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ɹɹʂ  30+22.1 

         ʄ75 

 
ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʃʝʙʝʜʝʚʘ ʅʘʜʝʞʜʘ ɸʥʘʪʦʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʚ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, 

ʧʨʦʬʝʩʩʦʨ ʬʠʣʦʩʦʬʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʘʜʨʦʚʦʡ ʘʢʘʜʝʤʠʠ, ʛ. ʂʠʝʚ, ʯʣʝʥ ɽʚʨʘʟʠʡʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʊʝʣʝʚʠʜʝʥʠʷ ʠ ʈʘʜʠʦ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɺʦʣʢʦʚ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ çʉʠʙɸʂè; 

ɽʣʠʩʝʝʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ 

ʤʝʪʦʜʦʣʦʛʠʠ ʃʘʙʦʨʘʪʦʨʠʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ (ʀʇʀ ʃʘʙ); 

ɿʘʭʘʨʦʚ ʈʦʤʘʥ ʀʚʘʥʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʚʨʘʯ ʧʩʠʭʦʪʝʨʘʧʝʚʪ ʚʳʩʰʝʡ 

ʢʘʪʝʛʦʨʠʠ, ʢʘʬʝʜʨʘ ʧʩʠʭʦʪʝʨʘʧʠʠ ʠ ʩʝʢʩʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʈʄɸʇʆ) ʛ. ʄʦʩʢʚʘ; 

ɿʝʣʝʥʩʢʘʷ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʚ ʖʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ; 

ʂʘʨʧʝʥʢʦ ʊʘʪʴʷʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ 

çʉʠʙɸʂè; 

ʂʦʧʳʣʦʚ ɸʣʝʢʩʝʡ ʌʠʣʠʧʧʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮ. ʢʘʬʝʜʨʳ 

ʈʘʜʠʦʪʝʭʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ; 

ʂʦʩʪʳʣʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ 

ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮ. ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ (ʈɸʅʍʠɻʉ), ʛ. ʄʦʩʢʚʘ; 

ʇʦʧʦʚʘ ʅʘʪʘʣʴʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʠʥʩʪʠʪʫʪʘ ʜʝʪʩʪʚʘ ʅɻʇʋ; 

ʗʢʦʚʠʰʠʥʘ ʊʘʪʴʷʥʘ ʌʝʜʦʨʦʚʥʘ ï ʢʘʥʜ. ʩʝʣʴʩʢʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮ., ʟʘʤʝʩʪʠʪʝʣʴ 

ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʣʝʥ ɺʩʝʫʢʨʘʠʥʩʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʃʠʛʠ. 

 

ʄ75 ʄʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ: ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ. 
ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XLVIII ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄʦʩʢʚʘ: 

ʀʟʜ. çʄʎʅʆè. ï 2017. ï  ̄8 (48) / [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ. ï URL: http://www.nauchforum.ru/archive/MNF_tech/8(48).pdf 
 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ XLVIII ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ: ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʥʘʫʢʠè ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ 

ʰʢʦʣ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ.  

ɼʘʥʥʦʝ ʠʟʜʘʥʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʤʘʛʠʩʪʨʘʤ, ʩʪʫʜʝʥʪʘʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʚʩʝʤ 

ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ.  
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ʆʛʣʘʚʣʝʥʠʝ  

ʉʝʢʮʠʷ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 4 

ʆɹɿʆʈ ɸʃɻʆʈʀʊʄʆɺ ʃʀʅɽʁʅʆɻʆ ʀ ɹʀʅɸʈʅʆɻʆ ʇʆʀʉʂɸ 
ɸʙʜʫʣʣʘʝʚʘ ɼʠʥʘʨʘ ʅʫʨʠʜʠʥʦʚʥʘ 
ʏʝʨʥʦʚʘ ʉʚʝʪʣʘʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

4 

ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʋʉʊʈɸʅɽʅʀʗ 
ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ ɺɽɼʋʑʀʍ ʄʆʉʊʆɺ ɸɺʊʆʄʆɹʀʃɽʁ 
ɻʘʪʠʷʪʫʣʣʠʥ ʀʣʴʥʫʨ ʈʘʪʠʢʦʚʠʯ 
ʅʠʛʤʝʪʟʷʥʦʚʘ ɺʝʥʝʨʘ ʄʘʨʩʦʚʥʘ 

8 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʀ ʈɽʎɽʇʊʋʈʓ  
ʇʈʆɹʀʆʊʀʏɽʉʂʆɻʆ ʄʆʈʆɾɽʅʆɻʆ 
ɻʦʣʫʙʝʚʘ ɸʣʠʥʘ ɸʥʜʨʝʝʚʥʘ 
ʉʪʝʧʯʝʥʢʦʚʘ ʃʶʙʦʚʴ ʀʚʘʥʦʚʥʘ  

14 

ɸʃɻʆʈʀʊʄʓ ʇʆʀʉʂɸ ʇʋʊʀ ɺ ɼʀʉʂʈɽʊʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 
ɼʦʤʨʘʯʝʚʘ ʊʘʪʴʷʥʘ ʉʝʨʛʝʝʚʥʘ 
ʐʠʛʘʥʦʚʘ ʄʘʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 
ʈʦʤʘʥʦʚʘ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 
ʆʨʣʦʚʩʢʘʷ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 
ɻʫʩʝʚ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ 
ɻʫʩʝʚ ɺʘʜʠʤ ɺʣʘʜʠʤʠʨʦʚʠʯ 

20 

ɼʀʉʂʈɽʊʀɿɸʎʀʗ ʊʈɽʍʄɽʈʅʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ  
ɼʃʗ ʅɸɺʀɻɸʎʀʀ 
ɼʦʤʨʘʯʝʚʘ ʊʘʪʴʷʥʘ ʉʝʨʛʝʝʚʥʘ 
ʐʠʛʘʥʦʚʘ ʄʘʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 
ʈʦʤʘʥʦʚʘ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 
ʆʨʣʦʚʩʢʘʷ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

25 

ʇʈɽɼʉʊɸɺʃɽʅʀɽ ʀ ʆɹʈɸɹʆʊʂɸ ʆɹʈɸɿʆɺ 
ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʕʃɽʄɽʅʊʆɺ 
ʂʦʢʠʥ ʀʛʦʨʴ ɺʷʯʝʩʣʘʚʦʚʠʯ 
ʇʦʭʠʣʴʢʦ ɸʣʝʢʩʘʥʜʨ ʌʝʜʦʨʦʚʠʯ 

30 

ʇʈʀʏʀʅʓ ʆɹʈʋʐɽʅʀʗ ɹɸʃʂʆʅʅʓʍ ʇʃʀʊ ɾʀʃʓʍ ɼʆʄʆɺ, 
ʇʆʉʊʈʆɽʅʅʓʍ ɺ ʉʆɺɽʊʉʂʆɽ ɺʈɽʄʗ 
ʉʦʨʦʢʦʣʝʪʦʚʘ ɽʢʘʪʝʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ 

36 

ɺʓɹʆʈ ʀ ʇʈʀʄɽʅɽʅʀɽ ɹɽʉʂʆʅʊɸʂʊʅʓʍ ɺʓʂʃʖʏɸʊɽʃɽʁ 
ʗʢʫʧʦʚ ʈʘʠʣʴ ʈʘʜʠʢʦʚʠʯ 
ɺʘʩʠʣʴʝʚʘ ʅʘʪʘʣʴʷ ɻʝʥʥʘʜʴʝʚʥʘ 

41 



 

4 

 

ʉɽʂʎʀʗ 1.  

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʆɹɿʆʈ ɸʃɻʆʈʀʊʄʆɺ ʃʀʅɽʁʅʆɻʆ ʀ ɹʀʅɸʈʅʆɻʆ ʇʆʀʉʂɸ 

ɸʙʜʫʣʣʘʝʚʘ ɼʠʥʘʨʘ ʅʫʨʠʜʠʥʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ  
ʠ ʠʥʬʦʨʤʘʪʠʢʠ, 

 ʈʌ, ʛ. ʉʘʤʘʨʘ 

ʏʝʨʥʦʚʘ ʉʚʝʪʣʘʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʇʆʋʊʉ,  
ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ  

ʠ ʠʥʬʦʨʤʘʪʠʢʠ,  
ʈʌ, ʛ. ʉʘʤʘʨʘ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʘʣʛʦʨʠʪʤʦʚ ʣʠʥʝʡʥʦʛʦ ʠ ʙʠʥʘʨʥʦʛʦ 

ʧʦʠʩʢʘ, ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++, ʘʥʘʣʠʟ ʠʭ 

ʙʘʟʦʚʳʭ ʩʚʦʡʩʪʚ ʠ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ. ɸʣʛʦʨʠʪʤ ʣʠʥʝʡʥʦʛʦ 

ʧʦʠʩʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʧʨʦʩʪʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʜʣʷ 

ʧʦʠʩʢʘ ʢʦʥʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʥʝʢʦʪʦʨʦʤ ʤʥʦʞʝʩʪʚʝ. 

ʃʠʥʝʡʥʳʡ ʧʦʠʩʢ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ ʵʣʝʤʝʥʪʘ ʠʣʠ ʟʥʘʯʝʥʠʷ ʠʟ ʥʝʢʦʪʦʨʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʫʞʥʳʡ ʵʣʝʤʝʥʪ ʠʣʠ ʟʥʘʯʝʥʠʝ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ, 

ʧʦʨʷʜʦʢ ʧʦʠʩʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ.  

ʉʨʘʚʥʠʚʘʝʪʩʷ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʤʥʦʞʝʩʪʚʝ, ʝʩʣʠ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʙʫʜʝʪ ʥʘʡʜʝʥ, ʪʦ ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʠʥʜʝʢʩ 

ʥʘʡʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ -1. ʃʠʥʝʡʥʳʡ 

ʧʦʠʩʢ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʥʝʦʪʩʦʨʪʠʨʦʚʘʥʥʦʤʫ ʠʣʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ 

[1, ʩ. 1]. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ 

 

ɼʘʚʘʡʪʝ ʧʦʩʤʦʪʨʠʤ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ: 

1. ʇʦʠʩʢ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʘ. 

2. ʊʝʢʫʱʠʡ ʵʣʝʤʝʥʪ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʠʩʢʦʤʳʤ ʵʣʝʤʝʥʪʦʤ, ʝʩʣʠ ʠʩʢʦʤʳʡ 

ʵʣʝʤʝʥʪ ʠ ʟʥʘʯʝʥʠʝ ʚ ʪʝʢʫʱʝʤ ʠʥʜʝʢʩʝ ʩʦʚʧʘʜʘʶʪ, ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ 

ʪʝʢʫʱʠʡ ʠʥʜʝʢʩ. 

3. ʀʥʘʯʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʧʦʚʪʦʨʷʝʪʩʷ ʰʘʛ 2 ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʢʦʥʝʮ ʤʥʦʞʝʩʪʚʘ. 

ɺʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ O(n), ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʤʥʦʞʝʩʪʚʘ. ɸʣʛʦʨʠʪʤ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, 

ʧʦʪʦʤʫ ʯʪʦ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ, ʪʘʢʠʝ, ʢʘʢ ʘʣʛʦʨʠʪʤ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ ʠ 

ʭʝʰ-ʪʘʙʣʠʮʳ, ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʘ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩ n ʵʣʝʤʝʥʪʘʤʠ ʣʫʯʰʝ ʚʩʝʛʦ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ 

ʠʩʢʦʤʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ ʧʝʨʚʦʤʫ ʵʣʝʤʝʥʪʫ ʤʥʦʞʝʩʪʚʘ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʩʨʘʚʥʝʥʠʝ. ʍʫʜʰʠʡ ʩʣʫʯʘʡ - ʢʦʛʜʘ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ 

ʦʪʩʫʪʩʪʚʫʝʪ (ʠʣʠ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʚ ʢʦʥʮʝ), ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʳ n ʩʨʘʚʥʝʥʠʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʤʥʦʞʝʩʪʚʦ ʩʦʜʝʨʞʠʪ n 

ʵʣʝʤʝʥʪʳ, ʥʘʠʭʫʜʰʠʡ ʩʮʝʥʘʨʠʡ ʜʣʷ ʧʦʠʩʢʘ ʵʣʝʤʝʥʪʘ - ʵʪʦ ʠʪʝʨʘʮʠʷ. ʉʢʦʨʦʩʪʴ 

ʧʦʠʩʢʘ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʣʛʦʨʠʪʤ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʝʥ, ʢʦʛʜʘ ʤʥʦʞʝʩʪʚʦ ʥʝ 

ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʵʣʝʤʝʥʪʦʚ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʙʠʥʘʨʥʦʛʦ(ʜʚʦʠʯʥʦʤ) ʧʦʠʩʢʘ. ɹʠʥʘʨʥʳʡ ʧʦʠʩʢ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʤʫ ʤʘʩʩʠʚʫ ʠʣʠ ʩʧʠʩʢʫ. ɹʠʥʘʨʥʳʡ ʧʦʠʩʢ ʜʝʣʠʪ 
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ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʥʘ ʧʦʣʦʚʠʥʫ ʠ ʧʨʦʜʦʣʞʘʝʪ ʩʫʞʘʪʴ ʧʦʣʝ ʧʦʠʩʢʘ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ. ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʘʣʛʦʨʠʪʤʘ 

çʨʘʟʜʝʣʷʡ ʠ ʚʣʘʩʪʚʫʡè. 

ʈʘʩʩʤʦʪʨʠʤ ʰʘʛʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ: 

1. ʇʦʠʩʢ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ ʤʘʩʩʠʚʘ. ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʠʚ ʦʪʩʦʨʪʠʨʦʚʘʥ, 

ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʙʫʜʝʪ ʣʠ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʝʚʦʡ ʧʦʣʦʚʠʥʝ 

ʠʣʠ ʚ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʝ ʤʘʩʩʠʚʘ. 

2. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʘʩʩʠʚ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʚʩʶ 

ʧʦʣʦʚʠʥʫ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʡ, ʢʘʢ ʤʳ ʟʥʘʝʤ, ʥʝ ʩʦʜʝʨʞʠʪ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ. 

3. ʇʦʚʪʦʨʷʝʪʩʷ ʪʦʪ ʞʝ ʧʦʜʭʦʜ (ʥʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ). ʕʪʦ ʧʦʚʪʦʨʷʝʪʩʷ ʩʥʦʚʘ 

ʠ ʩʥʦʚʘ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ ʠʣʠ ʠʩʢʣʶʯʝʥ ʚʝʩʴ 

ʥʘʙʦʨ.  

ɸʣʛʦʨʠʪʤ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʢʫʨʩʠʚʥʦ ʠʣʠ ʠʪʝʨʘʮʠʦʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2. ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ 
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ʂʘʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʝʥʠʡ ʜʣʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʩʝʛʦ ʤʘʩʩʠʚʘ? ɽʩʣʠ ʤʳ ʥʘʯʥʝʤ ʩ ʤʘʩʩʠʚʘ ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʠʪ n ʵʣʝʤʝʥʪʦʚ, ʦʢʦʣʦ 
▪
 ʵʣʝʤʝʥʪʦʚ ʦʩʪʘʥʝʪʩʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʩʨʘʚʥʝʥʠʷ. 

ʇʦʩʣʝ ʚʪʦʨʦʛʦ ʩʨʘʚʥʝʥʠʷ ʙʫʜʝʪ ʦʢʦʣʦ  
▪
. ʇʦʪʦʤ  

▪
, 
▪

  ʠ ʪʘʢ ʜʘʣʝʝ.  

ʂʦʛʜʘ ʮʠʢʣ ʟʘʢʦʥʯʠʪʩʷ, ʤʳ ʧʦʣʫʯʘʝʤ ʤʘʩʩʠʚ, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʠʥ 

ʵʣʝʤʝʥʪ. ʃʠʙʦ ʵʪʦ ʠʩʢʦʤʳʡ ʵʣʝʤʝʥʪ, ʣʠʙʦ ʠʩʢʦʤʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝʪ.  ʂʦʣʠʯʝʩʪʚʦ 

ʩʨʘʚʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ, ʨʘʚʥʦ i, ʛʜʝ 
▪
░

. 

ʈʝʰʝʥʠʝ ʜʣʷ i ʜʘʝʪ ʥʘʤ i = ■▫▌▪. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ O ■▫▌▪, ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ [2, ʩ. 1]. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʘʣʛʦʨʠʪʤʘ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ. ʅʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʢ 

ʩʦʨʪʠʨʦʚʘʥʥʦʤʫ ʤʘʩʩʠʚʫ [1, ʩ. 1]. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʚ ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ:http://www.intuit.ru/studies/courses/648/504/lecture/11466, ʩʚʦʙʦʜʥʳʡ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.07.2017). 

2. The Binary Search ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://interactivepython.org/runestone/static/pythonds/SortSearch/TheBinarySear

ch.html, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.07.2017). 

 

  

http://www.intuit.ru/studies/courses/648/504/lecture/11466
https://interactivepython.org/runestone/static/pythonds/SortSearch/TheBinarySearch.html
https://interactivepython.org/runestone/static/pythonds/SortSearch/TheBinarySearch.html
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ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʋʉʊʈɸʅɽʅʀʗ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ 

ɺɽɼʋʑʀʍ ʄʆʉʊʆɺ ɸɺʊʆʄʆɹʀʃɽʁ 

ɻʘʪʠʷʪʫʣʣʠʥ ʀʣʴʥʫʨ ʈʘʪʠʢʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʂʌʋ,  
ʈʌ, ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ 

ʅʠʛʤʝʪʟʷʥʦʚʘ ɺʝʥʝʨʘ ʄʘʨʩʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʬʝʜʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ  

(ʬʠʣʠʘʣ) ʂʌʋ,  
ʈʌ, ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ 

 

ʋʚʝʣʠʯʝʥʠʝ ʧʘʨʢʘ ʘʚʪʦʤʦʙʠʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʝʨʝʞʘʝʪ ʨʦʩʪ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʙʘʟʳ, ʢʦʪʦʨʘʷ ʧʦʢʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʩʣʫʛʘʭ 

ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ (ʊʆ ʠ ʈ), ʧʦʵʪʦʤʫ ʧʦʜʜʝʨʞʘʥʠʝ 

ʧʘʨʢʘ ʵʪʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʨʝʙʫʝʪ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ. 

ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ (ʇʊɹ) ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ, ʨʘʩʰʠʨʝʥʠʝʤ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʚ ʜʘʥʥʦʝ 

ʨʘʟʚʠʪʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʝʭ ʚʘʨʠʘʥʪʘ: 

¶  ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʇʊɹ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

¶  ʩʦʟʜʘʥʠʝ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶  ʦʨʛʘʥʠʟʘʮʠʷ ʇʊɹ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʢʦʦʧʝʨʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠ ʧʦʚʩʝʤʝʩʪʥʦʤ ʜʝʬʠʮʠʪʝ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʝʥ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ɸʊʇ) ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʥʦ 

ʪʨʝʙʫʶʪ ʧʨʠʚʣʝʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʨʝʜʩʪʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʥʘʧʠʩʘʥʠʠ 

ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çʄʝʪʘʉʝʨʚʠʩè ʤʳ 

ʚʳʙʨʘʣʠ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ  ʧʨʝʜʧʨʠʷʪʠʝ  ʆʆʆ çʄʝʪʘʉʝʨʚʠʩè ʨʘʩʧʦʣʦʞʝʥʦ  ʚ ʟʦʥʝ  

ʛʦʨʦʜʘ  ʄʝʥʟʝʣʠʥʩʢ, ʨʘʩʧʦʣʘʛʘʝʪ  ʩʚʦʝʡ  ʨʝʤʦʥʪʥʦʡ  ʙʘʟʦʡ. ɺ  ʢʦʤʧʣʝʢʩʝ  

ʨʝʤʦʥʪʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʘʩʪʝʨʩʢʦʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʩʝ ʚʠʜʳ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʨʝʤʦʥʪʦʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʚʦʜʠʪʩʷ 

ʨʝʤʦʥʪ ʘʧʧʘʨʘʪʫʨʳ, ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ. ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʧʘʨʢ ʆʆʆ 

çʄʝʪʘʉʝʨʚʠʩè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʦʙʠʣʝʡ çʩʪʘʨʳʭè ʚʳʧʫʩʢʦʚ.  

ʇʦʜʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʜʘʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʈʝʤʦʥʪ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʧʦ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʩʣʝ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, 

ʪʘʢ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʧʦ ʧʣʘʥʫ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʙʝʛ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʙʦʪʳ ʧʦ ʪʝʢʫʱʝʤʫ ʨʝʤʦʥʪʫ ʘʛʨʝʛʘʪʦʚ ʠ 

ʜʝʪʘʣʝʡ, ʩʥʷʪʳʭ ʩ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʘʛʨʝʛʘʪʥʦʤ ʫʯʘʩʪʢʝ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʚʝʜʫʱʠʭ 

ʤʦʩʪʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ 

ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʳʭ ʵʪʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ  

ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʩʪʝʥʜʘ ʈ-236 ʜʣʷ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ 

ʨʝʜʫʢʪʦʨʦʚ ʟʘʜʥʠʭ ʤʦʩʪʦʚ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʄʦʜʝʨʥʠʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

¶ ʠʟʤʝʥʷʝʪʩʷ ʩʚʘʨʥʘʷ ʨʘʤʘ 1 ʩʪʝʥʜʘ (ʨʠʩʫʥʦʢ 1), ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ 2 ʜʦ ʧʦʜʜʦʥʘ 5. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʨʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʪʝʥʜ ʟʘʜʥʝʛʦ ʤʦʩʪʘ ʮʝʣʠʢʦʤ ʤʦʞʥʦ ʙʳʣʦ ʚʨʘʱʘʪʴ ʝʛʦ 

ʥʘ 360Ü; 

¶ ʠʟʤʝʥʷʝʪʩʷ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ 2 ʩ ʬʠʢʩʘʪʦʨʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ 

ʙʳʣʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʜʥʠʝ ʤʦʩʪʳ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʥʳʭ ʤʘʨʦʢ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʩʘʜʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ ʩʪʦʣʘ; 

¶ ʠʟʤʝʥʷʶʪʩʷ ʫʧʦʨʳ 5. ʅʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʩʪʝʥʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʦʪʢʠʜʥʳʝ 

ʟʘʞʠʤʳ ʩ ʢʨʝʧʣʝʥʠʝʤ ʨʝʜʫʢʪʦʨʘ ʚʨʫʯʥʫʶ. ʅʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʪʝʥʜʝ 

ʫʧʦʨʳ ʠʤʝʶʪ ʧʘʟ. ʇʝʨʝʤʝʱʘʷ ʫʧʦʨʳ ʧʦ ʧʘʟʫ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʥʘ 
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ʦʧʨʝʜʝʣʸʥʥʳʡ ʨʘʟʤʝʨ ʢʘʨʪʝʨʘ ʟʘʜʥʝʛʦ ʤʦʩʪʘ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʨʢʠ ʘʚʪʦʤʦʙʠʣʷ. 

ʂʨʝʧʣʝʥʠʝ ʤʦʩʪʘ ʥʘ ʩʪʝʥʜʝ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʩʪʝʥʜ ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ (1202x 498 x 995), 

ʧʨʦʩʪ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ʅʘ ʩʚʘʨʥʦʡ ʨʘʤʝ 1 ʩʪʝʥʜʘ (ʨʠʩʫʥʦʢ 1) ʩʤʦʥʪʠʨʦʚʘʥ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ 2, 

ʦʧʠʨʘʶʱʠʡʩʷ ʩʚʦʠʤʠ ʦʩʷʤʠ ʥʘ ʜʚʘ ʧʦʜʰʠʧʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʘʤʝ. 

ʇʨʘʚʘʷ ʦʩʴ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ʩʦʝʜʠʥʝʥʘ ʩ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝʡ 10, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʚʨʫʯʥʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʚʦʨʦʪ ʩʪʦʣʘ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʥʘ 

360Ü. ʈʝʤʦʥʪʠʨʫʝʤʳʡ ʨʝʜʫʢʪʦʨ ʟʘʜʥʝʛʦ ʤʦʩʪʘ ʘʚʪʦʤʦʙʠʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ, ʠʤʝʶʱʠʡ ʜʚʘ ʬʠʢʩʠʨʫʶʱʠʭ ʧʘʣʴʮʘ, ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ 

ʯʝʪʳʨʴʤʷ ʦʪʢʠʜʥʳʤʠ ʫʧʦʨʘʤʠ 5. ɼʣʷ ʩʙʦʨʘ ʤʘʩʣʘ ʠ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʤʝʞʜʫ 

ʩʪʦʡʢʘʤʠ ʨʘʤʳ ʟʘʢʨʝʧʣʸʥ ʧʦʜʜʦʥ 4. ʇʦʣʢʘ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʢʨʝʧʸʞʥʳʭ ʜʝʪʘʣʝʡ. 

 

 

ʈʠʩʫʥʦʢ 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʟʘʜʥʠʭ ʤʦʩʪʦʚ 

1 - ʨʘʤʘ; 2 - ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ; 3 - ʧʦʣʢʘ; 4 - ʧʦʜʜʦʥ; 5 - ʫʧʦʨ;  

6 - ʢʨʦʥʰʪʝʡʥ; 7 - ʤʫʬʪʘ; 8 - ʢʨʳʰʢʘ; 9 - ʧʦʜʰʠʧʥʠʢ; 10 - ʨʝʜʫʢʪʦʨ ʯʝʨʚʷʯʥʳʡ 
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ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʟʙʦʨʦʯʥʦ-ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʜʣʷ ʫʜʦʙʩʪʚʘ ʟʘʜʥʠʡ 

ʤʦʩʪ ʤʦʞʥʦ ʚʨʘʱʘʪʴ ʥʘ 360Ü. ʆʪʨʘʙʦʪʘʥʥʦʝ ʤʘʩʣʦ ʩʣʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʥʘ ʩʪʝʥʜʝ ʧʦʜʜʦʥ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʥʸʤ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ, ʩʥʷʪʳʭ ʩ ʤʦʩʪʘ. ʄʘʩʣʦ ʠʟ ʧʦʜʜʦʥʘ ʩʣʠʚʘʝʪʩʷ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʪʘʨʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʪʠʣʠʟʘʮʠʝʡ. ʀʩʧʦʣʴʟʫʝʤʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʣʢʝ. 

ɼʃʗ ʈɸʉʏɽʊʆɺ ʕʃɽʄɽʅʊʆɺ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʋʉʊʈɸʅɽʅʀʗ 

ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ ɺɽɼʋʑʀʍ ʄʆʉʊʆɺ ɹʓʃ ʇʈʆʀɿɺɽɼɽʅ 

ʉʃɽɼʋʖʑʀʁ ʈɸʉʏɽʊ: 

1. ʧʨʝʜʝʣʴʥʘʷ ʛʠʙʢʦʩʪʴ ʩʪʦʡʢʠ  

ʧʮ

ʧʨ

E

s

p
l

Ö
=

2

,     (1) 

ʛʜʝ  ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɽ = 2 Ŀ105 ʄʇʘ;  

ůʧʮ ï ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʜʣʷ ʩʪʘʣʠ 20ʍ ůʧʮ = 650 ʄʇʘ. 

55
650

10214,3 52

=
ÖÖ

=ʧʨl  

2. ʛʠʙʢʦʩʪʴ ʩʪʦʡʢʠ 

xi

lÖ
=
m

l ,      (2) 

ʛʜʝ  ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʚʝʜʝʥʠʷ ʜʣʠʥʳ, ʙʝʨʸʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʢʨʝʧʣʝʥʠʷ ʢʦʥʮʦʚ ʩʪʦʡʢʠ (ɛ=2);  

l ï ʜʣʠʥʘ ʩʪʦʡʢʠ, ʤ;  

ix ï ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ, ʤ. 

3. ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ 

1A

I
i x
x = ,       (3) 

ʛʜʝ  Ix ï ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʍ, ʤ
4;  

ɸl ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʦʡʢʠ, ʤ
2. 

4. ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ [1,2,3] 
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1212

44 aA
I x -=       (4) 

ʛʜʝ  ɸ ï ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ ʥʘʨʫʞʥʦʛʦ ʢʚʘʜʨʘʪʘ, ʤ;  

ʘ ï ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʚʘʜʨʘʪʘ, ʤ. 

4
44

1018,0
12

12,0

12

14,0 -Ö=-=xI  ʤ4, 

ɸl = ɸ2 ï ʘ2 = 0,142 = 0,0056 ʤ2, 

0057,0
0056,0

1018,0 4

=
Ö

=
-

xi ʤ, 

26,39
057,0

119,12
=

Ö
=l . 

ʊ.ʢ. ɚ < ɚʧʨ, ʪʦ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʜʣʷ ʩʪʦʡʢʠ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ ʗʩʠʥʩʢʦʛʦ   [1,2,3,4] 

Fk = Al Ŀ ( ʘ ï ʚ Ŀ ɚ),    (5) 

ʛʜʝ ʘ ʠ ʚ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʄʇʘ. 

ɼʣʷ ʩʪʘʣʠ 20ʍ ʘ = 350 ʄʇʘ, ʚ = 1,15 ʄʇʘ. 

Fk = 0,0056 Ŀ (350 ï 1,15 Ŀ 39,26) = 1707 ʢʅ 

23
0,6

9

104,86

52
,43

ë41,94

14,68

20
,97

23,07

ɸ

ɹɹ

ë2,52

4 ʦʪʚ.

ë27,26

45é

90
é

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʜʣʷ ʩʪʦʡʢʠ ʨʘʤʳ 

 



 

13 

 

5. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ [1,2,3] 

F

F
K K

y = ,      (6) 

03,1
1650

1707
==yK . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʧʨʦʚʝʜʷ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚʝʜʫʱʠʭ ʤʦʩʪʦʚ 

ʘʚʪʦʤʦʙʠʣʝʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʨʘʤʳ, ʧʦʚʦʨʦʪʥʦʛʦ 

ʩʪʦʣʘ, ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʠ ʧʦʜʜʦʥʘ; ʧʨʦʚʝʜʷ ʨʘʩʯʸʪʳ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʜʘ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʴʥʫʶ ʛʠʙʢʦʩʪʴ ʩʪʦʡʢʠ, ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʨʪʘʤʘʥʦʚʘ ɽ.ʅ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ; ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ. ʏʘʩʪʴ 1/ 

ɽ.ʅ. ɸʨʪʘʤʦʥʦʚʘ. ï ʉʘʨʘʪʦʚ: ʉɻʊʋ, 2012. ï 143 ʩ. 

2. ɹʳʢʦʚ ʃ.ʀ., ʉʪʝʧʘʥʦʚ ʂ.ɺ., ʉʫʣʪʘʥʤʘʛʦʤʝʜʦʚ ʉ.ʄ., ʐʫʚʘʣʦʚ ɺ.ʖ. 

