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ʋʚʘʞʘʝʤʠ ʯʠʪʘʪʝʣʠ, 
 
ʇʨʝʜ ɺʘʩ ʝ ʧʲʨʚʠʷʪ ʙʨʦʡ ʥʘ ʥʘ-

ʫʯʥʦ-ʧʨʠʣʦʞʥʦʪʦ ʩʧʠʩʘʥʠʝ ʥʘ ʢʘʪʝʜʨʘ 
ñʂʦʤʧʶʪʲʨʥʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠò 
(ʂʅʊ) ʚ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ɺʘʨ-
ʥʘ. ʅʘ ʩʪʨʘʥʠʮʠʪʝ ʥʘ ʪʦʚʘ ʩʧʠʩʘʥʠʝ ʱʝ 
ʥʘʤʠʨʘʪ ʦʪʨʘʞʝʥʠʝ ʥʘʫʯʥʠ ʠ ʧʨʠʣʦʞʥʠ 
ʧʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʲʪʨʫʜʥʠʮʠʪʝ 
ʥʘ ʢʘʪʝʜʨʘʪʘ ʠ ʥʘ ʥʘʰʠ ʢʦʣʝʛʠ ʦʪ ʩʪʨʘ-
ʥʘʪʘ ʠ ʯʫʞʙʠʥʘ. ʀʟʜʘʥʠʝʪʦ ʩʪʘʨʪʠʨʘ 
ʧʨʝʟ ʥʘʩʪʦʷʱʘʪʘ ʶʙʠʣʝʡʥʘ 2003 ʛʦʜʠ-
ʥʘ, ʚ ʢʦʷʪʦ ʢʘʪʝʜʨʘ ʂʅʊ ʦʪʙʝʣʷʟʚʘ ʜʚʝ 
ʟʥʘʯʠʤʠ ʩʲʙʠʪʠʷ: 35 ʛʦʜʠʥʠ ʦʪ ʩʲʟʜʘ-
ʚʘʥʝʪʦ ʩʠ ʠ 20 ʛʦʜʠʥʠ ʦʧʠʪ ʚ ʧʦʜʛʦ-
ʪʦʚʢʘʪʘ ʥʘ ʢʦʤʧʶʪʲʨʥʠ ʠʥʞʝʥʝʨʠ, ʢʦʠ-
ʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʫʩʧʝʰʥʦ ʢʘʢʪʦ ʚ ʩʪʨʘ-
ʥʘʪʘ, ʪʘʢʘ ʠ ʚ ʯʫʞʙʠʥʘ.  
 ʇʦʥʘʩʪʦʷʱʝʤ ʢʘʪʝʜʨʘ ʂʅʊ ʝ 
ʥʘʡ-ʤʦʱʥʘʪʘ ʠ ʘʚʪʦʨʠʪʝʪʥʘ ʢʘʪʝʜʨʘ ʚ 
ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʷ ʦʩʲʱʝʩʪʚʷʚʘ ʦʙʱʦ-
ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʢʦʤʧʶʪʲʨʥʘ ʧʦʜʛʦ-
ʪʦʚʢʘ ʟʘ ʚʩʠʯʢʠ ʩʧʝʮʠʘʣʥʦʩʪʠ, ʦʙʫʯʝ-
ʥʠʝʪʦ ʟʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʦʙʨʘʟʦ-
ʚʘʪʝʣʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʠʪʝ ʩʪʝʧʝʥʠ 
(ʆʂʉ) ñʙʘʢʘʣʘʚʲʨò ʠ ñʤʘʛʠʩʪʲʨò ʧʦ 
ʩʧʝʮʠʘʣʥʦʩʪʪʘ ñʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ 
ʪʝʭʥʦʣʦʛʠʠò ʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʦʙʨʘ-
ʟʦʚʘʪʝʣʥʘ ʠ ʥʘʫʯʥʘ ʩʪʝʧʝʥ ñʜʦʢʪʦʨò, 
ʢʘʢʪʦ ʠ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʠ ʧʨʦʚʝʞ-
ʜʘʥʝʪʦ ʥʘ ʨʝʜʠʮʘ ʢʫʨʩʦʚʝ ʟʘ ʧʦʚʠʰʘ-
ʚʘʥʝ ʥʘ ʢʚʘʣʠʬʠʢʘʮʠʷʪʘ ʥʘ ʩʪʫʜʝʥʪʠ ʠ 
ʩʧʝʮʠʘʣʠʩʪʠ. ɺ ʢʘʪʝʜʨʘʪʘ ʩʘ 
ʩʲʟʜʘʜʝʥʠ ʠ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʘʪ 
ʄʨʝʞʦʚʘ ʘʢʘʜʝʤʠʷ ʥʘ Cisco Systems ʠ 
Microsoft ʘʢʘʜʝʤʠʷ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 
ʪʝʭʥʦʣʦʛʠʠ. 

