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ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʢʦʤʽʪʝʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ 

ʂɺ ˉ 5256 ʚʽʜ 2 ʣʠʧʥʷ 2001 ʨʦʢʫ 
 

ɿʙʽʨʥʠʢ ʚʠʭʦʜʠʪʴ ʫʢʨʘʾʥʩʴʢʦʶ ʽ ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʘʤʠ. 
 
ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ "ʍʇɯ" ʚʢʣʶʯʝʥʦ ʜʦ "ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʌʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦ-
ʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ", ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʦʩʪʘ-

ʥʦʚʦʶ ʧʨʝʟʠʜʽʾ ɺɸʂ ʋʢʨʘʾʥʠ ʚʽʜ 26 ʪʨʘʚʥʷ 2010 ʨ., ˉ 1 ï 05/4. (ɹʶʣʝʪʝʥʴ ɺɸʂ ʋʢʨʘʾ ʥʠ 

ˉ 6, 2010 ʨ. ʩʪʦʨ. 3, ˉ 20). 
 

ʋ ʢʚʽʪʥʽ 2013 ʨ. ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ" ʉʝʨʽʷ: ʇʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʽ 
ʘʧʘʨʘʪʽʚ ʚʢʣʶʯʝʥʠʡ ʫ ʜʦʚʽʜʥʠʢ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ ʙʘʟʠ ʜʘʥʠʭ Ulrichôs Periodical Direc-

tory (New Jersey, USA). 
 

ʂʦʦʨʜʠʥʘʮʽʡʥʘ ʨʘʜʘ: 

ʃ.ʃ. ʊʦʚʘʞʥʷʥʩʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. (ʛʦʣʦʚʘ); 

ʂ.ɸ. ɻʦʨʙʫʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. (ʩʝʢʨʝʪʘʨ); 

ɸ.ʇ. ʄʘʨʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɭ.ɯ. ʉʦʢʦʣ, ʯʣ.-ʢʦʨ. ʅɸʅʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬ.; ɭ.ɭ. ɸʣʝʢʩʘʥʜʨʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɸ.ɺ. ɹʦʡʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ʌ.ʌ. ɻʣʘʜʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʄ.ɼ. ɻʦʜʣʝʚʩʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɸ.ɯ. 

ɻʨʘʙʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɻ. ɼʘʥʴʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɼ. ɼʤʠʪʨʠʥ̒-

ʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɯ.ʌ. ɼʦʤʥʥ̔, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɺ. ɭʧ̔ʬʘʥʦʚ, ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʖ.ɯ. ɿʘʡʮʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʇ.ʆ. ʂʘʯʘʥʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬ.; ɺ.ɹ. ʂʣʝʧʢ̔ʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʉ.ɯ. ʂʦʥʜʨʘh ʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ɺ.ʄ. ʂʦʰʝʣʴʥʠʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɯ. ʂʨʘʚʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɻ.ɺ. 

ʃ̔ʩʘʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʆ.ʂ. ʄʦʨʘʯʢʦʚʩʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɯ. ʅ̔ʢʦʣʘ-

ʥ̒ʢʦ, ʢʘʥʜ. ʩ̔ʪ. ʥʘʫʢ, ʧʨʦʬ.; ʇ.ɻ. ʇʝʨʝʨʚʘ, ʜ-ʨ ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɸ. ʇʫʣʷʝʚ, ʜ-ʨ ʪʝʭʥ. 

ʥʘʫʢ, ʧʨʦʬ.; ʄ.ɯ. ʈʠɦ ʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɹ. ʉʘʤʦʨʦʜʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬ.; ɻ.ʄ. ʉʫʯʢʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʄ.ɸ. ʊʢʘʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 
 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ ʩʝʨʽʾ: 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ: ɹ.ɺ. ʂʣʠʤʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ɿʘʩʪʫʧʥʠʢ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ: ɺ.ʌ. ɹʦʣʶʭ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ: ɯ.ʉ. ɺʘʨʰʘʤʦʚʘ, ʘʩʠʩʪʝʥʪ. 

ʏʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: ɺ.ɻ. ɼʘʥʴʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɹ. ʂʣʝʧʽʢʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬ.; ɺ.ɯ. ʂʨʘʚʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ.ɯ. ʄʽʣʠʭ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʉʫʯʢʦʚ 

ɻ.ʄ. ʜ.ʪ.ʥ., ʧʨʦʬ.; ɭ.ɯ. ʉʦʢʦʣ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʈʘʡʥʽʥ ɺ.ʖ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 
 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ ʅʊʋ "ʍʇɯ"; 

ʇʨʦʪʦʢʦʣ ˉ 12 ʚʽʜ 24.12.2013. 

 
É ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʍʇɯ", 2013 
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ɽ.ʀ. ɹɸʁɼɸ, ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʊʋ "ʍʇʀ" 

 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀʅɼʋʂʊʀɺʅʆɻʆ 

ʆɻʈɸʅʀʏʀʊɽʃʗ ɸɺɸʈʀʁʅʓʍ ʉɺɽʈʍʊʆʂʆɺ  

ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɻʆ ʊʀʇɸ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʘʚʘʨʠʡʥʳʭ 

ʩʚʝʨʭʪʦʢʦʚ. ʆʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʨʘʩʯʝʪʘ ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʥʜʫʢʪʠʚʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣ ɹ

ʘʚʘʨʠʡʥʳʭ ʩʚʝʨʭʪʦʢʦʚ. 

 

ɺʚʝʜʝʥʠʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝʧʨʝʨʚr-

ʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ, ʩʚʝʨʭʪʦʢʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʋʞʝ ʜʘʚʥʦ ʥʠ-

ʢʦʛʦ ʥʝ ʫʜʠʚʣʷʶʪ ʚʳʢʣʯʁʘʪʝʣʠ ʩ ʦʪʢʣʶʯʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (150-

250) ʢɸ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʚʳʢʣʶʯʘʪʝʣʠ ʢʘʪʝʛʦʨʠʠ ɸ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦ-

ʪʦʨʳʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʤʦʱʥʫʶ ʜʫʛʦʛʘʩʠ-

ʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ï ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʚʳʢʣʶʯʘʪʝʣʠ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʪʦʢʘ. ʈʝʘʣʴʥʳʡ ʪʦʢ, ʦʪʢʣʯʁʘʝʤʳʡ ʪʘʢʠʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ, ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ ʟʘʷʚʣʷʝʤʦʛʦ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʪʢʘʟʘ 

ʩʘʤʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ, ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʠ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ. ʇʦɻ ʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ: "ʅʝʣʴʟʷ ʣʠ ʫʤʝʥʴʰʠʪʴ ʟʥʘʯʝʥʠʝ 

ʩʚʝʨʭʪʦʢʘ ʮʝʧʠ ʧʝʨʝʜ ʝʛʦ ʦʪʢʣʶʯʝʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʢʣʶʯʘʪʝ-

ʣʝʤ?" ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ ʧʦʣʫʯʝʥ ʜʘʚʥʦ, ʢʦʛʜʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝ-

ʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ ʠ 

ʝʝ ʩʦʩʪʦʷʥʠʷ (ʟʘʤʢʥʫʪʘ ʠʣʠ ʨʘʟʦʤʢʥʫʪʘ). ʅʘ ʧʦʭʦʞʝʤ ʧʨʠʥʮʠʧʝ ʨʘʙʦ-

ʪʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʘʪʫʰʝʢ, ʚʢʣʶʯʝʥʥʳʝ 

ʚʩʪʨʝʯʥʦ ʢʘʞʜʘʷ ʚ ʩʚʦʶ ʣʠʥʠʶ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʪʦʢʘʭ ʤʘʛʥʠʪʥʳʝ ʧʦ-

ʪʦʢʠ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ, ʘ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦʪʝʨʠ ʚ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʤʘʣʳ. ɺ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʚ ʦʜʥʦʡ ʠʟ ʣʠʥʠʡ ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʠʡ ʧʦʪʦʢ ʚʦʟʨʘʩʪʘʝʪ, ʫʚʝʣʠʯʠʚʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ: ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʚ ʦʜ-

ʥʦʡ ʣʠʥʠʠ; ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʥʝ ʥʘʩʳɦ ʘʝʪ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ 

ʨʝʘʢʪʦʨʘ.  

É ɽ.ʀ. ɹʘʡʜʘ, 2013 
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ɽʱʝ ʦʜʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʪʦʢʘ ʷʚ-

ʣʷʝʪʩʷ "ʨʝʘʢʪʦʨ ʄʦʡʞʝʩʘ", ʠʩʧʳʪʘʥʥʳʡ ʚ 30-ʝ ʛʦʜʳ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝ-

ʪʠ,̫ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʦʱʥʳʡ ʤʘʛʥʠʪʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʣʘʩʴ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʪʘʨʳʝ ʠʜʝʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʫʯʠʣʠ ʥʦʚʦʝ ʨʘʟ-

ʚʠʪʠʝ. ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʪʘʢʠʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʪʦʢʘ (ʉʆʊ) ʷʚʣʷʶʪʩʷ ʨʝʟʠʩʪʠʚʥʳʡ ʠʣʠ ʠʥʜʫʢʪʠʚʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ 

ʪʦʢʘ (ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʠʧʦʚ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ ʀʥ-

ʪʝʨʥʝʪʝ).  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʜʫʢʪʠʚʥʦ-

ʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʘʚʘʨʠʡʥʦʛʦ ʩʚʝʨʭʪʦʢʘ ʪʨʝʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ʥʘ ʙʘʟʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʧʦ ʦʙʨʘʪʥʦʡ ʩʭʝʤʝ (ʚʪʦ-

ʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ï ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʡ ʵʢʨʘʥ ʩ ʠʟʤʝʥʷʝʤʦʡ ʧʨʦʚʦʜʠʤʦ-

ʩʪʴʶ, ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ ï ʢʘʪʫʰʢʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʪʢʘʤʠ, ʚʢʣʶʯʝʥ-

ʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʥʘʛʨʫʟʢʦʡ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʦʙʥʳʭ ʨʘʩʯʝʪʦʚ [1] 

ʨʘʩʯʝʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʫʨʘʚʥʝʥʠʷʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʨʘʚʥʝʥʠʷʭ ʪʨʝʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝ-

ʧʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʘʚʘʨʠʡʥʳʭ ʩʚʝʨʭʪʦʢʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ ʥʘ 

ʙʘʟʝ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʪʨʝʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɼʦʧʫʱʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʤʦʜʝʣʠ:  

ï ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʵʪʦ 

ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʬʘʢʪ;  

 ï ʤʦʜʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

ï ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʟʘʤʝʥʝʥ ʥʘ ʠʟʦʪʨʦʧ-

ʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦ-

ʪʝʨʷʤ ʚ ʰʠʭʪʦʚʘʥʥʦʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ. 

ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʠ ʦʜʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʢʘʟʘʥ ʥʘ  

ʨʠʩ. 1. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʶʪʩʷ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠ,̫ ʥʦ-

ʤʠʥʘʣʴʥʳʡ ʪʦʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʘ 

ʪʘʢʞʝ ʢʨʘʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʩʚʝʨʭʪʦʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʚ 

ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ. 
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ʛʜʝ Zn ï ʥʦʤʠʥʘʣʴʥʦʝ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; Rn ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ; űn ï ʥʦʤʠʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ; Ln ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ; 

w ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʮʝʧʠ ʧʨʠ ʘʚʘʨʠʡʥʦʤ 
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ʛʜʝ n ï ʢʨʘʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʩʚʝʨʭʪʦʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʤʠʥʘʣʴʥʦ-

ʤʫ ʪʦʢʫ. 

ʈʘʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ ʧʨʦʠʟʚʦʜʠʣ-

ʩʷ ʧʨʠʙʣʠʞʝʥʥʦ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʚʘʝʤʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʥʦʤʠʥʘʣʴʥʦʤ 

ʨʝʞʠʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ: 
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ʛʜʝ Sk ï ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʘ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ; jn ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʥʦ-
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ʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ; R1 ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ; 

V1 ï ʦʙʲʝʤ ʢʘʪʫʰʢʠ; S1 ï ʩʝʯʝʥʠʝ ʢʘʪʫʰʢʠ; r ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʢʘʪʫʰʢʠ; w1 ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʢhʠ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʦʧʨʝ-

ʜʝʣʷʣʦʩʴ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚ ʰʠʭʪʦʚʘʥʥʦʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ:  
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ʛʜʝ Rr ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʨʝʘʢʪʦʨʘ; E ï 

ʥʘʚʦʜʠʤʘʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʧʨʦʪʠʚʦ-ʕɼʉ; P ï ʤʦʱʥʦʩʪʴ ʧʦʪʝʨʴ ʚ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ; w ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ; Bm ï ʫʩʨʝʜʥʝʥʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʠʥʜʫʢʮʠʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ; Sr ï ʩʝʯʝʥʠʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ: 

 
2

1

r

r

r
r

S

V
R Ö

s
= , (5) 

ʛʜʝ rs  ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʝʘʢʪʦʨʘ; Vr ï ʦʙ̡ʝʤ ʨʝʘʢʪʦʨʘ. 

ʇʦʣʥʳʝ ʧʦʪʝʨʠ ʚ ʩʪʘʣʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤʠ: 
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ʛʜʝ p ï ʩʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘ ʝʜʠʥʠʮʫ ʚʝʩʘ ʨʝʘʢʪʦ-

ʨʘ; B ï ʩʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʧʨʝ-

ʜʝʣʝʥʳ ʫʜʝʣʴʥʳʝ ʧʦʪʝʨʠ; gr ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ: 
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ɿʘʜʘʚʰʠʩʴ ʛʝʦʤʝʪʨʠʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦ-

ʜʘ ʠ ʩʧʨʘʚʦʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʥʜʫʢʮʠʠ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʟʦʪʨʦʧ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʝʞʠʤʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʧʦʩʣʝʜʫ-

ʶʱʝʛʦ ʨʝʞʠʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ, ʥʫʞʥʦ 

ʟʘʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʙʫ-

ʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜ-

ʥʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʮʝʧʠ ʢ ʜʨʫʛʠʤ. 

ɿʘʜʘʥʠʷ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ rʜʠʬʬʝʨʝʥ-

 

t1+dt t1-dt t1 

1 

0 

0,5 

 
ʈʠʩ. 2. ɺʠʜ ʠʩʧʦʣʴʟʫʝʤʦʡ  

ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ f1(t1). 
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ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʫʧʝʥʯʘʪʳʭ ʬʫʥʢʮʠʡ ʍʚɻʠʩʘʡʜʘ ʥʝʞʝʣʘʪʝʣʴʥʦ). ɺ 

ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠ,̫ ʧʦʩʪʨʦʝʥʥʘ ̫ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʙʦ-

ʣʠʯʝʩʢʦʛʦ ʪʘʥʛʝʥʩʘ (ʨʠʩ. 2). 

ʌʫʥʢʮʠʠ ʠʤʠʪʠʨʫʶʪ ʨʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ ʠ ʫʚʝʣʠ-

ʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʨʝʘʢʪʦʨʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ (ʠʣʠ ʪʦʯʥʝʝ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʘʷ) ʤʦʜʝʣʴ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 3). 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʨʝʭʬʘʟʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ. 
 

 

ia 

ib 

ic 

R 

R 

R L 

L 

L 

E1a 

E1b 

E1c 

Ua 

Ub 

Uc 

 
ʈʠʩ. 3. ʊʨʝʭʬʘʟʥʘʷ ʩʝʪʴ, ʛʜʝ U ï ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; i ï ʪʦʢʠ ʬʘʟ; R ï ʧʦʣʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʬʘʟ, ʚʢʣʶʯʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʨʝʘʢʪʦʨʘ ʠ ʥʦʤʠʥʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; L ï ʩʫʤʤʘʨʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʚʢʣʶ-

ʯʘʶʱʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʪʢʦʛʦ ʟʘʤʢrʘʥʠʷ ʠ ʥʦʤʠʥʘʣʴʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ; 

E ï ʧʨʦʪʠʚʦ-ʕɼʉ, ʥʘʚʦʜʠʤʳʝ ʚ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʝ ʨʝʘʢʪʦʨʘ. 

 

ʋʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ: 
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 (8) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (8): 
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S
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µ

µ
Ö-= ñ
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 (9) 

ʛʜʝ w1 ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ; S1 ï ʧʣʦʱʘʜʴ ʧʝʨʚʠʯʥʦʡ 

ʢʘʪʫʰʢʠ; A1k ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ ʚʥʫʪʨʠ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ; R1 ï ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ ʨʝʘʢʪʦʨʘ; V1 ï ʦʙʲʝʤ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰ-

ʢʠ. 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ ʩ ʫʯʝʪʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ A
C

. 

1. ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ: 
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Ö j
j
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A
, (10) 

ʛʜʝ m0 ï ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ; ɸj ï ʫʛʣʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

2. ʄʘʛʥʠʪʦʧʨʦʚʦʜ: 
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r , (11) 

ʛʜʝ sr ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʝʘʢʪʦʨʘ; ()Brm  ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

3. ʆʙʣʘʩʪʴ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ: 
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. (12) 

4. ʆʙʣʘʩʪʴ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʵʢʨʘʥʘ: 

 ()( ) 0
1

0
20 =ö

ö

÷

õ
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æ

ç

å
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µ

µ
Ös+Ös j
j

A
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tf kon , (13) 

ʛʜʝ s0 ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʢʨʘʥʘ; skʦn ï ʢʦʥʝʯʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʢʨʘʥʘ.  

ɺ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʦʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ ʠ ʧʝʨʚʠʯʥʘʷ ʢʘʪʫʰʢʘ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ, ʥʦ ʥʝ ʥʫʣʝʚʫʶ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ. ʕʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙ-

ʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 
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ɿʥʘʯʝʥʠʷ ʪʦʢʘ ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʤ ʵʢʨʘʥʝ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫ-

ʣʝ: 

 ()( ) 2202

2

dS
t

A
tfi

S

kon Ö
µ

µ
Ös+Ös-= ñ

j
, (14) 

ʛʜʝ i2 ï ʪʦʢ ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʤ ʵʢʨʘʥʝ; S2 ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʵʢʨʘ-

ʥʘ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʤ ʟʥʘʯʝʥʠʠ ʬʘʟʥʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ 220 ɺ. 

1. ʅʦʤʠʥʘʣʴʥʳʡ ʨʝʞʠʤ: ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ï 600 ɸ; ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ ï 0,8; Rn=0,29 ʆʤ; Ln=0,7 ʤɻʥ. 

2. ʈʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ: ʢʨʘʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʪʦʢʘ ï 50; 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ï 0,1; Rkz=0,73 ʤʆʤ; Lkz=23 ʤʢɻʥ. 

3. ʈʝʘʢʪʦʨ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ï 2 ɸ/ʤʤ
2
; ʯʠʩʣʦ ʚʠʪʢʦʚʧʝʨʚʠʯʥʦʡ ʢʘ-

ʪʫʰʢʠ ï 5; ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʘʢʪʦʨʘ ï 1,1 ʤʆʤ; ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʝʘʢʪʦʨʘ ï 19,9 ʉʠʤ/ʤ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʤʘʛʥʠʯʠ-

ʚʘʥʠʷ ï ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʩʪʘʣʴ (ʨʠʩ. 4). 

ʄʘʪʝʨʠʘʣ ʢʘʪʫʰʝʢ ʨʝ-

ʘʢʪʦʨʘ ʤʝʜʴ: ʥʘʯʘʣʴʥʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ 5,9Ö10
7
 ʉʠʤ/ʤ; 

ʢʦʥʝʯʥʘʷ ï 1Ö10
3
ʉʠʤ/ʤ. 

ʀʟ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʙʣʘʛʦʜʘʨʷ ʨʝʘʢʪʦʨʫ (ʪʦʣʴʢʦ 

ʟʘ ʩʯʝʪ ʝʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ), ʪʦʢ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʙʫʜʝʪ ʤʝʥʴʰʝ, 

ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʡ. 

ɺʨʝʤʷ ʥʘʯʘʣʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ï t1=17 ʤʩ; ʘ 

ʥʘʯʘʣʦ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʟʘʜʘʚʘʣʦʩʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ï t2a=35 ʤʩ; t2b=45 ʤʩ; t2c=40 ʤʩ. 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʦʢʦʚ ʚ ʮʝʧʠ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ. 

 
ɺ, ʊʣ 

ʅÖ105, ɸ/ʤ 

ʈʠʩ. 4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ  

ʤʘʪʝʨʠʘʣʘ ʨʝʘʢʪʦʨʘ. 
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ʈʠʩ. 5. ʊʦʢʠ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʠ. 

 

ʀʟ ʨʠʩ. 5 ʚʠʜʥʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ï ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ. 

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʪʦʢʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʵʢʨʘʥʘ. 
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t, c 

 
ʈʠʩ.6. ʊʦʢʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʵʢʨʘʥʘ. 
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ɿʥʘʯʝʥʠʝ ʪʦʢʦʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʵʢʨʘʥʘ ʟʥʘʯʠʪʝʣʴʥʳ, ʚ ʥʦʤʠ-

ʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ï 3 ʢɸ. ʆʜʥʘʢʦ ʪʝʧʣʦʚʘʷ ʤʦʱ-

ʥʦʩʪʴ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʫʯʝʪʦʤ ʥʝʙʦʣʴh ʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʵʢʨʘʥʘ ʥʝʚʝʣʠʢʘ: 

P2=3000
2
Ö3,55Ö10

-7
=3,2 ɺʪ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʟʥʘʯʝʥʠʷ ʧʘʜʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʝ ʠ ʚ ʵʢʨʘʥʝ. 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʧʝʨʚʠʯʥʳʭ ʢʘʪʫʰʢʘʭ ʨʝʘʢʪʦʨʘ. 

ʀʟ ʨʠʩ. 7 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʰʢʝ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʠ ʩʥʠʞʘʝʪ ʘʚʘʨʠʡʥʳʡ ʩʚʝʨʭʪʦʢ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʠʯ-

ʥʦʡ ʢʘʪʫʰʢʝ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʚʥʦ 3 ɺ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 

% ʦʪ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (2220Ö ), ʧʨʠʯʝʤ, ʪʦʣʴʢʦ 1 ɺ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 

 

ua 

ub 

uc 

U, B 

t, c 

 
ʈʠʩ. 7. ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʠʯʥʦʡ ʢʘʪʫʢhʝ ʨʝʘʢʪʦʨʘ. 

 

ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʦ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ. 
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E2a 

E2b 

E2c 

E, B 

t, c 

 
ʈʠʩ. 8. ɻʨʘʬʠʢ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʤ ʵʢʨʘʥʝ. 

 

ɺ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʠʣʣʠ-

ʚʦʣʴʪʳ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʙʘʟʠʨʫʶʱʘʷʩʷ 

ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ, ʜʘʪy ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʛʨʘʥʠʯʠʪʝʣʷʭ ʪʦʢʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨ-

ʥʦʛʦ ʪʠʧʘ, ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʘʪʫʰʝʢ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʩʚʝʨʭʪʦʢʘ, 

ʧʦʟʚʦʣʷʷ ʟʘʱʠʱʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ɸʣʴʪʦʚ ɺ.ɸ. ʊʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ / ɺ.ɸ. ɸʣʴʪʦʚ, ʉ.ʉ. ʀʚʘʥʦʚ, ɺ.ɺ. ɾʝʣʪʦʚ, ʉ.ʀ. ʂʦʧʳʣʦʚ, 

ʄ.ɺ. ʇʦʧʦʚʘ // ʕʣʝʢʪʨʦ. ï ʄʦʩʢʚʘ. ï 2010. ï ˉ 5. ï ʉ. 46-54. 
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ʋɼʂ 621.3.04: 621.316 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʘʚʘʨʠʡʥʳʭ 

ʩʚʝʨʭʪʦʢʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ / ɹʘʡʜʘ ɽ.ʀ. // ɺʽʩʥʠʢ ʅʊʋ "ʍʇʀ". 

ʉʝʨʽʷ: ʇʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ. ʊʝʦʨʽʷ ʽ ʧʨʘʢ-

ʪʠʢʘ. ï ʍ.: ʅʊʋ "ʍʇɯ", 2013. ï ˉ 65 (1038). ï ʉ. 3-13. ɹʽʙʣʽʦʛʨ.: 1 ʥʘʟʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʙʤʝʞʫʚʘʯʘ ʘʚʘʨʽʡʥʠʭ 

ʥʘʜʩʪʨʫʤʽʚ. ʆʧʠʩʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʽ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʨʦʟ-
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ʨʘʭʫʥʢʫ ʧʨʠʩʪʨʦʶ, ʱʦ ʦʙʤʝʞʫʻ ʩʪʨʫʤ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʦʧʦʨʫ ʚʪʦʨʠʥʥʦʾ 

ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʪʨʫʤʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʽʥʜʫʢʪʠʚʥʠʡ ʦʙʤʝʞʫʚʘʯ ʘʚʘʨʽʡʥʠʭ 

ʥʘʜʩʪʨʫʤʽʚ. 

 

The mathematical model of the inductive terminator of emergency over cur-

rents is observed. The mathematical statement of problem is presented and instances 

of calculation of the device of restriction of the current which is based on change of 

resistance of the secondary winding of the transformer of a current are resulted. 

Keywords: fault current limiter inductive, mathematical model. 

 



14 ISSN 2079-3944. ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ". 2013. ̄  65 (1038)  

ʋɼʂ 67.05 
 

ɸ.ʄ. ɻʈɽʏʂʆ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ "ʍʇʀ" 
 

ʊɽʍʅʆʃʆɻʀʀ ɹʓʉʊʈʆɻʆ ʇʈʆʊʆʊʀʇʀʈʆɺɸʅʀʗ ï 

ʆʊ ɼɽʊʉʂʆʁ ʀɻʈʋʐʂʀ ɼʆ ʄʀʈʆɺʆɻʆ ɻʆʉʇʆɼʉʊɺɸ 
 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ï ʙr ʩʪʨʦʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘ-

ʥʠʝ ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʪʝʭʥʦʣʦʛʠʷ, ʙʳʩʪʨʦʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ, 3D-ʧʝʯʘʪʴ, 

ʪʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 
 

30-ʣʝʪʠʶ ʦʪʢʨʳʪʠʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʧʦʩʚʷʱʘʝʪʩʷ... 
 

ɺʚʝʜʝʥʠʝ. "ʈʘʩʧʝʯʘʪʘʪʴ", "ʦʪʢʩʝʨʠʪʴ", "ʩʥʷʪʴ ʢʦʧʠʶ"... ʝʱʝ ʩʦ-

ʚʩʝʤ ʥʝʜʘʚʥʦ, ʢʘʢʠʭ-ʪʦ 15 ʣʝʪ ʥʘʟʘʜ, ʚ ʢʦʥʮʝ ʍʍ ʚʝʢʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʧʦʩʪʘʚʠʣʠ ʙʳ ʤʥʦʛʠʭ ʠʟ ʥʘʩ ʚ ʪʫʧʠʢ. ʏʪʦ ʪʘʤ ʛʦʚʦʨʠʪʴ, 

ʝʩʣʠ ʘʚʪʦʨ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʦʤʫ ʧʦʢʦʣʝʥʠʶ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʧʝʨʝʧʠ-

ʩʳʚʘʣʦ ʧʨʦʧʫʱʝʥʥʳʝ ʣʝʢʮʠʠ (ʯʝʩʪʥʦ ʧʨʠʟʥʘʶʩʴ ï ʩʣʫʯʘʣʦʩʴ ʪʘʢʦʝ) ʦʪ 

ʨʫʢʠ ʦʙʳʯʥʦʡ ʰʘʨʠʢʦʚʦʡ ʨʫʯʢʦʡ! ʋʩʣʳʰʘʚ ʧʦʜʦʙʥʦʝ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʪʫʜʝʥʪʳ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʦ ʛʣʘʟʘ ʠ ʣʠʰʴ ʨʘʟʚʦʜʷʪ ʨʫʢʘʤʠ, ʜʝʨʞʘ 

ʩʤʘʨʪʬʦʥʳ, ʧʣʘʥʰʝʪʳ, ʥʦʫʪʙʫʢʠ... ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʰʘʛʘʝʪ ʧʦ 

ɿʝʤʣʝ ʩʝʤʠʤʠʣʴʥʳʤʠ ʰʘʛʘʤʠ, ʚʭʦʜʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʦʙʣʘʩʪʠ ʠ 

ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʂʦʥʝʯʥʦ ʞʝ, ʥʝ ʦʙʜʝʣʠʣ ʦʥ ʩʚʦʠʤ ʚʥʠ-

ʤʘʥʠʝʤ ʠ ʪʘʢʫʶ ʦʙʣʘʩʪʴ ʥʘʫʢʠ, ʢʘʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. 

ɺ ʥʘʯʘʣʝ ʩʪʘʪʴʠ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʧʨʠʚʳʢ-

ʣʠ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʫʧʦʪʨʝʙʣʷʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʥʘʥʝʩʝʥʠʶ ʜʚʫʤʝʨʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʠʣʠ ʞʝ ʪʝʢʩʪʘ) ʥʘ 

ʙʫʤʘʛʫ. ʅʦ ʵʪʦ ʜʚʫʤʝʨʥʘʷ ʧʝʯʘʪʴ ï ʙʫʜʴ-ʪʦ ʤʘʪʨʠʯʥʘʷ, ʩʪʨʫʡʥʘʷ, ʣʘ-

ʟʝʨʥʘʷ, ʩʫʙʣʠʤʘʮʠʦʥʥʘʷ ʠʣʠ ʞʝ ʪʚʝʨʜʦʯʝʨʥʠʣʴʥʘʷ. ʆʜʥʘʢʦ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʝ, ʠ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ ʥʘʫʢʠ, ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʜʝʣʦ ʩʦ ʩʣʦʞʥʳʤʠ 

ʪʨʝʭʤʝʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʜʝʪʘʣʷʤʠ) ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʩʙʦʨʢʘʤʠ), 

ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʠʭ ʩʦʟʜʘʥʠʷ ʠʥʞʝʥʝʨʘʤʠ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʚʠʜʝ ʚʩʸ ʪʘʢʞʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʡ, ʘʢʩʦʥʦ-

ʤʝʪʨʠʡ, ʩʝʯʝʥʠʡ ʠ ʨʘʟʨʝʟʦʚ ʚʩʸ ʥʘ ʪʫ ʞʝ ʧʨʝʩʣʦʚʫʪʫʶ ʙʫʤʘʛʫ. ʅʝʚʦʣʴ-

ʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʥʝʣʴʟʷ ʣʠ ʢʘʢʠʤ-ʥʠʙʫʜʴ ʦʙʨʘʟʦʤ ʦʙʦʡʪʠʩʴ ʙʝʟ 

ʦʥʦʡ ʠ ʩʨʘʟʫ, "ʙʝʟ ʧʦʩʨʝʜʥʠʢʦʚ", ʧʦʧʨʦʙʦʚʘʪʴ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʦʙʲʝʤ-

ʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ? 

