʘʡʪʳʥ ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʙʘץʳʣʘʫʰʳ ʵʥʝʨʛʠʷ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʟʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʂװʥ ʙʘʪʘʨʝʷʣʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʘʣʳʥסʘʥ ʢװʥ ʵʥʝʨʛʠʷʩʳʥʳש ʤᴇʣʰʝʨʽʥʝ 

ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʰʘʤʘʩʳ ʢװʥ ʤʦʜʫʣʜʝʨʽʥʽש (ʪʘץʪʘʣʘʨʳʥʳש) 

ʞײʤʳʩ ʙʝʪʽ ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʘסʳʩʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʦʣסʘʥ ʢʝʟʜʝ ʞʝʪʝʜʽ. 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʣʥʝʯʥʦʛʦ ʪʨʝʢʝʨʘ ʩʣʝʞʝʥʠʷ ʟʘ ʩʦʣʥʮʝʤ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʦʩʪʠʛʘʝʪ ʚ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ (ʧʣʘʩʪʠʥ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 
Abstract. This article shows the results of the study of the energy characteristics of the solar tracker track-

ing the sun. The productivity of solar panels directly depends on the amount of received solar energy. The maximum 

value of electricity generation reaches at the moment when the working surface of the solar modules (plates) is per-

pendicular to the flow of solar radiation. 
ʊװʡʽʥ ʩᴇʟʜʝʨ: ʬʦʪʦʵʣʝʤʝʥʪ, ʢװʥ ʙʘʪʘʨʝʷʩʳ, ʪʨʝʢʝʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʵʣʝʤʝʥʪ, ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ,ʪʨʝʢʝʨ. 

Key words: photocell, solar battery, tracker. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫ-

ʯʘʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʦʩʪʠʛʘʝʪ ʚ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ (ʧʣʘʩʪʠʥ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [1]. ʇʨʠʤʝʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʧʦʚʳʰʘʶʱʠʭ ʂʇɼ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ï ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʦʟ-
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ʚʦʣʷʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʦʪʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʠʡ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʥʷʪʳʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ: 

ɺ ʪʘʙʣʠʮʘʭ 1ï5 ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʥʷʪʳʝ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉɹ ʪʠʧʘ ʂʉʄ-160 ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣʠʮʘʭ: I ï ʪʦʢ ʉɹ; U ï ʥʘʧʨʷʞʝʥʠʝ ʉɹ; P ï ʤʦʱʥʦʩʪʴ ʉɹ. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɹ (ʥʝʙʦ ʙʝʟʦʙʣʘʯʥʦʝ) 

I, ɸ  0  2  2,5  3  4  4,5  4,8  5  5,2  5,2 

U, ɺ  40  38  38  37  34  32  31  29  27  0 

P, ɺʪ  0  76  95  111  132  144  149  145  140,4  0 

 

ʊʘʙʣʠʮʘ 2 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɹ (ʥʘ ʥʝʙʝ ʣʝʛʢʘʷ ʦʙʣʘʯʥʦʩʪʴ) 

I, ɸ  0  0,5  1  2  2,5  3  3,5  4  4,5  4,6 

U, ɺ  36  35  35  34  33  32  30  28  22  0 

P,ɺʪ  0  17,5  35  68  82,5  96  105  112  99  0 

      

ʊʘʙʣʠʮʘ 3 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɹ (ʥʝʙʦʣʴʰʘʷ ʜʳʤʢʘ) 

I, ɸ  0  0,5  1  2  2,5  3  3,5  4  4,5  4,6 

U, ɺ  33  31  30  29  27  26  25  22  15  0 

P,ɺʪ  0  16,5  30  58  62,5  78  87,5  88  67,5  0 

 

ʊʘʙʣʠʮʘ 4 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɹ (ʥʘ ʥʝʙʝ ʧʝʨʝʤʝʥʥʘʷ ʦʙʣʘʯʥʦʩʪʴ) 

I, ɸ  0  1,5  1,7  2  2,2  2,4  2,4  2,4 

U, ɺ  32  25  23  22  21  19  11  0 

P, ɺʪ  0  37,5  39,1  44  46,2  45,6  26,4  0 

 

ʊʘʙʣʠʮʘ 5 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɹ (ʥʘ ʥʝʙʝ ʧʣʦʪʥʳʝ ʦʙʣʘʢʘ) 

I, ɸ  0  0,5  0,5  0,5  0,5  0,6 

U, ɺ  12  10  7  5  3  0 

P, ɺʪ  0  5  3,5  2,5  1,5  0 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɹ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɹ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʪʘʙ-

ʣʠʮʘʤ 1ï5, ʧʨʠʯʝʤ ʢʨʠʚʘʷ 1 ï ʧʦ ʪʘʙʣʠʮʝ 1, ʢʨʠʚʘʷ 2 ï ʧʦ ʪʘʙʣʠʮʝ 2, ʢʨʠʚʘʷ 3 ï ʧʦ ʪʘʙʣʠʮʝ 

3, ʢʨʠʚʘʷ 4 ï ʧʦ ʪʘʙʣʠʮʝ 4, ʢʨʠʚʘʷ 5 ï ʧʦ ʪʘʙʣʠʮʝ 5.  



23 
 

ʀʟ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉɹ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʩʚʝʱʝʥʥʦ-

ʩʪʠ ʚ 5 ʨʘʟ ʨʝʟʢʦ ʧʘʜʘʝʪ ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɼʇʉ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʚ 5 ʨʘʟ. 

ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ ʐɼ, ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʨʘʤʳ ʥʘ 180 ʛʨʘʜʫʩʦʚ ʠ ʠʟʤʝʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ: ï ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʐɼ. 

 

ʊʘʙʣʠʮʘ 6 ï ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ ʐɼ ʧʦ ʘʟʠʤʫʪʫ 

ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘ 180 ʛʨʘʜʫʩʦʚ ʧʨʠ ʩʠʣʝ ʪʦʢʘ 3,6 ɸ 

ʉʢʦ-

ʨʦʩʪʴ(ɻʮ) 

ʋʩʢʦʨʝ-

ʥʠʝ 

(ʰʘʛ/ʩ2) 

ʊʦʨʤʦʞʝ-

ʥʠʝ 

(ʰʘʛ/ʩ2) 

ɺʨʝ-

ʤ  ̫

(ʩ) 

ʊʦʢ 

ʨʘʙʦ-

ʯʠʡ 

(ɸ) 

ʊʦʢ 

ʧʫʩʢʦ-

ʚʦʡ (ɸ) 

ʇʦʪʨʝʙʣʷʝ-

ʤʘʷ ʤʦɦ-

ʥʦʩʪʴ (ɺʪ) 

ʇʦʪʨʝʙʣʷʝ-

ʤʘʷ ʵʥʝʨʛʠʷ 

(ɺʪĀʯ) 

2000  2000  2000  39,9  1,3  1,5  31,6  0,35 

3000  2000  2000  27,44  1,5  1,7  36,45  0,28 

4000  3000  3000  20,78  1  1,6  29,16  0,168 

4000  2000  2000  21,44  1  1,8  29,13  0,17 

ʇʨʠʤʝʯʘʥʠʝ: ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʚ ʜʨʘʡʚʝʨʝ DQ-356M ʫʩʪʘʥʦʚʣʝʥʘ 3 ɸ. ʅʘʧʨʷʞʝʥʠʝ ʘʢʢʫʤʫ-

ʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ 24,3 ɺ. 

 

ʊʘʙʣʠʮʘ 7 ï ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ ʐɼ ʧʦ ʫʛʣʫ ʤʝ-

ʩʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘ 70 ʛʨʘʜʫʩʦʚ ʧʨʠ ʪʦʢʝ 3,6 ɸ 

ʢʦ-

ʨʦʩʪʴ 

(ɻʮ) 

ʋʩʢʦʨʝ-

ʥʠʝ 

(ʰʘʛ/ʩ2) 

ʊʦʨʤʦʞʝ-

ʥʠʝ 

(ʰʘʛ/ʩ2) 

ɺʨʝ-

ʤ  ̫(ʩ) 

ʊʦʢ 

ʨʘʙʦ-

ʯʠʡ (ɸ) 

ʊʦʢ 

ʧʫʩʢʦ-

ʚʦʡ (ɸ) 

ʇʦʪʨʝʙʣʷʝ-

ʤʘʷ ʤʦɦ-

ʥʦʩʪʴ (ɺʪ) 

ʇʦʪʨʝʙʣʷʝ-

ʤʘʷ ʵʥʝʨʛʠʷ 

(ɺʪĀʯ) 

3000  1000  1000  34,3  1,75  1,75  43,74  0,416 

3000  2000  2000  32,8  1,8  1,8  43.74  0,398 

4000  2000  2000  25,5  1,2  2  34.02  0,240 

ʇʨʠʤʝʯʘʥʠʝ: ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʚ ʜʨʘʡʚʝʨʝ DQ-356M ʫʩʪʘʥʦʚʣʝʥʘ 3,6 ɸ. ʅʘʧʨʷʞʝʥʠʝ ʘʢʢʫ-

ʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ 24,3 ɺ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ 

ʐɼ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʨʘʤʳ ʩ ʉɹ ʪʨʝʢʝʨʦʤ - 0,5 ʧʦ ʘʟʠʤʫʪʫ ʥʘ 180 ʛʨʘʜʫʩʦʚ ʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ, ʚʝʣʠʯʠʥʳ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ 

ʠ ʪʦʨʤʦʞʝʥʠʷ (ʪʘʙʣʠʮʳ 6 ï7) ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ: ï ʫʤʝʥʴʰʘʪʴ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ ʚ ʜʨʘʡ-

ʚʝʨʝ ʐɼ ʥʠʞʝ 3 ɸ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʚʠʚʘʝʤʳʡ ʐɼ ʤʦʤʝʥʪ ʠ ʤʦʛʫʪ ʧʨʦʠʩ-

ʭʦʜʠʪʴ ʩʙʦʠ ʚ ʐɼ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ; ï ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʚ ʜʨʘʡʚʝʨʝ ʐɼ ʜʦ 4 ɸ 

ʠ ʙʦʣʝʝ ʥʝ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʠʶ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʦʢ ʚ ʜʨʘʡʚʝʨʝ ʥʘ ʫʨʦʚʥʝ 3,6 ɸ; 

ï ʩʢʦʨʦʩʪʴ (ʯʘʩʪʦʪʫ) ʚʨʘʱʝʥʠʷ ʐɼ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ 3000 ɻʮ ʠ ʚʳʰʝ, ʥʦ ʥʝ ʙʦʣʝʝ 4000 ɻʮ, 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ; ï ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʨʝ-

ʞʠʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʪʦʨʤʦʞʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʚ ʟʘʜʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ (ʨʝʞʠʤ ʧʦ-

ʟʠʮʠʦʥʠʨʦʚʘʥʠʷ) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʳʚʢʦʚ ʠ ʫʜʘʨʦʚ ʚ ʤʝʭʘʥʠʟʤʝ ʠ ʠʩʢʣʶʯʝʥʠʷ ʩʙʦʝʚ ʚ 

ʐɼ (ʵʪʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ). 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠ-

ʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʚ ʫʩʪʘʥʦʚʢʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝ-

ʰʝʥʠʷ: ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʤʳ ʩ ʉɹ ʥʘ ʉʦʣʥʮʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʜʠʩʢʨʝʪʥʦ ʥʘ 1ï2 

ʛʨʘʜʫʩʘ ʢʘʢ ʧʦ ʘʟʠʤʫʪʫ, ʪʘʢ ʠ ʧʦ ʫʛʣʫ ʤʝʩʪʘ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ (ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʉɹ) ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝ-
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ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ; ï ʚ ʜʨʘʡʚʝʨʝ ʐɼ ʤʝʭʘʥʠʟʤʘ 

ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʤʳ ʧʦ ʘʟʠʤʫʪʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ 

ʪʦʢʘ 3 ɸ, ʘ ʚ ʜʨʘʡʚʝʨʝ ʐɼ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʘʚ-

ʣʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ 3,6 ɸ. ʇʨʠ ʟʘʚʝʨʰʝʥʠʠ ʮʠʢʣʘ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʤʳ 

(ʥʝʧʨʝʨʳʚʥʦ-ʜʠʩʢʨʝʪʥʦʝ ʩʣʝʞʝʥʠʝ) ʩ ʉɹ ʥʘ ʉʦʣʥʮʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʢʣʶʯʘʪʴ ʩʠʣʦʚʳʝ 

ʜʨʘʡʚʝʨʳ, ʯʪʦʙʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʥʝ ʧʦʪʨʝʙʣʷʣʠ ʵʥʝʨʛʠʶ; ï ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʨʘʤʳ ʩ ʉɹ ʥʝʦʙʭʦʜʠʤ ʥʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʠʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʧʨʠ 

ʧʫʩʢʝ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʫʩʢʦʨʝʥʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʨʝʞʠʤʝ ʜʚʠ-

ʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʨʝʞʠʤʝ ʪʦʨʤʦʞʝʥʠʷ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʤʝ-

ʱʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʐɼ ʥʘ ʫʨʦʚʥʝ 3000 ɻʮ ʩ ʚʚʝʜʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʫʩʢʦ-

ʨʝʥʠʶ ʠ ʪʦʨʤʦʞʝʥʠʶ ʥʘ ʫʨʦʚʥʝ 3000 ʰʘʛ/ʩ2. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩ ʐɼ ʠ ʠʩʢʣʶʯʠʪʴ 

ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʐɼ. ɺ ʫʩʪʘʥʦʚʢʝ ʩʫʤʤʘʨʥʘʷ ʩʫʪʦʯʥʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩ ʐɼ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʨʘʤʳ ʩ ʉɹ ʧʦ ʘʟʠʤʫʪʫ ʥʘ 180 ʛʨʘʜʫʩʦʚ, ʘ ʧʦ 

ʫʛʣʫ ʤʝʩʪʘ ʥʘ 70 ʛʨʘʜʫʩʦʚ ʠ ʝʝ ʚʦʟʚʨʘʱʝʥʠʠ ʚ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

2,73 ɺʪĀʯ. ʆʰʠʙʢʘ ʩʣʝʞʝʥʠʷ ʨʘʤʳ ʩ ʉɹ ʟʘ ʉʦʣʥʮʝʤ ʫʩʪʘʥʦʚʢʠ ʢʘʢ ʧʦ ʘʟʠʤʫʪʫ, ʪʘʢ ʠ ʧʦ ʫʛ-

ʣʫ ʤʝʩʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʛʨʘʜʫʩʘ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

 

1 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʙʦʨʥʠʢ çʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭ-

ʩʪʘʥ ʟʘ 2000-2004 ʛʦʜʳè, ɸʣʤʘʪʳ 2005, ɸʛʝʥʪʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦ ʩʪʘʪʠʩʪʠʢʝ.  
2 ʇʨʦʝʢʪ çʇʨʦʛʨʘʤʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚ-

ʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠè - ʇʦʨʫʯʝʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʇʨʘʚʠʪʝʣʴ-

ʩʪʚʫ ʦʪ 28 ʘʚʛʫʩʪʘ 2006 ʛʦʜʘ ˉ 3392  
3 ʇʨʦʝʢʪ ʉʪʨʘʪʝʛʠʠ çʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝ-

ʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʮʝʣʷʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦ 2024 ʛʦʜʘè  
4 ʆʮʝʥʦʯʥʳʡ ʜʦʢʣʘʜ çʆ ʩʠʪʫʘʮʠʠ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʈʝʩ-

ʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥè, ʛ. ɸʣʤʘʪʳ, 2005 ʛ. 

