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ʋɼʂ 004.75 

 

ɹɸɹɽʅʂʆ ʆ. ɸ.,  

ɻɯʆʈɻɯɿʆɺɸ-ɻɸʁ ɺ.ʐ. 

 

ɹɸʃɸʅʉʋɺɸʅʅʗ ʅɸɺɸʅʊɸɾɽʅʅʗ ɼʆɼɸʊʂɯɺ ʋ ʇʈʀɺɸʊʅʆʄʋ  

çʍʄɸʈʅʆʄʋè ʉɽʈɽɼʆɺʀʑɯ 

 
ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʠʩʪʝʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ Web ʜʦʜʘʪʢʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʩʘʤʠʭ ʜʦ-

ʜʘʪʢʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ. ʅʘʜʘʥʦ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ çʭʤʘʨʥʽʡè ʧʣʘʪʬʦʨʤʽ 

CloudStack ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʽʜʝʦ ʥʘʚʯʘʥʥʷ. ʇʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʝʥʠʭ ʧʨʘʚʠʣ ʙʘʣʘʥʩʫʚʘʥʥʷ.  

 

This article shows comparative characteristics of the widespread load balancing systems for Web applica-

tions in accordance with criteria that take into account the characteristics of applications and computer sys-

tems infrastructure on which they are deployed. Practical recommendations for configuring the CloudStack 

platform load balancing system are given for example of remote video teaching application. The effective-

ness of the created balancing rules investigated. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, Web ʜʦʜʘʪʢʠ, CloudStack, ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ 

 

ɺʩʪʫʧ 

 

ʉʴʦʛʦʜʥʽ ʚʩʝ ʙʽʣʴʰʝ ʫʩʪʘʥʦʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ 

ʧʨʘʛʥʫʪʴ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʽ Web ʩʝʨʚʽʩʠ ʷʢ ʫ ʤʝ-

ʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʘʢ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʦʪʨʝʙ ʥʘ 

ʙʘʟʽ ʧʨʠʚʘʪʥʠʭ ʘʙʦ ʧʫʙʣʽʯʥʠʭ çʭʤʘʨʥʠʭè ʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ çʭʤʘʨʥʽè ʩʠʩʪʝʤʠ 

ʥʘʣʝʞʘʪʴ ʜʦ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ, ʪʦ ʤʦʞʣʠʚʦ-

ʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷ ʧʨʠ ʾʭ ʧʦʙʫʜʦʚʽ ʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ. 

ɺʽʜ ʚʠʙʦʨʫ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫ-

ʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʙ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ 

ʚʽʜʧʦʚʽʜʘʣʠ ʟʘʜʘʯʘʤ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʝʨʚʽʩʫ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ, ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ ʽ ʙʝʟʧʝʨʝʙʽʡʥʽʩʪʴ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. 

 
ʄʝʪʘ ʩʪʘʪʪʽ 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʥʘʜʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝ-

ʢʦʤʝʥʜʘʮʽʡ ʟ ʚʠʙʦʨʫ ʩʠʩʪʝʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ Web ʜʦʜʘʪʢʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʨʘ-

ʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʩʘʤʠʭ ʜʦʜʘʪʢʽʚ ʽ ʦʩʦ-

ʙʣʠʚʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝ-

ʢʩʽʚ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʘ ʪʘʢʦʞ ï ʟ ʥʘ-

ʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʫ ʚʽʜʢʨʠʪʽʡ çʭʤʘʨʥʽʡè ʧʣʘʪʬʦʨʤʽ CloudStack ʥʘ 

ʧʨʠʢʣʘʜʽ ʦʨʛʘʥʽʟʘʮʽʾ ʩʝʨʚʽʩʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʽʜʝʦ 

ʥʘʚʯʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʫ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚ-

ʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʷʜʫ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʩʠʩʪʝʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ Web ʜʦʜʘʪʢʽʚ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʙʨʘʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʪʘ ʨʝʟʫʣʴʪʘ-

ʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʘʚʠʣ ʙʘʣʘʥʩʫʚʘʥ-

ʥʷ, ʩʪʚʦʨʝʥʠʭ ʜʣʷ çʭʤʘʨʥʦʛʦè ʩʝʨʚʽʩʫ.  

 
ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʠʩʪʝʤ  

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɹʘʣʘʥʩʫʚʘʥʥʷ (ʚʠʨʽʚʥʶʚʘʥʥʷ) ʥʘʚʘʥʪʘʞʝʥʥʷ, 

(ʘʥʛʣ. Load balancing) ï ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʫ ʟʘ-

ʚʜʘʥʴ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʩʝʨʚʝʨʘʤʠ) ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʩʣʫ-

ʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ-

ʚʘʥʥʷ ʢʣʘʩʪʝʨʘ (ʜʠʥʘʤʽʯʥʝ ʜʦʜʘʚʘʥʥʷ / ʚʠʜʘ-

ʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ), ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦ-

ʚʦʩʪʽʡʢʦʩʪʽ (ʨʝʟʝʨʚʫʚʘʥʥʷ). 

ʇʨʠ ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ çʭʤʘʨʥʠʭè 

ʜʦʜʘʪʢʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ 

ʜʦʜʘʪʢʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʙʯʠʩ-

ʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʧʨʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʝʨʚʽʩʽʚ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤ ʙʘʣʘʥ-

ʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ ʚ "ʭʤʘʨʥʠʭ" 

ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʟʥʘʯʠʤʦ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʪʘʢʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʭʘʨʘ-

ʢʪʝʨʠʟʫʻ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦ-

ʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʦʙʩʣʫʛʦʚʫ-

ʶʯʠʤʠ ʚʫʟʣʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʚʠʤʦʛʘʭ ʜʦ ʨʦʙʦʪʠ 

ʜʦʜʘʪʢʽʚ ʽ ʜʦ ʩʪʨʫʢʪʫʨ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢ-

ʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʯʝʨʝʟ ʥʘʷʚʥʽ ʚ ʩʠʩ-



ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ ʫ ʧʨʠʚʘʪʥʦʤʫ çʭʤʘʨʥʦʤʫè ʩʝʨʝʜʦʚʠʱʽ        5 

ʪʝʤʽ ʘʣʛʦʨʠʪʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʠʧ 

ʙʘʣʘʥʩʫʚʘʥʥʷ (ʩʪʘʪʠʯʥʝ ʽ ʜʠʥʘʤʽʯʥʝ).  

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, 

ʷʢʠʡ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ, ʻ 

ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ. ɼʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʻ 

ʙʽʣʴʰ ʛʥʫʯʢʠʤ ʽ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ ʧʽʜ ʯʘʩ ʨʦʙʦ-

ʪʠ ʩʝʨʚʽʩʫ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʷʤʠʭ ʧʦʢʘ-

ʟʥʠʢʽʚ (ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, 

ʦʙʩʷʛ ʜʦʩʪʫʧʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ, ʜʦʩʪʫʧʥʦ-

ʛʦ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʪʦʱʦ), ʘʙʦ ʥʝʧʨʷʤʠʭ 

(ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʩʝʨʚʝʨʘ ʯʠ 

ʯʘʩ ʡʦʛʦ ʚʽʜʛʫʢʫ). 

ɺʨʘʭʫʚʘʥʥʷ ʛʝʦ-ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ï ʭʘʨʘʢʪʝ-

ʨʠʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥ-

ʥʷ ʯʘʩʫ ʾʾ ʚʽʜʛʫʢʫ ʯʝʨʝʟ ʚʨʘʭʫʚʘʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʙʣʠʟʴʢʦʩʪʽ ʧʝʚʥʠʭ ʛʨʫʧ ʢʣʽʻʥʪʽʚ ʜʦ ʧʝʚʥʠʭ ʛʨʫʧ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʚʫʟʣʽʚ. ʇʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʜʫʞʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʫʘʣʴ-

ʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʜʦʚʞʠʥʫ ʤʘʨʰʨʫʪʽʚ, ʧʨʦʧʫʩʢʥʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʤʽʞ 

ʧʦʪʝʥʮʽʡʥʠʤʠ ʢʣʽʻʥʪʘʤʠ ʽ ʩʝʨʚʝʨʘʤʠ. 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʠʧʫ ʤʝʨʝʞʽ ï ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʽʜ ʪʦʛʦ, ʫ ʣʦʢʘʣʴʥʽʡ ʯʠ ʫ 

ʛʣʦʙʘʣʴʥʽʡ ʤʝʨʝʞʽ ʟʥʘʭʦʜʷʪʴʩʷ ʦʙʩʣʫʛʦʚʫʶʯʽ 

ʩʝʨʚʝʨʠ, ʘ ʪʘʢʦʞ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʠʧʫ ʩʝʨʚʝʨ-

ʥʦʾ ʧʣʘʪʬʦʨʤʠ. 

ʄʦʞʣʠʚʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ï 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ ʤʝʭʘʥʽʟʤʽʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʶ-

ʯʠʭ ʚʫʟʣʽʚ (ʜʠʥʘʤʽʯʥʝ ʜʦʜʘʚʘʥʥʷ/ʚʠʜʘʣʝʥʥʷ) 

ʧʨʠ ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɸʚʪʦʤʘʩʰʪʘ-

ʙʫʚʘʥʥʷ ʚ çʭʤʘʨʥʠʭè ʧʣʘʪʬʦʨʤʘʭ ʟʘʙʝʟʧʝʯʫʻʪʴ-

ʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʦʜʫʣʷʤʠ, ʟʚôʷʟʘʥʠʤʠ ʟ ʩʠʩʪʝ-

ʤʘʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦ ʮʶ ʟʘʜʘʯʫ ʥʝ ʚʠʨʽʰʫʶʪʴ. 

ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʥʝʧʨʘ-

ʮʶʶʯʠʭ ʚʫʟʣʽʚ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʦʶ ʙʘʣʘʥ-

ʩʫʚʘʥʥʷ ʚʽʜʤʦʚʦ ʩʪʽʡʢʦʩʪʽ ʩʝʨʚʽʩʫ ʥʘ ʦʩʥʦʚʽ ʤʦʥʽ-

ʪʦʨʠʥʛʫ ʜʦʩʪʫʧʥʦʩʪʽ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʡʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʽʚ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʥʝʧʨʘʮʶʶ-

ʯʠʭ ʚʫʟʣʽʚ ʟ ʧʫʣʫ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʩʝʩʽʡ ï ʭʘʨʘʢ-

ʪʝʨʠʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʫ ʟʙʝʨʽʛʘʥʥʷ ʩʪʘʥʫ ʩʝʩʽʾ ʢʦʨʠʩ-

ʪʫʚʘʯʘ ʟ ʜʝʢʽʣʴʢʦʭ ʧʦʚʪʦʨʥʠʭ ʟʘʧʠʪʽʚ. ʄʦʞʝ 

ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʚ ʩʠʩʪʝʤʽ ʘʙʦ ʯʝʨʝʟ ʟôʻʜʥʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʩʝʨʚʝʨʦʤ, ʘʙʦ 

ʯʝʨʝʟ ʟʙʝʨʽʛʘʥʥʷ ʩʝʩʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʜʣʷ ʚʩʽʭ 

ʩʝʨʚʝʨʽʚ ʩʭʦʚʠʱʽ. ʇʨʠʚ'ʷʟʢʘ ʢʣʽʻʥʪʘ ʜʦ ʢʦʥʢʨʝ-

ʪʥʦʛʦ ʩʝʨʚʝʨʘ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʙʦ ʟʘ ʡʦʛʦ 

IP-ʘʜʨʝʩʦʶ (ʷʢʘ, ʦʜʥʘʢ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʯʝ-

ʨʝʟ ʧʝʚʥʠʡ ʯʘʩ), ʘʙʦ ʧʦ cookies (ʚ ʷʢʠʡ ʟʘʧʠʩʫ-

ʻʪʴʩʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʝʨʚʝʨʘ). 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ï 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʟʘʣʝʞʥʽʩʪʴ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥ-

ʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʦʪʦ-

ʢʦʣʫ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ ʜʦ ʙʫʜ-ɹʷʢʠʭ TCP- ʩʝʨ-

ʚʽʩʽʚ: HTTP, HTTPS, SMTP, IMAP, SSH, FTP, 

SQL ʽ ʪ.ʜ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʘʣʘʥʩʫ-

ʚʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ 2-4 ʨʽʚʥʷʭ ʤʦʜʝʣʽ OSI. ʅʘʡʯʘʩ-

ʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘ 4-ʤʫ 

ʨʽʚʥʽ OSI (ɯʈ- ʘʜʨʝʩʠ + ʥʦʤʝʨʠ ʧʦʨʪʽʚ TCP ʽ 

UDP), ʷʢ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʝ ʽ ʛʥʫʯʢʝ. 

ʂʦʥʪʝʥʪʥʦ ʟʘʣʝʞʥʠʡ ʘʥʘʣʽʟ, ʢʝʰʫʚʘʥʥʷ ï ʭʘ-

ʨʘʢʪʝʨʠʟʫʻ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘ ʚʠʜʦʤ ʢʦʥʪʝʥʪʫ ʧʦ ʨʽʟʥʠʭ ʩʝʨ-

ʚʝʨʘʭ (ʥʘʧʨʠʢʣʘʜ, ʜʦ ʩʪʘʪʠʯʥʠʭ ʩʪʦʨʽʥʦʢ, ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʩʪʦʨʽʥʦʢ, ʜʦ ʤʝʜʽʘ ʩʝʨʚʝʨʽʚ ʽ ʪ.ʜ.). 

ʆʩʢʽʣʴʢʠ ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʟôʷʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ 

ʧʨʠ ʙʘʣʘʥʩʫʚʘʥʥʽ ʥʘ 7-ʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ OSI ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʝʰʫʶʯʠʭ ʧʨʦʢʩʽ ʩʝʨʚʝʨʽʚ, ʪʦ ʤʦʞ-

ʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʦʟʰʠʨʶʶʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʢʝʰʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ, ʯʘʩʪʦ ʩʘʤʦ-

ʩʪʽʡʥʦʾ ʦʙʨʦʙʢʠ HTTPS ʪʨʘʬʽʢʫ, ʩʪʠʩʢʘʥʥʷ ʜʘ-

ʥʠʭ, ʱʦ ʟʥʠʞʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʠʭ 

ʩʝʨʚʝʨʽʚ, ʘʥʘʣʽʟʫ ʟʘʧʠʪʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝ-

ʢʠ ʩʝʨʚʽʩʫ ʽ ʪ.ʜ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʝ 

ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʨʠʢʣʘʜ-

ʥʦʛʦ ʧʨʦʪʦʢʦʣʫ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴ-

ʩʷ ʪʽʣʴʢʠ ʧʨʦʪʦʢʦʣ HTTP). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʙʦʨʽ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫ-

ʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʯʽʪʢʦ ʨʦʟʫʤʽʪʠ 

ʟʘʜʘʯʽ, ʷʢʽ ʚʦʥʘ ʧʦʚʠʥʥʘ ʚʠʨʽʰʫʚʘʪʠ ʜʣʷ ʢʦʥʢ-

ʨʝʪʥʦʛʦ ʩʝʨʚʽʩʫ, ʽ ʥʘʷʚʥʽʩʪʴ ʚ ʥʽʡ ʟʘʩʦʙʽʚ, ʷʢʽ 

ʙʫʜʫʪʴ ʜʣʷ ʮʴʦʛʦ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʋ ʚ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʫ ʨʷʜʫ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʠʩʪʝʤ ʙʘʣʘʥʩʫ-

ʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ʊʘʙʣ. 1. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʠʩʪʝʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 Google 

Compute 

Engine 

Microsoft Azure 

Load Balancer / 

LoadMaster 

Amazon EC2 

Elastic Load 

Balancing 

HAProxy LVS Nginx Cloud-

Stack 

ɽʬʝʢʪʠʚʥʽʩʴ 

ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

+ -/+ + + + + + 

ɺʨʘʭʫʚʘʥʥʷ ʛʝʦ- 

ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ 
+ -/+ + - + - + 



6                                                ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

 Google 

Compute 

Engine 

Microsoft Azure 

Load Balancer / 

LoadMaster 

Amazon EC2 

Elastic Load 

Balancing 

HAProxy LVS Nginx Cloud-

Stack 

ʄʦʞʣʠʚʦʩʪʽ 

ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ 
+ + + - - - + 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʪʦ-

ʢʦʣʫ (4-ʡ ʨʽʚʝʥʴ  

OSI) 

+ + + + + - + 

ʂʦʥʪʝʥʪʥʦ ʟʘʣʝʞʥʝ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, 

ʘʥʘʣʽʟ, ʢʝʰʫʚʘʥʥʷ 

(7-ʡ ʨʽʚʝʥʴ OSI) 

+ -/+ + + - + - 

ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʩʝʩʽʡ 
+ -/+ + + + + + 

ʅʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʠʧʫ ʤʝʨʝʞʽ  
+ + + + + - + 

ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘ-

ʯʝʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ 

ʥʝʧʨʘʮʶʶʯʠʭ ʚʫʟʣʽʚ 

+ + + + -+ + + 

 

ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ Elastic Load Balancing, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ Amazon EC2 [1] ʻ ʥʘʡ-

ʙʽʣʴʰ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤ, ʚ 

ʥʽʡ ʻ ʚʩʝ ʪʝ, ʱʦ ʟʘʟʚʠʯʘʡ ʚʠʤʘʛʘʻʪʴʩʷ ʚʽʜ ʩʠʩʪʝ-

ʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ: ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʚʽʜʤʦʚʦʩ-

ʪʽʡʢʽʩʪʴ, ʢʦʥʪʨʦʣʴ ʟʘ ʜʦʩʪʫʧʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʶ-

ʯʠʭ ʩʝʨʚʝʨʽʚ, ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʛʥʫʯʢʽʩʪʴ, 

ʥʘʜʽʡʥʽʩʪʴ, ʙʝʟʧʝʢʘ, ʤʦʞʣʠʚʽʩʪʴ ʤʽʛʨʘʮʽʾ ʟʘʚʜʘʥʴ, 

ʚʨʘʭʫʚʘʥʥʷ ʷʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙ-

ʩʣʫʛʦʚʫʶʯʠʭ ʩʝʨʚʝʨʽʚ. ɿʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʛʦ ʨʽʚ-

ʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʣʶʜʩʴʢʝ ʚʪʨʫʯʘʥʥʷ ʚ ʨʦʙʦʪʫ 

ʩʠʩʪʝʤʠ ʟʚʝʜʝʥʦ ʜʦ ʤʽʥʽʤʫʤʫ. 

ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ Google Compute 

Engine [2] ʪʘʢʦʞ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʠʡ ʥʘʙʽʨ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʍʦʯʘ ʩʠʩʪʝʤʘ ʻ 

ʤʝʥʰ ʛʥʫʯʢʦʶ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʘ ʪʘʢʦʞ ʛʽʨʰʝ 

ʜʦʢʫʤʝʥʪʦʚʘʥʦʶ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʩʪʝʤʦʶ 

Amazon EC2, ʧʨʦʪʝ, ʾʾ ʧʝʨʝʚʘʛʘʤʠ ʻ ʙʽʣʴʰʘ ʧʨʦ-

ʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʙʽʣʴʰ ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʅʘ ʮʴʦʤʫ ʬʦʥʽ ʜʠʚʫʻ ʙʽʜʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ Azure Load 

Balancer [3], ʭʦʯʘ ʙʽʣʴʰʽʩʪʴ ʾʾ ʦʙʤʝʞʝʥʴ ʩʴʦʛʦʜ-

ʥʽ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʨʽʰʝʥʥʷ ʚʽʜ Kemp 

Technologies LoadMaster-for-Azure [4]. ʉʠʩʪʝʤʘ 

LoadMaster ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʮʽʥʥʝ ʙʘʣʘʥʩʫʚʘʥ-

ʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 4-7 ʨʽʚʥʽ ʤʦʜʝʣʽ OSI ʜʣʷ 

ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ çʭʤʘʨʥʦʤʫè ʩʝʨʝʜʦʚʠʱʽ 

Azure, ʧʝʨʝʚʽʨʢʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʦʜʘʪʢʽʚ ʽ ʧʨʠ-

ʩʢʦʨʝʥʥʷ SSL, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ ʧʦʩʣʫʛʠ, ʪʘʢʽ 

ʷʢ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʢʝʰʫʚʘʥʥʷ ʽ ʩʪʠʩʥʝʥ-

ʥʷ ʜʘʥʠʭ ʜʣʷ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʣʫʞʙ. LoadMaster 

ʦʧʪʠʤʽʟʫʻ ʧʦʪʽʢ ʪʨʘʬʽʢʫ ʜʣʷ ʤʥʦʞʠʥʥʠʭ ʚʽʨʪʫʘ-

ʣʴʥʠʭ ʩʣʫʞʙ, ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʜʦʜʘʪʢʽʚ, 

ʨʦʟʨʦʙʢʘ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʷʢʠʭ ʚ Microsoft Azure ʻ 

ʧʝʨʝʚʘʛʘʤʠ ʮʽʻʾ çʭʤʘʨʥʦʾè ʧʣʘʪʬʦʨʤʠ ʪʘʢ ʩʘʤʦ 

ʷʢ ʽ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʩʰʪʘʙʥʠʭ ʦʙʯʠʩ-

ʣʝʥʴ. ʆʙ'ʻʢʪʠ LoadMaster, ʨʦʟʤʽʱʝʥʽ ʚ ʭʤʘʨʽ 

Microsoft Azure ʽ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʣʦʢʘʣʴʥʦʾ ʧʨʠ-

ʚʘʪʥʦʾ ʭʤʘʨʠ, ʧʨʘʮʶʶʪʴ ʩʧʽʣʴʥʦ ʜʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʜʦʩʪʘʚʢʠ ʧʦʩʣʫʛ ʥʘ ʤʽʞʭ-

ʤʘʨʥʦʤʫ ʨʽʚʥʽ.  

ʉʠʩʪʝʤʘ HAProxy ʮʝ ʙʝʟʢʦʰʪʦʚʥʝ, ʜʫʞʝ 

ʰʚʠʜʢʝ, ʝʬʝʢʪʠʚʥʝ (ʚ ʧʣʘʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦ-

ʮʝʩʦʨʘ ʽ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ) ʽ ʥʘʜʽʡʥʝ ʨʽʰʝʥʥʷ, 

ʱʦ ʧʨʦʧʦʥʫʻ ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ TCP ʽ HTTP-

ʜʦʜʘʪʢʽʚ. ʉʠʩʪʝʤʘ HAProxy ʪʘʢʦʞ ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ çʭʤʘʨʥʦʾè ʧʣʘʪʬʦʨʤʠ Red Hat 

OpenShift ʽ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʦʤ ʧʦ ʟʘʤʦʚʯʘʥʥʶ ʫ 

ʯʘʩʪʠʥʦʶ çʭʤʘʨʥʽʡè ʧʣʘʪʬʦʨʤʽ OpenStack [5]. 

ʉʠʩʪʝʤʘ Linux Virtual Server (LVS) - ʮʝ ʙʝʟ-

ʢʦʰʪʦʚʥʠʡ ʧʦʧʫʣʷʨʥʠʡ ʟʘʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʢʣʘʩ-

ʪʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ Linux. LVS ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʢʣʘʩʪʝʨ ʟ ʬʽʟʠʯʥʠʭ (ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʭ) 

ʩʝʨʚʝʨʽʚ, ʱʦ ʨʦʟʧʦʜʽʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʤʘ-

ʰʠʥʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʩʪʘʥʫ, ʧʨʽʦʨʠʪʝʪʫ ʪʘ 

ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʩʪʨʦʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʝʣʠ-

ʢʽʡ ʢʽʣʴʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʙʘʣʘʥʩʫʚʘʥʥʷ [6]. ʉʠʩ-

ʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

4-ʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ OSI, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘ 7-ʤʫ 

ʨʽʚʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʜʦʧʨʘʮʴʦʚʘʥʦ. ɼʦ ʥʝʜʦʣʽʢʽʚ 

LVS ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʘʢʝʪʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʛʦʪʦʚʥʦʩʪʽ ʩʝʨʚʽʩʫ, 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʜʣʷ ʨʽʟʥʠʭ ʚʝʨʩʽʡ 

Linux. ʅʘʡʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʦ ʥʘʣʘʰʪʫ-

ʚʘʥʥʷ ʜʣʷ RedHat Enterprise Linux ʈʝʜʘʢʮʠʷ 6, 

ʥʘʧʨʠʢʣʘʜ, ʫ [7].  

ʉʠʩʪʝʤʘ Nginx ï ʮʝ ʧʦʧʫʣʷʨʥʝ ʙʝʟʢʦʰʪʦʚʥʝ 

ʇɿ, ʱʦ ʨʝʘʣʽʟʫʻ HTTP-ʩʝʨʚʝʨ ʽ ʟʚʦʨʦʪʥʠʡ ʧʨʦʢ-

ʩʽ ʩʝʨʚʝʨ, ʧʦʰʪʦʚʠʡ ʧʨʦʢʩʽ-ʩʝʨʚʝʨ, ʘ ʪʘʢʦʞ TCP 

ʧʨʦʢʩʽ-ʩʝʨʚʝʨ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [8]. 

Nginx ʟʘʙʝʟʧʝʯʫʻ ʚʩʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʥʘʜʘʶʪʴ 



ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ ʫ ʧʨʠʚʘʪʥʦʤʫ çʭʤʘʨʥʦʤʫè ʩʝʨʝʜʦʚʠʱʽ        7 

HTTP ʧʨʦʢʩʽ ʩʝʨʚʝʨʠ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ 

ʜʦʮʽʣʴʥʦ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʝʪʘʣʴʥʦʛʦ ʥʘʩʪʨʦʶ-

ʚʘʥʥʷ ʚʩʽʭ, ʥʘʚʽʪʴ ʥʘʡʜʨʽʙʥʽʰʠʭ ʘʩʧʝʢʪʽʚ ʙʘʣʘʥ-

ʩʫʚʘʥʥʷ HTTP ʽ HTTPS ʪʨʘʬʽʢʫ. ʉʠʩʪʝʤʘʤ 

HAProxy ʪʘ LVS Nginx ʧʨʦʛʨʘʻ ʧʦ ʰʚʠʜʢʦʜʽʾ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ ʥʘ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ɺʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʾ 

çʭʤʘʨʥʦʾè ʧʣʘʪʬʦʨʤʠ CloudStack 4 ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʠʪʴ ʧʦʚʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʞʣʠʚʦʩ-

ʪʝʡ, ʭʦʯʘ ʽ ʨʝʘʣʽʟʫʻ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʽʣʴʢʠ ʥʘ 4-ʤʫ ʨʽʚʥʽ. ʎʝ ʦʙʤʝʞʝʥʥʷ, ʧʨʠ ʥʝʦʙ-

ʭʽʜʥʦʩʪʽ, ʣʝʛʢʦ ʤʦʞʥʘ ʧʦʜʦʣʘʪʠ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ 

ʜʦ ʫʚʘʛʠ, ʱʦ ʧʣʘʪʬʦʨʤʘ CloudStack ʧʽʜʪʨʠʤʫʻ 

ʟʦʚʥʽʰʥʽ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ 

ʾʭ ʷʢʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʢʦʤʝʨʮʽʡʥʽ 

ʙʘʣʘʥʩʫʚʘʣʴʥʠʢʠ ʚʽʜ Google, Microsoft, Amazon, 

Rackspace, NetScaler, ʪʘʢ ʽ ʚʽʜʢʨʠʪʽ, ʪʘʢʽ ʷʢ 

HAProxy, LVS. ʉʴʦʛʦʜʥʽ CloudStack ï ʜʦʩʠʪʴ 

ʧʦʪʫʞʥʘ ʪʘ ʥʘʜʽʡʥʘ ʧʣʘʪʬʦʨʤʘ ʟ ʧʨʦʩʪʠʤ ʽʥʪʫʾ-

ʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʘ ʙʘʛʘʪʦ ʯʦʛʦ 

ʟʘʧʦʟʠʯʠʣʘ ʫ Amazon EC2, ʽ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫ-

ʚʘʪʠ ʨʦʙʦʪʫ ʷʢ ʧʫʙʣʽʯʥʦʛʦ IaaS-ʩʝʨʚʽʩʫ, ʪʘʢ ʽ 

ʧʨʠʚʘʪʥʦʾ çʭʤʘʨʥʦʾè ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [9]. 

 
ʉʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

CloudStack 

 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʦʨʛʘʥʽʟʘʮʽʶ 

ʩʝʨʚʽʩʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʽʜʝʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʩʪʫ-

ʜʝʥʪʽʚ ʟʘʦʯʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ ʽ ʜʨʫʛʦʾ ʧʽʩʣʷ-

ʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ, ʘʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʠʣʴʥʦ ʟʤʽ-

ʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʥʘʚʯʘʥʥʷ. ʉʝʨʚʽʩ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʠʭ ʩʝʨʚʝʨʘʭ ʫ ʧʨʠʚʘʪ-

ʥʦʤʫ çʭʤʘʨʥʦʤʫè ʩʝʨʝʜʦʚʠʱʽ ʢʘʬʝʜʨʠ ʉʇ ɯʇ-

ʉɸ ʂʇɯ ʥʘ ʙʘʟʽ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ BigBlueButton [10]. 

ʉʠʩʪʝʤʘ BigBlueButton ʧʽʜʪʨʠʤʫʻ ʥʘʷʚʥʽʩʪʴ 

ʜʝʢʽʣʴʢʦʭ ʘʫʜʽʦʜʦʨʽʞʦʢ ʽ ʦʙʤʽʥ ʚʽʜʝʦ, ʤʦʞʣʠ-

ʚʽʩʪʴ ʧʦʢʘʟʫ ʧʨʝʟʝʥʪʘʮʽʡ, ʜʦʢʫʤʝʥʪʽʚ Microsoft 

Office ʽ OpenOffice, ʟʦʙʨʘʞʝʥʴ, PDF ʜʦʢʫʤʝʥʪʽʚ, 

ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʨʦʟʰʠʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦʰʢʠ. 

ɼʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʽ ʩʣʫʭʘʯʘʤʠ ʚʝʙ-

ʢʦʥʬʝʨʝʥʮʽʾ ʽʩʥʫʶʪʴ ʧʫʙʣʽʯʥʽ ʪʘ ʧʨʠʚʘʪʥʽ ʯʘʪʠ. 

ʉʝʨʚʝʨ BigBlueButton ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʭʤʘʨ-

ʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢ Amazon EC2, ʧʨʠ ʡʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʽʜ ʆʉ Ubuntu 14.04 64-ʙʽʪʥʦʾ 

ʚʝʨʩʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʝʨʚʽʩʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧ-

ʥʠʭ ʢʨʦʢʽʚ, ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʷʢʠʭ ʚʠʭʦʜʠʪʴ ʟʘ 

ʨʘʤʢʠ ʜʘʥʦʾ ʩʪʘʪʪʽ: 

¶ ʉʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʫ ʟ Ubuntu 14.04 64 ʙʽʪ; 

¶ ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʰʘʙʣʦʥʫ 
ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʾʾ; 

¶ ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʝʨʚʝʨʘ BigBlueButton ʥʘ 
ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ; 

¶ ʉʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʫ ʟ ʛʦʪʦʚʦʶ ʚʽʨʪʫʘʣʴʥʫ 
ʤʘʰʠʥʫ; 

¶ ʉʪʚʦʨʝʥʥʷ ʜʨʫʛʦʾ ʢʦʧʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʤʦʛ ʜʦʜʘʪʢʫ ʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʫʤʦʚ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʨʚʽʩʫ ʩʬʦʨʤʫʣʶʻʤʦ ʧʨʘʚʠ-

ʣʘ ʜʣʷ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʷʢʘ ʙʫʜʝ ʨʦʟʧʦʜʽ-

ʣʷʪʠ ʪʨʘʬʽʢ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʚʽʜʢʨʠʪʽʡ IP- ʘʜʨʝʩʽ 

ʩʝʨʚʽʩʫ, ʥʘ ʜʚʽ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ. ʇʨʠ ʩʪʚʦ-

ʨʝʥʥʽ ʧʨʘʚʠʣʘ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʘʣʛʦʨʠʪʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷ, ʧʦʣʽʪʠʢʫ ʣʠʧʢʦʩʪʽ, ʟʘʜʘʪʠ ʥʝʦʙ-

ʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʧʨʠʩʚʦʾʪʠ ʧʨʘʚʠʣʦ ʤʥʦʞʠʥʽ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. ʊʘʢʦʞ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ 

ʧʦʣʽʪʠʢʫ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʝʨʽʚ ʽ ʘʚʪʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɺʠʙʽʨ ʘʣʛʦʨʠʪʤʫ. ʉʝʨʝʜ Round Robin (ʨʽʚʥʦ-

ʤʽʨʥʠʡ ʩʪʘʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ), Source Ip Hash 

(ʨʦʟʧʦʜʽʣ ʢʣʽʻʥʪʽʚ ʧʦ ʩʝʨʚʝʨʘʭ ʥʘ ʦʩʥʦʚʽ ʙʣʠʟʴ-

ʢʦʩʪʽ) ʽ Least Connection (ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʥʘ ʩʝʨʚʝʨʠ ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟôʻʜʥʘʥʴ) 

ʚʠʙʠʨʘʻʤʦ ʘʣʛʦʨʠʪʤ Least Connection, ʪʘʢ ʷʢ ʚʩʽ 

ʩʝʨʚʝʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʦʜʥʽʡ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, 

ʘ ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʦʜʘʪʢʦʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʙʝʨʽ-

ʛʘʥʥʷ ʩʪʘʥʫ ʩʝʩʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʟ-

ʚʝʩʪʠ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʩʪʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʇʦʣʽʪʠʢʘ ʣʠʧʢʦʩʪʽ. ʎʷ ʧʦʣʽʪʠʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʧʦʚʪʦʨʥʠʭ 

ʟôʻʜʥʘʥʥʷʭ ʽ ʧʦʰʫʢʫ ʟʙʝʨʝʞʝʥʠʭ ʥʠʤ ʜʘʥʠʭ ʥʘ 

ʪʦʤʫ ʞ ʩʘʤʦʤʫ ʩʝʨʚʝʨʽ. ɿ ʜʚʦʭ ʤʝʪʦʜʽʚ ï ʟʘ 

cookie (ʟʛʝʥʝʨʦʚʘʥʠʤ ʩʠʩʪʝʤʦʶ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʘʙʦ ʜʦʜʘʪʢʦʤ) ʘʙʦ IP-ʘʜʨʝʩʦʶ ʜʞʝʨʝʣʘ, ʚʠʙʠʨʘ-

ʻʤʦ ʟʘ IP-ʘʜʨʝʩʦʶ ʢʦʨʠʩʪʫʚʘʯʘ. ʆʩʢʽʣʴʢʠ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʝʩʽʷ ʜʦʚʰʝ ʦʜʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʜʥʷ, ʪʦ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʠʥʘ-

ʤʽʯʥʘ IP-ʘʜʨʝʩʘ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʮʝʡ ʯʘʩ ʥʝ ʟʤʽ-

ʥʠʪʴʩʷ.  

ʆʩʢʽʣʴʢʠ ʫ ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʝʨʚʽʩʫ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʚʠʩʦʢʫ ʛʦʪʦ-

ʚʥʽʩʪʴ, ʟʘʜʘʻʤʦ ʧʝʨʝʚʽʨʢʫ çʩʪʘʥʫ ʟʜʦʨʦʚ'ʷè ʩʝʨ-

ʚʝʨʽʚ ʟ ʦʧʠʪʫʚʘʥʥʷʤ ʾʭ ʜʦʩʪʫʧʥʦʩʪʽ ʢʦʞʥʽ 10 

ʩʝʢʫʥʜ.  

ʅʘʣʘʰʪʫʻʤʦ ʧʦʣʽʪʠʢʫ ʘʚʪʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʘʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩ-

ʪʫʚʘʯʽʚ ʙʫʜʠ ʩʠʣʴʥʦ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʯʘʩʽ. ʄʘʩʰ-

ʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ ʙʫʜʝʤʦ ʟʜʽʡʩʥʶʚʘʪʠ, ʢʦʣʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ CPU ʘʙʦ RAM ʩʝʨʚʝʨʽʚ ʧʦʯʥʝ ʧʝʨʝ-

ʚʠʱʫʚʘʪʠ 80%, ʘ ʚʥʠʟ ï ʢʦʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

CPU ʘʙʦ RAM ʙʫʜʝ ʤʝʥʰʝ ʥʽʞ 20%. 

ɼʣʷ ʜʦʜʘʚʘʥʥʷ ʧʨʘʚʠʣʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʚʠʢʦʥʘʻʤʦ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1. ʋ ʣʽʚʽʡ ʧʘʥʝʣʽ ʥʘʚʽʛʘʮʽʾ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨ-

ʬʝʡʩʫ CloudStack ʚʠʙʠʨʘʻʤʦ ʚʢʣʘʜʢʫ "ʄʝʨʝʞʘ". 



8                                                ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

2. ʅʘʪʠʩʢʘʻʤʦ ʥʘ ʥʘʟʚʫ ʥʘʰʦʾ ʤʝʨʝʞʽ, ʜʝ ʤʠ 
ʭʦʯʝʤʦ ʙʘʣʘʥʩʫʚʘʪʠ ʪʨʘʬʽʢ. ʅʘʟʚʘ - default. 

3. ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ "ʇʝʨʝʛʣʷʜ IP-ʘʜʨʝʩ". 

4. ʅʘʪʠʩʢʘʻʤʦ IP-ʘʜʨʝʩʫ, ʜʣʷ ʷʢʦʾ ʭʦʯʝʤʦ 

ʩʪʚʦʨʠʪʠ ʧʨʘʚʠʣʦ (192.168.1.125), ʽ ʚʠʙʠʨʘʻʤʦ 

ʚʢʣʘʜʢʫ "ʂʦʥʬʽʛʫʨʘʮʽʷ". 

5. ʋ ʚʫʟʣʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʪʠ-
ʩʢʘʻʤʦ "ʇʦʢʘʟʘʪʠ ʚʩʽ".  

ʋ ʙʘʟʦʚʽʡ ʟʦʥʽ, ʪʘʢʦʞ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʧʨʘʚʠ-

ʣʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʚʠʙʦʨʫ IP-

ʘʜʨʝʩʠ. CloudStack ʩʘʤ ʧʨʠʟʥʘʯʠʪʴ IP- ʘʜʨʝʩʠ 

ʩʝʨʚʝʨʘʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʘʚʠʣʘ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʢʘʟʘʥʽ ʥʘ ʩʪʦʨʽʥʮʽ IP-

ʘʜʨʝʩʠ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣʘ. ʑʦʙ ʟʨʦʙʠʪʠ ʮʝ, ʪʨʝ-

ʙʘ ʚʠʙʨʘʪʠ ʽʤ'ʷ ʤʝʨʝʞʽ, ʘ ʧʦʪʽʤ ʥʘʪʠʩʥʫʪʠ ʚʢʣʘʜ-

ʢʫ "ɼʦʜʘʪʠ ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ". 

6. ʋ ʚʽʢʥʽ, ʱʦ ʚʽʜʢʨʠʻʪʴʩʷ (ʨʠʩ. 1), ʧʦʪʨʽʙʥʦ 
ʟʘʧʦʚʥʠʪʠ ʥʘʩʪʫʧʥʽ ʧʦʣʷ: 

¶ ɯʤ'ʷ (Name): web; 

¶ ʇʫʙʣʽʯʥʠʡ ʧʦʨʪ (Public Port): 80; 

¶ ʇʨʠʚʘʪʥʠʡ ʇʦʨʪ (Private Port): 80; 

¶ ɸʣʛʦʨʠʪʤ (Algorithm): Least connection; 

¶ ʃʠʧʢʽʩʪʴ (Stickiness): ʄʝʪʦʜ SourceBased. 

 

 

ʈʠʩ. 1. ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʨʘʚʠʣʘ ʙʘʣʘʥʩʫʚʘʥʥʷ CloudStack 

 

7. ʅʘ ʚʢʣʘʜʥʠʮʽ Stickiness, ʧʦʪʨʽʙʥʦ ʟʘʜʘʪʠ 

ʤʝʪʦʜ ʧʦʣʽʪʠʢʠ ʣʠʧʢʦʩʪʽ (load balancer-

generated cookie, application-generated cookie, ʯʠ 

source-based), ʽʤ'ʷ ʧʦʣʽʪʠʢʠ ʪʘ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘ-

ʤʝʪʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ (ʨʦʟʤʽʨ ʪʘʙʣʠʮʽ 

ɯʈ ʘʜʨʝʩ (200 ʪʠʩ. ʟʘʧʠʩʽʚ), ʩʪʨʦʢ ʾʭ ʜʽʾ (50 ʛʦ-

ʜʠʥ)) (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ɺʽʢʥʦ ʢʦʥʬʽʛʫʨʘʮʽʾ Stickiness 

CloudStack 

 

8. ʅʘ ʚʢʣʘʜʥʠʮʽ Health Check (ʇʝʨʝʚʽʨʢʘ 

ʟʜʦʨʦʚ'ʷ), ʥʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ "ʅʘʣʘʰʪʫʚʘʥʥʷ" 

(ʨʠʩ. 3) ʽ ʟʘʧʦʚʥʷʻʤʦ ʚʠʟʥʘʯʝʥʽ ʥʘʤʠ ʧʘʨʘʤʝʪʨʠ 

ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʝʨʽʚ: 

¶ Ping path: ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʘʜʨʝʩ, ʜʦ ʷʢʠʭ 

ʩʣʽʜ ʚʽʜʧʨʘʚʠʪʠ ʟʘʧʠʪʠ ʧʝʨʝʚʽʨʢʠ. ɿʘʣʠʰʘʻʤʦ 

ʟʥʘʯʝʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ: / (all). 

¶ Response time: ʏʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ 
ʚʽʜ ʘʜʨʝʩ. ɿʘʜʘʤʦ 10 ʩʝʢ. 

¶ Interval time: ʏʘʩ ʤʽʞ ʧʝʨʝʚʽʨʢʘʤʠ ʟʜʦʨʦ-
ʚ'ʷ. ɿʘʜʘʤʦ 10 ʩʝʢʫʥʜ. 

¶ Healthy threshold: ʏʠʩʣʦ ʧʦʩʣʽʜʦʚʥʠʭ ʫʩ-

ʧʽʭʽʚ ʧʝʨʝʚʽʨʦʢ ʟʜʦʨʦʚ'ʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʧʝʨʰ ʥʽʞ 

ʦʛʦʣʦʩʠʪʠ ʝʢʟʝʤʧʣʷʨ ʟʜʦʨʦʚʠʤ. ɿʘʜʘʤʦ 1. 

¶ Unhealthy threshold: ʏʠʩʣʦ ʧʦʩʣʽʜʦʚʥʠʭ 
ʥʝʚʜʘʯ ʧʝʨʝʚʽʨʢʠ ʟʜʦʨʦʚ'ʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ, ʧʝʨʰ 

ʥʽʞ ʦʛʦʣʦʩʠʪʠ ʝʢʟʝʤʧʣʷʨ ʥʝʟʜʦʨʦʚʠʤ. ɿʘʜʘʤʦ 1. 

