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ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʝʛʦʜʥʷʰʥʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʠʝ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʭ ʟʘʧʨʦʩʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ, ̫ ʚʣʷʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʤʝʣʢʠʭ ʩʝʨʠʡ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʯʘʩʪʦʡ ʧʝʨʝʥʘʣʘʜʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ (ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ) ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʨʝʜʲʷʚʣʷʶʪ ʥʦʚʦʝ ʪʨʝʙʦʚʘʥʠʝ ï ʛʠʙʢʦʩʪʴ, ʧʝʨʝʥʘʣʘʞʠ-

ʚʘʝʤʦʩʪʴ ʚ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ. ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ ʩ ʏʇʋ, ʦʙʲʝʜʠʥʝʥʥʦʝ ʚ ʛʠʙʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʪʫ-

ʘʣʴʥʘ ʠʟ-ʟʘ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʨʘʙʦʯʫʶ ʩʠʣʫ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠʟʜʝʨʞʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʣʫʯʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ 

ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʪʨʘʚʤ ʠ ʫʪʦʤʣʝʥʠʷ. ɺʩʝ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʘʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝ-

ʩʪʚʫ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʦʚʦʡ ɻʇʄ. ɼʘʥʥʳʡ ɻʇʄ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʦʢʘʨ-

ʥʳʭ ʩʪʘʥʢʦʚ 7 ʩ ʏʇʋ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʵʪʠ ʩʪʘʥʢʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʧʦʨʪʘʣʴ-

ʥʦʛʦ ʪʠʧʘ. ʂʘʨʝʪʢʘ 1 ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʫʢʦʡ 2 ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʧʦʨʪʘʣʘ 5, ʩʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʦʣʦʥʥʘʭ 6. ʈʫʢʘ 2 ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʚʫʭ-

ʟʚʝʥʥʘʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʧʣʝʯʝʚʦʛʦ ʠ ʣʦʢʪʝʚʦʛʦ ʨʳʯʘʞʥʦ-ʰʘʨʥʠʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʅʘ ʙʘ-

ʟʠʨʫʶʱʝʤ ʬʣʘʥʮʝ ʢʦʥʝʯʥʦʛʦ ʟʚʝʥʘ ʨʫʢʠ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʛʦʣʦʚʢʠ (ʢʠʩʪʠ) 3 ʩ ʟʘ-

ʭʚʘʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 4. ʄʘʥʠʧʫʣʷʪʦʨ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ: ʧʝʨʝʤʝ-

ʱʝʥʠʝ ʢʘʨʝʪʢʠ ʧʦ ʧʦʨʪʘʣʫ, ʧʦʚʦʨʦʪ ʨʫʢʠ ʚ ʧʣʝʯʝʚʦʤ ʰʘʨʥʠʨʝ, ʧʦʚʦʨʦʪ ʨʫʢʠ ʚ ʣʦʢʪʝ-

ʚʦʤ ʰʘʨʥʠʨʝ, ʧʦʚʦʨʦʪ ʢʠʩʪʠ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʥʘ ʫʛʦʣ 90Á ʠʣʠ 180Á . ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʟʘʞʠʤʘ ʠ ʨʘʟʞʠʤʘ ʜʝʪʘʣʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʠʞʝʥʠʝ ʛʫʙʦʢ ʩʭʚʘʪʘ. ɺ ʩʦʩʪʘʚ ʛʠʙʢʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʪʘʥʢʦʚ 7 ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʠʭ ʨʦʙʦʪʘ) ʚʭʦʜʷʪ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʝ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 8 ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʥʠʭ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʟʘʛʦʪʦʚʦʢ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʪʘʣʝʡ, ʪʘʢʞʝ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʤʘʥʠʧʫʣʷʪʦʨʘ, 

ʠ ʦʛʨʘʞʜʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 1 ï ɻʇʄ ʪʦʢʘʨʥʦʛʦ ʪʠʧʘ 

 

ɺʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ̫ ʚʣʷʝʪʩʷ ɻʇʄ ʜʣʷ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʥʘʧʦʣʴʥʳʤ 

ʨʦʙʦʪʦʤ. ʈʦʙʦʪ ʠʤʝʝʪ ʦʜʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʚʳʜʚʠʞʥʫʶ ʨʫʢʫ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʦ-

ʣʦʥʥʫ, ʚʦʢʨʫʛ ʦʩʠ ʢʦʪʦʨʦʡ ʨʫʢʘ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ɻʇʄ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ 6, ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʨʦʙʦʪʘ 2 ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 1 ʜʣʷ ʟʘʛʦʪʦʚʦʢ ʠ ʦʙʨʘʙʦʪʘʥ-

ʥʳʭ ʜʝʪʘʣʝʡ. ʈʘʙʦʯʘʷ ʟʦʥʘ ʨʦʙʦʪʘ ʦʭʚʘʪʳʚʘʝʪ ʟʘʛʨʫʟʦʯʥʳʝ ʠ ʨʘʟʛʨʫʟʦʯʥʳʝ ʧʦʟʠʮʠʠ 

ʪʨʘʥʩʧʦʨʪʝʨʘ-ʥʘʢʦʧʠʪʝʣʷ, ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʝ, ʧʨʠʤʳʢʘʶʱʫʶ ʢ ʝʛʦ h ʧʠʥʜʝʣʶ, 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʧʦʟʠʮʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ɻʇʄ ʩ ʨʦʙʦʪʦʤ ʥʘʧʦʣʴʥʦʛʦ ʪʠʧʘ 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʩʠʩʪʝʤ, ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʛʠʙʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʠ ʪʠʧʘ çɺʘʣè. 

ʉʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʛʠʙʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʛʣʷʜʥʦ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

 

ʈʠʩʫʥʦʢ 3 ï 3D-ʤʦʜʝʣʴ ɻʇʄ 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʝ, ʥʦ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ: ʨʘʙʦʪʥʠʢ ʦʩʚʦʙʦʞʜʝʥ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳ-

ʧʦʣʥʷʪʴ ʪʨʫʜʦʝʤʢʠʝ ʠ ʦʜʥʦʪʠʧʥʳʝ ʦʧʝʨʘʮʠʠ, ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʫʥʢʮʠʠ ʧʦ ʤʦʥʠʪʦ-

ʨʠʥʛʫ, ʫʧʨʘʚʣʝʥʠʶ ʠ ʢʦʥʪʨʦʣʶ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʦʢʫʧʘʝʪʩʷ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʦʩʠʪ ʚʳʨʘʟʠʪʝʣʴ-

ʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʜʚʫʭʣʝʟʚʠʡʥʳʤʠ ʩʚʝʨʣʘʤʠ. ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʣʦʞʝʥ ʤʝʪʦʜ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʚʝʨʰʠʥ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ 

ʠ ʨʘʟʣʠʯʠʷ ʛʣʘʚʥʳʭ ʫʛʣʦʚ ʚ ʧʣʘʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʭʣʝʟʚʠʡʥʳʝ ʩʚʝʨʣʘ, ʛʣʘʚʥʳʡ ʫʛʦʣ ʚ ʧʣʘʥʝ, ʧʨʦʮʝʩʩ ʬʦʨ-

ʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʝʨʣʝʥʠʝ, ʧʣʦʱʘʜʴ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ, ʦʩʝʚʦʝ ʩʤʝʱʝʥʠʝ 
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The Investigation  of the Formation  of Holes by Double -Bladed  

Spiral  Drills  when  Drilling  into  the Surface at an Angle 
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This article discusses the process of forming holes during processing with cylindrical 

two-blade drills. The study is based on the method of cut sections, considering the axial 

displacement of the cutting bits and the differences in the main angles in the plan. 

Keywords: two-blade drills, the main angle in the plan, the formation process, drill-

ing, the area of the cut sections of the allowance, axial displacement. 

 

ʅʘ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʣʝʟʚʠʡʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʫʚʦʜ ʦʩʠ ʦʪʚʝʨʩʪʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʫʚʦʜʘ ʦʩʠ ʦʪ-

ʚʝʨʩʪʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʷ ʩʚʝʨʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʜʚʫʭʣʝʟʚʠʡ-

ʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʩʧʠʨʘʣʴʥʳʤʠ ʩʚʝʨʣʘʤʠ ʧʨʠ ʟʘʩʚʝʨʣʠʚʘʥʠʠ ʚ ʥʝʨʦʚʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ 

ʧʣʦʱʘʜʝʡ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ ʢʘʞʜʳʤ ʣʝʟʚʠʝʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʯʠʪʳʚʘ-

ʣʠʩʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ: ʦʩʝʚʦʝ ʩʤʝʱʝʥʠʝ ʚʝʨʰʠʥ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ, ʨʘʟʣʠʯʠʝ ʛʣʘʚʥʳʭ ʫʛ-

ʣʦʚ ʚ ʧʣʘʥʝ ʠ ʛʣʫʙʠʥʘ ʩʚʝʨʣʝʥʠʷ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʡ ʨʘ-

ʥʝʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʷʭ ʥʝ ʫʯʠʪʳʚʘʣʩʷ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʧʨʦʬʝʩʩʦ-

ʨʦʤ, ʜ.ʪ.ʥ ɼʝʨʷʙʠʥʳʤ ʀ. ʇ. [1] ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʢ.ʪ.ʥ. ʊʦʢʘʨʝʚʳʤ ɸ.ʉ. [2] ʧʦ-

ʩʪʨʦʠʤ ʩʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʝʡ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ ʜʣʷ ʩʚʝʨʣʘ ʜʠʘ-

ʤʝʪʨʦʤ 2 ʤʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʣʷ ʩʚʝʨʣʘ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʧʨʠ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʧʦʜʘʯʝ (Smin) ʚ ʤʘʩʰʪʘʙʝ 50:1 ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 25Á. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʝʡ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ  

ʜʣʷ ʩʚʝʨʣʘ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ, Smin 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʭʝʤʫ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ ʩʚʝʨʣʦʤ ʜʠʘ-

ʤʝʪʨʦʤ 2 ʤʤ ʧʨʠ Smin, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2. 0,01 ʤʤ ï ʦʩʝʚʦʝ ʩʤʝʱʝʥʠʝ ʚʝʨ-

ʰʠʥ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʧʣʘʩʪʠʥ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ Ű, ʪʘʢ ʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʨʘ-

ʚʦʯʥʠʢʘ [2] ʙʳʣ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʧʦʜʘʯ ï Smin = 0,09 ʤʤ/ʦʙ. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ ʩʚʝʨʣʦʤ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ, ʧʨʠ Smin 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʣʷ ʩʚʝʨʣʘ ʜʠʘʤʝʪ-

ʨʦʤ 2 ʤʤ ʧʨʠ Smax ʚ ʤʘʩʰʪʘʙʝ 50:1.  
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʝʡ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ ʜʣʷ 

ʩʚʝʨʣʘ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ, ʧʨʠ Smax 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ ʩʚʝʨʣʦʤ ʜʠʘ-

ʤʝʪʨʦʤ 2 ʤʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʘʯʝ (Smax) 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ ʩʚʝʨʣʦʤ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʧʨʠ Smax. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʚʝʨ-

ʰʠʥ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʧʣʘʩʪʠʥ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ Ű, ʧʦʛʨʝʰʥʦʩʪʠ ʛʣʘʚʥʳʭ ʫʛʣʦʚ 

ʚ ʧʣʘʥʝ ű ʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʥʘ ʫʚʦʜ ʦʩʠ ʦʪʚʝʨʩʪʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʚʫʭʣʝʟʚʠʡʥʳʤʠ 

ʩʧʠʨʘʣʴʥʳʤʠ ʩʚʝʨʣʘʤʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʥʘ ʚʝ-

ʣʠʯʠʥʫ ʩʨʝʟʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠʧʫʩʢʘ. ɺ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ 3D ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʣʦ-

ʱʘʜʠ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ ʜʣʷ ʩʧʠʨʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʚʝʨʣʘ ʜʠʘʤʝʪ-

ʨʦʤ 2 ʤʤ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʧʣʦʱʘʜʠ ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʟʘʩʚʝʨʣʠ-

ʚʘʥʠʠ ʚ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʣʦ-

ʱʘʜʠ ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʟʘʩʚʝʨʣʠʚʘʥʠʠ ʚ ʥʝʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ. [4]  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʣʦʱʘʜʝʡ ʩʨʝʟʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʨʠʧʫʩʢʘ 

 ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʜʘʯʝ (Smax) 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʦʜʘʯʝ (S min) 

ɿʥʘʯʝʥʠʝ ʛʣʘʚʥʳʭ ʫʛʣʦʚ ʚ ʧʣʘʥʝ 57Á 61Á 57Á 61Á 

ʇʣʦʱʘʜʴ ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʟʘʩʚʝʨ-

ʣʠʚʘʥʠʠ ʚ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ 

0,154809 

ʤʤ2 

0,076930 

ʤʤ2 

0,120543 

ʤʤ2 

0,042386 

ʤʤ2 

ʇʣʦʱʘʜʴ ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʟʘʩʚʝʨ-

ʣʠʚʘʥʠʠ ʚ ʥʝʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦ-

ʪʦʚʢʠ 

0,151177 

ʤʤ2 

0,059453 

ʤʤ2 

0,118690 

ʤʤ2 

0,029606 

ʤʤ2 

ʈʘʟʥʠʮʘ ʧʣʦʱʘʜʝʡ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʙʝʟ, % 

2,40 29,40 1,56 43,17 

 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
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ʨʷʙʠʥ; ï ʏʝʣʷʙʠʥʩʢ. 2009 ʛ 
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ʟʝʥʢʝʨʦʤ ʩ ʄʅʇ / ʀ.ʇ. ɼʝʨʷʙʠʥ, ɸ.ʉ. ʊʦʢʘʨʝʚ, ɹ.ɸ. ʃʦʧʘʪʠʥ // ɺʝʩʪʥʠʢ ʖʋʨɻʋ. ʉʝʨʠʷ çʆʙ-

ʨʘʟʦʚʘʥʠʝ. ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠè. ï 2020. ï ʊ. 12,  ̄1. ï ʉ. 55ï62. 

3. ʊʦʢʘʨʝʚ ɸ.ʉ. ɼʝʨʷʙʠʥ ʀ.ʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʟʝʥʢʝʨʘʤʠ 

ʩ ʄʅʇ/ ʀ.ʇ. ɼʝʨʷʙʠʥ, ɸ.ʉ. ʊʦʢʘʨʝʚ // ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʢʦʥʬʝʨʝʥ-

ʮʠʷ çʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʍʍI ʚʝʢʘè. ʉʪʘʪʴʠ, ʪʝ-

ʟʠʩʳ ʜʦʢʣʘʜʦʚ ï ʊʨʝʭʛʦʨʥʳʡ: ʊʊʀ ʅʀʗʋ ʄʀʌʀ, 2016. ï 85ï90 ʩ. 

4.ʊʦʢʘʨʝʚ, ɸ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʜʚʫʭʣʝʟʚʠʡʥʳʤʠ ʩʚʝʨʣʘʤʠ / 

ɸ.ʉ. ʊʦʢʘʨʝʚ, ʄ.ɸ. ɹʣʦʭʠʥ, ɼ.ɸ. ʄʠʥʠʭʘʥʦʚʘ // XXIII  ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥ-

ʬʝʨʝʥʮʠʷ çɼʥʠ ʥʘʫʢʠ ï 2023è. ʇʦʩʚʷʱʘʝʪʩʷ 120-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʀ. ɺ. ʂʫʨʯʘʪʦʚʘ ʠ  

75-ʣʝʪʥʝʤʫ ʁ ʙʠʣʝʶ ʌɻʋʇ çʇʆ çʄʘʷʢè. ï ʆʟʸʨʩʢ: ʆʊʀ ʅʀʗʋ ʄʀʌʀ, 2023. ï 190-193 ʩ. 
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ɺ ʧʨʦʮʝʩʩʝ ʛʠʙʢʠ ʪʨʫʙ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʛʦʪʦʚʢʠ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʇʨʦʠʩʭʦʜʠʪ ʫʜʣʠʥʝʥʠʝ ʚʥʝʰʥʝʡ ʩʪʝʥʢʠ 

ʪʨʫʙʳ, ʫʤʝʥʴʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʠ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʠʟʛʠʙʘʝ-

ʤʦʡ ʪʨʫʙʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʬʦʨʤʳ ʠ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ 

ʪʨʫʙʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟ-

ʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʢʘ ʪʨʫʙ, ʨʘʩʢʘʪʥʦʡ ʠʥʩʪʨʫʤʝʥʪ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʫʪʦʥʝʥʠʝ 

ʩʪʝʥʢʠ, ʚʳʩʦʢʦʪʦʯʥʳʡ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ. 
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In the process of bending pipes with rolling the geometric parameters of the work-

piece undergo significant changes. Elongation of the outer wall of the pipe, decrease in the 

inner wall and change of the length of the side wall of the bending pipe take place. This leads 
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to transformation of the shape and initial thickness of the pipe walls in cross section. The 

article discusses the influence of this method of deformation on the wall thickness of the 

deformable workpiece. The results of the measurement of the wall thickness using a high-

precision beam-compass are presented. 

Keywords: pipes bending, rolling tool, wall thickness, wall thinning, high-precision 

beam-compass. 

 

ʇʦʣʫʯʝʥʠʝ ʛʥʫʪʳʭ ʪʨʫʙʥʳʭ ʦʪʚʦʜʦʚ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ɀ 

ʘʢʪʫʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. ʆʩʥʦʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʫʙʥʳʭ ʦʪ-

ʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʬʝʨʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʘʞʥʳ ʤʘʩʩʦ-

ʚʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʰʝʚʠʟʥʘ, ʘ ʪʘʢʞʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ 

ʠ ʛʘʟʘ [1]. ɺ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʪʘʥʢʠ ʜʣʷ ʛʠʙʢʠ 

ʪʨʫʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʨʥʘ [4]. ʇʦʜʦʙʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʠ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʟʘʛʦʪʦʚʢʠ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ 

ʜʣʷ ʛʠʙʢʠ. ʕʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʛʘʙʘʨʠʪʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ [5]. 

ʉ ʮʝʣʴʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʙʢʠ ʪʨʫʙ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʤʝʪʦʜ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʩʢʘʪʳʚʘʥʠʷ ʪʨʫʙʳ ʩ ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʤ ʝⱪ ʠʟʛʠʙʘʥʠʝʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʥʫʪʨʠ ʩʪʝʥʦʢ ʪʨʫʙʳ ʢʦʣʴʮʝʚʳʝ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʟʦʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʩʠ-

ʣʠʡ ʛʠʙʢʠ [2]. ʆʙʱʘʷ ʩʭʝʤʘ ʛʠʙʢʠ ʤʝʪʦʜʦʤ ʨʘʩʢʘʪʳʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʠʙʢʠ ʪʨʫʙʳ ʤʝʪʦʜʦʤ ʨʘʩʢʘʪʳʚʘʥʠʷ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʖʋʨɻʋ ʧʨʦʮʝʩʩ ʛʠʙʢʠ ʪʨʫʙ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʧʦʟʚʦʣʠʣ ʧʦʚʳ-

ʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ, ʩʥʠʟʠʪʴ ʠʟʛʠʙʘʶʱʠʝ ʫʩʠʣʠʷ, ʫʚʝʣʠʯʠʪʴ ʧʣʘʚʥʦʩʪʴ ʛʠʙʘ ʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʳʟʳʚʘʝʪ 
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ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʪʦʥʝʥʠʝ ʚʥʝʰʥʝʡ ʩʪʝʥʢʠ ʛʠʙʘ, ʪʘʢ ʢʘʢ ɻ ʪʦʪ ʧʘʨʘʤʝʪʨ ̫ ʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʫʞʝʙʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʪʚʦʜʘ [3]. 

ɼʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʪʨʫʙ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʛʠʙʢʦʡ ʨʘʩʢʘʪʳʚʘʥʠʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʨʫʙʘ 

ʜʠʘʤʝʪʨʦʤ 57 ʤʤ. ɽʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʳ 

ɻʆʉʊ 10705-80 ʄʘʪʝʨʠʘʣ: 
ɼʠʘʤʝʪʨ 

ʪʨʫʙʳ 

ʊʦʣʱʠʥʘ 

ʩʪʝʥʢʠ 

ʪʨʫʙʳ 

ʆʚʘʣʴʥʦʩʪʴ 

ʪʨʫʙʳ 

ʈʘʜʠʫʩ ʛʠʙʘ 

(R=2Dyʪʨʫʙʳ) 

ʊʨʫʙʘ ʩʚʘʨʥʘʷ 

ʧʨʷʤʦʰʦʚʥʘʷ 

Cʪʘʣʴ 10 ɻʆʉʊ 

1050-2013 
57 ʤʤ 3,0 ʤʤ 0,1 ʤʤ 100 ʤʤ 

 

ʌʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʌʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʪʨʫʙʳ 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʪʨʫʙʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʬʨʦʚʦʡ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ 

ADA Mechanic 150 PRO ɸ00380. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʤʦʜʝʣʠ ADA Mechanic  

150 PRO ɸ00380 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

1 2 

ʊʠʧ ʮʠʬʨʦʚʦʡ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʪʦʣʱʠʥ ʦʪ 0 ʜʦ 150 ʤʤ 

ʅʘʣʠʯʠʝ ʛʣʫʙʠʥʦʤʝʨʘ ʜʘ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 2 

1 2 

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 1 ʙʘʪʘʨʝʷ SR44 

ʊʦʯʥʦʩʪʴ Ñ 0.03 

ʀʟʤʝʨʝʥʠʝ ʚ ʤʤ/ʜʶʡʤʳ 

ɺʳʣʝʪ ʛʫʙʦʢ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʠʟʤ. 16 ʤʤ 

ɺʳʣʝʪ ʛʫʙʦʢ ʜʣʷ ʥʘʨʫʞʥʳʭ ʠʟʤ. 40 ʤʤ 

ʄʘʪʝʨʠʘʣ ʰʪʘʥʛʠ ʩʪʘʣʴ 

ʄʘʪʝʨʠʘʣ ʛʫʙʦʢ ʩʪʘʣʴ 

ʀʟʤʝʨʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʝʩʪʴ 

 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʪʨʫʙʳ ʫʯʘʩʪʢʠ (ʩʝʯʝʥʠʷ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʟʘʤʝʨʘ ʪʦʣʱʠʥ ʩʪʝʥʦʢ ʠʟʦʛʥʫʪʦʡ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 57 ʤʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ADA Mechanic 

150 PRO ɸ00380 ʧʦ ʚʳʙʨʘʥʥʳʤ ʩʝʯʝʥʠʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ï 6. 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʦʙʨʘʟʮʘ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 57 ʤʤ.,  

ʚ ʩʝʯʝʥʠʠ ɸ-ɸ  

 

 

 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʦʙʨʘʟʮʘ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 57 ʤʤ.,  

ʚ ʩʝʯʝʥʠʠ ɹ-ɹ 

 

 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʦʙʨʘʟʮʘ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 57 ʤʤ.,  

ʚ ʩʝʯʝʥʠʠ ɺ-ɺ 
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ʈʝʟʫʣʴʪʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʪʨʫʙʳ ʩ ʧʦʤʦʱʴʶ 

ʮʠʬʨʦʚʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ: ʤʠʥʠ-
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʠʥʞʝʥʝʨʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ. ʇʦʜʦ-

ʙʨʘʥ ʚʠʜ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʫʯʝʥʳ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ 

3D-ʤʦʜʝʣʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʢʝʡʩʘ ʜʣʷ ʫʜʦʙʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʅʘʧʝʯʘʪʘʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʠ ʩʦʟʜʘʥʘ ʙʨʦʰʶʨʘ ʩ ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ. 
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In this article the information about the tools mostly used by engineers at enterprises 

was studied, and the basic instrument set was analyzed. The type of tool was selected and 

the standards for determining its dimensions were studied. 3D models of the instruments set 

as well as the case for its convenient storage are developed. The instrument set is printed on 

a 3D printer and the brochure with names and definitions is created. 

Key words: tool, 3D printing, processing, turning, cutter, drill,  milling cutter, threading 

tool. 

 

ʈʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ, ʙʝʟ ʢʦʪʦ-

ʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʣʦʞʝʥʥʳʝ ʚ ʩʪʘʥʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ. 

ʕʪʦ ʛʣʘʚʥʳʡ ʵʣʝʤʝʥʪ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ-

ʱʠʡ ʩ ʟʘʛʦʪʦʚʢʦʡ ʠʣʠ ʜʝʪʘʣʴʶ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʶʪʩʷ ʝʝ ʨʘʟʤʝʨʳ, ʬʦʨʤʘ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ʇʝʨʚʳʤ ʠ, ʧʦʞʘʣʫʡ, ʩʘʤʳʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʙʦʪʳ ʠʥʞʝʥʝʨʘ ʷʚʣʷʝʪʩʷ ʚʣʘʜʝ-

ʥʠʝ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ ʨʘʩʪʦʯʥʳʤʠ, ʧʨʦʭʦʜʥʳʤʠ ʨʝʟʮʘʤʠ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʕʪʠ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʠʥʞʝʥʝʨʘʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ. ɹʝʟ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘʤʠ, ʠʥʞʝʥʝʨ ʥʝ ʩʤʦʞʝʪ ɻ ʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʠ ʜʦʩʪʠʛʘʪʴ ʧʦʩʪʘʚ-

ʣʝʥʥʳʭ ʮʝʣʝʡ. 

ɿʥʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʫʤʝʥʠʝ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷ-

ʱʠʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʚʳʢʦʤ ʜʣʷ ʠʥʞʝʥʝʨʘ. ʈʝʟʮʳ, 

ʩʚʝʨʣʘ ʠ ʬʨʝʟʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʚʘʞʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʜʣʷ ʨʝʟʢʠ, ʩʚʝʨʣʝʥʠʷ ʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ h ʠʨʦʢʦʤ ʩʧʝʢ-

ʪʨʝ ʦʪʨʘʩʣʝʡ, ʚʢʣʶʯʘʷ ʤʝʙʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 
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ʜʨʫʛʠʝ. ʇʦʵʪʦʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʦʩʦʙʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤ  rʚʳʙʨʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʳ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʘʡʜʝ. ʄ  rʦʪʦʙʨʘʣʠ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦ 

ɻʆʉʊ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟ ʢʘʪʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʥʘ ʌɻʋʇ ʇʉɿ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʫʜʝʥʪʘʤ ʙʳʣʦ ʧʦʣʝʟʥʦ ʠ ʠʥʪʝʨʝʩʥʦ ʠʟʫʯʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ, ʤ  r

ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ ʨʘʩʧʝʯʘʪʘʪʴ ʠʭ ʚ 3D ʬʦʨʤʘʪʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ ʥʝ ʪʦʣʴʢʦ 

ʫʚʠʜʝʪʴ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʦ ʠ ʧʦʪʨʦʛʘʪʴ ʠʭ, ʯʪʦ ʩʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D ʤʦʜʝʣʴ ʧʨʦʭʦʜʥʦʛʦ ʨʝʟʮʘ. 

ʇʨʦʭʦʜʥʦʡ ʨʝʟʝʮ ï ɻ ʪʦ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʡ ʬʦʨʤʳ. 

 

ɼʝʨʞʘʚʢʘ ʠ ʧʣʘʩʪʠʥʘ ʨʝʟʮʘ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠʩʭʦʜʷ ʠʟ ʢʘʪʘʣʦʛʘ SUMI-

TOMO. 

ʇʣʘʩʪʠʥʘ CCGT 09t304N-FX 

ɼʝʨʞʘʚʢʘ SCLC R 1616 H09 

 

 

 

ʈʠʩʫʥʦʢ 1 ï 3D-ʤʦʜʝʣʴ ʧʨʦʭʦʜʥʦʛʦ ʨʝʟʮʘ 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ʨʘʩʪʦʯʥʦʛʦ ʨʝʟʮʘ. 

ʈʘʩʪʦʯʥʦʡ ʨʝʟʝʮ ï ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥ-

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʝʨʩʪʠʡ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

ɼʝʨʞʘʚʢʘ ʠ ʧʣʘʩʪʠʥʘ ʨʝʟʮʘ, ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ, ʙʳʣʠ ʩʤʦ-

ʜʝʣʠʨʦʚʘʥʳ ʠʩʭʦʜʷ ʠʟ ʢʘʪʘʣʦʛʘ SUMITOMO. 

ʇʣʘʩʪʠʥʘ CCGT 09t304N-FX 

ɼʝʨʞʘʚʢʘ D16R-SCLC R 09T3-18 

 

 

 

ʈʠʩʫʥʦʢ 2 ï 3D-ʤʦʜʝʣʴ ʨʘʩʪʦʯʥʦʛʦ ʨʝʟʮʘ 

 

ʆʪʨʝʟʥʦʡ ʨʝʟʝʮ, 3D-ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3, ï ʵʪʦ ʨʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʢʚʦʟʥʦʛʦ ʧʨʦʨʝʟʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʫʟʢʦʡ ʠ ʛʣʫʙʦʢʦʡ 

ʢʘʥʘʚʢʦʡ. ɼʝʨʞʘʚʢʘ ʠ ʧʣʘʩʪʠʥʘ ʨʝʟʮʘ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠʩʭʦʜʷ ʠʟ ʢʘʪʘʣʦʛʘ 

SANDVIK. 

ʇʣʘʩʪʠʥʘ CoroCur N123E2-0200-0502-CM 

ɼʝʨʞʘʚʢʘ CoroCut R123D08-1616B 
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ʈʠʩʫʥʦʢ 3 ï 3D-ʤʦʜʝʣʴ ʦʪʨʝʟʥʦʛʦ ʨʝʟʮʘ 

 

ʈʝʟʴʙʦʚʦʡ ʨʝʟʝʮ ï ʵʪʦ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʨʝ-

ʟʘʥʠʷ ʨʝʟʴʙʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʷʭ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4 ʠ ʙʳʣ ʚʳʙʨʘʥ ʧʦ 

ʢʘʪʘʣʦʛʫ Vargus. 

ʇʣʘʩʪʠʥʘ FS LINE 3FSER1.51SO 

ɼʝʨʞʘʚʢʘ ALCN16-3 
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ʈʠʩʫʥʦʢ 4 ï 3D-ʤʦʜʝʣʴ ʨʝʟʴʙʦʚʦʛʦ ʨʝʟʮʘ 

 

ʉʚʝʨʣʦ ï ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʚʝʨʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʙʳʣ ʚʳʙʨʘʥ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ɻʆʉʊ 77-ʛʦ 

ʛʦʜʘ, ʝʛʦ 3D ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. ʀʩʧʦʣʥʝʥʠʝ 2300-3517. 

 

 

 

ʈʠʩʫʥʦʢ 5 ï 3D-ʤʦʜʝʣʴ ʩʚʝʨʣʘ 
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ʊʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʬʨʝʟʘ. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʬʨʝʟʘ ï ʵʪʦ ʤʝʪʘʣʣʦʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʦʩʪʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʬʨʝʟʳ. ɿʫʙʴʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ. 3D-

ʤʦʜʝʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʨʝʟʳ ʥʘ ʨʠʩʫʥʢʝ 6. ʀʩʧʦʣʥʝʥʠʝ 2200-0411. 