5 ɻʝʨʤʘʥʦʚʠʯ, ɸ.ʅ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠè - çʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘè 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï 2011.-272ʩ 

6 ʊʠʧʳ ʩʦʣʥʝʯʥʳʭ ʪʨʝʢʝʨʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] //  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
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ʄʈʅʊʀ 50.01.83  

ʄ.ɸ. ɸʙʳʣʢʘʥʦʚ
1
  

1
ʂʦʩʪʘʥʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ɸ. ɹʘʡʪʫʨʩʳʥʦʚʘ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

 

ɹʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ: ʦʧʘʩʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 
 

ʊװʡʽʥʜʝʤʝ. ʄʘץʘʣʘʜʘ ʘʜʘʤʩʳʟ ʘʚʪʦʢᴇʣʽʢʪʝʨʜʽ ʜʘʤʳʪʫ ʙʦʡʳʥʰʘ ץʦʣʜʘʥʳʩʪʘסʳ ʞʦʙʘʣʘʨסʘ ʘʨʥʘʣסʘʥ. 
ʆʩʳ ʞʦʙʘʣʘʨʜʳש ʤʳʩʘʣʜʘʨʳ, ʦʣʘʨʜʳ ʜʘʤʳʪʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʞᴅʥʝ ʢʝʤʰʽʣʽʢʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʦʥʜʘʡ-

ʘץ, ʦʩʳʥʜʘʡ ʦץʠסʘʣʘʨʜʳץײץ שʳץʪʳץ ʘʩʧʝʢʪʽʩʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʽʥʝʜʽ. 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʝʢʪʘʤ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʙʝʩʧʠʣʦʪ-

ʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʜʘʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʊʘʢʞʝ ʦʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʘʚʦʚʦʤʫ ʘʩʧʝʢʪʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

Abstract. The article is devoted-to-date projects for the development of unmanned vehicles. Examples of 

these projects, their development prospects and disadvantages. Also, special attention is paid to the legal aspect and 

the safety of such developments. 

http://greenchip.com.ua/26-0-0-0.html%20по%20состоянию%20на%2002.12.2017


25 
 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ײʰץʳʰʩʳʟ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳ, ʘʚʪʦʧʠʣʦʪ, ץײץʳץʪʳץ ʘʩʧʝʢʪ, ץʘʫʽʧʩʽʟʜʽʢ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʘʚʪʦʧʠʣʦʪ, ʘʚʪʦʤʦʙʠʣʴ-ʨʦʙʦʪ, ʧʨʘʚʦʚʦʡ ʘʩ-

ʧʝʢʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

Keywords: unmanned vehicles, autopilot, robot-car, legal aspect, security 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʵʨʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʯʪʠ ʚʩʝʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʤʧʴʶʪʝʨʳ ʩʪʘʣʠ ʜʝʣʘʪʴ ʦʛʨʦʤʥʫʶ ʯʘʩʪʴ ʥʘʰʝʡ ʨʘʙʦʪʳ, ʢʘʢ ʚ ʧʦʚʩʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʠ, ʪʘʢ ʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ. ɺʩʝ ʵʪʦ ʙʝʩʩʧʦʨʥʦ ʫʧʨʦʱʘʝʪ ʞʠʟʥʴ ʣʶʜʷʤ, 

ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ ʚʩʝ ʯʘʱʝ ʫʜʠʚʣʷʶʪ ʥʘʩ ʥʦʚʳʤʠ ʧʨʦʝʢʪʘʤʠ. 

ʂ ʩʝʛʦʜʥʷʰʥʝʤʫ ʜʥʶ ʩʪʘʣʠ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳ ʨʘʟʣʠʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʊʉ). ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʘʷ ʧʨʘʢʪʠʢʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʄʥʦ-

ʞʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʘʥʠʡ ʚʟʷʣʠʩʴ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʪʘʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʊʉ ʪʘʢʦʛʦ ʨʦʜʘ ʠʤʝʶʪ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʘʚʪʦʤʦʙʠʣʝʤ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦ-

ʙʠʣʠ ʜʦʣʞʥʳ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʠʥʮʠʜʝʥʪʦʚ ʥʘ ʜʦʨʦʛʘʭ, ʪʦ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʝʣʦ-

ʚʝʢ ʩʦʚʝʨʰʠʪ ʦʰʠʙʢʫ, ʙʫʜʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʥʘ. ʊʘʢʞʝ ʧʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠʟʙʘʚʷʪ ʣʶʜʝʡ 

ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʣʛʦ ʩʠʜʝʪʴ ʟʘ ʨʫʣʝʤ, ʥʘʧʨʠʤʝʨ, ʜʘʣʴʥʦʙʦʡʱʠʢʦʚ. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ 

ʇʦʣʥʦʮʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ-ʨʦʙʦʪ, ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʩʦʙʣʶʜʘʶʱʠʡ ʧʨʘʚʠʣʘ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʙʝʟʦʧʘʩʥʦ ʠ ʚʠʨʪʫʦʟʥʦ ʚʳʧʦʣʥʷʶʱʠʡ ʤʘʥʝʚʨʳ, ʧʨʝʚʦʩʭʦʜʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʜʠ-

ʪʝʣʷ-ʧʨʦʬʝʩʩʠʦʥʘʣʘ ʚ ʣʶʙʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʝ: ʦʪ ʧʣʦʪʥʦʛʦ ʪʨʘʬʠʢʘ 

ʤʝʛʘʧʦʣʠʩʦʚ ʜʦ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ï ʵʪʦ ʩʝʛʦʜʥʷ ʦʙʲʝʢʪ ʬʘʥʪʘʩʪʠʢʠ, ʧʨʦʛʥʦʟʳ ʧʦʷʚ-

ʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʠʣʴʥʦ ʨʘʟʥʷʪʩʷ: ʦʪ 10 ʜʦ 50 ʣʝʪ. ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʝʥʩʦʨʦʚ ʠ ʠʭ ʚʧʝʯʘʪʣʷʶʱʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʯʝʣʦʚʝʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦ-

ʩʪʠʛʥʫʪʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘ-

ʨʘʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʣʦʢʘʣʠʟʘʮʠʠ, ʥʘʚʠʛʘʮʠʠ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʩʪʘʝʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ, ʢ ʧʨʠʤʝʨʫ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʮʠʨ-

ʢʦʚʦʡ ʤʝʜʚʝʜʴ ʥʘ ʚʝʣʦʩʠʧʝʜʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʚʳʰʝʥʥʳʝ, ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʉʄʀ, 

ʦʞʠʜʘʥʠʷ, ʨʷʜ ʶʨʠʜʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʦʙʣʝʤ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʛʫʤʘʥʠʪʘʨʥʦʡ 

ʩʬʝʨʝ, ʨʘʩʪʫʱʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʷ-ʨʦʙʦʪʘ, ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʦʷʚʣʷʝʤʘʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʝʩʪʠʞʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ, ʫʞʝ ʤʥʦʛʦʢʨʘʪʥʦ ʦʢʫ-

ʧʘʝʪ ʟʘʪʨʘʪʳ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ- ʘʩʩʠʩʪʝʥʪʦʚ ʚʦʜʠʪʝʣʷ, 

ʩʠʩʪʝʤ ʘʚʪʦʧʘʨʢʦʚʢʠ, ʘ ʪʘʤ ʛʜʝ ʩʨʝʜʘ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ï ʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʭ 

ʨʦʙʦʪʦʚ: ʛʨʫʟʦʧʝʨʝʚʦʟʯʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ, ʤʝʪʨʦ, ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʠ ʪ.ʜ. ɸʥʘ-

ʣʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʤʧʘʥʠʡ ʠ ʢʦʣʣʝʢʪʠʚʦʚ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

(ʚ ʪ.ʯ. ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ), ʢʦʪʦʨʳʝ, ʠʩʯʝʨʧʘʚ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʠʩʧʳʪʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʣʘʜʢʠ ʩʚʦʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʪ.ʝ. ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʩʧʝʮ. ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ, ʯʪʦ ʦʩʦʙʝʥ-

ʥʦ ʢʘʩʘʝʪʩʷ ʩʘʤʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʝʛʦ ʯʘʩʪʠ ï ʠʟʤʝʨʠʪʝʣʴʥʦʡ, ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥ ʠ ʫʩʪʦʷʣ-

ʩʷ. ʉʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʩʧʨʦʩ ʥʝ ʥʘʭʦʜʠʪ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʩʪʦʠ-

ʤʦʩʪʠ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʝʟʜʘ; ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʪʦʪʠʧʦʚ ʘʚʪʦʤʦʙʠʣʝʡ-ʨʦʙʦʪʦʚ 

ʩʫʱʝʩʪʚʫʶʪ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʵʢʟʝʤʧʣʷʨʝ ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʨʦʥʥʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʠ ʭʦʨʦʰʦ ʜʦʢʫʤʝʥʪʠ-

ʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʩʝʨʚʠʩʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʚʦ ʚʨʝʤʷ ʟʘʝʟʜʘ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʫʞʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʦʯʝʥʴ ʜʦʨʦʛʦ, ʟʘʪʨʘʪʥʦ ʧʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʠʩʧʳʪʘ-

ʥʠʝ ʧʦʰʣʦ ʥʝ ʧʦ ʩʮʝʥʘʨʠʶ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʦʤʫ ʫʱʝʨʙʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʪʨʘʚ-

ʤʘʤ ʣʶʜʝʡ. ʇʝʨʝʭʦʜ ʢ ʩʪʘʜʠʠ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʣʣʝʢʪʠʚʦʚ ʨʘʟʨʘ-

ʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʘʚʪʦʧʠʣʦʪʘ ʟʘʪʨʫʜʥʝʥ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʥʘ 
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ʨʳʥʢʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʟʘʧʨʦʩʘʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ-

ʨʠʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʆ ʘʚʪʦʧʠʣʦʪʘ ʥʘ ʢʦʥʝʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ. ʕʪʘ ʩʪʘ-

ʜʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʇʆ ʝʱʝ ʥʝ ʜʦʩʪʠʛʣʦ ʩʪʝʧʝʥʠ ʦʪʣʘʜʢʠ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʝʛʦ 

ʥʘ ʘʚʪʦʤʦʙʠʣʝ-ʨʦʙʦʪʝ ʠ ʪʨʝʙʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʚʧʣʦʪʥʫʶ ʟʘʥʠʤʘʝʪʩʷ ʢʦʨʧʦʨʘʮʠʷ 

Google. ʆʥʘ ʨʘʟʨʘʙʦʪʘʣʘ ʩʚʦʡ ʚʘʨʠʘʥʪ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ï GoogleCar. ʆʥ ʩʥʘʙʞʝʥ 

ʚʠʜʝʦʢʘʤʝʨʘʤʠ, ʜʘʪʯʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʢʨʳʰʝ, ʨʘʜʘʨʘʤʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʝ-

ʨʝʜʥʝʡ ʯʘʩʪʠ ʘʚʪʦ ʠ ʝʱʝ ʦʜʥʠʤ ʜʘʪʯʠʢʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘ ʦʜʥʦʤ ʠʟ ʟʘʜʥʠʭ ʢʦʣʝʩ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʟʠʮʠʶ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʢʘʨʪʝ.  

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʦʙʠʣʶ ʫʩʧʝʰʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥʠʡ ʜʘʥʥʦʛʦ ʊʉ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʥʝʜʦ-

ʩʪʘʪʢʦʚ. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʤʦʙʠʣʠ Google ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦ-

ʚʠʷʭ, ʪʘʢʞʝ ʦʥʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʩʠʛʥʘʣʳ ʩʚʝʪʦʬʦʨʘ, ʥʝ ʤʦʛʫʪ ʦʪ-

ʣʠʯʠʪʴ ʧʦʣʠʮʝʡʩʢʠʭ ʦʪ ʧʨʦʩʪʳʭ ʧʝʰʝʭʦʜʦʚ ʠ ʪ. ʜ. ʅʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʙʝʱʘʶʪ, ʯʪʦ ʢ 2020 

ʛʦʜʫ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʳ [1]. 

ɸ ʢʦʤʧʘʥʠʷ Mercedes-Benz ʚʳʧʫʩʪʠʣʘ ʩʚʦʡ ʙʝʩʧʠʣʦʪʥʳʡ ʛʨʫʟʦʚʠʢ. ʆʥ ʦʩʥʘʱʝʥ ʩʠ-

ʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ HighwayPilot. ʆʥʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʨʦʝʢʪʳ ʩʘʤʦʫʧʨʘʚʣʷʝʤʳʭ ʊʉ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʨʘʜʘʨʦʚ, ʢʘʤʝʨ ʠ ʘʢʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩʢʦʨʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʦ ʘʚʪʦ-

ʥʦʤʥʦʝ ʚʦʞʜʝʥʠʝ. ʇʨʠ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʨʦʞʥʘʷ ʨʘʟʤʝʪʢʘ ʠʣʠ ʧʣʦʭʘʷ ʧʦʛʦʜʘ, 

ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʩʠʪ ʚʦʜʠʪʝʣʷ ʚʟʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʝʙʷ, ʩʦʦʙʱʘʷ ʦʙ ʵʪʦʤ ʟʚʫʢʦʚʳʤʠ ʠ ʩʚʝ-

ʪʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ [2]. 

ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʈʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʪʦ ʭʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʢʦʤʧʘʥʠʷ ʂʘʤɸɿ. ʆʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʤʧʘʥʠʝʡ Cognitive Technologies ʧʣʘʥʠʨʫʝʪ ʩʦʟʜʘʪʴ 

ʙʝʩʧʠʣʦʪʥʦʝ ʊʉ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʅʘ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʚʳʜʝʣʠʣʦ 300 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ-

ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʤʧʘʥʠʝʡ Cognitive Technologies, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, ʧʘʩʩʠʚʥʫʶ ʤʦʜʝʣʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʯʠʪʳʚʘʝʪʩʷ ʩ ʚʠʜʝʦʢʘʤʝʨ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʘʢʪʠʚʥʦʡ (ʠʟʣʫʯʘʶʱʝʡ) ʯʘʩʪʠ ʤʦʜʝʣʠ, ʥʘ ʢʦʪʦʨʦʡ ʦʩʥʦʚʳʚʘʶʪʩʷ ʤʥʦʛʠʝ ʟʘʨʫ-

ʙʝʞʥʳʝ ʧʨʦʝʢʪʳ ʪʘʢʠʭ, ʢʘʢ GoogleCar. ɺ ʢʦʤʧʘʥʠʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʙʫ-

ʜʝʪ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʪʴ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʤʝʪʢʠ, ʧʨʠ ʧʣʦʭʦʡ 

ʧʦʛʦʜʝ ʠ ʪ. ʜ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʜʦʨʦʛʝ; ʪʘʢʞʝ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʚ ʩʦʩʪʦʷʥʠʠ ʦʧʦʟʥʘʪʴ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ 

ʠ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʩʠʛʥʘʣ ʩʚʝʪʦʬʦʨʘ ʠ ʪ. ʧ. ɺʜʦʙʘʚʦʢ, 

Cognitive Technologies ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦʛʠʶ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʘʚʪʦʨʦʙʦʪ ʩʤʦʞʝʪ 

ʫʚʠʜʝʪʴ ʠ ʧʦʥʷʪʴ ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʡ ʩʮʝʥʳ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʢʘʢ ʠ ʯʝʣʦʚʝʢ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʯʝʣʦʚʝʢ ʚʠʜʠʪ ʫʜʘʣʝʥʥʳʝ ʧʨʝʜʤʝʪʳ ʙʣʘʛʦʜʘʨʷ ʫʟʢʦʡ ʟʦʥʝ ʬʦʚʝʘʣʴʥʦ-

ʛʦ (ʮʝʥʪʨʘʣʴʥʦʛʦ) ʟʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʟʨʠʪʝʣʴʥʦʡ ʦʩʠ ʛʣʘʟʘ. ʀʤʝʥʥʦ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʚʠʜʝʪʴ ʧʨʝʜʤʝʪʳ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʟʦʥʝ ʧʝʨʠʬʝʨʠʠ ʤʝʥʝʝ 

ʯʝʪʢʠʝ. ɺ ʢʘʢʦʤ-ʪʦ ʩʤʳʩʣʝ ʢʦʤʧʘʥʠʠ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ ʬʦʚʝʘʣʴ-

ʥʦʛʦ ʟʨʝʥʠʷ. ʇʦ ʩʣʦʚʘʤ ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ɺʘʩʠʣʠʷ ʇʦʩʪʥʠʢʦʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ [3]. 

ɻʨʫʧʧʘ ɻɸɿ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʣʘ ʩʚʦʡ ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ. 

ɺʧʝʨʚʳʝ ʦʥ ʧʦʷʚʠʣʩʷ ʚ 2010 ʛʦʜʫ. ʆʥ ʙʳʣ ʧʨʦʙʥʳʤ, ʧʦʵʪʦʤʫ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣ ʦʢʘʟʘʣʩʷ 

ʦʯʝʥʴ ʤʘʣ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʝʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʢʦʨʦʩʪʠ ʚʩʝʛʦ 10ï20 ʢʤ/ʯʘʩ. ʉʝʡʯʘʩ ʘʚʪʦ 

ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʠ ʤʦʞʝʪ ʙʝʟʦʧʘʩʥʦ ʧʝʨʝʜʚʠʛʘʪʴ ʫʞʝ ʥʘ ʩʢʦʨʦʩʪʠ 40ï

50 ʢʤ/ʯʘʩ. ʂʦʤʧʘʥʠʷ ʟʘʷʚʣʷʝʪ, ʯʪʦ ʟʘʧʫʩʢ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʩʧʠʣʦʪʥʦʛʦ ʊʉ 

ʥʘʯʥʝʪʩʷ ʜʦ 2030 ʛʦʜʘ, ʘ ʢ 2020 ʛʦʜʫ ɻɸɿ ʚʳʧʫʩʪʠʪ ʫʞʝ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʙʨʘ-

ʟʝʮ ʪʘʢʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʇʦ ʩʣʦʚʘʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʢʦʤʧʘʥʠʠ ɻʶʥʪʝʨʘ ʍʘʡʜʝ-
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ʥʘ, ʛʣʘʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʶʨʠʜʠʯʝʩʢʘʷ ʩʪʦʨʦʥʘ ʚʦ-

ʧʨʦʩʘ ʠ ʤʝʥʪʘʣʠʪʝʪ ʣʶʜʝʡ. ʃʶʜʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʠʩʧʳʪʘʥʠʷʭ, ʧʨʠʟʥʘʚʘʣʠʩʴ, ʯʪʦ 

ʧʦʜʜʘʚʘʣʠʩʴ ʧʘʥʠʢʝ ʧʨʠ ʚʠʜʝ ʪʦʛʦ, ʯʪʦ ʥʘ ʚʦʜʠʪʝʣʴʩʢʦʤ ʤʝʩʪʝ ʥʠʢʦʛʦ ʥʝʪ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʘʚʦʚʦʛʦ ʘʩʧʝʢʪʘ ʪʘʢʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʚʝʨʰʝʥʠʷ ɼʊʇ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʡʜʫʪ ʩ ʫʯʘʩʪʠʝʤ ʪʘʢʠʭ ʊʉ. ɺʩʪʘʝʪ ʚʦʧʨʦʩ 

ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʨʠʯʠʥʥʳʝ ʫʱʝʨʙʳ. ʂʪʦ ʝʝ ʙʫʜʝʪ ʥʝʩʪʠ? ʂʘʢʦʝ ʨʝʰʝʥʠʝ, ʧʨʠ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ, ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴ ʠʥʩʧʝʢʪʦʨʳ ɻʀɹɼɼ? ʕʪʠ ʚʦʧʨʦʩʳ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʫʶ ʟʘʢʦʥʦʜʘʪʝʣʴʥʫʶ ʙʘʟʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ 

ʜʘʥʥʫʶ ʩʪʦʨʦʥʫ [4]. 

ɽʩʣʠ ʞʝ ʧʨʦʜʦʣʞʘʪʴ ʪʝʤʫ ʶʨʠʜʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʢʠʤʠ ʨʘʟʨʘʙʦʪʢʘ-

ʤʠ, ʪʦ ʥʘʯʘʪʴ ʭʦʪʷ ʙʳ ʩ ʪʦʛʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʛʣʘʩʥʦ ɺʝʥʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʜʦ-

ʨʦʞʥʦʤ ʜʚʠʞʝʥʠʠ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʩʦʝʜʠʥʝʥʳ ʙʦʣʝʝ 70 ʩʪʨʘʥ, çʢʘʞʜʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜ-

ʩʪʚʦ ʠʣʠ ʩʦʩʪʘʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʦ-

ʜʠʪʝʣʷè.  

ɼʘʥʥʘʷ ʢʦʥʚʝʥʮʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʝʱʝ ʚ 1968 ʛʦʜʫ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʀ ʜʣʷ ʫʣʘʞʠʚʘʥʠʷ ʚʦʧʨʦʩʘ ʩ ʙʝʩʧʠʣʦʪʥʳʤʠ ʊʉ, ʚ ʢʦʥʚʝʥʮʠʶ ʧʨʠ-

ʜʝʪʩʷ ʜʦʙʘʚʠʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʫ ʥʦʚʫʶ ʛʣʘʚʫ, ʛʜʝ ʙʫʜʫʪ ʧʨʦʧʠʩʘʥʳ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʥʘ 

ʨʘʟʤʝʪʢʫ, ʥʘ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ ʠ ʚ ʮʝʣʦʤ ʥʘ ʦʙʫʩʪʨʦʡʩʪʚʦ ʜʦʨʦʛ [5]. 

ɺʳʚʦʜʳ 

ɻʦʚʦʨʷ ʦʙ ʵʪʠʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʢʦʥʝʯʥʦ ʥʫʞʥʦ ʟʘʪʨʦʥʫʪʴ ʪʝʤʫ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ 

ʜʣʷ ʜʨʫʛʠʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʧʝʰʝʭʦʜʦʚ. ʈʘʟʫʤʝʝʪʩʷ, ʚʝʜʫʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʩʝʭ 

ʵʪʠʭ ʊʉ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ʠ ʥʘ ʪʨʘʩʩʘʭ, ʥʦ ʤʦʞʥʦ ʣʠ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʪʘʢʠʭ ʘʚʪʦʤʦʙʠ-

ʣʷʭ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʉʝʡʯʘʩ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʦʜʠʥ ʚʦʧʨʦʩ ï ʙʫʜʫʪ ʣʠ ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʦʧʘʩʥʝʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ? ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʢʘ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʢʘʞʝʪʩʷ ʣʫʯʰʠʤ 

ʚʦʜʠʪʝʣʝʤ, ʯʝʤ ʯʝʣʦʚʝʢ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʠʩʣʦ ʘʚʘʨʠʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴʩʷ, ʘ ʚʩʝʤ ʥʝʥʘʚʠʩʪʥʳʝ ʧʨʦʙʢʠ ʩʪʘʥʫʪ ʩʣʫʯʘʪʴʩʷ ʨʝʞʝ, ʝʩʣʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʨʘʥʩʧʦʨʪʦʚ ʥʘ ʜʦʨʦʛʘʭ ʙʫʜʝʪ ʩʘʤʦʫʧʨʘʚʣʷʝʤʦʡ [6]. 

ʇʨʦʜʦʣʞʘʷ ʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʤʦʤʝʥʪ. ʇʦ 

ʤʥʝʥʠʶ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʘʥʘʣʠʪʠʢʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʙʝʩʧʠʣʦʪʥʳʝ 

ʘʚʪʦʤʦʙʠʣʠ, ʩʪʘʚ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʚʠʞʝʥʠʷ, ʩʪʘʥʫʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʮʝʣʴʶ ʜʣʷ ʭʘ-

ʢʝʨʦʚ. ʂ ʧʨʠʤʝʨʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʧʨʦʠʟʦʰʝʣ ʥʝʢʠʡ ʠʥʮʠʜʝʥʪ ʩ ʢʦʤʧʘʥʠʝʡ Ford. 

ɻʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʜʢʣʶʯʠʣʘ ʥʦʫʪʙʫʢ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʨʪ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩʫʤʝ-

ʣʘ ʚʟʣʦʤʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʠʢʘʧʦʤ Ford.  

ʆʥʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʚʘʪʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʪʦʨʤʦʟʘʤʠ, ʨʫʣʝʤ ʠ ʧʝʜʘʣʴʶ ʛʘʟʘ, ʝʩʪʝ-

ʩʪʚʝʥʥʦ ʵʪʦ ʛʦʚʦʨʠʪ ʥʘʤ ʦ ʪʦʤ, ʯʪʦ ʥʠ ʦ ʢʘʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʠ ʨʝʯʠ. ʇʦʵʪʦ-

ʤʫ ʜʦʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʚʝʜʫʪʩʷ [7]. 

ɺʧʦʣʥʝ ʧʨʝʜʩʢʘʟʫʝʤʦ, ʯʪʦ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʙʫʜʫʱʝʤ ʩʪʘʥʫʪ ʝʱʝ ʧʦʧʫʣʷʨʥʝʝ, 

ʚʝʜʴ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʚʩʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. ʀ ʝʩʣʠ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʫʤʝʶʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʪʝʢʫʱʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʚ 

ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʦʥʠ ʫʚʝʨʝʥʥʦ ʟʘʡʤʫʪ ʩʚʦʶ ʥʠʰʫ ʥʘ ʜʦʨʦʛʘʭ, ʘ, ʚʦʟʤʦʞʥʦ, ʠ ʚʦʚʩʝ ʟʘʤʝʥʷʪ 

ʥʘʤ ʪʨʘʜʠʮʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ. 
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ɸ.ɾ. ʉʘʨʙʘʩʦʚʘ
1
, ʆ.ʉ. ʉʘʣʳʢʦʚʘ

1
  

1
 ʂʦʩʪʘʥʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ. ɹʘʡʪʫʨʩʳʥʦʚʘ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ  

 

ʈʝʘʣʠʟʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʣʘʪʬʦʨʤʝ ʤʦ-

ʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

 
ʊװʡʽʥ: ʄʘץʘʣʘʜʘ ʤʦʙʠʣʴʜʽ ץʦʩʳʤʰʘ ʧʣʘʪʬʦʨʤʘʩʳʥʜʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʞװʡʝʥʽש 

ᴇשʜʝʫʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʄʦʙʠʣʴʜʽ ץʦʩʳʤʰʘʥʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʤʜʝʨʜʽש ʬʫʥʢʮʠʦʥʘʣʳ ʤʝʥ 1ʉ: ʂᴅʩʽʧʦʨʳʥ 

ʞʦʙʘʣʘʫ ʦʨʪʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʧʣʘʪʬʦʨʤʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣ ʦʩʥʦʚ-

ʥʳʭ ʨʘʟʜʝʣʦʚ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʨʝʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ. 

Abstract:  The article discusses the development of an integrated automated system on a mobile application 

platform for a small business. The implementation and functionality of the main sections of the mobile application 

in the 1C: Enterprise design environment are shown. 

 

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ:ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝ, ʤʦʙʠʣʴʜʽ ץʦʩʳʤʰʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

Key words: automated system, mobile application. 

 

ɺʚʝʜʝʥʠʝ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʝʛʦ-

ʜʥʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ: ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʥʫʞʜʝʥʳ ʠʩ-

ʢʘʪʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʪʦʚʘʨʦʚ.  

ɼʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠ ʚʘʞʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ɼʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʪʨʠʥʘʤʠ ʠʥʪʝʨʥʝʪ - ʤʘʛʘʟʠʥʦʚ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦ-

ʯʘʡʰʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺ ʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʘʭ ʧʨʦʷʚʠʪ ʩʝʙʷ ʚʦʧʨʦʩ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʙʦʨ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ.  

ʀʥʪʝʛʨʘʮʠʷ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʙʘʟʝ ʦʙʱʝʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʠ 

ʧʣʘʪʬʦʨʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʢʦʥʪʫʨʦʚ. ɿʘʜʘʯʫ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʘʪʴ ʢʦʤʧʣʝʢʩʥʦ ʩ ʫʯʝʪʦʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʞʜʳʡ ʠʟ ʢʦʥʪʫʨʦʚ ʚ 
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ʦʪʜʝʣʴʥʦʩʪʠ. ʉʘʤʠ ʢʦʥʪʫʨʳ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʫʧʨʘʚʣʷʶʱʝʡ ʠ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [1, ʩ.546]. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ʤʦʙʠʣʴʥʦʛʦ ɺ2ɺ, ɺ2ʉ 

ʧʨʠʣʦʞʝʥʠʷ ï ʵʪʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʤʦʙʠʣʴʥʦʡ ʚʝʨʩʠʠ 

ʧʣʘʪʬʦʨʤʳ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3è, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪ ʙʘʟʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʜʝʥʠʷ ʫʯʝʪʘ ʜʣʷ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʩ ʥʝʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʟʘʢʘʟʘʤʠ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ: 

- ʍʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʚʘʨʘʭ, ʠʭ ʦʩʪʘʪʢʘʭ, ʮʝʥʘʭ ʧʨʦʜʘʞʠ ʠ ʟʘʢʫʧʢʠ; 

- ʍʨʘʥʠʪʴ ʙʘʟʫ ʢʣʠʝʥʪʦʚ ʠ ʠʭ ʢʦʥʪʘʢʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; 

- ʌʦʨʤʠʨʦʚʘʪʴ ʟʘʢʘʟʳ ʩ ʫʯʝʪʦʤ ʘʢʪʫʘʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʮʝʥ; 

- ʇʨʦʠʟʚʦʜʠʪʴ ʦʪʛʨʫʟʢʫ ʠ ʦʧʣʘʪʫ ʟʘʢʘʟʦʚ; 

- ʇʨʦʠʟʚʦʜʠʪʴ ʙʘʟʦʚʳʝ ʩʢʣʘʜʩʢʠʝ ʠ ʜʝʥʝʞʥʳʝ ʦʧʝʨʘʮʠʠ; 

- ɺʝʩʪʠ ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʥʘʩʪʦʣʴʥʳʤ ʠʣʠ ʦʙʣʘʯʥʳʤ 

ʨʝʰʝʥʠʝʤ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥ ʨʘʙʦʯʠʡ ʩʪʦʣ, ʥʘ ʢʦʪʦ-

ʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʢʥʦʧʢʠ ʧʝʨʝʭʦʜʘ ʢʦ ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʧʨʠʣʦʞʝʥʠʷ: çɿʘʢʘʟʳè, çʂʦʥʪʨʘʛʝʥ-

ʪʳè, çʊʦʚʘʨʳè, çɼʝʥʴʛʠè, çʆʪʯʝʪʳè. ʇʨʠʦʙʨʝʪʝʥʠʝ ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ ʦʬʦʨʤʣʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʦʬʦʨʤʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘ çɿʘʢʘʟ ʧʦʢʫʧʘʪʝʣʷè. ɼʘʥʥʳʝ ʦ ʩʫʤʤʝ ʟʘʢʘʟʘ, ʧʦʢʫʧʘʪʝʣʝ, 

ʥʦʤʝʨʝ ʟʘʢʘʟʘ, ʜʘʪʝ ʦʬʦʨʤʣʝʥʠʷ, ʦ ʬʘʢʪʝ ʦʧʣʘʪʳ, ʠ ʬʘʢʪʝ ʦʪʛʨʫʟʢʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʉʧʠʩʢʝ 

ʟʘʢʘʟʦʚ. ʇʨʠ ʧʦʤʦʱʠ ʢʥʦʧʦʢ ʨʝʘʣʠʟʦʚʘʥʳ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʧʦʠʩʢ ʪʦʚʘʨʘ ʧʦ ʥʝʩʢʦʣʴʢʦ 

ʧʝʨʚʳʤ ʙʫʢʚʘʤ, ʨʝʛʠʩʪʨʘʮʠʷ ʥʦʚʦʡ ʧʦʟʠʮʠʠ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʘʨʪʦʯʢʠ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʫʢʘʟʘʥʠʷ ʘʨʪʠʢʫʣʘ ʠʣʠ ʮʝʥʳ ʧʨʦʜʘʞʠ. ɺʳʜʘʯʘ ʧʦʣʥʦʛʦ ʩʧʠʩʢʘ ʪʦʚʘʨʘ. ʇʨʦʩʤʦʪʨ ʦʩʪʘʪʢʦʚ 

ʪʦʚʘʨʘ ʥʘ ʩʢʣʘʜʘʭ.  

ɺ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥ ʧʦʣʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʥʪʨʘʛʝʥ-

ʪʘʤʠ ʠ ʠʭ ʩʧʠʩʢʦʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʘʥʥʦʤʫ ʨʘʟʜʝʣʫ ʦʪʢʨʳʚʘʝʪʩʷ ʩʧʠʩʦʢ, ʚ ʢʦʪʦʨʦʤ ʦʪʦʙ-

ʨʘʞʝʥʳ ʜʘʥʥʳʝ ʦ ʥʘʠʤʝʥʦʚʘʥʠʠ ʢʦʥʪʨʘʛʝʥʪʘ ʠ ʛʨʫʧʧʳ, ʢ ʢʦʪʦʨʦʡ ʦʥ ʦʪʥʦʩʠʪʩʷ. ɼʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʢʘʢ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʢʚʠʟʠʪʳ ʢʦʥʪʨʘʛʝʥʪʘ, ʟʚʦʥʦʢ, ʦʪ-

ʧʨʘʚʢʘ ʧʦʯʪʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠʣʠ SMS, ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʨʪʦʯʢʘ ʢʦʥʪʨʘʛʝʥʪʘ. ʉ ʝʝ ʧʦʤʦʱʴʶ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʩʧʠʩʢʝ ʪʦʣʴʢʦ ʪʝʭ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʥʦ-

ʩʷʱʠʭʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʝ. ʊʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʛʨʫʧʧ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ.  

ʈʘʟʜʝʣ çʊʦʚʘʨʳè ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʬʘʢʪʦʚ ʧʨʦʜʘʞʠ ʠ ʧʦ-

ʢʫʧʢʠ, ʘ ʪʘʢʞʝ ʯʪʦʙʳ, ʚʝʩʪʠ ʩʧʠʩʦʢ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʘʥʥʦʤʫ ʨʘʟʜʝʣʫ ʦʪ-

ʢʨʳʚʘʝʪʩʷ ʩʧʠʩʦʢ ʚʩʝʭ ʪʦʚʘʨʦʚ, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʠ, 

ʛʨʫʧʧʝ ʠ ʦʩʪʘʪʢʝ ʥʘ ʩʢʣʘʜʝ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʚʘʨʝ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʠ, ʚʠ-

ʜʝ ʪʦʚʘʨ ʵʪʦ ʠʣʠ ʫʩʣʫʛʘ, ʝʛʦ ʮʝʥʘ ʧʨʦʜʘʞʠ, ʘʨʪʠʢʫʣ, ʧʦʩʪʘʚʱʠʢ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʪʦʚʘʨ ʢ 

ʛʨʫʧʧʝ ʪʦʚʘʨʦʚ, ʠ ʜʨʫʛʠʝ ʟʘʤʝʪʢʠ ʨʝʘʣʠʟʦʚʘʥ ʜʦʢʫʤʝʥʪ ʂʘʨʪʦʯʢʘ ʪʦʚʘʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʣʝ çʎʝʥʘ ʧʨʦʜʘʞʠè ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʚʦʜʠʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ 

ʟʘʢʘʟʘ ʠʣʠ ʧʨʦʜʘʞʠ ʧʦʢʫʧʘʪʝʣʷ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢʘʨʪʦʯʢʠ ʊʦʚʘʨʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ 

ʦʪʨʘʞʝʥʠʷ ʬʘʢʪʦʚ ʟʘʢʫʧʢʠ ʠ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʉ ʧʦʤʦʱʴʶ ʜʦʢʫʤʝʥʪʘ çʇʦʩʪʫʧʣʝ-

ʥʠʝ ʪʦʚʘʨʦʚè ʨʝʘʣʠʟʦʚʘʥ ʬʘʢʪ ʟʘʢʫʧʢʠ ʪʦʚʘʨʘ ʦʪ ʧʦʩʪʘʚʱʠʢʘ, ʘ ʪʘʢʞʝ ʚʚʦʜ ʦʩʪʘʪʢʦʚ ʪʦʚʘʨʘ 

ʥʘ ʩʢʣʘʜʝ, ʢʦʪʦʨʳʝ ʫʞʝ ʙʳʣʠ ʜʦ ʥʘʯʘʣʘ ʚʝʜʝʥʠʷ ʫʯʝʪʘ ʚ ʧʨʠʣʦʞʝʥʠʠ. ɺ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘ-

ʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʢʘʨʪʦʯʢʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʣʝʟʥʘ, ʢʦʛʜʘ ʥʫʞʥʦ ʩʦʚʝʨ-

ʰʠʪʴ ʙʳʩʪʨʳʡ ʟʚʦʥʦʢ ʧʦʩʪʘʚʱʠʢʫ ʠʣʠ ʫʪʦʯʥʠʪʴ ʝʛʦ ʘʜʨʝʩ. ʇʦʩʪʫʧʣʝʥʠʝ ʪʦʚʘʨʦʚ ʩ ʫʢʘʟʘ-

ʥʠʝʤ ʥʘʠʤʝʥʦʚʘʥʠʷ ʪʦʚʘʨʘ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʮʝʥʳ ʠ ʩʫʤʤʳ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘ-

ʥʠʟʤʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ çʊʦʚʘʨʳè (ʨʠʩʫʥʦʢ 1). 

 



30 
 

 
ʈʠʩʫʥʦʢ 1 - ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʦʟʠʮʠʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʦʚʘʨʘ 

 

ɼʣʷ ʚʝʜʝʥʠʷ ʦʪʨʘʞʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʜʝʥʝʛ ʚ ʤʦʙʠʣʴʥʦʤ 

ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥ ʨʘʟʜʝʣ çɼʝʥʴʛʠè, ʧʝʨʝʭʦʜ ʢ ʢʦʪʦʨʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ ʠʣʠ ʤʝʥʶ çʌʫʥʢʮʠʠè. 

ʌʘʢʪ ʧʦʩʪʫʧʣʝʥʠʷ ʜʝʥʝʛ ʦʪ ʧʦʢʫʧʘʪʝʣʝʡ ʦʪʨʘʞʘʝʪʩʷ ʚ ʜʦʢʫʤʝʥʪʝ çʇʨʠʭʦʜ ʜʝʥʝʛè, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ʚ ʜʦʢʫʤʝʥʪʝ çɿʘʢʘʟ ʧʦʢʫʧʘʪʝʣʷè 

ʧʨʠ ʫʢʘʟʘʥʠʠ ʧʨʠʟʥʘʢʘ ʦʧʣʘʪʳ. ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʢʦʧʠʨʦʚʘʥʠʷ ʠʣʠ ʨʝ-

ʜʘʢʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʨʪʦʯʢʘ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʫʯʝʪʘ, ʚ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠ-

ʟʦʚʘʥ ʨʘʟʜʝʣ çʆʪʯʝʪʳè. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʢʫʱʠʭ ʦʩʪʘʪʢʦʚ ʪʦʚʘʨʦʚ ʥʘ ʩʢʣʘʜʘʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʦʪʯʝʪ çʆʩʪʘʪʢʠ 

ʪʦʚʘʨʦʚè, ʚ ʢʦʪʦʨʦʤ ʦʪʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʚʘʨʝ, ʝʛʦ ʘʨʪʠʢʫʣʝ, ʮʝʥʝ ʧʨʦʜʘʞʠ, ʧʦ-

ʩʣʝʜʥʝʡ ʮʝʥʝ ʟʘʢʫʧʢʠ ʠ ʦʙ ʦʩʪʘʪʢʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʠ ʦʧʣʘʪʝ 

ʜʝʥʝʛ ʚ ʨʘʟʨʝʟʝ ʢʦʥʪʨʘʛʝʥʪʦʚ ʨʝʘʣʠʟʦʚʘʥ ʦʪʯʝʪ çɼʚʠʞʝʥʠʝ ʜʝʥʝʛè. ɺ ʥʝʤ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʪʝ, ʢʦʥʪʨʘʛʝʥʪʝ ʠ ʩʫʤʤʝ ʜʚʠʞʝʥʠʷ ʜʝʥʝʛ. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥ ʨʘʟʜʝʣ çʅʘʩʪʨʦʡʢʠ ʧʨʠ-

ʣʦʞʝʥʠʷè. ʈʘʙʦʪʘʪʴ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ ʧʦʣʥʦʩʪʴʶ ʥʘ ʤʦ-

ʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʥʝʤ ʠ ʩʦʝʜʠʥʝʥʠʝ ʩ ʠʥ-

ʪʝʨʥʝʪʦʤ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ. 

ʆʜʥʘʢʦ ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʠʥʘʷ ʟʘʜʘʯʘ, ʨʝʘʣʠʟʘʮʠʷ, ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝ-

ʞʠʤʝ ʧʨʠʝʤʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʙʠʣʴʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ 

ʧʨʠʝʤʘ ʟʘʢʘʟʦʚ ʠ ʠʭ ʦʪʧʨʘʚʢʠ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ. ʀ, ʥʘʦʙʦʨʦʪ, ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʝ ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʟʘʢʘʟ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʤʦʙʠʣʴʥʦʤʫ ʩʦ-

ʪʨʫʜʥʠʢʫ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʙʘʟʦʡ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨʥʝʪʫ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʘ ʬʦʨʤʘ ʥʘʩʪʨʦʡʢʠ, ʚ ʢʦʪʦʨʦʡ, ʚ ʧʦʣʝ çɸʜʨʝʩ ʧʨʠʣʦʞʝʥʠʷè ʫʢʘʟʳ-

ʚʘʝʪʩʷ URL ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ. 

