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ʈʘʟʦʙʱʝʥʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʚ ʰʢʦʣʘʭ ʠ ʚʫʟʘʭ ʧʨʝʜʤʝʪʦʚ 

ʟʘʪʨʫʜʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ 

ʤʠʨʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳ. ʊʝʦʨʠʷ 

ʬʨʘʢʪʘʣʦʚ ï ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ, ʬʦʨʤʠʨʫʶʱʠʡ 

ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʤʠʨʘ ʠ ʠʤʝʶʱʠʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʣʦʞʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʧʨʠʨʦʜʳ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʬʨʘʢʪʘʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ. ʇʨʠʨʦʜʘ ï ʵʪʦ ʥʝ ʨʷʜ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʦʢʘʣʴʥʦʡ ʩʣʫʯʘʡʥʦʩʪʴʶ ʠ ʛʣʦʙʘʣʴʥʳʤ ʧʦʨʷʜʢʦʤ. 

ʌʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʦʟʜʘʸʪ ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʠʦʙʱʝʥʠʷ ʦʙʫʯʘʁɦʠʭʩʷ ʢ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʢʨʫʛʦʟʦʨʘ. ɸ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʢʘʟʳʚʘʝʪ ʢʨʘʩʦʪʫ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʢʠ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʚʚʦʜʠʪ ʚ ʤʠʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʧʝʨʚʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ, ʠʭ ʚʠʜʳ ʠ 

ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʥʦʛʠʝ ʠʟʫʯʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʚʨʝʤʝʥʠ, ʚʦ ʚʪʦʨʦʡ 

ʛʣʘʚʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʬʨʘʢʪʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʯʝʨʝʟ 

ʧʦʢʘʟʘʪʝʣʴ ʍʸʨʩʪʘ ʠ ʠʥʜʝʢʩ ʬʨʘʢʪʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʣʝʪʦʯʥʦ-ʘʚʪʦʤʘʪʥʘʷ 

ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʘ. ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠʯʸʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʜʝʣʝʥʠʝ 

ʥʘ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦʝ, ʪʘʢ ʢʘʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ 

ʭʘʨʘʢʪʝʨ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʦʪʥʝʩʪʠ ʪʦʣʴʢʦ ʢ ʦʜʥʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʨʘʟʜʝʣʫ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʣʫʯʰʝʛʦ ʫʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʞʜʦʤ ʧʘʨʘʛʨʘʬʝ ʠʤʝʶʪʩʷ ʟʘʜʘʯʠ ʠ ʫʧʨʘʞʥʝʥʠʷ,  ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʧʨʘʢʪʠʢʫʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʟʘʜʘʥʠʷ ʜʣʷ ʢʫʨʩʦʚʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ 

ʨʘʙʦʪ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʦʜʠʪʩʷ ʪʘʢ 

ʞʝ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʧʘʨʘʛʨʘʬʘ. 

ʆʩʥʦʚʦʡ ʧʦʩʦʙʠʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʩʢʠʡ ʢʫʨʩ, ʯʠʪʘʝʤʳʡ ʩʪʫʜʝʥʪʘʤ 

ʥʘʧʨʘʚʣʝʥʠʷ çʄʘʪʝʤʘʪʠʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠè ʙʦʣʝʝ 10 ʣʝʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʘʪʝʨʠʘʣ ʧʝʨʚʳʭ ʪʨʸʭ ʧʘʨʘʛʨʘʬʦʚ ʧʝʨʚʦʡ ʛʣʘʚʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣ 

ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʟʘʥʷʪʠʷʭ ʩʦ ʰʢʦʣʴʥʠʢʘʤʠ 8-9 ʢʣʘʩʩʦʚ.  
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ɻʣʘʚʘ 1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ 
 

1.1. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʬʨʘʢʪʘʣʦʚ 

 

ɿʘʜʫʤʘʡʪʝʩʴ ʥʘʜ ʩʣʝʜʫʶʱʠʤʠ ʚʦʧʨʦʩʘʤʠ ʠ ʧʦʧʳʪʘʡʪʝʩʴ ʥʘ ʥʠʭ 

ʦʪʚʝʪʠʪʴ: ʂʘʢʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʚʳ ʟʥʘʝʪʝ? ʄʦʞʥʦ ʣʠ ʩ ʠʭ 

ʧʦʤʦʱʴʶ ʦʧʠʩʘʪʴ ʪʘʢʠʝ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʜʝʨʝʚʴʷ, ʦʙʣʘʢʘ, ʛʦʨʳ, 

ʤʦʣʥʠʶ? ï ʇʦʨʘʟʤʳʰʣʷʡʪʝ, ʩ ʯʝʤ ʵʪʦ ʩʚʷʟʘʥʦ. 

ɺ 1970-ʭ ʛʦʜʘʭ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ɹʝʥʫʘ ʄʘʥʜʝʣʴʙʨʦʪ ʦʪʢʨʳʣ 

ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʠʨʦʜʫ ʠ ʤʠʨ ʚ ʮʝʣʦʤ. ɿʘ ʦʩʥʦʚʫ ʦʥ ʚʟʷʣ ʦʯʝʥʴ ʧʨʦʩʪʫʶ 

ʠʜʝʶ: ʙʝʩʢʦʥʝʯʥʦʝ ʧʦ ʢʨʘʩʦʪʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʤʥʦʞʝʩʪʚʦ ʬʠʛʫʨ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʦʤʦʱʠ ʚʩʝʛʦ ʜʚʫʭ ʦʧʝʨʘʮʠʡ ï 

ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʩʪʨʘʥʥʳʤ ʠ ʧʦʚʪʦʨʷʶʱʠʤʩʷ 

ʬʦʨʤʘʤ, ʤʘʣʝʥʴʢʠʡ ʢʫʩʦʯʝʢ ʢʦʪʦʨʳʭ ʚʳʛʣʷʜʠʪ ʚ ʪʦʯʥʦʩʪʠ, ʢʘʢ ʦʙʲʝʢʪ 

ʮʝʣʠʢʦʤ, ʄʘʥʜʝʣʴʙʨʦʪ ʚ 1975 ʛʦʜʫ ʜʘʣ ʥʘʟʚʘʥʠʝ ï ʬʨʘʢʪʘʣʳ ʠ ʩʪʘʣ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʥʦʚʦʛʦ ʨʘʟʜʝʣʘ ʤʘʪʝʤʘʪʠʢʠ ï ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʇʦʥʷʪʠʷ ʬʨʘʢʪʘʣ ʠ ʬʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʩ ʩʝʨʝʜʠʥʳ 80-ʭ ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ 

ʦʙʠʭʦʜ ʢʘʢ ʤʘʪʝʤʘʪʠʢʦʚ ʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʉʣʦʚʦ ʬʨʘʢʪʘʣ ʦʙʨʘʟʦʚʘʥʦ ʦʪ ʣʘʪʠʥʩʢʠʭ ʩʣʦʚ: fractus ï ʩʣʦʤʘʥʥʳʡ, 

ʨʘʟʙʠʪʳʡ, ʜʨʦʙʥʳʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʣʘʛʦʣʘ frangere ï ʣʦʤʘʪʴ, 

ʨʘʟʣʘʤʳʚʘʪʴ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ʈʦʞʜʝʥʠʝ 

ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠʥʷʪʦ ʩʚʷʟʳʚʘʪʴ ʩ ʚʳʭʦʜʦʤ ʚ 1977 ʛʦʜʫ ʢʥʠʛʠ 

ʄʘʥʜʝʣʴʙʨʦʪʘ ɹ. çʌʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʠʨʦʜʳè. 

ʌʨʘʢʪʘʣ ï ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʚ ʢʘʢʦʤ-ʪʦ ʩʤʳʩʣʝ 

ʧʦʜʦʙʥʳ ʮʝʣʦʤʫ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʦʪʣʠʯʠʪʝʣʴʥʳʡ 

ʧʨʠʟʥʘʢ ï ʬʨʘʢʪʘʣ ʚʳʛʣʷʜʠʪ ʦʜʠʥʘʢʦʚʦ, ʚ ʢʘʢʦʤ ʙʳ ʤʘʩʰʪʘʙʝ ʤʳ ʝʛʦ ʥʝ 

ʥʘʙʣʶʜʘʣʠ. ʅʦ, ʨʘʩʧʦʣʘʛʘʷ ʪʦʣʴʢʦ ʚʥʝʰʥʠʤ ʚʠʜʦʤ, ʦʮʝʥʢʘ ʬʨʘʢʪʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʟʘʪʨʫʜʥʝʥʘ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʚʦʟʤʦʞʥʘ. 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʬʨʘʢʪʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚ: 

1. ʬʨʘʢʪʘʣ ʠʤʝʝʪ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʠʪ ʧʨʦʠʟʚʦʣʴʥʦ 

ʤʘʣʳʝ ʤʘʩʰʪʘʙʳ; 

2. ʬʨʘʢʪʘʣ ʩʣʠʰʢʦʤ ʥʝʨʝʛʫʣʷʨʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʯʪʦʙʳ ʙʳʪʴ 

ʦʧʠʩʘʥʥʳʤ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʷʟʳʢʝ; 
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3. ʬʨʘʢʪʘʣ ʠʤʝʝʪ ʬʦʨʤʫ ʩʘʤʦʧʦʜʦʙʠʷ (ʧʨʠʙʣʠʞʝʥʥʫʶ ʠʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ); 

4. ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʙʦʣʴʰʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

(ʧʦʜʨʦʙʥʝʝ ʩʤ. ʧ. 1.5); 

5. ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʬʨʘʢʪʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦ, 

ʥʘʧʨʠʤʝʨ, ʨʝʢʫʨʩʠʚʥʦ. 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʩʝ ʬʨʘʢʪʘʣʳ ï ʵʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ ʩʘʤʦʛʦ ʩʝʙʷ ʥʘ ʣʶʙʦʤ ʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ 

(ʩʘʤʦʧʦʜʦʙʠʝ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʘʤʦʧʦʜʦʙʥʳʡ ʦʙʲʝʢʪ ʚ ʪʦʯʥʦʩʪʠ ʠʣʠ 

ʧʨʠʙʣʠʞʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʴʶ ʩʝʙʷ ʩʘʤʦʛʦ, ʪʦ ʝʩʪʴ ʮʝʣʦʝ ʠʤʝʝʪ ʪʫ ʞʝ 

ʬʦʨʤʫ, ʯʪʦ ʠ ʦʜʥʘ ʠʣʠ ʙʦʣʝʝ ʯʘʩʪʝʡ. ʉʘʤʦʧʦʜʦʙʠʝ (ʩʠʤʤʝʪʨʠʷ) ï 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ ʠ ʩʢʝʡʣʠʥʛʘ 

(ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ). ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʬʨʘʢʪʘʣʘ 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʤ ʬʨʘʢʪʘʣʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʘʤʦʧʦʜʦʙʠʝ ï ʛʣʘʚʥʳʡ ʦʨʛʘʥʠʟʫʶʱʠʡ ʧʨʠʥʮʠʧ 

ʬʨʘʢʪʘʣʦʚ. ʇʦʵʪʦʤʫ ʬʨʘʢʪʘʣʳ ʙʫʜʫʪ ʥʘʧʦʤʠʥʘʪʴ ʜʨʫʛ ʜʨʫʛʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʰʢʘʣʳ. ʉʘʤʦʧʦʜʦʙʠʝ ʤʦʞʝʪ ʙʳʪʴ: 

1. çʪʦʯʥʳʤè, ʥʦ ʪʦʣʴʢʦ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ (ʥʘʧʨʠʤʝʨ, ʢʨʠʚʘʷ 

ʂʦʭʘ), 

2. çʢʘʯʝʩʪʚʝʥʥʳʤè, ʪʦ ʝʩʪʴ ʦʙʲʝʢʪ ʠʣʠ ʧʨʦʮʝʩʩ ʷʚʣʷʶʪʩʷ ʧʦʜʦʙʥʳʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʣʠ ʚʨʝʤʝʥʥʳʭ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ (ʢʘʞʜʳʡ ʤʘʩʰʪʘʙ ʥʘʧʦʤʠʥʘʝʪ ʜʨʫʛʠʝ ʤʘʩʰʪʘʙʳ, ʥʦ ʥʝ 

ʠʜʝʥʪʠʯʝʥ ʠʤ). 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʛʦʚʦʨʠʪʴ ʦ ʬʨʘʢʪʘʣʦʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. 

 

     ȶɎɗ. 1. ȷɆɒɔɕɔɊɔɇɎɋ Ɉ ɕɖɎɖɔɊɋ. 
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ʆʪ ʚʝʪʢʠ, ʢʘʢ ʠ ʦʪ ʩʪʚʦʣʘ ʜʝʨʝʚʘ, ʦʪʭʦʜʷʪ ʦʪʨʦʩʪʢʠ ʧʦʤʝʥʴʰʝ, ʦʪ ʥʠʭ ð ʝʱʝ 

ʤʝʥʴʰʠʝ, ʠ ʪ.ʜ., ʪʦ ʝʩʪʴ ʚʝʪʢʘ ʧʦʜʦʙʥʘ ʚʩʝʤʫ ʜʝʨʝʚʫ. 

    

ȶɎɗ. 2. ȵɖɎɒɋɖ çɐɆɝɋɗɘɈɋɓɓɔɉɔè ɗɆɒɔɕɔɊɔɇɎɥ ï ɉɖɆɚɎɐɎ ɐəɖɗɆ ɇɎɘɐɔɎɓɆ ɕɔ 

ɒɎɓəɘɆɒ Ɉ ɘɋɝɋɓɎɋ ɗəɘɔɐ Ɏ ɍɆ ɉɔɊ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ.  

ʌʨʘʢʪʘʣʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ: ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʨʘʢʪʘʣʳ ʧʦ ʩʧʦʩʦʙʫ ʧʦʩʪʨʦʝʥʠʷ 

(ʟʘʜʘʥʠʷ) ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ. 

1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ (ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ).   

ʕʪʦʪ ʪʠʧ ʬʨʘʢʪʘʣʦʚ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ: ʙʝʨʝʪʩʷ ʥʘʙʦʨ ʦʪʨʝʟʢʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʪʨʦʠʪʩɹʷ 

ʬʨʘʢʪʘʣ, ʟʘʪʝʤ ʢ ʵʪʦʤʫ ʥʘʙʦʨʫ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʡ 

ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʠʛʫʨʫ. ɼʘʣʝʝ ʢ ʢʘʞʜʦʡ 

ʯʘʩʪʠ ʵʪʦʡ ʬʠʛʫʨʳ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʪ ʞʝ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʠ, ʧʨʦʠʟʚʝʜʷ 

ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʤʳʩʣʝʥʥʦ), 

ʧʦʣʫʯʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʨʘʢʪʘʣ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʥʝʞʠʥʢʘ 

ʂʦʭʘ, ʢʦʚʝʨ ʉʝʨʧʠʥʩʢʦʛʦ, ʢʨʠʚʘʷ ʇʝʘʥʦ ʠ ʪ.ʜ. 

2. ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ. 

ʕʪʠ ʬʨʘʢʪʘʣʳ ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʠʥʦʛʜʘ 

ʚʝʩʴʤʘ ʧʨʦʩʪʳʭ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ᾀ Ὢᾀ ȟ ʛʜʝ ᾀ ï ʥʝʢʦʪʦʨʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ʘ 

Ὢᾀ ï ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ. ʈʘʩʯʝʪ ʬʫʥʢʮʠʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʩʣʦʚʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʥʦʞʝʩʪʚʦ 

ʄʘʥʜʝʣʴʙʨʦʪʘ, ʬʨʘʢʪʘʣʳ ʅʴʶʪʦʥʘ ʠ ɾ ʣʁʠʘ. 

3. ʉʠʩʪʝʤʳ ʠʪʝʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ (ʉʀʌ). 

ɼʘʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʣʫʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩʪʘʣʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ 

ʙʣʘʛʦʜʘʨʷ ʄ. ɹʘʨʥʩʣʠ (M. Barnsley). ʉʠʩʪʝʤʘ ʠʪʝʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʞʠʤʘʶʱʠʭ ʦʪʦʙʨʘʞʝʥʠʡ ʚʤʝʩʪʝ ʩ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʦʡ, ʟʘʜʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʪʯʠʥʩʦʥʘ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʠʪʝʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʥʘʟʳʚʘʝʪʩʷ 
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ʘʪʪʨʘʢʪʦʨʦʤ, ʧʨʠʯʝʤ ʘʪʪʨʘʢʪʦʨ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʬʨʘʢʪʘʣʴʥʳʤ ʤʥʦʞʝʩʪʚʦʤ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʉʀʌ ʩʦʩʪʦʠʪ ʠʟ ʘʬʬʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʊʝʦʨʠʷ ʠʪʝʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʩʣʫʞʠʪ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʪʝʦʨʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʠʩʪʝʤʳ ʠʪʝʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʃʠʩʪ ʧʘʧʦʨʦʪʥʠʢʘ ï ʧʨʠʤʝʨ 

ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʢʪʘʣʘ ʩ ʧʦʤʦʱʴʶ ʉʀʌ (ʨʠʩ. 3ʘ). 

Ɇ.       ɇ.  

ȶɎɗ. 3. Ɇ) ȱɎɗɘ ɕɆɕɔɖɔɘɓɎɐɆ; ɇ) ȺɖɆɐɘɆɑ çȵɑɆɍɒɆè  

4. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ (ʩʣʫʯʘʡʥʳʝ) ʬʨʘʢʪʘʣʳ. 

ɿʜʝʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ï ʜʣʷ  

ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʢʪʘʣʦʚ ʚʥʦʩʷʪʩʷ ʩʣʫʯʘʡʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. ɹʝʨʝʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʝʛʦ ʫʛʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʚʝʪ. ɼʘʣʝʝ ʥʘʭʦʜʠʪʩʷ 

ʮʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʠ ʨʘʩʢʨʘʰʠʚʘʝʪʩʷ ʚ ʮʚʝʪ, ʨʘʚʥʳʡ 

ʩʨʝʜʥʝʤʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʮʚʝʪʦʚ ʧʦ ʫʛʣʘʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʧʣʶʩ 

ʥʝʢʦʪʦʨʦʝ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ. ʏʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʝʝ ʨʚʘʥʳʤ ʙʫʜʝʪ 

ʨʠʩʫʥʦʢ (ʩʤ. ʨʠʩ. 3ʙ). ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʬʨʘʢʪʘʣʦʚ ʤʦʜʝʣʠʨʫʶʪʩʷ ʛʦʨʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʵʪʦʛʦ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʥʝ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʫʯʘʡʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʘʭ. ʅʘʦʙʦʨʦʪ, ʩʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʣʦʞʝʥ ʚ ʥʠʭ ʠʟʥʘʯʘʣʴʥʦ ʠ ʩʚʷʟʘʥ ʩʦ ʩʣʫʯʘʡʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʦʩʥʦʚʥʦʡ ʤʦʜʝʣʴʶ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʬʨʘʢʪʘʣʴʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ 

ʜʚʠʞʝʥʠʝ [1, ʩ. 270]. 

5. ʌʨʘʢʪʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ. 

ʂʣʘʩʪʝʨʳ ï ʵʪʦ  ʩʢʦʧʣʝʥʠʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʯʘʩʪʠʮ ʣʶʙʦʡ ʧʨʠʨʦʜʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʨʘʢʪʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʢʘʢ ʥʘ ʤʠʢʨʦʦʙʲʝʢʪʘʭ (ʘʪʦʤʳ, ʤʦʣʝʢʫʣ,r ʠʦʥʳ ʠ 

ʪ.ʧ.), ʪʘʢ ʠ ʥʘ ʩʠʩʪʝʤʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʚʷʟʘʥʥʳʭ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ (ʩʢʦʧʣʝʥʠʝ ʛʘʣʘʢʪʠʢ). ʌʨʘʢʪʘʣʴʥʳʡ ʢʣʘʩʪʝʨ ï ʵʪʦ 

ʬʨʘʢʪʘʣ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ  ʩʠʩʪʝʤʦʡ ʩ ʤʥʦʞʝʩʪʚʦʤ ʯʘʩʪʠʮ, ʜʚʠʞʫʱʠʭʩʷ 
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ʭʘʦʪʠʯʝʩʢʠ ʧʦ ʙʨʦʫʥʦʚʩʢʦʤʫ ʟʘʢʦʥʫ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʣʠʧʘʶʪʩʷ ʧʨʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʮʝʥʪʨʦʤ ʘʛʨʝʛʘʮʠʠ, ʠ ʦʙʨʘʟʫʶʪ ʨʘʟʚʝʪʚʣʸʥʥʳʡ ʢʣʘʩʪʝʨ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʣʷ ʩʙʦʨʢʠ ʪʘʢʠʭ ʬʨʘʢʪʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʘʛʨʝʛʘʮʠʠ (ʆɼɸ) ʠʣʠ Diffusion Limited Aggregation 

(DLA-ʤʦʜʝʣʴ).  

     

ȶɎɗ. 4. ȵɖɎɒɋɖɡ ɕɔɗɘɖɔɋɓɎɥ ɚɖɆɐɘɆɑɢɓɔɉɔ ɐɑɆɗɘɋɖɆ ɗ ɕɔɒɔɟɢɤ ȴȪȦ 

ɿʘʜʘʥʠʷ 1. 

1. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʬʨʘʢʪʘʣʦʚ  ʚ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ:  ʘ) ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ,  

ʙ) ʚ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʚ) ʩʦʟʜʘʥʥʳʝ ʯʝʣʦʚʝʢʦʤ. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ 

ʚʳʙʨʘʥʥʳʡ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ ʬʨʘʢʪʘʣʦʧʦʜʦʙʥʳʤ. 

2. ʇʦʜʙʝʨʠʪʝ ʧʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ. ʅʘʧʨʠʤʝʨ, 

ʧʘʨʘ ʢʦʰʢʘ ï ʢʦʪʸʥʦʢ ʧʦʜʦʙʥʳ, ʘ ʢʫʨʠʮʘ ï ʮʳʧʣʸʥʦʢ ʥʝ ʧʦʜʦʙʥʳ. ʏʪʦ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʦ ʧʦʜʦʙʠʠ ʛʨʘʬʠʢʦʚ ʚʘʣʶʪ ʠ ʘʢʮʠʡ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ. 

3. ʇʦʩʤʦʪʨʠʪʝ ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʡ ʬʠʣʴʤ çʌʨʘʢʪʘʣʳ. 

ʇʦʠʩʢʠ ʥʦʚʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ / Fractals. Hunting The Hidden Dimensionè, 2008ʛ. 

ʈʝʞʠʩʩʝʨ: ɹʠʣʣ ɼʞʝʨʩʠ / Bill  Jersey, ʄʘʡʢʣ ʐʚʘʨʮ / Michael Schwarz. [2] 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ˉ1 

1. ʈʝʘʣʠʟʫʡʪʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʩʪʨʦʝʥʠʝ ʬʨʘʢʪʘʣʘ çʇʣʘʟʤʘè. 

2. ʇʨʠʜʫʤʘʡʪʝ ʠ ʨʝʘʣʠʟʫʡʪʝ ʧʦʩʪʨʦʝʥʠʝ ʩʚʦʝʛʦ ʩʣʫʯʘʡʥʦʛʦ ʬʨʘʢʪʘʣʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. ʂʨʦʥʦʚʝʨ ʈ.ʄ. ʌʨʘʢʪʘʣʳ ʠ ʭʘʦʩ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ï ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 2006. ï 488 ʩ. ï ISBN 5-94836-068-7 

2. http://www.decoder.ru/list/all_6/topic_12_2/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.06.20) 

http://www.decoder.ru/list/all_6/topic_12_2/
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3. ʄʦʨʦʟʦʚ ɸ.ɼ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʬʨʘʢʪʘʣʦʚ. ʋʯʝʙ. ʧʦʩʦʙʠʝ. 

ʅ.ʅʦʚʛʦʨʦʜ: ʀʟʜ-ʚʦ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʫʥ-ʪʘ, 1999. ï 140 ʩ. ï ISBN 5-

85746-282-7   

 

1.2. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʨʘʢʪʘʣʳ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʥʘʛʣʷʜʥʳʤʠ, ʚ ʥʠʭ ʩʘʤʦʧʦʜʦʙʠʝ ʚʠʜʥʦ ʩʨʘʟʫ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ ʭʘʨʘʢʪʝʨʥʦ ʟʘʜʘʥʠʝ "ʦʩʥʦʚʳ" ʠ "ʬʨʘʛʤʝʥʪʘ", 

ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʧʨʠ ʢʘʞʜʦʤ ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʰʪʘʙʘ. ʄʝʪʦʜʠʢʘ: ʩʥʘʯʘʣʘ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʦʩʥʦʚʘ. ɿʘʪʝʤ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠ ʦʩʥʦʚʳ ʟʘʤʝʥʷʶʪʩʷ ʥʘ 

ʬʨʘʛʤʝʥʪ. ʅʘ ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʯʘʩʪʠ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʡ ʬʠʛʫʨʳ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʤʝʥʝʥʥʳʤ ʯʘʩʪʷʤ ʦʩʥʦʚʳ, ʚʥʦʚʴ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʬʨʘʛʤʝʥʪ, 

ʚʟʷʪʳʡ ʚ ʧʦʜʭʦʜʷʱʝʤ ʤʘʩʰʪʘʙʝ. ɺʩʷʢʠʡ ʨʘʟ ʤʘʩʰʪʘʙ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʛʦ ʬʨʘʢʪʘʣʘ ʥʫʞʥʦ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʵʪʘʧʦʚ. ʄʝʥʷʷ ʦʩʥʦʚʫ 

ʠ ʬʨʘʛʤʝʥʪ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʘʟʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ. 

ʄʥʦʞʝʩʪʚʦ ʂʘʥʪʦʨʘ 

ɹʝʨʸʪʩʷ ʦʪʨʝʟʦʢ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʦʥ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ 

ʨʘʚʥʳʝ ʯʘʩʪʠ, ʠ ʚʳʥʠʤʘʝʪʩʷ ʩʨʝʜʥʠʡ ʦʪʨʝʟʦʢ. ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʧʦʜʦʙʥʦʡ 

ʧʨʦʮʝʜʫʨʝ ʜʝʣʝʥʠʷ ʥʘ ʪʨʠ ʨʘʚʥʳʝ ʯʘʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʣʝʥʠʷ ʩʝʨʝʜʠʥʳ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʘʞʜʳʡ ʠʟ ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʦʪʨʝʟʢʦʚ. ʇʨʦʜʦʣʞʘʷ ʪʘʢ ʜʦ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʧʦʣʫʯʠʤ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʦʧʠʩʘʥʥʦʝ ɻʝʦʨʛʦʤ ʂʘʥʪʦʨʦʤ ʚ 

1883 ʛ. ʍʦʪʷ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʪʦʛʦ ʬʨʘʢʪʘʣʘ ʦʪʤʝʯʘʣʦʩʴ 

ʝʱʸ ɻʝʥʨʠ ʉʤʠʪʦʤ ʚ 1875 ʛ. ʅʘ ɿʘʧʘʜʝ ʧʦʜʦʙʥʳʝ ʤʥʦʞʝʩʪʚʘ ʥʘʟʳʚʘʶʪ 

ʠʥʦʛʜʘ ʧʳʣʴʶ ʂʘʥʪʦʨʘ. ʄʥʦʞʝʩʪʚʦ ʂʘʥʪʦʨʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʠʟ ʢʫʨʩʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʢ ʧʨʠʤʝʨ ʤʥʦʞʝʩʪʚʘ ʥʫʣʝʚʦʡ ʤʝʨʳ ʃʝʙʝʛʘ, ʯʴʷ 

ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ ʤʦʱʥʦʩʪʠ ʢʦʥʪʠʥʫʫʤʘ [0, 1].  

 

 
ȶɎɗ. 5. ȲɓɔɌɋɗɘɈɔ ȰɆɓɘɔɖɆ (6 ɎɘɋɖɆɜɎɏ) 



11 

 

ʂʨʠʚʘʷ ʂʦʭʘ 

ʕʪʫ ʢʨʠʚʫʶ ʧʦʩʪʨʦʠʣ ʍʝʣʴʛʝ ʬʦʥ ʂʦʭ ʚ 1904ʛ., ʢʘʢ ʧʨʠʤʝʨ ʢʨʠʚʦʡ, 

ʢʦʪʦʨʘʷ ʥʠʛʜʝ ʥʝ ʠʤʝʝʪ ʢʘʩʘʪʝʣʴʥʦʡ, ʪʦ ʝʩʪʴ ʥʠʛʜʝ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ, ʭʦʪʷ 

ʚʩʶʜʫ ʥʝʧʨʝʨʳʚʥʘ. ʕʪʘ ʢʨʠʚʘʷ ʩʘʤʦʧʦʜʦʙʥʘ: ʢʘʞʜʘʷ ʝʝ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ 

ʢʦʧʠʝʡ ʮʝʣʦʛʦ. ʂ ʪʦʤʫ ʞʝ, ʢʘʞʜʘʷ ʯʘʩʪʴ ʢʨʠʚʦʡ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʜʣʠʥʫ. 

ʇʨʦʮʝʩʩ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʙʝʨʝʤ ʝʜʠʥʠʯʥʳʡ 

ʦʪʨʝʟʦʢ, ʨʘʟʜʝʣʷʝʤ ʥʘ ʪʨʠ ʨʘʚʥʳʝ ʯʘʩʪʠ ʠ ʟʘʤʝʥʷʝʤ ʩʝʨʝʜʠʥʥʳʡ ʠʥʪʝʨʚʘʣ 

ʨʘʚʥʦʩʪʦʨʦʥʥʠʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʙʝʟ ʵʪʦʛʦ ʩʝʛʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 

ʣʦʤʘʥʘʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʪʳʨʝʭ ʟʚʝʥʴʝʚ ʜʣʠʥʳ 
3

1
. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

ʧʦʚʪʦʨʷʝʤ ʦʧʝʨʘʮʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ ʧʦʣʫʯʠʚʰʠʭʩʷ ʟʚʝʥʴʝʚ ʠ ʪ.ʜ. 

ʇʨʝʜʝʣʴʥʘʷ ʢʨʠʚʘʷ ʠ ʝʩʪʴ ʢʨʠʚʘʷ ʂʦʭʘ (ʨʠʩ. 6 ʘ). 

Ɇ ɇ  

ȶɎɗ.6. ȵɔɗɘɖɔɋɓɎɋ ɐɖɎɈɔɏ ȰɔɛɆ 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʂʦʭʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʤʢʥʫʪʦʛʦ 

ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʫʛʣʘʤʠ 30Á, 120Á ʠ 30Á. ʕʪʦʪ ʪʨʝʫʛʦʣʴʥʠʢ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ: ʦʜʠʥ ï ʧʨʘʚʠʣʴʥʳʡ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳ 

ʠʩʭʦʜʥʦʤʫ ʨʘʚʥʦʙʝʜʨʝʥʥʦʤʫ ʪʨʝʫʛʦʣʴʥʠʢʫ. ʇʨʘʚʠʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 

ʫʜʘʣʷʝʪʩʷ. ʊʨʝʪʠʡ ʰʘʛ ï ʧʦʚʪʦʨʷʝʤ ʦʧʝʨʘʮʠʶ ʢ ʢʘʞʜʦʤʫ ʠʟ ʦʩʪʘʚʰʠʭʩʷ 

ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʇʨʦʜʦʣʞʘʷ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

ʫʙʳʚʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʤʢʥʫʪʳʭ ʤʥʦʞʝʩʪʚ ʠ ʢʨʠʚʘʷ ʂʦʭʘ ï ʵʪʦ ʠʭ 

ʧʝʨʝʩʝʯʝʥʠʝ (ʨʠʩ. 6 ʙ). 

ʂʨʠʚʘʷ ʂʦʭʘ ʩʘʤʦʧʦʜʦʙʥʘ: ʢʘʞʜʘʷ ʝʝ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʢʦʧʠʝʡ ʮʝʣʦʛʦ. 

ʂʨʠʚʘʷ ʂʦʭʘ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʬʠʛʫʨ, ʢʘʢ ʦʩʪʨʦʚʘ, 

ʢʨʝʩʪʳ ʠ ʩʥʝʞʠʥʢʠ ʂʦʭʘ. ʄʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʪʨʝʭʤʝʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʨʠʚʦʡ ʂʦʭʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʪʝʪʨʘʵʜʨ ʠ ʜʦʙʘʚʣʷʷ ʤʝʥʴʰʠʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʪʝʪʨʘʵʜʨʳ ʢ ʢʘʞʜʦʡ ʝʛʦ ʛʨʘʥʠ.  

 

ʂʦʚʝʨ ʉʝʨʧʠʥʩʢʦʛʦ  

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʧʨʦʩʪʦʛʦ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʬʨʘʢʪʘʣʘ ï ʢʦʚʝʨ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1915 ʛ. ʧʦʣʴʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɺʘʮʣʘʚʦʤ ʉʝʨʧʠʥʩʢʠʤ. ɼʣʷ 
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ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʙʝʨʝʪʩʷ ʢʚʘʜʨʘʪ ʩ ʜʣʠʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. ɿʘʪʝʤ 

ʢʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ ʢʚʘʜʨʘʪʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʨʘʚʥʳʝ ʯʘʩʪʠ, ʘ ʚʝʩʴ ʢʚʘʜʨʘʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʜʝʚʷʪʴ ʦʜʠʥʘʢʦʚʳʭ ʢʚʘʜʨʘʪʠʢʦʚ ʩʦ ʩʪʦʨʦʥʦʡ ʨʘʚʥʦʡ 
3

1
. ʀʟ 

ʧʦʣʫʯʝʥʥʦʡ ʬʠʛʫʨʳ ʚʳʨʝʟʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʢʚʘʜʨʘʪ. ɿʘʪʝʤ ʪʘʢʦʡ ʞʝ 

ʧʨʦʮʝʜʫʨʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʘʞʜʳʡ ʠʟ 8 ʦʩʪʘʚʰʠʭʩʷ ʢʚʘʜʨʘʪʠʢʦʚ ʠ ʪ.ʜ.; ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ. ʇʝʨʝʩʝʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʦʙʲʝʜʠʥʝʥʠʡ ʦʩʪʘʚʰʠʭʩʷ ʢʚʘʜʨʘʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʢʦʚʨʦʤ ʉʝʨʧʠʥʩʢʦʛʦ (ʨʠʩ.7). 

