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ʀʥʚ. ˉ: 310276 

 

ʋʊɺɽʈɾɼɽʅʆ: 
ʀʩʧʦʣʥʠʪʝʣʴ: 

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧ-

ʪʠʢʠè 

ʈʝʢʪʦʨ ʌɻɹʆʋ ɺʇʆ çʉʇʙʅʀʋ ʀʊʄʆè 

 

______________/ɺ.ʅ. ɺʘʩʠʣʴʝʚ/ 

      ʄ.ʇ. 

 

ȹȬȿɃȹȺ-ȾȱɁȹȴɃȱȽȶȴȵ 

ȺȾɃȱȾ 

ʦ ʚʳʧʦʣʥʝʥʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ 

ˉ 16.740.11.0495 ʦʪ 16 ʤʘʷ 2011 ʛ. 
 

 

 

 

ʀʩʧʦʣʥʠʪʝʣʴ: ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘ-ʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè 

 

ʇʨʦʛʨʘʤʤʘ (ʤʝʨʦʧʨʠʷʪʠʝ): ʌʝʜʝʨʘʣʴʥʘʷ ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009ï2013 ʛʛ., ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʨʦʧʨʠʷʪʠʷ ˉ 1.2.1. ʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢ. 

 

ʇʨʦʝʢʪ: ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ:  

  ______________/ʐʘʣʳʪʦ ɸʥʘʪʦʣʠʡ ɸʙʨʘʤʦʚʠʯ 
   (ʧʦʜʧʠʩʴ) 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2011 ʛ. 



2 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤ  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ II ʵʪʘʧ  

 

ʉʇʀʉʆʂ ʆʉʅʆɺʅʓʍ ʀʉʇʆʃʅʀʊɽʃɽʁ 

ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʘʢʪʫ 16.740.11.0495 ʦʪ 16 ʤʘʷ 2011 ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʦʠʩʢʦʚʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʫʞʜ 
 

 

ʆʨʛʘʥʠʟʘʮʠʷ-ʀʩʧʦʣʥʠʪʝʣʴ: ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè. 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʪʝʤʳ:    

ʜʦʢʪʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

 ________________ 

 

ʐʘʣʳʪʦ ɸ. ɸ. 

ʀʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ:    

ʂʘʥʜʠʜʘʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 

 ________________ 

 

ʂʦʨʥʝʝʚ ɻ. ɸ. 

ʂʘʥʜʠʜʘʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 

 ________________ 

 

ʂʥʷʟʝʚ ɽ. ɻ. 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
 ________________ 

 

ʎʘʨʝʚ ʌ. ʅ. 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
 ________________ 

 

ʌʝʜʦʪʦʚ ʇ. ɺ. 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
 ________________

_ 

 

ɸʣʝʢʩʘʥʜʨʦʚ ɸ. ɺ. 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
 ________________ 

 

ʉʝʨʛʫʰʠʯʝʚ ɸ. ɸ. 



3 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤ  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ II ʵʪʘʧ  

 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
 ________________ 

 

ʂʘʟʘʢʦʚ ʉ. ɺ. 

 



4 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤ  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ II ʵʪʘʧ  

 

ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ 64 ʩ., 2 ʛʣ., 5 ʨʠʩ., 3 ʪʘʙʣ., 12 ʠʩʪʦʯʥ., 4 ʧʨʠʣ. 

 

ʀʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ, ʩʙʦʨʢʘ ʛʝʥʦʤʘ, ʧʘʨʥʳʝ 

ʯʪʝʥʠʷ 

 

ɺ ʦʪʯʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ 2 ʵʪʘʧʫ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʘʢʪʘ ˉ 16.740.11.0495 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤè (ʰʠʬʨ ç2011-1.2.1-201-007è)  ʦʪ 16 ʤʘʷ 2011 ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ 

ʥʘʫʢ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: ï ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʙʠʦʩʝʥʩʦʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ;     ï ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʠ ʚʝʪʝʨʠʥʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ;     ï ʛʝʥʦʤʥʳʝ ʠ ʧʦʩʪʛʝʥʦʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ; ï ʢʣʝʪʦʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ;    ï ʙʠʦʠʥʞʝʥʝʨʠʷ; ï ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʷ 1.2.1. 

çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢè, 

ʤʝʨʦʧʨʠʷʪʠʷ 1.2. çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢè, ʥʘʧʨʘʚʣʝʥʠʷ 1. çʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʠʷ ʤʦʣʦʜʝʞʠ ʚ ʩʬʝʨʝ 

ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡè ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009 ï 2013 ʛʦʜʳ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ. ʆʙʱʝʡ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʧʦʜʛʦʪʦʚʢʫ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ. 

ʎʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤ. 

ʎʝʣʷʤʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʷʚʣʷʶʪʩʷ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʇʅʀʈ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʝʜʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ: 

1. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036527. 

2. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036528. 

3. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036529. 

4. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036530. 

5. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036531. 

6. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036532. 

 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ 

ʜʦʢʫʤʝʥʪʳ: 

Å ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 4 ʤʘʷ 2005 ʛ. ˉ 284 çʆ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʝʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷè; 

Å ɻʨʘʞʜʘʥʩʢʠʡ ʢʦʜʝʢʩ ʈʌ; 

Å ɻʆʉʊ 7.32-2001 çʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʠ ʠʟʜʘʪʝʣʴʩʢʦʤʫ 

ʜʝʣʫ. ʆʪʯʝʪ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʠʷè; 
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Å ɻʆʉʊ 15.101.98 çʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪè; 

Å ɻʆʉʊ ʈ 15.011-96 çʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷè. 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

Å ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ; 

Å ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ; 

 

ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ ʛʝʥʦʤʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʝʰʝʚʦʤ ʠ ʙʳʩʪʨʦʤ ʤʝʪʦʜʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʦʙʨʘʟʮʝ ɼʅʂ. 

ʋʩʪʨʦʡʩʪʚʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʯʪʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʦʧʫʩʢʘʶʪ ʧʨʠ 

ʯʪʝʥʠʠ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʨʘʚʠʪʴ. ɼʣʷ ʪʝʢʫʱʝʛʦ ʵʪʘʧʘ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʯʪʝʥʠʷʭ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ k-ʤʝʨʦʚ.  
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ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʝ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤè, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʘʢʪʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʬʝʜʝʨʘʣʴʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʶʜʞʝʪʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ 

ʂʦʥʢʫʨʩʥʦʡ ʢʦʤʠʩʩʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 1 (ʧʨʦʪʦʢʦʣ ʦʪ 

26.04.2011 ʛ. ˉ 3/0173100003711000032) ʧʦ ʣʦʪʫ ʰʠʬʨ ç2011-1.2.1-201-007è çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ:                

ï ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʙʠʦʩʝʥʩʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ï ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʠ 

ʚʝʪʝʨʠʥʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ; ï ʛʝʥʦʤʥʳʝ ʠ 

ʧʦʩʪʛʝʥʦʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ; - ʢʣʝʪʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ï 

ʙʠʦʠʥʞʝʥʝʨʠʷ; - ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ 

çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009 ï 2013 ʛʦʜʳ, 

ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 28 ʠʶʣʷ 2008 ʛʦʜʘ ˉ 568 çʆ 

ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè 

ʥʘ 2009-2013 ʛʦʜʳè. 

ʎʝʣʷʤʠ ʥʘʩʪʦʷʱʝʛʦ ʵʪʘʧʘ ʷʚʣʷʶʪʩʷ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʆʪʯʝʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ. ʊʘʢʞʝ ʚʪʦʨʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʛʝʥʦʤʝ. ʇʨʠ ʵʪʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʩʪʦʚʳʡ ʛʝʥʦʤ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤ, ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʛʝʥʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʙʣʠʟʢʠʤʠ ʢ ʨʝʘʣʴʥʳʤ. 

ʂʘʞʜʘʷ ʠʟ ʛʣʘʚ ʩʥʘʙʞʝʥʘ ʚʳʚʦʜʘʤʠ, ʢʨʘʪʢʦ ʨʝʟʶʤʠʨʫʶʱʠʤʠ ʩʦʜʝʨʞʘʥʠʝ ʛʣʘʚʳ. ɺ ʟʘʢʣʶʯʝʥʠʠ 

ʜʘʝʪʩʷ ʦʙʱʘʷ ʦʮʝʥʢʘ ʨʘʙʦʪ ʧʦ ʵʪʘʧʫ. 