ʈʘʩʯʝʪʥʦ-ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʢʫʨʩʫ çʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚè. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʋʬʘ: ʀʟʜ-ʚʦ ʋɻʅʊʋ. 1996. ï 185 ʩ. 

3. ɺʦʣʢʦʚʘ ʅ.ɸ. ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʦʚ. ʋʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. ʇʝʥʟʘ: ʇʝʥʟʝʥʩʢʘʷ ɻʉʍɸ,1997. ï 139 ʩ. 

4. ʅʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥ. ʊ. IVV/ɺ.ɺ. ɹʦʣʦʪʠʥ, ʌ.ʈ. ʉʦʩʥʠʥ ʠ ʜʨ.; ʇʦʜ ʦʙʱ. ʨʝʜ. 

ɺ.ɺ. ʂʣʶʝʚʘ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2003. ï 592 ʩ. 
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ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʀ ʈɽʎɽʇʊʋʈʓ  

ʇʈʆɹʀʆʊʀʏɽʉʂʆɻʆ ʄʆʈʆɾɽʅʆɻʆ 

ɻʦʣʫʙʝʚʘ ɸʣʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 
ʫʯʨʝʞʜʝʥʠʝ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ çʂʘʣʫʞʩʢʠʡ ʢʦʣʣʝʜʞ ʧʠʪʘʥʠʷ ʠ ʫʩʣʫʛè,  

ʈʌ, ʛ. ʂʘʣʫʛʘ 

ʉʪʝʧʯʝʥʢʦʚʘ ʃʶʙʦʚʴ ʀʚʘʥʦʚʥʘ  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ, 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ çʂʘʣʫʞʩʢʠʡ ʢʦʣʣʝʜʞ ʧʠʪʘʥʠʷ ʠ ʫʩʣʫʛè,  
ʈʌ, ʛ. ʂʘʣʫʛʘ 

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʤʝʥʴʰʝʥʠʶ ʨʠʩʢʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʫʢʠ. ʂ ʦʩʦʙʳʤ ʟʘʜʘʯʘʤ ʥʘʫʯʥʦʡ 

ʤʳʩʣʠ  ʚ ʧʠʱʝʚʦʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  ʦʪʥʦʩʠʪʩʷ ʩʦʟʜʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʫʣʫʯʰʘʶʱʠʭ ʨʘʙʦʪʫ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤ. ʇʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ çʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ (ʦʟʜʦʨʘʚʣʠʚʘʶʱʠʤʠ) 

ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʜʦʩʪʦʡʥʳʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʥʘʯʠʤʳʡ ʧʨʦʮʝʥʪ ʨʳʥʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ (ʦʟʜʦʨʘʚʣʠʚʘʶʱʠʭ)  ʧʨʦʜʫʢʪʦʚ 

ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʠʩʣʦʤʦʣʦʯʥʳʤ ʥʘʧʠʪʢʘʤ. ʆʜʥʘʢʦ ʫ 

ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: 

¶ ʤʘʣʝʥʴʢʠʝ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ,  

¶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʣʦʜʥʦʡ 

ʩʠʩʪʝʤʳ,  

¶ ʦʢʠʩʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʦʚ ʠ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ï ʩʦʟʜʘʥʠʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʦʙʠʦʪʠʯʝʩʢʦʛʦ ʤʦʨʦʞʝʥʦʛʦ, ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʨʘʩʪʫʱʝʛʦ 

ʠʥʪʝʨʝʩʘ ʢ ʢʦʪʦʨʦʤʫ ʩʪʘʣ ʥʝʜʘʚʥʦ ʧʨʠʥʷʪʳʡ ɻʆʉʊ 32929-2014 çʄʦʨʦʞʝʥʦʝ 

ʢʠʩʣʦʤʦʣʦʯʥʦʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 
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ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʤʦʨʦʞʝʥʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ, ʪʨʫʜʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʣʝʟʥʳʤ ʧʨʦʜʫʢʪʘʤ ʠʟ-

ʟʘ ʚʳʩʦʢʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʩʣʘʩʪʠʪʝʣʝʡ, 

ʢʨʘʩʠʪʝʣʝʡ, ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʤʦʣʦʯʥʦʛʦ, ʬʨʫʢʪʦʚʦʛʦ ʠ ʦʚʦʱʥʦʛʦ ʩʳʨʴʷ, ʟʘʤʝʥʘ ʩʘʭʘʨʘ ʠ ʞʠʨʘ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʜʫʱʠʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʩʰʠʨʝʥʠʷ 

ʘʩʩʦʨʪʠʤʝʥʪʥʦʡ ʣʠʥʝʡʢʠ ʤʦʨʦʞʝʥʦʛʦ. 

ʋ ʣʶʜʝʡ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ ʫʩʚʦʷʝʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩ ʟʘʪʨʫʜʥʝʥʠʝʤ, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘʦʙʦʨʦʪ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ  ʥʘ ʨʘʙʦʪʫ ɾʂʊ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ ʚ ʤʦʨʦʞʝʥʦʤ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʧʦʡʜʝʪ ʥʘ 

ʧʦʣʴʟʫ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʥʘʣʠʟʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʩʦʯʝʪʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʪʘʢʦʤ 

ʧʦʧʫʣʷʨʥʦʤ ʧʨʦʜʫʢʪʝ ʢʘʢ ʤʦʨʦʞʝʥʦʝ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʠ ʟʥʘʯʠʤʦʡ 

ʟʘʜʘʯʝʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʮʝʣʴʥʦʤʦʣʦʯʥʦʡ ʦʪʨʘʩʣʠ. 

ɺʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʤʦʨʦʞʝʥʦʛʦ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ ɸʨʩʝʥʴʝʚʦʡ ʊ.ʇ., ɸʨʪʶʭʦʚʦʡ ʉ.ʀ., ɼʫʥʯʝʥʢʦ 

ʅ.ʀ., ʠ ʜʨ. ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ 

ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ ʥʘ ʩʚʦʡʩʪʚʘ ʤʦʨʦʞʝʥʦʛʦ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʊʘʢ, ʥʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʞʝ ʥʝ ʧʝʨʚʳʡ  ʛʦʜ ʚʝʜʫʪʩʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʦʨʦʞʝʥʦʛʦ[1]. 

ɺʳʧʦʣʥʠʚ ʘʥʘʣʠʟ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʯʘʪʠ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʦʟʥʘʯʝʥʥʘʷ ʪʝʤʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʟʜʦʨʘʚʣʠʚʘʶʱʝʡ ʣʠʥʝʡʢʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ  

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʦʨʦʞʝʥʦʛʦ. ʆʙʲʝʢʪʦʤ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʤʦʨʦʞʝʥʦʝ. ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ  ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʨʦʞʝʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʠʤʝʥʥʦ:  

¶ ʧʨʝʜʩʪʘʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʨʦʞʝʥʦʛʦ ʩ 

ʧʦʜʙʦʨʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʝʙʠʦʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ; 

¶ ʨʘʩʩʯʠʪʘʪʴ  ʨʝʮʝʧʪʫʨʳ ʤʦʣʦʯʥʦʢʠʩʣʦʛʦ ʤʦʨʦʞʝʥʦʛʦ; 

¶ ʚʳʨʘʙʦʪʘʪʴ ʤʦʨʦʞʝʥʦʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʙʠʦʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ; 

¶ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʝʥʜʝʥʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʚʠʜʦʚ ʤʦʨʦʞʝʥʦʛʦ ʜʣʷ ʟʜʦʨʦʚʦʛʦ 

ʧʠʪʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠ ʚʥʝʩʝʥʠʝʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʟʜʦʨʘʚʣʠʚʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪ.ʯ. ʧʨʦʙʠʦʪʠʢʦʚ ʠ 

ʧʨʝʙʠʦʪʠʢʦʚ. ʂ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚ 

ʤʦʨʦʞʝʥʦʝ ʧʨʝʙʠʦʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʣʘʢʪʫʣʦʟʘ, ʛʘʣʘʢʪʦʦʣʠʛʦʩʘʭʘʨʠʜʳ ʠ ʠʥʫʣʠʥ. 

ɸʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʙʠʦʪʠʯʝʩʢʦʛʦ  ʤʦʨʦʞʝʥʦʛʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪʥʫʶ ʣʠʥʝʡʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ 

ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ[3].  

ʉʪʨʫʢʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ɺ ʪʝʯʝʥʠʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʦʩʥʦʚʥʘʷ ʮʝʣʴ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʨʦʞʝʥʦʛʦ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʦʨʦʞʝʥʦʛʦ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ 

ʤʦʨʦʞʝʥʦʛʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢ ʠʥʥʦʚʘʮʠʦʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ 

ʤʦʨʦʞʝʥʦʛʦ ʦʪʥʦʩʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʠ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ 

ʜʦʢʘʟʘʥʥʳʤʠ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʨʝʙʠʦʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʬʦʨʤ ʬʘʩʦʚʢʠ ʠ ʢʦʤʙʠʥʘʮʠʡ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʠʜʘʤʠ ʤʦʨʦʞʝʥʦʛʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʣʶʙʦʛʦ ʢʦʤʙʠʥʘʪʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʦʨʦʞʝʥʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʘʢʦʤʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʠ 

ʧʨʝʙʠʦʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ (ʦʟʜʦʨʘʚʣʠʚʘʶʱʝʡ)  

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. ɸʤʙʨʦʟʝʚʠʯ ɽ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʠʥʛʨʝʜʠʝʥʪʘʤ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ / ɽ.ɻ. ɸʤʙʨʦʟʝʚʠʯ // 

ʇʠʱʝʚʳʝ ʠʥʛʨʝʜʠʝʥʪʳ. ʉʳʨʴʝ ʠ ʜʦʙʘʚʢʠ. ï 2005. ï ˉ1. ï ʉ. 30.  

2. ɸʨʩʝʥʴʝʚʘ ʊ.ʇ. ʉʧʨʘʚʦʯʥʠʢ ʪʝʭʥʦʣʦʛʘ ʤʦʣʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʝʭʥʦʣʦʛʠʷ 
ʠ ʨʝʮʝʧʪʫʨʳ. ʊʦʤ 4 ʄʦʨʦʞʝʥʦʝ / ʊ.ʇ. ɸʨʩʝʥʴʝʚʘ - ʉʧʙ: ɻʀʆʈɼ, 2002. ï  

184 ʩ.  