ȶɎɗ.7. ȵɔɗɘɖɔɋɓɎɋ ɐɔɈɖɆ ȷɋɖɕɎɓɗɐɔɉɔ (ɓəɑɋɈɔɏ-ɝɋɘɈɋɖɘɡɏ ɣɘɆɕɡ) 

 

ʈʝʰʝʪʦ (ʩʘʣʬʝʪʢʘ) ʉʝʨʧʠʥʩʢʦʛʦ 

 

 

ȶɎɗ.8. ȵɔɗɘɖɔɋɓɎɋ ɖɋɞɋɘɆ ȷɋɖɕɎɓɗɐɔɉɔ (0-4 ɞɆɉɎ)  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʝʰʝʪʦ ʉʝʨʧʠʥʩʢʦʛʦ, 

ʠʩʧʦʣʴʟʫʷ ʚʤʝʩʪʦ ʢʚʘʜʨʘʪʘ ʪʨʝʫʛʦʣʴʥʠʢ. ʅʫʣʝʚʦʡ ʰʘʛ ï ʟʘ ʦʩʥʦʚʫ ʙʝʨʸʪʩʷ 

ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ. ʇʝʨʚʳʡ ʰʘʛ ï ʥʫʞʥʦ ʥʘʡʪʠ ʩʝʨʝʜʠʥʳ ʢʘʞʜʦʡ 
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ʠʟ ʩʪʦʨʦʥ, ʩʦʝʜʠʥʠʪʴ ʠʭ ʠ ʚʳʢʠʥʫʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʠʟ ʯʝʪʳʨʝʭ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʤʘʣʝʥʴʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɺʪʦʨʦʡ ʰʘʛ ï ʜʝʡʩʪʚʠʷ ʥʫʞʥʦ ʧʦʚʪʦʨʠʪʴ ʩ 

ʢʘʞʜʳʤ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʪʨʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʨʠ ʚʝʨʰʠʥʘʭ ʠʩʭʦʜʥʦʛʦ. 

ʇʨʦʜʦʣʞʘʷ ʧʦʚʪʦʨʷʪʴ ʰʘʛ ʟʘ ʰʘʛʦʤ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʸʪʩʷ 

ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʠʭ ʪʦʣʴʢʦ ʜʳʨʦʢ (ʨʠʩ.8).  

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ʉʝʨʧʠʥʩʢʦʛʦ ʝʱʝ ʙʦʣʴʰʝ ʧʦʭʦʞ 

ʥʘ ʦʙʳʯʥʫʶ ʩʭʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ 

ʯʘʩʪʝʡ ʦʯʝʨʝʜʥʦʛʦ ʰʘʛʘ ʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ. ɿʜʝʩʴ ʥʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʦʪʨʝʟʢʠ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʣʦʤʘʥʫʶ ʠʟ ʪʨʝʭ ʟʚʝʥʴʝʚ (ʧʦʣʫʯʝʥʥʫʶ ʥʘ 

ʧʝʨʚʦʤ ʰʘʛʝ). ʆʪʢʣʘʜʳʚʘʪʴ ʵʪʫ ʣʦʤʘʥʫʶ ʥʫʞʥʦ ʧʦʧʝʨʝʤʝʥʥʦ ʪʦ ʚʧʨʘʚʦ, ʪʦ 

ʚʣʝʚʦ. ɺʠʜʥʦ, ʯʪʦ ʫʞʝ ʥʘ ʚʦʩʴʤʦʤ ʰʘʛʝ ʢʨʠʚʘʷ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʬʨʘʢʪʘʣʫ, ʠ 

ʯʝʤ ʜʘʣʴʰʝ, ʪʝʤ ʙʣʠʞʝ ʙʫʜʝʪ ʧʦʜʙʠʨʘʪʴʩʷ ʢ ʥʝʤʫ ʣʠʥʠʷ (ʨʠʩ. 9).  

 

ȶɎɗ. 9.  ȶɋɞɋɘɔ ȷɋɖɕɎɓɗɐɔɉɔ ɕɖɎ əɐɆɍɆɓɓɡɛ ɎɘɋɖɆɜɎɥɛ 

ʉʫʱʝʩʪʚʫʶʪ ʦʙʲʝʤʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʪʘ ʉʝʨʧʠʥʩʢʦʛʦ ï ʧʠʨʘʤʠʜʘ 

ʉʝʨʧʠʥʩʢʦʛʦ ʠ ʢʦʚʨʘ ʉʝʨʧʠʥʩʢʦʛʦ ï ʛʫʙʢʘ ʄʝʥʛʝʨʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʪʨʝʭʤʝʨʥʦʡ ʚʝʨʩʠʠ ʢʦʚʨʘ ʟʘ ʦʩʥʦʚʫ ʙʝʨʫʪ ʢʫʙ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʨʝʟʘʶʪ 

ʤʘʣʝʥʴʢʠʝ ʢʫʙʳ. ʇʦʣʫʯʝʥʥʳʡ ʬʨʘʢʪʘʣ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʨʘʟʨʝʟ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. 

ʇʦʵʪʦʤʫ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʨʘʢʪʘʣʦʚ ʚ ʩʦʟʜʘʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʢʦʩʪʝʡ ʠ ʩʫʩʪʘʚʦʚ. 

 
ȶɎɗ.10. ȩəɇɐɆ ȲɋɓɉɋɖɆ [1]  Ɏ ɕɎɖɆɒɎɊɆ ȷɋɖɕɎɓɗɐɔɉɔ [2]   
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ʂʘʥʪʦʨʦʚʘ ʧʳʣʴ ʥʘ ʢʚʘʜʨʘʪʝ 

ɿʘ ʦʩʥʦʚʫ ʚʥʦʚʴ ʙʝʨʸʤ ʢʚʘʜʨʘʪ, ʥʦ ʪʝʧʝʨʴ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ 

ʫʜʘʣʝʥʠʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʢʚʘʜʨʘʪʘ çʢʨʝʩʪʘè, ʦʩʪʘʚʣʷʷ 4 ʢʚʘʜʨʘʪʠʢʘ ʧʨʠ 

ʚʝʨʰʠʥʘʭ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ. 

 
ȶɎɗ.11. ȰɆɓɘɔɖɔɈɆ ɕɡɑɢ ɓɆ ɐɈɆɊɖɆɘɋ 

 

ɼʝʨʝʚʦ ʇʠʬʘʛʦʨʘ 

ʇʠʬʘʛʦʨ, ʜʦʢʘʟʳʚʘʷ ʩʚʦʶ ʟʥʘʤʝʥʠʪʫʶ ʪʝʦʨʝʤʫ, ʧʦʩʪʨʦʠʣ ʬʠʛʫʨʫ, ʛʜʝ ʥʘ 

ʩʪʦʨʦʥʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʢʚʘʜʨʘʪʳ. ɺ ʧʨʦʰʣʦʤ 

ʚʝʢʝ ʵʪʘ ʬʠʛʫʨʘ ʇʠʬʘʛʦʨʘ ʚʳʨʦʩʣʘ ʚ ʮʝʣʦʝ ʜʝʨʝʚʦ. ɺʧʝʨʚʳʝ ʜʝʨʝʚʦ ʇʠʬʘʛʦʨʘ 

ʧʦʩʪʨʦʠʣ ɸ. ɽ. ɹʦʩʤʘʥ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ, ʠʩʧʦʣʴʟʫʷ ʦʙʳʯʥʫʶ 

ʯʝʨʪʸʞʥʫʶ ʣʠʥʝʡʢʫ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʜʝʨʝʚʝ ʇʠʬʘʛʦʨʘ ʫʛʣʳ ʧʨʠ ʦʩʥʦʚʘʥʠʠ 

ʨʘʚʥʳ 45Á. ɿʘ ʦʩʥʦʚʫ ʙʝʨʸʤ ʢʚʘʜʨʘʪ. ʉʣʝʜʫʶʱʠʡ ʰʘʛ ï ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ 

ʩʪʨʦʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʫʛʣʘʤʠ 45Á ʧʨʠ ʦʩʥʦʚʘʥʠʠ. ɿʘʪʝʤ ʥʘ 

ʢʘʪʝʪʘʭ ʵʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʪʨʦʠʤ ʢʚʘʜʨʘʪʳ (çʧʠʬʘʛʦʨʦʚʳ ʰʪʘʥʳè). 

ʇʦʚʪʦʨʷʝʤ ʧʨʦʮʝʩʩ ʜʣʷ ʢʘʞʜʦʛʦ ʢʚʘʜʨʘʪʘ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʫʛʣʳ, ʪʦ 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠ ʦʙʦʙʱʸʥʥʦʝ ʜʝʨʝʚʦ ʇʠʬʘʛʦʨʘ. ʊʘʢʦʝ ʜʝʨʝʚʦ ʯʘʩʪʦ 

ʥʘʟʳʚʘʶʪ ʦʙʜʫʚʘʝʤʦʝ ʚʝʪʨʦʤ ʜʝʨʝʚʦ ʇʠʬʘʛʦʨʘ. 

    

ȶɎɗ.12. ȰɑɆɗɗɎɝɋɗɐɔɋ Ɏ ɔɇɊəɈɆɋɒɔɋ Ɉɋɘɖɔɒ ɊɋɖɋɈɔ ȵɎɚɆɉɔɖɆ 

ʂʨʠʚʘʷ (ʢʦʣʙʘʩʘ) ʄʠʥʢʦʚʩʢʦʛʦ 

ʕʪʦʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʨʘʢʪʘʣ  ʧʨʝʜʣʦʞʝʥ ɻʝʨʤʘʥʦʤ 

ʄʠʥʢʦʚʩʢʠʤ. ɿʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʦʪʨʝʟʦʢ, ʬʨʘʛʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʣʦʤʘʥʘʷ ʠʟ 

ʚʦʩʴʤʠ ʟʚʝʥʴʝʚ (ʜʚʘ ʨʘʚʥʳʭ ʟʚʝʥʘ ʧʨʦʜʦʣʞʘʶʪ ʜʨʫʛ ʜʨʫʛʘ). ʅʘ ʩʣʝʜʫʶʱʝʤ 
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ʰʘʛʝ ʧʦʚʪʦʨʷʝʤ ʧʨʦʮʝʜʫʨʫ ʢ ʢʘʞʜʦʤʫ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʪʨʝʟʢʦʚ ʣʦʤʘʥʦʡ. ʕʪʘ 

ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʥʠʛʜʝ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ, ʥʝ ʩʧʨʷʤʣʷʝʤʦʡ ʠ ʥʝ ʠʤʝʝʪ 

ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ. 

 

ȶɎɗ.13. ȵɋɖɈɡɋ ɣɘɆɕɡ ɕɔɗɘɖɔɋɓɎɥ ɐɔɑɇɆɗɡ ȩ. ȲɎɓɐɔɈɗɐɔɉɔ 

ʂʨʠʚʘʷ ʃʝʚʠ 

ʌʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʇʦʣʴ ʃʝʚʠ (1886-1971) ʙʳʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʫʯʝʥʳʭ, ʢʦʪʦʨʳʡ ʠʟʫʯʘʣ ʬʨʘʢʪʘʣʴʥʳʝ ʢʨʠʚʳʝ. ʆʥ ʧʦʩʪʨʦʠʣ ʥʝ ʩʧʨʷʤʣʷʝʤʫʶ 

ʢʨʠʚʫʶ, ʢʦʪʦʨʘʷ ʥʠʛʜʝ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ ʠʤʝʝʪ ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʦʯʢʠ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʃʝʚʠ ʟʘ ʦʩʥʦʚʫ ʚʦʟʴʤʝʤ  

ʦʪʨʝʟʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʩʪʨʦʠʤ ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 

ʙʝʟ ʛʠʧʦʪʝʥʫʟʳ, ʟʘʪʝʤ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ ʟʘʤʝʥʠʤ ʪʘʢʠʤ ʞʝ ʬʨʘʛʤʝʥʪʦʤ ʠ, 

ʧʦʚʪʦʨʷʷ ʵʪʫ ʦʧʝʨʘʮʠʶ, ʚ ʧʨʝʜʝʣʝ ʧʦʣʫʯʠʤ ʬʨʘʢʪʘʣʴʥʫʶ ʢʨʠʚʫʶ ʃʝʚʠ. 

 

ȶɎɗ.14. ȵɋɖɈɡɋ ɣɘɆɕɡ ɕɔɗɘɖɔɋɓɎɥ ɐɖɎɈɔɏ ȵ. ȱɋɈɎ [3]  

ɼʨʘʢʦʥ ʍʘʨʪʝʨʘ ï ʍʝʡʪʫʵʷ 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʩʘʤʦʧʦʜʦʙʥʦʡ ʢʨʠʚʦʡ ʷʚʣʷʝʪʩʷ çʢʨʠʚʘʷ 

ʜʨʘʢʦʥʘè, ʧʨʠʜʫʤʘʥʥʘʷ ɼʞʦʥʦʤ ʍʝʡʪʫʵʝʤ. ʅʘʟʚʘʥʘ ʦʥʘ ʪʘʢ ʠʟ-ʟʘ ʩʭʦʜʩʪʚʘ ʩ 
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ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʠʪʘʡʩʢʠʤʠ ʜʨʘʢʦʥʘʤʠ.  ɿʘ ʦʩʥʦʚʫ ʚʦʟʴʤʝʤ ʦʪʨʝʟʦʢ. ɿʘʪʝʤ 

ʧʦʚʝʨʥʝʤ ʝʛʦ ʥʘ 90Á ʚʦʢʨʫʛ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʠ ʜʦʙʘʚʠʤ ʧʦʣʫʯʝʥʥʳʡ ʦʪʨʝʟʦʢ 

ʢ ʠʩʭʦʜʥʦʤʫ. ʇʦʣʫʯʠʤ ʫʛʦʣ ʠʟ ʜʚʫʭ ʦʪʨʝʟʢʦʚ. ʇʦʚʪʦʨʠʤ ʦʧʠʩʘʥʥʫʶ 

ʧʨʦʮʝʜʫʨʫ, ʧʦʚʝʨʥʫʚ ʫʛʦʣ ʥʘ 90Á ʚʦʢʨʫʛ ʚʝʨʰʠʥʳ ʠ ʜʦʙʘʚʠʚ ʧʦʣʫʯʝʥʥʫʶ 

ʣʦʤʘʥʫʶ ʢ ʠʩʭʦʜʥʦʡ. ʇʦʚʪʦʨʷʷ ʰʘʛʠ, ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʣʦʤʘʥʳʝ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʜʨʘʢʦʥʘ. 

 

ȶɎɗ.15. ȵɋɖɈɡɋ 8 ɣɘɆɕɔɈ ɕɔɗɘɖɔɋɓɎɥ ɊɖɆɐɔɓɆ 

ʂʨʠʚʘʷ ʇʝʘʥʦ 

ɼʞʫʟʝʧʧʝ ʇʝʘʥʦ ʚ 1890ʛ. ʧʦʩʪʨʦʠʣ ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ, ʯʴʷ ʦʙʣʘʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ï ʦʪʨʝʟʦʢ, ʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ï ʢʚʘʜʨʘʪ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʟʜʝʩʴ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʦʪʨʝʟʦʢ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʳʡ ʥʘ 

ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʟʘʤʝʥʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 16. ʆʥ ʩʦʩʪʦʠʪ 

ʠʟ 9 ʦʪʨʝʟʢʦʚ ʜʣʠʥʳ  1/3, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʜ ʧʨʷʤʳʤ  ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ɿʘʪʝʤ ʢʘʞʜʳʡ ʠʟ ʦʪʨʝʟʢʦʚ ʜʣʠʥʦʡ 1/3 ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʬʠʛʫʨʳ  ʘʥʘʣʦʛʠʯʥʦ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʩʘʤʦʧʦʜʦʙʥʘʷ 

ʥʝʧʨʝʨʳʚʥʘʷ ʢʨʠʚʘʷ, ʧʣʦʪʥʦ ʟʘʧʦʣʥʷʶʱʘʷ ʢʚʘʜʨʘʪʥʫʶ ʦʙʣʘʩʪʴ. 

 

ȶɎɗ.16. ȺɖɆɉɒɋɓɘ ɕɔɗɘɖɔɋɓɎɥ ɐɖɎɈɔɏ ȵɋɆɓɔ 

ɿʘʜʘʥʠʷ 2.  

1. ʅʘʡʜʠʪʝ ʩʫʤʤʫ ʜʣʠʥ ʦʪʨʝʟʢʦʚ, ʫʜʘʣʝʥʥʳʭ ʠʟ ʤʥʦʞʝʩʪʚʘ  ʂʘʥʪʦʨʘ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ. 
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2. ʇʦʩʪʨʦʡʪʝ ʤʥʦʞʝʩʪʚʦ ʂʘʥʪʦʨʘ (6-7 ʵʪʘʧʦʚ), ʧʨʠ ʜʝʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ 

ʦʪʨʝʟʢʘ ʥʘ 5 ʯʘʩʪʝʡ ʠ ʫʜʘʣʝʥʠʷ ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʨʝʟʢʘ, ʜʣʠʥʦʡ 

1/5 ʦʪ ʠʩʭʦʜʥʦʛʦ. ʏʝʤʫ ʨʘʚʥʘ ʩʫʤʤʘ ʜʣʠʥ ʦʪʨʝʟʢʦʚ, ʫʜʘʣʝʥʥʳʭ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ? 

3. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʧʳʣʴ ʂʘʥʪʦʨʘ: ʘ) ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʤʝʨʫ ʃʝʙʝʛʘ; ʙ) ʥʝ 

ʩʦʜʝʨʞʠʪ ʠʥʪʝʨʚʘʣʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʣʠʥʳ;  ʚ) ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ, 

ʨʘʚʥʫʶ ʤʦʱʥʦʩʪʠ ʢʦʥʪʠʥʫʫʤʘ [0, 1]. 