ʆʢʘʟʳʚʘʝʪʩʷ ï ʤʦʞʥʦ! ɼʘʥʥʳʤ ʚʦʧʨʦʩʦʤ ʟʘʥʠʤʘʝʪʩʷ ʦʜʥʘ ʠʟ ʩʘ-

ʤʳʭ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʪʨʘʩʣʝʡ ʤʘh ʠʥʦʩʪʨʦʝʥʠʷ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ (ʧʦ ʘʥʛʣ. ï Rap-

É ɸ.ʄ. ɻʨʝʯʢʦ, 2013 
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id Prototyping (RP-technology)) ʠʣʠ, ʤʦʞʝʪ ʙʳʪʴ, ʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʦʩʪʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 3D-ʧʝʯʘʪʴ, ʪʦ ʝʩʪʴ ʪʝʭʥʦʣʦʛʠʷ ʩʦ-

ʟʜʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (3D-ʧʨʠʥʪʝʨʦʚ) ʬʠʟʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ (ʤʦʜʝʣʝʡ, ʤʘʢʝʪʦʚ, ʦʙʨʘʟʮʦʚ) ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ 3D-ʤʦʜʝʣʠ. ʕʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ ʋʢʨʘʠʥʳ, ʧʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʨʦʙʥʦʛʦ ʦʙʟʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆ ʧʦʧʫʣʷʨʥʦʩʪʠ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 3D-ʧʝʯʘʪʠ ʢʨʘʩʥʦʨʝʯʠʚʦ ʛʦʚʦʨʠʪ ʠ ʪʦ, ʯʪʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʚʝʩʪʠ ʚ ʷʯʝʡʢʝ ʣʶʙʦʡ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ ʧʨʦʩʪʦ ʬʨʘʟʫ-ʟʘʧʨʦʩ 

"3D" ʠ ʚ ʧʝʨʚʦʡ ʧʷʪʝʨʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ɺʳ ʫʚʠʜʠʪʝ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʚʘʨʠʘʥʪ-ʧʦʜʩʢʘʟʢʫ "3D-ʧʨʠʥʪʝʨ" ï ʙʦʣʝʝ 3,5 ʤʠʣʣʠʦʥʦʚ ʩʩʣrʦʢ! 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ ʯʠʪʘʪʝʣʝʡ 

ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦ ʙʳʩʪʨʦʤʫ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʙʟʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʥʦʚʦʡ, ʪʦʣʴʢʦ ʟʘʨʦʞʜʘ-

ʶʱʝʡʩʷ ʥʘ ʋʢʨʘʠʥʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʇʦʯʝʤʫ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʥʥʦ ʥʝ ʧʨʦʩʪʦ ʫʚʠ-

ʜʝʪʴ ʯʝʨʪʝʞʠ, ʘ, ʢʘʢ ʛʦʚʦʨʠʪʩʷ, ʧʦʱʫʧʘʪʴ ʨʫʢʘʤʠ ʛʦʪʦʚʫʶ ʜʝʪʘʣʴ? ʆʪ-

ʚʝʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʨʘʭ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦ ʩʣʦʚʘʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʠ 

"Pratt & Whitney" [1] ï ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ 

ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ ï "ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʤʦʞʝʪ ʦʯʝʥʴ ʩʠʣʴʥʦ ʩʥʠʟʠʪʴʩʷ, ʝʩʣʠ ʧʨʝʜʣʦʞʠʪʴ ʠʥʞʝʥʝʨʘʤ 

ʚʤʝʩʪʦ ʜʝʩʷʪʢʦʚ ʯʝʨʪʝʞʝʡ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʝʘʣʴʥʫʶ ʜʝʪʘʣʴ" [2]. 

ɺʦ-ʚʪʦʨʳʭ, "ʨʘʩʧʝʯʘʪʘʥʥʘʷ" 3D-ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝʢʠʤ ʧʦ-

ʜʦʙʠʝʤ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʙʫʜʫʱʠʭ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʥʘ 

ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʪʝʩʪʦʚ ʜʣʷ ʚʳʷʚ-

ʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʘʷ ʘʚʪʦ-

ʤʦʙʠʣʴʥʘʷ ʢʦʤʧʘʥʠʷ Porsche ʠʩʧʦʣʴʟʦʚʘʣʘ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʩʚʦʝʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʩʝʨʠʠ 911 GTI ʧʨʦʟʨʘʯʥʫʶ ʧʣʘʩʪʠʢʦʚʫʶ 3D-ʤʦʜʝʣʴ 

ʪʨʘʥʩʤʠʩʩʠʠ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʤʘʩʣʘ [2]. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʠ ʦʙʟʦʨ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ [3-6], 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘ-

ʥʠʷ ï ʣʘʟʝʨʥʘʷ ʠ ʩʪʨʫʡʥʘʷ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʧʨʠʚʦʜʷʪʩʷ ʢʘʢ ʦʨʠʛʠʥʘʣʴʥʳʝ ʘʥ-

ʛʣʦʷʟʳʯʥʳʝ ʥʘʟʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʙʙʨʝʚʠʘʪʫ-

ʨʳ, ʧʨʠʥʷʪʳʝ ʠ ʧʦʥʠʤʘʝʤʳʝ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʠ ʠʭ ʘʚʪʦʨʩʢʠʡ ʧʝʨʝʚʦʜ 

ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ï ʧʨʠʤ.): 

¶ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: 
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- ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (stereolithography apparatus ʠʣʠ SLA-ʪʝʭʥʦʣʦʛʠʷ); 

- ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (selective laser sintering ʠʣʠ SLS-

ʪʝʭʥʦʣʦʛʠʷ); 

- ʣʘʤʠʥʠʨʦʚʘʥʠʝ ʠʣʠ ʧʦʩʣʦʡʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠʟ ʣʠʩʪʦʚʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ (laminated object manufacturing ʠʣʠ LOM-ʪʝʭʥʦʣʦʛʠʷ); 

¶ ʩʪʨʫʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʣʝʥʠʷ (fused deposition modeling ʠʣʠ 

FDM-ʪʝʭʥʦʣʦʛʠʷ). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʳ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʘ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʤʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʘʢʞʝ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʘʥʠʡ Objet Geometries (Polyjet-

ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʩʝʡʯʘʩ ʢʦʤʧʘʥʠʠ Stratasys [7]) ʠ ʪʝʭʥʦʣʦ-

ʛʠʶ ʢʦʤʧʘʥʠʠ Z Corporation [8], ʩʪʘʚʰʝʡ ʚ 2012 ʛ. ʯʘʩʪʴʶ ʢʦʤʧʘʥʠʠ 

3D Systems, ʨʝʯʴ ʦ ʢʦʪʦʨʦʡ ʧʦʡʜʝʪ ʥʠʞʝ). ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʩʫʪʴ ʢʘʞʜʦʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʥʮʠʧ ʧʨʦʪʦʪʠ-

ʧʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʠʤʝʥʝ-

ʥʠʶ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 3D-ʧʝʯʘʪʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪ.ʥ. ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠ ̫(SLA-ʪʝʭʥʦʣʦʛʠʷ). ɽʝ ʧʨʠʥʮʠʧ ʙʳʣ ʠʟʦʙʨʝʪʝʥ 

ʨʦʚʥʦ 30 ʣʝʪ ʥʘʟʘʜ ʚ 1983 ʛ. ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʝʥʳʤ ʏʘʨʣʴʟʦʤ ʍʘʣʣʦʤ 

(Charles "Chuck" Hull) ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ ʠʤ ʞʝ ʚ 1986 ʛ. ʅʘʟʚʘʥʠʝ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʣʦʚʘ "ʣʠʪʦʛʨʘʬʠʷ", ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʩ ʜʨʝʚ-

ʥʝʛʨʝʯʝʩʢʠʭ ʩʣʦʚ ʦʟʥʘʯʘʝʪ: "ɚɑɗɞɠ" ï "ʢʘʤʝʥʴ" ʠ "ɔɟɎűɤ" ï "ʧʠh ʫ". 

ʃʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʦʚʝʜʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʘ-

ʪʝʥʪʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʩʥʦʚʘʥʠʝ ʏ. ʍʘʣʣʦʤ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ 3D 

Systems [9], ʢʦʪʦʨʘʷ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʟʘʥʷʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʥʝʜʨʝʥʠʝʤ 

ʚ ʞʠʟʥʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʏ. ʍʘʣʣ ʥʘ ʬʦʥʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʦʙ-

ʨʘʟʮʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 3D-ʧʝʯʘʪʠ ʩ ʛʦʪʦʚʳʤ "ʨʘʩʧʝʯʘʪʘʥʥʳʤ" ʤʘʢʝ-

ʪʦʤ ʜʠʩʢʘ ʜʣʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʘʥʠʷ 

3D Systems ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦ-

ʜʦʣʞʘʝʪ ʟʘʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʧʦʣʦʞʝʥʠʡ ʧʦ ʚʳʧʫʩʢʫ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʜʣʷ 3D-ʧʝʯʘʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ 

ʨʳʥʢʘ ʙʦʣʴh ʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʢʦʤʧʘʥʠʡ. 

ʉʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ 3D-ʧʝʯʘʪʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2, ʘ ʝʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɺ ʨʘʙʦʯʝʡ ʝʤʢʦʩʪʠ 5 (ʚʘʥʥʝ) 3D-ʧʨʠʥʪʝʨʘ ʥʘʭʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ 

ʞʠʜʢʦʩʪʴ ï ʬʦʪʦʧʦʣʠʤʝʨ 6. ɼʘʥʥʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ (ʬʦʪʦʧʦʣʠʤʝʨʳ, 

ʢʨʦʤʝ ʞʠʜʢʦʩʪʠ, ʪʘʢʞʝ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ï ʩʫʭʠʝ ʬʦʪʦʧʦʣʠ-
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ʤʝʨʳ ʠ ʚ ʚʠʜʝ ʩʧʨʝʷ ï ʣʘʢʦʚʳʝ ʬʦʪʦʧʦʣʠʤʝʨʳ, ʨʠʩ. 3) ʠʤʝʝʪ ʦʜʥʫ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ï ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʘ ʠʤʝʥʥʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʯʘʩʪʠ ʝʛʦ 

ʩʧʝʢʪʨʘ, ʬʦʪʦʧʦʣʠʤʝʨʳ ʣʠʙʦ ʟʘʪʚʝʨʜʝʚʘʶʪ (ʧʦʣʠʤʝʨʠʟʫʶʪʩʷ) ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ (ʢʘʢ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ ʨʠʩ. 2), ʣʠʙʦ ʞʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʥʦʚʳʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʪʘʢʠʝ ʬʦʪʦʧʦʣʠʤʝʨʳ, 

ʥʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ 

ʥʘʟʳʚʘʶʪʩʷ ʬʦʪʦʨʝʟʠʩʪʘʤʠ). ɾʠʜʢʠʝ ʞʝ ʬʦʪʦʧʦʣʠʤʝʨʳ ʩʝʛʦʜʥʷ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʯʘʪʝʡ ʠ ʰʪʘʤʧʦʚ. ʉ ʬʦʪʦʧʦʣʠʤʝʨʘ-

ʤʠ ʪʘʢʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʘʩ ʚʩʪʨʝʯʘʣʦʩʴ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ï 

ʧʨʠ ʧʦʩʝʱʝʥʠʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʘʙʠʥʝʪʦʚ ʠ ʫʩʪʘʥʦʚʢʝ ʪʘʢ ʥʘʟʚrʘ-

ʝʤʳʭ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʧʣʦʤʙ.  

 

 
ʈʠʩ. 1 ï ʆʩʥʦʚʘʪʝʣʴ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ 3D-ʧʝʯʘʪʠ 

ʏʘʨʣʴʟ ʍʘʣʣ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʚʦʝʛʦ ʠʟʦʙʨʝʪʝʥʠʷ. 

 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʞʠʜʢʦʛʦ ʬʦʪʦʧʦʣʠʤʝʨʘ 6 ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ (ʚ ʜʦ-

ʚʦʣʴʥʦ ʧʨʦʯʥʳʡ ʧʣʘʩʪʠʢ) ʚ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ 

ʣʘʟʝʨ 1. ʃʘʟʝʨʥʳʡ ʣʫʯ 4, ʧʨʦʡʜʷ ʯʝʨʝʟ ʬʦʢʫʩʠʨʫʶʱʠʝ ʣʠʥʟʳ 2, ʧʦʧʘ-

ʜʘʝʪ ʥʘ ʚʨʘʱʘʶʱʝʝʩʷ ʟʝʨʢʘʣʦ 3, ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʷʝʪ ʣʫʯ ʚ ʨʘʙʦʯʫʶ 

ʝʤʢʦʩʪʴ 5 ʩ ʞʠʜʢʠʤ ʬʦʪʦʧʦʣʠʤʝʨʦʤ 6. ʃʫʯ ʣʘʟʝʨʘ ʧʨʦʭʦʜʠʪ ʥʝ ʧʦ ʚʩʝʡ 

ʦʙʣʘʩʪʠ (ʩʣʦʶ) ʬʦʪʦʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʜʦʟʠ-

ʨʦʚʘʥʦ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʪʦʥʢʠʤ ʩʣʦʝʤ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʤʠʢʨʦʥ), ʘ ʧʦʧʘʜʘʝʪ ʣʠʰʴ ʥʘ ʪʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʟʘʪʚʝʨʜʝ-

ʚʘʥʠʶ. ɼʘʥʥʳʝ ʫʯʘʩʪʢʠ ʟʘʜʘʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠ-
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ʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (computer aided design, 

ʪ.ʥ. CAD-ʧʨʦʛʨʘʤʤʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʘʟʝʨʥʳʡ ʣʫʯ ʢʘʢ ʙʳ "ʩʢʘʥʠʨʫ-

ʝʪ" ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ ʬʦʪʦʧʦʣʠʤʝʨʘ ʠ ʬʦʨʤʠʨʫʝʪ ʦʪʜʝʣʴʥʳʝ ʪʚʝʨʜʳʝ 

ʫʯʘʩʪʢʠ ʩʣʦʷ ʜʝʪʘʣʠ, ʧʦʢʘ ʥʝ ʚʦʩʧʨʦʠʟʚʝʜʝʪ ʥʘ ʧʣʘʩʪʠʢʝ ʦʜʥʦ ʠʟ ʩʝʯʝ-

ʥʠʡ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʜʝʪʘʣʠ 9 ʥʘ ʨʠʩ. 2). 
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ʈʠʩ. 2 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ: 

1 ï ʣʘʟʝʨ; 2 ï ʬʦʢʫʩʠʨʫʶʱʠʝ ʣʠʥʟʳ; 3 ï ʚʨʘʱʘʶʱʝʝʩʷ ʟʝʨʢʘʣʦ; 4 ï ʣʘʟʝʨʥʳʡ 

ʣʫʯ; 5 ï ʨʘʙʦʯʘʷ ʝʤʢʦʩʪʴ (ʚʘʥʥʘ); 6 ï ʞʠʜʢʠʡ ʬʦʪʦʧʦʣʠʤʝʨ; 7 ï ʤʦʙʠʣʴʥʳʡ 

ʧʦʜʲʝʤʥʠʢ; 8 ï ʦʯʠʩʪʠʪʝʣʴ-ʚʳʨʘʚʥʠʚʘʪʝʣʴ; 9 ï "ʨʘʩʧʝʯʘʪʳʚʘʝʤʘʷ" ʜʝʪʘʣʴ; 10 ï 

ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʜʝʪʘʣʴʶ. 

 

 1 

2 

3 

 
                                        ʘ                                                   ʙ                 ʚ 

ʈʠʩ. 3 ï ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʬʦʪʦʧʦʣʠʤʝʨʦʚ: 

ʘ ï ʩʫʭʦʡ ʧʣʝʥʦʯʥʳʡ (1 ï ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʤʘʪʦʚʘʷ ʧʣʝʥʢʘ; 2 ï ʩʫʭʦʡ ʬʦʪʦʧʦ-

ʣʠʤʝʨ (ʬʦʪʦʨʝʟʠʩʪ); 3 ï ʣʘʚʩʘʥʦʚʘʷ ʧʨʦʟʨʘʯʥʘʷ ʧʣʝʥʢʘ); ʙ ï ʞʠʜʢʠʡ ʬʦʪʦʧʦ-

ʣʠʤʝʨ; ʚ ï ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʥɹʳʡ ʣʘʢ-ʩʧʨʝʡ. 
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ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʜʝʪʘʣʠ ʥʘʜ ʚʩʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʧʨʦʭʦʜʠʪ ʦʯʠʩʪʠʪʝʣʴ-ʚʳʨʘʚʥʠʚʘʪʝʣʴ 8 ʠ ʫʙʠʨʘʝʪ ʩʣʦʡ ʥʝ-

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʬʦʪʦʧʦʣʠʤʝʨʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ "ʥʘʨʘʩʪʠʪʴ" ʩʣʝ-

ʜʫʶʱʠʡ ʩʣʦʡ ʜʝʪʘʣʠ, ʜʣʷ ʯʝʛʦ ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʚʤʝʩʪʝ ʩʦ ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʴʶ ʜʝʪʘʣʠ 10 ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʚʘʥʥʫ ʩ ʬʦʪʦ-

ʧʦʣʠʤʝʨʦʤ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ 

(ʩʝʯʝʥʠʷ) ʜʝʪʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʭ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʣʘʟʝʨʥʳʤ 

ʣʫʯʦʤ "ʨʠʩʫʝʪʩʷ" ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ, ʧʦʢʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʥʝ ʙʫʜʝʪ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʧʦʣʥʦʩʪʴʶ. 

SLA-ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʤʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʝʝ 

ʧʨʝʠʤʫʱʝʩʪʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ "ʧʝʯʘʪʘʝʤʦʡ" ʜʝʪʘʣʠ ï ʧʦʨʷʜʢʘ 100 ʤʢʤ; ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟ-

ʚʦʜʠʪʴ ʢʘʢ ʤʝʣʢʠʝ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʪʘʢ ʠ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ; 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʪʝ-

ʨʝʦʣʠʪʦʛʨʘʬʠʠ ʷʚʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʠʝ ʮʝʥʳ ʫʩʪʘʥʦʚʦʢ ʠ 

ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʮʝʥʘ ʪʘʢʦʛʦ 3D-ʧʨʠʥʪʝʨʘ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 

ʩʦʪʝʥ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. ʊʘʢʞʝ SLA-ʪʝʭʥʦʣʦʛʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝ-

ʥʠʠ ʪ.ʥ. ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʯʘʩʪʝʡ ʤʦʜʝʣʠ, "ʚʠʩʷʱʠʭ" ʚ 

ʚʦʟʜʫʭʝ (ʨʠʩ. 4), ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʫʜʘʣʝʥʠʶ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʯʘʪʠ. 

ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʢʨʦʧʦʪʣʠʚʦ-

ʩʪʠ ï ʥʝʦʩʪʦʨʦʞʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʤʦʜʝʣʠ. ʊʘʢʞʝ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʠ ʪʦʣʴʢʦ ʠʟ ʬʦʪʦʧʦʣʠʤʝʨʦʚ. 

 

 
ʈʠʩ. 4 ï ʇʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʝʡ ʧʨʠ ʧʝʯʘʪʠ ʧʦ SLA-ʪʝʭʥʦʣʦʛʠʠ. 

 

ʉʣʝʜʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʥʘʟʳʚʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʣʘ-

ʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ (selective laser sintering ʠʣʠ SLS-ʪʝʭʥʦʣʦʛʠʷ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʩʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʢʦʥʮʝ 80-ʭ ʛʦ-

ʜʦʚ ʍʍ ʚʝʢʘ ʚ ʊʝʭʘʩʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʛ. ʆʩʪʠʥ) ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʚ 

1989 ʛ. ʚʳʧʫʩʢʥʠʢʦʤ ʜʘʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʨʣʦʤ ɼʝʢʘʨʜʦʤ (Carl 

Deckard, ʨʠʩ. 5) [10]. ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʨʠʥʮʠʧ SLS-ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ DTM Corporation (ʝʝ ʦʩʥʦʚʘ-
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ʪʝʣʷʤʠ ʠ ʩʪʘʣʠ ʂʘʨʣ ɼʝʢʘʨʜ ʩ ɼʞʦ ɹʠʤʵʥʦʤ), ʢʦʪʦʨʘʷ ʠ ʥʘʯʘʣʘ ʧʨʠʤʝ-

ʥʷʪʴ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʧʨʘʢʪʠʢʝ. ʆʜʥʘʢʦ ʚ ʢʦʥʮʝ 90-ʭ ʛʦʜʦʚ ʧʦ-

ʩʣʝ ʨʜ̫ʘ ʧʝʨʝʧʨʦʜʘʞ ʢʦʥʪʨʦʣʴʥʳʡ ʧʘʢʝʪ ʘʢʮʠʡ DTM Corporation ʙʳʣ 

ʧʨʠʦʙʨʝʪʝʥ ʏ. ʍʘʣʣʦʤ ʠ ʚʩʝ ʪʦʡ ʞʝ ʢʦʤʧʘʥʠʝʡ 3D Systems! 

 

 
ʈʠʩ. 5 ï ʇʨʦʬ. ɼʞʦ ɹʠʤʵʥ (Joe Beaman) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʨʝʭʤʝʨʥʳʝ ʧʣʘʩʪʠʢʦ-

ʚʳʝ ʤʦʜʝʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ SLS-ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʪʦʛʜʘ ʝʱʝ ʩʪʫʜʝʥʪʦʤ ʂʘʨʣʦʤ ɼʝʢʘʨʜʦʤ (ʩʣʝʚʘ) (ʬʦʪʦ 1987 ʛ.). 

 

ɺ SLS-ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ SLɸ-ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʞʠʜʢʠʡ ʬʦʪʦʧʦʣʠʤʝʨ, ʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʩʳʧʫʯʠʡ 

ʧʦʨʦʰʦʢ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʧʣʘʩʪʠʢʘ (ʜʘʣʝʝ ï ʧʣʘʩʪʠʢʦʚʳʡ ʧʦʨʦʰʦʢ).  

ʉʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ 3D-ʧʝʯʘʪʠ ʩ ʧʦʤʦʱʴʶ SLS-

ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6, ʘ ʝʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʩʭʝʤʳ ʘʥʘʣʦʛʠʯʝʥ SLɸ-ʪʝʭʥʦʣʦʛʠʠ. ʊʦʯʥʦ 

ʪʘʢʞʝ ʣʘʟʝʨʥʳʡ ʣʫʯ 4 ʧʨʦʭʦʜʠʪ ʥʝ ʧʦ ʚʩʝʤʫ ʩʣʦʶ ʧʣʘʩʪʠʢʦʚʦʛʦ ʧʦʨʦʰʢʘ 

6, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʜʦʟʠʨʦʚʘʥʦ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝ-

ʩʪʚʝ ʠ ʪʦʥʢʠʤ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʚʘʣʠʢʘ 

7, ʘ ʧʦʧʘʜʘʝʪ ʣʠʰʴ ʥʘ ʫʯʘʩʪʢʠ ʜʝʪʘʣʠ 5, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʟʘʧʝʢʘʥʠʶ, 

ʬʦʨʤʠʨʫʷ, ʪʝʤ ʩʘʤʳʤ, ʦʜʥʦ ʠʟ ʩʝʯʝʥʠʡ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ. ʇʣʘʩʪʠʢʦʚʳʡ 

ʧʦʨʦʰʦʢ 6 ʧʦʩʪʫʧʘʝʪ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʪʨʠʜʞʝʡ 8, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʩ ʜʚʫʭ ʩʪʦʨʦʥ, ʩ ʧʦʤʦʱʴʶ ʧʦʨʰʥʝʡ 9. ʇʣʘʩʪʠʢʦʚʳʡ ʧʦʨʦʰʦʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʧʣʘʚʣʝʥʠʷ, ʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʝʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʚ ʨʘʙʦʯʫʶ 

ʢʘʤʝʨʫ 10 ʧʦʜʘʝʪʩʷ ʟʘʱʠʪʥʳʡ ʛʘʟ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʘʟʦʪ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʦʱʥʳʡ ʣʘʟʝʨʥʳʡ ʣʫʯ ʫʩʪʘʥʦʚ-

ʢʠ ʬʦʨʤʠʨʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʪʝʢʫʱʠʡ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 50-100 ʤʢʤ. ʇʦʜ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ 

ʣʫʯʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦʛʨʝʪʳʡ ʧʣʘʩʪʠʢʦʚʳʡ ʧʦʨʦʰʦʢ ʥʘʛʨʝʚʘʝʪʩʷ ʫʞʝ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʩʧʝʢʘʝʪʩʷ. 
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ʈʠʩ. 6 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ ʧʦ SLS-ʪʝʭʥʦʣʦʛʠʠ: 

1 ï ʣʘʟʝʨ; 2 ï ʬʦʢʫʩʠʨʫʶʱʠʝ ʣʠʥʟʳ; 3 ï ʚʨʘʱʘʶʱʝʝʩʷ ʟʝʨʢʘʣʦ; 4 ï ʣʘʟʝʨʥʳʡ 

ʣʫʯ; 5 ï ʩʧʝʯʸʥʥʘʷ ʯʘʩʪʴ ʜʝʪʘʣʠ, ʦʙʨʘʙʦʪʘʥʥʘʷ ʣʘʟʝʨʦʤ; 6 ï ʧʣʘʩʪʠʢʦʚʳʡ ʧʦ-

ʨʦʰʦʢ; 7 ï ʚʳʨʘʚʥʠʚʘʶʱʠʡ ʚʘʣʠʢ, ʧʦʜʘʶʱʠʡ ʧʦʨʦʰʦʢ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ; 8 ï 

ʝʤʢʦʩʪʠ (ʢʘʨʪʨʠʜʞʠ) ʩ ʧʣʘʩʪʠʢʦʚʳʤ ʧʦʨʦʰʢʦʤ; 9 ï ʧʦʨʰʥʠ ʧʦʜʘʯʠ ʧʣʘʩʪʠʢʦ-

ʚʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʢʘʨʪʨʠʜʞʝʡ; 10 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʩ ʜʝʪʘʣʴʶ; 11 ï ʧʦʨʰʝʥʴ, 

ʧʨʠʚʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʧʣʘʪʬʦʨʤʫ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʡ ʜʝʪʘʣʴʶ. 

 

ɿʘʪʝʤ ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ 10 ʩ ʜʝʪʘʣʴʶ 5 ʩ ʧʦʤʦʱʴʶ ʧʦʨʰʥʷ 

11 ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʪʦʣʱʠʥʫ ʦʜʥʦʛʦ ʩʣʦʷ ʠ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʚʘʣʠʢʦʤ 7 

ʚʥʦʚʴ ʧʦʩʪʫʧʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʩʣʦʡ ʧʣʘʩʪʠʢʦʚʦʛʦ ʧʦʨʦʰʢʘ 6 ʠ ʦʧʝʨʘ-

ʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʩʥʦʚʘ. 

ʍʦʪʷ ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ SLS-

ʪʝʭʥʦʣʦʛʠʠ, ʠ ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʨʠʩʪʦʡ, ʥʦ ʚʩʝ-ʪʘʢʠ ʣʘʟʝʨʥʦʝ ʩʧʝ-

ʢʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʥʘʨʷʜʫ ʩ ʠʭ ʚʳʩʦʢʦʡ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʃʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ "ʨʘʩʧʝʯʘ-

ʪʳʚʘʪʴ" ʤʦʜʝʣʠ ʜʘʞʝ ʩ ʧʦʜʚʠʞʥʳʤʠ ʯʘʩʪʷʤʠ (ʥʘʧʨʠʤʝʨ, ʩ ʧʝʪʣʝʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʥʦʧʢʘʤʠ ʠ ʪ.ʧ.). ɺ ʦʪʣʠʯʠʝ ʦʪ SLɸ-ʪʝʭʥʦʣʦʛʠʠ, ʤʦʜʝʣʠ, 

"ʥʘʧʝʯʘʪʘʥʥʳʝ" ʧʦ SLS-ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʰʢʦʤ. ʇʦ-

ʩʢʦʣʴʢʫ ʧʣʘʩʪʠʢʦʚʳʡ ʧʦʨʦʰʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʯʫʪʴ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʪʦ ʵʥʝʨʛʠʷ ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ 

ʩʧʝʢʘʥʠʷ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ (ʥʦ ʚʩʝ 

ʨʘʚʥʦ SLS-ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʘ ʙʦʣʴʰʝʡ ʤʦʥɦʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SLɸ-ʪʝʭʥʦʣʦʛʠʝʡ). ɽʩʪʴ ʫ SLS-ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʝʜʦʩʪʘʪʢʠ. 



22 ISSN 2079-3944. ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ". 2013. ̄  65 (1038)  

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʠ ʜʦʨʦʛʘʷ (ʮʝʥʘ 

ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 400 ʪʳʩ. USD), ʘ ʩʢʦʨʦʩʪʴ 3D-ʧʝʯʘʪʠ ʥʝʚʝʣʠʢʘ ï ʩʦ-

ʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ (ʚ ʚʳʩʦʪʫ) ʚ ʯʘʩ (ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʳ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʝʝ ʦʩʪʳʚʘ-

ʥʠʝ). ʊʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʷʚʣ̫ʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʣʠʰʴ ʧʦʨʦʰʢʦʚʳʝ ʧʦʣʠʤʝʨʳ, ʣʠʪʝʡʥʳʡ ʚʦʩʢ, ʥʝʡʣʦʥ ʠ ʪ.ʧ. 

ʆʜʥʘʢʦ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʧʦ ʜʘʥʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʙʳʣ ʥʘʥʝʩʝʥ 

ʧʝʨʚʳʡ ʫʜʘʨ ʚ ʣʠʮʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ SLS-ʪʝʭʥʦʣʦʛʠʠ ï ʪ.ʥ. DMLS-

ʪʝʭʥʦʣʦʛʠʠ (direct metal laser sintering ʠʣʠ "ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ 

ʤʝʪʘʣʣʘ"), ʦ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʩʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ. ɹʳʣʠ ʫʩʧʝʰʥʦ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʩ ʨʘʟ-

ʤʝʨʦʤ ʯʘʩʪʠʮ ʧʦʨʷʜʢʘ 20 ʤʢʤ), ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʧʨʷʤʫʶ "ʨʘʩʧʝʯʘʪʳ-

ʚʘʪʴ" ʜʝʪʘʣʠ ʠʟ ʤʝʪʘʣʣʘ [11]! ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʰʢʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʠʢʨʦʯʘʩʪʠʮʳ ʩʪʘʣʠ, ʩʚʝʨʭʫ ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʩʚʷʟʫʶʱʝʛʦ ʧʣʘʩʪʠʢʘ. 

ʉʧʝʢʘʥʠʝ ʧʣʘʩʪʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʧʨʠ SLS-ʪʝʭʥʦʣʦʛʠʠ, ʪʦʣʴʢʦ ʧʦʩʣʝ 

"ʨʘʩʧʝʯʘʪʘʥʥʘʷ" ʤʦʜʝʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʞʠʛʘʝʪʩʷ ʚ ʧʝʯʠ. ʇʨʠ ʪʝʨ-

ʤʦʦʙʨʘʙʦʪʢʝ ʧʣʘʩʪʠʢ ʚʳʛʦʨʘʝʪ, ʘ ʦʩʚʦʙʦʜʠʚʰʠʝʩʷ ʧʫʩʪʦʪʳ ʟʘʧʦʣʥʷʶʪ-

ʩʷ ʙʨʦʥʟʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʜʝʪʘʣʴ, ʩʦʩʪʦʷʱʘʷ ʥʘ 60 % ʠʟ ʩʪʘ-

ʣʠ ʠ ʥʘ 40 % ʠʟ ʙʨʦʥʟʳ. ʊʘʢʦʡ ʩʧʣʘʚ ʧʦ ʩʚʦʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ ʧʨʝʚʦʩʭʦʜʠʪ ʘʣʶʤʠʥʠʡ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘ-

ʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʥʦʮʝʥ-

ʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʬʦʨʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʥ ʘʥʘʣʦʛʠʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ "ʩʝʨʜʮʝʚʠʥʦʡ", ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʦ-

ʜʝʣʠ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. 

ʉʣʝʜʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʘ ʥʘʟʳ-

ʚʘʝʪʩʷ ʣʘʤʠʥʠʨʦʚʘʥʠʝ ʠʣʠ ʧʦʩʣʦʡʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠʟ ʣʠ-

ʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (laminated object manufacturing ʠʣʠ LOM-

ʪʝʭʥʦʣʦʛʠʷ). ʊʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘʰʠʤ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʤ, 

ʦʜʝʩʩʠʪʦʤ ʄʠʭʘʠʣʦʤ ʌʝʡʛʝʥʦʤ (Michael Feygin, ʨʠʩ. 7) [6, 12], ʚʳ-

ʧʫʩʢʥʠʢʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʤʠʛʨʠʨʦʚʘʚʰʠʤ ʚ 1978 ʛ. ʚ 

ʚʦʟʨʘʩʪʝ 25 ʣʝʪ ʚ ʉʐɸ. ʆʥ ʦʩʥʦʚʘʣ ʚ 1985 ʛ. ʢʦʤʧʘʥʠʶ Helisys Inc., 

ʢʦʪʦʨʘʷ ʠ ʟʘʥʷʣʘʩʴ ʚʳʧʫʩʢʦʤ 3D-ʧʨʠʥʪʝʨʦʚ (ʨʠʩ. 7), ʨʘʙʦʪʘʶʱʠʭ ʧʦ 

LOM-ʪʝʭʥʦʣʦʛʠʠ. ʆʜʥʘʢʦ ʚ 2000 ʛ. ʠʟ-ʟʘ ʬʠʥʘʥʩʦʚʳʭ ʪʨʫʜʥʦʩʪʝʡ ʢʦʤ-

ʧʘʥʠʷ ʧʨʝʢʨʘʪʠʣʘ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʘ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʨʘʟ-

ʨʘʙʦʪʘʥʥʳʭ ʝʶ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʧʫʩʢʘʝʪ ʩʚʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʝʝ ʧʨʝʝʤʥʠʢ ï ʢʦʤʧʘʥʠʷ Cubic Technologies (ʉʐɸ) [13] ʠ 

ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ Solido3D (ʉʐɸ) [14]. 
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ʈʠʩ. 7 ï ʆʩʥʦʚʘʪʝʣʴ LOM-ʪʝʭʥʦʣʦʛʠʠ ʄʠʭʘʠʣ ʌʝʡʛʝʥ ʩ ʜʚʫʤʷ ʚʝʜʫɦ ʠʤʠ 

ʤʦʜʝʣʷʤʠ 3D-ʧʨʠʥʪʝʨʦʚ ʢʦʤʧʘʥʠʠ Cubic Technologies. 

 

ʉʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ 3D-ʧʝʯʘʪʠ ʩ ʧʦʤʦʱʴʶ LOM-

ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 8, ʘ ʝʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʩʭʝʤʳ ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ 

ʪʝʭʥʦʣʦʛʠʷʤ. ʆʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ LOM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʬʦʪʦʧʦʣʠʤʝʨ, ʥʝ ʧʦʨʦʰʦʢ, ʘ ʪʦʥ-

ʯʘʡʰʘʷ ʧʣʝʥʢʘ 9 (ʪʦʣʱʠʥʘ ʦʪ 76 ʜʦ 254 ʤʢʤ). ɺ 3D-ʧʨʠʥʪʝʨ (ʨʠʩ. 9), ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʘʶʪʩʷ ʣʠʙʦ 

ʪʦʥʢʠʝ ʣʠʩʪʳ ʧʣʝʥʢʠ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʝʷʱʠʤ ʧʦʢʨʳʪʠ-

ʝʤ, ʢʦʪʦʨʦʝ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ, ʣʠʙʦ ʩʤʦʪʘʥʥʳʡ ʨʫʣʦʥ ʧʣʝʥ-

ʢʠ ʮʝʣʠʢʦʤ 10 ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʝʤʢʦʩʪʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʟʘʧʨʘʚʣʝʥʦ 

ʩʧʝʮʠʘʣʴʥʦʝ ʢʣʝʷʱʝʝ ʚʝʱʝʩʪʚʦ. 
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ʈʠʩ. 8 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ ʧʦ LOM-ʪʝʭʥʦʣʦʛʠʠ: 

1 ï ʣʘʟʝʨ; 2 ï ʚʨʘʱʘʶʱʝʝʩʷ ʟʝʨʢʘʣʦ; 3 ï ʣʘʟʝʨʥʳʡ ʣʫʯ; 4 ï ʧʦʜʚʠʞʥʘʷ ʦʧʪʠʯʝ-

ʩʢʘʷ ʛʦʣʦʚʢʘ; 5 ï ʪʝʢʫʱʠʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʩʣʦʡ (ʨʘʙʦʯʘʷ ʟʦʥʘ); 6 ï ʦʙʨʘʙʘʪʳ-

ʚʘʝʤʳʡ ʢʦʥʪʫʨ ʜʝʪʘʣʠ; 7 ï ʧʨʝʜʳʜʫʱʠʡ ʦʙʨʘʙʦʪʘʥʥʳʡ ʩʣʦʡ; 8 ï ʤʦʙʠʣʴʥʳʡ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʚʘʣʠʢ; 9 ï ʪʦʥʢʘʷ ʧʣʝʥʢʘ; 10 ï ʢʘʨʪʨʠʜʞ ʩ ʨʫʣʦʥʦʤ ʧʣʝʥʢʠ; 

11 ï ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʜʝʪʘʣʠ ʠ ʟʘʛʦʪʦʚʢʠ; 12 ï ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ; 

13 ï ʦʪʨʘʙʦʪʘʥʥʳʡ ʨʫʣʦʥ ʧʣʝʥʢʠ ʧʦʩʣʝ ʧʝʯʘʪʠ. 
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ʇʨʦʡʜʷ ʯʝʨʝʟ ʚʳʨʘʚʥʠʚʘʶʱʠʝ ʚʘʣʠʢʠ, ʩʣʦʡ ʧʣʝʥʢʠ ʧʦʩʪʫʧʘʝʪ ʚ 

ʨʘʙʦʯʫʶ ʟʦʥʫ 5, ʛʜʝ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ 3 (ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ï 

ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ) ʚʳʨʝʟʘʝʪʩʷ ʢʘʢ ʢʦʥʪʫʨ 6 ʜʝʪʘʣʠ, ʪʘʢ ʠ ʨʘʟʨʝ-

ʟʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʩʝʪʢʘ ʥʘ ʨʠʩ. 8) ʪʝʢʫʱʠʡ ʦʙʨʘʙʘʪʚrʘ-

ʝʤʳʡ ʩʣʦʡ. ʇʦʩʣʝ ʨʝʟʢʠ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʝʨʝʤʝɦʘ-

ʝʪʩʷ ʚʘʣʠʢ 8, ʨʘʟʦʛʨʝʚʘʷ ʢʣʝʷʱʝʝ ʚʝʱʝʩʪʚʦ ʠ ʩʜʘʚʣʠʚʘʷ ʪʝʢʫʱʠʡ ʩʣʦʡ 

ʧʣʝʥʢʠ ʩ ʧʨʝʜʳʜʫʱʠʤ, ʬʦʨʤʠʨʫʷ ʪʝʤ ʩʘʤʳʤ, ʰʘʛ ʟʘ ʰʘʛʦʤ, ʧʦʩʣʦʡʥʦ 

ʩʢʣʝʝʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʜʝʪʘʣʠ. ʆʪʭʦʜʳ ʧʣʝʥʢʠ 13 ʚ ʚʠʜʝ ʨʫ-

ʣʦʥʘ ʩ ʧʨʦʨʝʟʘʥʥʳʤʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʩʣʦʷʤʠ 7 ʩʤʘʪʳʚʘʶʪʩʷ ʥʘ ʢʦʥʝʯ-

ʥʦʤ ʵʪʘʧʝ ʧʝʯʘʪʠ. ɼʣʷ ʧʦʩʣʦʡʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʠ 

ʧʣʘʪʬʦʨʤʘ 12 ʚʳʧʦʣʥʝʥʘ ʤʦʙʠʣʴʥʦʡ.  
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ʈʠʩ. 9 ï 3D-ʧʨʠʥʪʝʨ SD300 Pro ʢʦʤʧʘʥʠʠ Solido3D [15], ʨʘʙʦʪʘʶʱʠʡ 

ʧʦ LOM-ʪʝʭʥʦʣʦʛʠʠ: 

1 ï ʚʝʨʭʥʷʷ ʢʨʳʰʢʘ; 2 ï ʥʘʛʨʝʚʘʪʝʣʴ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʚʝʨʭʥʶʶ ʢʨʳʰʢʫ; 3 ï ʦʪ-

ʨʝʟʥʦʡ (cut) ʥʦʞ; 4 ï ʦʙʨʝʟʥʦʡ (trim) ʥʦʞ; 5 ï ʝʤʢʦʩʪʠ ʩ ʘʥʪʠʢʣʝʶʱʠʤ ʚʝʱʝ-

ʩʪʚʦʤ (antiglue pen); 6 ï ʢʦʦʨʜʠʥʘʪʥʘʷ ʛʦʣʦʚʢʘ; 7 ï ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ; 8 ï 

ʙʣʦʢ ʨʘʟʛʣʘʞʠʚʘʥʠʷ (ironing unit); 9 ï ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʯʠ ʧʣʝʥʢʠ; 10 ï ʢʨʳʰʢʘ 

ʦʪʩʝʢʘ ʜʣʷ ʨʫʣʦʥʘ ʧʣʝʥʢʠ (8 ʢʛ); 11 ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ; 12 ï ʢʨʳʰʢʘ ʦʪʩʝʢʘ 

ʜʣʷ ʢʘʨʪʨʠʜʞʝʡ ʩ ʢʣʝʷʱʠʤ ʚʝɦ ʝʩʪʚʦʤ (glue cartridge). 

 

ɺ ʧʝʨʚʳʭ ʤʦʜʝʣʷʭ 3D-ʧʨʠʥʪʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ LOM-

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʙʫʤʘʛʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʩʣʦʝʤ 

ʢʣʝʷʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ, ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʞʥʦ ʥʘʨʝʟʘʪʴ ʠ ʪʦʥʢʠʡ ʧʣʘʩʪʠʢ, ʢʝʨʘʤʠʢʫ ʠ ʜʘʞʝ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 
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ʬʦʣʴʛʫ. ʊʘʢ ʢʘʢ ʚ "ʨʘʩʧʝʯʘʪʳʚʘʝʤʦʡ" ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʫʩʪʦʪʳ 

(ʦʥʠ ʟʘʧʦʣʥʝʥʳ ʥʘʨʝʟʘʥʥʳʤʠ "ʢʫʙʠʢʘʤʠ", ʩʤ. ʨʠʩ. 8), LOM-ʪʝʭʥʦʣʦʛʠʷ 

ʪʘʢʞʝ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʦʜʥʘʢʦ, ʧʨʦʮʝʩʩ 

ʫʜʘʣʝʥʠʷ ʣʠʰʥʝʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ (ʨʠʩ. 10) ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʝʪʘʣʝʡ, 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʚʳʛʣʷʜʠʪ ʥʝʫʜʦʙʥʦʡ ʚ ʧʨʘʢ-

ʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʠ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 11) ʜʘʞʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ʊʦʣʴʢʦ ʚʦʪ ʮʝʥʘ... 

(ʨʠʩ. 9). ʊʘʢʞʝ ʧʨʦʮʝʩʩ ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʧʦ LOM-ʪʝʭʥʦʣʦʛʠʠ ʟʘʥʠʤʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʨʠʩ. 12) [16]. 
 

 

ʘ ʙ 

ʚ ʛ  
ʈʠʩ. 10 ï ʇʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʜʝʪʘʣʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ LOM-ʪʝʭʥʦʣʦʛʠʠ: 

ʘ ï "ʨʘʩʧʝʯʘʪʘʥʥʳʡ" ʙʣʦʢ ʩʥʠʤʘʝʪʩʷ ʩ ʧʣʘʪʬʦʨʤʳ LOM-ʧʨʠʥʪʝʨʘ; ʙ ï ʩ ʤʦʜʝ-

ʣʠ ʩʥʠʤʘʝʪʩʷ "ʦʧʘʣʫʙʢʘ" ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ "ʢʫʙʠʢʦʚ" ʥʘʨʝʟʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

ʚ ï "ʢʫʙʠʢʠ" ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ; ʛ ï ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʰʣʠʬʦ-

ʚʘʥʘ, ʦʪʧʦʣʠʨʦʚʘʥʘ ʠʣʠ ʦʢʨʘʰʝʥʘ. 
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ʈʠʩ. 11 ï ʇʨʠʤʝʨ ʜʝʪʘʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ LOM-ʪʝʭʥʦʣʦʛʠʠ. 

 

 ɻʠʜʨʦʤʦʪʦʨ 

ʈʘʟʤʝʨʳ: 310³215³225 ʤʤ 
LOM-ʧʨʠʥʪʝʨ: 1015Plus 

ʇʦʩʪʨʦʝʥʠʝ: 37 ʯʘʩʦʚ 

ʂʦʨʧʫʩ ʜʚʠʛʘʪʝʣʷ 

ʈʘʟʤʝʨʳ: 787³610³280 ʤʤ 

LOM-ʧʨʠʥʪʝʨ: 2030ʅ 
ʇʦʩʪʨʦʝʥʠʝ: 150 ʯʘʩʦʚ  

ʈʠʩ. 12 ï ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʜʣʷ ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʧʦ LOM-ʪʝʭʥʦʣʦʛʠʠ. 

 

LOM-ʪʝʭʥʦʣʦʛʠʷ, ʧʦʤʠʤʦ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʜʝʪʘʣʝʡ, ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʣʷ 3D-ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʣʠʪʴʷ ʚ ʟʝʤʣʶ, ʮʝʥ-

ʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ, ʣʠʪʴʷ ʚ ʧʦʩʪʦʷʥʥʳʝ ʠ ʛʠʧʩʦʚʳʝ ʬʦʨʤʳ, ʩʦʟʜʘʥʠʷ 

ʦʩʥʘʩʪʢʠ ʜʣʷ ʚʘʢʫʫʤʥʦʡ ʬʦʨʤʦʚʢʠ, ʦʪʣʠʯʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʳʩʦ-

ʢʘʷ ʪʦʯʥʦʩʪʴ (ʧʦʨʷʜʢʘ 100 ʤʢʤ). ʇʦʩʢʦʣʴʢʫ ʥʠ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ, ʥʠ 

ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʣʠʩʪʦʚʳʝ ʟʘʛʦʪʦʚʢʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʠ ʬʠʟʠʯʝ-

ʩʢʠʤ, ʥʠ ʭʠʤʠʯʝʩʢʠʤ, ʥʠ ʬʘʟʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʛʦʪʦʚʳʝ ʤʦʜʝʣʠ ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʦʙʣʝʥʠʶ, ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʦʩʪʘʪʦʯʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʜʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ. 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ LOM-ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ. 

ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʧʦʜʣʝʞʠʪ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ, ʪʘʢ ʢʘʢ ʣʘʟʝʨʥʳʡ 

ʣʫʯ ʜʦʣʞʝʥ ʧʨʦʨʝʟʘʪʴ ʪʦʣʴʢʦ ʪʝʢʫʱʠʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʩʣʦʡ ʠ ʥʝ ʧʨʦ-

ʥʠʢʘʪʴ ʧʦ ʛʣʫʙʠʥʝ ʚ ʨʘʥʝʝ ʦʙʨʘʙʦʪʘʥʥʳʝ ʩʣʦʠ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʤʦʜʝʣʠ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʥʢʦʩʪʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʟʘʪʨʫʜʥʝʥʦ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʥʝʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʇʨʠ ʠʟʚʣʝʯʝʥʠʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʠʟ ʙʣʦʢʘ (ʨʠʩ. 10) ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʟʥʘʪʴ, 

ʛʜʝ ʧʦʜʦʙʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʭ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʩʘʤʠʤ ʧʨʠʥʮʠʧʦʤ LOM-ʪʝʭʥʦʣʦʛʠʠ ï ʧʦ ʩʫʪʠ ʤʦʜʝʣʠ ʩʦʩʪʦ-



ISSN 2079-3944. ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ". 2013. ̄  65 (1038) 27 

ʷʪ ʠʟ ʩʢʣʝʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʦʝʚ ʧʣʝʥʢʠ. ʇʦʵʪʦʤʫ ʮʝʣʦʩʪʥʦʩʪʴ ʤʦ-

ʜʝʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʢʣʝʷ, ʠ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ "ʨʘʩʧʝʯʘʪʘʥʥʳʝ" ʤʦʜʝʣʠ ʤʦʛʫʪ ʥʝ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʪʨʝ-

ʙʦʚʘʪʴʩʷ ʦʪ ʧʨʦʪʦʪʠʧʦʚ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ LOM-ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʦʪʜʝʣʝʥʠʷ ʤʦʜʝʣʠ ʦʪ ʙʣʦʢʘ (ʨʠʩ. 10), ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩʧʝ-

ʮʠʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʜʦʚʦʣʴʥʦ ʫʪʦʤʠ-

ʪʝʣʴʥʳʤ. ʈʘʙʦʯʠʡ, ʚʳʧʦʣʥʷʶʱʠʡ ʜʘʥʥʫʶ ʦʧʝʨʘʮʠʶ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘʚʳʢʘʤʠ ʠ ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 

ʤʦʜʝʣʠ, ʯʪʦʙʳ ʥʝ ʧʦʚʨʝʜʠʪʴ ʝʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʧʦʩʦʙʘ 3D-ʧʝʯʘʪʠ ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (SLA, SLS, LOM), 

ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʚ ʚʠʜʝ ʜʦʚʦʣʴʥʦ ʛʘʙʘʨʠʪʥʳʭ, ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʥʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʥʪʝʨʦʚ ʜʣʷ ʜʦ-

ʤʘ ʠ ʦʬʠʩʘ. ʃʠʰʴ LOM-ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʜʣʷ "ʜʦʤʘʰʥʠʭ" 3D-

ʧʨʠʥʪʝʨʦʚ, ʦʜʥʘʢʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʟʘʩʪʘʚʣʷʝʪ ʣʠʰʴ ʨʘʟʚʝʩʪʠ ʨʫʢʘʤʠ... ʅʦ 

ʥʝ ʩʪʦʠʪ ʦʪʯʘʠʚʘʪʴʩʷ! ʃʶʙʦʡ ʯʝʣʦʚʝʢ ʥʘ ʋʢʨʘʠʥʝ, ʠʤʝʶʱʠʡ ʚ ʢʘʨʤʘʥʝ 

900 USD ʠ ʙʦʣʴʰʝ, ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʢʦʤʧʘʢʪʥʳʡ ʥʘʩʪʦʣʴʥʳʡ 3D-

ʧʨʠʥʪʝʨ [17, 18], ʥʦ ʨʘʙʦʪʘʶʱʠʡ ʫʞʝ ʧʦ ʩʪʨʫʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 3D-

ʧʝʯʘʪʠ. ʂʘʢ ʠ ʚ ʦʙʳʯʥʦʡ ʜʚʫʤʝʨʥʦʡ ʧʝʯʘʪʠ, ʩʪʨʫʡʥʳʝ 3D-ʧʨʠʥʪʝʨʳ 

ʧʳʪʘʶʪʩʷ ʥʝ ʦʪʩʪʘʚʘʪʴ ʦʪ ʣʘʟʝʨʥʳʭ ʠ ʚ ʪʨʝʭʤʝʨʥʦʡ ʦʙʣʘʩʪʠ. 

ʉʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʪʨʫʡʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 3D-ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʣʝʥʠʷ (fused deposition modeling ʠʣʠ 

FDM-ʪʝʭʥʦʣʦʛʠʷ). ʇʨʠʥʮʠʧ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 3D-ʧʝʯʘʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʚ 1988 ʛ. ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ʉʢʦʪʪʦʤ ʂʨʘʤʧʦʤ (S. Scott Crump, 

ʨʠʩ. 13) ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ ʠʤ ʠ ʝʛʦ ʞʝʥʦʡ ʃʠʟʦʡ (Lisa H. Crump) ʚ 1989 ʛ.  

 

 
ʈʠʩ. 13 ï ʉʦʦʩʥʦʚʘʪʝʣʴ FDM-ʪʝʭʥʦʣʦʛʠʠ ʉʢʦʪʪ ʂʨʘʤʧ. 
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ʀʜʝʷ FDM-ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʰʣʘ ʚ ʛʦʣʦʚʫ ʉ. ʂʨʘʤʧʫ ʚ 1988 ʛ. ʧʨʠ 

ʦʯʝʥʴ ʟʘʙʘʚʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ [19] ï ʢʘʢ ʣʶʙʷʱʠʡ ʦʪʝʮ ʦʥ ʨʝh ʠʣ 

ʩʜʝʣʘʪʴ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʠʛʨʫʰʝʯʥʦʛʦ ʣʷʛʫʰʦʥʢʘ ʜʣʷ ʩʚʦʝʡ ʤʣʘʜʰʝʡ 

ʜʦʯʝʨʠ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʢʣʝʝʚʦʛʦ ʧʠʩʪʦʣʝʪʘ (glue gun), ʥʦ "ʟʘʨʷ-

ʜʠʚ" ʝʛʦ ʩʪʝʨʞʥʝʤ ʠʟ ʩʤʝʩʠ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʩʚʝʯʥʦʛʦ ʚʦʩʢʘ. ʀʜʝʷ ʟʘ-

ʢʣʶʯʘʣʘʩʴ ʚ ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʨʘʱʠʚʘʥʠʠ ʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʩʣʦʡ ʟʘ 

ʩʣʦʝʤ. ʉ. ʂʨʘʤʧ "ʟʘʛʦʨʝʣʩʷ" ʜʘʥʥʦʡ ʠʜʝʝʡ: ʦʥ ʧʨʠʜʫʤʘʣ ʩʧʦʩʦʙ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʧʦʩʚʷʪʠʣ ʙʝʩʯʠʩʣʝʥʥʳʝ ʚʳʭʦʜʥʳʝ ʥʘ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʪʨʘʪʠʣ 10000 USD ʥʘ ʥʝʦʙʭʦʜʠʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ... ʂʘʢʘʷ ʞʝʥʘ ʚʳʜʝʨʞʠʪ ʪʘʢʫʶ ʦʜʝʨʞʠʤʦʩʪʴ ʤʫʞʘ? ʀ 

ʃʠʟʘ ʂʨʘʤʧ ʧʦʩʪʘʚʠʣʘ ʫʩʣʦʚʠʝ ï ʣʠʙʦ ʧʨʝʚʨʘʪʠʪʴ ʵʪʫ ʦʜʝʨʞʠʤʦʩʪʴ ʚ 

ʙʠʟʥʝʩ, ʣʠʙʦ ʧʦʩʪʘʚʠʪʴ ʪʦʯʢʫ ʥʘ ʵʪʦʡ ʟʘʪʝʝ! ʊʘʢ ʧʦʙʣʘʛʦʜʘʨʠʤ ʞʝ ʉ. 

ʂʨʘʤʧʘ ʟʘ ʪʦ, ʯʪʦ ʦʥ ʚʳʙʨʘʣ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ! ʊʘʢ ʚ 1989 ʛ. ʠ ʧʦʷʚʠʣʘʩʴ 

ʥʘ ʩʚʝʪ ʢʦʤʧʘʥʠʷ Stratasys Inc. [20], ʦʩʥʦʚʘʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʠ ʩʪʘʣʠ 

ʉʢʦʪʪ ʠ ʃʠʟʘ ʂʨʘʤʧ. 

ʉʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ 3D-ʧʝʯʘʪʠ ʩ ʧʦʤʦʱʴʶ FDM-

ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 14, ʘ ʝʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 
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Filament spools 

3D-ʧʨʠʥʪʝʨ 

Ultimaker 

 
ʈʠʩ. 14 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ: 

1 ï ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʛʦʣʦʚʢʘ; 2 ï ʧʦʣʠʤʝʨʥʘʷ ʥʠʪʴ (filament) ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ; 3 ï ʧʦʣʠʤʝʨʥʘʷ ʥʠʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ; 4 ï ʚʨʘ-

ʱʘʶʱʠʝʩʷ ʧʨʠʚʦʜʥʳʝ ʨʦʣʠʢʠ; 5 ï ʦʞʠʞʠʪʝʣʠ (liquefiers); 6 ï ʩʦʧʣʘ ʵʢʩʪʨʫʟʠ-

ʦʥʥʦʡ ʛʦʣʦʚʢʠ; 7 ï "ʪʝʣʦ" ʤʦʜʝʣʠ; 8 ï ʵʣʝʤʝʥʪʳ ʧʦʜʜʝʨʞʠʚʘʶɦ ʠʭ ʩʪʨʫʢʪʫʨ; 

9 ï ʧʝʥʦʧʣʘʩʪʦʚʘʷ ʧʦʜʣʦʞʢʘ; 10 ï ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ; 11 ï ʙʦʙʠʥʘ (filament 

spool) ʩ ʧʦʣʠʤʝʨʥʦʡ ʥʠʪʴʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ; 12 ï ʙʦ-

ʙʠʥʘ ʩ ʧʦʣʠʤʝʨʥʦʡ ʥʠʪʴʶ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. 
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ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ 3D-ʧʝʯʘʪʠ ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʩʥʦʚʥʦʤ ʩʣʫ-

ʞʘʪ ʪʝʨʤʦʧʣʘʩʪʠʢʠ (ʘʢʨʠʣʦʥʠʪʨʠʣʙʫʪʘʜʠʝʥʩʪʠʨʦʣ (ABS), ʧʦʣʠʣʘʢʪʠʜ 

(PLA) ʠ ʜʨʫʛʠʝ), ʧʦʩʪʘʚʣʷʝʤʳʝ ʚ ʚʠʜʝ ʪʦʥʢʠʭ (1,27; 1,75; 3 ʤʤ) ʥʠʪʝʡ 2 

ʠ 3, ʩʤʦʪʘʥʥʳʭ ʚ ʙʦʙʠʥʳ 11 ʠ 12, ʤʘʩʩʦʡ ʦʪ 1 ʢʛ. ɺ ʫʩʪʘʥʦʚʢʘʭ ʤʦʛʫʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʙʠʥ (ʥʘʧʨʠʤʝʨ, ʨʘʟʥʳʭ ʮʚʝ-

ʪʦʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʧʨʠʥʪʝʨʘ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʦʙʠʥ ʨʘʚʥʦ ʜʚʫʤ ï ʧʝʨʚʘʷ (ʧʦʟ. 12 ʥʘ ʨʠʩ. 14) ʩʣʫʞʠʪ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʚʪʦʨʘʷ ʞʝ (ʧʦʟ. 11 ʥʘ ʨʠʩ. 14) ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ (ʩʤ. ʨʠʩ. 4). ʅʠʪʠ ʩ ʙʦʙʠʥ ʩ ʧʦʤʦʱʴʶ ʨʦʣʠʢʦʚ 

4 ʧʦʩʪʫʧʘʶʪ ʚ ʤʦʙʠʣʴʥʫʶ ʵʢʩʪʨʫʟʠʦʥʥʫʶ ʛʦʣʦʚʢʫ 1, ʛʜʝ ʥʘʛʨʝʚʘʪʝʣʴ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʦʞʠʞʠʪʝʣʝʡ 5 ʨʘʟʦʛʨʝʚʘʶʪ ʠʭ ʜʦ ʧʦʣʫʞʠʜʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ. ʏʝʨʝʟ ʩʦʧʣʘ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʛʦʣʦʚʢʠ 6 ʧʦʣʫʞʠʜʢʠʡ ʤʘʪʝʨʠʘʣ ʚʳ-

ʜʘʚʣʠʚʘʝʪʩʷ ʪʦʥʢʦʡ (250-965 ʤʢʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ) ʩʪʨʫʡʢʦʡ 

ʥʘ ʧʝʥʦʧʣʘʩʪʦʚʫʶ ʧʦʜʣʦʞʢʫ 9, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪ-

ʬʦʨʤʝ 10, ʠʤʝʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚʙʣʠʟʠ ʩʦʧʣʘ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʵʢʩʪʨʫʟʠʦʥ-

ʥʦʡ ʛʦʣʦʚʢʠ 6 ʤʘʪʝʨʠʘʣʘ, ʪʦ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʟʘʪʚʝʨʜʝʚʘʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʱʘʷʩʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʵʢʩʪʨʫʟʠ-

ʦʥʥʘʷ ʛʦʣʦʚʢʘ "ʧʝʯʘʪʘʝʪ" ʪʝʢʫɦ ʠʡ ʩʣʦʡ ʤʦʜʝʣʠ 7 ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʩʪʨʫʢʪʫʨ 8. ʂʦʛʜʘ ʩʣʦʡ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥ, ʧʣʘʪʬʦʨʤʘ 10 ʦʧʫʩʢʘʝʪʩʷ 

ʚʥʠʟ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʦʨʷʜʢʘ 100-300 ʤʢʤ (ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ "ʪʦʣ-

ʱʠʥʘ ʩʣʦʷ" ʠ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʚ ʧʨʠʥʪʝʨʝ ʚʨʫʯʥʫʶ) ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦ-

ʨʷʝʪʩʷ ʩʥʦʚʘ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ.  

FDM-ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʦ-ʧʝʨʚʳʭ, 

ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʤʦʜʝʣʠ ʩʨʘʟʫ ʞʝ ʠʟ 

ʥʫʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʣʘʩʪʠʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘ-

ʟʘʣʠ [6], ʯʪʦ ʧʣʘʩʪʠʢʦʚʳʝ ʜʝʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʧʦ 

FDM-ʪʝʭʥʦʣʦʛʠʠ, ʧʦ ʩʚʦʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘ 85 % 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ï ʣʠʪʴʝʤ. ɺʦ-ʚʪʦʨʳʭ, FDM-ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷ-

ʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʦʡ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ 

ʥʝʦʙʭʦʜʠʤ ʣʠʰʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʘʥʠʝʡ Stratasys ʜʣʷ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ "ʩʚʦʝʡ" 

FDM-ʪʝʭʥʦʣʦʛʠʠ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦ ʙʳʩʪʨʦʤʫ ʠ 

"ʙʝʟʙʦʣʝʟʥʝʥʥʦʤʫ" ʫʜʘʣʝʥʠʶ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ. ʕʪʦ ʫʞʝ ʥʝ 

ʤʝʜʣʝʥʥʳʡ, ʨʫʯʥʦʡ, ʢʘʢ ʜʣʷ LOM-ʪʝʭʥʦʣʦʛʠʠ, ʩʧʦʩʦʙ ʫʜʘʣʝʥʠʷ, ʘ ʧʦʣ-

ʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ï WaterWorks Soluble Support 

System [21]). ʆʥ ʧʨʦʪʝʢʘʝʪ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ 

(CleanStation [22], ʨʠʩ. 15), ʚ ʢʦʪʦʨʳʭ ʟʘ ʩʯʝʪ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʡ ʚʦʜʳ 
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ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʦʶʱʝʛʦ ʨʘʩʪʚʦʨʘ (ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ) 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʘʤʦʡ ʤʦʜʝʣʠ. ɺ-ʪʨʝʪʴʠʭ, ʤʘʪʝʨʠʘʣ ʜʣʷ 3D-

ʧʝʯʘʪʠ ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʫʜʦʙʥʦʤ ʪʝʭʥʦʣʦʛʠʯʥʦʤ 

ʚʠʜʝ ï ʙʦʙʠʥʘʭ, ʢʦʪʦʨʳʝ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳ ʠ ʣʝʛʢʠ ʢʘʢ ʚ ʧʨʠʤʝʥʝʥʠʠ, 

ʪʘʢ ʠ ʚ ʟʘʤʝʥʝ ʥʘ ʥʦʚʳʝ.  

