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ɻ.ɸ. ɸʙʜʫʣʢʘʨʠʤʦʚʘ  

 

ʂ ɺʆʇʈʆʉʋ ʆ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʀ ʄɽʊʆɼʀʏɽʉʂʆʁ 

ʇʆɼɻʆʊʆɺʂʀ ɹʋɼʋʑʀʍ ʋʏʀʊɽʃɽʁ ʀʅʌʆʈʄɸʊʀʂʀ ɺ ʉɺʗɿʀ  

ʉ ʇɽʈɽʍʆɼʆʄ ʅɸ 12-ʃɽʊɽʅɽɽ ʆɹʈɸɿʆɺɸʅʀɽ  
 

(ʛ. ɸʣʤʘʪʳ, ʂʘʟʅʇʋ  ʠʤ.ɸʙʘʷ) 

 
ʄʘץʘʣʘʜʘ 12-ʞʳʣʜʳץ ʙʽʣʽʤ ʙʝʨʫʛʝ ʢᴇʰʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʤʝʣʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʞʦʣʜʘʨʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ᴄʜʽʩʪʝʤʝʣʽʢ 

ʧᴅʥʜʝʨ  ʞװʡʝʩʽ ʤʝʥ çʀʥʬʦʨʤʘʪʠʢʘʥʳ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽè ʢʫʨʩʳʥ 12 ʞʳʣʜʳץ ʤʝʢʪʝʧ װʰʽʥ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʜʘʡʳʥʜʘʫ װʣʝʩʽ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ 

ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ 12-ʣʝʪʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʩʠʩʪʝʤʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʠ ʚʢʣʘʜ ʢʫʨʩʘ çʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʠʥʬʦʨʤʘʪʠʢʠè ʚ ʤʝʪʦʜʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʜʣʷ 12-ʣʝʪʥʝʡ ʰʢʦʣʳ. 

The article considers ways to improve the methodical preparation of future teachers of 

computer science, involving the transfer of a 12-year education. We consider the system of 

disciplines and methodological contribution of the course "Methods of teaching computer 

science" in the methodical preparation of computer science teachers for a 12-year-old school. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʤסײʘʣʽʤʜʝʨʜʽ ᴅʜʽʩʪʝʤʝʣʽʢ ʜʘʡʳʥʜʘʫ, 12-ʞʳʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ, ʠʥʬʦʨʤʘʪʠʢʘʥʳ 

ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʫʯʠʪʝʣʷ, 12-ʣʝʪʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʤʝʪʦʜʠʢʘ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ 

Keywords: methodical training of the teacher, the 12-year education, methods of teaching computer 

science 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ ʥʝ ʤʦʛʫʪ ʥʝ ʦʪʨʘʟʠʪʴʩʷ  ʥʘ ʩʠʩʪʝʤʝ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʧʦ 

ʠʥʬʦʨʤʘʪʠʢʝ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʫʪʠ ʦʙʥʦʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ 12-ʣʝʪʥʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ: ʨʦʩʪ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʧʝʜʘʛʦʛʘ, 

ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʣʠʯʥʦʩʪʴ ʫʯʠʪʝʣʷ, ʝʛʦ ʨʘʟʚʠʪʠʝ ʠ ʩʘʤʦʨʘʟʚʠʪʠʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʘʧʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ - ʦʪ 

ʜʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʦ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʊʘʢʞʝ ʚʘʞʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʥʝʥʠʷ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʠ 

ʤʦʜʝʣʝʡ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʥʘʯʘʣʴʥʦʡ, ʩʨʝʜʥʝʡ ʠ ʧʨʦʬʠʣʴʥʦʡ ʰʢʦʣʝ, 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʢʫʨʩʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʤʥʦʛʠʭ ʧʝʜʘʛʦʛʦʚ ʢ ʨʝʰʝʥʠʶ ʚʩʪʘʶʱʠʭ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯ, 

ʦʪʩʪʘʚʘʥʠʝ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʦ ʚʦʟʤʦʞʥʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʚʫʟʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʚʠʜʷʪ ʢʘʢʠʝ ʪʨʫʜʥʦʩʪʠ ʠʩʧʳʪʳʚʘʝʪ ʤʦʣʦʜʦʡ ʫʯʠʪʝʣʴ ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʉʣʘʙʳʤʠ ʤʝʩʪʘʤʠ ʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʟʳʚʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʥʘʚʳʢʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠ ʦʩʤʳʩʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʚ 

ʦʙʫʯʝʥʠʠ ʠ ʚʦʩʧʠʪʘʥʠʠ ʫʯʘʱʠʭʩʷ ʠ ʥʝʛʦʪʦʚʥʦʩʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ. 
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ʈʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʮʝʣʦʤ ʠ ʢʫʨʩʘ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ ʚ 

ʯʘʩʪʥʦʩʪʠ. 

ɸʥʘʣʠʟʠʨʫʷ ʦʧʳʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʝ ʫʯʠʪʝʣʝʡ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ: 

¶ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; 

¶  ʩʦʮʠʘʣʴʥʘ ̫ʥʘʧʨʘʚʣʝʥʥʦʩʪ ɹʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ;  

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʫʯʝʙʥʳʭ ʩʠʪʫʘʮʠʡ, ʘʥʘʣʠʟ ʚʠʜʝʦʬʨʘʛʤʝʥʪʦʚ ʫʨʦʢʦʚ, ʰʢʦʣʴʥʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʧʨʘʢʪʠʢʫʤʳ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʧʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʘ. 

ɺ ʂʘʟʘʭʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ɸʙʘʷ 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʙʫʜʫʱʝʛʦ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʠʚʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʦʡ.  

ʋʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ çʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠè ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʟʫʯʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤʠ, ʫʞʝ ʧʦʣʫʯʠʚʰʠʤʠ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ, ʦʙʱʝʜʠʜʘʢʪʠʯʝʩʢʫʶ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʫ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʠ ʟʥʘʥʠʷ ʩʪʫʜʝʥʪʦʚ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʫʨʩʝ ʤʝʪʦʜʠʢʠ ʠ ʥʘʭʦʜʷʪ ʩʚʦʡ ʚʳʭʦʜ ʚ ʧʨʘʢʪʠʢʝ 

ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʦʪʚʝʜʝʥʦ ʠ 

ʜʠʩʮʠʧʣʠʥʘʤ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ çʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ c ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʘè, çʄʫʣʴʪʠʤʝʜʠʘ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠè, çʈʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘè, çʂʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʘʥʠʤʘʮʠʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠè. ʆʧʠʩʘʥʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʦʜʠʯʝʩʢʠʡ ʙʣʦʢ, ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʢʦʤʧʝʪʝʥʮʠʡ.  

ʉʪʘʥʜʘʨʪ 12-ʣʝʪʝʥʝʛʦ ʦʙʱʝʛʦ ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʦʝʢʪ) [1] ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʥʘʯʘʣʦ ʦʙʫʯʝʥʠʷ ʩ 6ʣʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʧʦʜʛʦʪʦʚʢʝ 

ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʢ ʨʘʙʦʪʝ ʩ ʤʣʘʜʰʠʤʠ ʰʢʦʣʴʥʠʢʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʭʦʜʝ 

ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʪʝʡ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʥʘʟʥʘʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʢʨʳʪʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʨʝʙʝʥʢʘ ʠ 

ʦʩʚʦʝʥʠʝ ʠʤ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʳʝ ʫʩʠʣʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʫʤʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʟʜʘʥʠ ʁʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʜʣʷ ʧʨʦʙʫʞʜʝʥʠʷ ʫ ʜʝʪʝʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʫʯʠʪʴʩʷ, ʧʦʠʩʢʫ çʥʦʚʦʛʦ ʟʥʘʥʠʷè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʣʦʛʘ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʘʤʦʢʦʥʪʨʦʣ ̫ ʠ ʩʘʤʦʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ, ʨʝʬʣʝʢʩʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [2, 3].  

ɺʘʞʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʙʫʜʫʱʠʭ 

ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ 

ʞʠʟʥʠ, ʚʳʧʦʣʥʷʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʧʦʟʠʪʠʚʥʦ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʩʝʙʷ ʠ ʦʢʨʫʞʘʶʱʠʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʝʪʦʜʠʯʝʩʢʠʝ ʜʠʩʮʠʧʣʠʥʳ ʩʪʘʚʪ̫ 

ʮʝʣʴʶ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʫʤʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʦʪʥʝʩʪʠʩʴ ʢ ʨʘʙʦʪʝ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʥʝ ʢʘʢ ʢ ʠʩʧʦʣʥʠʪʝʣʶ ʯʫʞʠʭ ʫʯʝʙʥʳʭ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʘ ʢʘʢ ʢ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʩʦʟʜʘʪʝʣʷ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʠ 

ʪʚʦʨʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʩ ʫʯʝʥʠʢʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʭ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 
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ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʟʘʜʘʯʘʤʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ 

ʷʚʣʷʶʪʩʷ: ʦʟʥʘʢʦʤʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʦʪʢʨʳʚʘʶʱʠʤʠʩʷ ʚ ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʪʠʢʝ 

ʰʢʦʣʴʥʠʢʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ; ʦʟʥʘʢʦʤʣʝʥʠʝ ʩʦ 

ʩʧʝʮʠʬʠʢʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʫʯʝʥʠʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʘ, 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʫʯʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʰʢʦʣʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʵʬʬʝʢʪʠʚʥʦ ʣʠʰʴ ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ 

ʩʪʫʜʝʥʪʦʚ ʚ ʦʩʚʦʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ.  

ʉʣʝʜʫʶʱʠʡ ʘʩʧʝʢʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʷ 

ʠʥʬʦʨʤʘʪʠʢʠ ʩʚʷʟʘʥ ʩ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʚʠʪʠʷ ʈʂ ʥʘ 2011-20-ʝ ʛʦʜʳ ʠ ʂʦʥʮʝʧʮʠʝʡ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ 2010-2015 ʛʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʶʪʩʷ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢ ʣʫʯʰʠʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʫʩʢʥʠʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʜʦʣʞʥʳ 

ʙʳʪʴ ʛʦʪʦʚʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʂʊ) ʚ 

ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ 

ʩʪʫʜʝʥʪʦʚ ʩ ʠʤʝʶʱʠʤʠʩʷ ʧʦ ʠʭ ʧʨʦʬʠʣʶ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ.  

ɻʦʚʦʨʷ ʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ 

ʥʝʣʴʟʷ ʥʝ ʟʘʪʨʦʥʫʪʴ ʚʘʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. ʅʘ ʬʘʢʫʣʴʪʝʪʝ 

ʩʣʦʞʠʣʘʩʴ ʩʠʩʪʝʤʘ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ: ʦʟʥʘʢʦʤʠʪʝʣʴʥʘʷ, 

ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʥʘ ʪʨʝʪʴʝʤ  ʢʫʨʩʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ  ʧʨʘʢʪʠʢʘ ʥʘ ʚʳʧʫʩʢʥʦʤ ʢʫʨʩʝ. 

ʇʨʘʢʪʠʢʘ ʚʢʣʶʯʘʝʪ: 

¶ ʧʦʩʝʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʫʨʦʢʦʚ ʫʯʠʪʝʣʝʡ ʰʢʦʣʳ, 

¶ ʦʩʚʦʝʥʠʝ (ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ) ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʨʦʢʘ 
(ʩʦʟʜʘʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʦʩʪʘʥʦʚʢʘ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ, ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʘʤʦʢʦʥʪʨʦʣʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʯʘʱʠʤʩʷ ʠ ʜʨ.), ʧʨʦʚʝʜʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʫʨʦʢʦʚ, 

¶ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʨʦʢʘ (ʩʠʩʪʝʤʳ ʫʨʦʢʦʚ) ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʫʟʘ; ʧʨʦʚʝʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʵʪʠʭ ʫʨʦʢʦʚ; ʨʘʙʦʪʘ ʧʦ ʪʝʤʘʤ ʜʠʧʣʦʤʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, 

¶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʙʥʳʭ ʫʨʦʢʦʚ ʩʪʫʜʝʥʪʘʤʠ.  

ɺ ʧʝʨʠʦʜ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ ʩʪʫʜʝʥʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʫʯʠʪʝʣʷ-ʧʨʝʜʤʝʪʥʠʢʘ, ʢʣʘʩʩʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ. ʀʤʝʥʥʦ ʩʧʦʩʦʙʥʦʩʪʴ  ʦʙʲʝʜʠʥʠʪʴ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʚʩʝ ʵʪʠ ʘʩʧʝʢʪʳ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʜʦʣʞʥʳ ʩʣʫʞʠʪ ɹʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʤʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʛʦʪʦʚʥʦʩʪʠ [4, 5]. 

ɺ ʫʯʝʙʥʳʡ ʧʣʘʥ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʀʥʬʦʨʤʘʪʠʢʘè ʚʢʣʶʯʝʥʳ 

ʵʣʝʢʪʠʚʥʳʝ ʢʫʨʩʳ. ʆʙʥʦʚʣʝʥʠʝ ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʦʚ ʩʚʷʟʘʥʦ ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʧʨʦʩʘʤʠ 

ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʢʫʨʩʦʚ ʧʦ ʚʳʙʦʨʫ ʥʦʩʠʪ ʚʘʨʠʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʦʩʢʦʣʴʢʫ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʦʪʨʘʞʘʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʰʢʦʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʢʫʨʩʳ, ʦʙʦʛʘʱʘʶʱʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʫʯʠʪʝʣʷ - 

çʀʩʪʦʨʠʷ ʠʥʬʦʨʤʘʪʠʢʠè, çʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠè, 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠè, çʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤè, çʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠè, çʇʨʘʢʪʠʢʫʤ ʧʦ ʨʝʰʝʥʠʶ ʦʣʠʤʧʠʘʜʥʳʭ ʟʘʜʘʯè, 
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ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʨʘʙʦʪʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʧʨʠʝʤʦʚ 

ʨʘʙʦʪʳ, ʫʤʝʥʠʶ ʚʝʩʪʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʥʬʦʨʤʘʪʠʟʘʮʠʶ 

ʦʙʫʯʝʥʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʧʝʨʝʦʩʤʳʩʣʝʥʠʶ ʣʦʛʠʢʠ, ʩʦʜʝʨʞʘʥʠʷ, 

ʩʪʨʫʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ʩ ʫʯʝʪʦʤ ʚʘʨʠʘʪʠʚʥʦʩʪʠ 

ʰʢʦʣʴʥʳʭ ʫʯʝʙʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʘʞʥʝʡʰʠʝ ʘʩʧʝʢʪʳ ʧʨʦʙʣʝʤʳ ʨʝʘʣʴʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʰʢʦʣʴʥʦʛʦ  

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʫʯʠʪʝʣʷ ʟʘ 

ʦʩʫʱʝʩʪʚʣʝʥʥʳʡ ʠʤ ʚʳʙʦʨ.  

ɽʱʝ ʦʜʠʥ ʧʫʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʠʢʦʚ ʠ ʨʝʩʫʨʩʦʚ, ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʳ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʟʘʜʘʥʠʷ, 

ʟʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʰʢʦʣʳ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʰʢʦʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʫʶʪ ʫʯʠʪʝʣʷ ʥʘ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚ ʥʘʫʢ, ʘ ʦʙʱʝʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. ɿʥʘʯʠʪ 

ʠ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʙʠʣʴʥʦʡ, ʨʘʟʥʦʩʪʦʨʦʥʥʝ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʡ ʥʘ ʧʦʩʪʦʷʥʥʦʝ 

ʠ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ.  
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ɻ.ɸ. ɸʙʜʫʣʢʘʨʠʤʦʚʘ  

 

ʇʈʆʌɽʉʉʀʆʃʆɻʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ 

ʇʆɼɻʆʊʆɺʂʀ ʇɽɼɸɻʆɻʀʏɽʉʂʀʍ ʂɸɼʈʆɺ ɺ ʆɹʃɸʉʊʀ 

ʀʅʌʆʈʄɸʊʀʂʀ 
 

(ʛ.ɸʣʤʘʪʳ, ʂʘʟʅʇʋ ʠʤʝʥʠ ɸʙʘʷ) 

 

ʀʥʬʦʨʤʘʪʠʢʘ ʩʘʣʘʩʳʥʜʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʢʘʜʨʣʘʨʜʳ ʜʘʡʳʥʜʘʫʜʳ 

ʧʨʦʬʝʩʩʠʷʣʦʛʠʷʣʳץ ʞʝʪʽʣʜʽʨʫ סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʢᴅʩʽʙʠ ʤʦʜʝʣʴʜʝʨʜʽ ʜʘʡʳʥʜʘʫʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ. 

ɽʛʝʨ ʦʩʳʥʜʘʡ ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ʜʘʡʳʥʜʳץ ʞװʨʛʽʟʽʣʩʝ, ʦʥʜʘ ʙײʣ ץʘʟʘץʩʪʘʥʜʳץ 

ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʪװʣʝʢʪʝʨʽʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʦʣʘʨʜʳש 

ʞײʤʳʩץʘ ʦʨʥʘʣʘʩʫʳʥʘ ʞᴅʥʝ ʙʽʨʳסשʘʡ ʝʚʨʦʧʘʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽʥ ײץʨʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʧʨʦʬʝʩʩʠʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ.  

ɽʩʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʛʦʪʦʚʢʫ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʪʦ ʵʪʦ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚ ʢʘʟʘʭʩʪʘʥʩʢʠʭ 

ʚʫʟʦʚ, ʠʭ ʪʨʫʜʦʫʩʪʨʘʠʚʘʝʤʦʩʪʴ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ - ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʜʠʥʦʛʦ ʝʚʨʦʧʝʡʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

Improving the training of teachers in computer science requires the development of 

scientific justification professiological model, which defines a new approach based on the 

experience of leading foreign universities and the parameters of the Bologna process.  

If you prepare on the basis of this model, it will contribute to the competitiveness of 

Kazakhstan universities graduates, their employability and as a consequence - the formation 

of a common European educational space.  

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʧʨʦʬʝʩʩʠʦʣʦʛʠʷ, ɹʦʣʦʥ װʨʜʽʩʽ, ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ, ʠʥʬʦʨʤʘʪʠʢʘ 

ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʙʘʢʘʣʘʚʨ.r 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʝʩʩʠʦʣʦʛʠʷ, ɹʦʣʦʥʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʙʘʢʘʣʘʚʨ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ. 

Keywords: professiologiya, the Bologna process, the educational program, the bachelor of 

education in computer science. 

 

ʈʘʟʚʠʪʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʩʪʘʥʦʚʣʝʥʠʷ ʦʙʱʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʟʥʘʥʠʷʭ ʠ ʦʙʫʯʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʝʛʦ ʨʝʟʫʣʴʪʘʪ. ɺʳʩʰʝʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʝʢʫʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʬʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ.  

ɹʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʧʨʦʩʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʘʙʦʪʦʜʘʪʝʣʷ ʩʝʛʦʜʥʷ ʥʝ ʪʘʢ ʣʝʛʢʦ. ʇʦʤʠʤʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ ʫ ʚʳʧʫʩʢʥʠʢʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʭʦʨʦʰʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ. 

ɹʫʜʫʱʠʡ ʫʯʠʪʝʣʴ ʜʦʣʞʝʥ ʫʚʝʨʝʥʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʦʤ, ʚʣʘʜʝʪʴ ʢʘʢ ʤʠʥʠʤʫʤ 

ʦʜʥʠʤ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ. ɺʘʞʥʳʤʠ, ʧʦ ʤʥʝʥʠʶ ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʣʠʯʥʳʝ ʢʘʯʝʩʪʚʘ ï ʘʜʘʧʪʠʚʥʦʩʪʴ, ʤʦʙʠʣʴʥʦʩʪʴ, ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʙʫʯʝʥʠ,̫ ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʘʢʘʣʘʚʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ, ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ  ʟʥʘʯʠʤʦʩʪʴ ʦʩʚʦʝʥʥʦʡ ʠʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʜʣʷ ʝʝ ʚʥʝʰʥʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ.  
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ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʥʦʚʦʝ ʥʘʫʯʥʦʝ ʟʥʘʥʠʝ ʦ ʧʨʦʬʝʩʩʠʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʙʘʢʘʣʘʚʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʦʪʨʘʟʠʪʴ ʝʝ (ʤʦʜʝʣʴ) ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʭ ʧʦʜʛʦʪʦʚʢʠ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʩʪʫʜʝʥʪʳ ʦʩʚʘʠʚʘʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʦʙʣʝʤʘʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ.  

ʇʨʦʙʣʝʤʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʢʘʪʝʛʦʨʠʝʡ, ʦʥʘ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʬʠʣʦʩʦʬʘʤʠ, ʩʦʮʠʦʣʦʛʘʤʠ, 

ʵʢʦʥʦʤʠʩʪʘʤʠ, ʧʩʠʭʦʣʦʛʘʤʠ ʠ ʧʝʜʘʛʦʛʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʫʜʫʱʠʭ 

ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʦ ʚʩʝʤ ʤʠʨʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʧʨʦʮʝʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂʊ, ʚʥʦʩʷʪʩʷ ʙʦʣʴʰʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʠʭ ʨʘʟʚʠʪʠʝ. 

ʇʦʵʪʦʤʫ ʙʫʜʫʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ 

ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʱʠʭʩʷ  ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ.  

ɺ ʦʙʣʘʩʪʠ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʩʣʦʞʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʫʯʠʪʝʣʷ. ʆʜʥʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʩʪʘʥʦʚʣʝʥʠʝ ʩ ʧʦʟʠʮʠʠ ʣʠʯʥʦʩʪʠ 

ʧʝʜʘʛʦʛʘ, ʜʨʫʛʠʝ - ʩ ʧʦʟʠʮʠʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʨʝʪʴʠ - ʩ ʧʦʟʠʮʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʷ ʚ ʚʫʟʝ. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʩʥʦʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʫʯʠʪʝʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʖ.ʂ. ɹʘʙʘʥʩʢʦʛʦ, ɺ.ʀ. ɿʘʛʚʷʟʠʥʩʢʦʛʦ 

ʅ.ɼ. ʍʤʝʣʴ.  

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʛʦʪʦʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʨʫʜʘʭ 

ɺ.ɸ.ʉʣʘʩʪʝʥʠʥʘ, ʂ.ʂ.ʂʦʣʠʥʘ, ɺ.ʄ.ʄʦʥʘʭʦʚʘ, ɻ.ʂ.ʅʫʨʛʘʣʠʝʚʦʡ,  ʠ ʜʨ. 

ɺʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ, 

ʝʛʦ ʛʦʪʦʚʥʦʩʪʠ ʢ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʦʙʥʦʚʣʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ ɸ.ɸ.ʂʫʟʥʝʮʦʚʘ, 

ʄ.ʇ. ʃʘʧʯʠʢʘ, ɺ.ɺ.ɻʨʠʥʰʢʫʥʘ. 

ʇʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʫʯʠʪʝʣʷ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʦʮʠʘʣʴʥʦ- ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʠʟʫʯʝʥʳ ʄ.ʄ. ɸʥʮʠʙʦʨ, ɺ.ʗ. ʃʷʫʜʠʩ, ʅ.ɺ. ʂʫʟʴʤʠʥʦʡ, ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʦʥʠ ʚʳʷʚʣʷʶʪ ʠ 

ʠʟʫʯʘʶʪ ʩʪʨʫʢʪʫʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʣʠʯʥʦʩʪʠ ʫʯʠʪʝʣʷ. 

ɺʦʧʨʦʩʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ G.Moskowitz, E.W.Stewick, D.Yule.  

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʫʯʝʥʳʝ ʠʟʫʯʘʶʪ 

ʦʪʜʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʝʝ ʯʘʩʪʥʳʭ ʚʠʜʦʚ ï ʣʠʯʥʦʩʪʥʫʶ, 

ʧʨʝʜʤʝʪʥʫʶ, ʤʝʪʦʜʠʯʝʩʢʫʶ ʠ ʜʨ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʚʫʟʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ɹʦʣʦʥʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɹʣʘʛʦʜʘʨʷ ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʢʨʝʜʠʪʥʦʡ ʩʠʩʪʝʤʝ 

ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ 

ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ [1].  

ʉ ʧʦʤʦʱʴʶ ʤʦʜʫʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ 

ʦʙʫʯʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʪʝʨʝʩʘʤʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ.  
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠ ʚʫʟʘʤ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʳʥʢʘ ʪʨʫʜʘ ʠ ʛʠʙʢʦ 

ʧʨʠʚʦʜʠʪʴ ʤʦʜʫʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ [2].  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʝ ʨʘʟʨʘʙʦʪʢʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʘʨʘʤʝʪʨʳ ɹʦʣʦʥʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʦʙʦʙʱʘʶʱʝʛʦ  ʭʘʨʘʢʪʝʨʘ [1,2].  

ɺ ʮʝʣʷʭ ʠʥʪʝʛʨʘʮʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʈʂ ʚʚʝʜʝʥʘ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʥʦʚʣʷʶʪʩʷ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʙʱʝʦʙʷʟʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʦʙʨʘʟʦʚʘʥʠʷ  

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ ʧʝʨʝʯʥʠ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘʢʦʧʣʝʥ ʦʧʳʪ ʘʢʢʨʝʜʠʪʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʠʟʥʘʥʥʳʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʘʛʝʥʪʩʪʚʘʤʠ, ʘʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ 

ʦʙʤʝʥʘ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ [3].  ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʪʨʝʙʫʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ.  

ɺ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʚʫʟʘʭ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʙʘʢʘʣʘʚʨʠʘʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʢ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʪʩʫʪʩʪʚʫʶʪ ʯʝʪʢʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʤʫ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤʫ, ʢʘʜʨʦʚʦʤʫ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ  ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ [3]. 

ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ.  

ʇʨʠ ʧʨʦʬʝʩʩʠʦʣʦʛʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʦʜʛʦʪʦʚʢʠ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʘ ʚʳʩʪʫʧʘʝʪ, ʢʘʢ ʢʦʤʧʣʝʢʩ ʫʤʝʥʠʡ ʨʝʰʘʪʴ 

ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ. ɺ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʤʥʦʛʠʝ ʥʘʫʢʠ ʦ 

ʯʝʣʦʚʝʢʝ, ʦʙʱʝʩʪʚʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠ ʦʙʨʘʟʦʚʘʥʠʠ: ʪʝʦʨʠʷ ʩʠʩʪʝʤ, ʬʠʣʦʩʦʬʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʜʘʛʦʛʠʢʘ, ʧʩʠʭʦʣʦʛʠʷ, ʩʦʮʠʦʣʦʛʠʷ, ʵʢʦʥʦʤʠʢʘ ʠ ʜʨ.  

ɼʠʘʣʝʢʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʠʥʪʝʛʨʘʮʠʶ ʥʘʫʯʥʳʭ 

ʟʥʘʥʠʡ ʠ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʨʘʟʜʝʣʳ ʧʨʦʬʝʩʩʠʦʣʦʛʠʠ: ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʨʦʬʝʩʩʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʧʨʦʬʝʩʩʠʦʛʨʘʬʠʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʦʪʙʦʨ ʨʳʥʢʦʤ ʪʨʫʜʘ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ. [4]. 

ɹʘʟʦʚʳʝ ʜʠʩʮʠʧʣʠʥʳ ʧʨʦʬʝʩʩʠʦʣʦʛʠʠ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʠʜʘʢʪʠʢʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀʭ ʝʜʠʥʩʪʚʦ, ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʠ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʱʥʦʩʪʠ ʬʝʥʦʤʝʥʘ ʧʨʦʬʝʩʩʠʠ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [5, 6, 7]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʦʧʳʪ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʝʜʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʚʨʦʧʝʡʩʢʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʚʦʜʘ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʢʨʝʜʠʪʦʚ ECTS. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʚʳʧʫʩʢʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʘʣʴʥʳʭ 

ʪʨʝʙʦʚʘʥʠʷʭ ʨʳʥʢʘ ʪʨʫʜʘ, ʧʨʠʯʝʤ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ.  

ʇʨʦʬʝʩʩʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ. ʄʦʜʝʣʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ  ʜʠʥʘʤʠʯʥʘ, ʤʥʦʛʦʛʨʘʥʥʘ ʠ ʤʥʦʛʦʘʩʧʝʢʪʥʘ, ʦʥʘ ʤʝʥʷʝʪʩʷ 
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ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʦʙʱʝʩʪʚʝ ʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʉʪʨʫʢʪʫʨʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʜʦʣʞʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ, 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 
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ɾ.ʉ. ɸʙʫʙʘʢʠʨʦʚʘ  

 

ɹʆʃɸʐɸפ ʄɸʄɸʅɼɸʈ ɼɸʗʈʃɸʋɼɸ נʓʃʓʄʀ ʊɸʅʓʄ ᴄɼɯʉʊɽʈɯʅ 

ʀɻɽʈʋɯʅɽ ʓפʇɸʃ ɽʊɽʊɯʅ ʆפʋ- ᴄʈɽʂɽʊɯʅ ױʁʓʄɼɸʉʊʓʈʋ 

ʄᴄʉɽʃɽʃɽʈɯ 

 
(ɸʣʤʘʪʳ Ϩ., ɸʙʘʡ ʘʪʳʥʜʘϤʳ ϧʘʟϯʇʋ) 

 
ɾײʤʳʩʪʘ ʩʪʫʜʝʥʪʪʽש ʙʦʣʘʰʘץ ʤʘʤʘʥʜʳסʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ, ʢᴅʩʽʧʪʽʢ ʙʽʣʽʢʪʽʣʽʛʽʥ 

ʜʘʤʳʪʫ, ײץʟʽʨʝʪʪʽ ʤʘʤʘʥʜʘʡʳʥʘʫ װʰʽʥ ʦץʳʪʫʜʳש ʞʘשʘ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩ- ʪᴅʩʽʣʜʝʨʽ 

 ʥʝʛʽʟʛʽ שʬʠʟʠʢʘ ʤʘʤʘʥʜʘʨʳʥ ʜʘʷʨʣʘʫʜʳ ץʽʰʽʥʜʝ ʙʦʣʘʰʘ שʘʥ. ʉʦʥʳסʘʨʘʩʪʳʨʳʣץ

ʤʽʥʜʝʪʪʝʨʽ ʘʡץʳʥʜʘʣסʘʥ. נʳʣʳʤʠ ʪʘʥʳʤʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʩʪʫʜʝʥʪʪʝʨʜʽש 

ʪʠʷʥʘץʪʳ ʙʽʣʽʤʽʥʽש ʥᴅʪʠʞʝʩʽ  ʦʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ᴇʤʽʨʣʽʢ  ײʩʪʘʥʳʤʳʥ, ʢᴇʟץʘʨʘʩʳ ʤʝʥ 

ʥʘʥʳʤʳʥ ʪᴅʨʙʠʝʣʝʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʳʧ ʢʝʣʪʽʨʛʝʥ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʩʪʫʜʝʥʪʦʚ, ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʠʦʥʘʣʴʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʡ,ʧʦʛʦʪʦʚʢʠ 

ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ ʫʪʦʯʥʝʥʳ ʦʩʥʦʚʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 

ʙʫʜʫʱʠʭ ʬʠʟʠʢʦʚ. ɺ ʮʝʣʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʨʝʟʫʣʴʪʘʪ ʫʩʪʦʡʯʠʚʠʚʦʛʦ  

ʟʥʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʩʚʷʟʘʥʦ ʩ ʚʦʩʧʠʪʘʥʠʝʤ ʠʭ ʘʢʪʠʚʥʳʭ ʞʠʟʥʝʥʥʳʭ ʧʦʟʠʮʠʡ, ʚʟʛʣʷʜʦʚ ʠ 

ʫʙʝʞʜʝʥʠʡ. 

In this work was considered new forms and methods of teaching in order to optimize 

future professions of students, development of professional qualifications and preparation of 

competent professionals. Including specified the basic responsibilities of future physicists. In 



11 

 

order to generate the result of a scientific knowledge of students related with their active 

attitudes and opinions. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʪʘʥʳʤ, ᴅʜʽʩ, ʪᴅʩʽʣ, ʵʢʩʧʝʨʠʤʝʪ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʟʥʘʥʠʝ, ʤʝʪʦʜ, ʩʧʦʩʦʙ, ʵʢʩʧʝʨʠʤʝʥʪ 

Keywords: Knowledges, Method, Way, Experiment 

 

  ,ʘ ʜʝʡʽʥʛʽ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫסʞʳʣ 2015 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ᴅʣʝʤʜʝ ʙʦʣʳʧ ʞʘʪץʘʥ ʥʝʛʽʟʽ ʞʘשʘʣʳץʪʘʨʤʝʥ 

 שʳʥʳסʘʤʜʘʩʪʳסʦץ ץʧʝʜʦʛʦʛʠʢʘʣʳ שʩʘʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʝʣʽʤʽʟʜʽץʰʪʘʩʪʳʨʫ ʤʘײ

ʘʣʜʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʘ ʩʘʧʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫ ʤᴅʩʝʣʝʣʝʨʽ ʥʘץʪʳ ʢᴇʨʩʝʪʽʣʜʽ. 

ʉʦסʘʥ ʩᴅʡʢʝʩ ʪײʞʳʨʳʤʜʘʤʘʜʘ ʙʽʣʽʤ ʩʘʷʩʘʪʳʥʳש ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽ ʨʝʪʽʥʜʝ ʢᴅʩʽʧʪʽʢ 

ʜʘʷʨʣʘʫʜʳש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ, ʙʽʣʽʤʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽס שʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ 

ʞװʡʝʩʽʥ ʜʘʤʳʪʫ, ʦץʳʪʫʜʳש ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ,  ʙʽʣʽʤʜʝʛʽ 

ʞʘשʘʰʳʣʜʳץʪʳ ʩʘʨʘʣʘʫ ʞᴅʥʝ ץʘʟʽʨʛʽ ʟʘʤʘʥ ʪʝʭʥʠʢʘʩʳ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʦסʘʨʳ 

ʜʝשʛʝʡʜʝ ץʦʣʜʘʥʘ ʙʽʣʫ ʘʪʘʧ ʢᴇʨʩʝʪʽʣʜʽ [1].    

ʉʦʥʜrץʪʘʥ, ʞʦסʘʨʳ ʤʝʢʪʝʧ ʧʝʜʘʛʦʛʠʢʘʩʳʥʳש ʢװʨʜʝʣʽ ʜʝ ʤʘשʳʟʜʳ ʙʽʨ ʤᴅʩʝʣʝʩʽ - 

ʩʪʫʜʝʥʪʪʽ ʙʦʣʘʰʘץ ʤʘʤʘʥʜʳסʳʥʘ ʦשʪʘʡʣʘʥʜʳʨʫ, ʦʥʳש ʢᴅʩʽʧʪʽʢ ʙʽʣʽʢʪʽʣʽʛʽʥ ʜʘʤʳʪʫ, 

ʽʩʢʝʨ ʞᴅʥʝ ײץʟʽʨʝʪʪʽ ʤʘʤʘʥ ʜʘʡʳʥʜʘʫ. ʄײʥʜʘʡ ʤʘʤʘʥ ʜʘʡʳʥʜʘʫ װʰʽʥ ʙʽʣʽʤ ʙʝʨʫ 

 .ʘʞʝʪץ ʘ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʽʥ ʞʝʪʽʣʜʽʨʫשʞʘ שʳʪʫʜʳץʜʝʨʽʩʽʥ ʙʝʣʩʝʥʜʽʨʫ, ʦװ

ʆץʫ װʜʝʨʽʩʽʥ ʙʝʣʩʝʥʜʽʣʝʥʜʽʨʫ װʰʽʥ ʪʠʷʥʘץʪʳ ʙʽʣʽʤ ʙʝʨʫʜʽש ʞʦʣʜʘʨʳʥ ץʘʨʘʩʪʳʨʫ, 

ʩʪʫʜʝʥʪʪʝʨʜʽש ʰʳסʘʨʤʘʰʳʣʳץ ʦʡʣʘʫʳʥʘ, ʽʟʜʝʥʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʫ ץʘʞʝʪ. 

ʊʘʥʳʤ ᴇʪʝ ʢװʨʜʝʣʽ, ץʘʡʰʳʣʳץץʘ ʪʦʣʳ, ײʟʘץץʘ ʩʦʟʳʣסʘʥ ʧʨʦʮʝʩʩ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳ 

ʽʩʢʝ ʘʩʳʨʫ ʙʘʨʳʩʳʥʜʘ ʪװʨʣʽ ᴅʜʽʩʪʝʨ ʤʝʥ ʪᴅʩʽʣʜʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝש ʤʘסʳʥʘʜʘ ᴅʜʽʩ 

ʜʝʛʝʥʽʤʽʟ ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ʪʘשʜʘʧ ʘʣʳʥסʘʥ ʞʦʣ, ץʦʣʜʘʥʳʣʘʪʳʥ 

ʪᴅʩʽʣʜʝʨʜʽש ʞʠʳʥʪʳסʳ. נʳʣʳʤʠ ʪʘʥʳʤ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫʜʳש ʙʘʩʪʳ ʤʘץʩʘʪʳ - ʰʳʥʘʡʳ, 

ʘץʠץʘʪ ʙʽʣʽʤʛʝ ץʦʣ ʞʝʪʢʽʟʫ. נʳʣʳʤʠ ʪʘʥʳʤʥʳש ᴅʜʽʩʪʝʨʽ ᴇʪʝ ʢᴇʧ, ᴅʨʽ ʩʘʥ - ʩʘʣʘʣʳ, ʩʝʙʝʙʽ 

ʪʘʥʳʧ ʙʽʣʫʜʽש ʦʙʲʝʢʪʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳץ ʞᴅʥʝ ʨʫʭʘʥʠ ʜװʥʠʝʥʽש ᴇʟʽ ʢᴇʧ 

ʩʘʣʘʣʳ. ɼʝʛʝʥʤʝʥ, סʳʣʳʤʠ ʪʘʥʳʤʥʳש ʙʘʨʣʳץ ᴅʜʽʩʪʝʨʽʥ ʰʘʨʪʪʳ ʪװʨʜʝ װʰ ʪʦʧץʘ ʙᴇʣʫʛʝ 

ʙʦʣʘʜʳ:  

ï ʞʘʣʧʳʣʘʤʘ ʜʠʘʣʝʢʪʠʢʘʣʳץ ᴅʜʽʩ; ʙײʣ ᴅʜʽʩ ʙʘʨʣʳץ ʞʘץʪʘʨʳʥ ʟʝʨʪʪʝʫʛʝ ʞᴅʥʝ ʪʘʥʳʤ 
ʧʨʦʮʝʩʽʥʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ;  

ï ʞʘʣʧʳ סʳʣʳʤʠ ᴅʜʽʩʪʝʨ; ʙײʣʘʨ סʳʣʳʤʥʳש ʙʘʨʣʳץ ʩʘʣʘʩʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥʳʤʝʥ, 
ʪʘʥʳʤ ʧʨʦʮʝʩʽʥʽש ʙʘʨʣʳץ ʢʝʟʝשʽʥʜʝ ץʦʣʜʘʥʳʣʘ ʙʝʨʤʝʡʜʽ; 

ï ʞʝʢʝʰʝ ᴅʜʽʩʪʝʨ; ʙײʣ ᴅʜʽʩʪʝʨ ʥʘץʪʳ ײץʙʳʣʳʩʪʘʨʜʳ ʙʽʨ סʳʣʳʤʥʳש ʰʝשʙʝʨʽʥʜʝ 

ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣʳʧ ײץʨʳʣʘʜʳ. 

 שʰʽʥ ʪʘʥʳʤʥʳװ ʘʨʘʩʪʳʨʫץ ʨʣʝʨʽʥװʞʘʣʧʳ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪ שʳʣʳʤʠ ʪʘʥʳʤʥʳנ

ʵʤʧʠʨʠʘʣʳץ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʜʝשʛʝʡʣʝʨʽʥ ʘʞʳʨʘʪץʘʥ ʜײʨʳʩ, ʩʝʙʝʙʽ ᴅʨ ʜʝשʛʝʡʜʽש ᴇʟʽʥʜʽʢ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽ ʙʘʨ. ʕʤʧʠʨʠʷʣʳץ ʜʝשʛʝʡʜʝ ʪʘʥʳʤ ʦʙʲʝʢʪʽʩʽʥʽץ שʘʩʠʝʪʪʝʨʽ 

ʤʝʥ ץʳʨʣʘʨʳ ʩʝʟʽʤʜʽʢ ץʘʙʽʣʝʪ ʪװʨסʳʩʳʥʘʥ ץʘʙʳʣʜʘʥʘʜʳ. ʊʝʦʨʠʷʣʳץ ʜʝשʛʝʡʜʝ ʪʘʥʳʤ 

ʦʙʲʝʢʪʽʩʽʥʽש ʤʘשʳʟʜʳ ʙʘʡʣʘʥʳʩʪʘʨʳ  ʤʝʥ ʟʘשʜʳʣʳץʪʘʨʳ ʪᴅʞʽʨʠʙʝ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ 

ʙʽʣʽʤʤʝʥ ץʦʩʘ ʘʙʩʪʨʘʢʪʽʣʽ ʦʡʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʪײʞʳʨʳʤʜʘʣʘʜʳ.  נʳʣʳʤʠ ʪʘʥʳʤʥʳש 

ʵʤʧʝʨʠʷʣʳץ ʜʝשʛʝʡʽʥʜʝ ʢʝץ שʦʣʜʘʥʳʣʘʪʳʥ ʝץ שʘʨʘʧʘʡʳʤ ᴅʜʽʩ ï ʙʘץʳʣʘʫ. ɹʘץʳʣʘʫʜʳש 

ʤᴅʥʽ ï ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʤʝʨʟʽʤ ʘʨʘʣʳסʳʥʜʘ ʥʳʩʘʥʘʣʳ ײʡʳʤʜʘʩץʘʥ ʪװʨʜʝ 

ʞװʡʝʣʽ ʙʘץʳʣʘʡ ʦʪʳʨʳʧ, ʦʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ץʘʜʘסʘʣʘʫ. ʂʝʣʝʩʽ ᴅʜʽʩ ï ʵʢʩʧʝʨʠʤʝʥʪ ï 

 ʘʞʳʣʳץ ,ʣʢʝʥ ʽʟʜʝʥʽʩװ ʽʩʽʥʝשʞʝ שʳʣʳʤʠ ʪʘʥʳʤʥʳנ .ʳʣʳʤʠ ʪᴅʞʽʨʠʙʝ ʜʝʧ ʘʪʘʣʘʜʳס

ʝשʙʝʢ, ʰʳʜʘʤʜʳʣʳץ, ʪʝʨʝש ʙʽʣʽʤ ʞʝʪʢʽʟʝʜʽ. 

ʊʘʙʠסʘʪ ʧʝʥ ץʦסʘʤʥʳס שʳʣʳʤʠ ʙʝʡʥʝʣʝʨʽʥ ʦץʳʪʫ ʘʨץʳʣʳ ᴅʣʝʤʥʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ 

 ʳʣʳʤʠ ʪʘʥʳʤʜʳס ʪʘʥץʘʣʳʧʪʘʩʪʳʨʳʣʘʪʳʥʳ ʙʝʣʛʽʣʽ. ʉʦʥʜʳץ ʳʣʳʤʠ ʪʘʥʳʤʳס

ʤᴅʥ ï שʞᴅʥʝ ʪʝʦʨʠʷʣʘʨʜʳ שʜʘʨʜʳשʟʘ ,שʘʞʝʪʪʽ ʙʘʩʪʳ ʧʨʠʥʮʠʧʪʝʨʜʽץ ʘסʘʣʳʧʪʘʩʪʳʨʫץ

ʤʘסʳʥʘʩʳʥ ʩʘʨʘʣʘסʘʥʜʘ, ʦʣʘʨʜʳש ᴅʣʝʤʥʽס שʳʣʳʤʠ ʙʝʡʥʝʩʽʥ ʜʘʤʫʳʥʜʘסʳ ʨᴇʣʽʥʝ ʩװʡʝʥʫ 
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ʢʝʨʝʢ. ʆʩʳסʘʥ ʦʨʘʡ, ᴅʣʝʤʥʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ סʳʣʳʤʠ ʪʘʥʳʤʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʜʘסʳ ץʘʡ 

ʢʝʟʝשʥʽש, ʪװʙʽʨʣʽ ᴇʟʛʝʨʽʩʪʽש ʬʠʟʠʢʘʥʳץ שʘʥʜʘʡ  ʥʝʛʽʟʛʽ ʪʝʦʨʠʷʣʘʨʳ ʤʝʥ ʟʘשʜʘʨʳʥʘ 

ʪᴅʫʝʣʜʽ ʝʢʝʥʜʽʛʽ ʘʡץʳʥʜʘʣʘʜʳ. 