3. ɹʝʣʢʠʥ ɺ.ɻ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ / ɺ.ɻ. ɹʝʣʢʠʥ, ʊ.ʂ. ʂʘʣʝʥʠʢ, ʃ.ʆ. ʂʦʨʰʝʥʢʦ ʠ ʜʨ. // 

ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʞʫʨʥʘʣ. ï 2009. ï ˉ 1. ï ʉ. 26. 
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ɸʃɻʆʈʀʊʄʓ ʇʆʀʉʂɸ ʇʋʊʀ ɺ ɼʀʉʂʈɽʊʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ɼʦʤʨʘʯʝʚʘ ʊʘʪʴʷʥʘ ʉʝʨʛʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʐʠʛʘʥʦʚʘ ʄʘʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʈʦʤʘʥʦʚʘ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʆʨʣʦʚʩʢʘʷ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ɻʫʩʝʚ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ɻʫʩʝʚ ɺʘʜʠʤ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ʇʦʠʩʢ ʧʫʪʠ - ʵʪʦ ʧʦʠʩʢ ʢʦʤʧʴʶʪʝʨʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʢʨʘʪʯʘʡʰʝʛʦ 

ʤʘʨʰʨʫʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. ʕʪʘ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʩʥʦʚʘʥʘ ʥʘ ʘʣʛʦʨʠʪʤʝ ɼʝʡʢʩʪʨʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʥʘ 

ʚʟʚʝʰʝʥʥʦʤ ʛʨʘʬʝ. 

ɹʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʠʩʢʘ ʧʫʪʠ ʧʦʣʫʯʠʣʠ ʚ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʮʠʬʨʦʚʳʭ ʠʛʨʘʭ (ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ, ʠʛʨʳ ʜʣʷ ʧʨʠʩʪʘʚʦʢ, ʩʤʘʪʨʬʦʥʦʚ ʠ 

ʧʨʦʯʠʝ). 

ʆʧʪʠʤʘʣʴʥʳʡ (ʙʳʩʪʨʳʡ ʠ ʣʦʛʠʯʥʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʳ) 

ʧʦʠʩʢ ʧʫʪʠ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʥʘ ʜʠʩʢʨʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʝʩʪʴ ʥʘ ʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʜʝʣʝʥʦ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʦʠʩʢʘ ʧʫʪʠ. ʀʪʦʛ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʛʨʘʬ. 

ɺ ʤʘʪʝʤʘʪʠʢʝ (ʪʦʯʥʝʝ ʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ), ʛʨʘʬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʝʢʦʪʦʨʳʝ ʧʘʨʳ ʦʙʲʝʢʪʦʚ 
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ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ çʩʚʷʟʘʥʳè. ʆʙʲʝʢʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʘʙʩʪʨʘʢʮʠʷʤ, ʥʘʟʳʚʘʝʤʳʤ ʚʝʨʰʠʥʘʤʠ (ʘ ʪʘʢʞʝ ʫʟʣʘʤʠ ʠʣʠ ʪʦʯʢʘʤʠ), ʠ ʢʘʞʜʘʷ 

ʠʟ ʩʚʷʟʘʥʥʳʭ ʧʘʨ ʚʝʨʰʠʥ ʥʘʟʳʚʘʝʪʩʷ ʨʝʙʨʦʤ (ʣʠʥʠʷʤʠ). 

 

ʈʠʩʫʥʦʢ 1. ʛʨʘʬ ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʝʨʰʠʥ (ʢʨʫʛʠ ʩ ʙʫʢʚʘʤʠ ʚʥʫʪʨʠ) ʠ ʨʝʙʝʨ 

(ʧʘʨʳ ʚʝʨʰʠʥ ʩʚʷʟʘʥʥʳʝ ʣʠʥʠʝʡ) 

 

ɺʦʟʤʦʞʥʳʝ ʪʠʧʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ: 

¶ Navigation regular grid (ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ) 

¶ Waypoints (ʧʫʪʝʚʳʝ ʪʦʯʢʠ) 

¶ NavMesh (ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʝʪʢʘ) 

¶ ʜʨʫʛʠʝ. 

ʇʦ ʩʫʪʠ, ʤʝʪʦʜ ʧʦʠʩʢʘ ʧʫʪʠ ʠʱʝʪ ʧʫʪʴ, ʥʘʯʠʥʘʷ ʩ ʦʜʥʦʡ ʚʝʨʰʠʥʳ 

(ʩʪʘʨʪʦʚʦʡ) ʠ ʠʩʩʣʝʜʫʷ ʩʦʩʝʜʥʠʝ ʫʟʣʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʛʦ ʫʟʣʘ (ʢʦʥʝʯʥʦ 

ʚʝʨʰʠʥ), ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʩʘʤʦʛʦ ʜʝʰʝʚʦʛʦ ʤʘʨʰʨʫʪʘ. 

ɼʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʧʫʪʠ:  

1. ʧʦʠʩʢ ʧʫʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ ʚ ʛʨʘʬʝ;  

2. ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ - ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ.  

ʆʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʠʩʢ ʧʦ ʰʠʨʠʥʝ ʠ ʛʣʫʙʠʥʝ, ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʧʝʨʚʫʶ ʧʨʦʙʣʝʤʫ, ʠʩʯʝʨʧʳʚʘʷ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʅʘʯʠʥʘʷ ʩ ʜʘʥʥʦʛʦ ʫʟʣʘ, 

ʦʥʠ ʧʝʨʝʙʠʨʘʶʪ ʚʩʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʫʪʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʫʪ ʫʟʣʘ 

ʥʘʟʥʘʯʝʥʠʷ. ʆʯʝʚʠʜʥʦ,  ʵʪʠ ʤʝʪʦʜʳ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ real-time ʧʨʠʣʦʞʝʥʠʡ ʚ 

ʚʠʜʫ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ, ʠ ʥʝ ʧʦʜʭʦʜʷʪ ʠʛʨʘʤ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ) ʪʘʢ ʢʘʢ 

ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʙʦʣʴʰʠʥʩʪʚʘ ï ʧʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʦʜʠʮʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ A* (A star) ʠ 

ɼʝʡʢʩʪʨʳ, ʚ ʦʩʥʦʚʥʦʤ ʠʱʫʪ ʧʫʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʵʚʨʠʩʪʠʢʠ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ 
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ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʣʫʯʰʠʭ ʦʙʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʠʱʫʪ ʧʫʪʴ ʥʘ ʛʨʘʬʝ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʠʩʢ ʧʫʪʠ ʘʣʛʦʨʠʪʤʦʤ ɼʝʡʢʩʪʨʳ. ʆʙʱʠʤ ʧʨʠʤʝʨʦʤ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ 

ʧʫʪʝʡ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ ʠ çʦʪʢʨʳʪʦʛʦ ʥʘʙʦʨʘè ʫʟʣʦʚ-ʢʘʥʜʠʜʘʪʦʚ (ʩʦʩʝʜʝʡ ʥʘʯʘʣʴʥʦʛʦ 

ʫʟʣʘ). ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʟʝʣ ʚ ʦʪʢʨʳʪʦʤ ʥʘʙʦʨʝ ʩ ʩʘʤʳʤ 

ʥʠʟʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʥʘʯʘʣʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʟʝʣ ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ 

çʟʘʢʨʳʪʳʡè, ʠ ʚʩʝ ʫʟʣʳ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʝʤʫ, ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʦʪʢʨʳʪʳʡ ʥʘʙʦʨ, 

ʝʩʣʠ ʦʥʠ ʝʱʝ ʥʝ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʙʫʜʝʪ ʥʘʡʜʝʥ ʧʫʪʴ ʢ ʤʝʩʪʫ ʥʘʟʥʘʯʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʫʟʣʳ ʩ ʥʘʠʤʝʥʴʰʠʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʦʚʝʨʷʶʪʩʷ ʧʝʨʚʳʤ, ʧʨʠ ʧʝʨʚʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ, 

ʧʫʪʴ ʢ ʥʝʤʫ ʙʫʜʝʪ ʩʘʤʳʤ ʢʦʨʦʪʢʠʤ. 

A*  - ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʠʛʨʘʭ. A* 

ʧʨʠʩʚʘʠʚʘʝʪ ʚʝʩ ʢʘʞʜʦʤʫ ʦʪʢʨʳʪʦʤʫ ʫʟʣʫ, ʨʘʚʥʦʤʫ ʚʝʩʫ ʢʨʘʷ, ʵʪʦʛʦ ʫʟʣʘ ʧʣʶʩ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤ ʫʟʣʦʤ ʠ ʢʦʥʮʦʤ. ʕʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʚʨʠʩʪʠʢʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤ ʫʟʣʦʤ ʠ ʢʦʥʮʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ 

ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʧʫʪʠ ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʫʪʠ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ 

ʜʣʠʥʳ x ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʠ ʢʦʥʮʦʤ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʦʤ ʠ 

ʬʠʥʠʰʝʤ ʙʦʣʴʰʝ, ʯʝʤ x, ʵʪʦʪ ʫʟʝʣ ʥʝ ʥʫʞʥʦ ʧʨʦʚʝʨʷʪʴ. 

ʉʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʫʶ ʞʝ ʚʝʨʰʠʥʫ (ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʦʩʝʜʝʡ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʚʝʨʰʠʥʳ) ʠʩʧʦʣʴʟʦʚʘʪʴ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʝ: F=G + 

H  

ɻʜʝ: G - ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠʟ ʩʪʘʨʪʦʚʦʡ ʚʝʨʰʠʥʳ ʢ ʜʘʥʥʦʡ, ʩʣʝʜʫʷ 

ʥʘʡʜʝʥʥʦʤʫ ʧʫʪʠ ʢ ʵʪʦʡ ʢʣʝʪʢʝ.  

H - ʧʨʠʤʝʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʪ ʜʘʥʥʦʡ ʚʝʨʰʠʥʳ ʜʦ ʢʦʥʝʯʥʦʡ. 