 

 

 

ʈʠʩʫʥʦʢ 6 ï 3D-ʤʦʜʝʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʨʝʟʳ 

 

ʏʝʨʚʷʯʥʘʷ ʬʨʝʟʘ ï ʵʪʦ ʤʥʦʛʦʣʝʟʚʠʡʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʨʝʞʫʱʠʤʠ ʟʫʙʴʷʤʠ, ʢʦʪʦ-

ʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʨʝʟʘʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʰʣʠʮʝʚʳʭ ʚʘʣʦʚ, ʠʤʝʶʱʠʭ ʵʚʦʣʴ-

ʚʝʥʪʥʳʡ ʧʨʦʬʠʣʴ. (ɼʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ʬʨʝʟʳ ï ʵʚʦʣʴʚʝʥʪʥʘʷ). ʕʪʘ ʬʨʝʟʘ ʧʦ ɻʆʉʊ 80-ʛʦ 

ʛʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. ʀʩʧʦʣʥʝʥʠʝ 2510-4066. 

 



  

ʅɸʋʂɸ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ï 2024: 
 

 

24 
 

 

 

ʈʠʩʫʥʦʢ 7 ï 3D-ʤʦʜʝʣʴ ʯʝʨʚʷʯʥʦʡ ʬʨʝʟʳ 

 

ʇʦ ʢʘʪʘʣʦʛʫ ʉɸʅɼɺʀʂ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʪʦʨʮʝʚʘʷ ʬʨʝʟʘ. 

ʊʦʨʮʝʚʘʷ ʬʨʝʟʘ ï ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʟʫʙʴʷʤʠ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʝ ʬʨʝʟʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʨʘʥʝʡ, 

ʧʣʦʩʢʦʩʪʝʡ, ʧʘʟʦʚ ʠ ʪ.ʜ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʨʘʩʪʦʯʢʝ ʚʘʣʦʚ ʠ ʟʫʙ-

ʯʘʪʳʭ ʢʦʣʸʩ. ʅʘ ʨʠʩʫʥʢʝ 8 ʤʦʞʥʦ ʫʚʠʜʝʪʴ 3D-ʤʦʜʝʣʴ ʪʦʨʮʝʚʦʡ ʬʨʝʟʳ.  

ʇʣʘʩʪʠʥʘ CoroMill 345R-1305E-KL 

ɼʝʨʞʘʚʢʘ CoroMill R210-042C4-09H 

 

 

 

ʈʠʩʫʥʦʢ 8 ï 3D-ʤʦʜʝʣʴ ʪʦʨʮʝʚʦʡ ʬʨʝʟʳ 
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ʄʝʪʯʠʢ ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʨʝʟʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʴʙ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʥʪ 

ʩ ʧʨʦʨʝʟʘʥʥʳʤʠ ʧʨʷʤʳʤʠ ʠʣʠ ʚʠʥʪʦʚʳʤʠ ʩʪʨʫʞʝʯʥʳʤʠ ʢʘʥʘʚʢʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʨʝ-

ʞʫʱʠʝ ʢʨʦʤʢʠ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʙʳʣ ʚʳʙʨʘʥ ʠʟ ʢʘʪʘʣʦʛʘ Dormer, ʝʛʦ ʤʦʞʥʦ ʫʚʠ-

ʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 9. ʆʙʦʟʥʘʯʝʥʠʝ ɽ471ʄ10. 

 

 

 

ʈʠʩʫʥʦʢ 9 ï 3D-ʤʦʜʝʣʴ ʤʝʪʯʠʢʘ 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʝʡʩ, ʝʛʦ 3D-ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 10, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʤʝʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʜʝʣʝʥʠʷ ʜʣʷ ʨʘʟʤʝ-

ʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʝʡʩ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʙʨʦʰʶʨʫ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 11, ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʞʜʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. ʕʪʦ ʧʦ-

ʤʦʞʝʪ ʙʫʜʫʱʠʤ ʠʥʞʝʥʝʨʘʤ ʙʳʩʪʨʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʘʞʜʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʷʤ ï ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʙʦʟʥʘʯʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 10 ï 3D-ʤʦʜʝʣʴ ʢʝʡʩʘ 

 

ʈʠʩʫʥʦʢ 11 ï ɹʨʦʰʶʨʘ 

 

ʂʘʢ ʠʪʦʛ, ʫ ʥʘʩ ʥʘ ʨʫʢʘʭ ʥʘʧʝʯʘʪʘʥʥʳʝ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʥ-

ʩʪʨʫʤʝʥʪʳ. ʄ  rʫʚʝʨʝʥʳ, ʯʪʦ ʥʘʰʘ ʨʘʙʦʪʘ ʧʦʤʦʞʝʪ ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ. 
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʂʘʪʘʣʦʛ SUMITOMO, 2022-2023 

2. ʂʘʪʘʣʦʛ SANDVIK: ʊʦʢʘʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 2020 

3. ʂʘʪʘʣʦʛ VARGUS, 2022 

4. ʂʘʪʘʣʦʛ SANDVIK: ɺʨʘʱʘʶʱʠʝʩʷ ʠʥʩʪʨʫʤʝʥʪʳ, 2020 

5. ʂʘʪʘʣʦʛ Dormer Pramet: ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 2020 

6. ɻʆʉʊ 10902-77 ʉʚʝʨʣʘ ʩʧʠʨʘʣʴʥʳʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʭʚʦʩʪʦʚʠʢʦʤ. 

7. ɻʆʉʊ 29092-91 ʌʨʝʟʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

8. ɻʆʉʊ 9324-80 ʌʨʝʟʳ ʯʝʨʚʷʯʥʳʝ ʯʠʩʪʦʚʳʝ ʦʜʥʦʟʘʭʦʜʥʳʝ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙ-

ʯʘʪʳʭ ʢʦʣʝʩ ʩ ʵʚʦʣʴʚʝʥʪʥʳʤ ʧʨʦʬʠʣʝʤ 

9. ʆʨʜʠʥʘʨʮʝʚ ʀ.ɸ.   ʌʠʣʠʧʧʦʚ ɻ.ɺ. ʉʧʨʘʚʦʯʥʠʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʱʠʢʘ. 

 

 

 

 

ˠˑ ̠624 

 

˝́̈̑́̂̏̓̋́ ̍ ́̋̆̓́ ̓ ̖̘̑̆̋̔̌́̋̏̃̏̄̏ ̐ ́̓̑̏̎́ ̒  ̉ ̝̒̐̏̌̈̏̃́̎̉̆̍ 

̞̗̋̏̉̉̆̎̓̏̃̕̕ ̔ ̒́̅̋̉ ̐ ̌́̒̓̉̋́ ̃  ̗ ̠̖̆̌ ̏ ̘̠̂̔̆̎̉ ̒ ̓̔̅̆̎̓̏̃ 

˟˟ ̞̊ ˕ˬˠ ̇ ˕ˡ ̞ 

 

ˎ̆̌̏̔̒̏̃ ˒ ̃̄̆̎̉̊ ˏ ̘̉̋̓̏̑̏̃̉ȟ ˑ ̝̠̋̏̎̏̃́ ˏ ̠́̌̆̑̉ ̱ ̌̆̋̒́̎̅̑̏̃̎́ȟ  

˛̒̉̐̏̃́ ̊ ̝̠́̓́̌ ˏ ̝́̌̆̑̆̃̎́ȟ ˟ ̏̋́̑̆̃ ̱ ̑̓̆̍ ˞ ̘̆̑̄̆̆̃̉ȟ  

˜̜̠̔̈̎ ̠ ̉̑̉̌̌ ˫ ̝̘̑̆̃̉ 

 

˟̖̜̑̆̄̏̑̎̊ ̓ ̖̘̆̎̏̌̏̄̉̆̒̋̉̊ ̉ ̎̒̓̉̓̔̓ ɀ ̕ ̉̌̉́̌ ̊ ̗̝́̉̏̎́̌̎̏̄̏  

̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̏̄̏ ̠ ̅̆̑̎̏̄̏ ̔ ̎̉̃̆̑̒̉̓̆̓́ Ⱥ˙˕ˡ˕Ȼ ɉ˟˟˕ ̊ ˕ˬˠ ̇ ˕ˡ˕Ɋȟ  

̄Ȣ ˟ ̧̖̜̑̄̏̑̎̊ 

 

ms.natasha@mail.ru 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦ-

ʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʠʟʫʯʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʠʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʩʪʠʢʦʚ ABS ʠ 

PLA ʜʣʷ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ çʉʧʠʨʘʣʴʥʳʡ ʩʘʤʦʮʝʥ-

ʪʨʠʨʫʶʱʝʡʩʷ ʪʨʝʭʢʫʣʘʯʢʦʚʳʡ ʧʘʪʨʦʥè ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʫʨʝʪʘʥ, ʧʦʣʠʤʝʨʥʳʝ ʧʣʘʩʪʤʘʩʩʳ, PLA ʠ ABS ʧʣʘʩʪ-

ʤʘʩʩʳ, ʜʝʪʘʣʠ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ, ʧʦʛʨʝʰʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʫʩʘʜʢʘ, 3D-ʧʨʠʥʪʝʨ. 
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The Development  of a Model  of a Three -Jaw Chuck Using Plastic  
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Belousov Evgeniy Viktorovich, Dyakonova Valeria Aleksandrovna,  

Osipova Natalya Valerievna, Tokarev Artem Sergeevich, Puzynya Kirill  Yurievich 
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The work examines the main physics and mechanical characteristics of model plastic 

and considers the areas of its application. The technology for the production of parts from 

this material is studied. Assessment of accuracy of the manufacturing the products of various 

geometric shapes using ABS and PLA plastics for models was made and the prototype "Spi-

ral self-centering three-jaw chuck" was developed and manufactured based on the data ob-

tained. 

Keywords: polyurethane, polymer plastic, PLA and ABS plastic, model plastic parts, 

error, accuracy, shrinkage, 3D-printer. 

 

ʇʦʣʠʤʝʨʳ ï ʵʪʦ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʶʪʩʷ ʢ ʧʦʣʠʤʝʨʘʤ ʚ ʢʘ-

ʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʜʝʞʥʳʭ, ʧʨʦʯʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʜʝʪʘ-

ʣʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʀʟʛʦʪʦʚʠʪʝʣʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘ-

ʶʪʩʷ ʢ ʧʦʣʠʤʝʨʘʤ ʢʘʢ ʢ ʠʩʪʦʯʥʠʢʫ ʩʳʨʴʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʜʸʞʥʳʭ, ʧʨʦʯʥʳʭ ʠ ʜʦʣʛʦ-

ʚʝʯʥʳʭ ʜʝʪʘʣʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʠʤ ʧʨʦʥʠʢʘʪʴ ʚʦ ʚʩʝ 

ʩʬʝʨʳ ʠ ʙʫʜʫʪ ʟʘʩʣʫʞʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʙʫʜʫʱʝʛʦ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʧʨʝʜʝʣʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘ-

ʩʪʠʢʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʯʥʳʭ ʠʟ-

ʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʧʨʦʪʦʪʠʧ çʉʧʠʨʘʣʴʥʳʡ ʩʘʤʦʮʝʥʪʨʠʨʫʶ-

ʱʝʡʩʷ ʪʨʝʭʢʫʣʘʯʢʦʚʳʡ ʧʘʪʨʦʥè ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ ʚ ʣʠʪʝʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʜʘ-

ʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʠʟʜʝʣʠʡ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʩ ʪʦʯʥʳʤʠ ʨʘʟʤʝ-

ʨʘʤʠ ʠ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩʜʝʣʘʪʴ. 
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ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘ-

ʪʠʪʴ ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʣʫʯʰʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʝʛʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʣʠʪʝʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʥ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʬʦʨ-

ʤʦʚʢʝ ʠ ʦʙʨʘʙʦʪʢʝ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʣʠʪʝʡʥʳʭ ʬʦʨʤ ʠ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ 

ʧʨʦʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɹʳʣ ʧʦʩʪʘʚʣʝʥ ʚʦʧʨʦʩ: ʚʦʟʤʦʞʥʦ ʣʠ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʡ ʊʊʀ ʅʀʗʋ ʄʀʌʀ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʪʦʯʥʳʝ ʜʝʪʘʣʠ ʙʝʟ ʫʩʘʜʦʢ ʧʣʘʩʪʠʢʘ.  

ʀʟ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤ  rʚʳʷʚʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʘʜʢʠ ʜʣʷ 

ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʪʝʡʥʳʤ ʩʧʦʩʦʙʦʤ: ʜʣʷ ʤʘʩʪʝʨ-ʤʦʜʝʣʝʡ, ʨʘʩʧʝʯʘʪʘʥʥʳʭ ʥʘ 3D 

ʧʨʠʥʪʝʨʝ ʠʟ ABS ʠ PLA ʧʣʘʩʪʠʢʘ, ʜʣʷ ʩʠʣʠʢʦʥʦʚʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʫʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘ-

ʣʠʚʘʝʪʩʷ ʤʦʜʝʣʴʥʳʡ ʧʣʘʩʪʠʢ ʠ ʧʦʣʫʯʘʝʪʩʷ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʪʦʯʥʦʡ ʤʘʩʪʝʨ-ʤʦʜʝʣʠ ʠʟ ʧʣʘʩʪʠʢʘ, ʠʟʛʦʪʦʚʠʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʧʨʦʪʦʪʠʧ ʜʝʪʘʣʠ 

çʉʧʠʨʘʣʴʥʳʡ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʝʡʩʷ ʪʨʝʭʢʫʣʘʯʢʦʚʳʡ ʧʘʪʨʦʥè ʚ ʮʝʣʷʭ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥ-

ʪʦʚ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʘʜʢʠ ʧʣʘʩʪʠʢʘ.  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ ʠʟʜʝʣʠʷ. ʋʩʘʜʢʘ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ, ʧʦʵʪʦʤʫ ʙʝʨʝʤ ʦʙʨʘʟʮʳ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ï ʧʨʠʟ-

ʤʘʪʠʯʝʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʫʜʫʱʠʭ ʠʟʜʝʣʠʡ ʠ ʤʘʩʪʝʨ-ʤʦʜʝʣʝʡ  
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ʉʣʝʜʫʶʱʠʤ ɻ ʪʘʧʦʤ ʟʘʜʘʸʤ ʧʨʦʛʨʘʤʤʫ ʧʝʯʘʪʠ ʥʘ ʚʳʩʦʪʫ ʩʣʦʷ 0,10 ʤʤ, 0,15 ʤʤ,       

0,20 ʤʤ ʠ 0,25 ʤʤ. ʆʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ï ʵʪʦ ʚʳʩʦʪʘ ʩʣʦʷ, ʯʝʤ 

ʦʥʘ ʤʝʥʴʰʝ, ʪʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ ʠʟʜʝʣʠʝ, ʪʝʤ ʤʝʥʴʰʝ ʚʠʜʥʦ ʧʦʩʣʦʡʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ.  

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʤ ʧʝʯʘʪʴ ʤʘʩʪʝʨ-ʤʦʜʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʚ ʤʘʩʪʝʨ-ʤʦʜʝʣʷʭ ʩʠ-

ʣʠʢʦʥʦʚʳʭ ʤʘʪʨʠʮ ʠ ʦʪʣʠʚʢʫ ʚ ʤʘʪʨʠʮʘʭ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ. 

 ʋʩʘʜʢʘ ï ʵʪʦ ʬʘʢʪʦʨ, ʩ ʢʦʪʦʨʳʤ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʷ. ʇʨʦʚʦʜʠʤ ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ: ʠʟʤʝʨʷʝʤ ʠʟʜʝʣʠʝ ʠ ʥʘʭʦʜʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʘʜʢʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʘʜʢʠ ï ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ, ʥʘ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨʳ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʄ  rʦʧʨʝʜʝʣʷʝʤ ʂʋ ʥʘ ʨʘʟʥʳʭ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʬʦʨʤʘʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩ ʠʭ ʫʯʝʪʦʤ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʪʦʯʥʫʶ ʧʨʦ-

ʜʫʢʮʠʶ.
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ʈʠʩʫʥʦʢ 2 ï ʅʘʭʦʞʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʘʜʢʠ 

 

ʇʦʣʫʯʘʝʤ ʪʨʠ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʩʣʦʷ ʜʣʷ PLA ʧʣʘʩʪʠʢʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʤʘʩʪʝʨ-ʤʦʜʝʣʠ, ʩʠʣʠʢʦʥʦʚʦʡ ʤʘʪʨʠʮʳ ʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ  

ʜʣʷ PLA ʧʣʘʩʪʠʢʘ 
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ʇʦʣʫʯʘʝʤ ʪʨʠ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʩʣʦʷ ʜʣʷ ABS ʧʣʘʩʪʠʢʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʤʘʩʪʝʨ-ʤʦʜʝʣʠ, ʩʠʣʠʢʦʥʦʚʦʡ ʤʘʪʨʠʮʳ ʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ  

ʜʣʷ ABS ʧʣʘʩʪʠʢʘ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ ʫʩʘʜʢʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʪʝʨ-ʤʦʜʝʣʝʡ ʠʟ PLA ʧʣʘʩʪʠʢʘ ʥʘ ʚʳʩʦʪʝ ʩʣʦʷ 0,25 ʤʤ. ʕʪʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤ  rʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʦʪʦʪʠʧʘ çʉʧʠʨʘʣʴʥʳʡ ʩʘʤʦ-

ʮʝʥʪʨʠʨʫʶʱʝʡʩʷ ʪʨʝʭʢʫʣʘʯʢʦʚʳʡ ʧʘʪʨʦʥè ʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʣʦʞʠʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʫʩʘʜʢʠ 1,002 ʚ ʨʘʟʤʝʨʳ.  

 

 

 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʧʦʛʨʝʰʥʦʩʪʠ ʤʘʩʪʝʨ-ʤʦʜʝʣʠ ʠʟ PLA ʧʣʘʩʪʠʢʘ 

 

 ʈʘʟʨʘʙʘʪʳʚʘʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ: ʚʳʧʦʣʥʷʝʤ ʯʝʨʪʝʞ ʪʨʝʭʢʫ-

ʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʘ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʚʥʦʩʠʤ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʤʝʨʳ ʧʨʦ-

ʪʦʪʠʧʘ ï ʯʝʨʪʝʞ ʧʘʪʨʦʥʘ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʘʜʢʠ. 
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ʈʠʩʫʥʦʢ 4 ï ʏʝʨʪʝʞ ʧʘʪʨʦʥʘ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʘʜʢʠ
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ɺʳʧʦʣʥʷʝʤ 3D-ʤʦʜʝʣʴ ʪʨʝʭʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʘ ʧʦ ʯʝʨʪʝʞʘʤ. 

 

 

 

ʈʠʩʫʥʦʢ 4 ï 3D-ʤʦʜʝʣʴ ʪʨʝʭʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʘ ʧʦ ʯʝʨʪʝʞʘʤ 

 

ʇʝʯʘʪʘʝʤ ʠʟʜʝʣʠʝ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ï ʚʳʙʠʨʘʷ 

PLA ʧʣʘʩʪʠʢ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʧʨʦʬʠʣʴ ʧʝʯʘʪʠ çɹʓʉʊʈʆè ʠ ʚʳʩʦʪʫ ʩʣʦʷ 0,25 ʤʤ,  

ʪ.ʢ. ʠʤʝʥʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠʩʧʦʣʥʝʥʠʝ.  

ɺʳʧʦʣʥʠʣʠ ʩʙʦʨʢʫ ʛʦʪʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʡ ʨʘʙʦʪʳ ʤ  r

ʧʦʣʫʯʠʣʠ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ çʉʧʠʨʘʣʴʥʳʡ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʝʡʩʷ ʪʨʝʭʢʫʣʘʯʢʦʚʳʡ ʧʘ-

ʪʨʦʥè, ʚʳʧʦʣʥʷʶʱʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ï ʤʘʢʝʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʝʤʦʥ-

ʩʪʨʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʪʨʝʭʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʢʦ-

ʪʦʨʳʡ ʧʦʤʦʞʝʪ ʠʤ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʣʫʯʰʝ ʫʩʚʦʠʪʴ 

ʤʘʪʝʨʠʘʣ.  
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ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʫʚʦʜʘ ʦʩʠ ʦʪʚʝʨʩʪʠʷ ʠʟ-ʟʘ ʜʝʬʦʨʤʘʮʠʠ 

ʦʩʝʚʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʠʣ ʨʝʟʘʥʠʷ. ʇʨʦʠʟʚʝʜʝʥʳ 

ʨʘʩʯʸʪʳ ʫʚʦʜʘ ʦʩʠ ʦʪʚʝʨʩʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʩ ʧʦʤʦʱʴʶ 3ʜ ʤʦʜʝʣʠ ʨʝʞʫ-

ʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʚʦʜ ʦʩʠ, ʩʠʣʳ ʨʝʟʘʥʠʷ, ʩʚʝʨʣʦ, ʜʝʬʦʨʤʘʮʠʷ ʨʝʞʫʱʝʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ, ʣʝʟʚʠʡʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʦʙʨʘʙʦʪʢʘ ʦʪʚʝʨʩʪʠʡ.  

 

 

Axis Run out  Resulting  from  Deformation  of the Axial  Cutting  Tool  

under  the Influence  of Various  Cutting  Forces 
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This article discusses the issue of axis run out due to deformation of an axial cutting 

tool under the influence of various cutting forces. The calculation of axis run out based on 

theoretical method and 3D model of cutting tool is made. 

Key words: axis run out, cutting forces, drill,  cutting tool deformation, blade tool, 

hole machining. 

 

ʋʚʦʜ ʦʩʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ï ʚʘʞʥʦʝ ʧʦʥʷʪʠʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʜʝʪʘʣʝʡ. ʆʥ ʦʟʥʘʯʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʦʩʠ ʦʪʥʦʩʠ-



  

ʅɸʋʂɸ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ï 2024: 
 

 

38 
 

ʪʝʣʴʥʦ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʨʘʚʠʣʴʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʩʠ ʚʣʠʷʝʪ ʥʘ ʨʘ-

ʙʦʪʫ ʤʝʭʘʥʠʟʤʘ, ʧʝʨʝʜʘʯʫ ʜʚʠʞʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʋʚʦʜ ʦʩʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʪʘʥʢʦʚ. ʕʪʦʪ ʘʩʧʝʢʪ ʚʘʞʝʥ ʜʣʷ ʪʦʯʥʦʩʪʠ, ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ, ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʥʞʝʥʝʨʳ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʫʜʝ-

ʣʷʶʪ ʝʤʫ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ [1, ʩ. 6 ï 12; 2, ʩ. 15].  

ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʚʝʨʣʦ: 

¶ Pz ï ʦʢʨʫʞʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʝʪ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʩʚʝʨʣʘ ʥʘʚʩʪʨʝʯʫ ʧʦʜʘʯʝ ʠ ʩʦʟʜʘʸʪ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ. ʏʝʤ ʙʦʣʴʰʝ 

ʜʠʘʤʝʪʨ ʩʚʝʨʣʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʠʣʳ Pz, ʪ.ʢ. ʙʦʣʴʰʝ ʜʣʠʥʘ ʝ yʧʣʝʯʘ. 

¶ Px ï ʦʩʝʚʘʷ ʩʠʣʘ, ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʩʚʝʨʣʘ. ʕʪʘ ʩʠʣʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘ ʦʩʠ 

ʩʚʝʨʣʘ, ʪʘʢ ʠ ʥʘ ʧʦʧʝʨʝʯʥʦʡ ʢʨʦʤʢʝ. ʉʠʣʘ Px  ʟʘʚʠʩʠʪ ʦʪ ς•. ʏʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ς•, ʪʝʤ 

ʙʦʣʴʰʝ ʩʠʣʳ Px. 

¶ Py ï ʨʘʜʠʘʣʴʥʘʷ ʩʠʣʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʩʚʝʨʣʘ. ɽʩʣʠ ʜʣʠʥʘ ʨʝʞʫʱʠʭ 

ʢʨʦʤʦʢ ʦʜʠʥʘʢʦʚʘ, ʩʠʣʳ Py ʜʝʡʩʪʚʫʶʪ ʥʘ ʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʠ ʚʟʘʠʤʥʦ 

ʫʥʠʯʪʦʞʘʶʪʩʷ. 

¶ ʉʠʣʳ ʨʝʟʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʚʝʨʣʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʠʣʳ ʨʝʟʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʚʝʨʣʦ 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʠʣ ʨʝʟʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʦʩʝʚʦʡ ʩʠʣʳ. ʅʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʜʨʫʛʠʝ ʩʠʣʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʝʬʦʨʤʘ-

ʮʠ ʁʠʥʩʪʨʫʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʩʠʣʘ Py, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʠ ʚʦʟʥʠʢʘʝʪ ʫʚʦʜ ʦʩʠ ʦʪʚʝʨʩʪʠʷ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʥʮʝʚʳʤʠ ʤʝʨʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 
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ʌʦʨʤʫʣʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣ ʨʝʟʘʥʠʷ: 

ὖ ὅ ὸ ί ÖὯ         (1) 

ὖ ὅ ὸ ί ÖὯ         (2) 

ὖ ὅ ὸ ί ÖὯ         (3) 

 

ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ: ὅ , ὅ , Cpx ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʦʣʴʢʦ ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ;  

t, s, v ï ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ (ʤʤ), ʧʦʜʘʯʘ (ʤʤ/ʦʙ), ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ (ʤ/ʤʠʥ); 

xpz; ypz; xpy; ypy; xpx; ypx; n ïʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʧʨʠ t, s ʠ v. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Cp ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʘʙʣʠʮʘʤ ʥʦʨʤʘʪʠʚʦʚ. ɽʩʣʠ ʞʝ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʙ-

ʣʠʯʥʳʭ, ʪʦ ɻ ʪʠ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʧʦʧʨʘʚʦʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ kpz, kpy, kpx. 

ʆʙʱʠʡ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ kpz ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʨʷʜʘ ʯʘʩʪʥʳʭ 

ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʇʨʦʠʟʚʝʜʸʤ ʨʘʩʯʸʪ ʩʠʣ ʨʝʟʘʥʠʷ ʜʣʷ ʩʚʸʨʣ ʠʟ ʢʘʪʘʣʦʛʘ ʠʥʩʪʨʫʤʝʥʪʦʚ SANDVIK. 

ʈʘʩʯʸʪ ʩʠʣ ʨʝʟʘʥʠʷ ʪʚʸʨʜʦʩʧʣʘʚʥʦʛʦ ʩʚʝʨʣʘ CoroDrill 860: 

ʆʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ. ʉʚʝʨʣʦ ʜʠʘʤʝʪʨʘ 6 ʤʤ. 

ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ: ὸ σ ʤʤ. 

ʇʦʜʘʯʘ: ί πȢρυ ʤʤ/ʦʙ. 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ: Ö υπ ʤ/ ʤʠʥ. 

 

ὖ  σππσ πȟρυȟ υπȢ πȟχχ ωςȟψψ ( 

ὖ ςτσσȟ πȟρυȟ υπȢ πȟχχ τωȟψσ H 

ὖ σσωσ πȟρυȟ υπȢ πȟχχ φσȟτς H 

ʆʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ. ʉʚʝʨʣʦ ʜʠʘʤʝʪʨʘ 10 ʤʤ. 

ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ: ὸ υ ʤʤ. 

ʇʦʜʘʯʘ: ί πȢςυ ʤʤ/ʦʙ. 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ: Ö τπ ʤ/ ʤʠʥ. 

ὖ  σππυ πȟςυȟ τπȢ πȟχχ ςστȟψρ ( 

ὖ ςτσυȟ πȟςυȟ τπȢ πȟχχ ρρτȟφσ H 

ὖ σσωυ πȟςυȟ τπȢ πȟχχ ρτωȟςρ H 

ʆʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ. ʉʚʝʨʣʦ ʜʠʘʤʝʪʨʘ 14 ʤʤ. 

ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ: ὸ χ ʤʤ. 

ʇʦʜʘʯʘ: ί πȢσ ʤʤ/ʦʙ. 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ: Ö συ ʤ/ ʤʠʥ. 

ὖ  σππχ πȟσȟ συȢ πȟχχ σψτȟυσω ( 

ὖ ςτσχȟ πȟσȟ συȢ πȟχχ ρψπȟφσ H 
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ὖ σσωχ πȟσȟ συȢ πȟχχ ςτρȟσω H 

ʆʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ. ʉʚʝʨʣʦ ʜʠʘʤʝʪʨʘ 20 ʤʤ. 

ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ: ὸ ρπ ʤʤ. 

ʇʦʜʘʯʘ: ί πȢσψ ʤʤ/ʦʙ. 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ: Ö σπ ʤ/ ʤʠʥ. 

ὖ  σππρππȟσψȟ σπȢ πȟχχ φχρȟςτυ ( 

ὖ ςτσρπȟ πȟσψȟ σπȢ πȟχχ ςωωȟχω H 

ὖ σσωρππȟσψȟ σπȢ πȟχχ τρςȟχω H [5, ʩ. 15] 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʚʝʩʪʠ ʬʦʨʤʫʣʫ ʫʚʦʜʘ ʦʩʠ ʥʘ ʚʩʶ ʜʣʠʥʫ ʦʪʚʝʨʩʪʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʨʦʩʯʠʪʘʪʴ ʞʝʩʪʢʦʩʪʴ ʩʚʝʨʣʘ. ʆʧʨʝʜʝʣʠʤ ʝʝ ʧʦ ʬʦʨʤʫʣʝ 4: 

 Ὦ
ϽϽ

,           (4) 

ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʄʇʘ; 

       D ï ʜʠʘʤʝʪʨ ʩʚʝʨʣʘ, ʤʤ; 

L ï ʨʘʙʦʯʠʡ ʚʳʣʝʪ ʩʚʝʨʣʘ, ʤʤ [46]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʦʩʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ 5: 

ЎÙ ȟ           (5) 

ʛʜʝ Py ï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ, ʅ; 

j ï ʞʝʩʪʢʦʩʪʴ ʩʚʝʨʣʘ, ʅĿʤ/ʨʘʜ. [3, ʩ. 23; 4, ʩ. 11] 

ʌʦʨʤʫʣʘ (6) ʨʘʩʯʝʪʘ ʫʚʦʜʘ ʦʩʠ ʦʪʚʝʨʩʪʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʚʝʨʣʦʤ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʟʘʩʚʝʨʣʠʚʘʥʠʷ ʧʨʠʤʝʪ ʚʠʜ 

̆ ЎÙ ̏̓̃ Ͻ̏̓̃         (6) 

ʛʜʝ J ï ʞʝʩʪʢʦʩʪʴ ʩʚʝʨʣʘ, ʅ/ʤ; 

Lʦʪʚ ï ʜʣʠʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʤʤ; 

S ï ʥʦʤʠʥʘʣʴʥʘʷ ʧʦʜʘʯʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʩʪʘʥʢʝ, ʤʤ/ʦʙ; 

æy ï ʚʝʣʠʯʠʥʘ ʫʚʦʜʘ ʦʩʠ, ʤʤ; 

ʈy ï ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʩʠʣʳ, ʅ. 

ʅʘʡʜʸʤ ʞʝʩʪʢʦʩʪʴ ʩʚʸʨʣ CoroDrill 860: 

1) ɼʠʘʤʝʪʨʦʤ 6 ʤʤ: Ὦ
Ȣ

ρȟςφρπ ̊Ⱦ̍Ȣ  

2) ɼʠʘʤʝʪʨʦʤ 10 ʤʤ: Ὦ
Ȣ

ρȟπχρπ ̊Ⱦ̍ . 

3) ɼʠʘʤʝʪʨʦʤ 14 ʤʤ: Ὦ
Ȣ

τȟτψρπ ̊Ⱦ̍Ȣ 

4) ɼʠʘʤʝʪʨʦʤ 20 ʤʤ: Ὦ
Ȣ

ρȟψπχρπ ̊Ⱦ̍ . 