 

 

ʈʠʩ. 3. ɺʽʢʥʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʝʨʝʚʽʨʢʠ ʟʜʦʨʦʚ'ʷ 

CloudStack 

 

9. ʉʪʚʦʨʶʻʤʦ ʧʨʘʚʠʣʘ ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʅʘʣʘʰʪʫʻʤʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʛʦʨʫ ʧʨʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ CPU ʘʙʦ RAM ʙʽʣʴʰʝ 80% ʪʘ ʤʘʩʰʪʘ-

ʙʫʚʘʥʥʷ ʚʥʠʟ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ CPU ʘʙʦ RAM 

ʤʝʥʰʝ ʥʽʞ ʥʘ 20% (ʨʠʩ. 4). ɿʘʧʦʚʥʶʻʤʦ ʥʘʩʪʫ-

ʧʥʽ ʧʦʣʷ: 

 



ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ ʫ ʧʨʠʚʘʪʥʦʤʫ çʭʤʘʨʥʦʤʫè ʩʝʨʝʜʦʚʠʱʽ        9 

 

ʈʠʩ. 4. ʇʨʘʚʠʣʘ ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ CloudStack 

 

10. ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ "ɼʦʜʘʪʠ ʚʽʨʪʫʘʣʴʥʽ 
ʤʘʰʠʥʠ", ʘ ʧʦʪʽʤ ʚʠʙʠʨʘʻʤʦ ʥʘʰʽ ʜʚʽ ʚʽʨʪʫʘʣʴ-

ʥʽ ʤʘʰʠʥʠ ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤ BigBlueButton, ʷʢʽ 

ʙʫʜʫʪʴ ʨʦʟʜʽʣʷʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽ-

ʢʫ, ʽ ʥʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ "ɿʘʩʪʦʩʫʚʘʪʠ". 

ʋ ʚʽʢʥʽ ʥʘ ʨʠʩ. 5 ʙʘʯʠʤʦ, ʱʦ ʥʦʚʝ ʧʨʘʚʠʣʦ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ'ʷʚʠʣʦʩʷ ʚ ʩʧʠ-

ʩʢʫ. 

 

ʈʠʩ. 5. ʉʧʠʩʦʢ ʩʪʚʦʨʝʥʠʭ ʧʨʘʚʠʣ ʙʘʣʘʥʩʫʚʘʥʥʷ CloudStack 

 
ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ 

 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ, ʩʪʚʦʨʠʚʰʠ ʧʝʚʥʝ ʦʯʽʢʫʚʘ-

ʥʝ ʚ ʩʠʩʪʝʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ) ʽ ʚʠʢʦʨʠʩ-

ʪʘʚʰʠ ʽʜʝʥʪʠʯʥʝ ʧʨʦʛʨʘʤʥʝ ʽ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝ-



10                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʯʝʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ɺ ʷʢʦʩʪʽ ʟʘʩʦʙʫ ʜʣʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʪʝʩ-

ʪʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ WAPT (Web Application 

Performance Testing), ʷʢʠʡ ʻ ʟʘʩʦʙʦʤ ʥʘʚʘʥʪʘ-

ʞʫʚʘʣʴʥʦʛʦ ʽ ʩʪʨʝʩʦʚʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʽ ʥʘʜʘʻ ʤʦ-

ʞʣʠʚʦʩʪʽ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʩʪʫ-

ʚʘʥʥʷ ʚʝʙ-ʩʘʡʪʽʚ ʽ ɯʥʪʝʨʥʝʪ ʜʦʜʘʪʢʽʚ ʟ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩʦʤ [11]. 

ʇʨʦʜʫʢʪ WAPT ʤʦʞʝ ʝʤʫʣʶʚʘʪʠ ʪʠʧʦʚʫ ʘʢ-

ʪʠʚʥʽʩʪʴ ʪʠʩʷʯ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ 

ʩʘʡʪʦʤ ʦʜʥʦʯʘʩʥʦ. ɺʽʥ ʥʘʜʽʣʝʥʠʡ ʥʠʟʢʦʶ ʩʧʝʮʽ-

ʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʪʝʩʪʫʚʘʪʠ 

RIA-ʜʦʜʘʪʢʠ ʟ ʜʠʥʘʤʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʟʤʽ-

ʥʶʶʪʴʩʷ ʧʨʷʤʦ ʧʽʜ ʯʘʩ ʪʝʩʪʫ. WAPT ʧʽʜʪʨʠʤʫʻ 

ʚʩʽ ʪʠʧʠ ʘʚʪʦʨʠʟʘʮʽʾ ʥʘ ʩʝʨʚʝʨʽ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩ-

ʪʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʥʘʦʯʥʽʡ ʬʦʨʤʽ ʫ 

ʚʠʛʣʷʜʽ ʟʚʽʪʽʚ ʽ ʛʨʘʬʽʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʨʦʘʥʘʣʽ-

ʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʘʡʪʫ 

ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʨʽʚʥʽʚ, ʚʠʷʚʠ-

ʪʠ ʽ ʫʩʫʥʫʪʠ ʚʫʟʴʢʽ ʤʽʩʮʷ ʫ ʨʦʙʦʪʽ ʩʘʡʪʫ, ʦʧʪʠ-

ʤʽʟʫʚʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤ-

ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʚ WAPT ʥʘʤ 

ʥʝʦʙʭʽʜʥʦ: 

¶ ʩʪʚʦʨʠʪʠ ʩʮʝʥʘʨʽʡ ʪʝʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʨʘʫʟʝʨʘ ʧʨʦʛʨʘʤʠ, ʷʢʠʡ ʟʘʧʠʩʫʻ 

ʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʚʝʙ-ʜʦʜʘʪʢʫ; 

¶ ʥʘʣʘʰʪʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʯʘʩ 
ʨʦʙʦʪʠ ʪʝʩʪʫʚʘʥʥʷ; 

¶ ʜʦʜʘʪʠ ʜʚʘ ʥʘʰʠʭ ʩʝʨʚʝʨʘ ʚ ʟʘʩʽʙ ʤʦʥʽʪʦ-
ʨʠʥʛʫ; 

¶ ʜʦʜʘʪʠ ʘʛʝʥʪ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ. 

ʇʨʠ ʢʦʞʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ ʙʫʜʝʤʦ ʽʤʽʪʫʚʘʪʠ 

ʨʦʙʦʪʫ ʢʦʨʠʩʪʫʚʘʯʘ (ʣʦʛʽʥ, ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʽʥʪʝ-

ʨʬʝʡʩʽ ʩʠʩʪʝʤʠ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʙ-ʢʘʤʝʨʠ ʽ 

ʤʽʢʨʦʬʦʥʫ. 

ɺ ʧʝʨʰʦʤʫ ʪʝʩʪʽ ʧʝʨʝʚʽʨʠʤʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʘ-

ʣʘʥʩʫʚʘʥʥʷ. ɼʣʷ ʥʴʦʛʦ ʟʘʜʘʤʦ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ 

ʪʝʩʪʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ ʚʽʜ 0 ʜʦ 40 ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦ 2 ʢʦʨʠʩʪʫʚʘʯʘ 

ʢʦʞʥʽ 10 ʩʝʢʫʥʜ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ 

ʨʠʩ. 6 (ʜʣʷ ʧʝʨʰʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ) ʪʘ ʥʘ 

ʨʠʩ. 7 (ʜʣʷ ʜʨʫʛʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ). 

 

 

ʈʠʩ. 6. ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU ʜʣʷ ʧʝʨʰʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

 

ʈʠʩ. 7. ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU ʜʣʷ ʜʨʫʛʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʚʠʜʥʦ, ʱʦ ʩʠʩʪʝʤʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ 

ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʦʙʠʜʚʽ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɺ ʤʦʤʝʥʪ ʯʘʩʫ 

0:30:20 ʥʘʜʭʦʜʷʪʴ ʦʩʪʘʥʥʽ ʢʦʨʠʩʪʫʚʘʯʽ, ʧʽʩʣʷ 

ʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʽʚʥʶʻʪʴʩʷ. ʇʨʦʜʠʚʠʚ-

ʰʠʩʴ ʣʦʛʠ CloudStack, ʙʘʯʠʤʦ, ʱʦ ʥʘ ʢʦʞʥʫ 

ʤʘʰʠʥʫ ʧʨʠʡʰʣʦ ʧʦ 20 ʢʦʨʠʩʪʫʚʘʯʽʚ. 



ɹʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ ʫ ʧʨʠʚʘʪʥʦʤʫ çʭʤʘʨʥʦʤʫè ʩʝʨʝʜʦʚʠʱʽ          11 

ɼʘʣʽ ʧʨʦʚʝʜʝʤʦ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʩʦʙʫ 

ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ CloudStack. ɼʣʷ ʮʴʦʛʦ ʟʨʦ-

ʙʠʤʦ ʜʚʘ ʩʮʝʥʘʨʽʾ ʪʝʩʪʫ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘ-

ʪʠʩʴ ʧʦʩʣʽʜʦʚʥʦ. ɺ ʧʝʨʰʦʤʫ ʩʮʝʥʘʨʽʾ ʢʽʣʴʢʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʚʽʜ 0 ʜʦ 160 ʟ 

ʜʦʜʘʚʘʥʥʷʤ 2 ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʞʥʽ 6 ʩʝʢʫʥʜ. ɺ 

ʜʨʫʛʦʤʫ ï ʪʽ ʞ ʢʦʨʠʩʪʫʚʘʯʽ, ʩʪʚʦʨʝʥʽ ʚ ʧʝʨʰʦʤʫ 

ʩʮʝʥʘʨʽʾ ʙʫʜʫʪʴ ʟʘʚʝʨʰʫʚʘʪʠ ʩʝʩʽʶ ʽ ʾʭ ʢʽʣʴʢʽʩʪʴ 

ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʚʽʜ 160 ʜʦ 0 ʧʦ 2 ʢʦʨʠʩʪʫʚʘ-

ʯʘ ʢʦʞʥʽ 6 ʩʝʢʫʥʜ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

8 (ʜʣʷ ʧʝʨʰʦʛʦ ʩʮʝʥʘʨʽʶ) ʽ ʥʘ ʨʠʩ. 9 (ʜʣʷ ʜʨʫʛʦ-

ʛʦ ʩʮʝʥʘʨʽʶ). 

 

 

ʈʠʩ. 8. ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU ʧʝʨʰʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʨʰʦʾ 

ʧʦʣʦʚʠʥʠ ʩʮʝʥʘʨʽʶ 

 

 

ʈʠʩ. 9. ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU ʧʝʨʰʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʨʫʛʦʾ 

ʧʦʣʦʚʠʥʠ ʩʮʝʥʘʨʽʶ 

 

ʇʨʦʜʠʚʠʚʰʠʩʴ ʣʦʛʠ CloudStack, ʙʘʯʠʤʦ, ʱʦ 

ʥʘ ʥʘʰʽ ʜʚʽ ʤʘʰʠʥʠ ʧʨʠʡʰʣʦ ʧʦ 69 ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ. ɺ ʤʦʤʝʥʪ ʯʘʩʫ 00:05:43 ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

CPU ʧʝʨʝʚʠʱʠʣʦ 80%, ʧʽʩʣʷ ʯʦʛʦ ʯʝʨʝʟ 30 ʩʝ-

ʢʫʥʜ ʚ CloudStack ʙʫʣʦ ʽʥʽʮʽʡʦʚʘʥʝ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʷʢʘ ʧʦʯʘʣʘ ʧʨʘʮʶʚʘ-

ʪʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 00:06:35. ʅʦʚʠʡ ʩʧʠʩʦʢ ʚʽʨʪʫ-

ʘʣʴʥʠʭ ʤʘʰʠʥ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 10. 

 

 

ʈʠʩ. 10. ʉʧʠʩʦʢ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʟʘʩʦʙʫ ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ CloudStack 

 

ɺʩʽʭ ʥʘʩʪʫʧʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʘʣʛʦʨʠʪʤʫ Least Connections, ʙʘʣʘʥʩʫʚʘʣʴʥʠʢ 

ʚʽʜʧʨʘʚʣʷʚ ʥʘ ʥʦʚʫ ʤʘʰʠʥʫ. ʂʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫ-

ʚʘʯʽʚ ʥʘ ʥʽʡ ʜʦʩʷʛʣʘ 22. ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ 



12                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʛʨʘʬʽʢʘ (ʨʠʩ. 8) ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʤʘʰʠʥʠ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʰʽʡ ʤʘʰʠʥʽ ʚʠʨʽʚʥʶʻʪʴʩʷ. 

ʅʘʩʪʫʧʥʘ ʬʘʟʘ ʪʝʩʪʫʚʘʥʥʷ ʧʦʯʘʣʘʩʴ ʧʽʩʣʷ 

ʤʦʤʝʥʪʫ ʯʘʩʫ 00:10:00 (ʟ ʦʥʫʣʝʥʥʷʤ ʪʘʡʤʝʨʘ). 

ʇʽʜ ʯʘʩ ʪʝʩʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʰʽʡ ʤʘʰʠʥʽ 

ʩʧʘʜʘʻ, ʧʦʢʠ ʚʩʽ ʩʝʩʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝ ʙʫʜʫʪʴ 

ʟʘʚʝʨʰʝʥʽ, ʘ ʧʦʪʽʤ ʚʠʨʽʚʥʶʻʪʴʩʷ. ɺ ʤʦʤʝʥʪ ʯʘʩʫ 

00:05:16 ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ CPU ʩʪʘʣʦ ʥʠʞʯʝ 

20%, ʧʽʩʣʷ ʯʦʛʦ ʯʝʨʝʟ 30 ʩʝʢʫʥʜ ʙʫʣʦ ʽʥʽʮʽʡʦʚʘ-

ʥʝ ʟʥʠʱʝʥʥʷ ʪʨʝʪʴʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʢʦʣʠ 

ʚʩʽ ʩʝʩʽʾ ʾʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʣʠ ʟʘʚʝʨʰʝʥʽ). ʉʧʠ-

ʩʦʢ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʪʝʩ-

ʪʫʚʘʥʥʷ ʟʥʦʚʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʤʘʰʠʥ, ʷʢʽ 

ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʚʨʫʯʥʫ (ʨʠʩ. 11). 

 

 

ʈʠʩ. 11. ʉʧʠʩʦʢ ɺʄ CloudStack ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ 

 
ɺʠʩʥʦʚʢʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʛʦʨʥʫʪʦʛʦ çʭʤʘʨʥʦʛʦè ʩʝʨʚʽʩʫ 

ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʠʭ ʧʨʘʚʠʣ ʙʘ-

ʣʘʥʩʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ʟʘʩʦʙʫ ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥ-

ʥʷ. ʉʠʩʪʝʤʘ CloudStack ʧʦʢʘʟʘʣʘ ʩʝʙʝ ʷʢ ʜʦʩʠʪʴ 

ʥʘʜʽʡʥʘ ʪʘ ʧʦʪʫʞʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʠʚʘʪʥʦʾ "ʭʤʘʨʠ" ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʨʽʚʥʷ ʪʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʥʝʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʦʨʠʩʥʽ ʜʣʷ ʚʠʙʦʨʫ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

"ʭʤʘʨʥʠʭ" ʩʝʨʚʽʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʨʽʚʥʷ. 

 
ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 

 

1. AWS | Elastic Load Balancingï ʩʝʪʝʚʦʡ ʙʘʣʘʥʩʠʨʦʚʱʠʢ ʥʘʛʨʫʟʢʠ ʚ ʦʙʣʘʢʝ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://aws.amazon.com/ru/elasticloadbalancing/ ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 04.05.2015 

2. Load Balancing ï Compute Engine ï Google Cloud Platform. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://cloud.google.com/compute/docs/load-balancing/ ï ɼʘʪʘ ʜʦʩʪʫʧʫ : 04.05.2015 

3. Azure Load Balancer overview | Microsoft Azure. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://azure.microsoft.com/ru-

ru/documentation/articles/load-balancer-overview/ ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 04.05.2015 

4. LoadMaster For Azure. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://kemptechnologies.com/solutions/microsoft-load-

balancing/loadmaster-azure/ ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 04.05.2015 

5. Load Balance OpenStack API ï RDO. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.rdoproject.org/Load_Balance_OpenStack_API ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 04.05.2015 

6. LVS Introduction ï Load Balancing Server Cluster. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.linuxvirtualserver.org/whatis.html ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 05.05.2015 

7. ʂʦʤʧʣʝʢʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʣʷ Red Hat Enterprise Linux ʈʝʜʘʢʮʠʷ 6 ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://adm-

lib.ru/books/sergey/RHEL/docs/Virtual_Server-6.pdf - ɼʘʪʘ ʜʦʩʪʫʧʫ: 25.06.2015 

8. nginx. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  http://nginx.org/ru/ ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 05.05.2015 

9. Apache CloudStack 4 ï News.stfw.ru. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://news.stfw.ru/716-apache-cloudstack-

4.html ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 05.05.2015 

10. BigBlueButton. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://docs.bigbluebutton.org ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 02.05.2015 

11. WAPT ï ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʅʘʛʨʫʟʦʯʥʦʛʦ ʊʝʩʪʠʨʦʚʘʥʠʷ ʉʘʡʪʦʚ ʠ ɺʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.loadtesting.ru/product.shtml ï ɼʘʪʘ ʜʦʩʪʫʧʫ: 26.05.2015 
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ʄʅʆɻʆʂʈɸʊʅʆɽ ʇʈʆʈɽɾʀɺɸʅʀɽ ɼʃʗ ʋʉʂʆʈɽʅʀʗ ʄɽʊʆɼɸ ʌɸʂʊʆʈʀɿɸʎʀʀ 

ʌɽʈʄɸ ʇʈʀ ʅɽʈɸɺʅʆʄɽʈʅʓʍ ʐɸɻɸʍ ɼʃʗ ʅɽʀɿɺɽʉʊʅʆʁ 

 
ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʌʝʨʤʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠʩʝʣ ʟʘ ʩʯʝʪ ʧʨʦʨʝʞʠʚʘʥʠʷ ʧʨʦʙʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʝʠʟʚʝʩʪʥʦʡ ʍ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ, ʚ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʚʳʜʝʣʷʝʤʦʤʫ ʙʘʟʦʚʦʤʫ ʦʩʥʦʚʘʥʠʶ ʤʦʜʫʣʷ bb. ɹʘʟʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʚʳʙʠʨʘʝʪʩʷ ʠʟ 

ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʫʤʘ ʦʪʥʦʰʝʥʠʷ bb ʢ ʯʠʩʣʫ ʪʝʭ ʠʟ Xmodbb, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʥʠʮʘ X2 ï N ʷʚʣʷʝʪʩʷ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʦʩʪʘʪʢʦʤ ʧʦ ʤʦʜʫʣʶ bb (ʜʦʧʫʩʪʠʤʳʝ Xmodbb) ʠ ʜʦʩʪʫʧʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʕɺʄ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ bb ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʩʦʢ ʰʘʛʦʚ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʜʦʧʫ-

ʩʪʠʤʳʤʠ Xmodbb. ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʄʈ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʦʨʝʞʠʚʘʥʠʝ ʧʨʦʙʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʥʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʤʳʭ ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ ʄʈ ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʷʟʳʢʝ ʉ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʯʠʩʝʣ ʥʘ ʤʥʦʞʠʪʝʣʠ, ʷʚʣʷʶ-

ʱʠʭʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʜʚʫʭ ʧʨʦʩʪʳʭ ʪʘʢʠʭ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢ ʤʝʥʴʰʝʤʫ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 4. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʧʨʦʮʝʜʫʨʳ ʧʨʦʨʝʞʠʚʘʥʠʷ ʧʨʦʙʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʝ ʟʘ-

ʪʨʘʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʤʥʦʞʠʪʝʣʠ ʚʩʝʛʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʯʠʩʣʫ (p+q)/2 ï N1/2, 

ʛʜʝ N=pq. ʆʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ ʠ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʦʩʥʦ-

ʚʘʥʠʡ. 

 

The way for accelerating Fermat's method of numbers factorization was offered due to the decimation of 

trial values of unknown X using a set of the bases of the module in which the essential role belongs to the al-

located basic basis of the bb module. The basic basis is selected from the condition of maximum bb relation-

ship to the number of those Xmodbb, for which the difference X2 - N is a quadratic residue by mod bb (per-

missible Xmodbb) and available RAM of computer. Based on bb the list of steps of variable length between 

the the nearest largest permissible Xmodbb is formed. The algorithm of MR realizing the decimation of trial 

values is described. For the most frequently performed steps of the algorithm of MR the fragment of a pro-

gram code in language C is presented. The results of numerical experiments for the decomposition of num-

bers on the factors which are the product of two primes such that the ratio of highest to lowest does not ex-

ceed 4. It is shown that using only the decimation procedure of trial values, the time expenses in solving the 

problem of decomposition into factors is always proportional to the number (p + q)/2 - N1/2, where N = pq. 

They significantly depend on the choice of the basic basis of the module and a set of other bases of modules. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʢʪʦʨʠʟʘʮʠʷ, ʤʝʪʦʜ ʌʝʨʤʘ, ʧʨʦʨʝʞʠʚʘʥʠʝ, ʫʩʢʦʨʝʥʠʝ. 

 
ɺʩʪʫʧʣʝʥʠʝ 

 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʜʣʷ ʮʝʣʝʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ RSA ʘʣʛʦʨʠʪʤ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʝʛʦ ʢʨʠʧʪʦʘʥʘʣʠʟʫ. ɺ ʨʘʙʦ-

ʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʢʦʤ-

ʧʨʦʤʝʪʘʮʠʠ RSA ʘʣʛʦʨʠʪʤʘ ʥʝ ʷʚʣʷʶʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʝʡ ʟʘʜʘʯʠ ʬʘʢʪʦʨʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʝ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [2]. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʠʜʝʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʌʝʨʤʘ ʧʦ-

ʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʪʘʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʢʘʢ ʤʝʪʦʜ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝ-

ʪʘ ʠ ʨʝʰʝʪʘ ʯʠʩʣʦʚʦʛʦ ʧʦʣʷ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʌʝʨʤʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠʩʝʣ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʬʘʢ-

ʪʦʨʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʫʩʢʦ-

ʨʝʥʠʷ ʤʝʪʦʜʘ ʌʝʨʤʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠʩʝʣ ʚʠʜʘ 

N = pq ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʆʜʥʦʤʫ ʠʟ 

ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ 

ʧʨʦʙʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʰʘʛʦʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ, 

ʧʦʩʚʷʱʝʥʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

 
1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʇʫʩʪʴ ʟʘʜʘʥʦ ʩʦʩʪʘʚʥʦʝ ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ 

N=pq, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʨʘʟʣʦʞʠʪʴ ʥʘ ʤʥʦʞʠʪʝ-

ʣʠ, ʛʜʝ p ʠ q ʥʝʢʦʪʦʨʳʝ ʥʝʯʝʪʥʳʝ ʯʠʩʣʘ, ʥʝ ʦʙʷ-

ʟʘʪʝʣʴʥʦ ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʩʪʳʤʠ. ʉʦʛʣʘʩʥʦ ʠʩ-

ʭʦʜʥʦʤʫ ʚʘʨʠʘʥʪʫ ʤʝʪʦʜʘ ʌʝʨʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ p ʠ q  ʨʝʰʘʶʪ ʫʨʘʚʥʝʥʠʝ 

 
22 YNX += , (1) 

ʛʜʝ x ʠ y ï ʮʝʣʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ.  



14                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ɺ ʫʨʘʚʥʝʥʠʠ (1) ʥʝʠʟʚʝʩʪʥʫʶ ʍ ʧʨʝʜʩʪʘʚʠʤ ʚ 

ʚʠʜʝ  

[ ]( ) xxx1NX 0+=++= . (2) 

 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʣʫʯʘʶʪ ʧʝ-

ʨʝʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ʭ = 0, 1, 2, é, ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʦʩʪʘʪʦʢ NX -2  ʥʝ ʦʢʘʞʝʪʩʷ ʧʦʣʥʳʤ 

ʢʚʘʜʨʘʪʦʤ ʮʝʣʦʛʦ ʯʠʩʣʘ, ʪ.ʝ.  

 
22 YNX =- , (3) 

 

ʛʜʝ ( )( ) pqYXYXYXN 22 =+Ö-=-=  , ʘ ʧʝʨʝʤʝʥ-

ʥʳʝ  X ʠ Y ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ p ʠ q ʩʦʛʣʘʩʥʦ 

ʩʦʦʪʥʦʰʝʥʠʡ 2/)qp(X +=  ʠ 2/qpY -= . ʇʦ-

ʩʢʦʣʴʢʫ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʚ ʤʝʪʦʜʝ ʌʝʨʤʘ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʟʥʘʯʝʥʠʡ ʭ, ʪʦ ʚʨʝʤʝʥʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʝʣʠʯʠʥʝ N2/)qp(xXx 0 -+º-= ,  ʠʟ-ʟʘ ʯʝʛʦ 

ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʤʥʦʞʠʪʝʣʷ ʨ (ʥʘʧʨʠʤʝʨ, 

ʨ=3, 5) ʩ ʨʦʩʪʦʤ N ʯʠʩʣʦ ʭ ʙʫʜʝʪ ʨʘʩʪʠ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ N, ʪ.ʝ. ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ 

ʌʝʨʤʘ )N(O)N(T = . ʍʦʪʷ ʧʨʠ X2Y 2¢  ʨʝʰʝ-

ʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʧʦʣʫʯʘʝʪʩʷ ʫʞʝ ʧʨʠ ʭ = 0, ʪ.ʝ. 

ʤʝʪʦʜ ʌʝʨʤʘ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠ-

ʷʭ p ʠ q. ʅʘ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʠʟʦʩʪʠ ʤʥʦ-

ʞʠʪʝʣʝʡ ʯʠʩʣʘ ʦʩʥʦʚʘʥ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 

ʨʘʙʦʪʝ [3], ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʘ ʤʝʪʦʜʘ ʨʘʟʣʦ-

ʞʝʥʠʷ: ʤʝʪʦʜ ʧʨʦʙʥʦʛʦ ʜʝʣʝʥʠʷ ʥʘ ʧʨʦʩʪʳʝ 

ʯʠʩʣʘ ʜʦ 3 N, ʘ ʜʣʷ ʙʦʣʴʰʠʭ ʜʝʣʠʪʝʣʝʡ N ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʌʝʨʤʘ ʜʣʷ ʯʠʩʝʣ kN. ɺʨʝʤʝʥ-

ʥʘʷ ʩʣʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ 

)N(O)N(T 3/1= .  

ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʌʝʨʤʘ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠ-

ʨʦʚʘʪʴ ʢʘʢ ʮʠʢʣ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʙʠʨʘʶʪʩʷ ʟʥʘ-

ʯʝʥʠʷ ʭ ʦʪ 0 ʜʦ [ ]1N2/)qp( --+ , ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʥʦʩʪʴ NX2-  ʠ ʠʟ ʥʝʝ ʠʟʚʣʝʢʘʝʪʩʷ ʢʦʨʝʥʴ. 

ʇʨʦʮʝʩʩ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʦʨʝʥʴ ʷʚʣʷ-

ʝʪʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʠʩʢʘ ʢʦʨʥʷ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3) ʧʨʝʜʣʘʛʘ-

ʣʠʩʴ ʨʷʜ ʩʧʦʩʦʙʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ [4]. 

ʇʝʨʚʳʡ ʠʭ ʥʠʭ (ʘʣʛʦʨʠʪʤ ʉ) ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʝ ʠ 

ʚʳʯʠʪʘʥʠʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳ-

ʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʤʳʩʣʝ. ʅʦ ʧʨʠ ʙʦʣʴʰʦʤ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦ-

ʨʠʪʤʘ ʉ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʫʩʢʦʨʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʣʝ-

ʯʝʥʠʝ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [4], 

ʝʱʝ ʌʝʨʤʘ ʠʩʧʦʣʴʟʦʚʘʣ ʜʣʷ ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʝ 

ʧʦʩʣʝʜʥʠʭ ʮʠʬʨ ʨʘʟʥʦʩʪʠ NX 2-  ʩ ʚʦʟʤʦʞʥʳ-

ʤʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʦ ʤʦʜʫʣʶ 100. 

ɼʘʣʴʥʝʡʰʝʝ ʫʩʢʦʨʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʧʦʜʭʦ-

ʜʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʦʩʪʘʪʢʦʚ 

)r1i(mmod)NX( i
2 ·=-  ʩ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪ-

ʢʘʤʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ, 

ʜʣʷ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʙʣʠʮʘ ʧʨʦʩʝʠʚʘʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʝʪʦʜʦʤ ʨʝʰʝ-

ʪʘ (ʘʣʛʦʨʠʪʤ D ʩʦʛʣʘʩʥʦ [4]).  ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʣʛʦʨʠʪʤʦʤ D ʠʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ ʙʫʜʝʪ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʜʣʷ ʚʩʝʭ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ mi 

ʦʩʪʘʪʢʠ )r1i(mmod)NX( i
2 ·=-  ʷʚʣʷʶʪʩʷ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʜʦʧʫʩ-

ʢʘʝʪ ʫʩʢʦʨʝʥʠʝ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʩʥʦʚʘʥʠʝ 

ʤʦʜʫʣʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʦʧʫʩʪʠʤʳʝ ʍ ʤʝʥʷʶʪʩʷ 

ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʰʘʛʦʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʩ-

ʥʦʚʘʥʠʷ ʤʦʜʫʣʷ 3 ʧʨʠ 23modN =  ʜʦʣʞʥʦ ʚʳ-

ʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 03modX = . ʊʦʛʜʘ ʰʘʛ ʧʦ ʍ 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʚʥʳʤ 3. ʇʨʠ ʥʘʣʠʯʠʠ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʜʨʫʛʠʭ ʦʩʥʦʚʘʥʠʡ 

ʤʦʜʫʣʷ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʝʱʝ ʫʩʢʦʨʠʪʩʷ.  

ʊʨʝʪʠʡ ʩʧʦʩʦʙ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʪʘʙʣʠʮʝ 

ʧʨʦʩʝʠʚʘʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʝʯʥʳʡ 

ʥʘʙʦʨ ʩʣʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʘʥʘʣʠʟʘ. ʅʘ 

ʵʪʦʡ ʠʜʝʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʤʘʰʠʥ. ʄʘ-

ʰʠʥʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ 1995 ʛʦʜʫ, ʤʦʛʣʘ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ 6.144Ö109 ʯʠʩʝʣ ʚ ʩʝʢʫʥʜʫ.  

ʅʘʟʦʚʝʤ ʜʦʧʫʩʪʠʤʳʤʠ ʪʝ ʟʥʘʯʝʥʠʷ ʭ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʨʘʟʥʦʩʪʴ NX2-  ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʳʤ 

ʢʚʘʜʨʘʪʦʤ ʩʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʡ, ʠ ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʦʩʪʘʣʴʥʳʝ. ɸ ʧʨʦʮʝʩʩ 

ʠʩʢʣʶʯʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʭ ʥʘʟʦʚʝʤ 

ʧʨʦʨʝʞʠʚʘʥʠʝʤ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʤʝʪʦʜʘ ʌʝʨʤʘ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʍ ʥʘ ʧʨʝʜʤʝʪ ʪʦʛʦ, ʷʚ-

ʣʷʶʪʩʷ ʣʠ ʦʥʠ ʜʦʧʫʩʪʠʤʳʤʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʥʝʢʦʪʦʨʳʤ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. ʀʜʝʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʧʨʠ ʧʨʦʨʝʞʠʚʘʥʠʠ ʪʦʣʴʢʦ ʪʝʭ ʍ, ʜʣʷ ʢʦ-

ʪʦʨʳʭ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʦʩʥʦʚʘ-

ʥʠʝ ʤʦʜʫʣʷ ʨʘʟʥʦʩʪʠ NX 2-  ʪʘʢʞʝ ʙʫʜʝʪ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʦʩʪʘʪʢʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [5]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʩʨʝʜʥʝ-

ʛʦ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʣʠʪʝʣʝʡ 

ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ. ɺ ʨʘʙʦʪʝ [6] ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ 

ʪʦʣʴʢʦ ʜʣʷ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʩʣʫ-

ʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ.  ʅʦ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦ-

ʞʝʩʪʚʘ ʦʩʥʦʚʘʥʠʡ ʠ ʥʝ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (3). ʅʝʪ ʪʘʢʞʝ 



ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʌʝʨʤʘé          15 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʫʩʢʦʨʝʥʠʷ, ʥʝ ʩʦʚʧʘʜʘ-

ʶʱʠʭ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʨʝ-

ʰʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ.  

 

2. ʇʨʦʨʝʞʠʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʍ ʜʣʷ ʤʝʪʦʜʘ 
ʌʝʨʤʘ ʧʨʠ ʦʜʥʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʦʩʥʦʚʘʥʠʠ ʤʦʜʫʣʷ b 

 

ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ (3), ʪʦ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ b ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 

( ) bmodYbmodNX 22 =- , ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʳ-

ʧʦʣʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ  

 

( )( )
( ) bmodbmodY

bmodbmodNbmodbmodX

2

2

=

=-
. (4) 

 

ʆʙʨʘʪʥʦʝ ʥʝʚʝʨʥʦ, ʪ.ʝ. ʠʟ ʚʳʧʦʣʥʝʥʠʷ (4) ʥʝ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʝʥʠʝ (3). ʅʦ ʝʩʣʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ (4), ʪʦ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʠ ʩʦ-

ʦʪʥʦʰʝʥʠʝ (3). ʇʦʵʪʦʤʫ ʪʝ ʍ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ (4), ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ɺ ʵʪʦʤ ʩʫʪʴ ʧʨʦʨʝʞʠʚʘʥʠʷ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ M2(b) ï ʤʥʦʞʝʩʪʚʦ ʢʚʘʜʨʘ-

ʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʤʦʜʫʣʶ b. ʊʦʛʜʘ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʷ (4) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʚʘʜʨʘʪʠʯ-

ʥʳʡ ʦʩʪʘʪʦʢ )b(2MwÍ , ʯʪʦ  

( ) )b(2MbmodbmodNw Í- . (5) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, X ʜʦʧʫʩʪʠʤʦ, ʝʩʣʠ ʜʣʷ 

( ) wbmodbmodX
2

=  ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (5).  

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʧʨʦʮʝ-

ʜʫʨʳ ʧʨʦʨʝʞʠʚʘʥʠʷ.  

ʇʨʠʤʝʨ 1. ʇʫʩʪʴ b = 48. ɹʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʜʦ-

ʧʫʩʪʠʤʳʝ ʍ ʟʘ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫ-

ʶʱʠʭ ʧʨʘʚʠʣ. 

ɸ). ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ 

ʤʦʜʫʣʶ b. ɼʣʷ ʩʣʫʯʘʷ b = 48 ʢʚʘʜʨʘʪʠʯʥʳʝ ʦʩʪʘʪ-

ʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1. 

 

 

 

ʊʘʙʣ.1. ʂʚʘʜʨʘʪʠʯʥʳʝ ʦʩʪʘʪʢʠ  

ʧʦ ʤʦʜʫʣʶ b = 48 

bi mod  0 1 2 3 4 5 

bi mod2
 0 1 4 9 16 25 

bi mod  6 7 8 9 10 11 

bi mod2
 36 1 16 33 4 25 

bi mod  12 13 14 15 16 17 

bi mod2
 0 25 4 33 16 1 

bi mod  18 19 20 21 22 23 

bi mod2
 36 25 16 9 4 1 

bi mod  24 25 26 27 28 29 

bi mod2
 0 1 4 9 16 25 

bi mod  30 31 32 33 34 35 

bi mod2
 36 1 16 33 4 25 

bi mod  36 37 38 39 40 41 

bi mod2
 0 25 4 33 16 1 

bi mod  42 43 44 45 46 48 

bi mod2
 36 25 16 9 4 1 

ɹ). ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ 

)b(2MwÍ , ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝ-

ʥʠʝ (5).  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ (5) ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ bmodN . ɹʫʜʝʤ ʠʩʭʦʜʠʪʴ 

ʠʟ ʪʦʛʦ, ʯʪʦ N ʠ b ʥʝ ʠʤʝʶʪ ʦʙʱʠʭ ʜʝʣʠʪʝʣʝʡ. 

ʇʫʩʪʴ bmodN =25. ɼʣʷ ʚʩʝʭ )b(2MwÍ  ʦʧʨʝʜʝ-

ʣʠʤ ʨʘʟʥʦʩʪʠ ( ) bmod25w-  ʠ ʚʳʷʩʥʠʤ, ʷʚʣʷʶʪʩʷ 

ʣʠ ʦʥʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʦ ʤʦʜʫʣʶ b. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.2. 

 

ʊʘʙʣ.2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ( ) bmod25w-  

ʕʣʝʤʝʥʪʳ w ʤʥʦʞʝʩʪʚʘ M2(b) ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʤʦʜʫʣʶ b 0 1 4 9 16 25 33 36 

( ) bmod25ws -=  23 24 27 32 39 0 8 11 

)b(2MsÍ ? (ʜʘ ï (+), ʥʝʪ ï (-)) - - - - - + - - 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʪʘʙʣ.2 ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʦʩʪʘʪʢʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ (5), ʷʚʣʷʝʪʩʷ 25bmodXw 2 == .  

ɺ) ʆʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʷ bmodX , ʜʣʷ ʢʦʪʦʨʳʭ 

25bmodX 2 = . ʊʘʢʦʤʫ ʨʘʚʝʥʩʪʚʫ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʟʥʘʯʝʥʠʷ 43,37,35,29,19,13,11,5mod =bX .  

 



16                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ɻ). ʇʦʠʩʢ ʥʝʠʟʚʝʩʪʥʳʭ X ʠ Y.  

ʇʫʩʪʴ N=2329. bmodN =25. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, 

ʯʪʦ 43,37,35,29,19,13,11,5bmodX = , ʘ 

[ ] [ ] 49123291Nx0 =+=+= , ʚʦʟʤʦʞʥʳʤʠ ʜʦʧʫ-

ʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʍ ʙʫʜʫʪ ʯʠʩʣʘ, ʙʦʣʴʰʠʝ 

ʠʣʠ ʨʘʚʥʳʝ x0, ʘ ʠʤʝʥʥʦ 53, 59, 61, 67, 77, 83é. 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʦʢ ʙʫʜʝʪ 

ʣʠ ʨʘʟʥʠʮʘ NX 2-  ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ ʜʣʷ ʜʦ-

ʧʫʩʪʠʤʳʭ ʍ.  

 

ʊʘʙʣ.3. ɿʥʘʯʝʥʠʷ 2329X 2-  ʜʣʷ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʍ. 
X 53 59 61 67 77 

2329X 2-  480 1152 1392 2160 3600 = 602 

( 2329X 2- ) - ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ (+) ʠʣʠ ʥʝʪ (-

) 
- - - - + 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 3, ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ ʨʘʟʥʦ-

ʩʪʠ 2329X 2-  ʧʦʣʫʯʝʥ ʜʣʷ ʍ = 77 ʟʘ 5 ʚʳʯʠʩʣʝ-

ʥʠʡ ʨʘʟʥʦʩʪʠ 2329X 2-  ʠ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʷ ʠʟ 

ʥʝʝ ʚʤʝʩʪʦ 29 ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʩʣʫ-

ʯʘʷ, ʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʙʳ ʧʨʦʨʝʞʠʚʘʥʠʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʝʥʠʡ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

2329 = (77+60)*(77-60) = 137*17. 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʟʥʘʯʝʥʠʡ 

bNmod  ʧʨʠ b = 48 ʠ ʦʧʨʝʜʝʣʠʤ ʤʥʦʞʝʩʪʚʘ 

ʜʦʧʫʩʪʠʤʳʭ X. 

ʇʫʩʪʴ bNmod =11. ɼʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʢʚʘʜ-

ʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ )(2 bMwÍ  ʦʧʨʝʜʝʣʠʤ ʨʘʟ-

ʥʦʩʪʠ ( ) bbNw modmod-  ʠ ʚʳʷʩʥʠʤ, ʷʚʣʷʶʪʩʷ 

ʣʠ ʦʥʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʦ ʤʦʜʫʣʶ b. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.4. 

 

ʊʘʙʣ.4. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ( ) bmod11w-  ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʤʦʜʫʣʶ b = 48 
ʕʣʝʤʝʥʪʳ w ʤʥʦʞʝʩʪʚʘ M2(b)  

ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʤʦʜʫʣʶ b 
0 1 4 9 16 25 33 36 

( ) bws mod11-=  37 38 42 46 5 14 22 25 

)(2 bMsÍ ? (ʜʘ ï (+), ʥʝʪ ï (-)) - - - - - - - + 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʪʘʙʣ.4 ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʦʩʪʘʪʢʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ (8), ʷʚʣʷʝʪʩʷ 36bmodXw 2 == . ʉʦʛʣʘʩ-

ʥʦ ʜʘʥʥʳʭ ʪʘʙʣ.1 ʪʘʢʦʝ ʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʠ ʟʥʘʯʝʥʠʷʭ 42,30,18,6bmodX = .  

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʟʥʘʯʝʥʠʷ 

bmodN . ʇʫʩʪʴ bmodN =35. ɼʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ )b(2MwÍ  ʦʧʨʝʜʝʣʠʤ 

ʨʘʟʥʦʩʪʠ ( ) bmod35w-  ʠ ʚʳʷʩʥʠʤ, ʢʘʢʠʝ ʠʟ ʥʠʭ 

ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ )b(2M . ʈʝʟʫʣʴʪʘʪʳ 

ʚr ʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.5. 

 

ʊʘʙʣ.5. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ( ) bmod35bmodX 2 -  ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʤʦʜʫʣʶ b = 48 
ʕʣʝʤʝʥʪʳ z ʤʥʦʞʝʩʪʚʘ M2(b) ʢʚʘʜʨʘʪʠʯʥʳʭ 

ʦʩʪʘʪʢʦʚ ʧʦ ʤʦʜʫʣʶ b 
0 1 4 9 16 25 33 36 

( ) bmod35zs -=  13 14 17 22 29 38 46 1 

)b(2MsÍ ? (ʜʘ ï (+), ʥʝʪ ï (-)) - - - - - - - + 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʪʘʙʣ.5 ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʦʩʪʘʪʢʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 
ʫʩʣʦʚʠʝ (6), ʷʚʣʷʝʪʩʷ 36bmodXw 2 == . ʅʘ ʰʘʛʝ 

ɺ) ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʷ bmodX , ʜʣʷ ʢʦʪʦʨʳʭ 



ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʌʝʨʤʘé          17 

36wbmodX 2 == . ʊʘʢʦʤʫ ʨʘʚʝʥʩʪʚʫ ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʪ ʟʥʘʯʝʥʠʷ 42,30,18,6bmodX = , ʘʥʘʣʦʛʠʯʥʦ 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ bmodN =11.   

ʇʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʩʜʝ-

ʣʘʪʴ ʜʚʘ ʩʣʝʜʫʶʱʠʭ ʟʘʢʣʶʯʝʥʠʷ: 

- ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ X ʤʦ-

ʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʥʳʤ ʚʘʨʠʘʥʪʘʤ ʟʥʘʯʝ-

ʥʠʡ bmodN ; 

- ʜʣʷ ʨʘʟʥʳʭ bmodN  ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ r ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʤʥʦʞʝʩʪʚʘʭ ʜʦʧʫʩʪʠʤʳʭ X 

ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ. 

ʇʫʩʪʴ 
min

r ï ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 

ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ X ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞ-

ʥʳʭ ʟʥʘʯʝʥʠʡ bmodN , ʥʝ ʠʤʝʶʱʠʭ ʦʙʱʠʭ ʜʝ-

ʣʠʪʝʣʝʡ ʩ b, ʚʢʣʶʯʘʷ 1bmodN = , 
max

r  ï ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ, ʘ 
cp

r ï ʩʨʝʜʥʝʝ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʧʨʝ-

ʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʢʦʨʝʥʠʷ: 

)b(r/b)b(z
maxmin =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʠʥʠʤʘʣʴ-

ʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, 

)b(r/b)b(z
minmax =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, 

)b(r/b)b(z
cpcp =  ï ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʫʩʢʦʨʝʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ [ʄ1, ʤ2] ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ )b(zcp  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʝ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʝʛʦ ʩʚʦʡʩʪʚʘ: 

1. 2)2(z 2
cp = , 4)2(z)2(z)2(z 4

max
4

cp
4

min === , 

ʧʨʠ k > 4  6)2(z k
cp < , 

2. )b(z)c(z)cb(z cpcpcp Ö= , ʝʩʣʠ c ʠ b ʚʟʘʠʤʥʦ 

ʧʨʦʩʪʳʝ, 

3. )b(z2)cb(z cpcp Ö= , ʝʩʣʠ c ʧʨʦʩʪʦʝ ʯʠʩʣʦ, ʚʟʘ-

ʠʤʥʦ ʧʨʦʩʪʦʝ ʩ b. 

