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 ʅʘʩʪʦʷʱʦʪʦ ʨʲʢʦʚʦʜʩʪʚʦ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʘ ʩʣʫʞʠ ʢʘʪʦ ʤʝʪʦʜʠʯʥʦ 

ʧʦʩʦʙʠʝ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʫʧʨʘʞʥʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʫʨʩʦʚʘ ʟʘʜʘʯʘ ʧʦ 

ʜʠʩʮʠʧʣʠʥʘʪʘ ñʊʝʭʥʦʣʦʛʠʯʝʩʢʘ ʝʢʠʧʠʨʦʚʢʘò ʠʟʫʯʘʚʘʥʘ ʦʪ ʩʪʫʜʝʥʪʠʪʝ ʦʪ 

ʩʧʝʮʠʘʣʥʦʩʪ ñʂʦʤʧʶʪʲʨʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦò ʚ ʊʝʭʥʠʯʝʩʢʠʷ 

ʫʥʠʚʝʨʩʠʪʝʪ ï ɻʘʙʨʦʚʦ. ʀʟʣʦʞʝʥʠʷʪ ʤʘʪʝʨʠʘʣ ʝ ʪʷʩʥʦ ʦʙʚʲʨʟʘʥ ʩ ʠʟʫʯʝʥʠʪʝ 

ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʫʧʨʘʞʥʝʥʠʷʪʘ ʢʫʨʩʦʚʝ ʧʦ ñʆʩʥʦʚʠ ʥʘ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠò ʠ ñʊʝʭʥʦʣʦʛʠʠ ʟʘ ʤʝʭʘʥʠʯʥʦ ʦʙʨʘʙʦʪʚʘʥʝò, 

ʢʘʪʦ ʝʩʪʝʩʪʚʝʥʦ ʪʷʭʥʦ ʧʨʦʜʲʣʞʝʥʠʝ. ʉʲʱʥʦʩʪʪʘ ʥʘ ʪʝʤʘʪʠʢʘʪʘ ʥʘ 

ʫʧʨʘʞʥʝʥʠʷʪʘ ʝ ʩʲʦʙʨʘʟʝʥʘ ʩʲʩ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʟʘʜʘʯʠʪʝ ʥʘ ʣʝʢʮʠʦʥʥʠʷ ʢʫʨʩ, 

ʢʦʡʪʦ ʧʦ ʧʨʘʚʠʣʦ ʠʟʧʨʝʚʘʨʚʘ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʷ ʨʝʜ ʥʘ ʫʧʨʘʞʥʝʥʠʷʪʘ. 

 ɽʬʝʢʪʠʚʥʦʪʦ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʚʩʷʢʦ ʫʧʨʘʞʥʝʥʠʝ ʠʟʠʩʢʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʥʝʛʦ ʠ ʧʨʠʧʦʤʥʷʥʝ ʥʘ ʦʩʥʦʚʥʠ ʤʦʤʝʥʪʠ ʦʪ ʣʝʢʮʠʦʥʥʠʷ 

ʤʘʪʝʨʠʘʣ. ɿʘ ʮʝʣʪʘ ʚʩʷʢʦ ʫʧʨʘʞʥʝʥʠʝ ʟʘʧʦʯʚʘ ʩ ʪʝʦʨʝʪʠʯʥʠ ʙʝʣʝʞʢʠ ʧʦ 

ʩʲʦʪʚʝʪʥʘʪʘ ʪʝʤʘ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 1 
 

ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ ɺ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗʊɸ  

 

1. ɺʀɼʆɺɽ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʇ) ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦ ʩʝ ʥʘʨʠʯʘʪ ʜʦʧʲʣʥʠʪʝʣʥʠ 

ʫʩʪʨʦʡʩʪʚʘ ʢʲʤ ʤʘʰʠʥʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʧʲʣʥʷʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʠʪʝ 

ʦʪ ʤʝʭʘʥʠʯʥʦʪʦ ʦʙʨʘʙʦʪʚʘʥʝ, ʩʛʣʦʙʷʚʘʥʝʪʦ ʠ ʢʦʥʪʨʦʣʘ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʇ 

ʧʦʟʚʦʣʷʚʘ ʧʨʘʚʠʣʥʦʪʦ ʦʨʠʝʥʪʠʨʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʚʲʨʭʫ ʤʘʰʠʥʘʪʘ ʩʧʨʷʤʦ 

ʨʝʞʝʱʠʷ ʠʥʩʪʨʫʤʝʥʪ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʥʷʢʦʣʢʦ 

ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʨʘʟʯʝʨʪʘʚʘʥʝ. ʇ ʧʦʚʠʰʘʚʘʪ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ 

ʥʘ ʪʨʫʜʘ ʯʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʩʥʦʚʥʦʪʦ ʠ ʩʧʦʤʘʛʘʪʝʣʥʦ ʚʨʝʤʝ, ʟʥʘʯʠʪʝʣʥʦ 

ʥʘʤʘʣʷʚʘʪ ʙʨʘʢʘ ʠ ʨʘʟʰʠʨʷʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʤʘʰʠʥʠʪʝ. 

ɿʘʜʘʯʘʪʘ ʧʦ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʇ ʧʨʦʠʟʪʠʯʘ ʦʪ ʧʦ-ʦʙʱʘʪʘ ʟʘʜʘʯʘ-

ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʘʜʝʥ ʜʝʪʘʡʣ. 

ɺʩʠʯʢʠ ʠʟʭʦʜʥʠ ʜʘʥʥʠ ʠ ʧʨʠʥʮʠʧʥʠ ʨʝʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʥʘ ʇ ʧʦʣʫʯʘʚʘ ʦʪ 

ʪʝʭʥʦʣʦʛʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʦʧʝʨʘʮʠʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʚʲʨʭʫ ʪʷʭ, ʇ 

ʙʠʚʘʪ [6]: ʟʘ ʤʝʭʘʥʠʯʥʦ ʦʙʨʘʙʦʪʚʘʥʝ, ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʢʘʯʝʩʪʚʝʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʜʝʪʘʡʣʠʪʝ ʠ ʟʘ ʩʛʣʦʙʷʚʘʥʝ. 

 

ʇʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʪʘ ʩʝ ʧʦʜʨʘʟʜʝʣʷʪ ʥʘ: ʇ ʟʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʢʲʤ ʤʝʪʘʣʦʨʝʞʝʱʠʪʝ ʤʘʰʠʥʠ; ʇ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ 

ʥʘ ʨʝʞʝʱʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ (ʩʧʦʤʘʛʘʪʝʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ); ʇ ʟʘ ʩʛʣʦʙʷʚʘʥʝ 

(ʤʦʥʪʘʞʥʠ ʇ); ʢʦʥʪʨʦʣʥʠ ʇ; ʇ ʟʘ ʟʘʭʚʘʱʘʥʝ, ʧʨʝʤʝʩʪʚʘʥʝ ʠ ʟʘʚʲʨʪʘʥʝ ʥʘ 

ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʜʝʪʘʡʣʠ ʠ ʚʲʟʣʠ.  

 

ʇʦ  ʩʪʝʧʝʥ ʥʘ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʪʘ  ʙʠʚʘʪ:  

ʋʥʠʚʝʨʩʘʣʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʝʜʠʥʠʯʥʦʪʦ ʠ 

ʜʨʝʙʥʦʩʝʨʠʡʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂʲʤ ʪʷʭ ʩʝ ʦʪʥʘʩʷʪ ʫʥʠʚʝʨʩʘʣʥʠʪʝ 

ʧʘʪʨʦʥʥʠʮʠ, ʧʣʘʥʰʘʡʙʠ, ʩʪʠʩʢʠ, ʚʲʨʪʷʱʠ ʩʝ ʜʝʣʠʪʝʣʥʠ ʤʘʩʠ, ʜʝʣʠʪʝʣʥʠ ʛʣʘʚʠ, 

ʜʦʨʥʠʮʠ, ʮʝʥʪʨʠ, ʣʶʥʝʪʠ ʠ ʜʨ. ʇʨʠ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠʪʝ ʚ ʫʥʠʚʝʨʩʘʣʥʠ ʇ 

ʩʝ ʥʘʣʘʛʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʮʝʥʪʨʦʚʘʥʝ ʥʘ ʜʝʪʘʡʣʘ, ʧʨʠ ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʩʣʝʜʩʪʚʠʝ ʥʘ ʧʦ-ʛʦʣʷʤʦʪʦ ʩʧʦʤʘʛʘʪʝʣʥʦ ʚʨʝʤʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ. 
 

ʇʨʝʥʘʩʪʨʦʡʚʘʥʠ (ʦʙʨʘʪʠʤʠ) ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʊʝ ʩʘ ʨʝʟʫʣʪʘʪ ʦʪ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʷʪʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷʪʘ ʥʘ ʇ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʚ ʜʨʝʙʥʦ 

ʠ ʩʨʝʜʥʦʩʝʨʠʡʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪ.ʝ. ʢʲʜʝʪʦ ʝ ʭʘʨʘʢʪʝʨʥʘ ʯʝʩʪʘʪʘ ʩʤʷʥʘ ʥʘ 

ʧʨʦʠʟʚʝʞʜʘʥʠʪʝ ʜʝʪʘʡʣʠ. ɿʘʜʘʯʘʪʘ ʟʘ ʙʲʨʟʘ ʩʤʷʥʘ ʩʝ ʨʝʰʘʚʘ ʯʨʝʟ: 

ʫʥʠʚʝʨʩʘʣʥʦ-ʩʛʣʦʙʷʝʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʋʉʇ) ʠ ʩʛʣʦʙʷʝʤʦ-ʨʘʟʛʣʦʙʷʝʤʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʉʈʇ); ʫʥʠʚʝʨʩʘʣʥʦ-ʥʘʩʪʨʦʡʚʘʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʋʅʇ); 

ʫʥʠʚʝʨʩʘʣʥʦ-ʨʝʛʫʣʠʨʫʝʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʋʈʇ); ʛʨʫʧʦʚʦ ʧʨʝʥʘʩʪʨʦʡʚʘʥʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ɻʇʇ). 
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ʉʧʝʮʠʘʣʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʇʨʝʜʥʘʟʥʘʯʝʥʠ ʩʘ ʟʘ ʢʦʥʢʨʝʪʥʘ ʦʧʝʨʘʮʠʷ 

ʦʪ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥ ʜʝʪʘʡʣ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʚ ʝʜʨʦʩʝʨʠʡʥʦʪʦ ʠ 

ʤʘʩʦʚʦʪʦ  ʧʨʦʠʟʚʦʜʩʪʚʦ. 
 

ʉʧʦʨʝʜ ʩʪʝʧʝʥʪʘ ʥʘ ʤʝʭʘʥʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʪʘ 

ʙʠʚʘʪ: ʨʲʯʥʠ, ʤʝʭʘʥʠʟʠʨʘʥʠ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʥʠ ʠ ʘʚʪʦʤʘʪʠʯʥʠ. 
 

ɺ ʩʲʩʪʘʚʘ ʥʘ ʇ ʚʣʠʟʘʪ: ʙʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ (ɹɽ), ʟʘʢʨʝʧʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ 

(ɿʋ), ʝʣʝʤʝʥʪʠ ʟʘ ʥʘʩʪʨʦʡʚʘʥʝ ʠ ʥʘʧʨʘʚʣʷʚʘʥʝ ʥʘ ʨʝʞʝʱʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ, 

ʢʦʨʧʫʩʥʠ ʠ ʩʧʦʤʘʛʘʪʝʣʥʠ ʝʣʝʤʝʥʪʠ.  

 

2. ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ 

ɹʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ (ɹɽ) ʥʘ ʇ ʩʝ ʥʘʨʠʯʘʪ ʜʝʪʘʡʣʠ ʠ ʚʲʟʣʠ, ʢʦʠʪʦ ʩʣʫʞʘʪ 

ʟʘ ʦʨʠʝʥʪʠʨʘʥʝ (ʙʘʟʠʨʘʥʝ) ʥʘ ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʥʦ ʨʝʞʝʱʠʷ 

ʠʥʩʪʨʫʤʝʥʪ. ʆʪ ʪʷʭ ʟʘʚʠʩʠ ʪʦʯʥʦʩʪʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ, ʫʜʦʙʩʪʚʦʪʦ ʧʨʠ ʨʘʙʦʪʘ 

ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʧʝʨʘʮʠʷʪʘ. ɿʘʪʦʚʘ ʢʲʤ ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʩʝ ʧʦʩʪʘʚʷʪ 

ʩʣʝʜʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ: ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʟʘʧʘʟʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʠ ʚʟʘʠʤʥʦʪʦ ʠʤ 

ʨʘʟʧʦʣʦʞʝʥʠʝ; ʚʠʩʦʢʘ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʨʘʙʦʪʥʠʪʝ ʠʤ ʧʦʚʲʨʭʥʠʥʠ, ʢʦʝʪʦ 

ʫʚʝʣʠʯʘʚʘ ʜʲʣʛʦʪʨʘʡʥʦʩʪʪʘ ʥʘ ʇ; ʫʜʦʙʩʪʚʦ ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ (ʙʘʟʠʨʘʥʝ) ʥʘ 

ʟʘʛʦʪʦʚʢʠʪʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʨʘʙʦʪʘ; ʠʢʦʥʦʤʠʯʥʦʩʪ ʧʨʠ ʠʟʨʘʙʦʪʚʘʥʝ ʠ 

ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠʤ. ʆʩʠʛʫʨʷʚʘʥʝʪʦ ʠʤ ʟʘʚʠʩʠ ʦʪ ʧʨʘʚʠʣʥʠʷʪ ʠʟʙʦʨ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʤʘʪʝʨʠʘʣʘ, ʪʝʨʤʦʦʙʨʘʙʦʪʚʘʥʝ, ʪʦʯʥʦʩʪ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʠ 

ʩʛʣʦʙʷʚʘʥʝ. 

ɹɽ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʦʪ ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʠ ʩʪʦʤʘʥʠ -C15, C20, 18Cr4, ʢʦʠʪʦ ʩʝ 

ʮʝʤʝʥʪʦʚʘʪ ʥʘ ʜʲʣʙʦʯʠʥʘ 0,8-1,2 mm ʠ ʟʘʢʘʣʷʚʘʪ ʜʦ ʪʚʲʨʜʦʩʪ ʅRʉ 54·60. ʇʨʠ 

ʧʦ-ʤʘʣʢʠ ʨʘʟʤʝʨʠ ʪʝ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʦʪ ʚʠʩʦʢʦʚʲʛʣʝʨʦʜʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ 

ʩʪʦʤʘʥʘ ï U70, U80, U100 ʠ ʜʨ. 
 

ɿʘ ʙʘʟʠʨʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʧʦ ʨʘʚʥʠʥʥʠ ʧʦʚʲʨʭʥʠʥʠ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʦʩʥʦʚʥʠ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ (ʩʧʦʤʘʛʘʪʝʣʥʠ) ʦʧʦʨʠ 

ʆʩʥʦʚʥʠʪʝ ʙʘʟʠʨʘʱʠ ʦʧʦʨʠ ʙʠʚʘʪ ʧʦʩʪʦʷʥʥʠ, ʨʝʛʫʣʠʨʫʝʤʠ ʠ 

ʩʘʤʦʫʩʪʘʥʦʚʷʚʘʱʠ ʩʝ.  

ʆʩʥʦʚʥʠʪʝ ʧʦʩʪʦʷʥʥʠ ʦʧʦʨʠ ʙʠʚʘʪ ʮʠʣʠʥʜʨʠʯʥʠ, ʧʣʦʩʢʠ (ʦʧʦʨʥʠ 

ʧʣʘʩʪʠʥʠ) ʠ ʦʧʦʨʥʠ ʰʘʡʙʠ (ʪʘʙʣ. 1.1).   

ʆʩʥʦʚʥʠʪʝ ʧʦʩʪʦʷʥʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʙʠʚʘʪ ʩ ʧʣʦʩʢʘ, ʩʬʝʨʠʯʥʘ  ʠʣʠ 

ʥʘʟʲʙʝʥʘ (ʨʠʬʝʣʦʚʘʥʘ) ʨʘʙʦʪʥʘ ʛʣʘʚʘ.  

ʇʦʩʪʦʷʥʥʠʪʝ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʩ ʧʣʦʩʢʘ ʛʣʘʚʘ ʧʨʠ ʙʘʟʠʨʘʥʝ 

ʧʦ ʯʠʩʪʠ ʙʘʟʠ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʠ ʩʲʩ ʩʬʝʨʠʯʥʘ ʠʣʠ ʥʘʟʲʙʝʥʘ ʛʣʘʚʘ - ʧʨʠ ʙʘʟʠʨʘʥʝ 

ʧʦ ʧʲʨʚʠʯʥʠ (ʯʝʨʥʦʚʠ) ʙʘʟʠ. ɼʲʣʛʠʪʝ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʩʲʩ ʩʬʝʨʠʯʥʘ ʛʣʘʚʘ 

(ʪʠʧ 2 ʠʣʠ ʪʠʧ 3) ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʠʟʜʘʪʠʥʠ ʠʣʠ ʩʪʲʧʘʣʘ, ʩ ʨʘʟʤʝʨ 

ʧʦ-ʛʦʣʷʤ ʦʪ 60 mm, ʧʦ ʧʦʚʲʨʭʥʠʥʘʪʘ, ʠʟʧʦʣʟʚʘʥʘ  ʟʘ ʋʊɹ. ʇʦʩʪʦʷʥʥʠʪʝ 

ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ  ʩʝ ʟʘʢʨʝʧʚʘʪ ʚ ʪʷʣʦʪʦ ʥʘ ʇ ʠʣʠ ʚ ʟʘʢʘʣʝʥʘ ʧʨʝʭʦʜʥʘ 

ʚʪʫʣʢʘ ʩ ʧʨʝʭʦʜʥʘ ʩʛʣʦʙʢʘ. ʆʪʚʦʨʘ ʚ ʪʷʣʦʪʦ ʝ ʧʨʦʭʦʜʝʥ ʢʦʝʪʦ ʦʙʣʝʢʯʘʚʘ 

ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʠ ʨʘʟʛʣʦʙʷʚʘʥʝʪʦ ʧʨʠ ʨʝʤʦʥʪ. ɺʘʞʥʦ ʠʟʠʩʢʚʘʥʝ ʝ ʚʩʠʯʢʠ ʦʧʦʨʠ 

ʩ ʧʣʦʩʢʘ ʛʣʘʚʘ, ʢʦʠʪʦ ʩʝ ʜʦʧʠʨʘʪ ʜʦ ʜʘʜʝʥʘ ʙʘʟʠʨʘʱʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ 
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ʟʘʛʦʪʦʚʢʘʪʘ, ʜʘ ʠʤʘʪ ʝʜʥʘʢʚʘ ʚʠʩʦʯʠʥʘ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ 

ʠʤ ʰʣʠʬʦʚʘʥʝ, ʩʣʝʜ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʠʤ ʢʲʤ ʢʦʨʧʫʩʘ ʥʘ ʇ.  

                                          

ʊʘʙʣ. 1.1  ɹʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʧʦ ʨʘʚʥʠʥʥʠ ʧʦʚʲʨʭʥʠʥʠ 

ʦʧʦʨʘ ʮʠʣʠʥʜʨʠʯʥʘ ʩ 

ʧʣʦʩʢʘ ʛʣʘʚʘ 

 
ʦʧʦʨʘ ʮʠʣʠʥʜʨʠʯʥʘ ʩʲʩ 

ʩʬʝʨʠʯʥʘ ʛʣʘʚʘ 

ʪʠʧ1 

 
ʆʧʦʨʘ ʜʲʣʛʘ ʮʠʣʠʥʜʨʠʯʥʘ 

ʩʲʩ ʩʬʝʨʠʯʥʘ ʛʣʘʚʘ 

ʪʠʧ 2 

ʆʧʦʨʘ ʜʲʣʛʘ 

ʮʠʣʠʥʜʨʠʯʥʘ ʩʲʩ 

ʩʬʝʨʠʯʥʘ ʛʣʘʚʘ 

ʪʠʧ 3 

 
 

 
ʦʧʦʨʘ ʮʠʣʠʥʜʨʠʯʥʘ ʩ 

ʥʘʟʲʙʝʥʘ ʛʣʘʚʘ 

 

 
ʦʧʦʨʘ ʧʣʦʩʢʘ 

 (ʧʣʘʩʪʠʥʘ) ʪʠʧ1 

 

 

 
ʦʧʦʨʘ ʧʣʦʩʢʘ (ʧʣʘʩʪʠʥʘ) ʪʠʧ 2 

 
ʦʧʦʨʘ ʧʣʦʩʢʘ 

(ʧʣʘʩʪʠʥʘ) ʪʠʧ3 

 
ʦʧʦʨʥʘ ʰʘʡʙʘ  ʪʠʧ1 

 

 
ʦʧʦʨʥʘ ʰʘʡʙʘ  ʪʠʧ 2 

 

ʇʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠ ʩ ʧʦ-ʛʦʣʝʤʠ ʛʘʙʘʨʠʪʥʠ ʨʘʟʤʝʨʠ ʧʦ 

ʦʙʨʘʙʦʪʝʥʠ ʙʘʟʦʚʠ ʧʦʚʲʨʭʥʠʥʠ  ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʣʦʩʢʠ ʦʧʦʨʥʠ   ʧʣʘʩʪʠʥʠ. ʊʝ ʩʝ 

ʠʟʧʲʣʥʷʚʘʪ ʙʝʟ ʢʘʥʘʣʠ (ʪʠʧ1) ʠ ʩ ʥʘʢʣʦʥʝʥʦ ʨʘʟʧʦʣʦʞʝʥʠ ʢʘʥʘʣʠ (ʪʠʧ 2). 
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ʎʝʣʝʩʲʦʙʨʘʟʥʦ ʝ ʧʣʘʩʪʠʥʠʪʝ ʙʝʟ ʢʘʥʘʣʠ ʜʘ ʩʝ ʟʘʢʨʝʧʚʘʪ ʢʲʤ ʚʝʨʪʠʢʘʣʥʠʪʝ 

ʩʪʨʘʥʠ ʥʘ ʪʷʣʦʪʦ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ. ɸʢʦ ʪʝ ʩʘ ʧʦʩʪʘʚʝʥʠ ʭʦʨʠʟʦʥʪʘʣʥʦ, 

ʤʝʞʜʫ ʛʣʘʚʠʪʝ ʥʘ ʚʠʥʪʦʚʝʪʝ ʟʘ ʟʘʢʨʝʧʚʘʥʝ (ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 1·2 mm ʧʦʜ 

ʨʘʙʦʪʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ ʧʣʘʩʪʠʥʘʪʘ) ʠ ʦʪʚʦʨʘ ʚ ʧʣʘʩʪʠʥʘʪʘ ʩʝ ʚʤʲʢʚʘʪ ʠ 

ʟʘʜʲʨʞʘʪ ʪʲʥʢʠ ʩʪʨʫʞʢʠ, ʢʦʠʪʦ ʪʨʫʜʥʦ ʩʝ ʦʪʜʝʣʷʪ ʧʨʠ ʧʦʯʠʩʪʚʘʥʝ ʥʘ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ. ʊʘʢʘ ʩʝ ʥʘʨʫʰʘʚʘ ʫʩʣʦʚʠʝʪʦ ʟʘ ʧʲʣʝʥ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʙʘʟʦʚʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʠ ʧʣʘʩʪʠʥʠʪʝ. ʊʦʟʠ ʥʝʜʦʩʪʘʪʲʢ ʝ ʦʪ-

ʩʪʨʘʥʝʥ ʧʨʠ ʧʣʘʩʪʠʥʠʪʝ ʩ ʢʘʥʘʣʠ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʪʷʭ ʦʪʚʦʨʠʪʝ ʟʘ ʟʘʢʨʝʧʚʘʱʠʪʝ 

ʚʠʥʪʦʚʝ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʚ ʢʘʥʘʣʠʪʝ.                                     

ʈʝʛʫʣʠʨʫʝʤʠ ʦʧʦʨʠ (ʬʠʛ.1.1) ʙʠʚʘʪ ʚʠʥʪʦʚʠ ʠ ʢʣʠʥʦʧʣʫʥʞʝʨʥʠ. ʊʝ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʢʪʦ ʟʘ ʦʩʥʦʚʥʠ ʪʘʢʘ ʠ ʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʧʦʨʠ. ʂʦʛʘʪʦ ʩʘ 

ʦʩʥʦʚʥʠ ʪʝ ʩʣʫʞʘʪ ʟʘ ʙʘʟʠʨʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʛʨʫʙʠ ʥʝʦʙʨʘʙʦʪʝʥʠ 

ʧʦʚʲʨʭʥʠʥʠ. 

 

 

 
ʌʠʛ. 1.1. ʈʝʛʫʣʠʨʫʝʤʠ ʦʧʦʨʠ 

 

 

ʏʝʩʪʦ ʚʲʟʥʠʢʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʨʝʛʫʣʠʨʫʝʤʠʪʝ ʦʧʦʨʠ ʜʘ ʩʝ ʫʩʪʘʥʦʚʷʪ ʚ 

ʥʝʫʜʦʙʥʠ ʤʝʩʪʘ. ɺ ʪʘʢʲʚ ʩʣʫʯʘʡ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʣʫʥʞʝʨʥʠʪʝ ʨʝʛʫʣʠʨʫʝʤʠ ʦʧʦʨʠ, 

ʢʘʪʦ ʲʛʲʣʲʪ ʥʘ ʥʘʢʣʦʥʘ ʥʘ ʢʣʠʥʦʚʘʪʘ ʜʚʦʡʢʘ ʝ a > 10
ʦ
, ʪ.ʝ. ʙʝʟ ʩʘʤʦʟʘʜʲʨʞʘʥʝ, 

ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʙʲʨʟʦ ʧʦʜʚʝʞʜʘʥʝ ʥʘ ʧʣʫʥʞʝʨʘ ʢʲʤ ʙʘʟʘʪʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, 

ʩʣʝʜ ʢʦʝʪʦ ʢʣʠʥʘ ʠ ʧʣʫʥʞʝʨʘ ʩʝ ʟʘʩʪʦʧʦʨʷʚʘʪ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʥʪ,  ʛʲʨʙʠʮʘ ʩʲʩ 

ʩʘʯʤʘ ʠ ʜʨ. 
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ɸʢʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʷʢʦʣʢʦ ʨʝʛʫʣʠʨʫʝʤʠ ʦʧʦʨʠ, ʪʝ ʥʝ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʟʘʜʝʡʩʪʚʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ, ʘ ʚ ʢʨʲʩʪʦʩʘʥ ʨʝʜ. 

ʉʘʤʦʫʩʪʘʥʦʚʷʚʘʱʠ ʩʝ ʦʧʦʨʠ (ʬʠʛ.1.2) ʩʝ ʧʨʠʣʘʛʘʪ ʢʘʪʦ ʦʩʥʦʚʥʠ ʠ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʧʦʨʠ. ʂʘʪʦ ʦʩʥʦʚʥʠ ʦʧʦʨʠ ʩʝ ʠʟʧʦʣʟʚʘʪ, ʘʢʦ ʟʘʛʦʪʦʚʢʘʪʘ ʠʤʘ 

ʩʣʦʞʥʘ ʬʦʨʤʘ ʠʣʠ ʧʦʚʲʨʭʥʠʥʘʪʘ ʝ ʥʝʦʙʨʘʙʦʪʝʥʘ, ʠ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʧʦ 

ʧʦʩʪʦʷʥʥʠ ʦʧʦʨʠ ʝ ʟʘʪʨʫʜʥʝʥʦ. 

 

 
 

 
ʚ 

 

ʌʠʛ.1.2. ʉʘʤʦʫʩʪʘʥʦʚʷʚʘʱʠ ʩʝ ʦʧʦʨʠ (ʘ, ʙ ï ʦʩʥʦʚʥʠ; ʚ ï ʜʦʧʲʣʥʠʪʝʣʥʠ) 
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ɹʘʟʠʨʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʧʦ ʚʲʥʰʥʘ ʮʠʣʠʥʜʨʠʯʥʘ ʧʦʚʲʨʭʥʠʥʘ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʥʝʷ ʨʘʚʥʠʥʘ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʧʘʪʨʦʥʥʠʮʠ, ʧʨʠʟʤʠ (ʬʠʛ. 1.3) 

ʠʣʠ ʚʪʫʣʢʠ. 

ʉʪʘʥʜʘʨʪʠʟʠʨʘʥʠʪʝ ʧʨʠʟʤʠ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʦʪ ʩʪʦʤʘʥʘ 18Cr4 ʩ ʮʝʤʝʥʪʘʮʠʷ 

ʥʘ ʜʲʣʙʦʯʠʥʘ 0,8·1,2 mm ʠ ʟʘʢʘʣʷʚʘʥʝ ʜʦ HRC 56·62. 

ʇʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʧʦ ʚʲʥʰʥʘ ʮʠʣʠʥʜʨʠʯʥʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ ʜʝʪʘʡʣʠ ʦʪ 

ʪʠʧʘ ʥʘ ʪʨʦʡʥʠʮʠ ʠ ʢʨʲʩʪʘʯʢʠ, ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʪʨʠ ʪʝʩʥʠ 

ʧʨʠʟʤʠ ʢʘʪʦ ʚʲʚ ʚʪʦʨʠʷ ʩʣʫʯʘʡ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʜʦʧʲʣʥʠʪʝʣʥʘ 

ʦʧʦʨʘ. 

ʇʨʠʤʝʨʥʠ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʧʦ ʚʲʥʰʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ ʩʘ 

ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ.1.3. 

 

 

 
ʌʠʛ. 1.3 ɹʘʟʠʨʘʱʠ ʧʨʠʟʤʠ 

 
 

ɹʘʟʠʨʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʧʦ ʚʲʪʨʝʰʥʘ ʮʠʣʠʥʜʨʠʯʥʘ ʧʦʚʲʨʭʥʠʥʘ ʩʝ 

ʠʟʚʲʨʰʚʘ ʧʦ ʧʘʣʮʠ (ʬʠʛ. 1.4), ʜʦʨʥʠʮʠ (ʬʠʛ. 1.5) ʠ ʧʘʪʨʦʥʥʠʮʠ ʙʝʟ ʫʧʦʨ ʠʣʠ ʩ 

ʫʧʦʨ ʧʦ ʯʝʣʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ. 
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ʌʠʛ. 1.4 ɹʘʟʠʨʘʱʠ ʧʘʣʮʠ 

 

 

 
 

ʌʠʛ. 1.5 ɹʘʟʠʨʘʱʠ ʜʦʨʥʠʮʠ (ʘ ï ʢʦʥʫʩʝʥ; ʙ ï ʮʠʣʠʥʜʨʠʯʝʥ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʩʲʩ 

ʩʪʝʛʥʘʪʦʩʪ; ʚ ï ʮʠʣʠʥʜʨʠʯʝʥ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʩ ʭʣʘʙʠʥʘ) 

 

ɹʘʟʠʨʘʥʝʪʦ ʧʦ ʮʝʥʪʨʦʚʠ ʦʪʚʦʨʠ ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ ʮʝʥʪʨʠ (ʬʠʛ. 1.6), ʢʦʠʪʦ 

ʙʠʚʘʪ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ  ʠ ʩʲʩ ʩʧʝʮʠʘʣʥʘ ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ʘ 

ʙ ʚ 
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ʌʠʛ. 1.6 ɹʘʟʠʨʘʱʠ ʮʝʥʪʨʠ (ʘ ï ʪʚʲʨʜ; ʙ ï ʥʘʟʲʙʝʥ;ʚ ï ʧʣʘʚʘʱ) 

 

ɹʘʟʠʨʘʥʝʪʦ ʧʦ ʩʲʯʝʪʘʥʠʝ ʦʪ ʥʷʢʦʣʢʦ ʧʦʚʲʨʭʥʠʥʠ ʩʝ ʠʟʧʦʣʟʚʘ ʪʦʛʘʚʘ, 

ʢʦʛʘʪʦ ʢʘʪʦ ʙʘʟʠ ʩʝ ʠʟʧʦʣʟʚʘ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʦʪʜʝʣʥʠ ʝʣʝʤʝʥʪʘʨʥʠ ʧʦʚʲʨʭʥʠʥʠ 

ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʧʘʟʚʘ ʧʨʠʥʮʠʧʲʪ ʟʘ ʨʘʟʜʝʣʷʥʝ 
ʬʫʥʢʮʠʠʪʝ ʥʘ ʙʘʟʠʨʘʥʝ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ɹɽ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ: ʚʩʝʢʠ 

ʙʘʟʠʨʘʱ ʝʣʝʤʝʥʪ ʪʨʷʙʚʘ ʜʘ ʝ ʩʚʦʙʦʜʝʥ ʦʪ ʬʫʥʢʮʠʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘʪ 

ʦʪ ʜʨʫʛ ʙʘʟʠʨʘʱ ʝʣʝʤʝʥʪ. 

 
3. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

3.1. ʉʪʫʜʝʥʪʠʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʇ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʟʘʛʦʪʦʚʢʠʪʝ ʠ ʩ ɹɽ. 

3.2 ɿʘ ʟʘʜʘʜʝʥ ʦʪ ʨʲʢʦʚʦʜʠʪʝʣʷ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ ʜʝʪʘʡʣ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ 

ʦʧʝʨʘʮʠʷ ʠ ʩʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʩʣʝʜʥʦʪʦ: 

1) ʀʟʙʦʨ ʥʘ ʚʠʜʦʚʝ ʠ ʢʦʥʩʪʨʫʢʮʠʠ  ɹɽ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʠ 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʋʊɹ; 

2) ʉʲʩʪʘʚʷʥʝ ʠʜʝʡʥʘ ʩʭʝʤʘ ʥʘ ʇ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 2 
 

ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ ɿɸ ʋʉʊɸʅʆɺʗɺɸʅɽ 

 ʇʆ ʎʀʃʀʅɼʈʀʏʅʀ ʇʆɺʒʈʍʅʀʅʀ 

 

1. ʆɹʑʀ ʇʆʃʆɾɽʅʀʗ 

ʆʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ ʧʨʠ ʤʝʭʘʥʠʯʥʦ ʦʙʨʘʙʦʪʚʘʥʝ ʩ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʇ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʟʘʚʠʩʠ ʦʪ 

ʠʟʙʦʨʘ ʥʘ ʫʩʪʘʥʦʚʲʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʙʘʟʠ (ʋʊɹ) ʠ ʩʭʝʤʠʪʝ ʟʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ. ɿʘ ʝʜʥʘ ʠ ʩʲʱʘ ʦʧʝʨʘʮʠʷ, ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʋʊɹ ʤʦʛʘʪ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ ʠʣʠ ʩʲʯʝʪʘʥʠʷ ʦʪ ʧʦʚʲʨʭʥʠʥʠ. ʇʨʠʛʦʜʥʦʩʪʪʘ 

ʥʘ ʝʜʥʘ ʩʭʝʤʘ ʩʝ ʦʧʨʝʜʝʣʷ ʩʲʦʙʨʘʟʥʦ ʧʨʝʜʷʚʝʥʠʪʝ ʪʦʯʥʦʩʪʥʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ 

ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʦʧʝʨʘʮʠʷ. ʇʨʠ ʪʦʚʘ ʜʘʜʝʥʘ ʩʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʦʜʭʦʜʷʱʘ ʟʘ ʝʜʥʠ ʪʦʯʥʦʩʪʥʠ ʧʦʢʘʟʘʪʝʣʠ ʠ ʪʝʭʥʠʯʝʩʢʠ ʠʟʠʩʢʚʘʥʠʷ ʠ ʜʘ ʙʲʜʝ 

ʥʝʧʨʠʝʤʣʠʚʘ ʟʘ ʜʨʫʛʠ. ʏʝʩʪʦ ʧʨʠʛʦʜʥʦʩʪʪʘ ʥʘ ʜʘʜʝʥʘ ʩʭʝʤʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʜʦʧʫʩʢʠʪʝ ʥʘ ʦʩʠʛʫʨʷʚʘʥʠʪʝ ʪʦʯʥʦʩʪʥʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʩʧʘʟʚʘʥʝ 

ʥʘ ʫʩʣʦʚʠʝʪʦ [4,9]: 

                     Vl= Vʫl + Vʦʙʨl  ¢ Tl,     (2.1) 
ʢʲʜʝʪʦ Vl ʝ ʦʙʱʦʪʦ (ʨʝʟʫʣʪʘʪʥʦ) ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʨʘʟʤʝʨʘ l; Vyl ï ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ 

ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ; Vʦʙʨl ï ʩʨʝʜʥʘʪʘ ʠʢʦʥʦʤʠʯʥʘ ʪʦʯʥʦʩʪ ʥʘ ʤʝʪʦʜʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ [6]; ʊl - 

ʜʦʧʫʩʢʲʪ ʥʘ ʨʘʟʤʝʨʘ l. 

ʅʝʪʦʯʥʦʩʪʪʘ ʦʪ ʫʩʪʘʥʦʚʷʚʘʥʝ (Vʫl) ʟʘʚʠʩʠ ʦʪ ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʙʘʟʠʨʘʥʝ 

(Vʙl), ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʟʘʢʨʝʧʚʘʥʝ (Vʟl) ʠ ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʇ (Vʧʨl). ʅʘʡ-ʚʝʨʦʷʪʥʘʪʘ 

ʠ ʩʪʦʡʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʪʘ [4]: 
 

                              2

ʧʨ

2

ʟ

2

ʙʫ lVlVlVlV ++=      (2.2) 

 ʇʨʠ ʪʦʚʘ ʥʝʪʦʯʥʦʩʪʪʘ Vʧʨl, ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʥʝʪʦʯʥʦʩʪ ʦʪ ʠʟʨʘʙʦʪʚʘʥʝ ʠ 

ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʇ, ʥʝʛʦʚʦʪʦ ʠʟʥʦʩʚʘʥʝ ʠ ʥʝʪʦʯʥʦʩʪ ʦʪ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʇ ʚʲʨʭʫ 

ʤʘʰʠʥʘʪʘ ʩʝ ʦʪʯʠʪʘ ʧʨʠ ʤʥʦʛʦʤʝʩʪʥʠ ʇ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ - ʩʧʲʪʥʠʮʠ (ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʥʠʪʝ ʣʠʥʠʠ) ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ï ʜʫʙʣʴʦʨʠ, ʢʦʛʘʪʦ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʢʦʤʧʝʥʩʠʨʘʥʘ ʠ ʚʣʠʷʝ ʚʲʨʭʫ ʦʙʱʦʪʦ ʧʦʣʝ ʥʘ ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʨʘʟʤʝʨʠʪʝ ʢʘʪʦ 

ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ. ɺ ʦʩʪʘʥʘʣʠʪʝ ʩʣʫʯʘʠ ʚ ʠʟʨʘʟʘ (2.2) ʪʷ ʩʝ ʘʥʫʣʠʨʘ. 

 ʅʝʪʦʯʥʦʩʪʪʘ ʦʪ ʙʘʟʠʨʘʥʝ (Vʙl) ʟʘʚʠʩʠ ʦʪ ʧʨʠʝʪʘʪʘ ʩʭʝʤʘ ʥʘ ʙʘʟʠʨʘʥʝ ʢʘʪʦ 

ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ ʥʝʩʧʘʟʚʘʥʝ ʥʘ ʧʨʠʥʮʠʧʘ ʟʘ ʝʜʠʥʩʪʚʦ ʥʘ ʙʘʟʠʪʝ, ʪ.ʝ. ʧʨʠ 

ʥʝʩʲʚʧʘʜʘʥʝ ʥʘ ʠʟʭʦʜʥʘʪʘ (ʀɹ) ʩ ʋʊɹ ʠ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʨʘʟʣʠʢʘ ʤʝʞʜʫ 

ʛʨʘʥʠʯʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʩʚʲʨʟʚʘʱʠʷ ʛʠ ʨʘʟʤʝʨ. 

 ʅʝʪʦʯʥʦʩʪʪʘ ʦʪ ʟʘʢʨʝʧʚʘʥʝ (Vʟl) ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʀɹ ʧʦʜ 

ʜʝʡʩʪʚʠʝ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ Q ʠ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʪʘ [4,6]: 

 

                                          Vʟl= (ymax ï ymin) cos b,     (2.3) 
 

ʢʲʜʝʪʦ ymin ʠ ymax ʩʘ ʤʠʥʠʤʘʣʥʦʪʦ ʠ ʤʘʢʩʠʤʘʣʥʦʪʦ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʀɹ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʧʨʠʣʦʞʝʥʠʪʝ ʩʠʣʠ ʥʘ ʟʘʢʨʝʧʚʘʥʝ; b - ʲʛʲʣʲʪ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʧʦʣʫʯʘʚʘʥʠʷ ʨʘʟʤʝʨ ʠ 
ʥʘʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʀɹ. 
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ʆʪ ʚʩʠʯʢʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʚʲʚ ʚʝʨʠʛʘʪʘ ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʟʘʢʨʝʧʚʘʥʝ ʥʘʡ-ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ (ʧʨʠ ʜʦʩʪʘʪʲʯʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʪʷʣʦʪʦ ʥʘ ʇ) 

ʠʤʘʪ ʧʨʝʤʝʩʪʚʘʥʠʷʪʘ ʚ ʢʦʥʪʘʢʪʠʪʝ ñʟʘʛʦʪʦʚʢʘ-ʙʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠò. ʊʝʟʠ 

ʧʨʝʤʝʩʪʚʘʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʣʠ ʜʘ ʩʝ ʠʟʯʠʩʣʷʪ [5]. 

ʆʪ ʠʟʨʘʟʘ (2.3) ʩʝ ʚʠʞʜʘ, ʯʝ Vʟl ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʟʘʢʨʝʧʚʘʱʦ ʫʩʪʨʦʡʩʪʚʦ (ɿʋ) ʦʩʠʛʫʨʷʚʘʱʦ ʧʦʩʪʦʷʥʥʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ Q ʠ ʧʨʠ 

ʠʟʙʦʨ ʥʘ ʪʘʢʘʚʘ ʩʭʝʤʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʧʨʠ ʢʦʷʪʦ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ Q ʜʘ ʝ 

ʧʨʠʣʦʞʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʧʦʣʫʯʘʚʘʥʠʷ ʨʘʟʤʝʨ (b = 90Á). 

ɸʥʘʣʠʟʲʪ ʥʘ ʚʲʟʤʦʞʥʠʪʝ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʟʘ ʜʘʜʝʥʘ ʦʧʝʨʘʮʠʷ ʩʝ 

ʧʨʦʚʝʞʜʘ ʚ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 

1. ʇʨʝʜʠ ʘʥʘʣʠʟʘ ʥʘ ʚʩʷʢʘ ʩʭʝʤʘ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʷʩʥʷʪ ʧʨʝʜʷʚʝʥʠʪʝ 
ʪʦʯʥʦʩʪʥʠ ʠʟʠʩʢʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠ ʫʩʣʦʚʠʷ; 

2. ʆʧʨʝʜʝʣʷʪ ʩʝ ʋʊɹ ʢʘʪʦ ʩʝ ʦʪʯʠʪʘ ʜʘʣʠ ʪʷ ʝ ʧʲʨʚʠʯʥʘ ʠʣʠ ʚʪʦʨʠʯʥʘ; 

3. ʋʪʦʯʥʷʚʘ ʩʝ ʩʭʝʤʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ï ʧʨʠʣʦʞʥʘ ʪʦʯʢʘ, ʛʦʣʝʤʠʥʘ ʠ 

ʝʚʝʥʪʫʘʣʥʦ ʢʦʣʝʙʘʥʠʝ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ; 

4. ɸʢʦ ʋʊɹ ʠ ʀɹ ʥʝ ʩʲʚʧʘʜʘʪ ʩʝ ʦʧʨʝʜʝʣʷ ʥʝʪʦʯʥʦʩʪʪʘ ʥʘ ʙʘʟʠʨʘʥʝ Vʙl; 

5. ʉʣʝʜ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʟʘʢʨʝʧʚʘʥʝ Vʟl 

(2.3) ʠ ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʇ Vʧʨl (2.2) ʩʝ ʧʨʝʩʤʷʪʘ ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʫʩʪʘʥʦʚʷʚʘʥʝ Vyl; 

6. ʆʧʨʝʜʝʣʷ ʩʝ ʩʨʝʜʥʘʪʘ ʠʢʦʥʦʤʠʯʥʘ ʪʦʯʥʦʩʪ ʥʘ ʧʨʠʝʪʠʷ ʤʝʪʦʜ ʥʘ 
ʦʙʨʘʙʦʪʚʘʥʝ Vʦʙʨl [9]; 

7. ɼʘʚʘ ʩʝ ʟʘʢʣʶʯʝʥʠʝ ʟʘ ʧʨʠʛʦʜʥʦʩʪʪʘ ʥʘ ʩʭʝʤʘʪʘ ʧʨʠ ʧʨʦʚʝʨʢʘ ʟʘ 
ʩʧʘʟʚʘʥʝ ʥʘ ʫʩʣʦʚʠʝ (2.1); 

8. ʂʦʛʘʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʥʷʢʦʣʢʦ ʨʘʚʥʦʩʪʦʡʥʠ ʩʭʝʤʠ ʟʘ ʝʜʥʘ ʦʧʝʨʘʮʠʷ ʠ 

ʧʨʠ ʚʩʠʯʢʠ ʝ ʩʧʘʟʝʥʦ ʫʩʣʦʚʠʝ (2.1), ʧʨʝʧʦʨʲʯʚʘʪ ʩʝ ʪʝʟʠ ʦʩʠʛʫʨʷʚʘʱʠ ʧʦ-

ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʠʣʠ ʥʘʡ-ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʇ. 

 

2. ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ 

ɿʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʨʦʪʘʮʠʦʥʥʠ ʟʘʛʦʪʦʚʢʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʣʝʜʥʠʪʝ ɹɽ: 

- ʧʦ ʚʲʥʰʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ ï ʯʝʣʶʩʪʠ (ʧʘʪʨʦʥʥʠʮʠ), 

ʧʨʠʟʤʠ ʠ ʚʪʫʣʢʠ; 

- ʧʦ ʚʲʪʨʝʰʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʠ ʢʦʥʫʩʥʠ ʧʦʚʲʨʭʥʠʥʠ ï ʜʦʨʥʠʮʠ, ʧʘʣʮʠ ʠ 

ʮʝʥʪʨʠ; 

- ʧʦ ʩʲʯʝʪʘʥʠʝ ʦʪ ʥʷʢʦʷ ʦʪ ʛʦʨʝʠʟʙʨʦʝʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʠ ʨʘʚʥʠʥʥʘ 
(ʯʝʣʥʘ) ʧʦʚʲʨʭʥʠʥʘ. 

ʈʘʙʦʪʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʙʘʟʠʨʘʱʠʪʝ ʧʘʣʮʠ ʠ ʜʦʨʥʠʮʠ ʧʨʠ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠ ʩ ʛʘʨʘʥʪʠʨʘʥʘ ʭʣʘʙʠʥʘ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʩ ʜʦʧʫʩʢʦʚʠ 

ʧʦʣʝʪʘ g5, g6, f6, f7 ʠ e7, ʘ ʥʘ ʙʘʟʠʨʘʱʠʪʝ ʚʪʫʣʢʠ ï G5, G6, F7, ʢʘʪʦ ʧʨʠ ʪʦʚʘ 

ʧʦʣʫʯʘʚʘʱʘʪʘ ʩʝ ʥʝʪʦʯʥʦʩʪ ʦʪ ʙʘʟʠʨʘʥʝ ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘ ʜʦʧʫʩʪʠʤʘʪʘ 

ʦʧʨʝʜʝʣʝʥʘ ʦʪ ʫʩʣʦʚʠʝ (2.1). 

ʈʘʙʦʪʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʮʠʣʠʥʜʨʠʯʥʠʪʝ ʜʦʨʥʠʮʠ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʟʘʛʦʪʦʚʢʠʪʝ ʩʲʩ ʩʪʝʛʥʘʪʦʩʪ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʩ ʜʦʧʫʩʢʦʚʠ ʧʦʣʝʪʘ n, p, r, s, t ʧʦ 5 ʠ 6 

ʩʪʝʧʝʥ ʥʘ ʪʦʯʥʦʩʪ ʧʨʠ ʫʩʣʦʚʠʝʪʦ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʥʝʧʦʜʚʠʞʥʦʩʪ ʥʘ 

ʟʘʛʦʪʦʚʢʘʪʘ ʧʨʠ ʤʝʭʘʥʠʯʥʦʪʦ ʦʙʨʘʙʦʪʚʘʥʝ. 
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3. ʇʈʀʄɽʈʅɸ ɿɸɼɸʏɸ 

3.1 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ  

 ʇʨʠʤʝʨʥʠʪʝ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʩʘ ʩʲʩʪʘʚʝʥʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 

ʧʨʝʜʩʪʘʚʝʥʠʷ ʥʘ ʬʠʛ. 2.1 ʜʝʪʘʡʣ, ʯʠʠʪʦ ʧʦʚʲʨʭʥʠʥʠ 1 ʠ 2 ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʥʘ 

ʚʝʨʪʠʢʘʣʥʦ ʬʨʝʟʦʚʘ ʤʘʰʠʥʘ. ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘ ʟʘʜʘʚʘʥʝ ʥʘ 

ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʧʦʚʲʨʭʥʠʥʘ 2 ï ʩʧʨʷʤʦ ʠʟʭʦʜʥʘ ʙʘʟʘ ʦʩʪʘ ʆ - ʨʘʟʤʝʨ ɸ = 80 Ñ 

0,1 mm ʠ ʩʧʨʷʤʦ ʠʟʭʦʜʥʘ ʙʘʟʘ ʦʙʨʘʟʫʚʘʱʘʪʘ ʥʘ ʚʲʥʰʥʘʪʘ ʮʠʣʠʥʜʨʠʯʥʘ 

ʧʦʚʲʨʭʥʠʥʘ 3 - ʨʘʟʤʝʨʘ ɺ = 180 Ñ 0,1 mm. 

 ʉʨʝʜʥʘʪʘ ʠʢʦʥʦʤʠʯʥʘ ʪʦʯʢʘ ʥʘ ʤʝʪʦʜʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʝ Vʦʙʨ. = 0,120 mm. 
 

 

 

ʌʠʛ. 2.1 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ 

 

3.2 ʉʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ (ʪʘʙʣ.2.1) ʩʝ ʦʩʥʦʚʘʚʘʪ ʥʘ:  

ʇʨʠ ʩʭʝʤʘ ˉ1 ʙʘʟʠʨʘʥʝʪʦ ʝ ʧʦ ʨʘʚʥʠʥʥʘ (ʯʝʣʥʘ) ʧʦʚʲʨʭʥʠʥʘ, ʢʦʷʪʦ ʝ 

ʛʣʘʚʥʘ ʋʊɹ (ʦʪʥʝʤʘ 3 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ) ʠ ʮʠʣʠʥʜʨʠʯʝʥ ʦʪʚʦʨ, ʢʦʡʪʦ ʝ 

ʮʝʥʪʨʦʚʲʯʥʘ ʋʊɹ (ʦʪʥʝʤʘ 2 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ). ɺʲʟʤʦʞʥʠ ʩʘ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘ 

ʟʘʪʷʛʘʥʝ: 

- ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʦʚʘ ʩʠʣʘ ʥʘ ʟʘʪʷʛʘʥʝ Q¡ ʥʘʩʦʯʝʥʘ ʩʨʝʱʫ ʛʣʘʚʥʘʪʘ ʋʊɹ 

(ʩʭʝʤʘ ʥʘ ʇ 1.1) ; 

- ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʣʥʠ ʩʠʣʠ Q¡¡(ʩʭʝʤʘ ʥʘ ʇ 1.2).  

ʇʨʠ ʩʭʝʤʘ ˉ2 ʙʘʟʠʨʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩʲʱʦ ʧʦ ʯʝʣʥʘ ʧʦʚʲʨʭʥʠʥʘ, 

ʢʦʷʪʦ ʝ ʛʣʘʚʥʘʪʘ ʋʊɹ ʠ ʚʲʥʰʥʘʪʘ ʮʠʣʠʥʜʨʠʯʥʘ ʧʦʚʲʨʭʥʠʥʘ, ʢʦʷʪʦ ʝ 

ʮʝʥʪʨʦʚʲʯʥʘ ʋʊɹ. ɺʘʨʠʘʥʪʠʪʝ ʥʘ ʟʘʪʷʛʘʥʝ ʩʲʱʦ ʩʘ ʜʚʘ ï ʦʩʦʚʦ (ʩʭʝʤʠ ʥʘ ʇ 2.1 

ʠ ʇ2.3) ʠ ʨʘʜʠʘʣʥʦ (ʩʭʝʤʘ ʥʘ ʇ 2.2).  
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3.3 ʉʭʝʤʠ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ  

ɿʘ ʚʩʷʢʘ ʦʪ ʨʘʟʛʣʝʜʘʥʠʪʝ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʩʘ ʚʲʟʤʦʞʥʠ ʧʦʚʝʯʝ ʦʪ 

ʝʜʠʥ ʚʘʨʠʘʥʪ ʩʭʝʤʠ ʥʘ ʇ.  

       
ʊʘʙʣ. 2.1. ʉʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʠ ʩʭʝʤʠ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

 

 ̄ ʉʭʝʤʠ ʥʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ 

ʉʭʝʤʠ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

 ̄ ɹɽ ʉʭʝʤʠ ʥʘ ʇ 
1 2 3 4 5 

 

 

 

 

 

 

1 
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2.2 
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ʊʘʙʣ. 2.1. ʉʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʠ ʩʭʝʤʠ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʧʨʦʜʲʣʞʝʥʠʝ) 

1 2 3 4 5 

 

 

 

 

 

 

2 

 

 

 

 

 

 

 

 
2.3 

ɹ
ʘ
ʟ
ʠ
ʨ
ʘ
ʱ
ʘ
 
ʚ
ʪ
ʫ
ʣ
ʢ
ʘ

 

 

 

 
 

 

3.3.1. ɺʘʨʠʘʥʪʠ ʥʘ ʇ ʧʨʠ ʩʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ˉ 1  

¶ ɹʘʟʠʨʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ɹɽ ï ʮʠʣʠʥʜʨʠʯʝʥ ʧʘʣʝʮ ʩ ʭʣʘʙʠʥʘ 1 ʠ ʪʨʠ 

ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ 2 (ʩʭʝʤʘ 1.1). 

ʇʨʠ ʠʟʭʦʜʥʘ ʙʘʟʘ ʦʩʪʘ ʆ (ʨʘʟʤʝʨ ɸ) ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ ʧʨʠ 

ʙʘʟʠʨʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʠʘʤʝʪʨʘʣʥʘ ʭʣʘʙʠʥʘ jmax ʤʝʞʜʫ ʧʘʣʝʮʘ 

ʠ ʦʪʚʦʨʘ   
 

                       Vʙɸ = jmax = j min + ʊdʧ + ʊD 

ɺ ʩʣʫʯʘʷ ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ ʧʨʠ ʟʘʢʨʝʧʚʘʥʝ ʝ Vʟɸ=0, ʪʲʡ ʢʘʪʦ       

ɓ = 90ę (ʬʦʨʤʫʣʘ 2.3). 

ɿʘʤʝʩʪʚʘʡʢʠ ʚ (2.2) ʠ (2.2) ʚ (2.1) ʩʝ ʧʦʣʫʯʘʚʘ: 
 

(jmin + Tdʧ) Ò ʊɸ ï ʊD - Vʦʙʨɸ = 0,2 ï 0,046 ï 0,12 = 0,034 mm 

ʇʦʜʙʠʨʘʥʝʪʦ ʥʘ ʜʦʧʫʩʢʘ ʥʘ ʧʘʣʝʮʘ 1 ʩʝ ʠʟʚʲʨʰʚʘ ʦʪ ʫʩʣʦʚʠʝʪʦ (ʬʠʛ. 2.2): 
 

                                ei Ò (jmin + ʊdʧ). 

ʇʨʠ ʠʟʭʦʜʥʘ ʙʘʟʘ ʦʙʨʘʟʫʚʘʱʘʪʘ 3-3 (ʨʘʟʤʝʨ B)  ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ 

ʥʝʪʦʯʥʦʩʪ ʧʨʠ ʙʘʟʠʨʘʥʝ Vʙɺ ʜʦʧʲʣʥʠʪʝʣʥʦ ʱʝ ʟʘʚʠʩʠ ʦʪ ʨʘʟʩʝʡʚʘʥʝʪʦ ʥʘ 

ʚʲʥʰʥʠʷ ʜʠʘʤʝʪʲʨ Vd: 
 

Vʙɺ = jmax + ʊd/2 = jmin + Tdn + ʊD + ʊd/2. 

ʀ ʚ ʪʦʟʠ ʩʣʫʯʘʡ VʟB = 0. 

ɿʘʤʝʩʪʚʘʡʢʠ  ʚ (2.2), ʠ (2.2) ʚ (2.1) ʩʝ ʧʦʣʫʯʘʚʘ: 
 

(jmin + Tdn)ʠʟʯ. Ò ʊɺ ï ʊd/2 ï ʊD ï Vʦʙʨɺ = 0,2 ï 0,4/2 ï 0,046 ï 0,12 = ï 0,166, 

ʪ.ʝ. ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʩʭʝʤʘʪʘ ʥʝ ʦʩʠʛʫʨʷʚʘ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ (Ñ0,1 mm). 
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ʌʠʛ. 2.2 ʈʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʜʦʧʫʩʢʦʚʠʪʝ ʧʦʣʝʪʘ ʥʘ ʧʘʣʝʮʘ ʠ ʦʪʚʦʨʘ 

 

ɿʘ ʧʨʝʧʦʨʲʯʠʪʝʣʥʠʪʝ ʜʦʧʫʩʢʦʚʠ ʧʦʣʝʪʘ, ʩʘ ʜʘʜʝʥʠ ʩʣʝʜʥʠʪʝ ʦʪʢʣʦʥʝʥʠʷ ʟʘ 

ʚʘʣʦʚʝ ʩ ʜʠʘʤʝʪʨʠ 50 õ 80 mm (ʪʘʙʣ. 2.2) [8] : 

 
ʊʘʙʣ. 2.2  

ʆʪʢʣʦʥʝʥʠʝ, Õm ɼʦʧʫʩʢʦʚʦ ʧʦʣʝ 

 g5 f6 g 6 f7 e7 

es -10 -30 -10 -30 -60 

ei -23 -49 -29 -60 -90 

 

 ɺʠʞʜʘ ʩʝ, ʯʝ ʪʦʯʥʦʩʪʪʘ ʩʝ ʦʩʠʛʫʨʷʚʘ ʧʨʠ ʜʦʧʫʩʢʦʚʠ ʧʦʣʝʪʘ ʥʘ ʨʘʙʦʪʥʘʪʘ 

ʧʦʚʲʨʭʥʠʥʘ ʥʘ ʧʘʣʝʮʘ g5 ʠ g6. ʉʣʝʜʦʚʘʪʝʣʥʦ ʢʘʪʦ ʨʘʟʤʝʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʝʤʘʪ 

)(5g60d 01,0

023,0

-

-=F  ʠʣʠ )(6g60d 01,0

029,0

-

-=F . 

 ʆʪ ʠʢʦʥʦʤʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʝ ʧʦ-ʮʝʣʝʩʲʦʙʨʘʟʥʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʨʘʟʤʝʨʘ 

)(6g60d 01,0

029,0

-

-=F , ʧʨʠ ʢʦʡʪʦ ʦʯʘʢʚʘʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʨʘʟʤʝʨʘ ɸ ʝ: 

 

Vɸ = jmin + ʊdʧ + ʊD+Vʦʙʨɸ = 0,01+0,019+0,046+0,12=0,195<TA 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʜʦʧʫʩʢʦʚʦʪʦ ʧʦʣʝ ʦʩʠʛʫʨʷʚʘ ʟʘʧʘʩ ʚ ʪʦʯʥʦʩʪʪʘ 0,005 mm. 

 

¶ ɹʘʟʠʨʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ɹɽ ï ʮʠʣʠʥʜʨʠʯʝʥ ʧʘʣʝʮ ʩʲʩ ʩʪʝʛʥʘʪʦʩʪ 1 

ʠ ʪʨʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ 2 (ʩʭʝʤʘ 1.2). 

ʈʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ ʧʨʠ ʙʘʟʠʨʘʥʝ ʠʣʠ ʠʟʭʦʜʥʘ ʙʘʟʘ ʨʘʟʤʝʨʘ A e 

Vʙɸ=0, ʦʪʢʲʜʝʪʦ: 

                       Vɸ = Vʦʙʨɸ=0,12<TA, 

ʪ.ʝ. ʩʭʝʤʘʪʘ ʥʘ ʇ ʦʩʠʛʫʨʷʚʘ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ. 

ʇʨʠ ʠʟʭʦʜʥʘ ʙʘʟʘ ʨʘʟʤʝʨʘ ɺ - Vʙɺ=Td/2, ʦʪʢʲʜʝʪʦ: 
 

                    Vɺ = ʊd/2+Vʦʙʨɺ=0,2+0,12=0,32>Tɺ, 

ʪ.ʝ. ʩʭʝʤʘʪʘ ʥʘ ʇ ʥʝ ʦʩʠʛʫʨʷʚʘ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ. 

j m
in
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j m
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x 
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 ʆʪ ʧʨʦʚʝʨʝʥʠʷʪ ʪʦʯʥʦʩʪʝʥ ʘʥʘʣʠʟ ʥʘ ʦʧʠʩʘʥʠʪʝ ʚʘʨʠʘʥʪʠ ʥʘ ʇ, ʟʘ ʩʭʝʤʘ 

ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ˉ 1 ʩʝ ʚʠʞʜʘ, ʯʝ ʧʦ-ʣʝʩʥʦ ʩʝ ʜʦʩʪʠʛʘ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ ʧʨʠ 

ʀɹ ï ʦʩʪʘ ʆ (ʨʘʟʤʝʨ ɸ). 

 ʆʪ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʩʭʝʤʘ 1.2 ʦʩʠʛʫʨʷʚʘ ʧʦ-ʛʦʣʷʤʦ 

ʙʲʨʟʦʜʝʡʩʪʚʠʝ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʩʭʝʤʘ 1.1 ʩʝ ʥʘʣʘʛʘ ʩʥʝʤʘʥʝ ʥʘ ʛʘʡʢʘʪʘ 3 ʠʣʠ ʧʦʥʝ 

ʥʘ ʰʘʡʙʘʪʘ 4. ɺ ʟʘʤʷʥʘ ʥʘ ʪʦʚʘ ʩʭʝʤʘ 1.1 ʦʩʠʛʫʨʷʚʘ ʧʦ-ʧʨʦʩʪʦ ʧʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʇ. 

 

3.3.2 ɺʘʨʠʘʥʪʠ ʥʘ ʇ ʧʨʠ ʩʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ˉ 2 

¶ ɹʘʟʠʨʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ɹɽ ï ʧʨʠʟʤʘ ʠ ʪʨʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ 2. 

 ɺʲʟʤʦʞʥʠ ʩʘ ʜʚʝ ʩʭʝʤʠ ʥʘ ʇ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʘʨʠʘʥʪʘ ʥʘ ʟʘʪʷʛʘʥʝ ï 

ʦʩʦʚʦ (ʩʭʝʤʘ 2.1) ʠ ʨʘʜʠʘʣʥʦ (ʩʭʝʤʘ 2.2). ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʥʝʪʦʯʥʦʩʪ ʦʪ 

ʟʘʢʨʝʧʚʘʥʝ ʩʭʝʤʘ 2.1 ʝ ʧʦ-ʮʝʣʝʩʲʦʙʨʘʟʥʘ, ʪʲʡ ʢʘʪʦ Vʟɸ = Vʟɺ = 0 (ʬʦʨʤʫʣʘ 2.3 - 

b = 90̄ ).  

ʈʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ ʦʪ ʙʘʟʠʨʘʥʝ ʠ ʟʘ ʜʚʝʪʝ ʩʭʝʤʠ ʟʘʚʠʩʠ ʦʪ 

ʜʠʘʤʝʪʲʨʘ ʥʘ ʚʲʥʰʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʠ ʲʛʲʣʘ ʥʘ ʧʨʠʟʤʘʪʘ ʠ ʩʝ ʦʧʨʝʜʝʣʷ ʩʲʩ 

ʟʘʚʠʩʠʤʦʩʪʠʪʝ (2.4) ʠ (2.5), ʩʲʦʪʚʝʪʥʦ ʧʨʠ ʀɹ ʨʘʟʤʝʨ ɸ ʠ ʧʨʠ ʠʟʭʦʜʥʘ ʙʘʟʘ 

ʨʘʟʤʝʨʘ ɺ [4,6]: 

 

( )
2

sin2

ʊd
ɸVʙ a
= ;         (2.4) 

( ) öö
ö

÷

õ

ææ
æ

ç

å
-= 1

2
sin

1

2

Td
BVʙ a .        (2.5) 

 

ɿʘʤʝʩʪʚʘʡʢʠ ʚ (2.2), ʠ (2.2) ʚ (2.1) ʧʨʠ ʀɹ ʨʘʟʤʝʨ ɸ ʩʝ ʧʦʣʫʯʘʚʘ: 
 

                                      ( )
TAɸV

2
sin2

ʊd
Vɸ ʦʙʨ¢+=

a
, 

ʦʪʢʲʜʝʪʦ ʩʝ ʦʧʨʝʜʝʣʷʪ ʚʲʟʤʦʞʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʲʛʲʣʘ Ŭ: 

             ( ) ( )
)5,2arcsin(2

12,02,02

4,0
arcsin2

ɸVTA2

Td
arcsin2

ʦʙʨ

=ù
ú

ø
é
ê

è

-
=
ù
ù
ú

ø

é
é
ê

è

-
²a , 

 

ʪ.ʝ. ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʩʭʝʤʘʪʘ ʥʝ ʦʩʠʛʫʨʷʚʘ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ Ñ 0,1 mm. 

ʇʨʠ ʀɹ ʨʘʟʤʝʨʘ ɺ ʩʝ ʧʦʣʫʯʘʚʘ: 
 

                 ( )
TBBV1

2
sin

1

2

ʊd
VB ʦʙʨ¢+

ö
ö

÷

õ

æ
æ

ç

å
-=

a , 

 

ʦʪʢʲʜʝʪʦ: 
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                 ( ) ( )
A2,91

12,02,024,0

4,0
arcsin2

BVTB2Td

Td
arcsin2

ʦʙʨ

=ù
ú

ø
é
ê

è

-+
=
ù
ù
ú

ø

é
é
ê

è

-+
²a , 

 

ʪ.ʝ. ʩʭʝʤʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʧʨʠ Ŭ Ó 91,2Á ʠʣʠ ʘʢʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʘ ʧʨʠʟʤʘ, ʪʷ ʪʨʷʙʚʘ ʜʘ ʝ ʩ Ŭ = 120Á. 

 

¶ ɹʘʟʠʨʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ɹɽ ï ʚʪʫʣʢʘ 1 ʠ ʪʨʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ 2 

(ʩʭʝʤʘ 2.3) 

ʀ ʧʨʠ ʜʚʝʪʝ ʀɹ (ʨʘʟʤʝʨʠ ɸ ʠ ɺ) ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ ʧʨʠ ʙʘʟʠʨʘʥʝ 

ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʠʘʤʝʪʨʘʣʥʘ ʭʣʘʙʠʥʘ ʤʝʞʜʫ ʦʪʚʦʨʘ ʥʘ ʚʪʫʣʢʘʪʘ ʠ 

ʚʲʥʰʥʘʪʘ ʮʠʣʠʥʜʨʠʯʥʘ ʧʦʚʲʨʭʥʠʥʘ: 

 

                         Vʙɸ = VʙB= jmax = j min + ʊDʚʪ + ʊd. 

 

ʈʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʟʘʢʨʝʧʚʘʥʝ ʝ Vʟɸ= Vʟɺ=0 (ʬʦʨʤʫʣʘ 2.3 - b = 90̄ ). 

ɿʘʤʝʩʪʚʘʡʢʠ ʠʟʨʘʟʘ ʟʘ Vʙɸ ʠ VʙB ʚ (2.2), ʠ (2.2) ʚ (2.1) ʩʝ ʧʦʣʫʯʘʚʘ ʠʟʨʘʟʘ: 

 

(jmin + TDʚʪ)ʠʟʯ. Ò ʊɸ ï ʊd ï VʦʙʨB = 0,2 ï 0,4 ï 0,12 = ï 0,32 mm 

 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʪʘʟʠ ʩʭʝʤʘ ʥʝ ʦʩʠʛʫʨʷʚʘ ʪʦʯʥʦʩʪʪʘ ʠ ʥʘ ʨʘʟʤʝʨʠʪʝ ɸ ʠ ɺ ʠ 

ʦʪʧʘʜʘ ʦʪ ʧʦ-ʥʘʪʘʪʲʰʥʠʷ ʘʥʘʣʠʟ. 

 ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʧʨʠ ʟʘʜʘʜʝʥʘ ʀɹ ï 

ʦʙʨʘʟʫʚʘʱʘʪʘ 3-3 (ʨʘʟʤʝʨ ɺ) ʧʨʠʣʦʞʠʤʘ ʝ ʩʭʝʤʘ 2.1 ʧʨʠ ʫʩʣʦʚʠʝ, ʯʝ ʲʛʲʣʘ ʥʘ 

ʙʘʟʠʨʘʱʘʪʘ ʧʨʠʟʤʘ ʝ Ŭ = 120Á. 

 

4. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 
ʋʇʈɸɾʅɽʅʀɽʊʆ 

ɿʘ ʟʘʜʘʜʝʥ ʜʝʪʘʡʣ ʠ ʢʦʥʢʨʝʪʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʦʧʝʨʘʮʠʷ ʩʝ ʠʟʚʲʨʰʚʘ 

ʩʣʝʜʥʦʪʦ: 

4.1 ʉʲʩʪʘʚʷʥʝ ʥʘ ʚʲʟʤʦʞʥʠʪʝ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʠ ʩʲʦʪʚʝʪʥʠʪʝ 

ʠʤ ʩʭʝʤʠ ʥʘ ʇ; 

4.2  ɸʥʘʣʠʟ ʥʘ ʩʭʝʤʠʪʝ ʥʘ ʇ ʠ ʠʟʙʦʨ ʥʘ ʮʝʣʝʩʲʦʙʨʘʟʥʘ ʪʘʢʘʚʘ; 

   4.3    ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ɹɽ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 3 
 

ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ ɿɸ ʋʉʊɸʅʆɺʗɺɸʅɽ 

 ʅɸ ʇʈʀɿʄɸʊʀʏʅʀ ɿɸɻʆʊʆɺʂʀ 
 

1. ɹɸɿʀʈɸʅɽ ʀ ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ 

ɿʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʧʨʠʟʤʘʪʠʯʥʠ ʟʘʛʦʪʦʚʢʠ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʣʝʜʥʠʪʝ 

ɹɽ: 

- ʧʦ ʨʘʚʥʠʥʥʠ ʧʦʚʲʨʭʥʠʥʠ ï ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʠ ʦʧʦʨʥʠ ʧʣʘʩʪʠʥʠ; 

- ʧʦ ʚʲʪʨʝʰʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ ï ʧʘʣʮʠ ʠ ʮʝʥʪʨʠ; 

- ʧʦ ʚʲʥʰʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ ï ʧʨʠʟʤʠ . 

ʇʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʧʦ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʋʊɹ (ʥʘʧʨ. ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ ʠ 

ʜʚʘ ʦʪʚʦʨʘ, ʜʚʝ ʨʘʚʥʠʥʥʠ ʧʦʚʲʨʭʥʠʥʠ ʠ ʦʪʚʦʨ ʠ ʜʨ.) ʩʝ ʠʟʧʦʣʟʚʘ ʢʦʤʙʠʥʘʮʠʷ 

ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ ʟʘ ʚʩʷʢʘ ʧʦʚʲʨʭʥʠʥʘ ɹɽ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʙʘʟʠʨʘʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʬʫʥʢʮʠʠʪʝ ʥʘ ʙʘʟʠʨʘʥʝ ʤʝʞʜʫ 

ʦʪʜʝʣʥʠʪʝ ɹɽ ʥʘ ʇ ʠʟʭʦʞʜʘʡʢʠ ʦʪ ʧʨʠʥʮʠʧʘ [6] ï ʚʩʝʢʠ ɹɽ ʜʘ ʝ ʦʩʚʦʙʦʜʝʥ ʦʪ 

ʬʫʥʢʮʠʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʪ ʜʨʫʛ ɹɽ. 
 

2. ɹɸɿʀʈɸʅɽ ʇʆ ɼɺɸ ʆʊɺʆʈɸ ʉ ʋʉʇʆʈɽɼʅʀ ʆʉʀ ʀ 

ʇɽʈʇɽʅɼʀʂʋʃʗʈʅɸ ʅɸ ʊʗʍ ʈɸɺʅʀʅʅɸ ʇʆɺʒʈʍʅʀʅɸ 
 

2.1 ʇʈʀʄɽʈɽʅ ɼɽʊɸʁʃ 

ʉʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʝ ʨʘʟʛʣʝʜʘʥʘ ʟʘ ʧʨʝʜʩʪʘʚʝʥʠʷ ʥʘ ʬʠʛ. 3.1 ʜʝʪʘʡʣ, 

ʯʠʠʪʦ ʨʘʚʥʠʥʥʠ ʧʦʚʲʨʭʥʠʥʠ 1, 2 ʠ 3 ʩʝ ʬʨʝʟʦʚʘʪ, ʢʘʪʦ ʬʨʝʟʦʚʘʥʝʪʦ ʥʘ 1 ʠ 3 ʝ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʘʙʦʨ ʦʪ ʜʚʝ ʬʨʝʟʠ. ʇʦʣʦʞʝʥʠʝʪʦ ʥʘ ʦʙʨʘʙʦʪʚʘʥʠʪʝ 

ʧʦʚʲʨʭʥʠʥʠ ʝ ʟʘʜʘʜʝʥʦ ʩ ʨʘʟʤʝʨʠ ɸ=40 
+ 0,15

 ʠ ɺ=50 
+ 0,2

 ʩʧʨʷʤʦ ʀɹ ï ʦʩʠʪʝ ʥʘ 

ʦʪʚʦʨʠʪʝ. ʉʨʝʜʥʘʪʘ ʠʢʦʥʦʤʠʯʥʘ ʪʦʯʥʦʩʪ ʥʘ ʤʝʪʦʜʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʝ 

Vʦʙʨ =  0,1 mm. 
 

2.2 ʉʍɽʄɸ ʅɸ ʋʉʊɸʅʆɺʗɺɸʅɽ  

ɹʘʟʠʨʘʥʝʪʦ (ʬʠʛ. 3.2) ʝ ʧʦ ʨʘʚʥʠʥʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ, ʢʦʷʪʦ ʝ ʛʣʘʚʥʘ ʋʊɹ 

(ʦʪʥʝʤʘ 3 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʠ) ʠ ʜʚʘʪʘ ʦʪʚʦʨʘ, ʢʘʪʦ ʣʝʚʠʷʪ ʝ ʮʝʥʪʨʦʚʲʯʥʘ ʋʊɹ 

(ʦʪʥʝʤʘ 2 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ), ʘ ʜʝʩʥʠʷʪ - ʦʧʦʨʥʘ ʋʊɹ (ʦʪʥʝʤʘ 1 ʩʪʝʧʝʥ ʥʘ 

ʩʚʦʙʦʜʘ). ɿʘʪʷʛʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʘ Q ʥʘʩʦʯʝʥʘ ʩʨʝʱʫ 

ʛʣʘʚʥʘʪʘ ʋʊɹ. 
 

2.3 ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ  

ʂʘʪʦ ɹɽ ʩʝ ʠʟʧʦʣʟʚʘʪ (ʬʠʛ. 3.3) ʜʚʘ ʧʘʣʝʮʘ 1 ʠ 2, ʝʜʠʥʠʷ ʦʪ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʦʩʚʦʙʦʜʠ ʦʪ ʬʫʥʢʮʠʷʪʘ ʟʘ ʙʘʟʠʨʘʥʝ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʤʝʨʘ L. ɿʘ ʜʘ ʥʝ ʩʝ 

ʥʘʨʫʰʠ ʧʨʠʥʮʠʧʘ ʥʘ ʙʘʟʠʨʘʥʝ ʧʘʣʮʠʪʝ ʩʘ ʢʲʩʠ ʩʲʩ ʩʪʲʧʘʣʥʠ ʯʝʣʥʠ 

ʧʦʚʲʨʭʥʠʥʠ, ʢʘʪʦ ʝʜʠʥʠʷ ʦʪ ʪʷʭ ʝ ʩʨʷʟʘʥ (ʩ ʨʦʤʙʦʚʠʜʥʘ ʬʦʨʤʘ). ʈʘʚʥʠʥʥʘʪʘ 

ʧʦʚʲʨʭʥʠʥʘ ʩʝ ʙʘʟʠʨʘ ʚʲʨʭʫ ʦʧʦʨʥʠ ʧʣʘʩʪʠʥʠ 3, ʩ ʢʦʝʪʦ ʩʝ ʦʪʥʝʤʘʪ 3 ʩʪʝʧʝʥʠ 

ʥʘ ʩʚʦʙʦʜʘ. ʃʝʚʠʷʪ ʦʪʚʦʨ ʩʝ ʙʘʟʠʨʘ ʚʲʨʭʫ ʨʘʙʦʪʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ 

ʮʠʣʠʥʜʨʠʯʥʠʷ ʧʘʣʝʮ, ʩ ʢʦʷʪʦ ʩʝ ʦʪʥʝʤʘʪ 2 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ, ʘ ʜʝʩʥʠʷʪ ï 

ʚʲʨʭʫ ʨʘʙʦʪʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ, ʦʪʥʝʤʘʱʘ ʧʦʩʣʝʜʥʘʪʘ ʩʪʝʧʝʥ 

ʥʘ ʩʚʦʙʦʜʘ. 
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ʌʠʛ. 3.1 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʌʠʛ. 3.2 ʉʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʟʘ ʦʧʝʨʘʮʠʷ ñʌʨʝʟʦʚʘò  

 

1 2,3 

D1=30
+0,013 

D2=30
+0,013 

1
 3

 

Q
 

2
 

L=120°0,05 

A 

B 

1 

3 

4 

5 

6 
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ʌʠʛ. 3.3 ɹʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ ʟʘ ʦʧʝʨʘʮʠʷ ñʌʨʝʟʦʚʘò 

 

2.4 ʆʈɸɿʄɽʈʗɺɸʅɽ ʅɸ ɹɸɿʀʈɸʑʀʊɽ ʇɸʃʎʀ 

ʀʟʭʦʞʜʘʡʢʠ ʦʪ ʫʩʣʦʚʠʝʪʦ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ ʟʘʜʘʜʝʥʠʪʝ ʨʘʟʤʝʨʠ 

(ʬʦʨʤʫʣʘ 2.1 ï ʋʧʨʘʞʥʝʥʠʝ ˉ2), ʢʲʜʝʪʦ ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʟʘʢʨʝʧʚʘʥʝ ʝ Vʟɸ= 

Vʟɺ=0 (ʬʦʨʤʫʣʘ 2.3 - b=90 )̄, ʩʝ ʧʦʣʫʯʘʚʘ: 

¶ ʟʘ ʨʘʟʤʝʨʘ ɸ 
 

           Vɸ =j1, min + ʊdʧ,1 + ʊD1+Vʦʙʨɸ¢TA, 

ʦʪʢʲʜʝʪʦ 

          (j1min + Tdn,1)ʠʟʯ Ò TA ï ʊD1 ï Vʦʙʨɸ = 0,15 ï 0,013 ï 0,1 = 0,037 mm. 
 

¶ ʟʘ ʨʘʟʤʝʨʘ ɺ 
 

            VB = j1, min + Tdn,1 + ʊD1 + Vʦʙʨɺ Ò ʊɺ, 

ʦʪʢʲʜʝʪʦ 

              (j1,min + Tdn,1) Ò ʊɺ ï ʊD1 ï Vʦʙʨɺ = 0,2 ï 0,013 ï 0,1 = 0,087 mm. 
 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʜʦʧʫʩʢʠʪʝ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʮʠʣʠʥʜʨʠʯʥʠʷ ʧʘʣʝʮ ʠ ʥʘ 

ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ (Tdn,1= Tdn,2= Tdn) ʦʧʨʝʜʝʣʷʱ ʝ 

ʨʘʟʤʝʨʘ ɸ, ʧʨʠ ʢʦʠʪʦ ʩʫʤʘʪʘ (jmin + Tdn)ʠʟʯ ʝ ʤʠʥʠʤʘʣʥʘ. 

ʆʪ ʩʭʝʤʘʪʘ (ʬʠʛ.3.4) ʩʝ ʚʠʞʜʘ, ʯʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʙʝʨʝ ʪʘʢʦʚʘ ʜʦʧʫʩʢʦʚʦ 

ʧʦʣʝ ʟʘ ʢʦʝʪʦ ei Ò (jmin + Tdn)ʠʟʯ [8]. 

ɿʘ ʚʘʣʦʚʝ ʩ ʜʠʘʤʝʪʨʠ 30 ·50 mm ʦʪʢʣʦʥʝʥʠʷʪʘ ʟʘ ʧʨʝʧʦʨʲʯʚʘʥʠʪʝ 

ʜʦʧʫʩʢʦʚʠ ʧʦʣʝʪʘ, ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣ. 3.1. 
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ʌʠʛ. 3.4 ʈʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʜʦʧʫʩʢʦʚʠʪʝ ʧʦʣʝʪʘ ʥʘ ʧʘʣʝʮʘ ʠ ʦʪʚʦʨʘ 
 

                                                                                                       ʊʘʙʣ. 3.1 

 g5 f6 g6 f7 e7 

es - 7 - 20 - 7 - 20 - 40 

ei - 16 - 33 - 20 - 41 - 61 
 

  

ɺʠʞʜʘ ʩʝ, ʯʝ ʫʩʣʦʚʠʝʪʦ ʩʝ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʦʪ ʜʦʧʫʩʢʦʚʠʪʝ ʧʦʣʝʪʘ g5, f6, 

g6, ʦʪ ʢʦʠʪʦ g5 ʥʝ ʝ ʠʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʲʦʙʨʘʟʥʦ, ʪʲʡ ʢʘʪʦ ʩʝ ʫʩʣʦʞʥʷʚʘ ʠ 

ʦʩʢʲʧʷʚʘ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʧʘʣʝʮʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʧʘʣʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʠʟʨʘʙʦʪʷʪ ʩ ʜʠʘʤʝʪʨʠ ÅσπὪφ ȟ
ȟ  ʠʣʠ ÅσπὫφ ȟ

ȟ .  

 ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʰʠʨʦʯʠʥʘʪʘ 2ʚ (ʬʠʛ. 2.3) ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ 

ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ ʩʝ ʠʟʭʦʞʜʘ ʦʪ ʫʩʣʦʚʠʝʪʦ ʟʘ ʚʲʟʤʦʞʥʦ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ 

ʟʘʛʦʪʦʚʢʠ ʚ ʇ [2,6]: 
 

¶ ʦʧʨʝʜʝʣʷ ʩʝ ʭʣʘʙʠʥʘʪʘ 2ʩ: 
 

2ʩ = TL + ʊLʇ ï 2j1,min, 

ʢʲʜʝʪʦ ʜʦʧʫʩʢʲʪ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ TLʇ ʥʘ ʧʨʘʢʪʠʢʘ ʩʝ ʧʨʠʝʤʘ TLʇ= 

(1/2·1/3) TL. ɿʘ ʩʣʫʯʘʷ TLʇ 
*
= İ ʊL = 0,05 mm. 

- ʟʘ ʧʘʣʝʮ f30f6 

2c = 0,1 + 0,05 ï 0,02 = 0,13 mm. 

- ʟʘ ʧʘʣʝʮ f30g6 

2c = 0,1 + 0,05 ï 0,007 = 0,143 mm. 
 

¶ ʦʧʨʝʜʝʣʷ ʩʝ ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ 2ʚ [2,6]: 

- ʟʘ ʧʘʣʝʮ f30f6 

mmc
c

Dj
b 55,4065,0

13,0

02,0.30

2
2 min =-=-¢ . 

- ʟʘ ʧʘʣʝʮ f30g6 

mm397,10715,0
143,0

007,0.30
c

c2

Dj
b2 min =-=-¢ . 

* ɿʘ ʧʦ-ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʊLʇ ʩʝ ʠʟʧʦʣʟʚʘ ʘʥʘʣʠʪʠʢʦ ï ʠʟʯʠʩʣʠʪʝʣʝʥ ʤʝʪʦʜ, ʨʘʟʛʣʝʞʜʘʥ ʚ 

ʋʧʨʘʞʥʝʥʠʝ ˉ 8. 
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ʆʪ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ 2ʚ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʙʝʨʝ ʧʦ-ʛʦʣʷʤʘʪʘ 2ʚ = 

4,55mm, ʧʦʣʫʯʘʚʘʱʘ ʩʝ ʟʘ ʧʘʣʝʮʘ ʩ ʜʠʘʤʝʪʲʨ f30f6, ʪʲʡ ʢʘʪʦ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ 

ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʚʦʜʠ ʜʦ ʧʦ-ʙʲʨʟʦ ʠʟʥʦʩʚʘʥʝ ʥʘ ʧʘʣʝʮʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ 

ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ ʪʨʷʙʚʘ ʜʘ ʝ ʩ ʨʘʟʤʝʨʠ ÅσπὪφ ȟ
ȟ  ʠ 2ʚ = 4,55 mm. 

 

3. ɹɸɿʀʈɸʅɽ ʇʆ ɼɺɽ ɺɿɸʀʄʅʆ ʇɽʈʇɽʅɼʀʂʋʃʗʈʅʀ ʈɸɺʅʀʅʅʀ ʀ  
ɽɼʅɸ ʎʀʃʀʅɼʈʀʏʅɸ ʇʆɺʒʈʍʅʀʅɸ 

 

3.1 ʇʈʀʄɽʈɽʅ ɼɽʊɸʁʃ 

ʉʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʝ ʨʘʟʛʣʝʜʘʥʘ ʟʘ ʧʨʝʜʩʪʘʚʝʥʠʷ ʥʘ ʬʠʛ. 3.5 ʜʝʪʘʡʣ, 

ʯʠʠʪʦ ʨʘʚʥʠʥʥʠ ʧʦʚʲʨʭʥʠʥʠ 1 ʠ 2 ʩʝ ʬʨʝʟʦʚʘʪ ʠ ʧʦʣʦʞʝʥʠʝʪʦ ʠʤ ʝ ʟʘʜʘʜʝʥʦ ʩ 

ʨʘʟʤʝʨʘ ɸ = 200ï 0,15 mm ʩʧʨʷʤʦ ʀɹ ï ʩʠʤʝʪʨʘʣʘʪʘ ʥʘ ʜʝʪʘʡʣʘ. ʉʨʝʜʥʘʪʘ 

ʠʢʦʥʦʤʠʯʥʘ ʪʦʯʥʦʩʪ ʥʘ ʤʝʪʦʜʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʝ Vʦʙʨ = 0,08 mm. 

 

 
 

ʌʠʛ. 3.5 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ 

 

3.2 ʉʍɽʄɸ ʅɸ ʋʉʊɸʅʆɺʗɺɸʅɽ  

ɹʘʟʠʨʘʥʝʪʦ (ʬʠʛ. 3.6) ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ 3, ʢʦʷʪʦ ʝ 

ʛʣʘʚʥʘ ʋʊɹ (ʦʪʥʝʤʘ 3 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ), ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ 4, ʢʦʷʪʦ ʝ 

ʥʘʧʨʘʚʣʷʚʘʱʘ ʋʊɹ (ʦʪʥʝʤʘ 2 ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ) ʠ ʦʪʚʦʨʘ, ʢʦʡʪʦ ʝ ʦʧʦʨʥʘ 

ʋʊɹ (ʦʪʥʝʤʘ 1 ʩʪʝʧʝʥ ʥʘ ʩʚʦʙʦʜʘ). 

 

3.3 ɹɸɿʀʈɸʑʀ ɽʃɽʄɽʅʊʀ  

ʂʘʪʦ ɹɽ ʩʝ ʠʟʧʦʣʟʚʘʪ (ʬʠʛ. 3.7): 

- ʧʦ ʨʘʚʥʠʥʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ 3 ï ʜʚʝ ʥʝʧʦʜʚʠʞʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʠ ʝʜʥʘ 

ʩʘʤʦʫʩʪʘʥʦʚʷʚʘʱʘ ʩʝ ʦʧʦʨʘ; 

- ʧʦ ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ 4 ï ʜʚʝ ʥʝʧʦʜʚʠʞʥʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ;  

- ʧʦ ʮʠʣʠʥʜʨʠʯʥʠʷ ʦʪʚʦʨ ï ʩʨʷʟʘʥ ʧʘʣʝʮ. 

°
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ʌʠʛ. 3.6 ʉʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʟʘ ʦʧʝʨʘʮʠʷ ñʌʨʝʟʦʚʘò 

 

            

 
 

ʌʠʛ. 3.7 ɹʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ ʟʘ ʦʧʝʨʘʮʠʷ ñʌʨʝʟʦʚʘò 

 

3.4 ʆʈɸɿʄɽʈʗɺɸʅɽ ʅɸ ɹɸɿʀʈɸʑʀʗ ʇɸʃɽʎ 

 ʀʟʭʦʞʜʘ ʩʝ ʦʪ ʫʩʣʦʚʠʝʪʦ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ ɸ (2.1), 

ʢʲʜʝʪʦ ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʟʘʢʨʝʧʚʘʥʝ Vʟɸ = 0 (ʬʦʨʤʫʣʘ 2.3 - b = 90̄ ). 
 

                                Vɸ = jmin + ʊdn + ʊD + Vʦʙʨɸ Ò ʊɸ, 
 

             (jmin + ʊd1)ʠʟʯ Ò ʊɸ ï ʊD ï Vʦʙʨɸ = 0,15 ï 0,033 ï 0,08 = 0,037 mm. 

 ʉʣʫʯʘʷʪ ʝ ʘʥʘʣʦʛʠʯʝʥ ʥʘ ʇʨʠʤʝʨʘ ʦʪ ʪ.2, ʪʲʡ ʢʘʪʦ ʠʤʘʤʝ ʩʲʱʠʷ 

ʜʠʘʤʝʪʲʨ ʥʘ ʦʪʚʦʨʘ ʠ ʩʫʤʘʪʘ (jmin + ʊd1)ʠʟʯ. ʝ ʩʲʱʘʪʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʜʠʘʤʝʪʲʨʲʪ 
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ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ ʧʘʣʝʮʘ ʪʨʷʙʚʘ ʜʘ ʝ ÅσπὪφ ȟ
ȟ

 ʠʣʠ 

ÅσπὫφ ȟ
ȟ

. 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʰʠʨʦʯʠʥʘʪʘ 2ʚ ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ ʧʘʣʝʮʘ ʩʝ 

ʠʟʭʦʞʜʘ ʦʪ ʫʩʣʦʚʠʝʪʦ ʛʘʨʘʥʪʠʨʘʱʦ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʟʘʛʦʪʦʚʢʠ ʚ ʇ 

[2,6], ʢʦʝʪʦ ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʧʦ ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ ʠ ʦʪʚʦʨ ʝ (ʬʠʛ. 3.3): 

 

                     2ʩ = TL + TLʇ, 

ʢʲʜʝʪʦ TL = 0,1 mm; TLʇ= (1/2·1/3) TL = 0,05 mm. 

 

                2ʩ = 0,1 + 0,05 = 0,15 mm 

- ʟʘ ʧʘʣʝʮ f30f6 
 

mm925,3075,0
15,0

02,0.30
c

c2

Dj
b2 min =-=-¢  

 

- ʟʘ ʧʘʣʝʮ f30g6 
 

mm325,1075,0
15,0

007,0.30
c

c2

Dj
b2 min =-=-¢  

ʉʣʝʜʦʚʘʪʝʣʥʦ ʮʝʣʝʩʲʦʙʨʘʟʥʠʷ ʨʘʟʤʝʨ ʥʘ ʧʘʣʝʮʘ ʝ f30f6 ʩ ʰʠʨʦʯʠʥʘ ʥʘ 

ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ 2ʚ Ò 3,925 mm. 

 

5. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

ɿʘ ʟʘʜʘʜʝʥʠʷ ʜʝʪʘʡʣ ʠ ʢʦʥʢʨʝʪʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʦʧʝʨʘʮʠʷ ʩʝ ʠʟʚʲʨʰʚʘ 

ʩʣʝʜʥʦʪʦ: 

5.1 ʉʲʩʪʘʚʷʥʝ ʥʘ ʚʲʟʤʦʞʥʠʪʝ ʩʭʝʤʠ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ 
ʧʨʠʥʮʠʧʥʠ ʩʭʝʤʠ ʥʘ ʇ; 

5.2 ɸʥʘʣʠʟ ʥʘ ʩʭʝʤʠʪʝ ʥʘ ʇ ʠ ʠʟʙʦʨ ʥʘ ʮʝʣʝʩʲʦʙʨʘʟʥʘ ʪʘʢʘʚʘ; 

5.3 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ɹɽ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 4 
 

ʊʆʏʅʆʉʊ ʇʈʀ ʋʉʊɸʅʆɺʗɺɸʅɽ ɺ ʄʅʆɻʆʄɽʉʊʅʆ 

ʇʈʀʉʇʆʉʆɹʃɽʅʀɽ  
 

1. ʆɹʑʀ ʇʆʃʆɾɽʅʀʗ 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦ ʥʘʤʠʨʘʪ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʤʥʦʛʦʤʝʩʪʥʠʪʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʤʝʭʘʥʠʯʥʘ ʦʙʨʘʙʦʪʢʘ, ʪʲʡ ʢʘʪʦ ʪʝ ʧʦʟʚʦʣʷʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʜʘ 

ʩʝ ʧʦʚʠʰʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʟʘ ʩʤʝʪʢʘ ʥʘ ʩʲʢʨʘʱʘʚʘʥʝ ʛʣʘʚʥʦ ʥʘ 

ʩʧʦʤʘʛʘʪʝʣʥʦʪʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʯʠʥʘ ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ 

ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ ʪʝʟʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ, 

ʫʩʧʦʨʝʜʥʦ ʠ ʫʩʧʦʨʝʜʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ. 

ʅʘ ʬʠʛ. 4.1 ʝ ʧʦʢʘʟʘʥʘ ʟʘʛʦʪʦʚʢʘ, ʢʦʷʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʚ ʤʥʦʛʦʤʝʩʪʥʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʦ ʩʚʦʷʪʘ ʚʲʥʰʥʘ ʮʠʣʠʥʜʨʠʯʥʘ ʠ ʨʘʚʥʠʥʥʘ (ʯʝʣʦʪʦ 3) ʙʘʟʦʚʠ 

ʧʦʚʲʨʭʥʠʥʠ. ʇʨʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʬʨʝʟʦʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʠʥʠ 1 ʠ 2, 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ ɸ. 