ʂʘʪʝʜʨʘ ʂʅʊ ʧʦʜʜʲʨʞʘ ʧʦʣʟʦ-
ʪʚʦʨʥʠ ʢʦʥʪʘʢʪʠ ʩʲʩ ʩʨʦʜʥʠ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʠ ʢʘʪʝʜʨʠ ʦʪ ʩʪʨʘʥʘʪʘ ʠ ʯʫʞʙʠʥʘ, 
ʫʯʘʩʪʚʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʧʨʦʝʢʪʠ ʥʘ 
ɽʚʨʦʧʝʡʩʢʘʪʘ ʦʙʱʥʦʩʪ ʠ ʠʤʘ ʜʦʛʦʚʦʨʠ 
ʟʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʦʙʤʝʥ ʥʘ ʩʪʫʜʝʥ-
ʪʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʩ ʋʥʠʚʝʨʩʠʪʝʪʘ 
ɸʙʲʨʪʠ ʚ ʛʨ. ɼʲʥʜʠ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 
ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʃʠʩʘʙʦʥ 

(ʇʦʨʪʫʛʘʣʠʷ), ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ 
ʚ ʄʘʛʜʝʙʫʨʛ (ɻʝʨʤʘʥʠʷ) ʠ ʜʨ. 

ɺ ʢʘʪʝʜʨʘʪʘ ʨʘʙʦʪʷʪ 48 ʱʘʪʥʠ 
ʩʲʪʨʫʜʥʠʢʘ, ʦʪ ʢʦʠʪʦ 1 ʧʨʦʬʝʩʦʨ (ʜʦʢ-
ʪʦʨ ʥʘ ʪʝʭʥʠʯʝʩʢʠʪʝ ʥʘʫʢʠ), 12 ʜʦʮʝʥʪʠ 
ʠ 8 ʛʣʘʚʥʠ ʘʩʠʩʪʝʥʪʠ ʩʲʩ ʩʪʝʧʝʥ ñʜʦʢ-
ʪʦʨò, 18 ʛʣʘʚʥʠ ʘʩʠʩʪʝʥʪʠ, 3 ʘʩʠʩʪʝʥʪʠ, 
5 ʠʥʞʝʥʝʨʠ ʧʦ ʧʦʜʜʨʲʞʢʘ ʥʘ ʢʦʤʧʶ-
ʪʲʨʥʘ ʪʝʭʥʠʢʘ ʠ 1 ʩʝʢʨʝʪʘʨ. ʉʲʪʨʫʜ-
ʥʠʮʠʪʝ ʥʘ ʢʘʪʝʜʨʘʪʘ ʧʦʣʘʛʘʪ ʧʦʩʪʦ-
ʷʥʥʠ ʫʩʠʣʠʷ ʟʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ 
ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʠ ʥʘʫʯʥʦ-ʠʟʩʣʝʜʦʚʘ-
ʪʝʣʩʢʘʪʘ ʜʝʡʥʦʩʪ. 

ʆʪ ʫʯʝʙʥʘʪʘ 2003/2004 ʛʦʜʠʥʘ 
ʢʘʪʝʜʨʘʪʘ ʧʨʦʚʝʞʜʘ ʦʙʫʯʝʥʠʝ ʟʘ ʧʦʣʫ-
ʯʘʚʘʥʝ ʥʘ ʆʂʉ ñʙʘʢʘʣʘʚʲʨò ʧʦ ʥʦʚ ʫʯʝ-
ʙʝʥ ʧʣʘʥ, ʩʲʦʙʨʘʟʝʥ ʠʟʮʷʣʦ ʩ ʠʟʠʩʢʚʘ-
ʥʠʷʪʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ 
IEEE ʠ ACM . ɿʘ ʆʂʉ ñʤʘʛʠʩʪʲʨò ʧʦʥʘʩ-
ʪʦʷʱʝʤ ʩʝ ʧʨʝʜʣʘʛʘʪ 4 ʤʘʛʠʩʪʲʨʩʢʠ 
ʧʨʦʛʨʘʤʠ: ʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʤʨʝ-
ʞʠ, ʇʨʦʛʨʘʤʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 
ʀʥʬʦʨʤʘʪʠʢʘ ʠ Microsoft ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦ ʢʦʠʪʦ ʩʝ ʦʙʫʯʘ-
ʚʘʪ ʙʘʢʘʣʘʚʨʠ ʦʪ ʊʋ ɺʘʨʥʘ ʠ ʜʨʫʛʠ 
ʫʥʠʚʝʨʩʠʪʝʪʠ ʚ ʩʪʨʘʥʘʪʘ. 

ʆʩʥʦʚʥʠʪʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʥʘ-
ʫʯʥʘ ʨʘʙʦʪʘ ʚ ʢʘʪʝʜʨʘʪʘ ʩʘ: ʩʦʬʪʫʝʨʥʦ 
ʠʥʞʝʥʝʨʩʪʚʦ, ʧʨʦʛʨʘʤʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ 
ʀʥʪʝʨʥʝʪ, ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʘʜʘʧʪʠʚʥʠ 
ʢʦʤʧʶʪʲʨʥʠ ʢʦʥʪʨʦʣʝʨʠ, ʢʦʤʧʶʪʲʨʥʠ 
ʤʨʝʞʠ, ʤʦʜʝʣʠʨʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʢʦʤ-
ʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʤʨʝʞʠ, ʙʘʟʠ ʜʘʥʥʠ 
ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, ʧʘʨʘʣʝʣʥʠ 
ʘʨʭʠʪʝʢʪʫʨʠ ʠ ʠʟʯʠʩʣʝʥʠʷ, ʤʫʣʪʠʤʝ-
ʜʠʡʥʠ ʩʠʩʪʝʤʠ, ʧʨʦʛʨʘʤʥʠ ʪʝʭʥʦʣʦʛʠʠ 
ʚ ʙʘʥʢʦʚʘʪʘ ʩʬʝʨʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘ 
ʩʠʛʫʨʥʦʩʪ, ʮʠʬʨʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʛ-
ʥʘʣʠ ʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ 
ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʠ ʩʠʩʪʝʤʠ ʠ ʜʨ. 

 

     ʋʩʧʝʭ ʥʘ ʥʦʚʦʪʦ ʩʧʠʩʘʥʠʝ 
 

ʜʦʮ. ʜ-ʨ ʠʥʞ. ʇʝʪʲʨ ɸʥʪʦʥʦʚ 
ʨʲʢʦʚʦʜʠʪʝʣ ʢʘʪʝʜʨʘ "ʂʦʤʧʶʪʲʨʥʠ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ" 
ʚ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ - ɺʘʨʥʘ 
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ʆʎɽʅʂɸ ʅɸ ɺɽʈʆʗʊʅʆʉʊʊɸ ɿɸ ʅɽʉɺʒʈɿɸʅʆʉʊ 
ʅɸ ʂʆʄʋʅʀʂɸʎʀʆʅʅʀ ʀ ʂʆʄʇʖʊʒʈʅʀ ʄʈɽɾʀ 

 
 

 ʇʝʪʲʨ ʎ. ɸʥʪʦʥʦʚ 
 
 

ʈʝʟʶʤʝ: ʇʨʝʜʣʘʛʘ ʩʝ ʦʙʦʙʱʝʥ ʧʦʜʭʦʜ ʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ 
ʥʝʩʚʲʨʟʘʥʦʩʪ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʠ ʢʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ, ʙʘʟʠʨʘʥ ʥʘ ʘʥʘʣʠʪʠʯʥʠ ʤʦʜʝʣʠ ʠ 
ʫʩʢʦʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʩʠʤʫʣʘʮʠʷ,  ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʥʘʜʝʞʜʥʦʩʪʝʥ ʘʥʘʣʠʟ 
ʥʘ ʨʘʟʣʠʯʥʠ ʪʦʧʦʣʦʛʠʠ ʥʘ ʩʚʲʨʟʚʘʥʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʤʨʝʞʦʚʦ ʧʨʦʝʢʪʠʨʘʥʝ.  
 
 

A CALCULATION OF THE DISCONNECTEDNESS PROBABILITY 
 OF COMMUNICATION AND COMPUTER NETWORKS 

 
P. ʊ. Antonov 

 
Abstract. An integrated approach and algorithm for a calculation of the disconnectedness 
probability of communication and computer networks with various size are presented. The 
algorithm bases oneself upon analytical models and a fast simulation procedure. It can to use for a 
reliability analysis of different interconnection topologies in the networks design process. 
 

ʋʚʦʜ 
 
 ʉʲʚʨʝʤʝʥʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʠ 
ʢʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ ʩʘ ʩʣʦʞʥʠ ʩʠʩʪʝʤʠ, 
ʧʨʠ ʠʟʛʨʘʞʜʘʥʝʪʦ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ 
ʢʦʠʪʦ ʩʝ ʠʟʨʘʟʭʦʜʚʘʪ ʟʥʘʯʠʪʝʣʥʠ 
ʨʝʩʫʨʩʠ. ʊʦʚʘ ʦʙʫʩʣʘʚʷ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʪʘ ʦʪ ʩʝʨʠʦʟʝʥ ʧʦʜʭʦʜ ʢʲʤ ʝʪʘʧʘ 
ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʚʩʠʯʢʠ 
ʩʲʱʝʩʪʚʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʝʟʠ 
ʤʨʝʞʠ. 

