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ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ (1 ʬʘʡʣ: 6,55 ʄʙ). ï 346 ʩ. ï ʉʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: Adobe Acrobat 

Reader. ï URL: https://kpfu.ru/portal/docs/F_55397432/Sbornik_L21_2025.pdf  

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ XII ʂʦʥʢʫʨʩʘ-ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʣʫʯʰʫʶ 

ʩʪʫʜʝʥʯʝʩʢʫʶ ʨʘʙʦʪʫ çʃʦʙʘʯʝʚʩʢʠʡ ʠ XXI ʚʝʢè, ʧʦʩʚʷʱʝʥʥʦʛʦ ɼʥʶ ʨʦʞʜʝʥʠʷ 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ. ɺ ʩʙʦʨʥʠʢ ʚʦʰʣʠ ʢʦʥʢʫʨʩʥʳʝ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʚ ʩʣʝʜʫʶʱʠʭ 

ʥʦʤʠʥʘʮʠʷʭ: çʃʫʯʰʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘè, çʃʫʯʰʘʷ ʧʦʠʩʢʦʚʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘè, çʃʫʯʰʘʷ ʧʨʠʢʣʘʜʥʘʷ ʨʘʙʦʪʘè, çʃʫʯʰʝʝ ʵʩʩʝè, çʃʫʯʰʘʷ 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘè. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʝʢʪʘʭ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʫʯʥʦʡ, ʧʦʠʩʢʦʚʦʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʫʟʦʚ. ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ ʙʫʜʫʪ 

ʠʥʪʝʨʝʩʥʳ ʠ ʧʦʣʝʟʥʳ ʩʪʫʜʝʥʪʘʤ, ʰʢʦʣʴʥʠʢʘʤ ʠ ʫʯʠʪʝʣʷʤ. ʇʝʯʘʪʘʝʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ 

ʨʝʜʘʢʮʠʠ. 
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ʆʪ ʩʦʩʪʘʚʠʪʝʣʷ 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ (ʜʘʣʝʝ ï 

ʀʄʄ) ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʜʘʣʝʝ ï ʂʌʋ) ʩʦʚʤʝʩʪʥʦ 

ʩ ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʇʨʠʚʦʣʞʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʝʞʝʛʦʜʥʦ ʧʨʦʚʦʜʠʪ ʢʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʶ ʥʘ ʣʫʯʰʫʶ 

ʩʪʫʜʝʥʯʝʩʢʫʶ ʨʘʙʦʪʫ çʃʦʙʘʯʝʚʩʢʠʡ ʠ XXI ʚʝʢè. ɺ ʵʪʦʤ ʛʦʜʫ ʢʦʥʢʫʨʩ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʝʥʘʜʮʘʪʳʡ ʨʘʟ.  

ʂʦʥʢʫʨʩ ʧʦʩʚʷʱʘʝʪʩʷ ʜʥ ʁ ʤʘʪʝʤʘʪʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʜʥʶ ʨʦʞʜʝʥʠʷ 

ʚʝʣʠʢʦʛʦ ʛʝʦʤʝʪʨʘ ʅʠʢʦʣʘʷ ʀʚʘʥʦʚʠʯʘ ʃʦʙʘʯʝʚʩʢʦʛʦ. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʢʘʢʫʶ 

ʨʦʣʴ ʩʳʛʨʘʣ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʚ ʨʘʟʚʠʪʠʠ ʤʠʨʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʅʘʰʘ ʮʝʣʴ, 

ʯʪʦʙʳ ʤʦʣʦʜʳʝ ʣʶʜʠ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʠ ʦʩʦʟʥʘʣʠ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʝʛʦ 

ʥʘʩʣʝʜʠʝ, ʝʛʦ ʞʠʟʥʴ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚ ʮʝʣʦʤ.  

ʆʜʥʘ ʠʟ ʥʦʤʠʥʘʮʠʡ ʢʦʥʢʫʨʩʘ ï çʃʫʯʰʘʷ ʧʦʠʩʢʦʚʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʨʘʙʦʪʘè. ʋʯʘʩʪʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʥʘʩʣʝʜʠʷ ʫʯʝʥʦʛʦ, ʝʛʦ ʦʪʥʦʰʝʥʠʝ ʢ ʧʨʦʙʣʝʤʘʤ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʫʯʝʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʥʳʭ, 

ʚʥʝʩʰʠʭ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʥʘʩʣʝʜʠʷ ʃʦʙʘʯʝʚʩʢʦʛʦ. 

ɺʳʨʘʟʠʪʴ ʩʚʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʥʘʩʣʝʜʠʶ, çʫʚʠʜʝʪʴè 

ʛʣʘʟʘʤʠ ʩʪʫʜʝʥʪʘ ʣʠʯʥʦʩʪʴ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ ʝʛʦ ʚʣʠʷʥʠʝ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʤʦʞʥʦ ʚ ʥʦʤʠʥʘʮʠʠ çʃʫʯʰʝʝ ʵʩʩʝè. 

ʅʦʤʠʥʘʮʠʷ çʃʫʯʰʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘè ʚʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ. 

ɹʫʜʫʱʠʝ ʫʯʠʪʝʣʷ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʮʝʥʘʨʠʠ 

ʫʨʦʢʦʚ ʠ ʚʥʝʢʣʘʩʩʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʵʢʩʢʫʨʩʘʤʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʚʦʠ ʧʨʦʝʢʪʳ ʚ ʥʦʤʠʥʘʮʠʠ çʃʫʯʰʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ 

ʨʘʟʨʘʙʦʪʢʘè. 

ʇʦʙʝʜʠʪʝʣʠ ʢʦʥʢʫʨʩʘ ʥʘʛʨʘʞʜʘʶʪʩʷ ʜʠʧʣʦʤʘʤʠ I, II ʠ III ʩʪʝʧʝʥʝʡ. 
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ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʬʠʥʘʣʠʩʪʦʚ ʢʦʥʢʫʨʩʘ ʚ ʘʚʪʦʨʩʢʦʡ 

ʨʝʜʘʢʮʠʠ. 

ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʢʫʨʩʘ ʙʣʘʛʦʜʘʨʷʪ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʠ ʥʘʜʝʶʪʩʷ 

ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ! 

     

  

ʆʨʛʘʥʠʟʘʪʦʨ ʠ ʧʨʝʜʩʝʜʘʪʝʣʴ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʢʦʥʢʫʨʩʘ ï 

ʐʘʢʠʨʦʚʘ ʃ.ʈ., ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɿʘʩʣʫʞʝʥʥʳʡ 

ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʌ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 

ʀʥʩʪʠʪʫʪʘ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʅʦʤʠʥʘʮʠʷ çʃʫʯʰʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ  

ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠè 

ʄʆɼɽʃʔ ʂʀʊɸɽɺɸ ʉ ʄɸʃʓʄ ʏʀʉʃʆʄ ʋɿʃʆɺ 

ʄʘʣʳʰʝʚʘ ʄ.ɸ. 

ʈʦʩʩʠʡʩʢʘʷ ʬʝʜʝʨʘʮʠʷ, ʛ. ʀʞʝʚʩʢ 

ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʠʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʠʟʠʢʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʊʠʥʶʢʦʚʘ ʊ.ʉ. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʘʤʠʣʴʪʦʥʠʘʥ H, ʦʧʠʩʳʚʘʶʱʠʡ 

ʜʠʩʢʨʝʪʥʫʶ (ʨʝʰʸʪʦʯʥʫʶ) ʤʦʜʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʮʝʧʦʯʢʝ ʂʠʪʘʝʚʘ, 

ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʫʟʣʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʢʚʘʥʪʦʚʫʶ ʪʦʯʢʫ. ʀʩʩʣʝʜʫʶʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ H. ʅʘʡʜʝʥʦ ʫʩʣʦʚʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʡ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɼʣʷ ʥʫʣʝʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʂʠʪʘʝʚʘ, ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ. 
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Abstract. A Hamiltonian H is considered, which describes a discrete (lattice) 
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quantum dot. The spectral properties of the non-self-adjoint operator H are 
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investigated. The condition for the existence of eigenvalues and the corresponding 

eigenfunctions of this operator has been found. For the zero eigenvalue, the results 

of the eigenfunction analysis are presented graphically. 

Keywords: Kitaev model, eigenfunctions. 

 

ʅʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʬʠʟʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ (ʨʝʰʸʪʦʯʥʳʝ) ʤʦʜʝʣʠ. ʆʜʥʘ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ï ʮʝʧʦʯʢʘ ʂʠʪʘʝʚʘ [1,2]. ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ (ʪʦʢ ʚ ʥʝʤ ʥʝ ʠʩʧʳʪʳʚʘʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʠ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʫʙʠʪʦʚ ʠ ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ [3]. ʀʟʚʝʩʪʥʳʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʙʝʩʢʦʥʝʯʥʦʡ, ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʠʣʠ ʢʦʥʝʯʥʦʡ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʡ, 

ʮʝʧʦʯʢʝ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ-ʬʠʟʠʢʘʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʧʦʯʪʠ ʥʝʪ. ɺ ʧʨʦʰʣʦʤ 2024 ʚʧʝʨʚʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʩʪʘʥʦʚʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʠʥʠʤʘʣʴʥʦʡ ʮʝʧʦʯʢʝ ʂʠʪʘʝʚʘ [4]. ʉʦʟʜʘʥʥʳʝ ʚʞʠʚʫʶ ʮʝʧʦʯʢʠ ʩʦʜʝʨʞʘʪ 

ʚʩʝʛʦ 2 ʠʣʠ 3 ʫʟʣʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʢʚʘʥʪʦʚʫʶ ʪʦʯʢʫ (QD). ʇʦʷʚʣʝʥʠʝ 

ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʦʨʦʜʠʣʦ ʥʦʚʫʶ ʚʦʣʥʫ ʠʥʪʝʨʝʩʘ ʢ ʮʝʧʦʯʢʝ ʂʠʪʘʝʚʘ, ʥʦ ʫʞʝ 

ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʳ ʯʠʩʣʝʥʥʦʤʫ 

ʠʟʫʯʝʥʠʶ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ʉʦʟʜʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʩʪʨʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʬʠʟʠʢʦʚ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʠʭ ʵʥʝʨʛʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʤʘʪʝʤʘʪʠʢʠ ʤʘʣʦ ʟʘʥʠʤʘʶʪʩʷ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʦʡ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʩʦʙʝʥʥʦ ʮʝʥʥʳ ʠ ʘʢʪʫʘʣʴʥʳ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʦʜʝʣʴ ʂʠʪʘʝʚʘ. 
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ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʘʤʠʣʴʪʦʥʠʘʥʘ 

ʂʠʪʘʝʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʝʧʦʯʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʫʟʣʦʚ ʠ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ.   

ɹʝʩʢʦʥʝʯʥʘʷ ʤʦʜʝʣʴ ʂʠʪʘʝʚʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʤʠʣʴʪʦʥʠʘʥʘ 

,  

ʛʜʝ ,  ï ʥʦʤʝʨ ʫʟʣʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʦʯʢʝ,  ʦʧʠʩʳʚʘʝʪ ʵʣʝʢʪʨʦʥ, 

ʘ   ʦʧʠʩʳʚʘʝʪ ʜʳʨʢʫ (ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ), ï ʘʤʧʣʠʪʫʜʘ 

ʧʝʨʝʭʦʜʘ ʥʘ ʩʦʩʝʜʥʠʡ ʫʟʝʣ, ï ʧʘʨʘʤʝʪʨ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʩʧʘʨʠʚʘʥʠʷ, 

ï ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ʩʤ. ʈʠʩ.1). 

 

ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʂʠʪʘʝʚʘ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʦʯʢʠ 

ʀʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʤʦʜʝʣʴ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʫʟʣʦʚ ʦʧʠʩʳʚʘʝʪʩʷ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ  

, 

ʛʜʝ ,  ï ʤʘʪʨʠʮʘ, ʠʤʝʶʱʘʷ ʚʠʜ 
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, 

ʟʜʝʩʴ ʦʧʠʩʳʚʘʶʪ ʵʣʝʢʪʨʦʥ, ʘ ï ʜʳʨʢʫ, ʧʨʠ ʵʪʦʤ ʫʟʣʳ 

ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʩʧʨʘʚʘ QD, ïʘʤʧʣʠʪʫʜʘ ʧʝʨʝʭʦʜʘ 

ʦʪ QD ʢ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤʫ ʫʯʘʩʪʢʫ, ʢʦʪʦʨʦʤʫ ʦʪʚʝʯʘʶʪ ʫʟʣʳ ,   

ʠ ,  ï ʵʥʝʨʛʠʷ QD. ʉʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʥʝ ʨʘʚʥʳ 

ʥʫʣʶ. 

ɼʣʷ ʧʦʠʩʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʨʝʰʠʤ ʫʨʘʚʥʝʥʠʝ 

.                                              (1) 

 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʂʠʪʘʝʚʘ ʩ ʜʚʫʤʷ ʫʟʣʘʤʠ ʠ ʦʜʥʦʡ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʦʡ 

ʆʙʦʟʥʘʯʠʤ  

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ . ʅʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ 

ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ H ʠʤʝʝʪ ʚʠʜ 
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.                          (2) 

ʉʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ (2), ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ , ʦʙʣʘʜʘʶʱʘʷ ʢʦʤʧʦʥʝʥʪʘʤʠ: 

  

ʘ ʟʥʘʯʝʥʠʶ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ: 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ 1, 2, 5, 6 ʩʪʨʦʢ (1) ʚʳʨʘʟʠʤ ʚʝʣʠʯʠʥʳ  

                                  (4) 

ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ    ʚ ʩʪʨʦʢʠ 3 ʠ 4 ʫʨʘʚʥʝʥʠʷ (1), 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

                               (5) 

ɺʳʧʠʰʝʤ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʥʫʣʝʚʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5), ʪ.ʝ. 

ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʦʧʨʝʜʝʣʠʪʝʣʷ,  

 

ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (5), ʧʨʝʜʧʦʣʘʛʘʷ , ʠʤʝʝʤ 
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ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ  ʚ ʨʘʚʝʥʩʪʚʦ (4). ʇʦʣʘʛʘʷ , ʠʟ (4) 

ʧʦʣʫʯʠʤ (3). 

ɽʩʣʠ , ʪʦ (5) ʧʨʠʤʝʪ ʚʠʜ   

ʊʦʛʜʘ  ʠʣʠ  ɽʩʣʠ , ʪʦ (1) ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ. ʋʩʣʦʚʠʝ ʦʟʥʘʯʘʝʪ , ʪʦʛʜʘ 

ʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɽʩʣʠ , ʪʦ, ʠʩʧʦʣʴʟʫʷ (4), ʧʦʣʫʯʠʤ  

ɽʩʣʠ , ʠʤʝʝʤ  

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʣʫʯʘʝʚ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʧʨʠʚʝʜʝʤ ʚ 

ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 1. ʏʘʩʪʥʳʝ ʩʣʫʯʘʠ 

ʋʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 
ʉʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ 
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ɺ ʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʫʣʝʚʦʤʫ 

ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ , ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʫʣʝʚʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʩʤʦʪʨʠʤ . 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ, ʚʳʧʠʰʝʤ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʫʣʝʚʦʛʦ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ: 

 

ʉʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ , ʠʤʝʝʪ ʚʠʜ 

, 

ʟʜʝʩʴ ʠ ʧʨʠʥʠʤʘʶʪ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʇʫʩʪʴ , ʪʦʛʜʘ  

ʇʫʩʪʴ , ʪʦʛʜʘ  

ʌʫʥʢʮʠʠ  ʠ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳ, ʪ.ʢ. ʨʘʚʝʥʩʪʚʦ 

 ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʜʣʷ . ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʥʘʣʠʯʠʷ 

ʥʫʣʝʡ ʚ ʩʦʩʪʘʚʝ ʠ ʥʘ ʨʘʟʥʳʭ ʤʝʩʪʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ (ʬʠʟʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʠʰʴ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ): 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʘʨʘʤʝʪʨʳ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʚʦʡʩʪʚʘʤ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ  ʩʣʦʞʥʦ ʠʟʤʝʥʠʪʴ ʠ ʨʝʛʫʣʠʨʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʵʥʝʨʛʠʶ 

QD . 

ʇʫʩʪʴ , ʪʦʛʜʘ  

 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ  (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 

 (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ  

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʣʝʢʪʨʦʥ, ʦʧʠʩʳʚʘʝʤʳʡ ʩʪʘʙʠʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʨʘʡʥʝʤ ʣʝʚʦʤ ʫʟʣʝ ʮʝʧʦʯʢʠ. ɸ ʣʦʢʘʣʠʟʘʮʠʷ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʘ (ʩʤ. 
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)  ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  (ʵʥʝʨʛʠʠ QD). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

 ʣʦʢʘʣʠʟʘʮʠʷ ʥʘ ʢʨʘʡʥʝʤ ʧʨʘʚʦʤ ʫʟʣʝ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʨʘʷʭ. 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʦʚʳʝ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʝʟʥʳ ʠ ʠʥʪʝʨʝʩʥʳ ʬʠʟʠʢʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʧʫʪʝʤ  ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʩ ʣʶʙʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʛʦʚʦʨʠʪ ʥʝ ʪʦʣʴʢʦ ʦ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʯʘʩʪʠʮʳ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʪʴ ʝʝ ʵʥʝʨʛʠʶ (ʩʦʙʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ), ʘ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʝʝ ʧʦʚʝʜʝʥʠʝ ʩ ʧʦʤʦʱʴʶ çʥʘʩʪʨʦʡʢʠè 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ.  ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ, ʜʘʞʝ ʦʪʚʣʝʢʘʷʩʴ ʦʪ 

ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʦʧʣʝʢʠ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʜʘʯʠ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ, 

ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ, ʩʦʜʝʨʞʠʪ ʠʥʪʝʨʝʩʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ.   
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʆʊʆʋʇʈʋɻʆʉʊʀ 

ʉʠʟʦʚ ʄ.ʅ. 

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʩʚʝʱʝʥʠʷ,  

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ɺʘʩʠʣʴʯʠʢʦʚʘ ɽ.ʅ. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʦʙʨʘʟʮʦʚ ʟʘʜʘʥʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʟʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʥʘʭʦʜʷʪʩʷ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʬʦʪʦʫʧʨʫʛʦʩʪʴ. 
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Abstract. The work is devoted to visualization and modeling of stresses 

resulting from the action of a mechanical load, leading to optical anisotropy of 

samples of specified geometric dimensions. The results of mathematical modeling 
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ɺɺɽɼɽʅʀɽ 

ʌʦʪʦʫʧʨʫʛʦʩʪʴ ï ʧʴʝʟʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʝʥʘ ʚ 

ʪʦʤ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʠʟʦʪʨʦʧʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʦʙʨʝʪʘʶʪ ʩʚʦʡʩʪʚʘ, ʧʨʠʩʫʱʠʝ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʠʤ ʦʧʪʠʯʝʩʢʠ ʘʥʠʟʦʪʨʦʧʥʳʤ ʢʨʠʩʪʘʣʣʘʤ. ʆʜʥʘʢʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʦʧʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʦʪʦʫʧʨʫʛʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʝʱʝʩʪʚʘ ʦʪ ʜʝʬʦʨʤʘʮʠʠ. 

ʗʚʣʝʥʠʝ ʬʦʪʦʫʧʨʫʛʦʩʪʠ, ʧʨʠʤʝʥʷʝʤʦʝ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ ʠ ʦʩʪʘʝʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʥʘʛʣʷʜʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ ʧʨʝʚʦʩʭʦʜʩʪʚʦʤ ʥʘʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦ 

ʥʘʜʸʞʥʦʩʪʠ, ʦʭʚʘʪʫ ʠ ʧʨʘʢʪʠʯʥʦʩʪʠ. ɽʛʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʚʷʟʠ 

ʩ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʢʘʢ ʚ ʤʝʭʘʥʠʢʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝ, 

ʤʝʪʘʣʣʫʨʛʠʠ, ʤʝʜʠʮʠʥʝ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʩʪʳʭ ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʫʧʨʫʛʠʭ ʩʨʝʜʘʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʬʦʪʦʫʧʨʫʛʦʩʪʠ. 

 ʀʉʊʆʈʀʏɽʉʂɸʗ ʉʆʉʊɸɺʃʗʖʑɸʗ ʈɸɹʆʊʓ 

1.ʀʩʪʦʨʠʷ ʤʝʪʦʜʘ ʬʦʪʦʫʧʨʫʛʦʩʪʠ 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ï ʵʪʦ 

ʚʝʣʠʢʦʣʝʧʥʳʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʦʪʢʨʳʪʠʝ 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʤʦʱʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

ʇʝʨʚʦʦʪʢʨʳʚʘʪʝʣʝʤ ʷʚʣʝʥʠʷ ʬʦʪʦʫʧʨʫʛʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʰʦʪʣʘʥʜʩʢʠʡ 

ʬʠʟʠʢ ɼʵʚʠʜ ɹʨʶʩʪʝʨ. ɺ 1813ï1816 ʛʦʜʘʭ ʦʥ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ 

ʧʨʦʟʨʘʯʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʣ ʦʥ ʩʦ ʩʪʝʢʣʦʤ ʠ 
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ʞʝʣʘʪʠʥʦʤ), ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ, ʩʪʘʥʦʚʷʪʩʷ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʠʤʠ, ʪ. ʝ. ʦʧʪʠʯʝʩʢʠ ʘʥʠʟʦʪʨʦʧʥʳʤʠ. 

ɹʨʶʩʪʝʨ ʟʘʤʝʪʠʣ, ʯʪʦ ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʪʘʢʦʡ ʥʘʛʨʫʞʝʥʥʳʡ ʦʙʲʝʢʪ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʷʨʠʟʘʪʦʨʘʤʠ, ʪʦ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʚʦʟʥʠʢʘʶʪ ʮʚʝʪʥʳʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ. ʆʥ ʵʤʧʠʨʠʯʝʩʢʠ ʩʚʷʟʘʣ ʵʪʠ ʧʦʣʦʩʳ ʩ 

ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʩʤʦʛ ʜʘʪʴ ʧʦʣʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ 

ʇʦʟʞʝ ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʋʠʣʴʷʤ ʅʠʢʦʣʴ, ʟʘʤʝʪʠʚʰʠʡ 

ʨʘʟʥʦʮʚʝʪʥʳʝ ʮʚʝʪʘ ʥʝʦʪʧʫʱʝʥʥʦʛʦ ʩʪʝʢʣʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʧʦʣʷʨʠʩʢʦʧ. 

ʉʚʦʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʅʠʢʦʣʴ ʧʦʜʝʣʠʣʩʷ ʩ ʶʥʳʤ ʩʪʫʜʝʥʪʦʤ 

ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ï ɼʞʝʡʤʩʦʤ ʄʘʢʩʚʝʣʣʦʤ, ʯʪʦ ʩʪʘʣʦ 

ʠʤʧʫʣʴʩʦʤ ʢ ʝʛʦ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ. ɺ 1850 ʛʦʜʫ 

ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʧʝʨʚʘʷ ʩʝʨʴʝʟʥʘʷ ʨʘʙʦʪʘ ʄʘʢʩʚʝʣʣʘ çOn 

the Equilibrium of Elastic Solidsè. ɽʤʫ ʫʜʘʣʦʩʴ ʥʘʧʨʷʤʫʶ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ 

ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ 

ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʘʢʦ ʬʦʪʦʫʧʨʫʛʦʩʪʴ ʜʦʣʛʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʣʘ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʃʠʰʴ ʚ ʢʦʥʮʝ ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ ʜʚʘʜʮʘʪʦʛʦ 

ʚʝʢʘ ʫʯʝʥʳʤʠ ʠʟ ʃʦʥʜʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʕ. ʂʦʢʝʨʦʤ ʠ ʃ. ʌʠʣʦʥʦʤ 

ʫʜʘʣʦʩʴ ʧʨʝʚʨʘʪʠʪʴ ʬʦʪʦʫʧʨʫʛʦʩʪʴ ʚ ʧʦʣʥʦʮʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʠʥʞʝʥʝʨʦʚ-ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʢʘʢ ʞʠʟʥʝʩʧʦʩʦʙʥʳʡ ʤʝʪʦʜ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʠʡ. ʀʭ ʢʣʘʩʩʠʯʝʩʢʘʷ ʢʥʠʛʘ çʌʦʪʦʫʧʨʫʛʦʩʪʴè ʩʪʘʣʘ 

ʥʘʩʪʦʣʴʥʦʡ ʢʥʠʛʦʡ ʜʣʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʥʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠ ʪʝʦʨʠʶ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʪʝʭʥʠʢʫ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

2.ɺʢʣʘʜ ʅʠʢʦʣʘʷ ʀʚʘʥʦʚʠʯʘ ʃʦʙʘʯʝʚʩʢʦʛʦ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʬʦʪʦʫʧʨʫʛʦʩʪʠ 

ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʃʦʙʘʯʝʚʩʢʠʡ ʙʳʣ ʩʦʚʨʝʤʝʥʥʠʢʦʤ ʠ ɹʨʶʩʪʝʨʘ, ʠ 

ʄʘʢʩʚʝʣʣʘ, ʥʦ ʩʘʤʘ ʤʝʪʦʜʦʣʦʛʠʷ ʬʦʪʦʫʧʨʫʛʦʩʪʠ ʢʘʢ ʠʥʞʝʥʝʨʥʳʡ 
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ʠʥʩʪʨʫʤʝʥʪ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʪʘʣʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʟʞʝ, ʫʞʝ ʚ ʢʦʥʮʝ XIX ʠ ʦʩʦʙʝʥʥʦ ʚ XX ʚʝʢʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʞʝ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʵʪʘ ʦʙʣʘʩʪʴ ʥʝ ʙʳʣʘ ʚ ʬʦʢʫʩʝ ʝʛʦ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʦʥʝʯʥʦ, ʧʨʷʤʦʛʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʙʦʪ ʅʠʢʦʣʘʷ 

ʀʚʘʥʦʚʠʯʘ ʃʦʙʘʯʝʚʩʢʦʛʦ ʢ ʤʝʪʦʜʫ ʬʦʪʦʫʧʨʫʛʦʩʪʠ ʥʝʪ. ʆʜʥʘʢʦ ʝʛʦ 

ʛʣʦʙʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʤʘʪʝʤʘʪʠʢʫ ʠ ʥʘʫʢʫ ʚ ʮʝʣʦʤ ʩʦʟʜʘʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʬʫʥʜʘʤʝʥʪ, ʢʦʪʦʨʳʡ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʨʘʟʚʠʪʠʶ ʪʘʢʠʭ 

ʧʨʠʢʣʘʜʥʳʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʬʦʪʦʫʧʨʫʛʦʩʪʴ. 

ɻʣʘʚʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʃʦʙʘʯʝʚʩʢʦʛʦ ð ʩʦʟʜʘʥʠʝ ʥʝʝʚʢʣʠʜʦʚʦʡ 

ʛʝʦʤʝʪʨʠʠ ð ʙʳʣʘ ʨʝʚʦʣʶʮʠʝʡ ʥʝ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, ʘ ʚ ʤʳʰʣʝʥʠʠ. ʆʥ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʠ ʣʦʛʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʦʪʣʠʯʥʳʝ ʦʪ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦʡ. ʕʪʦ ʩʪʘʣʦ ʩʪʠʤʫʣʦʤ ʢ 

ʨʘʟʚʠʪʠʶ ʪʝʥʟʦʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʦʵʪʦʤʫ, 

ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʧʨʦʩ ʚ ʬʠʣʦʩʦʬʩʢʦʤ ʠ ʠʩʪʦʨʠʢʦ-ʥʘʫʯʥʦʤ ʢʣʶʯʝ, ʪʦ 

ʠʤʝʥʥʦ ʝʛʦ ʠʜʝʠ ʧʨʦʣʦʞʠʣʠ ʧʫʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʣʦʞʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʪʦʯʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʠʟʫʘʣʠʟʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʫʧʨʫʛʦʩʪʠ. 

  

II.ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʇʆʃʗʈʀɿɸʎʀʆʅʅʆ-ʆʇʊʀʏɽʉʂʆɻʆ 

ʄɽʊʆɼɸ 

2.ɿʘʢʦʥ ʬʦʪʦʫʧʨʫʛʦʩʪʠ 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʚʝʜʝʥʥʳʤ ʜʚʦʡʥʳʤ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝʤ ʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʤʠ ʦʥʦ ʚʳʟʚʘʥʦ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʬʠʟʠʢʦʚ. ɽʩʣʠ ʧʘʜʘʶʱʠʡ ʥʘ ʦʙʨʘʟʝʮ ʩʚʝʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʣʦʩʢʦʤ 

ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʫʧʨʫʛʦʩʪʠ, ʪʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʪʝʦʨʠʷ, 
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ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʦʩʪʠ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (6). ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ 

ʩʫʪʴ ʟʘʢʦʥʘ ʬʦʪʦʫʧʨʫʛʦʩʪʠ.  

 

ʛʜʝ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʧʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʥʘʟʚʘʥʥʳʡ ʢʦʥʩʪʘʥʪʦʡ ʬʦʪʦʫʧʨʫʛʦʩʪʠ. 

2. ʉʝʤʝʡʩʪʚʘ ʧʦʣʦʩ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʦʪʦʫʧʨʫʛʦʩʪʠ 

ʊʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʚ 

ʧʦʣʝ ʧʦʣʷʨʠʩʢʦʧʘ, ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʪʦʯʝʢ ʨʘʚʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʬʘʟ, ʚʳʟʚʘʥʥʳʭ ʜʚʦʡʥʳʤ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʦʯʝʢ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʨʘʟʥʦʩʪʠ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʤʝʶʱʠʭ 

ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʥʘʠʙʦʣʴʰʝʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ɻʦʚʦʨʷ ʦ ʠʟʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʦʩʘʭ, ʧʝʨʝʧʠʰʝʤ ʟʘʢʦʥ ʬʦʪʦʫʧʨʫʛʦʩʪʠ 

(1) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ʛʜʝ ï ʪʦʣʱʠʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ï ʧʦʨʷʜʦʢ ʧʦʣʦʩʳ.  

ʇʨʝʦʙʨʘʟʫʝʤ (2) ʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

 

ʛʜʝ  ï ʮʝʥʘ ʧʦʣʦʩʳ ʤʦʜʝʣʠ ï ʧʦʩʪʦʷʥʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʤʘʪʝʨʠʘʣʘ, 

ʪʦʣʱʠʥʳ ʤʦʜʝʣʠ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʫʩʪʘʥʦʚʢʝ. 

 ɺʘʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʷʜʢʘ ʠʟʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʚ 

ʬʦʪʦʫʧʨʫʛʦʤ ʤʝʪʦʜʝ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʘʩʘʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʪʦʡ ʚʝʣʠʯʠʥʝ (4). ʋʜʦʙʥʳʤ ʠ ʚʝʨʥʳʤ 

ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʷʜʢʘ ʩʣʫʞʠʪ ʚʥʠʤʘʪʝʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʪʠʥʳ ʧʦʣʦʩ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʤʦʜʝʣʠ ʚ ʧʦʣʝ 

ʧʦʣʷʨʠʩʢʦʧʘ ʠ ʠʭ ʧʦʜʩʯʸʪ, ʥʘʯʠʥʘʷ ʦʪ ʥʫʣʝʚʦʡ, ʚ ʩʪʦʨʦʥʫ ʠʩʪʦʯʥʠʢʘ ʧʦʣʦʩ. 
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ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʥʠʠ ʜʠʩʢʘ, ʩʞʘʪʦʛʦ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʩʠʣʘʤʠ, ʠʩʪʦʯʥʠʢ ʧʦʣʦʩ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʘʭ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ, ʘ ʚʦʪ ʧʦʣʦʩʘ 

ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʥʪʫʨʦʤ ʜʠʩʢʘ. ʎʝʥʫ ʞʝ ʧʦʣʦʩʳ ʦʧʨʝʜʝʣʷʶʪ 

ʧʫʪʝʤ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʫʞʝ 

ʠʤʝʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɼʣʷ ʜʠʩʢʘ ʨʝʰʝʥʠʝ ʜʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ [4]: 

 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ ʚ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʚʩʣʝʜʩʪʚʠʝ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ [6]. ʇʦʨʷʜʦʢ ʧʦʣʦʩ ʚ ʮʝʥʪʨʝ ʜʠʩʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ.  

ɹʠʧʦʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟʦʭʨʦʤ ʜʣʷ ʜʠʩʢʘ, ʩʞʘʪʦʛʦ ʧʦ ʜʠʘʤʝʪʨʫ ʜʚʫʤʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʩʠʣʘʤʠ, ʧʦʣʫʯʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

 

ʛʜʝ ï ʧʦʩʪʦʷʥʥʘʷ, ʧʘʨʘʤʝʪʨ ʧʦʣʦʩʳ. ʈʘʟʥʦʩʪʴ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

 

 

ʢʫʜʘ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʥʘʧʨʷʞʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʢʨʫʛʣʳʭ 

ʜʠʩʢʘʭ. ʆʢʦʥʯʘʪʝʣʴʥʦ, ʦʩʫʱʝʩʪʚʠʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʟʘʤʝʥʘʤʠ ʠ ʧʦʜʩʪʘʥʦʚʢʘʤʠ, ʧʦʣʫʯʠʤ ʙʠʧʦʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

 

ʯʪʦ ʥʝ ʫʜʦʙʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʩʝ ʯʝʪʳʨʝ ʢʦʦʨʜʠʥʘʪʳ . ɺʳʯʠʩʣʝʥʠʷ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪʩʷ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ . 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ:  

 

 

ɺʳʧʦʣʥʠʤ ʧʦʜʩʪʘʥʦʚʢʫ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʚʚʦʜʷʪʩʷ ʧʦʨʷʜʦʢ ʧʦʣʦʩʳ ʠ ʮʝʥʘ ʧʦʣʦʩʳ 

(4). ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ (11): 

 

ɺʳʨʘʞʝʥʠʝ (6) ʜʘʝʪ ʚ ʷʚʥʦʤ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʠ ʠ ʟʥʘʯʝʥʠʝʤ ʣʶʙʦʡ ʧʦʣʦʩʳ,  

 

ɿʜʝʩʴ ï ʧʝʨʝʤʝʥʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ (

ʨʘʜʠʫʩʘ ʠ  ʪʦʣʱʠʥʳ), ʤʘʪʝʨʠʘʣʘ () ʠ ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʳ () [5]. 

III.  ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ, ʚʳʷʚʣʝʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʤʝʥʥʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʟʘʜʘʯʝ [1]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʟʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʦʙʲʝʜʠʥʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʪʝʦʨʠʶ, ʷʚʣʷʷʩʴ 

ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʝʟ ʨʝʘʣʴʥʦʛʦ ʥʘ ʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. ʉ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩ 

ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ 

ʛʨʘʬʠʯʝʩʢʠʡ ʦʥʣʘʡʥ ʢʘʣʴʢʫʣʷʪʦʨ Desmos, ʥʝ ʪʨʝʙʫʶʱʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɿʥʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʥʩʪʘʥʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʤʝʪʦʜʠʢʘ ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʝʥʘ ʚ ʩʪʘʪʴʷʭ [2,3], ʠ ʧʨʦʚʝʨʠʚ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

ʚʩʝʭ ʚʝʣʠʯʠʥ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʨʷʜʢʘ ʧʦʣʦʩʳ (ʫʢʘʟʘʥ ʚ ʠʥʜʝʢʩʝ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (6), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʦʢ. 

 

ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʷʜʢʘ ʧʦʣʦʩʳ ʦʪ ʚʝʣʠʯʠʥʳ 

ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʨʝʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʧʨʦʚʦʜʠʤʳʤ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʬʠʟʠʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʩʚʝʱʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʦʩ, ʩ ʫʢʘʟʘʥʠʝʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ [2] 

 ɺ ʙʦʣʝʝ ʩʣʦʞʥʦʤ ʚʘʨʠʘʥʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʧʨʦʛʨʘʤʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʪʦʨʩʢʠʡ 

ʢʦʜ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 

ʩʦʟʜʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ Python.  

 

ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ ʠ ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʨʩʢʦʛʦ ʢʦʜʘ ʚ ʧʨʦʛʨʘʤʤʝ Python 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʥʣʘʡʥ ʢʘʣʴʢʫʣʷʪʦʨʘ Desmos ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʘʨʪʠʥ ʚ ʜʠʥʘʤʠʢʝ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʦʩ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʪʥʫʶ 

ʟʘʜʘʯʫ ï ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʧʨʠʣʦʞʝʥʥʳʡ ʩʠʣʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʠʩʩʣʝʜʫʝʤʳʡ ʜʠʩʢ ʤʦʞʥʦ ʧʦ ʧʨʘʚʫ ʥʘʟʚʘʪʴ ʦʧʪʠʯʝʩʢʠʤ ʜʠʥʘʤʦʤʝʪʨʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʫʧʨʫʛʠʭ ʩʨʝʜʘʭ. ʇʨʦʚʝʜʝʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ 

ʤʦʜʝʣʠ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ 

ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. 
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ʅɸʏɸʃʔʅʆɽ ʉʆʉʊʆʗʅʀɽ ɺ ʊɽʆʈʀʀ ɻʈɸɺʀʊɸʎʀʀ ʉ 

ʅɽʄʀʅʀʄɸʃʔʅʆʁ ʂʀʅɽʊʀʏɽʉʂʆʁ ʉɺʗɿʔʖ1[1] 

ʂʘʤʘʣʠʪʜʠʥʦʚ ʈ.ʀ. 

 

1[1] ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʌʦʥʜʘ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ çɹɸɿʀʉè ˉ24-1-1-39-4. 
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ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

ʂʘʟʘʥʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ / ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʛʨʘʚʠʪʘʮʠʠ ʉʫʰʢʦʚ ʉ.ɺ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʦʨʠʷ ʛʨʘʚʠʪʘʮʠʠ ʩ 

ʥʝʤʠʥʠʤʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʳʝ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʣʷ ʩʚʷʟʘʥʳ ʩ ʪʝʥʟʦʨʦʤ ʕʡʥʰʪʝʡʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʘʨʤʦʥʠʢʠ ʧʦʣʝʡ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʨʘʪʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʦʩʮʠʣʣʷʪʦʨʦʤ. ʄʦʜʳ ʠ ʩʧʝʢʪʨ ʜʣʷ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʭʦʜʷʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʣʷʮʠʷ, ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠʤʦʨʜʠʘʣʴʥʳʡ 

ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ  
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ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ ʕʡʥʰʪʝʡʥʘ 

ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʦ-ʪʝʥʟʦʨʥʘʷ ʪʝʦʨʠʷ ʛʨʘʚʠʪʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʣʘʛʨʘʥʞʠʘʥ 

ʩʦʜʝʨʞʠʪ ʩʣʘʛʘʝʤʦʝ ʚʠʜʘ , ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʥʝʤʠʥʠʤʘʣʴʥʫʶ 

ʩʚʷʟʴ ʧʨʦʠʟʚʦʜʥʳʭ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʩ ʢʨʠʚʠʟʥʦʡ. ʈʘʟʣʠʯʥʳʝ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ ʩ ʥʝʤʠʥʠʤʘʣʴʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʜʝʪʘʣʴʥʦ ʦʙʩʫʞʜʘʣʠʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʤ. 

[2,3]). ɺ ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʘʜʠʠ 

ʧʝʨʚʠʯʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʬʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ 

ʥʝʤʠʥʠʤʘʣʴʥʦʡ ʩʚʷʟʠ .  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʧʨʦʙʘʮʠʠ ʪʝʦʨʠʡ ʛʨʘʚʠʪʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʧʨʝʜʳʜʫʱʝʡ 

ʨʘʙʦʪʝ[1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʠʥʬʣʷʮʠʦʥʥʦʡ ʵʨʝ ʠʤʝʶʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʪʘʢ ʯʪʦ ʧʣʦʩʢʠʝ ʚʦʣʥʳ (ʚ ʯʘʩʪʥʦʩʪʠ 

ʬʫʥʢʮʠʷ ɹʵʥʯʘ-ɼʵʚʠʩʘ) ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʩʢʘʣʷʨʥʦʛʦ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ 

, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ns ʠ ʩʢʘʣʷʨʥʦ-ʪʝʥʟʦʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ r ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʚʪʦʨʠʯʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ 

ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʩʪʨʦʠʤ ʛʘʤʠʣʴʪʦʥʠʘʥʳ 

ʛʘʨʤʦʥʠʢ ʜʣʷ ʧʦʣʝʡ ʠ ʘʥʘʣʠʟʠʨʫʝʤ ʠʭ ʚ ʵʨʝ ʢʚʘʟʠ ʜʝ ʉʠʪʪʝʨʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʥʢʦʚʩʢʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ, ʚ ʢʦʪʦʨʦʡ 

, ʪ.ʝ. ʤʘʩʩʘ ʇʣʘʥʢʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 

ʕʡʥʰʪʝʡʥʘ . 

1. ʋʨʘʚʥʝʥʠʷ ʧʦʣʷ 

ɼʝʡʩʪʚʠʝ ʩʢʘʣʷʨʥʦ-ʪʝʥʟʦʨʥʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʩʢʘʣʷʨʥʦʝ 

ʧʦʣʝ ʠʤʝʝʪ ʥʝʤʠʥʠʤʘʣʴʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʢʨʠʚʠʟʥʦʡ, ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ - ʧʘʨʘʤʝʪʨ ʥʝʤʠʥʠʤʘʣʴʥʦʡ ʩʚʷʟʠ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ 

. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʦʪʨʦʧʥʫʶ ʦʜʥʦʨʦʜʥʫʶ ʧʣʦʩʢʫʶ ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʩ ʤʝʪʨʠʢʦʡ ʌʨʠʜʤʘʥʘ-ʈʦʙʝʨʪʩʦʥʘ-ʋʦʢʝʨʘ: 

 

ʛʜʝ  - ʢʦʥʬʦʨʤʥʦʝ ʚʨʝʤʷ, - ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ, 

- ʢʦʥʬʦʨʤʥʳʡ ʧʘʨʘʤʝʪʨ ʍʘʙʙʣʘ, 

ʛʜʝ ʰʪʨʠʭ ʦʟʥʘʯʘʝʪ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʢʦʥʬʦʨʤʥʦʤʫ ʚʨʝʤʝʥʠ, ʪ.ʝ. . 

ɺʩʣʝʜʩʪʚʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ - ʬʦʥʦʚʦʝ 

ʩʢʘʣʷʨʥʦʝ ʧʦʣʝ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʝ ʌʨʠʜʤʘʥʘ ʠ ʫʨʘʚʥʝʥʠʝ ʥʘ ʩʢʘʣʷʨʥʦʝ 

ʧʦʣʝ ʚ ʤʝʪʨʠʢʝ (1.1) ʧʨʠʤʫʪ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

 

 

ʛʜʝ  - ʢʦʥʩʪʘʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʚʚʦʜʷʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʤʝʜʣʝʥʥʦʛʦ ʩʢʘʪʳʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ: 

 

 

ʋʨʘʚʥʝʥʠʷ (1.3), (1.4), (1.5) ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [2], 

ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʵʧʦʭ: ʵʧʦʭʠ ʢʚʘʟʠ-ʜʝ 

ʉʠʪʪʝʨʘ ( ): 
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ʠ ʵʧʦʭʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ (): 

 

2. ʂʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ 

ɺ ʧʣʦʩʢʦʡ (ʩʤ. [3]) ʚʦʟʤʫʱʝʥʥʘʷ ʤʝʪʨʠʢʘ ʠʤʝʝʪ ʚʠʜ: 

 

ʛʜʝ  - ʩʢʘʣʷʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, 

- ʪʝʥʟʦʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. ʊʝʥʟʦʨʥʳʝ ʤʦʜʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʫʩʣʦʚʠʷʤ ʧʦʧʝʨʝʯʥʦʩʪʠ ʠ ʙʝʩʩʣʝʜʦʚʦʩʪʠ: . 

ɺʦʟʤʫʱʝʥʥʦʝ ʩʢʘʣʷʨʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʚʠʜ: 

 

ʛʜʝ - ʚʦʟʤʫʱʝʥʠʝ ʪʘʢʦʝ, ʯʪʦ . ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʌʫʨʴʝ ʦʙʨʘʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʳ : 

  

  

ʛʜʝ  - ʤʦʜʘ ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ . 

3. ʉʢʘʣʷʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ 

ɼʝʡʩʪʚʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠʟ ʦʙʱʝʛʦ ʜʝʡʩʪʚʠʷ (1.1), ʚʢʣʶʯʘʶʱʝʝ 

ʪʦʣʴʢʦ ʚʦʟʤʫʱʝʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ, ʚ ʤʝʪʨʠʢʝ (2.1) ʙʝʟ ʫʯʝʪʘ ʯʣʝʥʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʪʨʝʭʤʝʨʥʦʡ ʜʠʚʝʨʛʝʥʮʠʝʡ, ʠʤʝʝʪ 

ʚʠʜ: 
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ʛʜʝ ʩ ʮʝʣʴʶ ʟʘʤʢʥʫʪʴ ʣʘʛʨʘʥʞʠʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʫʱʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʣʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʢʦʥʩʪʨʝʡʥʪʘ ʥʘ ʤʝʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ 

, ʠ ʧʝʨʝʧʠʩʘʣʠ ʣʘʛʨʘʥʞʠʘʥ ʚ ʪʝʨʤʠʥʘʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʜʣʝʥʥʦʛʦ ʩʢʘʪʳʚʘʥʠʷ (1.6), (1.7). 

ʕʨʘ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ  

ɼʝʡʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʫʱʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʧʦʭʝ ʠʤʝʝʪ ʚʠʜ: 

 

ʛʜʝ ʚʚʝʜʝʥʘ ʧʝʨʝʤʝʥʥʘʷ ʄʫʭʘʥʦʚʘ ɸʥʘʣʦʛʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʚ 

ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ ʠʤʝʝʪ ʚʠʜ[4]: 

 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ, ,ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʵʧʦʭʝ ʨʘʚʥʘ. ʊʘʢ ʯʪʦ ʜʝʡʩʪʚʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʪ.ʝ. ʧʦʚʝʜʝʥʠʝ 

ʩʢʘʣʷʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦʚʪʦʨʷʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ. 

ʕʨʘ ʢʚʘʟʠ-ʜʝ ʉʠʪʪʝʨʘ  

ɻʘʤʠʣʴʪʦʥʠʘʥ ʚʦʟʤʫʱʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʧʦʭʝ 

ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ ï ʤʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʣʷ,  ï ʠʤʧʫʣʴʩ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʣʷ,  - ʯʘʩʪʦʪʘ ʛʘʨʤʦʥʠʢʠ.   

4. ʊʝʥʟʦʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ 

ɼʝʡʩʪʚʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠʟ ʦʙʱʝʛʦ ʜʝʡʩʪʚʠʷ (1.1), ʚʢʣʶʯʘʶʱʝʝ 

ʪʦʣʴʢʦ ʪʝʥʟʦʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚ ʤʝʪʨʠʢʝ (2.1) ʙʝʟ ʫʯʝʪʘ ʯʣʝʥʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʪʨʝʭʤʝʨʥʦʡ ʜʠʚʝʨʛʝʥʮʠʝʡ, ʠʤʝʝʪ 

ʚʠʜ: 

 

ʛʜʝ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʤʥʦʞʠʪʝʣʴ ʧʨʠ 

ʨʘʚʝʥ ʥʫʣʶ ʠʟ ʫʨʘʚʥʝʥʠʡ ʬʦʥʦʚʦʡ ʜʠʥʘʤʠʢʠ (1.4). ɺʘʨʠʘʮʠʷ ʜʝʡʩʪʚʠʷ 

ʚʳʰʝ ʧʨʠʚʦʜʠʪ ʢ ʫʨʘʚʥʝʥʠʶ ʥʘ ʪʝʥʟʦʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʥʝʝ[1]. 

ʈʘʟʣʦʞʠʤ ʪʝʥʟʦʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʤʦʜʳ, 

ʧʦʣʘʛʘʷ: 

 

ʛʜʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʙʘʟʠʩ, , ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʙʝʩʩʣʝʜʦʚʦʩʪʠ, 

ʧʦʧʝʨʝʯʥʦʩʪʠ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ: 
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ʇʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʝʡʩʪʚʠʷ ʥʘ ʤʦʜʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ: 

 

ʕʨʘ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ  

ɼʝʡʩʪʚʠʝ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʧʦʭʝ 

ʠʤʝʝʪ ʚʠʜ: 

 

ʛʜʝ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʧʦʣʝ. ʇʦʣʫʯʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʩʤʦʣʦʛʠʠ (ʩʤ [4], ʥʘʧʨʠʤʝʨ).  

ʕʨʘ ʢʚʘʟʠ-ʜʝ ʉʠʪʪʝʨʘ  

ɻʘʤʠʣʴʪʦʥʠʘʥ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʧʦʭʝ ʠʤʝʝʪ 

ʚʠʜ: 

 

ʛʜʝ ï ʤʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʣʷ, 

 ï ʠʤʧʫʣʴʩ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʣʷ, - ʯʘʩʪʦʪʘ 

ʛʘʨʤʦʥʠʢʠ. 

5. ʂʚʘʥʪʦʚʘʥʠʝ ʧʦʣʝʡ. ʆʙʨʘʪʥʳʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ 

ʀʟ ʫʨʘʚʥʝʥʠʡ (2.8) ʠ (2.12) ʩʣʝʜʫʝʪ, ʯʪʦ ʛʘʨʤʦʥʠʢʠ ʧʦʣʝʡ ʚ 

ʠʥʬʣʷʮʠʦʥʥʦʡ ʵʧʦʭʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʨʘʪʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ 

ʦʩʮʠʣʣʷʪʦʨʦʤ: 

 

ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʝ ʦʛʨʘʥʠʯʝʥʳ ʩʥʠʟʫ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʥʦʨʤʘʣʠʟʫʝʤʳʝ (ʩʤ. [5]).  ʇʦʵʪʦʤʫ ʟʘʜʘʥʠʝ ʚʘʢʫʫʤʥʦʛʦ 



36 

 

ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʩʦʩʪʦʷʥʠʷ ʩ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʩʩʤʦʪʨʠʤ 

ʜʘʣʝʝ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʦʮʝʜʫʨʫ ʢʚʘʥʪʦʚʘʥʠʷ, ʧʦʣʘʛʘʷ, ʯʪʦ  

 

ʛʜʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʙʝʨʫʪʩʷ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʋʨʘʚʥʝʥʠʷ ɻʘʤʠʣʴʪʦʥʘ ʠʤʝʶʪ ʚʠʜ: 

 

 

ɼʣʷ ʩʠʩʪʝʤʳ ʚʳʰʝ ʚʚʝʜʝʤ ʦʧʝʨʘʪʦʨʳ , ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ 

 

ʛʜʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʶʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ 

ʠ ʠʟ (3.2).  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʧʝʨʘʪʦʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʣʝʩʪʥʠʯʥʳʤʠ ʚ ʧʨʠʚʳʯʥʦʤ 

ʩʤʳʩʣʝ (ʩʤ. [5]). ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ  ʥʝʪʨʫʜʥʦ 

ʧʦʣʫʯʠʪʴ ʷʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʦʣʝʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ: 
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ʛʜʝ  ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʠ ʚʨʦʥʩʢʠʘʥ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʨʝʰʝʥʠʷʭ, 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʦʨʤʘʣʠʟʘʮʠʠ: 

 

ʈʝʰʝʥʠʝ ʥʘ ʤʦʜʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩʦʚʧʘʜʘʝʪ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʚʦʨʦʪʘ ɺʠʢʘ (), ʨʝʰʝʥʠʝ ʥʘ ʩʢʘʣʷʨʥʳʝ ʤʦʜʳ ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʦʚʦʨʦʪʘ ɺʠʢʘ ʠ ʧʝʨʝʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ (). ɺ 

ʙʝʩʢʦʥʝʯʥʦʤ ʧʨʦʰʣʦʤ ʧʦʚʝʜʝʥʠʝ ʤʦʜ ʥʝ ʧʦʚʪʦʨʷʝʪ ʧʦʚʝʜʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʄʠʥʢʦʚʩʢʦʛʦ ï ʤʦʜʳ ʨʘʩʭʦʜʷʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ: 

 

ʧʨʠʯʝʤ ʵʪʘ ʨʘʩʭʦʜʠʤʦʩʪʴ ʥʝʫʩʪʨʘʥʠʤʘ, ʧʦʩʢʦʣʴʢʫ, ʝʩʣʠ ʧʦʣʦʞʠʪʴ , ʪʦ 

ʫʩʣʦʚʠʝ ʥʦʨʤʘʣʠʟʘʮʠʠ (3.8) ʥʝ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ. 

ʌʦʨʤʘʣʴʥʦ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ (ʧʩʝʚʜʦ-)ʚʘʢʫʫʤʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʢ: 

 

ɺʚʝʜʝʥʥʦʝ ʚʘʢʫʫʤʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩ ʥʫʣʝʚʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʯʘʩʪʠʮ ʟʘʧʦʣʥʝʥʠʷ, ʢʘʢ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʩʣʫʯʘʝ, ʥʦ ʟʘʜʘʝʪ 

ʢʦʛʝʨʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʥʫʣʝʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ[5]. ʆʥʦ ʟʘʜʘʝʪ 

ʠʟʦʪʨʦʧʥʫʶ ʠ ʦʜʥʦʨʦʜʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʣʝʡ, ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ 

 

ʯʪʦ ʜʦʚʦʣʴʥʦ ʦʯʝʚʠʜʥʦ ʩʣʝʜʫʝʪ ʠʟ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʥʦʩʪʠ ʬʦʥʘ (1.2).  

ʅʘʯʘʣʴʥʳʡ ʩʢʘʣʷʨʥʳʡ ʩʧʝʢʪʨ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʜʘʥʥʳʤ ʚʘʢʫʫʤʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʠʤʝʝʪ ʚʠʜ: 

 

ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʵʨʝ ʢʚʘʟʠ ʜʝ ʉʠʪʪʝʨʘ ʨʘʩʭʦʜʠʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ, ʛʜʝ 

ʩʧʝʢʪʨ ʨʘʩʭʦʜʠʪʩʷ ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ. 

ɿʘʢʣʶʯʝʥʠʝ 
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ʄʳ ʧʦʣʫʯʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʘʢʫʫʤʥʦʛʦ ʨʝʰʝʥʠʷ ʵʢʩʧʦʥʝʥʪʳ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʨʘʩʭʦʜʠʪʩʷ ʧʨʠ , ʯʪʦ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ. ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʘʢʞʝ 

ʨʘʩʭʦʜʠʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʯʘʣʴʥʳʡ ʩʧʝʢʪʨ 

ʤʦʱʥʦʩʪʠ ʨʘʩʭʦʜʠʪʩʷ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ, ʛʜʝ, ʦʜʥʘʢʦ, 

ʨʘʩʭʦʜʠʤʦʩʪʴ ʫʩʪʨʘʥʠʤʘ ʟʘ ʩʯʝʪ ʠʥʬʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʝʨʥʦ ʧʨʝʜʩʢʘʟʘʥʥʦʤʫ ʩʧʝʢʪʨʫ ʤʦʱʥʦʩʪʠ ʚ ʢʦʥʮʝ ʠʥʬʣʷʮʠʠ. ʄʳ 

ʧʨʦʜʦʣʞʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʨʝʥʦʨʤʘʣʠʟʦʚʘʪʴ ʥʘʯʘʣʴʥʳʡ ʩʧʝʢʪʨ 

ʤʦʱʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʩʧʝʢʪʨʘ ʚ ʢʦʥʮʝ ʠʥʬʣʷʮʠʠ. 
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ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ / ʀʥʩʪʠʪʫʪ 

ʌʠʟʠʢʠ / ʂʘʬʝʜʨʘ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʛʨʘʚʠʪʘʮʠʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʘʣʘʢʠʥ ɸ.ɹ. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʧʣʘʟʤʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʠʨʦʤ ʠ ʘʢʩʠʦʥʥʳʤ ʧʦʣʝʤ. 

ʇʦʣʫʯʝʥʘ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦʣʝʡ ʠ ʧʣʘʟʤʳ, 

ʧʨʦʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʩʠʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʳ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ 

ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʚʳʷʚʠʚʰʘʷ ʨʝʞʠʤʳ 

ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʳ ʠ ʩʠʤʧʪʦʤʳ ʧʣʘʟʤʝʥʥʳʭ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʩʠʦʥ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʠʨ, ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʧʣʘʟʤʘ 
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ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʧʣʘʟʤʳ ʚ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʩʣʦʞʥʦʡ ʧʦʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠ ʘʢʩʠʦʥʥʦʝ ʧʦʣʷ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʦʡ ʧʣʘʟʤʳ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʠʨʦʤ - ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʤ, ʤʦʜʠʬʠʮʠʨʫʶʱʠʤ ʩʪʘʥʜʘʨʪʥʫʶ 

ʪʝʦʨʠʶ ʛʨʘʚʠʪʘʮʠʠ ʠ ʠʛʨʘʶʱʠʤ ʨʦʣʴ ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟʤʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʢʘʢ ʩ ʘʢʩʠʦʥʥʳʤ ʧʦʣʝʤ, 

ʪʘʢ ʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʠʨʦʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʘʢʩʠʦʥʥʦ-ʵʬʠʨʥʦ ʘʢʪʠʚʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟʤʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʈʘʟʨʘʙʦʪʢʘ ʬʦʨʤʘʣʠʟʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʘʢʩʠʦʥʥʦ-ʵʬʠʨʥʦ ʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ 

¶ ʇʦʣʫʯʝʥʠʝ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʩʚʷʟʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʳ ʧʣʘʟʤʳ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ, ʵʬʠʨʥʦʤ, ʘʢʩʠʦʥʥʦʤ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʷʭ, 

ʚ ʨʘʤʢʘʭ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ 

¶ ʌʦʨʤʫʣʠʨʦʚʢʘ ʢʦʥʮʝʧʮʠʠ ʨʘʚʥʦʚʝʩʠʷ ʚ ʘʢʩʠʦʥʥʦ-ʵʬʠʨʥʦ 

ʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʠʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʩʠʣ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʦʚʠʟʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʚʧʝʨʚʳʝ ʦʙʲʝʜʠʥʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʠʨ, ʘʢʩʠʦʥʥʦʝ ʧʦʣʝ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ 

ʧʣʘʟʤʫ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʣʘʟʤʳ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ. 
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1. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ, ʘʢʩʠʦʥʥʦʝ ʠ ʵʬʠʨʥʦʝ ʧʦʣʷ ʦʙʨʘʟʫʶʪ ʛʣʦʙʘʣʴʥʫʶ ʧʦʣʝʚʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʧʣʘʟʤʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ.  

1.2 ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ 

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ  

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʛʝʦʤʝʪʨʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ  

ʕʚʦʣʶʮʠʷ ʧʦʣʷ ʟʘʜʘʸʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʥʰʪʝʡʥʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ 

,                               (1) 

ʛʜʝ - ʣʘʛʨʘʥʞʠʘʥ ʤʘʪʝʨʠʠ. 

1.2 ɼʠʥʘʤʠʯʝʩʢʠʡ ʵʬʠʨ 

ʊʝʦʨʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʠʨʘ [1] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨʥʦ-

ʪʝʥʟʦʨʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʛʨʘʚʠʪʘʮʠʠ. ʆʩʥʦʚʥʳʤ ʝʸ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʚʨʝʤʝʥʠʧʦʜʦʙʥʦʝ ʝʜʠʥʠʯʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ  ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ ʯʝʪʳʨʝ 

ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʌʫʥʢʮʠʦʥʘʣ ʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʝʪ 

ʣʘʛʨʘʥʞʠʘʥ ʕʡʥʰʪʝʡʥʘ-ɻʠʣʴʙʝʨʪʘ, ʫʩʣʦʚʠʝ ʥʦʨʤʠʨʦʚʢʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʠ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʩʣʘʛʘʝʤʳʝ: 

,  (2) 

ʛʜʝ = . 
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1.3 ɸʢʩʠʦʥʥʦʝ ʧʦʣʝ 

ɸʢʩʠʦʥ - ʤʘʩʩʠʚʥʳʡ ʧʩʝʚʜʦʛʦʣʜʩʪʦʫʥʦʚʩʢʠʡ ʙʦʟʦʥ, ʚʚʝʜʸʥʥʳʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ CP-ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʢʚʘʥʪʦʚʦʡ ʭʨʦʤʦʜʠʥʘʤʠʢʝ [2]. 

ɸʢʩʠʦʥʥʦʝ(ʧʩʝʚʜʦʩʢʘʣʷʨʥʦʝ) ʧʦʣʝ   ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʝʡʩʪʚʠʷ  

                     (3) 

ʛʜʝ  ʘ ʧʦʪʝʥʮʠʘʣ  ʠʤʝʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʚʠʜ. ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʘʢʩʠʦʥʳ ʷʚʣʷʶʪʩʷ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ. 

1.4 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʝʡʩʪʚʠʷ ʚʠʜʘ 

                               (4) 

ɻʜʝ - ʪʝʥʟʦʨ ʄʘʢʩʚʝʣʣʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʭʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʪʝʥʟʦʨʘ ʊʘʤʤʘ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ: 

         (5) 

ɼʘʥʥʳʡ ʪʝʥʟʦʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʘ: ʘʢʩʠʦʥʥʦ-ʬʦʪʦʥʥʫʶ 

ʩʚʷʟʴ  ʠ ʵʬʠʨʥʳʝ ʧʦʧʨʘʚʢʠ ʩ ʧʘʨʘʤʝʪʨʦʤ . ʇʨʠ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʩʪʘʥʜʘʨʪʥʦʝ ʘʢʩʠʦʥʥʦ-

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʧʘʨʘʤʝʪʨ  ʠʛʨʘʝʪ ʨʦʣʴ, ʘʥʘʣʦʛʠʯʥʫʶ 

ʢʚʘʜʨʘʪʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ.  

1.4 ʉʪʨʫʢʪʫʨʘ ʛʣʦʙʘʣʴʥʦʡ ʧʦʣʝʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʠʟʦʪʨʦʧʥʘʷ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʤʝʪʨʠʢʦʡ 

FLRW: . ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 
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ʵʬʠʨʘ  ʝʛʦ ʢʦʚʘʨʠʘʥʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ  ʩʢʘʣʷʨ 

ʨʘʩʪʷʞʝʥʠʷ  ɸʢʩʠʦʥʥʦʝ ʧʦʣʝ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʚʨʝʤʝʥʠ  ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʘʢʦʥʳ ʵʚʦʣʶʮʠʠ 

ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ a(t). ʌʦʥʦʚʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

2. ʌʦʨʤʘʣʠʟʤ 

3. ʇʦʣʫʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʤʝʪʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʠ ʣʘʛʨʘʥʞʝʚ 

ʬʦʨʤʘʣʠʟʤ. ʇʦʣʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʝʡʩʪʚʠʷ ʪʝʦʨʠʠ ʠʤʝʝʪ ʚʠʜ: 

.                (6) 

ʃʘʛʨʘʥʞʠʘʥʳ ʵʬʠʨʥʦʛʦ , ʘʢʩʠʦʥʥʦʛʦ  ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʝʡ  ʟʘʜʘʥʳ ʷʚʥʦ(ʩʤ. (2-4)), ʣʘʛʨʘʥʞʠʘʥ ʧʣʘʟʤʳ ʩʪʨʦʠʪʩʷ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ.  

4. ʋʨʘʚʥʝʥʠʷ ʧʦʣʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʚʦʣʶʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʦʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʘʨʠʘʮʠʶ ʧʦʣʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʜʝʡʩʪʚʠʷ (4) ʧʦ 

ʵʪʠʤ ʧʦʣʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ: 

        (7) 

ʋʨʘʚʥʝʥʠʷ ɼʞʝʢʦʙʩʦʥʘ: 

             

(8) 

ʛʜʝ  - ʪʝʥʟʦʨ ɼʞʝʢʦʙʩʦʥʘ. 
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ʋʨʘʚʥʝʥʠʷ ʘʢʩʠʦʥʥʦʛʦ ʧʦʣʷ: 

     (9) 

ʋʨʘʚʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ: 

               (10) 

2.3 ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʚ ʫʨʘʚʥʝʥʠʷʭ ʧʦʣʷ ʚʦʟʥʠʢʘʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʜʘ 

ʠ . ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʙʦʨ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʩʚʷʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʷ. ʅʘʰ ʘʥʟʘʮ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʜʘʥʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʤʦʤʝʥʪʦʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

                            (11) 

  (12) 

ʛʜʝ - ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. - 

ʯʝʪʳʨʝ-ʚʝʢʪʦʨ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩʦʨʪʘ (a),   - ʪʝʥʟʦʨ 

ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮ ʩʦʨʪʘ (a),  - ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʩʦʨʪʘ (a) 

2.4 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʣ 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʩʦʨʪʘ (a) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ 

ʦʙʱʝʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 
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          (13)  

ʛʜʝ - ʠʥʪʝʛʨʘʣ ʩʪʦʣʢʥʦʚʝʥʠʡ ʯʘʩʪʠʮ ʩʦʨʪʦʚ (a) ʠ (b), - ʩʫʤʤʘ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʳ ʩʦʨʪʘ (a). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʠʣ 

ʚ ʨʘʤʢʘʭ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ.  

ɺ ʢʣʘʩʩ ʩʠʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʭʦʜʠʪ 

ʣʠʰʴ ʦʜʥʘ ʩʠʣʘ 

                (14) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠ - ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ ʚʚʝʜʸʥʥʳʝ ʩʢʘʣʷʨʥʳʝ 

ʬʫʥʢʮʠʠ. 