ʄʥʦʛʦʤʝʩʪʥʦʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ (ʬʠʛ. 4.2) ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʟʘʪʷʛʘʥʝ ʩʝ ʩʲʩʪʦʠ ʦʪ ʯʝʪʠʨʠ 

ʧʦʜʚʠʞʥʠ ʯʝʣʶʩʪʠ 2, ʢʦʠʪʦ ʩʝ ʚʦʜʷʪ ʚ ʜʚʝ 

ʮʠʣʠʥʜʨʠʯʥʠ ʥʘʧʨʘʚʣʷʚʘʱʠ 4, ʢʦʠʪʦ ʠʤ 

ʦʩʠʛʫʨʷʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʪʨʘʥʩʣʘʮʠʦʥʥʦ 

ʧʨʝʤʝʩʪʚʘʥʝ ʧʦ ʦʩʪʘ ʭ ï ʭ. ɺʲʚ ʚʩʷʢʘ ʦʪ 

ʯʝʣʶʩʪʠʪʝ ʩʘ ʦʬʦʨʤʝʥʠ ʧʦ ʜʚʝ ʫʩʪʘʥʦʚʲʯʥʠ 

ʧʨʠʟʤʠ, ʢʘʪʦ ɹɽ ʟʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʚʲʥʰʥʠ 

ʮʠʣʠʥʜʨʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ. ʂʨʘʡʥʘʪʘ ʣʷʚʘ ʧʨʠʟʤʘ 

5 ʝ ʥʝʧʦʜʚʠʞʥʘ. ɿʘʪʷʛʘʱʘʪʘ ʩʠʣʘ Q ʩʝ ʟʘʜʘʚʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʝʢʩʮʝʥʪʨʠʢʦʚ ʤʝʭʘʥʠʟʲʤ 

(ʥʝʧʦʢʘʟʘʥ). ʇʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 

ʚʲʨʭʫ ʤʘʩʘʪʘ ʥʘ ʫʥʠʚʝʨʩʘʣʥʘ ʬʨʝʟʦʚʘ ʤʘʰʠʥʘ. 

ʉʣʝʜ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʯʝʪʠʨʠʪʝ ʟʘʛʦʪʦʚʢʠ 

(ʬʠʛ. 4.1) ʚ ʧʨʠʟʤʠʪʝ, ʩʝ ʧʦʜʘʚʘ ʩʠʣʘʪʘ Q. 

ʏʝʣʶʩʪʠʪʝ ʩʝ ʧʨʝʤʝʩʪʚʘʪ ʥʘʣʷʚʦ ʧʨʠ ʢʦʝʪʦ 

ʟʘʛʦʪʦʚʢʠʪʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ. ɺʩʷʢʘ ʦʪ ʧʦʜʚʠʞʥʠʪʝ 

ʯʝʣʶʩʪʠ ʠʟʧʲʣʥʷʚʘ ʜʚʝ ʬʫʥʢʮʠʠ ï ʥʘ ʟʘʪʷʛʘʱ 

ʝʣʝʤʝʥʪ ʟʘ ʧʨʝʜʭʦʜʥʘʪʘ (ʩʪʦʷʱʘʪʘ ʠ ʦʪ ʣʷʚʦ) ʟʘʛʦʪʦʚʢʘ ʠ ʥʘ ɹɽ ʟʘ ʩʣʝʜʚʘʱʘʪʘ 

(ʩʪʦʷʱʘʪʘ ʠ ʦʪʜʷʩʥʦ). ʇʦ ʪʘʢʲʚ ʥʘʯʠʥ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʪʘ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ 

(ʨʘʟʤʝʨʠʪʝ ɺ1 ï ɺ3) ʩʘ ʧʨʦʤʝʥʣʠʚʠ ʢʘʪʦ ʟʘʚʠʩʷʪ ʦʪ ʜʦʧʫʩʢʘ ʥʘ ʪʝʭʥʠʷ ʜʠʘʤʝʪʲʨ 

ï ʊd = 0,013 mm. 

ʆʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʯʝʪʠʨʠʪʝ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʧʦ ʜʚʘ 

ʥʘʯʠʥʘ: ʯʨʝʟ ʧʦʜʘʚʘʥʝ f ʧʦ ʦʩʪʘ ʭ (ʬʠʛ. 4.2ʘ), ʧʨʠ ʢʦʝʪʦ ʦʙʨʘʙʦʪʚʥ͊ʝʪʦ ʥʘ 

ʯʝʪʠʨʠʪʝ ʟʘʛʦʪʦʚʢʠ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʦʪ ʬʨʝʟʘʪʘ 1 ʠʣʠ ʯʨʝʟ 

ʧʦʜʘʚʘʥʝ f ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʦʩʪʘ ʭ (ʬʠʛ. 4.2ʙ) ʧʨʠ ʢʦʝʪʦ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʩʝ 

ʠʟʚʲʨʰʚʘ ʫʩʧʦʨʝʜʥʦ ʦʪ ʥʘʙʦʨ ʬʨʝʟʠ 1. 

f30-0,013 

A=18°0,085 

5
0 6

5 

ʌʠʛ. 4.1 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ 

1 

2 

3 
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ʌʠʛ. 4.2 ɺʘʨʠʘʥʪʠ ʥʘ ʬʨʝʟʦʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʚ ʤʥʦʛʦʤʝʩʪʥʦʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

 
ʀʟʚʝʩʪʥʦ ʝ [4,6], ʯʝ ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʮʠʣʠʥʜʨʠʯʥʠ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʠʟʤʘ, 

ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʙʘʟʠʨʘʥʝ ʟʘʚʠʩʠ ʦʩʥʦʚʥʦ ʦʪ ʨʘʟʩʝʡʚʘʥʝʪʦ ʥʘ ʜʠʘʤʝʪʨʘʣʥʠʷ 

ʨʘʟʤʝʨ Vd ʠ ʲʛʲʣʘ ʥʘ ʧʨʠʟʤʘʪʘ a. ɺ ʧʨʦʮʝʩʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʧʘʨʪʠʜʘ 
ʟʘʛʦʪʦʚʢʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʪʝʟʠ ʬʘʢʪʦʨʠ, ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʦʩʠʪʝ ʠʤ ʩʝ ʨʘʟʩʝʡʚʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʪʘ ʭ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʩ (ʬʠʛ. 4.3):  
       

ö
÷

õ
æ
ç

å
==

2
sin2

Vd
OOc 1 a

. 

 

ɺ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʦʩʪʘ ʭ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʙʘʟʠʨʘʥʝ ʝ     

Vʙ = 0. 

ʇʨʠ ʦʧʠʩʘʥʠʪʝ ʫʩʣʦʚʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʪʦ ʦʙʨʘʙʦʪʚʘʥʝ (ʬʠʛ. 4.2ʘ) 

ʦʩʠʛʫʨʷʚʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ ɸ ʚ ʯʝʪʠʨʠʪʝ ʫʩʪʘʥʦʚʝʥʠ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ 

ʫʩʧʦʨʝʜʥʦʪʦ ʦʙʨʘʙʦʪʚʘʥʝ ʦʙʘʯʝ (ʬʠʛ. 4.2ʙ), ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʙʘʟʠʨʘʥʝ ʥʝ ʝ 

ʧʦʩʪʦʷʥʥʦ ʚ ʦʪʜʝʣʥʠʪʝ ʟʘʛʦʪʦʚʢʠ, ʢʘʪʦ ʥʘʨʘʩʪʚʘ ʦʪ ʣʷʚʦ ʥʘʜʷʩʥʦ, ʚʩʣʝʜʩʪʚʠʝ 

d 

O 

O1 

rmin 

rmax 
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ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʦʪʢʣʦʥʝʥʠʷʪʘ (ʬʠʛ. 4.3 ï 

ʨʘʟʤʝʨʠʪʝ c) ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʫʩʪʘʥʦʚʝʥʠ ʚ 

ʧʨʝʜʭʦʜʥʠʪʝ ʧʦʟʠʮʠʠ. ʊʦʚʘ ʦʛʨʘʥʠʯʘʚʘ ʙʨʦʷ ʥʘ 

ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʟʘʛʦʪʦʚʢʠ ʚ ʇ. ʊʦʟʠ ʥʘʯʠʥ ʥʘ 

ʦʙʨʘʙʦʪʚʘʥʝ ʦʙʘʯʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʤʥʦʛʦʢʨʘʪʥʦ (ʚ ʩʣʫʯʘʷ ʯʝʪʠʨʠʢʨʘʪʥʦ) 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʧʨʠ 

ʦʙʨʘʙʦʪʚʘʥʝ ʧʨʝʜʚʠʜ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʬʨʝʟʦʚʘʥʝ 

ʥʘ ʯʝʪʠʨʠʪʝ ʟʘʛʦʪʦʚʢʠ (ʬʠʛ. 4.2ʙ). ɺ ʪʦʟʠ ʩʣʫʯʘʡ 

ʦʯʝʚʠʜʥʦ ʝ ʥʘʣʦʞʠʪʝʣʥʦ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʙʘʟʠʨʘʥʝ Vʙɺ, ʢʘʢʪʦ ʠ ʛʨʘʥʠʯʥʠʷ 

ʙʨʦʡ ʟʘʛʦʪʦʚʢʠ nʛʨ, ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʙʨʘʙʦʪʷʪ 

ʚʲʨʭʫ ʤʥʦʛʦʤʝʩʪʥʦʪʦ ʇ ʩʲʩ ʟʘʜʘʜʝʥʘʪʘ ʪʦʯʥʦʩʪ. 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʨʘʥʠʯʥʠʷ ʙʨʦʡ ʟʘʛʦʪʦʚʢʠ nʛʨ ʠ ʨʘʟʩʝʡʚʘʥʝʪʦ Vʙɺ ʩʝ 

ʨʘʟʛʣʝʞʜʘ ʬʠʛ. 4.4, ʦʪ ʢʦʷʪʦ ʩʝ ʚʠʞʜʘ, ʯʝ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʙʘʟʦʚʠʷ ʜʠʘʤʝʪʲʨ 

ʥʘ ʧʲʨʚʘʪʘ (ʥʘʡ-ʣʷʚʘʪʘ) ʟʘʛʦʪʦʚʢʘ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʦʧʫʩʢʘ ʊd, ʥʘʡ-ʣʷʚʘʪʘ 

ʧʦʜʚʠʞʥʘ ʯʝʣʶʩʪ ʱʝ ʩʝ ʠʟʤʝʩʪʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 1BB : 
 

1111 BOOOOBBB -+= . 

ʆʪ ʧʨʘʚʦʲʛʲʣʥʠʪʝ ʪʨʠʲʛʲʣʥʠʮʠ ʆɸɺ ʠ ʆ1ɸ1ɺ1 ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ: 
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ʢʲʜʝʪʦ 
maxrOA= , ʪ.ʝ. ʥʘʡ-ʛʦʣʝʤʠʷ ʨʘʜʠʫʩ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, 

min11 rAO =  = - ʥʘʡ-

ʤʘʣʢʠʷ ʨʘʜʠʫʩ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ. 

ɿʘʤʝʩʪʚʘʡʢʠ ʚ ʠʟʨʘʟʘ ʟʘ 1BB ʩʝ ʧʦʣʫʯʘʚʘ: 
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ʇʨʠ ʪʦʚʘ ʧʦʣʦʞʝʥʠʝ ʦʩʪʘ ʥʘ ʚʪʦʨʘʪʘ ʟʘʛʦʪʦʚʢʘ, ʘʢʦ ʪʷ ʝ ʩ ʥʘʡ-ʛʦʣʷʤ 

ʜʠʘʤʝʪʲʨ, ʪʨʷʙʚʘ ʩʲʱʦ ʪʘʢʘ ʜʘ ʩʝ ʧʨʝʤʝʩʪʠ ʦʪ ʪʦʯʢʘ ʆ2 ʚ ʪʦʯʢʘ ʆ2' ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ cOO 222 =¡ . ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʚʪʦʨʘʪʘ ʟʘʛʦʪʦʚʢʘ ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʦʧʫʩʢʘ ʊd ʱʝ ʧʨʝʜʠʟʚʠʢʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʦʩʪʘ ʠ 

(ʧʨʠ ʥʘʡ-ʤʘʣʲʢ ʜʠʘʤʝʪʲʨ) ʥʘ ʨʘʟʩʪʦʷʥʠʝ cOO =¡
32 . ʊʦʛʘʚʘ ʧʨʠ ʥʘʡ-

ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʷ ʩʣʫʯʘʡ (ʜʚʝʪʝ ʟʘʛʦʪʦʚʢʠ ʩʘ ʩ ʥʘʡ-ʤʘʣʢʠʷ ʩʠ ʜʠʘʤʝʪʲʨ) 

ʩʫʤʘʨʥʦʪʦ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʮʝʥʪʲʨʘ ʥʘ ʚʪʦʨʘʪʘ ʟʘʛʦʪʦʚʢʘ ʱʝ ʙʲʜʝ: 
 

cccOOOOOO 32322232 =+=¡+¡= . 

ʌʠʛ. 4.3 ʉʭʝʤʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ 

ʥʘ ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʙʘʟʠʨʘʥʝ 
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ʇʦ ʘʥʘʣʦʛʠʯʝʥ ʥʘʯʠʥ ʤʦʞʝ ʜʘ ʩʝ ʜʦʢʘʞʝ, ʯʝ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʙʘʟʦʚʠʷ 

ʜʠʘʤʝʪʨʘʣʝʥ ʨʘʟʤʝʨ ʥʘ n ï ʟʘʛʦʪʦʚʢʠ ʫʩʪʘʥʦʚʝʥʠ ʚ ʤʥʦʛʦʤʝʩʪʥʦ ʇ, ʩʫʤʘʨʥʦʪʦ 

ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʦʩʪʘ ʥʘ n-ʪʘʪʘ ʟʘʛʦʪʦʚʢʘ ʱʝ ʙʲʜʝ: 
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ʌʠʛ. 4.4 ʉʭʝʤʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʨʘʥʠʯʥʠʷ ʙʨʦʡ ʟʘʛʦʪʦʚʢʠ ʫʩʪʘʥʦʚʷʚʘʥʠ ʚ 

ʤʥʦʛʦʤʝʩʪʥʦʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ  
 

ʀʟʭʦʞʜʘʡʢʠ ʦʪ ʪʘʟʠ ʟʘʚʠʩʠʤʦʩʪ, ʘʢʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʪʦʯʥʦʩʪʪʘ ʥʘ 

ʨʘʟʤʝʨʘ ɸ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʥʝʛʦʚʠʷ ʜʦʧʫʩʢʘ ʊɸ, ʪʦ ʚʩʠʯʢʠ ʨʘʟʤʝʨʠ ʦʪ 

ʦʙʨʘʙʦʪʚʘʥʘʪʘ ʧʘʨʪʠʜʘ ʟʘʛʦʪʦʚʢʠ ʱʝ ʙʲʜʘʪ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʦʧʫʩʢʘ (ʙʝʟ 

ʦʪʯʠʪʘʥʝ ʥʘ ʥʝʪʦʯʥʦʩʪʪʘ ʦʪ ʟʘʢʨʝʧʚʘʥʝ ʠ ʥʘ ʥʝʪʦʯʥʦʩʪʪʘ ʥʘ ʇ) ʧʨʠ ʩʧʘʟʚʘʥʝ ʥʘ 

ʫʩʣʦʚʠʝʪʦ: 
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ʦʪʢʲʜʝʪʦ ʟʘ nʛʨ. ʩʝ  ʧʦʣʫʯʘʚʘ: 
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2sinTA2Td
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¢  .    (4.2) 

 

ʄʝʞʜʫʦʩʦʚʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ɺ ʟʘ ʜʚʝ ʢʨʘʡʥʠ ʟʘʛʦʪʦʚʢʠ ʚ ʇ ʱʝ ʩʝ ʢʦʣʝʙʘʝ ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʟʦʥʘʪʘ ʥʘ ʨʘʟʩʝʡʚʘʥʝ Vɺ ʠ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʠʟʨʘʟʘ: 
 

Vɺ = ɺmax ï ɺmin, 
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ʢʲʜʝʪʦ Bmin = Bmax + ʩ ï (2n-1)ʩ   (ʬʠʛ. 4.4). 

ʉʣʝʜ ʟʘʤʝʩʪʚʘʥʝ ʚ ʠʟʨʘʟʘ ʟʘ Vɺ ʩʝ ʧʦʣʫʯʘʚʘ 
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a .     (4.3) 

ʄʝʞʜʫʦʩʦʚʦʪʦ ʨʘʟʩʪʦʷʥʠʝ B ʟʘ ʫʜʦʙʩʪʚʦ ʩʝ ʦʪʯʠʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʤʝʨʘ L. 

ʅʝʛʦʚʘʪʘ ʟʦʥʘ ʥʘ ʨʘʟʩʝʡʚʘʥʝ VL ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟʘ (ʬʠʛ. 4.4): 
 

 

                   VL = Lmax ï Lmin = Bmax + 2rmax ï Bmin ï 2rmin = VB + Td 

ʦʪʢʲʜʝʪʦ: 
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2. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

2.1. ʉʪʫʜʝʥʪʠʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʤʥʦʛʦʤʝʩʪʥʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʫʩʧʦʨʝʜʥʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʠ ʫʩʧʦʨʝʜʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 

ʧʨʝʜʘʚʘʥʝ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ. 

2.2. ɿʘ ʦʧʝʨʘʮʠʷ ñʌʨʝʟʦʚʘò ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. 4.1, ʧʨʠ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʚ ʤʥʦʛʦʤʝʩʪʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʨʝʜʘʚʘʥʝ ʥʘ 

ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ (ʬʠʛ. 4.2) ʩʝ ʠʟʚʲʨʰʚʘ ʩʣʝʜʥʦʪʦ: 

2.2.1. ʀʟʤʝʨʚʘʪ ʩʝ ʜʠʘʤʝʪʨʠʪʝ ʥʘ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠ di ʠ ʩʝ ʦʧʨʝʜʝʣʷ 

ʨʘʟʩʝʡʚʘʥʝʪʦ Vd = dmax ï dmin. ʀʟʤʝʨʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʤʠʢʨʦʤʝʪʲʨ ʩʲʩ 

ʩʪʦʡʥʦʩʪ ʥʘ ʜʝʣʝʥʠʝʪʦ 0,01mm. 

2.2.2. ʆʧʨʝʜʝʣʷ ʩʝ ʛʨʘʥʠʯʥʠʷʪ ʙʨʦʡ ʦʙʨʘʙʦʪʚʘʥʠ ʟʘʛʦʪʦʚʢʠ nʛʨ. ʚ ʇ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʟʘʚʠʩʠʤʦʩʪ (4.2) ʧʨʠ ʲʛʣʠ ʥʘ ʙʘʟʠʨʘʱʠʪʝ ʧʨʠʟʤʠ Ŭ = 60ę, 90ę ʠ 

120ę ʩ ʦʛʣʝʜ ʦʩʠʛʫʨʷʚʘʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ ʟʘʜʘʜʝʥʠʷ ʨʘʟʤʝʨ ɸ ʧʨʠ ʧʦʜʘʚʘʥʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʦʩʪʘ x. 

2.2.3. ʆʧʨʝʜʝʣʷ ʩʝ ʧʦʣʝʪʦ ʥʘ ʨʘʟʩʝʡʚʘʥʝ ʦʪ ʥʝʪʦʯʥʦʩʪ ʦʪ ʙʘʟʠʨʘʥʝ ʥʘ 

ʨʘʟʤʝʨʘ B ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʧʲʪ VʙB
ʝ
 ʧʨʠ ʜʚʫʤʝʩʪʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

(ʧʲʨʚʠʪʝ ʜʚʝ ʧʦʟʠʮʠʠ ʦʪ ʣʷʚʦ ʥʘ ʜʷʩʥʦ) (n=2) ʠ Ŭ=90ę, ʢʘʪʦ ʩʝ ʨʘʙʦʪʠ ʚ 

ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 

ʘ) ɺ ʧʲʨʚʠʪʝ ʜʚʝ ʧʦʟʠʮʠʠ ʥʘ ʇ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʦʧʠʪʥʠ ʦʙʨʘʟʮʠ; 

ʙ) ʀʟʤʝʨʚʘ ʩʝ ʨʘʟʤʝʨʘ L ʩ ʤʠʢʨʦʤʝʪʲʨ ʩʲʩ ʩʪʦʡʥʦʩʪ ʥʘ ʜʝʣʝʥʠʝʪʦ 0,01mm; 

ʚ) ʇʨʦʮʝʜʫʨʠʪʝ ʘ) ʠ ʙ) ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʜʦ ʦʧʨʝʜʝʣʝʥ ʦʪ ʨʲʢʦʚʦʜʠʪʝʣʷ ʥʘ 

ʫʧʨʘʞʥʝʥʠʝʪʦ ʙʨʦʡ ʧʲʪʠ (N), ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʦʙʨʘʟʮʠ, ʢʘʪʦ 

ʟʘʢʨʝʧʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩʲʩ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦʩʪʦʷʥʥʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ; 

ʛ) ʆʙʨʘʙʦʪʚʘʪ ʩʝ ʧʦʣʫʯʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʘʥʥʠ ʟʘ Li ( i = 1õN). 

 ʇʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʦʪʦ ʚʨʝʤʝ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ, ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʧʦʣʝ ʥʘ ʨʘʟʩʝʡʚʘʥʝ VʙL
ʝ
, ʥʝ ʝ ʚʲʟʤʦʞʥʦ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦ ʠʟʩʣʝʜʚʘʥʝ ʩ ʜʦʩʪʘʪʲʯʝʥ ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʘʪʘ (N Ó 50). ʇʨʠ ʤʘʣʲʢ 
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ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʘʪʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʦʧʠʪʥʦʪʦ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ 

ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʦʪ ʩʲʦʪʥʦʰʝʥʠʝʪʦ [3]: 

dN

RL
Sº , 

ʢʲʜʝʪʦ RL ʝ ʨʘʟʤʘʭʘ ʥʘ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ, dN ï ʢʦʝʬʠʮʠʝʥʪ, ʢʦʡʪʦ ʩʝ ʚʟʝʤʘ ʦʪ ʪʘʙʣ. 4.1 

[3]. 

ɸʢʦ ʟʘ ʠʟʚʘʜʢʘʪʘ ʩʘ ʠʟʚʝʩʪʥʠ ʩʘʤʦ ʧʘʨʘʤʝʪʨʠʪʝ L  ʠ SL ʥʘ ʝʤʧʠʨʠʯʥʦʪʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʦʥʠ ʥʘ ʨʘʟʩʝʡʚʘʥʝ 

ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʦʧʫʩʪʠʤʠʪʝ ʛʨʘʥʠʮʠ. ɿʘ ʮʝʣʪʘ ʦʪ ʪʘʙʣ. 

4.2 ʩʝ ʦʧʨʝʜʝʣʷ ʪʘʢʦʚʘ ʟʥʘʯʝʥʠʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ k, ʯʝ ʩʲʩ ʟʘʜʘʜʝʥʘ ʥʘʜʝʞʜʥʦʩʪ 

(ʚʝʨʦʷʪʥʦʩʪ g = 0,9; 0,95 ʠ 0,99), ʠʥʪʝʨʚʘʣʲʪ LÑ kSL ʜʘ ʩʲʜʲʨʞʘ ʥʝ ʧʦ-ʤʘʣʢʦ ʦʪ 

(1-2ɓ).100%=ʈ.100% ʦʪ ʮʷʣʘʪʘ ʛʝʥʝʨʘʣʥʘ ʩʲʚʢʫʧʥʦʩʪ ʥʘ ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ. 

ʉ ʯʠʩʣʦʪʦ 2ɓ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʝ ʟʘʜʘʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʥʘ ʧʦʧʘʜʘʥʝ ʥʘ ʩʣʫʯʘʡʥʘʪʘ 

ʚʝʣʠʯʠʥʘ ʠʟʚʲʥ ʛʨʘʥʠʮʠʪʝ ʥʘ ʧʦʣʝʪʦ ʥʘ ʨʘʟʩʝʡʚʘʥʝ. 
 

ʊʘʙʣ. 4.1 

N dN N dN N dN N dN 
2 

3 

4 

5 

6 

1,128 

1,693 

2,059 

2,326 

2,534 

7 

8 

9 

10 

11 

2,704 

2,847 

2,970 

3,078 

3,173 

12 

13  

14 

15 

16 

3,258 

3,336 

3,407 

3,472 

3,532 

17 

18 

19 

20 

21 

3,388 

3,640 

3,689 

3,735 

3,819 
 

 

                     ʊʘʙʣ. 4.2 ʉʪʦʡʥʦʩʪʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ k 
g 0,9 0,95 0,99 

2b 0,9973 0,95 0,9 0,9973 0,95 0,9 0,9973 0,95 0,9 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

25 

30 

40 

6,76 

6,07 

5,60 

5,30 

5,07 

4,89 

4,75 

4,54 

4,39 

4,28 

4,19 

4,11 

3,98 

3,89 

3,78 

4,18 

3,74 

3,47 

3,27 

3,13 

3,02 

2,94 

2,81 

2,72 

2,65 

2,59 

2,54 

2,46 

2,40 

2,33 

3,51 

3,14 

2,91 

2,75 

2,63 

2,54 

2,47 

2,36 

2,28 

2,22 

2,17 

2,14 

2,07 

2,02 

1,95 

8,26 

7,17 

6,50 

6,05 

5,72 

5,48 

5,28 

4,99 

4,78 

4,62 

4,50 

4,39 

4,20 

4,10 

3,94 

5,11 

4,44 

4,02 

3,74 

3,54 

3,39 

3,26 

3,08 

2,96 

2,86 

2,79 

2,72 

2,61 

2,54 

2,44 

4,29 

3,72 

3,38 

3,14 

2,97 

2,84 

2,74 

2,59 

2,49 

2,40 

2,34 

2,29 

2,19 

2,13 

2,05 

12,80 

10,31 

8,91 

8,01 

7,38 

6,91 

6,55 

6,03 

5,67 

5,41 

5,21 

5,05 

4,76 

4,57 

4,31 

7,92 

6,38 

5,51 

4,95 

4,56 

4,27 

4,05 

3,73 

3,52 

3,35 

3,22 

3,12 

2,94 

2,82 

2,67 

6,64 

5,35 

4,62 

4,15 

3,83 

3,59 

3,40 

3,13 

2,95 

2,81 

2,70 

2,62 

2,47 

2,37 

2,24 

  

ɺʝʨʦʷʪʥʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʣʝ ʥʘ ʨʘʟʩʝʡʚʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʪʘ: 

VʙL
e 
= 2kSL 

2.2.4 ʆʧʨʝʜʝʣʝʥʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʣʝ ʥʘ ʨʘʟʩʝʡʚʘʥʝ VʙL
e
 ʩʝ 

ʩʨʘʚʥʷʚʘ ʩ ʪʝʦʨʝʪʠʯʥʦ ʧʨʝʩʤʝʪʥʘʪʦʪʦ VʙL
ʪ
 ʧʦ ʟʘʚʠʩʠʤʦʩʪ (4.4) ʠ ʩʝ ʦʙʷʩʥʷʚʘ 

ʧʨʠʯʠʥʘʪʘ ʟʘ ʨʘʟʣʠʢʘʪʘ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 5 
 

ɿɸʂʈɽʇɺɸʅɽ ʅɸ ɿɸɻʆʊʆɺʂʀ ɺ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ ɿɸ 

ʄɽʍɸʅʀʏʅʆ ʆɹʈɸɹʆʊɺɸʅɽ 

 

1. ʀɿʍʆɼʅʀ ʋʉʃʆɺʀʗ 

ɿʘʢʨʝʧʚʘʥʝʪʦ ʩʝ ʧʨʠʣʘʛʘ ʩʣʝʜ ʙʘʟʠʨʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, ʢʘʪʦ ʚʪʦʨʠ ʝʪʘʧ 

ʦʪ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ. ʉ ʥʝʛʦ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʥʘʜʝʞʜʝʥ ʢʦʥʪʘʢʪ ʥʘ 

ʟʘʛʦʪʦʚʢʘʪʘ ʩ ɹɽ, ʢʘʪʦ ʩʝ ʠʟʢʣʶʯʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʤʝʩʪʚʘʥʝʪʦ ʠ ʠʣʠ ʧʦʷʚʘ 

ʥʘ ʚʠʙʨʘʮʠʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ. ʆʩʚʝʥ ʪʦʚʘ ʧʨʠ ʩʘʤʦʪʦ ʟʘʢʨʝʧʚʘʥʝ ʝ 

ʥʝʜʦʧʫʩʪʠʤʦ ʜʘ ʩʝ ʧʨʦʤʝʥʷ ʦʧʨʝʜʝʣʝʥʦʪʦ ʦʪ ʙʘʟʠʨʘʥʝʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʟʘʛʦʪʦʚʢʘʪʘ ʠʣʠ ʧʲʢ ʪʷ ʜʘ ʩʝ ʜʝʬʦʨʤʠʨʘ ʦʪ ʧʨʠʣʦʞʝʥʠʪʝ ʟʘʢʨʝʧʚʘʱʠ ʩʠʣʠ. 

ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʥʘʪʘ ʧʨʘʢʪʠʢʘ ʝ ʜʦʢʘʟʘʣʘ, ʯʝ ʧʨʠ ʜʦʩʪʘʪʲʯʥʦ ʩʪʘʙʠʣʥʠ 

ʟʘʛʦʪʦʚʢʠ ʥʘʡ-ʫʜʘʯʥʦ ʝ ʟʘʢʨʝʧʚʘʥʝʪʦ ʩ ʝʜʥʘ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʘ ʥʦʨʤʘʣʥʦ ʢʲʤ 

ʛʣʘʚʥʘʪʘ ʋʊɹ, ʪʘʢʘ ʯʝ ʥʘʧʨʘʚʣʝʥʠʝʪʦ ʠ ʜʘ ʧʨʦʙʦʞʜʘ ʠʣʠ ʜʘ ʝ ʙʣʠʟʦ ʜʦ ʤʘʩʦʚʠʷ 

ʮʝʥʪʲʨ ʥʘ ʦʧʦʨʥʠʷ ʪʨʠʲʛʲʣʥʠʢ. ʊʘʢʘ ʩʝ ʧʦʣʫʯʘʚʘʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʨʘʚʥʠ 

ʦʧʦʨʥʠ ʨʝʘʢʮʠʠ. ʇʨʠ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦ ʩʪʘʙʠʣʥʠ ʟʘʛʦʪʦʚʢʠ, ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ ʥʷʢʦʣʢʦ ʟʘʢʨʝʧʚʘʱʠ ʩʠʣʠ, ʥʘʩʦʯʝʥʠ ʥʦʨʤʘʣʥʦ ʢʲʤ ɹɽ ʠʣʠ 

ʚʲʟʤʦʞʥʦ ʥʘʡ-ʙʣʠʟʦ ʜʦ ʪʷʭ. ʂʦʛʘʪʦ ʇ ʠʤʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʦʧʦʨʘ, ʦʩʚʝʥ 

ʦʩʥʦʚʥʘʪʘ ʩʝ ʧʨʠʣʘʛʘ ʠ ʜʦʧʲʣʥʠʪʝʣʥʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ, ʩʣʝʜ ʨʝʛʫʣʠʨʘʥʝ ʠ 

ʟʘʢʦʥʪʨʷʥʝ ʥʘ ʦʧʦʨʘʪʘ. ʊʦʚʘ ʫʩʣʦʞʥʷʚʘ ʟʘʢʨʝʧʚʘʱʦʪʦ ʫʩʪʨʦʡʩʪʚʦ (ɿʋ), ʥʦ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʛʘʨʘʥʪʠʨʘʥʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʪʘ. 

ɿʘʢʨʝʧʚʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʨʘʟʣʠʯʥʠ ʨʲʯʥʠ ʠʣʠ ʤʝʭʘʥʠʟʠʨʘʥʠ ɿʋ ï 

ʧʨʦʩʪʠ ʠʣʠ ʢʦʤʙʠʥʠʨʘʥʠ. ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʠʤ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʝʪʘʧʠʪʝ: 

1) ʀʟʷʩʥʷʚʘ ʩʝ ʭʘʨʘʢʪʝʨʲʪ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʩʠʣʦʚʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ 
ʟʘʛʦʪʦʚʢʘʪʘ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ; 

2) ʋʪʦʯʥʷʚʘ ʩʝ ʩʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ, ʢʘʪʦ ʩʝ ʧʨʠʝʤʘʪ ʙʨʦʷʪ, 

ʥʘʧʨʘʚʣʝʥʠʝʪʦ ʠ ʧʨʠʣʦʞʥʠʪʝ ʪʦʯʢʠ ʥʘ ʟʘʢʨʝʧʚʘʱʠʪʝ ʩʠʣʠ; 

3) ʀʟʯʠʩʣʷʚʘʪ ʩʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʟʘʢʨʝʧʚʘʱʠʪʝ ʩʠʣʠ; 

4) ʀʟʙʠʨʘ ʩʝ ʪʠʧʲʪ ʠ ʥʘʯʠʥʲʪ ʥʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ɿʋ; 

5) ʀʟʯʠʩʣʷʚʘʪ ʩʝ ʠ ʩʝ ʦʨʘʟʤʝʨʷʚʘʪ ɿʋ. 

ʇʨʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʟʘʢʨʝʧʚʘʱʠʪʝ ʩʠʣʠ (ʝʪʘʧ 3
-ʪʠ
), ʩʝ 

ʚʟʝʤʘʪ ʧʨʝʭʦʜʠʪʝ ʚ ʦʧʝʨʘʮʠʷʪʘ ʩ ʦʯʘʢʚʘʥʦ ʥʘʡ-ʛʦʣʷʤʦ ʠ ʥʘʡ-ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʠʣʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ. ʇʨʝʧʦʨʲʯʚʘ ʩʝ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 

- ʩʲʩʪʘʚʷ ʩʝ ʠʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ, ʥʘ ʢʦʷʪʦ ʩʝ ʥʘʥʘʩʷʪ ʚʩʠʯʢʠ ʩʠʣʠ ʠ 
ʤʦʤʝʥʪʠ ʩʪʨʝʤʷʱʠ ʩʝ ʜʘ ʥʘʨʫʰʘʪ ʨʘʚʥʦʚʝʩʠʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ (ʩʠʣʠ 

ʥʘ ʨʷʟʘʥʝ, ʟʘʢʨʝʧʚʘʱʠ ʩʠʣʠ) ʠ ʩʠʣʠʪʝ, ʩʪʨʝʤʷʱʠ ʩʝ ʜʘ ʟʘʧʘʟʷʪ ʪʦʚʘ 

ʨʘʚʥʦʚʝʩʠʝ (ʦʧʦʨʥʠ ʨʝʘʢʮʠʠ, ʩʠʣʠ ʥʘ ʪʨʠʝʥʝ); 

- ʦʪ ʰʝʩʪʪʝ ʫʩʣʦʚʠʷ ʥʘ ʩʪʘʪʠʢʘʪʘ ʟʘ ʨʘʚʥʦʚʝʩʠʝ ʥʘ ʪʚʲʨʜʦ ʪʷʣʦ ʩʝ 
ʧʦʜʙʠʨʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ (ʥʘʡ-ʯʝʩʪʦ ʝʜʥʦ ʠʣʠ ʜʚʝ) ʠ ʩʝ ʦʧʨʝʜʝʣʷ 

ʪʲʨʩʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʨʘʚʥʦʚʝʩʥʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ; 

- ʧʨʝʩʤʝʪʥʘʪʘʪʘ ʩʪʦʡʥʦʩʪ Q1 ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ ʩʝ ʟʘʚʠʰʘʚʘ ʩ 

ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʩʠʛʫʨʥʦʩʪ k [1,6,10], ʪ.ʝ. Q = ʢQ1; 
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- ʢʦʛʘʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʥʷʢʦʣʢʦ ʧʨʝʭʦʜʘ ʩ ʛʦʣʷʤʦ ʩʠʣʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ 
ʠʣʠ ʫʩʣʦʚʠʷ ʟʘ ʨʘʚʥʦʚʝʩʠʝ, ʩʝ ʧʨʠʝʤʘ ʧʦʣʫʯʝʥʘʪʘ ʥʘʡ-ʛʦʣʷʤʘ 

ʩʪʦʡʥʦʩʪ ʟʘ Q1 : 

Q1 = max {Q1,i}, i = 1 · n, ʢʲʜʝʪʦ n ʝ ʙʨʦʡ ʥʘ ʧʨʝʭʦʜʠʪʝ ʩ ʤʘʢʩʠʤʘʣʥʦ 

ʩʠʣʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ ʠ ʫʩʣʦʚʠʷ ʟʘ ʨʘʚʥʦʚʝʩʠʝ. 
 

2. ʇʈʀʄɽʈʅɸ ɿɸɼɸʏɸ 

ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ, ʠʟʙʝʨʝ ʪʠʧʘ ʠ ʦʧʨʝʜʝʣʷʪ ʦʩʥʦʚʥʠʪʝ 

ʨʘʟʤʝʨʠ ʥʘ ʟʘʢʨʝʧʚʘʱʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʟʘ ʇ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʚʦʨ f20ʅ7 ʚ 

ʜʝʪʘʡʣ ñʃʘʛʝʨò (ʬʠʛ. 5.1) ʟʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʜʨʝʙʥʦʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɿʘʛʦʪʦʚʢʘʪʘ ʝ ʦʪʣʠʚʢʘ ʦʪ ʩʠʚ ʯʫʛʫʥ EN1561-GJL-100. ɺʩʠʯʢʠ ʦʪʚʦʨʠ ʩʘ ʟʘʣʝʪʠ. 

ɻʦʜʠʰʥʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ ʝ N = 1300 ʜʝʪʘʡʣʘ. 
 

 

ʌʠʛ. 5.1 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ ñʃʘʛʝʨò 

 

2.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʘʨʰʨʫʪʠ. 

ʈʘʟʛʣʝʞʜʘʪ ʩʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʘʨʰʨʫʪʘ, ʨʘʟʣʠʯʘʚʘʱʠ ʩʝ 

ʧʦ ʦʧʝʨʘʮʠʠʪʝ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʚʦʨʘ (1
-ʚʠ

 ʚʘʨʠʘʥʪ ï ʚʲʨʭʫ ʩʪʨʫʛʦʚʘ 

ʤʘʰʠʥʘ, 2
-ʨʠ

 ʚʘʨʠʘʥʪ ï ʚʲʨʭʫ ʧʨʦʙʠʚʥʘ ʤʘʰʠʥʘ): 
 

ü ʇʲʨʚʠ ʚʘʨʠʘʥʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʘʨʰʨʫʪ [3] 

1. ʌʨʝʟʦʚʘ I 

ɽʜʥʦʢʨʘʪʥʦ ʬʨʝʟʦʚʘʥʝ ʥʘ ʛʦʨʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ. 

ʄʝʪʘʣʦʨʝʞʝʱʘ ʤʘʰʠʥʘ ï ʬʨʝʟʘ ʫʥʠʚʝʨʩʘʣʥʘ ʌʋ321. 

2. ʌʨʝʟʦʚʘ II 

ɻʨʫʙʦ ʠ ʯʠʩʪʦ ʬʨʝʟʦʚʘʥʝ ʥʘ ʜʦʣʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʣʘʧʠʪʝ (ʨʘʟʤʝʨ 17). 

3. ʌʨʝʟʦʚʘ III 

ɽʜʥʦʢʨʘʪʥʦ ʬʨʝʟʦʚʘʥʝ ʥʘ ʯʝʣʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ (ʨʘʟʤʝʨ 59). 

ʄʝʪʘʣʦʨʝʞʝʱʘ ʤʘʰʠʥʘ ï ʬʨʝʟʘ ʫʥʠʚʝʨʩʘʣʥʘ ʌʋ321. 
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4. ʉʪʨʫʛʦʚʘ 

ʄʝʪʘʣʦʨʝʞʝʱʘ ʤʘʰʠʥʘ ï ʩʪʨʫʛ ʫʥʠʚʝʨʩʘʣʝʥ ʉ11ʄɺ. 

ʉʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. 5.2. 
 

 
 

ʌʠʛ. 5.2 ʉʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò 
 

ʆʧʝʨʘʮʠʷʪʘ ʩʲʜʲʨʞʘ ʩʣʝʜʥʠʪʝ ʧʨʝʭʦʜʠ: 

ʋʩʪʘʥʦʚʢʘ ɸ 

1. ʎʝʥʪʨʦʚʘʥʝ. 

2. ʉʚʨʝʜʣʦʚʘʥʝ ʥʘ ʦʪʚʦʨ f17,5. 

3. ʈʘʟʩʪʲʨʛʚʘʥʝ ʛʨʫʙʦ ʥʘ f19,75. 

4. ʈʘʡʙʝʨʦʚʘʥʝ ʛʨʫʙʦ ʥʘ f19,93. 

5. ʉʪʨʫʛʦʚʘʥʝ ʥʘ ʬʘʩʢʘ 1ʭ45ę. 

6. ʈʘʡʙʝʨʦʚʘʥʝ ʯʠʩʪʦ ʥʘ f20H7. 

ʋʩʪʘʥʦʚʢʘ ɹ 

7.  ʉʪʨʫʛʦʚʘʥʝ ʥʘ ʬʘʩʢʘ 1ʭ45ę. 

ʅʘʡ-ʛʦʣʷʤʦ ʩʠʣʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ ʩʝ ʦʯʘʢʚʘ ʧʨʠ ʧʨʝʭʦʜʠʪʝ ʩʚʨʝʜʣʦʚʘʥʝ ʠ 

ʨʘʟʩʪʲʨʛʚʘʥʝ ʛʨʫʙʦ, ʟʘ ʢʦʠʪʦ ʝ ʟʘʜʘʜʝʥ ʩʣʝʜʥʠʷʪ ʨʝʞʠʤ ʥʘ ʨʷʟʘʥʝ [7]: 

- ʩʚʨʝʜʣʦʚʘʥʝ - ʘʨ = 8,75 mm, f = 0,32 mm/tr, Vc = 16 m/min; 

- ʨʘʟʩʪʲʨʛʚʘʥʝ ʛʨʫʙʦ - ʘʨ = 1,125 mm, f = 0, 2 mm/tr, Vc = 80 m/min. 

5. ʇʨʦʙʠʚʥʘ 

ʆʙʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʚʦʨʠ f8H7 ʠ f13. 

ʄʝʪʘʣʦʨʝʞʝʱʘ ʤʘʰʠʥʘ ï ʚʝʨʪʠʢʘʣʥʦ-ʧʨʦʙʠʚʥʘ ʇʂ32. 

6. ʐʣʦʩʝʨʩʢʘ 

ʉʢʦʩʷʚʘʥʝ ʥʘ ʦʩʪʨʠʪʝ ʨʲʙʦʚʝ. 
 

ü ɺʪʦʨʠ ʚʘʨʠʘʥʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʤʘʨʰʨʫʪ 

 ʇʨʠ ʚʪʦʨʠʷ ʚʘʨʠʘʥʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʤʘʨʰʨʫʪ ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò 

ʩʝ ʟʘʤʝʥʷ ʩ ʦʧʝʨʘʮʠʷ ñʇʨʦʙʠʚʥʘ Iò ʠʟʧʲʣʥʷʚʘʥʘ ʚʲʨʭʫ ʚʝʨʪʠʢʘʣʥʦ-ʧʨʦʙʠʚʥʘ 

ʤʘʰʠʥʘ ʇʂ32 ʧʨʠ ʩʲʱʘʪʘ ʩʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ (ʬʠʛ. 5.2). ʇʨʠ ʪʦʟʠ ʚʘʨʠʘʥʪ ʝ 

ʫʤʝʩʪʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʦʥʜʫʢʪʦʨʥʠ ʚʪʫʣʢʠ ʧʨʠ ʧʨʝʭʦʜʠʪʝ ʩʚʨʝʜʣʦʚʘʥʝ ʠ 

ʟʝʥʢʝʨʦʚʘʥʝ ʯʠʩʪʦ, ʟʘ ʥʘʩʪʨʦʡʚʘʥʝ ʠ ʥʘʧʨʘʚʣʷʚʘʥʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠʪʝ, ʩ ʮʝʣ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ. ʊʘʢʘ ʦʪʧʘʜʘ ʧʨʝʭʦʜʘ 

ʮʝʥʪʨʦʚʘʥʝ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʝ ʩʣʝʜʥʦʪʦ: 
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 ʋʩʪʘʥʦʚʢʘ ɸ 

1. ʉʚʨʝʜʣʦʚʘʥʝ ʥʘ ʦʪʚʦʨ f19,5. 

2. ɿʝʥʢʝʨʦʚʘʥʝ ʯʠʩʪʦ ʥʘ f19,75. 

3. ʈʘʡʙʝʨʦʚʘʥʝ ʛʨʫʙʦ f19,93. 

4. ɿʝʥʢʝʨʦʚʘʥʝ ʥʘ ʬʘʩʢʘ 1ʭ45ę. 

5. ʈʘʡʙʝʨʦʚʘʥʝ ʯʠʩʪʦ ʥʘ f20H7. 

ʋʩʪʘʥʦʚʢʘ ɹ 

6. ɿʝʥʢʝʨʦʚʘʥʝ ʥʘ ʬʘʩʢʘ 1ʭ45ę. 

ʅʘʡ-ʛʦʣʷʤʦ ʩʠʣʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ ʩʝ ʧʦʣʫʯʘʚʘ ʥʘ ʧʨʝʭʦʜʘ ʩʚʨʝʜʣʦʚʘʥʝ, ʟʘ 

ʢʦʡʪʦ ʝ ʟʘʜʘʜʝʥ ʩʣʝʜʥʠʷʪ ʨʝʞʠʤ ʥʘ ʨʷʟʘʥʝ [7]: 

ʘʨ = 9,75 mm, f = 0, 36 mm/tr, Vc = 22 m/min. 

 

2.2 ɸʥʘʣʠʟ ʥʘ ʩʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ 

ʇʨʠ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʚʦʨʘ ʌ20H7 (ʬʠʛ. 5.1), ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ: 

- ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ ʤʫ ʠ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʦʩʪʘ ʤʫ ʩʧʨʷʤʦ ʧʦʚʲʨʭʥʠʥʘ 
1 - 6 Ñ 0,05 mm; 

- ʩʠʤʝʪʨʠʯʥʦʩʪ ʥʘ ʦʪʚʦʨʘ ʩʧʨʷʤʦ ʚʲʥʰʥʠʪʝ ʩʪʨʘʥʠʯʥʠ ʧʦʚʲʨʭʥʠʥʠ 2 ʠ 3. 

ʉʲʦʙʨʘʟʥʦ ʪʦʚʘ ʩʭʝʤʘʪʘ ʥʘ ʙʘʟʠʨʘʥʝ ʝ ʧʨʘʚʠʣʥʘ ï ʛʣʘʚʥʘ ʋʊɹ (ʬʠʛ. 5.2) ʝ 

ʧʦʚʲʨʭʥʠʥʘʪʘ 1 (ʚʪʦʨʠʯʥʘ ʙʘʟʘ), ʦʪ ʢʦʷʪʦ ʝ ʟʘʜʘʜʝʥ ʨʘʟʤʝʨʘ 6 Ñ 0,05 mm, ʪ.ʝ. 