ʀʟʫʯʝʥʠʝ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʠ ʜʨʫʛʠʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʤʝʜʠʮʠʥʳ ï ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʙʦʣʝʟʥʷʤ, ʩʦʟʜʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʣʝʢʘʨʩʪʚ ʠ ʪ. ʜ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʤʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʙʠʦʠʥʞʝʥʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʥʦʚʳʝ ʠʭ ʚʠʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʩʨʝʜʠ ʚʩʝʭ ʟʘʜʘʯ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ, ʮʝʥʪʨʘʣʴʥʦʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʝʟ ʝʝ ʨʝʰʝʥʠʷ 

ʥʝʣʴʟʷ ʧʨʠʩʪʫʧʠʪʴ ʢ ʜʝʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʛʝʥʦʤʘ ʞʠʚʦʛʦ ʩʫʱʝʩʪʚʘ ʠ ʝʛʦ ʘʥʘʣʠʟʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ.  

ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʩʙʦʨʢʠ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

¶ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʛʠʛʘ-

ʙʘʡʪ; 

¶ ʩʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʤʘ ï ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʧʦʚʪʦʨʦʚ ʠ ʧʦʣʠʤʦʨʬʠʟʤʦʚ; 

¶ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʯʪʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʫʩʪʨʦʡʩʪʚ-ʩʝʢʚʝʥʘʪʦʨʦʚ. 
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ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ II ʵʪʘʧ  

 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩʙʦʨʢʫ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʙʠʚʘʶʪ ʥʘ ʪʨʠ ʵʪʘ-

ʧʘ: 

1. ʀʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʯʪʝʥʠʷʭ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

2. ʉʙʦʨʢʘ ʢʦʥʪʠʛʦʚ ï ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʩʢʦʤʦʡ ʛʝʥʦʤʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

3. ʇʦʩʪʨʦʝʥʠʝ ʩʢʵʬʬʦʣʜʦʚ ï ʥʘʙʦʨʦʚ ʢʦʥʪʠʛʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥ-

ʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʦ ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʚʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʵʪʘ-

ʧʦʚ. ʈʝʰʝʥʠʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʩʙʦʨʢʠ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʫʜʫʪ ʠʟʣʦʞʝʥʳ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʨʘʙʦʪ ʧʦ ʢʦʥʪʨʘʢʪʫ.  
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1. ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʀʉʇʈɸɺʃɽʅʀʗ ʆʐʀɹʆʂ ɺ ɼɸʅʅʓʍ 
ʉɽʂɺɽʅʀʈʆɺɸʅʀʗ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ.   

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʯʪʝʥʠʷʭ k-ʤʝʨʦʚ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʛʨʘʬʘ ʜʝ ɹʨʶʠʥʘ [1 ï 3]. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʧʦʟʠʮʠʷ ʛʝʥʦʤʘ ʙʳʣʘ ʧʨʦʯʠʪʘʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʪʘʢ ʢʘʢ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʩʧʦʩʦʙ ʦʪʣʠʯʠʪʴ ʧʨʘʚʠʣʴʥʦ ʧʨʦʯʠʪʘʥʥʳʡ ʥʫʢʣʝʦʪʠʜ ʦʪ ʧʨʦʯʠʪʘʥʥʦʛʦ ʥʝʚʝʨʥʦ. ʕʪʦ, ʚʚʠʜʫ ʥʝʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ [4, 5], ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʥʫʢʣʝʦʪʠʜ, ʩʯʠʪʘʥʥʳʡ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʨʘʟ, ʷʚʣʷʝʪʩʷ ʚʝʨʥʳʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʙʦʨʳ ʯʪʝʥʠʡ, ʧʦʢʨʳʚʘʶʱʠʝ 

ʛʝʥʦʤ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟ [6]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʚʩʝʛʦ ʛʝʥʦʤʘ 

ʙʳʣʠ ʧʨʦʯʠʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟ, ʥʦ ʠ ʥʝʙʦʣʴʰʠʝ ʝʛʦ ʧʦʜʩʪʨʦʢʠ (ʥʝ ʜʣʠʥʥʝʝ ʩʘʤʠʭ ʯʪʝʥʠʡ) 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʯʪʝʥʠʷʭ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʨʠʯʝʤ, ʯʝʤ ʜʣʠʥʥʝʝ ʧʦʜʩʪʨʦʢʘ, ʪʝʤ ʤʝʥʴʰʝ ʰʘʥʩʦʚ, ʯʪʦ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʯʪʝʥʠʡ ʝʝ ʩʦʜʝʨʞʘʪ. ʇʦʩʣʝʜʥʝʝ ʩʦʦʙʨʘʞʝʥʠʝ ʚʳʪʝʢʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʫʚʝʣʠʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʯʪʝʥʠʷ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʧʦʜʩʪʨʦʢʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʝ ʜʣʠʥʳ, ʥʦ ʠ ʠʟ ʬʘʢʪʘ 

ʥʘʣʠʯʠʷ ʚ ʯʪʝʥʠʷʭ ʦʰʠʙʦʢ ʠ ʥʝʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʦʰʠʙʢʘ ʙʳʣʘ ʜʦʧʫʱʝʥʘ ʚ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʟʠʮʠʠ ʛʝʥʦʤʘ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ (ʝʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʰʠʙʦʯʥʳʝ ʧʨʦʯʪʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʡ ʛʝʥʦʤʘ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʘ ʩʨʝʜʥʷʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʨʘʚʥʘ 

p, ʪʦ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʝʩ ʢʦʥʢʨʝʪʥʦʡ ʧʦʜʩʪʨʦʢʠ ʜʣʠʥʳ k, ʩʦʜʝʨʞʘʱʝʡ n ʦʰʠʙʦʢ, ʩʦʩʪʘʚʣʷʝʪ 

n

nnkn
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3

1
)1(
-

- , ʯʪʦ ʧʨʠ 0.0011,30, =p=n=k  ʨʘʚʥʦ ʧʨʠʤʝʨʥʦ 0.009). 

1.1. ʀɼɽʗ ɸʃɻʆʈʀʊʄɸ 

ɼʣʷ ʢʘʞʜʦʛʦ k-ʤʝʨʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʯʪʝʥʠʷʭ (ʧʨʷʤʳʭ ʠʣʠ ʦʙʨʘʪʥʦ-ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ [7]) 

ʭʦʪʷ ʙʳ ʨʘʟ, ʧʦʜʩʯʠʪʘʝʤ, ʩʢʦʣʴʢʦ ʨʘʟ ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʯʪʝʥʠʷʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚʩʝ     

k-ʤʝʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï çʥʘʜʝʞʥʳʝè k-ʤʝʨʳ ʠ çʧʦʜʦʟʨʠʪʝʣʴʥʳʝè [8]. çʅʘʜʝʞʥʳʝè k-

ʤʝʨʳ ï ʵʪʦ ʪʝ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʯʪʝʥʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟ: ʥʝ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ 

ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʘ t, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʘʣʛʦʨʠʪʤʘ. ʉ çʥʘʜʝʞʥʳʤʠè k-ʤʝʨʘʤʠ ʜʝʣʘʪʴ 

ʥʠʯʝʛʦ ʥʝ ʥʫʞʥʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʠʭ ʦʰʠʙʦʢ ʥʝʪ. çʇʦʜʦʟʨʠʪʝʣʴʥʳʝè ʞʝ k-ʤʝʨʳ ʚʳʟʚʘʥʳ ʣʠʙʦ 

ʧʣʦʭʠʤ ʧʦʢʨʳʪʠʝʤ ʪʝʭ ʯʘʩʪʝʡ ʛʝʥʦʤʘ, ʦʪʢʫʜʘ ʦʥʠ ʙʳʣʠ ʧʨʦʯʠʪʘʥʳ, ʣʠʙʦ, ʯʪʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, 

ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʥʘʜʣʝʞʠʪ ʠʩʧʨʘʚʠʪʴ. 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ çʧʦʜʦʟʨʠʪʝʣʴʥʳʭè k-ʤʝʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, ʚ ʢʘʢʦʡ 

ʠʤʝʥʥʦ ʧʦʟʠʮʠʠ ʤʦʛʣʘ ʙʳʪʴ ʩʦʚʝʨʰʝʥʘ ʦʰʠʙʢʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʙʨʘʪʴ ʚʩʝ ʧʦʟʠʮʠʠ k-ʤʝʨʘ 

(ʠʭ ʨʦʚʥʦ k) ʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʥʫʢʣʝʦʪʠʜʳ, ʧʦʧʨʦʙʦʚʘʪʴ ʟʘʤʝʥʠʪʴ ʠʤʝʶʱʠʡʩʷ ʥʫʢʣʝʦʪʠʜ ʥʘ 

ʧʝʨʝʙʠʨʘʝʤʳʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʠʚʰʠʡʩʷ k-ʤʝʨ. ɽʩʣʠ ʥʦʚʳʡ k-ʤʝʨ ʧʦʧʘʜʘʝʪ ʚ ʛʨʫʧʧʫ 

çʥʘʜʝʞʥʳʭè, ʟʥʘʯʠʪ, ʚʦʟʤʦʞʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ k-ʤʝʨ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʝʛʦ ʦʰʠʙʦʯʥʦʛʦ 