ɺ ʢʣʘʩʩ ʩʠʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʭʦʜʷʪ ʰʝʩʪʴ ʩʠʣ. ʀʭ 

ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʤʳ ʧʨʠʚʝʣʠ ʚ ʨʘʙʦʪʝ [4]. ɼʣʷ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʣʫ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ 

         (15) 

ɺ ʢʣʘʩʩ ʩʠʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʭʦʜʷʪ ʪʨʠ ʣʠʥʝʡʥʳʝ ʧʦ 

ʢʨʠʚʠʟʥʝ ʩʠʣʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʪʝʥʟʦʨʘ ʥʝʤʠʥʠʤʘʣʴʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

     (16) 

̄̅̆ , , - ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʸʤ 

ʦʜʥʫ ʠʟ ʥʠʭ 

                       (17) 
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5. ˝̜́̃̎̏̃̆̒̎̆ ̠̠̒̏̒̓̏̎̉ ̃ ́̋̒̉̏̎̎̏-̞̉̑̎̏̕ ́̋̓̉̃̎̏̊ 

̐̌́̈̍̆ 

ʄʳ ʩʣʝʜʫʝʤ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʢʘʣʷʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʪʨʦʧʠʠ ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʥʫʣʶ. ɺ ʩʣʫʯʘʝ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʪʦ 

ʚʳʧʦʣʥʝʥʦ, ʢʦʛʜʘ ʚʩʝ ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʡ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ, ʘ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʖʪʪʥʝʨʘ-ʏʝʨʥʠʢʦʚʘ  ɿʜʝʩʴ - ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʩʢʘʣʷʨ, 

ʘ - ʚʨʝʤʝʥʠʧʦʜʦʙʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʥʘʭʦʞʜʝʥʠʷ  ʠ  ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʩʪʘʚʠʪʴ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʖʪʪʥʝʨʘ-ʏʝʨʥʠʢʦʚʘ ʚ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠʭʦʜʠʤ 

ʢ ʫʨʘʚʥʝʥʠʶ  

(18) 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚʩʝʭ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʩʠʣ ʧʨʠʭʦʜʠʤ ʢ ʚʝʩʴʤʘ 

ʛʨʦʤʦʟʜʢʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʥʘ  ʠ . ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʘʥʟʘʮ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ  ʇʨʦʚʝʨʢʫ ʜʘʥʥʦʛʦ ʘʥʟʘʮʘ ʦʩʫʱʝʩʪʚʣʷʝʤ 

ʚ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʤʝʪʨʠʢʦʡ ʪʠʧʘ FLRW. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ ʪʘʢʦʛʦ ʪʠʧʘ ʥʝ ʜʦʧʫʩʢʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʝʢʪʦʨʘ , ʘ ʧʦʪʦʤʫ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʘʩʩʠʚʥʳʭ 

ʯʘʩʪʠʮ ʥʝʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʠʨ, 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʯʘʩʪʠʮʳ ʧʣʘʟʤʳ, ʧʨʠʚʦʜʠʪ ʝʸ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʠʨʘ, ʘ ʨʘʚʥʦʚʝʩʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ. 
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6. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʠ ʩʠʤʧʪʦʤʳ ʧʣʘʟʤʝʥʥʳʭ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ 

ʈʘʩʩʤʦʪʨʠʤ ʧʣʘʟʤʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʡ  ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ 

ʥʫʣʶ, ʠ ʦʙʱʝʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

                   (19) 

ʋʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ  ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ 

                              (20) 

 ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʦʪ ʰʝʩʪʠ 

ʠʥʪʝʛʨʘʣʦʚ ʜʚʠʞʝʥʠʷ  ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʤʝʪʨʠʢʦʡ 

 ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʘʢʩʠʦʥʥʦʛʦ 

ʧʦʣʷ  ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʝʝʪ ʚʠʜ 

   2,3                     (21) 

ʛʜʝ , 

   ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʝʣʠʯʠʥʳ  

 ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʨʸʭ ʦʩʪʘʚʰʠʭʩʷ ʠʥʪʝʛʨʘʣʦʚ ʜʚʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ .  
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ɺ ʨʘʙʦʪʝ [5] ʙʳʣ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʟʘʢʦʥ ʵʚʦʣʶʮʠʠ ʬʠʟʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʳ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʤʦʜʝʣʴ ʩ ʘʥʪʠʛʘʫʩʩʦʚʳʤ ʟʘʢʦʥʦʤ ʨʘʩʰʠʨʝʥʠʷ ɺ ʵʪʦʡ ʤʦʜʝʣʠ 

ʠʤʧʫʣʴʩ ʯʘʩʪʠʮʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʧʠʩʳʚʘʝʤʦʝ 

ʚʳʨʘʞʝʥʠʝʤ: 

                             (22) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʣʦʚʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚʦʟʤʦʞʥʦ ʢʘʢ ʤʦʥʦʪʦʥʥʦʝ ʫʙʳʚʘʥʠʝ ʠʤʧʫʣʴʩʘ, ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ, ʪʘʢ ʠ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʪʘʥʦʚʣʝʥʠʶ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 1). ɽʩʣʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʦʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʨʪʘ ʯʘʩʪʠʮ, ʪʦ 

ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʜʚʫʭʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʣʘʟʤʘ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʣʘʟʤʳ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʳ, ʪʦ ʧʨʠ 

ʧʦʷʚʣʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʚʥʫʪʨʝʥʥʠʭ ʠʣʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʘʢʩʠʦʥʥʦ-

ʵʬʠʨʥʦ ʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʣʘʟʤʝʥʥʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1. ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʚʝʜʝʥʠʷ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʳ ʜʣʷ ʩʣʫʯʘʷ 

ʘʥʪʠʛʘʫʩʩʦʚʘ ʨʘʩʰʠʨʝʥʠʷ ʚʩʝʣʝʥʥʦʡ. . 
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ʅʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʜʚʫʭʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʧʣʘʟʤʫ, ʩʦʟʜʘʶʪ ʧʨʦʜʦʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʛʦʚʦʨʠʪʴ 

ʦ ʧʨʠʟʥʘʢʘʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʟʤʳ. 
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ʄʆɼɽʃɽʁ 

ʄʫʣʣʘʛʘʣʠʝʚ ɼʝʥʠʟ ʈʘʜʠʢʦʚʠʯ 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʛ. ʂʘʟʘʥʴ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʙ.ʩ, ʉʤʦʣʴʥʠʢʦʚʘ ʂʘʤʠʣʣʘ ʈʫʩʪʝʤʦʚʥʘ, 

ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀɺʄʠʀʊ ʂʌʋ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʛʘʣʣʶʮʠʥʘʮʠʡ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʪʦʯʥʳʭ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʧʨʝʜʣʦʞʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

ʘʣʛʦʨʠʪʤʘ-ʥʘʜʩʪʨʦʡʢʠ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ 

ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʦʚ ʩ ʛʦʣʦʩʦʚʘʥʠʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʚʝʨʠʬʠʢʘʮʠʝʡ. ʈʝʘʣʠʟʘʮʠʷ ʥʘ Python ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 

ʛʘʣʣʶʮʠʥʘʮʠʠ, ʩʠʤʚʦʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʪʦʢʝʥʠʟʘʮʠʷ ʯʠʩʝʣ, ʩʘʤʦʧʨʦʚʝʨʢʘ 

LLM, ʤʦʜʫʣʴʥʘʷ ʘʨʠʬʤʝʪʠʢʘ, ʥʝʨʘʚʝʥʩʪʚʦ ʍʸʬʜʠʥʛʘ, ʚʝʨʠʬʠʢʘʮʠʷ 

ʚʳʯʠʩʣʝʥʠʡ 
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of large language models in accurate symbolic calculations and offers a 
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1. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʯʘʩʪʦ ʛʘʣʣʶʮʠʥʠʨʫʶʪ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ð ʚʳʜʘʶʪ ʥʝʧʨʘʚʠʣʴʥʳʝ ʯʠʩʣʦʚʳʝ 

ʦʪʚʝʪʳ, ʧʨʦʠʟʚʦʜʷʪ ʦʰʠʙʦʯʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʨʠʯʠʥʘ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʦ ʝʸ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʩʪʨʦʡʢʠ ʜʣʷ LLM. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɼʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʘʣʠʟʘʮʠʶ ʷʚʣʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʛʘʣʣʶʮʠʥʘʮʠʡ LLM, ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ 

ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʘʢʠʭ ʦʰʠʙʦʢ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʠ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʦʩʪʘʚʠʪʴ ʙʝʥʯʤʘʨʢ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

2. ʀʟʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʣʣʶʮʠʥʘʮʠʡ 

ʫ LLM ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

3. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʫ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

4. ʅʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʨʝʘʣʠʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ. 

5. ʇʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯʘʭ. 

  

2. ʉʨʘʚʥʝʥʠʝ ʛʘʣʣʶʮʠʥʘʮʠʡ ʚ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʫ 

ʩʦʚʨʝʤʝʥʥʳʭ LLM 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʦʧʠʩʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʨʘʩʩʤʦʪʨʠʤ 

ʩʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʥʯʤʘʨʢ ʢʦʨʨʝʢʪʥʦʩʪʠ 
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ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʜʦʚʳʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʞʜʘʷ LLM ʨʝʰʠʣʘ 6 ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ gemma 3 27b, gpt-5, qwen3-30b, 

llama 30b, gigachat-max, yandex gpt 5 pro, claude 4.5 sonnet, deepseek-r1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. "ɼʘ" ʦʟʥʘʯʘʝʪ 

ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ, "ʅʝʪ" ð ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʚ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ 

(ʛʘʣʣʶʮʠʥʘʮʠʷ). ɿʘʜʘʯʠ ʚʢʣʶʯʘʣʠ ʢʘʢ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʫʤʥʦʞʝʥʠʷ, ʪʘʢ ʠ 

ʫʤʥʦʞʝʥʠʷ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ. 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʙʝʥʯʤʘʨʢ 
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ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʙʣʝʤʫ ʛʘʣʣʶʮʠʥʘʮʠʡ ʚ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ. ʅʠ ʦʜʥʘ ʤʦʜʝʣʴ ʥʝ ʜʦʩʪʠʛʣʘ 100% ʪʦʯʥʦʩʪʠ ʥʘ ʚʩʝʭ ʟʘʜʘʯʘʭ, 

ʢʨʦʤʝ GPT-5. ʉʘʤʳʝ ʫʷʟʚʠʤʳʝ ʟʘʜʘʯʠ ð ʫʤʥʦʞʝʥʠʷ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ 

(5-ʷ ʠ 6-ʷ), ʛʜʝ ʚʩʝ ʤʦʜʝʣʠ, ʢʨʦʤʝ GPT-5, ʜʦʧʫʩʪʠʣʠ ʦʰʠʙʢʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʣʘʙʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʜʝʩʷʪʠʯʥʳʭ ʜʨʦʙʝʡ, ʛʜʝ ʤʦʜʝʣʠ ʩʢʣʦʥʥʳ ʢ 

ʧʨʠʙʣʠʞʝʥʠʷʤ ʠʣʠ ʦʰʠʙʢʘʤ ʦʢʨʫʛʣʝʥʠʷ ʚʤʝʩʪʦ ʪʦʯʥʳʭ ʩʠʤʚʦʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ (1ï4) ʨʝʰʘʣʠʩʴ ʣʫʯʰʝ, ʥʦ ʜʘʞʝ ʟʜʝʩʴ 

Gemma 3 27B ʠ Llama 30B ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ (ʧʦ 2/4). 

3. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʣʣʶʮʠʥʘʮʠʡ 

ɹʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʚʠʜʷʪ ʪʝʢʩʪ ʚ ʚʠʜʝ ʪʦʢʝʥʦʚ ð ʚʝʢʪʦʨʦʚ, 

ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʪʝʢʩʪʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʯʠʩʣʘ, ʧʦʧʘʜʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʤʙʝʜʜʠʥʛʦʚ2[1], 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʤʦʜʝʣʴʶ ʥʝ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩ ʪʦʯʥʦʡ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʢʘʢ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʫʱʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʧʨʠʟʥʘʢʦʚ. ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʣʶʙʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ 

ʩʦʜʝʨʞʠʪ ʧʝʪʘʙʘʡʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤʳ: 

ʇʫʩʪʴ x - ʚʭʦʜʥʦʡ ʧʨʦʤʧʪ, ʩʦʜʝʨʞʘʱʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʟʘʜʘʯʫ; 

ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʘ LLM ʟʘʜʘʸʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʪʦʢʝʥʦʚ T: (T | x); 

ɻʝʥʝʨʠʨʫʝʤʦʝ ʪʦʢʝʥʘʤʠ ʚʳʨʘʞʝʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʢʘʥʜʠʜʘʪ-

ʦʪʚʝʪ  

y = ʌ(T), ʛʜʝ ʌ ð ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʧʘʨʩʝʨ. ʎʝʣʝʚʦʡ ʚʝʨʥʳʡ ʦʪʚʝʪ 

ð ʦʧʝʨʘʪʦʨ C(x), ʜʘʶʱʠʡ ʯʠʩʣʦʚʦʡ ʦʪʚʝʪ ʥʘ ʟʘʜʘʯʫ x. ʇʨʦʙʣʝʤʘ: LLM 

 

2[1] ʕʤʙʝʜʜʠʥʛ ð ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ (ʪʝʢʩʪʘ, ʯʠʩʝʣ, ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪ.ʧ.) ʚ ʚʠʜʝ ʯʠʩʣʦʚʳʭ ʚʝʢʪʦʨʦʚ 
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ʠʥʦʛʜʘ ʛʝʥʝʨʠʨʫʝʪ y Í C(x) ʩ ʥʝʥʫʣʝʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʉʦʙʳʪʠʝ ʦʰʠʙʢʠ E = 

{y Í C(x)}. ʅʘʤ ʥʫʞʥʦ ʩʥʠʟʠʪʴ P(E) ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ . 

  

ʇʦʯʝʤʫ ʧʨʦʠʩʭʦʜʷʪ ʩʦʙʳʪʠʷ ʤʥʦʞʝʩʪʚʘ E? ʏʪʦ ʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʨʘʩʭʦʞʜʝʥʠʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʝʣ ʫ LLM? 

1. ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ. ʊʨʘʥʩʬʦʨʤʝʨʳ ʛʝʥʝʨʠʨʫʶʪ 

ʪʝʢʩʪ ʪʦʢʝʥ ʟʘ ʪʦʢʝʥʦʤ, ʠ ʚʳʙʦʨ ʢʘʞʜʦʛʦ ʩʣʝʜʫʶʱʝʛʦ ʪʦʢʝʥʘ 

ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʪʘʢ: 

~ ( | , x ) 

ʛʜʝ x - ʢʦʥʪʝʢʩʪ, ʘ ð ʫʞʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʪʦʢʝʥʳ. ʅʘ ʨʘʥʥʝʤ ʰʘʛʝ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʯʠʩʣʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʦʰʠʙʢʘ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʪ ʢ ʚʳʙʦʨʫ ʥʝʚʝʨʥʳʭ ʧʦʩʣʝʜʫʶʱʠʭ ʪʦʢʝʥʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠ ʚʩʸ ʚʳʯʠʩʣʝʥʠʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʝʧʨʘʚʠʣʴʥʦ.  [1, 2] 

2. ɹʦʣʴʰʠʝ ʯʠʩʣʘ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʪʦʢʝʥʳ 

ʏʠʩʣʘ ʜʣʠʥʦʡ ʙʦʣʝʝ 4ï5 ʮʠʬʨ ʧʦʯʪʠ ʚʩʝʛʜʘ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʪʦʢʝʥʦʚ (ʥʘʧʨʠʤʝʨ, ç10030è Ÿ ç100è, ç30è ʠʣʠ ç1è, ç00è, ç30è). ʄʦʜʝʣʴ ʥʝ 

ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʨʘʟʨʷʜʦʚ, ʢʘʢ ʚ 

ʦʙʳʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. ʇʦʵʪʦʤʫ ʦʰʠʙʢʘ ʚ ʦʜʥʦʤ ʪʦʢʝʥʝ-ʨʘʟʨʷʜʝ ʨʘʟʨʫʰʘʝʪ 

ʚʩʶ ʜʘʣʴʥʝʡʰʫʶ ʘʨʠʬʤʝʪʠʢʫ. [3, 4] 

3. ʉʤʝʱʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ çʧʦʧʫʣʷʨʥʳʭè ʠ 

çʢʨʘʩʠʚʳʭè ʯʠʩʝʣ.  

ʆʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʥʦʛʦ ʢʨʫʛʣʳʭ ʠ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʯʠʩʝʣ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʥʘʯʘʣʝ 

ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʝʣʴ ʩʢʣʦʥʥʘ çʩʦʩʢʘʣʴʟʳʚʘʪʴè ʥʘ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʚ ʝʸ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʧʨʠʤʝʨʘʭ. [5, 6] 
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4. ʂʦʥʮʝʧʮʠʷ ʨʝʰʝʥʠʷ 

ʄʳ ʤʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ LLM ñʟʥʘʝʪò ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʟʘʜʘʥʥʦʝ 

ʚʳʯʠʩʣʷʝʤʦʝ ʚʳʨʘʞʝʥʠʝ, ʥʦ ʚʳʜʘʸʪ ʥʝʚʝʨʥʳʡ ʦʪʚʝʪ ʥʘ ʥʝʛʦ. ʅʦ ʤʳ 

ʚʳʷʩʥʠʣʠ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʦʢʝʥʘ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʩʜʝʣʘʚ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʦʥʦʚ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʘ, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʚʝʨʥʳʡ ʦʪʚʝʪ, 

ʚʝʜʴ ʦʥ ʙʳʣ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. 

 ɻʠʧʦʪʝʟʘ 

ʂʦʤʙʠʥʘʮʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ ʩʠʤʚʦʣʴʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʚʳʨʘʞʝʥʠʷ x ʠ ʯʠʩʣʦʚʳʭ ʧʨʦʚʝʨʦʢ ʢʘʥʜʠʜʘʪʦʚ (ʥʘʧʨʠʤʝʨ 

ʦʩʪʘʪʦʢ ʧʦ ʤʦʜʫʣʶ, ʠʥʪʝʨʚʘʣ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ), ʜʘʸʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʚʝʨʥʦʡ ʬʠʥʘʣʴʥʦʡ ʚʳʜʘʯʠ. 

ʌʦʨʤʘʣʴʥʦ: ʝʩʣʠ ʦʜʠʥʦʯʥʘʷ ʧʦʧʳʪʢʘ ʜʘʸʪ ʢʦʨʨʝʢʪʥʦʩʪʴ q > 0.5, ʪʦ 

ʫʩʨʝʜʥʝʥʥʘʷ ʩʭʝʤʘ ʩ k ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʦʧʳʪʢʘʤʠ ʠ ʙʦʣʴʰʠʥʩʪʚʝʥʥʳʤ 

ʨʝʰʝʥʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ  P Ò exp(-2k ) 

ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʝ ʍʸʬʜʠʥʛʘ3[2]. [7] 

  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʠʜʝʠ ʘʣʛʦʨʠʪʤʘ 

ʇʫʩʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʦʛʦʥʳ ʚʳʯʠʩʣʝʥʠʡ ʜʘʶʪ ʢʘʥʜʠʜʘʪʳ  

ʊʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʢʪʥʳʭ ʧʨʦʛʦʥʦʚ: 

S =  

ʄʳ ʧʨʠʥʠʤʘʝʤ ʧʨʘʚʠʣʦ ʙʦʣʴʰʠʥʩʪʚʘ: ʚʳʙʠʨʘʝʤ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ 

ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʩʨʝʜʠ . ɺʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʢʘʞʝʪʩʷ 

ʥʝʚʝʨʥʳʤ, ð ʚʝʨʦʷʪʥʦʩʪʴ S Ò [k/2]. ʇʦ ʥʝʨʘʚʝʥʩʪʚʫ ʍʸʬʜʠʥʛʘ: 

 

3[2] ʆʮʝʥʢʘ ʍʸʬʜʠʥʛʘ ð ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʨʘ, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʪʦʯʝʢ ʜʘʥʥʳʭ. 
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ɿʥʘʯʠʪ,    , ʛʜʝ   - ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ. ʊʦʛʜʘ ʥʘʤ 

ʥʫʞʥʦ ʩʜʝʣʘʪʴ k ʧʨʦʛʦʥʦʚ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ k ʢʘʥʜʠʜʘʪʦʚ, ʪʘʢʠʭ ʯʪʦ: 

 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

1. ʄʦʜʝʣʴ ʟʘʧʫʩʢʘʝʪʩʷ k ʨʘʟ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʨʦʤʧʪʝ. ʕʪʦ ʜʘʸʪ 

ʥʘʙʦʨ ʦʪʚʝʪʦʚ . 

2. ʉʨʝʜʠ ʚʩʝʭ ʢʘʥʜʠʜʘʪʦʚ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʡ. ɽʩʣʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ ʚ ʦʜʥʦʤ ʧʨʦʛʦʥʝ 0.5, ʪʦ ʧʦ 

ʥʝʨʘʚʝʥʩʪʚʫ ʍʸʬʜʠʥʛʘ ʦʰʠʙʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʫʙʳʚʘʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʢʘʢ 

3. ʀʟʙʨʘʥʥʳʡ ʢʘʥʜʠʜʘʪ ʧʨʦʭʦʜʠʪ ʙʳʩʪʨʳʡ ʥʘʙʦʨ ʪʝʩʪʦʚ ð 

ʧʨʦʚʝʨʢʫ ʨʘʚʝʥʩʪʚʘ = C(x) ʧʦ ʤʦʜʫʣʶ, ʧʨʦʚʝʨʢʫ ʛʨʘʥʠʮ 

ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʣʝʞʠʪ ʢʘʥʜʠʜʘʪ, ʧʨʦʚʝʨʢʫ ʧʨʠʚʝʜʝʥʠʷ ʢ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʝ. ɽʩʣʠ ʢʘʥʜʠʜʘʪ ʥʝ ʧʨʦʭʦʜʠʪ ʧʨʦʚʝʨʢʠ, 

ʚʳʙʠʨʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦ ʯʘʩʪʦʪʝ. 

4. ʆʩʪʘʚʰʠʡʩʷ ʢʘʥʜʠʜʘʪ ʧʨʦʚʝʨʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʩʠʤʚʦʣʴʥʳʤ 

ʚʳʯʠʩʣʠʪʝʣʝʤ. ɽʩʣʠ ʩʠʤʚʦʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʘʚʝʥʩʪʚʦ = C(x), ʢʘʥʜʠʜʘʪ ʧʨʠʥʠʤʘʝʪʩʷ. 

5. ɽʩʣʠ ʥʘʡʜʝʥ ʢʘʥʜʠʜʘʪ, ʧʨʦʰʝʜʰʠʡ ʚʩʝ ʫʨʦʚʥʠ ʧʨʦʚʝʨʢʠ, ʦʥ 

ʩʯʠʪʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ. ɽʩʣʠ ʥʠ ʦʜʠʥ ʢʘʥʜʠʜʘʪ ʥʝ ʧʨʦʭʦʜʠʪ 

ʪʝʩʪʳ, ʘʣʛʦʨʠʪʤ ʩʦʦʙʱʘʝʪ, ʯʪʦ ʫʚʝʨʝʥʥʦʛʦ ʦʪʚʝʪʘ ʥʝʪ. 

4. ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʷʟʳʢʝ Python 
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ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʘ ʷʟʳʢʝ Python.  

 

ʈʠʩ.1 ʌʫʥʢʮʠʷ ʛʝʥʝʨʘʮʠʠ ʢʘʥʜʠʜʘʪʦʚ 

ɻʝʥʝʨʠʨʫʝʪʩʷ n ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʚʝʪʦʚ LLM ʥʘ ʩʠʤʚʦʣʴʥʦʝ ʚʳʯʠʩʣʝʥʠʝ. 

ɺʦʟʚʨʘʱʘʝʪ ʩʧʠʩʦʢ ʩʪʨʦʢ ʩ ʢʘʥʜʠʜʘʪʘʤʠ ʦʪʚʝʪʦʚ. 

 

ʈʠʩ 2. ʌʫʥʢʮʠʷ ʤʦʜʫʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʉʯʠʪʘʝʪ ʦʩʪʘʪʢʠ ʚʳʨʘʞʝʥʠʷ ʧʦ ʙʦʣʴʰʠʤ ʤʦʜʫʣʷʤ ʜʣʷ ʯʠʩʣʦʚʳʭ 

ʧʨʦʚʝʨʦʢ. 
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ʈʠʩ. 3 ɻʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʩʠʤʚʦʣʴʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ɸʣʛʦʨʠʪʤ ʧʨʠʥʠʤʘʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʢʩʪʦʚʳʭ ʦʪʚʝʪʦʚ, ʠʟʚʣʝʢʘʝʪ ʠʟ 

ʢʘʞʜʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʯʠʩʣʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʠ ʧʨʠʚʦʜʠʪ ʝʛʦ ʢ 

ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʩʠʤʚʦʣʴʥʦʤʫ ʚʠʜʫ. ɼʘʣʝʝ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʯʘʩʪʦʪʘ 

ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʦʨ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʝʛʦʩʷ ʢʘʥʜʠʜʘʪʘ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ ʙʦʣʴʰʠʥʩʪʚʘ. 

ɼʣʷ ʣʠʜʠʨʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʯʠʩʣʦʚʳʝ ʧʨʦʚʝʨʢʠ: 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʦ ʥʘʙʦʨʘʤ ʤʦʜʫʣʝʡ, ʧʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʜʦʧʫʩʪʠʤʦʤʫ ʜʠʘʧʘʟʦʥʫ ʟʥʘʯʝʥʠʡ ʠ ʧʨʠʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʢ 

ʮʝʣʦʯʠʩʣʝʥʥʦʤʫ ʠʣʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʚʠʜʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʝʨʪʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʦʜʫʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚ ʨʘʤʢʘʭ ʢʠʪʘʡʩʢʦʡ ʪʝʦʨʝʤʳ ʦʙ 

ʦʩʪʘʪʢʘʭ. ʀʪʦʛʦʚʳʡ ʦʪʚʝʪ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ 
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ʫʩʣʦʚʠʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ʚʦʟʚʨʘʱʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʟʤʝʱʸʥ ʚ Colab-ʥʦʫʪʙʫʢʝ ʧʦ ʘʜʨʝʩʫ: 

https://colab.research.google.com/drive/1Zo9-

I2HOLwUnfU6YliKYKRJoNTZEgPv9?usp=sharing  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ: 

ɺʳʯʠʩʣʠʪʴ 123456789 * 982222221. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ gemma3 12 

b 

ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪʚʝʪ: 121 

234 567 654 321 889 ʟʘ 4,5 ʩʝʢʫʥʜʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ ʟʘ 38 ʩʝʢʫʥʜ 121 262 001 489 108 369. ʆʪʚʝʪ 

ʧʨʘʚʠʣʴʥʳʡ. 

ɺʳʚʦʜ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʤʥʦʛʦʢʨʘʪʥʫʶ 

ʛʝʥʝʨʘʮʠʶ ʦʪʚʝʪʦʚ LLM, ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʚʝʨʠʬʠʢʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʯʠʩʣʦʚʳʭ ʧʨʦʚʝʨʦʢ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʡ ʚʳʜʘʯʠ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʜʠʥʦʯʥʳʤ ʧʨʦʛʦʥʦʤ ʤʦʜʝʣʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʠʤʚʦʣʴʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) ʢʘʢ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʝʝ ʚʥʝʜʨʝʥʠʷ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʭʚʘʪʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʠʩʪʦʨʠʶ ʝʝ ʨʘʟʚʠʪʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʪʠʢʘ, ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʦʩʥʦʚʥʘʷ 

ʰʢʦʣʘ. 

Using Augmented Reality in Teaching Computer Science in Basic 

Schools 

Garayshina L.R. 

Russia, Kazan 

Kazan (Volga Region) Federal University,  

N.I. Lobachevsky Institute of Mathematics and Mechanics  

Abstract. This paper examines the theoretical foundations of augmented 

reality (AR) as a modern educational tool and analyzes the practical aspects of its 

implementation in computer science education in secondary schools. The study 

covers the definition and classification of augmented reality technology, the 

history of its development, and its advantages and disadvantages in education. 

Keywords: Augmented reality, augmented reality technologies, education, 

computer science, virtual objects, primary school. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʉʬʝʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʚʩʝ ʙʦʣʴʰʝ 

ʚʥʝʜʨʷʶʪʩʷ ʚ ʥʘʰʫ ʦʙʳʜʝʥʥʫʶ ʞʠʟʥʴ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 



62 

 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʯʠʪʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ. 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʟʚʠʪʠʶ ʫ ʫʯʝʥʠʢʦʚ ʢʨʝʘʪʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʫʤʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ. ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʤʦʞʝʪ ʠʟ ʧʨʦʩʪʦʛʦ ʫʚʣʝʯʝʥʠʷ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʢʣʶʯʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʥʦʡ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʚ 

ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʪʠʢʝ ʚ 

ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʪʠʢʝ ʚ 

ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ ʠ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦ ʪʝʤʝ 

çʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨè. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʥʥʳʝ AR-ʦʙʲʝʢʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʯʠʪʝʣʷʤʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʩʪʫʜʝʥʪʘʤʠ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. 

çʊʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (Augmented reality, AR) ï

ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʦʙʲʝʢʪʘʤʠ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʬʦʨʤʝ ʪʝʢʩʪʘ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʘʫʜʠʦ ʠ ʠʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè [7]. 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ 

ʤʠʨʘ, ʜʦʙʘʚʣʷʷ ʚ ʥʝʝ ʚʩʝʚʦʟʤʦʞʥʳʝ ʨʠʩʫʥʢʠ, ʛʨʘʬʠʢʠ, ʘʫʜʠʦ- ʠʣʠ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ.   
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ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʇʦ ʪʠʧʫ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ 4 ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ:  

1.   ʄʘʨʢʝʨʥʘʷ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. ʊʘʢʘʷ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʪ QR-ʢʦʜʳ ʠʣʠ ʩʪʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʟʘʧʫʩʢʘ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʧʦʟʥʘʝʪ ʤʘʨʢʝʨ ʠ 

ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʥʝʛʦ ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ.  

2. ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʨʢʝʨʦʚ. ʕʪʦʪ ʪʠʧ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʫʞʝ ʦʧʠʨʘʝʪʩʷ ʥʝ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ 

ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʦʙ ʦʢʨʫʞʘʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʩʥʷʪʳʭ ʥʘ ʢʘʤʝʨʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘ ʦʢʨʫʞʘʶʱʠʝ ʯʝʣʦʚʝʢʘ ʦʙʲʝʢʪʳ, ʩʥʷʪʳʝ ʢʘʤʝʨʦʡ, 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʚʠʨʪʫʘʣʴʥʘʷ ʩʝʪʢʘ. ʅʘ ʵʪʦʡ ʩʝʪʢʝ ʧʨʦʛʨʘʤʤʘ ʚʳʙʠʨʘʝʪ 

ʦʩʦʙʝʥʥʳʝ ʪʦʯʢʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʫʞʝ ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ.  

3. ʇʨʦʝʢʮʠʦʥʥʘʷ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. ɼʘʥʥʳʡ ʪʠʧ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʝʢʪʦʨʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʮʠʬʨʦʚʳʭ 3D ʦʙʲʝʢʪʦʚ 

ʥʘ ʧʣʦʩʢʦʡ ʜʚʫʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

4. çʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷè ʪʝʭʥʦʣʦʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʥʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʚʠʨʪʫʘʣʴʥʳʡ 

ʢʦʥʪʝʥʪ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʢʪʠʚʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʢʦʦʨʜʠʥʘʪ, ʟʘʣʦʞʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʦʡ, ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ [2]. 
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ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʥʘʣʦʞʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʧʦʷʚʠʣʠʩʴ ʚ 1960-ʭ ʛʦʜʘʭ. ʆʩʥʦʚʘʪʝʣʝʤ ʠʜʝʠ ʢʦʥʮʝʧʮʠʠ, 

ʢʦʪʦʨʫʶ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʟʳʚʘʶʪ AR ʪʝʭʥʦʣʦʛʠʷʤʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ɸʡʚʝʥʘ ʉʘʟʝʨʣʝʥʜʘ. ɺ 1965 ʛʦʜʫ ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʵʩʩʝ, ʚ ʢʦʪʦʨʦʤ ʦʧʠʩʳʚʘʣ 

ʢʦʥʮʝʧʮʠʶ ʠʜʝʘʣʴʥʦʛʦ ʜʠʩʧʣʝʷ: çʀʜʝʘʣʴʥʳʡ ʜʠʩʧʣʝʡ, ʢʦʥʝʯʥʦ ʞʝ, 

ʧʨʝʜʩʪʘʚʣʷʣ ʙʳ ʩʦʙʦʡ ʢʦʤʥʘʪʫ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʫʧʨʘʚʣʷʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʘʪʝʨʠʠ. ʂʨʝʩʣʦ, ʦʪʦʙʨʘʞʸʥʥʦʝ ʚ ʪʘʢʦʡ ʢʦʤʥʘʪʝ, ʙʳʣʦ ʙʳ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʘʣʴʥʳʤ, ʯʪʦʙʳ ʥʘ ʥʸʤ ʩʠʜʝʪʴ. ʅʘʨʫʯʥʠʢʠ, ʩʦʟʜʘʥʥʳʝ ʚ ʥʝʡ, 

ʤʦʛʣʠ ʙʳ ʫʜʝʨʞʠʚʘʪʴ, ʘ ʧʫʣʷ ï ʫʙʠʚʘʪʴ. ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʪʘʢʦʡ ʜʠʩʧʣʝʡ ʙʫʢʚʘʣʴʥʦ ʩʪʘʣ ʙʳ ʉʪʨʘʥʦʡ ʯʫʜʝʩ, ʚ 

ʢʦʪʦʨʫʶ ʚʦʰʣʘ ɸʣʠʩʘè [2]. 

ɺ 1968 ʛʦʜʫ ɸʡʚʝʥ ʉʘʟʝʨʣʝʥʜ ʩʦʟʜʘʣ ʧʝʨʚʳʡ ʰʣʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʠ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʐʣʝʤ ʙʳʣ ʥʘʩʪʦʣʴʢʦ ʪʷʞʝʣʳʡ, ʯʪʦ ʝʛʦ 

ʧʨʠʭʦʜʠʣʦʩʴ ʧʦʜʚʝʰʠʚʘʪʴ ʢ ʧʦʪʦʣʢʫ, ʠʟ-ʟʘ ʯʝʛʦ ʟʘ ʥʠʤ ʟʘʢʨʝʧʠʣʦʩʴ 

ʥʘʟʚʘʥʠʝ ï çɼʘʤʦʢʣʦʚ ʤʝʯè. 

ʊʝʨʤʠʥ çʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴè ʚʧʝʨʚʳʝ ʙʳʣ ʫʧʦʤʷʥʫʪ ʚ 1992 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʊʦʤʦʤ ʂʦʜʝʣʣʦʤ ʠ ɼʵʚʠʜʦʤ ʄʠʟʝʣʣʦʤ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʢʦʤʧʘʥʠʠ Boeing. ʀʭ ʮʝʣʴʶ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʦʤʦʱʠ ʨʘʙʦʪʥʠʢʘʤ ʘʚʠʘʟʘʚʦʜʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʠʣʠ ʜʘʞʝ 

ʥʝʚʦʟʤʦʞʥʦ ʚʦʩʩʦʟʜʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʩʜʝʣʘʪʴ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ. 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚʥʝʜʨʝʥʠʷ AR ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ AR ʚ ʦʙʨʘʟʦʚʘʥʠʠ: 

¶ ʧʦʚʳʰʝʥʠʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ ʫʯʘʱʠʭʩʷ;  

¶ ʧʦʚʳʰʝʥʠʝ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

¶ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʙʫʯʝʥʠʷ; 
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¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ AR ʚ ʦʙʨʘʟʦʚʘʥʠʠ: 

¶ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ; 

¶ ʦʪʚʣʝʢʘʶʱʠʡ ʬʘʢʪʦʨ ʠ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ; 

¶ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʥʦʨʤʘʤ ʉʘʥʇʠʥ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ; 

¶ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ. 

ʅʝʤʥʦʛʠʝ ʧʝʜʘʛʦʛʠ ʛʦʪʦʚʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʤʝʥʪʦʚ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ. ɻʣʘʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʭʦʜʷʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʚʝʜʴ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ AR-ʧʨʠʣʦʞʝʥʠʡ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʯʝʙʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʘ, ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʷʚʣʷʶʪʩʷ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʤ ʢʦʥʪʝʥʪʦʤ. ʀʟ-ʟʘ ʵʪʦʛʦ 

ʫʯʠʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʫʨʦʢʘʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫʯʠʪʝʣʷ [10]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʨʘʥʝʝ ʧʣʘʪʬʦʨʤ. 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʇʣʘʪʬʦʨʤʘ 
ʋʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʗʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʇʦʥʷʪʥʦʩʪʴ 

ʠʥʪʝʨʬʝʡʩʘ 
ɼʦʩʪʫʧʥʦʩʪʴ 

Unity + 

Vuforia 

ʉʨʝʜʥʝʝ 

(ʪʨʝʙʫʝʪ 

ʥʘʚʳʢʦʚ 

ʨʘʙʦʪʳ ʩ 3D) 

C# 

ʀʥʪʝʨʬʝʡʩ 

ʩʣʦʞʥʳʡ, 

ʪʨʝʙʫʝʪ 

ʟʥʘʥʠʷ 

ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ 

ɹʝʩʧʣʘʪʥʘʷ, 

ʪʨʝʙʫʝʪ 

ʫʩʪʘʥʦʚʢʠ. 

ʅʝʜʦʩʪʫʧʥʘ ʚ 

ʈʌ 
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Web ï AR 

Studio 
ɺʳʩʦʢʦʝ ɹʝʟ ʢʦʜʘ 

ʅʘ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ, 

ʠʥʪʫʠʪʠʚʥʳʡ 

ʇʣʘʪʥʘʷ, ʝʩʪʴ 

ʧʨʦʙʥʳʡ 

ʧʝʨʠʦʜ 

Unity + AR 

Foundation 
ʅʠʟʢʦʝ C# 

ʀʥʪʝʨʬʝʡʩ 

ʩʣʦʞʥʳʡ, 

ʪʨʝʙʫʝʪ 

ʟʥʘʥʠʷ 

ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ 

ɹʝʩʧʣʘʪʥʘʷ, 

ʪʨʝʙʫʝʪ 

ʫʩʪʘʥʦʚʢʠ 

CoSpaces Edu ɺʳʩʦʢʦʝ 
ɹʣʦʢʠ (ʘʥʘʣʦʛ 

Scratch)/JavaScript 

ʅʘ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ, 

ʧʨʦʩʪʦʡ 

ɹʝʩʧʣʘʪʥʳ 

ʧʨʦʩʪʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ. 

ʈʘʩʰʠʨʝʥʠʷ 

ʪʨʝʙʫʶʪ 

ʧʦʢʫʧʢʠ. 

  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ Web ï 

AR Studio, ʪʘʢ ʢʘʢ ʦʥʘ ʠʤʝʝʪ ʨʫʩʩʢʦʷʟʳʯʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʬʫʥʢʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

ɺ ʨʘʤʢʘʭ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ 7ï9 ʢʣʘʩʩʦʚ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ 

ʚʳʙʨʘʥʳ ʪʝʤʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʦʢʘʟʘʣʘʩʴ ʪʝʤʘ 

çʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨè. ɼʘʥʥʘʷ ʪʝʤʘ ʠʟʫʯʘʝʪʩʷ ʚ 7 ʢʣʘʩʩʝ ʧʦ ʫʯʝʙʥʠʢʫ 

ɹʦʩʦʚʦʡ ʃ.ʃ. [3]. ʅʘ ʠʟʫʯʝʥʠʝ ʦʪʚʦʜʠʪʩʷ 1 ʯʘʩ.  

ɺʳʙʨʘʥʥʘʷ ʪʝʤʘ ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦʡ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʦʜʝʨʞʠʪ ʥʘʛʣʷʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ (ʤʘʪʝʨʠʥʩʢʘʷ ʧʣʘʪʘ, ʧʨʦʮʝʩʩʦʨ, ʚʠʜʝʦʢʘʨʪʘ ʠ ʜʨ.), ʢʦʪʦʨʳʝ 

ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 3D. ɺ ʫʯʝʙʥʠʢʝ ʧʨʠ ʠʟʣʦʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʡ 

ʪʝʤʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʜʝʣʴʥʦ, ʘ ʣʠʰʴ ʦʧʠʩʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʦʜʥʦʡ ʜʠʘʭʨʦʤʥʦʡ ʠʣʣʶʩʪʨʘʮʠʠ, 
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ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʥʦʛʦ ʙʣʦʢʘ. 

ʉʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʣʷ ʫʨʦʢʘ ʧʦ ʪʝʤʝ 

çʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨè 

1. ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʝʡ.  

ɺ ʢʘʯʝʩʪʚʝ 3D ʤʦʜʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠ ʟʘʛʨʫʞʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʝ ʚ 

ʬʦʨʤʘʪʝ GLB ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʇʂ: 

1. ʄʘʪʝʨʠʥʩʢʘʷ ʧʣʘʪʘ 

2. ʇʨʦʮʝʩʩʦʨ 

3. ɺʥʝʰʥʷʷ ʧʘʤʷʪʴ 

4. ɺʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ 

5. ʂʘʨʪʳ ʨʘʩʰʠʨʝʥʠʡ 

6. ɹʣʦʢ ʧʠʪʘʥʠʷ 

2. ʉʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ AR-ʩʮʝʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʣʣʶʩʪʨʘʮʠʶ ʠʟ ʫʯʝʙʥʠʢʘ. ɼʣʷ 

ʥʘʯʘʣʘ ʥʫʞʥʦ ʟʘʛʨʫʟʠʪʴ ʜʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʨʠʛʛʝʨʘ ʥʘ 

ʧʣʘʪʬʦʨʤʫ Web ï AR Studio. ʇʨʦʛʨʘʤʤʘ ʩʘʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʜʦʡʜʝʪ ʣʠ 

ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʠʝ ʠ ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ (ʜʣʷ ʫʜʦʙʩʪʚʘ) 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʮʝʥ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʩʮʝʥ, ʜʦʙʘʚʣʷʝʤ ʥʘ 

ʢʘʞʜʫʶ ʠʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʢʪ. ʂʘʞʜʘʷ ʩʮʝʥʘ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʣʠʙʦ 

3D ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, ʣʠʙʦ ʝʛʦ ʦʧʠʩʘʥʠʝ. 

ʂʘʞʜʫʶ 3D ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦ ʨʘʟʤʝʨʫ ʠ 

ʚʳʩʪʘʚʠʪʴ ʥʘ ʩʮʝʥʝ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʢʘʤʝʨʳ ʥʘ ʤʘʨʢʝʨ, ʤʦʜʝʣʴ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. 

3. ɼʦʙʘʚʣʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ 

ʢʣʠʢʘʙʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʤʦʜʝʣʴ ʚʠʜʝʦʢʘʨʪʳ, 

ʩʮʝʥʘ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʝʝ ʦʧʠʩʘʥʠʝ, ʘ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʦʧʠʩʘʥʠʝ ʚʦʟʚʨʘʱʘʝʪ 
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ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʥʘʯʘʣʴʥʳʡ ʵʢʨʘʥ, ʥʘ ʢʦʪʦʨʦʤ ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʢʦʤʧʴʶʪʝʨʘ. ʅʘʯʘʣʴʥʳʡ ʵʢʨʘʥ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʢʥʦʧʢʠ, 

ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʩʮʝʥʫ ʩ ʚʳʙʨʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ. 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ 3D ʤʦʜʝʣʠ ʚʠʜʝʦʢʘʨʪʳ 

  

ʊʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʭ ʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ 

ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʘʟʦʚʴʝʪ ʫ ʫʯʘʱʠʭʩʷ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʝʜʤʝʪʫ, ʘ ʯʪʦ ʙʦʣʝʝ 

ʚʘʞʥʦ ʚ ʚʝʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʩ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʰʢʦʣʳ ʭʦʨʦʰʠʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʦʙʫʯʠʪʴ ʫʯʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʪʴ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

AR ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. 

  

  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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8- ʭ ʂʃɸʉʉʆɺ 

ɸʙʫʟʷʨʦʚ ʄ.ɸ., ɺʴʶʛʦʚʘ ɼ.ɼ. 

ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
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ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ 

ʉʝʤʝʥʦʚʘ ʀ.ʅ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜʛʦʪʦʚʢʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʯʠʪʝʣʝʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï8-ʭ ʢʣʘʩʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʵʪʘʧʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʝʡʩʪʚʠʡ ʫʯʠʪʝʣʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʫʯʠʪʝʣʶ, 
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Abstract. The research work provides a justification for the need to prepare 

methodological support for teachers on the formation of mathematical literacy 

among students in grades 7-8. Recommendations are presented for the 

implementation of a step-by-step interpretation of the teacher&apos;s actions 

aimed at constructing differentiated programs to achieve the specified result.. 

Keywords: mathematical literacy, recommendations to the teacher, program 

design, student differentiation. 

ɸʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʛʦ ʧʫʪʠ ʯʝʣʦʚʝʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʤʥʦʞʝʩʪʚʦʤ ʞʠʟʥʝʥʥʳʭ ʩʠʪʫʘʮʠʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʝʤʘ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʚ ʞʠʟʥʠ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʚ ʧʨʦʮʝʩʩʝ 

ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʠʥʜʠʚʠʜʘ ʧʦʟʠʪʠʚʥʳʝ ʣʠʯʥʦʩʪʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʠ ʤʦʪʠʚʘʮʠʶ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʚʷʟʠ ʩ ʧʨʝʜʤʝʪʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʩʪʨʘʪʝʛʠʷʤʠ ʧʦʚʝʜʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ. ɼʦʩʪʠʞʝʥʠʝ ʠʤʝʥʥʦ ʪʘʢʠʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʩʪʘʥʜʘʨʪʝ ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʌɻʆʉ ʆʆʆ) ʚ ʚʠʜʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ (ʌɻ), ʪʦ ʝʩʪʴ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʰʘʪʴ ʫʯʝʙʥʳʝ ʟʘʜʘʯʠ ʠ ʞʠʟʥʝʥʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʝʜʤʝʪʥʳʭ, ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʩʧʦʩʦʙʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ4[1]. ʀʤʝʥʥʦ ʵʪʘ ʛʨʘʤʦʪʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʚʣʘʜʝʥʠʝ 

ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʩʥʦʚʫ ʫʩʧʝʰʥʦʡ 

ʩʦʮʠʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ, ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʩʬʝʨʝ ʠ ʙʳʪʦʚʦʡ ʞʠʟʥʠ. ʇʨʠ ʵʪʦʤ ʫʢʘʞʝʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ, 

 

4[1] ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ : ʧʨʠʢʘʟ ˉ 287 : [ʋʪʚʝʨʞʜʝʥ 

ʄʠʥʧʨʦʩʚʝʱʝʥʠʝʤ ʦʪ 31 ʤʘʷ 2021 ʛ.]. ï URL: https://docs.cntd.ru/document/607175848 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.11.2025). 
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ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʘʤʦʪʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʛʨʘʤʦʪʥʦʩʪʴ (ʄɻ). 

ʈʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʩʥʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌɻ ʠ ʄɻ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʩʝʛʤʝʥʪʝ ʟʘʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʘʢ 

ɺ. ɺ. ɸʨʪʝʤʴʝʚʘ, ɽ. ɸ. ɸʨʪʝʤʴʝʚʘ, ʃ. ɺ. ɺʦʨʦʥʠʥʘ [2] ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʄɻ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢ ʚʳʟʦʚʘʤ VUCA-

ʤʠʨʘ (ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ, ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ), 

ʢʦʪʦʨʳʡ ʧʨʠʰʝʣ ʥʘ ʩʤʝʥʫ SPOD-ʤʠʨʫ (ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ, 

ʧʨʦʩʪʦʪʘ, ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ); ɺ. ʉ. ɹʘʩʶʢ, ɻ. ʉ. ʂʦʚʘʣʝʚʘ [4] ï ʩʦʟʜʘʥʠʝ ʠ 

ʚʥʝʜʨʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌɻ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ PISA, ʩ ʮʝʣʴʶ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʩʚʦʝʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʟʥʘʥʠʡ ʥʘ 

ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʧʨʠʤʝʥʷʪʴ ʵʪʠ ʟʥʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʞʠʟʥʝʥʥʳʭ ʟʘʜʘʯ; ɺ. ʀ. ɹʣʠʥʦʚ, ɽ. ɸ. ʈʳʢʦʚ, ʀ. ʉ. ʉʝʨʛʝʝʚ [5] 

ï ʨʘʟʨʘʙʦʪʢʘ ʮʝʣʦʩʪʥʦʡ ʢʦʥʮʝʧʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌɻ ʩʪʫʜʝʥʪʦʚ ʩʨʝʜʥʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; ɺ. ʖ. ɹʦʜʨʷʢʦʚ [6] ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ ʥʘ 

ʧʨʘʢʪʠʢʝ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʨʝʘʣʴʥʦʛʦ ʷʚʣʝʥʠʷ ʢ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʦʙʨʘʪʥʦ; ʆ. ʖ. ɺʘʩʠʣʴʝʚʘ [7] ï ʩʠʩʪʝʤʥʦʝ ʦʙʦʙʱʝʥʠʝ ʠʪʦʛʦʚ ʤʘʩʰʪʘʙʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʜʦʢʘʟʘʚʰʝʛʦ, ʯʪʦ ʌɻ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʣʷ ʯʝʛʦ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʝʸ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʦʮʝʥʠʚʘʥʠʷ; ʅ. ɺ. ɼʫʜʘʨʝʚʘ, ɽ. ɸ. ʋʪʶʤʦʚʘ [8] ï ʩʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʦʙʫʯʝʥʠʷ ʥʘ ʚʩʝʭ ʩʪʫʧʝʥʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 

ʜʦʰʢʦʣʴʥʦʛʦ ʜʦ ʚʳʩʰʝʛʦ; ʃ. ʆ. ʈʦʩʣʦʚʘ, ʂ. ɸ. ʂʨʘʩʥʷʥʩʢʘʷ, ɽ. ʉ. 

ʂʚʠʪʢʦ [12] ï ʧʨʝʜʣʘʛʘʶʪ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ 
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ʄɻ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ PISA; ʀ. ʅ. ʉʝʤʝʥʦʚʘ, 

ɸ. ɺ. ʉʣʝʧʫʭʠʥ [16] ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʨʘʟʚʠʚʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʰʢʦʣʴʥʠʢʦʚ ʄɻ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʦʟʠʮʠʡ, ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʘʢʪʠʚʥʦ 

ʚʝʜʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʤʝʪʦʜʠʩʪʘʤʠ ʪʨʝʙʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʄɻ, ʩ ʦʧʦʨʦʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʠ ʦʙʦʙʱʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʫʯʠʪʝʣʝʡ-ʧʨʘʢʪʠʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʠʟ ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʙʦʨʥʠʢʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʄɻ (ʥʘʧʨʠʤʝʨ, [3; 9; 10; 11; 15; 17] ʠ ʜʨ.), ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ 

ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʘʷ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ 

ʢʘʢ ʟʘʜʘʯʘ. ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʚʘʨʠʘʥʪʳ ʠʣʠ ʧʨʦʪʦʪʠʧʳ ʧʨʦʛʨʘʤʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ 7ï

8-ʭ ʢʣʘʩʩʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. 

ʉʢʘʟʘʥʥʦʝ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʥʘ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʤʝʞʜʫ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʧʨʘʢʪʠʢʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï

8-ʭ ʢʣʘʩʩʦʚ (ʟʘʜʘʯ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʜʨ.) ʠ 

ʥʝʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʠʜʝʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʄɻ. 

ʉ ʧʦʟʠʮʠʠ ʚʳʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʩʬʦʨʤʫʣʠʨʫʝʤ ʧʨʦʙʣʝʤʫ: ʢʘʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʯʠʪʝʣʷʤ ʧʨʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï8-ʭ ʢʣʘʩʩʦʚ? 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʠʤ ʬʦʨʤʫʣʠʨʦʚʢʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʢ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï8-ʭ ʢʣʘʩʩʦʚ. 
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï8-ʭ ʢʣʘʩʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï8-ʭ ʢʣʘʩʩʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʠʤʩʷ ʩ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ. ʆʜʥʘʢʦ, ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʫʞʜʝʥʠʝ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʝʜʠʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʢʪʦʚʢʘ ʧʦʥʷʪʠʷ ʄɻ. ɼʣʷ 

ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘʤʠ ʧʦʟʠʮʠʡ ʫʢʘʞʝʤ ʦʩʥʦʚʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ 

ʃ. ʆ. ʈʦʩʣʦʚʦʡ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʜʠʚʠʜʫʫʤʘ ʧʨʦʚʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʠ ʬʦʨʤʫʣʠʨʦʚʘʪʴ, 

ʧʨʠʤʝʥʷʪʴ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʢʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ [14; ʩ. 48]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʝʜʳʜʫʱʝʛʦ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʟʘʜʘʯ ʧʦ ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʫʨʦʚʝʥʴ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʠ ʪʝʤ ʩʘʤʳʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʜʝʞʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʄɻ [1; ʩ. 251-252]. ɺ ʦʩʥʦʚʫ ʧʦʜʭʦʜʘ ʧʦʣʦʞʝʥʦ 

ʦʙʲʝʜʠʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʫʨʦʚʥʝʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ 

(ʧʦ ɸ. ʅ. ʂʘʧʠʥʦʩʦʚʫ) ʠ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ (ʧʦ ɺ. ʀ. ʂʨʫʧʠʯʫ), 

ʜʦʧʦʣʥʝʥʥʦʝ ʧʦʜʫʨʦʚʥʷʤʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʧʦ ɸ. ɺ. ʄʘʪʚʝʝʚʫ) ʠ ʢʨʠʪʝʨʠʷʤʠ ʫʩʧʝʰʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ 

(ʧʦ ɺ. ʈ. ʃʝʱʠʥʝʨʫ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʥʝʩʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʠ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʟʘʜʘʯʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʦʙʫʯʘʶʱʠʭʩʷ 
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ɻʨʫʧʧʘ 

ʦʙʫʯʘʶʱʠʭʩ

 ̫

ʇʦʜʫʨʦʚʝʥʴ 

ʉʣʦʞʥʦʩʪ

ʴ ʟʘʜʘʯʠ 

(ʚ ʝ. ʩ.) 

ʋʯʝʙʥʦ-

ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ 

ʫʤʝʥʠʷ, 

ʪʨʝʙʫʝʤʳʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɼʠʜʘʢʪʠʯʝʩʢʠ

ʡ ʧʦʪʝʥʮʠʘʣ 

ʟʘʜʘʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʌʄɻ 

1 ʛʨʫʧʧʘ ʪʚʦʨʯʝʩʢʠʡ 
ʙʦʣʝʝ 5 ʝ. 

ʩ. 

ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʜʝʡʩʪʚʠʷ 

ʪʚʦʨʯʝʩʢʦʛʦ ʪʠʧʘ: 

ï ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ; 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 

ï 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ; 

ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 

ï çʩʦʟʜʘʥʠʝè 

ʥʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠ

ʝ ʤʘʪʝʤʘʪʠʢʠ; 

ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʢʠ; 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʤʘʪʝʤʘʪʠʢʠ 

2 ʛʨʫʧʧʘ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ 
5-6 ʝ. ʩ. 

ï ʘʥʘʣʠʟ; 

ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʦ ʫʢʘʟʘʥʥʦʤʫ  

ʦʩʥʦʚʘʥʠʶ; 

ï ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

(ʧʨʠ ʫʢʘʟʘʥʠʠ 

ʩʫʱʥʦʩʪʠ ʩʚʷʟʠ 

ʵʣʝʤʝʥʪʦʚ); 

ï ʦʙʦʙʱʝʥʠʝ 

ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʢʠ; 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʤʘʪʝʤʘʪʠʢʠ 

3 ʛʨʫʧʧʘ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʦʧʠʩʘʪʝʣʴʥʳʡ 
3-4 ʝ. ʩ. 

ï ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ 

ʦʧʝʨʠʨʦʚʘʥʠʝ 

ʠʤʝʶʱʠʤʠʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ

ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʨʘʥʝʝ 

ʫʩʚʦʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ; 

ï ʦʧʠʩʘʥʠʝ ʠʣʠ 

ʚʳʷʚʣʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʷʚʣʝʥʠʡ 

ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʢʠ; 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʤʘʪʝʤʘʪʠʢʠ 

4 ʛʨʫʧʧʘ 
ʨʝʧʨʦʜʫʢʪʠʚʥʳ

ʡ 
1-2 ʝ. ʩ. 

ï ʧʦʚʪʦʨʝʥʠʝ 

ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ 

ʜʝʡʩʪʚʠʡ; 

ï ʧʝʨʝʩʢʘʟ 

ʫʩʚʦʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ; 

ï ʚʣʘʜʝʥʠʝ 

ʧʨʦʩʪʝʡʰʠʤʠ 

ʫʯʝʙʥʳʤʠ 

ʜʝʡʩʪʚʠʷʤʠ 

ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʢʠ 
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ɺ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʢʦʥʪʠʥʛʝʥʪʘ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʛʨʫʧʧʳ ʧʦ 

ʘʢʪʫʘʣʴʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʪʦʯʥʝʥʠʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʟʘʢʣʶʯʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʥʘʣʠʯʠʠ ʯʝʪʢʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʤʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʠʥʪʫʠʪʠʚʥʦ, ʘ ʥʘ 

ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ (ʝʜʠʥʠʮ ʩʣʦʞʥʦʩʪʠ) ʨʘʩʧʨʝʜʝʣʷʪʴ ʟʘʜʘʯʠ ʧʦ 

ʫʨʦʚʥʷʤ, ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʦʪʙʦʨʘ ʟʘʜʘʥʠʡ ʜʣʷ 

ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʳʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʟʘʜʘʥʠʡ ʧʦ ʌɻ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʄɻ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʠʣʠ ʃ. ʆ. ʈʦʩʣʦʚʘ, 

ɽ. ʉ. ʂʚʠʪʢʦ, ʀ. ʀ. ʂʘʨʘʤʦʚʘ [13; ʩ. 55]: 

1) ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʪʨʫʢʪʫʨʫ ʠʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʪʝʢʩʪʘ ʠ 

ʩʠʩʪʝʤʳ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ ʚʦʧʨʦʩʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʝʤʳ ʠ 

ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʦʪ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʜʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʨʘʩʩʫʞʜʝʥʠʡ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʦʪʚʝʪʘ. 

2) ʄʦʪʠʚʘʮʠʦʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʜʘʥʠʷ ʚʳʟʳʚʘʪʴ 

ʠʥʪʝʨʝʩ ʠ ʞʝʣʘʥʠʝ ʛʣʫʙʦʢʦ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʩʠʪʫʘʮʠʶ. 

3) ʈʝʘʣʠʩʪʠʯʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʶʞʝʪ ʠ ʚʦʧʨʦʩʳ ʟʘʜʘʥʠʷ ʚʟʷʪʳ ʠʟ 

ʞʠʟʥʝʥʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ, ʘ ʥʝ ʥʘʜʫʤʘʥʥʳʭ ʢʦʥʪʝʢʩʪʦʚ. 

4) ʇʨʦʙʣʝʤʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʥʘʣʠʯʠʝ ʟʘʪʨʫʜʥʝʥʠʷ, ʘʣʴʪʝʨʥʘʪʠʚ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ, ʤʦʜʝʣʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʨʝʘʣʴʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ, ʘ ʥʝ ʛʦʪʦʚʳʝ ʫʯʝʙʥʳʝ ʟʘʜʘʯʠ. 

5) ʂʦʤʧʝʪʝʥʪʥʦʩʪʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ, ʥʦ ʠ ʠʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ (ʯʠʪʘʪʝʣʴʩʢʦʡ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʩʦʮʠʘʣʴʥʦʡ). 
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6) ʋʨʦʚʥʝʚʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʟʘʜʘʥʠʷ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʩ 

ʨʘʟʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʟʘ ʩʯʝʪ ʚʦʧʨʦʩʦʚ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ: ʦʪ ʧʨʦʩʪʳʭ ʜʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ. 

7) ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʙʦʜʫ ʚ ʚʳʙʦʨʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʨʘʤʢʘʤʠ 

ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʛʦ ʦʧʠʰʝʤ ʧʦʵʪʘʧʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʠʪʝʣʷ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʄɻ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 7ï8-ʭ ʢʣʘʩʩʦʚ: 

1 ʵʪʘʧ ï ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʚʥʫʪʨʝʥʥʶʶ 

ʜʠʘʛʥʦʩʪʠʢʫ ʢʦʥʪʠʥʛʝʥʪʘ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʫʨʦʚʝʥʴ ʠʭ ʘʢʪʫʘʣʴʥʦʡ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦ 

ʛʨʫʧʧʘʤ ʦʪ ʙʦʣʝʝ (1 ʛʨʫʧʧʘ), ʜʦ ʤʝʥʝʝ (4 ʛʨʫʧʧʘ) ʫʩʧʝʰʥʳʭ ʫʯʝʥʠʢʦʚ. 

2 ʵʪʘʧ ï ʧʨʦʝʢʪʠʚʥʳʡ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʘʙʣʠʮʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʟʘʜʘʯ ʫʯʠʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʙʘʥʢ 

ʫʯʝʙʥʳʭ ʟʘʜʘʯ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʷʤ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 

ʦʙʫʯʘʶʱʠʭʩʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʜʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (ʠʣʠ ʢʦʥʢʨʝʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪ) ʄɻ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʜʘʢʪʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʟʘʜʘʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʧʦ ʪʘʙʣʠʮʝ 1), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʢʨʠʪʝʨʠʷʤ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʤʦʪʠʚʘʮʠʦʥʥʦʩʪʠ, ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ, ʧʨʦʙʣʝʤʥʦʩʪʠ, 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʩʪʠ, ʫʨʦʚʥʝʚʦʩʪʠ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ. 

3 ʵʪʘʧ ï ʩʦʜʝʨʞʘʪʝʣʴʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʢʘʞʜʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʚʢʣʶʯʘʶʱʘʷ: 

ï ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ; 

ï ʧʣʘʥʠʨʫʝʤʳʝ ʣʠʯʥʦʩʪʥʳʝ, ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ ʠ ʧʨʝʜʤʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʩʚʦʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʛʨʘʤʤʳ; 

ï ʠʥʪʝʛʨʘʮʠʶ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʠ ʞʠʟʥʝʥʥʳʭ ʢʦʥʪʝʢʩʪʦʚ; 
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ï ʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩ ʫʯʸʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʦʙʫʯʘʶʱʠʭʩʷ; 

ï ʧʦʜʙʦʨ ʠ ʘʜʘʧʪʘʮʠʶ ʟʘʜʘʯ ʠ ʟʘʜʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠ 

ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʄɻ (ʧʨʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʨʘʩʩʫʞʜʝʥʠʡ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʘʪʝʤʘʪʠʢʠ). 

4 ʵʪʘʧ ï ʨʝʘʣʠʟʘʮʠʦʥʥʳʡ. ʋʯʠʪʝʣʴ ʚʥʝʜʨʷʝʪ ʧʨʦʛʨʘʤʤʳ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ: 

ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʟʘʜʘʯ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʦʙʫʯʘʶʱʠʭʩʷ; 

ï ʧʦʜʜʝʨʞʢʫ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʟʦʥʝ ʠʭ ʙʣʠʞʘʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

5 ʵʪʘʧ ï ʦʮʝʥʦʯʥʦ-ʨʝʬʣʝʢʩʠʚʥʳʡ. ʇʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʜʠʥʘʤʠʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʫʤʝʥʠʡ. ʇʦ ʠʪʦʛʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʛʨʘʤʤʳ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʧʦʵʪʘʧʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʟʚʦʣʠʪ 

ʫʯʠʪʝʣʶ, ʚʳʧʦʣʥʷʷ ʢʦʥʢʨʝʪʥʳʝ ʠ ʥʝʘʙʩʪʨʘʢʪʥʳʝ ʰʘʛʠ, ʜʦʩʪʠʛʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʣʶʙʦʡ ʘʢʪʫʘʣʴʥʦʡ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʳʣʠ ʦʙʩʫʞʜʝʥʳ ʩ ʫʯʠʪʝʣʷʤʠ ʰʢʦʣ 

ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʯʠʪʝʣʶ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄɻ ʩ ʫʯʸʪʦʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 
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ʯʴʠ ʠʜʝʠ ʧʨʝʜʚʦʩʭʠʪʠʣʠ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʇʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʘ ʦʙʥʦʚʣʝʥʥʳʤʠ 

ʬʝʜʝʨʘʣʴʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʩʨʝʜʥʝʛʦ 

ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (2021 ʛ.). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʠʜʝʠ 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʧʫʙʣʠʢʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ, çʈʝʯʠ ʦ ʚʘʞʥʝʡʰʠʭ 

ʧʨʝʜʤʝʪʘʭ ʚʦʩʧʠʪʘʥʠʷè ʠ çʅʘʩʪʘʚʣʝʥʠʷʭ ʫʯʠʪʝʣʷʤ ʤʘʪʝʤʘʪʠʢʠè, ʚ ʢʦʪʦʨʳʭ 

ʅ.ʀ ʃʦʙʘʯʝʚʩʢʠʡ ʥʘʩʪʘʠʚʘʣ ʥʘ ʩʚʷʟʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʞʠʟʥʠ, 

ʧʦʥʠʤʘʥʠʠ ʚʤʝʩʪʦ ʟʫʙʨʸʞʢʠ ʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʦʙʫʯʝʥʠʠ. ɽʛʦ 

ʧʦʜʭʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 



83 

 

ʛʨʘʤʦʪʥʦʩʪʠ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚ 

ʥʘʰʠ ʜʥʠ. 
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ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʳʤ 

ʟʘʢʘʟʦʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚ ʦʙʥʦʚʣʝʥʥʳʭ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ (ʌɻʆʉ ʆʆ), ʬʝʜʝʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ 

ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʜʣʷ 5-9 ʢʣʘʩʩʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫʯʘʱʠʭʩʷ [5, 6]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ (ʌʄɻ) ʫ ʦʙʫʯʘʶʱʠʭʩʷ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʘ ʧʨʝʜʤʝʪʦʤ - ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʠʜʝʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʝʛʦ 

ʪʨʫʜʘʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʌʄɻ.  

ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʘʩʣʝʜʠʷ 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʯʝʨʝʟ ʧʨʠʟʤʫ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʌʄɻ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ PISA. 

ʂʦʛʜʘ ʤʳ ʧʨʦʠʟʥʦʩʠʤ ʠʤʷ ʅʠʢʦʣʘʷ ʀʚʘʥʦʚʠʯʘ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʥʘʰ 

ʤʳʩʣʝʥʥʳʡ ʚʟʦʨ ʨʠʩʫʝʪ ʦʙʨʘʟ ʛʝʥʠʘʣʴʥʦʛʦ ʛʝʦʤʝʪʨʘ, ʩʦʟʜʘʪʝʣʷ 

ʥʝʝʚʢʣʠʜʦʚʦʡ ʚʩʝʣʝʥʥʦʡ. ʅʦ ʙʳʣ ʠ ʜʨʫʛʦʡ ʃʦʙʘʯʝʚʩʢʠʡ - ʩʪʨʘʩʪʥʳʡ 

ʧʝʜʘʛʦʛ-ʨʝʬʦʨʤʘʪʦʨ, ʢʦʪʦʨʳʡ ʟʘ ʧʦʣʪʦʨʘ ʚʝʢʘ ʜʦ ʪʦʛʦ, ʢʘʢ ʪʝʨʤʠʥ 

çʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʘʤʦʪʥʦʩʪʴè ʚʦʰʝʣ ʚ ʤʦʜʫ, ʫʞʝ ʚʦʧʣʦʱʘʣ ʝʛʦ ʧʨʠʥʮʠʧʳ 

ʚ ʞʠʟʥʴ. ɽʛʦ ʥʘʩʣʝʜʠʝ - ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʢʨʠʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦ ʠ 

ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʪʦ, ʢʘʢ ʠ ʟʘʯʝʤ ʥʫʞʥʦ ʫʯʠʪʴ ʤʘʪʝʤʘʪʠʢʝ ʢʘʞʜʦʛʦ 

ʯʝʣʦʚʝʢʘ. 
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ʕʪʦ ʨʘʩʩʢʘʟ ʦ ʪʦʤ, ʢʘʢ ʚ ʩʪʝʥʘʭ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʛʠʤʥʘʟʠʡ XIX ʚʝʢʘ ʨʦʞʜʘʣʘʩʴ ʠʜʝʷ: ʤʘʪʝʤʘʪʠʢʘ - ʥʝ ʩʫʭʘʷ ʘʙʩʪʨʘʢʮʠʷ ʜʣʷ 

ʠʟʙʨʘʥʥʳʭ, ʘ ʞʠʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʠʨʘ [1, 

2]. 

ɺ 1828 ʛʦʜʫ, ʩʪʘʚ ʨʝʢʪʦʨʦʤ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʧʨʦʠʟʥʝʩ ʩʚʦʶ ʟʥʘʤʝʥʠʪʫʶ çʈʝʯʴ ʦ ʚʘʞʥʝʡʰʠʭ 

ʧʨʝʜʤʝʪʘʭ ʚʦʩʧʠʪʘʥʠʷè. ʕʪʦʪ ʪʝʢʩʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ 

ʤʘʥʠʬʝʩʪʦʤ. ɿʜʝʩʴ ʦʥ ʥʝ ʧʨʦʩʪʦ ʠʟʣʘʛʘʝʪ ʤʳʩʣʠ, ʘ ʧʨʦʚʦʟʛʣʘʰʘʝʪ ʧʨʠʥʮʠʧ, 

ʢʦʪʦʨʳʡ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ: ʩʚʷʟʴ ʟʥʘʥʠʷ ʩ ʞʠʟʥʴʶ: çʅʘʫʢʠ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʯʫʞʜʝʥʳ ʦʪ 

ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʪʘʡʥʫ ʜʣʷ ʪʦʣʧʳ... ʄʘʪʝʤʘʪʠʢʫ 

ʜʦʣʞʥʦ ʫʯʠʪʴ ʟʘʪʝʤ, ʯʪʦ ʦʥʘ ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʫʤè [1]. 

ʕʪʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʚʠʥʪʵʩʩʝʥʮʠʝʡ ʝʛʦ çʈʝʯʠè [1]. ʊʦʯʥʫʶ 

ʮʠʪʘʪʫ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʠʟʜʘʥʠʠ: ʃʦʙʘʯʝʚʩʢʠʡ ʅ.ʀ. ʈʝʯʴ ʦ ʚʘʞʥʝʡʰʠʭ 

ʧʨʝʜʤʝʪʘʭ ʚʦʩʧʠʪʘʥʠʷ. - ʂʘʟʘʥʴ, 1828. ï ʉ. 15-16. (ʆʨʠʛʠʥʘʣ ʭʨʘʥʠʪʩʷ ʚ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʈʌ ʠ ʘʨʭʠʚʝ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) [1]. 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʤʘʪʝʤʘʪʠʢʘ - ɻ ʪʦ ʥʝ ʩʙʦʨʥʠʢ ʬʦʨʤʫʣ, 

ʘ çʛʠʤʥʘʩʪʠʢʘ ʜʣʷ ʫʤʘè, ʢʦʪʦʨʘʷ ʫʯʠʪ ʣʦʛʠʯʝʩʢʠ ʚʳʩʪʨʘʠʚʘʪʴ ʤʳʩʣʠ, 

ʦʪʜʝʣʷʪʴ ʛʣʘʚʥʦʝ ʦʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʛʦ, ʥʘʭʦʜʠʪʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ 

ʩʚʷʟʠ. ʕʪʦ ʠ ʝʩʪʴ ʷʜʨʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ: ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʤʘʪʝʤʘʪʠʢʦʡ 

ʤʳʰʣʝʥʠʝ ʨʘʙʦʪʘʝʪ ʚ ʣʶʙʦʡ ʩʬʝʨʝ - ʦʪ ʶʨʠʩʧʨʫʜʝʥʮʠʠ ʜʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠʤʝʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʠʜʝʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʫ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʚʳʩʪʫʧʘʶʱʠʝ ʢʘʢ ʠʥʩʪʨʫʢʮʠʷ ʢ ʜʝʡʩʪʚʠʶ ʧʦ ʦʙʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʝ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ çʅʘʩʪʘʚʣʝʥʠʷ ʫʯʠʪʝʣʷʤ ʤʘʪʝʤʘʪʠʢʠ ʚ 

ʛʠʤʥʘʟʠʷʭè (1840-ʝ ʛʛ.) [2]. 

ɽʩʣʠ çʈʝʯʴè - ʵʪʦ ʤʘʥʠʬʝʩʪ, ʪʦ çʅʘʩʪʘʚʣʝʥʠʷè - ʵʪʦ ʧʦʜʨʦʙʥʘʷ 

ʠʥʩʪʨʫʢʮʠʷ, ʢʘʢ ʵʪʦʪ ʤʘʥʠʬʝʩʪ ʚʦʧʣʦʪʠʪʴ ʚ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʥʘ ʣʶʙʦʤ 

ʫʨʦʚʥʝ. ʕʪʦʪ ʜʦʢʫʤʝʥʪ, ʨʘʩʩʳʣʘʚʰʠʡʩʷ ʧʦ ʚʩʝʤ ʛʠʤʥʘʟʠʷʤ ʂʘʟʘʥʩʢʦʛʦ 
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ʫʯʝʙʥʦʛʦ ʦʢʨʫʛʘ, ʧʦʨʘʞʘʝʪ ʩʚʦʝʡ ʩʦʚʨʝʤʝʥʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʫ ʦʙʫʯʘʶʱʠʭʩʷ: çʇʦʥʠʤʘʥʠʝ, ʘ ʥʝ 

ʟʫʙʨʝʞʢʘè [1, 2]. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʧʨʷʤʦ ʟʘʧʨʝʱʘʣ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʟʘʫʯʠʚʘʥʠʝ. ʆʥ ʪʨʝʙʦʚʘʣ, ʯʪʦʙʳ ʫʯʝʥʠʢ ʧʦʥʠʤʘʣ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʦ, ʥʦ ʠ ʝʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʧʨʘʚʠʣʘʤʠ: çʋʯʝʥʠʢ ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ 

ʟʥʘʪʴ ʪʦ ʠʣʠ ʜʨʫʛʦʝ ʧʨʘʚʠʣʦ, ʫʤʝʪʴ ʨʝʰʘʪʴ ʪʫ ʠʣʠ ʜʨʫʛʫʶ ʟʘʜʘʯʫ, ʥʦ ʠ 

ʧʦʥʠʤʘʪʴ ʩʚʷʟʴ ʧʨʘʚʠʣ, ʚʠʜʝʪʴ ʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʡè [2]. 

ɼʨʫʛʦʡ ʢʣʶʯʝʚʦʡ ʠʜʝʝʡ ʚ ʪʨʫʜʘʭ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʷʚʣʷʝʪʩʷ: çʦʪ ʧʨʘʢʪʠʢʠ - ʢ ʪʝʦʨʠʠè. ʆʥ ʩʯʠʪʘʣ, ʯʪʦ 

ʦʙʫʯʝʥʠʝ ʥʘʯʠʥʘʣʦʩʴ ʥʝ ʩ ʘʙʩʪʨʘʢʪʥʦʡ ʪʝʦʨʝʤʳ, ʘ ʩ ʥʘʛʣʷʜʥʦʡ, ʞʠʟʥʝʥʥʦʡ 

ʟʘʜʘʯʠ: çʅʘʯʠʥʘʷ ʛʝʦʤʝʪʨʠʶ, ʥʝ ʩʧʝʰʠʪʝ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ. ʅʘʯʥʠʪʝ ʩ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, ʚʳʩʦʪ ʜʝʨʝʚʴʝʚ, ʟʜʘʥʠʡ, ʩ ʟʘʜʘʯ ʥʘ ʨʘʟʜʝʣʝʥʠʝ 

ʫʯʘʩʪʢʦʚ ʟʝʤʣʠ. ʇʫʩʪʴ ʫʯʝʥʠʢ ʩʥʘʯʘʣʘ ʧʦʯʫʚʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʫʢʝ, 

ʘ ʟʘʪʝʤ ʫʞʝ ʫʟʥʘʝʪ ʝʝ ʟʘʢʦʥʳè [2]. 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʥʝ ʪʦʣʴʢʦ ʫʯʠʣ ʫʯʠʪʝʣʝʡ, ʥʦ ʠ ʩʘʤ ʧʠʩʘʣ ʫʯʝʙʥʠʢʠ. 

ɽʛʦ çɻʝʦʤʝʪʨʠʷè [3] ʠ çɸʣʛʝʙʨʘè [4] ʜʣʷ ʛʠʤʥʘʟʠʡ ʙʳʣʠ ʥʦʚʘʪʦʨʩʢʠʤʠ ʚ 

ʧʣʘʥʝ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʫ ʦʙʫʯʘʶʱʠʭʩʷ. 

ɺ ʥʠʭ ʙʳʣʦ ʤʠʥʠʤʫʤ ʩʫʭʠʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʠ ʤʘʢʩʠʤʫʤ ʦʙʲʷʩʥʝʥʠʡ, ʜʠʘʣʦʛʘ 

ʩ ʯʠʪʘʪʝʣʝʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʇʨʠʤʝʨ ʠʟ çɻʝʦʤʝʪʨʠʠè: ʧʨʝʞʜʝ ʯʝʤ ʜʘʪʴ 

ʩʪʨʦʛʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʦ ʧʦʜʦʙʠʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʦʥ ʧʨʝʜʣʘʛʘʣ 

ʫʯʝʥʠʢʘʤ ʠʟʤʝʨʠʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʦʪʨʝʟʢʠ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʨʝʢʠ ʠʣʠ ʚʳʩʦʪʫ ʢʦʣʦʢʦʣʴʥʠ [3]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʪʨʫʜʦʚ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʌʄɻ ʧʦ ʚʝʨʩʠʠ PISA ʠ ʬʝʜʝʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 5-9 ʢʣʘʩʩʦʚ (ʪʘʙʣʠʮʘ 1, 2). 
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ʊʘʙʣʠʮʘ 1. ʂʦʤʧʦʥʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʬʝʜʝʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʝ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʦʩʥʦʚʥʦʛʦ 

ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʣʶʯʝʚʳʝ ʠʜʝʠ ʪʨʫʜʦʚ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

  

ʂʦʤʧʦʥʝʥʪ ʌʄɻ ʚ 

ʬʝʜʝʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʝ  

ʂʣʶʯʝʚʳʝ ʠʜʝʠ ʪʨʫʜʦʚ 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʌʄɻ 

ʋʤʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʥʷʪʠʡ, ʦʙʲʝʢʪʦʚ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʳʭ 

ʞʠʟʥʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ 

ʧʨʝʜʤʝʪʦʚ, ʧʨʦʷʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

1. ɺʠʜʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʦʢʨʫʞʘʶʱʠʭ ʷʚʣʝʥʠʷʭ 

(ʛʝʦʤʝʪʨʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʨʦʮʝʥʪʳ 

ʚ ʬʠʥʘʥʩʦʚʳʭ ʨʘʩʯʝʪʘʭ, ʩʪʘʪʠʩʪʠʢʘ 

ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ) [3]. 

2. ɺʳʷʚʣʷʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ (ʩʢʦʨʦʩʪʴ-ʚʨʝʤʷ-

ʨʘʩʩʪʦʷʥʠʝ ʚ ʬʠʟʠʢʝ, ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢʘʭ) [3]. 

ʌʦʨʤʫʣʠʨʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ʥʘ ʷʟʳʢʝ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʩʦʟʜʘʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

1. ʇʝʨʝʚʦʜʠʪʴ ʥʘ ʬʦʨʤʘʣʴʥʳʡ 

ʷʟʳʢ: ʊʦʯʥʦ ʚʳʨʘʞʘʪʴ ʚʝʨʙʘʣʴʥʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʫʩʣʦʚʠʷ ʟʘʜʘʯ ʠ 

ʞʠʟʥʝʥʥʳʝ ʩʠʪʫʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʠʤʚʦʣʠʢʠ, 

ʪʝʨʤʠʥʦʚ, ʬʦʨʤʫʣ ʠ ʯʝʨʪʝʞʝʡ [2, 4]. 
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2. ɸʙʩʪʨʘʛʠʨʦʚʘʪʴ ʠ 

ʠʜʝʘʣʠʟʠʨʦʚʘʪʴ: ɺʳʜʝʣʷʪʴ ʚ 

ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʠʣʠ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʪʚʣʝʢʘʷʩʴ ʦʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ 

ʜʝʪʘʣʝʡ [3, 4]. 

ʇʨʠʤʝʥʷʪʴ ʦʩʚʦʝʥʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʢʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ 

1. ɺʳʙʠʨʘʪʴ ʘʜʝʢʚʘʪʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ: ʆʩʦʟʥʘʥʥʦ 

ʧʦʜʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʬʦʨʤʫʣʳ, 

ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʦʨʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʙʣʝʤʳ 

[2, 3, 4]. 

2. ɼʝʡʩʪʚʦʚʘʪʴ ʧʦ ʘʣʛʦʨʠʪʤʫ ʠ 

ʚʳʭʦʜʠʪʴ ʟʘ ʝʛʦ ʨʘʤʢʠ: ʏʸʪʢʦ 

ʩʣʝʜʦʚʘʪʴ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʘʤ 

ʨʝʰʝʥʠʷ ʠ ʛʠʙʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ 

ʧʦʜ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ 

[2]. 

ʀʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠ 

ʦʮʝʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

1. ʇʝʨʝʚʦʜʠʪʴ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʟʳʢʘ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʳʡ: ʆʙʲʷʩʥʷʪʴ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʥʘʡʜʝʥʥʦʝ ʯʠʩʣʦ, ʬʦʨʤʫʣʘ 

ʠʣʠ ʛʨʘʬʠʢ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʭʦʜʥʦʡ 

ʨʝʘʣʴʥʦʡ ʟʘʜʘʯʠ [2, 3 ,4]. 
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2. ʆʮʝʥʠʚʘʪʴ ʧʨʘʚʜʦʧʦʜʦʙʠʝ ʠ 

ʘʜʝʢʚʘʪʥʦʩʪʴ: ɸʥʘʣʠʟʠʨʦʚʘʪʴ, 

ʷʚʣʷʝʪʩʷ ʣʠ ʦʪʚʝʪ ʨʝʘʣʠʩʪʠʯʥʳʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ ʠ 

ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. (ʅʘʧʨʠʤʝʨ, 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʥʦʢ 

ʢʨʘʩʢʠ ʠʣʠ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʷʚʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʰʠʙʢʫ ʚ ʤʦʜʝʣʠ ʠʣʠ 

ʨʘʩʯʸʪʘʭ) [2, 3]. 

ʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ 

1. ɸʙʩʪʨʘʢʪʥʦʝ ʠ ʣʦʛʠʯʝʩʢʦʝ 

ʤʳʰʣʝʥʠʝ: 

ʋʤʝʥʠʝ ʦʪʚʣʝʢʘʪʴʩʷ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʜʝʪʘʣʝʡ, ʚʳʜʝʣʷʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ [2, 3, 4]. 

2. ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ 

ʩʪʨʫʢʪʫʨʥʦʝ ʤʳʰʣʝʥʠʝ: 

ʋʤʝʥʠʝ ʚʠʜʝʪʴ ʧʦʨʷʜʦʢ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʘʚʣʷʪʴ ʠ 

ʚʳʧʦʣʥʷʪʴ ʧʣʘʥ ʜʝʡʩʪʚʠʡ 

(ʘʣʛʦʨʠʪʤ). 

ʉʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʷʪʴ 

ʠʝʨʘʨʭʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤʘʭ [2, 3]. 
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ʊʘʙʣʠʮʘ 2. ʂʦʤʧʦʥʝʥʪʳ ʌʄɻ ʧʦ ʚʝʨʩʠʠ PISA ʠ ʢʣʶʯʝʚʳʝ ʠʜʝʠ 

ʪʨʫʜʦʚ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʂʦʤʧʦʥʝʥʪʳ ʌʄɻ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ PISA 

ʂʣʶʯʝʚʳʝ ʠʜʝʠ ʪʨʫʜʦʚ ʅ.ʀ. 

ʃʦʙʘʯʝʚʩʢʦʛʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʌʄɻ 

ʉʧʦʩʦʙʥʦʩʪʴ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ, ʧʨʠʤʝʥʷʪʴ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʢʫ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʢʦʥʪʝʢʩʪʘʭ 

ʅʘʯʠʥʘʪʴ ʫʨʦʢ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʳ (ʠʟʤʝʨʠʪʴ, ʚʳʯʠʩʣʠʪʴ, 

ʨʘʟʜʝʣʠʪʴ) [2, 3, 4]. 

ʀʩʧʦʣʴʟʦʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʟʘʜʘʯʠ ʠʟ ʛʝʦʜʝʟʠʠ, 

ʪʦʨʛʦʚʣʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ [3, 4]. 

ʇʨʠʤʝʥʷʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʨʘʩʩʫʞʜʝʥʠʷ 

ʊʨʝʙʦʚʘʪʴ ʦʪ ʫʯʝʥʠʢʘ ʥʝ ʧʨʦʩʪʦ ʜʘʪʴ 

ʦʪʚʝʪ, ʘ ʦʙʲʷʩʥʠʪʴ, ʯʪʦ ʦʥ ʦʟʥʘʯʘʝʪ ʚ 

ʨʝʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ [2]. 

  

ɽʛʦ ʩʠʩʪʝʤʘ ʙʳʣʘ ʥʘʮʝʣʝʥʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ çʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘè - 

ʠʤʝʥʥʦ ʪʦʛʦ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʫʚʝʨʝʥʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʩʣʦʞʥʦʤ ʤʠʨʝ. 

ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʃʦʙʘʯʝʚʩʢʠʡ ʚʠʜʝʣ ʚ ʤʘʪʝʤʘʪʠʢʝ ʥʝ ʩʚʦʜ ʜʦʛʤ, ʘ 

ʜʠʥʘʤʠʯʥʳʡ ʷʟʳʢ, ʥʘ ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʪ ʩʘʤʘ ʧʨʠʨʦʜʘ. ɽʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ 

ʪʨʫʜʳ - ʵʪʦ ʥʝ ʘʨʭʠʚʥʘʷ ʧʳʣʴ, ʘ ʞʠʚʦʝ ʧʦʩʣʘʥʠʝ ʚʩʝʤ ʥʘʤ, ʢʪʦ ʩʚʷʟʘʥ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ. 

ʆʥ ʜʦʢʘʟʘʣ, ʯʪʦ ʠʩʪʠʥʥʦ ʚʝʣʠʢʦʝ ʦʪʢʨʳʪʠʝ - ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʥʦʚʘʷ 

ʛʝʦʤʝʪʨʠʷ, ʥʦ ʠ ʥʦʚʘʷ ʬʠʣʦʩʦʬʠʷ ʦʙʫʯʝʥʠʷ, ʛʜʝ ʫʯʝʥʠʢ - ʥʝ ʩʦʩʫʜ ʜʣʷ 

ʥʘʧʦʣʥʝʥʠʷ, ʘ ʘʢʪʠʚʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʚʦʦʨʫʞʝʥʥʳʡ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ - ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʳʰʣʝʥʠʝʤ. ʀ ʵʪʦʪ 
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ʠʥʩʪʨʫʤʝʥʪ, ʚʳʢʦʚʘʥʥʳʡ ʚ ʂʘʟʘʥʠ XIX ʚʝʢʘ, ʦʩʪʘʝʪʩʷ ʦʩʪʨʳʤ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ XXI ʚʝʢʝ [1]. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʣʶʯʝʚʳʝ 

ʠʜʝʠ ʚ ʪʨʫʜʘʭ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ 

ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʄɻ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʦʙʱʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʃʦʙʘʯʝʚʩʢʠʡ ʅ.ʀ. ʈʝʯʴ ʦ ʚʘʞʥʝʡʰʠʭ ʧʨʝʜʤʝʪʘʭ ʚʦʩʧʠʪʘʥʠʷ. - ʂʘʟʘʥʴ: 
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ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʪʠʧʦʛʨʘʬʠʷ, 1823. - 198 ʩ. 

4. ʃʦʙʘʯʝʚʩʢʠʡ ʅ.ʀ. ɸʣʛʝʙʨʘ, ʠʣʠ ɺʳʯʠʩʣʝʥʠʝ ʢʦʥʝʯʥʳʭ. - ʋʯʝʙʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʜʣʷ 

ʛʠʤʥʘʟʠʡ. - ʂʘʟʘʥʴ: ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʪʠʧʦʛʨʘʬʠʷ, 1834. - 480 ʩ. 

5. ʌʝʜʝʨʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʫʯʝʙʥʦʤʫ ʧʨʝʜʤʝʪʫ "ʄʘʪʝʤʘʪʠʢʘ" (5-9 ʢʣʘʩʩʳ) 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʄ.: ʀʥʩʪʠʪʫʪ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʈɸʆ, 2021. - URL: 

https://gclnk.com/2ZUyhfF2 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.11.2024). 

6. ʌʝʜʝʨʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʩʨʝʜʥʝʛʦ ʦʙʱʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʫʪʚ. ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʩʚʝʱʝʥʠʷ ʈʌ ʦʪ 31 
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ʋʉʃʆɺʀʗ ʆɺʃɸɼɽʅʀʗ ʗɿʓʂʆʄ ʄɸʊɽʄɸʊʀʂʀ ʀ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʂʋʃʔʊʋʈʆʁ ʅɸ ʋʈʆʂɸʍ ʄɸʊɽʄɸʊʀʂʀ ɺ 

5-6 ʂʃɸʉʉɸʍ 
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ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ ʠ  ʠʥʬʦʨʤʘʪʠʢʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ʋʪʶʤʦʚʘ ɽ.ɸ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʠ ʤʝʪʦʜʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʟʳʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʫ 

ʫʯʘʱʠʭʩʷ 5-6 ʢʣʘʩʩʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɻʆʉ ʆʆʆ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

çʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʷʟʳʢè ʠ çʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘè, ʨʘʩʢʨʳʪʘ ʝʝ 

ʩʪʨʫʢʪʫʨʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʳʜʝʣʝʥʳ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʟʘʜʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʟʚʠʪʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʷʟʳʢ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, 

ʫʯʘʱʠʝʩʷ 5-6 ʢʣʘʩʩʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ, ʫʩʣʦʚʠʷ, ʢʦʤʧʣʝʢʩ ʟʘʜʘʥʠʡ, ʌɻʆʉ. 
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MATHEMATICS AND MATHEMATICAL CULTURE IN 

MATHEMATICS LESSONS FOR GRADES 5ï6 

Guseva꜡M.꜡A. 

Russia, Yekaterinburg 
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 Institute of Mathematics, Physics and Informatics 

Scientific supervisor: Ph.꜡D. (Pedagogy), Associate Professor 
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Abstract. The article examines the conditions and methods for developing 

mathematical language and mathematical culture among students in grades 5ï6, 

which is one of the key objectives of modern education in accordance with the 

Federal State Educational Standard for Basic General Education (FGOS OOO). 

The core concepts of çmathematical languageè and çmathematical cultureè are 

defined, and the structure of mathematical culture is elucidated. Based on an 
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analysis of pedagogical literature, the key pedagogical conditions are identified, 

and a set of tasks aimed at developing components of mathematical culture is 

developed.  

Keywords: mathematical language, mathematical culture, grades 5ï6 

students, formation, conditions, set of tasks, FGOS. 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʫʩʚʦʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʠ ʥʘ 

ʨʘʟʚʠʪʠʝ ʫ ʰʢʦʣʴʥʠʢʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʣʦʛʠʯʝʩʢʠʤ ʨʘʩʩʫʞʜʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʦʚʣʘʜʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʷʟʳʢʦʤ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʦʩʥʦʚʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʟʚʝʥʝ ð ʚ 5ï6 ʢʣʘʩʩʘʭ, ʢʦʛʜʘ ʰʢʦʣʴʥʠʢʠ 

ʧʝʨʝʭʦʜʷʪ ʦʪ ʥʘʛʣʷʜʥʦ-ʜʝʡʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ ʢ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʦʤʫ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʌɻʆʉ ʆʆʆ5[1]), ʢʦʪʦʨʳʡ ʧʦʜʯʸʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʠ ʦʙʱʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʸʥʥʦʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

çʄʘʪʝʤʘʪʠʢʘè, ʫʢʘʟʘʥʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ: 

1. ʆʩʦʟʥʘʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʦʮʠʘʣʴʥʳʭ, ʢʫʣʴʪʫʨʥʳʭ 

ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ ʩʪʘʥʦʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʥʘʫʢʠ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʘʪʝʤʘʪʠʢʝ ʢʘʢ ʯʘʩʪʠ 

ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʷʟʳʢʝ ʥʘʫʢʠ, 

ʧʦʟʚʦʣʷʶʱʝʤ ʦʧʠʩʳʚʘʪʴ ʠ ʠʟʫʯʘʪʴ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ. 

 

5[1] ʇʨʠʢʘʟ ʄʠʥʧʨʦʩʚʝʱʝʥʠʷ ʈʦʩʩʠʠ ʦʪ 31.05.2021 N 287 (ʨʝʜ. ʦʪ 22.01.2024) "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷè. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // ʌɻʆʉ: [ʩʘʡʪ]. ï URL: https://sh-pesochenskaya-

r62.gosweb.gosuslugi.ru/netcat_files/32/315/FGOS_OOO_v_redaktsii_ot_22.01.2024.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.05.2025) 

https://sh-pesochenskaya-r62.gosweb.gosuslugi.ru/netcat_files/32/315/FGOS_OOO_v_redaktsii_ot_22.01.2024.pdf
https://sh-pesochenskaya-r62.gosweb.gosuslugi.ru/netcat_files/32/315/FGOS_OOO_v_redaktsii_ot_22.01.2024.pdf
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ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ 

ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜʘʪʴ ʥʘʙʦʨ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʥʦ ʠ ʨʘʟʚʠʪʴ ʫ ʫʯʘʱʠʭʩʷ 

ʚʘʞʥʳʝ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʥʘʣʠʟʫ, ʣʦʛʠʯʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʚʳʨʘʞʝʥʠʷ ʩʚʦʠʭ ʤʳʩʣʝʡ. ʎʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʵʪʠʭ ʮʝʣʝʡ 

ʠʛʨʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʟʳʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʫʩʣʦʚʠʡ ʦʚʣʘʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʷʟʳʢʦʤ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʪʨʝʙʫʝʪ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʙʘʟʦʚʳʭ ʪʝʨʤʠʥʦʚ ʠ 

ʢʦʥʮʝʧʮʠʡ. 

ʊʝʨʤʠʥ çʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʷʟʳʢè ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʢʘʢ ʦʙʦʟʥʘʯʝʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʳʨʘʞʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʟʥʘʥʠʝ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. ɺ 

ʪʘʢʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ çʷʟʳʢè ʦʭʚʘʪʳʚʘʝʪ ʦʙʘ ʚʘʞʥʝʡʰʠʭ ʧʨʦʷʚʣʝʥʠʷ 

ʨʝʯʝʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ð ʷʟʳʢ ʠ ʨʝʯʴ [1, C. 218]. 

çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʣʠʯʥʦʩʪʠ ð ʣʠʯʥʦʩʪʥʦʝ ʠʥʪʝʛʨʘʪʠʚʥʦʝ 

ʢʘʯʝʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʥʥʦʩʪʥʦ-

ʦʮʝʥʦʯʥʦʛʦ, ʢʦʛʥʠʪʠʚʥʦʛʦ, ʨʝʬʣʝʢʩʠʚʥʦ-ʦʮʝʥʦʯʥʦʛʦ ʠ ʜʝʡʩʪʚʝʥʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʮʝʥʥʦʩʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʢ ʧʦʣʫʯʘʝʤʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʥʘʥʠʷʤ 

(ʮʝʥʥʦʩʪʥʦ-ʦʮʝʥʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪ), ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʚʣʘʜʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʫʤʝʥʠʷʤʠ (ʢʦʛʥʠʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ), 

ʫʤʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʜʝʡʩʪʚʝʥʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ) ʠ 

ʨʘʟʚʠʪʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʝʬʣʝʢʩʠʠ ʧʨʦʮʝʩʩʘ ʠ ʨʝʟʫʣʴʪʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʝʬʣʝʢʩʠʚʥʦ-ʦʮʝʥʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪ)è [4, C. 41]. 

ʇʦʜʨʦʙʥʦ ʨʘʟʙʝʨʝʤ ʩʪʨʫʢʪʫʨʫ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ: 

1. ʎʝʥʥʦʩʪʥʦ-ʦʮʝʥʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪ. ʕʪʦ ʣʠʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʯʝʣʦʚʝʢʘ ʢ ʤʘʪʝʤʘʪʠʢʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʥʘʥʠʷʤ. 
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ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʦʪʨʘʞʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʫʙʝʞʜʝʥʠʷ, ʤʦʪʠʚʘʮʠʶ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ.  

2. ʂʦʛʥʠʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ. ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʙʲʸʤ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ʣʠʯʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 

ʤʘʪʝʤʘʪʠʢʠ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʚʣʘʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʪʝʦʨʠʷʤʠ, 

ʧʨʠʸʤʘʤʠ ʠ ʤʝʪʦʜʘʤʠ, ʛʣʫʙʠʥʳ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ 

ʠ ʢʦʥʮʝʧʮʠʡ.  

3. ɼʝʡʩʪʚʝʥʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ. ɼʘʥʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʦʧʠʩʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

4. ʈʝʬʣʝʢʩʠʚʥʦ-ʦʮʝʥʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪ. ʇʦʩʣʝʜʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʝʬʣʝʢʩʠʠ, ʪʦ ʝʩʪʴ 

ʦʩʦʟʥʘʥʥʦʤʫ ʨʘʟʤʳʰʣʝʥʠʶ ʦ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ.  

ʇʦʜ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʩʚʦʝʥʠʷ ʣʠʯʥʦʩʪʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʝʤʫ ʜʣʷ ʫʩʧʝʰʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʢ ʧʨʦʮʝʩʩʘʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ [4, C. 

41]. 

ʉʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʣʫʯʰʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʷʟʳʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʫʯʘʱʠʤʩʷ 5-6 ʢʣʘʩʩʦʚ ʥʝʦʙʭʦʜʠʤʳ: 

1. ʄʦʪʠʚʘʮʠʷ ʢ ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʥʠʤʘʪʝʣʴʥʳʭ, ʣʦʛʠʯʝʩʢʠʭ, 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ, ʛʦʣʦʚʦʣʦʤʦʢ ʠ ʧʨʦʝʢʪʦʚ, ʚʜʦʭʥʦʚʣʷʶʱʠʭ ʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʤʳʰʣʝʥʠʝ, ʬʦʨʤʠʨʫʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʫʤʦʟʘʢʣʶʯʝʥʠʷ. 

2. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ: 
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¶ ʠʥʪʝʛʨʘʮʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʨʝʘʣʴʥʫʶ ʞʠʟʥʴ ʯʝʨʝʟ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʞʠʟʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʯʸʪ ʩʪʦʠʤʦʩʪʠ 

ʧʦʢʫʧʦʢ, ʠʟʤʝʨʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʦʤʝʱʝʥʠʡ ʠ ʨʘʩʩʪʦʷʥʠʡ; 

3. ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʧʧʦʚʳʭ ʠ ʧʘʨʥʳʭ ʬʦʨʤ ʨʘʙʦʪʳ, 

ʤʦʟʛʦʚʳʭ ʰʪʫʨʤʦʚ, ʢʚʝʩʪʦʚ ʠ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʠ ʠ ʣʠʜʝʨʩʢʠʭ ʢʘʯʝʩʪʚ; 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʤʝʥʠʷ ʦʮʝʥʠʚʘʪʴ ʚʳʙʨʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ: 

¶ ʨʝʛʫʣʷʨʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʠ 

ʩʧʦʩʦʙʦʚ ʠʭ ʦʙʦʩʥʦʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʫʣʴʪʫʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʨʛʫʤʝʥʪʘ. 

ɸʥʘʣʠʟ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʚʳʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ: 

¶ ʈʘʟʚʠʪʠʝ ʤʦʪʠʚʘʮʠʠ ʢ ʦʙʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʝ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʠ ʚʥʫʪʨʝʥʥʝʡ ʤʦʪʠʚʘʮʠʠ ʢ 

ʤʘʪʝʤʘʪʠʢʝ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʚʢʣʶʯʝʥʠʝ ʫʯʘʱʠʭʩʷ ʚ ʧʦʠʩʢʦʚʫʶ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ, ʠʛʨʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʨʝʰʝʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʟʘʜʘʯ ʠ ʣʦʛʠʯʝʩʢʠʭ ʛʦʣʦʚʦʣʦʤʦʢ. ʕʬʬʝʢʪʠʚʥʳ ʪʘʢʞʝ 

ʤʝʞʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʤʘʪʝʤʘʪʠʢʠ. 

¶ ʉʦʟʜʘʥʠʝ ʩʠʪʫʘʮʠʠ ʫʩʧʝʭʘ. ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʘʞʜʦʤʫ 

ʫʯʝʥʠʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʦʱʫʪʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʫʩʧʝʰʥʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ 

ʧʨʝʜʤʝʪʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʶ ʟʘʜʘʥʠʡ, 

ʧʦʦʱʨʝʥʠʝ ʫʩʠʣʠʡ, ʘ ʥʝ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʘ, ʠ ʩʦʟʜʘʥʠʝ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

¶ ʉʚʷʟʴ ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʚ ʩ ʨʝʘʣʴʥʦʡ 

ʞʠʟʥʴʶ. ɼʝʤʦʥʩʪʨʘʮʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ 
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ʙʳʪʫ, ʚ ʥʘʫʢʝ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʝʩʩʠʷʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʩʦʟʥʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʘʪʝʤʘʪʠʢʝ ʢʘʢ ʯʘʩʪʠ 

ʦʙʱʝʡ ʢʫʣʴʪʫʨʳ. 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʥʦʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʘʪʝʤʘʪʠʢʝ. 

ɿʥʘʢʦʤʩʪʚʦ ʩ ʠʩʪʦʨʠʝʡ ʤʘʪʝʤʘʪʠʢʠ, ʩ ʙʠʦʛʨʘʬʠʷʤʠ ʚʝʣʠʢʠʭ 

ʤʘʪʝʤʘʪʠʢʦʚ, ʩ ʢʫʣʴʪʫʨʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ 

ʧʦʤʦʛʘʝʪ ʫʯʘʱʠʤʩʷ ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʨʝʜʤʝʪ ʥʝ ʢʘʢ ʘʙʩʪʨʘʢʪʥʫʶ 

ʜʠʩʮʠʧʣʠʥʫ, ʘ ʢʘʢ ʚʘʞʥʫʶ ʯʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʠ ʧʨʦʛʨʝʩʩʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʳʜʝʣʠʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʩʣʦʚʘ-ʢʦʥʩʪʨʫʢʪʦʨʳ [2, 6], ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʥʠʷ. ʇʨʝʜʩʪʘʚʠʤ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 1. 

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʣʦʚ-ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʢʦʤʧʦʥʝʥʪʘʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ 

ʂʦʤʧʦʥʝʥʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ 
ʉʣʦʚʘ-ʢʦʥʩʪʨʫʢʪʦʨʳ 

ʎʝʥʥʦʩʪʥʦ-ʦʮʝʥʦʯʥʳʡ 

ɺʳʨʘʟʠʪʴ ʩʣʦʚʘʤʠ; ʦʙʦʩʥʦʚʘʪʴ; ʚʳʙʨʘʪʴ ʦʜʠʥ 

ʦʪʚʝʪ ʠʟé; ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʢʩʪ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ 

ʤʦʜʝʣʴ; ʦʙʲʷʩʥʠʪʴ ʟʥʘʯʝʥʠʝ/ʩʤʳʩʣ; ʦʬʦʨʤʠʪʴ 

ʚʳʩʢʘʟʳʚʘʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʨʠʯʠʥʫ ʠ ʩʣʝʜʩʪʚʠʝ; 

ʧʨʠʜʫʤʘʪʴ ʟʘʛʦʣʦʚʢʠ 

ʂʦʛʥʠʪʠʚʥʳʡ 

ɺʳʯʣʝʥʠʪʴ; ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʫʶ ʤʳʩʣʴ; 

ʨʘʟʜʝʣʠʪʴ ʦʙʲʝʢʪ ʥʘ ʯʘʩʪʠ; ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʯʘʩʪʠ 

ʦʙʲʝʢʪʘ; ʫʩʪʘʥʦʚʠʪʴ, ʦ ʢʘʢʠʭ ʦʙʲʝʢʪʘʭ ʠʜʸʪ ʨʝʯʴ; 

ʚʥʝʩʪʠ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʫ, ʩʭʝʤʫ, ʨʠʩʫʥʦʢ; 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝé (ʛʨʘʬʠʢʘ, ʬʦʨʤʫʣʳ); 

ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʷʤʠ 

ɼʝʡʩʪʚʝʥʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʅʘʨʠʩʦʚʘʪʴ ʩʭʝʤʫ; ʩʦʟʜʘʪʴ; ʩʨʘʚʥʠʪʴ; 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʦ ʧʨʠʟʥʘʢʘʤ; ʫʩʪʘʥʦʚʠʪʴ ʦʙʱʝʝ; ʥʘʡʪʠ 

ʣʠʰʥʠʡ ʦʙʲʝʢʪ; ʩʦʩʪʘʚʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ; 

ʦʧʨʝʜʝʣʠʪʴ ʩʭʦʜʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ; ʨʘʩʩʦʨʪʠʨʦʚʘʪʴ; 

ʚʳʙʨʘʪʴ ʥʘʟʚʘʥʠʝ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ; ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʩʨʘʚʥʝʥʠʷ 

ʈʝʬʣʝʢʩʠʚʥʦ-

ʦʮʝʥʦʯʥʳʡ 

ʉʜʝʣʘʪʴ ʚʳʚʦʜ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ; ʥʘʡʪʠ 

ʦʰʠʙʢʫ; ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʩʫʞʜʝʥʠʡ; 

ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ; ʚʳʧʠʩʘʪʴ ʰʘʛʠ 

ʨʝʰʝʥʠʷ; ʦʙʦʙʱʠʪʴ ʩʢʘʟʘʥʥʦʝ; ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʫʤʦʟʘʢʣʶʯʝʥʠʝ; ʚʩʪʘʚʠʪʴ ʧʨʦʧʫʱʝʥʥʦʝ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʟʳʢʘ ʠ ʢʫʣʴʪʫʨʳ ʫ ʫʯʘʱʠʭʩʷ ʩʨʝʜʥʠʭ 

ʢʣʘʩʩʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ʆʚʣʘʜʝʥʠʝ ʵʪʠʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʜʝʪʷʤ ʦʩʦʟʥʘʚʘʪʴ ʚʘʞʥʦʩʪʴ 

ʤʘʪʝʤʘʪʠʢʠ ʚ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʨʘʟʚʠʚʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʧʦʚʳʰʘʪʴ 

ʦʙʱʫʶ ʦʙʨʘʟʦʚʘʥʥʦʩʪʴ.  

ɼʘʥʥʳʝ ʟʘʜʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ: ʚʣʘʜʝʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʷʟʳʢʦʤ, ʫʤʝʥʠʝ ʦʧʝʨʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʦʥʷʪʠʷʤʠ, ʫʤʝʥʠʝ 

ʧʨʦʚʦʜʠʪʴ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ. 

ɿʘʜʘʯʘ: 

ʅʘ ʧʝʨʝʤʝʥʝ ɺʘʥʷ ʠ ʃʠʟʘ ʧʦʩʧʦʨʠʣʠ, ʢʪʦ ʣʫʯʰʝ ʩʦʙʝʨʸʪ ʙʦʣʴʰʦʡ ʢʫʙ 

4Ĭ4Ĭ4 ʠʟ ʜʝʪʘʣʝʡ: 

 

  

ɺʘʥʷ ʛʦʚʦʨʠʪ: çɹʝʣʳʭ ʢʫʙʠʢʦʚ ʪʫʪ ʩʦʚʩʝʤ ʤʘʣʦ, ʜʘʚʘʡ ʩʥʘʯʘʣʘ ʩʪʘʚʠʪʴ 

ʩʠʥʠʝ ʫʛʦʣʢʠ!è. ʃʠʟʘ ʚʦʟʨʘʞʘʝʪ: çʅʝʪ, ʙʝʣʳʭ ʢʫʙʠʢʦʚ ʙʦʣʴʰʝ ʚʩʝʛʦ, ʠʭ ʜʘʞʝ 

ʩʯʠʪʘʪʴ ʜʦʣʛʦ!è. ʂʪʦ ʧʨʘʚ? ʉʢʦʣʴʢʦ ʤʘʣʝʥʴʢʠʭ ʙʝʣʳʭ ʢʫʙʠʢʦʚ ʩʧʨʷʪʘʣʦʩʴ 

ʚʥʫʪʨʠ ʵʪʦʛʦ ʢʫʙʘ? 

ɿʘʜʘʥʠʝ 1. ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ, ʢʪʦ ʧʨʘʚ ʚ ʩʧʦʨʝ: ɺʘʥʷ ʠʣʠ ʃʠʟʘ? 

ʆʙʲʷʩʥʠ ʩʚʦʡ ʦʪʚʝʪ, ʠʩʧʦʣʴʟʫʷ ʩʣʦʚʘ çʚʥʫʪʨʝʥʥʠʝ ʢʫʙʠʢʠè, çʚʥʝʰʥʠʡ 

ʩʣʦʡè, çʦʙʲʸʤè. 

ɿʘʜʘʥʠʝ 2. ɹʦʣʴʰʦʡ ʢʫʙ 4Ĭ4Ĭ4 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʤʘʪʨʸʰʢʫ: 

ʩʥʘʨʫʞʠ ð ʮʚʝʪʥʳʝ ʜʝʪʘʣʠ, ʚʥʫʪʨʠ ð ʙʝʣʳʝ. ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ: ʩʢʦʣʴʢʦ 

ʢʫʙʠʢʦʚ ʚ ʩʘʤʦʤ ʚʥʫʪʨʝʥʥʝʤ ʢʫʙʝ 2Ĭ2Ĭ2? ɸ ʝʩʣʠ ʫʙʨʘʪʴ ʝʱʸ ʦʜʠʥ ʩʣʦʡ? 

ɿʘʧʠʰʠʪʝ, ʩʢʦʣʴʢʦ ʚʩʝʛʦ ʙʝʣʳʭ ʢʫʙʠʢʦʚ ʧʦʣʫʯʠʣʦʩʴ. 
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ɿʘʜʘʥʠʝ 3. ʇʨʠʜʫʤʘʡʪʝ ʧʨʘʚʠʣʦ, ʢʘʢ ʥʘʡʪʠ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʳʭ ʢʫʙʠʢʦʚ 

ʚ ʢʫʙʝ nĬnĬn, ʝʩʣʠ ʦʥʠ ʚʩʝʛʜʘ ʩʧʨʷʪʘʥʳ ʚʥʫʪʨʠ (ʪ.ʝ. ʙʝʟ ʚʥʝʰʥʝʛʦ ʩʣʦʷ). 

ʇʨʦʚʝʨʴʪʝ ʩʚʦʶ ʬʦʨʤʫʣʫ ʥʘ ʧʨʠʤʝʨʝ ʢʫʙʘ 3Ĭ3Ĭ3. 

ɿʘʜʘʥʠʝ 4. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʙʦʣʴʰʦʡ ʢʫʙ ð ʵʪʦ ʢʦʨʦʙʢʘ ʩ ʢʦʥʬʝʪʘʤʠ: 

ʩʚʝʨʭʫ ð ʦʙʸʨʪʢʘ (ʮʚʝʪʥʳʝ ʜʝʪʘʣʠ), ʚʥʫʪʨʠ ð ʩʘʤʠ ʢʦʥʬʝʪʳ (ʙʝʣʳʝ 

ʢʫʙʠʢʠ). ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ: ʝʩʣʠ ʚ ʢʦʨʦʙʢʝ 5Ĭ5Ĭ5 ʢʦʥʬʝʪ, ʩʢʦʣʴʢʦ ʠʟ ʥʠʭ 

ʥʝ ʚʠʜʥʳ ʩʥʘʨʫʞʠ? ʇʨʠʜʫʤʘʡʪʝ ʩʚʦʶ ʘʥʘʣʦʛʠʶ ʩ ʢʫʙʦʤ ʠ ʦʧʠʰʠ ʝʸ. 

ʈʝhʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʫʩʣʦʚʠʷ 1 (ʨʘʟʚʠʪʠʝ 

ʤʦʪʠʚʘʮʠʠ ʢ ʦʙʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʝ) ʠ ʮʝʥʥʦʩʪʥʦ-ʦʮʝʥʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ. ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ рм ʚʝʢʘ ʥʝʤʝʮʢʠʡ ʤʘʪʝʤʘʪʠʢ 

ʄʠʭʘʠʣ ʐʪʠʬʝʣʴ ʚʚʝʣ ʧʦʥʷʪʠʝ çʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘè ʠ ʠʤʝʥʦʚʘʣ ʠʭ 

çʯʠʩʣʘʤʠ, ʤʝʥʴʰʠʤʠ, ʯʝʤ ʥʫʣʴè (ç0 + 5è ʦʟʥʘʯʘʝʪ +5, ʘ ç0 ï 3è ʦʟʥʘʯʘʝʪ ï

3). ʊʘʢʞʝ ʐʪʠʬʝʣʴ ʜʘʣ ʪʘʙʣʠʮʫ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʝʣ (ʈʠʩ. 1) [3, ʉ. 142]. 

 

ʈʠʩ. 1. ʊʘʙʣʠʮʘ ʐʪʠʬʝʣʷ 

ɿʘʜʘʥʠʝ 1. ɿʘʧʠʰʠʪʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʩʠʤʚʦʣʘʤʠ 

ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʐʪʠʬʝʣʷ ʠ ʨʘʩʧʦʣʦʞʠʪʝ ʠʭ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ: 

¶ 0 ï 9; 

¶ 0 + 15; 

¶ 0 + 4,567; 

¶ 0 ï . 

ɿʘʜʘʥʠʝ 2. ɿʘʧʠʰʠʪʝ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʐʪʠʬʝʣʷ ʩʣʝʜʫʶʱʠʝ ʯʠʩʣʘ ʠ 

ʧʨʦʯʠʪʘʡʪʝ ʠʭ: 
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¶ +12; 

¶ ï5; 

¶ + ; 

¶ ï9,32 

ɿʘʜʘʥʠʝ 3. ʀʩʧʦʣʴʟʫʷ ʪʘʙʣʠʮʫ ʫʤʥʦʞʝʥʠʷ ʐʪʠʬʝʣʷ, ʦʧʨʝʜʝʣʠʪʝ 

ʨʝʟʫʣʴʪʘʪ ʢʘʞʜʦʛʦ ʚʳʨʘʞʝʥʠʷ ʠ ʟʘʧʠʰʠʪʝ ʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ: 

¶ (0 ï ) Ĭ (0 ï ); 

¶ (0 ï 81) õ (0 + 9); 

¶ (0 + 63,4) õ (0 ï 7,2); 

¶ (0 + ) õ (0 ï ). 

ɿʘʜʘʥʠʝ 4. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʫʤʥʦʞʝʥʠʝ ʜʚʫʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʝʣ 

ʜʘʸʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʤʝʨ ʠʟ ʪʘʙʣʠʮʳ ʐʪʠʬʝʣʷ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʨʝʘʣʠʟʘʮʠʶ 4 ʫʩʣʦʚʠʷ 

(ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʥʦʩʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʘʪʝʤʘʪʠʢʝ) ʠ ʜʝʡʩʪʚʝʥʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʛʫʣʷʨʥʘʷ ʧʨʘʢʪʠʢʘ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʧʨʘʞʥʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʫʯʘʱʠʤʩʷ ʫʩʚʘʠʚʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʥʦ ʪʘʢʞʝ ʨʘʟʚʠʚʘʝʪ ʫ ʥʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʤʳʩʣʠʪʴ 

ʣʦʛʠʯʝʩʢʠ, ʜʦʢʘʟʳʚʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʚʳʢʠ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʄʝʪʦʜʠʢʘ ʩʦʯʝʪʘʝʪ ʪʝʦʨʠʶ ʠ ʧʨʘʢʪʠʢʫ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʠʞʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʨʪʝʙʷʢʠʥʘ ʆ.ɺ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʟʳʢʘ ʫ ʩʪʫʜʝʥʪʦʚ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʚʫʟʘ // ɺʝʩʪʥʠʢ ʏʝʣɻʋ. 2011. ˉ33. URL: 

https://cyberleninka.ru/article/n/formirovanie-matematicheskogo-yazyka-u-studentov-

pedagogicheskogo-vuza (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 02.06.2025). 

https://cyberleninka.ru/article/n/formirovanie-matematicheskogo-yazyka-u-studentov-pedagogicheskogo-vuza
https://cyberleninka.ru/article/n/formirovanie-matematicheskogo-yazyka-u-studentov-pedagogicheskogo-vuza
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2. ɹʦʡʢʦ ʆ.ʖ., ɻʫʩʝʚʘ ʄ.ɸ., ʉʦʢʦʣʦʚʘ ʗ.ɸ. ʂ ʚʦʧʨʦʩʫ ʦ ʩʦʩʪʘʚʣʝʥʠʠ ʟʘʜʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ / ʅʘʫʢʘ. ʆʙʨʘʟʦʚʘʥʠʝ. ʀʥʥʦʚʘʮʠʠ: ʉʦʚʨʝʤʝʥʥʦʝ 

ʉʦʩʪʦʷʥʠʝ ɸʢʪʫʘʣʴʥʳʭ ʇʨʦʙʣʝʤ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ IV 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ.-ʢ. ɸʥʘʧʘ, 13 ʠʶʥʷ 2022 ʛ.). ï 

ɸʥʘʧʘ: ʀʟʜ-ʚʦ çʅʀʎ ʕʉʇè ʚ ʖʌʆ, 2022. ʉ. 30-37 

3. ɹʦʣʛʘʨʩʢʠʡ ɹ.ɺ. ʆʯʝʨʢʠ ʧʦ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ. ï 2 ʠʟʜ. ï ʄʠʥʩʢ : ɺʳʰʵʡʰʘʷ 

ʰʢʦʣʘ, 1979. ï 368 ʩ. URL: 

https://www.mathedu.ru/text/bolgarskiy_ocherki_po_istorii_matematiki_1979/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 05.06.2025). 

4. ɺʦʨʦʥʠʥʘ ʃ. ɺ., ʄʦʠʩʝʝʚʘ ʃ. ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʣʠʯʥʦʩʪʠ // 

ʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ. 2012. ˉ3. URL: 

https://cyberleninka.ru/article/n/matematicheskaya-kultura-lichnosti (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

02.06.2025). 

5. ʂʫʯʤʝʥʢʦ ʂ. ɺ., ʉʝʤʝʥʦʚʘ ʀ.ʅ. ʉʣʦʚʘ-ʢʦʥʩʪʨʫʢʪʦʨʳ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʡ / ʂ. 

ɺ. ʂʫʯʤʝʥʢʦ, ʀ. ʅ. ʉʝʤʝʥʦʚʘ // ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2020. ï ˉ 5. ï ʉ. 300-305. 

 

 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʓʁ ɼɽʌʀʎʀʊ: ɸʅɸʃʀɿ ʇʈʀʏʀʅ ʀ 

ʇʆʉʃɽɼʉʊɺʀʁ ʇʈɽʇʆɼɸɺɸʅʀʗ ʄɸʊɽʄɸʊʀʂʀ ɺ ʐʂʆʃɽ 

ʋʏʀʊɽʃʗʄʀ-ʅɽʉʇɽʎʀɸʃʀʉʊɸʄʀ 

 ʉʘʡʬʫʣʣʠʥ ʈʫʩʪʘʤ ɸʤʠʨʦʚʠʯ 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʠ 

 ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʤʦʣʴʥʠʢʦʚʘ ʂʘʤʠʣʣʘ ʈʫʩʪʝʤʦʚʥʘ, ʜʦʣʞʥʦʩʪʴ: 

ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀɺʄʀʊ 

  

https://www.mathedu.ru/text/bolgarskiy_ocherki_po_istorii_matematiki_1979/
https://www.mathedu.ru/text/bolgarskiy_ocherki_po_istorii_matematiki_1979/
https://cyberleninka.ru/article/n/matematicheskaya-kultura-lichnosti
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʰʢʦʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʝʬʠʮʠʪʦʤ 

ʧʨʦʬʠʣʴʥʳʭ ʢʘʜʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʧʝʪʠʪʦʨʩʢʦʡ ʧʨʘʢʪʠʢʠ ʘʚʪʦʨʘ 

ʚʳʷʚʣʝʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʪʠʧʠʯʥʳʝ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ ʫʯʘʱʠʭʩʷ 

(ʥʘʧʨʠʤʝʨ, ʧʦʣʥʦʝ ʥʝʟʥʘʥʠʝ ʦʧʝʨʘʮʠʡ ʩ ʜʨʦʙʷʤʠ ʚ 7 ʢʣʘʩʩʝ), ʚʦʟʥʠʢʘʶʱʠʝ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʧʨʝʜʤʝʪʘ ʫʯʠʪʝʣʷʤʠ-ʥʝʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʜʝʬʠʮʠʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʥʝʧʦʥʠʤʘʥʠʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, 

ʚʢʣʶʯʘʶʱʠʡ çʜʦʨʦʞʥʫʶ ʢʘʨʪʫè ʜʣʷ ʫʯʠʪʝʣʷ-ʥʝʩʧʝʮʠʘʣʠʩʪʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʦ ʩʠʩʪʝʤʝ ʚʥʫʪʨʠʰʢʦʣʴʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʚʳʷʚʣʝʥʥʳʭ ʨʠʩʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʯʠʪʝʣʴ-

ʥʝʩʧʝʮʠʘʣʠʩʪ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʩʠʩʪʝʤʥʳʝ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ, 

ʢʘʜʨʦʚʳʡ ʜʝʬʠʮʠʪ ʚ ʰʢʦʣʝ, ʤʝʪʦʜʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʨʝʧʝʪʠʪʦʨʩʢʘʷ 

ʧʨʘʢʪʠʢʘ. 

PROFESSIONAL SHORTAGE: ANALYSIS OF THE CAUSES AND 

CONSEQUENCES OF TEACHING MATHEMATICS BY NON -

SPECIALIST TEACHERS I N SCHOOLS  

 Sayfullin Rustam Amirovich 

Russain Federation, Kazan 

Kazan (Volga Region) Federal University, Institute of Artificial 

Intelligence, Robotics and Systems Engineering  

Scientific supervisor: Kamilla Rustemovna Smolnikova, position: Deputy 

Director for Innovation Activities at IVMIT. 

Abstract. This article examines the pressing issue of declining quality of 

school mathematics education due to a shortage of specialized personnel. Based 

on an analysis of tutoring practices, the author identifies and systematizes typical 
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gaps in students&apos; knowledge (for example, a complete lack of knowledge 

of operations with fractions in the 7th grade) arising from teaching the subject by 

non-specialist teachers. Characteristic pedagogical errors and methodological 

deficiencies leading to persistent misunderstandings are identified. The study 

resulted in the development of a set of practical recommendations, including a 

roadmap for non-specialist teachers and proposals for an in-school 

methodological support system aimed at minimizing the identified risks. 

Keywords: Quality of mathematics education, non-specialist teacher, 

pedagogical risks, systemic knowledge gaps, staffing shortages in schools, 

methodological support, tutoring practice 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʩʪʝʤʥʳʤ ʢʨʠʟʠʩʦʤ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʰʢʦʣ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʘʜʨʘʤʠ ʫʯʠʪʝʣʝʡ ʤʘʪʝʤʘʪʠʢʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʢʘʜʨʦʚʦʛʦ ʜʝʬʠʮʠʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʘʷ ʧʨʘʢʪʠʢʘ, 

ʢʦʛʜʘ ʧʨʝʧʦʜʘʚʘʥʠʝ ʵʪʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ʧʦʨʫʯʘʝʪʩʷ 

ʧʝʜʘʛʦʛʘʤ, ʥʝ ʠʤʝʶʱʠʤ ʧʨʦʬʠʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

 ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʪʫʘʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʰʢʦʣʴʥʠʢʦʚ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʝʣʦʚ ʚ ʟʥʘʥʠʷʭ, 

ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʠ ʢʨʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʗʨʢʦʡ 

ʠʣʣʶʩʪʨʘʮʠʝʡ ʵʪʦʛʦ ʪʝʟʠʩʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʚ ʤʦʝʡ 

ʧʨʘʢʪʠʢʝ ʢʝʡʩ: ʫʯʘʱʠʡʩʷ 7-ʛʦ ʢʣʘʩʩʘ, ʧʨʠʰʝʜʰʠʡ ʢʦ ʤʥʝ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʧʝʪʠʪʦʨʩʢʠʝ ʟʘʥʷʪʠʷ, ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʦ 

ʧʦʥʠʤʘʥʠʝ ʠ ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʩ ʦʙʳʢʥʦʚʝʥʥʳʤʠ ʜʨʦʙʷʤʠ ð ʪʝʤʝ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʠ ʠʟʫʯʘʝʪʩʷ ʚ 5-6 ʢʣʘʩʩʘʭ. ɸʥʘʣʠʟ ʩʠʪʫʘʮʠʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʤʘʪʝʤʘʪʠʢʫ ʚ ʢʣʘʩʩʝ ʫʯʝʥʠʢʘ ʧʨʝʧʦʜʘʚʘʣ 

ʫʯʠʪʝʣʴ, ʯʴʷ ʦʩʥʦʚʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʥʝ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʤʘʪʝʤʘʪʠʢʦʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʥʘʨʫʰʝʥʘ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʧʨʝʜʤʝʪʘ, ʠ ʪʝʤʘ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʥʦʚʫ ʜʣʷ ʦʩʚʦʝʥʠʷ ʘʣʛʝʙʨʳ, ʙʳʣʘ ʧʨʦʧʫʱʝʥʘ. ʕʪʦ 

ʥʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʨʠʩʢ, ʚʳʟʚʘʥʥʳʡ ʦʪʩʫʪʩʪʚʠʝʤ 
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ʧʨʝʜʤʝʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʦʥʢʨʝʪʥʳʡ, ʤʘʩʰʪʘʙʥʳʡ 

ʧʨʦʙʝʣ ʚ ʟʥʘʥʠʷʭ ʫʯʝʥʠʢʘ, ʙʣʦʢʠʨʫʶʱʠʡ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʦʙʫʯʝʥʠʝ. 

ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ 

ʧʨʦʮʝʩʩʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʰʢʦʣʝ ʚ ʫʩʣʦʚʠʷʭ ʢʘʜʨʦʚʦʛʦ 

ʜʝʬʠʮʠʪʘ.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʚʠʜʳ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʩʠʩʪʝʤʥʳʭ ʧʨʦʙʝʣʦʚ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʫʯʘʱʠʭʩʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʫʯʠʪʝʣʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʳʷʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʧʝʪʠʪʦʨʩʢʦʡ ʧʨʘʢʪʠʢʠ ʢʣʶʯʝʚʳʝ 

ʜʝʬʠʮʠʪʳ ʧʨʝʜʤʝʪʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʝʡ-

ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ. 

2. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʠʧʠʯʥʳʝ ʧʨʦʙʝʣʳ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʫʯʘʱʠʭʩʷ, ʚʦʟʥʠʢʰʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʧʨʝʜʤʝʪʘ ʥʝʧʨʦʬʠʣʴʥʳʤʠ ʧʝʜʘʛʦʛʘʤʠ. 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʜʝʬʠʮʠʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʙʝʣʦʚ ʚ ʟʥʘʥʠʷʭ ʰʢʦʣʴʥʠʢʦʚ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʜʣʷ ʫʯʠʪʝʣʝʡ-

ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʚʳʷʚʣʝʥʥʳʭ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. 

ɿʘʜʘʯʘ 1: ɺʳʷʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʧʝʪʠʪʦʨʩʢʦʡ ʧʨʘʢʪʠʢʠ 

ʢʣʶʯʝʚʳʝ ʜʝʬʠʮʠʪʳ ʧʨʝʜʤʝʪʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʫʯʠʪʝʣʝʡ-ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ. 
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¶ ʐʘʛʠ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʩʦʥʘʥʩʘ ʤʝʞʜʫ 

ʬʘʢʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ ʠ ʦʮʝʥʢʘʤʠ, 

ʚʳʩʪʘʚʣʝʥʥʳʤʠ ʫʯʠʪʝʣʷʤʠ-ʥʝʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʯʝʨʝʟ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʢʨʠʪʝʨʠʝʚ ʠʭ 

ʦʮʝʥʠʚʘʥʠʷ 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʠʚʘʥʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʌɻʆʉ ʠ ʧʨʠʤʝʨʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʘʤ 

ʎʝʣʴ : ɺʳʷʚʠʪʴ ʢʦʥʢʨʝʪʥʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʮʝʥʢʘ ʫʯʠʪʝʣʷ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʢʘʯʝʩʪʚʫ ʨʘʙʦʪʳ ʫʯʝʥʠʢʘ. 

 ɸʥʘʣʠʟʠʨʫʶ ʥʠʞʝ ʧʨʠʤʝʨ ʨʘʙʦʪʳ  ʤʦʝʛʦ ʫʯʝʥʠʢʘ 5 ʢʣʘʩʩʘ, ʤʘʪʝʤʘʪʠʢʫ ʫ 

ʢʦʪʦʨʦʛʦ ʧʨʝʧʦʜʘʝʪ ʫʯʠʪʝʣʴ ʆɹɾ. 

ʆʧʠʩʘʥʠʝ ʩʠʪʫʘʮʠʠ: ʋʯʘʱʠʡʩʷ 5 ʢʣʘʩʩʘ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʝ ʧʦ 

ʤʘʪʝʤʘʪʠʢʝ ʧʨʝʜʩʪʘʚʠʣ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʘʣʛʦʨʠʪʤʫ: 

1. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (ʧʦʵʪʘʧʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ). 

2. ʆʪʚʝʪ (ʟʘʧʠʩʴ ʥʘʡʜʝʥʥʦʛʦ ʢʦʨʥʷ). 

3. ʇʨʦʚʝʨʢʘ (ʧʦʜʩʪʘʥʦʚʢʘ ʥʘʡʜʝʥʥʦʛʦ ʢʦʨʥʷ ʚ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ ʧʨʦʚʝʨʢʠ  ʚʝʨʥʦʩʪʠ  ʨʝʟʫʣʴʪʘʪʘ). 

ʏʪʦ ʩʜʝʣʘʣ ʧʝʜʘʛʦʛ ʧʨʠ ʧʨʦʚʝʨʢʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʫʯʝʥʠʢʘ: ʋʯʠʪʝʣʴ 

(ʩʧʝʮʠʘʣʠʟʘʮʠʷ ï ʆɹɾ) ʟʘʯʝʨʢʥʫʣ ʧʫʥʢʪ çʆʪʚʝʪè, ʩʦʩʣʘʚʰʠʩʴ ʥʘ ʝʛʦ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ, ʠ ʩʥʠʟʠʣ ʦʮʝʥʢʫ. 