ɽʜʥʘ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩ-
ʪʠʢʠ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʨʝʞʠ ʝ 
ʥʘʜʝʞʜʥʦʩʪʪʘ [1,2,3,4,5,6 ʠ ʜʨ.]. 
ɺʠʩʦʢʘʪʘ ʥʘʜʝʞʜʥʦʩʪ ʥʘ ʬʫʥʢʮʠʦʥʠ-
ʨʘʥʝ, ʜʦʨʠ ʠ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʦʪʢʘʟ ʥʘ 
ʩʲʩʪʘʚʣʷʚʘʱʠ ʢʦʤʧʦʥʝʥʪʠ, ʝ ʝʜʥʦ ʦʪ 
ʛʣʘʚʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʠʟʛʨʘʞʜʘʥʠʪʝ 
ʤʨʝʞʠ. ʇʨʦʚʝʞʜʘʥʠʪʝ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 
ʛʦʜʠʥʠ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦʪʨʝ-
ʙʠʪʝʣʠʪʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʠ ʢʦʤʧʶ-
ʪʲʨʥʠ ʤʨʝʞʠ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ ʚʝʯʝ 
ʠʟʚʝʞʜʘʪ ʥʘ ʧʲʨʚʦ ʤʷʩʪʦ ʧʦ ʚʘʞʥʦʩʪ 
ʧʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʥʘʜʝʞʜʥʦʩʪ.  

ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʥʘʜʝʞʜʥʦʩʪʥʠ 
ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʤʨʝʞʠʪʝ ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ 
ʟʘ ʩʚʲʨʟʘʥʦʩʪ (ʠʣʠ ʥʝʩʚʲʨʟʘʥʦʩʪ) 
[1,2,3,5 ʠ ʜʨ.]. ʊʘʟʠ ʚʝʨʦʷʪʥʦʩʪ ʩʝ 
ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʩʚʲʨʟʘʥʦ 
(ʠʣʠ ʥʝʩʚʲʨʟʘʥʦ) ʩʲʩʪʦʷʥʠʝ ʥʘ 
ʢʦʥʢʨʝʪʥʘʪʘ ʤʨʝʞʘ, ʢʘʪʦ ʧʦʜ ʥʝ-
ʩʚʲʨʟʘʥʦ ʩʲʩʪʦʷʥʠʝ ʩʝ ʨʘʟʙʠʨʘ ʪʘʢʦʚʘ 
ʩʲʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʝʪʦ ʝ ʥʘʨʫʰʝʥʘ 
ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʧʦʥʝ ʝʜʥʘ ʜʚʦʡʢʘ 
ʢʦʨʝʩʧʦʥʜʠʨʘʱʠ ʚʲʟʣʠ ʥʘ ʤʨʝʞʘʪʘ, ʚ 
ʨʝʟʫʣʪʘʪ ʥʘ ʦʪʢʘʟʠ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 
ʣʠʥʠʠ ʠ/ʠʣʠ ʜʨʫʛʠ ʚʲʟʣʠ. 

ʆʮʝʥʢʘʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝ-
ʩʚʲʨʟʘʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩ ʧʦ-
ʤʦʱʪʘ ʥʘ ʘʥʘʣʠʪʠʯʥʠ ʠʣʠ ʠʤʠʪʘ-
ʮʠʦʥʥʠ ʤʦʜʝʣʠ [1,2,3,5]. ʅʘ ʧʨʘʢʪʠʢʘ, 
ʪʘʟʠ ʦʮʝʥʢʘ ʦʙʠʢʥʦʚʝʥʦ ʩʝ  ʧʦʣʫʯʘʚʘ 
ʯʨʝʟ ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ ʩ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʪʦʜʘ ʄʦʥʪʝ ʂʘʨʣʦ. 

ʂʣʘʩʠʯʝʩʢʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ  ʪʦʟʠ 
ʤʝʪʦʜ, ʦʙʘʯʝ, ʝ ʩʲʧʨʦʚʦʜʝʥʦ ʩ ʜʚʘ ʩʲ-
ʱʝʩʪʚʝʥʠ ʥʝʜʦʩʪʘʪʲʢʘ, ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʢʦʠʪʦ ʥʘʨʘʩʪʚʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʟ-
ʤʝʨʥʦʩʪʪʘ ʥʘ ʤʨʝʞʠʪʝ: ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ, 
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ʠʟʣʠʰʥʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ 
ʪʦʧʦʣʦʛʠʯʥʠ ʧʦʜʩʪʨʫʢʪʫʨʠ, ʧʦʣʫʯʝʥʠ 
ʧʨʠ ʧʦ-ʤʘʣʢʘ ʢʨʘʪʥʦʩʪ ʥʘ ʦʪʢʘʟʠʪʝ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ ʠ/ʠʣʠ ʚʲʟʣʠ, ʚ 
ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʦʝʬʠ-
ʮʠʝʥʪʠʪʝ ʟʘ ʩʚʲʨʟʘʥʦʩʪ ʥʘ ʤʨʝʞʠʪʝ, ʘ 
ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦʨʘʜʠ ʤʘʣʢʠʪʝ ʩʪʦʡ-
ʥʦʩʪʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʦʪʢʘʟ ʥʘ 
ʚʲʟʣʠʪʝ ʠ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʣʠʥʠʠ, 
ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ ʚʝʨʦʷʪ-
ʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ ʥʘ ʤʨʝʞʠʪʝ 
ʩʲʩ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʪʦʯʥʦʩʪ ʠʟʠʩʢʚʘ 
ʟʥʘʯʠʪʝʣʥʠ ʨʘʟʭʦʜʠ ʥʘ ʚʨʝʤʝ ʠ 
ʤʘʰʠʥʥʠ ʨʝʩʫʨʩʠ (ʧʦʩʦʯʝʥʠʪʝ ʥʝʜʦ-
ʩʪʘʪʲʮʠ ʩʘ ʧʨʠʩʲʱʠ ʠ ʥʘ ʧʨʠʚʝʜʝʥʘʪʘ 
ʚ [1] ʧʨʦʛʨʘʤʘ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ ʥʘ 
ʢʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ, ʢʦʝʪʦ ʷ ʧʨʘʚʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʝʬʝʢʪʠʚʥʘ). ʈʝʰʘʚʘ-
ʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ 
ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʤʘʣʢʦ ʚʝʨʦʷʪʥʠ 
ʩʲʙʠʪʠʷ, ʢʘʢʚʠʪʦ ʩʘ ʠ ʦʪʢʘʟʠʪʝ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ ʠ ʚʲʟʣʠ ʚ 
ʤʨʝʞʠʪʝ, ʧʨʝʜʧʦʣʘʛʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ 
ʥʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʠ ʠʤʠʪʘʮʠʦʥʥʠ  
ʘʣʛʦʨʠʪʤʠ ʟʘ  ʦʮʝʥʢʘ ʥʘ  ʚʝʨʦʷʪ-
ʥʦʩʪʥʦ-ʚʨʝʤʝʚʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 
ʛʦʣʝʤʠ ʤʨʝʞʠ [2,5], ʚ ʯʘʩʪʥʦʩʪ ʠ ʟʘ 
ʦʮʝʥʢʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨ-
ʟʘʥʦʩʪ. ɺ [2] ʝ ʧʨʝʜʣʦʞʝʥ ʪʘʢʲʚ 
ʤʘʰʠʥʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʫʩʢʦʨʝʥʦ 
ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʦʮʝʥʢʘ ʥʘ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ, ʧʨʠ ʝʜ-
ʥʦʚʨʝʤʝʥʥʦ ʦʪʯʠʪʘʥʝ ʥʘ ʚʲʟʤʦʞʥʠʪʝ 
ʦʪʢʘʟʠ ʥʘ ʣʠʥʠʠ ʠ ʚʲʟʣʠ.  ʊʘʟʠ ʟʘʜʘʯʘ 
ʝ ʩʣʦʞʥʘ ʠ ʥʝ ʩʝ ʧʦʜʜʘʚʘ ʥʘ 
ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʠʪʠʯʥʦ ʨʝʰʝʥʠʝ. ɺ 
ʩʣʫʯʘʡ ʥʘ  ʤʨʝʞʠ ʩ ʦʛʨʘʥʠʯʝʥʘ ʨʘʟ-
ʤʝʨʥʦʩʪ, ʦʙʘʯʝ,  ʢʘʢʪʦ ʠ ʧʨʠ ʦʪʯʠʪʘʥʝ 
ʩʘʤʦ ʥʘ ʦʪʢʘʟʠʪʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 
ʣʠʥʠʠ ʚ ʤʨʝʞʘʪʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ 
ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝ-ʣʠʨʘʥʝ ʦʪʧʘʜʘ, ʘ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ ʤʦʞʝ ʜʘ 
ʩʝ ʦʧʨʝʜʝʣʠ ʧʦ-ʣʝʩʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʘʥʘʣʠʪʠʯʥʠ ʤʦʜʝʣʠ. 