ʧʨʦʯʪʝʥʠʷ. ɽʩʣʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʝʙʦʨʘ ʙʳʣ ʥʘʡʜʝʥ ʪʦʣʴʢʦ ʦʜʠʥ çʥʘʜʝʞʥʳʡè k-ʤʝʨ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʠʟ 

çʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦè ʧʫʪʝʤ ʟʘʤʝʥʳ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʥʘ ʜʨʫʛʦʡ, ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ 

çʧʦʜʦʟʨʠʪʝʣʴʥʳʡè k-ʤʝʨ ʠʩʧʨʘʚʣʝʥ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʩʧʨʘʚʣʝʥʠʝ ʟʘʧʦʤʠʥʘʝʪʩʷ. ɽʩʣʠ ʪʘʢʠʭ         

k-ʤʝʨʦʚ ʥʝʩʢʦʣʴʢʦ, ʥʝʷʩʥʦ, ʢʘʢʦʝ ʠʟ ʠʩʧʨʘʚʣʝʥʠʡ ʟʘʧʦʤʠʥʘʪʴ, ʧʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

çʧʦʜʦʟʨʠʪʝʣʴʥʳʝè k-ʤʝʨʳ ʥʝ ʠʩʧʨʘʚʣʷʶʪʩʷ. ʀ, ʥʘʢʦʥʝʮ, ʝʩʣʠ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʥʠ ʦʜʥʦʛʦ ʩʧʦʩʦʙʘ 

ʠʩʧʨʘʚʠʪʴ çʧʦʜʦʟʨʠʪʝʣʴʥʳʡè k-ʤʝʨ, ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʝʤ ʙʳʣʦ ʩʦʚʝʨʰʝʥʦ ʙʦʣʴʰʝ ʦʜʥʦʡ ʦʰʠʙʢʠ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʫʩʢʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʥʦ ʩ ʠʩʧʨʘʚʣʝʥʠʝʤ ʥʝ ʦʜʥʦʛʦ, ʘ ʩʨʘʟʫ ʜʚʫʭ 

ʥʫʢʣʝʦʪʠʜʦʚ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʳʪʘʪʴʩʷ ʠʟʤʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʘʨʳ, ʥʦ ʠ ʪʨʦʡʢʠ, ʘ ʪʘʢʞʝ 

ʢʦʨʪʝʞʠ ʠʟ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʥʫʢʣʝʦʪʠʜʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʦʱʫʪʠʤʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ ʘʣʛʦʨʠʪʤʘ. 
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1.2. ɺʓɹʆʈ ɼʃʀʅʓ K-ʄɽʈɸ 

ʂ ʚʳʙʦʨʫ ʚʝʣʠʯʠʥʳ k ʩʣʝʜʫʝʪ ʧʦʜʭʦʜʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʦ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʩʠʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ. ʇʨʠ ʚʳʙʦʨʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʩʪʳʝ, ʥʦ ʚʘʞʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ: 

¶ ɺʝʣʠʯʠʥʘ k ʜʦʣʞʥʘ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʯʪʝʥʠʡ. ɽʩʣʠ ʜʣʠʥʘ k-ʤʝʨʘ ʙʫʜʝʪ 

ʩʨʘʚʥʠʤʘ ʩ ʜʣʠʥʦʡ ʯʪʝʥʠʷ, ʪʦ ʙʦʣʴʰʠʥʩʪʚʦ k-ʤʝʨʦʚ ʙʫʜʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʯʪʝʥʠʷʭ ʦʜʠʥ ʨʘʟ, ʯʪʦ 

ʥʝ ʜʘʩʪ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ. 

¶ ɺʝʣʠʯʠʥʘ k ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʣʫʯʘʡʥʳʡ k-ʤʝʨ 

ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʝʥʦʤʝ, ʙʳʣʘ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʝʢʦʪʦʨʳʝ 

k-ʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʰʠʙʢʫ, ʥʝ ʙʫʜʫʪ ʠʩʧʨʘʚʣʝʥʳ ʪʦʣʴʢʦ ʧʦʪʦʤʫ, ʯʪʦ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʵʪʠ k-ʤʝʨʳ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʛʝʥʦʤʝ, ʘ ʪʦʛʜʘ ʦʥʠ 

ʤʦʛʫʪ ʤʥʦʛʦ ʨʘʟ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʯʪʝʥʠʷʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʩʜʝʣʘʝʤ ʦʮʝʥʢʫ ʥʘ ʚʝʣʠʯʠʥʫ k. ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ çʥʘʜʝʞʥʳʭè k-ʤʝʨʦʚ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ, ʧʨʠ ʟʘʤʝʥʝ ʥʫʢʣʝʦʪʠʜʦʚ ʚ çʧʦʜʦʟʨʠʪʝʣʴʥʳʭè k-ʤʝʨʘʭ, ʦʥʠ ʥʝ ʙʫʜʫʪ ʧʦʧʘʜʘʪʴ ʚ ʛʨʫʧʧʫ 

çʥʘʜʝʞʥʳʭè, ʘ ʟʥʘʯʠʪ, ʦʰʠʙʢʠ ʠʩʧʨʘʚʣʝʥʳ ʥʝ ʙʫʜʫʪ.  

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ k ʦʮʝʥʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʡ k-ʤʝʨ ʙʳʣ ʧʨʦʯʠʪʘʥ 

ʭʦʪʷ ʙʳ t ʨʘʟ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: ʧʫʩʪʴ L ï ʜʣʠʥʘ ʛʝʥʦʤʘ, n ï ʯʠʩʣʦ ʯʪʝʥʠʡ, r ï ʜʣʠʥʘ ʥʝʢʦʪʦʨʦʛʦ 

ʯʪʝʥʠʷ, n(r) ï ʯʠʩʣʦ ʯʪʝʥʠʡ ʜʣʠʥʳ r. ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʪʝʥʠʝ ʠʤʝʝʪ ʜʣʠʥʫ r, 

ʨʘʚʥʘ 
n

rn
rpr

)(
)( = .  

ɿʘʬʠʢʩʠʨʫʝʤ k-ʤʝʨ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʚ ʛʝʥʦʤʝ ʩ ʧʦʟʠʮʠʠ pos. ʇʦʩʯʠʪʘʝʤ ʯʠʩʣʦ ʧʦʟʠʮʠʡ, ʩ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʯʪʝʥʠʝ ʜʣʠʥʳ r ʪʘʢʠʭ, ʯʪʦ ʵʪʦ ʯʪʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʡ k-ʤʝʨ. ɼʣʷ kr ²  

ʠʭ ʯʠʩʣʦ ʨʘʚʥʦ 1+-kr  (ʨʠʩ. 1). ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʩʝ ʯʪʝʥʠʷ, ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʯʪʝʥʠʷ ʦʪʤʝʪʠʤ ʝʛʦ 

ʥʘʯʘʣʦ. ʊʦʛʜʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʯʘʣʘ ʯʪʝʥʠʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʛʝʥʦʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ k-ʤʝʨ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʚ ʛʝʥʦʤʝ ʩ 

ʧʦʟʠʮʠʠ pos, ʚʭʦʜʠʣ ʚ ʩʣʫʯʘʡʥʦʝ ʯʪʝʥʠʝ ʜʣʠʥʳ r ʨʘʚʥʘ )(
1

1
rpr

rL

kr
Ö

+-

+-
, ʪʘʢ ʢʘʢ ʯʪʝʥʠʝ ʜʣʠʥʳ r ʤʦʛʣʦ 

ʥʘʯʠʥʘʪʴʩʷ ʚ L ï r + 1 ʧʦʟʠʮʠʠ, ʘ ʠʟ ʥʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʝʪʩʷ 1+-kr  ʧʦʟʠʮʠʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʜʘʥʥʳʡ k-ʤʝʨ ʚʭʦʜʠʪ ʚ ʩʣʫʯʘʡʥʦʝ ʯʪʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦ 

ʚʩʝʤ ʜʣʠʥʘʤ ʯʪʝʥʠʡ, ʥʝ ʤʝʥʴʰʠʤ k:  

)(
1

1
rpr

rL

kr
p

kr

Ö
+-

+-
=ä

²

. 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ k-ʤʝʨ ʚʭʦʜʠʪ ʨʦʚʥʦ ʚ m ʯʪʝʥʠʡ ʨʘʚʥʘ mnmm

n
ppC

-
- )1( . 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ k-ʤʝʨ ʚʭʦʜʠʪ ʭʦʪʷ ʙʳ ʚ t ʯʪʝʥʠʡ: 

ä
=

-
-=

n

tm

mnmm

n
ppCtP )1()( .  