ʌʠʟʠʢʘ סʳʣʳʤʳʥʳש  ʙʘʩʪʘʫʳ- ʟʘʪʪʳש ʘʪʦʤʜʳײץ ץʨʳʣʳʤʳ ʞᴇʥʽʥʜʝʛʽ ʝש ʘʣסʘʰץʳ 

ʜײʨʳʩ ʙʦʣʞʘʤʜʘʨ ʞʘʩʘסʘʥ ʝʞʝʣʛʽ ʬʠʣʦʩʦʬʪʘʨ ɼʝʤʦʢʨʠʪ, ʕʧʠʢʫʨʜʳש ʝʩʽʤʜʝʨʽʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ʆʣʘʨʜʳש, ᴅʩʽʨʝʩʝ ɼʝʤʦʢʨʠʪʪʽש ʜװʥʠʝʛʝ ʘʪʦʤʜʳץ ʢᴇʟץʘʨʘʩʳ ʢʝʣʝʩʽ ʞװʡʝʣʽ, 

ʪʝʨʝש ʤʘʟʤײʥʜʳ ץʘסʠʜʘʣʘʨʜʘʥ  ײץʨʳʣʜʳ:  

ï ʙʘʨʣʳץ ʥᴅʨʩʝʣʝʨ ʘʪʦʤʜʘʨʜʘʥ ʪײʨʘʜʳ;  

ï ʘʪʦʤʜʘʨ ʩʘʧʘʣʳץ ʞʘסʳʥʘʥ ʝʤʝʩ, ʪʝʢ ʰʘʤʘʩʳ ʤʝʥ ʪװʨʽ ʞʘסʳʥʘʥ ʝʨʝʢʰʝʣʝʥʝʜʽ; 

ï ʘʪʦʤʜʘʨ ʞʦסʘʣʳʧ ʢʝʪʧʝʡʜʽ ʞᴅʥʝ ᴇʟʜʽʛʽʥʝʥ ʧʘʡʜʘ ʙʦʣʤʘʡʜʳ, ʦʣʘʨ װʟʜʽʢʩʽʟ 

  ;ʘʣʳʩʪʘ ʙʦʣʘʜʳסʦʟץ

ï ʪʘʙʠסʘʪʪʘסʳ ʙʘʨʣʳײץ ץʙʳʣʳʩʪʘʨ ʘʪʦʤʜʘʨʜʳץ שʦʟסʘʣʳʩʳ ʤʝʥ ʦʣʘʨʜʳש ᴅʨ ʪװʨʣʽ 
  ;ʥᴅʪʠʞʝʩʽ שʦʩʳʣʳʩʪʘʨʳʥʳץ

ï ʤʘʪʝʨʠʘʣʜʳ ʝʤʝʩ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʦʙʴʝʢʪʽʣʝʨ ʙʦʣʤʘʡʜʳ [2].     

ɹʦʣʘʰʘץ   ʬʠʟʠʢʪʝʨʜʽ  ʜʘʷʨʣʘʫʜʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽ ʘʡץʳʥʜʘʣʘʜʳ: ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʜʝשʛʝʡʽʥ ʩʘʨʘʣʘʫ, ץʦʣʜʘʥʙʘʣʳ ʢʫʨʩʪʘʨʜʳ  ʦץʳʪʫ, ʞʘשʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʞᴅʥʝ  ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, ʦץʳʪʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʘʨץʳʣʳ ʙʽʣʽʢʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ʜʘʤʳʪʫ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ   ʬʠʟʠʢʘʥʳ ʦץʳʪʫסʘ 

ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʜʘʷʨʣʘʫʜʳש  ʢᴅʩʽʧʪʽʢ ʙʘסʜʘʨʣʘʥסʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽʥʽש ʤʦʜʝʣʽ 

ʞʘʩʘʣʫʳ ץʘʞʝʪ. ᴄʜʽʩʪʝʤʝʣʽʢ װʣʛʽ ᴅʜʝʙʠʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʬʠʟʠʢʘʣʳץ ʙʽʣʽʤʥʽש ʜʘʤʫʳʥʳש 

ʟʘʤʘʥʘʫʠ ʜʝשʛʝʡʽ, ʽʨʛʝʣʽʣʽʢ, סʳʣʳʤʠʣʳץ, ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ, ʠʥʪʝʛʨʘʮʠʷ, ʦץʳʪʫʜʳש 

ʢᴅʩʽʧʪʽʢ ʙʘסʳʪʪʳʣʳסʳ ʩʠʷץʪʳ ʧʨʠʥʮʠʧʪʝʨʛʝ ʥʝʛʽʟʜʝʣʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʢᴅʩʽʧʢʝ ʙʘסʳʪʪʳʣʘʫʜʘסʳ ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʝʩʢʝʨʽʣʽʧ 

 ʘץʪʘʨʳ ʪʘʣʘʧץʟʳʨʣʳײץ ʢᴅʩʽʧʪʽʢ שʬʠʟʠʢʪʝʨʜʽ  ץʘʥʘ ʙʦʣʘʰʘס ʜʘʡʜʘסʨʳʣʘʜʳ. ʉʦʥʜʘʡ ʞʘײץ

ʩʘʡ  ץʘʣʳʧʪʘʩʳʧ, ʝʨʢʽʥ ʜʘʤʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʪʫʘʜʳ. ʉʦסʘʥ ʩᴅʡʢʝʩ ʘʪʘʣʤʳʰ ʧʨʠʥʮʠʧʪʝʨ  

ʬʠʟʠʢʘ ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ  ʙʘʢʘʣʘʚʨʠʘʪʪʘ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʘʩʳʨʳʣʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ: 

ï ʽʨʛʝʣʽʣʽʢ ʧʨʠʥʮʠʧʢʝ סʳʣʳʤʠ ʙʽʣʽʤʥʽש ʥʝʛʽʟʽ ʙʦʣʘʪʳʥ ʪʝʦʨʠʷʣʳײץ  ץʨʘʫʰʳʣʘʨʜʳ 

ʙʝʡʥʝʣʝʫ ʘʨץʳʣʳ ʬʠʟʠʢʘʣʳץ  ʙʽʣʽʤʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʞװʡʝʩʽʥ ʤʝשʛʝʨʫʜʝ  ʦʡʣʘʫ- 

ʪײʞʳʨʳʤʜʘʫ ץʘʙʽʣʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʫ; 

ï  çʌʠʟʠʢʘè ʦץʫ ʧᴅʥʜʝʨʽʥʽש ʤʘʟʤײʥʳʥ ʙʝʡʥʝʣʝʥʫ ʩᴅʡʢʝʩʪʽʣʽʛʽʥ ʢᴇʟʜʝʫ; 

ï ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʳ ʩʘץʪʘʫ ʧʨʠʥʮʠʧʽ ʦץʳʪʫ ʤʘʟʤײʥʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥʝ 

 ;ʙʝʡʥʝʣʝʥʫʽʥ ʢᴇʟʜʝʫ שʙʘʡʣʘʥʳʩʪʘʨʜʳ ץʳʣʳʤʘʨʘʣʳס

ï ʢᴅʩʽʧʪʽʢ ʙʘסʳʪʪʘʣʫ ʧʨʠʥʮʠʧʽ çʌʠʟʠʢʘè ʧᴅʥʽʥʽש ʤʘʟʤײʥʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳ װʰʽʥ 
ʢᴅʩʽʧʪʽʢ ʤʘשʳʟʜʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʢᴇʨʽʥʽʩ ʪʘʙʫʳʥ ʢᴇʟʜʝʫ. 

ɹײʣ ʧʨʠʥʮʠʧʪʝʨʜʽ ʤʘʛʠʩʪʨʘʪʫʨʘʜʘ ʙʳʣʘʡʰʘ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ: 

ï ʽʨʛʝʣʽʣʽʢ ʧʨʠʥʮʠʧʽ סʳʣʳʤʠ ʙʽʣʽʤʥʽש ʥʝʛʽʟʽʥ ײץʨʘʡʪʳʥ  ʪʝʦʨʠʷʣʳײץ  ץʨʘʫʰʳʣʘʨʤʝʥ 

 ʪʳץʘʥ ʙʽʣʽʤʜʽ  ʥʘסʥʠ ʘʣʳʥסʨʘʫʰʳʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳ, ʷײץ ץʧʨʘʢʪʠʢʘʣʳ שʘʪʘʨ ʦʣʘʨʜʳץ

ᴇʤʽʨʣʽʢ ʞʘסʜʘʷʪʪʘʨʜʘ ʤʦʜʝʣʜʝʫ ʢᴇʟʜʝʫ; 

ï סʳʣʳʤʠʣʳץ ʧʨʠʥʮʠʧʽ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʦץʫ ʧᴅʥʜʝʨʽ ʤʘʟʤײʥʳʥʳש  ʟʘʤʘʥʘʫʠ 

 ;ʛʝʡʽʤʝʥ ʩᴅʡʢʝʩʪʽʣʽʛʽʥ ʪʘʙʫשʜʘʤʫ ʜʝ שʳʣʳʤʥʳס

ïʠʥʪʝʛʨʘʮʠʷ ʧʨʠʥʮʠʧʽ  ʙʝʣʛʽʣʽ ʪʝʦʨʠʷʣʳץ ʟʘשʜʘʨ ʤʝʥ  ʧʨʠʥʮʠʧʪʝʨʜʽ ʞʘʣʧʳʣʘʫʜʳ  

ʞᴅʥʝ  ʦʣʘʨʜʳש ʽʰʽʥʜʝʛʽ  ʬʠʟʠʢʘ ʜʘ ᴅʤʙʝʙʘʧ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʘʨʳʥ  ʙᴇʣʽʧ ʢᴇʨʩʝʪʫ; 

ï ʢᴅʩʽʧʪʽʢ ʙʘסʳʪʪʘʣʫ ʧʨʠʥʮʠʧʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʦʣʘʰʘץ ʢᴅʩʽʧʪʽʢ ʽʩ- ᴅʨʝʢʝʪʪʝʨʽʥʜʝ 

ʤʘשʳʟʜʳ  ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ ʙʽʣʽʢʪʝʨʜʽ ʠʛʝʨʫ [3] 

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ  ʬʠʟʠʢʘ ʤʘʤʘʥʜʳץʪʘʨסʘ ʜʘʷʨʣʘʫ ʙʘʨʳʩʳʥʜʘ   ʬʠʟʠʢʘסʘ ʞᴅʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʦץʫ ʧᴅʥʜʝʨʽʥʝ ʦץʳʪʫʜʳש ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʩʳ ʥʝʛʽʟʽʥʝ ʙʘʢʘʣʘʚʨʠʘʪʪʘ 

ʜʘ, ʤʘʛʠʩʪʨʘʪʫʨʘ ʜʘ ʧʩʠʭʦʣʦʛʠʷʣʳץ (ʪʘʥʳʤ װʜʝʨʽʩʽʥʽש, ʜʠʩʩʦʥʘʥʩ ʪʝʦʨʠʷʩʳʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞᴅʥʝ ʣʘʪʝʨʘʣʜʳ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ ʠʜʝʷʩʳ), ʧʝʜʘʛʦʛʠʢʘʣʳץ (ʧᴅʥʘʨʘʣʳץ 

ʙʘʡʣʘʥʳʩ ʧʝʥ ʠʥʪʝʛʨʘʮʠʷ) ʪʝʦʨʠʷʣʘʨ, ʩʦʥʜʘʡïʘץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧʩʠʭʦʣʦʛʠʷʣʳץ 
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ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ʘץʧʘʨʘʪʪʘʨʜʳ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ᴇשʜʝʫʜʝʛʽ ʢʦʛʥʠʪʠʚʪʽ ʩʪʠʣʜʝʨʽ 

ʘʣʳʥʘʜʳ.      

ʉʦʥʜʳץʪʘʥ  ʬʠʟʠʢʘ ʤʘʤʘʥʜʳץʪʘʨʳʥʘ  ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ ʜʘʷʨʣʘʫʜʳס  שʳʣʳʤʠ 

ʪʘʥʳʤ ᴅʜʽʩʪʝʨʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽ ʤʘץʩʘʪʪʳץ, ʤʘʟʤײʥʜʳץ ʞᴅʥʝ װʜʝʨʽʩʪʽʢ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʘʤʪʫʳ ʪʠʽʩ. ʉʦʣ ʩʝʙʝʧʪʽ ʙײʣ ʤʦʜʝʣʜʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʩʘʙʘץʪʘʨʜʳש 

ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʜʝ ʢᴅʩʽʧʪʽʢ ʙʘסʳʪʪʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʧʘʡʜʘʣʘʥʳʣʫʜʳ, ʠʥʚʘʨʠʘʥʪʪʳ 

ʞᴅʥʝ ʚʘʨʠʘʪʠʚʪʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʘʤʪʠʪʳʥ ʩʘʙʘץʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʙʽʨʳסשʘʡ 

ʩײʣʙʘʩʳʥʳש ʙʦʣʫʳʥ, ʧᴅʥʜʽʢ ʜʘʡʳʥʜʳץ ʩʘʣʘʩʳʥʘ ʝʥʝʪʽʥ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʪװʩʽʥʜʽʨʫ 

 ʘʥ ʘʨʥʘʡʳסʳʪʪʘʣסʘ ʙʘסʦʣʜʘʥʫץ ʨʜʝװʰʽʥ  ʬʠʟʠʢʘ ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʽ ʩʘʥʘʣʳ ʪװ

ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʝʩʢʝʨʽʣʫʽʥ, ʬʠʟʠʢʘ  ʧᴅʥʽ ʙʦʡʳʥʰʘ ʩʘʙʘץץʘ ʜʘʡʳʥʜʘʣʫʜʘ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʽʩ-ᴅʨʝʢʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ ʜʠʜʘʢʪʠʢʘʣʳץ  ʘץʧʘʨʘʪʪʳץ 

  ʟʽʣʛʝʥװʥʝʛʽʟʽʥʜʝ ʪ שʧʘʡʜʘʣʘʥʳʣʫʜʳ, ʞʝʢʝ  ᴅʜʽʩʪʝʤʝʣʽʢ ʧʨʠʥʮʠʧʪʝʨʜʽ שʨʘʣʜʘʨʜʳײץ

ᴅʨʪװʨʣʽ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʧᴅʥʜʝʨʜʽש ʦץʳʪʳʣʫʳʥ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʧʪʽʢ 

ʙʘסʳʪʪʘʣסʘʥ ʜʘʷʨʣʳץʪʘʨʳʥ ʢװʰʝʡʪʫ װʰʽʥ ʘʨʥʘʡʳ ʞʘʩʘʣסʘʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳש 

 .ʘ ʙʦʣʘʜʳ [4]סʳʟʫץʘʤʪʳʣʫʳʥ ʞʘʪץ

ɹʝʣʛʽʣʽ ʪʘʥʳʤ װʜʝʨʽʩʽʥ ʟʝʨʪʪʝʡʪʽʥ ʧʩʠʭʦʣʦʛ סʘʣʳʤʜʘʨʜʳש ʝשʙʝʢʪʝʨʽʥʜʝ ʙʽʣʽʤʜʽ  ʘʣʫ 

ʞᴅʥʝ ᴇשʜʝʫ װʜʝʨʽʩʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʆʣʘʨʜʘ ʪʘʥʳʤʥʳש ʙʘʨʳʥʰʘ 

ʤʘשʳʟʜʳ ʢʝʟʝשʜʝʨʽ ʙʽʣʽʤ ʘʣʫʰʳʜʘ ʙʘʨ ʞʘשʘ ʙʽʣʽʤʜʽ ʘʩʩʦʮʠʘʮʠʷʣʘʫ ʙʦʣʳʧ 

ʩʘʥʘʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʛʝʨ ʞʘשʘ ʙʽʣʽʤʜʽ ʘʩʩʦʮʠʘʮʠʷʣʘʫ ʪʽʟʙʝʛʽ ʙײʟʳʣʩʘ, ʦʥʜʘ 

ʙʽʣʽʤ ʘʣʫʰʳʜʘ ʘʨʳ ץʘʨʘʡ ʪʘʥʳʧ ʙʽʣʫ װʜʝʨʽʩʽʥʝ ʜʝʛʝʥ ʤʦʪʠʚʘʮʠʷ ʞʦסʘʣʳʧ ʢʝʪʝʜʽ.  ʆʩʳ 

ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ  ʬʠʟʠʢʘ ʤʘʤʘʥʜʳץʪʘʨʳʥʘ ʦץʳʪʫ ʞʘסʜʘʷʪʪʘʨʳʥʳש ʙʽʨʽʥʝ 

ʧʘʡʜʘʣʘʥʫ  ʦץʳʪʫʜʳש ʤʦʪʠʚʪʝʥʜʽʨʫʰʽʣʽʛʽ ʤʝʥ ʪʘʙʳʩʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʘ ʙʘʨ ʙʽʣʽʤʜʽ  ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ.    

ʉʦʥʳʤʝʥ סʳʣʳʤʠ ʪʘʥʳʤʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʝש ʘʣʜʳʤʝʥ ʩʪʫʜʝʥʪʪʝʨʜʽש ʪʠʷʥʘץʪʳ 

ʙʽʣʽʤʽʥ ʦʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ᴇʤʽʨʣʽʢ  ײʩʪʘʥʳʤʳ, ʢᴇʟץʘʨʘʩʳ ʤʝʥ ʥʘʥʳʤʳʥ ʪᴅʨʙʠʝʣʝʫʤʝʥ 

 ʛʝʡʽʥשʘʰʳʣʫ ʜʝ שʫ ʤʘʪʝʨʠʘʣʳʥ ʽʨʽʢʪʝʧ ʘʣʫ, ʦʥʳץʪʳ ʦץʘ ʙʘʡʣʘʥʳʩʪʳ. ʅʘסʰʪʘʩʪʳʨʫײ

ʘʥʳץʪʘʫ, ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ ײץʨʘʣʜʘʨʳʥ ʪʘשʜʘʫ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ. 

 

 
 .ʞʳʨʳʤʜʘʤʘʩʳײʘ ʜʝʡʽʥʛʽ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫ ʪסʞʳʣ 2015 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ .1

 ʥʠʝʪʘʥʳʤʳʥװʜ שʫʰʳʣʘʨʜʳץʥʳ ʞᴅʥʝ ʦײʤʘʟʤ שʙʘʝʚʘ ɼ.ʄ. ʌʠʟʠʢʘ ʢʫʨʩʳʥʳץʘʟʘפ .2
 .ʘʣʳʧʪʘʩʪʳʨʫ. ɸʣʤʘʪʳ. 2009- 8-9-11ʙץ

3. ʐʘʨʦʥʦʚʘ, ʅ. ɺ. ʄʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʫʯʘʱʠʭʩʷ ʧʨʠ 
ʦʙʫʯʝʥʠʠ ʬʠʟʠʢʝ. ʄ.: ʄʇ çʄɸʈè, 1994.-183 ʩ. 

4. ʄʠʭʘʡʣʠʰʠʥʘ, ɻ.ɺ. ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʚʫʟʝ: ʩʦʜʝʨʞʘʥʠʝ, 

ʤʝʪʦʜʳ ʠ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ. ɸʚʪʦʨʝʬ. ʢʘʥʜ.ʧʝʜ. ʥʘʫʢ. -ʄ.: 2002. ð 19 ʩ. 

 
ʄʘϨʘʣʘ ʧʨʦʬʝʩʩʦʨ ϧ. ʄϰϨʘʰʝʚʪʳϬ ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ, ɸʙʘʡ ʘʪʳʥʜʘϤʳ ϧʘʟϯʇʋ- ʨʝʢʪʦʨʳ 

ʛʨʘʥʪʳʥʳϬ Ϩʦʣʜʘʫʳʤʝʥ ʦʨʳʥʜʘʣʜʳ. 
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ᴄʆɾ 517.53 

ɼ.ɸ. ɸʡʜʳʥסʘʣʠʝʚ*, ɽ.ɸ. ʉʘʨʙʘʩʦʚ* 

 

ɾɸʃʇʓʃɸʅנɸʅ ʂʆʐʀ ï ʈʀʄɸʅ ɾתʁɽʉɯʅɯר ɼᴄʈɽɾɽʃɯʂ  

ᴆʉɽʊɯʅ ʐɽʐɯʄɼɽʈɯ 
 

(ɸʣʤʘʪʳ Ϩ.,ϸʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘϤʳ ϧʘʟϯʋ, *- ʩʪʫʜʝʥʪ) 

 
ɹײʣ ʞײʤʳʩʪʘ ʝʩʝʣʝʫʽʰʪʝʨʽ ʙʽʨʽʥʰʽ ʜᴅʨʠʞʝʣʽ ʧʦʣʠʥʦʤ ʙʦʣʘʪʳʥ ʞʘʣʧʳʣʘʥסʘʥ ʂʦʰʠ-

ʈʠʤʘʥ ʞװʡʝʩʽʥʽש ʩʳʟʳץʪʳ ʪᴅʫʝʣʩʽʟ ʜᴅʨʝʞʝʣʽʢ ᴇʩʝʪʽʥ ʰʝʰʽʤʜʝʨ ʢʝשʽʩʪʽʛʽʥ ʟʝʨʪʪʝʣʝʜʽ. 

ʅʘץʪʳʨʘץ ʘʡʪʩʘץ, ʞʘʣʧʳʣʘʥסʘʥ ʂʦʰʠ-ʈʠʤʘʥ ʞװʡʝʩʽʥʽש ʝʩʝʣʝʫʽʰʪʝʨʽ 

 ,   ʙʦʣʩʘ. ɾײʤʳʩʪʳש ʝʨʝʢʰʝʣʽʛʽ  

ʝʩʝʣʝʫʽʰʽʥʽש ñaò ʪײʨʘץʪʳʩʳʥʳש ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʢʦʤʧʣʝʢʩ ʩʘʥ ʙʦʣʫʳʥʜʘ. ɹײʣ ʪײʞʳʨʳʤ 

ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʜᴅʣʝʣʜʝʥʝʜʽ. ɾʘʣʧʳ ʝʩʝʧʪʽ ʰʝʰʫ ñaò ʞᴅʥʝ ñbò ʪײʨʘץʪʳʣʘʨʳʥʳש ʘʨʘ 

 .ʘ ʪʽʨʝʣʝʜʽסʪʘʫץʘʪʳʥʳʩʳʥ ʘʥʳץ

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʪʝʧʝʥʥʦ-ʨʘʩʪʫʱʠʭ ʣʠʥʝʡʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ 

ʨʝʰʝʥʠʡ ʦʙʦʙʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʂʦʰʠ-ʈʠʤʘʥʘ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʳ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ. ʊʦ ʝʩʪʴ ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʦʙʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʂʦʰʠ-ʈʠʤʘʥʘ ʨʘʚʥʳ 

, . ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʩʪʦʷʥʥʘʷ ñaò ʚ ʢʦʵʬʠʮʠʝʥʪʝ  ʦʙʝʟʘʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ. ʕʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʨʦʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʵʬʬʠʮʝʥʪʘʤʠ ñaò ʠ ñbò.   

In this work we study the space of power-growing linearly independent solutions of a 

generalized Cauchy-Riemann equations, where the coefficients of polynomials of degree. That 

is, when the coefficients of a generalized Cauchy-Riemann equations are A (z) = az, B (z) = bz, 

(a, b-const). Feature of the work is that the constant "a" in the coefficient A (z) = az skipped a 

complex number. This is proved in the work. Solution of the problem definition is based 

connection between coefficient "a" and "b". 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʂʦʰʠ ï ʈʠʤʘʥ ʞװʡʝʩʽ, ʃʠʫʚʠʣʣʴ ʪʝʦʨʝʤʘʩʳ, ʩʳʟʳץʪʳ ʪᴅʫʝʣʩʽʟ ʜᴅʨʝʞʝʣʽʢ 

ᴇʩʝʪʽʥ ʰʝʰʽʤʜʝʨ, ʞʘʣʧʳʣʘʥסʘʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʬʫʥʢʮʠʷ; 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʂʦʰʠ-ʈʠʤʘʥʘ, ʪʝʦʨʝʤʘ ʃʠʫʚʠʣʣʷ, ʩʪʝʧʝʥʥʦ - ʨʘʩʪʫʱʠʝ 

ʣʠʥʝʡʥʦ-ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʰʝʥʠʷ, ʦʙʦʙʱʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ; 

Keywords: CauchyïRiemann equations, Lowvilleôs theorem, exponentially-growing linearly 

independent solutions, generalized analytic function; 

 

ɽʛʝʨ  ʙʦʣʩʘ, ʦʥʜʘ  ʞʘʟʳץʪʳסʳʥʜʘ,  

                                                  (1) 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʨʝʛʫʣʷʨ ʰʝʰʽʤʜʝʨʽ װʰʽʥ ʙʝʣʛʽʣʝʫʽʥ ץʦʣʜʘʥʜʳ. ʄײʥʜʘ 

 ʘʨץʳʣʳ ʙװʢʽʣ  ʞʘʟʳץʪʳסʳʥʜʘ ʙʝʨʽʣʛʝʥ ʞᴅʥʝ  

 
ʰʘʨʪʪʘʨʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ  ʬʫʥʢʮʠʷʣʘʨ ʞʠʳʥʳ ʙʝʣʛʽʣʝʥʛʝʥ [1].  

ɽʛʝʨ  (1) ʪʝשʜʝʫʜʽש ʢʣʘʩʳʥʘʥ ʞʘʣʧʳʣʘʥסʘʥ ʰʝʰʽʤʽ ʙʦʣʩʘ, ʦʥʜʘ 

ʦʥʳ ʞʘʣʧʳʣʘʥסʘʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʬʫʥʢʮʠʷ ʜʝʧ ʘʪʘʡʤʳʟ. 

ɺʠʥʦʛʨʘʜʦʚ B.C.[2]  - ʬʫʥʢʮʠʷʣʘʨʳʥ ʪײʨʘץʪʳ ʜʝʧ ץʘʨʘʩʪʳʨʳʧ,       

              

ʪʝשʜʝʫʽʥʽש ʜᴅʨʝʞʝʣʽʢ ᴇʩʝʪʽʥ , 

 (  -const,N-ʥʘʪʫʨʘʣ ʩʘʥ)        (2) 

ʰʝʰʽʤʜʝʨ ʢʝשʽʩʪʽʛʽʥ ʢᴇʨʩʝʪʢʝʥ. 
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ʊʦץʳʙʝʪʦʚ ɾ.ᴄ.[3]   ;   ʞᴅʥʝ 

  ʞʘסʜʘʡʣʘʨʳʥʜʘ (1) ʂʦʰʠ ï ʈʠʤʘʥ ʞװʡʝʩʽʥʽש 

ʞʘʣʧʳʣʘʥסʘʥ ʜᴅʨʝʞʝʣʽʢ ᴇʩʝʪʽʥ ʰʝʰʽʤʜʝʨ ʢʝשʽʩʪʽʛʽʥ ʢᴇʨʩʝʪʪʽ. 

ɸʣ ʙײʣʞײʤʳʩʪʘ ʞʘʣʧʳʣʘʥסʘʥ ʂʦʰʠ ï ʈʠʤʘʥ ʞװʡʝʩʽʥʽש ʝʩʝʣʝʫʽʰʪʝʨʽ 

 , ʙʦʣסʘʥ ʞʘסʜʘʡʳʥʜʘ (1)-ʞװʡʝʥʽ(2) ש ʰʘʨʪʳʥ 

 ʥʠסʽʩʪʽʛʽʥ ʟʝʨʪʪʝʡʤʽʟ, ʷשʘʪʪʘʥʜʳʨʘʪʳʥ ʜᴅʨʝʞʝʣʽʢ ᴇʩʝʪʽʥ ʰʝʰʽʤʜʝʨ ʢʝסʘʥʘץ

 ,                                   (3) 

ʝʩʝʙʽʥʽש ʪᴅʫʝʣʩʽʟ ʰʝʰʽʤʜʝʨ ʢʝשʽʩʪʽʛʽʥ ʘʥʳץʪʘʡʤʳʟ. 

ɽcʝʧʪʽש ʰʝʰʽʤʽʥ [4] 

 
ʪװʨʽʥʜʝ ʽʟʜʝʩʝʢ(ʤײʥʜʘסʳ ï ʘʥʘʣʠʪʠʢʘʣʳץ, ʘʣ ï ʥʘץʪʳ ʤᴅʥʜʽ װʟʽʣʽʩʩʽʟ 

ʬʫʥʢʮʠʷʣʘʨ), (2) ʦʥʜʘ ʥʝʛʽʟʽʥʜʝ (3) ʞװʡʝ ʰʝʰʽʤʽ 

               (4) 

ʪװʨʽʥʜʝ ᴇʨʥʝʢʪʝʣʝʜʽ, ʤײʥʜʘסʳ P(z),Q(z)ï ʜᴅʨʝʞʝʩʽ Nï ʛʝ ʪʝש z ʞᴅʥʝ  ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש 

ʢᴇʧʤװʰʝʣʽʢʪʝʨʽ. 

ɽʥʜʽ (4) ᴇʨʥʝʢʪʝʫʜʝ ʞᴅʥʝ  ʬʫʥʢʮʠʷʣʘʨʳ ᴇʟʘʨʘ ʪᴅʫʝʣʩʽʟ ʙʦʣʩʘ, ʦʥʜʘ ʥᴇʣʜʝʥ 

ᴇʟʛʝʰʝ ʢᴇʧʤװʰʝʣʽʢʪʝʨ ʞʦץ, ᴇʡʪʢʝʥʽ (4) ᴇʨʥʝʢʪʝʫʜʽ (3) ʞװʡʝʛʝ ץʦʡʩʘץ  

  (5) 

ʊʝשʜʽʛʽʥ ʘʣʳʧ, ʙײʜʘʥ  ʬʫʥʢʮʠʷʣʘʨʳ ᴇʟʘʨʘ ʪᴅʫʝʣʩʽʟ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʞᴅʥʝ  ʝʢʝʥʽ ʰʳסʘʜʳ. ʅᴇʣʜʝʥ ᴇʟʛʝʰʝ ʢᴇʧʤװʰʝʣʽʢʪʝʨ 

ʪʝשʜʽʛʽʥʽש ʦʨʳʥʜʘʣʫʳʥʜʘ סʘʥʘ ʙʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ,ʩʦʣ ʞʘסʜʘʡʜʘ (4)-

ʪʝשʜʽʢʪʝʥ P,Q-ʢᴇʧʤװʰʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ  

 
ʞװʡʝʩʽʥ ʘʣʘʤʳʟ. ɸʣ P,Q ʢᴇʧʤװʰʝʣʽʢʪʝʨʽʥʽש ʘʥʳץʪʘʫ װʰʽʥ ʦʣʘʨʜʳ ʙʳʣʘʡ: 

 
ʙʽʨʪʝʢʪʝʩ ʢᴇʧʤװʰʝʣʽʢʪʝʨ ץʦʩʳʥʜʳʩʳ ʪװʨʽʥʜʝ ᴇʨʥʝʢʪʝʡʤʽʟ.ʆʩʳʥʜʘʡ ʪװʨʜʝ ᴇʨʥʝʢʪʝʣʛʝʥ 

ʥᴇʣʜʝʥ ᴇʟʛʝʰʝ ʢᴇʧʤװʰʝʣʽʢʪʝʨʜʽש ʙʘʨ ʙʦʣʫʳ װʰʽʥ  ʬʫʥʢʮʠʷʩʳʥʳש ʝʢʽʥʰʽ ʜᴅʨʝʞʝʣʽ 

ʙʽʨʪʝʢʪʝʩ ʢᴇʧʤװʰʝʣʽʢ ʙʦʣʫʳ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ, ʷסʥʠ  

, 

ʤײʥʜʘסʳ  ï ʢʝʟ ʢʝʣʛʝʥ ʢʝʰʝʥ ʩʘʥ, ʘʣ ï ʢʝʟ ʢʝʣʛʝʥ ʥʘץʪʳ ʩʘʥ. ʉʦʥʜʘ  ʞװʡʝʜʝ ʙʽʨʜʝʡ 

ʜᴅʨʝʞʝʣʝʨ ʝʩʝʣʝʫʽʰʪʝʨʽʥ ʩʘʣʳʩʪʳʨʳʧ  

 
   

 

 
- - - - - - - - - - - - - - - - - - 

 

  

                             (8) 

ʘʣʛʝʙʨʘʣʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʘʣʘʤʳʟ. -ʞװʡʝʥʽש ʥᴇʣʜʝʥ ᴇʟʛʝʰʝ ʰʝʰʽʤʜʝʨʽ ʙʘʨ 

ʙʦʣʫʳ װʰʽʥ  
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ʪʝשʜʽʛʽ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ. ɸʣ ʙײʣ ʘʥʳץʪʘʫʳʰ ʪʝʢ  

 
ʙʦʣסʘʥʜʘ סʘʥʘ ʥᴇʣʛʝ ʘʡʥʘʣʘʜʳ. ɹײʜʘʥ   ʝʢʝʥʽʥ 

ʪʘʙʘʤʳʟ.ʉʦʥʳʤʝʥ a-ʪʘʟʘ ʞʦʨʘʤʘʣ,b-ʥʘץʪʳ (ʥʘץʪʳ ʝʪʫʛʝ ʙʦʣʘʜʳ [4]) ʜʝʧ ײʡסʘʨʘʤʳʟ 

ʞᴅʥʝ ʰʝʰʽʤʜʽ : 

                                            (9) 

ʉʦʥʜʘ -ʪʝʪʝשʜʝʫ  

 (10)  

ʪװʨʽʥʝ ʢᴇʰʝʜʽ. ɸʣʢᴇʧʤװʰʝʣʽʢʪʝʨʽ ʥᴇʣʜʝʥ ᴇʟʛʝʰʝ ʙʦʣʫʳ װʰʽʥ 

 
 ʜʘʥײʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʳʥ ʘʣʘʤʳʟ, ʙץ

                                                   (11) 

ʷסʥʠ ʰʝʰʽʤ  

                     (12) 

ʪװʨʽʥʜʝ ʽʟʜʝʣʽʥʝʜʽ. 

ɽש ʘʣʜʳʤʝʥ  ʞʘסʜʘʡʳʥ ץʘʨʘʩʪʨʘʤʳʟ. 

 

 
ʐʘʨʪʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫ ʝʩʝʙʽʥʝ ʢʝʣʝʤʽʟ,ᴅʨʽ,ʞʘʣʧʳʣʳʣʳסʳʥ 

ʰʝʢʪʝʤʝʡ ʜʝʧ ʘʣʫʳʤʳʟסʘ ʙʦʣʘʜʳ. ʐʳʥʳʥʜʘʜʘ ʪװʨʣʝʥʜʽʨʫʽ (13)  

ʝʩʝʧʪʽ ʤʳʥʘ ʪװʨʛʝ ᴅʢʝʣʝʜʽ: 

,                       (15) 

ɹײʣ ʞʘסʜʘʡʜʘ ʝʩʝʧʪʽש ʰʝʰʫʽ  , ïʜʘʥ ʪᴅʫʝʣʜʽ N ʜᴅʨʝʞʝʣʽ ץʘʪʳʩʪʳ ʢᴇʧʤװʰʝʣʽʢ. ɹײʣ 

ʢᴇʧʤװʰʝʣʽʢʪʽ ʪʘʙʫ װʰʽʥ ʦʥʳ ʙʽʨʪʝʢʪʽ ץʦʩʳʥʜʳ ʨʝʪʽʥʜʝ ʘʣʘʡʳץ: 

 
(16) ïʜ ̔(15) ïʛʝ ץʦʡʳʧ,ïʜʽ ʘʥʳץʪʘʫ װʰʽʥ  

 

 

,     (17) 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʘʣʘʤʳʟ.ɹײʣ ʞװʡʝʥʽש ʰʝʰʽʤʽ ʙʘʨ ʙʦʣʫ װʰʽʥ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ 

ʰʘʨʪ 

          (18) 

ɹײʣ ʪʝשʜʝʫʣʝʨʜʽש ʞʘʣʧʳ ʰʝʰʽʤʽ N ʜᴅʨʝʞʝʣʽ ʢᴇʧʤװʰʝʣʽʢʪʝʨ ʢʣʘʩʳʥʜʘ 

 ,    (19) 

(18)-ʪʝשʜʽʢʪʽ (19)-ʪʝשʜʽʢ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʧ ʞʘʟʳʧ, ʙʽʨʜʝʡ ʜᴅʨʝʞʝʣʝʨʽʥ ʩʘʣʳʩʪʳʨʩʘץ, 

, 

ʙʽʨʜʝʡ ʜᴅʨʝʞʝʣʝʨʽʥ ʩʘʣʳʩʪʳʨʩʘץ,                               

.                  (20) 

 (17)- ʞװʡʝʥʽ3 ש-ʪʝשʜʝʫʽʥʝ (19)- ʪʝשʜʽʢʪʽ ʢʦʡʩʘץ, 
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ʙʽʨʜʝʡ ʜᴅʨʝʞʝʣʝʨʽʥ ʩʘʣʳʩʪʳʨʩʘץ, 

.               (21)  

(20),(21)-ʪʝשʜʽʢʪʝʨʜʝʥ   

 ,            ̀    (22)  

ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ, ʷסʥʠ,  ʪװʨʣʽ ʩʳʟʳץʪʳ ʪᴅʫʝʣʩʽʟ ʰeʰʽʤ ʙʘʨ. 

ʐʝʰʽʤʜʝ  ʙײʜʘʥ  - ʥʘץʪʳ ʩʘʥ ʙʦʣʫʳ װʰʽʥ ʪʝʢ 

 ʙʦʣʫʳ ʢʝʨʝʢ.ɼʝʤʝʢ,  ʙʦʣʩʘ, ʦʥʜʘ ʝʩʝʧʪʽש ʪʝʢ ʥᴇʣʜʽʢ ʰʝʰʽʤʽ סʘʥʘ ʙʘʨ.  

ɽʥʜʽ (12)ïh ʝʰʽʤʜʽ  (13)- ʪʝשʜʽʢʢʝ ץʦʡʳʧ   ʩʳʟʳץʪʳ 

ʪᴅʫʝʣʩʽʟʜʽʛʽʥʝʥ P,Q ʢᴇʧʤװʰʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʣʫ װʰʽʥ  

 ʙʝʣʛʽʣʝʫʣʝʨʽʥ ʝʥʛʽʟʽʧ, 

, 

 
ʞװʡʝʥʽש ʙʽʨʜʝʡ ʜᴅʨʝʞʝʣʝʨʽʥש ʝʩʝʣʝʫʽʰʪʝʨʽʥ ʩʘʣʳʩʪʳʨʩʘץ,  

,                             (23) 

                    (24) 

                                     (25) 

                       (26) 

ʞװʡʝʣʝʨʽʥʝ ʢʝʣʝʤʽʟ.(26) - (29)ï ʪʝשʜʽʢʪʝʨʽʥʝʥ n=N: 

 ,                                                  (27) 

,                (28) 

(31)-ʞװʡʝʥʽש ʝʢʽʥʰʽ ʪʝשʜʽʛʽʥ Õ -סʘ ʢᴇʙʝʡʪʽʧ, ʩʦʩʳʥ ʊװʡʽʥʜʝʩ ʪʝשʜʝʫʛʝ ʘʫʳʩʳʧ,ᴅʨʽ ʝʢʽ 

ʞʘסʳʥʜʘ bï ʛʝ ץʳʩץʘʨʪʳʧ, 

 
ʪʝשʜʝʫʽʥ ʘʣʘʤʳʟ.ʉʦʥʳʤʝʥ ʙʽʨʛʝ (26) ʪʝשʜʝʫʜʽש ʥʝʛʽʟʽʥʜʝ  

      (29) 

 ʙʦʣסʘʥʜʘ (26)-ʞװʡʝʥʽש ʝʢʽʥʰʽ ʪʝשʜʝʫʥʽש ʩʘʣʜʘʨʳʥʘʥ, ʘʣ (28) ïʜʳש ʰʝʰʽʣʫʽʥʽש 

  ʦʨʳʥʜʘʣʫʳʥʘʥ שʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʳʥʳץ

                                 (30) 

(30) ï ʪʝשʜʽʢʪʽ ʙʦʡʳʥʰʘ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʧ,  

, 

(29)- ʪʝשʜʽʢʪʽש ʥʝʛʽʟʽʥʜʝ - ʜʽ ʘʥʳץʪʘʫ װʰʽʥ ʨʝʪʽ ʙʽʨʛʝ ʪʝש ʜʝʨʙʝʩ ʪʫʳʥʜʳʜʘʥ ʪײʨʘʪʳʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫ  

                                           (31) 

ʆʥʳש ʙʽʨʽʥʰʽ ʠʥʪʝʛʨʘʣʳ 

, 

ʩʦʥʜʘ  

 
 ï ʜᴅʨʝʞʝʩʽ N ï ʛʝ ʪʝש ʢᴇʧʤװʰʝʣʽʢ ʙʦʣʫ ʢʝʨʝʢ, ʦʥʜʘ ʙʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ  
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, 

ʥʝʤʝʩʝ 

                      

ʘʣ ʙײʣ N - ʰʽ ʜᴅʨʝʞʝʣʽ ʢᴇʧʤװʰʝʣʽʢ ʝʤʝʩ, ʢᴇʧʤװʰʝʣʽʢ ʙʦʣʘʜʳ ʪʝʢ ʙʦʣסʘʥʜʘ 

  ʜʝʫשʳ ʪʝץʘʰסʘʥʘ.ɸʣ ʙʦʣʩʘ ʘʣס

 
ʪװʨʽʥʝ ʢʝʣʝʜʽ.ɸʣ ʙײʥʳש ʰʝʰʽʤʽ  

 
 (a-ʪʘʟʘ ʞʦʨʘʤʘʣ ʩʘʥ) - ʧʝʨʠʦʜʳ -סʘ ʪʝש ʬʫʥʢʮʠʷ,  - ʜᴅʨʝʞʝʩʽ N ï ʛʝ ʪʝש 

ʢᴇʧʤװʰʝʣʽʢ ʙʦʣסʘʥʜʳץʪʳʥ 2N+2 ʪᴅʫʝʣʩʽʟ ʰʝʰʽʤʽ ʙʘʨ. 