4. ʅʘʡʜʠʪʝ ʜʣʠʥʫ ʢʨʠʚʦʡ ʂʦʭʘ. 

5. ɸ) ʇʨʦʜʝʣʘʡʪʝ ʧʝʨʚʳʝ 6 ʠʪʝʨʘʮʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʥʝʞʠʥʢʠ ʂʦʭʘ, ʚʟʷʚ 

ʟʘ ʦʩʥʦʚʫ ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʧʦʚʪʦʨʷʷ ʜʣʷ ʢʘʞʜʦʡ ʝʛʦ 

ʩʪʦʨʦʥʳ ʪʝ ʞʝ ʦʧʝʨʘʮʠʠ, ʯʪʦ ʠ ʜʣʷ ʦʪʨʝʟʢʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʫʯʘʝʤ 

ʰʝʩʪʠʢʦʥʝʯʥʫʶ ʟʚʝʟʜʫ (ʠʣʠ ʟʚʝʟʜʫ ɼʘʚʠʜʘ). ɺʪʦʨʦʡ ʰʘʛ ï ʥʘ ʢʘʞʜʦʡ ʠʟ 

ʩʪʦʨʦʥ ʟʚʝʟʜʳ ʧʦʚʪʦʨʷʝʤ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʂʦʭʘ. ɹ) ʏʝʤʫ 

ʙʫʜʝʪ ʨʘʚʝʥ ʧʝʨʠʤʝʪʨ ʧʦʣʫʯʝʥʥʦʡ ʩʥʝʞʠʥʢʠ ʂʦʭʘ? ɺ) çʉʥʝʞʠʥʢʘ ʂʦʭʘ 

ʥʘʦʙʦʨʦʪè ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ ʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʂʦʭʘ ʚʥʫʪʨʴ ʠʩʭʦʜʥʦʛʦ 

ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʨʦʜʝʣʘʡʪʝ ʧʝʨʚʳʝ ʧʷʪʴ ʠʪʝʨʘʮʠʡ. 

6. ʇʦʩʪʨʦʡʪʝ ʧʝʨʚʳʝ 4 ʰʘʛʘ ʢʚʘʜʨʘʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʨʠʚʦʡ ʂʦʭʘ, ʢʦʛʜʘ ʥʘ 

ʠʩʭʦʜʥʦʤ ʦʪʨʝʟʢʝ ʚʤʝʩʪʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʜʦʩʪʨʘʠʚʘʶʪʩʷ ʢʚʘʜʨʘʪʳ. 

ʉʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 17? 

 
ȶɎɗ.17. ȰɈɆɊɖɆɘɓɡɏ ɈɆɖɎɆɓɘ ɐɖɎɈɔɏ ȰɔɛɆ 

7. ɸ) ʇʦʩʪʨʦʡʪʝ ʦʩʪʨʦʚ ʂʦʭʘ (5 ʰʘʛʦʚ). ɿʘ ʦʩʥʦʚʫ ʥʫʞʥʦ ʚʟʷʪʴ ʢʚʘʜʨʘʪ ʠ 

ʥʘ ʢʘʞʜʦʡ ʝʛʦ ʩʪʦʨʦʥʝ ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʝ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʂʦʭʘ. ɹ) ʇʦʩʪʨʦʡʪʝ ʢʨʝʩʪ ʂʦʭʘ (5 ʰʘʛʦʚ). ɿʘ 

ʦʩʥʦʚʫ ʙʝʨʸʪʩʷ ʢʚʘʜʨʘʪ, ʘ ʧʦʩʪʨʦʝʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʨʦʚʘ ʧʨʦʚʦʜʷʪʩʷ 

ʚʥʫʪʨʴ ʢʚʘʜʨʘʪʘ. ɺ) ʇʦʩʪʨʦʡʪʝ ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʚʦʡ 

ʂʦʭʘ, ʢʦʛʜʘ ʟʘ ʦʩʥʦʚʫ ʙʝʨʸʪʩʷ ʪʝʪʨʘʵʜʨ ʠ ʢ ʢʘʞʜʦʡ ʛʨʘʥʠ ʜʦʙʘʚʣʷʶʪʩʷ 

ʤʝʥʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʪʝʪʨʘʵʜʨʳ (ʩʤ. ʩ.11). 

8. ʇʨʠʜʫʤʘʡʪʝ ʩʚʦʶ ʤʦʜʠʬʠʢʘʮʠʶ ʢʨʠʚʦʡ ʂʦʭʘ. 

9. ʅʘʡʜʠʪʝ ʧʣʦʱʘʜʴ ʢʦʚʨʘ ʠ ʨʝʰʝʪʘ ʉʝʨʧʠʥʩʢʦʛʦ. 
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10.  ʅʘʡʜʠʪʝ ʧʝʨʠʤʝʪʨ ʢʘʨʢʘʩʘ (ʪʦ ʝʩʪʴ ʩʫʤʤʫ ʧʝʨʠʤʝʪʨʦʚ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʠʣʠ ʢʚʘʜʨʘʪʦʚ, ʚʭʦʜʷʱʠʭ ʚʦ ʬʨʘʢʪʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ) ʨʝʰʝʪʘ ʠ ʢʦʚʨʘ 

ʉʝʨʧʠʥʩʢʦʛʦ. 

11. ʇʨʠʜʫʤʘʡʪʝ ʩʚʦʠ ʚʘʨʠʘʥʪʳ ʬʨʘʢʪʘʣʦʚ (ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʝ, ʢʚʘʜʨʘʪʝ, 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʝ ʠ ʪ.ʧ.). 

12. ʆʜʥʠʤ ʠʟ ʩʚʦʡʩʪʚ ʜʝʨʝʚʘ ʇʠʬʘʛʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʩʣʠ ʧʣʦʱʘʜʴ 

ʧʝʨʚʦʛʦ ʢʚʘʜʨʘʪʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʪʦ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ 

ʢʚʘʜʨʘʪʦʚ ʪʦʞʝ ʙʫʜʝʪ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ɼʦʢʘʞʠʪʝ. 

13.  ɽʩʣʠ ʠʟʦʙʨʘʞʘʪʴ ʪʦʣʴʢʦ ʦʪʨʝʟʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ 

ʚʳʙʨʘʥʥʳʝ çʮʝʥʪʨʳè ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʦʙʥʘʞʝʥʥʦʝ ʜʝʨʝʚʦ 

ʇʠʬʘʛʦʨʘ. ʇʦʩʪʨʦʡʪʝ ʧʝʨʚʳʝ 5-6 ʠʪʝʨʘʮʠʡ. 

14.  ʇʦʩʪʨʦʡʪʝ ʜʝʨʝʚʦ ʇʠʬʘʛʦʨʘ ʥʘ ʨʘʚʥʦʩʪʦʨʦʥʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ, ʪʦ ʝʩʪʴ 

ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʫʛʣʳ ʠʩʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʨʘʚʥʳ 60Á. 

15. ɼʘʡʪʝ ʩʣʦʚʝʩʥʦʝ ʦʧʠʩʘʥʠʝ (ʠʣʠ ʤʝʪʦʜʠʢʫ) ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʢʪʘʣʘ, 

ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 18. 

 
ȶɎɗ.18. ȵɋɖɈɡɋ ɣɘɆɕɡ ɕɔɗɘɖɔɋɓɎɥ ɐ ɍɆɊɆɓɎɤ 2.15 

16.  ʇʦʩʪʨʦʡʪʝ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʦʩʪʨʦʚʘ ʃʝʚʠ, ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ ʢʚʘʜʨʘʪ, ʠ 

ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʧʦʚʪʦʨʷʷ ʧʨʦʮʝʜʫʨʫ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʃʝʚʠ.  

17.  ɼʘʡʪʝ ʩʣʦʚʝʩʥʦʝ ʦʧʠʩʘʥʠʝ  ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ɼʘʚʠʜʘ ɻʠʣʴʙʝʨʪʘ (ʨʠʩ. 

19 ʘ) ʠ ʝʸ ʪʨʝʭʤʝʨʥʦʛʦ ʘʥʘʣʦʛʘ ï ʢʫʙʘ ɻʠʣʴʙʝʨʪʘ (ʨʠʩ. 19 ʙ). 

Ɇ  ɇ  

ȶɎɗ.19. ȵɔɗɘɖɔɋɓɎɋ ɐɖɎɈɔɏ (Ɇ, ɕɋɖɈɡɋ 3 ɞɆɉɆ) Ɏ ɐəɇɆ (ɇ) ȩɎɑɢɇɋɖɘɆ [4,5]  

18. ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʧʦʣʦʩʢʦʡ ʙʫʤʘʛʠ. ʂʨʠʚʫʶ ʜʨʘʢʦʥʘ ʤʦʞʥʦ ʙʫʢʚʘʣʴʥʦ 

ʧʦʩʪʨʦʠʪʴ ʩʚʦʠʤʠ ʨʫʢʘʤʠ, ʚʟʷʚ ʜʣʷ ʵʪʦʛʦ ʜʣʠʥʥʫʶ ʠ ʦʯʝʥʴ ʫʟʢʫʶ 

ʧʦʣʦʩʢʫ ʙʫʤʘʛʠ. ʉʣʦʞʠʪʝ ʝʸ ʧʦʧʦʣʘʤ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ. ʈʘʟʦʛʥʠʪʝ ʙʫʤʘʛʫ ʪʘʢ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘʣʩʷ ʫʛʦʣ 90Á ʚ ʤʝʩʪʘʭ ʩʛʠʙʦʚ, 

ʠ ʨʘʟʣʦʞʠʪʝ ʧʦʣʦʩʢʫ ʥʘ ʩʪʦʣʝ. ʇʝʨʝʜ ʚʘʤʠ ʧʦʷʚʠʣʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ 

ʬʨʘʢʪʘʣ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʂʨʠʚʘʷ ʜʨʘʢʦʥʘè. 
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ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ˉ2 

ʈʝʘʣʠʟʫʡʪʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʩʪʨʦʝʥʠʝ ʣʶʙʳʭ ʪʨʝʭ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʨʘʢʪʘʣʦʚ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. https://w-dog.ru/wallpapers/0/6/362496634893131/gubka-menger-kub.jpg 

2. http://www.palmyria.co.uk/illusions/geometry/sierpinskitetrahedron3.png 

3. https://elementy.ru/posters/fractals/Levy/images/posters/levy_600.gif 

4. https://faculty.bard.edu/~belk/math323/Homework9Pict3.png 

5. https://mtdata.ru/u1/photo0CF2/20462349536-0/original.jpg 

6. ʄʦʨʦʟʦʚ ɸ.ɼ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʬʨʘʢʪʘʣʦʚ. ʋʯʝʙ. ʧʦʩʦʙʠʝ.ï ʅ. ʅʦʚʛʦʨʦʜ: 

ʀʟʜ-ʚʦ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʫʥ-ʪʘ, 1999. ï 140 ʩ. ï ISBN 5-85746-282-7 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ 

ʃʠʥʜʝʥʤʘʡʝʨʘ ʠ ʘʬʬʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

 

1.3. ʉʠʩʪʝʤʳ ʃʠʥʜʝʥʤʘʡʝʨʘ 

 

ɺ 1968 ʛ. ʚʝʥʛʝʨʩʢʠʡ ʙʠʦʣʦʛ ɸʨʠʩʪʠʜ ʃʠʥʜʝʥʤʘʡʝʨ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʩʠʥʝ-ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ, ʨʘʟʨʘʙʦʪʘʣ L-ʩʠʩʪʝʤʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʣʠʰʴ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʩʪʳʭ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʨʘʩʪʝʥʠʡ. ʅʦ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ 

ʨʝʢʫʨʩʠʚʥʦʩʪʠ ʧʨʘʚʠʣ L-ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʣʝʛʢʦ ʩʪʨʦʠʪʴ ʬʨʘʢʪʘʣʳ ï 

ʤʥʦʞʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʩʚʦʡʩʪʚʦ ʩʘʤʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʦʙʲʝʢʪʳ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʱʠʝ ʩʦ ʩʚʦʝʡ ʯʘʩʪʴʶ. 

ʉʠʩʪʝʤʘ ʃʠʥʜʝʥʤʘʡʝʨʘ, ʩʪʘʣʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʝʨʝʟʘʧʠʩʳʚʘʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʠ ʪʠʧʦʤ ʬʦʨʤʘʣʴʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. ɽʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʢʦʨʪʝʞ 

ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: Ὃ ὠȟύȟὖȟ ʛʜʝ ὠ ï ʘʣʬʘʚʠʪ, ύ ï ʘʢʩʠʦʤʘ, ὖ ï 

ʧʦʨʦʞʜʘʶʱʝʝ ʧʨʘʚʠʣʦ. ɼʘʜʠʤ ʧʦʷʩʥʝʥʠʷ ʵʪʠʤ ʧʦʥʷʪʠʷʤ.  ɸʣʬʘʚʠʪ ï ʵʪʦ 

ʤʥʦʞʝʩʪʚʦ ʩʠʤʚʦʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʥʘʰʠ ʧʨʘʚʠʣʘ ʠ ʘʢʩʠʦʤʘ. ɸʢʩʠʦʤʘ ï 

ʩʪʨʦʢʘ ʩʠʤʚʦʣʦʚ, ʩ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʟʤ ʧʝʨʝʚʦʜʘ ʠ 

ʛʝʥʝʨʘʮʠʠ ʩʪʨʦʢ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʇʦʨʦʞʜʘʶʱʝʝ ʧʨʘʚʠʣʦ ï 

ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʦ, ʥʘ ʢʘʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʫʪ 

https://w-dog.ru/wallpapers/0/6/362496634893131/gubka-menger-kub.jpg
http://www.palmyria.co.uk/illusions/geometry/sierpinskitetrahedron3.png
https://elementy.ru/posters/fractals/Levy/images/posters/levy_600.gif
https://faculty.bard.edu/~belk/math323/Homework9Pict3.png
https://mtdata.ru/u1/photo0CF2/20462349536-0/original.jpg
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ʠʟʤʝʥʷʪʴʩʷ ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʝ, ʥʘʯʠʥʘʷ ʩ ʘʢʩʠʦʤʳ. ʇʨʘʚʠʣʘ 

ʩʠʩʪʝʤ ʃʠʥʜʝʥʤʘʡʝʨʘ ʧʨʠʤʝʥʷʶʪʩʷ ʠʪʝʨʘʪʠʚʥʦ, ʥʘʯʠʥʘʷ ʩ ʘʢʩʠʦʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, L-ʩʠʩʪʝʤʦʡ ʥʘʟʳʚʘʶʪ ʥʘʙʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʣʬʘʚʠʪʘ 

(ʩʠʤʚʦʣʦʚ), ʘʢʩʠʦʤʳ, ʠ ʤʥʦʞʝʩʪʚʘ ʧʨʘʚʠʣ. ɸʢʩʠʦʤʘ ï ʵʪʦ ʧʝʨʚʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʥʘʯʘʣʴʥʘʷ ʬʠʛʫʨʘ) ʩʠʩʪʝʤʳ. ʇʨʘʚʠʣʘ ʫʢʘʟʳʚʘʶʪ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʘʢʩʠʦʤʫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʦʚʥʷ ʢ ʫʨʦʚʥʶ (ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ 

ʰʘʛʘʤʠ). ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʠʩʪʝʤʘ ʟʘʜʘʥʘ, ʠ ʚʩʝ ʰʘʛʠ ʚʳʧʦʣʥʝʥʳ, ʫ ʥʘʩ 

ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʠʩʧʦʣʴʟʫʷ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʘʥʜʳ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʦ ʟʘʜʘʥʠʶ ʧʨʘʚʠʣ ʚʳʜʝʣʷʶʪ 4 ʚʠʜʘ L-ʩʠʩʪʝʤ [2]: 

Å ʂʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʝ: ʝʩʣʠ ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ 

ʦʪʜʝʣʴʥʦʤʫ ʩʠʤʚʦʣʫ, ʘ ʥʝ ʢ ʩʦʩʝʜʥʠʤ.  

Å ʂʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ: ʧʦʩʪʨʦʝʥʠʝ ʧʨʘʚʠʣ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʠʤʚʦʣʘ, ʥʦ ʠ ʦʪ ʩʦʩʝʜʥʠʭ ʩʠʤʚʦʣʦʚ. 

Å ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ: ʝʩʣʠ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʘʚʠʣ ʠ ʢʘʞʜʘʷ ʚʳʙʠʨʘʝʪʩʷ 

ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ. 

Å ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ: ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ʟʘʜʘʥʦ ʪʦʣʴʢʦ 

ʦʜʥʦ ʧʨʘʚʠʣʦ. 

ʆʨʠʛʠʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʃʠʥʜʝʥʤʘʡʝʨʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʟʘʜʘʸʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʇʨʠʤʝʨ 1: ʚʦʜʦʨʦʩʣʠ 

ʧʝʨʝʤʝʥʥʳʝ: A, B  

ʢʦʥʩʪʘʥʪʳ: ʥʝʪ  

ʘʢʩʠʦʤʘ: A  

ʧʨʘʚʠʣʘ: A Ÿ AB, B Ÿ A 

ʉʠʩʪʝʤʘ ʜʘʸʪ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʩʦʩʪʦʷʥʠʷ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ: 

ʀʪʝʨʘʮʠʠ ʉʦʩʪʦʷʥʠʝ 

0 A 

1 AB 

2 ABA 

3 ABAAB  

4 ABAABABA  

5 ABAABABAABAAB  

6 ABAABABAABAABABAABABA  
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ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʠʥʳ ʩʪʨʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʦʙʨʘʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ ʌʠʙʦʥʘʯʯʠ, ʪʦ ʝʩʪʴ ʪʘʢʫʶ ʯʠʩʣʦʚʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʦʝ ʯʠʩʣʦ ʨʘʚʥʷʝʪʩʷ ʩʫʤʤʝ ʜʚʫʭ 

ʧʨʝʜʳʜʫʱʠʭ.  

