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ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʉʀʉʊɽʄ 

ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʇʈɸɺʃɽʅʀʗ ʃɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

 

 

ʋɼʂ 629.7 

 

ɸ.ʄ. ɸɻɽɽɺ, ɸ.ɺ. ʃʋʑʀʂ 
ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè (ʛ. ɺʦʨʦʥʝʞ) 

 

ʊɽɿʀʉʓ ʈɽʐɽʅʀʗ ʂʈʋɻʃʆɻʆ ʉʊʆʃɸ ʇʆ ʅɸʇʈɸɺʃɽʅʀʖ 

çʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʇʀʃʆʊʀʈʋɽʄʓʍ ʀ ɹɽʉʇʀʃʆʊʅʓʍ  

ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ. ʊɽʍʅʆʃʆɻʀʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʈɸɿʈɸɹʆʊʂʀè 

 
ʇʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʊʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠè, ʧʨʦʰʝʜʰʝʛʦ ʚ ɺʋʅʎ ɺɺʉ çɺɺɸè 11 ʬʝʚʨʘʣʷ 2015 ʛ. ʚ ʨʘʤʢʘʭ II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʚʠʦʥʠʢʝ: ʪʝʦʨʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʠ 

çɸɺʀɸʊʆʈè. 

 

11 ʬʝʚʨʘʣʷ 2015 ʛ. ʚ ʨʘʤʢʘʭ II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴ-

ʥʳʝ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʚʠʦʥʠʢʝ: ʪʝʦʨʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʠçɸɺʀɸʊʆʈè ʙʳʣʦ ʦʨʛʘʥʠ-

ʟʦʚʘʥʦ ʩʦʚʝʱʘʥʠʝ (ʢʨʫʛʣʳʡ ʩʪʦʣ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶçʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʣʦʪʠʨʫʝʤʳʭ 

ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʊʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠè. 

ʎʝʣʠ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ (ʉʂɺʅ) ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪ-

ʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʃɸ) ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

2. ʆʙʩʫʞʜʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʚʝʜʫʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʦʪʨʘʩʣʠ ʧʦ ʚʘʨʠʘʥʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦ-

ʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 22 ʦʨʛʘʥʠʟʘʮʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 929 

ɻʃʀʎ ʠʤ. ɺ.ʇ. ʏʢʘʣʦʚʘ (ʛ. ɸʭʪʫʙʠʥʩʢ), ɺʋʅʎ ɺɺʉ çɺɺɸè (ʛ. ɺʦʨʦʥʝʞ), ɻʦʩʅʀʀɸʉ, ʂʦʥʮʝʨʥ 

çʉʠʩʪʝʤʧʨʦʤè, ʅʇʆ ʆʂɹ ʠʤ. ʄ.ʇ. ʉʠʤʦʥʦʚʘ (ʛ. ʂʘʟʘʥʴ), ʆɸʆ çʂʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʧʨʠʙʦʨʦ-

ʩʪʨʦʝʥʠʷ ʠʤ. ʘʢʘʜ. ɸ.ɻ. ʐʠʧʫʥʦʚʘè (ʛ. ʊʫʣʘ), ʆɸʆ çʄʦʩʢʦʚʩʢʠʡ ʚʝʨʪʦʣʝʪʥʳʡ ʟʘʚʦʜ ʠʤ. ʄ.ʃ. ʄʠʣʷè, 

ʆɸʆ çʅʀʀɸʆè, (ʛ. ɾʫʢʦʚʩʢʠʡ), ʆɸʆ çʅʇʂ çʕʃɸʈɸè ʠʤ. ɻ.ɸ. ʀʣʴʝʥʢʦè, (ʛ. ʏʝʙʦʢʩʘʨʳ), ʆɸʆ 

çʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʘʢʘʜ. ɸ.ʃ. ʄʠʥʮʘè, ʆɸʆ çʈʂʇɹè (ʛ. ʈʘʤʝʥʩʢʦʝ), ʆɸʆ ʄʅʇʂ 

çɸʚʠʦʥʠʢʘè ʠʤ. ʆ.ɺ. ʋʩʧʝʥʩʢʦʛʦ, ʆʆʆ çʀʞʤʘʰèïɹʝʩʧʠʣʦʪʥʳʝ ʩʠʩʪʝʤʳè (ʛ. ʀʞʝʚʩʢ), ʆʆʆ ʅʇʇ 

çɸɺɸʂʉ-ɻʝʦʉʝʨʚʠʩè (ʛ. ʂʨʘʩʥʦʷʨʩʢ), ʈʉʂ çʄʀɻ ï ʀʎ ʆʂɹ ʠʤ. ɸ.ʅ. ʄʠʢʦʷʥʘè, ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

ʅʘ ʦʙʩʫʞʜʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʉʦʩʪʦʷʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʂɺʅ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

2. ʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

ʉʂɺʅ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ ʨʘʟʣʠʯʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʝʜʩʝʜʘʪʝʣʝʤ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʷʚʣʷʣʩʷ ʥʘʯʘʣʴʥʠʢ 92 ʢʘʬʝʜʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʃɸ 

(ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ) ɺʋʅʎ ɺɺʉ çɺɺɸè, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʦʣʢʦʚʥʠʢ ʃʫʱʠʢ ɸ.ɺ., ʢʦʪʦʨʳʡ ʚʳ-

ʩʪʫʧʠʣ ʩ ʚʩʪʫʧʠʪʝʣʴʥʳʤ ʩʣʦʚʦʤ ʠ ʜʦʢʣʘʜʦʤ ʥʘ ʪʝʤʫ çɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʚʝʨʪʦʣʝʪʥʦ-

ʙʝʩʧʠʣʦʪʥʦʛʦ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘè. ɺʳʟʚʘʣ ʠʥʪʝʨʝʩ ʜʦʢʣʘʜ ʥʘʯʘʣʴʥʠʢʘ ʩʝʢʪʦʨʘ 

ʂʦʥʮʝʨʥʘ çʉʠʩʪʝʤʧʨʦʤè ʀʚʘʱʝʥʢʦ ɸ.ɽ. ʦ ʨʘʙʦʪʝ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʙʦʝʚʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʘʚʠʘʮʠʝʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʤʦʜʫʣʷ ʙʦʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ (ʄɹʋɸ) ʚ ʨʘʤʢʘʭ 

ʚʝʜʫʱʠʭʩʷ ʅʀʆʂʈ. ʊʘʢʞʝ ʚ ʜʦʢʣʘʜʘʭ ʠ ʦʙʩʫʞʜʝʥʠʠ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʘʮʠʠ, ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ, ʩʨʝʜʩʪʚ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʠʥʜʠʢʘʮʠʠ ʬʦʪʦ ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʪʝʭʥʦʣʦʛʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʨʘʟʨʘʙʦʪʦʢ ʪʘʢʠʭ ʩʠʩʪʝʤ. 
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ɹʳʣʘ ʦʪʤʝʯʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉʂɺʅ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

a) ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʙʦʝʚʳʭ ʚʝʨʪʦʣʝʪʦʚ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʠʧʘʞʝʡ 

ʪʘʢʪʠʯʝʩʢʦʡ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ɹʃɸ; 

ʙ) ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʝʜʝʥʠʷ ʨʘʟʚʝʜʢʠ ʠ ʜʦʨʘʟʚʝʜʢʠ ʦʪʢʨʳʪʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠ ʟʘʤʘʩʢʠʨʦʚʘʥʥʳʭ 

ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʤʘʣʦʩʢʦʨʦʩʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ ʥʘ ʜʘʣʴʥʦʩʪʷʭ ʙʦʣʝʝ 10 ʢʤ; 

ʚ) ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʧʦʨʘʞʝʥʠʷ ʮʝʣʝʡ (ʥʘʟʝʤʥʳʭ, ʥʘʜʚʦʜʥʳʭ ʠ 

ʤʘʣʦʩʢʦʨʦʩʪʥʳʭ ʚʦʟʜʫʰʥʳʭ) ʥʘ ʜʘʣʴʥʦʩʪʷʭ ʙʦʣʝʝ 10 ʢʤ; 

ʛ) ʦʧʝʨʘʪʠʚʥʳʤ ʮʝʣʝʫʢʘʟʘʥʠʝʤ ʦʙʲʝʢʪʦʚ ʧʨʦʪʠʚʥʠʢʘ ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʝ ʢʦʤʘʥʜʥʳʝ ʧʫʥʢʪʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʪʦʣʝʪʘʤ ʘʨʤʝʡʩʢʦʡ ʘʚʠʘʮʠʠ (ɸɸ), ʩʘʤʦʣʝʪʘʤ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʦʡ ʘʚʠʘʮʠʠ (ʆʊɸ), 

ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʳʤ ʠ ʘʨʪʠʣʣʝʨʠʡʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ; 

ʜ) ʧʦʜʩʚʝʪʦʤ ʮʝʣʠ ʣʘʟʝʨʥʳʤ ʧʦʜʩʚʝʪʯʠʢʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʦʨʘʞʝʥʠʷ ʩ ʧʦʣʫʘʢ-

ʪʠʚʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʛʦʣʦʚʢʘʤʠ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʩ ʚʝʨʪʦʣʝʪʦʚ ɸɸ, ʩʘʤʦʣʝʪʦʚ ʆʊɸ, ʟʝʥʠʪʥʦ-ʨʘʢʝʪʥʳʭ ʠ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ; 

ʝ) ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʚʝʨʪʦʣʝʪʦʚ ʨʘʟʚʝʜʢʠ ʠ ʮʝʣʝʫʢʘʟʘʥʠʷ (ɺʎʋ), ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧ ʘʨʤʝʡʩʢʦʡ ʘʚʠʘʮʠʠ; 