ʩʧʘʟʝʥ ʝ ʧʨʠʥʮʠʧʲʪ ʟʘ ʝʜʠʥʩʪʚʦ ʥʘ ʙʘʟʠʪʝ. ʏʝʣʦʪʦ 4 ʦʛʨʘʥʠʯʘʚʘ ʜʚʝ ʩʪʝʧʝʥʠ ʥʘ 

ʩʚʦʙʦʜʘ (ʥʘʧʨʘʚʣʷʚʘʱʘ ʋʊɹ) ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪ ʥʘ ʦʩʪʘ ʥʘ 

ʦʪʚʦʨʘ ʩʧʨʷʤʦ ʥʝʛʦ, ʘ ʩʠʤʝʪʨʠʯʥʦʩʪʪʘ ʥʘ ʦʪʚʦʨʘ ʩʧʨʷʤʦ ʧʦʚʲʨʭʥʠʥʠ 2 ʠ 3 ʩʝ 

ʦʩʠʛʫʨʷʚʘ ʩ ʧʦʜʚʠʞʥʘ ʧʨʠʟʤʘ (ʬʠʛ. 5.2) (ʚʲʥʰʥʠʷ ʢʦʥʪʫʨ ʝ ʦʧʦʨʥʘ ʋʊɹ). 

ʇʨʠʣʦʞʝʥʦʪʦ ʩʲʛʣʘʩʥʦ ʩʭʝʤʘʪʘ ʟʘʢʨʝʧʚʘʥʝ, ʩ ʝʜʥʘ ʩʠʣʘ Q, ʤʦʞʝ ʜʘ 

ʧʨʝʜʠʟʚʠʢʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ. ʊʘʟʠ ʜʝʬʦʨʤʘʮʠʷ ʙʠ ʩʝ ʦʪʨʘʟʠʣʘ ʥʘ 

ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ 6Ñ0,05 mm. ʇʦʨʘʜʠ ʪʦʚʘ ʝ ʧʦ-ʫʤʝʩʪʥʦ ʜʘ ʠʟʤʝʥʠ ʩʭʝʤʘʪʘ 

ʥʘ ʟʘʢʨʝʧʚʘʥʝ, ʢʘʪʦ ʚʤʝʩʪʦ ʝʜʥʘ ʩʝ ʧʨʠʣʦʞʘʪ ʜʚʝ ʩʠʣʠ ʩʲʩ ʩʪʦʡʥʦʩʪ Q/2 ʢʦʠʪʦ 

ʩʘ ʥʘʩʦʯʝʥʠ ʩʨʝʱʫ ɹɽ (ʧʦʢʘʟʘʥʦʪʦ ʩ ʧʫʥʢʪʠʨʘʥʠ ʣʠʥʠʠ). ɺ ʪʦʟʠ ʩʣʫʯʘʡ 

ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ɿʋ ʱʝ ʩʝ ʫʩʣʦʞʥʠ, ʥʦ ʟʘ ʩʤʝʪʢʘ ʥʘ ʪʦʚʘ ʟʘʛʦʪʦʚʢʘʪʘ ʝ 

ʥʘʧʲʣʥʦ ʨʘʟʪʦʚʘʨʝʥʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʦʛʲʚʘʥʝʪʦ ʦʪ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ. 

 

2.3 ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʟʘʢʨʝʧʚʘʱʦʪʦ ʫʩʪʨʦʡʩʪʚʦ 

2.3.1 ɿʘ ʧʲʨʚʠ ʚʘʨʠʘʥʪ (ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò) [3]  

¶ ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ 

ʀʟʯʠʩʣʠʪʝʣʥʠʪʝ ʩʭʝʤʠ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ ʦʪ ʫʩʣʦʚʠʷʪʘ 

ʟʘ ʨʘʚʥʦʚʝʩʠʝ ʥʘ ʜʝʡʩʪʚʘʱʠʪʝ ʩʠʣʠ ʧʨʠ ʧʨʝʭʦʜʠʪʝ ʩʚʨʝʜʣʦʚʘʥʝ ʠ ʛʨʫʙʦ 

ʨʘʟʩʪʲʨʛʚʘʥʝ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ. 5.3. 

- ʩʚʨʝʜʣʦʚʘʥʝ (ʬʠʛ. 5.3ʘ) 

ʆʩʦʚʘʪʘ ʩʠʣʘ ʩʝ ʚʲʟʧʨʠʝʤʘ ʦʪ ʦʧʦʨʘʪʘ ʧʦ ʯʝʣʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ 4. 

ʄʦʤʝʥʪʲʪ ʥʘ ʨʷʟʘʥʝ, ʦʧʨʝʜʝʣʝʥ ʦʪ ʟʘʜʘʜʝʥʠʷ ʨʝʞʠʤ [9] ʝ ʄʨ= 34,5Nm ʠ ʩʝ 

ʩʪʨʝʤʠ ʜʘ ʟʘʚʲʨʪʠ ʟʘʛʦʪʦʚʢʘʪʘ. ʆʪ ʫʩʣʦʚʠʝʪʦ × ʄ(ɺ) = 0 ʩʝ ʧʦʣʫʯʘʚʘ: 
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                  ʘ                                                                        ʙ 
ʌʠʛ. 5.3 ʀʟʯʠʩʣʠʪʝʣʥʠ ʩʭʝʤʠ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʩʠʣʠʪʝ ʥʘ ʟʘʢʨʝʧʚʘʥʝ  

 (ʘ ï ʟʘ ʧʨʝʭʦʜʘ ʩʚʨʝʜʣʦʚʘʥʝò, ʙ ï ʟʘ ʧʨʝʭʦʜʘ ʨʘʟʩʪʲʨʛʚʘʥʝ ʛʨʫʙʦ) 
 

0
2

1 =- pMl
Q

, 

ʦʪʢʲʜʝʪʦ  N791
086,0

34.2

l

M2
Q P

1 === . 

 

- ʨʘʟʩʪʲʨʛʚʘʥʝ ʛʨʫʙʦ (ʬʠʛ. 5.3ʙ) 

ʆʧʨʝʜʝʣʷʱʘ ʟʘ ʟʘʢʨʝʧʚʘʥʝʪʦ ʝ ʩʲʩʪʘʚʷʱʘʪʘ Fz ʥʘ ʩʠʣʘʪʘ ʥʘ ʨʷʟʘʥʝ. ʇʨʠ 

ʟʘʜʘʜʝʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʘ ʝ ʧʨʝʩʤʝʪʥʘʪʘ ʥʝʡʥʘʪʘ ʩʪʦʡʥʦʩʪ [9] Fz = 525N. 

ɺʝʢʪʦʨʲʪ Fz ʥʝʧʨʝʢʲʩʥʘʪʦ ʧʨʦʤʝʥʷ ʨʘʟʧʦʣʦʞʝʥʠʪʝ ʩʠ ʠ ʩʲʟʜʘʚʘ ʨʘʟʣʠʯʥʠ 

ʫʩʣʦʚʠʷ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ. ʅʘ ʩʭʝʤʘʪʘ ʝ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʥʦʞʘ ʧʨʠ ʢʦʝʪʦ ʩʠʣʘʪʘ Fz ʜʝʡʩʪʚʘ ʩʨʝʱʫ ɿʋ. ʆʪ ʫʩʣʦʚʠʝʪʦ ʟʘ ʨʘʚʥʦʚʝʩʠʝ      

×ʄ(ɺ) = 0 ʩʝ ʧʦʣʫʯʘʚʘ: 
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ʢʲʜʝʪʦ r º 10mm ʝ ʨʘʜʠʫʩʲʪ ʥʘ ʦʪʚʦʨʘ 
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 ʈʘʟʛʣʝʞʜʘʥʘʪʘ ʩʭʝʤʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʠ ʟʘ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʥʦʞʲʪ ʩʝ 

ʥʘʤʠʨʘ ʥʘ ʲʛʲʣ p/2 (ʧʦʢʘʟʘʥʠʪʝ ʩ ʧʫʥʢʪʠʨ ʧʦʣʦʞʝʥʠʷ ʥʘ Fz). ʊʦʛʘʚʘ ʩʠʣʘʪʘ Fz 

ʩʝ ʩʪʨʝʤʠ ʜʘ ʧʣʲʟʥʝ ʟʘʛʦʪʦʚʢʘʪʘ ʚ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʨʘʚʥʠʥʘ. ɿʘʜʲʨʞʘʥʝʪʦ ʡ ʩʝ 

ʦʩʠʛʫʨʷʚʘ ʦʪ ʩʠʣʠʪʝ ʥʘ ʪʨʠʝʥʝ ʩ ʧʦʚʲʨʭʥʠʥʠʪʝ ʥʘ ʦʧʦʨʠʪʝ ɸ ʠ ɺ ʠ 

ʟʘʢʨʝʧʚʘʱʠʷ ʝʣʝʤʝʥʪ, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʪʨʠʝʥʝ Õ1 ʠ Õ2. ʆʪ 

ʫʩʣʦʚʠʝʪʦ ʟʘ ʨʘʚʥʦʚʝʩʠʝ × Xi = 0 ʩʝ ʧʦʣʫʯʘʚʘ: 
 

Fz  - Q2ǌÕ1 ï Q2ǌÕ2 = 0 
 

ʇʨʠ ʢʦʥʪʘʢʪ ʥʘ ɹɽ ʩ ʦʙʨʘʙʦʪʝʥʠ ʧʦʚʲʨʭʥʠʥʠ Õ1 = Õ2 = 0,15 [1,6]. 
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ʪ.ʝ. ʧʦʩʣʝʜʥʦʪʦ ʫʩʣʦʚʠʝ ʩʝ ʦʢʘʟʚʘ ʦʧʨʝʜʝʣʷʱʦ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ. ʇʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ Q2ǌ ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʚʠʰʠ 

ʩ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʩʠʛʫʨʥʦʩʪ: 

6210 ................. kkkkk=  
 

ɿʘ ʩʣʫʯʘʷ: 

k0 = 1,5 ï ʛʘʨʘʥʪʠʨʘʥ ʟʘʧʘʩ; 

k1 = 1,0 ï ʟʘ ʯʠʩʪʦ ʦʙʨʘʙʦʪʚʘʥʝ (ʙʝʟ ʩʣʫʯʘʡʥʠ ʥʝʨʘʚʥʦʩʪʠ); 

k2 = 1,15 ï ʦʪʯʠʪʘ ʫʚʝʣʠʯʝʥʠʝʪʦ ʥʘ ʩʠʣʘʪʘ ʥʘ ʨʷʟʘʥʝ ʦʪ ʠʟʥʦʩʚʘʥʝʪʦ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘ [1,10]; 

k3 = 1,0 ï ʟʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʨʷʟʘʥʝ; 

k4 = 1,3 ï ʧʨʠ ʨʲʯʥʠ ɿʋ; 

k5 = 1,2 ï ʚʨʝʪʝʥʦʪʦ ʩʧʠʨʘ ʚ ʥʝʦʧʨʝʜʝʣʝʥʠ ʧʦʣʦʞʝʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ 

ʥʝʫʜʦʙʥʠʪʝ ʟʘ ʟʘʢʨʝʧʚʘʥʝ; 

k6 = 1,0 - ʥʷʤʘ ʤʦʤʝʥʪʠ, ʩʪʨʝʤʷʱʠ ʩʝ ʜʘ ʟʘʚʲʨʪʷʪ ʟʘʛʦʪʦʚʢʘʪʘ ʦʢʦʣʦ 

ʚʝʨʪʠʢʘʣʥʘʪʘ Ⱬ ʦʩ. 

k = 1,5. 1,0. 1,15. 1,0. 1,3. 1,2. 1,0 = 2,46 

ʅʝʦʙʭʦʜʠʤʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ Q ʝ: 
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¶ ʀʟʙʦʨ ʥʘ ʪʠʧʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʦʩʥʦʚʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʟʘʢʨʝʧʚʘʱʦʪʦ 
ʫʩʪʨʦʡʩʪʚʦ 

ʂʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʫʥʠʚʝʨʩʘʣʥʦ ʦʙʦʨʫʜʚʘʥʝ ʠ  ʤʘʣʢʘʪʘ 

ʛʦʜʠʰʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ ʝ ʠʟʙʨʘʥʦ ʨʲʯʥʦ ʚʠʥʪʦʚʦ ɿʋ. ʊʦ ʝ 

ʥʘʜʝʞʜʥʦ, ʪʝʭʥʦʣʦʛʠʯʥʦ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʠ ʙʝʟʦʧʘʩʥʦ ʧʨʠ ʨʘʙʦʪʘ. 

ʅʦʤʠʥʘʣʥʠʷʪ (ʚʲʥʰʝʥ) ʜʠʘʤʝʪʲʨ ʥʘ ʚʠʥʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʟʘʚʠʩʠʤʦʩʪʪʘ 

[6]: 
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ʢʲʜʝʪʦ ʩ = 1,4 ʝ ʢʦʝʬʠʮʠʝʥʪ ʟʘ ʥʦʨʤʘʣʥʘ ʤʝʪʨʠʯʥʘ ʨʝʟʙʘ; s = 80 õ 100 ʄʈʘ ï 

ʥʘʧʨʝʞʝʥʠʝ ʥʘ ʦʧʲʥ (ʥʘʪʠʩʢ) ʟʘ ʚʠʥʪʦʚʝ ʦʪ ʩʪʦʤʘʥʘ 45. 

 ʇʨʠʝʤʘ ʩʝ ʩʪʘʥʜʘʨʪʝʥ ʜʠʘʤʝʪʲʨ ʄ10. ʉ ʦʛʣʝʜ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪ, ʛʣʘʚʘʪʘ ʥʘ ʚʠʥʪʘ ʪʨʷʙʚʘ ʜʘ ʝ ʩʢʨʠʪʘ ʚ ʢʦʨʧʫʩʘ, ʪʲʡ ʢʘʪʦ ʇ ʝ 

ʚʲʨʪʷʱʦ. ʀʟʙʨʘʥ ʝ ʚʠʥʪ ʩ ʚʲʪʨʝʰʝʥ ʰʝʩʪʦʩʪʝʥʝʥ ʦʪʚʦʨ. ʇʨʝʜʥʠʷʪ ʤʫ ʢʨʘʡ ʝ 

ʦʬʦʨʤʝʥ ʠ ʩʲʩ ʩʬʝʨʠʯʝʥ ʫʯʘʩʪʲʢ ʟʘ ʩʚʲʨʟʚʘʥʝ ʩ ʩʘʤʦʥʘʛʘʞʜʘʱ ʩʝ ʣʦʩʪ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʪʦ ʦʬʦʨʤʣʝʥʠʝ ʠ ʦʩʥʦʚʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʚʠʥʪʘ ʩ ʠʟʨʘʚʥʠʪʝʣʥʠʷ 

ʣʦʩʪ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ. 5.4. 
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ʌʠʛ. 5.4 ɿʘʢʨʝʧʚʘʱʦ ʫʩʪʨʦʡʩʪʚʦ 
 

 ʄʦʤʝʥʪʲʪ ʥʘ ʟʘʪʷʛʘʥʝ ʥʘ ʚʠʥʪʘ ʩʝ ʧʨʝʩʤʷʪʘ ʦʪ ʠʟʨʘʟʘ [6]: 
 

)2(gcotrfQdQ1,0M b+º , 
 

ʢʲʜʝʪʦ r ʝ ʨʘʜʠʫʩʲʪ ʥʘ ʩʬʝʨʘʪʘ ʥʘ ʛʣʘʚʘʪʘ ʥʘ ʚʠʥʪʘ; b ï ʲʛʲʣʲʪ ʥʘ ʢʦʥʫʩʘ ʥʘ ʣʦʩʪʘ, 
ʢʦʥʪʘʢʪʫʚʘʱ ʩʲʩ ʩʬʝʨʠʯʥʘʪʘ ʛʣʘʚʘ ʥʘ ʚʠʥʪʘ; Õ ï ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʨʠʝʥʝ ʥʘ ʧʝʪʘʪʘ. 

 ʇʨʠ b = 120̄ , Õ = 0,16 ʠ r = 6mm 
 

NmgQM 27,6)2120(cot4032.16,0.64032.10.1,0 =+º A
 

 ʅʝʦʙʭʦʜʠʤʘʪʘ ʜʲʣʞʠʥʘ l ʥʘ ʨʘʤʦʪʦ ʥʘ ʢʣʶʯʘ, ʧʨʠ ʟʘʜʘʜʝʥʘ ʠʟʭʦʜʥʘ ʩʠʣʘ 

W = 150 N, ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʟʘʚʠʩʠʤʦʩʪʪʘ: 

mmm
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ʢʦʝʪʦ ʝ ʧʦ-ʤʘʣʢʦ ʦʪ ʩʪʘʥʜʘʨʪʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʢʣʶʯ ʰʝʩʪʦʩʪʝʥʝʥ 80 mm. 
 

¶ ʂʦʥʩʪʨʫʢʪʠʚʥʠ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʇ 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ (ʬʠʛ. 5.5) ʩʝ ʩʲʩʪʦʠ ʦʪ ʢʦʨʧʫʩ 1, ʧʨʝʜʩʪʘʚʣʷʚʘʱ ʧʣʦʯʘ 

ʩʲʩ ʟʘʚʘʨʝʥʘ ʢʲʤ ʥʝʷ ʢʦʥʫʩʥʘ ʦʧʘʰʢʘ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʷʪʦ ʇ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʚʲʚ 

ʚʨʝʪʝʥʦʪʦ ʥʘ ʤʘʰʠʥʘʪʘ. ʂʲʤ ʧʣʦʯʘʪʘ ʩʘ ʬʠʢʩʠʨʘʥʠ ʩ ʱʠʬʪʦʚʝ ʠ ʟʘʢʨʝʧʝʥʠ ʩ 

ʚʠʥʪʦʚʝ ʜʚʝ ʢʦʥʟʦʣʠ 2 ʠ 3. ɺ ʪʷʭ ʩʘ ʤʦʥʪʠʨʘʥʠ: ʟʘʢʨʝʧʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ, 

ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʚʠʥʪ 4 ʠ ʩʘʤʦʥʘʛʘʞʜʘʱ ʩʝ ʣʦʩʪ 5, ʧʣʘʩʪʠʥʠ 6 ʠ ʥʘʧʨʘʚʣʷʚʘʱʦʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʧʨʠʟʤʘʪʘ 7, ʩʲʩʪʦʷʱʦ ʩʝ ʦʪ ʮʠʣʠʥʜʨʠʯʥʘ ʥʘʧʨʘʚʣʷʚʘʱʘ 9, 

ʧʨʫʞʠʥʘ 10 ʠ ʨʝʟʙʦʚʘ ʪʘʧʘ 11. ʆʧʦʨʥʠʷ ʧʨʲʩʪʝʥ 8 ʝ ʟʘʧʨʝʩʦʚʘʥ ʚ ʧʣʦʯʘʪʘ. 

ɺʠʥʪʦʚʝʪʝ ʩʘ ʩʲʩ ʩʢʨʠʪʠ ʛʣʘʚʠ, ʩ ʦʛʣʝʜ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ. 

ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʧʨʦʪʠʯʘ ʚ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 

- ʟʘʢʨʝʧʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ ʩʝ ʠʟʪʝʛʣʷ ʚ ʛʦʨʥʦ ʧʦʣʦʞʝʥʠʝ; 

- ʟʘʛʦʪʦʚʢʘʪʘ ʩʝ ʧʦʩʪʘʚʷ ʚ ʇ, ʢʘʪʦ ʩʝ ʦʩʠʛʫʨʷʚʘ ʢʦʥʪʘʢʪ ʥʘ ʙʘʟʦʚʠʪʝ ʠʤ 

ʧʦʚʲʨʭʥʠʥʠ 1, 2, 3 ʠ 4 (ʬʠʛ. 5.1) ʩ ɹɽ ï ʦʧʦʨʥʠʪʝ ʧʣʘʩʪʠʥʠ 6, ʦʧʦʨʥʠʷ 

ʧʨʲʩʪʝʥ 8 ʠ ʧʨʠʟʤʘʪʘ 7 (ʬʠʛ. 5.5); 

- ʟʘʢʨʝʧʚʘ ʩʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʟʘʢʨʝʧʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ. 
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ʌʠʛ.5.5 ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʘ ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò 
 

2.3.2 ɿʘ ʚʪʦʨʠ ʚʘʨʠʘʥʪ (ʦʧʝʨʘʮʠʷ ñʇʨʦʙʠʚʥʘ Iò) 
 

¶ ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ 

ɿʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ ʩʝ ʧʨʝʩʤʷʪʘ ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʧʨʝʭʦʜʘ ʩʚʨʝʜʣʦʚʘʥʝ ʦʪ 

ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò ʧʨʠ ʧʲʨʚʠ ʚʘʨʠʘʥʪ (ʬʠʛ. 5.3ʘ), ʢʘʪʦ ʤʦʤʝʥʪʘ ʥʘ ʨʷʟʘʥʝ, 

ʦʧʨʝʜʝʣʝʥ ʦʪ ʟʘʜʘʜʝʥʠʷ ʨʝʞʠʤ [9] ʝ ʄʨ = 37,5 Nm. 
 

N
l

M
Q P 872

086,0

5,37.22
===¡ . 

 

ʇʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʩʠʛʫʨʥʦʩʪ k, k5 = 1,0, ʪʲʡ ʢʘʪʦ ʇ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ ʚʲʨʭʫ ʤʘʩʘʪʘ ʥʘ ʧʨʦʙʠʚʥʘʪʘ ʤʘʰʠʥʘ ʠ ʩʝ ʦʩʠʛʫʨʷʚʘ ʫʜʦʙʩʪʚʦ ʧʨʠ 

ʟʘʢʨʝʧʚʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ. 
 

k = k0k1 ............k6 = 1,5. 1,0. 1,15. 1,0. 1,3. 1,0. 1,0 = 2,05. 

ʅʝʦʙʭʦʜʠʤʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ Q ʝ: 
 

NQkQ 6,1787872.05,2 ==¡= . 

¶ ʀʟʙʦʨ ʥʘ ʪʠʧʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʦʩʥʦʚʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʟʘʢʨʝʧʚʘʱʦʪʦ 
ʫʩʪʨʦʡʩʪʚʦ 

ɺ ʩʣʫʯʘʷ ʝ ʫʜʦʙʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʚʝ ʚʠʥʪʦʚʦ-ʣʦʩʪʦʚʠ ɿʋ (ʬʠʛ.5.6), 

ʩʲʩʪʦʷʱʠ ʩʝ ʦʪ ʚʠʥʪʦʚ ʤʝʭʘʥʠʟʲʤ 1 ʠ ʣʦʩʪ 2. ʉʠʣʘ ʥʘ ʚʠʥʪʘ W1 ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ 

ʫʩʣʦʚʠʝʪʦ ʟʘ ʨʘʚʥʦʚʝʩʠʝ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʧʣʘʥʢʘ: 
 

.)2/(
2

21
1

l

ll
QW

+
=  

ʢʲʜʝʪʦ l1 ʠ l2 ʩʘ ʨʘʤʝʥʘʪʘ ʥʘ ʣʦʩʪʘ. 
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ʌʠʛ.5.6 ɺʠʥʪʦʚʦ-ʣʦʩʪʦʚʦ ɿʋ 

 

 ɸʢʦ ʩʝ ʧʨʠʝʤʝ l1 = 45 mm ʠ l2 = 50 mm 
 

.27,1697
50

5045
.3,8931 NW =
+

=  

 

 ʇʦ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʩʠʣʘʪʘ W1 ʩʝ ʦʧʨʝʜʝʣʷ ʥʦʤʠʥʘʣʥʠʷʪ ʜʠʘʤʝʪʲʨ ʥʘ ʚʠʥʪʘ 

[6]: 
 

.1,6.
90

27,1697
.4,1. 1 mm

W
cd ===
s

 

  

ʇʨʠʝʤʘ ʩʝ ʩʪʘʥʜʘʨʪʝʥ ʜʠʘʤʝʪʲʨ ʄ10. 

 ʄʦʤʝʥʪʘ ʥʘ ʟʘʚʠʚʘʥʝ ʩʝ ʧʨʝʩʤʷʪʘ ʦʪ ʠʟʨʘʟʘ [6]:  
 

( )
)(3

1,0
2

1

2

3

1

3

1
DD

DDfW
dWM

-

-
+º , 

 

ʢʲʜʝʪʦ D ʠ D1 ʩʘ ʚʲʥʰʥʠʷʪ ʠ ʚʲʪʨʝʰʥʠʷʪ ʜʠʘʤʝʪʲʨ ʥʘ ʦʧʦʨʥʦʪʦ ʯʝʣʦ ʥʘ ʛʘʡʢʠʪʝ. 

 ɸʢʦ ʩʝ ʧʨʠʝʤʝ D = 1,7d, D1 = d ʠ f =0,16 ʩʝ ʧʦʣʫʯʘʚʘ 
 

              ʄ å 0,21dW1 = 0,21.10.3774 = 7,93 Nm. 
 

ʅʝʦʙʭʦʜʠʤʘʪʘ ʜʲʣʞʠʥʘ l ʥʘ ʨʘʤʦʪʦ ʥʘ ʢʣʶʯʘ, ʧʨʠ ʟʘʜʘʜʝʥʘ ʠʟʭʦʜʥʘ ʩʠʣʘ 

W = 150 N ʝ: 

.9,520529,0
150

93,7
mmm

W

M
l ====

 
 

ʢʦʝʪʦ ʝ ʧʦ-ʤʘʣʢʦ ʦʪ ʩʪʘʥʜʘʨʪʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʢʣʶʯʘ. 
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¶ ʂʦʥʩʪʨʫʢʪʠʚʥʠ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʇ 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ (ʬʠʛ. 5.7) ʩʝ ʩʲʩʪʦʠ ʦʪ ʦʩʥʦʚʘ 1, ʢʲʤ ʢʦʷʪʦ ʩʘ 

ʤʦʥʪʠʨʘʥʠ ʙʣʦʢ 13, ʦʧʦʨʥʠʷ ʧʨʲʩʪʝʥ 27 ʠ ʮʝʥʪʨʦʚʘʱʠʪʝ ʰʧʦʥʢʠ 25, ʟʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʚʲʨʭʫ ʤʘʩʘʪʘ ʥʘ ʧʨʦʙʠʚʥʘʪʘ ʤʘʰʠʥʘ. ɿʘ ʟʘʢʨʝʧʚʘʥʝ ʚʲʨʭʫ 

ʧʦʩʣʝʜʥʘʪʘ ʩʣʫʞʘʪ ʢʘʥʘʣʠʪʝ ʂ. ʂʲʤ ʙʣʦʢʘ 13 ʩʘ ʤʦʥʪʠʨʘʥʠ ʢʦʥʜʫʢʪʦʨʥʘʪʘ 

ʧʣʦʯʘ 20 ʩ ʙʲʨʟʦʩʤʝʥʥʘ ʢʦʥʜʫʢʪʦʨʥʘ ʚʪʫʣʢʘ 18 (ʟʘ ʩʚʨʝʜʣʦʚʘʥʝ ʠ ʯʠʩʪʦ 

ʟʝʥʢʝʨʦʚʘʥʝ). ɺ ʙʣʦʢʘ 13 ʩʘ ʟʘʢʨʝʧʝʥʠ ʩʲʱʦ ʠ ʦʧʦʨʥʠʪʝ ʧʣʘʩʪʠʥʠ 7, ʤʦʥʪʠʨʘʥʠ 

ʩʘ ʚʠʥʪʦʚʦ-ʣʦʩʪʦʚʠʪʝ ɿʋ (ʩʲʦʪʚʝʪʥʦ ʧʦʟʠʮʠʠ 2 ʠ 6) ʠ ʥʘʧʨʘʚʣʷʚʘʱʦʪʦ 

ʫʩʪʨʦʡʩʪʚʦ (ʧʦʟʠʮʠʷ 22) ʥʘ ʧʨʠʟʤʘʪʘ. 

 

 
 

ʌʠʛ.5.7 ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʘ ʦʧʝʨʘʮʠʷ ñʇʨʦʙʠʚʥʘ Iò 
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ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʧʨʦʪʠʯʘ ʚ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 

- ʣʦʩʪʦʚʝʪʝ 6 ʩʝ ʠʟʜʲʨʧʚʘʪ ʚʣʷʚʦ ʠ ʜʷʩʥʦ; 

- ʟʘʛʦʪʦʚʢʘʪʘ ʩʝ ʙʘʟʠʨʘ ʚ ʇ, ʢʘʪʦ ʩʝ ʦʩʠʛʫʨʷʚʘ ʢʦʥʪʘʢʪ ʥʘ ʙʘʟʦʚʠʪʝ ʠʤ 

ʧʦʚʲʨʭʥʠʥʠ 1, 2, 3 ʠ 4 (ʬʠʛ. 5.1) ʩ ɹɽ ï ʦʧʦʨʥʠʪʝ ʧʣʘʩʪʠʥʠ 7, ʦʧʦʨʥʠʷ 

ʧʨʲʩʪʝʥ 27 ʠ ʧʨʠʟʤʘʪʘ 22 (ʬʠʛ. 5.7); 

- ʟʘʢʨʝʧʚʘ ʩʝ ʢʘʪʦ ʣʦʩʪʦʚʝʪʝ ʩʝ ʚʨʲʱʘʪ ʚ ʧʦʢʘʟʘʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʠ 
ʛʘʡʢʠʪʝ 3 ʩʝ ʟʘʪʷʛʘʪ. 

 

3. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ  

ɿʘ ʟʘʜʘʜʝʥ ʜʝʪʘʡʣ ʠ ʢʦʥʢʨʝʪʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʦʧʝʨʘʮʠʷ, ʩʣʝʜʚʘʡʢʠ 

ʠʟʣʦʞʝʥʘʪʘ ʚ ʪ.1. ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ, ʠʟʙʠʨʘ ʩʝ 

ʪʠʧʲʪ ʠ ʩʝ ʦʨʘʟʤʝʨʷʚʘ ʟʘʢʨʝʧʚʘʱʦʪʦ ʫʩʪʨʦʡʩʪʚʦ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 6 
 

ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɿɸʂʈɽʇɺɸʑɸʊɸ ʉʀʃɸ ʇʈʀ  

ʋʉʊɸʅʆɺʗɺɸʅɽ ʅɸ ɿɸɻʆʊʆɺʂʀ ɺ ʄɸʐʀʅʅɸ  

ʉʊʀʉʂɸ ʉ ʇʅɽɺʄɸʊʀʏʅʆ ɿɸɼɺʀɾɺɸʅɽ 

 

1. ʊɽʆʈɽʊʀʏʅʀ ʇʈɽɼʇʆʉʊɸɺʂʀ  

ʇʥʝʚʤʘʪʠʯʥʠʪʝ ɿʋ ʧʨʝʦʙʨʘʟʫʚʘʪ ʧʥʝʚʤʘʪʠʯʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʩʛʲʩʪʝʥʠʷ 

ʚʲʟʜʫʭ ʚ ʤʝʭʘʥʠʯʥʘ ʝʥʝʨʛʠʷ. ʂʘʪʦ ʦʩʥʦʚʝʥ ʟʘʜʚʠʞʚʘʱ ʝʣʝʤʝʥʪ ʥʘ ʚʩʷʢʦ 

ʧʥʝʚʤʘʪʠʯʥʦ ɿʋ ʩʝ ʠʟʧʦʣʟʚʘ ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ ʠʣʠ ʧʥʝʚʤʦʢʘʤʝʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪ 

ʦʪ ʪʦʚʘ, ʜʘʣʠ ʩʛʲʩʪʝʥʠʷ ʚʲʟʜʫʭ ʜʝʡʩʪʚʘ ʦʪ ʝʜʥʘʪʘ ʠʣʠ ʦʪ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ 

ʙʫʪʘʣʦʪʦ (ʩʲʦʪʚʝʪʥʦ ʤʝʤʙʨʘʥʘʪʘ) ʧʥʝʚʤʦʮʠʣʠʥʜʨʠʪʝ (ʧʥʝʚʤʦʢʘʤʝʨʠʪʝ) ʩʘ ʩ 

ʝʜʥʦʩʪʨʘʥʥʦ ʠʣʠ ʩ ʜʚʫʩʪʨʘʥʥʦ ʜʝʡʩʪʚʠʝ. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʧʥʝʚʤʦʢʘʤʝʨʠʪʝ ʩʘ 

ʮʝʣʝʩʲʦʙʨʘʟʥʠ ʚ ʩʣʫʯʘʠʪʝ ʢʦʛʘʪʦ ʥʝ ʩʝ ʠʟʠʩʢʚʘʪ ʛʦʣʝʤʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʠ 

ʟʘʢʨʝʧʚʘʱʠ ʩʠʣʠ. ʊʝ ʦʩʚʝʥ ʪʦʚʘ ʦʩʠʛʫʨʷʚʘʪ ʭʝʨʤʝʪʠʯʥʦʩʪ (ʧʨʠ ʝʜʥʦʩʪʨʘʥʥʦ 

ʜʝʡʩʪʚʘʱʠ) ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʷʪʦ ʠʤʘʪ ʧʦ-ʚʠʩʦʢ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʦʣʝʟʥʦ 

ʜʝʡʩʪʚʠʝ (ʢʧʜ). 

ɿʘʚʠʩʠʤʦʩʪʠʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʟʭʦʜʥʘʪʘ ʩʠʣʘ W ʥʘ ʙʫʪʘʣʥʠʷ ʠ 

ʤʝʤʙʨʘʥʥʠʷ ʧʨʲʪ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣ. 6.1, ʢʲʜʝʪʦ D (R) ʩʘ ʜʠʘʤʝʪʲʨ (ʨʘʜʠʫʩ) ʥʘ 

ʙʫʪʘʣʦʪʦ (ʤʝʤʙʨʘʥʘʪʘ); d ( r1) ï ʜʠʘʤʝʪʲʨ (ʨʘʜʠʫʩ) ʥʘ ʙʫʪʘʣʥʠʷ (ʤʝʤʙʨʘʥʥʠʷ 

ʧʨʲʪ); r ï ʨʘʜʠʫʩ ʥʘ ʩʪʦʤʘʥʝʥʠʷ ʜʠʩʢ, ʩʚʲʨʟʚʘʱ ʤʝʤʙʨʘʥʘʪʘ ʩ ʤʝʤʙʨʘʥʥʠʷ 

ʧʨʲʪ; p ï ʥʘʣʷʛʘʥʝ ʥʘ ʚʲʟʜʫʭʘ; h ï ʢ.ʧ.ʜ ʥʘ ʧʨʝʚʤʦʮʠʣʠʥʜʲʨʘ; Fʧʨ ï ʩʠʣʘ ʥʘ 

ʧʨʫʞʠʥʘʪʘ ʚ ʢʨʘʡʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʙʫʪʘʣʦʪʦ, ʩʲʦʪʚʝʪʥʦ ʤʝʤʙʨʘʥʘʪʘ; ʩ ï 

ʢʦʨʝʢʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ, ʟʘʚʠʩʝʱ ʦʪ ʭʦʜʘ ʥʘ ʤʝʤʙʨʘʥʥʠʷ ʧʨʲʪ [2]. 

ʊʘʙʣ. 6.1 ɿʘʚʠʩʠʤʦʩʪʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʟʭʦʜʥʘʪʘ ʩʠʣʘ 

 ʇʥʝʚʤʦʮʠʣʠʥʜʲʨ ʇʥʝʚʤʦʢʘʤʝʨʘ 

ʅʝʩʚʲʨʟʘʥʘ 

ʩ ʙʫʪʘʣʥʠʷ 

ʧʨʲʪ ʩʪʨʘʥʘ 

ʉʚʲʨʟʘʥʘ ʩ 
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2. ʇʆʉʊɸʅʆɺʂɸ ʅɸ ʋʇʈɸɾʅɽʅʀɽʊʆ 

ʇʨʠ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠ ʚ ʤʘʰʠʥʥʘ ʩʪʠʩʢʘ, ʟʘʜʚʠʞʚʘʥʘ ʦʪ 

ʧʥʝʚʤʘʪʠʯʥʦ ɿʋ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ ʩʝ ʨʘʟʩʝʡʚʘ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʟʘʛʫʙʠʪʝ ʚ 

ʧʨʝʜʘʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʝʩʪʘʙʠʣʥʦʩʪʪʘ ʚ ʟʘʪʷʛʘʱʘʪʘ ʚʝʨʠʛʘ. 

ʇʨʠ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ Q, ʨʘʟʩʝʡʚʘʥʝʪʦ ʠ ʩʝ 

ʦʪʯʠʪʘ ʩ ʢʦʝʬʠʮʠʝʥʪʘ k4 (ʋʧʨʘʞʥʝʥʠʝ ˉ5). ɺ ʩʣʫʯʘʷ ʩʝ ʢʘʩʘʝ ʟʘ ʤʝʭʘʥʠʟʠʨʘʥʦ 

ʟʘʜʚʠʞʚʘʥʝ, ʪʘʢʘ ʯʝ, k4 º 1,0. 

 

2.1 ɿʘʜʘʯʘ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ ʝ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 
ʧʥʝʚʤʘʪʠʯʥʠʪʝ ɿʋ: 

- ʛʦʣʝʤʠʥʘʪʘ ʠ ʨʘʟʩʝʡʚʘʥʝʪʦ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ Q ʧʨʠ 

ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ ʠ ʧʥʝʚʤʦʢʘʤʝʨʘ, ʢʘʪʦ ʩʝ ʦʮʝʥʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʨʘʟʩʝʡʚʘʥʝʪʦ 

ʩʧʨʷʤʦ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ; 

- ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ h; 

- ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ ʩʠʣʘ ʦʪ ʭʦʜʘ ʥʘ ʙʫʪʘʣʥʠʷ ʠ ʤʝʤʙʨʘʥʥʠʷ 

ʧʨʲʪ. 

2.2 ʆʧʠʪʥʘʪʘ ʫʨʝʜʙʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ ʝ ʧʦʢʘʟʘʥʘ ʥʘ 
ʬʠʛ. 6.1. ʉʲʩʪʦʠ ʩʝ ʦʪ ʢʦʨʧʫʩ 1, ʚʲʨʭʫ ʢʦʡʪʦ ʩʘ ʤʦʥʪʠʨʘʥʠ: ʤʘʰʠʥʥʘ 

ʩʪʠʩʢʘ 2; ʜʠʥʘʤʦʤʝʪʲʨ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʛʨʠʚʥʘ 4 ʠ ʠʟʤʝʨʚʘʪʝʣʝʥ 

ʯʘʩʦʚʥʠʢ 5 ʩʲʩ ʩʪʦʡʥʦʩʪ ʥʘ ʝʜʥʦ ʜʝʣʝʥʠʝ 0,01 mm; ʟʘʜʚʠʞʚʘʱ 

ʝʣʝʤʝʥʪ (ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ ʠʣʠ ʧʥʝʚʤʦʢʘʤʝʨʘ) 6. 

 

 
ʌʠʛ. 6.1 ʉʭʝʤʘ ʥʘ ʦʧʠʪʥʘʪʘ ʫʨʝʜʙʘ 

 

ʇʥʝʚʤʦʩʭʝʤʘʪʘ (ʬʠʛ. 6.2) ʚʢʣʶʯʚʘ ʬʠʣʪʲʨ-ʚʣʘʛʦʦʪʜʝʣʠʪʝʣ 1, ʨʝʛʫʣʘʪʦʨ 

ʥʘ ʥʘʣʷʛʘʥʝ 2, ʤʘʥʦʤʝʪʲʨ 3, ʦʤʘʩʣʠʪʝʣ 4, ʦʙʨʘʪʝʥ ʢʣʘʧʘʥ 5, 

ʧʥʝʚʤʦʨʘʟʧʨʝʜʝʣʠʪʝʣ 7 ʠ ʟʘʜʚʠʞʚʘʱ ʝʣʝʤʝʥʪ (ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ 6 ʠʣʠ 

ʧʥʝʚʤʦʢʘʤʝʨʘ 6ǋ).  

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ: ʦʧʠʪʥʘ ʫʨʝʜʙʘ (ʬʠʛ.6.1), 

ʥʘʙʦʨ ʦʪ ʦʧʠʪʥʠ ʦʙʨʘʟʮʠ 3 ʩ ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ, ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ, 

ʪʘʨʠʨʦʚʲʯʝʥ ʛʨʘʬʠʢ ʟʘ ʜʠʥʘʤʦʤʝʪʨʠʯʥʘʪʘ ʛʨʠʚʥʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʧʨʦʚʝʞʜʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʨʠ ʟʘʪʷʛʘʥʝ 

ʧʲʨʚʦʥʘʯʘʣʥʦ ʩ ʧʥʝʚʤʦʮʠʣʠʥʜʲʨʘ 6, ʘ ʩʣʝʜ ʪʦʚʘ ʩ ʧʥʝʚʤʦʢʘʤʝʨʘʪʘ 6ǋ. ɿʘ ʮʝʣʪʘ 

ʚ ʦʧʠʪʥʘʪʘ ʫʨʝʜʙʘ ʝ ʦʩʠʛʫʨʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʪʷʭʥʘʪʘ ʨʘʟʤʷʥʘ. 



 46  

 
ʌʠʛ. 6.2 ʇʥʝʚʤʦʩʭʝʤʘ 

 

3. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

3.1  ʅʘ ʨʘʙʦʪʥʘ ʧʦʟʠʮʠʷ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʧʥʝʚʤʦʮʠʣʠʥʜʲʨʘ 6, ʘ ʚ 

ʤʘʰʠʥʥʘʪʘ ʩʪʠʩʢʘ ʝʜʠʥ ʦʪ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠ. 

3.2  ɿʘʜʘʚʘ ʩʝ ʨʘʙʦʪʥʦʪʦ ʥʘʣʷʛʘʥʝ p. 

3.3  ɿʘʜʝʡʩʪʚʘ ʩʝ ʨʘʟʧʨʝʜʝʣʠʪʝʣʷ (ʬʠʛ. 6.2, ʧʦʟ. 7), ʧʨʠ ʢʦʝʪʦ ʩʝ ʟʘʭʨʘʥʚʘ 

ʧʥʝʚʤʦʮʠʣʠʥʜʲʨʘ ʠ ʩʝ ʟʘʢʨʝʧʚʘ ʦʧʠʪʥʠʷ ʦʙʨʘʟʝʮ. 

3.4  ʆʪʯʠʪʘ ʩʝ ʜʝʬʦʨʤʘʮʠʷʪʘ D ʥʘ ʛʨʠʚʥʘʪʘ 4 ʦʪ ʠʟʤʝʨʚʘʪʝʣʥʠʷ ʯʘʩʦʚʥʠʢ 

5 (ʬʠʛ. 6.1). ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ  D ʠ ʨ ʩʝ ʥʘʥʘʩʷʪ ʚ ʪʘʙʣ. 6.2. 

3.5  ʆʩʚʦʙʦʞʜʘʚʘ ʩʝ ʦʧʠʪʥʠʷ ʦʙʨʘʟʝʮ, ʯʨʝʟ ʦʙʨʘʪʥʦ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ 
ʨʘʟʧʨʝʜʝʣʠʪʝʣʷ 7. 

3.6  ɼʝʡʩʪʚʠʷʪʘ ʦʪ ʪ.3.2 ʜʦ ʪ.3.5 ʩʝ ʧʦʚʪʘʨʷʪ ʩʲʩ ʩʲʱʠʷ ʦʙʨʘʟʝʮ ʜʦ 
ʦʧʨʝʜʝʣʝʥ ʦʪ ʨʲʢʦʚʦʜʠʪʝʣʷ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ ʙʨʦʡ ʧʲʪʠ N. 

3.7  ɺ ʤʘʰʠʥʥʘʪʘ ʩʪʠʩʢʘ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʜʨʫʛʠ ʦʧʠʪʥʠ ʦʙʨʘʟʮʠ ʩ 

ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ. 

3.8  ʆʧʨʝʜʝʣʷʪ ʩʝ ʜʲʣʞʠʥʠʪʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʭʦʜʦʚʝ Lʨʭ,i (i = 1·n, n ï ʙʨʦʡ 

ʥʘ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠ), ʢʘʪʦ ʨʘʟʣʠʢʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ 

ʯʝʣʶʩʪʠʪʝ ʥʘ ʩʪʠʩʢʘʪʘ ʠ ʜʝʙʝʣʠʥʠʪʝ ʥʘ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠ. 

3.9  ɿʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʜʝʡʩʪʚʠʷʪʘ ʦʪ ʪ. 3.2 ʜʦ ʪ. 3.5, ʢʘʪʦ 

ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʜʝʬʦʨʤʘʮʠʠʪʝ ʥʘ ʛʨʠʚʥʘʪʘ D ʩʝ ʥʘʥʘʩʷʪ ʚ ʪʘʙʣ. 6.3. 

3.10  ʇʥʝʚʤʦʮʠʣʠʥʜʲʨʲʪ ʩʝ ʟʘʤʝʥʷ ʩ ʧʥʝʚʤʦʢʘʤʝʨʘ ʠ ʩʝ ʧʦʚʪʘʨʷʪ 

ʜʝʡʩʪʚʠʷʪʘ ʦʪ ʪ. 3.2 ʜʦ ʪ. 3.9. 
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ʊʘʙʣ. 6.2 

 ̄ ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ ʧʥʝʚʤʦʢʘʤʝʨʘ 
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ʊʘʙʣ. 6.3 

 

 ̄

ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ ʧʥʝʚʤʦʢʘʤʝʨʘ 

Lʨʭ, 

mm 
D, 

mm 

ʜQ , 

N 

Lʨʭ, 

mm 
D, 

mm 

ʜQ , 

N 

1 

2 

3 

. 

. 

      

 

4. ʆɹʈɸɹʆʊɺɸʅɽ ʅɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʊɽ ɼɸʅʅʀ 

4.1  ʆʧʨʝʜʝʣʷʪ ʩʝ ʪʝʦʨʝʪʠʯʥʘʪʘ ʩʠʣʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʊ

iQ  (ʚ ʩʣʫʯʘʷ 
ʊ

iQ  = W) ʠ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʩʠʣʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʘʨʠʨʦʚʲʯʥʠʷ 

ʛʨʘʬʠʢ ʥʘ ʜʠʥʘʤʦʤʝʪʨʠʯʥʘʪʘ ʛʨʠʚʥʘ ʜ

iQ  (i = 1·N). ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʥʘʥʘʩʷʪ ʚ 

ʪʘʙʣ. 6.2 ʠ ʪʘʙʣ. 6.3. 

4.2  ʆʧʨʝʜʝʣʷʪ ʩʝ ʢ.ʧ.ʜ. ʊ

i

ʜ

i
i Q

Q
=h  ʠ ʩʨʝʜʥʠʷ ʢ.ʧ.ʜ N

N

1i

i

ʩʨ

ä
==

h

h . 

4.3 ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʘʥʥʠ ʟʘ 
ʜ

iQ ʦʪ ʪʘʙʣ. 6.2 ʩʝ 

ʦʙʨʘʙʦʪʚʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʦ ʤʝʪʦʜʠʢʘʪʘ ʜʘʜʝʥʘ ʚ ʋʧʨʘʞʥʝʥʠʝ ˉ 4. 

ʆʧʨʝʜʝʣʷʪ ʩʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʨʘʟʩʝʡʚʘʥʝʪʦ ,1

N

Q

Q

N

i

ʜ

i
ʜ
ä
==    

dN

R
S

ʜ

ɼ

Q

Q
= , 

ʜQ

ʜ ʢSVQ 2=  ʟʘ ʧʥʝʚʤʦʮʠʣʠʥʜʲʨʘ ʠ ʧʥʝʚʤʦʢʘʤʝʨʘʪʘ. ʇʨʝʩʤʷʪʘ ʩʝ 

ʦʪʥʦʩʠʪʝʣʥʦʪʦ ʨʘʟʩʝʡʚʘʥʝ ʜ

ʜ

Q
VQ . 