ʈʘʩʩʯʠʪʘʝʤ ʫʚʦʜ ʦʩʠ ʩʚʸʨʣ CoroDrill 860:  

1)  ɼʠʘʤʝʪʨʦʤ 6 ʤʤ: ̆
ȟ  

ȟ
Ͻ
Ȣ  

χȟωπωϽρπ ̍ .̍   

2)  ɼʠʘʤʝʪʨʦʤ 10 ʤʤ: ̆
ȟ   

ȟ
Ͻ
Ȣ   

ςȟρτϽρπ ̍ .̍ 

https://altesagroup.ru/catalog/sandvik/
https://altesagroup.ru/catalog/sandvik/
https://altesagroup.ru/catalog/sandvik/
https://altesagroup.ru/catalog/sandvik/
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3)  ɼʠʘʤʝʪʨʦʤ 14 ʤʤ: ̆
ȟ   

ȟ
Ͻ
Ȣ 

ωȟτπϽρπ ̍ .̍ 

4)  ɼʠʘʤʝʪʨʦʤ 20 ʤʤ: ̆
ȟ

ȟ
Ͻ
Ȣ  

τȟσφυϽρπ ̍ Ȣ̍   

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʪʝʨʝʩʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʠʘʤʝʪʨʘ ʩʚʝʨʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʚʦʜʘ ʦʩʠ. 

ʇʨʦʚʝʨʠʤ ʫʚʦʜ ʦʩʠ ʩʚʝʨʣʘ CoroDrill 860 ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ʚ ʧʨʦʛʨʘʤʤʝ 

Autodesk Inventor. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʫʚʦʜ ʦʩʠ ʧʦʜ ʜʝʡʩʪʚʠʝ ʩʠʣʳ 0Ù. 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʚʝʨʣʦ ʩʠʣʘ ὖώ  

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʫʚʦʜʘ ʦʩʠ ʩʚʝʨʣʘ CoroDrill 860 ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ʩʦ-

ʩʪʘʚʠʣʦ χȟωπωϽρπ ̍ .̍ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʚʦʜʘ ʦʩʠ ʤʦʜʝʣʠ ʩʚʝʨʣʘ ʚ Autodesk 

Inventor ʩʦʩʪʘʚʠʣʦ υȟρχφϽρπ ̍ .̍ ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʥʘʯʝʥʠʷ ʫʚʦʜʘ 

ʩʚʝʨʣʘ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʚʦʜʘ ʦʩʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʫʣʳ ʪʝʦʨʠʠ 

ʨʝʟʘʥʠʷ. 
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3. ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ. ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ. ʇʦʜ ʨʝʜ. 

ɼ.ʀ. ʉʝʤʝʥʯʝʥʢʦ. ï ʄʦʩʢʚʘ, ɺʅʀʀ ʠʥʩʪʨʫʤʝʥʪ, 1979. ï 104 c. 

4. ʅʝʤʮʝʚ ɹ.ɸ., ʇʣʫʞʥʠʢʦʚ ʉ.ʂ., ʗʢʦʚʣʝʚ ʇ.ɼ. ʇʨʦʛʨʝʩʩʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ 

ʛʣʫʙʦʢʠʭ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 7-23 ʤʤ. ï ʃ.: ʃɼʅʊʇ, 1989. ï 19 c. 

5. ʂʦʟʣʦʚ ɺ.ʅ., ʉʢʚʦʨʮʦʚ ɺ.ʌ. ʈʘʩʯʸʪ ʨʝʞʠʤʦʚ, ʩʠʣ ʠ ʤʦʱʥʦʩʪʠ ʨʝʟʘʥʠʷ. ï ʊʦʤʩʢ: 

ʀʟʜ. ʊʇʋ, 2014. ï 29 ʩ. 

https://ru.wikipedia.org/wiki/Autodesk_Inventor
https://ru.wikipedia.org/wiki/Autodesk_Inventor
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ˠˑ ̠621.774  

 

ˍ̎́̌̉̈ ̍ ̆̓̏̅́ ̖ ̏̌̏̅̎̏̊ ̄ ̉̂̋̉ ̓ ̑̔̂ ̒  ̑ ̜́̒̋́̓̃́̎̉̆̍ 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʖʋʨɻʋ ʤʝʪʦʜ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ 

ʪʨʫʙ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ɻ ʣʝʤʝʥʪʘʤʠ (ʰʘʨʠʢʘʤʠ). ɺʳʷʚʣʝʥʳ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʪʨʫʙ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʰʘʨʠʢʦ-

ʚʳʤ ʨʘʩʢʘʪʥʠʢʦʤ. ʇʦʢʘʟʘʥʳ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʩʝʯʝʥʠʠ ʠʟʛʠʙʘʝʤʦʡ ʪʨʫʙʳ. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʪʨʫʙ ʩ ʨʘʩʢʘʪʳ-

ʚʘʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʢʘ ʪʨʫʙ, ʨʘʩʢʘʪʳʚʘʥʠʝ, ʜʝʬʦʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʧʣʘʩʪʠ-

ʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʝ, ʥʘʪʷʛ. 
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This article discusses the pipes cold bending with burnishing with deforming ele-

ments (balls) method developed at SUSU. The positive aspects of  pipes cold bending with 

burnisher method application are revealed. The stresses in the section of the bent pipe arising 

from the application of this method are shown. The expediency of application of a small 

number of deforming elements when using the method of pipes cold bending with burnishing 

is justified. 
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ɸʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʦʡ ʚʦʧʨʦʩʘʤ ʛʠʙʢʠ ʪʨʫʙ, ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʘʚʪʦʨʦʚ ʯʘʱʝ ʚʩʝʛʦ ʧʦʜʨʘʟʜʝʣʷʶʪ ʠʤʝʶʱʠʝʩʷ ʩʧʦʩʦʙʳ 

ʥʘ 3 ʛʨʫʧʧʳ [2]: ʭʦʣʦʜʥʘʷ ʛʠʙʢʘ ʪʨʫʙ, ʛʠʙʢʘ ʪʨʫʙ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʟʘʛʦ-

ʪʦʚʢʠ ʠ ʰʪʘʤʧʦʚʢʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙ. ʊʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʠ ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʚ ʯʘʩʪʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʛʠʙʢʠ ʪʨʫʙ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʛʠʙʢʠ [1,8]. 

ɺ ʖʋʨɻʋ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʛʠʙʢʠ ʪʨʫʙ, ʨʘʩʢʘʪʳʚʘʝʤʳʭ ʩ ʙʦʣʴʰʠʤʠ ʥʘʪʷʛʘʤʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʫʩʪʨʘʥʷʷ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʖʋʨɻʋ ʤʝʪʦʜ ʛʠʙʢʠ ʪʨʫʙ, ʨʘʩʢʘʪʳʚʘʝʤʳʭ ʩ ʙʦʣʴʰʠʤʠ ʥʘʪʷ-

ʛʘʤʠ [1], ʧʨʝʜʩʪʘʚʣʝʥ ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ɻʠʙʢʘ ʪʨʫʙ, ʨʘʩʢʘʪʳʚʘʝʤʳʭ ʩ ʙʦʣʴʰʠʤʠ ʥʘʪʷʛʘʤʠ  

ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʰʘʨʠʢʘʤʠ) 

 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʥʫʪʨʴ ʪʨʫʙʳ ʩ ʥʝʢʦʪʦʨʳʤ ʥʘʪʷ-

ʛʦʤ ʧʦʤʝʱʘʝʪʩʷ ʨʘʩʢʘʪʥʠʢ, ʢʦʪʦʨʦʤʫ ʦʪ ʧʨʠʚʦʜʘ ɻ ʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʝʨʝʜʘʝʪʩʷ ʚʨʘʱʝ-

ʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʠ ʦʪ ʚʦʟʥʠʢʘʶʱʠʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʛʠʙʢʠ ʪʨʫʙʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʣʦʞʠʪʴ ʥʝʙʦʣʴʰʦʡ ʠʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ [3]. ʕʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʫʩʠʣʠʝ ʛʠʙʢʠ ʧʨʠ ɻ ʪʦʤ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʪʨʫʙʘ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ (ʜʦ 40 ʤʤ) ʧʦʜʜʘʝʪʩʷ ʛʠʙʢʝ ʧʨʠ 
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ʧʨʠʣʦʞʝʥʠʠ ʠʟʛʠʙʘʶʱʝʛʦ ʫʩʠʣʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʠʪʦ ʨʫʢʦʡ ʩʨʝʜʥʝʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʊʘʢʞʝ ʚ ʨʷʜʝ ʨʘʙʦʪ [8,10] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʧʝʨʝ-

ʤʝʥʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʘʟʤʝʨʦʚ ʨʘʩʪʷʛʠʚʘʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʝʙʦʣʴʰʠʭ ʫʩʠʣʠʡ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʧʝʨʝʤʝʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠ-

ʨʦʚ ʦʪ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʛʨʫʟʦʢ. ʇʨʠ ʛʥʫʪʴʝ ʪʨʫʙ ʥʘ ʩʪʘʥʢʝ ʜʣʷ ʭʦʣʦʜʥʦʡ 

ʛʠʙʢʠ ʪʨʫʙ ʧʨʦʠʩʭʦʜʷʪ ʩʭʦʞʠʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʝʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʧʦʯ-

ʚʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ ̫ ʚʣʷʝʪʩʷ ʚʨʘʱʝʥʠʝ h ʘʨʠʢʦʚ ʨʘʩʢʘʪʥʠʢʘ, ʩʦ-

ʟʜʘʶʱʝʛʦ ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʰʘʨʥʠʨʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʨʘʩʪʷ-

ʞʝʥʠʶ ʦʪ ʚʨʘʱʝʥʠʷ ʠʟʛʠʙʘʶʱʝʛʦ ʨʦʣʠʢʘ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʮʝʥʢʘ ʤʝʭʘʥʠʟʤʘ ʨʘʩʪʷʞʝʥʠʷ ʪʨʫʙʳ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʥʘ ʙʘʟʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʤʝʭʘʥʠʟʤʘ ʫʤʝʥʴʰʝʥʠʷ 

ʫʩʠʣʠʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʦʙʨʘʟʝʮ ʠʟ ʧʦʣʦʩʢʠ ʣʠʩʪʦʚʦʛʦ  

ʤʝʪʘʣʣʘ):  

1 ï ʠʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ, 2 ï ʧʦʜʚʝʩ, 3 ï ʩʪʦʣ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ, 4 ï ʚʠʥʪ ʨʝʛʫʣʠ-

ʨʦʚʢʠ ʥʘʪʷʛʘ ʚʘʣʴʮʦʚʢʠ, 5 ï ʨʦʣʠʢʦʚʘʷ ʚʘʣʴʮʦʚʢʘ, 6 ï ʛʨʫʟ 
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ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ [10] ʧʦʢʘʟʘʣ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦ-

ʪʦʨʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʦʙʨʘʪʠʤʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʠʣʠ ʨʘʩʪʷ-

ʞʝʥʠʝ ɻ ʣʝʤʝʥʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣ, ʩʦʚʝʨʰʘʶʱʠʭ ʨʘʙʦʪʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

ʩʞʘʪʠʝ ʠʣʠ ʨʘʩʪʷʞʝʥʠʝ. ʀʩʧʳʪʫʝʤʳʝ ʦʙʨʘʟʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʤʦʛʣʠ ʨʘʩ-

ʪʷʛʠʚʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ (ʜʦ 10 % ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʜʣʠʥʳ) 

ɼʦʩʪʘʪʦʯʥʦ ʧʦʭʦʞʠʡ ʤʝʭʘʥʠʟʤ ʧʨʦʠʟʚʦʜʠʪ ʨʘʙʦʪʫ ʧʦ ʨʘʟʜʘʯʝ ʪʨʫʙʳ ʦʪ ʧʨʠʣʦ-

ʞʝʥʠʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʦʢʨʫʞʥʳʭ ʫʩʠʣʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʝ yʨʘʩʢʘʪʳʚʘʥʠʷ. ʇʨʠ ʛʥʫʪʴʝ 

ʪʨʫʙ ʥʘ ʩʪʘʥʢʝ ʜʣʷ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʪʨʫʙ ʧʨʦʠʩʭʦʜʷʪ ʩʭʦʞʠʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝ-

ʨʠʘʣʘ, ʩ ʪʝʤ ʦʪʣʠʯʠʝʤ, ʯʪʦ ʧʦʯʚʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ ̫ ʚʣʷʝʪʩʷ ʚʨʘ-

ʱʝʥʠʝ ʰʘʨʠʢʦʚ ʨʘʩʢʘʪʥʠʢʘ, ʩʦʟʜʘʶʱʝʛʦ ʫʧʨʫʛʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʰʘʨʥʠʨʳ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʨʘʩʪʷʞʝʥʠʶ ʦʪ ʚʨʘʱʝʥʠʷ ʠʟʛʠʙʘʶʱʝʛʦ ʨʦʣʠʢʘ. 

ɺʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʩʝʯʝʥʠʷ ʠʟʛʠʙʘʝʤʦʡ ʪʨʫʙʳ, ʧʦʜʚʝʨʛʘʝʤʦʡ ʨʘʩʢʘʪʳʚʘ-

ʥʠʶ, ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʠʟʛʠʙ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʝʤ ʠʟʛʠʙʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʘʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ʤʘʪʝʨʠʘʣʘ sʊ [4]. ʕʪʠʤ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʠʟʛʠʙʘʶ-

ʱʝʛʦ ʫʩʠʣʠʷ, ʢʦʪʦʨʦʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʛʠʙʢʠ ʚ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʣʴʮʝʚʦʡ ʟʦʥʝ ʨʘʩʢʘʪʳʚʘʥʠʷ ʪʨʫʙʳ. 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʳ ʠʟʛʠʙʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʦʯʢʘʭ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʪʦʯʢʘʭ ʢʦʣʴʮʝʚʦʡ ʟʦʥʳ 

ʨʘʩʢʘʪʳʚʘʥʠʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʠʟʛʠʙ 
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ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ [6, 7], ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʪʨʫʙ, ʨʘʩʢʘʪʳʚʘʝʤʳʭ ʩ ʙʦʣʴʰʠʤ ʥʘʪʷʛʦʤ, ʷʚ-

ʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʨʘʙʦʯʝʛʦ ʥʘʪʷʛʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʛʠʙʢʠ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ [5].  

ʈʘʩʢʘʪʳʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʚ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʷʭ ʤʥʦʛʦʨʦʣʠʢʦʚʳʤʠ ʠ ʤʥʦʛʦ-

ʰʘʨʠʢʦʚʳʤʠ ʨʘʩʢʘʪʥʠʢʘʤʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʠʟʚʝʩʪʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠ-

ʙʣʠʟʠʪʴ ʬʦʨʤʫ ʠʥʩʪʨʫʤʝʥʪʘ ʢ ʬʦʨʤʝ ʨʘʩʢʘʪʳʚʘʝʤʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘ-

ʣʳʤ ʥʘʪʷʛʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʢʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʇʨʠ 

ʛʠʙʢʝ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʠʤʝʥʥʦ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʠʟʛʠʙʘʶ-

ʱʠʭ ʫʩʠʣʠʡ, ʘ ʵʪʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʥʘʪʷʛʦʚ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʤ 

ʯʠʩʣʝ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʜʝʣʘʪʴ ʥʝʧʨʦʩʪʦ, ʪʘʢ ʢʘʢ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʪʷʛʘ. ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʳʚʘʥʠʷ:  

ʘ) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʘʣʦʛʦ ʯʠʩʣʘ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ;  

ʙ) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟ-

ʥʠʮʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʧʨʫʛʠʤ ʥʘʪʷʛʦʤ ʠ ʥʘʪʷʛʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ ʧʣʘ-

ʩʪʠʯʝʩʢʠʝ h ʘʨʥʠʨʳ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ [5]. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ʚʦʟʥʠʢʘʝʪ ʦʪ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ, ʢʘʢ ʠ ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ, ʘ ʨʦʣʴ ʠʟʛʠʙʘʶʱʠʭ 

ʫʩʠʣʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʦ ʝʩʪʴ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʜʝʬʦʨʤʠʨʫʶ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ ʚʦʟʨʘʩʪʘʶʪ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʷʭ ʩʪʘʥʦʚʷʪʩʷ ʨʝʟʢʦ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʘʩʢʘʪʳʚʘʥʠʝ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʜʝʬʦʨ-

ʤʠʨʫʶʱʠʭ ɻ ʣʝʤʝʥʪʦʚ [6] ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʨʘʙʦ-

ʯʝʛʦ) ʥʘʪʷʛʘ, ʘ ʪʘʢʞʝ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʬʘʢʪʦʨʘʭ (ʨʘʟʤʝʨʳ ʰʘʨʠʢʦʚ ʨʘʩʢʘʪʥʠʢʘ ʠ 

ʜʨ.), ʫʜʝʰʝʚʣʷʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʩʢʘʪʥʠʢʘ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʘʣʦʛʦ ʯʠʩʣʘ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ ʨʘʥʝʝ ʚ ʨʷʜʝ ʨʘʙʦʪ [7, 8] ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʢʘʪʳʚʘʥʠʠ ʪʨʫʙʳ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʩʝʯʝʥʠʷ 

ʪʨʫʙʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʝʨʰʝ-

ʥʠ ʁʛʠʙʢʠ ʠ ʜʦʣʞʥʦ ʩʥʠʞʘʪʴ ʫʩʠʣʠʷ ʛʠʙʢʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 2 ʨʘʟʘ. [7] ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʪʨʫʙʳ ʧʨʠ ʧʨʦʠʟʚʝʜʝʥʠʠ ʝ yʛʠʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʛʠʙʢʝ ʪʨʫʙʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ɻ ʧʶʨʳ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘʛʨʫʞʝʥʥʳʝ ʠ ʩʚʦʙʦʜʥʳʝ ʦʪ ʥʘʛʨʫʟʢʠ ʫʯʘʩʪʢʠ ʪʨʫʙʳ: ʥʝʟʘʰʪʨʠʭʦʚʘʥʥʳʝ 

ʫʯʘʩʪʢʠ ʦʢʘʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʠʙʢʝ, ʘ ʥʝʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ï ʥʝ ʦʢʘʟʳʚʘʶʪ.  ɸʥʘ-

ʣʠʟʠʨʫʷ ʨʠʩʫʥʦʢ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʣʦʱʘʜʴ ʟʘʰʪʨʠʭʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 50% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ, ʠʟ ʯʝʛʦ ʜʦʣʞʥʦ ʩʣʝʜʦʚʘʪʴ, ʯʪʦ ʫʩʠ-

ʣʠʷ ʛʠʙʢʠ ʜʦʣʞʥʳ ʩʥʠʞʘʪʴʩʷ ʤʠʥʠʤʫʤ ʚ 2 ʨʘʟʘ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ, 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʫ ʪʨʫʙʳ, ʧʦʜʚʝʨʛʘʝʤʦʡ ʛʠʙʢʝ ʙʝʟ 
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ʨʘʩʢʘʪʳʚʘʥʠʷ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʢʘʪʳʚʘʥʠʷ [7]. ʄʦʤʝʥʪ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ. ʀʟʤʝʨʝʥʠʷ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʢʘʪʳʚʘʥʠʝ ʩʥʠʟʠʣʦ ʚʝʣʠʯʠʥʫ ʠʟ-

ʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚ 2-2,5 ʨʘʟʘ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʚʝʨʥʦʩʪʴ ʨʘʩʩʫʞʜʝʥʠʡ ʦ ʩʥʠʞʝʥʠʠ 

ʫʩʠʣʠʡ ʛʠʙʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʛʠʙʢʠ ʪʨʫʙ ʧʫʪʝʤ ʩʦʟʜʘ-

ʥʠʷ ʥʘʪʷʛʘ ʩ ʧʦʤʦʱʴʶ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ɻ ʣʝʤʝʥʪʦʚ ʨʘʩʢʘʪʥʠʢʘ [5,7,9] ̫ ʚʣʷʶʪʩʷ ʩʣʝʜʫ-

ʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʫʩʠʣʠʷ ʠʟʛʠʙʘ; 

ï ʛʠʙʢʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʪʨʫʙʳ ʩ ʪʦʣʩʪʳʤʠ ʠ ʪʦʥʢʠʤʠ ʩʪʝʥ-

ʢʘʤʠ; 

ï ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʝʩʧʦʢʦʠʪʴʩʷ ʦ ʚʦʟʤʦʞʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʪʨʫʙʳ; 

ï ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʛʠʙʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʘ-

ʱʠʱʘʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ï ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʧʝʨʝʛʨʝʚʘ; 

ï ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʝʪʦʜʘʤ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʪʨʫʙ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʳʭ ʨʘʙʦʪ; 

ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ 

ʛʠʙʢʠ ʪʨʫʙ ʚʦʟʨʘʩʪʘʝʪ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʡ ʨʘʩʯʝʪ ʜʣʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʝʯʝʥʠ ̫ʪʨʫʙʳ ʧʨʠ ʛʠʙʢʝ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ. ʈʝʟʫʣʴ-

ʪʘʪʦʤ ʘʥʘʣʠʟʘ ʜʦʣʞʝʥ ʩʪʘʪʴ ʩʦʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʥʘʪʷʛʦʚ ʠ ʧʦʜʘʯ, ʢʦʪʦʨʳʝ ʙ  rʤʦʞʥʦ ʙʳʣʦ 

ʙʝʟʦʧʘʩʥʦ ʥʘʟʥʘʯʘʪʴ ʧʨʠ ʛʠʙʢʝ ʪʨʫʙ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʪʨʫʙ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʨʝʞʠʤʦʚ ʠʭ ʛʠʙʢʠ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʠ ʧʦʢʘʟʳʚʘʝʪʩʷ ʩʭʝʤʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʨʝʞʫʱʠʝ 

ʢʨʦʤʢʠ ʤʦʥʦʣʠʪʥʦʛʦ ʩʙʦʨʥʦʛʦ ʟʝʥʢʝʨʘ ʩʦ ʩʤʝʥʥʳʤʠ ʤʥʦʛʦʛʨʘʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʨʝʞʫʱʠʝ 

ʢʨʦʤʢʠ ʪʨʝʭʟʫʙʦʛʦ ʤʦʥʦʣʠʪʥʦʛʦ ʟʝʥʢʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʥʢʝʨ, ʤʦʥʦʣʠʪʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʠʣʳ ʨʝʟʘʥʠʷ, ʪʨʝʭʟʫʙʳʡ ʟʝʥ-

ʢʝʨ ʢʦʥʮʝʚʦʡ ʤʝʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʦʩʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ. 
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The Development  of the Diagram  of Cutting  Forces Impact   

on the Cutting  Bits  of a Monolithic  Three -Toothed  Countersink  

 

Tokarev Artem Sergeevich 

 

Tryokhgorny Technological Institute ɀ branch of the National Research Nuclear Univer-

sity "MEPhI" (TTI NRU MEPhI), Tryokhgorny 

 

The article describes the diagram of cutting forces impact on the cutting bits of a mon-

olithic assemblable countersink with indexable insert. The new developed diagram of cutting 

forces impact on the cutting bits of a monolithic three-toothed countersink is presented. 

Keywords: countersink, monolithic tool, cutting forces, three-toothed countersink, end 

measuring tool, axial tool. 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʪʚʝʨʩʪʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʨʥʳʡ ʢʦʥʮʝʚʦʡ ʠʥ-

ʩʪʨʫʤʝʥʪ (ʂʄʀ). ʂ ʥʝʤʫ ʦʪʥʦʩʷʪ ʩʚʝʨʣʘ, ʟʝʥʢʝʨʘ, ʨʘʟʚʝʨʪʢʠ, ʧʨʦʪʷʞʢʠ, ʬʨʝʟʳ ʠ ʪ.ʜ.  

[1] ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʦʯ-

ʥʦʩʪʴ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʘʭ [2, 3] ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʯʪʦ ʥʘ ʨʝʞʫʱʠʝ ʣʝʟʚʠʷ ʦʩʝʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʝʡ-

ʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʘʣʴʥʳʝ ʩʠʣʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʚʦʟʥʠʢʘʝʪ ʫʚʦʜ ʦʩʠ. 

ɼʣʷ ʩʙʦʨʥʦʛʦ ʪʨʝʭʟʫʙʦʛʦ ʟʝʥʢʝʨʘ ʩʦ ʩʤʝʥʥʳʤʠ ʤʥʦʛʦʛʨʘʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʫʞʝ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʳ ʜʝʡʩʪʚʠʷ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʩʤʝʥʥʳʤ ʤʥʦʛʦ-

ʛʨʘʥʥʳʭ ʧʣʘʩʪʠʥ, ʨʠʩʫʥʦʢ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ 

ʩʤʝʥʥʳʭ ʤʥʦʛʦʛʨʘʥʥʳʭ ʧʣʘʩʪʠʥ 

 

ʇʦʩʪʨʦʠʤ ʘʥʘʣʦʛʠʯʥʫʶ ʩʭʝʤʫ ʜʝʡʩʪʚʠʷ ʩʠʣ, ʥʦ ʫʞʝ ʥʘ ʤʥʦʣʦʠʪʥʳʡ 

ʪʨʝʭʟʫʙʳʡ ʟʝʥʢʝʨ, ʨʠʩʫʥʦʢ 2. 

ɻʜʝ D0 ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʜʦ ʟʝʥʢʝʨʦʚʘʥʠʷ, ʤʤ; 

       D ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʧʦʩʣʝ ʟʝʥʢʝʨʦʚʘʥʠʷ, ʤʤ; 

        ʈ1, ʈ2, ʈ3 ï ʨʘʜʠʘʣʴʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʟʝʥʢʝʨʘ, ʅ; 

        ɟ(ɣ) ï ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʣʝʟʚʠʷ, ʛʨʘʜ 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʭʝʤʘ ʩʙʦʨʥʦʛʦ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʤʦʥʦʣʠʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʤʝʝʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ, ʘ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʜʣʷ ʤʦʥʦʣʠʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩʭʝʤʫ 

ʜʝʡʩʪʚʠʷ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ, ʥʦ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 
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ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʜʦʤ 

ʠ ʥʝʟʘʨʷʞʝʥʥʳʤ ʧʨʦʚʦʜʷʱʠʤ h ʘʨʦʤ. ʄʝʪʦʜ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʠʣ ʩʚʝʩʪʠ ʠʥʪʝʛʨʘʣʴ-

ʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢ ʦʪʳʩʢʘʥʠʶ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʦʯʝʯʥʳʤʠ ʟʘ-

ʨʷʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʦʚ, ʧʨʦʚʦʜʷ-

ʱʠʡ ʰʘʨ, ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ, ʤʝʪʦʜ ʠʟʦʙʨʘʞʝʥʠʡ. 
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The article describes the method for determining the force interaction between the 

charge and the uncharged conducting ball. The image method made it possible to reduce the 

integral method of solving the problem to finding the force of interaction between point 

charges. 
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ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʟʜʝʣʝ ʬʠʟʠʢʠ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʩʣʫʞʠʪ ʥʘʭʦʞʜʝʥʠʝ ʩʠʣʳ Ὂᴆ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʪʝʣʘʤʠ ή ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ Ὁᴆ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠʥʠʤʘʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʠʜ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠ-

ʩʪʝʤʳ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʩ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʦʙʲʝʤʥʳʤʠ (ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ) 

ʪʝʣʘʤʠ: 

Ὂ ὉὨή ὉϽ”Ὠὠ ὉϽ„ὨὛ 
(1) 

ʛʜʝ Ὁ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; ” ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʧʦ 

ʪʝʣʫ ʦʙʲʝʤʦʤ ὠ; „ ï ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ Ὓ [3, ʩ. 27]. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ h ʘʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-

ɻʘʫʩʩʘ: 

Ὁ

ừ
Ử
Ừ

Ử
ứ

ήὶ

τ“‐Ὑ

”ὶ

σ‐
 ̃̎̔̓̑̉ ̙́̑ ́ὶ Ὑ

ή

τ“‐Ὑ
 ̎  ̖́̐̏̃̆̑̎̏̒̓̉ ̙́̑ ́ὶ Ὑ

ή

τ“‐ὶ
 ̃̎ ̙̆́̑ ́ὶ Ὑ

 (2) 

ʛʜʝ ”  ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; ὠ “Ὑ  ï ʦʙʲʝʤ ʰʘʨʘ [5]. 

ʅʘʠʙʦʣʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ ʩʣʫʞʠʪ ʥʘʭʦʞʜʝʥʠʝ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ 

ʟʘʨʷʜʦʚ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʥʝʟʘʨʷʞʝʥʥʳʤʠ ʦʙʲʝʤʥʳʤʠ ʪʝʣʘʤʠ. ʉʠʩʪʝʤʘ ʟʘʨʷʜʦʚ ʚʳʟʦʚʝʪ 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʠʥʜʫʮʠʨʦ-

ʚʘʥʥʳʝ ʟʘʨʷʜʳ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʥʝʦʜʥʦʨʦʜ-

ʥʦʡ. ʅʘʠʙʦʣʴʰʝʝ ʩʢʦʧʣʝʥʠʝ ʟʘʨʷʜʦʚ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʪʦʯʢʘʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʟʘʨʷʜʘʤ-ʠʩʪʦʯʥʠʢʘʤ. ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ çʤʝʪʦʜʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝè [1]. 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʝʜʝʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʨʷʜʳ ʠ ʧʨʦʚʦʜʷʱʠʝ ʦʙʲʝʤʥʳʝ ʪʝʣʘ, ʢ ʟʘʜʘʯʝ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʪʝ ʞʝ 

ʟʘʨʷʜʳ ʠ ʜʦʙʘʚʦʯʥʳʝ ʟʘʨʷʜʳ-ʠʟʦʙʨʘʞʝʥʠʷ. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ɻ ʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘʨʷʜʘʤʠ-ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʟʘʨʷʜʘʤʠ-ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ 

ʩ ʣʠʥʠʷʤʠ ʠʩʭʦʜʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞ-

ʜʝʥʠʶ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʫʶ ʟʘʜʘʯʫ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʟʘʨʷʜʘ ʠ ʰʘʨʘ [2]. 

ʇʫʩʪʴ ʠʤʝʝʤ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q ʧʦʤʝʱʝʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὥ ʦʪ ʮʝʥʪʨʘ ʥʝʟʘʨʷ-

ʞʝʥʥʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ h ʘʨʘ ʨʘʜʠʫʩʘ Ὑ. ʅʘʡʜʝʤ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ ή ʧʨʠ-

ʪʷʛʠʚʘʝʪ ʰʘʨ (ʨʠʩ. 1). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʠ ʧʨʦʚʦʜʷʱʝʛʦ ʰʘʨʘ 

 

ʆʧʨʝʜʝʣʠʤ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʟʘʨʷʜ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʚʦʜʷʱʝʛʦ ʥʝʟʘʨʷʞʝʥ-

ʥʦʛʦ ʰʘʨʘ ʤʝʪʦʜʦʤ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘʡʜʝʤ ʪʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʜʥʦʡ ʠʟ ɻ ʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ̫ ʚʣʷʝʪʩʷ h ʘʨ. ɿʘʜʘʯʘ ʩ ʜʚʫʤʷ ʥʝ-

ʨʘʚʥʳʤʠ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ ʦʪʦʙʨʘʞʘʝʪ ʢʘʨʪʠʥʫ ɻ ʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

[4]. ʆʜʠʥ ʠʟ ʟʘʨʷʜʦʚ ή ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʷ, ʘ ʚʪʦʨʦʡ ʟʘʨʷʜ-ʠʟʦʙʨʘʞʝʥʠʝ ὗ ʪʨʝ-

ʙʫʝʪʩʷ ʥʘʡʪʠ. 