ʞ) ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʃɸ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʘʟʚʝʜʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ çɽʜʠʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʣʷ ʙʦʷè ʚ ʢʦʥʮʝʧʮʠʠ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

ʟ) ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʜʨʫʛʠʭ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ, ʫʜʘʨʥʳʭ, ʦʛʥʝʚʳʭ, ʫʜʘʨʥʳʭ, ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʠ ʪ.ʜ., ʚ ʪʦʤ ʯʠʩʣʝ, ʤʝʞʚʠʜʦʚʳʭ ʢʦʥʪʫʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʉʂɺʅ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ ʦʪʤʝʯʝʥʳ: 

ʘ) ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ ʩ ʫʯʝʪʦʤ ʠʭ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʣʝʢʩʦʚ ʜʚʦʡʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ; 

ʙ) ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʥʘʟʝʤʥʳʤʠ ʧʫʥʢʪʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʠʣʦʪʠʨʫʝʤʳʤʠ ʠ ɹʃɸ; 

ʚ) ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʨʘʟʚʝʜʢʠ ʩ ʙʦʨʪʘ 

ɹʃɸ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʮʝʣʝʫʢʘʟʘʥʠʷ ʫʜʘʨʥʳʤ ʘʚʠʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ; 

ʛ) ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ; 

ʜ) ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ, 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʳʩʰʝʡ ʰʢʦʣʳ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʟʜʘʥʠʷ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ, ʧʦʜʛʦʪʦʚʢʠ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ (ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ); 

ʝ) ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ ʟʘ ʩʯʝʪ ʦʧʝʨʝʞʘʶʱʝʛʦ ʩʦʟʜʘʥʠʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʟʜʘʥʠʷ ʉʂɺʅ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ: 

ʘ) ʩʠʩʪʝʤ ʩʚʷʟʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ-

ʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʫʣʫʯʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

ʙ) ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʚʝʜʜʘʥʥʳʭ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʝʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠ̫ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʜʝʣʘʷ ʦʩʦʙʳʡ ʫʧʦʨ ʥʘ ʘʚʪʦʥʦʤʠʟʘʮʠʶ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʦʨʪʫ ɹʃɸ; 

ʚ) ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ; 

ʛ) ʦʧʨʝʜʝʣʝʥʠʷ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʨʫʧʧʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩ-

ʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʫʛʘ ʟʘʜʘʯ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʠʤʘʥʠʷ, 

ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʵʢʠʧʘʞʘʤʠ; 

ʜ) ʫʥʠʬʠʢʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ;  

ʝ) ʩʦʟʜʘʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʟʚʝʜʳʚʘʪʝʣʴ-

ʥʳʭ, ʫʜʘʨʥʳʭ ʠ ʦʛʥʝʚʳʭ ʢʦʥʪʫʨʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʚʠʘʮʠʠ, ʩʨʝʜʩʪʚ ʨʘʟʚʝʜʢʠ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

ʞ) ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʠʣʦʪʠʨʫʝʤʳʭ, ʙʝʩʧʠʣʦʪʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʚ ʣʦʢʘʣʴʥʦʡ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʪʝʣʝʢʦʜʦʚʦʡ ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʥʝʰʥʝʝʮʝʣʝʫʢʘʟʘʥʠʝ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 
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ʟ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʨʝʜʩʪʚ ʝʜʠʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʜʠʦʩʚʷʟʠ ʩ ʩʦʛʣʘʩʦ-

ʚʘʥʥʳʤʠ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʠʧʪʦ-

ʫʩʪʦʡʯʠʚʦʩʪʠ; 

ʠ) ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ ʩʨʝʜʩʪʚʘʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ (ʈʕɹ) ʧʨʦʪʠʚʥʠ-

ʢʘ, ʩʥʠʞʝʥʠʶ ʟʘʜʝʨʞʝʢ, ʟʘʱʠʪʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦ-

ʪʦʢ ʢʦʤʧʣʝʢʩʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ ʙʳʣʠ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ: 

ʘ) ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʜʝʣʠʝ ʄɹʋɸ (ʆʂʈ çʎʠʪʘʜʝʣʴ-ʄɹʋè), ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʆɸʆ çʂʦʥʮʝʨʥ 

çʉʠʩʪʝʤʧʨʦʤè, ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʛʦ 

ʢʦʥʪʫʨʘ ʩ ʫʯʘʩʪʠʝʤ ʘʚʠʘʮʠʠ (ʚʝʨʪʦʣʝʪʦʚ ʠ ʫʜʘʨʥʳʭ ʩʘʤʦʣʝʪʦʚ) ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ; 

ʙ) ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʟʘʜʝʣ ʆɸʆ ʅʇʆ çʆʂɹ ʠʤ. ʄ.ʇ. ʉʠʤʦʥʦʚʘè, ʧʦʣʫʯʝʥ-

ʥʳʡ ʚ ʆʂʈ çɿʝʥʠʮʘè, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʤ ʢʦʥʪʫʨʝ ɹʃɸ ʚʦʟʜʫʰ-

ʥʦʛʦ ʩʪʘʨʪʘ; 

ʚ) ʥʘʣʘʜʠʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ɺʋʅʎ ɺɺʉ çɺɺɸè ʠ ʆɸʆ çʄʦʩʢʦʚ-

ʩʢʠʡ ʚʝʨʪʦʣʝʪʥʳʡ ʟʘʚʦʜ ʠʤ. ʄ.ʃ. ʄʠʣʷè ʚ ʚʦʧʨʦʩʘʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪ-

ʨʘʙʦʪʢʠ ʩʠʩʪʝʤ,  ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʣʦʪʠʨʫʝʤʳʭ, ʙʝʩʧʠʣʦʪʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ 

ʚ ʣʦʢʘʣʴʥʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʪʝʣʝʢʦʜʦʚʦʡ ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʥʝʰʥʝʝ ʮʝʣʝʫʢʘʟʘ-

ʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʜʠʥʳʭ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ ʩ ʩʦ-

ʛʣʘʩʦʚʘʥʥʳʤʠ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʨʠʧʪʦʫʩʪʦʡʯʠʚʦʩʪʠ; 

ʛ) ʥʘʣʘʜʠʪʴ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ɺʋʅʎ ɺɺʉ çɺɺɸè ʠ ʊʫʣʴʩʢʠʤ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʢʘʬʝʜʨʘ ʧʨʠʙʦʨʦʚ ʫʧʨʘʚʣʝʥʠʷ) ʚ ʚʦʧʨʦʩʘʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ɺʋʅʎ ɺɺʉ çɺɺɸè ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʄʕʄʉ-

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʧʦ ʧʨʦʛʨʘʤʤʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ; 

ʜ) ʥʘʯʘʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ɹʃɸ ʥʘ ʙʘʟʝ ʧʨʦʪʦ-

ʪʠʧʘ ɹʃɸ çɻʘʤʤʘè ʩ ʆʆʆ ʅʇʇ çɸɺɸʂʉ-ɻʝʦʉʝʨʚʠʩè (ʛ. ʂʨʘʩʥʦʷʨʩʢ) ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʣʘʪʬʦʨʤʳ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠʭ ʚʥʝʜʨʝʥʠʷ ʚ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʚʝʜʫʱʠʭʩʷ ʅʀʆʂʈ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ɹʃɸ ʠ ʠʭ ʮʝʣʝʚʳʭ ʥʘʛʨʫʟʦʢ ʚ ʠʥʪʝʨʝʩʘʭ ɺɺʉ; 

ʝ) ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʥʘʜ ʅʀʈ çʇʨʘʱʘè ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʚ ʙʦʨʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʃɸ ʚ ʨʘʤʢʘʭ ʅʀʈ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʙʦʨʪè, ʚʝʜʫʱʝʡʩʷ ʆɸʆ çʈʘʤʝʥ-

ʩʢʦʝ ʇʂɹè;  

ʞ) ʥʘ ʫʨʦʚʥʝ ɺʅʂ ɺɺʉ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʅʀʈ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʩʦʧʨʷʞʝ-

ʥʠʷ ʚʝʨʪʦʣʝʪʘ ʄʠ-28ʅʄ ʩ ɹʃɸ çʂʦʨʩʘʨè ʚ ʢʦʦʧʝʨʘʮʠʠ: ʆɸʆ çʄɺɿ ʠʤ. ʄ.ʃ. ʄʠʣʷè ï ʆɸʆ çʂɹ 

çʃʫʯè ï ʈʘʤʝʥʩʢʦʝ ʇʂɹ ï ɺʋʅʎ ɺɺʉ çɺɺɸè ʧʨʠ ʫʩʣʦʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʥʘʥ-

ʩʠʨʦʚʘʥʠʷ; 

ʟ) ʥʘ ʫʨʦʚʥʝ ɺʅʂ ɺɺʉ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʅʀʈ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʩʦʧʨʷʞʝ-

ʥʠʷ ʚʝʨʪʦʣʝʪʘ ʂʘ-52 ʩ ɹʃɸ çʀʥʦʭʦʜʝʮè ʚ ʢʦʦʧʝʨʘʮʠʠ: ʆɸʆ çʂʘʤʦʚè ï ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʤ. ɸ.ʃ. ʄʠʥʮʘ ï ʈʘʤʝʥʩʢʦʝ ʇʂɹ ï ɿɸʆ çʊʈɸʅɿɸʉè ï ɺʋʅʎ ɺɺʉ çɺɺɸè ʧʨʠ ʫʩʣʦʚʠʠ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ; 