ʀʟ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʙʘʟʫ ʧʝʨʝʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

- ʅʦʤʝʥʢʣʘʪʫʨʘ; 

- ʎʝʥʳ ʥʦʤʝʥʢʣʘʪʫʨʳ; 
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- ʂʦʥʪʨʘʛʝʥʪʳ; 

- ɿʘʢʘʟʳ ʧʦʢʫʧʘʪʝʣʝʡ; 

- ʇʦʩʪʫʧʣʝʥʠʷ ʪʦʚʘʨʦʚ; 

- ʆʪʛʨʫʟʢʠ ʪʦʚʘʨʦʚ; 

- ʇʦʩʪʫʧʣʝʥʠʷ ʦʧʣʘʪʳ ʦʪ ʧʦʢʫʧʘʪʝʣʝʡ; 

- ʆʧʣʘʪʘ ʧʦʩʪʘʚʱʠʢʘʤ. 

ʀʟ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʳ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʝʨʝʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

- ʅʦʤʝʥʢʣʘʪʫʨʘ; 

- ʂʦʥʪʨʘʛʝʥʪʳ; 

- ɿʘʢʘʟʳ ʧʦʢʫʧʘʪʝʣʝʡ; 

- ʎʝʥʳ; 

- ʆʩʪʘʪʢʠ. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʳ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʇʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʤʝʥ-

ʢʣʘʪʫʨʳ ʩ ʪʠʧʘʤʠ çɿʘʧʘʩè ʠʣʠ çʋʩʣʫʛʘè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʝ-

ʨʝʜʘʝʪʩʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʪʦʣʴʢʦ ʩ ʵʪʠʤʠ ʪʠʧʘʤʠ. ʊʘʢʞʝ ʝʩʣʠ ʚ ʟʘʢʘʟʘʭ ʧʦʢʫʧʘʪʝʣʝʡ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʥʦʤʝʥʢʣʘʪʫʨʘ ʩ ʪʠʧʦʤ çʈʘʙʦʪʘè, ʪʦ ʦʥʠ ʥʝ ʧʝʨʝʜʘʶʪʩʷ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʳ; 

- ʇʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʯʘʩʪʠʯʥʫʶ ʦʪʛʨʫʟʢʫ ʠʣʠ 

ʦʧʣʘʪʫ ʧʦ ʟʘʢʘʟʫ ʧʦʢʫʧʘʪʝʣʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʟʥʘʢʠ çʆʧʣʘʯʝʥè ʠʣʠ çʆʪʛʨʫʞʝʥè ʧʨʠ 

ʟʘʛʨʫʟʢʝ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʦʧʣʘʯʝʥʥʳʭ 

ʠ ʦʪʛʨʫʞʝʥʥʳʭ ʟʘʢʘʟʦʚ; 

- ʇʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʪʠʠ 

ʥʦʤʝʥʢʣʘʪʫʨʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʟʘʛʨʫʞʝʥʥʦʤ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʟʘʢʘʟʝ ʜʘʥʥʳʝ 

ʨʝʢʚʠʟʠʪʳ ʙʫʜʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ; 

- ɽʩʣʠ ʟʘʢʘʟ ʧʦʢʫʧʘʪʝʣʷ ʩʦʟʜʘʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ, ʪʦ ʝʛʦ ʥʝʣʴʟʷ ʙʫʜʝʪ ʦʪʨʝʜʘʢʪʠ-

ʨʦʚʘʪʴ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʠʟʥʘʢʦʚ 

ʦʧʣʘʪʳ ʠ ʦʪʛʨʫʟʢʠ; 

- ɽʩʣʠ ʦʧʣʘʪʘ ʠʣʠ ʦʪʛʨʫʟʢʘ ʟʘʢʘʟʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ, ʪʦ ʩʥʷʪʴ 

ʧʨʠʟʥʘʢʠ ʦʪʛʨʫʟʢʠ ʠ ʦʧʣʘʪʳ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʥʝʣʴʟʷ; 

- ɼʦʢʫʤʝʥʪʳ ʧʦ ʩʢʣʘʜʫ ʠ ʦʧʣʘʪʳ ʧʝʨʝʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʠʟ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʮʝʥʪʨʘʣʴʥʫʶ ʙʘʟʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʜʦʢʫʤʝʥʪʳ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʝʤ ʦʩʪʘʪʢʦʚ ʚ ʥʘʩʪʨʦʡʢʘʭ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʦʧʮʠʷ, 

ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ ʬʫʥʢʮʠʝʡ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʪʦʚʘʨʦʚ 

ʥʘ ʩʢʣʘʜʘʭ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʜʘʞʠ ʠ ʦʪʛʨʫʟʢʝ ʧʦ ʟʘʢʘʟʫ. 

ɺʳʚʦʜʳ 

ɹʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʧʣʘʪʬʦʨʤʝ ʤʦʙʠʣʴʥʦʛʦ ɺ2ɺ, ɺ2ʉ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʘʤʳʭ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʤʝʶʱʠʝʩʷ ʚ ʥʝʡ 

ʬʫʥʢʮʠʠ ʫʯʝʪʘ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʠʥʳʭ ʚʠʜʦʚ ʟʘ-

ʪʨʘʪ, ʧʨʦʯʠʭ ʘʢʪʠʚʦʚ ʠ ʧʘʩʩʠʚʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʝʜʝ-

ʥʠʷ ʫʯʝʪʘ ʠ ʚʳʭʦʜʷʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʯʝʪʥʳʭ ʩʪʘʥʜʘʨʪʦʚ [2, c.65]. 

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʤʘʣʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3, ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦ-

ʞʝʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʩʝʭ ʫʯʝʪʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʧʨʝʜ-

ʧʨʠʷʪʠʠ; 

- ʫʯʝʪ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʫʯʝʪ ʜʚʠʞʝʥʠʷ ʊʄʎ; 

- ʫʯʝʪ ʨʘʩʯʝʪʦʚ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ; 

- ʥʘʩʪʨʦʡʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʦʪʯʝʪʥʦʩʪʠ. 
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ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʞʥʦ ʨʝ-

ʰʘʪʴ ʠ ʮʝʣʳʡ ʨʷʜ ʠʥʳʭ ʟʘʜʘʯ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʝʮʠʬʠʢʦʡ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ [3, c 124]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʣʘʪʬʦʨʤʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʪʘ, ʩʧʦʩʦʙʥʘ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʬʫʥʢʮʠʠ ʫʯʝʪʘ ï 

ʦʪ ʚʝʜʝʥʠʷ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʚʦʜʘ ʧʝʨʚʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʪʯʝʪʦʚ 

ʧʦ ʦʩʪʘʪʢʘʤ ʪʦʚʘʨʦʚ, ʚʝʜʦʤʦʩʪʠ ʧʨʠʭʦʜʘ ʠ ʨʘʩʭʦʜʘ ʪʦʚʘʨʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʘʪʫ ʠ ʪ.ʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʣʘʪʬʦʨʤʝ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʨʝʘ-

ʣʠʟʘʮʠʝʡ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʫʣʫʯʰʠʪʴ ʘʥʘʣʠʟ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʴ 

ʙʳʩʪʨʳʡ ʨʘʩʯʝʪ ʠ ʨʝʛʠʩʪʨʘʮʠʶ, ʪʝʤ ʩʘʤʳʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʪʨʘʯʠʚʘʪʴ ʤʠʥʠʤʫʤ ʚʨʝ-

ʤʝʥʠ ʠ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʢʣʠʝʥʪʦʚ. 
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Abstract:  The article is devoted to the pneumatic grain separator with an inclined airflow. We consider 

variants of arrangement of grain cleaners, as well as the proposed construction.   

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʧʥʝʚʤʘʪʠʢʘʣʳץ ʩʝʧʘʨʘʪʦʨ, ʘʫʘ ʘסʳʥʳ, ʩʝʧʘʨʘʮʠʷ ʘʡʤʘסʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʩʝʧʘʨʘʪʦʨ, ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʟʦʥʘ ʩʝʧʘʨʘʮʠʠ.  

Key words: pneumatic separator, airflow, separation zone. 

 



33 
 

ɺʚʝʜʝʥʠʝ 

ɿʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʤʝʩʪʝ ʩʦ ʚʩʝʡ ʢʫʣʴʪʫʨʦʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʧʨʦʰʣʠ ʙʦʣʴʰʦʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʦʪ ʧʨʠʤʠʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʘ, ʧʦʢʘ ʥʝ 

ʧʦʷʚʠʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ. ʕʪʦʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʤʥʦʛʦʣʝʪ-

ʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʘ, ʩʝʤʷʥ, ʢʠʥʝʤʘʪʠ-

ʢʠ, ʜʠʥʘʤʠʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʠʭ ʢʦʤʧʦʥʦʚʢʠ ʚ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ ʠ ʚ ʧʦʪʦʯ-

ʥʳʭ ʣʠʥʠʷʭ.  

ʆʜʥʦʡ ʠʟ ʩʣʦʞʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʦʯʠʩʪʢʘ ʟʝʨʥʘ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʩʦʨʪʠʨʦʚʘʥʠʝ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʯʠʩʪʢʘ ʩʝʤʝʥʥʦʛʦ 

ʟʝʨʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʝʨʥʦ- ʠ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʫʙʨʘʥʥʦʛʦ ʢʦʤʙʘʡ-

ʥʘʤʠ. ʄʘʰʠʥʳ, ʘʛʨʝʛʘʪʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 

ʚʦʦʨʫʞʝʥʠʠ ʭʦʟʷʡʩʪʚ ʩ 70-80-ʭ ʛʦʜʦʚ, ʠʟʥʦʰʝʥʳ, ʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘʯʘʩʪʫʶ ʥʝ 

ʫʩʪʨʘʠʚʘʝʪ ʩʝʣʴʩʢʠʭ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʵʪʘʧʦʚ, ʥʘʠʙʦʣʝʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʝʝ ʟʚʝʥʦʤ, ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʘʷ ʦʯʠʩʪʢʘ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʦʣʷ ʩʝʤʝʥ-

ʥʦʛʦ ʟʝʨʥʘ ʩʦʩʪʘʚʣʷʝʪ 15é20% ʦʪ ʫʙʨʘʥʥʦʛʦ ʫʨʦʞʘʷ. ʂ ʩʝʤʝʥʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ɻʆʉʊʘ ʧʦ ʯʠʩʪʦʪʝ, ʚʩʭʦʞʝʩʪʠ ʠ ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ ʥʘʰʝʡ ʩʪʨʘʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʘʰʠʥ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʛʦ ʪʠʧʘ, 

ʛʣʘʚʥʳʤ ʦʨʛʘʥʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʝʰʝʪʥʘʷ ʯʘʩʪʴ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ - ʧʥʝʚʤʦʩʠʩʪʝʤʘ. 

ʇʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʠʸʤʦʤ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʡ ʦʯʠʩʪʢʝ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ. 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʨʠʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʩʭʦʜʥʦʤ 

ʟʝʨʥʦʚʦʤ ʤʘʪʝʨʠʘʣʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ.   

ʀʟʫʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʤʘʰʠʥ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ 

ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ, ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ:  

1 ʩ ʚʝʨʪʠʢʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʤ;   

2 ʥʘʢʣʦʥʥʳʤ;  

3 ʟʘʢʨʫʯʝʥʥʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ.  

ʆʙʲʝʜʠʥʝʥʠʝ ʚ ʦʜʥʦʡ ʤʘʰʠʥʝ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ ʠ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ. ʂʦʤʧʦʥʦʚʢʘ ʚʦʟʜʫʰʥʦʛʦ ʠ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘ-

ʪʦʨʦʚ ʚ ʦʜʥʦʡ ʤʘʰʠʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨ-

ʥʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʰʠʨʠʥʝ ʩʝʧʘʨʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ -ʧʥʝʚʤʦʢʘʥʘʣʘ ʠ ʨʝʰʝʪʘ, ʧʦʚʳ-

ʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʚʦʨʦʭʘ ʧʨʠ ʧʨʦʧʫʩʢʝ ʯʝʨʝʟ ʦʜʥʫ ʤʘʰʠʥʫ. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʠʩ-

ʭʦʜʷʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʩʝʧʘʨʘʪʦʨʘ (ʨʠʩʫʥʦʢ 1) [1,2].  

 

 
ʈʠʩʫʥʦʢ 1 - ʇʥʝʚʤʦʩʝʧʘʨʘʪʦʨ ʟʝʨʥʘ ʩ ʥʘʢʣʦʥʥʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ, ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʲʷʚʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝ-

ʙʦʚʘʥʠʷ:  

Å ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ;  

Å ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʩʙʦʨʢʠ ʠ ʨʘʟ-

ʙʦʨʢʠ, ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ, ʪʘʢ ʠ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝʣʦʤ;  

Å ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘʷ ʤʝʪʘʣʣʘ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ;  

Å ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʭʦʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ;  

Å ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʳʭ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʠʡ;  

Å ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʚʳʙʨʘʥʥʳʭ ʨʝʞʠʤʘʭ;  

Å ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ 1, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʜ 

ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʜʘʥʥʦʛʦ ʫʛʣʘ ʧʝ-

ʨʝʤʝʱʝʥʠʝʤ ʦʧʦʨʳ 2 (ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʚʝʥʪʠʣʷʪʦʨʘ) ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʦʯʠʱʘʝʤʦʡ ʢʫʣʴʪʫʨʳ.  ɿʝʨʥʦʚʦʡ ʚʦʨʦʭ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʙʫʥʢʝʨ 3 ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ, ʥʘʛʥʝʪʘʝʤʦʡ ʮʝʥʪʨʦʙʝʞʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ 4. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʷʞʝʣʳʝ ʟʝʨʥʘ, ʠʤʝʶʱʠʝ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʧʘʜʝʥʠʠ, ʙʫʜʫʪ 

ʧʦʧʘʜʘʪʴ ʚ ʧʝʨʚʳʝ ʦʪʜʝʣʝʥʠʷ ʧʨʠʝʤʥʠʢʦʚ, ʘ ʣʝʛʢʠʝ ʧʨʠʤʝʩʠ ʫʥʦʩʷʪʩʷ ʜʘʣʴʰʝ, ʚ ʩʣʝʜʫʶ-

ʱʠʝ ʢʦʨʦʙʘ 5.   

ɿʘʧʳʣʝʥʥʳʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʦʩʘʜʦʯʥʫʶ ʢʘʤʝʨʫ 6. ɼʥʠʱʝ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʝ ʨʝʰʝʪʦ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ 7. ʈʘʟʤʝʨ ʦʪʚʝʨ-

ʩʪʠʡ ʧʦʜʦʙʨʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʯʝʨʝʟ ʥʝʛʦ ʧʨʦʭʦʜʠʣʠ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʟʝʨʥʦʚʳʝ 

ʬʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʩʠ.   

ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʩ ʥʘʢʣʦʥʥʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ 

ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʨʝʛʫʣʠʨʦʚʦʢ: ʚʦ-ʧʝʨʚʳʭ, ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ. ʈʝʛʫʣʠ-

ʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ; ʚʦ-ʚʪʦʨʳʭ, ʧʦʜʘʯʘ ʟʝʨʥʦʚʦʛʦ ʚʦ-

ʨʦʭʘ ʚ ʟʦʥʫ ʩʝʧʘʨʘʮʠʠ.  

ʈʝʛʫʣʠʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʦʪʢʨʳʪʠʷ ʟʝʨʥʦʚʦʡ ʟʘʩʣʦʥʢʠ ʙʫʥʢʝʨʘ. ɺʝ-

ʣʠʯʠʥʘ ʧʦʜʘʯʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,01 ï 0,04 ʪ/ʯ; ʚ-ʪʨʝʪʴʠʭ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʦʟʜʫʰ-

ʥʦʛʦ ʢʘʥʘʣʘ. ɼʦʩʪʠʛʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʢʨʝʧʣʝʥʠʷ ʦʧʦʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ 

ʦʪʚʝʨʩʪʠʡ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʘʢʠʭ ʢʫʣʴʪʫʨʘʭ ʢʘʢ ʧʰʝʥʠʮʘ ʠ ʦʚʝʩ. ɿʝʨʥʦʚʦʡ ʚʦʨʦʭ 

ʧʦʣʫʯʘʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦ. ɼʣʷ ʵʪʦʛʦ ʦʯʠʱʝʥʥʦʝ ʟʝʨʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʦʧʳʪʝ ʢʫʣʴʪʫʨʳ, 

ʥʘʤʝʨʝʥʦ ʩʤʝʰʠʚʘʣʠ ʩ ʧʨʠʤʝʩʷʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 13% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ʇʨʦʠʟʚʦʜʠʣʠ ʨʘʚʥʦʤʝʨʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ. ʄʘʩʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʠ ʩʦʩʪʘʚʣʷʣʘ 0,1 ʢʛ, ʠʩʭʦʜʥʘʷ ʚʣʘʞʥʦʩʪʴ 14 %.  

ɺʦʨʦʭ ʠʟ ʙʫʥʢʝʨʘ ʚ ʥʘʢʣʦʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ ʧʦʩʪʫʧʘʝʪ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺʝʣʠʯʠʥʘ ʧʦʜʘʯʠ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʦʪʢʨʳʪʠʝʤ ʟʘʩʣʦʥʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʝʧʘʨʘʮʠʠ ʬʨʘʢʮʠʠ ʟʝʨʥʘ ʠ ʧʨʠʤʝʩʝʡ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʧʨʠʝʤʥʳʝ ʦʪʩʝʢʠ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʦʧʳʪʘ ʟʝʨʥʦʚʘʷ ʩʤʝʩʴ ʧʦʜʘʚʘʣʘʩʴ ʚ ʙʫʥʢʝʨ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʟʘʧʫʩʢ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʛʫʣʠʨʦʚʢʘ ʥʘ ʥʫʞʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ. ɿʘʪʝʤ ʦʪʢʨʳʪʠʝʤ ʟʘʩʣʦʥʢʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʦʜʘʯʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʝʧʘʨʘ-

ʮʠʠ ʟʘʩʣʦʥʢʘ ʚʦʟʚʨʘʱʘʣʘʩʴ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʪʢʣʶʯʘʣʩʷ ʚʝʥʪʠʣʷʪʦʨ, ʧʦʣʫʯʝʥʥʳʝ 

ʬʨʘʢʮʠʠ ʟʝʨʥʘ ʠ ʧʨʠʤʝʩʝʡ ʚʟʚʝʰʠʚʘʣʠʩʴ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʥʘ ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ ʢʫʣʴʪʫʨʘʭ 

ʠ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʣʥʦʪʘ ʨʘʟʜʝʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 65 %, ʘ ʤʠʥʠʤʘʣʴʥʳʡ ʧʨʦ-

ʮʝʥʪ ʧʦʪʝʨʴ ʧʦʣʥʦʮʝʥʥʦʛʦ ʟʝʨʥʘ ʩʦʩʪʘʚʠʣ 0,7 %, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʤʘʰʠʥ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʨʦʭʘ ʧʰʝ-

ʥʠʮʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 20-30 ʛʨʘʜʫʩʦʚ, ʘ ʧʨʠ 

ʦʯʠʩʪʢʝ ʦʚʩʘ 30 ʛʨʘʜʫʩʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

1 ʇʘʪ. 134457 ʈʌ, ʄʇʂ ɺ07ɺ 4/08. ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʬʨʘʢʮʠʦʥʥʦ-

ʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ/ɸ.ɺ. ʏʝʨʥʷʢʦʚ, ʂ.ɺ. ʇʘʚʣʶʯʝʥʢʦ. -ˉ 2013125811/03; ʟʘʷʚ-

ʣʝʥʦ 04.06.2013; ʦʧʫʙʣ. 20.11.2013, ɹʶʣ. ˉ 32.  

2 ʏʝʨʥʷʢʦʚ, ɸ. ɺ. ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʩʝʧʘʨʘʪʦʨ/ɸ. ɺ. ʏʝʨʥʷʢʦʚ, ʂ. ɺ. ʇʘʚʣʶʯʝʥʢʦ, 
ɺ. ʉ. ʂʦʚʘʣʴ//ʉʝʣʴʩʢʠʡ ʤʝʭʘʥʠʟʘʪʦʨ. -2014. -ˉ 12. -ʉ. 13.  

3 ʗʤʧʠʣʦʚ ʉ. ʉ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʯʠʩʪʢʠ 
ʟʝʨʥʘ ʨʝʰʝʪʘʤʠ. ï ʋʣʘʥ-ʋʜʵ: ʀʟʜ-ʚʦ ɺʉɻʊʋ, 2004. ï165 ʩ.  

 

 

 
ʄʈʅʊʀ 60.29.17 

ɽ.ɹ. ʂʘʣʤʘʢʦʚ
1
, ɸ.ɸ. ʆʨʘʟʘʣʠʥ 

1
, ʉ. ʅ. ʃʠʪʫʥʦʚ
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1
 ʂʦʩʪʘʥʘʡʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɼʫʣʘʪʦʚʘ 

2
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

ʆʤʩʢ, ʈʦʩʩʠʷ 

 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʜʫʚʘ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʳ 

 
ʊװʡʽʥʜʝʤʝ: תʨʣʝʫ ײץʨʳʣסʳʩʳʥʳש ʘʨʥʘʩʳʥʜʘ ʘʫʘʥʳש ʘסʳʧ ᴇʪʫʽ ʤʦʜʝʣʴʜʝʥʝʜʽ. ײפʨʳʣסʳʥʳש ʘʫʘ 

ʘʨʥʘʩʳʥʳש ʙʽʨʥʝʰʝ ʥײʩץʘʩʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɽʩʝʧʪʝʫ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʫ ʘʨץʳʣʳ ʮʠʨʢʫʣʷʮʠʷʣʳץ ʘסʘʥʜʘʨʜʳש 

ʙʦʣʤʘʫʳ ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʘʫʘ ʘʨʥʘʩʳʥʳש ʪʠʽʤʜʽ ʬʦʨʤʘʩʳ ʪʘשʜʘʣʘʜʳ.   

ɸʥʥʦʪʘʮʠʷ: ʄʦʜʝʣʠʨʫʝʪʩʷ ʪʝʯʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʜʫʚʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʫʩʪʨʦʡʩʪʚʘ. ʉ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʦʪʩʫʪʩʪʚʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  

Abstract:  Simulated air flow in the channel of the blasting device. Considered several configurations of the 

air channel device. With the help of computational experiments carried out selection of the optimal shape of the air 

channel on the basis of the requirements of the lack of circulation flows. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʦʬʩʝʪʪʽʢ ʙʘʩʫ, ʦʬʩʝʪʪʽʢ ʮʠʣʠʥʜʨʜʽ ײץʨסʘʪʫ, ʪײʪץʳʨ ʩײʡʳץʪʳץʪʳש ʘסʫʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʬʩʝʪʥʘʷ ʧʝʯʘʪʴ, ʩʫʰʢʘ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. 

Key words: offset printing, drying the printing cylinder, viscous liquid. 
 
ɺʚʝʜʝʥʠʝ 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʬʩʝʪʥʦʡ ʧʝʯʘʪʠ ʥʘ ʦʪʪʠʩʢ ʧʝʨʝʜʘʝʪʩʷ ʯʘʩʪʴ ʫʚʣʘʞʥʷʶʱʝʛʦ ʨʘʩ-

ʪʚʦʨʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʬʩʝʪʥʳʭ ʤʘʰʠʥʘʭ ʢʦʣʠʯʝʩʪʚʦ ʧʝʯʘʪʥʳʭ ʩʝʢʮʠʡ ʜʦʭʦʜʠʪ ʜʦ 12, ʯʪʦ 

ʚʝʜʝʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʘ ʙʫʤʘʛʝ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ. ʕʪʦ ʧʦʨʦʞʜʘʝʪ ʜʚʝ 

ʧʨʦʙʣʝʤʳ: ʚʦ-ʧʝʨʚʳʭ, ʝʱʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʧʝʯʘʪʥʫʶ ʤʘʰʠʥʫ ʙʫʤʘʛʘ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʦʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʝʧʨʠʚʦʜʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʩʪʦʧʝ ʛʦʪʦʚʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʤʝʞʜʫ ʣʠʩʪʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʥʘʩʳʱʝʥʥʳʡ ʚʣʘʛʦʡ ʧʘʨ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ 

ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʢʨʘʩʢʠ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʬʩʝʪʥʦʡ ʧʝʯʘʪʠ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʦʙʣʝʤʘ ʠʟʙʳʪʢʘ ʚʣʘʛʠ ʥʘ ʦʪʪʠʩʢʝ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷ-

ʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʥʘ ʬʦʨʤʥʦʤ ʠ (ʠʣʠ) ʦʬʩʝʪʥʦʤ ʮʠʣʠʥʜʨʝ. ʉʥʠʞʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʦʚ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʷʟʢʦʩʪʠ 

ʢʨʘʩʢʠ ʚ ʢʨʘʩʦʯʥʦʤ ʘʧʧʘʨʘʪʝ ʠ ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ ʚʦʜʘ-ʢʨʘʩʢʘ ʟʘ ʩʯʝʪ ʚʦʟʜʫʰʥʳʭ ʥʝʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʭ ʧʦʪʦʢʦʚ ʚʥʫʪʨʠ ʧʝʯʘʪʥʦʡ ʩʝʢʮʠʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥ ʵʬʬʝʢʪ ʦʪ-
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ʨʳʚʘ ʢʘʧʝʣʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʷʥʦʛʦ ʩʣʦʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʫʣʴʪʨʘʟʚʫʢʦʤ [2]. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʦʜʫ ʫʣʴʪʨʘʟʚʫʢʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʢʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʘʧʝʣʴ ʚʦʜʳ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʠʟ ʟʦʥʳ ʩʫʰʢʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʜʫʰʥʳʡ ʧʦ-

ʪʦʢ. ʋʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥ ʫʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʎʠʣʠʥʜʨ 1 

ʚʨʘʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʢʘʟʘʥʥʦʤ ʩʪʨʝʣʢʦʡ. ʅʘʜ ʮʠʣʠʥʜʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʠʩʪʦʯʥʠʢ 

ʫʣʴʪʨʘʟʚʫʢʘ 2, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʯʘʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʟʜʫʰʥʳʡ ʧʦ-

ʪʦʢ ʚʭʦʜʠʪ ʚ ʱʝʣʝʚʠʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 2 ʠ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʪʘʢʦʝ ʞʝ ʦʪʚʝʨʩʪʠʝ 4.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʜʫʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ:  

1 ï ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ; 2 ï ʠʩʪʦʯʥʠʢ ʫʣʴʪʨʘʟʚʫʢʘ; 3,4 ï ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ 

ʱʝʣʝʚʠʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʚʦʟʜʫʭʘ; 5,6 ï ʱʝʣʝʚʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʨʧʫʩʦʤ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ   

 

ʋʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1 ʇʦʪʦʢ ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʠʡ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʬ-

ʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʣʘʤʠʥʘʨʥʳʤ, ʪʘʢ ʢʘʢ  ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ.  

2 ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ  ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʨʘʩʭʦʜʫ ʯʝʨʝʟ ʚʳ-

ʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚʥʫʪʨʠ ʧʝ-

ʯʘʪʥʦʡ ʩʝʢʮʠʠ.  

3 ʇʦʜʘʯʘ ʚʦʟʜʫʭʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʮʠʣʠʥʜʨʘ, ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʪʦʨʮʘʤ, ʜʦʣʞʥʘ 
ʙʳʪʴ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʪʘʤ ʩʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʴʰʝ ʚʣʘʛʠ. 

4 ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟ-ʟʘ ʦʛʨʘʥʠ-

ʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ ʧʝʯʘʪʥʦʡ ʩʝʢʮʠʠ. 