ʇʦʪʝʥʮʠʘʣ ʚ ʮʝʥʪʨʝ ʰʘʨʘ ʟʘ ʩʯʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʟʘʨʷʜʦʚ: 

• ВὯ Ὧ Ὧ , (3) 

ʪʘʢ ʢʘʢ Вὗ π. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʩʪʠʤ ʟʘʨʷʜʳ ὗ ʚ ʮʝʥʪʨʝ, ʘ ɀὗ ʥʘ 

+ 

+ 

+ 

+ 
+ 
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ʨʘʩʩʪʦʷʥʠʠ ὦ ʦʪ ʮʝʥʪʨʘ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʣʝʡ ʜʣʷ ʥʘʭʦʞ-

ʜʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ὦ ʜʦ ʟʘʨʷʜʘ-ʠʟʦʙʨʘʞʝʥʠʷ. ʋʯʪʝʤ, ʯʪʦ h ʘʨ ̫ ʚʣʷʝʪʩʷ ɻ ʢʚʠʧʦʪʝʥʮʠʘʣʴ-

ʥʳʤ ʪʝʣʦʤ. 

ʆʧʨʝʜʝʣʠʤ ʩʫʤʤʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ 1 (ʨʠʩ. 1): 

. 

 

(4) 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ 2 (ʨʠʩ. 1): 

. 

 

(5) 

(ʯʝʨʝʟ ʪʦʯʢʠ ὗ ʠ ὗ ʨʝʰʝʥʠʝ ʥʝ ʧʦʣʫʯʠʪʩʷ). 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3) ʠ (4) ʢ ʚʠʜʫ: 

π ὗ ή , 

ɺʳʨʘʟʠʤ ὗ ʠʟ (3): 

(6) 

ὗ ή , (7) 

ὗ ή . (8) 

ʇʦʜʩʪʘʚʠʤ ὗ ʚ (5), ʦʪʢʫʜʘ: 

ὦ
Ὑ

ὥ
Ȣ 

(9) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ὗ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʚʝʥʩʪʚʘʤʠ (7) ʠ (8), ʪʦʛʜʘ: 

ὗ ή
Ὑ

ὥ
Ȣ 

 

(10) 

ʆʧʨʝʜʝʣʠʤ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ὂ ʤʝʞʜʫ ʟʘʨʷʜʦʤ ʠ ʰʘʨʦʤ: 

Ὂᴆ ήϽὉᴆ, (11) 

ʛʜʝ Ὁᴆ ВὉᴆ ï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʪʦʯʢʝ ή ʦʙʨʘʟʦʚʘʥʥʳʡ ʟʘʜʘʥʥʳʤʠ ʪʦʯ-

ʢʘʤʠ ὗ ʠ ὗ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʘʷ ʟʘʨʷʜʘʤʠ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ, ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʘ: 

Ὁ Ὧ
ὗ

ὥ ὦ
Ὧ
ὗ

ὥ
 

(12) 

ʠ ʥʘʧʨʘʚʣʝʥʘ ʢ ʮʝʥʪʨʫ ʰʘʨʘ. 

ʇʦʜʩʪʘʚʠʚ (8) ʠ (9) ʚ (11), ʧʦʣʫʯʠʤ: 

Ὁ
Ὧὗ

ὥ

ρ

ρ Ὑ
ὥ

ρȢ 

(13) 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʨʝʰʠʤ 

ʩʦʚʤʝʩʪʥʦ (11) ʠ (13): 

Ὂ
Ὧήὗ

ὥ

ρ

ρ Ὑ
ὥ

ρȢ 

(14) 

ʉ ʫʯʝʪʦʤ (10) ʠʤʝʝʤ: 

Ὂ ρ , 
(15) 

ʝʩʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʫ Ὂ, ʜʝʡʩʪʚʫʶʱʫʶ ʩʦ ʩʪʦʨʦʥʳ ʪʦ-

ʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ή ʥʘ ʧʨʦʚʦʜʷʱʠʡ ʰʘʨ ʨʘʜʠʫʩʘ Ὑ ʦʪʩʪʦʷʱʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὥ ʦʪ ʝʛʦ 

ʮʝʥʪʨʘ. 
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ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʴʝʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ɻ ʥʝʨʛʠʠ ʚ ɻ ʣʝʢʪʨʠʯʝʩʢʫʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʴʝʟʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚʠʙʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʬʬʝʢʪ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ, ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ. 

 

 

Piezoelectric  effect. Piezoelectric  generator  

 

Sinitsyn Ilya Alekseevich, Smolnikov Gennady Petrovich, Balandin Pavel Sergeevich 

 

Tryokhgorny Institute of Technology ɀ branch of the National Research Nuclear  

University "MEPhI", Tryokhgorny 

 

In this project the use of a piezogenerator for converting mechanical energy into elec-

trical energy is investigated. It is established that piezoelectric materials are capable to con-

ver vibrational energy into electrical energy in an effective way, that makes them a promising 

solution for creating autonomous energy sources. 

Keywords: piezoelectric effect, piezoelectricity, piezo generator, mechanical energy 

conversion, principles of operation. 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ  
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʴʝ-

ʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. ʇʴʝʟʦʵʣʝ-

ʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʙʦʨʘ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʢʦʣʝʙʘʥʠʷ, ʚʠʙʨʘʮʠʠ, ʜʘʚʣʝʥʠʝ ʠ ʪ.ʜ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʘʚʪʦ-

ʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʜʦʩʪʫʧ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ 

ʵʥʝʨʛʠʠ ʟʘʪʨʫʜʥʝʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʥʝ ʚʳʜʝ-

ʣʷʶʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ̫ ʚʣʝʥʠʠ ʧʴʝʟʦʵʬ-

ʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʢʣʘʩʩ ʚʝ-

ʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʛʝʥʝʨʠʨʦʚʘʪʴ ɻ ʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʥʘʦʙʦʨʦʪ. ɺ ʠʭ ʯʠʩʣʦ ʚʭʦʜʷʪ ʢʚʘʨʮ, ʪʫʨʤʘʣʠʥ, ʨʦʛʘʪʳʡ ʩʣʘʥʝʮ, 

ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ, ʠ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʧʴʝʟʦʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦ-

ʝʜʠʥʷʪʴʩʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ ʢ ʧʴʝʟʦʢʨʠʩʪʘʣʣʫ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ 

ʠ ʚʦʟʥʠʢʘʝʪ ʧʦʪʝʥʮʠʘʣ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʧʴʝʟʦʢʨʠʩʪʘʣʣʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʬʦʨʤʳ 

ʠ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʛʝʥʝʨʘʪʦʨʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʝʨʝ-

ʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʠʪʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ɻ ʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʩʦʟʜʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʠ ʧʨʦʯʠʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʴʝʟʦʛʝʥʝʨʘʪʦʨʦʚ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1) ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ: ʇʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ ʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʧʦ-

ʩʦʙʥʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʪʘʢʫʶ ʢʘʢ ʚʠʙʨʘʮʠʠ, ʢʦʣʝʙʘʥʠʷ ʠʣʠ 

ʜʘʚʣʝʥʠʝ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʴʝʟʦʵʣʝʤʝʥʪʳ ʚ ʩʠʩʪʝ-

ʤʘʭ ʩʙʦʨʘ ʵʥʝʨʛʠʠ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 
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2) ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ: ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ, ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʠ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʝ. 

3) ʈʘʙʦʪʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʧʴʝʟʦʵʣʝʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʰʠ-

ʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʠʝ ʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʛʨʝʩʩʠʚʥʳʝ 

ʩʨʝʜʳ ʠ ʫʩʣʦʚʠʷ ʚʠʙʨʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦ-

ʚʠʷʭ, ʛʜʝ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ. 

4) ʄʠʥʠʘʪʶʨʠʟʘʮʠʷ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʤ-

ʧʘʢʪʥʳ ʠ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʀʟ-ʟʘ ɻ ʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ɻ ʣʝʤʝʥʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʝʜʠʮʠʥʫ, ʵʥʝʨʛʝʪʠʢʫ, ʘʚʠʘʮʠʶ, ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʵʣʝʢʪʨʦʥʠʢʫ. 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʴʝʟʦʛʝʥʝʨʘʪʦʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

1) ʅʝʙʦʣʴʰʦʡ ʪʦʢ. ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʥʦ ʥʝ ʠʩ-

ʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

2) ɺʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʝ. ʊʦʢ ʠʜʝʪ ʢʨʘʪʢʦʩʨʦʯʥʳʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʝ ʚ ʨʷʜ ʫʩʪʨʦʡʩʪʚ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ɻ ʣʝʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʣʦʞʥʷʝʪʩʷ, ʘ ʟʥʘʯʠʪ, ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʶ 

ʥʘʜʝʞʥʦʩʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʦʩʪʦʷʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘ-

ʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʠ ʫʣʫʯ-

ʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʩʝ ʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ 3d ʤʦʜʝʣʴ ʙʫʜʫ-

ʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʂʦʤʧʘʩè. ʄʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 
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ʈʠʩ.1. ʉʦʩʪʘʚʥʳʝ ʜʝʪʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʴʝʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ʘ) ʨʫʢʦʷʪʴ ʜʣʷ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ, ʙ) ʰʝʩʪʝʨʥʷ çʨʘʟʜʨʘʞʘʶʱʘʷ ʧʴʝʟʦʵʣʝʤʝʥʪʳè,  

ʚ) ʦʩʥʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 

 

ɼʘʣʝʝ ɻ ʣʝʤʝʥʪʳ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ.1 ʙʳʣʠ ʨʘʩʧʝʯʘʪʘʥʳ ʥʘ 3d ʧʨʠʥʪʝʨʝ ʤʦʜʝʣʠ 

Ghost bear 6. ʉʤ ʨʠʩ.2. 

 

 

ʈʠʩ.2. ʈʘʩʧʝʯʘʪʘʥʥʘʷ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ 
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ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʘ ʙʳʣʠ ʫʯʪʝʥʳ ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʨʫʢʦʷʪʴ ʩ ʫʯʝʪʦʤ ʤʦʥ-

ʪʘʞʘ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ʠ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 19 ʤʤ, ʚ 

ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʦʧʨʷʛʘʝʤʳʤʠ ʧʦʜʚʠʞʥʳʤʠ ʜʝʪʘʣʷʤʠ ʛʝʥʝʨʘʪʦʨʘ.  

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʩʪʫʧʠʣʠ ʢ ʩʙʦʨʢʝ ʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʪʘʢʞʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ɻ ʬʬʝʢʪʘ ʛʝʥʝʨʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʚʝ-

ʪʦʜʠʦʜ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 3 ɺ ʠ ʤʦʱʥʦʩʪʴʶ 15 ʤɸ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.3.  

 

ʈʠʩ.3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ 

 

ʊʘʢ ʢʘʢ ʩʚʝʪʦʜʠʦʜ ʧʨʦʧʫʩʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʤ  r

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʧʨʷʤʠʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʣʠʰʥʠʭ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥ ʛʝʥʝʨʘʪʦʨ ʚ ʩʙʦʨʝ. 

 

ʈʠʩ.4. ɻʝʥʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ ʚ ʩʙʦʨʝ 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤ  rʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʝ ʦʙ-

ʨʘʱʝʥʠʷ ʨʫʢʦʷʪʠ ʚ 1 ɻʮ ʤ  rʧʦʣʫʯʘʝʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 2,2 ɺ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ ʙʘʪʘʨʝʡʢʠ ʪʠʧʘ çɸè. ʉʠʣʘ ʪʦʢʘ, ʢʦʪʦʨʫʶ ʧʨʠ ʵʪʦʤ ʤ  rʧʦʣʫʯʘʝʤ, ʨʘʚʥʘ 

87 ʤʢɸ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʨʥʘʷ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʚʳʨʘʙʘʪʳʚʘʝʪ ʪʘʢʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʨʘʚʥʘ 191,4 ʤʢɺʪ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʴʝʟʦʵʣʝ-

ʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢ-

ʪʠʚʥʦʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʣʠ ʙ  rʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʚʝʜʝʥʠʡ ʚ ʨʝ-

ʝʩʪʨ ʧʦ ʦʙʫʯʘʝʤʳʤ ʧʨʦʛʨʘʤʤʘʤ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘ-

ʮʠ ʁʧʦ ʚʩʝʤ ʧʨʦʛʨʘʤʤʘʤ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʪʠʢʫ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʛʨʫʟʢʫ ʚ ʨʝʝʩʪʨ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʄʠʥʪʨʫʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʝʩʪʨʘ, ʄʠʥʪʨʫʜ, ʦʭʨʘʥʘ ʪʨʫʜʘ. 
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The article considers the software for transferring information to the register of on-

the-job safety training programs. The system allows to store the information on all the pro-

grams, to analyze and to upload to the register to meet the requirements of the Ministry of 

Labour. 

Keywords: system, register formation, Ministry of Labour, labour protection. 
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ʉ ʤʘʨʪʘ 2023 ʛʦʜʘ ʚʩʪʫʧʠʣʘ ʚ ʜʝʡʩʪʚʠʝ ʧʨʘʚʠʣʘ ʧʦ ʥʦʚʳʤ ʨʝʝʩʪʨʘʤ ʄʠʥʪʨʫʜʘ 

ʈʦʩʩʠʠ ʠ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ [1]. ʅʘ ʙʘʟʝ ʊʊʀ 

ʅʀʗʋ ʄʀʌʀ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʦʜʦʙʥʦʝ ʦʙʫʯʝʥʠʝ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʪʩʷ ʦʙʫʯʝʥʠʝ 

ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʛʨʘʜʦʦʙʨʘʟʫʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʌɻʋʇ çʇʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘ-

ʚʦʜ ʠʤ. ʂ.ɸ. ɺʦʣʦʜʠʥʘè.  

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʨʘʙʦʪʦʜʘʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ 

ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʯʝʨʝʟ ɽʜʠʥʫʶ ʩʠʩʪʝʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ɽʉʀɸ). 

ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʪʨʦʝʢ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʘʚ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʩʚʝʜʝʥʠʷ ʚ ʨʝʝʩʪʨ ʧʦ ʚʩʝʤ ʦʙʫʯʝʥʥʳʤ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʜʘʯʠ ̫ ʚʣʷʝʪʩʷ ʨʫʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʚʩʝʭ ʩʚʝʜʝʥʠʡ ʜʣʷ ʚʥʝ-

ʩʝʥʠʷ ʚ ʨʝʝʩʪʨ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʨʝʤʷ ʟʘʪʨʘʪʝʥ ʠ ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʰʠʙʦʢ. ɹʦʣʝʝ 

ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʠʤʧʦʨʪʠʨʦʚʘʥʠʝ ʬʘʡʣʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʄʠʥʪʨʫʜʦʤ ʬʦʨʤʘʪʝ [2]. 

ɼʣʷ ʠʤʧʦʨʪʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤ. ʆʜʥʘʢʦ ʠʭ ʬʫʥʢ-

ʮʠʦʥʘʣ ʦʛʨʘʥʠʯʝʥ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʪ ʦʧʣʘʪʳ ʠʣʠ ʪʨʝʙʫʝʪ ʧʦʜʜʝʨʞʢʠ. 

ʃʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʚʦʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʩʤʦʪʨʘ ʩʪʘʪʠʩʪʠʢʠ ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʦʚ. 

ʈʝʘʣʠʟʫʝʤʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ PostgreSQL. 

ʇʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʉʋɹɼ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ PostgreSQL ʦʙʨʘʟʦʚʘʣʘ ʚʦʢʨʫʛ ʩʝʙʷ 

ʵʢʦʩʠʩʪʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʝʛʦʜʥʷ 

ʵʪʫ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʜʫʢʪʘʤ. 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 
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ʇʦʜʣʠʥʥʦʩʪʴ ʚʭʦʜʘ ʨʝʘʣʠʟʦʚʘʥʘ ʜʦʤʝʥʥʦʡ ʘʚʪʦʨʠʟʘʮʠʝʡ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʫ ʜʦʩʪʫʧʥʳ ʩʧʠʩʦʢ ʧʨʦʛʨʘʤʤ. ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʙʫʯʝʥʠʝ 

ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʢʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʂʘʞ-

ʜʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʥʘʠʤʝʥʦʚʘʥʠʝ, ʘʙʙʨʝʚʠʘʪʫʨʫ ʠ ʧʨʠʟʥʘʢ ʜʦʩʪʫʧʥʦʩʪʠ. ʉʪʨʘ-

ʥʠʮʘ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɺʳʙʦʨ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʦʛʨʘʤʤ. 

 

ʇʨʦʛʨʘʤʤʘ ʭʨʘʥʠʪ ʜʘʥʥʳʝ ʦʙ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʜʦʣʞʥʦʩʪʷʭ, ʦʙʫʯʘʝʤʳʭ ʠ ʯʣʝʥʘʭ 

ʢʦʤʠʩʩʠʠ. 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʭ ʩʚʝʜʝʥʠʡ ʠ ʫʩʧʝʰʥʦʡ ʩʜʘʯʠ ʵʢʟʘʤʝʥʘ ʩʦʪʨʫʜʥʠʢ ʚʠʜʠʪ 

ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʝ ʧʦ ʦʙʫʯʘʝʤʳʤ. ʇʨʠʤʝʨ ʩʚʝʜʝʥʠʡ ʜʣʷ ʚʳʛʨʫʟʢʠ ʧʦʢʘ-

ʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.
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ʈʠʩʫʥʦʢ 3 ï ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʚʳʛʨʫʟʢʠ ʚ xml 
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ʇʨʠ ʚʳʛʨʫʟʢʝ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʡʣ xml ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʘʪʘ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʢʘʟʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʘʷ ʢʦʜʠʨʦʚʢʘ. ʉʣʝʜʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷ-

ʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʛʦʣʦʚʢʘ ʩʭʝʤʳ xml ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ. ɺʥʫʪʨʠ ʫʢʘʟʳʚʘʝʪʩʷ 

ʟʘʧʠʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦ ʦʙʫʯʘʝʤʦʛʦ ʧʦ ʢʘʞʜʦʡ ʧʨʦʛʨʘʤʤʝ. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʘ ʜʣʷ ʠʤʧʦʨʪʘ 

 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʬʘʡʣ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʩʘʡʪ ʄʠʥʪʨʫʜʘ. ɽʩʣʠ ʥʝ ʧʝʨʝʜʘʪʴ ʜʘʥ-

ʥʳʝ ʚ ʈʝʝʩʪʨ ʦʙʫʯʝʥʥʳʭ, ʨʘʙʦʪʦʜʘʪʝʣʴ ʥʘʨʫʰʠʪ ʪʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʕʪʦ ʚʣʝʯʝʪ 

ʟʘ ʩʦʙʦʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ɽʱʝ ʦʜʥʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦ-

ʪʦʢʦʣʘ ʠ ʧʨʦʩʤʦʪʨʘ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʚʩʝʤ ʦʙʫʯʝʥʥʳʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʢʦʨʷʝʪ ʠ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʘʙʦʪʫ, ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʤʧʦʨʪʘ ʚ ʨʝʝʩʪʨ ʄʠʥʪʨʫʜʘ. ɽʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʙʣʶ-

ʜʘʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʄʠʥʪʨʫʜʘ, ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. 

  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 24.12.2021 N 2464 (ʨʝʜ. ʦʪ 30.12.2022) "ʆ 

ʧʦʨʷʜʢʝ ʦʙʫʯʝʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ" (ʚʤʝʩʪʝ ʩ 

"ʇʨʘʚʠʣʘʤʠ ʦʙʫʯʝʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ")  

2. ʌʝʜʝʨʘʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ | ʌɻʀʉ ʉʆʋʊ. ï ʄʦʩʢʚʘ. ï URL: 

https://akot.rosmintrud.ru/sout/info (ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 02.04.2024). 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʤʝʭʘ-

ʥʠʟʤʘ ʟʘʱʠʪʳ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʢʝʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ 

ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ ʪʠʧʘ, ʧʨʦʠʟʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʢʘ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʘʢʝʪʥʳʡ ʮʝʥʪʨ. 
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In this article the efficiency of introduction of a new type of mechanism for protection 

of on-board equipment of the missile control system from the impact of special factors is 
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ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʊɺʆ 
 

71 
 

considered. The production costs of the old and new types of protection mechanisms are 

calculated, their comparison is made. 

Key words: economics, economic efficiency, production cost, production, missile 

center. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʨʘ-

ʢʝʪʥʳʤ ʮʝʥʪʨʦʤ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɺ.ʇ. ʄʘʢʝʝʚʘ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ. 

ɹʦʨʪʦʚʘʷ ʘʧʧʘʨʘʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ ʨʘʢʝʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤ ʢʦʤʘʥʜ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʦʜʘʚʘʝʤʳʭ ʩ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʤʧʣʝʢʩʘ, ʠʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ɻ ʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʧʦʣʦʞʝʥʠʝʤ ʨʘʢʝʪʳ ʥʘ ʪʨʘ-

ʝʢʪʦʨʠʠ ʝʝ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʨʧʫʩʝ ʨʘ-

ʢʝʪʳ ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪʚʝʨʩʪʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʨʳʪʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʯʝʨʝʟ ʥʝʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʙʦʨʪʦʚʘʷ ʘʧʧʘʨʘʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʯʥʝʪ ʥʘʛʨʝʚʘʪʴʩʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʡʜʝʪ 

ʠʟ ʩʪʨʦʷ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʥʠʯʪʦʞʝʥʠʝ ʨʘʢʝʪʳ. 

ʄʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʥʝʝ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʪʠʧʫ ʠʨʠʩʦʚʳʭ 

ʜʠʘʬʨʘʛʤ , ʢʘʢ ʫ ʬʦʪʦʘʧʧʘʨʘʪʘ. ɺ ʜʘʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʣʘʤʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʝʭʘʥʠʟʤʘ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʠʧ ʩ 14 ʣʘʤʝʣʷʤʠ, ʨʘʩʯʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʜʣʷ ʪʘ-

ʢʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʀʨʠʩʦʚʘʷ ʜʠʘʬʨʘʛʤʘ 
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ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʨʠʩʦʚʦʡ ʜʠʘʬʨʘʛʤʳ ʣʶʙʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʭʦʪʷ ʙ  rʦʜʠʥ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: 

- ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʜʠʘʬʨʘʛʤʳ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʦʪʚʝʜʝʥ-

ʥʳʭ ʧʦʜ ʤʝʭʘʥʠʟʤ; 

- ʧʝʨʝʢʨʳʪʠʝ ʦʪʚʝʨʩʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʦʩʪʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨ-

ʩʪʠʝ ʧʦʩʝʨʝʜʠʥʝ; 

- ʚ ʪʦʯʢʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʣʘʤʝʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʟʘʟʦʨ, ʧʦʷʚʣʷʶ-

ʱʠʡʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ɼʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʟʘʟʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʧʧʘʨʘʪʫʨʫ ʣʘʟʝʨʥʳʤ 

ʣʫʯʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʨʘ-

ʢʝʪʳ ʠʟ ʩʪʨʦʷ, ʘ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʤʛʥʦʚʝʥʥʦʛʦ ʝʝ ʧʦʜʨʳʚʘ. ɼʣʷ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʵʪʠʭ 

ʥʝʜʦʩʪʘʪʢʦʚ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ. ʃʘʤʝʣʠ ʥʘʯʠʥʘʶʪ ʜʚʠʞʝʥʠʝ ʧʦ 

ʚʟʨʳʚʫ ʧʠʨʦʧʘʪʨʦʥʘ ʠ ʟʘʢʨʳʚʘʶʪ ʦʪʚʝʨʩʪʠʝ ʢʘʢ ʞʘʣʶʟʠ. ʅʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 2 ʚ ʦʪʢʨʳʪʦʤ ʠ ʟʘʢʨʳʪʦʤ ʚʘʨʠʘʥʪʝ. ʅʘ ʦʪʢʨʳʪʦʤ ʤʝʭʘʥʠʟʤʝ ʢʨʳʰʢʘ ʥʝ ʧʦʢʘ-

ʟʘʥʘ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʄʝʭʘʥʠʟʤ ʟʘʱʠʪʳ 

 

ʉʠʩʪʝʤʘ ʧʝʨʝʢʨʳʪʠʷ ʦʪʚʝʨʩʪʠʷ ʦʪʣʠʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʣʶʩʘʤʠ: 

- ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ; 

- ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ; 

- ʣʘʤʝʣʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʥʝ ʚʦʟʥʠʢʘʝʪ ʟʘʟʦʨʦʚ. 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ 

ʪʘʢʞʝ ʙʫʜʝʪ ʦʪʥʝʩʝʥʦ ʢ ʝʝ ʧʣʶʩʘʤ. 

ɼʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʘʢʝʪ ʨʘʟʤʝʨ ʤʝʭʘʥʠʟʤʘ ʟʘʱʠʪʳ ʙʫʜʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ 

ʙʳʣ ʚʳʙʨʘʥ ʪʠʧʦʚʦʡ ʧʨʠʤʝʨ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʟʘʪʨʘʪ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʶ, ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ ʨʘʙʦʯʠʤ, ʩʪʨʘʭʦʚʳʝ ʚʟʥʦʩʳ ʠ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ. 



ʀʅʅʆɺɸʎʀʆʅʅɸʗ ʕʂʆʅʆʄʀʂɸ  

ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʊɺʆ 
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ɺʩʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ɻ ʢʟʝʤʧʣʷʨʘ ʤʝʭʘʥʠʟʤʘ ʟʘʱʠʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʩʪʝʤ ʟʘʱʠʪʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʟʘʪʨʘʪ 

ʉʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ  

ʥʘ ʠʤʝʶʱʠʡʩʷ  

ʤʝʭʘʥʠʟʤ, ʨʫʙ. 

ʉʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ  

ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʡ  

+ʤʝʭʘʥʠʟʤ, ʨʫʙ. 

ɿʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʦʥʝʥʪʳ 23032,79 6136,613 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ 678,4 339,2 

ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 3376,58 1688,29 

ʉʪʨʘʭʦʚʳʝ ʚʟʥʦʩʳ 1012,97 506,49 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ 3135,39 1 567,7 

ʀʪʦʛʦ 31236,13 10238,293 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʪʠʧʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʟʛʦʪʦʚʣʝʥʠʝ 1 ʝʜʠʥʠʮʳ 

ʧʨʦʜʫʢʮʠʠ ʥʘ 20 997,837 ʨʫʙʣʝʡ ʠʣʠ ʥʘ 67,2% ʜʝʰʝʚʣʝ, ʯʝʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ, ʧʨʠʤʝʥʷʶʱʝʡʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦ-

ʣʠʯʝʩʪʚʘʭ, ʪʘʢ ʢʘʢ ʩʪʘʚʠʪʩʷ ʥʝ ʚ ʝʜʠʥʠʯʥʦʤ ʵʢʟʝʤʧʣʷʨʝ ʥʘ ʢʘʞʜʦʝ ʦʨʫʜʠʝ. ʈʘʩʩʤʦʪ-

ʨʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʪʠʧʦʨʘʟʤʝʨ ʤʝʭʘʥʠʟʤʘ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʨʘʢʝʪʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʰʪʫʢ, 

ʘ ʟʥʘʯʠʪ ɻ ʢʦʥʦʤʠʷ ʥʘ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ ʩʦʩʪʘʚʠʪ 

419956,74 ʨʫʙʣʝʡ.  

ʈʘʢʝʪʳ ̫ ʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʦʨʫʞʠʝʤ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʙʦʣʴ-

ʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʘʞʥʦ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɹʘʣʣʠʩʪʠʯʝʩʢʠʝ ʨʘʢʝʪʳ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʈʦʩʩʠʠ. ʀʟʙʨʘʥʥʳʝ ʩʪʘʪʴʠ / ʧʦʜ ʦʙʱ. ʨʝʜ. 

ʀ. ʀ. ɺʝʣʠʯʢʦ. ï 2-ʝ ʠʟʜ., ʜʦʧ. ʄʠʘʩʩ: ɻʈʎ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɺ.ʇ. ʄʘʢʝʝʚʘ, 1997. ï 334 ʩ. 

2. ɽʬʠʤʦʚʘ ʆ.ɺ. ʌʠʥʘʥʩʦʚʳʡ ʘʥʘʣʠʟ: ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ɻ ʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ: ʫʯʝʙʥʠʢ / ʆ.ɺ. ɽʬʠʤʦʚʘ. ï ʄʦʩʢʚʘ: ʆʤʝʛʘ-ʃ, 2014. ï 351 ʩ. 

3. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʠ ʢɻʦʥʦʤʠʢʘ ʦʨʛʘʥʠʟʘʮʠʡ (ʧʨʝʜʧʨʠʷʪʠʡ). ʇʨʘʢʪʠʢʫʤ. 

ï ʄʦʩʢʚʘ: ɺʫʟʦʚʩʢʠʡ ʫʯʝʙʥʠʢ, 2017. ï 240 ʩ. 

4. ʗʨʢʠʥʘ, ʅ.ʅ. ʕʢʦʥʦʤʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ): ʫʯʝʙʥʠʢ / ʅ.ʅ. ʗʨʢʠʥʘ. ï 

ʂʝʨʯʴ: ʌɹɻʆʋ ɺʆ çʂɻʄʊʋè, 2020. ï 445 ʩ. 
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ˠˑ ̠371 

 

˪̘̋̏̎̏̍̉̆̒̋̏̆ ̏ ̂̏̒̎̏̃́̎̉̆ ̃ ̠̎̆̅̑̆̎̉ ̃  ̐ ̑̏̉̈̃̏̅̒̓̃̏  

̜̒̉̒̓̆̍ ́ ̄̑̆̄́̓̏̃ ̐ ̘̜̖̆́̓̎ ̐ ̌́̓ ̎  ́l ːˠ˜ Ⱥ˜˞˔Ȼ 

 

˘̏̂́̎̏̃ ˏ ̉̋̓̏̑ ˞ ̘̆̑̄̆̆̃̉ȟ ̠ ̠́̑̋̉̎ ̱ ̎̓̏̎ ˞ ̘̆̑̄̆̆̃̉ȟ  

˗̑̔̐̉̎ ̠ ̉̑̉̌̌ ˏ ̘̌́̅̉̍̉̑̏̃̉ȟ ̝ ̗́̊̆̃ ˑ ̍̉̓̑̉̊ ̱ ̘̌̆̋̒́̎̅̑̏̃̉ 

 

˟̖̜̑̆̄̏̑̎̊ ̓ ̖̘̆̎̏̌̏̄̉̆̒̋̉̊ ̉ ̎̒̓̉̓̔̓ ɀ ̕ ̉̌̉́̌ ̊ ̗̝́̉̏̎́̌̎̏̄̏ 

 ̉ ̝̒̒̌̆̅̏̃́̓̆̌̒̋̏̄̏ ̠ ̅̆̑̎̏̄̏ ̔ ̎̉̃̆̑̒̉̓̆̓́ Ȱ˙˕ˡ˕ȱɉ˟˟˕ ̊ ˕ˬˠ ̇ ˕ˡ˕Ɋȟ  

˟̖̜̑̆̄̏̑̎̊ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʨʘʩʯʝʪʘ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʠʧʫʣʷʪʦʨ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʷ, ʨʘʟʛʨʫʟʯʠʢ. 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʦʡ ʪʝʤʦʡ ʚ ʥʘʰʝ ʚʨʝʤʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ, ʦʙʣʝʛʯʘʝʪ ʪʨʫʜ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʥʠʞʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʚʝʡʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠ 

ʚʳʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʚ ʧʨʦʮʝʩʩʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ. 