 

CleanStation DT-3 

CleanStation DT Jr. 

 
ʈʠʩ. 15 ï ʆʯʠʩʪʠʪʝʣʴʥʳʝ ʩʪʘʥʮʠʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ. 

 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ FDM-ʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ. 

ʅʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʦʡ ʠʩʧʦʣʴʟʫʝʤʦ-

ʛʦ "ʧʝʯʘʪʘʶʱʝʛʦ" ʤʘʪʝʨʠʘʣʘ ï ʥʠʪʴ, ʜʠʘʤʝʪʨʦʤ 1,27 ʤʤ ʠ ʙʦʣʝʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ, ʚʳʟʚʘʥʥʘʷ ʚʷʟʢʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʚʳʭʦʜʘ ʠʟ ʵʢʩʪʨʫʟʠʦʥʥʦʡ 

ʛʦʣʦʚʢʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʧʦʣʥʠʪʴ ʚʩʶ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘʤʠ ʤʦʜʝʣʠ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ. 

ʋʩʘʜʢʘ ʤʘʪʝʨʠʘʣʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʩʫʪʴʶ FDM-ʪʝʭʥʦʣʦʛʠʠ ï ʙʳʩʪʨʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʚʳʜʘʚʣʝʥʥʦʛʦ ʠʟ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʛʦʣʦʚʢʠ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʤʦʜʝʣʠ ʥʘʧʨʷʞʝʥʠʡ. ʋʩʘʜʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ "ʧʝʨʝʢʦʩ", ʠʩʢʘʞʝʥʠʝ ʤʦʜʝʣʠ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʤʦʜʝʣʝʡ, ʥʘʧʝʯʘʪʘʥʥʳʭ ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ, ʠ 

ʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʫʩʪʨʘʥʠʪʴ. ʃʠʰʴ 

ʧʨʠʦʙʨʝʪʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʚʳʢʠ ʠ ʦʧʳʪ, ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʧʦʜʦʙʥʳʭ 

ʠʩʢʘʞʝʥʠʡ, ʚʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ. 

ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʥʝʜʦʩʪʘʪʢʠ, ʠʤʝʥʥʦ FDM-ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫ-

ʯʠʣʘ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʙʳʪʦʚʳʭ 3D-ʧʨʠʥʪʝʨʘʭ. ʆʜʥʘ-
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ʢʦ ʜʝʣʦʚʘʷ ʞʠʣʢʘ ʯʝʪʳ ʂʨʘʤʧ ʧʨʦʷʚʠʣʘʩʴ ʠ ʚ ʪʦʤ, ʯʪʦ ʢʨʦʤʝ ʧʦʣʫʯʝ-

ʥʠʷ ʧʘʪʝʥʪʘ ʥʘ ʩʘʤ ʧʨʠʥʮʠʧ ʧʝʯʘʪʠ ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ, ʙʳʣʘ ʪʘʢʞʝ 

ʟʘʱʠʱʝʥʘ ʠ ʩʘʤʘ ʘʙʙʨʝʚʠʘʪʫʨʘ "FDM", ʷʚʣʷʶʱʘʷʩʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ 

ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ ʢʦʤʧʘʥʠʠ Stratasys. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʙʣʘʜʘʷ, ʧʦ ʩʫʪʠ 

ʜʝʣʘ, ʤʦʥʦʧʦʣʴʥʳʤ ʧʨʘʚʦʤ ʥʘ 3D-ʧʝʯʘʪʴ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʮʝʥʘ 

ʧʨʠʥʪʝʨʦʚ ʢʦʤʧʘʥʠʠ Stratasys, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʧʨʦʜʦʣʞʘʝʪ ʜʝʨʞʘʪʴʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ.  

ɼʘʙʳ ʟʘʢʦʥʥʳʤ ʧʫʪʝʤ "ʦʙʦʡʪʠ" ʧʘʪʝʥʪ ʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳ-

ʧʫʩʢʘʪʴ 3D-ʧʨʠʥʪʝʨʳ ʧʦ "ʩʭʦʞʝʡ" ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʟʘ ʤʝʥʴʰʫʶ ʮʝʥʫ, ʚ 

ʤʘʨʪʝ 2005 ʛ. ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʘʥʛʣʠʡʩʢʦʤ ʛʦʨʦʜʝ ɹʘʪ (University 

of Bath) ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʝʢʪ RepRap [23, 24] (ʦʪ ʘʥʛʣ. ï Replicating Rapid 

Prototyper), ʢʦʪʦʨʳʡ ʚʦʟʛʣʘʚʠʣ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴ-

ʪʝʪʘ ʵʪʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʤʘʪʝʤʘʪʠʢ ʕʜʨʠʘʥ ɹʦʫʡʝʨ (Adrian Bowyer). 

ʎʝʣʴ ʧʨʦʝʢʪʘ RepRap ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʘ ʩʚʦʙʦʜʥʦʝ, 

ʚʩʝʦʙʱʝʝ ʦʙʦʟʨʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʰʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʜʦʩʪʫʧʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʣʶʜʝʡ ʚ 

ʨʘʟʚʠʪʳʭ, ʥʦ ʠ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʥʘ ʯʪʦ ʫʞʝ ʣʝʪʦʤ 2005 ʛ. ʙʳ-

ʣʦ ʧʦʣʫʯʝʥʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʪ ʉʦʚʝʪʘ ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʠ ʝʩʪʝʩʪʚʝʥ-

ʥʦʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ (ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʧʦʟʘʚʠʜʦ-

ʚʘʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʚʦʧʨʦʩʦʚ ï ʥʝʫʞʝʣʠ ʫ ʥʠʭ 

ʥʝʪ ʂʘʟʥʘʯʝʡʩʪʚʘ?!). ʏʣʝʥʳ ʧʨʦʝʢʪʘ RepRap ʨʝʰʠʣʠ ʚʚʝʩʪʠ ʩʦʙʩʪʚʝʥ-

ʥʳʡ ʪʝʨʤʠʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʪʝʭʥʦʣʦʛʠʶ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʶʪ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʤʳʝ ʠʤʠ 3D-ʧʨʠʥʪʝʨʳ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʚʣʝʥʦʡ ʥʠʪʴʶ 

(fused filament fabrication ʠʣʠ FFF-ʪʝʭʥʦʣʦʛʠʷ). ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʠ ʧʨʠʥ-

ʮʠʧʫ FFF-ʪʝʭʥʦʣʦʛʠʷ ï ʵʪʦ ʪʘ ʞʝ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ FDM-ʪʝʭʥʦʣʦʛʠʷ, ʥʦ 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʠʪʴ ʶʨʠʜʠʯʝʩʢʠʝ ʩʪʦʨʦʥʳ ʚʦʧʨʦʩʘ. ʋʞʝ 13 ʩʝʥʪʷʙʨʷ 

2006 ʛ. ʥʘ ʩʫʜ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʚʳʡ ʧʨʦʪʦʪʠʧ 

RepRap 0.2, ʫʩʧʝʰʥʦ ʥʘʧʝʯʘʪʘʚʰʠʡ ʧʝʨʚʫʶ ʩʦʙʩʪʚʝʥʥʫʶ ʜʝʪʘʣʴ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʝʢʪ RepRap ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʤʷ 3D-ʧʨʠʥʪʝʨʘʤʠ 

[24], ʚ ʪ.ʯ. ʠ ʦʜʥʦʡ ʤʦʜʝʣʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʝʯʘʪʘʪʴ ʚ ʮʚʝʪʝ (ʨʠʩ. 16). 

 

Mono Mendel Huxley 

Adrian Bowyer 

Tricolour Mendel 

778,90 USD 688 USD 1098,80 USD 

 
ʈʠʩ. 16 ï ʆʩʥʦʚʘʪʝʣʴ ʧʨʦʝʢʪʘ RepRap ʕʜʨʠʘʥ ɹʦʫʡʝʨ 

ʩ ʣʠʥʝʡʢʦʡ 3D-ʧʨʠʥʪʝʨʦʚ, ʧʝʯʘʪʘʶʱʠʭ ʧʦ FFF-ʪʝʭʥʦʣʦʛʠʠ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʩʘʤʳʡ ʜʝʰʝʚʳʡ "ʙʶʜʞʝʪʥʳʡ" 3D-ʧʨʠʥʪʝʨ ʩʝʨʠʠ 

Mojo (ʨʠʩ. 17) ʢʦʤʧʘʥʠʠ Stratasys, ʧʝʯʘʪʘʶʱʠʡ ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ, ʚ 

ʢʦʤʧʣʝʢʪʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʥʘʙʦʨʦʤ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʩʪʝ-

ʤʦʡ ʦʯʠʩʪʢʠ ʦʪ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ WaveWash (ʘʥʘʣʦʛ ʦʧʠʩʘʥ-

ʥʦʡ ʨʘʥʝʝ ʩʠʩʪʝʤʳ WaterWorks) ʩʘʤʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʨʦʜʘʚʘʪʴ ʧʦ ʨʦʟʥʠʯʥʦʡ ʮʝʥʝ 9900 USD, ʯʪʦ ʥʘ ʮʝʣʳʭ 8401 USD (!!!) 

ʜʦʨʦʞʝ, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʘʨʢʠ ʥʘʩʪʦʣʴʥʳʭ 3D-

ʧʨʠʥʪʝʨʦʚ [25]! ʆʭ ʫʞ ʵʪʘ ʯʝʪʘ ʂʨʘʤʧ! 

 

 
ʈʠʩ. 17 ï "ɹʶʜʞʝʪʥʳʡ" ʢʦʤʧʣʝʢʪ ʩ 3D-ʧʨʠʥʪʝʨʦʤ Mojo ʢʦʤʧʘʥʠʠ Stratasys. 

 

ɺ 2012 ʛ. ʧʨʦʚʝʜʝʥ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ [26], ʢʘʩʘʶʱʠʡʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ 3D-ʧʨʠʥʪʝʨʦʚ, ʦʜʥʠʤ ʠʟ ʚʦʧʨʦʩʦʚ ʢʦʪʦʨʦʛʦ ʙʳʣ ʩʣʝʜʫʶ-

ʱʠʡ: "3D-ʧʨʠʥʪʝʨʦʤ ʢʘʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʳ ʧʦʣʴʟʫʝʪʝʩʴ?". ʈʝʟʫʣʴʪʘ-

ʪʳ ʦʧʨʦʩʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 18.  
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ʈʠʩ. 18 ï ʈʝʟʫʣʴʪʘʪʳ ʩʦʮʦʧʨʦʩʘ ʧʦ ʚʦʧʨʦʩʫ ʚʳʙʦʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 3D-ʧʨʠʥʪʝʨʦʚ. 
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ɿʜʝʩʴ ʥʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ, ʢʦʤʧʘʥʠʠ Stratasys ʧʨʠʥʘʜʣʝʞʘʪ 3D-

ʧʨʠʥʪʝʨʳ ʪʘʢʠʭ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ, ʢʘʢ Objet ʠ Dimension, ʘ ʢʦʤʧʘʥʠʠ 3D 

Systems ï Z Corporation ʠ Bits from Bytes. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ, ʢʦʪʦʨʘʷ ʥʘʤʝʪʠʣʘʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ɺ 

ʩʨʝʜʝ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ ʣʶʜʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʨʫʟʝʡ, ʚʳʧʫʩʢʥʠʢʦʚ ʦʜ-

ʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤ ʫʚʣʝʯʝʥʠʝʤ ï ʙʳʩʪʨʳʤ ʧʨʦʪʦ-

ʪʠʧʠʨʦʚʘʥʠʝʤ ï ʟʘʨʦʞʜʘʁʪʩ̫ ʚʥʘʯʘʣʝ "ʢʨʫʞʢʠӢ", ʚ ʢʦʪʦʨrʭ ʧʨʦʩʪʦ ʨʘ-

ʜʠ ʠʥʪʝʨʝʩʥʦʛʦ ʚʨʝʤʷʧʨʦʚʦʞʜʝʥʠʷ, ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʧʨʦʝʢʪʠ-

ʨʫʶʪʩʷ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 3D-ʧʨʠʥʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʣʫ-

ʯʘʝ ʫʧʦʨʥʦʡ ʨʘʙʦʪʳ, ʪʝʨʧʝʥʠʷ, ʥʘʩʪʦʡʯʠʚʦʩʪʠ, ʥʫ ʠ ʫʜʘʯʠ, ʢʦʥʝʯʥʦ ʞʝ, 

ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ (ʠ ʪʘʢʠ ʩʦʩʪʘʚʣʷʶʪ!) ʨʝʘʣʴʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʢʨʫʧʥʳʤ 

ʢʦʤʧʘʥʠʷʤ ʥʘ ʨʳʥʢʝ ʪʝʭʥʦʣʦʛʠʡ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. ʊʘʢʠʤʠ 

ʧʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʫʧʦʤʷʥʫʪʳʝ ʥʘ ʨʠʩ. 18 ʢʦʤʧʘʥʠʠ Mak-

erBot (ʉʐɸ) [27] ʠ Ultimaker (ʅʠʜʝʨʣʘʥʜʳ) [28], ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʦʩʥʦʚʘʪʝʣʝʡ ʵʪʠʭ ʢʦʤʧʘʥʠʡ (ʨʠʩ. 19, 20) ʚ ʩʚʦʝ ʚʨʝʤʷ ʙʳʣʠ ʧʠʪʦʤʮʘʤʠ 

ʕʜʨʠʘʥʘ ɹʦʫʡʝʨʘ ʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ RepRap.  

 

 
ʈʠʩ. 19 ï ʆʩʥʦʚʘʪʝʣʠ ʢʦʤʧʘʥʠʠ MakerBot (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) ʩʦ ʩʚʦʠʤ "ʜʝʪʠʱʝʤ": 

Adam Mayer, Zach Smith ʠ Bre Pettis. 

 

 
ʈʠʩ. 20 ï ʆʩʥʦʚʘʪʝʣʠ ʢʦʤʧʘʥʠʠ Ultimaker (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) ʩʦ ʩʚʦʠʤ "ʜʝʪʠʱʝʤ": 

Siert Wijnia, Martijn Elserman ʠ Erik de Bruijn. 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʠʶʥʝ 2013 ʛ. ʯʝʪʘ ʂʨʘʤʧ "ʜʦʙʨʘʣʘʩʴ" ʠ ʜʦ ʢʦʤ-

ʧʘʥʠʠ MakerBot ï ʙʳʣʦ ʦʙʲʷʚʣʝʥʦ [29] ʦ ʝʝ ʧʨʠʦʙʨʝʪʝʥʠʠ ʢʦʤʧʘʥʠʝʡ 

Stratasys ʟʘ 403 ʤʣʥ USD! ʆʪʥʳʥʝ ʢʦʤʧʘʥʠʷ MakerBot ʷʚʣʷʝʪʩʷ ʜʦʯʝʨ-

ʥʝʡ ʢʦʤʧʘʥʠʝʡ Stratasys, ʘʢʮʝʥʪʠʨʫʶʱʝʡʩʷ ʥʘ ʚʳʧʫʩʢʝ "ʜʦʤʘʰʥʠʭ" 

ʥʘʩʪʦʣʴʥʳʭ 3D-ʧʨʠʥʪʝʨʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʩʘʤʘ 

ʢʦʤʧʘʥʠʷ Stratasys ï ʙʝʟʫʩʣʦʚʥʳʤ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʥʘ ʨʳʥʢʝ ʪʝʭʥʦ-

ʣʦʛʠʡ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. ɸ ʚʝʜʴ ʚʩʝ ʥʘʯʠʥʘʣʦʩʴ ʩ ʙʝʟ-

ʦʙʠʜʥʦʛʦ ʜʝʪʩʢʦʛʦ ʠʛʨʫʰʝʯʥʦʛʦ ʣʷʛʫʰʦʥʢʘ ʜʣʷ ʤʣʘʜʰʝʡ ʜʦʯʝʨʠ...  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʧʨʠʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ 3D-ʧʨʠʥʪʝʨʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠ 

ʚʠʜʝ ʢʦʪʦʨʳʭ ʥʘ ʛʣʘʟʘ ʧʨʦʩʪʦ ʥʘʚʦʨʘʯʠʚʘʶʪʩʷ ʩʣʝʟʳ, ʠ ʢʦʪʦʨʳʝ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʩʝ ʚ ʥʘʰʝʡ ʞʠʟʥʠ ʚʦʟʤʦʞʥʦ ʠ ʥʘʩʪʦʷʱʠʝ ʯʫʜʝʩʘ ʩʣʫ-

ʯʘʶʪʩʷ (ʨʠʩ. 21) [27, 30, 31] ï ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʚʟʛʣʷʥʫʪʴ ʥʘ ʩʯʘʩʪʣʠ-

ʚʳʝ ʣʠʮʘ ʠ ʫʣʳʙʢʠ ʨʝʙʷʪ!!! 

 

Leon McCarthy, ʉʐɸ, 12 ʣʝʪ 

Liam Dippenaar, ʖɸʈ, 5 ʣʝʪ 

ʃʝʚʘʷ ʨʫʢʘ ʤʘʣʴʯʠʢʘ ʜʦ... 

ʇʨʘʚʘʷ ʨʫʢʘ ʤʘʣʴʯʠʢʘ ʜʦ... 
 

ʈʠʩ. 21 ï 3D-ʧʝʯʘʪʴ ï ʰʘʥʩ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʞʠʟʥʴ. 
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ɺʳʚʦʜʳ.  

1. ʈʘʩʩʤʦʪʨʝʥ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʡ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʋʢʨʘʠʥʳ ʚʦʧʨʦʩ, ʢʘʩʘʶʱʠʡʩʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʙʳʩʪʨʦʤʫ ʧʨʦʪʦʪʠ-

ʧʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

2. ʇʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ 3D-ʧʝʯʘʪʠ ʧʦ SLA, 

SLS, LOM ʠ FDM ʪʝʭʥʦʣʦʛʠʷʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ, ʠʩʪʦʨʠʯʝʩʢʠʝ ʬʘʢʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

3. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʣʝʟʥʦʩʪʴ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʡ ʧʦ ʙʳʩʪʨʦʤʫ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʶ ʢʘʢ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʠ ʚ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʷʭ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

pw.utc.com/Home. 2. ɸʬʘʥʘʩʴʝʚ ʂ. 3D-ʧʨʠʥʪʝʨʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: www.3dnews.ru/160001. 3. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʠ : ʫʯʝʙ. ʧʦʩʦʙʠʝ [ʜʣʷ ʩʪʫʜ. ʚʳʩ. ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡ] / ɸ.ʀ. ɻʨʘʙʯʝʥʢʦ, 

ʖ.ʅ. ɺʥʫʢʦʚ, ɺ.ʃ. ɼʦʙʨʦʩʢʦʢ, ʃ.ʀ. ʇʫʧʘʥʴ, ɺ.ɸ. ʌʘʜʝʝʚ; ʧʦʜ ʨʝʜ. ɸ.ʀ. ɻʨʘʙ-

ʯʝʥʢʦ. ï ʍʘʨʴʢʦʚ : ʅʊʋ "ʍʇʀ", 2011. ï 416 ʩ. 4. Todd Grimm. User's Guide to 

Rapid Prototyping. ï Society of Manufacturing Engineers (US), 2004. ï 404 p. 5. 

Hague R.J.M., Reeves P.E. Rapid Prototyping, Tooling and Manufacturing. ï 

iSmithers Rapra Publishing, 2000. ï 118 p. 6. Chua C.K., Leong K.F., Lim C.S. 

Rapid Prototyping: Principles and Applications. Second Edition. ï World Scientific 

Publishing, 2003. ï 420 p. 7. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: stra-

tasys.com/3d-printers/technology/polyjet-technology. 8. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʨʭy-

ʤʝʨʥʦʡ ʧʝʯʘʪʠ. ɿʨʠʪʝʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʠʥʥʦʚʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ ʧʨʦʮʝʩʩʘ ʩʪʨʫʡʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʘ: 

zcorp.com/documents/821_3D%20Printing%20White%20Paper%202009%20HiRes

_RU.pdf. 9. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 3dsystems.com. 10. ʕʣʝʢ-

ʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

me.utexas.edu/news/2012/0612_selective_laser_sintering.php. 11. ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 3dsystems.com/3d-printers/production/phenix-

pxl#.upxudfppkpq. 12. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

plus.google.com/104304548478539727387/about. 13. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: cubictechnologies.com/Helisys.htm. 14. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: solido3d.com. 15. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: mcad-

cafe.com/PDFs/MCADCafe_SolidoReview_090209_Final_web.pdf. 16. ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: por-

tal.tpu.ru:7777/SHARED/k/KSO/Files/TomskCAD/LOM/LOM.htm. 17. ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 3dprinter.org.ua/products/3d-

printers/?orderby=price. 18. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

3dfactory.com.ua/3d-printer-up-mini. 19. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
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fundinguniverse.com/company-histories/stratasys-inc-history. 20. ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: www.stratasys.com/3d-printers/technology/fdm-

technology. 21. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

solver.ru/engl/preproduct/stratasys.htm. 22. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫ-

ʧʘ: cleanstation-srs.com. 23. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

reprap.org/wiki/RepRap. 24. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

reprappro.com. 25. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: desktop-3d-

printers.findthebest.com/q/28/12373/How-much-is-the-Stratasys-Mojo-3D-printer. 

26. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: sur-

veys.peerproduction.net/2012/05/manufacturing-in-motion. 27. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-

ʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: makerbot.com. 28. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

ultimaker.com. 29. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

techcrunch.com/2013/06/19. 30. ʆʪʝʮ ʨʘʩʧʝʯʘʪʘʣ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʧʨʦʪʝʟ ʜʣʷ 
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ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ï ʰʚʠʜʢʝ ʧʨʦʪʦʪʠʧʫʚʘʥ-

ʥʷ ʩʢʣʘʜʥʠʭ ʪʨʠʚʠʤʨ̔ʥʠʭ ʤʦʜʝʣʝʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 3D-ʪʝʭʥʦʣʦʛʽʷ, ʰʚʠʜʢʝ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, 3D-ʜʨʫʢ, ʪʝʭ-

ʥʦʣʦʛʽʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 
 

The article provides an analytical overview of one of the most advanced to 

date technologies in mechanical engineering ï rapid prototyping of complex three-

dimensional models. 

Keywords: 3D-technology, rapid prototyping, RP-technology, mechanical en-

gineering. 

 

 

ɻʨʝʯʢʦ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʅʊʋ 

"ʍʇʀ". ɿʘʱʠʪʠʣ ʜʠʩʩʝʨʪʘʮʠʶ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ ʚ 2009 ʛ. ʚ ʅʊʋ "ʍʇʀ" ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ "ʕʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʘʧʧʘʨʘʪʳ". ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ ʩʚʷʟʘʥʳ 

ʩ ʧʨʦʙʣʝʤʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʥʦʚʳʤʠ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 
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ʇʆɺʓʐɽʅʀɽ ʋʈʆɺʅʗ ʇʆɾɸʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʂʆʈɸɹɽʃʔʅʓʍ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

 
ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʧʧʘʨʘʪʦʚ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ ʢ ʪʦʢʘʤ ʫʜʘʣʝʥʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʣʴʥʝʛʦ ʨʝ-

ʟʝʨʚʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʟʘʱʠʪ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʦʪ 

ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʫʝʤʳʭ ʟʘʱʠʪ ʚ ʨʘʩʮʝ-

ʧʠʪʝʣʷʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝ-

ʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʦ ʩʪʝ-

ʧʝʥʠ ʠʩʢʘʞʝʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ. ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʜʘ ʙʨʦʩʢʘ ʪʦʢʘ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʤʫ-

ʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʇʨʝʜʣʦʞʝʥ ʢʨʠʪʝʨʠʡ ʙʣʦʢʠʨʦʚʢʠ ʩʨʘʙʘʪʚrʘʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʧʨʠ ʧʨʷʤʦʤ ʧʫʩʢʝ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʝʡ. ɼʘʥʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠ-

ʪʝʨʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʨʠʚʝ-

ʜʝʥ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ʧʨʠ 

ʙʣʦʢʠʨʦʚʘʥʠʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʫʩʢʘ ʠ ʨʘʟʛʦʥʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʣʴʥʝʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʨʘʩʮʝ-

ʧʠʪʝʣʴ, ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ. 

 

ɺʚʝʜʝʥʠʝ. ɿʘʱʠʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʢʦʨʘʙʣʝʡ ʦʪ ʪʦʢʦʚ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ (ʂɿ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ (ɸɺ) ʩ ʨʘʟʣʠʯʥʦʡ ʚʳʜʝʨʞ-

ʢʦʡ ʚʨʝʤʝʥʠ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʷʭ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠ-

ʪʳ. ʉʫʱʝʩʪʚʫʶʱʠʡ ʩʪʫʧʝʥʯʘʪʦ-ʚʨʝʤʝʥʥʦʡ ʧʨʠʥʮʠʧ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘ-

ʱʠʪʳ ʬʦʨʤʠʨʫʝʪ ʥʝʢʦʨʨʝʢʪʥʫʶ ʚʨʝʤʷʪʦʢʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʩʝʡ 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

[1], [2]. ʇʨʠ ʩʪʫʧʝʥʯʘʪʦ-ʚʨʝʤʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʝ, ʯʝʤ ʙʣʠʞʝ ʢ 

ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚʳʢʣʶʯʘʪʝʣʴ ʠ ʙʦʣʴʰʝ ʦʞʠʜʘʝʤʳʡ ʪʦʢ 

ʂɿ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ ʥʘ ʦʪʢʣʶʯʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʪʝʨʤʠʯʝʩʢʦʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʝʡ-

ʩʪʚʠʝ ʘʚʘʨʠʡʥʦʛʦ ʪʦʢʘ ʥʘ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʘ ʪʘʢʞʝ ʵʥʝʨ-

ʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʙʫʜʝʪ 

ʟʘɦ ʠʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʛʜʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʫ-

É ɸ.ɻ. ʉʝʨʝʜʘ, ʀ.ʉ. ɺʘʨʰʘʤʦʚʘ, ɺ.ɺ. ʃʠʪʚʠʥʝʥʢʦ, 2013 
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ʧʝʥʴ ʟʘʱʠʪʳ, ʙʣʠʞʝ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʥʝ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ [2], [3].  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʟʘʜʝʨʞʢʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ 

ʚʳʰʝʩʪʦʷʱʝʛʦ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝʤʝʥʝʤ ʦʪ-

ʢʣʶʯʝʥʠʷ ʪʦʢʘ ʂɿ ʚʳʢʣʶʯʘʪʝʣʝʤ ʥʠʞʝʩʪʦʷʱʠʤ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʚ ʩʠ-

ʩʪʝʤʝ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʚrʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʟʘʱʠʪʳ ʟʘ ʩʯʝʪ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ 

[4]. ʉʫʪʴ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ (ɼʈ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʦʪʢʘʟʝ ʣʶʙʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʨʝʟʝʨʚʥʘʷ ʟʘʱʠʪʘ ʘʚʘʨʠʡʥʦʛʦ ʫʯʘʩʪʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʢrʣʶʯʘʪʝʣʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʫʧʝʥʠ ʟʘʱʠʪʳ [5]. ʅʘʜʝʞʥʦʩʪʴ ʟʘʱʠʪʳ ʫʯʘʩʪʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʚʳʢʣʶʯʘʪʝʣʷ, ʟʘʱʠʱʘʶʱʝʛʦ ʵʪʦʪ ʫʯʘʩʪʦʢ. ɻʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʝʤ ʟʥʘʯʝʥʠʝ 0,95 ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ɸɺ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʝʪ-

ʩʷ ʧʝʨʝʭʦʜ ʢ ʟʘʱʠʪʝ ʥʝ ʦʜʥʠʤ, ʘ ʩʠʩʪʝʤʦʡ ʠʟ ʜʚʫʭ ʘʧʧʘʨʘʪʦʚ. ʉʦʛʣʘʩʥʦ 

[6], ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʘʧʧʘʨʘʪʘ, ʨʘʚʥʦʡ 

0,95, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʟ ʜʚʫʭ ʪʘʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,9975. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ɼʈ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʦʪʢʘʟʦʚ ʟʘʱʠʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʪʘʢʦʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʣʠʟ-

ʢʠʝ ʚʨʝʤʝʥʘ ʩʨʘʙʘʪʚrʘʥʠʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʩʪʫʧʝʥʝʡ ʟʘʱʠʪʳ. ʕʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʥʘ ʚʩʝʭ ʩʪʫʧʝʥʷʭ ʟʘʱʠʪʳ ʚʳʢʣʶʯʘʪʝʣʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠ-

ʥʘʢʦʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʦʢʘʤ ʂɿ, ʦʩʦʙʝʥʥʦ ʫʜʘʣʝʥʥʳʤ. ʇʨʠ ʩʪʫ-

ʧʝʥʯʘʪʦ-ʚʨʝʤʝʥʥʦʤ ʧʨʠʥʮʠʧʝ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘ-

ʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʙʣʠʞʝ ʢ ʠʩʪʦʯʥʠʢʫ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʠʤ, ʯʝʤ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʢʣʶʯʘ-

ʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʙʣʠʞʝ ʢ ʥʘʛʨʫʟʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʝ ʚʳ-

ʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʅʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʮʠʠ ʘʧʧʘʨʘ-

ʪʦʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʩʫʜʦʚʦʡ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1 [7], [8]. ʀʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ 0,4 ʢɺ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ G1 ʠ ʨʝʟʝʨʚʥʳʡ G2 ʛʝʥʝʨʘʪʦʨʳ. ʇʨʠ 

ʧʠʪʘʥʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ G1 ʟʘʱʠʪʘ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʪʫ-

ʧʝʥʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʱʠʪʝ ʈʑ ʥʘ IV ʦʢʦʥʝʯʥʦʡ 

ʩʪʫʧʝʥʠ ʟʘʱʠʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʢʣʶʯʘʪʝʣʠ QF4.1-QF4.2 ʪʠʧʘ ɸʂ-50ɹ. 

ɼʣʷ ʚʳʢʣʶʯʘʪʝʣʝʡ ɸʂ-50ɹ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʪʦʢ Ir4 = (8-25)ɸ 
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ʪʦʢ ʧʨʝʜʝʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ Icu = 11ʢɸ 

[9], ʧʦʵʪʦʤʫ ʟʘ ʚʳʢʣʶʯʘʪʝʣʝʤ III ʩʪʫʧʝʥʠ ʫʩʪʘʥʦʚʣʝʥ ʨʝʘʢʪʦʨ, ʦʛʨʘʥʠ-

ʯʠʚʘʶʱʠʡ ʪʦʢ ʂɿ ʜʦ Iʩʩ = 10ʢɸ. ɺʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʪʦʢʘ 

ʚʳʢʣʶʯʘʪʝʣʝʤ ɸʂ-50ɹ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 20 ʤʩ. ʅʘ III ʩʪʫʧʝʥʠ ʨʘʩ-

ʧʦʣʦʞʝʥ ʚʳʢʣʶʯʘʪʝʣʴ QF3.1 ʪʠʧʘ ɸ3724ʉʄ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ Ir3 = 

250ɸ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ ʥʘ ʦʪʢʣʶʯʝʥʠʝ tsd3 = 0,1 c. 

