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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ, ʦ ʟʘʜʘʯʘʭ 

ʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʧʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

 

ʇʦʜʚʦʜʥʘʷ ʪʝʭʥʠʢʘ ʩʧʦʩʦʙʥʘ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦʜ ʚʦʜʦʡ. ʄʠʨʦʚʦʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʇʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʟ ʥʝʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʨʘʟʚʠʪʠʝ ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ, ʧʨʦʚʝʜʝʥʠʝ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʉ ʝʝ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦʠʩʢ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʘ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʜʥʘ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ, ʧʦʜʚʦʜʥʳʭ ʢʘʙʝʣʝʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ.  

ʇʦʜʚʦʜʥʫʶ ʪʝʭʥʠʢʫ ʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʠ: 

ï ʚʦʜʦʣʘʟʥʘʷ ʪʝʭʥʠʢʘ; 

ï ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ; 

ï ʧʦʜʚʦʜʥʦ-ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ; 

ï ʧʦʠʩʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʩʠʩʪʝʤʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʨʫʧʧʳ ʢʦʤʧʘʥʠʡ ʊɽʊʀʉ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ, ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʦʩʥʘʱʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʚʦʜʦʣʘʟʥʳʭ 

ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʣʫʯʰʝʝ ʩʥʘʨʷʞʝʥʠʝ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦʜ ʚʦʜʦʡ ʠ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɻʨʫʧʧʘ ʂʦʤʧʘʥʠʡ ʊɽʊʀʉ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʦʜʦʣʘʟʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʈʌ, ʄʠʥʠʩʪʝʨʩʪʚʘ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʈʌ, ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʌʝʜʝʨʘʣʴʥʦʡ ʧʦʛʨʘʥʠʯʥʦʡ ʩʣʫʞʙʳ ʠ ɺʦʝʥʥʦ-ʄʦʨʩʢʦʛʦ ʌʣʦʪʘ. ʉʨʝʜʠ ʢʣʠʝʥʪʦʚ ɻʨʫʧʧʳ 

ʢʦʤʧʘʥʠʡ ʊɽʊʀʉ ʢʨʫʧʥʝʡʰʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ, ʪʘʢʠʝ ʢʘʢ ʆɸʆ çɻʄʂ 

çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè, ʆɸʆ çʉʝʚʝʨʩʪʘʣʴè, ʆɸʆ çɸʂ çʊʨʘʥʩʥʝʬʪʴè, ʆɸʆ çɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè ʠ ʜʨ., ʘ ʪʘʢʞʝ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʛʦ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʚʠʜʳ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ. 

ʅʘ ʩʣʫʞʙʝ ʚ ɺʄʌ. ɺ 2001-2007 ʛʦʜʘʭ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ɺʄʌ ʈʦʩʩʠʠ ʧʦʩʪʫʧʠʣʘ 

ʇʦʜʚʦʜʥʘʷ ʪʝʭʥʠʢʘ. ɹʳʣʠ ʟʘʢʫʧʣʝʥʳ ʩʝʤʴ ʊʅʇɸ çʊʘʡʛʝʨè ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʘ ʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʚʘ ʨʘʙʦʯʠʭ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʘ çɺʝʥʦʤè ʜʣʷ 

ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɺ 2004 ʛʦʜʫ ʫʩʧʝʰʥʦ ʧʨʦʰʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʧʦʠʩʢʦʚʦ-ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʘʧʧʘʨʘʪ çʌʘʣʢʦʥè 

(SAAB Seaeye, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʤʠʥʠʘʪʶʨʥʳʡ ʦʩʤʦʪʨʦʚʳʡ ʊʅʇɸ çʆʙʟʦʨ-150è (ʆɸʆ 

çʊʝʪʠʩ ʇʨʦè, ʄʦʩʢʚʘ). ɺ 2006-2009 ʛʦʜʘʭ ɺʄʌ ʧʦʣʫʯʠʣ ʯʝʪʳʨʝ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʙʘʟʝ ʈʊʅʇɸ çʇʘʥʪʝʨʘ ʇʣʶʩè ʧʨʦʠʟʚʦʜʩʪʚʘ SAAB Seaeye.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʜʘ ɺʄʌ ʩʝʛʦʜʥʷ ʦʩʥʘʱʝʥʳ ʮʝʣʳʤ ʨʷʜʦʤ ʊʅʇɸ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ.  

ʆʬʠʮʠʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʬʠʨʤ SAAB Seaeye, SMD Hydrovision ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ  

ʬʠʨʤʘ ʆɸʆ çʊʝʪʠʩ ʇʨʦè, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʘʚʢʫ ʊʅʇɸ ʩ ʧʦʣʥʳʤ ʢʦʤʧʣʝʢʪʦʤ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊʘʤʠ, ʧʨʦʚʝʜʝʥʠʝ ʠʭ ʠʩʧʳʪʘʥʠʡ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, 

ʧʦʜʛʦʪʦʚʢʫ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʤʥʦʛʦʣʝʪʥʝʝ ʩʝʨʚʠʩʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʊʅʇɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʪʝʨʝʩʘʭ ɺʄʌ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ:  

ï ʨʘʟʚʝʜʢʘ, ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ; 

ï ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʤʠʥʥʳʭ ʧʦʣʝʡ;  

ï ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʙʦʝʟʘʧʘʩʦʤ;  

ï ʧʦʠʩʢ ʪʦʨʧʝʜ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʦʨʫʞʠʷ;  

ï ʦʙʩʣʝʜʦʚʘʥʠʝ ʢʦʨʧʫʩʦʚ ʠ ʚʠʥʪʦ-ʨʫʣʝʚʳʭ ʛʨʫʧʧ ʢʦʨʘʙʣʝʡ;  

ï ʜʦʩʪʘʚʢʘ ʢ ʤʝʩʪʫ ʨʘʙʦʪʳ ʚʦʜʦʣʘʟʦʚ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʝʥʘʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʇʃ ʠ ʧʦʜʲʝʤ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ;  

ï ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʧʫʩʢʦʚ ʚʦʜʦʣʘʟʦʚ;  

ï ʥʘʚʝʜʝʥʠʝ ʦʙʠʪʘʝʤʦʛʦ (ʩʧʘʩʘʪʝʣʴʥʦʛʦ) ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʦʙʲʝʢʪ (ʢʦʤʠʥʛʩ-

ʧʣʦʱʘʜʢʫ ʇʃ) ʧʦ ʜʘʥʥʳʤ ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʊʅʇɸ. 

ʅʘ ʦʙʲʝʢʪʘʭ ʤʦʨʩʢʠʭ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʛʘʟʘ ʚ ɹʘʨʝʥʮʝʚʦʤ 

ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʈʦʩʩʠʠ. ʀʜʝʪ ʧʦʜʛʦʪʦʚʢʘ ʢ ʨʘʙʦʪʘʤ ʚ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 400 ʤ. ʅʘ ʰʝʣʴʬʝ ɸʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʧʣʘʥʠʨʫʶʪʩʷ 

ʦʙʫʩʪʨʦʡʩʪʚʦ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʥʘ ʏʝʨʥʦʤ ʤʦʨʝ. ʇʨʠ ʧʦʤʦʱʠ ʊʅʇɸ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦʜʚʦʜʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ʅʘ 

ʦʙʲʝʢʪʘʭ ʤʦʨʩʢʠʭ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚ ʊʅʇɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪ ï ʦʪ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʘʩʩʳ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʩʢʚʘʞʠʥʳ.  

ʇʦʜʚʦʜʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ 

ʧʦʜʚʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʟʘʧʠʩʴʶ ʥʘ ʨʝʢʦʨʜʝʨ ʩ ʮʝʣʴʶ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʉʲʝʤʢʘ ʨʝʣʴʝʬʘ ʜʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʤ ʣʦʢʘʪʦʨʦʤ ʠ ʛʠʜʨʦʣʦʢʘʪʦʨʦʤ 

ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʘʧʧʘʨʘʪʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʚʦʜʝ, ʛʠʜʨʦʣʦʢʘʪʦʨ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ, 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʜʘʪʯʠʢʠ.  

ɺ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʄʏʉ. ʄʏʉ ʈʦʩʩʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʊʅʇɸ ʜʣʷ ʧʦʠʩʢʘ ʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ: ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ, ʟʘʪʦʧʣʝʥʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʙʦʝʧʨʠʧʘʩʦʚ, ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʩʠʩʪʝʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ɸʕʉ.  

ʉ ʧʦʤʦʱʴʶ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʞʥʦ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʙʘʩʩʝʡʥʘʭ ʚʳʜʝʨʞʢʠ ʠ ʤʝʩʪʘʭ 

ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʚʦʜʝ, ʦʙʥʘʨʫʞʠʪʴ ʫʪʝʯʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʊʅʇɸ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʟʘ ʦʙʲʝʢʪʦʤ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʠ ʚʳʧʦʣʥʷʪʴ ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʨʦʙʥʳʡ ʦʩʤʦʪʨ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʅʇɸ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ: 1-2 

ʯʝʣʦʚʝʢʘ. ɺ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʦʜʛʦʪʦʚʠʪʴ ʘʧʧʘʨʘʪ 

ʢ ʧʦʛʨʫʞʝʥʠʶ, ʦʧʝʨʘʪʦʨʫ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʵʪʦʛʦ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ.  
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ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʨʝʜʩʪʚʘʤ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʊʅʇɸ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʠʟʚʦʜʷʪ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʥʘʡʜʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʦʙʲʝʢʪʘ, 

ʩʪʝʧʝʥʴ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʯʝʣʦʚʝʢʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʧʦʠʩʢ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ; 

ï ʦʢʘʟʘʥʠʝ ʧʦʤʦʱʠ ʠ ʩʧʘʩʝʥʠʷ ʣʶʜʝʡ ʥʘ ʚʦʜʝ: 

ï ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ɺʄʌ; 

ï ʩʧʘʩʝʥʠʝ ʵʢʠʧʘʞʝʡ ʟʘʪʦʥʫʚʰʠʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ (ʩ ʧʦʤʦʱʴʶ ʦʙʠʪʘʝʤʳʭ ʠ ʥʝ 
ʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨ. ʪʝʭʥʠʢʠ); 

ï ʧʦʠʩʢ ʠ ʧʦʜʲʝʤ ʟʘʪʦʥʫʚʰʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʠʥʪʝʨʝʩʘʭ ɺʄʌ ʠ ʜʨʫʛʠʭ ʚʝʜʦʤʩʪʚ: 

1. ʇʦʠʩʢ ʠ ʧʦʜʲʝʤ ʚʝʨʪʦʣʝʪʘ ʂɸ 27 ʇʉ ʚ ʋʩʩʫʨʠʡʩʢʦʤ ʟʘʣʠʚʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, 

ʟʘʪʦʥʫʚʰʝʛʦ 26 ʤʘʨʪʘ 2003 ʛʦʜʘ, ʅʊʇɸ çʊʘʡʛʝʨè. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʠʩʢʘ ʠ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʟʘʪʦʥʫʚʰʝʛʦ ʚʝʨʪʦʣʝʪʘ ʥʘ ʩʧʘʩʘʪʝʣʴʥʦʤ ʩʫʜʥʝ çʄʘʰʫʢè, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʊʅʇɸ çʊʘʡʛʝʨè. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʠʩʢʘ ʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʘʢʪʦʚ ʩʧʘʩʘʪʝʣʴʥʦʝ ʩʫʜʥʦ ʟʘʥʠʤʘʣʦ 

ʥʘʟʥʘʯʝʥʥʳʝ ʪʦʯʢʠ, ʩʪʘʥʦʚʷʩʴ ʥʘ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʷʢʦʨʷ. ʇʦʩʣʝ ʧʦʩʪʘʥʦʚʢʝ ʩʧʘʩʘʪʝʣʴʥʦʝ 

ʩʫʜʥʦ çʄʘʰʫʢè ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ, ʛʜʝ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘʭʦʜʠʣʩʷ ʚʝʨʪʦʣʝʪ, ʊʅʇɸ 

çʊʘʡʛʝʨè, ʦʨʠʝʥʪʠʨʫʷʩʴ ʧʦ ʜʘʥʥʳʤ ʛʠʜʨʦʣʦʢʘʪʦʨʘ, ʦʩʫʱʝʩʪʚʠʣ ʚʳʭʦʜ ʥʘ ʧʦʣʫʯʝʥʥʳʡ 

ʢʦʥʪʘʢʪ, ʧʨʦʠʟʚʝʣ ʚʠʟʫʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʦʧʦʟʥʘʥʠʝ ʦʙʲʝʢʪʘ ʢʘʢ 

ʠʩʢʦʤʦʛʦ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʠʜʝʦʩʲʝʤʢʠ ʚʝʨʪʦʣʝʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʝʛʦ ʢ ʧʦʜʲʝʤʫ. 02 ʘʧʨʝʣʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʩʪʨʦʧʢʘ ʚʝʨʪʦʣʝʪʘ ʩ ʧʦʤʦʱʴʶ 

ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʉɻɸ). ɺ ʵʪʦ ʚʨʝʤʷ ʊʅʇɸ çʊʘʡʛʝʨè ʥʘʭʦʜʠʣʩʷ 

ʚʙʣʠʟʠ ʦʙʲʝʢʪʘ, ʦʩʫʱʝʩʪʚʣʷʷ ʢʦʥʪʨʦʣʴ ʟʘ ʚʳʭʦʜʦʤ ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʥʘ ʦʙʲʝʢʪ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʣʦʢʘʪʦʨʘ. ʇʦʩʣʝ ʚʟʘʠʤʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʉɻɸ ʠ 

ʊʅʇɸ çʊʘʡʛʝʨè ʢʦʥʪʘʢʪ ʩ ʦʙʲʝʢʪʦʤ ʙʳʣ ʧʝʨʝʜʘʥ ʠ ʊʅʇɸ ʦʪʦʰʝʣ ʦʪ ʚʝʨʪʦʣʝʪʘ. ʇʦʩʣʝ 

ʧʦʜʲʝʤʘ ʚʝʨʪʦʣʝʪʘ, ʚ ʧʝʨʠʦʜ ʩ 05 ʧʦ 09 ʘʧʨʝʣʷ ʩ ʧʦʤʦʱʴʶ ʊʅʇɸ çʊʘʡʛʝʨè ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʜʦʧʦʠʩʢ ʠ ʧʦʜʲʝʤ ʪʝʣ ʣʝʪʯʠʢʦʚ. ɼʦʧʦʠʩʢ ʪʝʣ ʣʝʪʯʠʢʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʠʜʝʦʢʘʤʝʨʳ ʊʅʇɸ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ɼʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʣʘ 3é.5ʤ. ʉ 

ʧʦʤʦʱʴʶ ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʊʅʇɸ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʣʠʩʴ ʵʣʝʤʝʥʪʳ ʨʘʟʨʫʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʝʨʪʦʣʝʪʘ. ʊʝʣʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʷʜʦʤ ʩ 

ʵʪʠʤʠ ʫʯʘʩʪʢʘʤʠ. ʇʦʜʲʝʤ ʪʝʣ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ ʊʅʇɸ çʊʘʡʛʝʨè. 

 2. ʆʙʩʣʝʜʦʚʘʥʠʝ ʧʦʜʚʦʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʏʝʨʥʦʤ ʤʦʨʝ ʚ 2003-2004 ʛʛ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʅʇɸ çʊʘʡʛʝʨè. ʉ ʙʦʨʪʘ ʩʫʜʥʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʧʫʩʢ ʊʅʇɸ çʊʘʡʛʝʨè, 

ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʨʦʚʦʜʠʣ ʜʦʧʦʠʩʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʝʛʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʦʡ ʠ ʚʠʜʝʦʘʧʧʘʨʘʪʫʨʳ. ɺ ʭʦʜʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʠʜʝʦʤʘʛʥʠʪʦʬʦʥ, 

ʚʭʦʜʷʱʠʡ ʚ ʢʦʤʧʣʝʢʪ ʘʧʧʘʨʘʪʫʨʳ ʊʅʇɸ.  
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ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʤ ʘʧʧʘʨʘʪʦʤ. 

 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 10 ʢʤ. ʊʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʠʜʝʦʟʘʧʠʩʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ. 

3. ʇʦʠʩʢ ʠ ʧʦʜʲʝʤ ʩʘʤʦʣʝʪʘ ʊʋ-142 ʅɿ, ʧʦʪʝʨʧʝʚʰʝʛʦ ʢʘʪʘʩʪʨʦʬʫ ʚ ʥʦʷʙʨʝ 2009 ʛʦʜʘ ʚ 

ʊʘʪʘʨʩʢʦʤ ʧʨʦʣʠʚʝ, ʩ ʧʦʤʦʱʴʶ ʅʊʇɸ çʊʘʡʛʝʨè, ʈʊʇɸ çʇʘʥʪʝʨʘè, ʧʦʠʩʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

çʂʘʣʴʤʘʨè 

4. ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʫʢʣʘʜʢʦʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʨʢʪʫʥ ï ɼʘʛʠ ʉʘʭʘʣʠʥ ï 1, ʩ ʧʦʤʦʱʴʶ ʅʊʇɸ çʊʘʡʛʝʨè ʚ 2011 ʛʦʜʫ. 

 

ɺʳʚʦʜʳ: ʆʢʝʘʥʦʪʝʭʥʠʢʘ ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʘʷ ʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ 

ʦʙʣʘʩʪʴ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʘʜʠʮʠʠ, ʦʙʱʠʝ 

ʪʝʥʜʝʥʮʠʠ ʠ ʥʝʨʝʰʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʦʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʚʪʦʥʦʤʥʳʭ, ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʠ ʙʫʢʩʠʨʫʝʤʳʭ ʘʧʧʘʨʘʪʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ 

ʩʣʦʞʠʚʰʠʝʩʷ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʥʝʪ ʧʦʢʘ ʟʘʢʦʥʯʝʥʥʦʡ ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʝʦʨʠʠ, ʘ 

ʪʘʢʞʝ ʠ ʦʙʱʝʡ ʧʨʘʢʪʠʢʠ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʄʠʨʦʚʦʡ ʦʧʳʪ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʤʝʝʪʩʷ ʥʝʤʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʦʧʨʦʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪʦʚ. ʇʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʯʝʣʦʚʝʢʦʤ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʣʶʙʳʭ 

ʛʣʫʙʠʥʘʭ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ. ʆʢʝʘʥʦʛʨʘʬʠʷ, ʛʝʦʣʦʛʠʷ, ʠʟʫʯʝʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʧʨʦʤʳʩʣʦʚ 

ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʦʢʝʘʥʘ, ʨʘʟʚʝʜʢʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʧʨʦʢʣʘʜʢʘ ʠ ʦʩʤʦʪʨ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʢʘʙʝʣʝʡ, ʢʦʥʪʨʦʣʴ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝʤ ʤʦʨʝʡ ʠ 

ʦʢʝʘʥʦʚ, ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ð ʚʦʪ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʪʦʛʦ, ʯʝʤ ʟʘʥʷʪʳ 

ʩʝʛʦʜʥʷ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʇʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ 

ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʆɸʆ çʊʝʪʠʩ ʇʨʦè ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪ ʚʥʫʪʨʝʥʥʠʝ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʥʦʚʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʦʜʥʦʡ ʪʝʭʥʠʢʠ. ʄʥʦʛʦʣʝʪʥʠʡ 

ʦʧʳʪ ʠʥʞʝʥʝʨʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʪʴ ʚ ʢʦʦʧʝʨʘʮʠʠ ʩ 
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ʢʨʫʧʥʝʡʰʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ, ʪʘʢʠʤʠ ʢʘʢ ʆɸʆ ʎʂɹ çʃʘʟʫʨʠʪè, ɿɸʆ 

çɸʚʠʘʮʠʦʥʥʘʷ ʠ ʤʦʨʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘè, ʆɸʆ ʎʄʂɹ çɸʣʤʘʟè ʠ ʜʨʫʛʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʠʥʪʝʨʝʩʘʭ ʩʠʣʦʚʳʭ ʚʝʜʦʤʩʪʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʧʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙʦʨʦʥʥʦʤʫ ʟʘʢʘʟʫ. ɺʩʝ ʠʟʜʝʣʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʧʫʩʢʘʶʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʦʭʦʜʷʪ 

ʧʨʦʚʝʨʢʫ ʚ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʩʫʨʦʚʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʦ ʩʚʦʠʤ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʆɸʆ çʊʝʪʠʩ ʇʨʦè ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʝʚʦʩʭʦʜʷʪ ʟʘʨʫʙʝʞʥʳʝ 

ʘʥʘʣʦʛʠ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʭʦʜʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʦʩʪʫʧʘʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʟʜʝʣʠʡ, ʢʦʥʪʨʦʣʝʤ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʠʩʧʳʪʘʥʠʡ. 
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ʅɽʆɹʀʊɸɽʄʓɽ ʇʆɼɺʆɼʅʓɽ ɸʇʇɸʈɸʊʓ.  

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅʇɸ 
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ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ çʊʝʪʠʩè. ʇʨʠʚʦʜʠʪʩʷ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, 
ʨʝʰʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʅʇɸ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅʇɸ, ʜʘʶʪʩʷ 

ʢʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʘʧʧʘʨʘʪʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʅʇɸ. 
 

 

ɸʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʦʢʝʘʥʘ ʨʘʟʚʠʪʳʤʠ ʩʪʨʘʥʘʤʠ ʤʠʨʘ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʢʘʢ ʥʘ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʛʣʫʙʠʥʘʭ, ʪʘʢ ʠ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʚʦʜʥʳʝ ʨʘʙʦʪʳ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʠʨʦʯʘʡʰʝʛʦ ʩʧʝʢʪʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʦʪʥʦʩʷʪʩʷ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʝ ʥʝʦʙʠʪʘʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ (ʊʅʇɸ). 

ʄʠʨʦʚʦʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʛʦʚʦʨʠʪ, ʯʪʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʅʇɸ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʨʘʟʚʠʪʠʝ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ, 

ʧʨʦʚʝʜʝʥʠʝ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʘʢʚʘʪʦʨʠʷʭ ʤʦʨʝʡ, ʦʢʝʘʥʦʚ ʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʘʭ, 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʧʘʩʘʪʝʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʦʧʝʨʘʮʠʡ ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ, 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʚʩʝʭ ʛʣʫʙʠʥʘʭ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʘʤʦʭʦʜʥʳʝ ʅʇɸ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʩʫʱʠʤʠ ʠʤ ʟʘʜʘʯʘʤʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʦʩʪʘʚʦʤ ʩʠʩʪʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɺʩʝ ʩʘʤʦʭʦʜʥʳʝ ʅʇɸ ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʧʦʜʢʣʘʩʩʘ: ʥʝʘʚʪʦʥʦʤʥʳʝ (ʧʨʠʚʷʟʥʳʝ) 

ʅʇɸ ʠ ʘʚʪʦʥʦʤʥʳʝ ʥʝʦʙʠʪʘʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ (ɸʅʇɸ). ʂ ʥʝʘʚʪʦʥʦʤʥʳʤ ʅʇɸ 

ʦʪʥʦʩʷʪ ʙʫʢʩʠʨʫʝʤʳʝ ʠ ʩʘʤʦʭʦʜʥʳʝ ʧʨʠʚʷʟʥʳʝ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ.  

ɼʣʷ ʥʝʘʚʪʦʥʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʘʣʠʯʠʝ ʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ (ʢʘʙʝʣʴ-ʩʚʷʟʢʠ). ɺ ʢʣʘʩʩʝ ʥʝʘʚʪʦʥʦʤʥʳʭ ʅʇɸ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʶʪ ʩʘʤʦʭʦʜʥʳʝ ʘʧʧʘʨʘʪʳ (ʘʧʧʘʨʘʪʳ ʩ ʜʚʠʞʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ).  

ʂ ʘʚʪʦʥʦʤʥʳʤ ʥʝʦʙʠʪʘʝʤʳʤ ʧʦʜʚʦʜʥʳʤ ʘʧʧʘʨʘʪʘʤ (ɸʅʇɸ) ʦʪʥʦʩʷʪʩʷ ʩʘʤʦʭʦʜʥʳʝ 

ʅʇɸ ʩ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʘʥʘʣʦʤ 

ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ. ʅʇɸ ʩ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʩ ʧʨʦʚʦʜʥʳʤ 

ʢʘʥʘʣʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ (ʦʙʳʯʥʦ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ), 

ʩʦʩʪʘʚʣʷʶʪ ʢʣʘʩʩ ʧʦʣʫʘʚʪʦʥʦʤʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʥʝʘʚʪʦʥʦʤʥʳʝ ʅʇɸ 

ʨʘʟʜʝʣʷʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ:  

- ʧʦ ʤʘʩʩʝ ʘʧʧʘʨʘʪʘ: ʤʠʢʨʦ (ʤʘʩʩʘ ʤʝʥʝʝ <5 ʢʛ), ʤʠʥʠ (ʤʘʩʩʘ 5-30 ʢʛ), ʣʝʛʢʠʝ (30-500 ʢʛ), 

ʩʨʝʜʥʠʝ (500-5000 ʢʛ) ʠ ʪʷʞʝʣʳʝ (ʙʦʣʝʝ 5000 ʢʛ). 

ʂʣʘʩʩ ʧʦʜʚʦʜʥʳʭ ʤʠʢʨʦʘʧʧʘʨʘʪʦʚ (ʇʄɸ, micro ROV) ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ ʠ ʦʙʲʝʜʠʥʷʝʪ ʘʧʧʘʨʘʪʳ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 5 ʢʛ. ʂʘʢ, ʧʨʘʚʠʣʦ, ʇʄɸ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʙʟʦʨʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 100-150 ʤ.  

ʇʦʜʚʦʜʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʘʧʧʘʨʘʪʳ (mini ROV) ï ʵʪʦ ʩʘʤʦʭʦʜʥʳʝ ʅʇɸ ʩ ʤʘʩʩʦʡ ʦʪ 5 

ʜʦ 30 ʢʛ.  
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ɸʧʧʘʨʘʪʳ ʦʩʥʦʚʥʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʠʩʢʦʚʳʭ, ʠʥʩʧʝʢʮʠʦʥʥʳʭ ʠ 

ʦʩʤʦʪʨʦʚʳʭ ʟʘʜʘʯ, ʚʳʧʦʣʥʝʥʠʷ ʣʝʛʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʪʦʣʱʝ ʚʦʜʳ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʀʭ ʪʠʧʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ 

ʛʣʫʙʠʥʘ ï ʜʦ 3000 ʤ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʝʢʪʦʚ ï ʜʦ 1000 ʤ); ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʜʘʣʝʥʠʝ ʦʪ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʫʜʥʘ) ï 100-150 ʤ (ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʦ 1000 ʤ); ʩʢʦʨʦʩʪʴ 

ʧʦʜʚʦʜʥʦʛʦ ʭʦʜʘ ï 1-2,5 ʫʟʣʘ, ʤʘʩʩʘ ï ʦʪ 20 ʜʦ 350 ʢʛ.  

ɸʧʧʘʨʘʪʳ ʨʘʙʦʯʝʛʦ ʢʣʘʩʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ (ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ, ʧʦʠʩʢʦʚʳʭ, ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʨʝʤʦʥʪʥʳʭ). ʕʪʦʪ ʢʣʘʩʩ ʩʦʩʪʘʚʣʷʶʪ ʅʇɸ ʤʘʩʩʦʡ ʦʪ 30 ʜʦ 6000 ʢʛ ʩ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ 

ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʈʦʩʩʠʷ, ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʦʢʝʘʥʘ. ɺ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʊʅʇɸ, ʦʩʥʘʱʝʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ ʊʅʇɸ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ ʜʘʪʯʠʢʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ, 

ʧʨʦʟʨʘʯʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʨ. 

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʊʅʇɸ ʚʭʦʜʠʪ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʩʤʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʦʧʨʝʜʝʣʷʪʴ ʪʦʯʥʳʝ ʘʙʩʦʣʶʪʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʊʅʇɸ ʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʩʦʩʪʘʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʅʇɸ ʧʦʤʠʤʦ ʜʘʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʤʦʛʫʪ ʚʭʦʜʠʪʴ:  

 ʛʠʜʨʦʣʦʢʘʪʦʨ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ, ʛʠʜʨʦʣʦʢʘʪʦʨ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ, ʧʨʦʬʠʣʝʤʝʨ, 
ʤʥʦʛʦʣʫʯʝʚʦʡ ʵʭʦʣʦʪ,  

 ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʪʦʣʱʠʥʦʤʝʨ ʠʣʠ ʜʝʬʝʢʪʦʩʢʦʧ,  

 ʜʘʪʯʠʢ ʢʘʪʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ,  

 ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʜʝʦʢʘʤʝʨ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 
ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʬʫʥʢʮʠʝʡ ʟʫʤʤʠʨʦʚʘʥʠʷ)  

 ʣʘʟʝʨʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʨʘʟʤʝʨʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ,  

 ʣʘʟʝʨʥʘʷ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʥʝʬʪʠ,  

 ʪʨʘʩʩʦʠʩʢʘʪʝʣʴ,  

 ʤʘʥʠʧʫʣʷʪʦʨʳ 4-ʭ, 5-ʪʠ, 6-ʪʠ ʠʣʠ 7-ʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ,  

 ʧʦʜʚʦʜʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ,  

 ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ,  

 ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʜʘʪʯʠʢʠ ʧʦ ʟʘʧʨʦʩʫ ʟʘʢʘʟʯʠʢʘ. 

ʆɸʆ çʊʝʪʠʩ ʇʨʦè ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ 

ʧʦʩʪʘʚʱʠʢʦʤ ʚʦʜʦʣʘʟʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ, ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʨʝʜʩʪʚ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʜʣʷ ʥʫʞʜ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ, ʄʏʉ ʈʌ, ʌʉɹ ʈʌ, ʄʠʥʪʨʘʥʩʘ 

ʈʦʩʩʠʠ, ʆɸʆ çʂʦʥʮʝʨʥ çʈʦʩʵʥʝʨʛʦʘʪʦʤè, ʆɸʆ çɻʘʟʧʨʦʤè, ʆɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ 

ʥʠʢʝʣʴè, ʆɸʆ çʉʝʚʝʨʩʪʘʣʴè, ʆɸʆ çɸʂ çʊʨʘʥʩʥʝʬʪʴè, ʆɸʆ çɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè ʠ ʜʨ. 

ʅʘʰʝʡ ʢʦʤʧʘʥʠʝʡ ʧʦʩʪʘʚʣʝʥʳ ɿʘʢʘʟʯʠʢʫ ʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ ʪʨʠʜʮʘʪʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʊʅʇɸ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. 

ʆɸʆ çʊʝʪʠʩ ʇʨʦè ʧʨʝʜʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʜʚʦʜʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʦʪ 

ʤʠʥʠʘʪʶʨʥʳʭ ʜʦ ʤʦʱʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʣʘʟʥʳʭ ʩʧʫʩʢʦʚ 

ʨʘʟʨʘʙʦʪʘʥ ʤʠʥʠʘʪʶʨʥʳʡ ʊʅʇɸ çʆʙʟʦʨ-150è ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʩʤʦʪʨʦʚʳʭ, ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʠʩʢʘ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʊʅʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

1) ʚʳʧʦʣʥʝʥʠʝ ʦʩʤʦʪʨʦʚʳʭ, ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 150 

ʤʝʪʨʦʚ; 

2) ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ: 

- ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʤʝʥʝʝ 3,5 ʫʟʣʦʚ; 

- ʣʘʛʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝ ʤʝʥʝʝ 1,5 ʫʟʣʦʚ; 

- ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʤʝʥʝʝ 1,5 ʫʟʣʦʚ. 

3) ʧʝʨʝʜʘʯʫ ʮʚʝʪʥʦʛʦ ʠ ʯʝʨʥʦ-ʙʝʣʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʫʜʥʦ-ʥʦʩʠʪʝʣʴ, ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʝʛʦ 

ʥʘ ʚʠʜʝʦʤʘʛʥʠʪʦʬʦʥ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʚʠʜʝʦʢʘʤʝʨʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ñ 90. 

4) ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ ʥʘ 

ʜʠʩʪʘʥʮʠʠ ʦʪ 2 ʜʦ 100 ʤʝʪʨʦʚ ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 50 ʤʤ. 

ʉʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ ʚʢʣʶʯʘʝʪ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʦ ʤʦʱʥʦʩʪʠ ʩʚʝʪʠʣʴʥʠʢ 50 ɺʪ. ʄʦʛʫʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʝʪʠʣʴʥʠʢʘ ʧʦ 20 ɺʪ ʢʘʞʜʳʡ. 

ʊʅʇɸ ʠʤʝʝʪ ʤʘʥʠʧʫʣʷʪʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʠʧʘ çʩʭʚʘʪè ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɿʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʊʅʇɸ çʆʙʟʦʨ-150è ʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ɽʛʦ ʚʝʩ ʥʝ ʧʨʝʚʳʰʘʝʪ 11 ʢʛ, ʘ ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ 650 ɺʪ. 

ʊʅʇɸ çʆʙʟʦʨ-150è ʫʩʧʝʰʥʦ ʧʨʦʰʝʣ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʧʦʩʪʘʚʣʷʝʪʩʷ ʥʘ 

ʚʦʦʨʫʞʝʥʠʝ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɺʄʌ. 

ʉʣʝʜʫʶʱʠʤ ʧʨʠʤʝʨʦʤ ʤʠʥʠʘʪʶʨʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ 

ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪʘ (ʊʅʇɸ) çSeamor 300Tè ï ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Seamor Marine.  

ʇʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ çSeamorè ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʚ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜʘʭ ʠ ʦʪʢʨʳʪʳʭ ʘʢʚʘʪʦʨʠʷʭ. ʊʅʇɸ çSeamorè 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʣʘʥʪʘʮʠʡ, ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʝ, 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʝ ʠ ʚʠʟʫʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʩʙʦʨ ʦʙʨʘʟʮʦʚ 

ʜʦʥʥʦʛʦ ʛʨʫʥʪʘ, ʚʠʟʫʘʣʴʥʦʝ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠ ʪ.ʧ.  

ʆʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ çSeamorè ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʧʦ ʚʩʝʡ ʣʠʥʝʡʢʝ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʤʦʨʝʭʦʜʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʅʇɸ çSeamor 300Tè 

ʈʘʙʦʯʘʷ ʛʣʫʙʠʥʘ, ʤ                                                                 ʜʦ 300  

ɺʝʩ ʚ ʚʦʟʜʫʭʝ, ʢʛ                                                                     20 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ                                                       472355 355 

ʉʢʦʨʦʩʪʴ ʧʦʜʚʦʜʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʫʟʣʳ 

                    ʤʘʨʰʝʚʘʷ                                                                   3,0 

                    ʚʝʨʪʠʢʘʣʴʥʘʷ                                      2,0   

ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, ʢʛ                                                                  1,5 

ʀʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ: ʦʜʥʦʬʘʟʥʘʷ ʩʝʪʴ  

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ                                                                  220ɺ, 50 ɻʮ 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ                                                    0,75 

ʂ ʘʧʧʘʨʘʪʘʤ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ ʦʪʥʦʩʠʪʩʷ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ 

ʘʧʧʘʨʘʪ çʌʘʣʢʦʥè ï ʘʧʧʘʨʘʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʠ 

ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 1000 ʤ, ʢʘʢ ʚ ʫʟʢʠʭ ʪʦʥʥʝʣʴʥʳʭ ʧʨʦʭʦʜʘʭ, ʪʘʢ ʠ ʥʘ 

ʦʪʢʨʳʪʦʤ ʤʦʨʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  
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ʊʅʇɸ çʌʘʣʢʦʥè ʦʙʦʨʫʜʦʚʘʥ 4 ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ 1-ʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʜʚʠʞʠʪʝʣʝʤ. 

ʇʫʣʴʪ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ, 

ʛʣʫʙʠʥʳ ʠ ʢʫʨʩʘ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʚʢʣʶʯʘʝʪ ʜʞʦʡʩʪʠʢ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, 

ʨʫʯʢʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʣʦʥʦʤ ʚʠʜʝʦʢʘʤʝʨʳ, ʨʫʯʢʫ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʩʚʝʪʠʣʴʥʠʢʦʚ, 

ʢʥʦʧʢʠ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ çʘʚʪʦʧʠʣʦʪè. ɼʣʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤʳ ʊʅʇɸ çʌʘʣʢʦʥè ʜʦʩʪʘʪʦʯʥʦ 

ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 220 ɺ ʤʦʱʥʦʩʪʴʶ 3 ʢɺʪ. 

ʊʅʇɸ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ çʊʘʡʛʝʨè ʠ çʃʠʥʢʩè ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʠʩʢʘ ʠ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ (ʧʣʘʥʰʝʪʦʚ) ʨʘʡʦʥʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ, 

ʧʦʜʜʝʨʞʢʠ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʦʙʠʪʘʝʤʳʤʠ ʧʦʜʚʦʜʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʠ (ʠʣʠ) ʨʘʙʦʯʠʤʠ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʤʠ ʧʦʜʚʦʜʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʧʦʜʜʝʨʞʢʠ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʚʦʜʦʣʘʟʘʤʠ. 

ʊʅʇɸ ʠʤʝʶʪ ʨʘʙʦʯʠʝ ʛʣʫʙʠʥʳ 1000 ʤ ʠ 1500 ʤ, ʧʨʠʤʝʥʠʤʳ ʚ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ 

ʩʠʣʴʥʳʭ ʪʝʯʝʥʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ. ɼʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʢʘʣʴʥʳʭ ʤʦʱʥʳʭ ʜʚʠʞʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ 

ʧʨʠʚʦʜ ʦʪ ʙʝʩʱʝʪʦʯʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɸʧʧʘʨʘʪ ʫʚʝʨʝʥʥʦ ʨʘʙʦʪʘʝʪ ʥʘ 

ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʷʭ, ʥʝ ʠʤʝʝʪ ʠʥʝʨʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʫʩʪʦʡʯʠʚ ʥʘ ʢʫʨʩʝ ʠ ʧʦ ʛʣʫʙʠʥʝ, ʢʘʢ ʚ ʨʫʯʥʦʤ, ʪʘʢ ʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ. 

ʊʝʣʝʫʧʨʘʚʣʷʝʤʳʝ ʥʝʦʙʠʪʘʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʘʧʧʘʨʘʪʳ (ʊʅʇɸ) çʉʘʙʬʘʡʪʝʨ7500è ʠ 

çʉʘʙʬʘʡʪʝʨ 30ʂè ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʡ ʩʨʝʜʳ. ɼʘʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʙʘʟʝ çʦʪʢʨʳʪʦʡè 

ʥʝʩʫʱʝʡ ʨʘʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʯʘʝʪ ʜʦʩʪʫʧ ʢ ʢʦʤʧʣʝʢʩʫ ʥʘʚʝʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʧʨʦʩʪʦ ʠ ʙʳʩʪʨʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʈʘʙʦʯʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʘʧʧʘʨʘʪ çʂʚʘʟʘʨ ʢʦʤʧʘʢʪè 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʠʩʢʘ ʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʧʦʣʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʚʦʜʦʣʘʟʘʤʠ ʠ (ʠʣʠ) ʦʙʠʪʘʝʤʳʤʠ ʧʦʜʚʦʜʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. 

ɸʧʧʘʨʘʪ çʂʚʘʟʘʨ ʢʦʤʧʘʢʪè ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʈʊʇɸ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʠ ʈʊʇɸ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. 

 ʈʘʙʦʯʠʡ ʊʅʇɸ ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ çʂʫʛʫʘʨè ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ 

ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 2000 ʤʝʪʨʦʚ.  

ʊʅʇɸ çʂʫʛʫʘʨè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʝʡʰʫʶ ʨʘʟʨʘʙʦʪʢʫ, ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʜʚʫʭ 

ʨʝʞʠʤʘʭ:  

 ʧʦʠʩʢʦʚʦ-ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʊʅʇɸ);  

  ʨʘʙʦʯʝʛʦ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʈʘʙʦʯʠʡ ʊʅʇɸ çʇʘʥʪʝʨʘ ʇʣʶʩè ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʧʦʜʚʦʜʥʳʭ 

ʨʘʙʦʪ ʥʘ ʩʠʣʴʥʳʭ ʪʝʯʝʥʠʷʭ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 1000 ʤʝʪʨʦʚ.  

ʇʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ (ʇʊʈ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʣʘʟʦʚ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʙʫʨʦʚʳʭ ʠ ʜʦʙʳʚʘʶʱʠʭ ʧʣʘʪʬʦʨʤ, ʧʨʦʢʣʘʜʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʤʦʱʥʳʭ ʜʚʠʞʠʪʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʩʪʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʜʦ 100 ʢʛ. 

ʇʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʠʤ ʩʧʝʢʪʨʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
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ʈʘʙʦʯʠʡ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʘʧʧʘʨʘʪ çʂʚʘʥʪʫʤè ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʈʊʇɸ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʪʷʞʝʣʳʭ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʪ.ʯ. ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘ ʛʣʫʙʠʥʘʭ 

ʜʦ 3000 ʤ. 

ʀʤʝʝʪ ʤʦʱʥʦʩʪʴ 150 ʢɺʪ ʠ ʩʧʦʩʦʙʝʥ ʥʝʩʪʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʜʦ 200 ʢʛ. 

ʈʘʙʦʯʠʝ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʝ ʥʝʦʙʠʪʘʝʤʳʝ ʘʧʧʘʨʘʪʳ çʂʚʘʨʢè ʠ çɸʪʦʤè ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʦʠʩʢʘ ʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʧʦʣʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʚʦʜʦʣʘʟʘʤʠ ʠ (ʠʣʠ) ʦʙʠʪʘʝʤʳʤʠ ʧʦʜʚʦʜʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. 

ʗʚʣʷʶʪʩʷ ʨʘʙʦʯʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ ʛʠʜʨʦʧʨʠʚʦʜʦʤ, ʩʧʦʩʦʙʥʳʤʠ ʚʳʧʦʣʥʠʪʴ ʰʠʨʦʢʠʡ 

ʢʨʫʛ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʚʩʝʭ ʧʨʝʠʤʫʱʝʩʪʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʈʊʇɸ. 

ɻʣʫʙʦʢʦʚʦʜʥʳʡ ʨʘʙʦʯʠʡ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪʘ çʗʛʫʘʨè ï ʘʧʧʘʨʘʪ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ʥʘ ʩʠʣʴʥʳʭ 

ʪʝʯʝʥʠʷʭ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 3000 ʤ.  

ɺʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʜʣʷ ʛʣʫʙʠʥ ʜʦ 6000 ʤ. 

çʗʛʫʘʨè ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʠ ʤʦʱʥʳʤ ʘʧʧʘʨʘʪʦʤ ʚ ʣʠʥʝʡʢʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʊʅʇɸ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʊʅʇɸ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʭ ʨʘʟʚʠʪʠʷ: 

 ʤʦʜʫʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʊʅʇɸ ʠ ʥʘʣʠʯʠʝ ʤʦʜʠʬʠʢʘʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʘʙʦʯʠʭ ʛʣʫʙʠʥʘʭ; 

 ʧʦʚʳʰʝʥʠʝ ʤʘʥʝʚʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʅʇɸ ʠ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʜʝʨʞʘʥʠʷ ʢʫʨʩʘ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʛʣʫʙʠʥʝ, ʢʨʝʥʫ, 

ʜʠʬʬʝʨʝʥʪʫ, ʘ ʪʘʢʞʝ ʵʭʦʣʦʪʘ, ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʩʝʢʪʦʨʥʦʛʦ ʦʙʟʦʨʘ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʊʅʇɸ ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʪʘʮʠʷ ʧʦ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. 
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ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ɻʀɼʈʆɸʂʋʉʊʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ  

ɺ ʉʆʉʊɸɺɽ ʂʆʄʇʃɽʂʉʆɺ ɸɺʊʆʅʆʄʅʓʍ ʀ ʊɽʃɽʋʇʈɸɺʃʗɽʄʓʍ  

ʅɽʆɹʀʊɸɽʄʓʍ ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ  

 

ɸ.ɸ. ʂʘʡʬʘʜʞʷʥ, ɸ.ʆ. ʊʢʘʯʝʥʢʦ  

 

ʆɸʆ çʊʝʪʠʩ ʇʨʦè 

ʄʦʩʢʚʘ, ʨʘʡʦʥ ʖʞʥʦʝ ɹʫʪʦʚʦ, ʫʣ. ʇʦʣʷʥʳ, 54, 

ɼʝʧʘʨʪʘʤʝʥʪ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʝʣ.: (495) 786-98-55, ʬʘʢʩ: (495) 717-38-21, 

e-mail: tkachenko@tetis-pro.ru, www.tetis-pro.ru 
  

ʉʜʝʣʘʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʘʚʪʦʥʦʤʥʳʭ ʠ 
ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ. ɼʘʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʦʨʪʦʚʦʛʦ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʥʦʤʥʳʭ ʠ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ. 

 

 

ʈʝʰʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚ ʙʦʨʴʙʝ ʟʘ ʤʦʨʩʢʠʝ ʨʝʩʫʨʩʳ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʙʝʨʝʛʘ, 

ʙʦʣʴʰʘʷ ʨʘʙʦʯʘʷ ʛʣʫʙʠʥʘ, ʩʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʣʦʞʥʦʩʪʴ ʨʝʣʴʝʬʘ ʜʥʘ ʩʠʣʴʥʦ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʣʘʟʦʚ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʧʦʜʚʦʜʥʦʡ 

ʪʝʭʥʠʢʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ (ʊʅʇɸ) ʠ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɸʅʇɸ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʩʪʫʧʠʚʰʝʤ ʚʝʢʝ ʨʘʙʦʪʘ ʧʦʜ ʚʦʜʦʡ ï ʵʪʦ ʬʫʥʢʮʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʨʘʟʚʠʪʠʷ ʧʝʨʝʜʦʚʳʭ ʧʦʜʚʦʜʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʜʚʠʛʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʤʝʭʘʥʦʪʨʦʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʚʳʰʣʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʝʡʰʝʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʩʦʟʜʘʥʠʝʤ ʥʘ ʝʝ ʦʩʥʦʚʝ 

ʘʚʪʦʥʦʤʥʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ.  

ɺʦʟʨʦʩʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʚʦʜʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʠ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ:  

ï  ʧʦʠʩʢʦʚʦ-ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʧʦʠʩʢ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʘʪʦʥʫʚʰʠʭ 

ʦʙʲʝʢʪʦʚ, ʠʥʩʧʝʢʮʠʶ ʧʦʜʚʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʘʙʝʣʝʡ; 

ï  ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʬʦʪʦ ʠ ʚʠʜʝʦʩʲʝʤʢʫ, ʘʢʫʩʪʠʯʝʩʢʦʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʜʥʘ; 

ï  ʧʦʜʣʝʜʥʳʝ ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʢʣʘʜʢʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʢʘʙʝʣʷ, ʦʙʩʣʫʞʠʚʘʥʠʝ 
ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʩʚʝʱʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ; 

ï  ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʦʡ ʩʨʝʜʳ; 

ï  ʨʘʙʦʪʳ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʧʨʦʪʠʚʦʤʠʥʥʫʶ ʙʦʨʴʙʫ, ʧʨʦʪʠʚʦʣʦʜʦʯʥʫʶ 
ʨʘʟʚʝʜʢʫ, ʧʦʠʩʢ ʘʚʘʨʠʡʥʦʡ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʣʝʞʘʱʝʡ ʥʘ ʛʨʫʥʪʝ, ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʢʚʘʪʦʨʠʡ, ʠʤʠʪʘʮʠʶ ʧʦʜʚʦʜʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʜʘʚʥʦ ʚʦʰʣʠ ʠ ʧʨʦʯʥʦ ʟʘʢʨʝʧʠʣʠʩʴ ʚ ʩʦʩʪʘʚʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʅʇɸ ʠ ɸʅʇɸ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʚʦʜʥʳʝ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʝ ʘʧʧʘʨʘʪʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʩʥʘʱʘʶʪʩʷ ʛʠʜʨʦʣʦʢʘʪʦʨʦʤ ʢʨʫʛʦʚʦʛʦ ʦʙʟʦʨʘ, ʘʣʴʪʠʤʝʪʨʦʤ ʠ ʟʚʫʢʦʚʠʟʦʨʦʤ, 

ʘʚʪʦʥʦʤʥʳʝ ʥʝʦʙʠʪʘʝʤʳʝ ʘʧʧʘʨʘʪʳ, ʦʩʥʘʱʘʶʪʩʷ ʚʧʝʨʝʜʩʤʦʪʨʷʱʠʤ ʛʠʜʨʦʣʦʢʘʪʦʨʦʤ, 

ʛʠʜʨʦʣʦʢʘʪʦʨʦʤ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ, ʜʦʧʣʝʨʦʚʩʢʠʤ ʠʟʤʝʨʠʪʝʣʝʤ ʩʢʦʨʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʤʦʜʝʤʦʤ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʥʘʚʠʛʘʮʠʠ ʩ ʜʣʠʥʥʦʡ ʠʣʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ ʙʘʟʦʡ.  
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ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ï  ʥʘʚʠʛʘʮʠʷ ʊʅʇɸ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ (ʟʚʫʢʦʚʠʟʦʨʳ ʠ ɻʂʆ); 

ï  ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʙʦʨʪʫ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʫʜʥʘ ʪʝʢʫʱʝʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʤʦʨʷ (ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ ʩ ʀʅʉ, 

ɻɸʅʉ, ʛ/ʘ ʤʦʜʝʤ); 

ï  ʙʝʟʦʧʘʩʥʦʝ ʧʣʘʚʘʥʠʝ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚʙʣʠʟʠ ʜʥʘ ʠ ʜʦʥʥʳʭ 

ʧʨʝʧʷʪʩʪʚʠʡ (ʚʧʝʨʝʜʩʤʦʪʨʷʱʠʡ ʛʠʜʨʦʣʦʢʘʪʦʨ, ʤʥʦʛʦʣʫʯʝʚʳʝ ʩʠʩʪʝʤʳ); 

ï  ʫʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩ ʙʦʨʪʘ ʩʫʜʥʘ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘ 

ʙʦʨʪʫ ʩʫʜʥʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ ʘʧʧʘʨʘʪʘ (ʛ/ʘ ʤʦʜʝʤ); 

ï  ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʛʨʫʧʧʠʨʦʚʢʝ ʘʚʪʦʥʦʤʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʝʞʜʫ 
ʩʦʙʦʡ ʠ ʩʫʜʥʦʤ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ (ʛ/ʘ ʤʦʜʝʤ); 

ï  ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ (ɻɹʆ, ʤʥʦʛʦʣʫʯʝʚʳʝ ʵʭʦʣʦʪʳ, ʧʨʦʬʠʣʝʤʝʨʳ, ʀɻɹʆ, ɻɹʆ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʩ ʚʳʩʦʢʠʤʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʚʠʜʝʦʢʘʤʝʨʳ ʠʣʠ ʟʚʫʢʦʚʠʟʦʨʳ. ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʥʠʘʪʶʨʥʳʝ 

ʤʥʦʛʦʣʫʯʝʚʳʝ ʛʠʜʨʦʣʦʢʘʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ (ʦʪ 450 ʢɻʮ ʜʦ 1 ʄʛʮ), 

ʩʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 25 ʢʘʜʨʦʚ/ʩʝʢʫʥʜʫ. ɼʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ɿʚʫʢʦʚʠʟʦʨ Gemini 720i ʧʦʢʘʟʘʣ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʠʝʤʣʝʤʦʝ ʢʘʯʝʩʪʚʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʜʘʣʴʥʦʩʪʠ ʜʦ 120ʤ. ʄʘʣʳʡ ʚʝʩ ʠ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ɸʅʇɸ ʠ ʊʅʇɸ.  

 

 
ʈʠʩ. 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʚʫʢʦʚʠʟʦʨʘ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʩʣʝʧʦʡ ʟʦʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʦʡ ʩʲʝʤʢʠ 

 

ʈʘʟʚʠʪʠʝ ʧʦʜʚʦʜʥʳʭ ʟʘʚʦʜʦʚ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʜʦʙʳʚʘʝʤʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʠ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʧʦʜ ʚʦʜʦʡ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʭ ʩʪʳʢʦʚʢʫ ʢ ʧʦʜʚʦʜʥʦʡ ʜʦʢʦʚʦʡ ʩʪʘʥʮʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʛʨʫʟʢʠ ʥʦʚʦʡ ʤʠʩʩʠʠ, ʧʦʣʫʯʝʥʠʷ ʩʦʙʨʘʥʥʳʭ ʘʧʧʘʨʘʪʦʤ ʜʘʥʥʳʭ ʠ 

ʧʦʜʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʢʦʚʳʭ ʩʪʘʥʮʠʡ ʪʨʝʙʫʝʪ ʦʪ ʩʨʝʜʩʪʚ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ ʨʝʞʠʤʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʟʦʨ ʠ 

ʩʲʝʤʢʫ ʜʥʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʫ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʘʧʧʘʨʘʪʦʤ. ɺʠʟʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʣʠ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ, ʜʝʣʘʶʱʠʝ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʦʤ ʠʥʪʫʠʪʠʚʥʦ ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʠʣʦʪʫ ʙʦʣʴʰʝ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʯʠʭ ʟʘʜʘʯ, ʥʝʞʝʣʠ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʘʧʧʘʨʘʪʦʤ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʣʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʊʅʇɸ 

ʙʝʟʦʧʘʩʥʝʝ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʠ ʧʨʦʩʪʳʤ. ɸʥʛʣʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ SeeBite ʨʘʟʨʘʙʦʪʘʣʘ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ SeeTrack Offshore ʨʝʰʘʶʱʝʝ ʟʘʜʘʯʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʊʅʇɸ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ SeeTrack Offshore ʨʘʟʨʘʙʦʪʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʣʶʙʳʤ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʊʅʇɸ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ, ʜʦʧʦʣʥʠʚ 

ʠʭ ʣʠʰʴ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʜʦʧʣʝʨʦʚʩʢʠʤ ʣʘʛʦʤ. ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʩʚʷʟʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʜʦʧʣʝʨʦʚʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴ ʩʢʦʨʦʩʪʠ (Teledyne RDI Workhorse Navigator), ʜʘʪʯʠʢ ʢʫʨʩʘ ʠ 

ʜʘʪʯʠʢ ʛʣʫʙʠʥʳ, ʘʣʴʪʠʤʝʪʨ, ʘ ʪʘʢʞʝ ʟʚʫʢʦʚʠʟʦʨ (BlueView). ɼʘʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʵʪʠʭ 

ʩʝʥʩʦʨʦʚ ʩʣʫʞʘʪ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʤʦʜʫʣʷ ʘʚʪʦʧʠʣʦʪʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʧʨʘʚʣʷʝʪ ʧʦʣʦʞʝʥʠʝʤ ʊʅʇɸ, ʢʘʢ ʪʦʛʦ ʪʨʝʙʫʝʪ ʧʠʣʦʪ ʠʣʠ ʟʘʜʘʥʠʝ. 

ʉʚʦʡʩʪʚʘ ʧʨʦʛʨʘʤʤʳ SeeTrack CoPilot: 

ï  ʨʝʞʠʤʳ ʨʘʙʦʪʳ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ, ɼʇ; 

ï  ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʧʦʜʩʪʨʦʡʢʫ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ; 

ï  ʚʳʧʦʣʥʝʥʠʝ ʟʘʨʘʥʝʝ ʩʧʣʘʥʠʨʦʚʘʥʥʦʡ ʤʠʩʩʠʠ. ʀʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ; 

ï  ʚʳʧʦʣʥʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ , ʦʧʦʨ, ʧʨʦʪʝʢʪʦʨʦʚ, ʨʘʡʟʝʨʦʚ ʠ 
ʷʢʦʨʥʳʭ ʮʝʧʝʡ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʊʅʇɸ ʧʠʣʦʪʦʤ ʠ ʧʨʦʛʨʘʤʤʦʡ ( ʨʝʞʠʤ ɼʇ). 

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʊʅʇɸ ʧʠʣʦʪʦʤ ʠ ʧʨʦʛʨʘʤʤʦʡ SeeTrack CoPilot 

  

ʊʘʙʣʠʮʘ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʷ ʊʅʇɸ ʧʠʣʦʪʦʤ ʠ ʧʨʦʛʨʘʤʤʦʡ SeeTrack CoPilot 

 
 ʉʝʚʝʨ (ʤʝʪʨʳ) ɺʦʩʪʦʢ (ʤʝʪʨʳ) ɻʣʫʙʠʥʘ (ʤʝʪʨʳ) ʂʫʨʩ (ʛʨʘʜʫʩʳ) 

 SeeTrack ʇʠʣʦʪ SeeTrack ʇʠʣʦʪ SeeTrack ʇʠʣʦʪ SeeTrack ʇʠʣʦʪ 

ʉʪʜ.ʦʪʢ 0.0251 0.4336 0.0174 0.1681 0.0690 0.1752 0.4548 3.3436 

ʉʨ.ʢʚʘʜ -0.0050 0.1430 0.0002 0.0593 0.2820 0.3718 -0.2253 -4.2526 

 

ɼʨʫʛʦʡ ʧʨʦʜʫʢʪ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Seebyte: ʵʪʦ ʤʦʜʫʣʴ AutoTracker , ʢʦʪʦʨʳʡ 

ʫʞʝ ʧʨʦʰʝʣ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ɸʅʇɸ GAVIA. ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ɸʅʇɸ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʠ ʦʩʤʦʪʨ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ɸʅʇɸ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ɸʅʇɸ ʟʚʫʢʦʚʠʟʦʨʘ (ʬʦʪʦʢʘʤʝʨʳ) ʠ 

ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ. ɺ 2006 ʛ. ʫʩʪʘʥʦʚʣʝʥ ʨʝʢʦʨʜ, ʘʧʧʘʨʘʪ ʘʚʪʦʥʦʤʥʦ ʧʨʦʰʝʣ ʧʦ 

ʪʨʫʙʝ 22,2 ʢʤ. 

ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ɸʅʇɸ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʭʦʜʦʤ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪʳ ʩ ʙʦʨʪʘ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ ɸʅʇɸ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ɸʅʇɸ ʠ ʩʫʜʥʦʤ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ 
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ʢʘʥʘʣʫ ʩʚʷʟʠ. ʆʪʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʢʦʤʧʘʥʠʠ 

EvoLogics. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

 
ʈʠʩ. 3. ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʜʝʤ ʠ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤ ʧʨʠʙʦʨʝ 

 

ʅʘʧʨʠʤʝʨ, ʬʘʡʣʦʚ ʩʦʜʝʨʞʘʱʠʭ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʜʘʥʥʳʝ ʧʦʣʫʯʘʝʤʳʝ ʦʪ 

ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʪʴ ʝʱʝ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʘʜʝʞʥʫʶ ʩʚʷʟʴ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʞʝ ʚ ʩʘʤʦʡ ʩʣʦʞʥʦʡ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʦʪʩʣʝʞʠʚʘʷ ʧʨʠ ʵʪʦʤ ʜʦ 255 ʮʝʣʝʡ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʜʠʩʪʘʥʮʠʠ ʜʦ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ɸʅʇɸ 1.5 ʩʤ, ʙʳʩʪʨʦʜʚʠʞʫʱʝʛʦʩʷ ï 5-10 ʩʤ, 0.5 ʚ 

ʟʘʰʫʤʣʝʥʥʦʡ ʩʨʝʜʝ 0.15 ʚ ʭʦʨʦʰʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʦʩʴʤʠʣʝʪʥʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʠ ʩʚʷʟʠ ʜʝʣʴʬʠʥʦʚ, EvoLogics ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʟʘʧʘʪʝʥʪʦʚʘʣʘ ʪʝʭʥʦʣʦʛʠʶ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʜ ʚʦʜʦʡ Sweep Spread Carrier (S2C). ʊʝʭʥʦʣʦʛʠʷ S2C, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ 

ʵʪʠʭ ʤʦʜʝʤʘʭ, ʷʚʣʷʝʪ ʩʦʙʦʡ ʥʘʩʪʦʷʱʠʡ ʧʨʦʨʳʚ ʚ ʧʦʜʚʦʜʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤʘʣʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ, 

ʣʝʛʢʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ, ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ɸʅʇɸ.  

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʤʥʦʛʦʣʫʯʝʚʦʡ ʵʭʦʣʦʪ Sonic2024 ʘʤʝʨʠʢʘʥʩʢʦʡ ʬʠʨʤʳ 

R2Sonic, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʥʘ ɸʅʇɸ Double Egle MKII  ʚ ʢʘʯʝʩʪʚʝ ʚʧʝʨʝʜʩʤʦʪʨʷʱʝʛʦ 

ʛʠʜʨʦʣʦʢʘʪʦʨʘ. ʕʪʦ ʧʝʨʚʳʡ ʤʥʦʛʦʣʫʯʝʚʦʡ ʵʭʦʣʦʪ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʪ 

200ʢɻʮ ʜʦ 400ʢɻʮ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ. ʂʨʦʤʝ ʨʝʞʠʤʘ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʵʭʦʣʦʪʘ (256 

ʬʦʢʫʩʠʨʦʚʘʥʥʳʭ 0.5Á-1Á ʣʫʯʝʡ ), ʜʘʥʥʳʡ ʛʠʜʨʦʣʦʢʘʪʦʨ ʠʤʝʝʪ ʦʧʮʠʶ ï ʨʝʞʠʤ ʩʥʠʧʧʝʪʦʚ ʚ 

ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʶʪʩʷ ʘʤʧʣʠʪʫʜʳ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʢʘʞʜʦʤ ʣʫʯʝ, ʫʜʘʣʷʷʩʴ ʦʪ 

ʠʟʣʫʯʘʪʝʣʷ ʣʫʯʠ ʚʟʘʠʤʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʫʤʤʠʨʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʣʫʯʫ ʜʘʥʥʳʭ ʧʦʣʫʯʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʶ 

ɻɹʆ. ɽʱʝ ʦʜʥʘ ʦʧʮʠʷ R2Sonic, ʵʪʦ ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ ʚʧʝʨʝʜʩʤʦʪʨʷʱʝʛʦ ʵʭʦʣʦʢʘʪʦʨʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʣʠʯʘʪʴ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʦʣʱʝ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ. ʂʨʦʤʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʞʠʤʦʚ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʧʦʣʦʩʫ ʦʙʟʦʨʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ160Á ʜʦ 10Á ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʟʦʨʘ ʚ ʧʨʝʜʝʣʘʭ 

ʩʝʢʪʦʨʘ 160Á, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʲʝʤʢʫ ʦʧʦʨ ʧʨʠʯʘʣʦʚ ʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʧʦʣʫʯʘʪʴ 

ʧʨʦʬʠʣʴ ʢʘʥʘʣʦʚ ʠ ʨʝʢ.  

  ʅʘ ɸʅʇɸ GAVIA ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʀɻɹʆ 

SwathPlus. ʄʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʦʭʚʘʪʘ, ʛʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ɻɹʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʣʫʯʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʉʠʩʪʝʤʘ ʦʯʝʥʴ 
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ʵʬʬʝʢʪʠʚʥʘ ʥʘ ʤʝʣʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʘʭ, ʪʘʢ ʢʘʢ ʰʠʨʠʥʘ ʦʙʟʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 12 ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʛʣʫʙʠʥ, ʧʦʣʫʯʘʝʤʳʭ ʟʘ ʦʜʠʥ çʧʠʥʛè, 

ʜʦʩʪʠʛʘʝʪ 5 ʪʳʩʷʯ.  

ʅʦʚʳʤ ʩʣʦʚʦʤ ʚ ʨʘʟʚʠʪʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ɸʅʇɸ ʩʪʘʣʘ ʥʦʚʝʡʰʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʢʘʥʘʜʩʢʠʭ ʫʯʝʥʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ Software Defined Sonar (SDS) ʠʣʠ 

ʇʨʦʛʨʘʤʤʥʦ-ʆʧʨʝʜʝʣʷʝʤʳʡ ʉʦʥʘʨ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʠʣʠ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʟʘʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʯʘʩʪʫʶ 

ʪʨʝʙʫʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʢʦʥʩʪʨʫʢʮʠʶ. ʊʝʭʥʦʣʦʛʠʷ SDS ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ, ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʪ 1 ʢɻʮ ʜʦ 

1.25 ʄɻʮ, ʜʝʣʘʷ ʝʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʠʙʦʨʦʤ. SDS ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ, ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʤʝʪʴ ʦʪ 16 ʜʦ 2048 ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ (ʜʦ 

20 ʄɻʮ) ʢʘʥʘʣʦʚ ʩ 24 ʙʠʪʥʳʤ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʨʦʛʨʘʤʤʥʦ-

ʮʝʥʪʨʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʦʙʲʝʜʠʥʷʝʪ ʛʠʙʢʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ (DSP) ʩ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ 

ʇʃʀʉ (FPGA). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʣʠʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʝ ʤʝʥʷʷ ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʭ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ. ɺʦʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ɸʅʇɸ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʥ ʣʝʞʘʱʠʭ ʥʘ ʜʥʝ ʠ ʤʠʥ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʦʣʱʝ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʜʨʦʣʦʢʘʪʦʨʳ 

ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ. ʂʘʥʘʜʩʢʘʷ ʢʦʤʧʘʥʠʷ Marport Deep Sea 

Technologies ʘʥʦʥʩʠʨʦʚʘʣʘ ʥʦʚʳʡ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ SDS, 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʥʘʨ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ AquaPix. ʀʤʝʷ ʢʦʥʢʫʨʝʥʪʥʫʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ ʮʝʥʫ, ɸquaPix ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʉʦʥʘʨ ʩ ʯʘʩʪʦʪʦʡ ʠʟʤʝʥʷʝʤʦʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 200 ʜʦ 400 ʢɻʮ, ʜʘʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʦʪ ʫʜʘʣʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝ 2.5 ʩʤ ʥʘ 2.5 ʩʤ, ʧʦ 

ʚʩʝʡ ʧʦʣʦʩʝ ʦʙʟʦʨʘ, ʥʘʨʷʜʫ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʙʘʪʠʤʝʪʨʠʠ. ʕʬʬʝʢʪʠʚʥʘʷ ʧʦʣʦʩʘ 

ʦʭʚʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 12 ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʥʘ ʤʝʣʢʦʚʦʜʴʝ, ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʦ 600 ʤ. 

ɼʘʥʥʘʷ ʧʦʣʦʩʘ ʦʙʟʦʨʘ ʢʘʢ ʤʠʥʠʤʫʤ ʚʜʚʦʝ ʙʦʣʴʰʝ ʯʝʤ ʫ ʠʟʚʝʩʪʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʛʠʜʨʦʣʦʢʘʪʦʨʦʚ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʐʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʦʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʥʘ 

ʙʦʨʪʫ ɸʅʇɸ ʩʠʩʪʝʤʘ AquaPix ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʪʠʚʦʤʠʥʥʦʡ ʙʦʨʴʙʳ. ʉʦʥʘʨ 

ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ, ʷʚʣʷʝʪʩʷ ʩʦʥʘʨʦʤ ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʳʣʦʢ ʩʠʛʥʘʣʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ɻɹʆ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʠʩʪʝʤʘ ʚʳʩʪʨʘʠʚʘʝʪ ʦʪʨʘʞʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʤʝʥʝʝ ʯʝʤ 0.1 ʤʤ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʙʣʘʛʦʜʘʨʷ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʛʠʜʨʦʣʦʢʘʪʦʨʦʚ ʠ 

ʪʝʭʥʠʢʠ ʘʜʘʧʪʠʚʥʦʛʦ ʬʦʢʫʩʠʨʦʚʘʥʠʷ, ʧʦʭʦʞʝʡ ʥʘ ʪʫ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʧʪʠʢʝ, ʥʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʅʦʚʝʡʰʠʝ ʩʦʥʘʨʳ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʢʚʘʜʨʘʪʥʳʭ 

ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʠʤʝʶʱʠʝ ʩʘʥʪʠʤʝʪʨʦʚʫʶ ʪʦʯʥʦʩʪʴ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʙʣʠʟʢʠʝ ʧʦ ʢʘʯʝʩʪʚʫ ʢ ʦʧʪʠʯʝʩʢʠʤ ʬʦʪʦʛʨʘʬʠʷʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʯʝʪʢʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʠʥʦʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʥʘʨ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʚʳʩʦʢʦʪʦʯʥʫʶ ʦʮʝʥʢʫ ʦ ʩʢʦʨʦʩʪʠ ɸʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʨʝʡʬʘ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ 

ʫʪʦʯʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʦʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ɸʅʇɸ ʧʦʜ ʚʦʜʦʡ. 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʘʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ ʠʭ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʶʪ 

ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʇʦʚʳʰʘʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ.  

 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʝʨʚʦʠʩʪʦʯʥʠʢʠ: 

 

1. http://www.tritech.co.uk/www.tritech 

2. http://www.marport.com 

3. http://www.evologics.de/en/products/acoustics/S2CR_USBL_Modem.html 

4. http://www.gavia.is 

5. http://www.seebyte.com 

6. http://www.tetis-pro.ru 

http://www.marport.com/
http://www.evologics.de/en/products/acoustics/S2CR_USBL_Modem.html
http://www.gavia.is/
http://www.seebyte.com/
http://www.tetis-pro.ru/
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ɺ ʜʦʢʣʘʜʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʦʟʜʘʥʠʠ ʠ ʠʩʧʳʪʘʥʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ 
ʘʧʧʘʨʘʪʘ (ɸʅʇɸ) ʄʊ-2010, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʇʄʊ ɼɺʆ ʈɸʅ. ʇʠʣʦʪʥʳʡ ʦʙʨʘʟʝʮ 

ʘʧʧʘʨʘʪʘ, ʧʦʣʫʯʠʚʰʠʡ ʠʤʷ çʇʠʣʠʛʨʠʤè, ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʜʣʷ ʄʏʉ ʈʌ. ɺ ʥʦʚʦʤ ʘʧʧʘʨʘʪʝ 

ʨʘʟʚʠʪʳ ʠʜʝʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʥʝʝ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ɸʅʇɸ ʄʄʊ-3000 [1]. 

 

 

1. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʅʇɸ ʄʊ-2010 (ʨʠʩ. 1) 

 

ʆʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

 ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʜʥʘ; 

 ʚʳʧʦʣʥʝʥʠʝ ʦʙʟʦʨʥʦʡ ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʦʡ ʠ ʬʦʪʦʩʲʝʤʢʠ ʤʦʨʩʢʦʛʦ ʜʥʘ;  

 ʧʨʦʚʝʜʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʦʧʝʨʘʮʠʡ; 

 ʦʙʩʣʝʜʦʚʘʥʠʝ ʜʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʦʜʚʦʜʥʳʭ ʢʘʙʝʣʝʡ, 
ʧʦʨʪʦʚʳʭ ʘʢʚʘʪʦʨʠʡ; 

 ʤʦʥʠʪʦʨʠʥʛ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʤʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʠ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ; 

 ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʜʚʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ; 

 ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʜʥʝ ʠ ʚ ʪʦʣʱʝ ʛʨʫʥʪʘ; 

 ʬʦʪʦʩʲʝʤʢʘ ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʠ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ɸʅʇɸ: 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ; 

 ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʨʘʙʦʪ ʩ ʙʦʨʪʘ ʥʦʩʠʪʝʣʷ ʧʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ; 

 
ʈʠʩ. 1. ɸʅʇɸ ʄʊ-2010 
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 ʚr ʩʦʢʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ ʩʣʦʞʥʦʤ ʨʝʣʴʝʬʝ ʠ ʧʨʠ 
ʥʘʣʠʯʠʠ ʧʨʝʧʷʪʩʪʚʠʡ; 

 ʠʥʪʝʣʣʝʢʪʥʘʷ ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ; 

 ʚr ʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʠʩʢʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʦʣʴʰʘʷ ʟʦʥʘ ʧʦʢʨʳʪʠʷ ʚ ʭʦʜʝ 
ʦʜʥʦʛʦ ʧʫʩʢʘ ɸʅʇɸ; 

 ʜʦʩʪʘʚʢʘ ʩʠʥʭʨʦʥʥʳʭ ʜʘʥʥʳʭ ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʦʡ ʩʲʝʤʢʠ ʜʥʘ, ʜʦʥʥʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ, 
ʬʦʪʦʩʠʩʪʝʤʳ, ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʠʡ, ʥʘʢʦʧʣʝʥʠʝ 

ʜʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʤʠʩʩʠʠ ʠ ʠʭ ʧʨʠʚʷʟʢʘ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʧʦ ʤʘʨʰʨʫʪʫ 

ʩʣʝʜʦʚʘʥʠʷ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʚ ʥʘʟʥʘʯʝʥʥʫʶ ʪʦʯʢʫ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʜʦʦʙʩʣʝʜʦʚʘʥʠʶ 
ʦʙʥʘʨʫʞʝʥʥʳʭ ʮʝʣʝʡ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʦʚʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʘʪʯʠʢʦʚ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʙʘʣʘʩʪʠʨʦʚʢʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʤʦʨʩʢʠʭ, ʨʝʯʥʳʭ ʠ ʦʟʝʨʥʳʭ ʚʦʜʦʝʤʘʭ; 

 ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ ʣʶʙʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ɸʅʇɸ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ; 

 ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʠʩʪʝʤʳ ɸʅʇɸ ʟʘʱʠʱʝʥʳ 9 ʧʦʜʜʝʨʞʠʚʘʝʤʳʤʠ ʧʘʪʝʥʪʘʤʠ ʈʌ. 

ʉʦʩʪʘʚ ʙʘʟʦʚʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ: 

 ɸʅʇɸ; 

 ʩʫʜʦʚʦʡ ʧʦʩʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ; 

 ʩʫʜʦʚʘʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ; 

 ʢʦʤʧʣʝʢʪ ʜʦʥʥʳʭ ʤʘʷʢʦʚ ʦʪʚʝʪʯʠʢʦʚ ɻɸʅʉ; 

 ʢʦʤʧʣʝʢʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

 ʢʦʤʧʣʝʢʪ ɿʀʇ ʠ ʢʦʤʧʣʝʢʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2): 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʛʣʫʙʠʥʘ ï 3000 ʤ; 

 ʤʘʩʩʘ  300 ʢʛ; 

 ʛʘʙʘʨʠʪʳ ï  0,45  3,0 ʤ; 

 ʩʢʦʨʦʩʪʴ ï 0-2,5 ʤ/ʩ; 

 ʘʚʪʦʥʦʤʥʦʩʪʴ  20 ʯʘʩ (ʧʨʦʙʝʛ  100 ʢʤ); 

 ʵʥʝʨʛʝʪʠʢʘ: ʙʘʪʘʨʝʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʝʤʢʦʩʪʴʶ 2,6 ʢɺʪʯʘʩ; 

 ʧʦʠʩʢʦʚʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʙʘʟʦʚʘʷ ʢʦʤʧʣʝʢʪʘʮʠʷ): 

-ʜʚʫʭʯʘʩʪʦʪʥʳʡ ʛʠʜʨʦʣʦʢʘʪʦʨ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ (ʅʏ ʠ ɺʏ ɻɹʆ), 

-ʮʠʬʨʦʚʘʷ ʬʦʪʦʩʠʩʪʝʤʘ, 

-ʜʦʥʥʳʡ ʧʨʦʬʠʣʦʛʨʘʬ, 

-ʜʘʪʯʠʢʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ;  

 ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʙʘʟʦʚʘʷ ʢʦʤʧʣʝʢʪʘʮʠʷ): 

-ʧʨʠʝʤʥʠʢ GPS, 

-ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ (ɼʃ), 

-ʜʘʪʯʠʢʠ ʛʣʫʙʠʥʳ, ʢʫʨʩʘ, ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ, ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, 

-ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʵʭʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

-ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʜʣʠʥʥʦʡ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ ʙʘʟʦʡ, 

-ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʘʙʩʦʣʶʪʥʫʶ 

ʦʰʠʙʢʫ ʥʝ ʙʦʣʝʝ 10 ʤ; 

 ʩʚʷʟʴ: 

-ʨʘʜʠʦʤʦʜʝʤ, 

-ʩʠʩʪʝʤʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʪʝʣʝʤʝʪʨʠʠ ʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩ. 2. ʂʦʥʬʠʛʫʨʘʮʠʷ ʠ ʨʘʟʤʝʨʳ ɸʅʇɸ ʄʊ-2010 

 

2. ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ɸʅʇɸ ʄʊ-2010 

ʆʪ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ɸʅʇɸ ʄʄʊ-3000, ʥʦʚʳʡ ʘʧʧʘʨʘʪ ʦʪʣʠʯʘʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʯʝʪʳʨʝ ʢʦʨʤʦʚʳʭ ʭʦʜʦʚʳʭ 

ʜʚʠʞʠʪʝʣʷ ʠ ʦʜʠʥ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʜʨʫʣʠʚʘʶʱʠʡ, ʨʘʩʰʠʨʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʨʘʙʦʪʳ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʠ ʨʘʟʤʝʱʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʩʪʘʚʝ ɸʅʇɸ ʧʦʷʩʥʷʝʪʩʷ ʨʠʩ. 3.  

 
ʈʠʩ. 3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ɸʅʇɸ ʄʊ-2010. 1 ï ʘʥʪʝʥʥʳ ʕʃʉ,  

2 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʙʘʣʣʘʩʪʘ ʧʦʛʨʫʞʝʥʠʷ, 3 ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʜʨʫʣʠʚʘʶʱʠʡ ʜʚʠʞʠʪʝʣʴ,  

4 ï ʢʦʤʧʝʥʩʘʪʦʨ ʜʘʚʣʝʥʠʷ, 5 ï ɹʋɼ, 6 ï ʜʘʪʯʠʢ ʛʣʫʙʠʥʳ, 7 ï ʘʥʪʝʥʥʘ ʋʂɹ ɻɸʅʉ,  
8 ï ʮʠʬʨʦʚʘʷ ʬʦʪʦʢʘʤʝʨʘ, 9 ï ʘʥʪʝʥʥʳ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʣʘʛʘ, 10 ï ʢʦʥʪʝʡʥʝʨ ʉʇʋ, 11 ï ʢʦʥʪʝʡʥʝʨ 

ʀʀʂ, 12 ï ʘʥʪʝʥʥʘ ʧʨʦʬʠʣʦʛʨʘʬʘ, 13 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʘʚʘʨʠʡʥʦʛʦ ʙʘʣʣʘʩʪʘ, 14 ï ʘʥʪʝʥʥʘ ɻɹʆ ɺʏ, 15 

ï ʘʥʪʝʥʥʘ ɻɹʆ ʅʏ, 16 ï ʩʚʝʪʠʣʴʥʠʢ ʠʤʧʫʣʴʩʥʳʡ, 17 ï ʢʦʥʪʝʡʥʝʨ ɸʂɹ, 18 ï ʘʥʪʝʥʥʘ ɻɸʅʉ ɼɹ, 19 ï

ɹʋɼ, 20 ï ʉʅʉ, 21 ï ʘʥʪʝʥʥʘ ʨʘʜʠʦʤʦʜʝʤʘ, 22 ï ʜʚʠʛʘʪʝʣʴ ʤʘʨʰʝʚʳʡ, 23 ï ʢʦʥʪʝʡʥʝʨ ʨʘʜʠʦʤʦʜʝʤʘ, 
24 ï ʠʟʤʝʨʠʪʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, 25 ï ʚʥʝʰʥʠʝ ʨʘʟʲʝʤʳ 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚ ʥʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ ʚ ʩʦʩʪʘʚʝ ɸʅʇɸ, ʠʭ 

ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʘʟʝ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʃɺʉ). ɺ ʦʙʱʝʡ 

ʩʪʨʫʢʪʫʨʝ ʃɺʉ ʚʳʜʝʣʝʥʳ ʙʘʟʦʚʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɸʅʇɸ ʢʘʢ 

ʥʦʩʠʪʝʣʷ ʘʧʧʘʨʘʪʫʨʳ, ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ (ʨʠʩ. 4). 

ʆʨʛʘʥʠʟʫʶʱʠʤ ʷʜʨʦʤ ʙʘʟʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʡ ʢʦʤʧʴʶʪʝʨ (ʘʚʪʦʧʠʣʦʪ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ, ʢʦʥʪʨʦʣʴʥʦ-ʘʚʘʨʠʡʥʳʝ ʠ ʧʦʠʩʢʦʚʳʝ ʬʫʥʢʮʠʠ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʧʠʣʦʪʘʞʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʵʭʦʣʦʢʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ (ʕʃʉ), ʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʫʞʘʪ ʘʚʘʨʠʡʥʳʝ ʜʘʪʯʠʢʠ. ɼʚʠʞʝʥʠʝ 

ʦʨʛʘʥʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʤʠʩʩʠʠ ɸʅʇɸ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩʚʷʟʠ. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ 

ɸʅʇɸ. ʉʠʩʪʝʤʳ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɸʅʇɸ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ʅʘʚʠʛʘʮʠʷ ɸʅʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʢʘʢ ʙʦʨʪʦʚʦʡ (ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ ʠ 

ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ) ʪʘʢ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʦʨʪʦʚʦʡ ʠ ʩʫʜʦʚʦʡ 

ʥʘʚʠʛʘʮʠʠ ʧʫʪʝʤ ʘʢʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʠ 

ʨʘʙʦʪʝ ɸʅʇɸ ʥʘʢʘʧʣʠʚʘʶʱʘʷʩʷ ʦʰʠʙʢʘ ʩʯʠʩʣʝʥʠʷ ʧʫʪʠ ʤʦʞʝʪ ʙʳʪʴ ʣʠʢʚʠʜʠʨʦʚʘʥʘ ʟʘ ʩʯʝʪ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɻɸʅʉ). ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʜʘʣʴʥʦʩʪʷʭ ʠ ʧʝʣʝʥʛʘʭ, ʧʦʣʫʯʘʝʤʘʷ ʦʪ ɻɸʅʉ ʩ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ ʙʘʟʦʡ (ɻɸʅʉ ʋʂɹ). 

ɸʅʇɸ ʦʩʥʘʱʝʥ ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʨʦʬʠʣʦʛʨʘʬʦʤ ʠ ʛʠʜʨʦʣʦʢʘʪʦʨʘʤʠ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ, 

ʮʠʬʨʦʚʦʡ ʬʦʪʦʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʘʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʪʜʝʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʜʣʷ ʘʥʘʣʠʟʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʩʠʩʪʝʤʘ ʨʘʜʠʦʩʚʷʟʠ

ʩʚʝʪʦ ʤʘʷʢ 

ʉʠʩʪʝʤʳ ʧʦʠʩʢʘ ɸʅʇɸ

ʉʠʩʪʝʤʘ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ
ʦʩʥʦʚʥʘʷ ʙʘʪʘʨʝʷ

ʘʚʘʨʠʡʥʘʷ ʙʘʪʘʨʝʷ

ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ ʨʘʟʨʷʜʘ-ʟʘʨʷʜʘ

ʫʩʪʨʦʡʩʪʚʦ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ

ɼʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ

ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ

ʤʘʨʰʝʚʳʝ ʜʚʠʛʘʪʝʣʠ

ʨʫʣʝʚʦʡ ʜʚʠʛʘʪʝʣʴ

ʉʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ

ʢʦʤʧʴʶʪʝʨ ʘʚʪʦʧʠʣʦʪʘ

ʩʫʧʝʨʚʠʟʦʨʳ ʧʠʪʘʥʠʷ

ʧʠʣʦʪʘʞʥʳʝ ʜʘʪʯʠʢʠ

ʵʭʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʣʝʨ ʘʚʘʨʠʡʥʦʡ ʩʠʩʪʝʤʳ

 ʘʚʘʨʠʡʥʳʝ ʜʘʪʯʠʢʠ

ɹʘʟʦʚʳʝ ʩʠʩʪʝʤʳ ɸʅʇɸ

ɹʦʨʪʦʚʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ

ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ   ʢʦʤʧʣʝʢʩ 

ʥʘʚʠʛʘʮʠʠ ʠ ʩʚʷʟʠ

ʣ
ʦ
ʢ
ʘ
ʣɹ
ʥ
ʘ̫

 ʚr
ʯ
ʠ
ʩ
ʣ
ʠ
ʪ
ʝ
ʣɹ
ʥ
ʘ̫

 ʩ
ʝ
ʪɹ

ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ

ʧʨʠʸʤʥʠʢ GPS

ʇʦʠʩʢʦʚʳʝ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ
ʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʦʛʨʘʬ

ʛʠʜʨʦʣʦʢʘʪʦʨʳ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ  

(ɻɹʆ)

ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ

ʜʘʪʯʠʢʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ

ʎʠʬʨʦʚʘʷ ʬʦʪʦʩʠʩʪʝʤʘ

ɻɸʅʉ-ɼɹ

ɻɸʅʉ-ʋʂɹ 

 
ʈʠʩ. 4. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɹʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ɺ ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʨʘʙʦʪʘ ʚʩʝʭ ʙʦʨʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʦʮʝʥʠʚʘʣʠʩʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʩʠʪʝʣʷ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ, ɼʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʛʣʫʙʠʥʝ/ʚʳʩʦʪʝ 

ʧʨʦʚʝʨʷʣʘʩʴ ʧʨʠ ʟʘʚʠʩʘʥʠʠ ɸʅʇɸ ʠ ʚ ʢʨʝʡʩʝʨʩʢʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʠ ʥʘ ʩʢʦʨʦʩʪʷʭ 1,0 ʠ 

1,5 ʤ/ʩ. ʆʰʠʙʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣʘ: 

 +0,05/-0,02 ʤ (ʧʦ ʛʣʫʙʠʥʝ), -7  ( 0,4) (ʧʦ ʜʠʬʬʝʨʝʥʪʫ) ʚ ʨʝʞʠʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʩʢʦʨʦʩʪʴ 0,10 ï 0.17 ʤ/ʩ ; 

+0,05/-0,02 ʤ (ʧʦ ʛʣʫʙʠʥʝ), +0,1/-0,7  (ʧʦ ʜʠʬʬʝʨʝʥʪʫ) ʚ ʢʨʝʡʩʝʨʩʢʦʤ ʨʝʞʠʤʝ, ʟʘʜʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ 1,0 ʠ (1,5) ʩ ʦʰʠʙʢʦʡ 0,04 ʤ/ʩ. 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ɸʅʇɸ çʇʠʣʠʛʨʠʤè ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ: 

 

ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ ʆʙʱʠʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ 

ɿʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 1 ʤ/ʩ, ʨʘʙʦʪʘʝʪ ɺʏ ɻɹʆ  

ʈʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦ ɼʃ 1,05 ʤ/ʩ. 

4,7 ɸ ʧʨʠ 26,4 ɺ 

ɿʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 1,5 ʤ/ʩ, ʨʘʙʦʪʘʝʪ ɺʏ ɻɹʆ  

ʈʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦ ɼʃ 1,54 ʤ/ʩ. 

10,2 ɸ ʧʨʠ 26,3 ɺ 

ɿʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 2,0 ʤ/ʩ, ʨʘʙʦʪʘʝʪ ɺʏ ɻɹʆ  

ʈʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦ ɼʃ 2,18 ʤ/ʩ. 

23,3 ɸ ʧʨʠ 25,75 ɺ 

ɿʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 2,5 ʤ/ʩ, ʨʘʙʦʪʘʝʪ ɺʏ ɻɹʆ  

ʈʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦ ɼʃ 2,65 ʤ/ʩ. 

42 ɸ ʧʨʠ 25,4 ɺ 

 

ʇʦʠʩʢʦʚʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɸʅʇɸ ʦʩʥʘʱʝʥ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʛʠʜʨʦʣʦʢʘʪʦʨʦʤ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

 ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ɻɹʆ:  

- ʯʘʩʪʦʪʘ ï 80 ʢɻʮ, 

- ʧʦʣʦʩʘ ʦʙʟʦʨʘ ï 2 375 ʤ, 

- ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʜʘʣʴʥʦʩʪʠ ʠ ʫʛʣʫ ï 0,4 ʤ ʠ 1,5 ʛʨʘʜ., 

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 4 ʢʤ
2
/ʯʘʩ. 

 ʚr ʩʦʢʦʯʘʩʪʦʪʥʳʡ ɻɹʆ: 

- ʯʘʩʪʦʪʘ ï 500 ʢɻʮ, 

- ʧʦʣʦʩʘ ʦʙʟʦʨʘ 270 ʤ, 

- ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʜʘʣʴʥʦʩʪʠ ʠ ʫʛʣʫ ï 0,05 ʤ ʠ 0,5 ʛʨʘʜ., 

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 0,7 ʢʤ
2
/ʯʘʩ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ɻɹʆ ɸʅʇɸ ʜʚʠʛʘʣʩʷ ʥʘ ʚʳʩʦʪʝ ʦʪ 5 ʜʦ 10 ʤ ʥʘʜ ʜʥʦʤ ʚʜʦʣʴ 

ʨʷʜʘ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʮʝʣʝʡ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʚ ʚʠʜʝ 

ʮʠʣʠʥʜʨʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ Ï = 0,53 ʤ (ʨʠʩ. 5).  

 ɼʦʥʥʳʡ ʧʨʦʬʠʣʦʛʨʘʬ: 

- ʛʣʫʙʠʥʘ ʧʨʦʟʚʫʯʠʚʘʥʠʷ ʛʨʫʥʪʘ ʜʦ 30 ʤ,  

- ʨʘʟʨʝʰʝʥʠʝ 0,3 ʤ,  

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʦʢʦʣʦ 150 000 ʤ
2
/ʯʘʩ. 

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʦʬʠʣʦʛʨʘʬʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʠʤ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʫʣʴʩʥʳʤʠ ʃʏʄ ʩʠʛʥʘʣʘʤʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 5 ʤʩʝʢ, ʧʦʣʦʩʘ ʯʘʩʪʦʪʳ 

ʠʟʣʫʯʝʥʠʷ 4-11 ʢɻʮ. ɸʅʇɸ ʜʚʠʛʘʣʩʷ ʥʘ ʛʣʫʙʠʥʝ 4ʤ, ʅʘ ʨʠʩ.6., ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ 

ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ.  
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ʈʠʩ. 5. ɻɹʆ-ʩʲʝʤʢʘ ʚʳʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ 

 

ʈʠʩ. 6. ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ ʧʦ ʤʘʨʰʨʫʪʫ 

ʜʚʠʞʝʥʠʷ ɸʅʇɸ 

  

 ʎʠʬʨʦʚʘʷ ʬʦʪʦʩʠʩʪʝʤʘ:  

- ʮʚʝʪʥʦʝ ʠʣʠ ʯʝʨʥʦ-ʙʝʣʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

- ʨʘʟʨʝʰʝʥʠʝ ï 1392 1040 ʪʦʯʝʢ, 

- ʬʦʪʦʩʲʝʤʢʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5-3 ʤʝʪʨʘ ʦʪ ʦʙʲʝʢʪʘ, 

- ʧʝʨʠʦʜ ʩʲʝʤʢʠ 3 ʩʝʢ.,  

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʜʦ 10000 ʤ
2
/ʯʘʩ. 

ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʝ JPG, ɸʈʋ, ʧʝʨʠʦʜ 3 ʩ, ʟʘʜʘʥʥʘʷ ʚʳʩʦʪʘ 3 ʤ ʠ 5 ʤ. 

ʇʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 7.  

  

  
ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʬʦʪʦʩʠʩʪʝʤʳ 

 

ʅʘʚʠʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ɸʅʇɸ 

ʈʘʙʦʪʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʫʜʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ 

ʩʦʩʪʘʚ ʧʦʩʪʘ ʥʘʚʠʛʘʪʦʨʘ ɸʅʇɸ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ 

ʢʦʤʧʣʝʢʪʘ ʚʦʟʚʨʘʱʘʝʤʳʭ ʜʦʥʥʳʭ ʤʘʷʢʦʚ-ʦʪʚʝʪʯʠʢʦʚ ɻɸʅʉ. ʅʘʚʠʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʦʙʝʩʧʝʯʠʚʘʝʪ: 

 ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ɸʅʇɸ ʩ ʧʦʤʦʱʴʶ ɼʃ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʦ 
ʩʢʦʨʦʩʪʴʶ ʦʪ 0 ʜʦ 3 ʤ/ʩ ʥʘ ʚʳʩʦʪʝ ʦʪ 0,5 ʜʦ 70 ʤ ʩ ʪʦʯʥʦʩʪʴʶ 0,02 ʤ/ʩ; 

 ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʜʘʣʴʥʦʩʪʠ ɸʅʇɸ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʩʫʜʥʫ (ʆʉ) ʥʘ ʜʠʩʪʘʥʮʠʷʭ ʥʝ ʤʝʥʝʝ 3 ʢʤ; 
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 ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʢʦʤʧʣʝʢʪʘ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʧʠʣʦʪʘʞʥʳʭ ʜʘʪʯʠʢʦʚ, ɼʃ, 

ʜʘʪʯʠʢʘ ʛʣʫʙʠʥʳ, ɻɸʅʉ, ʘ ʪʘʢʞʝ GPS (ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ), ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɸʅʇɸ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ; 

 ʦʧʝʨʘʪʠʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɸʅʇɸ ʥʘ ʤʦʥʠʪʦʨʝ ʧʦʩʪʘ 

ʥʘʚʠʛʘʪʦʨʘ, ʦʪʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʭʦʜʘ ʚʳʧʦʣʥʝʥʠʷ ʤʠʩʩʠʠ (ʢʫʨʩ, ʩʢʦʨʦʩʪʴ, 

ʛʣʫʙʠʥʘ, ʚʳʩʦʪʘ ʥʘʜ ʜʥʦʤ ʠ ʜʨ). 

ʉʦʩʪʘʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʅʉ ɸʅʇɸ çʇʠʣʠʛʨʠʤè: ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ 

MTI  Xsens ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʢʨʝʥʘ, ʜʠʬʬʝʨʝʥʪʘ ʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʜʦʧʣʝʨʦʚʩʢʠʡ 

ʣʘʛ (ʀʇʄʊ), ʜʘʪʯʠʢ ʛʣʫʙʠʥʳ (ʀʇʄʊ), ʕʃʉ (ʀʇʄʊ), ɼɹ ɻɸʅʉ ʚ ʩʦʩʪʘʚʝ ʪʨʝʭ ʤʘʷʢʦʚ 

ʦʪʚʝʪʯʠʢʦʚ (ʀʇʄʊ), GPS Trimble Navigation. 

ʊʨʘʝʢʪʦʨʠʷ ɸʅʇɸ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʛʘʣʩʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8. 

 

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

-800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500

KNS

GANS

Start GPS

End GPS

BANS

 
ʈʠʩ. 8. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʦ ʜʘʥʥʳʤ ɹʅʉ 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʪʨʠ ʪʨʘʝʢʪʦʨʠʠ. ʆʢʨʫʞʥʦʩʪʠ çGANSè ʧʦʢʘʟʳʚʘʶʪ ʪʦʯʢʠ 

ʪʨʘʝʢʪʦʨʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ɼɹ ɻɸʅʉ. ɺʪʦʨʘʷ ʪʨʘʝʢʪʦʨʠʷ çKNSè ʦʙʦʟʥʘʯʝʥʘ ʪʦʥʢʦʡ 

ʣʠʥʠʝʡ ʠ ʧʦʣʫʯʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʫʪʝʤ ʢʦʨʨʝʢʮʠʠ ʩʯʠʩʣʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʜʘʥʥʳʤ ɼɹ ɻɸʅʉ. ʊʦʣʩʪʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ 

ʪʨʘʝʢʪʦʨʠʷ ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʛʦ ʩʯʠʩʣʝʥʠʷ. ʆʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʤʠʩʩʠʠ: 4609 

ʩʝʢ (1 ʯ 16 ʤʠʥ). ʇʨʦʡʜʝʥʥʳʡ ʧʫʪʴ (ʧʨʦʙʝʛ) ʧʦ ʜʘʥʥʳʤ ʂʅʉ ï 3464 ʤ, ʧʦ ʜʘʥʥʳʤ ʧʨʦʩʪʦʛʦ 

ʩʯʠʩʣʝʥʠʷ ï 3501 ʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʫʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʩʪʳʤ ʩʯʠʩʣʝʥʠʝʤ (ʙʝʟ 

ʢʦʨʨʝʢʮʠʠ ʦʪ ɻɸʅʉ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʂʅʉ ï 1%. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ 

ʪʦʯʢʝ ʚʩʧʣʳʪʠʷ ʩʦʩʪʘʚʠʣʘ: 

13 ʤ ï ʜʣʷ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʨʨʝʢʮʠʠ ʧʦ ʜʘʥʥʳʤ ɼɹ ɻɸʅʉ; 

81 ʤ ï ʜʣʷ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʛʦ ʩʯʠʩʣʝʥʠʷ. 

ʂʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʩʚʷʟʠ 

ʈʘʜʠʦʤʦʜʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʭʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ ɸʅʇɸ-ʩʫʜʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

19200 ʙʦʜ ʥʘ ʜʠʩʪʘʥʮʠʠ ʥʝ ʤʝʥʝʝ 3 ʢʤ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ɸʅʇɸ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

 ʧʝʨʝʜʘʯʘ ʥʘ ʙʦʨʪ ɸʅʇɸ ʢʦʤʘʥʜ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʝʛʦ ʜʚʠʞʝʥʠʝʤ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ; 

 ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʟʘʧʫʩʢ ɸʅʇɸ ʩ ʥʦʚʦʡ ʤʠʩʩʠʝʡ; 

 ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʩ ʙʦʨʪʘ ɸʅʇɸ. 
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ʉʠʩʪʝʤʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ-ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʣʝʤʝʪʨʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜ 

ʚʦʜʦʡ ʥʘ ʜʠʩʪʘʥʮʠʷʭ ʜʦ 3 ʢʤ: ʧʨʠʝʤ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʪʚʝʪʘ (ʧʨʠ 

ʦʙʱʝʤ ʯʠʩʣʝ ʢʦʤʘʥʜ 10-12 ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ï ʝʜʠʥʠʮʳ ʙʦʜ); ʧʝʨʝʜʘʯʫ ʥʘ ʆʉ ʪʝʢʫʱʝʡ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʢʫʨʩʘ, ʚʳʩʦʪʳ, ʛʣʫʙʠʥʳ ʠ 

ʢʦʦʨʜʠʥʘʪ ɸʅʇɸ; ʧʨʠʝʤ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʙʦʨʪʘ ʆʉ. 
 

 
ʈʠʩ. 9. ʇʣʘʥʰʝʪ ʥʘʚʠʛʘʪʦʨʘ ɸʅʇɸ 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɻʦʨʥʘʢ ɺ.ɽ., ʀʥʟʘʨʮʝʚ ɸ.ɺ., ʃʴʚʦʚ ʆ.ʖ., ʄʘʪʚʠʝʥʢʦ ʖ.ɺ., ʑʝʨʙʘʪʶʢ ɸ.ʌ. ʄʄʊ-3000 ï 

ʥʦʚʳʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʘʚʪʦʥʦʤʥʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʀʥʩʪʠʪʫʪʘ 

ʧʨʦʙʣʝʤ ʤʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ɼɺʆ ʈɸʅ // ʇʦʜʚʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ. 

2007, ˉ1. ʉ.12-20. 
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ʆʇʓʊ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɼɺʀɾʀʊɽʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ  

ʅɽʆɹʀʊɸɽʄʓʍ ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

ɺ.ɺ. ɺʝʣʴʪʠʱʝʚ  

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʄʦʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

105005, ʄʦʩʢʚʘ, ɻʦʩʧʠʪʘʣʴʥʳʡ ʧʝʨ. 5, ʪʝʣ./ʬʘʢʩ: (499) 263-61-15, 

e-mail: sm42@sm.bmstu.ru  

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʜʚʠʞʝʥʠʷ ʥʝʦʙʠʪʘʝʤʳʭ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʚʦʜʥʦʡ ʯʘʩʪʠ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ. 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʩʨʝʜʩʪʚ ʜʚʠʞʝʥʠʷ ʜʣʷ ʩʣʫʯʘʝʚ, 

ʢʦʛʜʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʪʠʧʦʚʳʝ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʧʦʜʚʦʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʛʣʦʚ ʩʢʦʩʘ ʧʦʪʦʢʘ ʚʦʜʳ ʥʘ ʜʚʠʞʠʪʝʣʴ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʨʝʘʣʴʥʳʭ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʠʪʝʣʝʡ ʚ çʩʢʦʰʝʥʥʦʤè ʧʦʪʦʢʝ.  

 

 

ʉʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʙʠʪʘʝʤʳʭ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʅʇɸ). ʆʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʝʡʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ, ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʚʦʜʥʦʛʦ ʪʝʯʝʥʠʷ.  

ʆʙʳʯʥʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ ʜʚʠʞʝʥʠʷ ʚ ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʣʘʥʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʜʦʩʪʠʞʝʥʠʷʭ ʠ ʦʧʳʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʦʩʪʨʦʝʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ ʅʇɸ, ʯʘʩʪʦ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʠʣʠ ʝʛʦ 

ʜʦʩʪʠʞʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʜʦʩʪʨʦʝʥʠʷ, ʛʜʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʯʠʩʣʘ ʩʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʝʢʪʘʥʪ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʩʪʚ ʜʚʠʞʝʥʠʷ ʅʇɸ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʦʡ ʘʨʩʝʥʘʣ ʩʨʝʜʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʞʝ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʢʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʚʘʨʴʠʨʫʷ ʥʝ ʪʦʣʴʢʦ 

ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ, ʥʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʧʨʠʚʦʜʥʦʡ ʯʘʩʪʠ. ɼʘʣʝʝ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥ 

ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ çʛʨʝʙʥʦʡ ʚʠʥʪ ʚ ʥʘʩʘʜʢʝ ï ʛʠʜʨʦʧʨʠʚʦʜ ʜʨʦʩʩʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷè. 

ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʙʦʯʠʭ ʠ ʙʦʣʴʰʠʭ 

ʦʩʤʦʪʨʦʚʳʭ ʅʇɸ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʥʘ 

ʨʘʩʯʝʪ ʩʠʩʪʝʤ ʜʨʫʛʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʧʨʠʚʦʜʘ.  

ʊʘʢ ʢʘʢ ʨʘʩʯʝʪ ʜʚʠʞʠʪʝʣʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʩʝʨʠʡʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ 

ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʤʫ ʨʘʩʯʝʪʫ ʜʦʣʞʝʥ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʩʝʨʠʠ ʜʚʠʞʠʪʝʣʷ.  

ɼʠʘʛʨʘʤʤʳ ʩʝʨʠʡʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʚʠʞʠʪʝʣʝʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ KK (ɚʨ, H/D) ʠ K2 (ɚʨ , H/D), ʛʜʝ: KK ʠ K2 ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʧʦʨʘ ʠ ʤʦʤʝʥʪʘ; ɚʨ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʩʪʫʧʴ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ; H, D ï ʰʘʛ ʠ ʜʠʘʤʝʪʨ ʛʨʝʙʥʦʛʦ 

ʚʠʥʪʘ; ʅ/D ï ʰʘʛʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʩʪʫʧʠ ʛʨʝʙʥʦʛʦ 

ʚʠʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʢʫʱʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʜʚʠʞʠʪʝʣʷ ɚʨ= v/(nĀD), ʛʜʝ: 

v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʅʇɸ, n ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʨʝʘʣʴʥʳʭ 

ʜʠʘʛʨʘʤʤ ʩʝʨʠʡʥʳʭ ʠʩʧʳʪʘʥʠʡ ʣʠʥʝʡʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʚʠʜʘ:  
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ʛʜʝ: KK0(H/D) ʠ K20(H/D) ï ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʦʨʘ ʠ ʤʦʤʝʥʪʘ 

ʜʚʠʞʠʪʝʣʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʰʘʛʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ H/D ʥʘ ʰʚʘʨʪʦʚʥʦʤ ʨʝʞʠʤʝ ʝʛʦ ʨʘʙʦʪʳ 

(ɚʨ=0); ɚ1 ʠ ɚ2 ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʢʣʦʥ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʜʠʘʛʨʘʤʤ ʩʝʨʠʡʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʂʘʢ ʧʦʢʘʟʘʣ ʦʧʳʪ, ʪʘʢʠʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʨʘʙʦʪʫ ʜʚʠʞʠʪʝʣʝʡ ʚ 

ʪʠʧʦʚʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʅʇɸ. ʌʦʨʤʫʣʳ (1) ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ KK0(H/D) ʠ K20(H/D). ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʛʨʘʬʠʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʢʨʠʚʳʤ ʜʝʡʩʪʚʠʷ ʜʣʷ ʩʣʫʯʘʷ ʨʘʙʦʪʳ ʜʚʠʞʠʪʝʣʷ ʚ ʰʚʘʨʪʦʚʥʦʤ 

ʨʝʞʠʤʝ. ɿʘʚʠʩʠʤʦʩʪʴ K20 = f(H/D) ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʩʝʨʠʡ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʚ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʥʘʩʘʜʢʝ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʌʫʥʢʮʠʶ KK0= f(H/D) 

ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʠʥʝʡʥʦʡ ʠʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ. ʏʘʱʝ ʚʩʝʛʦ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ. ʋʯʠʪʳʚʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʚʠʞʠʪʝʣʷ ʩ ʢʦʨʧʫʩʦʤ ʅʇɸ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʢʩʠʘʣʴʥʦʛʦ ʧʦʧʫʪʥʦʛʦ ʧʦʪʦʢʘ 

ɣʘ, ʧʨʝʦʙʨʘʟʫʝʤ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʢ ʚʠʜʫ: 
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ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2) ʫʧʦʨ ʜʚʠʞʠʪʝʣʷ ʈ ʠ ʤʦʤʝʥʪ ʥʘ ʝʛʦ ʚʘʣʫ ʄ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʟʘʚʠʩʠʤʦʩʪʝʡ:  
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ɿʜʝʩʴ ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ. ʇʦʪʨʝʙʥʳʡ ʫʧʦʨ ʜʚʠʞʠʪʝʣʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ ʩ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʅʇɸ, s ï ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʱʘʜʴ, x ï 

ʯʠʩʣʦ ʜʚʠʞʠʪʝʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʦʟʜʘʥʠʠ ʪʷʛʠ, t ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʩʘʩʳʚʘʥʠʷ.  

ʄʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʠʜʨʦʧʨʠʚʦʜʘ ʜʨʦʩʩʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʤ 

ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ 
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ʛʜʝ ʄ ï ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʛʠʜʨʦʤʦʪʦʨʘ, n ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, 
0V  ï 

ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʛʠʜʨʦʤʦʪʦʨʘ; 
mʦʙ

, ï ʦʙʲʝʤʥʳʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʂʇɼ ʛʠʜʨʦʤʦʪʦʨʘ; 
ʥ

p ï 

ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʛʠʜʨʦʧʨʠʚʦʜ; 
xx

Q ï ʨʘʩʭʦʜ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ. ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (3), (5) ʠ (4), (6) 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ çʧʨʠʚʦʜ ï ʜʚʠʞʠʪʝʣʴè. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ n ʠ v 
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ʎʝʥʥʦʩʪʴ ʚʳʨʘʞʝʥʠʷ (7) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʅʇɸ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

1 2 0, , , , ; , , , , , ; , , / .a ʥ xx ʤ ʦʙc s x t p Q V D H D ʇʝʨʚʘʷ ʛʨʫʧʧʘ , , , ,c s x t
a

 ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʧʧʘʨʘʪ ʢʘʢ ʦʙʲʝʢʪ ʜʚʠʞʝʥʠʷ ʠ ʦʧʠʩʳʚʘʝʪ ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʚʠʞʠʪʝʣʝʡ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

ʜʚʠʞʠʪʝʣʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʫʞʝ ʠʟʚʝʩʪʥʳ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʨʤʫʣʝ (7) ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʘʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʝʨʠʠ 

ʜʚʠʞʠʪʝʣʝʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʘʢʠʭ ʚʝʣʠʯʠʥ ʢʘʢ 
1 2, , , , ,ʥ xx ʦʙ ʤp Q  ʚʦʟʥʠʢʘʝʪ 

ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʦ. ʇʦʵʪʦʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʝʨʝʤʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʘʢʦʥʝʮ, ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ʪʘʢʠʝ ʚʘʞʥʝʡʰʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ 
0, / ,D H D V . ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʵʪʦʪ ʩʧʠʩʦʢ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥ ʚʝʣʠʯʠʥʦʡ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ 
ʥp  ʠ 

ʧʘʩʧʦʨʪʥʳʤ ʨʘʩʭʦʜʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
xxQ . 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ. ɺ ʨʘʩʯʝʪʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʫʶʪʩʷ ʮʠʢʣʳ ʚʘʨʠʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʠʣʠ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʅʇɸ, ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʂʇɼ ʚʩʝʛʦ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ. ʄʥʦʛʦʣʝʪʥʷʷ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʝ 

ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʣʝʢʩʘ çʜʚʠʞʠʪʝʣʴ ï ʛʠʜʨʦʧʨʠʚʦʜ ʜʨʦʩʩʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷè ʦʪ 

ʨʘʩʯʝʪʥʳʭ (ʧʨʦʝʢʪʥʳʭ) ʟʥʘʯʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. ʇʨʦʩʪʦʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ 

ʩʦʯʝʪʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʅʇɸ ʝʛʦ ʜʚʠʞʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʚ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʜʚʠʞʠʪʝʣʴ ʦʙʪʝʢʘʝʪʩʷ ʧʦʪʦʢʦʤ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ  ʩ ʦʩʴʶ ʜʚʠʞʠʪʝʣʷ. ʊʘʢʦʡ ʨʝʞʠʤ ʦʙʪʝʢʘʥʠʷ ʥʘʟʳʚʘʶʪ ʦʙʪʝʢʘʥʠʝ 

ʜʚʠʞʠʪʝʣʷ çʢʦʩʳʤè ʠʣʠ çʩʢʦʰʝʥʥʳʤè ʧʦʪʦʢʦʤ.  ɺ ʩʫʜʦʩʪʨʦʝʥʠʝ ʵʪʦʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʷ ʠ ʧʦʵʪʦʤʫ ʥʦʩʠʪ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ [1].  
ɺ ʧʦʜʚʦʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʥʦʩʠʪʴ ʧʦʩʪʦʷʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʈʘʙʦʪʘ ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʚ çʩʢʦʰʝʥʥʦʤè ʧʦʪʦʢʝ ʚʦʟʤʦʞʥʘ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. ʇʝʨʚʳʡ 

ʚʦʟʥʠʢʘʝʪ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʣʘʛʦʚʳʭ ʜʚʠʞʠʪʝʣʷʭ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʚʠʞʝʥʠʠ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʅʇɸ ʩ ʥʦʩʠʪʝʣʝʤ (ʨʠʩ. 1). ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʢʘʙʝʣʴ, ʩʚʷʟʳʚʘʶʱʠʡ ʘʧʧʘʨʘʪ ʩ 
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ʥʦʩʠʪʝʣʝʤ, ʧʦʩʪʦʷʥʥʦ ʠʩʧʳʪʳʚʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʘʧʧʘʨʘʪʫ ʨʝʘʢʮʠʠ ʢʘʙʝʣʷ, ʧʨʦʝʢʮʠʠ ʢʦʪʦʨʦʡ: ,
Yʢʘʙ Xʢʘʙ

R R . ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʅʇɸ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʝʘʢʮʠʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʫʧʦʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʠʪʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʦʢ ʚʦʜʳ ʥʘʙʝʛʘʝʪ 

ʥʘ ʜʚʠʞʠʪʝʣʴ ʧʦʜ ʫʛʣʦʤ ʚ 90
0
 ʢ ʝʛʦ ʦʩʠ. ʊʘʢʦʡ ʨʝʞʠʤ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʠʪʝʣʷ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ï ʠʟʤʝʥʝʥʠʶ ʫʧʦʨʘ 

ʜʚʠʞʠʪʝʣʷ P, ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ (ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʦʪ ʦʩʠ 

ʜʚʠʞʠʪʝʣʷ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ ). ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʜʚʠʞʝʥʠʠ ʠ ʫ ʣʘʛʦʚʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ ʙʦʢʦʚʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʨʝʘʢʮʠʠ ʢʘʙʝʣʷ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʙʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ.  

ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʚʦʟʥʠʢʘʝʪ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʅʇɸ, ʚ ʢʦʪʦʨʳʭ ʜʚʠʞʠʪʝʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜ 

ʫʛʣʦʤ ʢ ʝʛʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʩʷʤ (ʨʠʩ. 2). 

 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 

ʅʇɸ ʚ çʩʢʦʰʝʥʥʦʤè ʥʘ 90
0
 ʧʦʪʦʢʝ 

ʈʠʩ. 2. ʉʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʜʚʠʞʠʪʝʣʝʡ, 
ʨʘʙʦʪʘʶʱʠʭ ʚ çʩʢʦʰʝʥʥʦʤè ʧʦʪʦʢʝ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʣʫʯʘʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʙʦʪʘ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʚ çʩʢʦʰʝʥʥʦʤè 

ʧʦʪʦʢʝ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʪʠʧʠʯʥʳʤ ʷʚʣʝʥʠʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʳʯʥʦ 

ʧʨʦʝʢʪʘʥʪʳ ʅʇɸ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʠʟʚʝʩʪʥʳʝ ʨʘʩʯʝʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʴʢʦ ʜʣʷ ʦʩʝʚʦʛʦ ʦʙʪʝʢʘʥʠʷ ʜʚʠʞʠʪʝʣʷ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʫʧʦʨʘ 

ʜʚʠʞʠʪʝʣʷ ʚʩʝʛʜʘ ʧʨʠʥʠʤʘʶʪ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʦʩʴʶ ʜʚʠʞʠʪʝʣʷ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʝ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʜʚʠʞʠʪʝʣʝʡ ʚ çʩʢʦʰʝʥʥʦʤè ʧʦʪʦʢʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʚ ʛʠʜʨʦʢʘʥʘʣʝ ʌɻʋʇ çʎɸɻʀ ʠʤ. ʅ.ɽ. 

ɾʫʢʦʚʩʢʦʛʦè. ʇʦʣʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [2]. ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʳ 

ʪʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʚ çʩʢʦʰʝʥʥʦʤè ʥʘ 90
0
 ʧʦʪʦʢʝ ʚ ʬʫʥʢʮʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ʜʚʠʞʠʪʝʣʷ ʊ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ [1] ʬʦʨʤʝ: ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ( )ʊq f
p

, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ qʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʫʚʝʣʠʯʝʥʠʷ 

ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ ʫʧʦʨʘ ʚ ʦʩʝʚʦʤ ʧʦʪʦʢʝ 

1 2 2q P P P
p o x y

, ʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ( )ʊf , ʛʜʝ ( / )
x y

arctg P P .  

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ( , )ʊq f
p

 ʠ ( , )ʊf  ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʥʘʪʝʢʘʥʠʷ ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʜʚʠʞʠʪʝʣʴ ʧʦʪʦʢʘ ʦʪ 0 ʜʦ 90
0 
.
  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʧʨʦʚʝʨʞʠʤʦ ʜʦʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʩʢʦʩ ʧʦʪʦʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʜʝʬʦʨʤʠʨʫʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʠʪʝʣʷ. 

ʊʘʢ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ  ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʤʦʞʝʪ ʚ ʪʨʠ 

ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ ʫʧʦʨʘ ʜʚʠʞʠʪʝʣʷ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʚ ʦʩʝʚʦʤ ʧʦʪʦʢʝ. ɺʝʣʠʯʠʥʘ ʫʛʣʘ 
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ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʦʪ ʦʩʠ ʜʚʠʞʠʪʝʣʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʝ 47
0
. ʅʘʠʙʦʣʴʰʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʜʚʠʞʠʪʝʣʷ ʧʦʜ ʫʛʣʦʤ ʚ 45
0 
ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ.  

  
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʫʧʦʨʘ ʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ʜʚʠʞʠʪʝʣʷ (
0

90 ) 

  
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʫʧʦʨʘ ʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʫʧʦʨʘ ʦʪ ʫʛʣʘ 

ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ:  

1. ɺʦ ʚʩʝʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʚʠʞʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʅʇɸ ʠʣʠ ʟʘʜʘʥʥʳʝ ʪʠʧʦʚʳʝ ʨʝʞʠʤʳ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʛʣʦʚ ʩʢʦʩʘ ʧʦʪʦʢʘ ʥʘ ʜʚʠʞʠʪʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʧʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʩʪʚ ʜʚʠʞʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʧʘʨʘʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʧʨʦʝʢʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

2. ʇʨʠ ʫʛʣʘʭ ʩʢʦʩʘ 030  ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʛʨʫʟʢʠ ʜʚʠʞʠʪʝʣʷ ʧʦ ʫʧʦʨʫ 20ʊ  ʫʯʝʪ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʫʞʝ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ 

ʨʘʩʯʝʪʘ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʘʧʧʘʨʘʪʘ, ʚʧʣʦʪʴ ʜʦ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚ ʭʦʜʝ ʤʦʜʝʣʴʥʳʭ ʠʣʠ 

ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɻʦʬʤʘʥ ɸ.ɼ. ɼʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʩʫʜʥʘ. ʉʧʨʘʚʦʯʥʠʢ. ï 

ʃ.: ʉʫʜʦʩʪʨʦʝʥʠʝ, 1988. ï 360 ʩ. 

2. ɺʝʣʴʪʠʱʝʚ ɺ.ɺ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʢʦʰʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʞʠʪʝʣʝʡ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ // ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʩʠʩʪʝʤ ʚʦʦʨʫʞʝʥʠʷè. ï 

2010. ï ʉ. 97-106. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʆɿɼɸʅʀʗ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʊʀɺʆʄʀʅʅʓʍ 

ʊɽʃɽʋʇʈɸɺʃʗɽʄʓʍ ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

ʉ.ɸ. ɽʛʦʨʦʚ, ɸ.ʉ. ʂʫʮʝʥʢʦ, ɺʘʜ.ɺ. ɺʝʣʴʪʠʱʝʚ  

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ  

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

105005, ʄʦʩʢʚʘ, ɻʦʩʧʠʪʘʣʴʥʳʡ ʧʝʨ., 10,  

ʪʝʣ./ʬʘʢʩ: (499) 263-61-15, e-mail: sm42@sm.bmstu.ru 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ɺʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʢʘʟʘʥʳ ʧʦʜʭʦʜʳ, 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʘʞʜʦʛʦ ʵʪʘʧʘ. 

 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʚ ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) ʜʚʠʞʝʥʠʝʤ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʊʇɸ). 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʪʠʚʦʤʠʥʥʦʡ ʦʧʝʨʘʮʠʠ ʩ ʊʇɸ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ) 

 

ɹʘʟʦʚʦʝ ʩʫʜʥʦ (ʪʨʘʣʴʱʠʢ) 1 ʠ ʊʇɸ 2 ʚ ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʥʭʨʦʥʥʦ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʧʦ ʦʙʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ. ʊʇɸ ʥʘʭʦʜʠʪʩʷ ʚʧʝʨʝʜʠ ʧʦ ʢʫʨʩʫ 

ʩʫʜʥʘ ʚ ʪʦʯʢʝ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʣʴʱʠʢʘ (ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

XʥZʥ). ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʤʠʥʦʠʩʢʘʥʠʷ (ɻɸʉʄ) 

ʦʙʲʝʢʪʘ 5 (ʦʙʲʝʢʪ ʧʦʧʘʣ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʩʝʢʪʦʨʘ 3 ʪʨʘʢʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ɻɸʉʄ) ʠ ʝʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ ʤʠʥʦʧʦʜʦʙʥʦʛʦ (ʩʝʢʪʦʨ 4 ʪʨʘʢʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ), ʊʇɸ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ 

ʦʙʲʝʢʪʫ ʧʦ ʥʝʢʦʪʦʨʦʡ ʪʨʘʝʢʪʦʨʠʠ 6 ʠ ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ (ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ 

ʪʝʣʝʚʠʟʠʦʥʥʳʭ) ʧʨʦʠʟʚʦʜʠʪ ʜʦʧʦʠʩʢ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʘ. ɽʩʣʠ ʦʙʲʝʢʪ ʦʢʘʟʘʣʩʷ 

ʤʠʥʦʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʝ ʫʥʠʯʪʦʞʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʊʇɸ ʠ ʪʨʘʣʴʱʠʢʘ. ʇʦʩʣʝ ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʚ 

ʩʣʫʯʘʝ ʣʦʞʥʦʡ ʮʝʣʠ, ʩʠʩʪʝʤʘ çʩʫʜʥʦ ï ʊʇɸè ʧʨʦʜʦʣʞʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝ, ʚʳʧʦʣʥʷʷ 

ʧʦʠʩʢ ʩʣʝʜʫʶʱʝʛʦ ʤʠʥʦʧʦʜʦʙʥʦʛʦ ʦʙʲʝʢʪʘ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʤʠʥʦʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʢʦʨʘʙʝʣʴʥʦʡ ɻɸʉʄ 

ʊʇɸ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʫʜʥʝ. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʦʙʲʝʢʪʘ ʪʨʘʣʴʱʠʢ ʩʪʦʧʦʨʠʪ ʭʦʜ, ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʝʞʠʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʧʫʩʢ ʊʇɸ. ɼʨʫʛʠʤ ʯʘʩʪʥʳʤ 

ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʇɸ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ (ɻɸʉʄ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʊʇɸ, ʜʚʠʛʘʷʩʴ ʚ 

ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʧʝʨʝʜʠ ʧʦ ʢʫʨʩʫ ʩʫʜʥʘ, ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʦʧʝʨʘʮʠʠ ʧʦ 

ʦʙʥʘʨʫʞʝʥʠʶ ʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʝʛʦ ʙʦʨʪʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ, ʫʥʠʯʪʦʞʝʥʠʶ 

ʦʙʲʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʘʢʠʝ ʘʧʧʘʨʘʪʳ, ʢʘʢ 

PAP-104, EX-116, Sea Eagle, Double Eagle, ARMS ʠ ʜʨʫʛʠʝ.  



 56 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʪʨʘʙʦʪʢʝ ʉʋ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʊʇɸ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ, ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʧʧʘʨʘʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ. 

2. ʇʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʀʀʂ) ʊʇɸ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʥʠʭ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (ʉʋ ʋʆ) ʠ ʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘ ʤʘʩʩ 

(ʉʋ ʎʄ) ʊʇɸ.  

4. ʇʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ (ʀʋʉ) ʊʇɸ. 

5. ʆʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʠ ʀʀʂ ʚ ʧʦʣʫʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʘʣʝʝ ʢʨʘʪʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʅʀʀʉʄ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʢʘʞʜʦʛʦ ʵʪʘʧʘ. 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʊʇɸ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʊʇɸ ʜʣʷ ʩʣʫʯʘʷ ʥʘʭʦʞʜʝʥʠʷ ʙʘʟʦʚʦʛʦ ʩʫʜʥʘ ʥʘ ʩʪʦʧʝ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʈʝʘʢʮʠʷ ʢʘʙʝʣʷ T (ʨʠʩ.1) ʚ ʩʪʳʢʝ çʢʘʙʝʣʴ-ʊʇɸè 

ʣʠʙʦ ʚʦʦʙʱʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʣʠʙʦ ʫʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʊʇɸ 

ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ. ɺ ʠʩʭʦʜʥʦʤ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʊʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ɼʋ) ʩ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʩʚʷʟʷʤʠ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʜʝʢʦʤʧʦʟʠʨʫʝʪʩʷ ʥʘ ʩʝʧʘʨʘʪʥʳʝ ʧʦʜʩʠʩʪʝʤʳ (ʢʘʥʘʣʳ). ʇʫʪʝʤ ʣʠʥʝʘʨʠʟʘʮʠʠ 

ʥʝʣʠʥʝʡʥʳʭ ɼʋ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʥʘʭʦʞʜʝʥʠʝ ʊʇɸ ʥʘ ʩʪʦʧʝ ʠ ʝʛʦ ʜʚʠʞʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʩʪʨʦʷʪʩʷ ʣʠʥʝʡʥʳʝ 

ʤʦʜʝʣʠ ʩʝʧʘʨʘʪʥʳʭ ʢʘʥʘʣʦʚ ʊʇɸ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʣʠʥʝʡʥʳʤ ɼʋ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ (ʇʌ) ʩʝʧʘʨʘʪʥʳʭ ʢʘʥʘʣʦʚ, ʠʤʝʶʱʠʝ 2-ʡ ʧʦʨʷʜʦʢ:  

Wj
Fʜj

(p) = ja
ʥ
(p) / Fʜj(p) = kj / [p 

 
(Tj  p + 1)] , j=x,y,z, 

ʛʜʝ Fʜj ï ʩʠʣʘ ʪʷʛʠ ʜʚʠʞʠʪʝʣʝʡ ʊʇɸ ʧʦ ja
ʥ
-ʡ ʢʦʦʨʜʠʥʘʪʝ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʩʫʜʥʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʝʞʠʤʘ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʩʫʜʥʦʤ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʢʘʙʝʣʴ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʊʇɸ ʧʦ ʣʠʥʝʡʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʧʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʩʚʦʡʩʪʚ 

ʩʠʩʪʝʤʳ ʢʘʢ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʘʷ 

ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʊʇɸ, ʚ ʢʦʪʦʨʦʡ ʢʘʙʝʣʴ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʤʥʦʛʦʟʚʝʥʥʠʢʦʤ. ʇʦʣʫʯʝʥʠʝ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ 

ʚʳʰʝ. ɼʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʇʌ ʩʝʧʘʨʘʪʥʳʭ ʢʘʥʘʣʦʚ ʊʇɸ ʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ 

ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 

 Wi
Fʜj

(p)= iʘ
ʥ
(p)/ Fʜj(p)=(c1 p

2N-2 
+c2 p

2N-3
+..+c2N-2 p+c2N-1)/(d1 p

2N
+d2 p

2N-1
+..+d2N p+d2N+1),       (1) 

ʛʜʝ i, j = x, y; iʘ
ʥ
 ï ʢʦʦʨʜʠʥʘʪʘ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ; N ï ʯʠʩʣʦ ʟʚʝʥʴʝʚ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʢʘʙʝʣʴ ʤʥʦʛʦʟʚʝʥʥʠʢʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʇɸ ʩ ʫʯʝʪʦʤ ʢʘʙʝʣʷ ʚ ʨʝʞʠʤʝ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʙʣʠʟʦʩʪʴ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʩʪʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. 

ʇʨʝʜʣʦʞʝʥʦ ʧʦʩʪʨʦʠʪʴ ʫʧʨʦʱʝʥʥʳʝ ʇʌ ʊʇɸ ʚʠʜʘ 

 

Wi
Fʜj

(p)
 
= iʘ

ʥ
(p) / Fʜj(p) = kij / (a2ij   p

2
 + a1ij  p + 1), 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦ 

ʠʩʭʦʜʥʳʤ ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ (1), ʠʣʠ ʧʦ ʧʝʨʝʭʦʜʥʳʤ ʧʨʦʮʝʩʩʘʤ 

ʥʘ ʚʳʭʦʜʝ ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʦʱʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʠʪʝʣʝʡ ʊʇɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ɼʋ 1-

ʛʦ ʧʦʨʷʜʢʘ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʠʞʠʪʝʣʝʡ. 
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ʉ ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʜʚʠʞʠʪʝʣʝʡ, ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʢʦʥʪʫʨʦʚ ʉʋ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʝʧʘʨʘʪʥʳʭ ʢʘʥʘʣʦʚ ʊʇɸ ʢʘʢ ʜʣʷ ʨʝʞʠʤʘ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʩʣʫʯʘʷ 

ʥʘʣʠʯʠʷ ʧʨʦʚʠʩʘ ʢʘʙʝʣʷ (ʙʘʟʦʚʦʝ ʩʫʜʥʦ ʥʘ ʩʪʦʧʝ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ 3-ʛʦ 

ʧʦʨʷʜʢʘ. 

2. ʇʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʊʇɸ. ɺ ʨʘʙʦʪʝ [1] 

ʦʙʦʩʥʦʚʘʥ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʡ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʫʛʣʦʚʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ 

ʜʚʠʞʝʥʠʡ ʜʣʷ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ: 

- ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ (ɹʉʆ) ʥʘ ʙʘʟʝ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʤʦʜʫʣʷ (3 ɼʋʉ ʩʦ ʩʣʫʯʘʡʥʳʤ ʜʨʝʡʬʦʤ ʥʫʣʷ ʧʦʨʷʜʢʘ 0.1..10ʛʨʘʜ/ʯʘʩ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʷʜʢʘ 0.1..0.3%; 3 ʣʠʥʝʡʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʩʦ ʩʣʫʯʘʡʥʳʤ 

ʜʨʝʡʬʦʤ ʥʫʣʷ 10
-4
..10

-3
g ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 0.1..0.3%) ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʘʩʘ ʥʘ ʙʘʟʝ ʪʨʝʭʦʩʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ɹʉʆ 

ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʷ ʛʠʨʦʤʘʛʥʠʪʥʦʛʦ ʢʫʨʩʘ (ʧʨʠʤʝʨ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ɹʉʆ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2);  

- ʜʘʪʯʠʢʠ ʛʣʫʙʠʥʳ ʠ ʦʪʩʪʦʷʥʠʷ ʊʇɸ ʦʪ ʜʥʘ (ʵʭʦʣʦʪ); 

- ʩʠʩʪʝʤʘ ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʠ (ʉɺʉ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʦʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʦ 

ʩʠʛʥʘʣʘʤ ʰʪʘʪʥʦʡ ʪʝʣʝʢʘʤʝʨʳ ʊʇɸ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪʩʪʦʷʥʠʷ ʘʧʧʘʨʘʪʘ ʦʪ ʜʥʘ 

ʧʨʠʨʘʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʊʇɸ ʚʜʦʣʴ ʦʩʝʡ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ XʘZʘ (ʨʠʩ. 1); 

- ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɻɸʅʉ) ʩ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ ʙʘʟʦʡ. 

 
ʈʠʩ. 2. ʂʦʤʧʦʥʝʥʪʳ ɹʉʆ ʊʇɸ ʨʘʟʨʘʙʦʪʢʠ ʆɸʆ ʈʇʂɹ (ʛ. ʈʘʤʝʥʩʢʦʝ)  

 

ʅʘ ʨʷʜʝ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ (Pinguin-B3, ARMS, Double Eagle Mk2) ʫʩʪʘʥʦʚʣʝʥʳ 

ʘʙʩʦʣʶʪʥʳʝ ʣʘʛʠ (ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʜʦʧʣʝʨʦʚʩʢʠʝ ʣʘʛʠ), ʠʟʤʝʨʷʶʱʠʝ ʧʨʦʜʦʣʴʥʫʶ ʠ 

ʧʦʧʝʨʝʯʥʫʶ ʩʢʦʨʦʩʪʠ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʘ. ʅʘʣʠʯʠʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʣʘʛʘ ʠ ɹʉʆ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʊʇɸ ʙʦʨʪʦʚʫʶ ʘʚʪʦʥʦʤʥʫʶ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ 

ʧʫʪʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʘ (ʧʦʩʪʫʧʘʶʪ ʠʟ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩʫʜʥʘ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʠ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩʯʠʩ-

ʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ 

ʩʯʠʩʣʝʥʠʷ ʥʘ ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. 

ɺʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ ʘʙʩʦʣʶʪʥʳʭ ʣʘʛʦʚ ʜʘʝʪ ʣʠʰʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫ ʁ ʠʟʙʳʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ, ʫʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʣʘʛʦʚ, ʘ ʪʘʢʞʝ 

ʬʠʥʘʥʩʦʚʳʡ ʬʘʢʪʦʨ, ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ.  

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʊʇɸ, ʫʤʝʥʴʰʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʧʘʟʜʳʚʘʥʠʡ, ʚʥʦʩʠʤʳʭ ʚ ʠʟʤʝʨʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʳʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʉʋ ʊʇɸ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʝʡ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: ɹʉʆ + 

ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ, ɻɸʅʉ + ɹʉʆ, ɻɸʅʉ + ɹʉʆ + ʘʙʩʦʣʶʪʥʳʡ ʣʘʛ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʋʆ ʠ ʉʋ ʎʄ ʊʇɸ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʋ ʜʚʠʞʝʥʠʝʤ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʊʇɸ, ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ: ɹʌɿʉ ï ʙʣʦʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʢʦʥʪʫʨʳ ʉʋ ʋʆ ʠ ʉʋ ʎʄ ʊʇɸ; ɼʈʂ ʊʇɸ ï 

ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ ʊʇɸ; ɹʌʉ ɼʈʂ ï ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ɼʈʂ ʊʇɸ.  
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ʈʠʩ. 3. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʋ ʜʚʠʞʝʥʠʝʤ ʊʇɸ 

 

ʉʋ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʉʋ ʘʧʧʘʨʘʪʘ: 

- ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʪ ʚʳʥʦʩʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʞʠʤ ɺʇʋ) ï ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʊʇɸ ʪʦʣʴʢʦ ʩ ɺʇʋ ʧʫʪʝʤ ʧʨʷʤʦʡ ʧʦʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ ʟʘʜʘʶʱʠʭ 

ʦʨʛʘʥʦʚ ɺʇʋ ʥʘ ʧʨʠʚʦʜʳ ʜʚʠʞʠʪʝʣʝʡ ʊʇɸ. ɺʩʝ ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʪʘʶʪ ʚ 

ʨʘʟʦʤʢʥʫʪʦʤ ʨʝʞʠʤʝ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ 

ʦʧʝʨʘʮʠʡ; 

- ʨʫʯʥʦʡ ï ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʊʇɸ ʩʦ ʰʪʘʪʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʫʪʝʤ 

ʧʨʷʤʦʡ ʧʦʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ ʟʘʜʘʶʱʠʭ ʦʨʛʘʥʦʚ ʧʫʣʴʪʘ ʥʘ ʧʨʠʚʦʜʳ ʜʚʠʞʠʪʝʣʝʡ ʘʧʧʘʨʘʪʘ. ɺʩʝ 

ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʦʤʢʥʫʪʦʤ ʨʝʞʠʤʝ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ï ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʊʇɸ ʚ ʪʦʣʱʝ ʚʦʜʳ ʠʣʠ ʧʨʠ 

ʨʘʙʦʪʝ ʫ ʜʥʘ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʳ ʚʜʦʣʴ ʦʩʝʡ Xʘ, Zʘ 

ʩʚʷʟʘʥʥʦʡ ʩ ʘʧʧʘʨʘʪʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʠʣʠ ʦʪʩʪʦʷʥʠʝʤ ʊʇɸ ʦʪ 

ʜʥʘ, ʢʫʨʩʦʤ, ʜʠʬʬʝʨʝʥʪʦʤ ʠ ʢʨʝʥʦʤ. ʂʦʥʪʫʨʳ ʤʘʨʰʝʚʦʡ, ʣʘʛʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʘʶʪ ʚ 

ʨʘʟʦʤʢʥʫʪʦʤ ʨʝʞʠʤʝ, ʢʦʥʪʫʨ ʛʣʫʙʠʥʳ (ʦʪʩʪʦʷʥʠʷ ʦʪ ʜʥʘ), ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʘʤʠ 

ʦʨʠʝʥʪʘʮʠʠ - ʚ ʟʘʤʢʥʫʪʦʤ ʨʝʞʠʤʝ;  

- ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ (ɼʇ) ʊʇɸ ï ʦʩʫɦʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʉɺʉ ʠʣʠ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʣʘʛʘ ʧʫʪʝʤ ʚʳʜʘʯʠ ʦʧʝʨʘʪʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʘʥʜʳ ʩ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ Xʘ, Zʘ 

ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʘʧʧʘʨʘʪʦʤ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʤʦʤʝʥʪ ʚʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʠ ʪʝʢʫʱʠʭ 

ʥʘ ʤʦʤʝʥʪ ʚʚʝʜʝʥʠʷ ʨʝʞʠʤʘ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʠʣʠ ʦʪʩʪʦʷʥʠʷ ʊʇɸ ʦʪ ʜʥʘ, 

ʫʛʣʦʚ ʢʫʨʩʘ, ʜʠʬʬʝʨʝʥʪʘ, ʢʨʝʥʘ ʘʧʧʘʨʘʪʘ. ɺ ʨʝʞʠʤʝ ɼʇ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʩʤʝʱʝʥʠʷʤʠ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʟʠʮʠʦʥʥʳʝ 

ʤʘʨʰʝʚʳʡ ʠ ʣʘʛʦʚʳʡ ʢʦʥʪʫʨʳ, ʢʦʥʪʫʨ ʛʣʫʙʠʥʳ (ʦʪʩʪʦʷʥʠʷ ʦʪ ʜʥʘ), ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ 

ʫʛʣʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʊʇɸ ʨʘʙʦʪʘʶʪ ʚ ʟʘʤʢʥʫʪʦʤ ʨʝʞʠʤʝ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ (ʧʨʦʛʨʘʤʤʥʳʡ ʨʝʞʠʤ) ï ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʊʇɸ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʜʚʠʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʧʨʦʛʨʘʤʤ ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ: 

ʘ) ʧʨʦʛʨʘʤʤʘ çɺʳʭʦʜ ʚ ʟʦʥʫ ʮʝʣʠè ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʊʇɸ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʟʦʥʫ ʮʝʣʠ ʧʦ ʜʘʥʥʳʤ ɻɸʉʄ (ʢʦʦʨʜʠʥʘʪʳ ʮʝʣʠ) ʠ ɻɸʅʉ (ʢʦʦʨʜʠʥʘʪʳ ʊʇɸ); 

ʙ) ʧʨʦʛʨʘʤʤʘ çCʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʊʇɸ ʚ 

ʟʘʜʘʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ ʪʦʯʢʫ ʠ ʫʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʚʠʞʝʥʠʠ 

ʩʠʩʪʝʤʳ çʩʫʜʥʦ ï ʊʇɸè. 

ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʟʘʤʢʥʫʪʳ ʪʝ ʞʝ ʢʦʥʪʫʨʳ, ʯʪʦ ʠ ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʨʝʞʠʤʝ 

ɼʇ, ʦʜʥʘʢʦ ʧʦʟʠʮʠʦʥʥʳʝ ʤʘʨʰʝʚʳʡ ʠ ʣʘʛʦʚʳʡ ʢʦʥʪʫʨʳ ʫʧʨʘʚʣʷʶʪ ʧʦʣʦʞʝʥʠʝʤ ʊʇɸ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ ʧʦ ʜʘʥʥʳʤ ɻɸʅʉ.  

ʇʨʠ ʩʠʥʪʝʟʝ ʩʝʧʘʨʘʪʥʳʭ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ 

ʠ ʦʪʩʪʦʷʥʠʝʤ ʊʇɸ ʦʪ ʜʥʘ, ʧʦʟʠʮʠʦʥʥʳʭ ʤʘʨʰʝʚʦʛʦ ʠ ʣʘʛʦʚʦʛʦ ʢʦʥʪʫʨʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ï ʤʝʪʦʜ ʩʪʘʥʜʘʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʠʥʦʤʦʚ ʠ ʯʘʩʪʦʪʥʳʡ ʤʝʪʦʜ. 

ʂʦʥʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʝʥʥʶʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʩʢʦʨʦʩʪʠ, ʚʥʝʰʥʶʶ ï ʧʦ 

ʫʧʨʘʚʣʷʝʤʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʧʨʷʤʫʶ ʩʚʷʟʴ ʧʦ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ 
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ʧʦʟʠʮʠʦʥʥʳʝ ʢʦʥʪʫʨʳ ʬʦʨʤʠʨʫʶʪ ʟʘʜʘʶʱʠʝ ʩʠʛʥʘʣʳ ʥʘ ʣʦʢʘʣʴʥʳʝ ʢʦʥʪʫʨʳ ʤʘʨʰʘ ʠ ʣʘʛʘ 

ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ, ʩʚʷʟʳʚʘʶʱʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ, ʩ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʊʇɸ.  

4. ʇʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʊʇɸ. ʀʋʉ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʩ ʟʘʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩ ʀʀʂ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʊʇɸ, ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʧʫʣʴʪʝ ʦʧʝʨʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ 

ʊʇɸ, ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʊʇɸ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʀʋʉ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ 

ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʊʇɸ ʠ ʩʫʜʥʘ. ʇʦʵʪʦʤʫ ʀʋʉ ʩʪʨʦʠʪʩʷ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ. ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʷʪ 

ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ (ʢʘʢ ʧʨʘʚʠʣʦ, ʠʭ ʜʚʘ ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ ʠ ʧʫʣʴʪ ʦʧʝʨʘʪʦʨʘ-

ʛʠʜʨʦʘʢʫʩʪʠʢʘ), ʙʣʦʢ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ, ʘ ʪʘʢʞʝ ʜʨʫʛʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʇɸ.  