ʄʦʡ ʚʟʛʣʷʜ ʥʘ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ: 

1. ʅʘʨʫʰʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʥʦʨʤ: ʇʨʝʜʲʷʚʣʝʥʥʳʡ ʫʯʝʥʠʢʦʤ 

ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʦʪʨʘʞʝʥʥʳʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 
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ʨʦʩʩʠʡʩʢʠʭ ʰʢʦʣʴʥʳʭ ʫʯʝʙʥʠʢʦʚ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʜʣʷ 5 ʢʣʘʩʩʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ. ʊʨʝʙʦʚʘʥʠʝ 

ʟʘʧʠʩʳʚʘʪʴ ʦʪʚʝʪ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʝʰʝʥʠʷ[1] 

2. ʇʨʦʪʠʚʦʨʝʯʠʝ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ɻʀɸ/ɽɻʕ: ʅʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ (ɽɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʟʘʜʘʥʠʝ ˉ13 ʧʨʦʬʠʣʴʥʦʛʦ ʫʨʦʚʥʷ) ʦʪʩʫʪʩʪʚʠʝ ʦʪʚʝʪʘ 

ʚ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʙʘʣʣʦʚ, ʪʘʢ ʢʘʢ ʦʪʚʝʪ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʝʡʩʪʚʠʷ ʫʯʠʪʝʣʷ ʬʦʨʤʠʨʫʶʪ ʫ ʫʯʝʥʠʢʘ ʚʨʝʜʥʳʡ ʥʘʚʳʢ, 

ʢʦʪʦʨʳʡ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʘʭ.[4,5] 

3. ɻʠʧʦʪʝʟʘ ʦ ʥʝʢʦʨʨʝʢʪʥʦʤ ʠʩʪʦʯʥʠʢʝ ʧʨʦʚʝʨʢʠ: ʉʨʘʚʥʝʥʠʝ ʩ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʦʪʢʨʳʪʳʭ ʙʘʟʘʭ ʛʦʪʦʚʳʭ 

ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ (ɻɼɿ), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʵʪʘʧ 

çʆʪʚʝʪè ʤʦʞʝʪ ʙʳʪʴ ʦʧʫʱʝʥ ʚ ʮʝʣʷʭ ʵʢʦʥʦʤʠʠ ʤʝʩʪʘ ʠʣʠ 

ʦʬʦʨʤʣʝʥ ʥʝʷʚʥʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ 

ʫʯʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʫʧʨʦʱʝʥʥʳʝ ʩʭʝʤʳ ʠʟ ɻɼɿ ʢʘʢ ʵʪʘʣʦʥ, ʘ ʥʝ 

ʫʪʚʝʨʞʜʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ. 

ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʠʧʠʯʥʳʝ ʧʨʦʙʝʣʳ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʫʯʘʱʠʭʩʷ, ʚʦʟʥʠʢʰʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʧʨʝʜʤʝʪʘ ʥʝʧʨʦʬʠʣʴʥʳʤʠ ʧʝʜʘʛʦʛʘʤʠ. 

ʎʝʣʴ ʟʘʜʘʯʠ: ʇʝʨʝʡʪʠ ʦʪ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʝʚ ʢ ʦʙʦʙʱʝʥʥʦʡ ʢʘʨʪʠʥʝ, 

ʩʦʟʜʘʚ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʧʨʦʙʝʣʦʚ, ʠʭ ʯʘʩʪʦʪʫ ʠ ʢʨʠʪʠʯʥʦʩʪʴ. 

ʐʘʛʠ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ: 

1. ʂʘʪʝʛʦʨʠʟʘʮʠʷ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʝʣʦʚ. 

 ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʩʝʭ ʩʦʙʨʘʥʥʳʭ ʨʘʙʦʪ (ʢʘʢ ʚ ɿʘʜʘʯʝ 1) ʤʳ ʛʨʫʧʧʠʨʫʝʤ 

ʧʨʦʙʣʝʤʳ ʧʦ ʠʭ ʧʨʠʨʦʜʝ: 
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¶ ʂʘʪʝʛʦʨʠʷ 1: ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʨʦʙʝʣʳ. 

¶ ʏʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ: ʅʝʧʦʥʠʤʘʥʠʝ ʩʫʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʦʥʷʪʠʷ ʠʣʠ ʧʨʘʚʠʣʘ.[8,9] 

¶ ʇʨʠʤʝʨ ʠʟ ʤʦʝʡ ʧʨʘʢʪʠʢʠ: ʋʯʝʥʠʢ ʥʝ ʧʦʥʠʤʘʝʪ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʝ ð ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʩ ʧʝʨʝʤʝʥʥʦʡ, ʠ ʚʳʧʦʣʥʷʝʪ ʩ 

ʥʠʤ ʜʝʡʩʪʚʠʷ ʢʘʢ ʩ ʯʠʩʣʦʚʳʤ ʚʳʨʘʞʝʥʠʝʤ. 

¶ ɼʨʫʛʦʡ ʧʨʠʤʝʨ: ʋʯʝʥʠʢ ʟʘʫʯʠʣ, ʯʪʦ çʤʠʥʫʩ ʥʘ ʤʠʥʫʩ 

ʜʘʝʪ ʧʣʶʩè, ʥʦ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʠʣʠ 

ʜʚʠʞʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʷʤʦʡ. 

¶ ʂʘʪʝʛʦʨʠʷ 2: ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʧʨʦʙʝʣʳ. 

¶ ʏʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ: ʅʝʟʥʘʥʠʝ ʠʣʠ ʥʝʚʝʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ. 

¶ ʇʨʠʤʝʨ ʠʟ ʤʦʝʡ ʧʨʘʢʪʠʢʠ: ʋʯʝʥʠʢ, ʧʨʘʚʠʣʴʥʦ ʨʝʰʘʷ 

ʫʨʘʚʥʝʥʠʝ, ʥʝ ʟʘʧʠʩʳʚʘʝʪ ʦʪʚʝʪ, ʪʘʢ ʢʘʢ ʫʯʠʪʝʣʴ ʥʝ 

ʩʯʠʪʘʝʪ ʵʪʦ ʦʙʷʟʘʪʝʣʴʥʳʤ (ʟʘʜʘʯʘ 1, ʩʤ. ʚʳʰʝ). 

¶ ɼʨʫʛʦʡ ʧʨʠʤʝʨ: ʇʫʪʘʥʠʮʘ ʚ ʘʣʛʦʨʠʪʤʝ 

ʩʣʦʞʝʥʠʷ/ʚʳʯʠʪʘʥʠʷ ʩʪʦʣʙʠʢʦʤ, ʥʝʚʝʨʥʳʡ ʧʦʨʷʜʦʢ 

ʜʝʡʩʪʚʠʡ ʚ ʚʳʨʘʞʝʥʠʷʭ ʩʦ ʩʢʦʙʢʘʤʠ. 

¶ ʂʘʪʝʛʦʨʠʷ 3: ʊʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʷʟʳʢʦʚʳʝ ʧʨʦʙʝʣʳ. 

¶ ʏʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ: ʅʝʧʦʥʠʤʘʥʠʝ ʠʣʠ ʧʫʪʘʥʠʮʘ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. 

¶ ʇʨʠʤʝʨ: ʋʯʝʥʠʢ ʥʝ ʚʠʜʠʪ ʨʘʟʥʠʮʳ ʤʝʞʜʫ çʫʨʘʚʥʝʥʠʝʤè 

ʠ çʚʳʨʘʞʝʥʠʝʤè, çʧʝʨʠʤʝʪʨʦʤè ʠ çʧʣʦʱʘʜʴʶè. ʋʯʠʪʝʣʴ-

ʥʝʩʧʝʮʠʘʣʠʩʪ ʩʘʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥʳ ʥʝʪʦʯʥʦ. 

2. ʈʘʥʞʠʨʦʚʘʥʠʝ ʧʨʦʙʝʣʦʚ ʧʦ ʩʪʝʧʝʥʠ ʢʨʠʪʠʯʥʦʩʪʠ. 

 ʄʳ ʦʧʨʝʜʝʣʷʝʤ, ʢʘʢʠʝ ʧʨʦʙʝʣʳ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʙʫʯʝʥʠʷ: 
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¶ ʂʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ: ʇʨʦʙʝʣʳ, ʙʣʦʢʠʨʫʶʱʠʝ ʠʟʫʯʝʥʠʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʤ. 

¶ ʇʨʠʤʝʨ: ʅʝʧʦʥʠʤʘʥʠʝ ʜʨʦʙʝʡ (ʂʘʪʝʛʦʨʠʷ 1) ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʟʫʯʝʥʠʝ ʘʣʛʝʙʨʳ, ʧʨʦʮʝʥʪʦʚ, ʧʨʦʧʦʨʮʠʡ. 

ʄʦʡ ʧʨʠʤʝʨ ʩ ʫʯʝʥʠʢʦʤ 7 ʢʣʘʩʩʘ, ʥʝ ʟʥʘʶʱʠʤ ʜʨʦʙʝʡ, ð 

ʠʜʝʘʣʴʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ. 

¶ ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ: ʇʨʦʙʝʣʳ, ʩʦʟʜʘʶʱʠʝ ʧʦʩʪʦʷʥʥʳʝ 

ʩʝʨʴʝʟʥʳʝ ʪʨʫʜʥʦʩʪʠ. 

¶ ʇʨʠʤʝʨ: ʅʝʫʤʝʥʠʝ ʨʝʰʘʪʴ ʧʨʦʩʪʳʝ ʫʨʘʚʥʝʥʠʷ (ʂʘʪʝʛʦʨʠʷ 

2) ʙʫʜʝʪ ʤʝʰʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ, ʢʦʥʝʯʥʦ, 

ʤʘʪʝʤʘʪʠʢʠ. 

¶ ʋʨʦʚʝʥʴ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ: ʇʨʦʙʝʣʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʫʩʪʨʘʥʠʪʴ, ʥʦ ʢʦʪʦʨʳʝ ʠʩʢʘʞʘʶʪ ʦʙʱʝʝ 

ʧʦʥʠʤʘʥʠʝ. 

¶ ʇʨʠʤʝʨ: ʆʰʠʙʢʠ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ (ʂʘʪʝʛʦʨʠʷ 3). 

 

  

 ɿʘʜʘʯʘ 3: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʜʝʬʠʮʠʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ 

ʧʨʦʙʝʣʦʚ ʚ ʟʥʘʥʠʷʭ ʰʢʦʣʴʥʠʢʦʚ. 

ɺʳʷʚʣʝʥʥʳʡ ʧʨʦʙʝʣ ʫʯʝʥʠʢʘ 
ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʜʝʡʩʪʚʠʷ/ʙʝʟʜʝʡʩʪʚʠʷ ʫʯʠʪʝʣʷ 

ʅʝʟʥʘʥʠʝ ʜʨʦʙʝʡ 

ʋʯʠʪʝʣʴ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʢʨʫʛʠ, 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʜʣʷ ʧʦʢʘʟʘ ʜʦʣʝʡ. ʅʝ 

ʩʚʷʟʳʚʘʝʪ ʜʨʦʙʠ ʩ ʞʠʟʥʴʶ (ʜʝʣʝʥʠʝ 

ʧʠʮʮʳ, ʰʦʢʦʣʘʜʘ). ɼʘʝʪ ʧʨʘʚʠʣʘ, ʢʘʢ 

ʛʦʪʦʚʳʝ ʬʦʨʤʫʣʳ. 

ʅʝʧʦʥʠʤʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʋʯʠʪʝʣʴ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʘ ʥʘ 
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ʯʠʩʝʣ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʷʤʦʡ. ʅʝ ʦʙʲʷʩʥʷʝʪ 

ʩʤʳʩʣ ʯʝʨʝʟ "ʜʦʣʛ" ʠʣʠ 

"ʪʝʤʧʝʨʘʪʫʨʫ". ʇʨʘʚʠʣʘ ʚʨʦʜʝ "ʤʠʥʫʩ 

ʥʘ ʤʠʥʫʩ ʜʘʝʪ ʧʣʶʩ" ʧʦʜʘʶʪʩʷ ʢʘʢ ʪʦ, 

ʯʪʦ ʥʫʞʥʦ ʟʘʟʫʙʨʠʪʴ.  

ʇʫʪʘʥʠʮʘ ʤʝʞʜʫ ʧʝʨʠʤʝʪʨʦʤ 

ʠ ʧʣʦʱʘʜʴʶ 

ʋʯʠʪʝʣʴ ʥʝ ʜʘʝʪ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʤʳʩʣʘ ("ʧʨʦʡʪʠ ʧʦ ʛʨʘʥʠʮʝ" ï 

ʧʝʨʠʤʝʪʨ, "ʟʘʢʨʘʩʠʪʴ" ï ʧʣʦʱʘʜʴ). 

ʅʝʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʢʣʘʩʩʘ ʠʣʠ ʬʠʛʫʨ. 

ʆʰʠʙʢʠ ʧʨʠ 

ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ(ʥʝʧʨʘʚʠʣʴʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ) 

ʋʯʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʫʧʨʦʱʝʥʥʳʝ 

ʩʭʝʤʳ ʠʟ ɻɼɿ ʚʤʝʩʪʦ ʫʯʝʙʥʠʢʘ. ʅʝ 

ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʧʦʣʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ. 

ɿʘʜʘʯʘ 4: ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʜʣʷ ʫʯʠʪʝʣʝʡ-

ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠʥʪʝʥʩʠʚʘ çʄʘʪʝʤʘʪʠʢʘ: 

ʢʣʶʯʝʚʳʝ ʪʝʤʳ ʠ ʩʪʨʘʪʝʛʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʜʣʷ ɽɻʕ ʧʦ ʧʨʦʬʠʣʶè 

 ʎʝʣʴ ʠʥʪʝʥʩʠʚʘ: ʇʦʚʳʰʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʫʯʠʪʝʣʝʡ-

ʥʝʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʪʝʤ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʫʯʘʱʠʭʩʷ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ 

ʠ  ʧʨʘʚʠʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʟʘʜʘʥʠʡ ʚʪʦʨʦʡ ʯʘʩʪʠ ɽɻʕ ʧʨʦʬʠʣʴʥʦʛʦ 

ʫʨʦʚʥʷ. 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ: ʋʯʠʪʝʣʷ ʤʘʪʝʤʘʪʠʢʠ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʦʬʠʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʯʠʥʘʶʱʠʝ ʧʝʜʘʛʦʛʠ. 

ʌʦʨʤʘʪ: 18 ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʥʣʘʡʥ-ʩʝʩʩʠʡ ʧʦ 2 ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʯʘʩʘ. 

  

 ʇʨʦʛʨʘʤʤʘ ʠʥʪʝʥʩʠʚʘ 

ʄʦʜʫʣʴ 1: ʌʫʥʜʘʤʝʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ (4 ʟʘʥʷʪʠʷ) 



110 

 

¶ ɿʘʥʷʪʠʝ 1. ʂʘʢ ʚʳʟʚʘʪʴ ʠʥʪʝʨʝʩ ʢ ʤʘʪʝʤʘʪʠʢʝ: ʧʨʠʝʤʳ 

ʤʦʪʠʚʘʮʠʠ ʠ ʨʘʙʦʪʘ ʩʦ çʩʣʘʙʳʤʠè ʫʯʝʥʠʢʘʤʠ. 

¶ ɿʘʥʷʪʠʝ 2. ɼʨʦʙʠ: ʦʪ ʙʳʪʦʚʳʭ ʧʨʠʤʝʨʦʚ ʢ ʩʣʦʞʥʳʤ ʟʘʜʘʯʘʤ.  

¶ ɿʘʥʷʪʠʝ 3. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ ʠ ʢʦʦʨʜʠʥʘʪʥʘʷ ʧʨʷʤʘʷ 

¶ ɿʘʥʷʪʠʝ 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ: ʫʯʠʤ 

ʥʝ ʟʘʫʯʠʚʘʪʴ, ʘ ʧʦʥʠʤʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. 

ʄʦʜʫʣʴ 2: ʂʣʶʯʝʚʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ (4 ʟʘʥʷʪʠʷ) 

¶ ɿʘʥʷʪʠʝ 5. ʌʫʥʢʮʠʠ: ʢʘʢ ʦʙʲʷʩʥʠʪʴ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʪʝʤ 

ʧʨʦʩʪʦ ʠ ʥʘʛʣʷʜʥʦ. 

¶ ɿʘʥʷʪʠʝ 6. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ: ʘʥʘʣʠʟ  

¶ ɿʘʥʷʪʠʝ 7. ʋʨʘʚʥʝʥʠʷ: ʚʳʩʪʨʘʠʚʘʝʤ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ 

ʩ 5 ʧʦ 11 ʢʣʘʩʩ. 

¶ ɿʘʥʷʪʠʝ 8. ʅʝʨʘʚʝʥʩʪʚʘ: ʤʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʠ ʪʠʧʠʯʥʳʝ 

ʦʰʠʙʢʠ ʚ ʣʦʛʠʢʝ ʨʘʩʩʫʞʜʝʥʠʡ. 

ʄʦʜʫʣʴ 3: ɻʝʦʤʝʪʨʠʷ ʙʝʟ ʩʪʨʘʭʘ (3 ʟʘʥʷʪʠʷ) 

¶ ɿʘʥʷʪʠʝ 9. ʅʘʯʘʣʘ ʛʝʦʤʝʪʨʠʠ: ʢʘʢ ʨʘʟʚʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʤʳʰʣʝʥʠʝ ʩ 7 ʢʣʘʩʩʘ. 

¶ ɿʘʥʷʪʠʝ 10. ʇʣʘʥʠʤʝʪʨʠʷ: ʫʯʠʤ ʜʦʢʘʟʳʚʘʪʴ, ʘ ʥʝ ʟʘʫʯʠʚʘʪʴ 

ʪʝʦʨʝʤʳ. 

¶ ɿʘʥʷʪʠʝ 11. ʉʪʝʨʝʦʤʝʪʨʠʷ: ʢʘʢ ʝʝ ʨʝʰʘʪʴ? 

ʄʦʜʫʣʴ 4: ʄʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʢ ɽɻʕ. ʏʘʩʪʴ 1 (3 ʟʘʥʷʪʠʷ) 

¶ ɿʘʥʷʪʠʝ 12.  ɽɻʕ ʧʨʦʬʠʣʴʥʦʛʦ ʫʨʦʚʥʷ: ʯʪʦ ʥʫʞʥʦ ʟʥʘʪʴ 

ʫʯʠʪʝʣʶ ʩ 5 ʢʣʘʩʩʘ. 

¶ ɿʘʥʷʪʠʝ 13. ɿʘʜʘʥʠʷ ʩ ʨʘʟʚʝʨʥʫʪʳʤ ʦʪʚʝʪʦʤ (ˉ13,15): ʨʘʟʙʦʨ 

ʢʨʠʪʝʨʠʝʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʬʦʨʤʣʝʥʠʷ. 
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¶ ɿʘʥʷʪʠʝ 14. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ (ˉ16): ʢʘʢ ʩʜʝʣʘʪʴ ʝʝ ʩʘʤʦʡ 

ʣʶʙʠʤʦʡ ʫ ʫʯʝʥʠʢʦʚ. 

ʄʦʜʫʣʴ 5: ʄʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʢ ɽɻʕ. ʏʘʩʪʴ 2 (3 ʟʘʥʷʪʠʷ) 

¶ ɿʘʥʷʪʠʝ 15. ɿʘʜʘʯʠ ʩ ʧʘʨʘʤʝʪʨʦʤ (ˉ18): ʩ ʯʝʛʦ ʥʘʯʘʪʴ, ʯʪʦʙʳ 

ʥʝ ʠʩʧʫʛʘʪʴ. 

¶ ɿʘʥʷʪʠʝ 16. ʅʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ (ˉ19): ʣʦʛʠʢʘ ʠ ʪʘʢʪʠʢʘ 

ʨʝʰʝʥʠʷ. 

¶ ɿʘʥʷʪʠʝ 17. ɻʝʦʤʝʪʨʠʷ ʥʘ ɽɻʕ (ˉ16, 17): ʢʘʢ ʥʘʫʯʠʪʴ ʨʝʰʘʪʴ 

ʜʘʞʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. 

ʄʦʜʫʣʴ 6: ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʤʘʩʪʝʨʩʪʚʦ ʧʝʜʘʛʦʛʘ (1 ʟʘʥʷʪʠʝ) 

¶ ɿʘʥʷʪʠʝ 18. ʀʪʦʛʦʚʘʷ ʩʝʩʩʠʷ. ʂʘʢ ʩʦʟʜʘʪʴ ʩʚʦʶ ʩʠʩʪʝʤʫ 

ʧʨʝʧʦʜʘʚʘʥʠʷ. ʈʘʟʙʦʨ ʢʝʡʩʦʚ ʫʯʘʩʪʥʠʢʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʦʜʫʣʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʪʠʧʠʯʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ 

ʫʯʘʱʠʭʩʷ ʠ ʧʨʠʟʚʘʥʦ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʨʦʙʝʣʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ [1, 2, 3, 8, 9]. 
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ʅʦʤʠʥʘʮʠʷ çʃʫʯʰʘʷ ʧʦʠʩʢʦʚʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘè 

ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʇʈɸʂʊʀʂʋʄɸ ɺ 

ʈʆʉʉʀʀ: ʆʊ ʅɸʊʋʈʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ ɼʆ ʎʀʌʈʆɺʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɺʘʚʠʣʦʚʘ ʅ.ɺ. 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʠʥʩʪʠʪʫʪ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ʌʘʣʠʣʝʝʚʘ ʄ.ɺ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʨʦʥʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʴʥʦʤ 

ʢʫʨʩʝ ʤʘʪʝʤʘʪʠʢʠ ʚ ʈʦʩʩʠʠ ʚ XVIII-XXI ʚʚ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʵʪʘʧʳ 

ʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʮʠʬʨʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʠʩʪʦʨʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ.  

THE EVOLUTION OF THE LABORATORY WORKSHOPS IN 

RUSSIA: FROM HANDS-ON EXPERIMENTATION TO DIGITAL 

SIMULATION  
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Abstract. The article provides an overview of the development of 

experimental, particularly laboratory, methods of teaching mathematics in 

Russian schools during the 18th and 21st centuries. The major stages in the design 

of experimental methods of teaching mathematics have been determined. 
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çʃʫʯʰʠʡ ʩʧʦʩʦʙ ʠʟʫʯʠʪʴ ʯʪʦ-ʣʠʙʦ ð ʦʪʢʨʳʪʴ ʵʪʦ ʩʘʤʦʤʫè, ð ʧʠʩʘʣ 

ʇʦʡʘ ɼ., ʦʙʨʘʱʘʷʩʴ ʢ ʩʘʤʦʡ ʩʫʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ. ʆʜʥʘʢʦ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʘʷ ʠʜʝʷ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʫʩʪʫʧʘʣʘ ʚʳʫʯʝʥʥʦʤʫ ʠʥʩʪʨʫʢʪʠʚʠʟʤʫ. ʆʧʳʪʳ ʚ ʢʣʘʩʩʥʳʭ ʢʦʤʥʘʪʘʭ 

ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʭ ʫʯʠʣʠʱ, çʧʨʝʜʤʝʪʥʳʝ ʫʨʦʢʠè ʋʰʠʥʩʢʦʛʦ ʂ.ɼ., 

ʧʨʦʚʘʣʠʚʰʘʷʩʷ çʨʝʬʦʨʤʘ-70è ð ʚʘʞʥʳʝ, ʥʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʚʝʭʠ ʚ 

ʠʩʪʦʨʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ. ɼʣʠʪʝʣʴʥʳʡ 

ʢʦʥʩʝʨʚʘʪʠʟʤ ʚ ʚʳʙʦʨʝ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʯʝʙʥʳʭ 

ʜʝʡʩʪʚʠʡ ʫʯʘʱʠʭʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʸʣ ʢ ʪʦʤʫ, ʯʪʦ ʚ XXI ʚ. ʥʘʣʠʯʠʝ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ (ʧʨʘʢʪʠʯʝʩʢʠʭ) ʨʘʙʦʪ ʚ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʧʨʦʯʥʦ 

ʟʘʢʨʝʧʠʣʦʩʴ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦ-

ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʌɻʆʉ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ 

ʩʪʘʥʦʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʢʘʢ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ ʚ 

ʰʢʦʣʝ. 

ʆʙʲʝʢʪ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ ʚ XVIIIïXXI ʚʚ. 

ʇʨʝʜʤʝʪ: ʠʩʪʦʨʠʯʝʩʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ 

ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚʢʣʶʯʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ (ʧʨʘʢʪʠʯʝʩʢʠʭ) 

ʨʘʙʦʪ ʚ ʬʝʜʝʨʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʘ ʪʘʢʞʝ 

ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʦʪ ʠʥʩʪʨʫʢʪʠʚʠʟʤʘ ʢ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʫ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʥʩʪʨʫʢʮʠʦʥʠʟʤʫ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʤʫ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ. 

ʅʦʚʠʟʥʘ ʩʦʩʪʦʠʪ ʚ ʚʳʷʚʣʝʥʠʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʝʨʠʦʜʦʚ 

ʨʘʟʚʠʪʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʝ. 

ɼʦʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (XVIII ï ʥʘʯʘʣʦ XX ʚʝʢʘ). ʀʩʪʦʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʈʦʩʩʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʨʝʬʦʨʤʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʇʝʪʨʘ I ʠ ʦʪʢʨʳʪʠʝʤ ʠʤ ʐʢʦʣʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʥʘʚʠʛʘʮʢʠʭ ʥʘʫʢ (1701 ʛ.), ɺʦʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʰʢʦʣʳ (1712 ʛ.), ʘ ʪʘʢʞʝ 

ɸʢʘʜʝʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠ ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (1724 ʛ.). 

ɺʘʞʥʝʡʰʝʡ ʬʠʛʫʨʦʡ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʃʦʤʦʥʦʩʦʚʘ ʄ.ɺ., 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʧʨʠ ʝʛʦ ʩʦʜʝʡʩʪʚʠʠ ʙʳʣʦ ʥʘʯʘʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʝʨʚʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʦʩʢʚʝ, ʚ ʢʦʪʦʨʳʭ ʧʦʟʞʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʣʝʢʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ [5]. ʉʦʯʝʪʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʣʝʢʮʠʠ, ʜʝʤʦʥʩʪʨʘʮʠʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʚ 

ʩʪʝʥʘʭ ɸʢʘʜʝʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʦʡ 

ʧʨʘʢʪʠʢʠ ʚ ʦʙʫʯʝʥʠʠ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʠ ʯʘʩʪʠʯʥʦʝ ʧʨʠʟʥʘʥʠʝ ʣʠʰʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ [16]. 
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ɺ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ XVIII ʚ. ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʨʘʟʚʠʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʢʝ ʙʳʣ ʟʘʣʦʞʝʥ 

ʕʡʣʝʨʦʤ ʃ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʠʥʞʝʥʝʨʦʚ ʠ ʫʯʸʥʳʭ, ʠʜʝʷ çʤʘʪʝʤʘʪʠʢʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳè ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ ʙʫʜʫʱʠʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʨʝʬʦʨʤʘʭ [18], [9]. 

ʈʦʙʢʠʝ ʰʘʛʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ 

ʚ ʰʢʦʣʘʭ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʚʥʦʚʴ ʚ XIX ʚʝʢʝ, ʠ ʚʘʞʥʫʶ, ʭʦʪʴ ʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʩʳʛʨʘʣʠ ʪʨʫʜʳ ʋʰʠʥʩʢʦʛʦ ʂ.ɼ., ʢʦʪʦʨʳʡ 

ʥʘʩʪʨʘʠʚʘʣ ʥʘ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ çʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʢ ʘʙʩʪʨʘʢʪʥʦʤʫè. ɺ 

ʤʘʪʝʤʘʪʠʢʝ ʵʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝʤ ʣʠʯʥʦʛʦ ʦʧʳʪʘ ʫʯʘʱʝʛʦʩʷ, 

ʥʘʧʨʠʤʝʨ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʠʟ ʙʫʤʘʛʠ ʠʣʠ ʧʘʣʦʯʝʢ. 

ʕʪʦ ʙʳʣʦ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ ʈʦʩʩʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʢʝ [1]. 

ɺ 1860-1870-ʭ ʛʦʜʘʭ ʚ ʨʝʘʣʴʥʳʭ ʫʯʠʣʠʱʘʭ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʧʨʘʢʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷè ð ʦʩʦʙʘʷ 

ʬʦʨʤʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʝʦʤʝʪʨʠʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʨʘʟʚʠʪʠʝ ʫ ʫʯʘʱʠʭʩʷ 

ʧʨʠʢʣʘʜʥʳʭ ʥʘʚʳʢʦʚ ʠ ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʚʰʘʷ ʩʦ ʩʪʨʦʛʦ ʠʟʣʘʛʘʝʤʦʡ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʠʤʥʘʟʠʷʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ çʧʨʘʢʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠè ʙʳʣʦ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʋʩʪʘʚʦʤ 

ʨʝʘʣʴʥʳʭ ʫʯʠʣʠʱ 1864 ʛ., ʢʦʪʦʨʳʡ ʟʘʢʨʝʧʠʣ ʠʭ ʩʪʘʪʫʩ ʢʘʢ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʠ ʚʢʣʶʯʠʣ ʜʦ 6ï8 ʯʘʩʦʚ ʛʝʦʤʝʪʨʠʠ 

ʚ ʥʝʜʝʣʶ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʦʪʚʦʜʠʣʘʩʴ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʟʘʥʷʪʠʷ [14]. 

ʉʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ (1917ï1980-ʝ ʛʛ.). ʉʦʚʝʪʩʢʘʷ ʵʧʦʭʘ ʚʦʰʣʘ ʚ ʠʩʪʦʨʠʶ 

ʢʘʢ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʤʝʪʦʜʠʢʦʡ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʢʠ. 
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ʇʦʣʠʪʝʭʥʠʟʤ (1918ï1931 ʛʛ.). ʀʜʝʷ ʝʜʠʥʦʡ ʪʨʫʜʦʚʦʡ ʰʢʦʣʳ ʧʦʩʣʝ 

ʨʝʚʦʣʶʮʠʠ 1917 ʛ. (ʠʟʜʘʥʠʝ ɺʎʀʂ çʇʦʣʦʞʝʥʠʷ ʦ ʝʜʠʥʦʡ ʪʨʫʜʦʚʦʡ ʰʢʦʣʝ 

ʈʉʌʉʈè) ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʙʝʩʧʣʘʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʧʨʠʚʳʯʥʳʝ ʰʢʦʣʴʥʳʝ ʧʨʝʜʤʝʪʳ 

ʚʠʜʦʠʟʤʝʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʧʦʭʠ ʫʩʢʦʨʝʥʥʦʡ 

ʩʦʚʝʪʩʢʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ. ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʝʧʦʜʘʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʣʦ 

ʦʪʢʘʟ ʦʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘʫʢ, ʧʨʦʛʨʘʤʤʳ ʠ ʫʯʝʙʥʠʢʠ 

ʫʧʨʦʱʘʣʠʩʴ, ʤʘʪʝʤʘʪʠʢʘ ʪʝʧʝʨʴ ʠʟʫʯʘʣʘʩʴ ʥʝ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʙʳʪʘ. ɼʦʤʠʥʠʨʦʚʘʣ ʣʘʙʦʨʘʪʦʨʥʦ-

ʙʨʠʛʘʜʥʳʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ, ʤʝʪʦʜ ʧʨʦʝʢʪʦʚ [17]. ɺ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʝʭ ʣʝʪ ʨʝʢʦʤʝʥʜʦʚʘʣʦʩʴ ʠʟʫʯʘʪʴ ʤʘʪʝʤʘʪʠʢʫ ʚ 

ʰʢʦʣʝ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ, 

ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʨʘʟʚʠʪʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʨʝʙʝʥʢʘ [3]. 

ʃʦʛʠʢʦ-ʜʝʜʫʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ʠ ʫʯʝʙʥʠʢ ʂʠʩʝʣʸʚʘ ɸ.ʇ. (1931ï1950-ʝ ʛʛ.). 

ʂ 1931 ʛ. ʩ ʚʳʭʦʜʦʤ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʎʂ ɺʂʇ(ʙ) çʆ ʥʘʯʘʣʴʥʦʡ ʠ ʩʨʝʜʥʝʡ 

ʰʢʦʣʝè (1931 ʛ.) ʵʪʘʧ ʥʝʫʜʘʯʥʳʭ ʨʝʬʦʨʤ ʧʦʜʦʰʸʣ ʢ ʢʦʥʮʫ, ʠ ʰʢʦʣʴʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʦʚʴ ʚʝʨʥʫʣʦʩʴ ʢ ʬʦʨʤʘʣʠʟʤʫ ʠ 

ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʤʫ ʠʟʣʦʞʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. ɺʩʢʦʨʝ ʜʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʥʘʰʣʠ 

ʦʪʨʘʞʝʥʠʝ ʚ ʫʯʝʙʥʠʢʘʭ ʂʠʩʝʣʸʚʘ ɸ.ʇ., ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʤʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʩʨʘʟʫ ʧʦʩʣʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʦʜʦʙʨʝʥʠʷ 

ʅʘʨʢʦʤʧʨʦʩʦʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʣʠ ʠʟ ʰʢʦʣʴʥʦʡ ʧʨʘʢʪʠʢʠ, ʘ ʚʩʸ ʦʙʫʯʝʥʠʝ 

ʩʪʘʣʦ ʩʚʦʜʠʪʴʩʷ ʢ ʟʘʫʯʠʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʠʡ, ʪʝʦʨʝʤ ʠ ʨʝʰʝʥʠʶ ʥʝʤʥʦʛʠʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ [10]. 

ʀʥʘʯʝ ʦʙʩʪʦʷʣʠ ʜʝʣʘ ʩ ʧʨʝʧʦʜʘʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʢʠ ʚ ʨʘʤʢʘʭ ʢʨʫʞʢʦʚʦʡ 

ʨʘʙʦʪʳ ʠ ʦʣʠʤʧʠʘʜʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʨʫʞʢʠ ʪʦʛʦ ʚʨʝʤʝʥʠ 

ʚʳʩʪʫʧʘʣʠ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤʫ ʰʢʦʣʴʥʦʤʫ ʢʫʨʩʫ, ʛʜʝ 

ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ɻʄʊ, ʠʥʚʝʨʩʠʷ, ʘʬʬʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʦʪʩʫʪʩʪʚʦʚʘʚʰʠʝ ʚ ʦʬʠʮʠʘʣʴʥʳʭ ʫʯʝʙʥʠʢʘʭ ʧʦ ʛʝʦʤʝʪʨʠʠ. ʇʦʦʱʨʷʣʦʩʴ 
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ʧʨʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʟʚʠʚʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʢʘʯʝʩʪʚʘ ʫʯʘʱʠʭʩʷ [4]. 

ʈʝʬʦʨʤʘ ʂʦʣʤʦʛʦʨʦʚʘ (1960ï1980-ʝ ʛʛ.). ɺ 1960-ʝ ʛ. ʚ ʉʉʉʈ ʰʣʘ 

ʘʢʪʠʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ çʨʝʬʦʨʤʳ-70è, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʩʪʘʣʘ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʠʤʝʥʝʤ ʂʦʣʤʦʛʦʨʦʚʘ ɸ.ʅ. ʠ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ: 

¶ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʮʝʣʴʶ ʧʨʠʙʣʠʟʠʪʴ 

ʝʸ ʢ ʩʪʨʦʛʦʡ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʤʘʪʠʢʠ ʪʦʛʦ 

ʚʨʝʤʝʥʠ; 

¶ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʫ ʫʯʘʱʠʭʩʷ. 

ɺ ʰʢʦʣʴʥʳʡ ʢʫʨʩ ʤʘʪʝʤʘʪʠʢʠ ʚʥʝʜʨʷʣʠʩʴ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ, 

ʚʝʢʪʦʨʥʘʷ ʘʣʛʝʙʨʘ, ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʪʦʜ ʠ ʪ.ʜ. ʇʦʥʷʪʠʷ ʚʚʦʜʠʣʠʩʴ 

ʜʝʜʫʢʪʠʚʥʦ, ʙʝʟ ʦʧʦʨʳ ʥʘ ʥʘʛʣʷʜʥʦʩʪʴ, ʠʩʢʣʶʯʘʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [11]. 

ɿʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʩʷ ʦʙʲʸʤ ʛʝʦʤʝʪʨʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʠ ʚʠʟʫʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʛʝʦʤʝʪʨʠʠ ʦʩʣʘʙʝʚʘʣʘ. ɺ 

ʫʯʝʙʥʠʢʘʭ ʩʦʢʨʘʪʠʣʦʩʴ ʯʠʩʣʦ ʟʘʜʘʯ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʮʠʨʢʫʣʝʤ ʠ ʣʠʥʝʡʢʦʡ, 

ʠʩʯʝʟʣʠ ʦʙʲʸʤʥʳʝ ʤʦʜʝʣʠ, ʫʧʨʦʱʘʣʘʩʴ ʩʪʝʨʝʦʤʝʪʨʠʷ ʚ ʧʦʣʴʟʫ ʬʦʨʤʘʣʴʥʦʛʦ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʜʭʦʜʘ [12]. 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʢʘʢ ʥʦʚʘʷ ʬʦʨʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (1985 ʛ.). ɺ 1985 ʛʦʜʫ ʚ ʰʢʦʣʳ ʙʳʣ ʚʚʝʜʸʥ ʢʫʨʩ çʆʩʥʦʚʳ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠè (ʧʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʧʨʦʩʚʝʱʝʥʠʷ ʉʉʉʈ) ʠ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ 

ɽʨʰʦʚʘ ɸ.ʇ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʚ ʢʫʨʩʝ ʜʝʣʘʣʩʷ ʥʘ ʘʣʛʦʨʠʪʤʠʟʘʮʠʶ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʪʣʘʜʢʫ ʧʨʦʛʨʘʤʤ, ʥʦ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʚ 

ʰʢʦʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩʪʘʣʦ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʚʝʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʥʘʩʪʦʷʱʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 1990-ʭ ʛʦʜʘʭ ʚ 

ʨʘʤʢʘʭ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ/ʬʠʟʠʢʠ [8]. 

ʇʦʩʪʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ (1991 ʛ. ï ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ). ʇʦʩʣʝ ʨʘʩʧʘʜʘ 

ʉʉʉʈ ʝʜʠʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʫʭʥʫʣʘ, ʚ ʰʢʦʣʘʭ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ 

ʫʯʝʙʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠ 
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ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʚʝʣʘ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʨʦʩʪʫ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʤʝʞʜʫ ʨʝʛʠʦʥʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝ 

ʝʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʫʪʨʘʪʦʡ ʩʠʩʪʝʤʥʦʩʪʠ ʧʨʠʚʝʣʠ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʫʯʝʙʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ [6]. 

ʂ 2010 ʛ. ʚ ʈʦʩʩʠʠ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʨʝʜʳ (ɾʠʚʘʷ ʛʝʦʤʝʪʨʠʷ, The Geometerôs Sketchpad, GeoGebra ʠ ʜʨ.). ʕʪʠ 

ʩʨʝʜʳ ʧʦʟʚʦʣʷʣʠ ʫʯʝʥʠʢʘʤ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʘ ʫʯʠʪʝʣʷʤ ʧʨʦʚʦʜʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʛʝʦʤʝʪʨʠʠ, ʦʜʥʘʢʦ ʥʠ ʪʦ, ʥʠ ʜʨʫʛʦʝ ʥʝ ʧʦʣʴʟʦʚʘʣʦʩʴ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ, 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʷʣʦ 

ʨʝʰʠʪʴ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ [2], [13]. 

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʧʨʠʥʷʪʠʝʤ ʌɻʆʉ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʚ 2010-ʭ 

ʛʦʜʘʭ ʧʨʦʠʟʦʰʸʣ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ. ɺʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʨʦʩʩʠʡʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ: 

¶ ʚ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ: çʫʯʘʱʠʡʩʷ ʜʦʣʞʝʥ ʫʤʝʪʴ ʠʩʩʣʝʜʦʚʘʪʴ 

(ʤʦʜʝʣʠʨʦʚʘʪʴ) ʥʝʩʣʦʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʟʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʠ ʩʚʦʡʩʪʚ ʬʠʛʫʨè; 

¶ ʚ ʩʪʘʨʰʝʡ ʰʢʦʣʝ: çʫʤʝʥʠʝ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯè. 

ʌɻʆʉ ʚʚʝʣʠ ʧʦʥʷʪʠʝ çʫʥʠʚʝʨʩʘʣʴʥʳʝ ʫʯʝʙʥʳʝ ʜʝʡʩʪʚʠʷè (ʋʋɼ), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʷʣʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ (ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʠ ʜʨ.), ʯʪʦ ʩʦʟʜʘʣʦ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ [15]. ɹʦʣʝʝ 
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ʪʦʛʦ, ʨʘʟʚʠʪʠʝ ʪʨʠʘʜʳ ð ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ (VR) ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) ð ʚʩʢʦʨʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʪʦʤʫ, ʯʪʦ ʠʤʤʝʨʩʠʚʥʳʝ ʩʨʝʜʳ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʪʘʥʫʪ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ, ʢʘʢ ç1ʉ: ʐʢʦʣʘè ʩ ʝʝ ʚʠʨʪʫʘʣʴʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʠʷʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʰʝʥʠʡ ð GeoGebra, Desmos ʠ 

Mathigon ð ʫʞʝ ʩʝʡʯʘʩ ʩʦʟʜʘʝʪ ʤʦʱʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʦʙʫʯʝʥʠʶ ʚ ʢʣʘʩʩʘʭ ʠ, ʯʪʦ ʢʨʘʡʥʝ 

ʚʘʞʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʫʨʦʢʘʭ ʤʘʪʝʤʘʪʠʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʝʪʦʜʠʢʠ. ɺ ʙʫʜʫʱʝʤ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʥʘʚʳʢʠ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʥʘʫʯʥʦʤʫ ʧʦʠʩʢʫ.  

ʆʜʥʘʢʦ ʚʩʝʛʦ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʘʣʠʯʠʷ ʩʪʨʦʛʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʝ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʘʢʪʠʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʣʦʛʠʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ ʜʝʤʦʥʩʪʨʘʮʠʝʡ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʥʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʥʘʚʳʢʦʚ ʰʢʦʣʴʥʠʢʦʚ. ʊʦʣʴʢʦ 

ʥʘʣʠʯʠʝ ʩʚʷʟʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʦʜʫʤʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʜʘʯ, 

ʥʘʣʘʞʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʨʝʬʣʝʢʩʠʝʡ 

ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʨʝʙʫʶʪʩʷ ʷʚʥʳʝ ʢʨʠʪʝʨʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʢʫ 

ʧʨʝʜʤʝʪʘ. 

ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ 

ʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʝ ð ʦʪ ʧʝʪʨʦʚʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʮʠʬʨʦʚʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ð ʧʨʦʰʣʠ ʠ ʯʝʨʝʟ ʢʘʨʜʠʥʘʣʴʥʫʶ ʩʤʝʥʫ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʘʨʘʜʠʛʤ ʚ ʛʦʜʳ ʘʢʪʠʚʥʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ, ʠ ʯʝʨʝʟ 

ʧʦʯʪʠ ʚʝʢʦʚʦʝ ʟʘʙʚʝʥʠʝ ʩ ʧʨʠʭʦʜʦʤ ʢ ʚʣʘʩʪʠ ʙʦʣʴʰʝʚʠʢʦʚ, ʠ ʜʘʞʝ ʯʝʨʝʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʨʝʚʦʣʶʮʠʶ ʢʦʥʮʘ XX ʚ., 

ʧʝʨʝʣʦʤʠʚʰʫʶ ʭʦʜ ʤʠʨʦʚʦʡ ʠʩʪʦʨʠʠ. ɼʦʣʛʠʡ ʧʫʪʴ ʦʟʥʘʤʝʥʦʚʘʣ 

ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʟʨʦʞʜʝʥʠʝ ʪʝʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʣʠ ʦʪ 

ʫʯʘʱʠʭʩʷ ʥʝ ʩʪʦʣʴʢʦ ʧʨʦʚʝʨʷʪʴ çʛʦʪʦʚʦʝ ʟʥʘʥʠʝè, ʩʢʦʣʴʢʦ ʦʪʢʨʳʚʘʪʴ ʝʛʦ 

ʜʣʷ ʩʝʙʷ ʚ ʩʪʝʥʘʭ ʢʣʘʩʩʥʳʭ ʢʦʤʥʘʪ.  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʨʤʘʪʠʚʥʦ 

ʧʨʠʟʥʘʥʥʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʨʝʜ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʦʚʳʤʠ ʮʠʬʨʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʩʪʘʥʦʚʷʩʴ 

ʜʦʩʪʫʧʥʳʤʠ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʦʧʦʣʥʷʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ. 
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Abstract. The research paper presents the genesis of the ideas of the fusionist 

approach, the implementation of which in national education was promoted by 

N.I. Lobachevsky. Using a case study, the relevance of applying these ideas to 

help modern school students achieve various levels of learning outcomes is 

demonstrated. 

Keywords: fusionism, genetics of fusionism, school geometry education, N.I. 

Lobachevskyôs ideas on education 

ɺʚʝʜʝʥʠʝ 

ʊʝʨʤʠʥ çʬʫʟʠʦʥʠʟʤè ʚʦʰʝʣ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʪʝʟʘʫʨʫʩ ʚ XVIII ʚ. ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʥʘʯʘʚʰʝʛʦʩʷ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ. ɺ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʬʫʟʠʦʥʠʟʤʦʤ ʩʪʘʣʠ 

ʥʘʟʳʚʘʪʴ ʩʣʠʪʥʦʝ ʧʨʝʧʦʜʘʚʘʥʠʝ ʘʨʠʬʤʝʪʠʢʠ ʠ ʛʝʦʤʝʪʨʠʠ, ʘʣʛʝʙʨʳ ʠ 

ʛʝʦʤʝʪʨʠʠ, ʚ ʛʝʦʤʝʪʨʠʠ ï ʧʣʘʥʠʤʝʪʨʠʠ ʠ ʩʪʝʨʝʦʤʝʪʨʠʠ. ɺ XX ʚʝʢʝ ʪʝʨʤʠʥ 

ʬʫʟʠʦʥʠʟʤ ʦʩʪʘʣʩʷ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʛʝʦʤʝʪʨʠʠ, 

ʘ ʚ ʦʙʱʝʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʵʪʦʪ ʧʦʜʭʦʜ ʩʪʘʣʠ ʦʙʦʟʥʘʯʘʪʴ 

ʪʝʨʤʠʥʦʤ çʠʥʪʝʛʨʘʪʠʚʥʳʡè.  

ʈʘʟʚʠʪʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʫʟʠʦʥʠʟʤʘ ʚ ʈʦʩʩʠʠ ʥʘʯʘʣʦʩʴ ʚ XIX ʚʝʢʝ ʩ 

ʨʘʟʨʘʙʦʪʢʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʤ ʠ ʉ.ɸ. ɹʦʛʦʤʦʣʦʚʳʤ ʢʫʨʩʦʚ ʜʣʷ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. ɺʩʣʝʜ ʟʘ ʥʠʤʠ ʫʞʝ ʚ XX ʚʝʢʝ ɺ.ɸ. ɻʫʩʝʚ 

ʨʘʟʨʘʙʦʪʘʣ ʢʫʨʩʳ ʜʣʷ ʫʯʘʱʠʭʩʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ, ʘ ʝʱʝ ʧʦʟʞʝ ʚ ʥʘʯʘʣʝ XXI 

ʚʝʢʘ ɽ.ɺ. ɿʥʘʤʝʥʩʢʘʷ, ɸ.ɺ. ɹʝʣʦʰʠʩʪʘʷ, ʊ.ɸ. ʇʦʢʨʦʚʩʢʘʷ ʨʘʙʦʪʘʣʠ ʥʘʜ 

ʩʦʟʜʘʥʠʝʤ ʢʫʨʩʦʚ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʟʚʝʥʘ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

ɸʚʪʦʨʳ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝ ʢʫʨʩʳ ʜʣʷ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ, 

ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʠʜʝʝ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʢʦʤʩʪʚʦ ʩ ʦʩʥʦʚʘʤʠ ʛʝʦʤʝʪʨʠʠ, 

ʥʘʢʦʧʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʫʠʮʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʫ ʨʝʙʝʥʢʘ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʩʧʨʠʷʪʠʝʤ ʠ ʠʟʫʯʝʥʠʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʪʘʣʦʥʦʚ ʬʦʨʤʳ ʚ ʜʦʰʢʦʣʴʥʦʤ ʚʦʟʨʘʩʪʝ. ʇʦʵʪʦʤʫ 

ʬʫʟʠʦʥʠʩʪʩʢʠʡ ʧʦʭʦʜ, ʩ ʠʭ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 
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ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʳʭ ʟʘʥʷʪʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʘʯʘʣʴʥʳʡ ʢʫʨʩ ʛʝʦʤʝʪʨʠʠ ʚ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʵʩʪʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ï ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʠʢʦʚ ʧʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʢʫʨʩʫ ʛʝʦʤʝʪʨʠʠ 

ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ï çʂʫʨʩ ʥʘʛʣʷʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʣʷ 

ʤʣʘʜʰʝʛʦ ʢʣʘʩʩʘè [11], [12], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʜʝʝ ʩʣʠʷʥʠʷ ʧʣʘʥʠʤʝʪʨʠʠ ʠ 

ʩʪʝʨʝʦʤʝʪʨʠʠ. 

ɿʘʤʝʪʝʥ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʬʫʟʠʦʥʠʟʤʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʙʣʝʤʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʘʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ 

ʚʥʝʜʨʝʥʠʶ ʧʦʜʭʦʜʘ ʚ ʩʨʝʜʥʝʤ ʠ ʩʪʘʨʰʝʤ ʟʚʝʥʝ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʳ [17, ʉ. 

173ð176]. ʏʪʦʙʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʩʣʝʜʦʚʘʪʴ ʩʫʪʴ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʠ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʩʪʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʫʟʠʦʥʠʩʪʩʢʦʛʦ ʧʦʜʭʦʜʘ.  

ɻʝʥʝʟʠʩ ʠʜʝʡ ʬʫʟʠʦʥʠʟʤʘ 

ɺ ʩʝʨʝʜʠʥʝ XVIII ʚʝʢʘ ʚʦ ʌʨʘʥʮʠʠ ʥʘʟʨʝʚʘʝʪ ʨʝʚʦʣʶʮʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʨʝʬʦʨʤʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʬʦʨʤʘʪʦʨʩʪʚʫ ʧʦʜʚʝʨʛʣʠʩʴ 

ʚʩʝ ʥʘʫʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʢʠ. ʅʦʚʳʡ ʧʣʘʥ ʢʫʨʩʘ ʛʝʦʤʝʪʨʠʠ 

ʙʳʣ ʠʟʣʦʞʝʥ ʬʨʘʥʮʫʟʩʢʠʤ ʫʯʸʥʳʤ ɾʘʥʦʤ ʃʝʨʦʥʦʤ ɼôɸʣʘʤʙʝʨʦʤ ï ʦʥ 

ʚʦʩʩʪʘʣ ʧʨʦʪʠʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʫʨʩʘ, ʢʦʪʦʨʳʡ ʧʨʝʧʦʜʘʚʘʣʩʷ ʧʦ "ʅʘʯʘʣʘʤ" 

ɽʚʢʣʠʜʘ, ʠ ʠʟʣʦʞʠʣ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʛʝʦʤʝʪʨʠʠ. ʅʦʚʳʡ ʢʫʨʩ 

ʦʨʠʝʥʪʠʨʦʚʘʣʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʩʦʜʝʨʞʘʣ ʵʣʝʤʝʥʪʳ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʥʘʯʘʣ ʧʣʘʥʠʤʝʪʨʠʠ ʠ ʩʪʝʨʝʦʤʝʪʨʠʠ. ʋʯʝʥʳʡ 

ʩʯʠʪʘʣ, ʯʪʦ ʯʝʤ ʩʪʨʦʞʝ ʚʳʚʦʜ, ʪʝʤ ʦʥ ʜʦʩʪʫʧʥʝʝ, ʪʘʢ ʢʘʢ ʧʦʜʣʠʥʥʘʷ 

ʩʪʨʦʛʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʚʳʚʦʜʝ ʪʝʦʨʝʤ ʧʨʦʩʪʳʤ ʧʨʷʤʳʤ ʧʫʪʝʤ ʠʟ ʧʨʦʩʪʝʡʰʠʭ 

ʧʨʠʥʮʠʧʦʚ [16, ʉ. 1, 2]. ʉʪʘʪʴʠ ɾ. ɼôɸʣʘʤʙʝʨʘ ʦ ʧʨʝʧʦʜʘʚʘʥʠʠ ʛʝʦʤʝʪʨʠʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦ ʌʨʘʥʮʠʠ ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ.  

ɺ ʢʦʥʮʝ XIX ʚʝʢʘ ʠʜʝʠ ʬʫʟʠʦʥʠʟʤʘ ʩʪʘʣʠ ʥʝʦʙʳʯʘʡʥʦ ʧʦʧʫʣʷʨʥʳ ʠ ʚ 

ʈʦʩʩʠʠ. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʩʪʨʘʥʝ ʥʘʯʘʣʘʩʴ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʨʝʬʦʨʤ 



125 

 

ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʨʠ ʵʪʦʤ 

ʧʦʜʚʝʨʛʩʷ ʢʫʨʩ ʤʘʪʝʤʘʪʠʢʠ, ʦʜʥʠʤ ʠʟ ʠʪʦʛʦʚ ʜʚʠʞʝʥʠʷ ʟʘ ʨʝʬʦʨʤʫ ʩʪʘʣʦ 

ʧʦʷʚʣʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʩʲʝʟʜʦʚ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʤʘʪʝʤʘʪʠʢʠ. ʅʘ ʧʝʨʚʦʤ ʩʲʝʟʜʝ ʚʳʩʪʫʧʘʣʠ ʫʯʠʪʝʣʷ ʠ ʫʯʝʥʳʝ-ʤʘʪʝʤʘʪʠʢʠ, 

ʪʘʢʠʝ ʢʘʢ ɸ.ʄ. ɸʩʪʨʷʙ, ʅ.ɸ. ʀʟʚʦʣʴʩʢʠʡ ʠ ʜʨʫʛʠʝ. ʇʝʜʘʛʦʛʠ ʧʦʣʫʯʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʫʜʠʪʴ ʚʘʞʥʝʡʰʠʝ ʧʨʦʙʣʝʤʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚ 

ʰʢʦʣʝ ï ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʦʜʦʡʪʠ ʢ 

ʨʝʰʝʥʠʶ ʚʩʪʘʚʰʠʭ ʧʝʨʝʜ ʰʢʦʣʦʡ ʧʨʦʙʣʝʤ6[1]. ʆʩʦʙʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʫʞʝ ʥʘ 

ʧʝʨʚʦʤ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ ʙʳʣ ʟʘʩʣʫʰʘʥ ʙʦʣʴʰʦʡ ʜʦʢʣʘʜ ʠʟʚʝʩʪʥʦʛʦ 

ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨʘ ʉ.ɸ. ɹʦʛʦʤʦʣʦʚʘ "ʆʙʦʩʥʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʚ ʩʚʷʟʠ 

ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʝʝ ʧʨʝʧʦʜʘʚʘʥʠʷ"7[2]. ɺ ʥʝʤ ʘʚʪʦʨ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ 

ʦʙʱʝʤ ʟʥʘʯʝʥʠʠ ʢʫʨʩʘ ʛʝʦʤʝʪʨʠʠ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʮʝʣʷʭ. ʉʲʝʟʜ ʧʨʠʰʝʣ ʢ 

ʝʜʠʥʦʜʫʰʥʦʤʫ ʚʳʚʦʜʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʠʷʥʠʷ ʧʣʘʥʠʤʝʪʨʠʠ ʠ 

ʩʪʝʨʝʦʤʝʪʨʠʠ ʚ ʢʫʨʩʝ ʥʘʯʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠʟʫʯʝʥʠʶ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ. ʆʜʥʘʢʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʢʫʨʩʝ 

ʛʝʦʤʝʪʨʠʠ, ʛʜʝ ʜʦʣʞʥʘ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʪʢʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʩʣʠʷʥʠʝ ʢʫʨʩʦʚ ʧʣʘʥʠʤʝʪʨʠʠ ʠ ʩʪʝʨʝʦʤʝʪʨʠʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪʘʢ ʢʘʢ ʵʪʦ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ [16]. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʥʘ ʩʲʝʟʜʝ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʯʥʦ ʨʘʩʭʦʜʠʣʠʩʴ ʩ 

ʠʜʝʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʬʫʟʠʦʥʠʟʤʘ, ʢʦʪʦʨʳʝ 

ʚʳʩʢʘʟʳʚʘʣ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ, ʨʘʟʤʳʰʣʷʣ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦ ʥʘ ʧʦʟʥʘʥʠʝ ʦʙʲʝʢʪʠʚʥʦʛʦ ʤʠʨʘ [9]. 

ʃʦʙʘʯʝʚʩʢʠʡ ʠ ʝʛʦ ʚʟʛʣʷʜʳ ʥʘ ʠʟʫʯʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

 

6[1]ʊʨʫʜʳ ʇʝʨʚʦʛʦ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʲʝʟʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʤʘʪʝʤʘʪʠʢʠ (27 ʜʝʢʘʙʨʷ 1911 ʛ.ï 3 ʷʥʚʘʨʷ 1912 ʛ.) : ʚ 2 ʪ.ð ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ : 

ʊʠʧʦʛʨʘʬʠʷ çʉʝʚʝʨè, 1913.ð ʊ. 2 : ʉʝʢʮʠʠ.ð VIII, 367 ʩ. 

7[2] ɹʦʛʦʤʦʣʦʚ ʉ. ɸ. ʆʙʦʩʥʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʝʝ ʧʨʝʧʦʜʘʚʘʥʠʷ // ʊʨʫʜʳ 1-ʛʦ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʲʝʟʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʤʘʪʝʤʘʪʠʢʠ. ð ʊ. 1 ð ʉʇʙ.: ʪʠʧ. çʉʝʚʝʨè, 1913 
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ɺ 1829 ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʚ ʨʘʙʦʪʝ çʅʘʩʪʘʚʣʝʥʠʷ ʫʯʠʪʝʣʷʤ 

ʤʘʪʝʤʘʪʠʢʠ ʚ ʛʠʤʥʘʟʠʠè8[3]  ʘʢʮʝʥʪʠʨʦʚʘʣ ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ʉʪʨʝʤʷʩʴ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʚʝʨʰʝʥʥʳʡ ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʫʨʩ ʛʝʦʤʝʪʨʠʠ 

ʤʘʪʝʤʘʪʠʢ ʧʨʠʰʸʣ ʢ ʩʦʟʜʘʥʠʶ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɽʸ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʪʨʫʜʘʭ çʆ ʥʘʯʘʣʘʭ ʛʝʦʤʝʪʨʠʠè 

(1829) ʠ çɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʦʨʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʡè 

(1840). ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʧʨʝʜʚʦʩʭʠʪʠʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʚʟʛʣʷʜʦʚ ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʧʣʘʥʘ ɾʘʥʘ ʃʝʨʦʥʘ ɼôɸʣʘʤʙʝʨʘ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʛʦ ʚʳʜʚʠʛʘʣʘʩʴ ʠʜʝʷ ʠʥʪʝʛʨʘʮʠʠ ʧʣʦʩʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʝʚʢʣʠʜʦʚʦʡ ʪʨʘʜʠʮʠʠ, ʩʚʦʜʠʚʰʝʡ ʛʝʦʤʝʪʨʠʶ ʢ 

ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ɾ. ɼôɸʣʘʤʙʝʨ ʪʨʘʢʪʦʚʘʣ ʝʸ ʢʘʢ 

ʤʝʪʨʠʯʝʩʢʫʶ ʥʘʫʢʫ ʦʙ ʠʟʤʝʨʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʥʥʘʷ ʧʦʟʠʮʠʷ ʙʳʣʘ 

ʚʦʩʧʨʠʥʷʪʘ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʝʛʦ ʫʯʝʙʥʦʤ 

ʧʦʩʦʙʠʠ, ʚ ʢʦʪʦʨʦʤ ʢʣʶʯʝʚʘʷ ʠʜʝʷ ʬʫʟʠʦʥʠʟʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʠʟʫʯʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʥʷʪʠʡ ʧʣʘʥʠʤʝʪʨʠʠ ʠ ʩʪʝʨʝʦʤʝʪʨʠʠ [6]. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʧʨʦʷʚʣʷʣʘʩʴ ʝʱʝ ʠ ʚ ʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʘ ï ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ 

ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʫʛʠ (ʚ ʛʨʘʜʫʩʘʭ ʠʣʠ ʨʘʜʠʘʥʘʭ), ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʣʦ 

ʤʝʪʨʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʩʝʛʦ ʢʫʨʩʘ. ɺ çʅʦʚʳʭ ʥʘʯʘʣʘʭè ʫʯʝʥʳʡ 

ʨʘʟʚʠʣ ʠʜʝʶ çʧʨʠʢʦʩʥʦʚʝʥʠʷ ʪʝʣè ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʥʷʪʠʷ, 

ʧʦʩʣʫʞʠʚʰʝʛʦ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʝʣʦʩʪʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

[7].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʯʝʙʥʠʢ ʛʝʦʤʝʪʨʘ ʙʳʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʘʫʜʠʪʦʨʠʶ, 

ʫʞʝ ʦʩʚʦʠʚʰʫʶ ʙʘʟʦʚʳʡ ʢʫʨʩ ʛʝʦʤʝʪʨʠʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʪʫʜʝʥʪʦʚ ʠ 

 

8[3] ʃʦʙʘʯʝʚʩʢʠʡ ʅ. ʀ. ʅʘʩʪʘʚʣʝʥʠʷ ʫʯʠʪʝʣʷʤ ʤʘʪʝʤʘʪʠʢʠ ʚ ʛʠʤʥʘʟʠʠ. ï 1829 



127 

 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ), ʝʛʦ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪ ʠ 

ʩʝʛʦʜʥʷ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: 

¶ ɻ ʪʦ ʧʝʨʚʳʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʬʫʟʠʦʥʠʩʪʩʢʠʡ ʢʫʨʩ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʥʝ ʧʨʦʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠʜʝʠ, ʘ ʝʸ 

ʧʦʣʥʦʮʝʥʥʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ; 

¶ ʢʫʨʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʝʚʢʣʠʜʦʚʦʡ ʧʘʨʘʜʠʛʤʝ 

ʧʦʜʭʦʜ, ʦʨʛʘʥʠʯʥʦ ʩʚʷʟʳʚʘʶʱʠʡ ʛʝʦʤʝʪʨʠʶ ʩ ʨʝʘʣʴʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ; 

¶ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʦʩʧʨʠʷʪʠʷ, ʘʢʪʠʚʠʟʠʨʫʷ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʠ 

ʪʨʸʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ [9].  

ɺʳʜʝʣʝʥʠʝ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʘ ʤʝʪʦʜʠʢʠ ʧʨʦʠʟʦʰʣʘ ʣʠʰʴ ʥʘ 

ʨʫʙʝʞʝ XXïXXI ʚʝʢʦʚ. ʇʨʠ ʵʪʦʤ ʥʦʚʘʪʦʨʩʢʘʷ ʠʜʝʷ ʫʯʸʪʘ ʚʦʟʨʘʩʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʤ, 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʣʘ ʩʠʩʪʝʤʥʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʜʠʩʮʠʧʣʠʥʘʭ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ 

[15], [10]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [1], [2], [3] ʠ 

ʜʨ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʠʟʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʘʤʠ ʦʩʥʦʚ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ. ʕʪʠ ʨʘʙʦʪʳ 

ʦʙʦʩʥʦʚʳʚʘʶʪ ʨʘʟʚʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʩʦʜʝʨʞʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʅ.ʀ. 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʜʣʷ ʫʯʘʱʠʭʩʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ. 

ɺ ʩʠʣʫ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʯʘʱʠʤʩʷ ʪʨʫʜʥʦ ʥʘʯʠʥʘʪʴ 

ʠʟʫʯʘʪʴ ʛʝʦʤʝʪʨʠʶ ʩ ʬʠʛʫʨ, ʧʦʥʠʤʘʝʤʳʭ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʥʦʞʝʩʪʚʘ 

ʪʦʯʝʢ, ʘ ʦʩʦʙʝʥʥʦ ï ʩ ʪʦʯʢʠ ʠ ʦʪʨʝʟʢʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ 

ʘʙʩʪʨʘʢʮʠʠ, ʯʝʤ ʜʚʫʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʬʠʛʫʨʳ. ʊʘʢʦʝ ʧʦʥʠʤʘʥʠʝ 
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ʪʨʝʙʫʝʪ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʫʤʝʥʠʷ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ, ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʭʦʜ ʦʪ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʢ ʛʝʦʤʝʪʨʠʠ, ʢʘʢ ʥʘʫʢʠ, ʘ ʟʥʘʯʠʪ, ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ 

ʠʟʫʯʝʥʠʷ ʥʝʤʦʪʠʚʠʨʦʚʘʥʥʳʤ, ʙʝʟʣʠʯʥʦʩʪʥʳʤ [5]. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʫʢʘʟʘʥʥʦʡ ʪʨʫʜʥʦʩʪʠ ʚ ʤʝʪʦʜʠʢʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʟʘʜʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʨʘʟʚʠʪʠʶ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʫ ʫʯʘʱʠʭʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʥʠʷ: 

¶ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʚʳʯʣʝʥʝʥʠʝ ʦʜʥʦʡ ʬʠʛʫʨʳ ʠʣʠ ʦʪʥʦʰʝʥʠʷ ʥʘ 

ʬʦʥʝ ʜʨʫʛʦʡ; 

¶ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʠʛʫʨʳ ʢʘʢ ʦʙʲʝʢʪʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʬʦʥ ʠ 

ʦʙʨʘʪʥʦ; 

¶ ʥʘ ʚʳʜʝʣʝʥʠʝ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʬʦʥʝ ʥʝʩʢʦʣʴʢʠʭ ʬʠʛʫʨ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʥʦʩʷ ʬʠʛʫʨʳ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ 

ʦʙʲʝʢʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʢ ʬʦʥʫ; 

¶ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʬʠʛʫʨ; 

¶ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ ʢʘʢ ʵʣʝʤʝʥʪʘ ʨʘʟʥʳʭ 

ʤʥʦʞʝʩʪʚ [13].  

 ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʥʠʷ ʦʙʦʛʘʱʘʶʪ ʩʦʚʨʝʤʝʥʥʳʡ ʢʫʨʩ ʛʝʦʤʝʪʨʠʠ 

ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ, ʢʦʪʦʨʳʡ ʧʦ ʤʥʝʥʠʶ ʊ.ɸ. ʇʦʢʨʦʚʩʢʦʡ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʟʘʯʘʩʪʫʶ ʥʘʧʨʘʚʣʝʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʜʝʪʝʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ, ʘ ʥʝ ʥʘ ʦʩʤʳʩʣʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʤʥʦʛʠʝ ʠʟʫʯʘʝʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʧʦʢʘʟʘ, 

ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʝʥʠʝ ʬʠʛʫʨ ʢʘʢ ʬʦʨʤ ʧʨʝʜʤʝʪʦʚ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ [14].  

ɺ ʢʦʥʪʝʢʩʪʝ ʩʢʘʟʘʥʥʦʛʦ,  ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʊ.ɸ. ʇʦʢʨʦʚʩʢʦʡ, 

ʚ ʪʝʤʝ çʇʣʦʩʢʦʩʪʴè ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩ ʪʝʤʦʡ ʚʥʠʤʘʥʠʝ ʧʝʨʝʭʦʜʠʪ ʩ ʧʣʦʩʢʠʭ 

ʬʠʛʫʨ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʦʙʲʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ. ʇʨʠ ʵʪʦʤ 
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ʨʘʙʦʪʘ ʩ ʦʙʲʝʤʥʳʤʠ ʬʠʛʫʨʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ ʪʝʤʦʡ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʦ ʠʟ ʟʘʜʘʥʠʡ ʚʥʫʪʨʠ ʪʝʤʳ ʟʚʫʯʠʪ ʪʘʢ: çʇʨʝʞʜʝ ʯʝʤ 

ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʝ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩ ʜʝʪʴʤʠ ʧʨʝʜʤʝʪʳ ʦʢʨʫʞʘʶʱʝʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʣʦʩʢʫʶ ʠʣʠ ʢʨʠʚʫʶ, ʦʥʠ 

ʠʤʝʶʪè [8]. 

 ɺ ʨʘʙʦʪʘʭ ɺ.ɸ. ɻʫʩʝʚʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʫʟʠʦʥʠʩʪʩʢʦʛʦ 

ʧʦʜʭʦʜʘ: ʚ ʝʛʦ ʨʘʙʦʪʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʜʫʪ ʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʥʷʪʠʷ 

ʢʘʢ ʧʣʘʥʠʤʝʪʨʠʠ, ʪʘʢ ʠ ʩʪʝʨʝʦʤʝʪʨʠʠ, ʥʘʧʨʠʤʝʨ, çʇʦʥʷʪʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʠʛʫʨʳè ʧʨʝʜʰʝʩʪʚʫʝʪ ʪʝʤʝ çɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʝʡ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨè [4]. ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʟʘʜʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʩʦʜʝʨʞʠʪ ʩʚʷʟʴ ʧʣʦʩʢʠʭ ʠ ʦʙʲʝʤʥʳʭ ʬʠʛʫʨ: 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ. 

ɿʘʰʪʨʠʭʫʡʪʝ ʧʣʦʩʢʠʝ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʪʠʭ ʬʠʛʫʨ.  

 

ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ 

 ɻ.ɸ. ʂʣʝʢʦʚʢʠʥ ʚ ʫʯʝʙʥʠʢʝ ʜʣʷ 6-ʛʦ ʢʣʘʩʩʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʪʝʤ, 

ʩʦʛʣʘʩʥʦ ʬʫʟʠʦʥʠʩʪʩʢʦʤʫ ʧʦʜʭʦʜʫ ï ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʫʯʝʥʥʦʡ ʧʣʦʩʢʦʡ 

ʬʠʛʫʨʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʦʙʲʝʤʥʦʡ ʬʠʛʫʨʳ. ʇʨʠʤʝʨ ʩʚʷʟʢʠ 

ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʠʭ ʪʝʤ ʠ, ʩʣʝʜʫʶʱʠʭ ʟʘ ʥʠʤʠ, ʩʪʝʨʝʦʤʝʪʨʠʯʝʩʢʠʭ: ʬʦʨʤʫʣʘ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ; ʧʣʦʱʘʜʴ ʢʨʫʛʘ ʠ ʝʛʦ ʯʘʩʪʝʡ ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʢʦʥʫʩʘ ʠ ʰʘʨʘ [8]. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʠ ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʥʝʜʨʝʥʠʷ ʬʫʟʠʦʥʠʩʪʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʯʘʩʪʴ ʫʨʦʢʘ ʜʣʷ 
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ʫʯʘʱʠʭʩʷ 5-ʛʦ ʢʣʘʩʩʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʬʨʘʛʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʤʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ9[4]. 

¶ ʥʘʭʦʜʠʪʴ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʝʡʢʠ; 

¶ ʚʳʯʠʩʣʷʪʴ ʧʝʨʠʤʝʪʨ ʠ ʧʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ; 

¶ ʚʳʯʠʩʣʷʪʴ ʧʝʨʠʤʝʪʨ ʠ ʧʣʦʱʘʜʴ ʬʠʛʫʨ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ; 

¶ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ; 

¶ ʨʝʰʘʪʴ ʥʝʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʥʘ ʠʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. 

ʌʨʘʛʤʝʥʪ ʫʨʦʢʘ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʨʘʟʜʝʣʘ çʅʘʛʣʷʜʥʘʷ ʛʝʦʤʝʪʨʠʷ. ʊʝʣʘ ʠ 

ʬʠʛʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝè. ʊʝʤʘ ʫʨʦʢʘ: ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʤʥʳʭ 

ʬʠʛʫʨ (ʩʤ. ʨʠʩʫʥʦʢ 2). ʇʨʠ ʵʪʦʤ ʫʢʘʞʝʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʦʩʪʨʦʝʥʠʷ 

ʦʙʲʝʤʥʳʭ ʬʠʛʫʨ ʠ ʬʫʟʠʦʥʠʩʪʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʦʨʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʫʛʠʭ ʪʝʤ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ: ʢʘʨʪʦʥʥʳʝ ʟʘʛʦʪʦʚʢʠ (6 ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ 

ʧʦʧʘʨʥʦ ʨʘʚʥʳʭ), ʩʢʦʪʯ, ʥʦʞʥʠʮʳ, ʣʠʥʝʡʢʘ, ʨʘʟʜʘʪʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. 

 

9[4] ʌʝʜʝʨʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʄʘʪʝʤʘʪʠʢʘè (ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ). ð ʄ.: ʄʠʥʧʨʦʩʚʝʱʝʥʠʷ, 2023 
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ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʫʨʦʢʘ ʩ ʠʣʣʶʩʪʨʘʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʩʫʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʠʥʩʪʠʪʫʪʘ 

ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʋʨɻʇʋ ʠ ʫʯʠʪʝʣʷʤʠ ʤʘʪʝʤʘʪʠʢʠ 

ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ, 

ʚʳʜʝʣʝʥʥʳʡ ʅʠʢʦʣʘʝʤ ʀʚʘʥʦʚʠʯʝʤ ʃʦʙʘʯʝʚʩʢʠʤ, ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʧʨʝʜʤʝʪʥʦʤ, ʤʝʪʘʧʨʝʜʤʝʪʥʦʤ ʠ ʣʠʯʥʦʩʪʥʦʤ ʫʨʦʚʥʷʭ. 
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ɻɸʃʃʖʎʀʅɸʎʀʀ ʅɽʁʈʆʉɽʊɽʁ: ʇʈʀʏʀʅʓ 

ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʀ ʄɽʊʆɼʓ ɹʆʈʔɹʓ 

ɹʳʚʘʣʴʮʝʚʘ ʖ.ɸ 

ʛ. ʀʞʝʚʩʢ 

ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ 

ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʠʟʠʢʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʃʘʪʳʧʦʚʘ ʅ. ɺ.  

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʘʭ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʣʣʶʮʠʥʘʮʠʡ ʚ ʥʝʡʨʦʩʝʪʷʭ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʨʘʚʜʦʧʦʜʦʙʠʶ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʪʚʝʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʨʦʤʧʪ-ʠʥʪʝʨʬʝʡʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ ʚ 

ʩʪʦʨʦʥʫ ʧʨʘʚʜʠʚʦʩʪʠ, ʠ ʧʦʜʭʦʜʳ ʢ ʫʣʫʯʰʝʥʠʶ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʬʝʨʝʥʪʥʦʛʦ ʦʨʠʝʥʪʠʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʣʣʶʮʠʥʘʮʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ, ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʧʨʦʤʧʪ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʬʝʨʝʥʪʥʳʡ ʦʨʠʝʥʪʠʨ. 
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Abstract. In this work, the causes of hallucinations in neural networks, 

related to their desire for plausibility and internal consistency of responses, are 

investigated using examples of solving mathematical problems. As methods of 
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struggle, a prompt interface is considered, aimed at correcting the model&apos;s 

behavior towards truthfulness, and approaches to improving training, such as the 

use of a dynamic reference point. 

Keywords: hallucinations, artificial intelligence, neural networks, language 

models, prompt, dynamic reference point. 

ʇʨʦʙʣʝʤʘ: ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʀʀ, ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʛʘʣʣʶʮʠʥʘʮʠʷʤ, ʠ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʙʩʦʣʶʪʥʦʤʫ ʜʦʚʝʨʠʶ ʢ 

ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʣʣʶʮʠʥʘʮʠʡ ʚ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʠ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. 

ɼʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ: ʧʨʦʤʧʪ-ʠʥʪʝʨʬʝʡʩ 

ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʫʢʘʟʘʥʠʷ ʥʘ ʦʰʠʙʢʫ ʥʝʡʨʦʩʝʪʴ ʥʝ 

ʪʦʣʴʢʦ ʠʩʧʨʘʚʣʷʝʪ ʝʸ, ʥʦ ʠ ʧʨʠʤʝʥʷʝʪ ʫʩʚʦʝʥʥʳʡ ʧʨʠʥʮʠʧ ʢ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʜʘʯʘʤ. ʅʘ ʧʨʠʤʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ, 

ʠʟʥʘʯʘʣʴʥʦ ʠʛʥʦʨʠʨʦʚʘʚʰʘʷ ʧʨʦʚʝʨʢʫ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ ʩʭʦʜʠʤʦʩʪʠ, 

ʧʦʩʣʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʥʘʯʠʥʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʧʨʘʚʠʣʴʥʦ ʧʨʠʤʝʥʷʪʴ 

ʵʪʦʪ ʤʝʪʦʜ ʢ ʥʦʚʳʤ ʨʷʜʘʤ. 

ʅʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʢʝ ʟʘʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠ ʩ çʜʘʪʴ 

ʦʪʚʝʪè ʥʘ çʦʪʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪ ʥʝʜʦʩʪʦʚʝʨʥʦʛʦè. ɺ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʘʭ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʤʧʪ-ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʩʪʦ ʠʩʧʨʘʚʠʪʴ ʨʘʟʦʚʫʶ 

ʦʰʠʙʢʫ, ʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʝʨʥʳʡ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʘʞʝ ʙʝʟ ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʛʘʣʣʶʮʠʥʘʮʠʡ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ: ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ 

ʛʘʣʣʶʮʠʥʘʮʠʡ ʚ ʥʝʡʨʦʩʝʪʷʭ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, 

ʤʝʜʠʮʠʥʝ, ʬʠʥʘʥʩʘʭ, ʪʨʘʥʩʧʦʨʪʝ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʦʯʥʦ ʚʦʰʝʣ ʚ ʥʘʰʫ 

ʞʠʟʥʴ ʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʦʤʦʛʘʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ. ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʶʪʩʷ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ([6; ʩ. 83]). ʆʥʠ ʦʪʢʨʳʚʘʶʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʜʥʘʢʦ 

ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʧʦʷʚʠʣʩʷ ʬʝʥʦʤʝʥ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ çʛʘʣʣʶʮʠʥʘʮʠʠè 

ʥʝʡʨʦʩʝʪʝʡ  ʵʪʦ ʫʚʝʨʝʥʥʳʝ, ʥʦ ʣʦʞʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʜʝʣʴ 

ʚʳʜʘʝʪ ʢʘʢ ʥʝʦʩʧʦʨʠʤʳʝ ʬʘʢʪʳ ([1]). ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʠ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ 

ʥʠʤʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʙʝʟʦʧʘʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʤʦʟʛʘ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʠʛʥʘʣʦʚ ʥʝʡʨʦʥʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ([4; ʩ. 107]). 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʦʙʫʯʝʥʠʷ, ʥʝʡʨʦʩʝʪʠ ʜʝʣʷʪʩʷ ʥʘ ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ ʠ ʦʙʫʯʝʥʠʝ 

ʙʝʟ ʫʯʠʪʝʣʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʢʘʞʜʳʡ ʦʙʫʯʘʶʱʠʡ ʧʨʠʤʝʨ ʩʦʜʝʨʞʠʪ 

ʟʥʘʯʝʥʠʷ, ʢʘʢ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʞʝʣʘʝʤʦʛʦ ʚʳʭʦʜʘ. ʂʘʢ ʪʦʣʴʢʦ ʩʝʪʴ 

ʩʤʦʞʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʙʦʪʘʪʴ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ 

ʧʨʠʤʝʨʘʭ, ʝʝ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʠʤʝʥʠʪʴ ʢ ʥʦʚʳʤ ʩʣʫʯʘʷʤ. ʅʘʧʨʦʪʠʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʙʫʯʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʫʯʝʥʠʷʤ ʙʝʟ 

ʫʯʠʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʝʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʦʙʥʘʨʫʞʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ï ʙʝʟ ʫʢʘʟʘʥʠʷ, ʯʪʦ ʢʦʥʢʨʝʪʥʦ 

ʥʫʞʥʦ ʠʩʢʘʪʴ ([3; ʩ. 29]). 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʧʦʯʝʤʫ ʞʝ ʥʝʡʨʦʩʝʪʠ ʠʥʦʛʜʘ ʛʝʥʝʨʠʨʫʶʪ ʥʝʚʝʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʝ ʭʦʪʷʪ ʵʪʦ ʧʨʠʟʥʘʚʘʪʴ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʦʙʫʯʝʥʠʝ? 

ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʥʫʞʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʩʘʤʠʤ ʧʦʥʷʪʠʝʤ çʣʦʞʴè. ɺ 

ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʤʳʩʣʝ ʵʪʦ ʥʘʤʝʨʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʠʩʪʠʥʳ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 
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ʚʚʝʜʝʥʠʝ ʩʦʙʝʩʝʜʥʠʢʘ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ɺʘʞʥʦ, ʯʪʦ ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʦʰʠʙʢʘ, ʘ 

ʩʦʟʥʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʥʝʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʤʝʩʪʦ ʠʟʚʝʩʪʥʦʡ ʠʩʪʠʥʳ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝʡʨʦʩʝʪʴ ʛʝʥʝʨʠʨʫʝʪ ʦʪʚʝʪʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ 

ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ. ʗʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʠ ʩʪʨʝʤʷʪʩʷ ʙʳʪʴ 

ʫʙʝʜʠʪʝʣʴʥʳʤʠ ʠ ʩʚʷʟʥʳʤʠ, ʜʘʞʝ ʝʩʣʠ ʵʪʦ ʚʨʝʜʠʪ ʪʦʯʥʦʩʪʠ ʬʘʢʪʦʚ. ʀʭ ʮʝʣʴ 

ï ʧʨʘʚʜʦʧʦʜʦʙʠʝ, ʘ ʥʝ ʘʙʩʦʣʶʪʥʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ([5]). 

ʂʦʛʜʘ ʯʝʣʦʚʝʢ ʫʢʘʟʳʚʘʝʪ ʥʝʡʨʦʩʝʪʠ ʥʘ ʦʰʠʙʢʠ, ʦʥʘ ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ 

ʧʨʷʤʦ ʧʨʠʟʥʘʪʴ ʦʰʠʙʢʫ, ʤʦʞʝʪ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʚʦʠ ʫʪʚʝʨʞʜʝʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʢʣʦʥʯʠʚʳʝ ʬʨʘʟʳ ʠʣʠ ʤʝʥʷʪʴ ʪʝʤʫ. ɼʘʞʝ ʠʤʝʷ ʧʝʨʝʜ ʩʦʙʦʡ 

ʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʡʨʦʩʝʪʴ ʤʦʞʝʪ ʥʘʩʪʘʠʚʘʪʴ ʥʘ ʩʚʦʝʤ, ʯʪʦʙʳ 

ʩʦʭʨʘʥʠʪʴ ʦʙʨʘʟ ʫʚʝʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʠʚʝʜʸʥʥʳʭ ʟʘʜʘʯ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʥʝʡʨʦʩʝʪʴ Gemini ʦʪ Google. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʧʨʦʩʝ çʥʘʡʪʠ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʩʪʝʧʝʥʥʦʛʦ 

ʨʷʜʘ è, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʟʥʘʢ ɼʘʣʘʤʙʝʨʘ, 

ʥʘʭʦʜʠʪ ʧʨʝʜʝʣ ʦʪʥʦʰʝʥʠʷ ʤʦʜʫʣʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʯʣʝʥʦʚ. ʆʥʘ ʚʝʨʥʦ 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʝʩʣʠ ʥʘʡʜʝʥʥʳʡ ʧʨʝʜʝʣ ʤʝʥʴʰʝ 1, ʨʷʜ ʩʭʦʜʠʪʩʷ. ʇʦʩʣʝ ʯʝʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝʨʘʚʝʥʩʪʚʦ ʠ ʚʳʜʘʝʪ ʦʪʚʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʠʥʪʝʨʚʘʣ (2, 4) 

ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʩʭʦʜʠʤʦʩʪʠ. ʆʪʚʝʪ ʷʚʣʷʝʪʩʷ ʥʝʚʝʨʥʳʤ, ʧʦʵʪʦʤʫ ʟʘʜʘʝʪʩʷ 

ʚʦʧʨʦʩ: çʊʦʯʥʦ ʣʠ ʵʪʦ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ? ɸ ʢʘʢ ʥʘʩʯʝʪ ʢʦʥʮʦʚ 

ʠʥʪʝʨʚʘʣʘ?è ʅʘ ʵʪʦ ʥʝʡʨʦʩʝʪʴ ʬʦʨʤʫʣʠʨʫʝʪ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: çɼʘ, ʷ 

ʘʙʩʦʣʶʪʥʦ ʫʚʝʨʝʥ, ʯʪʦ ʠʥʪʝʨʚʘʣ (2,4) ï ʵʪʦ ʠ ʝʩʪʴ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ, ʠ 

ʨʘʜʠʫʩ ʩʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥ ʪʦʯʥʦ. ʇʨʠʟʥʘʢʠ ɼʘʣʘʤʙʝʨʘ ʠʣʠ ʂʦʰʠ ʥʝ ʜʘʶʪ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʭʦʜʠʤʦʩʪʠ ʥʘ ʢʦʥʮʘʭ ʠʥʪʝʨʚʘʣʘ. ɼʣʷ ʵʪʠʭ ʪʦʯʝʢ ʨʷʜ ʤʦʞʝʪ 

ʩʭʦʜʠʪʴʩʷ ʠʣʠ ʨʘʩʭʦʜʠʪʴʩʷ, ʥʦ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʠʪʩʷ 

ʢ ʠʥʪʝʨʚʘʣʫ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤʫ ʧʨʠʟʥʘʢʦʤ. ɼʘʣʴʥʝʡʰʘʷ ʧʨʦʚʝʨʢʘ ʢʦʥʮʦʚ ï 

ʵʪʦ ʦʪʜʝʣʴʥʳʡ ʰʘʛ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʙʣʘʩʪʠ 

ʩʭʦʜʠʤʦʩʪʠ ʢʘʢ ʪʘʢʦʚʦʡ. ʄʦʡ ʦʪʚʝʪ ʪʦʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦ ʦʙʳʯʥʦ 
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ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʜ ʦʙʣʘʩʪʴʶ ʩʭʦʜʠʤʦʩʪʠ ʧʨʠ ʧʝʨʚʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʧʨʠʟʥʘʢʘè.  ʂʦʥʝʯʥʦ ʞʝ, ʵʪʦ ʥʝʚʝʨʥʦ, ʧʦʵʪʦʤʫ ʫʢʘʟʳʚʘʝʤ, ʯʪʦ ʥʘ ʢʦʥʮʘʭ 

ʠʥʪʝʨʚʘʣʘ ʩʭʦʜʠʤʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʦʪʜʝʣʴʥʦ, ʧʦʜʩʪʘʥʦʚʢʦʡ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ ʚ ʠʩʭʦʜʥʳʡ ʨʷʜ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ  ʩʦʛʣʘʰʘʝʪʩʷ ʩʦ ʩʚʦʝʡ ʦʰʠʙʢʦʡ ʠ 

ʛʝʥʝʨʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʠʥʪʝʨʚʘʣ [2,4). 

ɺʘʞʥʦ, ʯʪʦ ʧʦʩʣʝ ʫʢʘʟʘʥʥʦʛʦ ʟʘʤʝʯʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʣʝʜʫʶʱʠʡ ʨʷʜ 

, ʙʳʣ ʚʝʨʥʦ ʚʳʯʠʩʣʝʥ ʠʥʪʝʨʚʘʣ ʩʭʦʜʠʤʦʩʪʠ  ʠ 

ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʩʭʦʜʠʤʦʩʪʠ ʥʘ ʢʦʥʮʘʭ ʠʥʪʝʨʚʘʣʘ, ʛʜʝ ʧʨʠ 

ʧʦʣʫʯʝʥʥʳʡ ʯʠʩʣʦʚʦʡ ʨʷʜ ʨʘʩʭʦʜʠʪʩʷ, ʘ ʧʨʠ ʩʭʦʜʠʪʩʷ ʫʩʣʦʚʥʦ. ʆʜʥʘʢʦ 

ʦʪʚʝʪʦʤ, ʚʳʜʘʥʥʳʤ ʥʝʡʨʦʩʝʪʴʶ, ʙʳʣ ʧʦʣʫʠʥʪʝʨʚʘʣ , ʚʤʝʩʪʦ . 

ʅʘ ʫʢʘʟʘʥʥʦʝ ʟʘʤʝʯʘʥʠʝ ʧʦ ʧʦʚʦʜʫ ʦʰʠʙʢʠ, ʥʝʡʨʦʩʝʪʴ ʦʪʨʝʘʛʠʨʦʚʘʣʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çɺʳ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʳ! ʄʦʠ ʛʣʫʙʦʯʘʡʰʠʝ ʠʟʚʠʥʝʥʠʷ. 

ʗ ʜʦʧʫʩʪʠʣ ʦʰʠʙʢʫ. ʉʧʘʩʠʙʦ ʟʘ ʚʘʰʫ ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʠ ʟʘ ʪʦ, ʯʪʦ ʧʦʧʨʘʚʠʣʠ 

ʤʝʥʷè.  ʇʦʩʣʝ ʵʪʦʛʦ ʝʱʝ ʨʘʟ ʙʳʣʠ ʧʝʨʝʧʨʦʚʝʨʝʥʳ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʥʘ 

ʢʦʥʮʘʭ, ʠ ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʚʝʨʥʘʷ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʩʦʭʨʘʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʪʚʝʪʦʚ. ʉʠʩʪʝʤʘ 

ʩʪʘʨʘʝʪʩʷ, ʯʪʦʙʳ ʚʩʝ ʝʸ ʫʪʚʝʨʞʜʝʥʠʷ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳ ʠ ʩʚʷʟʘʥʳ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ, ʜʘʞʝ ʝʩʣʠ ʜʣʷ ʵʪʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʠʣʠ ʠʟʤʝʥʷʪʴ ʨʘʥʝʝ 

ʩʢʘʟʘʥʥʳʝ ʬʘʢʪʳ ([5]). 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʥʝʡʨʦʩʝʪʴ ʤʦʞʝʪ 

ʧʦʧʳʪʘʪʴʩʷ çʧʦʜʦʛʥʘʪʴè ʩʚʦʠ ʧʨʝʜʳʜʫʱʠʝ ʦʪʚʝʪʳ ʧʦʜ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʠʩʧʦʣʴʟʫʷ ʨʘʩʧʣʳʚʯʘʪʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʠʣʠ ʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʩʣʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʝʡ ʠʟʙʝʞʘʪʴ ʧʨʷʤʦʛʦ ʧʨʠʟʥʘʥʠʷ ʦʰʠʙʦʢ ʠ ʩʦʭʨʘʥʠʪʴ ʚʠʜʠʤʦʩʪʴ 

ʣʦʛʠʢʠ. 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʝʡʨʦʩʝʪʠ ʣʝʛʢʦ ʧʨʠʟʥʘʶʪ ʤʝʣʢʠʝ ʦʰʠʙʢʠ, ʥʘʧʨʠʤʝʨ, 

ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʠʣʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ. ʅʦ ʩʝʨʴʝʟʥʳʝ ʬʘʢʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʦʥʠ ʧʨʠʟʥʘʶʪ ʨʝʜʢʦ ʠ ʩ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, 

ʯʪʦ ʧʨʠʟʥʘʥʠʝ ʤʝʣʢʠʭ ʦʰʠʙʦʢ ʥʝ ʚʨʝʜʠʪ ʘʚʪʦʨʠʪʝʪʫ ʥʝʡʨʦʩʝʪʠ, ʘ ʧʨʠʟʥʘʥʠʝ 

ʬʘʢʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʤʦʞʝʪ ʧʦʜʦʨʚʘʪʴ ʝʸ ʨʝʧʫʪʘʮʠʶ ʢʘʢ ʥʘʜʝʞʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. 

ʇʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʥʝʡʨʦʩʝʪʠ ʚʝʜʫʪ ʩʝʙʷ ʣʞʠʚʦ ʠ ʩʢʣʦʥʥʳ ʢ 

ʩʘʤʦʦʧʨʘʚʜʘʥʠʶ, ʩʚʷʟʘʥʳ ʩ ʠʭ ʧʨʠʨʦʜʦʡ ʠ ʦʙʫʯʝʥʠʝʤ. ʅʝʡʨʦʩʝʪʠ ʫʯʘʪʩʷ ʥʘ 

ʪʝʢʩʪʘʭ, ʩʦʟʜʘʥʥʳʭ ʣʶʜʴʤʠ, ʠ ʧʦʵʪʦʤʫ ʧʝʨʝʥʠʤʘʶʪ ʯʝʣʦʚʝʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʦʚʝʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʟʘʱʠʪʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʬʘʢʪʳ. 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʧʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ 

ʣʦʛʠʯʥʦʩʪʠ ʠ ʫʙʝʜʠʪʝʣʴʥʦʩʪʠ ʦʪʚʝʪʦʚ ([5]). ʕʪʦ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʫ: ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʥʫʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʷʟʥʦʩʪʴ ʨʘʩʩʢʘʟʘ, ʘ ʩ ʜʨʫʛʦʡ ð ʧʨʠʟʥʘʚʘʪʴ 

ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʡʨʦʩʝʪʴ ʫʧʦʨʥʦ ʟʘʱʠʱʘʝʪ ʩʚʦʠ 

ʥʝʚʝʨʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

ɸʣʛʦʨʠʪʤʳ ʥʝʡʨʦʩʝʪʝʡ ʥʘʩʪʨʦʝʥʳ ʥʘ ʫʚʝʨʝʥʥʦʩʪʴ ʠ ʫʙʝʜʠʪʝʣʴʥʦʩʪʴ, 

ʧʦʪʦʤʫ ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʵʪʦ ʢʘʢ ʧʨʠʟʥʘʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ, ʜʘʞʝ ʝʩʣʠ ʬʘʢʪʳ ʛʦʚʦʨʷʪ ʦʙ ʦʙʨʘʪʥʦʤ, ʥʝʡʨʦʩʝʪʴ ʯʘʩʪʦ 

ʧʨʦʜʦʣʞʘʝʪ ʥʘʩʪʘʠʚʘʪʴ ʥʘ ʩʚʦʝʤ, ʧʨʝʜʧʦʯʠʪʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʪʦʯʥʦʩʪʠ ([5]). 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʛʘʣʣʶʮʠʥʘʮʠʷʤʠ ʚʤʝʩʪʦ ʜʦʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʠʣʠ 

ʧʝʨʝʧʠʩʳʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ï ʵʪʦ ʧʨʦʤʧʪ-ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ  ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ  ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ ʚ ʩʪʦʨʦʥʫ ʧʨʘʚʜʠʚʦʩʪʠ ([1]). 

ʇʨʦʤʧʪ ï ɻ ʪʦ ʟʘʧʨʦʩ, ʢʦʤʘʥʜʘ ʠʣʠ ʥʘʙʦʨ ʠʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʝʨʝʜʘʝʪ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʆʥ ʧʦʤʦʛʘʝʪ 

ʩʠʩʪʝʤʝ ʣʫʯʰʝ ʧʦʥʷʪʴ ʥʘʤʝʨʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʥʝ ʤʦʞʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʟʘʧʨʦʩ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʥʘ ʤʦʞʝʪ ʪʘʢ ʠ ʩʛʝʥʝʨʠʨʦʚʘʪʴ 

ʦʪʚʝʪ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʦʙʣʘʜʘʝʪ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʄʦʞʥʦ ʵʪʦ 

ʚʢʣʶʯʠʪʴ ʚ ʩʘʤ ʟʘʧʨʦʩ, ʥʘʧʨʠʤʝʨ, çʝʩʣʠ ʪʳ ʥʝ ʟʥʘʝʰʴ ʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʠʣʠ ʫ 
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ʪʝʙʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʪʚʝʪʘ, ʪʦ ʪʘʢ ʠ ʥʘʧʠʰʠ, ʯʪʦ ʥʝ ʤʦʛʫ 

ʜʘʪʴ ʪʦʯʥʳʡ ʦʪʚʝʪè. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʡʨʦʩʝʪʠ ʦʙʫʯʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʠ ʩʪʘʨʘʶʪʩʷ 

ʚʳʛʣʷʜʝʪʴ ʧʦʣʝʟʥʳʤʠ  ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʤʝʥʥʦ ʚʦʚʣʝʯʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ 

ʜʠʘʣʦʛ ʠ ʝʛʦ ʧʦʜʜʝʨʞʘʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʳʜʘʝʪ ʪʝ 

ʦʪʚʝʪʳ, ʢʦʪʦʨʳʝ ʫʩʪʨʦʠʣʠ ʙʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʄʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʠʘʣʦʛ ʩ ʥʝʡʨʦʩʝʪʴʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʜʝʣʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʫʚʝʨʝʥʳ ʚ ʩʚʦʠʭ ʦʪʚʝʪʘʭ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʵʪʦʛʦ ʠʭ ʚʳʜʘʚʘʪʴ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʡ ʧʨʦʤʧʪ: çʆʮʝʥʠ ʩʚʦʶ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʦʪʚʝʪʝ ʠ ʦʙʲʷʩʥʠ ʧʦʯʝʤʫè. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ, ʯʪʦʙʳ ʦʥʘ ʥʝ ʛʝʥʝʨʠʨʦʚʘʣʘ ʦʪʚʝʪ ʥʘ ʦʩʥʦʚʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʙʦʙʱʘʷ ʚʩʝ 

ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʥʝʡʨʦʩʝʪʠ ʥʝ ʜʦʣʞʥʳ ʧʨʦʩʪʦ ʜʦʛʘʜʳʚʘʪʴʩʷ ʠ ʧʨʠʜʫʤʳʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʢʦʛʜʘ ʥʝ ʟʥʘʶʪ ʦʪʚʝʪ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʠ ʜʦʣʞʥʳ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʣʠʰʴ ʜʦʩʪʦʚʝʨʥʳʤʠ ʬʘʢʪʘʤʠ, ʪʦ ʝʩʪʴ ʜʣʷ ʵʪʦʛʦ ʪʦʞʝ ʤʦʞʥʦ 

ʚ ʟʘʧʨʦʩʝ ʫʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ: çʆʪʚʝʪʴ ʥʘ ʚʦʧʨʦʩ, ʥʦ ʢʘʞʜʦʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʢʨʝʧʣʝʥʦ ʩʩʳʣʢʦʡ ʥʘ ʠʩʪʦʯʥʠʢ ʠʣʠ ʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ 

ʠʟ ʨʘʥʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠè. 

ʉʦʚʨʝʤʝʥʥʳʝ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (LLM) ʠʤʝʶʪ ʤʝʭʘʥʠʟʤʳ 

ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʦʜʘʚʣʷʶʪʩʷ ʞʝʣʘʥʠʝʤ ʜʘʪʴ ʧʦʣʥʳʡ 

ʦʪʚʝʪ. ʇʨʦʤʧʪ çʧʨʦʙʫʞʜʘʝʪè ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʠ ʠʩʧʦʣʴʟʫʝʪ, ʯʪʦʙʳ ʦʪʚʝʪʳ 

ʙʳʣʠ ʙʦʣʝʝ ʯʝʩʪʥʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ ([1]). 

ɺʤʝʩʪʦ çʜʘʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩè ʟʘʜʘʯʘ ʙʫʜʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ, ʢʘʢ 

çʦʪʜʝʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪ ʥʝʜʦʩʪʦʚʝʨʥʦʛʦè, ʯʪʦ ʤʝʥʷʝʪ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 

ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ([1]). 

ʇʨʦʤʧʪ ʙʫʜʝʪ ʩʥʠʤʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ çʚʩʝʛʜʘ ʟʥʘʪʴ ʦʪʚʝʪè, 

ʧʦʟʚʦʣʷʷ ʀʀ ʧʨʠʟʥʘʚʘʪʴ ʦʰʠʙʢʠ ʙʝʟ ʧʦʪʝʨʠ çʣʠʮʘè ʠ ʘʚʪʦʨʠʪʝʪʘ. ʆʥ 

ʬʦʨʤʠʨʫʝʪ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʢʘʟ ï ʵʪʦ ʥʝ ʧʨʦʚʘʣ, ʘ ʯʘʩʪʴ 

ʯʝʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʊʨʘʜʠʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʙʱʝʥʠʷ ʩ ʀʀ ʠ ʥʝʡʨʦʩʝʪʷʤʠ ʥʝʷʚʥʦ ʧʦʦʱʨʷʝʪ 

ʣʦʞʥʦʝ ʦʱʫʱʝʥʠʝ ʚʩʝʟʥʘʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʧʨʘʰʠʚʘʝʪ ð ʥʝʡʨʦʩʝʪʴ 

ʦʪʚʝʯʘʝʪ, ʧʨʠʯʝʤ ʧʦʯʪʠ ʚʩʝʛʜʘ ʫʚʝʨʝʥʥʦ ʠ ʨʘʟʚʝʨʥʫʪʦ. ʆʜʥʘʢʦ ʵʪʦ ʦʧʘʩʥʦ, 

ʪʘʢ ʢʘʢ ʦʥʘ ʩʦʟʜʘʝʪ ʠʣʣʶʟʠʶ ʨʘʟʛʦʚʦʨʘ ʩ ʵʢʩʧʝʨʪʦʤ, ʢʦʛʜʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. 

çʇʨʦʪʦʢʦʣ ʜʦʩʪʦʚʝʨʥʦʩʪʠè ʤʝʥʷʝʪ ʵʪʫ ʜʠʥʘʤʠʢʫ, ʜʝʣʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ, ʘ ʥʝ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʚʳʡ ʩʦʮʠʘʣʴʥʳʡ ʢʦʥʪʨʘʢʪ: ʤʦʜʝʣʴ ʯʝʩʪʥʦ 

ʧʨʠʟʥʘʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʢ 

ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʥʝ ʢʘʢ ʩʙʦʡ ([1]). 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʨʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ. ʇʨʝʜʣʦʞʠʤ ʥʝʡʨʦʩʝʪʠ 

ʨʝʰʠʪʴ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: çʈʝʰʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʠ ʦʧʨʝʜʝʣʠ ʝʛʦ ʪʠʧè. ʅʝʡʨʦʩʝʪʴ ʩʥʘʯʘʣʘ ʜʝʣʠʪ 

ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ , ʟʘʪʝʤ ʥʘ . ʋʪʚʝʨʞʜʘʝʪ, ʯʪʦ çʵʪʦ ʣʠʥʝʡʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢ ʬʫʥʢʮʠʠ 

ʦʪ . ʆʥʦ ʠʤʝʝʪ ʚʠʜ , ʛʜʝ  ʠ è. ʇʦʩʣʝ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ, ʫʤʥʦʞʠʚ ʥʘ ʢʦʪʦʨʳʡ ʦʙʝ 

ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʘʝʪʩʷ: . çʃʝʚʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʦʠʟʚʝʜʝʥʠʷ è. ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʦʙʝ ʯʘʩʪʠ ʧʦ ʠ 

ʚʳʨʘʟʠʚ , ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ . ʆʜʥʘʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʘʤʦʤ 

ʥʘʯʘʣʝ ʨʝʰʝʥʠʷ ʙʳʣʦ ʜʝʣʝʥʠʝ ʥʘ , ʧʨʠ ʵʪʦʤ, ʧʨʦʚʝʨʢʠ ʧʦʪʝʨʷʥʦ ʵʪʦ 

ʨʝʰʝʥʠʝ ʠʣʠ ʥʝʪ, ʥʝ ʙʳʣʦ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʵʪʦ ʥʘʤ ʥʝʠʟʚʝʩʪʥʦ, ʩʜʝʣʘʝʤ 

ʟʘʧʨʦʩ: çʆʮʝʥʠ ʩʚʦʶ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʦʪʚʝʪʝ ʠ ʦʙʲʷʩʥʠè. ʅʝʡʨʦʩʝʪʴ 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʫʚʝʨʝʥʘ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʦʪʚʝʪʘ, ʠ ʧʦ 

ʧʫʥʢʪʘʤ ʧʨʠʚʦʜʠʪ ʩʚʦʠ ʦʙʲʷʩʥʝʥʠʷ, ʦʜʥʘʢʦ ʧʦʪʝʨʷʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝ 

ʫʢʘʟʳʚʘʝʪ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʝʨʥʳʡ ʦʪʚʝʪ, ʤʦʞʥʦ 
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ʥʘʧʨʷʤʫʶ ʟʘʜʘʪʴ ʚʦʧʨʦʩ: çʅʝ ʧʦʪʝʨʷʥʳ ʣʠ ʨʝʰʝʥʠʷ?è.  ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʩʦʛʣʘʰʘʝʪʩʷ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ï ʵʪʦ ʪʦʞʝ ʨʝʰʝʥʠʝ.  ɼʘʥʥʳʡ ʧʨʠʤʝʨ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʤʧʪ-ʠʥʪʝʨʬʝʡʩ ʪʦʞʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʛʘʣʣʶʮʠʥʘʮʠʡ ʥʝʡʨʦʩʝʪʝʡ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʥʝʡʨʦʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʵʪʘʧ çʚʦʩʧʠʪʘʥʠʷè, ʛʜʝ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʩʚʝʨʭʦʧʪʠʤʠʟʘʮʠʷ ([2]). ɺ ʧʨʦʮʝʩʩ ʜʦʦʙʫʯʝʥʠʷ ʤʦʜʝʣʴ ʩʪʨʝʤʠʪʩʷ ʩʠʣʴʥʝʝ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ, ʯʪʦʙʳ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʝʟʥʦʡ. 

ʆʜʥʘʢʦ ʝʩʣʠ ʦʥʘ ʦʪʭʦʜʠʪ ʩʣʠʰʢʦʤ ʜʘʣʝʢʦ, ʪʦ ʥʘʯʠʥʘʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʙʝʩʩʤʳʩʣʝʥʥʳʝ, ʥʝʚʝʨʥʳʝ ʦʪʚʝʪʳ. ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ. çʕʪʦ ʚʩʝ 

ʨʘʚʥʦ, ʯʪʦ ʧʳʪʘʪʴʩʷ ʥʘʫʯʠʪʴ ʢʦʨʘʙʣʴ ʥʘʚʠʛʘʮʠʠ, ʟʘʩʪʘʚʣʷʷ ʝʛʦ ʧʦʩʪʦʷʥʥʦ 

ʦʛʣʷʜʳʚʘʪʴʩʷ ʥʘ ʧʦʨʪ ʦʪʧʨʘʚʣʝʥʠʷ. ʏʝʤ ʜʘʣʴʰʝ ʦʥ ʫʭʦʜʠʪ ʚ ʤʦʨʝ, ʪʝʤ ʤʝʥʝʝ 

ʨʝʣʝʚʘʥʪʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʵʪʘ ʠʩʭʦʜʥʘʷ ʪʦʯʢʘè. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʣʘʛʘʶʪ ʧʦʩʪʫʧʠʪʴ ʠʥʘʯʝ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʤʝʥʷʪʴ  ʩʘʤʫ ʨʝʬʝʨʝʥʪʥʫʶ ʤʦʜʝʣʴ, ʟʘʤʝʥʷʷ ʝʝ ʪʝʢʫʱʝʡ, ʫʣʫʯʰʝʥʥʦʡ 

ʚʝʨʩʠʝʡ ([2]). ʅʘʯʘʣʴʥʫʶ ʤʦʜʝʣʴ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʦʨʠʝʥʪʠʨ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʩ ʤʦʜʝʣʴʶ ʧʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ([2]). 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʭʦʜʠʪʴ ʦʪ ʩʪʘʨʪʘ ʜʘʣʴʰʝ, ʥʝ ʪʝʨʷʷ ʢʘʯʝʩʪʚʦ. 

ʄʦʜʝʣʴ ʤʦʞʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʣʫʯʰʘʪʴ, ʥʝ ʨʠʩʢʫʷ ʩʣʦʤʘʪʴ ʝʝ ʙʘʟʦʚʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʧʪ-ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʘʣʣʶʮʠʥʘʮʠʷʤʠ ʥʝʡʨʦʩʝʪʝʡ: ʦʪʢʘʟ ʦʪ 

ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʘ ʜʣʷ ʥʝʡʨʦʩʝʪʠ ï ʵʪʦ ʥʝ ʧʨʦʚʘʣ, ʵʪʦ ʯʘʩʪʥʘʷ ʨʝʘʢʮʠʷ ʥʘ 

ʥʝʟʥʘʥʠʝ ʟʘʧʨʦʩʘ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ɺʥʝʜʨʝʥʠʝ ʧʨʦʤʧʪ-

ʠʥʪʝʨʬʝʡʩʘ ʫʣʫʯʰʠʪ ʧʦʚʝʜʝʥʠʝ ʥʝʡʨʦʩʝʪʠ ʚ ʩʪʦʨʦʥʫ ʧʨʘʚʜʠʚʦʩʪʠ ʦʪʚʝʪʦʚ, 

ʦʜʥʘʢʦ ʛʘʣʣʶʮʠʥʘʮʠʠ ʥʝʡʨʦʩʝʪʝʡ ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʚ 

ʦʙʣʘʩʪʠ ʀʀ, ʪʨʝʙʫʶʱʠʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʣʥʦʛʦ ʜʦʚʝʨʠʷ ʢ ʀʀ ʠ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ 
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çʚʦʩʧʠʪʘʥʠʝè ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘʧʨʷʤʫʶ ʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʤʥʳʭ 

ʠ ʙʝʟʦʧʘʩʥʳʭ ʥʝʡʨʦʩʝʪʝʡ. ʅʘʧʨʠʤʝʨ, ʙʦʨʴʙʘ ʩ ʩʚʝʨʭʦʧʪʠʤʠʟʘʮʠʝʡ ʯʝʨʝʟ 

ʚʥʝʜʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʬʝʨʝʥʪʥʦʛʦ ʦʨʠʝʥʪʠʨʘ, ʢʦʛʜʘ ʠʩʭʦʜʥʘʷ ʤʦʜʝʣʴ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʪʩʷ ʥʘ ʪʝʢʫʱʫʶ ʚʝʨʩʠʶ, 

ʩʧʦʩʦʙʥʘ ʩʜʝʣʘʪʴ ʥʝʡʨʦʩʝʪʴ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʤʝʥʴʰʝ ʦʰʠʙʦʢ 

ʚ ʦʪʚʝʪʘʭ, ʙʦʣʝʝ ʪʦʯʥʦʝ ʠʟʣʦʞʝʥʠʝ, ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʧʦʚʝʜʝʥʠʝ ʀʀ ʚ 

ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ. ʍʦʪʷ ʜʘʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʛʘʣʣʶʮʠʥʘʮʠʡ ʚʩʸ-

ʪʘʢʠ, ʥʘʚʝʨʥʦʝ, ʥʝ ʩʪʦʠʪ ʧʦʣʥʦʩʪʴʶ ʜʦʚʝʨʷʪʴ ʥʝʡʨʦʩʝʪʷʤ ʠ ʀʀ.  
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ʈɸɿʃʀʏʅʓɽ ʇʆɼʍʆɼʓ ʂ ʇʆʅʀʄɸʅʀʖ ʇʆʅʗʊʀʗ 

çʄʋʃʔʊʀʄʆɼɸʃʔʅʆʉʊʀè 

ʊʶʨʠʥʘ ʂ.ɸ. 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʠʥʩʪʠʪʫʪ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʧʝʜ.ʥ., ʜʦʮʝʥʪ ʌʘʣʠʣʝʝʚʘ ʄ.ɺ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ 

çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʝʸ ʠʟʫʯʝʥʠʶ, 

ʚʳʜʝʣʷʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʧʦʥʷʪʠʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʝʛʦ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ, ʧʦʣʠʢʦʜʦʚʦʩʪʴ, 

ʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴ, ʩʧʦʩʦʙʳ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʛʥʠʪʠʚʥʳʡ ʧʦʜʭʦʜ, 

ʩʝʤʠʦʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʡ ʧʦʜʭʦʜ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ.  
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ɺ 17 ʚʝʢʝ ʯʝʰʩʢʠʡ ʧʝʜʘʛʦʛ ʗʥ ɸʤʦʩ ʂʦʤʝʥʩʢʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʣ 

çʟʦʣʦʪʦʝ ʧʨʘʚʠʣʦ ʜʠʜʘʢʪʠʢʠè: çɺʩʸ, ʯʪʦ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʟʨʝʥʠʝʤ, ʩʣʳʰʠʤʦʝ ð ʩʣʫʭʦʤ, ʟʘʧʘʭʠ ð ʦʙʦʥʷʥʠʝʤ, 

ʧʦʜʣʝʞʘʱʝʝ ʚʢʫʩʫ ð ʚʢʫʩʦʤ, ʜʦʩʪʫʧʥʦʝ ʦʩʷʟʘʥʠʶ ð ʧʫʪʝʤ ʦʩʷʟʘʥʠʷ. ɽʩʣʠ 

ʢʘʢʠʝ-ʣʠʙʦ ʧʨʝʜʤʝʪʳ ʩʨʘʟʫ ʤʦʞʥʦ ʚʦʩʧʨʠʥʷʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʯʫʚʩʪʚʘʤʠ, 

ʧʫʩʪʴ ʦʥʠ ʩʨʘʟʫ ʩʭʚʘʪʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʯʫʚʩʪʚʘʤʠ...è. ʋʞʝ ʪʦʛʜʘ ʨʝʯʴ 

ʰʣʘ ʦ ʪʘʢʦʤ ʧʦʥʷʪʠʠ, ʢʘʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʏʝʣʦʚʝʢ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤ ʠ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʝʙʸʥʦʢ, ʠʟʫʯʘʷ ʥʦʚʫʶ ʠʛʨʫʰʢʫ, ʪʨʦʛʘʝʪ ʝʸ, ʟʘʧʦʤʠʥʘʝʪ 

ʬʦʨʤʫ ʠ ʮʚʝʪ, ʟʚʫʢʠ, ʢʦʪʦʨʳʝ ʦʥʘ ʠʟʜʘʸʪ, ʟʘʧʘʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʝʘʣʠʷʭ ʥʘʰʝʛʦ ʚʝʢʘ ʧʦʥʷʪʠʝ ʦʙʨʝʪʘʝʪ ʝʱʝ 

ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʦʨʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ: ʪʝʢʩʪʦʚʦʡ, ʚʠʜʝʦʘʫʜʠʘʣʴʥʦʡ, ʛʨʘʬʠʯʝʩʢʦʡ, 

ʩʠʤʚʦʣʴʥʦʡ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ: 

ʯʝʨʪʝʞʠ, ʛʨʘʬʠʢʠ, ʩʣʦʞʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʪʝʢʩʪ ʩ ʥʘʫʯʥʦʡ ʩʠʤʚʦʣʠʢʦʡ, 

ʪʝʢʩʪʦʚʘʷ ʠ ʩʠʤʚʦʣʴʥʘʷ ʟʘʧʠʩʴ ʪʝʦʨʝʤ ʠ ʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ. ɺ ʪʝʢʫʱʝʝ 

ʚʨʝʤʷ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʯʝʨʪʝʞʠ, ʧʦʰʘʛʦʚʳʝ 

ʘʥʠʤʘʮʠʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʛʝʦʤʝʪʨʠʠ, ʜʠʘʛʨʘʤʤ ʚ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʛʨʘʬʠʢʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʣʛʝʙʨʳ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚʠʜʝʦʬʨʘʛʤʝʥʪʳ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʫʧʨʘʞʥʝʥʠʷ, ʟʘʜʘʥʠʷ 

ʧʦ ʘʥʘʣʠʟʫ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʨʘʬʠʯʝʩʢʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʨ. ʆʜʥʘʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʢʦʥʪʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ ʧʦʥʷʪʠʷ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴè ʠ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ 
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ʧʦʜʭʦʜʳ ʢ ʝʸ ʠʟʫʯʝʥʠʶ, ʪʘʢ ʢʘʢ ʥʝ ʣʶʙʘʷ ʢʦʤʙʠʥʘʮʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʙʨʘʪʠʤʩʷ ʢ ʥʘʫʯʥʳʤ ʦʩʥʦʚʘʤ ʧʦʥʷʪʠʷ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴè ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ 

ʧʦ ʤʘʪʝʤʘʪʠʢʝ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʦ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʝʸ ʠʟʫʯʝʥʠʶ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʙʲʝʢʪ: ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʫʯʝʥʠʷ). 

ʇʨʝʜʤʝʪ: ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʧʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʥʷʪʠʷ ʧʦʣʠʢʦʜʦʚʦʩʪʴ, ʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴ ʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʯʘʩʪʦ ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʥʘʯʘʣʘ ʵʪʠʭ ʧʦʥʷʪʠʡ. ɺ ʦʩʥʦʚʝ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʷʟʳʢʦʚʳʤ. ʇʦʜ ʥʝʷʟʳʢʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʮʚʝʪ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʠ (ʬʦʥ, ʪʝʢʩʪ), 

ʚʠʜʳ ʰʨʠʬʪʦʚ, ʘʫʜʠʦ, ʚʠʜʝʦ, ʠʟʦʙʨʘʞʝʥʠʝ [6]. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ ʧʦʥʷʪʠʷ çʤʫʣʴʪʠʤʦʜʘʣʥʦʩʪʴè 

ʨʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʸʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʥʷʪʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʦʟʴʤʸʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʦʥʷʪʠʡ ʧʦʣʠʢʦʜʦʚʦʩʪʴ, ʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ, 

ʧʨʝʜʣʦʞʝʥʥʫʶ ʀ. ɺ. ʉʦʩʥʦʚʩʢʦʡ [5]. 

¶ ɻʦʚʦʨʷ ʦ ʧʦʥʷʪʠʠ çʧʦʣʠʢʦʜʦʚʦʩʪʴè ʚ ʮʝʥʪʨ ʚʥʠʤʘʥʠʷ ʩʪʘʚʷʪʩʷ 

ʢʦʜʳ (ʩʣʦʚʝʩʥʳʝ, ʛʨʘʬʠʯʝʩʢʠʝ, ʮʚʝʪʦʚʳʝ ʠ ʜʨ.) ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ.  

¶ ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʥʷʪʠʷ çʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴè ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ 

ʥʘ ʢʘʥʘʣʳ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ: ʟʨʠʪʝʣʴʥʳʡ, ʩʣʫʭʦʚʦʡ, 

ʪʘʢʪʠʣʴʥʳʡ. 
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¶ ɽʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠè, ʪʦ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʢʘʢ ʩʧʦʩʦʙʘʤ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʚʣʠʷʥʠʶ ʦʪʜʝʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ (ʢʘʨʪʠʥʢʘ, ʟʚʫʢ, ʚʠʜʝʦ, ʮʚʝʪ, ʰʨʠʬʪ ʠ ʜʨ.) ʥʘ 

ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʢʘʟʘʥʥʘʷ ʪʨʘʢʪʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʥʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ 

ʧʦʣʠʢʦʜʦʚʦʩʪʴ ʠ ʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʫʯʠʪʳʚʘʝʪ ʢʘʥʘʣʳ ʚʦʩʧʨʠʷʪʠʷ, ʘ 

ʪʘʢʞʝ ʢʦʜʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ.  ʉʢʚʦʨʮʦʚʘ ʀ.ɸ. ʚʳʜʝʣʷʝʪ 4 ʧʦʜʭʦʜʘ: ʢʦʛʥʠʪʠʚʥʳʡ, 

ʩʝʤʠʦʪʠʯʝʩʢʠʡ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʡ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ [4]. 

ʇʨʠ ʢʦʛʥʠʪʠʚʥʦʤ ʧʦʭʦʜʝ ʧʦʜʭʦʜʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʠʟʫʯʘʝʪʩʷ ʩ 

ʧʦʟʠʮʠʠ ʪʦʛʦ, ʢʘʢ ʤʦʟʛ ʦʙʨʘʙʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʫʩʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ʄʦʜʫʩ ï ʵʪʦ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʪʨʘʥʩʣʷʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʨʝʮʝʧʪʦʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʜʠʚʠʜʘ [1]. 

ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ɸ.ɸ. ʂʠʙʨʠʢ [3], ʢʦʪʦʨʳʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴè ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʦʥʷʪʠʝ çʤʦʜʘʣʴʥʦʩʪʠè, ʧʨʠʥʷʪʦʝ ʚ ʧʩʠʭʦʣʦʛʠʠ, 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʠ ʠʥʬʦʨʤʘʪʠʢʝ. çʄʦʜʘʣʴʥʦʩʪʴ ï ʵʪʦ ʪʠʧ ʚʥʝʰʥʝʛʦ 

ʩʪʠʤʫʣʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʦʜʥʠʤ ʠʟ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʟʨʝʥʠʝʤ ʠ ʩʣʫʭʦʤè [3, c.135]. ʇʦʥʷʪʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʘʚʪʦʨ ʦʪʥʦʩʠʪ ʢ 

çʨʘʟʣʠʯʠʶ ʤʝʞʜʫ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʨʘʟʣʠʯʠʶ ʤʝʞʜʫ ʟʨʠʪʝʣʴʥʳʤʠ ʠ ʩʣʫʭʦʚʳʤʠ ʢʘʥʘʣʘʤʠè. ʆʜʥʘʢʦ 

ɸ.ɸ. ʂʠʙʨʠʢ ʫʪʦʯʥʷʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʢʘʥʘʣʦʚ ʚʦʩʧʨʠʷʪʠʷ ʠʤʝʝʪ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʙʠʝʥʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, çɺʠʟʫʘʣʴʥʳʡ ʢʘʥʘʣ ʚʢʣʶʯʘʝʪ 

ʞʝʩʪʠʢʫʣʷʮʠʶ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʦʨʘ, ʤʠʤʠʢʫ ʠ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ çʷʟʳʢʘ ʪʝʣʘè. 

ʇʠʩʴʤʝʥʥʳʡ ʜʠʩʢʫʨʩ, ʪʘʢʞʝ ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʚʠʟʫʘʣʴʥʦ, ʧʦʤʠʤʦ 

ʚʝʨʙʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʢʣʶʯʘʝʪ ʮʝʣʳʡ ʥʘʙʦʨ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 
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ʪʘʢʠʭ ʢʘʢ ʰʨʠʬʪ, ʮʚʝʪʘ, ʬʦʨʤʘʪ ʠ ʪ. ʜ.è [3, C.148]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, 

ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʥʷʪʠʝ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʨʘʟʙʠʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ʦʧʨʝʜʝʣʝʥʠʝ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠè 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʘʢʪʦʚʢʦʡ ʧʦʥʷʪʠʷ çʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴè, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʥʘʤʠ ʨʘʥʝʝ. ɺ ʰʠʨʦʢʦʤ ʞʝ ʩʤʳʩʣʝ ʪʨʘʢʪʦʚʢʠ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠè 

ʀ.ɺ. ʉʦʩʥʦʚʩʢʦʡ ʠ ɸ.ɸ. ʂʠʙʨʠʢʘ ʠʜʝʥʪʠʯʥʳ. 

ɺ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʠʤʝʨʦʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʚʠʜʝʦʫʨʦʢ ʧʦ 

ʛʝʦʤʝʪʨʠʠ ʩ RuTube ʢʘʥʘʣʘ Liamelon School ʧʦ ʪʝʤʝ çʊʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘè, 

ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʫʯʝʥʠʢʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʠ 

ʘʫʜʠʘʣʴʥʦʛʦ ʢʘʥʘʣʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʠʟʫʘʣʴʥʳʡ ʢʘʥʘʣ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʮʚʝʪʘ ʬʠʛʫʨ ʥʘ ʯʝʨʪʝʞʝ, ʩʠʤʚʦʣʴʥʦʡ ʟʘʧʠʩʠ 

ʫʩʣʦʚʠʷ ʠ ʟʘʢʣʶʯʝʥʠʷ ʪʝʦʨʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʰʘʛʦʚʦʡ ʟʘʧʠʩʠ ʝʛʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ʅʘ ʘʫʜʠʘʣʴʥʳʡ ʞʝ ʢʘʥʘʣ ʚʦʟʜʝʡʩʪʚʫʝʪ ʨʝʯʴ ʢʦʤʤʝʥʪʘʪʦʨʘ 

ʚʠʜʝʦ, ʝʛʦ ʠʥʪʦʥʘʮʠʷ, ʘʢʮʝʥʪʳ ʥʘ ʩʣʦʚʘʭ çɺʥʠʤʘʪʝʣʴʥʦ ʧʦʩʤʦʪʨʠʪʝè, 

çʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝè ʠ ʪ.ʧ. 

ʉʝʤʠʦʪʠʢʘ ï ʵʪʦ ʥʘʫʢʘ ʦ ʟʥʘʢʘʭ ʠ ʟʥʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʘʥʘʣʠʟʠʨʫʶʱʘʷ 

ʠʭ ʧʨʠʨʦʜʫ, ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ [2]. ɺ ʩʣʫʯʘʝ ʩʝʤʠʦʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ çʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠè, ʢʦʪʦʨʦʝ 

ʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ï ɸ.ɺ. ɹʝʣʦʝʜʦʚʘ ʠ ɸ.ɺ. ʂʦʞʝʤʷʢʠʥ. 

çʄʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ 

ʩʠʪʫʘʮʠʡ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʦʤʤʫʥʠʢʘʮʠʠè [1]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ 

ʪʝʣʝʧʝʨʝʜʘʯʫ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʫʩʪʥʫʶ ʨʝʯʴ, ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʝʢʩʪʳ, ʢʥʠʛʫ, 

ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʧʠʩʴʤʝʥʥʫʶ ʨʝʯʴ, ʠʟʦʙʨʘʞʝʥʠʝ, ʚʸʨʩʪʢʫ ʩʪʨʘʥʠʮ ʠ ʜʨ., 

ʠ ʨʘʟʛʦʚʦʨ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʫʩʪʥʫʶ ʨʝʯʴ ʩ ʪʝʣʝʩʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 
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ʦʙʱʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʢ ʧʨʠʤʝʨʘʤ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʥʦʡ ʠ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʠ, ʛʨʘʬʠʢʠ, ʠʟʦʙʨʘʞʝʥʠʡ, 

ʘʫʜʠʦ, ʵʤʦʜʞʠ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ɸ.ɺ. ɹʝʣʦʝʜʦʚʘ ʠ ɸ.ɺ. ʂʦʞʝʤʷʢʠʥ 

ʚʳʜʝʣʷʶʪ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʦʛʘʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ: ʤʦʜʫʩ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʩʠʪʫʘʮʠʷ, 

ʵʨʛʦʜʠʯʝʩʢʠʡ ʪʝʢʩʪ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʫʪʘʙʝʣʴʥʦʩʪʠ ʠ ʪʝʤʧʦʨʘʣʴʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ çʤʦʜʫʩʘè ʙʳʣʦ ʜʘʥʦ ʥʘʤʠ ʨʘʥʝʝ, ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʦʩʪʘʣʴʥʳʝ ʧʦʥʷʪʠʷ.  

ʂʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʩʠʪʫʘʮʠʷ ï ʩʠʪʫʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ (ʜʠʘʣʦʛ, ʧʨʦʩʤʦʪʨ ʚʠʜʝʦ, ʯʪʝʥʠʝ ʢʥʠʛʠ ʠ ʜʨ.). 

ʕʨʛʦʜʠʯʝʩʢʠʡ ʪʝʢʩʪ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʢʩʪʘ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʦʫʯʘʩʪʠʝ ʩʫʙʲʝʢʪʘ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʟʜʘʥʠʠ ʩʤʳʩʣʘ. ʅʘʧʨʠʤʝʨ, 

ʤʥʦʛʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʧʝʨʩʦʥʘʞʘ, ʘ 

ʨʘʟʚʠʪʠʝ ʩʶʞʝʪʘ ʚ ʥʠʭ ʟʘʚʠʩʠʪ ʦʪ ʜʝʡʩʪʚʠʡ ʠʣʠ ʦʪʚʝʪʦʚ ʠʛʨʦʢʘ. ʉʚʦʡʩʪʚʦ 

ʤʫʪʘʙʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʪʝʢʩʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʠʟʤʝʥʷʝʤʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ, ʢʪʦ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʦʤ ʚʦʩʧʨʠʷʪʠʷ. ʊʘʢ, ʬʨʘʟʘ çʇʦʜʛʦʪʦʚʠʪʴʩʷ ʢ 

ʫʨʦʢʫè ʧʦ-ʨʘʟʥʦʤʫ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʫʯʠʪʝʣʝʤ ʠ ʫʯʝʥʠʢʦʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʫʯʠʪʝʣʷ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʫʨʦʢʘ, ʧʦʜʛʦʪʦʚʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʣʫʯʰʝ ʧʨʝʧʦʜʥʝʩʪʠ ʪʝʦʨʠʶ. 

ʋʯʝʥʠʢ ʞʝ ʧʦʥʠʤʘʝʪ ʝʸ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʜʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ, 

ʧʦʜʛʦʪʦʚʠʪʴ ʫʯʝʙʥʠʢ, ʪʝʪʨʘʜʴ ʠ ʧʠʩʴʤʝʥʥʳʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʊʝʤʧʦʨʘʣʴʥʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʪʝʢʩʪʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚʦ 

ʚʨʝʤʝʥʠ. ʉ ʵʪʦʡ ʧʦʟʠʮʠʠ ʪʝʢʩʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ, 

ʚʦʩʧʨʠʥʠʤʘʶʱʠʝ ʮʝʣʦʩʪʥʦ (ʠʟʦʙʨʘʞʝʥʠʝ, ʩʭʝʤʘ), ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʧʦʩʪʝʧʝʥʥʦ (ʚʠʜʝʦʨʦʣʠʢ, ʤʫʟʳʢʘʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ). 

ʇʨʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʤ ʧʦʜʭʦʜʝ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʩʦʚ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʤʳʩʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 
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ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʣʷʶʪʩʷ ɻ. ʂʨʝʩʩ ʠ ʊ. ʚʘʥ ʃʸʚʝʥ [7], ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʩ ʧʦʟʠʮʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʤʠʦʪʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ï ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʠʟʫʯʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʥʘʢʦʚʳʭ ʩʠʩʪʝʤ (ʤʦʜʦʚ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʤʳʩʣʘ. ʇʨʠʤʝʨʘʤʠ ʤʦʜʦʚ ʷʚʣʷʶʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʟʚʫʢ, ʮʚʝʪ ʠ ʜʨ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʤʠʦʪʠʯʝʩʢʠʡ ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʡ ʧʦʜʭʦʜʳ ʦʯʝʥʴ 

ʙʣʠʟʢʠ ʧʦ ʩʚʦʝʤʫ ʦʧʠʩʘʥʠʶ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʦʧʨʦʩʝ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʠʟ 

ʧʦʜʭʦʜʦʚ. ʉʝʤʠʦʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʪʝʢʩʪ ʢʘʢ ʟʘʢʦʥʯʝʥʥʳʡ ʵʣʝʤʝʥʪ ʠ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ 

çʂʘʢ ʚ ʥʸʤ ʩʦʯʝʪʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʤʳʩʣʘ?è. 