ɺ ʪʘʟʠ ʚʨʲʟʢʘ, ʚ ʥʘʩʪʦʷʱʘʪʘ 
ʩʪʘʪʠʷ ʩʝ ʨʘʟʨʘʙʦʪʚʘ ʦʙʦʙʱʝʥ ʧʦʜʭʦʜ 
ʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʤʘʰʠʥʥʘ ʦʮʝʥʢʘ ʥʘ ʚʝ-
ʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ ʥʘ ʤʨʝʞʠ 
ʩ ʨʘʟʣʠʯʥʘ ʨʘʟʤʝʨʥʦʩʪ, ʥʘ ʙʘʟʘʪʘ ʥʘ 

ʢʦʤʙʠʥʠʨʘʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʥʘʣʠʪʠʯ-
ʥʠ ʤʦʜʝʣʠ ʠ ʫʩʢʦʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ 
ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ. ʇʨʠ ʪʦʚʘ, 
ʧʦʩʦʯʝʥʘʪʘ ʦʮʝʥʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ 
ʩ ʨʘʟʣʠʯʥʘ ʞʝʣʘʥʘ ʪʦʯʥʦʩʪ, ʚ ʩʲʦʪ-
ʚʝʪʩʪʚʠʝ ʩ ʢʦʥʢʨʝʪʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ. 
ɸʣʛʦʨʠʪʲʤʲʪ ʦʪʯʠʪʘ ʦʪʢʘʟʠʪʝ ʩʘʤʦ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʣʠʥʠʠ, ʢʦʠʪʦ ʩʘ ʥʘʡ-
ʚʝʨʦʷʪʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʧʨʦʙʣʝʤʠ ʩʲʩ 
ʩʚʲʨʟʘʥʦʩʪʪʘ. ʆʩʚʝʥ ʪʦʚʘ, ʚ ʩʲʚʨʝ-
ʤʝʥʥʠʪʝ ʤʨʝʞʠ ʰʠʨʦʢʦ ʩʝ ʠʟʧʦʣʟʚʘ 
ʨʝʟʝʨʚʠʨʘʥʝʪʦ ʥʘ ʣʠʥʠʠ [4,7], ʩ ʮʝʣ 
ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʧʦ-ʚʠʩʦʢʘ ʥʘʜʝʞʜʥʦʩʪ. 
ɺ ʪʦʟʠ ʩʤʠʩʲʣ ʧʨʝʜʣʘʛʘʥʠʷʪ ʘʣʛʦ-
ʨʠʪʲʤ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʠ 
ʧʨʝʜʚʘʨʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʨʘʟʣʠʯʥʠ 
ʚʘʨʠʘʥʪʠ ʥʘ ʪʘʢʦʚʘ ʨʝʟʝʨʚʠʨʘʥʝ.  
 

1. ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ 
 
 ɼʘʜʝʥʘ ʝ ʤʨʝʞʘ ʩ m ʢʦʨʝʩʧʦʥ-
ʜʠʨʘʱʠ ʚʲʟʝʣʘ ʠ n ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 
ʣʠʥʠʠ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ 
ʯʨʝʟ ʥʝʦʨʠʝʥʪʠʨʘʥ ʛʨʘʬ ʩ m ʚʲʟʝʣʘ ʠ 
n ʩʚʲʨʟʚʘʱʠ ʜʲʛʠ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 
ʢʦʥʢʨʝʪʥʘʪʘ ʪʦʧʦʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʘ. 

ʆʩʚʝʥ ʪʦʚʘ, {}iq - ʜʠʩʢʨʝʪʥʦ ʨʘʟʧʨʝ-

ʜʝʣʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʦʪʢʘʟ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʣʠʥʠʠ (i=1·n). ʇʨʠ 
ʪʦʚʘ, ʘʢʦ ʤʝʞʜʫ ʜʘʜʝʥʘ ʜʚʦʡʢʘ ʚʲʟʣʠ ʚ 
ʤʨʝʞʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ r 
ʨʝʟʝʨʚʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ, ʪʦ 
ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʪʝʟʠ ʚʲʟʣʠ ʚ ʛʨʘʬʘ 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʩ ʝʜʥʘ ʜʲʛʘ ʩ ʨʝ-

ʟʫʣʪʠʨʘʱʘ ʥʘʜʝʞʜʥʦʩʪ iq  = Ô
+

=

1

1

r

iq
a

a , 

ʢʲʜʝʪʦ aiq  - ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʦʪʢʘʟ ʥʘ 

ʣʠʥʠʷ a ʚ i -ʪʘ ʜʲʛʘ. 

 ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ ʦʮʝʥʢʘʪʘ Q  ʥʘ ʚʝ-

ʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ ʥʘ ʤʨʝʞʘ-
ʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʦʪʢʘʟʠ ʥʘ ʢʦʤʫ-
ʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ. 
 