ʠ) ʧʦʜʛʦʪʦʚʠʪʴ ʪʝʟʠʩʳ ʨʝʰʝʥʠʷ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʢ ʜʦʚʝʜʝʥʠʶ ʜʦ ʨʫʢʦʚʦʜʩʪʚʘ çʂʦʥʮʝʨʥʘ ʈʘ-

ʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ çʂʈʕʊè ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʮʝʣʦʤ ʫʯʘʩʪʥʠʢʠ ʟʘʩʝʜʘʥʠʷ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩ-

ʩʠʠ, ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚr ʩʰʝʡ ʰʢʦʣʳ ʧʨʦʜʝʣʘʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʩʦʟʜʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘ-

ʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ɺɺʉʊ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʉʂɺʅ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ɹʃɸ ʨʘʟ-

ʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʚʠʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʦʡ ʙʘʟʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʨʘʙʦʪʢʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ɹʃɸ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʚ 

ʚʦʟʜʫʭʝ, ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʥʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ ʙʣʠʟʢʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ɸ.ʄ. ɸɻɽɽɺ, ɼ.ɺ. ɺɽʈɽʑʀʂʆɺ 
ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè (ʛ. ɺʦʨʦʥʝʞ) 

 

ʆɹʒɽɼʀʅɽʅʀɽ ʀʄʀʊɸʎʀʆʅʅʓʍ ʄʆɼɽʃɽʁ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ  

ɺ ɽɼʀʅʆʄ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʄʆɼɽʃʀʈʋʖʑɽʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

 
ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʠ ʠ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩ-

ʧʳʪʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʄʄ) ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʃɸ) ʷʚʣʷ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʜʜʝʨʞʢʫ ʠʟʜʝʣʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʅʘ ʝʝ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʠʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʷ, ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʜʦʨʘʙʦʪʢʘ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʟʜʝʣʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʲʝʢʪʦʚ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ ʚʳʩʪʫʧʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʩʧʳʪʘʪʝʣʠ ʃɸ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪ-

ʯʠʢʠ ʩʘʤʠʭ ʤʦʜʝʣʝʡ. 
 

ʆʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʥʠʬʠʢʘʮʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ 

ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. ɾʝʩʪʢʦ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦʙ ʫʥʠʬʠʢʘʮʠʠ ʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʠ ʄʄ. 

ɹʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʣʝʡ ʥʝ-

ʩʢʦʣʴʢʠʭ ʧʦʜʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ, ʥʦ ʠ ʦʙʲʝʜʠʥʝʥʠʝ ʤʦʜʝʣʝʡ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʦʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʦʜʝʣʠʨʫʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʠʭ ʛʨʫʧʧʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʄʄ ʃɸ (ʨʠʩʫʥʦʢ 1) ʩʦʟʜʘʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʩʘʤʦʛʦ ʃɸ, ʧʦʩʪʨʦʝʥ-

ʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʠʩʭʦʜʥʳ-

ʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʦʜʝʣʴ ʜʦʧʦʣʥʷʝʪʩʷ ʤʦʜʝʣʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: ʧʠʣʦʪʘʞʥʦʛʦ, ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʜʨʫ-

ʛʠʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃɸ 

 

ʉʦʟʜʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʦ ʦʙʣʘʜʘʷ ʪʨʝʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ: ʚʦ-ʧʝʨʚʳʭ ī ʵʪʦ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʳʝ ʟʥʘʥʠʷ ʦʙ ʠʩʭʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʙʲʝʢʪʘʭ, ʚʦ-ʚʪʦʨʳʭ ï ʤʝʪʦʜʠʯʝʩʢʠʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ-ʪʨʝʪʴʠʭ ï ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ, ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʩʦʧʨʷʞʝʥʠʷ ʩ ʘʧʧʘʨʘʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʪ.ʜ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ: 

1. ʊʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚ ʩʨʝʜʝ ʠʥʞʝʥʝʨʥʳʭ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ MATLAB@Simulink [1].  

2. ʉʦʧʨʷʞʝʥʠʝ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʨʦʪʦʢʦʣʦʚ. 
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3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʠʤʫʣʷʪʦʨʦʚ ʠ ʩʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D-ʧʨʦʩʪʨʘʥʩʪʚ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʤ ʮʠʢʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ (ʪ.ʥ. 

hardware-in-the-loop), ʚ ʪ.ʯ. c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʭ ʎɸʇ/ɸʎʇ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚ ɺʋʅʎ ɺɺʉ çɺɺɸè ʩʦʟʜʘʥ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʟʘʜʝʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʨʝʰʠʪʴ ʨʷʜ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʚʝʜʫʱʠʭʩʷ 

ʅʀʆʂʈ, ʩʦʟʜʘʥʠʷ ʚ ʘʢʘʜʝʤʠʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ. ʆʩʥʦʚʫ 

ʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʦʞʠʣʠ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʧʠʣʦʪʠ-

ʨʫʝʤʳʭ ʃɸ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʠʣʦʪʘʞʥʳʭ ʩʪʝʥʜʦʚ ʥʘ 72 ʢʘʬʝʜʨʝ ʬʘʢʫʣʴʪʝʪʘ ʣʝʪʘʪʝʣʴ-

ʥʳʭ ʘʧʧʘʨʘʪʦʚ [2, 3]. ʂʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨʳ ʩʦʟʜʘʥʳ ʧʨʦʛʨʘʤʤʥʦ-ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʜʠʥʘʤʠʢʠ 

ʧʦʣʝʪʘ ʩʘʤʦʣʝʪʦʚ ʄʠɻ-29ʂʋɹ, ʀʣ-76, ʗʢ-130, ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩʘʤʦʣʝʪʦʚ ʉʫ-

30ʉʄ ʠ ʉʫ-34. ʂʦʤʧʣʝʢʩʳ ʩʦʟʜʘʥʳ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʩʘʤʦʣʝʪʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʦʚʝʡʰʠʭ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʂʉʋ ʩ ʘʜʘʧʪʠʚʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʩ ʫʯʝ-

ʪʦʤ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢ ʞʝ ʮʝʣʝʚʳʭ ʟʘʜʘʯ ʧʠʣʦʪʠʨʦʚʘʥʠʷ 

ʧʫʪʝʤ ʧʦʣʫʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʣʝʪʯʠʢʦʚ- ʦʧʝʨʘʪʦʨʦʚ ʥʘ ʧʠʣʦʪʘʞʥʳʭ ʩʪʝʥʜʘʭ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʰʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʥʘʰʣʠ ʨʝʘʣʠʟʘʮʠʶ ʚ ɻʃʀʎ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʙʶ-

ʨʦ ʠ ʚʝʜʫʱʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ɺʋɿʘʭ ʩʪʨʘʥʳ. ʆʩʚʦʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʧʨʠʙʦʨʥʳʭ ʜʦʩʦʢ, 

ʜʠʩʧʣʝʝʚ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʢʘʙʠʥ. ʅʘ 

ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʄʄ ʚ ʘʢʘʜʝʤʠʠ ʩʦʟʜʘʥ ʨʷʜ ʠʥʞʝʥʝʨʥʳʭ ʧʠʣʦʪʘʞʥʳʭ ʩʪʝʥʜʦʚ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ. ʉʪʝʥʜʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʟʘ-

ʥʷʪʠʡ ʩ ʢʫʨʩʘʥʪʘʤʠ ʠ ʩʣʫʰʘʪʝʣʷʤʠ, ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʠʣʦʪʘʞʥʦʛʦ ʩʪʝʥʜʘ ʚʳʩʦʢʦʤʘʥʝʚʨʝʥ-

ʥʦʛʦ ʩʘʤʦʣʝʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʨʝʞʠʤ ʜʦʟʘʧʨʘʚʢʠ ʠʩʪʨʝʙʠʪʝʣʷ ʚ ʚʦʟʜʫʭʝ ʦʪ ʩʘʤʦʣʝʪʘ-

ʟʘʧʨʘʚʱʠʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 2ʭ ʦʙʲʝʢʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʠʣʦʪʘʞʥʦʛʦ ʩʪʝʥʜʘ 

 

ɺ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʝʜʝʪ ʨʘʙʦʪʫ 

8 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʦʪʜʝʣ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ɺɺʉ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ɹʃɸ ʟʘʜʘʯʘ ʤʝʥʝʝ ʩʣʦʞʥʘʷ, ʧʦ ʧʨʠʯʠʥʝ ʤʘʣʦʡ ʤʘʥʝʚ-

ʨʝʥʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʦʣʝʪʥʳʭ ʨʝʞʠʤʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʠʩʪʨʝ-

ʙʠʪʝʣʷ ʂɹ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʘʥʜʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʜʝʣʠ ʧʦʣʥʳʤ ʙʘʥʢʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦ ʨʘʟʨʘʙʦʪ-

ʯʠʢ ɹʃɸ, ʟʘʯʘʩʪʫʶ, ʠʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ, ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʙʘʥ-

ʢʘ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʦʜʫʚʦʢ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. ɺ ʨʘʤʢʘʭ ʩʦʚʤʝ-

ʩʪʥʦʡ ʅʀʈ ʩ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʥʝʨʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ɹʃɸ ʚ ʩʨʝʜʝ ʘʵʨʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ANSYS CFX [4]. 