ʀʅʅʆɺɸʎʀʆʅʅɸʗ ʕʂʆʅʆʄʀʂɸ  

ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʇʈɽɼʇʈʀʅʀʄɸʊɽʃʔʉʊɺʆ 
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ʈʘʟʛʨʫʟʯʠʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʘʚʪʦʤʘʪʠ-

ʟʠʨʫʷ ʧʨʦʮʝʩʩ ʨʘʟʛʨʫʟʢʠ ʧʣʘʪ ʩ ʢʦʥʚʝʡʝʨʥʦʡ ʣʠʥʠʠ ʠ ʟʘʛʨʫʞʘʷ ʠʭ ʥʘ ʪʝʣʝʞʢʠ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʘʪ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʪʘʧʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʛʨʫʟʯʠʢʦʚ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʣʘʪʘʤʠ 

ʤʝʥʝʝ 0.2 ʤʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʧʣʘʪ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ɻ ʪʘʧʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ɻ ʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʮʝʣʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʎʠʢʣ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ  

ʩ ʢʦʥʚʝʡʝʨʥʦʡ ʣʠʥʠʝʡ 

 

ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʨʘʟʛʨʫʟʯʠʢ ʦʙʦʨʫʜʦʚʘʥ ʩʠʩʪʝʤʦʡ ʚʘʢʫʫʤʥʳʭ ʟʘʭʚʘʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ ʧʣʘʪ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʟʘʭʚʘʪʦʚ, ʥʘʛʨʫʟʢʘ ʥʘ ʧʣʘʪʫ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʛʨʫʟʯʠʢʫ ʧʝʨʝʤʝʱʘʪʴ ʧʣʘʪʫ, ʥʝ ʧʦʚʨʝʞʜʘʷ ʝʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ. ʄʦʞʥʦ ʙʝʟʦʧʘʩʥʦ ʧʝ-

ʨʝʤʝʱʘʪʴ ʧʣʘʪʳ ʪʦʣʱʠʥʦʡ ʦʪ 0,1 ʜʦ 3,2 ʤʤ ʙʝʟ ʠʭ ʜʝʬʦʨʤʘʮʠʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʩ ʧʝʯʘʪʥʳʤʠ ʧʣʘʪʘʤʠ ʩʣʝʜʫʶʱʠʭ ʨʘʟʤʝʨʦʚ: ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ï ʤʠʥʠʤʫʤ 

200x150 ʤʤ, ʤʘʢʩʠʤʫʤ 300x500 ʤʤ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ: 

1. ʇʨʠ ʚʳʙʦʨʝ ʤʝʞʜʫ ʦʜʥʦʡ ʧʨʠʩʦʩʢʦʡ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʠ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʤʠ ʝʡ ʧʦ ʫʩʠʣʠʶ ʧʨʠʩʘʩʳʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʩʦʩʢʘʤʠ ʩ ʤʘʣʳʤ ʜʠʘʤʝʪʨʦʤ, 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʣʦʩʴ ʤʘʣʳʤ ʧʨʠʩʦʩʢʘʤ, ʯʪʦʙʳ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʩʠʣʫ ʧʨʠʩʘʩʳʚʘʥʠʷ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ; 

2. ʇʨʠʩʦʩʢʠ ʨʘʟʤʝʱʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʢʘʪʴ ʚʳʭʦʜʘ ʢʨʘʝʚ ʧʨʠ-

ʩʦʩʢʠ ʟʘ ʢʨʘʷ ʠʟʜʝʣʠʷ; 
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3. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʝʞʜʫ 

ʵʞʝʢʪʦʨʦʤ ʠ ʧʨʠʩʦʩʢʦʡ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʨʘʙʦʯʝʛʦ ʚʘʢʫʫʤʘ; 

4.  ɼʣʷ ʢʘʞʜʦʡ ʧʨʠʩʦʩʢʠ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ɻ ʞʝʢʪʦʨ, ʪʘʢ 

ʢʘʢ ʥʝʩʢʦʣʴʢʦ ʧʨʠʩʦʩʦʢ, ʫʧʨʘʚʣʷʝʤʳʭ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʵʞʝʢʪʦʨʦʤ, ʧʝʨʝʩʪʘʥʫʪ ʫʜʝʨ-

ʞʠʚʘʪʴ ʠʟʜʝʣʠʝ, ʝʩʣʠ ʜʘʞʝ ʦʜʥʘ ʧʨʠʩʦʩʢʘ ʨʘʟʛʝʨʤʝʪʠʟʠʨʫʝʪʩʷ; 

5. ɼʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʩʦʩʢʠ ʪʘʢ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ 

ʦʪʢʘʟʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʩʦʩʦʢ ʠʟʜʝʣʠʝ ʚʩʝʛʜʘ ʫʜʝʨʞʠʚʘʣʦʩʴ ʚ ʥʫʞʥʦʤ ʧʦʣʦʞʝʥʠʠ; 

6. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʬʠʣʴʪʨʳ, ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʵʞʝʢʪʦʨʦʚ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʤʘʩʣʦʤ. 

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʦʩʥʘʱʝʥ ʜʚʫʤʷ ʢʥʦʧʢʘʤʠ (ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ), ʘ ʪʘʢʞʝ ʩʝʥʩʦʨʥʳʤ ʵʢʨʘʥʦʤ ʠ 

ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʰʘʛʦʚʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʩʢʨʝʪʥʦʝ ʫʛʣʦʚʦʝ ʧʝʨʝʤʝ-

ʱʝʥʠʝ ʨʦʪʦʨʘ ʧʨʠ ʧʦʜʘʯʝ ʪʦʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʤʦʪʢʫ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʥʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʢʘʢ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʘʨʪʠʠ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʥʠʞʝ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟ-

ʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʚʢʣʶʯʘʶʪ ʟʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʦʧʣʘʪʫ ʪʨʫʜʘ ʨʘʙʦʯʠʭ, ʘʤʦʨ-

ʪʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ ʨʘʩʭʦʜʳ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʨʫ-

ʜʦʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟ-

ʛʨʫʟʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. 

ʊʘʙʣʠʮʘ 2 ï ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ 

ʇʦʢʘʟʘʪʝʣʠ ɽʜ. ʠʟʤ. ʉʫʤʤʘ 

ɺʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥ/ʯ 176,00 

ɿʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ ʨʫʙ. 84320,00 

ʉʨʝʜʥʷʷ ʪʘʨʠʬʥʘʷ ʩʪʘʚʢʘ ʨʫʙ. 308,78 

ʆʩʥʦʚʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʫʙ. 54345,28 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʫʙ. 21738,11 

ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ ʨʫʙ. 22 825,02 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʨʫʙ. 244 553,76 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʨʫʙ. 1 314 198,80 

ʇʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʷ ʨʫʙ. 262 839,76 

ʎʝʥʘ ʩʠʩʪʝʤʳ ʨʫʙ. 1 860 905,48 

ʎʝʥʘ ʘʥʘʣʦʛʘ ʩʠʩʪʝʤʳ ʨʫʙ. 2 650 000,00 
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ʌɻʋʇ çʇʉɿè ʧʣʘʥʠʨʫʝʪ ʟʘʢʫʧʢʫ 14 ʧʦʜʦʙʥʳʭ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʥʫʞʜ 13 ʮʝʭʘ. ʍʦ-

ʪʝʣʦʩʴ ʙ  rʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʫʧʥʳʝ ʘʥʘʣʦʛʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʥʫʞʜʘʤ ʟʘ-

ʚʦʜʘ (ʥʘʧʨʠʤʝʨ, ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʪ). ʇʦʵʪʦʤʫ ʦʥʠ ʙʫʜʫʪ ʥʫʞʜʘʪʴʩʷ ʚ ʜʦʨʘʙʦʪʢʝ, ʢʦʪʦʨʘʷ 

ʪʘʢʞʝ ʙʫʜʝʪ ʩʪʦʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʪ.ʢ. ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʊʘʙʣʠʮʘ 2 ï ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʌɻʋʇ çʇʉɿè 

ʂʦʣʠʯʝʩʪʚʦ  

ʩʠʩʪʝʤ  

ʘʛʨʝʛʘʪʦʚ  

ʥʘ 2024ʛ. 

ʐʪ. 

ʎʝʥʘ  

ʩʠʩʪʝʤʳ  

ʘʛʨʝʛʘʪʘ   

ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʫʙ. 

ʎʝʥʘ  

ʩʠʩʪʝʤʳ  

ʘʛʨʝʛʘʪʘ  

ʘʥʘʣʦʛʘ 

ʨʫʙ. 

ʇʦʣʥʘʷ  

ʩʪʦʠʤʦʩʪʴ  

ʟʘʢʘʟʘ ʩʠʩʪʝʤ 

ʘʛʨʝʛʘʪʦʚ  

ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʫʙ. 

ʇʦʣʥʘʷ ʩʪʦ-

ʠʤʦʩʪʴ  

ʟʘʢʘʟʘ  

ʩʠʩʪʝʤ  

ʘʛʨʝʛʘʪʦʚ 

ʘʥʘʣʦʛʦʚ 

ʨʫʙ. 

ʀʪʦʛʦ  

ʵʢʦʥʦʤʠʷ 

ʨʫʙ. 

14 1 860 905,48 2 650 000,00 26 052 676 37 100 000 11 047 324 

 

ʅʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʩʪʦʨʦʥʫ, ʯʪʦ 

ʪʘʢʞʝ ʧʦʚʳʩʠʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌɻʋʇ çʇʉɿè. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʚʥʝʜʨʝʥʠʷ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʨʘʚʥʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʜʝ-

ʪʘʣʠ çʂʨʦʥʰʪʝʡʥè. 

ʊʘʢʞʝ ʙʳʣʘ ʫʧʦʤʷʥʫʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʪʘʣʠ ʠ 

ʩʥʠʞʝʥʠʝ ʝʝ ʚʝʩʘ ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: SLM, CAE, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʨʦʰʢʦʚʳʡ 3D-ʧʨʠʥʪʝʨ. 
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The article considers the technology of selective laser sintering, and also examines the 

possibility of its introduction into machine-building enterprises by comparing the technical 

and economic indicators of various methods of obtaining the corbel piece. 

The possibility of technological optimization of the part and reducing its weight while 

maintaining strength characteristics is also mentioned. 

Keywords: SLM, CAE, additive technologies, powder 3D printer. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʷ 3D ʧʝʯʘʪʠ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 3D ʧʝ-

ʯʘʪʠ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ʇʦʨʦʰʢʦʚʘʷ 3D ʧʝʯʘʪʴ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʚ ʨʷʜʝ ʩʣʫ-

ʯʘʝʚ ʥʝʟʘʤʝʥʠʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ɹʣʘʛʦʜʘʨʷ ʧʦʨʦʰʢʦʚʦʡ 3D ʧʝʯʘʪʠ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʣʝʛʢʠʝ ʠ ʧʨʦʯ-

ʥʳʝ ʜʝʪʘʣʠ, ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

3D-ʧʝʯʘʪʴ ʤʝʪʘʣʣʘʤʠ ʚʳʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʥʠʢʝʣʝʚʳʤʠ ʠ ʢʦʙʘʣʴʪ-ʭʨʦʤʦʚʳʤʠ ʩʫʧʝʨʩʧʣʘʚʘʤʠ, ʦʙʨʘʙʦʪʢʘ 

ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʨʘʡʥʝ ʩʣʦʞʥʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʩ 

ʧʦʯʪʠ ʛʦʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ, ʦʩʪʘʚʣʷʷ ʣʠʰʴ ʬʠʥʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʝʚʳʧʦʣʥʠʤʳ ʠʣʠ 

ʯʨʝʟʤʝʨʥʦ ʪʨʫʜʦʝʤʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʣʴʯʘʡʰʠʝ ʵʣʝʤʝʥʪʳ, 

ʠʟʜʝʣʠʷ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ ʠ ʢʘʥʘʣʘʤʠ, ʪʦʥʢʠʤʠ ʩʪʝʥʢʘʤʠ ʠ ʩʣʦʞʥʦʡ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʠʟʜʝʣʠʡ;   

ï ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʝʜʠʥʠʮ ʚ ʩʙʦʨʢʝ;  

ï ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʜʝʣʠʷ; 

ï ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʟʘ ʩʯʠʪʘʥʥʳʝ ʯʘʩʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʧʦ ʩʢʦʨʦʩʪʠ ʣʠʪʝʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʣʥʳʡ ʮʠʢʣ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʤʝʩʷʮʳ; 

ï ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʦʩʥʘʩʪʢʝ; 

ï ʩʥʠʞʝʥʠʝ ʦʙʲʸʤʘ ʦʪʭʦʜʦʚ ʟʘ ʩʯʝʪ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ-

ʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʦʰʢʘ; 

ï ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʛʨʘʥʠʯʝ-

ʥʠʝʤ ʣʠʰʴ ʧʦ ʨʘʟʤʝʨʫ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ; 

ʅʝʜʦʩʪʘʪʢʦʤ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʜʝʪʘʣʠ ʥʝ ʷʚʣʷ-

ʶʪʩʷ ʤʦʥʦʣʠʪʥʳʤʠ, ʘ ʟʥʘʯʠʪ, ʫʩʪʫʧʘʶʪ ʧʦ ʧʨʦʯʥʦʩʪʠ ʣʠʪʳʤ ʠʟʜʝʣʠʷʤ ʠʣʠ ʜʝʪʘʣʷʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʥʪʝʨʳ ʦʙʣʘʜʘʶʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɸ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʜʝʪʘʣʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʤʥʦʛʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʦʣʝʝ ʪʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦʩʣʝʜʫʶʱʘʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʥʘʧʝʯʘʪʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʜʦʧʫʩʢʫ, ʜʦʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʪʚʝʨʩʪʠʡ ʜʝʪʘʣʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʧʣʘʚʣʝʥʠʷ (SLM) ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ 3D ʧʝʯʘʪʠ ʚ ʨʘʤʢʘʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠʥʮʠʧ ʝʝ 

ʨʘʙʦʪʳ ʦʧʠʩʘʥʠʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1 [1] ï ʆʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ SLM ʪʝʭʥʦʣʦʛʠʠ 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʧʦʩʣʦʡʥʦ ʬʦʨʤʠʨʫʝʪ ʠʟʜʝʣʠʝ, ʧʦʚʪʦʨʷʷ ʮʠʢʣ ʦʧʝʨʘʮʠʡ. ɺ ʨʘʙʦ-

ʯʫʶ ʢʘʤʝʨʫ ʧʦʜʘʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ ʟʘʧʦʣʥʷ-

ʝʪʩʷ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʨʛʦʥʦʤ ʠʣʠ ʘʟʦʪʦʤ. ʏʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʩʧʣʘʚʣʷʶʪʩʷ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʴʶ. ʇʦʩʣʝ ʧʝʯʘʪʠ ʦʜʥʦʛʦ ʩʣʦʷ ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʫʩʢʘʝʪʩʷ ʥʘ 

ʝʛʦ ʪʦʣʱʠʥʫ, ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʡ ʟʘ ʩʣʦʝʤ ʩʦʟʜʘʝʪʩʷ ʛʦʪʦʚʘʷ 

ʜʝʪʘʣʴ. ʅʝʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʩʦʙʠʨʘʝʪʩʷ, ʦʯʠʱʘʝʪʩʷ ʠ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʧʝʯʘʪʠ. ʀʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʳʤ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʥʘʧʨʠʤʝʨ, ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

3-D ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ SLM ʧʨʠʥʪʝʨʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʢʦʤʧʦʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 2 ʠ 3. 
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ʈʠʩʫʥʦʢ 2 ï 3-D ʤʦʜʝʣʴ SLM ʧʨʠʥʪʝʨʘ 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʂʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ SLM ʧʨʠʥʪʝʨʘ 

 

ɹʦʣʝʝ ʪʦʛʦ ʙʳʣʘ ʫʯʪʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʥʘ 3D ʧʨʠʥʪʝʨʝ. ʕʪʦ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʮʝʣʝʥ ʥʘ 

ʤʦʜʠʬʠʢʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʘʣʝʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʝʝ ʤʘʩʩʫ ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ, ʩʦʭʨʘʥʠʚ ʠʣʠ ʫʚʝʣʠʯʠʚ ʧʨʠ ʵʪʦʤ ʝʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ɺ ʩʨʝʜʝ Autodesk Inventor ʥʘʤʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘ-

ʣʠʟ ʜʝʪʘʣʠ çʂʨʦʥʰʪʝʡʥè ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ ʦʧʪʠʤʠʟʘʮʠʝʡ. 

ʇʦ ʠʪʦʛʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʘʩʩʘ ʜʝʪʘʣʠ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 40%. ʇʨʠ ʵʪʦʤ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʦʙʣʝʛʯʝʥʠʷ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʠ ʫʩʠʣʝʥʠʷ ʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʜʝʪʘʣʠ, ʝʝ 

ʞʝʩʪʢʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ.  

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʝʪʘʣʝʡ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʄʠʟʝʩʫ. ʂʘʢ ʠʪʦʛ ʥʘ ʦʧʪʠʤʠʟʠ-

ʨʦʚʘʥʥʦʡ ʜʝʪʘʣʠ ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠʟʜʝʣʠʷ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 314 ʜʦ 250 ʄʧʘ. 

 

   

 

ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

 

     

 

ʈʠʩʫʥʦʢ 5 ï ʉʨʘʚʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʄʠʟʝʩʫ 

 

ʇʦʤʠʤʦ ʪʦʛʦ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʝʪʘʣʠ 

çʢʨʦʥʰʪʝʡʥè, ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ 3 ʩʧʦʩʦʙʘ ʝʝ ʧʦʣʫʯʝʥʠʷ. 

ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟʜʝʣʠʷ, 

ʘ ʪʘʢʞʝ ʢʘʣʴʢʫʣʷʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ. 
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ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟʜʝʣʠʷ 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʠʟʜʝʣʠʷ 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʠ 

1 2 3 

ʌʨʝʟʝʨʥʘʷ  

ʩ ʏʇʋ 

ʇʦʨʦʰʢʦʚʘʷ 

3D ʧʝʯʘʪʴ 

ʇʦʨʦʰʢʦʚʘʷ 3D ʧʝʯʘʪʴ  

ʩ ʫʯʝʪʦʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ  

ʦʧʪʠʤʠʟʘʮʠʠ 

ɻʦʜʦʚʘʷ ʧʨʦʛʨʘʤʤʘ 5000 5000 5000 

ʊʨʫʜʦʝʤʢʦʩʪʴ, ʤʠʥ 30 26 21 

ʆʙʦʨʫʜʦʚʘʥʠʝ LV-855 ï ï 

ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 5 877 053 14 500 000 14 500 000 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, 

ʢɺʪ 20 15 15 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ 10ʍ17ʅ13ʄ2ʊ 316L 316L 

ʎʝʥʘ ʨʘʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ 

ʢʛ, ʨʫʙ 540 2250 2250 

ʄʘʩʩʘ ʟʘʛʦʪʦʚʢʠ, ʢʛ 2 1 0,61 

ʄʘʩʩʘ ʜʝʪʘʣʠ, ʢʛ 0,95 0,95 0,57 

ʏʘʩʦʚʘʷ ʪʘʨʠʬʥʘʷ ʩʪʘʚʢʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ, ʨʫʙ 500 500 500 

 

ʊʘʙʣʠʮʘ 2 ï ʉʪʘʪʴʠ ʨʘʩʭʦʜʦʚ, ʚʠʜʳ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʮʝʥʳ 

ʉʪʘʪʴʠ ʨʘʩʭʦʜʦʚ,  

ʚʠʜʳ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʮʝʥʳ 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʠ 

1 2 3 

ʌʨʝʟʝʨʥʘʷ ʩ 

ʏʇʋ 

ʇʦʨʦʰʢʦʚʘʷ 

3D ʧʝʯʘʪʴ 

ʇʦʨʦʰʢʦʚʘʷ 3D 

ʧʝʯʘʪʴ ʩ ʫʯʝʪʦʤ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ 

ʈʘʩʭʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʝʜ ʧʨʦʜʫʢʮʠʠ, ʨʫʙ 
352,62 870,00 870,00 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʥʫʞʜʳ, ʨʫʙ 
8,80 5,72 4,62 

ɿʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣ ʥʘ ʝʜ. ʧʨʦʜʫʢʮʠʠ, ʨʫʙ 1080,00 2250,00 1372,50 

ɺʦʟʚʨʘʪʥʳʝ ʦʪʭʦʜʳ, ʨʫʙ -92,40 0,00 0,00 

ʊʨʘʥʩʧʦʨʪʥʦ-ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ 

(5%), ʨʫʙ 
54,00 112,50 68,63 

ɿʇ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ, ʨʫʙ 250,00 216,67 175,00 

ɽʜʠʥʳʡ ʩʦʮʠʘʣʴʥʳʡ ʥʘʣʦʛ (26 %), ʨʫʙ 65,00 56,33 45,50 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʨʫʙ 1718,02 3511,22 2536,25 
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ʈʘʩʩʯʠʪʘʝʤ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

 

 

 

 ʉʦʛʣʘʩʥʦ ʧʦʢʘʟʘʪʝʣʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʪʴ ʥʘʤ ʠ ʫʜʘʣʦʩʴ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ ʟʘ ʩʯʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʦ-

ʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʜʝʪʘʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʘʷ ʠ ʧʨʠ ʩʫʙʪʨʘʢʪʠʚʥʦʤ ʤʝʪʦʜʝ ʥʝ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʏʇʋ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʩʝ ʞʝ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. Frazier, W.E. Metal Additive Manufacturing: A Review, Journal of Materials Engineering 

and Performance, pages 1917-1928, 2014. 
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ʫʩʪʘʥʦʚʢʘ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʧʘʨʦʚ ʩʚʠʥʮʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʜʦ-

ʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ ʚʦʟʜʝʡʩʪʚʠʷ; ʚʥʝʜʨʝʥʠʝ ʪʝʥʟʦʜʘʪʯʠʢʘ ʠ ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʛʦ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʟʘʣʠʚʢʠ. ʇʨʠʚʝʜʝʥʳ ʧʦʜʨʦʙʥʳʝ ʨʘʩʯʝʪʳ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ɻ ʪʠʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʩʨʘʚʥʠʚʘʶʱʠʝ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠ-

ʘʣʦʚ ʠ ʨʘʙʦʯʝʡ ʩʠʣʳ ʩ ʧʦʢʫʧʢʦʡ ʥʦʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʝʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʛʝʣʴʥʳʝ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʦʱʥʦʩʪʴ. 

 

 

The Analysis  of Crucible  Furnaces Used in  Lead Smelting   

and the Options  for  their  Modernization  
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This article provides an overview of crucible furnaces used in machine-building pro-

duction for lead smelting and highlights their advantages and disadvantages. Several mod-

ernization options are presented and analyzed, including: replacing the manual tilting mech-

anism with an electromechanical drive; installing a lead vapor gas analyzer to monitor and 

ensure the compliance with permissible exposure limits; implementing a strain sensor and 

angular displacement sensor for improving pouring accuracy. The article includes detailed 

calculations of the economic efficiency of these modernization options, comparing the cost 

of materials and labour with the purchase of a new automated furnace.  

Keywords: crucible furnaces of resistance, temperature, power. 

 

ɼʣʷ ʧʣʘʚʢʠ ʩʚʠʥʮʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʝʯʝʡ, ʚʢʣʶ-

ʯʘʷ ʠʥʜʫʢʮʠʦʥʥʳʝ, ʜʫʛʦʚʳʝ, ʛʘʟʦʚʳʝ, ʤʫʬʝʣʴʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ. ʅʘ ʥʘʰʝʤ ʧʨʝʜʧʨʠʷ-

ʪʠʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʛʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʯʠ. ʅʘʛʨʝʚʘʥʠʝ ʚ ʵʪʠʭ ʧʝʯʘʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦ ʯʝʨʝʟ ʨʝʟʠʩʪʠʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ. ʅʘʛʨʝʚʘʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʨʝʟʠʩʪʠʚʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʠ ʧʝʨʝʜʘʝʪ ʪʝʧʣʦ ʨʘʩʧʣʘʚʣʝʥ-

ʥʦʤʫ ʩʚʠʥʮʫ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʠʛʝʣʴʥʳʭ ʧʝʯʝʡ ʚʢʣʶʯʘʶʪ ʥʠʟʢʦʝ ʠʩʧʘʨʝʥʠʝ, ʦʪʩʫʪʩʪʚʠʝ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʳʭ ʩʧʣʘʚʦʚ. 

ʆʥʠ ʪʘʢʞʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠ ʜʝʛʘʟʘʮʠʠ ʩ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʪʦʯʥʳʤ ʢʦʥ-

ʪʨʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʮʝʣʦʤ, ʪʠʛʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʯʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-

ʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʧʣʘʚʢʠ ʩʚʠʥʮʘ ʥʘ ʥʘʰʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʊʠʛʝʣʴʥʳʝ ʧʝʯʠ ʦʙʣʘʜʘʶʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʠ-

ʥʠʤʘʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʜʝʣʘʷ ʠʭ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʥʠ 

ʪʘʢʞʝ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʪʦʢʩʠʯʥʳʭ ʧʝʯʥʳʭ ʛʘʟʦʚ, ʫʣʫʯʰʘʷ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. ʀʭ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʧʨʦʩʪʘ, ʦʙʣʝʛʯʘʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʆʥʠ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ, ʤʘʛʥʠʝʚʳʭ ʠ ʮʠʥʢʦʚʳʭ ʩʧʣʘʚʦʚ ʚʳʩʦ-

ʯʘʡʰʝʡ ʯʠʩʪʦʪʳ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʠ ʜʝʛʘʟʘʮʠʶ ʤʝʪʘʣʣʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʆʥʠ 

ʪʘʢʞʝ ʪʦʯʥʦ ʨʝʛʫʣʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʤʦʱʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʧʨʦ-

ʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʛʨʝʚʘʥʠʝ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʫʧʨʦʱʘʝʪ 

ʨʘʙʦʪʫ ʦʧʝʨʘʪʦʨʘ. ʀʭ ʢʦʤʧʘʢʪʥʳʡ ʨʘʟʤʝʨ, ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜ-

ʥʦʩʪʴ ʜʝʣʘʶʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʠʛʝʣʴʥʳʤ ʧʝʯʘʤ ʧʨʠʩʫʱʠ ʥʝʢʦʪʦʨʳʝ ʥʝ-

ʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ ʠʭ ʧʣʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʥʝʢʦʪʦʨʳʭ ʜʨʫ-

ʛʠʭ ʪʠʧʦʚ ʧʝʯʝʡ. ʀʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʘ. 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʪʠʛʝʣʴʥʦʡ ʧʝʯʠ ï ʵʪʦ ʩʫʤʤʘ ʤʦʱʥʦʩʪʝʡ ʚʩʝʭ ʥʘʛʨʝʚʘ-

ʪʝʣʝʡ ʚ ʥʝʡ. ʌʘʢʪʠʯʝʩʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʥʦʩʦʤ ʥʘʛʨʝʚʘʪʝʣʝʡ ʠ ʩʪʝʥʦʢ ʧʝʯʠ. ʄʦʱ-

ʥʦʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ï ʵʪʦ ʤʦʱʥʦʩʪʴ, ʨʘʩʭʦʜʫʝʤʘʷ ʧʝʯʴʶ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʙʝʟ ʫʯʝʪʘ ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʙʦʪʳ ʧʝʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ɺʤʝʩʪʠʤʦʩʪʴ ʢʘʤʝʨʳ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʤʝʱʝʥ ʚ ʧʝʯʠ ʠ ʦʙʨʘʙʦʪʘʥ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ ï ɻ ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʘʙʦʯʝʤ ʦʙʲ-

ʝʤʝ ʧʝʯʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʝʯʠ. 

ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʪʠʛʝʣʴʥʦʡ ʧʝʯʠ ʥʘʛʨʝʚʘʝʪʩʷ ʦʧʦʩʨʝʜʦʚʘʥʥʦ: ʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩ ̫ʚ ʪʝʧʣʦʚʫʶ ʯʝʨʝʟ ʧʨʦʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʝʟʠʩʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʦʢʨʫʛ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʈʝʟʠʩʪʦʨʳ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʣʫ-

ʯʘʶʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʥʘʛʨʝʚʘʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʝʯʠ ʩ ʸʤʢʦʩʪʴʶ ʪʠʛʣʷ ʦʪ 150 ʜʦ 500 

ʢʠʣʦʛʨʘʤʤ. ʄʘʪʝʨʠʘʣ ʪʠʛʣʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʨʘʩʧʣʘʚʘ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʯʫʛʫʥʥʳʤ, ʛʨʘʬʠʪʦʚʳʤ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʤ, ʥʘʧʨʠʤʝʨ, ʠʟ ʛʨʘʬʠʪʘ ʠ ʰʘ-

ʤʦʪʘ, ʠʣʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʠʛʝʣʴʥʘʷ ʧʝʯʴ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʘʮʠʦʥʘʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʠʛʝʣʴʥʘʷ ʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

1ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʞʫʭ; 2 ï ʰʘʤʦʪʥʳʡ ʢʠʨʧʠʯ; 3 ï ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ; 

4 ï ʥʠʭʨʦʤʦʚʳʝ ʥʘʛʨʝʚʘʪʝʣʠ; 5 ï ʣʠʪʦʝ ʯʫʛʫʥʥʦʝ ʢʦʣʴʮʦ; 6 ïʪʠʛʝʣʴ; 

7 ï ʪʝʨʤʦʧʘʨʘ; 8 ï ʦʪʚʝʨʩʪʠʝ ʘʚʘʨʠʡʥʦʛʦ ʩʣʠʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʦʨʦʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʠʛʝʣʴʥʘʷ ʧʝʯʴ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʦʚʦʨʦʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʠʛʝʣʴʥʘʷ ʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʠʛʝʣʴʥʦʡ ʧʝʯʠ ʜʣʷ ʧʣʘʚʢʠ 

ʩʚʠʥʮʘ ʩ ʫʯʝʪʦʤ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʉʚʠʥʝʮ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʰʠʨʦʢʫʶ ʧʨʠʤʝʥʷʝ-

ʤʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʆʩʥʦʚʥʳʤ ʧʫʪʝʤ ʧʦʧʘ-

ʜʘʥʠʷ ʩʚʠʥʮʘ ʚ ʦʨʛʘʥʠʟʤ ̫ ʚʣʷʝʪʩʷ ʜʳʭʘʥʠʝ. ʆʥ ʙʳʩʪʨʦ ʫʩʚʘʠʚʘʝʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʢʦʩʪʷʭ, ʢʨʦʚʠ ʠ ʪʢʘʥʷʭ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦ 

ʟʜʦʨʦʚʴʝʤ, ʚʢʣʶʯʘʷ ʙʦʣʠ ʚ ʞʠʚʦʪʝ, ʥʘʨʫʰʝʥʠʷ ʩʪʫʣʘ, ʟʘʧʦʨʳ, ʜʝʧʨʝʩʩʠʶ, ʥʝʚʨʦʣʦʛʠ-

ʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʧʦʩʪʦʷʥʥʫʶ ʟʘʙʳʚʯʠʚʦʩʪʴ, ʧʦʚʳʰʝʥʥʫʶ ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʠ-

ʛʝʣʴʥʦʡ ʧʝʯʠ ʜʣʷ ʧʣʘʚʢʠ ʩʚʠʥʮʘ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʥʠʤʘʥʠʝ ʩʥʠʞʝ-

ʥʠ ʁʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

ʂʦʛʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʌɻʋʇ çʇʉɿè ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʪʘ-

ʥʦʚʢʠ ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʧʦʣʘʛʘʣ ʧʦʢʫʧʢʫ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʜʨʫʛʦʡ ʞʝ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʦʨʘʙʦʪʢʫ ʩʫʱʝʩʪʚʫʶʱʝʡ. ɼʦʨʘʙʦʪʢʘ ʚʢʣʶʯʘʣʘ ʫʩʪʘʥʦʚʢʫ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʜʣʷ ʫʟʣʘ ʥʘʢʣʦʥʘ ʧʝʯʠ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʘ ʥʘʛʨʫʟʢʠ ʠ ʜʘʪ-

ʯʠʢʘ ʦʙʦʨʦʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʣʠʪʴʷ ʩʚʠʥʮʘ. ʊʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʘʨʦʚ ʩʚʠʥʮʘ ʚ ʚʦʟʜʫʭʝ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠʦʙʨʝʩʪʠ ʘʥʘʣʠʟʘʪʦʨ ʚʦʟʜʫʭʘ. 

ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʦʙʘ ʚʘʨʠʘʥʪʘ ʙʳʣʠ 

ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʦʨʘʙʦʪʢʘ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʯʝʤ ʧʦʢʫʧʢʘ ʥʦʚʦʡ. 
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ʇʨʠ ʚʳʙʦʨʝ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʳʥʢʝ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦ-

ʚʦʨʦʪʥʫʶ ʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʦʨʦʪʘ. ʆʙʣʘʩʪʴ ʧʨʠ-

ʤʝʥʝʥʠʷ ʵʪʦʡ ʧʝʯʠ ï ʧʣʘʚʢʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʠ ʫʟʣʦʚ  ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ. 

ʊʘʙʣʠʮʘ 1ï ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʠ ʫʟʣʦʚ  

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ 

ʇʣʘʚʠʣʴʥʳʡ ʫʟʝʣ 1/2 

ʂʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 1 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 1 

ʂʦʤʧʣʝʢʪ ʢʘʙʝʣʝʡ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 1 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʠʣʠ ʨʝʜʫʢʪʦʨ 1 

ʊʠʛʝʣʴ 1/2 

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʣʦʥʦʤ 1 

ʂʦʤʧʣʝʢʪ ɿʀʇ 1 

ʊʝʭʥʠʯʝʩʢʘʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 1 

 

ʇʣʘʚʠʣʴʥʘʷ ʧʝʯʴ ʤʦʞʝʪ ʙʳʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʨʘʟʣʠʚʦʯʥʳʭ ʢʦʚʰʝʡ ʠ ʧʨʦʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. ʀʟʫʯʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʣʘʚʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ: ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʠ ʨʝʜʫʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʨʠʚʦʜʘ. 

ʇʣʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠʚʦʜʘ: 

ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʡ ʠʥʜʫʢʪʦʨ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʟʘ-

ʣʠʪʳʡ ʙʝʪʦʥʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʧʘʢʝʪʳ ʤʘʛʥʠʪʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʩʪʘʣʴʥʦʡ ʢʦʨʧʫʩ, ʩʠ-

ʩʪʝʤʫ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʧʣʠʪʳ ʠʟ ʘʩʙʝʩʪʦʮʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʛ-

ʥʝʫʧʦʨʥʳʡ ʪʠʛʝʣʴ ʩ ʥʘʙʠʚʢʦʡ. 

ʇʣʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʨʝʜʫʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ: 

ʅʝ ʠʩʧʦʣʴʟʫʝʪ ʤʘʛʥʠʪʥʳʡ ʩʝʨʜʝʯʥʠʢ. 

ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʜʫʢʪʦʨ ʩ ʚʦʜʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚʥʫʪʨʠ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʨʧʫʩʘ, ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʢʦʣʴʮʦʤ ʠʟ ʘʩʙʝʩʪʘ ʠ ʥʠʞʥʝʡ ʧʣʠʪʦʡ.  

ʂʦʨʧʫʩ ʵʣʝʢʪʨʦʧʝʯʠ:  

ï ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ (ʠʣʠ, ʦʧʮʠʦʥʘʣʴʥʦ, ʩʪʘʣʴʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ; 

ï ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʘʩʪʝʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʜʥʘ ʦʪ 

ʜʨʫʛʦʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ: 

ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʲʝʤʦʤ ʠ ʦʧʫʩʢʘʥʠʝʤ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ. 

ï ʨʘʩʧʦʣʦʞʝʥ ʩʙʦʢʫ ʦʪ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʥʘ ʣʠʥʠʠ ʩʣʠʚʥʦʛʦ ʥʦʩʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʘʚʠʣʴʥʦʛʦ ʫʟʣʘ: 95Ü. 



  

ʅɸʋʂɸ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ï 2024: 
 

 

90 
 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʛʨʫʟʢʠ ʨʘʩ-

ʧʣʘʚʘ ʩʚʠʥʮʘ ʚ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʟʣʠʚʢʠ. ʕʪʦ ʠʩʢʣʶʯʠʪ ʯʝʣʦʚʝʢʘ 

ʠʟ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʚʥʦʩʠʪʴ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ. 

ʇʨʠʦʙʨʝʪʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʫ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʚʷʟʘʥʦ 

ʩ.ʪʨʫʜʥʦʩʪʷʤʠ ʪʘʢʠʤʠ ʢʘʢ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ (ʦʢʦʣʦ 2360 000 ʨʫʙʣʝʡ), 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʜʦʨʘʙʦʪʢʠ ʫʟʣʦʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʪʘʢʦʡ ʣʠʥʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʨʦʞʝ, ʯʝʤ ʠʟ-

ʛʦʪʦʚʣʝʥʠʝ ʥʦʚʦʡ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʥʘʢʣʦʥʘ. ʇʨʠ ʵʪʦʤ ʠʟʛʦ-

ʪʦʚʠʪʴ ʥʦʚʫʶ ʫʩʪʘʥʦʚʢʫ, ʦʪʚʝʯʘʶʱʫʶ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʌɻʋʇ çʇʉɿè, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 2 ï ɿʘʪʨʘʪʳ ʥʘ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʂʦʣ-ʚʦ ʎʝʥʘ ʉʪʦʠʤʦʩʪʴ 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʪʦʨʤʦʟʦʤ 5ɸʀ 90 L6 
1 15785,00 36800,00 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ  Erman 

E-V81G-0R7T4 
1 36800,00 23100,00 

ʊʝʥʟʦʨʝʟʠʩʪʦʨʥʳʡ ʜʘʪʯʠʢ ʩʞʘʪʠʷ ʂʄ150 1 23100,00 46000,00 

ɺʝʩʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ-ʢʦʥʪʨʦʣʣʝʨ 

ʊɺ-011 ʨʘʩʰʠʨʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ 
1 46000,00 92000,00 

ɸʙʩʦʣʶʪʥʳʡ ʦʜʥʦʦʙʦʨʦʪʥʳʡ ʵʥʢʦʜʝʨ Kuebler  

ʉʝʨʠʷ 5868 Profibus DP 
1 92000,00 185000,00 

ɻʘʟʦʘʥʘʣʠʟʘʪʦʨ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʧʝʨʝʥʦʩʥʦʡ 

ɻɸʅʂ-4 (ɸ)(ʈ)(ɸʈ) 
1 185000,00 398685,00 

ʀʪʦʛʦ   36800,00 

 

ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ, ʚʢʣʶʯʘʷ ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘ-

ʚʷʪ ʥʝ ʙʦʣʝʝ 7000,86 ʨʫʙʣʝʡ. ɿʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘʚʷʪ 405685,00 ʨʫʙ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʠʛʝʣʴʥʦʡ 

ʧʝʯʠ ʜʣʷ ʧʣʘʚʢʠ ʩʚʠʥʮʘ. 

  



ʀʅʅʆɺɸʎʀʆʅʅɸʗ ʕʂʆʅʆʄʀʂɸ  
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ʊʘʙʣʠʮʘ 3 ï ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ  

ʪʠʛʝʣʴʥʦʡ ʧʝʯʠ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ ʟʘʪʨʘʪ 

ʇʦʢʘʟʘʪʝʣʠ ʂʦʣʠʯʝʩʪʚʦ 

ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ  

(ʧʦ ʜʘʥʥʳʤ ʦʪʜʝʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʫʜʦʸʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʯ 
85,00 

ɿʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ (ʧʦ ʜʘʥʥʳʤ ʦʪʜʝʣʘ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʥʘʙʞʝʥʠʷ), ʨʫʙ 
405685,00 

ʉʨʝʜʥʷʷ ʪʘʨʠʬʥʘʷ ʩʪʘʚʢʘ ʨʘʙʦʯʝʛʦ, ʨʫʙ/ʯ 357,00 

ʆʩʥʦʚʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ, ʨʫʙ 30 345,00 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ, ʨʫʙ 12 138,00 

ʆʙʷʟʘʪʝʣʴʥʳʝ ʩʪʨʘʭʦʚʳʝ ʚʟʥʦʩʳ, ʨʫʙ 12 745,00 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ, ʨʫʙ 136 552,50 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʨʫʙ 597 465,5 

ʉʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʫ ʩʪʦʨʦʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ  2 685 000,00 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ      2 087 534,5 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʝʯʠ ɻ ʢʦʥʦ-

ʤʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʧʦʢʫʧʢʘ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʤʦʜʝʨʥʠʟʘʮʠʠ: 2 087 534,5ʨʫʙ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʄʝʪʘʣʣʫʨʛʠʷ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ / ʐʠʚʨʠʥ ɻ. ʅ ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1982. ï 352 ʩ. 

2. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʣʠʪʝʡʥʳʭ ʧʝʯʝʡ / ɹʦʛʜʘʥʦʚ ʈ.ɸ. ï ʄ.:  ʀʥʬʨʘ-ʀʥʞʝʥʝʨʠʷ,  

2021. ï 160 ʩ. 

https://www.labirint.ru/pubhouse/2357/
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ɿʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠʣʠ ɿʆɾ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʥʷʪʠʝʤ, ʢʦʪʦʨʦʝ ʩʪʫ-

ʜʝʥʪʳ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʚ ʩʚʦʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ 

ʤʦʜʥʳʡ ʪʨʝʥʜ ʠʣʠ ʧʦʧʫʣʷʨʥʘʷ ʬʨʘʟʘ, ɻ ʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ. ɿʆɾ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʤʝʨ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ ʟʜʦʨʦʚʴʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʦʪʩʫʪʩʪʚʠʝ ʙʦʣʝʟʥʝʡ ʠʣʠ ʥʝʜʫʛʦʚ, ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʧʦʣʥʦʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ. ʌʠʟʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʦʟʥʘʯʘʝʪ 

ʧʦʜʜʝʨʞʘʥʠʝ ʟʜʦʨʦʚʦʛʦ ʪʝʣʘ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʷ ʠ ʩʙʘʣʘʥʩʠʨʦ-

ʚʘʥʥʦʝ ʧʠʪʘʥʠʝ. ʕʪʦ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʢʘʟ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʚʳʯʝʢ, ʪʘʢʠʭ ʢʘʢ ʢʫ-

ʨʝʥʠʝ ʠ ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ. ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʠʝʤ 

ʩʧʨʘʚʣʷʪʴʩʷ ʩʦ ʩʪʨʝʩʩʦʤ, ʩʦʭʨʘʥʷʪʴ ʧʦʟʠʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʞʠʟʥʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʭʦʨʦʰʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ. ʅʝʣʴʟʷ ʥʝ ʩʢʘʟʘʪʴ ʠ ʦ ʪʦʤ, ʯʪʦ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʪʘʢʦʝ ɿʆɾ, ʥʦ ʠ ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ɻ ʪʠ ʧʨʠʥʮʠʧʳ ʥʘ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʧʨʠʥʠʤʘʪʴ ʦʙʜʫʤʘʥʥʳʝ ʠ ʚʟʚʝʰʝʥʥʳʝ ʨʝ-

ʰʝʥʠʷ ʦ ʩʚʦʝʤ ʟʜʦʨʦʚʴʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʥʘʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ɿʆɾ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘ-

ʪʠʯʥʳʤ ʧʦʥʷʪʠʝʤ. ʆʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʫʢʘ ʠ ʤʝʜʠ-

ʮʠʥʘ ï ʤ  rʫʟʥʘʸʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʚʳʯʝʢ ʥʘ ʥʘʰʝ 

ʟʜʦʨʦʚʴʝ. ʆʯʝʥʴ ʚʘʞʥʦ ʙʳʪʴ ʦʪʢʨʳʪʳʤ ʜʣʷ ʥʦʚʳʭ ʠʜʝʡ, ʧʦʜʭʦʜʦʚ ʠ ʛʦʪʦʚʳʤ ʘʜʘʧʪʠ-

ʨʦʚʘʪʴʩʷ, ʤʝʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʟʥʘʥʠʷʤʠ. 

ʆʙʨʘʟ ʞʠʟʥʠ ʩʪʫʜʝʥʪʘ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʩʝʨʴʸʟʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ ʠ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ. ɺʦ-

ʧʝʨʚʳʭ, ʥʝʨʝʛʫʣʷʨʥʦʝ ʠ ʥʝʟʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ. ʄʥʦʛʠʝ ʩʪʫʜʝʥʪʳ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠʤ ʠʟ-

ʟʘ ʥʝʭʚʘʪʢʠ ʚʨʝʤʝʥʠ, ʜʝʥʝʛ ʠʣʠ ʧʨʦʩʪʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʟʥʘʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʠ ʚ ʢʘʢʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʥʫʞʥʦ ʧʦʪʨʝʙʣʷʪʴ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʘʞʥʳʭ ʚʠʪʘʤʠʥʦʚ 

ʠ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʢ ʧʨʦʙʣʝʤʘʤ ʩ ʚʝʩʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʜʦʩʪʘʪʦʢ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ. ʉʠʜʷʯʠʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʚʦʜʠ-

ʤʳʤ ʟʘ ʫʯʝʙʥʠʢʘʤʠ ʠ ʢʦʤʧʴʶʪʝʨʦʤ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʩʣʘʙʣʝʥʠʶ ʤʳʰʮ, ʧʨʦʙʣʝʤʘʤ 

ʩ ʧʦʟʚʦʥʦʯʥʠʢʦʤ ʠ ʫʭʫʜʰʝʥʠʶ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ. ɺ-ʪʨʝʪʴʠʭ, ʥʝʜʦʩʪʘʪʦʢ 

ʩʥʘ. ʇʦʟʜʥʠʝ ʫʯʝʙʥʳʝ ʟʘʥʷʪʠʷ, ʜʦʤʘʰʥʠʝ ʟʘʜʘʥʠʷ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʦʪʨʷʩʝʥʠʷ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʨʝʛʫʣʷʨʥʦ ʥʝ ʚʳʩʳʧʘʶʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʠʭ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʴ, ʫʭʫʜʰʠʪʴ ʥʘʩʪʨʦʝʥʠʝ ʠ ʦʩʣʘʙʠʪʴ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʫʧʦ-

ʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ ʠ ʜʨʫʛʠʝ ʚʨʝʜʥʳʝ ʧʨʠʚʳʯʢʠ. ʅʝʢʦʪʦʨʳʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʤʝʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟ-ʟʘ ʩʪʨʝʩʩʘ ʠʣʠ ʩʦʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʢ ʪʷʞʝʣʳʤ ʧʨʦʙʣʝʤʘʤ ʩʦ ʟʜʦʨʦʚʴʝʤ ʠ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʠʭ ʘʢʘʜʝʤʠʯʝ-

ʩʢʦʡ ʠ ʣʠʯʥʦʡ ʞʠʟʥʠ. ɺ-ʧʷʪʳʭ, ʩʪʫʜʝʥʪʳ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʦ ʫʧʨʘʚ-

ʣʝʥʠʶ ʚʨʝʤʝʥʝʤ. ɹʘʣʘʥʩʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʫʯʝʙʦʡ, ʨʘʙʦʪʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʞʠʟʥʴʶ ʠ ʣʠʯ-

ʥʳʤ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʫʪʦʤʣʝʥʠʶ, 



  

ʅɸʋʂɸ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ï 2024: 
 

 

94 
 

ʩʪʨʝʩʩʫ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʥʝʟʜʦʨʦʚʳʤ ʧʨʠʚʳʯʢʘʤ. ʊʘʢʦʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠʤʝʝʪ ʜʦʣ-

ʛʦʩʨʦʯʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ʆʜʥʘʢʦ ʧʦʥʠʤʘʥʠʝ ʵʪʠʭ ʨʠʩʢʦʚ ʠ 

ʧʨʠʥʷʪʠʝ ʤʝʨ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʚʦʝʛʦ ʟʜʦʨʦʚʴʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʪʫʜʝʥʪʘʤ ʠʟʙʝʞʘʪʴ 

ʵʪʠʭ ʧʨʦʙʣʝʤ ʠ ʚʝʩʪʠ ʙʦʣʝʝ ʟʜʦʨʦʚʫʶ ʠ ʫʩʧʝʰʥʫʶ ʞʠʟʥʴ.  

ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʦʙʣʶʜʝʥʠʝʤ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ (ɿʆɾ), ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ: ʩʦʥ, ʧʠʪʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʠ ʩʬʦʨʤʫʣʠʨʫʝʤ ʨʝʰʝʥʠʷ:  

1. ʉʦʥ. ʆʥ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʟʜʦʨʦʚʴʷ ʩʪʫʜʝʥʪʦʚ. ʅʝʜʦ-

ʩʪʘʪʦʢ ʩʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʘʤʷʪʠ, ʥʘʩʪʨʦʝʥʠʷ ʠ ʦʙʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ. ʈʝʰʝʥʠʷ: 

ï ʩʦʙʣʶʜʘʪʴ ʨʝʞʠʤ ʩʥʘ (ʩ 22:30 ʜʦ 7:30); 

ï ʜʣʠʪʝʣʴʥʦʩʪʴ (ʥʝ ʤʝʥʝʝ 8 ʯʘʩʦʚ); 

ï ʩʦʟʜʘʪʴ ʪʠʰʠʥʫ ʠ ʪʝʤʥʦʪʫ ʟʘ 2 ʯʘʩʘ ʜʦ ʩʥʘ; 

ï ʟʘʩʳʧʘʪʴ ʙʝʟ ʪʝʣʝʬʦʥʘ ʠ ʧʨʦʯʝʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

2. ʇʠʪʘʥʠʝ. ʕʪʦ ʦʩʥʦʚʘ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ʅʝʟʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʦʚ, ʧʨʦʙʣʝʤʘʤ ʩ ʚʝʩʦʤ ʠ ʜʨʫʛʠʤ ʟʘʙʦʣʝ-

ʚʘʥʠʷʤ. ʈʝʰʝʥʠʷ:  

ï ʩʦʙʣʶʜʘʪʴ ʨʝʞʠʤ ʧʠʪʘʥʠʷ (3 ʨʘʟʘ ʚ ʜʝʥʴ); 

ï ʝʩʪʴ ʫʤʝʨʝʥʥʦ, ʥʝ ʧʝʨʝʝʜʘʪʴ (ʧʨʘʚʠʣʦ ʪʘʨʝʣʢʠ); 

ï ʥʘʣʘʜʠʪʴ ʫʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ; 

ï ʧʨʠʸʤ ʧʠʱʠ ʙʝʟ ʪʝʣʝʬʦʥʘ ʠ ʜʨʫʛʠʭ ʦʪʚʣʝʢʘʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

3. ʇʣʘʥʠʨʦʚʘʥʠʝ. ʆʥʦ ʧʦʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʚʨʝʤʝʥʝʤ ʠ ʨʝʩʫʨʩʘʤʠ, ʫʣʫʯʰʠʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʟʠʪ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ, ʧʦʟʚʦʣʠʪ ʫʩʧʝʰʥʦ ʚʥʝʜʨʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʨʠʚʳʯʢʠ. ʈʝʰʝʥʠʷ:  

ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʣ; 

ï ʨʘʩʩʪʘʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ; 

ï ʩʦʙʣʶʜʝʥʠʝ ʦʜʥʦʟʘʜʘʯʥʦʩʪʠ; 

ï ʟʘʥʷʪʠʷ ʩʧʦʨʪʦʤ ʚʦ ʚʨʝʤʷ ʩʪʨʝʩʩʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʨʝʰʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʪʨʝ-

ʙʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. 

ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʠʤ ʣʫʯʰʝ ʚʩʝʛʦ ʩʧʘʪʴ ʩ 23:00 

ʜʦ 8:00. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʠʚʳʯʝʢ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʠ ʪʝʨ-

ʧʝʥʠʷ. ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʛʦʪʦʚʳ ʢ ʪʦʤʫ, ʯʪʦ ʚʥʘʯʘʣʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦ ʧʨʠ-

ʜʝʨʞʠʚʘʪʴʩʷ ʥʦʚʦʛʦ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ ʠʣʠ ʩʥʘ. ʆʜʥʘʢʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʦʚʳʝ ʧʨʠ-

ʚʳʯʢʠ ʩʪʘʥʫʪ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʠʭ ʟʜʦʨʦʚʴʷ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʩʦʙʣʶʜʝʥʠʝʤ ʟʜʦʨʦʚʦʛʦ 

ʦʙʨʘʟʘ ʞʠʟʥʠ (ɿʆɾ), ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʩʦʟʥʘʚʘʪʴ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʥʦ ʠ ʜʝʪʘʣʴʥʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʢʘʞʜʦʛʦ 

ʠʟ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʙʣʦʢʦʚ ɿʆɾ: ʩʥʘ, ʧʠʪʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʩʪʘʪʝʡ ʧʦ ʢʘʞʜʦʤʫ ʙʣʦʢʫ: 
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ï çʀʩʢʫʩʩʪʚʦ ʩʥʘè. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʯʠʪʘʪʝʣʶ ʧʨʝʜʣʦʞʝʥʳ ʦʪʚʝʪʳ ʥʘ 

ʚʦʧʨʦʩʳ ʦ ʪʦʤ, ʟʘʯʝʤ ʫʣʫʯʰʘʪʴ ʩʦʥ, ʢʘʢ ʦʥ ʫʩʪʨʦʝʥ ʠ ʢʘʢ ʜʦʩʪʠʛʥʫʪʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʚ 

ʵʪʦʤ ʜʝʣʝ. 

ï çʀʩʢʫʩʩʪʚʦ ʝʜʳè. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʠʩʢʠ ʠʥʛʨʝʜʠʝʥʪʦʚ ʟʜʦʨʦ-

ʚʳʭ ʠ ʜʝʰʸʚʳʭ ʙʣʶʜ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʢʘʢ ʠʭ ʛʦʪʦʚʠʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ 

ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʧʨʠʥʮʠʧʝ çʪʘʨʝʣʢʠè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʠʪʘʪʴʩʷ ʧʨʘʚʠʣʴʥʦ ʠ ʩʙʘ-

ʣʘʥʩʠʨʦʚʘʥʥʦ, ʠʩʢʣʶʯʘʷ ʧʝʨʝʝʜʘʥʠʝ, ʠ ʦ ʧʨʘʚʠʣʝ çʜʚʫʭ ʩʪʘʢʘʥʦʚè, ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ 

ʩʦʙʣʶʜʘʪʴ ʧʠʪʴʝʚʦʡ ʨʝʞʠʤ. 

ï çʀʩʢʫʩʩʪʚʦ ʚʨʝʤʝʥʠè. ʕʪʘ ʩʪʘʪʴʷ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʮʝʣʠ, ʨʘʩʩʪʘʚʠʪʴ 

ʧʨʠʦʨʠʪʝʪʳ, ʛʨʘʤʦʪʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʚʨʝʤʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʩʦʜʝʨʞʠʪ ʧʨʦʩʪʝʡʰʠʝ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʚʧʫʩʪʫʶ, ʩʦʭʨʘ-

ʥʠʪʴ ʠ ʜʘʞʝ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʜʥʷ.   

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɻ ʪʠ ʩʪʘʪʴʠ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʩʣʫ-

ʞʘʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʘʤʦʨʘʟʚʠʪʠʷ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʘʤ ʦʩʦ-

ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ ɿʆɾ ʠ ʤʦʪʠʚʠʨʫʶʪ ʢ ʝʛʦ ʩʦʙʣʶʜʝʥʠʶ. ʂʘʞʜʘʷ ʩʪʘʪʴʷ ʥʘʧʠʩʘʥʘ ʚ ʜʦʩʪʫʧ-

ʥʦʡ ʬʦʨʤʝ ʠ ʩʦʜʝʨʞʠʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʠʤʝʥʠʪʴ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʩʪʘʪʴʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʪʝʤʳ ɿʆɾ. ʆʥʠ ʤʦʛʫʪ ʩʪʘʪʴ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ 

ʚ ʢʘʞʜʳʡ ʠʟ ʙʣʦʢʦʚ. ʆʜʥʘʢʦ ʯʪʝʥʠʝ ɻ ʪʠʭ ʩʪʘʪʝʡ ï ʪʦʣʴʢʦ ʧʝʨʚʳʡ h ʘʛ ʥʘ ʧʫʪʠ ʢ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ɺʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʩʦʟʥʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʥʘʡʪʠ ʚʦʟʤʦʞʥʳʝ 

ʨʝʰʝʥʠʷ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʧʝʨʝʯʠʪʳʚʘʪʴ ʩʪʘʪʴʠ, ʙʳʣ ʩʦʟʜʘʥ ʙʫʢʣʝʪ. ʇʨʘʚʠʣʘ ʦʬʦʨʤ-

ʣʝʥʠʷ ʙʫʢʣʝʪʘ, ʢʦʪʦʨʳʭ  ̫ʧʨʠʜʝʨʞʠʚʘʣʩʷ:  

ï ʂʨʘʪʢʦʩʪʴ. ɹʫʢʣʝʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʧʦʤʠʥʘʪʴ ʦ ʧʨʦʯʠʪʘʥʥʦʤ 

ʨʘʥʝʝ ʤʘʪʝʨʠʘʣʝ. ʀʟʣʠʰʥʷʷ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʴ ʪʝʢʩʪʦʤ ʥʝʜʦʧʫʩʪʠʤʘ. 

ï ʎʚʝʪʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʪʫʩʢʣʳʡ, ʩʝʨʳʡ ʙʫʢʣʝʪ ʥʠʢʪʦ ʩʤʦʪʨʝʪʴ ʥʝ ʩʪʘʥʝʪ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʝʛʦ 

ʯʪʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ï ɸʢʮʝʥʪ ʥʘ ʯʠʩʣʘ. ʗʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʫʢʣʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ 

ʪʦʣʴʢʦ ʪʝʢʩʪ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʯʠʪʘʪʝʣʝʤ ʭʫʞʝ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʣʘ ï ʵʪʦ ʧʝʨʚʦʝ, ʯʪʦ 

ʙʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʧʦʤʠʥʘʥʠʶ. 

ï ʌʦʨʤʘʪ çʛʝʡʤʠʟʘʮʠʠè (ʠʛʨʦʚʠʟʘʮʠʠ). ʅʘʜʧʠʩʠ ʥʘ ʙʫʢʣʝʪʝ ʧʦ ʪʠʧʫ ñ+ ʙʦʜ-

ʨʦʩʪʴ ʧʦʩʣʝ ʩʥʘò ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ʥʘʛʨʘʜʳ ʟʘ ʢʚʝʩʪ (ʪ.ʝ. ʟʘʜʘʥʠʝ), ʢʘʢ ʦʙʳʯʥʦ ʙʳ-

ʚʘʝʪ ʚ ʠʛʨʘʭ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʣʫʯʰʝ, ʥʝʞʝʣʠ ʦʙʳʜʝʥʥʳʡ 

ʪʝʢʩʪ. ʂ ʪʦʤʫ ʞʝ, ʵʪʦ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ ʜʠʟʘʡʥ ʙʫʢʣʝʪʘ, ʯʪʦ ʪʦʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ï ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ɹʫʢʣʝʪ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʧʨʦʩʪʦ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʦ ʠ ʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

QR-ʢʦʜʳ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʩʪʘʪʴʷʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʢʣʝʪʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʫʢʣʝʪʘ ʪʨʝʙʫʝʪ 

ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ  
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ʙʫʢʣʝʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʧʦʣʝʟʥʳʤ ʜʣʷ ʯʠʪʘʪʝʣʝʡ. ʋʩʧʝʰʥʳʡ ʙʫʢ-

ʣʝʪ ï ɻ ʪʦ ʪʦʪ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʠʨʫʝʪ, ʥʦ ʠ ʚʦʚʣʝʢʘʝʪ ʯʠʪʘʪʝʣʷ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ 

ʯʪʝʥʠʷ ʠʥʪʝʨʝʩʥʳʤ ʠ ʧʨʠʷʪʥʳʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʩʦʯʝʪʘʥʠʝ ʷʩʥʦʡ ʠ ʩʞʘʪʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʫʯʝʪʘ ʠʥʪʝʨʝʩʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʫʜʝʥʪʦʚ. 

ɹʫʢʣʝʪ ñɿʆɾ: ʂʦʨʦʪʢʦ ʦ ʛʣʘʚʥʦʤò ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ ʢʦʤʧʘʢʪʥʳʡ ʠ ʜʦʩʪʫʧ-

ʥʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʦʤʠʥʘʥʠʝ ʦ ʨʘʥʝʝ ʧʨʦʯʠʪʘʥʥʳʭ ʩʪʘʪʴʷʭ. ʆʥ ʩʦʜʝʨʞʠʪ 

ʢʨʘʪʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʘʭ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ɹʫʢʣʝʪ ʙʳʣ 

ʚʥʝʜʨʝʥ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʊʊʀ ʅʀʗʋ ʄʀʌʀ. ʇʨʦʝʢʪ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʯʝʙʥʫʶ ʩʨʝʜʫ ʚ ʮʝʣʦʤ. ʉʪʫʜʝʥʪʳ ʩʪʘʣʠ ʙʦʣʝʝ ʦʩʚʝʜʦʤʣʸʥ-

ʥʳʤʠ ʦ ʚʘʞʥʦʩʪʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʠ ʤʝʪʦʜʘʭ ʝʛʦ ʚʥʝʜʨʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʟʜʦʨʦʚʦʡ ʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʩʨʝʜʳ. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ-

ʚʳʩʠʪ ʘʢʘʜʝʤʠʯʝʩʢʫʶ ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʧʨʦʝʢʪ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ɿʆɾ ʚ ʩʪʫʜʝʥʯʝʩʢʫʶ ʩʨʝʜʫ ʦʢʘʟʘʣʩʷ ʫʩʧʝʰʥʳʤ. ʆʥ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʪʫʜʝʥ-

ʪʘʤ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʜʦʨʦʚʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʟʜʦʨʦʚʳʭ ʧʨʠʚʳʯʝʢ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʨʦʝʢʪʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ 

ʩʪʫʜʝʥʪʦʚ. 
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ɺ ʩʪʘʪʴʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʟʳʢʦʚʦʛʦ ʦʙʨʘʟʘ 

ʤʝʪʨʦ ʢʘʢ ʚʘʞʥʦʛʦ ʦʙʲʝʢʪʘ ʃʦʥʜʦʥʘ. ʇʨʠʚʦʜʷʪʩʷ ʢʦʛʥʠʪʠʚʥʳʡ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʠʡ ʘʩ-

ʧʝʢʪʳ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʟʳʢʦʚʦʛʦ ʦʙʨʘʟʘ. ʈʘʩʢʨʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʝʢʩʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ çundergroundè, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʟʘʛʦʣʦʚʢʦʚ ʩʪʘʪʝʡ 

ʙʨʠʪʘʥʩʢʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʝʩʩʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʦʥʜʦʥʩʢʠʤ ʤʝʪʨʦ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʷʟʳʢʦʚʦʡ ʦʙʨʘʟ ʤʝʪʨʦ ʃʦʥʜʦʥʘ ʦʙʫʩʣʦʚʣʝʥ ʘʢʪʫʘʣʴʥʳʤʠ 

ʩʦʮʠʘʣʴʥʳʤʠ ʚʦʧʨʦʩʘʤʠ, ʚʦʣʥʫʶʱʠʤʠ ʞʠʪʝʣʝʡ ʩʪʦʣʠʮʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʥʜʦʥʩʢʦʝ ʤʝʪʨʦ, ʷʟʳʢʦʚʦʡ ʦʙʨʘʟ, ʘʥʘʣʠʟ ʛʘʟʝʪʥʳʭ ʟʘʛʦʣʦʚ-

ʢʦʚ, ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ. 
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The article outlines the importance of the question connected with the linguistic im-

age of the underground as an object of the British capital. Cognitive and pragmatic aspects 

to view a linguistic image are outlined. The results of lexicographic analysis of the lexical 
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unit çundergroundè as well as of the analysis of the British quality paper headings connected 

with London underground are unveiled. The conclusion that the linguistic image of London 

Underground is determined by crucial social issues urgent for the capital dwellers is made 

based on the analysis.  