2. ʈʝʰʝʥʠʝ ʥʘ ʟʘʜʘʯʘʪʘ 
 

ʇʨʠ ʨʝʰʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ ʩʝ 
ʨʘʟʛʣʝʞʜʘʪ ʩʣʝʜʥʠʪʝ ʯʝʪʠʨʠ ʦʩʥʦʚʥʠ 
ʩʠʪʫʘʮʠʠ: ʤʘʣʢʠ ʠ ʛʦʣʝʤʠ ʤʨʝʞʠ, ʩʲʦʪ-
ʚʝʪʥʦ, ʩ ʨʘʚʥʦʥʘʜʝʞʜʥʠ ʠ ʩ ʥʝʨʘʚʥʦ-
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ʥʘʜʝʞʜʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ (ʚ 
ʩʣʫʯʘʷ, ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʤʨʝʞʠʪʝ ʥʘ 
ʤʘʣʢʠ ʠ ʛʦʣʝʤʠ ʝ ʫʩʣʦʚʥʦ, ʪʲʡ ʢʘʪʦ ʚ 
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʥʢʨʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ 
ʥʘ m ʠ n, ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʦʯʥʦʩʪ ʥʘ 
ʦʮʝʥʢʘʪʘ ʠ ʜʦʩʪʲʧʥʠʪʝ ʨʝʩʫʨʩʠ,  
ʘʥʘʣʠʟʠʨʘʥʘʪʘ ʤʨʝʞʘ ʤʦʞʝ ʜʘ ʩʝ 
ʦʪʥʝʩʝ ʢʲʤ ʝʜʠʥ ʠʣʠ ʜʨʫʛ ʦʪ 
ʧʦʩʦʯʝʥʠʪʝ ʢʣʘʩʦʚʝ). ʇʨʠ ʚʩʷʢʘ ʦʪ 
ʩʠʪʫʘʮʠʠʪʝ ʦʪʢʘʟʠʪʝ ʥʘ ʢʦʤʫʥʠʢʘ-
ʮʠʦʥʥʠʪʝ ʣʠʥʠʠ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ 
ʥʝʟʘʚʠʩʠʤʠ ʩʣʫʯʘʡʥʠ ʩʲʙʠʪʠʷ. 

ɺʩʷʢʘ ʤʨʝʞʘ ʚ ʜʘʜʝʥ ʤʦʤʝʥʪ 
ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʠʨʘ ʚ ʝʜʥʦ ʦʪ ʩʣʝʜʥʠʪʝ  
(n+1)  ʩʲʩʪʦʷʥʠʷ: 
 

 ,,...,,...,,, 210 nl WWWWW  ʢʲʜʝʪʦ 

 

 -Wl  ʩʲʩʪʦʷʥʠʝ ʥʘ ʦʪʢʘʟ ʥʘ i ʧʨʦ-

ʠʟʚʦʣʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ. 
ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ, ʚʲʚ ʚʩʷʢʦ ʦʪ 

ʛʦʨʥʠʪʝ ʩʲʩʪʦʷʥʠʷ ʤʨʝʞʘʪʘ ʤʦʞʝ ʜʘ ʝ 
ʩʚʲʨʟʘʥʘ ʠʣʠ ʥʝʩʚʲʨʟʘʥʘ, ʪ.ʝ. ʚʩʷʢʦ 

ʩʲʩʪʦʷʥʠʝ  lW  ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ  l

nC  

ʥʘ ʙʨʦʡ ʨʘʟʣʠʯʥʠ ʪʦʧʦʣʦʛʠʯʥʠ ʧʦʜ-
ʩʪʨʫʢʪʫʨʠ (ʧʦʜʤʨʝʞʠ), ʯʘʩʪ ʦʪ ʢʦʠʪʦ ʩʘ 
ʩʚʲʨʟʘʥʠ, ʘ ʦʩʪʘʥʘʣʠʪʝ - ʥʝʩʚʲʨʟʘʥʠ. 

ʅʝʢʘ  Z=1 ʜʘ ʩʲʦʪʚʝʪʩʪʚʫʚʘ ʥʘ 
ʥʝʩʚʲʨʟʘʥʘ ʤʨʝʞʘ, ʘ  Z=0 - ʥʘ 
ʩʚʲʨʟʘʥʘ ʪʘʢʘʚʘ. ʊʦʛʘʚʘ, ʦʮʝʥʢʘʪʘ  Q   

ʥʘ ʚʝʨʦʷʪ-ʥʦʩʪʪʘ ʟʘ ʥʝʩʚʲʨʟʘʥʦʩʪ ʥʘ 
ʤʨʝʞʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʦʪ 
ʬʦʨʤʫʣʘʪʘ: 
 

(1) 
ä
=

W=W

===

n

l

ll ZpBepBe

ZpBeQ

0

]/)1[()(

)1(

 

ʅʝʢʘ 
 
 R- ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʲʛʦʚʘ ʩʚʲʨ-
ʟʘʥʦʩʪ ʥʘ ʤʨʝʞʘʪʘ; 
 h - ʙʨʦʡ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ 