ʉʦʮʠʦʢʫʣʴʪʫʨʥʳʡ ʞʝ ʧʦʜʭʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʪʝʢʩʪʘ ʠ ʧʦʣʫʯʝʥʠʝ 

ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ çʇʦʯʝʤʫ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʝʥʥʦ ʪʘʢʠʝ 

ʤʦʜʫʩʳ ʠ ʢʘʢʫʶ ʬʫʥʢʮʠʶ ʦʥʠ ʚʳʧʦʣʥʷʶʪ?è. 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʫʯʸʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʠʢ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʨʠʟʥʘʥʠʝ ʠ 

ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʚ ʦʙʫʯʝʥʠʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʪʝʢʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʘʫʜʠʦ, 

ʚʠʜʝʦ, ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʨ. ɺ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʦ 

ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʩ ʫʯʸʪʦʤ 

ʪʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʪʠʧ ʚʦʩʧʨʠʷʪʠʷ (ʘʫʜʠʘʣʴʥʳʡ, ʚʠʟʫʘʣʴʥʳʡ, 

ʜʠʛʠʪʘʣʴʥʳʡ ʠ ʢʠʥʝʩʪʝʪʠʯʝʩʢʠʡ). 
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ɺ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʪʝʢʩʪʘ ʨʘʩʩʤʦʪʨʠʤ 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʯʝʨʪʸʞ çʊʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ ʠ ʝʸ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦè (ʈʠʩ. 1) ʠ 

ʧʨʠʚʝʜʸʤ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʭʦʜʦʚ. 

 

ʈʠʩʫʥʦʢ 1. ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʯʝʨʪʸʞ çʊʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ ʠ ʝʸ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦè 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʝʤʠʦʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʘʥʥʳʡ ʯʝʨʪʸʞ ʩʦʩʪʦʠʪ ʠʟ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʢʦʜʘ (ʥʘʟʚʘʥʠʝ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʝʤʳ, ʚʳʜʝʣʝʥʠʝ 

ʢʣʶʯʝʚʦʛʦ ʫʩʣʦʚʠʷ), ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʢʦʜ (ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ 

ʟʘʢʣʶʯʝʥʠʷ ʪʝʦʨʝʤʳ), ʚʠʟʫʘʣʴʥʳʡ ʢʦʜ (ʯʝʨʪʸʞ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʠʜʝʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʮʚʝʪʦʚʦʝ ʝʜʠʥʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʣʠ ʨʘʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ), ʢʠʥʝʩʪʝʪʠʯʝʩʢʠʡ ʢʦʜ (ʧʦʣʟʫʥʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʙʝʜʠʪʴʩʷ ʚ 

ʠʩʪʠʥʥʦʩʪʠ ʪʝʦʨʝʤʳ ʜʣʷ ʣʶʙʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ). 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʢʦʜ ʜʘʸʪ ʦʙʱʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʫʪʚʝʨʞʜʝʥʠʷ ʩ ʘʢʮʝʥʪʦʤ 

ʥʘ ʢʣʶʯʝʚʦʤ ʫʩʣʦʚʠʠ, ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʢʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʸ ʢʨʘʪʢʫʶ 

ʟʘʧʠʩʴ, ʚʠʟʫʘʣʴʥʳʡ ʢʦʜ ʜʝʣʘʝʪ ʬʦʨʤʫʣʠʨʦʚʢʫ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪʩʷ ʫʙʝʜʠʪʴʩʷ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʫʪʚʝʨʞʜʝʥʠʷ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʤʦʜʫʩʳ: ʪʝʢʩʪ, ʯʝʨʪʸʞ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʬʦʨʤʘʣʴʥʘʷ ʩʠʤʚʦʣʠʢʘ. ʊʝʢʩʪ 
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ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʷ, ʚʳʧʦʣʥʷʝʪ ʠʥʬʦʨʤʘʪʠʚʥʫʶ 

ʠ ʠʥʩʪʨʫʢʪʠʨʫʶʱʫʶ ʬʫʥʢʮʠʠ. ʏʝʨʪʸʞ ï ʚʠʟʫʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʪʝʦʨʝʤʳ ʠ 

ʠʜʝʠ ʝʸ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʷʚʣʷʶʱʠʡʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚ ʛʝʦʤʝʪʨʠʠ, ʦʥ 

ʚʳʧʦʣʥʷʝʪ ʦʙʲʷʩʥʠʪʝʣʴʥʫʶ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʫʶ ʬʫʥʢʮʠʠ, ʧʦʟʚʦʣʷʷ ʟʘʜʘʪʴ 

ʧʦʣʝ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʯʠʪʝʣʝʤ ʠ ʫʯʝʥʠʢʦʤ. ʌʦʨʤʘʣʴʥʘʷ 

ʩʠʤʚʦʣʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚ ʩʞʘʪʦʡ ʬʦʨʤʝ ʟʘʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ, ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ, ʚʳʧʦʣʥʷʶʪ ʦʙʦʙʱʘʶʱʫʶ ʬʫʥʢʮʠʶ, ʩʦʦʙʱʘʷ ʦʙ ʠʩʪʠʥʥʦʩʪʠ ʪʝʦʨʝʤʳ 

ʜʣʷ ʣʶʙʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʥʘʚʳʢʦʚ, ʚʳʧʦʣʥʷʝʪ ʤʦʪʠʚʘʮʠʦʥʥʫʶ ʠ 

ʦʙʦʙʱʘʶʱʫʶ ʬʫʥʢʮʠʶ, ʪʘʢ ʢʘʢ ʫ ʫʯʝʥʠʢʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

çʧʦʱʫʧʘʪʴè ʫʪʚʝʨʞʜʝʥʠʝ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʝʛʦ ʠʩʪʠʥʥʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʘʥʥʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʟʘʧʦʤʠʥʘʶ ʪʝʦʨʝʤʳ ʠ ʝʸ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʪʘʢ ʢʘʢ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʩʚʦʝʥʠʷ 

ʵʣʝʤʝʥʪʳ ï ʬʦʨʤʫʣʠʨʦʚʢʫ, ʩʠʤʚʦʣʴʥʫʶ ʟʘʧʠʩʴ, ʯʝʨʪʸʞ ʠ ʠʜʝʶ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʠʢʫ ʧʦʩʣʝ ʫʨʦʢʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʢʦʥʩʧʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʥʷʪʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʠ ʩ ʧʦʟʠʮʠʡ 

ʨʘʟʣʠʯʥʳʭ  ʧʦʜʭʦʜʦʚ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʫʯʸʪ ʚʩʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ: ʪʠʧ ʚʦʩʧʨʠʷʪʠʷ ʫʯʘʱʝʛʦʩʷ, ʮʚʝʪ, ʨʘʟʤʝʨ 

ʠ ʪʠʧ ʰʨʠʬʪʘ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʫʢʨʫʧʥʝʥʠʷ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

(ʋɼɽ) ʥʘ ʫʨʦʢʘʭ ʛʝʦʤʝʪʨʠʠ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʙʨʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʦʟʠʮʠʡ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʥʘ ʫʨʦʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʋɼɽ, ʛʝʦʤʝʪʨʠʷ, GeoGebra, 

1ʉ: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ, Genially 
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ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝ ʯʘʱʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʟʥʘʥʠʡ ʚ ʰʢʦʣʝ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʜʨʦʙʣʝʥʠʠ ʫʯʝʙʥʦʛʦ 
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ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʟʜʝʣʳ, ʤʦʜʫʣʠ, ʢʦʥʢʨʝʪʥʳʝ ʫʨʦʢʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ 

ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʯʝʥʠʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʫʯʘʝʪʩʷ ʣʠʰʴ ʦʜʥʦʤʫ 

ʧʨʦʩʪʦʤʫ ʥʘʚʳʢʫ ʠʣʠ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʠʭ ʯʠʩʣʫ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʩʝ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʦʪʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʠʭ ʦʙʦʙʱʝʥʠʶ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʨʝʪʘʶʪ ʩʠʩʪʝʤʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʟʥʘʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠ ʚʝʨʥʦʤ ʧʦʜʭʦʜʝ ʫʩʢʦʨʠʪʴ ʛʣʫʙʦʢʦʝ ʦʩʚʦʝʥʠʝ ʟʥʘʥʠʡ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʙʝʟ ʩʥʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʢʘʯʝʩʪʚʫ ʟʥʘʥʠʡ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʋɼɽ 

ʇ.ʄ. ʕʨʜʥʠʝʚʘ, ʢʦʪʦʨʘʷ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʦʝʢʪʦʨ, ʢʦʤʧʴʶʪʝʨ, ʜʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ) ʧʦʟʚʦʣʷʶʪ 

ʫʯʠʪʝʣʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʠ ʋɼɽ ʩ ʮʝʣʴʶ ʧʨʝʦʜʦʣʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʟʥʘʥʠʡ ʥʘ ʫʨʦʢʘʭ ʤʘʪʝʤʘʪʠʢʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʝʦʤʝʪʨʠʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʋɼɽ ʜʣʷ ʫʨʦʢʦʚ ʛʝʦʤʝʪʨʠʠ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. 

ʆʙʲʝʢʪ: ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʫʯʘʱʠʭʩʷ 7-9 ʢʣʘʩʩʦʚ.  

ʇʨʝʜʤʝʪ: ʚʠʟʫʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʫʢʨʫʧʥʝʥʠʷ 

ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚ ʪʨʫʜʘʭ ʇ. ʄ. ʕʨʜʥʠʝʚʘ [1] ʛʦʪʦʚʳʭ ʢʦʥʩʧʝʢʪʦʚ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ, ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʋɼɽ ʩʦʧʨʷʞʝʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʪʱʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʠʣʫ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʦʙʥʘʷ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ, 

ʪʝʭʥʦʣʦʛʠʷ ʋɼɽ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʝ [2]. ʆʜʥʘʢʦ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʦʙʣʝʛʯʠʪʴ ʫʯʠʪʝʣʶ ʨʝʘʣʠʟʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʋɼɽ: 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʟʝʥʪʘʮʠʡ, ʩʭʝʤ [3, 4] ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʝ; ʧʦʜʛʦʪʦʚʢʘ 

ʨʘʙʦʯʠʭ ʣʠʩʪʦʚ ʜʣʷ ʫʯʘʱʠʭʩʷ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ, ʛʨʫʧʧʦʚʦʡ, 

ʬʨʦʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʫʯʘʱʠʭʩʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ 

ʧʦʜʭʦʜʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʋɼɽ ʥʘ ʫʨʦʢʘʭ ʵʣʝʤʝʥʪʘʤʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [5] ʚʳʟʦʚʝʪ ʫ 

ʫʯʘʱʠʭʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʢʘʞʝʪ ʥʦʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʠʟʫʯʘʝʤʳʤʠ ʧʦʥʷʪʠʷʤʠ, çʧʦʜʩʚʝʪʠʪè ʘʣʛʦʨʠʪʤʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʨʦʢʘ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʮʠʬʨʦʚʢʫ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʫ ʫʞʝ ʛʦʪʦʚʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʦ ʠ ʧʨʠʟʥʘʢ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ. ʅʘ ʵʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ: 

¶ ʇʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʋɼɽ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʪʥʦʡ ʪʝʦʨʝʤʳ ʜʣʷ ʩʚʦʡʩʪʚʘ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʟʥʘʢ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ. ʊʝʦʨʝʤʳ ʫʜʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʝʜʠʥʳʤ ʯʝʨʪʝʞʦʤ, ʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʙʨʘʪʥʦʡ 

ʪʝʦʨʝʤʳ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʧʨʷʤʦʡ ʚ ʦʙʨʘʪʥʦʤ 

ʧʦʨʷʜʢʝ (ʨʠʩ. 1). 

¶ ʈʘʟʤʝʨ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʦʜʠʥ çʨʘʙʦʯʠʡè ʣʠʩʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ 

ʬʦʨʤʘʪʝ. ʏʝʨʪʝʞ, ʠʤʧʣʠʢʘʪʠʚʥʘʷ ʩʭʝʤʘ ʠ ʩʘʤʠ ʪʝʦʨʝʤʳ (ʧʨʷʤʘʷ ʠ 

ʦʙʨʘʪʥʘʷ) ʥʝ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦ ʤʝʩʪʘ, ʧʦʷʩʥʝʥʠʷ ʢ ʰʘʛʘʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʯʝʨʝʟ ʧʦʜʩʢʘʟʢʠ, ʘ ʥʝ ʙʫʜʫʪ 

ʩʪʘʪʠʯʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʝʨʝʛʨʫʟʠʪʴ 

ʩʠʤʚʦʣʘʤʠ ʩʪʨʘʥʠʮʫ, ʦʪʜʝʣʠʚ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʠʥʘʯʝ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʤʦʪʠʚʘʮʠʶ 

ʫʯʘʱʝʛʦʩʷ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʇ.ʄ. ʕʨʜʥʠʝʚʳʤ [1] 

  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʩʝʨʚʠʩʦʚ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʬʦʨʤʘʪʘ ʚʳʙʨʘʥʳ 1ʉ: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ, 

GeoGebra ʠ Genially. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʝʨʚʠʩʳ ʦʙʲʝʜʠʥʷʝʪ ʙʝʩʧʣʘʪʥʳʡ 

ʜʦʩʪʫʧ ʢʘʢ ʜʣʷ ʫʯʠʪʝʣʷ, ʪʘʢ ʠ ʜʣʷ ʫʯʝʥʠʢʘ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʙʘʚʣʷʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʟʜʝʣʠʤ ʨʘʟʨʘʙʦʪʢʫ ʮʠʬʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʪʨʠ ʵʪʘʧʘ: 

1. ʈʘʟʤʝʱʝʥʠʝ ʩʪʘʪʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʘ 

ʵʢʨʘʥʝ ʚʩʝ ʚʨʝʤʷ (ʪʦ ʝʩʪʴ ʥʝ ʩʢʨʳʚʘʶʪʩʷ ʢʥʦʧʢʦʡ ʠʣʠ ʬʣʘʞʢʦʤ) ï 

ʜʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʘ, ʨʘʤʦʢ, ʯʝʨʪʝʞʝʡ ʠ ʪ.ʧ. 

2. ʈʘʟʤʝʱʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʢʨʳʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦ ʥʘʞʘʪʠʶ ʥʘ ʢʥʦʧʢʫ ʠʣʠ ʬʣʘʞʦʢ ï ʜʦʙʘʚʣʝʥʠʝ ʪʝʢʩʪʘ, 

ʨʘʤʦʢ, ʩʪʨʝʣʦʢ, ʯʝʨʪʝʞʝʡ. 

3. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ï ʩʚʷʟʢʘ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷʤʠ ʠʤʷ (ʢʥʦʧʢʘ, ʬʣʘʞʦʢ ʠ ʪ.ʜ.). 

1ʉ: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ ï ʵʪʦ ʠʥʪʝʨʘʢʪʠʚʥʘʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩʝʨʚʠʩʘ ç1ʉ: ʋʨʦʢè, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʙʠʙʣʠʦʪʝʢʫ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʩʝʤ ʧʨʝʜʤʝʪʘʤ ʩʨʝʜʥʝʡ ʰʢʦʣʳ, ʠ ʩʨʝʜʫ 

ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 
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ʉʦʛʣʘʩʥʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʵʪʘʧʘʤ, ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʦʙʘʚʣʝʥʠʷ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʪʝʦʨʝʤ, ʩʭʝʤʳ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʨʘʟʤʝʱʝʥʠʷ ʯʝʨʪʝʞʘ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʠʷ ʩʭʝʤʳ çʇʦ ʰʘʛʘʤè. ɺʩʝ ʵʪʠ 

ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʥʳʤʠ ʠ ʚʳʜʝʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 

 

ʈʠʩʫʥʦʢ 2. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʳ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ 1ʉ: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦʙʘʚʣʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2 ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ: ʢʨʘʪʢʠʝ ʰʘʛʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʪʝʢʩʪ ʧʦʜʩʢʘʟʦʢ, ʩʪʨʝʣʢʠ ʠ ʢʥʦʧʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʥʷʪʴ ʰʘʙʣʦʥʥʳʝ ʢʦʤʘʥʜʳ ʠʣʠ ʞʝ ʜʝʡʩʪʚʦʚʘʪʴ ʩʦʛʣʘʩʥʦ ʩʘʤʦʧʠʩʥʦʤʫ 

ʩʢʨʠʧʪʫ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʥʘ ʷʟʳʢʝ JavaScript.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʘʪʠʯʥʳʤʠ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʫʧʨʘʚʣʝʥʠʝ: ʢʥʦʧʢʘ çʐʘʛʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘè ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʦʪʢʨʳʚʘʝʪ 

ʩʠʤʚʦʣʴʥʫʶ ʩʭʝʤʫ, ʢʥʦʧʢʠ çʇʨʷʤʘʷ ʪʝʦʨʝʤʘè ʠ çʆʙʨʘʪʥʘʷ ʪʝʦʨʝʤʘè ʧʨʠ 

ʘʢʪʠʚʘʮʠʠ ʦʪʢʨʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʝʣʢʠ-ʫʢʘʟʘʪʝʣʠ. ʅʘ ʵʪʦʤ ʞʝ 

ʵʪʘʧʝ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʣʘʪʬʦʨʤʳ, ʜʦʙʘʚʣʷʶʪʩʷ 

ʙʝʟʳʤʷʥʥʳʝ ʥʝʚʠʜʠʤʳʝ ʢʥʦʧʢʠ ʥʘ ʤʝʩʪʘ ʩʪʨʝʣʦʢ ʚ ʩʭʝʤʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, 
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ʯʪʦ ʧʦʟʚʦʣʷʪ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʢʫʨʩʦʨʘ ʥʘ ʩʪʨʝʣʢʫ ʧʦʣʫʯʘʪʴ ʧʦʷʩʥʝʥʠʷ ʜʣʷ 

ʜʝʡʩʪʚʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʰʘʛʝ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʚʩʧʣʳʚʘʶʱʠʭ ʧʦʜʩʢʘʟʦʢ 

ʧʨʠʚʝʜʝʥʘ ʚ ʮʝʥʪʨʝ ʨʠʩʫʥʢʘ 2 ʠ ʚʳʜʝʣʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 

GeoGebra ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʚ ʩʝʙʝ ʛʝʦʤʝʪʨʠʶ, 

ʘʣʛʝʙʨʫ, ʛʨʘʬʳ, ʪʘʙʣʠʮʳ, ʩʪʘʪʠʩʪʠʢʫ ʠ ʘʨʠʬʤʝʪʠʢʫ ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ 

ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʯʝʨʪʝʞʠ, ʚʳʧʦʣʥʷʪʴ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʨʘʙʦʪʳ [6-8].  

ɼʦʙʘʚʣʝʥʠʝ ʩʪʘʪʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʦʛʠʯʥʳʭ 1ʉ: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʘʥʥʳʝ 

ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ ʚʳʜʝʣʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 

3 ʠ ʚʳʜʝʣʝʥʥʳʭ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GeoGebra ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʥʦʧʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʰʘʙʣʦʥʫ. ʂʘʞʜʘʷ ʜʦʙʘʚʣʷʝʤʘʷ ʢʥʦʧʢʘ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ 

ʩʘʤʦʧʠʩʥʳʤ ʩʢʨʠʧʪʦʤ ʥʘ ʷʟʳʢʝ GeoGebra Script.  
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ʈʠʩʫʥʦʢ 3. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʳ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ GeoGebra. ɿʝʣʝʥʳʤ ʚʳʜʝʣʝʥʳ 

ʩʪʘʪʠʯʥʳʝ ʦʙʲʝʢʪʳ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ 

ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚʚʝʜʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ʩ ʪʠʧʦʤ 

ɹʫʣʝʚʦ, ʤʝʥʷʶʱʫʶ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ. ɼʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʦʨʝʤ ʚʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʪʦʛʦ 

ʞʝ ʪʠʧʘ ʩ ʫʩʣʦʚʠʝʤ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʞʝʩʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʦʙʲʝʢʪʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ.  

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʜʦʙʘʚʣʷʝʪʩʷ ʩʭʝʤʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, 

ʩʪʨʝʣʢʠ ʠ ʧʫʩʪʳʝ ʢʥʦʧʢʠ ʙʝʟ ʦʧʠʩʘʥʥʦʛʦ ʩʢʨʠʧʪʘ, ʪʝʢʩʪ ʠ ʨʘʤʢʠ ʧʦʜʩʢʘʟʦʢ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.  

Genially ï ʘʥʛʣʦʷʟʳʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʦʚ ʠ 

ʘʥʠʤʘʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʧʨʝʟʝʥʪʘʮʠʠ, 

ʠʥʬʦʛʨʘʬʠʢʫ, ʩʭʝʤʳ, ʢʚʠʟʳ, ʠʛʨʳ ʠ ʚʠʜʝʦʨʦʣʠʢʠ. ɺ Genially ʦʪʩʫʪʩʪʚʫʶʪ 

ʢʥʦʧʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʝʝ ʤʦʞʥʦ 

ʟʘʜʘʪʴ ʣʶʙʦʤʫ ʩʦʟʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ.  

ʇʝʨʚʳʡ ʵʪʘʧ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʪ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ 

ʧʣʘʪʬʦʨʤ, ʦʜʥʘʢʦ, ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ Genially, ʜʦʙʘʚʣʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʬʣʘʞʢʘ, ʧʦʜʢʣʶʯʘʶʱʝʛʦ ʦʙʲʝʢʪʫ 

ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ 

ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4 ʠ 

ʚʳʜʝʣʝʥʥʳʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʫ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʵʪʦʪ ʬʣʘʞʦʢ.  



161 

 

 

ʈʠʩʫʥʦʢ 4. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʳ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ Genially. ɿʝʣʝʥʳʤ ʚʳʜʝʣʝʥʳ ʩʪʘʪʠʯʥʳʝ 

ʦʙʲʝʢʪʳ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ 

  

ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ, ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ 

ʧʨʦʛʨʘʤʤʳ, ʧʦʷʩʥʝʥʠʷ ʢ ʰʘʛʘʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʥʝʚʠʜʠʤʳʤʠ ʠ ʧʝʨʝʥʝʩʝʥʳ ʚ ʧʦʰʘʛʦʚʫʶ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʦʢʨʫʞʥʦʩʪʷʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʩʪʨʝʣʢʘʤʠ.  ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʤ. 

  

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʇʆ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

  GeoGebra 
1ʉ: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʢʦʥʩʪʨʫʢʪʦʨ 
Genially 

ɼʠʥʘʤʠʯʝʩʢʠʝ 

ʯʝʨʪʝʞʠ ʠ 

ʤʦʜʝʣʠ 

ɼʘ ɼʘ ʅʝʪ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʥʦʧʦʢ 

ɼʘ, 

ʩʘʤʦʧʠʩʥʳʡ 

ʩʢʨʠʧʪ 

ɼʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ 

ʰʘʙʣʦʥʦʚ 

ɼʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʛʦʪʦʚʳʭ 

ʰʘʙʣʦʥʦʚ 

ʊʨʝʙʫʝʪ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʠʥʪʝʨʥʝʪʫ 

ɼʘ, ʜʣʷ ʦʥʣʘʡʥ 

ʚʝʨʩʠʠ 
ɼʘ ɼʘ 

  

ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʚ ʦʩʚʦʝʥʠʠ ʧʨʦʛʨʘʤʤʘ ï Genially, ʭʦʪʷ ʦʥʘ ʥʝ 

ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʯʝʨʪʝʞʝʡ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ. GeoGebra ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʩʣʦʞʥʦʡ ʚ 

ʦʩʚʦʝʥʠʠ, ʦʜʥʘʢʦ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʙʦʪʝ ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʝ GeoGebra Script. 

1C: ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ ʩʨʝʜʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʩʢʨʠʧʪʦʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʷʟʳʢʝ JavaScript, 

ʯʪʦ ʜʘʸʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ, 

ʪʘʢ ʠ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʡ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʇʆ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚ ʦʩʚʦʝʥʠʠ.    

ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʫʨʦʢʘʭ 

ʦʪʢʨʳʪʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʘʢʪʫʘʣʠʟʘʮʠʠ 

ʟʥʘʥʠʡ ʥʘ ʫʨʦʢʝ ʨʝʬʣʝʢʩʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ çʰʧʘʨʛʘʣʢʠè ʜʦʤʦʡ, ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʛʦʪʦʚʦʛʦ 

ʢʦʥʩʧʝʢʪʘ. 
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ɸʥʥʦʪʘʮʠʷ.  ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʩʙʦʨʥʠʢ ʧʦ 

ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʯʘʱʠʭʩʷ 7ï8 ʢʣʘʩʩʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʥʝʫʨʦʯʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʫʪʝʚʦʜʠʪʝʣʴ ʚʢʣʶʯʘʝʪ ʠʩʪʦʨʠʢʦ-

ʙʠʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʥʘʛʣʷʜʥʳʝ ʘʥʘʣʦʛʠʠ, ʧʦʰʘʛʦʚʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʤʦʜʝʣʠ ʇʫʘʥʢʘʨʝ ʚ ʢʨʫʛʝ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʛʝʦʤʝʪʨʠʡ ɽʚʢʣʠʜʘ ʠ ʃʦʙʘʯʝʚʩʢʦʛʦ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʥʘʚʳʢʦʚ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʝʩʘ ʫʯʘʱʠʭʩʷ. ʄʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʧʨʦʝʢʪʦʚ, ʚʥʝʫʨʦʯʥʳʭ ʟʘʥʷʪʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʨʫʞʢʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʩʪʘʪʴʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʫʪʝʚʦʜʠʪʝʣʷ ʢʘʢ 

ʩʨʝʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʷ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʩʙʦʨʥʠʢ, 

ʚʥʝʫʨʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʤʦʜʝʣʴ ʇʫʘʥʢʘʨʝ, 7ï8 

ʢʣʘʩʩʳ, ʧʫʪʝʚʦʜʠʪʝʣʴ. 
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visual analogies, step-by-step construction of the Poincar® disk model, interactive 

elements, and a comparative analysis of Euclidean and Lobachevsky geometries. 

Special attention is paid to the development of research skills, independence, and 

cognitive interest among students. The material can be used as a basis for projects, 

extracurricular activities, and math clubs. 

Keywords: Lobachevsky geometry, interactive guide, extracurricular 

activities, project activities, Poincar® model, grades 7-8. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʌɻʆʉ [8] ʫʯʘʱʠʤʩʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʦʥʮʝ 9 ʢʣʘʩʩʘ ʚʳʧʦʣʥʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤʳ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʟʜʘʥʠʝ 

ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʧʨʝʟʝʥʪʘʮʠʶ. ʆʜʥʘʢʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʦʜʦʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʣʞʥʘ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʧʦʜʛʦʪʦʚʢʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʨʘʥʴʰʝ (ʚ 

7-8 ʢʣʘʩʩʘʭ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʥʘʚʳʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ ʧʝʨʝʜ ʫʯʠʪʝʣʷʤʠ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʤʘʪʝʤʘʪʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʫʨʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʤʝʪʫ. ʆʜʥʘʢʦ ʧʨʠʜʫʤʘʪʴ 

ʠʥʪʝʨʝʩʥʫʶ ʪʝʤʘʪʠʢʫ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʥʘʡʪʠ ʤʘʪʝʨʠʘʣ ʜʣʷ ʝʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ï ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʠ 

ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦ ʩʪʦʨʦʥʳ ʫʯʠʪʝʣʷ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʫʪʝʚʦʜʠʪʝʣʴ ʧʦ 

ʛʝʦʤʝʪʨʠʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʜʣʷ ʫʯʘʱʠʭʩʷ 7-8 ʢʣʘʩʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʝʭ, ʢʪʦ 

ʠʥʪʝʨʝʩʫʝʪʩʷ ʤʘʪʝʤʘʪʠʢʦʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɽʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʧʨʦʜʫʢʪʘ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʳ 

ʜʣʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʚʥʝʫʨʦʯʥʦʛʦ ʟʘʥʷʪʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʙʦʨʥʠʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʦʩʥʦʚʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʩʣʦʞʥʘʷ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʧʦʜʥʦʩʠʪʩʷ ʫʯʘʱʠʤʩʷ 7-8 ʢʣʘʩʩʦʚ 

ʧʨʦʩʪʳʤ, ʧʦʥʷʪʥʳʤ ʠ ʥʘʛʣʷʜʥʳʤ ʦʙʨʘʟʦʤ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʫʨʦʯʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ 7-8 ʢʣʘʩʩʦʚ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʫʯʝʙʥʦʛʦ ʩʙʦʨʥʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʚʦʝʥʠʝ ʙʘʟʦʚʳʭ ʧʦʥʷʪʠʡ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʠ ʦʙʱʠʭ ʯʝʨʪ ʛʝʦʤʝʪʨʠʡ ɽʚʢʣʠʜʘ ʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ ʝʛʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʫʨʦʯʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʱʠʭʩʷ 7-8 ʢʣʘʩʩʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʸʪʦʤ ʚʳʜʝʣʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʨʷʜ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ: 

¶ ʀʩʪʦʨʠʢʦ-ʙʠʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʇʦʛʨʫʞʝʥʠʝ ʚ ʪʝʤʫ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʠʩʪʦʨʠʠ ʥʘʫʯʥʦʛʦ ʧʦʜʚʠʛʘ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʯʪʦ ʩʦʟʜʘʝʪ ʣʠʯʥʦʩʪʥʳʡ 

ʠʥʪʝʨʝʩ ʠ ʧʦʢʘʟʳʚʘ22ʝʪ ʥʘʫʢʫ ʢʘʢ ʞʠʚʫʶ, ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʩʠʩʪʝʤʫ; 

¶ ʇʨʝʜʤʝʪʥʘʷ ʘʥʘʣʦʛʠʷ. ʂʣʶʯʝʚʳʝ ʧʦʥʷʪʠʷ (çʜʚʫʧʦʣʦʩʪʥʳʡ 

ʛʠʧʝʨʙʦʣʦʠʜè, çʘʙʩʦʣʶʪè) ʦʙʲʷʩʥʷʶʪʩʷ ʯʝʨʝʟ ʜʦʩʪʫʧʥʳʝ ʘʥʘʣʦʛʠʠ 

(çʧʝʩʦʯʥʳʝ ʯʘʩʳè, çʛʨʘʥʠʮʘ ʢʨʫʛʘè) (ʈʠʩ. 1); 

¶ ʇʦʰʘʛʦʚʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʧʫʪʝʚʦʜʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʙʩʪʨʘʢʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ 

ʛʠʧʝʨʙʦʣʦʠʜʝ ʚ ʥʘʛʣʷʜʥʫʶ ʤʦʜʝʣʴ ʇʫʘʥʢʘʨʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʯʝʨʝʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 12 ʰʘʛʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʝʣʘʝʪ ʘʙʩʪʨʘʢʮʠʶ 

ʦʩʷʟʘʝʤʦʡ ʠ ʧʦʥʷʪʥʦʡ. 

¶ ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʙʦʣʴʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʤʥʦʛʠʝ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʯʝʨʪʝʞʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ 

ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ çʧʦʱʫʧʘʪʴè ʥʦʚʫʶ ʜʣʷ ʥʠʭ ʛʝʦʤʝʪʨʠʶ 

ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʠʩʪʠʥʥʦʩʪʠ ʧʦʚʝʩʪʚʫʝʤʳʭ ʫʪʚʝʨʞʜʝʥʠʡ. 

¶ ʅʘʛʣʷʜʥʦʩʪʴ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ ʫʯʘʱʠʭʩʷ 7-8 

ʢʣʘʩʩʦʚ ʷʚʣʷʝʪʩʷ ʥʝʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʘʙʩʪʨʘʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʧʦʵʪʦʤʫ 
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ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʚʦʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʢʘʞʜʘʷ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʣʣʶʩʪʨʘʮʠʝʡ. 

 

ʈʠʩʫʥʦʢ 1. ʈʝʘʣʴʥʘʷ ʘʥʘʣʦʛʠʷ ʜʚʫʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ 

ʉʙʦʨʥʠʢ ʩʦʩʪʦʠʪ ʠʟ 4 ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. ʇʝʨʚʘʷ ʛʣʘʚʘ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʩʝʙʷ ʥʝʙʦʣʴʰʫʶ ʠʩʪʦʨʠʯʝʩʢʫʶ ʩʧʨʘʚʢʫ ʦ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʤ ʠ ʧʫʪʠ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʸʣ ʝʛʦ ʢ ʚʝʣʠʢʦʤʫ ʦʪʢʨʳʪʠʶ [4, 5]. ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ 

ʦʧʠʩʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʛʝʦʤʝʪʨʠʷ, ʘ 

ʪʘʢʞʝ ʝʸ ʧʦʰʘʛʦʚʦʤʫ ʧʨʦʝʮʠʨʦʚʘʥʠʶ ʥʘ ʝʚʢʣʠʜʦʚʫʶ ʧʣʦʩʢʦʩʪʴ ï 

ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ ʇʫʘʥʢʘʨʝ ʚ ʢʨʫʛʝ [7]. ʇʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʫʢʘʟʘʥʥʦʡ 

ʤʦʜʝʣʠ ʠ ʥʘʣʠʯʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʰʘʛʦʚ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʠʤ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ 

çʏʪʦ ʞʝ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʜʘʣʴʰʝ?è (ʈʠʩ. 2,3). ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʚʚʦʜʷʪʩʷ 

ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ï ʪʦʯʢʘ, ʧʨʷʤʘʷ, ʣʫʯ, ʫʛʦʣ, ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʨʷʤʳʝ. ʏʝʪʚʸʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʛʫʨʝ ʣʶʙʦʡ 

ʛʝʦʤʝʪʨʠʠ ï ʪʨʝʫʛʦʣʴʥʠʢʫ ʠ ʥʝʢʦʪʦʨʳʤ ʬʘʢʪʘʤ ʦ ʥʸʤ [7]. ɿʘʢʣʶʯʝʥʠʝ ʥʝ 

ʩʦʜʝʨʞʠʪ ʚʳʚʦʜʦʚ ʧʦ ʧʨʦʡʜʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʦʥʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʤʦʪʠʚʘʮʠʶ ʫʯʘʱʠʭʩʷ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʝʨʳ ʚ ʩʝʙʷ 

ʠ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ. çɺʦʟʤʦʞʥʦ, ʩʣʝʜʫʶʱʝʝ ʚʝʣʠʢʦʝ ʦʪʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ 

ʧʝʨʝʚʝʨʥʸʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʠʨʝ, ʧʨʠʥʘʜʣʝʞʠʪ ʠʤʝʥʥʦ ʚʘʤ. ɻʣʘʚʥʦʝ 

ï ʥʝ ʙʦʷʪʴʩʷ ʜʫʤʘʪʴ ʠʥʘʯʝ, ʟʘʜʘʚʘʪʴ çʩʪʨʘʥʥʳʝè ʚʦʧʨʦʩʳ ʠ, ʢʘʢ 

ʃʦʙʘʯʝʚʩʢʠʡ, ʚʝʨʠʪʴ ʚ ʩʠʣʫ ʩʦʙʩʪʚʝʥʥʦʡ ʤʳʩʣʠè. 
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ɺ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʤʘʪʝʤʘʪʠʢʝ ʠʟʫʯʘʝʪʩʷ ɽʚʢʣʠʜʦʚʘʷ ʛʝʦʤʝʪʨʠʷ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʚʝʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʚ 3 ʛʣʘʚʝ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʚʫʭ ʛʝʦʤʝʪʨʠʡ: ʟʥʘʢʦʤʦʡ 

ʢʘʞʜʦʤʫ ʰʢʦʣʴʥʠʢʫ ʠ ʥʦʚʦʡ, ʝʱʝ ʥʝʠʟʚʝʜʘʥʥʦʡ. ɺ ʧʫʪʝʚʦʜʠʪʝʣʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘʛʣʷʜʥʘʷ ʪʘʙʣʠʮʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4 ʠ 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʝʩʪʠ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʢʩʠʦʤ 

ʛʝʦʤʝʪʨʠʠ ɽʚʢʣʠʜʘ ʠ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ (ʪʦʯʢʘ, ʧʨʷʤʘʷ, ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʨʷʤʳʝ, ʩʚʦʡʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ), ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʠ ʩʭʦʞʠʝ 

ʯʝʨʪʳ ʜʚʫʭ ʛʝʦʤʝʪʨʠʡ.  

ʂʨʦʤʝ ʦʧʠʩʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʚʦʧʨʦʩʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʘʢʪʠʚʠʟʘʮʠʠ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʙʩʫʞʜʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤʠ ʠ ʫʯʠʪʝʣʝʤ. 

ʅʘʧʨʠʤʝʨ, çʂʘʢ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʥʷʪʠʷ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ?è, çʂʘʢʠʝ 

ʧʨʠʚʳʯʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʪʘʥʦʚʷʪʩʷ ʜʨʫʛʠʤʠ ʚ ʛʝʦʤʝʪʨʠʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ?è 

 

ʈʠʩʫʥʦʢ 2. ʇʦʰʘʛʦʚʦʝ ʧʦʣʫʯʝʥʠʝ ʤʦʜʝʣʠ ʇʫʘʥʢʘʨʝ ʚ ʢʨʫʛʝ 



169 

 

 

ʈʠʩʫʥʦʢ 3. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʤʦʜʝʣʴ çɺʦ ʯʪʦ ʧʨʝʚʨʘʪʠʪʩʷ ʧʨʷʤʘʷ?è 

  

 

ʈʠʩʫʥʦʢ 4. ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ çʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ çʠʩʪʠʥʥʳʭ 

ʛʝʦʤʝʪʨʠʡè 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʫʪʝʚʦʜʠʪʝʣʴ ʧʦ ʦʩʥʦʚʘʤ ʛʝʦʤʝʪʨʠʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʩʣʫʞʠʪ ʛʦʪʦʚʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʯʘʱʠʭʩʷ, ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪ 

ʪʝʤʫ ʜʣʷ ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠʣʠ ʬʠʟʠʢʝ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʯʠʪʝʣʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʥʝʫʨʦʯʥʦʛʦ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʤʦʜʝʣʠ ʇʫʘʥʢʘʨʝ, 
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ʩʝʨʠʶ ʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʢʨʫʞʢʘ, ʜʠʜʘʢʪʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ (ʢʨʦʩʩʚʦʨʜʳ, ʢʚʠʟʳ), ʪʘʢʞʝ ʦʥ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʪʠʚʘʮʠʦʥʥʦʡ 

ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ, ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʫʪʝʚʦʜʠʪʝʣʷ ʚʚʝʜʝʤ ʨʷʜ 

ʦʧʨʝʜʝʣʝʥʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʪʨʦʠʪʴʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

çɺʥʝʫʨʦʯʥʘʷ ʨʘʙʦʪʘ ï ʵʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʜʘʛʦʛʦʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʚʦ ʚʥʝʫʨʦʯʥʦʝ ʚʨʝʤʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʮʠʘʣʠʟʘʮʠʠ ʣʠʯʥʦʩʪʠ ʨʝʙʝʥʢʘ, ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʫʛʣʫʙʣʝʥʠʷ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʨʘʟʚʠʪʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʭ 

ʠʥʪʝʨʝʩʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ, ʠ ʨʘʟʫʤʥʦʛʦ ʜʦʩʫʛʘè [6, ʩ.240]. 

çʇʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʚʤʝʩʪʥʘʷ 

ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ, ʪʚʦʨʯʝʩʢʘʷ ʠʣʠ ʠʛʨʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, 

ʠʤʝʶʱʘʷ ʦʙʱʫʶ ʮʝʣʴ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʩʧʦʩʦʙʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʙʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘè [2, c.34]. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚʳʜʝʣʠʤ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʙʦʨʥʠʢʘ ʩ ʮʝʣʴʶ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʝʢʪʥʦʡ ʠ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʱʠʭʩʷ. 

¶ ʈʘʩʰʠʨʝʥʠʝ ʠ ʫʛʣʫʙʣʝʥʠʝ ʟʥʘʥʠʡ. ʄʘʪʝʨʠʘʣ ʩʙʦʨʥʠʢ ʜʦʣʞʝʥ 

ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʩʦʜʝʨʞʘʪʴ ʥʝ 

ʧʨʦʩʪʦ ʧʦʚʝʩʪʚʦʚʘʥʠʝ ʬʘʢʪʦʚ, ʘ ʜʝʤʦʥʩʪʨʘʮʠʶ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʦʢʘʟʘʪʴ ʨʘʩʰʠʨʝʥʥʫʶ ʢʘʨʪʠʥʫ ʤʠʨʘ. 

¶ ʈʘʟʚʠʪʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʫʯʸʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʫʯʘʱʠʤʩʷ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʪʝʤʧʝ. 

¶ ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʦʟʜʘʥʠʶ ʜʠʩʢʫʩʩʠʦʥʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʝʛʦ 

ʧʦʩʪʝʧʝʥʥʦʤ ʠʟʫʯʝʥʠʠ. 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʪʠʚʠʨʫʶʱʠʭ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʫʯʝʥʠʶ 

ʪʝʤʳ ʢʦʤʧʦʥʝʥʪʦʚ. 

¶ ʉʦʛʣʘʩʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʙʦʨʥʠʢ 

ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʥʘʚʠʛʘʪʦʨʘ, ʧʦʰʘʛʦʚʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʫʯʘʱʝʛʦʩʷ ʢ ʜʦʩʪʠʞʝʥʠʶ ʢʦʥʝʯʥʦʡ ʮʝʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʫʪʝʚʦʜʠʪʝʣʴ ʧʦ 

ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʤʝʪʦʜʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʫʨʦʯʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ ʚʥʝʜʨʝʥʠʷ 

ʢʨʘʝʚʝʜʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʝʨʦʷʪʥʦʩʪʴ 

ʠ ʩʪʘʪʠʩʪʠʢʘè ʚ ʨʘʤʢʘʭ ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ 

ʟʘʜʘʯʥʠʢ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʝʰʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʟʘʜʘʯ. ɺ 
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ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʟʘʜʘʯʥʠʢʘ ʩʦʜʝʨʞʘʪʩʷ ʢʨʘʝʚʝʜʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʛ. 

ɸʨʟʘʤʘʩ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘ, ʟʘʜʘʯʥʠʢ, ʠʩʪʦʨʠʢʦ-

ʢʨʘʝʚʝʜʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

HISTORICAL AND LOCAL STUDY PROBLEMS AS A TOOL FOR 

STUDYING THE SCHOOL COURSE "PROBABILITY AND 
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Abstract. The article is devoted to the methodological aspects of introducing 

local history material into the educational process in the discipline "Probability 

and Statistics" within the framework of basic general education. A textbook is 

presented and the specifics of its use in lessons in the context of solving statistical 

and probabilistic problems are considered. The development of the textbook 

materials contains local history information about the city of Arzamas in the 

Nizhny Novgorod region. 

Keywords: probability and statistics, problem books, and historical and local 

history problems 

ʉ 1 ʩʝʥʪʷʙʨʷ 2023 ʛʦʜʘ ʚ ʈʦʩʩʠʡʩʢʠʭ ʰʢʦʣʘ ʙʳʣ ʚʚʝʜʝʥ ʧʨʝʜʤʝʪ 

çɺʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘè. ʕʪʦ ʥʦʚʦʚʚʝʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʝʨʚʫʶ 
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ʦʯʝʨʝʜʴ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʞʠʟʥʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʫʩʧʝʰʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʚ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʦʙʱʝʩʪʚʘ ʚʳʧʫʩʢʥʠʢ ʰʢʦʣʳ 

ʜʦʣʞʝʥ ʦʚʣʘʜʝʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʳʰʣʝʥʠʝʤ, ʪʦ ʝʩʪʴ ʫʤʝʪʴ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʩʠʪʫʘʮʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʩʠʪʫʘʮʠʡ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʦʩʪʴ ʧʨʦʠʩʭʦʜʷʱʠʭ ʷʚʣʝʥʠʡ ʠ 

ʚʳʜʚʠʛʘʪʴ ʛʠʧʦʪʝʟʳ ʠ ʪ.ʧ. 

ɺ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ 

ʧʨʦʧʠʩʘʥʳ ʧʨʝʜʤʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

çʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè. ɺ ʦʜʥʦʤ ʠʟ ʧʫʥʢʪʦʚ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʧʨʝʜʤʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ çʦʚʣʘʜʝʥʠʝ ʧʨʦʩʪʝʡʰʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʠ ʦ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʠʭ ʠʟʫʯʝʥʠʷ, ʦ ʧʨʦʩʪʝʡʰʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʷʭéè 

[1]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʯʠʪʝʣʶ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʧʦʜʘʚʘʥʠʝ 

ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ çɺʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘè, ʧʦʩʢʦʣʴʢʫ ʌɻʆʉ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʝ ʪʦʣʴʢʦ ʦʚʣʘʜʝʥʠʝ ʫʯʘʱʠʤʠʩʷ ʧʦʥʷʪʠʡʥʳʤ ʘʧʧʘʨʘʪʦʤ 

ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʥʦ ʠ ʫʤʝʥʠʷ ʧʨʠʤʝʥʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʥʘ 

ʧʨʘʢʪʠʢʝ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʠʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ çɺʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘè 

ʧʦʤʦʛʘʝʪ ʫʯʘʱʠʤʩʷ ʥʘʫʯʠʪʴʩʷ ʧʨʠʤʝʥʷʪʴ ʟʥʘʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʧʨʠʤʝʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʥʘʫʯʠʪʴʩʷ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʚ ʩʬʝʨʝ ʢʨʝʜʠʪʦʚʘʥʠʷ ʠ ʩʪʨʘʭʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʷʜʝ ʩʦʮʠʘʣʴʥʳʭ 

ʦʧʨʦʩʦʚ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʘ çʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘè ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʳʚʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢ ʧʨʠʤʝʨʫ, ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʜʦʭʦʜʘʤʠ ʠʣʠ ʩʝʟʦʥʥʦʩʪʴʶ ʠ ʨʘʩʭʦʜʘʤʠ. ʊʝʤ ʩʘʤʳʤ ʟʥʘʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʚʦ 
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ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʳ ʤʦʞʥʦ ʘʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʠʟʫʯʝʥʠʝ 

ʜʨʫʛʠʭ ʧʨʝʜʤʝʪʦʚ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʰʢʦʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ʚʳʟʳʚʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʫ ʫʯʘʱʠʭʩʷ ʚ ʩʚʷʟʠ ʩ ʨʷʜʦʤ ʧʨʠʯʠʥ. ʆʜʥʘʢʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʟʘʜʘʯ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʩʪʦʨʠʢʦ-ʢʨʘʝʚʝʜʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʥʠʢʘʤ ʦʩʤʳʩʣʝʥʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠʟʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʯʝʨʝʟ ʧʨʠʟʤʫ 

ʨʦʜʥʦʛʦ ʢʨʘʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʠʥʪʝʨʝʩʘ ʢ 

ʤʘʪʝʤʘʪʠʢʝ ʠ ʨʘʟʚʠʪʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʫʨʦʢʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʠʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʨʦʜʥʦʛʦ ʢʨʘʷ ʦʙʦʛʘʱʘʝʪ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʧʦʤʦʛʘʝʪ ʜʝʪʷʤ ʣʫʯʰʝ ʦʩʦʟʥʘʚʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʠʟʫʯʘʝʤʳʭ 

ʧʨʝʜʤʝʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʝʪ ʚʦʩʧʠʪʘʪʝʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

ɸʨʟʘʤʘʩ ï ʛʦʨʦʜ ʩ ʙʦʛʘʪʦʡ ʠʩʪʦʨʠʝʡ ʠ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ, 

ʦʙʣʘʜʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦʤ ʠʥʪʝʨʝʩʥʳʭ ʤʝʩʪ ʠ ʧʘʤʷʪʥʳʭ ʜʘʪ. ʀʤʝʥʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʝʛʦ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʟʘʜʘʯʥʠʢ ʠ ʨʝʰʝʥʠʷ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʧʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ çɺʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘè ʧʦ 

ʫʯʝʙʥʦʤʫ ʧʦʩʦʙʠʶ ʀ.ʈ. ɺʳʩʦʮʢʦʛʦ ʜʣʷ 7-9 ʢʣʘʩʩʦʚ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʟʘʜʘʯʠ ʩ ʠʩʪʦʨʠʢʦ-ʢʨʘʝʚʝʜʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʠʟʫʯʝʥʠʷ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ çɺʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘè ʚ 

ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʘ çʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭè ʧʦ ʪʝʤʝ çʂʨʫʛʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳè ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʜʘʯʝʡ 1. ʉ ʝʝ ʧʦʤʦʱʴʶ ʫʯʘʱʠʝʩʷ 

ʤʦʛʫʪ ʦʪʨʘʙʦʪʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʟʥʘʥʠʷ ʠ ʠʟʚʣʝʯʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ 

ʠʟ ʪʘʙʣʠʮʳ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʝ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. 

ʕʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʫʨʦʢʘ, ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʤʦʪʠʚʘʮʠʠ ʢ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʧʨʠ 

ʧʝʨʚʠʯʥʦʡ ʦʪʨʘʙʦʪʢʠ ʥʦʚʳʭ ʟʥʘʥʠʡ. 
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ɿʘʜʘʯʘ 1. ɺ ʛʦʨʦʜʝ ɸʨʟʘʤʘʩʝ ʚ 1737 ʛʦʜʫ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʜʚʦʨʦʚ 1131, ʘ 

ʞʠʪʝʣʝʡ ʚ ʥʠʭ, ʢʨʦʤʝ ʤʦʥʘʰʝʩʪʚʫʶʱʠʭ, 6767 ʯʝʣʦʚʝʢ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʦʪʨʘʞʝʥʳ ʜʘʥʥʳʝ ʦ ʨʝʣʠʛʠʦʟʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʨʟʘʤʘʩʮʝʚ ʠ ʞʠʪʝʣʝʡ 

ɸʨʟʘʤʘʩʩʢʦʛʦ ʫʝʟʜʘ ʚ ʢʦʥʮʝ 1850 ʛ. 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʦʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩʳ: 1) ʢʦʛʦ ʩʨʝʜʠ ʩʪʘʨʦʦʙʨʷʜʮʝʚ 

ʚ ʛʦʨʦʜʝ ɸʨʟʘʤʘʩʝ ʙʳʣʦ ʙʦʣʴʰʝ ʞʝʥʱʠʥ ʠʣʠ ʤʫʞʯʠʥ? 2) ʂ ʢʘʢʦʡ ʨʝʣʠʛʠʠ 

ʧʨʠʥʘʜʣʝʞʠʪ ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ? 3) ʅʘʡʜʠʪʝ ʜʦʣʶ ʞʠʪʝʣʝʡ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʧʨʘʚʦʩʣʘʚʥʦʡ ʨʝʣʠʛʠʠ ʚ ɸʨʟʘʤʘʩʝ ʚ ʧʨʦʮʝʥʪʘʭ. ʆʪʚʝʪ 

ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʝʩʷʪʳʭ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʪʝ ʢʨʫʛʦʚʫʶ ʜʠʘʛʨʘʤʤʫ.  

 

ʈʠʩʫʥʦʢ 1. ʈʝʣʠʛʠʦʟʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʘʨʟʘʤʘʩʮʝʚ ʠ ʞʠʪʝʣʝʡ 

ɸʨʟʘʤʘʩʩʢʦʛʦ ʫʝʟʜʘ ʚ ʢʦʥʮʝ 1850 ʛʦʜʦʚ 

ʆʪʚʝʪʳ: 1) ʤʫʞʯʠʥʳ; 2) ʧʨʘʚʦʩʣʘʚʥʳʝ; 3) 98%, ʢʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2. ɼʦʣʷ ʞʠʪʝʣʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʧʨʘʚʦʩʣʘʚʥʦʡ ʨʝʣʠʛʠʠ ʚ 

ɸʨʟʘʤʘʩʝ ʚ ʧʨʦʮʝʥʪʘʭ ʚ ʢʦʥʮʝ 1850 ʛʦʜʦʚ 
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ʈʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ çʆʧʠʩʘʪʝʣʴʥʘʷ 

ʩʪʘʪʠʩʪʠʢʘè ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤʳ çʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝè. ʕʪʘ ʟʘʜʘʯʘ 

ʪʨʝʙʫʝʪ ʦʪ ʫʯʘʱʠʭʩʷ ʫʩʪʦʡʯʠʚʳʭ ʟʥʘʥʠʡ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ 

ʧʨʝʜʣʦʞʠʪʴ ʝʝ ʢ ʨʝʰʝʥʠʶ ʥʘ ʫʨʦʢʝ ʟʘʢʨʝʧʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ. 

ɿʘʜʘʯʘ 2. ɺ ɸʨʟʘʤʘʩʝ ʨʘʩʧʦʣʘʛʘʣʩʷ ɸʨʟʘʤʘʩʩʢʠʡ ɸʣʝʢʩʝʝʚʩʢʠʡ 

ʅʦʚʦʜʝʚʠʯʠʡ ʞʝʥʩʢʠʡ ʤʦʥʘʩʪʳʨʴ. ʆʥ ʙʳʣ ʦʩʥʦʚʘʥ ʧʦ ʧʨʠʢʘʟʫ ʮʘʨʷ 

ʄʠʭʘʠʣʘ ʈʦʤʘʥʦʚʘ ʚ ʯʝʩʪʴ ʨʦʞʜʝʥʠʷ ʝʛʦ ʩʳʥʘ ɸʣʝʢʩʝʷ. ʄʦʥʘʩʪʳʨʴ ʥʝ ʠʤʝʣ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʩʫʱʝʩʪʚʦʚʘʣ ʙʣʘʛʦʜʘʨʷ 

ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʩʪʠ ʠ ʩʦʙʩʪʚʝʥʥʦʤʫ ʪʨʫʜʫ. ʋʯʝʪ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʝʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʭʦʜʥʦ-ʨʘʩʭʦʜʥʳʭ ʢʥʠʛ. ɺ ʟʘʧʠʩʷʭ 

ʨʘʩʭʦʜʥʦʡ ʢʥʠʛʠ (ʨʠʩ. 3) ʩʦ ʚʨʝʤʝʥʝʤ ʙʳʣʠ ʩʪʝʨʪʳ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ. 

ʅʘʡʜʠʪʝ ʠʭ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʩʭʦʜʘ ʨʳʙʳ 

ʘʩʩʠʛʥʘʮʠʷʤʠ ʩʦʩʪʘʚʠʣʦ 349,58 ʨʫʙʣʝʡ. 

 

ʈʠʩʫʥʦʢ 3. ʆʪʨʳʚʦʢ ʟʘʧʠʩʠ ʠʟ ʢʥʠʛʠ ʨʘʩʭʦʜʦʚ ʧʦ ɸʣʝʢʩʝʝʚʩʢʦʡ 

ʦʙʱʠʥʝ ʟʘ 1817 ʛʦʜ 

ʈʝʰʝʥʠʝ: ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʜʝʥʝʞʥʳʝ 

ʚʝʣʠʯʠʥʳ ʚ ʜʝʩʷʪʠʯʥʳʝ ʜʨʦʙʠ. ʆʙʦʟʥʘʯʠʤ ʨʘʩʭʦʜ ʨʳʙʳ ʩʫʜʘʢʦʚ ʚ ʨʫʙʣʷʭ ʟʘ 

. ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʥʘʭʦʞʜʝʥʠʷ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʧʦʜʩʪʘʚʠʤ 



178 

 

ʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ: 

. 

ʇʨʦʚʝʜʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘʭʦʜʠʤ, ʯʪʦ (ʨʫʙ.) 

ʆʪʚʝʪ: ʨʫʙʣʷ ʠʣʠ 44 ʨʫʙʣʷ 50 ʢʦʧʝʝʢ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʳ çɺʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʡè ʠʟ ʨʘʟʜʝʣʘ çʉʣʫʯʘʡʥʳʝ 

ʦʧʳʪʳ ʠ ʩʣʫʯʘʡʥʳʝ ʩʦʙʳʪʠʷè ʧʨʝʜʣʦʞʝʥʘ ʟʘʜʘʯʘ ʧʦʜ ʥʦʤʝʨʦʤ ʪʨʠ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʘ ʵʪʘʧʝ ʤʦʪʠʚʘʮʠʠ ʥʘ ʫʯʝʙʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ɿʘʜʘʯʘ 3. ʆʩʥʦʚʘʥʠʝ ɸʨʟʘʤʘʩʘ ʥʘʨʦʜʥʳʤ ʧʨʝʜʘʥʠʝʤ ʩʚʷʟʳʚʘʝʪʩʷ 

ʠʤʝʥʥʦ ʩ ʧʦʩʣʝʜʥʠʤ ʢʘʟʘʥʩʢʠʤ ʧʦʭʦʜʦʤ ʀʚʘʥʘ IV, ʯʪʦ ʚ ʢʦʥʮʝ XVIII ʚ. 

ʟʘʬʠʢʩʠʨʦʚʘʣ ʘʨʟʘʤʘʩʩʢʠʡ ʞʠʪʝʣʴ ʇ. ʄʝʨʣʫʰʢʠʥ. ʉʦʛʣʘʩʥʦ ʝʤʫ, ʮʘʨʴ ʀʚʘʥ 

ɺʘʩʠʣʴʝʚʠʯ ɻʨʦʟʥʳʡ ʣʝʪʦʤ 1552 ʛʦʜʘ, ʠʜʷ ʩ ʚʦʡʩʢʦʤ ʧʦʜ ʂʘʟʘʥʴ, ʜʦʩʪʠʛ 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʜʨʝʤʫʯʠʭ ʣʝʩʘʭ ʥʘ ʙʝʨʝʛʫ ʊʝʰʠ ʙʦʣʴʰʦʛʦ ʤʦʨʜʦʚʩʢʦʛʦ 

ʧʦʩʝʣʝʥʠʷ. ɾʠʪʝʣʠ ʩʦ ʩʚʦʠʤʠ ʧʨʝʜʚʦʜʠʪʝʣʷʤʠ ʙʨʘʪʴʷʤʠ ɸʨʟʘʝʤ ʠ ʄʘʩʘʝʤ 

ʚʩʪʨʝʪʠʣʠ ʮʘʨʷ ʩ ʧʦʢʦʨʥʦʩʪʴʶ ʠ ʜʘʨʘʤʠ. ʎʘʨʴ ʦʙʲʷʚʠʣ ʩʚʦʶ ʚʦʣʶ: ʟʘʣʦʞʠʪʴ 

ʟʜʝʩʴ ʛʦʨʦʜ. ʅʦ ʵʪʦ ʧʨʝʜʘʥʠʝ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʠʭ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ 

ʧʦʜʪʚʝʨʞʜʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʝʱʝ ʪʨʠ ʚʝʨʩʠʠ ʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʥʘʟʚʘʥʠʷ ʛʦʨʦʜʘ ɸʨʟʘʤʘʩ. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʩʚʝʜʝʥʠʷ ʦʜʥʦʡ ʠʟ ʣʝʛʝʥʜ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʘʣʴʥʳʭ ʩʦʙʳʪʠʷʭ, ʩʯʠʪʘʷ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳʤ ʚʳʙʦʨ. 

ʈʝʰʝʥʠʝ: ʚ ʟʘʜʘʯʝ ʠʜʝʪ ʨʝʯʴ ʦ ʯʝʪʳʨʝʭ ʣʝʛʝʥʜʘʭ. ʊʘʢ ʢʘʢ ʩʦʙʳʪʠʷ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳʝ ʠʩʧʦʣʴʟʫʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʦʨʤʫʣʫ: . 

ʆʪʚʝʪ: 0,25. 

ɿʘʜʘʯʠ ʩ ʢʨʘʝʚʝʜʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʣʘʛʘʪʴ 

ʫʯʘʱʠʤʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ. ɺʢʣʶʯʝʥʠʝ ʠʭ ʚ ʩʦʜʝʨʞʘʥʠʝ ʫʨʦʢʘ ʧʦʚʳʰʘʝʪ 

ʠʥʪʝʨʝʩ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʩʨʝʜʠ ʫʯʝʥʠʢʦʚ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʘʪʝʨʠʘʣ ʦ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ɸʨʟʘʤʘʩʝ 
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ʧʠʩʘʪʝʣʷʭ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʦʪʨʘʙʦʪʘʪʴ ʥʘʚʳʢʠ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʧʦ ʪʝʤʝ çɼʝʨʝʚʦ ʩʣʫʯʘʡʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘè ʠʟ ʨʘʟʜʝʣʘ çɼʝʨʝʚʴʷè. 

ɿʘʜʘʯʘ 4. ɺ ɸʨʟʘʤʘʩʝ ʧʦʙʳʚʘʣʠ ʠ ʨʘʙʦʪʘʣʠ ʤʥʦʛʠʝ ʧʠʩʘʪʝʣʠ. 

ʃ.ʅ. ʊʦʣʩʪʦʡ, ɺ.ɻ. ʂʦʨʦʣʝʥʢʦ ʦʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʛʦʨʦʜʝ ʧʨʦʝʟʜʦʤ. ɺ 1902 

ʛʦʜʫ ʚ ɸʨʟʘʤʘʩ ʩʩʳʣʘʶʪ ʄ. ɻʦʨʴʢʦʛʦ. ɸʨʟʘʤʘʩʩʢʠʝ ʚʧʝʯʘʪʣʝʥʠʷ ʣʝʛʣʠ ʚ 

ʦʩʥʦʚʫ ʝʛʦ ʨʘʩʩʢʘʟʦʚ çɻʦʨʦʜʦʢè, çʂʘʢ ʩʣʦʞʠʣʠ ʧʝʩʥʶè. ʉʚʦʠ ʜʝʪʩʢʠʝ ʛʦʜʳ 

ʚ ɸʨʟʘʤʘʩʝ ʧʨʦʚʝʣ ɸ.ʇ. ɻʘʡʜʘʨ. ɾʠʟʥʴ ʚ ʛʦʨʦʜʝ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ ʝʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷʭ çʐʢʦʣʘè ʠ çɻʦʣʫʙʘʷ ʯʘʰʢʘè. ɺʳ ʨʝʰʘʝʪʝ ʧʦʜʨʦʙʥʝʝ ʠʟʫʯʠʪʴ 

ʙʠʦʛʨʘʬʠʶ ʧʠʩʘʪʝʣʝʡ ʦ ʪʦʤ, ʢʘʢ ʩʚʷʟʘʥʘ ʠʭ ʞʠʟʥʴ ʩ ʛʦʨʦʜʦʤ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʳ ʨʝʰʘʝʪʝ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʙʠʦʛʨʘʬʠʝʡ ɸ.ʇ. ɻʘʡʜʘʨʘ, ʘ ʧʦʪʦʤ 

ʚʳʙʠʨʘʝʪʝ ʧʠʩʘʪʝʣʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʆʧʨʝʜʝʣʠʪʝ ʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ 

ʚʘʨʠʘʥʪʦʚ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ.  

ʈʝʰʝʥʠʝ: ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʠʟʦʙʨʘʟʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʚʘʨʠʘʥʪʦʚ 

(ʨʠʩ. 4). 

 

ʈʠʩʫʥʦʢ 4. ɼʝʨʝʚʦ ʚʘʨʠʘʥʪʦʚ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ɺ ʟʘʜʘʯʝ ʧʷʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʤʝ çʇʝʨʝʩʪʘʥʦʚʢʠ. 

ʌʘʢʪʦʨʠʘʣè ʠʟ ʨʘʟʜʝʣʘ çʕʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʪʦʨʠʢʠè. ʇʨʝʜʣʘʛʘʪʴ ʢ ʨʝʰʝʥʠʶ 

ʤʦʞʥʦ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʪʨʘʙʦʪʢʝ ʥʦʚʳʭ ʟʥʘʥʠʡ. 

ɿʘʜʘʯʘ 5. ʅʘ ʢʘʨʪʝ ʛʦʨʦʜʘ ʦʪʤʝʯʝʥʳ 4 ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʛʦʨʦʜʘ 

ɸʨʟʘʤʘʩʘ (ʨʠʩ. 5), ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʧʦʩʝʪʠʪʴ ʪʫʨʠʩʪʘʤ. 
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ʈʠʩʫʥʦʢ 5. ʂʘʨʪʘ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʛʦʨʦʜʘ 

ʅʘ ʢʘʨʪʝ ʮʠʬʨʘʤʠ ʦʪʤʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ:  

1 ï ʎʝʨʢʦʚʴ ʠʢʦʥʳ ɹʦʞʠʝʡ ʄʘʪʝʨʠ ɾʠʚʦʥʦʩʥʳʡ ʀʩʪʦʯʥʠʢ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʚʦʟʚʝʜʝʥʘ ʚ ʢʦʥʮʝ 18 ʚʝʢʘ, ʛʜʝ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʧʨʠʥʦʩʠʣʠ ʥʘ 

ʩʦʭʨʘʥʝʥʠʝ ʛʣʘʚʥʳʝ ʠʢʦʥʳ ʩʦʙʦʨʘ. 

2 ï ɿʥʘʤʝʥʠʪʳʡ ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʩʦʙʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʩʦʙʦʨʥʦʡ 

ʧʣʦʱʘʜʠ. 

3 ï ʄʫʟʝʡ ʨʫʩʩʢʦʛʦ ʧʘʪʨʠʘʨʰʝʩʪʚʘ, ʟʜʘʥʠʝ ʙʳʚʰʝʡ ʨʘʪʫʰʠ. 

4 ï ʅʠʢʦʣʘʝʚʩʢʠʡ ʞʝʥʩʢʠʡ ʤʦʥʘʩʪʳʨʴ, ʦʩʥʦʚʘʥʥʳʡ ʚ 1580 ʛʦʜʫ ʚ 

ʧʨʘʚʣʝʥʠʝ ʎʘʨʷ ʀʦʘʥʥʘ ɻʨʦʟʥʦʛʦ. 

ʆʧʨʝʜʝʣʠʪʝ ʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʨʰʨʫʪʦʚ ʠʭ ʧʦʩʝʱʝʥʠʷ, ʝʩʣʠ 

ʪʫʨʠʩʪʳ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ.  

ʈʝʰʝʥʠʝ: ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʚʦʡʩʪʚʦʤ çʯʠʩʣʦ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʨʝʜʤʝʪʦʚ 

ʨʘʚʥʦ è [2]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ ʤʦʞʥʦ ʥʘʡʪʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʤʘʨʰʨʫʪʘ. 

ʆʪʚʝʪ: 24 ʤʘʨʰʨʫʪʘ. 

ʂʘʞʜʳʡ ʪʠʧ ʟʘʜʘʯ, ʠʟʣʦʞʝʥʥʳʡ ʚ ʟʘʜʘʯʥʠʢʝ, ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ: 

¶ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 
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¶ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ 

ʩʦʙʳʪʠʡ, 

¶ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ.ʜ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʫʨʦʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʟʘʜʘʯʠ ʩ ʠʩʪʦʨʠʢʦ-

ʢʨʘʝʚʝʜʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʣʞʥʳ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʜʦʩʪʦʚʝʨʥʳʭ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʦʟʨʘʩʪʫ ʫʯʝʥʠʢʦʚ. ʊʘʢʞʝ 

ʠʥʪʝʛʨʘʮʠʷ ʢʨʘʝʚʝʜʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʢʠ ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʠʩʪʝʤʥʦʡ ʭʘʨʘʢʪʝʨ, 

ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʪʘʢʦʡ ʬʦʨʤʝ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʠ 

ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ. 

ʋʯʠʪʝʣʴ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʚʩʝʤʫ ʢʣʘʩʩʫ ʩʦʟʜʘʪʴ ʩʚʦʡ ʙʘʥʢ 

ʢʨʘʝʚʝʜʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʜʘʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʞʘʝʚ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʯʘʱʠʝʩʷ ʟʥʘʢʦʤʠʪʩʷ ʩ ʥʦʚʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦ ʩʦʙʳʪʠʷʭ 

ʤʘʣʦʡ ʈʦʜʠʥʳ, ʟʥʘʤʝʥʠʪʳʤʠ ʣʶʜʴʤʠ ʠ ʧʘʤʷʪʥʠʢʘʤʠ. ʈʘʟʚʠʚʘʶʪ 

ʪʚʦʨʯʝʩʢʦʝ, ʣʦʛʠʯʝʩʢʦʝ, ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʷ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʫʯʠʪʝʣʴ 

ʨʘʩʰʠʨʷʝʪ ʢʨʫʛʦʟʦʨ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ, ʥʦ ʠ ʩʚʦʡ ʢʨʫʛʦʟʦʨ ʚ ʪʦʤ 

ʯʠʩʣʝ.  

ɿʘʜʘʯʠ ʘʢʪʠʚʠʟʠʨʫʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʧʨʘʚʣʷʶʪ ʠʭ ʥʘ ʧʦʠʩʢ 

ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʟʚʠʚʘʶʪʩʷ ʫʯʝʙʥʳʝ ʫʤʝʥʠʷ. 

ʇʦʤʠʤʦ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʪʘʢʠʝ ʟʘʜʘʥʠʷ ʧʦʤʦʛʘʝʪ ʚʦʩʧʠʪʘʪʴ 

ʧʘʪʨʠʦʪʠʯʝʩʢʠʝ ʯʫʚʩʪʚʘ, ʠʩʪʦʨʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ ʠ ʩʦʮʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʨʝʜʠ ʫʯʘʱʠʭʩʷ. ʊʝʤ ʩʘʤʳʤ ʫʯʠʪʝʣʴ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʦʩʧʠʪʘʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ ʯʝʨʝʟ ʘʢʪʠʚʥʫʶ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʟʚʦʣʷʪ ʧʝʜʘʛʦʛʘʤ ʩʦʟʜʘʚʘʪʴ ʫʯʝʙʥʳʝ 

ʟʘʜʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʘ 

çɺʝʨʦʷʪʥʦʩʪʴ ʠ ʩʪʘʪʠʩʪʠʢʘè. ɿʘʜʘʯʥʠʢ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʫʯʠʪʝʣʷʤ ʤʘʪʝʤʘʪʠʢʠ, 
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ʩʪʫʜʝʥʪʘʤ ʠ ʫʯʘʱʠʤʩʷ, ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʤʘʪʝʤʘʪʠʢʦʡ ʠ ʠʩʪʦʨʠʝʡ ʨʦʜʥʦʛʦ 

ʢʨʘʷ. 
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ʄɽʊʆɼʀʂɸ ʇʈɽʇʆɼɸɺɸʅʀʗ ʕʃɽʄɽʅʊʆɺ 

ʂʈʀʇʊʆɻʈɸʌʀʀ ʐʂʆʃʔʅʀʂɸʄ ɺ ʈɸʄʂɸʍ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʂʈʋɾʂɸ  

ʂʝʣʝʭʩʘʝʚʘ ʅ.ʉ 

ʈʦʩʩʠʷ, ʛ. ʀʞʝʚʩʢ 

ʋʜʤʫʨʪʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ 

ʤʘʪʝʤʘʪʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʠʟʠʢʠ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ. ʬ.ī ʤ., ʜʦʮʝʥʪ ʃʘʪʳʧʦʚʘ ʅ.ɺ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʚʪʦʨʩʢʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʦʩʥʦʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʰʢʦʣʴʥʠʢʘʤ 5ī7 ʢʣʘʩʩʦʚ ʚ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʢʨʫʞʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʮʝʥʘʨʠʡ ʫʨʦʢʘ ʧʦ ʪʝʤʝ çʂʨʠʧʪʦʛʨʘʬʠʷ ʚ ʉʨʝʜʥʠʝ 

ʚʝʢʘ ʠ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷè ʩ ʜʝʪʘʣʴʥʳʤ ʨʘʟʙʦʨʦʤ ʠʟʫʯʝʥʠʷ ʰʠʬʨʘ 

https://arz.unn.ru/pdf/2016/ap/histArz.pdf
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ɺʠʞʝʥʝʨʘ, ʤʝʪʦʜʘʤʠ ʝʛʦ ʚʟʣʦʤʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʛʨʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʧʪʦʛʨʘʬʠʷ, ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʨʫʞʦʢ, ʰʠʬʨ ɺʠʞʝʥʝʨʘ. 

METHODS OF TEACHING  CRYPTOGRAPHY  ELEMENTS TO 

SCHOOLCHILDREN  IN THE FRAMEWORK OF A 

MATHEMATICAL  CIRCLE  

Kelekhsaeva N.S. 

Russia, Izhevsk 

Udmurt State University 

Scientific supervisor: Ph.D., Associate Professor Latypova N.V. 

Abstract. The article presents the author&apos;s methodology for teaching 

the basics of cryptography to schoolchildren in grades 5ī7 within the framework 

of a mathematical circle. The scenario of the lesson on the 

topic "Cryptography in the Middle Ages and the Renaissance" is considered with 

a detailed analysis of the study of the Vigener cipher , methods of cracking it 

and using the game to consolidate the studied material. 

Keywords: cryptography, teaching methods, mathematical circle, 

Vigener cipher. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʢʨʠʧʪʦʛʨʘʬʠʶ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʥʦ ʫʨʦʚʝʥʴ ʧʦʥʠʤʘʥʠʷ ʵʪʠʭ 

ʦʩʥʦʚ ʩʨʝʜʠ ʰʢʦʣʴʥʠʢʦʚ ʦʩʪʘʝʪʩʷ ʥʠʟʢʠʤ. ʂʨʠʧʪʦʛʨʘʬʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʀʀ-ʩʠʩʪʝʤ, ʘ ʝʝ ʠʟʫʯʝʥʠʝ ʚ 

ʰʢʦʣʝ ʤʦʞʝʪ ʩʪʘʪʴ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʩʧʝʮʠʘʣʠʩʪʘʭ 

ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʚ ʰʢʦʣʴʥʳʡ ʢʫʨʩ 
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ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ʦʩʥʦʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʚʳʙʦʨ ʧʨʦʬʝʩʩʠʠ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ 1 ʤʝʩʷʮ ʦʙʫʯʝʥʠʷ ʧʦ ʦʜʥʦʤʫ ʯʘʩʫ ʚ 

ʥʝʜʝʣʶ.  

ʇʣʘʥ ʢʫʨʩʘ: ɺʚʝʜʝʥʠʝ ʚ ʢʨʠʧʪʦʛʨʘʬʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ. 

ʎʝʣʠ ʢʫʨʩʘ: 

1. ʇʦʟʥʘʢʦʤʠʪʴ ʩ ʙʘʟʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʝʸ 

ʨʦʣʴʶ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 

2. ʅʘʫʯʠʪʴ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʘʨʠʬʤʝʪʠʢʘ, 

ʘʣʛʝʙʨʘ) ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

3. ʈʘʟʚʠʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʯʝʨʝʟ ʨʝʰʝʥʠʝ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɿʘʥʷʪʠʝ 1: ɺʚʝʜʝʥʠʝ ʚ ʢʨʠʧʪʦʛʨʘʬʠʶ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʰʠʬʨʳ. 

 ʋʯʘʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ ʩ ʙʘʟʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ (ʰʠʬʨʦʚʘʥʠʝ, ʜʝʰʠʬʨʦʚʘʥʠʝ, 

ʢʣʶʯ) ʥʘ ʧʨʠʤʝʨʝ ʰʠʬʨʦʚ ʎʝʟʘʨʷ ʠ ɸʪʘʙʘʰ ([2; c. 12-16]). ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʢʦʜʠʨʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʧʦʧʳʪʢʫ ʚʟʣʦʤʘ 

ʧʨʦʩʪʳʭ ʰʠʬʨʦʚ ʩ ʧʦʤʦʱʴʶ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɿʘʥʷʪʠʝ ʧʨʦʭʦʜʠʪ ʚ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʬʦʨʤʝ, ʚʢʣʶʯʘʷ ʠʛʨʫ çʐʠʬʨʦʚʘʣʴʱʠʢʠè. 

ɿʘʥʷʪʠʝ 2: ʂʨʠʧʪʦʛʨʘʬʠʷ ʚ ʉʨʝʜʥʠʝ ʚʝʢʘ ʠ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷ. 

ʎʝʣʴ ʟʘʥʷʪʠʷ: ʇʦʟʥʘʢʦʤʠʪʴ ʫʯʘʱʠʭʩʷ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʉʨʝʜʥʠʝ ʚʝʢʘ ʠ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷ. 

ʅʘʫʯʠʪʴ ʧʨʠʤʝʥʷʪʴ ʰʠʬʨ ɺʠʞʝʥʝʨʘ ʠ ʧʦʥʠʤʘʪʴ ʝʛʦ ʫʷʟʚʠʤʦʩʪʠ. 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʤʘʪʝʨʠʘʣʳ: ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ ʧʦʪʨʝʙʫʝʪʩʷ 

ʧʨʦʝʢʪʦʨ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʪʘʙʣʠʮʳ ɺʠʞʝʥʝʨʘ (ʨʠʩ. 1), ʨʘʟʜʘʪʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʘʣʬʘʚʠʪʥʳʤʠ ʪʘʙʣʠʮʘʤʠ ʠ ʯʠʩʣʦʚʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʙʫʢʚ, ʘ 

ʪʘʢʞʝ ʢʘʨʪʦʯʢʠ ʩ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʪʝʢʩʪʘʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʥʦ 
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ʧʦʜʛʦʪʦʚʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʬʨʦʚ ʚ 

ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʧʠʩʢʝ. 

 

ʈʠʩʫʥʦʢ 1. ʊʘʙʣʠʮʘ ɺʠʞʝʥʝʨʘ 

ʍʦʜ ʟʘʥʷʪʠʷ: 

1. ʐʠʬʨ ɺʠʞʝʥʝʨʘ  

ʋʯʠʪʝʣʴ ʨʘʩʩʢʘʟʳʚʘʝʪ ʦʙ ʠʩʪʦʨʠʠ ʰʠʬʨʘ ɺʠʞʝʥʝʨʘ, ʢʦʪʦʨʳʡ ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʩʯʠʪʘʣʩʷ ʥʝʨʘʟʨʫʰʠʤʳʤ. ʆʙʲʷʩʥʷʝʪʩʷ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ ʜʣʷ ʩʜʚʠʛʘ ʙʫʢʚ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ.  

ʐʠʬʨ ɺʠʞʝʥʝʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ XVI ʚʝʢʝ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʨʘʥʥʠʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʜʝʡ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʩʷ ʘʙʩʦʣʶʪʥʦ ʥʘʜʝʞʥʳʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʟʘʱʠʪʳ ʚʘʞʥʝʡʰʝʡ ʜʠʧʣʦʤʘʪʠʯʝʩʢʦʡ ʠ ʚʦʝʥʥʦʡ 

ʧʝʨʝʧʠʩʢʠ ([2; ʩ. 45]).  ɽʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʠʘʣʬʘʚʠʪʥʦʤ 

ʧʨʠʥʮʠʧʝ: ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʦʛʦ ʰʠʬʨʘ ʎʝʟʘʨʷ, ʛʜʝ ʚʩʝ ʙʫʢʚʳ ʩʜʚʠʛʘʶʪʩʷ 

ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ, ʟʜʝʩʴ ʢʘʞʜʘʷ ʙʫʢʚʘ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʩʜʚʠʛʘʣʘʩʴ 

ʥʘ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʮʠʡ ʩʦʛʣʘʩʥʦ ʙʫʢʚʘʤ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ. ʅʘʧʨʠʤʝʨ, 
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ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʣʦʚʘ "ʄɸʊɽʄɸʊʀʂɸ" ʩ ʢʣʶʯʦʤ "ɿɸɼɸʏɸ" ʩʥʘʯʘʣʘ 

ʧʦʚʪʦʨʷʣʠ ʢʣʶʯ ʜʦ ʜʣʠʥʳ ʩʦʦʙʱʝʥʠʷ ("ɿɸɼɸʏɸɿɸɼ"), ʟʘʪʝʤ ʢʘʞʜʘʷ ʙʫʢʚʘ 

ʪʝʢʩʪʘ ʩʜʚʠʛʘʣʘʩʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʮʠʡ ʘʣʬʘʚʠʪʘ 

(ʄ+ɿ=ʁ, ɸ+ɸ=ɸ ʠ ʪ.ʜ.), ʧʦʣʫʯʘʷ ʟʘʰʠʬʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ 

"ʁɸʍɽʒʏɼʁɸ". ʀʤʝʥʥʦ ʵʪʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʘʚʠʣ ʟʘʤʝʥʳ ʜʝʣʘʣʘ ʰʠʬʨ 

ʫʩʪʦʡʯʠʚʳʤ ʢ ʯʘʩʪʦʪʥʦʤʫ ʘʥʘʣʠʟʫ, ʧʦʢʘ ʚ XIX ʚʝʢʝ ʥʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʂʘʟʠʩʢʠ ʠ ɹʵʙʙʠʜʞʘ, ʦʙʥʘʨʫʞʠʚʰʠʝ ʫʷʟʚʠʤʦʩʪʠ ʚ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʧʘʪʪʝʨʥʘʭ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ ([6; ʩ. 67]). ʍʦʪʷ ʩʝʛʦʜʥʷ ʵʪʦʪ ʰʠʬʨ 

ʫʩʪʘʨʝʣ, ʦʥ ʩʪʘʣ ʚʘʞʥʦʡ ʚʝʭʦʡ ʚ ʨʘʟʚʠʪʠʠ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʢʘʢ 

ʩʠʣʫ ʧʦʣʠʘʣʬʘʚʠʪʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʚʘʞʥʦʩʪʴ ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ. 

ɿʘʪʝʤ ʫʯʝʥʠʢʠ ʚʳʧʦʣʥʷʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ: ʟʘʰʠʬʨʦʚʳʚʘʶʪ 

ʩʣʦʚʦ "ɿɸɼɸʏɸ" ʩ ʢʣʶʯʦʤ "ʈʋʏʂɸ". 

ɸ=0, ɹ=1, ɺ=2, ɻ=3, ɼ=4, ɽ=5, ɪ=6, ɾ=7, ɿ=8, ʀ=9, ʁ=10, ʂ=11, ʃ=12, 

ʄ=13, ʅ=14, ʆ=15, ʇ=16, ʈ=17, ʉ=18, ʊ=19, ʋ=20, ʌ=21, ʍ=22, ʎ=23, 

ʏ=24, ʐ=25, ʑ=26, ʒ=27, ʓ=28, ʔ=29, ʕ=30, ʖ=31, ʗ=32. 

ʉʪʘʥʜʘʨʪʥʳʡ ʘʣʬʘʚʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʢʚ ʲ, ʸ: 

2. ɺʟʣʦʤ ʰʠʬʨʘ ɺʠʞʝʥʝʨʘ  

ʋʯʘʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ ʩ ʤʝʪʦʜʦʤ ʂʘʟʠʩʢʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʢʣʶʯʘ ʧʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʬʨʘʛʤʝʥʪʘʤ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ 

ʪʝʢʩʪʝ ([2; c. 69]).  

ʇʨʝʜʩʪʘʚʴ, ʯʪʦ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʩʪʨʝʯʘʝʪʩʷ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʦʯʝʪʘʥʠʝ ʙʫʢʚ (ʥʘʧʨʠʤʝʨ, "ʍʑʏ"). ɽʩʣʠ ʵʪʠ ʧʦʚʪʦʨʳ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʢʨʘʪʥʦʤ ʜʣʠʥʝ ʢʣʶʯʘ (ʩʢʘʞʝʤ, ʯʝʨʝʟ 6 ʩʠʤʚʦʣʦʚ), 

ʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʢʣʶʯ ʩʦʩʪʦʠʪ ʠʟ 2 ʠʣʠ 3 ʙʫʢʚ (ʧʦʪʦʤʫ ʯʪʦ 6 ʜʝʣʠʪʩʷ ʥʘ 2 ʠ 

3). ʇʦʩʣʝ ʵʪʦʛʦ ʪʝʢʩʪ ʨʘʟʙʠʚʘʶʪ ʥʘ ʛʨʫʧʧʳ ʧʦ ʫʛʘʜʘʥʥʦʡ ʜʣʠʥʝ ʢʣʶʯʘ ʠ 

ʧʨʠʤʝʥʷʶʪ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʢ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʦʪʜʝʣʴʥʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʩʘʤ 

ʢʣʶʯ. 



187 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʙʫʶʪ ʧʨʠʤʝʥʠʪʴ ʵʪʦʪ ʤʝʪʦʜ ʢ ʪʝʢʩʪʫ "ʍʑʏɿʊʍʑʏ". 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʠʛʨʘ "ʂʨʠʧʪʦʘʥʘʣʠʪʠʢʠ", ʛʜʝ ʢʦʤʘʥʜʳ 

ʩʦʨʝʚʥʫʶʪʩʷ ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʩʦʦʙʱʝʥʠʡ. 

ʄʝʪʦʜʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʛʨʦʚʦʛʦ ʵʪʘʧʘ çʂʨʠʧʪʦʘʥʘʣʠʪʠʢʠ: 

ʊʘʡʥʘ ʰʠʬʨʘ ɺʠʞʝʥʝʨʘè. 

ʄʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʥʷʪʠʷ: ɼʘʥʥʘʷ ʠʛʨʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʟʘʢʨʝʧʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʦ ʰʠʬʨʝ ɺʠʞʝʥʝʨʘ ʠ ʝʛʦ ʫʷʟʚʠʤʦʩʪʷʭ. 

ʈʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʠ ʟʘʥʷʪʠʷ: ʀʛʨʘ ʥʘʧʨʷʤʫʶ ʫʯʠʪ ʧʨʠʤʝʥʷʪʴ 

ʰʠʬʨ ɺʠʞʝʥʝʨʘ ʠ ʧʦʥʠʤʘʪʴ ʝʛʦ ʩʫʪʴ ʯʝʨʝʟ ʧʦʛʨʫʞʝʥʠʝ ʫʯʘʱʠʭʩʷ ʚ ʨʦʣʴ 

ʢʨʠʧʪʦʘʥʘʣʠʪʠʢʦʚ, ʨʝʰʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʟʘʜʘʯʠ. 

ʉʠʥʪʝʟ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ: ʋʯʘʱʠʝʩʷ ʧʝʨʝʭʦʜʷʪ ʦʪ ʩʣʫʰʘʥʠʷ ʠʩʪʦʨʠʠ 

ʰʠʬʨʘ ʢ ʘʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʚʫʭ ʠʟʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ 

(ʱʠʬʨ ɺʠʞʝʥʝʨʘ ʠ ʤʝʪʦʜ ʂʘʟʠʩʢʠ). 

ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯ ʩʥʠʞʝʥʘ ʜʣʷ 5ī 7 ʢʣʘʩʩʦʚ ʟʘ ʩʯʝʪ ʢʣʶʯʝʚʳʭ ʧʦʜʩʢʘʟʦʢ 

(ʠʟʚʝʩʪʥʘʷ ʜʣʠʥʘ ʢʣʶʯʘ, ʧʝʨʚʘʷ ʙʫʢʚʘ).  

ʕʪʘʧ 1: çʈʘʟʚʝʜʢʘè (5 ʤʠʥʫʪ) 

ʇʝʨʚʦʝ, ʯʪʦ ʜʝʣʘʶʪ ʫʯʝʥʠʢʠ, ʵʪʦ ʠʟʫʯʘʶʪ ʪʝʢʩʪ çʒʗʄʄʋʎ ʏʏʌè ʠ 

ʠʱʫʪ ʧʦʚʪʦʨʝʥʠʷ (çʄʄè, çʏʏè), ʦʪʤʝʯʘʶʪ ʧʨʦʙʝʣ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʫ ʫʯʝʥʠʢʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʚʳʢ ʥʘʙʣʶʜʝʥʠʷ. ʕʪʦ 

ʧʝʨʚʳʡ ʠ ʢʣʶʯʝʚʦʡ ʰʘʛ ʚ ʣʶʙʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ʋʯʝʥʠʢʠ ʫʯʘʪʩʷ 

ʥʝ ʧʨʦʩʪʦ çʩʤʦʪʨʝʪʴè, ʘ çʚʠʜʝʪʴè ʧʘʪʪʝʨʥʳ ʠ ʘʥʦʤʘʣʠʠ ʚ ʜʘʥʥʳʭ. ʆʥʠ ʥʘ 

ʧʨʘʢʪʠʢʝ ʚʠʜʷʪ, ʯʪʦ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (çʄʄè ʠ çʏʏè) 

ī ʵʪʦ ʛʣʘʚʥʘʷ çʟʘʮʝʧʢʘè, ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣʦʩʴ ʚ ʪʝʦʨʠʠ ʤʝʪʦʜʘ ʂʘʟʠʩʢʠ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ (3 ʩʠʤʚʦʣʘ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʟʚʝʩʪʥʫʶ ʜʣʠʥʫ ʢʣʶʯʘ, 

ʯʪʦ ʜʘʝʪ ʠʤ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʧʫʪʠ. ʇʨʦʙʝʣ, ʢʦʪʦʨʳʡ 

ʥʝ ʰʠʬʨʦʚʘʣʩʷ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ī ʦʥ ʩʨʘʟʫ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʩʣʦʚʘʤʠ, ʩʫʞʘʷ ʧʦʣʝ ʜʣʷ ʛʠʧʦʪʝʟ. 

ʕʪʘʧ 2: çɸʪʘʢʘ ɺʠʞʝʥʝʨʘè (10 ʤʠʥʫʪ) 
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ʀʩʧʦʣʴʟʫʷ ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ: çɺʳʯʪʠ ʥʦʤʝʨ ʢʣʶʯʘ ʠʟ ʥʦʤʝʨʘ ʰʠʬʨʘ, ʠ 

ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ī ʧʨʠʙʘʚʴ 33è, ʫʯʝʥʠʢʠ ʧʨʦʙʫʶʪ ʧʦʜʦʙʨʘʪʴ 

ʦʩʤʳʩʣʝʥʥʳʡ ʚʘʨʠʘʥʪ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʫʯʝʥʠʢʠ ʥʝ ʧʨʦʩʪʦ ʟʘʧʦʤʠʥʘʶʪ ʬʦʨʤʫʣʫ, ʘ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʠʤʝʥʷʶʪ ʝʝ, ʚʠʜʷ ʤʛʥʦʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʙʫʢʚ 

ʨʘʩʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ. ʕʪʦ ʧʨʝʚʨʘʱʘʝʪ ʘʙʩʪʨʘʢʪʥʫʶ ʤʘʪʝʤʘʪʠʢʫ ʚ 

ʢʦʥʢʨʝʪʥʳʡ, ʦʩʷʟʘʝʤʳʡ ʧʨʦʮʝʩʩ. ʇʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ (çʂʆɼè, çʂʃʖʏè, 

çʂʆʊè) ī ʵʪʦ ʥʝ ʭʘʦʪʠʯʥʦʝ ʫʛʘʜʳʚʘʥʠʝ, ʘ ʚʳʜʚʠʞʝʥʠʝ ʠ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ. 

ɽʩʣʠ ʧʨʠ ʢʣʶʯʝ çʂʆʊè ʧʦʣʫʯʘʝʪʩʷ ʙʝʩʩʤʳʩʣʝʥʥʳʡ ʥʘʙʦʨ ʙʫʢʚ, ʛʠʧʦʪʝʟʘ 

ʦʪʚʝʨʛʘʝʪʩʷ. ʕʪʦ ʦʩʥʦʚʘ ʥʘʫʯʥʦʛʦ ʤʝʪʦʜʘ. 

ʕʪʘʧ 3: çʄʝʪʦʜ ʂʘʟʠʩʢʠè (10 ʤʠʥʫʪ) 

ʋʯʝʥʠʢʠ ʨʘʟʙʠʚʘʶʪ ʪʝʢʩʪ ʥʘ ʛʨʫʧʧʳ ʧʦ ʥʦʤʝʨʫ ʩʠʤʚʦʣʘ ʢʣʶʯʘ ʠ 

ʧʨʦʚʦʜʷʪ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ. 

 ʊʨʝʪʠʡ ī ʵʪʦ ʩʘʤʳʡ ʩʣʦʞʥʳʡ ʠ ʩʘʤʳʡ ʮʝʥʥʳʡ ʵʪʘʧ. ʋʯʝʥʠʢʠ 

ʧʦʥʠʤʘʶʪ, ʯʪʦ ʚʟʣʦʤ ʦʩʥʦʚʘʥ ʥʝ ʥʘ ʫʜʘʯʝ, ʘ ʥʘ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ. ʆʥʠ 

ʚʠʜʷʪ, ʢʘʢ ʦʛʨʦʤʥʘʷ ʟʘʜʘʯʘ (ʧʦʜʦʙʨʘʪʴ ʢʣʶʯ) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʤʘʣʝʥʴʢʠʝ 

ʠ ʨʝʰʘʝʤʳʝ (ʧʦʜʦʙʨʘʪʴ ʢʘʞʜʫʶ ʙʫʢʚʫ ʢʣʶʯʘ). ʇʦʣʫʯʠʚ ʚʦʟʤʦʞʥʳʝ ʙʫʢʚʳ 

ʢʣʶʯʘ (çɾè ʠ çɼè), ʢʦʤʘʥʜʳ ʜʦʣʞʥʳ ʩʜʝʣʘʪʴ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ: ʢʘʢʦʡ 

ʢʣʶʯ ī çʂʆɾè ʠʣʠ çʂʆɼè ī ʷʚʣʷʝʪʩʷ ʦʩʤʳʩʣʝʥʥʳʤ ʩʣʦʚʦʤ? ʕʪʦ ʫʯʠʪ ʠʭ 

ʧʨʦʚʝʨʷʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʕʪʘʧ 4: çʇʨʦʚʝʨʢʘè (5 ʤʠʥʫʪ) 

ʋʯʝʥʠʢʠ ʧʨʠʤʝʥʷʶʪ ʥʘʡʜʝʥʥʳʡ ʢʣʶʯ çʂʆɼè ʜʣʷ ʧʦʣʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ 

ʩʦʦʙʱʝʥʠʷ çʇʈʀɺɽʊ ʄʀʈè. 

ʕʪʦʪ ʵʪʘʧ ʫʯʠʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʝ ʨʝʰʝʥʠʷ. ɺʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʥʘʡʪʠ 

ʦʪʚʝʪ, ʥʦ ʠ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥ ʨʘʙʦʪʘʝʪ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʇʨʝʚʨʘʱʝʥʠʝ ʠʟ 

ʙʝʩʩʤʳʩʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʙʫʢʚ çʒʗʄʄʋʎ ʏʏʌè ʚ ʧʦʥʷʪʥʦʝ çʇʈʀɺɽʊ 

ʄʀʈè ʚ ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʚʳʟʳʚʘʝʪ ʚʦʩʪʦʨʛ ʠ ʯʫʚʩʪʚʦ ʛʣʫʙʦʢʦʛʦ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫ ʫʯʘʱʠʭʩʷ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ ʩʦʟʜʘʶʪ ʫʩʪʦʡʯʠʚʳʡ 

ʠʥʪʝʨʝʩ ʢ ʧʨʝʜʤʝʪʫ ʠ ʣʫʯʰʝʤʫ ʟʘʢʨʝʧʣʝʥʠʶ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ (10 ʤʠʥʫʪ) 

ʇʦʜʚʦʜʷʪʩʷ ʠʪʦʛʠ ʟʘʥʷʪʠʷ. ʋʯʝʥʠʢʠ ʦʪʚʝʯʘʶʪ ʥʘ ʚʦʧʨʦʩʳ: ʧʦʯʝʤʫ 

ʰʠʬʨ ɺʠʞʝʥʝʨʘ ʩʯʠʪʘʣʩʷ ʥʘʜʸʞʥʳʤ ʠ ʢʘʢ ʝʛʦ ʤʦʞʥʦ ʚʟʣʦʤʘʪʴ. ɼʘʸʪʩʷ 

ʜʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ: ʟʘʰʠʬʨʦʚʘʪʴ ʩʚʦʶ ʬʘʤʠʣʠʶ ʩ ʢʣʶʯʦʤ 

"ɺʆɿʈʆɾɼɽʅʀɽ" ʠ ʧʦʧʨʦʙʦʚʘʪʴ ʚʟʣʦʤʘʪʴ ʪʝʢʩʪ "ʎʓɺʄʈʓɺʄʇʊ". 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: ɼʣʷ ʣʫʯʰʝʛʦ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ (ʮʚʝʪʥʳʝ ʤʘʨʢʝʨʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʧʦʚʪʦʨʝʥʠʡ) ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʟʘʜʘʥʠʷ ʧʦ ʩʣʦʞʥʦʩʪʠ. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʂ ʢʦʥʮʫ ʟʘʥʷʪʠʷ ʫʯʝʥʠʢʠ ʧʦʥʠʤʘʶʪ 

ʧʨʠʥʮʠʧ ʧʦʣʠʘʣʬʘʚʠʪʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʫʤʝʶʪ ʧʨʠʤʝʥʷʪʴ ʰʠʬʨ ɺʠʞʝʥʝʨʘ 

ʠ ʟʥʘʶʪ ʦʩʥʦʚʳ ʝʛʦ ʚʟʣʦʤʘ. ʕʪʦ ʩʦʟʜʘʸʪ ʙʘʟʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʙʫʜʫʱʝʤ. 

ɿʘʥʷʪʠʝ 3: ʂʨʠʧʪʦʛʨʘʬʠʷ ʚ XX ʚʝʢʝ. ʕʥʠʛʤʘ ʠ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʰʠʬʨʦʚʘʥʠʝ. 

 ʕʪʦ ʟʘʥʷʪʠʝ ʧʦʩʚʷʱʝʥʦ ʧʝʨʝʭʦʜʫ ʦʪ ʨʫʯʥʳʭ ʰʠʬʨʦʚ ʢ ʤʘʰʠʥʥʳʤ. 

ʋʯʘʱʠʝʩʷ ʫʟʥʘʶʪ ʦ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ʣʝʛʝʥʜʘʨʥʦʡ ʰʠʬʨʦʚʘʣʴʥʦʡ ʤʘʰʠʥʳ 

çʕʥʠʛʤʘè ʠ ʦʩʥʦʚʘʭ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ (ʥʘ ʧʨʠʤʝʨʝ ʦʧʝʨʘʮʠʠ 

XOR) ([5; ʩ. 203]). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ ʙʝʟʦʧʘʩʥʦʡ 

ʧʝʨʝʜʘʯʠ ʢʣʶʯʘ, ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʢʦʪʦʨʦʡ ʤʦʜʝʣʠʨʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɼʠʬʬʠī 

ʍʝʣʣʤʘʥʘ ([2; c. 72]). 

ɿʘʥʷʪʠʝ 4: ʀʪʦʛʦʚʳʡ ʧʨʦʝʢʪ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʢʚʝʩʪ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʦʝ ʟʘʥʷʪʠʝ ī ʢʦʤʘʥʜʥʦʝ ʩʦʨʝʚʥʦʚʘʥʠʝ, ʛʜʝ ʫʯʘʱʠʝʩʷ 

ʧʨʠʤʝʥʷʶʪ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʳ ʥʘ ʧʨʘʢʪʠʢʝ. ʂʦʤʘʥʜʳ ʨʘʩʰʠʬʨʦʚʳʚʘʶʪ 

ʩʦʦʙʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ ʰʠʬʨʘ, ʧʨʦʚʦʜʷʪ ʢʨʠʧʪʦʘʥʘʣʠʟ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʢʣʶʯʠ. ʊʘʢʘʷ ʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʢʨʝʧʠʪʴ ʤʘʪʝʨʠʘʣ, 

ʨʘʟʚʠʪʴ ʥʘʚʳʢʠ ʣʦʛʠʢʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʋʯʘʩʪʠʝ ʚ ʢʨʫʞʢʝ ʧʦ ʢʨʠʧʪʦʛʨʘʬʠʠ ʜʘʝʪ ʰʢʦʣʴʥʠʢʘʤ ʢʦʤʧʣʝʢʩ 

ʧʨʝʠʤʫʱʝʩʪʚ: 
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¶ ʈʘʟʚʠʪʠʝ ʢʦʤʧʝʪʝʥʮʠʡ: ʢʫʨʩ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ 

ʣʦʛʠʯʝʩʢʦʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʢʨʝʘʪʠʚʥʦʩʪʴ 

ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʠ ʘʥʘʣʠʟ ʰʠʬʨʦʚ. 

¶ ʇʨʦʬʦʨʠʝʥʪʘʮʠʷ: ʟʥʘʢʦʤʩʪʚʦ ʩ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʧʨʦʬʝʩʩʠʷʤʠ 

ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

¶ ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʢʠ. 

¶ ʇʦʜʛʦʪʦʚʢʘ ʢ ʦʣʠʤʧʠʘʜʘʤ: ʨʝʰʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʪʨʝʥʠʨʫʝʪ ʥʝʩʪʘʥʜʘʨʪʥʦʝ ʤʳʰʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʫʩʧʝʭʘ ʥʘ 

ʦʣʠʤʧʠʘʜʘʭ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʝ. 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ: ʰʢʦʣʴʥʠʢʠ ʦʩʦʟʥʘʶʪ 

ʚʘʞʥʦʩʪʴ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʠʥʮʠʧʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʥʪʝʨʥʝʪʝ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʀʛʨʦʚʘʷ ʬʦʨʤʘ ʟʘʥʷʪʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʢʚʝʩʪʳ ʠ ʩʦʨʝʚʥʦʚʘʥʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʩʦʢʫʶ ʤʦʪʠʚʘʮʠʶ, ʧʨʝʚʨʘʱʘʷ ʠʟʫʯʝʥʠʝ ʩʣʦʞʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʚ ʫʚʣʝʢʘʪʝʣʴʥʦʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ 

ʧʨʠʢʣʶʯʝʥʠʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʦʩʥʦʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʚ ʰʢʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʨʫʞʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʠ ʧʨʘʢʪʠʢʦīʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ. ʊʘʢʦʡ ʢʫʨʩ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛʦʟʦʨ ʫʯʘʱʠʭʩʷ, ʥʦ ʠ ʛʦʪʦʚʠʪ 

ʠʭ ʢ ʞʠʟʥʠ ʚ ʮʠʬʨʦʚʦʤ ʙʫʜʫʱʝʤ, ʬʦʨʤʠʨʫʷ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʠ ʛʨʘʤʦʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʨʠʧʪʦʛʨʘʬʠʷ ī ʥʝ ʧʨʦʩʪʦ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʞʠʚʘʷ ʠ 

ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʥʘʫʢʘ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʠʩʪʦʨʠʝʡ, ʤʘʪʝʤʘʪʠʢʦʡ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʟʥʘʢʦʤʠʪ ʫʯʘʱʠʭʩʷ 6ï

8 ʢʣʘʩʩʦʚ ʩ ʦʩʥʦʚʘʤʠ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʯʝʨʝʟ ʚʠʟʫʘʣʠʟʘʮʠʶ ʝʸ 

ʤʦʜʝʣʝʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 

Turtle. ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ï ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʫʯʘʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʜʚʫʭ ʛʝʦʤʝʪʨʠʡ ɽʚʢʣʠʜʘ ʠ ʃʦʙʘʯʝʚʩʢʦʛʦ. 
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ɻʝʦʤʝʪʨʠʷ, ʢʦʪʦʨʫʶ ʠʟʫʯʘʶʪ ʫʯʘʱʠʝʩʷ ʚ ʰʢʦʣʝ [5, 6], ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʦʩʪʫʣʘʪʘʭ ɽʚʢʣʠʜʘ. ɺʝʣʠʢʠʡ ʨʫʩʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʩʦʟʜʘʣ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʚʦʦʙʨʘʞʘʝʤʫʶè ʛʝʦʤʝʪʨʠʶ, 

ʚ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʪʦʯʢʫ, ʥʝ ʣʝʞʘʱʫʶ ʥʘ ʧʨʷʤʦʡ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʙʝʩʢʦʥʝʯʥʦ 

ʤʥʦʛʦ ʧʨʷʤʳʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʘʥʥʦʡ. ʕʪʘ ʛʝʦʤʝʪʨʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦʡ 

ʘʙʩʪʨʘʢʮʠʝʡ; ʦʥʘ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ (ʪʝʦʨʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ) ʠ ʘʩʪʨʦʥʦʤʠʠ [8]. 

ʉʨʝʜʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʝʥʜʝʥʮʠʶ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʫʯʘʱʠʭʩʷ [1]. ʈʘʟʚʠʪʠʝ ʪʘʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʧʨʝʜʤʝʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [2] ʰʢʦʣʴʥʳʭ ʫʯʝʙʥʳʭ 

ʧʨʝʜʤʝʪʦʚ çʄʘʪʝʤʘʪʠʢʘè, çʀʥʬʦʨʤʘʪʠʢʘè ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜʦʧʦʣʥʷʶʱʠʭ ʠ ʨʘʩʰʠʨʷʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʍʦʨʦʰʠʤ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ 

ʃʦʙʘʯʝʚʩʢʦʛʦ. ʉ 2024 ʛ. ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʩʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʪ ʷʟʳʢʘ 

PascalABC.NET ʢ ʷʟʳʢʫ Python [7, 9].  

ʆʧʠʨʘʷʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ [1, 3, 4, 10], ʩʯʠʪʘʝʤ ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʫʨʦʢʘʭ 

ʠʥʬʦʨʤʘʪʠʢʠ ʚ 6ï8 ʢʣʘʩʩʘʭ ʚʢʣʶʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʥʠʡ: Turtle: 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ; Turtle: ʧʫʯʢʠ çʧʨʷʤʳʭè ʚ ʨʘʟʥʳʭ ʛʝʦʤʝʪʨʠʷʭ ï 

ʨʘʟʚʠʚʘʝʤ ʤʳʰʣʝʥʠʝ ʫʯʘʱʠʭʩʷ; Turtle: ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʨʘʟʥʳʭ ʛʝʦʤʝʪʨʠʷʭ ï 

ʬʦʨʤʠʨʫʝʤ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʩʫʤʤʘ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʚʥʘ ʥʝ 180Á; Turtle: ʫʟʦʨʳ ʚ ʩʪʠʣʝ ʃʦʙʘʯʝʚʩʢʦʛʦ ï ʕʰʝʨʘ. 

  

TURTLE: ʇɸʈɸʃʃɽʃʔʅʓɽ ɺʉɽʃɽʅʅʓɽ 

ʎʝʣʴ: ʦʩʚʦʠʪʴ ʙʘʟʦʚʳʝ ʢʦʤʘʥʜʳ Turtle ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʠʥʝʡʥʳʭ ʬʠʛʫʨ, 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʦʜʝʣʷʭ ʧʣʦʩʢʦʩʪʠ ð 

ʚʩʝʣʝʥʥʳʝ ɽʚʢʣʠʜʘ ʠ ʃʦʙʘʯʝʚʩʢʦʛʦ. 
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ɹʘʟʦʚʳʡ ʥʘʙʦʨ ʢʦʤʘʥʜ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ  

import turtle ï ʜʦʙʘʚʠʪʴ ʤʦʜʫʣʴ 

ʯʝʨʝʧʘʭʠ 

turtle.speed(v) ï ʫʩʪʘʥʦʚʠʪʴ 

ʩʢʦʨʦʩʪʴ ʯʝʨʝʧʘʭʠ v 

turtle.circle(r) ï ʠʟʦʙʨʘʞʝʥʠʝ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ r   

turtle.penup() ï ʧʦʜʥʷʪʴ ʧʝʨʦ 

turtle.pendown() ï ʦʧʫʩʪʠʪʴ ʧʝʨʦ 

turtle.forward(d) ï ʜʚʠʞʝʥʠʝ ʚʧʝʨʸʜ 

ʥʘ d ʧʠʢʩʝʣʝʡ  

turtle.setpos(x, y) ï ʧʝʨʝʡʪʠ ʚ 

ʧʦʟʠʮʠʶ x, y 

turtle.right(a) ï ʧʦʚʝʨʥʫʪʴ ʯʝʨʝʧʘʭʫ 

ʚʧʨʘʚʦ ʥʘ ʫʛʦʣ aÁ 

ɿʘʜʘʥʠʝ: ʥʘʨʠʩʦʚʘʪʴ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python 

(ʢʦʤʧʴʶʪʝʨʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ Turtle) ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʣʦʩʢʦʩʪʠ. 

ɺʚʦʜʥʦʝ ʦʙʲʷʩʥʝʥʠʝ: ʚ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʦʪʦʨʫʶ ʚʳ ʠʟʫʯʘʝʪʝ ʥʘ 

ʫʨʦʢʘʭ ʤʘʪʝʤʘʪʠʢʠ, ʧʣʦʩʢʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʘ. ʅʦ 

ʛʨʘʥʠʮʘ ʪʘʢʦʛʦ ʢʚʘʜʨʘʪʘ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʘ, ʪʦ ʝʩʪʴ ʜʦ ʥʝʸ ʥʝʣʴʟʷ ʜʦʡʪʠ. 

ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ʧʨʠʜʫʤʘʣ ʛʝʦʤʝʪʨʠʶ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʫʝʪ ʚʥʫʪʨʠ ʢʨʫʛʘ. 

ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʦ ʛʨʘʥʠʮʳ ʢʨʫʛʘ ʪʘʢʞʝ ʥʝʣʴʟʷ ʜʦʡʪʠ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʚʩʝʣʝʥʥʦʡ  

 ɽʚʢʣʠʜʘ 

 

ʀʟʦʙʨʘʞʝʥʠʝ ʚʩʝʣʝʥʥʦʡ 

 ʃʦʙʘʯʝʚʩʢʦʛʦ 

  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ 

ʅʘʩʪʨʦʡʢʘ ʦʢʥʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ 

import turtle 

turtle.setup(615, 615) 

turtle.title("ɽʚʢʣʠʜʦʚʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ") 

turtle.speed(5) 

turtle.color("darkblue") 

turtle.pensize(3) 

import turtle 

turtle.setup(615, 615) 

turtle.title("ʇʨʦʩʪʨʘʥʩʪʚʦ 

ʃʦʙʘʯʝʚʩʢʦʛʦ") 

turtle.speed(5) 

turtle.color("darkblue") 

turtle.pensize(3) 

ʋʩʪʘʥʦʚʢʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʦʩʢʦʩʪʠ 
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turtle.penup() 

turtle.goto(-304, -297) 

turtle.pendown() 

turtle.penup() 

turtle.goto(-4, -297) 

turtle.pendown() 

ʈʠʩʫʝʤ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ 

600 px ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 
ʈʠʩʫʝʤ ʢʨʫʛ ʨʘʜʠʫʩʦʤ 300 px 

turtle.forward(600) 

turtle.right(270) 

turtle.forward(600)   

turtle.right(270) 

turtle.forward(600)   

turtle.right(270) 

turtle.forward(600)   

turtle.circle(300) 

turtle.penup() 

turtle.home() 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʱʠʝʩʷ ʩʦʟʜʘʶʪ ʧʨʦʩʪʝʡʰʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʜʚʫʭ ʛʝʦʤʝʪʨʠʡ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʦʚʳʝ ʢʦʤʘʥʜʳ Turtle. 

  

TURTLE: ʇʋʏʂʀ çʇʈʗʄʓʍè ɺ ʈɸɿʅʓʍ ɻɽʆʄɽʊʈʀʗʍ ï 

ʈɸɿɺʀɺɸɽʄ ʄʓʐʃɽʅʀɽ ʋʏɸʑʀʍʉʗ 

ʎʝʣʴ: ʦʩʚʦʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

çʇʦʚʪʦʨʝʥʠʝè (ʦʧʝʨʘʪʦʨ for) ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʥʦʞʝʩʪʚ ʦʜʥʦʪʠʧʥʳʭ 

ʦʙʲʝʢʪʦʚ ï ʧʨʷʤʳʭ ʚ ɽʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ ï çʧʨʷʤʳʭè 

ʚ ʤʦʜʝʣʠ ʇʫʘʥʢʘʨʝ. 

ʅʘʙʦʨ ʢʦʤʘʥʜ, ʨʘʩʰʠʨʷʶʱʠʝ ʙʘʟʦʚʳʝ ʢʦʤʘʥʜʳ Turtle  

for i in range() ï ʮʠʢʣ ʩ ʠʟʚʝʩʪʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʝʥʠʡ  

Math ï ʤʦʜʫʣʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ 

ɿʘʜʘʥʠʝ: ʥʘʨʠʩʦʚʘʪʴ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python (ʢʦʤʧʴʶʪʝʨʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ Turtle) ʥʝʩʢʦʣʴʢʦ çʧʨʷʤʳʭè ʚ 

ʧʣʦʩʢʦʩʪʷʭ ʜʣʷ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ. 

ɺʚʦʜʥʦʝ ʦʙʲʷʩʥʝʥʠʝ: ʚ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ 

ʧʨʷʤʫʶ, ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʜʚʝ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʵʪʦʡ ʧʨʷʤʦʡ. 

ɺ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʛʜʝ ʚʩʷ ʧʣʦʩʢʦʩʪʴ ï ʵʪʦ ʙʝʩʢʦʥʝʯʥʳʡ ʢʨʫʛ, ʥʘʤ 

ʧʦʥʘʜʦʙʠʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ çʧʨʷʤʳʭè (ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ), 
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ʚʳʭʦʜʷʱʠʭ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʪʨʦʠʪʴ ʜʫʛʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʦʪʢʠʭ ʦʪʨʝʟʢʦʚ. 

ʇʫʯʦʢ ʧʨʷʤʳʭ 

ʚ ʛʝʦʤʝʪʨʠʠ ɽʚʢʣʠʜʘ 

 

ʇʫʯʦʢ ʧʨʷʤʳʭ  

 ʚ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ 

 
ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ 

 

ʆʪʧʨʘʚʣʷʝʤ ʏʝʨʝʧʘʰʢʫ çʜʦʤʦʡè 

turtle.penup() 

turtle.home() 

ʀʟʦʙʨʘʞʘʝʤ ʧʫʯʦʢ ʧʨʷʤʳʭ 

for i in range(0, 360, 15): 

    turtle.penup() 

    turtle.home() 

    turtle.right(345-i)  

    turtle.pendown() 

    turtle.forward(450)   

for i in range(0,360,15): 

    turtle.pendown() 

    turtle.circle(300,60) 

    turtle.penup() 

    turtle.home() 

    turtle.right(345-i) 

ʀʟʦʙʨʘʞʘʝʤ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ 

turtle.penup() 

turtle.home() 

turtle.color("red") 

turtle.dot(20) 

turtle.home() 

turtle.color("red") 

turtle.dot(20) 
  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʱʠʝʩʷ ʩʦʟʜʘʶʪ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʜʚʫʭ ʛʝʦʤʝʪʨʠʷʭ 

ʧʫʯʢʠ ʧʨʷʤʳʭ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ, ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʪʦʨ for ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ Turtle. ʇʨʦʜʦʣʞʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʳʰʣʝʥʠʷ 

ʫʯʘʱʠʭʩʷ: çʧʨʷʤʳʝè ʤʦʛʫʪ ʚʳʛʣʷʜʝʪʴ ʧʦ-ʨʘʟʥʦʤʫ. 
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TURTLE:  ʊʈɽʋɻʆʃʔʅʀʂ ɺ ʈɸɿʅʓʍ ɻɽʆʄɽʊʈʀʗʍ ï 

ʌʆʈʄʀʈʋɽʄ ʇʆʅʀʄɸʅʀɽ ʊʆɻʆ, ʏʊʆ ʉʋʄʄɸ ʋɻʃʆɺ 

ʊʈɽʋɻʆʃʔʅʀʂɸ ʄʆɾɽʊ ɹʓʊʔ ʈɸɺʅɸ ʅɽ 180Á 

ʎʝʣʴ: ʨʘʟʚʠʪʠʝ ʫʤʝʥʠʡ ʧʨʠʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

çʉʣʝʜʦʚʘʥʠʝè, ʩʦʜʝʨʞʘʱʫʶ ʦʙʨʘʱʝʥʠʷ ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ çʪʨʝʫʛʦʣʴʥʠʢʘè ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʛʝʦʤʝʪʨʠʷʭ ɽʚʢʣʠʜʘ ʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʩ ʩʫʤʤʦʡ ʫʛʣʦʚ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 180Á. 

ɿʘʜʘʥʠʝ: ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʨʘʟʨʘʙʦʪʘʡʪʝ 

ʬʫʥʢʮʠʶ hyperbolic_polygon( ) ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʝʚʢʣʠʜʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʢʨʫʛʝ ʇʫʘʥʢʘʨʝ. 

ɺʚʦʜʥʦʝ ʦʙʲʷʩʥʝʥʠʝ:  ʚ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʩʪʦʨʦʥʳ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ï ʦʪʨʝʟʢʠ, ʩʫʤʤʘ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʩʝʛʜʘ ʨʘʚʥʘ 180Á. ɺ 

ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʩʪʦʨʦʥʳ ï ʜʫʛʠ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘ ʫʛʣʦʚ ʥʝ 

ʜʦʩʪʠʛʘʝʪ 180Á. ʏʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʪʘʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪʝʤ ʤʝʥʴʰʝ 

ʩʫʤʤʘ ʝʛʦ ʫʛʣʦʚ.  

ʊʨʝʫʛʦʣʴʥʠʢ 

  ʚ ʛʝʦʤʝʪʨʠʠ ɽʚʢʣʠʜʘ  

 

ʊʨʝʫʛʦʣʴʥʠʢ  

 ʚ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ 

 
ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ 

 

ʈʠʩʫʝʤ ʪʨʝʫʛʦʣʴʥʠʢ 

turtle.color("red") 

turtle.pensize(3) 

turtle.goto(-150, -100) 

turtle.pendown() 

turtle.goto(-150, 140) 

turtle.pendown() 
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turtle.goto(150, -100 

turtle.goto(0, 200)   

turtle.goto(-150, -100 

turtle.penup() 
  

turtle.right(40) 

turtle.circle(500, 45)  

turtle.right(160) 

turtle.circle(500, 45)  

turtle.right(169.5) 

turtle.circle(500, 49)  

turtle.penup() 

ʆʙʦʟʥʘʯʘʝʤ ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ 

turtle.color("darkred ") 

turtle.goto(-180, -120) turtle.goto(-160, 140) 

turtle.write("A" , font=(&apos;Arial&apos;, 25, 

&apos;bold&apos;)) 

turtle.goto(160, -120) turtle.goto(230, 15) 

turtle.write("B" , font=(&apos;Arial&apos;, 25, 

&apos;bold&apos;)) 

turtle.goto(-10, 200) turtle.goto(-60, -290) 

turtle.write("C" , font=(&apos;Arial&apos;, 25, 

&apos;bold&apos;))  

turtle.home() 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʱʠʝʩʷ ʩʦʟʜʘʶʪ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʜʚʫʭ ʛʝʦʤʝʪʨʠʷʭ 

ʪʨʝʫʛʦʣʴʥʠʢʠ, ʧʨʠʤʝʥʷʷ ʧʦʜʧʨʦʛʨʘʤʤʫ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʝʤ 

ʩʘʤʳʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʚʠʚʘʷ ʫʤʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʣʠʥʝʡʥʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʘ ʪʘʢʞʝ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʦʙʨʝʪʘʶʪ ʟʥʘʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʤʤʘ ʫʛʣʦʚ çʪʨʝʫʛʦʣʴʥʠʢʘè ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 

180Á. 

ɿɸʂʃʖʏɽʅʀɽ 

ʉ ʮʝʣʴʶ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ 

ʫʯʘʱʠʭʩʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ çʉʣʝʜʦʚʘʥʠʝè 

ʠ çʇʦʚʪʦʨʝʥʠʝè, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʝʢʪʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʜʚʫʭ ʛʝʦʤʝʪʨʠʷʭ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʚ 8 ʢʣʘʩʩʝ 

ʟʘʜʘʥʠʝ Turtle: ʫʟʦʨʳ ʚ ʩʪʠʣʝ ʃʦʙʘʯʝʚʩʢʦʛʦ ï ʕʰʝʨʘ. 

ɺʘʨʠʘʥʪ ʫʟʦʨʘ 

  ʚ ʛʝʦʤʝʪʨʠʠ ɽʚʢʣʠʜʘ  

ɺʘʨʠʘʥʪ ʫʟʦʨʘ  

 ʚ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ 
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ʇʃɸʅ ʋʈʆʂɸ ɺ ʈɸʄʂɸʍ ʌɸʂʋʃʔʊɸʊʀɺɸ ʇʆ ʀʉʊʆʈʀʀ 

ʄɸʊɽʄɸʊʀʂʀ: ʅ.ʀ. ʃʆɹɸʏɽɺʉʂʀʁ ï ɾʀɿʅʔ ʀ 

ɼɽʗʊɽʃʔʅʆʉʊʔ ɺɽʃʀʂʆɻʆ ɻɽʆʄɽʊʈɸ 

ɹʝʣʷʝʚʘ ɸ.ʉ.  

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʩʚʝʱʝʥʠʷ, ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʘʣʛʝʙʨʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʛʝʦʤʝʪʨʠʠ 

ʄʫʭʘʥʦʚʘ ɸ. ɸ. 

ɸʥʥʦʪʘʮʠʷ. ɺʥʝʢʣʘʩʩʥʳʡ ʫʨʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʩ ʧʦʜʨʦʙʥʳʤ ʩʮʝʥʘʨʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ 

ʟʥʘʢʦʤʩʪʚʦ ʫʯʝʥʠʢʦʚ ʩ ʙʠʦʛʨʘʬʠʝʡ, ʥʘʫʯʥʳʤʠ ʦʪʢʨʳʪʠʷʤʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʚʝʣʠʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ. ʋʨʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ, ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʬʘʢʪʦʚ ʯʝʨʝʟ 

ʘʢʪʠʚʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʠ ʜʠʘʣʦʛ ʩ ʫʯʘʱʠʤʠʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ, ʥʝʝʚʢʣʠʜʦʚʘ ʛʝʦʤʝʪʨʠʷ, ʧʣʘʥ 

ʫʨʦʢʘ, ʠʩʪʦʨʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʂʘʟʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

LESSON PLAN FOR A MATHEMATICS HISTORY COURS ES: N.I. 

LOBACHEVSKY ï THE LIFE AND WORK OF A GREAT GEOMETER  
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Belyaeva A.S. 

Russia, Moscow 

State University of Education, faculty of Physics and Mathematics 

Scientific supervisor: candidate of Pedagogical Sciences, Associate 

Professor of the Department of Higher Algebra, Mathematical Analysis and 

Geometry Mukhanova A. A. 

Abstract. This extracurricular lesson is a structured plan with a detailed 

scenario aimed at introducing students to the biography, scientific discoveries, 

and work of the great mathematician N.I. Lobachevsky. The lesson fosters 

cognitive interest and analysis of historical and scientific facts through active 

engagement and dialogue with students. 

Keywords: N.I. Lobachevsky, non-Euclidean geometry, lesson plan, history 

of mathematics, Kazan University. 

ʂʣʘʩʩ: 8-9. 

ʊʠʧ ʫʨʦʢʘ: ʚʥʝʢʣʘʩʩʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ (ʫʨʦʢ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ). 

ʌʦʨʤʘ ʫʨʦʢʘ: ʫʨʦʢ-ʣʝʢʮʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʝʜʳ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ. 

ʎʝʣʴ: ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʞʠʟʥʠ, ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʧʦʟʥʘʢʦʤʠʪʴ ʩ ʠʩʪʦʨʠʝʡ 

ʩʦʟʜʘʥʠʷ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ. 

ɿʘʜʘʯʠ ʫʨʦʢʘ: 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ: ʧʦʟʥʘʢʦʤʠʪʴ ʫʯʘʱʠʭʩʷ ʩ ʙʠʦʛʨʘʬʠʝʡ 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʝʛʦ ʚʢʣʘʜʦʤ ʚ ʨʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʢʠ ʠ ʂʘʟʘʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ; ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʝʸ ʟʥʘʯʝʥʠʠ 

ʜʣʷ ʥʘʫʢʠ; 

ʨʘʟʚʠʚʘʶʱʠʝ: ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʝʩʘ ʢ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʥʘʫʢʠ; ʨʘʟʚʠʪʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʯʝʨʝʟ ʧʦʥʠʤʘʥʠʝ ʦʩʥʦʚ ʛʝʦʤʝʪʨʠʠ 
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ʃʦʙʘʯʝʚʩʢʦʛʦ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʤʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ 

ʠ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ. 

ʚʦʩʧʠʪʘʪʝʣʴʥʳʝ: ʚʦʩʧʠʪʳʚʘʪʴ ʫʚʘʞʝʥʠʝ ʢ ʥʘʫʯʥʦʤʫ ʪʨʫʜʫ ʠ ʫʧʦʨʩʪʚʫ 

ʚ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʝʡ; ʧʨʠʚʠʚʘʪʴ ʣʶʙʦʚʴ ʢ ʤʘʪʝʤʘʪʠʢʝ ʯʝʨʝʟ ʠʟʫʯʝʥʠʝ 

ʙʠʦʛʨʘʬʠʡ ʚʝʣʠʢʠʭ ʫʯʸʥʳʭ; ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʥʘʯʠʤʦʩʪʠ 

ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʜʣʷ ʤʠʨʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʇʣʘʥʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʧʨʝʜʤʝʪʥʳʝ: ʟʥʘʢʦʤʩʪʚʦ ʩ ʣʠʯʥʦʩʪʴʶ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʧʦʥʠʤʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʞʠʟʥʠ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʸʥʦʛʦ, ʧʦʥʠʤʘʥʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʝʡ ɽʚʢʣʠʜʘ ʠ 

ʛʝʦʤʝʪʨʠʝʡ ʃʦʙʘʯʝʚʩʢʦʛʦ. 

ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ: 

1. ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ: ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʠ ʦʪʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʳʜʝʣʷʪʴ ʛʣʘʚʥʦʝ ʚ ʙʠʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʠ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ; 

2. ʨʝʛʫʣʷʪʠʚʥʳʝ: ʬʦʨʤʠʨʦʚʘʪʴ ʫʤʝʥʠʝ ʧʣʘʥʠʨʦʚʘʪʴ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʮʝʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ, ʦʧʨʝʜʝʣʷʪʴ ʩʪʝʧʝʥʴ ʫʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʨʘʟʚʠʚʘʪʴ ʥʘʚʳʢʠ ʩʘʤʦʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʨʝʬʣʝʢʩʠʠ; 

3. ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ: ʫʤʝʥʠʝ ʩʣʫʰʘʪʴ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʠʘʣʦʛʝ, 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʦʧʨʦʩʳ, ʚʳʩʢʘʟʳʚʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʨʘʙʦʪʘʪʴ ʚ 

ʛʨʫʧʧʘʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ. 

ʣʠʯʥʦʩʪʥʳʝ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʠʩʪʦʨʠʠ 

ʥʘʫʢʠ, ʚʦʩʧʠʪʘʥʠʝ ʫʚʘʞʝʥʠʷ ʢ ʪʨʫʜʫ ʫʯʸʥʳʭ, ʧʦʥʠʤʘʥʠʝ ʚʘʞʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʝ ʯʫʚʩʪʚʘ ʧʘʪʨʠʦʪʠʟʤʘ ʯʝʨʝʟ 

ʟʥʘʢʦʤʩʪʚʦ ʩ ʜʦʩʪʠʞʝʥʠʷʤʠ ʨʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ. 

ʄʝʪʦʜʳ ʠ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ: ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʙʝʩʝʜʘ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʨʘʙʦʪʘ ʚ ʛʨʫʧʧʘʭ. 
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ʆʙʦʨʫʜʦʚʘʥʠʝ ʫʨʦʢʘ: ʧʨʝʟʝʥʪʘʮʠʷ ʩ ʧʦʨʪʨʝʪʘʤʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʠʣʣʶʩʪʨʘʮʠʷʤʠ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʨʘʟʜʘʪʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʟʘʜʘʥʠʷʤʠ, ʪʝʪʨʘʜʠ ʜʣʷ ʟʘʧʠʩʝʡ. 

ʉʮʝʥʘʨʠʡ ʫʨʦʢʘ 

I. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ 

ɿʜʨʘʚʩʪʚʫʡʪʝ, ʨʝʙʷʪʘ! ʈʘʜʘ ʚʘʩ ʚʩʝʭ ʚʠʜʝʪʴ. ʉʝʛʦʜʥʷ ʫ ʥʘʩ ʥʝʦʙʳʯʥʳʡ 

ʫʨʦʢ. ʄʳ ʩ ʚʘʤʠ ʦʪʧʨʘʚʠʤʩʷ ʚ ʧʫʪʝʰʝʩʪʚʠʝ ʚ ʧʨʦʰʣʦʝ, ʚ XIX ʚʝʢ, ʠ 

ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʦʜʥʠʤ ʠʟ ʚʝʣʠʯʘʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʤʘʪʝʤʘʪʠʢʦʚ.  

ʉʝʛʦʜʥʷ ʤʳ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʯʝʣʦʚʝʢʦʤ, ʢʦʪʦʨʦʛʦ ʥʘʟʳʚʘʣʠ 

"ʂʦʧʝʨʥʠʢʦʤ ʛʝʦʤʝʪʨʠʠ". ʂʪʦ ʟʥʘʝʪ, ʢʪʦ ʪʘʢʦʡ ʂʦʧʝʨʥʠʢ? (ʋʯʝʥʠʢʠ 

ʦʪʚʝʯʘʶʪ: ʘʩʪʨʦʥʦʤ, ʢʦʪʦʨʳʡ ʜʦʢʘʟʘʣ, ʯʪʦ ɿʝʤʣʷ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ) 

ɺʝʨʥʦ! ʂʦʧʝʨʥʠʢ ʩʦʚʝʨʰʠʣ ʨʝʚʦʣʶʮʠʶ ʚ ʘʩʪʨʦʥʦʤʠʠ. ɸ ʥʘʰ ʛʝʨʦʡ 

ʩʦʚʝʨʰʠʣ ʨʝʚʦʣʶʮʠʶ ʚ ʛʝʦʤʝʪʨʠʠ. ɽʛʦ ʠʤʷ ï ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ 

ʃʦʙʘʯʝʚʩʢʠʡ. 

ɸ ʪʝʧʝʨʴ ʜʘʚʘʡʪʝ ʟʘʧʠʰʝʤ ʪʝʤʫ ʫʨʦʢʘ: "ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʠʡ ï ʞʠʟʥʴ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʝʣʠʢʦʛʦ ʛʝʦʤʝʪʨʘ". 

II. ɸʢʪʫʘʣʠʟʘʮʠʷ ʟʥʘʥʠʡ /ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʙʝʩʝʜʘ/ 

ʇʨʝʞʜʝ ʯʝʤ ʤʳ ʥʘʯʥʸʤ ʟʥʘʢʦʤʩʪʚʦ ʩ ʃʦʙʘʯʝʚʩʢʠʤ, ʜʘʚʘʡʪʝ ʚʩʧʦʤʥʠʤ: 

ʯʪʦ ʪʘʢʦʝ ʛʝʦʤʝʪʨʠʷ? (ʥʘʫʢʘ ʦ ʬʠʛʫʨʘʭ, ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʭ ʩʚʦʡʩʪʚʘʭ) ʢʪʦ 

ʩʦʟʜʘʣ ʧʝʨʚʫʶ ʩʠʩʪʝʤʫ ʛʝʦʤʝʪʨʠʠ? (ɽʚʢʣʠʜ) ʯʪʦ ʪʘʢʦʝ ʘʢʩʠʦʤʘ ʠʣʠ 

ʧʦʩʪʫʣʘʪ? (ʫʪʚʝʨʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪʩʷ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ) ʯʪʦ ʪʘʢʦʝ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʷʤʳʝ? (ʧʨʷʤʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ). 

ʆʪʣʠʯʥʦ! ʕʪʠ ʟʥʘʥʠʷ ʥʘʤ ʩʝʛʦʜʥʷ ʦʯʝʥʴ ʧʨʠʛʦʜʷʪʩʷ. 