ɺ ʛʣʘʚʥʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʱʠʪʝ ɻʈʑ ʥʘ II ʩʪʝʧʝʥʠ ʫʩʪʘʥʦʚʣʝʥ 

ʚʳʢʣʶʯʘʪʝʣʴ QF2.2 ʪʠʧʘ ɸ3794ʉʄ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ Ir2 = 630ɸ ʩ 

ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ ʥʘ ʦʪʢʣʶʯʝʥʠʝ tsd2 = 0,25 c. ɺʳʢʣʶʯʘʪʝʣʠ I ʩʪʫʧʝ-

ʥʠ QF1.1 ʠ QF1.2 ʪʠʧʘ ɺɸ55-43 ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʪʦʢ Ir1 = 1250 ɸ 

ʠʤʝʶʪ ʚʳʜʝʨʞʢʫ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ tsd1 = 0,4 c. ʇʨʝʜʝʣʴʥʳʡ ʪʦʢ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʳʢʣʶʯʘʪʝʣʝʡ ɺɸ55-43 ʨʘʚʝʥ Icu = 33,5 ʢɸ [10], ʧʦʵʪʦ-

ʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ [11] ʥʠʞʝ ʝʛʦ ʫʩʪʘʥʦʚʣʝʥ 

ʨʝʘʢʪʦʨ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʪʦʢ ʂɿ ʜʦ Iʩʩ = 30 ʢɸ. 
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ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʩʫʜʦʚʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 
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ʏʪʦʙʳ ʚʳʢʣʶʯʘʪʝʣʴ QF1.1 ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʩ ʨʘʙʦʯʠʤ ʪʦ-

ʢʦʤ 1250 ɸ ʠʤʝʣ ʜʦʩʪʘʪʦʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʨʝʟʝʨʚʥʦʡ ʟʘʱʠ-

ʪʳ ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʟʘʱʠʱʘʝʤʦʡ ʥʠʞʝʩʪʦʷʱʠʤ ʚʳʢʣʶʯʘ-

ʪʝʣʝʤ QF2.2, ʪʦʢʦʚʳʝ ʫʩʪʘʚʢʠ ʠʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʨʘʩʮʝʧʠʪʝʣʝʡ 

(ʄʇʈ) ʚ ʟʦʥʝ ʪʦʢʦʚ ʂɿ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ Isd1 = Isd2. ʆʜʥʘʢʦ, ʚʳʙʨʘʥ-

ʥʘʷ ʧʦ ʫʩʣʦʚʠʶ ʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʄ1 ʫʩʪʘʚʢʘ Isd1 = 3750 ɸ ʚʳ-

ʢʣʶʯʘʪʝʣʷ QF1.1 ʦʢʘʟʚrʘʝʪʩʷ ʙʦʣʴʰʝ ʫʩʪʘʚʢʠ Isd2 = 1260 ɸ ʚʳʢʣʶʯʘʪʝʣʷ 

QF2.2. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʦʢʦʚ ʂɿ ʦʪ 1260 ɸ ʜʦ 3750 ɸ ʚʳʰʝ-

ʩʪʦʷʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ QF1.1 ʥʝ ʤʦʞʝʪ ʟʘʱʠʪʠʪʴ ʫʯʘʩʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ ʟʘ ʚʳʢʣʶʯʘʪʝʣʝʤ QF2.2 ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʧʦʩʣʝʜʥʝʛʦ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʜʨʫʛʠʭ ʩʪʫʧʝʥʷʭ ʟʘʱʠʪʳ. ʅʘ ʨʠʩ. 2 ʦʙʦʟʥʘʯʝ-

ʥʳ ʟʦʥʳ ʪʦʢʦʚ ʂɿ, ʚ ʢʦʪʦʨʳʭ ʚʳʰʝʩʪʦʷʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ ʥʝ ʚʳʧʦʣʥʷ-

ʝʪ ʬʫʥʢʮʠʶ ʨʝʟʝʨʚʥʦʡ ʟʘʱʠʪʳ ʫʯʘʩʪʢʘ ʮʝʧʠ, ʢʦʛʜʘ ʥʠʞʝʩʪʦʷʱʠʡ ʚʳ-

ʢʣʶʯʘʪʝʣʴ ʦʪʢʘʟʘʣ. 
 

 t, ʩ 

0 I,ʢɸ 

Isd1 

tsd3 

0,5 1 1,5 2 2,5 3 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

Isd2 Isd3 Isd4 

tsd2 

tsd1 

ɿʦʥʳ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʩʮʝʧʠʪʝʣʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʞʠʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

 
ʈʠʩ. 2. ʂʘʨʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʯʝʪʳʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʟʘʱʠʪʳ 

 

ʎʝʣʴ ʩʪʘʪʴʠ: ʧʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʧʧʘʨʘʪʦʚ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ ʢ ʪʦʢʘʤ ʂɿ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦ-

ʩʪʠ ʠ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʟʘʱʠʪ. 

ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘ-

ʪʦʚ ʟʘʱʠʪʳ ʢ ʪʦʢʘʤ ʂɿ ʤʦʞʥʦ ʧʫʪʝʤ ʦʪʩʪʨʦʡʢʠ ʦʪ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ 

ʤʦʱʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ (ʕɼ), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦ-
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ʛʫʪ ʙʳʪʴ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʫʜʘʣʝʥʥʳʭ ʂɿ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʩʪʨʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʠʜ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ. ʗʚʣʷʝʪʩʷ ʣʠ ʦʥ ʪʦʢʦʤ 

ʫʜʘʣʝʥʥʦʛʦ ʂɿ ʚ ʢʦʥʮʝ ʟʘʱʠʱʘʝʤʦʡ ʣʠʥʠʠ, ʠʣʠ ʧʫʩʢʦʚʳʤ ʪʦʢʦʤ ʕɼ 

ʩʦʩʝʜʥʝʛʦ ʬʠʜʝʨʘ. ɺ ʘʣʛʦʨʠʪʤʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʘʩʮʝʧʠʪʝʣʷ ɸɺ ʥʝʦʙʭʦ-

ʜʠʤʦ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʦʢʦʚʦʡ ʫʩʪʘʚʢʝ Isd ʟʦʥʳ ʂɿ, ʢʦʪʦʨʘʷ ʚʳʙʠʨʘʝʪ-

ʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʢʘ ʧʨʷʤʦʛʦ ʧʫʩʢʘ ʕɼ, ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʫʩʪʘʚ-

ʢʫ I'sd, ʤʝʥʴʰʫʶ Isd ʠ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʩ ʦʞʠʜʘʝʤʳʤ ʪʦʢʦʤ ʫʜʘʣʝʥʥʦʛʦ 

ʂɿ. ʄʝʥʴʰʘʷ ʫʩʪʘʚʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʧʨʠ ʧʫʩʢʘʭ ʕɼ ʠ 

ʘʢʪʠʚʠʨʦʚʘʥʘ ʧʨʠ ʫʜʘʣʝʥʥʳʭ ʂ3. 

ʋʜʘʨʥʳʡ ʪʦʢ ʂɿ ʚ ʣʶʙʦʡ ʬʘʟʝ ʙʫʜʝʪ ʥʘʠʙʦʣʴʰʠʤ, ʝʩʣʠ ʟʘʤʳʢʘ-

ʥʠʝ ʧʨʦʠʟʦʡʜʝʪ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʬʘʟʥʘʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ) 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʫʣʴ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʠʟʤʝʥʝʥʠʝ ʬʘʟʥʦʛʦ ʪʦʢʘ ʚʦ 

ʚʨʝʤʝʥʠ t ʦʧʠʩʚrʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 ( ) ( )
ù
ù

ú

ø

é
é

ê

è

Öy-j+j-y+w= t
-

t

m etIi sinsin , (1) 

ʛʜʝ Im ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶɦ ʝʡ ʪʦʢʘ ʂɿ ʚ 

ʬʘʟʝ; ( )RLw=j arctg  ï ʫʛʦʣ ʩʜʚʠʛʘ, ʥʘ ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʬʘʟʥʦʛʦ ʪʦʢʘ ʦʪʩʪʘʝʪ ʦʪ ʬʘʟʥʦʡ ʕɼʉ; L, R ï ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ; 
jw

j
=

w

j
==t

cos

sintg

R

L
 ï ʧʦʩʪʦ-

ʷʥʥʘʷ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ; ɤ = 2f́ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʩʝʪʠ; f ï 

ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʩʝʪʠ; ɣ ï ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɿ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʪʦʢʘ ʚ ʣʶʙʦʡ ʬʘʟʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʬʘʢʪʦʨʘ, ʢʘʢ ʤʦʤʝʥʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʘ ʚʦʟʤʫɦ ʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʫʛʣʦʤ ɣ. ʇʦʵʪʦʤʫ 

ʧʦ ʤʛʥʦʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʦʢʘ i j(a,b,c) ʚ ʢʘʞʜʦʡ ʬʘʟʝ a, b, c, ʧʦʣʫʯʝʥ-

ʥʳʤ ʦʪ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ɼʊ (ʨʠʩ. 1), ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʥʝʚʦʟʤʦʞʥʦ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ S(t), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʫʤʤʘʨʥʳʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʪʦʢʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʤʛʥʦ-

ʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʚʩʝʭ ʪʨʝʭ ʬʘʟ [12]: 

 () () () ()tititiitS cba

cba

j
222

,,

2 ++==ä , (2) 

ʛʜʝ i j ï ʤʛʥʦʚʝʥʥʦʝ (ʜʠʩʢʨʝʪʥʦʝ) ʟʥʘʯʝʥʠʝ ʪʦʢʘ; ia(t), ib(t), ic(t) ï ʤʛʥʦ-

ʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʚ ʬʘʟʘʭ a, b, c ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
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sin
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sin , (5) 

ɣ ï ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʕɼʉ ʚ ʬʘʟʝ b (ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʘ ʚʦʟʤʫ-

ʱʝʥʠʷ). 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʫʨʘʚʥʝʥʠʡ (3)-(5) ʚ (2) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ-

ʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʠʤʘʝʪ ʩʣʝ-

ʜʫʁɦ ʠʡ ʚʠʜ: 

 ()
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é
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etʝItS
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2
ph cos213 , (6) 

ʛʜʝ Iph ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (6) ʩʣʝʜʫʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

ʬʫʥʢʮʠʠ S(t) ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ɣ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʥɦʦʩʪʠ cos ű. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (6) ʜʣʷ ʩʣʫʯʘʝʚ ʪʨʝʭʬʘʟʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩ ʨʘʟʣʠʯʥʳʤ cosű, ʥʦ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ Iph, 

ʨʘʚʥʳʤ 1. 
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t, ʩ 

S, A
2 

cosű = 0,1 

cosű = 0,2 

cosű = 0,3 

cosű = 0,7 

cosű = 0,8 

Smax 

Smin 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʠ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʘ 

ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. 

 

ʏʝʤ ʤʝʥʴʰʝ cos ű ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʪʝʤ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ 

ʜʦʩʪʠʛʘʝʪ ʬʫʥʢʮʠʷ S(t) ʚ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʧʝʨʝʭʦʜʥʦʛʦ ʨʝʞʠʤʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ Smax ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ Smin ʟʥʘʯʝʥʠʡ ʩʠʣʦʚʦʡ ʬʫʥʢʮʠʠ ʚ ʧʝʨʚʳʡ 

ʧʝʨʠʦʜ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʦʞʥʦ ʙʩrʪʨʦ 

ʦʧʨʝʜʝʣʠʪʴ cosű ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʠʜ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ. ɺ [13] 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʬʫʥʢʮʠʠ S(t). 

ʉʝʣʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʨʘʙʘʪʳʚʘʥʠʷ ɸɺ ʦʪ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʫʩʪʘʚʢʠ Qsd. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʦʚ Q(a,b,c) ʢʚʘʜʨʘ-

ʪʦʚ ʪʦʢʦʚ ʚʦʟʤʫʱʝʥʠʷ ( )
2

,, cbaj
iD  ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʫʩʪʘʚʢʠ 

I'sd. ʂʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʪʦʢʦʤ ʚʦʟʤʫ-

ʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʧʦʣʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʬʘʟʝ Iph, ʘ ʧʨʠʨʘʱʝʥʠʝ ʪʦʢʘ 

ȹIph, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʣʥʳʤ ʪʦʢʦʤ Iph ʚ ʬʘʟʝ, ʬʠʢʩʠ-

ʨʫʝʤʳʤ ʜʘʪʯʠʢʘʤʠ, ʠ ʪʦʢʦʤ ʧʨʝʜʳʩʪʦʨʠʠ Ipr, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʣ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʥʘʛʨʫʟʢʝ) ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ: 

 prphph III -=D . (7) 

ʈʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ȹIph ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ S(t), 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʦʡ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ɣ, ʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ cos ű ʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ȹIph. ɽʩʣʠ 
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ʧʦʜʩʪʘʚʠʪʴ ʚ ʫʨʘʚʥʝʥʠʝ (2) ʤʛʥʦʚʝʥʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ 

ʚʦʟʤʫʱʝʥʠʷ ȹi j(a,b,c), ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ȹIph. ʇʦʵʪʦʤʫ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ 

ʚʚʦʜʠʪʩʷ ʠʤʝʥʥʦ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ ȹIph, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʟʘ 

ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʪʨʦʠʪʴʩʷ ʦʪ ʪʦʢʦʚ ʧʝʨʝʛʨʫʟʢʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘʱʠʪʳ ʢ ʫʜʘʣʝʥʥʳʤ ʂɿ, ʘ ʙʳʩʪʨʘʷ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʷ ʚʠʜʘ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʫʜʘʣʝʥʥʦʝ ʂɿ ʠʣʠ 

ʧʫʩʢ ʕɼ) ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʱʠʪʳ ʥʘ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʭ ʩʪʫʧʝʥʷʭ. 

ʀʟʤʝʨʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʘ i j(a,b,c) ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʠʭ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ȹt. ʉʦ ʩʜʚʠʛʦʤ ʚʨʝʤʝʥʥʦʛʦ ʠʥ-

ʪʝʨʚʘʣʘ ʥʘ ȹt ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʩʯʝʪ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʚʦʟ-

ʤʫʱʝʥʠʷ ȹi j(a,b,c): 

 ( ) ( ) ( )01 ,,,,,, TcbajTcbajcbaj iii -=D , (8) 

ʛʜʝ i jT1 ï ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ʚ ʪʝʯʝʥʠʝ ʪʝʢʫʱʝʛʦ ʧʝʨʠʦʜʘ T1 ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ; i jT0 ï ʤʛʥʦʚʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʪʦʢʘ ʚ ʧʨʝʜʳʜʫʱʠʡ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʊ0 (ʪʦʢ ʧʨʝʜʳʩʪʦ-

ʨʠʠ). 

ʈʘʩʯʝʪ ʠʥʪʝʛʨʘʣʦʚ Q(a,b,c) ʢʚʘʜʨʘʪʦʚ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʨʘ-

ʱʝʥʠʷ ʪʦʢʘ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ( ) ( ) ( )äñ DD=D=

ʊ

cbaj

T

cbajcba tidtiQ

0

2
,,

0

2
,,,, , (9) 

ɿʥʘʯʝʥʠʝ Q(a,b,c) ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʫʩʪʘʚʢʠ 

Qsd ʨʘʩʮʝʧʠʪʝʣʷ ɸɺ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Q(a,b,c) = Qsd, 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ tQ. ʈʘʩʯʝʪ ʠʥʪʝʛʨʘʣʦʚ Q(a,b,c) ʥʘʯʠʥʘʝʪʩʷ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚʦʟʤʫɦ ʝʥʠʷ ȹi j(a,b,c) 

ʚ ʦʜʥʦʡ ʠʟ ʬʘʟ ʩʪʘʥʝʪ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ ã2I'sd, ʛʜʝ I'sd ï ʟʥʘʯʝʥʠʝ ʪʦʢʦ-

ʚʦʡ ʫʩʪʘʚʢʠ, ʚʳʙʨʘʥʥʦʡ ʩ ʫʯʝʪʦʤ ʟʘʱʠʪʳ ʦʪ ʫʜʘʣʝʥʥʳʭ ʂɿ. ɽʩʣʠ ʪʦʢ 

ʚʦʟʤʫʱʝʥʠʷ ʪʨʝʭʬʘʟʥʳʡ, ʪʦ ʩʫʤʤʘʨʥʳʡ ʠʥʪʝʛʨʘʣ ʚʩʝʭ ʪʨʝʭ ʬʘʟ ʟʘ ʚʨʝ-

ʤʷ ʧʝʨʠʦʜʘ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ T ʨʘʚʝʥ: 

 ( )ä=S
T

cbaQQ

0

,, . (10) 

ʇʫʪʝʤ ʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ QɆ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Smax ʩʫʤ-

ʤʳ ʢʚʘʜʨʘʪʦʚ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ȹi j(a,b,c) (2) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʨʝʤʷ: 
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 maxSQtsm S= . (11) 

ʇʦ ʚʝʣʠʯʠʥʝ tsm ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ 

cosű ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ɺʨʝʤʷ tsm ï ʵʪʦ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʦʢʦʚ ʚʦʟʤʫʱʝʥʠʷ, ʩʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʢʦʪʦʨʳʭ ʨʘʚʥʘ Smax, ʨʘʚʥʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʪʦʢʦʚ ʚʦʟʤʫɦ ʝʥʠʷ ʟʘ ʚʨʝʤʷ ʧʝʨʠʦʜʘ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ. ʊʦ ʝʩʪʴ 

ʵʪʦ ʚʨʝʤʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʝʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʪʦʢʦʚ ʚʩʝʭ ʪʨʝʭ ʬʘʟ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝ-

ʣʠʯʠʥʳ cos ű. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʚʨʝʤʷ tsm ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

 ( )()[ ]ññ =D

smtT

cba
StiS

0

max

0

2
,,

. (12) 

ʇʨʠ cos ű=0,3, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʟʘʧʫʩʢʘ ʕɼ ʠ cos ű=0,7, ʭʘʨʘʢ-

ʪʝʨʥʦʤ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʂɿ, ʟʥʘʯʝʥʠʷ tsm ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ (12,2 ʠ 16,4 ʤʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʝʩʦ-

ʤʦʩʪʠ ʚʨʝʤʝʥʠ tsm ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ cos ű [13]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʠ S(t) ʚ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʠʜ 

ʩʚʝʨʭʪʦʢʘ ʠ ʦʪʩʪʨʦʠʪʴʩʷ ʦʪ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʕɼ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ cos ű ʦʪ ʚʨʝʤʝʥʠ tsm ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ȹIph ʠʟ ʚʳʨʘʞʝʥʠʷ: 

 
2
ʫ

2
phmax 3 ʂIS ÖD= . (13) 

ʛʜʝ ʂʫ ï ʫʜʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʢʘ ʂɿ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʟʥʘʯʝ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʂʫ= f(L/R) [14]. 

ʆʪʢʫʜʘ: 

 
ʫ

max
ph

3 ʂ

S
I

Ö
=D . (14) 

ʅʝʦʙʭʦʜʠʤʘʷ ʦʪʩʪʨʦʡʢʘ ʦʪ ʪʘʢʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʬʘʢʪʦʨʘ, ʢʘʢ ʪʦʢʠ 

ʧʝʨʝʛʨʫʟʢʠ ʚ ʩʦʩʝʜʥʠʭ ʬʠʜʝʨʘʭ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʬʘʟʥʳʡ ʪʦʢ ʟʘʱʠʪʥʦ-

ʛʦ ʘʧʧʘʨʘʪʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʤʫ ʥʝʧʨʝʨʳʚʥʦʤʫ ʤʦʥʠ-

ʪʦʨʠʥʛʫ ʚʝʣʠʯʠʥʳ ȹIph, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ȹIph ʚ ʧʘʤʷʪʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ 

ʦʙʥʦʚʣʷʶʪʩʷ ʢʘʞʜʳʡ ʧʝʨʠʦʜ ʊ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ. ʊʦʢ ʥʘʛʨʫʟʢʠ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʟʘʱʠʱʘʝʤʦʡ ʣʠʥʠʠ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʴʰʝ ʨʘʙʦʯʝʛʦ ʪʦʢʘ ʣʠʥʠʠ Ir. ɿʥʘʯʠʪ ʪʦʢ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʮʝʧʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʜʢʣʶʯʝʥʠʝʤ ʦʜʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʪʘʢ-

ʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ I r. ʇʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʣʠʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 
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ʊ = 20 ʤʩ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʘ [6], ʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʟʘʱʠʪʘ ʚ ʟʦʥʝ ʪʦʢʦʚ 

ʂɿ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʪʦʢʠ ʧʝʨʝʛʨʫʟʢʠ. ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ ʪʦʢʘ ȹIph ʠʩʢʣʶʯʘʝʪ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʟʘʱʠʪʳ ʟʘʨʘʥʝʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʦʢʦʚ 

ʥʘʛʨʫʟʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ cosű, ʘ ʟʘʪʝʤ ʠ ʟʥʘʯʝʥʠʷ ȹIph ʦʩʥʦ-

ʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʠʥʪʝʛʨʘʣʦʚ (9). ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʦʚ Q(a,b,c) 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʥʴʰʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ȹIph, ʠʤʝʥʥʦ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ȹi j(a,b,c) ʚ ʦʜʥʦʡ ʠʟ ʬʘʟ ʩʪʘʥʦ-

ʚʠʪʩʷ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ ã2I'sd. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʨʝʤʷ ʩʨʘʙʘ-

ʪʳʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʤʝʥʝʝ 20 ʤʩ, ʪʦ ʝʩʪʴ ʧʦʚʳ-

ʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʱʠʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ [15]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ, 

ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʘʣʛʦʨʠʪʤ 

ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʘʩʮʝʧʠʪʝʣʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʫʶʱʝʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʪʦʢʘʤ ʫʜʘ-

ʣʝʥʥʳʭ ʂɿ, ʪʘʢ ʢʘʢ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʦʚ (9) ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ, ʪʘʢ ʠ ʜʣʷ ʟʘʱʠ-

ʪʳ ʦʪ ʫʜʘʣʝʥʥʳʭ ʂɿ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʇʈ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘ-

ʪʝʣʷ ʬʦʨʤʠʨʫʝʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ ʚʨʝʤʷʪʦʢʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʟʘʱʠʪʳ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩ. 4.  
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ʈʠʩ. 4. ɺʨʝʤʷʪʦʢʦʚʘʷ ʟʘʱʠʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʘʩʮʝʧʠ-

ʪʝʣʷ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ: L ï ʟʘʱʠʪʘ ʟʦʥʳ ʧʝʨʝʛʨʫʟʢʠ S ï ʟʘɦ ʠʪʘ ʟʦʥʳ ʂɿ; S1 ï 

ʟʘʱʠʪʘ ʫʜʘʣʝʥʥʦʛʦ ʂɿ; S2 ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ; I ï ʟʘʱʠʪʘ  

"ʦʪʩʝʯʢʠ". 
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ʋʯʘʩʪʦʢ 1-2 (ʨʠʩ. 4) ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʟʘʱʠʪʘʭ ʦʪ ʪʦʢʦʚ ʧʝʨʝʛʨʫʟʢʠ ï ʚʨʝʤʷ ʩʨʘʙʘʪʚrʘʥʠʷ t ʦʙʨʘʪʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʣʥʦʛʦ ʪʦʢʘ ʚ ʬʘʟʝ. ʇʝʨʝʭʦʜ ʦʪ ʟʦʥʳ ʧʝʨʝʛʨʫʟʢʠ L ʚ ʟʦʥʫ 

ʂɿ S ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʣʠ-

ʙʦ ʧʦ ʣʠʥʠʠ 2-3, ʝʩʣʠ ȹIph > Isd, ʣʠʙʦ ʧʦ ʣʦʤʘʥʦʡ 2-7-8 ʧʨʠ ʫʜʘʣʝʥʥʦʤ 

ʂɿ ʠʣʠ ʜʘʣʴʥʝʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʠ. ɽʩʣʠ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ ȹIph ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʥ ʢʘʢ ʧʫʩʢʦʚʦʡ ʕɼ, ʪʦ ʪʦʢʦʚʘʷ ʫʩʪʘʚʢʘ ʟʘʱʠʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ ʚʝʣʠʯʠʥʳ I'sd ʜʦ ʟʥʘʯʝʥʠʷ Isd. ʆʪʨʝʟʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ ʪʦʢʘ, ʨʘʚ-

ʥʦʛʦ ʫʩʪʘʚʢʝ ʫʜʘʣʝʥʥʦʛʦ ʂɿ ȹIph = I'sd, ʜʦ ʪʦʢʘ, ʨʘʚʥʦʛʦ ʫʩʪʘʚʢʝ "ʦʪʩʝʯ-

ʢʠ" ȹIph = I i, ʬʦʨʤʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʠ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʦʜʫʣʷʤʠ. ʆʙʘ 

ʤʦʜʫʣʷ ʧʘʨʘʣʣʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘ-

ʱʠʪʳ ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ. ɺʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʬʦʨʤʠ-

ʨʫʝʤʦʝ ʚʨʝʤʝʥʥʳʤ ʤʦʜʫʣʝʤ tsd =  const, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʘ, ʘ ʚʨʝʤʷ ʩʨʘ-

ʙʘʪʳʚʘʥʠʷ tQ, ʬʦʨʤʠʨʫʝʤʦʝ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʦʜʫʣʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝ-

ʣʠʯʠʥʦʡ ʠʥʪʝʛʨʘʣʘ Q(a,b,c), ʪʦ ʝʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʚʘʜʨʘʪʘ ʚʝʣʠʯʠʥʳ ȹIph. ɹʣʘʛʦʜʘʨʷ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʚʨʝʤʝʥ tsd ʠ tQ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʪʦʢʘʭ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ tsd (ʫʯʘʩʪʢʠ 8-4, 

ʠʣʠ 9-4), ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ȹIph (ʫʯʘʩʪʦʢ 9-10), ʚʨʝʤʷ ʩʨʘʙʘʪʳ-

ʚʘʥʠʷ ʟʘʱʠʪʳ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ ʫʩʪʘʚʢʘ 

Qsd, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ 

ʥʠʞʝʩʪʦʷʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʣ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʚʳʰʝʩʪʦʷʱʠʤ ʚʳʢʣʶʯʘʪʝʣʝʤ ʧʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʫʩʪʘʚʢʝ 

Qsd ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʠʥʪʝʛʨʘʣʘ ʦʪʢʣʶʯʝʥʠʷ ʵʪʦʡ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ ʥʠʞʝʩʪʦʷʱʠʤ ʚʳʢʣʶʯʘʪʝʣʝʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʳʜʝʨʞʢʦʡ ʚʨʝ-

ʤʝʥʠ ʥʘ ʦʪʢʣʶʯʝʥʠʝ tsd. ʊʦ ʝʩʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʚʳʢʣʶʯʘʪʝʣʝʡ ʫʩʪʘʚʢʠ 

Qsd, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʚʳʙʠʨʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʠʥʪʝʛʨʘʣ 

ʦʪʢʣʶʯʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʩʪʦʷʱʝʛʦ ʥʠʞʝ, ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʝʣʝʢʪʠʚ-

ʥʦʡ ʟʘʱʠʪʳ ʧʦʣʫʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʯʘʩʪʢʦʤ 4-10. ɺ 

ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʪʦʢʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ȹIph ʟʥʘʯʝʥʠʷ I i ʟʘʱʠʪʘ ʩʨʘʙʘ-

ʪʳʚʘʝʪ ʤʛʥʦʚʝʥʥʦ ï ʫʯʘʩʪʦʢ 10-5-6. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʟʘ-

ʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʦʢʘʤ ʫʜʘʣʝʥʥʳʭ ʂɿ ʠ 

ʨʝʞʠʤ ɼʈ. 

ʇʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʪʦʢʘʭ ʂɿ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʚʤʝʩʪʦ ʩʪʫʧʝʥʯʘʪʦ-ʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʙʦ-

ʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ, ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ. ʇʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚ-

ʥʘʷ ʨʘʙʦʪʘ ʚʳʢʣʶʯʘʪʝʣʝʡ ʨʘʟʥʳʭ ʩʪʫʧʝʥʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʙʦʨʘ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʥʘ ʦʪʢʣʯʁʝʥʠʝ 

tsd, ʘ ʠ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʛʨʘʣʘ ɼʞʦʫʣʷ ʦʞʠʜʘʝʤʦʛʦ ʪʦʢʘ 
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ʂɿ. ʀʥʪʝʛʨʘʣʴʥʳʡ ʩʧʦʩʦʙ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʝʜʦ-

ʭʨʘʥʠʪʝʣʷʭ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

Å ʟʦʥʳ L ʠ S ʟʘʱʠʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʳ, ʧʦʵʪʦʤʫ ʜʦʩʪʠʯʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʜʚʠʛʘ ʟʘɦ ʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚ ʟʦʥʝ ʂɿ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ ʥʝ ʫʜʘ-

ʝʪʩʷ; 

Å ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʧʣʘʚʣʝʥʠʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ ʥʝʩʪʘʙʠʣʴʥʳ ʠʟ-

ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʟʙʨʦʩʦʚ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ; 

Å ʥʘ ʠʥʪʝʛʨʘʣ ʧʣʘʚʣʝʥʠʷ ʚʳʰʝʩʪʦʷʱʝʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʪʦʢʠ "ʧʨʝʜʳʩʪʦʨʠʠ", ʢʦʛʜʘ ʪʦʢ ʂɿ ʚ ʦʜʥʦʤ ʠʟ ʬʠʜʝʨʦʚ, 

ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪʩʷ ʥʠʞʝʩʪʦʷɦ ʠʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʤ, ʤʦʞʝʪ ʙʳʪʴ 

ʩʨʘʚʥʠʤ ʩ ʩʫʤʤʘʨʥʳʤ ʪʦʢʦʤ ʥʘʛʨʫʟʢʠ ʩʦʩʝʜʥʠʭ ʬʠʜʝʨʦʚ. 

ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ 

ʟʘʱʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ɸɺ ʩ ʄʇʈ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʟʘʱʠʪʳ ʥʝʦʙʭʦ-

ʜʠʤʦ ʙʳʩʪʨʦ ʦʪʩʪʨʦʠʪʴʩʷ ʦʪ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʂɿ, 

ʧʦʩʢʦʣʴʢʫ ʪʦʢʦʚʳʝ ʫʩʪʘʚʢʠ ʘʧʧʘʨʘʪʦʚ ʟʘʱʠʪʳ ʟʘʜʘʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤ 

ʟʥʘʯʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ. ɼʝʡʩʪʚʫʶɦ ʝʝ ʟʥʘʯʝʥʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʂɿ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʪʦʢʘ ʟʘ ʚʨʝʤʷ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʝʨʠʦʜʦʚ (60 ʤʩ ʜʣʷ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ 50 

ɻʮ). ɹʳʩʪʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʧʦʩʣʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɿ (20 ʤʩ) ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ S(t). ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (6), ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ æIph ʧʨʠ 

ʩʠʤʤʝʪʨʠʯʥʦʤ ʪʨʝʭʬʘʟʥʦʤ ʂɿ ʠʤʝʝʪ ʚʠʜ: 
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ʇʨʠʤʝʥʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (15) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘ-

ʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʘ 

QɆ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʫʩʪʘʚ-

ʢʠ Qsd ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʱʠʪʳ 

ʠʤʝʥʥʦ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʪʦʢʘʭ ʂɿ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʨʝʤʷ ʩʨʘʙʘ-

ʪʳʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʪʦʢʘ, ʘ 

ʪʦʢ, ʧʨʦʧʫʩʢʘʝʤʳʡ ʯʝʨʝʟ ʚʳʢʣʶʯʘʪʝʣʠ ʚʳʩʰʠʭ ʩʪʫʧʝʥʝʡ ʟʘʱʠʪʳ ʧʦ 
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ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʚʩʝʛʜʘ ʙʦʣʴʰʝ, ʯʝʤ ʪʦʢ ʯʝʨʝʟ ʥʠʞʝʩʪʦʷʱʠʝ ʚʳʢʣʶ-

ʯʘʪʝʣʠ. 

ɼʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 1). ʅʘ ʨʠʩ. 5, ʘ ʧʦʢʘʟʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʦʢʦʚʳʤʠ ʫʩʪʘʚʢʘʤʠ 

I'sd, ʥʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʘ ʩʝʣʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʜʥʦʡ ʚʝʪʚʠ ʜʘʥʥʦʡ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ʃʠʥʠʷ 1 (ʨʠʩ. 5, ʙ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʪʝ ʩʪʫʧʝʥʯʘʪʦ-

ʚʨʝʤʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʘ ʣʠʥʠʷ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝ-

ʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʜʣʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʠ ʪʦʢʘ ʂɿ, ʨʘʚʥʦʤ 30 ʢɸ, 

ʧʨʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʥʘ ʚʨʝʤʷ tQ (ʨʠʩ. 4) ʩ 

0,4 ʩ ʜʦ 0,1 ʤʩ (ʨʠʩ. 5, ʙ). ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʪʝʨʤʠʯʝ-

ʩʢʘʷ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ 

ʧʨʠ ʂɿ. 

 
 

G1 

QF4.1 

QF3.1 

ɯI ʩʪʫʧʝʥ  ɹ

ɯɯI ʩʪʫʧʝʥ  ɹ

ɯV ʩʪʫʧʝʥ  ɹ

I ʩʪʫʧʝʥ  ɹ QF1.1 

QF2.2 

ʋʩʪʘʚʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʘʩʮʝʧʠʪʝʣʝʡ 

ʋʩʪʘʚʢʠ 

ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʨʘʩʮʝʧʠʪʝʣʝʡ 

Isd1 = 2500 A 

 

Isd2 = 1260 A 

 

Isd3 = 500 A 

 

Isd4 = 300 A 

 

Isd1 = 2500 A 

I'sd1 = 1260 A 

Isd2 = 1260 A 

I'sd2 = 500 A 

Isd3 = 500 A 

I'sd3 = 300 A 

Isd4 = 300 A 

 

Ir1 = 1250 A 

Ir2 = 630 A 

Ir3 = 250 A 

Ir4 = 25 A 

 

 

t, ʩ 

ˉ ʩʪʫʧʝʥʠ 

0 0,1 0,2 0,3 0,4 0,5 

IV 

10ʢɸ 

III  

10ʢɸ 

II  

20ʢɸ 

I 

30ʢɸ 

2 1 

ɺɸ55-43 

ɸ3794ʉʄ 

ɸ3724ʉʄ 

ɸʂ-50ɹ 

tQ1 

tQ2 

tsd1 

tsd2 

 
ʘ ʙ 

ʈʠʩ. 5. ʇʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ 

 

ʄʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʟʘ ʩʯʝʪ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝh ʝʥʠʡ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʙʝʟ 

ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʪʘʢʦʡ ʤʦʜʝʨʥʠ-
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ʟʘʮʠʠ. ɿʘʤʝʥʝ ʧʦʜʣʝʞʘʪ ʪʦʣʴʢʦ ʘʥʘʣʦʛʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʨʘʩ-

ʮʝʧʠʪʝʣʠ ʩʝʣʝʢʪʠʚʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ I-III ʩʪʫʧʝʥʝʡ ʟʘʱʠʪʳ ʥʘ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨʥʳʝ ʙʣʦʢʠ ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʫʩʪʘʚʢʦʡ Qsd. 

ɺʳʚʦʜʳ. 

1. ʋʣʫʯʰʝʥʠʝ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ 

ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨ-

ʚʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʘʧʧʘʨʘʪʦʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ. 

2. ɺʨʝʤʷʪʦʢʦʚʳʝ ʟʘʱʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠʭ ʚʢrʣʶʯʘʪʝʣʝʡ ʚ ʟʦʥʝ ʪʦʢʦʚ ʂɿ ʬʦʨʤʠʨʫʶʪ ʥʝʢʦʨʨʝʢʪʥʫʶ ʩ 

ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʨʪʫ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʩʫʜʦʚʳʭ ʵʣʝʢʪ-

ʨʦʫʩʪʘʥʦʚʦʢ, ʢʦʛʜʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʟʘʱʠʪʳ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʦʞʠʜʘʝʤʦʛʦ ʪʦʢʘ ʂɿ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʨʝʤʷ ʩʨʘʙʘʪʚrʘʥʠʷ ʟʘ-

ʱʠʪʳ. 

3. ʇʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʪʦʢʘʤ ʫʜʘʣʝʥʥʦʛʦ ʂɿ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʜʝʞʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ, ʦʙʲʝʜʠ-

ʥʷʶʱʝʛʦ ʚʝʣʠʯʠʥʫ cosű ʠ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ ȹIph. 

4. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ, ʩ ʵʣʝʤʝʥʪʘʤʠ ʘʜʘʧʪʠʚʥʦʩʪʠ, ʚʨʝʤʷʪʦʢʦʚʘʷ 

ʟʘɦʠʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʘʩʮʝʧʠʪʝʣʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝ-

ʣʝʡʥʦʡ ʟʘʱʠʪʳ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʫʪʝʤ ʫʜʘʣʝʥʥʦʛʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʟʘʱʠʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʦ-

ʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʨʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ / ʉʝʨʝʜʘ ɸ.ɻ., ɺʘʨʰʘʤʦʚʘ ʀ.ʉ., ʃʠʪʚʠʥʝʥʢʦ ɺ.ɺ. // ɺʽʩ-

ʥʠʢ ʅʊʋ "ʍʇʀ". ʉʝʨʽʷ: ʇʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘ-

ʪʽʚ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ. ï ʍ.: ʅʊʋ "ʍʇɯ", 2013. ï ˉ 65 (1038). ï ʉ. 37-52. ɹʽʙʣʽ-

ʦʛʨ.: 15 ʥʘʟʚ. 

ʆʙˇʨʫʥʪʦʚʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʘʧʘʨʘʪʽʚ ʨʝʣʝʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʦ ʩʪʨʫʤʽʚ ʚʽʜʜʘʣʝʥʠʭ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʜʘʣʝʥʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʚʽʜʤʦʚ ʟʘʭʠʩʪʽʚ. ʇʦʢʘʟʘʥʦ, ʷʢ ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʚʽʜ ʜʘʪ-

ʯʠʢʽʚ ʩʪʨʫʤʫ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʭʠʩʪʽʚ, ʱʦ ʨʝʘʣʟ̔ʫʶʪʴʩʷ ʚ 

ʨʦʟʯʽʧʣʶʚʘʯʘʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥ-

ʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩʠ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ ʟʘ ʩʪʫʧʝʥʝʤ ʩʧʦ-

ʪʚʦʨʝʥʥʷ ʬʘʟʥʠʭ ʩʪʨʫʤʽʚ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ. ɼʦʚʝʜʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʽʜʝʥʪʠ-
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ʬʽʢʘʮʽʾ ʚʠʜʫ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ ʚʠʥʠʢʥʝʥʥʷ ʟʙʫ-

ʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʡ ʙʣʦʢʫʚʘʥʥʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʧʨʠ ʧʨʷʤʦʤʫ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ʅʘʜʘʥʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʅʘʚʝʜʝʥʦ ʘʣʛʦ-

ʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʘʭʠʩʪʫ ʧʨʠ ʙʣʦʢʫʚʘʥʥʽ 

ʩʧʨʘʮʶʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʫʩʢʫ ʽ 

ʨʦʟʛʦʥʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʜʘʣʝʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʡ ʨʦʟʯʽʧʣʶ-

ʚʘʯ, ʨʝʣʝʡʥʠʡ ʟʘʭʠʩʪ 

 
The relay protection devices sensitivity increasing topicality for remote short-

circuit currents in the failure protection remote backup implementation is grounded. 

How the digital processing of signals from the current sensors allows to empower of 

circuit breakers trip units protective ability is shown. Effectiveness to extract more 

information about the processes in the electrical circuit according to the distortion 

degree of phase currents during the transitional mode is confirmed. The fast increase 

current type identification possibility in a transient mode of disturbance electrical 

circuits proved. The circuit breakers operation blocking criterion for induction mo-

tors direct start is proposed. Scientific and technical justification for the complex 

criterion application of induction motor starting current identification is given. The 

algorithm of the microprocessor protection devices operation while circuit breakers 

blocking operation to the guaranteed start-up and acceleration induction motor en-

sure is given. 

Keywords: remote backup, microprocessor trip, relay protection 
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ʋɼʂ 621.316 

 

ɸ.ɸ. ʏɽʇɽʃʖʂ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ʅʊʋ "ʍʇʀ" 

 

ɸʅɸʃʀɿ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʆʉʆɹɽʅʅʆʉʊɽʁ ʈɽʃɽ 

ʅɸʇʈʗɾɽʅʀʗ ʉ ʌʀʂʉʀʈʆɺɸʅʅʓʄʀ ʇɸʈɸʄɽʊʈɸʄʀ 

ʉʈɸɹɸʊʓɺɸʅʀʗ ʀ ɸɺʊʆʄɸʊʀʏɽʉʂʀʄ ʇʆɺʊʆʈʅʓʄ 

ɺʂʃʖʏɽʅʀɽʄ ɼʃʗ ɿɸʑʀʊʓ ɹʓʊʆɺʓʍ 

ʆɼʅʆʌɸɿʅʓʍ ʇʆʊʈɽɹʀʊɽʃɽʁ ʆʊ ʅɽɼʆʇʋʉʊʀʄʓʍ 

ʆʊʂʃʆʅɽʅʀʁ ʅɸʇʈʗɾɽʅʀʗ ɺ ʇʀʊɸʖʑɽʁ ʉɽʊʀ 
 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʬʠʢʩʠʨʦ-

ʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʚʪʦʨʥʳʤ ʚʢʣʶʯʝʥʠ-

ʝʤ ʜʣʷ ʟʘʱʠʪʳ ʙʳʪʦʚʳʭ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʞ̫ʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʝ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʙʳʪʦʚʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʝ ʧʦʚʪʦʨʥʦʝ ʚʢʣʯʁʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. ɼʣʷ ʟʘʱʠʪʳ ʙʳʪʦʚʳʭ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘ-

ʶʱʝʡ ʩʝʪʠ ʥʘ ʫʨʦʚʥʝ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ (ʧʦʪʨʝʙʠʪʝʣʝʡ) ʥʘ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʨʳʥʢʝ ʋʢʨʘʠʥʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʏʘʩʪʴ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘ-

ʠɦʪʳ (ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘ-

ʥʠʷ) ʧʦʟʚʦʣʷʝʪ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ ʚ ʩʣʫʯʘʝ ʥʝʜʦ-

ʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʠʟ 

ʫʢʘʟʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʘʨʘʪʳ ʟʘʱʠʪʳ ʦʪ 

ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʱʠʪʫ ʧʫʪʝʤ ʦʪʢʣʶʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ (ʝʛʦ 

ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʙʳʪʦʚʳʭ, ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʠ ʜʨ. ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ) ʦʪ 

ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʭʨʘʥʷʷ 

ʪʝʤ ʩʘʤʳʤ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦ-

ʨʦʚ. ʊʘʢʠʝ ʘʧʧʘʨʘʪʳ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʙʳʪʦʚʳʭ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʦʜʥʦʬʘʟʥʦʡ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʥʘ ʫʨʦʚʥʝ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʦʩʦʙʝʥ-

ʥʦ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʙʨʳʚʦʤ (ʦʪʛʦʨʘʥʠʝʤ) PEN-

ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ ʩ ʛʣʫʭʦʟʘʟʝʤʣʝʥ-

ʥʦʡ ʥʝʡʪʨʘʣʴʶ ʦʪ ʢʦʪʦʨʦʡ ʟʘʧʠʪʳʚʘʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ 

(ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ ʘʚʘʨʠʡ ʧʨʦʚʝʜʝʥ ʚ [1, 2]). 

É ɸ.ɸ. ʏʝʧʝʣʶʢ, 2013 
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ʉʨʝʜʠ ʘʧʧʘʨʘʪʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʙʳʪʦʚʳʭ ʦʜʥʦʬʘʟʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʥʘ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʳʥʢʘʭ ʋʢʨʘʠʥʳ 

ʠ ʈʦʩʩʠʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʤ ʧʦʚʪʦʨʥʳʤ ʚʢʣʶʯʝʥʠʝʤ (ɸʇɺ) ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʛʘʤʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ ʚʢʣʶʯʝʥʠʷ, ʟʘʣʦ-

ʞʝʥʥʳʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʫʢʘʟʘʥʥʳʭ ʨʝʣʝ ʥʘ ʩʪʘʜʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

[3-9]. 

ʊʘʢʠʝ ʨʝʣʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʚʚʦʜʝ ʚ ʢʚʘʨʪʠʨʫ, ʟʘ 

ʘʧʧʘʨʘʪʦʤ ʟʘʱʠʪʳ ʦʪ ʩʚʝʨʭʪʦʢʦʚ (ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʧʝʨʝ-

ʛʨʫʟʢʠ), ʘ ʪʘʢʞʝ ʦʥʠ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧʦʚʳʭ 

ʣʠʥʠʷʭ, ʧʠʪʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ ʦʪʢʣʦ-

ʥʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʷ ʙʳʪʦʚʳʝ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ (ʭʦʣʦʜʠʣʴʥʠʢʠ, ʩʪʠ-

ʨʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʧʦʩʫʜʦʤʦʝʯʥʳʝ ʤʘʰʠʥʳ, ʪʝʣʝʚʠʟʦʨʳ ʠ ʜʨ.). 

ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʪʠ ʨʝʣʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʦʜ ʥʘʟʚʘʥʠʷʤʠ: "ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ", "ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʣʝ ʥʘʧʨʷʞʝ-

ʥʠʷ", "ʨʝʣʝ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʠʷ". 

ʋʢʘʟʘʥʥʳʝ ʨʝʣʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʢʦʪʦʨʳʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʨʘʩʢʨʳʪʳ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʷʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʝʣʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʘʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʤ ʧʦʚʪʦʨʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʜʣʷ ʟʘʱʠʪʳ ʙʳʪʦʚʳʭ ʦʜʥʦʬʘʟʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ. ʂʦʥʩʪʨʫʢʪʠʚ-

ʥʦ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʚʪʦʨʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʚʳʧʦʣʥʝʥʳ ʚ ʥʝ ʧʦʜʜʝʨʞʠ-

ʚʘʁʱʠʭ ʛʦʨʝʥʠʝ ʢʦʨʧʫʩʘʭ ʤʦʜʫʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʰʠʨʠʥʦʡ 3ʊɽ ʠʟ 

ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʦʯʥʦʡ ʠ ʪʝʨʤʦʩʪʦʡʢʦʡ ʧʣʘʩʪʤʘʩʩʳ ʠ ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ 

DIN-ʨʝʡʢʫ. ʉʪʝʧʝʥʴ ʟʘʱʠʪʳ ʨʝʣʝ ï IP20. ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʨʝʣʝ ï 220 ɺ (ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ). 

ʊʝʭʥʠʯʝʩʢʠ ʪʘʢʠʝ ʨʝʣʝ ʨʝʘʣʠʟʦʚʘʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʠʜʝ ʜʚʫʭʧʦ-

ʨʦʛʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʩ ʟʘʜʝʨʞʢʦʡ ʧʦ ʚʢʣʶʯʝʥʠʶ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪ ʢʦʥʪʨʦʣʴ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʶʱʝʡ ʩʝʪʠ (ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ï ʊrue RMS) ʠ ʚʢʣʶʯʘʝʪ ʥʘʛʨʫʟʢʫ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʦʧʫ-

ʩʪʠʤʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʩʪʨʦʝʥʥʦʛʦ ʵʣʝʢ-
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ʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʣʝ. ɿʘʜʝʨʞʢʘ ʚʢʣʶʯʝʥʠʷ ʚ ʪʘʢʠʭ ʨʝʣʝ ï ʬʠʢʩʠʨʦʚʘʥ-

ʥʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1-2 ʜʦ 2-3 ʤʠʥʫʪ. ʆʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʯʘʩʪʳʭ ʧʦʚʪʦʨʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘʛʨʫʟʦʢ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʥʝʜʦʧʫ-

ʩʪʠʤʳʭ ʩʢʘʯʢʘʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʪʢʣʁ-

ʯʝʥʠʶ ʨʝʣʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʦʢʨʘʱʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʪʘʢʠʭ 

ʥʘʛʨʫʟʦʢ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ (ʭʦʣʦʜʠʣʴʥʠʢʠ ʠ ʜʨ.). 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʢ ʨʝʣʝ ʠʟʤʝʨʷʝʤʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ, ʨʝʣʝ ʦʪ-

ʢʣʶʯʘʝʪ ʥʘʛʨʫʟʢʫ ʦʪ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʨʝʣʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʚ ʜʚʫʭ ʠʩʧʦʣʥʝʥʠʷʭ: 

ï ʩ ʜʚʫʭʮʚʝʪʥʦʡ ʩʚʝʪʦʚʦʡ ʠʥʜʠʢʘʮʠʝʡ ʥʘʣʠʯʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʚʭʦʜʝ ï ʨʠʩ. 1 (ʩʚʝʯʝʥʠʝ ʢʨʘʩʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʦ-

ʧʫʩʪʠʤʦʤ ʦʪʢʣʦʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʮʝʧʠ ʠ ʦʪʢʣʶʯʝʥʠʠ 

ʥʘʛʨʫʟʢʠ, ʩʚʝʯʝʥʠʝ ʟʝʣʝʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʥʦʨʤʝ ʠ ʦʥʦ ʧʦʜʘʥʦ ʯʝʨʝʟ ʨʝ-

ʣʝ ʥʘ ʥʘʛʨʫʟʢʫ); 

 

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʩʧʦʣʥʝʥʠʡ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʚʫʭʮʚʝʪʥʦʡ 

ʩʚʝʪʦʚʦʡ ʠʥʜʠʢʘʮʠʝʡ ʥʘʣʠʯʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ: ʘ ï ʩʝʨʠʷ ʈʅ [3] (ɸʩʂʦ-

ʋʂʈɽʄ, ʋʢʨʘʠʥʘ), ʙ ï ʩʝʨʠʷ e.vpr.pro [4] (E-NEXT ʋʢʨʘʠʥʘ), ʚ ï ʩʝʨʠʷ ɸɿʄ 

[5] (ʈʝʩʘʥʪʘ, ʈʦʩʩʠʷ), ʛ ï ʩʝʨʠʠ ʕʥʝʨʛʠʷ HDP [6] (ʕʥʝʨʛʠʷ, ʈʦʩʩʠʷ) ʠ HDP [7] 

(MEBA Electric, ʂʠʪʘʡ), ʜ ï ʩʝʨʠʷ 3SL15 [8] (Sassin International Electric, ʂʠ-

ʪʘʡ); ʝ ï ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʨʝʣʝ. 
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ï ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʚʝʪʦʚʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ, ʘ ʪʘʢʞʝ ʠʥʜʠʢʘʪʦʨʦʤ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ) ï 

ʨʠʩ. 2. ɺ ʪʘʢʠʭ ʨʝʣʝ ʚʝʨʭʥʠʡ ʩʚʝʪʦʜʠʦʜ (ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ) ʟʘʛʦʨʘʝʪʩʷ 

ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʨʦʛʘ ʠ ʦʪʢʣʶʯʝʥʠʠ ʦʪ ʩʝʪʠ ʧʦʜʢʣʶʯʝʥʥʦʡ ʯʝʨʝʟ ʨʝʣʝ 

ʥʘʛʨʫʟʢʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ; 

ʚʪʦʨʦʡ ʩʚʝʨʭʫ ʩʚʝʪʦʜʠʦʜ (ʟʝʣʝʥʳʡ) ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʥʦʨʤʘʣʴʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʠ ʥʘ ʥʘʛʨʫʟʢʝ ʠ ʩʚʝʪʠʪʩʷ ʧʨʠ ʧʦʜʢʣʶʯʝ-

ʥʠʠ ʥʘʛʨʫʟʢʠ ʯʝʨʝʟ ʨʝʣʝ ʢ ʧʠʪʘʶʱʝʡ ʩʝʪʠ; ʪʨʝʪʠʡ ʩʚʝʨʭʫ ʩʚʝʪʦʜʠʦʜ 

(ʢʨʘʩʥr ʡ) ʟʘʛʦʨʘʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʥʠ-

ʞʝ ʤʠʥʠʤʘʣʥɹʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʨʦʛʘ ʠ ʦʪʢʣʶʯʝʥʠʠ ʦʪ ʩʝʪʠ ʧʦʜʢʣʶ-

ʯʝʥʥʦʡ ʯʝʨʝʟ ʨʝʣʝ ʥʘʛʨʫʟʢʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʩʥʠʞʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ; ʥʠʞʥʠʡ ʩʚʝʪʦʜʠʦʜ (ʞʝʣʪʳʡ) ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʦʪ-

ʩʯʝʪʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʧʦʜʢʣʶʯʘʝʤʦʡ ʯʝʨʝʟ 

ʨʝʣʝ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. ʋʢʘʟʘʥʥʳʝ 

ʨʝʣʝ ʷʚʣʷʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʨʝʣʝ ʩ ʜʚʫʭʮʚʝʪʥʦʡ 

ʩʚʝʪʦʚʦʡ ʠʥʜʠʢʘʮʠʝʡ. 
 

    
ʘ ʙ ʚ ʛ 

ʈʠʩ. 2. ʇʨʠʤʝʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʩʧʦʣʥʝʥʠʡ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤʠ ʩʚʝʪʦʚʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ: ʘ ï ʩʝʨʠʷ ʈʅ-S [3] (ɸʩʂʦ-ʋʂʈɽʄ, ʋʢʨʘʠ-

ʥʘ), ʙ ï ʩʝʨʠʷ e.industrial.vpr [4] (E-NEXT ʋʢʨʘʠʥʘ), ʚ ï ʩʝʨʠʷ ʕʥʝʨʛʠʷ ʈʅ [5] 

(ʕʥʝʨʛʠʷ, ʈʦʩʩʠʷ), ʛ ï ʩʝʨʠʷ 3SL15N [9] (Sassin International Electric, ʂʠʪʘʡ). 

 

ɼʚʘ ʚʝʨʭʥʠʭ ʪʝʨʤʠʥʘʣʘ ʨʝʣʝ ʥʘ ʨʠʩ. 1-2 ï ʚʭʦʜʥʳʝ (ʢ ʥʠʤ ʧʦʜ-

ʢʣʶʯʘʝʪʩʷ ʧʠʪʘʥʠʝ: ʬʘʟʥʳʡ L ʠ ʥʝʡʪʨʘʣʴʥʳʡ N ʧʨʦʚʦʜʥʠʢʠ), ʜʚʘ ʥʠʞ-

ʥʠʭ ʪʝʨʤʠʥʘʣʘ ï ʚʳʭʦʜ ʨʝʣʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʂʦʤʤʫʪʘʮʠʷ 

ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʚ ʪʘʢʠʭ ʨʝʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʢʦʥʪʘʢʪʦʤ ʚʩʪʨʦ-

ʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʣʝ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʭ ʤʦʥʪʘʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʣʝʜʠʪʴ ʟʘ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʦʪʢʣʶʯʘʪʴʩʷ ʦʪ ʥʘʛʨʫʟʢʠ ʧʨʠ ʥʝʜʦʧʫʩʪʠʤʦʤ ʦʪʢʣʦʥʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʢʦʥʪʘʢʪʦʤ ʚʩʪʨʦʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʨʝʣʝ ï ʨʠʩ. 3,ʝ. 



ISSN 2079-3944. ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ". 2013. ̄  65 (1038) 57 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1-2 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1-2. 

ʇʦʨʦʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ ʚ ʪʘʙʣ. 1-2 ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʟʥʘʯʝʥʠʡ (ʊrue RMS). 
 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʠʩ. 1 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

(ʪʦʨʛʦʚʘʷ 

ʤʘʨʢʘ) 

ɸʩʂʦ-
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ʄʘʢʩʠʤʘʣʥɹʳʡ 

ʪʦʢ ʥʘʛʨʫʟʢʠ, ɸ 2
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2
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3
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4
0 

ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʚʢʣʶʯʝʥʠʷ, ʤʠʥ 
1é2 2é3 

ɺʨʝʤʷ ʦʪʢʣʯʁʝ-

ʥʠʷ, ʩ 
0,2...0,4 1...6 1...6 ʥʝʪ ʜʘʥʥʳʭ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʧʦʨʦʛʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ɺ 

250Ñ2% 260Ñ5 ɺ 265Ñ5 ɺ 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʧʦʨʦʛʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ɺ 

170Ñ2% 170Ñ5 ɺ 

 

ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʫʢʘʟʘʥʥʳʤ ʨʝʣʝ, ʜʦ-

ʩʪʫʧʥʳʭ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʘʪʘʣʦʛʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ 

ʦʧʠʩʘʥʠʡ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʘʭ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʦʙʦʣʦʯʢʠ ʩʘʤʠʭ ʨʝʣʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʦʪʣʠʯʠʡ ʚ 

ʪʘʙʣ. 1-2 ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʦʙʦʣʦʯʢʘʭ ʨʝʣʝ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦ ʨʝʣʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʠʭ ɻʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 



58 ISSN 2079-3944. ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ". 2013. ̄  65 (1038)  

ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʠʩ. 2 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

(ʪʦʨʛʦʚʘʷ  
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ɺʨʝʤʷ ʟʘʜʝʨʞ-

ʢʠ ʚʢʣʯʁʝʥʠʷ, 
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2-3 

ɺʨʝʤʷ ʦʪʢʣʶ-

ʯʝʥʠʷ, ʩ 
0,2...0,4 0,1...0,6 1...6 1...6 

ʄʘʢʩʠʤʘʣʥɹʦʝ 

ʧʦʨʦʛʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ɺ 

255Ñ2% 260Ñ5 ɺ 255Ñ5 ɺ 265Ñ5 ɺ 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʧʦʨʦʛʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ɺ 

180Ñ2% 170Ñ5 ɺ 180Ñ2% 170Ñ5 ɺ 

 

ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʣʝ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʜʘʥʥʳʝ ʚ ʦʧʠʩʘʥʠʠ ʦʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʝ ï ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ, ʢʦʪʦʨʳʝ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʶʪ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʨʝʣʝ. 

ʊʘʢ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʘʭ ʠ ʚ ʦʧʠʩʘʥʠʷʭ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʘʭ ʮʝ-

ʣʦʛʦ ʨʜ̫ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʜʠʘʧʘʟʦʥ 

ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ 1é6 ʩ (ʩʤ. ʚʳʜʝʣʝʥʥʳʝ ʷʯʝʡʢʠ ʚ ʪʘʙʣ. 1-2). 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʫʢʘʟʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ 

1é6 ʩ ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʳʤ (ʦʧʝʯʘʪʢʦʡ), ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʠʭ ʚʨʝʤʝ-

ʥʘʭ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʧʦʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʦ-

ʬʘʟʥʦʡ ʩʝʪʠ ʚ ʩʣʫʯʘʝ ʦʙʨʳʚʘ N-ʧʨʦʚʦʜʥʠʢʘ ʚ ʧʠʪʘʶʱʝʡ ʪʨʝʭʬʘʟʥʦʡ 
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ʩʝʪʠ ʩ ʛʣʫʭʦʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ (ʥʘʧʨʷʞʝʥʠʝ ʫ ʦʜʥʦʬʘʟʥʦʛʦ ʧʦ-

ʪʨʝʙʠʪʝʣʷ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʝʞʜʫʬʘʟʥʦʛʦ ï ʜʦ 380 ɺ) ʨʝʣʝ ʥʝ 

ʦʙʝʩʧʝʯʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʪ.ʝ. ʥʝ ʚʳʧʦʣʥʠʪ 

ʩʚʦʶ ʦʩʥʦʚʥʫʶ ʟʘɦ ʠʪʥʫʶ ʬʫʥʢʮʠʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ 

ʩʪʨʦʷ ʟʘʱʠʱʘʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʚʨʝʤʝʥʘʭ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ ʥʝ 

ʦʙʝʩʧʝʯʠʪ ʩʚʦʶ ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʜrʝʨʞʢʘ ʠʟ [10], 

ʘ ʠʤʝʥʥʦ ʚ ʪʘʙʣ. ɼ3 ɻʆʉʊ 13109-97 [10] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʝ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ï KʧʝʨU=1,47 ʜʦʧʫʩʪʠʤʘʷ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʪʘʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ï DtʧʝʨU ʩʦʩʪʘʚʣʷʝʪ ʜʦ 1 ʩʝ-

ʢʫʥʜʳ. ɼʣʷ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚʨʝʤʝʥʥʦʝ ʧʝʨʝ-

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʷʞʝ-

ʥʠ̫ ʠ ʜʦʧʫʩʪʠʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʞ̫ʝʥʠʷ 

ʩʦʩʪʘʚʠʪ: Uʧʝʨ=KʧʝʨU*Uʥ=1,47*220=323,4 ɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ 

ʝʛʦ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʙʨʦʩʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴh ʠʤ ʦʜʥʦʡ 

ʩʝʢʫʥʜʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʜʝʣʘʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʜʘʣʝʝ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʝ ʩ ʜʠʘʧʘʟʦʥʘʤʠ ʚʨʝʤʝʥʠ ʦʪ-

ʢʣʶʯʝʥʠʷ 0,2...0,4 ʩ ʠ 0,1é0,6 ʩ. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʨʝ-

ʤʝʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝ-

ʥʳ ʚ [10]. 

ʇʨʦʚʘʣʦʤ ʥʘʧʨʷʞʝʥʠʷ ʩʦʛʣʘʩʥʦ [10] ʥʘʟʳʚʘʶʪ ʚʥʝʟʘʧʥʦʝ ʧʦʥʠʞʝ-

ʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʥʠʞʝ 0,9Uʥʦʤ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʠʣʠ ʙʣʠʟʢʦʛʦ 

ʢ ʥʝʤʫ ʫʨʦʚʥʷ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ 10 ʤʩ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝ-

ʩʷʪʢʦʚ ʩʝʢʫʥʜ. 

ɺʨʝʤʝʥʥʳʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʩʦʛʣʘʩʥʦ [10] ʥʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʚʳʰʝ 1,1Uʥʦʤ, ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 10 ʤʩ ʩʯʠʪʘʶʪ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʝʪʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʥɹʦʩʪʠ ʚʨʝʤʝʥʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 3. 
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ʊʘʙʣʠʮʘ 3. ɼʦʧʫʩʪʠʤʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʠ ʠʭ 

ʜʣʠʪʝʣʥɹʦʩʪʴ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʞ̫ʝʥʠʷ DtʧʝʨU, ʩ ʜʦ 1 ʜʦ 20 ʜʦ 60 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʥʘʧʨʞ̫ʝʥʠʷ KʧʝʨU, ʦ. ʝ 1,47 1,31 1,15 

ɺʨʝʤʝʥʥʳʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʧʨʠ 

KʧʝʨU, ɺ 
323,4 288,2 253 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʝ ʥʘʧʨʷʞʝʥʠʷ. ɸʥʘʣʠʟʠʨʫʷ 

ʜʘʥʥʳʝ ʧʦ ʧʦʨʦʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʠ ʚʨʝʤʝʥʘʤ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ ʠʟ 

ʪʘʙʣ. 1-2 ʠ ʜʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʥʳʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʤ ʚ ʦʜʥʦʬʘʟʥʳʭ ʩʝ-

ʪʷʭ ʩ ʠʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʟ ʪʘʙʣ. 3, ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚʨʝʤʝʥʘʭ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ ʚ ʜʠʘ-

ʧʘʟʦʥʘʭ 0,1é0,6 ʩ ʠʣʠ 0,2é0,4 ʩ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦ-

ʛʦ ʟʘʱʠʪʥʦʛʦ ʨʝʣʝ) ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʱʠʪʘ ʧʨʠ 

ʚʨʝʤʝʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʭ ʚ ʟʘɦ ʠʱʘʝʤʦʡ ʩʝʪʠ ʩʚʳʰʝ 320 ɺ. ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʠʭ ʫʨʦʚʥʷʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝ-

ʥʠʡ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ (ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩ-

ʥʦ ʪʘʙʣ. 3 ʚʨʝʤʝʥʥʦʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʚ 288 ɺ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 10 ʩ ʤʦ-

ʞʝʪ ʥʝ ʦʪʢʣʶʯʘʪʴʩʷ, ʘ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʱʠʪʥʦʛʦ ʨʝʣʝ ʦʥʦ ʙʫʜʝʪ ʦʪʢʣʶ-

ʯʝʥʦ ʟʘ ʚʨʝʤʷ 0,1-0,6 ʩ ʠʣʠ 0,2-0,4 ʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝ-

ʤʦʛʦ ʟʘʱʠʪʥʦʛʦ ʨʝʣʝ). 

ʊʘʢʞʝ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʳʭ ʧʨʦʚʘʣʘʭ ʥʘʧʨʷʞʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝ-

ʥʠʷ ʨʝʣʝ, ʥʦ ʤʝʥʝʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʜʣʷ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʫʨʦʚʥʷ. 

ʀʟ-ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʦʜʩʢʠʭ 

ʥʘʩʪʨʦʡʢʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʣʝ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʦ-

ʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʦʥʠ ʤʦʛʫʪ ʦʢʘ-

ʟʘʪʴʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʝʥʘʧʨʞ̫ʝʥʠʷʤ ʚ ʜʠʘʧʘʟʦʥʝ 

(1,15-1,2)Uʥʦʤ=253-264 ɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʢʘʟʘʥʥʳʝ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʝ-

ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʚʳʰʘʶɦ ʫʶ ʜʦʧʫʩʪʠʤʫʶ. 

ɺʳʚʦʜʳ. 

1. ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʷʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʣʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ-

ʪʦʯʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 

ʩʨʦʢʫ ʩʣʫʞʙʳ ʨʝʣʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʩʦʤʥʝʥʠʝ ʟʘʱʠʪʥʳʝ 

ʬʫʥʢʮʠʠ ʪʘʢʠʭ ʨʝʣʝ ʠ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

2. ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʣʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 

3. ʌʠʢʩʠʨʦʚʘʥʥʳʝ ʫʩʪʘʚʢʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ (ʧʦʨʦʛʦʚʳʝ ʫʨʦʚʥʠ 
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ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ), ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʦʧʫʩʪʠʤʦʡ ʠʭ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ), ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʣʦʞʥʳʤ ʦʪʢʣʶʯʝʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʪ-

ʢʣʦʥʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʘʥʠʮʘʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʠ 

ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʫʢʘʟʘʥʥʳʭ ʚ [10]. 

4. ʅʘʣʠʯʠʝ ʚ ʨʝʣʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʜʝʨʞʢʠ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝ-

ʥʠʷ ʨʝʣʝ (1-3 ʤʠʥ) ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʙʝʟ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʧʨʠ ʥʘʣʠʯʠʠ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ 

ʨʝʣʝ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʠʩʢʦʤʬʦʨʪ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʦʩʦʙʝʥ-

ʥʦ ʧʨʠ ʯʘʩʪʳʭ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʷʭ ʨʝʣʝ. 
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ʚʢʣʶʯʝʥʠʝʤ ʜʣʷ ʟʘʱʠʪʳ ʙʳʪʦʚʳʭ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʥʝʜʦʧʫ-

ʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ / ʏʝʧʝʣʶʢ ɸ.ɸ. // ɺʽʩ-

ʥʠʢ ʅʊʋ "ʍʇʀ". ʉʝʨʽʷ: ʇʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘ-

ʪʽʚ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ. ï ʍ.: ʅʊʋ "ʍʇɯ", 2013. ï ˉ 65 (1038). ï ʉ. 53-62. ɹʽʙʣʽ-

ʦʛʨ.: 10 ʥʘʟʚ. 

The analysis of the functional characteristics of the voltage relay with fixed 

parameters of operation and automatic reclosing-eat to protect domestic single-phase 

electricity consumers from harmful voltage variations in the mains. 

Key words: ʦver under voltage relay, household electrical equipment, ʦver-

voltage and under-voltage protector, automatic reclosing. 

 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʣʝ ʥʘʧʨʫʛʠ ʟ ʬʽʢʩʦʚʘ-

ʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʦʚʪʦʨʥʠʤ ʚʚʽʤʢʥʝʥʥʷʤ 

ʜʣʷ ʟʘʭʠʩʪʫ ʧʦʙʫʪʦʚʠʭ ʦʜʥʦʬʘʟʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʥʝʜʦʧʫ-

ʩʪʠʤʠʭ ʚʽʜʭʠʣʝʥʴ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʣʝ ʢʦʥʪʨʦʣʶ ʥʘʧʨʫʛʠ, ʧʦʙʫʪʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥ-

ʥʷ, ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛ ʪʘ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ, ʘʚʪʦʤʘʪʠʯʥʝ ʧʦʚʪʦʨʥʝ ʚʚʽʤʢ-

ʥʝʥʥʷ. 
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ɺ.ʌ. ɹʆʃʖʍ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʅʊʋ "ʍʇʀ" 

ʉ.ɺ. ʆʃɽʂʉɽʅʂʆ, ʘʩʧʠʨʘʥʪ, ʅʊʋ "ʍʇʀ" 

ʀ.ʉ. ʑʋʂʀʅ, ʆʆʆ ʌʠʨʤʘ "ʊʕʊʈɸ, Ltd" 
 

ɺʃʀʗʅʀʗ ʌʆʈʄʓ ʀ ʈɸʉʇʆʃʆɾɽʅʀʗ ʗʂʆʈʗ ʅɸ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀʅɼʋʂʎʀʆʅʅʆ-ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ɼɺʀɻɸʊɽʃʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 3D ʄʆɼɽʃʀ 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʜʫʢʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʬʦʨʤʳ ʷʢʦʨʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʢʨʫʛʣʦʤ ʷʢʦʨʝ, ʝʛʦ ʥʘʢʣʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʥʜʫʢʪʦʨʫ ʥʘ ʩʠʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʥʜʫʢʮʠʦʥʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʚʠʛʘʪʝʣʝ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʦʩʥʦʚʥʳʝ ʨʘʩʯʝʪʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʫʢʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ, ʷʢʦʨʴ, ʪʨʝʭ-

ʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʬʦʨʤʘ ʷʢʦʨʷ, ʥʘʢʣʦʥ ʷʢʦʨʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʥʜʫʢʪʦʨʫ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ɺʚʝʜʝʥʠʝ. ʀʥʜʫʢʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ (ʀɼɼ) ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʳ ʠʤʧʫʣʴʩʥʳʝ ʫʜʘʨʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ ʙʦʡʢʘ [1].  

ʋʜʘʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳ ʀɼɼ, ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʪʨʦʠʪʝʣʴ-

ʥʦʡ ʠʥʜʫʩʪʨʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʤʦʣʦʪʳ, 

ʚʠʙʨʘʪʦʨʳ, ʧʝʨʬʦʨʘʪʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʛʨʫʞʝʥʠʷ ʩʚʘʡ. ɺ ʛʦʨʥʦ-

ʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʫʪʦʙʦʠ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʨʘʟʜʝʣʠʪʝʣʠ ʧʦʨʦʜ, ʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʝ ï ʩʝʡʩʤʦʠʩʪʦʯʥʠʢʠ ʨʘʟʣʠʯʥʦʡ 

ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ; ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ï ʤʦʣʦʪʳ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦ-

ʥʦʤ ʵʥʝʨʛʠʠ ʫʜʘʨʘ. ʋʜʘʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʫʶʱʝʡ ʢʣʘʧʘʥʥʦʡ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʚ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʠ 

ʜʨ. ɼʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ, ʦʯʠʩʪʢʠ ʚʘʛʦʥʦʚ, ʪʨʶʤʦʚ ʠ ʠʥʳʭ ʝʤʢʦ-

ʩʪʝʡ ʦʪ ʦʩʪʘʪʢʦʚ ʧʨʦʜʫʢʪʦʚ ʠ ʥʘʣʠʧʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʜʘʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ [2-8]. 

ɺ ʀɼɼ ʚʦʟʙʫʞʜʘʝʤʳʡ ʦʪ ʝʤʢʦʩʪʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ (ɽʅʕ) 

ʠʥʜʫʢʪʦʨ ʚ ʤʘʩʩʠʚʥʦʤ (ʩʧʣʦʰʥʦʤ) ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʤ  ʷʢʦʨʝ ʠʥʜʫʮʠ-

É ɺ.ʌ. ɹʦʣʶʭ, ʉ.ɺ. ʆʣʝʢʩʝʥʢʦ, ʀ.ʉ. ʑʫʢʠʥ, 2013 
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ʨʫʝʪ ʪʦʢ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠ-

ʣʠʡ (ʕɼʋ), ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʪ ʷʢʦʨʷ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʢʦʘʢʩʠʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʀɼɼ, ʧʨʠ ʢʦʪʦ-

ʨʦʡ ʠʥʜʫʢʪʦʨ ʠ ʷʢʦʨʴ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʚʠʜʝ ʠʜʝʘʣʴʥʦ ʢʨʫʛʣʳʭ ʜʠʩʢʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʩʪʨʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦ [9]. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʬʦʨʤʘ ʷʢʦʨʷ ʤʦʞʝʪ ʙʳʪʴ ʠʥʦʡ, ʥʘʧʨʠʤʝʨ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ, ʘ ʝʛʦ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʥʝ ʙʳʪʴ ʩʪʨʦʛʦ ʢʦʘʢʩʠʘʣʴʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʜʫʢʪʦʨʫ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʷʢʦʨʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʤʝʜʥʦ-

ʛʦ ʜʠʩʢʘ, ʢ ʥʝʤʫ ʢʨʝʧʠʪʩʷ ʩʪʘʣʴʥʘʷ ʩʠʣʦʚʘʷ ʧʣʘʩʪʠʥʘ. ɼʣʷ ʚʟʘʠʤʥʦʛʦ 

ʢʨʝʧʣʝʥʠʷ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʤʝʜʥʳʤ ʜʠʩʢʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚʠʥʪʳ, 

ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʚ ʤʝʜʥʦʤ ʜʠʩʢʝ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ. 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥ-

ʥʳʭ ʪʦʢʦʚ ʚ ʷʢʦʨʝ, ʘ ʟʥʘʯʠʪ ʠ ʥʘ ʩʠʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʀɼɼ. 

ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʨʘʩʯʝʪʘʭ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʣʘʩʴ 2D ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʣʠʰʴ ʠʜʝʘʣʴʥʦ ʢʦʘʢʩʠʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʀɼɼ [10]. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʷʢʦʨʷ, ʨʘʩ-

ʧʦʣʦʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʢʨʫʛʣʦʤ ʷʢʦʨʝ, ʝʛʦ 

ʥʘʢʣʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʜʫʢʪʦʨʫ ʥʘ ʩʠʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʀɼɼ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ 3D ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʀɼɼ. ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ 

ʦʙʲʝʤʫ ʤʝʜʥʦʛʦ ʷʢʦʨʷ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʩʪʘʣʥɹʘʷ ʩʠʣʦʚʘʷ 

ʧʣʘʩʪʠʥʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ: 
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ʛʜʝ ů ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʷʢʦʨʷ; ǔ ï ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ; v  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʷʢʦʨʷ; ɛ0 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; ɛɔ ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʠʣʦʚʦʡ ʧʣʘʩʪʠʥʳ.  

ɺ ʤʥʦʛʦʚʠʪʢʦʚʦʤ ʠʥʜʫʢʪʦʨʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʦ-

ʨʦʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ: 

 ( ) ;
1

0 S

wiÖ
=A³Ð³ÐÖ

m
 (2) 

ʛʜʝ i ï ʪʦʢ ʚ ʠʥʜʫʢʪʦʨʝ; w ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʠʥʜʫʢʪʦʨʘ; S ï ʩʝʯʝʥʠʝ ʚʠʪʢʘ 

ʠʥʜʫʢʪʦʨʘ. 

ʕɼʋ fz, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʷʢʦʨʴ, ʥʘʭʦʜʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʥ-

ʟʦʨʘ ʥʘʪʷʞʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: 
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S

z ÖÖÖ+ÖÖ+ÖÖÖ= ñ  (3) 

ʛʜʝ n  ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ dS. 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʩʪʦʨʦʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʜʣʷ ʤʥʦʛʦʚʠʪʢʦʚʦʛʦ 

ʠʥʜʫʢʪʦʨʘ: 

 ( ) ;
dt

di
LiRReu ee Ö+Ö+=+  (4) 

ʛʜʝ u ï ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ; e ï ʧʨʦʪʠʚʦʕɼʉ; Re ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ; R ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʜʫʢʪʦʨʘ; i ï 

ʪʦʢ ʠʥʜʫʢʪʦʨʘ; Le ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʥʝʰʥʝʡ ʮʝʧʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʡ ɽʅʕ: 
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t
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C

Uu  (5) 

ʛʜʝ U0 ï ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ɽʅʕ; ʉ ï ʝʤʢʦʩʪʴ ɽʅʕ. 

ɿʥʘʯʝʥʠʝ ʧʨʦʪʠʚʦʕɼʉ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ w ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʠʥʜʫʢʪʦʨʘ; S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ, ʧʨʦʥʠʟʳʚʘʝʤʘʷ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ; ()ñA  ï ʧʨʦʝʢʮʠʷ ʚʝʢ-

ʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ; V ï 

ʦʙʲʝʤ ʠʥʜʫʢʪʦʨʘ. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚ ʚʠʜʝ: 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʀɼɼ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 
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ʛʜʝ z ï ʧʝʨʝʤʝʱʝʥʠʝ ʷʢʦʨʷ; v ï ʩʢʦʨʦʩʪʴ ʷʢʦʨʷ; m(z) ï ʤʘʩʩʘ ʜʚʠʞʫ-

ʱʠʭʩʷ ʯʘʩʪʝʡ, ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʷʢʦʨʶ; P(z) ï ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʷʢʦʨʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (1)-(8) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʨʘʚ-

ʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʚ ʀɼɼ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ɻʠʨʘ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. 

ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʦʭʦ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʪʦ 

ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ "ʜʝʬʦʨʤʠʨʫʝʤʘʷ" ʩʝʪʢʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦ-

ʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʢʦʦʨʜʠʥʘʪʳ ʝʛʦ ʛʨʘʥʠʮ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ ʜʚʠʞʝʥʠʷ (8). ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ 

ʷʯʝʝʢ ʩʝʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ, ʪʦ ʧʨʠ ʜʚʠʞʝ-

ʥʠʠ ʦʙʣʘʩʪʠ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʧʨʦʚʝʨʷʝʪʩʷ "ʢʘʯʝʩʪʚʦ" ʧʝʨʝ-

ʩʪʨʘʠʚʘʝʤʦʡ ʩʝʪʢʠ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʀɼɼ ʩ ʜʠʩʢʦʚʳʤ ʷʢʦʨʝʤ. ʅʘ 

ʨʠʩ.1 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥ ʀɼɼ, ʫ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦʚʠʪʢʦʚʳʡ ʠʥʜʫʢʪʦʨ 1 

ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷɦ ʝʛʦ ʷʢʦʨʷ 2, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʬʦʨʤʝ ʢʨʫʛʣʦʛʦ ʜʠʩʢʘ. ʀʥʜʫʢʪʦʨ 1 ʚʦʟʙʫʞʜʘʝʪʩʷ ʦʪ 

ɽʅʕ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ ʪʦʢʘ, ʜʣʷ ʯʝʛʦ ʠʥʜʫʢʪʦʨ ʰʫʥʪʠʨʦʚʘʥ 

ʦʙʨʘʪʥʳʤ ʜʠʦʜʦʤ. ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʝ ʠʥʜʫʢʪʦʨʘ ʠ ʷʢʦʨʷ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʕɼʋ.  
 

 
ʈʠʩ.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ: 1 ï ʠʥʜʫʢʪʦʨ ʀɼɼ; 2 ï ʷʢʦʨɹ ʀɼɼ. 

 

ʅʝʧʦʜʚʠʞʥʳʡ ʠʥʜʫʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭʩʣʦʡʥʦʡ ʧʣʦʪʥʦ ʥʘʤʦʪʘʥ-

ʥʦʡ ʢʨʫʛʣʦʡ ʦʙʤʦʪʢʠ, ʟʘʤʦʥʦʣʠʯʝʥʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʚ ʩʪʝʢʣʦ-

ʪʝʢʩʪʦʣʠʪʦʚʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʦʨʧʫʩʝ (ʨʠʩ. 2,ʘ). ʆʙʤʦʪʢʘ ʠʥʜʫʢʪʦʨʘ 

ʠ ʷʢʦʨʴ ʚʳʧʦʣʥʝʥʳ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʤʝʜʠ. 
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ʈʠʩ. 2 ï ʕʣʝʤʝʥʪʳ ʀɼɼ: ʘ ï ʠʥʜʫʢʪʦʨ; ʙ ï ʢʨʫʛʣʳʡ ʷʢʦʨʴ; ʚ ï ʙʦʝʢ; ʛ ï ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʡ ʷʢʦʨʴ 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʢʦʥʩʪʨʫʢʮʠʠ ʷʢʦʨʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʛʦʥ ʙʦʡ-

ʢʘ (ʨʠʩ. 2,ʚ). ɹʦʝʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨʘʣʥɹʳʝ ʦʪʚʝʨʩʪʠʷ ʠʥʜʫʢʪʦʨʘ ʠ 

ʷʢʦʨʷ. ʂʨʫʛʣʳʡ ʷʢʦʨʴ ʩʦʩʪʦʠʪ ʠʟ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʜʥʦʛʦ ʠ 

ʩʠʣʦʚʦʛʦ (ʩʪʘʣʴʥʦʛʦ) ʜʠʩʢʦʚ ʩ ʜʚʫʤʷ ʚʦʟʚʨʘʪʥʳʤʠ ʧʨʫʞʠʥʘʤʠ (ʨʠʩ. 

2,ʙ). ʏʝʪʳʨʝ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʷ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʷ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d=0,125Dex2 ʦʪ ʮʝʥʪʨʘ, ʛʜʝ Dex2 ï ʚʥʝʰʥʠʡ 

ʜʠʘʤʝʪʨ ʷʢʦʨʷ. 

ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʷʢʦʨʴ ʩʦʩʪʦʠʪ ʠʟ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʘʷ ʧʨʠ-

ʢʨʝʧʣʝʥʘ ʢ ʩʠʣʦʚʦʡ ʧʣʘʩʪʠʥʝ ʩ ʦʪʦʛʥʫʪʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʨʘʤ̫ʠ. 

ʂʨʝʧʝʞʥʳʝ ʦʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʛʣʘʭ ʷʢʦʨʷ (ʨʠʩ. 2,ʛ). ʅʘ ʨʠʩ. 2,ʙ 

ʠ 2,ʛ ʧʦʢʘʟʘʥʳ ʷʢʦʨʷ ʩʦ ʩʪʦʨʦʥʳ ʩʠʣʦʚʦʡ ʧʣʘʩʪʠʥʳ. ʉʠʣʦʚʳʝ ʧʣʘʩʪʠ-

ʥʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʦʪ ʤʝʜʥʦʛʦ ʜʠʩʢʘ 

ʷʢʦʨʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ ʀɼɼ ï ʙʦʡʢʫ (ʨʠʩ. 2,ʚ). 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʫʝʤ ʀɼɼ, ʷʢʦʨʴ ʢʦʪʦʨʦʛʦ 

ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʢʨʫʛʣʦʛʦ ʩʧʣʦʰʥʦʛʦ ʜʠʩʢʘ, ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʜʚʠʛʘʪʝ-

ʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.  

 
ʊʘʙʣʠʮʘ ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ. 

ʇʘʨʘʤʝʪʨ ʆʙʦʟʥʘ-

ʯʝʥʠʝ 

ɺʝʣʠʯʠʥʘ 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʠʥʜʫʢʪʦʨʘ Dex1 100 ʤʤ 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʠʥʜʫʢʪʦʨʘ Din1 10 ʤʤ 

ɺʳʩʦʪʘ ʠʥʜʫʢʪʦʨʘ H1 10 ʤʤ 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʷʢʦʨ ̫ Dex2 100 ʤʤ 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʷʢʦʨʷ Din2 6 ʤʤ 

ɺʳʩʦʪʘ ʷʢʦʨʷ H2 3 ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʥʜʫʢʪʦʨʦʤ ʠ ʷʢʦʨʝʤ ŭ 1 ʤʤ 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʠʥʜʫʢʪʦʨʘ N1 46 ʰʪ 

ʉʝʯʝʥʠʝ ʰʠʥʳ ʠʥʜʫʢʪʦʨʘ aĬb 1,8Ĭ4,8 ʤʤ2 

ɽʤʢʦʩʪʴ ɽʅʕ C 2850 ʤʢʌ 

ɿʘʨʷʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ɽʅʕ U0 400 ɺ 
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ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ 

ʀɼɼ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ j1, ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ ʩʝʯʝʥʠʶ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ ʚ ʷʢʦʨʝ j2, ʚʝʣʠʯʠʥʘ fz ʠ ʠʤʧʫʣʴʩ Fz ʕɼʋ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʷʢʦʨʴ ʚ ʘʢʩʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
 

 
ʈʠʩ. 3. ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀɼɼ. 

 

ʈʘʟʨʷʜʥʳʡ ʪʦʢ ʚ ʠʥʜʫʢʪʦʨʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʪʦʢ ʚ ʷʢʦʨʝ ʠ ʕɼʋ 

ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʧʦʣʷʨʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʷʨ-

ʥʦʩʪʠ ʚʝʣʠʯʠʥʳ ʕɼʋ fz ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʘʢʩʠʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʕɼʋ 

 ñ= dtfF zz , (9) 

ʚ ʥʘʯʘʣʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʩʳʱʝʥʠʝʤ ʢ ʢʦʥʮʫ. ʆʜ-

ʥʘʢʦ ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʯʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ 2D ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʘʢ-

ʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʀɼɼ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʕɼʋ (0,37 ʤʩ). ɺ ʧʦʩʣʝ-

ʜʫʶʱʝʤ ʚʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠ ʤʘʢ-

ʩʠʤʫʤʝ ʕɼʋ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʷʢʦʨʴ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʚ ʨʘ-

ʜʠʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʘʢʩʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʀɼɼ. ʅʘʠʙʦʣʴʰʘʷ ʠʥʜʫʢʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʥʜʫʢ-
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ʪʦʨʘ ʠ ʚ ʟʦʥʝ ʤʝʞʜʫ ʠʥʜʫʢʪʦʨʦʤ ʠ ʷʢʦʨʝʤ, ʘ ʥʘʠʤʝʥʴʰʘʷ ï ʚʥʫʪʨʠ ʠʥ-

ʜʫʢʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʧʦ ʩʝʯʝʥʠʶ ʷʢʦʨʷ. ʅʘ ʨʠʩ. 4 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʩʝʯʝʥʠʶ ʷʢʦ-

ʨʷ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʀɼɼ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥ-

ʪʳ ʚʨʝʤʝʥʠ. ʅʘʠʤʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʤ 

ʨʘʜʠʫʩʝ ʷʢʦʨʷ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ  ʁ

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ: ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

(ʜʦ 0,2 ʤʩ) ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩʦ ʚʨʝʤʝʥʝʤ 

(ʧʦʩʣʝ 0,3 ʤʩ) ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ ʷʢʦʨʷ. 

 

 
ʈʠʩ. 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʷʢʦʨʷ ʚ ʨʘʜʠʘʣʴʥʦʤ  

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʀɼɼ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʧʦ ʩʝʯʝʥʠʶ ʷʢʦʨʷ. ɺ ʙʘʟʦʚʦʤ 

ʚʘʨʠʘʥʪʝ ʀɼɼ, ʠʤʝʶʱʝʛʦ ʦʩʝʚʫʶ ʩʠʤʤʝʪʨʠʶ ʠʥʜʫʢʪʦʨʘ ʠ ʷʢʦʨʷ, ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʳ-

ʚʘʶʪʩʷ 2D ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. 

ɺʣʠʷʥʠʝ ʦʚʝʨʩʪʠʡ ʚ ʢʨʫʛʣʦʤ ʷʢʦʨʝ ʥʘ ʩʠʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʀɼɼ. ʇʦʩʢʦʣʴʢʫ ʤʝʜʥʳʡ ʜʠʩʢ ʷʢʦʨʷ ʥʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʪʦ ʢ ʥʝʤʫ ʧʨʠ ʧʦʤʦʱʠ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʩʦ-

ʝʜʠʥʷʝʪʩʷ ʩʠʣʦʚʦʡ ʜʠʩʢ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʨʝ-

ʧʝʞʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʤʝʜʥʦʤ ʜʠʩʢʝ ʷʢʦʨʝ ʥʘʨʫʰʘʶʪ 2D ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʝʩʪʘ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ (ʜʠʘʤʝʪʨ 4 ʤʤ) ʚ ʤʝʜʥʦʤ ʜʠʩʢʝ ʷʢʦ-

ʨ,̫ ʢʦʪʦʨʳʝ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʥʦʩʠʪʝʣʥɹʦ ʦʩʠ ʷʢʦʨʷ.  

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ  ʠʥʜʫʢʪʦʨʘ ʠ ʷʢʦʨʷ ʩ ʯʝʪʳʨʴʤʷ 

ʢʨʝʧʝʞʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʕɼʋ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʷʢʦʨʷ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨ-

ʩʪʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʨʠʣʝʛʘ-

ʶʱʝʡ ʢ ʠʥʜʫʢʪʦʨʫ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʠ ʠʭ ʢʦʣʠʯʝ-

ʩʪʚʦ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʥʦ ʚ 

ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ ʦʪʚʝʨʩʪʠʡ.  

 
ʈʠʩ. 5 ï ʆʙʱʠʡ ʚʠʜ  ʠʥʜʫʢʪʦʨʘ 1 ʠ ʷʢʦʨʷ 2 ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʢʘ ʚ ʷʢʦʨʝ. 

 

 
ʘ                          ʙ                           ʚ 

 

 
ʛ                       ʜ                        ʝ                       ʞ 

ʈʠʩ. 6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʷʢʦʨʷʭ 

ʩ ʨʘʟʣʠʯʥʤrʠ ʦʪʚʝʨʩʪʠʷʤʠ. 
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ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʧʫʣʴʩʘ ʕɼʋ ʦʪ ʜʠʘʤʝʪʨʘ d 

ʦʢʨʫʞʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʦʪʚʝʨʩʪʠʷ ʷʢʦʨʷ (ʨʠʩ. 6,ʛ-ʜ).  
 

 
ʈʠʩ.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʤʧʫʣʴʩʘ ʕɼʋ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ d  

ʦʢʨʫʞʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʦʪʚʝʨʩʪʠʷ ʷʢʦʨʷ. 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʝʩʣʠ ʦʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ 

ʮʝʥʪʨʘʣʥɹʦ ʦʪʚʝʨʩʪʠʷ ʷʢʦʨʷ, ʪʦ ʦʥʠ ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʀɼɼ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀɼɼ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʨʘʩ-

ʧʦʣʦʞʝʥʠʠ ʦʪʚʝʨʩʪʠʡ ʚʙʣʠʟʠ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʷʢʦʨʷ (d=0,5Dex2). ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʢʦʨʷ ʠʥʜʫʮʠʨʫʝʪʩʷ ʪʦʢ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴ.ʁ ɽʩʣʠ ʦʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʥʘʨʫʞ-

ʥʦʛʦ ʜʠʘʤʝʪʨʘ ʷʢʦʨʷ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʥʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʀɼɼ, ʯʪʦ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʚʳʪʘʣʢʠʚʘʥʠʝʤ ʠʥʜʫʮʠʨʦʚʘʥ-

ʥʦʛʦ ʪʦʢʘ ʚ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʷʢʦʨʷ, ʛʜʝ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʤʘʢʩʠʤʘʣʴʥʘ (ʨʠʩ. 4). 

ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʤʧʫʣʴʩʘ ʕɼʋ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʩʪʠʡ 

n, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ ʮʝʥʪʨʘ (d=0,3Dex2). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʨʘʩʯʝʪʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʪ-

ʚʝʨʩʪʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠ-

ʥʳ ʠʤʧʫʣʴʩʘ ʕɼʋ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩ-

ʥʠʪʴ ʪʝʤ, ʯʪʦ ʢʘʞʜʦʝ ʦʪʚʝʨʩʪʠʝ ʣʦʢʘʣʴ-

ʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ 

ʪʦʢ ʷʢʦʨʷ ʪʘʢ, ʯʪʦ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝ-

 
ʈʠʩ. 8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʤʧʫʣʴʩʘ 

ʕɼʋ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʩʪʠʡ. 
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ʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʚ ʨʘʜʠʘʣʴ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ, ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʩʪʠʡ n, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʦʜʥʦʛʦ ʨʘʜʠʫʩʘ, ʥʘ ʚʝʣʠʯʠʥʫ ʠʤʧʫʣʴʩʘ 

ʕɼʋ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʦ 1 %. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʫʯʝʪʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʩʠʣʦʚʦʛʦ ʜʠʩʢʘ ʩ ʤʝʜʥʳʤ ʷʢʦʨʝʤ, 

ʚʳʙʨʘʥʦ ʯʝʪʳʨʝ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʘ. 