ʅʘʰʝ ʠʟʣʦʞʝʥʠʝ L-ʩʠʩʪʝʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʫʯʘʝʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

(ʪʦ ʝʩʪʴ ʟʘʜʘʥʥʳʭ ʯʝʪʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʪʨʦʝʥʠʷ) L-ʩʠʩʪʝʤ ʠ ʛʨʘʬʠʢʦʡ ʥʘ 

ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ L-ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʩʠʩʪʝʤʳ 

ʚʳʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʝʨʪʣ-ʛʨʘʬʠʢʘ (turtle ï ʯʝʨʝʧʘʭʘ). 

ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʝʸ ʝʱʸ ʥʘʟʳʚʘʶʪ çʯʝʨʝʧʘʰʴʶ ʛʨʘʬʠʢʘè. ʊʦʯʢʘ (ʯʝʨʝʧʘʰʢʘ) 

ʜʚʠʞʝʪʩʷ ʧʦ ʵʢʨʘʥʫ ʜʠʩʢʨʝʪʥʳʤʠ ʰʘʛʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʯʝʨʯʠʚʘʷ ʩʚʦʡ 

ʩʣʝʜ, ʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʝʟ ʨʠʩʦʚʘʥʠʷ. ɺ ʥʘʰʝʤ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʤʝʶʪʩʷ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ὼȟώȟ, ʛʜʝ ὼȟώ ï ʢʦʦʨʜʠʥʘʪʳ 

ʯʝʨʝʧʘʰʢʠ,  ï ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʩʤʦʪʨʠʪ. ʏʝʨʝʧʘʰʢʘ ʦʙʫʯʝʥʘ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʘʥʜ, ʟʘʜʘʚʘʝʤʳʭ 

ʢʦʜʦʚʳʤ ʩʣʦʚʦʤ, ʙʫʢʚʳ ʢʦʪʦʨʦʛʦ ʯʠʪʘʶʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. ʂʦʜʦʚʦʝ ʩʣʦʚʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ L-ʩʠʩʪʝʤʳ ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʙʫʢʚʳ: 

Ὂ ï ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʚʧʝʨʝʜ ʥʘ ʦʜʠʥ ʰʘʛ, ʧʨʦʨʠʩʦʚʳʚʘʷ ʩʣʝʜ, 

Ὢ ï ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʚʧʝʨʝʜ ʥʘ ʦʜʠʥ ʰʘʛ, ʥʝ ʧʨʦʨʠʩʦʚʳʚʘʷ ʩʣʝʜ, 

[ ï ʦʪʢʨʳʪʴ ʚʝʪʚʴ (ʢʦʤʘʥʜʘ ʚʝʪʚʣʝʥʠʷ), 

] ï ʟʘʢʨʳʪʴ ʚʝʪʚʴ (ʢʦʤʘʥʜʘ ʚʝʪʚʣʝʥʠʷ), 

+ ï ʫʚʝʣʠʯʠʪʴ ʫʛʦʣ Ŭ ʥʘ ʚʝʣʠʯʠʥʫ ɗ, 

ï ï  ʫʤʝʥʴʰʠʪʴ ʫʛʦʣ Ŭ ʥʘ ʚʝʣʠʯʠʥʫ ɗ. 

ʈʘʟʤʝʨ ʰʘʛʘ ʠ ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʧʦ ʫʛʣʫ ɗ ʟʘʜʘʶʪʩʷ ʟʘʨʘʥʝʝ ʠ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʣʷ ʚʩʝʭ ʧʝʨʝʤʝʱʝʥʠʡ ʯʝʨʝʧʘʰʢʠ. ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ Ŭ (ʫʛʦʣ, ʦʪʩʯʠʪʳʚʘʝʤʳʡ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʘʙʩʮʠʩʩ) ʥʝ ʫʢʘʟʘʥʦ, ʪʦ ʧʦʣʘʛʘʶʪ Ŭ ʨʘʚʥʳʤ ʥʫʣʶ. ʂʦʤʘʥʜʳ 

ʚʝʪʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʠ ʨʘʩʪʝʥʠʡ, ʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʯʘʩʪʦ ʦʙʦʟʥʘʯʘʶʪʩʷ X ʠ Y) ʟʘʤʝʪʥʦ ʦʙʣʝʛʯʘʶʪ 

ʧʦʩʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ L-ʩʠʩʪʝʤ. ʉʠʤʚʦʣʳ +,  ï, ], [ ʥʝ ʦʙʥʦʚʣʷʶʪʩʷ, ʘ ʧʨʦʩʪʦ 

ʦʩʪʘʶʪʩʷ ʥʘ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʦʥʠ ʚʩʪʨʝʪʠʣʠʩʴ. ʆʙʥʦʚʣʝʥʠʝ ʙʫʢʚ ʚ ʜʘʥʥʦʤ 

ʩʣʦʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ, ʪʦ ʝʩʪʴ ʚʩʝ ʙʫʢʚʳ ʩʣʦʚʘ ʦʜʥʦʛʦ ʫʨʦʚʥʷ 

ʦʙʥʦʚʣʷʶʪʩʷ ʨʘʥʴʰʝ ʣʶʙʦʡ ʙʫʢʚʳ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ. 

ʇʨʠʤʝʨ 2: ʩʥʝʞʠʥʢʘ ʂʦʭʘ 

ʘʢʩʠʦʤʘ: Ὂ Ὂ Ὂ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ: 60Á 
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ʧʨʘʚʠʣʦ: ὊᴼὊ Ὂ Ὂ Ὂ                 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʢʩʠʦʤʳ Ὂ Ὂ Ὂ ï ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ. ʏʝʨʝʧʘʰʢʘ ʜʝʣʘʝʪ ʦʜʠʥ ʰʘʛ ʚʧʝʨʝʜ, ʟʘʪʝʤ ʫʛʦʣ Ŭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘ 120Á, ʠ ʯʝʨʝʧʘʰʢʘ ʜʝʣʘʝʪ ʝʱʝ ʦʜʠʥ ʰʘʛ ʚʧʝʨʝʜ, ʫʛʦʣ Ŭ ʩʥʦʚʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 120Á ʠ ʯʝʨʝʧʘʰʢʘ ʜʝʣʘʝʪ ʝʱʝ ʰʘʛ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʢʘʞʜʘʷ 

ʙʫʢʚʘ Ὂ ʚ ʘʢʩʠʦʤʝ Ὂ Ὂ Ὂ  ʟʘʤʝʥʷʝʪʩʷ ʥʘ Ὂ Ὂ Ὂ ὊȢ ʀʤʝʝʤ  

Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ ὊȢ 

 

ȶɎɗ.20. ȵɔɗɘɖɔɋɓɎɋ ɗɓɋɌɎɓɐɎ ȰɔɛɆ ɗ ɕɔɒɔɟɢɤ L-ɗɎɗɘɋɒɡ 

ʇʨʠʤʝʨ 3: ʢʫʩʪ 

ʘʢʩʠʦʤʘ: Ὂ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ: 22.5Á 

ʧʨʘʚʠʣʦ: Ὂᴼ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ Ὂ                 

 

 

ȶɎɗ.21. Ȱəɗɘ, ɕɔɗɘɖɔɋɓɓɡɏ ɗ ɕɔɒɔɟɢɤ L-ɗɎɗɘɋɒɡ 

ɿʘʜʘʥʠʷ 3.  

1.ʇʫʩʪʴ A ʦʟʥʘʯʘʝʪ çʨʠʩʫʝʤ ʦʪʨʝʟʦʢè, ʘ B ʦʟʥʘʯʘʝʪ çʜʚʠʞʝʤʩʷè. ɸ) ʏʪʦ ʙʫʜʝʪ 

ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝ ʯʝʪʳʨʝʭ ʠʪʝʨʘʮʠʡ L-ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ? 

ʧʝʨʝʤʝʥʥʳʝ: ὃȟὄ  

 

3

2p
 

3

2p

 

0=n  1=n  2=n  
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ʢʦʥʩʪʘʥʪʳ: ʥʝʪ  

ʘʢʩʠʦʤʘ: ὃ {ʩʪʘʨʪʦʚʘʷ ʩʪʨʦʢʘ}  

ʧʨʘʚʠʣʘ: ὃᴼὃὄὃȟὄᴼὄὄὄȢ   

ɹ) ʇʦʩʪʨʦʡʪʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

2. ʏʪʦ ʙʫʜʝʪ ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝ ʜʚʫʭ ʠʪʝʨʘʮʠʡ L-ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʠʞʝ? ʀʟʦʙʨʘʟʠʪʝ ʨʝʟʫʣʴʪʘʪ ʛʨʘʬʠʯʝʩʢʠ. 

ʘʢʩʠʦʤʘ: Ὂ 

ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: 90Á 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ: 45Á 

ʧʨʘʚʠʣʦ: ὊὊ Ὂ ὊȢ 

3. ɿʘʜʘʡʪʝ L-ʩʠʩʪʝʤʳ ʘ) ʜʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʨʠʚʦʡ ʂʦʭʘ (ʩʤ. ʨʠʩ. 17); 

ʙ) ʜʣʷ ʦʩʪʨʦʚʘ ʂʦʭʘ; ʚ) ʜʣʷ ʩʥʝʞʠʥʢʠ ʂʦʭʘ ʥʘʦʙʦʨʦʪ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʚʦʚʥʫʪʨʴ ʪʨʝʫʛʦʣʴʥʠʢʘ); ʛ) ʜʣʷ ʢʨʝʩʪʘ ʂʦʭʘ; ʜ) ʜʣʷ ʦʩʪʨʦʚʘ ʃʝʚʠ; ʝ)  ʜʣʷ 

ʢʨʠʚʦʡ ʇʝʘʥʦ; ʞ) ʜʣʷ ʢʨʠʚʦʡ ɻʠʣʴʙʝʨʪʘ. 

4. ʇʫʩʪʴ ʩʠʤʚʦʣʳ ὃȟὄ ʦʙʦʟʥʘʯʘʶʪ ʰʘʛ ʚʧʝʨʝʜ. ʏʪʦ ʙʫʜʝʪ ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝ 4-5 

ʠʪʝʨʘʮʠʡ? ʀʟʦʙʨʘʟʠʪʝ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ L-ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʚʠʜ 

ʘʢʩʠʦʤʘ: ὃ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ: 60Á 

ʧʨʘʚʠʣʘ: ὃᴼὄ ὃ ὄȟ    ὄᴼὃ ὄ ὃȢ 

5.ɿʘʧʠʰʠʪʝ, ʢʘʢ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ L-ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʦʩʪʨʦʝʥʠʝ 

ʩʦʩʪʦʷʥʠʡ, ʟʘʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ [3]: 

ɸ)  
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0, 2 
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ɹ)  

 

 

 

 

6. ʇʦʩʪʨʦʡʪʝ ʩ ʧʦʤʦʱʴʶ L-ʩʠʩʪʝʤ ʣʶʙʳʝ ʪʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʨʘʢʪʘʣʘ, 

ʟʘʧʠʩʘʚ ʘʢʩʠʦʤʫ ʠ ʧʨʘʚʠʣʘ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ˉ3 

1. ʈʝʘʣʠʟʫʡʪʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ L-ʩʠʩʪʝʤ ʠʟʚʝʩʪʥʳʝ ʠ/ʠʣʠ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ (ʩʤ. [1, c. 28-38]). 

2. ʇʨʠʜʫʤʘʡʪʝ ʠ ʨʝʘʣʠʟʫʡʪʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ L-ʩʠʩʪʝʤ:  

ʘ) ʦʩʪʨʦʚ; ʙ) ʤʦʟʘʠʢʫ; ʚ) ʮʝʧʦʯʢʫ; ʛ) ʩʥʝʞʠʥʢʫ; ʜ) ʨʘʩʪʝʥʠʝ; ʝ) ʜʨʘʢʦʥʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. ʂʨʦʥʦʚʝʨ ʈ.ʄ. ʌʨʘʢʪʘʣʳ ʠ ʭʘʦʩ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ï ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 2006. ï 488 ʩ. ï ISBN 5-94836-068-7 

2. L-ʩʠʩʪʝʤʘ [ʠʥʬʦʨʤ. ʩʘʡʪ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/ 

L-ʩʠʩʪʝʤʘ 

3. ʄʠʭʘʡʣʦʚʘ ʃ.ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʃʠʥʜʝʥʤʘʡʝʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʨʘʢʪʘʣʦʚ // ɺʳʧʫʩʢʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʩʪʝʧʝʥʠ ʙʘʢʘʣʘʚʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʄʘʪʝʤʘʪʠʢʘ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠè. ï ʀʞʝʚʩʢ: ʋʜɻʋ, 2019. ï 61 ʩ. 

4. ʐʠʰʢʠʥ ɽ.ʀ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦ ʋʨɻʋ, 2004. 

ï 89 ʩ. 

 

 

1.4. ɼʠʥʘʤʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ 

 

ɹʫʜʝʤ ʠʩʧʦʣʴʟʨʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʜʚʫʤʝʨʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʩʢʨʝʪʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. 

ɸʥʘʣʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʝʥ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʦʝ 

ʀʪʝʨʘʮʠʠ ʉʦʩʪʦʷʥʠʝ 

0,1 

  

https://ru.wikipedia.org/wiki/%20L-система
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ʢʦʤʧʣʝʢʩʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʩʦʧʦʩʪʘʚʣʷʶʱʝʝ ʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʯʠʩʣʫ 

ᾀ ὼ Ὥώ ʜʨʫʛʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ᾀ ὼ Ὥώ  ʧʦ 

ʠʪʝʨʘʮʠʦʥʥʦʤʫ ʧʨʘʚʠʣʫ ᾀ Ὢᾀ ȟ ʛʜʝ Ὢᾀ ï ʥʝʢʦʪʦʨʘʷ ʥʝʣʠʥʝʡʥʘʷ 

ʬʫʥʢʮʠʷ ʧʝʨʝʤʝʥʥʦʡ ᾀȟὲ ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ. ʂʦʤʧʣʝʢʩʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ 

ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʨʦʞʜʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʬʨʘʢʪʘʣʳ  ɾʶʣʠʘ, ʄʘʥʜʝʣʴʙʨʦʪʘ ʠ ʅʴʶʪʦʥʘ. ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʠʭ 

ʧʦʩʪʨʦʝʥʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʚʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ. 

ʅʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ ᾀǿ ʦʪʦʙʨʘʞʝʥʠʷ ᾀ Ὢᾀ   ʠʣʠ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʦʡ ʬʫʥʢʮʠʠ Ὢᾀ ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ Ὢᾀ ᾀȢ ʅʘʯʘʚ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʵʪʦʡ ʪʦʯʢʝ, ʤʳ ʥʠʢʦʛʜʘ ʝʝ ʥʝ ʧʦʢʠʥʝʤ. ɽʸ ʝʱʸ 

ʥʘʟʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ [1]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʝʤʷ ʪʠʧʘʤʠ 

ʨʘʚʥʦʚʝʩʠʷ (ʫʩʪʦʡʯʠʚʳʤ, ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ ʙʝʟʨʘʟʣʠʯʥʳʤ) ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʪʦʞʝ ʙʳʚʘʝʪ ʪʨʝʭ ʪʠʧʦʚ: ʧʨʠʪʷʛʠʚʘʶʱʝʡ, ʦʪʪʘʣʢʠʚʘʶʱʝʡ ʠ 

ʥʝʡʪʨʘʣʴʥʦʡ. ɽʩʣʠ, ʩʪʘʨʪʦʚʘʚ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ, ʤʳ ʙʫʜʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʡ ʢ ʥʝʡ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʧʨʠʙʣʠʞʘʪʴʩʷ, ʪʦ 

ʪʘʢʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʝʡ. ʉʪʘʨʪʦʚʘʚ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʪʪʘʣʢʠʚʘʶʱʝʡ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ, ʤʳ 

ʙʫʜʝʤ ʦʪ ʥʝʝ ʫʜʘʣʷʪʴʩʷ. ʅʝʡʪʨʘʣʴʥʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʪʝʤ, ʯʪʦ, ʩʪʘʨʪʦʚʘʚ ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ, ʤʳ ʙʫʜʝʤ ʚʩʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʵʪʦʡ ʦʢʨʝʩʪʥʦʩʪʠ, ʥʝ ʧʨʠʙʣʠʞʘʷʩʴ ʠ ʥʝ ʫʜʘʣʷʷʩʴ ʦʪ ʥʝʝ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ᾀǿ ʦʪʦʙʨʘʞʝʥʠʷ Ὢᾀ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʠʟʚʦʜʥʘʷ Ὢ ᾀǿȢ  ʀʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 1 (ʦ ʭʘʨʘʢʪʝʨʝ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ). ɽʩʣʠ ȿὪ ᾀǿȿ ρȟ ʪʦ ʪʦʯʢʘ ᾀǿ 

ʷʚʣʷʝʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʝʡ, ʝʩʣʠ  ȿὪ ᾀǿȿ ρȟ ʪʦ ʦʪʪʘʣʢʠʚʘʶʱʝʡ, ʝʩʣʠ 