ʕʪʦ ʝʩʪʴ ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʫʪʠ. ʉʪʦʠʤʦʩʪʴ H ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ 

ʤʥʦʞʝʩʪʚʦʤ ʩʧʦʩʦʙʦʚ. ɺ ʠʛʨʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʄʘʥʭʝʪʪʝʥʘ 

(Manhattan method), ʛʜʝ ʩʯʠʪʘʝʪʩʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʚʝʨʰʠʥʳ ʦʪ ʪʝʢʫʱʝʡ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ, 
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ʠʛʥʦʨʠʨʫʷ ʣʶʙʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʘ ʧʫʪʠ. ʀ ʫʤʥʦʞʘʝʪʩʷ 

ʥʘ ʥʝʢʦʪʦʨʳʡ ʢʦʵʬʬʠʮʠʝʥʪ.. 

A* ʠʩʧʦʣʴʟʫʝʪ ʵʪʫ ʵʚʨʠʩʪʠʢʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ɼʝʡʢʩʪʨʳ. ʂʦʛʜʘ ʵʚʨʠʩʪʠʢʘ ʦʮʝʥʠʚʘʝʪʩʷ ʜʦ ʥʫʣʷ, A* ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʳ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʠʩʪʠʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ, A* ʧʨʦʜʦʣʞʘʝʪ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʫʪʠ, ʥʦ ʨʘʙʦʪʘʝʪ ʙʳʩʪʨʝʝ (ʚ ʩʠʣʫ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʯʠʩʣʘ 

ʫʟʣʦʚ). ʂʦʛʜʘ ʟʥʘʯʝʥʠʝ ʵʚʨʠʩʪʠʢʠ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʪʠʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ, 

A* ʠʩʩʣʝʜʫʝʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʵʚʨʠʩʪʠʢʠ A* ʠʩʩʣʝʜʫʝʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ, ʥʦ ʙʦʣʴʰʝ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ. 

ɸʣʛʦʨʠʪʤ ʪʨʘʩʩʠʨʦʚʢʠ ʚʦʣʥ (ʚʦʣʥʦʚʦʡ ʘʣʛʦʨʠʪʤ) - ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʥʘ ʛʨʘʬʝ. ʇʨʠʥʘʜʣʝʞʠʪ ʢ ʘʣʛʦʨʠʪʤʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʤʝʪʦʜʘʭ ʧʦʠʩʢʘ ʚ ʰʠʨʠʥʝ. 

ʉʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ:  

¶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ 

¶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʫʪʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʩʪʘʨʪʦʚʦʡ ʚʝʨʰʠʥʳ ʚ ʩʦʩʝʜʥʶʶ, 

ʧʨʠ ʵʪʦʤ ʧʨʦʚʝʨʷʝʪʩʷ, ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʦʥʘ ʨʘʥʝʝ ʤʝʯʝʥʥʦʡ ʚ ʧʫʪʠ ʚʝʨʰʠʥʝ. 

ʉʦʩʝʜʥʠʝ ʚʝʨʰʠʥʳ ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ:  

1. ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʬʦʥ ʅʝʡʤʘʥʘ ʩʦʩʝʜʥʠʤʠ ʷʯʝʡʢʘʤʠ ʩʯʠʪʘʶʪʩʷ ʪʦʣʴʢʦ 4 

ʷʯʝʡʢʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ,  

2. ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʄʫʨʘ ð ʚʩʝ 8 ʷʯʝʝʢ, ʚʢʣʶʯʘʷ ʜʠʘʛʦʥʘʣʴʥʳʝ. 

ɽʩʣʠ ʚʝʨʰʠʥʘ ʥʝ ʧʨʠʥʘʜʣʞʠʪ ʢ ʨʘʥʝʝ ʧʦʤʝʯʝʥʥʳʤ ʚ ʧʫʪʠ ʚʝʨʰʠʥʘʤ, ʪʦ ʚ 

ʝʝ ʘʪʨʠʙʫʪ ʟʘʧʠʩʳʚʘʝʪʩʷ ʯʠʩʣʦ, ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʰʘʛʦʚ ʦʪ ʩʪʘʨʪʦʚʦʡ 

ʚʝʨʰʠʥʳ. ʂʘʞʜʘʷ ʪʘʢʘʷ ʚʝʨʰʠʥʘ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ 

ʩʚʦʶ ʚʦʣʥʫ.  

ʉʙʦʨʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʧʨʠ 

ʚʳʙʦʨʝ ʚʝʨʰʠʥʳ, ʦʪ ʬʠʥʠʰʥʦʡ ʢ ʩʪʘʨʪʦʚʦʡ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʙʠʨʘʝʪʩʷ 
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ʚʝʨʰʠʥʘ, ʠʤʝʶʱʘʷ ʘʪʨʠʙʫʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʪʘʨʪʦʚʦʡ ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ 

ʪʝʢʫʱʝʡ.  

ɺ ʮʝʣʦʤ, ʢʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ, 

ʪʦ ʝʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ. ʂ ʧʨʠʤʝʨʫ ʚʦʣʥʦʚʦʡ 

ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʠʛʨʦʚʳʭ ʩʠʪʫʘʮʠʡ ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 

ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʜʦ ʯʝʛʦ-ʪʦ ʙʣʠʞʘʡʰʝʛʦ ʜʣʷ ʫʢʨʳʪʠʷ, ʘ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʨʘʚʥʝ ʩ A* (ʧʨʠʤʝʨʥʦ), ʥʘ ʥʝʢʦʪʦʨʳʭ ʬʦʨʫʤʘʭ ʝʩʪʴ ʜʘʞʝ ʩʧʦʨʳ 

ʯʪʦ ʣʫʯʰʝ, ʠʙʦ ʵʚʨʠʩʪʠʢʘ ʥʝ ʚʩʝʛʜʘ ʜʘʝʪ ʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. http://wikipedia.org/  

2. http://www.gamedev.ru/ 

3. http://www.gamedev.net/ 

4. http://www.gamasutra.com  

5. http://www.moddb.com  

6. http://www.policyalmanac.org/  

7. http://pmg.org.ru/  
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ɼʀʉʂʈɽʊʀɿɸʎʀʗ ʊʈɽʍʄɽʈʅʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ  

ɼʃʗ ʅɸɺʀɻɸʎʀʀ 

ɼʦʤʨʘʯʝʚʘ ʊʘʪʴʷʥʘ ʉʝʨʛʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ.ʂʦʟʴʤʳ ʄʠʥʠʥʘ, 
 ʈʌ, ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʐʠʛʘʥʦʚʘ ʄʘʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ.ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʈʦʤʘʥʦʚʘ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ.ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʆʨʣʦʚʩʢʘʷ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʅɻʇʋ ʠʤ. ʂʦʟʴʤʳ ʄʠʥʠʥʘ,  
ʈʌ, ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ɿʘʯʘʩʪʫʶ ʥʘʯʠʥʘʶʱʠʝ ʧʨʦʛʨʘʤʤʠʩʪʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ 

ʥʘʚʠʛʘʮʠʠ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʫʱʝʩʪʚʫʝʪ 3 ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ: 

¶ Navigation regular grid (ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ) 

¶ Waypoints (ʧʫʪʝʚʳʝ ʪʦʯʢʠ) 

¶ NavMesh (ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʝʪʢʘ) 

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʨʝʭʤʝʨʥʳʭ ʠʛʨʘʭ 

ʨʘʟʣʠʯʥʳʭ ʞʘʥʨʦʚ. 

ɺ ʮʝʣʦʤ, ʩʫʪʴ ʤʝʪʦʜʦʚ - ʵʪʦ ʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʪʘʣʠ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʝʠʛʨʦʚʳʭ ʧʝʨʩʦʥʘʞʝʡ ʩʶʞʝʪʘ (ʅʇʉ) ʧʦ 

ʥʠʤ, ʪʦ ʝʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). 

Navigation regular grid  ï ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ ʠʟ ʷʯʝʝʢ, ʛʜʝ ʢʘʞʜʘʷ ʠʟ ʥʠʭ 

ʠʤʝʝʪ ʦʙʱʫʶ ʜʣʷ ʚʩʝʭ ʬʦʨʤʫ, ʩʦʩʝʜʝʡ ʠ  ʧʘʨʘʤʝʪʨʳ ʧʨʦʭʦʜʠʤʦʩʪʠ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʠʤʠʪʘʮʠʶ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʚ ʚ ʠʛʨʝ ʜʣʷ ʅʇʉ. 
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ʈʠʩʫʥʦʢ 1. Navigation regular grid ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ graph-point 

(ʜʚʠʞʦʢ SkyXEngine) 

 

ʌʦʨʤʘ ʷʯʝʝʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʘʷ, ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳ: ʢʚʘʜʨʘʪʥʳʝ  

(4 ʧʨʷʤʳʭ ʠ 4 ʜʠʘʛʦʥʘʣʴʥʳʭ ʩʦʩʝʜʘ) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ/ʰʝʩʪʠʛʨʘʥʥʳʝ (6 

ʩʦʩʝʜʝʡ). 

ʈʝʛʫʣʷʨʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʝʪʢʘ ʦʙʦʨʘʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʴ ʫʨʦʚʥʷ ʠ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʫʪʠ. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʷʯʝʝʢ ʚʦʟʤʦʞʥʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʝʧʷʪʩʪʚʠʡ (ʜʣʷ ʦʙʭʦʜʘ, 

ʧʝʨʝʧʨʳʛʠʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʠ ʩʦʰʢʠ ʧʫʣʝʤʝʪʘ ʠ ʪ.ʜ.) ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʉʘʤʳʡ ʛʣʘʚʥʳʡ ʤʠʥʫʩ ʜʘʥʥʦʡ ʩʝʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʧʘʤʷʪʠ. ʆʜʥʘʢʦ ʥʘ ʧʨʠʤʝʨʝ ʜʚʠʞʢʘ X-Ray ʠ ʣʶʙʠʪʝʣʴʩʢʠʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʢ 

ʠʛʨʝ ñS.T.A.L.K.E.R Shadow of Shernobylò ʫʨʦʚʥʠ ʜʦʩʪʠʛʘʣʠ ʨʘʟʤʝʨʦʚ ʙʦʣʝʝ 

2000ʭ2000 ʤʝʪʨʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

¶ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ (ʘʚʪʦʛʝʥʝʨʘʮʠʷ ʠ ʨʫʯʥʘʷ 

ʨʘʩʩʪʘʥʦʚʢʘ);  

¶ ʇʨʦʩʪʦʡ ʧʦʠʩʢ ʧʫʪʠ;  

¶ ʃʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: 

¶ ɼʣʷ ʙʦʣʴʰʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʤʷʪʠ 

¶ ʄʝʜʣʝʥʥʳʡ ʧʦʠʩʢ ʧʫʪʠ ʙʦʣʴʰʠʭ ʜʠʩʪʘʥʮʠʡ, ʠʩʧʨʘʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ (ʢ ʧʨʠʤʝʨʫ ʛʨʘʬʧʦʠʥʪʳ ʚ SkyXEngine).  
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Navmesh (ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʝʪʢʘ) - ʵʪʦ ʘʙʩʪʨʘʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʦʤʦʱʠ ʘʛʝʥʪʘʤ ʚ 

ʧʦʠʩʢʝ ʧʫʪʠ ʯʝʨʝʟ ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʠʟʚʝʩʪʝʥ ʩ ʩʝʨʝʜʠʥʳ 

1980-ʭ ʛʦʜʦʚ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʛʜʝ ʝʛʦ ʥʘʟʳʚʘʶʪ ʣʫʛʦʚʦʡ ʢʘʨʪʦʡ, ʠ ʥʘʯʠʥʘʷ ʩ 

2000 ʛʦʜʘ ʧʨʠʦʙʨʝʪʘʣ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʚʠʜʝʦʠʛʨʘʭ. 