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ )b(zmin  ʠ )b(zmax . ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʦʮʝʥʢʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʣʦʞʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʡ ʜʣʷ 

ʩʣʫʯʘʷ ʤʝʪʦʜʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʌʝʨʤʘ ʙʫʜʝʪ ʧʨʠ 

ʪʝʭ ʟʥʘʯʝʥʠʷʭ bmodN , ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʫʩʢʦʨʝʥʠʷ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʚʳʙʦʨʝ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ b ʚʘʞʥʦ ʠʤʝʪʴ 

ʦʮʝʥʢʫ ʜʣʷ )b(zmin .  

ɺ ʨʘʙʦʪʝ [ʄ1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ ʧʨʦ-

ʩʪʳʭ b )1b/(b2)b(zmin += , ʪ.ʝ. ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʩʪʦʛʦ b ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ )b(zmin  

ʩʪʨʝʤʠʪʩʷ ʢ 2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʢʦʨʝʥʠʷ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʦʩʥʦ-

ʚʘʥʠʷ b ʥʘ ʧʨʦʩʪʳʝ ʯʠʩʣʘ, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʷʚʣʷ-

ʶʪʩʷ ʤʥʦʞʠʪʝʣʷʤʠ b. ʕʣʝʤʝʥʪʘʨʥʳʝ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʠʩʣʦ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʤʥʦʞʠʪʝ-

ʣʝʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ, ʧʦʩʢʦʣʴʢʫ ʦʯʝʥʴ 

ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ. ʇʦʵʪʦʤʫ ʘʣʴʪʝʨ-

ʥʘʪʠʚʦʡ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʨʝʞʠʚʘʥʠʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʤʝ-

ʪʦʜʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʌʝʨʤʘ, ʢʦʛʜʘ ʦʮʝʥʢʘ ʜʦʧʫ-

ʩʪʠʤʦʩʪʠ X ʧʨʦʚʝʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ, ʘ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʠʭ ʯʠʩʣʘ. 

ʆʧʠʩʘʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʧʨʦʨʝʞʠʚʘʥʠʷ ʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʝʛʦ ʩʚʦʡʩʪʚ ʧʨʠʚʦʜʷʪʩʷ ʥʠʞʝ.  

 
3. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʨʦʨʝʞʠʚʘʥʠʷ ʄʈ 

 

ʇʫʩʪʴ ʟʘʜʘʥʦ ʟʥʘʯʝʥʠʝ ʙʘʟʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʤʦʜʫʣʷ bb ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫ-

ʣʝʡ {}m
1iib
=

, ʛʜʝ m > 0, ʛʜʝ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʦʧʘʨʥʦ ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʤʠ ʯʠʩʣʘʤʠ. ɸʣʛʦʨʠʪʤ 

ʄʈ ʤʝʪʦʜʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʨʝʞʠʚʘʥʠʷ ʧʨʝʜ-

ʩʪʘʚʠʤ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʰʘʛʦʚ. 

ʐʘʛ 0. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ. 

ʐʘʛ 0.1. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʦʪ ʜʝʣʝʥʠʷ bbmodN  ʠ { }m
1iibmodN
=

 

ʐʘʛ 0.2. ɼʣʷ ʦʩʥʦʚʘʥʠʷ bb ʦʧʨʝʜʝʣʝʥʠʝ 

)bb(r
max

. 

ʐʘʛ 0.3. ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪ-

ʢʦʚ ʜʣʷ ʦʩʥʦʚʘʥʠʷ bb (ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ 

Mbb[bb]), ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʧʫʩʪʠʤʳʭ 

bbmodX , ʪ.ʝ. ʪʝʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦ-

ʚʠʝ (5). ɺʩʝ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ bbmodX  ʦʧʨʝʜʝʣʝ-

ʥʳ ʚ ʜʠʘʧʘʟʦʥʝ [0, bb-1] ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʩʧʠʩʢʦʤ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʍ, ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ )bb(r)bb(z/bb
maxmin = . 

ʉʧʠʩʦʢ ʜʦʧʫʩʪʠʤʳʭ ʍ ʙʫʜʝʤ ʭʨʘʥʠʪʴ ʚ ʤʘʩʩʠʚʝ 

)]1r[(Xbb
max
+ . ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ bbmodN  ʚ ʜʠʘʧʘʟʦʥʝ [0, bb-1] ʯʠʩʣʦ 

ʜʦʧʫʩʪʠʤʳʭ ʍ ʨʘʟʥʦʝ, ʚ ʷʯʝʡʢʝ Xbb[0] ʫʢʘʟʳʚʘ-

ʝʪʩʷ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʜʦʧʫʩʪʠʤʳʭ 

ʍ, ʘ ʩʘʤʠ ʟʥʘʯʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʨʷʜʢʝ 

ʨʦʩʪʘ ʚ ʷʯʝʡʢʘʭ ʦʪ ʧʝʨʚʦʡ ʜʦ )bb(r
max

, ʘ ʥʘ ʠʭ 

ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘ-

ʛʦʚ ʧʦ ʍ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ 

ʍ ʤʘʩʩʠʚʘ ]]0[Xbb[Xbb  ʧʦ ʧʨʘʚʠʣʘʤ:  

))1]0[Xbb(1k(

.bb]]0[Xbb[Xbba]]0[Xbb[Xbb

];k[Xbb]1k[Xbb]k[Xbb

];1[Xbba

-·=

î
í

î
ì

ë

+-=

-+=

=

. (5) 
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ʐʘʛ 0.4. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ibxmod  

ʜʣʷ ʦʩʥʦʚʘʥʠʡ {}m
1iib
=

. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʩʥʦʚʘ-

ʥʠʡ {}m
1iib
=

 ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʚʘʜʨʘ-

ʪʠʯʥʳʭ ʦʩʪʘʪʢʘʭ ʧʦ ʤʦʜʫʣʶ bi ʘ ʧʦ ʥʝʡ ʤʘʩʩʠʚ 

Xb[i][*],  ʚ ʢʦʪʦʨʦʤ ʚ ʷʯʝʡʢʝ t ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʝ 1, ʝʩʣʠ i
2 bmod)Nt( -  ï ʢʚʘʜʨʘʪʠʯʥʳʡ 

ʦʩʪʘʪʦʢ ʧʦ ʤʦʜʫʣʶ bi, ( i
2 bmod)Nt( -  ʧʨʠʥʘʜ-

ʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʩʪʘʪʢʦʚ 

)b(2M i
) ʘ ʠʥʘʯʝ 0, ʪ.ʝ.  

 

)1b0t,m1i(

)b(2Mbmod)Nt(,0

)b(2Mbmod)Nt(,1
]t][i[Xb

i

ii
2

ii
2

-·=·=

îí

î
ì
ë

Î-

Í-
=

. (6) 

 

ʐʘʛ 0.5. ʆʧʨʝʜʝʣʝʥʠʝ [ ]1Nx0 +=  ʠ ʩʪʘʨʪʦ-

ʚʦʛʦ ʍ, ʨʘʚʥʦʛʦ ʭʭ, ʷʚʣʷʶʱʝʛʦʩʷ ʙʣʠʞʘʡʰʠʤ 

ʙʦʣʴʰʠʤ ʠʣʠ ʨʘʚʥʳʤ ʭ0 ʯʠʩʣʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

bbmod)Nxx( 2-  ʙʫʜʝʪ ʢʚʘʜʨʘʪʠʯʥʳʤ ʦʩʪʘʪʢʦʤ 

ʧʦ ʤʦʜʫʣʶ bb. ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʤʝʨʘ ʷʯʝʡʢʠ ixʭ ʚ 

ʤʘʩʩʠʚʝ ]]0[Xbb[Xbb , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

bbmodxx . 

ʐʘʛ 0.6. ʉʫʤʤʘʨʥʳʡ ʧʨʠʨʦʩʪ X, ʯʠʩʣʦ kx, 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0. ɿʥʘʯʝʥʠʝ kx ʙʫʜʝʪ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʩʚʝʨʭʫ ʟʥʘʯʝʥʠʝʤ kxmax. ʊʝ-

ʢʫʱʠʡ ʧʨʠʨʦʩʪ x, ʯʠʩʣʦ dx, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚ-

ʥʳʤ 0. ʇʨʠʩʚʘʠʚʘʝʤ X = xx, i = ixx, ʛʜʝ i ï ʪʝʢʫ-

ʱʝʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʜʣʷ ʤʘʩʩʠʚʘ Xbb. 

ʐʘʛ 1. ʆʧʨʝʜʝʣʠʪʴ ʦʩʪʘʪʢʠ kbxxmod  ʠ ʩʦ-

ʭʨʘʥʠʪʴ ʠʭ ʚ ʤʘʩʩʠʚʝ Mx[(m+1)]. ʇʨʠʩʚʦʠʪʴ 

kx=0. ʆʧʨʝʜʝʣʠʪʴ ʦʩʪʘʪʢʠ ( ) k
2 bmodNxx -  ʠ 

ʩʦʭʨʘʥʠʪʴ ʠʭ ʚ ʤʘʩʩʠʚʝ My[(m+1)]. ɽʩʣʠ ʚʩʝ 

ʯʠʩʣʘ ( ) )m1k(bmodNxx k
2 ·=-  ʷʚʣʷʶʪʩʷ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʤʦʜʫʣʶ, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 6, ʘ ʠʥʘʯʝ ʢ ʰʘʛʫ 2.   

ʐʘʛ 2. i=i+1. ɽʩʣʠ ]0[Xbbi= , ʪʦ ʧʨʠʩʚʦʠʪʴ 

i = 1. 

ʐʘʛ 3. ]i[Mbbdx= .   

ʐʘʛ 4. kx = kx + dx.  

ʐʘʛ 5. ɺ ʮʠʢʣʝ ʧʦ k ʦʪ 1 ʜʦ m ʧʨʦʚʝʨʠʪʴ ʚʳ-

ʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ  

( ) 1]bmodkx]k[mx][k[Xb k =+ . (7) 

 

ɽʩʣʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ k ʦʢʘʞʝʪʩʷ, ʯʪʦ ʫʩʣʦʚʠʝ 

(5) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪ.ʝ. ʍ ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯ-

ʥʳʤ ʦʩʪʘʪʢʦʤ ʧʦ ʤʦʜʫʣʶ bk, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 7.  

ʐʘʛ 6. ʅʘʡʜʝʥʦ ʟʥʘʯʝʥʠʝ kxxxX += , ʜʣʷ 

ʢʦʪʦʨʦʛʦ, ʧʨʠ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʘʨʠʘʥʪʘʭ 

ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ, ʨʘʟʥʦʩʪʠ  

( ) ( )( )
( ))m1k(bb,bbb

bmodbmodNbmodbmodXbmodNX

k
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ʣʷʶʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʪ.ʝ. ʍ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3).  

ʇʨʦʚʝʨʢʘ: ʷʚʣʷʝʪʩʷ ʣʠ ʨʘʟʥʦʩʪʴ NX 2-  ʢʚʘʜ-

ʨʘʪʦʤ ʮʝʣʦʛʦ ʯʠʩʣʘ Y. ɽʩʣʠ ʜʘ, ʪʦ ʧʦʣʫʯʝʥʦ ʨʝ-

ʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3) p=X-Y, q=X+Y ʠ ʨʘʙʦʪʘ 

ʘʣʛʦʨʠʪʤʘ ʟʘʚʝʨʰʝʥʘ, ʘ ʠʥʘʯʝ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 1.  

ʐʘʛ 7. ɽʩʣʠ kx > kxmax ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 1, 

ʧʨʠʩʚʦʠʚ xx ʟʥʘʯʝʥʠʝ xx + kx , ʘ ʠʥʘʯʝ ʧʝʨʝʡʪʠ 

ʢ ʰʘʛʫ 2.  

ɸʣʛʦʨʠʪʤ ʄʈ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʛʜʝ ʧʝʨʝʤʝʥʥʳʝ 

ʤʦʛʫʪ ʠʤʝʪʴ ʪʠʧ long ʠ double. ɼʣʷ ʨʘʙʦʪʳ ʩ 

ʙʦ'ʣʴʰʠʤʠ ʯʠʩʣʘʤʠ ʠʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʚ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ɺ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʨʝʘʣʠʟʘʮʠʷʭ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʩ-

ʥʦʚʘʥʠʷ ʩʯʠʩʣʝʥʠʷ b0 = 10, b0 = 1000, b0 = 1024, 

b0 = 3600 ʠ ʜʨʫʛʠʝ ʠʭ ʚʘʨʠʘʥʪʳ. ɼʣʷ ʚʩʝʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʧʨʠʥʷʪʦ b0 = 1000.  

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʬʬʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʫʨʘʚʥʝʥʠʷ (3), ʘ ʠʤʝʥʥʦ ʨʘʙʦʪʫ ʰʘʛʘ 5 ʘʣʛʦʨʠʪ-

ʤʘ ʄʈ ʜʣʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ ʤʘʣʦʛʦ 

ʯʠʩʣʘ N = 2329, ʛʜʝ bb = b = 48, ʘ ʦʜʥʦ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʤʦʜʫʣʷ b1 = 5.  

ʈʘʥʝʝ ʜʣʷ N = 2329 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

bmodN =25, [ ] [ ] 49123291Nx0 =+=+= , ʘ ʚʦʟ-

ʤʦʞʥʳʤʠ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʍ ʙʫʜʫʪ 

ʯʠʩʣʘ 53, 59, 61, 67, 77, 83, é. ʂʚʘʜʨʘʪʠʯʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ ʧʦ ʤʦʜʫʣʶ 5 ʙʫʜʫʪ ʯʠʩʣʘ 0, 1, 4, ʘ 

ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʍ ʜʣʷ ʦʩʥʦʚʘʥʠʷ ʤʦ-

ʜʫʣʷ 5 ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 3,2,05modX = . ʈʝ-

ʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.6. 

 

 

 

 



ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʌʝʨʤʘé          19 

ʊʘʙʣ.6. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʦʢ ʥʘ ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ ʨʘʟʥʦʩʪʝʡ 23292-X   

ʜʣʷ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʍ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ  

ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ b1 = 5. 
X 53 59 61 67 77 

5modX  3 4 1 2 2 

]5modX][1[Xb  1 0 0 1 1 

2329X2-  ʮʝʣʦʝ ʯʠʩʣʦ?  

ɼʘ (+), ʥʝʪ (-), ʧʨʦʧʫʩʢ ï ʥʝ ʧʨʦʚʝʨʷʝʪʩʷ 
-   - + 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 6 ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ ʨʘʟʥʦ-

ʩʪʠ 23292-X  ʧʦʣʫʯʝʥ ʜʣʷ ʍ = 77 ʟʘ 3 ʠʟʚʣʝ-

ʯʝʥʠʷ ʢʦʨʥʷ ʚʤʝʩʪʦ 5, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʍ = 59 ʠ ʍ 

= 61 ʯʠʩʣʘ ( ) 5mod23292-X  ʥʝ ʷʚʣʷʶʪʩʷ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʚʳʯʝʪʦʤ ʧʦ ʤʦʜʫʣʶ 5.  

ʉʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ʪʘʙʣ. 36 ʠ ʪʘʙʣ. 6 ʣʝʛʢʦ 

ʫʚʠʜʝʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʠʭ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚ-

ʧʘʜʘʶʪ ʘʙʩʦʣʶʪʥʦ, ʥʦ ʩʨʘʚʥʝʥʠʝ 

]5modX][1[Xb  ʩ ʝʜʠʥʠʮʝʡ ʷʚʥʦ ʙʦʣʝʝ ʧʨʦʩʪʘʷ 

ʦʧʝʨʘʮʠʷ, ʯʝʤ  ʚʳʯʠʩʣʝʥʠʝ ʢʘʞʜʳʡ ʨʘʟ ʟʥʘʯʝ-

ʥʠʷ 2329X 2- . ʇʨʠ ʵʪʦʤ ʢʦʨʝʥʴ ʠʟ 2329X 2-  

ʠʱʝʪʩʷ ʥʝ ʢʘʞʜʳʡ ʨʘʟ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 
ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʄʈ 

 
2.1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʙʦʣʴʰʠʭ ʯʠʩʝʣ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ ʯʠ-

ʩʝʣ, ʧʨʝʚʳʰʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʦʧʠʩʘʥʠʡ long (ʘ ʪʘʢʞʝ long long). ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʠʭ ʯʠʩʝʣ ʚ ʢʦʤʧʴʶʪʝʨʝ 

ʦʥʠ ʷʚʣʷʶʪʩʷ  ʙʦʣʴʰʠʤʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʴ-

ʶʪʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʩʧʦʩʦʙ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʯʠʩʣʘ ʧʦ ʦʩʥʦʚʘʥʠʶ b0.  

ʇʫʩʪʴ N ï ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ. ɽʛʦ ʤʦʞʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

ä
=

=

)N(m

0i

i
0ibcN

, 
(9) 

ʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʯʠʩʣʝ ʧʨʝʜʩʪʘʚʠʪʴ ʤʘʩʩʠʚʦʤ, ʚ 

ʥʫʣʝʚʦʡ ʷʯʝʡʢʝ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʘʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ m(N)+1, ʦʧʠʩʳʚʘʶʱʠʭ ʯʠʩ-

ʣʦ N, ʘ ʚ ʷʯʝʡʢʘʭ i (i=1· m(N)+1) ï ʯʠʩʣʘ ci-1. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. 

ʇʫʩʪʴ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʤʘʩʩʠʚʝ Mas, ʯʠʩʣʦ N = 235691, b0 = 60. ʊʦʛʜʘ  

3
03

2
02

1
010

32

bcbcbcc

601605602811N

Ö+Ö+Ö+=

=Ö+Ö+Ö+=
, 

m(N) = 3, ʘ ʵʣʝʤʝʥʪʘʤʠ ʤʘʩʩʠʚʘ Mas ʙʫʜʫʪ ʯʠʩʣʘ: 

4]0[Mas = ; 11]1[Mas = ; 29]2[Mas = ; 5]3[Mas = ; 

1]4[Mas = . 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʘʩʩʠʚ ʪʠʧʘ Mas ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣ 

 

í
ì
ë

=+·=

+==
=

-+ i1)N(mc]i[Mas:1)N(m1i

,1)N(m]0[Mas:0i
]i[Mas . (10) 

 

ʇʨʠ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʝʣ ʠʭ ʩʣʦʞʝʥʠʝ 

(ʠʣʠ ʚʳʯʠʪʘʥʠʝ) ʩʚʦʜʠʪʩʷ ʢ ʩʣʦʞʝʥʠʶ (ʚʳʯʠ-

ʪʘʥʠʶ) ʯʠʩʝʣ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʷʯʝʡʢʘʭ ʤʘʩʩʠʚʦʚ ʪʠʧʘ Mas ʩ ʫʯʝʪʦʤ ʧʝʨʝʥʦʩʘ 

ʨʘʟʨʷʜʦʚ. ʋʤʥʦʞʝʥʠʝ ʯʠʩʝʣ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-

ʧʦʣʥʝʥʦ ʚ ñʩʪʦʣʙʠʢò. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥ-

ʥʳʭ ʦ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ ʧʨʠʣʦʞʝʥʠʠ, ʬʨʘʛʤʝʥʪ 

ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʪʘʪʴʝ ʥʠʞʝ.  

 
2.2. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠ ̫

 

ɺ ʘʣʛʦʨʠʪʤʝ ʄʈ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʮʠʢʣʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʰʘʛʦʚ 2-5 ʠ 7. ʇʦʵʪʦʤʫ 

ʧʨʠ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʰʘʛʘʭ, ʚʳʥʦʩʠʣʠʩʴ 

ʟʘ ʧʨʝʜʝʣʳ ʮʠʢʣʘ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʠʟʚʝʩʪʥʳʤʠ ʧʦ-

ʣʘʛʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

- ʯʠʩʣʦ N;   

- ʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ b0, 

- ʙʘʟʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʤʦʜʫʣʷ bb, 

- ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʝʡ 

CB ʠ ʠʭ ʟʥʘʯʝʥʠʷ { }CB

1kkb
=

.  

ʇʨʠ ʟʘʜʘʥʠʠ ʯʠʩʣʘ N ʚʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

m(N) ʠ m(N) +1 ʟʥʘʯʝʥʠʷʭ ))N(m0i(ci ·= , ʢʦ-

ʪʦʨʘʷ ʭʨʘʥʠʪʩʷ ʚ ʤʘʩʩʠʚʝ nn[*]. 



20                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʧʨʠʣʦʞʝ-

ʥʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʥʘ ʰʘʛʝ 0 ʘʣʛʦʨʠʪʤʘ ʄʈ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ )CB1k(]][*k[Xb ·= , ʚ ʢʦʪʦʨʦʤ 

ʪʝʤ ʠʟ )CB1k(bmodX k ·= , ʜʣʷ ʢʦʪʦʨʳʭ 

( ) k
2 bmodNX -  ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤ ʦʩʪʘʪ-

ʢʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ 1, ʘ ʠʥʘʯʝ 0. ʇʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ [ ]1Nx0 +=  (ʤʘʩʩʠʚʳ kr[*] = 

rx[*]), ʩʪʘʨʪʦʚʦʛʦ ʍ, ʨʘʚʥʦʛʦ ʭʭ= rx[*], ʥʦʤʝʨʘ 

ʷʯʝʡʢʠ ixʭ ʚ ʤʘʩʩʠʚʝ ]]0[Xbb[Xbb , ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ bbmodxx , ʘ ʪʘʢʞʝ ʧʨʠʩʚʦʝʥʠʡ ʧʝʨʝʤʝʥ-

ʥʳʤ kxmax (ʧʨʠʥʷʪʦ  kxmax = 2144000000), 

kx=0, X= xx, ʠ k00= ixx, ʛʜʝ k00 ï ʪʝʢʫʱʝʝ ʟʥʘ-

ʯʝʥʠʝ ʠʥʜʝʢʩʘ ʜʣʷ ʤʘʩʩʠʚʘ Xbb, ʩʣʝʜʫʝʪ ʙʣʦʢ 

ʦʧʝʨʘʪʦʨʦʚ, ʨʝʘʣʠʟʫʶʱʠʡ ʰʘʛʠ 1-5 ʠ 7. ʊʝʢʩʪ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʵʪʦʛʦ ʙʣʦʢʘ ʥʘ ʷʟʳʢʝ ʉ ʧʨʠʚʝ-

ʜʝʥ ʥʠʞʝ, ʛʜʝ ʙʦʣʝʝ ʤʝʣʢʠʤ ʰʨʠʬʪʦʤ ʧʨʠʚʝʜʝ-

ʥʳ ʢʦʤʤʝʥʪʘʨʠʠ. 
d=0; // d ï ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʜʣʷ ʍ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩʠʚʘ Mbb. 

ɼʣʷ ʩʪʘʨʪʦʚʦʛʦ ʍ d=0 

mj=2144000000; // mj = kxmax  

mtt0: l=0;  // ʩʯʝʪʯʠʢ ʯʠʩʣʘ ʦʩʥʦʚʘʥʠʡ 

ʤʦʜʫʣʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

( ) )CB1i()b(2MbmodNX ii
2 ·=Í- .  

  for (i=0; i<CB; i++)  

  {  

    b=mb[i]; lll++;   

    j =0; for (f=rx[0]; f>0; f -- )   

j=(rx[f]+ j*b0)%b; // j=kr[]%b;  

    rd[i]=j; // ʦʩʪʘʪʢʠ ʦʪ ʜʝʣʝʥʠʷ 

ʍ=rx[*] ʥʘ ʦʩʥʦʚʘʥʠʝ b=mb[i]  

    if ( xb[i][j]>0 ) l++;  

  }  

  if ( l<kb)   

  {  // X ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʡ 

ʦʩʪʘʪʦʢ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʘ-

ʥʠʡ ʤʦʜʫʣʷ (ʍ ʥʝ ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ) 

   n1=d;   

mtt: l=0;  

 n2=1;  // ʇʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ X ʬʦʨʤʠ-

ʨʫʝʪ ʢʚʘʜʨʘʪʠʯʥʳʡ ʦʩʪʘʪʦʢ 

 j=n1;  // n1 ï ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 

ʧʨʠʨʘʱʝʥʠʷ ʢ ʭʭ = kr[*] 

 for (f=0; f<CB; f++)  

    {  

b=mb[f]; // ɿʥʘʯʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ 

ʥʦʤʝʨ f ʠʟ ʩʧʠʩʢʘ ʦʩʥʦʚʘʥʠʡ, ʟʘʜʘʥ-

ʥʳʭ ʚ ʤʘʩʩʠʚʝ mb[*] 

k=n1+rd[f]; if ( k>=b ) j=k%b; else 

j=k;  

// ʆʧʨʝʜʝʣʝʥʠʝ X mod bf  

if ( xb [f][j]>0 ) l++;  // X ʬʦʨʤʠʨʫʝʪ 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʦʩʪʘʪʦʢ ʧʦ ʦʩʥʦʚʘʥʠʶ bf  

else n2=0;  // X ʥʝ ʬʦʨʤʠʨʫʝʪ ʢʚʘʜʨʘ-

ʪʠʯʥʳʡ ʦʩʪʘʪʦʢ ʧʦ ʦʩʥʦʚʘʥʠʶ bf  

if ( n2==0 ) break;  

    }  

    if ( l<CB )  

{ // ʍʦʪʷ ʙʳ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʘʥʠʡ 

ʤʦʜʫʣʝʡ X ʥʝ ʬʦʨʤʠʨʫʝʪ ʢʚʘʜʨʘʪʠʯʥʳʡ 

ʦʩʪʘʪʦʢ ʧʦ ʝʛʦ ʦʩʥʦʚʘʥʠʶ 

k00++; if ( k00>dx[0] ) k00=1;  

d=xbb[k00];  // ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʩʪʘ ʢ 

ʍ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩʠʚʘ xbb [*]  

if ( n1>mj )  

{ // ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʨʦʩʪʘ ʍ ʧʨʝ-

ʚʳʩʠʣʦ kxmax = mj  

  j3=n1;  

  for (f=1; f<=rx[0]; f++)  

  { // ʫʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʧʨʠʨʦʩʪʘ ʚ 

r x[*]= X   

 n=rx[f]+j3;  

 rx[f]=n%b0;  // b0 ï ʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝ-

ʤʳ ʩʯʠʩʣʝʥʠʷ, (ʚ ʧʨʦʛʨʘʤʤʝ b0=1000)  

 j3=n/b0;  

 if ( j 3==0 ) break;  

}  

   if ( j3>0 ) { n=rx[0]+1; rx[n]=j3; 

rx[0]=n;  }  

   n1=d;  

   goto mtt0; // ʇʝʨʝʭʦʜ ʢ ʰʘʛʫ 1 ʘʣ-

ʛʦʨʠʪʤʘ  

 }  

 n1=n1+d;  

 goto mtt; // ʇʝʨʝʭʦʜ ʢ ʰʘʛʫ 2 ʘʣʛʦ-

ʨʠʪʤʘ ʄʈ 

  }  

   }  

   else   

   {  

     // ʫʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʧʨʠʨʦʩʪʘ ʚ 

ʤʘʩʩʠʚʝ rx[*]= X   

     SQR( X2- N); // ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʢʦʨʥʷ ʠʟ ʦʩʪʘʪʢʘ X2- N  

   }  

ɽʩʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʨʥʷ ʠʟ 

NX2-  ʦʢʘʞʝʪʩʷ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ, 

ʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʞʠʪʝʣʠ p ʠ q, ʘ ʠʥʘʯʝ ʧʝʨʝʭʦʜ 

ʧʦ ʤʝʪʢʝ mtt0 (ʇʝʨʝʭʦʜ ʢ ʰʘʛʫ 1 ʘʣʛʦʨʠʪʤʘ ʄʈ). 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʷʟʳʢʝ ʉ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʥʝʤ ʧʦʯʪʠ ʚʩʝ ʦʧʝʨʘʮʠʠ ʚʝʜʫʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝ ʩʘʤʦʛʦ ʍ, ʘ ʧʨʠʨʘʱʝʥʠʡ ʢ ʥʝʤʫ (ʯʠʩʣʘ d ʠ n1). 

ʀ ʪʦʣʴʢʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ  n1 

ʧʨʝʚʳʰʘʝʪ mj ʠʣʠ ʧʨʠ ʜʦʧʫʩʪʠʤʦʩʪʠ ʍ ʜʣʷ ʚʩʝʭ 

ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ, ʧʝʨʝʦʧʨʝʜʝʣʷʝʪʩʷ ʍ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʝ ʤʘʩʩʠʚʦʤ rx[*].   

 
3. ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘ-

ʯʝʥʠʡ N = pq ʪʘʢʠʭ, ʯʪʦ p ʠ q ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳ-

ʤʠ ʠ q<4p, ʘ ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʤʥʦʞʠʪʝʣʠ 

ʯʠʩʣʘ N ʤʠʥʠʤʘʣʴʥʦ ʧʨʝʚʳʰʘʣʦ 1000 ʩʝʢʫʥʜ 

ʜʣʷ ʇʂ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʪʘʢ-

ʪʦʚʘʷ ʯʘʩʪʦʪʘ 2.4 GHz, ʆɿʋ 6 ɻɹ, 32-ʨʘʟʨʷʜʥʘʷ 

ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ.  



ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʤʝʪʦʜʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʌʝʨʤʘé          21 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʪʨʦʠʣʘʩʴ ʙʘʟʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ 

{}120

0iit =
, ʘ ʥʘ ʝʝ ʦʩʥʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʩʪʳʭ ʯʠʩʝʣ )80j,1200i(tp j,iij,i ·=·=d+= , 

ʛʜʝ  di,j ï ʧʨʠʙʘʚʢʠ ʢ ti ʪʘʢʠʝ, ʯʪʦ ʧʨʠ bb=277200 

ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʞʝʩʪʚʝ Xbb  ʨʘʚʥʦ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʟʥʘʯʝʥʠʶ 
max

r = 2880 ʜʣʷ 

)7i()t(pN j,iji0,ij,i >d+Ö= - . ʇʨʠ ʵʪʦʤ t0 = 

10111000; t0 Ö2
0.25 º t1 = 12024073, t0 Ö2

0.5 º t2 =  

14299113, t0 Ö2
0.75 º  t3 = 17004607, ʘ ʧʨʠ i > 3  

4ii t2t -= .  

ɼʣʷ ʙʘʟʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ bb = 277200 

ʦʧʨʝʜʝʣʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦʝ 

25.962880/277200)bb(r/bb)bb(z
maxmin === . ʏʠʩʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ ʧʨʠʥʷʪʦ m = 14. 

ʂʘʞʜʦʝ ʠʟ ʦʩʥʦʚʘʥʠʡ  )m1k(bb k ·==  ʷʚʣʷʣʦʩʴ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ 2-ʭ ʠʣʠ 3-ʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʠʣʠ 

ʧʨʦʩʪʳʤ ʯʠʩʣʦʤ. ɿʥʘʯʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣ.11. 

 

ʊʘʙʣ.7. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ bk (k = 1·m) ʠ ʠʭ ʧʨʦʩʪʳʝ ʤʥʦʞʠʪʝʣʠ 
k 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

bk 4199 2461 2987 3131 3589 3649 3569 3713 3869 4189 4087 109 113 127 

ʄʥʦʞʠ- 

ʪʝʣʠ 

bk 

13 

17 

19 

23 

107 

29 

103 

31 

101 
37 97 41 89 43 83 47 79 53 73 59 71 61 67 109 113 127 

ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ )( ,0,, jijiiji tpN d+Ö= -
  

ʜʣʷ j = 1 · 8. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8 

ʠ 9.  

ʊʘʙʣ.8. ʄʠʥʠʤʘʣʴʥʦʝ ʠʟ  Ni,j  ʜʣʷ j = 1 · 8 ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ t > tmax = 1000 
j  imax Ni,j  x lkxmax lsqrt t 

1 109 2 190 107 742 436 404 740 487 152 427 983 5 558 342 544 918 2245 732 1103 

2 101 115 103 357 258 699 743 681 239 319 283 5 106 595 343 108 2013 750 1039 

3 97 24 197 500 008 691 435 623 032 029 847 5 284 605 435 652 2013 996 1180 

4 94 7 193 959 711 947 061 718 333 522 687 5 145 026 742 943 2047 777 1057 

5 92 3 024 687 551 113 421 119 054 532 273 5 242 071 052 870 2030 839 1120 

6 91 1 798 489 957 219 681 011 882 800 933 5 860 792 837 224 2250 1063 1260 

7 89 756 171 875 272 834 283 163 615 947 5 214 582 582 945 2068 780 1061 

8 89 449 622 502 710 882 990 030 860 543 5 301 075 967 839 2078 844 1099 

 

ʊʘʙʣ.9. ʄʘʢʩʠʤʘʣʴʥʦʝ  Ni,j  ʜʣʷ j = 1 · 8 ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ t < tmax = 1000 
j  imax Ni,j  x lkxmax lsqrt t 

1 108 1 548 640 026 044 167 252 739 717 338 763 4 673 991 914 759 1838 707 966 

2 100 81 390 365 008 084 150 314 806 066 243 4 294 118 141 585 1742 554 854 

3 96 17 110 216 737 864 187 826 162 121 677 4 443 805 821 938 1783 615 908 

4 93 5 086 897 811 841 886 885 408 415 303 4 326 434 593 759 1708 657 892 

5 91 2 138 777 028 997 712 373 241 359 173 4 408 038 568 624 1732 675 901 

6 90 1 271 724 453 348 788 067 534 653 477 4 928 319 544 222 2000 634 976 



22                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

j  imax Ni,j  x lkxmax lsqrt t 

7 89 534 694 273 087 056 334 501 735 193 4 384 923 852 940 1733 681 898 

8 88 317 931 109 083 252 528 293 431 373 4 457 655 697 241 1846 492 877 

ɺ ʪʘʙʣ. 8 ʠ ʪʘʙʣ. 9 ʫʢʘʟʘʥʥʳʝ ʚ ʟʘʛʦʣʦʚʢʝ ʧʝ-

ʨʝʤʝʥʥʳʝ ʦʟʥʘʯʘʶʪ: 

[ ]1N2/)qp(x j,i --+= ; 

lkxmax ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ ʩ ʰʘʛʘ 7 ʥʘ ʰʘʛ 

1 ʧʨʠ ʫʩʣʦʚʠʠ kx > kxmax; 

lsqrt ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʷ ʩ 

ʦʩʪʘʪʢʦʤ ʠʟ ʤʥʦʛʦʨʦʟʨʷʜʥʦʛʦ ʯʠʩʣʘ; 

t ï ʚʨʝʤʷ ʨʘʩʯʝʪʘ (ʩʝʢ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ ʨʘʟʣʦʞʝʥʠʷ 

ʥʘ ʤʥʦʞʠʪʝʣʠ ʯʠʩʝʣ )7i()t(pN j,iji0,ij,i >d+Ö= -  

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ:  

1. ɺʨʝʤʷ ʨʘʩʯʝʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

[ ]1N2/)qp(x j,i --+=  ʥʝʟʘʚʠʩʠʤʦ ʦʪ j; 

2. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ j ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ ʥʘ 

ʤʥʦʞʠʪʝʣʠ ʯʠʩʣʘ )7i()t(pN j,iji0,ij,i >d+Ö= -  

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʜʣʷ ʯʠʩʣʘ 

)110i()t(pN j,ij4i0,ij,4i <d+Ö= -++ . 

ɺʪʦʨʦʡ ʠʟ ʚʳʚʦʜʦʚ ʤʦʞʥʦ ʦʙʦʩʥʦʚʘʪʴ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʧʨʠ p<q 

p)1(q 2a+= , ʛʜʝ a ï ʥʝʢʦʪʦʨʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ. ʊʦʛʜʘ ʚʝʣʠʯʠʥʫ [ ]1N2/)qp(x j,i --+=  

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʯʝʨʝʟ ʨ ʠ a 

( ) ( )
2

p
pp)1(5.0pq5.0

pq2/)qp(N2/)qp(xXx

2
22

0

a
=-a+=-=

=-+=-+º-=
, 

ʯʝʨʝʟ q ʠ a , 

( )

( )
2

2
2

2

0

)1(2

q
)1/(qq5.0

pq5.0xXx

a+

a
=a+-=

=-º-=

, 

ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʟ N ʠ a 

( )

)1(2

N

)1(2

q

2

p

pq5.0xXx

2

2

22

2

0

a+

a
=

a+

a
Ö

a
=

=-º-=

.            (11) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (11) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ a ʟʥʘʯʝʥʠʝ 

ʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʨʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʠʟ N. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʜʣʷ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ 

ʨʘʩʯʝʪʘ ʧʨʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ N. ʆʙʱʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.  

ɺ ʩʚʷʟʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦ ʚʨʝ-

ʤʝʥʠ ʨʘʩʯʝʪʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʙʘʟʦʚʦ-

ʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ bb, ʘ ʪʘʢʞʝ ʯʠʩʣʘ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ m > 0 ʠ ʠʭ ʟʥʘʯʝʥʠʡ 

{}m
1iib
=
ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘ 

ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ bb ʠ ʯʠʩʣʘ ʦʩʥʦʚʘʥʠʡ m 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʠʭ ʟʥʘʯʝʥʠʷʭ ʚ ʪʘʙʣ. 7.  

 
ʈʠʩ.1. ɼʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ 

ʨʘʩʯʝʪʘ ʧʨʠ ʨʦʩʪʝ i ʜʣʷ j=1·8 

 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʙʘʟʦʚʦʛʦ ʦʩ-

ʥʦʚʘʥʠʷ ʤʦʜʫʣʷ bb = 25200 (25200=277200/11) 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 1.74 

· 1.78 ʨʘʟʘ (ʚ ʩʨʝʜʥʝʤ ʚ 1.77 ʨʘʟʘ). ɼʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʩʨʘʚʥʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ 

ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʥʦʚʘʥʠʷʭ 

ʤʦʜʫʣʝʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ ʝʜʠʥʠʮʫ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ 

ʦʩʥʦʚʘʥʠʷ b12=109  ʥʘ  111091199b'
12 Ö== .  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫ-

ʣʷ bb = 3600 (3600=277200/11/7) ʚʨʝʤʷ ʨʘʩʯʝʪʘ 

ʫʚʝʣʠʯʠʣʦʩʴ ʚ 3.06 · 3.17 ʨʘʟʘ (ʚ ʩʨʝʜʥʝʤ ʚ 3.11 

ʨʘʟʘ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʘʚʥʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʦʩʥʦʚʘʥʠʷʭ ʤʦʜʫʣʝʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ ʜʚʘ ʟʘ 

ʩʯʝʪ ʟʘʤʝʥʳ ʦʩʥʦʚʘʥʠʡ b12=109 ʠ b13=113 ʥʘ 

111091199b'
12 Ö==  ʠ 7113791b'

13 Ö== . ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʥʘ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʚʳʙʦʨ ʟʥʘʯʝʥʠʷ ʙʘʟʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ bb, 

ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ bb = 277200 ʤʝʥʷ-

ʣʦʩʴ ʯʠʩʣʦ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ ʠʟ ʠʭ ʩʧʠʩʢʘ, ʧʨʠʚʝ-

ʜʝʥʥʦʛʦ ʚ ʪʘʙʣ.7. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʯʠʩʝʣ 
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)t(pN j,iji0,ij,i d+Ö= -  ʧʨʠ i = 88 · 94 ʜʣʷ ʯʠʩʣʘ 

ʦʩʥʦʚʘʥʠʡ m = 2, 3, 4, 6, 10 ʠ 14. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʥʦʰʝʥʠʡ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʜʣʷ 

ʨʘʟʥʳʭ m (tm) ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ ʚʨʝʤʝʥʠ (t14 = 236 ʩ)  

ʧʨʠ m = 14 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.10, ʛʜʝ kp(m) ï ʩʫʤ-

ʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʦʩʥʦʚʘʥʠʷʭ 

ʤʦʜʫʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʯʠʩʣʘ.  

 

ʊʘʙʣ.10. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ tm / t14 ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ. 
m 2 3 4 6 10 14 

tm / t14 4.937 1.969 1.257 1.090 1.032 1 

kp(m) 5 7 9 13 21 26 

 

ɺʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʦ-

ʩʪʳʭ ʤʥʦʞʠʪʝʣʝʡ ʚ ʦʩʥʦʚʘʥʠʷʭ ʤʦʜʫʣʝʡ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʍ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʧʫʩʪʠ-

ʤʳʤ ʜʣʷ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ. 

ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʚ ʦʩʥʦʚʘʥʠʷʭ ʦʜʥʦʛʦ ʧʨʦ-

ʩʪʦʛʦ ʯʠʩʣʘ u ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʱʝʥʠʡ ʢ ʧʨʦʮʝʜʫʨʝ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʷ ʚ ʯʠʩʣʦ ʨʘʟ ʦʪ )1u/(u2 +  ʜʦ )1u/(u2 -  

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 2). ʂʦʛʜʘ ʯʠʩʣʦ ʧʨʦʩʪʳʭ 

ʯʠʩʝʣ ʚ ʦʩʥʦʚʘʥʠʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʜʚʘ, ʪ.ʝ. 

ʜʦʙʘʚʣʝʥʳ ʜʚʘ ʧʨʦʩʪʳʭ ʯʠʩʣʘ u1 ʠ u2, ʪʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ ʧʨʦʮʝʜʫʨʝ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʯʠʩʣʦ ʨʘʟ ʦʪ )1u/(u)1u/(u4 2211 ++  

ʜʦ )1u/(u)1u/(u4 2211 --  (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 

4). ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʦʩʥʦ-

ʚʘʥʠʷʭ ʤʦʜʫʣʷ ʥʘ h ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴ-

ʰʝʥʠʶ ʯʠʩʣʘ ʦʙʨʘʱʝʥʠʡ ʢ ʧʨʦʮʝʜʫʨʝ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʷ ʚ ʩʨʝʜʥʝʤ ʚ 2h ʨʘʟʘ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʠʩʪʠʥʥʦʩʪʠ ʪʘʢʦʛʦ ʚʳʚʦʜʘ ʙʳʣʠ ʯʠʩʣʝʥʥʦ ʦʧʨʝ-

ʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʱʝʥʠʡ ʢ ʧʨʦʮʝʜʫʨʝ ʠʟ-

ʚʣʝʯʝʥʠʷ ʢʦʨʥʷ nq(m) ʠʟ j,i
2 NX - ʚ ʩʣʫʯʘʝ 

1,92NN=  ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʝʡ m = 

2, 3, 4, 6, 10 ʠ 14. ʆʧʨʝʜʝʣʷʣʠʩʴ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʫʯʘʝʚ (ʯʠʩʣʘ nkx(m)), ʢʦʛʜʘ n1 ʧʨʝʚʳʰʘʝʪ mj 

(ʪ.ʝ. kx>kxmax). ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣ.11. 