ʊʝʦʨʝʤʘ. ɽʛʝʨ  =  ʙʦʣʩʘ (3) ʝʩʝʙʽʥʽש  ʪᴅʫʝʣʩʽʟ ʰʝʰʽʤʽ ʙʘʨ, ʝʛʝʨ   <  ʙʦʣʩʘ 

(3) ʝʩʝʙʽʥʽש ʪʝʢ ʥᴇʣʜʽʢ ʰʝʰʽʤʽ סʘʥʘ ʙʘʨ, ʝʛʝʨ  > ,   ʙʦʣʩʘ (3) ʝʩʝʙʽʥʽש ʪʝʢ 

ʥᴇʣʜʽʢ ʰʝʰʽʤʽ סʘʥʘ ʙʘʨ, ʘʣ ʝʛʝʨ  > ,   ʙʦʣʩʘ (3) ʝʩʝʙʽʥʽ2 שN+2 ʰʝʰʽʤʽ סʘʥʘ 

ʙʘʨ. 
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ʆɹ ʆʉʈɽɼʅɽʅʀʀ ʋʈɸɺʅɽʅʀʗ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʉʆ 

ʉʃʋʏɸʁʅʓʄʀ ɼɽʃʔʊɸ-ʂʆʈʈɽʃʀʈʆɺɸʅʅʓʄʀ ʇʆ ɺʈɽʄɽʅʀ 
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(ʛ. ɸʣʤʘʪʳ, ʂʘʟʅʋ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ, ʛ. ʏʠʤʢʝʥʪ, ʖʂɻʋ ʠʤʝʥʠ ʄ.ɸʫʟɻʦʚʘ) 

 
ɾײʤʳʩʪʘ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʽ װʰʽʥ ʂʦʰʠ ʝʩʝʙʽ ʪʝשʜʝʫʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʞᴅʥʝ 

ʦש ʞʘסʳ ʢʝʟʜʝʡʩʦץ ʙʦʣʘʪʳʥ ʞᴅʥʝ ʦʣʘʨ, ʦʥʳש ʽʰʽʥʜʝ ᴇʟʘʨʘ, ʫʘץʳʪ ʙʦʡʳʥʰʘ ʜʝʣʴʪʘ-

ʢʦʨʨʝʣʷʮʠʷʣʘʥסʘʥ ʜʝʧ ײʡסʘʨʳʣʘ ʦʪʳʨʳʧ ץʘʨʘʩʪʳʨʳʣסʘʥ. פʘʨʘʩʪʳʨʳʣסʘʥ ʝʩʝʧʪʽש 

ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʰʝʰʽʤʽ װʰʽʥ ʪʝשʜʝʫ ʘʣʳʥסʘʥ ʞᴅʥʝ ʙײʣ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʪʝשʜʝʫʜʽש 

ʢʦʟʬʬʠʮʠʝʥʪʪʝʨʽ װʰʽʥ ʘʣסʘʰץʳ ʝʩʝʧʪʽש  ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʪʝʨʤʠʥʽʥʜʝ ʘʡץʳʥ ʬʦʨʤʫʣʘʣʘʨ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʘʩʪʘʧץʳ ʪʝשʜʝʫʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʝ ʢʝשʽʩʪʽʢʪʽʢ ʢʦʦʨʜʠʥʘʪʘ ʙʦʡʳʥʰʘ 

 ʰʘʤʜʘʫץʜʝʫʜʽ ʳשʘʥ ʪʝסʜʘʡʣʘʨʜʘ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʞʘסʦʡʳʣץ ʦʩʳʤʰʘ ʰʘʨʪʪʘʨץ

ʩײʨʘץʪʘʨʳ ʪʘʣץʳʣʘʥסʘʥ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦ ʩʣʫʯʘʡʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʟʘʠʤʥʳʝ, ʜʝʣʴʪʘ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʷʮʠʠ. ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʫʢʘʟʘʥʳ ʷʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʨʝʜʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

http://www.tnu.in.ua/study/books.php?do=file&id=3369
http://www.tnu.in.ua/study/books.php?do=file&id=3369
http://www.tnu.in.ua/study/books.php?do=file&id=3369
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ʟʘʜʘʯʠ. ʆʙʩʫʞʜʝʥʳ ʚʦʧʨʦʩʳ ʫʧʨʦʱʝʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ. 

In this paper we consider the Cauchy problem for the heat equation with random coefficients 

and the right-hand side under the assumption that they have, including reciprocal, delta-

correlated in time correlation. An equation for the averaged solution to the problem has been 

obtained, and explicit formulas for the coefficients of the averaged equation in terms of the 

coefficients of the original problem have been shown. The questions of simplification of the 

averaged equation with additional conditions to the coefficients of the original equation along 

the space coordinate. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʂʝʟʜʝʡʩʦץ ʢʦʵʬʬʠʮʠʝʥʪ, ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʽ, ʠʥʬʠʥʠʪʝʟʠʤʘʣʜʳץ 

ʦʧʝʨʘʪʦʨ, ʚʠʥʝʨʣʽʢ ʧʨʦʮʝʩʩ, ʩʪʦʭʘʩʪʠʢʘʣʳץ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫ, ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ 

ʰʝʰʽʤ, ʤʘʪʝʤʘʪʠʢʘ-ʣʳץ ʢװʪʽʤ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʠʥʬʠʥʠʪʝʟʠʤʘʣʴʥʳʡ 

ʦʧʝʨʘʪʦʨ, ʚʠʥʝʨʦʚʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʩʨʝʜʥʝʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ   

Keywords: Random process, the thermal conductivity equation, the infinitesimal operator, Wiener 

process, stochastic differential equation, the averaged equation, the expectation 

 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦ ʩʣʫʯʘʡʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʧʨʘʚʦʡ ʯʘʩʪʴʶ  
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(1) 

ʛʜʝ -Í² aRxt ,,0 ʩʪʨʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ )0( >a  ʧʦʩʪʦʷʥʥʘʷ, ),(,),( xtgxtb ʠ 

ʥʘʯʘʣʴʥʘʷ ʬʫʥʢʮʠʷ)(xj - ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʝʨʦʷʪʥʦʩʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ, ʧʨʠʯʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ.  

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ),(),( xtUxtU =  (ʟʜʝʩʴ ʠ 

ʜʘʣʝʝ ʫʛʣʦʚʳʝ ʩʢʦʙʢʠ  ʦʟʥʘʯʘʶʪ ʚʟʷʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʧʦ 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʨʝ P) ʩʥʘʯʘʣʘ ʜʦʢʘʞʝʤ ʥʝʢʦʪʦʨʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1.ʉʪʦʷʱʠʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (1) ʫʨʘʚʥʝʥʠʷ ʦʧʝʨʘʪʦʨ 
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xtb
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aAx

µ

µ
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µ

µ
= ),(
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(2) 

ʷʚʣʷʝʪʩʷ ʠʥʬʠʥʠʪʝʟʠʤʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ() tssxt ¢¢0,,.x , 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʨʝʰʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ (ʧʦ ʚʠʥʝʨʦʚʩʢʦʤʫ ʧʨʦʮʝʩʩʫ 

,,),()( WÍ= wwsWsW ) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

)0()0(,))(,()()( ,,, tsxdssstbsadWsd xtxtxt ¢¢=-+= xxx
                

(3) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ  

(ʧʦʯʪʠ-ʥʘʚʝʨʥʦʝ) ʠ ʤʘʨʢʦʚʦʩʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2) ʚʳʪʝʢʘʶʪ ʠʟ ʩʜʝʣʘʥʥʳʭ ʚʳʰʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (1) ( ʩʤ.). 

ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ ʫʪʚʝʨʞʜʝʥʠʝ ʥʘʤ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ (ʩʤ. [1]), ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʜʚʘʞʜʳ 

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ 
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(4) 

ɿʜʝʩʴ (ʠ ʚʩʶʜʫ ʚ ʜʘʣʴʥʝʡʰʝʤ) ʟʥʘʢxM ʦʟʥʘʯʘʝʪ ʚʟʷʪʠʝ ʫʩʣʦʚʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ (ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʨʝP) ʧʦ ʚʩʝʤ, ʚʳʭʦʜʷʱʠʤ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʟ 

ʪʦʯʢʠ x ()( )xxt =0,.x , ʪʨʘʝʢʪʦʨʠʷʤ ʧʨʦʮʝʩʩʘ().,. sxtx   ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d1%82%d0%b5%d0%bf%d0%bb%d0%be%d0%bf%d1%80%d0%be%d0%b2%d0%be%d0%b4%d0%bd%d0%be%d1%81%d1%82%d1%8c&translation=heat%20/%20thermal%20conductivity&srcLang=ru&destLang=en
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ʬʫʥʢʮʠʠ),( xtb  ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ x  ʠ ʩʚʦʡʩʪʚ ʚʠʥʝʨʦʚʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ssWsssWsW =­= )(,)0(~)(,0)( 2 , ʠʟ (2) ʧʦʣʫʯʠʤ  
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ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʯʠʩʣʠʪʝʣʴ ʧʨʘʚʦʡ ʯʘʩʪʠ (4) ʠ ʧʝʨʝʭʦʜʷ ʢ 

ʧʨʝʜʝʣʫ ʧʨʠ0­Dt , ʫʙʝʜʠʤʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ (4). 

 ʈʘʟʙʠʚʘʝʤ ʪʝʧʝʨʴ ʟʘʜʘʯʫ (1) ʥʘ ʜʚʝ ʟʘʜʘʯʠ: ),(),(),( 21 xtUxtUxtU += ,  ʛʜʝ 
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ɽʜʠʥʩʪʚʝʥʥʦʝ (ʦʛʨʘʥʠʯʝʥʥʦʝ) ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ()1¡ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ( ))(, tM xtx xj  ([1], ʛʣ. 10), ʪ.ʝ( ).)(),( ,1 tMxtU xtx xj= ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ[1] 

ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ),(2 xtU  ʧʦʣʫʯʝʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʦʷʱʠʡ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ()1¡¡ ʬʫʥʢʮʠ)̫,( xtg  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ )(~),(: xgxtgx = . ʇʨʠʚʝʜʝʤ ʠ ʜʦʢʘʞʝʤ ʦʙʦʙʱʝʥʠʝ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ (1¡¡). 

ʋʪʚʝʨʞʜʝʥʠʝ 2.  ɽʜʠʥʩʪʚʝʥʥʦʝ  (ʨʘʩʪʫʱʝʝ ʥʝ ʙʳʩʪʨʝʝ ʯʝʤ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʦʪ t ) 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1¡¡) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫʣʦʡ  

( ) ()( )ñ -=

t

xtx dssstgMxtU
0

,2 ,, x .      ()6  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺʚʝʜʝʤ ʩʠʛʤʘ-ʘʣʛʝʙʨʫ [ ] (){ }tssF xttt D¢¢= D+D 0:..0 xs - 

ʥʘʠʤʝʥʴʰʫʶ ʩʠʛʤʘ-ʘʣʛʝʙʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʚʩʝ ʩʦʙʳʪʠʷ ʚʠʜʘ 

() (){ }RBtsBsxtt bx ÍD¢¢ÍD+ ,0,. ,  ʛʜʝ ()Rb  ʩʠʛʤʘ-ʘʣʛʝʙʨʘ ʙʦʨʝʣʝʚʩʢʠʭ ʤʥʦʞʝʩʪʚ ʥʘ 

R. ʊʦʛʜʘ ʠʩʭʦʜʷ ʠʟ ()6 ʠ ʧʦʣʴʟʫʷʩʴ ʩʚʦʡʩʪʚʘʤʠ ʫʩʣʦʚʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 
(ʩʤ.[1]) ʤʦʞʝʤ ʧʠʩʘʪʴ: 

( ) ()( ) ()( ) +é
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è
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0

,,0, ttUMdsssttgMFdsssttg xtx
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ʧʦʪʦʤʫ ʯʪʦ ʠʥʪʝʛʨʘʣ ()( )ñ
D

D+-D+

t

xtt dsssttg
0

,,x  ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ()sxtt ,D+x  ʦʪ 0=s  

ʜʦ ts D= ,  ʪ.ʝ. ʠʟʤʝʨʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ[ ]tF D.0 ;  ʚʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʷʤ (5) ʠ 

ʩʦʦʪʥʦʰʝʥʠʠ( ) ().,0, tst xtsxt D=+D
=
xx  

()( ) ( )( ) [ ] .,,
0

,0,,2 öö
÷

õ
ææ
ç

å
ñ +D-=D DD+D+

t

txttxxtt FdsststgMttU xx  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ        

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

1,,,,

0
,

2,222
ñ -D+

D
+

D

-D
=

D

-D+ D

D+
D+

t

xttx
xttx

dsssttg
t

M
t

xtUttUM

t

xtUxttU
x

x
 

ʇʝʨʝʭʦʜʷ ʚ ʧʦʩʣʝʜʥʝʤ ʩʦʦʪʥʦʰʝʥʠʡ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0­Dt (ʥʦ ʪʘʢ, ʯʪʦʙʳ ʫʩʪʨʝʤʠʣʩʷ ʢ 

ʥʫʣʶ ʘʨʛʫʤʝʥʪ)(, txtt DD+x ) ʠ ʚʩʧʦʤʥʠʚ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʬʠʥʠʪʝʟʠʤʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ xA  

(ʩʤ. ʩʦʦʪʥʦʰʝʥʠʝ (4)), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ()1¡¡. 

 ʋʨʘʚʥʝʥʠʝ ʜʣʷ ( )xtUxtU ,),( =  ʙʫʜʝʤ ʚʳʚʦʜʠʪʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ),( xtb  ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʟʘʠʤʥʦ ʩ ),( xtg , ʫʩʣʦʚʠʶ ʜʝʣʴʪʘ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ (ʧʦʜʨʦʙʥʦʩʪʠ 

ʩʤ. ʚ [3]), ʪ.ʝ. ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

( ) ),(),(),( 2121 yxBttytbxtb bb-=d , ( ) ),(),(),( 2121 yxBttytbxtg gb-=d , 

ʛʜʝ ()td ïʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ. ɿʘʧʠʰʝʤ ),( xtU  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tt D+ . ʊʦʛʜʘ 

ʚʳʨʘʞʘʷ( )xttU ,2 D+ ʯʝʨʝʟ ʫʩʣʦʚʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʠʤʝʝʤ 
 

( ) ( ) ( ) ( ) ( )+D+D=D++D+=D+ D+D+ )(,)(,,,, ,2,121 ttUMttUMxttUxttUxttU xttxxttx xx  

()( ) ,,

0

,ñ
D

D+-D++

t

xttx dsssttgM x

 

( ) ( ) ( )ñ
D

D+D+ -D++D=D+=D+

t

xttxttx dsssttgMttUMxttUxttU
0

, )(,(,,),( xx (7)  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ),( xttU D+  ʨʘʟʣʦʞʠʤ ʩʪʦʷʱʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (7) ʬʫʥʢʮʠʠ 

),( ÖÖU  ʠ ),( ÖÖg  ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ x  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʯʣʝʥʦʚ ʧʦʨʷʜʢʘ tD. ɿʘʤʝʪʠʤ ʪʦʣʴʢʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʦʩʣʝʜʫʶʱʝʝ ʜʚʫʢʨʘʪʥʦʝ ʦʩʨʝʜʥʝʥʠʝ ʧʦxM  ʠ ... . 

 ʀʪʘʢ, ʠʤʝʝʤ  

( ) ( )+-D
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µ
+=D D+D+ xtM

x

xtU
xtUttUM xttxxttx )(

),(
),((, ,, xx

 

( ) ().)(
),(

2

1 2
,2

2

toxtM
x

xtU
xttx D+-D

µ

µ
+ D+x  

ʆʩʨʝʜʥʝʥʠʝ  ...   ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ - 

ʩʥʘʯʘʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ 0  ʜʦ t  (ʧʨʠ ʵʪʦʤ ʦʩʨʝʜʥʷʝʪʩʷ ʪʦʣʴʢʦ ʯʣʝʥʳ ʩ ),( xtU ), 

ʧʦʩʣʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ t  ʜʦ tt D+  (ʧʨʠ ʵʪʦʤ ʦʩʨʝʜʥʷʶʪʩʷ ʪʦʣʴʢʦ ʯʣʝʥʳ ʩ 

)(, txtt DD+x , ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʠ )(, sxtt D+x  ʩ ttst D+¢¢D ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ  
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xttx D+-D

µ

µ
+ D+x                                 (8) 

ɼʘʣʝʝ, ʩ ʫʯʝʪʦʤ 0)()( =D=D tWMtW x , ttWMtW x D=D=D )()( 22  ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

)(sW ʦʪ ),( xsb  (ʠ ),( xsg , ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʠʞʝ) ʧʦʣʫʯʠʤ: 

( ) ()todsdsxsttb
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, todsdsxsttbxsttbtaxtM
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xttx Dñ +ñ -D+Ö-D++D=-D
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D+x

 
ʋʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ (6) ʤʦʞʝʤ ʧʠʩʘʪʴ: 

( ) ( ) ()totxxBaxtM bbxttx D+D+=-DD+ ),()( 22

,x , 
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ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

( ) ()tot
x

yxB
xtgdsssttgM
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t

xttx D+D
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ʇʦʩʪʘʚʣʷʷ ʪʝʧʝʨʴ ʥʘʡʜʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (9) ʚ (8), ʧʦʪʦʤ (8) ʠ ()9¡ ʚ (7), ʧʦʩʣʝ ʧʝʨʝʥʦʩʷ 

),( xtU ʚ ʣʝʚʫʶ ʯʘʩʪʴ ʠ ʧʦʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʥʘ tD , ʧʝʨʝʭʦʜʷ ʢ 

ʧʨʝʜʝʣʫ ʧʨʠ0­Dt , ʧʦʣʫʯʠʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʳ. 

 ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ  

)(,),(,),( xxtgxtb j ʥʝʧʨʝʨʳʚʥʳʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ. ʊʦʛʜʘ, ʚ 

ʩʣʫʯʘʝ ʜʝʣʴʪʘ - ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ),( xtb  ʠ ʚʟʘʠʤʥʦʡ ʜʝʣʴʪʘ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ 

),( xtg ʠ ),( xtb  ʧʦ ʚʨʝʤʝʥʠ, ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1) ʜʦʧʫʩʢʘʝʪ ʦʩʨʝʜʥʝʥʠʝ, 

ʧʨʠʯʝʤ ʦʩʨʝʜʥʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1)  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʂʦʰʠ  
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ɺ (10) ʢʦʵʬʬʠʮʠʝʥʪʳ),(),,( yxByxB gbbb  ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (6), ʘ 

),(,),( )1,0()1,0( xxBxxB gbbb ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  
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(11) 

ɺ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʫʨʘʚʥʝʥʠʝ (10) ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʦ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ (ʩʪʘʮʠʦʥʘʨʥʦʛʦ) ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ 

(ʩʤ. [4]) ),( xtb  ʠ ),( xtg : ,)(),(,)(),( tgxtgtbxtb == )(),( yxByxB bbbb -= ,  ʪ.ʝ. 

)0(),( bbbb BxxB = ,  )0(),( gbgb BxxB =  - ʧʦʩʪʦʷʥʥʳʝ. 

 

 
1. ɸ.ɼ.ɺʝʥʪʮʝʣʴ. ʂʫʨʩ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʄ.:ʅʘʫʢʘ, 1975-320ʩ. 

2. ʀ.ʀ. ɻʠʭʤʘʥ, ɸ.ɺ. ʉʢʦʨʦʭʦʜ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ - ʄ.:ʅʘʫʢʘ, 

1985-568ʩ. 
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3. ʅ.ɸʢʘʥʙʘʡ, ɸ.ɹ. ɸʙʠʙʫʣʣʘ, ɹ.ʂ.ɾʦʣʜʘʩʦʚʘ. ʉʨʝʜʥʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʩʣʫʯʘʡʥʦʤ 
ʧʦʪʦʢʝ ʩ ʤʛʥʦʚʝʥʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʷʮʠʝʡ. ï ɺʝʩʪʥʠʢ ʂʘʟʅʇʋ ʠʤ. ɸʙʘʷ, ʩʝʨʠʷ 

"ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ", ˉ1 (37), 2012, ʩʪʨ.8-11. 

4. ɸ.ʉ.ʄʦʥʠʥ, ɸ.ʄ.ʗʛʣʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ - ʄ.:ʅʘʫʢʘ, 1967-720ʩ. 

 

 
 

ʋɼʂ 372 

ʄ.ɸ. ɸʣʤʫʭʘʤʝʜʦʚʘ 

 

ʀʅʊɽʈɸʂʊʀɺʅʓɽ ʄɽʊʆɼʓ ʆɹʋʏɽʅʀʗ ʀʅʌʆʈʄɸʊʀʂɽ ɺ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʄ ʃʀʎɽɽ 
 

(ʛ.ɸʣʤʘʪʳ, ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʣʠʮʝʡ ˉ 11) 

 
ɹײʣ ʤʘץʘʣʘʜʘ ʢᴅʩʽʙʠ ʣʠʮʝʡʜʝʛʽ ʠʥʬʦʨʤʘʪʠʢʘʜʘ ץʦʣʜʘʥʘʪʳʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩʪʝʨʽ 

 ʙʝʣʩʝʥʜʽʣʽʛʽʥ ץʫ- ʪʘʥʳʤʜʳץʦʣʜʘʥʳʩʳ ʦץ שʘʨʘʩʪʳʨʳʣʘʜʳ. ʀʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩʪʽץ

ʜʘʤʳʪʘʜʳ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ  ʜʘסʜʳʣʘʨʜʳ ʙʝʣʛʽʣʽ ʥʳʩʘʥסʘ ʢʝʣʪʽʨʝʜʽ, ʦץʫ 

 .ʘʨʣʘʪʘʜʳסʘʤʜʘʤʘʥʳ ʞʦסʦʟץ

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʣʠʮʝʝ. ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ  

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʨʘʟʚʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʨʘʟʚʠʚʘʶʪ ʠ ʬʦʨʤʠʨʫʶʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʥʘʚʳʢʠ, 

ʧʦʚʳʰʘʶʪ ʫʯʝʙʥʫʶ ʤʦʪʠʚʘʮʠʶ. 

In this article application of interactive training in informatics in professional lyceum is 

considered. Application of interactive methods allows to make active informative activity of 

pupils, to develop abilities to independent training, develop and form communicative skills, 

increase educational motivation. 

 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʫ, ʠʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩʪʝʨ, ʧʨʝʟʝʥʪʘʮʠʷʣʘʨ, ץʦʟסʘʤʜʘʤʘ, ʤʠʥʳש 

ʰʪʫʨʤʘ ᴅʜʽʩʽ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʧʨʝʟʝʥʪʘʮʠʠ, 

ʤʦʪʠʚʘʮʠʷ, ʤʝʪʦʜ ʤʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘ.   

Keywords: interactive training, interactive methods, presentations, motivation, a method of 

brain storm. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʦʠʪ 

ʚʦʧʨʦʩ: ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ 

ʫʯʘʱʠʭʩʷ ʘʢʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʫʯʝʙʥʦ- ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʠ ʫʯʝʙʥʦ- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʧʦʟʠʮʠʠ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʱʠʭʩʷ.  

ʄʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʫʯʘʱʠʭʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʣʠʮʝʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʩʧʦʩʦʙʦʚ, ʪʘʢ ʠ ʥʦʚʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʣʦ ʜʦʩʪʫʧ ʢ ʦʙʰʠʨʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʩʧʨʘʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʵʣʝʢʪʨʦʥʥʳʤ ʫʯʝʙʥʠʢʘʤ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʷ ʠ ʥʦʚʝʡʰʠʝ ʜʘʥʥʳʝ, ʦʧʝʨʝʞʘʶʱʠʝ ʧʝʯʘʪʥʳʝ ʠʟʜʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  ʧʦʟʚʦʣʠʣʠ ʫʯʝʩʪʴ ʠʥʪʝʨʝʩʳ ʫʯʘʱʠʭʩʷ ʠ 

ʫʨʦʚʝʥʴ ʠʭ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʩʘʤʦʢʦʥʪʨʦʣʴ ʫʩʚʦʝʥʠʷ 

ʫʯʘʱʠʤʠʩʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. 

ʇʦʥʷʪʠʝ ñʠʥʪʝʨʘʢʪʠʚʥʳʡò ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ñinteractò (ñinterò ï 

ñʚʟʘʠʤʥʳʡò, ñactò ï ñʜʝʡʩʪʚʦʚʘʪʴò). ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ - ʵʪʦ ʩʧʝʮʠʘʣʴʥʘʷ ʬʦʨʤʘ 
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ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʳʝ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʮʝʣʠ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʮʝʣʝʡ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ 

ʦʙʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʯʘʱʠʡʩʷ ʯʫʚʩʪʚʫʝʪ ʩʚʦʶ ʫʩʧʝʰʥʦʩʪʴ, ʩʚʦʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʩʦʩʪʦʷʪʝʣʴ-ʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʜʫʢʪʠʚʥʳʤ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. 

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʢʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʨʘʟʚʠʪʠʝ 

ʜʠʘʣʦʛʦʚʦʛʦ ʦʙʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʝʜʝʪ ʢ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʶ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʢ 

ʩʦʚʤʝʩʪʥʦʤʫ ʨʝʰʝʥʠʶ ʦʙʱʠʭ, ʥʦ ʟʥʘʯʠʤʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʟʘʜʘʯ. ʆʩʥʦʚʥʳʝ 

ʮʝʣʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ: 

      - ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ; 

     - ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ;  

     - ʨʘʟʚʠʪʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ;  

     - ʚʦʩʧʠʪʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ; 

     - ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʥʘʚʳʢʦʚ, ʩʘʤʦʨʘʟʚʠʪʠʝ ʫʯʘʱʠʭʩʷ. 

ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ, ʦʨʛʘʥʠʟʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʢʣʶʯʝʥʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ ʚʩʝʭ ʫʯʘʱʠʭʩʷ  

ʛʨʫʧʧʳ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ. ʆʙʫʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʣʠʮʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ  ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʫʯʘʱʠʭʩʷ, ʨʘʟʚʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʚʳʨʘʙʘʪʳʚʘʶʪ 

ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʨʘʟʚʠʚʘʶʪ ʠ ʬʦʨʤʠʨʫʶʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʥʘʚʳʢʠ, ʘ 

ʩʘʤʦʝ ʚʘʞʥʦʝ ʧʦʚʳʰʘʶʪ ʫʯʝʙʥʫʶ ʤʦʪʠʚʘʮʠʶ [2].  

ɺ ʧʨʦʚʝʜʝʥʠʠ ʫʨʦʢʦʚ ʠʥʬʦʨʤʘʪʠʢʠ ʦʯʝʥʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʳʙʦʨ ʤʝʪʦʜʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ɺ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʦʙʫʯʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʠ ʫʯʘʱʝʛʦʩʷ, ʧʨʠʚʣʝʢʘʝʪʩʷ ʝʛʦ ʣʠʯʥʦʩʪʥʳʡ ʦʧʳʪ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʜʨʝʩʥʘʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʥʠʡ, ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, 

ʩʦʪʚʦʨʯʝʩʪʚʦ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʠ ʩʚʦʙʦʜʫ ʚʳʙʦʨʘ; ʫʯʘʱʠʡʩʷ ʘʥʘʣʠʟʠʨʫʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʫʯʘʩʪʥʠʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ ʩʚʝʨʩʪʥʠʢʦʤ 

ʫʯʘʱʠʡʩʷ ʯʫʚʩʪʚʫʝʪ ʩʝʙʷ ʢʦʤʬʦʨʪʥʝʝ. 

ɺʝʜʫʱʘʷ ʨʦʣʴ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʦʙʫʯʝʥʠʠ ʦʪʚʦʜʠʪʩʷ - ʨʘʟʚʠʚʘʶʱʠʤ, ʯʘʩʪʠʯʥʦ-

ʧʦʠʩʢʦʚʳʤ, ʧʦʠʩʢʦʚʳʤ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʤʝʪʦʜʘʤ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʫʨʦʢʘʭ 

ʦʨʛʘʥʠʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ, ʧʘʨʥʘʷ ʠ ʛʨʫʧʧʦʚʘʷ ʨʘʙʦʪʘ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʝʢʪʳ, ʨʦʣʝʚʳʝ ʠʛʨʳ, ʠʜʝʪ ʨʘʙʦʪʘ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʚʦʨʯʝʩʢʠʝ ʨʘʙʦʪʳ. ɿʘʥʷʪʠʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʪʘʢ, 

ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʫʯʘʱʠʝʩʷ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ, ʦʥʠ ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʫʤʘʪʴ, ʧʦʥʠʤʘʪʴ ʠ ʨʝʬʣʝʢʩʠʨʦʚʘʪʴ. ʈʘʟʣʠʯʥʳʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʫʨʦʢʘ ʠ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʫʨʦʢʘ 

(ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, ʩʤʳʩʣʦʚʦʡ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦ-ʜʠʩʢʫʩʩʠʦʥʥʳʡ, 

ʠʪʦʛʦʚʳʡ). ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. ɺ ʧʨʦʚʝʜʝʥʠʠ ʫʨʦʢʦʚ ʠʥʬʦʨʤʘʪʠʢʠ ʦʯʝʥʴ 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʳʙʦʨ ʤʝʪʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ.  

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʫʯʘʝʤʳʭ, ʦʧʦʨʝ ʥʘ ʛʨʫʧʧʦʚʦʡ ʦʧʳʪ, ʦʙʷʟʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʉʦʟʜʘʝʪʩʷ ʩʨʝʜʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʦʙʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʢʨʳʪʦʩʪʴʶ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʫʯʘʩʪʥʠʢʦʚ, ʨʘʚʝʥʩʪʚʦʤ ʠʭ ʘʨʛʫʤʝʥʪʦʚ, ʥʘʢʦʧʣʝʥʠʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʟʥʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʟʘʠʤʥʦʡ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʫʯʝʙʥʳʭ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʬʦʨʤʳ: 

         - ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʵʢʩʢʫʨʩʠʷ; 

         - ʧʨʦʚʝʜʝʥʠʝ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ; 
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         - ʢʨʫʛʣʳʡ ʩʪʦʣ; 

         - ʤʦʟʛʦʚʦʡ ʰʪʫʨʤ; 

         - ʜʝʙʘʪʳ; 

         - ʜʝʣʦʚʳʝ ʠ ʨʦʣʝʚʳʝ ʠʛʨʳ; 

         - ʫʯʝʙʥʳʝ ʛʨʫʧʧʦʚʳʝ ʜʠʩʢʫʩʩʠʠ; 

         - ʪʨʝʥʠʥʛʠ [3]. 

ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʣʠʮʝʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ï ñʀʥʪʝʨʘʢʪʠʚʥʘʷ ʵʢʩʢʫʨʩʠʷò, ʤʝʪʦʜ ñʄʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘò, ñɼʝʣʦʚʳʝ ʠ ʨʦʣʝʚʳʝ 

ʠʛʨʳò, ñʋʯʝʙʥʳʝ ʛʨʫʧʧʦʚʳʝ ʜʠʩʢʫʩʩʠʠò, ñʊʨʝʥʠʥʛʠò. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ. 

1.ʄʝʪʦʜ ñʀʥʪʝʨʘʢʪʠʚʥʘʷ ʵʢʩʢʫʨʩʠʷò ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ  

ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ ʚ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ - ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ, ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ, 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ, ʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʜʘʢʪʦʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ɺʘʰ ʢʦʤʧʴʶʪʝʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʝʧʝʪʠʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʧʦʜʨʦʙʥʦ ʦʙʲʷʩʥʷʝʪ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʧʨʦʚʦʞʜʘʷ ʨʝʯʴ ʥʘʛʣʷʜʥʳʤʠ ʠʣʣʶʩʪʨʘʮʠʷʤʠ, 

ʨʠʩʫʝʪ ʩʭʝʤʳ, ʨʘʟʙʠʨʘʝʪ ʟʘʜʘʯʠ, ʟʘʜʘʝʪ ʚʦʧʨʦʩʳ ʠ ʧʦʤʦʛʘʝʪ ʥʘ ʥʠʭ ʦʪʚʝʯʘʪʴ.  

2.ʄʝʪʦʜ  ñʄʦʟʛʦʚʦʡ ʰʪʫʨʤò. ʄʦʟʛʦʚʦʡ ʰʪʫʨʤ ï ʵʪʦ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʛʝʥʝʨʠ-

ʨʦʚʘʥʠʷ ʠʜʝʡ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. ɺʦ ʚʨʝʤʷ ʤʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘ ʫʯʘʩʪʥʠʢʠ 

ʩʚʦʙʦʜʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʠʜʝʷʤʠ ʧʦ ʤʝʨʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.  ʇʨʦʙʣʝʤʳ ʜʣʷ ñʤʦʟʛʦʚʦʛʦ 

ʰʪʫʨʤʘò ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʥʬʦʨʤʘʪʠʢʠ: ɺʨʝʜʝʥ ʣʠ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ?; 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʚʦʝʡ ʧʨʦʬʝʩʩʠʠ; ʀʥʪʝʨʥʝʪ ʚ ʨʝʰʝʥʠʠ ʪʚʦʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ; ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ  CorelDraw ʚ ʪʚʦʝʡ 

ʧʨʦʬʝcʩʠʠ; ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ Photoshop ʚ ʪʚʦʝʡ ʧʨʦʬʝʩʩʠʠ; ʠ ʜʨ. 

3. ʄʝʪʦʜ ñɼʝʣʦʚʳʝ ʠ ʨʦʣʝʚʳʝ ʠʛʨʳò. ɺʦ ʚʨʝʤʷ ʜʝʣʦʚʦʡ ʠʛʨʳ ʫʯʘʱʠʝʩʷ 

ʨʘʟʳʛʨʳʚʘʶʪ ʨʦʣʠ ʧʦ ʩʮʝʥʘʨʠʶ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʪʝʤʦʡ ʦʙʫʯʝʥʠʷ. ɼʝʣʦʚʳʝ ʠʛʨʳ ʭʦʨʦʰʦ 

ʧʨʦʚʦʜʠʪʴ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʫʨʦʢʘʭ ʠʟʫʯʝʥʥʳʭ ʪʝʤ - ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ MS Word, 

ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ MS Excel. ʋʯʘʱʠʝʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʥʳʭ ʨʦʣʝʡ ʚʳʧʦʣʥʷʶʪ 

ʟʘʜʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʝʡ. 

4.ʄʝʪʦʜ ñɼʠʩʢʫʩʩʠʠ ʚ ʤʘʣʳʭ ʛʨʫʧʧʘʭò. ɼʠʩʢʫʩʩʠʷ ʚ ʤʘʣʳʭ ʛʨʫʧʧʘʭ ï ʵʪʦ ʪʘʢʦʡ 

ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʦʙʤʝʥʠʚʘʪʴʩʷ ʦʧʳʪʦʤ ʠ ʜʝʣʠʪʴʩʷ 

ʩʚʦʠʤʠ ʚʟʛʣʷʜʘʤʠ ʠ ʠʜʝʷʤʠ ʩ ʮʝʣʴʶ ʨʘʟʨʝʰʝʥʠʷ ʣʶʙʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʘʝʪ: ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʱʠʤʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʭ ʥʘʚʳʢʠ ʨʘʟʨʝʰʝʥʠʷ 

ʪʨʫʜʥʳʭ ʧʨʦʙʣʝʤ; ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʱʠʤʩʷ ʫʯʠʪʴʩʷ ʜʨʫʛ ʫ ʜʨʫʛʘ; ʬʦʨʤʠʨʫʝʪ ʫ ʫʯʘʱʠʭʩʷ 

ʯʫʚʩʪʚʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ; ʬʦʨʤʠʨʫʝʪ ʫ ʫʯʘʱʠʭʩʷ ʥʘʚʳʢʠ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ ʢʦʤʘʥʜʘʭ; ʧʨʦʷʩʥʷʝʪ ʮʝʥʥʦʩʪʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʫʯʘʱʠʭʩʷ. ʕʪʦʪ 

ʤʝʪʦʜ ʜʘʝʪ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ 

ʣʫʯʰʝ ʚʣʠʷʪʴ ʥʘ ʥʝʛʦ; ʫʯʘʱʠʝʩʷ ʩʪʠʤʫʣʠʨʫʶʪʩʷ ʢ ʘʢʪʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ. 

5.ʄʝʪʦʜ ʧʨʦʝʢʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʚʦʠʪʴ 

ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʪʝʤ ʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʆʥ ʨʘʟʚʠʚʘʝʪ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʥʘʚʳʢʠ ʫʯʘʱʠʭʩʷ, ʫʤʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʚʦʠ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; ʨʘʟʚʠʚʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʠ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. ɼʣʷ ʢʘʞʜʦʡ ʧʨʦʬʝʩʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʙʘʥʢ ʧʨʦʝʢʪʦʚ, ʯʪʦʙʳ ʫʯʘʱʠʝʩʷ ʤʦʛʣʠ ʚʳʙʨʘʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʦʙʫʯʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʦʩʢʠ. 

ʆʥʠ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʢʨʳʪʠʷ ʪʝʤʳ ʫʨʦʢʘ, ʯʝʤ ʧʨʦʩʪʘʷ ʜʦʩʢʘ ʠ ʜʘʞʝ 

ʢʦʤʧʴʶʪʝʨ ʩ ʧʨʦʝʢʪʦʨʦʤ. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ 

ʧʨʝʧʦʜʥʦʩʠʤʳʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʤʘʪʝʨʠʘʣ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤ ʜʣʷ 

ʫʯʘʱʠʭʩʷ [4]. ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʦʩʦʢ: 
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      - ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʝʙ-ʩʘʡʪʦʚ ʯʝʨʝʟ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʜʦʩʢʫ ʚʩʝʤ ʫʯʘʱʠʤʩʷ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʧʧʦʚʳʭ ʬʦʨʤ ʨʘʙʦʪʳ;  

     - ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʥʘʜ ʜʦʢʫʤʝʥʪʘʤʠ, ʪʘʙʣʠʮʘʤʠ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ;  

     - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʬʝʨʝʥʮ-ʩʚʷʟʠ; ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʫʯʝʥʠʢʘ ʚʩʝʤ 

ʦʩʪʘʣʴʥʳʤ ʫʯʝʥʠʢʘʤ ʢʣʘʩʩʘ; ʜʝʤʦʥʩʪʨʘʮʠʷ ʫʯʝʙʥʳʭ ʚʠʜʝʦʨʦʣʠʢʦʚ; 

     - ʧʦʤʝʪʢʠ ʠ ʟʘʧʠʩʠ ʧʦʚʝʨʭ ʚʳʚʦʜʠʤʳʭ ʥʘ ʵʢʨʘʥ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʨ.  

ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʨʦʚʝʥʴ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ, ʚ ʫʩʣʦʚʠʷʭ ʝʝ 

ʧʨʘʚʠʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʢʘʢ ʬʦʨʤʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʧʦʩʦʙʥʦ ʩʪʘʪʴ ʪʝʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʫʱʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʦʚʝʨʰʝʥʥʦ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ.  
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ʄ.ɸ. ɸʩץʘʨʦʚʘ, ɽ. פʘʟʝʟ* 
 

ʄɸʊɽʄɸʊʀʂɸʅʓ ʄʆɼʋʃʔɼɯʂ ʊɽʍʅʆʃʆɻʀʗʄɽʅ ʆפʓʊʋɼʓר 

ʇʈʀʅʎʀʇʊɽʈɯ ɾᴄʅɽ ʆʃɸʈɼʓר ʄɸʊɽʄɸʊʀʂɸʅʓ ʆפʓʊʋɼʓר 

ʅɽɻɯɿɻɯ ɼʀɼɸʂʊʀʂɸʃʓפ ʇʈʀʅʎʀʇʊɽʈɯʄɽʅ ɹɸʁʃɸʅʓʉʓ 

 
(ɸʣʤʘʪʳ Ϩ.,ɸʙʘʡ ʘʪʳʥʜʘϤʳ ϧʘʟϯʇʋ-*ʤʘʛʠʩʪʨʘʥʪ) 

 
ʄʘץʘʣʘʜʘ ʤʘʪʝʤʘʪʠʢʘʥʳ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʧʨʠʥʮʠʧʪʝʨʽ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ʥʝʛʽʟʛʽ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש 

ʧʨʠʥʮʠʧʪʝʨʽ ʤʝʥ ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ʥʝʛʽʟʛʽ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽʥʽש ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʳʥ ʙʽʣʫ ʦץʫ װʨʜʽʩʽʥʽש ʩᴅʡʢʝʩ ʟʘשʜʳʣʳץʪʘʨʳʥ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɸʣ, ʦʩʳʣʘʨʜʳש ʙᴅʨʽ ʦץʫ װʨʜʽʩʽʥʽש ʢʝʟʝשʜʝʨʽʥ ʩʘץʪʘʫסʘ, ʙʽʣʽʤ ʘʣʫʰʳ ʤʝʥ ʦץʳʪʫʰʳʥʳש 

ᴇʟʘʨʘ ץʘʨʳʤ-ץʘʪʳʥʘʩʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʽʨʣʝʩʽʧ ʞײʤʳʩ ʽʩʪʝʫʣʝʨʽʥ ʦʨʥʳץʪʳʨʘʜʳ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʧʨʠʥʮʠʧʳ ʤʦʜʫʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʦʩʥʦʚʥʳʤʠ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ. ʇʦʵʪʦʤʫ 

ʟʥʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʠʥʮʠʧʦʚ ʤʦʜʫʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʩʥʦʚʥʳʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʩʦʦʪʚʝʩʪʚʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ ʵʪʘʧʳ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ 

ʦʧʪʠʤʘʣʴʥʦ ʚʳʩʪʨʦʠʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʦʙʫʯʘʶʱʠʭʩʷ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣ.̫ 

The article discusses the principles of modular technology of teaching mathematics and 

their relationship to the basic didactic principles. Therefore, knowledge of the relationship of 
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the principles of modular technology and basic the didactic principles allow them to perform 

the appropriate laws in the educational process of mathematics. And all these make it possible 

to keep the stages of the educational process, relationships and work together students and 

teacher. 

 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫ, ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʫʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

Keywords: technology of modular training, didactic principles 

 

ʇ.ɸ. ʖʮʷʚʠʯʝʥʝ ʤʦʜʫʣʴʜʽʢ ʦץʳʪʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ װʨʜʽʩʽʥ ʩʠʧʘʪʪʘʡ ʢʝʣʝ ʙʘʨʣʳץ 

ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʢᴇשʽʣ ʘʫʜʘʨʘʜʳ ʞᴅʥʝ ʩʦʥʳʤʝʥ ʙʽʨʛʝ, 

ʪʝʢ ʤʦʜʫʣʴʜʽʢ ʦץʳʪʫʜʳש ᴇʟʽʥʝ ʪᴅʥ ʧʨʠʥʮʠʧʪʝʨʽʥ ʩʘץʪʘʫ ʢʝʨʝʢʪʽʛʽʥ ʝʩʢʝʨʪʝʜʽ. 

çʇʨʠʥʮʠʧè ʩᴇʟʽʥʽש ʤᴅʥʽ (ʣʘʪʳʥʥʳש çprincipiumè ï ʥʝʛʽʟ, ʙʘʩʪʘʤʘ, ʪװʧʢʽ) 

çʙʘʩץʘʨʫʰʳ ʠʜʝʷ, ʥʝʛʽʟʛʽ ʝʨʝʞʝ, ʙʝʢʽʪʽʣʛʝʥ סʳʣʳʤʠ ʟʘשʜʳʣʳץʪʘʥ ʪʫʳʥʜʘʡʪʳʥ ʽʩ-

ᴅʨʝʢʝʪʢʝ ʞᴅʥʝ ʤʽʥʝʟ-ײץʣrץץʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨè[1]. ᴄʨʠʥʝ, ʤʦʜʫʣʴʜʽʢ 

ʦץʳʪʫʜʳש ʧʨʠʥʮʠʧʪʝʨʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞᴅʥʝ ᴇʟʽʥʝ ʽʨʛʝʣʝʩ סʳʣʳʤʜʘʨ-ʧʩʠʭʦʣʦʛʠʷ, 

ʬʠʣʦʩʦʬʠʷ, ᴅʣʝʫʤʝʪʪʘʥʫ ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʜʘʡ סʳʣʳʤʜʘʨʜʳש ʙʝʢʽʪʽʣʛʝʥ ʞʘʣʧʳ 

ʟʘשʜʳʣʳץʪʘʨʳʥʘ ʩװʡʝʥʫʽ ʢʝʨʝʢ ʞᴅʥʝ ʩʦʣ ʫʘץʳʪʪʘ ʤʦʜʫʣʴʜʽʢ ʦץʳʪʫʜʳש ᴇʟʽʥʝ ʪᴅʥ 

ʟʘשʜʳʣʳץʪʘʨʳʥ ᴇʨʥʝʢʪʝʫʽ ץʘʞʝʪ.  