Key words: London Underground, linguistic image, the analysis of the newspaper 

headings, lexicographic analysis, the English language. 

 

ʀʟʫʯʘʷ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ, ʤ  rʫʟʥʘʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʝʝ ʩʪʦʣʠʮʳ. 

ɺʘʞʥʳʤ ʩʠʤʚʦʣʦʤ ʃʦʥʜʦʥʘ ʚʳʩʪʫʧʘʝʪ ʤʝʪʨʦʧʦʣʠʪʝʥ, ʘ ʫʢʘʟʘʪʝʣʴ ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ ̫ ʚ-

ʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʘʪʨʠʙʫʪʦʤ ʩʪʦʣʠʮʳ ʉʦʝʜʠʥʝʥʥʦʛʦ ʂʦʨʦʣʝʚʩʪʚʘ. ʉʝʛʦʜʥʷ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʢʨʳʚʘʶʱʠʭ ʣʦʥʜʦʥʩʢʦʝ ʤʝʪʨʦ ʩ ʨʘʟʥʳʭ ʪʦ-

ʯʝʢ ʟʨʝʥʠʷ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʝʛʦ ʷʟʳʢʦʚʦʛʦ ʦʙʨʘʟʘ ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʠ-

ʤʘʥʠʷ. ɼʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤʫ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ̫ ʟʳʢʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ. ʎʝ-

ʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ̫ ʟʳʢʦʚʦʤ ʧʦʨʪʨʝʪʝ ʤʝʪʨʦ ʃʦʥ-

ʜʦʥʘ ʥʘ ʤʘʪʝʨʠʘʣʝ ʘʥʘʣʠʟʘ ʘʥʛʣʦʷʟʳʯʥʳʭ ʛʘʟʝʪʥʳʭ ʟʘʛʦʣʦʚʢʦʚ. 

9 ʷʥʚʘʨʷ 1863 ʛʦʜʘ ʢʦʤʧʘʥʠʝʡ Metropolitan Railway ʟʘʧʫʱʝʥ ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʧʦʜ-

ʟʝʤʥʳʡ ʧʦʝʟʜ ʥʘ ʧʘʨʦʚʦʡ ʪʷʛʝ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʠʣ Paddington ʠ Farringdon ʩ ʃʦʥʜʦʥʩʢʠʤ 

ʉʠʪʠ. ʕʪʦ ʩʦʙʳʪʠʝ ʦʟʥʘʤʝʥʦʚʘʣʦ ʦʪʢʨʳʪʠʝ ʃʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ. ʆʙʨʘʪʠʤʩʷ ʢ ʨʘʩʩʤʦʪʨʝ-

ʥʠ ʁʝʛʦ ̫ ʟʳʢʦʚʦʛʦ ʦʙʨʘʟʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ ̫ ʟʳʢʦʚʳʤ ʦʙʨʘʟʦʤ ʧʦʥʠʤʘʝʪʩʷ ʦʪʦʙ-

ʨʘʞʝʥʠʝ ʚ ʷʟʳʢʝ ʦʪʜʝʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʠʨʘ [1]. ʃ.ɹ. ʅʠʢʠʪʠʥʘ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʪʝʨʤʠʥʘ çʷʟʳʢʦʚʦʡ ʦʙʨʘʟ-ʢʦʥʮʝʧʪè, ʯʪʦ ʤʦʪʠʚʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʨʘʮʠ-

ʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʢ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʥʘʥʠʷ ʣʶʜʴʤʠ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ 

ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ (ʦʙʨʘʟʥʳʭ, ɻ ʤʦʮʠʦʥʘʣʴʥʳʭ, ʘʩʩʦʮʠʘʪʠʚʥʳʭ) ʩʤʳʩʣʦʚ [1]. ʉʦʛʣʘʩʥʦ ɽ.ʆ. 

ʆʧʘʨʠʥʦʡ, ʦʙʨʘʟ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʛʥʠʪʠʚʥʦʤ (ʚ ʝʛʦ ʩʚʷʟʷʭ ʩ ʤʝʥʪʘʣʠʪʝʪʦʤ ʥʦʩʠʪʝʣʝʡ 

ʷʟʳʢʘ) ʠ ʚ ʧʨʘʛʤʘʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ (ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʜʠʩ-

ʢʫʨʩʦʚ) [2]. ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʟʘ ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ ʦʙʨʘ-

ʪʠʤʩʷ ʢ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʘʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʦʚʘʨʷʭ ʠ ʪʝʟʘʫʨʫʩʘʭ ʦʪʨʘʞʝʥʳ 

ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʧʨʠʟʥʘʢʠ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʦʛʣʘʩʥʦ Cambridge Dictionary, ʣʝʢʩʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ çundergroundè (ʤʝʪʨʦ) 

ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ça system of trains that is built under a cityè [3].  ɼʘʥʥʦʝ ʩʣʦʚʦ ʪʠʧʠʯʥʦ 

ʜʣʷ ʙʨʠʪʘʥʩʢʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, ʚ ʘʤʝʨʠʢʘʥʩʢʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʶʪ ʣʝʢʩʠʯʝ-

ʩʢʫʶ ʝʜʠʥʠʮʫ çsubwayè. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʣʦʚʦ 

çtubeè (the system of railways under the ground in London), ʠʩʧʦʣʴʟʫʶʱʝʝʩʷ ʪʦʣʴʢʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʣʦʥʜʦʥʩʢʦʤʫ ʤʝʪʨʦ. ʊʘʢ, ʘʥʘʣʠʟ ʩʣʦʚʘʨʥʳʭ ʩʪʘʪʝʡ ʚ 5 ʩʣʦʚʘʨʷʭ 

(Cambridge Dictionary, Collins Dictionary, Merriam-Webster Dictionary, Online Diction-

ary by Farlex, Oxford Learner̀s Dictionary), ʧʦʟʚʦʣʷʝʪ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʠʤʷ ʩʫʱʝʩʪʚʠ-

ʪʝʣʴʥʦʝ çundergroundè ʚ ʠʟʫʯʘʝʤʦʤ ʥʘʤʠ ʟʥʘʯʝʥʠʠ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʷʜ ʩʠʥʦ-

ʥʠʤʦʚ (metro, tube, subway, tunnel), ʦʙʣʘʜʘʶʱʠʭ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺ 
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ʩʣʦʚʘʨʴ Oxford Learner`s Dictionary ʚʢʣʶʯʝʥʘ ʣʝʢʩʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ çLondon Under-

groundè, ʪʨʘʢʪʫʶʱʘʷʩʷ ʢʘʢ train services run by Transport for London (organization re-

sponsible for managing the public transport services for London).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ̫ ʟʳʢʦʚʦʛʦ ʦʙʨʘʟʘ 

ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ ʩ ʧʦʟʠʮʠʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ ʦʙʨʘʪʠʤʩʷ ʢ ʜʠʩʢʫʨʩʫ ʙʨʠʪʘʥ-

ʩʢʦʡ ʧʨʝʩʩʳ. 

ʇʨʝʩʩʘ ï ʦʪʨʘʞʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʦʙʳʪʠʡ ʥʦʩʠʪʝʣʝʡ ʷʟʳʢʘ; ʜʣʷ ʘʥʛʣʠʯʘʥ 

ʧʨʝʩʩʘ ʚʩʝʛʜʘ ʠʤʝʣʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʤʫ ʚʳʩʪʫʧʘʝʪ ʘʚʪʦʨʠʪʝʪ ʠ 

ʨʘʟʜʝʣʝʥʠʝ ʙʨʠʪʘʥʩʢʠʭ ʠʟʜʘʥʠʡ ʥʘ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʝʩʩʫ (ʧʫʙʣʠʢʘʮʠʷ ʩʝʨʴʝʟʥʳʭ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʥʦʚʦʩʪʝʡ) ʠ ʪʘʙʣʦʠʜʳ (ʠʟʜʘʥʠʷ, ʦʩʚʝʱʘʶʱʠʝ 

ʞʠʟʥʴ ɹʨʠʪʘʥʩʢʦʡ ʢʦʨʦʣʝʚʩʢʦʡ ʩʝʤʴʠ, ʩʢʘʥʜʘʣʴʥʳʝ ʩʦʙʳʪʠʷ). ʄʘʪʝʨʠʘʣʦʤ ʥʘʰʝʛʦ 

ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʠʣʠ 52 ʟʘʛʦʣʦʚʢʘ ʠʟ ʛʘʟʝʪ çThe Guardianè, çIndependentè, çFinancial 

Timesè, çThe Sunday Timesè, çThe Timesè ʷʚʣʷʶʱʠʭʩʷ ʧʨʠʤʝʨʦʤ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʨʝʩʩʳ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʢʣʶʯʝʚʳʭ ʩʣʦʚ-ʘʩʩʦʮʠʘʮʠʡ ʙʳʣ ʚʳʜʝʣʝʥ ʨʷʜ ʧʨʦ-

ʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʦʥʜʦʥʩʢʠʤ ʤʝʪʨʦ (ʪʘʙʣʠʮʘ 1).
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ʊʘʙʣʠʮʘ 1 ï ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʟʘʛʦʣʦʚʢʦʚ ʩʪʘʪʝʡ ʦ ʣʦʥʜʦʥʩʢʦʤ ʤʝʪʨʦ ʠʟ ʘʥʛʣʦʷʟʳʯʥʳʭ ʠʟʜʘʥʠʡ 

ʇʨʦʙʣʝʤʘ/ 

ʩʦʮʠʘʣʴʥʳʡ ʚʦʧʨʦʩ 

(ʧʦ ʯʘʩʪʦʪʥʦʩʪʠ ʫʧʦ-

ʪʨʝʙʣʝʥʠʷ) 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʇʨʠʤʝʨ ʟʘʛʦʣʦʚʢʦʚ 
ʂʦʤʤʝʥʪʘʨʠʡ, ʦʩʥʦʚʘʥʥʳʡ  

ʥʘ ʤʘʪʝʨʠʘʣʝ ʟʘʛʦʣʦʚʢʦʚ ʠ ʩʪʘʪʝʡ 

1 2 3 4 

ɿʘʙʘʩʪʦʚʢʠ  ¶ strikes 

¶ walkouts 

¶ closures 

¶ collision 

¶ disruption 

¶ pay rise cut 

¶ train drivers 

çTrain strikes March and April  2024: when is the next 

walkoutè (The Sunday Times) 

 

 

ʄʘʩʩʦʚʳʝ ʩʦʢʨʘʱʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ 

ʧʝʥʩʠʡ, ʧʨʝʞʥʠʡ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʚʳʟʳʚʘʶʪ ʟʘʙʘʩʪʦʚʢʠ ʩʦʪʨʫʜʥʠʢʦʚ ʣʦʥʜʦʥ-

ʩʢʦʛʦ ʤʝʪʨʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʟʢʝ ʪʨʘʥʩ-

ʧʦʨʪʘ ʩʪʦʣʠʮʳ 

ʌʠʥʘʥʩʦʚʳʝ ʪʨʫʜʥʦ-

ʩʪʠ ʤʝʪʨʦ, ʩʚʷʟʘʥʥʳʝ 

ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʘʩʩʘ-

ʞʠʨʦʧʦʪʦʢʘ ʚʦ ʚʨʝʤʷ 

ʧʘʥʜʝʤʠʠ 

¶ fares frozen 

¶ fare trial 

¶ covid-hit 

çLondonôs transport body warns of funding shortfall 

after securing Ã250mnè (Financial Times) 

çLondonôs single tube and bus fares to be frozen, Khan 

saysè (The Guardian) 

çSadiq Khan: London desperate for commuters to re-

turn after Covidè (The Guardian) 

ɺ ʩʪʘʪʴʷʭ ʦʩʚʝʱʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʠʙʳʣʠ ʣʦʥʜʦʥʩʢʠʤ ʤʝʪʨʦ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʨʦʩʪʫ ʮʝʥ ʥʘ ʧʨʦʝʟʜ ʠ 

ʩʥʠʞʝʥʠʶ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʧʦʩʣʝ ʧʘʥʜʝʤʠʠ 

ʇʨʦʠʩʰʝʩʪʚʠʷ, ʧʨʝ-

ʩʪʫʧʥʦʩʪʴ 

¶ crime  

¶ avoid 

¶ suffer offences 

¶ at risk 

¶ no one to help 

çDealing with harassment on public transportè (The 

Guardian) 

çNo one came to help: Anger as lack of staff on London 

transport óis putting women at riskôè (Independent) 

çSarah de Lagarde fell on to the Tube tracks. Nobody 

helped. Why?è (Financial Times) 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʉʄʀ ʯʘʩʪʦ ʦʪʤʝʯʘʝʪʩʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ, ʜʘʥʥʳʡ ʚʠʜ 

ʪʨʘʥʩʧʦʨʪʘ ʩʪʦʣʠʮʳ ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʧʘʩʥʳʝ ʩʠ-

ʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʩʪʦʤ ʧʨʝʩʪʫʧʥʦʩʪʠ ʠ ʥʝ-

ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

https://www.ft.com/content/9772712b-72b5-4911-9d43-682227fc9c5b
https://www.ft.com/content/9772712b-72b5-4911-9d43-682227fc9c5b
https://www.ft.com/content/ef9af5a3-c3de-4e47-9e5c-d5ec795ebf99
https://www.ft.com/content/ef9af5a3-c3de-4e47-9e5c-d5ec795ebf99
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 

ʉʦʚʝʨʰʝʥʩʪ-ʚʦʚʘʥʠʝ 

ʤʝʪʨʦ 

¶ phone kiosks 

¶ innovative metro 

¶ upgrade of the 

station 

çTube to get full  mobile network by end of 2024, says 

London mayorè (The Guardian) 

çFour London Underground phone kiosks given Grade 

II -listed statusè (The Guardian) 

ʆʪʤʝʯʘʶʪʩʷ ʠʥʥʦʚʘʮʠʠ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʨʘʙʦʪʫ 

ʦʪʜʝʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʧʨʦʝʢʪʳ ʧʦ ʩʦʭʨʘʥʝʥʠʶ 

ʠʩʪʦʨʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʪʝʣʝʬʦʥʥʳʭ ʙʫʜʦʢ ʢʘʢ 

ʩʠʤʚʦʣʦʚ ʩʪʦʣʠʮʳ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ  

ɺʦʩʧʨʠʷʪʠʝ ʦʙʱʝ-

ʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʩʦʙʳʪʠʡ ʣʦʥʜʦʥ-

ʮʘʤʠ  

¶ Coronation  

¶ free Palestine 

¶ Tube stations 

çTube driver who chanted ófree Palestineô given job 

backè (The Times) 

çKingôs coronation travel guide: Where to watch the 

London procession and nearest Tube stationsè (Inde-

pendent) 

ʄʝʪʨʦ ï ʤʝʩʪʦ ʤʘʩʩʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ, ʢʦ-

ʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʞʝʣʘʥʠʝʤ ʧʦʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʞʠʟʥʠ ʢʦʨʦʣʝʚʩʢʦʡ ʩʝʤʴʠ (ʢʦʨʦʥʘʮʠʷ ʂʘʨʣʘ 

III ), ʚʳʩʢʘʟʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʧʦ-

ʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʤʠʨʝ (ʢʦʥʬʣʠʢʪ ʚ ʇʘʣʝ-

ʩʪʠʥʝ)  

ʅʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ 

¶ polluted 

¶ air pollution 

¶ toxic  

çApp reveals most polluted London Underground 

route to travel onè (The Guardian) 

çPotentially toxic air pollution hazard identified on 

London Undergroundè (Financial Times) 

ʇʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʦʩʪʘʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʜʣʷ ʃʦʥʜʦʥʘ, ʩʪʘʪʴʠ ʪʘʢʞʝ ʦʩʚʝʱʘʶʪ 

ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʃʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ, ʠ 

ʩʦʦʙʱʘʶʪ ʦ ʩʧʦʩʦʙʘʭ ʝʝ ʨʘʟʨʝʰʝʥʠʷ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʛʘʟʝʪʥʳʭ ʟʘʛʦʣʦʚʢʦʚ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚ-

ʥʳʝ ʚʦʧʨʦʩʳ, ʦʩʚʝʱʘʝʤʳʝ ʙʨʠʪʘʥʩʢʠʤʠ ʛʘʟʝʪʘʤʠ ʧʦ ʧʦʚʦʜʫ ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʟʘʙʘʩʪʦʚʢʠ ʩʦʪʨʫʜʥʠʢʦʚ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʙʳʣʠ ʤʝʪʨʦʧʦʣʠʪʝ-

ʥʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʧʨʦʠʩʰʝʩʪʚʠʷ, ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʥʦʚʣʝ-

ʥʠʝʤ ʩʪʘʥʮʠʡ, ʦʪʨʘʞʝʥʠʝ ʣʦʥʜʦʥʮʘʤʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʤʝʪʨʦ, ʘ ʪʘʢʞʝ ʦʪʢʣʠʢ 

ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫ  ʁʩʠʪʫʘʮʠʶ. ɺ ʩʦʩʪʘʚʝ ʛʘʟʝʪʥʳʭ ʟʘʛʦʣʦʚʢʦʚ ʜʦʤʠ-

ʥʠʨʫʶʪ ʣʝʢʩʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʩ ʥʝʛʘʪʠʚʥʦʡ ʢʦʥʥʦʪʘʮʠʝʡ (strikes, disruption, fare trial , 

collision, suffer offences), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʢʘʨʪʠʥʫ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʞʠʟʥʴʶ ʛʦʨʦʜʘ ʯʝʨʝʟ ʤʝʪʨʦ. ɿʘʛʦʣʦʚʢʠ ʢʨʘʪʢʦ ʠ ʯʝʪʢʦ ʦʪʨʘʞʘʶʪ ʩʦʜʝʨ-

ʞʘʥʠʝ ʩʪʘʪʴʠ ʟʘ ʩʯʝʪ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʠʤʝʥʘ ʩʦʙʩʪʚʝʥʥʳʝ, ʜʘʪʳ, ʯʠʩʣʠʪʝʣʴ-

ʥʳʝ). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʪʥʳʤʠ ʠʤʝʥʘʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʛʦʣʦʚʢʘʭ ʷʚ-

ʣʷʶʪʩʷ ʥʘʟʚʘʥʠʷ ʃʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ (London Underground), ʦʨʛʘʥʠʟʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʡ ʟʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʃʦʥʜʦʥʝ (Transport for London) ʠ ʤʝʨʘ ʃʦʥʜʦʥʘ, 

Sadiq Khan, ʜʘʶʱʝʛʦ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦ ʧʦʚʦʜʫ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. ʅʘʠʙʦ-

ʣʝʝ ʫʧʦʤʠʥʘʝʤʦʡ ʣʠʥʠʝʡ ʤʝʪʨʦ ̫ ʚʣʷʝʪʩʷ Elizabeth Line ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʞʝʥʝʨʥʳʡ 

ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʢʨʳʪ ʧʫʙʣʠʢʝ ʚ 2022 ʛʦʜʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʟʳʢʦʚʦʡ ʦʙʨʘʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʨʘʛ-

ʤʝʥʪʘ ʤʠʨʘ ʚ ʷʟʳʢʝ. ɸʥʘʣʠʟ ʛʘʟʝʪʥʳʭ ʟʘʛʦʣʦʚʢʦʚ ʙʨʠʪʘʥʩʢʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʝʩʩʳ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʟʳʢʦʚʦʡ ʧʦʨʪʨʝʪ ʤʝʪʨʦ 

ʩʪʦʣʠʮʳ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʩ ʧʦʟʠʮʠʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʟʳʢʦ-

ʚʦʛʦ ʦʙʨʘʟʘ. ɸʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʩʣʦʚ-ʘʩʩʦʮʠʘʮʠʡ, ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʪʥʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʚ ʟʘʛʦʣʦʚʢʘʭ ʩʪʘʪʝʡ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʚʦʧʨʦʩʳ ʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʘʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʢʨʫʞʘʝʪ ʥʦʩʠʪʝʣʝʡ 

ʷʟʳʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʠʭ ʤʳʰʣʝʥʠʝ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʧʦʚʝʩʪʢʠ. ʊʘʢ, ʷʟʳʢʦʚʦʡ ʦʙʨʘʟ ʣʦʥʜʦʥʩʢʦʛʦ ʤʝʪʨʦ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʟʘʛʦʣʦʚʢʦʚ ʩʪʘʪʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʣʥʫʶʱʠʝ ʣʦʥʜʦʥ-

ʮʝʚ, ʠ ʧʦʟʚʦʣʷʝʪ ʟʘʷʚʣʷʪʴ ʦ ʤʝʪʨʦ ɹʨʠʪʘʥʩʢʦʡ ʩʪʦʣʠʮʳ ʢʘʢ ʦ ʤʘʨʢʝʨʝ ʩʦʮʠʘʣʴʥʳʭ ʚʦ-

ʧʨʦʩʦʚ. 
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ʤʫʟʝʝʚ. ʆʧʠʩʘʥʦ ʩʦʟʜʘʥʠʝ ʢʘʙʠʥʝʪʘ-ʤʫʟʝʷ çʀʩʪʦʨʠʷ ʊʊʀ ʅʀʗʋ ʄʀʌʀè ʠ ʝʛʦ ɻ ʢʩʧʦ-
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ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʤʫʟʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʟʘ ï ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʣʝʪʦʧʠʩʴ ʫʯʝʙ-

ʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴ ʞʠʟʥʴ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. ʄʫʟʝʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʫʣʴʪʫʨʥʦʡ, ʚʦʩʧʠ-

ʪʘʪʝʣʴʥʦʡ, ʩʧʦʨʪʠʚʥʦʡ, ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ.  
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ʀ, ʢʦʥʝʯʥʦ, ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʥʝʦʙʭʦʜʠʤ ʩʚʦʡ ʤʫʟʝʡ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʠʩʪʦ-

ʨʠ ʁʨʘʟʚʠʪʠʷ, ʦʪʨʘʞʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʢʘʬʝʜʨ, ʧʦʢʘʟʳʚʘʪʴ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʬʝʩ-

ʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʫʜʝʥʪʦʚ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʚʝʪ ʤʫʟʝʝʚ (ICOM ð ʀʂʆʄ) ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʥʷʪʠʷ ʤʫʟʝʡ. ʄʫʟʝʡ ð ʵʪʦ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ, ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʥʘ ʩʣʫʞʙʝ ʦʙʱʝʩʪʚʫ, ʢʦʪʦʨʘʷ ʠʩʩʣʝʜʫʝʪ, ʩʦʙʠʨʘʝʪ, ʩʦʭʨʘʥʷʝʪ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʠ ʜʝ-

ʤʦʥʩʪʨʠʨʫʝʪ ʤʘʪʝʨʠʘʣʴʥʦʝ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʦʝ ʥʘʩʣʝʜʠʝ. ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʤʫʟʝʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʯʝʙʥʳʭ ʤʫʟʝʝʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ, ʢʦ-

ʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺ ɽʚʨʦʧʝ ʫʯʝʙʥʳʡ ʤʫʟʝʡ, ʢʘʢ ʧʦʜʨʘʟʜʝʣʝʥʠʝ, ʦʙʩʣʫʞʠʚʘʶʱʝʝ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʫ ʁʧʨʦʛʨʘʤʤʫ, ʩʚʦʠ ʢʦʨʥʠ ʙʝʨʝʪ ʝʱʝ ʩ 1683 ʛʦʜʘ, ʢʦʛʜʘ ʚ ʆʢʩʬʦʨʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʙʳʣ ʦʩʥʦʚʘʥ ʤʫʟʝʡ ʕʰʤʦʣʘ, ʥʘʟʚʘʥʥʳʡ ʚ ʯʝʩʪʴ ʝʛʦ ʦʩʥʦʚʘʪʝʣʷ ʠ ʜʘʨʠʪʝʣʷ ʢʦʣʣʝʢʮʠʡ. 

ɺ ʈʦʩʩʠʠ ʥʘʯʘʣʦʤ ʤʫʟʝʡʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ 1714 ʛʦʜ, ʛʦʜ ʦʩʥʦʚʘʥʠʷ ʂʫʥʩʪ-

ʢʘʤʝʨʳ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ɸ ʧʝʨʚʳʡ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʤʫʟʝʡ ʧʦʷʚʠʣʩʷ ʚ 1755 ʛʦʜʫ, 

ʢʦʛʜʘ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʄʦʩʢʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʤʫʟʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʘʩʪʠʠ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ, ʜʫʭʦʚʥʦʛʦ, ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʦ-

ʩʪʦʷʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʫʯʝʙʥʦʡ, ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʠ ʥʘʫʯʥʦ-ʧʨʦʩʚʝʪʠ-

ʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. 

ɿʘʜʘʯʠ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʤʫʟʝʷ: 

Å ʩʦʭʨʘʥʝʥʠʝ ʥʘʩʣʝʜʠʷ ʫʯʝʙʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʫʣʴʪʫʨʥʦʡ ʧʘʤʷʪʠ ʧʦʢʦʣʝʥʠʡ; 

Å ʩʦʟʜʘʥʠʝ ʢʫʣʴʪʫʨʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʚʝʜʝʥʠʷ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʤʠʜʞʘ ʤʫʟʝʷ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ; 

Å ʧʨʠʚʣʝʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʢ ʠʟʫʯʝʥʠʶ ʠʩʪʦʨʠʠ ʠʥʩʪʠʪʫʪʘ;  

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʫʯʝʙʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʌʫʥʢʮʠʠ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʤʫʟʝʷ: 

Å ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʥʳʭ ʢʦʣʣʝʢʮʠʡ; 

Å ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ ʚʫʟʘ; 

Å ʧʝʨʝʜʘʯʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ; 

Å ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʫʟʘ ʚ ʣʠʮʘʭ ʠ ʩʚʝʨʰʝʥʠʷʭ; 

Å ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʫʟʝʷ ʚʫʟʘ ï ʥʘʫʯʥʳʡ ʠʩʪʦʨʠʟʤ ʠ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʤʦʣʦʜʝʞʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠ ̫ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ.  
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ɺʫʟʦʚʩʢʠʝ ʤʫʟʝʠ, ʥʘʭʦʜʷʩʴ ʚ ʚʝʜʝʥʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʦʣʞʥʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘ-

ʢʦʥʦʤ ʦʪ 26.05.1996 ˉ54-ʌɿ çʆ ʤʫʟʝʡʥʦʤ ʬʦʥʜʝ ʈʌ ʠ ʤʫʟʝʷʭ ʈʌè  ʠ çɽʜʠʥʳʤʠ ʧʨʘ-

ʚʠʣʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ, ʫʯʝʪʘ, ʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʟʝʡʥʳʭ 

ʧʨʝʜʤʝʪʦʚ ʠ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡè [8]. ɼʨʫʛʠʝ ʟʘʢʦʥʳ: 

¶ ˉ3266-1 çʆʙ ʦʙʨʘʟʦʚʘʥʠʠè (10.07.1992, ʚ ʨʝʜ. ʦʪ 28.02.2012) 

¶ ˉ125ïʌɿ çʆ ʚʳʩʰʝʤ ʠ ʧʦʩʣʝʚʫʟʦʚʩʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠè 

(22.08.1996, ʚ ʨʝʜ. ʦʪ 03.12.2011) 

¶ ˉ149-ʌɿ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠè (27.07.06) 

¶ ˉ5351-1 çʆʙ ʘʚʪʦʨʩʢʦʤ ʧʨʘʚʝ ʠ ʩʤʝʞʥʳʭ ʧʨʘʚʘʭè (09.07.03, ʩ ʠʟʤ.19.07.05, 

20.07.04) 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʤʫʟʝʷ ʚ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ 

ʬʦʥʜʘ. ʌʦʥʜ ʤʫʟʝʷ ï ʵʪʦ ʚʩʝ ʤʘʪʝʨʠʘʣʳ, ʵʢʩʧʦʥʠʨʫʝʤʳʝ ʠ ʭʨʘʥʷʱʠʝʩʷ ʚ ʤʫʟʝʝ. ʄʫ-

ʟʝʡʥʳʝ ʬʦʥʜʳ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ:  

Å ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʬʠʣʴʥʳʭ ʤʫʟʝʶ ʧʨʝʜʤʝʪʦʚ;  

Å ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʧʨʦʬʠʣʴʥʦʡ ʥʘʫʢʠ ʠ ʤʫʟʝʝʚʝʜʝʥʠʷ;  

Å ʧʦʩʪʦʷʥʥʦʝ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʵʢʩʧʦʥʘʪʘʤʠ;  

Å ʥʘʫʯʥʘʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ. 

ɺʩʝ ʤʫʟʝʡʥʳʝ ʵʢʩʧʦʥʘʪʳ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʚ ʠʥʚʝʥʪʘʨʥʫʶ ʢʥʠʛʫ. ʂʘʞʜʳʡ ʵʢʩʧʦ-

ʥʘʪ ʤʫʟʝʷ ʠʤʝʝʪ ʩʚʦʶ ʠʥʚʝʥʪʘʨʥʫʶ ʢʘʨʪʦʯʢʫ. ɺ ʥʝʡ ʫʢʘʟʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʠʤʝʥʦ-

ʚʘʥʠʠ ʵʢʩʧʦʥʘʪʘ, ʝʛʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ, ʤʘʪʝʨʠʘʣ, ʜʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ, ʩʦʭʨʘʥʥʦʩʪʴ ʠ 

ʩʦʩʪʘʚʠʪʝʣʴ ʜʘʥʥʦʡ ʢʘʨʪʦʯʢʠ. 