ʉʦʟʜʘʥ ʙʘʥʢ ʦʩʥʦʚʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʤʧʦʥʦʚʢʠ, ʥʦ, ʯʪʦ 

ʙʦʣʝʝ ʚʘʞʥʦ, ʦʪʨʘʙʦʪʘʥʘ ʩʘʤʘ ʤʝʪʦʜʠʢʘ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟ-
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ʜʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʙʘʥʢʘ ʜʘʥʥʳʭ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ 

ɹʃɸ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʡ ʫʪʦʯʥʝʥʳ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ, ʘ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʩʯʝʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘ-

ʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʨʫʯʥʦʡ ʦʪʨʘʙʦʪʢʝ ʧʠʣʦʪʘʞʥʦʛʦ ʢʦʥʪʫʨʘ ʉɸʋ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ ʥʝʩʢʦʣʴ-

ʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʦʜʝʣʠʨʫʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʨʛʘʥʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʦʜʝʣʠʨʫʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʊʝʭʥʦʣʦʛʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʧʦʜʩʠʩʪʝʤ ʚʦʟʤʦʞʥʦ ʩʪʨʦʠʪʴ ʧʫ-

ʪʝʤ ʚʟʘʠʤʦʫʚʷʟʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʝʞʧʨʦʛʨʘʤʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʢʦʪʦʨʳʭ ʙʦʛʘʪʳ ʧʦʩʣʝʜ-

ʥʠʝ ʚʝʨʩʠʠ MATLAB. ʈʘʟʨʘʙʦʪʯʠʢ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʦʙʩʪʚʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ MATLAB, ʣʠʙʦ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ ʠ ʜʨʘʡʚʝʨʘʤ ʫʩʪʨʦʡʩʪʚ 

ʩʪʦʨʦʥʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 
ʆʨʛʘʥʠʟʦʚʘʚ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʠʥʞʝʥʝʨ-

ʥʳʤ ʩʠʤʫʣʷʪʦʨʦʤ ʚ ʨʝʞʠʤʝ ʤʫʣʴʪʠʧʣʝʝʨʘ ʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʙʘʪʳʚʘʪʴ ʟʘ-

ʜʘʯʠ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ ï ʦʪ ʠʥʞʝʥʝʨʥʳʭ (ʜʦʟʘʧʨʘʚʢʘ, ʧʫʩʢʠ ɸʉʇ) ʜʦ ʛʨʫʧʧʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʦʪʨʘ-

ʙʦʪʢʠ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʘ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʧʦʜ ʫʧʨʘʚʣʝ-

ʥʠʝʤ ʝʜʠʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʩʝʨʚʝʨʘ. ʅʘ ʙʘʟʝ ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʭʦʜʷ ʠʟ ʩʪʦʷʱʠʭ ʟʘ-

ʜʘʯ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. 
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ʈʠʩʫʥʦʢ 5 ï ʆʙʲʝʜʠʥʝʥʠʝ ʤʦʜʝʣʝʡ ʃɸ ʠ ɹʃɸ ʧʦ ʩʝʪʠ UDP ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʩʠʤʫʣʷʪʦʨʝ FlightGear  

ʚ ʨʝʞʠʤʝ ʤʫʣʴʪʠʧʣʝʝʨʘ 
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ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè (ʛ. ɺʦʨʦʥʝʞ) 

 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ʀʅʊɽɻʈɸʎʀʀ ɺɽʈʊʆʃɽʊʅʆ-ɹɽʉʇʀʃʆʊʅʆɻʆ 

ʈɸɿɺɽɼʓɺɸʊɽʃʔʅʆ-ʋɼɸʈʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 
ʇʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʦʝʚʦʛʦ ʚʝʨʪʦʣʝʪʘ ʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

(ɹʃɸ) ʧʨʠ ʨʝʰʝʥʠʠ ʙʦʝʚʳʭ ʟʘʜʘʯ ʚ ʚʦʝʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʥʠʤʘʣʘʩʴ ʝʱʝ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ 

ʛʦʜʦʚ ʍʍ ʚʝʢʘ, ʦʜʥʘʢʦ ʧʦʣʥʦʮʝʥʥʦ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚʝʨʪʦʣʝʪʥʦ-ʙʝʩʧʠʣʦʪʥʦʛʦ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ɺɹʈʋʂ) ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʨʝʰʝʥʘ. 

 

ʅʘ ʙʝʩʧʠʣʦʪʥʫʶ ʘʚʠʘʮʠʶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʢʨʫʛ ʪʘʢʪʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ, ʦʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɹʃɸ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʵʪʦ ʚʝʜʝ-

ʥʠʝ ʚʦʟʜʫʰʥʦʡ ʨʘʟʚʝʜʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʚʝʜʜʘʥʥʳʭ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɿʜʝʩʴ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʘʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟʚʝʜʠʥʬʦʨ-

ʤʘʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʫʜʘʨʥʦʡ ʩʠʣʳ ʚʝʨʪʦʣʝʪʦʚ ʘʨʤʝʡʩʢʦʡ ʘʚʠʘʮʠʠ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝ-

http://www.ansys.com/
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ʥʠʝ ʧʨʠʥʠʤʘʝʪ ʠʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʪʦʣʝʪʦʚ ʥʝʙʦʣʴ-

ʰʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʷʟʚʠʤʦʩʪʠ ʠʭ ʥʘ ʪʘʢʪʠʯʝʩʢʦʤ ʧʦʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʠ ʧʦʣʥʦʝ ʧʦʣʫʯʝʥʠʝ ʨʘʟʚʝʜʜʘʥʥʳʭ ʥʘ ʟʘʛʦʨʠʟʦʥʪʥʦʡ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦʡ ʨʘʟʚʝʜʢʠ 

ʚʝʨʪʦʣʝʪʘ ʜʘʣʴʥʦʩʪʠ ʜʘʩʪ ʵʢʠʧʘʞʫ ʦʱʫʪʠʤʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʦʝʚʳʭ ʦʧʝʨʘʮʠʡ. ʎʝ-

ʣʝʚʦʝ ʟʘʜʘʥʠʝ ɺɹʈʋʂ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʙʦʝʚʳʭ ʚʝʨʪʦʣʝʪʦʚ ʟʘ ʩʯʝʪ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʠʧʘʞʝʡ ʪʘʢʪʠʯʝʩʢʦʡ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ɹʃɸ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʧʨʠʤʝʥʝʥʠʷ ɺɹʈʋʂ: 

1) ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʨʳʪʦʛʦ ʧʦʣʝʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʇɺʆ ʧʨʦʪʠʚʥʠʢʘ, 

2) ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ, ʧʨʠʚʷʟʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʘʪʘʢʠ,  

3) ʨʘʩʰʠʨʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ɸʉʇ. 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣ-

ʥʝʥʠʷ ʙʦʝʚʳʭ ʟʘʜʘʯ ʥʘ 20ï40% ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʫʜʘʨʘ ʚ 1,5ï3 ʨʘʟʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʟʘʜʘʯ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʨʳʪʥʦʛʦ ʧʦʣʝʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʇɺʆ ʧʨʦʪʠʚʥʠʢʘ 

 

ɺ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ɺɹʈʋʂ ʧʨʝʜʧʦʣʘʛʘʝʪ 4 ʪʠʧʦʚʳʭ ʚʘʨʠʘʥʪʘ ʙʦʝ-

ʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʪʘʢʪʠʯʝʩʢʠʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʦʧʝʨʘʮʠʷʭ: 

- ʫʧʨʘʚʣʝʥʠʝ ɹʃɸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʥʘʟʝʤʥʦʛʦ ʧʫʥʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʅʇʋ). ɺʠʜʦʚʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʩ ɹʃɸ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʅʇʋ, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʤʦʙʠʣʴʥʳʭ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʦʚ ʚʦʟʜʫʰʥʦʡ 

ʨʘʟʚʝʜʢʠ, ʟʘʪʝʤ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʤʘʥʜʥʳʡ ʧʫʥʢʪ ʫʜʘʨʥʦʛʦ ʚʝʨʪʦʣʝʪʥʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ. ɿʘʜʘʯʘ ʥʘ ʙʦʝʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʝʨʪʦʣʝʪʦʚ ʧʦʩʪʫʧʘʝʪ ʩ ʂʇ; 

- ʫʧʨʘʚʣʝʥʠʝ ɹʃɸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʅʇʋ ʧʦ ʟʘʜʘʯʝ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʢʦʤʘʥʜʥʳʤ ʧʫʥʢʪʦʤ (ʂʇ). 

ɺʠʜʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʷʤʦʤ ʚʨʝʤʝʥʠ ʩ ɹʃɸ ʵʢʠʧʘʞʫ ʚʝʨʪʦʣʝʪʘ; 

- ʫʧʨʘʚʣʝʥʠʝ ɹʃɸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʙʦʨʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʘʢʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚ-

ʢʦʡ. ʆʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʚʷʟʢʠ ʮʝʣʝʡ ʢ ʦʨʠʝʥʪʠʨʘʤ, ʧʦʚʳ-

ʰʝʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʭʦʜ ʥʘ ʮʝʣʴ ʩ ʥʫʞʥʦʛʦ ʢʫʨʩʘ; 

- ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʩʪʘʨʪ ɹʃɸ ʩ ʚʝʨʪʦʣʝʪʘ. ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʦʧʝʨʘʪʠʚʥʦʡ ʛʣʫʙʠʥʝ. ʆʪʣʠʯʘʝʪʩʷ ʘʚʪʦʥʦʤʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʠʝʤ ʚʥʝʟʘʧʥʦʩʪʠ ʫʜʘʨʘ. 

ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʪʨʝʪʠʡ ʠ ʯʝʪʚʝʨʪʳʡ ʚʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ 

ɺɹʈʋʂ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʙʦʝʚʦʛʦ ʧʦʣʝʪʘ ʵʢʠʧʘʞ ʚʝʨʪʦʣʝʪʘ ʟʘʛʨʫʞʝʥ ʟʘʜʘʯʘʤʠ ʥʘʚʠʛʘʮʠʠ, ʧʠʣʦʪʠʨʦʚʘ-

ʥʠʷ, ʧʦʠʩʢʦʤ ʮʝʣʝʡ, ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʜʘʚʣʝʥʠʷ ʫʛʨʦʟ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʣʝʪʯʠʢ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ɹʃɸ, ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʪ ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʦ ʮʝʣʷʭ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʠ ʦ 

ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʘʭ. 

ʆʜʥʘʢʦ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʦʣʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʦʟʨʦʩʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʠʶ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝ-

ʤʷ ʚʳʜʚʠʛʘʝʪ ʧʝʨʝʜ ʵʢʠʧʘʞʝʤ ʟʘʜʘʯʠ, ʟʘʯʘʩʪʫʶ ʧʨʝʚʳʰʘʶʱʠʝ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ ʩʚʷʟʘʥ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʨʷʜʘ ʬʫʥʢʮʠʡ ʧʦ ʨʫʯʥʦʤʫ ʠʣʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʩʘʤʦʣʝʪʦʤ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʠʭ ñʵʣʝʢʪʨʦʥʥʦʤʫ ʧʦʤʦʱʥʠʢʫò ʣʝʪʯʠʢʘ ʩ 

ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʣʦʞʥʦʡ ʚʦʟʜʫʰ-
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ʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʣʝʪʯʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʦ ʤʝʪʦ-

ʜʘʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʣʝʪʦʤ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ [1, 2].  

ʉ ʮʝʣʴʶ ʧʦʤʦʱʠ ʣʝʪʥʳʤ ʵʢʠʧʘʞʘʤ ʥʘʫʯʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɺɺʉ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʣʝʪʥʳʭ ʟʘʜʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʣʝʪʥʳʭ ʜʘʥʥʳʭ, ʦʩʥʦʚʥʳʤʠ ʨʝʰʘʝʤʳʤʠ ʟʘʜʘʯʘʤʠ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ: 

- ʟʘʛʨʫʟʢʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ ʤʝʩʪʥʦʩʪʠ ʚ ʬʦʨʤʘʪʝ ʟʘʢʘʟʯʠʢʘ (Shap file, 

Tiff, MIF/MID, ʉADRG, DTED ʠʣʠ ʜʨ.) ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ; 

- ʩʦʟʜʘʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʡʦʥʝ ʜʝʡʩʪ-

ʚʠʡ ʚʝʨʪʦʣʝʪʦʚ; 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʧʦʣʸʪʦʚ ʚʝʨʪʦʣʝʪʦʚ ʩ ʫʯʸʪʦʤ: 

ʘ) ʜʘʥʥʳʭ ʦ ʪʘʢʪʠʯʝʩʢʦʡ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʦʢ; 

ʙ) ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʥʘʨʷʞʝʥʠʶ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʚʝʨʪʦʣʝʪʘ; 

ʚ) ʭʘʨʘʢʪʝʨʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚʝʨʪʦʣʸʪʦʤ ʥʘ ʇʇʄ ʠ ʢʘʞʜʦʤ ʵʪʘʧʝ ʤʘʨʰʨʫʪʘ; 

ʛ) ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʘ ʚʝʨʪʦʣʝʪʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʩ ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ; 

ʜ) ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʨʦʟ ʧʨʦʪʠʚʥʠʢʘ, ʠ ʨʷʜ ʜʨʫʛʠʭ ʟʘʜʘʯ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹʃɸ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʘʟʚʝʜʜʘʥʥʳʭ ʦ ʥʘʣʠʯʠʠ, ʪʠʧʫ, ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʩʥʦʚʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʮʝʣʝʡ ʜʣʷ ʚʝʨʪʦʣʝʪʘ ʠʣʠ ʚʝʨʪʦʣʝʪʥʦʡ ʫʜʘʨʥʦʡ ʛʨʫʧʧʳ 

ʚʦʟʤʦʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʚʘʨʠʘʥʪʘ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʧʦʣʝʪʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ ʫʨʦʚʥʷ: 

- ʛʣʦʙʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. ɿʘʛʨʫʟʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʨʪʳ ʚʳ-

ʩʦʪ), ʧʦʣʫʯʝʥʠʝ ʨʘʟʚʝʜʜʘʥʥʳʭ ʩ ɹʃɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥ-

ʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ.  

- ʣʦʢʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. ʇʦʣʫʯʝʥʠʝ ʫʪʦʯʥʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʝʣʷʭ ʠ ʫʛʨʦʟʘʭ. ʌʦʨʤʠʨʦ-

ʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʩ ʫʯʝʪʦʤ ʥʘʠʚʳʛʦʜʥʝʡʰʠʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʮʝʣʠ, ʤʘʥʝʚʨʦʚ 

ʚʝʨʪʦʣʝʪʘ ʠʣʠ ʛʨʫʧʧʳ (ʨʦʩʧʫʩʢ ʛʨʫʧʧʳ, ʙʦʝʚʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʩʙʦʨ ʛʨʫʧʧʳ).  

ʇʨʦʮʝʜʫʨʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʝʱʝ ʜʦ ʚʳʣʝʪʘ ʚʝʨʪʦʣʝʪʘ ʩ ʘʵʨʦ-

ʜʨʦʤʘ ʙʘʟʠʨʦʚʘʥʠʷ ʠ, ʚ ʧʨʠʥʮʠʧʝ, ʧʦʜʚʝʨʞʝʥʘ ʧʨʘʚʠʣʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ɹʃɸ ʠʣʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʨʦʙʦʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ɺɹʈʋʂ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʘ ʧʦʣʝʪʘ ʚʝʨʪʦʣʝʪʘ 

 

ʇʣʘʥʠʨʫʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʧʨʠʙʳʪʠʷ ʢ 

ʤʝʩʪʫ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʣʝʪʝ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʟʘʤʝʪʥʦʩʪʴ ʜʣʷ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʧʨʦʪʠʚʥʠʢʘ (ʩʘʤʦʡ ʮʝʣʠ ʠʣʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʧʨʦʪʠ-

ʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ (ʇɺʆ)). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʚʝʨʪʦʣʝʪʘ ʢ ʮʝʣʠ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʫʶ 

 

min min mint PI I I , 



 

12 

ʛʜʝ I t ï ʢʨʠʪʝʨʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ ʚʝʨʪʦʣʝʪʘ, IP ï ʢʨʠʪʝʨʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶ-

ʱʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʩʘʤʦʛʦ ʚʝʨʪʦʣʝʪʘ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʢ ʮʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʫʪʠ ʜʚʠʞʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦ-

ʚʳʰʝʥʠʷ ʙʦʝʚʦʡ ʞʠʚʫʯʝʩʪʠ ʚʝʨʪʦʣʝʪʘ ʩʯʠʪʘʝʪʩʷ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʨʦʷʪ-

ʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʫʪʠ ʥʘ ʢʘʨʪʝ ʷʚʣʷʶʪʩʷ [3, 4]: 

- ʘʣʛʦʨʠʪʤʳ ʦʙʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ; 

- ʥʘʭʦʞʜʝʥʠʝ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʚ ʛʨʘʬʝ; 

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ; 

- ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ, ʨʘʟʣʠʯʘʶ-

ʱʠʭʩʷ ʪʦʯʥʦʩʪʴʶ, ʩʢʦʨʦʩʪʴʶ ʩʭʦʜʠʤʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʣʦʞʥʦʩʪʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. 

ɺ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʧʦ ʛʨʘʬʫ: çʘʣʛʦʨʠʪʤ ɼʝʡʢ-

ʩʪʨʳè, çʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʚ ʰʠʨʠʥʫè, ʝʛʦ ʙʦʣʝʝ ʙʳʩʪʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ï çʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ ʚ 

ʰʠʨʠʥʫè, ʪʘʢʞʝ ʠ ʠʭ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ï çʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ (DFS)è, çɸʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʧʨʠ ʧʦʠʩʢʝ ʚ ʛʣʫʙʠʥʫ (IDDFS)è, çʣʫʯʰʠʡ-ʧʝʨʚʳʡè ʠ ʪ.ʜ. ɺʳʩʦʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴʶ ʧʨʠ ʧʦʠʩʢʝ ʧʫʪʝʡ ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʛʨʘʬʫ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ A*, ʢʦʪʦʨʳʡ ʧʦʰʘ-

ʛʦʚʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʩʝ ʧʫʪʠ, ʚʝʜʫʱʠʝ ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʝʨʰʠʥʳ ʚ ʢʦʥʝʯʥʫʶ, ʧʦʢʘ ʥʝ ʥʘʡʜʸʪ ʤʠʥʠʤʘʣʴ-

ʥʳʡ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʣʫʯʠʣ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʣʴʰʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʣʠ ʚʝ-

ʨʦʷʪʥʦʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʪʘʢ ʢʘʢ ʣʦʢʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʜʚʠʞʝʥʠʷ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝ-

ʥʠʝ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʘʨʪʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʪ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʩʘʤʦʛʦ ɺɹʈʋʂ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ. 

ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚʳʛʣʷʜʠʪ 

ʘʣʛʦʨʠʪʤ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʉʫʪʴ ʤʝʪʦʜʘ [5] ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʍʦʧʬʠʣʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʠʩ-

ʢʨʝʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ.ʝ. ʮʝʥʪʨʫ ʢʘʞʜʦʡ ʜʠʩʢʨʝʪʥʦʡ ʷʯʝʡʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʡʨʦʥ, ʩʚʷ-

ʟʘʥʥʳʡ ʣʠʰʴ ʩʦ ʩʚʦʠʤʠ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ, ʧʨʠʯʝʤ ʩʚʷʟʠ ʩ ʩʦʩʝʜʷʤʠ ʠʤʝʶʪ ʚʝʩ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʜʣʠʥʝ. ʇʨʠ ʵʪʦʤ ʚʝʩ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʦʜʦʣʝʚʘʝ-

ʤʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʥʦ ʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʨʘʩʩʪʦʷʥʠʡ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʳʡ ʧʫʪʴ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʫʩʣʦʚʠʷ ʧʨʠʥʷʪʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 
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1
, ɸ.ɸ. ɹɸʊʋʈʀʅɽʎ

1
, ɸ.ɻ. ʇʆʃʋʊʆɺ
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, ʅ.ɸ. ʋʉ

2
 

1 
ʆɸʆ çʅʇʂ çʕʃɸʈɸè ʠʤʝʥʠ ɻ.ɸ. ʀʣʴʝʥʢʦè (ʛ. ʏʝʙʦʢʩʘʨʳ), 

2 
ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè (ʛ. ɺʦʨʦʥʝʞ) 

 

ʀʅʊɽɻʈʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʈɽɿɽʈɺʅʓʍ ʇʈʀɹʆʈʆɺ ʉɸʄʆʃɽʊɸ 

 
ʈʘʩʩʤʦʪʨʝʥ ʩʦʩʪʘʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ (ʀʉʈʇ) ʩʘʤʦʣʝʪʘ ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ 

ʨʦʩʩʠʡʩʢʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʀʉʈʇ ʧʣʘʟʤʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʤʠʢʨʦʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʣʴʮʝʚʦʛʦ ʤʦʥʦʙʣʦʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʩ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ GPS/GLONASS. 



 

13 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ (ʀʉʈʇ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ, 

ʚʳʯʠʩʣʝʥʠʷ, ʚʳʜʘʯʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʦʪʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʦʣʝʪʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʃɸ ʚ ʩʣʫʯʘʷʭ ʦʪʢʘʟʘ ʦʩʥʦʚʥʦʛʦ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʙʳʯʥʦ ʀʉʈʇ ʟʘʤʝʥʷʝʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʨʝʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ: ʘʚʠʘʛʦʨʠʟʦʥʪ,  ʚʳʩʦʪʦʤʝʨ, ʫʢʘʟʘʪʝʣʴ ʩʢʦ-

ʨʦʩʪʠ, ʚʘʨʠʦʤʝʪʨ. ʉʦʩʪʘʚ ʀʉʈʇ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʋʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

2. ɹʣʦʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʦʙʳʯʥʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ). 

3. ɹʣʦʢ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ. 

4. ʄʘʛʥʠʪʦʤʝʪʨ. 

5. ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʠʜʢʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʝ  ʠʥʜʠʢʘʪʦʨʳ (ɾʂʀ) ʩ ʨʘʟʨʝʰʝʥʠʝʤ 512ʭ512 ʧʢʩ ʠʣʠ 640ʭ480 ʧʢʩ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ɾʂʀ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʜʦʛʨʝʚʘ , ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ʤʠʥʫʩ 65 Üʉ ʜʦ ʤʠʥʫʩ 30 Üʉ, ʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʚʨʝʤʝʥʠ ʛʦʪʦʚʥʦʩʪʠ ɾʂʀ ʢ ʨʘʙʦʪʝ 5-10 ʤʠʥʫʪ. ʇʣʘʟʤʝʥʥʳʝ ʮʚʝʪʥʳʝ ʧʘʥʝʣʠ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚʢʣʶʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʚʨʝʤʷ ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʘʙʦʪʝ ʧʣʘʟʤʝʥ-

ʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʨʝʤʝʥʝʤ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆɸʆ 

çʕʃɸʈɸè ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʩ ʌɻʋʇ çɻʦʩʅʀʀɸʉè ʨʘʟʨʘʙʦʪʘʣʦ ʠ ʠʟʛʦʪʦʚʠʣʦ ʤʘʢʝʪʥʳʝ 

ʦʙʨʘʟʮʳ ʮʚʝʪʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʧʘʥʝʣʝʡ  ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ (ʨʠʩʫʥʦʢ 1). 
 

 

 

ʈʘʟʤʝʨ ʨʘʙʦʯʝʛʦ ʧʦʣʷ, ʤʤ                                        158ʭ210,6                

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʠʢʩʝʣʴ         512ʭ384 

ʋʛʣʳ ʦʙʟʦʨʘ, ʛʨʘʜʫʩ                                                            Ñ70 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ɺ                                                        27     

(ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪ ʜʚʫʭ ʙʦʨʪʦʚ) 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ                                              120 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ                             206,3ʭ266,3ʭ82,3 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʣʘʟʤʝʥʥʳʡ ʠʥʜʠʢʘʪʦʨ 

 

ɹʣʦʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɹʏʕ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ,  ʪʨʠʘʜʳ ʘʢ-

ʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ ɹʏʕ ʀʉʇʈ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ  ɹʏʕ 

ʙʦʨʪʦʚʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʅʉ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʀʉʈʇ ʩʥʘʙʜʠʪʴ 

ʨʝʟʝʨʚʥʦʡ ʀʅʉ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʘʚʪʦʥʦʤʥʦʤ (ʠʥʝʨʮʠʘʣʴʥʦʤ) ʨʝ-

ʞʠʤʝ ʠ ʚ ʨʝʞʠʤʝ ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤ ʧʨʠʝʤʥʠʢʦʤ. ʅʘʣʠʯʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠʝʤʥʠʢʘ 

GPS/GLONASS ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʨʷʝʤʳʭ ɹʏʕ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘ-

ʥʘʣ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʦʙʲʝʢʪʘ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʀʉʈʇ  ʧʦʟʚʦʣʠʪ  ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʘ ʬʦʥʝ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ.  

ɹʦʨʪʦʚʘʷ ʀʅʉ ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʝʪ ɹʏʕ ʥʘ ʙʘʟʝ ʢʦʣʴʮʝʚʳʭ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʘʭ (ʂʃɻ) [1] 

ʠʣʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʘʭ (ɺʆɻ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ɹʏʕ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʝʨʚʥʦʡ ɹʏʕ, ʘʥʘʣʦʛʠʯʥʦʡ ʙʦʨʪʦʚʦʡ ʀʅʉ ʚʦʟʤʦʞʥʦ ʚ ʚʘʨʠʘʥʪʝ 

ʚʥʝʰʥʝʛʦ ʵʣʝʤʝʥʪʘ ʀʉʈʇ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʂʃɻ ʚ ʩʦʩʪʘʚʝ ʀʉʇʈ ʷʚʣʷʝʪ-

ʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʀʉʈʇ ʤʠʥʠʘ-

ʪʶʨʥʳʭ ɺʆɻ (ʀʉʈʇ-26) ʠʣʠ  ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ (ʀʉʈʇ-5) ʚ ʢʘʯʝʩʪʚʝ ʚʩʪʨʦʝʥʥʳʭ ɹʏʕ.  

ʆɸʆ çʕʃɸʈɸè ʩʦʚʤʝʩʪʥʦ ʩ ʄʀʕʊ ʛ. ɿʝʣʝʥʦʛʨʘʜ ʧʨʦʚʦʜʷʪ ʨʘʟʨʘʙʦʪʢʫ ɹʏʕ ʚ ʩʦʩʪʘʚʝ  ʪʨʠʘʜ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ ʚ ʚʠʜʝ ʩʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʬʦʨʤʘʪʘ 3U 

(ʨʠʩʫʥʦʢ 2). ʇʘʨʘʣʣʝʣʴʥʦ, ʩʦʚʤʝʩʪʥʦ ʩ ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. 

ɻʘʛʘʨʠʥʘè (ʛ. ɺʦʨʦʥʝʞ) ʧʨʦʚʦʜʠʪʩʷ  ʨʘʟʨʘʙʦʪʢʘ ʤʦʥʦʙʣʦʯʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ 

(ʂʄɻ) ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [2], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʠ, ʠ ʦʩʥʦʚʥʳʤ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʦʤ ʦʞʠʜʘʝʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 2 ï ɹʏʕ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ  

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 

ʈʠʩʫʥʦʢ 3 ï ʄʦʥʦʙʣʦʢ ʂʄɻ 

 

ʈʝhʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʨʘʟʨʘʙʦʪʢʘ ʚʩʪʨʦʝʥʥʦʛʦ ʠ ʚʥʝʰʥʝʛʦ (ʥʝʜʦʨʦʛʦʛʦ) ɹʏʕ 

ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦ ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʉʈʇ ʥʘ ʦʙʲʝʢʪʝ. 

ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʝʪʦʤʝʪʨʘ ʚ ʩʦʩʪʘʚʝ ʀʉʈʇ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚʳʥʝʩʝʥʥʦʛʦ ʠʣʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʜʘʣʠ ʦʪ ʩʠʣʴʥʳʭ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦ ʠʟ-

ʤʝʥʷʶʱʠʭʩʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʝʪʦʤʝʪʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ ʢʫʨʩʘ ʤʘʛʥʠʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ (ɼʂʄʎ-1), ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʆɸʆ çʕʃɸʈɸè ʠ ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʀʉʈʇ-5 (ʨʠʩʫʥʦʢ 4). 