ʄʘʪʝʤʘʪʠʢʘʥʳ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʞʘʣʧʳ ʙʘסʳʪʳʥ, ʦʥʳש 

ʤʘץʩʘʪʳʥ, ʤʘʟʤײʥʳ ʤʝʥ ײʡʳʤʜʘʩʪʳʨʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʘʡץʳʥʜʘʡʪʳʥ ʤʦʜʫʣʴʜʽʢ 

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʤʳʥʘʜʘʡ ᴇʟʘʨʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ ʙʘʨ: 

1) ʤʦʜʫʣʴʜʽʢ; 

2) ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʞʝʢʝʣʝʥʛʝʥ ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʽʢʪʝʫ; 

3) ʜʠʥʘʤʠʢʘʣʳץ (ᴇʩʽשʢʽʣʽʢ); 

4) ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩʽ; 

5) ʠʢʝʤʜʽʣʽʢ; 

6) ʙʦʣʘʰʘץʪʳʣʳץ; 

7) ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ; 

8) ʙʽʨʜʝשʛʝʡʣʽʣʽʢ. 

ʄʦʜʫʣʴʜʽʢ ʧʨʠʥʮʠʧʽ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ ײʡʳʤʜʘʩʪʳʨʫ ʪᴅʩʽʣʜʝʨʽ, ʤʘʟʤײʥʳ 

ʘʨץʳʣʳ ʦץʳʪʫסʘ ʤʦʜʫʣʴʜʽʢ ʳץʧʘʣ ʝʪʫʜʽ ʘʡץʳʥʜʘʡʜʳ. ʆʩʳ ʧʨʠʥʮʠʧʢʝ ʩᴅʡʢʝʩ ʦץʳʪʫ, 

ʥʘץʪʳʣʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ װʰʽʥ ʘʨʥʘʣסʘʥ ʞʝʢʝʣʝʛʝʥ çʬʫʥʢʮʠʦʥʘʣʜʳ 

ʊװʡ̔ʥè ï ʤʦʜʫʣʴʜʝʨ ʙʦʡʳʥʰʘ ײץʨʳʣʘʜʳ. ɹʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳ ᴇʟʽʥʜʽʢ ʘʷץʪʘʣסʘʥ ʙʽʨ 

ʪʝʢʪʝʩ ʦץʫ ʙʣʦʢʪʘʨʳ ʪװʨʽʥʜʝ ʙʝʨʽʣʝʜʽ: 

- ʤʘʪʝʤʘʪʠʢʘ ʙʦʡʳʥʰʘ ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʤʦʜʫʣʴ ʥʝʤʝʩʝ ʤʦʜʫʣʴʜʽʢ ʙʘסʜʘʨʣʘʤʘ 
ʪװʨʽʥʜʝ ᴅʨʙʽʨ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʘʣʜʳʥʘ ץʦʡסʘʥ ʜʠʜʘʢʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨʳʥʘ ʞʝʪʫʽʥ 

ʪʦʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʨʣʽʢʪʝʡ ʝʪʽʧ ײץʨʘʩʪʳʨʫ ʢʝʨʝʢ; 

- ʤʘʪʝʤʘʪʠʢʘ ʙʦʡʳʥʰʘ ʦץʫ ʤʘʪʝʨʠʘʣʳ, ʞʝʢʝʣʝʛʝʥ ʤʦʜʫʣʴʜʝʨʜʝʥ ײץʨʘʣʳʧ, ʢʝʰʝʥʜʽ 
ʜʠʜʘʢʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨסʘ ʩʘʡ ʢʝʣʽʧ, ʦץʳʪʫ ʤʘʟʤײʥʳʥʳש ʙʽʨʳסשʘʡ ײץʨʳʣʳʤʳʥ 

 ;ʘʥ ʙʣʦʢ ʨʝʪʽʥʜʝ ʙʝʨʽʣʫʽ ʢʝʨʝʢסʪʘʣץʨʘʩʪʳʨʳʧ, ʘʷײץ

- ʦץʫ ʤʘʪʝʨʠʘʣʳʥʘ ʩᴅʡʢʝʩ, ʦץʳʪʫʜʳש ʙʝʣʛʽʣʝʥʛʝʥ ʤʘץʩʘʪʪʘʨʳʥʘ ʞʝʪʫ ʞʦʣʳʥʜʘסʳ 

ʦץʳʪʫ ʪװʨʣʝʨʽ ʤʝʥ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʽʥ ʢʽʨʽʢʪʽʨʫ ʢʝʨʝʢ. 

ʉʦʥʳʤʝʥ, ʤʦʜʫʣʴ-ʘץʧʘʨʘʪʪʘʨʜʳש ʞʠʥʘץʪʘʣסʘʥ ʙʣʦʛʳ ʙʦʣʘʪʳʥ ʤʦʜʫʣʴʜʽʢ ʦץʳʪʫʜʳש 

ʙʘʩʪʳ ײץʨʘʣʳ, ʩʦʥʜʘʡ-ʘץ, ᴇʟʽʥʝ ᴅʨʝʢʝʪʪʝʨʜʽש ʤʘץʩʘʪʪʳ ʙʘסʜʘʨʣʘʤʘʩʳ ʤʝʥ ץʦʡʳʣסʘʥ 

ʜʠʜʘʢʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ ʞʦʣʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʥײʩץʘʫʣʘʨʜʳ 

 .ʘʤʪʠʜʳץ

ʄʘʪʝʤʘʪʠʢʘʥʳ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫ, ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʜʘʨʘʣʘʥʜʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʪʫסʳʟʘʜʳ, ʦץʳʪʫ װʨʜʽʩʽʥ ʪʦʧʪʘʨʜʘסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʩʘʥʳʥ ʘʟʘʡʪʧʘʡ-ʘץ, 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʝשʙʝʢʪʽץ שʠʳʥʜʳסʳʥ ʘʨʪʳʨʤʘʡ-ʘײ ץʪʳʤʜʳ ʝʪʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

 ʨʘʩʪʳʨʫʜʘ ʞᴅʥʝײץ ʥʳʥײʘʥ ʤʘʟʤסʜʘʨʘʣʘʥʜʳʨʳʣ שʳʪʫʜʳץʤᴅʥʽʩʽ ʦ שʪʳץʪʳʣʳʤʜʳʣʳױ
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ʦʥʳ ʠʛʝʨʫʜʝ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʞʝʢʝʣʝʡ ץʘʨץʳʥʳʥ ʞᴅʥʝ ᴇʟʽʥʜʽʢ ʞʦʣʜʘʨʳʥ ʪʘשʜʘʫʜʘ 

ʠʢʝʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝʥ ʪײʨʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʦץʳʪʫ װʨʜʽʩʽʥ ʙʘץʳʣʘʫ ʞᴅʥʝ 

ᴇʟʜʽʛʽʥʝʥ ʙʘץʳʣʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʪʫʘʜʳ. 

ʄʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʧʨʠʥʮʠʧʪʝʨʽ ᴇʟʘʨʘ 

ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ. ʆʣʘʨʜʳש ʙʘʨʣʳסʳ (ʙʽʨʜʝשʛʝʡʣʽʣʽʢ ʧʨʠʥʮʠʧʽʥʝʥ ʙʘʩץʘʩʳ) ʦץʳʪʫ 

ʤʘʟʤײʥʳ ײץʨʳʣʳʤʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʢᴇʨʩʝʪʽʧ, ʘʣ ʙʽʨʜʝשʛʝʡʣʽʣʽʢ ʧʨʠʥʮʠʧʽ ʦץʳʪʫʰʳ 

ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʤʦʜʫʣʴʜʽʢ, ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʞʝʢʝʣʝʥʛʝʥ ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʽʢʪʝʫ, 

ʜʠʥʘʤʠʢʘʣʳץ (ᴇʩʽשʢʽʣʽʢ), ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩʽ, ʠʢʝʤʜʽʣʽʢ, ʙʦʣʘʰʘץʪʳʣʳץ ʧʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ 

ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ʙʘʨʳʩʳʥʜʘ ץʘʣʳʧʪʘʩץʘʥ 

ʞʘשʘ ʞʘסʜʘʡʜʘסʳ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʆץʳʪʫʰʳ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ᴅʨʝʢʝʪʪʝʩʫʽ 

ʜʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝʛʽ ʞʘʥ-ʞʘץʪʳʣʳץ ʧʨʠʥʮʠʧʽʤʝʥ ʘʡץʳʥʜʘʣʘʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʥʳ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʙʘʨʣʳץ ʧʨʠʥʮʠʧʪʝʨʽ 

ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ʞʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʩװʡʝʥʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʪʠʽʤʜʽ ʪװʨʜʝ ʽʩʢʝ ʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɾʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ ʦץʳʪʫʜʳש ʙʘʨʣʳץ ʩʘʪʳʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʞʘʣʧʳ ʞʘסʜʘʡʣʘʨʜʘʥ ʪײʨʘʜʳ. 

ʆʣʘʨʜʳש ʢʝʡʙʽʨʝʫʣʝʨʽ (ʢʝʡʙʽʨʽ) ᴇʟ ʙʘʩʪʘʫʳʥ ʗ.ɸ. ʂʦʤʝʥʩʢʠʡ ʤʝʥ ʀ.ɻ. ʇʝʩʪʘʣʦʮʮʠ 

ʝשʙʝʢʪʝʨʽʥʝʥ ʦʨʳʥ ʘʣʘʜʳ. פʦסʘʤʥʳש ʜʘʤʳʧ, ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦץʳʪʫ ʧʨʠʥʮʠʧʪʝʨʽ 

ʞᴅʥʝ ʦʥʳש ʞװʡʝʩʽ ʜʝ ʜʘʤʳʧ, ᴇʟʛʝʨʝʜʽ. 

ʄʝʢʪʝʧʪʝʛʽ ʦץʳʪʫ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ, ʦʣ ץʘʡ ʦץʫ ʧᴅʥʛʝ ץʘʪʳʩʪʳ ʙʦʣʩʘ ʜʘ, ʦץʫ 

ʞײʤʳʩʳʥʳש ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝ ײץʨʘʣʜʘʨʳʥ ʪʘשʜʘʫʜʘ ʦץʫʰʳʣʘʨסʘ ʧʨʠʥʮʠʧʪʽ ʙʽʨʣʽʛʽʥ 

 ʪʘʥ, ʜʠʜʘʢʪʠʢʘ ʜʝʧ ʘʪʘʣʘʪʳʥ ʧʝʜʘʛʦʛʠʢʘ ʙᴇʣʽʤʽʥʜʝ (ʛʨʝʢץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ. ʉʦʥʜʳץ

ʪʽʣʽʥʜʝ ï סײʳʥʜʳʨʫ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ) ʦץʳʪʫʜʳש ʩʦʣ ʥʝʤʝʩʝ ʙʘʩץʘ ʦץʫ ʧᴅʥʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʞʘסʜʘʡʣʘʨʳ ʞʠʥʘץʪʘʣʳʧ, ᴅʤʙʝʙʘʧʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʆʩʳʥʜʘʡ ʞʠʥʘץʪʘʫʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʟ ʢʝʣʛʝʥ ʧᴅʥʜʽ ʦץʳʪʫʜʘ, ᴅʩʽʨʝʩʝ 

ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ, ץʘʣʳʧʪʘʩץʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʙʽʨʳסשʘʡ ʪʘʣʘʧʪʘʨʜʳ 

 .ʧʨʠʥʮʠʧʪʝʨʽ ʞʘʩʘʣʜʳ[2] ץʜʠʜʘʢʪʠʢʘʣʳ שʳʪʫʜʳץʦ ץʘʪʪʘʥʜʳʨʘʨʣʳסʘʥʘץ

ʄʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ʥʝʛʽʟʛʽ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽ ʤʳʥʘʣʘʨ: 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʤʘץʩʘʪʪʳʣʳץ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʦץʳʪʫ ʤʝʥ ʪᴅʨʙʠʝʣʝʫʜʽש ʙʽʨʪײʪʘʩʪʳסʳ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ סʳʣʳʤʠʣʳץ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʜʝʨʙʝʩʪʽʛʽ ʧʨʠʥʮʠʧʽ; 

- ʦץʳʪʫʜʳש ᴇʤʽʨʤʝʥ, ʪʝʦʨʠʷ ʤʝʥ ʪᴅʞʽʨʠʙʝʥʽש ʙʘʡʣʘʥʳʩʳ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʩʘʥʘʣʳʣʳץ ʞᴅʥʝ ʙʝʣʩʝʥʜʽʣʽʢ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʢᴇʨʥʝʢʽʣʽʢ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʞװʡʝʣʽʣʽʢ ʞᴅʥʝ ʨʝʪʪʽʣʽʢ ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ᴅʜʽʩʪʝʨ, ʪᴅʩʽʣʜʝʨ ʤʝʥ ײץʨʘʣʜʘʨʜʳש ʦʨʥʳץʪʳ װʡʣʝʩʪʽʨʫ 

ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʙʽʣʽʤʜʽ, ʙʽʣʽʢʪʽ ʞᴅʥʝ ʜʘסʜʳʥʳ ʤʝשʛʝʨʫʜʝʛʽ ʙʝʨʽʢʪʽʢ 
ʧʨʠʥʮʠʧʽ; 

- ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʙʽʣʽʤʥʽש ʰʘʧʰʘשʜʳʣʳץ ʧʨʠʥʮʠʧʽ. 

ɾʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ ʦץʫʜʳ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʘʨץʘ ʩװʡʝʨ ʘʣסʘʰץʳ 

ʥʝʛʽʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ʙʝʣʛʽʣʽ ʙʽʨ ʧʨʠʥʮʠʧʪʽץ שʘʥʜʘʡ ʞʘסʜʘʡʜʘ ץʦʣʘʡʣʳ 

ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʽʧ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʝʨʝʞʝʣʝʨʜʝ ʥʘץʪʳʣʘʥʳʧ ʦʪʳʨʳʣʘʜʳ. 

ʄʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʙʘʨʣʳץ ʧʨʠʥʮʠʧʪʝʨʽ ʞʘʣʧʳ ʜʠʜʘʢʪʠʢʘʣʳץ 

ʧʨʠʥʮʠʧʪʝʨʛʝ ʩװʡʝʥʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽ ʪװʨʜʝ ʽʩʢʝ ʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, 

ʩʦʥʜʘʡ-ʘץ ʦʣʘʨ ʜʘ ץʘʞʝʪʪʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞʘסʜʘʡʜʳש ʥʘץʪʳʣʳ ʞװʟʝʛʝ ʘʩʫ ʞʦʣʜʘʨʳʥ 

 .ʪᴅʞʽʨʠʙʝʤʝʥ ʘʰʳʣʘʜʳ ץʘʨʘʩʪʳʨʘʪʳʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ

ɾʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʤʝʥ ʤʘʪʝʤʘʪʠʢʘʥʳ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ 

ʦץʳʪʫ ʧʨʠʥʮʠʧʪʝʨʽʥʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ ץʳʩץʘʰʘ ץʘʨʘʩʪʳʨʳʧ ʢᴇʨʝʡʽʢ: 
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ʆϨʳʪʫʜʘ ʤʘϨʩʘʪʪʳʣʳϨ ʧʨʠʥʮʠʧʽ ʦץʳʪʫʜʳש ʥʘץʪʳ ʤʘץʩʘʪʳʥ ʘʡץʳʥʜʘʫʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʦסʘʥ ʦץʫ װʨʜʽʩʽʥʽש ʙʘʨʣʳסʳ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ. ʆʣ ʤʦʜʫʣʴʜʽʢ ʦץʳʪʫʜʘ 

ʦץʳʪʫʜʳש ʤʘץʩʘʪʳʥ ʘʡץʳʥʜʘʧ ץʘʥʘ ץʦʡʤʘʡ, ʩʪʫʜʝʥʪʪʽש ʪʝʨʝש ʩʝʟʽʥʫʽʥ, ʦץʳʪʫ 

ʤʘץʩʘʪʪʘʨʳʥ ʦץʫ ʤʘץʩʘʪʪʘʨʳʥʘ ʘʫʳʩʪʳʨʳʣʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʩʘʥʘʣʳ ʪװʨʜʝ ʤʝשʛʝʨʽʣʛʝʥ 

ʙʦʣʘʰʘϨʪʳʣʳϨ ʧʨʠʥʮʠʧʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. 

ʆϨʳʪʫ ʤʝʥ ʪϸʨʙʠʝʣʝʫʜʽϬ ʙʽʨʪϰʪʘʩʪʳϤʳ ʧʨʠʥʮʠʧʽ ʦץʳʪʫ װʨʜʽʩʽʥʜʝ ʪᴅʨʙʠʝʥʽש 

ʢװʰʝʶʽʥʝ, ʦʥʳש ʪʳסʳʟ, ʦʨʛʘʥʠʢʘʣʳץ (ʪʘʙʠסʠ) ʙʘʡʣʘʥʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽʥʝ ʥʘʟʘʨ 

ʘʫʜʘʨʘʜʳ. ʊᴅʨʙʠʝʣʽʢ ץʳʟʤʝʪʽʥʝ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ ʤʘʟʤײʥʳ, ʦץʳʪʫ ʬʦʨʤʘʩʳʥʳש 

ʥʘץʪʳʣʳ ײץʨʳʣʳʩʳ, ʦץʳʪʫʰʳʥʳש ʞʝʢʝ ʪײʣסʘʩʳ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʜʽʢ 

ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ ʞᴅʥʝ ʙʽʨʜʝשʛʝʡʣʽʣʽʢ ʧʝʥ 

ʙʦʣʘʰʘץʪʳʣʳץ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ᴇʟʘʨʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʦʩʳʥʜʘʡ ʙʽʨ-

ʙʽʨʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳש ʞװʟʝʛʝ ʘʩʫʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʦץʫ ʫᴅʞʜʝʤʝʩʽ (ʤʦʪʠʚʘʮʠʷʩʳ), 

ʪʘʥʳʤʜʳץ ʤװʜʜʝʣʝʨ, ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʙʝʣʩʝʥʜʽʣʽʢ ʙʘסʳʪʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. 

ϣʳʣʳʤʠʣʳϨ ʧʨʠʥʮʠʧʽ ʦץʳʪʫ װʨʜʽʩʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʘʣʜʳʥʜʘ ʥʘץʪʳʣʳ סʳʣʳʤʠ 

ʜװʥʠʝʥʽש ʘʰʳʣʫʳʥ, ʪʘʙʠסʘʪʪʳץ ,שʦסʘʤʥʳש, ʤᴅʜʝʥʠʝʪʪʽש, ʦʡʣʘʫ ʜᴅʨʝʞʝʩʽʥʽש ʜʘʤʫ 

ʟʘשʜʳʣʳסʳ ʘʡץʳʥʜʘʣʫʳʥ ʪʘʣʘʧ ʝʪʝʜʽ. ɹײʣ ʧʨʠʥʮʠʧ ʢᴇʙʽʥʝʩʝ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʝʥ 

ʦץʫʣʳץʪʘʨ ײץʨʘʩʪʳʨʫʜʘ, ʦʥʳש ʽʰʽʥʜʝ ʞʝʢʝʣʝʛʝʥ ʤʦʜʫʣʴʜʝʨ ʤʝʥ ʤʦʜʫʣʴʜʽʢ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʞʘʩʘʫʜʘ ʞװʟʝʛʝ ʘʩʘʜʳ. נʳʣʳʤʠʣʳץ ʧʨʠʥʮʠʧʽ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʙʽʣʽʤʽ 

ʤʝʥ ʙʽʣʽʢʪʽʣʽʛʽʥʽס שʳʣʳʤʠ ʽʟʜʝʥʽʩʽʥʽש ʜʘʤʫʳʥ, ʦʣʘʨʜʳש ʝשʙʝʢʪʽ סʳʣʳʤʠ ʞʦʣʤʝʥ 

 ʳʪʫʜʘץʘʨʘʩʪʳʨʘʜʳ. ʆʣ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץ ʛʝʨʫʽʥשʡʳʤʜʘʩʪʳʨʫ ʪᴅʩʽʣʜʝʨʽʥ ʤʝײ

ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ ʧʨʠʥʮʠʧʽʤʝʥ ʞᴅʥʝ ʤʦʜʫʣʴʜʽʢ 

ʙʘסʜʘʨʣʘʤʘʥʳ ײץʨʘʩʪʳʨʫ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ 

ʤʦʜʫʣʴʜʝʛʽ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʧʨʦʙʣʝʤʘʣʳץ ʙʝʨʽʣʫʽ ʞᴅʥʝ ʦץʳʪʫʜʳש ʙʝʣʩʝʥʜʽ 

ʽʟʜʝʥʛʽʰʪʽʢ ᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʩʦסʘʥ ʩװʡʝʥʝʜʽ. 

ʆϨʫ ʽʩ-ϸʨʝʢʝʪʽʥʽϬ ʜʝʨʙʝʩʪʽʛʽ ʧʨʠʥʮʠʧʽ ᴅʨʙʽʨ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦץʫ ʤʘץʩʘʪʳʥʳש 

ʞװʟʝʛʝ ʘʩʫʳʥʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʪʫסʳʟʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹʽʟʜʽש ʦʡʳʤʳʟʰʘ, ץʘʨʘʩʪʳʨʳʣʳʧ 

ʦʪʳʨסʘʥ ʧʨʠʥʮʠʧʪʽש ʤʘʟʤײʥʳʥʘ, ʦץʳʪʫʰʳ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ᴇʟʘʨʘ ץʘʨʳʤ-ץʘʪʳʩʳ 

ʤʝʥ ʜʝʨʙʝʩʪʽʣʽʢ ᴅʜʽʩʪʝʨʽʥʽש ʪʘʣʘʧʪʘʨʳʥʘʥ ʙʘʩץʘ, ʦץʳʪʫʜʳץ שʦʣʘʡʣʳʣʳץ ʪʘʣʘʙʳ ʜʘ 

ʢʽʨʝʜʽ. ʆץʳʪʫ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʤװʤʢʽʥʜʽʢ ʜʝשʛʝʡʽʥʝ, ʦʣʘʨʜʳש ʦʡ ʜʝשʛʝʡʽʥʝ, ʬʠʟʠʢʘʣʳץ 

ʞᴅʥʝ ʨʫʭʘʥʠ ʘʫʳʨʪʧʘʣʳץ ʪװʩʽʨʤʝʫʛʝ ʙʘסʳʪʪʘʫ ʢʝʨʝʢ. ʉʦʥʜʳץʪʘʥ ʦץʳʪʫʰʳ ʙʽʣʽʤ 

ʘʣʫʰʳסʘ ʙʽʣʽʤ ʙʝʨʫʜʝ ʦʥʳש ʞʘץʳʥ ʘʨʘʜʘסʳ ʜʘʤʫ ʘʡʤʘסʳʥ ʥʳʩʘʥʘסʘ ʘʣʳʧ [3], ʦץʫ 

ʤʘʪʝʨʠʘʣʳʥ ʦץʳʧ ʙʽʣʫʜʽ, ʩᴅʡʢʝʩʽʥʰʝ ʢʝʣʝʩʽʜʝʛʽʜʝʡ ʝʨʝʞʝʣʝʨʤʝʥ ײʡʳʤʜʘʩʪʳʨסʘʥ ʞᴇʥ: 

ʙʝʣʛʽʣʽʜʝʥ-ʙʝʣʛʽʩʽʟʛʝ, ʞʘץʳʥʜʘסʳʜʘʥ-ʘʣʳʩʪʘסʳסʘ, ץʘʨʘʧʘʡʳʤʥʘʥ-ʢװʨʜʝʣʽʛʝ, ʙʘʩʪʳʜʘʥ-

 .ʪʳʜʘʥ-ʜʝʨʝʢʩʽʟʛʝץʘ, ʥʘסʳץʘ, ʞʘʣʧʳʜʘʥ-ʞʘʣסʳץʦʩʘʣץ

ɹײʣ ʧʨʠʥʮʠʧʪʽש ʞװʟʝʛʝ ʘʩʫʳ ʙʽʣʽʤ ʘʣʫʰʳסʘ ʞʝʢ-ʜʘʨʘ ץʘʪʳʥʘʩ ʞװʡʝʩʽʥʝ, ʦʥʳש 

ʪᴅʞʽʨʠʙʝʩʽʥ ʟʝʨʪʪʝʧ, ʞʝʢʝ ʙʘʩʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʙʽʣʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɹײʣ ʪײʨסʳʜʘʥ 

ʘʣסʘʥʜʘ, ʦʩʳ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʠʢʝʤʜʽʣʽʢ ʧʨʠʥʮʠʧʽʤʝʥ 

ᴇʟʘʨʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʳʧ, ʦץʳʪʫ ʤʘʟʤײʥʳ ʤʝʥ ʦʥʳ ʠʛʝʨʫ ʞʦʣʜʘʨʳʥʳש ʙʽʣʽʤ ʘʣʫʰʳʥʳש 

ʞʝʢʝ ʙʘʩʳʥʳץ שʘʞʝʪʪʽʣʽʛʽ ʤʝʥ ʦʥʳש ʪװʧʢʽʣʽʢʪʽ ᴅʟʽʨʣʽʛʽʥʽש ʜᴅʨʝʞʝʩʽʥʝ ʠʢʝʤʜʝʣʫʜʽש 

ʥʘץʪʳʣʳ ʞʦʣʜʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. ʆץʳʪʫ ʞʘסʜʘʡʳʥʜʘ ʦץʳʪʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʜʝʨʙʝʩʪʽʛʽ 

ʧʨʠʥʮʠʧʽ ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩʽ, ʙʦʣʘʰʘץʪʳʣʳץ, ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ 

ʞᴅʥʝ ʙʽʨʜʝשʛʝʡʣʽʣʽʢ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ. ᴆʡʪʢʝʥʽ, ʤʦʜʫʣʴʜʽʢ-

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫ ʦץʳʪʫʜʳ ʜʘʨʘʣʘʥʜʳʨʫסʘ װʣʢʝʥ ʤװʤʢʽʥʜʽʢʪʝʨ ʪʫסʳʟʘʜʳ. 

ʊʝʦʨʠʷ ʤʝʥ ʪϸʞʽʨʠʙʝʥʽϬ ʙʘʡʣʘʥʳʩʳ ʧʨʠʥʮʠʧʽ, ᴇʤʽʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘ ʦץʳʪʫʜʘ 

ᴇʪʽʣʝʪʽʥ ʤʘʪʝʨʠʘʣʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ ʤᴅʥʽʥ ʢᴇʨʩʝʪʝʪʽʥ, ʪʝʦʨʠʷʥʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʝʩʝʧʪʝʨʜʽש 

ʰʝʰʽʤʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʦץʳʪʫʜʳש ʤʘʟʤײʥʳʥʜʘ, ײʡʳʤʜʘʩʪʳʨʫ ʬʦʨʤʘʣʘʨʳ ʤʝʥ 

ᴅʜʽʩʪʝʨʽʥʜʝ ʞװʟʝʛʝ ʘʩʘʜʳ. ʄʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʦץʳʪʫ ʤʘʟʤײʥʳʥ 

 ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩ ,(ʢʽʣʽʢשᴇʩʽ) ץʨʘʩʪʳʨʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʰʘʪʳʥ ï ʜʠʥʘʤʠʢʘʣʳײץ

ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ʞᴅʥʝ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʘʩʧʝʢʪʽʣʝʨʽʥ ʙʝʡʥʝʣʝʡʪʽʥ ï ᴅʜʽʩʪʝʤʝʣʽʢ 

ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ ʧʨʠʥʮʠʧʽʤʝʥ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʇʝʜʘʛʦʛʠʢʘʣʳץ 



30 

 

ʪᴅʞʽʨʠʙʝʜʝ ץʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʧʨʠʥʮʠʧʪʽש ʦץʳʪʫʜʳש ʞװʡʝʣʽʣʽʢ ʧʨʠʥʮʠʧʽʤʝʥ, 

ʦʥʳʤʝʥ ʙʽʨʣʽʢʪʝ ʙʦʣʘʪʳʥ ʨʝʪʪʽʣʽʢ ʧʨʠʥʮʠʧʽʤʝʥ ץʘʨʘʤʘ-ץʘʡʰʳʣʳץʪʘ ʙʦʣʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ʉʘʥʘʣʳʣʳϨ ʞϸʥʝ ʙʝʣʩʝʥʜʽʣʽʢ ʧʨʠʥʮʠʧʽ ʦץʳʧ ʙʽʣʝʪʽʥ ײץʙʳʣʳʩʪʳ ʤʘץʩʘʪʪʳ 

ʙʝʣʩʝʥʜʽʣʽʢʧʝʥ ץʘʙʳʣʜʘʫʜʘʥ, ʦʥʳש ʤᴅʥʽʥ ʪװʩʽʥʫʜʝʥ, ʰʳסʘʨʤʘʰʳʣʳץʪʳ ᴇשʜʝʫʜʝʥ, 

 ʳʪʳʥ ʙʝʡʥʝʣʝʡʜʽסʫ ʪʘʥʳʤʳʥʜʘ ʙʝʣʩʝʥʜʽ ʙʘץʦ שʨʘʜʳ. ʆʣ ʙʽʣʽʤ ʘʣʫʰʳʥʳײʦʣʜʘʥʫʜʘʥ ʪץ

ʞᴅʥʝ çʘסשʘʨʫ-ʪװʩʽʥʫ-סײʳʥʫè װʨʜʽʩʽʥʽש ʤᴅʥʽʥ ʘʰʘʜʳ. ɹײʣ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʜʽʢ-

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩ ʧʨʠʥʮʠʧʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ. ʉʘʥʘʣʳ 

ʪװʨʜʝ, ʦʥʳש ʤʘשʳʟʜʳʣʳסʳʥ ʪװʩʽʥʫʤʝʥ, ʪʝʢ ᴅʩʝʨʣʽ ʙʽʣʽʤ סʘʥʘ ʤʝשʛʝʨʽʣʝʜʽ. ɹʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʦץʳʪʫʜʳש ʞʘץʳʥ, ʦʨʪʘ ʞᴅʥʝ ʞʝʢʝʣʝʥʛʝʥ ʤʘץʩʘʪʪʘʨʳʥ סײʳʥʫʳ 

ʩʘʥʘʣʳʣʳץ ʞᴅʥʝ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʰʘʨʪʪʘʨʳʥ ʘץʧʘʨʣʘʫסʘ ʞʦʣ ʘʰʘʜʳ. 

ʆץʳʪʫʜʳש ʢᴇʨʥʝʢʽʣʽʢ ʧʨʠʥʮʠʧʽ ʘʜʘʤʥʳש ʙʘʨʣʳץ ʩʝʟʽʤ ʦʨʛʘʥʜʘʨʳʥ ʘץʧʘʨʘʪʪʘʨʜʳ 

 ʳʪʫץʣ ʧʨʠʥʮʠʧʪʽ ʦײʳʪʪʘ ʙץʘʟʽʨʛʽ ʫʘפ .ʤʳʣʜʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽײʘ ʞסʘʙʳʣʜʘʫץ

ʙʘʨʳʩʳʥʜʘ ײʩʳʥʫ, ʽʟʜʝʫ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɹײʣ ʧʨʠʥʮʠʧ 

ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʤʦʜʫʣʴʜʽʢ ʧʨʠʥʮʠʧʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ. ʆʥʳש 

ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ᴅʨʙʽʨ ʤʦʜʫʣʴʜʽ ʦץʳʪʫʜʳש ᴅʨʪװʨʣʽ ײץʨʘʣʜʘʨ ʢʝʰʝʥʽʤʝʥ ʞʘʙʜʳץʪʘʫʜʳ 

 ʧʨʠʥʮʠʧʽʤʝʥ ץʪʳʣʳץʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘשʘʪʘʨ, ʦʣ ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝץ ʘʤʪʠʜʳ. ʉʦʥʳʤʝʥץ

ᴅʨʝʢʝʪʪʝʩʝʜʽ. 

ʆץʳʪʫʜʳש ʞװʡʝʣʽʣʽʢ ʞᴅʥʝ ʨʝʪʪʽʣʽʢ ʧʨʠʥʮʠʧʽ ʝʢʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ: ʞװʡʝʣʽʣʽʢ 

ʧʨʠʥʮʠʧʽ ʞᴅʥʝ ʨʝʪʪʽʣʽʢ ʧʨʠʥʮʠʧʽ. ɾװʡʝʣʽʣʽʢ ʧʨʠʥʮʠʧʽ ʦץʫ ʧᴅʥʽʥʽש ʥʝʤʝʩʝ ʢʫʨʩʳʥʳש 

 ʡʝʣʽʣʽʛʽʤʝʥװʘʥ ʙʝʣʛʽʩʽ ï ʦʡʣʘʫ ʞסʜʘʤʳ שʝ שʳʣ-ʦʡʜʳץʪʘʥ ʘץʠʩʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ, ʩʦʥʜʳץ

ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʈʝʪʪʽʣʽʢ ʧʨʠʥʮʠʧʽ ʩʘʙʘץʪʘʩʪʳץʧʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʞᴅʥʝ ʦץʫ 

 ʣ ʧʨʠʥʮʠʧײʟʝʛʝ ʘʩʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɹװʪʳ ʞץʪʘʩʪʳץʡʳʤʜʘʩʪʳʨʫʜʘ ʩʘʙʘײ ʨʜʽʩʽʥװ

ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʤʦʜʫʣʴʜʽʢ ʞᴅʥʝ ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʞʝʢʝʣʝʥʛʝʥ 

ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʽʢʪʝʫ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ. ʄʦʜʫʣʴʜʽʢ ʧʨʠʥʮʠʧʽ 

ʞװʡʝʣʽʣʽʢ ʧʨʠʥʮʠʧʽʤʝʥ ᴅʨʝʢʝʪʪʝʩʝʜʽ, ᴇʡʪʢʝʥʽ ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʣʦʛʠʢʘʣʳײץ ץʨʳʣʳʤ 

ʥʝʛʽʟʽʥʜʝ ײץʨʘʩʪʳʨʫʜʘ ʧᴅʥʽʰʽʣʽʢ ʞᴅʥʝ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʆץʳʪʫ ʤʘʟʤײʥʳʥ ʞʝʢʝʣʝʥʛʝʥ ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʽʢʪʝʫ ʧʨʠʥʮʠʧʽ, ʦʩʳ ʙʘʡʣʘʥʳʩʪʘʨʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫʤʝʥ ץʘʪʘʨ, ʦץʫ ʨʝʪʪʽʣʽʛʽʥʝ ʙʘסʳʪ ʢᴇʨʩʝʪʝʜʽ. 

ʆϨʳʪʫʜʘ ϸʜʽʩʪʝʨ, ʬʦʨʤʘʣʘʨ ʤʝʥ Ϩϰʨʘʣʜʘʨʜʳ ʦʨʥʳϨʪʳ Ϯʡʣʝʩʪʽʨʫ ʧʨʠʥʮʠʧʽ ץʘʪʘש 

ᴅʜʽʩʪʝʤʝʣʽʢ ʝʨʝʞʝʣʝʨʜʽש ʞᴅʥʝ װʣʛʽʣʝʨʜʽש ʙʘʨʳʥ ʞʦʷʜʳ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʨʜʽʩʪʽ 

 ʣ ʧʨʠʥʮʠʧײʜʘʡ ʞʘʩʘʡʜʳ. ɹסʰʽʥ ʞʘװ ʘʨʘʫץ ʳʜʘסʨײʪ ץʘʨʤʘʰʳʣʳסʘ ʰʳסʡʳʤʜʘʩʪʳʨʫײ

ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ 

ʧʨʠʥʮʠʧʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ. ʆץʳʪʫʰʳʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʤʦʜʫʣʴʜʝ ʙʝʨʽʣʛʝʥ 

ʦץʳʪʫʜʳש ʘʣʴʪʝʨʥʘʪʠʚʪʽʢ ײʡʳʤʜʘʩʪʳʨʫ ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝ ʩײʣʙʘʣʘʨʳʥ ʪʘשʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʘʥʳץʪʘʡʜʳ. 

ɹʽʣʽʤʜʽ, ʙʽʣʽʢʪʽ ʞϸʥʝ ʜʘϤʜʳʥʳ ʤʝϬʛʝʨʫʜʝʛʽ ʙʝʨʽʢʪʽʢ ʧʨʠʥʮʠʧʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

 ʥᴅʪʠʞʝʩʽʥʝ ʪʘʣʘʧʪʘʨ ʙʽʣʜʽʨʝʜʽ. ʖ.ʂ. ɹʘʙʘʥʩʢʠʡ ʙʦʡʳʥʰʘ, ʦʣ ʙʽʣʽʤʜʽ ʩʘʥʘʣʳ שʨʜʽʩʪʽװ

ʪװʨʜʝ ʤʝשʛʝʨʽʧ ʘʣʫʜʳ ʞᴅʥʝ ʦʥʳש ʙʝʨʽʢʪʽʣʽʛʽʥ ʪʘʣʘʧ ʝʪʝʜʽ, ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʨʜʽʩʪʽ ᴅʩʝʨʣʽ 

ʙʽʣʽʤ, ʙʽʣʽʢ, ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʡʜʳ. ɹʝʨʽʢʪʽ ʙʽʣʽʤʜʽ ʤʝשʛʝʨʫ װʰʽʥ 

ʦʣʘʨʜʳ ʫʘץʳʪʳʥʜʘ ʙʘץʳʣʘʫ ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽ ʙʘץʳʣʘʫ ᴇʪʝ ץʘʞʝʪ. ɹײʣ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʜʽʢ-

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʤʦʜʫʣʴʜʽʢ, ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʞʝʢʝʣʝʥʛʝʥ ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʽʢʪʝʫ, 

ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ. ʆʩʳʣʘʨ ʞᴅʥʝ ʙʘʩץʘ ʧʨʥʠʮʠʧʪʝʨ ʙʝʨʽʢʪʽ 

ʙʽʣʽʤʜʽ ʤʝשʛʝʨʫʛʝ ʥʘץʪʳʣʳ ʞʦʣʜʘʨ ʘʰʘʜʳ. ʄײʥʜʘʡ ʤʝשʛʝʨʫʜʽש ʤװʤʢʽʥʜʽʛʽ ʦץʳʪʫʜʳש 

ʘʡץʳʥʜʳ ʤʘʟʤײʥʳʤʝʥ, ʦʥʳ ײʩʳʥʫ ײץʨʳʣʳʤʳ ʞᴅʥʝ ʪᴅʩʽʣʽʤʝʥ, ʤʘץʩʘʪʪʳʣʳסʳʤʝʥ, ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʤʦʜʫʣʴʤʝʥ ʪʠʽʤʜʽ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʤʝʥ, ʞʠʽ 

ᴇʟʽʥ ᴇʟʽ ʙʘץʳʣʘʫʤʝʥ ʞᴅʥʝ ץʘʞʝʪʪʽʣʽʛʽʥʝ ץʘʨʘʡ ʤʘʪʝʨʠʘʣʜʳ ץʘʡʪʘʣʘʫʤʝʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʦʡʣʘʩʪʳʨʳʣסʘʥ ʞᴅʥʝ ʘʥʳץ ʞʘʣʧʳʣʘʤʘ ʙʘץʳʣʘʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ɹʽʣʽʤʥʽϬ ʰʘʧʰʘϬʜʳʣʳϨ ʧʨʠʥʮʠʧʽ ʙʽʣʽʤʛʝ ʙʝʨʽʢʪʽʣʽʢʪʽ ץʘʥʘ ʝʤʝʩ, ʦʥʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ᴇʟʛʝʨʤʝʣʽ, ʪʽʧʪʽ ץʘʨʘʩʪʳʨʤʘסʘʥ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʞʝשʽʣ ץʦʣʜʘʥʘ ʘʣʫʳʥ 
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ʪʘʣʘʧ ʝʪʝʜʽ. ʆʩʳʜʘʥ, ʦץʳʪʫ װʨʜʽʩʽʥʜʝ ʤʝשʛʝʨʫʜʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʝ ʞʝʪʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʰʳסʘʜʳ.  

ɹײʣ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʽʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩ ʧʨʠʥʮʠʧʽʤʝʥ 

ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ. ɽʛʝʨ ʙʽʨʽʥʰʽ ʞʘʣʧʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧ ï ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ᴇʟʜʽʛʽʥʝʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʤᴅʩʝʣʝʣʝʨʜʽ ʘʡץʳʥʜʘʫʜʘ, ʪײʞʳʨʳʤʜʘʫʜʘ ʞᴅʥʝ 

ʰʝʰʫʜʝ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳ ʪʘʣʘʧ ʝʪʩʝ, ʦʥʜʘ ʝʢʽʥʰʽ ï ʤʦʜʫʣʴʜʽʢ-

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש ʧʨʠʥʮʠʧʽ ï ʤʦʜʫʣʴʜʝʨʜʽש ʤʘʟʤײʥʳʥ ʧʨʦʙʣʝʤʘʣʳ ײץʨʘʩʪʳʨʫ 

ʞʦʣʜʘʨʳʥ (ʧʨʦʙʣʝʤʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳ ײʩʳʥʫ) ʘʥʳץʪʘʡʜʳ. ʆסʘʥ ʢᴅʩʽʙʠ ʩʘʡʣʘʥסʘʥ 

ʦץʳʪʫʜʳש ʙʝʣʩʝʥʜʽʨʫʰʽ ᴅʜʽʩʪʝʨʽ ʤװʤʢʽʥʜʽʢ ʪʫסʳʟʘʜʳ, ʩʦʥʜʳץʪʘʥ ʙʽʣʽʤʥʽש 

ʰʘʧʰʘשʜʳʣʳץ ʧʨʠʥʮʠʧʽ ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ ʞʘʥ-ʞʘץʪʳʣʳץ ʧʨʠʥʮʠʧʽʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʝʜʽ. 

ɾʦסʘʨʳʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥʜʘʨʜʘʥ ʙʽʟ, ʙʘʨʣʳץ ʞʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʤʝʥ 

ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫ ʧʨʠʥʮʠʧʪʝʨʽʥʽש ʪʳסʳʟ ʙʘʡʣʘʥʳʩ-ץʘʥʳʥ, ʦʣʘʨʜʳש 

ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨʜʳש ʙʘʨ ʝʢʝʥʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʜʽʢ (1-ʩʫʨʝʪ). 