ʅʘ ʨʠʩ. 9 ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʪʦʢʘ ʚ ʨʘʜʠʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʷʢʦʨʷ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʕɼʋ ʧʨʠ 

ʥʘʣʠʯʠʠ ʯʝʪʳʨʝʭ ʦʪʚʝʨʩʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʮʝʥʪʨʘ (d=0,3Dex2).  

 
ʘ 

 
ʙ 

ʈʠʩ. 9 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʜʠʘʣʴʥʳʭ ʩʝʯʝ-

ʥʠʷʭ ʷʢʦʨʷ: ʘ ï ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʯʝʥʠʡ ʷʢʦʨʷ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʠʭ 

ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ. 

 

ʇʨʠ ʫʛʣʝ ɓ=0Ü ʩʝʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʦʪʚʝʨʩʪʠʷ, ʘ ʧʨʠ 

ɓ=45Ü ʩʝʯʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʚʫʭ ʩʤʝʞʥʳʭ 
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ʦʪʚʝʨʩʪʠʡ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʩʝʯʝʥʠʶ ʷʢʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ ʦʪ-

ʚʝʨʩʪʠʷ. ʋʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʨʘʚʥʦʤ 2-3 ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʳʡ ʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʙʣʠʟʠ ʦʪʚʝʨʩʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʫʤʝʥʴ-

ʰʝʥʠʝ ï ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʅʘ ʨʠʩ. 10 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʷʢʦʨʷ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʢʨʘʡʥʠʭ ʩʝʯʝʥʠʷʭ ʧʨʠ ɓ=0Ü ʠ ʧʨʠ ɓ=45Ü. 

ʅʘʣʠʯʠʝ ʦʪʚʝʨʩʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ 

ʝʛʦ ʢʨʘʷʭ. ʅʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʪʚʝʨʩʪʠʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʠʙʣʠ-

ʞʘʝʪʩʷ ʢ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʷʢʦʨʷ (ʙʝʟ ʦʪʚʝʨʩʪʠʡ). 
 

 
ʈʠʩ.10 ï ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʷʢʦʨʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʝʯʝʥʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʛʣʘʤ ɓ=0Ü ʠ ɓ=45Ü. 

 

ʅʘ ʨʠʩ. 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʠʥʜʫʮʠʨʦ-

ʚʘʥʥʦʛʦ ʪʦʢʘ ʥʘ ʦʪʜʘʣʝʥʥʦʡ ʠ ʧʨʠʣʝʞʘʱʝʡ ʥʘʨʫʞʥʳʭ ʩʪʦʨʦʥʘʭ ʷʢʦʨʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʦʪʜʘʣʝʥʥʦʡ ʩʪʦʨʦʥʝ ʷʢʦ-

ʨʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʠʥʜʫʢʪʦʨʫ ʩʪʦʨʦʥʝ.  

ʅʘʣʠʯʠʝ ʦʪʚʝʨʩʪʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʚ ʦʢʨʫʞʘʶʱʝʤ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʨʠʩ. 12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʀɼɼ, 

ʷʢʦʨʴ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 4 ʦʪʚʝʨʩʪʠʷ. ʆʪʚʝʨʩʪʠʝ ʫʤʝʥʴʰʘʝʪ ʤʘʛʥʠʪʥʦʝ 
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ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʷʢʦʨʝʤ ʠ ʠʥʜʫʢʪʦʨʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʦʪ-

ʚʝʨʩʪʠʝʤ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʷ ʥʘ ʢʨʘʷʭ ʦʪʚʝʨ-

ʩʪʠʷ, ʦʙʨʘʱʝʥʥʳʭ ʢ ʠʥʜʫʢʪʦʨʫ.  

 
ʘ 

 
ʙ 

ʈʠʩ.11 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ: ʘ ï ʥʘ ʦʪʜʘ-

ʣʝʥʥʦʡ ʩʪʦʨʦʥʝ ʷʢʦʨʷ; ʙ ï ʥʘ ʧʨʠʣʝʞʘʱʝʡ ʩʪʦʨʦʥʝ ʷʢʦʨʷ. 

 

 
ʈʠʩ. 12 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʀɼɼ ʩ ʚʳʜʝʣʝʥʠʝʤ ʟʦʥʳ 

ʦʪʚʝʨʩʪʠʷ ʷʢʦʨʷ: 1 ï ʠʥʜʫʢʪʦʨ; 2 ï ʷʢʦʨʴ. 
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ɺʣʠʷʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʷʢʦʨʷ ʥʘ ʩʠʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʀɼɼ. 

ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʷʢʦʨʴ (ʨʠʩ. 2,ʛ) ʠʤʝʝʪ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʣʳʤ ʷʢʦʨʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʘʚʪʦʥʦʤ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʚʦʟ-

ʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʪʘʢʦʡ ʬʦʨʤʳ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥ-

ʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʷʢʦʨʝ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʠʥʜʫʢʪʦʨ ʠʤʝʝʪ ʢʨʫʛʣʫ  ʁ

ʬʦʨʤʫ. ʅʘ ʨʠʩ. 13,ʘ ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ ʀɼɼ, ʫ ʢʦʪʦʨʦʛʦ ʧʨʷʤʦʫʛʦʣʴ-

ʥʳʡ ʷʢʦʨʴ ʚʳʧʦʣʥʝʥ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠ ʩ ʯʝʪʳʨʴʤʷ ʢʨʝʧʝʞ-

ʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʫʛʣʘʭ. ʐʠʨʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʷʢʦʨʷ ɺ=100 ʤʤ, ʜʣʠʥʘ ɸ =120 ʤʤ ʠ ʚʳʩʦʪʘ H2=3 ʤʤ. ʅʘ ʨʠʩ. 13,ʙ ʧʦ-

ʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʷʢʦʨʝ. ɺʙʣʠʟʠ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʦʩʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠ-

ʪʝʣɹʥʦ ʦʩʠ, ʘ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʚʦʟʥʠʢʘʶʪ ʥʘ ʢʦʥʮʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʷʢʦʨʷ. ʅʘ ʫʯʘʩʪʢʘʭ ʷʢʦʨʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʝ ʠʥʜʫʢʪʦʨʘ (ʚ ʫʛʣʘʭ ʠ 

ʢʦʥʮʘʭ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʳ) ʧʣʦʪʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʤʠʥʠ-

ʤʘʣʴʥʳ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʜʝʩʴ ʢʨʝ-

ʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ.  
  

 
ʘ 

 
ʙ 

ʈʠʩ. 13 ï ʆʙʱʠʡ ʚʠʜ ʀɼɼ: ʘ ï ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʷʢʦʨʝʤ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʷʢʦʨʝ; 1 ï ʠʥʜʫʢʪʦʨ; 2 ï ʷʢʦʨʴ; 3 ï ʢʨʝʧʝʞʥʦʝ ʦʪʚʝʨʩʪʠʝ. 

 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʷʢʦʨʷ ɸ ʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʷʢʦʨʷ. ɺ ʢʦʨʦʪʢʦʤ ʷʢʦʨʝ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ ʧʦ-
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ʣʦʚʠʥʳ ʜʠʘʤʝʪʨʘ ʠʥʜʫʢʪʦʨʘ (ʨʠʩ. 14,ʘ), ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʝʛʦ ʢʨʘʷʭ.  
 

 
ʘ                                                        ʙ 

ʈʠʩ. 14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚ ʷʢʦʨʝ ʜʣʠʥʦʡ: a ï A=0,4ɺ; ʙ ï 

A=1,6ɺ; 1 ï ʠʥʜʫʢʪʦʨ; 2 ï ʷʢʦʨʴ. 

 

ɺ ʜʣʠʥʥʦʤ ʷʢʦʨʝ, ʜʣʠʥʘ ɸ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ ʜʠʘʤʝʪʨ ʠʥʜʫʢʪʦ-

ʨʘ (ʨʠʩ. 14,ʙ), ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʢʨʘʷʭ ʪʦʢ ʤʠʥʠʤʘʣʝʥ. ʅʘ ʨʠʩ. 14 ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘ ʞʝ 

ʰʢʘʣʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 13. 

ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʷʢʦʨʷ ɸ ʠ ʩʚʷʟʘʥʥʦʝ ʵʪʠʤ ʧʝ-

ʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʠʤʧʫʣʴʩʘ 

ʕɼʋ Fz (ʨʠʩ. 15). ʆʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʘ ʥʝʣʠʥʝʡʥʘʷ. ʊʘʢ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʜʣʠʥʳ A ʚ ʜʚʘ ʨʘʟʘ ʦʪ 0,4ɺ ʜʦ 0,8ɺ ʠʤʧʫʣʴʩ ʕɼʋ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʙʦʣʝʝ, ʯʝʤ ʚ 2,5 ʨʘʟ. ɸ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ A ʦʪ 0,8ɺ ʜʦ 1,2ɺ ʠʤ-

ʧʫʣʴʩ ʕɼʋ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʚ 1,1 ʨʘʟ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝ-

ʥʠʠ ʜʣʠʥʳ ʷʢʦʨʷ ʚʝʣʠʯʠʥʘ ʠʤʧʫʣʴʩʘ ʕɼʋ Fz ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʷʢʦʨʴ, ʜʣʠʥʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʝʛʦ ʰʠʨʠʥʝ.  

 
ʈʠʩ.15 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʤʧʫʣʴʩʘ ʕɼʋ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ɸ  

ʧʨʷʤʦʫʛʦʣʥɹʦʛʦ ʷʢʦʨʷ. 
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ɺʣʠʷʥʠʝ ʥʘʢʣʦʥʘ ʢʨʫʛʣʦʛʦ ʷʢʦʨʷ ʥʘ ʩʠʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʀɼɼ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʷʢʦʨʷ Ŭ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʀɼɼ (ʨʠʩ. 16,ʘ). ʇʨʠ ʥʘʢʣʦʥʝ ʷʢʦʨʷ ʚʜʦʣʴ ʦʩʠ x 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʠ 

ʘʢʩʠʘʣʴʥʳʭ ʕɼʋ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʜʦʣʴ ʦʩʠ x 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ ʠ ʚʙʣʠʟʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ 

ï ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʠʥʜʫʢʪʦʨʫ (ʨʠʩ. 16,ʘ). ɺʳʰʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʙʣʠʞʝ ʢ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʦʡ 

ʧʠʢ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʥʦ ʝʛʦ ʚʝʣʠʯʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʝʨʚʦʛʦ ʧʠʢʘ. 

ʆʜʥʘʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʕɼʋ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʢʣʦʥʝʥʥʦʛʦ ʷʢʦʨʷ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʝ (ʨʠʩ. 16,ʙ). ʄʘʢʩʠʤʘʣʴʥʳʝ ʕɼʋ ʜʝʡʩʪʚʫʶʪ ʥʘ 

ʥʠʞʥʠʡ ʫʯʘʩʪʦʢ, ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʠʥʜʫʢʪʦʨʫ ʠ ʚʜʦʣʴ ʦʩʠ x 

ʫʤʝʥʴʰʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʷʢʦʨʷ ʥʝʜʘʣʝʢʦ ʦʪ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʕɼʋ ʤʝʥʷʶʪ 

ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. 
 

 
ʘ 

 
ʙ                                            ʚ 

ʈʠʩ.16 ï ʀɼɼ: ʘ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʷʢʦʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ; ʙ ï ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʷʢʦʨʝ; ʚ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʩʠʘʣʥɹʳʭ ʕɼʋ ʚ ʷʢʦʨʝ ʧʨʠ 

Ŭ=40Ü. 
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ɽʩʣʠ ʷʢʦʨʴ ʠ ʠʥʜʫʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥʳ ʘʢʩʠʘʣʴʥʦ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʩʠʤʤʝʪʨʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ z (ʨʠʩ. 17,ʘ). ʇʨʠ 

ʥʘʢʣʦʥʝ ʷʢʦʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʠʤʝʝʪ ʫʢʘ-

ʟʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ (ʨʠʩ. 17,ʙ). ʕʪʦ ʧʦʣʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʠʥʜʫʢʪʦʨʦʤ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʤʫ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʷʢʦʨʷ. ɺ ʦʙʣʘʩʪʠ 

ʤʝʞʜʫ ʠʥʜʫʢʪʦʨʦʤ ʠ ʧʦʜʥʷʪʦʡ ʯʘʩʪʴʶ ʷʢʦʨʷ ʧʦʣʝ ʦʩʣʘʙʣʷʝʪʩʷ. 

 

  
ʘ ʙ 

 

ʈʠʩ. 17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʘ ï ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ ʥʘ ʧʦʣʦʚʠʥʝ ʀɼɼ ʧʨʠ Ŭ=0Ü; ʙ ï ʧʦ ʚʩʝʤʫ ʀɼɼ ʧʨʠ Ŭ=40Ü. 

 

ɺʩʣʝʜʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ ʚ ʷʢʦʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʝʛʦ ʥʘʢʣʦʥʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʕɼʋ, ʜʝʡʩʪʚʫʶɦ ʠʭ 

ʥʘ ʷʢʦʨʴ. 

ʅʘ ʨʠʩ. 18 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʘʢʩʠʘʣʴʥʦʛʦ Fz ʠ ʧʨʦʜʦʣʴʥʦʛʦ Fx 

ʠʤʧʫʣʴʩʦʚ ʕɼʋ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʷʢʦʨʴ, ʦʪ ʫʛʣʘ ʝʛʦ ʥʘʢʣʦʥʘ Ŭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘ 5Ü ʘʢʩʠʘʣʴʥʳʡ ʠʤ-

ʧʫʣʴʩ ʩʠʣʳ Fz ʩʥʠʞʘʝʪʩʷ ʥʘ 31 %, ʘ ʧʨʠ ʥʘʢʣʦʥʝ ʥʘ 10Ü Fz ï ʥʘ 64 %. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʜʦʣʴʥʳʡ ʠʤʧʫʣʴʩ ʕɼʋ Fx, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʚʜʦʣʴ ʦʩʠ ʥʘʢʣʦʥʘ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʘʢʩʠʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʩʠʣʳ Fz ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʘʜʘʝʪ, ʪʦ ʧʨʦʜʦʣʴʥʳʡ ʠʤʧʫʣʴʩ Fx ʠʤʝʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ Ŭ ʦʪ 0Ü ʜʦ 

12Ü ʚʝʣʠʯʠʥʘ Fx ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ Ŭ ʫʢʘʟʘʥʥʳʡ 

ʠʤʧʫʣʴʩ ʕɼʋ ʩʥʠʞʘʝʪʩʷ. 
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ʈʠʩ. 18 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʠʤʧʫʣʴʩʦʚ ʕɼʋ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʷʢʦʨʷ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʫʢʪʦʨʘ. 

 

ʕʢʩʧʝʨʝʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 

19, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʠʣʦʚʫʶ ʦʧʦʨʫ 1 ʚ ʚʠʜʝ ʩʢʦʙʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ 

ʫʩʪʘʥʦʚʣʝʥ ʠʥʜʫʢʪʦʨ 2.  

 
ʈʠʩ. 19 ï ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ʅʘ ʠʥʜʫʢʪʦʨʝ ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥ ʤʝʜʥʳʡ ʷʢʦʨʴ 3, ʢ ʢʦʪʦʨʦ-

ʤʫ ʧʨʠʩʦʝʜʠʥʝʥ ʩʠʣʦʚʦʡ ʜʠʩʢ 4. ʉ ʜʠʩʢʦʤ 4 ʩʦʝʜʠʥʝʥ ʮʝʥʪʨʘʣʴʥʳʡ 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʰʪʳʨʴ 5. ʉʚʝʨʭʫ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʦʚʦʡ 

ʦʧʦʨʳ 1 ʨʘʩʧʦʣʦʞʝʥʳ ʜʘʪʯʠʢ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʜʘʪʯʠʢ 6 ʠ ʚʝʨʪʠʢʘʣʴ-

ʥʳʡ ʨʝʟʠʩʪʦʨʥʳʡ ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʝʥʠʷ 7. ɺʦʟʙʫʞʜʝʥʠʝ ʠʥʜʫʢʪʦʨʘ 2 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪ ɽʅʕ ʝʤʢʦʩʪʴʶ ʉ=1660 ʤʢʌ ʠ U=300 ɺ, ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʦʚʘʣʘ ʧʦʣʷʨʥʳʡ ʠʤ-

ʧʫʣʴʩ ʪʦʢʘ, ʯʝʨʝʟ ʪʦʢʦʚʚʦʜʳ 8. 

ʅʘ ʨʠʩ. 20 ʧʦʢʘʟʘʥʳ ʤʝʜʥʳʝ ʷʢʦʨʷ ʢʨʫʛʣʦʡ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨ-

ʤ ,r ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʗʢʦʨʷ ʩ ʩʠʣʦʚʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ ʩʦʝʜʠʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʚ ʢʨʫʛʣʦʤ ʷʢʦʨʝ ʠ ʚ ʫʛʣʘʭ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʛʦ ʷʢʦʨʷ. 
 

  
ʘ                                                   ʙ 

ʈʠʩ. 20 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʷʢʦʨʷ; ʘ ï ʢʨʫʛʣʦʡ ʬʦʨʤʳ; ʙ ï ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. 

 

ʅʘ ʨʠʩ. 21 ʧʦʢʘʟʘʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

ʪʦʢʘ ʠʥʜʫʢʪʦʨʘ ʠ ʜʘʪʯʠʢʘ ʧʝʨʝʤʝɦ ʝʥʠʡ ʢʨʫʛʣʦʛʦ ʷʢʦʨʷ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʚʝʨʭ. ʅʘ ʨʠʩ. 22 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʠ ʜʘʪ-

ʯʠʢʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨ̫ʤʦʫʛʦʣʴʥʦʛʦ 

ʟʘʪʦʨʤʦʞʝʥʥʦʛʦ ʷʢʦʨʷ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ, 

ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʠʤʧʫʣʴʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʠ ʥʘʯʘʣʦʤ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʢʦʨʷ (ʧʝʨʝʤʝʱʝʥʠʝʤ ʠʣʠ ʩʦʫʜʘʨʝʥʠʝʤ ʙʦʡʢʘ ʟʘʪʦʨ-

ʤʦʞʝʥʥʦʛʦ ʷʢʦʨʷ) ʠʤʝʝʪʩʷ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʨʘʚʥʦʝ ʧʨʠʤʝʨʥʦ 1 ʤʩ. 
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ʈʠʩ. 21 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʠʥʜʫʢʪʦʨʘ (ʢʘʥʘʣ 1) 

ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʫʛʣʦʛʦ ʷʢʦʨʷ (ʢʘʥʘʣ 2). 

 

 
ʈʠʩ. 22 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʠʥʜʫʢʪʦʨʘ (ʢʘʥʘʣ 2) 

ʠ ʜʘʪʯʠʢʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ (ʢʘʥʘʣ 1). 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʦʨʤʘ ʠ ʚʝʣʠʯʠʥʘ ʠʤ-

ʧʫʣʴʩʦʚ ʪʦʢʘ ʚ ʠʥʜʫʢʪʦʨʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʥɹʦ (ʩʤ. ʨʠʩ.3) ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʢʨʠʚʳʤʠ. ɸʥʘʣʦʛʠʯʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʜʠʥʘʤʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ ʷʢʦʨʷ ʠ 

ʚʝʣʠʯʠʥʳ ʠʤʧʫʣʴʩʘ ʕɼʋ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʟʤʘʭʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʫʜʦʚʣʝʪʚʦ-

ʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. 
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ɺʳʚʦʜʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ 3D ʤʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣʴ ʀɼɼ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʟʘ-

ʠʤʦʩʚʷʟʘʥʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʬʦʨʤʳ ʷʢʦʨʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʢʨʫʛʣʦʤ ʷʢʦʨʝ, ʝʛʦ ʥʘʢʣʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʥʜʫʢʪʦʨʫ ʥʘ ʩʠʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʀɼɼ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʦʩ-

ʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ɹʦʣʶʭ ɺ.ʌ., ɼʘʥʴʢʦ ɺ.ɻ. ʃʽʥʽʡʥʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ. ï ʍʘʨʢʽʚ: ʅʊʋ "ʍʇɯ". ï 2006. ï 260 ʩ. 2. ʉʪʨʠ-

ʞʘʢʦʚ ɽ.ʃ., ʍʘʭʠʥ ʅ.ɸ., ɹʘʮʝʤʘʢʠʥ ɼ.ʉ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʚʘʨʢʘ. ï 2004. ï ˉ 2. ï ʉ. 53-

55. 3. ʊʘʪʤʳʰʝʚʩʢʠʡ ʂ.ɺ., ʉʝʤʝʥʦʚʠʯ ʄ.ʃ., ʂʦʟʣʦʚ ʉ.ɸ. ʄʘʛʥʠʪʥʦ-

ʠʤʧʫʣʴʩʥʳʝ ʤʝʪʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʚʟʨʳʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʦʝʧʨʠʧʘʩʦʚ ʠ ʩʨʝʜʩʪʚ ʙʨʦʥʝʟʘʱʠʪʳ. // ʀʟʚʝʩʪʠʷ 

ʈɸʈɸʅ. ï 2005. ï ˉ 4. ï ʉ. 22-31. 4. ʄʘʟʫʨʝʥʢʦ ʄ.ʀ., ʇʝʪʫʭʦʚ ɺ.ɸ., ʇʦʚʝʜʘʡʣʦ 

ɺ.ɸ. ʠ ʜʨ. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩʥʳʡ ʢʣʘʧʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʧʫʯʢʦʚ // ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ï 2002. ï ˉ 2. ï ʉ. 152-

155. 5. ʂʫʟʥʝʮʦʚ ʇ.ɺ., ʊʦʣʤʘʯʝʚ ʅ.ʉ., ʍʘʨʠʪʦʥʦʚ ɺ.ɼ. ʠ ʜʨ. ʀʥʜʫʢʮʠʦʥʥʦ-

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʩʫʰʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ʄʦʣʦʯʥʘʷ ʧʨʦ-

ʤʳʣhʝʥʥʦʩʪʴ. ï 1989. ï ˉ 1. ï ʉ. 25-26. 6. ɸʥʠʩʠʤʦʚ ɻ.ʀ. ʀʤʧʫʣʴʩʥʳʝ ʩʧʦʩʦ-

ʙʳ ʟʘʯʠʩʪʢʠ ʦʩʪʘʪʢʦʚ ʩʤʝʨʟʰʠʭʩʷ ʛʨʫʟʦʚ // ʇʨʦʤʳʰʣʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ. ï 1988. 

ï ˉ 2. ï ʉ. 22-25. 7. ɹʦʣʶʭ ɺ.ʌ., ʑʫʢʠʥ ʀ.ʉ. ʀʥʜʫʢʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʛʘʰʝ-

ʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ // ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ ʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ. ï 2012. 

ï ˉ 3. ï ʉ. 14-20. 8. ɹʦʣʶʭ ɺ.ʌ., ɺʠʥʥʠʯʝʥʢʦ ɸ.ʀ. ʂʦʥʮʝʧʮʠʷ ʠʥʜʫʢʮʠʦʥʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʪʘʧʫʣʴʪʳ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʠʤʝʪʨʘ // ʀʟʤʝʨʠ-

ʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. ï 2013. ï ˉ 10. ï ʉ. 6-10. 9. ɹʦʣʶʭ ɺ.ʌ., ʆʣʝʢʩʝʥʢʦ ʉ.ɺ., ʑʫ-

ʢʠʥ ʀ.ʉ. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʜʫʢʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ // ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ ʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ. ï 

2012. ï ˉ 6. ï ʉ. 20-27. 10. ɹʦʣʶʭ ɺ.ʌ., ɹʝʥʘʠʩʩʘ ʆʤʘʨ, ʆʣʝʢʩʝʥʢʦ ʉ.ɺ. ʄʝʪʦ-

ʜʠʢʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠʥʜʫʢʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʬʝʨʨʦʤʘʛ-

ʥʠʪʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ // ɺʽʩʥʠʢ ʅʊʋ "ʍʇɯ". ʉʝʨʽʷ: ʇʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ. ï ʍʘʨʢʽʚ: ʅʊʋ "ʍʇɯ". ï 2013. 

ï ˉ 51. ï ʉ. 3-15. 
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ɺʣʠʷʥʠʷ ʬʦʨʤʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʢʦʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʜʫʢʮʠ-

ʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D ʤʦʜʝʣʠ / ɹʦʣʶʭ ɺ.ʌ., 

ʆʣʝʢʩʝʥʢʦ ʉ.ɺ., ʑʫʢʠʥ ʀ.ʉ. // ɺʽʩʥʠʢ ʅʊʋ "ʍʇʀ". ʉʝʨʽʷ: ʇʨʦʙʣʝʤʠ ʫʜʦ-

ʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ. ï ʍ.: ʅʊʋ "ʍʇɯ", 

2013. ï ˉ 65 (1038). ï ʉ. 63-83. ɹʽʙʣʽʦʛʨ.: 10 ʥʘʟʚ. 
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ʈʦʟʨʦʙʣʝʥʘ ʪʨʠʤʽʨʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽʥʜʫʢʮʽʡʥʦ-ʜʠʥʘʤʽʯʥʦʛʦ ʜʚʠ-

ʛʫʥʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʝʧʣʦʚʽ ʧʨʦ-

ʮʝʩʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʬʦʨʤʠ ʷʢʦʨʷ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʢʨʽʧʠʣʴʥʠʭ 

ʦʪʚʦʨʽʚ ʚ ʢʨʫʛʣʦʤʫ ʷʢʦʨʽ, ʡʦʛʦ ʥʘʭʠʣ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʜʫʢʪʦʨʘ ʥʘ ʩʠʣʦʚʽ 

ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʽʥʜʫʢʮʽʡʥʦ-ʜʠʥʘʤʽʯʥʦʤʫ ʜʚʠʛʫʥʽ, ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʦʩ-

ʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʜʫʢʮʽʡʥʦ-ʜʠʥʘʤʽʯʥʠʡ ʜʚʠʛʫʥ, ʷʢʽʨ, ʪʨʠʚʠʤʽʨʥʘ ʤʘʪʝ-

ʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʬʦʨʤʘ ʷʢʦʨʷ, ʥʘʭʠʣ ʷʢʦʨʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʜʫʢʪʦʨʘ, ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

Developed a three-dimensional mathematical model of induction-dynamic en-

gine, taking into account the related electromagnetic, mechanical, and thermal pro-

cesses. The influence of the anchor form, location and number of mounting holes in 

the round anchor, its inclination with respect to the inductor on the power perfor-

mance of the engine. Experimental studies of electrical and mechanical processes in 

induction-dynamic engine, which confirmed the main calculation results and theo-

retical positions. 

Keywords: induction-dynamic engine, anchor, three-dimensional mathemati-

cal model, the shape of anchors, anchor inclination with respect to the inductor, and 

experimental investigations. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʇʃʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɸʉʀʅʍʈʆʅʅʆɻʆ ʏɸʉʊʆʊʅʆ-ʋʇʈɸɺʃʗɽʄʆɻʆ 

ɼɺʀɻɸʊɽʃʗ ʇʈʀ ʇɽʈɽʄɽɾɸʖʑɽʄʉʗ ʈɽɾʀʄɽ 

ʈɸɹʆʊʓ S6 

 
ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʙʘʟʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ. ʅʘ ʦʩʥʦʚʝ ʕʊʉ ʩʦʩʪʘʚʣʝʥʘ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʧʝʨʝʤʝʞʘʶʱʝʤʩʷ ʨʝʞʠʤʝ S6. ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ ɸʀʈ90LB2 ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʝʧ-

ʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤʝ S6. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʜʚʠʛʘʪʝʣʴ, ʧʦʪʝʨʠ, ʦʙʤʦʪʢʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ. 

 

ɺʚʝʜʝʥʠʝ. ʇʦʚʳʰʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʵʥʝʨʛʦ-

ʩʙʝʨʝʞʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʚʳʟʚʘʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ʇʦ ʜʘʥʥʳʤ [1] ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʜʦ 0,5P2N ʧʨʠʚʦʜʠʪ ʢ ʩʥʠ-

ʞʝʥʠʶ ʂʇɼ ʥʘ 3-4 % ʠ cos ű ʥʘ 20-22 %, ʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʜʦ 

0,25P2N ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 13-16 % ʠ 37-45 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʱʝ-

ʩʪʚʝʥʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʰʠʨʦʢʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ, ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ 

ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʝ. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦ-

ʜʦʚ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʈʕʇ ɸɼ) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɼʣʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʇʇʏ). 

ɺ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇʇʏ ʩ ʘʚʪʦʥʦʤʥʳʤ 

ʠʥʚʝʨʪʦʨʦʤ (ʇʇʏ ʩ ɸʀʅ), ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʪʩʷ ʥʘʧʨʞ̫ʝʥʠʝ 

Éɼ.ɺ. ʂʦʣʴʚʘʭ, ɸ.ʅ. ʇʝʪʨʝʥʢʦ, ʅ.ʗ. ʇʝʪʨʝʥʢʦ, 2013 
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ʩʪʫʧʝʥʯʘʪʦʡ ʬʦʨʤʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʥʘʧʨʷʞʝʥʠʷ (ɺɻʅ), ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʦʩʥʦʚʥʳʝ ʠ ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝ-

ʨʠ ʤʦʱʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʠ ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝʨʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩ-

ʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʚ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʤʘʰʠʥʳ. ʅʘʛʨʝʚ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ ʚʣʠ-

ʷʝʪ ʥʘ ʩʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥʳ. 

ɸʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʳʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʤʝ-

ʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ  ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦ-

ʚʦʛʦ ʙʘʣʘʥʩʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸɼ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ (ʕʊʉ) (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1 ï ɼʠʥʘʤʠʯʝʩʢʘʷ ʕʊʉ ʘʩʠʥʭʨʦʥʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʯʘʩʪʦʪʥʦ-

ʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ S6. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠ-

ʤʝ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʯʝʨʝʜʫʝʪʩʷ ʩ ʭʦʣʦʩʪʳʤ ʭʦʜʦʤ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʥʘʛʨʫʟʢʠ ʇʅ%. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʕʊʉ ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, 

ʢʦʪʦʨʘʷ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʫ 

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (1) [2]. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʣʘʩʴ ʧʦ ʫʥʠʚʝʨʩʘʣʴʥʦ-ʛʠʙʨʠʜʥʦʤʫ ʤʝʪʦ-

ʜʫ ɸʜʘʤʩʘ-BDF. ʅʘʯʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ɗʥʘʯ ʚʩʝʭ ʫʟʣʦʚ ʦʜʠʥʘʢʦʚʳ, 

ɗ01 = 25 Áʉ, ʚʨʝʤʷ ʨʘʩʯʝʪʘ 3015 ʩʝʢʫʥʜ, ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 60 ʩʝʢʫʥʜ [3]. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ɸʀʈ90LB2 ʧʨʠʥʷʪʦ ʇʅ%=60 %, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ 10 ʤʠʥʫʪ, ʠʥʪʝʨʚʘʣ ʥʘʛʨʫʟʢʠ ʊʥ ï 6 ʤʠʥʫʪ, ʠʥʪʝʨ-

ʚʘʣ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʊʭ 4 ʤʠʥʫʪʳ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʠʥʪʝʨʚʘʣʦʚ ʭʘ-