ɿʥʘʯʝʥʠʝ P(t) ʜʘʝʪ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʚʦʣʴʥʳʡ k-ʤʝʨ ʙʫʜʝʪ ʥʘʜʝʞʥʳʤ. ʆʮʝʥʢʘ 

ʵʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦʡ, ʪʘʢ ʢʘʢ, ʚʦ-ʧʝʨʚʳʭ, ʤʳ ʟʜʝʩʴ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ k-ʤʝʨʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʛʝʥʦʤʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʢʠ ʧʨʠ ʯʪʝʥʠʠ ʠ, ʥʘʢʦʥʝʮ, ʢʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʨʘʩʩʫʞʜʝʥʠʷ ʚʝʨʥʳ ʣʠʰʴ ʜʣʷ 

ʩʣʫʯʘʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʪʝʥʠʡ ʧʦ ʛʝʥʦʤʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʚʧʦʣʥʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʙʦʨʘ ʚʝʣʠʯʠʥʳ k.  
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ʈʠʩ. 1. ʏʠʩʣʦ ʧʦʜʭʦʜʷʱʠʭ ʯʪʝʥʠʡ ʟʘʜʘʥʥʦʛʦ k-ʤʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʯʪʝʥʠʷ 

 

  

k 

pos 

ʇʦʜʭʦʜʠʪ ʦʜʥʦ ʯʪʝʥʠʝ 

ʜʣʠʥʳ k.  

k 

ʇʦʜʭʦʜʪ̫ ʜʚʘ ʯʪʝʥʠʷ 

ʜʣʠʥʳ k + 1.  k 

k + 1 

é é 

é é 

é é 

k 

ʇʦʜʭʦʜʪ̫ r ï k + 1 

ʯʪʝʥʠʡ ʜʣʠʥʳ r.  

r 

k 

é é 

é é 

r 

é 

k 

é é 

r 

r - k 

k + 1 

 



12 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʧʘʨʥʳʤ ʯʪʝʥʠʷʤ  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ II ʵʪʘʧ  

 

1.3. ʇʈɽɼʃɸɻɸɽʄʓʁ ɸʃɻʆʈʀʊʄ 

ɼʣʷ ʥʘʯʘʣʘ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ʯʪʝʥʠʡ Illumina ʩʠʣʴʥʦ ʫʭʫʜʰʘʝʪʩʷ ʢ ʢʦʥʮʫ 

ʯʪʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʤʝʝʪ ʩʤʳʩʣ ʦʙʨʝʟʘʪʴ ʢʫʩʢʠ ʯʪʝʥʠʡ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ, ʪʘʢ 

ʢʘʢ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʙʣʘʛʦʜʘʨʷ ʠʤ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʛʦ çʧʦʜʦʟʨʠʪʝʣʴʥʳʭè k-ʤʝʨʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʭ ʥʝ ʧʦʣʫʯʠʪʩʷ ʠʩʧʨʘʚʠʪʴ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʰʠʙʦʢ. ʇʦʵʪʦʤʫ ʦʪ ʢʘʞʜʦʛʦ ʦʪʨʝʟʘʝʪʩʷ 

ʥʘʠʜʣʠʥʥʝʡʰʠʡ ʧʨʝʬʠʢʩ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʥʫʢʣʝʦʪʠʜ ʠʤʝʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʤʝʥʴʰʝ 0.1 

(ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʆʙʨʝʟʘʥʠʝ ʯʪʝʥʠʡ ʠʩʭʦʜʷ ʠʟ ʢʘʯʝʩʪʚʘ ʥʫʢʣʝʦʪʠʜʦʚ 

ʊʘʢʞʝ ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ k-ʤʝʨʳ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʬʠʢʩʘ 

ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ, ʩ ʢʦʪʦʨʦʛʦ ʦʥʠ ʥʘʯʠʥʘʶʪʩʷ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ ʚ ʧʨʝʬʠʢʩʝ, ʪʦ 

ʠʩʧʨʘʚʣʝʥʠʝ ʥʝ ʚʳʚʦʜʠʪ k-ʤʝʨ ʠʟ ʛʨʫʧʧʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ ʦʪʜʝʣʴʥʦ ʚ ʛʨʫʧʧʘʭ, ʪʦ 

ʝʩʪʴ ʝʱʝ ʙʦʣʴʰʝ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʣʛʦʨʠʪʤʦʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʕʪʦ ʥʝ ʧʦʚʣʝʯʝʪ 

ʟʘ ʩʦʙʦʡ ʥʝʠʩʧʨʘʚʣʝʥʥʳʝ ʦʰʠʙʢʠ ʚ ʧʨʝʬʠʢʩʘʭ, ʪʘʢ ʢʘʢ ʧʨʠ ʦʙʨʘʱʝʥʠʠ k-ʤʝʨʘ ʝʛʦ ʧʨʝʬʠʢʩ ʩʪʘʥʦʚʠʪʩʷ 

ʩʫʬʬʠʢʩʦʤ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. k-ʤʝʨ ʠ ʝʛʦ ʦʙʨʘʪʥʦ-ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʢʦʧʠʷ. ɾʝʣʪʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ ʧʨʝʬʠʢʩ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʨʝʰʘʝʪʩʷ, ʚ ʢʘʢʫʶ ʛʨʫʧʧʫ ʧʦʧʘʜʝʪ ʵʪʦʪ k-ʤʝʨ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʆʙʨʝʟʘʥʠʝ k-ʤʝʨʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ. 

2. ʈʘʟʙʠʝʥʠʝ k-ʤʝʨʦʚ ʥʘ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʬʠʢʩʦʚ. 

3. ɺʳʧʦʣʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ: 

1. ʉʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ k-ʤʝʨʘʤ. 

2. ʀʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʦʰʠʙʦʢ ʚ k-ʤʝʨʘʭ ʣʝʛʢʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʛʦ k-ʤʝʨʘ ʝʤʫ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʜʦʩʪʫʧ ʥʘ ʯʪʝʥʠʝ ʢ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ, 

ʭʨʘʥʷʱʝʡ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʩʦʜʝʨʞʘʥʠʶ k-ʤʝʨʦʚ ʚ ʯʪʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ ʥʘ ʟʘʧʠʩʴ 

ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

1.4. ɺʓɹʆʈ ʇɸʈɸʄɽʊʈɸ T 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʘ t ï ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ. ʇʨʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʯʘʩʪʦʪ k-ʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʜʚʫʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ çʥʘʜʝʞʥʳʤè k-ʤʝʨʘʤ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  çʧʦʜʦʟʨʠʪʝʣʴʥʳʤè k-ʤʝʨʘʤ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʟʠʮʠʠ ʦʰʠʙʦʢ ʧʨʠ ʯʪʝʥʠʠ 

ʥʝʟʘʚʠʩʠʤʳ. ʇʨʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʦʙʘ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ 

ʇʫʘʩʩʦʥʘ ʩ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ʥʘʭʦʜʠʪʩʷ ʧʝʨʚʳʡ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʏʘʩʪʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʤʠʥʠʤʫʤʫ, ʩʯʠʪʘʝʪʩʷ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʥʝ ʜʝʣʘʝʪʩʷ ʥʠʢʘʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʷʭ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ k-ʤʝʨʦʚ ʩʪʨʦʠʪʩʷ ʧʨʷʤʦ ʠʟ ʜʘʥʥʳʭ ʯʪʝʥʠʡ. ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʥʘʣʦʛʠʯʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ ʯʘʩʪʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʚʦʤʫ ʣʦʢʘʣʴʥʦʤʫ 

ʤʠʥʠʤʫʤʫ, ʚʳʙʠʨʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʘ. 

1.5. ʇʈʀɹʃʀɿʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈɽɼʃʆɾɽʅʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ʇʨʦʩʪʦʪʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʦʥ 

ʵʬʬʝʢʪʠʚʝʥ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ: 

1. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ k-ʤʝʨʝ ʠʩʧʨʘʚʣʷʝʪʩʷ ʥʝ ʙʦʣʝʝ N ʦʰʠʙʦʢ. ʊʦʛʜʘ ʪʝ k-ʤʝʨʳ, ʚ 

ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ N ʦʰʠʙʦʢ, ʪʦʯʥʦ ʥʝ ʙʫʜʫʪ ʠʩʧʨʘʚʣʝʥʳ. ʆʜʥʘʢʦ ʠʟ ʵʪʦʛʦ ʥʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ N, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʫʚʝʣʠʯʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ N ʚʝʣʠʢʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ k-ʤʝʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʘʢ ʢʘʢ 

ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʧʦʟʠʮʠʡ k-ʤʝʨʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʪʠʜʘʤʠ. 

2. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ k-ʤʝʨ ʩ ʦʰʠʙʢʦʡ ʤʦʛ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʝʛʦ ʙʝʟʦʰʠʙʦʯʥʳʡ ʚʘʨʠʘʥʪ ʙʳʣ ʧʨʦʯʠʪʘʥ ʭʦʪʷ ʙʳ t ʨʘʟ, ʘ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʜʨʫʛʦʛʦ 

çʥʘʜʝʞʥʦʛʦè k-ʤʝʨʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʵʪʦʛʦ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʚ N ʧʦʟʠʮʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ) ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʥʝ ʩʤʦʞʝʪ ʦʙʨʘʙʦʪʘʪʴ ʣʠʰʴ ʪʨʠ ʪʠʧʘ k-ʤʝʨʦʚ: 

¶ ʊʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʭʦʪʷ ʙʳ t ʨʘʟ ʧʨʦʯʠʪʘʥʳ ʥʝʚʝʨʥʦ (ʚʦʟʤʦʞʥʦ, ʧʦ-ʨʘʟʥʦʤʫ) ʠ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʥʠʭ ʚ ʥʝ ʙʦʣʝʝ, ʯʝʤ N ʧʦʟʠʮʠʷʭ. ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʨʘ t ʦʜʠʥʘʢʦʚʦ 

ʥʝʚʝʨʥʳʭ k-ʤʝʨʦʚ ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʨʝ ʦʜʥʦʛʦ, ʚʦʟʚʝʜʝʥʥʦʡ ʚ ʩʪʝʧʝʥʴ t. ʇʨʠ 

ʟʥʘʯʝʥʠʷʭ t, ʥʝ ʤʝʥʴʰʠʭ ʪʨʝʭ, ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʤʝʨʳ ʜʣʷ 0.0011,30, =p=N=k  ʠʤʝʝʪ 

ʧʦʨʷʜʦʢ ʤʠʥʫʩ ʰʝʩʪʴ ʠʣʠ ʤʝʥʴʰʠʡ. 

¶ ʊʝ, ʢʦʪʦʨʳʝ ʥʝʚʝʨʥʦ ʦʧʨʝʜʝʣʠʣʠʩʴ ʢʘʢ ʦʰʠʙʦʯʥʳʝ ʚ ʩʚʷʟʠ ʩ ʧʦʚʪʦʨʘʤʠ ʚ ʛʝʥʦʤʝ. 
ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʨʘ ʵʪʠʭ k-ʤʝʨʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʪʦʞʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ (ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʤʠʥʫʩ ʪʨʠ ʠʣʠ ʤʝʥʴʰʠʡ). 
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¶ ʊʝ, ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ N ʦʰʠʙʦʢ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ N ʪʘʢʠʭ ʜʦʣʷ k-ʤʝʨʦʚ ʪʘʢʞʝ 

ʠʤʝʝʪ ʤʘʣʝʥʴʢʠʡ ʧʦʨʷʜʦʢ (ʤʠʥʫʩ ʯʝʪʳʨʝ ʠ ʥʠʞʝ). 

1.6. ʇʈʀʄɽʈ ʈɸɹʆʊʓ ɸʃɻʆʈʀʊʄɸ 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʨʘʙʦʪʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʠʤʝʨʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ 

ʯʪʝʥʠʷʭ ʪʝʩʪʦʚʦʛʦ ʛʝʥʦʤʘ. ʊʝʩʪʦʚʳʡ ʛʝʥʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʛʝʥʦʤʘ E. coli ʠʟ 70 

ʥʫʢʣʝʦʪʠʜʦʚ:  

 
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGC 

 

ɺ  ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʪʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʛʝʥʦʤʘ, ʜʣʠʥʘ ʢʘʞʜʦʛʦ ʯʪʝʥʠʷ ʩʦʩʪʦʚʣʷʝʪ 20 

ʥʫʢʣʝʦʪʠʜʦʚ. ʇʨʦʠʟʚʦʜʷʪʩʷ ʧʘʨʥʳʝ ʯʪʝʥʠʷ ʩ ʨʘʟʥʳʭ ʢʦʥʮʦʚ ʬʨʘʛʤʝʥʪʦʚ ʜʣʠʥʳ 50, ʚ ʧʨʠʚʝʜʝʥʥʦʡ 

ʪʘʙʣʠʮʝ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʫʢʘʟʳʚʘʶʪʩʷ ʜʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʪʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩ ʥʝʢʦʪʦʨʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʚ ʩʣʫʯʘʡʥʳʭ ʤʝʩʪʘʭ ʯʪʝʥʠʡ ʚʥʦʩʷʪʩʷ ʦʰʠʙʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʢʘʢ ʨʝʘʣʴʥʦ 

ʨʘʙʦʪʘʶʪ ʩʝʢʚʝʥʘʪʦʨʳ. ɼʘʣʝʝ ʥʝʢʦʪʦʨʳʝ ʯʪʝʥʠʷ ʦʙʨʝʟʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʘʯʝʩʪʚʘ ʥʫʢʣʝʦʪʠʜʦʚ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʢʚʝʥʘʪʦʨʳ ʧʦʤʠʤʦ ʢʘʞʜʦʛʦ ʯʪʝʥʠʷ ʚʦʟʚʨʘʱʘʶʪ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʢʘʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʫʢʣʝʦʪʠʜʦʚ ʵʪʦʛʦ ʯʪʝʥʠʷ [4, 5, 9 ï 11]. ɸʥʘʣʦʛʠʯʥʦ, ʢ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ ʯʪʝʥʠʡ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ ʢʘʯʝʩʪʚʝ ʧʨʦʯʪʝʥʠʡ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʯʪʝʥʠʡ ʩʪʨʦʠʪʩʷ ʤʥʦʞʝʩʪʚʦ k-ʤʝʨʦʚ (ʜʣʠʥʘ k-ʤʝʨʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʟʷʪʘ ʨʘʚʥʦʡ 12). ʄʥʦʞʝʩʪʚʦ ʧʦʩʪʨʦʝʥʥʳʭ k-ʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 2. ɺ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ 

ʧʨʠʚʝʜʝʥʳ ʚʩʝ ʨʘʟʣʠʯʥʳʝ k-ʤʝʨr, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʯʪʝʥʠʷʭ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʜʣʷ ʢʘʞʜʦʛʦ k-ʤʝʨʘ 

ʫʢʘʟʘʥʦ, ʩʢʦʣʴʢʦ ʨʘʟ ʜʘʥʥʳʡ k-ʤʝʨ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʯʪʝʥʠʷʭ.  

ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 2, ʚʳʙʠʨʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ t (ʨʘʟʜ. 1.4). 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʟʥʘʯʝʥʠʝ t ʨʘʚʥʦ ʯʝʪʳʨʝʤ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ k-ʤʝʨʳ, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʥʝʝ t ʨʘʟ (ʟʥʘʯʝʥʠʝ ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣ. 2 ʥʝ ʧʨʝʚʳʰʘʝʪ ʪʨʝʭ), ʠ ʧʨʝʜʧʨʠʥʠʤʘʝʪʩʷ 

ʧʦʧʳʪʢʘ ʠʩʧʨʘʚʠʪʴ ʚ ʥʠʭ ʦʰʠʙʢʫ ʧʫʪʝʤ ʟʘʤʝʥʳ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʫʤʤʘ ʯʠʩʣʘ 

ʚʩʪʨʝʯ k-ʤʝʨʘ ʜʦ ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ t (ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ), ʠ 

ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʣʠʰʴ ʜʣʷ ʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ, ʪʦ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘʤʝʥʘ. ʉʧʠʩʦʢ 

ʩʦʚʝʨʰʝʥʥʳʭ ʟʘʤʝʥ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 3. ɺ ʥʝʡ ʠʩʧʨʘʚʣʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʳ 

ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʢʫʨʩʠʚʦʤ.  

ɺʩʝʛʦ ʘʣʛʦʨʠʪʤ ʠʩʧʨʘʚʠʣ 48 ʦʰʠʙʦʢ. ʀʟʥʘʯʘʣʴʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ k-ʤʝʨʦʚ ʠʤʝʣʦ 

ʤʦʱʥʦʩʪʴ 166, ʘ ʧʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʤʥʦʞʝʩʪʚʦ ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 136 ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  
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ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ II ʵʪʘʧ  

 

ʊʘʙʣʠʮʘ 1. ʌʨʘʛʤʝʥʪʳ ʯʪʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʛʝʥʦʤʘ 

ʇʝʨʚʦʝ ʯʪʝʥʠʝ ɺʪʦʨʦʝ ʯʪʝʥʠʝ 

CAGACACTCTTTTTTTAATC TGACTGCAACGGGCAATATG 

TTTTTAATCCACACAGAGAC GCTTTTCATTCTGACTGCAA 

TGACTGCAACGGGCAATATG AGACACTCTTTTTTCAATCC 

ACTCTTTTTTTAATCCACAC TTTCATTCTGACTGCAACGG 

AGCTTTTCATTCTGACTGCA TTTTTTTAATCCACACAGAG 

ATCAGACACTCTTTTTTGAA GACTGCAACGGGCAATATGT 

CAACGGGCAATATGTCTCTG TGCTATCAGACACTCTTTTT 

GACTGCAACGGGCAATATGT TGCTATCAGACACTCTTTTT 

AGACACTCTTTTTTTAATCC GACTGCAACGGGCAATATGT 

GCTTTTCATTCTGACTGCAA TTTTTTAATCCACACAGAGA 

ACTCTTTTTTTAATCCACAC CATTCTGACTGCAACGGGCA 

TGCTATCAGACACTCTTTTT CAACGGGCAATATGTCTCTG 

CTCTTTTTTTAATCCACACA TTCTGACTGCAACGGGCAAT 

TATCAGACACTCTTTTTTTA CTGCAACGGGCAATATGTCT 

GACTGCAACGGGCAATATGT CAGACACTCTTTTTTTAATC 

CTATCAGACACTCTTTTTTA CAACGGGCAATATGTCTCTG 

TGCAACGGGCAATATGTCTC AGACACTCTTTTTTTAAACC 

AGACACTCTTTTCTTAATCC TCTGACTGCAACGGGCAATA 

CGGGCAATATGTCTCTGTGT GCTGCTATCAGACACTCTTT 

TCAGACACTCTTTTTTTAAT CTGACTGCAACGGGCAATAT 

TTCTGACTGCAACGGGCAAT ACTCTTTTTTTAATCCACAC 

CAACGGGCAATATGTCTCTG GCTATCAGACACTCTTTTTT 

CTTTTTTTAATCCACACAGA TTCATTCTGACTGCAACGGG 

CAGACACTCTTTTTTTAATC TTCTGACTGCAACGAGCAAT 

CTTTTTTTAATCCACACAGA AGCTTTTCATTCTGACTGCA 

TTCATTCTGACTGCAACGGG CTCTTTTTTTAATCCACACA 

CAGACACTCTTTTTTTAATC CTGACTGCAACGGGCAATAT 

CTTTTCATTCTGACTGCAAC TCTTTTTTTAATCCACACAG 

GCAACGGGCAATATGTCTCT CTATCAGACACTCTTTTTTT 

CAACGGGCAATATGTCTCTG CTATCAGACACTCATTTTTT 

GCTATCAGACACTCGTTTTT ACTGCAACGGGCAATATGGC 

TTCATTCTGACTGCAACGGG CTCTTTTTTTAATCCACACA 

CTATCAGACACTCTTTTTTT ACTGCAACGGGCAATATGTC 

TTTTAATCCACACAGAGACA AGCTTTTCATTCTGACTGCA 

TCTTTTTTTAATCCACACAG TTTCATTCTGACTGCAACGG 

GCTTTTCATTCTGACTGCAA TTTAATCCACACAGAGACAT 

TTTTAATCCACACAGAGACA TTTCATTCTGACTTCAACGG 

TGCTATCAGACACTCTTTTT CAACGGGCAATATGTCTCTG 

TTCTGACTGCAACGGGCAAT ACACTCTTTTTTTAATCCAC 

TGCAACGGGCAATATGTCTC TGCTATCAGACACACCTTTT 
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ʊʘʙʣʠʮʘ 2. ʄʥʦʞʝʩʪʚʦ k-ʤʝʨʦʚ 

k-ʤʝʨ ʏʠʩʣʦ ʜʦ 
ʠʩʧʨʘʚʣʝʥʠʷ 

ʏʠʩʣʦ ʧʦʩʣʝ 
ʠʩʧʨʘʚʣʝʥʠʷ 

GCCATATTGCCC 2 ï 

CAGACACTCATT 2 ï 

CATATTGCCCGT 34 34 

AGCTTTTCATTC 6 6 

TTTAATCCACAC 32 32 

ATTGCCCGTTGC 32 32 

CTGCTATCAGAC 2 2 

GAATGAAAAGCT 6 6 

AGACACTCATTT 2 2 

GCAGTCAGAATG 20 20 

ATATGTCTCTGT 2 2 

CAATATGTCTCT 14 14 

TGCTATCAGACA 12 12 

GAAAAGAGTGTC 2 2 

CCGTTGCAGTCA 26 26 

TATTGCCCGTTG 40 40 

ATTGAAAAAAGA 2 ï 

TCTTTTTTTAAT 30 32 

TGTGTGGATTAA 26 26 

GAGACATATTGC 20 20 

TCCACACAGAGA 10 10 

TATGTCTCTGTG 2 2 

TCTTTTCTTAAT 2 2 

CTCTGTGTGGAT 12 12 

ACACTCTTTTTT 28 30 

ATTAAGAAAAGA 2 2 

GTGTGGATTAAA 32 32 

CGTTGCAGTCAG 24 24 

CTCTTTTCTTAA 2 2 

CCACACAGAGAC 8 8 

CAGTCAGAATGA 18 18 

CTTTTTTTAATC 32 34 

GGATTAAGAAAA 2 2 

TTGCCCGTTGCA 30 30 

CCATATTGCCCG 2 ï 

ACAGAGACATAT 2 2 

AGAGACATATTG 14 14 

GTCAGAATGAAA 16 16 

TGACTGCAACGG 26 26 

AAAATGAGTGTC 2 ï 

GTCTCTGTGTGG 8 8 

AAAAAAGAGTGT 28 30 
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TGAAAAAAGAGT 2 ï 

TGTCTCTGTGTG 6 6 

TGTGGATTAAAA 30 30 

AAAAAAAGAGTG 22 26 

CACTCTTTTTTT 22 26 

TCAGACACTCTT 22 24 

GTGTCTGATAGC 14 14 

TTAAAAAAAGAG 28 30 

GACATATTGCCC 24 26 

TAAGAAAAGAGT 2 2 

ACACTCATTTTT 2 ï 

TAAAAAAGAGTG 2 2 

CACTCTTTTTTA 2 2 

ACTCTTTTTTTA 24 26 

TGCAACGGGCAA 30 30 

CTCTTTTTTTAA 28 30 

TCTTTTTTCAAT 2 ï 

CTGACTGCAACG 24 24 

ATATTGCCCGTT 36 36 

GGATTGAAAAAA 2 ï 

CACTCTTTTTTC 2 ï 

CGGGCAATATGT 30 32 

ACTCTTTTCTTA 2 2 

AAAAAGAGTGTC 34 36 

TATCAGACACTC 22 22 

AGTCAGAATGAA 22 22 

TTTTAATCCACA 30 30 

CTTTTTTCAATC 2 ï 

ACACAGAGACAT 4 4 

GCCCGTTGCAGT 28 28 

TGCCCGTTGCAG 28 28 

AATGAGTGTCTG 2 ï 

GATTAAGAAAAG 2 2 

CCCGTTGCAGTC 30 30 

GACTGCAACGGG 30 30 

TTCTGACTGCAA 22 22 

GAAAAAAGAGTG 2 ï 

ATGAGTGTCTGA 2 ï 

CACTCTTTTCTT 2 2 

GACACTCATTTT 2 ï 

GCAATATGTCTC 20 20 

TGTCTGATAGCA 12 12 

ATCAGACACTCT 20 22 

TTTCATTCTGAC 16 16 

AACGGGCAATAT 36 36 

CAGAATGAAAAG 10 10 
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ATCCACACAGAG 12 12 

ATTAAAAAAAGA 30 32 

CAACGGGCAATA 40 40 

GGGCAATATGTC 24 26 

ACTCTTTTTTCA 2 ï 

TTTTCATTCTGA 10 10 

CAGAGACATATT 12 12 

GTCTGATAGCAG 2 2 

AAAAAATGAGTG 2 ï 

TGAGTGTCTGAT 2 ï 

TGCAGTCAGAAT 20 20 

GCTTTTCATTCT 10 10 

TCTGACTGCAAC 20 20 

AGAAAAGAGTGT 2 2 

TTTTTTTAATCC 26 28 

CAGACACTCTTT 30 32 

TTAAGAAAAGAG 2 2 

GACACTCTTTTC 2 2 

CACAGAGACATA 2 2 

CTCTTTTTTCAA 2 ï 

TCAGACACTCAT 2 ï 

ATGTCTCTGTGT 4 4 

AGTGTCTGATAG 20 20 

CACTCATTTTTT 2 ï 

ACTGCAACGGGC 28 28 

TCAGAATGAAAA 10 10 

AATATGTCTCTG 12 12 

AGACATATTGCC 22 22 

GTGGATTAAAAA 28 28 

CTGTGTGGATTA 20 20 

GATTGAAAAAAG 2 ï 

GATTAAAAAAAG 32 34 

GGCAATATGTCT 22 22 

CATTCTGACTGC 20 20 

GTTGCAGTCAGA 20 20 

ACGGGCAATATG 34 34 

CTGCAACGGGCA 28 28 

GCTGCTATCAGA 2 2 

ACATATTGCCCG 30 32 

GCTATCAGACAC 14 14 

AAGAGTGTCTGA 22 24 

TTAATCCACACA 26 26 

CGGGCAATATGG 2 ï 

TTTTCTTAATCC 2 2 

GGATTAAAAAAA 26 28 

AAATGAGTGTCT 2 ï  
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AAAGAGTGTCTG 30 32 