 
ʈʠʩʫʥʦʢ 4 ï ɼʂʄʎ-1 

 

ɺʦ ʚʩʝʭ ʨʘʟʨʘʙʦʪʢʘʭ ʆɸʆ çʕʃɸʈɸè ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠ-

ʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʀʉʈʇ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʨʘʟʤʝʱʝʥʠʶ. ʀʉʈʇ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-

ʧʦʣʥʝʥ ʚ ʚʠʜʝ ʙʣʦʢʘ ʩ ʚʳʥʝʩʝʥʥʳʤ ʤʘʛʥʝʪʦʤʝʪʨʦʤ (ʨʠʩʫʥʦʢ 5), ʣʠʙʦ ʚ ʚʠʜʝ ʢʨʝʡʪʘ (ʨʠʩʫʥʦʢ 6), ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʚʥʝ ʢʘʙʠʥʳ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʜʘʪʯʠʢʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʣʠʥʠʷʤʠ 

ʩʚʷʟʠ. ʉʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʦʜʫʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦ-

ʜʫʣʴʥʦʡ ʘʚʠʦʥʠʢʠ (ʀʄɸ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʱʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʀʉʈʇ ʧʦ ʪʨʝʙʦ-

ʚʘʥʠʶ ʟʘʢʘʟʯʠʢʘ. 
 

  
ʈʠʩʫʥʦʢ 5 ï ʀʉʈʇ ʚ ʚʠʜʝ ʢʨʝʡʪʘ ʩ ʧʣʘʟʤʝʥʥʳʤ  

ʠʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʢʘʙʠʥʝ  

ʈʠʩʫʥʦʢ 6 ï ʀʉʈʇ ʚ ʚʠʜʝ ʢʨʝʡʪʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ  

ʚ ʫʜʘʣʝʥʥʦʤ ʦʪʩʝʢʝ 
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ɺʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʊʄ 1495, ARINC-429, ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣ-

ʥʝʥʳ ʠʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʠʥʪʝʨʬʝʡʩ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ ʧʦ ɻʆʉʊ 52070-2003. ʅʘ 

ʩʣʫʯʘʡ ʦʪʢʘʟʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʀʉʈʇ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʢʘʢ ʤʥʦʛʦʵʢʨʘʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʠʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʀʉʈʇ ʚ ʮʝʣʦʤ.  

ʅʘʫʯʥʦ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʝʣʳ ʧʨʝʜʧʨʠʷʪʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʩʘʤʦʣʝʪʘ ʧʦʣʥʦʩʪʴʶ ʥʘ ʨʦʩʩʠʡ-

ʩʢʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʚ ʨʘʟʚʠʪʠʠ ʀʉʈʇ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʜʫʣʴ-

ʥʦʡ ʘʚʠʦʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʨʝ-

ʟʝʨʚʥʳʭ ʧʨʠʙʦʨʦʚ ʢʘʢ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ ʚʩʪʨʦʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʉʈʇ ʚ ʨʝʞʠʤ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʧʨʠʝʤʥʠʢʦʤ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʂ.ʌ. ʉʀɼɸʏɽʅʂʆ  
ɺɸ ɺʂʆ ʠʤʝʥʠ ɻ.ʂ.ɾʫʢʦʚʘ (ʛ.ʊʚʝʨʴ) 

 

ʇʈʆʎɽɼʋʈɸ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈɸɿɼɽʃʗʖʑʀʍʉʗ ʇʀʃʆʊʀʈʋɽʄʓʍ  

ɺʆɿɼʋʐʅʓʍ ʎɽʃɽʁ ʅɸ ʕʊɸʇɽ ʇɽʈɺʀʏʅʆʁ ʆɹʈɸɹʆʊʂʀ ʉʀɻʅɸʃʆɺ 

 
ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʧʠʣʦʪʠʨʫʝʤʦʡ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ. 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ, ʠʥʪʝʨʧʨʝʪʠʨʫʶʱʘʷ ʧʨʦʮʝʜʫʨʫ  ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʜʝʣʷʶʱʝʡʩʷ 

ʧʠʣʦʪʠʨʫʝʤʦʡ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ (ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ), ʥʘ ʨʠʩʫʥʢʝ 2 ï ʵʧʶʨʳ, ʧʦʷʩʥʷʶʱʠʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʥʘ k-ʦʤ 

(k = 1,2,..,ʂ) ʪʘʢʪʝ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ (ʥʘ ʢʘʞʜʦʤ ʪʘʢʪʝ ʘʥʘʣʠ-

ʟʠʨʫʝʪʩʷ k-ʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʦʧʣʝʨʦʚʩʢʠʡ ʧʦʨʪʨʝʪ), ʥʘ ʨʠʩʫʥʢʝ 3 ï ʵʧʶʨʳ, ʧʦʷʩʥʷʶʱʠʝ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʷ ʟʘ ʂ ʪʘʢʪʦʚ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ.  

ʇʨʦʮʝʜʫʨʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʧʠʣʦʪʠʨʫʝʤʦʡ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʢʠ 1 ʠ 2). 

1. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ (ʈʃ) ʩʠʛʥʘʣ S(t) ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 2ʘ) ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ S(f) (ʬʦʨʤʠʨʫʝʪʩʷ k-ʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʦʧʣʝʨʦʚʩʢʠʡ ʧʦʨʪʨʝʪ ʦʪ-

ʨʘʞʝʥʥʦʛʦ ʦʪ ʮʝʣʠ ʈʃ ʩʠʛʥʘʣʘ) (ʨʠʩʫʥʦʢ 2ʙ). 

2. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ k-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ S(f) ʚʳʜʝʣʷʝʪʩʷ 

ʦʙʣʘʩʪʴ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ Fʧʣ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʪʨʘʞʝʥʠ-

ʷʤ ʩʠʛʥʘʣʘ ʦʪ ʧʣʘʥʝʨʦʚ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ (ʨʠʩʫʥʦʢ 2ʚ). 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʜʠʘʣʴʥʳʭ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʟʝʤʥʦʡ ʈʃʉ ʚ ʧʝʨʝʜʥʶʶ ʠ ʟʘʜʥʶʶ  ʧʦʣʫ-

ʩʬʝʨʳ) ʩʢʦʨʦʩʪʷʭ ʮʝʣʝʡ 500ï2500ʢʤ/ʯ  ʜʠʘʧʘʟʦʥ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʈʃʉ, 

ʨʘʚʥʦʡ 4 ʩʤ, ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 7-35 ʢɻʮ. 

3. ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʪʩʯʝʪʳ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ Fʧʣ 1,é, Fʧʣ N (ʨʠʩʫʥʦʢ 2ʛ) ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠ-

ʤʫʤʦʚ ʘʤʧʣʠʪʫʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʦʪʨʘʞʝʥʠʷʤ ʦʪ ʧʣʘʥʝ-

ʨʦʚ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ (ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ) ʠ ʧʨʝʚʳʰʘʶʱʠʭ ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ Uʧʦʨ1. 

ɺʝʣʠʯʠʥʘ ʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʤʧʣʠʪʫʜʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʦʪʨʘʞʝʥʠʶ ʈʃ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ (ʪʫʨʙʠʥʳ) ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦ-



 

16 

ʩʢʦʣʴʢʫ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,7ï0,85 ʠʤʝʥʥʦ ʦʥʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʠʟ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʚʪʦʨʠʯʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʪʝʤ ʩʘʤʳʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʞʝʪ ʠʩʢʘʟʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʮʝʣʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʦʮʝʜʫʨʳ  ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʧʠʣʦʪʠʨʫʝʤʦʡ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ  

ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

 

4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʪʩʯʝʪʘ Fʧʣ min ʜʦʧʣʝʨʦʚʩʢʦʡ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʣʦʢʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ ʘʤʧʣʠʪʫʜʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʣʘʥʝ-

ʨʘ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ (ʨʠʩʫʥʦʢ 2ʛ). 

5. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʨʦʙʠʨʦʚʘʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʫʥʢʪʝ 3 ʦʪʩʯʝʪʦʚ Fʧʣ 1,é, Fʧʣ N 

ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʩ ʰʠʨʠʥʦʡ ʩʪʨʦʙʘ æFʩʪʨ, ʧʨʠʯʝʤ ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʧʝʨʚʦʛʦ ʩʪʨʦʙʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʯʘʩʪʦʪʥʫʶ ʧʦʟʠʮʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʪʩʯʝʪʘ Fʧʣ min ʜʦʧʣʝʨʦʚʩʢʦʡ ʯʘʩʪʦʪʳ (ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʧʫʥʢʪʝ 

4), ʘ ʣʝʚʳʝ ʛʨʘʥʠʮʳ ʜʨʫʛʠʭ ʩʪʨʦʙʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʯʘʩʪʦʪʥʳʝ ʧʦʟʠʮʠʠ ʦʪʩʯʝʪʦʚ ʜʦʧʣʝʨʦʚʩʢʠʭ 

ʯʘʩʪʦʪ, ʥʝ ʧʦʧʘʚʰʠʭ ʚ ʛʨʘʥʠʮʳ ʧʨʝʜʳʜʫʱʝʛʦ ʩʪʨʦʙʘ (ʨʠʩʫʥʦʢ 2ʜ). ʐʠʨʠʥʘ ʩʪʨʦʙʘ æFʩʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʨʘʟʥʦʩʘ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʜʦ ʨʘʟʜʝʣʝʥʠʷ ʮʝʣʝʡ ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 50ï350 ɻʮ. 