 

 
 

1-ʩʫʨʝʪ ï ɾʘʣʧʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ ʤʝʥ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫ 

ʧʨʠʥʮʠʧʪʝʨʽʥʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ 

ɾʘʣʧʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ 

ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʰʘʨʪʪʘʨʳʥ 

ʘץʧʘʨʣʘʫ ʞʦʣʜʘʨʳ 

ʄʦʜʫʣʴʜʽʢ ʦץʳʪʫʜʳש ʧʨʠʥʮʠʧʪʝʨʽ 

ɾʘʣʧʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ 

ʞװʟʝʛʝ ʘʩʳʨʫʜʳץ שʘʞʝʪʪʽ ʰʘʨʪʪʘʨ r

ʆץʳʪʫʜʘ ʤʘץʩʘʪʪʳʣʳץ 

ɾʘʣʧʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ 

ɹʦʣʘʰʘץʪʳʣʳץ 

ʆץʳʪʫ ʤʝʥ ʪᴅʨʙʠʝʣʝʫʜʽש 

ʙʽʨʪײʪʘʩʪʳסʳ 

ᴄʜʽʩʪʝʤʝʣʽʢ ʢʝשʝʩ ʙʝʨʫʜʝ  

ʞʘʥ-ʞʘץʪʳʣʳץ 

 (ʢʽʣʽʢשᴇʩʽ)ץɼʠʥʘʤʠʢʘʣʳ ץʳʣʳʤʠʣʳנ

ʆץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʜʝʨʙʝʩʪʽʛʽ 

ʊʝʦʨʠʷ ʤʝʥ ʪᴅʞʽʨʠʙʝʥʽש 

ʙʘʡʣʘʥʳʩʳ 

ʉʘʥʘʣʳʣʳץ ʞᴅʥʝ ʙʝʣʩʝʥʜʽʣʽʢ 

ʆץʳʪʫʜʘ ʢᴇʨʥʝʢʽʣʽʢ 

ʆץʳʪʫʜʘ ʞװʡʝʣʽʣʽʢ ʞᴅʥʝ 

ʨʝʪʪʽʣʽʢ 

ʆץʳʪʫʜʘ ᴅʜʽʩʪʝʨ, ʬʦʨʤʘʣʘʨ 

ʤʝʥ ײץʨʘʣʜʘʨʜʳ ʦʨʥʳץʪʳ 

 ʡʣʝʩʪʽʨʫװ

ɹʽʣʽʤʥʽש ʰʘʧʰʘשʜʳʣʳץ 

ɯʩ-ᴅʨʝʢʝʪʪʽʢ ᴅʜʽʩ 

ʀʢʝʤʜʽʣʽʢ 

ɹʽʨʜʝשʛʝʡʣʽʣʽʢ 

ʄʦʜʫʣʴʜʽʢ 

ʆץʳʪʫ ʤʘʟʤײʥʳʥ ʞʝʢʝʣʝʥʛʝʥ 

ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʽʢʪʝʫ 

ɹʽʣʽʤʜʽ, ʙʽʣʽʢʪʽ ʞᴅʥʝ ʜʘסʜʳʥʳ 

ʤʝשʛʝʨʫʜʝʛʽ ʙʝʨʽʢʪʽʣʽʢ  
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ʄʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫ ʧʨʠʥʮʠʧʪʝʨʽʥʽש ʝʨʝʢʰʝʣʽʛʽ, ʦʣʘʨ ʞʘʣʧʳ-

ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʞʦʣʜʘʨʳʥ ʥʘץʪʳʣʘʡʜʳ. ʆץʳʪʫסʘ ʞʘשʘ 

ʢᴇʟץʘʨʘʩʪʳש ᴇʟʽʥʜʽʢ ʧʨʠʥʮʠʧʪʝʨʽ ʙʦʣʘ ʪײʨʘ, ʦץʳʪʫ װʨʜʽʩʽʥʝ ʞʘשʘʜʘʥ ץʘʨʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ ʞᴅʥʝ ʙʘʨʣʳץ ʞʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɾװʡʝʣʽʣʽʢ ʧʨʠʥʮʠʧʽ ʦץʫ ʧᴅʥʽʥʽש ʥʝʤʝʩʝ ʢʫʨʩʳʥʳץ שʠʩʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ, ʩʦʥʜʳץʪʘʥ 

ʘץʳʣ-ʦʡʜʳש ʝש ʜʘʤʳסʘʥ ʙʝʣʛʽʩʽ ï ʦʡʣʘʫ ʞװʡʝʣʽʣʽʛʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ɽʛʝʨ 

ʙʽʣʽʤ ʘʣʫʰʳʜʘ ʪʝʨʽʤʜʽʣʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʞװʡʝʩʽ ʧʘʡʜʘ ʙʦʣʩʘ, ʷסʥʠ ᴇʪʢʝʥ ʤʝʥ ʞʘשʘʥʳש 

ʙʘʡʣʘʥʳʩʪʘʨʳ, ʦʥʜʘ ʤʘʪʝʨʠʘʣ ʠʛʝʨʽʣʛʝʥ ʙʦʣʘʜʳ. ɾװʡʝʣʽʣʽʢ ʩʘʙʘץʪʘʩʪʳץʧʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʣʛʝʥ ʧᴅʥʜʽʢ ʞᴅʥʝ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʦʨʥʘʪʫʜʘ ʜʘ ʙʘʡץʘʣʘʜʳ, ʜʘʤʫʜʳש ᴅʨ 

ʪװʨʣʽ ʩʘʪʳʩʳ ʤʝʥ ʢʝʟʝשʜʝʨʽʥʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥʘ ץʘʪʳʩʪʳ ʙʦʣʳʧ, ʙװʪʽʥʥʽש, ʥʝʤʝʩʝ 

ʦʥʳש ʞʝʢʝʣʝʛʝʥ ʩʘʣʘʩʳʥʳש ʙʽʨ ʢװʡʜʝʥ ʝʢʽʥʰʽ ʞʘשʘ ʞʘסʜʘʡסʘ ʘʫʳʩץʘʥʜʘ ʞʝʢʝʣʝʛʝʥ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʩʘץʪʘʣʳʧ ץʘʣʫʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ [4]. ʉʘʙʘץʪʘʩʪʳץ ץʘʨʘʩʪʳʨʳʣʳʧ 

ʦʪʳʨסʘʥ ʧʨʠʥʮʠʧʪʽש ʝʢʽʥʰʽ ײץʨʘʤʜʳץ ʙᴇʣʰʝʛʽ ï ʦץʫ װʨʜʽʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ 

ʩʘʙʘץʪʘʩʪʳץʪʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʪʽʥ ʨʝʪʪʽʣʽʢ ʧʨʠʥʮʠʧʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. 

ʉᴇʟʩʽʟ, ʤʘʪʝʤʘʪʠʢʘʜʘסʳ ʙʽʣʽʤ ʜᴅʣʝʣʜʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʃʦʛʠʢʘʣʳץ ʜᴅʣʝʣʜʝʤʝ 

ʩʪʫʜʝʥʪʪʝʨʛʝ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʳײץ שʨʳʣʳʤʳʥ ʙʘʡץʘʫסʘ, ʦʥʳש ʞʝʢʝʣʝʛʝʥ ʙᴇʣʽʢʪʝʨʽʥʽש 

ʙʘʡʣʘʥʳʩʳʥ ʦʨʥʘʪʫסʘ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞʘשʘ סײʳʤʜʘʨʜʳש ʤᴅʥʽʥ ʪװʩʽʥʽʧ, ʦʣʘʨʜʳ ʠʛʝʨʫʛʝ, 

ʩʪʫʜʝʥʪʪʝʨʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʧʧʘʨʘʪʪʳ ץʦʣʜʘʥʫ װʰʽʥ ץʘʞʝʪʪʽ ʜʘסʜʳʣʘʨʳʥ 

 ץʘʥʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʛʝʨʽʧ, ʦʣʘʨʜʳ ʪʝʢשᴅʜʽʩʪʝʨʜʽ ʤʝ ץʘ, ʤʘʪʝʤʘʪʠʢʘʣʳסʘʣʳʧʪʘʩʪʳʨʫץ

ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ʢᴅʩʽʙʠ-ץʦʣʜʘʥʙʘʣʳ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫסʘ ʜʘ ץʦʣʜʘʥʫסʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. 

ᴄʨʠʥʝ, ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ץʦʨʳʪʳʥʜʳ 

ʤʝʥ ʜᴅʣʝʣʜʝʤʝʣʝʨ ʘʨץʳʣʳ ʪװʩʽʥʜʽʨʫʜʝ ʦʨʳʥʜʳ ץʘʪʘʣʜʳץ ʧʨʠʥʮʠʧʽʥ ʩʘץʪʘʫ ץʘʞʝʪ. ɹײʣ 

ʧʨʠʥʮʠʧʪʽש ʽʩʢʝ ʘʩʫʳ, ʙʽʟʜʽש ʦʡʳʤʳʟʰʘ, ץʘʨʩʳ ʤᴅʥʜʽ ʜᴅʣʝʣʜʝʤʝʥʽ ʪʽʢʝʣʝʡ ʜᴅʣʝʣʜʝʫ 

ʞʦʣʳʥʳש ʙʘʩʳʤʜʳʣʳסʳʤʝʥ, ץʦʩʳʤʰʘ ʤʘʪʝʤʘʪʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳ ץʘʞʝʪ ʝʪʧʝʡʪʽʥ 

ʜᴅʣʝʣʜʝʤʝʣʝʨ ʤʝʥ ʤʘʪʝʤʘʪʠʢʘʥʳש ʦץʫ ʢʫʨʩʳʥʘ ʢʽʨʝʪʽʥ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

 .ʟʝʛʝ ʘʩʘʜʳװʳʣʳ ʞץʦʣʜʘʥʫ ʘʨץ ʜʘʫʳʥשʦʨʳʪʳʥʜʳʣʘʨ ʤʝʥ ᴅʜʽʩʪʝʤʝʣʝʨ ʪʘץ

ʉʦʥʳʤʝʥ, ʤʘʪʝʤʘʪʠʢʘʥʳש ʤʘʟʤײʥʳʥ ʦץʫ ʧᴅʥ ʨʝʪʽʥʜʝ ץʘʨʘʧ ʩʘʨʘʣʘʫ, ʦʥʳש ʦʡʣʳʣʘʫ 

ʝʨʝʢʰʝʣʽʛʽ, ײץʨʳʣʳʤʜʳʣʳסʳ ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ ʽʩʢʝ ʘʩʘʪʳʥʜʘʡ ץʘʞʝʪʪʽ ʞʘʣʧʳ-

ʜʠʜʘʢʪʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ ʘʡץʳʥʜʘʜʳ: ʙײʣ ʧʨʠʥʮʠʧʪʝʨ ʜᴅʣʝʣʜʝʤʝʣʽʢ ʞᴅʥʝ ʦʨʳʥʜʳ 

 ʥʳ ʙʦʡʳʥʰʘײʞʘʣʧʳ ʤʘʟʤ שʳʪʫʜʳץʦʣ ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦ ,ץʘʪʘʣʜʳץ

 .ʰʪʘʩʘʜʳײ ʧʨʠʥʮʠʧʽʤʝʥ ץʨʳʣʳʤʜʳʣʳײץ

ʆʜʘʥ ᴅʨʽ, ʤʘʪʝʤʘʪʠʢʘ ï ʪװʨʣʽ ʘʡץʳʥ ײץʙʳʣʳʩʪʳ ʤʦʜʝʣʜʝʡʪʽʥ, ʘʨʥʘʫʣʳ 

ʘʙʩʪʨʘʢʪʳʣʳ (ʜʝʨʝʢʩʽʟ) ײץʨʳʣʳʤʜʳ ʟʝʨʪʪʝʡʪʽʥ סʳʣʳʤ. ʉʦʥʜʳץʪʘʥ, ʦץʳʪʫʜʳש 

ʢᴇʨʥʝʢʽʣʽʛʽ װʰʽʥ, ʥʘץʪʳʣʳ ʞᴅʥʝ ʘʙʩʪʨʘʢʪʳʣʳ ʙʽʨʣʽʛʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ, ᴅʨ ʪװʨʣʽ 

ʤʘʪʝʤʘʪʠʢʘʣʳסײ ץʳʤʜʘʨ ʥʝʤʝʩʝ ʤʦʜʝʣʴʜʝʨʜʝʥ ʪײʨʘʪʳʥ ʤʦʜʫʣʴʜʝʨ, ʥʘץʪʳ ײץʙʳʣʳʩʪʳ 

ʦץʳʧ, װʡʨʝʥʫʜʝ ʦʩʳ ʤʘʪʝʤʘʪʠʢʘʣʳסײ ץʳʤʜʘʨ ʥʝʤʝʩʝ ʤʦʜʝʣʴʜʝʨʜʽ ץʦʣʜʘʥʫʜʳ 

ʢᴇʨʩʝʪʝʪʽʥʜʝʡ ʥʘץʪʳʣʳ ʤʳʩʘʣʜʘʨʜʳ ץʘʤʪʫʳ ʢʝʨʝʢ, ʙʳʣʘʡʰʳ ʘʡʪץʘʥʜʘ: ʪʫʳʥʜʳ 

 ʳʤʝʥ ʥʝʤʝʩʝ ʵʣʝʢʪʨʣʽʢ ʪʽʟʙʝʢʪʝʥסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟץ שʢʪʝʥʽװʥ ץʳʤʳʥ ʤʘʪʝʨʠʘʣʜʳסײ

ʪʦʢʪʳש ʢװʰʽʤʝʥ, ᴇʟʝʢʪʽש ʩʳʟʳץʪʳץ ʪʳסʳʟʜʳסʳʤʝʥ; ʠʥʪʝʛʨʘʣʜʳ ï ʢװʰʪʽש ʞײʤʳʩʳʤʝʥ; 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ ײץʨʫʜʳ ï ʨʘʜʠʦʘʢʪʠʚʪʽʣʽʢ ʪʝשʜʝʫʜʽ ʰʳסʘʨʫʤʝʥ ʝʣʝʩʪʝʪʫ. 

ʉʦʥʜʘʡ-ʘץ ʤʘʪʝʤʘʪʠʢʘʣʳסײ ץʳʤʜʘʨʜʳ ʪװʩʽʥʜʽʨʫʜʝ ʦץʳʪʫʰʳ ʙʘʩץʘ ʧᴅʥʜʝʨʛʝ 

ʙʘʡʣʘʥʳʩʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳש ᴅʨ ʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʳʣʫʳʥ ʢᴇʨʩʝʪʫʽ 

ʢʝʨʝʢ. 

ɾʘʣʧʳ-ʜʠʜʘʢʪʠʢʘʣʳץ ʪʝʦʨʠʷ ʤʝʥ ʪᴅʞʽʨʠʙʝʥʽש ʙʘʡʣʘʥʳʩʳ ʧʨʠʥʮʠʧʽʥ ʞװʟʝʛʝ 

ʘʩʳʨʫʜʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽש ʢᴅʩʽʙʠ-ץʦʣʜʘʥʙʘʣʳ ʙʘסʳʪʪʳʣʳסʳʥ ʢᴇʨʩʝʪʫ ʢʝʨʝʢ, 

 ʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʽʧ, ʰʝʰʽʤʽʥʝװʦʣʜʘʥʫ ʤץ ʘʨʫʜʘסʦʣʜʘʥʙʘʣʳ ʝʩʝʧʪʝʨʜʽ ʰʳץ

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʘʪʳʥ ʢᴅʩʽʙʠ ʙʘסʳʪʪʘʤʘʥʳש 

ʧʨʦʙʣʝʤʘʣʳץ ʞʘסʜʘʡʣʘʨʳʥ ʪʘשʜʘʫ ʢʝʨʝʢ. 

ʄʘʪʝʤʘʪʠʢʘʥʳש ʤᴅʥʽ ʙᴅʨʽʥʝʥ ʙײʨʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳסײ ץʳʤʜʘʨʜʳ ʦץʳʪʫ ʢʝʟʽʥʜʝ 
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ʰʳʥʜʳץ ʤʘסʳʥʘʩʳʥ ʪװʩʽʥʜʽʨʫʜʝʥ, ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʥʘץʪʳʣʳ װʨʜʽʩʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫʜʝʥ 

ʢᴇʨʽʥʽʩʽʥ ʪʘʙʫʳ ʢʝʨʝʢ. ʆʣʘʡ ʙʦʣʤʘסʘʥʜʘ ʤʦʜʫʣʴʜʽʢ-ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦץʳʪʫʜʳש 

ʙʝʡʽʤʜʝʣʫʰʽʣʽʢ ʞᴅʥʝ ʧʨʦʙʣʝʤʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽʤʝʥ ʘʨʘ ץʘʪʳʥʘʩʳʥ ʙʝʣʛʽʣʝʫʛʝ ʙʦʣʘʪʳʥ 

ʜʠʜʘʢʪʠʢʘʥʳש ʢᴇʨʥʝʢʽʣʽʢ, ʥʘץʪʳʣʳץ ʧʝʥ ʘʙʩʪʨʘʢʪʳʣʳ ʙʽʨʣʽʛʽ, ʪʝʦʨʠʷ ʤʝʥ ʪᴅʞʽʨʠʙʝʥʽש 

ʙʘʡʣʘʥʳʩʳ, ʩʦʥʜʘʡ-ʘץ ʦץʳʪʫʜʳש ʩʘʥʘʣʳʣʳץ ʧʨʠʥʮʠʧʪʝʨʽ ʙײʟʳʣʘʜʳ. 

 ʳʤʝʥסʨʜʽʩʽʥʝ ʪʦʣʳװ ʳʪʫץʳʪʫ, ʦץʦʨʳʪʘ ʢʝʣʛʝʥʜʝ, ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʦפ

ᴅʩʝʨ ʝʪʽʧ, ʦʥʳ ʞʘשʘʰʘ ײʡʳʤʜʘʩʪʳʨʫסʘ: ʦץʫ ʤʘʟʤײʥʳʥ ײץʨʘʩʪʳʨʫסʘ, ʧʝʜʘʛʦʛʠʢʘʣʳץ 

 ʘʪʳʥʘʩ ʞʘʩʘʧץ-ʘʨʳʤץ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ, ᴇʟʘʨʘ שʳʪʫʰʳ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʥʳץʨʜʽʩʪʝ ʦװ

ʙ̔ ʨʣʝʩʽʧ ץʳʟʤʝʪ ʘʪץʘʨʫסʘ, ʦץʳʪʫʜʳש ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʬʦʨʤʘʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫסʘ 

ʢᴇשʽʣ ʘʫʜʘʨʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʦץʳʪʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ʙʽʣʫ ʦץʫ װʨʜʽʩʪʝʨʽʥ ʦʥʳש 

ʟʘשʜʳʣʳץʪʘʨʳʥʘ ʩᴅʡʢʝʩ ײʡʳʤʜʘʩʪʳʨʫסʘ, ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש ʤʘץʩʘʪʪʘʨʳʥ ʦʨʳʥʜʳ 

ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʤʘʟʤײʥʳʥ ʪʘשʜʘʧ ʘʣʫסʘ, ʦץʳʪʫʜʳש ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʬʦʨʤʘʣʘʨʳʥ 

 ʘסʳʪʫʰʳץʘ ʞᴅʥʝ ʦסʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʦʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳװʘ ʤסʡʳʤʜʘʩʪʳʨʫײ

ʦץʫ װʨʜʽʩʽʥʽש ʢʝʟʝשʜʽʣʽʛʽʥ ʩʘץʪʘʫסʘ, ᴇʟʘʨʘ ץʘʪʳʥʘʩ ʧʝʥ ʙʽʨʣʝʩʽʧ ץʳʟʤʝʪ ʘʪץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ɹײʣ ʞײʤʳʩʪʘ ʬʘʟʘʣʳץ ʘʫʳʩʫʜʳ ʝʩʢʝʨʝʪʽʥ ʙʽʨץʘʣʳʧʪʳ ʝʤʝʩ ʬʠʣʴʪʨʘʮʠʷʥʳש ʙʽʨ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽ ʟʝʨʪʪʝʣʛʝʥ. פʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʤʦʜʝʣʜʽש ʰʝʰʽʤʜʽʣʽʛʽ ʤʝʥ 

ʫʘץʳʪ ʙʦʡʳʥʰʘ ʧʝʨʠʦʜʪʳ ʰʝʰʽʤʥʽש ʙʘʨ ʝʢʝʥʜʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 

ʬʠʣʴʪʨʘʮʠʷ ʪʝʦʨʠʷʩʳʥʳץ שʫʳʩ ʦʨʪʘʜʘסʳ ʩײʡʳץʪʘʨʜʳש ʢᴇʧʪʝʛʝʥ ʰʝʰʽʣʤʝʛʝʥ 

ʤᴅʩʝʣʝʣʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢʪʝʨ ʙʝʨʝʜʽ. ʐʝʰʽʤʥʽש ʩʘʧʘʣʳץ ʞʘסʳʥʘʥ ʘʣʳʥסʘʥ 

 ʨʘʣ ʨʝʪʽʥʜʝײץ ץʧʘʨʘʪʪʳץʳ ʘץʘʰסʳʥʘʥ ʟʝʨʪʪʝʫʜʝ ʘʣסʞʘ ץʟʝʨʪʪʝʣʫʽ ʩʘʥʜʳ שʘʩʠʝʪʪʝʨʽʥʽץ

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ.      

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʦʜʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʘʟʨʝʰʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ  ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ʂʘʯʝʩʪʚʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ.   

In work one mathematical model of phase transitions of a no equilibrium filtration is 

investigated. Resolvability of considered model and periodic solution on time are given. The 

received results can be applied to the solution of problems of the theory of a filtration of liquid 
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in the porous environment. Qualitative properties of the decision are primary information for 

receiving numerical results. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: פʫʳʩ ʦʨʪʘ, ʬʘʟʘʣʳץ ʘʫʳʩʫ, ʩʘʥʜʳץ ʟʝʨʪʪʝʫ, ʉʪʝʬʘʥ ʝʩʝʙʽ, ʤײʟʜʳʣʳץ, 

ʳʣסʘʣʜʳʣʳץ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʨʠʩʪʘʷ ʩʨʝʜʘ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʜʘʯʘ 

ʉʪʝʬʘʥʘ, ʣʴʜʠʩʪʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ. 

Keywords: The porous medium, the phase transition, the numerical study, Stefan problem, ice 

content, humidity. 

 

I. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʇʫʩʪʴ W-ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʚ mR ʩ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʦʡ ʛʨʘʥʠʮʝʡ S , 

),,0( TQT ³W=  ),0( TSST ³= . ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʬʫʥʢʮʠʠ ),( txq , ),( txw , ),( txl  

/ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʠ ʣʴʜʠʩʪʦʩʪʴ ʛʨʫʥʪʘ/ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ TQ , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ: 
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ʥʘʯʘʣʴʥʳʤ, ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

    )()0,( 0 xx qq = , WÍx ,                                                             (1.4) 

    )()0,( 0 xwxw = , WÍx ,                                                            (1.5) 

                )()0,( 0 xlxl = , WÍx ,  ),(),( txtx sqq = , TStx Í),( ,                                 (1.6) 

   ),(),( txwtxw s= , TStx Í),( ,                                                       (1.7) 

ɺʤʝʩʪʦ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.6), (1.7) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʩʣʦʚʠʷ: 

   ),,(),( txtx
n

sq
q

=
µ

µ
 TStx Í),(                                                      (1.8) 

   ,0),( =
µ

µ
tx

n

w
 TStx Í),(                                                          (1.9) 

ɿʜʝʩʴ  n -ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ TS , ),...,( 1 mxxx= -ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, t -ʚʨʝʤʷ, ä
=µ

µ
=D

m

i ix1
2

2

 ʬʫʥʢʮʠʷ ),()( txwH =q  ʧʨʠ 0),( =txq , 1)( =qH  ʧʨʠ 

0>q , 0)( =qH  ʧʨʠ 0<q . ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.1)-(1.3), ʦʧʠʩʳʚʘʶʱʘʷ ʥʝʨʘʚʥʦʚʝʩʥʳʡ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ [1]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ  ʉ, ʂ, c, l, a ʩʯʠʪʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʠ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʥɦʦʩʪʠ ʩ=1. 

ʀʩʧʦʣʴʟʫʷ (1.3) ʠʟ (1.1) ʠ (1.2), ʠʩʢʣʶʯʘʝʤ tl µµ/ , ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ 

ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ),( txq  ʠ ),( txw : 

   ))(( qcaqq Hwkt -+DÖ= ,                                         (1ʘ) 

   ))(( qal Hwwwt --DÖ= ,                                           (2ʘ) 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜ ʟʘʜʘʯʝʡ I ʧʦʥʠʤʘʝʪʩʷ ʟʘʜʘʯʘ (1ʘ), (2ʘ), (1.4)-(1.7), ʘ ʧʦʜ ʟʘʜʘʯʝʡ 

II  - (1ʘ), (2ʘ), (1.4), (1.5), (1.8), (1.9). 

 ʆʧʨʝʜʝʣʝʥʠʝ I. ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ I /ʟʘʜʘʯʠ II/ ʥʘʟʳʚʘʪʁʩʷ  ʬʫʥʢʮʠʠ |q, w |  ʪʘʢʠʝ, 

ʯʪʦ 
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1. q, )(1,2

Tq QWwÍ , 1>q . 

2.  ʋʨʘʚʥʝʥʠʷ (1ʘ), (2ʘ) ʚʳʧʦʣʥʷʁ ʪʩʷ ʧʦʯʪʠ ʚʩʶʜʫ ʚ TQ ; 

3.  ʅʘʯʘʣʴʥʳʝ ʠ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ),( txq  ʠ ),( txw  ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʩʤʳʩʣʝ 

ʩʣʝʜʦʚ ʬʫʥʢʮʠʡ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

2. ʉʋʑɽʉʊɺʆɺɸʅʀɽ ʀ ɽɼʀʅʉʊɺɽʅʅʆʉʊʔ ʈɽʐɽʅʀʗ 

ʊʝʦʨʝʤʘ I. ʇʫʩʪʴ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʜʘʥʥʳʝ ,,0 sqq  sww ,0  ʪʘʢʦʚʳ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʬʫʥʢʮʠʠ  )(, 1,2

Tq QWvu Í  ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ: u - ʫʩʣʦʚʠʷʤ (1.4), (1.6) 

/ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (1.4), (1.8), v -ʫʩʣʦʚʠʷʤ (1.5), (1.7) (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (1.5), (1.9)); 

1)(0 0 ¢¢ xw , WÍx ; 1),(0 ¢¢ txws , TStx Í),( . ʊʦʛʜʘ ʟʘʜʘʯʘ I /ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʟʘʜʘʯʘ II/ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠ ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ 

1),(0 ¢¢ txw  ʜʣʷ ʧ.ʚ. TQtx Í),( ,                                        (2.1) 

  )1(
)2(

,1

)2(

, TT QqQq
uc +¢q ,                                             (2.2) 

  )1(
)2(

,2

)2(

, TT QqQq
vcw +¢ ,                                             (2.3) 

ʛʜʝ -21, cc ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʠ  -1c  ʥʝ ʟʘʚʠʩʠʪ ʦʪ l. ɽʩʣʠ ʜʦʧʦʣʥʠʪʝʣʥɹʦ 

ʧʦʪʨʝʙʦʚʘʪʴ ʫʩʣʦʚʠʝ { } ,,max
,,0 ¤<=
¤W¤

M
TSsqq  ʪʦ ʜʣʷ ),( txq  ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ 

ʦʮʝʥʢʘ       

,3,
C

TQ
¢

¤
q                                                             (2.4) 

ʛʜʝ -3ʉ ʟʘʚʠʩʠʪ ʦʪ W,,TM .  

ʉʫʱʝʩʪʚʦʚʘʥʠʝ. ʌʫʥʢʮʠʷ )(qH  ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʤʦʥʦʪʦʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ),(qnH  ʩʦʚʧʘʜʘʶʱʠʤʠ ʩ )(qH   ʧʨʠ n/1>q  ʠ 0<q , ,.....2,1=n . ʏʝʨʝʟ 

(1.1)n, (1.2)n ʦʙʦʟʥʘʯʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ (1ʘ),(2ʘ), ʛʜʝ ʚʤʝʩʪʦ ʬʫʥʢʮʠʠ ʅ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʬʫʥʢʮʠʷ nH . ɼʣʷ ʢʘʞʜʦʛʦ n  ʟʘʜʘʯʘ (1.1)n, (1.2)n, (l.4)-(l.7) ʨʘʟʨʝʰʠʤʦʩʪʴ ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʤʳ ʐʘʫʜʝʨʘ ʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ ʦʧʝʨʘʪʦʨʘ 

L: )()( 1,21,2

TqTq QWQW ­ . ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ  )(gg L=
Ù

, ʝʩʣʠ 
Ù

g  ʝʩʪʴ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

   )),(( gHfgkg nt -=DÖ-
ÙÙ

ca  ʛʜʝ )(1,2

Tq QWf Í ,                     (2.5) 

   ),(gHfff nt aal =+DÖ-                                             (2.6) 

Ù

g -ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ (1.4),(1.6), ʘ f -ʫʩʣʦʚʠʷʤ (1.5),(1.7). 

ʈʝʰʝʥʠʝ ),( txf  ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʫʱʝʩʪʚʫʝʪ, ʧʨʠ ʵʪʦʤ ʜʣʷ f  ʩʧʨʘʚʝʜʣʠʚʳ 

ʦʮʝʥʢʠ (2.3) ʠ (2.4). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ (2.1) ʚʚʦʜʠʪʩʷ ʩʨʝʟʘʶʱʘʷ ʬʫʥʢʮʠʷ 

{ }0,1),(max),( -=
Ù

txftxf . ɺ ʩʠʣʫ ʩʚʦʡʩʪʚ ʩʨʝʟʢʠ /ʩʤ. [2]/: Ð
Ù

f , ),( tqt
QLf Í

Ù

 

0,0 0== =tS ff
T

 .  

ʇʦʣʫʯʝʥʥʘʷ ʦʮʝʥʢʘ (2.1) ʜʣʷ f  ʧʦʟʚʦʣʷʝʪ ʜʦʢʘʟʘʪʴ ʦʮʝʥʢʫ (2.2) ʜʣʷ 
Ù

g, ʧʨʠʯʝʤ 

ʢʦʥʩʪʘʥʪʘ 1C  ʥʝ ʟʘʚʠʩʠʪ ʦʪ n  ʠ l. ʋʩʣʦʚʠʷ (1.4), (1.6), (2.2) ʦʧʨʝʜʝʣʷʶʪ ʚ )(1,2

Tq QW , 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʟʘʤʢʥʫʪʦʝ ʚʳʧʫʢʣʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʧʝʨʘʪʦʨ L ʧʝʨʝʚʦʜʠʪ ʚ 

ʩʝʙʷ. ʅʘʢʦʥʝʮ, ʦʧʝʨʘʪʦʨ L ʚʧʦʣʥʝ ʥʝʧʨʝʨʳʚʥʳʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ,  ʚʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 

ʐʘʫʜʝʨʘ /ʪʝʦʨʝʤʘ 3, ʛʣ.1 ʩʤ. [3]/ ʚʳʧʦʣʥʝʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫɦ ʝʩʪʚʫʝʪ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʦʜʥʘ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ g  ʦʧʝʨʘʪʦʨʘ L. ʕʪʘ ʬʫʥʢʮʠʷ g  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ 
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ʬʫʥʢʮʠʷ f  ʠʟ (2.5), (2.6) ʜʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1.1), (1.2), (1.4)-(1,7). ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʟʘʧʠʩʝʡ ʧʝʨʝʦʙʦʟʥʘʯʠʤ  g , f  ʯʝʨʝʟ nn W,q , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʮʝʥʢʠ (2.1)-(2.3) ʜʣʷ 

nn w,q  ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ /ʣʝʤʤʘ 6, ʛʣ.1 ʩʤ. [3]/ 

ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ kn , ʪʘʢʫʶ ʯʪʦ qq ­
kn  ʧ.ʚ. ʚ TQ , ww

kn ­ , qq ­
kn  ʩʣʘʙʦ ʚ 

)(1,2

Tq QW , *­ hH
kk nn )(q  ʩʣʘʙʦ ʚ )( tQL¤ . ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ nH  ʠ ʩʭʦʜʠʤʦʩʪʠ, 

knq  ʢ q ʧ.ʚ. ʚ TQ  ʩʣʝʜʫʝʪ, ʯʪʦ )),((),( txHtxh q=  ʧ.ʚ. ʚ { }0/ =qTQ  ʥʘ ʤʥʦʞʝʩʪʚʝ { }0=q  

ʬʫʥʢʮʠʷ  ,1),(0),,(),( ¢¢= txhtxwtxh  ʪ.ʝ. h  ʠ ʥʘ { }0=q  ʩʦʚʧʘʜʘʝʪ ʩ H. ʇʝʨʝʭʦʜʷ 

ʢ ʧʨʝʜʝʣʫ ʚ (1.1)n,(1.2)n,(1.4)-(1,7) ʧʨʠ ¤­kn  ʧʦʣʫʯʘʝʤ, ʯʪʦ ʧʨʝʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ q, w  

ʷʚʣʷʶʪʩʷ ʠʩʢʦʤʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ I.  

ʆʮʝʥʢʘ (2.4) ʧʦʣʫʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ (2.1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʤʥʦʞʝʥʠʷ (1ʘ) ʥʘ 

{ }0,max M-=
Ù

qq  ʠ { }0,max qq -=
-

M . 

ɽʜʠʥʩʪʚʝʥʥʦʩʪʴ. ʇʫʩʪʴ ,, ii wq  ,...2.1=i - ʜʚʘ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ      

,21 qqq -=  ,21 www -=  )()( 21 qq HHH -= . ʌʫʥʢʮʠʠ Hw,,q  ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʫʨʘʚʥʝʥʠʷʤ (1a), (2ʘ) ʠ ʫʩʣʦʚʠʷʤ  

,000 == == tt wq  

           0==
TT SS wq                                                    (2.7) 

 

ʋʨʘʚʥʝʥʠʝ (1ʘ) ʫʤʥʦʞʘʝʪʩʷ ʥʘ 0,)( 2/12 >+Ö - eeqq  ʠ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ TQ : 

 

[ ]{ }ññ =+-+++ÖÐ++ ---

TQ

t
dxdtwHk 0)()()()()( 2/122/1202/3222/12 eqqcaeqqcaeqqeeq

ʆʪʙʨʘʩʳʚʘʷ ʚ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ ʯʣʝʥ 2/322 )()( -+³Ð eqqek  ʠ 

ʧʝʨʝʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʦ 0­e  ʧʦʣʫʯʘʝʤ  

{ } 0),( ¢-+ñññ
W

dxdtwHdxtx

TQ

cacaq                                 (2.8) 

ʋʨʘʚʥʝʥʠʝ (2ʘ) ʫʤʥʦʞʘʝʪʩʷ ʥʘ signw, ʠ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ TQ : 

 { } 0),( ¢-+ñññ
W

dxdtHwdxtxw

TQ

aa                                      (2.9) 

 ʀʟ ʥʝʨʘʚʝʥʩʪʚ (2.8),(2.9) ʠʤʝʝʤ { } 0),(),( ¢+ñ
W

dxdttxwtx cq  

ʆʪʩʶʜʘ ʩʣʝʜʫʶʪ ʨʘʚʝʥʩʪʚʘ  ,0),(,0),( == txwtxq  ʯʪʦ ʦʟʥʘʯʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʨʝʰʝʥʠʷ.  

3. ʇɽʈʀʆɼʀʏɽʉʂʆɽ ʇʆ ɺʈɽʄɽʅʀ ʈɽʐɽʅʀɽ  
ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ I, ʪ.ʝ. ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʣʦʩʝ ( )+¤¤-³W=¤ ,Q , ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ¤Q ʪʝʤʧʝʨʘʪʫʨʘ ( )tx,q  ʠ ʚʣʘʞʥʦʩʪʴ ( )txw , ʷʚʣʷʶʪʩʷ 

ʠʟʚʝʩʪʥʳʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ ʩ ʧʝʨʠʦʜʦʤ .0>T  ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʦʙʱʝʡ ʪʝʦʨʠʠ, ʚʦʟʤʦʞʥʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ  ʟʘʤʝʥʷʶʪʩʷ 

ʫʩʣʦʚʠʷʤʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

( ) ( ) WÍ+= xTtxtx     ,,, qq               (3.1) 
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( ) ( ) WÍ+= xTtxwtxw     ,,,               (3.2) 

ʆʧʨʝʜʝʣʝʥʠʝ. ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ I  ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘ ʬʫʥʢʮʠʡ ( ) ( ){ }txwtx ,   ,,q  

ʪʘʢʠʭ, ʯʪʦ  

1. ( ) ( ) ( ) 1    ,
~

,   ,, 1,2 >Í qQWtxwtx Tqq  

2. ʋʨʘʚʥʝʥʠʷ (1), (2) ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʯʪʠ ʚʩʶʜʫ (ʧ.ʚ.) ʚ TQ  

3. ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ q ʠ wʧʨʠʥʠʤʘʶʪʩʷ ʚ ʩʤʳʩʣʝ ʩʣʝʜʦʚ 

ʬʫʥʢʮʠʡ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ.  

ʏʝʨʝʟ ( )Tq QW 1,2~
ʦʙʦʟʥʘʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʠʟ ( )Tq QW 1,2 , ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ 

ʚʨʝʤʝʥʠ ʩ ʧʝʨʠʦʜʦʤ .0>T  ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʷʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ( ),
~

Tp QL  ( )T

s

p QW
~

, 

.1  1,p  ,0 >²² qs  ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʠʷ ʥʦʨʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚ ʬʫʥʢʮʠʡ ʩʦʚʧʘʜʘʶʪ ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʚ [4]. 

 ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʛʨʘʥʠʯʥʳʝ ʜʘʥʥʳʝ ( )txs ,q  ʠ ( )txws ,  ʷʚʣʷʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦ ʚʨʝʤʝʥʠ ʩ ʧʝʨʠʦʜʦʤ 0>T . ʊʦʛʜʘ  

{ } ()( ) ()( )WWÍ ¤ 2

1

22 ;,0
~

;,0
~

, LTLWTLw 1q ,         (3.3) 

( ) ( ) ( ) ()( )WWWW
Ö=Ö+ÐÐ+ ,2,2,2,2

,,,, vHvwvwvwt qaal ,       (3.4) 

( ) ( ) ( )TQWvTxwxw 0,1~
      ,,0, Í"= ,          (3.5) 

( ) ( ) ()( ) 0,, ,2,2,2, =--ÐÐÖ+ WWW
uHwukut qcaqq ,        (3.6) 

( ) ( ) ( )TQWuTxx 0,1

2

~
          ,,0, Í"=qq .         (3.7) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʚʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. ʌʫʥʢʮʠʷ 

()qH , ʢʘʢ ʚʳʰʝ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʤʦʥʦʪʦʥʥʳʤʠ ()qnH , 

ʩʦʚʧʘʜʘʶʱʠʤʠ ʩ ()qH  ʧʨʠ n1>q , ʛʜʝ ʚʤʝʩʪʦ ʬʫʥʢʮʠʡ ()qH  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʬʫʥʢʮʠʷ ()qnH . ɼʣʷ ʢʘʞʜʦʛʦ n ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ  ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʤʳ 

ʐʘʫʜʝʨʘ ʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ ʦʧʝʨʘʪʦʨʘ L: ( ) ( )TT QWQW 1,2

2

1,2

2

~~
­ . 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ( ) ( )( )txgtxg ,,~ L= , ʝʩʣʠ ( )txg ,~  ʝʩʪʴ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

()( )gHfgkg n

t -=D- ca~~                        (3.8) 

ʛʜʝ ( )TQWf 1,2

2

~
Í  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ 

()gJHfff n

t aal =+D-                       (3.9) 

ʅʝ ʫʤʘʣʷʷ ʦʙʱʥʦʩʪʠ ʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʛʨʘʥʠʯʥʳʝ ʜʘʥʥʳʝ 

ʥʫʣʝʚʳʝ, ʪ.ʝ. 

( ) ( ) Ts Stxtx Í"= ,         ,0,q                       (3.10) 

( ) ( ) Ts Stxtxw Í"= ,         ,0,                       (3.11) 

ʊʦʛʜʘ ( )txg ,~  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ (3.7), (3.10), ʘ ( )txf ,  ʫʩʣʦʚʠʷʤ (3.5), (3.11). 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.8), (3.9), (3.10) ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʨʘʙʦʪ [5,4] ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʙʘʟʠʩʘʤʠ ʠʟ ʬʫʥʢʮʠʡ ()xiw , ʢʦʪʦʨʳʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ()W1

2W  ʠ ʫʩʣʦʚʠʷʤʠ  

( )() ( ) ()WÍ"¿=
WW

1

2,2
           ,,, 1

2
Wvvv iiWi ww                   (3.12) 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʂʦʰʠ 

( ) ( ) ( ) =+ÐÐ+
WWW ,2,2,2

,,, i

N

i

N

i

N

t fff wawlw ()( ) NigH i

n ¢¢
W

1               ,,
,2

wa  (3.13) 

( ) ()xwxf N

00, = ,                       (3.14) 
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()xw0 - ʧʨʦʠʟʚʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠʟ  [ ]Nwww ...,21  

ʂʘʢ ʠʟʚʝʩʪʥʦ (ʩʤ. [5]),  ʨʝʰʝʥʠʝ ( )txf N ,  ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʦʪʨʝʟʢʝ [ ]T,0 . ʄʳ 

ʧʦʢʘʞʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ R, ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ N, ʯʪʦ  

( ) RTxf N ¢
W,2

, , ʢʦʣʴ ʩʢʦʨʦ () Rxw ¢
W,20                 (3.15) 

ɼʦʤʥʦʞʠʤ (3.13) ʥʘ ()tl N

i  ʠ ʧʨʦʩʫʤʤʠʨʫʝʤ ʧʦ i  ʦʪ 1 ʜʦ N. ɺ ʨʝʟʫʣʴʪʘʪʝ  ʠʟ 

(3.13) ʩʣʝʜʫʝʪ, ʯʪʦ  

=+Ð+
WWW

2

,2

2

,2

2

,22

1 NNN fff
dt

d
al

()( ) ()
2

,2

2

,2,2
22

,
WWW

+¢= gHffgH nNNn aa
a , 

ʘ ʪʘʢʞʝ, ʚ ʯʘʩʪʥʦʩʪʠ 
( )

2

,22

2

,2

1

WW W
²Ð NN f

mes
f , ʪʦ ʧʦʣʫʯʠʤ  

2

,2

2

,2
1

2

,2 WWW
¢+ nNN HfCf

dt

d
a .         (3.16) 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ 

( ) () () () 2

2

,20

2

,2
0

2

,20

2

,2

11 , CxwdtgHexwTxfe n

T

TCNTC
+=+¢

WWWW ña             (3.17) 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʝʪ (3.15), ʝʩʣʠ ʚʳʙʨʘʪʴ R  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

( )TC

C
R

1

22

exp1 --
²             (3.18) 

ʀʪʘʢ, ʦʪʦʙʨʘʞʝʥʠʝ ( ) ( )Txfww N

N ,00 =À­  ʧʝʨʝʚʦʜʠʪ ʚ ʩʝʙʷ RB  (ʰʘʨ ʩ ʮʝʥʪʨʦʤ ʚ 

ʥʘʯʘʣʝ ʠ ʨʘʜʠʫʩʦʤ R  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [ ]Nwww ...,21 ), ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʦʪʦʙʨʘʞʝʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʪʦʯʢʘ RBw Í0 , ʯʪʦ ( ) 00 wwN =À . ɸʥʘʣʦʛʠʯʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʠ ʜʣʷ ʬʫʥʢʮʠʡ ( )txg ,~ . ɼʘʣʝʝ, ʚʚʠʜʫ (3.15), ʘ ʪʘʢʞʝ ʧʦʩʢʦʣʴʢʫ 

( )0,~ xg   ʦʛʨʘʥʠʯʝʥʳ ʚ ()W1

2W , ʤʳ ʧʦʣʫʯʠʤ ʚ ʪʦʯʥʦʩʪʠ ʪʝ ʞʝ ʩʘʤʳʝ ʦʮʝʥʢʠ, ʯʪʦ ʠ ʚ 

ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʡ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. { }NN gf ,  ʦʛʨʘʥʠʯʝʥʳ ʚ 

()( ) ()( )WW ¤ 2

1

22 ;,0
~

;,0
~

LTLWTL 1 , { }N

t

N

t gf ,  ʦʛʨʘʥʠʯʝʥʳ ʚ ()( )W22 ;,0
~

LTL . ʀʟ ʧʦʩʣʝʜʥʝʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʫʶ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ { }pp NN
gf , , ʯʪʦ ff pN

­   

ʚ ()( )W1

22 ;,0
~

WTL  ʩʣʘʙʦ,  ʠ ʚ ()( )W¤ 2;,0
~

LTL  - ʩʣʘʙʦ, gg pN
­   ʚ ()( )W1

22 ;,0
~

WTL   ʩʣʘʙʦ, ʠ 

ʚ ()( )W¤ 2;,0
~

LTL   - ʩʣʘʙʦ, t

N

t ff p ­   ʚ ( )TQL2

~
 ʩʣʘʙʦ, t

N

t gg p ­   ʚ ( )TQL2

~
 ʩʣʘʙʦ, ʦʪʢʫʜʘ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ( ) ( ) ( ) ( )TxfTxfxfxf pp NN
,,   ,0,0, ­­  ʩʣʘʙʦ ʚ ( )TQL2 , 

( ) ( ) ( ) ( )TxgTxxgxg pp NN
,,g   ,0,0, ­­  ʩʣʘʙʦ ʚ ( )TQL2 . 

ʀʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʩʜʝʣʘʝʤ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ: ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ 

ʧʨʝʜʝʣʫ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʦʞʜʝʩʪʚʘʭ ʧʦ n . ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʦʛʜʘ 

ʧʦʣʫʯʠʤ ( ) ( )Txx ,0, qq = , ( ) ( )Txwxw ,0, = . 
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ʋɼʂ 517.95 

ʅ.ʉ. ɸʭʪʘʝʚʘ  

 

ʈɸɿʈɽʐʀʄʆʉʊʔ ʃʆʂɸʃʔʅʓʍ ɿɸɼɸʏ ɼʃʗ ɻʀʇɽʈɹʆʃʀʏɽʉʂʆɻʆ 

ʋʈɸɺʅɽʅʀʗ ʊʈɽʊʔɽɻʆ ʇʆʈʗɼʂɸ 
 

(ʛ ɸʣʤʘʪʳ, ʂʘʟʅʇʋ ʠʤʝʥʠ ɸʙʘʷ, PhD ʜʦʢʪʦʨʘʥʪ) 

 
ɹײʣ ʤʘץʘʣʘʜʘ װʰʽʥʰʽ ʨʝʪʪʽ ʛʠʧʝʨʙʦʣʘʣʳץ ʪʝשʜʝʫ װʰʽʥ ʣʦʢʘʣʴʜʳ ʝʩʝʧʪʝʨ 

 שʘʥ. ʂʦʰʠ, ɻʫʨʩʘ, ɼʠʨʠʭʣʝ ʞᴅʥʝ ʂʦʰʠ- ɻʫʨʩʘ (ɼʘʨʙʫ) ʝʩʝʧʪʝʨʽʥʽסʘʨʘʩʪʳʨʳʣץ

ʰʝʰʽʤʽʥʽש ʙʘʨ ʙʦʣʫʳ ʜᴅʣʝʣʜʝʥʜʽ. ʂʦʰʠ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ʥʘץʪʳ ʪװʨʜʝ ʘʣʳʥʜʳ. ʂʦʰʠ ï 

ɻʫʨʩʘ ʪʠʧʽʥʜʝʛʽ ʝʩʝʧ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʝשʜʝʫʛʝ ʢʝʣʪʽʨʽʣʜʽ. ɽʩʝʧʪʽש ʙʝʨʽʣʛʝʥʜʝʨʽʥʝ ʥʘץʪʳ 

ʙʽʨ ʰʝʢʪʝʫʣʝʨʜʽ ץʦʶ ʘʨץʳʣʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʝשʜʝʫʜʽש ʙʽʨʤᴅʥʜʽ ʰʝʰʽʣʫʽ ʜᴅʣʝʣʜʝʥʜʽ. 

ɺ ʨʘʙʦʪʝ ʜʣʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʨʷʜʘ ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ. ɼʦʢʘʟʘʥʳ ʨʘʟʨʝʰʠʤʦʩʪʴ ʘʥʘʣʦʛʦʚ ʟʘʜʘʯʠ ʂʦʰʠ, 

ɻʫʨʩʘ, ɼʠʨʠʭʣʝ ʠ ʂʦʰʠ- ɻʫʨʩʘ (ɼʘʨʙʫ). ʇʦʣʫʯʝʥʳ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʚ ʷʚʥʦʤ ʚʠʜʝ. 

ɿʘʜʘʯʠ ʪʠʧʘ ʂʦʰʠ ïɻʫʨʩʘ ʨʝʜʫʮʠʨʦʚʘʥʦ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʜʦʢʘʟʘʥ ʦʜʥʦʟʥʘʯʥʳʡ ʨʘʟʨʝʰʠʤʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

In this work the questions solvability local problems for third order hyperbolic equations 

studied. The proved solvability an analogs of the Cauchy, Goursat, Dirichlet and Cauchy- 

Goursat (Darboux) problems. Are received the solution of Cauchy problem in an explicit 

form. Cauchy ï Goursat type problem it is reduced to the functional equation. At certain 

restrictions on these problem it is proved unambiguous solvability of the functional equation. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʌʫʥʢʮʠʦʥʘʣʜʳץ ʪʝשʜʝʫ, ʨʝʛʫʣʷʨʣʳץ ʰʝʰʽʤ,ʢװʰʪʽ ʰʝʰʽʤ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʛʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ, ʩʠʣʴʥʦʝ ʨʝʰʝʥʠʝ 

Keywords: Functional equation, regular solution, strong solution 

 

ʇʫʩʪʴ 2RWË - ʢʦʥʝʯʥʘʷ ʦʙʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʪʨʝʟʢʦʤ :0 1AB x¢ ¢ ʦʩʠ 

0=ó , ʘ ʧʨʠ y<0 ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ : 0ÀÑ õ ó+ = ʠ : 1ÂÑ õ ó- = 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ ʧʨʦʩʪʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  

( )yxfLu ,=       (1) 

ʛʜʝ 

( )yyxx uu
y

Lu -
µ

µ
=  

ɿʘʜʘʯʘ ʂʦʰʠ.  ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ  

   ( ),0 ( ), 0 1u x x xt= ¢ ¢     (2) 

( ),0 ( ), 0 1yu x x xn= ¢ ¢     (3) 
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( ),0 ( ), 0 1yyu x x xm= ¢ ¢     (4) 

ɿʜʝʩʴ Ű(x), n(x) ʠ ɛ(x)- ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. 

ɿʘʜʘʯʘ ɻʫʨʩʘ. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ  

( ), 0,
AC BC

u x y
Ç
=      (5) 

( ), 0y AC BC
u x y

Ç
=  

ɿʘʜʘʯʘ ɼʠʨʠʭʣʝ. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ  

( ), 0
AB AC BC

u x y
Ç Ç

=  

ɿʘʜʘʯʘ ʂʦʰʠ- ɻʫʨʩʘ 1 (ɼʘʨʙʫ 1). ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ  

( ),0 ( ,0) 0, 0 1yu x u x x= = ¢ ¢                      (6) 

( )
1

, ( , ) 0, 0
2AC

u x y u x x x= - = ¢ ¢       (7) 

ɿʘʜʘʯʘ ʂʦʰʠ-ɻʫʨʩʘ 2 (ɼʘʨʙʫ 2). ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ  

( ,0) 0yu x =  

( ), 0, ( ) 0x yAC AC
u x y u u= + = 

ɿʘʜʘʯʘ ʂʦʰʠ- ɻʫʨʩʘ 3 (ɼʘʨʙʫ 3). ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ (7) ʠ 

( ),0 ( ,0) 0, 0 1yyu x u x x= = ¢ ¢ 

ɿʘʜʘʯʘ ʂʦʰʠ- ɻʫʨʩʘ 4 (ɼʘʨʙʫ 4). ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ (5) ʠ   

( ),0 ( ,0) 0, 0 1y yyu x u x x= = ¢ ¢ 

ɿʘʜʘʯʘ ʂʦʰʠ ʠ ɻʫʨʩʘ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʦʙʱʝʛʦ ʚʠʜʘ ʠʟʫʯʝʥʳ ʚ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠʚʦʜʠʪʩʷ ʫʜʦʙʥʦʡ ʬʦʨʤʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʈʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [2]. 

ʈʝʰʝʥʠʝ u(x,y) ʫʨʘʚʥʝʥʠʷ (1) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʨʝʛʫʣʷʨʥʳʤ, ʝʩʣʠ ʬʫʥʢʮʠʷ u(x,y) 

ʦʙʣʘʜʘʝʪ ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʚʭʦʜʷʱʠʤʠ ʦʧʝʨʘʪʦʨ L.  

ʌʫʥʢʮʠʶ ( ) ()WÍ 2Ly,xu  ʥʘʟʦʚʝʤ ʩʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʠ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʛʫʣʷʨʥʳʭ ʨʝʰʝʥʠʠ { }nu  ʵʪʦʡ ʟʘʜʘʯʠ 

( nu  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ), ʪʘʢʘʷ, ʯʪʦ nu  ʠ nLu ʩʭʦʜʷʪʩʷ ʚ 

()W2L  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ  ( )y,xu  ʠ ( )yxf , .  

ʏʝʨʝʟ ()WlW
2

 - ʦʙʦʟʥʘʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʉ.ʃ.ʉʦʙʦʣʝʚʘ ʩ ʥʦʨʤʦʡ ;
l
Ö  

() ()W¹W 2
0
2

LW  - ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʚʘʜʨʘʪʠʯʥʦ ʩʫʤʤʠʨʫʝʤʳʭ ʚ W ʬʫʥʢʮʠʡ.  

ʀʩʧʦʣʴʟʫʷ ʦʙʱʝʝ ʨʝʰʝʥʝʠʝ 1 2 3( , ) ( ) ( ) ( )u x y f x f x y f x y= + - + + ʫʨʘʚʥʝʥʠʷ (1), 

ʛʜʝ if - ʧʨʦʠʟʚʦʣʴʥʳʝ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ, ʥʝʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 

ʩʣʝʜʫʶʱʠʭ ʪʝʦʨʝʤ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ 2 1( ), ( ) [0,1], ( ) [0,1]x x C x Ct u mÍ Í  ʠ 1( , ) ( )f x y CÍ W. ʊʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʛʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ 

ʫʩʣʦʚʠʷʤ (2)- (4) ʠ ʦʥʦ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ  
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1

1

0 0

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1
( , ) ( ) ( ) ( ) ( ) ( ) ( )

2 2 2

1 1
( ) ( , ) ( ) ( , )

2 2

x y x yx

x y x y x

x y yx

y x y y y x

u x y x t dt x y t t dt x y t t dt

dy x y x y f x y dx dy x y x y f x y dx

t u m m
- -

+ +

- +

+ -

= - - + - + - - +

+ + - - + - - +

ñ ñ ñ

ñ ñ ñ ñ

(8)  

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ 2 1

2 2( ) (0,1), ( ), ( ) (0,1)x W x x Wt u mÍ Í  ʠ 2( , ) ( )f x y LÍ W. ʊʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʠ ʦʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʥʝʨʘʚʝʥʩʪʚʫ 

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

[ ]
W W W W L

u C ft u m
W W W W
¢ + + +  

ʛʜʝ C- ʦʟʥʘʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ( )y,xu . 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (8) ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʝʦʨʝʤʳ ʦ ʨʘʟʨʝʰʠʤʦʩʪʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ. ʀʩʩʣʝʜʫʝʤ ʟʘʜʘʯʫ ɼʘʨʙʫ 1. 

ʀʟ ʬʦʨʤʫʣʳ (8), ʢʦʛʜʘ ( ) ( ) 0x xt u= =, ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ (7), ʠʤʝʝʤ  
2

0

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

2

x x

x

t t dt x t t dt F x xm m+ - = ¢ ¢ñ ñ      (9) 

ʛʜʝ  
1

1

20 0

1 1 1 1 1 1 1 1 1 1 1 1

1 1
( ) ( ) ( , ) (2 ) ( , )

2 2

x yx

x y x x

F x dy x y f x y dx dy x x y f x y dx

+

- - -

= + - - +ñ ñ ñ ñ   

ʇʦʩʣʝ ʜʚʫʢʨʘʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (9), ʧʦʣʫʯʠʤ  

1
( ) , 0 1

2 2 2

t t
t F tm m

å õ å õ
¡¡- = ¢ ¢æ ö æ ö

ç ÷ ç ÷
     (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʫʝʤʘʷ ʟʘʜʘʯʘ ʚ ʩʤʳʩʣʝ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʨʝʜʫʮʠʨʦʚʘʥʘ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (10). 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ, ʥʝʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʣʝʜʫʶʱʠʭ 

ʣʝʤʤ. 

 ʃʝʤʤʘ 1. ɽʩʣʠ  1( , ) ( )f x y CÍ W, ʪʦ 1 1
( ) 0,

2
F x C

è ø
¡¡Í é ù

ê ú
 

 ʃʝʤʤʘ 2. ʇʫʩʪʴ 3 1
( ) 0,

2
F x C

è ø
Í é ù

ê ú
, ʪʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (10) ʠʟ ʢʣʘʩʩʘ 1[0,1]C   

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 2 ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [5]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʨʘʙʦʪʘʭ [3-5] ʠʟʫʯʝʥʳ ʙʦʣʝʝ ʦʙʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 ʊʝʦʨʝʤʘ 3. ɼʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʡ 1( , ) ( )f x y CÍ W ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʛʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ï ɻʫʨʩʘ 1 (ɼʘʨʙʫ 1). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 3 ʩʣʝʜʫʝʪ ʠʟ ʣʝʤʤ 1-2.  

ʊʝʦʨʝʤʘ 4. ɼʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ( ) ()WÍ 2, Lyxf  ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʩʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ - ɻʫʨʩʘ 1 (ɼʘʨʙʫ 1). ʕʪʦ ʨʝʰʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ 

() ()WÆW 1
2WC  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 

1
2 2( ) ( )W L

u C f
W W
¢  

 ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ  

  ( ) ( )( ) ,dydxy,xfy,x,y,xKy,xu ññ
W

= 111111  
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ʛʜʝ ( ) ( )W³WÍ 211,,, LyxyxK , ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʰʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʦʛʠʯʥʦ 

 

 
1. Zikirov O.S. On Boundaryïvalue Problem For Hyperbolic-Type Equation of The Third 

Order // Lietuvos Matematikos Rinkinys. 2007. -V. 47. N 4. -P. 591 - 603. 

2. ɸʭʪʘʝʚʘ ʅ.ʉ. ɿʘʜʘʯʘ ɼʠʨʠʭʣʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ // ɺʝʩʪʥʠʢ ʂʘʟʅʇʋ ʠʤʝʥʠ ɸʙʘʷ. ˉ2 (38), 2012, - ʉ 35-41 

3. ʉʘʜʳʙʝʢʦʚ ʄ.ɸ. ʆ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʝ ɼʘʨʙʫ // ɼʦʢʣʘʜʳ ɸʅʉʉʉʈ 1990ʛ.- ʊ. 314, 

ˉ2. -ʉ. 304-306.  

4. ʉʘʣʘʭʠʪʜʠʥʦʚ ʄ. ʉ., ɹʝʨʜʳʰʝʚ ɸ.ʉ.,  ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʧʘʨʘʙʦʣʦ-

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩ ʦʪʭʦʜʦʤ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ // ɼʦʢʣʘʜʳ 

ʈɸʅ. ˉ3. ʪʦʤ 327. 1992ʛ. - ʉ.303-305. 

5. ɹʝʨʜʳʰʝʚ ɸ.ʉ. ʆ ʚʦʣʴʪʝʨʨʦʚʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʩ ʫʩʣʦʚʠʷʤʠ ʪʠʧʘ ɹʠʮʘʜʟʝ ï 

ʉʘʤʘʨʩʢʦʛʦ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʧʘʨʘʙʦʣʦ ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ // 

ʉʠʙʠʨʩʢʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ˉ3 ʪʦʤ 46     2005ʛ. ï ʉ. 500-510. 

 
 

 

 

ᴄʆɾ 378.018.43:004(574) 

ɹ.נ. ɹʦʩʪʘʥʦʚ, ʉ.ɸ. ʋʩʝʤʙʘʝʚʘ* 

 

MOODLE ɾתʁɽʉɯʅ פʆʃɼɸʅʋ ᴄɼɯʉʊɽʄɽʉɯ ɹʆʁʓʅʐɸ ʆפʓʊʋ 

ʈɽʉʋʈʉʓʅ ױפʈɸʉʊʓʈʋ 
 

(ɸʣʤʘʪʳ Ϩ., ɸʙʘʡ ʘʪʳʥʜʘϤʳ ϧʘʟϯʇʋ, * - ʤʘʛʠʩʪʨʘʥʪʳ) 

 
ɹײʣ ʤʘץʘʣʘʜʘ Moodle ʦʨʪʘʩʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʷʥʜʘʣסʘʥ. ʆץʳʪʫ ʨʝʩʫʨʩʪʘʨʳʥ 

 ʘʨʘʪʳʥ ʬʫʥʢʮʠʷʩʳץʘʪ שʨʘʩʪʳʨʫ ʞʦʣʜʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. Moodle ʦʨʪʘʩʳʥʳײץ

ʘʥʳץʪʘʣסʘʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ײץʨʘʣʜʘʨʜʳץ  שʦʣʜʘʥʳʣʫʳʥ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʦץʫ  

ʤʳʩʘʣʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. פʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʘʣʜʳסשʳ ץʘʪʘʨʣʳ 

ʜᴅʩʪװʨʣʽ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʜʽʩʪʝʤʝʣʝʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʳʪʫ ײץʨʘʣ 

ʞʘʙʜʳץʪʘʨʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳ ʙʘʷʥʜʘʣסʘʥ.   

ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ  ʤʘʪʝʨʠʘʣʳ ʦ  ʩʨʝʜʝ  Moodle. ʈʘʩʩʤʦʪʨʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʳʭ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʞʝ  ʧʨʠʚʝʜʝʥʳ  ʧʨʠʤʝʨʳ ʠ ʘʣʛʦʨʠʪʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ.  ɺ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʦʙʫʯʝʥʠʷ.    

 Material on capability of using of functions of Moodle environment in this article 

described in a full range and ways of compilation of learning resources on using this system 

are considered. Also there are examples of using tools are given in this article. In the 

education system the distance learning is the traditional and innovation techniques and the 

computer and telecommunications technology which based on instrumental technologies of  

learning. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: Moodle ʞװʡʝʩʽ, ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ, ʘʢʧʘʨʘʪʪʳץ  ʪʝʭʥʦʣʦʛʠʷʣʘʨ, 

ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʜʽʩʪʝʨ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʩʪʝʤʘ Moodle, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ.  

Keywords: Moodle system, distance learning, innovative methods. 
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ɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ʜʘʤʳʪʫ ʙʽʣʽʤ ʙʝʨʫʜʽש ʙʽʨ ʙᴇʣʽʛʽ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʟʘʤʘʥ ʘסʳʤʳʥʘ ʩʘʡ ʢװʥʜʝʣʽʢʪʽ ʩʘʙʘץץʘ ʢʦʤʧʴʶʪʝʨ, ʵʣʝʢʪʨʦʥʜʳץ 

ʦץʫʣʳץ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘץʪʘ ץʦʣʜʘʥʫ ʞʘץʩʳ ʥᴅʪʠʞʝ ʙʝʨʫʜʝ. ɹʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽ 

ʵʣʝʢʪʨʦʥʜʳץ ʙʘʡʣʘʥʳʩ, ʘץʧʘʨʘʪ ʘʣʤʘʩʫ, ʠʥʪʝʨʥʝʪ, ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘ, 

ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʷ, On-line ʩʘʙʘץʪʘʨ ʘʨץʳʣʳ ʽʩʢʝ ʘʩʳʨʳʣʫʜʘ. ɹװʛʽʥʛʽ ʢװʥʽ ʠʥʥʦʚʘʮʠʷʣʳץ 

ᴅʜʽʩʪʝʨ ʤʝʥ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦʡʣʘʫ 

 ʳʥ ʪʫʜʳʨʫ, ʙʝʣʩʝʥʜʽʣʽʛʽʥסʫʰʳʣʳסʳʟʳץ ,ʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʳʧ, ʽʟʜʝʥʫʰʽʣʽʛʽʥ ʜʘʤʳʪʳʧץ

ʘʨʪʪʳʨʫ ʝש ʥʝʛʽʟʛʽ ʤʘץʩʘʪ ʙʦʣʳʧ ʘʡץʳʥʜʘʣʘʜʳ. 

 שʧʘʨʘʪʪʘʥʜʳʨʫ ʧʨʦʮʝʩʽʥʽץʘʤʜʳ ʘסʦץ ʧʘʨʘʪʪʘʥʜʳʨʫץʜʝ ʙʽʣʽʤ ʙʝʨʫʜʽ ʘשʘʟʽʨʛʽ ʢʝʟʝפ

ʙʽʨ ʙᴇʣʽʛʽʥʜʝʡ, ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥ ᴅʜʽʩʥʘʤʘʤʝʥ, ʪʝʭʥʦʣʦʛʠʷʤʝʥ, ʧʨʘʢʪʠʢʘʣʳץ 

ʜʘʡʳʥʜʘʤʘʣʘʨʤʝʥ ʞᴅʥʝ çʦץʳʪʫ ʤʝʥ ʪᴅʨʙʠʝʣʝʫʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ-ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʤʘץʩʘʪʪʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʘסʜʘʨʣʘʥסʘʥ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ 

ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʤʝʥ ʞʘʩʘץʪʘʫ ʧʨʦʮʝʩʽʥʜʝʡè [1] ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɸץʧʘʨʘʪʪʳץ-

 ʘʥסʳ ʙʦʣʤʘסʦʥʜʳʨץ ʡʝʩʽʥʝ ʙʽʨʰʘʤʘװʙʘʨ ʞ שʳʪʫʜʳץʦ (ʊפɸ) ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʘʪʳʥʘʩʪʳץ

ʰʘʨʪ ʢʝʟʽʥʜʝ סʘʥʘ ʙʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ץʘʞʝʪʪʽ ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʳץʧʘʣ ʙʝʨʝ ʘʣʘʜʳ, ʘʣ ʪʘʙʠסʠ ʪװʨʜʝ ʦסʘʥ ʢʽʨʽʛʝʜʽ. ɹʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʝ ʘץʧʘʨʘʪʪʳץ-

 ץʫʣʳץʦ ץʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʥʽ ʪʘʣʜʘʫ ʵʣʝʢʪʨʦʥʜʳ ץʘʪʳʥʘʩʪʳץ

ʙʘʩʳʣʳʤʜʘʨ ʤʝʥ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʪʘʨʜʳ ʪʝʢ ʪʦʣʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʩʦʥʜʘʡ-ʘץ ʧᴅʥ 

ʤסײʘʣʽʤʜʝʨʽʥʝ ʩʘʙʘץʪʘʨʜʘ ʞײʤʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥʝ ʨץײʩʘʪ 

ʝʪʝʪʽʥ ʝʨʝʢʰʝ ʦʨʪʘʜʘ ʦץʳʪʫʜʳש ʞװʟʝʛʝ ʘʩʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ.  

ʆʩʳ ʞײʤʳʩʪʘ ʙʽʟ Moodle ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʳʧ ʦץʳʪʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʘʩʪʳʨʫʜʳ 

 .ʘʨʘʩʪʳʨʘʤʳʟ [1]ץ

 ʀʥʪʝʨʥʝʪʪʝʛʽ ʩʘʨʘʧʪʘʤʘʣʘʨ ʞᴅʥʝ ʬʦʨʫʤʜʘסʳ ʧʽʢʽʨʣʝʨ ʙʦʡʳʥʰʘ ʘʰʳץ ʢʦʜʪʳ 

ʞװʡʝʣʝʨʜʽש ʘʨʘʩʳʥʘʥ Moodle ʞװʡʝʩʽ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ, ᴇʡʪʢʝʥʽ Moodle 

 ʤʢʽʥʜʽʢʪʝʨʽ ʪᴅʞʽʨʠʙʝʜʝװʳʟʤʝʪʪʽʢ ʤץ ,ʳʥʤʝʥ ʜʘʤʳʧץʘʨץ ʣʢʝʥװ ʳ ᴅʣʝʤʜʝסʘʫʳʤʜʘʩʪʳץ

ʘʥrץʪʘʣסʘʥ. ɹײʣ ʞװʡʝʥʽש ʝʨʝʢʰʝʣʽʛʽ ᴅʣʝʫʤʝʪʪʽʢ ײץʨʘʩʪʳʨʫʰʳ ʧʝʜʘʛʦʛʠʢʘʩʳ ʨʝʪʽʥʜʝ 

ʢᴇʧʪʽʣʜʽʢ ʧʝʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ.  ɹʽʣʽʤ ʤʘʟʤײʥʳ ʦשʘʡ ʙʝʨʽʣʽʧ, 

ʝʢʽ ʨʝʞʠʤʜʝ ʘʣʤʘʩʘʜʳ: ʦʬʬ-ʣʘʡʥ ʞᴅʥʝ ʦʥ-ʣʘʡʥ.  ɹʘסʜʘʨʣʘʤʘ ʞʝʨʛʽʣʽʢʪʽ ʩʝʨʚʝʨʣʝʨʜʝʥ 

USB-ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨסʘ ʦשʘʡ ʝʥʛʽʟʽʣʝʜʽ. ᴄʣʝʤʜʝ, ʆʨʪʘ ɸʟʠʷʜʘ Moodle ץʘʫʳʤʜʘʩʪʳסʳ  

ʪʝʟ ץʘʨץʳʥʤʝʥ ᴇʩʽʧ ʞᴅʥʝ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ 78 ʪʽʣʜʝ ʞᴅʥʝ 204 ʤʝʤʣʝʢʝʪʪʝ ץʦʣʜʘʥʳʣʳʧ 

ʞװʨʛʝʥ ʠʥʪʝʨʬʝʡʩʽ ʙʘʨ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʩʪʘʥʜʘʨʪʳʥʘ ʘʡʥʘʣʳʧ ʢʝʣʝʜʽ.  

Moodle ï ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʞװʡʝʩʽ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʢʫʨʩʪʘʨʳʥ ʞʘʩʘʫʜʳש 

ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʫʤʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾװʡʝ Open Source  ʩʝʢʽʣʜʽ 

ʪʝʛʽʥ ʪʘʨʘʪʳʣʘʜʳ [3].  

Moodle ʜᴅʩʪװʨʣʽ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʣʽʢ ץʦʩʳʤʰʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʜʘ ʩʝʨʚʝʨ 

 ʳʟʤʝʪʽʥ ʚʝʙ-ʙʨʘʫʟʝʨץ ʘʨʘʜʳ (ᴅʜʝʪʪʝ Apache), ʘʣ ʢʣʠʝʥʪץʳʟʤʝʪʽʥ ʚʝʙ-ʩʝʨʚʝʨ ʘʪץ

ʘʪץʘʨʘʜʳ (ʤʳʩʘʣʳ Internet Explorer, Mozilla Firefox ʞᴅʥʝ ʪ.ʙ.). ʇʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש 

ʙʘʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨʽ, ʢʫʨʩʪʘʨʜʳש ᴇʟʜʝʨʽ ʩʠʷץʪʳ ʩʝʨʚʝʨʜʝ ʩʘץʪʘʣʘʜʳ. ʇʘʡʜʘʣʘʥʫʰʳʣʘʨ - 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ - ʦץʳʪʫʰʳʣʘʨ ʚʝʙ-ʩʝʨʚʝʨʛʝ ʢʽʨʽʧ, ʪʽʨʢʝʣʛʽʣʝʨʽʥ ʘʥʳץʪʘʧ, ʦץʫ װʨʜʽʩʽʥʝ 

ʢʽʨʽʩʝ ʘʣʘʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ Moodle ïʥʽ1.9 ש ʥײʩץʘʩʳ ʰʳץʪʳ. 

Moodle 1.7 ʥײʩץʘʩʳʥʘʥ ʙʘʩʪʘʧ ñʨᴇʣò ʜʝʛʝʥ סײʳʤ ʝʥʛʽʟʽʣʜʽ. ʈᴇʣ ץʦʣʜʘʥʫʰʳʥʳש 

ʤᴅʨʪʝʙʝʩʽʥ ʘʥʳץʪʘʡʜʳ. ʆʣʘʨ ï ʙʘʩץʘʨʫʰʳʣʘʨ, ʢʫʨʩʪʳ ʞʘʩʘʫʰʳʣʘʨ, ʦץʳʪʫʰʳʣʘʨ, 

ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ץʦʥʘץʪʘʨ, ʪʴʶʪʦʨ. ɹײʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʳש ʢʦʥʪʝʢʩʪʢʝ ʙʘʡʣʘʥʳʩʪʳ ץʦʣ 

ʞʝʪʢʽʟʫ ʤװʤʢʽʥʜʽʛʽʥʝ ץײץʳץʪʳ. ץײפʳץ ʧʝʥ ʨᴇʣʜʝʨʜʽש ʩʘʥʳ ץʘʞʝʪʪʽʣʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ 

ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ [4]. 

ʉʘʡʪʪʳש ᴅʢʽʤʰʽʣʽʛʽ ᴅʨʙʽʨ ʨᴇʣʜʽש ʥʘץʪʳ ʙʽʨ ʞװʡʝ ʵʣʝʤʝʥʪ ʬʫʥʢʮʠʷʩʳʥʘ ʙʝʣʛʽʣʽ ʙʽʨ 

 .ʘʡʳʥʜʘʡʜʳסʪʘʨʳʥ ʪʘץʳץײץ

Moodle ʞϮʡʝʩʽʥʜʝʛʽ ʨϺʣʜʝʨ: 

ï ʙʘʩץʘʨʫʰʳ ï ʞװʡʝʥʽ ʪʦʣʳסʳʤʝʥ ʙʘʩץʘʨʘʪʳʥ ץʦʣʜʘʥʫʰʳ; 
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ï ʢʫʨʩ ʞʘʩʘʫʰʳʩʳ ʞʘשʘ ʢʫʨʩʪʘʨ ʞʘʩʘʡʜʳ, ʙʽʨʘץ ʞװʡʝʥʽס שʘʣʘʤʜʳץ 

ʦʨʥʘʪʳʣʳʤʜʘʨʳʥ ʙʘʩץʘʨʘ ʘʣʤʘʡʜʳ; 

ï ʦץʳʪʫʰʳ ʥʘץʪʳ ʙʽʨ ʢʫʨʩʪʳ ʦץʳʪʳʧ, ʙʽʣʽʤ ʘʣʫʰʳסʘ  ʽʩ-ᴅʨʝʢʝʪ ʪװʨʣʝʨʽʥ 

ʪʘʧʩʳʨʳʧ, ʙʘסʘ ץʦʷʜʳ; 

ï ʪʴʶʪʦʨ ï ᴇשʜʝʫ ץײץʳסʳ ʞʦץ ʢʫʨʩ ʥײʩץʘʫʰʳʩʳ.  ʆʣ ʥײʩץʘʫʣʘʨ ʙʝʨʝ ʘʣʘʜʳ, 
ʙʽʨʘץ ʽʩ-ᴅʨʝʢʝʪʪʽש ʞʘשʘ ʪװʨʣʝʨʽʥ ʪʘʧʩʳʨʳʧ, ץʦʣʜʘʥʫʰʳʣʘʨסʘ ʙʘסʘ ץʦʷ ʘʣʤʘʡʜʳ; 

ï ʩʪʫʜʝʥʪʪʽש, ᴅʜʝʪʪʝʛʽʜʝʡ, ʥʘץʪʳ ʙʽʨ ʢʫʨʩʪʘ ʦץʫ ץײץʳסʳ ʙʘʨ; 

ï ץʦʥʘץ ï ʘʚʪʦʨʣʘʥʙʘסʘʥ ץʦʣʜʘʥʫʰʳ. 

Moodle ʞװʡʝʩʽʥʝ ʪʽʨʢʝʣʫʜʽ ץʘʨʘʩʪʳʨʘʡʳץ. ɹײʣ ʞװʡʝ, ʢᴇʧʪʝʛʝʥ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨ 

ʪᴅʨʽʟʜʽ (ʤᴅʪʽʥʜʝʨ, ʯʘʪʪʘʨ, ʬʦʨʫʤʜʘʨ, ʦʡʳʥʜʘʨ ʞᴅʥʝ ʪ.ʙ.), ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʝש ʪʠʽʤʜʽ 

ʨʝʞʠʤʜʝ ץʦʣʜʘʥʫ װʰʽʥ ʪʽʨʢʝʣʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ɹʝʨʽʣʛʝʥ ʞװʡʝʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

 .ʘʞʝʪ. [2]ץ ʘʨʘʩʪʳʨʫ ʘʣʜʳʥʜʘ, ʪʽʨʢʝʣʫץ

ʊʽʨʢʝʣʫ ʙʳʣʘʡ ʞʘʩʘʣʘʜʳ: 

1. ɹʨʘʫʟʝʨʜʽש ʘʜʨʝʩʪʽʢ ʞʦʣʳʥʘ ʞװʡʝ ʦʨʥʘʣʘʩץʘʥ ʩʝʨʚʝʨʜʽש ʘʜʨʝʩʽʥ ʞʘʟʘʤʳʟ (ʙײʣ 

ʞʘסʜʘʡʜʘ http://moodle.nci.kz). ʉʽʟʜʽש ʘʣʜʳשʳʟʜʘ ױʣʪʪʳץ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʦʨʪʘʣʳסʳ 

ʧʦʨʪʘʣʳʥʳש ʙʝʪʽ ʘʰʳʣʘʜʳ (1 ʩʫʨʝʪ). 

2. ʊʽʨʢʝʣʫ ʙᴇʣʽʤʽʥʝ ʢᴇʰʫ װʰʽʥ ʧʦʨʪʘʣʜʳש ʞʦסʘʨסʳ ʦש ʞʘץ ʙײʨʳʰʳʥʜʘסʳ çʂʽʨʫè 

ʩʽʣʪʝʤʝʩʽʥʝ ʰʝʨʪʫ ʢʝʨʝʢ. 

3. ʉʦʜʘʥ ʢʝʡʽʥ çɹʽʣʽʤ ʘʣʫʰʳʥʳש ʞʘשʘ ʪʽʨʢʝʣʫ ʞʘʟʙʘʩʳʥ ʞʘʩʘʫè ʩʽʣʪʝʤʝʩʽʥ 

ʙʘʩʳשʳʟ. 

4. ʉʽʟʜʽש ʘʣʜʳשʳʟʜʘ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ᴇʨʽʩʪʝʨʽ ʙʘʨ ʧʽʰʽʤ ʧʘʡʜʘ ʙʦʣʘʜʳ: ʃʦʛʠʥ, 

ʂʽʣʪʩᴇʟ, e-mail, ɸʪʳ, ʊʝʛʽ, פʘʣʘʩʳ ʞᴅʥʝ ʄʝʤʣʝʢʝʪʽ (2 ʩʫʨʝʪ).  ʆʩʳ ᴇʨʽʩʪʝʨʜʽ 

ʪʦʣʪʳʨסʘʥʥʘʥ ʢʝʡʽʥ, çʉʘץʪʘʫè ʪװʡʤʝʩʽʥ ʙʘʩʳשʳʟ. 

 

 
ʉʫʨʝʪ 1 ï http://moodle.nci.kz ʧʦʨʪʘʣʳʥʳש ʙʽʨʽʥʰʽ ʙʝʪʽ 
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ʉʫʨʝʪ 2 ï ʊʽʨʢʝʣʫ ʧʽʰʽʤʽʥʽש ʪװʨʽ 

 

5. ɾװʡʝ ʩʽʟʛʝ ʢʝʣʝʩʽ ʭʘʙʘʨʣʘʤʘʥʳ ײʩʳʥʘʜʳ: çʉʽʟ ʢᴇʨʩʝʪʢʝʥ ʵʣʝʢʪʨʦʥʜʳ ʧʦʰʪʘ 

ʘʜʨʝʩʽʥʝ (ʤʳʩʘʣʳ, qwerty@mail.kz) ʪʽʨʢʝʣʫʜʽ ʘʷץʪʘʫʜʳש ʦשʘʡ ʥײʩץʘʫʣʳץʪʘʨʳ ʙʘʨ ʭʘʪ 

ʞʽʙʝʨʝʜʽ. ʊʽʨʢʝʣʫʤʝʥ ץʠʳʥʜʳץʪʘʨ ʪʫʳʥʜʘʩʘ, ʩʘʡʪ ʙʘʩץʘʨʫʰʳʩʳʤʝʥ ʭʘʙʘʨʣʘʩʳשʳʟ.è 

6. ʊʽʨʢʝʣʫʜʽ ʨʘʩʪʘʫ װʰʽʥ ʢʝʨʝʢʪʽ ʩʦסשʳ ץʘʜʘʤ ï ʪʽʨʢʝʣʫʜʽ ʨʘʩʪʘʫ.   

ɾװʡʝʛʝ ʢʽʨʫʜʽ ץʘʨʘʩʪʳʨʘʡʳץ. ɾװʡʝʛʝ ʢʽʨʫ ץʦʣʜʘʥʫʰʳʥʳש ʘʪʳ ʤʝʥ ʢʽʣʪʩᴇʟʽʥ 

ʩᴅʡʢʝʩʽʥʰʝ ᴇʨʽʩʪʝʨʛʝ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ (3-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). ʆʜʘʥ ʢʝʡʽʥ 

çʂʽʨʫè ʪװʡʤʝʩʽʥ ʰʝʨʪʽשʽʟ.  

 
ʉʫʨʝʪ 3 ï ɾװʡʝʛʝ ʢʽʨʫ 

 

ɾװʡʝʛʝ ʪʽʨʢʝʣʤʝʡ, ʜʝʤʝʢ, ץʦʥʘץ ʨʝʪʽʥʜʝ ʜʝ ʢʽʨʫʛʝ ʙʦʣʘʜʳ. ʆʣ çפʦʥʘץ ʙʦʣʳʧ ʢʽʨʫè 

ʪװʡʤʝʩʽʥ ʰʝʨʪʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. פʦʥʘץʪʳץײץ שʳץʪʘʨʳ ʪʽʨʢʝʣʛʝʥ 

ʧʘʡʜʘʣʘʥʫʰʳʥʳץײץ שʳץʪʘʨʳʥʘ ץʘʨʘסʘʥʜʘ ʰʝʢʪʝʫʣʽ. 

ɾϮʡʝʥʽϬ ʞʘʣʧʳ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳϤʳ 

ʌʨʝʡʤ ï ʪʳשʜʘʫʰʳʣʘʨ, ץʦʣʜʘʥʫʰʳʣʘʨ ʤʦʜʫʣʴ ʘʷʩʳʥʜʘ ʦץʠʪʳʥ ʢʝʟʝʢʪʝʛʽ 

ʪʘץʳʨʳʧʪʳץ ʙᴇʣʽʤ. ʌʨʝʡʤ ʤʘʟʤײʥʳʥʘ ʢʽʨʝʪʽʥʜʝʨ: ʪʘץʳʨʳʧ ʪʫʨʘʣʳ ʞʘʣʧʳ ʤᴅʣʽʤʝʪʪʝʨ 

(ʪʘץʳʨʳʧ ʘʪʘʫʳ, ʪʘץʳʨʳʧʪʳ ʦץʫʜʳש ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽ, ʪʘץʳʨʳʧʪʳש 

ʤʘʟʤײʥʳʥ ʠʛʝʨʫʜʽש ʜʝשʛʝʡʽʥʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ). ʆʩʳ ʤʘʪʝʨʠʘʣʜʘʨסʘ Moodle 

  .ʘʥסʢᴇʤʝʛʽʤʝʥ ʽʩʢʝ ʘʩʳʨʳʣ שʦʣʞʝʪʢʽʟʫ çʨʝʩʫʨʩʪʘʨè ʵʣʝʤʝʥʪʽʥʽץ

ʈʝʩʫʨʩʪʘʨ ץʦʣʜʘʥʫʰʳסʘ (ʙײʜʘʥ ᴅʨʽ ʙʽʣʽʤ ʘʣʫʰʳ  ʜʝʧ ʘʪʘʡʤʳʟ) ʘץʧʘʨʘʪʪʳ ᴅʨʪװʨʣʽ 

ʪװʨʜʝ (ʤᴅʪʽʥ, ʘʫʜʠʦ, ʙʝʡʥʝ) ʞᴅʥʝ ᴅʨʪװʨʣʽ ʥʳʩʘʥʜʘ (ʬʨʘʛʤʝʥʪʪʝʨ, ʞʝʢʝ ʬʘʡʣʜʘʨ, 

ʀʥʪʝʨʥʝʪ-ʙʝʪʪʝʨ) ʪʘʥʳʪʘʜʳ.  
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ʂʫʨʩ ʵʣʝʤʝʥʪʪʝʨʽ ï ʙʘʨʣʳסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש  ʦץʳʪʫʰʳʤʝʥ ʞᴅʥʝ ʙʽʨ-ʙʽʨʽʤʝʥ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʛʽʥ ʰʘʤʘʣʘʡʜʳ. ʂʫʨʩ ʵʣʝʤʝʥʪʽʥʽש ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʘʥʜʘʡ ʜᴅʨʝʞʝʜʝ ʧʘʡʜʘʣʘʥʘʜʳ, ʦʣ ï ʦʥʳ ײץʨʘʩʪʳʨʫʰʳסʘ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʘʜʳ.  

ʆʩʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤ ʘץʧʘʨʘʪʪʳץ ʦץʳʪʫʰʳ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ 

  .ʘʥסʨʘʩʪʳʨʳʣײץ

Moodle ʞװʡʝʩʽʥʜʝ ʢʫʨʩʪʘʨʜʳ3 ש ʪװʨʣʽ ʬʦʨʤʘʪʳ ʙʘʨ: ʬʦʨʫʤ, ײץʨʳʣʳʤ (ʢװʥʪʽʟʙʝʛʝ 

ʩװʡʝʥʙʝʛʝʥ ʦץʳʪʫ ʤʦʜʫʣʴʜʝʨʽ), ʢװʥʪʽʟʙʝ (ʢװʥʪʽʟʙʝʛʝ ʩװʡʝʥʛʝʥ ʦץʳʪʫ ʤʦʜʫʣʴʜʝʨʽ). 

ʂʫʨʩʪʳײץ שʨʘʤʳʥʜʘ ʝʨʢʽʥ ʨʝʩʫʨʩʪʘʨ ʩʘʥʳ ʙʦʣʫʳ ʤװʤʢʽʥ (ʚʝʙ-ʙʝʪʪʝʨ, ʢʽʪʘʧʪʘʨ, 

ʬʘʡʣʜʘʨסʘ ʩʽʣʪʝʤʝʣʝʨ, ʢʘʪʘʣʦʛʪʘʨ) ʞᴅʥʝ ʢʫʨʩʪʳש ʠʥʪʝʨʘʢʪʠʚʪʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʝʨʢʽʥ 

ʩʘʥʳ. ʆʩʳ ʵʣʝʤʝʥʪʪʝʨʛʝ ʞʘʪʘʪʳʥʜʘʨ: 

ï Wiki, ʪʫʨʘ ʙʨʘʫʟʝʨ ʪʝʨʝʟʝʩʽʥʜʝʛʽ ץʘʨʘʧʘʡʳʤ ʙʝʣʛʽ ʪʽʣʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʙʽʨʥʝʰʝ 

ʘʜʘʤʥʳש ʙʽʨʽʛʽʧ ײץʞʘʪʪʳ ײץʨʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʷסʥʠ ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʦץʳʪʫʰʳʣʘʨ 

(ʤסײʘʣʽʤʜʝʨ), ʩʪʫʜʝʥʪʪʝʨ (ʪʳשʜʘʫʰʳʣʘʨ) ʦʥʳש ʤʘʟʤײʥʳʥ ʪʦʣʳץʪʳʨʘ, ʢʝשʝʡʪʝ ʞᴅʥʝ 

ᴇʟʛʝʨʪʝ ʦʪʳʨʳʧ ʙʽʨʛʝ ʞײʤʳʩ ʽʩʪʝʫʽʥʝ ʙʦʣʘʜʳ. ʄʘʪʝʨʠʘʣʜʘʨʜʳש ʘʣʜʳסשʳ ʥײʩץʘʣʘʨʳ 

ᴇʰʽʨʽʣʤʝʡʜʽ ʞᴅʥʝ ʢʝʟ ʢʝʣʛʝʥ ʫʘץʳʪʪʘ ץʘʡʪʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʫʽ ʤװʤʢʽʥ.  

ï ɻʣʦʩʩʘʨʠʡ. ʆʥʳש ʢᴇʤʝʛʽʤʝʥ ʙʘסʜʘʨʣʘʤʘʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪװʩʽʥʽʢʪʽש ʥʝʛʽʟʛʽ 

ʩᴇʟʜʽʛʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴅʨ ʜᴅʨʽʩʪʽש ʥʝʛʽʟʛʽ ʪʝʨʤʠʥʜʝʨ ʩᴇʟʜʽʛʽ  ײץʨʘʣʘʜʳ. 

ï ʉʘʫʘʣʥʘʤʘʣʘʨ. ɹײʣ ʵʣʝʤʝʥʪ ʟʝʨʪʪʝʫʜʽש ʙʽʨʥʝʰʝ ʪᴅʩʽʣʽʥ ײʩʳʥʘʜʳ, ʦʣʘʨ 

 ʘʣʘʫʜʘ ʳʥʪʘʣʘʥʜʳʨʫʜʘ ʧʘʡʜʘʣʳסʳʪʫʜʳ ʙʘץʨʛʽʟʽʣʝʪʽʥ ʢʫʨʩʪʘʨʜʘ ʦװʪʘʥ ʞץʪʳץʘʰʳץ

ʙʦʣʫʳ ʤװʤʢʽʥ.  

ï ʊʘʧʩʳʨʤʘʣʘʨ ʦץʳʪʫʰʳסʘ ʪʘʧʩʳʨʤʘʣʘʨ ʞᴅʥʝ ʦʨʳʥʜʘʣʫ ʤʝʨʟʽʤʽʥ ץʦʶסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳʥ ʞʘʫʘʧʪʳ ʵʣʝʢʪʨʦʥʜʳ ʪװʨʜʝ ʜʘʡʳʥʜʘʫʜʳ (ʢʝʟ 

ʢʝʣʛʝʥ ץʦʩʳʤʰʘʜʘ) ʞᴅʥʝ ʦʥʳ ʩʝʨʚʝʨʛʝ ʞװʢʪʝʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ.  