 

ʊʘʙʣ.11. ʅʝʢʦʪʦʨʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟ ʦʙʨʘʱʝʥʠʷ ʢ ʠʟʚʣʝʯʝʥʠʶ ʢʦʨʥʷ ʧʨʠ 

ʨʘʟʥʦʤ ʯʠʩʣʝ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ, ʟʘʜʘʥʥʳʭ ʚ ʪʘʙʣ.7 
m 2 3 4 6 10 14 

nq(m) 423652533 103255286 26386599 1678856 6447 180 

nkx(m) 0 0 0 0 0 459 

 kp(3)- kp(2)=2 kp(4)- kp(3)=2 kp(6)- kp(4)=4 kp(10)- kp(6)=8 kp(14)- kp(10)=5  

 
221.4

)3(nq

)2(nq
º=  229.3

)4(nq

)3(nq
º=  427.15

)6(nq

)4(nq
º=  829.288

)10(nq

)6(nq
º=  528.35

)14(nq

)10(nq
º=   

 

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 10 ʠ ʪʘʙʣ. 11 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʡ ʤʦʜʫʣʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʥʘ ʤʥʦʞʠʪʝʣʠ ʯʠʩʣʘ N, ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦ ʫʚʷʟʳʚʘʪʴ ʩ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ N ʠ kxmax.   
 

ɺʳʚʦʜʳ 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ N, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʘʟ-

ʣʦʞʠʪʴ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ,  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ [ ]1N2/)qp(x j,i --+= , ʢʦʪʦʨʘʷ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ p ʠ q, ʯʪʦ ʜʣʷ 

ʩʣʫʯʘʷ ʧʨʦʨʝʞʠʚʘʥʠʷ ʧʨʦʙʥʳʭ ʟʥʘʯʝʥʠʡ X ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 8 ʠ ʪʘʙʣ. 9. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠ ʦʮʝʥʢʘʭ ʤʝʪʦʜʘ ʌʝʨʤʘ ʥʝʢʦʨʨʝʢʪʥʦ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʘ ʬʘʢʪʦʨʠ-

ʟʘʮʠʷ ʯʠʩʝʣ, ʥʘʧʨʠʤʝʨ, ʜʦ 1025 · 1030, ʢʘʢ ʵʪʦ 

ʫʪʚʝʨʞʜʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [2] ʠʣʠ 1030, ʩʦʛʣʘʩʥʦ 

ʨʘʙʦʪʳ [4]. ɿʜʝʩʴ ʚʘʞʥʦ ʜʦʧʦʣʥʝʥʠʝ çʚ ʭʫʜʰʝʤ 

ʩʣʫʯʘʝè. ʊʘʢʦʡ çʭʫʜʰʠʡ ʩʣʫʯʘʡè ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʶ p=3. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʨʝʞʠʚʘʥʠʷ (ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʝʡ bb ʠ {}m
1iib
=

, 



24                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʯʠʩʣʦ kxmax), ʪʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ 1000 ʩʝʢʫʥʜ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʭ=5Ö109, ʧʦ 

ʟʥʘʯʝʥʠʶ ʢʦʪʦʨʦʛʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ p/q (p<q) ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (4) ʦʧʨʝʜʝʣʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ N º60000046475809 º6Ö1013. ɺ 

ʩʣʫʯʘʝ p = 3001 ʤʘʢʩʠʤʘʣʴʥʦʝ N 

º60021470437759827 º6Ö1016. ɽʩʣʠ ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʨʝʞʠʚʘʥʠʷ ʦʢʘʞʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʪʦ ʟʘ 

1000 ʩʝʢʫʥʜ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʦʙʨʘʙʦʪʘ-

ʥ rʧʨʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʭ, ʧʨʝʚʳʰʘʶʱʠʝ 5Ö109, ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ N ʚʦʟʨʘʩʪʝʪ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ 

ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚ ʩʣʫʯʘʝ ʙʘʟʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʜʫʣʷ bb = 

61 261 200 ʠ ʚʳʙʨʘʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʥʦʚʘ-

ʥʠʡ ʤʦʜʫʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʤʥʦʞʠʪʝʣʠ ʧʨʦ-

ʩʪʳʝ ʯʠʩʣʘ ʦʪ 19 ʜʦ 173. ɼʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ N ʙʳ-

ʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʟʘ 1 ʩʝʢʫʥʜʫ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʇʂ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ 21.7Ö109 ʟʥʘʯʝʥʠʡ ʭ, 

ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʚ 1995 ʛʦʜʫ ʤʘ-

ʰʠʥʳ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 6.144Ö109 ʯʠ-

ʩʝʣ ʚ ʩʝʢʫʥʜʫ [4].  

ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜ ʌʝʨʤʘ çʧʣʦʭʦ ʨʘʙʦʪʘʝʪè 

ʜʣʷ ʫʜʘʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ, ʪʦ ʜʣʷ ʬʘʢʪʦʨʠʟʘ-

ʮʠʠ ʯʠʩʝʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝ-

ʪʦʜʦʚ, ʢʘʢ ʚ ʨʘʙʦʪʝ [3], ʟʘ ʩʯʝʪ ʯʝʛʦ ʢʦʤʧʣʝʢʩ-

ʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʨʝʤʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ 

O(N1/3). ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʨʘʟʣʦʞʝʥʠʷ ʯʠʩʝʣ ʥʘ ʤʥʦʞʠ-

ʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʌʝʨ-

ʤʘ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ ʧʨʦʙʥʳʭ ʍ ʠ ʜʨʫʛʠʝ ʤʝʪʦ-

ʜʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʥʘ ʧʨʦʩʪʳʝ 

ʤʥʦʞʠʪʝʣʠ, ʢʘʢ ʚ ʨʘʙʦʪʝ [3], ʠʣʠ ʠʟʚʝʩʪʥʳʡ r-

ʤʝʪʦʜ ʇʦʣʘʨʜʘ.   
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ʉʊʈʋʂʊʋʈɸ ɺʓʏʀʉʃʀʊɽʃʗ ɼʃʗ ʄʅʆɻʆʐʂɸʃʔʅʓʍ ʌɸɿʆɺʓʍ ʀɿʄɽʈʀʊɽʃɽʁ 

ʅɸ ʆʉʅʆɺɽ ʄʆɼʋʃʗʈʅʆʁ ɸʈʀʌʄɽʊʀʂʀ 
 

ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʬʘ-

ʟʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩ-

ʪʠ ʤʥʦʛʦʰʢʘʣʴʥʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʦʚʳʡ ʧʦʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʥʪʨʦʣʴ ʧʨʘʚʠʣʴʥʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʬʘʟʦʚʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʟʘ 

ʩʯʝʪ ʵʪʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʥʠʟʢʠʭ ʦʪʥʦʰʝʥʠʷʭ ʩʠʛʥʘʣ/ʰʫʤ. 

 

The processor structure for processing the measurement results in a multi-frequency system fazoiz-

meritelnoy submitting information in residual classes system is proposed. We consider the use of the features 

of the modular arithmetic for solving the problem of eliminating ambiguity multiscale phase measurements. 

New trek to the preparation and processing of numerical data allows you to control the correctness of elimi-

nating ambiguity phase measurements and thereby to ensure the efficiency of such systems at low signal / 

noise ratio. 

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ, ʬʘʟʦʚʳʡ ʤʝʪʦʜ, ʨʘʟʨʝʰʝʥʠʝ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ. 

 

1. ɺʚʝʜʝʥʠʝ 
 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʤʝʪʦʜʘ 

ʠʟʤʝʨʝʥʠʡ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ ʝʤʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʷʚʣʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ, ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠ-

ʨʷʝʪʩʷ. ʀʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʠ ʧʣʦʩʢʠʭ ʫʛʣʦʚ ʚ 

ʘʩʪʨʦʥʦʤʠʠ, ʛʝʦʜʝʟʠʠ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ, ʨʘʜʠʦ-

ʪʝʭʥʠʢʝ, ʛʝʦʣʦʛʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ, ʬʠʟʠʢʝ ʠ ʪ. ʧ. 

[1, 2].  

ʌʘʟʦʚʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ, ʦʩʦʙʝʥʥʦʛʦ ʝʛʦ 

ʤʥʦʛʦʯʘʩʪʦʪʥʳʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʪʨʝʤʣʝʥʠʝ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʰʠʨʦ-

ʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʪʨʝʙʫʝʪ ʠʟʤʝʨʝʥʠʷ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚʠʜʘ 

2 2nF= p +j>> p. ɿʜʝʩʴ n  ï ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʳʭ 

ʬʘʟʦʚʳʭ ʮʠʢʣʦʚ, ()mod 2j¹ F p ï ʯʘʩʪʴ ʧʦʣʥʦ-

ʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʩʠʛʥʘʣʦʚ ʧʦ ʤʦʜʫʣʶ 2p, ¹ ï 

ʦʙʦʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʯʠʩʝʣ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʤʦʜʫʣʶ. ʆʜʥʦʟʥʘʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

n  ʠ ʩʦʩʪʘʚʣʷʝʪ ʩʫʪʴ ʟʘʜʘʯʠ ʫʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʡ 

ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ (ʠʣʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ). 

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʫʢʘ-

ʟʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ [ )0, 2jÍ p ʩʠʛʥʘʣʦʚ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

(ʜʚʫʭ ʠ ʙʦʣʝʝ) ʯʘʩʪʦʪʘʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʬʘʟʦʚʳʭ 

ʜʘʣʴʥʦʤʝʨʦʚ ʥʘ ʢʘʞʜʦʡ j-ʪʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʚʠʜʘ 

() ( ) [ ]

( ) ()

1 1

2 2

sin 2 , 0, ,

, sin 2 ,

j j

j j j

u t U f t t T

u t D U f t D

= p Í

è ø= p -jê ú

     (1) 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 

ʚʜʦʣʴ ʜʠʩʪʘʥʮʠʠ D  (ʟʜʝʩʴ 1jT f->  ï ʚʨʝʤʷ ʠʟʤʝ-

ʨʝʥʠʷ, ʘ () ()ű mod2ˊD D¹F ). 

ɺ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ 1 2f f<  

ʜʣʷ ʬʘʟʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʧʦʣʫʯʘʶʪ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ  

() ()( )

() ()( )

1 1 1

2 2 2

0,5 2 ,

0,5 2 .

D n D D

D n D D

ë = l +j pî
ì
= l +j pîí

     (2) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (2) 1 2,l l ï ʜʣʠʥʳ ʚʦʣʥ ʢʦʣʝ-

ʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ 1 2,f f . ʉʠʩʪʝʤʘ (2) ʜʣʷ ʦʜʥʦ-

ʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ 

ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʧʦʩʦʙʝ ʩ 

ʢʘʯʘʥʠʝʤ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʥʦʩʪʴ 

() ()2 1n D n D-  ʚʦ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʦʪ 1f  ʜʦ 2f . ɺ ʩʧʦʩʦʙʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʘ 

(2) ʜʦʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ()1 0n D = . ʈʘʩʰʠʨʝ-

ʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʚʣʝʯʝʪ 



26                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʨʘʙʦʯʠʭ ʯʘ-

ʩʪʦʪ ʠ ʫʩʣʦʞʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ. ʕʪʦ ʚʣʝʯʝʪ ʧʦʚʳʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚ-

ʣʝʥʠʷ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʚ ʦʧʨʝʜʝʣʝʥʠʠ n. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʜʨʫʛʦʡ 

ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʬʘʟʦʚʳʭ 

ʠʟʤʝʨʝʥʠʝ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ [4]. ʕʪʦʪ 

ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʮʠʢʣʠʯʥʦ-

ʩʪʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʦʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʝʤ 

() ()
()

mod 2 2 mod1
2

Q
Q Q

Få õ
j ¹F p= pæ ö

pç ÷
,  

ʪʘʢʞʝ ʧʨʠʩʫʱʝ ʠ ʦʩʪʘʪʢʘʤ ia  ʮʝʣʦʛʦ ʯʠʩʣʘ ɸ 

ʧʨʠ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦ ʤʦʜʫʣʶ jp , ï 

modj jA pa ¹ , ʪʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɸ 

ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ (ʉʆʂ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʤʥʦ-

ʛʦʰʢʘʣʴʥʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʟʘ-

ʜʘʯʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʛʦ ʯʠʩʣʘ ɸ ʠʟ ʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʩʪʘʪʢʘʤʠ ʚ ʉʆʂ. ʀʟʚʝʩʪʥʦ [3], 

ʯʪʦ ʉʆʂ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʢʦʨ-

ʨʝʢʪʠʨʫʶʱʠʤ ʢʦʜʘʤ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʉʆʂ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʧʨʦʮʝʩʩ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯ-

ʥʦʩʪʠ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʀʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆʂ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʚ ʬʘʟʦʚʳʭ ʜʘʣʴʥʦʤʝ-

ʨʘʭ [4], ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ [5], ʬʘʟʦʚʳʭ ʧʝʣʝʥʛʘ-

ʪʦʨʘʭ [6]. ʆʜʥʘʢʦ ʚʦʧʨʦʩʫ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʝ ʫʜʝʣʝʥʦ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʦʨʘ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʤʥʦʛʦʯʘʩʪʦʪ-

ʥʳʭ ʬʘʟʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʉʆʂ. 

 
2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʳʭ ʯʠʩʝʣ ʠʟ ʠʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʩʪʘʪʢʘʤʠ ʚ ʉʆʂ 

 

ʄʦʜʫʣʷʨʥʘʷ ʘʨʠʬʤʝʪʠʢʘ, ʚ ʦʩʥʦʚʥʦʤ, 

ʨʘʟʚʠʚʘʣʘʩʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʩʧʝʮʧʨʦʮʝʩʩʦʨʘʭ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʦʨʨʝʢʮʠʠ 

ʚʦʟʤʦʞʥʳʭ ʩʙʦʝʚ ʚʦ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʉʆʂ ʷʚʣʷʶʪʩʷ: 1) 

ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, 

2) ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʝʬʬʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚʦ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʯʠʩʝʣ ʚ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʩʯʠʩʣʝʥʠʷ ʠʟ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʉʆʂ. 

ɺ ʉʆʂ ʚʩʝ ʮʝʣʳʝ ʯʠʩʣʘ ɸ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʨʘ-

ʙʦʯʝʛʦ ʠʥʪʝʨʚʘʣʘ p 1A -  ʦʪʦʙʨʘʞʘʶʪʩʷ ʤʥʦʞʝ-

ʩʪʚʦʤ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ja  ʦʪ ʜʝʣʝʥʠʷ 

ɸ ʥʘ ʜʨʫʛʠʝ ʮʝʣʳʝ ʯʠʩʣʘ ï ʤʦʜʫʣʠ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʛʨʫʧʧʫ ʚʟʘʠʤʥʦʧʨʦʩʪʳʭ ʯʠ-

ʩʝʣ , 1,jp j n= , ʪʦ ʝʩʪʴ 

( )ʉOʂ 1,..., ,...j nA = a a a, ʛʜʝ )0,j jpèa Íê
, 

mod , 1,j jA p j na ¹ = . 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʟʠʮʠʦʥʥʳʭ ʯʠʩʣʦʚʳʭ ʩʠʩʪʝʤ 

ʚʩʝ ʦʩʪʘʪʢʠ ʤʦʜʫʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʟʘʚʠ-

ʩʠʤʳ ʠ ʷʚʣʷʶʪʩʷ ʤʘʣʦʨʘʟʨʷʜʥʳʤʠ ʯʠʩʣʘʤʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʦʩʥʦʚʥʳʝ ʘʨʠʬʤʝʪʠʯʝ-

ʩʢʠʝ ʦʧʝʨʘʮʠʠ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʤʦʜʫʣʴʥʦʤʫ ʠ 

ʙʳʩʪʨʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʦʜʥʦʠʤʝʥʥʳʭ ʦʧʝʨʘʮʠʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ 

ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʦ. 

ɼʣʷ ʚʳʯʠʩʣʠʪʝʣʝʡ ʬʘʟʦʚʳʭ ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʥʘʠ-

ʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʮʝʣʳʭ ʯʠʩʝʣ ɸ ʠʟ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʉOʂA . ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʠʪʘʡʩʢʦʡ ʪʝʦʨʝʤʝ ʦʙ ʦʩʪʘʪ-

ʢʘʭ [7]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʦʡ ʪʝʦʨʝʤʦʡ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ɸ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʤʦʜʫʣʠ 

ʩʠʩʪʝʤʳ ï ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʝ ʯʠʩʣʘ, ʠ ʚʦ-ʚʪʦʨʳʭ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʯʠʩʣʦ ʫʜʦʚ-

ʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 

max p
1

n

j
j

A P p
=

< =Ô . 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ ʯʠʩʣʦ A  ʦʜ-

ʥʦʟʥʘʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩ-

ʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʉOʂA AÝ . ʏʠʩʣʦ ɸ ʚʳʯʠʩʣʷ-

ʶʪ ʧʦ ʬʦʨʤʫʣʝ [3] 

( )p
1

mod ,
n

j j
j

A ʘ B A
=

=ä                (4) 

ʛʜʝ 1( ,... ,... )j nB B B  ï ʩʠʩʪʝʤʘ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʙʘʟʠʩʦʚ. 

ɺ ʨʘʙʦʪʝ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʙʦʨʦʤ ʢʚʘʥʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ jDj ʠ ʯʘ-

ʩʪʦʪ jf  ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʜʫʣʷʤ ʩʠ-

ʩʪʝʤʳ, ʟʘʜʘʯʘ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʬʘʟʦ-

ʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʚʦʩʩʪʘʥʦʚʣʝ-
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ʥʠʷ ʮʝʣʦʛʦ ʯʠʩʣʘ ʧʦ ʝʛʦ ʦʩʪʘʪʢʘʤ ʜʣʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 
1

max
1

2
n

j
j

p
-

=

F = pÔ . ʇʨʠ ʵʪʦʤ ʦʩʪʘʪʢʠ ʚʳʯʠʩʣʷʶʪ-

ʩʷ ʧʦ ʬʘʟʦʚʳʤ ʩʜʚʠʛʘʤ ʩʠʛʥʘʣʦʚ ʢʘʢ 

j
j

j

a

+
è øj
=é ù
Djé ùê ú

, ʛʜʝ []
+

 ï ʦʧʝʨʘʮʠʷ ʚʳʜʝʣʝʥʠʷ 

ʮʝʣʦʡ ʯʘʩʪʠ ʯʠʩʣʘ. 

ʇʨʦʚʝʜʝʥʠʝ ʬʘʟʦʚʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʧʨʦʚʦ-

ʞʜʘʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʰʫʤʦʚ ʠ ʧʦʤʝʭ. ʇʦʩʣʝʜʥʠʝ 

ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʚ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘ-

ʣʦʚ, ʪʘʢ ʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʨʘʢʪʘʭ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʋʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛ-

ʥʘʣ/ʰʫʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʬʘʟʦʚʠʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʨʦʩʪʫ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʚʳʯʠʩ-

ʣʝʥʠʷ ʦʩʪʘʪʢʦʚ.  

ɽʩʣʠ ʦʩʥʦʚʫ ʉʆʂ ʜʦʧʦʣʥʠʪʴ ʝʱʝ ʦʜʥʠʤ ʤʦ-

ʜʫʣʝʤ 1n jp p+> , 1,j n=  (ʠʣʠ 1k²  ʤʦʜʫʣʷʤʠ), 

ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʘʷ ʉʆʂ, ʥʘʟʳʚʘʝʤʘʷ ʧʦʣʥʦʡ, ʩ 

ʠʥʦʡ ʩʠʩʪʝʤʦʡ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʙʘʟʠʩʦʚ 

1 1( ,... ,... )j nB B B +  ʠ ʧʦʣʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʯʠʩʝʣ [ )ʧ0, A , ʛʜʝ 
1

ʧ
1

n

j
j

A p
+

=

=Ô . ʃʶ-

ʙʦʝ ʠʩʢʘʞʝʥʠʝ ʦʩʪʘʪʢʘ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

( )1 1,..., n+a a , ʥʘʧʨʠʤʝʨ, ʧʝʨʚʦʛʦ ï 1a, ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʯʠʩʣʦ ( )
1

1 1 ʧ
2

mod
n

i i
i

A B ʘ B A
+

=

å õ
= a +äæ ö
ç ÷

 

ʧʨʠ ʝʛʦ ʚʳʯʠʩʣʝʥʠʠ ʧʝʨʝʭʦʜʠʪ ʠʟ ʨʘʙʦʯʝʛʦ ʚ 

ʟʘʧʨʝʱʝʥʥʳʡ ʜʠʘʧʘʟʦʥ )p p 1, nA A p +è
ê

. ʊʘʢʦʡ 

ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʦʰʠʙʢʠ ʠ ʠʩʧʦ-

ʣʴʟʫʝʪʩʷ ʜʣʷ ʝʝ ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ.  
 

3. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʦʩʪʘʪʢʦʚ  

ʩ ʦʰʠʙʢʘʤʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʣʘ ʉOʂA  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʆʂ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʰʢʘʣʴʥʳʭ ʬʘʟʦʚʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ 

ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʰʢʘʣʘʭ, ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʦʩʪʘʪʢʦʚ ʩ ʦʰʠʙʢʘʤʠ ʠ ʠʭ ʫʜʘʣʝʥʠʷ ʠʣʠ 

ʠʩʧʨʘʚʣʝʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʠʩʢʘ ʠ ʢʦʨʨʝʢ-

ʮʠʠ ʠʩʢʘʞʝʥʥʦʛʦ ʦʩʪʘʪʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʠ ʯʠʩʣʘ A  ʧʦ ʝʛʦ ʧʨʦʝʢʮʠʷʤ ʚ ʉʆʂ ʧʦ 

ʨʘʟʥʳʤ ʧʦʜʩʠʩʪʝʤʘʤ ʤʦʜʫʣʝʡ [3] ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʤʫ ʘʥʘʣʠʟʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʯʠʩʣʘ ʚ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝ-

ʥʠʷ. ʅʦʚʳʝ ʧʦʜʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ ʧʦʣʫʯʘʶʪ ʠʟ 

ʠʩʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ( )1,..., ,...j n kp p p +  ʧʫʪʝʤ 

ʫʜʘʩʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ k  ʤʦʜʫʣʝʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʪʘʢʠʭ ʧʦʜʩʠʩʪʝʤ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʩʦʯʝʪʘʥʠʡ 

( )!

! !

n
n k

n k
C

n k
+

+
= . ɼʣʷ 1k=  ʯʠʩʣʦ ʪʘʢʠʭ ʩʠʩʪʝʤ 

1 1n
nC n+= +. ɼʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ g-ʪʦʡ ʧʦʜʩʠʩ-

ʪʝʤʳ, 1, n
n kg C +

è øÍ
ê ú

, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʚʦʡ ʙʘ-

ʟʠʩ 1( ,... ,... )j nBg Bg Bg Bg= , ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦ  

 

( )ʧ
1

mod
n

j j
j

Ag ʘ Bg A
=

å õ
= äæ ö
æ ö
ç ÷

          (5) 

ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ )p0,Ag AèÍê

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠʩʢʘʞʝʥʥʳʝ ʦʰʠʙʢʘʤʠ ʦʩ-

ʪʘʪʢʠ ʠ ʠʩʢʣʶʯʠʪʴ ʠʭ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʯʠʩʣʘ ɸ. 

ʊʘʢʦʝ ʩʚʦʡʩʪʚʦ ʉʆʂ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʦʰʠʙʢʘ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ ʚʝʢʪʦʨʘ ʉOʂA  ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʨʘʩʯʝʪʳ ʚ ʜʨʫʛʠʭ ʧʦʟʠʮʠʷʭ ʚʝʢʪʦʨʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʚʩʝ 

ʵʣʝʤʝʥʪʳ ʉOʂA  ʨʘʚʥʦʟʥʘʯʥʳ ʠ ʦʰʠʙʢʘ ʚ ʦʜ-

ʥʦʤ ʠʟ ʥʠʭ ʚʝʜʝʪ ʚʩʝʛʦ ʣʠʰʴ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʕʪʦʪ ʬʘʢʪ ʩʦʙʩʪʚʝʥʥʦ 

ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩ ʢʦʨʨʝ-

ʢʮʠʝʡ ʦʰʠʙʦʢ.  
 

4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʷ 
ʮʝʣʦʛʦ ʯʠʩʣʘ ʠʟ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʉʆʂ 

 

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ, ʠʣʣʶʩ-

ʪʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʯʠʩʣʘ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʪʘʪʢʦʚ ʩ ʦʰʠʙʢʘʤʠ. 

ɺ ʵʪʠʭ ʧʨʠʤʝʨʘʭ ʚʳʯʠʩʣʝʥʠʝ ʙʘʟʠʩʦʚ ʉʆʂ 

ʜʣʷ ʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩ-

ʪʠ ʦʩʫʱʝʩʪʚʣʯʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ ʚ 

ʩʨʝʜʝ Matlab ʬʘʡʣ-ʬʫʥʢʮʠʠ sokbaz.m: 

 
function  B=sokbaz ( P) %ʈïʚʝʢʪʦʨ ʤʦʜʫʣʝʡ 

N=length(P);  

PP=prod(P);  

for  l=1:N  

   p=P(l);  

   d=mod(PP/p,p);  

   m=1;  

   while  mod(m*d,p)~=1  

      m=m+1; 

   end  



28                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

   B(l)=m*PP/p; % ʙʘʟʠʩ 

end  

y=mod(sum(B),PP);  

if  y~=1  

   B(1: N)=NaN;  

   sprintf( '%s' , ' ʆʐʀɹʂɸ!!!' )  

end  

ʇʨʠʤʝʨ 1. ɿʘʜʘʜʠʤ ʩʠʩʪʝʤʫ ʤʦʜʫʣʝʡ (13, 14, 

15, 17), ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚ-

ʣʷʝʪ p 13 14 15 2730A = Ö Ö =, ʘ ʧʦʣʥʳʡ ï

ʧ 13 14 15 17 46410A = Ö Ö Ö =, ʪʦ ʝʩʪʴ n=3, k=1.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ 2014A=  

ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʜʫʣʝʡ: 

( )ʉOʂ 12, 12, 4, 8A = . 

ʈʘʩʯʝʪ ʙʘʟʠʩʦʚ ʉʆʂ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ: 

( )17850, 29835, 12376, 32760B= . 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʯʠʩʣʘ A  ʚ ʩʦʦ-

ʪʚʝʪʩʪʚʠʝ ʩ (5) ʜʘʝʪ ʟʥʘʯʝʥʠʝ 

( ) (

)

4

ʧ
1

mod 12 17850 12 29835

4 12376 8 32760 mod 46410 2014.

j j
j

A ʘ B A
=

= = Ö + Ö +ä

+ Ö + Ö =

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʠʩʣʘ 

ʚʳʧʦʣʥʝʥʦ ʙʝʟ ʦʰʠʙʦʢ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʧʨʠʤʝʨʝ 1 ʩʠʩʪʝʤʘ ʤʦʜʫʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʚʩʝ ʦʜʠʥʦʯʥʳʝ ʦʰʠʙʢʠ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʉOʂA  ʚ ʠʥʪʝʨʚʘʣʝ )p0, Aè
ê

. ʇʝ-

ʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʪʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶ-

ʱʝʛʦ ʩʚʦʡʩʪʚʘ ʉʆʂ. 

ʇʨʠʤʝʨ 2. ʀʟʤʝʥʠʤ ʫʩʣʦʚʠʷ ʧʨʠʤʝʨʘ 1. 

ʇʫʩʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʉOʂA  ʯʠʩʣʘ 2014A=  

ʠʩʢʘʞʝʥ ʦʜʠʥ, ʚʪʦʨʦʡ, ʨʘʟʨʷʜ, ʥʘʧʨʠʤʝʨ, 

( )ʉOʂ 12, 13, 4, 8A = . 

ʊʦʛʜʘ ʧʨʦʮʝʜʫʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʟʠʮʠʦʥ-

ʥʦʛʦ ʯʠʩʣʘ ʜʘʝʪ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ 

( ) (

)

4

ʧ
1

p

mod 12 17850 13 29835

4 12376 8 32760 mod 46410 31849 .

j j
j

A ʘ B A

A

=

= = Ö + Ö +ä

+ Ö + Ö = >

 

ʇʦʣʫʯʝʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʉOʂA  ʦʩʪʘʪʢʘ ʩ ʦʰʠʙʢʦʡ. ʇʨʦʚʝ-

ʨʠʤ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʦʩʦʙʘ ʧʨʦʝʢʮʠʡ 

ʜʣʷ ʧʦʠʩʢʘ ʠʩʢʘʞʝʥʥʳʭ ʦʰʠʙʢʘʤʠ ʦʩʪʘʪʢʦʚ.  

ʇʨʠʤʝʨ 3. ɺʳʧʦʣʥʠʤ ʢʦʨʨʝʢʪʥʦʝ ʚʦʩʩʪʘʥʦ-

ʚʣʝʥʠʝ ʠʩʢʦʤʦʛʦ ʧʦʟʠʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʧʦ ʝʛʦ 

ʧʨʦʝʢʮʠʷʤ ʜʣʷ ʜʘʥʥʳʭ ʧʨʠʤʝʨʘ 2. ʂʦʣʠʯʝʩʪʚʦ 

ʪʘʢʠʭ ʧʨʦʝʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʩʦʯʝʪʘʥʠʡ 

ʚʩʝʭ ʤʦʜʫʣʝʡ ʧʦ ʪʨʠ: 
3
4 4C = . ɺʳʧʦʣʥʠʤ 

ʨʘʩʯʝʪʳ ʜʣʷ ʯʝʪʳʨʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʜʩʠʩʪʝʤ 

ʤʦʜʫʣʝʡ 

ɸ) ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ (14, 15, 17) 

ʠʤʝʝʤ:         ( )ʉOʂ1 13, 4, 8A = ,   

( )1 1275, 1666, 630B = , 

ʘ ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (5) ʯʠʩʣʦ ï 

p

1 (13 1275 4 1666 8 630)mod 46410

28279 .

A

A

= Ö + Ö + Ö =

= >
 

ɹ) ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ (13, 15, 17) ï 

( )ʉOʂ2 12, 4, 8A = , 

( )2 1275, 2431, 2925B = , 

p2 2014A A A= = <! 

ɺ) ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ (13, 14, 17) ï  

( )ʉOʂ3 12, 13, 8A =  

( )3 2380, 1989, 1820B =  

p3 22567A A= >  

ɻ) ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ (13, 14, 15) ï 

( )ʉOʂ4 12, 13, 4A =  

( )4 1470, 2535, 1456B =  

p4 10009A A= > . 

ɺʳʚʦʜ: ʢʦʨʨʝʢʪʥʦʝ ʟʥʝʘʯʝʥʠʝ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʯʠʩʣʘ ʧʦʣʫʯʝʥʦ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʤʦʜʫ-

ʣʝʡ (13, 15, 17). ɭʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʦʩʪʘʪʦʢ 2 13a =  ʧʦ ʤʦʜʫʣʶ 2 14p =  

ʧʦʣʫʯʝʥ ʩ ʦʰʠʙʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʝ ʠʩʢʦʤʦʛʦ ʧʦʟʠ-

ʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʦʜʩʠʩʪʝʤʘʤ ʤʦʜʫ-

ʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ ʚʳʧʦʣʥʝʥʠʷ ʥʝ-

ʨʘʚʝʥʩʪʚʘ pAj A<  ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʠ ʉOʂA  ʦʩʪʘʪʦʢ ʩ ʦʰʠʙʢʦʡ ʠ ʠʩʢʣʶʯʘʪʴ ʝʛʦ 

ʠʟ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʦʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

5. ʉʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ 
ʤʥʦʛʦʰʢʘʣʴʥʦʡ ʬʘʟʦʚʦʡ ʩʠʩʪʝʤʳ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ 

 

ɺʳʧʦʣʥʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʰʢʘʣʴʥʳʭ ʬʘʟʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩʦʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ 

ʚʳʯʠʩʣʝʥʠʡ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʧʨʠ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʤʥʦʛʦʰʢʘʣʴʥʦʡ ʬʘʟʦʚʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

 

ʇʨʦʮʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʄʦʜʫʣʠ ʉʆʂ ( )1,... n kp p +  ʠ ʧʦʣʫʯʝʥʥʳʝ ʦʩʪʘʪ-

ʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʯʠʩʣʘ ( )1,... n ka a +  ʭʨʘ-

ʥʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʠʩʪʨʘʭ. ɻʝʥʝʨʘʪʦʨ 

ʧʦʜʩʠʩʪʝʤ ʙʘʟʠʩʦʚ ʚʳʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜ-

ʥʠʭ ʜʣʷ ʚʩʝʭ 1,g G=  ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʙʘ-

ʟʠʩʦʚ ʜʣʷ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʉʆʂ. ʋʤʥʦʞʠ-

ʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʛʨʘʥʠʮʳ ʨʘʙʦʯʝʛʦ pA  ʠ ʧʦʣʥʦʛʦ 

ʧA  ʜʠʘʧʘʟʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʝʣ ʚ ʧʦʟʠ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ɺʳʯʠʩʣʠʪʝʣʠ 

ɺʳʯ.g, 1,g G= , ʨʝʘʣʠʟʫʶʪ ʚʳʯʠʩʣʝʥʠʝ ʯʠʩʝʣ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʘʣʛʦʨʠʪʤʦʤ (5). ɸʥʘʣʠʟʘʪʦʨ 

ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʥʝʨʘʚʝʥʩʪʚʘ pA A<  ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʯʠʩʣʘ. 

ʆʰʠʙʢʘ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ ʚʝʢʪʦʨʘ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʨʘʩʯʝʪʳ ʚ ʜʨʫʛʠʭ ʧʦʟʠʮʠʷʭ ʚʝʢʪʦʨʘ. ɺ ʦʪʣʠ-

ʯʠʝ ʦʪ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʚʩʝ 

ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ ʨʘʚʥʦʟʥʘʯʥʳ ʠ ʦʰʠʙʢʘ ʚ ʦʜ-

ʥʦʤ ʠʟ ʥʠʭ ʚʝʜʝʪ ʚʩʝʛʦ ʣʠʰʴ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʦʪʢʘ-

ʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʢʦʨʨʝʢʮʠʝʡ ʦʰʠʙʦʢ 

ʇʦ ʜʘʥʥʳʤ [3] ʚʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʚʩʝ 

ʦʜʠʥʦʯʥʝ ʦʰʠʙʢʠ (ʦʰʠʙʢʠ ʚ ʦʜʥʦʤ ʦʩʪʘʪʢʝ) ʠ 

~95% ʜʚʦʡʥʳʭ ʦʰʠʙʦʢ.  

 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʌʘʟʦʚʳʡ ʤʥʦʛʰʢʘʣʴʥʳʡ ʤʝʪʦʜ ʠʤʝʨʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ. 

ɿʘʜʘʯʘ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʤʥʦʛʦʰ-

ʢʘʣʴʥʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʳʭ ʯʠʩʝʣ ʠʟ ʠʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʚ ʉʆʂ ʧʦ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʜʫʣʝʡ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʠ ʩʪʫ-

ʧʝʥʝʡ ʢʚʘʥʪʦʚ ʘʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʠʭ ʩʚʦʡʩʪʚ ʘʨʠʬʤʝ-

ʪʠʢʠ ʉʆʂ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ 

ʯʠʩʣʘ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦ-

ʚʘʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʰʢʘʣʴʥʳʡ ʬʘʟʦʚʠʭ ʠʟʤʝʨʝʥʠʡ 

ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʰʢʘʣ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʦʪ-

ʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ.   

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʰʢʘʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʤʝ-

ʪʦʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʘʨʠʬʤʝʪʠʢʠ 

ʉʆʂ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʟʘ ʩʯʝʪ ʚʳʧʦʣ-

ʥʝʥʠʷ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪʘʭ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ 

ʚʝʣʠʯʠʥʫ 2p. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʮʝʩʩʦʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʰʢʘʣʴʥʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. ɺʚʝ-

ʜʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʰʢʘʣʳ ʟʘ 

ʩʯʝʪ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴ-



30                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʥʦʡ ʯʘʩʪʦʪʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʮʝʩʩʦʨʫ ʚʳʷʚʠʪʴ ʚʩʝ 

ʦʜʠʥʦʯʥʝ ʦʰʠʙʢʠ ʠ ~95% ʜʚʦʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʫʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʡ ʥʝʦʜʥʦ-

ʟʥʘʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴ-

ʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʛʨʫʙʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʬʘʟʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫ-

ʨʳ ʧʨʠ ʥʠʟʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʠʛʥʘʣ/ʰʫʤ. ʈʘʟ-

ʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʯʘʩʪʠ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʷʚʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝ ʩʣʦʞʥʳʭ 

ʦʰʠʙʦʢ. 
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ʉʇʆʉɯɹ ʇʃɸʅʋɺɸʅʅʗ ʆɹʏʀʉʃɽʅʔ ɼʃʗ ʄʋʃʔʊʀʗɼɽʈʅʀʍ ʂʃɸʉʊɽʈɯɺ 

 
ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ HMTS ʜʣʷ ʤʫʣʴʪʠʷʜʝʨʥʠʭ 

ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʙʫʜʴ-ʷʢʦʶ ʪʦʧʦʣʦʛʽʻʶ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʩʧʠʩʢʦʚʦʛʦ ʪʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʘ ʥʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦ-

ʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʭʦʜʫ HʄTS ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʩʧʦ-

ʩʦʙʘʤʠ. 

 

The universal scheduling approach HMTS for  multi-core cluster systems with any topologies is proposed 

in  paper. This approach is the combination of list and cluster scheduling methods. Software for implementa-

tion of the proposed and most well-known scheduling methods in multi-core cluster systems was developed. 

The results of researches, which are presented in the paper, confirm the higher efficiency of the approach 

HMTS in comparison with known methods, were presented.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʫʣʴʪʠʷʜʝʨʥʽ ʢʣʘʩʪʝʨʠ, ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ, ʪʦʧʦʣʦʛʽʷ ʩʠʩʪʝʤʠ, ʩʧʠʩʢʦʚʠʡ, 

ʢʣʘʩʪʝʨʥʠʡ, ʛʝʥʝʪʠʯʥʠʡ ʩʧʦʩʦʙʠ ʧʣʘʥʫʚʘʥʥʷ 

 

1. ɺʩʪʫʧ 

 

ʉʴʦʛʦʜʥʽ ʧʨʦʛʨʝʩ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʽʚ ʙʝʟʧʦ-

ʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʨʦʟʚʠʪʢʦʤ ʢʣʘʩʪʝʨʥʠʭ 

ʩʠʩʪʝʤ. ɸʥʘʣʽʟ ʦʩʪʘʥʥʴʦʾ 46-  ʾ ʨʝʜʘʢʮʽʾ ʩʧʠʩʢʫ 

ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʩʚʽʪʫ ʊʆʈ-500 

ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʣʘ-

ʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʷʜʝʨʥʠʭ ʚʫʟʣʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʷʜʝʨ ʫ ʩʠʩʪʝʤʘʭ. ʊʘʢ, ʟʘ 

ʦʩʪʘʥʥʽʡ ʨʽʢ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ ʫ ʩʠʩʪʝʤʘʭ 

ʟʨʦʩʣʦ ʥʘ 12308 (ʘʙʦ ʥʘ 26,6%) ʟ 46288 ʜʦ 

58596. ʊʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʷʜʝʨ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʟʘ-

ʜʘʯʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʢʣʘ-

ʩʪʝʨʥʠʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʢʣʘʜ, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʦʾ ʩʠʩʪʝʤʠ ʫ ʩʚʽʪʽ Tianhe-2, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3120000 ʷʜʝʨ, ʜʦʨʽʚʥʶʻ 0,62. ʇʽʜ-

ʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʧʦʚôʷʟʘʥʦ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥ-

ʥʷ ʦʙʯʠʩʣʝʥʴ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʡ 

ʢʣʘʩʪʝʨʥʦ-ʩʧʠʩʢʦʚʠʡ ʩʧʦʩʽʙ ʩʪʘʪʠʯʥʦʛʦ ʧʣʘ-

ʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʩʠ-

ʩʪʝʤ.  

 
2. ɯʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʚ 

ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ 

 

ɯʩʥʫʶʯʽ ʩʧʦʩʦʙʠ ʩʪʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ 

ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ 

ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʛʝʥʝʪʠʯʥʽ, ʩʧʠʩʢʦʚʽ, ʢʣʘʩʪʝʨʥʽ ʪʘ 

ʟ ʜʫʙʣʶʚʘʥʥʷʤ [1]. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ 

ʟ ʥʠʭ. 

ɻʽʙʨʠʜʥʠʡ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ HGAHS.  
ʋ ʨʦʙʦʪʽ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʣʘ-

ʥʫʚʘʥʥʷ, ʷʢʠʡ ʻ ʛʠʙʨʠʜʦʤ ʛʝʥʝʪʠʯʥʦʛʦ ʪʘ ʩʧʠʩ-

ʢʦʚʦʛʦ ʧʽʜʭʦʜʽʚ. ʉʫʪʴ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ 

ʚ ʥʘʩʪʫʧʥʦʤʫ. ʉʧʦʯʘʪʢʫ ʜʣʷ ʧʽʜʟʘʜʘʯ ʟʘʚʜʘʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʠʩʢʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ HEFT [3]. ʇʦʪʽʤ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʚʠʢʦ-

ʥʫʻʪʴʩʷ ʧʝʨʚʠʥʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʟʘʜʘʯ ʥʘ ʨʝ-

ʩʫʨʩʠ. ʅʦʤʝʨʠ ʨʝʩʫʨʩʽʚ (ʧʨʦʮʝʩʦʨʽʚ) ʛʝʥʝʨʫ-

ʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦ-

ʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʜʟʘʜʘʯʽ, ʚʠʙʨʘʥʽ ʜʣʷ ʤʫʪʘʮʽʾ. 

ʎʝʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟʘ-

ʜʘʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʷʢʦʩʪʽ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ ʙʫʜʝ 

ʜʦʩʷʛʥʫʪʘ. ʈʦʟʛʣʷʥʫʪʠʡ ʘʣʛʦʨʠʪʤ ʜʦʙʨʝ ʟʘʨʝ-

ʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʢʣʘʩʪʝʨʥʠʭ 

ʩʠʩʪʝʤ, ʧʨʦʪʝ ʚʽʥ ʥʝ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʫ ʤʫʣʴʪʠ-

ʷʜʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʦʙʯʠʩʣʶʚʘʣʴ-

ʥʘ ʩʠʩʪʝʤʘ ʻ ʧʦʚʥʦʟʚ'ʷʟʥʦʶ, ʱʦ ʨʦʙʠʪʴ ʥʝʤʦʞ-

ʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚ ʩʠʩʪʝʤʘʭ ʟ 

ʙʫʜʴ-ʷʢʦʶ ʽʥʰʦʶ ʪʦʧʦʣʦʛʽʻʶ. 

ʉʧʠʩʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʧʣʘʥʫʚʘʥʥʷ SHTSA 

(HCPPEFT) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʫʙʣʶʚʘʥʥʷ. ʋ 

ʨʦʙʦʪʽ [4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʱʦ ʻ 

ʢʦʤʙʽʥʘʮʽʻʶ ʩʧʠʩʢʦʚʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʜʫʙʣʶʚʘʥʥʷ 

ʦʙʯʠʩʣʝʥʴ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʠʩʢʦʚʦʛʦ ʧʽʜ-

ʭʦʜʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʧʽʜʟʘʜʘʯ ʪʘ 

ʬʦʨʤʫʻʪʴʩʷ ʯʝʨʛʘ ʜʣʷ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʧʨʦʮʝ-



32                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʩʦʨʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʨʠʪʠʯʥʽ ʰʣʷʭʠ 

ʜʦ ʧʦʯʘʪʢʫ ʛʨʘʬʫ ʟʘʜʘʯʽ, ʢʨʠʪʠʯʥʽ ʰʣʷʭʠ ʜʦ 

ʢʽʥʮʷ ʛʨʘʬʫ ʟʘʜʘʯʽ, ʢʽʣʴʢʽʩʪʴ ʙʘʪʴʢʽʚʩʴʢʠʭ 

ʧʽʜʟʘʜʘʯ ʪʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʧʽʜʟʘʜʘʯ ʜʦ ʢʨʠʪʠʯ-

ʥʦʛʦ ʰʣʷʭʫ ʛʨʘʬʘ ʟʘʜʘʯʽ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʟʘʜʘʯ ʥʘ ʧʨʦʮʝʩʦʨʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ ʜʫʙʣʶʚʘʥʥʷ ʦʙʯʠʩ-

ʣʝʥʴ. ɼʫʙʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʘʣʛʦʨʠʪʤ HGAHS, ʧʽʜʪʨʠʤʫʻ ʣʠʰʝ 

ʧʦʚʥʦʟʚ'ʷʟʥʫ ʪʦʧʦʣʦʛʽʶ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʽ ʥʝ 

ʚʨʘʭʦʚʫʻ ʤʫʣʴʪʠʷʜʝʨʥʽʩʪʴ ʚʫʟʣʽʚ. 