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ ï ʦʩʥʦʚʥʦʝ ʩʨʝʜʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʊʇɸ, ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ (ʕɺʄ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʦʨʘ 

Intel 8086 ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ), ʤʦʜʫʣʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ (ʧʣʘʪʳ ʘʥʘʣʦʛʦʚʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ), ʩʠʩʪʝʤʫ ʦʪʦʙʨʘʞʝʥʠʷ (ʥʘ 

ʦʩʥʦʚʝ ʧʣʦʩʢʦʧʘʥʝʣʴʥʳʭ ʵʢʨʘʥʦʚ) ʠ ʠʥʪʝʨʬʝʡʩ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʋʉ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥ ʚʠʜ ʵʢʨʘʥʘ ʦʧʝʨʘʪʦʨʘ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ.  

 

 
ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʵʢʨʘʥʘ ʦʧʝʨʘʪʦʨʘ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ 

 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʵʢʨʘʥʘ ʨʘʟʤʝʱʝʥʘ ʢʘʨʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʩʫʜʥʘ, 

ʊʇɸ, ʟʘʜʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ. ʉʧʨʘʚʘ ʚ ʚʝʨʭʥʝʤ ʫʛʣʫ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʘʨʪʠʥʢʘ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʘʷ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʊʇɸ, ʥʠʞʝ 

ʨʘʟʤʝʱʝʥʳ ʦʨʛʘʥʳ ʦʪʦʙʨʘʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʢʫʨʩ, 

ʜʠʬʬʝʨʝʥʪ, ʢʨʝʥ). ɺʥʠʟʫ ʩʧʨʘʚʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʵʭʦʣʦʪʘ ʊʇɸ.  

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʜʫʣʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʙʣʦʢ ʩʚʷʟʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ. ɺʩʝ ʢʦʥʪʫʨʳ ʉʋ ʋʆ ʠ ʯʘʩʪʴ 

ʢʦʥʪʫʨʦʚ ʉʋ ʎʄ ʊʇɸ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʙʦʨʪʦʚʦʡ ʕɺʄ ʘʧʧʘʨʘʪʘ. ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʥʪʫʨʦʚ ʉʋ ʎʄ ʊʇɸ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʘʥʥʳʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ɻɸʅʉ ʠ ɻɸʉʄ), 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʙʦʨʪʦʚʦʡ ʕɺʄ ʊʇɸ ʠ ʕɺʄ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ. 
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5. ʆʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʠ ʀʀʂ ʚ ʧʦʣʫʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʀʀʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʨʝʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ; ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʧʨʦʱʝʥʥʳʭ ʠ ʧʦʣʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʊʇɸ ʠ ʀʀʂ; ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʣʠʥʠʠ ʩʚʷʟʠ, ʰʪʘʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʤʠʪʘʪʦʨʘ ʊʇɸ (ʤʦʜʝʣʠʨʫʶʱʘʷ ʕɺʄ); ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʠ ʀʀʂ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘʩʪʨʦʡʢʠ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ ʷʚʣʷʶʪʩʷ: ʥʘʣʠʯʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʥʥʳʝ ʉʋ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʕɺʄ 

(ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ) ʥʘ ʙʦʨʪʫ ʙʘʟʦʚʦʛʦ ʩʫʜʥʘ; ʥʘʩʪʨʦʡʢʘ ʉʋ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʕɺʄ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ.  

ʊʘʢʞʝ ʚ ʀʋʉ ʨʝʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʡ ʧʝʨʝʧʨʦʰʠʚʢʠ ʧʨʦʛʨʘʤʤʳ ʙʦʨʪʦʚʦʡ 

ʕɺʄ ʊʇɸ ʧʦ ʩʝʪʠ ʩ ʙʘʟʦʚʦʛʦ ʩʫʜʥʘ, ʙʝʟ ʧʦʜʲʝʤʘ ʊʇɸ ʥʘ ʙʦʨʪ ʩʫʜʥʘ ʠ ʚʩʢʨʳʪʠʷ ʧʨʦʯʥʦʛʦ 

ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ.  
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ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʊʇɸ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʜʝʡʩʪʚʠʡ. ʆʩʥʦʚʦʡ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʳ çɺʳʭʦʜ ʚ ʟʦʥʫ ʮʝʣʠè ʠ çCʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè. 

 

 

ɺ ʜʦʢʣʘʜʝ ɽʛʦʨʦʚʘ ʉ.ɸ., ʂʫʮʝʥʢʦ ɸ.ʉ., ɺʝʣʴʪʠʱʝʚʘ ɺʘʜ.ɺ. çʆʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚè (ʩʤ. ʥʘʩʪʦʷʱʠʡ 

ʩʙʦʨʥʠʢ) ʦʧʠʩʘʥʳ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʪʠʚʦʤʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʇɸ 

ʠ ʦʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) ʘʧʧʘʨʘʪʘ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʊʇɸ ï ʧʦ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʟʦʥʫ ʮʝʣʠ (ʧʨʦʛʨʘʤʤʘ çɺʳʭʦʜ ʚ ʟʦʥʫ ʮʝʣʠè) ʠ ʧʨʦʛʨʘʤʤʘ 

çCʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè.  
ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ 

ʜʦʧʫʱʝʥʠʷ: 

- ʜʚʠʞʝʥʠʝ ʊʇɸ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ;  ʫʛʣʳ ʜʠʬʬʝʨʝʥʪʘ 

ʠ ʢʨʝʥʘ ʊʇɸ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʤʘʣʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʊʇɸ ʪʦʣʴʢʦ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ; 

- ʚ ʉʋ ʊʇɸ ʦʪʩʫʪʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʜʘʥʥʳʝ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʯʝʥʠʷ ʠ ʝʛʦ ʩʢʦʨʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʘ çCʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʚʦʜ ʊʇɸ ʚ ʪʦʯʢʫ ʩ 

ʟʘʜʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ ʠ ʫʜʝʨʞʠʚʘʪʴ ʘʧʧʘʨʘʪ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ çʩʫʜʥʦ-ʊʇɸè.  

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʊʇɸ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. ʊʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʘʨʰʝʚʘʷ ʩʢʦʨʦʩʪʴ ʊʇɸ ʦʙʳʯʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʚʳʰʝ ʣʘʛʦʚʦʡ, ʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷʭ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʜʚʠʞʝʥʠʝ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʨʝʞʠʤ 1 (ʥʘʚʝʜʝʥʠʝ) ï ʜʦ ʚʭʦʜʘ ʊʇɸ ʚ ʟʦʥʫ ʩ 

ʨʘʜʠʫʩʦʤ Rmin ʚʦʢʨʫʛ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʫʨʩʦʤ ʠ ʤʘʨʰʝʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʊʇɸ, ʧʨʠ ʵʪʦʤ ʢʦʥʪʫʨ ʣʘʛʘ ʉʋ ʦʪʢʣʶʯʝʥ; ʨʝʞʠʤ 2 (ʩʪʘʙʠʣʠʟʘʮʠʷ) ï ʧʦʩʣʝ ʚʭʦʜʘ 

ʊʇɸ ʚ ʟʦʥʫ Rmin ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʢʫʨʩ ʘʧʧʘʨʘʪʘ, ʠʤʝʚʰʠʡ ʤʝʩʪʦ ʥʘ ʤʦʤʝʥʪ ʚʭʦʜʘ ʚ ʟʦʥʫ, ʘ 

ʦʪʨʘʙʦʪʢʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʨʰʝʚʳʤ ʠ ʣʘʛʦʚʳʤ 

ʢʦʥʪʫʨʘʤʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʨʝʞʠʤʦʚ ʉʋ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʟʦʥʘ ʩ ʨʘʜʠʫʩʦʤ Rmax>Rmin. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʊʇɸ 

ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʪʝʯʝʥʠʝ) ʠ ʨʘʙʦʪʝ ʉʋ ʚ ʨʝʞʠʤʝ 2, ʚʦʟʤʦʞʝʥ ʩʥʦʩ ʘʧʧʘʨʘʪʘ ʦʪ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ʇʨʠ ʩʥʦʩʝ ʊʇɸ ʟʘ ʧʨʝʜʝʣʳ ʟʦʥʳ Rmax ʩʥʦʚʘ ʚʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤ 1 ʜʦ ʚʭʦʜʘ 

ʘʧʧʘʨʘʪʘ ʚ ʟʦʥʫ Rmin.  

ɺ ʦʩʥʦʚʫ ʨʝʞʠʤʘ 1 ʧʦʣʦʞʝʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʚʝʜʝʥʠʷ ï ʤʝʪʦʜ ʧʨʷʤʦʛʦ 

ʧʨʝʩʣʝʜʦʚʘʥʠʷ (ʧʦʛʦʥʠ), ʚ ʢʦʪʦʨʦʤ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʊʇɸ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʟʘʜʘʥʥʫʶ ʜʚʠʞʫʱʫʶʩʷ ʪʦʯʢʫ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ. ʇʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʰʠʙʢʠ ʚ ʢʦʥʪʫʨʝ ʢʫʨʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʟʚʦʨʦʪ 

ʊʇɸ ʥʘ ʟʘʜʘʥʥʳʡ ʢʫʨʩ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʫʛʣʦʚʦʤʫ ʨʘʩʩʪʦʷʥʠʶ. ʂʦʥʪʫʨ ʤʘʨʰʘ ʨʘʟʦʤʢʥʫʪ, 

ʩʠʛʥʘʣ ʥʘ ʤʘʨʰʝʚʳʝ ʜʚʠʞʠʪʝʣʠ ʤʘʢʩʠʤʘʣʝʥ, ʘ ʟʥʘʢ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʠʥʫʩʦʤ ʦʪ 
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ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʚ ʢʦʥʪʫʨʝ ʢʫʨʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʜʠʫʩ ʮʠʨʢʫʣʷʮʠʠ ʊʇɸ. 

ʃʘʛʦʚʳʡ ʜʚʠʞʠʪʝʣʴ ʚ ʨʝʞʠʤʝ 1 ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɺ ʨʝʞʠʤʝ 2 ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʟʠʮʠʦʥʥʳʝ 

ʦʰʠʙʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʝʨʝʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʘ ʢʦʥʪʫʨʳ ʤʘʨʰʘ ʠ 

ʣʘʛʘ ʊʇɸ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʊʇɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʟʦʥʫ 

ʮʝʣʠ ʩ ʫʯʝʪʦʤ ʦʧʘʩʥʳʭ ʟʦʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʠ ʜʦʧʫʱʝʥʠʷ: 

- ʚʩʝ ʢʦʦʨʜʠʥʘʪʳ (ʊʇɸ, ʪʦʯʝʢ ʪʨʘʝʢʪʦʨʠʠ, ʮʝʣʠ, ʦʧʘʩʥʳʭ ʟʦʥ) ʟʘʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʨʝʧʝʨʘ (X ï ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʩʝʚʝʨ, Y ï ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, Z ï ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʚʦʩʪʦʢ); 

- ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʥʥʦʡ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʊʇɸ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʪʦʯʝʢ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ XBi, ZBi, ʛʜʝ i ï ʥʦʤʝʨ ʦʧʦʨʥʦʡ ʪʦʯʢʠ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ 1..N (N ï 

ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʨʞʘʥʠʝ ʊʇɸ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʠ (ʮʝʣʴ) ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ XBN, ZBN. ɼʦʧʫʩʪʠʤʳʝ ʟʦʥʳ ʥʘʭʦʞʜʝʥʠʷ 

ʊʇɸ ʚʦʢʨʫʛ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʟʘʜʘʶʪʩʷ ʨʘʜʠʫʩʦʤ Rmin. ʇʨʠ ʚʳʭʦʜʝ ʊʇɸ ʚ ʟʦʥʫ i-ʡ ʪʦʯʢʠ ʩ 

ʨʘʜʠʫʩʦʤ Rmin ʩʯʠʪʘʝʤ, ʯʪʦ ʊʇɸ ʚʳʰʝʣ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ʜʘʥʥʦʡ ʪʦʯʢʠ Bi;  

- ʧʘʨʘʤʝʪʨʳ ʦʧʘʩʥʳʭ ʟʦʥ (ʆɿ) ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʪʦʯʝʢ Sk ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ XSk, ZSk ʠ 

ʨʘʜʠʫʩʦʤ Rʆɿk ʜʣʷ ʢʘʞʜʦʡ ʆɿ, ʛʜʝ k ï ʥʦʤʝʨ ʦʧʘʩʥʦʡ ʟʦʥʳ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ 1..M. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʥʘʭʦʞʜʝʥʠʝ ʊʇɸ ʚ ʣʶʙʦʡ ʆɿ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʊʇɸ ʚ ʟʦʥʫ 

Sk-ʡ ʪʦʯʢʠ ʩ ʨʘʜʠʫʩʦʤ Rʆɿk ʩʯʠʪʘʝʤ, ʯʪʦ ʊʇɸ ʜʦʣʞʝʥ ʚʳʡʪʠ ʠʟ ʜʘʥʥʦʡ ʟʦʥʳ. ɼʣʷ ʚʩʝʭ ʆɿ 

ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨ b, ʟʘʜʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʆɿ: ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʧʨʠ b=1 ʠʣʠ 

ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʧʨʠ b=-1. ɽʩʣʠ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʝ ʟʘʜʘʥ (ʧʨʠ b=0), ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʙʭʦʜʘ ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʧʫʪʠ ʦʙʭʦʜʘ ʆɿ ʜʦ ʪʝʢʫʱʝʡ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘ ʜʚʠʞʝʥʠʷ ʊʇɸ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʟʘʜʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʪʫʨʳ ʉʋ ʊʇɸ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʨʠʟʦʥʪʘ, ʫʧʨʘʚʣʷʷ ʜʚʠʞʝʥʠʝʤ 

ʘʧʧʘʨʘʪʘ ʧʦ ʤʘʨʰʫ, ʣʘʛʫ ʠ ʢʫʨʩʫ.  

ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʊʇɸ ʦʪ ʧʝʨʚʦʡ ʪʦʯʢʠ 

ʪʨʘʝʢʪʦʨʠʠ ʢ ʩʣʝʜʫʶʱʝʡ, ʧʦʢʘ ʊʇɸ ʥʝ ʚʳʡʜʝʪ ʚ ʧʦʩʣʝʜʥʶʶ ʪʦʯʢʫ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʟʘʪʝʤ 

ʨʝʘʣʠʟʫʝʪ ʫʜʝʨʞʘʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ. ʊʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ 

ʥʘʟʥʘʯʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʦʛʠʙʘʥʠʷ ʊʇɸ ʆɿ. 

ɼʚʠʞʝʥʠʝ ʊʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʟʘʜʘʥʥʦʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʦʪ 1 ʜʦ N, ʘʥʘʣʦʛʠʯʥʦ 

ʧʨʦʛʨʘʤʤʝ çʉʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè, ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʨʝʞʠʤ 1 (ʥʘʚʝʜʝʥʠʝ): ʜʦ ʚʭʦʜʘ ʊʇɸ ʚ ʟʦʥʫ ʩ ʨʘʜʠʫʩʦʤ Rmin ʚʦʢʨʫʛ ʟʘʜʘʥʥʦʡ i-ʡ ʪʦʯʢʠ 

ʪʨʘʝʢʪʦʨʠʠ (i=1,..,N) ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʫʨʩʦʤ ʠ ʤʘʨʰʝʚʦʡ ʩʢʦʨʦʩʪʴʶ ʊʇɸ, ʧʨʠ 

ʵʪʦʤ ʢʦʥʪʫʨ ʣʘʛʘ ʉʋ ʦʪʢʣʶʯʝʥ;  

- ʧʨʠ ʚʭʦʜʝ ʊʇɸ ʚ ʟʦʥʫ Rmin i-ʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʛʜʘ i<N ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ï ʚ ʢʦʥʪʫʨʳ ʉʋ ʧʦʩʪʫʧʘʶʪ ʢʦʦʨʜʠʥʘʪʳ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʠ ʠ ʊʇɸ ʧʨʦʜʦʣʞʘʝʪ 

ʜʚʠʞʝʥʠʝ ʚ ʨʝʞʠʤʝ 1; 

- ʨʝʞʠʤ 2 (ʩʪʘʙʠʣʠʟʘʮʠʷ): ʧʦʩʣʝ ʚʭʦʜʘ ʊʇɸ ʚ ʟʦʥʫ Rmin N-ʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʢʫʨʩ ʘʧʧʘʨʘʪʘ, ʠʤʝʚʰʠʡ ʤʝʩʪʦ ʥʘ ʤʦʤʝʥʪ ʚʭʦʜʘ ʚ ʟʦʥʫ, ʘ ʦʪʨʘʙʦʪʢʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʝʧʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʨʰʝʚʳʤ ʠ 

ʣʘʛʦʚʳʤ ʢʦʥʪʫʨʘʤʠ. 

ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʭʦʜ ʦʪ ʧʝʨʚʦʡ ʪʦʯʢʠ ʦʧʦʨʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʢ ʩʣʝʜʫʶʱʝʡ, ʧʦʢʘ ʊʇɸ ʥʝ ʚʳʡʜʝʪ ʚ ʟʦʥʫ Rmin ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʠ ʦʧʦʨʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ɼʚʠʞʝʥʠʝ ʊʇɸ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʟʘʜʘʥʥʦʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʦʪ 1 ʜʦ N, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʘʣʛʦʨʠʪʤʫ 1, ʢʨʦʤʝ ʩʣʫʯʘʝʚ ʧʦʧʘʜʘʥʠʷ ʊʇɸ ʚ ʣʶʙʫʶ ʠʟ 

ʟʘʜʘʥʥʳʭ ʆɿ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʟʦʥʫ ʨʘʜʠʫʩʦʤ (Rʆɿ+ȹ) ʚʦʢʨʫʛ ʪʦʯʢʠ Sk ʉʋ ʦʪʨʘʙʘʪʳʚʘʝʪ 

ʦʙʭʦʜ ʜʘʥʥʦʡ ʆɿ ʜʦ ʚʳʭʦʜʘ ʊʇɸ ʚ ʟʦʥʫ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʦʧʦʨʥʦʡ ʪʦʯʢʠ, ʢʦʪʦʨʫʶ ʦʥ 

ʦʪʨʘʙʘʪʳʚʘʝʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ȹ ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʚʦʢʨʫʛ ʟʦʥʳ, ʟʘʜʘʥʥʦʡ Rʆɿk ʠ 

Sk ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʭʦʜʘ ʆɿ). ʈʠʩ. 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʳʭʦʜ ʊʇɸ ʚ ʪʦʯʢʫ ʩ ʫʯʝʪʦʤ ʦʧʦʨʥʦʡ 
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ʪʨʘʝʢʪʦʨʠʠ ʠ ʆɿ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʜʣʷ ʚʩʝʭ ʟʘʜʘʥʥʳʭ ʆɿ ʠ ʪʦʯʢʠ Bi, ʚ ʟʦʥʫ ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʚʳʡʪʠ ʊʇɸ: DASk ï ʪʝʢʫʱʘʷ 

ʜʠʩʪʘʥʮʠʷ ʦʪ ʊʇɸ ʜʦ ʪʦʯʢʠ ʆɿ; DSkBi ï ʪʝʢʫʱʘʷ ʜʠʩʪʘʥʮʠʷ ʦʪ ʆɿ ʜʦ ʪʦʯʢʠ ʦʧʦʨʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ Bi, ʚ ʟʦʥʫ ʢʦʪʦʨʦʡ ʊʇɸ ʜʦʣʞʝʥ ʚʳʡʪʠ; DABi ï ʪʝʢʫʱʘʷ ʜʠʩʪʘʥʮʠʷ ʦʪ ʊʇɸ ʜʦ 

ʪʦʯʢʠ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ Bi, ʚ ʟʦʥʫ ʢʦʪʦʨʦʡ ʊʇɸ ʜʦʣʞʝʥ ʚʳʡʪʠ; ʇSkBi ï ʧʝʣʝʥʛ ʦʪ ʪʦʯʢʠ Sk 

ʥʘ ʪʦʯʢʫ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ Bi; ʇABi - ʧʝʣʝʥʛ ʦʪ ʊʇɸ ʥʘ ʪʦʯʢʫ ʦʧʦʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ Bi. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʊʇɸ ʚ ʟʦʥʫ, ʛʜʝ (Rʆɿ+ȹ) ÓDASk, ʚʢʣʶʯʘʝʪ ʨʝʞʠʤ 

ʦʙʭʦʜʘ ʆɿ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ DASk ʚʦʢʨʫʛ ʪʦʯʢʠ Sk ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, 

ʝʩʣʠ b=1, ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʧʨʠ b=-1, ʠʣʠ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʧʫʪʠ ʦʪ ʊʇɸ ʜʦ ʪʦʯʢʠ Bi, 

ʝʩʣʠ b=0. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʩʪʴ ʧʝʣʝʥʛʦʚ ʇSkBi ʠ ʇABi  : ʧʨʠ 

(ʇSkBi - ʇABi)>0 ʚʳʙʠʨʘʝʪʩʷ ʦʙʭʦʜ ʆɿ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʧʨʠ (ʇSkBi - ʇABi) Ò0 

ʚʳʙʠʨʘʝʪʩʷ ʦʙʭʦʜ ʆɿ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʊʇɸ ʚ ʟʦʥʫ, ʛʜʝ Rʆɿ ÓDASk, 

ʚʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤ ʚʳʭʦʜʘ ʠʟ ʆɿ ʧʦʜ ʫʛʣʦʤ 45
0
 ʢ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ DASk 

ʚʦʢʨʫʛ ʪʦʯʢʠ Sk. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʊʇɸ ʚ ʟʦʥʫ, ʛʜʝ DSkBiÓ DABi, ʚʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤ ʥʘʚʝʜʝʥʠʷ 1 

ʥʘ ʪʦʯʢʫ Bi. ɺ ʟʦʥʝ, ʛʜʝ DSkBiÓ DABi, ʫʞʝ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʣʫʯʘʠ ʧʨʠ (Rʆɿ+ȹ) Ó DASk. 

 

 
ʈʠʩ. 1. ɺʳʭʦʜ ʊʇɸ ʚ ʪʦʯʢʫ Bi ʩ ʫʯʝʪʦʤ ʦʙʭʦʜʘ ʆɿ Sk, (Rʆɿ+ȹ) (ʪʝʤʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ  

ʟʘʜʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʪʫʨʳ ʉʋ ʊʇɸ) 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ) ʊʇɸ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɻɸʅʉ), 

ʠʟʤʝʨʷʶʱʝʡ ʢʦʦʨʜʠʥʘʪʳ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʜʥʘ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʣʘʛʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʊʇɸ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʩ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʫʜʥʘ (ʢʫʨʩ, ʜʠʬʬʝʨʝʥʪ, ʢʨʝʥ, ʰʠʨʦʪʘ, ʜʦʣʛʦʪʘ ʩʫʜʥʘ) ʠ ʩ ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʀʀʂ ʊʇɸ 

ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ (ʢʫʨʩ, ʜʠʬʬʝʨʝʥʪ, ʢʨʝʥ ʊʇɸ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ çʉʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè ʧʦʢʘʟʘʥʠʷ ɻɸʅʉ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʣʘʛʘ 

ʧʝʨʝʧʨʦʝʢʪʠʨʫʶʪʩʷ ʚ ʛʦʨʠʟʦʥʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʫʜʥʦʤ ʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʧʦ ʢʫʨʩʫ ʩʫʜʥʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ çɺʳʭʦʜ ʚ ʟʦʥʫ ʮʝʣʠè 

ʧʦʢʘʟʘʥʠʷ ɻɸʅʉ ʠ ʣʘʛʘ ʧʝʨʝʧʨʦʝʢʪʠʨʫʶʪʩʷ ʚ ʤʝʩʪʥʫʶ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʯʝʤ ʢʦʦʨʜʠʥʘʪʳ ʊʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʧʝʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ɻɸʅʉ ʩ ʫʯʝʪʦʤ 

ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʧʝʨʘ. 
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ɸʣʛʦʨʠʪʤʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʠʣʴʪʨʦʚ 2-ʛʦ ʧʦʨʷʜʢʘ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʤʝʜʣʝʥʥʦʤʝʥʷʶʱʫʶʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʣʘʛʘ. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʠʪʝʣʝʡ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʘʣʛʦʨʠʪʤʦʚ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ Matlab/Simulink ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ çʩʫʜʥʦ ï ʢʘʙʝʣʴ ï ʊʇɸè, ʤʦʜʝʣʝʡ ʉʋ ʠ ʀʀʂ ʊʇɸ. 

ɺʳʧʦʣʥʝʥʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʘʭ ʠ ʥʝʠʜʝʘʣʴʥʦʩʪʷʭ 

ï ʥʘʣʠʯʠʝ ʪʝʯʝʥʠʷ, ʤʝʜʣʝʥʥʦʤʝʥʷʶʱʝʝʩʷ ʩʤʝʱʝʥʠʝ ʥʫʣʷ ʚ ʤʦʜʝʣʠ ʣʘʛʘ, ʥʘʣʠʯʠʝ 

ʟʘʧʘʟʜʳʚʘʥʠʷ, ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ, ʬʣʶʢʪʫʠʨʫʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʤʦʜʝʣʠ ɻɸʅʉ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ çʉʦʚʤʝʩʪʥʦʝ ʜʚʠʞʝʥʠʝè ʥʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʠ ʊʇɸ ʚ ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʊʇɸ ʙʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ.  

 

 
 

ʈʠʩ. 2. ʊʨʘʝʢʪʦʨʠʠ ʩʫʜʥʘ (C) ʠ ʊʇɸ ʚ ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʊʇɸ 

ʙʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ (SN, WE ï ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʖʛ-ʉʝʚʝʨ, ɿʘʧʘʜ-ɺʦʩʪʦʢ)  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʊʇɸ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

- ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʘʧʧʘʨʘʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʝʡ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ; 

- ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʣʳ ʪʷʛʠ ʣʘʛʦʚʦʛʦ ʜʚʠʞʠʪʝʣʷ ʊʇɸ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦʛʦ ʙʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʦʚ ʥʘʚʝʜʝʥʠʷ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʧʧʘʨʘʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ (ʨʠʩ. 2). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ çɺʳʭʦʜ ʚ ʟʦʥʫ ʮʝʣʠè ʧʨʠʚʝʜʝʤ ʤʦʜʝʣʴʥʫʶ 

ʟʘʜʘʯʫ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʭʦʜʘ ʊʇɸ ʚ ʢʦʥʝʯʥʫʶ ʪʦʯʢʫ ʚ ʦʙʭʦʜ ʦʧʘʩʥʦʡ ʟʦʥʳ, ʟʘʜʘʥʥʦʡ ʚ ʚʠʜʝ 

ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʨʠʟʦʥʪʘ. ɺʦʢʨʫʛ ʦʧʘʩʥʦʡ ʟʦʥʳ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ 

ʧʨʦʣʦʞʝʥʘ ʨʘʩʯʝʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ, ʟʘʜʘʚʘʝʤʘʷ 5-ʶ ʪʦʯʢʘʤʠ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʊʇɸ ʧʦ ʪʦʯʢʘʤ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʯʝʥʠʷ ʠ 

ʬʣʶʢʪʫʠʨʫʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ɻɸʅʉ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʠʞʝʥʠʷ ʊʇɸ ʧʦ ʧʨʦʛʨʘʤʤʝ çɺʳʭʦʜ ʚ ʟʦʥʫ ʮʝʣʠè 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʯʝʥʠʷ ʨʝʘʣʴʥʳʝ ʢʨʠʚʳʝ ʜʚʠʞʝʥʠʷ ʊʇɸ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʪʨʘʝʢʪʦʨʠʠ 

ʙʣʠʟʢʠ ʢ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʦʪʨʝʟʢʘʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʵʪʠ ʪʦʯʢʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʝʯʝʥʠʷ, ʠʟ-ʟʘ 



 65 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʥʘʚʝʜʝʥʠʷ ʨʝʞʠʤʘ 1 ʠʤʝʶʪ ʤʝʩʪʦ ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʦʪ ʨʘʩʯʝʪʥʦʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʭʦʜʫ ʊʇɸ ʚʥʫʪʨʴ ʦʧʘʩʥʦʡ 

ʟʦʥʳ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ, ʨʘʩʯʝʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʦʧʘʩʥʦʡ ʟʦʥʳ, ʛʘʨʘʥʪʠʨʫʶʱʝʤ ʙʝʟʦʧʘʩʥʦʝ ʜʚʠʞʝʥʠʝ ʊʇɸ ʧʨʠ ʪʝʯʝʥʠʠ ʨʘʟʣʠʯʥʦʡ ʩʠʣʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ; 

- ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʣʳ ʪʷʛʠ ʣʘʛʦʚʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʉʋ 

ʩʪʨʝʤʠʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʊʇɸ ʧʨʦʪʠʚ ʪʝʯʝʥʠʷ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝʤ 

ʨʝʞʠʤʦʚ 1 ʠ 2. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʫ ʪʷʛʠ ʤʘʨʰʝʚʳʭ ʜʚʠʞʠʪʝʣʝʡ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʊʇɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʝʯʥʦʡ 

ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʤ ʪʝʯʝʥʠʠ; 

- ʬʣʶʢʪʫʠʨʫʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʢʘʥʘʣʝ ɻɸʅʉ, ʯʘʩʪʠʯʥʦ ʦʪʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚ ʀʀʂ, 

ʧʨʦʭʦʜʠʪ ʥʘ ʚʳʭʦʜ ʉʋ. ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʳʭʦʜʝ ʉʋ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʩʠʛʥʘʣʝ ɻɸʅʉ ʠ ʦʥʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʩʪʝʤʳ.  

 

 
ʈʠʩ. 3. ɼʚʠʞʝʥʠʝ ʊʇɸ ʧʦ ʪʦʯʢʘʤ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʯʝʥʠʷ ʠ ʬʣʶʢʪʫʠʨʫʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ɻɸʅʉ  
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ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʋʇʈɸɺʃʗʖʑɸʗ ʉʀʉʊɽʄɸ ʄɸʃʆɻɸɹɸʈʀʊʅʆɻʆ 

ʆʉʄʆʊʈʆɺʆɻʆ ʊɽʃɽʋʇʈɸɺʃʗɽʄʆɻʆ ʇʆɼɺʆɼʅʆɻʆ ɸʇʇɸʈɸʊɸ 
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ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
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ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʦʩʤʦʪʨʦʚʦʛʦ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʟʨʘʙʦʪʢʠ ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʊʇɸ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʙʦʨʪʘ ʘʧʧʘʨʘʪʘ ʠ ʧʫʣʴʪʘ ʦʧʝʨʘʪʦʨʘ. 

 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ (ʀʋʉ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʚʩʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʘʪʯʠʢʠ, ʚʳʯʠʩʣʠʪʝʣʠ, ʧʝʨʠʬʝʨʠʡʥʳʝ ʧʣʘʪʳ ʠ ʧʨ.) ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʜʚʠʞʠʪʝʣʠ, ʣʝʙʝʜʢʫ, ʥʘ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʚʳʜʘʯʫ ʪʨʝʙʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʜʩʠʩʪʝʤ, ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ 

ʦʧʝʨʘʪʦʨʫ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʀʋʉ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʦʩʤʦʪʨʦʚʦʛʦ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ 

ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʊʇɸ), ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪʩʷ ʚ ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. 

ɹʘʫʤʘʥʘ. ʋʩʣʦʚʥʦ ʀʋʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʙʦʨʪʦʚʫʶ ʠ ʧʫʣʴʪʦʚʫʶ ʯʘʩʪʠ. 

ʆʩʥʦʚʦʡ ʙʦʨʪʦʚʦʡ ʀʋʉ ʊʇɸ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʇʨʦʯʠʝ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʀʋʉ ʩʣʫʞʘʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʉʋ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʫ ʢʦʤʧʦʥʝʥʪʦʚ ʀʋʉ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʉʋ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʘʧʧʘʨʘʪʫ: ʢʦʣʠʯʝʩʪʚʦ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ, ʪʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʝʤʳʭ 

ʢʦʦʨʜʠʥʘʪ ʠ ʪ.ʜ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʊʇɸ (ʨʠʩ. 1) ʷʚʣʷʶʪʩʷ:  

- 6 ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ: ʢʫʨʩ, ʜʠʬʬʝʨʝʥʪ, ʢʨʝʥ, ʤʘʨʰ, ʣʘʛ, ʚʝʨʪʠʢʘʣʴ (ʛʣʫʙʠʥʘ, 

ʦʪʩʪʦʷʥʠʝ); 

- ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ; 

- ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ; 

- ʥʝʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

 

 
ʈʠʩ. 1. ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʦʩʤʦʪʨʦʚʳʡ ʊʇɸ ʨʘʟʨʘʙʦʪʢʠ ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʉʋ ʊʇɸ 

ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʣʦʢʘʣʴʥʳʭ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ. ɼʣʷ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʢʦʥʪʫʨʦʚ 

ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʧʦʟʠʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ. ɺʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ), ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʘʧʧʘʨʘʪʥʦʡ (ʥʘʙʦʨ ʠʟʤʝʨʠʪʝʣʝʡ) ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʝʡ (ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʠʡ 

ʜʘʪʯʠʢʦʚ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ 

ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʀʀʂ: ʮʠʬʨʦʚʦʡ ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ (ʄʂ) ʩ ʪʨʝʤʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʠ ʪʨʝʤʷ 

ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ, 3 ʜʘʪʯʠʢʘ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ɼʋʉ), ʧʨʝʮʠʟʠʦʥʥʳʡ ʜʘʪʯʠʢ 

ʜʘʚʣʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ, ʵʭʦʣʦʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʪʩʪʦʷʥʠʷ, ʠʟʤʝʨʠʪʝʣʴ ʣʠʥʝʡʥʳʭ 

ʩʤʝɦʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʩ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʩʠʩʪʝʤʘ ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʠ ï ʉɺʉ). ʇʨʠ ʵʪʦʤ ʄʂ ʠ 3 ɼʋʉ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʫʶ ʩʠʩʪʝʤʫ ʦʨʠʝʥʪʘʮʠʠ (ɹʉʆ), ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʦʡ, 

ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʥʮʠʧʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʠ ʩʜʝʣʘʪʴ ʧʦʢʘʟʘʥʠʷ ʧʦ ʫʛʣʘʤ ʦʨʠʝʥʪʘʮʠʠ 

ʙʝʟʠʥʝʨʮʠʦʥʥʳʤʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦ ʛʣʫʙʠʥʝ ʠ ʦʪʩʪʦʷʥʠʶ ʧʦʢʘʟʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʪʯʠʢʦʚ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʉɺʉ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʦʨʪʦʚʦʡ ʀʋʉ ʠ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʧʦʩʪʘʚʣʷʷ ʜʘʥʥʳʝ ʦ ʩʤʝʱʝʥʠʷʭ ʧʦ ʦʩʥʦʚʥʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʯʝʨʝʟ 

ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʪʦʯʥʦʩʪʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚ ʢʘʯʝʩʪʚʝ ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ: 

ʮʠʬʨʦʚʦʡ ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ TCM-XB (ʉʐɸ), 3-ʭ ʦʩʝʚʦʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʛʠʨʦʩʢʦʧ 

VG091-3D (ʈʦʩʩʠʷ), ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ D10 (ɻʝʨʤʘʥʠʷ), ʵʭʦʣʦʪ PSA-916 (ʉʐɸ). ɺʩʝ ʜʘʪʯʠʢʠ 

ʠʤʝʶʪ ʮʠʬʨʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʠʭ 

ʚʩʪʨʘʠʚʘʥʠʷ ʠ ʩʫʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʠʬʝʨʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʧʣʘʪʥʘʷ ʕɺʄ ʬʦʨʤʘʪʘ PC104 Core 

Module 620 (Ampro, ʉʐɸ) ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ Geode LX800 (ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ 

500 ʄɻʮ). ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʬʦʨʤ ʬʘʢʪʦʨʘ ʦʙʫʩʣʦʚʣʝʥ ʞʝʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʩʫʨʩʦʝʤʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʕɺʄ 

ʥʝʩʝʪ ʫ ʩʝʙʷ ʥʘ ʙʦʨʪʫ ʚʩʪʨʦʝʥʥʳʡ ʚʠʜʝʦʘʜʘʧʪʝʨ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʤʠʤʦ ʢʘʨʪ Compact Flash 

ʧʦʜʢʣʶʯʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʞʝʩʪʢʠʡ ʜʠʩʢ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ ʚʳʯʠʩʣʠʪʝʣʝʤ 

ʥʘ ʵʪʘʧʝ ʦʪʣʘʜʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʣʘʪʳ ʧʝʨʠʬʝʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 12 ʧʦʨʪʦʚʘʷ ʧʣʘʪʘ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ Xtreme 104 Iso (Connect Tech 

Inc), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʜʢʣʶʯʝʥʠʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʪʯʠʢʦʚ ʠ ʢʦʥʪʨʦʣʣʝʨʦʚ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʚʳʯʠʩʣʠʪʝʣʶ. 

ɺʩʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʬʠʣʴʪʨʳ ʀʀʂ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʙʦʨʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʧʨʦʯʥʦʛʦ ʢʦʨʧʫʩʘ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʪʨʫʜʥʷʝʪ ʟʘʤʝʥʫ ʥʦʩʠʪʝʣʷ ʜʘʥʥʳʭ ʚ ʩʣʫʯʘʝ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʙʦʝʚ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʉ ʜʘʥʥʳʭ 

ʧʦʟʠʮʠʡ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ (ʆʉʈɺ) QNX. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʘʥʠʷ SWD ï ʦʩʥʦʚʥʦʡ 

ʜʠʩʪʨʠʙʴʶʪʝʨ QNX ʚ ʈʦʩʩʠʠ ï ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʝʱʝ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʟʘʱʠʱʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʜʘʥʥʦʡ ʆʉ ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʩʠʩʪʝʤʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʳ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʆʉ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠ 

ʠʤʝʝʪ ʛʠʙʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤʫ ʩʝʪʝʚʦʤʫ ʚʳʯʠʩʣʝʥʠʶ ʠ ʫʜʘʣʝʥʥʦʤʫ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʶ, ʧʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ Linux, ʥʘʙʠʨʘʶʱʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʩʬʝʨʝ 

ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ, QNX ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʩʪʢʦʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ, ʠʤʝʝʪ ʣʫʯʰʫʶ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʙʦʣʝʝ ʛʠʙʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʟʘʜʘʯ. 
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QNX ï POSIX ʩʦʚʤʝʩʪʠʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʠʤʝʶʱʠʡʩʷ ʢʦʜ, ʨʘʥʝʝ ʥʘʧʠʩʘʥʥʳʡ ʧʦʜ Linux ʠ ʥʘʦʙʦʨʦʪ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʳʙʨʘʪʴ ʤʥʦʛʦʧʦʪʦʯʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʦʪʦʢʦʚ:  

- ʮʝʥʪʨʘʣʴʥʳʡ ʧʦʪʦʢ: ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʉʋ, ʀʀʂ ʠ ʤʦʜʝʣʠ ʘʧʧʘʨʘʪʘ 
(ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ). ɼʣʷ ʪʘʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʡʤʝʨ ʩ ʯʘʩʪʦʪʦʡ 100ɻʮ. ʅʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʨʘʙʦʪʘʶʪ ʘʣʛʦʨʠʪʤʳ ʀʀʂ, 

ʚʢʣʶʯʘʷ ʬʠʣʴʪʨʳ ʜʘʪʯʠʢʦʚ ʠ ʘʣʛʦʨʠʪʤʳ ɹʉʆ. ɺ ʢʘʯʝʩʪʚʝ ʯʘʩʪʦʪʳ ʟʘʤʳʢʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʉʋ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʦʪʘ 20 ɻʮ, ʧʦʣʫʯʘʝʤʘʷ ʧʨʦʛʨʘʤʤʥʳʤ ʜʝʣʠʪʝʣʝʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʟʘʤʳʢʘʥʠʷ 

ʦʩʪʘʝʪʩʷ ʛʦʨʘʟʜʦ ʚʳʰʝ ʯʘʩʪʦʪʳ ʩʨʝʟʘ; 

- ʧʦʪʦʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ: ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʧʫʣʴʪʦʤ 
ʫʧʨʘʚʣʝʥʠʷ. ʆʙʤʝʥ ʧʦ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʟʘʧʨʦʩ-ʦʪʚʝʪ ʩ 

ʯʘʩʪʦʪʦʡ 10 ɻʮ, ʧʨʠ ʵʪʦʤ ʤʘʩʪʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ (ʇʋ). ɼʣʷ ʫʜʦʙʩʪʚʘ ʥʘʩʪʨʦʡʢʠ 

ʊʇɸ ʥʘ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ ʚ ʧʨʦʪʦʢʦʣʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʇʋ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʧʘʢʝʪʦʚ 

ʚʚʝʜʝʥʳ ʝʱʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʢʝʪʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʤʝʭʘʥʠʟʤ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʦʚ ʉʋ ʠ ʀʀʂ; 

- ʧʦʪʦʢʠ ʦʙʤʝʥʘ ʩ ʜʘʪʯʠʢʘʤʠ ʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ: ʦʪʚʝʯʘʶʪ ʟʘ ʦʧʨʦʩ ʧʝʨʠʬʝʨʠʡʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʠ ʨʘʩʧʘʢʦʚʢʫ ʩʦʦʙʱʝʥʠʡ, ʧʨʠʭʦʜʷʱʠʭ ʦʪ ʥʠʭ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʩ ʜʘʪʯʠʢʦʚ, ʚʝʜʝʪʩʷ ʧʦ ʟʘʜʝʨʞʢʘʤ, ʧʦʜʙʠʨʘʝʤʳʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʘʩʪʦʪʳ ʚʳʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʢʨʝʪʥʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʉʋ ʚ ʮʝʣʦʤ ʧʨʠ ʦʪʢʘʟʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʦʨʘ. 

ʆʧʠʩʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʠʜʘʪʴ ʙʦʨʪʦʚʦʡ ʀʋʉ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʝʣʘʶʪ ʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʦʪʣʘʜʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ.  

ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʫʣʴʪʦʚʦʡ ʯʘʩʪʠ ʀʋʉ ʨʘʟʤʝʱʝʥʦ ʚ ʜʚʫʭ ʙʣʦʢʘʭ ʇʋ ï ʙʣʦʢʝ 

ʫʧʨʘʚʣʝʥʠʷ (ɹʋ) ʠ ʢʦʥʩʦʣʠ ʫʧʨʘʚʣʝʥʠʷ (ʂʋ).  

ɺ ʩʦʩʪʘʚ ɹʋ ʚʭʦʜʷʪ: ʤʦʜʫʣʴ ʉɺʉ; ʚʠʜʝʦʩʝʨʚʝʨ Axis 241Q ʩ 4-ʤʷ ʢʘʥʘʣʘʤʠ; ʕɺʄ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʩʝʢʪʦʨʥʦʛʦ ʦʙʟʦʨʘ (ɻʉʆ); 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ RS232/485/422 ʚ Ethernet (Moxa NPort); ʢʦʤʤʫʪʘʪʦʨ Ethernet. 

ʉɺʉ ʩʦʩʪʦʠʪ ʠʟ ʚʳʯʠʩʣʠʪʝʣʷ Advantech PCM-3380F ʠ ʧʣʘʪʳ ʚʠʜʝʦʟʘʭʚʘʪʘ RTD 

MSMS104+. ɼʣʷ ʨʘʙʦʪʳ ʉɺʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʦʨʦʪʥʘʷ ʥʦʩʦʚʘʷ ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʢʘʤʝʨʘ ʊʇɸ. 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʉʋ ʚ ʨʝʞʠʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʜʘʥʥʳʤ ʉɺʉ ʦʥʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʢʣʦʥʝʥʘ ʚʥʠʟ ʥʘ ʫʛʦʣ 70ę ʦʪ ʛʦʨʠʟʦʥʪʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʊʇɸ 

ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʘ ʂʋ ʠ ʜʘʣʝʝ ʥʘ ʙʦʨʪ ʊʇɸ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʉɺʉ ʦʧʝʨʘʪʦʨ 

ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʥʦʩʦʚʦʡ ʠʣʠ ʢʦʨʤʦʚʦʡ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ. 

ɺʩʝ ʨʘʟʤʝʱʝʥʥʳʝ ʚ ɹʋ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ, ʠʤʝʶʪ ʠʥʪʝʨʬʝʡʩ Ethernet, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʝʜʠʥʫʶ ʩʝʪʴ ʠ ʩʥʠʟʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʙʝʣʝʡ ʤʝʞʜʫ ʂʋ ʠ ɹʋ. ʅʘ ʫʨʦʚʥʝ ʆʉ ʜʨʘʡʚʝʨ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ RS232/485/422 ʚ 

Ethernet ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʨʪʳ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʕɺʄ.  

ʂʋ (ʨʠʩ. 2) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ (ʩʝʥʩʦʨʥʳʡ ʵʢʨʘʥ), ʨʫʢʦʷʪʢʘ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ (ʈʋɼ), ʫʢʘʟʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ɻʉʆ) ʠ 

ʤʦʥʠʪʦʨ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʣʝʤʝʪʨʠʠ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ, ʦʜʥʦʧʣʘʪʥʫʶ 

ʕɺʄ ʬʦʨʤʘʪʘ EPIC Netpune (Diamond Systems). ɼʘʥʥʘʷ ʕɺʄ ʠʤʝʝʪ: 

- ʚʩʪʨʦʝʥʥʳʡ ʚʠʜʝʦʘʜʘʧʪʝʨ ʩ ʘʧʧʘʨʘʪʥʦʡ ʧʦʜʜʝʨʞʢʦʡ OpenGL 1.3 ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ 

ʚʠʜʝʦʧʦʪʦʢʘ MPEG-2;  



 69 

- ʜʚʘ ʚʳʭʦʜʘ ʩʝʪʠ Ethernet: ʦʜʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ɹʋ, ʚʪʦʨʦʡ ʚʳʚʝʜʝʥ 

ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʲʝʤ ʂʋ;  

- ʚʩʪʨʦʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʩ ʜʠʘʧʘʟʦʥʦʤ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 8-28ɺ. 

 

 
ʈʠʩ. 2. ʂʦʥʩʦʣʴ ʫʧʨʘʚʣʝʥʠʷ ʊʇɸ 

 

ʇʦ ʦʩʷʤ ʈʋɼ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʤ, ʤʘʨʰʝʤ ʠ ʣʘʛʦʤ ʊʇɸ. ɼʚʝ ʢʥʦʧʢʠ, 

ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʨʫʢʦʷʪʢʝ, ʫʧʨʘʚʣʷʶʪ ʜʚʠʞʝʥʠʝʤ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʙʝʟ ʨʝʛʫʣʠʨʦʚʢʠ 

ʫʨʦʚʥʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ.  

ɺʩʝ ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʊʇɸ, ʜʨʫʛʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʝʥʩʦʨʥʦʤ ʵʢʨʘʥʝ. ʕʢʨʘʥ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʦʙʣʘʩʪʠ: ʧʦʩʪʦʷʥʥʳʡ 

ʥʘʙʦʨ ʢʥʦʧʦʢ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʥʦʧʢʠ.  

ʇʦʩʪʦʷʥʥʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʊʇɸ, ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʉʋ, 

ʣʝʙʝʜʢʦʡ, ʥʘʢʣʦʥʦʤ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ. ʏʘʩʪʴ ʧʦʩʪʦʷʥʥʳʭ ʢʥʦʧʦʢ ʟʘʜʘʝʪ ʦʪʦʙʨʘʞʘʝʤʳʡ 

ʥʘʙʦʨ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʥʦʧʦʢ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʥʦʧʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʧʦʜʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʘ, ʫʧʨʘʚʣʝʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʊʇɸ, ʚʳʙʦʨ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʢʘʥʘʣʘ ʚʠʜʝʦʩʝʨʚʝʨʘ, ʚʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʦʩʦʚʦʡ ʪʝʣʝʚʠʟʠʦʥʥʦʡ 

ʢʘʤʝʨʳ, ʥʘʩʪʨʦʡʢʠ ɻɸʅʉ, ʫʧʨʘʚʣʝʥʠʝ ʚʳʚʦʜʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʇʋ ʚʳʙʨʘʥʘ ʆʉ Linux (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʕɺʄ ɻʉʆ) 

ʠʩʭʦʜʷ ʠʟ ʜʦʩʪʫʧʥʦʩʪʠ ʜʨʘʡʚʝʨʦʚ, ʥʘʣʠʯʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʡ ʆʉ, ʧʦʜʜʝʨʞʢʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʡ ʛʨʘʬʠʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ, ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʦʙʨʘʟʘ.  

ʋʢʘʟʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʘʟʤʝʱʝʥʥʦʝ ʥʘ ʂʋ, ʧʦʜʢʣʶʯʝʥʦ ʢ ʕɺʄ ɻʉʆ ʠ ʵʤʫʣʠʨʫʝʪ 

ʨʘʙʦʪʫ ʤʘʥʠʧʫʣʷʪʦʨʘ ʪʠʧʘ çʤʳʰʴè. ɺʠʜʝʦʚʳʭʦʜ ʕɺʄ ʧʦʜʢʣʶʯʝʥ ʥʘ ʚʭʦʜ ʚʠʜʝʦʩʝʨʚʝʨʘ. 

ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʥʘʩʪʨʦʡʢʫ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ ɻʉʆ (Tritech Super 

SeaKing) ʚʤʝʩʪʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ. ʕɺʄ ɻʉʆ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʣʦʢʘʪʦʨʘ. 

ʇʨʦʛʨʘʤʤʘ ʂʋ ʩʜʝʣʘʥʘ ʤʥʦʛʦʧʦʪʦʯʥʦʡ. ʎʝʥʪʨʘʣʴʥʳʡ ʧʦʪʦʢ ʟʘʥʠʤʘʝʪ ʦʙʨʘʙʦʪʯʠʢ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (ʵʢʨʘʥʥʳʝ ʢʥʦʧʢʠ ʩʝʥʩʦʨʥʦʛʦ ʵʢʨʘʥʘ ʠ ʪʝʣʝʤʝʪʨʠʷ ʩ ʊʇɸ) ʠ ʚ ʥʝʤ 
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ʥʝʜʦʧʫʩʪʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʝʨʞʝʢ, ʪʘʢ ʢʘʢ ʚ ʵʪʠ ʤʦʤʝʥʪʳ ʧʨʝʢʨʘʱʘʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʥʘʞʘʪʠʷ ʵʢʨʘʥʥʳʭ ʢʥʦʧʦʢ.  

ɺʪʦʨʦʡ ʧʦʪʦʢ ʨʘʙʦʪʘʝʪ ʩ ʯʘʩʪʦʪʦʡ 100 ɻʮ. ɺ ʥʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʣʦʛʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʊʇɸ ʠ ɻɸʅʉ, ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʈʋɼ (ʬʠʣʴʪʨʘʮʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ). ʀʩʧʦʣʴʟʫʷ 

ʜʝʣʠʪʝʣʴ ʯʘʩʪʦʪʳ (ʜʦ 10 ɻʮ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʚ ʧʦʨʪʳ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ. 

ʊʨʝʪʠʡ ʧʦʪʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʩʦ ʚʩʝʭ ʧʦʨʪʦʚ ʠ ʘʥʘʣʠʟ ʧʦʩʪʫʧʘʶʱʠʭ 

ʜʘʥʥʳʭ. 

ʏʝʪʚʝʨʪʳʡ ʧʦʪʦʢ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʚʠʜʝʦʩʠʛʥʘʣʘ ʩ ʚʠʜʝʦʩʝʨʚʝʨʘ. ʉ ʵʢʨʘʥʥʳʭ 

ʢʥʦʧʦʢ ʩʝʥʩʦʨʥʦʛʦ ʵʢʨʘʥʘ ʟʘʜʘʝʪʩʷ ʦʪʦʙʨʘʞʘʝʤʳʡ ʢʘʥʘʣ ʚʠʜʝʦʩʝʨʚʝʨʘ ʠʣʠ ʢʚʘʜʨʘʪʦʨ 

(ʠʟʦʙʨʘʞʝʥʠʷ ʩʦ ʚʩʝʭ 4-ʭ ʢʘʥʘʣʦʚ, ʫʤʝʥʴʰʝʥʥʳʝ ʧʦ ʚʳʩʦʪʝ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʠ ʚ ʜʚʘ ʨʘʟʘ).  

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʀʋʉ ʚ ʧʦʣʫʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʷʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʕɺʄ. ʆʥʘ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʲʝʤʫ ʥʘ ɹʋ ʠʣʠ ʂʋ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʥʘ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʚ ʩʝʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ 

ʢʦʤʧʣʝʢʩʘ. ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʂʋ, ʫʩʪʨʦʡʩʪʚ ʚ ɹʋ ʠ ʊʇɸ (ʭʨʘʥʷʱʠʝʩʷ ʥʘ ʂʋ ʠ 

ʟʘʧʠʩʳʚʘʝʤʳʝ ʥʘ ʊʇɸ ʧʦ ʚʥʝʰʥʝʡ ʢʦʤʘʥʜʝ) ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʫʜʘʣʝʥʥʦ ʧʦ ʩʝʪʠ.  

ʀʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʜʘʥʥʦʡ ʕɺʄ ʫʩʪʘʥʦʚʣʝʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʄɺʊʋ 3.0. ʆʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʛʨʘʤʤʦʡ ʢʦʥʩʦʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʨʦʪʦʢʦʣʫ 

UDP ʠ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʙʝʟ ʚʳʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʠʣʠ 

ʧʝʨʝʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʂʋ. ʀʟ ʄɺʊʋ ʯʝʨʝʟ ʂʋ ʦʪʧʨʘʚʣʷʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʊʇɸ ʩ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʪʨʝʙʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʉʋ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʦʰʝʥʳ 

ʧʝʨʝʤʝʥʥʳʝ ʠ ʜʘʥʥʳʝ ʠʟ ʧʨʦʛʨʘʤʤʳ ʂʋ. 

ʊʘʢʞʝ ʠʟ ʄɺʊʋ ʤʦʞʥʦ ʧʦʜʘʪʴ ʢʦʤʘʥʜʫ ʥʘ ʟʘʧʠʩʴ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʥʘ ʊʇɸ ʩ 

ʂʋ ʧʦʩʣʝ ʝʛʦ ʠʟʤʝʥʝʥʠʷ. ɼʨʫʛʘʷ ʢʦʤʘʥʜʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʙʨʘʪʥʫʶ ʦʧʝʨʘʮʠʶ.  

ɼʣʷ ʧʨʦʛʨʘʤʤʳ ʂʋ ʨʝʘʣʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʬʫʥʢʮʠʷ ʟʘʛʨʫʟʢʠ ʥʦʚʦʛʦ ʬʘʡʣʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʣʷ ʯʪʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʘʡʣ ʜʦʩʪʫʧʝʥ ʧʦ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʧʦʜʘʚʘʝʤʳʭ ʠʟ ʄɺʊʋ ʢʦʤʘʥʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʂʋ, ɹʋ, ʊʇɸ ʩ ʦʩʥʦʚʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʪʣʘʜʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤ 

ʢʦʤʧʣʝʢʩʘ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʅʀʀʉʄ ʧʦ ʩʦʟʜʘʥʠʶ ʀʋʉ ʘʧʧʘʨʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʘ ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʊʇɸ, ʇʋ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʊʇɸ ʚ ʛʠʜʨʦʢʘʥʘʣʝ ʎɸɻʀ.  
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  ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʆʉʆɹɽʅʅʆʉʊɽʁ ʈɸɹʆʊʓ ɻʀɹʂʀʍ ʂɸɹɽʃɽʁ ɺ ɻʃʋɹʆʂʆɺʆɼʅʓʍ ʋʉʃʆɺʀʗʍ 

 

ɺ.ɺ. ɺʝʣʴʪʠʱʝʚ, ʉ.ɺ. ʎʚʝʪʢʦʚ  

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʄʦʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

105005, ʄʦʩʢʚʘ, ɻʦʩʧʠʪʘʣʴʥʳʡ ʧʝʨ., 5., ʪʝʣ./ʬʘʢʩ: (499) 263-61-15, 

e-mail: sm42@sm.bmstu.ru  

 
ʇʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʛʠʙʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʚʦʜʥʳʭ ʢʘʙʝʣʝʡ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʩʤʦʪʢʝ ʢʘʙʝʣʷ ʩ ʙʘʨʘʙʘʥʘ 
ʣʝʙʝʜʢʠ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ.  

 

 

ʂʘʙʝʣʴʥʘʷ ʣʠʥʠʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ 

(ʊʅʇɸ) ʩ ʩʫʜʥʦʤ ʦʙʝʩʧʝʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʠʣʦʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚʩʝʡ ʧʦʜʚʦʜʥʦʡ 

ʧʨʠʚʷʟʥʦʡ ʩʠʩʪʝʤʳ. ʄʥʦʛʦʞʠʣʴʥʳʡ ʛʠʙʢʠʡ ʢʘʙʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʘʥʠʟʦʪʨʦʧʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʨʦʩʣʦʝʢ ʤʝʞʜʫ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʥʠʞʘʶʱʠʤʠ ʪʨʝʥʠʝ, ʚʦʟʤʦʞʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʙʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʟʛʠʙʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʛʠʙʢʠʭ ʤʥʦʛʦʞʠʣʴʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʥʘʟʝʤʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1, 2]. ʇʦʜʚʦʜʥʳʡ ʤʥʦʛʦʞʠʣʴʥʳʡ ʢʘʙʝʣʴ ʧʦ ʫʩʣʦʚʠʷʤ ʩʠʣʦʚʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: 

- ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʥʘʨʫʞʥʫʶ ʦʙʦʣʦʯʢʫ ʢʘʙʝʣʷ ʚʩʝʛʜʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʜʘʚʣʝʥʠʝ 

ʚʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʛʣʫʙʠʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʅʇɸ;  

- ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʊʅʇɸ ʥʘ ʧʦʜʚʦʜʥʦʤ ʦʙʠʪʘʝʤʦʤ ʥʦʩʠʪʝʣʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʚʫʭʟʚʝʥʥʦʡ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʚʷʟʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢ ʤʝʩʪʫ ʨʘʙʦʪ ʢʘʙʝʣʴ ʥʘ ʙʘʨʘʙʘʥʝ ʣʝʙʝʜʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚʳʭʦʜ ʠʟ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʌʠʟʠʢʘ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʠʙʢʦʛʦ ʢʘʙʝʣʷ 

ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʘ. ʊʘʢ ʢʘʢ ʢʘʙʝʣʴ ʊʅʇɸ ʥʝ ʩʦʜʝʨʞʠʪ ʟʘʱʠʪʥʳʭ ʙʨʦʥʝʚʳʭ ʩʣʦʝʚ, ʪʦ ʚʥʝʰʥʝʝ 

ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʚʳʟʳʚʘʝʪ ʦʙʞʠʤ ʥʘʨʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʢʘʙʝʣʷ ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ 

ʪɻʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʝʞʵʣʝʤʝʥʪʥʳʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʨʠ ʠʟʛʠʙʝ ʢʘʙʝʣʷ, ʠ ʤʝʥʷʪʴʩʷ ʝʛʦ 

ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʘ ʩʠʣ ʪʨʝʥʠʷ 

ʧʨʠ ʠʟʛʠʙʝ ʢʘʙʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʜʦ 40% ʦʪ ʦʙʱʝʡ ʨʘʙʦʪʳ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʢʘʙʝʣʷ [3]. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʥʝʰʥʶʶ ʦʙʦʣʦʯʢʫ ʢʘʙʝʣʷ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʵʪʘ ʚʝʣʠʯʠʥʘ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʛʠʙʢʦʛʦ ʢʘʙʝʣʷ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʅʀʀʉʄ 

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʦʜʚʦʜʥʳʭ ʢʘʙʝʣʝʡ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʘʤʝʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʥʘʛʨʫʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʨʠʩ. 1, 2). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʪʠʧʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʦʜʥʦʛʦ ʢʘʙʝʣʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3, 4. 

ʅʘ ʛʨʘʬʠʢʝ ʨʠʩ. 4 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʞʝʩʪʢʦʩʪʠ 

ʢʘʙʝʣʷʩʨEJ ʚ ʜʠʘʧʘʟʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʪ 0 ʜʦ 40 ʄʇʘ. ʇʨʠ ʜʘʚʣʝʥʠʠ 40 ʄʇʘ ʩʨʝʜʥʷʷ 

ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʢʘʙʝʣʷ ʚʦʟʨʘʩʪʘʝʪ ʚ 3,5 ʨʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ 
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ʝʝ ʟʥʘʯʝʥʠʶ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʙʝʣʷ. 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʰʘʨʥʠʨʥʦ-ʨʳʯʘʞʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʠʟʛʠʙʘ ʢʘʙʝʣʷ ʚʩʪʨʝʯʥʳʤʠ ʤʦʤʝʥʪʘʤʠ 

ʈʠʩ. 2. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʢʦʥʩʦʣʴʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʢʘʙʝʣʷ 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ( )f F  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʡ ʠʟʛʠʙʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʢʘʙʝʣʷ 
ʩʨEJ ʦʪ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ 

 

ʀʟʤʝʥʝʥʠʝ EJ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʘʙʝʣʷ ʧʨʠ ʝʛʦ ʩʤʦʪʢʝ ʩ 

ʙʘʨʘʙʘʥʘ ʣʝʙʝʜʢʠ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʠʟʛʠʙʘ ʩʪʝʨʞʥʷ ʙʦʣʴʰʦʡ 
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 ï ʢʨʠʚʠʟʥʘ ʥʝʥʘʛʨʫʞʝʥʥʦʛʦ ʢʘʙʝʣʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ; ʄï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ.  

ɸʧʧʨʦʢʩʠʤʠʨʫʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ( )EJ f p ʩʪʝʧʝʥʥʳʤ ʨʷʜʦʤ ʚʠʜʘ 

3 2

0 1 2 3 0( ) (1 ) ( )EJ p EJ a p a p a p EJ f p, ʛʜʝ 0EJ  ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʘʙʝʣʷ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʊʦʛʜʘ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʘʙʝʣʷ 
k

 ʧʨʠ ʝʛʦ ʨʘʟʤʦʪʢʝ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ  

0

( )

( ) / 1

ʙ
k

ʙ

f p

f p
. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʪʘʢʦʡ ʦʮʝʥʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʢʘʙʝʣʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʤʠʪʠʨʦʚʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʢʘʙʝʣʷ 

ʥʘ ʙʘʨʘʙʘʥʝ ʣʝʙʝʜʢʠ (ʨʠʩ. 5). ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʨʘʟʝʮ 
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ʢʘʙʝʣʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʰʘʙʣʦʥʝ ʩ ʮʝʣʴʶ ʠʤʠʪʘʮʠʠ ʨʝʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ 

ʙʘʨʘʙʘʥʘ ʣʝʙʝʜʢʠ 
1

ʙ
. ʇʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʫʩʢʦʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʝʮ ʢʘʙʝʣʴ ʦʩʚʦʙʦʞʜʘʣʩʷ ʦʪ ʜʝʡʩʪʚʠʷ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʤʝʨʠʪʝʣʝʤ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʦʩʪʘʪʦʯʥʘʷ ʢʨʠʚʠʟʥʘ ʥʝʥʘʛʨʫʞʝʥʥʦʛʦ ʢʘʙʝʣʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ( )EJ p  ʠ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʝʝ ʬʫʥʢʮʠʠ 
0 ( )EJ f p . 

  
ʈʠʩ. 5. ʉʭʝʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʢʘʙʝʣʷ 

 

 ʇʦʣʫʯʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ( )k f t  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6. ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʢʘʙʝʣʷ (/k k ʙ
) ʚ ʬʫʥʢʮʠʠ ʜʘʚʣʝʥʠʷ. ʊʘʤ 

ʞʝ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ 
k

 ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʦʡ ʢʨʠʚʠʟʥʳ 

ʢʘʙʝʣʷ ʧʨʠ ʝʛʦ ʥʘʤʦʪʢʝ ʥʘ ʙʘʨʘʙʘʥ. ʀʟ ʚʠʜʘ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ 

ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩʝʨʠʡʥʦʛʦ ʢʘʙʝʣʷ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʜʠʫʩʘ ʢʘʙʝʣʷ ʧʦʩʣʝ ʝʛʦ ʩʤʦʪʢʠ ʩ ʙʘʨʘʙʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʝʰʥʝʛʦ 

ʜʘʚʣʝʥʠʷ. ʇʨʠ ʜʘʚʣʝʥʠʠ 30p  ʄʇʘ ʨʘʜʠʫʩ ʨʘʟʤʦʪʘʥʥʦʛʦ ʢʘʙʝʣʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 10% 

ʧʨʝʚʳʰʘʝʪ ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ ʣʝʙʝʜʢʠ ʜʘʞʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʦʙʨʘʟʮʝ ʢʘʙʝʣʷ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʛʨʘʬʠʢʦʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʦʮʝʥʢʦʡ ʦʞʠʜʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʙʝʣʷ ʧʦʩʣʝ ʝʛʦ ʩʤʦʪʢʠ ʩ ʙʘʨʘʙʘʥʘ 

ʣʝʙʝʜʢʠ. 
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ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʦʩʝʚʦʡ ʣʠʥʠʠ ʢʘʙʝʣʷ 

ʚʦ ʚʨʝʤʝʥʠ 
ʈʠʩ. 7. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

( )k f p  ʠ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 
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ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʨʷʜ ʚʘʞʥʳʭ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʚʳʚʦʜʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʛʠʙʢʦʛʦ ʢʘʙʝʣʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʠʟʛʠʙʥʳʤʠ 

ʠ ʢʨʫʪʠʣʴʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʘ ʙʘʨʘʙʘʥʝ ʣʝʙʝʜʢʠ ʚ ʩʚʦʙʦʜʥʦʝ ʦʪ ʥʘʛʨʫʟʦʢ ʩʦʩʪʦʷʥʠʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʫʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʠʨʘʣʝʚʠʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʙʝʣʷ ʥʘ ʫʯʘʩʪʢʝ ʤʝʞʜʫ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʣʝʙʝʜʢʦʡ ʠ ʊʅʇɸ (ʨʠʩ. 8). ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩʧʠʨʘʣʠ 
k

 ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʦʡ 

ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʢʘʙʝʣʷ. ʇʨʠ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʙʝʣʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ 

ʵʢʚʠʚʘʣʝʥʪʝʥ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʫʞʠʥʝ ʠ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ, ʥʝʫʯʪʝʥʥʫʶ ʫʧʨʫʛʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʩʨʝʜʩʪʚʘ ʜʚʠʞʝʥʠʷ ʊʅʇɸ. ʉʦʚʝʨʰʝʥʥʦ ʥʝʜʦʧʫʩʪʠʤʘ ʪʘʢʘʷ ʛʝʦʤʝʪʨʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʢʘʙʝʣʷ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʝʛʦ ʟʘʮʝʧʘ ʦ 

ʜʦʥʥʳʝ ʦʙʲʝʢʪʳ.  ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʘʣʴʥʳʤʠ 

ʧʦʜʚʦʜʥʳʤʠ ʚʠʜʝʦʩʲʝʤʢʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʙʦʨʪʘ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʦʙʠʪʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ 

çʄʠʨè ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ. ɺ 1993 ʛʦʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʩʤʦʪʨʦʚʳʭ ʨʘʙʦʪ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʙʲʝʤʘʭ ʟʘʪʦʥʫʚʰʝʡ ʘʪʦʤʥʦʡ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʝ 

çʂʦʤʩʦʤʦʣʝʮè ʦʙʠʪʘʝʤʳʡ ʘʧʧʘʨʘʪ ʙʳʣ ʜʦʦʩʥʘʱʝʥ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʤ ʊʅʇɸ 

çʌʀʐ-103è. ʂʘʙʝʣʴ, ʩʚʷʟʳʚʘʶʱʠʡ ʊʅʇɸ ʩ ʥʦʩʠʪʝʣʝʤ, ʠʤʝʣ ʜʠʘʤʝʪʨ 16 ʤʤ ʠ ʙʳʣ ʥʘʤʦʪʘʥ 

ʥʘ ʣʝʙʝʜʢʫ ʙʝʟ ʥʘʪʷʞʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʜʠʘʤʝʪʨʦʤ ʙʘʨʘʙʘʥʘ 0,3 ʤ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ 

ʛʣʫʙʠʥʝ 1690 ʤʝʪʨʦʚ. ʂʘʜʨʳ ʧʦʜʚʦʜʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʘʙʝʣʷ ʧʨʠ ʚʳʭʦʜʝ 

ʊʅʇɸ ʩ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ çʄʠʨè ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 9. 

  

ʈʠʩ. 8. ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʦʜʚʦʜʥʦʛʦ ʢʘʙʝʣʷ ʧʨʠ 

ʝʛʦ ʩʤʦʪʢʝ ʩ ʙʘʨʘʙʘʥʘ ʣʝʙʝʜʢʠ 

ʈʠʩ. 9. ʊʅʇɸ çʌʀʐ-103è ʧʨʠ ʨʘʙʦʪʘʭ ʥʘ 

ɸʇʃ çʂʦʤʩʦʤʦʣʝʮè 

  ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʙʝʣʷ ʤʦʞʥʦ ʩʥʠʟʠʪʴ, 

ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʙʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʞʠʜʢʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʣʠ ʠʤʝʶʱʠʝ ʥʘʨʫʞʥʫʶ 

ʦʙʦʣʦʯʢʫ, ʧʨʦʥʠʮʘʝʤʫʶ ʜʣʷ ʤʦʨʩʢʦʡ ʚʦʜʳ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʦʥʠʮʘʝʤʦʛʦ ʢʘʙʝʣʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʦʧʳʪʥʳʡ ʢʘʙʝʣʴ ʂɻʆ ʊʋ ʅʎʀʗ 237-99, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦ ʟʘʜʘʥʠʶ ʅʀʀʉʄ ʄɻʊʋ 

ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʚ ʆɸʆ çʅʀʂʀè ʛ. ʊʦʤʩʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʘʙʝʣʷ ʂɻʆ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʫʶ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʚʥʝʰʥʝʤʫ 

ʜʘʚʣʝʥʠʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʙʝʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ 

ʥʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪ ʪʦʢʦʚʝʜʫʱʠʭ ʞʠʣ ʚ ʩʨʝʜʫ, ʠ ʧʦʵʪʦʤʫ ʧʦʯʪʠ ʚ 

ʜʚʘ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʧʫʩʪʠʤʘʷ ʪʦʢʦʚʘʷ ʥʘʛʨʫʟʢʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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3. ʀʩʤʘʠʣʦʚ ɻ.ʄ., ʉʦʭʘʥʝʚ ɹ.ɺ., ʉʘʧʦʞʢʦʚ ʄ.ɸ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 
ʠʟʛʠʙʘ // ʊʨʫʜʳ ʰʝʩʪʦʡ ʩʝʩʩʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʳ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʧʨʦʙʣʝʤʳ ʪʝʦʨʠʠ ʪʦʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ. ï ʉʇʙ.: ʀʇʄʘʰ ʈɸʅ, 

2003. ï ʉ.39-42. 
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ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʚʦʜʥʳʭ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʥʝʰʥʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ (ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ 
ʩʨʝʜʳ, ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʧʦʠʩʢʘ, ʜʨʫʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʝʢʪʘ).  

 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʨʘʟʥʦʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ 

ʧʨʦʮʝʩʩʘʤʠ ʪʘʢʠʭ, ʢʘʢ ʧʦʠʩʢ ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ, ʘʢʪʫʘʣʝʥ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʣʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʨʝʜʘʭ ï ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ, ʥʘ ʧʣʘʚʫʯʠʭ ʠ ʥʘʟʝʤʥʳʭ 

ʩʨʝʜʩʪʚʘʭ[1]. ʄʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʉɸʇʈ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʠʟʜʝʣʠʷ, ʧʦʵʪʦʤʫ ʢʦʥʩʪʨʫʢʪʦʨ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ (ʊʇɸ) ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʠʩʢʦʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʩʥʘʩʪʠʪʴ ʘʧʧʘʨʘʪ 

ʪʨʝʙʫʝʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʠʩʢʘ, ʘ ʪʘʢ ʞʝ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ ʊʇɸ ʚ ʟʘʜʘʥʥʳʡ ʨʘʡʦʥ ʧʨʠ 

ʥʘʣʠʯʠʠ ʪʝʯʝʥʠʡ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʈʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ï ʚ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʵʩʢʠʟʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʚ ʉɸʇʈ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʠʭ ʤʥʦʞʝʩʪʚ ʠ 

ʛʨʘʬʦʚ [2, 3]. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʪʠʧʝ ʧʦʠʩʢʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ ʊʇɸ 

ʚʳʜʝʣʝʥʳ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ, ʦʙʲʝʢʪʘ ʧʦʠʩʢʘ, ʧʦʠʩʢʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʊʇɸ, ʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 

ʘʥʘʣʠʟʘ ʨʝʰʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʤʥʦʞʝʩʪʚ. 

ʅʘ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ [4]: 

1)  ʛʣʫʙʠʥʘ ʧʦʠʩʢʘ; 

2)  ʩʦʣʝʥʦʩʪʴ ʚʦʜʳ; 

3)  ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ; 

4)  ʦʩʣʘʙʣʝʥʠʝ ʩʚʝʪʘ ʚ ʚʦʜʝ; 

5)  ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ; 

6)  ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ; 

7)  ʤʘʛʥʠʪʥʳʝ ʧʦʣʝ ɿʝʤʣʠ; 

8)  ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʡ ʚ ʨʘʡʦʥʝ ʨʘʙʦʪ; 

9)  ʩʢʦʨʦʩʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ; 

10)  ʚʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ; 

11)  ʪʝʯʝʥʠʝ (ʧʦʩʪʦʷʥʥʳʝ, ʧʨʠʣʠʚʥʳʝ); 

12)  ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

 

ʉʪʨʫʢʪʫʨʘ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1) ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ; 

2) ʨʝʣʴʝʬ; 

3)  ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ; 

4)  ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ. 
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ʉʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʧʦʠʩʢʘ ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ ʚ ʥʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʚʝʩ ʚ 

ʚʦʟʜʫʭʝ ʠ ʚʦʜʝ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪ ʤʦʞʝʪ: 

 ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʡ (ʚʠʜʠʤʳʡ 

ʜʠʘʧʘʟʦʥ ʩʚʝʪʘ, ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʨʘʜʠʦʘʢʪʠʚʥʦʝ 

ʠʟʣʫʯʝʥʠʝ); 

 ʦʪʨʘʞʘʪʴ ʠʣʠ ʧʦʛʣʦʱʘʪʴ ʠʟʣʫʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʠʩʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 
ʦʙʲʝʢʪ; 

 ʠʟʤʝʥʷʪʴ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʦʢʨʫʞʘʶʱʝʡ ʦʙʲʝʢʪ ʧʦʠʩʢʘ 

(ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʧʪʠʯʝʩʢʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ, ʚʳʟʳʚʘʪʴ ʜʚʠʞʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, 

ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ). 

ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʨʝʜʩʪʚʘ ʧʦʠʩʢʘ ʥʘ ʥʦʩʠʪʝʣʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʚʦʡʩʪʚʘ: 

1) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ; 

2)  ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʛʣʫʙʠʥʘ; 

3)  ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ; 

4)  ʚʝʩ ʚ ʚʦʟʜʫʭʝ ʠ ʚʦʜʝ; 

5)  ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʷ; 

6)  ʪʠʧʳ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ; 

7)  ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ; 

8)  ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʣʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 

9)  ʨʘʟʤʝʨʳ ʦʙʩʣʝʜʫʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ; 

10)  ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ. 

ʉʨʝʜʩʪʚʘ ʧʦʠʩʢʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ: 

1) ʤʘʛʥʠʪʥʳʝ; 

2) ʵʣʝʢʪʨʠʯʝʩʢʠʝ; 

3) ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ; 

4) ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ; 

5) ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ; 

6) ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ; 

7) ʪʝʧʣʦʚʦʝ; 

8) ʛʠʜʨʦʦʧʪʠʯʝʩʢʦʝ; 

9) ʨʘʜʠʘʮʠʦʥʥʦʝ; 

10) ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʝ. 

ʃʶʙʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʘʬʘʭ ʦʧʠʩʳʚʘʶʪʩʷ 

ʝʜʠʥʳʤ ʪʝʨʤʠʥʦʤ çʮʚʝʪʘè ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʝʨʩʦʥʘʣʴʥʳʝ ʮʚʝʪʘ ʦʙʲʝʢʪʘ ʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʤʦʛʫʪ ʙʳʪʴ ʝʜʠʥʠʯʥʳʤʠ ʠ ʫʥʠʪʘʨʥʳʤʠ. ɽʜʠʥʠʯʥʳʡ ʮʚʝʪ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʥʢʨʝʪʥʦʤʫ 

ʦʙʲʝʢʪʫ ʠ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ; 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʥʠʪʘʨʥʦʛʦ ʮʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʠ (ʠʣʠ) ʩʚʦʡʩʪʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʠ ʩʪʨʫʢʪʫʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ ʝʜʠʥʠʯʥʳʝ ʠ 

ʫʥʠʪʘʨʥʳʝ ʮʚʝʪʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʦʧʠʩʳʚʘʝʤʳʝ ʛʨʘʬʘʤʠ-

ʜʝʨʝʚʴʷʤʠ ʚʦʩʭʦʜʷʱʝʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ï ʧʨʠ ʜʝʜʫʢʪʠʚʥʦʤ ʤʝʪʦʜʝ ʨʝʰʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʜʘʥʥʳʭ, ʠʣʠ ʜʝʨʝʚʴʷʤʠ ʥʠʩʭʦʜʷʱʝʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ï ʧʨʠ 

ʠʥʜʫʢʪʠʚʥʦʤ ʤʝʪʦʜʝ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ. ʉʦʩʪʘʚ ʚʝʨʰʠʥ ʠ ʜʫʛ ʜʝʨʝʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ.  

ʇʦ ʚʳʜʝʣʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʨʝʜʳ, ʩʚʦʡʩʪʚʘʤ ʦʙʲʝʢʪʘ ʧʦʠʩʢʘ ʠ ʬʠʟʠʯʝʩʢʠʤ ʧʦʣʷʤ 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ ʠ ʚʳʜʝʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ, ʥʦ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʝʱʝ 
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ʥʝ ʩʦʟʜʘʥʳ ʠʣʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʨʝʤʝʥʠ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʮʝʥʝ, ʩʨʦʢʘʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʜʨ. ɽʩʣʠ ʚ ʩʦʩʪʘʚ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʚʭʦʜʷʪ 

ʵʣʝʤʝʥʪʳ, ʬʠʟʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʣʠ ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʦʙʨʝʪʝʥʳ ʥʘ ʚʥʝʰʥʠʭ 

ʨʳʥʢʘʭ, ʪʦ ʧʝʨʝʭʦʜʷʪ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ʉʚʦʡʩʪʚʘ ʊʇɸ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʩʚʦʡʩʪʚ ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ ʠ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʧʧʘʨʘʪʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʙʦʪʝ [5]: 

1) ʚʝʩ ʚ ʚʦʟʜʫʭʝ/ ʚʦʜʝ; 

2) ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ; 

3) ʧʦʜʚʝʜʝʥʥʘʷ ʤʦʱʥʦʩʪʴ; 

4) ʫʧʦʨ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʊʇɸ; 

5) ʪʠʧ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ; 

6) ʚʳʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʠ ʜʦʩʪʫʧʥʘʷ ʤʦʱʥʦʩʪʴ 
ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

7) ʚʠʜʳ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʝ ʊʇɸ (ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʥʠʷ 

ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ); 

8) ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʛʣʫʙʠʥʘ; 

9) ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʘʪʝʨʠʘʣʦʚ ʢʦʨʧʫʩʦʚ ʠ ʨʘʤʳ ʘʧʧʘʨʘʪʘ. 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʊʇɸ ʚʳʙʠʨʘʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ. ɼʣʷ ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʦʪʙʦʨ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ 

ʩ ʧʦʜʣʝʞʘʱʠʤʠ ʩʦʚʤʝʩʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʚʦʜʥʦʛʦ, ʥʘʜʚʦʜʥʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʨʝʜʩʪʚ ʥʘʚʠʛʘʮʠʠ ʠ ʩʚʷʟʠ. 

ɸʥʘʣʦʛʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʘʶʪʩʷ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʙʦʨʦʤ ʠʣʠ ʩʦʟʜʘʥʠʝʤ 

ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʦʧʪʠʯʝʩʢʦʡ, ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪ, 

ʪʨʝʙʫʝʤʳʤʠ ʚʠʜʘʤʠ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʜʘʣʝʥʠʝʤ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʠ ʪ.ʜ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʅʀʈ ʚ ʦʪʜʝʣʝ ʉʄ4-2 ʅʀʀʉʄ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. 
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ʊʝʭʥʦʣʦʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çɽʜʠʥʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʩʪʘʥʦʚʢʝ ʚ ʄʠʨʦʚʦʤ 

ʦʢʝʘʥʝè (ɽʉʀʄʆ) ʩ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʩʫʜʦʚ ʠ ʧʦʜʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʎʝʥʪʨʦʤ ɽʉʀʄʆ ʈɸʅ (ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɽʉʀʄʆ 

ʩ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ɸʇʂ) ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʫʜʦʚ (ʀʂʂɺ-

ʅʀʉ). ɺ ʩʦʩʪʘʚ ɸʇʂ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʩʫʜʦʚʦʝ ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʠʙʦʨʳ, 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʧʫʩʢʘʝʤʳʭ, ʙʫʢʩʠʨʫʝʤʳʭ, 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ ʘʧʧʘʨʘʪʦʚ, ʘʚʪʦʥʦʤʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʜʨ. ʀʂʂɺ-

ʅʀʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʅʀʉ ʚ ʮʝʥʪʨʳ 

ɽʉʀʄʆ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ (ʉʈɹɼ) ɽʉʀʄʆ ʥʘ 

ʅʀʉ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʠʣʠ ʜʨʫʛʠʤ ʜʦʩʪʫʧʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʤʝʥ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ, 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ.  

ʀʂʂɺ-ʅʀʉ ʚʢʣʶʯʘʝʪ ʩʨʝʜʩʪʚʘ, ʨʘʟʤʝʱʘʝʤʳʝ ʥʘ ʅʀʉ ʠ ʚ ʥʘʟʥʘʯʝʥʥʦʤ ʮʝʥʪʨʝ ɽʉʀʄʆ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʙʦʨ ʜʘʥʥʳʭ ʵʢʩʧʝʜʠʮʠʠ (ʨʠʩ.1). 
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ɸʈʄ ñɺʠʟʫʘʣʠʟʘʮʠ̫ ʜʘʥʥr ʭò

ɸʈʄ ñʠʩʩʣʝʜʦʚʘʪʝʣɹò
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ʉʈɹɼ ɽʉʀʄʆ

ʉʧʨʘʚʦʯʥʠʢʠ, ɼʘʥʥr ʝ ʜʣ̫ ʕʢʩʧʝʜʠʮʠʠ
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ʉʪʦʨʦʥʝʝ ʇʆ, ɺʠʟʫʘʣʠʟʘʮʠ̫

ɸʇʂ ɼʘʪʯʠʢ

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʀʂʂɺ ʅʀʉ 

 

 



 80 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʤʝʱʘʝʤʦʝ ʥʘ ʅʀʉ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ:  

- ɸʇʂ çɼʘʪʯʠʢè ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ɸʇʂ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʵʪʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʠʭ ʚ ʩʫʜʦʚʫʶ ʩʝʪʴ 

ʧʦ ʧʨʦʪʦʢʦʣʫ TCP; 

- ʢʦʤʧʦʥʝʥʪʘ çʀʤʧʦʨʪʝʨ ʜʘʥʥʳʭè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʩ 
ʧʦʨʪʦʚ ʊʉʈ; 

- ʢʦʤʧʦʥʝʥʪʘ çʆʙʤʝʥ ʜʘʥʥʳʤʠ ï ʅʀʉè - ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʅʀʉ ʚ ʮʝʥʪʨ 

ɽʉʀʄʆ ʧʦ ʢʘʥʘʣʘʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʚʢʣʶʯʘʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʩʧʫʪʥʠʢʦʚʦʝ 

ʚʝʱʘʥʠʝ; 

- ʙʘʟʘ ʜʘʥʥʳʭ çʕʢʩʧʝʜʠʮʠʷè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʅʀʉ, ʭʨʘʥʝʥʠʷ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʤʝʪʘʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʤʝʱʘʝʤʦʝ ʚ ʮʝʥʪʨʝ ɽʉʀʄʆ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ:  

- ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʝʤʘ ʠ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʠʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʢʦʤʧʦʥʝʥʪʳ çʆʙʤʝʥ ʜʘʥʥʳʤʠ ï ʅʀʉè ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʦʚ 

ʦʙʤʝʥʘ ʩʦ ʩʪʦʨʦʥʳ ʮʝʥʪʨʘ ɽʉʀʄʆ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʟ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʬʘʡʣʦʚ NetCDF ʚ ʙʘʟʫ ʜʘʥʥʳʭ çʕʢʩʧʝʜʠʮʠʠ-ʎʝʥʪʨ ɽʉʀʄʆè (ʨʠʩ. 2);  

 

 
ʈʠʩ. 2. ʂʦʤʧʦʥʝʥʪʘ ʧʨʠʝʤʘ ʠ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʘʡʣʘ NetCDF ʚ ʉʋɹɼ. (ɺʥʫʪʨʠ 

ʨʘʙʦʯʝʛʦ ʦʢʥʘ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʘʡʣʘ RU_SCOC_56_1-18092010-101500) 

 

- ʙʘʟʘ ʜʘʥʥʳʭ çʕʢʩʧʝʜʠʮʠʠ-ʎʝʥʪʨ ɽʉʀʄʆè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʅʀʉ ʚʦ ʚʨʝʤʷ ʨʝʡʩʘ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ 

ʜʘʥʥʳʭ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʧʝʜʠʮʠʠ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ 

ʠʟ ɹɼ çʕʢʩʧʝʜʠʮʠʠ-ʎʝʥʪʨ ɽʉʀʄʆè ʧʦ ʟʘʜʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʨʠʪʝʨʠʷʤ. ɼʘʥʥʳʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʯʝʨʝʟ WEB-ʠʥʪʝʨʬʝʡʩ ʧʦ ʘʜʨʝʩʫ 

http://ias.ocean.ru/gis/ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʀʂʂɺ ʅʀʉ ʯʝʨʝʟ WEB ʠʥʪʝʨʬʝʡʩ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ 

 

ɼʝʡʩʪʚʫʶʱʠʡ ʦʙʨʘʟʝʮ ʀʂʂɺ-ʅʀʉ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʠ ʅʀʉ çɸʢʘʜʝʤʠʢ 

ʀʦʬʬʝè ʚ 2010 ʛ. 
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ʇʈʆɻʈɸʄʄɸ ʈɸʉʏɽʊɸ ʉʊɸʊʀʏɽʉʂʆɻʆ ʈɸɺʅʆɺɽʉʀʗ ʇʆɼɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ,  

ɺ ʉʆʉʊɸɺ ʂʆʊʆʈʓʍ ɺʍʆɼʗʊ ʄɽʍɸʅʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ  

çɻʀɹʂɸʗ ʉɺʗɿʔ  + ʊɺɽʈɼʆɽ ʊɽʃʆè  

 

ɸ.ɺ. ɿʘʨʝʮʢʠʡ  

ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ  

117997, ʄʦʩʢʚʘ, ʅʘʭʠʤʦʚʩʢʠʡ ʧʨʦʩʧʝʢʪ, 36,  

ʪʝʣ.: 8 (499) 129-2745, e-mail: zaretsky@ocean.ru 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦʜʚʦʜʥʳʭ ʪʨʦʩʦʚʳʭ 

ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜʚʦʜʥʳʭ 
ʦʙʲʝʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʙʢʠʝ ʩʚʷʟʠ. 

 

 

ʇʦʜʚʦʜʥʳʝ ʪʨʦʩʦʚʳʝ ʩʠʩʪʝʤʳ (ʇʊʉ), ʪʘʢʠʝ ʢʘʢ ʟʘʷʢʦʨʝʥʥʳʝ ʙʫʡʢʦʚʳʝ ʩʪʘʥʮʠʠ, 

ʙʫʢʩʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʪ ʛʠʙʢʠʝ ʩʚʷʟʠ (ʪʨʦʩʘ, ʙʫʡʨʝʧʳ, ʢʘʙʝʣʠ ʠ ʪ.ʧ.). ʃʶʙʫʶ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʨʠʤʝʨʥʦ 

ʨʘʟʜʝʣʠʚ ʠʭ ʥʘ ʪʚʝʨʜʦʝ ʪʝʣʦ ʠ ʛʦʣʦʥʦʤʠʟʠʨʦʚʘʥʥʫʶ ʛʠʙʢʫʶ ʩʚʷʟʴ ʚ ʚʠʜʝ ʮʝʧʦʯʢʠ ʪʚʝʨʜʳʭ 

ʪʝʣ ʩ ʠʜʝʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ.  ʇʨʠ ʪʘʢʠʭ ʜʦʧʫʱʝʥʠʷʭ ʵʪʫ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʛʦʣʦʥʦʤʥʳʤʠ ʩʚʷʟʷʤʠ. ʅʘʙʦʨ ʪʘʢʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʤʝʨʥʳʡ ʦʙʲʝʢʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʦʣʠ ʵʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ.  ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ 

ʟʘʜʘʯʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʏʪʦ ʜʦʣʞʝʥ ʜʝʣʘʪʴ ʨʦʙʦʪ, ʜʚʠʛʘʷʩʴ ʧʦ ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʝ 

ï ʧʝʨʚʘʷ ʟʘʜʘʯʘ, ʠʣʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʨʝʜʝ (ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ) ï ʚʪʦʨʘʷ ʟʘʜʘʯʘ ʤʝʭʘʥʠʢʠ. 

ʅʘʚʝʨʥʦ ʚʩʝ ʚʤʝʩʪʝ. ɺʩʝ-ʪʘʢʠ ʦʪ ʃʘʛʨʘʥʞʘ ʠ ʅʴʶʪʦʥʘ  ʥʠʢʪʦ ʥʝ ʦʪʦʰʝʣ. ɼʝʪʝʨʤʠʥʠʩʪʩʢʠʡ 

ʤʝʪʦʜ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʩʫʱʥʦʩʪʴ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʤʠʨʝ. ɿʜʝʩʴ ʷ 

ʩʪʘʚʣʶ ʙʦʣʴʰʦʝ ʤʥʦʛʦʪʦʯʠʝé ɾʝʣʘʶʱʠʤ ʩʦʩʪʘʚʣʶ (ʙʝʩʧʣʘʪʥʦ) ʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʇʊʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʪʝʣ 

ʩ ʛʦʣʦʥʦʤʥʳʤʠ ʠʜʝʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ. ɻʠʙʢʘʷ ʩʚʷʟʴ ʧʨʠ ʵʪʦʤ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʰʘʨʥʠʨʥʦ-

ʩʦʯʣʝʥʝʥʥʳʤ ʤʥʦʛʦʟʚʝʥʥʠʢʦʤ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʦʩʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʨʠʝʥʪʘʮʠʠ ʢʘʞʜʦʛʦ ʪʝʣʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʘ ʙʘʟʝ ʘʢʩʠʦʤʳ ʦʩʚʦʙʦʞʜʘʝʤʦʩʪʠ ʦʪ ʩʚʷʟʠ ʩ ʫʯʝʪʦʤ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʤʧʦʥʦʚʢʦʡ ʚ ʠʩʭʦʜʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʩʚʷʟʠ (ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʪʨʠʮʝ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʣʦʚʠʡ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ. ʅʘ ʨʠʩ. 1, 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʨʠʥʳ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʷʞʝʣʦʛʦ ʠ ʣʝʛʢʦʛʦ ʪʝʣʘ. 
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ʈʠʩ. 1. ʉʢʨʠʥ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʷʞʝʣʦʛʦ ʪʝʣʘ 

 

 
ʈʠʩ. 2. ʉʢʨʠʥ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʣʝʛʢʦʛʦ ʪʝʣʘ 

 

ʇʨʝʜʩʪʘʚʣʷʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʘʚʪʦʨʦʤ ʚ ʪʝʯʝʥʠʝ 

ʤʥʦʛʠʭ ʣʝʪ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çʇʦʜʚʦʜʥʘʷ ʤʝʭʘʥʠʢʘè. ʕʪʘ ʢʦʤʧʦʥʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʬʦʨʤʫ ʠ ʥʘʪʷʞʝʥʠʝ ʪʨʦʩʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʜʚʫʭ 

ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ï ʙʫʢʩʠʨʫʝʤʳʭ ʠ ʟʘʷʢʦʨʝʥʥʳʭ (ʟʘʢʨʝʧʣʝʥʥʳʭ) ʩʠʩʪʝʤ. 

ʉ ʧʦʤʦʱʴʶ  ʧʦʜʦʙʥʦʡ ʤʝʪʦʜʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʬʦʨʤʫ ʣʶʙʦʡ ʥʝʟʘʤʢʥʫʪʦʡ ʇʊʉ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʜʝʨʝʚʘè, ʢʦʤʧʦʥʫʷ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʫʯʘʩʪʢʦʚ çʛʠʙʢʘʷ ʩʚʷʟʴ + ʪʚʝʨʜʦʝ ʪʝʣʦè. 

ʇʨʦʛʨʘʤʤʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʘʩʯʝʪʦʚ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦʚʝʨʝʥʘ ʚ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ.  
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʙʝʣʴʥʳʭ ʧʝʨʝʙʦʨʦʯʥʳʭ ʫʧʣʦʪʥʝʥʠʡ 

ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. ɼʘʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʣʦʞʝʥʘ 
ʢʦʥʩʪʨʫʢʮʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʧʦʜʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʙʝʣʴʥʦʛʦ 
ʧʝʨʝʙʦʨʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʦʛʥʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʙʝʣʴʥʳʭ ʧʝʨʝʙʦʨʦʯʥʳʭ ʫʧʣʦʪʥʝʥʠʡ 

ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʯʘʩʪʠ ʚʳʙʦʨʘ ʠ ʦʙʦʩʥʦʚʘʥʠʷ 
ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 

ʆʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʫʜʝʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʥʘʩʳʱʝʥʥʦʩʪʠ ʩʫʜʦʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʩʨʝʜʩʪʚʘʤʠ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ ʧʦ ʢʘʙʝʣʴʥʳʤ ʪʨʘʩʩʘʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʦʛʥʷ ʠʟ ʧʦʤʝʱʝʥʠʷ ʚ ʩʤʝʞʥʦʝ ʧʦʤʝʱʝʥʠʝ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʥʦʨʤʠʨʫʝʤʦʛʦ ʚʨʝʤʝʥʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʛʝʨʤʝʪʠʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʜʚʝʨʝʡ; ʫʧʣʦʪʥʝʥʠʝ ʤʝʩʪ ʧʨʦʭʦʜʘ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʢʘʙʝʣʝʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʫʧʣʦʪʥʝʥʠʶ ʦʪʚʝʨʩʪʠʡ ʚ ʤʝʩʪʘʭ ʧʨʦʭʦʜʘ ʩʫʜʦʚʳʭ ʢʘʙʝʣʝʡ ʯʝʨʝʟ 

ʧʝʨʝʙʦʨʢʠ ʠ ʧʘʣʫʙʳ ʫʩʪʘʥʦʚʣʝʥʳ ʇʨʘʚʠʣʘʤʠ [1] ʠ ʩʪʘʥʜʘʨʪʦʤ ʦʪʨʘʩʣʠ ʆʉʊ5ʈ.6103 [2]. 

ʂʘʙʝʣʴʥʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

ï ʛʝʨʤʝʪʠʯʥʳʝ ʢʘʙʝʣʴʥʳʝ ʧʨʦʭʦʜʢʠ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʢʨʳʪʳʝ ʩʦʩʫʜʳ, ʟʘʧʦʣʥʝʥʥʳʝ 
ʦʛʥʝʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

ï ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʝʡ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʙʦʨʦʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ; 

ï ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʢʘʙʝʣʴʥʳʭ ʧʨʦʢʣʘʜʦʢ. ʂ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʦʪʥʦʩʷʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʛʝʨʤʝʪʠʢʠ, ʢʦʤʧʘʫʥʜʥʳʝ ʩʦʩʪʘʚʳ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʪʘʢ ʞʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʙʦʨʦʯʥʦʝ ʫʧʣʦʪʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʪʠʧʘ 

çʦʪʩʝʢ-ʫʙʝʞʠʱʝè, ʦʪʚʝʯʘʶʱʝʝ ʰʠʨʦʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʫʜʦʩʪʨʦʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʫʧʣʦʪʥʝʥʠʷ ʢʘʙʝʣʝʡ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ: 

ï ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʧʝʨʝʙʦʨʢʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʟʘʧʦʣʥʷʶʱʠʝ ʠʭ ʤʘʪʝʨʠʘʣʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʧʣʘʤʝʥʠ ʠ ʜʳʤʘ 

ʠʟ ʧʦʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʞʘʨ, ʚ ʩʤʝʞʥʳʝ ʧʦʤʝʱʝʥʠʷ; 

ï ʬʦʨʤʘ ʠ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʧʝʨʝʙʦʨʢʘʭ ʜʝʣʘʝʪ ʠʭ 
ʫʷʟʚʠʤʳʤʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʙʳʪʦʯʥʳʭ ʜʘʚʣʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʚʟʨʳʚʳ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʤʝʱʝʥʠʷ. 
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʆɸʆ çʅʀʇʊɹ çʆʥʝʛʘè 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ 

ʨʘʤʢʘʭ ʌʎʇ çʈʘʟʚʠʪʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠè ʥʘ 2009-2016 ʛʛ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʙʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ (ʧʣʘʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ), 

ʚʳʟʚʘʥʥʳʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʧʦʞʘʨʦʚ. ʂ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʫʧʣʦʪʥʠʪʝʣʴʥʦʤʫ 

ʫʩʪʨʦʡʩʪʚʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ï ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʣʫʯʰʠʤʠ (ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʠʧʘʞʘ) 
ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ; 

ï ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ [1], ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʩʫʜʦʚʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ; 

ï ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ [1, 2]; 

ï ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʩʫʜʦʩʪʨʦʝʥʠʠ; 

ï ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʦ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʙʳʪʴ ʧʨʦʩʪʳʤ ʠ ʥʘʜʝʞʥʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʳʤ; 

ï ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʜʣʷ 

ʵʢʠʧʘʞʘ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʯʠʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʤʦʥʪʘʞ; 

ï ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʥʘʛʨʫʟʦʢ (ʚʠʙʨʘʮʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʜʘʨʳ ʠ ʪ.ʜ.). 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʦʨʤʳ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʝʝ ʟʘʧʦʣʥʝʥʠʷ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʦʨʤʳ ʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʦʞʘʨʦʚ ʠ ʚʟʨʳʚʦʚ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʪʘʜʠʠ 

ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ï ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʙʦʨʦʯʥʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ: 1 ï ʥʘʨʫʞʥʳʡ ʢʦʨʧʫʩ ʫʩʪʨʦʡʩʪʚʘ; 2 ï 

ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʫʩ; 3 ï ʩʘʣʴʥʠʢ; 4 ï ʙʦʥʢʘ ʜʣʷ ʚʳʭʦʜʘ ʚʦʟʜʫʭʘ;  
5 ï ʛʥʝʟʜʦ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʘʫʥʜʦʤ 



 86 

ʋʧʣʦʪʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʧʝʨʝʙʦʨʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʧʦʣʥʝʥʦ ʚ 

ʚʠʜʝ ʜʚʫʭ ʢʦʨʧʫʩʦʚ ï ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʧʦʣʫʩʬʝʨʳ.  

 
ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʢʦʨʧʫʩʦʤ ʟʘʧʦʣʥʝʥʦ ʦʛʥʝʪʫʰʘʱʠʤ 

ʧʦʨʦʰʢʦʤ çɺʦʣʛʘʣʠʪ-ɸɺʉè. ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ ʟʘʧʦʣʥʝʥʦ ʢʦʤʧʘʫʥʜʦʤ 

çʉʠʣʦʪʝʨʤ ʕʇ-120è. ɺʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʫʩʘ ʟʘʱʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʨʝʧʷʪʩʷ ʢ 

ʧʨʦʯʥʦʡ ʧʝʨʝʙʦʨʢʝ ʧʨʠ ʧʦʤʦʱʠ ʙʦʣʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʯʝʨʝʟ ʙʦʣʪʦʚʳʝ ʦʪʚʝʨʩʪʠʷ ʚʥʝʰʥʝʛʦ ʢʦʨʧʫʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʟʘʱʠʪʥʦʝ ʫʧʣʦʪʥʠʪʝʣʴʥʦʝ ʢʦʣʴʮʦ. ɺʚʦʜ ʢʘʙʝʣʷ ʚʦ ʚʥʝʰʥʠʡ ʢʦʨʧʫʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʩʪʘʥʜʘʨʪʥʳʝ ʩʘʣʴʥʠʢʠ. ɺʚʦʜ ʢʘʙʝʣʷ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʫʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʛʥʝʟʜʘ, 

ʟʘʧʦʣʥʝʥʥʳʝ ʢʦʤʧʘʫʥʜʦʤ çʉʠʣʦʪʝʨʤ ʕʇ-71è, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʤʦʥʪʘʞ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʤʝʪʘʣʣʳ, ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʘ ʠ ʪ.ʧ.) ʠ ʥʦʚʳʭ ʦʛʥʝʛʘʩʷʱʠʭ ʧʦʨʦʰʢʦʚ, ʧʦ ʤʝʨʝ ʠʭ ʩʦʟʜʘʥʠʷ ʠ 

ʚʥʝʜʨʝʥʠʷ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʤʝʝʪ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʟʘʱʠʪʳ: 

- ʧʨʦʯʥʦʩʪʥʦʡ ï ʟʘʱʠʪʘ ʦʪʩʝʢʘ ʦʪ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʚʟʨʳʚʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴ ʧʦʞʘʨ, ʘ ʪʘʢʞʝ 

ʜʘʚʣʝʥʠʷ ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ ʚ ʩʣʫʯʘʝ ʟʘʪʦʧʣʝʥʠʷ ʩʫʜʦʚʳʭ ʧʦʤʝʱʝʥʠʡ; 

- ʦʛʥʝʟʘʱʠʪʳ ï ʟʘʱʠʪʘ ʦʪʩʝʢʘ ʦʪ ʧʨʦʥʠʢʘʥʠʷ ʧʣʘʤʝʥʠ ʚ ʩʣʫʯʘʝ ʧʦʞʘʨʘ. 

ʇʨʦʯʥʦʩʪʥʦʡ ʤʝʭʘʥʠʟʤ ʟʘʣʦʞʝʥ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʨʧʫʩʘ 

ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʠ 

ʵʪʦʤ ʧʦʣʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ ʟʘʣʠʚʘʝʪʩʷ ʢʦʤʧʘʫʥʜʦʤ, ʘ ʧʨʦʭʦʜ ʢʘʙʝʣʷ ʚʦ ʚʥʝʰʥʝʤ 

ʢʦʨʧʫʩʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʘʣʴʥʠʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ 

ʦʪʚʝʨʩʪʠʡ ʚ ʧʝʨʝʙʦʨʢʘʭ ʠ ʧʘʣʫʙʘʭ ʜʣʷ ʧʨʦʭʦʜʘ ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʫʜʦʨʝʤʦʥʪʝ ʠ ʩʫʜʦʩʪʨʦʝʥʠʠ, ʧʦʟʚʦʣʷʶʪ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʦʩʚʦʠʪʴ ʠ 

ʥʘʣʘʜʠʪʴ ʚʳʧʫʩʢ ʫʩʪʨʦʡʩʪʚ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʙʝʟ ʦʨʛʘʥʠʟʘʮʠʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʄʝʭʘʥʠʟʤ ʦʛʥʝʧʨʝʛʨʘʞʜʝʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ï ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʛʥʷ ʧʦ ʛʦʨʶʯʝʡ ʠʟʦʣʷʮʠʠ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʝʨʝʜʥʠʡ 
ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʜʦʭʦʜʠʪ ʜʦ ʚʥʝʰʥʝʛʦ ʢʦʨʧʫʩʘ ʠ ʥʘʯʠʥʘʝʪ ʧʨʦʥʠʢʘʪʴ ʚʦʚʥʫʪʨʴ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʘʝʪ ʢʦʥʪʘʢʪ ʩ ʦʛʥʝʪʫʰʘʱʠʤ ʧʦʨʦʰʢʦʤ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʪʫʰʘʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʣʘʤʷ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ. ʆʙʲʝʤ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʠ 

ʚʥʫʪʨʝʥʥʠʤ ʢʦʨʧʫʩʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʧʨʦʭʦʜʷʱʠʭ 

ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʦʛʥʝʪʫʰʘʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʦʰʢʘ; 

ï ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʛʥʷ ʜʦ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ çʉʠʣʦʪʝʨʤ ʕʇ-120è 

ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʛʘʟʦʚ ʟʘʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʚ ʦʙʦʣʦʯʢʝ ʢʘʙʝʣʷ, ʧʨʠ 
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ʵʪʦʤ ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʫʣʢʘʥʠʪʦʚʘʷ ʢʦʨʢʘ. ɿʘʪʝʤ çʉʠʣʦʪʝʨʤ ʕʇ-120è ʟʘʧʦʣʥʷʝʪ 

ʪʨʝʱʠʥʳ ʚ ʦʛʥʝʟʘʱʠʪʥʦʤ ʧʦʢʨʳʪʠʠ ʠ ʟʘʤʝʱʘʝʪ ʚʳʛʦʨʝʚʰʫʶ ʠʟʦʣʷʮʠʶ ʢʘʙʝʣʝʡ. ʆʙʨʘʟʫʝʪʩʷ 

ʤʦʥʦʣʠʪʥʘʷ ʚʫʣʢʘʥʠʪʦʚʘʷ ʢʦʨʢʘ ʩʦ ʩʪʦʨʦʥʳ ʧʦʞʘʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʙʝʣʴ ʚ ʫʧʣʦʪʥʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʢʨʫʞʘʝʪʩʷ ʩʧʣʦʰʥʳʤ ʠʟʦʣʠʨʫʶʱʠʤ 

ʩʣʦʝʤ, ʢʦʪʦʨʳʡ, ʚʩʧʝʥʠʚʘʷʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʛʥʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʞʘʨʘ ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʧʦ ʢʘʙʝʣʴʥʳʤ ʧʨʦʭʦʜʘʤ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʥʝʪʫʰʘʱʝʛʦ ʧʦʨʦʰʢʘ ʚ ʩʦʩʪʘʚʝ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʭʦʨʦʰʠʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʩʚʦʡʩʪʚʘ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʥʷʪʴ ʨʦʣʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ; 

ï ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʪʫʰʘʪ ʧʦʞʘʨʳ ʚʩʝʭ ʢʣʘʩʩʦʚ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 50 ʜʦ ʧʣʶʩ 50ʉ; 

ï ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

ï ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ʉʠʩʪʝʤʘ ʧʘʩʩʠʚʥʦʡ ʦʛʥʝʟʘʱʠʪʳ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʛʥʝʪʫʰʘʱʝʛʦ ʧʦʨʦʰʢʘ çɺʦʣʛʘʣʠʪ-ɸɺʉè ʠ ʢʦʤʧʘʫʥʜʘ çʉʠʣʦʪʝʨʤ ʕʇ-120è ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʪʫ ʤʦʥʪʘʞʘ, ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʜʘʞʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʙʩʦʣʶʪʥʫʶ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʢʦʥʩʪʨʫʢʮʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ 

ʩʪʠʣʝʚʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʦʨʤʳ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʩʫʜʦʚʦʡ ʪʝʭʥʠʢʠ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʢʘʙʝʣʴʥʦʛʦ 

ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʩʬʝʨʘʤʠ ʩ ʟʘʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʙʦʛʨʝʚʘʝʤʦʡ 

(ʚʥʫʪʨʝʥʥʝʡ) ʠ ʥʘ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ (ʚʥʝʰʥʝʡ) ʧʦʚʝʨʭʥʦʩʪʷʭ, ʧʨʠʯʝʤ ʩʨʝʜʘ ʤʝʞʜʫ ʩʬʝʨʘʤʠ 

ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʫʧʨʦʱʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ ʩʪʦʨʦʥʝ ʫʧʣʦʪʥʝʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʥʷʪ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʩʪʦʨʦʥʳ ʦʙʦʛʨʝʚʘʝʤʦʡ ʯʘʩʪʠ 

ʫʧʣʦʪʥʝʥʠʷ ʊ, Üʉ, ʢʦʪʦʨʳʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 30247.0-94 [3], ʠʤʝʝʪ ʚʠʜ 

,)1Ű8(345 0TlgT  (1) 

ʛʜʝ Ű ï ʚʨʝʤʷ, ʠʩʯʠʩʣʷʝʤʦʝ ʦʪ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʦʙʦʛʨʝʚʘ, ʤʠʥ; ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, Üʉ. 

ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʦʚ ʟʘʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦ ʚʨʝʤʷ ʠ 

ʧʦʩʣʝ ʧʦʞʘʨʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʫʧʣʦʪʥʠʪʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩ ʧʨʦʣʦʞʝʥʥʳʤʠ ʯʝʨʝʟ ʥʝʝ ʢʘʙʝʣʷʤʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʨʘʜʠʫʩʦʚ R1 ʠ R2 ʚʥʝʰʥʝʛʦ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʦʚ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʫʩʘ R2 ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ 

ʤʘʢʝʪʠʨʦʚʘʥʠʝʤ ʧʦ ʧʦʣʝʟʥʳʤ ʧʣʦʱʘʜʷʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʤʝʪʨʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʥʠʭ ʢʘʙʝʣʝʡ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʜʦʧʫʩʢʦʚ. 

ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʩʪʘʥʜʘʨʪʦʚ 

ʦʪʨʘʩʣʠ [4, 5]. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʣʫʯʘʝ 

ʟʘʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʷ ʘʧʧʘʨʘʪʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ Autodesk 

Inventor ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ R1 ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [6], 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ. ɺʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʳ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʛʥʝʛʘʩʷʱʝʛʦ 

ʧʦʨʦʰʢʘ; ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ) ʧʦʣʫʯʝʥʳ ʠʟ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʚʳʚʦʜʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʝ Flow Vision 2.3.0 [7]. ɼʣʷ ʨʘʩʯʝʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʙʦʨʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʧʦ ʮʝʥʪʨʫ ʫʯʘʩʪʢʘ ʧʝʨʝʙʦʨʢʠ ʩ ʨʘʟʤʝʨʘʤʠ 1000Ĭ1000 ʤʤ; ʥʘʛʨʝʚʦʤ ʫʧʣʦʪʥʝʥʠʷ ʙʫʜʝʪ 

ʠʤʠʪʠʨʦʚʘʪʴʩʷ ʧʦʞʘʨ ʚ ʩʤʝʞʥʦʤ ʦʙʲʝʤʝ; ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʥʘʛʨʝʚʘ ʤʦʱʥʦʩʪʴʶ 

40 ʢɺʪ/ʤ
2
; ʠʟʤʝʨʝʥʠʷ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 15, 30, 45 ʠ 

60 ʤʠʥ ʩ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ: 

ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʱʠʪʘ ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʢʦʨʧʫʩʘ ʢ ʧʝʨʝʙʦʨʢʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʦʛʥʝʟʘʜʝʨʞʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʢʦʨʧʫʩʘ; 

ï ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʦʩʚʦʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʛʥʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʧʝʯʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 30247.0-94 [3] ʩ ʫʯʝʪʦʤ çʈʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʤʝʪʦʜʠʢʝ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʧʝʨʝʢʨʳʪʠʡ ʢʣʘʩʩʦʚ çɸè ʠ çɺè ʀʄʆ ɸ.754 (18) ʧʦʜʪʚʝʨʜʠʣʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʘʭ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʪʴ ʢʘʨʪʠʥʳ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʧʝʨʝʙʦʨʦʯʥʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʦʙʦʛʨʝʚʘʝʤʦʡ ʯʘʩʪʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʘʙʝʣʴʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
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ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʪʯʝʪ [ʊʝʢʩʪ]. ï ɺʚʝʜ. 2006. ï ʉʝʚʝʨʦʜʚʠʥʩʢ : ʌɻʋʇ ʅʀʇʊɹ çʆʥʝʛʘè. 

7.  ʗʅʄʀ.305318.024ɼ2. ʋʩʪʨʦʡʩʪʚʦ ʫʧʣʦʪʥʠʪʝʣʴʥʦʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ [ʊʝʢʩʪ]. ï ɺʚʝʜ. 2010. ï ʉʝʚʝʨʦʜʚʠʥʩʢ : ʆɸʆ 

ʅʀʇʊɹ çʆʥʝʛʘè. 
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ʉʇʆʉʆɹ ʇʈʀɽʄɸ ɺ ʇʆɼɺʆɼʅʋʖ ʃʆɼʂʋ ɸɺʊʆʅʆʄɽʅʓʍ ʅɽʆɹʀʊɸɽʄʓʍ  

ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ ʀ ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ɽɻʆ ʆʉʋʑɽʉʊɺʃɽʅʀʗ 

 

ɸ.ɺ. ɻʝʪʴʤʘʥ 

 

ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʉ.ʆ. ʄʘʢʘʨʦʚʘ  

ɺʋʅʎ ɺʄʌ çɺʄɸè (ʬʠʣʠʘʣ ʛ. ɺʣʘʜʠʚʦʩʪʦʢ)  

690062, ɺʣʘʜʠʚʦʩʪʦʢ, ʂʘʤʩʢʠʡ ʧʝʨʝʫʣʦʢ, 6, ʪʝʣ./ʬʘʢʩ: (423) 2367-287 
 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ 

ʨʘʟʤʝʱʝʥʠʷ, ʚʳʧʫʩʢʘ ʙʫʢʩʠʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʝʤʘ ʥʘ ʭʦʜʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ 
ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʅʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʧʨʠʝʤʘ ʦʙʲʝʢʪʦʚ 

ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ, 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ ʟʘʭʚʘʪʘ, ʧʨʠʝʤʘ ʠ ʚʳʧʫʩʢʘ ʯʝʨʝʟ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʨʤʦʚʦʡ 
ʩʪʘʙʠʣʠʟʘʪʦʨ ʠʟ ʢʦʨʤʦʚʦʛʦ ʦʪʩʝʢʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ.  

 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʨʴʙʳ 

ʥʘ ʤʦʨʝ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʩʪʦʷʱʝʡ 

ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʬʣʦʪʦʚ ʛʦʩʫʜʘʨʩʪʚ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʥʪʝʨʝʩʘʭ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʚʦʦʨʫʞʝʥʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʨʩʢʦʛʦ ʦʨʫʞʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʝʤʘ ʚ 

ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʠʧʦʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʦʚ, ʚʩʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ 

ʧʦʤʦʱʴʶ ʬʣʦʪʫ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʅʀʀ ʩʪʨʘʥʳ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʘʥʷʪ ʠʥʪʝʣʣʝʢʪ ʢʘʢ ʫʯʝʥʳʭ ʚʫʟʦʚ ʨʝʛʠʦʥʘ, ʪʘʢ ʠ ʢʦʤʘʥʜʠʨʦʚ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠʢʦʚ ʙʦʝʚʦʡ ʪʝʭʥʠʢʠ. 

 

1. ʆʧʳʪ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʧʨʠʝʤʘ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʥʘ ʙʦʨʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ɺʄʉ ʉʐɸ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʤʠʥʥʦʡ ʨʘʟʚʝʜʢʠ 

LMRS (Long-term Mine Reconnaissance System), ʚ ʉʐɸ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ, ʧʦʣʫʯʠʚʰʘʷ 

ʦʙʦʟʥʘʯʝʥʠʝ AN/BLQ-11. ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ 

(ʅʇɸ), ʫʧʨʘʚʣʷʝʤʳʭ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʪʘ ʢʦʨʘʙʝʣʴʥʦʛʦ ʠ 

ʙʝʨʝʛʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʘʤʠ ʘʧʧʘʨʘʪʳ ʠ ʠʭ ʢʦʨʘʙʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʧʝʨʠʦʜ 

ʚʳʧʦʣʥʝʥʠʷ ʙʦʝʚʦʡ ʟʘʜʘʯʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʩʪʝʣʣʘʞʘʭ ʪʦʨʧʝʜʥʦʛʦ ʦʪʩʝʢʘ ʘʪʦʤʥʳʭ 

ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʪʠʧʦʚ çLos Angelesè ʠ çVirginiaè. ʈʘʙʦʪʘ ʅʇɸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. ʅʇɸ ʜʣʷ ʧʨʠʝʤʘ ʥʘ ʙʦʨʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ (ʇʃ) ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʘʤ ʩʚʦʝʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ 

(ɻɸʉ), ʧʦʜʭʦʜʠʪ ʢ ʥʠʞʥʝʤʫ ʥʦʩʦʚʦʤʫ ʪʦʨʧʝʜʥʦʤʫ ʘʧʧʘʨʘʪʫ ʦʜʥʦʛʦ ʙʦʨʪʘ ʇʃ. ɿʘʭʚʘʪ ʅʇɸ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʚ ʥʠʞʥʠʡ ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʩʪʝʣʣʘʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʚʝʨʭʥʝʤ ʪʦʨʧʝʜʥʦʤ 

ʘʧʧʘʨʘʪʝ ʇʃ.  

ʉʧʦʩʦʙ ʧʨʠʝʤʘ ʅʇɸ ʨʝʘʣʠʟʫʶʪ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʠʝʤʘ ʅʇɸ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʜʚʘ ʥʦʩʦʚʳʭ ʪʦʨʧʝʜʥʳʭ ʘʧʧʘʨʘʪʘ ʦʜʥʦʛʦ ʙʦʨʪʘ ʇʃ ʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʝʨʭʥʝʤ ʪʦʨʧʝʜʥʦʤ ʘʧʧʘʨʘʪʝ [1]. 
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ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ɺʄʉ ʉʐɸ ʧʨʦʛʨʘʤʤʳ, ʧʦʣʫʯʠʚʰʝʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʥʘʠʤʝʥʦʚʘʥʠʝ çʉʨʦʯʥʘʷ ʩʠʩʪʝʤʘ ʤʠʥʥʦʡ ʨʘʟʚʝʜʢʠè ï NMRS (Near-term Mine Reconnaissance 

System), ʘ ʥʘ ʚʪʦʨʦʤ ï çɼʦʣʛʦʩʨʦʯʥʘʷ ʩʠʩʪʝʤʘ ʤʠʥʥʦʡ ʨʘʟʚʝʜʢʠè FTRS (Far-term 

Reconnaissance System), ʨʘʟʨʘʙʦʪʘʥʳ ʅʇɸ, ʚʦʟʚʨʘʱʘʝʤʳʝ ʥʘ ʇʃ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʧʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʜʚʘ ʧʨʠʚʷʟʥʳʭ ʅʇɸ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʭ 

ʚʳʧʫʩʢʘ ʠ ʧʨʠʝʤʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʥʘ ʙʦʨʪʫ ʇʃ. ʅʇɸ ʚʳʧʫʩʢʘʝʪʩʷ 

ʯʝʨʝʟ ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʠ ʚʳʭʦʜʠʪ ʥʘʨʫʞʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʥ ʦʩʪʘʝʪʩʷ ʩʚʷʟʘʥʥʳʤ ʩ ʇʃ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʢʘʙʝʣʷ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʙʫʷʤʠ.  

ʉʧʦʩʦʙ ʧʨʠʝʤʘ ʪʘʢʦʛʦ ʅʇɸ ʚ ʪʨʫʙʫ ʥʦʩʦʚʦʛʦ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʇʃ ʚ ʧʦʜʚʦʜʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʫʪʝʤ ʟʘʪʷʛʠʚʘʥʠʷ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʣʝʙʝʜʢʠ, ʚʳʙʠʨʘʶʱʝʡ ʩʪʘʣʴʥʦʡ 

ʢʘʙʝʣʴ-ʪʨʦʩ. ʇʨʠʚʷʟʥʦʡ ʅʇɸ ʧʝʨʝʤʝʱʘʶʪ ʢ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʇʃ, ʩʥʠʞʘʶʪ ʝʛʦ ʩʢʦʨʦʩʪʴ ʠ 

ʩʪʦʧʦʨʷʪ ʜʚʠʞʠʪʝʣʴ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠʝʤʘ ʅʇɸ ʥʘ ʢʘʙʝʣʴ-ʪʨʦʩʝ ʤʝʜʣʝʥʥʦ 

ʣʝʙʝʜʢʦʡ ʟʘʪʷʛʠʚʘʶʪ ʚ ʪʨʫʙʫ ʥʦʩʦʚʦʛʦ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʇʃ ʠ ʨʘʟʤʝʱʘʶʪ ʚ ʥʦʩʦʚʦʤ 

ʦʪʩʝʢʝ ʥʘ ʩʪʝʣʣʘʞʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʨʝʘʣʠʟʫʶʪ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʣʝʙʝʜʢʫ ʩʦ 

ʩʪʘʣʴʥʳʤ ʢʘʙʝʣʴ-ʪʨʦʩʦʤ, ʙʫʠ ʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʥʘ ʙʦʨʪʫ ʇʃ. ʇʨʠʯʝʤ 

ʩʪʘʣʴʥʦʡ ʢʘʙʝʣʴ-ʪʨʦʩ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʙʫʷʤʠ ʩ ʥʝʡʪʨʘʣʴʥʦʡ 

ʧʣʘʚʫʯʝʩʪʴʶ [1].  

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ 

ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ɺʄʉ ʉʐɸ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ 

ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɸʅʇɸ) ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1].  

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʱʝʥʠʷ ɸʅʇɸ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩʦ ʰʪʘʪʥʦʡ ʥʦʩʦʚʦʡ 

ʪʨʫʙʦʡ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ: ʚʥʝʰʥʠʡ ʮʠʣʠʥʜʨ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʪʳʢʦʚʢʠ ʩ ʪʨʫʙʦʡ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʥʫʪʨʠ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ, ʧʨʠʯʝʤ 

ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʚʥʝʰʥʝʛʦ ʮʠʣʠʥʜʨʘ ʠʤʝʶʪʩʷ ʚʚʦʜʳ ʧʦʜ ʢʘʙʝʣʴ-ʪʨʦʩ ʠ ʰʪʫʮʝʨ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʥʘʩʦʩʘ. ʋʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʘʝʪ ʪʨʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʚʳʜʚʠʛʘʶʱʠʭʩʷ ʢʦʥʮʝʥʪʨʠʯʥʳʭ ʧʦʣʳʭ 

ʮʠʣʠʥʜʨʘ ʩ ʢʘʥʘʣʘʤʠ ʤʝʞʜʫ ʥʠʤʠ, ʯʝʨʝʟ ʢʘʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʩʪʨʦʡʩʪʚʘ 

ʩʠʩʪʝʤʳ ʟʘʧʦʣʥʷʝʪʩʷ ʟʘʙʦʨʪʥʦʡ ʚʦʜʦʡ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʮʠʣʠʥʜʨ, ʠʤʝʶʱʠʡ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʨʘʩʪʨʫʙ, ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʚʷʟʥʦʡ ʘʧʧʘʨʘʪ ʚʦʟʚʨʘʱʘʝʤʳʡ (ʇɸɺ). ɺ ʪʦʨʧʝʜʥʦʤ ʦʪʩʝʢʝ 

ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʟʘ ʚʥʝʰʥʠʤ ʮʠʣʠʥʜʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʣʝʙʝʜʢʘ, ʚʪʷʛʠʚʘʶʱʘʷ ʩʦʩʪʳʢʦʚʘʚʰʠʝʩʷ 

ʇɸɺ ʩ ɸʅʇɸ ʚ ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ. ʆʧʝʨʘʮʠʷ ʧʦ ʚʦʟʚʨʘʱʝʥʠʶ ʚ ʧʦʜʚʦʜʥʫʶ 

ʣʦʜʢʫ ɸʅʇɸ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʳʢʦʚʢʠ ʧʝʨʝʜʥʝʛʦ ʬʣʘʥʮʘ ʚʥʝʰʥʝʛʦ ʮʠʣʠʥʜʨʘ ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤʳ 

ʚʦʟʚʨʘʱʝʥʠʷ ʩ ʪʦʨʧʝʜʥʳʤ ʘʧʧʘʨʘʪʦʤ. ɿʘʪʝʤ ʧʝʨʝʜʥʷʷ ʢʨʳʰʢʘ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʢʨʳʚʘʝʪʩʷ 

ʠ ʪʨʫʙʘ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʚʦʟʚʨʘʱʝʥʠʷ ʟʘʧʦʣʥʷʝʪʩʷ ʟʘʙʦʨʪʥʦʡ ʚʦʜʦʡ. ʅʘʩʦʩ 

ʥʘʛʥʝʪʘʝʪ ʚʦʜʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʚʩʪʘʚʢʦʡ ʩ ʰʘʨʦʚʳʤ ʟʘʤʢʦʤ ʠ ʇɸɺ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʜʘ 

ʚʳʪʘʣʢʠʚʘʝʪ ʠʟ ʥʘʨʫʞʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʚʘ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʮʠʣʠʥʜʨʘ, ʧʨʠʯʝʤ ʚʦ 

ʚʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʇɸɺ. ɺ ʵʪʦ ʚʨʝʤʷ ɸʅʇɸ, ʜʚʠʞʫʱʠʡʩʷ ʚʧʝʨʝʜʠ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ, 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʥʦʩʦʚʦʡ ʯʘʩʪʴʶ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʧʝʨʝʜ ʚʳʨʝʟʦʤ ʚ ʣʝʛʢʦʤ ʢʦʨʧʫʩʝ 

ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ (ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʝʝ ʪʦʨʧʝʜʥʳʝ ʘʧʧʘʨʘʪʳ). ʇɸɺ, ʜʚʠʛʘʷʩʴ ʩʚʦʠʤ ʭʦʜʦʤ, ʠʟ 

ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʣʠʥʜʨʘ ʯʝʨʝʟ ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʧʦʢʠʜʘʝʪ ʵʪʦʪ ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʧʦʜʚʦʜʥʦʡ 

ʣʦʜʢʠ. ɿʘʪʝʤ ʇɸɺ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʥʘʭʦʜʠʪ ɸʅʇɸ ʠ, ʠʩʧʦʣʴʟʫʷ ʩʚʦʡ 

ʥʦʩʦʚʦʡ ʚʳʩʪʫʧ, ʩʪʳʢʫʝʪʩʷ ʩ ʢʦʥʠʯʝʩʢʦʡ ʢʦʨʤʦʚʦʡ ʯʘʩʪʴʶ ɸʅʇɸ. ʃʝʙʝʜʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ 

ʪʦʨʧʝʜʥʦʤ ʦʪʩʝʢʝ ʇʃ, ʚʪʷʛʠʚʘʝʪ ʩʦʩʪʳʢʦʚʘʥʥʳʝ ʇɸɺ ʠ ɸʅʇɸ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʮʠʣʠʥʜʨ, ʧʦʢʘ 

ʢʦʥʠʯʝʩʢʘʷ ʢʦʨʤʦʚʘʷ ʯʘʩʪʴ ɸʅʇɸ ʥʝ ʚʦʡʜʝʪ ʚ ʨʘʩʪʨʫʙ ʮʠʣʠʥʜʨʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʫʩʪʨʦʡʩʪʚʦ 

ʩʠʩʪʝʤʳ ʚʦʟʚʨʘʱʝʥʠʷ ʩ ʇɸɺ ʠ ɸʅʇɸ ʚʪʷʛʠʚʘʝʪʩʷ ʣʝʙʝʜʢʦʡ ʚ ʪʨʫʙʫ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʧʨʠʯʝʤ ʚʥʫʪʨʝʥʥʠʝ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ ʩʢʣʘʜʳʚʘʶʪʩʷ. ʇʝʨʝʜʥʷʷ ʢʨʳʰʢʘ ʪʦʨʧʝʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʟʘʢʨʳʚʘʝʪʩʷ, ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʠ ʧʦʣʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʚʦʟʚʨʘʱʝʥʠʷ 

ʦʩʫʰʘʶʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʟʘʜʥʷʷ ʢʨʳʰʢʘ ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʠʟ ʪʨʫʙʳ ʪʦʨʧʝʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠʟʚʣʝʢʘʝʪʩʷ ʩʥʘʯʘʣʘ ʇɸɺ, ʘ ʟʘʪʝʤ ɸʅʇɸ. 
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2. ʅʝʜʦʩʪʘʪʢʠ ʠʟʚʝʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠʝʤʘ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʥʘ ʙʦʨʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ 

ʀʟ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʠʩʪʝʤʳ AN/BLQ-11 ʩʣʝʜʫʝʪ, ʯʪʦ ʢ ʥʝʜʦʩʪʘʪʢʘʤ 

ʩʧʦʩʦʙʘ ʚ ʦʧʠʩʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʠʸʤʘ ʅʇɸ ʥʘ ʙʦʨʪ ʇʃ ʦʪʥʦʩʷʪʩʷ [2]: 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʘʪʦʤʥʦʡ ʇʃ ʙʝʟ ʝʝ ʭʦʜʘ ʚ ʧʝʨʠʦʜ 
ʧʨʠʝʤʘ ʅʇɸ ʥʘ ʇʃ; 

ï ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʧʨʠ ʝʛʦ ʟʘʭʚʘʪʝ ʠ ʥʘʧʨʘʚʣʝʥʠʠ 
ʅʇɸ ʚ ʪʦʨʧʝʜʥʳʡ ʘʧʧʘʨʘʪ ʇʃ;  

ï ʨʠʩʢ ʚʟʘʠʤʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʅʇɸ ʠ ʘʪʦʤʥʦʡ ʇʃ ʚ ʩʣʫʯʘʝ ʥʝʪʦʯʥʦʩʪʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 
ʅʇɸ ʠʣʠ ʨʘʙʦʪʳ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʥʘ ʇʃ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʣʝʜʫʶʱʝʡ ʠʟʚʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ɺʄʉ ʉʐɸ ʜʣʷ ʧʨʠʝʤʘ ʅʇɸ ʥʘ 

ʙʦʨʪ ʇʃ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʉʨʦʯʥʦʡ ʩʠʩʪʝʤʳ ʤʠʥʥʦʡ ʨʘʟʚʝʜʢʠè ï NMRS (Near-term Mine 

Reconnaissance System), ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï çɼʦʣʛʦʩʨʦʯʥʦʡ ʩʠʩʪʝʤʳ ʤʠʥʥʦʡ ʨʘʟʚʝʜʢʠè FTRS 

(Far-term Reconnaissance System), ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʅʇɸ, ʚʦʟʚʨʘʱʘʝʤʳʝ ʥʘ ʇʃ ʠ 

ʫʧʨʘʚʣʷʝʤʳʝ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ [2]: 

ï ʦʛʨʘʥʠʯʝʥʠʝ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʅʇɸ ʠ ʇʃ ʜʣʠʥʦʡ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ 

ʠ ʥʘʣʠʯʠʝʤ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʙʫʝʚ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʠ 

ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʅʇɸ;  

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʇʃ ʙʝʟ ʝʝ ʭʦʜʘ ʚ ʧʝʨʠʦʜ ʧʨʠʝʤʘ 
ʅʇɸ ʥʘ ʇʃ;  

ï ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ ʩ ʙʫʷʤʠ ʢ 

ʟʘʧʫʪʳʚʘʥʠʶ, ʢʘʢ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʅʇɸ ʠ ʇʃ, ʪʘʢ ʠ ʧʨʠ ʧʨʠʝʤʝ ʅʇɸ ʥʘ ʙʦʨʪ ʇʃ. 

 

ʀʟ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʠʟ ʧʦʩʣʝʜʥʠʭ ʠʟʚʝʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ɺʄʉ ʉʐɸ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ɸʅʇɸ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ [2]: 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʙʝʟ ʝʝ ʭʦʜʘ ʧʨʠ ʧʨʠʝʤʢʝ ɸʅʇɸ ʚ 

ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʚ ʤʦʤʝʥʪ ʧʨʠʝʤʢʠ 
ɸʅʇɸ ʥʘ ʙʦʨʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ;  

ï ʨʠʩʢ ʧʦʪʝʨʠ ɸʅʇɸ ʠʟ-ʟʘ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ ʥʘʚʝʜʝʥʠʷ ʠʣʠ ʩʪʳʢʦʚʦʯʥʦʛʦ ʫʟʣʘ ʇɸɺ; 

ï ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʢ ʟʘʧʫʪʳʚʘʥʠʶ, ʧʨʦʚʠʩʘʥʠʶ ʠ ʦʙʨʳʚʘʤ ʚ ʩʣʫʯʘʝ 

ʝʛʦ ʥʘʤʘʪʳʚʘʥʠʷ ʥʘ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʨʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʛʨʝʙʥʦʡ ʚʠʥʪ ʜʚʠʞʠʪʝʣʷ, ʢʦʨʧʫʩ 

ʇɸɺ ʠʣʠ ɸʅʇɸ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʠ ʩʪʳʢʦʚʢʠ ʩ ɸʅʇɸ;  

ï ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʇɸɺ ʢ ʟʘʧʫʪʳʚʘʥʠʶ ʠ ʦʙʨʳʚʘʤ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʤʘʣʦʧʦʜʚʠʞʥʦʩʪʠ ʠ ʧʨʦʚʠʩʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʢʠ ʣʝʙʝʜʢʦʡ;  

ï ʦʛʨʘʥʠʯʝʥʠʝ (ʜʣʠʥʦʡ ʢʘʙʝʣʴ-ʪʨʦʩʘ) ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʇɸɺ ʧʨʠ ʧʦʠʩʢʝ, ʧʦʜʭʦʜʝ ʠ 

ʩʪʳʢʦʚʢʝ ʩ ɸʅʇɸ;  

ï ʨʠʩʢ ʚʟʘʠʤʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʇɸɺ ʠʣʠ ɸʅʇɸ ʚ ʩʣʫʯʘʝ ʥʝʪʦʯʥʦʩʪʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 
ʇɸɺ ʧʨʠ ʩʪʳʢʦʚʢʝ ʩ ɸʅʇɸ;  

ï ʨʠʩʢ ʚʟʘʠʤʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʫʟʣʦʚ ʩʠʩʪʝʤʳ ʚʦʟʚʨʘʱʝʥʠʷ ʇɸɺ ʠʣʠ ɸʅʇɸ ʦ ʢʦʨʧʫʩ ʠ 

ʚʳʩʪʫʧʘʶʱʠʝ ʯʘʩʪʠ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʧʨʠ ʚʪʷʛʠʚʘʥʠʠ ʣʝʙʝʜʢʦʡ ʇɸɺ ʩ ɸʅʇɸ ʚ ʪʨʫʙʫ 

ʪʦʨʧʝʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʇʃ; 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʳʪʝʢʘʶʪ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʠʸʤʘ ɸʅʇɸ ʚ 

ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʭʦʜʫ ʇʃ. 
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3. ʇʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʧʨʠʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʙʦʨʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ ʨʘʟʤʝʱʝʥʠʷ, ʚʳʧʫʩʢʘ 

ʙʫʢʩʠʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʝʤʘ ʥʘ ʭʦʜʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ 

ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɸʅʇɸ) ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʝ 

[2]. ʉʫʪʴ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʥʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʨʝʜʩʪʚʘʤ ʨʘʟʤʝʱʝʥʠʷ, ʚʳʧʫʩʢʘ ʙʫʢʩʠʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʝʤʘ ɸʅʇɸ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ 

ʩʧʦʩʦʙʫ ʧʨʠʝʤʘ ɸʅʇɸ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʥʘ ʝʝ ʭʦʜʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʫʩʪʨʦʡʩʪʚʫ 

ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʠ ʦʧʠʩʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʩʨʝʜʩʪʚʘʤ ʧʨʠʝʤʘ ʦʙʲʝʢʪʦʚ, ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙ, ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚ ʟʘʭʚʘʪʘ, ʧʨʠʝʤʘ ʠ ʚʳʧʫʩʢʘ ʯʝʨʝʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʨʤʦʚʦʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʚ ʢʦʨʤʦʚʦʤ ʦʪʩʝʢʝ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʘʚʪʦʥʦʤʥʳʭ 

ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ.  

ɺʳʧʦʣʥʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʝʢʪʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʧʝʨʚʳʝ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʠʝʤʘ ʥʘ ʭʦʜʫ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ɸʅʇɸ.  

ʇʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʨʘʩʰʠʨʷʝʪ ʠ ʫʣʫʯʰʘʝʪ ʙʦʝʚʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʨʩʢʦʛʦ ʦʨʫʞʠʷ, ʧʦʚʳʰʘʝʪ ʙʦʝʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʘʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ ï ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ.  

 

4. ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʝʤʘ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʘʚʪʦʥʦʤʥʦʛʦ 

ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʠʝʤʘ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʙʦʨʪ ʧʦʜʚʦʜʥʦʡ 

ʣʦʜʢʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1) [2]: ʩ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʚʳʧʫʩʢʘʶʪ ʙʫʢʩʠʨʥʳʡ 

ʢʘʙʝʣʴ-ʪʨʦʩ ʩ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ ʠ ʧʦʧʣʘʚʢʦʤ-ʦʪʚʦʜʠʪʝʣʝʤ, ʟʘʪʝʤ ʧʦʜʘʶʪ 

ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʘʨʢʝʨʳ ʠʟʣʫʯʘʶʪ 

ʪʦʥʘʣʴʥʳʡ ʩʠʛʥʘʣ. ʇʦ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʧʝʨʝʤʝʱʘʶʪ ʚ ʟʘʜʘʥʥʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʨʢʝʨʦʚ ʧʦʟʠʮʠʶ, ʟʘʪʝʤ ʩ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʳʧʫʩʢʘʶʪ ʧʨʠʝʤʥʫʶ ʩʪʨʦʧʫ 

ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʭʚʘʪʘ ʠ ʬʠʢʩʘʮʠʠ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ. ʈʘʟʚʦʨʘʯʠʚʘʶʪ ʧʦʜʚʦʜʥʳʡ 

ʘʧʧʘʨʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʥʘ ʪʨʘʚʝʨʟʥʳʡ ʢʫʨʩʦʚʦʡ ʫʛʦʣ ʠ ʧʝʨʝʤʝʱʘʶʪ 

ʥʘʧʝʨʝʨʝʟ ʜʚʠʞʝʥʠʶ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʯʝʨʝʟ ʫʯʘʩʪʦʢ ʤʝʞʜʫ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʤʘʨʢʝʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʫʯʠʚʘʥʠʷ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʧʨʠʝʤʥʦʡ ʩʪʨʦʧʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʭʚʘʪ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʬʠʢʩʘʮʠʶ ʥʘ ʥʝʤ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ɸʅʇɸ ʩ ʧʦʤʦʱʴʶ ʣʝʙʝʜʢʠ ʟʘʪʷʛʠʚʘʶʪ ʚ ʢʦʨʤʦʚʫʶ ʪʨʫʙʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʠ ʚ ʢʦʨʤʦʚʦʡ ʦʪʩʝʢ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ.  