ȿὪ ᾀǿȿ ρȟ ʪʦ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ ᾀǿ ̫ʚʣʷʝʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʪʦʙʨʘʞʝʥʠʡ ʥʘʨʷʜʫ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʪʦʯʢʠ ʠ ʮʠʢʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʵʪʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʦʯʝʢ. ʅʘʧʨʠʤʝʨ, ʮʠʢʣ ʧʝʨʠʦʜʘ ʜʚʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʪʦʯʝʢ ‚ ʠ  ‚  ʪʘʢʠʭ, ʯʪʦ Ὢ‚ ‚ ̉ Ὢ‚ ‚Ȣ ʅʘʯʘʚ ʠʪʝʨʘʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ʮʠʢʣʘ, ʤʳ ʝʛʦ ʥʠʢʦʛʜʘ ʥʝ ʧʦʢʠʥʝʤ ʠ ʙʫʜʝʤ ʧʦ 

ʦʯʝʨʝʜʠ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʮʠʢʣʘ ʚ ʜʨʫʛʫʶ. ʊʦʯʢʠ ʮʠʢʣʘ ‚ ʠ  ‚ 

ʷʚʣʷʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ ʦʪʦʙʨʘʞʝʥʠʷ ᾀ ὪὪᾀ ḰὪ ᾀ Ȣ 

ʇʦʤʠʤʦ ʮʠʢʣʘ ʧʝʨʠʦʜʘ ʜʚʘ ʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʩʫʱʝʩʪʚʫʶʪ 

ʮʠʢʣʳ ʠ ʚʩʝʭ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʩ  ὲ σȟτȟȣ  ɽʩʣʠ ‚ ï ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʪʦʯʢʘ 

ʧʝʨʠʦʜʘ ὲȟ  ʪʦ  ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ ʬʫʥʢʮʠʠ 
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ὪὪȣ Ὢᾀ ȣ ḰὪ ᾀȢ 

ʋʪʚʝʨʞʜʝʥʠʝ. ɽʩʣʠ ʪʦʯʢʘ  ᾀǿ  ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʜʣʷ Ὢᾀȟ ʪʦ ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʜʣʷ Ὢ ᾀȢ 

ɸʪʪʨʘʢʪʦʨʦʤ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʢʘ, ʢ ʢʦʪʦʨʦʡ 

ʩʭʦʜʠʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ᾀ Ὢᾀ  ʧʨʠ ὲᴼЊȢ ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʨʠʪʷʛʠʚʘʶʱʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ ʠʣʠ 

ʧʨʠʪʷʛʠʚʘʶʱʠʡ ʮʠʢʣ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʀʥʦʛʜʘ ʪʘʢʠʭ ʘʪʪʨʘʢʪʦʨʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ, ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʙʝʩʯʠʩʣʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʘʢ ʥʝʧʨʝʨʳʚʥʫʶ ʣʠʥʠʶ, ʪʘʢ ʠ 

ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ. ɽʩʣʠ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʡ ʠʟʦʙʨʘʞʘʶʱʘʷ ʠʭ ʪʦʯʢʘ 

ʫʭʦʜʠʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʪʦ ʘʪʪʨʘʢʪʦʨʦʤ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʯʠʪʘʝʪʩʷ 

ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʘʷ ʪʦʯʢʘ. 

ʄʥʦʞʝʩʪʚʦ ɾʶʣʠʘ 

ʄʥʦʞʝʩʪʚʘ ɾʶʣʠʘ ʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʝ ʠʣʣʶʩʪʨʘʮʠʠ ʪʦʛʦ, 

ʢʘʢ ʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʯʨʝʟʚʳʯʘʡʥʦ ʟʘʧʫʪʘʥʥʳʤ 

ʤʥʦʞʝʩʪʚʘʤ. ʀʪʝʨʘʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʜʘ ᾀ Ὢᾀ ȟὲ πȟρȟςȣ ʩ 

ʧʨʦʩʪʦʡ ʬʫʥʢʮʠʝʡ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʵʢʟʦʪʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ. ʄʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ʬʫʥʢʮʠʠ Ὢ ï ʵʪʦ 

ʛʨʘʥʠʮʘ ʤʥʦʞʝʩʪʚʘ ʪʝʭ ʪʦʯʝʢ ᾀȟ  ʢʦʪʦʨʳʝ ʧʨʠ ʠʪʝʨʠʨʦʚʘʥʠʠ Ὢᾀ ʩʪʨʝʤʷʪʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʦʪʦʙʨʘʞʝʥʠʡ ʪʘʢʦʛʦ ʚʠʜʘ ʷʚʣʷʝʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ Ὢᾀ ᾀ ὧ, ʛʜʝ ὧ ὥ Ὥὦ ï 

ʥʝʥʫʣʝʚʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʥʩʪʘʥʪʘ: 

ᾀ ᾀ ὧȢ 

ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ  ʦʪʦʙʨʘʞʝʥʠʝ ʟʘʧʠʰʝʪʩʷ ʚ 

ʚʠʜʝ: 

ὼ ὼ ώ ὥȟ      ώ ςὼώ ὦȢ 

ʊʘʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʨʘʢʪʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʥʦʞʝʩʪʚʫ 

ɾʶʣʠʘ  ὐὧ ὐὥȟὦȢ 

ʇʫʩʪʴ ʟʥʘʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʥʩʪʘʥʪʳ ὧ πȢ ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʪʦʙʨʘʞʝʥʠʝ Ὢᾀ ᾀ ʠʤʝʝʪ ʜʚʝ ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ᾀ π  ̉  ᾀ ρ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ᾀ ᾀȢ ʊʘʢ ʢʘʢ Ὢ ᾀ πȟὪ ᾀ ςȟ ʪʦ 
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ʧʝʨʚʘʷ ʪʦʯʢʘ ʷʚʣʷʝʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʝʡ, ʘ ʚʪʦʨʘʷ ï ʦʪʪʘʣʢʠʚʘʶʱʝʡ ʧʦ ʪʝʦʨʝʤʝ 

ʦ ʭʘʨʘʢʪʝʨʝ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ᾀȡ 

ᾀᴼᾀᴼᾀᴼᾀᴼỄ 

ʇʦʣʫʯʘʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʧʨʦʛʨʝʩʩʠʶ, ʜʣʷ ʢʦʪʦʨʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  

ᾀ ʠʤʝʝʪʩʷ ʪʨʠ ʚʦʟʤʦʞʥʦʩʪʠ: 

1) ɽʩʣʠ ȿᾀȿ ρȟ ʪʦ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʩʭʦʜʠʪʩʷ ʢ ʥʫʣʶ, ʪʦ ʝʩʪʴ 

ᾀ π  ̫ʚʣʷʝʪʩʷ ʘʪʪʨʘʢʪʦʨʦʤ ʜʣʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠʪʷʛʠʚʘʶʱʝʡ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ ʜʘʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. 

2) ɽʩʣʠ ȿᾀȿ ρȟ ʪʦ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʩʭʦʜʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʘʪʪʨʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʘʷ ʪʦʯʢʘ. 

3)  ɽʩʣʠ ȿᾀȿ ρȟ ʪʦ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ʣʝʞʠʪ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ 

ʨʘʜʠʫʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠ ʚʩʝ ʪʦʯʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʜʦʣʞʘʶʪ 

ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʵʪʦʡ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠʤʝʶʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ. 

ʆʜʥʘ ʣʝʞʠʪ ʚʥʫʪʨʠ ʦʢʨʫʞʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ, ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʝʡ 

ʪʦʯʢʠ ʠʤʝʶʪ ʩʚʦʠʤ ʘʪʪʨʘʢʪʦʨʦʤ ᾀ π ʧʨʠʪʷʛʠʚʘʶʱʫʶ ʥʝʧʦʜʚʠʞʥʫʶ 

ʪʦʯʢʫ. ɼʨʫʛʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʩʥʘʨʫʞʠ ʦʪ ʵʪʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʠʤʝʝʪ 

ʘʪʪʨʘʢʪʦʨʦʤ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʫʶ ʪʦʯʢʫ. ɻʨʘʥʠʮʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʦʙʣʘʩʪʷʤʠ ʧʨʠʪʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ. ʕʪʦ ʠ ʝʩʪʴ 

ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ὐπȟπȢ ʅʘ ʥʸʤ ʣʝʞʠʪ ʚʪʦʨʘʷ ʦʪʪʘʣʢʠʚʘʶʱʘʷ ʥʝʧʦʜʚʠʞʥʘʷ 

ʪʦʯʢʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ᾀ ρȢ 

Ɇ          ɇ   

ȶɎɗ.22. Ɇ) ȲɓɔɌɋɗɘɈɔ ȬɤɑɎɆ ὧ πȢρςπȢχτὭ; ɇ)  ɕɡɑɢ ȺɆɘə ὧ πȢρ πȢχὭ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ὧ πȟ  ʚʧʦʣʥʝ ʦʞʠʜʘʝʤʦ, ʯʪʦ ʛʨʘʥʠʮʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʛʣʘʜʢʦʡ ʠ ʙʫʜʝʪ ʠʤʝʪʴ ʬʦʨʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʘ 

ʧʨʠʪʷʛʠʚʘʶʱʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ ʧʨʦʩʪʦ ʧʝʨʝʤʝʩʪʠʪʩʷ ʠʟ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ. ʅʦ ʠʥʪʫʠʮʠʷ ʥʘʩ ʧʦʜʚʦʜʠʪ.  ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ὧ πȢρςπȢχτὭ. 

ʊʦʛʜʘ ʫ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ᾀᴼᾀᴼᾀᴼᾀᴼỄ  ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʪʨʠ 
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ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʅʦ ʛʨʘʥʠʮʘ ʫʞʝ ʥʝ ʙʫʜʝʪ ʛʣʘʜʢʦʡ, ʦʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʘ ʚʥʫʪʨʝʥʥʠʝ 

ʪʦʯʢʠ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʮʠʢʣʦʤ ʧʝʨʠʦʜʘ 3, ʘ ʥʝ ʦʜʥʦʡ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʦʡ (ʨʠʩ. 22 ʘ). ɻʨʘʥʠʮʘ ʤʥʦʞʝʩʪʚʘ ʩʘʤʦʧʦʜʦʙʥʘ ʠ ʠʤʝʝʪ 

ʬʨʘʢʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʉʣʫʯʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʤʦʛʫʪ 

ʠʩʯʝʟʥʫʪʴ ʠ ʩʚʷʟʥʘʷ ʛʨʘʥʠʮʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʙʣʘʢʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ, 

ʥʘʟʳʚʘʝʤʳʭ ʧʳʣʴʶ ʌʘʪʫ (ʨʠʩ. 22 ʙ). 

ʀʟʫʯʝʥʠʝʤ ʩʚʦʡʩʪʚ ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 

ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʟʘʥʠʤʘʣʠʩʴ ʬʨʘʥʮʫʟʩʢʠʝ ʤʘʪʝʤʘʪʠʢʠ ɻʘʩʪʦʥ 

ɾʶʣʠʘ ʠ ʇʴʝʨ ʌʘʪʫ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤ ʙʳʣʦ 

ʠʟʚʝʩʪʥʦ ʦ ʩʘʤʦʧʦʜʦʙʠʠ. ʊʘʢ ʞʝ ʦʥʠ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʶ ʛʨʘʥʠʮʫ ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʤʘʣʦʡ ʝʸ ʯʘʩʪʠ ʧʫʪʝʤ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ 

ʠʪʝʨʘʮʠʡ ʬʦʨʤʫʣʳ ᾀO ᾀ ὧȢ ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʥʝ ʙʳʣʦ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʠʭ ʪʦʥʢʠʝ ʠʜʝʠ, 

ʧʦʵʪʦʤʫ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʣʠʩʴ ʥʝʠʟʚʝʩʪʥʳʤʠ ʙʦʣʴʰʠʥʩʪʚʫ ʤʘʪʝʤʘʪʠʢʦʚ 

ʪʦʛʦ ʧʝʨʠʦʜʘ. ʀ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʄʘʥʜʝʣʴʙʨʦʪʫ ʠ ʨʘʟʚʠʪʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʠʢʠ, ʚʦʟʨʦʜʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʠʭ ʨʝʟʫʣʴʪʘʪʘʤ. ɾʶʣʠʘ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣ 

ʩʚʦʡʩʪʚʘ ʧʦʜʦʙʥʳʭ ʤʥʦʞʝʩʪʚ, ʚʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

¶ ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ὧ ʠʤʝʝʪʩʷ ʩʚʦʝ 

ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʪʝ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ᾀȟ 

ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʡ ʥʝ ʫʭʦʜʷʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 

¶ ʉ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʩʪʘʥʪʳ ὧ ʤʝʥʷʝʪʩʷ ʠ ʛʝʦʤʝʪʨʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ 

ʧʨʠʪʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚ ɾʶʣʠʘ. ʄʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ 

ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʠʩʯʝʟʥʫʪ ʚʦʚʩʝ ʠ ʩʚʷʟʥʘʷ ʛʨʘʥʠʮʘ ʧʨʝʚʨʘʪʠʪʩʷ ʚ 

ʦʙʣʘʢʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ï ʧʳʣʴ ʌʘʪʫ. 

¶ ʌʨʘʢʪʘʣʳ ɾʶʣʠʘ ʚʩʝʛʜʘ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ. ɽʩʣʠ ʞʝ ὦ πȟ ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʝʠʭ ʦʩʝʡ ʘʙʩʮʠʩʩ ʠ 

ʦʨʜʠʥʘʪ. 

¶ ʄʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ʷʚʣʷʝʪʩʷ ʩʚʷʟʥʳʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʳʣʠ ʌʘʪʫ. 

ʀʪʘʢ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ὧ ὥ Ὥὦ ʠʤʝʝʪʩʷ ʩʚʦʸ 

ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ὐὧȟ ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʪʝ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ᾀȟ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʫʭʦʜʠʪ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʉ ʠʟʤʝʥʝʥʠʝʤ 

ὧȟ ʤʝʥʷʝʪʩʷ ʠ ʛʝʦʤʝʪʨʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʤʝʥʷʶʪʩʷ ʠ  

ʤʥʦʞʝʩʪʚʘ ɾʶʣʠʘ, ʷʚʣʷʶʱʠʝʩʷ ʬʨʘʢʪʘʣʘʤʠ.  

 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʢʪʘʣʦʚ ɾʶʣʠʘ ʧʦʣʝʟʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ [2, 

ʩ.232], ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ȿὧȿ ς ʧʦʟʚʦʣʷʝʪ ʧʨʝʢʨʘʪʠʪʴ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, 

ʢʘʢ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʷ 2 ʧʦ ʤʦʜʫʣʶ, ʧʦʪʦʤʫ ʯʪʦ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʪʝʨʘʮʠʡ ʪʘʢʠʭ ʪʦʯʝʢ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʩʪʨʝʤʠʪʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ȿὧȿ ςȟ ᾀ Ὢ ᾀ  ̐̑ ̉ὲ ρȟςȟȣȟ ʛʜʝ ᾀ ï ʢʦʤʧʣʝʢʩʥʳʝ 

ʯʠʩʣʘ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ὲȟ ʯʪʦ ȿᾀ ȿ ςȟ ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ÌÉÍ
ᴼ
ᾀ Њȟ 

ʠʣʠ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ Ὢ ᾀ    ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ 

ʟʥʘʯʠʪ,  ᾀ ɴ  ὐὧȢ 

ʄʥʦʞʝʩʪʚʘ ɾʶʣʠʘ ʜʘʞʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ᾀ ὧ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ὧ ʧʦʣʫʯʘʝʤ ʥʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ ʜʚʘ ʪʠʧʘ ʠʟʫʯʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʂʘʞʜʦʝ ʤʥʦʞʝʩʪʚʦ 

ɾ ʣʁʠʘ ʣʠʙʦ ʩʚʷʟʥʦ, ʣʠʙʦ ʚʧʦʣʥʝ ʥʝʩʚʷʟʥʦ. ʀʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ 

ʤʥʦʞʝʩʪʚ ɾʶʣʠʘ ʩʣʫʞʠʪ ʤʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ, ʨʝʯʴ ʦ ʢʦʪʦʨʦʤ ʧʦʡʜʝʪ 

ʥʠʞʝ. 

ʄʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ 

ʂʘʞʜʘʷ ʪʦʯʢʘ ʚ ʤʥʦʞʝʩʪʚʝ ʄʘʥʜʝʣʴʙʨʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ὧ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ὐὧ ʩʚʷʟʥʦ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʠʟ ʜʦʧʦʣʥʝʥʠʷ ʢ ʤʥʦʞʝʩʪʚʫ 

ʄʘʥʜʝʣʴʙʨʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ὧȟ ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʦ ὐὧ ʚʧʦʣʥʝ 

ʥʝʩʚʷʟʥʦ. ʄʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ ὓ ʜʣʷ ʧʦʣʠʥʦʤʘ Ὢᾀ ᾀ ὧ ʝʩʪʴ 

ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ὧȟ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʪʝʨʘʮʠʡ ʪʦʯʢʠ ᾀ π ʦʛʨʘʥʠʯʝʥʘ, ʪʦ ʝʩʪʴ 

ὓ ὧɴ ᴇȡὪ π  ̘̏̄̑́̎̉̆̎́Ȣ 

ɺʳʙʦʨ ʪʦʯʢʠ ᾀ π ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ Ὢᾀ ᾀ ὧ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ. 