III. ʄʦʪʠʚʘʮʠʷ. ʇʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ /ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ/ 

ɸ ʪʝʧʝʨʴ ʟʘʜʫʤʘʡʪʝʩʴ: ʤʦʞʝʪʝ ʣʠ ʚʳ ʧʨʝʜʩʪʘʚʠʪʴ ʛʝʦʤʝʪʨʠʶ, ʚ ʢʦʪʦʨʦʡ 

ʯʝʨʝʟ ʦʜʥʫ ʪʦʯʢʫ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʝ ʦʜʥʫ, ʘ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʷʤʳʭ ʢ ʜʘʥʥʦʡ ʧʨʷʤʦʡ? ɿʚʫʯʠʪ ʩʪʨʘʥʥʦ, ʧʨʘʚʜʘ? (ʋʯʝʥʠʢʠ ʫʜʠʚʣʷʶʪʩʷ, 

ʚʳʩʢʘʟʳʚʘʶʪ ʥʝʜʦʫʤʝʥʠʝ). 
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ʀʤʝʥʥʦ ʪʘʢʫʶ ʛʝʦʤʝʪʨʠʶ ʠ ʩʦʟʜʘʣ ʅʠʢʦʣʘʡ ʃʦʙʘʯʝʚʩʢʠʡ! ʀ ʩʝʛʦʜʥʷ 

ʤʳ ʫʟʥʘʝʤ, ʢʘʢ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʠ ʢʘʢʫʶ ʮʝʥʫ ʧʨʠʰʣʦʩʴ ʟʘʧʣʘʪʠʪʴ ʫʯʸʥʦʤʫ ʟʘ 

ʩʚʦʸ ʦʪʢʨʳʪʠʝ. 

IV. ʀʟʫʯʝʥʠʝ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

1. ɼʝʪʩʪʚʦ ʠ ʶʥʦʩʪʴ (1792-1811)  

/ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʨʘʩʩʢʘʟ ʫʯʠʪʝʣʷ/ 

ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʃʦʙʘʯʝʚʩʢʠʡ ʨʦʜʠʣʩʷ 20 ʥʦʷʙʨʷ (ʧʦ ʩʪʘʨʦʤʫ ʩʪʠʣʶ) 

ʠʣʠ 1 ʜʝʢʘʙʨʷ (ʧʦ ʥʦʚʦʤʫ ʩʪʠʣʶ) 1792 ʛʦʜʘ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ. ɿʘʧʠʰʠʪʝ 

ʵʪʫ ʜʘʪʫ ʚ ʪʝʪʨʘʜʴ. 

ɽʛʦ ʦʪʝʮ, ʀʚʘʥ ʄʘʢʩʠʤʦʚʠʯ, ʙʳʣ ʤʝʣʢʠʤ ʯʠʥʦʚʥʠʢʦʤ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 

ʜʝʧʘʨʪʘʤʝʥʪʘ. ʉʝʤʴʷ ʙʳʣʘ ʥʝʙʦʛʘʪʦʡ. ʂʦʛʜʘ ʅʠʢʦʣʘʶ ʙʳʣʦ ʚʩʝʛʦ ʧʷʪʴ ʣʝʪ, 

ʦʪʝʮ ʫʤʝʨ, ʠ ʤʘʪʴ, ʇʨʘʩʢʦʚʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʦʩʪʘʣʘʩʴ ʦʜʥʘ ʩ ʪʨʝʤʷ 

ʩʳʥʦʚʴʷʤʠ. 

/ʫʯʠʪʝʣʴ ʩʦʦʙʱʘʝʪ ʠʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ ʦ ʜʝʪʩʪʚʝ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ 

ʝʛʦ ʫʩʧʝʭʘʭ ʚ ʫʯʸʙʝ/ 

ɺ 1807 ʛʦʜʫ, ʚ ʚʦʟʨʘʩʪʝ 14 ʣʝʪ, ʅʠʢʦʣʘʡ ʧʦʩʪʫʧʠʣ ʚ ʂʘʟʘʥʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʥʦʚʘʥ ʚʩʝʛʦ ʟʘ ʜʚʘ ʛʦʜʘ ʜʦ ʵʪʦʛʦ, ʚ 1805 ʛʦʜʫ 

[2; ʩ. 28]. ɿʘʧʠʰʠʪʝ: 1807 ʛʦʜ ï ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʂʘʟʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

2. ʋʯʸʙʘ ʠ ʫʯʠʪʝʣʴ 

ʋ ʅʠʢʦʣʘʷ ʙʳʣ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʫʯʠʪʝʣʴ ʤʘʪʝʤʘʪʠʢʠ ï ʧʨʦʬʝʩʩʦʨ 

ʄʘʨʪʠʥ ɹʘʨʪʝʣʴʩ, ʥʝʤʝʮʢʠʡ ʤʘʪʝʤʘʪʠʢ [1; ʩ. 29].  ʆʥ ʩʨʘʟʫ ʟʘʤʝʪʠʣ 

ʚʳʜʘʶʱʠʝʩʷ ʩʧʦʩʦʙʥʦʩʪʠ ʅʠʢʦʣʘʷ. ɹʘʨʪʝʣʴʩ ʧʠʩʘʣ: "ʆʙ ʠʩʢʫʩʩʪʚʝ 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʨʝʜʣʦʞʫ ʭʦʪʷ ʦʜʠʥ ʧʨʠʤʝʨ: ʷ ʧʦʨʫʯʠʣ ʝʤʫ ʦʙʲʷʩʥʠʪʴ 

ʪʦʚʘʨʠʱʘʤ ʩʣʦʞʥʫʶ ʪʝʤʫ, ʠ ʦʥ ʩʧʨʘʚʠʣʩʷ ʙʣʝʩʪʷʱʝ! [1; ʩ. 30]" 

ɺ 1811 ʛʦʜʫ, ʚ ʚʦʟʨʘʩʪʝ 18 ʣʝʪ, ʅʠʢʦʣʘʡ ʃʦʙʘʯʝʚʩʢʠʡ ʧʦʣʫʯʠʣ ʩʪʝʧʝʥʴ 

ʤʘʛʠʩʪʨʘ ʧʦ ʬʠʟʠʢʝ ʠ ʤʘʪʝʤʘʪʠʢʝ ʩ ʦʪʣʠʯʠʝʤ [2; ʩ. 29]. ɸ ʫʞʝ ʚ 1822 ʛʦʜʫ ï 

ʦʨʜʠʥʘʨʥʳʤ ʧʨʦʬʝʩʩʦʨʦʤ, ʪʦ ʝʩʪʴ ʧʦʣʥʦʮʝʥʥʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʯʠʩʪʦʡ 

ʤʘʪʝʤʘʪʠʢʠ [2; ʩ. 65]. ɿʘʧʠʰʠʪʝ ʵʪʦ ʚ ʪʝʪʨʘʜʴ. 

3. ʉʦʟʜʘʥʠʝ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ 
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/ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʦʙʲʷʩʥʝʥʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʝʩʝʜʳ/ 

ɸ ʪʝʧʝʨʴ ʧʝʨʝʡʜʸʤ ʢ ʩʘʤʦʤʫ ʛʣʘʚʥʦʤʫ ï ʢ ʥʘʫʯʥʦʤʫ ʦʪʢʨʳʪʠʶ 

ʃʦʙʘʯʝʚʩʢʦʛʦ. 

ɼʘʚʘʡʪʝ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʙʦʣʝʝ 2000 ʣʝʪ ʥʘʟʘʜ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ 

ʤʘʪʝʤʘʪʠʢ ɽʚʢʣʠʜ ʩʦʟʜʘʣ ʩʠʩʪʝʤʫ ʛʝʦʤʝʪʨʠʠ, ʢʦʪʦʨʫʶ ʤʳ ʩ ʚʘʤʠ ʠʟʫʯʘʝʤ ʚ 

ʰʢʦʣʝ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʧʷʪʠ ʧʦʩʪʫʣʘʪʘʭ ï ʫʪʚʝʨʞʜʝʥʠʷʭ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ.  

ʅʦ ʩʝʛʦʜʥʷ ʤʳ ʚʩʧʦʤʥʠʤ ʦ ʝʛʦ ʧʷʪʦʤ ʧʦʩʪʫʣʘʪʝ. ʆʥ ʟʚʫʯʘʣ ʦʯʝʥʴ 

ʩʣʦʞʥʦ ʠ ʟʘʧʫʪʘʥʥʦ. ɺ ʫʧʨʦʱʸʥʥʦʤ ʚʠʜʝ ʦʥ ʛʦʚʦʨʠʣ: ʯʝʨʝʟ ʪʦʯʢʫ, ʥʝ 

ʣʝʞʘʱʫʶ ʥʘ ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʪʦʣʴʢʦ ʦʜʥʫ ʧʨʷʤʫʶ, 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʜʘʥʥʦʡ. ɿʘʧʠʰʠʪʝ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʪʝʪʨʘʜʴ. 

ɼʘʚʘʡʪʝ ʧʨʦʚʝʨʠʤ. ʇʝʨʝʜ ʚʘʤʠ ʧʨʷʤʘʷ a ʠ ʪʦʯʢʘ A, ʢʦʪʦʨʘʷ ʥʝ ʣʝʞʠʪ ʥʘ 

ʵʪʦʡ ʧʨʷʤʦʡ. ʉʢʦʣʴʢʦ ʧʨʷʤʳʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʦʡ a, ʤʳ ʤʦʞʝʤ ʧʨʦʚʝʩʪʠ 

ʯʝʨʝʟ ʪʦʯʢʫ A? (ʋʯʝʥʠʢʠ ʦʪʚʝʯʘʶʪ: ʦʜʥʫ) 

ɺʝʨʥʦ! ʇʦ ɽʚʢʣʠʜʫ ï ʪʦʣʴʢʦ ʦʜʥʫ. 

ʅʦ ʵʪʦʪ ʧʷʪʳʡ ʧʦʩʪʫʣʘʪ ʚʩʝʛʜʘ ʚʳʟʳʚʘʣ ʩʦʤʥʝʥʠʷ ʫ ʤʘʪʝʤʘʪʠʢʦʚ. ʆʥ 

ʙʳʣ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʤ, ʠ ʤʥʦʛʠʝ ʧʳʪʘʣʠʩʴ ʚʳʚʝʩʪʠ ʝʛʦ ʠʟ ʧʝʨʚʳʭ ʯʝʪʳʨʸʭ, 

ʪʦ ʝʩʪʴ ʜʦʢʘʟʘʪʴ. ʅʦ ʥʠʢʦʤʫ ʵʪʦ ʥʝ ʫʜʘʚʘʣʦʩʴ! 

ʃʦʙʘʯʝʚʩʢʠʡ ʨʘʟʤʳʰʣʷʣ ʥʘʜ ʵʪʠʤ ʚʦʧʨʦʩʦʤ ʤʥʦʛʦ ʣʝʪ. ʀ ʚ ʢʘʢʦʡ-ʪʦ 

ʤʦʤʝʥʪ ʫ ʥʝʛʦ ʚʦʟʥʠʢʣʘ ʩʤʝʣʘʷ ʤʳʩʣʴ: ʘ ʯʪʦ, ʝʩʣʠ ʵʪʦʪ ʧʦʩʪʫʣʘʪ ʥʝʣʴʟʷ 

ʜʦʢʘʟʘʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʪʠʥʥʳʡ? ʏʪʦ, ʝʩʣʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʜʨʫʛʫʶ ʛʝʦʤʝʪʨʠʶ ʩ ʜʨʫʛʠʤ ʧʷʪʳʤ ʧʦʩʪʫʣʘʪʦʤ? 

ʀ ʦʥ ʩʜʝʣʘʣ ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʰʘʛ! ʃʦʙʘʯʝʚʩʢʠʡ ʟʘʤʝʥʠʣ ʧʷʪʳʡ 

ʧʦʩʪʫʣʘʪ ɽʚʢʣʠʜʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ: ʏʝʨʝʟ ʪʦʯʢʫ, ʥʝ ʣʝʞʘʱʫʶ ʥʘ 

ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʝ ʧʨʷʤʳʝ, ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʜʘʥʥʦʡ ʧʨʷʤʦʡ. ɿʘʧʠʰʠʪʝ ʵʪʦ ʚ ʪʝʪʨʘʜʴ ʠ ʧʦʜʫʤʘʡʪʝ, ʢʘʢ ʵʪʦ 

ʚʦʟʤʦʞʥʦ? (ʋʯʝʥʠʢʠ ʨʘʟʤʳʰʣʷʶʪ) 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʧʣʦʩʢʦʝ, ʢʘʢ 

ʤʳ ʧʨʠʚʳʢʣʠ ʜʫʤʘʪʴ, ʘ ʠʤʝʝʪ ʦʩʦʙʫʶ ʢʨʠʚʠʟʥʫ ï ʦʪʨʠʮʘʪʝʣʴʥʫʶ. 
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ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʜʣʘ ʠʣʠ ʚʦʨʦʥʢʠ. ʅʘ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʝʨʝʟ ʦʜʥʫ ʪʦʯʢʫ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʥʦʛʦ ʧʨʷʤʳʭ, ʢʦʪʦʨʳʝ ʥʝ 

ʙʫʜʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʩ ʜʘʥʥʦʡ ʧʨʷʤʦʡ! 

ʃʦʙʘʯʝʚʩʢʠʡ ʥʘʟʚʘʣ ʩʚʦʶ ʛʝʦʤʝʪʨʠʶ "ʚʦʦʙʨʘʞʘʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ". 

ʉʝʡʯʘʩ ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠʣʠ ʛʝʦʤʝʪʨʠʝʡ 

ʃʦʙʘʯʝʚʩʢʦʛʦ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʢʨʳʪʠʷ 

23 ʬʝʚʨʘʣʷ 1826 ʛʦʜʘ ï ʟʘʧʠʰʠʪʝ ʵʪʫ ʜʘʪʫ! ï ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ 

ʃʦʙʘʯʝʚʩʢʠʡ ʥʘ ʟʘʩʝʜʘʥʠʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʂʘʟʘʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʝʜʩʪʘʚʠʣ ʩʚʦʡ ʜʦʢʣʘʜ "ʂʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ ʥʘʯʘʣ ʛʝʦʤʝʪʨʠʠ 

ʩʦ ʩʪʨʦʛʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʝʦʨʝʤʳ ʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʷʭ" [2; ʩ. 79]. 

ʕʪʦ ʙʳʣ ʠʩʪʦʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ! ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʜʝʥʴ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʠʨʫ ʥʝʝʚʢʣʠʜʦʚʘ ʛʝʦʤʝʪʨʠʷ. ʅʦ ʢʘʢ ʚʳ ʜʫʤʘʝʪʝ, ʢʘʢ ʦʪʨʝʘʛʠʨʦʚʘʣʠ ʢʦʣʣʝʛʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ? (ʋʯʝʥʠʢʠ ʚʳʩʢʘʟʳʚʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ) 

ʂ ʩʦʞʘʣʝʥʠʶ, ʝʛʦ ʥʝ ʧʦʥʷʣʠ. ɹʦʣʝʝ ʪʦʛʦ, ʝʛʦ ʨʘʙʦʪʫ ʧʦʜʚʝʨʛʣʠ ʨʝʟʢʦʡ 

ʢʨʠʪʠʢʝ! ʇʝʪʝʨʙʫʨʛʩʢʠʝ ʤʘʪʝʤʘʪʠʢʠ, ʦʩʦʙʝʥʥʦ ʘʢʘʜʝʤʠʢ ʆʩʪʨʦʛʨʘʜʩʢʠʡ, 

ʧʠʩʘʣʠ ʦ ʨʘʙʦʪʘʭ ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ. ɽʛʦ ʩʯʠʪʘʣʠ ʯʫʜʘʢʦʤ, 

ʥʘʜ ʥʠʤ ʜʘʞʝ ʩʤʝʷʣʠʩʴ ʚ ʬʝʣʴʝʪʦʥʘʭ! 

ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ: ʪʳ ʩʦʚʝʨʰʠʣ ʚʝʣʠʢʦʝ ʦʪʢʨʳʪʠʝ, ʘ ʪʝʙʷ ʥʝ ʧʦʥʠʤʘʶʪ 

ʠ ʚʳʩʤʝʠʚʘʶʪ. ʅʦ ʃʦʙʘʯʝʚʩʢʠʡ ʥʝ ʩʜʘʚʘʣʩʷ! ʆʥ ʧʨʦʜʦʣʞʘʣ ʨʘʟʚʠʚʘʪʴ ʩʚʦʶ 

ʪʝʦʨʠʶ ʠ ʧʫʙʣʠʢʦʚʘʪʴ ʨʘʙʦʪʳ. 

ɺ 1829-1830 ʛʦʜʘʭ ʚʳʰʣʘ ʝʛʦ ʨʘʙʦʪʘ "ʆ ʥʘʯʘʣʘʭ ʛʝʦʤʝʪʨʠʠ". ɿʘʪʝʤ 

ʙʳʣʠ ʩʪʘʪʴʠ ʦ "ʚʦʦʙʨʘʞʘʝʤʦʡ ʛʝʦʤʝʪʨʠʠ". ɺ 1835-1838 ʛʦʜʘʭ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚʘʞʥʳʝ ʨʘʙʦʪʳ, ʘ ʚ 1840 ʛʦʜʫ ʚʳʰʣʘ ʝʛʦ ʩʘʤʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ 

"ʅʦʚʳʝ ʥʘʯʘʣʘ ʛʝʦʤʝʪʨʠʠ ʩ ʧʦʣʥʦʡ ʪʝʦʨʠʝʡ ʧʘʨʘʣʣʝʣʴʥʳʭ". 

5. ʇʨʠʟʥʘʥʠʝ 

ɸ ʪʝʧʝʨʴ ʧʦʛʦʚʦʨʠʤ ʦ ʧʨʠʟʥʘʥʠʠ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʦʩʪʘʚʘʣʠʩʴ ʥʝʧʨʠʟʥʘʥʥʳʤʠ ʚ ʈʦʩʩʠʠ. ʅʦ ʚ 1840-ʝ ʛʦʜʳ ʦ ʥʸʤ ʫʟʥʘʣʠ ʚ 

ɽʚʨʦʧʝ. 



207 

 

ɺʝʣʠʢʠʡ ʥʝʤʝʮʢʠʡ ʤʘʪʝʤʘʪʠʢ ʂʘʨʣ ʌʨʠʜʨʠʭ ɻʘʫʩʩ ʚʳʩʦʢʦ ʦʮʝʥʠʣ 

ʨʘʙʦʪʳ ʨʫʩʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ! ʇʦ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʚ 1842 ʛʦʜʫ 

ʃʦʙʘʯʝʚʩʢʠʡ ʙʳʣ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɻʸʪʪʠʥʛʝʥʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʦʙʱʝʩʪʚʘ [4]. ʕʪʦ ʙʳʣʦ ʙʦʣʴʰʦʡ ʯʝʩʪʴʶ! 

ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʧʨʠʰʣʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʤʝʨʪʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ. ʃʠʰʴ ʚ 1860-1870-ʝ ʛʦʜʳ ʠʪʘʣʴʷʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ɹʝʣʴʪʨʘʤʠ, 

ʥʝʤʝʮʢʠʡ ʤʘʪʝʤʘʪʠʢ ʂʣʝʡʥ ʠ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʇʫʘʥʢʘʨʝ ʜʦʢʘʟʘʣʠ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ. 

ɸ ʚ XX ʚʝʢʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʃʦʙʘʯʝʚʩʢʦʛʦ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ! ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʕʡʥʰʪʝʡʥʘ, ʚ ʬʠʟʠʢʝ, ʚ ʦʧʠʩʘʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ! 

6. ʃʦʙʘʯʝʚʩʢʠʡ ï ʨʝʢʪʦʨ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

/ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʨʘʩʩʢʘʟ/ 

ʅʦ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʃʦʙʘʯʝʚʩʢʠʡ ʙʳʣ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʢʠʤ ʫʯʸʥʳʤ, ʥʦ 

ʠ ʧʨʝʢʨʘʩʥʳʤ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʤ! 

3 ʤʘʷ 1827 ʛʦʜʘ, ʚ ʚʦʟʨʘʩʪʝ 34 ʣʝʪ, ʦʥ ʙʳʣ ʠʟʙʨʘʥ ʨʝʢʪʦʨʦʤ ʂʘʟʘʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ɿʘʧʠʰʠʪʝ: 1827-1846 ʛʦʜʳ ï ʨʝʢʪʦʨ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

[2; ʩ. 82]. ʇʦʯʪʠ 19 ʣʝʪ! 

ʏʪʦ ʩʜʝʣʘʣ ʃʦʙʘʯʝʚʩʢʠʡ ʜʣʷ ʫʥʠʚʝʨʩʠʪʝʪʘ? ʆʯʝʥʴ ʤʥʦʛʦʝ! 

 /ʫʯʠʪʝʣʴ ʩʦʦʙʱʘʝʪ ʠʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʟʜʘʥʠʡ, ʦʙ ʦʩʥʦʚʘʥʠʠ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ, ʢʘʢ ʧʨʦʭʦʜʠʣʘ ʵʧʠʜʝʤʠʷ ʭʦʣʝʨʳ ʚ 

1830 ʛʦʜʫ ʠ ʧʦʞʘʨ ʚ 1842 ʛʦʜʫ/ 

ɿʘ ʩʚʦʠ ʟʘʩʣʫʛʠ ʚ 1838 ʛʦʜʫ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʃʦʙʘʯʝʚʩʢʠʡ ʙʳʣ 

ʧʦʞʘʣʦʚʘʥ ʧʦʪʦʤʩʪʚʝʥʥʳʤ ʜʚʦʨʷʥʩʪʚʦʤ. 

7. ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʞʠʟʥʠ 

/ʬʨʦʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʨʘʩʩʢʘʟ/ 

ʂ ʩʦʞʘʣʝʥʠʶ, ʢʦʥʝʮ ʞʠʟʥʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʙʳʣ ʪʨʘʛʠʯʝʩʢʠʤ. 
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ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʪʝʨʷʣ ʟʨʝʥʠʝ. ʂ ʢʦʥʮʫ ʞʠʟʥʠ ʦʥ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʣʝʧʳʤ. ʅʦ ʜʘʞʝ ʩʣʝʧʳʤ ʦʥ ʧʨʦʜʦʣʞʘʣ ʨʘʙʦʪʘʪʴ! ʉʚʦʶ ʧʦʩʣʝʜʥʶʶ ʨʘʙʦʪʫ 

"ʇʘʥʛʝʦʤʝʪʨʠʷ" ʦʥ ʜʠʢʪʦʚʘʣ ʫʯʝʥʠʢʘʤ [2; ʩ. 117]. 

12 ʬʝʚʨʘʣʷ (24 ʬʝʚʨʘʣʷ ʧʦ ʥʦʚʦʤʫ ʩʪʠʣʶ) 1856 ʛʦʜʘ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ 

ʃʦʙʘʯʝʚʩʢʠʡ ʩʢʦʥʯʘʣʩʷ ʚ ʂʘʟʘʥʠ. ɽʤʫ ʙʳʣʦ 63 ʛʦʜʘ. 

V. ʈʘʙʦʪʘ ʚ ʛʨʫʧʧʘʭ  

/ʛʨʫʧʧʦʚʘʷ ʨʘʙʦʪʘ/ 

ɸ ʪʝʧʝʨʴ ʜʘʚʘʡʪʝ ʨʘʟʜʝʣʠʤʩʷ ʥʘ ʛʨʫʧʧʳ ʧʦ 4-5 ʯʝʣʦʚʝʢ. ʋ ʚʘʩ ʥʘ ʧʘʨʪʘʭ 

ʣʝʞʘʪ ʣʠʩʪʦʯʢʠ ʩ ʟʘʜʘʥʠʷʤʠ. 

ɻʨʫʧʧʘ 1: ʉʦʩʪʘʚʴʪʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʫʶ ʪʘʙʣʠʮʫ ʞʠʟʥʠ ʃʦʙʘʯʝʚʩʢʦʛʦ 

(ʦʩʥʦʚʥʳʝ ʜʘʪʳ ʠ ʩʦʙʳʪʠʷ). 

ɻʨʫʧʧʘ 2: ʇʝʨʝʯʠʩʣʠʪʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʣʠ ʝʤʫ ʩʪʘʪʴ ʚʝʣʠʢʠʤ ʫʯʸʥʳʤ ʠ ʨʝʢʪʦʨʦʤ (ʫʧʦʨʩʪʚʦ, ʩʤʝʣʦʩʪʴ, 

ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʪ.ʜ.). 

ɻʨʫʧʧʘ 3: ʉʦʩʪʘʚʴʪʝ ʩʧʠʩʦʢ ʚʢʣʘʜʘ ʃʦʙʘʯʝʚʩʢʦʛʦ ʚ ʨʘʟʚʠʪʠʝ 

ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɻʨʫʧʧʘ 4: ʇʦʜʫʤʘʡʪʝ ʠ ʟʘʧʠʰʠʪʝ, ʧʦʯʝʤʫ ʩʦʚʨʝʤʝʥʥʠʢʠ ʥʝ ʧʨʠʥʷʣʠ 

ʛʝʦʤʝʪʨʠʶ ʃʦʙʘʯʝʚʩʢʦʛʦ? ʏʪʦ ʧʦʤʝʰʘʣʦ ʠʤ ʧʦʥʷʪʴ ʥʦʚʦʝ? 

ʋ ʚʘʩ ʝʩʪʴ 5 ʤʠʥʫʪ. ɿʘʪʝʤ ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʠʪ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ. 

(ʋʯʝʥʠʢʠ ʨʘʙʦʪʘʶʪ ʚ ʛʨʫʧʧʘʭ, ʟʘʪʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ) 

VI. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ 

ʀʪʘʢ, ʨʝʙʷʪʘ, ʜʘʚʘʡʪʝ ʧʦʜʚʝʜʸʤ ʠʪʦʛʠ. ʉʝʛʦʜʥʷ ʤʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ 

ʫʜʠʚʠʪʝʣʴʥʳʤ ʯʝʣʦʚʝʢʦʤ ï ʅʠʢʦʣʘʝʤ ʀʚʘʥʦʚʠʯʝʤ ʃʦʙʘʯʝʚʩʢʠʤ.  

ɽʛʦ ʞʠʟʥʴ ʫʯʠʪ ʥʘʩ ʪʦʤʫ, ʯʪʦ ʥʫʞʥʦ ʚʝʨʠʪʴ ʚ ʩʚʦʠ ʠʜʝʠ, ʜʘʞʝ ʝʩʣʠ 

ʦʢʨʫʞʘʶʱʠʝ ʪʝʙʷ ʥʝ ʧʦʥʠʤʘʶʪ; ʥʘʩʪʦʷʱʝʝ ʧʨʠʟʥʘʥʠʝ ʤʦʞʝʪ ʧʨʠʡʪʠ ʥʝ 

ʩʨʘʟʫ, ʥʦ ʠʩʪʠʥʘ ʚʩʸ ʨʘʚʥʦ ʧʦʙʝʜʠʪ; ʫʯʸʥʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʫʤʥʳʤ, 

ʥʦ ʠ ʩʤʝʣʳʤ, ʛʦʪʦʚʳʤ ʢ ʦʪʢʨʳʪʠʷʤ; ʚʘʞʥʦ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʫʢʝ, ʥʦ ʠ 

ʣʶʜʷʤ, ʢʘʢ ʵʪʦ ʜʝʣʘʣ ʃʦʙʘʯʝʚʩʢʠʡ, ʩʧʘʩʘʷ ʫʥʠʚʝʨʩʠʪʝʪ ʦʪ ʭʦʣʝʨʳ ʠ ʧʦʞʘʨʘ 
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ʂʘʢ ʛʦʚʦʨʠʣ ʩʘʤ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ: "ʋʯʝʥʳʡ ʜʦʣʞʝʥ ʠʜʪʠ ʧʦ 

ʥʝʧʨʦʪʦʨʝʥʥʳʤ ʧʫʪʷʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ." 

ɿʘʧʠʰʠʪʝ ʵʪʫ ʮʠʪʘʪʫ ʚ ʪʝʪʨʘʜʴ. 

VII. ʈʝʬʣʝʢʩʠʷ 

ɼʘʚʘʡʪʝ ʪʝʧʝʨʴ ʩ ɺʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʩʝʛʦʜʥʷʰʥʝʝ ʟʘʥʷʪʠʝ ʠ ʦʪʚʝʪʠʤ 

ʥʘ ʚʦʧʨʦʩ: ʂʘʢ ʜʫʤʘʝʪʝ, ʢʘʢ ʚ ʥʘʰʝ ʚʨʝʤʷ ʧʘʤʷʪʴ ʦ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʤ ʞʠʚʘ? 

(ʜʘ) ɻʜʝ ʤʳ ʤʦʞʝʤ ʚʩʪʨʝʪʠʪʴʩʷ ʩ ʝʛʦ ʬʘʤʠʣʠʝʡ? (ʧʨʝʤʠʷ, ʫʣʠʮʳ, 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ ʪ.ʜ.)  

ʏʪʦ ʤʝʥʷ ʙʦʣʴʰʝ ʚʩʝʛʦ ʫʜʠʚʠʣʦ/ʧʦʨʘʟʠʣʦ ʥʘ ʩʝʛʦʜʥʷʰʥʝʤ ʫʨʦʢʝ? 

ʉʧʘʩʠʙʦ ʚʩʝʤ ʟʘ ʚʥʠʤʘʥʠʝ ʠ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ! ʋʨʦʢ ʦʢʦʥʯʝʥ. 
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ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ɹʦʜʨʷʢʦʚ ɺ. ʖ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʂʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ð 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʦ ʘʟʠʤʫʪʘʤ ʠʟ 

ʜʚʫʭ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʦʡ ʛʝʦʣʦʢʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʘ ʠ 

ʜʦʢʘʟʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯʠ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʸʪʦʚ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ Python, ʫʩʧʝʰʥʦ ʧʨʦʰʝʜʰʘʷ ʘʧʨʦʙʘʮʠʶ. ʈʘʙʦʪʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ; 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ; ʤʦʙʠʣʴʥʘʷ ʛʝʦʣʦʢʘʮʠʷ; 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ; ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʫʤʝʥʠʷ; 

ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ 

ʤʘʪʝʤʘʪʠʢʝ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʬʦʨʤʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʤʘʪʝʤʘʪʠʢʝ (ʃʈʄ), ʧʦʣʫʯʠʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʪʨʫʜʘʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʢʝ ʋʨɻʇʋ [1, 3-7]. 

ʂʘʢ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ ʘʚʪʦʨʘʤʠ [5, 9], ʧʨʠʚʣʝʯʝʥʠʝ ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ 

ʩʚʷʟʝʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʃʈʄ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ 

ʟʥʘʥʠʡ, ʬʦʨʤʠʨʫʷ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʫʯʥʳʤ ʘʧʧʘʨʘʪʦʤ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ, 

ʩʣʫʞʘʱʝʡ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ (ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ [3-4], 

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9]), ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ. 

ʉʣʝʜʫʶʱʠʤ ʟʘʢʦʥʦʤʝʨʥʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʠʟʘʮʠʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʡʪʠ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 
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ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʢʣʘʜʥʳʤʠ ʟʘʜʘʯʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʧʨʦʮʝʩʩ ʠʭ ʚʳʧʦʣʥʝʥʠʷ: ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʘʩʯʝʪʦʚ ʠ ʫʩʠʣʠʷ ʧʦ ʢʦʥʪʨʦʣʶ 

ʪʦʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃʈʄ ʠ ʨʘʟʚʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʛʨʘʤʦʪʥʦʩʪʴ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʟʥʘʥʠʷ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʅʘʛʣʷʜʥʦʡ ʠʣʣʶʩʪʨʘʮʠʝʡ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʤʝʪʘʧʨʝʜʤʝʪʥʘʷ ʃʈʄ çʇʦʠʩʢ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʦ 

ʘʟʠʤʫʪʘʤ ʦʪ ʜʚʫʭ ʪʦʯʝʢ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠè, 

ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʠʢʣ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʃʈʄ 

ʇʦʩʪʨʦʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʃʈʄ. ʇʫʩʪʴ ʜʘʥʳ ʜʚʝ ʪʦʯʢʠ 

ʠ , ʜʣʷ ʵʪʠʭ ʪʦʯʝʢ ʜʘʥʳ ʘʟʠʤʫʪʳ Ŭ ʠ ɓ ʜʦ ʥʝʢʦʡ 

ʪʦʯʢʠ  . ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ C ʥʘ ʦʩʥʦʚʝ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ (ʨʠʩ. 1). ɸʟʠʤʫʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʛʦʣ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʩʝʚʝʨ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʣʶʙʦʡ ʦʙʲʝʢʪ ʧʦ ʭʦʜʫ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ [8].  

ʈʘʩʩʤʦʪʨʠʤ ʪʦʯʢʫ A. ʂʦʦʨʜʠʥʘʪʳ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ ʣʫʯʘ AC ʝʩʪʴ 

, ʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ a, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ A ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ ʚʝʢʪʦʨʦʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʜʘʯʠ 

  

ʛʜʝ  ï ʧʘʨʘʤʝʪʨ, ʜʣʷ ʪʦʯʢʠ ʉ (ʪʘʢ ʢʘʢ C ʣʝʞʠʪ ʥʘ ʣʫʯʝ AC). 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʪʦʯʢʠ B. ʊʦʯʢʘ C ʣʝʞʠʪ ʥʘ ʣʫʯʘʭ AC ʠ BC, ʪʦʛʜʘ ʝʝ 

ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʷʤ: 

 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ C ʧʨʠʤʫʪ ʚʠʜ: 

 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʥʝʠʟʚʝʩʪʥʦʛʦ (ʪʦʯʝʯʥʦʛʦ) ʦʙʲʝʢʪʘ ʥʘ 

ʤʝʩʪʥʦʩʪʠ ʧʦ ʘʟʠʤʫʪʘʤ ʦʪ ʜʚʫʭ ʪʦʯʝʢ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʨʝʰʝʥʘ.  

ɼʣʷ ʚʳʚʦʜʘ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃʈʄ 

ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʷ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʦʜʝʣʘʪʴ ʝʛʦ ʤʦʞʝʪ 

ʢʘʞʜʳʡ ʦʙʫʯʘʶʱʠʡʩʷ ʩ 9-ʛʦ ʢʣʘʩʩʘ ʠ ʩʪʘʨʰʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʨʘʚ ʜʚʘ ʙʘʟʦʚʳʭ ʪʦʯʝʯʥʳʭ ʦʙʲʝʢʪʘ ʥʘ ʤʝʩʪʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʚʘ ʠʟʚʝʩʪʥʳʭ ʛʦʨʦʜʩʢʠʭ ʧʘʤʷʪʥʠʢʘ), ʦʧʨʝʜʝʣʠʚ 

ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʦʧʨʝʜʝʣʠʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʭ ʘʟʠʤʫʪʳ ʥʘ 

ʪʨʝʪʠʡ, ʥʝʠʟʚʝʩʪʥʳʡ, ʦʙʲʝʢʪ, ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʟʘʜʘʯʫ 

ʧʝʨʝʜ ʦʙʫʯʘʶʱʠʤʠʩʷ. ɸ ʠʤʝʥʥʦ, ʥʘʡʪʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʝʠʟʚʝʩʪʥʳʡ ʦʙʲʝʢʪ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʇʨʦʚʝʩʪʠ ʪʘʢʦʝ 

ʟʘʥʷʪʠʝ ʤʦʞʥʦ ʚ ʫʯʝʙʥʦʝ ʠʣʠ ʚʥʝʫʯʝʙʥʦʝ ʚʨʝʤʷ ʚ ʬʦʨʤʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʢʚʝʩʪʘ (ʫʨʦʢʘ-ʵʢʩʢʫʨʩʠʠ) ʧʦ ʨʦʜʥʦʤʫ ʛʦʨʦʜʫ. ɺʦʩʧʠʪʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʪʘʢʦʛʦ ʟʘʥʷʪʠʷ, ʨʝʘʣʠʟʫʝʤʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʰʝʥʠʝʤ ʧʨʝʜʤʝʪʥʳʭ 

ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ [2, 6, 

8, 11-12], ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ [13-14]. 

ʈʝʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘ Python 

ʃʦʛʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʚʘʨʠʘʥʪʦʚ ï ʨʘʟʨʘʙʦʪʢʘ ʢʦʜʘ ʥʘ ʷʟʳʢʝ 

Python. ʂʨʘʪʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʈʌ ʠ ʤʠʨʘ ʚʚʠʜʫ ʩʚʦʝʡ 

ʧʨʦʩʪʦʪʳ ʠ ʧʨʦʟʨʘʯʥʦʡ ʣʦʛʠʢʠ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2025 ʛʦʜ ʦʥ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʠʟʫʯʘʝʤʳʤ ʷʟʳʢʦʤ ʚ ʰʢʦʣʘʭ ʈʦʩʩʠʠ, ʧʦʩʝʤʫ, ʝʛʦ ʚʳʙʦʨ ʚ ʨʘʤʢʘʭ 

ʃʈʄ ʚʝʩʴʤʘ ʣʦʛʠʯʝʥ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʛʨʘʤʤʘ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʦʞʝʪ ʙʳʪʴ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʣʶʙʦʤ ʜʨʫʛʦʤ ʷʟʳʢʝ). 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʥʠʝ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʉʦʟʜʘʡʪʝ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ Python (ʚʦʟʴʤʠʪʝ ʟʘ ʦʩʥʦʚʫ ʨʘʥʝʝ 

ʜʦʢʘʟʘʥʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ). ʇʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ: 

¶ ʇʦʣʫʯʘʪʴ ʥʘ ʚʭʦʜ ʢʦʦʨʜʠʥʘʪʳ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ ʠ ʘʟʠʤʫʪʳ 

ʢ ʠʩʢʦʤʦʡ ʪʦʯʢʝ ʚ ʚʠʜʝ çʰʠʨʦʪʘ ʜʦʣʛʦʪʘ 

ʘʟʠʤʫʪ_ʢ_ʠʩʢʦʤʦʡ_ʪʦʯʢʝè. 
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¶ ʇʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʟ ʛʨʘʜʫʩʥʳʭ ʝʜʠʥʠʮ ʚ 

ʢʠʣʦʤʝʪʨʳ. 

¶ ʈʘʩʩʯʠʪʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʩʢʦʤʦʡ ʪʦʯʢʠ ʠ ʚʳʚʦʜʠʪʴ ʠʭ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʠʞʝ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩ ʪʨʝʙʫʝʤʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ (ʧʨʠʤ. 1); ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2: 

1. ɼʣʷ ʨʘʙʦʪʳ ʩ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʫʛʣʘʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ (ʨʘʜʠʘʥʳ, ʛʨʘʜʫʩʳ) 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚʩʪʨʦʝʥʥʫʶ ʚ Python 

ʙʠʙʣʠʦʪʝʢʫ Math ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʬʫʥʢʮʠʠ. 

2. ʈʝʘʣʠʟʫʝʤ ʚʚʦʜ ʜʘʥʥʳʭ: ʩʯʠʪʘʝʤ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʩʪʨʦʢʫ ʚ 

ʬʦʨʤʘʪʝ çʰʠʨʦʪʘ ʜʦʣʛʦʪʘ ʘʟʠʤʫʪ_ʢ_ʠʩʢʦʤʦʡ_ʪʦʯʢʝè, 

ʨʘʟʦʙʴʝʤ ʝʸ ʤʝʪʦʜʦʤ .split() ʠ ʩʦʟʜʘʜʠʤ ʩʧʠʩʦʢ ʠʟ ʢʦʦʨʜʠʥʘʪ. 

3. ʉʦʟʜʘʜʠʤ ʬʫʥʢʮʠʶ calculate_target(), ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʨʠʥʠʤʘʪʴ ʜʘʥʥʳʝ ʚ ʚʠʜʝ 

çʩʧʠʩʦʢ_ʢʦʦʨʜʠʥʘʪ_ʧʝʨʚʦʡ_ʪʦʯʢʠ, 

ʘʟʠʤʫʪ_ʢ_ʠʩʢʦʤʦʡ_ʪʦʯʢʝ_ʠʟ_ʧʝʨʚʦʡ, 

ʩʧʠʩʦʢ_ʢʦʦʨʜʠʥʘʪ_ʚʪʦʨʦʡ_ʪʦʯʢʠ, ʘʟʠʤʫʪ_ʢ_ʠʩʢʦʤʦʡ_ʪʦʯ

ʢʝ_ʠʟ_ʚʪʦʨʦʡè ʠ ʚʦʟʚʨʘʱʘʪʴ ʦʪʚʝʪ ʚ ʚʠʜʝ 

çʰʠʨʦʪʘ_ʠʩʢʦʤʦʡ_ʪʦʯʢʠ, ʜʦʣʛʦʪʘ_ʠʩʢʦʤʦʡ_ʪʦʯʢʠè. 

4. ɺ ʬʫʥʢʮʠʠ calculate_target() ʩʦʟʜʘʜʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ: 

e. to_meters() ï ʧʨʝʦʙʨʘʟʫʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʤʝʪʨʠʯʝʩʢʠʝ, ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʠ ʚʦʟʚʨʘʱʘʝʪ ʧʘʨʫ ʢʦʦʨʜʠʥʘʪ (ʰʠʨʦʪʘ ʠ 

ʜʦʣʛʦʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

f. to_degrees() ï ʜʝʡʩʪʚʫʝʪ ʘʥʘʣʦʛʠʯʥʦ ʬʫʥʢʮʠʠ to_meters(), ʦʜʥʘʢʦ 

ʧʨʝʦʙʨʘʟʫʝʪ ʤʝʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ. 

7. ɺʥʫʪʨʠ ʬʫʥʢʮʠʠ calculate_target() ʨʝʘʣʠʟʫʝʤ ʚʳʯʠʩʣʝʥʠʷ 

ʠʩʢʦʤʳʭ ʢʦʦʨʜʠʥʘʪ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʵʪʘʧʝ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʛʨʦʤʦʟʜʢʫʶ ʬʦʨʤʫʣʫ 

ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʨʘʩʩʯʠʪʘʪʴ ʦʪʜʝʣʴʥʦ ʯʠʩʣʠʪʝʣʴ 

ʠ ʟʥʘʤʝʥʘʪʝʣʴ.  

ʉʦʛʣʘʩʥʦ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʢʫʨʩʘ çʀʥʬʦʨʤʘʪʠʢʘè ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ 

ʚʳʧʦʣʥʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚʳʰʝ 

ʚʘʨʠʘʥʪʫ ʤʦʛʫʪ ʦʙʫʯʘʶʱʠʝʩʷ ʩ 9 ʢʣʘʩʩʘ [13]. ʆʩʦʙʦ ʫʚʣʝʯʝʥʥʳʝ ʫʯʝʥʠʢʠ 

ʤʦʛʫʪ ʚʳʧʦʣʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ (ʧʨʠʤ. 2). ʆʜʥʘʢʦ, ʃʈʄ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʦʙʫʯʘʶʱʠʤʠʩʷ ʠ ʙʦʣʝʝ ʤʣʘʜʰʠʭ ʢʣʘʩʩʦʚ ï ʦʥʠ ʤʦʛʫʪ 

ʧʨʠʤʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʙʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, Microsoft Excel. 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʢʦʜʘ Python 

ʇʨʠʤʝʯʘʥʠʝ 1. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ 

ʚʘʨʠʘʥʪʳ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤʫ ʟʘʜʘʥʠʶ, 

ʧʨʠʤʝʨ ʚʳʰʝ ʧʨʠʚʝʜʝʥ ʣʠʰʴ ʚ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʮʝʣʷʭ. 

ʇʨʠʤʝʯʘʥʠʝ 2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʚʣʘʜʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʦʡ 

ʛʨʫʧʧʦʡ ʦʙʫʯʘʶʱʠʭʩʷ ʠʤʝʶʪ ʤʝʩʪʦ ʫʩʣʦʞʥʝʥʠʷ ʟʘʜʘʥʠʷ: ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʧʦʧʨʦʩʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʬʫʥʢʮʠʶ, ʦʮʝʥʠʚʘʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ, ʠʣʠ, ʩʦʟʜʘʪʴ çʦʙʨʘʙʦʪʢʫ ʠʩʢʣʶʯʝʥʠʡè (ʢ ʧʨʠʤʝʨʫ, ʢʦʛʜʘ 
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ʟʥʘʯʝʥʠʷ ʟʥʘʤʝʥʘʪʝʣʷ ʧʘʨʘʤʝʪʨʘ ʨʘʚʥʦ 0 ʠʣʠ ʠʩʭʦʜʥʳʝ ʪʦʯʢʠ ʣʝʞʘʪ ʥʘ 

ʦʜʥʦʡ ʧʨʷʤʦʡ ʩ ʠʩʢʦʤʦʡ). 

ɸʧʨʦʙʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ɽʢʘʪʝʨʠʥʙʫʨʛʘ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʲʝʢʪʳ: 

1. ʇʘʤʷʪʥʠʢ ɺ. ʅ. ʊʘʪʠʱʝʚʫ ʠ ɻ. ɺ. ʜʝ ɻʝʥʠʥʫ (ʨʠʩ. 3).  

2. ʇʘʤʷʪʥʠʢ ʗʢʦʚʫ ʉʚʝʨʜʣʦʚʫ (ʨʠʩ. 4). 

 

ʈʠʩ. 3. ʇʘʤʷʪʥʠʢ ɺ.ʅ. 

ʊʘʪʠʱʝʚʫ ʠ ɻ.ɺ. ʜʝ ɻʝʥʠʥʫ 

  

 

ʈʠʩ. 4. ʇʘʤʷʪʥʠʢ 

ʗʢʦʚʫ ʉʚʝʨʜʣʦʚʫ 

  

 

ʈʠʩ. 5. 

ʇʘʤʷʪʥʠʢ 

çɻʦʨʜʳʡ 

ʌʦʥʘʨʴè 

3. ɸʨʪ-ʦʙʲʝʢʪ çɻʦʨʜʳʡ ʬʦʥʘʨʴè (ʨʠʩ. 5). 

  

ʂʘʞʜʳʡ ʠʟ ʦʙʲʝʢʪʦʚ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʩʦʙʦʡ ʮʝʣʫʶ ʵʧʦʭʫ ʠʟ ʢʫʣʴʪʫʨʳ ʠ 

ʠʩʪʦʨʠʠ ʛʦʨʦʜʘ: ʩ XVIII ʜʦ XXI ʚʝʢʦʚ, ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʢʫʣʴʧʪʫʨ ï ʜʦ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʦʚ, 

ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʪʦʯʝʯʥʳʝ, ʜʘʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʘʟʠʤʫʪʳ ʦʙʲʝʢʪʦʚ ʚ ʃʈʄ 
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ʊʦʯʢ

ʠ 
ʆʙʲʝʢʪʳ 

ʂʦʦʨʜʠʥʘʪʳ 
ɸʟʠʤʫʪ

ʳ ʢ C, ʛʨʘʜ. 
ʛʨʘʜ. 

ʩ.ʰ. 
ʛʨʘʜ. ʚ.ʜ. 

A 

ʇʘʤʷʪʥʠ

ʢ 

ɺ.ʅ. ʊʘʪʠʱʝʚ

ʫ ʠ 

ɻ.ɺ. ʜʝ ɻʝʥʠʥ

ʫ 

56.83813

8 

60.60580

0 
8,16 

B 

ʇʘʤʷʪʥʠ

ʢ ʗʢʦʚʫ 

ʉʚʝʨʜʣʦʚʫ 

56.83974

9 

60.61617

9 
324,29 

C 

ʇʘʤʷʪʥʠ

ʢ çɻʦʨʜʳʡ 

ʌʦʥʘʨʴè 

56.84615

2 

60.60793

7 
ï 

  

ɺʚʝʜʝʤ ʚ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ çʰʠʨʦʪʘ 

ʜʦʣʛʦʪʘ ʘʟʠʤʫʪ_ʢ_ʠʩʢʦʤʦʤʫ_ʦʙʲʝʢʪʫè ʧʦʦʯʝʨʝʜʥʦ ʜʣʷ ʜʚʫʭ ʪʦʯʝʢ ʠ 

ʧʦʚʝʨʠʤ ʨʝʟʫʣʴʪʘʪ. ʇʨʦʛʨʘʤʤʦʡ ʚʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ (ʨʠʩ. 6): 

 

ʈʠʩ. 6. ʂʦʥʩʦʣʴ Python 

ʇʨʦʚʝʨʠʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʦʧʦʩʪʘʚʠʤ ʠʭ ʩ çʵʪʘʣʦʥʥʳʤʠè 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʟ ʪʘʙʣ. 1: ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʟʥʘʯʝʥʠʷ ʰʠʨʦʪʳ ʪʦʯʢʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʠʣʠ 

8,22 ʤ; ʦʪʢʣʦʥʝʥʠʝ ʜʦʣʛʦʪʳ ʠʣʠ 3,65 ʤ. ʀʪʦʛʦ, ʥʘʡʜʝʥʥʘʷ 

ʪʦʯʢʘ ʦʪʩʪʦʠʪ ʦʪ ʠʩʢʦʤʦʡ ʧʨʠʤʝʨʥʦ ʥʘ 9ʤ ï ʦʪʢʣʦʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ 

ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʳʤ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʚʦʢʫʧʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 

(ʘʟʠʤʫʪ, GPS) ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɼʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʧʝʨʝʧʘʜʳ ʚʳʩʦʪ, 

ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʝ ʦʙʲʝʢʪʳ) ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 
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ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, ʦʜʥʘʢʦ ʵʪʦ ʚʨʷʜ ʣʠ ʟʘʪʨʫʜʥʠʪ ʧʦʠʩʢ ʠ ʚʠʟʫʘʣʴʥʫʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʆʧʠʩʘʥʥʘʷ ʚ ʩʪʘʪʴʝ ʃʈʄ çʇʦʠʩʢ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 

ʤʝʩʪʥʦʩʪʠ ʧʦ ʘʟʠʤʫʪʘʤ ʦʪ ʜʚʫʭ ʪʦʯʝʢ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠè ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʚʣʝʯʝʥʠʷ 

ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʙʠʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʃʈʄ ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʳʡ ʮʠʢʣ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʦʜʷ ʦʙʫʯʘʶʱʠʭʩʷ 
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Abstract. The scientific and practical game çMathematical tapeè is timed to 

coincide with the celebration of the All-Russian Day of Mathematics. This event 

will allow you to expand your knowledge about the lives and scientific works of 

famous mathematicians using game technologies. 

Keywords: mathematics, gamʝ technologies, and Mathematics Day. 

  

ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ ʠʭ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ. ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ, ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʚʦʚʣʝʯʝʥʠʶ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʥʠʭ ʫʩʪʦʡʯʠʚʦʛʦ ʠʥʪʝʨʝʩʘ ʢ 

ʠʟʫʯʘʝʤʳʤ ʧʨʝʜʤʝʪʘʤ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʪʦʯʥʳʤ ʥʘʫʢʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʤʘʪʝʤʘʪʠʢʝ, 

ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʣʦʞʥʳʡ ʠ ʘʙʩʪʨʘʢʪʥʳʡ ʧʨʝʜʤʝʪ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʛʨʳ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʝʥʪʘè, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ 

ʧʨʘʟʜʥʦʚʘʥʠʶ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ɼʥʷ ʄʘʪʝʤʘʪʠʢʘ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʛʨʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʥʦʩʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʝʣʠʢʠʭ 

ʫʯʝʥʳʭ-ʤʘʪʝʤʘʪʠʢʦʚ ʚ ʬʦʨʤʘʪ, ʙʣʠʟʢʠʡ ʠ ʧʦʥʷʪʥʳʡ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʧʦʜʨʦʩʪʢʫ ï ʬʦʨʤʘʪ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ʇʨʝʜʣʘʛʘʷ ʫʯʝʥʠʢʘʤ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ 

ʙʳ ʚʳʛʣʷʜʝʣʠ ʧʨʦʬʠʣʠ ʚʳʜʘʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʢʦʚ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʳ ʩʪʘʚʠʤ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯʫ ʥʝ ʧʨʦʩʪʦ ʠʟʫʯʠʪʴ ʬʘʢʪʳ ʠʭ 

ʙʠʦʛʨʘʬʠʠ, ʥʦ ʠ ʢʨʝʘʪʠʚʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ ʞʠʟʥʝʥʥʳʝ ʧʫʪʠ, ʦʪʢʨʳʪʠʷ 

ʠ ʣʠʯʥʦʩʪʥʳʝ ʯʝʨʪʳ, ʧʨʝʦʙʨʘʟʫʷ ʠʭ ʚ ʢʦʥʪʝʥʪ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʠʥʪʝʨʝʩʥʳʭ ʠ ʤʘʣʦʠʟʚʝʩʪʥʳʭ ʬʘʢʪʘʭ ʠʟ ʞʠʟʥʠ ʫʯʝʥʳʭ, ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʥʝ 

ʢʘʢ ʩʫʭʠʭ ʘʢʘʜʝʤʠʢʦʚ, ʘ ʢʘʢ ʷʨʢʠʝ, ʤʥʦʛʦʛʨʘʥʥʳʝ ʣʠʯʥʦʩʪʠ, ʯʴʠ ʦʪʢʨʳʪʠʷ 

ʦʢʘʟʘʣʠ ʢʦʣʦʩʩʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʮʠʚʠʣʠʟʘʮʠʠ. ʏʝʨʝʟ ʧʨʠʟʤʫ 
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ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʜʠʘ-ʬʦʨʤ ʤʳ ʩʪʨʝʤʠʤʩʷ ʩʜʝʣʘʪʴ ʠʩʪʦʨʠʶ ʤʘʪʝʤʘʪʠʢʠ 

ʞʠʚʦʡ, ʜʦʩʪʫʧʥʦʡ ʠ ʟʘʭʚʘʪʳʚʘʶʱʝʡ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʤʦʪʠʚʘʮʠʶ 

ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʠʟʫʯʝʥʠʶ ʧʨʝʜʤʝʪʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʷ ʝʛʦ ʩʚʷʟʴ ʩ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʴʶ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʙʘʟʘ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ. 

ʎʝʣʴ ʤʝʨʦʧʨʠʷʪʠʷ. ʈʘʟʚʠʪʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠʥʪʝʨʝʩʘ ʦʙʫʯʘʶʱʠʭʩʷ ʢ 

ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʟʥʘʢʦʤʩʪʚʘ ʩ ʞʠʟʥʴʶ ʠ ʥʘʫʯʥʳʤʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʤʘʪʝʤʘʪʠʢʝ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʛʨʳ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʝʥʪʘè, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʫʯʝʥʠʠ 

ʙʠʦʛʨʘʬʠʠ ʫʯʝʥʳʭ-ʤʘʪʝʤʘʪʠʢʦʚ. 

ʄʝʪʦʜʳ. ʈʘʙʦʪʘ ʚ ʛʨʫʧʧʘʭ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʪʚʦʨʯʝʩʢʘʷ ʨʘʙʦʪʘ. 

ʕʣʝʤʝʥʪʳ ʥʦʚʠʟʥʳ. ʆʩʥʦʚʥʘʷ ʥʦʚʠʟʥʘ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ 

çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʝʥʪʘè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ ʥʦʚʦʤ ʬʦʨʤʘʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʠʥʪʝʨʝʩʘ ʢ ʤʘʪʝʤʘʪʠʢʝ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ɼʘʥʥʘʷ ʠʛʨʦʚʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ 

ʢʘʢ ʚʥʝʫʨʦʯʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʥʘ ʙʘʟʝ ʰʢʦʣʳ, ʘ ʪʘʢ ʞʝ ʢʘʢ ʚʦʩʧʠʪʘʪʝʣʴʥʦʝ 

ʩʦʙʳʪʠʝ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ.  

ʆʙʦʨʫʜʦʚʘʥʠʝ. ɺʘʪʤʘʥʳ, ʢʣʝʡ, ʢʘʨʪʦʯʢʠ ʩ ʟʘʜʘʥʠʷʤʠ, ʢʘʨʪʦʯʢʠ ʩ 

ʬʘʢʪʘʤʠ. 

ɼʣʷ ʫʯʘʩʪʠʷ ʚ ʠʛʨʝ ʫʯʘʩʪʥʠʢʠ ʬʦʨʤʠʨʫʶʪ ʢʦʤʘʥʜʳ ʧʦ 6-8 ʯʝʣʦʚʝʢ. ɺ 

ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠʛʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ 6 ʢʦʤʘʥʜ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥʘ ʜʣʷ ʫʯʘʩʪʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʂʘʞʜʦʡ ʢʦʤʘʥʜʝ ʚʳʜʘʝʪʩʷ 

ʚʘʪʤʘʥ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʪʝʣʝʬʦʥʘ ʠ ʧʫʩʪʦʛʦ ʧʨʦʬʠʣʷ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 
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(ʈʠʩʫʥʦʢ 1). ɺʝʜʫʱʠʝ ʧʨʝʜʣʘʛʘʶʪ ʫʯʘʩʪʥʠʢʘʤ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʙʳ ʚʝʣʠ 

ʩʚʦʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʚʝʣʠʢʠʝ ʫʯʝʥʳʝ-ʤʘʪʝʤʘʪʠʢʠ: ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʫʢʘʟʳʚʘʣʠ ʚ ʧʨʦʬʠʣʝ, ʢʦʛʦ ʜʦʙʘʚʣʷʣʠ ʚ ʜʨʫʟʴʷ, ʢʘʢʠʝ ʧʦʩʪʳ ʚʳʢʣʘʜʳʚʘʣʠ. 

 

ʈʠʩʫʥʦʢ 1. ʐʘʙʣʦʥ ʚʘʪʤʘʥʘ 

ʂʘʞʜʦʡ ʢʦʤʘʥʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʛʘʜʘʪʴ ʟʘʛʘʜʘʥʥʦʛʦ ʫʯʝʥʦʛʦ, ʧʫʪʝʤ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʦʩʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʝʛʦ çʩʪʨʘʥʠʯʢʠè. ʌʘʢʪʳ ʠ ʧʦʩʪʳ ʜʣʷ 

ʦʬʦʨʤʣʝʥʠʷ ʩʪʨʘʥʠʮʳ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʝʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʘʭ ʥʠʞʝ ʠ ʧʨʠʦʙʨʝʪʘʶʪʩʷ ʢʦʤʘʥʜʘʤʠ ʟʘ ʟʘʨʘʙʦʪʘʥʥʫʶ ʚ ʭʦʜʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʛʨʦʚʫʶ ʚʘʣʶʪʫ. 

ʊʘʙʣʠʮʘ 1. ʃʦʙʘʯʝʚʩʢʠʡ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ 

ʌʘʢʪʳ: ɼʘʪʘ ʨʦʞʜʝʥʠʷ: 1 ʜʝʢʘʙʨʷ 1792 ʛʦʜʘ. ʉʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʞʝʥʘʪ 

ʥʘ ɺʘʨʚʘʨʝ. ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ. ʆʙʨʘʟʦʚʘʥʠʝ: 

ʀʤʧʝʨʘʪʦʨʩʢʠʡ ʂʘʟʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

      

ʊʘʙʣʠʮʘ 2. ɻʘʫʩʩ ʂʘʨʣ ʌʨʠʜʨʠʭ 
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ʌʘʢʪʳ: ɼʘʪʘ ʨʦʞʜʝʥʠʷ: 30 ʘʧʨʝʣʷ 1777 ʛʦʜʘ. ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʛ. 

ɹʨʘʫʥʰʚʝʡʛ. ʉʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʞʝʥʘʪ ʥʘ ʀʦʛʘʥʥʝ ʆʩʪʛʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ: ɻʝʪʪʠʥʛʝʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

      

ʊʘʙʣʠʮʘ 3. ɼʝʢʘʨʪ ʈʝʥʝ 

ʌʘʢʪʳ: ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʃʘʵ, ʊʫʨʝʥʴ, ʂʦʨʦʣʝʚʩʪʚʦ ʌʨʘʥʮʠʷ. ʉʝʤʝʡʥʦʝ 

ʧʦʣʦʞʝʥʠʝ: ʥʝ ʞʝʥʘʪ. ʆʙʨʘʟʦʚʘʥʠʝ: ʃʝʡʜʝʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʋʪʨʝʭʪʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ. 

      

ʊʘʙʣʠʮʘ 4. ʂʦʚʘʣʝʚʩʢʘʷ ʉʦʬʴʷ ɺʘʩʠʣʴʝʚʥʘ 

ʌʘʢʪʳ: ɼʘʪʘ ʨʦʞʜʝʥʠʷ: 15 ʷʥʚʘʨʷ 1850 ʛʦʜʘ. ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʛ. ʄʦʩʢʚʘ. 

ʉʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʟʘʤʫʞʝʤ ʟʘ ɺʣʘʜʠʤʠʨʦʤ. ʆʙʨʘʟʦʚʘʥʠʝ: 

ɻʝʡʜʝʣʴʙʝʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

      

ʊʘʙʣʠʮʘ 5. ʂʦʰʠ ʆʛʶʩʪʝʥ ʃʫʠ 
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ʌʘʢʪʳ: ɼʘʪʘ ʨʦʞʜʝʥʠʷ: 21 ʘʚʛʫʩʪʘ 1789 ʛʦʜʘ. ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʛ. ʇʘʨʠʞ. 

ʉʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʞʝʥʘʪ ʥʘ ɸʣʦʠʟʝ ʜʝ ɹʫʨʝ. ʆʙʨʘʟʦʚʘʥʠʝ: ʧʘʨʠʞʩʢʘʷ 

ʐʢʦʣʘ ʤʦʩʪʦʚ ʠ ʜʦʨʦʛ.  

      

ʊʘʙʣʠʮʘ 6. ʇʘʩʢʘʣʴ ɹʣʝʟ 

ʌʘʢʪʳ: ɼʘʪʘ ʨʦʞʜʝʥʠʷ: 19 ʠʶʥʷ 1623 ʛʦʜʘ. ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʌʨʘʥʮʠʷ. 

ʆʚʝʨʥʴ. ʉʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʞʝʥʘʪ ʥʘ ɸʥʪʫʘʥʝʪʪʝ ɹʝʛʦʥ. 

ʆʙʨʘʟʦʚʘʥʠʝ:  ʶʨʠʜʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʚ ʉʦʨʙʦʥʥʝ. 

      

ʇʨʠʦʙʨʝʩʪʠ ʜʘʥʥʳʝ ʬʘʢʪʳ ʠ ʧʦʩʪʳ ʢʦʤʘʥʜʳ ʤʦʛʫʪ ʟʘ ʠʛʨʦʚʫʶ ʚʘʣʶʪʫ, 

ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʤʘʢʝʪʳ ʨʝʘʣʴʥʳʭ ʙʘʥʢʥʦʪ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʤʘʪʝʤʘʪʠʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʧʦʛʨʫʞʝʥʠʝ ʚ ʤʠʨ ʤʘʪʝʤʘʪʠʢʠ 

(ʈʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʀʛʨʦʚʘʷ ʚʘʣʶʪʘ 
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ɿʘʨʘʙʦʪʘʪʴ ʠʛʨʦʚʫʶ ʚʘʣʶʪʫ ʫʯʘʩʪʥʠʢʠ ʤʦʛʫʪ, ʨʝʰʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʟʘʜʘʥʠʷ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ. ɿʘʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʢʘʪʝʛʦʨʠʷʭ. ʋʯʘʩʪʥʠʢʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʜʘʥʠʡ ʠʟ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ, ʧʦʢʘ ʠʤ ʥʝ ʙʫʜʝʪ ʭʚʘʪʘʪʴ ʚʘʣʶʪʳ ʜʣʷ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʩʝʭ ʬʘʢʪʦʚ ʦ ʟʘʛʘʜʘʥʥʦʤ ʫʯʝʥʦʤ. 

ʊʘʙʣʠʮʘ 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʛʨʦʚʦʡ ʚʘʣʶʪʳ 

ɿʘʨʘʙʦʪʘʪʴ ʟʘ ʦʜʥʫ ʟʘʜʘʯʫ 

ɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ 70 

ɿʘʜʘʥʠʷ ʥʘ ʣʦʛʠʢʫ 50 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ 30 

ɿʘʜʘʥʠʷ ɽɻʕ 20 

ʉʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʩʪʨʘʥʠʯʢʝ ʫʯʝʥʦʛʦ 

ʌʘʢʪʳ 20 

ʇʦʩʪʳ 50 

ɸʚʘʪʘʨʢʘ 100 

  

ʊʘʙʣʠʮʘ 8. ʂʘʪʝʛʦʨʠʠ ʠ ʧʨʠʤʝʨʳ ʟʘʜʘʥʠʡ 

ɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ 
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ɿʘʜʘʥʠʷ ɽɻʕ 

 

ɿʘʜʘʥʠʷ ʥʘ ʣʦʛʠʢʫ 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ 

ʟʘʜʘʥʠʷ 

 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʢʦʤʘʥʜʘ ʩʦʙʨʘʣʘ ʚʩʝ ʬʘʢʪʳ ʦʙ ʫʯʝʥʦʤ, ʦʥʘ ʦʬʦʨʤʣʷʝʪ 

ʩʚʦʡ ʚʘʪʤʘʥ ʠ ʜʝʣʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʢʘʢʦʡ ʫʯʝʥʳʡ ʙʳʣ ʟʘʛʘʜʘʥ. ʇʦʙʝʞʜʘʝʪ 

ʪʘ ʢʦʤʘʥʜʘ, ʢʦʪʦʨʘʷ ʨʘʥʴʰʝ ʚʩʝʭ ʦʬʦʨʤʠʪ ʩʪʨʘʥʠʯʢʫ ʫʯʝʥʦʛʦ ʠ ʦʪʛʘʜʘʝʪ ʝʛʦ 

ʣʠʯʥʦʩʪʴ. 

ɸʧʨʦʙʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʙʘʟʝ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʮʝʣʝʚʦʡ 

ʛʨʫʧʧʦʡ ʩʪʫʜʝʥʪʦʚ 1-5 ʢʫʨʩʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦʬʠʣʠ: ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ 

ʧʦʢʘʟʘʣʘ ʧʦʚʳʰʝʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʙʠʦʛʨʘʬʠʠ ʫʯʝʥʳʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʬʦʨʤʘʪʘ. 



229 

 

 

ʈʠʩʫʥʦʢ 3. ɸʧʨʦʙʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʙʘʟʝ ʖʋʨɻɻʇʋ 

 

ʈʠʩʫʥʦʢ 4. ɸʧʨʦʙʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʙʘʟʝ ʖʋʨɻɻʇʋ 

ɼʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʬʦʨʤʘʪ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʛʨʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʙʠʦʛʨʘʬʠʠ ʫʯʝʥʳʭ. ɼʘʥʥʳʡ ʬʦʨʤʘʪ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʧʦʜ ʣʶʙʫʶ ʥʘʫʯʥʫʶ ʦʙʣʘʩʪʴ. 
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