AGAGTGTCTGAT 20 22 

AAGAAAAGAGTG 2 2 

AATCCACACAGA 16 16 

ATCAGACACTCA 2 ï 

AGACACTCTTTT 36 38 

AAAAGAGTGTCT 36 38 

TTCATTCTGACT 22 22 

AAAAATGAGTGT 2 ï 

TTGAAAAAAGAG 2 ï 

GAGTGTCTGATA 22 22 

TAAAAAAAGAGT 24 26 

CTTTTCTTAATC 2 2 

TCATTCTGACTG 18 18 

CTATCAGACACT 20 20 

TCTGTGTGGATT 16 16 

GCAACGGGCAAT 32 32 

TTTTTAATCCAC 28 28 

TTGCAGTCAGAA 22 22 

TGGATTAAAAAA 26 26 

CACACAGAGACA 6 6 

ACACTCTTTTCT 2 2 

TTTTTTAATCCA 26 26 

TAATCCACACAG 20 20 

AGAATGAAAAGC 10 10 

GACACTCTTTTT 34 36 

TTTTTTCAATCC 2 ï 

GGGCAATATGGC 2 ï 

TCTGATAGCAGC 2 2 

CTTTTCATTCTG 10 10 

TCTCTGTGTGGA 10 10 

ATTCTGACTGCA 20 20 

 

ʊʘʙʣʠʮʘ 3. ʀʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ 

k-ʤʝʨ ʜʦ ʠʩʧʨʘʚʣʝʥʠʷ k-ʤʝʨ ʧʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ 

GCCATATTGCCC GACATATTGCCC 

CAGACACTCATT CAGACACTCTTT 

AGACACTCATTT AGACACTCTTTT 

GAAAAGAGTGTC AAAAAGAGTGTC 

ATTGAAAAAAGA ATTAAAAAAAGA 

TCTTTTCTTAAT TCTTTTTTTAAT 

ATTAAGAAAAGA ATTAAAAAAAGA 

CTCTTTTCTTAA CTCTTTTTTTAA 

GGATTAAGAAAA GGATTAAAAAAA 

CCATATTGCCCG ACATATTGCCCG 
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AAAATGAGTGTC AAAAAGAGTGTC 

TGAAAAAAGAGT TAAAAAAAGAGT 

TAAGAAAAGAGT TAAAAAAAGAGT 

ACACTCATTTTT ACACTCTTTTTT 

TAAAAAAGAGTG AAAAAAAGAGTG 

CACTCTTTTTTA CACTCTTTTTTT 

TCTTTTTTCAAT TCTTTTTTTAAT 

GGATTGAAAAAA GGATTAAAAAAA 

CACTCTTTTTTC CACTCTTTTTTT 

ACTCTTTTCTTA ACTCTTTTTTTA 

CTTTTTTCAATC CTTTTTTTAATC 

AATGAGTGTCTG AAAGAGTGTCTG 

GATTAAGAAAAG GATTAAAAAAAG 

GAAAAAAGAGTG AAAAAAAGAGTG 

ATGAGTGTCTGA AAGAGTGTCTGA 

CACTCTTTTCTT CACTCTTTTTTT 

GACACTCATTTT GACACTCTTTTT 

ACTCTTTTTTCA ACTCTTTTTTTA 

AAAAAATGAGTG AAAAAAAGAGTG 

TGAGTGTCTGAT AGAGTGTCTGAT 

AGAAAAGAGTGT AAAAAAGAGTGT 

TTAAGAAAAGAG TTAAAAAAAGAG 

GACACTCTTTTC GACACTCTTTTT 

CTCTTTTTTCAA CTCTTTTTTTAA 

TCAGACACTCAT TCAGACACTCTT 

CACTCATTTTTT CACTCTTTTTTT 

GATTGAAAAAAG GATTAAAAAAAG 

CGGGCAATATGG CGGGCAATATGT 

TTTTCTTAATCC TTTTTTTAATCC 

AAATGAGTGTCT AAAAGAGTGTCT 

AAGAAAAGAGTG AAAAAAAGAGTG 

ATCAGACACTCA ATCAGACACTCT 

AAAAATGAGTGT AAAAAAGAGTGT 

TTGAAAAAAGAG TTAAAAAAAGAG 

CTTTTCTTAATC CTTTTTTTAATC 

ACACTCTTTTCT ACACTCTTTTTT 

TTTTTTCAATCC TTTTTTTAATCC 

GGGCAATATGGC GGGCAATATGTC 

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 1 

1. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʥʘʙʦʨʝ ʯʪʝʥʠʡ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ k-ʤʝʨʦʚ. 

2. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ: k ï ʜʣʠʥʳ k-ʤʝʨʘ ʠ ʚʝʣʠʯʠʥʳ t ï 

ʧʦʨʦʛʘ, ʦʪʥʦʩʷʱʝʛʦ k-ʤʝʨ ʢ ʯʠʩʣʫ ʥʘʜʝʞʥʳʭ  ʠʣʠ ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ.  

3. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦ ʚʨʝʤʝʥʠ.  

4. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʘ ʪʝʩʪʦʚʦʤ ʧʨʠʤʝʨʝ.  

5. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ.  
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2. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ ʀʉʇʈɸɺʃɽʅʀʗ ʆʐʀɹʆʂ ɺ 
ɼɸʅʅʓʍ ʉɽʂɺɽʅʀʈʆɺɸʅʀʗ 

2.1. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. 

ʅʠʞʝ ʚ ʣʠʩʪʠʥʛʝ ʧʨʠʚʝʜʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ findNFixes , ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ k-ʤʝʨʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ n ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʬʫʥʢʮʠʶ ʢʘʢ ʧʘʨʘʤʝʪʨ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʤʝʥʴʰʝʤʫ ʯʠʩʣʫ ʦʰʠʙʦʢ ï ʢʘʢ ʪʦʣʴʢʦ ʫʜʘʣʦʩʴ 

ʠʩʧʨʘʚʠʪʴ ʢʘʢʦʝ-ʪʦ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ n, ʯʠʩʣʦ ʦʰʠʙʦʢ ʪʘʢ, ʯʪʦ k-ʤʝʨ ʩʪʘʣ çʥʘʜʝʞʥʳʤè, ʬʫʥʢʮʠʷ 

ʧʨʝʢʨʘʱʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ. 

ʇʘʨʘʤʝʪʨ DEFINITELY_GOOD_THRESHOLD ï ʵʪʦ ʫʧʦʤʠʥʘʚʰʠʡʩʷ ʚʳʰʝ ʧʘʨʘʤʝʪʨ t.  

 

ʃʠʩʪʠʥʛ. ʇʦʠʩʢ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ 

    private  int  findNFixes( long  str, int  n, int  begin) 

{  

        if  (n == 0) {  

            Info minfo = hm.get(str);  

      if  ((minfo != null) && (minfo.count.intValue() 

>= DEFINITELY_GOOD_THRESHOLD)) {  

                newStr = str;  

                return  1;  

            } else {  

                return  0;  

            }  

        }  

        int  k  = 0;  

    int  maxPos = (begin == 0) ? (len -  1) : begin + 

MAXIMAL_FIXES_DISTANCE; 

        maxPos = Math.min(maxPos, len -  n);  

        for  ( int  pos = begin; ( k  < 2) && (pos <= 

maxPos); pos++) {  

            for  ( long  xor = 1; xor <= 3; xor++) {  

                long  nstr = str ^ (xor <<  (2 * pos));  

                int  r = findNFixes(nstr, n -  1, pos + 

1);  

                if  (r == 2) {  

                    k  = 2;  

                    brea k ;  

                }  

                if  (r == 0) {  

                    continue ;  

                }  

                k++;  

                if ( k  == 2) {  
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                    brea k ;  

                }  

            }  

        }  

        return  k ;  

    }  

 

2.2. ʈɽɿʋʃʔʊɸʊʓ ʈɸɹʆʊʓ ɸʃɻʆʈʀʊʄɸ  

ʆʧʠʩʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʠ ʧʨʠʤʝʥʝʥ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ dnGASP [12], ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʥʠʢʘʤ ʧʨʝʜʣʘʛʘʣʦʩʴ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ ʜʣʠʥʦʡ ʦʢʦʣʦ 1,8 ʤʠʣʣʠʘʨʜʦʚ ʥʫʢʣʝʦʪʠʜʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʣʶʙʳʝ ʫʞʝ 

ʠʤʝʶʱʠʝʩʷ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʨʝʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ, ʭʦʪʷ ʠʩʭʦʜʥʳʡ ʛʝʥʦʤ ʙʳʣ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ, ʦʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʤʝʩʴ ʛʝʥʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ï ʟʘʜʘʯʘ ʙʳʣʘ 

ʙʣʠʟʢʘ ʢ ʨʝʘʣʴʥʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʫʯʘʩʪʥʠʢʘʤ ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʙʠʙʣʠʦʪʝʢʘ ʧʘʨʥʳʭ ʯʪʝʥʠʡ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʛʝʥʦʤʘ. ʕʪʠ ʯʪʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʧʦʢʨʳʪʠʝ ʛʝʥʦʤʘ ï 44. 