 

ʈʠʩʫʥʦʢ 2. navmesh (ʛʦʣʫʙʦʡ ʮʚʝʪ) (open source ʧʨʦʝʢʪ Recast/Detour) 

 

ʅʘʚʠʛʘʮʠʦʥʥʘʷ ʩʝʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʜʚʫʤʝʨʥʳʭ ʚʳʧʫʢʣʳʭ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ (ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʝ ʦʙʣʘʩʪʠ 

ʩʨʝʜʳ ʧʝʨʝʩʝʢʘʶʪʩʷ ʘʛʝʥʪʘʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʝʨʩʦʥʘʞ ʚ ʠʛʨʝ ʤʦʞʝʪ 

ʩʚʦʙʦʜʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʵʪʠʤ ʨʘʡʦʥʘʤ ʦʙʭʦʜʷ ʧʨʝʧʷʪʩʪʚʠʷ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʤʝʞʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ ʩʦʝʜʠʥʝʥʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘ ʝʜʠʥʦʤ ʛʨʘʬʝ. 

ʇʦʠʩʢ ʧʫʪʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʦʩʪʦ ʧʦ ʧʨʷʤʦʡ, ʧʦʪʦʤʫ ʯʪʦ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ ʚʳʧʫʢʣʳʝ ʠ ʧʨʦʭʦʜʷʱʠʝ. ʇʦʠʩʢ ʧʫʪʠ ʤʝʞʜʫ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤʠ ʚ ʩʝʪʢʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ, ʪʘʢʠʭ ʢʘʢ A* ʠʣʠ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʛʝʥʪʳ ʥʘ navmesh ʤʦʛʫʪ ʠʟʙʝʞʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʦʚʝʨʦʢ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

¶ ʟʘʥʠʤʘʝʪ ʤʘʣʦ ʧʘʤʷʪʠ; 

¶ ʧʨʦʩʪʦʝ ʚʳʧʨʷʤʣʝʥʠʝ ʧʫʪʝʡ; 

¶ ʙʳʩʪʨʳʝ ʧʦʠʩʢ ʧʫʪʠ. 
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ʅʝʜʦʩʪʘʪʢʠ: 

¶ cʣʦʞʥʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ; 

¶ cʣʦʞʥʦʩʪʠ ʧʨʠ real-time ʧʝʨʝʩʪʨʦʝʥʠʠ. 

Waypoints (ʧʫʪʝʚʳʝ ʪʦʯʢʠ) - ʵʪʦ ʪʝʨʤʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʠ ʠʣʠ ʤʝʩʪʘ ʥʘ ʤʘʨʰʨʫʪʝ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ ʪʝʨʤʠʥ ʦʙʦʟʥʘʯʘʝʪ ʦʧʦʨʥʫʶ ʪʦʯʢʫ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʥʫʶ ʩ ʥʘʚʠʛʘʮʠʝʡ 

ʇʫʪʝʚʳʝ ʪʦʯʢʠ - ʵʪʦ ʥʘʙʦʨʳ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʪʦʯʢʫ ʚ 

ʬʠʟʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

ʈʠʩʫʥʦʢ 3. waypoints (Google maps) 

 

 

ʈʠʩʫʥʦʢ 4. waypoints (ʩʢʨʠʥʰʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ Demiurg-HG ʩ ʬʦʨʫʤʘ 

gamedev.ru) 

 

ɼʦʩʪʦʠʥʩʪʚʘ: 

¶ ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ï ʨʘʩʩʪʘʥʦʚʢʘ ʚʨʫʯʥʫʶ; 

¶ ʇʨʦʩʪʦʪʘ ʧʦʠʩʢʘ ʧʫʪʠ;  

¶ ɿʘʥʠʤʘʝʪ ʤʘʣʦ ʧʘʤʷʪʠ; 

¶ ʇʦʠʩʢ ʨʘʙʦʪʘʝʪ ʙʳʩʪʨʝʝ. 

 

http://www.gamedev.ru/code/forum/?id=164487&page=2#m19
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ʅʝʜʦʩʪʘʪʢʠ: 

¶ ɼʦʣʛʦ ʨʘʩʩʪʘʚʣʷʪʴ ʚʨʫʯʥʫʶ; 

¶ ʉʣʦʞʥʦʩʪʠ ʚ ʚʳʧʨʷʤʣʝʥʠʠ ʧʫʪʝʡ; 

¶ ʉʣʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ; 

¶ ʉʣʦʞʥʦʩʪʠ ʧʨʠ ʘʚʪʦʛʝʥʝʨʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʶʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʝʪ 

ʦʙʨʘʱʘʪʴ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʯʪʦ 

ʙʦʣʴʰʝ ʧʦʜʦʡʜʝʪ, ʯʪʦ ʙʫʜʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʳʩʪʨʳʤ, ʥʘ ʝʛʦ ʚʟʛʣʷʜ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʉ. ɾʫʢʦʚ, ɸ. ʀʦʥʝʩ, ñʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʝʨʩʦʥʘʞʝʡ ʚ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠò, ʊʨʫʜʳ ʢʘʬ. 

çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè, ʉʇʙɻʊʋ 

2. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ ] http://www.gamedev.net/ 

 

  

http://www.gamedev.net/
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ʇʈɽɼʉʊɸɺʃɽʅʀɽ ʀ ʆɹʈɸɹʆʊʂɸ ʆɹʈɸɿʆɺ  

ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʕʃɽʄɽʅʊʆɺ 

ʂʦʢʠʥ ʀʛʦʨʴ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʋʣʴʷʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,  
ʈʌ, ʛ. ʋʣʴʷʥʦʚʩʢ 

ʇʦʭʠʣʴʢʦ ɸʣʝʢʩʘʥʜʨ ʌʝʜʦʨʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 
ʋʣʴʷʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʋʣʴʷʥʦʚʩʢ   

 

ʅʘ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). ʌʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʯʝʥʴ ʢʦʨʦʪʢʘ, ʦʥʘ ʥʝ ʥʘʩʯʠʪʳʚʘʝʪ ʠ ʧʷʪʠʜʝʩʷʪʠ 

ʣʝʪ. ʇʨʠ ʵʪʦʤ ʙʝʟ ʵʪʠʭ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʳ ʥʠʢʦʛʜʘ ʙʳ ʥʝ ʩʪʘʣʠ ʪʝʤ, ʯʝʤ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʩʝʡʯʘʩ ï ʦʨʫʜʠʝʤ ʪʨʫʜʘ ʤʠʣʣʠʦʥʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʷʪʳʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʉɸʇʈ ï ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʷʜʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʛʨʫʧʧʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʙʤʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʝʢʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʫʩʪʨʘʥʠʣʘ ʙʳ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʦʨʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ (ʂʕ) ð ʦʩʥʦʚʥʘʷ ʝʜʠʥʠʮʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪ, ʟʘʜʘʶʱʠʡ ʬʦʨʤʫ 

ʠʟʜʝʣʠʷ. ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʂʕ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ï 

ʵʪʦ ʥʝ ʦʜʥʘ ʝʜʠʥʩʪʚʝʥʥʘʷ ʜʝʪʘʣʴ ʢʦʥʝʯʥʦʡ ʬʦʨʤʳ. ʆʥ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 

ʤʥʦʞʝʩʪʚʦʤ ʚʘʨʠʘʮʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʧʝʨʝʩʪʘʚʘʪʴ ʙʳʪʴ ʪʝʤ ʞʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ. 
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ʂʘʢ ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʟʪʠ ʚʠʥʪ, ʠʤʝʶʱʠʡ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʰʣʷʧʢʠ: ʢʨʝʩʪʦʦʙʨʘʟʥʫʶ, ʧʣʦʩʢʫʶ ʠʣʠ çʟʚʝʟʜʦʯʢʫè. 