4.4 ʉ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʘʙʣ. 6.3 ʩʝ ʧʦʩʪʨʦʷʚʘʪ ʛʨʘʬʠʯʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ 
ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʩʠʣʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʦʪ ʜʲʣʞʠʥʘʪʘ ʥʘ ʭʦʜʘ ʥʘ ʙʫʪʘʣʥʠʷ ʧʨʲʪ. 

4.5 ɸʥʘʣʠʟʠʨʘʪ ʩʝ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʩʲʧʦʩʪʘʚʷʪ ʩʝ ʧʦʣʫʯʝʥʠʪʝ 

ʛʨʘʬʠʯʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪ.4.4, ʧʨʠ ʟʘʢʨʝʧʚʘʥʝ ʩ ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ ʠ ʩ 

ʧʥʝʚʤʦʢʘʤʝʨʘ ʠ ʩʝ ʧʨʘʚʷʪ ʠʟʚʦʜʠ.  
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ʋʇʈɸɾʅɽʅʀɽ ˉ 7 

 

ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɿɸʂʈɽʇɺɸʑɸʊɸ ʉʀʃɸ ʇʈʀ 

ʋʉʊɸʅʆɺʗɺɸʅɽ ʅɸ ɿɸɻʆʊʆɺʂʀ ɺʒʈʍʋ  

ɽʃɽʂʊʈʆʄɸɻʅʀʊʅɸ ʄɸʉɸ 

 

1. ʊɽʆʈɽʊʀʏʅʀ ʇʈɽɼʇʆʉʊɸɺʂʀ 

ɺ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠʪʝ ʟʘʜʚʠʞʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ 

ʟʘʛʦʪʦʚʢʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘ ʝʥʝʨʛʠʷʪʘ ʥʘ ʤʘʛʥʠʪʥʦ ʧʦʣʝ, ʠʟʪʦʯʥʠʢ ʥʘ ʢʦʝʪʦ ʩʘ 

ʝʣʝʢʪʨʦʤʘʛʥʠʪʠ. 

ʀʟʧʦʣʟʚʘʪ ʩʝ ʦʩʥʦʚʥʦ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠ ʦʪ ʬʝʨʦʤʘʛʥʠʪʥʠ 

ʤʘʪʝʨʠʘʣʠ ʧʨʠ ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʥʠʪʝ ʤʘʰʠʥʠ. 

ʄʝʭʘʥʠʯʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʛʥʠʪʥʦʪʦ ʧʦʣʝ (ʩʠʣʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ Q) 

ʚʲʨʭʫ ʟʘʢʨʝʧʝʥʘʪʘ ʟʘʛʦʪʦʚʢʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʤʘʛʥʠʪʥʘʪʘ ʠʥʜʫʢʮʠʷ ʠ ʧʣʦʱʪʘ, 

ʧʨʝʟ ʢʦʷʪʦ ʧʨʝʤʠʥʘʚʘ ʤʘʛʥʠʪʥʠʷʪ ʧʦʪʦʢ. ɿʘ ʜʘ ʩʝ ʥʘʤʘʣʷʪ ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʷ, 

ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʩʠʯʢʠ ʧʲʪʠʱʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʤʘʛʥʠʪʥʠʷ ʧʦʪʦʢ ʜʘ 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʪʦʤʘʥʝʥʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʠ, ʩʤʝʥʷʝʤ ʫʯʘʩʪʲʢ ʦʪ ʢʦʠʪʦ ʝ 

ʟʘʢʨʝʧʝʥʘʪʘ ʟʘʛʦʪʦʚʢʘ. ʊʦʚʘ ʥʘʣʘʛʘ ʧʦʩʣʝʜʥʘʪʘ ʜʘ ʧʨʠʪʝʞʘʚʘ ʬʝʨʦʤʘʛʥʠʪʥʠ 

ʩʚʦʡʩʪʚʘ. 

ʄʘʛʥʠʪʦʧʨʦʚʦʜʲʪ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʤʘʛʥʠʪʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʟʘʚʠʩʝʱʦ 

ʦʪ: ʤʘʛʥʠʪʥʘʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪ, ʧʣʦʱʪʘ ʥʘ ʥʘʧʨʝʯʥʦʪʦ ʩʝʯʝʥʠʝ ʠ ʜʲʣʞʠʥʘʪʘ ʤʫ. 

ɿʘ ʟʘʛʦʪʦʚʢʘʪʘ ʢʘʪʦ ʝʣʝʤʝʥʪ ʥʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʦʪ: ʤʘʨʢʘʪʘ ʠ ʪʚʲʨʜʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʤʝʨʠʪʝ (a.b) ʠ ʚʠʩʦʯʠʥʘʪʘ ʥʘ 

ʛʨʘʧʘʚʠʥʠʪʝ Ra ʥʘ ʦʧʦʨʥʘʪʘ ʠ ʧʦʚʲʨʭʥʠʥʘ ʠ ʚʠʩʦʯʠʥʘʪʘ h (ʬʠʛ. 7.1). 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʤʘʛʥʠʪʥʠʷ ʧʦʪʦʢ, ʧʨʝʤʠʥʘʚʘʱ ʧʨʝʟ ʟʘʢʨʝʧʝʥʘʪʘ 

ʟʘʛʦʪʦʚʢʘ, ʟʘʚʠʩʠ ʠ ʦʪ ʩʪʝʧʝʥʪʘ ʥʘ ʟʘʧʲʣʚʘʥʝ ʥʘ ʨʘʙʦʪʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ ʇ 

ʩʲʩ ʟʘʛʦʪʦʚʢʠ. ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ h, ʩʠʣʘʪʘ ʥʘ 

ʟʘʢʨʝʧʚʘʥʝ ʥʘʨʘʩʪʚʘ. ʇʨʠ ʚʠʩʦʯʠʥʘ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʧʦʣʶʩʠʪʝ, 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʩʠʣʘʪʘ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘ ʠʣʠ ʧʦʯʪʠ ʮʝʣʠʷʪ ʤʘʛʥʠʪʝʥ ʧʦʪʦʢ 

ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʟʘʛʦʪʦʚʢʘʪʘ. 

ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʛʨʘʧʘʚʠʥʠʪʝ ʥʘ ʙʘʟʦʚʘʪʘ ʧʦʚʲʨʭʥʠʥʘ Ra ʩʝ 

ʫʚʝʣʠʯʘʚʘ ʚʲʟʜʫʰʥʘʪʘ ʭʣʘʙʠʥʘ ʤʝʞʜʫ ʟʘʛʦʪʦʚʢʘʪʘ ʠ ʧʦʣʶʩʠʪʝ. ʇʨʠ 

ʧʨʝʤʠʥʘʚʘʥʝ ʧʨʝʟ ʪʘʟʠ ʭʣʘʙʠʥʘ ʤʘʛʥʠʪʥʠʷʪ ʧʦʪʦʢ ʦʪʩʣʘʙʚʘ ʪʦʣʢʦʚʘ ʧʦʚʝʯʝ, 

ʢʦʣʢʦʪʦ ʝ ʧʦ-ʛʦʣʷʤʘ ʭʣʘʙʠʥʘʪʘ. ɿʘʪʦʚʘ ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪʪʘ Ra ʩʝ 

ʥʘʤʘʣʷʚʘ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ. 

 

2. ʇʆʉʊɸʅʆɺʂɸ ʅɸ ʋʇʈɸɾʅɽʅʀɽʊʆ 

ʇʨʠ ʰʣʠʬʦʚʘʥʝ ʚʝʢʪʦʨʲʪ ʩʠʣʘ ʥʘ ʨʷʟʘʥʝ ʩʝ ʨʘʟʣʘʛʘ ʥʘ ʜʚʝ ʩʲʩʪʘʚʷʱʠ ï 

ʚʝʨʪʠʢʘʣʥʘ, ʢʦʷʪʦ ʧʨʠʪʠʩʢʘ ʟʘʛʦʪʦʚʢʘʪʘ ʢʲʤ ʤʘʩʘʪʘ ʠ ʩʧʦʤʘʛʘ ʥʘ ʟʘʢʨʝʧʚʘʱʘʪʘ 

ʩʠʣʘ ʠ ʭʦʨʠʟʦʥʪʘʣʥʘ, ʢʦʷʪʦ ʩʝ ʩʪʨʝʤʠ ʜʘ ʷ ʧʨʠʧʣʲʟʥʝ ʧʦ ʥʝʷ. ʋʩʣʦʚʠʝʪʦ ʟʘ 

ʥʘʜʝʞʜʥʦ ʟʘʢʨʝʧʚʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʩʲʩʪʘʚʷʱʘ. 

ɿʘʪʦʚʘ ʩʠʣʦʚʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʤʘʩʘʪʘ ʩʝ ʠʟʩʣʝʜʚʘ ʯʨʝʟ 

ʥʘʪʦʚʘʨʚʘʥʝ ʩ ʭʦʨʠʟʦʥʪʘʣʥʘ ʩʠʣʘ, ʧʨʠ ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʟʘʙʝʣʝʞʠʤʦ 

ʧʨʠʧʣʲʟʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ.  
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2.1ɿʘʜʘʯʘ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ 

ɿʘʜʘʯʘ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ ʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʤʘʪʝʨʠʘʣʘ, ʚʠʩʦʯʠʥʘʪʘ, ʛʨʘʧʘʚʦʩʪʪʘ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʣʦʱʪʘ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ 

ʚʲʨʭʫ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʧʨʠ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʠʤ ʚʲʨʭʫ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘ 

ʤʘʩʘ. 
 

2.2 ʆʧʠʪʥʘ ʫʨʝʜʙʘ 

ʆʧʠʪʥʘʪʘ ʫʨʝʜʙʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.7.1. 

ʉʲʩʪʦʠ ʩʝ ʦʪ ʝʣʝʢʪʦʤʘʛʥʠʪʥʘ ʤʘʩʘ 1, ʫʩʪʘʥʦʚʝʥʘ ʥʘ ʢʦʨʧʫʩʘ 6. ʉʪʦʡʢʘʪʘ 5, 

ʟʘʢʨʝʧʝʥʘ ʢʲʤ ʢʦʨʧʫʩʘ, ʩʣʫʞʠ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʭʠʜʨʦʮʠʣʠʥʜʲʨʘ 4 ʟʘ 

ʭʦʨʠʟʦʥʪʘʣʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʦʙʨʘʟʝʮʘ 2. ʇʣʲʟʛʘʯʲʪ 3, ʠʟʨʘʙʦʪʝʥ ʦʪ 

ʥʝʤʘʛʥʠʪʝʥ ʤʘʪʝʨʠʘʣ, ʩʣʫʞʠ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʫʩʠʣʠʝʪʦ ʦʪ ʭʠʜʨʦʮʠʣʠʥʜʲʨʘ 4 

ʢʲʤ ʦʙʨʘʟʝʮʘ.  

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʫʨʝʜʙʘ, 

ʥʘʙʦʨ ʦʙʨʘʟʮʠ ʦʪ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʩ ʨʘʟʣʠʯʥʘ ʛʨʘʧʘʚʦʩʪ ʠ ʨʘʟʤʝʨʠ, 

ʪʘʨʠʨʦʚʲʯʝʥ ʛʨʘʬʠʢ ʥʘ ʭʠʜʨʦʮʠʣʠʥʜʲʨʘ 4, ʧʨʦʬʠʣʦʤʝʪʲʨ, ʰʫʙʣʝʨ. 

 
 

ʌʠʛ.7.1 ʉʭʝʤʘ ʥʘ ʦʧʠʪʥʘʪʘ ʫʨʝʜʙʘ 

 

3. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

3.1 ʀʟʤʝʨʚʘʪ ʩʝ ʨʘʟʤʝʨʠʪʝ ʠ ʛʨʘʧʘʚʦʩʪʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ 

ʟʘʧʠʩʚʘʪ ʚ ʪʘʙʣ. 7.1. 

3.2 ʇʨʦʠʟʚʦʣʥʦ ʠʟʙʨʘʥ ʦʙʨʘʟʝʮ ʩʝ ʙʘʟʠʨʘ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘ ʤʘʩʘ 1 ʜʦ 

ʧʣʲʟʛʘʯʘ 3. 

3.3 ʅʘʪʠʩʢʘ ʩʝ ʙʫʪʦʥʘ ʟʘ ʟʘʜʝʡʩʪʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘʪʘ ʤʘʩʘ. 

3.4 ʅʘʪʠʩʢʘ ʩʝ ʙʫʪʦʥʘ ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʭʠʜʨʘʚʣʠʯʥʘʪʘ ʧʦʤʧʘ. 

3.5 ʉ ʨʝʛʫʣʘʪʦʨʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʥʘʣʷʛʘʥʝʪʦ ʚ ʭʠʜʨʦʮʠʣʠʥʜʲʨʘ 4 ʜʦ 

ʧʨʠʧʣʲʟʚʘʥʝ ʥʘ ʦʙʨʘʟʝʮʘ 2 ʧʦ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘʪʘ ʤʘʩʘ 1. 

3.6 ʆʪʯʠʪʘ ʩʝ ʥʘʣʷʛʘʥʝʪʦ p ʦʪ ʤʘʥʦʤʝʪʲʨʘ ʠ ʩʝ ʟʘʧʠʩʚʘ ʚ ʪʘʙʣ. 7.1. 

3.7 ʆʧʠʩʘʥʠʪʝ ʜʝʡʩʪʚʠʷ ʩʝ ʧʦʚʪʘʨʷʪ 3 ʧʲʪʠ. 
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3.8 ɼʘʥʥʠʪʝ ʦʪ ʛʨʘʬʘʪʘ Qʧʨ. ʩʝ ʦʪʯʠʪʘʪ ʦʪ ʪʘʨʠʨʦʚʲʯʥʠʷ ʛʨʘʬʠʢ. 

ʇʨʝʩʤʷʪʘ ʩʝ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ 
3

Q

Q

3

1i

i,ʧʨ

.ʩʨ.,ʧʨ

ä
==   ʠ ʩʝ ʟʘʧʠʩʚʘ ʚ ʪʘʙʣ. 7.1. 

3.9 ɿʘ ʚʩʝʢʠ ʩʣʝʜʚʘʱ ʧʨʦʠʟʚʦʣʥʦ ʠʟʙʨʘʥ ʦʙʨʘʟʝʮ ʩʝ ʧʦʚʪʘʨʷʪ ʦʧʠʩʘʥʠʪʝ 

ʧʦ-ʛʦʨʝ ʜʝʡʩʪʚʠʷ, ʢʘʪʦ ʙʘʟʠʨʘʥʝʪʦ ʩʣʝʜʚʘ ʜʘ ʝ ʥʘ ʩʲʱʦʪʦ ʤʷʩʪʦ 

ʚʲʨʭʫ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘʪʘ ʤʘʩʘ. 

ʊʘʙʣ. 7.1 

ˉ ʥʘ 

ʦʙʨʘ

-ʟʝʮʘ 

ʈʘʟʤʝʨʠ ʥʘ 

ʦʙʨʘʟʝʮʘ 

(a.b.h) 

ʄʘʪʝʨʠʘʣʠ ɻʨʘʧʘʚʦʩʪ 

Rʘ 

ʅʘʣʷʛʘʥʝ p 

[MPa] 

Qʧʨ.   [N]  
.ʩʨ.ʧʨQ

 [N]  

p1 p2 p3 1.,ʧʨQ  
2.,ʧʨQ  

3.,ʧʨQ  

1 

2 

3 

4 

. 

. 

. 

. 

          

 

4. ʆɹʈɸɹʆʊɺɸʅɽ ʅɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʊɽ ɼɸʅʅʀ 

 ʇʦ ʨʝʟʫʣʪʘʪʠʪʝ, ʟʘʧʠʩʘʥʠ ʚ ʪʘʙʣ. 7.1, ʩʝ ʧʦʩʪʨʦʷʚʘʪ ʛʨʘʬʠʢʠʪʝ            
 

.ʩʨ.ʧʨQ = f (h), .ʩʨ.ʧʨQ = f (Rʘ), .ʩʨ.ʧʨQ = f (b). 

 

ɼʘʚʘ ʩʝ ʟʘʢʣʶʯʝʥʠʝ ʟʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʚʲʨʭʫ 

ʧʦʣʫʯʝʥʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 8 
 

ʊʆʏʅʆʉʊ ʅɸ ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ ɽʃɽʄɽʅʊʀʊɽ ʅɸ 

ʇʈʀʉʇʆʉʆɹʃɽʅʀʗʊɸ 
 

1. ʀɿʍʆɼʅʀ ʋʉʃʆɺʀʗ  

ʊʦʯʥʦʩʪʪʘ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʪʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʝʪʘʧʠʪʝ 

ʢʦʥʩʪʨʫʠʨʘʥʝ, ʠʟʨʘʙʦʪʚʘʥʝ, ʩʛʣʦʙʷʚʘʥʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ 

ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʪʨʷʙʚʘ ʜʘ ʦʧʨʝʜʝʣʠ ʜʦʧʫʩʢʠ ʥʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʜʝʪʘʡʣʠ ʦʪ ʇ, 

ʩʲʦʙʨʘʟʥʦ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʪʷʭʥʦʪʦ ʠʟʨʘʙʦʪʚʘʥʝ. ʉʧʦʨʝʜ ʪʦʯʥʦʩʪʪʘ 

ʩʠ ʪʝʟʠ ʨʘʟʤʝʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʪʨʠ ʛʨʫʧʠ [6,7]. 

ʂʲʤ ʧʲʨʚʘʪʘ ʛʨʫʧʘ ʩʝ ʦʪʥʘʩʷʪ ʨʘʟʤʝʨʠ ʥʘ ʜʝʪʘʡʣʠ ʠ ʩʲʝʜʠʥʝʥʠʷ ʚ ʇ, ʦʪ 

ʢʦʠʪʦ ʟʘʚʠʩʠ ʧʦʣʫʯʘʚʘʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʦʧʝʨʘʮʠʷ. ɺ ʧʨʘʢʪʠʢʘʪʘ 

ʰʠʨʦʢʦ ʩʝ ʧʨʠʣʘʛʘ ʤʝʪʦʜʠʯʝʩʢʠ ʥʝʧʨʘʚʠʣʥʠʷʪ ʧʦʜʭʦʜ, ʜʦʧʫʩʢʠʪʝ ʥʘ ʪʝʟʠ 

ʨʘʟʤʝʨʠ ʜʘ ʩʝ ʧʨʠʝʤʘʪ 1/3·1/2 ʦʪ ʜʦʧʫʩʢʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʧʦʣʫʯʘʚʘʥʠ 

ʨʘʟʤʝʨʠ ʦʪ ʦʙʨʘʙʦʪʚʘʥʠʷ ʜʝʪʘʡʣ. ʉʪʝʩʥʷʚʘʥʝʪʦ ʥʘ ʜʦʧʫʩʢʠʪʝ ʚ ʫʢʘʟʘʥʠʪʝ 

ʛʨʘʥʠʮʠ, ʢʘʢʪʦ ʧʦʢʘʟʚʘ ʦʧʠʪʲʪ ʦʪ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʇ, ʚ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ 

ʦʩʠʛʫʨʷʚʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝʪʦ, ʥʦ ʧʨʠ ʪʦʟʠ ʧʦʜʭʦʜ ʥʝ ʝ ʠʟʢʣʶʯʝʥʦ 

ʧʨʝʜʧʠʩʚʘʥʝʪʦ ʥʘ ʠʟʣʠʰʥʦ ʩʪʝʩʥʝʥʠ ʠʣʠ (ʚ ʧʦ-ʨʝʜʢʠ ʩʣʫʯʘʠ) ʥʝʜʦʧʫʩʪʠʤʦ 

ʰʠʨʦʢʠ ʜʦʧʫʩʢʠ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʥʝʥʫʞʥʦ ʦʩʢʲʧʷʚʘʥʝ ʥʘ ʇ ʠʣʠ ʥʝʚʲʟʤʦʞʥʦʩʪ 

ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʦʯʥʦʩʪ. ʆʩʚʝʥ ʪʦʚʘ ʪʦʟʠ ʧʦʜʭʦʜ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʣʦʞʠ ʩʘʤʦ ʟʘ ʥʷʢʦʠ ʨʘʟʤʝʨʠ ʦʪ ʪʘʟʠ ʛʨʫʧʘ.  

ʂʲʤ ʚʪʦʨʘʪʘ ʛʨʫʧʘ ʩʝ ʦʪʥʘʩʷʪ ʪʦʯʥʠ ʨʘʟʤʝʨʠ ʥʘ ʜʝʪʘʡʣʠ ʠ ʩʲʝʜʠʥʝʥʠʷ, 

ʦʪ ʢʦʠʪʦ ʥʝ ʟʘʚʠʩʠ ʪʦʯʥʦʩʪʪʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ï ʥʘʧʨʠʤʝʨ ʩʲʝʜʠʥʝʥʠʷ ʚ 

ʟʘʢʨʝʧʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʪʣʘʩʢʚʘʯʠ ʟʘ ʠʟʚʘʞʜʘʥʝ ʥʘ ʦʙʨʘʙʦʪʝʥʠʪʝ ʜʝʪʘʡʣʠ, 

ʩʧʦʤʘʛʘʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʠ ʜʨʫʛʠ. ɼʦʧʫʩʢʠʪʝ ʠʤ ʩʝ ʦʧʨʝʜʝʣʷʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʩʣʫʞʝʙʥʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤʘ, ʢʘʪʦ ʩʝ ʦʪʯʠʪʘ ʭʘʨʘʢʪʝʨʲʪ ʠ 

ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʘʙʦʪʘ. ʆʙʠʢʥʦʚʝʥʦ ʜʦʧʫʩʢʠʪʝ ʥʘ ʪʝʟʠ ʨʘʟʤʝʨʠ ʩʝ ʟʘʜʘʚʘʪ ʧʦ 6
-ʪʘ

 

ï 8
-ʤʘ

 ʩʪʝʧʝʥ ʥʘ ʪʦʯʥʦʩʪ. 

ʂʲʤ ʪʨʝʪʘʪʘ ʛʨʫʧʘ ʩʝ ʦʪʥʘʩʷʪ ʩʚʦʙʦʜʥʠʪʝ ʨʘʟʤʝʨʠ. ʅʘʡ-ʯʝʩʪʦ ʪʝʭʥʠʪʝ 

ʜʦʧʫʩʢʠ ʩʝ ʟʘʜʘʚʘʪ ʧʦ 12
-ʪʘ

 ï 14
-ʪʘ

 ʩʪʝʧʝʥ ʥʘ ʪʦʯʥʦʩʪ ʟʘ ʦʙʨʘʙʦʪʝʥʠ ʧʦʚʲʨʭʥʠʥʠ, 

ʘ ʟʘ ʥʝʦʙʨʘʙʦʪʝʥʠ ï ʥʘʜ 15
-ʪʘ

 ʩʪʝʧʝʥ ʥʘ ʪʦʯʥʦʩʪ. 

ɹʝʟʩʧʦʨʥʦ ʥʘʡ-ʛʦʣʷʤ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʜʦʧʫʩʢʠʪʝ 

ʥʘ ʨʘʟʤʝʨʠʪʝ ʦʪ ʧʲʨʚʘʪʘ ʛʨʫʧʘ. ʊʦ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʩʧʦʤʝʥʘʪʦʪʦ 

ʧʦ-ʛʦʨʝ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʘʚʠʣʦ. ʊʘʟʠ ʟʘʜʘʯʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʰʠ ʦʙʦʩʥʦʚʘʥʦ ʠ 

ʧʨʘʚʠʣʥʦ ʦʪ ʤʝʪʦʜʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʢʘʪʦ ʩʝ ʧʨʠʣʦʞʠ ʠʟʯʠʩʣʠʪʝʣʥʦ-

ʘʥʘʣʠʪʠʯʝʥ ʤʝʪʦʜ, ʢʘʢʲʚʪʦ ʚ ʩʣʫʯʘʷ ʝ ʨʘʟʤʝʨʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʇ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʜʝʪʘʡʣʠ ʩʝ 

ʚʢʣʶʯʚʘʪ ʚ ʩʲʦʪʚʝʪʥʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʤʝʨʥʠ ʚʝʨʠʛʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʧʨʝʜʝʣʝʥʠ ʪʝʭʥʠ ʨʘʟʤʝʨʠ ʠ ʪʝʭʥʠʯʝʩʢʠ ʠʟʠʩʢʚʘʥʠʷ. ɺʝʨʠʛʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʟʘʪʚʘʨʷʪ ʚ ʨʘʤʢʠʪʝ ʥʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ ñʤʘʰʠʥʘ-ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ-ʠʥʩʪʨʫʤʝʥʪ-

ʜʝʪʘʡʣ (ʄʇʀɼ)ò ʠʣʠ ʩʘʤʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʇ ʠ ʟʘʛʦʪʦʚʢʘʪʘ. ʊʠʧʠʯʝʥ ʧʨʠʤʝʨ ʟʘ 

ʚʪʦʨʠʷ ʩʣʫʯʘʡ ʩʘ ʢʦʥʜʫʢʪʦʨʠʪʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ɺ ʪʝʟʠ ʨʘʟʤʝʨʥʠ ʚʝʨʠʛʠ ʧʦʣʫʯʘʚʘʥʠʷʪ ʧʨʠ ʦʧʝʨʘʮʠʷʪʘ ʨʘʟʤʝʨ ʝ 

ʟʘʪʚʘʨʷʱʦ ʟʚʝʥʦ, ʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʇ (ʨʘʟʤʝʨʠ ʥʘ ʜʝʪʘʡʣʠ ʦʪ ʥʝʛʦ, ʭʣʘʙʠʥʠ), 
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ʢʦʠʪʦ ʚʣʠʷʷʪ ʥʘ ʥʝʛʦʚʘʪʘ ʪʦʯʥʦʩʪ, ʩʘ ʩʲʩʪʘʚʥʠ ʟʚʝʥʘ. ʅʘ ʝʪʘʧʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʩʝ 

ʨʝʰʘʚʘ ʧʨʦʝʢʪʥʘ (ʧʨʘʚʘ) ʟʘʜʘʯʘ, ʧʨʠ ʢʦʷʪʦ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʟʚʝʥʘ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʮʝʣʝʩʲʦʙʨʘʟʥʠ ʜʦʧʫʩʢʠ. ʀʟʚʲʨʰʚʘʪ ʩʝ ʠ ʧʨʦʚʝʨʦʯʥʠ ʧʨʝʩʤʷʪʘʥʠʷ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʝʘʣʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʚʝʯʝ ʢʦʥʩʪʨʫʠʨʘʥʠ ʇ (ʦʙʨʘʪʥʘ ʟʘʜʘʯʘ). ɺ 

ʦʪʜʝʣʥʠ ʩʣʫʯʘʠ ʩ ʨʝʰʘʚʘʥʝ ʥʘ ʦʙʨʘʪʥʘʪʘ ʟʘʜʘʯʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʢʘʞʝ 

ʥʝʫʜʘʯʥʦʩʪʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʷ ʚʘʨʠʘʥʪ ʥʘ ʇ ʠʣʠ ʥʘ ʥʷʢʦʠ ʥʝʛʦʚʠ ʝʣʝʤʝʥʪʠ. 

ʀ ʧʨʠ ʜʚʘʪʘ ʪʠʧʘ ʟʘʜʘʯʠ ʥʘʡ-ʥʘʧʨʝʜ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʩʪʘʚʠ ʨʘʟʤʝʨʥʘʪʘ 

ʚʝʨʠʛʘ. ʊʷ ʩʝ ʧʦʩʪʨʦʷʚʘ ʚʲʨʭʫ ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ ʥʘ ʇ ʠʣʠ ʚʲʨʭʫ ʩʢʠʮʘ ʥʘ 

ʫʯʘʩʪʲʢ ʦʪ ʥʝʛʦ, ʚ ʢʦʡʪʦ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚʩʠʯʢʠ ʟʚʝʥʘ. ɸʙʩʪʨʘʢʪʥʦʪʦ ʩʲʩʪʘʚʷʥʝ 

ʥʘ ʚʝʨʠʛʘʪʘ ʚʲʨʭʫ ʙʷʣ ʣʠʩʪ ʭʘʨʪʠʷ ʢʨʠʝ ʦʧʘʩʥʦʩʪ ʦʪ ʜʦʧʫʩʢʘʥʝ ʥʘ ʛʨʫʙʠ 

ʛʨʝʰʢʠ (ʧʨʦʧʫʩʢʘʥʝ ʠʣʠ ʧʦʚʪʦʨʥʦ ʚʢʣʶʯʚʘʥʝ ʥʘ ʟʚʝʥʘ). 

ʇʨʝʜʠ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʚʝʨʠʛʘʪʘ ʩ ʯʠʩʣʝʥʠ ʩʪʦʡʥʦʩʪʠ ʩʝ ʠʟʙʠʨʘ ʤʝʪʦʜʲʪ ʟʘ 

ʦʩʠʛʫʨʷʚʘʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʦ. ɿʘʜʘʯʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʰʠ ʧʦ 

ʤʝʪʦʜʠʪʝ ʥʘ ʧʲʣʥʘʪʘ ʠʣʠ ʥʝʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ [7]. ʇʲʨʚʠʷʪ ʩʝ 

ʧʨʠʣʘʛʘ ʧʨʠ ʤʘʣʦʟʚʝʥʥʠ ʚʝʨʠʛʠ (ʙʨʦʡ ʥʘ ʟʚʝʥʘʪʘ n ¢ 4), ʘ ʚʪʦʨʠʷʪ ï ʧʨʠ 

ʤʥʦʛʦʟʚʝʥʥʠ ʚʝʨʠʛʠ (n > 4). ʀʥʪʝʨʝʩ ʪʫʢ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʜʦʧʫʩʢʠʪʝ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʟʚʝʥʘ. ɿʘ ʪʘʟʠ ʮʝʣ ʦʙʘʯʝ, ʦʪ ʪʝʦʨʠʷʪʘ ʥʘ ʨʘʟʤʝʨʥʠʪʝ 

ʚʝʨʠʛʠ ʟʘ ʣʠʥʝʡʥʠ ʚʝʨʠʛʠ ʝ ʠʟʚʝʩʪʥʦ ʩʘʤʦ ʧʦ ʝʜʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘ ʜʦʧʫʩʢʘ ʥʘ 

ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʘ. ʉʲʦʪʚʝʪʥʦ ʟʘ ʤʝʪʦʜʘ ʥʘ ʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ ʱʝ 

ʠʤʘʤʝ 

                       ä
-

=

=
1n

1i

iTATAD ,        (8.1)    

ʘ ʟʘ ʥʝʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ (
9

1
;3t i == lD

), 

                       ä
-

=

=
1n

1i

2

iTATAD ,        (8.1
/
) 

 

ʢʲʜʝʪʦ TAi ʝ ʜʦʧʫʩʢʲʪ ʥʘ i
-ʪʦ

 ʩʲʩʪʘʚʥʦ ʟʚʝʥʦ; n ï ʦʙʱʠʷʪ ʙʨʦʡ ʥʘ ʟʚʝʥʘʪʘ. 

 ʀʣʠ ʟʘʜʘʯʘʪʘ ʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʝʥʘ, ʪʲʡ ʢʘʪʦ ʝ ʥʘʣʠʮʝ ʝʜʥʦ 

ʫʨʘʚʥʝʥʠʝ ʠ (nï1) ʥʝʠʟʚʝʩʪʥʠ. ɺ ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʨʘʟʤʝʨʥʠʷ ʘʥʘʣʠʟ ʪʘʟʠ ʟʘʜʘʯʘ ʩʝ 

ʩʚʝʞʜʘ ʜʦ ʝʜʥʦʟʥʘʯʥʦ ʨʝʰʠʤʘ ʯʨʝʟ ʥʘʣʘʛʘʥʝ ʥʘ ʥʷʢʦʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʫʩʣʦʚʠʷ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʨʦʣʷʪʘ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʟʚʝʥʘ ʧʨʠ ʬʦʨʤʠʨʘʥʝ 

ʪʦʯʥʦʩʪʪʘ ʥʘ ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʦ. ɿʘ ʪʦʟʠ ʪʠʧ ʨʘʟʤʝʨʥʠ ʚʝʨʠʛʠ ʝ ʧʦʜʭʦʜʷʱʦ ʠ 

ʫʜʦʙʥʦ ʦʪʥʘʯʘʣʦ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʧʨʠʥʮʠʧʲʪ ʥʘ ʨʘʚʥʠʪʝ ʜʦʧʫʩʢʠ, ʪ.ʝ. 
 

                                          
.ʩʨ1n21 TATA......................TATA ==== -
.   (8.2) 

 

ʊʦʛʘʚʘ ʟʘ ʤʝʪʦʜʘ ʥʘ ʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ ʱʝ ʩʝ ʧʦʣʫʯʠ ʩʲʦʪʚʝʪʥʦ   
 

                                              
1n

TA
TA .ʩʨ

-
= D ,       (8.3)     

 

ʘ ʟʘ ʥʝʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ 

                                               
1n

TA
TA .ʩʨ

-
= D .      (8.3

/
) 
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ʇʨʝʩʤʝʪʥʘʪʘʪʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʝ ʩʘʤʦ ʦʨʠʝʥʪʠʨʦʚʲʯʥʘ. ʇʦ-ʥʘʪʘʪʲʰʥʦʪʦ 

ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʘʪʘ ʠʟʠʩʢʚʘ ʦʪ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʥʦʛʦ ʜʦʙʨʦ ʧʦʟʥʘʚʘʥʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʇ. ɼʦʧʫʩʢʠʪʝ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʟʚʝʥʘ, 

ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʝʜʥʦ, ʩʝ ʧʨʝʜʧʠʩʚʘʪ ʯʨʝʟ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʧʨʝʩʤʝʪʥʘʪʘʪʘ 

ʩʪʦʡʥʦʩʪ ʥʘ 
.ʩʨTA , ʠʤʘʡʢʠ ʧʨʝʜʚʠʜ ʩʣʝʜʥʠʪʝ ʩʲʦʙʨʘʞʝʥʠʷʪʘ [6,7]: 

1. ʆʧʨʝʜʝʣʷʪ ʩʝ ʜʦʧʫʩʢʠʪʝ ʥʘ ʪʝʟʠ ʟʚʝʥʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʨʘʙʦʪʷʪ ʩ 

ʜʦʧʫʩʢ Tɸi < ʊɸʩʨ., ʙʝʟ ʪʦʚʘ ʜʘ ʫʩʣʦʞʥʷʚʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ 

ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʠʤ. ʉ ʪʦʚʘ ʩʝ ʩʲʟʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʝʜʧʠʩʚʘʥʝ ʥʘ 

ʧʦ-ʛʦʣʝʤʠ ʜʦʧʫʩʢʠ ʥʘ ʜʨʫʛʠʪʝ ʩʲʩʪʘʚʥʠ ʟʚʝʥʘ. ɿʘ ʦʩʪʘʥʘʣʠʪʝ ʟʚʝʥʘ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʝ ʦʪʥʦʚʦ ʩʨʝʜʝʥ ʜʦʧʫʩʢ ʊɸʩʨ., ʠʤʘʡʢʠ ʧʨʝʜʚʠʜ 

ʥʝʠʟʢʦʥʩʫʤʠʨʘʥʘʪʘ ʯʘʩʪ ʦʪ ʜʦʧʫʩʢʘ ʥʘ ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʦ DAT ¡. 
2. ɼʦʧʫʩʢʠʪʝ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʠ ʥʦʨʤʘʣʠʟʠʨʘʥʠ ʝʣʝʤʝʥʪʠ ʩʝ ʟʘʜʘʚʘʪ 
ʢʘʪʦ ʩʝ ʧʨʠʝʤʘʪ ʧʨʝʧʦʨʲʯʚʘʥʠʪʝ ʩʛʣʦʙʢʠ ʠ ʜʦʧʫʩʢʠ. 

3. ɼʦʧʫʩʢʠʪʝ ʥʘ ʦʨʠʛʠʥʘʣʥʠʪʝ ʜʝʪʘʡʣʠ ʩʝ ʟʘʜʘʚʘʪ ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ 

ʧʨʝʜʧʦʣʘʛʘʝʤʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩ, ʧʦ ʢʦʡʪʦ ʱʝ ʩʝ ʧʦʣʫʯʘʪ ʠ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʥʦʤʠʥʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʘʟʤʝʨʠʪʝ ʠʤ (ʥʘ ʧʦ-

ʛʦʣʝʤʠ ʟʚʝʥʘ ʩʝ ʟʘʜʘʚʘʪ ʧʦ-ʛʦʣʝʤʠ ʜʦʧʫʩʢʠ). 

4. ɿʚʝʥʘʪʘ ʦʪ ʪʠʧ ʭʣʘʙʠʥʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʦʪʥʦʩʥʦ ʪʷʭʥʦʪʦ ʧʨʦʷʚʣʝʥʠʝ ʧʨʠ 

ʜʝʡʩʪʚʘʱʦʪʦ ʩʠʣʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ. ʂʦʛʘʪʦ ʭʣʘʙʠʥʘʪʘ ʩʝ ʦʙʠʨʘ ʚ ʜʚʝʪʝ 

ʧʦʩʦʢʠ, ʪʷ ʩʝ ʚʢʣʶʯʚʘ ʩ ʮʷʣʘʪʘ ʩʠ ʩʪʦʡʥʦʩʪ (ʜʠʘʤʝʪʨʘʣʥʘ ʭʣʘʙʠʥʘ), ʘ 

ʢʦʛʘʪʦ ʩʝ ʦʙʠʨʘ ʝʜʥʦʩʪʨʘʥʥʦ ï ʩ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʜʦʧʫʩʢʘ. 

5. ɿʘ ʥʷʢʦʠ ʟʚʝʥʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʯʝʪʝ ʠʟʥʦʩʚʘʥʝʪʦ ʠʤ ʚ ʧʨʦʮʝʩʘ ʥʘ 

ʝʢʩʧʣʦʘʪʘʮʠʷ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʩʣʫʯʘʠ ʩʠʣʦʚʠʪʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʦʪʜʝʣʥʠ ʟʚʝʥʘ. 

ʇʦʩʣʝʜʥʠʷʪ ʥʝʠʟʚʝʩʪʝʥ ʜʦʧʫʩʢ ʥʘ ʩʲʩʪʘʚʥʦ ʟʚʝʥʦ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ 

ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʜʦʧʫʩʢʘ ʥʘ ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʦ. ɸʢʦ ʥʝʛʦʚʘʪʘ ʩʪʦʡʥʦʩʪ ʩʝ ʦʢʘʞʝ 

ʥʝʧʨʠʝʤʣʠʚʦ ʤʘʣʢʘ ʠʣʠ ʛʦʣʷʤʘ ʩʝ ʧʨʠʩʪʲʧʚʘ ʢʲʤ ʧʦʚʪʦʨʥʦ ʢʦʨʠʛʠʨʘʥʝ ʥʘ 

ʜʦʧʫʩʢʠʪʝ ʥʘ ʥʷʢʦʠ ʩʲʩʪʘʚʥʠ ʟʚʝʥʘ. ʉʣʝʜ ʢʦʨʠʛʠʨʘʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʦʚʝʨʢʘ ʧʦ 

ʫʩʣʦʚʠʷʪʘ (8.1) ʠʣʠ (8.1
/
) ʠ ʧʨʠ ʥʝʠʟʧʲʣʥʝʥʠʝ, ʢʦʨʠʛʠʨʘʥʝʪʦ ʠ ʧʨʦʚʝʨʢʘʪʘ ʩʝ 

ʧʦʚʪʘʨʷʪ, ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ. 

ɿʘ ʧʲʣʥʦʪʦ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʘʪʘ ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʘʪ ʩʨʝʜʥʠʪʝ 

ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʜʦʧʫʩʢʦʚʠʪʝ ʧʦʣʝʪʘ ʠ ʛʨʘʥʠʯʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʟʚʝʥʘ. 

ɿʘ ʮʝʣʪʘ ʩʝ ʧʨʠʣʘʛʘʪ ʧʦʟʥʘʥʠʷʪʘ ʧʦ ʪʝʦʨʠʷ ʥʘ ʨʘʟʤʝʨʥʠʪʝ ʚʝʨʠʛʠ [7]. 
 

2. ʇʈʀʄɽʈʅʀ ɿɸɼɸʏʀ 

ʇʨʠʤʝʨʥʠʪʝ ʟʘʜʘʯʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ 

ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʇ ʩʘ ʠʟʷʩʥʝʥʠ ʯʨʝʟ ʨʝʰʘʚʘʥʝʪʦ ʠʤ ʚʲʨʭʫ ʇ ʨʘʟʛʣʝʜʘʥʠ ʚ 

ʋʧʨʘʞʥʝʥʠʝ ˉ 5 (ʬʠʛ. 5.5 ʠ ʬʠʛ. 5.7). 
 

2.1 ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʘ ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò. 

ʅʘ ʪʘʟʠ ʦʧʝʨʘʮʠʷ (ʬʠʛ. 5.1) ʩʝ ʦʩʠʛʫʨʷʚʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʜʠʘʤʝʪʨʘʣʥʠʷ 

ʨʘʟʤʝʨ f20ʅ7 ʠ ʨʘʟʤʝʨʘ 6Ñ0,05 mm ʟʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʦʩʪʘ ʤʫ. ʊʦʯʥʦʩʪʪʘ ʥʘ 

ʧʲʨʚʠʷ ʟʘʚʠʩʠ ʦʩʥʦʚʥʦ ʦʪ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʡʙʝʨʘ, ʜʦʢʘʪʦ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ 

6Ñ0,05 mm ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʪʦʯʥʦʩʪʪʘ ʥʘ ʇ ʠ ʤʘʰʠʥʘʪʘ. ʆʧʦʨʥʠʪʝ ʧʣʘʩʪʠʥʠ 6 
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(ʬʠʛ. 5.5) ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʢʲʤ ʢʦʨʧʫʩʥʠʷ ʜʝʪʘʡʣ 2, ʢʦʡʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʝ 

ʬʠʢʩʠʨʘʥ ʩ ʱʠʬʪʦʚʝ ʢʲʤ ʢʦʨʧʫʩʘ 1. ʑʠʬʪʦʚʝʪʝ ʩʘ ʟʘʧʨʝʩʦʚʘʥʠ ʚ ʢʦʨʧʫʩʘ 1 ʠ 

ʩʝ ʩʛʣʦʙʷʚʘʪ ʩ ʦʪʚʦʨʠʪʝ ʥʘ ʜʝʪʘʡʣʘ 2 ʧʦ ʅ7/h6. 

ʅʘ ʬʠʛ. 8.1 ʝ ʧʦʢʘʟʘʥʘ ʚʪʦʨʘʪʘ ʧʨʦʝʢʮʠʷ ʦʪ ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ ʥʘ ʇ ʩ ʨʘʟʨʝʟ 

ʧʨʝʟ ʬʠʢʩʠʨʘʱʠʷ ʱʠʬʪ. ɺʲʨʭʫ ʥʝʛʦ ʝ ʧʦʩʪʨʦʝʥʘ ʨʘʟʤʝʨʥʘʪʘ ʚʝʨʠʛʘ ʟʘ 

ʦʩʠʛʫʨʷʚʘʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ 6Ñ0,05 mm. ʇʨʠʝʪʦ ʝ, ʯʝ ʦʩʪʘ ʥʘ ʦʙʨʘʙʦʪʝʥʠʷ 

ʦʪʚʦʨ ʠ ʦʩʪʘ ʥʘ ʚʲʨʪʝʥʝ ʩʲʚʧʘʜʘʪ. ʉʲʩʪʘʚʥʠʪʝ ʟʚʝʥʘ ʩʘ: 

ɸ1 ï ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʦʧʦʨʥʘʪʘ ʧʣʘʩʪʠʥʘ; 

ɸ2 ï ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʤʦʥʪʘʞʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʜʦ ʦʩʪʘ ʥʘ ʦʪʚʦʨʘ ʟʘ 

ʱʠʬʪʘ, ʚʟʝʪʦ ʦʪ ʜʝʪʘʡʣ 2; 

ɸ3 ï ʭʣʘʙʠʥʘʪʘ ʤʝʞʜʫ ʱʠʬʪʘ ʠ ʦʪʚʦʨʘ; 

ɸ4 ï ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʦʩʪʘ ʥʘ ʦʪʚʦʨʘ ʟʘ ʱʠʬʪʘ ʜʦ ʦʩʪʘ ʥʘ ʫʩʪʘʥʦʚʲʯʥʠʷ 

ʢʦʥʫʩ, ʚʟʝʪʦ ʦʪ ʢʦʨʧʫʩʘ 1; 

ɸ5 ï ʨʘʜʠʘʣʥʦʪʦ ʙʠʝʥʝ ʥʘ ʚʨʝʪʝʥʦʪʦ. 
 

 
 

ʌʠʛ. 8.1 ʉʭʝʤʘ ʥʘ ʨʘʟʤʝʨʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʇ ʟʘ ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò 
 

ɿʘ ʢʨʘʪʢʦʩʪ ʪʫʢ ʝ ʧʦʢʘʟʘʥʦ ʨʝʰʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ ʩʘʤʦ ʧʦ ʛʦʣʝʤʠʥʘ ʥʘ 

ʜʦʧʫʩʢʦʚʠʪʝ ʧʦʣʝʪʘ. ʇʨʠʣʘʛʘ ʩʝ ʤʝʪʦʜʲʪ ʥʘ ʥʝʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ, ʪʲʡ 

ʢʘʪʦ ʙʨʦʷʪ ʥʘ ʟʚʝʥʘʪʘ ʝ n > 4. ʇʨʝʩʤʷʪʘ ʩʝ ʩʨʝʜʥʠʷʪ ʜʦʧʫʩʢ ʧʦ ʫʨʘʚʥʝʥʠʝ (8.3
/
): 

                                      mm045,0
16

1,0
TA .ʩʨ =

-
= . 

ʆʪ ʧʦʩʦʯʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʩʲʦʙʨʘʞʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʜʘʜʘʪ: 
 

                                               m24159ATATTA 111 m=+=¡¡+¡= , 

ʢʲʜʝʪʦ ʊɸ1' ʝ ʜʦʧʫʩʢʲʪ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʣʘʩʪʠʥʘʪʘ ʧʦ 8h6; ʊɸ1" ï ʜʦʧʫʩʢʲʪ ʟʘ 

ʠʟʥʦʩʚʘʥʝ ʠ ʨʘʟʩʝʡʚʘʥʝ ʦʪ ʩʠʣʦʚʠʪʝ ʜʝʬʦʨʤʘʮʠʠ; 

          ʊɸ3=0,02 mm  ï ʟʘ ʩʛʣʦʙʢʘ f6ʅ7/h6 [8]; 

 ʊɸ5=0,008 mm  ï ʠʟʤʝʨʝʥʦʪʦ ʨʘʜʠʘʣʥʦ ʙʠʝʥʝ ʥʘ ʤʘʰʠʥʘʪʘ. 
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 ʈʘʟʤʝʨʠʪʝ ɸ2 ʠ ɸ4 ʩʝ ʧʦʣʫʯʘʚʘʪ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦ-ʨʘʟʩʪʲʨʛʚʘʱʘ ʤʘʰʠʥʘ ʠ 

ʩʘ ʨʘʚʥʦʩʪʦʡʥʠ ʧʦ ʩʣʦʞʥʦʩʪ ʥʘ ʧʦʩʪʠʛʘʥʝ. ɿʘ ʪʷʭ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʊAʩʨ., 

ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʥʝʠʟʨʘʟʭʦʜʚʘʥʘʪʘ ʯʘʩʪ ʦʪ ʜʦʧʫʩʢʘ ʥʘ ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʦ. 
 

mm068,0
46

008,002,0024,01,0

4n

AT
TA

2222

.ʩʨ =
-

---
=

-

¡
= D . 