ʄʫʟʝʡʥʳʝ ɻ ʢʩʧʦʥʘʪʳ ʨʘʟʤʝʱʝʥʳ ʚ ʜʝʩʷʪʠ ʚʠʪʨʠʥʘʭ, ʚʦʩʝʤʴ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ 

ʚ 311 ʘʫʜʠʪʦʨʠʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʚʝ ï ʚ ʢʦʨʠʜʦʨʝ ʦʢʦʣʦ ʢʘʙʠʥʝʪʘ. ʇʝʨʚʘʷ ʚʠʪʨʠʥʘ ʧʦʩʚʷ-

ʱʝʥʘ ʠʩʪʦʨʠʠ, ʨʫʢʦʚʦʜʩʪʚʫ ʠ ʜʦʩʪʠʞʝʥʠʷʤ ʊʊʀ ʅʀʗʋ ʄʀʌʀ. ɺ ʥʝʡ ʚ rʤʦʞʝʪʝ ʫʚʠʜʝʪʴ 

ʪʘʢʠʝ ʵʢʩʧʦʥʘʪʳ, ʢʘʢ ʜʠʨʝʢʪʦʨʘʪ ʊʊʀ ʅʀʗʋ ʄʀʌʀ, ʜʠʧʣʦʤʳ, ʛʨʘʤʦʪʳ, ʤʝʜʘʣʠ ʟʘ ʧʦ-

ʙʝʜʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʢʫʨʩʘʭ, ʫʩʪʘʚ 1994 ʛʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʦʪʜʝʣʝʥʠʝ 

ˉ5 (ʬʠʣʠʘʣ ʄʀʌʀ ʚ ʛʦʨʦʜʝ ʊʨʝʭʛʦʨʥʳʡ) ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ 2 ʤʘʨʪʘ 1990 ʛʦʜʘ. 

ʉʣʝʜʫʶʱʘʷ ʵʢʩʧʦʟʠʮʠʷ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʝ ʫʯʝʙʥʦʛʦ ʦʪʜʝʣʘ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʧʦʣʦʞʝʥʠʝ ʦʙ ʫʯʝʙʥʦʤ ʦʪʜʝʣʝ 1997 ʛʦʜʘ, ʧʨʠʢʘʟ ʦ ʟʘʯʠʩʣʝʥʠʠ ʩʘʤʳʭ ʧʝʨʚʳʭ 

ʩʪʫʜʝʥʪʘʭ ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ, ʫʯʝʙʥʘʷ ʢʘʨʪʦʯʢʘ, ʧʝʨʚʳʝ ʟʘʯʝʪʥʳʝ ʢʥʠʞʢʠ ʠ ʪ.ʜ. 

ɺ ʵʢʩʧʦʟʠʮʠʠ ʢʘʬʝʜʨʳ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʩʦʙʨʘʥʳ ʨʘʟʣʠʯʥʳʝ ɻ ʣʝʢʪʨʦʥʥʳʝ ʧʨʠʙʦʨʳ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʨʘʟʨʘ-

ʙʦʪʢʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʣʘʙʦʨʘʪʦʨ-

ʥʳʡ ʩʪʝʥʜ ʘʥʘʣʦʛʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʜʨʫʛʠʝ. ʊʘʢʞʝ ʟʜʝʩʴ ʥʘʭʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʝʯʘʪ-

ʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʬʦʪʦʘʣʴʙʦʤʳ. 

ʂʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩʦʜʝʨʞʠʪ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʤʝʭʘʥʠʟʤʳ, 

ʥʘʧʨʠʤʝʨ, ʭʨʘʧʦʚʳʡ ʤʝʭʘʥʠʟʤ, ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 
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ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ, ʬʦʪʦʘʣʴʙʦʤʳ, ʨʝʟʮʳ, ʦʙʨʘʟʮʳ ʜʠʩʩʝʨʪʘʮʠʠ; ʘʚʪʦʨʩʢʦʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ, ʦʜʥʘʢʦ, ʥʝ ʫʢʘʟʘʥʦ, ʢʘʢʦʝ ʠʤʝʥʥʦ ʵʪʦ ʠʟʦʙʨʝʪʝʥʠʝ, ʪʘʢ 

ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʩʝʢʨʝʪʥʘ. 

ɺ ʵʢʩʧʦʟʠʮʠʠ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʨʘʷ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʘ ʪʘʢʞʝ ʛʨʘʤʦʪʳ, ʜʠʧʣʦʤʳ, ʙʣʘʛʦʜʘʨʩʪʚʝʥʥʳʝ ʧʠʩʴʤʘ, ʫʯʝʙʥʦ-ʤʝ-

ʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʢʘʬʝʜʨʳ. 

ʂʘʬʝʜʨʘ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʪʘʢʞʝ ʩʦʜʝʨ-

ʞʠʪ ʛʨʘʤʦʪʳ, ʜʠʧʣʦʤʳ ʟʘ ʜʦʩʪʠʞʝʥʠʷ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʯʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʚʠʪʨʠʥʝ çʅʘʫʯʥʘʷ ʨʘʙʦʪʘ ʊʊʀ ʅʀʗʋ ʄʀʌʀè ʩʦʜʝʨʞʘʪʩʷ ʩʙʦʨʥʠʢʠ ʥʘʫʯ-

ʥʳʭ ʩʪʘʪʝʡ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʜʠʧʣʦʤʳ ʟʘ ʧʦʙʝʜʳ ʚ ʢʦʥʢʫʨʩʘʭ, ʪʘʢʠʭ ʢʘʢ çɼʥʠ 

ʥʘʫʢʠè, çʖʥʦʩʪʴ ʥʘʫʢʠè, ʦʣʠʤʧʠʘʜʘ çʗ ï ʧʨʦʬʝʩʩʠʦʥʘʣè ʠ ʜʨʫʛʠʝ. 

ʉʣʝʜʫʶʱʘʷ ʵʢʩʧʦʟʠʮʠʷ ʧʦʩʚʷʱʝʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠ-

ʧʣʠʥ. ɿʜʝʩʴ ʝʩʪʴ ʧʨʠʙʦʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʦ ʬʠʟʠʢʝ (ʢʦʣʴʮʦ ɻʝʣʴʤʛʦʣʴʮʘ), 

ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʘʤʧʝʨʤʝʪʨ, ʚʦʣʴʪʤʝʪʨ, ʙʘʨʦʤʝʪʨ  

ʘʥʝʨʦʠʜ). 

ɺ ʆʪʜʝʣʝ ʧʦ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʧʫʩʢʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʛʘ-

ʟʝʪʳ çɹʋʄè ʠ ʘʪʨʠʙʫʪʠʢʘ ʬʝʩʪʠʚʘʣʷ çʊ rï ʛʦʨʜʦʩʪʴ ʠʥʩʪʠʪʫʪʘè.  

ɺ ʥʘʰʝʤ ʤʫʟʝʝ ʠʤʝʶʪʩʷ ʵʢʩʧʦʟʠʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʩʬʝʨʝ ʢʦʤʧʝʪʝʥʮʠʡ WorldSkills: ʀʥʞʝʥʝʨʥʳʡ ʜʠʟʘʡʥ CAD, ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ, ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʦʚ. ɺ ʜʘʥʥʳʭ ʚʠʪʨʠʥʘʭ ʨʘʟʤʝʱʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʘʢʪʠʚʥʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʯʝʤʧʠʦʥʘʪʦʚ, ʠʭ ʜʠʧʣʦʤʳ, ʘ ʪʘʢʞʝ ʷʨʢʠʝ ʠʥʪʝʨʝʩʥʳʝ ʠʟʜʝʣʠʷ, ʩʦʟʜʘʥʥʳʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ  3ɼ ʧʝʯʘʪʠ.  

ɺ ʚʠʪʨʠʥʝ çʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʩʦʙʨʘʥʳ ʢʨʘʩʠʚʳʝ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ (ʛʝʨʙ 

ʈʌ, ʧʦʨʪʨʝʪ ʂʫʨʯʘʪʦʚʘ, ʘʪʦʤʥʳʡ ʢʦʥʴ ʄʀʌʀ ʠ ʜʨ.), ʩʦʟʜʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʜʨʝʚʝʩʠʥʝ.  

ʇʦʩʣʝʜʥʷʷ ʵʢʩʧʦʟʠʮʠʦʥʥʘʷ ʚʠʪʨʠʥʘ ʧʦʩʚʷʱʝʥʘ ʩʧʦʨʪʠʚʥʦʤʫ ʩʝʢʪʦʨʫ. ɺ ʥʝʡ 

ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʫʙʢʦʚ, ʜʠʧʣʦʤʦʚ, ʤʝʜʘʣʝʡ ʟʘ ʣʝʛʢʦʘʪʣʝʪʠʯʝʩʢʠʡ ʩʧʦʨʪ, 

ʬʫʪʙʦʣ, ʰʘʭʤʘʪʳ, ʧʨʠʟ ɺʦʣʦʜʠʥʘ ʟʘ ʧʦʙʝʜʫ ʚ ʣʳʞʥʦʡ ʵʩʪʘʬʝʪʝ. 

ʆʪʢʨʳʪʠʝ ʢʘʙʠʥʝʪʘ-ʤʫʟʝʷ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʩʦʩʪʦʷʣʦʩʴ 29 ʥʦʷʙʨʷ 2022 ʛʦʜʘ. 

ɽʛʦ ʧʦʩʝʪʠʣʠ ʩʦʪʨʫʜʥʠʢʠ ʚʫʟʘ, ʨʫʢʦʚʦʜʩʪʚʦ ʌɻʋʇ çʇʉɿè ʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ. ʅʘ ʦʪ-

ʢʨʳʪʠʠ ʜʠʨʝʢʪʦʨ ʇʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ ɺʣʘʜʠʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ ɹʝʣʦʙʨʦʚ 

ʧʦʜʘʨʠʣ ʥʘʰʝʤʫ ʤʫʟʝʶ ʙʶʩʪ ʚʝʣʠʢʦʛʦ ʩʦʚʝʪʩʢʦʛʦ ʬʠʟʠʢʘ ʀʛʦʨʷ ɺʘʩʠʣʴʝʚʠʯʘ ʂʫʨʯʘ-

ʪʦʚʘ, ʢʦʪʦʨʳʡ ʪʝʧʝʨʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʵʢʩʧʦʥʘʪʦʚ 

ʤʫʟʝʷ. ʏʫʪʴ ʧʦʟʞʝ ʌɻʋʇ çʇʉɿè ʪʘʢʞʝ ʧʦʜʘʨʠʣ ʢʘʙʠʥʝʪʫ-ʤʫʟʝʶ ʷʜʝʨʥʳʡ ʩʥʘʨʷʜ ʢʘ-

ʣʠʙʨʘ 152 ʤʤ ʩʘʤʦʭʦʜʥʦʡ ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʉʦʟʜʘʥʥʳʡ ʚ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʤʫʟʝʡ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

Å ʨʘʩʰʠʨʝʥʠʝ ʢʨʫʛʦʟʦʨʘ ʨʘʙʦʪʥʠʢʦʚ ʠʥʩʪʠʪʫʪʘ ʠ ʩʪʫʜʝʥʪʦʚ; 

Å ʚʦʚʣʝʯʝʥʠʝ ʫʯʘʱʠʭʩʷ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ; 

Å ʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ ʚʫʟʘ ʠ ʧʝʨʝʜʘʯʘ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ; 
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Å ʦʩʚʝʱʝʥʠʝ ʥʘʫʯʥʦʡ, ʢʫʣʴʪʫʨʥʦʡ, ʜʦʩʫʛʦʚʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʞʠʟʥʠ 

ʊʊʀ ʅʀʗʋ ʄʀʌʀ. 

ʈʦʣʴ ʢʘʙʠʥʝʪʘ-ʤʫʟʝʷ çʀʩʪʦʨʠʷ ʊʊʀ ʅʀʗʋ ʄʀʌʀè ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʚʫʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʤʫʟʝʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʚʫʟʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʘʜʘʧʪʘʮʠʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ɺʦ-ʚʪʦʨʳʭ, ʤʫ-

ʟʝʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʤʠʨ ʙʫʜʫʱʝʛʦ ʤʦʣʦʜʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʚʦʩʧʠʪʳʚʘʷ ʚ 

ʥʝʤ ʫʩʪʦʡʯʠʚʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʦʙʱʝʥʠʷ ʩ ʢʫʣʴʪʫʨʥʳʤʠ ʮʝʥʥʦʩʪʷʤʠ.  

ʅʦʚʘʷ ʵʢʩʧʦʟʠʮʠʷ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʚʳʜʘʶʱʠʤʩʷ ʚʳʧʫʩʢʥʠʢʘʤ ʊʊʀ ʅʀʗʋ 

ʄʀʌʀ, ʢʦʪʦʨʳʭ ʫ ʥʘʰʝʛʦ ʚʫʟʘ ʧʨʝʜʦʩʪʘʪʦʯʥʦ. ʆʥʘ ʙʫʜʝʪ ʤʦʪʠʚʠʨʦʚʘʪʴ ʩʪʫʜʝʥʪʦʚ 

ʫʩʝʨʜʥʝʝ ʫʯʠʪʴʩʷ ʠ ʝʱʝ ʙʦʣʴʰʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʯʝʤʧʠʦʥʘʪʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘ-

ʩʪʝʨʩʪʚʘ, ʥʘʫʯʥʳʭ ʬʦʨʫʤʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʧʦʨʪʠʚʥʳʭ ʢʦʥʢʫʨʩʘʭ, ʢʫʣʴʪʫʨʥʦ-ʜʦʩʫ-

ʛʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. ɸ ʛʣʘʚʥʦʝ, ʩʪʫʜʝʥʪʳ ʫʚʠʜʷʪ, ʯʪʦ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʧʦʤʥʠʪ 

ʩʚʦʠʭ ʚʳʧʫʩʢʥʠʢʦʚ ʠ ʛʦʨʜʠʪʩʷ ʠʤʠ. 

ʇʦʤʠʤʦ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʚʠʪʨʠʥ ʠ ɻ ʢʩʧʦʥʘʪʦʚ ʜʣʷ ʤʫʟʝʷ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʦʙ-

ʨʝʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʝʥʩʦʨʥʳʡ ʢʠʦʩʢ. ʆʥ ʙʫʜʝʪ ʧʦʢʘʟʳʚʘʪʴ ʧʦʩʝʪʠʪʝʣʷʤ ʦʙʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʫʟʝʝ, ʧʦʤʦʛʘʪʴ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ɻ ʢʩʧʦʟʠʮʠʦʥʥʳʭ ʚʠʪʨʠʥʘʭ, ʘ ʪʘʢʞʝ 

ʜʦʧʦʣʥʷʪʴ ʪʝʢʩʪʦʚʫʶ ʧʦʜʧʠʩʴ ʢ ʵʢʩʧʦʥʘʪʘʤ ʬʦʪʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ʙʳʣ ʩʦʟʜʘʥ ʢʘʙʠʥʝʪ-ʤʫʟʝʡ, ʦʪʢʨʳʪʠʝ ʢʦ-

ʪʦʨʦʛʦ ʩʦʩʪʦʷʣʦʩʴ 29 ʥʦʷʙʨʷ 2022 ʛʦʜʘ. ʊʝʧʝʨʴ ʙʫʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚʦ ʚʨʝʤʷ ʧʝʨʝ-

ʤʝʥʳ ʤʦʛʫʪ ʣʫʯʰʝ ʫʟʥʘʪʴ ʩʚʦʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ. ʕʢʩʢʫʨʩʠʠ ʚ ʤʫʟʝʝ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʥʘʯʘʣʝ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʜʣʷ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʚʦ ʚʨʝʤʷ ʛʦʨʦʜʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʜʣʷ ʛʦʩʪʝʡ ʠʟ ʜʨʫʛʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʇʨʠʙʦʨʦʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ. ʕʢʩʧʦʟʠʮʠʦʥʥʳʝ ʛʨʫʧʧʳ ʤʫʟʝʷ ʦʪʨʘʞʘʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʢʘʬʝʜʨ 

ʠ ʩʝʢʪʦʨʦʚ ʠʥʩʪʠʪʫʪʘ. ʉʦʭʨʘʥʝʥʘ ʠʩʪʦʨʠʷ ʚʫʟʘ ʚ ʬʦʪʦʜʦʢʫʤʝʥʪʘʭ, ʜʦʩʪʠʞʝʥʠʷʭ ʧʨʦ-

ʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʫʜʝʥʪʦʚ.  ʆʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʠ ʢʘʙʠʥʝʪʘ-

ʤʫʟʝʷ çʀʩʪʦʨʠʷ ʊʊʀ ʅʀʗʋ ʄʀʌʀè, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɹʫʨʣʳʢʠʥʘ, ʄ.ʀ. ʀʩʪʦʨʠʷ ʤʫʟʝʝʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ 

ʈʦʩʩʠʠ, 1724ï1917 ʛʛ. ï ʉʇɹ, 2001. ï 10 c.  

2. ʉʤʫʨʦʚ, ɸ.ɺ. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʫʟʝʝʚ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ï ʉʧʙɻʋ, 2023. ï 28 c. 

3. ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʫʟʝʷ.- ɹʝʣʛʦʨʦʜ, 

2019. ï 22 ʩ. 

4. ʉʘʜʦʚʥʠʯʠʡ ɺ. ɸ., ʉʝʤʠʥ ɺ.ʅ. ʄʫʟʝʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ɽʚʨʘʟʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʘʥ-

ʥʦʪʠʨʦʚʘʥʥʳʡ ʩʧʨʘʚʦʯʥʠʢ ï ʄ., 2013. ï 392 ʩ. 

5. ʄʝʣʴʥʠʢʦʚʘ ɻ.ʌ., ɻʠʣʴʤʘʥʰʠʥʘ ʉ.ʀ. ʄʫʟʝʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʘʢ ʬʘʢʪʦʨ ʧʦʣʠʢʫʣʴʪʫʨ-

ʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʤʦʣʦʜʝʞʠ ï ʂʘʟʘʥʴ, 2020. ï 8 ʩ. 

6. ʇʝʨʝʚʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʄʫʟʝʡè. URL: https://icom-rus-

sia.com/data/events/perevod-opredeleniya-ponyatiya-muzey/. 



  

ʅɸʋʂɸ ʊʊʀ ʅʀʗʋ ʄʀʌʀ ï 2024: 
 

 

108 
 

7. ʂʘʣʠʪʘ ʉ. ʇ., ʖʨʢʠʥ ʀ. ʅ. ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʤʫʟʝʡ ʢʘʢ ʢʫʣʴʪʫʨʥʳʡ ʬʝʥʦʤʝʥ ï ʄ., 

2019. ï 8 ʩ. 

8. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦ ʄʫʟʝʡʥʦʤ ʬʦʥʜʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʤʫʟʝʷʭ ʚ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ï 1996. 

 

 

 

ˠˑ:̠ 811.111 -26. 

 

VocabVoyage: ̐ ̙̔̓̆̆̒̓̃̉̆ ̃  ̄ ́̌́̋̓̉̋̔ ́ ̖̎̄̌̉̊̒̋̉ ̒ ̌̏̃ 

 

ˠ̟̓ ̇ˏ ̠̉̋̓̏̑̉ ̱ ̎̅̑̆̆̃̎́ȟ ̇ ̉̑̏̎̏̃́ ˒ ̌̆̎́ ˏ ̠̘̆̒̌́̃̏̃̎́ 

 

˟̧̖̜̑̄̏̑̎̊ ̓ ̖̘̆̎̏̌̏̄̉̆̒̋̉̊ ̉ ̎̒̓̉̓̔̓-̉̌̉́̌̕ ̊ ̗̝́̉̏̎́̌̎̏̄̏   

̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̏̄̏ ̠ ̅̆̑̎̏̄̏ ̔ ̎̉̃̆̑̒̉̓̆̓́ Ⱥ˙˕ˡ˕Ȼ ɉ˟˟˕ ̊ ˕ˬˠ ̇ ˕ˡ˕Ɋȟ  

˟̖̜̑̆̄̏̑̎̊ 

 

vika.utyuzh@mail.ru, mironova-trg@mail.ru 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʣʝʢʩʠʢʦʥʘ, ʝʛʦ ʚʠʜʳ. ʀʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʥʝ-
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ʟʚʫʯʠʝ, ʤʝʥʪʘʣʴʥʘʷ ʢʘʨʪʘ. 

 

 

VocabVoyage: a Journey into  the Galaxy of English Words   

 

Utyuzh Victoria Andreevna, Mironova Elena Vyacheslavovna 

 

Tryokhgorny Technological Institute, the branch of the National Research Nuclear  

University Ⱥ-%0È)Ȼȟ Tryokhgorny 

 

The article discusses the concept of lexicon and its types. Various mnemonic tech-

niques are studied and the techniques suitable for each type of information perception are 

selected. The effectiveness of mnemonic techniques in English lessons is evaluated, fol-

lowed by control in the form of vocabulary dictation for students.  



 

ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ɻʋʄɸʅʀʊɸʈʅʆɻʆ ɿʅɸʅʀʗ  
 

109 
 

Key words: vocabulary, lexicon, passive lexicon, vocabulary size, memorizing of 

words, mnemotechnics, mnemonics, the English language, association methods, conso-

nance, mental map. 

ɹʦʛʘʪʩʪʚʦ ʣʶʙʦʛʦ ̫ ʟʳʢʘ ï ʚ ʝʛʦ ʩʣʦʚʘʭ. ʊʦʯʥʦʩʪʴ ʧʦʜʙʠʨʘʝʤʳʭ ʥʘʤʠ ʬʦʨʤʫʣʠ-

ʨʦʚʦʢ ʠ ʢʨʘʩʦʪʘ ʨʝʯʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʝʤʘ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ, ʢʦʪʦʨʳʤ ʤ  r

ʨʘʩʧʦʣʘʛʘʝʤ. ɻʨʘʤʤʘʪʠʢʘ ʠ ʣʝʢʩʠʢʘ ï ʜʚʘ ʦʩʥʦʚʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʥʘʜ ʢʦʪʦʨʳʤʠ ʥʫʞʥʦ ʨʘʙʦʪʘʪʴ ʩʪʫʜʝʥʪʫ, ʯʪʦʙʳ ʦʚʣʘʜʝʪʴ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ ʥʘ 

ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. 

ʉʪʫʜʝʥʪʘʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ ʣʝʛʢʦ ʟʘʧʦʤʥʠʪʴ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʠʥʦ-

ʩʪʨʘʥʥʦʛʦ ̫ ʟʳʢʘ, ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʣʦʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʭ ʤʦʞʥʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ, ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʭʝʤ. ʂ ʪʦʤʫ ʞʝ ʧʨʠʤʝʨʳ ʢ ʧʨʘʚʠʣʘʤ ʜʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʝ. ʅʦ, 

ʢʦʛʜʘ ʜʝʣʦ ʜʦʭʦʜʠʪ ʜʦ ʧʨʘʢʪʠʢʠ, ʩʪʫʜʝʥʪʳ ʚʧʘʜʘʶʪ ʚ ʩʪʫʧʦʨ, ʪʘʢ ʢʘʢ ʧʨʝʜʣʦʞʝʥʠʷ ʚ 

ʨʝʘʣʴʥʳʭ ʪʝʢʩʪʘʭ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʤʥʦʛʦ ʥʝʠʟʚʝʩʪʥʳʭ ʩʣʦʚ. ʀ 

ʝʩʣʠ ʧʨʘʚʠʣʘʤ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ, ʪʦ ʦʙ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʘʭ ʟʘʧʦʤʠʥʘʥʠʷ ʥʦʚʳʭ ʩʣʦʚ ʟʘʯʘʩʪʫʶ ʨʝʯʠ ʥʝ ʠʜʝʪ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʫʯʠʪʴ ʩʪʫʜʝʥʪʦʚ ʤʝʪʦʜʘʤ ʠ ʫʧʨʘʞʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʛʣʠ ʙ  rʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ.  

ɺ ʥʘʫʯʥʦʡ ʩʨʝʜʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝ-

ʮʠʘʣʴʥʳʡ ʪʝʨʤʠʥ ï ʣʝʢʩʠʢʦʥ. ʃʝʢʩʠʢʦʥ ï ʵʪʦ ʟʘʧʘʩ ʩʣʦʚ ʠ ʚʳʨʘʞʝʥʠʡ ʜʘʥʥʦʛʦ ʯʝʣʦ-

ʚʝʢʘ, ʩʦʮʠʘʣʴʥʦʛʦ ʩʣʦʷ ʠʣʠ ʜʘʥʥʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʣʝʢʩʠ-

ʢʦʥ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʘʨʭʠʚʦʤ ʩʣʦʚ, ʘ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʣʦʚʘʨʥʳʭ ʝʜʠʥʠʮ ʷʟʳʢʘ, 

ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʝʪʩʷ ʦʙʱʝʩʪʚʦ ʠ ʚʣʘʜʝʝʪ ʯʝʣʦʚʝʢ. ʃʝʢʩʠʢʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʢʪʠʚ-

ʥʳʡ, ʧʘʩʩʠʚʥʳʡ ʠ ʚʥʝʰʥʠʡ ʩʣʦʚʘʨʥʳʡ ʟʘʧʘʩ. 

ɸʢʪʠʚʥʳʡ ʣʝʢʩʠʢʦʥ ï ʵʪʦ ʥʘʙʦʨ ʩʣʦʚ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʢ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʚ 

ʩʚʦʝʡ ʫʩʪʥʦʡ ʠ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʠ. ʉʶʜʘ ʦʪʥʦʩʠʪʩʷ ʪʦʪ ʥʘʙʦʨ ʩʣʦʚ, ʢʦʪʦʨʳʤ ʤ  rʧʦʣʴ-

ʟʫʝʤʩʷ ʢʘʞʜʳʡ ʜʝʥʴ, ʧʦʩʪʦʷʥʥʦ, ʦʙʱʘʷʩʴ ʩ ʨʦʜʥʳʤʠ, ʜʨʫʟʴʷʤʠ, ʢʦʣʣʝʛʘʤʠ ʧʦ ʨʘʙʦʪʝ 

ʠ ʚʩʝʤʠ, ʢʪʦ ʥʘʩ ʦʢʨʫʞʘʝʪ. ʇʨʠʤʝʨʳ ʘʢʪʠʚʥʦʛʦ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ: 

¶ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝ (city, family, school, people); 

¶ ʤʝʩʪʦʠʤʝʥʠʷ (we, he, she, it); 

¶ ʛʣʘʛʦʣʳ (go, watch, read, sleep); 

¶ ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ (good, bad, beautiful, easy); 

¶ ʥʘʨʝʯʠʷ (fast, slow, high, deeply); 

¶ ʩʣʫʞʝʙʥʳʝ ʯʘʩʪʠ ʨʝʯʠ. 

ʇʘʩʩʠʚʥʳʡ ʣʝʢʩʠʢʦʥ ï ʵʪʦ ʥʘʙʦʨ ʩʣʦʚ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʢ ʧʦʥʠʤʘʝʪ, ʥʦ ʥʝ ʠʩ-

ʧʦʣʴʟʫʝʪ ʚ ʩʚʦʝʡ ʨʝʯʠ ʠʣʠ ʧʠʩʴʤʝ. ʂ ʧʘʩʩʠʚʥʦʤʫ ʣʝʢʩʠʢʦʥʫ ʯʘʩʪʦ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʝʜʠʥʠʮʳ ʷʟʳʢʘ: 

¶ ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʣʝʢʩʠʢʘ ʠ ʪʝʨʤʠʥʦʣʦʛʠʷ. ʅʘʧʨʠʤʝʨ, ʠʥʞʝʥʝʨ ʤʦʞʝʪ 

ʟʥʘʪʴ ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʠʥʦʚ (ʢʚʘʣʠʪʝʪ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʜʦʧʫʩʢ, ʧʦʛʨʝʰʥʦʩʪʴ), 

ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʧʨʦʬʝʩʩʠʝʡ, ʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 
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¶ ʉʠʥʦʥʠʤʳ ʠ ʘʥʪʦʥʠʤʳ ʢ ʯʘʩʪʦ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤ ʩʣʦʚʘʤ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ ʟʘʤʝʯʘʪʝʣʴʥʳʡ (wonderful), ʧʨʝʢʨʘʩʥʳʡ (great), ʚʦʩʭʠʪʠʪʝʣʴʥʳʡ 

(amazing), ʧʦʪʨʷʩʘʶʱʠʡ (awesome), ʥʝʚʝʨʦʷʪʥʳʡ (fabulous) ʚʤʝʩʪʦ ʭʦʨʦʰʠʡ (good). 

¶ ʇʨʠʯʘʩʪʠʷ ʠ ʜʝʝʧʨʠʯʘʩʪʠʷ. ɼʣʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ï ʵʪʦ Participle 1 ʠ 

Participle 2. 

¶ ʉʨʝʜʩʪʚʘ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʨʝʯʠ (ʪʨʦʧʳ), ʫʩʪʦʡʯʠʚʳʝ ʚʳʨʘʞʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʘʥʛʣʠʡʩʢʘʷ ʠʜʠʦʤʘ break a leg (ʜʦʩʣʦʚʥʦ: ʩʣʦʤʘʪʴ ʥʦʛʫ) ʠʤʝʝʪ ʘʥʘʣʦʛ ʚ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ ï ʥʠ ʧʫʭʘ, ʥʠ ʧʝʨʘ. 

ɺʥʝʰʥʠʡ ʩʣʦʚʘʨʥʳʡ ʟʘʧʘʩ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʚ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʢ ʥʝ ʟʥʘʝʪ. 

ɽʩʣʠ ʤ  rʚʩʪʨʝʪʠʤ ʪʘʢʠʝ ʩʣʦʚʘ ʚ ʯʴʝʡ-ʪʦ ʨʝʯʠ ʠʣʠ ʪʝʢʩʪʝ, ʤ  rʥʝ ʧʦʡʤʝʤ ʠʭ ʟʥʘʯʝʥʠʡ. 

ɺʥʝʰʥʠʡ ʣʝʢʩʠʢʦʥ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʩʣʝʧʦʡ ʟʦʥʦʡè, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʚʩʪʨʝʯʘʶʪʩʷ 

ʘʨʭʘʠʟʤʳ, ʥʝʦʣʦʛʠʟʤʳ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʳ, ʫʟʢʦʩʧʝʮʠʘʣʴʥʳʝ ʧʦʥʷʪʠʷ, ʪʝʨʤʠʥʳ ʠ ʪ.ʜ. 

ʅʘʧʨʠʤʝʨ, ʥʝʠʟʚʝʩʪʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʣʶʜʝʡ ʷʚʣʷʶʪʩʷ ʩʣʦʚʘ: ʩʠʤʫʣʷʢʨ, ʘʙʨʦʛʘʮʠʷ, 

ʢʨʠʧʪʦʤʥʝʟʠʷ, ʬʨʫʩʪʨʘʮʠʷ ʠ ʜʨʫʛʠʝ. 

ʋʨʦʚʥʠ ʣʝʢʩʠʢʦʥʘ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʝʤʘʪʠʯʝʩʢʠ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚ, 

ʛʜʝ ʚʥʝʰʥʠʡ ʣʝʢʩʠʢʦʥ ï ʚʩʝ ʩʣʦʚʘ ʠ ʚʳʨʘʞʝʥʠʷ ʚ ʮʝʣʦʤ, ʧʘʩʩʠʚʥʳʡ ï ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʠʟ ʪʝʭ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʯʝʣʦʚʝʢʫ, ʘʢʪʠʚʥʳʡ ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʝʜʠʥʠʮ ʷʟʳʢʘ, ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɺʠʜʳ ʣʝʢʩʠʢʦʥʘ 

ɹʫʜʫʱʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʚʣʘʜʝʪʴ ʘʥʛʣʠʡʩʢʠʤ ʷʟʳʢʦʤ 

ʠ ʚʦʪ ʧʦʯʝʤʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʘʥʢʮʠʠ ʠ ʧʦʣʠʪʠʢʫ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʩʪʫʜʝʥʪʘʤ  

ʧʨʠʜʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʠʥʦʩʪʨʘʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ. ʀʥʩʪʨʫʢʮʠʠ ʠ ʚʠʜʝʦ-ʫʨʦʢʠ ʢ ʥʝʤʫ ʯʘʩʪʦ ʠʜʫʪ ʥʘ 