ʈʝʰʝʥʠʝ 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʦ ʨʝʰʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʪʝʯʝʥʠʷ. ʂ ʪʘʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ [3]. ɺ ʢʘ-

ʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʳ, ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʝʤʦʚʝʨʩʠʷ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ FlowVision [4], ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʟʜʫʭʦʜʫʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ (çʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴè, çʩʣʘ-

ʙʦʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴè, çʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴè ʠ ʜʨ.). ɼʘʣʝʝ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩ-

ʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʚʦʠʪʴ ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ çʩʪʝʥʢʘ/ʩʪʝʥʢʘè, 

çʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴè, çʚʭʦʜ/ʚʳʭʦʜè ʠ ʜʨʫʛʠʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 3, 4 ʟʘʜʘʚʘʣʘʩʴ ʥʦʨ-

ʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʘʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʘʚʩʪʨʝʯʫ ʚʨʘʱʝʥʠʶ ʮʠʣʠʥʜʨʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ-

ʪʦʢʘ ʠ ʦʩʫʰʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʦ-

ʜʘʯʠ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʟʜʫʭ ʤʝʥʴʰʝ ʚʳʭʦʜʠʣ ʟʘ ʧʨʝʜʝʣʳ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʦ-

ʟʳʨʴʢʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ ʱʝʣʝʚʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʦʙʦʟʥʘʯʝʥ-

ʥʳʝ ʮʠʬʨʘʤʠ 5 ʠ 6, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 2 ʤʤ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʷ ˉ 4 ʤʠ-

ʥʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʚʦʟʜʫʭʘ ʟʘ ʧʨʝʜʝʣʳ ʫʩʪʨʦʡʩʪʚʘ. ʎʠʬʨʦʡ 1 ʦʪʤʝʯʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʬ-
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ʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʕʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʚʘʣʠ ʫʩʣʦʚʠʝ çʩʪʝʥʢʘ/ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴè, 

ʧʨʠ ʵʪʦʤ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʨʘʚʥʷʣʘʩʴ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ.  

ɺʦʟʜʫʭʦʜʫʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʝʣ, ʚʳʪʷʥʫʪʳʡ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦʡ ʯʝʨʪʝʞʫ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʭʦʜʝ ʢ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ ʪʝ-

ʯʝʥʠʷ. ʆʩʪʘʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʠʜʘʥʳ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʩʪʝʥʢʘ/ʩʪʝʥʢʘè, ʢʦʪʦʨʦʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʪʚʝʨʜʳʭ ʥʝ ʧʨʦʧʫʩʢʘʶʱʠʭ ʞʠʜʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ.  ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʳʙʠʨʘʣʠ ʠʟ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ 

 ̄ w, ʦʙ/ʩ w, ʦʙ/ʯʘʩ Vʮʠʣ, ʤ/ʩ V .ʚʭʦʜ, ʤ/ʩ Rʝ ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ 

1 1 3600 0,5652 1,884 1553 ʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴ 

2 2 7200 1,1304 3,768 3104 ʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴ 

3 3 10800 1,6956 5,652 4659 ʩʣʘʙʦʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ 

 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ çʃʘʤʠʥʘʨʥʘʷ ʞʠʜ-

ʢʦʩʪʴè ʠ çʉʣʘʙʦ ʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴè. ɼʣʷ ʚʳʙʦʨʘ ʤʦʜʝʣʠ  ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʠ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ FlowVision ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦ-

ʛʨʘʤʤʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ [5, 6].  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʘ ʧʨʦʛʨʘʤʤʘ FlowVision ʧʦʟʚʦʣʷʝʪ ʚʳʚʦʜʠʪʴ ʥʘ ʵʢʨʘʥ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ ʘʥʘʣʠʟ ʧʦʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʣʠʥʠʷʤ 

ʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʦʨʤʘ ʚʦʟʜʫʭʦʜʫʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʢʘʟʘʥ-

ʥʘʷ ʥʘ ʨʠʩ. 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʃʠʥʠʠ ʪʦʢʘ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʨʘʚʥʦʝ 1 ʤ/ʩ. 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʦʙʦʟʥʘʯʝʥʥʦʝ 1, ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ, ʥʝ ʦʙʨʘʟʫʷ 

ʮʠʨʢʫʣʷʮʠʡ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 2 ʦʙʨʘʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦ-

ʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʟʘʜʝʨʞʠʚʘʶʪ ʚʦʜʫ ʚʥʫʪʨʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʥʠʞʘʶʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʂʨʦʤʝ ʪʦʛʦ, ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʱʝʣʝʚʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ 3 ʠ 4 ʚʳʭʦʜʠʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʦʙʨʘʟʫʝʪ ʚ ʢʨʘʩʦʯʥʦʤ ʘʧʧʘʨʘʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ ʠ ʚʝʜʝʪ ʢ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʙʘʣʘʥʩʘ ʚʦʜʘ-ʢʨʘʩʢʘ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʟʦʥʳ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʠ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʦʥʳ ʪʝʯʝʥʠʷ.  

ʅʘ ʨʠʩ. 3 ʣʠʥʠʠ ʪʦʢʘ ʚʦʟʜʫʭʘ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʪʝʯʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 3 ï  ʃʠʥʠʠ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʫʣʫʯ-

ʰʠʣʦ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɺ ʧʦʪʦʢʝ ʠʤʝʶʪ ʤʝʩʪʦ ʮʠʨʢʫʣʷʮʠʠ 5ï7, ʭʦʪʷ ʚ ʮʝʣʦʤ ʧʦʪʦʢ ʩʪʘʣ 

ʙʦʣʝʝ ʧʣʘʚʥʳʤ ʠ ʦʜʥʦʨʦʜʥʳʤ. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ ʱʝʣʝʚʠʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 4 ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʦʪʩʫʪ-

ʩʪʚʫʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʮʠʣʠʥʜʨ, ʚʨʘʱʘʶʱʠʡʩʷ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ, ʟʘʭʚʘʪʳʚʘʝʪ ʚʦʟʜʫʭ 

ʩʥʘʨʫʞʠ, ʧʨʦʚʦʜʠʪ ʝʛʦ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 4 ʠ ʩʦʟʜʘʝʪ ʧʦʜʧʦʨ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʦʪʚʝʨʩʪʠʝ 4. ʈʘʩʭʦʜ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 3 ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʣʠʥʠʷʤ ʪʦʢʘ ʥʝʚʦʟʤʦʞʥʦ, ʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʥ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʀʟ ʧʦʢʘʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡ-

ʩʪʚʘ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʇʦʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠ-

ʤʠʟʘʮʠʷ ʬʦʨʤʳ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʬʦʨʤʘ ʫʩʪʨʦʡ-

ʩʪʚʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʠʟʤʝʥʝʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʧʨʠ ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʦ ʩʪʘʣʦ ʥʝʩʠʤʤʝʪ-

ʨʠʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ.  

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 ʠ 3 (ʪʘʙʣ. 1), ʪʦ ʝʩʪʴ ʜʣʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʳ. 

ʅʘ ʨʠʩ. 4 ʚʚʝʨʭʫ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʟʘʥʠʤʘʝʤʳʡ ʦʙʲʝʤ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ʫʤʝʥʴʰʠʣʠʩʴ, ʥʦ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʠʭ ʥʝ ʫʜʘʣʦʩʴ.  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʃʠʥʠʠ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ:  

ʚʘʨʠʘʥʪ 1 ʩʚʝʨʭʫ, ʚʘʨʠʘʥʪ 2 ʚʥʠʟʫ 

 

ɼʣʷ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 4 ʚʥʠʟʫ) ʨʘʟʤʝʨʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʣʠʩʴ, ʦʜʥʘʢʦ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʦʩʪʘʣʘʩʴ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ɼʘʣʴʥʝʡʰʠʝ ʧʦʧʳʪʢʠ ʧʨʠʜʘʥʠʷ ʚʦʟʜʫʰʥʦʤʫ ʢʘʥʘʣʫ ʙʦʣʝʝ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʬʦʨʤʳ ʥʝ ʜʘʣʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 5.  
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ʈʠʩʫʥʦʢ 5 ï ʃʠʥʠʠ ʪʦʢʘ: 1ï ʚʠʭʨʠ  ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʮʠʣʠʥʜʨʦʤ 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʩʘʤʦʡ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 1 ʦʙ 
-1
 ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 1 ʤ/ʩ ʥʘ 

ʚʭʦʜʝ ʚ ʟʦʥʫ ʪʝʯʝʥʠʷ ʧʦʪʦʢ ʠʤʝʝʪ ʣʘʤʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʦ ʚ ʦʙʣʘʩʪʠ ʟʘ ʮʠʣʠʥʜʨʦʤ ʚʦʟʥʠʢʘʶʪ 

ʚʠʭʨʠ, ʢʦʪʦʨʳʝ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʘ ʠʟ ʟʦʥʳ ʪʝʯʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝ-

ʜʝʥʦ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʭʩʷ ʢʘʨʪʠʥ ʪʝʯʝʥʠʷ ʧʨʦʛʨʘʤʤʘ ʣʠʥʠʡ ʪʦ-

ʢʘ ʥʝ ʩʪʨʦʠʪ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʨʦʭʦʞʜʝʥʠʝ 

ʚʠʭʨʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʅʦ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʫʩʣʦʚʠʝ ʣʘʤʠʥʘʨʥʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. ɺ ʦʙʣʘʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʝʡ ʢʘʧʣʠ ʚʦʜʳ 

ʙʫʜʫ ʚʳʥʦʩʠʪʴʩʷ ʥʘ ʧʝʨʠʬʝʨʠʶ ʚʠʭʨʷ ʠ ʦʩʝʜʘʪʴ ʥʘ ʩʪʝʥʢʘʭ ʠ ʜʥʝ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʣʦʞʝʥʦ ʩʜʝʣʘʪʴ ʩʝʪʯʘʪʦʝ ʜʥʦ, ʯʝʨʝʟ 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʪʝʢʘʪʴ ʚʦʜʘ, ʦʩʝʜʘʶʱʘʷ ʚ ʢʘʥʘʣʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʳ.  ʇʨʠʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʠʤʫʣʷ-

ʪʦʨʘ ʪʝʯʝʥʠʷ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʜʫʰʥʳʡ 

ʢʘʥʘʣ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪʩʷ ʚʣʘʛʘ. ɼʦʩʪʠʛʥʫʪʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷ-

ʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʣʘʤʠʥʘʨʥʦʩʪʠ ʧʦʪʦʢʘ, ʦʜʥʘʢʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ.  
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1
 ʂʦʩʪʘʥʘʡʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɼʫʣʘʪʦʚʘ 

2
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʦʩʪʘʥʘʡ, ʂʘʟʘʭʩʪʘʥ 

ʆʤʩʢ, ʈʦʩʩʠʷ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʫʰʢʠ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʳ 

 
ʊװʡʽʥʜʝʤʝ: ײפʨסʘʪʫ ײץʨʳʣסʳʩʳʥʳש ʘʨʥʘʩʳʥʜʘ ʘʫʘʥʳש ʘסʳʧ ᴇʪʫʽ ʤʦʜʝʣʴʜʝʥʝʜʽ. ײפʨʳʣסʳʥʳש ʘʫʘ 

ʘʨʥʘʩʳʥʳש ʙʽʨʥʝʰʝ ʥײʩץʘʩʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɽʩʝʧʪʝʫ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʫ ʘʨץʳʣʳ ʮʠʨʢʫʣʷʮʠʷʣʳץ ʘסʘʥʜʘʨʜʳש 

ʙʦʣʤʘʫʳ ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʘʫʘ ʘʨʥʘʩʳʥʳש ʪʠʽʤʜʽ ʬʦʨʤʘʩʳ ʪʘשʜʘʣʘʜʳ.   

ɸʥʥʦʪʘʮʠʷ: ʄʦʜʝʣʠʨʫʝʪʩʷ ʪʝʯʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ ʩʫʰʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʫʩʪʨʦʡʩʪʚʘ. ʉ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʦʪʩʫʪʩʪʚʠʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  

Abstract:  Simulated air flow in the channel of the drying device. Considered several configurations of the 

air channel device. With the help of computational experiments carried out selection of the optimal shape of the air 

channel on the basis of the requirements of the lack of circulation flows. 

 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʦʬʩʝʪʪʽʢ ʙʘʩʫ, ʦʬʩʝʪʪʽʢ ʮʠʣʠʥʜʨʜʽ ײץʨסʘʪʫ, ʪײʪץʳʨ ʩײʡʳץʪʳץʪʳש ʘסʫʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʬʩʝʪʥʘʷ ʧʝʯʘʪʴ, ʩʫʰʢʘ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. 

Key words: offset printing, drying the printing cylinder, viscous liquid. 
 

ɺʚʝʜʝʥʠʝ 
ɺʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʟʦʥʫ ʧʝʯʘʪʥʦʛʦ ʢʦʥʪʘʢʪʘ ʚ ʦʬʩʝʪʥʦʡ ʤʘʰʠʥʝ ʥʘ ʦʪ-

ʪʠʩʢ ʧʝʨʝʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʨʘʩʢʘ, ʥʦ ʠ ʫʚʣʘʞʥʷʶʱʠʡ ʨʘʩʪʚʦʨ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʬʩʝʪʥʳʭ 

ʤʘʰʠʥʘʭ ʢʦʣʠʯʝʩʪʚʦ ʧʝʯʘʪʥʳʭ ʩʝʢʮʠʡ ʜʦʭʦʜʠʪ ʜʦ 12, ʯʪʦ ʚʝʜʝʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʘ ʦʪʪʠʩʢʝ 

ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʨʦʞʜʘʝʪ ʜʚʝ ʧʨʦʙʣʝʤʳ: 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʙʫʤʘʛʠ ʝʱʝ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʤʘʛʠ ʤʝʥʷʶʪʩʷ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʟʦʥʫ ʧʝʯʘʪʥʦʛʦ ʢʦʥʪʘʢ-

ʪʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʘʚʣʠʚʘʥʠʝ ʣʠʩʪʘ ʠʣʠ ʧʦʣʦʪʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʦʚʤʝʱʝʥʠʶ ʢʨʘʩʦʢ ʠ  

ʷʚʣʷʝʪʩʷ ʥʝʠʩʧʨʘʚʠʤʳʤ ʙʨʘʢʦʤ; ʧʨʠ ʫʢʣʘʜʳʚʘʥʠʠ ʙʫʤʘʛʠ ʚ ʩʪʦʧʫ ʥʘʜ ʩʣʦʝʤ ʩʚʝʞʝʡ ʢʨʘʩ-

ʢʠ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʧʘʨʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʦʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ, ʢʘʢ ʟʘʢʨʝʧʣʝʥʠʷ, ʪʘʢ 

ʠ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʬʩʝʪʥʦʡ ʧʝʯʘʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʦʙʣʝʤʘ ʠʟʙʳʪʢʘ 

ʚʣʘʛʠ ʥʘ ʦʪʪʠʩʢʝ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʣʘʛʠ ʥʘ ʬʦʨʤʥʦʤ ʠ (ʠʣʠ) ʦʬʩʝʪʥʦʤ ʮʠʣʠʥʜʨʝ. ʉʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ ʤʦʞʥʦ ʤʥʦʞʝ-

ʩʪʚʦʤ ʩʧʦʩʦʙʦʚ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʥʘʤʠ ʧʨʝʜʣʦ-

ʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʣʴʪʨʘʟʚʫʢ. ɺ ʦʩʥʦʚʫ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʮʠʣʠʥʜʨʘ ʧʦʣʦʞʝʥ ʵʬʬʝʢʪ ʦʪʨʳʚʘ ʚʦʜʷʥʳʭ ʢʘʧʝʣʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʷʥʦʛʦ ʩʣʦʷ ʧʨʠ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʫʣʴʪʨʘʟʚʫʢʦʤ [2].  