ï ʇʽʢʽʨ. ʆʥʳץ שʦʣʜʘʥʳʣʘʪʳʥ ʞʝʨʣʝʨʽʥʽש ʙʽʨʽ ï ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʜʘʫʳʩ 

ʙʝʨʫʜʽ ʞװʨʛʽʟʫ. ʆʣ ʞʳʣʜʘʤ ʧʽʢʽʨʪʝʨʽʤ ʞװʨʛʽʟʫ װʰʽʥ ʧʘʡʜʘʣʳ ʙʦʣʫʳ ʤװʤʢʽʥ.  

ï ʊϮʩʽʥʽʢʪʝʤʝ. ɹײʣ ʵʣʝʤʝʥʪ ʤᴅʪʽʥ ʤʝʥ ʛʨʘʬʠʢʘʥʳ ʢʫʨʩʪʳש ʙʘʩʪʘʧץʳ ʙʝʪʽʥʝ 

ʦʨʥʘʣʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳʥʜʘʡ ʞʘʟʙʘʥʳש ʢᴇʤʝʛʽʤʝʥ ץʘʥʜʘʡʜʘ ʙʽʨ 

ʪʘץʳʨʳʧʪʳש  ʥʝʤʝʩʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʘʩʧʘʧʪʳש ʤʘץʩʘʪʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ï ʉʘʙʘϨ (ʜϸʨʽʩ) ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ץʳʟʳץʪʳ ᴅʨʽ ʠʢʝʤʜʽ ʥʳʩʘʥʜʘ ײʩʳʥʘʜʳ. ʆʣ 

ʙʝʪʪʝʨ ʞʠʳʥʪʳסʳʥʘʥ ʪײʨʘʜʳ. ᴄʨ ʙʝʪ ʩײʨʘץʧʝʥ ʘʷץʪʘʣʘʜʳ, ʦסʘʥ ʙʽʣʽʤ ʘʣʫʰʳ  ʞʘʫʘʧ 

ʙʝʨʫʽ ʢʝʨʝʢ. ɾʘʫʘʧʪʳש ʜײʨʳʩʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʽʣʽʤ ʘʣʫʰʳ ʢʝʣʝʩʽ ʙʝʪʢʝ ʢᴇʰʝʜʽ 

ʥʝʤʝʩʝ ʘʣʜʳʥʜʘסʳʩʳʥʘ ץʘʡʪʘ ʦʨʘʣʘʜʳ.  

ï ʌʦʨʫʤ, ʞʘʣʧʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʝʢʝ ʢװʡʽʥʜʝ ʢʝʟ ʢʝʣʛʝʥ ʪʘץʳʨʳʧʪʘ ʙʦʣʘʜʳ.  

ï ʏʘʪ, ʦʥʜʘ ʪʳשʜʘʫʰʳʣʘʨ ʦץʳʪʫʰʳ ʘʣʜʳסʘ ץʦʡסʘʥ ʢʝʟ ʢʝʣʛʝʥ ʧʨʦʙʣʝʤʘʥʳ 

ʪʘʣץʳʣʘʡ ʘʣʘʜʳ. 

ï ʉʝʤʠʥʘʨ. 

ï ʌʫʥʢʮʠʦʥʘʣʜʳ ʙʝʣʛʽ. ʂʦʤʧʴʶʪʝʨʣʽʢ ʪʝʩʪʽʣʝʫ ʞװʡʝʩʽʥʜʝ ʽʩʢʝ ʘʩʳʨʳʣסʘʥ 

  .ʳʥ ʩʠʧʘʪʪʘʡʜʳסʳʟʤʝʪʪʝʨ ʞʠʳʥʪʳץ

Moodle ʦʨʪʘʩʳʥʳץ שʳʟʤʝʪʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳש ʢʝʡʙʽʨ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʞᴅʥʝ 

ʤʘʟʤײʥʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ץʦʣʜʘʥʫ ï ʪʦʣʳסʳʤʝʥ ʦʥ-ʣʘʡʥ ʢʫʨʩʪʘʨ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɼʝʛʝʥʤʝʥ, ʥʝʛʽʟʽʥʜʝ ʦʨʪʘʥʳש ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ ʤװʤʢʽʥʜʽʢʪʝʨʜʝʥ ʢᴇʧ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥʝ ʥʘʟʘʨʣʘʨʳשʳʟʜʳ ʘʫʜʘʨʘʤʳʟ,  ʩʝʙʝʙʽ Moodle ץʦסʘʤʜʘʩʪʳסʳ ᴅʨ 

ʫʘץʳʪʪʘ ʦʩʳ ᴅʡʛʽʣʽ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʦʨʪʘʩʳʥʳץ שʳʟʤʝʪʪʝʨʽʥ ʪʦʣʳץʪʳʨʫ ʞᴅʥʝ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʫ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʞʘʩʘʡʜʳ. 

 שʡʝʩʽʥʽײʘʣʳʧʪʘʩʫʳ ʦʨʪʘ ʙʽʣʽʤ ʙʝʨʫ ʞץ ʪᴅʫʝʣʩʽʟ ʤʝʤʣʝʢʝʪ ʨʝʪʽʥʜʝ שʩʪʘʥʥʳץʘʟʘפ

ʜʘʤʫʳʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. פʘʡ ʭʘʣʳץʪʳץ ,שʘʡ ײʣʪʪʳש ʙʦʣʩʳʥ ʪʦʣʳסʳʧ ᴇʩʫʽʥʝ, 

ʨʫʭʘʥʠ ᴅʨʽ ʤᴅʜʝʥʠ ʜʘʤʫʳʥʘ ʙʘʩʪʳ ʳץʧʘʣ ʞʘʩʘʡʪʳʥ ʪʽʨʝʛʽ ʜʝ, ʪװʧ ץʘʟʳסʳ ʜʘ ï ʤʝʢʪʝʧ. 

ɽʥʜʝʰʝ ץʘʟʘץ ʤʝʢʪʝʧʪʝʨʽʥʽש ʙʽʣʽʤ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʦʥʜʘ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʦץʫ- ʪᴅʨʙʠʝ װʨʜʽʩʽʥ ʪʠʽʩʪʽ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʫ װʰʽʥ 
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ʤʝʢʪʝʧ ײʩʪʘʟʜʘʨʳʥʳש, ʙʘʩʰʳʣʘʨʳʥʳש, ʧʝʜʘʛʦʛʠʢʘʣʳײ ץʞʳʤʥʳש ʞװʡʝʣʽ ʙʘʩʰʳʣʳץץʘ 

ʘʣʘʪʳʥ ʙʘסʳʪʳ ʙʦʣʫʳ ʪʠʽʩ.  

ñפʘʟʽʨʛʽ ʟʘʤʘʥʜʘ ʞʘʩʪʘʨסʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ᴅʣʝʤʜʽʢ ʩʪʘʥʜʘʨʪץʘ 

ʩʘʡ ʤװʜʜʝʣʽ ʞʘשʘ ʙʽʣʽʤ ʙʝʨʫ ᴇʪʝ ץʘʞʝʪò ʜʝʧ, ɽʣʙʘʩʳ ʘʪʘʧ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʞʘʩ ײʨʧʘץץʘ 

ʙʽʣʽʤ ʙʝʨʫ ʞʦʣʳʥʜʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ʦץʫ װʨʜʽʩʽʥʜʝ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʤʘשʳʟʳ ᴇʪʝ ʟʦʨ. 
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ɸפʇɸʈɸʊʊʓפ ɾתʁɽʅɯ ɾʆɹɸʃɸʋ ᴄɼɯʉʊɽʈɯ 

 
(ɸʣʤʘʪʳ Ϩ., ʊ.ʈʳʩϨϰʣʦʚ ʘʪʳʥʜʘϤʳ ϧʘʟʕʋ) 

 

ʄʘץʘʣʘʜʘ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ᴇʤʽʨ ʩװʨʫ ʮʠʢʣʜʘʨʳʥʳש ʤʘשʳʟʳ 

 ʤʘʪʪʘʨײʣסʽʥʝ ʙʽʨʘʟ ʤʘשʡʝʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ʢʝʟʝװʞ ץʧʘʨʘʪʪʳץʘʨʘʩʪʳʨʳʣʘʜʳ. ɸץ

ʙʝʨʽʣʜʽ. ʆʩʳ ʢʝʟʝשʜʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥʘ ʞʝʢʝ-ʞʝʢʝ ʪʦץʪʘʣʳʥʳʧ ᴇʪʽʣʜʽ. ɸץʧʘʨʘʪʪʳץ 

ʞװʡʝʥʽ ʞʦʙʘʣʘʫʜʳש ᴅʜʽʩʪʝʨʽʥʽץ שʘʥʜʘʡ ʪʦʧʪʘʨסʘ ʞʽʢʪʝʣʝʪʽʥʽ ʜʝ ʤʘץʘʣʘʜʘ ײʩʳʥʳʣʳʧ 

ʦʪʳʨ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɼʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʂʘʞʜʦʤʫ ʵʪʘʧʫ 

ʜʘʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʩʪʘʪʴʝ ʫʢʘʟʳʚʘʶʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

The importance of information systemôs  life cycles is considered in the article. 

Information about steps of the  information systems development was given. Each part has 

their individual descriptions.  Methodôs classifications of  the information systemôs project 

are specified along with the article. 

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ɸץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨ, ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ᴇʤʽʨ ʩװʨʫ ʮʠʢʣʜʘʨʳ, 

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽʥ ʪʦʧʪʘʩʪʳʨʫ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

Keywords: Information systems, life cycles of information systems, qualifiers of methods of 

design of information systems 
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ɸץʧʘʨʘʪʪʳ ʞװʡʝʥʽ ײץʨʫʜʳץ שʘʞʝʪʪʽʣʽʛʽ ʙʘʨ ʘץʧʘʨʘʪʪʳװ ץʨʜʽʩʪʝʨʜʽ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʥʝʤʝʩʝ ʞʝʪʽʣʜʽʨʫʛʝ, ʥʝʤʝʩʝ ᴇʥʜʽʨʽʩ ץʳʟʤʝʪʽʥ ʪװʙʝʛʝʡʣʽ ᴇʟʛʝʨʪʫʛʝ 

ʥʝʛʽʟʜʝʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ײץʨʫ ʙʘʨʳʩʳʥʜʘ ץʘʥʜʘʡ ʤʘץʩʘʪץʘ ʞʝʪʫ 

 ʘ ʜʝʡʽʥץʳʪץʘʡ ʫʘץ ʳʪʪʘ ʥʝʤʝʩʝץʘʥʰʘ ʫʘץ ;ʘʞʝʪʪʽʣʽʛʽʥץ שʡʝʥʽ ʜʘʡʳʥʜʘʫʜʳװʰʽʥ ʞװ

ʜʘʡʳʥʜʘʫ ץʘʞʝʪ ʞᴅʥʝ ʞװʡʝʥʽ ʞʦʙʘʣʘʫ װʰʽʥ ץʘʞʝʪ ʰʳסʳʥʜʳ ʢᴇʨʩʝʪʫ ʢʝʨʝʢ. 

ᴄʨ ʪװʨʣʽ ʪᴅʩʽʣʜʝʨʜʝ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ʙʽʨʜʝʡ ʙʦʣʳʧ ʢʝʣʝʜʽ ʞᴅʥʝ 

ʢʝʣʝʩʽ ʢʝʟʝשʜʝʨʜʽ ץʘʤʪʠʜʳ: 

- ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ; 

- ʞʦʙʘʣʘʫ; 

- ʞװʟʝʛʝ ʘʩʳʨʫ; 

- ʝʥʜʽʨʫ; 

- ɸɾ-ʥʳ ץʦʣʜʘʫ. 

ɽʥʜʽ ᴅʨʙʽʨ ʢʝʟʝשʽʥ ʞʝʢʝ-ʞʝʢʝ ץʘʨʘʩʪʳʨʘʡʳץ. 

ɾʦʩʧʘʨʣʘʫ ʞᴅʥʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ: ʙײʣ ʞʝʨʜʝ ʘʣʜʳʤʝʥ 

 .ʘʞʝʪץ ʨʛʽʟʫװʡʝʣʝʨʜʽ ʟʝʨʪʪʝʧ, ʪʘʣʜʘʫ ʞװʞ ץʧʘʨʘʪʪʳץʨʳʣʘʪʳʥ ʘײץ ʦʣʜʘʥʳʩʪʘ ʙʘʨ ʞᴅʥʝץ

ʊʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ ʤʝʥ ɸɾ ʜʘʡʳʥʜʘʫ װʰʽʥ ץʦʡʳʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳץ 

ʪʘʧʩʳʨʤʘʣʘʨסʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʝʜʽ. 

ɾʘשʘ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽץ שʘʞʝʪʪʽʣʽʛʽʥ ʘʡץʳʥʜʘʫ, ץʦʣʜʘʥʳʩʪʘ ʙʘʨ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʣʝʨʜʽש ʙʘʨʣʳץ ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʞʦʶ ʥʝʤʝʩʝ ʢʦʥʮʝʧʮʠʷ ʜʘʡʳʥʜʘʫ; ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʣʝʨʜʽ ʞʦʙʘʣʘʫʜʳש ʙʘסʳʪʳʥ ʪʘשʜʘʫ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʙʽʨʪײʪʘʩʪʳסʳʥ ʘʥʳץʪʘʫ 

ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ װʨʜʽʩʽʥʽש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞװʡʝʣʽ ʪʘʣʜʘʫ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʥʳʩʘʥʥʳש 

 .ʳʟʤʝʪ ʝʪʫʽʥ ʪʘʣʜʘʫʜʘʥ ʙʘʩʪʘʣʘʜʳץ ʘ ʩᴅʡʢʝʩʪʽʛʽʥ ʩʠʧʘʪʪʘʫ ʤʝʥסʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨץ

ʆʩʳ ʢʝʟʝשʥʽש ʥᴅʪʠʞʝʩʽʥʜʝ ץʦʣʜʘʥʳʩʪʘ ʙʘʨ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ʙʘʨʣʳץ ʢʝʤʰʽʣʽʢʪʝʨʽ 

ʘʡץʳʥʜʘʣʘʜʳ ʜʘ ʦʩʳʥʳש ʥʝʛʽʟʽʥʜʝ ʥʳʩʘʥʜʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪʪʽʛʽ 

ʪʫʳʥʜʘʧ, ʙʘʩץʘʨʫʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʬʫʥʢʮʠʷʩʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʫʜʳש 

ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʣʛʝʥ ʝʩʝʙʽ ץʦʡʳʣʘʜʳ, ʷסʥʠ ʞʦʙʘʥʳש ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ 

ʥʝʛʽʟʜʝʣʫʽ ײץʨʳʣʘʜʳ. 

ʆʩʳ ץʘʞʝʪʪʽʣʽʢ ʘʥʳץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʧʨʦʛʨʘʤʤʘʣʳץ-ʪʝʭʥʠʢʘʣʳץ ʦʨʪʘʥʳ ʪʘשʜʘʫ 

ʥʝʛʽʟʽʥʜʝ ʥʳʩʘʥʜʳ ʞʝʪʽʣʜʽʨʫ ʙʘסʳʪʳʥ ʪʘשʜʘʫ ʤᴅʩʝʣʝʩʽ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʅᴅʪʠʞʝʩʽ 

ʞʦʙʘʥʳש ʪʝʭʥʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʩʳ ʨʝʪʽʥʜʝ ʙʝʟʝʥʜʽʨʽʣʝʜʽ. ɹײʣ ʞʝʨʜʝ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʣʝʨʛʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨ ʞᴅʥʝ ʞʦʙʘʣʘʫסʘ ʞײʤʩʘʣʘʪʳʥ 

ʨʝʩʫʨʩʪʘʨʜʳש ʰʝʢʪʝʫʣʝʨʽ ʘʥʳץʪʘʣʘʜʳ. 

ʂᴇʙʽʥʝʩʝ ʘץʧʘʨʘʪʪʳ ʜʘʡʳʥʜʘʫʜʳש ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʢʝʟʝשʜʝʨʽʥ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʥʽ ʪʝʭʥʠʢʘʣʳץ ʞײʤʳʩʪʳ ʞʦʙʘʣʘʫ ʜʝʧ ʘʪʘʣʘʪʳʥ ʢʝʟʝשʜʝʨʛʝ ʙʽʨʽʢʪʽʨʝʜʽ. 

ɸʚʪʦʤʘʪʪʘʣʘʪʳʥ ʬʫʥʢʮʠʷʣʘʨʜʳײץ שʨʘʤʳʥʳש ʞᴅʥʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʽʰʢʽ ʞװʡʝʥʽש 

 ʞʦʙʘʩʳʥ ץʪʝʭʥʠʢʘʣʳ שʡʝʥʽװʞ ץʧʘʨʘʪʪʳץʘ ʩᴅʡʢʝʩʪʽʛʽ ʤʝʥ ʘסʘʥ ʪʘʣʘʧʪʘʨסʘʣʳʧʪʘʩʪʳʨʳʣץ

ʙʝʟʝʥʜʽʨʽʣʫץʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʨʦʛʨʘʤʤʘʥʳ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ, 

ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥ ʪʦʣʳץʪʳʨʫ, ץʳʟʤʝʪʢʝʨʣʝʨ װʰʽʥ ʞײʤʳʩ ʥײʩץʘʫʣʳסʳʥ ʜʘʡʳʥʜʘʫ, 

ʞײʤʳʩ ʞʦʙʘʩʳʥ ʙʝʟʝʥʜʽʨʫ ʜʝ ʦʩʳ ʢʝʟʝשʜʝ ʘʪץʘʨʳʣʘʜʳ. 

ɹײʣ ʢʝʟʝשʜʝ ʦʨʳʥʜʘʣʘʪʳʥ ʬʫʥʢʮʠʷʥʳײץ שʨʳʣʳʤʳʥ ʙʝʡʥʝʣʝʡʪʽʥ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩᴅʫʣʝʪʽʥ, ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʪʘשʜʘʣʳʥסʘʥ ʥײʩץʘʩʳʥʳש 

ʞװʡʝʣʽ ʩᴅʫʣʝʪʽʥ, ʷסʥʠ ʽʰʢʽ ʞװʡʝʣʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ײץʨʘʤʳʥ ʜʘʡʳʥʜʘʫʜʳ ʞᴅʥʝ 

ʞʦʙʘʥʳש ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳʥ ʦʨʳʥʜʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩᴅʫʣʝʪʽʥ ײץʨʫʰʳ ʢʝʟʝש ʢʝʣʝʩʽ ʘʪץʘʨʳʣʘʪʳʥ 

 ʳʩʳʥʘʥסʨײʪʘʫ ʪץʨʜʝ ʘʥʳװʘʥ ʪסʤᴅʩʝʣʝʣʝʨʽ ʤʝʥ ʩʘʧʘʩʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣ שʳʟʤʝʪʪʝʨʜʽץ

 .ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʳ ʢᴇʧ ʢʝʟʝסʘʥʜʘ ʞʘʫʘʧʢʝʨʰʳʣʳסʘʨʘץ

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩᴅʫʣʝʪʽʥʽש ʥʝʛʽʟʽʥʜʝ ʦʥʳש ʞװʡʝʣʽ ʩᴅʫʣʝʪʽʥ 

 ʘʤʪʘʤʘʩʳʟץ ʞᴅʥʝ שʘʤʩʳʟʜʘʥʜʳʨʫʜʳץ ץʧʨʦʛʨʘʤʤʘʣʳ ,ץʪʝʭʥʠʢʘʣʳ ,ץʧʘʨʘʪʪʳץʨʫ ʘײץ

ʝʪʝʪʽʥ ʙʘʩץʘ ʽʰʢʽ ʞװʡʝʣʝʨʜʽש ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʤʦʜʫʣʴʜʝʨʽʥ ʝʨʝʢʰʝʣʝʫʜʽ ʙʽʣʜʽʨʝʜʽ, 
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ʝʨʝʢʰʝʣʝʥʛʝʥ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʜʘʡʳʥʜʘʫ ʘʨʘʩʳʥʜʘסʳ 

ʘץʧʘʨʘʪʪʘʨ ʞᴅʥʝ ʙʘʩץʘʨʫ ʙʦʡʳʥʰʘ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʡʜʳ. 

 ʦʨʳʥץ ʪʘʨʜʳ ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨץʘʫʣʳץʩײʘ ʥסʽ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨשʨʳʣʳʤʜʘʫ ʢʝʟʝײפ

ʪʦʣʳץʪʳʨʫʜʳ ץʘʨʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʘץʧʘʨʘʪʪʳץ ץʘʤʩʳʟʜʘʥʜʳʨʫʜʳ ײץʨʘʪʳʥ 

ʧʨʦʛʨʘʤʤʘʣʘʨʜʳ ʜʘʡʳʥʜʘʫʜʳ ץʘʤʪʠʜʳ. 

ɽʥʜʽʨʫ ʢʝʟʝשʽ ʪᴅʞʽʨʠʙʝʣʽ ʝʥʜʽʨʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʝʥʜʽʨʫ ʢʝʟʝשʜʝʨʽʥʝʥ ᴇʪʝʜʽ. 

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʽʰʢʽ ʞװʡʝʣʝʨʽʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʪʝʢʩʝʨʫ, ʵʢʦʥʦʤʠʢʘʣʳץ ʥʳʩʘʥʥʳש 

ʙᴇʣʽʤʰʝʣʝʨʽ ʙʦʡʳʥʰʘ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ ʦץʳʪʫ, ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʙʽʨʪʽʥʜʝʧ ʝʥʛʽʟʫ, 

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʜʽץ שʘʙʳʣʜʘʫ-ᴇʪʢʽʟʫ ʪʫʨʘʣʳ ʘʢʪʳʩʳʥ ʙʝʟʝʥʜʽʨʫ 

ʤᴅʩʝʣʝʣʝʨʽ ʰʝʰʽʣʝʜʽ. 

ʊᴅʞʽʨʠʙʝʣʽ ʝʥʜʽʨʫ ʞʦʙʘʥʳש ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʤʦʜʫʣʴʜʝʨʽʥʽש ʞײʤʳʩץʘ 

 ʳסʘʨʘʩʳʥʜʘ שʘʪʝʣʝʨʜʽ ʞʦʶ ʞᴅʥʝ ʦʣʘʨʜʳץ ʛʝʡʽʥʜʝשʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʝʢʩʝʨʫ, ʵʣʝʤʝʥʪʪʝʨ ʜʝץ

ʙʘʡʣʘʥʳʩʪʘʨʜʳ ץʘʜʘסʘʣʘʫ, ʩʦʥʜʘʡ-ʘץ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ ʦץʳʪʫʜʳ ץʘʤʪʠʜʳ. 

ɸʣ, ᴇʥʜʽʨʽʩʪʽʢ ʝʥʜʽʨʫ ʬʫʥʢʮʠʷʣʘʨ ʤʝʥ ʦʣʘʨʜʳש ʞװʡʝʣʽ ʪʘʣʜʘʫ ʢʝʟʝשʽʥʜʝ 

ʜʘʡʳʥʜʘʣסʘʥ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʥ ʙʘץʳʣʘʫ ʜʝשʛʝʡʽʥʜʝ ʞʦʙʘʥʳ ʪʝʢʩʝʨʫ 

 .ʡʳʤʜʘʩʪʳʨʳʣʘʜʳײ

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ץʦʣʜʘʫ ʢʝʟʝשʽʥʜʝ ʞװʡʝ ʞʦʙʘʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʤʝʥ ʞʝʪʽʣʜʽʨʫ 

ʢʝʟʝשʜʝʨʽ ʦʨʳʥʜʘʣʘʜʳ. ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʘʪץʘʨʳʣʘʪʳʥ ץʳʟʤʝʪʽ ʪʫʨʘʣʳ ʞʘʨʥʘʤʘ 

ʙʝʨʫ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ, ץʘʪʝʣʝʨ ʤʝʥ ʽʩʪʝʣʽʥʙʝʡ ץʘʣסʘʥ ʢʝʤʰʽʣʽʢʪʝʨʜʽ 

ʞʦʶ, ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ʞʝʪʽʣʜʽʨʫʽʥʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʙʝʟʝʥʜʽʨʫ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʦʨʳʥʜʘʫ ʦʩʳ ʢʝʟʝשʜʝ ʦʨʳʥʜʘʣʘʜʳ. 

ɸץʧʘʨʘʪʪʳץ ʞװʡʝ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʥʝʛʽʟʽʥ ʦʥʳש ʙʘʨ ʙʦʣʫʳʥ, ʥʝʛʽʟʛʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʡʪʳʥ ᴅʜʽʩʥʘʤʘ ײץʨʘʡʜʳ. ɾʦʙʘʣʘʫ ᴅʜʽʩʥʘʤʘʩʳ 

 ʟʝʛʝ ʘʩʳʨʘʪʳʥװʳʤʝʥ ʞסʞʠʳʥʪʳ שʘʥʜʘʡ ʜʘ ʙʽʨ ʢʦʥʮʝʧʮʠʷʥʳ, ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽʥʽץ

ʞʦʙʘʣʘʫ ʧʨʠʥʮʠʧʪʝʨʽʥʝʥ ʪײʨʘʜʳ. ʂᴇʨʩʝʪʽʣʛʝʥ ʞʦʙʘʣʘʫ ʧʨʠʥʮʠʧʪʝʨʽ ᴇʟ ʘʣʜʳʥʘ ץʘʥʜʘʡ 

ʜʘ ʙʽʨ ʞʦʙʘʣʘʫ ʦʨʪʘʩʳʥ ץʦʣʜʘʫ ץʘʞʝʪ. ɾʦʙʘʣʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʘץʧʘʨʘʪʪʳץ ʞװʡʝ 

ʞʦʙʘʩʳʥ ײץʨʫ װʨʜʽʩʽʥʜʝ ʞʦʙʘʣʘʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʞᴅʥʝ ʪʘʧʩʳʨʳʩ 

ʙʝʨʫʰʽʣʝʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ᴅʜʽʩʽʥ ʘʥʳץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞʦʙʘʣʘʫʜʳש ᴅʜʽʩʪʝʨʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʦʨʪʘʩʳʥ ʧʘʡʜʘʣʘʥʫ, 

ʪʠʧʪʽʢ ʞʦʙʘʣʳץ ʰʝʰʽʤ, ײʩʳʥʳʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʪװʙʝʛʝʡʣʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ 

ʞʽʢʪʝʣʝʜʽ. 

ɾʦʙʘʣʘʫʜʳש ᴅʜʽʩʪʝʨʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽ ʤʳʥʘ 

ʞʽʢʪʝʫʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ: 

- ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞʦʙʘʣʘʫ ʘʨʥʘʡʳ ʠʥʩʪʨʫʤʝʥʪʘʣʜʳץ 

ʧʨʦʛʨʘʤʤʘʣʳץ ʦʨʪʘʥʳ ʧʘʡʜʘʣʘʥʙʘʡ, ʘʣʛʦʨʠʪʤʜʽʢ ʪʽʣʜʝ ʧʨʦʛʨʘʤʤʘʣʘʫʜʳש ʢᴇʤʝʛʽʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ץʦʣʤʝʥ ʞʦʙʘʣʘʫ; 

- ʘʨʥʘʡʳ ʠʥʩʪʨʫʤʝʥʪʘʣʜʳץ ʧʨʦʛʨʘʤʤʘʣʳץ ʦʨʪʘʥʳ ʧʘʡʜʘʣʘʥʫ ʥʝʛʽʟʽʥʜʝ ʞʦʙʘʣʳץ 

ʰʝʰʽʤʛʝ ʛʝʥʝʨʘʮʠʷ ʥʝʤʝʩʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʞװʨʛʽʟʝʪʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʦʙʘʣʘʫ. 

ʊʠʧʪʽʢ ʞʦʙʘʣʳץ ʰʝʰʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽ ʤʳʥʘ 

ʞʽʢʪʝʫʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ: 

- ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʛʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʞʦʙʘʣʳץ ʰʝʰʽʤ ʞʘשʘʜʘʥ 

ʜʘʡʳʥʜʘʣʘʪʳʥ ʪװʧʥײʩץʘʣʳץ ʞʦʙʘʣʘʫ; 

- ʜʘʡʳʥ ʪʠʧʪʽʢ ʞʦʙʘʣʘʫ ʰʝʰʽʤʽʥʽש ʥʝʛʽʟʽʥʜʝ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞʘשʘʨʪʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʘʪʳʥ ʪʠʧʪʽʢ ʞʦʙʘʣʘʫ. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʙʽʨʽʥʰʽ ʞʽʢʪʝʫ ʞʦʙʘʣʘʫ ʞײʤʳʩʳʥʳש ʙʘʨʣʳץ ʪװʨʽ ʞʦʙʘʥʳש ᴅʨʙʽʨ 

ʥʳʩʘʥʳ װʰʽʥ ʪװʧʥײʩץʘʣʳץ ʞʦʙʘʥʳ ײץʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞʦʙʘ ʞײʤʳʩʳʥʳש ʙʘʨʣʳץ 

ʪװʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʆʣ ᴇʟ ʘʣʜʳʥʘ ʦʥʳש ʙʘʨʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ 

ʪʦʣʳסʳʨʘץ ʙʝʡʥʝʣʝʡʜʽ.  

ɽʢʽʥʰʽ ʪʦʧ ʪװʧʥײʩץʘʣʳץ ʞʦʙʘʣʘʫʜʳ ʜʘʡʳʥʜʘʫʜʘʥ ʘʣʳʥסʘʥ ʪᴅʞʽʨʠʙʝ ʥʝʛʽʟʽʥʜʝ 

ʦʨʳʥʜʘʣʘʜʳ. ʊʠʧʪʽʢ ʞʦʙʘʣʘʨ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʙʽʨʽʢʪʽʨʫ ʨʝʪʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʫ-
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ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʤʝʩʝ ʞײʤʳʩ ʪװʨʣʝʨʽʥʽץ שʘʥʜʘʡ ʜʘ ʙʽʨ ʪʦʧʪʘʨʳ װʰʽʥ ᴅʨʙʽʨ ʥʘץʪʳ 

ʞʘסʜʘʡʜʘ ʘʨʥʘʡʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʦʨʳʥʜʘʡʪʳʥ ʞײʤʳʩʪʘʨ ʤʝʥ 

ʜʘʡʳʥʜʘʡʪʳʥ ʞʦʙʘ ײץʞʘʪʪʘʤʘʣʘʨʳʥ ʙʘʩץʘʨʫ ʬʫʥʢʮʠʷʩʳʥʳץ שʘʙʽʣʝʪʪʽʣʽʢ ʜʝשʛʝʡʽ 

ʙʦʡʳʥʰʘ ʘʞʳʨʘʪʘʜʳ. 

ɾʦʙʘ ʰʝʰʽʤʽʥʽש ʪװʙʝʛʝʡʣʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽ ʢʝʣʝʩʽ 

ʞʽʢʪʝʤʝʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ: 

- ʞʦʙʘ ʰʝʰʽʤʽ ʩᴅʡʢʝʩ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ᴇשʜʝʫ ʞʦʣʳʤʝʥ ʪװʙʝʛʝʡʣʽ ʦʨʳʥʜʘʣʘʪʳʥ 

ʢʝʟʝש, ʷסʥʠ ʧʨʦʛʨʘʤʤʘʣʳץ ʤʦʜʫʣʴʜʝʨʜʽ ץʘʡʪʘʜʘʥ ʧʨʦʛʨʘʤʤʘʣʘʫ, ץʘʡʪʘ ײץʨʫ; 

- ʞʦʙʘʣʳץ ʰʝʰʽʤ ᴇʟʛʝʨʽʣʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʩᴅʡʢʝʩ ʙʘסʳʪʪʘʣʘʪʳʥ, ʧʘʨʘʤʝʪʨʣʝʫ; 

- ʞʦʙʘʣʳץ ʰʝʰʽʤʜʝʨ ץʘʡʪʘʜʘʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʛʝʥʝʨʘʮʠʷʣʘʥʘʪʳʥ, ʤʦʜʝʣʴʜʽ ץʘʡʪʘʜʘʥ 

 .ʨʳʣʳʤʜʘʫײץ

ɾʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽʥʜʝʛʽ ʞʽʢʪʝʣʫʜʽש ᴅʨ ʪװʨʣʽ ʙʝʣʛʽʣʝʨʽʥʽש ʙʘʡʣʘʥʳʩʪʳʨʫ 

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞʦʙʘʣʘʫʜʳש ʧʘʡʜʘʣʘʥʳʣʫʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʩʠʧʘʪʪʘʤʘʩʳʥ 

ʥʝʛʽʟʜʝʡʜʽ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʝʢʽ ʥʝʛʽʟʛʽ ʪʦʧʪʳ ʝʨʝʢʰʝ ʘʡʪʫסʘ ʙʦʣʘʜʳ: ʢʘʥʦʥʜʳץ ʞᴅʥʝ 

ʠʥʜʫʩʪʨʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ. ɾʦʙʘʣʘʫʜʳש ʠʥʜʫʩʪʨʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʩʳ ᴇʟ ʘʣʜʳʥʘ 

ʢʝʣʝʩʽ ʽʰʢʽ ʪʦʧʪʘʨסʘ ʙᴇʣʽʥʝʜʽCase ʪʝʭʥʦʣʦʛʠʷʥʳש ʢᴇʤʝʛʽʤʝʥ ʘʚʪʦʤʘʪʪʘʣסʘʥ ʞᴅʥʝ 

ʧʘʨʘʤʝʪʨʣʽʢ-ʙʘסʜʘʨʣʘʥסʘʥ ʥʝʤʝʩʝ ʤʦʜʝʣʴʜʽʢ ʙʘסʜʘʨʣʘʥסʘʥ ʪʠʧʪʽʢ ʞʦʙʘʣʘʫ. ɾʦʙʘʣʘʫʜʳש 

ʠʥʜʫʩʪʨʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʩʳ ʜʝʨʙʝʩ ʞʘסʜʘʡʣʘʨʜʘ ʢʘʥʦʥʜʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ 

ʧʘʡʜʘʣʘʥʘʜʳ.  

ʉʦʥʳʤʝʥ ʞʦʙʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪʦʧʪʘʨʳ: ʢʘʥʦʥʜʳץ ʞʦʙʘʣʘʫ; 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ; ʪʠʧʪʽʢ ʞʦʙʘʣʘʫ. ʂʘʥʦʥʜʳץ ʞʦʙʘʣʘʫ ᴇʟʛʝ ʝʢʽ ʞʦʙʘʣʘʫסʘ 

  .ץʘʥʜʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ ʞʦסʘʨʘץ

 ɾʦʙʘʣʘʫ ʦʨʪʘʩʳ ᴇʟʽʥʽש ʪʦʙʳʥʜʘ ʞʦʙʘʣʘʫ ʥʳʩʘʥʳʥʘ ʠʥʚʘʨʠʘʥʪʪʳ ʙʦʣʫʳ; 

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʙʘʨ ʙʦʣʫ ʮʠʢʣʳʥʳש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥ ʙʽʨʛʝ ץʘʤʪʫʳ; ʪʝʭʥʠʢʘʣʳץ, 

ʧʨʦʛʨʘʤʤʘʣʳץ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳװ ץʡʣʝʩʽʤʜʽ ʙʦʣʫʳ; ʤʝשʛʝʨʫʜʝ ʞᴅʥʝ ץʦʣʜʘʥʫʜʘ 

 .ʪʘʩ ʙʦʣʫʳ ʢʝʨʝʢײʙʽʨʪ ץʘʨʘʧʘʡʳʤ ʙʦʣʫʳ; ʵʢʦʥʦʤʠʢʘʣʳץ

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞʦʙʘʣʘʫ ʦʨʪʘʩʳʥ ʝʢʽ ʢʣʘʩץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʕɽʄ 

ʧʘʡʜʘʣʘʥʙʘʡ ʞᴅʥʝ ʕɽʄ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʞʦʙʘʣʘʫ. 

ɹʽʨʽʥʰʽ ʞʘסʜʘʡ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞʦʙʘʣʘʫʜʳש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʜʝ 

 שʞʘʪʪʘʤʘʣʘʨʜʳײץ ,ʧʘʨʘʪʪʳ ʢʦʜʪʘʫץʡʝʩʽ, ʘװʘʡ ʞסשʙʽʨʳ שʦʣʜʘʥʳʣʘʜʳ. ɾʽʢʪʝʫʜʽץ

ʨʝʪʪʝʣʛʝʥ ʞװʡʝʩʽ, ʘץʧʘʨʘʪʪʘʨ ʘסʳʥʳʥ ʩʠʧʘʪʪʘʫʜʳש ʤʦʜʝʣʽ ʤʝʥ ʦʥʳ ʪʘʣʜʘʫ ʞᴅʥʝ ʪ.ʙ. 

ʙʘʨʣʳסʳ ʦʩʳ ʞʘסʜʘʡסʘ ץʘʪʳʩʪʳ. 

ɽʢʽʥʰʽ ʞʘסʜʘʡʜʘ ʞʦʙʘʣʘʫ ʦʨʪʘʩʳʥ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽ ʞʦʙʘʣʘʫװʨʜʽʩʽʥʽש ʞʝʢʝ 

ʢʝʟʝשʜʝʨʽʥʝ ץʦʣʜʘʥʫסʘ ʞᴅʥʝ ʩʦʥʜʘʡ-ʘץ, ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ɼʝʤʝʢ, 

ʞװʡʝ ʞʦʙʘʩʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽʥ ʜʘʡʳʥʜʘʫʜʳ, ʞװʡʝ ʞʦʙʘʩʳʥʳש ʙᴇʣʽʤʜʝʨʽʥ, ʞװʡʝ 

ʞʦʙʘʩʳʥ ʪʦʣʳסʳʤʝʥ ץʦʣʜʘʡʜʳ.  

ʆʩʳ ʞʘסʜʘʡʜʘסʳ ʞʦʙʘʣʘʫ ʦʨʪʘʩʳʥʳש ʙʘʨʣʳץ ʞʠʳʥʳ ʢʝʣʝʩʽ ʽʰʢʽ ʪʦʧʪʘʨסʘ 

ʙᴇʣʽʥʝʜʽ:  

- ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʘʤʘʣʜʘʨʳʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʧʝʨʘʮʠʷʣʳץ ʦʨʪʘ;  

- ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ʢʝʡʙʽʨ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʨʪʘ;  

- ʘץʧʘʨʘʪʪʳץ ʞװʡʝ ʞʦʙʘʩʳʥʳש ʙᴇʣʽʤʽʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʨʪʘ;  

- ʞʦʙʘʣʘʫ װʨʜʽʩʽʥʽש ʢʝʟʝשʜʝʨʽʥʜʝʛʽ ʞʦʙʘʥʳ ʜʘʡʳʥʜʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʨʪʘ. 

ɸץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʘʤʘʣʜʘʨʳʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʧʝʨʘʮʠʷʣʳץ ʦʨʪʘסʘ 

ʘʣʛʦʨʠʪʤʜʽʢ ʪʽʣʜʝʨ, ʩʪʘʥʜʘʨʪʪʳ ʽʰʢʽ ʧʨʦʛʨʘʤʤʘʣʘʨ ʤʝʥ ʥʳʩʘʥʜʘʨ ʢʣʘʩʳʥʳש 

ʢʽʪʘʧʭʘʥʘʩʳ, ʤʘʢʨʦʛʝʥʝʨʘʪʦʨʣʘʨ, ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫʜʽש ʪʠʧʪʽʢ ʦʧʝʨʘʮʠʷʣʘʨ 

ʧʨʦʛʨʘʤʤʘʣʘʨʳʥʳש ʛʝʥʝʨʘʪʦʨʣʘʨʳʥ  ʞᴅʥʝ ʪ.ʙ. ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. 
ɸץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ʢʝʡʙʽʨ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʨʪʘסʘ 

ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ, ʢʝʩʪʝʣʽʢ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ, ʩʘʨʘʧʪʘʤʘ ʞװʡʝʣʝʨʽʥʽש 

 .ʨʝʜʘʢʪʦʨʣʘʨʜʳ, ʤᴅʪʽʥʜʽʢ ʨʝʜʘʢʪʦʨʣʘʨʜʳ ʞᴅʥʝ ʪ.ʙ ץʰʘʣʘʨʳʥ, ʛʨʘʬʠʢʘʣʳץʘʙʳץ

ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. 
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ɸץʧʘʨʘʪʪʳץ ʞװʡʝ ʞʦʙʘʩʳʥʳש ʙᴇʣʽʤʽʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʨʪʘ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝ ʞʦʙʘʩʳʥʳש ʙᴇʣʽʤʜʝʨʽʥ ʞʦʙʘʣʘʫʜʳ ץʦʣʜʘʡʜʳ. 

ɾʦʙʘʣʘʫ װʨʜʽʩʽʥʽש ʢʝʟʝשʜʝʨʽʥʜʝʛʽ ʞʦʙʘʥʳ ʜʘʡʳʥʜʘʫʜʳ ץʦʣʜʘʡʪʳʥ ʦʨʪʘסʘ 

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽ ʞʦʙʘʣʘʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʦʨʪʘʩʳʥ ץʦʣʜʘʡʜʳ. 
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ɸ.ʅ. ɼʘʜʘʝʚʘ  

 

ɸʃɻʆʈʀʊʄ ʏʀʉʃɽʅʅʆʁ ʈɽɸʃʀɿɸʎʀʀ ʈɽʐɽʅʀʗ  

ɻʈɸʅʀʏʅʓʍ ʀʅʊɽɻʈɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ  

ʅɽʉɺʗɿɸʅʅʆʁ ɿɸɼɸʏʀ ʊɽʈʄʆʋʇʈʋɻʆʉʊʀ 
 

(ʛ.ɸʣʤʘʪʳ, ʂʘʟʅʊʋ  ʠʤʝʥʠ ʂ.ʀ.ʉʘʪʧʘʝʚʘ)  

 
ʄʘץʘʣʘʜʘ ʰʝʢʘʨʘʣʳץ ʠʥʪʝʛʨʘʣʜʳ ʪʝשʜʝʫʣʝʨ ᴅʜʽʩʽʥʽש (ʐʀʊᴄ) ʩʘʥʜʳץ ʞװʟʝʛʝ 

ʘʩʫʳʥʳש ʘʣʛʦʨʠʪʤʽ ʪʝʨʤʦʩʝʨʧʽʤʜʽʣʽʢʪʽש ʰʝʢʪʽʢ ʙʘʡʣʘʫʩʳʟ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ װʰʽʥ 

ᴅʟʽʨʣʝʥʛʝʥ. ʆʩʳ ʝʩʝʧʪʽש ʐʀʊ-ʽ ʙײʨʳʥ ʘʣʳʥסʘʥ. ɸʣʛʦʨʠʪʤ ʪʝʢʰʝ ʩʧʣʘʡʥʜʳ ʦʙʣʳʩ 

ʰʝʢʘʨʘʩʳʥ ʠʥʪʝʨʧʦʣʷʮʠʷʣʘʫסʘ, ʪʝʤʧʝʨʘʪʫʨʘʥʳײץ שʨʘʤʘ -ʪײʨʘץʪʳ ʠʥʪʝʨʧʦʣʷʮʠʷʩʳʥʘ  

ʞᴅʥʝ ʩʝʨʧʽʤʜʽʣʽʢ ʞʳʣʞʫ ʧʦʪʝʥʮʠʘʣʳʥʳש ʪʳסʳʟʜʳסʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. 

 ʂᴇʣʝʤʜʽʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʝʥʮʠʘʣʜʘʨʳʥ ʩʘʥʜʳץ ʠʥʪʝʛʨʘʣʜʘʫ ɻʘʫʩʩ ʞᴅʥʝ ʃʘʛʝʨʨ 

ʢʚʘʜʨʘʪʫʨʘ ʬʦʨʤʫʣʘʣʘʨʳ ʘʨץʳʣʳ ʞʦʣʘץʪʘʨ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʜʽ ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʰʝʢʘʨʘʥʳ ʘʥʳץʪʘʫ װʰʽʥ ʬʦʨʤʘʥʳש ʢʚʘʜʨʘʪʪʳץ ʬʫʥʢʮʠʷʣʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ɸʣʳʥסʘʥ ʩʳʟʳץʪʳ ʘʣʛʝʙʨʘʣʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʣʝʨʽ ɻʘʫʩʩ ᴅʜʽʩʽʤʝʥ ʰʝʰʽʣʝʜʽ. 