 

 
ʈʠʩ. 1. ʉʧʦʩʦʙ ʧʨʠʝʤʘ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ɸʅʇɸ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
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ʂʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʩʦʜʝʨʞʠʪ: ʩʨʝʜʩʪʚʦ ʜʣʷ ʩʪʳʢʦʚʢʠ 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʝ ʠ ʥʘ ɸʅʇɸ, ʠ ʧʨʠʝʤʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ 

ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʝ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʩ ʢʦʨʤʦʚʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʚʳʧʫʩʢʘ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʧʨʠʝʤʘ ɸʅʇɸ 

 

ʉʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʧʨʠʝʤʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʢʦʨʤʦʚʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʘʙʠʣʠʟʘʪʦʨʝ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ. ʉʨʝʜʩʪʚʦ ʜʣʷ ʩʪʳʢʦʚʢʠ ʚʢʣʶʯʘʝʪ ʪʨʫʙʫ ʩ 

ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʷʤʠ, ʧʨʠʯʝʤ ʪʨʫʙʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʢʦʨʤʦʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʩʪʘʙʠʣʠʟʘʪʦʨʝ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ (ʩʤ. ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ ʚ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʪʨʫʙʳ ʨʘʩʧʦʣʦʞʝʥ 

ʧʨʠʯʘʣʴʥʳʡ ʢʦʥʫʩ (ʥʘ ʨʠʩ. 2 ʥʝ ʧʦʢʘʟʘʥ), ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʭʦʜʦʚʦʡ ʢʦʥʝʮ ʙʫʢʩʠʨʥʦʛʦ 

ʢʘʙʝʣʴ-ʪʨʦʩʘ, ʥʘʤʦʪʘʥʥʦʛʦ ʥʘ ʣʝʙʝʜʢʫ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʥʝʡ ʢʦʨʝʥʥʳʤ ʢʦʥʮʦʤ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ. ʅʝʧʦʜʚʠʞʥʘʷ 

ʢʦʨʤʦʚʘʷ ʯʘʩʪʴ ʪʨʫʙʳ ʠʤʝʝʪ ʟʘʜʥʶʶ ʢʨʳʰʢʫ ʩ ʧʨʠʚʦʜʦʤ ʝʝ ʦʪʢʨʳʚʘʥʠʷ ʠ ʟʘʢʨʳʚʘʥʠʷ, ʘ 

ʧʦʜʚʠʞʥʘʷ ʥʦʩʦʚʘʷ ʯʘʩʪʴ ʪʨʫʙʳ ï ʧʝʨʝʜʥʶʶ ʢʨʳʰʢʫ. ʅʝʧʦʜʚʠʞʥʘʷ ʠ ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʠ 

ʪʨʫʙʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʘʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʠ 

ʩʥʘʙʞʝʥʳ ʧʨʠʚʦʜʦʤ ʩʪʳʢʦʚʢʠ ʠ ʨʘʩʩʪʳʢʦʚʢʠ ʢʦʨʤʦʚʦʡ ʠ ʥʦʩʦʚʦʡ ʯʘʩʪʝʡ ʪʨʫʙʳ ʠ ʧʝʨʝʜʥʝʡ 

ʢʨʳʰʢʠ. ʅʘ ʭʦʜʦʚʦʤ ʢʦʥʮʝ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʟʘʢʨʝʧʣʝʥ ʧʦʧʣʘʚʦʢ-ʦʪʚʦʜʠʪʝʣʴ, ʤʝʞʜʫ 

ʧʦʧʣʘʚʢʦʤ-ʦʪʚʦʜʠʪʝʣʝʤ ʠ ʢʦʨʝʥʥʳʤ ʢʦʥʮʦʤ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʨʘʟʥʝʩʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʚʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʘ. ʃʝʙʝʜʢʘ ʩ ʥʘʤʦʪʘʥʥʳʤ ʥʘ ʥʝʝ 

ʙʫʢʩʠʨʥʳʤ ʢʘʙʝʣʴ-ʪʨʦʩʦʤ ʩ ʤʘʨʢʝʨʘʤʠ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʪʨʫʙʳ ʚ ʚʝʨʭʥʝʡ 

ʧʝʨʝʜʥʝʡ ʝʝ ʯʘʩʪʠ, ʘ ʧʦʧʣʘʚʦʢ-ʦʪʚʦʜʠʪʝʣʴ ʚʩʪʘʚʣʝʥ ʚ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɺ ʦʢʦʥʝʯʥʦʩʪʠ 

ʢʦʨʤʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʨʤʦʚʳʝ ʱʠʪʳ, 

ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʥʘʙʦʨʫ ʣʝʛʢʦʛʦ ʢʦʨʧʫʩʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʩ ʧʨʠʚʦʜʦʤ ʠʭ ʦʪʢʨʳʚʘʥʠʷ ʠ 

ʟʘʢʨʳʚʘʥʠʷ. ɼʠʬʬʫʟʦʨ ʩ ʥʦʩʦʚʳʤ ʱʠʪʦʤ ʠ ʧʨʠʚʦʜʦʤ ʝʛʦ ʦʪʢʨʳʚʘʥʠʷ ʠ ʟʘʢʨʳʚʘʥʠʷ ʠ 

ʫʩʪʘʥʦʚʢʘ ʩʥʘʙʞʝʥʳ ʢʘʨʝʪʢʦʡ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʪʨʫʙʳ ʩ ʧʨʠʚʦʜʦʤ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʜʦʨʦʞʢʘʤʠ ʪʨʘʩʩʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʨʝʪʢʠ. ʇʨʠ ʵʪʦʤ ʥʦʩʦʚʘʷ ʯʘʩʪʴ ʪʨʫʙʳ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʢʘʨʝʪʢʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʝʡ ʠ ʩʥʘʙʞʝʥʘ 

ʬʣʘʥʮʘʤʠ ʠ ʥʘʧʨʘʚʣʷʶʱʠʤ ʰʪʦʢʦʤ, ʚʚʝʜʝʥʥʳʤ ʚ ʥʘʧʨʘʚʣʷʶʱʫʶ ʜʦʨʦʞʢʫ ʧʝʨʝʤʝʱʝʥʠʷ 

ʰʪʦʢʘ, ʢʦʨʤʦʚʘʷ ʯʘʩʪʴ ʪʨʫʙʳ ʠ ʧʝʨʝʜʥʷʷ ʢʨʳʰʢʘ ʩʥʘʙʞʝʥʳ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʧʦʜ 

ʬʣʘʥʮʳ. ʅʘ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʪʨʫʙʳ ʩʤʦʥʪʠʨʦʚʘʥʳ ʩʪʦʧʦʨ ʠ ʧʨʠʙʦʨ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʳ ʩ ʙʦʝʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʦʡ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ. 

ʉʨʝʜʩʪʚʦ ʜʣʷ ʩʪʳʢʦʚʢʠ ɸʅʇɸ ʩ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʝʤʥʫʶ ʩʪʨʦʧʫ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʭʚʘʪʘ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʠʭ ʚʳʧʫʩʢʘ, ʢʦʪʦʨʦʝ 

ʩʢʦʤʧʦʥʦʚʘʥʦ ʚ ʦʙʪʝʢʘʪʝʣʝ ʥʘ ʢʦʥʪʨʧʨʦʧʝʣʣʝʨʝ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʥʘʩʘʜʢʠ ʚʦʜʦʤʝʪʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ ɸʅʇɸ (ʨʠʩ. 3).  

 

 
 



 94 

 
ʈʠʩ. 3. ɸʚʪʦʥʦʤʥʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʩ ʚʦʜʦʤʝʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʧʦʩʣʝ ʦʪʩʪʨʝʣʘ 

ʩʪʷʛʠʚʘʶʱʝʛʦ ʨʘʟʨʳʚʥʦʛʦ ʙʦʣʪʘ, ʚ ʤʦʤʝʥʪ ʩʙʨʦʩʘ ʦʙʪʝʢʘʪʝʣʷ, ʢʘʪʫʰʢʠ ʠ ʚʳʧʫʩʢʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ 

ʟʦʥʜʘ ʩ ʢʦʣʴʮʝʚʳʤ ʟʘʤʢʦʤ 

 

ʉʨʝʜʩʪʚʦ ʜʣʷ ʩʪʳʢʦʚʢʠ ʚ ʩʙʦʨʝ, ʚ ʦʙʪʝʢʘʪʝʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ 

ʚʦʜʦʤʝʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ɸʅʇɸ ʟʘ ʛʨʝʙʥʳʤ ʢʦʣʝʩʦʤ ʠ ʩʪʫʧʠʮʝʡ (ʩʤ. ʨʠʩ. 3). ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ 

ʞʝʩʪʢʦʡ ʧʨʦʙʢʠ ʚ ʮʝʥʪʨʝ ʢʦʥʪʨ-ʧʨʦʧʝʣʣʝʨʘ ʚ ʢʦʪʦʨʫʶ ʚʚʝʨʥʫʪ ʩʪʷʛʠʚʘʶʱʠʡ ʨʘʟʨʳʚʥʦʡ 

ʧʠʨʦʪʝʭʥʠʯʝʩʢʠʡ ʙʦʣʪ. ʇʨʠ ʵʪʦʤ, ʧʦʜ ʦʙʪʝʢʘʪʝʣʝʤ ʫʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʘʪʫʰʢʫ, ʥʘ 

ʢʦʪʦʨʫʶ ʢʦʣʴʮʘʤʠ ʥʘʤʦʪʘʥʘ ʙʫʢʩʠʨʥʘʷ ʧʨʠʝʤʥʘʷ ʩʪʨʦʧʘ ʚ ʚʠʜʝ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʩ 

ʪʦʢʦʚʝʜʫʱʠʤʠ ʞʠʣʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʨʘʟʲʝʤʘ ʩ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ. ʆʙʪʝʢʘʪʝʣʴ ʯʝʨʝʟ ʩʚʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʚʝʨʰʠʥʝ ʥʘʜʝʪ ʥʘ ʩʪʷʛʠʚʘʶʱʠʡ 

ʨʘʟʨʳʚʥʦʡ ʙʦʣʪ, ʧʨʠʝʤʥʘʷ ʩʪʨʦʧʘ ʚ ʩʣʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʨʝʥʥʳʤ ʢʦʥʮʦʤ ʧʨʠʢʨʝʧʣʝʥʘ ʢ 

ʫʩʪʨʦʡʩʪʚʫ ʜʣʷ ʧʦʜʚʝʩʘ ɸʅʇɸ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʧʦʜʚʦʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʦʨʦʪʘ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʜʣʷ ʥʘʜʝʞʥʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ɸʅʇɸ ʥʘ ʙʫʢʩʠʨʥʳʡ ʢʘʙʝʣʴ-ʪʨʦʩ. ɸ ʥʘ ʭʦʜʦʚʦʤ ʢʦʥʮʝ ʙʫʢʩʠʨʥʦʡ ʧʨʠʝʤʥʦʡ 

ʩʪʨʦʧʳ ʟʘʢʨʝʧʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʟʘʭʚʘʪʘ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ. 

ɺʳʧʫʩʢ ɸʅʇɸ ʜʣʷ ʚʳʧʦʣʥʝʥʠʠ ʩʚʦʝʡ ʤʠʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʢʦʨʤʦʚʦʛʦ ʦʪʩʝʢʘ ʯʝʨʝʟ 

ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʤʦʚʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʇʃ ʚ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʝʤʘ ɸʅʇɸ (ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ). 

ɺ ʪʘʢʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʦʜʚʦʜʥʦʛʦ ʧʨʠʝʤʘ ï ʚʳʧʫʩʢʘ ɸʅʇɸ, ʧʦʩʨʝʜʩʪʚʦʤ ʫʢʘʟʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʳʧʫʩʢʘ ʠ ʧʨʠʝʤʘ ɸʅʇɸ 

ʩ ʇʃ ʥʘ ʝʝ ʤʘʣʦʤ ʭʦʜʫ. 

ʇʦʜʚʦʜʥʘʷ ʣʦʜʢʘ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʭʦʜʫ, ʦʩʥʘʱʝʥʥʘʷ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ 

ʫʩʪʨʦʡʩʪʚʦʤ, ʩʧʦʩʦʙʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʨʠʝʤʫ ʥʘ 

ʙʦʨʪ ʨʘʟʣʠʯʥʳʭ (ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ) ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʬʦʨʤʝ ʪʝʣ ʚʨʘʱʝʥʠʷ, 

ʜʠʘʤʝʪʨʦʤ ʜʦ 533 ʤʤ. 

 

5. ʇʨʝʠʤʫʱʝʩʪʚʦ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʅʦʚʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʧʠʩʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʧʫʩʢ ɸʅʇɸ, ʥʦ ʠ ʥʘʜʝʞʥʳʡ ʧʨʠʝʤ ɸʅʇɸ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʚ 

ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʝʝ ʤʘʣʦʤ (ʠʥʚʝʨʩʠʦʥʥʦʤ) ʭʦʜʫ (ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʇʃ) ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ɸʅʇɸ ʥʘ ʙʫʢʩʠʨʥʳʡ ʢʘʙʝʣʴ-ʪʨʦʩ (ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ɸʅʇɸ ʩ ʢʦʨʧʫʩʦʤ ʇʃ) ʠ ʟʘʪʷʛʠʚʘʥʠʷ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʩ ɸʅʇɸ ʚ ʧʨʠʯʘʣʴʥʳʡ ʢʦʥʫʩ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʧʦʜʚʠʞʥʦʡ ʪʨʫʙʝ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʘʙʠʣʠʟʘʪʦʨʝ 

ʢʦʨʤʦʚʦʛʦ ʦʪʩʝʢʘ ʇʃ.  
ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʦʪ ʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ 

(ʩʤ. ʨʠʩ. 1): 

ï ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʢʦʨʤʦʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʘʙʠʣʠʟʘʪʦʨʝ ʇʃ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ 
ʚʠʜʝ ʧʨʠʯʘʣʴʥʦʛʦ ʢʦʥʫʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʪʨʫʙʳ; ʣʝʙʝʜʢʘ ʩ 

ʙʫʢʩʠʨʥʳʤ ʢʘʙʝʣʴ-ʪʨʦʩʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʠ 
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ʧʦʧʣʘʚʦʢ-ʦʪʚʦʜʠʪʝʣʴ, ʧʨʠ ʵʪʦʤ ʢʦʨʝʥʥʦʡ ʢʦʥʝʮ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʟʘʢʨʝʧʣʝʥ ʥʘ ʣʝʙʝʜʢʝ, 

ʭʦʜʦʚʦʡ ʢʦʥʝʮ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʣʝʙʝʜʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʪʨʫʙʳ ʚ ʚʝʨʭʥʝʡ ʧʝʨʝʜʥʝʡ ʝʝ ʯʘʩʪʠ; 

ï ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ɸʅʇɸ (ʩʤ. ʨʠʩ.3) ʩʨʝʜʩʪʚʦ ʜʣʷ ʩʪʳʢʦʚʢʠ ʚ ʚʠʜʝ ʧʨʠʝʤʥʦʡ ʩʪʨʦʧʳ ʩ 
ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʭʚʘʪʘ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʠʭ ʚʳʧʫʩʢʘ. 

ʀʤʝʥʥʦ ʪʘʢʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʠʣʘ ʨʘʟʨʘʙʦʪʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʠʝʤʘ ɸʅʇɸ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʝʝ 

ʤʘʣʦʤ ʭʦʜʫ (ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝ ʇʃ) ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ɸʅʇɸ ʥʘ ʙʫʢʩʠʨʥʳʡ 

ʢʘʙʝʣʴ-ʪʨʦʩ (ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ɸʅʇɸ ʩ ʢʦʨʧʫʩʦʤ ʇʃ) ʠ ʟʘʪʷʛʠʚʘʥʠʷ ʢʘʙʝʣʴ-

ʪʨʦʩʘ ʩ ɸʅʇɸ ʚ ʧʨʠʯʘʣʴʥʳʡ ʢʦʥʫʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʧʦʜʚʠʞʥʦʡ ʪʨʫʙʝ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʘʙʠʣʠʟʘʪʦʨʝ ʢʦʨʤʦʚʦʛʦ ʦʪʩʝʢʘ ʇʃ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠ ʫʩʪʨʦʡʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʫʨʦʚʥʶ ʪʝʭʥʠʢʠ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʦʝʥʥʦʤ ʧʦʜʚʦʜʥʦʤ 

ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʥʘ ʧʦʜʚʦʜʥʳʭ ʢʦʨʘʙʣʷʭ ɺʄʌ [2; 3]. 

 

6. ʇʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʥʘʜʝʞʥʦʛʦ ʧʨʠʝʤʘ ɸʅʇɸ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ, ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʭʦʜʫ ʧʦʜʚʦʜʥʦʡ 

ʣʦʜʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ [2; 3] ʨʘʩʰʠʨʷʝʪ ʠ ʫʣʫʯʰʘʝʪ ʙʦʝʚʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʨʩʢʦʛʦ ʦʨʫʞʠʷ, ʧʦʚʳʰʘʝʪ ʙʦʝʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʘʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ ï ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ.  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ (ʅʀʈ) ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʮʝʣʴʶ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʝʤʘ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ 

ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʅʀʈ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʂɹ, ʅʀʀ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʝʤʘ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ɸʅʇɸ ʚʦʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɺʳʧʦʣʥʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. 

ʆʞʠʜʘʝʤʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʅʀʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ 

ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʩʠʩʪʝʤʘʭ ʦʨʫʞʠʷ ɺʄʌ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʧʝʨʚʳʝ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʧʨʠʸʤʘ ʥʘ ʭʦʜʫ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ ʘʚʪʦʥʦʤʥʦʛʦ ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʦ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʨʘʙʦʯʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʠʝʤʘ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ 

ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ [2]. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʨʝʰʝʥʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʦ ʜʣʷ ʟʘʭʚʘʪʘ, ʩʪʳʢʦʚʢʠ ʠ ʧʨʠʝʤʘ 

ʘʚʪʦʥʦʤʥʦʛʦ ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʚ ʧʦʜʚʦʜʥʦʤ 

ʧʦʣʦʞʝʥʠʠ. ʈʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ. ʉʨʝʜʩʪʚʦ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʧʨʠʝʤʘ ʘʧʧʘʨʘʪʘ 

ʚʢʣʶʯʘʝʪ ʪʨʫʙʫ ʩ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʝ. 

ʇʦʩʪʘʥʦʚʢʘ ɸʅʇɸ ʥʘ ʙʫʢʩʠʨʥʳʡ ʢʘʙʝʣʴ-ʪʨʦʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʥʦʤʫ 

ʧʝʨʝʩʫʯʠʚʘʥʠʶ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ, ʚʳʧʫʩʢʘʝʤʦʛʦ ʩ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʇʃ, ʠ 

ʧʨʠʝʤʥʦʡ ʩʪʨʦʧʳ ɸʅʇɸ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʦʣʴʮʝʚʳʤ 

ʟʘʤʢʦʤ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʰʘʡʙʝ. ɺʟʘʠʤʥʦʝ ʧʝʨʝʩʫʯʠʚʘʥʠʝ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʠ 

ʧʨʠʝʤʥʦʡ ʩʪʨʦʧʳ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʙʫʢʩʠʨʦʚʢʝ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʦʡ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ (ʙʫʢʩʠʨʥʳʡ ʢʘʙʝʣʴ-ʪʨʦʩ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʧʣʘʚʢʘ-ʦʪʚʦʜʠʪʝʣʷ ʠ 
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ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʜʫʛʝ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ) ʠ ʧʝʨʝʤʝʱʝʥʠʶ ɸʅʇɸ ʥʘʧʝʨʝʨʝʟ ʜʚʠʞʝʥʠʶ ʙʫʢʩʠʨʥʦʛʦ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʥʘ ʫʯʘʩʪʢʝ 

ʤʝʞʜʫ ʤʘʨʢʝʨʘʤʠ ɻɸʉ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠ ʫʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʳʡ ʧʨʠʝʤ ɸʅʇɸ ʚ 

ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʝʝ ʤʘʣʦʤ ʭʦʜʫ (ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʦ 

ʥʘʜʝʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʇʃ) ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ɸʅʇɸ ʥʘ ʙʫʢʩʠʨʥʳʡ ʢʘʙʝʣʴ-ʪʨʦʩ (ʙʝʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ɸʅʇɸ ʩ ʢʦʨʧʫʩʦʤ ʇʃ) ʠ ʟʘʪʷʛʠʚʘʥʠʷ ʢʘʙʝʣʴ-ʪʨʦʩʘ ʩ ɸʅʇɸ ʚ 

ʪʨʫʙʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʢʦʨʤʦʚʦʤ ʦʪʩʝʢʝ ʇʃ. 

ʅʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʦʧʝʨʘʮʠʶ ʧʨʠʝʤʘ ɸʅʇɸ ʚ ʇʃ, ʪʘʢ 

ʢʘʢ ʧʦʩʪʘʥʦʚʢʘ ɸʅʇɸ ʥʘ ʙʫʢʩʠʨʥʳʡ ʢʘʙʝʣʴ-ʪʨʦʩ ʠʩʢʣʶʯʘʝʪ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʪʦʯʥʦʛʦ 

ʧʦʜʭʦʜʘ ɸʅʇɸ ʢ ʇʃ ʠ ʟʘʭʚʘʪ ɸʅʇɸ ʩ ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʝʤʢʠ ɸʅʇɸ ʇʃ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʠ ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ɸʅʇɸ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʧʦ ʤʘʨʢʝʨʘʤ, ʩʣʝʜʫʝʪ ʟʘ ʇʃ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʘʢʪʠʯʝʩʢʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʇʃ. ʋʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʚʳʧʫʩʢʘ ʠ ʧʨʠʝʤʘ ɸʅʇɸ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʇʃ ʙʝʟ ʭʦʜʘ ʇʃ (ʪʘʢ ʢʘʢ ʇʃ ʧʨʠʥʠʤʘʝʪ ɸʅʇɸ ʚ 

ʢʦʨʤʦʚʦʡ ʦʪʩʝʢ ʇʃ ʯʝʨʝʟ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ) ʠ ʧʨʠʥʠʤʘʪʴ ɸʅʇɸ ʚ ʇʃ ʣʶʙʳʭ 

ʧʨʦʝʢʪʦʚ, ʝʩʣʠ ʠʭ ʢʦʨʤʦʚʳʝ ʯʘʩʪʠ ʦʙʦʨʫʜʦʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʳʤ ʫʩʪʨʦʡʩʪʚʦʤ.  

ʆʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʙʦʪʳ ï ʚʦʝʥʥʘʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʚʷʟʘʥʘ ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ 

ʬʣʦʪʘ.  

ɺʳʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʘʣʴʥʝʡʰʠʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʣʘʞʝʥ ʚʳʧʫʩʢ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʭ 

ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʊʅʇɸ) ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʣʘʩʩʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ 
ʊʅʇɸ ʟʘʯʘʩʪʫʶ ʩʥʘʙʞʘʶʪ ʨʝʢʣʘʤʥʳʝ ʧʨʦʩʧʝʢʪʳ ʜʘʥʥʳʤʠ ʦ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 

ʘʧʧʘʨʘʪʘ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʙʝʟ ʫʯʝʪʘ ʪʝʯʝʥʠʡ ʠ ʢʘʙʝʣʷ), ʛʦʨʘʟʜʦ ʨʝʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʚʦʜʷʪʩʷ ʪʷʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɼʈʂ). 
ʇʦʣʴʟʦʚʘʪʝʣʷ ʊʅʇɸ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʥʪʝʨʝʩʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʦʙʩʣʝʜʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʣʦʱʘʜʴ ʜʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʠ ʚ 

ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʤʦʪʨʦʚʳʭ ʊʅʇɸ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʠʞʠʤʳʝ ʛʨʘʥʠʮʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ 
ʝʝ ʧʣʦʱʘʜʴ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʩʣʝʜʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʊʅʇɸ 

ʦʩʤʦʪʨʦʚʦʛʦ ʢʣʘʩʩʘ, ʦʧʨʝʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʙʝʣʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʪʦʢʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʩʪʷʞʠʤʦʡ ʛʠʙʢʦʡ ʥʠʪʠ, ʰʚʘʨʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʈʂ, ʘ ʪʘʢʞʝ 
ʫʯʠʪʳʚʘʣʦʩʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

 

 

ɺʚʝʜʝʥʠʝ      

ɺ ʩʬʝʨʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʅʇɸ ʚʭʦʜʷʪ ʦʩʤʦʪʨʦʚʳʝ ʨʘʙʦʪʳ, ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, 

ʦʩʪʨʦʧʢʘ ʠ ʠʟʚʣʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʧʥʳʭ ʧʨʝʜʤʝʪʦʚ ʩʦ ʜʥʘ, ʨʘʙʦʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʧʦʜʜʝʨʞʢʘ ʙʫʨʝʥʠʷ, ʦʩʤʦʪʨ ʪʨʘʩʩ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʦʩʤʦʪʨ 

ʩʪʨʫʢʪʫʨ ʥʘ ʥʘʣʠʯʠʝ ʧʦʣʦʤʦʢ, ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʩ ʚʝʥʪʠʣʷʤʠ ʠ ʟʘʜʚʠʞʢʘʤʠ), ʦʧʝʨʘʮʠʠ 

ʧʦ ʨʘʟʤʠʥʠʨʦʚʘʥʠʶ, ʥʘʫʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʜʜʝʨʞʢʘ ʚʦʜʦʣʘʟʥʳʭ ʨʘʙʦʪ, ʨʘʙʦʪʳ ʧʦ 

ʧʦʜʜʝʨʞʘʥʠʶ ʨʳʙʥʳʭ ʬʝʨʤ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ, ʦʩʤʦʪʨʘ ʛʦʨʦʜʩʢʠʭ ʚʦʜʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʩʤʦʪʨ ʩʫʜʦʚ ʥʘ ʥʘʣʠʯʠʝ ʢʦʥʪʨʘʙʘʥʜʥʳʭ ʪʦʚʘʨʦʚ, ʧʨʠʢʨʝʧʣʸʥʥʳʭ ʩʥʘʨʫʞʠ ʢ 

ʙʦʨʪʫ ʠ ʜʨ. ʆʩʥʦʚʥʦʡ ʩʧʨʦʩ ʥʘ ʊʅʇɸ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʣʘʩʩʘ ʜʠʢʪʦʚʘʣʩʷ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ: 

 ʥʘ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʜʚʦʜʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʛʦ, ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʜʥʘ, ʩʙʦʨʘ 

ʦʙʨʘʟʮʦʚ ʜʦʥʥʦʛʦ ʛʨʫʥʪʘ; 

 ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ï ʚʳʧʦʣʥʝʥʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʭʦʜʘ 

ʨʘʙʦʪ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʣʘʟʦʚ, 

ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ; 

 ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʚʠʟʫʘʣʴʥʦʝ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʧʨʝʜʤʝʪ 

ʫʪʝʯʢʠ ʥʝʬʪʠ, ʨʘʙʦʪʘ ʩ ʧʦʜʚʦʜʥʳʤʠ ʧʘʥʝʣʷʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʪʦʣʱʠʥʦʤʝʪʨʠʷ ʠ 

ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʪ.ʜ. 

ʅʘʯʘʣʦ ʘʢʪʠʚʥʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʦʩʤʦʪʨʦʚʳʭ ʊʅʇɸ ʧʦʣʦʞʠʣʠ ʘʤʝʨʠʢʘʥʩʢʠʝ ʬʠʨʤʳ 

Hydro Products, Deep Ocean Engineering (DOE) ʠ Hydro Vision. ɺ ʧʝʨʠʦʜ 1974-1982 ʛ. ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ 50 ʝʜ. ʤʦʜʠʬʠʢʘʮʠʡ ʘʧʧʘʨʘʪʘ çRCVè (Hydro Products). ʉ 1985 ʧʦ 1996 ʛ. ʬʠʨʤʘ 

DOE ʠʟʛʦʪʦʚʠʣʘ 300 ʝʜ. ʊʅʇɸ çPhantomè, ʘ Hydro Vision ï 100 ʘʧʧʘʨʘʪʦʚ çHyballè.  
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RCV (Hydro Products, ʉʐɸ) Phantom (DOE, ʉʐɸ) Hyball (Hydrovision, ʉʐɸ) 

ʈʠʩ. 1. ʇʝʨʚʳʝ ʩʝʨʠʡʥʳʝ ʦʩʤʦʪʨʦʚʳʝ ʊʅʇɸ 

 

ɺ 1998 ʛʦʜʫ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʨʝ ʥʝʙʦʣʴʰʠʭ ʦʩʤʦʪʨʦʚʳʭ ʊʅʇɸ 

ʜʦʩʪʠʛʣʦ 3000 ʰʪ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʦʝʦʙʨʘʟʥʦʤ ʙʫʤʝ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʦʩʪʨʦʝʥʠʷ. 

ɺ ʥʘʯʘʣʝ 2000-ʭ ʧʦʷʚʠʣʠʩʴ ʊʅʇɸ Videoray, Seabotix LBV, ɻʅʆʄ ʠ ʜʨʫʛʠʝ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ 

ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʉʦʛʣʘʩʥʦ ʠʟʜʘʥʠʶ 2009 ʛʦʜʘ ʢʘʪʘʣʦʛʘ çɼʠʩʪʘʥʮʠʦʥʥʦ ʋʧʨʘʚʣʷʝʤʳʝ 

ɸʧʧʘʨʘʪʳ ʄʠʨʘè ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʦʚʘʣʦ ʙʦʣʝʝ 450 ʩʦʟʜʘʪʝʣʝʡ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʊʅʇɸ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 175 ʦʧʝʨʘʪʦʨʦʚ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʇʨʠ 

ʪʘʢʦʤ ʠʟʦʙʠʣʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʊʅʇɸ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʩʤʦʪʨʦʚʳʭ ʨʘʙʦʪ ʚ ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

ʊʠʧʦʚʳʝ ʤʦʜʝʣʠ ʦʩʤʦʪʨʦʚʳʭ ʊʅʇɸ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʦʩʤʦʪʨʦʚʳʭ ʊʅʇɸ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ 

ʪʠʧʦʚʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʤʦʜʝʣʠ (ʩʤ. ʪʘʙʣʠʮʫ 1) ʠ ʪʠʧʦʚʳʝ ʤʦʜʝʣʠ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ (ʩʤ. 

ʪʘʙʣʠʮʫ 2). ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʦʣʴʢʦ ʘʧʧʘʨʘʪʳ ʩ ʭʦʨʦʰʝʡ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴʶ, ʫ 

ʢʦʪʦʨʳʭ ɼʈʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ çʙʦʢʦʚʳʭè ʪʝʯʝʥʠʡ, ʘ ʝʛʦ ʩʫʤʤʘʨʥʘʷ ʪʷʛʘ 

ʜʚʠʞʠʪʝʣʝʡ ʙʣʠʟʢʘ ʢ ʩʫʭʦʤʫ ʚʝʩʫ ʘʧʧʘʨʘʪʘ.  

 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʊʅʇɸ (ʚʝʩ ʜʦ 30 ʢʛ) 

ʅʘʟʚʘʥʠʝ ʊʅʇɸ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ) 

ɺʝʩ, 

ʢʛ 
ɻʘʙʘʨʠʪʳ, ʤʤ 

ʊʷʛʘ ɼʈʂ, ʢʛ ʂʘʙʝʣʴ ʩʚʷʟʠ ʊʠʧ ɼʈʂ 

Fx Fy Fz d, ʤʤ 
q, 

ʢʛ/ʤ 
nʛ/nʚ/nʣ 

LBV300-5 (SeaBotix 
Inc. USA) 

13.0 520 445 260 7.0 3.0 3.0 8.0 0.00 2/1/1 

vLBV300    (SeaBotix 

Inc. USA) 
18.0 620 390 300 22.5 9.0 7.3 10.0 0.00 4ʚ/2/0 

Mini Rover (Teledyne 

Benthos Inc, USA) 
20.0 660 394 292 18.1 8.2 8.2 16.5 0.00 2/1/1 

Seamore (Seamor 
Marine Ltd., Canada) 

20.0 355 472 355 8.7 8.7 5.0 10.0 0.00 2/2ʚ/0 

MAʂʉ-300                     

(ʀʇʄʊ ɼɺʆ ʈɸʅ) 
25.0 700 500 400 18.5 20.0 7.7 10.0 0.00 4ʚ/4/0 

ʇʨʠʤʝʯʘʥʠʝ: Fx, Fy, Fz ï ʧʨʦʜʦʣʴʥʘʷ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʙʦʢʦʚʘʷ ʰʚʘʨʪʦʚʘʷ ʪʷʛʘ ɼʈʂ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; d ï ʜʠʘʤʝʪʨ ʢʘʙʝʣʷ ʩʚʷʟʠ; q ï ʚʝʩ ʚ ʚʦʜʝ ʤʝʪʨʘ ʢʘʙʝʣʷ ʩʚʷʟʠ; nʛ, nʚ, nʣ ï 

ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʣʘʛʦʚʳʭ ʜʚʠʞʠʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʊʅʇɸ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ (ʚʝʩ ʜʦ 100 ʢʛ) 

ʅʘʟʚʘʥʠʝ ʊʅʇɸ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ) 

ɺʝʩ, 

ʢʛ 
ɻʘʙʘʨʠʪʳ, ʤʤ 

ʊʷʛʘ ɼʈʂ, ʢʛ ʂʘʙʝʣʴ ʩʚʷʟʠ ʊʠʧ ɼʈʂ 

Fx Fy Fz d, ʤʤ 
q, 
ʢʛ/ʤ 

nʛ/nʚ/nʣ 

Falcon (Saab Seaeye Ltd, 

England) 
55.0 1000 600 500 45.0 13.0 26.0 14.0 -0.01 4ʚ/1/0 

V8  (Ocean Modules, 

Norway) 
60.0 780 670 470 41.6 41.6 24.0 15.0 0.00 4ʚ/4ʚ/0 

Phantom S2 (Deep Ocean 

Engineering, USA) 
77.0 1470 840 610 34.0 13.6 13.6 14.0 0.00 2/2ʚ/0 

Mojave (Sub-Atlantic, 

England) 
85.0 100 600 500 50.0 26.0 50.0 14.0 -0.01 4ʚ/1/0 

ɻʘʣʪʝʣʴ                          
(ʀʇʄʊ ɼɺʆ ʈɸʅ) 

100.0 1225 780 725 35.0 52.0 35.0 10.0 0.00 4ʚ/4/0 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʜʣʷ ʊʅʇɸ ʩʭʝʤʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʫʩʣʦʚʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʦʩʠʪʝʣʷ, ʢʘʙʝʣʷ ʩʚʷʟʠ ʩ ʧʣʘʚʫʯʝʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʦʙʩʪʚʝʥʥʦ 

ʘʧʧʘʨʘʪʘ ɸ (ʩʤ. ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʆʜʥʦʟʚʝʥʥʘʷ ʩʭʝʤʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʊʅʇɸ  

 

ʇʨʠʚʷʟʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʨʘʚʥʦʤʝʨʥʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʯʝʥʠʝʤ ʠ ʘʙʩʦʣʶʪʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʘʤʦʛʦ ʘʧʧʘʨʘʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʩʧʝʢʪʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʪʳ ʊʅʇɸ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʥʦʩʠʪʝʣʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʙʘʣʘʥʩʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʩʠʣ: 

 

;  ,  , zazzayayyxaxx RTFQRTFRTF                        (1) 

ʛʜʝ: Tax, Tay, Taz ï ʧʨʦʜʦʣʴʥʘʷ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʙʦʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʝʘʢʮʠʠ ʭʦʜʦʚʦʛʦ ʢʦʥʮʘ 

ʢʘʙʝʣʷ ʩʚʷʟʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Qʘ ï ʦʩʪʘʪʦʯʥʘʷ ʧʣʘʚʫʯʝʩʪʴ ʊʅʇɸ; Rx, Ry, Rz ï ʧʨʦʜʦʣʴʥʘʷ, 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʙʦʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʧʫʩʘ 

ʘʧʧʘʨʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʊʅʇɸ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ, ʪʷʛʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɼʈʂ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʙʝʣʷ ʩʚʷʟʠ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

);,(  ),,,,(2

xtaxzyxtʟʭx FVfVFFFVRS                                 (2) 

);,(  ),,,,(2

ztazzyxtʟzz FVfVFFFVRS                               (3) 
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ʛʜʝ: Sx, Sz ï ʧʣʦʱʘʜʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʟʦʥʳ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʊʅʇɸ ʧʨʠ ʣʦʙʦʚʦʡ ʠ ʙʦʢʦʚʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʢ ʪʝʯʝʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Rʟx, Rʟz ï ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʨʘʜʠʫʩ ʟʦʥʳ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʧʨʠ ʣʦʙʦʚʦʡ ʠ ʙʦʢʦʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʢ ʪʝʯʝʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

Vax, Vaz ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʠʩʢʦʚʘʷ ʩʢʦʨʦʩʪʴ  ʘʧʧʘʨʘʪʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʠ ʙʦʢʦʚʦʤ ʪʝʯʝʥʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʯʝʪ ʨʝʘʢʮʠʠ ʭʦʜʦʚʦʛʦ ʢʦʥʮʘ ʢʘʙʝʣʷ ʩʚʷʟʠ  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1,2] ʫʨʘʚʥʝʥʠʝ ʦʜʥʦʟʚʝʥʥʦʡ ʧʨʠʚʷʟʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʪʦʢʝ ʩ ʫʯʝʪʦʤ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʠʤʝʝʪ ʚʠʜ: 

T

azayaxnn

T

zyx

L
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L
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T
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Rqb

VVVzyxTfb
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fd

coscossinsincos
cos
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  ,
 

G

CC
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 . (4) 

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ: T ï ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ ʢʘʙʝʣʷ; ,  - ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʣʠʥʠʠ ʢʘʙʝʣʷ ʚ ʵʪʦʡ ʪʦʯʢʝ; x, y, z ï ʢʦʦʨʜʠʥʘʪʳ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʢʘʙʝʣʷ; Vx, 

Vy,Vz ï ʩʢʦʨʦʩʪʠ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʢʘʙʝʣʷ; q ï ʚʝʩ ʚ ʚʦʜʝ 1 ʤ ʢʘʙʝʣʷ; RŰ, RnŬ, Rnɓ ï ʢʘʩʘʪʝʣʴʥʘʷ ʠ 

ʥʦʨʤʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʜʠʥʠʮʫ 

ʜʣʠʥʳ ʢʘʙʝʣʷ.  

;,, nnnnnnnn VVCRVVCRVVCR  

ʛʜʝ 2/;2/ dkCdkC nn ; kn, kŰ ï ʥʦʨʤʘʣʴʥʳʡ ʠ ʢʘʩʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ      

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʙʝʣʷ; d ï ʜʠʘʤʝʪʨ ʢʘʙʝʣʷ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ;    

nnn VVVV ,,,  ï ʢʘʩʘʪʝʣʴʥʘʷ ʠ ʥʦʨʤʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʪʝʢʫʱʝʡ ʪʦʯʢʠ: 

22,sincos

,sincos,cossin

,coscossinsincos

nnnyn

xzxzn

zyx

VVVVVV

VVVVVV

VVVV

                       (5) 

ɺ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ (4) ʧʦ ʜʣʠʥʝ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʪʷʞʝʥʠʝ ʢʘʙʝʣʷ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ 

ʘʧʧʘʨʘʪʘ (Tax, Tay Taz), ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʥʦʩʠʪʝʣʷ (Tʥx, Tʥy Tʥz) .  

ʈʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ 

ʉ ʫʯʝʪʦʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʘʙʝʛʘʶʱʠʭ ʧʦʪʦʢʦʚ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʣʘʛʦʚʦʛʦ (ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʜʦʣʴ ʦʩʠ Oʥ
*
Z

*
) ʪʝʯʝʥʠʷ Vʪz  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊʅʇɸ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ [3]: 

;
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xx         (6) 

ʛʜʝ ʉx, Cy, Cz ïʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʤʫ, ʙʦʢʦʚʦʤʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʜʚʠʞʝʥʠʶ ʊʅʇɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Vtx=Vtz ï ʩʢʦʨʦʩʪʴ ʚʩʪʨʝʯʥʦʛʦ ʪʝʯʝʥʠʷ; Uï ʚʦʜʦʠʟʤʝʱʝʥʠʝ 

ʘʧʧʘʨʘʪʘ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʊʅʇɸ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ (1), (4), (6) ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ 

ʢʘʙʝʣʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʪʦʢʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʘʢʝʪʝ Mathlab ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʦʡ 

ZONA [2]. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʥʘʪʷʞʝʥʠʷ ʭʦʜʦʚʦʛʦ ʢʦʥʮʘ ʢʘʙʝʣʷ ʥʘ 

ʛʨʘʥʠʮʘʭ ʢʨʫʛʦʚʦʡ ʟʦʥʳ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʪʷʞʝʥʠʷ ʢʘʙʝʣʷ ʦʪ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ʘʧʧʘʨʘʪʘ ʚ ʢʨʫʛʦʚʦʡ ʟʦʥʝ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠʤʝʝʪ 

ʚʳʨʘʞʝʥʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʚ ʪʦʯʢʘʭ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʘʧʧʘʨʘʪʘ Xa=0, Zamax=ÑRʟʤ.  
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʥʘʪʷʞʝʥʠʷ ʢʘʙʝʣʷ ʩʚʷʟʠ ʜʣʷ ʦʜʥʦʟʚʝʥʥʦʡ ʩʭʝʤʳ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 

 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʟʦʥʦʡ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʊʅʇɸ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ Rʟʤ=Zamax, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʨʠʝʥʪʘʮʠʠ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʘʧʧʘʨʘʪʘ ʢ ʚʩʪʨʝʯʥʦʤʫ ʪʝʯʝʥʠʶ. ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʪʝʯʝʥʠʠ ʨʘʜʠʫʩ ʵʪʦʡ ʟʦʥʳ 

Rʟʭ=Zamax ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

),(  ,)(  ),()( tazzatayytxtaxx VTFQVTFVRVTF  

ʘ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʣʘʛʦʤ ʢ ʪʝʯʝʥʠʶ ʨʘʜʠʫʩ ʟʦʥʳ ʩʪʘʥʝʪ Rʟz=Zamax ʠ ʠʟʤʝʥʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʘʣʘʥʩʦʤ ʩʠʣ   

).(  ,)(  ),(z taxxatayytaz VTFQVTFVTF  

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ 3. 

 

ʊʘʙʣʠʮʘ 3. ʆʙʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 
L, 

ʤ 

kn kŰ Yʘ, ʤ Vax, ʤ/ʩ Qa, N ʉx=ʉz ɟ, ʢʛ/ʤ
3
  

100 1.80 0.025 -50 0 10 1.0 1025 

 

ʇʨʠ ʵʪʦʤ ʪʷʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ (Fx, Fy, Fz), ʝʛʦ ʩʫʭʦʡ ʚʝʩ ʠ ʧʘʨʘʤʝʪʨʳ 

ʢʘʙʝʣʷ (d, q)ʩʚʷʟʠ ʙʨʘʣʠʩʴ ʠʟ ʪʘʙʣʠʮ 1, 2. ɺʦʜʦʠʟʤʝʱʝʥʠʝ ʘʧʧʘʨʘʪʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ 

ʬʦʨʤʫʣʝ [3] 

,aa QG
U  

ʛʜʝ: Ga ï ʩʫʭʦʡ ʚʝʩ ʘʧʧʘʨʘʪʘ, ɟ ï ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʥʪʘ ʚ 

ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʝ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʵʪʫ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʊʅʇɸ ʧʦʠʩʢʦʚʦʡ. ʋʧʦʤʷʥʫʪʘʷ ʚʳʰʝ ʧʨʦʛʨʘʤʤʘ ZONA [2] 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʢʘʙʝʣʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʪʦʢʝ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʪʝʯʝʥʠʝʤ ʠ 

ʧʦʠʩʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʚ ʪʦʯʢʝ ʟʦʥʳ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʍʘ=0, Ya=50 ʤ, Za=0. ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʦʠʩʢʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʜʣʷ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ Vt ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦʩʪʠʞʠʤʳʝ ʧʦʠʩʢʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠʚʷʟʥʦʡ ʩʠʩʪʝʤʳ ʚ ʪʦʯʢʝ ʘʧʧʘʨʘʪʘ ʧʦʜ ʥʦʩʠʪʝʣʝʤ 

ʧʨʠ ʫʩʣʦʚʠʷʭ:  

);(  ,)(  ),()( axtazzaaxtayyaxtxaxtaxx VVTFQVVTFVVRVVTF  

).(  ,)(  ),()( axtazxaaztayyaztzaztaxz VVTFQVVTFVVRVVTF  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʊʅʇɸ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊʅʇɸ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʳ 4, 5 ʠ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʛʨʘʬʠʢʘʤʠ ʨʠʩ. 4-7. 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʨʘʜʠʫʩʦʚ Rx ʠ Rz ʨʘʙʦʯʠʭ ʟʦʥ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʊʅʇɸ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʨʘʜʠʫʩʦʚ Rx ʠ Rz ʨʘʙʦʯʠʭ ʟʦʥ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʊʅʇɸ ʣʝʛʢʦʛʦ 

ʢʣʘʩʩʘ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʠʩʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʊʅʇɸ ʦʪ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

 
ʈʠʩ.7. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʠʩʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʊʅʇɸ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 
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ʊʘʙʣʠʮʘ 4. ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʊʅʇɸ 

ʄʦʜʝʣʴ ʊʅʇɸ Vt, ʤ/ʩ 

ɼʦʩʪʠʞʠʤʳʡ ʨʘʜʠʫʩ 
ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʇʦʠʩʢʦʚʘʷ ʩʢʦʨʦʩʪʴ 

Rx, ʤ Rz, ʤ Vʘʭ, ʤ/ʩ Vʘz, ʤ/ʩ 

LBV300-5 (SeaBotix Inc. 

USA) 

0.00 86.6 86.6 0.81 0.53  

0.25 81.4 68.5 0.49 0.21  

0.50 45.5 - 0.16 -  

vLBV300    (SeaBotix Inc. 

USA) 

0.00 86.6 86.6  1.39 0.79  

0.25  84.1 84.0  1.08 0.48  

0.50  74.8 71.8  0.76 0.15  

Mini Rover (Teledyne 

Benthos Inc, USA) 

0.00 86.6 86.6  1.23 0.83  

0.25  84.1 84.0  0.92 0.52  

0,50  54.4 60.0  0.60 0.19  

Seamore (Seamor Marine 
Ltd., Canada) 

0.00 86.6 86.6  0.91 0.69  

0.25  84.1 82.0  0.58 0.37  

0.50  59.6 30.1  0.25 0.04  

MAʂʉ-300                  
(ʀʇʄʊ ɼɺʆ ʈɸʅ) 

0.00 86.6 86.6 1.06 0.69  

0.25  84.1 84.0  0.76 0.39  

0.50  74.8 64.9  0.46 0.08  

 

 

ʊʘʙʣʠʮʘ 5. ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʊʅʇɸ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ 

ʄʦʜʝʣʴ ʊʅʇɸ Vt, ʤ/ʩ 

ɼʦʩʪʠʞʠʤʳʡ ʨʘʜʠʫʩ 

ʨʘʙʦʯʝʡ ʟʦʥʳ 
ʇʦʠʩʢʦʚʘʷ ʩʢʦʨʦʩʪʴ 

Rx, ʤ Rz, ʤ Vʘʭ, ʤ/ʩ Vʘz, ʤ/ʩ 

Falcon (Saab Seaeye Ltd, 

England) 

0.00  86.6  86.6  1.33 1.00  

0.25  85.9  86.0  1.06 0.73  

0.50  84.0 84.6  0.77 0.44  

V8  (Ocean Modules, 

Norway) 

0.00  86.6  86.6  1.35 1.03  

0.25  86.0 85.8  1.08 0.75  

0.50  85.6 84.0  0.79 0.46  

Phantom S2 (Deep Ocean 

Engineering, USA) 

0.00  86.6  86.6  0.88 0.55  

0.25  85.9 85.6  0.61 0.29  

0.50  81.4  81.4  0.33 0.02  

Mojave (Sub-Atlantic, 

England) 

0.00  86.6  86.6  2.61 2.62  

0.25  86.0 85.9  2.25 2.25  

0.50  85.6 85.8  1.89 1.89  

ɻʘʣʪʝʣʴ                          

(ʀʇʄʊ ɼɺʆ ʈɸʅ) 

0.00  86.6  86.6  0.92 0.92  

0.25  86.0 85.9  0.64 0.64  

0.50  85.6 85.1  0.37 0.37  
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ɺʳʚʦʜʳ 

1. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʩʤʦʪʨʦʚʳʭ ʊʅʇɸ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʜʦʩʪʠʞʠʤʳʝ ʨʘʜʠʫʩʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʩ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʘʧʧʘʨʘʪʘ ʢ ʪʝʯʝʥʠʶ.  

2. ʆʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʩʤʦʪʨʦʚʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʧʦʠʩʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʥʪʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. 

3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʅʇɸ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴʶ ʠ ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʥʝʝ ʪʷʛʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɼʈʂ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʙʝʣʷ ʩʚʷʟʠ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʘʧʧʘʨʘʪʘ. 

4. ɿʥʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʜʦʙʨʘʪʴ ʤʦʜʝʣʴ ʊʅʇɸ, 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʧʦʣʥʝʥʠʝ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ 

ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

5. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ 
ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʊʅʇɸ ʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ çvLVB300è SeaBotix Inc., ʘ ʩʨʝʜʠ ʪʠʧʦʚʳʭ 

ʤʦʜʝʣʝʡ ʊʅʇɸ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ ï çMojaveè Sub-Atlantic. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɺʠʥʦʛʨʘʜʦʚ ʅ.ʀ. ʠ ʜʨ. ʇʨʠʚʷʟʥʳʝ ʧʦʜʚʦʜʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʩʪʘʪʠʢʠ ʠ 
ʜʠʥʘʤʠʢʠ. ï ʉʇʙ.: ʀʟʜ-ʚʦ ʉ.-ʇʝʪʝʨʙ. ʋʥ-ʪʘ, 2000. 

2. ʂʦʩʪʝʥʢʦ ɺ.ɺ., ʄʦʢʝʝʚʘ ʀ.ɻ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʘʙʝʣʷ ʩʚʷʟʠ ʥʘ ʤʘʥʝʚʨʝʥʥʦʩʪʴ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ // ʇʦʜʚʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ. 

2009, ˉ1 (7). ʉ. 22-27. 

3. ʇʘʥʪʦʚ ɽ.ʅ. ʠ ʜʨ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ / ɽ.ʅ. ʇʘʥʪʦʚ, ʅ.ʅ. 
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ʆʇʓʊ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ɻʈɽɹʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 

ʅɽʆɹʀʊɸɽʄʓʍ ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

ɺ.ɺ. ʂʦʩʪʝʥʢʦ, ɼ.ʅ. ʄʠʭʘʡʣʦʚ, ʅ.ɸ. ʅʘʡʜʝʥʢʦ, ɼ.ʅ. ʈʦʜʴʢʠʥ 

 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ɼɺʆ ʈɸʅ. 

690950, ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ʉʫʭʘʥʦʚʘ, 5ʘ, ʪʝʣ./ʬʘʢʩ: (423) 243-24-16, 

e-mail: kostenko@marine.febras.ru 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʝʙʥʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ɻʕʇ) ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʅʇɸ) ʨʘʟʨʘʙʦʪʢʠ ʀʇʄʊ. 
ʇʨʝʜʩʪʘʚʣʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʥʘʛʨʫʟʦʯʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʪʘʢ ʠ ʰʚʘʨʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʨʫʟʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʙʘʟʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʛʦ ʤʦʤʝʥʪʘ ʩʝʨʠʠ ɼɹʄ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩ ʧʨʠʚʦʜʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʰʚʘʨʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʚʠʞʠʪʝʣʝʡ ʅʇɸ 

ʨʘʟʨʘʙʦʪʢʠ ʀʇʄʊ ɼɺʆ ʈɸʅ.  

 

 

ʅʘ ʵʪʘʧʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʅʇɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ 

ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʝʙʫʝʤʳʝ ʪʷʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʛʦ ɼʈʂ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʜʚʠʞʠʪʝʣʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʠ ʝʛʦ ʧʨʠʚʦʜʘ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ (ʉʕʆ) 

ʘʧʧʘʨʘʪʘ. ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʕʇ.  

 

ʅʘʛʨʫʟʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʎʝʣʴʶ ʥʘʛʨʫʟʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ɻʕʇ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʪʘʢ ʠ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ 

ʅʇɸ. ʂ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɻʕʇ ʦʪʥʦʩʷʪʩʷ: ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʚʥʝʰʥʷʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʥʘ ʚʘʣʫ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ), ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʘʛʨʫʟʦʯʥʦʛʦ ʩʪʝʥʜʘ 

ʠ ʝʛʦ ʬʦʪʦʛʨʘʬʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1, ʘ ʠ 1, ʙ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʫʟʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ɻʕʇ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʘʷ (ʩʤ. ʨʠʩ.3) 

ʠ ʚʥʝʰʥʷʷ (ʩʤ. ʨʠʩ. 4) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩ ɻʕʇ 

ʉʦʛʣʘʩʦʚʘʥʥʳʤ ʩ ɻʕʇ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʘʢʦʡ ʛʨʝʙʥʦʡ ʚʠʥʪ (ɻɺ), ʢʦʪʦʨʳʡ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʅʇɸ ʩʦ ʩʢʦʨʦʩʪʴʶ Vx ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ nʵʧ ʦʪʙʠʨʘʝʪ ʦʪ ʥʝʛʦ 

ʥʦʤʠʥʘʣʴʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ Nʵʧ. ʉʦʛʣʘʩʦʚʘʥʠʝ ɻɺ ʩ ʧʨʠʚʦʜʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʪʝʨʘʮʠʦʥʥʦʤ ʧʦʠʩʢʝ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʣʷ ʠʟʚʝʩʪʥʳʭ Vx ʠ nʵʧ ʨʘʚʝʥʩʪʚʦ 

Nʛʚ=Nʵʧ. ʄʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʚʦʜ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʙʦʨʦʪʘʭ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʚʘʝʤʘʷ ʜʚʠʞʠʪʝʣʝʤ ʪʷʛʘ ʠ ʝʛʦ ʂʇɼ ʚʳʯʠʩʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  
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ʘ) 

IBM PC

BUD 

Viewer

ZetLab

ɸʎʇ

ɹʣʦʢ ɻʣʝʢʪʨʦʥʠʢʠ ʩʪʝʥʜʘ

ɸʎʇ

ZetLab-210

ʄʦʩʪ

USB-CAN

PSH-6018ɹʋɼ

4ɼɹʄ70

ʅʘʛʨʫʟʦʯʥr ʡ 

ʛʝʥʝʨʘʪʦʨ

HARTHA 

TYP 1278.7

ʕʣʝʢʪʨʦʥʥʘ̫ 

ʥʘʛʨʫʟʢʘ

ɸʊʅ-8030

 

 

 

 

ʙ)  
ʈʠʩ. 1. ʉʪʝʥʜ ʜʣʷ ʥʘʛʨʫʟʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ɻʕʇ: 1 ï ʥʘʛʨʫʟʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ HARTHA TYP 1278.7; 2 

ï ʩʦʛʣʘʩʫʶʱʘʷ ʤʫʬʪʘ; 3 ï ʚʝʥʪʠʣʴʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 4ɼɹʄ70-1,1-1,3-3/24 ʚ ʛʝʨʤʝʪʠʯʥʦʤ 

ʢʦʥʪʝʡʥʝʨʝ; 4 ï ʵʣʝʢʪʨʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʛʝʥʝʨʘʪʦʨʘ ɸʊʅ 8030; 5 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ; 6 ï 
ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʤʧʴʶʪʝʨ; 7 ï ʙʣʦʢ ʵʣʝʢʪʨʦʥʠʢʠ ʩʪʝʥʜʘ; 8 ï ʙʣʦʢ ʧʠʪʘʥʠʷ PSH 6018  
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ʈʠʩ. 2. ʉʢʨʠʥʰʦʪ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʛʨʫʟʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ɻʕʇ ʥʘ ʙʘʟʝ 4ɼɹʄ70-1,1-1,3-3 

 

 
ʈʠʩ. 3. ʄʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻʕʇ ʥʘ ʙʘʟʝ 4ɼɹʄ70-1.1-1.3-3 

 

 
ʈʠʩ. 4. ɺʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻʕʇ ʥʘ ʙʘʟʝ 4ɼɹʄ70-1.1-1.3-3 
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ʉʥʘʯʘʣʘ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ (ʜʠʘʤʝʪʨ D, ʰʘʛʦʚʦʝ 

ʦʪʥʦʰʝʥʠʝ ɝ=H/D, ʯʠʩʣʦ ʣʦʧʘʩʪʝʡ Z, ʜʠʩʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ɜ=A/Ad, ʥʦʤʝʨ ʩʝʨʠʠ nser) 

ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʦʡ PSOP ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ɼʘʡʜʦʣʘ-ɼʞʦʥʩʦʥʘ [1] 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʧʦʨʘ ʂt ʠ ʤʦʤʝʥʪʘ ʂʤ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ  ʧʦ ʬʦʨʤʫʣʘʤ: 

                                            
;  ,

,

2222

1111

Dn

V
zCK

zCK

ʚ
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j

VUTS

ʤjʤ

i

VUTS

tit

jjjj

iiii

     (1) 

ʛʜʝ: ɚ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʩʪʫʧʴ ɻɺ; 
jjjjjiiiii VUTSCVUTSC 2222211111 ,,,,,,,,,  ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʥʷʪʦʡ ʩʝʨʠʠ ʚʠʥʪʦʚ. 

ɿʘʪʝʤ, ʟʘʜʘʚʰʠʩʴ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɻɺ nʚ=nʵʧ  ʠ  ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʅʇɸ Vx, ʚʳʯʠʩʣʷʝʤ 

ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Mʛʚ, ʫʧʦʨ ʊʜ, ʪʨʝʙʫʝʤʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ Nʛʚ ʠ ʂʇɼ ʧʦ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ [2]. 

                                                        

./  ,

,)(

,)(

52

42

ʛʚxʛʚʛʚʛʚʚʛʚ

ʚʤʛʚ

ʚtʜ

NVTMnN

DnKM

DnKT

                (2) 

 

ɼʘ

ʂʤ=fʤ(D,H/D,Ae/Ad,Z, nser)

ʂʪ=fʪ(D,H/D,Ae/Ad,Z, nser)

ʀʩʭʦʜʥr ʝ ʜʘʥʥr ʝ 

N ʧɻ, n ʧɻ, Vʭ

Nʛʚ(n ʧɻ)=N ʧɻ(n ʧɻ) ?

ɺr ʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ɻɺ

D, H/D, Ae/Ad, Z, nser

ʈʝʛʨʝʩʩʠʦʥʥʘ̫ ʙʘʟʘ 

ʜʘʥʥr ʭ ʛʨʝʙʥr ʭ ʚʠʥʪʦʚ 

ʧʨʦʛʨʘʤʤr  PSOP

ʄʦɦ ʥʦʩʪɹ ʥʘ ʚʘʣʫ ɻɺ

Nʛʚ=ʂʤĀɟĀn ʧɻ
3
ĀD5

ʅʝʪ

ʊ̫ʛʘ ʠ ʂʇɼ ɻɺ

Tʛʚ=ʂʪĀɟĀn ʧɻ
2
ĀD

4
 

ɖʛʚ=ʊʛʚĀVx/Nʛʚ
 

ʈʠʩ. 5. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ɻɺ 

 

ɹʘʩʩʝʡʥʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʜʚʠʞʠʪʝʣʷ  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʡʜʝʥʥʳʤʠ ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ɻɺ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʎʝʣʴ 

ʙʘʩʩʝʡʥʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʚʠʞʠʪʝʣʷ (ʢʦʤʧʣʝʢʩʘ ɻʕʇ-ɻɺ) ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

 ʟʘʚʠʩʠʤʦʩʪʴ ʰʚʘʨʪʦʚʦʡ ʪʷʛʠ ʦʪ ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʜʘ ɻʕʇ; 

 ʟʘʚʠʩʠʤʦʩʪʴ ʰʚʘʨʪʦʚʦʡ ʪʷʛʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ; 

 ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʞʠʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʝʛʦ ʚʨʘʱʝʥʠʷ; 

 ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʦʪ ʯʘʩʪʦʪʳ ʝʛʦ ʚʨʘʱʝʥʠʷ.  
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠ ʬʦʪʦʛʨʘʬʠʷ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʡ ʙʘʣʢʠ ʩ ʤʘʢʝʪʦʤ ʜʚʠʞʠʪʝʣʷ ʊʅʇɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʰʚʘʨʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʝʪʘ ʜʚʠʞʠʪʝʣʷ ʊʅʇɸ çɻʘʣʪʝʣʴè ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ  9-12. 

 

ʂʦʜ

Uʠʧ

ʄʚ

nʚ Fʰ

IBM PC

BUD 

Viewer

ZetLab

ɸʎʇ

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠ̫ ʩʪʝʥʜʘ

ɸʎʇ

ZetLab-210

ʄʦʩʪ

USB-CAN

PSH-6018ɹʋɼ

4ɼɹʄ70
ɻʨʝʙʥʦʡ ʚʠʥʪ 

ʩ ʥʘʩʘʜʢʦʡ
ʊʝʥʟʦʙʘʣʢʘ

ʊʝʥʟʦ

ʫʩʠʣʠʪʝʣɹ

Uʪʫ

Iʠʧ

 
ʈʠʩ. 6. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʚʘʨʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʠʪʝʣʷ 

 

 
ʈʠʩ. 7. ʄʘʢʝʪ ʜʚʠʞʠʪʝʣʷ ʅʇɸ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʣʢʝ: 1 ï ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ ZET-411,  

2 ï ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ, 3 ï ʢʦʤʧʝʥʩʘʪʦʨ ʜʘʚʣʝʥʠʷ, 4 ï ʤʘʢʝʪ ʜʚʠʞʠʪʝʣʷ ʅʇɸ 

 

 
ʈʠʩ. 8. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʠʪʝʣʷ çZETPanelè 
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ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʰʚʘʨʪʦʚʦʡ ʪʷʛʠ ʦʪ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ  

(ʩʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʞʠʪʝʣʷ ʊʅʇɸ) 

 

 
ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ɻʕʇ ʦʪ ʯʘʩʪʦʪʳ ʝʛʦ ʚʨʘʱʝʥʠʷ ʜʚʠʞʠʪʝʣʷ 

 

 

ɺʳʚʦʜʳ 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʇʄʊ ʥʘʛʨʫʟʦʯʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʕʇ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʪʘʢ ʠ 

ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʅʇɸ. 

 ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ɻɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʣʥʫʶ ʟʘʛʨʫʟʢʫ 

ʧʨʠʚʦʜʘ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻɺ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʛʨʝʩʠʦʥʥʦʡ ʙʘʟʳ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʧʨʦʛʨʘʤʤʳ PSOP (Daidola&Jonson). 

 ɹʘʩʩʝʡʥʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʜʚʠʞʠʪʝʣʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʝʛʦ ʰʚʘʨʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʘʧʧʘʨʘʪʘ, ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʧʨʠ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʉʕʆ ʅʇɸ. 
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ 

ʘʧʧʘʨʘʪʘ (ʄʊʇɸ), ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʄʊʇɸ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 
ʝʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʙʘʩʩʝʡʥʦʚʳʭ ʠ 

ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʘʧʧʘʨʘʪʘ ʠ ʝʛʦ ʩʠʩʪʝʤ. ɼʘʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʰʠʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʩʧʳʪʘʥʠʠ ʩʠʩʪʝʤ ʘʧʧʘʨʘʪʘ.  

 
 

ɺʚʝʜʝʥʠʝ 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʊʇɸ çʄɸʂʉ-300è ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʀʇʄʊ ʚ 2011 ʛ. ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʟʘʜʘʥʠʶ ʄʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʝʚʝʣʴʩʢʦʛʦ. ɸʧʧʘʨʘʪ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʙʝʟʜʦʢʦʚʦʛʦ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ 

ʛʦʪʦʚʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 300 ʤ, ʪʘʢ ʠ ʜʣʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʩʠʩʪʝʤʝ ʨʦʩʩʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʩʪʘʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʇʦʜʚʦʜʥʳʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʄʊʇɸ, ʥʘʜʚʦʜʥʦʛʦ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ (ʅʇʋ) ʠ ʢʘʙʝʣʷ ʩʚʷʟʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1, ʛʜʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʦʧʮʠʦʥʘʣʴʥʦ ʦʙʦʟʥʘʯʝʥʳ ʧʫʥʢʪʠʨʦʤ. ɺ ʙʘʟʦʚʳʡ ʩʦʩʪʘʚ ʄʊʇɸ 

ʚʭʦʜʷʪ ʙʣʦʢ ʵʥʝʨʛʝʪʠʢʠ (ɹʕ), ʩʠʩʪʝʤʘ ʙʦʨʪʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ (ʉɹʋʅ), 

ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ (ɼʈʂ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ). 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. ɺʥʝʰʥʠʡ ʚʠʜ ʄʊʇɸ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʠʩ. 2. 

ɺ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʥʘ-ʥʦʩʠʪʝʣʷ ʚʭʦʜʷʪ ʕɺʄ ʪʠʧʘ ʥʦʫʪʙʫʢ ʩ TV-ʊʶʥʝʨʦʤ, 

ʜʞʦʡʩʪʠʢ ʫʧʨʘʚʣʝʥʠʷ ʄʊʇɸ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʠʜʝʦʤʦʥʠʪʦʨʳ ʩ ʚʠʜʝʦ ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʠ 

ʅʇʋ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ GEN600-4, ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʥʦʛʦ 

ʦʪʢʣʶʯʝʥʠʷ, ʢʦʥʪʨʦʣʣʝʨʘ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ ʩʚʷʟʠ ʠ ʦʧʪʦʤʦʜʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʠʝʤ 

ʜʚʫʭ ʚʠʜʝʦʧʦʪʦʢʦʚ ʠ ʩʚʷʟʴ ʩ ʘʧʧʘʨʘʪʦʤ ʧʦ ʠʥʪʝʨʬʝʡʩʫ E-net. 

 

ʊʘʙʣʠʮʘ 1. ʊʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ ʄʊʇɸ çʄɸʂʉ-300è 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ, ʤ 300 

ʄʘʩʩʘ, ʢʛ 45 

ɼʣʠʥʘ, ʤʤ 860 

ʐʠʨʠʥʘ, ʤʤ 520 

ɺʳʩʦʪʘ, ʤʤ 460 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʭʦʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ/ʩ 1.00 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʭʦʜʘ, ʤ/ʩ 0.50 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʳʩʢʘʥʠʷ, ʛʨʘʜ/ʩ 75 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ 2500 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ɺ  (50 ɻʮ) 220 
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ʉʠʩʪʝʤʘ ʙʦʨʪʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠ̫ ʠ ʥʘʚʠʛʘʮʠʠ

ɼʚʠʞʠʪʝʣɹʥʦ-ʨʫʣʝʚʦʡ 

ʢʦʤʧʣʝʢʩ

ɹʣʦʢ ʘʚʪʦʧʠʣʦʪʘ
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ɹʋɼ

ɹʋɼ
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ʂʦʤʧɹ ʪʁʝʨ 

ʦʧʝʨʘʪʦʨʘ

ʄʊʇɸ

ɺʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ
ɼʞʦʡʩʪʠʢ 

ʫʧʨʘʚʣʝʥʠ̫ 

ʄʊʇɸ

=24 VDC

ʅʘʜʚʦʜʥr ʡ ʧʫʣɹʪ ʦʧʝʨʘʪʦʨʘ

ʉʫʜʥʦ-ʥʦʩʠʪʝʣɹ

ʆʧʪʦʤʦʜʝʤ

~ 220 ɺ 50 ɻʮ

E-net

ʋɿʆ

=400 VDC

Video 1 Video 2

ʂʦʥʪʨʦʣʣʝʨ 
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ʋʂɹ
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ɺʠʜʝʦʢʘʤʝʨʘ
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ɸʎʇ

ʫʛʣʦʚrʭ 

ʧʠʣʦʪʘʞʥr ʭ 

ʜʘʪʯʠʢʦʚ

ʂʦʥʪʨʦʣʣʝʨ 

ʘʚʪʦʧʠʣʦʪʘ

  

ʌʦʪʦʩʠʩʪʝʤʘ

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ çʄʘʢʩ-300è 

 

 

    
ʈʠʩ. 2. 3D ʤʦʜʝʣʴ ʄʊʇɸ çʄʘʢʩ-300è 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʄʊʇɸ 

ʂʦʨʧʫʩʥʘʷ ʩʠʩʪʝʤʘ ʄʊʇɸ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʫʱʝʡ ʨʘʤʳ, ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʣʦʢʘ ʧʣʘʚʫʯʝʩʪʠ ʠ ʩʠʩʪʝʤʳ ʟʘʙʦʨʪʥʦʛʦ ʤʦʥʪʘʞʘ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʦʛʘʙʘʨʠʪʦʚ ʘʧʧʘʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʥʝʩʫʱʝʡ ʨʘʤʳ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʡ ʣʠʩʪ ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ 900 ʢʛ/ʤ
3
. ʌʦʨʤʘ ʨʘʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʄʊʇɸ ʧʨʠ ʝʛʦ ʤʠʥʠʤʘʣʴʥʳʭ ʛʘʙʘʨʠʪʘʭ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʙʳʩʪʨʦʩʲʝʤʥʦʛʦ ʤʦʜʫʣʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʅʘ ʨʘʤʝ 1 ʟʘʢʨʝʧʣʝʥʳ ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɼʈʂ) 2, 

ʧʨʦʯʥʳʡ ʢʦʥʪʝʡʥʝʨ ʙʣʦʢʘ ʘʚʪʦʧʠʣʦʪʘ 3 ʠ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ 4, ʯʝʨʥʦ-ʙʝʣʘʷ 5 ʠ 
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ʮʚʝʪʥʘʷ 6 ʚʠʜʝʦʢʘʤʝʨʳ, ʩʚʝʪʠʣʴʥʠʢʠ 7, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʦʨʦʙʢʠ 8, ʙʣʦʢ ʵʥʝʨʛʝʪʠʢʠ 9, 

ʙʣʦʢ ʦʧʪʦʤʦʜʝʤʘ 10, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 11, ʵʭʦʣʦʪ 12, ʢʦʤʧʝʥʩʘʪʦʨ ʜʘʚʣʝʥʠʷ 13 ʠ ʙʣʦʢ 

ʧʣʘʚʫʯʝʩʪʠ 14 (ʩʤ. ʨʠʩ. 3, ʙ). 

ʘ          ʙ  
ʈʠʩ. 3. ɹʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʄʊʇɸ çʄʘʢʩ-300è 

 

ɼʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ 
ɺʳʙʨʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʘʧʧʘʨʘʪʘ ʧʦ ʰʝʩʪʠ ʢʦʦʨʜʠʥʘʪʘʤ ï ʭʦʜ, ʣʘʛ, ʛʣʫʙʠʥʘ, ʢʫʨʩ, ʢʨʝʥ ʠ ʜʠʬʬʝʨʝʥʪ (ʩʤ. ʨʠʩ. 4).  
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ʈʠʩ. 4. ʂʦʤʧʦʥʦʚʢʘ ɼʈʂ ʊʅʇɸ çʄɸʂʉ-300è 

 

ʉʚʷʟʴ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʫʧʦʨʘʤʠ ʜʚʠʞʠʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʶ [1] 
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ʛʜʝ: Fx, Fy, Fz ï ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ ɼʈʂ; Mx, My, Mz ï ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ ɼʈʂ; Fʣʢʛ, Fʧʢʛ, 

Fʣʥʛ, Fʧʥʛ, Fʣʢʚ, Fʧʢʚ, Fʣʥʚ, Fʧʥʚ ï ʫʧʦʨʳ ʜʚʠʞʠʪʝʣʝʡ; a,b,c,d ï ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʝʱʝʥʠʷ 

ʜʚʠʞʠʪʝʣʝʡ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʘʧʧʘʨʘʪʦʤ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ OʤXYZ; Ŭ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ OX. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʈʂ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʈʂ ʄʊʇɸ çʄɸʂʉ-300è 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʊʠʧ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
ɹʝʩʢʦʣʣʝʢʪʦʨʥʳʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʦ 

ʚʩʪʨʦʝʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʍʦʣʣʘ 

ʄʘʨʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ Faulhaber 4490 036 BS 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  36 ɺ 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ 120 ɺʪ 

ʅʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 3000 ʦʙ/ʤʠʥ 

ʊʠʧ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ  Raboesch 4149-17/18, D=90 ʤʤ, Z=4 

ʐʚʘʨʪʦʚʳʡ ʫʧʦʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 40 H (30 H ʥʘ ʨʝʚʝʨʩʝ) 

ʐʚʘʨʪʦʚʳʡ ʫʧʦʨ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 35 H (20 H ʥʘ ʨʝʚʝʨʩʝ) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʴʥʘʷ ʪʷʛʘ ɼʈʂ (Ŭ=22
0
) 146 H (110 H ʥʘ ʨʝʚʝʨʩʝ) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʪʷʛʘ ɼʈʂ (Ŭ=22
0
) 61 H  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʪʷʛʘ ɼʈʂ 140 H (80 H ʥʘ ʨʝʚʝʨʩʝ) 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʜʚʠʞʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ Faulhaber 4490 024 BS,  ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʢʦʨʧʫʩʝ ʦʙʪʝʢʘʝʤʦʡ ʬʦʨʤʳ. ʅʘ 

ʚʘʣʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʠʞʠʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥ ʛʨʝʙʥʦʡ ʚʠʥʪ, ʟʘʱʠʱʝʥʥʳʡ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʥʘʩʘʜʢʦʡ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʠʪʝʣʠ ʨʘʟʤʝʱʝʥʳ ʚ ʚʦʜʦʚʦʜʘʭ ʙʣʦʢʘ ʧʣʘʚʫʯʝʩʪʠ ʠ ʢʨʝʧʷʪʩʷ ʢ 

ʥʝʤʫ ʧʨʠ ʧʦʤʦʱʠ ʬʣʘʥʮʝʚ (ʩʤ. ʨʠʩ. 3). 

ʉʠʩʪʝʤʘ ʙʦʨʪʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ 

ʆʩʥʦʚʫ ʮʠʬʨʦʚʦʡ ʉɹʋʅ ʄʊʇɸ ʩʦʩʪʘʚʣʷʝʪ ʣʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʫʶ 

ʯʝʨʝʟ ʦʧʪʦʤʦʜʝʤʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʘ ʀʀʂ ʦʙʨʘʟʫʶʪ ʙʦʨʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʘʧʧʘʨʘʪʘ, ʢʦʥʪʨʦʣʣʝʨ ʘʚʪʦʧʠʣʦʪʘ ʠ ʥʦʫʪʙʫʢ ʩʫʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʜʞʦʡʩʪʠʢʦʤ. 

ʉɹʋʅ ʄʊʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

 ʨʝʘʣʠʟʘʮʠʶ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʨʝʞʠʤʦʤ, 
ʚʢʣʶʯʘʷ ʩʪʘʙʠʣʠʟʘʮʠʶ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʫʨʩʘ ʠ ʛʣʫʙʠʥʳ, ʘ ʪʘʢʞʝ ʥʫʣʝʚʳʭ ʫʛʣʦʚ 

ʢʨʝʥʘ ʠ ʜʠʬʬʝʨʝʥʪʘ; 

 ʧʦʜʜʝʨʞʢʫ ʠ ʢʦʥʪʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʘʧʧʘʨʘʪʘ ʠ 

ʩʫʜʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ; 

 ʨʘʙʦʪʫ ʀʀʂ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʚʠʜʝʦʢʘʤʝʨ, ɻʉʆ ʠ ʜʨʫʛʠʭ 
ʜʘʪʯʠʢʦʚ; 

 ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʜʠʘʛʥʦʩʪʠʢʫ ʩʠʩʪʝʤ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʃʦʢʘʣʴʥʘʷ ʩʝʪʴ ʊʅʇɸ ʚʢʣʶʯʘʝʪ ʢʦʤʙʠʥʘʮʠʶ ʩʝʛʤʝʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ RS232, RS485 ʠ CAN. ʀʥʪʝʨʬʝʡʩ CAN ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʚʷʟʠ ʢʦʥʪʨʦʣʣʝʨʘ 

ʘʚʪʦʧʠʣʦʪʘ ʩ ʙʣʦʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʠʪʝʣʷʤʠ ʠ ʧʨʝʮʠʟʠʦʥʥʳʤ ʜʘʪʯʠʢʦʤ ʜʘʚʣʝʥʠʷ. 

ʀʥʪʝʨʬʝʡʩ RS485 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʀʇʄʊ (ʵʭʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʋʂɹ ɻɸʅʉ). ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ STD ʟʦʥʜʘ ʩ ʬʣʶʦʨʦʤʝʪʨʦʤ WQM Wetlabs, 

ʛʨʘʙʙʝʨʘ Seabotix ʠ ʵʭʦʣʦʪʘ DST micron ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʩʝʛʤʝʥʪ ʠʥʪʝʨʬʝʡʩʘ RS-232. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ) ʩʦʩʪʦʠʪ ʠʟ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʏɹ ʢʘʤʝʨʳ, ʮʚʝʪʥʦʡ ʦʙʟʦʨʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ, ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ, ʛʠʜʨʦʣʦʢʘʪʦʨʘ ʩʝʢʪʦʨʥʦʛʦ ʦʙʟʦʨʘ Imagenex 881L (ʦʧʮʠʷ), ʤʥʦʛʦʣʫʯʝʚʦʛʦ 
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ʵʭʦʣʦʪʘ Imagenex 837 (ʦʧʮʠʷ), STD ʟʦʥʜ WQM Wetlabs (ʦʧʮʠʷ), ʬʦʪʦʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ 

ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ çɺʠʜʝʦʩʢʘʥè (ʦʧʮʠʷ), ʦʧʪʦʤʦʜʝʤʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʪʝʨʬʝʡʩʘ ʥʘ 

ʙʘʟʝ ARM ʢʦʥʪʨʦʣʣʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ (CAN, 

RS-232 ʠ RS-485) ʩ E-net.  

ʈʘʟʤʝʱʝʥʠʝ ʚʠʜʝʦʢʘʤʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʚ ʧʝʨʝʜʥʝʡ ʧʦʣʫʩʬʝʨʝ 

ʘʧʧʘʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʘ ʚʠʜʝʦʩʠʛʥʘʣʦʚ ʢʘʢ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʚʠʜʝʦʤʦʥʠʪʦʨ, ʪʘʢ ʠ ʚ ʚʠʜʝʦ ʦʢʥʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʧʝʨʘʪʦʨʘ ʯʝʨʝʟ ʪʝʣʝʚʠʟʠʦʥʥʳʡ 

ʪʶʥʝʨ ʪʠʧʘ AVerTV. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʝʦʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

 

ʊʘʙʣʠʮʘ 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʝʦʢʘʤʝʨ ʀʀʂ 

ʅʘʟʚʘʥʠʝ ʊʠʧ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

VM32HQX-B36 ʎʚʝʪʥʘʷ 0,1 ʣʶʢʩ/560 ʩʪʨʦʢ/104
0
 

QNB209 ʏɹ 0.003 ʣʶʢʩ/570 ʩʪʨʦʢ/110
0
 

 

ʂʘʙʝʣʴ ʩʚʷʟʠ 

ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʠʠ ʩʚʷʟʠ ʠʩʧʦʣʴʟʦʚʘʥ ʛʨʫʟʦʥʝʩʫʱʠʡ ʦʧʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʩʚʷʟʠ 

ʂʇ100ɺʂʇ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʇʩʢʦʚʛʝʦʢʘʙʝʣʴè, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʙʝʣʷ ʩʚʷʟʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʙʝʣʷ 

 

ʊʦʢʦʚʝʜʫʱʠʝ ʞʠʣʳ 

ʂʦʘʢʩʠʘʣ (ʤʝʜʴ): 

ʪʨʫʙʢʘ ʆɺ ï 1 ʤʤ
2
 

ʦʧʣʝʪʢʘ ï 1 ʤʤ
2
 

Rʪʧʞ ï 20.8 ʦʤ/ʢʤ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʘʥʘʣ 
ʆʜʥʦʤʦʜʦʚʦʝ ʆɺ 

9/125 

ɼʠʘʤʝʪʨ ʢʘʙʝʣʷ, ʤʤ 10 

ʈʘʟʨʳʚʥʦʝ ʫʩʠʣʠʝ, ʢʅ 3,5 

ʇʣʘʚʫʯʝʩʪʴ, ʢʛ/ʢʤ +0,66/-1,30 

 

ɺʳʚʦʜʳ 

1. ɺ ʀʇʄʊ ʨʘʟʨʘʙʦʪʘʥ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʄʊʇɸ, ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʠ ʠʥʪʝʨʬʝʡʩʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʙʦʣʴʰʠʤ 

ʥʘʙʦʨʦʤ ʦʧʮʠʦʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ɻʉʆ, STD ʟʦʥʜ, ʤʥʦʛʦʣʫʯʝʚʦʡ ʵʭʦʣʦʪ, ʬʦʪʦʩʠʩʪʝʤʘ, 

ʵʭʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʜʦʧʣʝʨʦʚʩʢʠʡ ʣʘʛ, ʋʂɹ ɻɸʅʉ, ʛʨʘʙʙʝʨ). 

2. ʇʨʠʥʷʪʘʷ ʩʭʝʤʘ ɼʈʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʝʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦ ʢʨʝʥʫ ʠ ʜʠʬʬʝʨʝʥʪʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʜʚʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

3. ʆʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʩʚʷʟʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʦʧʪʦʤʦʜʝʤʘʤʠ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʜʚʫʭ ʚʠʜʝʦʧʦʪʦʢʦʚ ʠ ʩʢʦʨʦʩʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʧʦ ʠʥʪʝʨʬʝʡʩʫ Ethernet. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʟʦʥʝʩʫʱʝʛʦ ʦʧʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ ʠ 
ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʧʧʘʨʘʪ ʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʝʛʦ ʨʘʙʦʯʫʶ ʟʦʥʫ ʚ ʫʩʣʦʚʠʷʭ ʪʝʯʝʥʠʷ.  
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ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɹʳʢʘʥʦʚʘ ɸ.ʖ., ʂʦʩʪʝʥʢʦ ɺ.ɺ., ʅʘʡʜʝʥʢʦ ʅ.ɸ., ʄʠʭʘʡʣʦʚ ɼ.ʅ., ʄʫʥ ʉ.ɸ., ʑʝʨʙʘʪʶʢ 
ɸ.ʌ. ʆʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ        ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ 

ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ çʖʥʠʦʨè // ʄʘʪʝʨʠʘʣʳ 3-ʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʊʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʩʚʦʝʥʠʷ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘè, ɺʣʘʜʠʚʦʩʪʦʢ, 22-25 ʩʝʥʪʷʙʨʷ 

2009 ʛ. ʉ. 84-90 

2. ɹʳʢʘʥʦʚʘ ɸ.ʖ., ʂʦʩʪʝʥʢʦ ɺ.ɺ., ʑʝʨʙʘʪʶʢ ɸ.ʌ. ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ 

çʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʪʝʣʝʫʧʨʘʚʣʷʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪè. ˉ 23875870 ʦʪ 27.04.2010 ʛ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʁ ʉʊɸʃʔʅʆɻʆ ʆʉʅʆɺɸʅʀʗ  

ʃɽɼʆʉʊʆʁʂʆʁ ʇʃɸʊʌʆʈʄʓ ʅɸ ʆʉʅʆɺɽ ʄʂʕ ʀ 3D ʊɽʍʅʆʃʆɻʀʁ 

 

ʀ.ɺ. ɾʠʪʥʠʢʦʚ, ɺ.ɸ. ʂʫʣʝʰ  

 

ʆɸʆ ʅʀʇʊɹ çʆʥʝʛʘè, ʉʝʚʝʨʦʜʚʠʥʩʢ 

e-mail: aj41@mail.rul, vkulesh@mail.ru 

 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʝʩʧʝʯʠʣʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʨʝʤʷ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʤʝʥʴʰʝ ʦʪʚʣʝʢʘʪʴʩʷ ʥʘ ʨʘʩʯʝʪʳ ʚ 

ʧʦʣʴʟʫ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʩʪʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʣʝʜʦʩʪʦʡʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʛʣʫʙʠʥʝ ʤʦʨʷ 100 ʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʠ ʢʦʥʢʫʨʝʥʪʥʦ-ʩʧʦʩʦʙʥʦʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʨʝʛʠʦʥʝ. 

ʉʪʘʣʴʥʳʝ ʣʝʜʦʩʪʦʡʢʠʝ ʧʣʘʪʬʦʨʤʳ (ʉʃʇ) ʩʧʦʩʦʙʥʳ ʩʪʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ ʠ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʧʣʘʪʬʦʨʤʘʤ (ɾɹʇ), ʧʦʩʪʨʦʡʢʘ ʢʦʪʦʨʳʭ ʫʞʝ ʚʝʜʝʪʩʷ ʚ 

ʇʨʠʤʦʨʴʝ ʜʣʷ ʧʨʦʝʢʪʦʚ ʦʩʚʦʝʥʠʷ ʉʘʭʘʣʠʥʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʵʪʠʭ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ: 

1. ʇʨʝʜʣʘʛʘʝʤʳʝ ʉʃʇ ʙʣʠʞʝ ʢ ʧʨʠʥʮʠʧʫ çʣʝʜʦʨʝʟʘè ï ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ ɾɹʇ-ʘʥʘʣʦʛʦʚ. 

2. ʆʩʥʦʚʘʥʠʷ ɾɹʇ ʚ ʇʨʠʤʦʨʴʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʦ ʟʘʧʘʜʥʳʤ ʧʨʦʝʢʪʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

3. ʉʃʇ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʧʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʝʢʪʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ɼɺ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ. 

4. ʉʃʇ ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʩʦʙʠʨʘʪʴ ʚ ʪʘʢʠʭ ʞʝ ʜʦʢʘʭ, ʛʜʝ ʜʣʠʪʝʣʴʥʦ çʦʪʣʠʚʘʶʪè ɾɹʇ, 

ʝʩʣʠ ʧʨʠʤʝʥʠʪʴ ʢʦʦʧʝʨʘʮʠʶ ʦʩʥʦʚʥʳʭ ʚʝʨʬʝʡ 

ʨʝʛʠʦʥʘ ʠ ʙʫʢʩʠʨʦʚʢʠ ʯʘʩʪʝʡ ʉʃʇ. 

5. ʉʃʇ ʤʦʙʠʣʴʥʳ, ʤʦʛʫʪ ʤʥʦʛʦʢʨʘʪʥʦ ʤʝʥʷʪʴ 

ʜʠʩʣʦʢʘʮʠʶ ʥʘ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʙʦʣʝʝ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʳ ʠ ʤʦʜʠʬʠʮʠʨʫʝʤʳ. 

6. ʆʩʥʦʚʘʥʠʷ ɾɹʇ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʪʦʨʠʯʥʦ ʠ ʯʘʩʪʦ 

ʦʩʪʘʶʪʩʷ çʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʦʩʪʨʦʚʘʤʠè ï ʧʨʝʛʨʘʜʦʡ 

ʩʫʜʦʭʦʜʩʪʚʫ. 

7. ʉʃʇ ʙʦʣʝʝ ʩʝʡʩʤʦʩʪʦʡʢʠ ʠ ʙʝʟʦʧʘʩʥʳ, ʯʪʦ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʰʝʣʴʬʘ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. 

8. ɾɹʇ ʩʫʱʝʩʪʚʝʥʥʦ ʤʘʩʩʠʚʥʝʝ ʠ ʪʷʞʝʣʝʝ, ʯʝʤ 

ʉʃʇ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʪʘʣʠ, 

ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʉʃʇ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ.  

ʆʙʱʠʡ ʚʠʜ ʦʩʥʦʚʘʥʠʷ ʉʃʇ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 1. ʆʥʦ ʚʢʣʶʯʘʝʪ ʥʠʟ ʦʩʥʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʪʨʝʫʛʦʣʴʥʦʡ ʧʨʠʟʤʳ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʨʘʩʧʦʨʢʘʤʠ (1), 

ʨʘʩʢʦʩʳ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʩʧʦʨʦʢ (2), ʛʣʘʚʥʫʶ ʢʦʣʦʥʥʫ (3) 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʉʃʇ 

(ʙʝʟ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ) 
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ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʦʧʠʨʘʝʪʩʷ ʚʝʨʭʥʝʝ ʩʪʨʦʝʥʠʝ ɿʘʢʘʟʯʠʢʘ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ 

ʧʦʢʘʟʘʥʦ).  

ʆʧʨʝʜʝʣʝʥʠʝ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʠ ʚʝʩʘ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʙʘʟʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʛʘʙʘʨʠʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʷʪʴ ʚʘʞʥʝʡʰʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ 

ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʨʘʩʯʝʪʦʚ. 

ʈʘʩʯʝʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1. ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʉʃʇ ʚ ʧʣʘʚʫʯʝʤ ʧʦʣʦʞʝʥʠʠ (ʩʣʘʛʘʝʤʳʝ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ) ʠ ʥʘ ʛʨʫʥʪʝ: 

( )O B ɹ ʊɹ ɻG G G G T R ,                         (1) 

ʛʜʝ OG  ï ʚʝʩ ʦʩʥʦʚʘʥʠʷ ʉʃʇ ʙʝʟ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ, ʪ; 

BG  ï ʚʝʩ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ; 

ɹG  ï ʚʝʩ ʞʠʜʢʦʛʦ ʙʘʣʣʘʩʪʘ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʚʥʫʪʨʴ; 

TɹG  ï ʚʝʩ ʪʚʝʨʜʦʛʦ ʙʘʣʣʘʩʪʘ; 

ȹ(ʊ) ï ʩʠʣʘ ʧʦʜʜʝʨʞʘʥʠʷ ʠʣʠ ʚʝʩʦʚʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʧʨʠ ʦʩʘʜʢʝ ʊ; 

Rɻ ï ʨʝʘʢʮʠʷ ʛʨʫʥʪʘ. 

2. ʋʩʣʦʚʠʝ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ ʉʃʇ ʙʝʟ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʣʝʜʦʚʳʭ ʥʘʛʨʫʟʦʢ: 

2(min [ ] )ɹ O ɼʆʇ ʃ ʄG G G B P ʅ .             (2) 

ɽʩʣʠ ʫʩʣʦʚʠʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ, ʪʦ, ʠʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (2), ʚʝʩ ʦʩʥʦʚʘʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʙʘʣʣʘʩʪʦʤ 0min][ GG
B

ʅʈ
G ɹ

ʄʃ
ɼʆʇ . 

3. ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʘ ʥʘ ʩʞʘʪʠʝ: 

max
max

( )
ɻʈ

G M P
P

F W
               (3) 

max max( )O B ɹ ʊɹG G G G G  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʤʦʞʥʳʡ ʚʝʩ ʉʃʇ ʧʨʠ 

ʟʘʧʦʣʥʝʥʠʠ ʚʩʝʭ ʦʪʩʝʢʦʚ ʟʘ ʚʳʯʝʪʦʤ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ (ʚʦʜʦʠʟʤʝʱʝʥʠʷ); 

( ) ʃ ʄM P P ʅ  ï ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ; 

F ï ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʧʦʜʦʰʚʳ ʦʩʥʦʚʘʥʠʷ; 

W ï ʤʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʦʱʘʜʠ F. 

4. ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʧʣʘʪʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʠ ʜʣʷ ʝʝ ʥʝʩʤʝʱʘʝʤʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʥʘ ʛʨʫʥʪʝ ʙʝʟ ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʩʚʘʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʪʘʢʫʶ ʩʠʣʫ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʣʘ ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘʛʨʫʟʢʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʥʦʡ ʩʤʝʱʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ ʷʚʣʷʝʪʩʷ ʩʠʣʘ 

ʜʝʡʩʪʚʠʷ ʣʝʜʦʚʦʛʦ ʧʦʣʷ 

ʃʊʈʊʈ ʈKGF )( ,                       (4) 

ʛʜʝ ɹɹ GGGG minmin0 . 

5. ʈʘʩʯʝʪʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʣʝʜʦʚʳʝ ʥʘʛʨʫʟʢʠ ʦʮʝʥʝʥʳ ʧʦ ʬʦʨʤʫʣʝ 

Kʅʃʉʃ bhʈ , ʄʅ              (5) 

ʛʜʝ: ʉï ʨʘʩʯʝʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʣʴʜʘ ʥʘ ʩʞʘʪʠʝ ʚ ʄʇʘ; 

ʅʃh  ï ʪʦʣʱʠʥʘ ʥʘʩʣʦʝʥʥʦʛʦ ʣʴʜʘ ʚ ʤʝʪʨʘʭ; 

Kb ï ʨʘʩʯʝʪʥʳʡ ʜʠʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ ʤʝʪʨʘʭ. 
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6. ɼʘʚʣʝʥʠʝ ʤʦʨʷ ʨʘʚʥʦ ʩʫʤʤʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʦʣʥʦʚʦʛʦ, 

)(10Im ʚʦʣʥMax hHP                          (6) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚʳʙʨʘʥʳ ʧʨʠʝʤʣʝʤʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʙʘʣʣʘʩʪʳ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ. 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʠ ʤʦʜʝʣʠ 

ɼʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʚʦʣʘ ʩʝʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʩʦʦʩʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɼʣʷ ʛʨʘʥʝʡ, ʨʘʩʧʦʨʦʢ ʦʩʥʦʚʘʥʠʷ ʠ ʨʘʩʢʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥ 

ʬʨʘʛʤʝʥʪ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʪʩʝʢʘ ʨʘʩʢʦʩʘ. 

 

 

 
ʈʠʩ. 2. ʉʝʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʢʦʣʦʥʥʳ  ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʪʩʝʢʘ 

ʨʘʩʢʦʩʘ ʉʃʇ 

 

ʇʨʠʥʷʪʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʜʣʷ ʢʦʣʦʥʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 
            

ʘ)  ʙ)  
ʈʠʩ. 4. ʌʨʘʛʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʦʣʦʥʥʳ: ʘ) ʥʠʞʝ ʣʝʜʦʚʦʛʦ ʧʦʷʩʘ ʠ ʙ) ʚ 

ʣʝʜʦʚʦʤ ʧʦʷʩʝ 

 

ɼʣʷ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʚʳʙʨʘʥʘ ʧʨʦʜʦʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʈʘʟʤʝʨʳ ʠ 

ʪʦʣʱʠʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʘʥʥʦʡ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʜʣʝʞʘʪ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʨʦʯʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ 

ʩʫʜʦʚʳʤ, ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʳ ʪʨʝʙʦʚʘʥʠʷ ʇʨʘʚʠʣ ʧʦʩʪʨʦʡʢʠ ʩʫʜʦʚ ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ 