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʫʰʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ: 1 ï ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʮʠʣʠʥʜʨʘ; 2 ï ʠʩʪʦʯʥʠʢ ʫʣʴʪʨʘʟʚʫʢʘ; 3, 4 ï ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʱʝʣʝʚʠʜʥʦʝ ʦʪʚʝʨ-
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ʩʪʠʝ ʜʣʷ ʚʦʟʜʫʭʘ; 5, 6 ï ʱʝʣʝʚʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʨʧʫʩʦʤ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ 

 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʷʥʦʡ ʪʫʤʘʥ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʠʟ ʟʦʥʳ ʩʫʰʢʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ʎʠʣʠʥʜʨ 1 ʚʨʘʱʘʝʪ-

ʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʢʘʟʘʥʥʦʤ ʩʪʨʝʣʢʦʡ. ʅʘʜ ʮʠʣʠʥʜʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʠʩʪʦʯʥʠʢ ʫʣʴʪʨʘʟʚʫ-

ʢʘ 2, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʯʘʩʪʠ  ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʚʭʦʜʠʪ 

ʚ ʱʝʣʝʚʠʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 2 ʠ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʪʘʢʦʝ ʞʝ ʦʪʚʝʨʩʪʠʝ 4.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘ-

ʣʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʳ. ʇʨʝʜʣʘʛʘʝʪ-

ʩʷ ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʦʬʩʝʪʥʦʤ ʮʠʣʠʥʜʨʝ (ʨʠʩ. 2).  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʫʰʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 1 ï ʬʦʨʤʥʳʡ ʮʠʣʠʥʜʨ; 2 

ï ʦʬʩʝʪʥʳʡ ʮʠʣʠʥʜʨ; 3 ï ʧʝʯʘʪʥʳʡ ʮʠʣʠʥʜʨ; 4 ï ʥʘʢʘʪʥʳʝ ʚʘʣʠʢʠ ʢʨʘʩʦʯʥʦʛʦ ʠ ʫʚʣʘʞʥʷ-

ʶʱʝʛʦ ʘʧʧʘʨʘʪʦʚ; 5 ï ʩʫʰʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

 

ʋʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1 ʇʦʪʦʢ ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʠʡ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʬ-

ʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʣʘʤʠʥʘʨʥʳʤ, ʪʘʢ ʢʘʢ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʚʳʩʫʰʠʚʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ.  

2 ʇʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʬʩʝʪʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʦʣʴʰʦʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʰʢʠ. 

3 ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ  ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʨʘʩʭʦʜʫ ʯʝʨʝʟ ʚʳ-

ʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʘʣʘʥʩ ʚʦʜʘ-ʢʨʘʩʢʘ.  

ʈʝʰʝʥʠʝ 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʦ ʨʝʰʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʪʝʯʝʥʠʷ. ʂ ʪʘʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʧʨʦʛʨʘʤʤʳ, ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʝʤʦʚʝʨʩʠʷ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ FlowVision [3], ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʫʶ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʟʜʫʭʦʜʫʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ (çʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴè, çʩʣʘʙʦʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴè, 

çʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴè ʠ ʜʨ.). ɺ ʯʘʩʪʥʦʩʪʠ ʤʦʜʝʣʴ çʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴè ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʩʩʦʚʳʭ ʩʠʣ ʠ ʧʨʠ ɟ= const ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ:  
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ʟʜʝʩʴ: U
C

 ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, F
C

 ï ʚʝʢʪʦʨ ʤʘʩʩʦʚʦʡ ʩʠʣʳ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʝʜʠʥʠʮʝ ʤʘʩ-

ʩʳ, ɟ ï ʧʣʦʪʥʦʩʪʴ, p ï ʜʘʚʣʝʥʠʝ, =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ɛ ï ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. ʊʘʢʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʰʘʶʪʩʷ ʯʠʩʣʝʥʥʦ, ʜʣʷ ʯʝʛʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʝʪʢʫ, ʨʘʟʙʠʚʘʶʱʫʶ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʥʘ ʷʯʝʡʢʠ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʚ ʧʨʦ-

ʛʨʘʤʤʝ FlowVision ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ, ʪʘʢ ʢʘʢ ʦʪ 

ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɼʘʣʝʝ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʚʦʠʪʴ ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ çʩʪʝʥ-

ʢʘ/ʩʪʝʥʢʘè, çʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴè, çʚʭʦʜ/ʚʳʭʦʜè ʠ ʜʨʫʛʠʝ.  

ɺʦʟʜʫʭʦʜʫʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʝʣ, ʚʳʪʷʥʫʪʳʡ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦʡ ʨʠʩʫʥʢʫ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʭʦʜʝ ʢ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ ʪʝ-

ʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʦ ʪʦʣʱʠʥʝ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 

ɹʦʢʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ (ʥʘ ʨʠʩ. ʥʝ ʦʙʦʟʥʘʯʝʥʳ) ʙʳʣʠ ʜʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ çʩʪʝʥ-

ʢʘ/ʩʢʦʣʴʞʝʥʠʝè, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ. ʆʩʪʘʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʧʨʠʜʘʥʳ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ çʩʪʝʥʢʘ/ʩʪʝʥʢʘè, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʪʚʝʨʜʳʭ ʥʝ ʧʨʦ-

ʧʫʩʢʘʶʱʠʭ ʞʠʜʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɼʣʷ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʰʥʦʤ 

ʢʘʥʘʣʝ ʠ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ. ɺ ʪʘʙʣ. 1 ʧʨʠ-

ʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʧʦʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʜʣʷ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

 
ʊʘʙʣʠʮʘ 1 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ 

 ̄ w, ʦʙ/ʩ w, ʦʙ/ʯʘʩ Vʮʠʣ, ʤ/ʩ V .ʚʭʦʜ, ʤ/ʩ Rʝ ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ 

1 1 3600 0,5652 1,884 1553 ʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴ 

2 2 7200 1,1304 3,768 3104 ʣʘʤʠʥʘʨʥʘʷ ʞʠʜʢʦʩʪʴ 

3 3 10800 1,6956 5,652 4659 ʩʣʘʙʦʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ 

 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ FlowVision ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦ-

ʛʨʘʤʤʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ [4]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʦʨʤʘ ʚʦʟʜʫʭʦʜʫʚʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 3.  

 
ʈʠʩʫʥʦʢ 3 ï ʃʠʥʠʠ ʪʦʢʘ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʨʘʚʥʦʝ 1 

ʤ/ʩ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʦʙʦʟʥʘʯʝʥʥʦʝ 1, ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ, ʥʝ ʦʙʨʘʟʫʷ 

ʮʠʨʢʫʣʷʮʠʡ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 2 ʦʙʨʘʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦ-

ʪʦʢʦʚ 5-7, ʢʦʪʦʨʳʝ ʟʘʜʝʨʞʠʚʘʶʪ ʚʦʜʫ ʚʥʫʪʨʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʥʠʞʘʶʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʂʨʦʤʝ ʪʦʛʦ, ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʱʝʣʝʚʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ 2 ʠ 4 ʚʳʭʦʜʠʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʦʙʨʘʟʫʝʪ ʚ ʢʨʘʩʦʯʥʦʤ ʘʧʧʘʨʘʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ ʠ ʚʝʜʝʪ ʢ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʙʘʣʘʥʩʘ ʚʦʜʘ-ʢʨʘʩʢʘ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʩʢʘʟʘʥʥʦʝ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚʩʝ ʚʝʢʪʦʨʘ ʧʦʢʘʟʘʥʳ ʦʜʥʦʡ ʜʣʠʥʳ, ʘ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʦʪʤʝʯʝʥʘ 

ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʪʦʥʘ.  
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ʈʠʩʫʥʦʢ 4 ï ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 

 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʫʩʪʨʦʡʩʪʚʘ. ʈʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ 

ʚ ʟʦʥʝ ʪʝʯʝʥʠʷ ʚʳʟʚʘʥʳ ʩʢʘʯʢʘʤʠ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʦʡ ʟʦʥʳ 

ʪʝʯʝʥʠʷ.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 

 
ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʟʦʥʳ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʙʳ-

ʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʠ ʦʧʪʠ-

ʤʠʟʠʨʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʦʥʳ ʪʝʯʝʥʠʷ.  

ʅʘ ʨʠʩ. 6 ʣʠʥʠʠ ʪʦʢʘ ʚʦʟʜʫʭʘ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʪʝʯʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʫʣʫʯʰʠʣʦ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɺ 

ʧʦʪʦʢʝ ʠʤʝʶʪ ʤʝʩʪʦ ʮʠʨʢʫʣʷʮʠʠ 5-7, ʭʦʪʷ ʚ ʮʝʣʦʤ ʧʦʪʦʢ ʩʪʘʣ ʙʦʣʝʝ ʧʣʘʚʥʳʤ ʠ ʦʜʥʦʨʦʜʥʳʤ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʃʠʥʠʠ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ. ʅʘ ʨʠʩʫʥʢʝ ʚʝʢʪʦʨʳ, ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʧʨʠʥʷʪʳ ʦʜʥʦʡ ʜʣʠʥʳ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʩʢʦʨʦʩʪʴ ʠʤʝʝʪ 

ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʳʰʝ. ɺ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʦʤ ʧʦʪʦʢʝ 5 (ʨʠʩ. 6) ʚʦʟʜʫʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʝʪʩʷ ʧʦʧʫʪʥʦ ʮʠʣʠʥʜʨʫ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ. ɺʩʪʨʝʯʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʧʦʣʦʚʠʥʝ ʜʣʠ-

ʥʳ ʢʦʥʪʘʢʪʘ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ.  
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ʈʠʩʫʥʦʢ 7 ï ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

 

ʀʟ ʧʦʢʘʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡ-

ʩʪʚʘ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʇʦʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝ-

ʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʝʨʥʠʟʘʮʠʡ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʬʦʨʤʘ ʫʩʪʨʦʡʩʪʚʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʠʟʤʝʥʝʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8, 

ʧʨʠ ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʦ ʩʪʘʣʦ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʘ-

ʨʠʘʥʪʘ 1 ʠ 3 (ʚʚʝʨʭʫ ʠ ʚʥʠʟʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦ ʝʩʪʴ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʙʦʪʳ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʳ. ʘ ʨʠʩ. 8 ʚʚʝʨʭʫ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʟʘʥʠʤʘʝʤʳʡ ʦʙʲʝʤ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʫʤʝʥʴʰʠʣʠʩʴ, ʥʦ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʠʭ ʥʝ ʫʜʘʣʦʩʴ.  

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʃʠʥʠʠ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ɼʣʷ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 8 ʚʥʠʟʫ) ʨʘʟʤʝʨʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝ-

ʣʠʯʠʣʠʩʴ, ʦʜʥʘʢʦ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʦʩʪʘʣʘʩʴ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʅʘ ʨʠʩ. 9 ʧʨʠʚʝʜʝʥʦ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʪʝʭ ʞʝ ʚʘʨʠʘʥʪʦʚ.  

ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʚ ʚʦʟʜʫʰʥʦʤ ʢʘʥʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʫ-

ʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  

 

 
ʈʠʩʫʥʦʢ 9 ï  ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 10 ɸ.  
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ʈʠʩʫʥʦʢ 10 ï ɼʚʠʞʝʥʠʝ ʚʠʭʨʝʡ ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʘ ʠʟ ʟʦʥʳ ʪʝʯʝʥʠʷ 

 
ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʩʘʤʦʡ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 1 ʦʙ 

-1
 ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 1 

ʤ/ʩʝʢ ʥʘ ʚʭʦʜʝ ʚ ʟʦʥʫ ʪʝʯʝʥʠʷ, ʧʦʪʦʢ ʠʤʝʝʪ ʣʘʤʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʦ ʚ ʦʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʦʡ 1, 

ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʘ ʠʟ ʟʦʥʳ ʪʝʯʝʥʠʷ.  

ʅʘ ʨʠʩ. 10 ɸ-ɻ ʧʦʢʘʟʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʠʭʨʝʡ ʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʘ ʠʟ 

ʟʦʥʳ ʪʝʯʝʥʠʷ.  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʪʝʯʝ-

ʥʠʡ ʚʥʫʪʨʠ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ. ʅʘ ʨʠʩ. 11 ɸ-ɺ ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʩʫ-

ʰʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʌʦʨʤʘ ʢʘʥʘʣʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʝʢʪʦʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʇʦʩʣʝ ʩʢʦʨʦʩʪʝʡ ɸ, ʜʘʚʣʝʥʠʝ ɹ ʠ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ɺ ʚ  

ʢʘʥʘʣʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ 

 

ʅʘ ʨʠʩ. 11 ɸ ʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨʘ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʩʦʩʪʘʚʣʷʶʱʝʡ ʮʠʣʠʥʜʨʘ. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʪʝʯʝʥʠʷ (ʨʠʩ. 11 ɹ) ʚ ʮʝʣʦʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʟʦʥʝ 

ʪʝʯʝʥʠʷ. ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 11 ɺ) ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʢʘʟʘʥʥʦʝ.  

ɿʘʢʣʶʯʝʥʠʝ  

ʇʦʜʙʦʨ ʬʦʨʤʳ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʧʦʪʦʢʝ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ 

ʠʟ ʟʦʥʳ ʪʝʯʝʥʠʷ.  

ʈʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʘʥʘ-

ʣʘʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʦʨʤ ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʟʦʥʝ ʚʳʭʦʜʘ ʠʟ 

ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ.  

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ ʚ ʚʠʜʝ ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʩʝʢʪʦʨʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʥʦʩʘ ʚʣʘʛʠ ʟʘ ʧʨʝʜʝʣʳ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ ʫʣʴʪʨʘʟʚʫʢʘ.  

 