ʊʘʢʞʝ ʚ ʥʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʚʥʝʩʝʥʳ ʦʰʠʙʢʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʟʘʜʘʯʫ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʭʦʞʝʡ ʥʘ ʨʝʘʣʴʥʫʶ. 

ʆʧʠʩʳʚʘʝʤʳʡ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ ʩʙʦʨʢʠ ʛʝʥʦʤʘ. 

ɸʣʛʦʨʠʪʤ ʟʘʧʫʩʢʘʣʩʷ ʥʘ 24-ʷʜʝʨʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ 24 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʯʪʦ ʩʣʠʰʢʦʤ ʤʘʣʦ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʫʶ ʩʪʘʪʠʩʪʠʢʫ ʧʦ k-ʤʝʨʘʤ, 

ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʯʪʝʥʠʷʭ, ʩʦʙʨʘʥʥʫʶ ʜʚʘ ʨʘʟʘ ï ʜʦ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠ ʧʦʩʣʝ ʥʝʛʦ. 

ɼʦ ʟʘʧʫʩʢʘ ʘʣʛʦʨʠʪʤʘ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ 6,5 ʤʠʣʣʠʘʨʜʦʚ ʨʘʟʣʠʯʥʳʭ k-ʤʝʨʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ 3 ʤʠʣʣʠʘʨʜʘ çʥʘʜʝʞʥʳʭè. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʘʣ ʦʢʦʣʦ ʩʫʪʦʢ, ʧʦʩʣʝ ʵʪʦʛʦ ʚ ʜʘʥʥʳʭ ʩʪʘʣʦ 3,9 

ʤʠʣʣʠʘʨʜʦʚ (ʯʪʦ ʥʘ 40% ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʘʯʘʣʝ) ʨʘʟʣʠʯʥʳʭ k-ʤʝʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ 3,3 ʤʠʣʣʠʘʨʜʘ 

çʥʘʜʝʞʥʳʭè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ çʧʦʜʦʟʨʠʪʝʣʴʥʳʭè k-ʤʝʨʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 3,5 ʤʠʣʣʠʘʨʜʦʚ ʜʦ 0,6 

ʤʠʣʣʠʘʨʜʦʚ (ʧʨʠʤʝʨʥʦ ʥʘ 83%). 

ʏʠʩʣʦ k-ʤʝʨʦʚ ʧʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʛʨʘʬ ʜʝ ɹʨʶʠʥʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʩʙʦʨʢʠ ʛʝʥʦʤʘ, ʩʤʦʞʝʪ ʫʤʝʩʪʠʪʴʩʷ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ 

ʩʨʝʜʥʝʛʦ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʝʨʚʝʨʘ (ʧʨʠʤʝʨʥʦ 64 ɻɹ).  

ʅʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʯʘʩʪʦʪ k-ʤʝʨʦʚ ʚ ʜʘʥʥʳʭ ʜʦ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠ ʧʦʩʣʝ 

ʥʝʛʦ. ɼʘʥʥʳʝ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. 
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ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ k-ʤʝʨʦʚ ʚ ʜʘʥʥʳʭ dnGASP ʜʦ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ 

 

ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ k-ʤʝʨʦʚ ʚ ʜʘʥʥʳʭ dnGASP ʧʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ 

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 2 

1. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʥʘʙʦʨʝ 

ʯʪʝʥʠʡ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ k-

ʤʝʨʦʚ. ʇʦʣʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ 4.  
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2. ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʧʦʢʘʟʘʚʰʝʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ ʥʘ ʜʘʥʥʳʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʝʩʫʨʩʦʚ, ʪʘʢ ʠ ʙʦʣʴʰʦʡ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʡ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ; 

¶ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ; 

¶ ʦʩʫʱʝʩʪʚʝʣʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʜʘʥʥʳʭ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʝ Java; 

¶ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʛʝʥʦʤʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ; 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʈ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʚʝʩʪʥʠʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè (ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ) ʠ ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʕɺʄ.  
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ʇʈʀʃʆɾɽʅʀɽ 1. ɼɸʅʅʓɽ ʆ ʂʆʃʀʏɽʉʊɺɽ K-ʄɽʈʆɺ ɼʆ ʀ ʇʆʉʃɽ ʀʉʇʈɸɺʃɽʅʀʗ 
ʆʐʀɹʆʂ 

 

 

n 

ʏʠʩʣʦ k-ʤʝʨʦʚ, 
ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʯʪʝʥʠʷʭ n 
ʨʘʟ (ʜʦ ʠʩʧʨʘʚʣʝʥʠʷ 

ʦʰʠʙʦʢ) 

ʏʠʩʣʦ k-ʤʝʨʦʚ, 
ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʯʪʝʥʠʷʭ n ʨʘʟ (ʧʦʩʣʝ 
ʠʩʧʨʘʚʣʝʥʠʷ 
ʦʰʠʙʦʢ) 

1 3130509297 532770846 

2 23978495 7370346 

3 2833469 1644074 

4 1405930 964250 

5 1725467 1344162 

6 3108862 2532697 

7 5542599 4654354 

8 8933360 7702092 

9 12938954 11420948 

10 17085135 15424645 

11 20881921 19152192 

12 24230586 22400507 

13 27471307 25229360 

14 31523923 28305739 

15 37799720 32806030 

16 47684652 40057072 

17 62325861 51332438 
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18 82298947 67490362 

19 107159743 88729412 

20 135555086 114335600 

21 165252192 142632754 

22 193402998 171280538 

23 217247228 197635546 

24 234200378 219115389 

25 242664845 233477182 

26 241828429 239406922 

27 232140446 236370280 

28 214891711 225145906 

29 192086970 207101590 

30 166024726 184147485 

31 138955979 158526266 

32 112622571 132191488 

33 88545487 106922872 

34 67641312 83997181 

35 50267171 64138710 

36 36386246 47678694 

37 25729448 34547920 

38 17850736 24481497 
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39 12228555 17031140 

40 8359047 11704969 

41 5816821 8024776 

42 4216106 5603302 

43 3274746 4074792 

44 2777564 3170799 

45 2556617 2683700 

46 2511250 2471540 

47 2553259 2431984 

48 2632677 2475747 

49 2718603 2568770 

50 2782930 2658262 

51 2808657 2728760 

52 2791588 2770382 

53 2735871 2770092 

54 2632558 2726030 

55 2497079 2642596 

56 2322248 2519509 

57 2133322 2363632 

58 1927375 2178675 

59 1722393 1992026 
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60 1520430 1784901 

61 1325020 1583972 

62 1153745 1389619 

63 997751 1213840 

64 861306 1049738 

65 753160 909628 

66 668082 790598 

67 599797 695844 

68 549866 620804 

69 517298 564282 

70 494095 524151 

71 482642 497198 

72 477257 479743 

73 475630 474016 

74 477263 470737 

75 479429 470848 

76 480998 475365 

77 479848 477194 

78 476366 480184 

79 468307 479912 

80 458905 471901 
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81 445166 466868 

82 429245 455716 

83 409881 441110 

84 390765 423482 

85 367541 406266 

86 346968 384481 

87 326814 362576 

88 307798 343473 

89 289152 321062 

90 272594 301967 

91 258091 283574 

92 246713 268498 

93 236797 255458 

94 227976 241154 

95 222284 233104 

96 219401 224752 

97 216547 219596 

98 215956 216093 

99 214181 213106 

100 212337 211109 
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ʇʈʀʃʆɾɽʅʀɽ 2. ʂʆʇʀʗ ʊɽʂʉʊɸ ʆʇʋɹʃʀʂʆɺɸʅʅʆʁ ʉʊɸʊʔʀ 

ɺ ʜʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʚʝʜʝʥʘ ʢʦʧʠʷ ʩʪʘʪʴʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪ ʧʦ ʢʦʥʪʨʘʢʪʫ: 

¶ ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ɺ., ʂʘʟʘʢʦʚ ʉ.ɺ., ʄʝʣʴʥʠʢʦʚ ʉ.ɺ., ʉʝʨʛʫʰʠʯʝʚ ɸ.ɸ., ʎʘʨʝʚ ʌ.ʅ., ʐʘ-

ʣʳʪʦ ɸ.ɸ. ʄʝʪʦʜ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʥʘʙʦʨʝ ʯʪʝʥʠʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-
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