ɸʣʛʦʨʠʪʤ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʤʫʣʴʪʠʷʜʝʨʥʠʭ 

ʩʠʩʪʝʤ SAMCS 

ʋ ʨʦʙʦʪʽ [5] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʩʠʩʪʝʤ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʻ ʜʚʘ ʝʪʘ-

ʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʛʨʫʧʠ ʧʽʜʟʘʜʘʯ ʧʨʠʟʥʘ-

ʯʘʶʪʴʩʷ ʧʦ ʚʫʟʣʘʭ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ ï ʦʢʨʝʤʽ ʧʽʜʟʘʜʘʯʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʧʦ ʷʜʨʘʭ ʚʫʟʣʽʚ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦ-

ʛʦ ʘʣʛʦʨʠʪʤʫ ʩʧʦʯʘʪʢʫ ʬʦʨʤʫʶʪʴʩʷ ʛʨʫʧʠ 

ʧʽʜʟʘʜʘʯ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʢʦ-

ʤʫʥʽʢʘʮʽʶ (ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ). ɼʣʷ ʮʴʦʛʦ ʦʙ'ʻʜ-

ʥʫʶʪʴʩʷ ʚ ʛʨʫʧʠ ʥʘʡʙʽʣʴʰ ʟʚ'ʷʟʘʥʽ ʧʽʜʟʘʜʘʯʽ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʜʫʙʣʶʚʘʥ-

ʥʷ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʪʝ, 

ʱʦ ʚʽʥ, ʷʢ ʽ ʧʦʧʝʨʝʜʥʽ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʣʠʰʝ ʥʘ 

ʧʦʚʥʦʟʚ'ʷʟʥʽ ʢʣʘʩʪʝʨʥʽ ʩʠʩʪʝʤʠ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʩʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʤʫʣʴʪʠʷʜʝʨ-

ʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʙʫʜʴ-ʷʢʦʶ ʪʦʧʦ-

ʣʦʛʽʻʶ. 

 
3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ  
ʜʣʷ ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʢʣʘʩʪʝʨʽʚ 

 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥ-

ʥʷ ʻ ʤʦʜʝʣʽ ʟʘʜʘʯʽ ʪʘ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ʄʦʜʝʣʴ ʟʘʜʘʯʽ, ʟʘʟʚʠʯʘʡ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʥʘʧʨʘʚʣʝʥʦʛʦ ʘʮʠʢʣʽʯʥʦʛʦ 

ʛʨʘʬʫ DAG (Directed Acyclic Graph).  ɺʝʨʰʠʥʘʤ 

ʪʘʢʦʛʦ ʛʨʘʬʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʽʜʟʘʜʘʯʽ, ʘ ʜʫʛʘʤ ï 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ. ʂʦʞʥʘ ʚʝʨʰʠ-

ʥʘ  DAG  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʦʤʝʨʦʤ ʪʘ ʚʘʛʦʶ, 

ʷʢʘ ʚʠʟʥʘʯʘʻ ʾʾ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʚʘʨʪʽʩʪʴ. ɼʫʛʠ 

DAG ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʘʛʦʶ, ʱʦ ʚʠʟʥʘ-

ʯʘʻ ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʚʘʨʪʽʩʪʴ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʚʝʨʰʠʥʘʤʠ. ʂʦʤʫʥʽʢʘʮʽʡʥʘ ʚʘʨʪʽʩʪʴ ʧʽʜʟʘʜʘʯ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʥʘ ʦʜʥʝ ʡ ʪʝ ʩʘʤʝ ʷʜʨʦ ʚʫʟʣʘ ʩʠ-

ʩʪʝʤʠ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ [6]. ʇʽʜʟʘʜʘʯʽ ʙʝʟ 

ʚʭʽʜʥʠʭ ʜʫʛ ʥʘʟʠʚʘʶʪʴʩʷ ʚʭʽʜʥʠʤʠ, ʘ ʧʽʜʟʘʜʘʯʽ 

ʙʝʟ ʚʠʭʽʜʥʠʭ ʜʫʛ ï ʢʽʥʮʝʚʠʤʠ ʚʝʨʰʠʥʘʤʠ. ɹʫʜʴ-

ʷʢʘ ʧʽʜʟʘʜʘʯʘ ʚʚʘʞʘʻʪʴʩʷ ʛʦʪʦʚʦʶ ʜʦ ʚʠʢʦʥʘʥ-

ʥʷ, ʷʢʱʦ ʚʩʽ ʾʾ ʙʘʪʴʢʽʚʩʴʢʽ ʧʽʜʟʘʜʘʯʽ ʚʠʢʦʥʘʥʽ. 

ʇʨʠʢʣʘʜ ʛʨʘʬʘ ʟʘʜʘʯʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʛʨʘʬʫ ʟʘʜʘʯʽ 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʢʣʘʩʪʝʨʥʘ ʩʠʩʪʝʤʘ ʤʘʻ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʦʤʦʛʝʥ-

ʥʠʭ (ʦʜʥʦʨʽʜʥʠʭ) ʚʫʟʣʽʚ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʞʝʥ 

ʚʫʟʦʣ ʩʠʩʪʝʤʠ ʻ ʤʫʣʴʪʠʷʜʝʨʥʠʤ. ʄʦʜʝʣʴ ʪʘʢʦʾ 

ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʥʝʥʘʧʨʘʚʣʝʥʦʛʦ ʛʨʘʬʫ ʩʠʩʪʝʤʠ. ɺʝʨʰʠ-

ʥʘʤ ʪʘʢʦʛʦ ʛʨʘʬʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʫʟʣʠ ʩʠʩʪʝʤʠ, ʘ 

ʜʫʛʘʤ ï ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ (ʪʦʧʦ-

ʣʦʛʽʷ ʩʠʩʪʝʤʠ). ʂʦʞʥʘ ʚʝʨʰʠʥʘ ʪʘʢʦʛʦ ʛʨʘʬʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʦʤʝʨʦʤ ʪʘ ʢʽʣʴʢʽʩʪʶ ʷʜʝʨ ʫ 

ʚʫʟʣʽ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ ʟʘʜʘʻʪʴʩʷ ʧʨʦʜʫʢ-

ʪʠʚʥʽʩʪʴ ʫʩʽʭ ʚʫʟʣʽʚ ʪʘ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ ʢʘ-

ʥʘʣʽʚ ʜʣʷ ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ. ɼʫʛʠ ʛʨʘʬʫ ʩʠʩʪʝʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʘʛʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʾʭ ʧʨʦ-

ʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʱʦʜʦ ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ. 

ʆʩʢʽʣʴʢʠ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʜʥʘ ʡ 

ʪʘ ʩʘʤʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ, ʪʦʤʫ ʽ ʚʘʛʠ ʜʫʛ ʫ ʛʨʘʬʽ ʩʠ-

ʩʪʝʤʠ ʤʘʶʪʴ ʦʜʥʽ ʡ ʪʽ ʟʥʘʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʧʝ-

ʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʧʨʦʮʝʩʦʨʠ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʘʚʪʦʥʦʤʥʽ ʢʦʥʪʨʦʣʝʨʠ ʚʚʦʜʫ-ʚʠʚʦʜʫ, ʷʢʽ ʜʦʟʚʦ-

ʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʧʽʜʟʘʜʘʯʽ, ʘ ʪʘ-

ʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʦʙʤʽʥ ʜʘʥʠʭ ʟ ʽʥʰʠʤʠ ʧʨʦʮʝ-

ʩʦʨʘʤʠ. ʇʨʠʢʣʘʜ ʛʨʘʬʫ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʥʘ ʨʠʩ.2. ʄʦʜʝʣʴ ʮʽʻʾ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ 16 ʚʫʟʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʜʚʘ ʷʜʨʘ. 

ʋ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʦʧʠʩʘʥʘ ʪʦʧʦʣʦʛʽʷ ʛʽʧʝʨʢʫʙʘ 

4-ʛʦ ʧʦʨʷʜʢʫ. ʂʨʽʤ ʪʦʛʦ, ʢʦʞʝʥ ʚʫʟʦʣ ʤʘʻ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʴ 1.0, ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʫʩʽʭ 

ʢʘʥʘʣʽʚ ʪʘʢʦʞ ʜʦʨʽʚʥʶʶʪʴ 1.0. 

ʈʝʟʫʣʴʪʘʪ ʧʣʘʥʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ɻʘʥʪʘ. ɼʽʘʛʨʘʤʘ 

ɻʘʥʪʘ ʻ ʨʦʟʢʣʘʜʦʤ ʨʦʙʦʪʠ ʫʩʽʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʧʦʪʘʢʪʦʚʠʡ 

ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʟʘʚʜʘʥʴ, ʧʨʠʟʥʘʯʝʥʠʭ 

ʥʘ ʮʝʡ ʚʫʟʦʣ. ʇʨʦʪʝ ʪʨʘʜʠʮʽʡʥʘ ʜʽʘʛʨʘʤʘ ɻʘʥʪʘ 

ʤʽʩʪʠʪʴ ʥʝ ʫʩʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʘʥʽ, ʱʦ ʧʝʨʝ-
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ʩʠʣʘʶʪʴʩʷ, ʟ ʦʜʥʦʛʦ ʚʫʟʣʘ ʥʘ ʽʥʰʠʡ. ʋ ʨʦʙʦʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʫ 

ʜʽʘʛʨʘʤʫ ɻʘʥʪʘ [6], ʫ ʷʢʽʡ ʨʦʟʢʣʘʜ ʨʦʙʦʪʠ ʢʦʞ-

ʥʦʛʦ ʷʜʨʘ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʥʝ ʣʠʰʝ ʯʝʨ-

ʛʫ ʚʠʢʦʥʫʚʘʥʠʭ ʧʽʜʟʘʜʘʯ, ʘʣʝ ʽ ʧʦʨʷʜʦʢ ʧʝʨʝ-

ʩʠʣʢʠ ʜʘʥʠʭ ʧʦ ʫʩʽʭ ʡʦʛʦ ʢʘʥʘʣʘʭ. 

 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʛʨʘʬʫ ʩʠʩʪʝʤʠ 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʫ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʅʝʭʘʡ ʻ 

ʢʣʘʩʪʝʨʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ k ʚʫʟʣʽʚ. 

ʂʦʞʥʠʡ jïʡ ʚʫʟʦʣ ʚʢʣʶʯʘʻ p ʷʜʝʨ. ʊʦʧʦʣʦʛʽʷ 

ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʟʘʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʘ ʩʠʩʪʝʤʠ. ɿʘʜʘʥʘ 

ʪʘʢʦʞ ʟʘʜʘʯʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʚʢʣʶʯʘʻ m ʧʽʜʟʘ-

ʜʘʯ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʘ ʟʘʜʘʯʽ. ɼʣʷ ʢʦʞʥʦʾ ʟ m 

ʧʽʜʟʘʜʘʯ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʘʢʝ zïʝ ʷʜʨʦ ʢʣʘʩ-

ʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ 

ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʦʾ ʟʘʜʘʯʽ (Ti). 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ. ɿʥʘʡʪʠ  

 

ÍÉÎ
ȟ
Ὕ  

 

Ὕ ὸ ὢz ȟ 

ʜʝ R  ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ; 

 ὸ ʯʘʩ ʚʠʢʦʥʘʥʥʷ bïʾ  ʧʽʜʟʘʜʘʯʽ ʚ lïʤʫ            

ʷʜʨʽ jïʛʦ ʚʫʟʣʘ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ;  
ὢ ρ, ʷʢʱʦ bïʘ ʧʽʜʟʘʜʘʯʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ lïʤʫ 

ʷʜʨʽ jïʛʦ ʚʫʟʣʘ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ;  

ὢ π, ʫ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ. 

 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩ̔ʙ ʧʣʘʥʫʚʘʥʥʷ 
ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʢʣʘʩʪʝʨʽʚ 

 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʝʬʝʢʪʠʚʥʠʡ 

ʩʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʛʦʤʦʛʝʥʥʠʭ 

ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟ ʜʦʚʽʣʴʥʦʶ 

ʪʦʧʦʣʦʛʽʻʶ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʩʧʠʩʢʦʚʦʛʦ ʪʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʧʽʜʭʦʜʽʚ ï HMTS (Homogeneous 

Multicore Task Scheduling). ʉʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ 

HMTS, ʷʢ ʽ ʚʩʽ ʩʧʠʩʢʦʚʽ ʧʽʜʭʦʜʠ ʤʘʻ ʝʪʘʧ ʚʠʟʥʘ-

ʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʧʽʜʟʘʜʘʯ ʛʨʘʬʫ ʟʘʜʘʯʽ ʪʘ ʬʦ-

ʨʤʫʚʘʥʥʷ ʯʝʨʛʠ ʥʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʦʞ ʜʘʥʠʡ 

ʩʧʦʩʽʙ ʚʢʣʶʯʘʻ ʝʪʘʧ ʚʠʙʦʨʫ ʷʜʨʘ ʚʫʟʣʘ ʢʣʘʩʪʝ-

ʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʟʘʜʘʯ. ʇʨʦʪʝ, ʢʨʽʤ ʮʴʦʛʦ, ʚ  

HMTS, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʱʝ ʦʜʠʥ ʜʦʜʘʪʢʦʚʠʡ 

ʧʨʦʤʽʞʥʠʡ ʝʪʘʧ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ 

ʛʨʫʧʫʚʘʥʥʷ (ʢʣʘʩʪʝʨʠʟʘʮʽʷ) ʧʽʜʟʘʜʘʯ. ʋ ʜʘʥʦʤʫ 

ʩʧʦʩʦʙʽ ʧʣʘʥʫʚʘʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦ-

ʥʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʫʩʴʦʛʦ ʛʨʘʬʘ ʟʘʜʘʯʽ, ʷʢ ʮʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʘʣʛʦʨʠʪʤʽ SAMCS. ʋ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʚ ʛʨʫʧʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʣʠʰʝ ʚʭʽ-

ʜʥʽ ʚʝʨʰʠʥʠ (ʧʽʜʟʘʜʘʯʽ)  ʛʨʘʬʘ ʟʘʜʘʯʽ, ʘ ʚ ʧʨʦ-

ʮʝʩʽ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʛʨʫʧʫʚʘʥʥʷ 

ʧʽʜʟʘʜʘʯ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʥʝʧʨʠʟʥʘʯʝʥʠʭ ʚʭʽ-

ʜʥʠʭ ʧʽʜʟʘʜʘʯ ʽ ʧʨʠʩʫʪʥʦʩʪʽ ʚʽʣʴʥʠʭ ʷʜʝʨ ʫ ʚʠʙ-

ʨʘʥʦʤʫ ʚʫʟʣʽ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʎʝʡ ʧʽʜʭʽʜ 

ʜʘʻ ʧʽʜʩʪʘʚʠ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʥʫʚʘʥ-

ʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, HMTS ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧ-

ʥʠʭ ʪʨʴʦʭ ʝʪʘʧʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʧʽʜʟʘʜʘʯ. 

2. ɻʨʫʧʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʧʽʜʟʘʜʘʯ ʛʨʘʬʘ ʟʘʜʘʯʽ. 

3. ʇʨʠʟʥʘʯʝʥʥʷ ʧʽʜʟʘʜʘʯ ʧʦ ʚʫʟʣʘʭ ʪʘ ʷʜʨʘʭ 
ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʜʦʜʘʪʢʦʚʝ ʛʨʫʧʫʚʘʥʥʷ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʽʦʨʠʪʝʪ ʢʦʞʥʦʾ ʧʽʜʟʘʜʘ-

ʯʽ ʚ ʛʨʘʬʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʾʾ ʢʨʠ-

ʪʠʯʥʦʛʦ ʰʣʷʭʫ ʜʦ ʢʽʥʮʷ ʛʨʘʬʘ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʪʽʣʴʢʠ ʚʘʛ ʚʝʨʰʠʥ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʦʙʯʠʩ-

ʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʥʘʟʠʚʘʶʪʴ b-level [1]. ɿʥʘ-

ʯʝʥʥʷ ʧʽʜʟʘʜʘʯʽ ni ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ὦὲ ύ ÍÁØ
ᶰ ͺ

 ὦὲ , 

 

ʜʝ ύ  ï ʚʘʛʘ ʧʽʜʟʜʘʯʽ ni ; 

imed_succ(ni) ï ʤʥʦʞʠʥʘ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʥʘʩʪʫʧ-

ʥʠʢʽʚ (ʜʦʯʽʨʥʽʭ ʧʽʜʟʘʜʘʯ) ʧʽʜʟʘʜʘʯʽ ni. 

ɿʥʘʯʝʥʥʷ b-level ʚʠʭʽʜʥʠʭ ʧʽʜʟʘʜʘʯ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʾʭ ʚʣʘʩʥʦʶ ʚʘʛʦʶ. 

ɽʪʘʧ ʛʨʫʧʫʚʘʥʥʷ ʧʽʜʟʘʜʘʯ (ʚʝʨʰʠʥ) ʧʝʨʰʦʛʦ 

ʷʨʫʩʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1. ɺʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ ʧʝʨʰʦʛʦ ʷʨʫ-

ʩʫ Ὓ . 

2. ɺʽʜʩʦʨʪʫʚʘʪʠ ʮʽ ʚʝʨʰʠʥʠ ʫ ʧʦʨʷʜʢʫ ʩʧʘ-

ʜʘʥʥʷ ʾʭ ʧʨʽʦʨʠʪʝʪʽʚ (b-level). 
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3. ɺʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ ʫ ʩʠʩ-

ʪʝʤʽ. 

4. ʗʢʱʦ ʨʦʟʤʽʨ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ ʧʝʨʝʚʠʱʫʻ 

ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ, ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʤʥʦʞʠʥʠ ʚʝʨ-

ʰʠʥ ʜʦ ʢʽʣʴʢʦʩʪʽ ʷʜʝʨ ʰʣʷʭʦʤ ʚʠʢʣʶʯʝʥʥʷ ʚʝ-

ʨʰʠʥ ʽʟ ʥʘʡʤʝʥʰʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. 

5. ɼʦʢʠ ʥʝ ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ Ὓ : 

5.1. ʉʪʚʦʨʠʪʠ ʥʦʚʫ ʛʨʫʧʫ ʚʝʨʰʠʥ ï ʤʥʦ-

ʞʠʥʫ Ὃ. 

5.2. ɺʠʢʣʶʯʠʪʠ ʟ Ὓ  ʧʝʨʰʫ ʚʝʨʰʠʥʫ ὠ , 

ʚʢʣʶʯʠʚʰʠ ʾʾ ʚ Ὃ. 

5.3. ʇʦʚʪʦʨʶʚʘʪʠ ʮʠʢʣ N-1 ʨʘʟ, ʜʝ N ï ʢʽ-

ʣʴʢʽʩʪʴ ʷʜʝʨ ʫ ʚʫʟʣʘʭ: 

5.3.1. ʉʝʨʝʜ ʚʝʨʰʠʥ ʽʟ ʤʥʦʞʠʥʠ Ὓ  ʦʙ-

ʨʘʪʠ ʪʘʢʫ ʚʝʨʰʠʥʫ ὠ, ʜʣʷ ʷʢʦʾ ʢʦʝʬʽʮʽ-
ʻʥʪ ʟʚôʷʟʥʦʩʪʽ  ʧʘʨʠ {ὠȟὠ} ʙʫʜʝ ʤʘʢ-

ʩʠʤʘʣʴʥʠʤ. ʂʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʥʦʩʪʽ K ʦʙ-

ʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὑ ȟ 
Ὁȟᶻὒ ὒȟ 

ʜʝ Ὁȟ - ʚʘʨʪʽʩʪʴ (ʚʘʛʘ) jïʾ  ʩʧʽʣʴʥʦʾ ʢʦ-

ʤʫʥʽʢʘʮʽʾ (ʜʫʛʠ) ʤʽʞ ʚʝʨʰʠʥʘʤʠ ὠ 

ʪʘ ὠ; 

ὒ  - ʥʦʤʝʨ ʦʩʪʘʥʥʴʦʛʦ ʷʨʫʩʫ ʛʨʘʬʘ 

ʟʘʜʘʯʽ; 

ὒ - ʥʦʤʝʨ iïʛʦ ʷʨʫʩʫ, ʜʝ ʧʦʯʠʥʘʻʪʴʩʷ 

ʩʧ̔ʣʴʥʘ ʜʫʛʘ. 

5.3.2. ɺʠʢʣʶʯʠʪʠ ʟ Ὓ   ʚʝʨʰʠʥʫ ὠ ʪʘ 

ʚʢʣʶʯʠʪʠ ʾʾ ʚ ʤʥʦʞʠʥʫ Ὃ. 

 

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʨʦʙʦʪʫ ʝʪʘʧʫ ʛʨʫʧʫʚʘʥʥʷ 

ʥʘ ʧʨʠʢʣʘʜʽ ʛʨʘʬʘ ʟʘʜʘʯʽ, ʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ 

ʨʠʩ.1. ɿʛʽʜʥʦ ʘʣʛʦʨʠʪʤʫ, ʚʠʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ 

ʚʝʨʰʠʥ ʧʝʨʰʦʛʦ ʷʨʫʩʫ Ὓ  ʪʘ ʚʧʦʨʷʜʢʫʻʤʦ ʾʭ ʫ 

ʧʦʨʷʜʢʫ ʩʧʘʜʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ. ɿʥʘʯʝʥʥʷ b-level 

ʪʘ ʧʨʽʦʨʠʪʝʪʠ ʚʝʨʰʠʥ ʧʝʨʰʦʛʦ ʷʨʫʩʫ ʟʦʙʨʘʞʝʥʽ 

ʚ ʪʘʙʣ.1.  

ʄʥʦʞʠʥʘ Ὓ  ʚʢʣʶʯʘʻ ʩʽʤ ʚʝʨʰʠʥ ʽ ʤʘʻ ʚʠ-

ʛʣʷʜ: Ὓ  ὠ ȟὠ ȟὠȟὠ ȟὠȟὠ ȟὠ Ȣ ʇʨʠʧʫ-
ʩʪʠʤʦ, ʱʦ ʢʣʘʩʪʝʨʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʚʫʟʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʪʨʠ ʷʜʨʘ. ʊʦʜʽ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ ʜʦʨʽʚʥʶʻ ʰʝʩʪʠ, ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʨʦʟʤʽʨ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ Ὓ . ʅʝʦʙʭʽʜʥʦ ʟ ʤʥʦ-
ʞʠʥʠ Ὓ  ʚʠʢʣʶʯʠʪʠ ʚʝʨʰʠʥʫ ʟ ʥʘʡʤʝʥʰʠʤ 

ʧʨʽʦʨʠʪʝʪʦʤ, ʘ ʩʘʤʝ ὠ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʥʦʞʠʥʘ 

Ὓ  ʤʘʻ ʚʠʛʣʷʜȡ  Ὓ  ὠ ȟὠ ȟὠȟὠ ȟὠȟὠ Ȣ 
 

 

 

ʊʘʙʣʠʮʷ 1. ɿʥʘʯʝʥʥʷ b-level ʪʘ ʧʨʽʦʨʠʪʝʪʠ 

ʚʝʨʰʠʥ ʧʝʨʰʦʛʦ ʷʨʫʩʫ ʛʨʘʬʘ ʟʘʜʘʯʽ 
ɺʝʨʰʠʥʘ b-level ʇʨʽʦʨʠʪʝʪ 

2 30 4 

18 36 6 

28 32 5 

29 23 3 

12 20 1 

9 22 2 

1 10 0 

 

ɺʠʢʦʥʘʻʤʦ ʧʦʢʨʦʢʦʚʦ ʦʧʝʨʘʮʽʶ ʛʨʫʧʫʚʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʠʤʦ ʛʨʫʧʫ Ὃ, ʚʝʨʰʠʥʫ ὠ  ʚʠ-
ʢʣʶʯʠʤʦ ʟ ʤʥʦʞʠʥʠ Ὓ  ̔ ʚʢʣʶʯʠʤʦ ʚ  Ὃ. ʊʦʜʽ 

 Ὃ ὠ ȟὛ  ὠ ȟὠȟὠ ȟὠȟὠ . ʊʝʧʝʨ 

ʥʝʦʙʭʽʜʥʦ ʽʟ ʤʥʦʞʠʥʠ  Ὓ  ʟʥʘʡʪʠ ʚʝʨʰʠʥʫ, ʷʢʘ 

ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʥʦʩʪʽ ʟ ὠ . ʋ 
ʪʘʙʣ.2 ʚʢʘʟʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚôʷʟʥʦʩʪʽ ʚʝʨʰʠ-

ʥʠ  ὠ  ʟ ʫʩʽʤʘ ʚʝʨʰʠʥʘʤʠ ʟ ʤʥʦʞʠʥʠ Ὓ . 

 

ʊʘʙʣʠʮʷ 2. ʂʦʝʬʽʮʽʻʥʪʠ ʟʚôʷʟʥʦʩʪʽ ʚʝʨʰʠʥ  
 ὠ  ὠ ὠ  ὠ ὠ  

  ὠ  20 30 16 0 0 

 

ɯʟ ʪʘʙʣ.2 ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʟʚôʷʟʥʦʩʪʽ ʟ ʚʝʨʰʠʥʦʶ  ὠ  ʤʘʻ ʚʝʨʰʠʥʘ  ὠ, 

ʪʦʤʫ ʚʦʥʘ ʤʘʻ ʙʫʪʠ ʜʦʜʘʥʘ ʜʦ ʤʥʦʞʠʥʠ  Ὃ ʽ 

ʚʠʢʣʶʯʝʥʘ ʟ ʤʥʦʞʠʥʠ Ὓ . ʋ ʨʝʟʫʣʴʪʘʪʽ Ὓ

 ὠ ȟὠ ȟὠȟὠ ,              Ὃ ὠ ȟὠ . 

ɼʣʷ ʟʘʚʝʨʰʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʛʨʫʧʠ   Ὃ, ʥʝ-
ʦʙʭʽʜʥʦ ʧʦʚʪʦʨʠʪʠ ʚʠʱʝʚʢʘʟʘʥʽ ʢʨʦʢʠ ʜʣʷ ʧʘʨʠ 

ὠ ȟὠ ʪʘ ʚʩʽʭ ʚʝʨʰʠʥ, ʱʦ ʟʘʣʠʰʠʣʠʩʴ ʫ ʤʥʦ-

ʞʠʥʽ Ὓ . ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʩʧʽʣʴʥʠʭ 
ʜʫʛ ʚʝʨʰʠʥʠ  ὠ ʟ ʛʨʫʧʦʶ ʚʝʨʰʠʥ ὠȟὠ  ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

E = (Ey Ç Ez ) Æ Ex , 

ʪʦʙʪʦ ʧʝʨʝʪʠʥ ʤʥʦʞʠʥʠ ʜʫʛ ʛʨʘʬʘ ʟ ʢʦʨʝʥʝʤ ʫ 

ʚʝʨʰʠʥʽ Vx ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʦʙôʻʜʥʘʥʥʷʤ ʤʥʦʞʠʥ 

ʜʫʛ ʛʨʘʬʽʚ ʟ ʢʦʨʝʥʷʤʠ ʫ ʚʝʨʰʠʥʘʭ Vy, Vz. ʅʘʡ-

ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚôʷʟʥʦʩʪʽ ʟ ʧʘʨʦʶ ʚʝʨʰʠʥ 

 ὠ ȟὠ ʤʘʻ ʚʝʨʰʠʥʘ   ὠ . ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʨʰʠ-
ʥʫ   ὠ  ʚʠʢʣʶʯʘʻʤʦ ʟ ʤʥʦʞʠʥʠ  Ὓ  ʽ ʚʢʣʶʯʘʻ-

ʤʦ ʾʾ ʚ   Ὃ. ʋ ʨʝʟʫʣʴʪʘʪʽ Ὓ

ὠ ȟὠȟὠ            Ὃ ὠ ȟὠȟὠ . ʆʩʢʽʣʴʢʠ 

ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʫ ʤʥʦʞʠʥʽ   Ὓ  ʩʧ̔ʚʧʘʜʘʻ ʽʟ 

ʟʘʣʠʰʢʦʤ ʷʜʝʨ ʫ ʢʣʘʩʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʪʦ ʛʨʫʧʘ 

  Ὃ ʙʫʜʝ ʝʢʚʽʚʘʣʝʥʪʥʦʶ   Ὓ . ʊʘʢʠʤ ʯʠʥʦʤ 

     Ὃ ὠ ȟὠȟὠ ,   Ὃ ὠ ȟὠȟὠ . ʋ ʨʝ-

ʟʫʣʴʪʘʪʽ ʛʨʫʧʫʚʘʥʥʷ ʧʽʜʟʘʜʘʯ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʾʭ 
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ʥʘ ʷʜʨʘ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʚʫʟʣʘ ʟʤʝʥʰʫʶʪʴ-

ʩʷ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʚʫʟʣʘʤʠ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʨʝʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚ-

ʥʽʩʪʴ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

ɽʪʘʧ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʟʘʜʘʯ ʧʦ ʚʫʟʣʘʭ ʪʘ ʷʜʨʘʭ 

ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1. ɼʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ ʜʨʫʛʦ-

ʤʫ ʝʪʘʧʽ ʚ ʧʦʨʷʜʢʫ ʩʧʘʜʘʥʥʷ ʧʨʽʦʨʠʪʝʪʫ, ʚʠʢʦ-

ʥʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʚʫʟʦʣ ʩʠʩʪʝʤʠ. ɺʫʟʦʣ ʦʙ-

ʨʘʪʠ ʽʟ ʩʧʠʩʢʫ ʟʘ ʧʨʽʦʨʠʪʝʪʦʤ. ʇʨʽʦʨʠʪʝʪʠ ʚʫʟ-

ʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʾʭ ʟʚôʷʟʥʽʩʪʶ ʫ ʛʨʘʬʽ ʩʠʩ-

ʪʝʤʠ. ʅʘʡʙʽʣʴʰʠʡ ʧʨʽʦʨʠʪʝʪ ʤʘʶʪʴ ʚʫʟʣʠ ʟ ʤʘ-

ʢʩʠʤʘʣʴʥʦʶ ʟʚôʷʟʥʽʩʪʶ. 

2. ɼʣʷ ʢʦʞʥʦʾ ʛʦʪʦʚʦʾ (ʜʦʩʪʫʧʥʦʾ) ʧʽʜʟʘʜʘʯʽ, 

ʫ ʷʢʦʾ ʚʩʽ ʙʘʪʴʢʽʚʩʴʢʽ ʧʽʜʟʘʜʘʯʽ ʚʞʝ ʧʨʠʟʥʘʯʝʥʽ, 

ʫ ʧʦʨʷʜʢʫ ʩʧʘʜʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ (b-level): 

2.1. ʆʙʨʘʪʠ ʚʫʟʦʣ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽ-

ʤʘʣʴʥʠʡ ʯʘʩ ʩʪʘʨʪʫ ʧʽʜʟʘʜʘʯʽ. 

2.2. ʇʝʨʝʚʽʨʠʪʠ, ʯʠ ʥʝ ʟʘʣʠʰʠʣʦʩʴ ʥʝʧʨʠ-

ʟʥʘʯʝʥʥʠʭ ʧʽʜʟʘʜʘʯ ʟ ʧʝʨʰʦʛʦ ʷʨʫʩʫ. ʗʢ-

ʦɦ ʪʘʢʽ ʧʽʜʟʘʜʘʯʽ ʻ, ʧʝʨʝʚʽʨʠʪʠ, ʢʽʣʴʢʽʩʪʴ 

ʚʽʣʴʥʠʭ ʷʜʝʨ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʫ ʚʠʙ-

ʨʘʥʦʤʫ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʚʫʟʣʽ. ʗʢʱʦ ʚ ʦʙ-

ʨʘʥʦʤʫ ʚʫʟʣʽ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʚʽʣʴʥʦʛʦ ʷʜʨʘ, 

ʚʠʢʦʥʘʪʠ ʛʨʫʧʫʚʘʥʥʷ ʦʙʨʘʥʦʾ ʧʽʜʟʘʜʘʯʽ ʟ 

ʧʽʜʟʘʜʘʯʘʤʠ ʧʝʨʰʦʛʦ ʷʨʫʩʫ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 

ʜʨʫʛʦʛʦ ʝʪʘʧʫ. 

3. ɺʠʢʦʥʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʟʘʜʘʯʽ ʘʙʦ ʛʨʫ-

ʧʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʧ.2.2. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʨʽʚʥʦʩʪʽ ʧʨʽʦʨʠʪʝʪʽʚ, ʜʣʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʧʽʜʟʘʜʘʯʘ ʟ ʙʽʣʴʰʦʶ 

ʟʚôʷʟʥʽʩʪʶ, ʘ ʧʨʠ ʨʽʚʥʽʡ ʟʚôʷʟʥʦʩʪʽ ï ʟ ʤʝʥʰʦʶ 

ʚʘʛʦʶ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʠʙʦʨʽ ʚʫʟʣʘ ʜʣʷ ʚʠʢʦ-

ʥʘʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫʩʽ ʚʫʟʣʠ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩ-

ʪʝʤʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʟʘʡʥʷʪʽ ʚʦʥʠ, ʯʠ ʚʽʣʴʥʽ 

ʚ ʤʦʤʝʥʪ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʠʟʥʘʯʝʥ-

ʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʥʽ ʪʦʧʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʘʛʘʪʦʷʜʝʨʥʦʾ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 

 
5. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʦʩʦʙʫ ʧʣʘʥʫʚʘʥʥʷ 

HMTS ʟ ʽʩʥʫʶʯʠʤʠ ʧʽʜʭʦʜʘʤʠ 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴ-

ʥʠʡ ʘʥʘʣʽʟ HMTS ʟ ʰʠʨʦʢʦ ʚʽʜʦʤʠʤʠ ʘʣʛʦʨʠʪ-

ʤʘʤʠ HGAHS, SHTSA ʪʘ SAMCS. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʤʝʪʨʠʢʠ: 

¶ Scheduling Length (SL) ʘʙʦ makespan. ɺʠʟʥʘ-

ʯʘʻʪʴʩʷ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ 

ʦʙʯʠʩʣʝʥʴ. 

¶ Scheduling Length Ratio(SLR). ɻʦʣʦʚʥʠʤ ʽʥ-

ʜʠʢʘʪʦʨʦʤ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʩʦʙʫ ʧʣʘʥʫʚʘʥʥʷ ʻ SL 

(makespan). ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʛʨʘ-

ʬʽʚ ʟʘʜʘʯ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʝʦʙʭʽʜʥʦ 

ʥʦʨʤʘʣʽʟʫʚʘʪʠ SL ʜʦ ʤʝʥʰʦʾ ʤʝʞʽ, ʷʢʦʶ ʻ SLR. 

ɿʥʘʯʝʥʥʷ SLR ʚʠʟʥʘʯʘʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ SL ʙʽʣʴ-

ʰʝ CPMIN  ̔  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

ὛὒὙ
άὥὯὩίὴὥὲ 

В ᶰ ȟ  ᶰ  

 

 

ɿʥʘʤʝʥʥʠʢʦʤ ʻ ʩʫʤʘ ʤʽʥʽʤʘʣʴʥʠʭ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʠʭ ʚʘʨʪʦʩʪʝʡ ʧʽʜʟʘʜʘʯ CPMIN. ʉʧʦʩʽʙ 

ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡ-

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ SLR ʛʨʘʬʘ, ʻ ʢʨʘʱʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʛʨʘʬʘ ʟʘʜʘʯʽ. 

¶ Speedup (SU) ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʷ.  ɿʥʘʯʝʥʥʷ 

SU ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʛʨʘʬʘ ʟʘʜʘʯʽ ʥʘ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʛʨʘʬʘ ʟʘʜʘʯʽ (SL ï makespan) ʫ 

ʧʘʨʘʣʝʣʴʥʽʡ ʩʠʩʪʝʤʽ:  

 

ὛὴὩὩὨόὴ
ÍÉÎɴ В ύȟᶰ   

άὥὯὩίὴὥὲ
 

 

¶ Efficiency (E) ʘʙʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɺʠʟʥʘʯʘ-

ʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʷʜʝʨ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠʶ 

¶ Running time (RT) ʘʙʦ ʯʘʩ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʘʣ-

ʛʦʨʠʪʤʫ ʧʣʘʥʫʚʘʥʥʷ.  

ʊʝʩʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴ-

ʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʭ ʛʨʘ-

ʬʽʚ ʟʘʜʘʯ ʪʘ ʟʘʜʘʥʠʭ ʛʨʘʬʽʚ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʤʦʜʝ-

ʣʽ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ. ɿʛʝʥʝʨʦʚʘʥʦ 2400 ʪʠʧʽʚ ʛʨʘʬʽʚ ʟʘʜʘʯ ʽʟ 

ʥʘʩʪʫʧʥʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

V = {20, 30, 40, 50, 60, 70, 80, 90, 100} ï ʢʽʣʴ-

ʢʽʩʪʴ ʧʽʜʟʘʜʘʯ ʫ ʛʨʘʬʽ ʟʘʜʘʯʽ; 

a = {0.5, 1.0, 2.0} ï ʬʦʨʤʘ ʛʨʘʬʘ; 

CCR = {0.1, 0.25, 0.5, 0.75, 1.0} ï ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʩʫʤʘʨʥʦʾ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʚʘʨʪʦʩʪʽ ʜʦ ʩʫ-

ʤʘʨʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʛʨʘʬʘ ʟʘʜʘʯʽ; 

Wmin  = {5, 10, 40, 75, 100} ï ʤʽʥʽʤʘʣʴʥʘ ʚʘʛʘ  

ʚʝʨʰʠʥʠ ʛʨʘʬʫ; 

Wmax = {200, 500, 1000} ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ 

ʚʝʨʰʠʥʠ ʛʨʘʬʫ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ ʛʝʥʝʨʫʚʘ-

ʣʦʩʴ 10 ʛʨʘʬʽʚ ʟʘʜʘʯ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʜʣʷ 



36                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʧʦʨʽʚʥʷʥʥʷ ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ ʫʩʴʦʛʦ ʟʛʝʥʝ-

ʨʦʚʘʥʦ 24000 ʛʨʘʬʽʚ ʟʘʜʘʯ. 

ɺ ʷʢʦʩʪʽ ʛʨʘʬʘ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʧʦ-

ʣʦʛʽʶ ʛʽʧʝʨʢʫʙʘ 4-ʛʦ ʧʦʨʷʜʢʫ (ʨʠʩ.2), ʱʦ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ 16 ʚʫʟʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʜʚʘ ʷʜʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦʜʦ 

ʧʦʢʘʟʥʠʢʘ SL, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ.3 

ʇʦʧʘʨʥʦ ʧʦʨʽʚʥʶʶʯʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ SL 

ʜʦʩʣʽʜʞʫʚʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ ʤʽʞ ʩʦ-

ʙʦʶ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ: 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ HMTS ʫ 

95% ʚʘʨʽʘʥʪʽʚ ʛʨʘʬʽʚ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʠʚ ʤʽʥʽ-

ʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ SL, ʱʦ ʻ ʢʨʘʱʠʤ ʨʝʟʫʣʴʪʘ-

ʪʦʤ ʩʝʨʝʜ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʧʣʘ-

ʥʫʚʘʥʥʷ. 

¶ ʉʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ SHTSA ʚ 78% ʚʘʨʽʘʥʪʽʚ 

ʛʨʘʬʽʚ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘ-

ʯʝʥʥʷ SL, ʱʦ ʻ ʛʽʨʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʝʨʝʜ 

ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ. 

¶ ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ SL, ʜʦʩ-

ʣʽʜʞʫʚʘʥʽ ʩʧʦʩʦʙʠ ʧʣʘʥʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʪʘ-

ʰʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: {HMTS, SAMCS, 

HGAHS, SHTSA}, ʧʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʻ ʢʨʘ-

ʱʠʤ, ʘ ʦʩʪʘʥʥʽʡ ʛʽʨʰʠʤ. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ SLR ʥʘ 24000 ʟʛʝʥʝʨʦʚʘʥʠʭ 

ʛʨʘʬʘʭ ʟʘʚʜʘʥʴ ʜʣʷ  HMTS = 2.09, ʜʣʷ SAMCS = 

2.36, ʜʣʷ HGAHS = 2.48, ʜʣʷ SHTSA = 2.68. 

ɺ ʫʩʽʭ ʧʨʦʚʝʜʝʥʠʭ ʪʝʩʪʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ HMTS ʧʦʢʘʟʘʚ 

ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦ-

ʪʠ, ʧʦʩʪʫʧʠʚʰʠʩʴ ʧʦ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʫ ʧʽʜʭʦʨʘʤ 

SAMCS ʽ SHTSA. ʇʦ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʘʭ ʜʦʩʣʽ-

ʜʞʫʚʘʥʽ ʩʧʦʩʦʙʠ ʧʣʘʥʫʚʘʥʥʷ ʫ ʧʦʨʷʜʢʫ ʩʧʘʜʘʥ-

ʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: {HMTS, SAMCS, HGAHS, SHTSA}. ʇʨʠ 

ʮʴʦʤʫ SLR ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ HMTS 

ʢʨʘʱʝ ʥʘ 13%, ʥʽʞ ʫ SAMCS, ʥʘ 19%, ʥʽʞ ʫ 

HGAHS ʽ ʥʘ 24%, ʥʽʞ ʫ SHTSA. 

 

 

 

ʊʘʙʣʠʮʷ 3. ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ SL ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ ʥʘ ʤʥʦʞʠʥʽ 

ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʭ ʛʨʘʬʘʭ ʟʘʚʜʘʥʴ 
  

HMTS SAMCS HGAHS SHTSA 

 

HMTS 

ʂʨʘʱʝ 

ʈʽʚʥʦ 

ɻʽʨʰʝ 

 

*  

20657 

197 

3146 

23776 

114 

110 

22153 

378 

1469 

 

SAMCS 

ʂʨʘʱʝ 

ʈʽʚʥʦ 

ɻʽʨʰʝ 

3146 

197 

20657 

 

*  

21939 

362 

1699 

19067 

601 

4332 

 

HGAHS 

ʂʨʘʱʝ 

ʈʽʚʥʦ 

ɻʽʨʰʝ 

110 

114 

23776 

1699 

362 

21939 

 

*  

2152 

340 

21508 

 

SHTSA 

ʂʨʘʱʝ 

ʈʽʚʥʦ 

ɻʽʨʰʝ 

1469 

378 

22153 

4332 

601 

19067 

21508 

340 

2152 

 

*  

 
6. ɺʠʩʥʦʚʢʠ 

 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʝʬʝʢʪʠʚʥʠʡ 

ʩʧʦʩʽʙ ʧʣʘʥʫʚʘʥʥʷ HMTS ʜʣʷ ʤʫʣʴʪʠʷʜʝʨʥʠʭ 

ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʜʦʚʽʣʴʥʦʶ ʪʦʧʦʣʦʛʽʻʶ. 