ɼʣʷ ʛʨʘʥʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʥʷʪʠʷ 

ʛʝʦʤʝʪʨʠʠ ʠ ʪʦʧʦʣʦʛʠʠ. ʊʘʢ, ʧʦʜ ʛʝʦʤʝʪʨʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʬʦʨʤʳ, ʘ ʧʦʜ ʪʦʧʦʣʦʛʠʝʡ ï ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʚʷʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʚ ʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʦʣʦʛʠʶ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʛʦ ʩʚʷʟʴ ʤʝʞʜʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʨʠʤʠʪʠʚʘʤʠ, ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ (ʨʠʩ.1). ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʡ ʛʨʘʬ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ, 

ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. [1][3] 

 

ʈʠʩʫʥʦʢ 1. ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ï ʬʘʩʦʥʥʳʡ ʨʝʟʝʮ. ʇʦʩʪʨʦʝʥʠʝ 

ʜʝʪʘʣʠ ʠʤʝʝʪ ʬʦʨʤʫʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʠ ʠʪʦʛʦʚʳʡ ʚʘʨʠʘʥʪ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʬʦʨʤʘ ʨʝʟʮʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʘʣʣ ʠ ʪ.ʜ.). ʇʦʣʫʯʝʥʠʝ 

ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʰʘʛʦʚ: 

1. ʂʦʥʢʨʝʪʠʟʘʮʠʷ ʟʘʜʘʯʠ: ʬʦʨʤʫʣʠʨʦʚʢʘ, ʦʛʨʘʥʠʯʝʥʠʷ 

2. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʜʝʨʝʚʘ ʧʦʩʪʨʦʝʥʠʷ 

(ʨʠʩ.2) 



 

32 

 

3. ʉʦʟʜʘʥʠʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ʜʝʨʝʚʘ: ʜʦʙʘʚʣʝʥʠʝ ʢ ʜʝʨʝʚʫ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʬʦʨʤʫʣʴʥʦ ʠʣʠ 

ʪʘʙʣʠʯʥʦ (ʨʠʩ.3) 

4. ʇʦʩʪʨʦʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʜʝʨʝʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʈʠʩʫʥʦʢ 2. ɼʝʨʝʚʦ ʧʦʩʪʨʦʝʥʠʷ 

 

  

 ʈʠʩʫʥʦʢ 3. ʈʘʩʰʠʨʝʥʥʦʝ ʜʝʨʝʚʦ 

 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʦʙʦʙʱʝʥʥʦʛʦ ʜʝʨʝʚʘ (ʨʠʩ.4). ɽʛʦ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʰʠʨʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩʦʩʪʦʠʪ ʚ 

ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʧʫʪʴ ʚʳʜʝʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 4 ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʠ ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʘʶʱʠʤ ʜʝʨʝʚʦʤ. [2][4][5]  
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ʈʠʩʫʥʦʢ 4. ʆʙʦʙʱʝʥʥʦʝ ʜʝʨʝʚʦ 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʘʩʦʥʥʦʤʫ ʨʝʟʮʫ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʤʦʜʝʣʠ, ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʢʨʫʛʣʦʛʦ ʠʣʠ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʟʮʘ, ʯʪʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʨʘʟʥʠʮʫ ʜʣʷ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʪʘʥʢʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʝʧʣʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʦʙʘ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʚ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ 

ʦʜʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 5.). 

 

ʈʠʩʫʥʦʢ 5. 1 ï ʢʨʫʛʣʳʡ ʬʘʩʦʥʥʳʡ ʨʝʟʝʮ; 2 - ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ 

 

ʃʶʙʦʡ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʵʪʘʧʥʦ ʨʘʟʙʠʪʴ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʟʘʜʘʯ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʨʝʚʦ ʩʦʩʪʦʷʥʠʡ. 

ʇʨʝʜʩʪʘʚʠʤ ʜʝʨʝʚʦ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʨʝʟʮʘ ʚ ʚʠʜʝ ʀ/ʀʃʀ ʛʨʘʬʘ (ʨʠʩ. 6). ɼʘʥʥʳʡ 

ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʣʣʶʩʪʨʘʮʠʝʡ ʤʦʜʝʣʠ. 

 

ʈʠʩʫʥʦʢ 6. ʀ/ʀʃʀ ʛʨʘʬ ʬʘʩʦʥʥʦʛʦ ʨʝʟʮʘ 
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ʉ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʚ ʛʣʫʙʠʥʫ ʠ ʰʠʨʠʥʫ ʥʘ ʀ/ʀʃʀ ʛʨʘʬʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʘʩʦʥʥʦʛʦ ʨʝʟʮʘ. ʄʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʤʝʥʠʤ, ʪʘʢ ʢʘʢ 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʥʝ ʥʘʠʣʫʯʰʠʡ, ʘ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ, ʘ ʚ ʩʠʣʫ 

ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʚʝʨʰʠʥʳ ʠ ʚʝʪʚʠ ʥʝ ʠʤʝʶʪ ʦʮʝʥʦʢ. ʇʦʠʩʢ ʨʝʰʘʶʱʠʭ 

ʜʝʨʝʚʴʝʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʥʷʣ ʨʘʩʩʤʦʪʨʝʥʠʝ 38 ʚʝʪʚʝʡ ʩ ʧʨʦʚʝʨʢʦʡ ʥʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʨʘʟʨʝʰʠʤʦʩʪʠ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʰʠʥ ʜʣʷ ʢʘʞʜʦʡ ʚʝʪʚʠ. 

 ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʪʳʩʢʘʥʠʷ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ 

ʙʫʜʝʪ ʚʩʝʛʜʘ ʜʦʧʫʩʪʠʤ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʘʶʱʝʤʫ ʜʝʨʝʚʫ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʀ/ʀʃʀ ʜʝʨʝʚʘ. 

ʅʘ ʨʠʩ.7 ʧʨʝʜʩʪʘʚʣʝʥ ʀ/ʀʃʀ ʛʨʘʬ ʬʘʩʦʥʥʦʛʦ ʨʝʟʮʘ ʩ ʨʝʰʘʶʱʠʤʠ ʜʝʨʝʚʴʷʤʠ. 

 

ʈʠʩʫʥʦʢ 7. ʀ/ʀʃʀ ʛʨʘʬ ʬʘʩʦʥʥʦʛʦ ʨʝʟʮʘ 

  

ʆʜʥʘʢʦ ʧʝʨʝʜʘʚʘʪʴ ʩʘʤ ʛʨʘʬ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ. ʂ ʪʦʤʫ ʞʝ, ʵʪʦ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʛʨʘʬʘ ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʠʪʴ ʧʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ 

ʚʩʶ ʧʦʣʥʦʪʫ ʢʘʨʪʠʥʳ ʧʦʩʪʨʦʝʥʠʷ, ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʣʦʤ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʝʛʦ ʢʦʥʢʨʝʪʥʳʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʤʝʥʥʳʝ ʚ ʬʦʨʤʫʣʝ ʜʦʣʞʥʳ 

ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʪʴ ʚʝʪʚʣʝʥʠʷ ʛʨʘʬʘ. ʊʦ ʝʩʪʴ ʜʦʣʞʥʳ ʙʳʪʴ ʫʞʝ ʥʝ 

ʝʜʠʥʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʘ ʮʝʣʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ 

ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʢʦʥʢʨʝʪʥʦʝ ʚʝʪʚʣʝʥʠʝ ʩʦ ʚʩʝʤʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ (1), ʢʦʪʦʨʘʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʠʩʳʚʘʝʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
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    (1) 

ɺʝʢʪʦʨʳ ɔi, Ŭi, Di, r i ï ʚʝʢʪʦʨʳ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʬʘʩʦʥʥʦʛʦ ʨʝʟʮʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠʟ ʪʘʙʣʠʮ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

(ʇʨʠʣʦʞʝʥʠʝ 1). 

ɺʝʢʪʦʨʳ hŭi, hpi, Li, Ai ï ʚʝʢʪʦʨʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɺʝʢʪʦʨʳ Xi, Ri ï ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʚʝʢʪʦʨʳ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʩʦʥʥʦʛʦ ʨʝʟʮʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʠʩʳʚʘʪʴ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʯʠʪʳʚʘʷ ʚʩʝ ʘʩʧʝʢʪʳ ʧʦʩʪʨʦʝʥʠʷ: 

ʛʝʦʤʝʪʨʠʶ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

(ʬʦʨʤʫʣʳ, ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʠ ʪ. ʜ.) ʠ ʤʥʦʞʝʩʪʚʦ ʧʫʪʝʡ ʨʝʰʝʥʠʡ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʦʚ ʦʜʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʣʛʦʨʠʪʤ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʩʫʱʝʩʪʚʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʮʝʧʮʠʠ ʤʦʜʝʣʠ 

ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʘʤ (ʉɸʇʈ). 
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ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʉɸʇʈ ʥʘ ʙʘʟʝ Open CASCADE //ɺʝʩʪʥʠʢ 

ʋʣʴʷʥʦʚʩʢʦʛʦ ʛʦʩ.ʪʝʭʥ.ʫʥ-ʪʘ. 2007. ˉ 3 (39). ʉ. 32-35. 

3. ʅʠʣʴʩʦʥ ʅ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. ʄʝʪʦʜʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ʄ.: ʄʠʨ, 

1973 ð 273 ʩ. 

4. ʇʦʭʠʣʴʢʦ ɸ.ʌ., ɻʦʨʙʘʯʝʚ ʀ.ɺ., ʈʷʙʦʚ ʉ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CASE-ʪʝʭʥʦʣʦʛʠʡ. ʋʣʴʷʥʦʚʩʢ, 2014. 
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ʇʈʀʏʀʅʓ ʆɹʈʋʐɽʅʀʗ ɹɸʃʂʆʅʅʓʍ ʇʃʀʊ ɾʀʃʓʍ ɼʆʄʆɺ, 

ʇʆʉʊʈʆɽʅʅʓʍ ɺ ʉʆɺɽʊʉʂʆɽ ɺʈɽʄʗ 

ʉʦʨʦʢʦʣʝʪʦʚʘ ɽʢʘʪʝʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ 

ʩʪʫʜʝʥʪ, ɸʨʭʠʪʝʢʪʫʨʥʦ ʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ  
ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʉʘʤʘʨʘ 

 

ɼʘʥʥʘʷ ʪʝʤʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʥʦʡ ʚ ʩʚʷʟʠ ʩ ʩʝʨʠʝʡ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʝʸ ʘʢʪʫʘʣʴʥʦʩʪʴʶ, 

ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʩʪʨʦʝʢ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʦʨʦʜʘʭ ï ʵʪʦ ʟʜʘʥʠʷ, 

ʚʦʟʚʝʜʸʥʥʳʝ ʚʦ ʚʨʝʤʝʥʘ ʉʉʉʈ. 

 

ʈʠʩʫʥʦʢ 1. ʆʙʨʫʰʝʥʠʝ ʙʘʣʢʦʥʥʦʡ ʧʣʠʪʳ 

 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʠʟʥʦʩʘ ʙʘʣʢʦʥʥʳʭ ʧʣʠʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ:  

A. ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʙʝʪʦʥʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʜʝʣʘʣʠ 

ʙʘʣʢʦʥʥʳʝ ʧʣʠʪʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦ ʙʳʣ ʙʝʪʦʥ ʩ ʠʥʜʝʢʩʦʤ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ 50, 

(ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʪʦʥ ʩ 

ʤʘʨʢʘʤʠ F150, 300, 400 ʠ 500, ʯʪʦ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʙʦʣʴʰʝ) ʪʦ ʝʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʭʨʘʥʷʝʪ ʧʨʦʯʥʦʩʪʴ ʣʠʰʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 50 ʮʠʢʣʦʚ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʪʦ 