ʘ     ʙ  

ȶɎɗ.23. Ɇ) ȲɓɔɌɋɗɘɈɔ ȲɆɓɊɋɑɢɇɖɔɘɆ, ɇ) ȪɋɓɊɖɎɘ ɕɖɎ ὧ πȢυσψπȢφχωὭ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ (ʩʤ. ʨʠʩ. 23 ʘ) ï  ʵʪʦ ʪʦʯʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʯʝʨʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʤʥʦʞʝʩʪʚʦ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ ὥȢ ɻʨʘʥʠʮʘ ʤʥʦʞʝʩʪʚʘ ʄʘʥʜʝʣʴʙʨʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʨʘʢʪʘʣ ʄʘʥʜʝʣʴʙʨʦʪʘ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʄʘʥʜʝʣʴʙʨʦʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʪʦʯʢʠ ʤʥʦʞʝʩʪʚʫ ὓȢ ɿʘʜʘʯʘ ʧʨʦʚʝʨʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʪʝʨʘʮʠʡ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʝʤʳ 3 [2, ʩ.248]. 

ʊʝʦʨʝʤʘ 3. ɽʩʣʠ ȿὧȿ ς ʠ ȿᾀȿ ȿὧȿȟ  ʪʦ  

ÌÉÍ
ᴼ
Ὢ ᾀ Њ ᵼὧɵ ὓȢ 

ʆʙʲʝʜʠʥʷʷ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʪʝʦʨʝʤʦʡ 2, ʧʦʣʫʯʘʝʤ, ʯʪʦ 

ʧʨʦʚʝʨʷʪʴ ʥʫʞʥʦ ʪʦʯʢʠ ȿὧȿ ςȢ ʇʨʠʯʝʤ ʚ ʩʣʫʯʘʝ ȿὧȿ ςȟ ʝʩʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʪʝʨʘʮʠʡ ʜʦʩʪʠʛʘʝʪ ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʝʝ ʚʝʣʠʯʠʥʘ 

ʧʨʝʚʦʩʭʦʜʠʪ 2, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʚʝʨʷʝʤʘʷ ʪʦʯʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ὓȢ ɺʳʙʨʘʥʥʳʝ ʧʨʠ ʪʘʢʦʤ 

ʫʩʣʦʚʠʠ ὧȟ  ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ȿὧȿ ς ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʨʘʢʪʘʣʫ ɾʶʣʠʘ, 

ʥʘʟʳʚʘʝʤʦʤʫ ʧʳʣʴʶ ʌʘʪʫ. ʊʦʯʢʘ ὧ ς ï ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ ʦʢʨʫʞʥʦʩʪʠ 

ȿὧȿ ςȟ ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ ʄʘʥʜʝʣʴʙʨʦʪʘ. ɸʣʛʦʨʠʪʤʳ ʠ ʩʦʚʝʪʳ 

ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʤʥʦʞʝʩʪʚʘ ʄʘʥʜʝʣʴʙʨʦʪʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1, 2]. 

ɼʦʤʠʥʠʨʫʶʱʝʡ ʬʠʛʫʨʦʡ ʚ ʤʥʦʞʝʩʪʚʝ ʄʘʥʜʝʣʴʙʨʦʪʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ 

ʢʘʨʜʠʦʠʜʘ. ɺʥʫʪʨʝʥʥʦʩʪʴ ʵʪʦʡ ʢʘʨʜʠʦʠʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘʤ ὧȟ ʜʣʷ 

ʢʦʪʦʨʳʭ ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʝʢʦʪʦʨʫʶ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʫʶ ʦʢʨʫʞʥʦʩʪʴ ʠ ʠʤʝʝʪ ʧʨʠʪʷʛʠʚʘʶʱʫʶ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ. 

ʇʦʤʠʤʦ ʛʣʘʚʥʦʡ ʢʘʨʜʠʦʠʜʳ ʤʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ 

ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʝʸ ʢʦʧʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʧʦʯʢʘʤʠ [1]. ʈʘʟʣʠʯʥʳʤ ʧʦʯʢʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʪʨʘʢʪʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ.  ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʞʝʩʪʚʦ 

ʄʘʥʜʝʣʴʙʨʦʪʘ ʦʢʨʫʞʝʥʦ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʠ ʠʟʦʛʥʫʪʳʤʠ ʘʥʪʝʥʥʘʤʠ. ɽʩʣʠ 

ʚʟʷʪʴ ὧ ʥʘ ʩʘʤʦʤ ʢʦʥʮʝ ʪʘʢʦʡ ʘʥʪʝʥʥʳ, ʪʦ ʧʦʣʫʯʠʤ ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ʚ ʚʠʜʝ 

ʜʝʥʜʨʠʪʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʚʥʫʪʨʝʥʥʦʩʪʠ (ʩʤ. ʨʠʩ. 23 ʙ). 

ʌʨʘʢʪʘʣ ʅʴʶʪʦʥʘ 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʭʦʞʜʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ 

ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ Ὢὼ π ̫ʚʣʷʝʪʩʷ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʢʦʪʦʨʳʡ 

ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʤʝʪʦʜʦʤ ʢʘʩʘʪʝʣʴʥʳʭ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ 

[1,3]. ʇʫʩʪʴ ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ Ὢὼȟ ʜʣ̫ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ 
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ʟʥʘʯʝʥʠʝ ʝʸ ʢʦʨʥʷ ὼȟ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʵʪʦʡ ʪʦʯʢʝ Ὢὼ  ʠ ʟʥʘʯʝʥʠʝ ʝʸ 

ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ Ὢ ὼ . ʇʨʦʚʦʜʷ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ Ὢὼ ʚ 

ʵʪʦʡ ʪʦʯʢʝ ʠ ʦʧʨʝʜʝʣʷʷ ʝʸ ʧʝʨʝʩʝʯʝʥʠʝ ʩ ʦʩʴʶ ὼȟ  ʤʳ ʧʦʣʫʯʠʤ ʫʪʦʯʥʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʢʦʨʥʷ, ʨʘʚʥʦʝ ὼȢ ʋʨʘʚʥʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ Ὢὼ 

ʚ ʪʦʯʢʝ ὼ ʠʤʝʝʪ ʚʠʜ 

ώ Ὢ ὼ ὼ ὼ Ὢὼ Ȣ 

 

ȶɎɗ.24. ȮɑɑɤɗɘɖɆɜɎɥ ɒɋɘɔɊɆ ɐɆɗɆɘɋɑɢɓɡɛ [1]  

ʇʨʠʨʘʚʥʷʚ ʢ ʥʫʣʶ ʫʨʘʚʥʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʫʪʦʯʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʨʥʷ ὼ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʳʜʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ὼ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ὼ ὼ
Ὢὼ

Ὢ ὼ
Ȣ 

ɺʟʷʚ ʪʝʧʝʨʴ ʟʥʘʯʝʥʠʝ ὼ  ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ, ʠ ʧʦʚʪʦʨʷʷ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ, ʥʘʭʦʜʠʤ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ὼ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʡ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ὼ ὼ
Ὢὼ

Ὢ ὼ
ȟ ὲ ρȟςȟȣ  

ʙʳʩʪʨʦ ʩʭʦʜʠʪʩʷ ʢ ʪʦʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʨʥʷ (ʯʠʩʣʦ ʚʝʨʥʳʭ ʜʝʩʷʪʠʯʥʳʭ 

ʟʥʘʢʦʚ ʫʜʚʘʠʚʘʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ). ɿʘʤʝʪʠʤ, ʯʪʦ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʩʭʦʜʠʪʩʷ ʢ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ ï 

ʪʦʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʨʥʷ ʫʨʘʚʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ 

ὼ [3,4]. 

ʄʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʦʩʪʘʸʪʩʷ ʵʬʬʝʢʪʠʚʥr ʤ ʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ Ὢᾀ π. ɺʟʷʚ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ʚʙʣʠʟʠ 

ʢʦʨʥʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ  

ᾀ ᾀ
Ὢᾀ

Ὢ ᾀ
ȟ ὲ ρȟςȟȣȟ 
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ʧʦʣʫʯʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʙʳʩʪʨʦ ʩʭʦʜʷʱʫʶʩʷ ʢ 

ʵʪʦʤʫ ʢʦʨʥʶ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ, ʘ ʯʪʦ ʙʫʜʝʪ, 

ʝʩʣʠ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ᾀ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʚʳʙʨʘʥʘ ʥʝ ʚʙʣʠʟʠ 

ʦʪ ʢʦʨʥʷ, ʘ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ? 

ʇʨʠʤʝʨʥʦ ʪʘʢʦʡ ʚʦʧʨʦʩ ʚ 1977 ʛ. ʙʳʣ ʟʘʜʘʥ ʘʤʝʨʠʢʘʥʩʢʦʤʫ ʤʘʪʝʤʘʪʠʢʫ 

ɼʞʦʥʫ ʍʘʙʙʘʨʜʫ (John Hubbard) ʝʛʦ ʩʪʫʜʝʥʪʘʤʠ, ʢʦʛʜʘ ʦʥ ʧʨʝʧʦʜʘʚʘʣ ʠʤ 

ʤʘʪʝʤʘʪʠʢʫ ʚ ʇʘʨʠʞʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʆʨʩʵʡ. ʍʘʙʙʘʨʜ ʜʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚʩʝʛʜʘ ʙʫʜʝʪ ʩʭʦʜʠʪʴʩʷ ʢ 

ʙʣʠʞʘʡʰʝʤʫ ʢʦʨʥʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ᾀ 

ʨʘʚʥʦʫʜʘʣʝʥʘ ʦʪ ʦʙʦʠʭ ʢʦʨʥʝʡ. ɺ ʩʣʫʯʘʝ ʠʩʢʣʶʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʪʝʨʘʮʠʡ ʚʩʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʷʤʦʡ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ 

ʩʦʝʜʠʥʷʶʱʝʛʦ ʜʚʘ ʢʦʨʥʷ ʦʪʨʝʟʢʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʤʫ, ʠ ʩʦʚʝʨʰʘʝʪ 

ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʆʜʥʘʢʦ ʫʞʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʪʘʢʦʡ 

ʧʨʦʩʪʦʡ ʦʪʚʝʪ ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. ʆʢʘʟʳʚʘʝʪʩʷ, ʝʱʝ ʚ 1879 ʛ. ʵʪʫ ʧʨʦʙʣʝʤʫ 

ʙʝʟʫʩʧʝʰʥʦ ʧʳʪʘʣʩʷ ʨʝʰʠʪʴ ʠ ɸʨʪʫʨ ʂʵʣʠ (Arthur Cayley). ʀʤ ʪʘʢʞʝ ʙʳʣ 

ʥʘʡʜʝʥ ʦʪʚʝʪ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʘ ʩʣʫʯʘʡ ʤʥʦʛʦʯʣʝʥʦʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʙʳʣ ʘʥʦʥʩʠʨʦʚʘʥ ʢʘʢ ʙʫʜʫʱʘʷ ʧʫʙʣʠʢʘʮʠʷ, ʢʦʪʦʨʦʡ ʥʝ 

ʩʫʞʜʝʥʦ ʙʳʣʦ ʧʦʷʚʠʪʴʩʷ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʂʵʣʠ ʫ ʍʘʙʙʘʨʜʘ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʙʳʣ ʢʦʤʧʴʶʪʝʨ. ʋʞʝ ʢ ʢʦʥʮʫ ʩʝʤʝʩʪʨʘ ʍʘʙʙʘʨʜ ʩʦ ʩʚʦʠʤʠ ʫʯʝʥʠʢʘʤʠ 

ʧʦʣʫʯʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʥʠ ʥʘʯʘʣʠ ʩ ʧʨʦʩʪʝʡʰʝʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ᾀ ρ πȢ  ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʪʨʠ ʢʫʙʠʯʝʩʢʠʭ ʢʦʨʥʷ ʠʟ 1, ʘ ʠʤʝʥʥʦ,  

ᾀ ρȟᾀ ὭЍȟᾀ ὭЍ Ȣ 

ʅʘʥʝʩʝʥʥʳʝ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ. ʕʪʠ ʢʦʨʥʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʠʤʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ 

ʦʪʦʙʨʘʞʝʥʠʷ Ὢᾀ ᾀ ρȢ ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʚʳʛʣʷʜʠʪ ʧʨʠʤʝʨʥʦ 

ʪʘʢ, ʢʘʢ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 25 ʘ, ʝʸ ʝʱʸ ʥʘʟʳʚʘʶʪ çʧʠʨʦʛʦʤ ʅʴʶʪʦʥʘè. 

ʀʤʝʥʥʦ ʪʘʢʫʶ ʢʘʨʪʠʥʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʣ ʩʝʙʝ ʍʘʙʙʘʨʜ, ʢʘʢ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦ ʥʝʛʦ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʥʝʚʝʨʥʳʤ. 

ɹʦʣʝʝ ʩʢʨʫʧʫʣʝʟʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ 

ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʬʦʨʤʫ. ɽʩʣʠ 

ʨʘʩʢʨʘʰʠʚʘʪʴ ʨʘʟʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʨʘʟʥʳʤ ʮʚʝʪʦʤ, ʪʦ ʧʦʣʫʯʠʤ 

ʢʘʨʪʠʥʢʫ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 25 ʙ. ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʛʨʘʥʠʮʘ 

ʦʙʣʘʩʪʝʡ ʧʨʠʪʷʞʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʠʣʴʥʦ ʧʝʨʝʧʣʝʪʝʥʥʳʭ ʩʘʤʦʧʦʜʦʙʥʳʭ 
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ʩʪʨʫʢʪʫʨ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʮʚʝʪʘʤʠ ʚʩʝʛʜʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʛʠʨʣʷʥʜʘ ʦʩʪʨʦʚʢʦʚ ʪʨʝʪʴʝʛʦ ʮʚʝʪʘ. ɻʨʘʥʠʮʳ ʵʪʠʭ ʦʩʪʨʦʚʢʦʚ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʷʪ ʠʟ ʛʠʨʣʷʥʜ ʦʩʪʨʦʚʢʦʚ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʮʚʝʪʘ ʠ ʪ.ʜ. ʅʝʧʨʝʨʳʚʥʦ ʫʤʝʥʴʰʘʷʩʴ ʚ 

ʨʘʟʤʝʨʘʭ, ʜʝʪʘʣʠ ʛʨʘʥʠʮʳ ʧʦʩʪʦʷʥʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʩʘʤʠ ʩʝʙʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʘʷ ʪʦʯʢʘ ʪʘʢʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʩʦʩʝʜʩʪʚʫʝʪ ʩʨʘʟʫ 

ʩ ʪʨʝʤʷ ʦʙʣʘʩʪʷʤʠ ʧʨʠʪʷʞʝʥʠʷ [1]. 

 

Ɇ       ɇ   

ȶɎɗ.25. Ɇ) ȵɎɖɔɉ ȳɢɤɘɔɓɆ, ɇ) ȺɖɆɐɘɆɑ ȳɢɤɘɔɓɆ 

 

ɿʘʜʘʥʠʷ 4.  

1. ɼʦʢʘʞʠʪʝ ʪʝʦʨʝʤʫ ʦ ʭʘʨʘʢʪʝʨʝ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ (ʪʝʦʨʝʤʘ 1). 

2. ɼʦʢʘʞʠʪʝ ʫʪʚʝʨʞʜʝʥʠʝ: ɽʩʣʠ ʪʦʯʢʘ  ᾀǿ  ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʜʣʷ Ὢᾀȟ 

ʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʜʣʷ Ὢ ᾀȢ 

3. ʇʫʩʪʴ ‚ ï ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʪʦʯʢʘ ʮʠʢʣʘ. ɽʩʣʠ  Ὢ ‚ ρȟ ʪʦ ʮʠʢʣ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʪʷʛʠʚʘʶʱʠʤ. ʇʦʣʴʟʫʷʩʴ ʧʨʘʚʠʣʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʢʘʞʠʪʝ, ʯʪʦ ʵʪʘ ʧʨʦʠʟʚʦʜʥʘʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʜʣʷ ʚʩʝʭ 

ʪʦʯʝʢ ʜʘʥʥʦʛʦ ʮʠʢʣʘ. 

4. ɼʦʢʘʞʠʪʝ ʪʝʦʨʝʤʳ 2 ʠ 3. 

5. ʇʦʣʫʯʠʪʝ ʜʚʫʤʝʨʥʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʢʪʘʣʘ 

ʅʴʶʪʦʥʘ ʜʣʷ ʬʫʥʢʮʠʡ: ʘ) Ὢᾀ ᾀ ρȟὯ σȟτȟυȠ  ʙ) Ὢᾀ ᾀ ᾀȠ  

ʚ) ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ˉ4 

1. ʀʩʧʦʣʴʟʫʷ ʢʦʤʧʴʶʪʝʨ, ʧʦʩʪʨʦʡʪʝ ʤʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ ʜʣʷ 

ʬʫʥʢʮʠʠ Ὢᾀ ᾀ ὧȟὯ σȟτȟȣ ʂʘʢ ʤʝʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Ὧ? 
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2. ʀʩʧʦʣʴʟʫʷ ʢʦʤʧʴʶʪʝʨ, ʧʦʩʪʨʦʡʪʝ ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ʜʣʷ ʬʫʥʢʮʠʠ 

Ὢᾀ ᾀ ὧȟὯ σȟτȟȣ ʇʦʜʙʝʨʠʪʝ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ὧȟ ʯʪʦʙʳ 

ʤʥʦʞʝʩʪʚʦ ɾʶʣʠʘ ʚʳʨʦʞʜʘʣʦʩʴ ʚ ʧʳʣʴ ʌʘʪʫ ʠ ʜʝʥʜʨʠʪ. 