ʎʝʡ ʧʽʜʭʽʜ ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʩʧʠʩʢʦʚʦʛʦ ʪʘ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʩʧʦʩʦʙʽʚ ʧʣʘʥʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʧʨʦ-

ʛʨʘʤʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʽʟ ʥʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʤʫʣʴʪʠʷʜʝʨʥʠʭ  

 

ʢʣʘʩʪʝʨʽʚ. ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʧʦʩʦʙʫ HMTS ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʧʽʜʭʦ-

ʜʘʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ HMTS ʤʦʞʝ ʙʫʪʠ ʚʠ-

ʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʘʣʴʥʦʾ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ʷʢ ʛʦʤʦʛʝʥʥʠʭ ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʢʣʘ-

ʩʪʝʨʽʚ, ʪʘʢ ʽ ʤʫʣʴʪʠʷʜʝʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʤʘʩʦʚʠʤ 

ʧʘʨʘʣʝʣʽʟʤʦʤ. ʄʘʡʙʫʪʥʽ ʨʦʙʦʪʠ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʦʚôʷʟʘʥʽ ʟ ʘʜʘʧʪʘʮʽʻʶ HMTS ʜʦ ʛʝʪʝ-

ʨʦʛʝʥʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ɯʅɺɸʈɯɸʅʊɯɺ ɼʆ ɸʅɸʃɯɿʋ ʂʆʃʔʆʈʆɺʀʍ ʄɽʈɽɾ ʇɽʊʈɯ 

ɯɿ ɼɽɼʃʆʂɸʄʀ 

 
ɺ ʨʦʙʦʪʽ ʦʧʠʩʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʽʥʚʘʨʽʘʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʟʨʽʟʘʥʦʾ 

ʤʥʦʞʠʥʠ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʷʢʝ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜ-

ʥʠʭ ʜʽʦʬʘʥʪʦʚʠʭ ʨʽʚʥʷʥʴ, ʜʦ ʘʥʘʣʽʟʫ ʢʦʣʴʦʨʦʚʠʭ ʤʝʨʝʞ ʇʝʪʨʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʝʜʣʦʢʠ, ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʛʘʪʦʧʦʪʦʯʥʦʩʪʽ ʚ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʟʘ ʰʘʙʣʦʥʦʤ çʚʠʨʦʙʥʠʢʠ/ʩʧʦʞʠʚʘʯʽè ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ wait ()/ notify ().  

 

Application of invariants method, which uses Truncated Set of Solutions finding algorithm for Petri net 

state equations expressed through systems of linear homogenous Diophantine equations to analysis of col-

ored Petri nets containing deadlocks is described in the article based on the models of multithreading in Java 

according to producers-consumers patter using wait()/notify()  methods combination is covered. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʣʴʦʨʦʚʽ ʤʝʨʝʞʽ ʇʝʪʨʽ, S-ʽʥʚʘʨʽʘʥʪʠ, T-ʽʥʚʘʨʽʘʥʪʠ, ʜʽʦʬʘʥʪʦʚʽ ʨʽʚʥʷʥʥʷ, ʙʘʛʘʪʦ-

ʧʦʪʦʯʥʽʩʪʴ. 

 
ɺʩʪʫʧ 

 

ʄʝʨʝʞʽ ʇʝʪʨʽ (ʄʇ) ʪʘ ʾʭ ʨʦʟʰʠʨʝʥʥʷ, ʟʦʢʨʝ-

ʤʘ ʢʦʣʴʦʨʦʚʽ ʤʝʨʝʞʽ ʇʝʪʨʽ (ʂʄʇ), ʻ ʧʦʪʫʞʥʠʤ 

ʪʘ ʧʦʧʫʣʷʨʥʠʤ ʟʘʩʦʙʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟ-

ʧʦʜʽʣʝʥʠʭ ʪʘ ʧʘʨʘʣʝʣʴʥʠʭ ʩʠʩʪʝʤ [1], ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ [2], ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ IT-

ʽʥʬʨʘʩʪʨʫʢʪʫʨ [3], ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʢʦʣʘʙʦʨʘʪʠʚ-

ʥʠʭ ʩʝʨʝʜʦʚʠʱ [4, 5]. ɯʥʪʝʨʘʢʪʠʚʥʽ ʘʚʪʦʤʘʪʠʟʦ-

ʚʘʥʽ ʩʠʩʪʝʤʠ ʾʭ ʧʦʙʫʜʦʚʠ ʪʘ ʘʥʘʣʽʟʫ ʥʘ ʢʰʪʘʣʪ 

ʟʚôʷʟʢʠ ʛʨʘʬʽʯʥʦʛʦ ʨʝʜʘʢʪʦʨʘ PM Editeur [6] ʟ 

Petri Nets Toolbox [7] ʜʣʷ ʢʣʘʩʠʯʥʠʭ (ʘʙʦ ʯʠʩʪʠʭ) 

ʄʇ ʪʘ CPN Tools [8] ʜʣʷ ʂʄʇ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ, ʱʦ ʩʪʚʦʨʶʻ ʧʦʧʠʪ ʥʘ 

ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʻ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽ-

ʤʘʣʴʥʦʾ ʧʦʨʦʜʞʫʶʯʦʾ ʤʥʦʞʠʥʠ S- ʪʘ T-

ʽʥʚʘʨʽʘʥʪʽʚ ʯʠʩʪʠʭ ʄʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪ-

ʤʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ 

ʜʽʦʬʘʥʪʦʚʠʭ ʨʽʚʥʷʥʴ (ʉʃʆɼʈ) ʪʘ ʥʝʨʽʚʥʦʩʪʝʡ 

(ʉʃʆɼʅ), ʟʦʢʨʝʤʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʦʰʫʢʫ 

ʟʨʽʟʘʥʦʾ ʤʥʦʞʠʥʠ ʨʦʟʚôʷʟʢʽʚ (Truncated Set of 

Solutions, TSS) ʟʘʧʠʩʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʉʃʆɼʈ 

ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʤʝʨʝʞʽ ʇʝʪʨʽ [9, 10]. ʆʙʯʠʩʣʠʚ-

ʰʠ S- ʪʘ T-ʽʥʚʘʨʽʘʥʪʠ ʜʣʷ ʟʘʜʘʥʦʾ ʄʇ, ʤʦʞʥʘ 

ʚʝʨʠʬʽʢʫʚʘʪʠ ʪʘʢʽ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʜʦʩʷʞʥʽʩʪʴ, 

ʦʙʤʝʞʝʥʽʩʪʴ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ, ʢʦʥʩʝʨʚʘʪʠʚ-

ʥʽʩʪʴ, ʥʝʩʫʧʝʨʝʯʣʠʚʽʩʪʴ ʪʦʱʦ [9, ʉ. 199; 10, ʉ. 

157ð170]. 

ɼʦʢʘʟʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʧʨʠʢ-

ʣʘʜʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʄʇ, ʷʢʽ 

ʤʦʜʝʣʶʶʪʴ ʚʟʘʻʤʦʜʽʶ ʘʙʦʥʝʥʪʽʚ ʫ ʪʝʣʝʬʦʥʥʽʡ 

ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʝʥ-

ʮʽʡʥʦ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʝʨʚʽʩʽʚ [11, 12], ʦʨʛʘʥʽ-

ʟʘʮʽʶ ʨʫʭʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʟʘʣʽʟʥʠ-

ʯʥʦʤʫ ʚʫʟʣʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʩʪʘʥʮʽʡ [13], ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʚʫʟʣʘ Grid-ʩʠʩʪʝʤʠ [14]. ʇʨʦʪʝ ʚ ʮʠʭ ʨʦʙʦʪʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʯʠʩʪʽ ʪʘ ʢʦʤʧʦʥʝʥʪʥʽ ʄʇ, 

ʷʢʽ ʧʦʩʪʫʧʘʶʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʚʠʨʘʟʥʽʩʪʶ 

ʢʦʣʴʦʨʦʚʠʤ ʄʇ. ɺʦʜʥʦʯʘʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ 

ʘʥʘʣʽʟ ʂʄʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʽʥʚʘʨʽʘʥʪʽʚ 

ʫʩʢʣʘʜʥʝʥʠʡ ʯʝʨʝʟ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ, ʘ ʥʝ 

ʮʽʣʦʯʠʩʝʣʴʥʫ, ʷʢ ʫ ʢʣʘʩʠʯʥʠʭ ʄʇ, ʧʨʠʨʦʜʫ 

[15]. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʪʨʘʜʠʮʽʡʥʽ ʧʨʷʤʠʡ ʪʘ ʟʚʦʨʦ-

ʪʥʽʡ ʘʥʘʣʽʟ ʜʦʩʷʞʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʙʫʜʦʚʫ 

ʜʝʨʝʚ ʜʦʩʷʞʥʦʩʪʽ, ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʷʢʠʭ ʚʠʤʽ-

ʨʶʻʪʴʩʷ ʩʦʪʥʷʤʠ. ʊʦʤʫ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ 

ʩʧʦʩʦʙʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʂʄʇ ʤʝʪʦʜʫ ʟʥʘʭʦ-

ʜʞʝʥʥʷ S- ʪʘ T-ʽʥʚʘʨʽʘʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʉʘʤʝ ʚʠʨʽʰʝʥʥʶ ʮʽʻʾ ʟʘʜʘʯʽ ʧʨʠʩʚʷʯʝʥʘ ʩʪʘʪ-

ʪʷ [16], ʚ ʷʢʽʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ S- ʪʘ T-

ʽʥʚʘʨʽʘʥʪʽʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʭ ʂʄʇ-ʤʦʜʝʣʝʡ. ʇʝʨʰʦʶ ʙʫ-

ʣʘ ʂʄʇ-ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʄʇ-

ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʘʙʦʥʝʥʪʽʚ ʫ ʙʘʟʦʚʽʡ ʪʝʣʝʬʦʥ-

ʥʽʡ ʤʝʨʝʞʽ (Plain Old Telephone Service, POTS), 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʉ. ʃ. ʂʨʠʚʠʤ ʪʘ ʃ. ɭ. ʄʘʪʚʻʻ-

ʚʦʶ [11, 12]. ɼʨʫʛʦʶ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʘʚʪʦʨʦʤ 

ʂʄʇ-ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʽʚ ʫ ʙʘʛʘʪʦʧʦʪʦʯ-

ʥʠʭ Java-ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʟʘ ʰʘʙʣʦʥʦʤ çʚʠʨʦʙʥʠ-

ʢʠ-ʩʧʦʞʠʚʘʯʽè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʤʝ-

ʪʦʜʽʚ wait()/notifyAll(). ɹʫʣʦ ʦʧʠʩʘʥʦ ʩʧʦʩʽʙ 

ʧʝʨʝʚʝʜʝʥʥʷ ʂʄʇ-ʤʦʜʝʣʽ ʟ ʙʘʟʦʚʦʾ ʬʦʨʤʠ ʟ 

ʷʢʽʩʥʠʤʠ, ʪʦʙʪʦ ʩʝʤʘʥʪʠʯʥʦ ʥʘʚʘʥʪʘʞʝʥʠʤʠ, 

ʬʽʰʢʘʤʠ, ʫ ʬʦʨʤʫ ʟ ʢʽʣʴʢʽʩʥʠʤʠ, ʪʦʙʪʦ ʩʝʤʘʥ-
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ʪʠʯʥʦ ʥʝʥʘʚʘʥʪʘʞʝʥʠʤʠ, ʬʽʰʢʘʤʠ, ʭʘʨʘʢʪʝʨ-

ʥʠʤʠ ʜʣʷ ʢʣʘʩʠʯʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ. ɸʥʘʣʽʟ ʜʚʦʭ 

ʬʦʨʤ ʤʦʜʝʣʽ ʟʘʩʚʽʜʯʠʚ ʟʙʝʨʝʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʋʪʽʤ, ʩʪʘʪʪʷ [16] ʨʦʟʚôʷʟʫʻ ʟʘʜʘʯʫ ʣʠʰʝ ʯʘʩ-

ʪʢʦʚʦ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ 

wait()/notifyAll()  ʧʨʠʥʮʠʧʦʚʦ ʫʩʫʚʘʻ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʜʝʜʣʦʢʽʚ. ʆʪʞʝ, ʟʘ-

ʣʠʰʠʚʩʷ ʥʝʜʦʩʣʽʜʞʝʥʠʤ ʮʽʣʠʡ ʧʣʘʩʪ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʄʇ- ʪʘ ʂʄʇ-ʤʦʜʝʣʝʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʘʪʪʷ ʻ ʣʦʛʽʯʥʠʤ ʧʨʦʜʦʚ-

ʞʝʥʥʷʤ ʩʪʘʪʪʽ [16]. ɺ ʥʽʡ ʧʦʙʫʜʦʚʘʥʦ ʂʄʇ-

ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʽʚ ʫ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ 

Java-ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʟʘ ʰʘʙʣʦʥʦʤ çʚʠʨʦʙʥʠʢʠ-

ʩʧʦʞʠʚʘʯʽè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦ-

ʜʽʚ wait()/notify() . ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ 

ʢʦʤʙʽʥʘʮʽʾ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʜʝʜʣʦʢʫ. ʆʪʞʝ, ʾʾ 

ʤʦʜʝʣʴ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʽʨʠʪʠ, ʷʢ ʧʝʨʝ-

ʭʽʜ ʚʽʜ ʷʢʽʩʥʠʭ ʜʦ ʢʽʣʴʢʽʩʥʠʭ ʬʽʰʦʢ ʚʧʣʠʚʘʻ ʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʥʘ ʘʢʪʠʚʥʽʩʪʴ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ, ʟʘʜʘʯʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʂʄʇ ʤʝʪʦʜʫ ʟʥʘ-

ʭʦʜʞʝʥʥʷ S- ʪʘ T-ʽʥʚʘʨʽʘʥʪʽʚ ʙʫʜʝ ʨʦʟʚôʷʟʘʥʘ 

ʧʦʚʥʽʩʪʶ. 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʽ 

ʚʟʘʻʤʦʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʤʽʞ ʄʇ- ʪʘ ʂʄʇ-

ʤʦʜʝʣʷʤʠ, ʱʦ ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʟʘ-

ʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʂʄʇ ʪʘ ʘʚʪʦ-

ʤʘʪʠʟʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʄʇ ʫ ʂʄʇ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʘʚʪʦʨʦʤ ʧʦʙʫʜʦʚʘʥʦ ʽ 

ʜʦʩʣʽʜʞʝʥʦ ʂʄʇ-ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ 

wait()/notify()  ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ. 

ɼʘʣʽ ʥʘ ʾʾ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦ ʽ ʜʦʩʣʽʜʞʝʥʦ ʤʦ-

ʜʝʣʴ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʮʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʭʽʜ ʟ ʦʜʥʽʻʾ ʬʦʨʤʠ 

ʜʦ ʽʥʰʦʾ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʨʝʞ ʪʘ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

ʂʄʇ ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

 

ʇʦʙʫʜʦʚʘʥʘ ʥʘʤʠ ʂʄʇ-ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ 

ʧʦʪʦʢʽʚ ʚ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʟʘ 

ʰʘʙʣʦʥʦʤ çʚʠʨʦʙʥʠʢʠ-ʩʧʦʞʠʚʘʯʽè ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ 

wait()/notify()  ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 6 ʤʽʩʮʴ ʪʘ 10 ʧʝʨʝʭʦʜʽʚ (ʨʠʩ. 1). 

ʄʽʩʮʝ Threads ʤʽʩʪʠʪʴ ʘʢʪʠʚʥʽ ʧʦʪʦʢʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʬʽʰʢʘʤʠ ʪʠʧʫ TYPE, ʜʣʷ ʷʢʦʛʦ ʚʠ-

ʟʥʘʯʝʥʦ ʜʚʘ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ: PROD (çʧʦʪʽʢ-

ʚʠʨʦʙʥʠʢè) ʽ CONS (çʧʦʪʽʢ-ʩʧʦʞʠʚʘʯè). ʇʦʪʦ-

ʢʠ-ʚʠʨʦʙʥʠʢʠ ʟʙʽʣʴʰʫʶʪʴ ʥʘ 1 ʟʥʘʯʝʥʥʷ ʩʧʽ-

ʣʴʥʦʾ ʟʤʽʥʥʦʾ ʪʠʧʫ INT (ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʽʩʮʝʤ 

Shared Variable), ʷʢʱʦ ʚʦʥʦ ʨʽʚʥʝ 0, ʘ ʧʦʪʦʢʠ-

ʩʧʦʞʠʚʘʯʽ ʟʯʠʪʫʶʪʴ ʡʦʛʦ, ʷʢʱʦ ʚʦʥʦ ʚʽʜʤʽʥʥʝ 

ʚʽʜ 0, ʽ ʟʤʝʥʰʫʶʪʴ ʡʦʛʦ ʥʘ 1. ʅʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʡ 

ʜʦʩʪʫʧ ʜʦ ʩʧʽʣʴʥʦʾ ʟʤʽʥʥʦʾ ʨʝʛʫʣʶʻʪʴʩʷ ʤʦʥʽ-

ʪʦʨʦʤ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʧʨʝʪʝʥʜʝʥ-

ʪʽʚ (ʤʽʩʮʝ Entry Set), ʟʦʥʠ ʚʣʘʩʥʠʢʘ (ʤʽʩʮʝ 

Owner Zone) ʪʘ ʤʥʦʞʠʥʠ ʦʯʽʢʫʶʯʠʭ (ʤʽʩʮʝ 

Wait Set). ʇʨʠ ʟʚʝʨʥʝʥʥʽ ʜʦ ʩʧʽʣʴʥʦʾ ʟʤʽʥʥʦʾ 

ʧʦʪʽʢ ʧʦʪʨʘʧʣʷʻ ʜʦ ʤʥʦʞʠʥʠ ʧʨʝʪʝʥʜʝʥʪʽʚ, ʜʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʤʦʥʽʪʦʨ ʥʝ ʚʧʫʩʪʠʪʴ 

ʡʦʛʦ ʫ ʟʦʥʫ ʚʣʘʩʥʠʢʘ. ʇʦʪʨʘʧʠʚʰʠ ʫ ʟʦʥʫ ʚʣʘ-

ʩʥʠʢʘ, ʧʦʪʽʢ ʘʙʦ ʚʠʢʦʥʫʻ ʩʚʦʶ ʟʘʜʘʯʫ, ʷʢʱʦ 

ʜʣʷ ʮʴʦʛʦ ʻ ʫʤʦʚʠ, ʘʙʦ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʫ ʤʥʦ-

ʞʠʥʫ ʦʯʽʢʫʶʯʠʭ, ʜʝ ʯʝʢʘʻ ʥʘ ʩʚʽʡ ʥʘʩʪʫʧʥʠʡ 

ʰʘʥʩ. ʅʘʩʪʫʧʥʠʡ ʰʘʥʩ ʚʠʧʘʜʘʻ ʪʦʜʽ, ʢʦʣʠ ʧʦ-

ʪʽʢ, ʱʦ ʫʩʧʽʰʥʦ ʚʠʢʦʥʘʚ ʩʚʦʶ ʟʘʜʘʯʫ, ʟʘʣʠʰʘʻ 

ʤʦʥʽʪʦʨ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʣʠʢʘʻʪʴʩʷ ʤʝʪʦʜ 

notify() , ʷʢʠʡ ʧʨʦʙʫʜʞʫʻ ʦʜʠʥ ʦʙʨʘʥʠʡ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʦʯʽʢʫʶʯʠʡ ʧʦʪʽʢ (ʷʢʱʦ ʭʦ-

ʯʘ ʙ ʦʜʠʥ ʪʘʢʠʡ ʻ). ɼʝʪʘʣʴʥʽʰʝ ʧʨʦ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʤʦʥʽʪʦʨʘ ʫ ʚʽʨʪʫʘʣʴʥʽʡ ʤʘʰʠʥʽ Java ʜʠʚ. 

[17]. 
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ʈʠʩ. 1. ʂʄʇ-ʤʦʜʝʣʴ ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

 

ʄʽʩʮʷ Entry Set, Owner Zone ʪʘ Wait Set ʤʘʶʪʴ 

ʪʠʧ TLIST, ʪʦʙʪʦ ʩʧʠʩʦʢ ʦʙôʻʢʪʽʚ ʪʠʧʫ TYPE. ɺ 

ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʚʩʽ ʮʽ ʩʧʠʩʢʠ ʧʦʨʦʞʥʽ, ʘ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʜʦ ʥʠʭ ʜʦʜʘʶʪʴʩʷ ʪʘ ʧʨʠʙʠʨʘʶʪʴʩʷ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʦʢʨʝʤʽ ʧʦʪʦʢʠ. ʈʦʟʛ-

ʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʾʭ ʫ ʩʠʩʪʝʤʽ ʯʦʪʠʨʠ, ʧʨʠ 

ʯʦʤʫ ʜʚʘ ʟ ʥʠʭ ʻ ʚʠʨʦʙʥʠʢʘʤʠ, ʘ ʽʥʰʽ ʜʚʘ ï ʩʧʦ-

ʞʠʚʘʯʘʤʠ. ʇʦʯʘʪʢʦʚʝ ʤʘʨʢʫʚʘʥʥʷ ʄ0 = (2ôPROD 

+ 2ôCONS, 1ô[], 1ô[], 1ô[], -, -). 

ʎʷ ʤʦʜʝʣʴ ʩʢʣʘʜʥʽʰʘ ʟʘ ʧʦʧʝʨʝʜʥʶ ʯʝʨʝʟ ʧʦ-

ʪʨʝʙʫ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ ʧʦʪʦʢʫ ʜʣʷ 

ʧʨʦʙʫʜʞʝʥʥʷ ʽ ʧʝʨʝʭʦʜʫ ʫ ʟʦʥʫ ʚʣʘʩʥʠʢʘ ʟ-

ʧʦʤʽʞ ʪʠʭ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʤʥʦʞʠʥʽ ʧʨʝʪʝʥ-

ʜʝʥʪʽʚ ʪʘ ʤʥʦʞʠʥʽ ʦʯʽʢʫʶʯʠʭ. ʇʨʠ ʨʦʙʦʪʽ ʟʽ 

ʩʧʠʩʢʦʚʠʤʠ ʪʠʧʘʤʠ ʜʘʥʠʭ ʮʝ ʦʟʥʘʯʘʻ ʧʦʪʨʝʙʫ 

ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ï ʽʥʜʝʢʩʽʚ ʝʣʝ-

ʤʝʥʪʽʚ ʩʧʠʩʢʽʚ ʧʨʝʪʝʥʜʝʥʪʽʚ ʪʘ ʦʯʽʢʫʶʯʠʭ, ʟ-

ʧʦʤʽʞ ʷʢʠʭ ʦʙʠʨʘʻʪʴʩʷ ʦʜʠʥ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʫ 

ʟʦʥʫ ʚʣʘʩʥʠʢʘ. ɸʣʝ ʚʙʫʜʦʚʘʥʽ ʫ CPN Tools ʬʫʥ-

ʢʮʽʾ ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʪʘʢʽ ʷʢ 

discrete()  ʪʘ uniform(),  ʧʨʠ ʧʝʨʝʭʦʜʽ ʫ 

ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ ʛʝʥʝʨʫʶʪʴ ʥʝ ʥʘʙʽʨ ʨʽʟʥʠʭ ʩʪʘʥʽʚ, 

ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʽʤʦʚʽʨʥʠʭ 

ʚʘʨʽʘʥʪʽʚ, ʘ ʪʽʣʴʢʠ ʦʜʠʥ ʩʪʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʻʜʠʥʦʤʫ ʦʙʨʘʥʦʤʫ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʘʨʽʘʥʪʫ. 

ʊʦʤʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʤʦʞʣʠ-

ʚʠʭ ʚʘʨʽʘʥʪʽʚ ʙʫʣʦ ʚʚʝʜʝʥʦ ʧʨʦʤʽʞʢʦʚʽ ʪʠʧʠ: 

RANGE_L = int with 0..3 (ʪʦʙʪʦ ʮʽʣʽ ʯʠʩʣʘ ʚʽʜ 0 
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ʜʦ 3 ʚʢʣʶʯʥʦ ʜʣʷ ʧʝʨʝʙʦʨʫ ʽʥʜʝʢʩʽʚ ʝʣʝʤʝʥʪʽʚ 

ʩʧʠʩʢʫ, ʱʦ ʤʦʞʝ ʤʽʩʪʠʪʠ ʤʘʢʩʠʤʫʤ ʪʨʠ ʝʣʝʤʝ-

ʥʪʠ ʦʜʥʦʯʘʩʥʦ) ʪʘ RANGE_N = int with 1..2 

(ʪʦʙʪʦ ʮʽʣʽ ʯʠʩʣʘ ʚʽʜ 1 ʜʦ 2 ʚʢʣʶʯʥʦ ʜʣʷ ʧʝʨʝ-

ʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʫ ʤʽʞ ʩʧʠʩʢʦʤ ʧʨʝʪʝʥʜʝʥ-

ʪʽʚ ʪʘ ʩʧʠʩʢʦʤ ʦʯʽʢʫʶʯʠʭ). 

ɼʽʷ ʤʝʪʦʜʫ notify() ʤʦʜʝʣʶʻʪʴʩʷ ʰʣʷ-

ʭʦʤ ʩʪʚʦʨʝʥʥʷ ʪʨʴʦʭ ʩʧʠʩʢʽʚ. ʇʝʨʰʠʡ ʟ ʥʠʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʪʦʢʫ, ʷʢʠʡ ʜʦ ʮʴʦʛʦ ʧʝʨʝʙʫʚʘʚ ʫ 

ʤʥʦʞʠʥʽ ʧʨʝʪʝʥʜʝʥʪʽʚ ʘʙʦ ʦʯʽʢʫʶʯʠʭ, ʘʣʝ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʧʨʦʢʠʥʝʪʴʩʷ ʽ ʧʝʨʝʡʜʝ ʫ ʟʦʥʫ 

ʚʣʘʩʥʠʢʘ, ʜʨʫʛʠʡ ð ʟ ʧʦʪʦʢʽʚ, ʷʢʽ ʙʫʣʠ ʫ ʤʥʦ-

ʞʠʥʽ ʧʨʝʪʝʥʜʝʥʪʽʚ ʽ ʪʘʤ ʽ ʟʘʣʠʰʘʪʴʩʷ, ʪʨʝʪʽʡ ð 

ʟ ʧʦʪʦʢʽʚ, ʷʢʽ ʙʫʣʠ ʫ ʤʥʦʞʠʥʽ ʦʯʽʢʫʶʯʠʭ ʽ ʪʘʤ 

ʟʘʣʠʰʘʪʴʩʷ. ʎʽ ʩʧʠʩʢʠ ʟʚʦʜʷʪʴʩʷ ʚ ʤʽʩʮʽ Set of 

competitors to be notified ʚ ʦʜʥʫ ʬʽʰʢʫ ʪʠʧʫ 

DISTR = TLIST * TLIST * TLIST, ʧʽʩʣʷ ʯʦʛʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʤʽʩʮʷʭ Owner Zone, Entry Set 

ʪʘ Wait Set ʚʽʜʧʦʚʽʜʥʦ. 

 
ɸʥʘʣʽʟ ʂʄʇ ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

 

ɸʥʘʣʽʟ ʛʨʘʬʘ ʜʦʩʷʞʥʦʩʪʽ ʜʘʥʦʾ ʂʄʇ-ʤʦʜʝʣʽ, 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘʩʦʙʘʤʠ CPN Tools, ʜʦʟʚʦʣʷʻ 

ʜʽʡʪʠ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

¶ ʦʙʤʝʞʝʥʽʩʪʴ (ʛʨʘʬ ʜʦʩʷʞʥʦʩʪʽ ʚʢʣʶʯʘʻ ʚ 
ʩʝʙʝ 210 ʩʪʘʥʽʚ, ʱʦ ʻ ʩʢʽʥʯʝʥʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ 

ʦʪʞʝ, ʜʦʩʣʽʜʞʫʚʘʥʘ ʂʄʇ ʻ ʦʙʤʝʞʝʥʦʶ); 

¶ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ (ʽʩʥʫʻ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, 
ʧʦʯʠʥʘʶʯʠ ʟ ʷʢʦʛʦ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ s, ʱʦ ʚʩʽ 

ʧʝʨʝʭʦʜʠ ʟʫʩʪʨʽʯʘʪʠʤʫʪʴʩʷ ʫ s ʥʝʩʢʽʥʯʝʥʥʫ 

ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ); 

¶ ʥʝʩʫʧʝʨʝʯʣʠʚʽʩʪʴ (ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʻ ʜʦ-
ʩʷʞʥʠʤ ʽʟ ʩʘʤʦʛʦ ʩʝʙʝ ʯʝʨʝʟ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ s, ʱʦ ʚʩʽ ʧʝʨʝʭʦʜʠ ʚʭʦ-

ʜʷʪʴ ʜʦ s ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʨʘʟ); 

¶ ʚʟʘʻʤʦʚʠʢʣʶʯʥʽʩʪʴ (ʚ ʤʽʩʮʽ Owner Zone 

ʥʝ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʧʦʪʦʢʫ ʦʜ-

ʥʦʯʘʩʥʦ); 

¶ ʞʠʚʫʯʽʩʪʴ (ʤʝʨʪʚʽ ʧʝʨʝʭʦʜʠ ʚʽʜʩʫʪʥʽ, ʤʝʨ-
ʪʚʽ ʤʘʨʢʫʚʘʥʥʷ: M195 = (-, 1ô[], 1ô[], 

1ô[CONS,CONS,PROD,PROD], 1ô1, -) ʪʘ M209 = 

(-, 1ô[], 1ô[], 1ô[PROD,PROD,CONS,CONS], -, -)). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ 

wait()/notify()  ʫ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ Java-

ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟʛʽʜʥʦ ʰʘʙʣʦ-

ʥʫ çʚʠʨʦʙʥʠʢʠ-ʩʧʦʞʠʚʘʯʽè, ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʯʝ-

ʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʫʧʠʢʦʚʦʾ ʩʠʪʫʘʮʽʾ. 

 
ʇʝʨʝʭʽʜ ʜʦ ʂʄʇ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʤʽ-

ʥʽʤʘʣʴʥʦʾ ʧʦʨʦʜʞʫʶʯʦʾ ʤʥʦʞʠʥʠ S- ʪʘ T-

ʽʥʚʘʨʽʘʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʨʦʙʠʪʠ ʧʦʙʫʜʦʚʘʥʫ 

ʥʘʤʠ ʂʄʇ ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʥʘ ʂʄʇ ʽʟ ʢʽ-

ʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʪʠʧʫ UNIT ʪʘ ʙʝʟ ʽʥʛʽʙʽʪʦʨ-

ʥʠʭ ʜʫʛ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟʘʤʽʥʠʪʠ ʷʢʽʩʥʽ ʤʽʩʮʷ 

ʂʄʇ (Threads, Entry Set, Owner Zone, Wait Set) 

ʥʘʙʦʨʘʤʠ ʤʽʩʮʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʪʠʤʝ 

ʦʜʥʦʤʫ ʟ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʷʢʽ-

ʩʥʦʛʦ ʪʠʧʫ TYPE. ɿʘʤʽʩʪʴ ʧʝʨʰʠʭ ʪʨʴʦʭ ʤʽʩʮʴ 

ʤʘʪʠʤʝʤʦ ʰʽʩʪʴ (Producers/Consumers, Produc-

ers/Consumers In Entry Set, Producer/Consumer 

In Owner Zone). ʄʽʩʮʝ Wait Set ʪʨʝʙʘ ʨʦʟʙʠʪʠ ʥʘ 

ʰʽʩʪʴ ʤʽʩʮʴ: No Producers/Consumers In Wait 

Set, One Producer/Consumer In Wait Set, Two 

Producers/Consumers In Wait Set. ʊʘʢʦʞ ʥʘʤ 

ʟʥʘʜʦʙʠʪʴʩʷ ʤʽʩʮʝ Shared Variable Is Null, ʷʢʝ 

ʟʘʤʽʥʠʪʴ ʽʥʛʽʙʽʪʦʨʥʽ ʜʫʛʠ, ʱʦ ʚʠʭʦʜʠʣʠ ʟ ʤʽʩʮʷ 

Shared Variable. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʩʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʫ notify() ʟʥʘʜʦʙʣʷʪʴʩʷ 

ʧʝʨʝʭʦʜʠ prod/cons_wakes_none, 

prod/cons_wakes_cons/prod_none_left, 

prod/cons_wakes_cons/prod_one_left, 

prod_wakes_prod, cons_wakes_cons. ʇʝʨʝʭʦʜʠ 

prod/cons_wakes_prod/cons_none_left ʪʘ 

prod/cons_wakes_prod/cons_one_left ʥʝ ʧʦʪʨʽʙʥʽ, 

ʦʩʢʽʣʴʢʠ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʪʽʣʴʢʠ ʜʚʦʻ, 

ʽ ʮʽ ʧʝʨʝʭʦʜʠ ʙʫʜʫʪʴ ʤʝʨʪʚʠʤʠ. ʋʪʽʤ, ʚ ʤʦʜʝʣʷʭ 

ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʪʦʢʽʚ ʮʽ ʧʝʨʝʭʦʜʠ ʙʫʜʫʪʴ 

ʧʦʪʨʽʙʥʽ. 

ʆʜʝʨʞʘʥʘ ʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʂʄʇ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 17 ʤʽʩʮʴ ʪʘ 22 ʧʝʨʝʭʦ-

ʜʽʚ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. ʇʦʯʘʪʢʦʚʝ ʤʘʨʢʫʚʘʥʥʷ 

ʄ0 = (2, 2, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1).
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ʈʠʩ. 3. ʂʄʇ-ʤʦʜʝʣʴ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

 
ɸʥʘʣʽʟ ʂʄʇ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

 

ɸʥʘʣʽʟ ʛʨʘʬʘ ʜʦʩʷʞʥʦʩʪʽ ʜʘʥʦʾ ʂʄʇ-ʤʦʜʝʣʽ, 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘʩʦʙʘʤʠ CPN Tools, ʜʦʟʚʦʣʷʻ 

ʜʽʡʪʠ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

¶ ʦʙʤʝʞʝʥʽʩʪʴ (ʛʨʘʬ ʜʦʩʷʞʥʦʩʪʽ ʚʢʣʶʯʘʻ ʚ 
ʩʝʙʝ 176 ʩʪʘʥʽʚ, ʱʦ ʻ ʩʢʽʥʯʝʥʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ 

ʦʪʞʝ, ʜʦʩʣʽʜʞʫʚʘʥʘ ʂʄʇ ʻ ʦʙʤʝʞʝʥʦʶ); 

¶ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ (ʜʠʚ. ʚʠʱʝ); 

¶ ʥʝʩʫʧʝʨʝʯʣʠʚʽʩʪʴ (ʜʠʚ. ʚʠʱʝ); 

¶ ʚʟʘʻʤʦʚʠʢʣʶʯʥʽʩʪʴ (ʚ ʧʘʨʽ ʤʽʩʮʴ Producer 

In Owner Zone / Consumer In Owner Zone ʤʦʞʝ 

ʧʝʨʝʙʫʚʘʪʠ ʥʝ ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʬʽʰʢʠ ʦʜʥʦʯʘʩʥʦ, ʽ 

ʷʢʱʦ ʚʦʥʘ ʻ, ʤʽʩʮʝ Owner Zone Is Empty 

ʦʙʦʚôʷʟʢʦʚʦ ʧʦʨʦʞʥʻ); 

¶ ʞʠʚʫʯʽʩʪʴ (ʤʝʨʪʚʽ ʧʝʨʝʭʦʜʠ ʚʽʜʩʫʪʥʽ, ʤʝʨ-
ʪʚʽ ʤʘʨʢʫʚʘʥʥʷ: M167 = (0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 

0, 0, 2, 2, 0, 0, 0) ʪʘ M176 = (0, 0, 0, 0, 1, 0, 0, 0, 0, 

0, 0, 0, 2, 2, 1, 0, 0)). 

ʆʪʞʝ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʂʄʇ-ʤʦʜʝʣʽ ʽʟ ʷʢʽʩ-

ʥʠʤʠ ʬʽʰʢʘʤʠ ʜʦ ʂʄʇ-ʤʦʜʝʣʽ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ 

ʬʽʰʢʘʤʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʤʦʜʝʣʽ ʟʙʝʨʝʛ-

ʣʠʩʷ. 

ʄʘʪʨʠʮʷ ʽʥʮʠʜʝʥʪʥʦʩʪʽ A ʨʦʟʤʽʨʥʦʩʪʽ 18³17 

(ʧʝʨʝʭʦʜʠ idle_prod, idle_cons, producingé ʪʘ 

consumingé, ʚ ʷʢʠʭ ʚʭʽʜʥʘ ʧʦʟʠʮʽʷ ʩʧʽʚʧʘʜʘʻ ʽʟ 

ʚʠʭʽʜʥʦʶ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ) ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ:
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʘʥʦʾ ʂʄʇ ʥʘ ʥʘʷʚʥʽʩʪʴ ʜʝʜ-

ʣʦʢʽʚ ʧʦʙʫʜʫʻʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ 

ʜʽʦʬʘʥʪʦʚʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʥʘʜ ʤʥʦʞʠʥʦʶ {0, 1}, 

ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʠʩʪʝʤʽ ʣʦʛʽʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠ-

ʩʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʜʝʜʣʦʢʽʚ. ɸ ʩʘʤʝ: ʷʢʱʦ ʜʦʚʽʣʴ-

ʥʠʡ ʧʝʨʝʭʽʜ ʤʘʻ ʚʠʭʽʜʥʝ ʤʽʩʮʝ, ʷʢʝ ʥʘʣʝʞʠʪʴ 

ʜʝʜʣʦʢʫ Q, ʪʦ ʜʝʜʣʦʢʫ Q ʤʘʻ ʥʘʣʝʞʘʪʠ ʽ ʡʦʛʦ 

ʚʭʽʜʥʝ ʤʽʩʮʝ [10, C. 166]. 

ɼʣʷ ʜʘʥʦʾ ʂʄʇ ʤʘʪʠʤʝʤʦ ʪʘʢʽ ʤʥʦʞʠʥʠ ʚʭʽ-

ʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʤʽʩʮʴ ʧʝʨʝʭʦʜʽʚ (ʥʦʤʝʨʠ ʧʝ-

ʨʝʭʦʜʽʚ ʽ ʤʽʩʮʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʤʝʨʘʤ ʚʽʜʧʦʚʽʜ-

ʥʦ ʩʪʦʚʧʯʠʢʽʚ ʽ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ):

 

¶t1 = {P1}; 

t1¶ = {P3};  

¶t2 = {P2}; 

t2¶ = {P4}; 

¶t3 = {P3, P5}; 

t3¶ = {P7}; 

¶t4 = {P4, P5}; 

t4¶ = {P8}; 

¶t5 = {P6}; 

t5¶ = {P1, P5}; 

¶t6 = {P8}; 

t6¶ = {P2, P5}; 

¶t7 = {P9, P11}; 

t7¶ = {P2, P3, P5, P16}; 

¶t8 = {P6, P12}; 

t8¶ = {P1, P4, P5, P17}; 

¶t9 = {P6, P11}; 

t9¶ = {P1, P3, P5, P16}; 

¶t10 = {P9, P12}; 

t10¶ = {P2, P4, P5, P17}; 

¶t11 = {P9, P13}; 

t11¶ = {P2, P3, P5, P11}; 

¶t12 = {P6, P14}; 

t12¶ = {P1, P4, P5, P12}; 

¶t13 = {P7, P16}; 

t13¶ = {P5, P11}; 

¶t14 = {P8, P17}; 

t14¶ = {P5, P12}; 

¶t15 = {P7, P10}; 

t15¶ = {P6, P15}; 

¶t16 = {P8, P15}; 

t16¶ = {P9, P10}; 

¶t17 = {P7, P11}; 

t17¶ = {P5, P13}; 

¶t18 = {P8, P12}; 

t18¶ = {P5, P14}. 

 

ɿʚʽʜʩʠ ʤʘʻʤʦ ʪʘʢʽ ʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʧʦʰʫʢʫ ʜʝʜʣʦʢʽʚ: 

P1 Í Q ­ P6 Ø (P6 Ù P11) Ø (P6 Ù P12) Ø (P6 Ù 

P14) = P6 Í Q; 

P2 Í Q ­ P8 Ø (P9 Ù P11) Ø (P9 Ù P12) Ø (P9 Ù 

P13) = (P8 Ø P9) Ù (P8 Ø P11 Ø P12 Ø P13) Í Q; 

P3 Í Q ­ P1 Ø (P6 Ù P11) Ø (P9 Ù P11) Ø (P9 Ù 

P13) = (P1 Ø P11 Ø P9) Ù (P1 Ø P6 Ø P9) Ù (P1 Ø 

P11 Ø P13) Í Q; 

P4 Í Q ­ P2 Ø (P6 Ù P12) Ø (P9 Ù P12) Ø (P6 Ù 

P14) = (P2 Ø P6 Ø P12) Ù (P2 Ø P6 Ø P9) Ù (P2 Ø 

P12 Ø P14) Í Q; 

P5 Í Q ­ P6 Ø P8 Ø (P9 Ù P11) Ø (P6 Ù P12) Ø (P6 

Ù P11) Ø (P9 Ù P12) Ø (P9 Ù P13) Ø (P6 Ù P14) Ø 

(P7 Ù P16) Ø (P8 Ù P17) Ø (P7 Ù P11) Ø (P8 Ù P12) 

= (P6 Ø P8 Ø P7 Ø P9) Ù (P11 Ø P9 Ø P16) Ù (P7 Ø 

P11 Ø P12 Ø P13) Ù (P11 Ø P16 Ø P12 Ø P13) Í Q; 

P6 Í Q ­ P7 Ù P10  Í Q; 

P7 Í Q ­ P3 Ù P5 Í Q; 

P8 Í Q ­ P4 Ù P5 Í Q; 

P9 Í Q ­ P8 Ù P15 Í Q; 

P10 Í Q ­ P8 Ù P15 Í Q; 

P11 Í Q ­ (P9 Ù P13) Ø (P7 Ù P16) Í Q; 

P12 Í Q ­ (P9 Ù P13) Ø (P8 Ù P17) Í Q; 

P13 Í Q ­ P7 Ù P11 Í Q; 

P14 Í Q ­ P8 Ù P12 Í Q; 

P15 Í Q ­ P7 Ù P10 Í Q; 

P16 Í Q ­ (P9 Ù P11) Ø (P6 Ù P11) Í Q; 

P17 Í Q ­ (P6 Ù P12) Ø (P9 Ù P12) Í Q. 