6. ɽʩʣʠ ʚ ʛʨʘʥʠʮʳ ʩʪʨʦʙʘ ʥʘ k-ʦʤ (k = 1,2,..,ʂ) ʪʘʢʪʝ ʥʝ ʧʦʧʘʣʦ ʙʦʣʴʰʝ ʥʠ ʦʜʥʦʛʦ ʦʪʩʯʝʪʘ ʜʦʧ-

ʣʝʨʦʚʩʢʦʡ ʯʘʩʪʦʪʳ, ʪʦ ʧʦ ʜʘʥʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʦʨʪʨʝʪʫ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʩʪʨʦʙʝ ʥʘʭʦʜʠʪʩʷ ʦʪʩʯʝʪ ʜʦʧʣʝʨʦʚʩʢʦʡ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʜʠʥʦʯʥʦʡ ʮʝʣʠ. ʂʦʣʠʯʝʩʪʚʦ ʪʘ-

ʢʠʭ ʩʪʨʦʙʦʚ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʫ ʦʜʠʥʦʯʥʳʭ ʮʝʣʝʡ, ʦʮʝʥʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ k-ʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ.  

7. ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʦʙʦʚ, ʚ ʧʨʝʜʝʣʳ ʢʦʪʦʨʳʭ ʧʦʧʘʣʠ ʜʨʫʛʠʝ ʦʪʩʯʝʪʳ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʧʨʠ 

ʘʥʘʣʠʟʝ k-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ (ʥʘ k-ʦʤ 

ʪʘʢʪʝ), ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʩʯʝʪʦʚ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ, ʙʦʣʴʰʝʤ ʥʘ ʝʜʠʥʠʮʫ, ʧʦʧʘʚʰʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʩʪʨʦʙ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ) ʵʧʶʨʘʤ (ʨʠʩʫʥʢʠ 2ʘ-ʜ), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ k-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʧʨʠʥʠ-
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ʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ: ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʦʯʥʳʭ ʮʝʣʝʡ ï 2; ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʮʝʣʝʡ ï 2; ʢʦʣʠʯʝʩʪʚʦ 

ʮʝʣʝʡ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ï 2; ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ï 4. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʕʧʶʨʳ, ʧʦʷʩʥʷʶʱʠʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʥʘ k-ʦʤ ʪʘʢʪʝ 

ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ 

 

8. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʦʯʥʳʭ ʮʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʠ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ ʚ ʢʘʞʜʦʡ 

ʛʨʫʧʧʝ ʚ ʮʝʣʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʂ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ (ʟʘ K ʪʘʢʪʦʚ) ʧʦ 

ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ (ʨʠʩʫʥʦʢ 3, ʪʘʙʣʠʮʘ 1).  

ʇʨʠ ʝʝ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʈʧʦʨ1 ʥʘ ʚʳʭʦʜʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʜʠʥʦʯʥʳʭ ʮʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʝ ʠʭ ʛʨʫʧʧ ʠ ʢʦʣʠ-

ʯʝʩʪʚʝ ʮʝʣʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʧʨʠʤʝʨʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʠ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ 1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

10 ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ (ʟʘ 10 ʪʘʢʪʦʚ 

(k = 1,2,..,10) ʧʨʠʥʠʤʘʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,6 ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʮʝʣʝʡ ʨʘʚʥʦ 8 ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,4 ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʙʳʪʠʝ (ʥʦʤʝʨʘ ʪʘʢʪʦʚ k = 1,3,5,8), 

ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʦʯʥʳʭ ʮʝʣʝʡ ï 2, ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʮʝʣʝʡ ï 2, ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ ʚ ʧʝʨʚʦʡ ʛʨʫʧ-

ʧʝ ï 2, ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ï 4.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʚʳʧʦʣʥʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʩʦ-

ʛʣʘʩʥʦ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ, ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʦʧʣʝʨʦʚʩʢʠʤ ʧʦʨʪʨʝʪʘʤ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʝ ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʧʠʣʦʪʠʨʫʝʤʦʡ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ. 

 
ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ  ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʥʘ k-ʳʭ ʪʘʢʪʘʭ 

ˉ 

ʪʘʢʪʘ k 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

 ʮʝʣʝʡ 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʜʠʥʦʯʥʳʭ ʮʝʣʝʡ 

ʂʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ / 

ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ 

1 8 2 2 / 2, 4 

2 8 1    3 / 2, 2, 3 

3 8 2 2 / 2, 4 

4 7 0    3 / 2, 3, 2 

5 8 2 2 / 2, 4 

6 9 1 2 /3, 5 

7 8 2 2 / 4, 2 

8 8 2 2 / 2, 4 

9 9 1     3 / 2, 4, 2 

10 7 2 2 / 2, 3 



 

18 

                                      
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʕʧʶʨʳ, ʧʦʷʩʥʷʶʱʠʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʟʘ ʂ ʪʘʢʪʦʚ ʘʥʘʣʠʟʘ  

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ 
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ʋɼʂ 623.74 

 

ɸ.ɺ. ɹʆɻɼɸʅʆɺ, ʉ.ʗ. ʄʀʈʆʅʆɺʀʏ, ʌ.ʅ. ʄʋʍɸʄʄɸɼ, ʀ.ɸ. ʅʆɺʀʏɽʅʆʂ,  

ʂ.ʌ. ʉʀɼɸʏɽʅʂʆ  
ɺɸ ɺʂʆ ʠʤʝʥʠ ɻ.ʂ.ɾʫʢʦʚʘ (ʛ.ʊʚʝʨʴ) 

 

ʇʈʆʎɽɼʋʈɸ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʅɸ ʕʊɸʇɽ ʇɽʈɺʀʏʅʆʁ ʆɹʈɸɹʆʊʂʀ  

ʉʀɻʅɸʃʆɺ ʈɸɿɼɽʃʗʖʑɽʁʉʗ ɺʆɿɼʋʐʅʆʁ ʎɽʃʀ ʇʈʀ ʇʋʉʂɽ ʈɸʂɽʊ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ ʧʨʠ ʧʫʩʢʝ ʩ ʝʝ ʙʦʨʪʘ ʨʘʢʝʪ. 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛ-

ʥʘʣʦʚ (ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ) ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ 

ʧʨʠ ʧʫʩʢʝ ʩ ʝʝ ʙʦʨʪʘ ʨʘʢʝʪ, ʥʘ ʨʠʩʫʥʢʝ 2 ï ʵʧʶʨʳ, ʚ ʪʘʙʣʠʮʝ 1 ï ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʥʘ k-ʳʭ ʪʘʢʪʘʭ, ʧʦʷʩʥʷʶʱʠʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʚ ʮʝʣʦʤ ʟʘ ʂ ʪʘʢʪʦʚ ʘʥʘʣʠʟʘ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʦʨʪʨʝʪʦʚ.  

ʇʨʦʮʝʜʫʨʘ  ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ ʧʨʠ ʧʫʩʢʝ ʩ ʝʝ ʙʦʨʪʘ ʨʘʢʝʪ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1ï ʉʭʝʤʘ ʧʨʦʮʝʜʫʨʳ  ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ  

ʨʘʟʜʝʣʷʶʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡʮʝʣʠ ʧʨʠ ʧʫʩʢʝ ʩ ʝʝ ʙʦʨʪʘ ʨʘʢʝʪ 

 

1. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʚʦʟʜʫʰʥʳʭ ʮʝʣʝʡ ʈʃ ʩʠʛʥʘʣ S(t) ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ 

S(f), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʦʧʣʝʨʦʚʩʢʠʡ ʧʦʨʪʨʝʪ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʮʝʣʠ ʠ ʨʘ-

ʢʝʪ ʈʃ ʩʠʛʥʘʣʘ. 

2. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ S(f) ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ 

ʚʳʩʦʢʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ æFʨ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʪʨʘʞʝʥʠʷʤ ʩʠʛʥʘ-

ʣʘ ʦʪ ʧʫʱʝʥʥʳʭ ʨʘʢʝʪ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ 

ʯʘʩʪʦʪ ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ, ʭʘʨʘʢʪʝʨʥʳʭ ʦʪʨʘʞʝʥʠʷʤʠ ʈʃ 

ʩʠʛʥʘʣʦʚ ʦʪ ʧʣʘʥʝʨʦʚ ʮʝʣʝʡ, ʥʘ 6,6-8,5 ʢɻʮ. 

3. ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʪʩʯʝʪʳ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ Fʨ1,é, FʨN ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʘʤʧʣʠʪʫʜ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʦʪʨʘʞʝʥʠʷʤ ʦʪ ʧʫʱʝʥʥʳʭ ʨʘʢʝʪ ʠ ʧʨʝ-

ʚʳʰʘʶʱʠʭ ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ Uʧʦʨ2. ɺʝʣʠʯʠʥʘ ʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʤʧʣʠʪʫʜʦʡ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʨʘʞʝʥʠʶ ʈʃ ʩʠʛʥʘʣʘ ʦʪ ʧʫʱʝʥʥʦʡ ʨʘʢʝʪʳ, ʢʦʪʦʨʘʷ, ʩʦ-

ʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʚ 10ï9 ʨʘʟ ʤʝʥʴʰʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʈʃ ʩʠʛʥʘʣʦʚ, 

ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʧʣʘʥʝʨʦʚ ʮʝʣʝʡ. 

























































































































































































http://www.avia.ru/author/03.shtml














































































































































https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BB%D0%BE%D0%B8%D0%BD%D0%B2%D0%B0%D0%B7%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D1%85%D0%B8%D1%80%D1%83%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BA%D0%B0%D1%80%D1%82%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%80%D0%BE%D1%85%D0%B8%D1%80%D1%83%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BF%D1%81%D0%B8%D1%8F
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