ʉʠʧʘʪʪʘʣסʘʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʪʝʩʪʽʣʝʫ ʜᴇשʛʝʣʝʢ ʦʡʳץʧʝʥ ᴅʣʩʽʟʜʝʥʜʽʨʽʣʛʝʥ ʞʘʟʳץʪʳץʪʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʫʨʘʣʳ ʝʩʝʧʪʽ ʰʝʰʫʤʝʥ  ʞװʨʛʽʟʽʣʛʝʥ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʛʨʘʥʠʯʥʳʭ  ʠʥʪʝʛʨʘʣʴʥʳʭ  ʫʨʘʚʥʝʥʠʡ (ʄɻʀʋ) ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʥʝʩʚʷʟʘʥʥʦʡ 

ʟʘʜʘʯʠ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ. ɻʀʋ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʳ. ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʢʫʙʠʯʝʩʢʠʤʠ ʩʧʣʘʡʥʘʤʠ, ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ  

ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʫʧʨʫʛʠʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʏʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʢʚʘʜʨʘʪʫʨʥʳʤ 

ʬʦʨʤʫʣʘʤ ɻʘʫʩʩʘ ʠ ʃʘʛʝʨʨʘ ʧʦ ʟʦʥʘʤ, ʜʣʷ ʟʘʜʘʥʠʷ ʛʨʘʥʠʮ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʩʢʣʶʯʝʥʠʡ ɻʘʫʩʩʘ. ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʦʩʣʘʙʣʝʥʥʦʡ ʢʨʫʛʦʚʳʤ ʦʪʚʝʨʩʪʠʝʤ.  

In the present article the algorithm of numerical realization of the Method Boundary 

Integrated Equations (MBIE)  for the solution of a boundary value problem of 
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thermoelasticity is developed.  BIE  of  this problem earlier are received. The algorithm is 

based on interpolating of boundary domain by cubic splines, piecewise and continuous 

interpolation of temperature and density of potential of elastic displacements. Numerical 

integration of volume temperature potentials is carried out on quadrature formulas of Gauss 

and Laguerre on zones. For task of boundary of zones the  square functions of a form are 

used. The received systems of the linear algebraic equations decide by a method of 

consecutive exceptions of Gauss. On the solution of problem on a temperature field on the 

plane about a circular hole are tested  discribed algorithm.  

 
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʙʘʡʣʘʫʩʳʟ ʪʝʨʤʦʩʝʨʧʽʤʜʽʣʽʢ, ʰʝʢʘʨʘʣʳץ ʠʥʪʝʛʨʘʣʜʳ  ʪʝשʜʝʫʣʝʨ ᴅʜʽʩʽ, ʪʝʢʰʝ 

ʩʧʣʘʡʥʜʘʨ, ʞʳʣʞʫʣʘʨ ʞᴅʥʝ ʩʝʨʧʽʤʜʽ ʦʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʚʷʟʘʥʥʘʷ ʪʝʨʤʦʫʧʨʫʛʦʩʪʴ, ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ  

ʫʨʘʚʥʝʥʠʡ, ʢʫʙʠʯʝʩʢʠʝ ʩʧʣʘʡʥʳ, ʩʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʫʧʨʫʛʦʡ ʩʨʝʜʳ. 

Keywords: uncouple thermoelasticity, method boundary integrated equations, cubic splines 

displacements and stresses of elastic medium. 

 

1. ɸʣʛʦʨʠʪʤ  ʨʝʰʝʥʠʷ  ʛʨʘʥʠʯʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʆʙʱʘʷ ʩʭʝʤʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠ ̫ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʃʘʧʣʘʩʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ:  

1. ʠʥʪʝʨʧʦʣʷʮʠʷ ʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʫʨʘ; 

2.  ʨʝʰʝʥʠʝ ɻʀʋ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

3. ʚʳʯʠʩʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʥʪ ʩʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ;  

4. ʯʠʩʣʝʥʥʦʝ ʦʙʨʘʱʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʠʦʜʠ-

ʯʝʩʢʠʡ ʢʫʙʠʯʝʩʢʠʡ ʩʧʣʘʡʥ. ɿʘʜʘʜʠʤ    ʥʘ ʢʦʥʪʫʨʝ S ʩʠʩʪʝʤʫ ʠʟ ( )1+N - ʪʦʯʢʠ: 
() ( ) ,1,...,.2,1,, )(

2

)(

1 +== Nnyyy nnn  

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʫʟʣʦʚʳʤʠ. ʇʝʨʚʘʷ ʠ ʧʦʩʣʝʜʥʷʷ   ( )1+N  ʪʦʯʢʠ ʩʦʚʧʘʜʘʶʪ:  

() ( )11 += nyy . ʋʟʣʦʚʳʝ ʪʦʯʢʠ ʜʝʣʷʪ ʛʨʘʥʠʮʫ ʢʦʥʪʫʨʘ S ʥʘ N - ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʘ 

ʧʝʨʝʤʝʥʥʫʶ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʠʥʠʤʘʝʤ  ʜʣʠʥʫ ʣʦʤʘʥʥʦʡ l , ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʷʶʱʫʶ ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʢʦʥʪʫʨʘ  S.  

ʉʧʣʘʡʥ ʠʥʪʝʨʧʦʣʠʨʫʶʱʠʡ ʢʘʞʜʫʶ ʠʟ ʢʦʦʨʜʠʥʘʪ, ʠʤʝʝʪ ʚʠʜ: 

 () () ( )() ( ) () ( ) (),
32 n

in

n

in

n

in

n

ii dllcllbllyly -+-+-+=                      (1) 

1+¢¢ nn lll ,              Nn ,...,2,1= ,                       2,1=i  

ʂʦʵʬʬʠʮʠʝʥʪʳ  () () ()n
i

n

i

n

i dcb ,,  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʡ, ʯʪʦ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ 

ʩʧʣʘʡʥ (1) ʠʤʝʝʪ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʥʝʧʨʝʨʳʚʥʫʶ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ. 

ʇʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʣʘʡʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʳ SPLINE [1]. ʀʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 

ʪʦʡ ʞʝ ʙʫʢʚʦʡ S. ʏʘʩʪʴ S ʤʝʞʜʫ ʪʦʯʢʘʤʠ 
()ny  ʠ 

( )1+ny  ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ nSD   ʠ ʙʫʜʝʤ 

ʛʦʚʦʨʠʪʴ ʦ ʥʝʤ ʢʘʢ ʦʙ n - ʪʦʤ ʛʨʘʥʠʯʥʦʤ ʵʣʝʤʝʥʪʝ ʩ ʨʘʟʤʝʨʦʤ, ʨʘʚʥʳʤ nn ll -+1 . 

ɼʘʣʝʝ ʥʘ ʢʘʞʜʦʤ ʠʟ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʮʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ: 
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ʢʦʪʦʨʘʷ  ʥʘʟʳʚʘʝʪʩʷ ʦʧʦʨʥʦʡ.  

ɺʳʙʨʘʥʥʳʡ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʢʦʥʪʫʨʘ ʩʧʣʘʡʥʦʤ ʭʦʨʦʰ ʪʝʤ, ʯʪʦ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʙʫʜʝʪ ʛʣʘʜʢʠʤ, ʪ.ʝ. ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 
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ʝʜʠʥʩʪʚʝʥʥʫʶ ʢʘʩʘʪʝʣʴʥʫʶ. ʀʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʙʦʡ ʩʝʪʢʝ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʧʨʠʙʣʠʞʘʝʪ ʠʩʭʦʜʥʳʡ ʢʦʥʪʫʨ.   

ɺʪʦʨʦʡ ʵʪʘʧ ʘʣʛʦʨʠʪʤʘ ï ʨʝʰʝʥʠʝ ɻʀʋ  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʫʤʤʳ ʠʥʪʝʛʨʘʣʦʚ ʧʦ  ʛʨʘʥʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ  m

nSD : 
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  - ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʥʦʨʤʘʣʠ ʦʪ  r  ʧʦ ʧʝʨʝʤʝʥʥʦʡ  y . 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɻʀʋ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʩʭʝʤʫ ʩ ʢʫʩʦʯʥʦ-

ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ( )py,q . ʇʫʩʪʴ  ( )py,q  - ʧʦʩʪʦʷʥʥʘ ʚ ʧʨʝʜʝʣʘʭ 

ʢʘʞʜʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ nSD :  ( ) () .,....,1,,, NmSympy m =DÍ¹qq  

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (2) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  
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ʇʨʠ 
()nxx=    ʫʨʘʚʥʝʥʠʝ    (3) ʠʤʝʝʪ ʚʠʜ:  
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ʋʨʘʚʥʝʥʠʝ (4) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 
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ʆʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ 
nmA  ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ p . 

ʏʝʤ ʙʦʣʴʰʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ p, ʪʝʤ ʣʫʯʰʝ ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʩʠʣʫ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʫʙʳʚʘʥʠʷ ʬʫʥʢʮʠʠ ʄʘʢʜʦʥʘʣʴʜʘ, ʧʨʠ  ¤­p  [2]. 

ʉʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ) (5) ʨʝʰʘʝʤ ʤʝʪʦʜʦʤ 

ʠʩʢʣʶʯʝʥʠʡ ɻʘʫʩʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5)  ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ  

ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ( )px,q  ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ S. ʇʦʩʪʘʚʣʷʝʤ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ 
ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ: 

( ) ( )() ( )(),,,,,,
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ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʟʘʜʘʯʘ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ 

ʥʘ ʧʣʦʩʢʦʩʪʠ, ʦʩʣʘʙʣʝʥʥʦʡ ʢʨʫʛʦʚʳʤ ʦʪʚʝʨʩʪʠʝʤ, ʧʨʠ ʟʘʜʘʥʥʦʤ  ʥʘ ʛʨʘʥʠʮʝ ʪʝʧʣʦʚʦʤ 

ʧʦʪʦʢʝ.  

ʇʫʩʪʴ R- ʨʘʜʠʫʩ ʦʪʚʝʨʩʪʠʷ, ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʛʦ ʜʝʡʩʪʚʫʝʪ  ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ:  

( )
( ) ()tHtxq

n

tx
0,

,
q

q
-==

µ

µ
                                                   (7) 

ʛʜʝ  0q- ʥʝʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ  ʢʦʥʩʪʘʥʪʘ, ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʘ ()tH  - ʌʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ:   ()
í
ì
ë

²

<
=

.0,1

0,0

tʧʨʠ

tʧʨʠ
tH  

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʧʦ ʚʨʝʤʝʥʠ t, ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ   (7) 
ʧʨʠʤʝʪ ʚʠʜ (ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ j,r ): 

( )
pn

px 1,
0q

q
-=

µ

µ
,           ʧʨʠ  Rr =                                          (8) 

ʀʟ-ʟʘ ʩʠʤʤʝʪʨʠʠ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʘ j.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʟʚʝʩʪʥʦ  [3]. 

( ) () ( )kprKpApx /, 0=q ,                                            (9) 

ʛʜʝ ʢʦʥʩʪʘʥʪʫ ()pA - ʥʘʭʦʜʠʤ ʠʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ  (8) 

()
( )kprKkpp

pA
// 1

0q-= ,  ʪʦʛʜʘ ( )
( )
( )kpRKkpp

kprK
px

//

/
,

1

0

0qq -=     (10) 

ʅʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ S ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ ʚʠʜ: 

( )
( )
( )kpRKkpp

kpRK
px

//

/
,

1

0

0qq -= ,           ʧʨʠ           Rr = .             (11) 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ( )px,q  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ p  ʠ ʟʥʘʯʝʥʠʷ  ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʨʦʮʝʥʪʘʭ  (%)e . ʀʟ ʪʘʙʣʠʮʳ 

1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ N, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʧʦʛʨʝʰʥʦʩʪʴ  e  ʫʤʝʥʴʰʘʝʪʩʷ. 

2. ʄʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʪʝʨʤʦʫʧʨʫʛʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʩʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ  ʪʨʘʥʩʬʦʨʤʘʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʪʝʨʤʦʫʧʨʫʛʠʭ  ʩʤʝʱʝʥʠʡ 

ʠ ʥʘʧʨʷʞʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʵʪʦʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʦʙʲʝʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ 

ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ [4]: 
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ʛʜʝ   jiji
c

c
F d)1(2

2

1

2

22 -= ,  ( )pyxU ji ,, - ʪʝʥʟʦʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ,  

( )pyxSk

ji ,, - ʪʝʥʟʦʨ ʬʫʥʜʘʤʝʥʪʘʣʴ-ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ,  )(
1c

rp
Kn  - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ n - ʛʦ ʧʦʨʷʜʢʘ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʦʙʣʘʩʪʴ   
-S , ʨʘʟʙʠʚʘʝʪʩʷ  ʥʘ ʟʦʥʳ 

I, 2,3,4,5 é, ʠ ʧʨʦʚʦʜʠʪʴʩʷ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʢʘʞʜʦʡ ʟʦʥʝ. 

ʆʪʩʪʫʧʘʷ ʦʪ ʛʨʘʥʠʮʳ S ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʚʥʫʶ ʥʘʠʙʦʣʴʰʝʡ ʠʟ ʜʣʠʥ ʛʨʘʥʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʦʟʥʘʯʠʤ ʢʨʘʡʥʠʝ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʩʠ 1y   ʯʝʨʝʟ ,, 21 aa  ʘ ʢʨʘʡʥʝ 

ʪʦʯʢʠ ʥʘ ʦʩʠ 2y  ʯʝʨʝʟ 1b , .2b  ʏʝʨʝʟ ʵʪʠ ʪʦʯʢʠ ʧʨʦʚʦʜʠʤ ʧʨʷʤʳʝ, ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʶʪ 

ʦʙʣʘʩʪʴ   
-S  ʥʘ ʟʦʥʳ. 

ɺʥʫʪʨʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ (ʟʦʥʘ 5) ʛʨʘʥʠʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ S ʘʧʨʦʢʩʠʤʠʫʨʝʪʩʷ  

ʩʦʚʦʢʫʧʥʦʩʪʴʶ { }nS  ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʚʦʩʴʤʠʫʟʣʦʚʳʭ  ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ iy  ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ nS  

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ, ʚʳʨʘʞʘʶʪʩʷ  ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʬʫʥʢʮʠʠ ʬʦʨʤʳ ʦʪ ʣʦʢʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ [5]: 

() () ( ) ,2,,1,,, 21

,
8

1

IyNy nk

i

k

k

i =¢==ä
=

bxxxxxx b  

ʛʜʝ  n - ʥʦʤʝʨ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ,  k - ʣʦʢʘʣʴʥʳʡ ʥʦʤʝʨ ʫʟʣʘ ʚ n -ʪʦʤ ʵʣʝʤʝʥʪʝ,  

()xkN ,  ( )8,Ik= - ʬʫʥʢʮʠʷ ʬʦʨʤʳ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ: 

() ( )( )( )111
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1
2121

1 ++---= xxxxxN ,     () ( )( )( )111
4

1
2121

2 +--+= xxxxxN , 

() ( )( )( )111
4

1
2121

3 -+++= xxxxxN ,     () ( )( )( )111
4

1
2121

4 +----= xxxxxN , 

() ( )( ),11
2

1
2

2

1

5 xxx --=N                         () ( )( ),11
2

1
1
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2

6 xxx +-=N  

() ( )( ),11
2

1
2

2

2

7 xxx +-=N                        () ( )( ).11
2

1
1

2

2

8 xxx --=N  

ʇʨʠ ʪʘʢʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ  ʧʦʚʝʨʭʥʦʩʪʠ, ʵʣʝʤʝʥʪ ʧʣʦʱʘʜʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ  ʦʙʨʘʟʦʤ: 

() ()xxx IdISdy ,=  -ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʉʣʝʜʫʶʱʠʝ ʟʦʥʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʧʘʨʥʦ: 2 ʠ 4,   1 ʠ 3.  

ʆʙʦʟʥʘʯʠʤ  ʯʝʨʝʟ ,1I   ,2I  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʛʨʘʣʳ ʧʦ ʵʪʠʤ  ʟʦʥʘʤ. 
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ʛʜʝ ( )21, yyf - ʬʫʥʢʮʠʷ, ʩʪʦʷʱʘʷ ʧʦʜ ʟʥʘʢʦʤ ʦʙʲʝʤʥʦʛʦ  ʠʥʪʝʛʨʘʣʘ ʫʨʘʚʥʝʥʠʷ (12), 

(13). ʀʩʧʦʣʴʟʫʷ ʢʚʘʜʨʘʪʥʫʶ ʬʦʨʤʫʣʫ ʃʝʛʝʨʨʘ ʥʘ ʠʥʪʝʨʚʘʣʝ [ )¤,0  ʠ ʥʘ ʦʪʨʝʟʢʝ 

[ ]21, aa - ʢʚʘʜʨʘʪʫʨʥʫʶ ʌʦʨʤʫʣʫ ɻʘʫʩʩʘ, ʠʤʝʝʤ: 

( ) ( )[ ]ää
==

++--º
M

j

ijij

j

y
N

i
i byyfbyyfaI

i

1
2212212

1
1 ,,2 wqu ,                       (15) 

jj

j ay xx,21 = - ʫʟʣʳ ʃʝʞʘʥʜʨʘ,   i

iy x=1 - ʫʟʣʳ ʃʝʛʝʨʨʘ, 

iu- ʚʝʩʘ ʃʘʛʝʨʨʘ, jw - ʚʝʩʘ ʃʝʞʘʥʜʨʘ, 

N - ʧʦʨʷʜʦʢ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ʃʝʛʝʨʨʘ, M - ʧʦʨʷʜʦʢ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʳ 

ɻʘʫʩʩʘ. 

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ ʧʦʣʫʧʣʦʩʢʦʩʪʷʤ (ʟʦʥʳ 3,I ),  ʥʝʦʙʭʦʜʠʤʦ  ʚʳʯʠʩʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʛʨʘʣʳ- 
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ʀʩʧʦʣʴʟʫʷ ʢʚʘʜʨʘʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ɻʘʫʩʩʘ, ʧʦʣʫʯʠʤ  
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1
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2

1

2
2 -+= x , ix, jx- ʫʟʣʳ ʃʝʞʘʥʜʨʘ, ji ww,  - ʚʝʩʘ  

ʃʝʞʘʥʜʨʘ, k - ʧʦʨʷʜʦʢ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ʃʝʞʘʥʜʨʘ. 

ʀʥʪʝʛʨʘʣʳ ʧʦ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʤ ʦʙʣʘʩʪʷʤ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʠʥʪʝʛʨʘʣʳ ʧʦ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʤ ʠʥʪʝʨʚʘʣʘʤ,  ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʧʦʜʠʥʪʝʨʚʘʣʳ. ʏʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʠʥʫ ʧʦʜʠʥʪʝʨʚʘʣʘ   ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʚʥʦʡ ,2.0=h  ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʠʥʪʝʨʚʘʣʦʚ 60==MN   ʥʘ ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ 21, yy . 

ʆʢʦʥʯʘʪʝʣʴʥʦ,  ʩʫʤʤʠʨʫʷ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʤ ʟʦʥʘʤ, ʧʦʣʫʯʠʤ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʙʲʝʤʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. 

ʅʘ ʩʦʟʜʘʥʥʦʤ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʨʦʚʝʜʝʥʳ 

ʪʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʚʟʷʪʘ ʬʫʥʢʮʠʷ ʧʨʦʩʪʦʛʦ ʚʠʜʘ: 

( ) ( )pRpyxf -=exp,, . ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ (%)006.0=e . 

3. ʏʠʩʣʝʥʥʦʝ ʦʙʨʘʱʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ, ʢʨʘʪʢʠʡ  ʦʙʟʦʨ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ [6]. ɺʩʝ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ï ʦʨʠʛʠʥʘʣʘ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ-

ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʤʝʪʦʜʝ ɻʀʋ ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɼʉ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʯʠʩʣʝʥʥʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʧʨʫʛʦʡ ʩʨʝʜʳ, ʪʦ ʥʘ ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʙʨʘʱʝʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʤʝʪʦʜ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʬʫʥʢʮʠʡ; ʚʦ-

ʚʪʦʨʳʭ, ʚ ʤʝʪʦʜʝ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʥʘʯʝʥʠʷ ʪʦʣʴʢʦ ʩʘʤʦʡ ʪʨʘʥʩʬʦʨʤʘʥʪʳ, ʥʦ ʥʝ 

ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ;  ʚ-ʪʨʝʪʴʠʭ, ʤʝʪʦʜ ʜʦʣʞʝʥ ʜʘʚʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʟʥʘʯʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʥʪʳ. ʊʨʝʪʴʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʭʦʪʷ ʠ  ʥʦʩʠʪ ʪʝʭʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ï ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʨʝʤʝʥʠ ʥʘ ʕɺʄ,  

ʥʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ   ʚʳʩʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʧʨʝʜʣʦʞʝʥʥʳʡ   A. Papoulisôoʤ.  ɺ ʨʘʙʦʪʝ  [7]  ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ. ɿʥʘʯʝʥʠʷ ʦʨʠʛʠʥʘʣʘ ()tf  ʠʱʝʤ ʚ ʚʠʜʝ: 
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ʛʜʝ b- ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, mnH  - ʵʣʝʤʝʥʪʳ ʪʨʝʫʛʦʣʴʥʦʡ  ʤʘʪʨʠʮʳ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ:   ( ) mn

nm

mn GH
+

-= 1 , 

,...2,1,11 === nGG mmm   .,...,3,2,...;3,2,
2

1,1,1 mnmGGG
m

j

njnmmn ==+= ä
=

---  

ʊʘʢ ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʥʪʘ ʟʘʜʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʪʦ ʩʫʤʤʠʨʦʚʘʥʠʝ  ʨʷʜʘ 

(18) ʝʩʪʴ ʩʫʤʤʠʨʦʚʘʥʠʝ ʨʷʜʘ ʌʫʨʴʝ ʩ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʜʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʡ ʟʘʜʘʯʝʡ  [8].  

ʇʦʵʪʦʤʫ ʚ ʨʷʜ (18) ʚʚʦʜʠʪʩʷ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ 12])2([ --+ ImI d , ʛʜʝ 

d- ʤʘʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ: 

()
( )

( ) ( )]exparccos12sin[
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btm

m

c
tf
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m

m --
-+

@ä
= d

                      (19) 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʷʜ (18) ʦʙʨʳʚʘʶʪ ʦʩʪʘʚʣʷʷ M  ʯʣʝʥʦʚ. 

ʉʭʝʤʘ ʇʘʧʫʣʠʩʘ  ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

1. ʪʨʘʥʩʬʦʨʤʘʥʪʘ   ()pf  ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ 

( )bnpp n 12 -== ,       ;,...,2,1 Mn=  

2. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ M  ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʥʦʚʦ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʥʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʝʜ ʫʚʝʣʠʯʝʥʠʝʤ  M  ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ 

ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ M . ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ b ,d, M  ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ 

ʟʘʜʘʯʝʡ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ  M , ʢʘʟʘʣʦʩʴ ʙʳ, ʙʫʜʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ  ʦʨʠʛʠʥʘʣʘ, ʦʜʥʘʢʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ 

ʟʥʘʯʝʥʠʷ M , ʦʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʥʘ ʪʝʩʪʦʚʳʭ 

ʧʨʠʤʝʨʘʭ ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʚʝʣʠʯʠʥ:  

,3.01.0 -=b     23 1010,159 ---=-= dM . 

ʉʭʝʤʘ ʇʘʧʫʣʠʩʘ  ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʬʫʥʢʮʠʠ ʧʨʠ 

ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ (ʝʩʣʠ ʵʪʘ ʬʫʥʢʮʠʷ ʛʣʘʜʢʘʷ), ʝʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʪ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʪ ʩʪʨʝʤʷʪʩʷ ʢ 

ʢʦʥʩʪʘʥʪʝ ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ, ʧʦʩʣʝʜʥʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. 
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ʊʘʙʣʠʮʘ 1. 
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ʋɼʂ 533.15 

ɽ.ɸ. ɼʴʷʯʝʥʢʦ
1
, ɺ.ʅ. ʂʦʩʦʚ

2 

 

ʂʆʅʎɽʅʊʈɸʎʀʀ ʂʃɸʉʊɽʈʆɺ ɺ ɹʀʅɸʈʅʓʍ ʉʄɽʉʗʍ 

ʉʆɼɽʈɾɸʑʀʍ ʌʈɽʆʅ-12 ʇʈʀ ʈɸɿʃʀʏʅʓʍ ɼɸɺʃɽʅʀʗʍ 
 

(ʛ. ɸʣʤʘʪʳ, 
1
ʂʘʟɸʊʂ ʠʤʝʥʠ ʄ.ʊʳʥʳʰʙʘʝʚʘ, 

2
ʂʘʟʅʇʋ ʠʤʝʥʠ ɸʙʘʷ) 

 
ɹᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ ץʳʩʳʤʜʘʨʜʘ ײץʨʘʤʳʥʜʘ He, N2, O2, CO2 ʞᴅʥʝ 

ʬʨʝʦʥ-12 ʙʘʨ ʛʘʟ ץʦʩʧʘʣʘʨʳʥʜʘסʳ ʢʣʘʩʪʝʨʣʝʨ ײץʨʘʪʳʥ ʤʦʣʝʢʫʣʘʣʘʨ װʣʝʩʽ ʝʩʝʧʪʝʣʽʥʜʽ. 

ɺ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ ʩʦʜʝʨʞʘʱʠʭ He, N2, O2, CO2 ʠ ʬʨʝʦʥ-12 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʨʘʩʩʯʠʪʘʥʳ ʜʦʣʠ ʤʦʣʝʢʫʣ ʦʙʨʘʟʫʶʱʠʝ ʢʣʘʩʪʝʨʳ. 

In gas mixes of containing He, N2, O2, CO2 and freon-12 at the room temperature and 

various pressure shares of molecules forming clusters are calculated. 

  
ʊϮʡʽʥ ʩϺʟʜʝʨ: ʢᴇʧʢʦʤʧʦʥʝʥʥʪʪʽ ʛʘʟ ץʦʩʧʘʩʳ, ʜʠʬʬʫʟʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ, ᴇʣʰʝʫ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʛʘʟʦʚʳʝ ʩʤʝʩʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʠʟʤʝʨʝʥʠʷ 

Keywords: multicomponent gas mixtures, diffusion coefficient,  measuring 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʠʤʝʝʪ ʤʝʩʪʦ ʢʠʥʝʪʠʯʝʩʢʠʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ çʜʠʬʬʫʟʠʷ -  ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷè [1,2]. ɺ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʛʘʟ, 

ʧʨʦʷʚʣʷʶʱʠʡ ʨʝʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʫʩʧʝʰʥʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʢʣʘʩʪʝʨʥʘʷ ʤʦʜʝʣʴ ʛʘʟʘ [3]. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʙʘʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ çʩʣʝʜʦʚʳʭè ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ 

(ʂɺɼ)  [3,4]  ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʜʦʣʠ ʤʦʣʝʢʫʣ ʦʙʨʘʟʫʶʱʠʝ ʢʣʘʩʪʝʨʳ [5]. ʆʜʥʘʢʦ, ʦʩʥʦʚʥʳʝ 

ʨʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʠʢʝ  [3-5] ʧʨʦʚʦʜʠʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ,  ʜʣʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʩʦʜʝʨʞʘʱʠʭ 

ʦʜʥʦ- ʠ ʜʚʫʭʘʪʦʤʥʳʝ ʛʘʟʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʦʨʤʘʣʠʟʤ [3,5] ʧʝʨʝʥʝʩʝʥ ʥʘ ʩʣʫʯʘʡ 

ʩʤʝʰʝʥʠʷ ʤʥʦʛʦʘʪʦʤʥʳʭ ʛʘʟʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ  ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʚ 

ʩʤʝʩʷʭ ʩʦʜʝʨʞʘʱʠʭ ʛʝʣʠʡ, ʘʟʦʪ, ʢʠʩʣʦʨʦʜ, ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠ ʬʨʝʦʥ-12 (R12) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 0,1 ï 0,6 ʄʇʘ, ʘ ʪʘʢʞʝ ʚʳʩʢʘʟʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʩʩʦʮʠʘʥʪʦʚʥʘ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ. 

ʉʣʝʜʫʷ  [3,5] ʢʠʥʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʦʣʠ ʢʣʘʩʪʝʨʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ 

ʟʘʧʠʩʘʥʥʦʛʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʣʦʢʘʣʴʥʦ-ʤʘʢʩʚʝʣʣʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ ʩʣʘʙʦ-

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ Ŭ ʢʦʤʧʦʥʝʥʪʘ ʠʤʝʝʪ ʚʠʜ: 

( ) bab

b

babaa xe3

1

00DĔ ddbdbgfffff
s

äñ
=

-¡¡= ,   (1) 

ʛʜʝ, afDĔ - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ,0

af , 0

bf  - ʣʦʢʘʣʴʥʦ-

ʤʘʢʩʚʝʣʣʦʚʩʢʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ Ŭ ʠ ɓ ʢʦʤʧʦʥʝʥʪʦʚ, b ï ʧʨʠʮʝʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, gŬɓ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ, e - ʫʛʦʣ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, bx  - ʩʢʦʨʦʩʪʴ ɓ ʘʩʩʦʮʠʘʥʪʦʚ. af  - ʥʝʨʘʚʥʦʚʝʩʥʘʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ: 

[ ]aaaaa xx F+= 1),,(),,( 0 trftrf
CCCC

  ,      (2) 

ʛʜʝ ax  - ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ Ŭ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʝʨʚʠʯʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ,r
C

 

- ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, aF << 1 - ʬʫʥʢʮʠʷ ʚʦʟʤʫʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 
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ʩʢʦʨʦʩʪʠ ʤʦʣʝʢʫʣ. ʄʘʢʨʦʧʘʨʘʤʝʪʨʳ ʠ ʧʘʨʮʠʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʝʜʥʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʲʝʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

(ʠʥʜʝʢʩ 1), ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ  ʨʘʚʥʦʚʝʩʥʳʝ ʘʥʘʣʦʛʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ (ʠʥʜʝʢʩ 0) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [3,6]: 

,)(01 aaaaaa t nvvnn ÐÖ-=
CC

 

,)(01 TvvTT ÐÖ-=
CC

aaan     (3) 

WvvWW ÐÖ-=
ECCC

aaaw )(01 , 

Wv
CCC

-= aa x , 

ʛʜʝ T -ʪʝʤʧʝʨʘʪʫʨʘ, W
C

 - ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʠʤʦʛʦ ʜʚʠʞʝʥʠʷ ʚʩʝʛʦ ʛʘʟʘ, av
C

 - ʪʝʧʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ï (3) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʨʝʤʷʧʨʦʣʝʪʥʳʝ 

ʫʨʘʚʥʝʥʠʷ.  

ʇʦʚʪʦʨʠʤ ʨʘʩʩʫʞʜʝʥʠʷ ʠʟʣʦʞʝʥʥʳʝ ʚ  [3,5,6].  ʏʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ Ŭ ʠ ɓ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʝʜʠʥʠʯʥʦʤ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

babababaab xex 33 ddtbdbdgdffnn ñ=N    (4) 

 

ʏʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʦʣʝʢʫʣ am  ʩ ʤʦʣʝʢʫʣʘʤʠ bm  ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʧʦʩʣʝ 

ʥʦʨʤʠʨʦʚʢʠ (4) ʥʘ nŬ ʠʤʝʝʪ ʚʠʜ: 

babababab xex 33 dbdbdgdffn ñ=P  .    (5) 

 

ʂʦʤʙʠʥʠʨʫʷ (2), (3) ʠ (5) ʧʦʣʫʯʠʤ 

baba

xx
ba

bab xex
p

bbaa

332

)(

2

)(

3

2/3
22

)2(

)(
dbdbdgdee

kT

mm
n kT

Wm

kT

Wm
CCCC
-

-
-

-

ñ=P .  (6) 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʜʝʣʠ ʪʚʝʨʜʳʭ ʩʬʝʨ ʨʝʰʝʥʠʝ (6) ʠʤʝʝʪ ʚʠʜ:  

ba

ba

abbab

p
s

mm

mmkT
n

)(2
2 2

+
=P ,     (7) 

ʛʜʝ ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʩʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ ůŬɓ ʩʯʠʪʘʝʪʩʷ ʧʦ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʧʨʘʚʠʣʫ  

Ö
+

=
2

bbaa

ab

ss
s

 
ʉ ʫʯʝʪʦʤ (7) ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ, ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʣʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ ʚ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

ab

=b

a ä= P P
s

1  .                           (8) 

a

a=t
P

1~

 
ʆʛʨʘʥʠʯʠʚʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʴʢʦ ʘʩʩʦʮʠʘʮʠʷʤʠ ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʜʚʫʭ ʤʦʣʝʢʫʣ 

(ʜʠʤʝʨʳ) ʦʧʨʝʜʝʣʠʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʭ ʯʠʩʣʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʢ ʧʦʣʥʦʡ 

ʧʘʨʮʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
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a

a
a

n

n
y 2

2 = .      (9) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʜʝʢʩ ç1è ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦ ʤʦʣʝʢʫʣʘʤ, ʘ ç2è ʢ ʜʠʤʝʨʘʤ. 

ʇʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʤʝʨʦʚ  ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ: 

112 aaa Fnn = ,      (10) 

1aF  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʨʝʜʝʣʘʤʠ [0: mva ]ʧʦ ʘʥʘʣʦʛʠʠ ʩ [3,5]. ʊʦʛʜʘ ʧʦʣʥʘʷ ʧʘʨʮʠʘʣʴʥʘʷ 

ʯʠʩʣʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

)1(21 aaaaa rnnn ++= ,     (11) 

ʛʜʝ aar  - ʦʪʥʦʩʠʪʝʣʴʥʘʷ  ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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b
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ab

ab
P
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P
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ä
=

s
r

1

;      (12) 

ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠba¸  ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ aaab rr -=1 , ʩʦʦʪʥʦʰʝʥʠʝ (11) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 

abaaaaaa ++= rnrnnn 221 2
.    (13) 

ʂʦʤʙʠʥʘʮʠʷ (9), (10), (13) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ: 
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)1(1)1()1( aaa
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Fnrn
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rnn

Fn
y
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=

++
=

++
= .   (14)  

ʀʩʧʦʣʴʟʫʷ ʦʧʠʩʘʥʥʫʶ ʩʭʝʤʫ (7) ï (14) ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ MathCad, 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʤʝʨʦʚ ʚ  ʙʠʥʘʨʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ ʦʪ 

ʜʘʚʣʝʥʠʷ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʙʘʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʤʝʨʦʚ ʚ 

ʙʠʥʘʨʥʳʭ ʩʤʝʩʷʭ ʬʨʝʦʥʘ-12 ʠ ʙʦʣʝʝ ʣʝʛʢʠʭ ʛʘʟʦʚ: ʛʝʣʠʷ, ʘʟʦʪʘ, ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ. 
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ʫ1 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʬʨʝʦʥʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʬʨʝʦʥʘ(40% ʠ 90%) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ; ʫ2 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʛʝʣʠʷ, ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʜʠʤʝʨʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ (40% ʠ 90%)  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ. 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʌʨʝʦʥïɻʝʣʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=300 ʂ. 
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ʫ1 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʬʨʝʦʥʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ (30% ʠ 90%) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ; ʫ2 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ 

ʘʟʦʪʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ  ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ (30% ʠ 90%) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2. ʉʠʩʪʝʤʘ ʌʨʝʦʥï ɸʟʦʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=300 ʂ. 
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ʫ 
ʫ1 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʬʨʝʦʥʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ (30% ʠ 90%); ʫ2 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ (30% 

ʠ 90%). 

ʈʠʩʫʥʦʢ 3. ʉʠʩʪʝʤʘ ʌʨʝʦʥïʂʠʩʣʦʨʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=300 ʂ. 
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ʫ1 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʬʨʝʦʥʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘʭ ʩʤʝʩʠ - ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ(30% ʠ 90%); ʫ2 - ʯʠʩʣʦʚʘʷ ʜʦʣʷ 

ʤʦʣʝʢʫʣ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʜʠʤʝʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʨʝʦʥʘ (30% ʠ 90%). 

 

ʈʠʩʫʥʦʢ 4. ʉʠʩʪʝʤʘ ʌʨʝʦʥï ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=300 ʂ. 

 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʤʝʩʷʭ ʩ R12 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦʣʷ 

ʢʣʘʩʪʝʨʦʚ (ʜʠʤʝʨʦʚ) ʨʘʩʪʝʪ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʜʠʤʝʨʦʚ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʘʚʣʝʥʠʷ, ʥʦ ʠ ʦʪ ʩʦʩʪʘʚʘ ʩʤʝʩʠ. ʇʨʠʯʝʤ, ʢʦʛʜʘ ʩʤʝʩʴ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʠʪ ʠʟ ʪʷʞʝʣʦʛʦ ʛʘʟʘ (ʬʨʝʦʥʘ 90%), ʯʠʩʣʦ ʤʦʣʝʢʫʣ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʢʣʘʩʪʝʨʳ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʢʘʢ ʜʣʷ ʪʷʞʝʣʦʛʦ ʛʘʟʘ, ʪʘʢ ʠ ʜʣʷ ʣʝʛʢʦʛʦ. 

ɼʣʷ ʩʤʝʩʠ He-R12 ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ. ʏʠʩʣʦʚʘʷ ʜʦʣʷ 

ʜʠʤʝʨʦʚ ʪʷʞʝʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʥʘʯʘʣʘ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʜʦʣʷ ʣʝʛʢʠʭ ʢʣʘʩʪʝʨʦʚ ʬʨʝʦʥʘ ʫʙʳʚʘʝʪ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʦʥʠ ʧʦʛʣʦʱʘʶʪʩʷ ʪʷʞʝʣʳʤʠ ʢʣʘʩʪʝʨʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʢʣʘʩʪʝʨʦʚ ʨʘʩʪʫʪ ʩ 

ʜʘʚʣʝʥʠʝʤ ï ʦʥʠ ʧʦʛʣʦʱʘʶʪ ʤʦʣʝʢʫʣʳ ʠ ʤʝʣʢʠʝ ʢʣʘʩʪʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʠʟʣʦʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʤʝʩʝʡ, ʤʦʣʝʢʫʣʷʨʥʦ-ʢʣʘʩʪʝʨʥʘʷ ʩʤʝʩʴ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʣʘʩʪʝʨʦʚ ʢ ʚʟʘʠʤʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʤʘʢʨʦʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʘʜ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ 

ʤʦʣʝʢʫʣ ʠʣʠ ʢʣʘʩʪʝʨʦʚ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʝʥʠʷ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʵʚʦʣʶʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

ʧʝʨʝʭʦʜʘʭ ʛʨʫʧʧʳ ʯʘʩʪʠʮ ʠʟ ʦʙʣʘʩʪʠ ʩ ʦʜʥʠʤʠ ʤʘʢʨʦʧʘʨʘʤʝʪʨʘʤʠ ʚ ʦʙʣʘʩʪʴ ʩ ʜʨʫʛʠʤʠ 

ʤʘʢʨʦʧʘʨʘʤʝʪʨʘʤʠ. 
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ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʦʣʫʯʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʂʦʤʠʪʝʪʘ 

ʅʘʫʢʠ ʄʆʅ ʈʂ ˉ1674/ɻ2012 çʂʠʥʝʪʠʯʝʩʢʠʝ ʠ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʩʤʝʰʝʥʠʷ ʚ 

ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ ʩ ʨʝʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè. 
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ʋ.ɿ. ɽʰʠʤʦʚʘ 

 

ʇʈʆɹʃɽʄʓ ʉʆɺɽʈʐɽʉʊɺʆɺɸʅʀʗ ʌʀɿʀʏɽʉʂʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ  

ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ ɺ ʋʉʃʆɺʀʗʍ 12 ʃɽʊʅɽʁ ʐʂʆʃʓ 
 

(ʛ.ʂʳʟʳʣʦʨʜʘ,  ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ) 

 

ɹײʣ ʤʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ 12 - ʞʳʣʜʳץ ʙʽʣʽʤ ʙʝʨʫʛʝ ʢᴇʰʫʛʝ 

ʜʘʷʨʣʳץ ʞʘסʜʘʡʳʥʜʘ ʥʝʛʽʟʛʽ ʤʝʢʪʝʧ ʬʠʟʠʢʘ ʢʫʨʩʳʥʳש ʤʘʟʤײʥʳʥ ʞʝʪʽʣʜʽʨʫ ʤᴅʩʝʣʝʣʝʨʽ 

 ʳʣʳץʜʘʨʣʘʤʘʩʳʥʘ  ʪʘʣʜʘʫ ʞʘʩʘʫ ʘʨסʫ ʙʘץʘ, ʦסʪʘʨץʫʣʳץʳ ʦסʦʣʜʘʥʳʩʪʘפ .ʘʥסʘʨʘʩʪʳʨʳʣץ

12-ʞʳʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʞʘסʜʘʡʳʥʜʘ ʥʝʛʽʟʛʽ ʤʝʢʪʝʧ ʬʠʟʠʢʘ ʢʫʨʩʳʥʳש ʙʘסʜʘʨʣʘʤʘʩʳʥʳש 

ʞʦʙʘʩʳ ײʩʳʥʳʣסʘʥ. ɽʣʽʤʽʟʜʝ  ʥʝʛʽʟʛʽ ʤʝʢʪʝʧʪʝ çʌʠʟʠʢʘè ʧᴅʥʽʥ 7-10 ʩʳʥʳʳʧʪʘʨʜʘ ʦץʳʪʫ 

 ʩʳʥʳʩʪʘʨ ʙʝʨʽʣʛʝʥ. 7ײ ʳʪʫ ʪʠʽʤʜʽʣʽʛʽ ʞᴇʥʽʥʜʝץʳʜʘʥ ʦסʨײʪ ץʘʞʝʪʪʽʣʽʛʽʥ ʞᴅʥʝ ʙʘʩʢʳʰʪʳץ

ʩʳʥʳʳʧʪʘ ʬʠʟʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʤʝʥ ʪʘʥʳʩʪʳʨʫ, 8-10 ʩʳʥʳʧʪʘ סʳʣʳʤ ʥʝʛʽʟʜʝʨʽʥ ʦץʳʪʫ  

  .ʘʞʝʪʪʽʣʽʛʽ ʥʝʛʽʟʜʝʣʝʜʽץ

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʠʜʝʪ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʝʨʝʭʦʜʫ ʥʘ 12-

ʣʝʪʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʨʩʘ 

ʬʠʟʠʢʠ ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ  ʫʯʝʙʥʠʢʦʚ ʠ ʫʯʝʙʥʳʭ 

ʧʨʦʛʨʘʤʤ ʢʫʨʩʘ ʬʠʟʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʢʫʨʩʘ ʬʠʟʠʢʠ ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ. 

ʆʙʦʩʥʦʚʘʥʦ ʠ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʜʝʥʠʝ ʩʪʫʧʝʥʯʘʪʦʛʦ   ʤʝʪʦʜʘ  ʦʙʫʯʝʥʠʷ. ʅʘ ʫʨʦʚʥʝ 

ʧʨʦʧʝʜʝʚʪʠʢʠ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ  7 ʢʣʘʩʩʝ. ʋʯʠʪʳʚʘʷ ʚʦʟʨʘʩʪʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʦʩʥʦʚʘ ʥʘʫʢʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʨʝʜʧʨʦʬʠʣʴʥʫʶ ʧʦʜʛʦʚʢʫ ʜʦʣʞʥʘ ʠʟʫʯʘʪʴʩʷ ʚ   

8-10 ʢʣʘʩʩʘʭ ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ.  

At present in the Republic of Kazakhstan in preparation for the transition to the 12-year 

education. In this connection it is necessary to improve the content of the basic school physics 

course. Based on the analysis of textbooks and curricula developed a program of basic school 

physics course in 12-year education. This article deals with the maintenance and the methodical 

principles of physics course of secondary school in the connection of transferring to the 12-year 