ʎʽ ʫʤʦʚʠ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʣʦʛʽʯʥʠʭ ʬʦʨʤʫʣ: 

×P1 Ù P6; 

×P2 Ù (P8 Ø (P9 Ù P11) Ø (P9 Ù P12) Ø (P9 Ù 

P13)); 

×P3 Ù (P1 Ø (P6 Ù P11) Ø (P9 Ù P11) Ø (P9 Ù 

P13)); 

×P4 Ù (P2 Ø (P6 Ù P12) Ø (P9 Ù P12) Ø (P6 Ù 

P14)) Í Q; 

×P5 Ù (P6 Ø P8 Ø (P9 Ù P11) Ø (P6 Ù P12) Ø 

(P6 Ù P11) Ø (P9 Ù P12) Ø (P9 Ù P13) Ø (P6 Ù 

P14) Ø (P7 Ù P16) Ø (P8 Ù P17) Ø (P7 Ù P11) 

Ø (P8 Ù P12)); 

×P6 Ù P7 Ù P10; 

×P7 Ù P3 Ù P5; 

×P8 Ù P4 Ù P5; 

×P9 Ù P8 Ù P15; 

×P10 Ù P8 Ù P15; 

×P11 Ù ((P9 Ù P13) Ø (P7 Ù P16)); 

×P12 Ù ((P9 Ù P13) Ø (P8 Ù P17)); 

×P13 Ù P7 Ù P11; 

×P14 Ù P8 Ù P12; 

×P15 Ù P7 Ù P10; 

×P16 Ù ((P9 Ù P11) Ø (P6 Ù P11)); 

×P17 Ù ((P6 Ù P12) Ø (P9 Ù P12)). 
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ʎʽ ʬʦʨʤʫʣʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩ-

ʪʝʤʠ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʜʽʦʬʘʥʪʦʚʠʭ ʥʝʨʽʚ-

ʥʦʩʪʝʡ (ʜʘʣʽ ʉʃʆɼʅ) ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽʟ ʤʥʦ-

ʞʠʥʠ {-1, 0, 1}. ʏʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʝʨʽʚʥʦ-

ʩʪʝʡ ʚ ʮʽʡ ʩʠʩʪʝʤʽ (41) ʥʘʚʝʜʝʤʦ ʪʽʣʴʢʠ ʧʝʨʰʽ 9 

ʽʟ ʥʠʭ (ʜʣʷ ×P1, ×P2 ʪʘ ×P3): 
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ʈʦʟʚôʷʟʘʚʰʠ ʮʶ ʩʠʩʪʝʤʫ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʘʣ-

ʛʦʨʠʪʤʦʤ ɸʜʞʽʣʽ-ʂʦʥʪʝʞʘʥ [18]), ʦʪʨʠʤʘʻʤʦ 

ʤʥʦʞʠʥʫ ʽʟ 3638 ʚʝʢʪʦʨʽʚ, ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ, ʟʦʢ-

ʨʝʤʘ, ʚʝʢʪʦʨ vmax = (1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

1, 1, 1, 1, 1), ʷʢʠʡ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʤʽʩʮʷ ʜʘʥʦʾ 

ʂʄʇ ʩʢʣʘʜʘʶʪʴ ʜʝʜʣʦʢ. ʅʘʡʙʽʣʴʰʝ ʥʘʩ ʮʽʢʘʚ-

ʣʷʪʴ ʤʽʥʽʤʘʣʴʥʽ ʜʝʜʣʦʢʠ, ʪʦʙʪʦ ʪʘʢʽ, ʜʦ ʷʢʠʭ ʥʝ 

ʚʭʦʜʷʪʴ ʽʥʰʽ ʜʝʜʣʦʢʠ. ʊʘʢʠʭ ʙʫʜʝ 10: 

¶ v1 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0), 

¶ v2 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0, 0, 1, 0), 

¶ v3 = (0, 0, 0, 0, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0), 

¶ v4 = (1, 0, 1, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 1, 0, 0), 

¶ v5 = (0, 1, 0, 1, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1, 0, 0, 0), 

¶ v6 = (1, 0, 1, 0, 0, 1, 1, 0, 0, 0, 1, 0, 1, 0, 0, 0, 0), 

¶ v7 = (0, 1, 0, 1, 0, 1, 0, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0), 

¶ v8 = (0, 0, 0, 0, 1, 1, 0, 1, 1, 1, 1, 0, 0, 0, 0, 1, 0), 

¶ v9 = (0, 0, 0, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 0, 0, 0), 

¶ v10 = (1, 1, 1, 1, 0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0). 

ɸʥʘʣʽʟ ʽʥʚʘʨʽʘʥʪʽʚ ʜʣʷ ʜʘʥʦʾ ʂʄʇ ʜʦʟʚʦʣʷʻ 

ʜʽʡʪʠ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

¶ ʦʙʤʝʞʝʥʽʩʪʴ. ʄʥʦʞʠʥʘ S-ʽʥʚʘʨʽʘʥʪʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʚʝʢʪʦʨʽʚ: 

o s1 = (0, 0, 0, 0, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0); 

o s2 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 2, 0, 1, 0, 0, 2, 0); 

o s3 = (1, 0, 1, 0, 0, 1, 1, 0, 0, 0, 1, 0, 1, 0, 0, 0, 0); 

o s4 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 2, 0, 1, 0, 0, 2); 

o s5 = (0, 1, 0, 1, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1, 0, 0, 0); 

o s6 = (0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0). 

ʋʩʽ ʤʽʩʮʷ ʧʦʢʨʠʚʘʶʪʴʩʷ ʥʝʥʫʣʴʦʚʠʤʠ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ ʟ ʤʥʦʞʠʥʠ S-ʽʥʚʘʨʽʘʥʪʽʚ, ʘ ʦʪʞʝ, ʜʘʥʘ 

ʂʄʇ ʦʙʤʝʞʝʥʘ. ʇʦʟʙʫʚʰʠʩʴ ʽʥʛʽʙʽʪʦʨʥʠʭ ʜʫʛ, 

ʤʠ ʧʦʟʙʫʣʠʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʥʫʣʴʦ-

ʚʠʭ ʩʪʦʚʧʮʽʚ, ʷʢʽ ʚʢʘʟʫʚʘʣʠ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʥʘʷʚ-

ʥʽʩʪʴ ʥʝʦʙʤʝʞʝʥʠʭ ʤʽʩʮʴ. 

¶ ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ. ʄʥʦʞʠʥʘ ʊ-ʽʥʚʘʨʽʘʥʪʽʚ 

(ʥʝʦʯʠʱʝʥʘ ʚʽʜ ʚʝʢʪʦʨʽʚ, ʷʢʽ ʻ ʣʽʥʽʡʥʠʤʠ ʢʦʤʙʽ-

ʥʘʮʽʷʤʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ) ʥʘʣʽʯʫʻ 1 

547 052 ʚʝʢʪʦʨʽʚ, ʪʦʞ ʥʘʚʦʜʠʪʠ ʾʾ ʤʠ ʥʝ ʙʫʜʝʤʦ. 

ʋʪʽʤ, ʥʝʥʫʣʴʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ʟ ʮʽʻʾ 

ʤʥʦʞʠʥʠ ʧʦʢʨʠʚʘʶʪʴ ʚʩʽ ʧʝʨʝʭʦʜʠ ʂʄʇ, ʪʦʞ 

ʚʦʥʘ ʻ ʧʦʚʪʦʨʶʚʘʥʦʶ. 

¶ ʅʝʩʫʧʝʨʝʯʣʠʚʽʩʪʴ. ʇʦʯʘʪʢʦʚʝ ʤʘʨʢʫʚʘʥʥʷ 
M0 ʻ ʜʦʩʷʞʥʠʤ ʽʟ ʩʘʤʦʛʦ ʩʝʙʝ ʯʝʨʝʟ ʪʘʢʫ ʧʦʩʣʽ-

ʜʦʚʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ s, ʱʦ ʢʦʞʝʥ ʧʝʨʝʭʽʜ ʚʭʦ-

ʜʠʪʴ ʜʦ s ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʨʘʟ. 

¶ ɺʟʘʻʤʦʚʠʢʣʶʯʥʽʩʪʴ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘ ʚʟʘ-
ʻʤʦʚʠʢʣʶʯʥʽʩʪʴ ʩʣʽʜ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ 1) ʟʦʥʘ 

ʚʣʘʩʥʠʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʯʘʩʥʦ ʟʘʡʥʷʪʘ ʽ ʚʽ-

ʣʴʥʘ, ʪʘ 2) ʚ ʟʦʥʽ ʚʣʘʩʥʠʢʘ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ 

ʪʽʣʴʢʠ ʦʜʠʥ ʧʦʪʽʢ ʦʜʥʦʯʘʩʥʦ. ɼʣʷ ʜʦʚʝʜʝʥʥʷ 

ʽʩʪʠʥʥʦʩʪʽ ʪʚʝʨʜʞʝʥʥʷ 1 ʪʨʝʙʘ ʧʦʢʘʟʘʪʠ ʥʝʜʦ-

ʩʷʞʥʽʩʪʴ ʪʘʢʠʭ ʤʘʨʢʫʚʘʥʴ: 

o M11 = (2, 2, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1), 

o M12 = (1, 2, 0, 0, 1, 0, 1, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1), 

o M13 = (2, 1, 0, 0, 1, 0, 0, 1, 0, 1, 0, 0, 0, 0, 0, 1, 1) 

o ʪʘ ʽʥʰʠʭ ʟ ʬʽʰʢʦʶ ʫ ʧʦʟʠʮʽʾ Owner Zone 

Is Free ʽ ʦʜʥʽʻʶ ʬʽʰʢʦʶ ʚ ʦʜʥʽʡ ʟ ʧʦʟʠʮʽʡ Pro-

ducer/Consumer In Owner Zone. 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʽʩʪʠʥʥʦʩʪʽ ʪʚʝʨʜʞʝʥʥʷ 2 ʪʨʝ-

ʙʘ ʧʦʢʘʟʘʪʠ ʥʝʜʦʩʷʞʥʽʩʪʴ ʪʘʢʠʭ ʤʘʨʢʫʚʘʥʴ: 

o M21 = (0, 2, 0, 0, 0, 0, 2, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1), 

o M22 = (2, 0, 0, 0, 0, 0, 0, 2, 0, 1, 0, 0, 0, 0, 0, 1, 1), 

o M23 = (1, 1, 0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 0, 0, 0, 1, 1) 

o ʪʘ ʽʥʰʠʭ ʟ ʦʜʥʽʻʶ ʘʙʦ ʙʽʣʴʰʝ ʬʽʰʢʘʤʠ 

ʦʜʨʘʟʫ ʚ ʦʙʦʭ ʧʦʟʠʮʽʷʭ Producer/Consumer In 

Owner Zone. 

ʅʝʚʘʞʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʨʠ M0 = (2, 2, 0, 

0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1) ʞʦʜʥʝ ʥʝʚʟʘʻ-

ʤʦʚʠʢʣʶʯʥʝ ʤʘʨʢʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʞʦʜʥʝ ʽʟ ʥʘ-

ʚʝʜʝʥʠʭ ʚʠʱʝ ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ, ʥʝ ʻ ʜʦʩʷʞ-

ʥʠʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʜʦʙʫʪʦʢ ʥʘ ʱʦʥʘʡʤʝʥʰʝ ʦʜʠʥ 

ʽʟ S-ʽʥʚʘʨʽʘʥʪʽʚ ʥʝ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ M0 ʥʘ ʮʝʡ 

ʩʘʤʠʡ S-ʽʥʚʘʨʽʘʥʪ. 

ʆʪʞʝ, ʟʘʤʽʥʘ ʤʽʩʮʴ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʪʠʧʽ-

ʟʦʚʘʥʽ ʬʽʰʢʠ, ʪʘʢʦʶ ʢʽʣʴʢʽʩʪʶ ʤʽʩʮʴ, ʱʦ ʤʦ-

ʞʫʪʴ ʤʽʩʪʠʪʠ ʙʝʟʪʠʧʦʚʽ ʬʽʰʢʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 
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ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ 

ʜʘʥʠʭ, ʪʘ ʟʘʤʽʥʘ ʽʥʛʽʙʽʪʦʨʥʠʭ ʜʫʛ ʜʦʜʘʪʢʦʚʠʤʠ 

ʤʽʩʮʷʤʠ ʥʝ ʚʧʣʠʥʫʣʠ ʥʘ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʜʝʣʽ, ʟʦʢʨʝʤʘ ʥʘ ʥʘʷʚʥʽʩʪʴ ʜʝʜʣʦʢʽʚ. ʎʝ ʜʘʻ 

ʧʽʜʩʪʘʚʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʧʠʩʘʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʠʭʽʜʥʦʾ ʂʄʇ-ʤʦʜʝʣʽ ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʥʘ 

ʂʄʇ-ʤʦʜʝʣʴ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʻ ʝʢʚʽʚʘ-

ʣʝʥʪʥʠʤʠ. 

 
ɺʠʩʥʦʚʢʠ 

 

ɺ ʩʪʘʪʪʽ ʧʨʦʜʦʚʞʝʥʦ ʨʦʙʦʪʫ ʟ ʚʠʨʦʙʣʝʥʥʷ 

ʧʨʠʥʮʠʧʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ S- ʪʘ ʊ-ʽʥʚʘʨʽʘʥʪʽʚ ʜʦ 

ʘʥʘʣʽʟʫ ʂʄʇ ʟ ʤʝʪʦʶ ʧʦʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝ-

ʪʦʜʽʚ ʘʥʘʣʽʟʫ ʄʇ ʥʘ ʂʄʇ ʪʘ ʨʦʟʨʦʙʢʠ ʩʧʝʮʠʬʽ-

ʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʂʄʇ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ ʄʇ. ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽ-

ʟʦʚʘʥʦ ʂʄʇ-ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʽʚ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʽʚ 

wait()/notify()  ʽʟ ʷʢʽʩʥʠʤʠ ʪʘ ʢʽʣʴʢʽʩʥʠʤʠ 

ʬʽʰʢʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʤʦʜʝʣʽ ʻ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʢ-

ʪʠʚʥʦʩʪʽ, ʞʠʚʫʯʦʩʪʽ ʪʘ ʚʟʘʻʤʦʚʠʢʣʶʯʥʦʩʪʽ. ʎʝ 

ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʝ-

ʨʝʭʦʜʫ ʟ ʦʜʥʽʻʾ ʬʦʨʤʠ ʜʦ ʽʥʰʦʾ ʙʝʟ ʟʤʽʥʠ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ, ʘ ʚʽʜʪʘʢ ʽ ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʂʄʇ ʽʟ ʷʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʥʘ 

ʂʄʇ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʯʘʪʢʦ-

ʚʠʭ ʂʄʇ. 

ʋ ʧʽʜʩʫʤʢʫ ʂʄʇ-ʤʦʜʝʣʽ ʽʟ ʷʢʽʩʥʠʤʠ ʪʘ ʢʽʣʴ-

ʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘʤʠ ʚ ʨʦʙʦʪʽ 

[16] ʪʘ ʮʽʡ ʩʪʘʪʪʽ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ 

ʧʦʨʦʜʞʫʶʯʦʾ ʤʥʦʞʠʥʠ S- ʪʘ T-ʽʥʚʘʨʽʘʥʪʽʚ, 

ʨʦʟʚôʷʟʫʶʪʴ ʟʘʜʘʯʫ ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʦʩʦʙʫ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʂʄʇ. ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʦʙʨʘʥʦ ʥʝ ʫʤʦʚʥʽ ʪʘ ʷʢʠʤʦʩʴ ʩʧʝʮʠʬʽʯʥʠʤ ʯʠ-

ʥʦʤ ʥʘʣʘʰʪʦʚʘʥʽ ʄʇ, ʘ ʨʝʘʣʴʥʽ ʄʇ- ʪʘ ʂʄʇ-

ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʽ ʚ ʨʘʤʢʘʭ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢ-

ʪʠʯʥʦ ʟʥʘʯʫʱʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʘ ʦʪʞʝ, ʻ 

ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʧʠʩʘʥʽ ʫ ʩʪʘʪʪʽ ʧʽʜ-

ʭʦʜʠ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ʋʪʽʤ, ʦʩʪʘʪʦʯʥʝ ʜʦʚʝ-

ʜʝʥʥʷ ʮʴʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʊʘʢʦʞ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʂʄʇ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ ʧʦʜʽʙʥʽ ʜʦ ʢʣʘʩʠ-

ʯʥʠʭ ʄʇ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʮʽʻʾ ʧʦʜʽʙʥʦʩʪʽ ʻ ʚʘʞ-

ʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʂʄʇ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʄʇ ʫ ʂʄʇ ð ʧʦʪʫʞʥʽʰʫ ʟʘ ʄʇ 

ʤʦʚʫ, ʘ ʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʽʰʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦ-

ʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʃʦʛʽʯʥʠʤ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦʾ ʨʦʙʦʪʠ ʚʙʘʯʘʻʪʴʩʷ ʩʪʨʦʛʝ ʜʦʚʝʜʝʥʥʷ ʝʢʚʽ-

ʚʘʣʝʥʪʥʦʩʪʽ ʂʄʇ-ʤʦʜʝʣʝʡ ʽʟ ʷʢʽʩʥʠʤʠ ʪʘ ʢʽʣʴ-

ʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ, ʘ ʚʽʜʪʘʢ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ. ʎʝ ʩʪʘʥʝ ʦʩʥʦʚʦʶ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʂʄʇ ʽʟ ʷʢʽʩ-

ʥʠʤʠ ʬʽʰʢʘʤʠ ʥʘ ʂʄʇ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘ-

ʤʠ. ʊʘʢʦʞ ʚʙʘʯʘʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʧʦʰʠʨʝʥʥʷ 

ʦʧʠʩʘʥʦʛʦ ʫ ʩʪʘʪʪʽ ʤʝʪʦʜʫ ʥʘ ʽʥʰʽ ʚʠʜʠ ʤʝʨʝʞ 

ʇʝʪʨʽ, ʟʦʢʨʝʤʘ ʥʘ ʯʘʩʦʚʽ, ʩʪʦʭʘʩʪʠʯʥʽ ʪʘ ʩʪʨʫʢ-

ʪʫʨʥʽ. ʊʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚʠʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʜʦ ʄʇ ʪʘ ʂʄʇ ʽʟ ʢʽʣʴʢʽʩʥʠʤʠ ʬʽʰʢʘʤʠ 

ʟʘʩʦʙʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʪʘ ʧʦʙʫʜʦʚʘ 

ʾʭʥʽʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʦʨʦʜʞʫʶʯʠʭ ʬʫʥʢʮʽʡ [19-

21].
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ʈɽʂʆʅʌɯɻʋʈʆɺɸʅɸ ɹɸɻɸʊʆʇʈʆʎɽʉʆʈʅɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʉʀʉʊɽʄɸ ʅɸ ʇʃɯʉ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʦʛʨʘʤʦʚʘ-

ʥʠʭ ʣʦʛʽʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʽ ʛʨʘʬʽʚ ʩʠʥʭʨʦʥʥʠʭ ʧʦʪʦʢʽʚ ʜʘ-

ʥʠʭ ʫ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʪʦʢʽʚ ʜʘ-

ʥʠʭ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʦ ʰʽʩʪʥʘʜʮʷʪʠʨʦʟʨʷʜʥʝ ʷʜʨʦ 

RISC-ʧʨʦʮʝʩʦʨʘ, ʷʢʠʡ ʤʘʻ ʤʘʣʽ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ ʪʘ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ, ʱʦ ʥʘʩʪʨʦʶʻʪʴʩʷ. 

 

An approach to the reconfigurable computer design based on FPGAs is proposed. It is based on mapping 

the synchronous dataflow graphs into the many-core processor system in which the reconfiguration means 

the dataflow switshing. A soft core of the 16-bit RISC microprocessor is designed for this system, which has 

small hardware volume and configurable instruction set.   

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʃɯʉ, ʢʦʥʬʽʛʫʨʦʚʘʥʠʡ ʢʦʤʧʶʪʝʨ, RISC.  

 

1. ɺʩʪʫʧ 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʽʥʪʝ-

ʛʨʘʣʴʥʠʭ ʩʭʝʤ (ʇʃɯʉ), ʷʢ ʦʩʥʦʚʠ ʢʦʥʬʽʛʫʨʦ-

ʚʘʥʠʭ ʢʦʤʧʶʪʝʨʽʚ, ʻ ʩʪʘʣʦʶ ʪʝʥʜʝʥʮʽʻʶ. ʇʃɯʉ, 

ʚ ʷʢʽʡ ʨʝʘʣʽʟʦʚʘʥʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʩʧʝʮʽʘ-

ʣʽʟʦʚʘʥʠʡ ʦʙʯʠʩʣʶʚʘʯ, ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʦʜʠʥ ʨʘʟ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ ʘʙʦ ʚʦʥʘ ʧʦʚʥʽʩʪʶ 

ʯʠ ʯʘʩʪʢʦʚʦ ʧʝʨʝʧʨʦʛʨʘʤʫʻʪʴʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʪʠ-

ʤʘʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʨʽʟʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʘʣʛʦʨʠʪʤʫ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ 

ʢʘʞʫʪʴ ʧʨʦ ʜʠʥʘʤʽʯʥʦ ʨʝʢʦʥʬʽʛʫʨʦʚʘʥʠʡ 

ʢʦʤʧʁʪʝʨ (ɼʈʂ) [1,2,3].   

ʗʢ ʧʨʘʚʠʣʦ, ʚ ɼʈʂ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʦʪʦʢʦʚʽ ʘʣ-

ʛʦʨʠʪʤʠ, ʜʣʷ ʷʢʠʭ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʦʙʻʤʠ 

ʧʦʨʮʽʡ ʦʙʯʠʩʣʝʥʴ ʪʘ ʤʽʞʧʨʦʮʝʩʦʨʥʽ ʢʦʤʫʥʽʢʘ-

ʮʽʾ. ʇʨʠ ʨʦʟʨʦʙʮʽ ɼʈʂ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʶʪʴ, 

ʚʠʜʽʣʷʶʪʴ ʤʥʦʞʠʥʠ ʦʙʯʠʩʣʝʥʴ, ʷʢʽ ʚʽʜʦʙʨʘʞʘ-

ʶʪʴ ʥʘ ʧʨʦʮʝʩʦʨʥʽ ʝʣʝʤʝʥʪʠ (ʇɽ), ʚʠʟʥʘʯʘʶʪʴ 

ʧʦʪʨʽʙʥʽ ʚʘʨʽʘʥʪʠ ʧʨʦʮʝʩʦʨʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʚʠ-

ʨʦʙʣʷʶʪʴ ʥʘʙʽʨ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʬʘʡʣʽʚ, ʷʢʽ 

ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʜʠʥʘʤʽʯʥʦ ʫ ʇʃɯʉ ʧʽʜ ʯʘʩ ʨʦ-

ʙʦʪʠ ɼʈʂ [1]. 

ʅʦʚʽ ʩʝʨʽʾ ʇʃɯʉ ʬʽʨʤ Altera ʽ Xilinx  ʧʽʜʪʨʠ-

ʤʫʶʪʴ ʯʘʩʪʢʦʚʫ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ. ɸʣʝ, ʧʦ-ʧʝʨ-

ʰʝ, ʤʽʥʽʤʘʣʴʥʘ ʧʦʨʮʽʷ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʢʨʠʚʘʻ 

ʧʨʷʤʦʢʫʪʥʫ ʦʙʣʘʩʪʴ ʇʃɯʉ, ʷʢʘ ʻ ʜʦʚʦʣʽ ʚʝʣʠ-

ʢʦʶ. ʅʘʧʨʠʢʣʘʜ, ʚ ʇʃɯʉ Xilinx  ʮʷ ʦʙʣʘʩʪʴ 

ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʙʣʦʢʠ ʤʥʦʞʝʥʥʷ DSP48. ʂʨʽʤ 

ʪʦʛʦ, ʯʘʩʪʠʥʘ ʇʃɯʉ, ʷʢʘ ʥʝ ʟʤʽʥʠʣʘ ʢʦʥʬʽʛʫ-

ʨʘʮʽʶ ʽ ʦʩʪʨʽʚʝʮʴ ʟ ʥʦʚʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʧʦ-

ʚʠʥʥʽ ʤʘʪʠ ʥʝʟʤʽʥʥʽ ʩʧʽʣʴʥʽ ʪʦʯʢʠ ʧʝʨʝʜʘʯʽ ʜʘ-

ʥʠʭ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʱʽʚ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ɼʈʂ ʪʘ ʦʙʤʝʞʝʥʴ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʘʧʘʨʘʪ-

ʥʠʭ ʚʠʪʨʘʪ. ʇʦ-ʜʨʫʛʝ, ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʢʦʚʘ ʨʝ-

ʢʦʥʬʽʛʫʨʘʮʽʷ ʪʨʠʚʘʻ ʢʽʣʴʢʘ ʤʽʣʽʩʝʢʫʥʜ, ʪʦʙʪʦ, 

ʚʦʥʘ ʩʢʣʘʜʘʻ ʚʝʣʠʢʽ ʯʘʩʦʚʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ [2]. 

ʎʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʤʦʞʥʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘ-

ʚʜʷʢʠ ʢʝʰʫʚʘʥʥʶ ʧʨʦʰʠʚʢʠ [3]. ɸʣʝ ʫ ʇʃɯʉ ʥʘ 

ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʰʠʚʢʠ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʣʠʟʴʢʦ 60% ʪʨʘʥʟʠʩʪʦʨʽʚ ʢʨʠʩʪʘʣʫ. ʊʦʤʫ ʜʦ-

ʜʘʪʢʦʚʽ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦ-

ʰʠʚʢʠ ʧʨʠʟʚʦʜʷʪʴ ʷʢ ʜʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʇʃɯʉ, ʪʘʢ ʽ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʩʭʝʤ [2].  

ʅʦʚʽ ʩʝʨʽʾ ʇʃɯʉ ʤʘʶʪʴ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʫʣʽʚ, ʷʢʽ ʚ 

ʥʠʭ ʢʦʥʬʽʛʫʨʫʶʪʴʩʷ. ʗʢʱʦ ʯʠʩʣʦ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʫ ʇʃɯʉ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʫʯʝʪʚʝʨʦ, ʪʦ ʦʙʻʤ ʨʝʩʫʨ-

ʩʽʚ ʜʣʷ ʪʨʘʩʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʣʠʰʝ 

ʫʜʚʽʯʽ. ɿʘʪʨʠʤʢʠ ʫ ʣʽʥʽʷʭ ʟʚʷʟʢʫ ʩʪʘʣʠ ʚ 1-3 

ʨʘʟʠ ʙʽʣʴʰʠʤʠ ʟʘ ʟʘʪʨʠʤʢʠ ʫ ʣʦʛʽʯʥʠʭ ʪʘʙʣʠʮʷʭ 

(ʃʊ) ʪʘ ʽʥʰʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ [2]. ʗʢ ʨʝ-

ʟʫʣʴʪʘʪ, ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʦʜʫʣʽ ʤʘʶʪʴ ʙʫʪʠ ʢʦʤ-

ʧʘʢʪʥʠʤʠ, ʱʦʙʠ ʾʭ ʚʥʫʪʨʽʰʥʽ ʩʠʛʥʘʣʠ ʜʘʣʝʢʦ ʥʝ 

ʧʦʰʠʨʶʚʘʣʠʩʴ.  

ʏʘʩʦʚʽ ʪʘ ʘʧʘʨʘʪʥʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʨʝʢʦ-

ʥʬʽʛʫʨʘʮʽʶ ɼʈʂ ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ, ʷʢʱʦ ʧʨʠ 

ʮʴʦʤʫ ʚʟʘʛʘʣʽ ʥʝ ʟʤʽʥʶʚʘʪʠ ʧʨʦʰʠʚʢʫ ʇʃɯʉ. ʋ 

ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ, ʥʘʧʨʠʢʣʘʜ ʚ [4], ʧʨʦʧʦʥʫʻʪʴ-

ʩʷ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ɼʈʂ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʦʜʥʘʢʦʚʠʭ ʢʦʤʧʘʢʪʥʠʭ 

ʇɽ, ʷʢʽ ʟʚʷʟʘʥʽ ʢʦʥʬʽʛʫʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦ-

ʤʫʪʘʮʽʾ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʰʚʠʜʢʦ ʧʝʨʝʧʨʦ-

ʛʨʘʤʫʚʘʪʠʩʴ ʜʠʥʘʤʽʯʥʦ. ʅʝʜʦʣʽʢʦʤ ʮʽʻʾ ʘʨʭʽʪʝʢ-

ʪʫʨʠ ʻ ʪʦʡ, ʱʦ ʇɽ ʻ ʜʦʚʦʣʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ, 



48                                             ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʱʦ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʥʦʞʠʥʫ ʘʣʛʦʨʠʪ-

ʤʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ. 

ʗʢ ʢʦʥʬʽʛʫʨʦʚʘʥʠʡ ʇɽ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʝ ʧʨʦʮʝʩʦʨʥʝ ʷʜʨʦ ʟʽ 

ʩʧʝʮʘ̔ʣʽʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʤʘʥʜ. ʇʨʠ ʨʝʘʣʽ-

ʟʘʮʽʾ ʚ ʇʃɯʉ ʪʘʢʠʡ ʧʨʦʮʝʩʦʨ ʤʦʞʝ ʜʠʥʘʤʽʯʥʦ 

ʟʤʥ̔ ʚʁʘʪʠ ʚʠʢʦʥʫʚʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʟʘʚʜʷʢʠ ʦʚʝ-

ʨʣʝʡʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʦʛʨʘʤ. ʂʨʽʤ ʪʦʛʦ, ʰʣʷʭʦʤ 

ʯʘʩʪʢʦʚʦʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʥʘ ʜʠʥʘʤʽʯʥʦ ʟʤʽ-

ʥʶʚʘʪʠ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ, ʥʝ ʟʘʯʽʧʘʶʯʠ ʩʧʽʣʴʥʽ 

ʪʦʯʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.  

ɺʠʤʦʟʽ ʢʦʤʧʘʢʪʥʦʩʪʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʷʜʨʘ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʟ ʧʦʰʠʨʝʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, 

ʪʘʢʽ ʷʢ Nios, Microblaze, Mico32, OpenRISC, 

MIPSFPGA. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʡʥʷʪʥʦʾ ʪʘʢʪʦʚʦʾ 

ʯʘʩʪʦʪʠ ʮʽ ʧʨʦʮʝʩʦʨʠ ʤʘʶʪʴ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʡ 

ʢʦʥʚʝʻʨ (5 ʽ ʙʽʣʴʰʝ ʩʪʫʧʝʥʽʚ). ɼʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʦʪʦʢʽʚ ʫ ʪʘʢʦ-

ʤʫ ʷʜʨʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʘ ʧʝʨʝʨʠʚʘʥʥʷ ʪʘ 

ʟʤʽʥʠ ʢʦʥʪʝʢʩʪʫ, ʚʽʨʪʫʘʣʴʥʘ ʧʘʤʷʪʴ, ʢʝʰ-ʆɿʇ, 

ʰʚʠʜʢʽʩʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʧʘʤ̫ʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʥʦʾ ʘʨʭʽ-

ʪʝʢʪʫʨʠ ʥʝʦʙʭʽʜʥʽ ʢʦʤʫʪʘʪʦʨʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫ-

ʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʨʝʞʠʤʫ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʜʦʩʪʫʧʫ ʧʘʤʷʪʽ [5].  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨ-

ʥʦʛʦ ɼʈʂ ʫ ʇʃɯʉ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʤʦʜʝʣʴ ʩʠʥ-

ʭʨʦʥʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʤʝʥʰʫ-

ʶʪʴʩʷ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʰʚʠʜʢʦ-

ʜʽʷ ʩʠʩʪʝʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʢʦʥ-

ʬʽʛʫʨʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʝ ʢʦʤ-

ʧʘʢʪʥʝ ʷʜʨʦ RISC-ʧʨʦʮʝʩʦʨʘ, ʷʢʝ ʛʨʘʻ ʨʦʣʴ ʇɽ 

ʪʘʢʦʾ ʩʠʩʪʝʤʠ. 

 
2. ʉʠʩʪʝʤʘ ʩʠʥʭʨʦʥʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ 

 

ɻʨʘʬ ʩʠʥʭʨʦʥʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ (ɻʉʇɼ) ʻ ʟʨʫ-

ʯʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʟʘʚʜʘʥʥʷ ʙʘʛʘʪʴʦʭ ʘʣʛʦʨʠʪʤʽʚ 

ʟ ʮʠʢʣʽʯʥʦʶ ʧʨʠʨʦʜʦʶ, ʪʘʢʠʭ ʷʢ ʘʣʛʦʨʠʪʤʠ ʮʠʬ-

ʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ɻʉʇɼ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨ-

ʰʠʥ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʙʯʠʩʣʚʁʘʣʴʥʽ ʬʫʥʢʮʽʾ ʘʙʦ 

ʘʢʪʦʨʠ ʽ ʷʢʽ ʟʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʜʫʛʘʤʠ ʫ ʩʠʩʪʝʤʫ. 

ʂʦʞʝʥ ʧʦʪʽʢ-ʜʫʛʘ ʤʦʞʝ ʤʘʪʠ ʙʫʬʝʨʥʫ ʧʘʤʷʪʴ 

ʪʠʧʫ FIFO. ɸʢʪʦʨ ʩʧʨʘʮʴʦʚʫʻ ʥʝʛʘʡʥʦ, ʷʢ ʪʽʣʴʢʠ ʻ 

ʜʘʥʽ ʥʘ ʡʦʛʦ ʚʭʦʜʘʭ ʽ ʚʠʜʘʻ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʩʚʦʾ 

ʚʠʭʦʜʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʘʬʫ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʚ 

ɻʉʇɼ ʧʨʦʪʷʛʦʤ ʮʠʢʣʫ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʢʦ-

ʞʝʥ ʘʢʪʦʨ ʩʧʦʞʠʚʘʻ ʽ ʚʠʜʘʻ ʥʘ ʩʚʦʾ ʚʠʭʦʜʠ ʦʜʥʫ ʽ 

ʪʫ ʩʘʤʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ. 

ʄʦʜʝʣʴ ɻʉʇɼ ʤʘʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʚʽʜ-

ʩʫʪʥʽʩʪʴ ʙʣʦʢʫʚʘʥʴ, ʩʪʘʪʠʯʥʝ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘ-

ʜʫ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚʝʣʠʢʦʾ ʤʥʦʞʠʥʠ 

ʘʣʛʦʨʠʪʤʽʚ, ʧʨʦʩʪʦʪʘ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʥʝʾ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ 

[6], ʪʘʢ ʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʢʦʥʚʝʻʨʥʠʭ 

ʦʙʯʠʩʣʶʚʘʯʽʚ [7, 8, 9].  

ʇʨʠ ʦʜʠʥʠʯʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʘʣʛʦʨʠʪʤʫ, 

ʷʢʠʡ ʟʘʜʘʥʦ ʥʘ ɻʉʇɼ, ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʻ ʽʟʦ-

ʤʦʨʬʥʦʶ ʮʴʦʤʫ ʛʨʘʬʫ. ʂʦʞʝʥ ʧʨʦʮʝʩʦʨʥʠʡ ʝʣʝ-

ʤʝʥʪ (ʇɽ) ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʥʫʻ ʻʜʠʥʠʡ ʧʨʦ-

ʮʝʩ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʬʫʥʢʮʽʾ-ʘʢʪʦʨʘ. ʇʨʠ 

ʧʦʷʚʽ ʯʝʨʛʦʚʦʾ ʛʨʫʧʠ ʜʘʥʠʭ ʫ ʚʭʽʜʥʠʭ ʧʦʨʪʘʭ 

ʧʨʦʮʝʩ ʟʘʧʫʩʢʘʻʪʴʩʷ, ʦʙʯʠʩʣʶʻ ʬʫʥʢʮʽʶ, ʟʘʧʠ-

ʩʫʻ ʨʝʟʫʣʴʪʘʪʠ ʫ ʚʠʭʽʜʥʽ ʧʦʨʪʠ ʽ ʟʫʧʠʥʷʻʪʴʩʷ.  

ʇʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ɻʉʇɼ ʟ N ʘʢʪʦʨʽʚ ʫ ʩʠʩʪʝ-

ʤʫ ʟ n ʇɽ ʢʦʞʝʥ ʟ ʥʠʭ ʚʠʢʦʥʫʻ ʧʦʩʣʽʜʦʚʥʦ ʜʦ 

k = ]N/n[ ʧʨʦʮʝʩʽʚ ʦʙʯʠʩʣʝʥʥʷ ʩʫʤʽʞʥʠʭ ʘʢʪʦʨʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʇɽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʤʝʪʦʜʘʤʠ, ʷʢʽ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚ [6, 10]. ʆʪʞʝ, ʇɽ 

ʩʠʩʪʝʤʠ ʚʠʢʦʥʫʶʪʴ ʣʠʰʝ ʧʦ ʦʜʥʦʤʫ ʧʨʦʛʨʘʤ-

ʥʦʤʫ ʧʦʪʦʢʫ. ɼʣʷ ʥʠʭ ʥʝ ʧʦʪʨʽʙʥʘ ʦʧʝʨʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʧʝʨʝʨʠʚʘʥʴ, ʚʽʨʪʫʘʣʴʥʘ 

ʧʘʤ̫ʪʴ, ʪʦʱʦ. ʊʦʙʪʦ, ʪʘʢʽ ʇɽ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝ-

ʚʝʣʠʢʽ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ ʽ ʚʦʥʠ ʙʫʜʫʪʴ ʢʦʤʧʘʢʪ-

ʥʠʤʠ.  

ʎʠʢʣ ʦʙʯʠʩʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ɻʉʇɼ ʫ ʪʘʢʽʡ 

ʧʘʨʘʣʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ 

ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʽ ʦʙʯʠʩʣʝʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʧʨʦ-

ʭʦʜʠʪʴ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʚʘʥʪʘʞʝʥʽ ʇɽ. ʈʝ-

ʰʪʘ ʇɽ, ʯʝʨʝʟ ʷʢʽ ʥʝ ʧʨʦʭʦʜʠʪʴ ʢʨʠʪʠʯʥʠʡ 

ʰʣʷʭ, ʙʫʜʫʪʴ ʥʝʜʦʚʘʥʪʘʞʝʥʠʤʠ [6, 7]. ʊʦʤʫ ʻ 

ʟʘʜʘʯʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʦʩʪʽ ʇɽ. 

 
3. ɼʠʥʘʤʽʯʥʝ ʨʝʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

 

ɿʘʜʘʯʘ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʢʦʥʬʽʛʫ-

ʨʫʚʘʥʥʷ, ʤʘʻ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʥʘʙʽʨ ʨʽʟʥʠʭ 

ɻʉʇɼ. ʊʦʜʽ ʮʽ ɻʉʇɼ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʢʽʣʴʢʘ 

ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʢʽʣʴʢʽʩʪʶ ʇɽ ʪʘ ʛʨʘʬʘʤʠ ʾʭ ʟʻʜʥʘʥʴ. ʎʽ ʩʪʨʫʢ-

ʪʫʨʠ ʦʙʻʜʥʫʶʪʴʩʷ ʚ ʦʜʥʫ ʟʘʛʘʣʴʥʫ ʨʝʟʫʣʴʪʫʶʯʫ 

ʩʪʨʫʢʪʫʨʫ ɼʈʂ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʤʫʪʘʮʽʡʥʽ ʚʫʟʣʠ. 

ɿʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ ʩʪʨʫʢʪʫ-

ʨʠ, ʦʧʠʩʫʶʪʴʩʷ ʷʢ ʧʨʦʛʨʘʤʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʪʨʘʥʩʣʶʶʪʴʩʷ ʫ ʤʘʰʠʥʥʽ ʢʦʜʠ 

ʇɽ. ʇʨʠ ʮʴʦʤʫ ʚʠʜʽʣʷʻʪʴʩʷ ʤʥʦʞʠʥʘ ʢʦʤʘʥʜ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʽ ʚʽʨʪʫʘʣʴʥʽ ʤʦʜʫʣʽ ʇɽ ʥʘʣʘʰʪʦ-

ʚʫʶʪʴʩʷ ʧʽʜ ʮʽ ʤʥʦʞʠʥʠ, ʷʢ ʮʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ 

ʨʦʙʦʪʽ [10].  

ʆʜʝʨʞʘʥʠʡ ʧʨʦʝʢʪ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝ-

ʤʠ ʢʦʤʧʽʣʶʻʪʴʩʷ ʫ ʧʨʦʰʠʚʢʫ ʇʃɯʉ ʨʘʟʦʤ ʟ 

ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʜʘʤʠ ʟʘ ʟʚʠʯʘʡʥʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʉɸʇʈ ʚʠʨʦʙʥʠʢʘ ʇʃɯʉ.  

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʇɽ ʫ ɼʈʂ ʚʠʢʦʥʫʶʪʴ 

ʩʚʦʾ ʧʨʦʛʨʘʤʠ, ʘ ʡʦʛʦ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʧʦʣʷʛʘʻ 

ʣʠʰʝ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʤʫʪʘʮʽʾ ʢʦʤʫʪʘʮʽʡʥʠʭ 



ʈʝʢʦʥʬʽʛʫʨʦʚʘʥʘ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʘ ʇʃɯʉ       49 

ʚʫʟʣʽʚ ʪʘ ʫ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʛʨʘʤ ʫ ʇɽ ʟ 

ʟʦʚʥʽʰʥʴʦʾ ʧʘʤʷʪʽ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʨʝʢʦʥʬʽʛʫ-

ʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʧʨʠ ʧʦ-

ʚʥʽʡ ʯʠ ʯʘʩʪʢʦʚʽʡ ʟʤʽʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʇʃɯʉ. 

 
4. ɸʨʭʽʪʝʢʪʫʨʘ ʇɽ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ 

 

ʗʢ ʇɽ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥ-

ʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʝ 16-ʨʦʟʨʷʜ-

ʥʝ ʧʨʦʮʝʩʦʨʥʝ ʷʜʨʦ RISC-ST2. ɿʘ ʦʩʥʦʚʫ ʙʫʣʦ 

ʚʟʷʪʝ ʷʜʨʦ RISC-ST, ʷʢʝ ʦʧʠʩʘʥʝ ʫ [9]. ɼʦʚʞʠʥʘ 

ʢʦʤʘʥʜʠ ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ ʜʦ 18 ʨʦʟʨʷʜʽʚ, ʱʦ ʜʘ-

ʣʦ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʪʘ ʢʨʘ-

ʱʝ ʟʘʜʽʷʪʠ ʦʙʻʤ ʚʙʫʜʦʚʘʥʦʾ ʧʘʤ̫ʪʽ ʇʃɯʉ.  

ɼʦ ʷʜʨʘ ʜʦʜʘʥʦ ʤʥʦʞʠʥʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦ-

ʤʘʥʜ ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʙʽʪʽʚ ʩʣʽʚ, ʚʠʜʽʣʝʥʥʷ ʙʽʪʦ-

ʚʠʭ ʧʦʣʽʚ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ, ʟʣʠʪʪʷ ʧʦʣʽʚ, ʟʩʫʚʫ 

ʩʣʽʚ, ʧʽʜʨʘʭʫʥʢʫ ʯʠʩʣʘ ʥʫʣʴʦʚʠʭ ʩʪʘʨʰʠʭ ʨʦʟʨʷ-

ʜʽʚ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʘʩʦʮʽʘʪʠ-

ʚʥʦʾ ʪʘʙʣʠʮʽ ʚʚʝʜʝʥʦ ʢʦʤʘʥʜʫ ʦʙʯʠʩʣʝʥʥʷ ʭʝʰ-

ʬʫʥʢʮʽʾ. ʊʘʢ̔ ʢʦʤʘʥʜʠ ʩʧʨʠʷʶʪʴ ʝʬʝʢʪʠʚʥʽʡ ʨʝʘ-

ʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʢʦʤʧʨʝʩʽʾ, ʪʘʢʦʤʫ ʷʢ LZW. 

ʄʥʦʞʠʥʘ ʚʠʢʦʨʠʩʪʘʥʠʭ ʢʦʤʘʥʜ ʧʨʦ-

ʛʨʘʤʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡ-

ʥʦʛʦ ʬʘʡʣʫ, ʪʘʢ ʷʢ ʮʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ 

[10]. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʦʜʝʨʞʫʶʪʴʩʷ ʥʝʚʝʣʠʢʠʡ ʇɽ 

ʽ ʧʨʦʛʨʘʤʥʽ ʢʦʜʠ ʩʢʦʨʦʯʝʥʦʛʦ ʦʙʻʤʫ, ʷʢʽ ʧʦʚ-

ʥʽʩʪʶ ʚʤʽʱʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʇʃɯʉ. 