 

ʂʦʦʨʜʠʥʘʪʥʦ-ʨʘʟʩʪʲʨʛʚʘʱʠʪʝ ʤʘʰʠʥʠ ʦʩʠʛʫʨʷʚʘʪ ʜʦʧʫʩʢʠ ʥʘ ʪʦʟʠ ʪʠʧ 

ʨʘʟʤʝʨʠ ʩʲʩ ʩʪʦʡʥʦʩʪʠ Ó 0,05 mm . ʇʨʠʝʤʘ ʩʝ, ʯʝ ʊA2=ʊA4 =0,06mm, ʢʦʝʪʦ 

ʩʲʟʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʟʘʚʠʰʠ ʜʦʧʫʩʢʲʪ ʟʘ ʠʟʥʦʩʚʘʥʝ ʥʘ ʧʣʘʩʪʠʥʠʪʝ.  

ʊʦʛʘʚʘ: 
 

                        mm048,0008,006,002,006,01,0TATATA 22222
4

1i

2

i

2

1 =----=-= ä
=

D , 

 

ʘ ʩʨʦʢʲʪ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʇ ʱʝ ʩʝ ʫʚʝʣʠʯʠ 2·3 ʧʲʪʠ. 

 ʀʟʚʲʨʰʚʘ ʩʝ ʧʨʦʚʝʨʢʘ ʧʦ ʫʩʣʦʚʠʝ (8.1
/
) 

 

                           mm0998,0008,006,002,006,0048,0TA 22222 =++++=D , 
 

ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ. 
 

 2.2 ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʘ ʦʧʝʨʘʮʠʷ ñʇʨʦʙʠʚʥʘ Iò 

 ʈʘʟʤʝʨʥʘʪʘ ʚʝʨʠʛʘ ʟʘ ʇ (ʬʠʛ. 5.7) ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. 8.2. 

ʉʲʩʪʘʚʥʠ ʟʚʝʥʘ ʩʘ: 

ɸ1 ï ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʦʧʦʨʥʘʪʘ ʧʣʘʩʪʠʥʘ; 

ɸ2 ï ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʤʦʥʪʘʞʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʜʦ ʦʩʪʘ ʥʘ ʦʪʚʦʨʘ ʟʘ ʱʠʬʪʘ 

ʚʟʝʪʦ ʦʪ ʜʝʪʘʡʣ 13; 

ɸ3 ï ʭʣʘʙʠʥʘʪʘ ʤʝʞʜʫ ʱʠʬʪʘ ʠ ʦʪʚʦʨʘ (ʢʦʥʜʫʢʪʦʨʥʘʪʘ ʧʣʦʯʘ 20 ʝ 

ʬʠʢʩʠʨʘʥʘ ʩ ʱʠʬʪʦʚʝ 28 ʢʲʤ ʢʦʨʧʫʩʘ 13, ʢʘʪʦ ʱʠʬʪʦʚʝʪʝ ʩʘ ʟʘʧʨʝʩʦʚʘʥʠ ʚ 

ʢʦʨʧʫʩʘ ʠ ʩʝ ʩʛʣʦʙʷʚʘʪ ʩ ʦʪʚʦʨʠʪʝ ʥʘ ʧʣʦʯʘʪʘ ʧʦ ʅ7/h6); 

ɸ4 ï ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʦʩʪʘ ʥʘ ʦʪʚʦʨʘ ʟʘ ʱʠʬʪʘ ʜʦ ʦʩʪʘ ʥʘ ʦʪʚʦʨʘ ʟʘ 

ʚʪʫʣʢʠʪʝ; 

ɸ5 ï ʨʘʜʠʘʣʥʦʪʦ ʙʠʝʥʝ ʥʘ ʧʨʝʭʦʜʥʘʪʘ ʚʪʫʣʢʘ; 

ɸ6 ï ʭʣʘʙʠʥʘʪʘ ʤʝʞʜʫ ʢʦʥʜʫʢʪʦʨʥʘʪʘ ʠ ʧʨʝʭʦʜʥʘʪʘ ʚʪʫʣʢʘ; 

ɸ7 ï ʨʘʜʠʘʣʥʦʪʦ ʙʠʝʥʝ ʥʘ ʢʦʥʜʫʢʪʦʨʥʘʪʘ ʚʪʫʣʢʘ; 

ɸ8 ï ʭʣʘʙʠʥʘʪʘ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʢʦʥʜʫʢʪʦʨʥʘʪʘ ʚʪʫʣʢʘ; 

ɺ ʩʣʫʯʘʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʤʝʪʦʜʘ ʥʘ ʥʝʧʲʣʥʘʪʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ 

(n > 4). 

 ʇʨʝʩʤʷʪʘ ʩʝ ʩʨʝʜʥʠʷʪ ʜʦʧʫʩʢ ʧʦ ʫʨʘʚʥʝʥʠʝ (8.3
/
): 

 

                                              mm035,0
19

1,0
TA .ʩʨ =

-
= . 
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ʌʠʛ. 8.2 ʉʭʝʤʘ ʥʘ ʨʘʟʤʝʨʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʇ ʟʘ ʦʧʝʨʘʮʠʷ ñʇʨʦʙʠʚʥʘ Iò 

 

 ʂʘʢʪʦ ʧʨʠ ʩʪʨʫʛʦʚʦʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ (ʟʘʜʘʯʘ 1) ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʜʘʜʘʪ: 
 

                                m24159ATATTA 111 m=+=¡¡+¡= , 
 

ʊɸ3 = 0,02 mm - ʟʘ ʩʛʣʦʙʢʘ f6ʅ7/h6 [8]; ʊɸ5 = 0,03 mm [2]; ʊɸ6 = 0,034 

mm - ʟʘ ʩʛʣʦʙʢʘ ʅ7/h6 [8]; ʊɸ7 = 0,03 mm  [2]; 

ʊɸ8=0,029mm - ʟʘ ʩʛʣʦʙʢʘ f20G5/h6,  ʧʨʠ ʯʠʩʪʦ ʨʘʡʙʝʨʦʚʘʥʝ [6]. 

 ɿʘ ʦʩʪʘʥʘʣʠʪʝ ʟʚʝʥʘ ɸ2 ʠ ɸ4 ʩʝ ʧʨʝʩʤʷʪʘ ʦʪʥʦʚʦ ʊɸʩʨ., ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ 

ʥʝʠʟʧʦʣʟʚʘʥʘʪʘ ʯʘʩʪ ʦʪ ʜʦʧʫʩʢʘ ʥʘ ʟʘʪʚʘʨʷʱʦʪʦ ʟʚʝʥʦ DAT ¡: 
 

                         
( )

( ) mm0723,0029,003,0034,003,002,0024,01,0
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ʇʨʠʝʤʘ ʩʝ ʊɸ2 = ʊɸ4 = 0,05 mm, ʢʘʢʚʘʪʦ ʪʦʯʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʦ-ʨʘʟʩʪʲʨʛʚʘʱʘ ʤʘʰʠʥʘ. 

 ʀʟʚʲʨʰʚʘ ʩʝ ʧʨʦʚʝʨʢʘ ʧʦ ʫʩʣʦʚʠʝ (8.1
/
): 

 

                         mm0988,0029,0034,003,0.202,005,0.2024,0TA 222222 =+++++=D , 

ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ.  
 

3. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

3.1 ɺʩʝʢʠ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʚʘ ʯʝʨʪʝʞ ʥʘ ʇ, ʢʘʪʦ ʠʥʜʠʚʠʜʫʘʣʥʘ ʟʘʜʘʯʘ; 

      3.2 ʉʣʝʜʚʘʡʢʠ ʤʝʪʦʜʠʢʘʪʘ ʦʪ ʪ.1, ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʜʦʧʫʩʢʠʪʝ ʥʘ 

ʨʘʟʤʝʨʠʪʝ ʥʘ ʇ ʠ ʭʣʘʙʠʥʠʪʝ ʚ ʩʲʝʜʠʥʝʥʠʷʪʘ ʤʫ, ʛʘʨʘʥʪʠʨʘʱʠ 

ʪʦʯʥʦʩʪʪʘ ʥʘ ʟʘʜʘʜʝʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 9 
 

ʋʅʀɺɽʈʉɸʃʅʆ - ʉɻʃʆɹʗɽʄʀ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ 

 

1. ʆɹʑʀ ʇʆʃʆɾɽʅʀʗ  

ɺ ʩʲʚʨʝʤʝʥʥʦʪʦ ʤʘʰʠʥʦʩʪʨʦʝʥʝ ʩʝ ʪʲʨʩʷʪ  ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʧʪʠʤʘʣʥʘ 

ʩʝʨʠʡʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʢʦʦʧʝʨʠʨʘʥʝ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʜʨʝʙʥʦ ʠ ʩʨʝʜʥʦʩʝʨʠʡʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʝʤʘʪ ʛʦʣʷʤ ʜʷʣ ʠ ʟʥʘʯʠʪʝʣʥʦ ʧʨʝʚʠʰʘʚʘʪ ʧʦ ʧʨʦʤʠʰʣʝʥʘ 

ʧʨʦʜʫʢʮʠʷ ʝʜʨʦʩʝʨʠʡʥʦʪʦ ʠ ʤʘʩʦʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʦʤʝʥʢʣʘʪʫʨʘʪʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʝʢʠʧʠʨʦʚʢʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʩʝ ʨʘʟʰʠʨʷʚʘ ʩ ʥʦʚʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʦʨʠ ʬʠʨʤʠʪʝ ʩ ʛʦʣʝʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠ ʮʝʭʦʚʝ ʧʦʥʷʢʦʛʘ ʥʝ ʩʘ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʦʩʠʛʫʨʷʚʘʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘʪʘ ʠʤ ʝʢʠʧʠʨʦʚʢʘ. ɿʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʨʘʟʭʦʜʠʪʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ ʠ ʟʘ ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ ʩʨʦʢʦʚʝʪʝ 

ʟʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʥʦʚʠ ʠʟʜʝʣʠʷ ʩʝ ʧʨʠʣʘʛʘ ʝʢʠʧʠʨʦʚʢʘ, ʠʟʛʨʘʜʝʥʘ ʥʘ ʘʛʨʝʛʘʪʝʥ 

ʧʨʠʥʮʠʧ ʦʪ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʩʛʣʦʙʷʝʤʠ ʠʣʠ ʩʤʝʥʷʝʤʠ ʝʣʝʤʝʥʪʠ.  

ʉʲʱʥʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʩʠʩʪʝʤʘ ʫʥʠʚʝʨʩʘʣʥʦ ʩʛʣʦʙʷʝʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

(ʋʉʇ) ʧʨʝʜʧʦʣʘʛʘ ʥʘʣʠʯʠʝ ʥʘ ʦʪʜʝʣʥʠ ʩʲʩʪʘʚʥʠ ʝʣʝʤʝʥʪʠ (ʙʘʟʦʚʠ, ʢʦʨʧʫʩʥʠ, 

ʫʩʪʘʥʦʚʲʯʥʠ, ʟʘʢʨʝʧʚʘʱʠ, ʢʨʝʧʝʞʥʠ ʠ ʜʨ.), ʢʦʠʪʦ ʠʤʘʪ ʧʦʜʭʦʜʷʱʠ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʠ ʧʦʚʲʨʭʥʠʥʠ ʧʦʟʚʦʣʷʚʘʱʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʠ ʨʝʛʫʣʠʨʘʥʝ ʥʘ 

ʪʷʭʥʦʪʦ ʚʟʘʠʤʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʩʲʦʙʨʘʟʥʦ ʢʦʥʢʨʝʪʥʦʪʦ ʇ.  

ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʢʦʥʢʨʝʪʥʦ ʇ ʦʪ ʢʦʤʧʣʝʢʪ ʝʣʝʤʝʥʪʠ ʟʘ ʋʉʇ ʩʝ ʩʚʝʞʜʘ 

ʜʦ ʩʛʣʦʙʷʚʘʥʝʪʦ ʤʫ ʧʦ ʟʘʜʘʜʝʥʘ ʟʘʛʦʪʦʚʢʘ. ɽʣʝʤʝʥʪʠʪʝ ʥʘ ʋʉʇ ʩʝ ʩʚʲʨʟʚʘʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʥʪʦʚʠ, ʰʧʠʣʢʦʚʠ ʠʣʠ ʙʦʣʪʦʚʠ ʩʲʝʜʠʥʝʥʠʷ. 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʷʪʘ ʦʪ ʩʠʩʪʝʤʠʪʝ ʋʉʇ ʟʘʜʦʚʦʣʷʚʘʪ ʧʦʪʨʝʙʥʦʩʪʠʪʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩ ʯʝʩʪʦ ʧʨʦʤʝʥʷʱʘ ʩʝ ʧʨʦʛʨʘʤʘ, ʢʘʪʦ ʜʨʝʙʥʦʩʝʨʠʡʥʦ, 

ʨʝʤʦʥʪʥʦ, ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʨʝʟʝʨʚʥʠ ʯʘʩʪʠ, ʘ ʩʲʱʦ ʪʘʢʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʲʨʚʠ 

ʦʙʨʘʟʮʠ ʧʨʠ ʫʩʚʦʷʚʘʥʝ ʥʘ ʥʦʚʠ ʠʟʜʝʣʠʷ. ʍʘʨʘʢʪʝʨʝʥ ʙʝʣʝʛ ʥʘ ʋʉʇ ʝ ʪʷʭʥʘʪʘ 

ʦʙʨʘʪʠʤʦʩʪ ʠʣʠ ʛʲʚʢʘʚʦʩʪ, ʪ.ʝ. ʚʲʟʤʦʞʥʦʩʪʪʘ ʠʤ ʜʘ ʩʝ ʥʘʩʪʨʦʡʚʘʪ ʟʘ 

ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠ ʩ ʨʘʟʣʠʯʥʘ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʠ. 

ɺʩʷʢʦ ʢʦʥʢʨʝʪʥʦ ʩʛʣʦʙʝʥʦ ʇ ʝ ʩʧʝʮʠʘʣʥʦ, ʪʲʡ ʢʘʪʦ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʟʘ 

ʝʜʥʘ ʦʧʝʨʘʮʠʷ ʦʪ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʜʘʜʝʥ ʜʝʪʘʡʣ. ʉʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ 

ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʇ ʩʝ ʨʘʟʛʣʦʙʷʚʘ ʠ ʝʣʝʤʝʥʪʠʪʝ ʤʫ ʩʝ ʚʨʲʱʘʪ ʚ ʢʦʤʧʣʝʢʪʘ ʥʘ 

ʩʢʣʘʜ. ʋʥʠʚʝʨʩʘʣʥʦʩʪ ʧʨʠʪʝʞʘʚʘ ʩʘʤʠʷ ʢʦʤʧʣʝʢʪ ʋʉʇ, ʪʲʡ ʢʘʪʦ ʙʣʘʛʦʜʘʨʝʥʠʝ 

ʥʘ ʚʠʩʦʢʘʪʘ ʪʦʯʥʦʩʪ ʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʤʫ, ʩʲʱʠʪʝ ʤʦʛʘʪ ʜʘ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʤʥʦʛʦʢʨʘʪʥʦ ʚ ʜʨʫʛʠ ʢʦʤʧʘʥʦʚʢʠ ʥʘ ʇ. ʇʦ ʪʘʢʲʚ ʥʘʯʠʥ ʩ 

ʦʪʜʝʣʥʠʪʝ ʇ ʩʝ ʨʘʙʦʪʠ ʩʨʘʚʥʠʪʝʣʥʦ ʢʨʘʪʢʦ ʚʨʝʤʝ, ʢʦʝʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʘʨʪʠʜʘʪʘ, ʘ ʮʝʣʠʷʪ ʢʦʤʧʣʝʢʪ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 

ʤʥʦʛʦ ʛʦʜʠʥʠ. 

 

2. ʆʉʅʆɺʅʀ ʉʀʉʊɽʄʀ ʋʉʇ 

ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʝ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘ ʦʪ ʋʉʇ: 

- ʩʠʩʪʝʤʘ ʰʧʦʥʢʦʚʠ ʢʘʥʘʣʠ; 

- ʩʠʩʪʝʤʘ ʦʪʚʦʨʠ 
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ʇʨʠ ʩʠʩʪʝʤʘʪʘ ñʢʘʥʘʣʠò (ʬʠʛ. 9.1) ʙʘʟʦʚʠʪʝ ʠ ʢʦʨʧʫʩʥʠʪʝ ʜʝʪʘʡʣʠ ʩʘ 

ʩʥʘʙʜʝʥʠ ʩ ʤʨʝʞʘ ʦʪ ʊ-ʦʙʨʘʟʥʠ ʢʘʥʘʣʠ, ʯʠʠʪʦ ʨʘʟʤʝʨʥʠ ʩʪʲʧʢʠ ʩʘ 

ʫʥʠʬʠʮʠʨʘʥʠ. ɺ ʢʘʥʘʣʠʪʝ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʰʧʦʥʢʠ, ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʩʚʲʨʟʘʥʠʪʝ ʝʣʝʤʝʥʪʠ. ɿʘʢʨʝʧʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʘʣʥʠ ʙʦʣʪʦʚʝ, ʛʣʘʚʠʪʝ ʥʘ ʢʦʠʪʦ ʚʣʠʟʘʪ ʚ ʊ-ʦʙʨʘʟʥʠʪʝ ʢʘʥʘʣʠ. 

ʊʘʟʠ ʩʠʩʪʝʤʘ ʝ ʧʦ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʧʨʘʢʪʠʢʘ. 
 

 
ʌʠʛ.9.1 ʋʥʠʚʝʨʩʘʣʥʦ-ʩʛʣʦʙʷʝʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʧʨʦʙʠʚʥʘ (ʘ) 

 ʠ ʬʨʝʟʦʚʘ(ʙ) ʦʧʝʨʘʮʠʠ  
 

ʇʨʠ ʩʠʩʪʝʤʘʪʘ ñʦʪʚʦʨʠò ʙʘʟʦʚʠʪʝ ʠ ʢʦʨʧʫʩʥʠʪʝ ʜʝʪʘʡʣʠ ʩʘ ʩʥʘʙʜʝʥʠ ʩ 

ʢʦʦʨʜʠʥʘʪʥʘ ʤʨʝʞʘ ʦʪ ʦʪʚʦʨʠ. ʈʘʟʤʝʨʠʪʝ ʥʘ ʦʪʚʦʨʠʪʝ ʠ ʪʝʭʥʠʪʝ ʤʝʞʜʫʦʩʦʚʠ 

ʨʘʟʩʪʦʷʥʠʷ ʩʘ ʫʥʠʬʠʮʠʨʘʥʠ. ʆʪʚʦʨʠʪʝ ʩʘ ʩʪʲʧʘʣʥʠ, ʢʘʪʦ 2/3 ʦʪ ʜʲʣʞʠʥʘʪʘ ʠʤ ʝ 

ʛʣʘʜʢʘ, ʦʙʨʘʙʦʪʝʥʘ ʧʦ ʅ6, ʘ ʦʩʪʘʥʘʣʘʪʘ ʜʦʣʥʘ ʯʘʩʪ ʝ ʩ ʧʦ-ʤʘʣʲʢ ʜʠʘʤʝʪʲʨ ʠ ʚ 

ʥʝʷ ʝ ʥʘʨʷʟʘʥʘ ʨʝʟʙʘ. ɻʣʘʜʢʘʪʘ ʯʘʩʪ ʥʘ ʦʪʚʦʨʠʪʝ ʩʣʫʞʠ ʟʘ ʙʘʟʠʨʘʥʝ, ʘ ʨʝʟʙʦʚʘʪʘ 

ï ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʩʛʣʦʙʷʝʤʠʪʝ ʝʣʝʤʝʥʪʠ. ʊʘʟʠ ʩʠʩʪʝʤʘ ʝ ʧʦʣʫʯʠʣʘ ʧʦ-ʤʘʣʢʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ. 
 

3. ʂʆʄʇʃɽʂʊ ɽʃɽʄɽʅʊʀ ɿɸ ʋʉʇ 

ɺ ʦʙʱʠʷ ʩʣʫʯʘʡ ʚʩʝʢʠ ʢʦʤʧʣʝʢʪ ʝʣʝʤʝʥʪʠ ʟʘ ʋʉʇ (ʩʠʩʪʝʤʘ ñʢʘʥʘʣʠò) 

ʩʲʜʲʨʞʘ ʩʣʝʜʥʠʪʝ ʜʝʪʘʡʣʠ (ʚʲʟʣʠ): ʙʘʟʦʚʠ, ʢʦʨʧʫʩʥʠ, ʙʘʟʠʨʘʱʠ, ʟʘʢʨʝʧʚʘʱʠ, 

ʢʨʝʧʝʞʥʠ, ʩʧʦʤʘʛʘʪʝʣʥʠ ʠ ʥʝʨʘʟʛʣʦʙʷʝʤʠ ʚʲʟʣʠ. ɿʘ ʢʨʘʪʢʦʩʪ ʪʫʢ ʩʘ ʨʘʟʛʣʝʜʘʥʠ 

ʩʘʤʦ ʥʷʢʦʠ ʭʘʨʘʢʪʝʨʥʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʝʣʝʤʝʥʪʠ ʟʘ ʋʉʇ. ɽʜʠʥ ʧʲʣʝʥ 

ʢʦʤʧʣʝʢʪ ʋʉʇ  ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʛʦʣʷʤ ʙʨʦʡ (ʜʦ 30000) ʝʣʝʤʝʥʪʘ, ʦʪ 

ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʢʦʤʧʣʝʢʪʦʚʘʪ ʛʦʣʷʤ ʙʨʦʡ (ʜʦ 300) ʥʘʡ-ʨʘʟʣʠʯʥʠ ʇ [6,10]. 
 

3.1 ɹʘʟʦʚʠ ʜʝʪʘʡʣʠ (ʬʠʛ.9.2) 

ʀʟʧʦʣʟʚʘʪ ʩʝ ʟʘ ʦʩʥʦʚʠ ʥʘ ʇ, ʢʲʤ ʢʦʠʪʦ ʩʝ ʟʘʢʨʝʧʚʘʪ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ 

ʝʣʝʤʝʥʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʨʘʙʦʪʝʥʠ ʚ ʪʷʭ ñʊò ʦʙʨʘʟʥʠ ʢʘʥʘʣʠ. ʂʲʤ ʪʷʭ ʩʝ 

ʦʪʥʘʩʷʪ ʧʨʦʚʦʲʛʲʣʥʠ ʧʣʦʯʠ (ʘ), ʢʨʲʛʣʠ ʧʣʦʯʠ (ʙ), ʲʛʲʣʥʠʮʠ (ʚ), ʢʦʣʦʥʠ ʠ ʜʨ. 
 

3.2 ʂʦʨʧʫʩʥʠ ʜʝʪʘʡʣʠ (ʬʠʛ.9.3) 

ʉʣʫʞʘʪ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʢʦʨʧʫʩʠʪʝ ʥʘ ʇ. ʊʝ ʩʝ ʤʦʥʪʠʨʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ 

ʢʲʤ ʙʘʟʦʚʠʪʝ ʜʝʪʘʡʣʠ ʩʲʱʦ ʧʦʩʨʝʜʩʪʚʦʤ ñʊò ʦʙʨʘʟʥʠ ʢʘʥʘʣʠ ʩʲʩ ʩʲʱʠʪʝ 

ʩʪʲʧʢʠ ʠ ʨʘʟʤʝʨʠ ʥʘ ʩʝʯʝʥʠʝʪʦ. ʊʘʢʠʚʘ ñʊò ʦʙʨʘʟʥʠ ʢʘʥʘʣʠ ʚʲʨʭʫ ʢʦʨʧʫʩʥʠʪʝ 

ʜʝʪʘʡʣʠ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʠ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʩʣʝʜʚʘʱʠʪʝ ʝʣʝʤʝʥʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘ. 

ɹʠʚʘʪ: ʦʧʦʨʠ (ʧʨʘʚʦʲʛʲʣʥʠ (ʘ), ʲʛʣʦʚʠ (ʙ)), ʧʨʠʟʤʠ (ʚ), ʧʣʘʥʢʠ (ʛ,ʜ), 

ʢʦʥʜʫʢʪʦʨʥʠ ʧʣʘʥʢʠ (ʝ) ʠ ʜʨ. 
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ʌʠʛ. 9.2 ɹʘʟʦʚʠ ʜʝʪʘʡʣʠ 

 

 
 

ʌʠʛ. 9.3 ʂʦʨʧʫʩʥʠ ʜʝʪʘʡʣʠ 
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3.3 ʆʨʠʝʥʪʠʨʘʱʠ ʜʝʪʘʡʣʠ (ʬʠʛ. 9.4) 

ʉʣʫʞʘʪ ʟʘ ʬʠʢʩʠʨʘʥʝ ʥʘ ʢʦʨʧʫʩʥʠʪʝ ʜʝʪʘʡʣʠ ʚ ʇ ʠ ʟʘ ʙʘʟʠʨʘʥʝ ʥʘ 

ʟʘʛʦʪʦʚʢʠʪʝ. ɺ ʪʘʟʠ ʛʨʫʧʘ ʚʣʠʟʘʪ: ʰʧʦʥʢʠ, ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʚ ñʊò ʦʙʨʘʟʥʠ ʢʘʥʘʣʠ 

(ʘ), ʮʝʥʪʨʠ (ʙ), ʙʘʟʠʨʘʱʠ ʧʘʣʮʠ (ʚ,ʛ), ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ, ʢʦʥʜʫʢʪʦʨʥʠ ʚʪʫʣʢʠ 

ʠ ʜʨ. 

 
 

ʌʠʛ. 9.4 ʆʨʠʝʥʪʠʨʘʱʠ ʜʝʪʘʡʣʠ 

 

3.4 ɿʘʢʨʝʧʚʘʱʠ ʜʝʪʘʡʣʠ (ʬʠʛ. 9.5) 

ʉʣʫʞʘʪ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ ʚ ʇ. ʊʘʢʠʚʘ ʩʘ: ʧʣʘʥʢʠ, ʧʨʠʭʚʘʪʠ ʠ ʜʨ. 
 

 
 

ʌʠʛ. 9.5 ɿʘʢʨʝʧʚʘʱʠ ʜʝʪʘʡʣʠ 

 

3.5 ʂʨʝʧʝʞʥʠ ʜʝʪʘʡʣʠ (ʬʠʛ.9.6) 

ʉʣʫʞʘʪ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʇ ʠ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ. 

ɺ ʪʘʟʠ ʛʨʫʧʘ ʚʣʠʟʘʪ ʙʦʣʪʦʚʝ (ʘ, ʙ,ʚ), ʰʧʠʣʢʠ (ʛ), ʛʘʡʢʠ (ʜ,ʝ,ʞ). 
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ʌʠʛ. 9.6 ʂʨʝʧʝʞʥʠ ʜʝʪʘʡʣʠ 

 

3.6 ʉʧʦʤʘʛʘʪʝʣʥʠ ʜʝʪʘʡʣʠ (ʬʠʛ. 9.7) 

ʂʲʤ ʪʘʟʠ ʛʨʫʧʘ ʩʝ ʦʪʥʘʩʷʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʜʝʪʘʡʣʠ ʩ ʦʙʱʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ: ʚʠʣʢʠ (ʘ), ʧʨʫʞʠʥʠ (ʙ), ʧʣʘʥʢʠ (ʚ), ʨʲʢʦʭʚʘʪʢʠ (ʛ), ʲʛʲʣʥʠʮʠ, 

ʢʦʥʟʦʣʠ ʠ ʜʨ. 
 

                         
                                          ʘ                                                                   ʙ 

                             
                             ʚ                                                               ʛ 
 

ʌʠʛ. 9.7 ʉʧʦʤʘʛʘʪʝʣʥʠ  ʜʝʪʘʡʣʠ 
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4. ʇʈʀʄɽʈʅʆ ʇʈʀʉʇʆʉʆɹʃɽʅʀɽ 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʠʟʛʨʘʜʝʥʦ ʦʪ ʢʦʤʧʣʝʢʪ ʝʣʝʤʝʥʪʠ ʟʘ ʋʉʇ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʪʘʡʣ ñʂʦʥʟʦʣʘò (ʬʠʛ.9.8), ʧʨʠ ʩʚʨʝʜʣʦʚʘʥʝ 

ʥʘ 4 ʦʪʚʦʨʘ f2,5 ʟʘ ʨʝʟʙʘ ʄ3, ʚʲʨʭʫ ʚʝʨʪʠʢʘʣʥʦ-ʧʨʦʙʠʚʥʘ ʤʘʰʠʥʘ ʇʂ20, ʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ. 9.9. 

ɺʲʨʭʫ ʙʘʟʦʚʘʪʘ ʧʣʦʯʘ (ʧʦʟ. 1), ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʥʪ 7, ʝ ʫʩʪʘʥʦʚʝʥ ʧʘʣʝʮ 6 ʠ 

ʪʨʠ ʦʧʦʨʠ (ʧʦʟ. 5). ɿʘʛʦʪʦʚʢʘʪʘ ʩʝ ʙʘʟʠʨʘ ʚʲʨʭʫ ʪʨʠʪʝ ʦʧʦʨʠ ʧʦ ʜʦʣʥʘʪʘ ʩʠ 

ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ ʠ ʧʦ ʦʪʚʦʨʘ ʚ ʧʘʣʝʮʘ 6, ʢʘʪʦ ʲʛʣʦʚʦʪʦ ʙʘʟʠʨʘʥʝ ʩʝ 

ʦʩʠʛʫʨʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʣʘʥʢʠ 4. ɿʘʪʷʛʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʝ 

ʟʘʪʷʛʘʱʠ ʧʣʘʥʢʠ (ʧʦʟ. 2), ʯʨʝʟ ʧʦʜʧʨʫʞʠʥʥʠ ʚʠʥʪʦʚʠ ʩʲʝʜʠʥʝʥʠʷ (ʛʘʡʢʘ 3). 

ʂʦʥʜʫʢʪʦʨʥʘʪʘ ʧʣʦʯʘ 11, ʩʲʜʲʨʞʘʱʘ ʯʝʪʠʨʠ ʥʝʧʦʜʚʠʞʥʠ ʢʦʥʜʫʢʪʦʨʥʠ ʚʪʫʣʢʠ, 

ʝ ʩʚʲʨʟʘʥʘ ʩ ʙʘʟʦʚʘʪʘ ʧʣʦʯʘ 1, ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʠ ʧʣʘʥʢʠ 10, ʦʩʠʛʫʨʝʥʠ ʩʨʝʱʫ 

ʚʟʘʠʤʥʦ ʟʘʚʲʨʪʘʥʝ, ʯʨʝʟ ʪʨʠ ʰʧʦʥʢʠ 9 ʠ ʟʘʢʨʝʧʝʥʘ ʯʨʝʟ ʙʦʣʪʦʚʦ ʩʲʝʜʠʥʝʥʠʝ 

(ʧʦʟ. 8). ʇʦʩʨʝʜʩʪʚʦʤ ʦʧʦʨʘʪʘ 12 ʩʝ ʥʘʩʪʨʦʡʚʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʇ ʢʲʤ ʤʘʩʘʪʘ 

ʥʘ ʧʨʦʙʠʚʥʘʪʘ ʤʘʰʠʥʘ. 

 

 
 

ʌʠʛ. 9.8 ʇʨʠʤʝʨʝʥ ʜʝʪʘʡʣ ñʂʦʥʟʦʣʘò 
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ʌʠʛ. 9.9 ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʠʟʛʨʘʜʝʥʦ ʦʪ ʢʦʤʧʣʝʢʪ ʋʉʇ ʟʘ ʧʨʦʙʠʚʘʥʝ  

ʥʘ 4 ʦʪʚʦʨʘ f2,5 ʚ ʜʝʪʘʡʣ ñʂʦʥʟʦʣʘò 

 

5. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

5.1 ʉʪʫʜʝʥʪʠʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʥʘʣʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʦʪ ʢʦʤʧʣʝʢʪ ʋʉʇ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʇ, ʩʛʣʦʙʝʥʠ ʦʪ ʥʝʛʦ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʝʥ 

ʜʝʪʘʡʣ; 

5.2 ʇʨʠ ʟʘʜʘʜʝʥʠ: ʯʝʨʪʝʞ ʥʘ ʜʝʪʘʡʣ, ʟʘʛʦʪʦʚʢʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʤʘʨʰʨʫʪ ʟʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʜʨʝʙʥʦʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʠʟʚʲʨʰʚʘ 

ʩʣʝʜʥʦʪʦ: 

1) ʉʲʩʪʘʚʷ ʩʝ ʩʭʝʤʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʟʘ ʟʘʜʘʜʝʥʘ 

ʦʧʝʨʘʮʠʷ; 

2) ɿʘ ʦʧʝʨʘʮʠʷʪʘ ʩʝ ʩʛʣʦʙʷʚʘ ʇ ʦʪ ʥʘʣʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘ 

ʋʉʇ. 
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ʋʇʈɸɾʅɽʅʀɽ ˉ 10 
 

ʀʂʆʅʆʄʀʏɽʉʂɸ ɽʌɽʂʊʀɺʅʆʉʊ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗʊɸ 

 

1. ʄɽʊʆɼʀʏʅʀ ɹɽʃɽɾʂʀ  

1.1 ʆʩʥʦʚʥʠ ʧʦʣʦʞʝʥʠʷ ʥʘ ʤʝʪʦʜʠʢʘʪʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ [5,6] 
ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʇ ʝ 

ʚʘʞʝʥ ʝʪʘʧ ʦʪ ʪʷʭʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʢʦʡʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʝʜʠ, ʧʦ ʚʨʝʤʝ ʠ ʩʣʝʜ 

ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ ʇ. ʇʨʠ ʪʦʚʘ ʩʝ ʩʨʘʚʥʷʚʘʪ ʚʘʨʠʘʥʪʠ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʢʦʥʢʨʝʪʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʦʧʝʨʘʮʠʷ ʩʲʩ ʠ ʙʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʇ ʠʣʠ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʇ, ʦʩʠʛʫʨʷʚʘʱʠ ʧʦʣʫʯʘʚʘʥʝ 

ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʦʙʨʘʙʦʪʢʘ, ʥʦ ʨʘʟʣʠʯʘʚʘʱʠ ʩʝ ʧʦ ʩʣʦʞʥʦʩʪ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʠ ʩʝʙʝʩʪʦʡʥʦʩʪ. 

ʄʝʪʦʜʠʢʘʪʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʇ ʩʝ 

ʦʩʥʦʚʘʚʘ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʩʲʧʦʩʪʘʚʷʥʝ ʨʘʟʭʦʜʠʪʝ ʚʢʣʶʯʚʘʱʠ ʢʦʥʩʪʨʫʠʨʘʥʝ, 

ʠʟʨʘʙʦʪʚʘʥʝ, ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ ʜʨ. ʩ ʥʘʤʘʣʝʥʘʪʘ ʪʨʫʜʦʧʦʛʣʲʱʘʝʤʦʩʪ, ʧʦ-ʤʘʣʢʠʪʝ 

ʨʘʟʭʦʜʠ ʟʘ ʨʘʙʦʪʥʘ ʟʘʧʣʘʪʘ ʠ ʜʨ. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʇ ʝ ʝʬʝʢʪʠʚʥʦ ʩʧʨʷʤʦ ʚʘʨʠʘʥʪʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʙʝʟ ʇ, 

ʘʢʦ ʝ ʠʟʧʲʣʥʝʥʦ ʥʝʨʘʚʝʥʩʪʚʦʪʦ 
 

                               ʈ Ò ʝN ,             (10.1) 
 

ʢʲʜʝʪʦ ʈ ʩʘ ʛʦʜʠʰʥʠʪʝ ʨʘʟʭʦʜʠ ʟʘ ʇ, ʟʘʚʠʩʝʱʠ ʦʪ ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʤʫ, ʚʨʝʤʝʪʦ 

ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʠ ʦʣʠʭʚʷʚʘʥʝʪʦ ʥʘ ʠʥʚʝʩʪʠʨʘʥʠʷ ʢʘʧʠʪʘʣ, ʣʚ./ʛʦʜ.; ʝ ï 

ʠʢʦʥʦʤʠʯʝʩʢʠʷʪ ʝʬʝʢʪ, ʧʦʣʫʯʘʚʘʥ ʧʨʠ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʝʜʠʥ ʜʝʪʘʡʣ ʚ ʜʘʜʝʥʦʪʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʣʚ./ʙʨ.; N ï ʛʦʜʠʰʥʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ, ʙʨ. 

ɻʨʘʥʠʯʝʥ ʩʣʫʯʘʡ ʥʘ ʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʇ ʝ ʪʦʟʠ, ʧʨʠ ʢʦʡʪʦ 

ʥʝʨʘʚʝʥʩʪʚʦʪʦ (10.1) ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʨʘʚʝʥʩʪʚʦ. ʊʦʚʘ ʨʘʚʝʥʩʪʚʦ ʦʧʨʝʜʝʣʷ ʥʘʡ-

ʛʦʣʝʤʠʪʝ ʜʦʧʫʩʪʠʤʠ ʛʦʜʠʰʥʠ ʨʘʟʭʦʜʠ ʟʘ ʇ ʧʨʠ ʟʘʜʘʜʝʥʘ ʛʦʜʠʰʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ. ʅʘʡ-ʤʘʣʢʘʪʘ ʛʦʜʠʰʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ 

Nmin, ʧʨʠ ʢʦʷʪʦ ʩʝ ʚʲʟʩʪʘʥʦʚʷʚʘʪ ʨʘʟʭʦʜʠʪʝ ʟʘ ʇ, ʦʩʠʛʫʨʷʚʘʱʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʜʘʜʝʥ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ, ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʦʪʥʦʰʝʥʠʝʪʦ 
 

                                      
e

P
N =min .      (10.2) 

ɸʢʦ ʦʙʝʤʲʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʛʦʜʠʰʥʠʪʝ ʨʘʟʭʦʜʠ ʟʘ ʇ ʩʘ ʠʟʚʝʩʪʥʠ, ʪʦ 

ʥʘʡ-ʤʘʣʢʠʷʪ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ʝmin, ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʩ ʠʟʧʦʣʟʚʘʥʝ 

ʥʘ ʇ, ʱʝ ʙʲʜʝ 
 

                                     
N

P
e =min .       (10.3) 

ʉʫʤʘʨʥʠʷʪ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ (ʧʝʯʘʣʙʘʪʘ) ʚ ʣʚ./ʛʦʜ. ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ 

ʥʘ ʝʜʥʦ ʇ ʚ ʪʝʯʝʥʠʝ ʥʘ ʛʦʜʠʥʘʪʘ ʝ 
 

                                   ɽʩ=ɽr ï P,        (10.4) 
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ʢʲʜʝʪʦ ɽr = eN ʝ ʛʦʜʠʰʥʠʷʪ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ, ʧʦʣʫʯʘʚʘʥ ʦʪ ʦʙʨʘʙʦʪʚʘʥʝʪʦ 

ʥʘ ʚʩʠʯʢʠ ʜʝʪʘʡʣʠ ʦʪ ʛʦʜʠʰʥʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ ʚ ʇ, ʣʚ./ʛʦʜ. 

 ʇʨʠ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ ʥʷʢʦʣʢʦ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʇ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʜʘʜʝʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʦʧʝʨʘʮʠʷ ʥʘʡ-ʝʬʝʢʪʠʚʥʦ ʝ ʪʦʚʘ ʇ, ʯʠʡʪʦ ʩʫʤʘʨʝʥ 

ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ɽʩ ʝ ʥʘʡ-ʛʦʣʷʤ. 
 

1.2. ʀʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ [5,6] 
ʆʩʥʦʚʝʥ ʬʘʢʪʦʨ, ʚʣʠʷʝʱ ʚʲʨʭʫ ʠʢʦʥʦʤʠʯʝʩʢʠʷ ʝʬʝʢʪ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʇ, ʝ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʪʨʫʜʦʧʦʛʣʲʱʘʝʤʦʩʪʪʘ ʥʘ ʦʧʝʨʘʮʠʠʪʝ. ʇʦʩʣʝʜʥʦʪʦ ʟʘʚʠʩʠ 

ʦʪ ʩʲʚʲʨʰʝʥʩʪʚʦʪʦ ʥʘ ʇ (ʥʘʧʨ. ʥʘʣʠʯʠʝ ʠʣʠ ʣʠʧʩʘ ʥʘ ʙʲʨʟʦʜʝʡʩʪʚʘʱʠ 

ʟʘʢʨʝʧʚʘʱʠ ʠ ʟʘʜʚʠʞʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ). 

ʅʘʤʘʣʝʥʘʪʘ ʪʨʫʜʦʧʦʛʣʲʱʘʝʤʦʩʪ ʩʥʠʞʘʚʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʨʘʙʦʪʥʘ ʟʘʧʣʘʪʘ 

ʥʘ ʦʩʥʦʚʥʠʪʝ ʨʘʙʦʪʥʠʮʠ ʠ ʨʘʟʭʦʜʠʪʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ, ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ 

ʘʤʦʨʪʠʟʘʮʠʷ ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ. ʅʘʤʘʣʷʚʘʪ ʩʝ ʠ ʫʩʣʦʚʥʦ-ʧʦʩʪʦʷʥʥʠʪʝ 

(ʥʝʟʘʚʠʩʝʱʠ ʦʪ ʦʙʝʤʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ) ʨʘʟʭʦʜʠ. 

ʀʢʦʥʦʤʠʯʝʩʢʠʷʪ ʝʬʝʢʪ ʝ, ʧʦʣʫʯʘʚʘʥ ʦʪ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ 

ʨʘʙʦʪʥʘ ʟʘʧʣʘʪʘ ʟʘ ʝʜʠʥ ʜʝʪʘʡʣ ʥʘ ʜʘʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʦʧʝʨʘʮʠʷ, ʩ ʦʪʯʠʪʘʥʝ 

ʥʘ ʮʝʭʦʚʠʪʝ ʨʘʟʭʦʜʠ ʅ (ʚ ʧʨʦʮʝʥʪʠ ʦʪ ʦʩʥʦʚʥʘʪʘ ʨʘʙʦʪʥʘ ʟʘʧʣʘʪʘ), ʩʚʲʨʟʘʥʠ ʩ 

ʨʘʙʦʪʘʪʘ ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ, ʝ 
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ʢʲʜʝʪʦ ʊʝʜ,1, Teʜ,2 ʩʘ ʝʜʠʥʠʯʥʠʪʝ ʢʘʣʢʫʣʘʮʠʦʥʥʠ ʚʨʝʤʝʥʘ ʟʘ ʠʟʧʲʣʥʷʚʘʥʝ ʥʘ 

ʦʧʝʨʘʮʠʷʪʘ ʩ ʜʚʝ ʨʘʟʣʠʯʥʠ ʇ ʧʨʝʜʠ ʠ ʩʣʝʜ ʝʢʠʧʠʨʘʥʝʪʦ ʠ ʩ ʇ, min [9]; ɿ1, ɿ2 ï 

ʟʘʧʣʘʪʘʪʘ ʟʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʚʘʣʠʬʠʢʘʮʠʷ, ʣʚ./h; ʂï ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ 

ʥʘʯʠʩʣʝʥʠʷʪʘ ʚʲʨʭʫ ʟʘʧʣʘʪʘʪʘ (ɼʆʆ). 

 ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʇ ʯʝʩʪʦ ʚʦʜʠ ʜʦ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʧʨʦʮʝʩ ʧʦʨʘʜʠ ʦʪʧʘʜʘʥʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠ ʦʧʝʨʘʮʠʠ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠʷ ʝʬʝʢʪ, ʦʪʥʝʩʝʥ ʢʲʤ ʝʜʥʦ ʇ, ʝ ʧʨʘʚʠʣʥʦ ʜʘ ʩʝ 

ʦʪʯʠʪʘ ʥʝ ʩʘʤʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʪʨʫʜʦʧʦʛʣʲʱʘʝʤʦʩʪʪʘ ʥʘ ʝʢʠʧʠʨʘʥʠʪʝ 

ʦʧʝʨʘʮʠʠ, ʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ ʢʘʪʦ ʮʷʣʦ ʧʦ ʬʦʨʤʫʣʘʪʘ 
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ʢʲʜʝʪʦ m ʝ ʙʨʦʷʪ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ ʩ ʧʨʦʤʝʥʝʥʘ 

ʪʨʫʜʦʧʦʛʣʲʱʘʝʤʦʩʪ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʪʧʘʜʥʘʣʠʪʝ; ʄï ʙʨʦʷʪ ʥʘ ʇ, ʚʥʝʜʨʝʥʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ. 

 ɸʢʦ ʚ ʩʨʘʚʥʷʚʘʥʠʪʝ ʚʘʨʠʘʥʪʠ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʣʠʯʥʦ ʦʙʦʨʫʜʚʘʥʝ, ʥʘʧʨ. 

ʢʦʦʨʜʠʥʘʪʥʘ ʧʨʦʙʠʚʥʦ-ʨʘʟʩʪʲʨʛʚʘʱʘ ʤʘʰʠʥʘ ʩʝ ʟʘʤʝʥʷ ʩ ʚʝʨʪʠʢʘʣʥʦ-

ʧʨʦʙʠʚʥʘ, ʩʝ ʦʪʯʠʪʘʪ ʠ ʨʘʟʣʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʟʘ ʝʜʠʥʠʮʘ ʚʨʝʤʝ ʨʘʙʦʪʘ ʥʘ 

ʦʙʦʨʫʜʚʘʥʝʪʦ. ʀʢʦʥʦʤʠʯʝʩʢʠʷʪ ʝʬʝʢʪ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʝ 
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ʢʲʜʝʪʦ ʈʝ,1 ʠ ʈʝ,2 ʩʘ ʨʘʟʭʦʜʠʪʝ ʟʘ 1 ʤʘʰʠʥʦʯʘʩ ʨʘʙʦʪʘ ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ʟʘ 

ʩʨʘʚʥʷʚʘʥʠʪʝ ʚʘʨʠʘʥʪʠ (ʙʝʟ ʦʪʯʠʪʘʥʝ ʟʘʧʣʘʪʘʪʘ ʥʘ ʨʘʙʦʪʥʠʮʠʪʝ), ʣʚ./h [9]. 
 

1.3 ɻʦʜʠʰʥʠ ʨʘʟʭʦʜʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

(ʉʇ) [5,6] 
ɻʦʜʠʰʥʠʪʝ ʨʘʟʭʦʜʠ ʈʉʇ ʩʝ ʦʧʨʝʜʝʣʷʪ ʩ ʠʟʨʘʟʘ 
 

                  ʈʉʇ = ʉʉʇ (1 + 0,01ɚ)
ʊ
 (ɸʘ + ɸʝ),     (10.8) 

ʢʲʜʝʪʦ ʉʉʇ ʝ ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʇ, ʣʚ.; ɸʘ ï ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʷ         

(
T

1
Aʘ= ); ɸʝ ï ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʇ; l - ʛʦʜʠʰʥʘ 

ʣʠʭʚʘ,%; ʊ ï ʩʨʦʢ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʇ (ʧʨʦʛʥʦʟʝʥ), ʛʦʜ. 

 ʉʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʉʇ ʚʢʣʶʯʚʘ  ʨʘʟʭʦʜʠʪʝ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʤʫ ʚ ʤʝʪʘʣ ʠ 

ʟʘ ʥʝʛʦʚʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ. ʊʷ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʧʦ ʪʨʠ ʥʘʯʠʥʘ: ʧʦ 

ʬʘʢʪʠʯʝʩʢʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʷ ʮʝʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʦʪʜʝʣ ʥʘ 

ʬʠʨʤʘʪʘ; ʯʨʝʟ ʦʧʨʝʜʝʣʷʥʝ ʨʘʟʭʦʜʘ ʥʘ ʤʘʪʝʨʠʘʣ ʠ ʥʦʨʤʠʨʘʥʝ ʥʘ ʨʘʙʦʪʠʪʝ ʧʦ 

ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ ʥʘ ʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʘʪʘ 

ʜʦʢʫʤʝʥʪʘʮʠʷ; ʧʦ ʦʙʦʙʱʝʥʠ ʥʦʨʤʘʪʠʚʥʠ ʜʘʥʥʠ. ʇʲʨʚʠʪʝ ʜʚʘ ʥʘʯʠʥʘ ʩʝ 

ʧʨʠʣʘʛʘʪ, ʢʦʛʘʪʦ ʇ ʝ ʠʟʨʘʙʦʪʝʥʦ ʠʣʠ ʩʝ ʥʘʤʠʨʘ ʚ ʧʨʦʮʝʩ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ. 

ʊʨʝʪʠʷʪ ʥʘʯʠʥ ʝ ʧʨʠʣʦʞʠʤ ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʟʭʦʜʠʪʝ, ʢʦʛʘʪʦ ʯʨʝʟ 

ʩʲʧʦʩʪʘʚʷʥʝ ʩʝ ʪʲʨʩʠ ʝʬʝʢʪʠʚʝʥ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʇ. 

 ʇʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʨʘʟʭʦʜʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʲʨʰʠ, ʢʘʪʦ ʯʨʝʟ 

ʘʥʘʣʠʟ ʥʘ ʠʜʝʡʥʘ ʩʢʠʮʘ ʥʘ ʇ ʩʝ ʦʧʨʝʜʝʣʠ ʩʣʦʞʥʦʩʪʪʘ ʤʫ ʚʲʟ ʦʩʥʦʚʘ ʥʘ: 

ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʩ ʇ, ʙʨʦʡ ʥʘ ʜʝʪʘʡʣʠʪʝ ʤʫ (ʚʢʣ. ʩʪʘʥʜʘʨʪʥʠʪʝ), 

ʙʨʦʡ ʥʘ ʦʨʠʛʠʥʘʣʥʠʪʝ ʤʫ ʜʝʪʘʡʣʠ, ʛʘʙʘʨʠʪʠ ʥʘ ʇ, ʚʠʜ ʥʘ ʪʷʣʦʪʦ ʤʫ, ʥʘʯʠʥ ʥʘ 

ʜʝʡʩʪʚʠʝ, ʚʠʜ ʥʘ ʟʘʜʚʠʞʚʘʱʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ ʟʘ 

ʟʘʢʨʝʧʚʘʥʝ. ʉʣʝʜ ʪʦʚʘ ʦʪ ʪʘʙʣʠʮʠ ʠ ʥʦʤʦʛʨʘʤʠ (ʬʠʛ. 10.1, ʪʘʙʣ. 10.1 [5,11]) ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʦʙʦʙʱʝʥʠ ʥʦʨʤʘʪʠʚʥʠ ʜʘʥʥʠ, ʩ ʢʦʠʪʦ ʩʝ ʠʟʯʠʩʣʷʚʘʪ ʨʘʟʭʦʜʠʪʝ ʟʘ 

ʢʦʥʩʪʨʫʠʨʘʥʝ ʈʢ ʠ ʠʟʨʘʙʦʪʚʘʥʝ ʈʀ ʠ ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʉʉʇ ʥʘ ʇ ʧʦ ʬʦʨʤʫʣʠʪʝ: 
 

                            ( )( )( )ʂʅʂʏʂʂ ʅʂdɿʩɿɿbnaP 01,011 +++++= ,   (10.9) 

                                          ( )ʀʇʀʀ ʅʂɿʊʈ 01,01 ++= ,    (10.10) 

                                             ʀʂʄʉʇ ʈʈʈʉ ++= ,      (10.11) 

ʢʲʜʝʪʦ ʘ, b, c, d ʩʘ ʥʦʨʤʘʪʠʚʥʠ ʢʦʝʬʠʮʠʝʥʪʠ; n1 ï ʙʨʦʷʪ ʥʘ ʜʝʪʘʡʣʠʪʝ ʥʘ ʇ; ɿʢ ï 

ʟʘʧʣʘʪʘʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʣʚ./h; ɿʯ ï ʟʘʧʣʘʪʘʪʘ ʥʘ ʯʝʨʪʦʞʥʠʢʘ, ʣʚ./h; ɿʥʢ ï 

ʟʘʧʣʘʪʘʪʘ ʥʘ ʥʦʨʤʦʢʦʥʪʨʦʣʘ, ʣʚ./h; ʅʢ ï ʮʝʭʦʚʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʷ 

ʦʪʜʝʣ, %; ʊʀ ï ʥʦʨʤʘʪʠʚʥʦʪʦ ʚʨʝʤʝ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ, h, ʟʘʚʠʩʝʱʦ ʦʪ ʙʨʦʷ ʥʘ 

ʦʨʠʛʠʥʘʣʥʠʪʝ ʤʫ ʜʝʪʘʡʣʠ n2; ɿʇ ï ʟʘʧʣʘʪʘʪʘ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ, ʣʚ./h; ʅʀ ï 

ʮʝʭʦʚʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʷ ʮʝʭ, %; ʈʤ ï ʨʘʟʭʦʜʠʪʝ ʟʘ ʤʘʪʝʨʠʘʣʠ, ʣʚ. 

 

ʉʧʦʨʝʜ ʩʪʝʧʝʥʪʘ ʥʘ ʩʣʦʞʥʦʩʪ ʇ ʙʠʚʘʪ [5,6]: 
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I. ʄʘʣʢʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʛʘʙʘʨʠʪʠ ʜʦ 200 ʭ 200 ʭ 200 mm) ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ 

ʩ ʥʘʤʘʣʝʥʠ ʠʟʠʩʢʚʘʥʠʷ, ʩ ʧʨʦʩʪʠ ʪʝʣʘ (ʧʣʦʯʠ), ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʝʥʠ ʢʲʤ 

ʤʘʰʠʥʘʪʘ ʠʣʠ ʧʦʜʚʠʞʥʠ ʟʘʝʜʥʦ ʩ ʦʙʨʘʙʦʪʚʘʥʘʪʘ ʟʘʛʦʪʦʚʢʘ, ʙʝʟ ʝʣʝʤʝʥʪʠ 

ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, n1 = 2 õ 20, n2 Ò 5. 

II. ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ ʝʜʥʦʤʝʩʪʥʠ, ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʝʥʠ, ʩ ʛʘʙʘʨʠʪʠ ʧʦʜ 500 

ʭ 500 ʭ 500 mm, ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʝʜʠʥ ʧʨʝʭʦʜ, ʩ ʧʨʦʩʪʠ (ʧʣʦʯʠ, ʧʨʲʪʠ) 

ʠʣʠ ʩʨʝʜʥʦ ʩʣʦʞʥʠ ʪʝʣʘ (ʩ ʇ, ɻ, ʊ ʬʦʨʤʘ; ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʮʠʣʠʥʜʨʠ), ʩ ʨʲʯʥʦ 

ʟʘʢʨʝʧʝʥʠ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, n1 = 5 õ 35,     n2 = 3 õ 15. 

III.  ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʜʝʪʘʡʣʠ ʚ ʝʜʥʘ 
ʨʘʚʥʠʥʘ, ʩ ʧʨʦʩʪʠ ʜʦ ʩʣʦʞʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʟʘʢʨʝʧʚʘʥʝ, ʝʜʥʦ- ʠʣʠ 

ʤʥʦʛʦʤʝʩʪʥʠ; ʧʨʠ ʤʘʣʢʠ ʛʘʙʘʨʠʪʠ ʩʲʩ ʩʣʦʞʥʠ (ʬʦʨʤʘ ʥʘ ʢʫʪʠʷ ʩ ʧʦʚʝʯʝ ʦʪ 

ʪʨʠ ʩʪʝʥʠ) ʠʣʠ ʩʨʝʜʥʦ ʩʣʦʞʥʠ ʪʝʣʘ, ʥʝʧʦʜʚʠʞʥʠ ʠʣʠ ʧʦʜʚʠʞʥʠ; ʧʨʠ 

ʩʨʝʜʥʠ ʛʘʙʘʨʠʪʠ ʩʲʩ ʩʨʝʜʥʦ ʩʣʦʞʥʠ ʪʝʣʘ, ʥʝʧʦʜʚʠʞʥʠ; ʧʨʠ ʛʘʙʘʨʠʪʠ ʥʘʜ 

500 ʭ 500 ʭ 500 mm ʩ ʧʨʦʩʪʠ ʪʝʣʘ, ʥʝʧʦʜʚʠʞʥʠ; n1 = 10 õ 50, n2 = 7 õ 20. 

IV. ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʜʝʪʘʡʣʘ ʚ ʥʷʢʦʣʢʦ 
ʨʘʚʥʠʥʠ, ʩ ʧʨʦʩʪʠ ʜʦ ʩʣʦʞʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʟʘʢʨʝʧʚʘʥʝ, ʝʜʥʦ- ʠʣʠ 

ʤʥʦʛʦʤʝʩʪʥʠ; ʧʨʠ ʤʘʣʢʠ ʛʘʙʘʨʠʪʠ ʩʲʩ ʩʣʦʞʥʠ ʪʝʣʘ, ʩ ʧʦʜʚʠʞʥʠ ʯʘʩʪʠ; 

ʧʨʠ ʩʨʝʜʥʠ ʛʘʙʘʨʠʪʠ ʩʲʩ ʩʨʝʜʥʦ ʩʣʦʞʥʠ ʠʣʠ ʩʣʦʞʥʠ ʪʝʣʘ, ʩ ʠʣʠ ʙʝʟ 

ʧʦʜʚʠʞʥʠ ʯʘʩʪʠ; ʧʨʠ ʛʦʣʝʤʠ ʛʘʙʘʨʠʪʠ ʩʲʩ ʩʨʝʜʥʦ ʩʣʦʞʥʠ ʪʝʣʘ, 

ʥʝʧʦʜʚʠʞʥʠ; ʤʥʦʛʦʚʨʝʪʝʥʥʠ ʛʣʘʚʠ; n1 = 20 õ 65, n2 = 15 õ 35. 

V. ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʩʣʦʞʥʠ ʜʝʪʘʡʣʠ, ʩ ʧʨʦʩʪʠ ʜʦ ʩʨʝʜʥʦ 

ʩʣʦʞʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʟʘʢʨʝʧʚʘʥʝ, ʝʜʥʦ- ʠʣʠ ʤʥʦʛʦʤʝʩʪʥʠ; ʧʨʠ ʩʨʝʜʥʠ 

ʛʘʙʘʨʠʪʠ ʩʲʩ ʩʣʦʞʥʠ ʪʝʣʘ, ʩ ʧʦʜʚʠʞʥʠ ʯʘʩʪʠ; ʧʨʠ ʛʦʣʝʤʠ ʛʘʙʘʨʠʪʠ ʩʲʩ 

ʩʣʦʞʥʠ ʠʣʠ ʩʨʝʜʥʦ ʩʣʦʞʥʠ ʪʝʣʘ, ʥʝʧʦʜʚʠʞʥʠ ʠʣʠ ʩ ʧʦʜʚʠʞʥʠ ʯʘʩʪʠ; 

ʨʝʚʦʣʚʝʨʥʠ ʛʣʘʚʠ; n1 = 20 õ80, n2 = 15 õ 55. 

VI. ɻʦʣʝʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʤʥʦʛʦʧʨʝʭʦʜʥʦ ʦʙʨʘʙʦʪʚʘʥʝ ʩʲʩ ʩʣʦʞʥʠ ʪʝʣʘ, 

ʩ ʧʦʜʚʠʞʥʠ ʯʘʩʪʠ, ʝʜʥʦ- ʠʣʠ ʤʥʦʛʦʤʝʩʪʥʠ, ʤʝʭʘʥʠʟʠʨʘʥʠ ʩ ʨʲʯʥʦ 

ʟʘʜʚʠʞʚʘʥʝ; n1 = 30 õ 100, n2 > 20. 

VII.  ɸʚʪʦʤʘʪʠʟʠʨʘʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʧʥʝʚʤʘʪʠʯʥʠ, ʭʠʜʨʘʚʣʠʯʥʠ ʠʣʠ 

ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʥʠ ʟʘʜʚʠʞʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ; n1 > 30, n2 > 20. 

                                                                                                              ʊʘʙʣ. 10.1 

ɻʨʫʧʘ ʥʘ ʩʣʦʞʥʦʩʪ 1 2 3 4 5 6 7 

 

ʂʦʝʬʠʮʠʝʥʪʠ 

a 1,50 2,25 3,38 5,10 4,48 6,05 8,17 

b 0,15 0,30 0,45 0,60 1,00 1,20 1,40 

c 1 1 1 0,8 0,7 0,6 0,5 

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

ʆʩʚʝʥ ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʉʇ ʩʝ ʦʧʨʝʜʝʣʷʪ ʠ ʩʨʦʢʲʪ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʤʫ 

ʊ, ʠ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʷ ɸʘ. ʊʦʟʠ ʩʨʦʢ ʟʘʚʠʩʠ ʦʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʊʠ ʥʘ ʠʟʜʝʣʠʝʪʦ ʠ ʦʪ ʬʠʟʠʯʝʩʢʦʪʦ ʠʟʥʦʩʚʘʥʝ ʥʘ ʇ, ʢʘʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʝ ʦʪ 1 ʜʦ 5 ʛʦʜʠʥʠ. 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ɸʝ, ʦʪʯʠʪʘʱ ʛʦʜʠʰʥʠʪʝ ʨʘʟʭʦʜʠ ʟʘ 

ʩʲʭʨʘʥʷʚʘʥʝ, ʨʝʤʦʥʪ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʉʇ, ʩʝ ʧʨʠʝʤʘ ʦʙʠʢʥʦʚʝʥʦ 0,2. 
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ʌʠʛ. 10.1 ʅʦʤʦʛʨʘʤʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʦʨʤʘʪʠʚʥʦʪʦ ʚʨʝʤʝ  

ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʪʘ ʊʀ 

 

2. ʇʈʀʄɽʈʅʆ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ʀʂʆʅʆʄʀʏɽʉʂɸʊɸ 

ɽʌɽʂʊʀɺʅʆʉʊ 

ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪʠʚʥʠʷʪ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ 

ʦʧʝʨʘʮʠʷ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʚʦʨ f20H7 ʚ ʜʝʪʘʡʣ ñʃʘʛʝʨò (ʬʠʛ. 5.1) ʦʪ 

ʧʨʠʤʝʨʘ ʨʘʟʛʣʝʜʘʥ ʚ ʋʧʨʘʞʥʝʥʠʝ ˉ5. ʉʨʦʢʲʪ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ 

ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʚʘʨʠʘʥʪʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʝ  T = 2 ʛʦʜ. ʎʝʭʦʚʠʪʝ ʨʘʟʭʦʜʠ ʩʘ:     

ʅ = 200 %, ʅʢ = 60 %, ʅʀ = 200 %. ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʝ ɸʝ = 0,2, 

ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʥʘʯʠʩʣʝʥʠʷʪʘ ʚʲʨʭʫ ʟʘʧʣʘʪʘʪʘ ʝ ʂ = 0,3, ʘ ʛʦʜʠʰʥʘʪʘ ʣʠʭʚʘ ʝ 

ɚ = 10 %. 

ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʩʣʝʜ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʚʘʨʠʘʥʪʠʪʝ ʦʧʝʨʘʮʠʠ ʩʘ 

ʜʘʜʝʥʠ ʚ ʪʘʙʣ. 10.2. 
 

                                                                                                                  ʊʘʙʣ. 10.2 
ɺʘʨʠ-

ʘʥʪ 

ɽʜʠʥʠ-

ʯʥʦ 

ʢʘʣʢʫʣʘ-

ʮʠʦʥʥʦ 

ʚʨʝʤʝ 

ʊʝʜ. 

 

 

ɿʘʧʣʘʪʘ 

ɿ ʣʚ/ʯʘʩ 

 

ʈʘʟʭʦʜʠ ʟʘ 

ʦʙʦʨʫʜʚʘ-

ʥʝʪʦ ʈʝ, 

ʣʚ/ʯʘʩ 

 

ɻʨʫʧʘ ʥʘ 

ʩʣʦʞʥʦʩʪ 

ʥʘ ʇ 

ɹʨʦʡ ʥʘ 

ʜʝʪʘʡʣʠ-

ʪʝ ʥʘ ʇ 

n1 

(ʬʠʛ. 5.5, 

5.7) 

ɹʨʦʡ ʥʘ 

ʦʨʠʛʠʥʘʣʥʠ

ʪʝ ʜʝʪʘʡʣʠ 

n2 

(ʬʠʛ. 5.5, 

5.7) 

 

ʉʝʙʝʩʪʦʡʥʦʩʪ 

ʥʘ ʇ 

ʉʉʇ, ʣʚ (ʬ-ʣʘ 

10.11) 

I 6,21 1,7 4,1 III  20 9 226,61 

II  3,79 1,7 0,8 III  29 11 273,53 
  

ʀʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪʠʚʥʠʷʪ ʚʘʨʠʘʥʪ ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʧʨʝʩʤʷʪʘʥʝ ʠ 

ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʩʫʤʘʨʥʠʷ ʛʦʜʠʰʝʥ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ɽʩ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʇ. 
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 ʀʢʦʥʦʤʠʯʝʩʢʠʷʪ ʝʬʝʢʪ ʝ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʇ ʧʨʠ ʦʧʝʨʘʮʠʷñʇʨʦʙʠʚʥʘ 

Iò ʩʧʨʷʤʦ ʇ ʧʨʠ ʦʧʝʨʘʮʠʷ ñʉʪʨʫʛʦʚʘò ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʬʦʨʤʫʣʘ (10.7) 
 

( )
( ) ./6,0

60

8,0.79,31,4.21,6
200.01,03,01

60

7,179,321,6
21 ʜʝʪʣʚe =

-
+++

-
=

 
 

 ɻʦʜʠʰʥʠʷʪ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ɽʛ ʝ ʩʲʦʪʚʝʪʥʦ 
 

ɽʛ21 = ʝ21N  = 0,6 . 1300 = 780 ʣʚ. 
 

 ɻʦʜʠʰʥʠʪʝ ʨʘʟʭʦʜʠ, ʩʚʲʨʟʘʥʠ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʇ, ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ 

ʬʦʨʤʫʣʘ (10.8) 
 

ʈʩʧ1 = 226,61 (1 +0,01.10)
2
 . (0,2 + 0,5) = 191,94 ʣʚ./ʛʦʜ. 

ʈʩʧ2 = 273,53 (1 + 0,01.10)
2
. (0,2 + 0,5) = 231,68 ʣʚ./ʛʦʜ. 

 

 ʉʫʤʘʨʥʠʷʪ ʛʦʜʠʰʝʥ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 2
-ʨʠʷ

 

ʚʘʨʠʘʥʪ ʇ (ʦʧʝʨʘʮʠʷ ñʇʨʦʙʠʚʥʘ Iò), ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʘ (10.4) ʝ 
 

ɽʩ21 = ɽʛ21 ï ʈ = 780 ï (231,68 ï 191,94) = 740,26 ʣʚ./ʛʦʜ. 
 

 ʉʣʝʜʦʚʘʪʝʣʥʦ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪʠʚʥʦ ʝ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʦʪʚʦʨʘ 

f20H7 ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʥʘ ʧʨʦʙʠʚʥʘ ʤʘʰʠʥʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦ-ʛʦʣʝʤʠʪʝ 

ʛʦʜʠʰʥʠ ʨʘʟʭʦʜʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ. 

 

3. ʇʆʉʃɽɼʆɺɸʊɽʃʅʆʉʊ ʅɸ ʈɸɹʆʊɸ ʇʈʀ ʇʈʆɺɽɾɼɸʅɽ ʅɸ 

ʋʇʈɸɾʅɽʅʀɽʊʆ 

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʢʠ ʩʪʫʜʝʥʪ ʜʘ 

ʨʘʟʧʦʣʘʛʘ ʩʲʩ ʩʣʝʜʥʠʪʝ ʤʘʪʝʨʠʘʣʠ: ʥʘʩʪʦʷʱʦʪʦ ʨʲʢʦʚʦʜʩʪʚʦ ʠ ʩʧʨʘʚʦʯʥʠ 

ʤʘʪʝʨʠʘʣʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʝʜʠʥʠʯʥʠʪʝ ʢʘʣʢʫʣʘʮʠʦʥʥʠ ʚʨʝʤʝʥʘ, ʟʘʧʣʘʪʠ ʠ 

ʨʘʟʭʦʜʠ ʟʘ ʦʙʦʨʫʜʚʘʥʝʪʦ. ʇʨʠʤʝʨʥʠ ʩʧʨʘʚʦʯʥʠ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʪʦʯʥʠʮʠ [9] ʠ [10].   

3.1. ʉʪʫʜʝʥʪʠʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʤʝʪʦʜʠʯʥʠʪʝ ʙʝʣʝʞʢʠ (ʪ.1) ʠ 

ʧʨʠʤʝʨʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ (ʪ.2). 

3.2. ʇʦ ʠʥʜʠʚʠʜʫʘʣʥʦ ʟʘʜʘʥʠʝ ʚʩʝʢʠ ʩʪʫʜʝʥʪ ʦʧʨʝʜʝʣʷ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ 
ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʚʘʨʠʘʥʪʠ ʥʘ ʇ (ʤʠʥʠʤʫʤ ʜʚʘ ï ʧʦ ʫʢʘʟʘʥʠʝ ʥʘ 

ʨʲʢʦʚʦʜʠʪʝʣʷ ʥʘ ʫʧʨʘʞʥʝʥʠʝʪʦ). 
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ʂʋʈʉʆɺɸ ɿɸɼɸʏɸ 
 

ʂʆʅʉʊʈʋʀʈɸʅɽ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ ɿɸ 

 ʋʉʊɸʅʆɺʗɺɸʅɽ ʅɸ ɿɸɻʆʊʆɺʂʀʊɽ 

 

1. ʄɽʊʆɼʀʂɸ ɿɸ ʂʆʅʉʊʈʋʀʈɸʅɽ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ ɿɸ 

ʋʉʊɸʅʆɺʗɺɸʅɽ ʅɸ ɿɸɻʆʊʆɺʂʀʊɽ 

 

1.1 ʌɸɿʀ ʀ ɽʊɸʇʀ ʇʈʀ ʂʆʅʉʊʈʋʀʈɸʅɽʊʆ ʅɸ 

ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ 

 

 ɿʘʜʘʯʘʪʘ çʂʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝè ʧʨʦʠʟʪʠʯʘ 

ʢʘʪʦ ʚʪʦʨʠ ʝʪʘʧ ʥʘ ʧʦ-ʦʙʱʘʪʘ ʟʘʜʘʯʘ çʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ 

ʤʝʭʘʥʠʯʥʦ ʦʙʨʘʙʦʪʚʘʥʝè. ʊʷ ʩʝ ʚʲʟʣʘʛʘ ʦʪ ʪʝʭʥʦʣʦʛʘ, ʧʨʦʝʢʪʠʨʘʣ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʜʝʪʘʡʣ ʠ ʩʝ ʠʟʧʲʣʥʷʚʘ ʦʪ 

ʢʦʥʩʪʨʫʢʪʦʨ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʝʢʠʧʠʨʦʚʢʘ. ʇʨʠ ʚʲʟʣʘʛʘʥʝ ʥʘ ʟʘʜʘʯʘʪʘ, 

ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʧʦʣʫʯʘʚʘ ʚʩʠʯʢʠ ʥʝʦʙʭʦʜʠʤʠ ʚʭʦʜʥʠ ʜʘʥʥʠ, ʠʟʠʩʢʚʘʥʠʷ ʠ 

ʢʦʥʢʨʝʪʥʠ ʫʢʘʟʘʥʠʷ ʦʪ ʪʝʭʥʦʣʦʛʘ, ʘ ʩʘʤʦʪʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʩʝ ʠʟʚʲʨʰʚʘ 

ʩʲʛʣʘʩʫʚʘʥʦ ʩ ʥʝʛʦ. ʆʪ ʪʦʚʘ ʩʣʝʜʚʘ, ʯʝ ʟʚʝʥʘʪʘ, ʟʘʥʠʤʘʚʘʱʠ ʩʝ ʩ ʢʦʥʩʪʨʫʠʨʘʥʝ 

ʥʘ ʇ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʢʲʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʪʝ, ʘ ʥʝ ʢʲʤ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʪʝ 

ʦʪʜʝʣʠ ʥʘ ʬʠʨʤʠʪʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ, ʯʝ ʇ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʪʝ ʮʝʭʦʚʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ ʇ, ʢʘʢʪʦ 

ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ ʚʩʝʢʠ ʤʝʭʘʥʠʟʲʤ ʠʣʠ ʫʩʪʨʦʡʩʪʚʦ, ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʝʪʘʧʠ ʠ ʟʘʚʲʨʰʚʘ ʩʲʩ ʩʲʦʪʚʝʪʥʘ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʩʲʛʣʘʩʥʦ 

ɽʉʂɼ. 

 ɽʪʘʧʲʪ ʢʦʥʩʪʨʫʠʨʘʥʝ, ʠʟʨʘʙʦʪʚʘʥʝ ʠ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʇ ʝ ʪʨʫʜʦʝʤʲʢ ʠ 

ʟʘʝʤʘ ʜʦ 80% ʦʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʮʠʢʲʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ 

ʥʦʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʈʘʮʠʦʥʘʣʥʠʪʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʇ ʩʝ 

ʠʟʨʘʙʦʪʚʘʪ ʠ ʚʥʝʜʨʷʚʘʪ ʧʦ-ʣʝʩʥʦ. ʉʲʢʨʘʱʘʚʘʥʝ ʠ ʧʦʝʚʪʠʥʷʚʘʥʝ ʥʘ ʩʘʤʦʪʦ 

ʢʦʥʩʪʨʫʠʨʘʥʝ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ, ʤʘʢʩʠʤʘʣʥʦ ʚʣʘʛʘʥʝ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʠ ʥʦʨʤʘʣʠʟʠʨʘʥʠ ʝʣʝʤʝʥʪʠ 

ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘ. ʈʝʜʠʮʘ ʦʙʝʢʪʠʚʥʠ ʟʘʪʨʫʜʥʝʥʠʷ ʟʘʩʝʛʘ 

ʦʛʨʘʥʠʯʘʚʘʪ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦʪʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʇ. ʉ ʧʦʤʦʱʪʘ ʥʘ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʪʝʭʥʠʢʘ ʩʝ ʨʝʰʘʚʘʪ ʦʪʜʝʣʥʠ ʟʘʜʘʯʠ ʠ ʝʪʘʧʠ ʦʪ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ, 

ʢʦʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʪʨʘʜʠʮʠʦʥʥʠʷ ʥʘʯʠʥ. ʇʨʠʣʘʛʘʥʘʪʘ ʤʝʪʦʜʠʢʘ ʟʘ 

ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʇ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʠ ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪ ʥʘ 

ʩʲʟʜʘʚʘʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʤʠʥʠʤʘʣʝʥ ʨʘʟʭʦʜ ʥʘ ʚʨʝʤʝ. ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʜʠʮʘ 

ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ ʠ ʚʦʜʝʱ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʦʧʠʪ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʨʠʣʦʞʠ 

ʢʘʪʦ ʥʘʡ-ʫʜʘʯʥʘ ʤʝʪʦʜʠʢʘʪʘ [6] ʩ ʘʣʛʦʨʠʪʲʤ, ʠʣʶʩʪʨʠʨʘʥ ʥʘ ʬʠʛ.ʂ.1. ʊʷ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʨʘʮʠʦʥʘʣʥʦʩʪ, ʧʲʣʥʦʪʘ ʠ ʣʦʛʠʯʝʩʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ 

ʦʪʜʝʣʥʠʪʝ ʝʪʘʧʠ. 
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ʌʠʛ. ʂ.1 ʌʘʟʠ ʠ ʝʪʘʧʠ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʩʧʝʮʠʘʣʥʠ ʇ 

ɯɯɯ ʝʪʘʧ 
 (ʉʀʅʊɽɿ ʅɸ 
ʂʆʅʉʊʈʋʂʎʀʗʊɸ ʅɸ 
ʇʈʀʉʇʆʉʆɹʃɽʅʀɽʊʆ) 

 ʈɸɹʆʊʅɸ ʌɸɿɸ  

(ʂʆʅʉʊʈʋʀʈɸʅɽ ʅɸ 
ʇʈʀʉʇʆʉʆɹʃɽ-
ʅʀɽʊʆ) 

ɯ ʝʪʘʧ 
(ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ 
ɽʃɽʄɽʅʊʀʊɽ ʅɸ 
ʇʈʀʉʇʆʉʆɹʃɽʅʀɽʊʆ) 

ɸʥʘʣʠʟ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ 
 

 ʇʆɼɻʆʊɺʀʊɽʃʅɸ ʌɸɿɸ 

(ʆʉʀɻʋʈʗɺɸʅɽ ʀ 
ɸʅɸʃʀɿ ʅɸ ɺʍʆɼʅʀʊɽ 

ɼɸʅʅʀ) 

ɺʭʦʜʥʠ ʜʘʥʥʠ: 
- ʟʘʜʘʥʠʝ ʟʘ ʨʘʟʨʘʙʦʪʢʘ; 
- ʫʩʣʦʚʠʷ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʠ       
ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʇ; 
- ʩʧʝʮʠʘʣʥʘ ʠ ʩʧʨʘʚʦʯʥʘ ʣʠʪʝʨʘʪʫʨʘ 

ʇʨʠʥʮʠʧʥʦ ʨʝʰʝʥʠʝ ʥʘ ʇ 
(ʠʜʝʝʥ ʧʨʦʝʢʪ) 

 

ɹɽ 

ɿʘʪʷʛʘʱʘ ʩʠʣʘ 

ɿʋ 

ɽʣʝʤʝʥʪʠ ʟʘ ʥʘʧʨʘʚʣʷʚʘʥʝ 

ʠ ʥʘʩʪʨʦʡʚʘʥʝ 

ʉʧʦʤʘʛʘʪʝʣʥʠ 

ʝʣʝʤʝʥʪʠ 
ɼʝʣʠʪʝʣʥʠ 

ʫʩʪʨʦʡʩʪʚʘ 
ʂʦʨʧʫʩ 

 ɿɸʂʃʖʏʀʊɽʃʅɸ ʌɸɿɸ 

(ʆʇʈɽɼɽʃʗʅɽ  ʅɸ  
ɽʌɽʂʊʀɺʅʆʉʊʊɸ, 
ʊʆʏʅʆʉʊʊɸ ʀ  
ʉʒɿɼɸɺɸʅɽ ʅɸ 
ɼʆʂʋʄɽʅʊɸʎʀʗ)  

ɸʥʘʣʠʟ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʇ 

ʆʧʨʝʜʝʣʷʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ 
ʠʟʨʘʙʦʪʚʘʥʝ  ʥʘ ʇ 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʇ 

ʉʲʟʜʘʚʘʥʝ ʥʘ ʜʦʢʫʤʝʥʪʘʮʠʷ 

ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ 
ʩʙʦʨʝʥ ʯʝʨʪʝʞ 

ʥʘ ʇ 
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 1.2. ʇʆɼɻʆʊɺʀʊɽʃʅɸ ʌɸɿɸ (ʆʉʀɻʋʈʗɺɸʅɽ ʀ ɸʅɸʃʀɿ ʅɸ 

ɺʍʆɼʅʀʊɽ ɼɸʅʅʀ) 

 

1.2.1 ɺʍʆɼʅʀ ɼɸʅʅʀ 

 

ɺʭʦʜʥʠʪʝ ʜʘʥʥʠ ʩʘ ʜʚʝ ʛʨʫʧʠ. ʇʲʨʚʘʪʘ ʩʝ ʧʦʣʫʯʘʚʘ ʩʲʩ ʟʘʜʘʥʠʝʪʦ ʟʘ 

ʢʦʥʩʪʨʫʠʨʘʥʝ, ʢʘʪʦ ʫʩʪʘʥʦʚʷʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʇ ʠ ʠʟʠʩʢʚʘʥʠʷʪʘ 

(ʪʝʭʥʠʯʝʩʢʠ, ʪʝʭʥʠʢʦ-ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ ʩʧʝʮʠʘʣʥʠ) ʢʲʤ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʤʫ. 

ɿʘʜʘʥʠʝʪʦ ʩʲʜʲʨʞʘ: 1) ʧʲʣʥʠ ʜʘʥʥʠ ʟʘ ʟʘʛʦʪʦʚʢʘʪʘ; 2) ʧʲʣʥʠ ʜʘʥʥʠ ʟʘ ʛʦʪʦʚʠʷ 

ʜʝʪʘʡʣ (ʨʘʙʦʪʝʥ ʯʝʨʪʝʞ, ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʘ ʥʘ ʜʝʪʘʡʣʘ ʚʲʚ 

ʚʲʟʝʣʘ; 3) ʧʲʣʥʠ ʜʘʥʥʠ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʝʪʘʡʣʘ; 

4) ʦʧʝʨʘʮʠʦʥʥʠ ʢʘʨʪʠ ʠ ʩʭʝʤʠ ʥʘ ʦʧʝʨʘʮʠʷʪʘ, ʟʘ ʢʦʷʪʦ ʩʝ ʧʨʦʝʢʪʠʨʘ ʇ, ʠ ʥʘ 

ʧʨʝʜʭʦʜʥʘʪʘ ʦʧʝʨʘʮʠʷ; 5) ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ. 

ɺʪʦʨʘʪʘ ʛʨʫʧʘ ʜʘʥʥʠ ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʝ ʜʣʲʞʝʥ ʩʘʤ ʜʘ ʦʩʠʛʫʨʠ. ʊʝ 

ʚʢʣʶʯʚʘʪ: 1) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʤʘʰʠʥʘʪʘ, ʥʘ ʢʦʷʪʦ ʱʝ ʨʘʙʦʪʠ ʇ (ʬʦʨʤʘ ʠ 

ʨʘʟʤʝʨʠ ʥʘ ʨʘʙʦʪʥʘʪʘ ʟʦʥʘ ʠ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ, ʛʝʦʤʝʪʨʠʯʥʘ 

ʪʦʯʥʦʩʪ ʥʘ ʤʘʰʠʥʘʪʘ ʧʦ ʧʘʩʧʦʨʪ, ʜʲʣʞʠʥʠ ʠ ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʙʦʪʥʠ ʠ ʧʨʘʟʥʠ 

ʭʦʜʦʚʝ); 2) ʩʲʩʪʦʷʥʠʝ ʥʘ ʤʘʰʠʥʘʪʘ ʚ ʤʦʤʝʥʪʘ; 3) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʲʟʤʦʞʥʦʩʪʠ 

ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ ʚ ʤʝʩʪʥʠʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʫʩʣʦʚʠʷ; 4) ʫʩʣʦʚʠʷ ʥʘ 

ʝʢʩʧʣʦʘʪʘʮʠʷ, ʦʙʩʣʫʞʚʘʥʝ ʠ ʨʝʤʦʥʪ ʥʘ ʇ; 5) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠʪʝ 

ʟʘ ʦʧʝʨʘʮʠʷʪʘ; 6) ʜʘʥʥʠ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʘʥʘʣʦʛʠʯʥʠ ʇ; 7) ʩʧʝʮʠʘʣʥʘ ʠ 

ʩʧʨʘʚʦʯʥʘ ʣʠʪʝʨʘʪʫʨʘ. 

 

1.2.2 ɸʅɸʃʀɿ ʅɸ ɺʍʆɼʅʀʊɽ ɼɸʅʅʀ 

 

ʏʨʝʟ ʘʥʘʣʠʟʘ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʩʝ ʩʲʟʜʘʚʘ  ʙʘʟʘ ʟʘ ʧʨʘʚʠʣʝʥ ʠʟʙʦʨ ʥʘ 

ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʇ. ɸʥʘʣʠʟʲʪ ʚʢʣʶʯʚʘ:  

 1. ʀʟʫʯʘʚʘʥʝ ʥʘ ʯʝʨʪʝʞʠʪʝ ʥʘ ʜʝʪʘʡʣʘ ʠ ʟʘʛʦʪʦʚʢʘʪʘ ʟʘ 

ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʦʧʝʨʘʮʠʷ. ʆʪ ʪʷʭ ʩʝ ʠʟʷʩʥʷʚʘʪ ʨʘʟʤʝʨʠʪʝ, ʛʨʘʧʘʚʦʩʪʪʘ ʠ 

ʦʩʪʘʥʘʣʠʪʝ ʪʦʯʥʦʩʪʥʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʦʚʲʨʭʥʠʥʠʪʝ, ʧʨʠʙʘʚʢʠʪʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, ʚʠʜʲʪ ʠ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʨʝʜʚʠʜʝʥʠʪʝ ʦʪ 

ʪʝʭʥʦʣʦʛʘ ʙʘʟʦʚʠ ʧʦʚʲʨʭʥʠʥʠ. ʆʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʚʘ ʜʘ ʩʝ ʦʙʲʨʥʝ ʥʘ 

ʪʦʯʥʦʩʪʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʤʘʣʢʠ ʠ ʧʦ-ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʠ ʜʦʧʫʩʢʠ. 

 2. ʀʟʫʯʘʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʟʘʜʘʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩ. ʆʪ ʥʝʛʦ ʩʝ 

ʠʟʷʩʥʷʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʠ ʧʨʝʭʦʜʠʪʝ, 

ʧʨʠʝʪʦʪʦ ʙʘʟʠʨʘʥʝ, ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʘʣʦʨʝʞʝʱʠ ʤʘʰʠʥʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʘ ʟʘ 

ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʦʧʝʨʘʮʠʷ - ʨʝʞʠʤʠʪʝ ʥʘ ʨʷʟʘʥʝ ʠ ʦʩʠʛʫʨʷʚʘʥʠʪʝ ʤʝʞʜʠʥʥʠ ʠ 

ʦʢʦʥʯʘʪʝʣʥʠ ʪʦʯʥʦʩʪʥʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ; 

 3. ɸʥʘʣʠʟ ʥʘ ʩʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ. ʆʧʨʝʜʝʣʷ ʩʝ ʧʨʠʛʦʜʥʦʩʪʪʘ ʥʘ 

ʩʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ, ʩʲʦʙʨʘʟʥʦ ʧʨʝʜʷʚʝʥʠʪʝ ʪʦʯʥʦʩʪʥʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ 

ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʦʧʝʨʘʮʠʷ. ʆʩʚʝʥ ʪʦʚʘ, ʘʢʦ ʩʝ ʜʦʢʘʞʝ, ʯʝ ʝ ʚʲʟʤʦʞʥʦ 

ʦʧʨʦʩʪʷʚʘʥʝ ʥʘ ʩʭʝʤʘʪʘ, ʨʝʟʫʣʪʘʪʲʪ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʝ ʦʧʨʦʩʪʷʚʘʥʝ 

ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʇ. ʊʘʢʦʚʘ ʠʟʤʝʥʝʥʠʝ ʝ ʜʦʧʫʩʪʠʤʦ ʠ ʩʣʝʜ ʩʲʛʣʘʩʫʚʘʥʝ ʩʝ 

ʚʥʘʩʷ ʦʪ ʪʝʭʥʦʣʦʛʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ. 
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 4. ʆʮʝʥʷʚʘ ʩʝ ʛʦʜʠʰʥʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ. ʆʧʨʝʜʝʣʷ ʪʠʧʲʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʪʘʢʪʲʪ ʥʘ ʨʘʙʦʪʘ ʠ ʩʚʲʨʟʘʥʘʪʘ ʩ ʪʷʭ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʠ 

ʙʲʨʟʦʜʝʡʩʪʚʠʝ ʥʘ ʇ. ɸʥʘʣʠʟʠʨʘ ʩʝ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʪʘʢʪʘ ʥʘ ʨʘʙʦʪʘ ʠ 

ʝʜʠʥʠʯʥʦʪʦ ʢʘʣʢʫʣʘʮʠʦʥʥʦ ʚʨʝʤʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ. ʆʪ ʪʦʟʠ 

ʘʥʘʣʠʟ ʩʝ ʦʧʨʝʜʝʣʷʪ ʥʷʢʦʠ ʦʩʥʦʚʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʇ ï 

ʝʜʥʦʤʝʩʪʥʦ, ʤʥʦʛʦʤʝʩʪʥʦ ʩ ʫʩʧʦʨʝʜʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ 

ʟʘʛʦʪʦʚʢʠʪʝ; ʝʜʥʦ- ʠʣʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦ; ʩ ʨʲʯʥʦ, ʤʝʭʘʥʠʟʠʨʘʥʦ ʠʣʠ 

ʙʲʨʟʦʜʝʡʩʪʚʘʱʦ ɿʋ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʧʨʦʛʨʘʤʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩ ʦʛʣʝʜ ʠʟʙʦʨ ʥʘ 

ʝʬʝʢʪʠʚʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʇ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʟʘʤʷʥʘ ʥʘ ʙʲʨʟʦʠʟʥʦʩʚʘʱʠ ʩʝ 

ʜʝʪʘʡʣʠ. 

 5. ɸʥʘʣʠʟʠʨʘ ʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʥʘ ʤʘʰʠʥʘʪʘ - ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ 

ʧʦʚʲʨʭʥʠʥʠ, ʨʘʟʤʝʨʠ ʥʘ ʨʘʙʦʪʥʘʪʘ ʟʦʥʘ ʠ ʜʲʣʞʠʥʠ ʥʘ ʨʘʙʦʪʥʠʪʝ ʭʦʜʦʚʝ (ʦʪ 

ʥʝʡʥʠʷ ʧʘʩʧʦʨʪ ʠʣʠ ʥʘ ʤʷʩʪʦ). 

6. ʀʟʫʯʘʚʘʥʝ ʠ ʦʮʝʥʢʘ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʇ - ʛʝʦʤʝʪʨʠʯʥʘ 

ʪʦʯʥʦʩʪ ʠ ʬʠʟʠʯʝʩʢʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʤʘʰʠʥʘʪʘ, ʦʙʩʣʫʞʚʘʱʠ ʨʘʙʦʪʥʠʮʠ, ʦʢʦʣʥʠ 

ʩʤʫʱʘʚʘʱʠ ʬʘʢʪʦʨʠ. 

 7. ʇʨʦʫʯʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʷ ʠ ʟʘʛʦʪʚʠʪʝʣʥʠʪʝ ʮʝʭʦʚʝ. 

 8. ʀʟʫʯʘʚʘʥʝ ʥʘ ʧʨʦʛʨʝʩʠʚʥʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʇ ʦʪ ʘʣʙʫʤʠ, ʢʘʪʘʣʦʟʠ ʠ 

ʩʧʝʮʠʘʣʥʘ ʣʠʪʝʨʘʪʫʨʘ, ʢʦʝʪʦ ʝ ʦʪ ʦʩʦʙʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʢʦʥʩʪʨʫʢʪʦʨʠ ʩ ʤʘʣʲʢ 

ʦʧʠʪ. 

 9. ʇʨʦʫʯʚʘʥʝ ʥʘ ʦʧʠʪʘ ʧʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʥʘʣʦʛʠʯʥʠ ʇ ʚ 

ʩʦʙʩʪʚʝʥʘʪʘ ʬʠʨʤʘ. ʊʫʢ ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʠʟʚʣʝʯʝ ʨʘʮʠʦʥʘʣʥʦʪʦ ʦʪ ʩʦʙʩʪʚʝʥʠʷ 

ʦʧʠʪ ʥʘ ʬʠʨʤʘʪʘ, ʥʦ ʝ ʥʝʜʦʧʫʩʪʠʤʦ ʜʘ ʩʝ ʩʪʠʛʘ ʜʦ ʪ.ʥ. ñʩʣʷʧʦ ʢʦʧʠʨʘʥʝò ʥʘ 

ʩʪʘʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʇ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʜʨʫʛʠ ʫʩʣʦʚʠʷ. 

 10 ɸʥʘʣʠʟʠʨʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʚʘʨʠʘʥʪʠ ʥʘ ʇ ʩ ʦʛʣʝʜ 

ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʥʘʡ-ʚʠʩʦʢʘ ʦʯʘʢʚʘʥʘ ʝʬʝʢʪʠʚʥʦʩʪ. 

 ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʠʟʣʦʞʝʥʦʪʦ, ʥʘ ʪʦʟʠ ʝʪʘʧ ʩʝ ʧʨʦʫʯʚʘ ʠ ʘʥʘʣʠʟʠʨʘ 

ʨʘʟʥʦʨʦʜʥʘ, ʩʣʦʞʥʘ, ʘ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʝʪʦ 

ʪʨʫʜʥʦ ʩʝ ʧʦʜʜʘʚʘ ʥʘ ʬʦʨʤʘʣʠʟʠʨʘʥ ʧʦʜʭʦʜ. ɿʘ ʧʨʘʚʠʣʥʦʪʦ ʨʝʰʝʥʠʝ ʛʦʣʷʤʦ 

ʟʥʘʯʝʥʠʝ ʠʤʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷʪ ʦʧʠʪ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

 

 1.2.3 ʇʈʀʅʎʀʇʅʆ ʈɽʐɽʅʀɽ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀɽʊʆ (ʀɼɽɽʅ 

ʇʈʆɽʂʊ) 
 

ʇʨʠʥʮʠʧʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʇ ʩʝ ʜʘʚʘ ʥʘʡ-ʤʘʣʢʦ ʚ ʜʚʘ ʚʘʨʠʘʥʪʘ, ʧʨʠ 

ʦʪʯʠʪʘʥʝ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʬʘʢʪʦʨʠ. ʂʘʢʪʦ ʝ ʠʟʚʝʩʪʥʦ, ʩʧʦʨʝʜ ʩʪʝʧʝʥʪʘ ʥʘ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʇ ʙʠʚʘʪ ʫʥʠʚʝʨʩʘʣʥʠ, ʧʨʝʥʘʩʪʨʦʡʚʘʝʤʠ ʠ ʩʧʝʮʠʘʣʥʠ. 

ʇʦʩʣʝʜʥʠʪʝ ʩʘ ʥʘʡ-ʩʣʦʞʥʠ ʠ ʩʢʲʧʠ. ʈʝʰʝʥʠʝ ʟʘ ʪʘʢʲʚ ʚʘʨʠʘʥʪ ʩʣʝʜʚʘ ʜʘ ʩʝ 

ʚʟʝʤʘ ʩʘʤʦ ʧʨʠ ʦʯʘʢʚʘʥʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʉʧʝʮʠʘʣʥʠʪʝ ʇ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ 

ʢʘʪʦ ʩʝ ʧʨʝʤʠʥʘʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʨʝʟ ʚʩʠʯʢʠ ʝʪʘʧʠ ʥʘ ʘʣʛʦʨʠʪʲʤʘ, ʧʦʢʘʟʘʥ 

ʥʘ ʬʠʛ.ʂ.1. ɸʢʦ ʝ ʧʨʠʝʪʦ ʪʘʢʦʚʘ ʨʝʰʝʥʠʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʪʠʧʲʪ ʥʘ ʇ 

ʩʧʦʨʝʜ ʙʨʦʷ ʥʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʷʚʘʥʠʪʝ ʟʘʛʦʪʦʚʢʠ (ʝʜʥʦ- ʠʣʠ 

ʤʥʦʛʦʤʝʩʪʥʦ) ʠ ʙʨʦʷ ʥʘ ʧʦʟʠʮʠʠʪʝ ʤʫ (ʝʜʥʦ- ʠʣʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦ). ʇʨʠ 

ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʇ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʢʦʤʧʣʝʢʩ ʦʪ ʤʘʪʝʨʠʘʣʥʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠ 
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ʚʨʲʟʢʠ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ ʦʪ ʢʦʠʪʦ ʝ ʠʟʛʨʘʜʝʥʦ, ʢʘʢʪʦ ʠ ʤʝʞʜʫ ʥʝʛʦ ʠ ʜʨʫʛʠʪʝ 

ʝʣʝʤʝʥʪʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʩʠʩʪʝʤʘ çʄʇʀɿè [6]. ʆʪ ʪʦʟʠ ʢʦʤʧʣʝʢʩ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ, ʧʨʠ ʢʦʡʪʦ ʝ ʫʪʦʯʥʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ 

ʦʪ ʩʲʦʪʚʝʪʥʠ ʝʣʝʤʝʥʪʠ, ʩʝ ʠʟʚʝʞʜʘ ʧʨʠʥʮʠʧʘ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʥʢʨʝʪʥʦʪʦ ʇ. 

ʇʨʠʥʮʠʧʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʩʧʝʮʠʘʣʥʦʪʦ ʇ ʤʦʞʝ ʜʘ ʩʝ ʠʣʶʩʪʨʠʨʘ ʩʭʝʤʘʪʠʯʥʦ, 

ʥʦ ʪʦʚʘ ʥʝ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ. 

 ʎʠʢʲʣʲʪ ʢʦʥʩʪʨʫʠʨʘʥʝ ʩʝ ʩʲʢʨʘʱʘʚʘ ʟʥʘʯʠʪʝʣʥʦ, ʘʢʦ ʇ ʥʝ ʝ ʩʧʝʮʠʘʣʥʦ. 

ɸʢʦ ʝ ʧʨʠʝʪ ʚʘʨʠʘʥʪ ʟʘ ʫʥʠʚʝʨʩʘʣʥʦ ʋʉʇ ʠʣʠ ʋʈʇ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦ ʜʘ ʩʝ 

ʧʨʝʩʤʝʪʥʝ ʥʝʦʙʭʦʜʠʤʘʪʘ ʟʘʪʷʛʘʱʘ ʩʠʣʘ Q. ʊʷ ʩʝ ʩʨʘʚʥʷʚʘ ʩ ʨʘʟʚʠʚʘʥʘʪʘ [Q] ʦʪ 

ʥʘʣʠʯʥʦʪʦ ɿʋ ʧʦ ʫʩʣʦʚʠʝʪʦ Q ¢ [Q] ʠ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʩʝ ʧʨʝʢʨʘʪʷʚʘ. ɸʢʦ ʝ 

ʧʨʠʝʪʦ ʨʝʰʝʥʠʝ ʟʘ ʋʅʇ, ʦʩʚʝʥ ʧʨʝʩʤʷʪʘʥʝ ʠ ʧʨʦʚʝʨʢʘ ʥʘ ʟʘʪʷʛʘʱʘʪʘ ʩʠʣʘ, ʩʝ 

ʢʦʥʩʪʨʫʠʨʘʪ ʩʘʤʦ ʩʤʝʥʷʝʤʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʇ ʠ ʮʠʢʲʣʲʪ ʢʦʥʩʪʨʫʠʨʘʥʝ ʩʝ 

ʧʨʝʢʨʘʪʷʚʘ ʧʨʠ ʯʘʩʪʠʯʥʦ ʠʟʧʲʣʥʷʚʘʥʝ ʥʘ ʩʣʝʜʚʘʱʠʷ ʝʪʘʧ. 

ʀʟʣʦʞʝʥʦʪʦ ʧʦʜʯʝʨʪʘʚʘ ʚʘʞʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʝʪʘʧ, ʪʲʡ ʢʘʪʦ ʪʫʢ ʩʝ ʨʝʰʘʚʘ 

ʢʘʨʜʠʥʘʣʝʥ ʚʲʧʨʦʩ ʟʘ ʧʨʘʚʠʣʥʦʪʦ ʧʨʠʥʮʠʧʥʦ ʨʝʰʝʥʠʝ ʥʘ ʇ. 

ʇʦ ʩʲʱʝʩʪʚʦ ʜʦ ʪʫʢ ʟʘʚʲʨʰʚʘ ʧʦʜʛʦʪʚʠʪʝʣʥʘʪʘ ʨʘʙʦʪʘ, ʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʟʘʧʦʯʚʘ ʦʪ ʩʣʝʜʚʘʱʠʷ ʝʪʘʧ. ʃʦʛʠʯʝʩʢʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʤʝʪʦʜʠʢʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʩʧʝʮʠʘʣʥʠ ʇ 

(ʬʠʛ.ʂ.1) ʝ ʩʣʝʜʥʘʪʘ: ʧʲʨʚʦ ʩʝ ʠʟʙʠʨʘʪ ʠʣʠ ʧʨʦʝʢʪʠʨʘʪ ʩʲʩʪʘʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ 

ʇ; ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʩʝ ʦʙʝʜʠʥʷʚʘʪ (ʩʠʥʪʝʟʠʨʘʪ) ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʙʦʨʥʠʷ 

ʯʝʨʪʝʞ ʥʘ ʇ; ʩʲʟʜʘʜʝʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝ ʧʦʜʣʘʛʘ ʥʘ ʪʨʠ ʦʮʝʥʢʠ (ʧʨʦʚʝʨʢʠ) - 

ʧʦ ʠʢʦʥʦʤʠʯʥʦʩʪ, ʩʪʘʙʠʣʥʦʩʪ ʠ ʪʦʯʥʦʩʪ [6]; ʧʨʠ ʫʩʧʝʰʝʥ ʨʝʟʫʣʪʘʪ ʦʪ 

ʧʨʦʚʝʨʢʠʪʝ ʩʝ ʩʲʟʜʘʚʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʝʭʥʠʯʝʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ. 

 

 1.3. ʈɸɹʆʊʅɸ ʌɸɿɸ (ʂʆʅʉʊʈʋʀʈɸʅɽ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀɽʊʆ) 

 

1.3.1 ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ ɽʃɽʄɽʅʊʀʊɽ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀɽʊʆ 

 

1. ʄʘʪʝʨʠʘʣʠʟʠʨʘ ʩʝ ʩʭʝʤʘʪʘ ʟʘ ʙʘʟʠʨʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, ʧʨʠ ʢʦʝʪʦ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʪʠʧʲʪ, ʨʘʟʤʝʨʠʪʝ, ʙʨʦʷʪ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ɹɽ, ʪ.ʝ. ʧʨʝʤʠʥʘʚʘ ʩʝ 

ʦʪ ʙʘʟʦʚʠ ʟʥʘʮʠ ʢʲʤ ʨʝʘʣʥʠ ʦʧʦʨʠ. ʊʠʧʲʪ ʠʤ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʙʘʟʦʚʠʪʝ ʧʦʚʲʨʭʥʠʥʠ, ʙʨʦʷʪ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ - ʦʪ ʩʭʝʤʘʪʘ ʥʘ ʙʘʟʠʨʘʥʝ, ʘ 

ʨʘʟʤʝʨʠʪʝ ʠʤ - ʦʪ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʠ ʨʘʟʤʝʨʠʪʝ ʥʘ ʙʘʟʦʚʠʪʝ ʧʦʚʲʨʭʥʠʥʠ. 

 2. ʆʧʨʝʜʝʣʷ ʩʝ ʧʨʠʣʦʞʥʘʪʘ ʪʦʯʢʘ ʠ ʩʝ ʧʨʝʩʤʷʪʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ Q. ɿʘ ʮʝʣʪʘ ʩʝ ʩʲʩʪʘʚʷ ʠʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ, ʥʘ 

ʢʦʷʪʦ ʩʝ ʥʘʥʘʩʷʪ ʚʩʠʯʢʠ ʜʝʡʩʪʚʘʱʠ ʧʦ ʚʨʝʤʝ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʩʠʣʠ. ʆʪ 

ʰʝʩʪʪʝ ʫʩʣʦʚʠʷ ʥʘ ʩʪʘʪʠʢʘʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʨʘʚʥʦʚʝʩʥʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ. ʊʷ ʩʝ 

ʟʘʚʠʰʘʚʘ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʩʠʛʫʨʥʦʩʪ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʩʨʘʚʥʷʚʘ ʩ ʜʦʧʫʩʪʠʤʘʪʘ. 

3. ʀʟʙʠʨʘ ʩʝ ʪʠʧʲʪ ʠ ʩʝ ʦʧʨʝʜʝʣʷʪ ʨʘʟʤʝʨʠʪʝ ʥʘ ɿʋ ʯʨʝʟ ʩʲʦʪʚʝʪʥʠ 

ʧʨʝʩʤʷʪʘʥʠʷ. ʊʠʧʲʪ ʥʘ ɿʋ ʩʝ ʠʟʙʠʨʘ ʧʨʠ ʦʪʯʠʪʘʥʝ ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʘʙʦʪʘ, 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʩʠʣʘ, ʙʲʨʟʦʜʝʡʩʪʚʠʝ ʠ ʨʘʙʦʪʝʥ ʭʦʜ. 

4. ʆʧʨʝʜʝʣʷ ʩʝ ʪʠʧʲʪ ʠ ʨʘʟʤʝʨʠʪʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʟʘ ʥʘʧʨʘʚʣʷʚʘʥʝ ʠ 

ʥʘʩʪʨʦʡʚʘʥʝ ʥʘ ʨʝʞʝʱʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ - ʢʦʥʜʫʢʪʦʨʥʠ ʚʪʫʣʢʠ, ʰʘʙʣʦʥʠ, 

ʢʦʧʠʨʠ ʠ ʜʨ. ʘʢʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʪʘʢʠʚʘ. 
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 5. ʀʟʙʠʨʘʪ ʩʝ ʠʣʠ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʧʦʤʘʛʘʪʝʣʥʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʟʘ ʥʦʨʤʘʣʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʇ (ʟʘʪʝʛʘʪʝʣʥʠ, ʧʦʜʝʤʥʠ, 

ʠʟʪʣʘʩʢʚʘʯʠ). 

 6. ʀʟʙʠʨʘ ʩʝ ʠ ʩʝ ʢʦʥʩʪʨʫʠʨʘ ʜʝʣʠʪʝʣʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ. ɼʝʣʠʪʝʣʥʦʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʩʝ ʢʦʥʩʪʨʫʠʨʘ, ʧʨʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦ ʇ. ʀʟʭʦʞʜʘʡʢʠ ʦʪ 

ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʠ ʤʘʰʠʥʘʪʘ, ʥʘ ʢʦʷʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘ, ʩʝ ʨʝʰʘʚʘʪ 

ʚʲʧʨʦʩʠʪʝ: ʦʨʠʝʥʪʠʨʘʥʝ ʦʩʪʘ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ; ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ 

ʜʝʣʠʪʝʣʥʠʷ ʜʠʩʢ ʩʧʨʷʤʦ ʟʘʛʦʪʦʚʢʘʪʘ; ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʦʩʪʘ ʥʘ ʬʠʢʩʘʪʦʨʘ ʩʧʨʷʤʦ 

ʜʝʣʠʪʝʣʥʠʷ ʜʠʩʢ; ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʠʢʩʘʪʦʨʘ ʠ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʯʘʩʪ 

ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ ʩʧʨʷʤʦ ʥʝʧʦʜʚʠʞʥʘʪʘ; ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʟʘʜʚʠʞʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ 

ʟʘ ʟʘʚʲʨʪʘʥʝ ʠ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʯʘʩʪ.    

 7. ʂʦʥʩʪʨʫʠʨʘ ʩʝ ʢʦʨʧʫʩʲʪ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ. ʂʦʨʧʫʩʲʪ  ʩʝ ʦʬʦʨʤʷ 

ʪʘʢʘ, ʯʝ ʜʘ ʦʙʝʜʠʥʷʚʘ ʦʪʜʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʇ ʠ ʜʘ ʧʨʠʪʝʞʘʚʘ ʜʦʩʪʘʪʲʯʥʘ 

ʷʢʦʩʪ, ʩʪʘʙʠʣʥʦʩʪ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪ ʧʨʠ ʤʠʥʠʤʘʣʥʘ ʤʘʩʘ. ʌʦʨʤʘʪʘ ʠ 

ʨʘʟʤʝʨʠʪʝ ʥʘ ʙʘʟʠʨʘʱʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʢʦʨʧʫʩʘ ʪʨʷʙʚʘ ʜʘ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ 

ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʤʘʰʠʥʘʪʘ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ 

ʇ ʚʲʨʭʫ ʤʘʰʠʥʘʪʘ ʠ ʙʘʟʠʨʘʥʝʪʦ ʤʫ ʙʝʟ ʨʝʛʫʣʠʨʘʥʝ. ʆʧʨʝʜʝʣʷʪ ʩʝ 

ʩʧʦʤʘʛʘʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʇ ʢʲʤ ʤʘʰʠʥʘʪʘ (ʰʧʦʥʢʠ, 

ʱʠʬʪʦʚʝ, ʫʧʦʨʠ ʠ ʜʨ.). ʀʟʙʠʨʘ ʩʝ ʥʘʯʠʥʲʪ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʦʨʧʫʩʘ. 

ʀʟʧʲʣʥʷʚʘʪ ʩʝ ʥʷʢʦʠ ʧʨʦʚʝʨʦʯʥʠ ʧʨʝʩʤʷʪʘʥʠʷ.    

 ʇʦʩʦʯʝʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʧʦʜʝʪʘʧʠʪʝ ʝ ʟʘʜʲʣʞʠʪʝʣʥʘ, ʪʲʡ ʢʘʪʦ 

ʢʲʤ ʩʣʝʜʚʘʱʠʷ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʤʠʥʝ ʩʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ. ʇʨʠ 

ʠʟʧʲʣʥʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʧʦʜʝʪʘʧʠ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ 2, ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʧʘʟʚʘʪ ʜʚʝ 

ʧʨʝʧʦʨʲʢʠ: ʤʘʢʩʠʤʘʣʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʠ ʥʦʨʤʘʣʠʟʠʨʘʥʠ 

ʝʣʝʤʝʥʪʠ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʩʧʝʮʠʘʣʥʠ ʪʘʢʠʚʘ ʩʝ ʢʦʥʩʪʨʫʠʨʘʪ ʩʘʤʦ ʚ ʩʣʫʯʘʠʪʝ, 

ʢʦʛʘʪʦ ʝ ʥʝʚʲʟʤʦʞʥʦ ʠʣʠ ʥʝʫʜʘʯʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʪʘʥʜʘʨʪʥʠ; ʧʨʠʝʪʠʪʝ 

ʨʝʰʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʩʘ ʥʘʧʲʣʥʦ ʠʟʷʩʥʝʥʠ, ʦʨʘʟʤʝʨʝʥʠ ʠ ʟʘʚʲʨʰʝʥʠ, ʟʘ ʜʘ ʥʝ ʩʝ 

ʥʘʣʘʛʘ ʧʦ-ʥʘʪʘʪʲʢ ʧʦʚʪʦʨʥʦ ʚʨʲʱʘʥʝ ʢʲʤ ʪʷʭ ʟʘ ʩʧʨʘʚʢʘ ʠʣʠ ʜʦʫʪʦʯʥʷʚʘʥʝ. 

 

1.3.2 ʉʀʅʊɽɿ ʅɸ ʂʆʅʉʊʈʋʂʎʀʗʊɸ (ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ ʉɹʆʈɽʅ 

ʏɽʈʊɽɾ ʅɸ ʇʈʀʉʇʆʉʆɹʃɽʅʀɽʊʆ) 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ ʥʘ 

ʇ ʝ ʦʥʘʛʣʝʜʝʥʘ ʩ ʧʨʠʤʝʨʘ ʦʪ ʋʧʨʘʞʥʝʥʠʝ 5 (ʬʠʛ. 5.1). 

ʅʘʡ-ʥʘʧʨʝʜ ʩʝ ʥʘʯʝʨʪʘʚʘʪ ʢʦʥʪʫʨʠʪʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʩ ʫʩʣʦʚʥʠ ʣʠʥʠʠ 

(ʬʠʛ.ʂ.2ʘ) (ʧʨʝʢʲʩʥʘʪʘ ʩ ʜʚʝ ʪʦʯʢʠ ʠʣʠ ʦʮʚʝʪʝʥʘ). ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʣʦʞʥʦʩʪʪʘ 

ʥʘ ʇ ʩʝ ʯʝʨʪʘʷʪ ʥʷʢʦʣʢʦ ʧʨʦʝʢʮʠʠ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ, ʢʦʠʪʦ ʩʘ ʦʪʜʘʣʝʯʝʥʠ 

ʜʦʩʪʘʪʲʯʥʦ ʝʜʥʘ ʦʪ ʜʨʫʛʘ ʟʘ ʜʘ ʠʤʘ ʤʷʩʪʦ ʟʘ ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʇ. 

ʊʦʟʠ ʩʠʣʫʝʪ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʩʝ ʩʯʠʪʘ ʫʩʣʦʚʥʦ ʧʨʦʟʨʘʯʝʥ ʟʘ ʜʘ ʥʝ ʟʘʢʨʠʚʘ ʯʘʩʪʠ 

ʦʪ ʇ. ʆʨʠʝʥʪʠʨʘʥʦ ʩʧʨʷʤʦ ʟʘʛʦʪʦʚʢʘʪʘ ʩʝ ʠʟʯʝʨʪʘʚʘʪ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʇ ʚ ʩʲʱʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʘʢʪʦ ʧʨʠ ʝʪʘʧ 1: ɹɽ (ʬʠʛ.ʂ.2ʙ), ɿʋ (ʬʠʛ. ʂ.2ʚ), ʝʣʝʤʝʥʪʠ ʟʘ 

ʥʘʧʨʘʚʣʷʚʘʥʝ ʠ ʥʘʩʪʨʦʡʚʘʥʝ ʥʘ ʨʝʞʝʱʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ (ʬʠʛ. ʂ.2ʛ) ʠ ʩʣʝʜ ʪʦʚʘ 

ʩʧʦʤʘʛʘʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʘʢʦ ʠʤʘ ʪʘʢʠʚʘ. ʊʦʟʠ ʥʘʯʠʥ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ 

ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʠʟʢʣʶʯʚʘʥʝ ʜʦʧʫʩʢʘʥʝʪʦ ʥʘ ʛʨʫʙʠ ʛʨʝʰʢʠ. 
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ʆʩʚʝʥ ʪʦʚʘ, ʧʦʩʪʨʦʝʥʦʪʦ ʜʦ ʪʫʢ ʜʘʚʘ ʜʦʩʪʘʪʲʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘ 

ʟʘ ʚʠʜʘ, ʨʘʟʤʝʨʠʪʝ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʤʦʥʪʘʞʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʚ ʢʦʨʧʫʩʘ, ʟʘ 

ʩʲʦʪʚʝʪʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʇ. ʂʘʪʦ ʦʪʯʠʪʘ ʛʦʨʥʦʪʦ, ʫʩʣʦʚʠʷʪʘ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ 

ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇ, ʘ ʩʲʱʦ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʠʟʙʠʨʘ 

ʚʘʨʠʘʥʪ ʥʘ ʢʦʨʧʫʩʘ. ʉʣʝʜ ʪʦʚʘ ʠʟʯʝʨʪʘʚʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʢʦʨʧʫʩʘ (ʬʠʛ. 

ʂ.2ʜ), ʢʦʡʪʦ ʦʙʝʜʠʥʷʚʘ ʩʲʩʪʘʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʠ ʠʤʘ ʫʩʪʘʥʦʚʲʯʥʘ ʢʲʤ ʤʘʰʠʥʘʪʘ 

ʯʘʩʪ. ɺ ʩʣʫʯʘʷ ʢʦʨʧʫʩʲʪ ʝ ʩʲʩʪʘʚʝʥ, ʢʘʪʦ ʢʦʥʜʫʢʪʦʨʥʘʪʘ ʧʣʦʯʘ ʩʝ ʱʠʬʪʦʚʘ ʠ 

ʟʘʢʨʝʧʚʘ ʢʲʤ ʦʩʥʦʚʥʦʪʦ ʪʷʣʦ. ʅʘ ʢʦʨʧʫʩʘ ʩʝ ʜʦʙʘʚʷʪ ʧʨʝʜʚʠʜʝʥʠʪʝ ʝʣʝʤʝʥʪʠ ʟʘ 

ʥʝʛʦʚʦʪʦ ʦʨʠʝʥʪʠʨʘʥʝ ʠ ʟʘʢʨʝʧʚʘʥʝ ʢʲʤ ʤʘʰʠʥʘʪʘ.  
 

 

 
 

 
 

ʌʠʛ.ʂ.2. ʉʭʝʤʠ ʟʘ ʠʣʶʩʪʨʠʨʘʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ 

ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʙʦʨʝʥ ʯʝʨʪʝʞ ʥʘ ʇ 
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ʌʠʛ.ʂ.2 ʉʭʝʤʠ ʟʘ ʠʣʶʩʪʨʠʨʘʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ 

ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʙʦʨʝʥ ʯʝʨʪʝʞ ʥʘ ʇ (ʧʨʦʜʲʣʞʝʥʠʝ) 
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ʉ ʮʝʣ ʧʲʣʥʦ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ ʩʝ ʧʦʢʘʟʚʘʪ 

ʥʝʦʙʭʦʜʠʤʠʪʝ ʨʘʟʨʝʟʠ, ʩʝʯʝʥʠʷ ʠ ʧʦʛʣʝʜʠ. ʅʘʥʘʩʷʪ ʩʝ ʚʩʠʯʢʠ ʩʛʣʦʙʢʠ, 

ʛʘʙʘʨʠʪʥʠ, ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ ʠ ʛʨʘʥʠʯʥʠ ʨʘʟʤʝʨʠ ʥʘ ʧʦʜʚʠʞʥʠ ʝʣʝʤʝʥʪʠ. 

ʅʷʢʦʠ ʩʛʣʦʙʢʠ ʠ ʨʘʟʤʝʨʠ ʩʝ ʫʪʦʯʥʷʚʘʪ ʥʘ ʝʪʘʧʘ Ăʆʧʨʝʜʝʣʷʥʝ ʪʦʯʥʦʩʪʪʘ ʥʘ 

ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇò. ʅʘ ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ ʩʝ ʫʢʘʟʚʘʪ ʪʝʭʥʠʯʝʩʢʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ 

ʠʟʨʘʙʦʪʚʘʥʝ, ʩʛʣʦʙʷʚʘʥʝ, ʨʝʤʦʥʪ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʇ. 

 
1.4. ɿɸʂʃʖʏʀʊɽʃʅɸ ʌɸɿɸ (ʆʇʈɽɼɽʃʗʅɽ ʅɸ ʊʆʏʅʆʉʊʊɸ ʀ 

ʉʒɿɼɸɺɸʅɽ ʅɸ ɼʆʂʋʄɽʅʊɸʎʀʗ) 
  

ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʪʦʯʥʦʩʪʪʘ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʢʦʥʩʪʨʫʠʨʘʥʦʪʦ ʇ ʝ 

ʨʘʟʛʣʝʜʘʥʦ ʚ [6] ʠ ʋʧʨʘʞʥʝʥʠʷ 8 ʠ 10. 
 

2. ʇʈʀʄɽʈʅɸ ɿɸɼɸʏɸ 
 

ɼʘ ʩʝ ʧʨʦʝʢʪʠʨʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠ ʟʘ 

ʦʧʝʨʘʮʠʷ Ăʌʨʝʟʦʚʘñ, ʥʘ ʢʦʷʪʦ ʩʝ ʬʨʝʟʦʚʘ ʧʣʦʱʘʜʢʘ ʥʘ ʜʝʪʘʡʣ Ăʐʘʡʙʘñ (ʬʠʛ.ʂ. 

3) ʚʲʨʭʫ ʫʥʠʚʝʨʩʘʣʥʘ ʬʨʝʟʦʚʘ ʤʘʰʠʥʘ ʌʋ321. ʇʨʠ ʬʨʝʟʦʚʘʥʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʜʘ ʩʝ ʦʩʠʛʫʨʷʪ ʨʘʟʤʝʨʠʪʝ 35-0,16 ʠ 25-0,084 ʠ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪ ʥʘ 

ʧʣʦʱʘʜʢʘʪʘ ʩʧʨʷʤʦ ʦʩʪʘ ʥʘ ʜʝʪʘʡʣʘ. ʆʙʨʘʙʦʪʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʧʘʣʮʦʚʘ 

ʬʨʝʟʘ ʩ ʜʠʘʤʝʪʲʨ 30 mm ʠ ʤʘʪʝʨʠʘʣ ʥʘ ʨʝʞʝʱʘʪʘ ʯʘʩʪ ʈ10 ʧʨʠ ʨʝʞʠʤ ʥʘ 

ʨʷʟʘʥʝ: ap = 0,2mm: f = 0,20 mm/tr, Vc = 100 m/min. ʄʘʰʠʥʥʦʪʦ ʚʨʝʤʝ ʥʘ 

ʦʧʝʨʘʮʠʷʪʘ ʝ Tʤ = 0,4 min. ʊʠʧʲʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʩʨʝʜʥʦʩʝʨʠʡʥʦ ʧʨʠ 

ʛʦʜʠʰʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʧʨʦʛʨʘʤʘ  1500 ʙʨ. ʠ ʨʘʟʤʝʨ ʥʘ ʧʘʨʪʠʜʘʪʘ 90 ʙʨ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʩʭʝʤʘ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. ʂ.4. ɿʘ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʟʘʜʘʯʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʲʣʥʦ ʙʘʟʠʨʘʥʝ, ʢʘʪʦ ʟʘ ʛʣʘʚʥʘ 

ʫʩʪʘʥʦʚʲʯʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʙʘʟʘ ʝ ʠʟʙʨʘʥʘ ʜʦʣʥʘʪʘ ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ 

(ʦʛʨʘʥʠʯʘʚʘ ʧʨʝʤʝʩʪʚʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʧʦ ʦʩ Z ʠ ʟʘʚʲʨʪʘʥʝ ʦʢʦʣʦ ʦʩʠʪʝ Y  ʠ 

Z), ʢʘʪʦ ʜʚʦʡʥʘ ʦʧʦʨʥʘ ʙʘʟʘ ï ʦʪʚʦʨʲʪ Å30
+0,052

 (ʦʛʨʘʥʠʯʘʚʘ ʧʨʝʤʝʩʪʚʘʥʝʪʦ ʧʦ 

ʦʩʠʪʝ Y  ʠ Z) ʠ ʢʘʪʦ ʦʧʦʨʥʘ ʙʘʟʘ ï ʦʪʚʦʨʲʪ Å10
+0,036

 (ʦʛʨʘʥʠʯʘʚʘ ʟʘʚʲʨʪʘʥʝʪʦ ʥʘ 

ʟʘʛʦʪʦʚʢʘʪʘ ʦʢʦʣʦ ʦʩ Z).  

 

¶ ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ 

ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʩʭʝʤʘ (ʬʠʛ. ʂ.4) ʝ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ 

ʥʘ ʙʘʟʠʨʘʥʝ ʧʦ ʨʘʚʥʠʥʥʘ ʧʦʚʲʨʭʥʠʥʘ ʠ ʜʚʘ ʦʪʚʦʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʥʝʷ. 

ʆʪʯʠʪʘʡʢʠ ʪʦʚʘ ʢʘʪʦ ʙʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ï ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʩ 

ʧʣʦʩʢʘ ʛʣʘʚʘ (ʦʧʦʨʥʠ ʪʦʯʢʠ 1, 2 ʠ 3) ʠ ʜʚʘ ʧʘʣʝʮʘ ï ʮʠʣʠʥʜʨʠʯʝʥ (ʦʧʦʨʥʠ 

ʪʦʯʢʠ 4 ʠ 5) ʠ  ʩʨʷʟʘʥ (ʦʧʦʨʥʘ ʪʦʯʢʘ 6). ʈʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʩʭʝʤʘ 

ʥʘ ʙʘʟʠʨʘʥʝ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. ʂ.5.  

ɹʘʟʠʨʘʥʝʪʦ ʧʦ ʛʣʘʚʥʘʪʘ ʫʩʪʘʥʦʚʲʯʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ ʙʘʟʘ ʤʦʞʝ ʜʘ ʩʝ 

ʨʝʘʣʠʟʠʨʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʨʠ ʮʠʣʠʥʜʨʠʯʥʠ ʦʧʦʨʠ ʩ ʧʣʦʩʢʘ ʛʣʘʚʘ ʠʣʠ ʢʘʪʦ 

ʩʧʝʮʠʘʣʥʘ ʪʦʯʥʦ ʦʙʨʘʙʦʪʝʥʘ ʢʨʲʛʣʘ ʧʣʘʩʪʠʥʘ (ʦʧʦʨʥʘ ʰʘʡʙʘ). ʇʲʨʚʠʷʪ 

ʚʘʨʠʘʥʪ ʙʠ ʜʦʚʝʣ ʜʦ ʟʘʪʨʫʜʥʝʥʠʝ ʧʨʠ ʨʘʟʧʦʣʘʛʘʥʝʪʦ ʥʘ ʪʨʠʪʝ ʦʧʦʨʠ ʧʦʨʘʜʠ 

ʤʘʣʢʘʪʘ ʦʧʦʨʥʘ ʧʣʦʱ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʪʘ ʙʘʟʘ ʧʦʨʘʜʠ ʢʦʝʪʦ ʧʦ-ʫʜʘʯʝʥ ʝ 

ʚʪʦʨʠʷʪ ʚʘʨʠʘʥʪ. 
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ʌʠʛ. .ʂ.3. ɼʝʪʘʡʣ Ăʐʘʡʙʘñ 
 

 
 

ʌʠʛ. K.4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘ ʩʭʝʤʘ ʥʘ ʦʧʝʨʘʮʠʷ Ăʌʨʝʟʦʚʘñ 
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ʌʠʛ. ʂ.5. ʉʭʝʤʘ ʥʘ ʙʘʟʠʨʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷ Ăʌʨʝʟʦʚʘñ 

(1 ï ʢʦʨʧʫʩ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ; 2 ï ʦʧʦʨʠ; 3 ï ʮʠʣʠʥʜʨʠʯʝʥ ʧʘʣʝʮ; 

 4 ï ʩʨʷʟʘʥ ʧʘʣʝʮ) 

 

ɿʘʢʨʝʧʚʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʦ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʠʟʧʦʣʟʚʘʥʦʪʦ ʟʘʪʷʛʘʱʦ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʣʠʯʠʝʪʦ ʥʘ ʩʠʣʦʚ 

ʧʨʠʚʦʜ (ʟʘʜʚʠʞʚʘʱʦ ʫʩʪʨʦʡʩʪʚʦ), ʥʝʦʙʭʦʜʠʤʘʪʘ ʩʠʣʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʠ ʜʨ. 

ɺ ʥʘʯʘʣʥʠʷ ʝʪʘʧ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʙʝʨʝ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʠ 

ʧʨʠʥʮʠʧʘ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʟʘʪʷʛʘʱʠʪʝ ʝʣʝʤʝʥʪʠ, ʧʨʠ ʢʦʝʪʦ ʩʘ ʚʲʟʤʦʞʥʠ ʜʚʘ 

ʚʘʨʠʘʥʪʘ. 

ʇʨʠ ʧʲʨʚʠʷʪ ʚʘʨʠʘʥʪ (ʬʠʛ. ʂ.6ʘ) ʠʟʭʦʜʥʘʪʘ ʩʠʣʘ ʩʝ ʧʨʠʣʘʛʘ ʥʘʜ 

ʟʘʛʦʪʦʚʢʘʪʘ, ʧʨʠʪʠʩʢʘʡʢʠ ʷ ʢʲʤ ʙʘʟʠʨʘʱʠʪʝ ʝʣʝʤʝʥʪʠ, ʘ ʧʨʠ ʚʪʦʨʠʷ (ʬʠʛ. 

K.6ʙ) ï ʦʪʜʦʣʫ ʧʨʝʟ ʦʪʚʦʨʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʠ ʙʘʟʠʨʘʱʠʷ ʧʘʣʝʮ.  

ʇʲʨʚʠʷʪ ʚʘʨʠʘʥʪ ʝ ʧʦ-ʧʨʝʜʧʦʯʠʪʘʥ ʧʦʨʘʜʠ ʧʦ-ʧʨʦʩʪʘʪʘ ʩʠ ʨʝʘʣʠʟʘʮʠʷ, ʧʦ 

ï ʛʦʣʷʤʦ ʙʲʨʟʦʜʝʡʩʪʚʠʝ ʠ ʥʝ ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʤʝʥʥʠ ʝʣʝʤʝʥʪʠ 

(ʙʲʨʟʦʩʤʝʥʥʠ ʰʘʡʙʠ), ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʚʪʦʨʠʷ ʚʘʨʠʘʥʪ. ʇʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʥʝʚʤʦʮʠʣʠʥʜʨʠ ʝ ʚʲʟʤʦʞʥʦ ʤʝʭʘʥʠʟʠʨʘʥʝ ʥʘ ʟʘʪʷʛʘʥʝʪʦ ʧʨʠ 

ʥʝʛʦʣʝʤʠ ʛʘʙʘʨʠʪʠ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ. ʆʩʚʝʥ ʪʦʚʘ ʜʘʜʝʥʠʷʪ ʚʘʨʠʘʥʪ ʜʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʥʷʢʦʣʢʦ ʟʘʛʦʪʦʚʢʠ ʧʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʩʠʣʦʚ ʧʨʠʚʦʜ. ʆʪʯʠʪʘʡʢʠ, ʯʝ ʚʨʝʤʝʪʦ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʦʧʝʨʘʮʠʷʪʘ ʝ ʩʲʠʟʤʝʨʠʤʦ ʩ ʚʨʝʤʝʪʦ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʠ ʩʥʝʤʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʠʪʝ, 



 81  

ʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʩʨʝʜʥʦʩʝʨʠʡʥʦ ʩʝ ʧʨʠʝʤʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ ʜʘ ʝ 

ʜʚʫʤʝʩʪʥʦ.   

 

 
                                       ʘ                                                       ʙ 

  

ʌʠʛ. ʂ.6. ʉʭʝʤʘ ʥʘ ʙʘʟʠʨʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷ Ăʌʨʝʟʦʚʘñ 

 

ʆʪʯʠʪʘʡʢʠ ʛʦʨʝʠʟʣʦʞʝʥʦʪʦ ʝ ʧʨʠʝʪʘ ʧʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. ʂ.7. ʇʨʠʝʪʦ ʝ ʟʘʪʷʛʘʱʦ ʫʩʪʨʦʡʩʪʚʦ ʦʪ 

ʣʦʩʪʦʚ ʪʠʧ ʩ ʪʨʠ ʰʘʨʥʠʨʥʠ ʩʲʝʜʠʥʝʥʠʷ ʠ  ʜʚʘ ʩʧʝʮʠʘʣʥʠ ʧʨʠʭʚʘʪʘ, ʧʦ ʝʜʠʥ ʟʘ 

ʚʩʷʢʘ ʟʘʛʦʪʦʚʢʘ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʰʘʨʥʠʨʥʠ ʩʲʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʨʠʭʚʘʪʠʪʝ 

ʣʝʩʥʦ ʜʘ ʩʝ ʩʘʤʦʫʩʪʘʥʦʚʷʚʘʪ ʧʨʠ ʟʘʢʨʝʧʚʘʥʝʪʦ ʥʘ ʜʚʝʪʝ ʟʘʛʦʪʦʚʢʠ ʟʘʢʨʝʧʚʘʡʢʠ 

ʛʠ ʩ ʝʜʥʘʢʚʠ ʟʘʢʨʝʧʚʘʱʠ ʩʠʣʠ. ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʝ ʥʝʚʲʟʤʦʞʥʦʩʪʪʘ 

ʜʘ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʩʘʤʦ ʝʜʥʘ ʟʘʛʦʪʦʚʢʘ. 

 

¶ ʆʨʘʟʤʝʨʷʚʘʥʝ ʥʘ ʙʘʟʠʨʘʱʠʪʝ ʧʘʣʮʠ 

ʈʘʟʤʝʨʠʪʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʙʘʟʠʨʘʱʠʪʝ ʧʘʣʮʠ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʠʟʭʦʞʜʘʡʢʠ ʦʪ ʫʩʣʦʚʠʝʪʦ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʨʘʟʤʝʨʘ ɸ = 35-0,16 

(2.1), ʢʲʜʝʪʦ ʨʘʟʩʝʡʚʘʥʝʪʦ ʦʪ ʥʝʪʦʯʥʦʩʪ ʧʨʠ ʟʘʢʨʝʧʚʘʥʝ ʝ Vʟɸ = 0, ʪʲʡ ʢʘʪʦ ɓ = 

90ę (2.3), ʘ ʩʨʝʜʥʘʪʘ ʠʢʦʥʦʤʠʯʥʘ ʪʦʯʥʦʩʪ ʧʨʠ ʯʠʩʪʦ ʬʨʝʟʦʚʘʥʝ ʝ Vʦʙʨɸ = 0,06 

mm [9]. 

 

Vɸ=jmin+Tdʧ+TD1+Vʦʙʨɸ<Tɸ, 

ʦʪʢʲʜʝʪʦ 

 

(j1,min+Tdʧ,1)ʠʟʯ  Ò Tɸ - TD1 - Vʦʙʨɸ=0,16 - 0,052 - 0,06 = 0,048mm. 
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ʌʠʛ. ʂ.7. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ 

(1 ï ʙʘʟʠʨʘʱʠ ʝʣʝʤʝʥʪʠ; 2 ï ʣʦʩʪʦʚʦ ʟʘʪʷʛʘʱʦ ʫʩʪʨʦʡʩʪʚʦ;  

3 ï ʦʧʦʨʘ ʥʘ ʣʦʩʪʘ; 4 ï ʰʘʨʥʠʨʠ; 5 ï ʧʨʠʭʚʘʪʠ; 6 ï ʧʥʝʚʤʦʮʠʣʠʥʜʲʨ) 

 

ʋʩʣʦʚʠʝʪʦ ʩʝ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʧʨʠ ʜʦʧʫʩʢ ʥʘ ʨʘʙʦʪʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʥʘ 

ʮʠʣʠʥʜʨʠʯʥʠʷ ʧʘʣʝʮ )(630 007,0

02,0

-

-gf ʠ ʥʘ ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ - )(910 013,0

049,0

-

-ff
 
(ʪʘʙʣ. 3.1). 

ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ 2b ʩʝ 

ʠʟʭʦʞʜʘ ʦʪ ʫʩʣʦʚʠʝʪʦ ʟʘ ʚʲʟʤʦʞʥʦ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʟʘʛʦʪʦʚʢʠ ʚ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ [2,6]: 
 

2c = TL + TLʇ - 2jmin, 

ʢʲʜʝʪʦ ʜʦʧʫʩʢʲʪ ʥʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʪʦ TLʇ ʥʘ ʧʨʘʢʪʠʢʘ ʩʝ ʧʨʠʝʤʘ                  

TLʇ = (1/2·1/3) TL. ɿʘ ʩʣʫʯʘʷ TLʇ = İ ʊL = 0,05 mm. 

 

2c = 0,1 + 0,05 - 0,007 = 0,143mm. 

 

 ʐʠʨʦʯʠʥʘʪʘ ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʪʘ [2,6] 
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mmc
c

Dj
b 84,00715,0

143,0

013,0.10

2
2 min =-=-¢ . 

¶ ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ 

ʅʝʦʙʭʦʜʠʤʘʪʘ ʩʠʣʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʧʨʝʜʦʪʚʨʘʪʠ 

ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʦʪ ʩʠʣʠʪʝ ʢʦʠʪʦ ʷ 

ʥʘʪʦʚʘʨʚʘʪ (ʦʩʥʦʚʥʦ ʩʠʣʠʪʝ ʥʘ ʨʷʟʘʥʝ). 

ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʧʘʣʮʦʚʘ 

ʬʨʝʟʘ, ʩʭʝʤʘʪʘ ʥʘ ʨʷʟʘʥʝ ʩ ʢʦʷʪʦ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. ʂ.8.    

 ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʩʠʣʠʪʝ ʥʘ 

ʨʷʟʘʥʝ [9] : Fv = 140 N, Fx = 280N ʠ Fh = 320N. 

 ʆʪ ʘʥʘʣʠʟʲʪ ʥʘ ʩʭʝʤʘʪʘ ʥʘ ʨʷʟʘʥʝ (ʬʠʛ.ʂ.8) ʠ ʩʭʝʤʘʪʘ ʥʘ ʫʩʪʘʥʦʚʷʚʘʥʝ 

(ʬʠʛ. ʂ.6ʘ) ʩʝ ʚʠʞʜʘ, ʯʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʟʘʛʦʪʦʚʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʤʝʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʪʘ: 

- ʜʘ ʩʝ ʟʘʚʲʨʪʠ ʦʢʦʣʦ ʦʩʪʘ ʩʠ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʭʣʘʙʠʥʘʪʘ ʤʝʞʜʫ 

ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʣʝʥʪʘ ʥʘ ʩʨʷʟʘʥʠʷ ʧʘʣʝʮ ʠ ʦʪʚʦʨʘ Å10
+0,036

 ʧʦʜ 

ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʠʣʘʪʘ Fh; 

- ʜʘ ʩʝ ʦʪʜʝʣʠ ʦʪ ʦʧʦʨʠʪʝ ʧʦ ʛʣʘʚʥʘʪʘ ʫʩʪʘʥʦʚʲʯʥʘ ʙʘʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ 

ʥʘ ʩʠʣʘʪʘ Fx; 

- ʜʘ ʩʝ ʠʟʤʝʩʪʠ ʧʦ ʦʧʦʨʠʪʝ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʭʣʘʙʠʥʠʪʝ ʤʝʞʜʫ ʧʘʣʮʠʪʝ ʠ 
ʦʪʚʦʨʠʪʝ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʠʣʘʪʘ Fv.    

 
 

 

 

ʌʠʛ. ʂ.8. ʉʭʝʤʘ ʥʘ ʨʷʟʘʥʝ ʥʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʦʧʝʨʘʮʠʷ (Fx ï 

ʦʩʝʚʘ ʩʲʩʪʘʚʥʘ ʥʘ ʩʠʣʘʪʘ ʥʘ ʨʷʟʘʥʝ, ʜʝʡʩʪʚʘʱʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʪʘ ʥʘ ʬʨʝʟʘʪʘ; Fh ï ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʩʲʩʪʘʚʥʘ ʥʘ ʩʠʣʘʪʘ ʥʘ ʨʷʟʘʥʝ, ʜʝʡʩʪʚʘʱʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʧʦʜʘʚʘʥʝʪʦ; Fv ï ʭʦʨʠʟʦʥʪʘʣʥʘ ʩʲʩʪʘʚʥʘ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʨʷʟʘʥʝ, ʜʝʡʩʪʚʘʱʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʦʩʪʘ 

ʥʘ ʬʨʝʟʘʪʘ ) 

 

ɿʘ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʠ ʠʟʤʝʩʪʚʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʦʪ ʪʝʟʠ ʩʠʣʠ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʟʘʢʨʝʧʚʘʱʘ ʩʠʣʘ Q. 

ɿʘ ʮʝʣʪʘ ʩʝ ʧʦʩʪʨʦʷʚʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ ʥʘ ʢʦʷʪʦ ʩʝ ʧʦʢʘʟʚʘʪ ʚʩʠʯʢʠ ʩʠʣʠ 

ʜʝʡʩʪʚʘʱʠ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ: ʩʠʣʠ ʠ ʤʦʤʝʥʪʠ ʥʘ ʨʷʟʘʥʝ, 

ʩʠʣʠ ʠ ʤʦʤʝʥʪʠ ʥʘ ʪʨʠʝʥʝ, ʩʠʣʠ ʥʘ ʟʘʢʨʝʧʚʘʥʝ, ʨʝʘʢʮʠʠ, ʩʠʣʘʪʘ ʥʘ ʪʝʞʝʩʪʪʘ ʠ 

ʜʨ. (ʬʠʛ. ʂ.9). 
 

1) ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ ʦʪ ʫʩʣʦʚʠʝʪʦ ʟʘʛʦʪʦʚʢʘʪʘ ʜʘ 
ʥʝ ʩʝ ʟʘʚʲʨʪʠ ʦʢʦʣʦ ʦʩʪʘ ʩʠ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʠʣʘʪʘ Fh. 

ɿʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ Q, ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ 

ʧʨʝʜʦʪʚʨʘʪʠ ʟʘʚʲʨʪʘʥʝʪʦ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʦʢʦʣʦ ʦʩʪʘ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʠʣʘʪʘ 

Fh, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʲʩʪʘʚʠ ʤʦʤʝʥʪʥʦ ʫʨʘʚʥʝʥʠʝ ʩʧʨʷʤʦ ʪʦʯʢʘʪʘ ɸ (ʬʠʛ. 

ʂ.7)  



 84  

 

ὓὃ π 

 
 

          
 

ʌʠʛ. ʂ.9. ʀʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʢʨʝʧʚʘʥʝ 

(ʄʨ ï ʚʲʨʪʷʱ ʤʦʤʝʥʪ ʦʪ ʩʠʣʘʪʘ Fh ʜʝʡʩʪʚʘʱʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ; ʄʪʨ. ʙʝ ï ʤʦʤʝʥʪ ʥʘ 

ʪʨʠʝʥʝ ʧʦ ʙʘʟʠʨʘʱʠʪʝ ʝʣʝʤʝʥʪʠ; ʄʪʨ.ʟ ï ʤʦʤʝʥʪ ʥʘ ʪʨʠʝʥʝ ʧʨʠ ʟʘʪʷʛʘʱʠʪʝ 

ʝʣʝʤʝʥʪʠ; Fʪʨ.ʟ ï ʩʠʣʘ ʥʘ ʪʨʠʝʥʝ ʧʨʠ ʟʘʪʷʛʘʱʠʪʝ ʝʣʝʤʝʥʪʠ; Fʪʨ. ʙʝ ï ʩʠʣʘ ʥʘ ʪʨʠʝʥʝ 

ʧʦ ʙʘʟʠʨʘʱʠʪʝ ʝʣʝʤʝʥʪʠ; l1, l2 ʠ l3 ï ʨʘʤʝʥʘ ʥʘ ʩʠʣʠʪʝ;Rʙʝ ï ʨʝʘʢʮʠʠ ʧʦ ʙʘʟʠʨʘʱʠʪʝ 

ʝʣʝʤʝʥʪʠ; Rʟ ï ʨʝʘʢʮʠʠ ʧʦ ʟʘʪʷʛʘʱʠʪʝ ʝʣʝʤʝʥʪʠ; Q ï ʥʝʦʙʭʦʜʠʤʘ ʩʠʣʘ ʥʘ 

ʟʘʢʨʝʧʚʘʥʝ;G ï ʩʠʣʘ ʥʘ ʪʝʞʝʩʪʪʘ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ; D, d ï ʨʘʟʤʝʨʠ ʥʘ ʫʩʣʦʚʥʘʪʘ 

ʢʦʥʪʘʢʪʥʘ ʧʣʦʱ ʥʘ ʟʘʛʦʪʦʚʢʘʪʘ ʩ ʙʘʟʠʨʘʱʠʪʝ ʝʣʝʤʝʥʪʠ) 

 
0. .. =-- ʟʪʨʙʝʪʨʨ ʄʄMk  

ʢʲʜʝʪʦ 