3. ʇʦʩʪʨʦʡʪʝ ʩʦʙʩʪʚʝʥʥʳʡ ʬʨʘʢʪʘʣ ʘ) ʄʘʥʜʝʣʴʙʨʦʪʘ, ʙ) ɾʶʣʠʘ ʜʣʷ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ. 

4. ʀʩʧʦʣʴʟʫʷ ʢʦʤʧʴʶʪʝʨ, ʧʦʩʪʨʦʡʪʝ ʬʨʘʢʪʘʣʘ ʅʴʶʪʦʥʘ ʜʣʷ:  

ʘ) Ὢᾀ ᾀ ρȟὯ σȟτȟυȠ ʙ) Ὢᾀ ᾀ ᾀȠ  ʚ) ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. ʇʘʨʰʠʥ ɼ.ɸ. ʌʠʟʠʢʘ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ // ʃʝʢʮʠʦʥʥʳʡ ʢʫʨʩ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://lms.physics.spbstu.ru/course/view.php?id=29 

2. ʂʨʦʥʦʚʝʨ ʈ.ʄ. ʌʨʘʢʪʘʣʳ ʠ ʭʘʦʩ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ï ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 2006. ï 488 ʩ. ï ISBN 5-94836-068-7 

3. ɹʘʥʥʠʢʦʚ ɸ.ʉ., ʂʠʤ ʀ.ɻ., ʃʘʪʳʧʦʚʘ ʅ.ɺ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ: ʫʯʝʙ. 

ʧʦʩʦʙʠʝ. ʏ.1. ï 2-ʝ ʠʟʜ., ʠʩʧʨ. ʠ ʜʦʧ. ï ʀʞʝʚʩʢ: ʀʟʜ. ʮʝʥʪʨ çʋʜʤʫʨʪʩʢʠʡ 

ʫʥ-ʪè, 2018. ï ʉ. 24-26. ï ISBN 978-5-4312-0643-6 

4. ɺʝʨʞʙʠʮʢʠʡ ɺ.ʄ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ (ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʥʝʣʠʥʝʡʥʳʝ 

ʫʨʘʚʥʝʥʠʷ): ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ï 2-ʝ ʠʟʜ., ʠʩʧʨ. ï ʄ.: ʀʟʜ. ʜʦʤ 

çʆʅʀʂʉ 21 ʚʝʢè, 2005. ï 432 ʩ.: ʠʣ. ï ISBN 5-329-01110-8  

5. ʄʦʨʦʟʦʚ ɸ.ɼ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʬʨʘʢʪʘʣʦʚ. ʋʯʝʙ. ʧʦʩʦʙʠʝ. ï 

ʅ.ʅʦʚʛʦʨʦʜ: ʀʟʜ-ʚʦ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʫʥ-ʪʘ, 1999. ï 140 ʩ. ï ISBN 5-

85746-282-7 

 

1.5.  ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

 

ʇʦ ʦʜʥʦʤʫ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ɹ. ʄʘʥʜʝʣʴʙʨʦʪʘ:  ʬʨʘʢʪʘʣ ï ʵʪʦ ʤʥʦʞʝʩʪʚʦ, 

ʭʘʫʩʜʦʨʬʦʚʘ (ʬʨʘʢʪʘʣʴʥʘʷ) ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ. 

ʅʘʧʦʤʥʠʤ, ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ï ʵʪʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ 

ʬʠʛʫʨ, ʥʝ ʠʟʤʝʥʷʶʱʝʝʩʷ ʧʨʠ ʣʶʙʳʭ ʜʝʬʦʨʤʘʮʠʷʭ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʙʝʟ 

ʨʘʟʨʳʚʦʚ ʠ ʩʢʣʝʠʚʘʥʠʡ (ʧʨʠ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʳʭ ʠ ʥʝʧʨʝʨʳʚʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʷʭ). ʊʦʧʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʚʩʝʛʜʘ ʨʘʚʥʘ ʮʝʣʦʤʫ ʯʠʩʣʫ. ʆʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʥʜʫʢʮʠʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʧʫʩʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʣʘʛʘʶʪ ʨʘʚʥʦʡ ρȟ ʜʣʷ ʪʦʯʢʠ ï π, ʜʣʷ 

ʣʠʥʠʠ ï ρ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ ï ς, ʜʣʷ ʪʝʣʘ ï σ ʠ ʪ.ʜ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʜ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʤʥʦʞʝʩʪʚʘ ʚ ʣʠʥʝʡʥʦʤ 

http://lms.physics.spbstu.ru/course/view.php?id=29
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʥʠʤʘʶʪ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʵʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʝʨʝʡʜʸʤ ʢ ʧʦʥʷʪʠʶ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʠʯʘʨʜʩʦʥʘ. ʇʦʥʷʪʠʝ ʦ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ɺ ʨʘʙʦʪʝ ʤʝʪʝʦʨʦʣʦʛʘ ʃ. ʈʠʯʘʨʜʩʦʥʘ (1881-1953) ʄʘʥʜʝʣʴʙʨʦʪ ʚ 1961 ʛ. 

ʦʙʥʘʨʫʞʠʣ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʟʘʧʘʜʥʦʛʦ ɹʨʠʪʘʥʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʠ ʠʩʧʘʥʦ-ʧʦʨʪʫʛʘʣʴʩʢʦʡ ʛʨʘʥʠʮʳ. ʈʠʯʘʨʜʩʦʥ ʟʘʤʝʪʠʣ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʘʩʰʪʘʙʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʢʘʨʪʝ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʢʘʨʪʦʡ ʧʦʣʴʟʫʝʤʩʷ, ʪʝʤ ʧʦʙʝʨʝʞʴʝ 

ʩʪʘʥʦʚʠʪʩʷ ʜʣʠʥʥʝʝ. ʕʪʦʪ ʞʝ ʬʝʥʦʤʝʥ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʦʜʥʫ 

ʢʘʨʪʫ, ʥʦ ʧʨʠʤʝʥʷʷ ʢʘʞʜʳʡ ʨʘʟ ʚʩʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʈʠʯʘʨʜʩʦʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʣʝʞʘʪ ʚʙʣʠʟʠ ʧʨʷʤʦʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʨʘʚʥʝʥʠʶ [1]:  

ÌÇὛ πȢςςÌÇὥ ÌÇὛȟ 

ʛʜʝ Ὓ ï ʜʣʠʥʘ ʠʟʤʝʨʷʝʤʦʛʦ ʧʦʙʝʨʝʞʴʷ, Ὓ ï ʜʣʠʥʘ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚ 1 ʢʤ, ὥ ï ʤʘʩʰʪʘʙ ʠʟʤʝʨʝʥʠʷ 

(çʣʠʥʝʡʢʘè). ʏʠʩʣʦ 0.22 ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ. ʇʦʣʴʟʫʷʩʴ 

ʩʚʦʡʩʪʚʘʤʠ ʣʦʛʘʨʠʬʤʘ, ʠʤʝʝʤ 

Ὓ Ὓ
ρ

ὥ

Ȣ

Ȣ 

ʆʪʢʫʜʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ὥ ʚ 32 ʨʘʟʘ ʧʦʣʫʯʠʤ ʫʚʝʣʠʯʝʥʠʝ Ὓ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ, ʝʩʣʠ ὥᴼπȟ ʪʦ ὛO Њȟ ʪʦ ʝʩʪʴ ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ ɹʨʠʪʘʥʠʠ 

ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʜʣʠʥʫ. ʏʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝ ʪʘʢ. ʂʨʠʚʦʣʠʥʝʡʥʦʩʪʴ ʜʣʠʥʳ 

ʧʦʙʝʨʝʞʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʝʝ ʠʟʛʠʙʘʥʠʷ. ʄʘʥʜʝʣʴʙʨʦʪ ʜʦʙʘʚʠʣ 1 ʢ 

ʧʦʢʘʟʘʪʝʣʶ ʩʪʝʧʝʥʠ ʠ ʧʦʣʫʯʠʣ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʦʥ ʥʘʟʚʘʣ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʦʙʝʨʝʞʴʷ (ʛʨʘʥʠʮʳ).  

ʄʳ ʚʚʝʣʠ ʧʦʥʷʪʠʝ ʦ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. ɼʘʜʠʤ 

ʪʝʧʝʨʴ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ᴙ  

ʥʘʭʦʜʠʪʩʷ ʥʘʰ ʬʨʘʢʪʘʣʴʥʳʡ ʦʙʲʝʢʪ  Ȣꞈ  ʇʦʢʨʦʝʤ ʪʝʧʝʨʴ ʵʪʦʪ ʦʙʲʝʢʪ ʮʝʣʠʢʦʤ 

n-ʤʝʨʥʳʤʠ ʰʘʨʘʤʠ ʜʠʘʤʝʪʨʘ ‐Ȣ ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ 

ʵʪʦʛʦ ʥʝ ʤʝʥʝʝ, ʯʝʤ ὔ‐ ʰʘʨʦʚ. ʊʦʛʜʘ, ʝʩʣʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ‐ 

ʚʝʣʠʯʠʥʘ ὔ‐ ʤʝʥʷʝʪʩʷ ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ  

ὔ‐
ρ

‐
ȟ 
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ʪʦ ʩʪʝʧʝʥʴ Ὀ ÄÉÍꞈ ʥʘʟʳʚʘʝʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʙʲʝʢʪʘ Ȣꞈ 

ʇʦʩʣʝʜʥʶʶ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ  

Ὀ ÌÉÍ
ᴼ

ÌÎὔ‐

ÌÎ
 Ȣ 

ʕʪʦ ʠ ʩʣʫʞʠʪ ʥʝʩʪʨʦʛʠʤ ʦʙʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠ ʬʦʨʤʫʣʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ὈȢ ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʝʣʠʯʠʥʘ 

Ὀ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ .ꞈ ʇʦ ʩʫʪʠ, 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ï ʵʪʦ ʯʠʩʣʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʪʴ ʠʟʚʠʣʠʩʪʦʩʪʴ 

ʠ ʥʝʨʦʚʥʦʩʪʴ ʛʨʘʥʠʮʳ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦ 

ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʝ ʜʣʷ ʬʨʘʢʪʘʣʘ ʂʘʥʪʦʨʘ. ʄʥʦʞʝʩʪʚʦ ʂʘʥʪʦʨʘ ʣʝʞʠʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ᴙ, ʧʦʵʪʦʤʫ 1-ʤʝʨʥʳʤʠ ʰʘʨʘʤʠ ʟʜʝʩʴ ʙʫʜʫʪ ʩʣʫʞʠʪʴ 

ʠʥʪʝʨʚʘʣʳ ʜʣʠʥʳ ‐Ȣ ɼʣʷ ʵʪʦʛʦ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ 

ὔ‐ ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʧʦʢʨʳʪʠʷ ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʠʭ ʜʣʠʥʳ ‐ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ȸɆɇɑɎɜɆ Ɋɑɥ ɓɆɛɔɌɊɋɓɎɥ ɍɆɈɎɗɎɒɔɗɘɎ ὔ‐ ɔɘ 

ɊɑɎɓɡ ‐ 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʝʤ ʦʜʠʥ ʦʪʨʝʟʦʢ 

ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʜʚʘ 

ʦʪʨʝʟʢʘ, ʢʘʞʜʳʡ ʜʣʠʥʳ . ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ 

ʠʤʝʝʤ  ʫʞʝ 4 ʦʪʨʝʟʢʘ ʜʣʠʥʳ , ʜʘʣʝʝ  ʠʤʝʝʤ 8 

ʦʪʨʝʟʢʦʚ ʜʣʠʥʳ  ʠ ʪ.ʜ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ‐O πᵾ ὲᴼЊȢ ʊʦʛʜʘ, 

ʧʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʠʤʝʝʤ 
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ʂʣʝʪʦʯʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʂʨʦʤʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʪʘʢ ʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʝʪʦʯʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʰʝ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʝʝ ʚʳʯʠʩʣʝʥʠʠ ʙʝʨʫʪʩʷ ʥʝ ʰʘʨʳ, ʘ ʢʣʝʪʢʠ (ʠʣʠ n-ʤʝʨʥʳʝ ʢʫʙʳ) ʩʦ ʩʪʦʨʦʥʦʡ ‐. 

ʆʯʝʚʠʜʥʦ, ʝʩʣʠ ʬʨʘʢʪʘʣ ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʧʨʷʤʦʡ, ʪʦ ʥʘʜʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʝʟʢʠ, ʥʘ ʧʣʦʩʢʦʩʪʠ ï ʢʚʘʜʨʘʪʳ. ɽʩʣʠ ʞʝ ʬʨʘʢʪʘʣ ï 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʢʚʘʜʨʘʪʳ ʟʘʤʝʥʷʶʪʩʷ ʢʫʙʘʤʠ. 

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʯʠʪʘʥʥʦʝ 

ʅʦʤʝʨ ʠʪʝʨʘʮʠʠ ‐ ὔ‐ 
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ʟʥʘʯʝʥʠʝ ὔ‐ ʥʝ ʚʩʝʛʜʘ ʜʘʸʪ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʢʣʝʪʦʢ ʩʦ ʩʪʦʨʦʥʦʡ  ‐, 

ʧʦʢʨʳʚʘʶʱʠʭ ʬʨʘʢʪʘʣ. ʇʦ ʩʫʪʠ, ʢʣʝʪʦʯʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʸʪ ʦʮʝʥʢʫ ʩʚʝʨʭʫ 

ʜʣʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʝʡ.   

                   

 ȶɎɗ.26. ȳɆɛɔɌɊɋɓɎɋ ɚɖɆɐɘɆɑɢɓɔɏ ɖɆɍɒɋɖɓɔɗɘɎ 

ɄɌɓɔɏ ɝɆɗɘɎ ȳɔɖɈɋɉɎɎ ɐɑɋɘɔɝɓɡɒ ɒɋɘɔɊɔɒ 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʢʣʝʪʦʯʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʧʳʣʠ ʂʘʥʪʦʨʘ, ʪʦ ʟʜʝʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʨʝʟʢʠ ʩʦ 

ʩʪʦʨʦʥʦʡ ‐, ʠ ʟʥʘʯʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ 

ʤʝʥʷʝʪʩʷ.  

 

ʄʝʨʘ ʍʘʫʩʜʦʨʬʘ ʠ ʨʘʟʤʝʨʥʦʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ 

ʉʨʝʜʠ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ çʬʨʘʢʪʘʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡè, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʍʘʫʩʜʦʨʬʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʩʪʘʨʳʤ, ʩʪʨʦʛʠʤ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ. ɺ 1919 ʛ. ʥʝʤʝʮʢʠʡ ʤʘʪʝʤʘʪʠʢ ʌʝʣʠʢʩ  

ʍʘʫʩʜʦʨʬ ʚʚʝʣ ʦʩʦʙʫʶ ʤʝʪʨʠʯʝʩʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʷ ʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ ʯʘʩʪʴ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʥʘ ʦʩʥʦʚʝ ʜʨʦʙʥʦʡ ʤʝʨʳ. 

ʆʥ ʞʝ ʧʨʠʚʸʣ ʧʨʠʤʝʨʳ ʩ ʜʨʦʙʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ (ʤʥʦʞʝʩʪʚʦ ʂʘʥʪʦʨʘ, ʢʨʠʚʘʷ 

ʂʦʭʘ ʠ ʜʨ.) ʀʜʝʠ ʍʘʫʩʜʦʨʬʘ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ɸ.ʉ. ɹʝʟʠʢʦʚʠʯʘ ʠ 

ʝʛʦ ʩʦʘʚʪʦʨʦʚ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʨʘʟʤʝʨʥʦʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʜʝʣʘʭ ʤʘʪʝʤʘʪʠʢʠ, ʥʦ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɹ. ʄʘʥʜʝʣʴʙʨʦʪʘ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʘ ʚ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʨʘʟʤʝʨʥʦʩʪʠ ʍʘʫʩʜʦʨʬʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʦʧʨʝʜʝʣʝʥʘ 

ʜʣʷ ʣʶʙʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʫʜʦʙʥʘ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʨʘʭ, 

ʢʦʪʦʨʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ. 

ɺʚʝʜʸʤ ʩʥʘʯʘʣʘ ʧʦʥʷʪʠʝ ʭʘʫʩʜʦʨʬʦʚʦʡ ʤʝʨʳ. ɼʣʷ ʣʶʙʦʛʦ ʥʝʧʫʩʪʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ Ὗ  ʠʟ n-ʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ᴙ  ʦʧʨʝʜʝʣʠʤ 

ʜʠʘʤʝʪʨ ᴁὟᴁ ÓÕÐᴁὼ ώᴁȡὼȟώɴ Ὗ, ʢʘʢ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʣʶʙʦʡ ʧʘʨʦʡ ʪʦʯʝʢ ʠʟ ὟȢ ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʩʯʝʪʥʳʡ (ʠʣʠ ʢʦʥʝʯʥʳʡ) ʥʘʙʦʨ 

ʦʪʢʨʳʪʳʭ ʤʥʦʞʝʩʪʚ Ὗ  ʜʠʘʤʝʪʨʘ, ʥʝ ʙʦʣʴʰʝʛʦ , ʷʚʣʷʝʪʩʷ  ʧʦʢʨʳʪʠʝʤ 

ʤʥʦʞʝʩʪʚʘ ꞈṒᴙȟ ʝʩʣʠ 

ꞈṒ Ὗȟ Ὦᶅȡ π Ὗ  Ȣ