ʈʝʛʽʩʪʨʦʚʘ ʧʘʤʷʪʴ ʧʨʦʮʝʩʦʨʘ ʤʘʻ 32 ʨʝʛʽʩʪʨʠ, 

ʘʣʝ ʢʦʤʘʥʜʥʦ ʜʦʩʪʫʧʥʠʤʠ ʻ 16 ʤʦʣʦʜʰʠʭ ʨʝʛʽʩʪ-

ʨʽʚ. ʑʦʙʠ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʽʷʪʠ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʽ-

ʩʪʨʦʚʦʾ ʧʘʤʷʪʽ, ʷʢʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʃʊ, ʫ ʧʨʦʮʝʩʦ-

ʨʽ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʘʢʪʫ ʚʠʢʦʥʫ̒ʪʴʩʷ ʯʠʪʘʥʥʷ ʟ 

ʪʨʴʦʭ ʨʝʛʽʩʪʨʽʚ ʪʘ ʟʘʧʠʩ ʫ ʦʜʠʥ ʨʝʛʽʩʪʨ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʚʠʜʠ ʘʜʨʝʩʘʮʽʾ, ʷʢ 

ʨʝʛʽʩʪʨʦʚʘ, ʥʝʧʨʷʤʘ ʨʝʛʽʩʪʨʦʚʘ, ʙʘʟʦʚʘ, ʽʥʜʝʢʩʥʘ 

ʟ ʧʨʝʽʥʢʨʝʤʝʥʪʦʤ. ʇʘʤʷʪʴ ʜʘʥʠʭ ʨʦʟʙʠʪʘ ʥʘ 

ʩʪʦʨʽʥʢʠ ʧʦ 256 ʙʘʡʪʽʚ ʽ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʻʤ-

ʥʽʩʪʴ 16 ʤʝʛʘʙʘʡʪ. ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʧʘʤʷʪʽ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʚʽʜʢʨʠʪʠʡ ʽʥʪʝ-

ʨʬʝʡʩ Wishbone. 

ɸʜʨʝʩʥʦ ʜʦʩʪʫʧʥʠʤʠ ʻ ʜʦ 256 ʧʝʨʠʬʝʨʽʡʥʠʭ 

ʨʝʛʽʩʪʨʽʚ. ʊʘʢʽ ʨʝʛʽʩʪʨʠ ʩʣʫʛʫʶʪʴ ʨʝʛʽʩʪʨʘʤʠ 

ʚʚʦʜʫ-ʚʠʚʦʜʫ ʩʧʝʮʧʨʦʮʝʩʦʨʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʰʚʠʜʢʽʩʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʦʙʯʠʩʣʝʥ-

ʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʡ, ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ 

ʩʠʛʥʘʣʽʚ, ʰʠʬʨʫʚʘʥʥʷ. ʂʽʣʴʢʘ ʷʜʝʨ ʤʦʞʫʪʴ ʙʫ-

ʪʠ ʦʙʻʜʥʘʥʽ ʫ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʾʭʥʽ ʨʝʛʽʩʪʨʠ ʚʚʦ-

ʜʫ-ʚʠʚʦʜʫ ʪʘ ʩʠʩʪʝʤʫ ʧʝʨʝʨʠʚʘʥʴ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʥʚʝʻʨ ʢʦʤʘʥʜ ʻ ʪʨʴʦʭ-

ʩʪʫʧʝʥʝʚʠʤ, ʙʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʦʜʠʥ ʪʘʢʪ, ʘ ʢʦʤʘʥʜʠ ʧʝʨʝʭʦʜʫ ʪʘ ʯʠʪʘʥʥʷ 

ʧʘʤ̫ʪʽ ï ʟʘ ʜʚʘ ʪʘʢʪʠ. ɺʠʢʣʠʢ ʧʽʜʧʨʦʛʨʘʤ ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʪʘʢʦʞ ʟʘ ʜʚʘ ʪʘʢʪʠ, ʧʽʜ ʯʘʩ ʯʦʛʦ ʘʜʨʝ-

ʩʘ ʧʦʚʝʨʥʝʥʥʷ ʪʘ ʧʨʘʧʦʨʮʽ ʫʤʦʚ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ 

ʘʧʘʨʘʪʥʦʤʫ ʩʪʝʢʫ.  

ʗʜʨʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʦʧʠʩʘʥʝ ʤʦʚʦʶ VHDL 

ʽ ʥʝ ʤʘʻ ʦʙʤʝʞʝʥʴ ʜʣʷ ʩʠʥʪʝʟʫ ʪʘ ʢʦʥʬʽʛʫʨʫʚʘʥ-

ʥʷ ʫ ʇʃɯʉ ʙʫʜʴ-ʷʢʦʾ ʩʝʨʽʾ. ʄʦʜʝʣʴ ʧʨʦʮʝʩʦʨʘ 

ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʜʠʟʘʩʝʤʙʣʝʨ, ʷʢʠʡ ʩʧʨʦʱʫʻ 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤ. ʈʦʟʨʦʙ-

ʣʝʥʦ ʧʨʦʛʨʘʤʫ ʢʨʦʩʘʩʝʤʙʣʝʨʘ ʥʘ ʤʦʚʽ Java, ʚʠ-

ʭʦʜʦʤ ʷʢʦʾ ʻ VHDL-ʬʘʡʣʠ ʙʣʦʢʽʚ ʧʘʤʷʪʽ ʜʘʥʠʭ 

ʪʘ ʧʨʦʛʨʘʤ ʧʨʦʮʝʩʦʨʘ.  

 
5. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʦʨʥʦʛʦ ʷʜʨʘ ʫ ʇʃɯʉ 

 

ʋ ʪʘʙʣʠʮʽ 1 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʠʥʪʝʟʫ ʧʨʦ-

ʮʝʩʦʨʘ ʜʣʷ ʇʃɯʉ Xilinx  Kintex-7 ʪʘ ʡʦʛʦ ʥʘʡ-

ʙʣʠʞʯʠʭ ʧʦʰʠʨʝʥʠʭ ʘʥʘʣʦʛʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʥʘʣʦʛʘʤʠ ʨʦʟʨʦʙʣʝʥʝ ʷʜʨʦ ʤʘʻ ʤʝʥʰʽ ʘʧʘʨʘʪʥʽ 

ʚʠʪʨʘʪʠ ʽ ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʥʘ ʟʘʪʨʠʤʢʫ ʫ ʣʽʥʽʷʭ ʤʽʞʟʻʜʥʘʥʥʷ ʫ ʜʘʥʦʤʫ 

ʧʨʦʮʝʩʦʨʽ ʧʨʠʧʘʜʘʻ 75% ʟʘʪʨʠʤʢʠ ʢʨʠʪʠʯʥʦʛʦ 

ʰʣʷʭʫ. ʂʦʤʧʘʢʪʥʽʩʪʴ ʷʜʨʘ ʜʘʻ ʟʤʦʛʫ ʨʦʟʤʽʩʪʠʪʠ 

ʙʣʠʟʴʢʦ ʪʨʴʦʭʩʦʪ ʷʜʝʨ ʫ ʇʃɯʉ ʩʝʨʝʜʥʴʦʛʦ 

ʦʙ̒ʤʫ Xilinx  xc7k480t, ʢʦʞʥʝ ʟ ʷʢʠʭ ʤʘʪʠʤʝ 

ʚʣʘʩʥʫ ʧʘʤʷʪʴ ʫ 12 ʢʽʣʦʙʘʡʪ 
 

ʊʘʙʣ. 1. ʈʝʘʣʽʟʘʮʽʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʷʜʝʨ  

ʫ ʇʃɯʉ Xilinx  Kintex-7 
ʗʜʨʦ ʤʽʢʨʦʧʨʦ-

ʮʝʩʦʨʘ 

ʈʦʟ-

ʨʜ̫-

ʥʽʩʪʴ 

ɸʧʘʨʘʪʥʽ 

ʚʠʪʨʘʪʠ, 

ʃʊ 

ʄʘʢʩ. ʪʘʢ-

ʪʦʚʘ ʯʘʩ-

ʪʦʪʘ, ʄɻʮ 

RISC-ST2 16   653 217 

OpenMSP430  16 1387 150 

OpenRISC1200  32 4945 107 

 

ʗʜʨʦ RISC-ST2 ʤʦʞʝ ʙʫʪʠ ʟʢʦʥʬʽʛʫʨʦʚʘʥʝ ʫ 

ʇʃɯʉ ʨʽʟʥʠʭ ʩʝʨʽʡ. ɺ ʪʘʙʣʠʮʽ 2 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʪʘʢʦʛʦ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ. 
 

ʊʘʙʣ. 2. ʈʝʘʣʽʟʘʮʽʷ ʷʜʨʘ RISC-ST2 ʫ ʇʃɯʉ 
ʉʝʨʽʷ ʇʃɯʉ ɸʧʘʨʘʪʥʽ 

ʚʠʪʨʘʪʠ, 

ʃʊ 

ʄʘʢʩ. ʪʘʢʪʦʚʘ 

ʯʘʩʪʦʪʘ, ʄɻʮ 

Xilinx Zynq   634 206 

Xilinx Spartan6   701 140 

Xilinx Artix7   625 150 

Altera StratixV   723 240 

Altera Cyclone V   999 132 

Altera Max10 1522   80 

Lattice ECP5U   742 124 

 
ɺʠʩʥʦʚʢʠ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦ-

ʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʽ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦ-

ʙʨʘʞʝʥʥʷ ɻʉʇɼ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʨʦ-

ʛʨʘʤʦʚʘʥʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʦʙ-



50                                             ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʨʦʙʢʠ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʘʧʘ-

ʨʘʪʥʠʤʠ ʚʠʪʨʘʪʘʤʠ.  

ʈʦʟʨʦʙʣʝʥʦ ʷʜʨʦ RISC-ʧʨʦʮʝʩʦʨʘ ʟʽ ʩʧʝʮʽʘʣ̔-

ʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʤʘʥʜ. ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ 

ʧʨʦʮʝʩʦʨ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʢʦʥʘʥʥʷ ʣʠʰʝ ʦʜ-

ʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʦʙʨʦʙʢʠ ʧʝ-

ʨʝʨʠʚʘʥʴ, ʚʽʥ ʤʘʻ ʥʝʚʝʣʠʢʽ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ.  

ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʷʜʨʘ ʤʦʞʣʠʚʘ ʨʦʟʨʦʙʢʘ ʙʘ-

ʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʽ ʜʣʷ ʦʙʨʦʙ-

ʢʠ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʫ ʢʽʣʴʢʘ 

ʜʝʩʷʪʢʽʚ ʤʽʣʴʷʨʜʽʚ ʦʧʝʨʘʮʽʡ ʟʘ ʩʝʢʫʥʜʫ. ʇʣʘʥʫ-

ʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʠʢʦʥʫʚʘʪʠʤʝ 

ʰʚʠʜʢʫ ʜʝʢʦʤʧʨʝʩʽʶ ʬʘʡʣʽʚ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 

LZW. 
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ʄɽʊʆɼ ɿɸʑʀʑɽʅʅʆɻʆ ʄʆɼʋʃʗʈʅʆɻʆ ʕʂʉʇʆʅɽʅʎʀʈʆɺɸʅʀʗ 

ʅɸ ʋɼɸʃɽʅʅʓʍ ʂʆʄʇʔʖʊɽʈʅʓʍ ʉʀʉʊɽʄɸʍ  

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʜʘʣʝʥʥʦʛʦ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʟʘʱʠʪʦʡ 

ʜʘʥʥʳʭ ʠ ʢʦʜʘ ʵʢʩʧʦʥʝʥʪʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʧʨʦʮʝʜʫʨʫ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠ-

ʨʦʚʘʥʠʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʜʥʘ, ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʜʨʫʛʘʷ, ʙʦʣʴʰʘʷ - 

ʚ ʫʜʘʣʝʥʥʳʭ ʤʦʱʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʧʨʝʜʣʘʛʘʝʤʦ-

ʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ, ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʯʠʩʣʦʚʳʝ ʧʨʠʤʝʨʳ ʫʜʘ-

ʣʝʥʥʦʛʦ ʟʘʱʠʱʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʵʢʩʧʦʥʝʥʪʳ. 

 

In this paper a method for the performing the calculations required for modular exponentiation using remote or 

distant computational resources. The proposed method operates by separating the procedure for modular 

exponentiation in two components. The first component which is computationally simple is performed on the user 

terminal and the second and computationally complex component, is executed on powerful cloud computational 

resources. The details of the proposed distributed calculation are presented. Hence, the methodology for the 

organization of the calculations is analyzed. The calculation is illustrated by means of a simple numerical example. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʟʧʦʜʽʣʝʥʽ ʚʽʜʜʘʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʤʦʜʫʣʷʨʥʝ ʝʢʩʧʦʥʝʥʮʽʶʚʘʥʥʷ, ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʢʨʠʧʪʦʛʨʘʬʽʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʣʶʯʝʤ, ʟʘʭʠʱʝʥʽ ʦʙʯʠʩʣʝʥʥʷ. 

 
ɺʚʝʜʝʥʠʝ 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʡ ʪʝʢʫ-

ʱʝʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝ-

ʥʠʡ. ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʦʙʲʸʤʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝ-

ʩʫʨʩʳ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʟʘʜʘʯ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʪʘʢʠʤ 

ʨʝʩʫʨʩʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʠʥʬʦ-

ʨʤʘʪʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʧʦʨʦʞʜʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʦʜʥʦʡ ʠʟ ʢʦ-

ʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʚʟʣʦ-

ʤʦʤ ʧʨʦʪʦʢʦʣʦʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʲʝʢʪʠʚʥʦ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʟʘʱʠ-

ʱʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʠʥʬʦʨ-

ʤʘʮʠʠ [1].    

ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʪʝ-

ʚʳʭ ʧʨʦʢʦʣʦʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥ-

ʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʷʨʥʦʝ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘ-

ʥʠʝ, ʪʦ ʝʩʪʴ ʚʳʯʠʩʣʝʥʠʝ AEmodM [1]. ʋʨʦʚʝʥʴ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʵʪʠʭ ʧʨʦʪʦʢʦʣʦʚ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʨʘʟʨʷʜʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʧʝʨʘʮʠʠ 

ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʯʠʩʝʣ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʪʦʢʦʣʦʚ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʨʘʟʨʷʜʥʦʩʪʴ 2048 [2], ʦʯʝʚʠʜʥʳʤ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʚʝ-

ʣʠʯʝʥʠʝ ʨʘʟʨʷʜʥʦʩʪʠ ʜʦ 4096 ʠʣʠ 8192. ʈʦʩʪ ʨʘ-

ʟʨʷʜʥʦʩʪʠ ʠʤʝʝʪ ʩʣʝʜʩʪʚʠʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠ-

ʟʘʮʠʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʦʱʫʪʠʤʦʡ ʜʣʷ 

ʤʘʣʦʤʦʱʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪ-

ʨʦʡʩʪʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ. 

ɺʳʧʦʣʥʝʥʠʝ ʥʘ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʦʜʫʣʷʨʥʦʛʦ 

ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʨʷʜʥʦʩʪʷʭ, ʙʦʣʴʰʠʭ 

2048, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʚʨʝʤʝʥʥʳʭ 

ʨʘʤʦʢ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʘʢʪʫʘ-

ʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦ-

ʚʘʥʠʷ ʥʘ ʤʘʣʦʤʦʱʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʤʦʙʠʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʪʦʢʦʣʳ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʆʜʥʦʡ ʠʟ ʝʸ ʚʦʟʤʦ-

ʞʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʘʣʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʜʘ-

ʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʙʝʟ ʧʝʨʝʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩ-

ʢʠʭ ʜʘʥʥʳʭ ʚ ʩʝʪʴ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʚʳʯʠʩ-

ʣʝʥʠʠ AEmodM ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ: M ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʠ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ 

ʷʚʥʦʤ ʚʠʜʝ, ʢʦʤʧʦʥʝʥʪʳ E ʠ A ʷʚʣʷʶʪʩʷ ʩʝʢʨʝʪ-

ʥʳʤ ʢʣʶʯʦʤ ʠ ʩʝʢʨʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʠ ʠʭ ʧʝʨʝʜʘʯʘ ʧʦ ʩʝʪʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʜʦʣʞ-

ʥʘ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʘʷ 



52                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʘʣʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʤʦ-

ʜʫʣʷʨʥʦʡ ʵʢʩʧʦʥʝʥʪʳ, ʢʦʪʦʨʘʷ ʠʩʢʣʶʯʘʝʪ ʧʝʨʝ-

ʜʘʯʫ ʩʝʢʨʝʪʥʳʭ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʚʘʞʥʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.   
 

ɸʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʱʝʥʥʦʡ  
ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ  

ʚ ʦʪʢʨʳʪʳʭ ʫʜʘʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ  

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʙʣʘʯʥʳʭ ʪʝ-

ʭʥʦʣʦʛʠʡ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʛʨʘʥʠʯʠʚʘʶ-

ʱʠʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʩʘ-

ʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʥʘ ʫʜʘʣʝʥʥʳʭ 

ʚr ʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ. ʇʨʦʙʣʝʤʝ ʟʘʱʠʪʳ 

ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʘʭ ʫʜʘʣʝʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʩʚʷʱʝʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ ʨʘʙʦʪ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʱʠʪʝ 

ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʌʘʢʪʠʯʝʩʢʠ, 

ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʦʪ-

ʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʠ ʪ.ʧ. [2]. ʐʠʨʦʢʠʤ ʬʨʦʥʪʦʤ ʚʝʜʫʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʟʘʱʠʱʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʚ ʦʪʢ-

ʨʳʪʳʭ ʫʜʘʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʧʝʨʘʮʠʠ ʤʦʜʫʣʷʨʥʦ-

ʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ï ʙʘʟʦʚʦʡ ʧʨʦʮʝʜʫʨʳ ʰʠ-

ʨʦʢʦʛʦ ʢʣʘʩʩʘ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

[3]. ʀʭ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʟʘ-

ʱʠʱʝʥʥʦʛʦ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʨʘʟʜʝʣʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʜʚʝ ʯʘʩʪʠ ï 

ʦʜʥʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʫʜʘʣʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ, ʜʨʫʛʘʷ, ʤʝʥʴʰʘʷ ʧʦ 

ʦʙʲʝʤʫ ï ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʫʜʘʣʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ ʵʢʩ-

ʧʦʥʝʥʪʳ ʣʦʛʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

ï ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʤʝʨʦʡ ʢʦʪʦʨʦʛʦ ʷʚ-

ʣʷʝʪʩʷ ʦʙʲʝʤ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʟʘʪʨʘʪʠʪʴ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʢʨʝʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʧʝʨʘ-

ʮʠʠ ʧʦ ʢʦʜʘʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ 

ʜʘʥʥʳʭ; 

ï ʩʦʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʚʳʧʦʣʥʷʝʤʳʭ 

ʥʘ ʧʨʦʮʝʩʩʦʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʜʘʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʤʦʜʫʣʷʨʥʦʝ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ.  

ʇʦʩʣʝʜʥʠʡ ʢʨʠʪʝʨʠʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦ-

ʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦ-

ʢʦʣʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [4] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʜʘʣʝʥʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ ʵʢʩʧʦʥʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʩʣʫʯʘʡʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʦʜʘ ʵʢʩʧʦʥʝʥʪʳ E ʥʘ 

ʛʨʫʧʧʳ ʨʘʟʨʷʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʚʳʯʠʩʣʝʥʠʝ AEmodM ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʯʘʩʪʠ-

ʯʥʳʭ ʵʢʩʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʤʦʛʫ ʚʳʯʠʩʣʷʪʴʩʷ ʥʝʟʘ-

ʚʠʩʠʤʦ ʥʘ ʫʜʘʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩ-

ʪʷʭ ʦʙʣʘʢʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʪʦ 

ʝʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ AEmodM ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɼʣʷ ʟʘʱʠʪʳ ʢʦʤʧʦ-

ʥʝʥʪʳ A ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦ-

ʣʴʢʠʭ ʧʝʨʚʳʭ ʰʘʛʦʚ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʢʦʤ-

ʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʫʜʘʣʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʚʳʯʠʩʣʝ-

ʥʠʶ ʯʘʩʪʠʯʥʳʭ ʵʢʩʧʦʥʝʥʪ. ɺ ʨʘʙʦʪʝ [4] ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʨʝʘʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥ-

ʮʠʨʦʚʘʥʠʷ.  

ɺ ʨʘʙʦʪʝ [3] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʜʘʣʝʥʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ ʵʢʩʧʦʥʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʵʪʘʧʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ A. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ ʟʘʜʘʯʫ ʚʳʯʠʩʣʝʥʠʷ 

AEmodM ʥʘ ʨʷʜ ʵʢʩʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʦʧʝʨʠʨʫʶʪ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʤʦʛʫʪ ʪʘʢʞʝ 

ʚʳʯʠʩʣʷʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʫʜʘʣʝʥʥʳʭ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʨ-

ʥʦ ʚ 2-3 ʨʘʟʘ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩ-

ʧʦʥʝʥʮʠʨʦʚʘʥʠʷ. ɽʱʝ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ 

ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [2]. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʚ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʜʝʣʘʥ ʥʘ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʤʦʛ ʥʝ ʪʦʣʴʢʦ ʫʜʘʣʝʥʥʦ ʚʳʧʦʣʥʠʪʴ ʤʦʜʫʣʷ-

ʨʥʦʝ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʝ ʚ ʟʘʢʨʳʪʦʤ ʨʝʞʠʤʝ, ʥʦ 

ʠ ʢʦʩʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʱʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷʨ-

ʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʳʭ ʫʜʘʣʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦ-

ʚʥʳʤ ʠʭ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘ-

ʣʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʣʘʥʝ ʫʩʢʦʨʝʥʠʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʦʧʝʨʘʮʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ.   

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʦʙʣʘʯ-

ʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʝʚʳʭ 



ʄʝʪʦʜ ʟʘʱʠʱʝʥʥʦʛʦ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷʥʘ ʫʜʘʣʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ                     53 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨ-

ʤʘʮʠʠ.  
 

ʄʝʪʦʜ ʟʘʱʠʱʝʥʥʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ 
ʤʦʜʫʣʷʨʥʦʡ ʵʢʩʧʦʥʝʥʪʳ 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʝʜʣʦ-

ʞʝʥ ʤʝʪʦʜ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ 

ʵʢʩʧʦʥʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʫʜʘʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ AEmodM 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ A, E, M ï n-ʨʘʟʨʷʜʥʳʝ ʜʚʦʠʯ-

ʥʳʝ ʯʠʩʣʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ A<M, 

E<M. ʄʝʪʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʧʘʨʳ 

ʯʠʩʝʣ G ʠ R ʪʘʢʠʭ, ʯʪʦ GRmodM =1. ɺ ʙʦʣʴʰʠʥʩ-

ʪʚʝ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ RSA, ʚ ʢʦʪʦʨʦʤ ʤʦʜʫʣʴ M 

ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʧʨʦʩʪʳʭ 

ʯʠʩʝʣ p ʠ q. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ p=7 ʠ q=11, ʪʦ 

M=77. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʠʤʝʨʘ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʯʠʩʣʘ G=19 ʠ R=30, ʪʘʢʠʝ, 

ʯʪʦ 1930 mod 77=1. ʇʦʜʙʦʨ ʯʠʩʝʣ G ʠ R ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʡ ʪʝʦʨʝʤʳ 

ʌʝʨʤʘ.  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ AEmodM, ʥʘ-

ʧʨʠʤʝʨ, ʧʨʠ 1431mod77 (A=14, E=31, M=77) 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ:  

1. ɺʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ B=GĀA modM, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ 

B=19Ā14 mod 77 =  35. 

2. ʉʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ ʯʠʩʣʦ W, 

ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʘʟʨʷ-

ʜʥʦʩʪʠ n, ʥʘʧʨʠʤʝʨ W=3. 

3. ɺʳʯʠʩʣʷʝʪʩʷ V=E-W; ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʠʤʝʨʘ V=28 

4. ʏʠʩʣʘ B, V, M ʧʝʨʝʜʘʶʪʩʷ ʚ ʦʙʣʘʢʦ, ʛʜʝ 

ʚʳʯʠʩʣʷʝʪʩʷ C=BVmodM ʠ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ. ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ ʚ ʦʙʣʘʢʦ ʧʝʨʝʜʘʶʪʩʷ B=35, 

V=28, M=77, ʛʜʝ ʚʳʯʠʩʣʷʝʪʩʷ C=3528mod14=14 

ʠ ʨʝʟʫʣʴʪʘʪ ï ʯʠʩʣʦ 14, ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʶ. 

5. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʯʠʩʣʷʝʪ 

F=BR-Vmod M; ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ 

F=352mod 77=70. 

6. ʊʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝʟʘʚʠʩʠʤʦ ʚʳʯʠʩʣʷʝʪ 

D=AE-RmodM, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ ʨʘʚʥʦ D=A1modM=14. 

7. ʇʦ ʧʦʣʫʯʝʥʠʠ ʠʟ ʦʙʣʘʢʘ ʟʥʘʯʝʥʠʷ C ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʚʳʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷʨʥʦʛʦ ʧʨʦʠ-

ʟʚʝʜʝʥʠʷ R=CĀFĀDmodM; ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʠʤʝʨʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

R=14Ā70Ā14 mod 77=14. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ 1431mod 77. ʂʦʥʩʪʨʫʢʪʠʚ-

ʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʢʘʟʘ-

ʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʋʯʠʪʳʚʘʷ ʯʪʦ ʚʳʯʠʩʣʷʝ-

ʤʦʝ ʚ ʦʙʣʘʢʝ ʟʥʘʯʝʥʠʝ C=BVmodM =(GĀA)Vmod 

M= (GVmodMĀAVmodM) modM, ʘ ʚʳʯʠʩʣʷʝʤʦʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ  ʟʥʘʯʝʥʠʝ F ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ F=BR-VmodM=(GĀA)R-VmodM=(GR-V 

modMĀAR-VmodM)modM, ʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ R 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ R=CĀFĀD modM 

=(GVĀGR-V) modM (AVĀAR-VĀAE-R)mod M =(GR modM Ā 

AEmodM) modM. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ GRmodM=1, ʪʦ 

R=AEmodM, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  

 
ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦ-

ʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ʆʮʝʥʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ:  

1) ɼʦʩʪʠʛʘʝʤʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠ-

ʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

2) ɺʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʚ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ ʟʥʘʯʝʥʠʡ B, V, M.  

ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʱʝ ʚʩʝʛʦ 

ʦʮʝʥʠʪʴ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ 

ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʦʩ-

ʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʢʘʞʜʦʛʦ ʠʟ n ʨʘʟʨʷʜʦʚ 

ʢʦʜʘ ʵʢʩʧʦʥʝʥʪʳ. ʆʙʨʘʙʦʪʢʘ ʦʜʥʦʛʦ ʨʘʟʨʷʜʘ ʩʦ-

ʩʪʦʠʪ ʠʟ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʚʦʟʚʝʜʝʥʠʷ ʚ ʢʚʘʜʨʘʪ ʢʦʜʘ 

ʧʨʝʜʳʜʫʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝ-

ʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ɸ, ʝʩʣʠ ʪʝʢʫʱʠʡ ʙʠʪ ʵʢʩʧʦʥʝ-

ʥʪʳ ʨʘʚʝʥ 1. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʠʤʝʨʥʦ ʨʘʚ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ ʚ ʢʦʜʝ ʵʢʩʧʦʥʝ-

ʥʪʳ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘ-

ʮʠʡ ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1.5Ān.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʧʦʣ-

ʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝ-

ʥʠʷ: ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ F=AE-WmodM ʚʳʧʦʣʥʷʝʪʩʷ 

1.5Āz ʦʧʝʨʘʮʠʡ ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ, ʛʜʝ z ï 

ʨʘʟʨʷʜʥʦʩʪʴ R-V; ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ D=AE-Wmod M 

ʚʳʧʦʣʥʷʝʪʩʷ 1.5Āy ʦʧʝʨʘʮʠʡ ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦ-

ʞʝʥʠʷ, ʛʜʝ y ï ʨʘʟʨʷʜʥʦʩʪʴ ʨʘʟʥʦʩʪʠ U=E-W. ʉʦʛ-

ʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʤʝʪʦʜʫ ʨʘʟʨʷʜʥʦʩʪʴ U ʤʘ-

ʣʘʷ, ʨʘʚʥʦ ʢʘʢ ʠ ʨʘʟʨʷʜʥʦʩʪʴ ʨʘʟʥʦʩʪʠ R-V, ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

1.5Ā(z+y) ʦʧʝʨʘʮʠʡ ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ 1.5Ān. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʧʨʘʢʪʠʢʝ n=4096, U=32, z<=32, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘ-

ʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ 



54                                               ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

ʤʦʜʫʣʷʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʨʘʚʥʦ 4096Ā1.5, ʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʪʦʜʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠ-

ʤʦ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ 64Ā1.5 ʦʧʝʨʘʮʠʡ ʤʦʜʫʣʷʨ-

ʥʦʛʦ ʫʤʥʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʘʣʴʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʩʦʢʨʘʱʘʝʪʩʷ ʚ 64 ʨʘʟʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʚʳʰʝ ʪʝ-

ʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ: ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ 

ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʦ ʩʦʢʨʘ-

ʪʠʣʦʩʴ ʚ 60 ʨʘʟ ʧʨʠ ʨʘʟʨʷʜʥʦʩʪʠ ʦʧʝʨʘʥʜʦʚ 4096 

ʠ ʚ 28 ʨʘʟ ʧʨʠ ʨʘʟʨʷʜʥʦʩʪʠ ʦʧʝʨʘʥʜʦʚ 2048. 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝ-

ʤʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʤʦʛʫʪ ʥʘʭʦ-

ʜʠʪʴʩʷ ʢʦʜʳ B ʠ V. ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʟʥʘʝʪ, ʯʪʦ 

ʢʦʜ V ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʜʘ E ʚ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʨʘʟʨʷʜʦʚ (ʥʝ ʙʦʣʝʝ 32), ʠ ʭʦʪʷ ʧʝʨʝʙʦʨ 232 ʚʘʨʠʘʥ-

ʪʦʚ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʣʠ-

ʰʝʥ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥ-

ʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʟʥʘʝʪ ʢʦʜʘ A. ʀʩ-

ʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʘʢʪʠʢʦʡ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʙʦʨ A, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʝʨʝʙʦʨʘ 2n-1 ʚʘʨʠʘʥʪʦʚ. ʆʙʱʝʝ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʙʨʘʪʴ ʩʦʩʪʘʚʣʷʝʪ 2n-1+z. 

ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʨʘʟʨʷ-

ʜʥʦʩʪʠ U ï 24095+32=24127. ʇʝʨʝʙʦʨ ʪʘʢʦʛʦ ʯʠ-

ʩʣʘ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠ ʥʝʨʝʘʣʠʟʫʝʤ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʚʩʢʨʳʪʠʷ RSA ʤʝʪʦʜʦʤ 

ʧʝʨʝʙʦʨʘ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ 24096 ʚʘʨʠʘʥʪʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ 24127 ʚʘʨʠʘʥʪʦʚ, 

ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʚʟʣʦʤʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ.  
 

ɺʳʚʦʜʳ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʟʘʱʠʱʝʥʥʦʛʦ ʤʦʜʫʣʷʨʥʦʛʦ 

ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʫʜʘʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝ-

ʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɿʘʱʠʪʘ ʢʦʤʧʦʥʝʥʪ ʤʦʜʫʣʷʨʥʦ-

ʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʤʘʩʢʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʘʷ 

ʚʦʟʚʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʴ, ʘ ʪʘʢ ʞʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʦʜʘ ʵʢʩʧʦʥʝʥʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʚʳʯʠ-

ʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʧʦʨʷʜʢʠ ʫʤʝʥʴʰʠʪʴ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ. ɼʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʤʘʩʢʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦ-

ʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦ-

ʥʝʥʮʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʨʠʝʥʪʠ-

ʨʦʚʘʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʤʘʣʦʤʦʱʥʳʝ ʪʝʨ-

ʤʠʥʘʣʴʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠ ʤʦʙʠʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʧʨʦʪʦʢʦʣʳ ʟʘ-

ʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʷʭ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷ-

ʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʪʨʫʜʦʝʤʢʠʭ 

ʦʧʝʨʘʮʠʡ ʤʦʜʫʣʷʨʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʨʦʚʘʥʠʷ ʜʘ-

ʞʝ ʜʣʷ ʙʦʣʴʰʠʭ ʨʘʟʨʷʜʥʦʩʪʝʡ ʯʠʩʝʣ. ʇʨʦʚʝʜʝʥ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʫʩʪ-

ʨʦʡʩʪʚ, ʜʘʞʝ ʧʨʠ ʨʘʟʨʷʜʥʦʩʪʠ 8192 ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʦʪʦʢʦʣʦʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʝ 

ʚʳʭʦʜʠʪ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ.  
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ʇʈʆɹʃɽʄʀ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʎɽʉʋ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ ɼɯɸɻʅʆʉʊʀʂʀ 

ʎʀʌʈʆɺʀʍ ʇʈʀʉʊʈʆɰɺ ʆɹʃɯʂʋ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 

 
ʋ ʩʪʘʪʪʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʠʩʪʨʦʾʚ ʦʙʣʽʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʅʘʚʝʜʝʥʦ ʟʘʜʘʯʽ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɺʠʟʥʘʯʝʥʦ 

ʥʠʟʢʫ ʥʝʦʙʭʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʜʽʡ-

ʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

 

In the article the methods of process control and functional diagnostics devices of electric energy are ana-

lyzes. Tasks of technical diagnostics for electronic equipment are described. Aspects of construction and opera-

tion of modern devices of electric energy are considered. Define a circle of research, which is necessary for the 

establishment of remote diagnostics to monitor the reliability of modern digital equipment in real time. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʜʽʘʛʥʦʩʪʠʢʘ, ʧʦʚʽʨʢʘ ʣʽʯʠʣʴʥʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʜʠʩʪʘʥʮʽʡʥʘ ʜʽʘʛ-

ʥʦʩʪʠʢʘ 

 
1. ɺʩʪʫʧ 

 

ʋ ʥʘʰ ʯʘʩ ʜʦ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʟʘ-

ʜʘʯ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʚʽʜʥʦʩʠʪʴʩʷ ʟʘʜʘʯʘ ʟʤʝ-

ʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʪʘʧʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʧʦʜʽʣʝʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʟʘʤʽʥʘ ʽʥʜʫʢʮʽʡʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʥʘ 

ʙʽʣʴʰ ʩʫʯʘʩʥʽ ʝʣʝʢʪʨʦʥʥʽ. 

ʉʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʥʝ-

ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞ-

ʣʠʚʦ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʨʝʛʫʣʷʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ 

ʡʦʛʦ ʨʦʙʦʪʦʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

 
2. ʇʨʦʮʝʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʜʽʘʛʥʦʩʪʠʢʘ (ʢʦʥʪʨʦʣʴ ʨʦʙʦ-

ʪʦʟʜʘʪʥʦʩʪʽ) ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʤʝ-

ʪʨʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚʘʭ (ʦʨʛʘʥʦʤ ʜʝʨʞʘʚʥʦʾ ʤʝ-

ʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʘʙʦ ʽʥʰʦʶ ʫʧʦʚʥʦʚʘʞʝʥʦʶ 

ʦʨʛʘʥʽʟʘʮʽʻʶ) ʰʣʷʭʦʤ ʾʭ ʧʦʚʽʨʢʠ ʥʘ ʩʧʝʮʽʘʣʽʟʦ-

ʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ. ʄʝʪʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ (ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʽʚ)  ʚʩʪʘʥʦʚʣʝ-

ʥʠʤ ʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʟʥʘʯʝʥʥʷʤ, ʱʦ 

ʩʚʽʜʯʽʪʴ ʧʨʦ ʧʨʠʜʘʪʥʽʩʪʴ ʮʠʭ ʟʘʩʦʙʽʚ ʜʦ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ. 

ʇʦʚʽʨʢʘ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴ-

ʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦ-

ʙʫʚʘʥʴ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʩʪʘ-

ʥʦʚʣʝʥʠʤ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʚʠʤʦʛʘʤ.  

ʆʨʛʘʥʽʟʘʮʽʷ ʽ ʧʦʨʷʜʦʢ ʧʦʚʽʨʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽ-

ʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʋʢʨʘʾʥʽ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ʥʦʨʤʘʪʠʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ɼʉʊʋ 8.259:2007 

[1]. ʇʦʚʽʨʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʠʟʢʫ ʧʨʦʮʝʜʫʨ: 

ʜʝʤʦʥʪʘʞ ʽ ʜʦʩʪʘʚʢʫ ʣʽʯʠʣʴʥʠʢʘ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘ-

ʥʫ ʘʢʨʝʜʠʪʦʚʘʥʫ ʩʣʫʞʙʫ, ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ ʮʠʭ 

ʮʽʣʝʡ ʣʘʙʦʨʘʪʦʨʽʶ, ʩʘʤ ʧʨʦʮʝʩ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʧʝʨʝʚʽʨʥʦʤʫ ʩʪʝʥʜʽ ʽ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʧʦʚʝʨ-

ʥʝʥʥʷ ʥʘ ʤʽʩʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ ʧʝʨʝʚʽʨʦʯ-

ʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʷʜ ʦʧʝʨʘʮʽʡ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥ ʧʨʠʣʘʜʫ: 

ʩʧʨʘʚʥʠʡ, ʥʝʩʧʨʘʚʥʠʡ - ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʠʡ, 

ʥʝʩʧʨʘʚʥʠʡ - ʨʝʤʦʥʪʫ ʥʝ ʧʽʜʣʷʛʘʻ.  

ʇʝʨʝʚʽʨʢʫ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʽʦʜʠʯʥʦ ʯʝʨʝʟ ʤʽʞ-

ʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʨʘʮʝʟʜʘ-

ʪʥʽʩʪʴ ʧʨʠʣʘʜʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʤʽʞ 

ʧʦʚʽʨʢʘʤʠ [2]. ʇʨʦʪʝ ʚʧʣʠʚ ʷʢ ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʠʧʘʜʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʜʯʘʩʥʦʾ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʣʘʜʽʚ, ʱʦ ʥʝ ʛʘʨʘʥʪʫʻ ʥʘ-

ʣʝʞʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʠʣʘʜʽʚ ʥʘ ʧʨʦʪʷʟʽ ʧʝʚ-

ʥʦʛʦ ʯʘʩʫ. 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʫ-

ʯʘʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʽʜ-

ʜʘʣʝʥʦ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʩʪʘʥ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʟʛʽʜʥʦ 

ʛʨʘʬʽʢʫ ʘʙʦ ʟʘ ʟʘʧʠʪʦʤ ʦʧʝʨʘʪʦʨʘ) ʥʘ ʤʽʩʮʽ ʫʩʪʘ-

ʥʦʚʢʠ ʙʝʟ ʜʝʤʦʥʪʘʞʫ. 



56                                              ɺʽʩʥʠʢ ʅʊʋʋ çʂʇɯè ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ˉ64 

3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ̔

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫ-

ʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʨʠʯʠʥ 

ʚʠʥʠʢʥʝʥʥʷ ʚʠʧʘʜʢʽʚ ʾʭʥʴʦʾ ʥʝʥʘʣʝʞʥʦʾ ʨʦʙʦʪʠ 

ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩ-

ʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʮʠʬʨʦʚʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ. 

 
4. ɿʘʜʘʯʽ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

 

ɿʘʩʦʙʘʤʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ  ʚʠʨʽʰʫʶʪʴʩʷ 

ʟʘʜʘʯʽ ʜʚʦʭ ʪʠʧʽʚ:  

1) ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠ-

ʷʚʣʝʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʤʠʣʦʢ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ 

ʦʙʣʘʜʥʘʥʥʽ;  

2) ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ (ʧʦʰʫʢ) ʧʨʠʯʠʥʠ ʥʝʩʧʨʘʚ-

ʥʦʩʪʽ ʟ ʤʝʪʦʶ ʾʾ ʫʩʫʥʝʥʥʷ [3].  

ʇʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ 

ʚʠʜʽʣʷʶʪʴ ʧʝʨʝʚʽʨʷʶʯʽ ʽ ʧʝʨʝʚʽʨʷʻʤʽ ʧʽʜʩʠʩʪʝʤʠ 

ʟ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʟʚ'ʷʟʥʦʩʪʽ. ɼʣʷ 

ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʚʽʨʢʠ ʧʨʠʨʦʜʥʠʤ ʻ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʽʨʦʢ ʷʢ ʽʩʥʫʶ-

ʯʠʭ ʚ ʩʠʩʪʝʤʽ ʟʚ'ʷʟʢʽʚ, ʪʘʢ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʽʟʥʠʭ 

ʙʣʦʢʫʚʘʥʴ ʽ ʧʝʨʝʤʠʢʘʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʦʟʥʘʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ 

ʩʪʘʥ ʧʨʠʣʘʜʫ [4].  

ɼʦ ʦʨʛʘʥʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫ-

ʚʘʥʥʷ ʧʨʝʜ'ʷʚʣʷʶʪʴ ʪʘʢʽ ʚʠʤʦʛʠ ʷʢ ʩʚʦʻʯʘʩʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʽ ʧʦʚʥʦʪʘ ʦʭʦʧʣʝʥʥʷ. ʊʦʤʫ 

ʚʠʥʠʢʘʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʦʙʫʤʦʚʣʝʥʠʭ ʩʢʣʘʜʥʽʩʪʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʦʪʠʧʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʚʠʷʚʣʝʥ-

ʥʷ ʧʨʠʯʠʥ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. 

 

5. ʆʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙʣʽʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

 

ɽʣʝʢʪʨʠʯʥʽ ʣʽʯʠʣʴʥʠʢʠ ʻ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʠ-

ʣʘʜʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʦʙʣʽʢʫ ʩʧʦʞʠʚʘʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʚʦʥʠ ʢʣʘ-

ʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: ʝʣʝʢʪʨʦʥʥʽ, ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʘʨʘʪʥʦ, 

ʪʘ ʮʠʬʨʦʚʽ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʫʟʴʢʦʩʧʝʮʽ-

ʘʣʽʟʦʚʘʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ [5].  

ʉʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʧʨʠʩʪʨʦʾ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʘʧʘʨʘʪʥʽ 

ʢʦʤʧʦʥʝʥʪʠ (ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ, ʙʣʦʢʠ ʞʠʚʣʝʥʥʷ 

ʪʘ ʽʥʰʽ) ʽ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʝʘ-

ʣʴʥʦʤʫ ʯʘʩʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʦʙ-

ʯʠʩʣʝʥʥʷ ï ʮʠʬʨʦʚʽ, ʘʥʘʣʦʛʦʚʽ, ʘ ʪʘʢʦʞ ʟʤʽʰʘʥʽ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ. ʊʠʧʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʫ-

ʯʘʩʥʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʣʽʯʠʣʴʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

 

ʆʙʦʚ'ʷʟʢʦʚʦʶ ʚʠʤʦʛʦʶ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʣʽ-

ʯʠʣʴʥʠʢʘ ʻ ʜʦʪʨʠʤʘʥʥʷ ʧʦʣʷʨʥʦʩʪʽ ʧʨʠʻʜʥʘʥʥʷ 

ʷʢ ʧʦ ʩʪʨʫʤʫ, ʪʘʢ ʽ ʧʦ ʥʘʧʨʫʟʽ. ʌʽʢʩʘʮʽʷ ʧʨʠʣʘ-

ʜʦʤ ʦʙʣʽʢʫ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ (ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ) ʪʘ ʧʦʜʘ-

ʣʴʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ ʚ ʯʘʩʪʦʪʫ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚ ʷʢʦʩʪʽ ʜʘʪʯʠʢʽʚ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ. ʉʠʛ-

ʥʘʣʠ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʽ ʥʘʧʨʫʟʽ ʽ ʩʪʨʫʤʫ ʟʥʽʤʘʶʪʴ-

ʩʷ ʟ ʜʘʪʯʠʢʽʚ ʽ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝ-