ʣʠʥʠʠ (ʜʲʛʠ) ʚ ʩʚʲʨʟʚʘʱʦʪʦ ʜʲʨʚʦ ʥʘ 
ʛʨʘ-ʬʘ ʥʘ ʘʥʘʣʠʟʠʨʘʥʘʪʘ ʤʨʝʞʘ; 
 

 =W )( lpBe ()nPl ; 

 ().]/)1[( lQZpBe l =W=  

 

ʊʲʡ ʢʘʪʦ, ʧʨʠ  l<R  ʪʦʧʦʣʦʛʠʯʥʠʪʝ 
ʧʦʜʩʪʨʫʢʪʫʨʠ ʥʘ ʤʨʝʞʘʪʘ ʩʘ ʩʚʲʨʟʘʥʠ, 
ʘ ʧʨʠ  l>(n-h) - ʥʝʩʚʲʨʟʘʥʠ, ʪʦ 
 

(2) ()() ()ää
+-=

-

=

+=
n

hnl

l

hn

Rl

l nPlQnPQ
1

.  

 
ʊʦʚʘ ʩʲʦʪʥʦʰʝʥʠʝ ʩʝ ʠʟʧʦʣʟʚʘ 

ʢʘʪʦ ʙʘʟʦʚʦ ʟʘ ʚʩʷʢʘ ʦʪ ʨʘʟʛʣʝʞʜʘʥʠʪʝ 
ʧʦ-ʜʦʣʫ ʯʝʪʠʨʠ ʦʩʥʦʚʥʠ ʩʠʪʫʘʮʠʠ. 
 
 ɸ. ʄʘʣʢʠ ʤʨʝʞʠ ʩ ʨʘʚʥʦʥʘ-
ʜʝʞʜʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ 
 

ɺ ʩʣʫʯʘʷ,  qqi i =",   ʠ ʟʘ ʦʮʝʥʢʘ 

ʥʘ Q  ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʥʘʧʲʣʥʦ ʚʩʠʯʢʠ 

ʩʲʩ-ʪʦʷʥʠʷ ʥʘ ʤʨʝʞʘʪʘ hnRll -·=W, .  

ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ, 
 

(3) () ( )lnll

nl qqCnP
-

-= 1   ʠ 

 

(4) ()
l

n

l

C

T
lQ = ,     

 

ʢʲʜʝʪʦ  lT  - ʙʨʦʡ ʥʘ ʥʝʩʚʲʨʟʘʥʠʪʝ 

ʪʦʧʦ-ʣʦʛʠʯʥʠ ʧʦʜʩʪʨʫʢʪʫʨʠ ʚ ʩʲʩʪʦʷʥʠʝ  

lW . 

ʉ ʦʪʯʠʪʘʥʝ ʥʘ (3) ʠ (4), ʩʲʦʪ-
ʥʦʰʝʥʠʝ (2) ʩʝ ʟʘʧʠʩʚʘ ʦʢʦʥʯʘʪʝʣʥʦ, 
ʢʘʪʦ  
  

(5) ( ) ( )ä ä
-

= +-=

--
-+-=

hn

Rl

n

hnl

lnll

nl

lnl qqCTqqQ
1
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ʇʨʠ ¤­n  ʠ 0­q , ʚ ʩʲʦʪʥʦʰʝ-

ʥʠʝ (3) ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 
ʬʦʨʤʫʣʘʪʘ ʥʘ ʇʦʘʩʦʥ, ʪ.ʝ. 

(6) )(nPl  = ( )
( ) qn

l
lnll

n e
l

qn
qqC --

=-
!

1 . 

 
ʅʘ ʧʨʘʢʪʠʢʘ, ʛʦʨʥʘʪʘ ʟʘʤʷʥʘ ʝ ʩ 

ʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ ʧʨʠ  n>10 ʠ  q<0.1. 
ʉ ʦʪʯʠʪʘʥʝ ʥʘ (6),  ʬʦʨʤʫʣʘ (2) ʧʨʠʝʤʘ 
ʚʠʜʘ: 
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(7) 
( ) ( )

ä ä
-

= +-=

-- +=
hn

Rl

n

hnl

qn

l

qn

l

n

l

l e
l

qn
e

lC

qnT
Q

1 !!
. 

 
ɺ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʚʪʦʨʠʪʝ 

ʩʣʘʛʘʝʤʠ ʚʲʚ ʬʦʨʤʫʣʠʪʝ  (5) ʠ (7) ʠʤʘʪ 
ʥʝʩʲʱʝʩʪʚʝʥʘ ʟʥʘʯʠʤʦʩʪ ʟʘ ʢʨʘʡʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ, ʪʝ  ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʥʝʙʨʝʛ-
ʥʘʪ, ʪ.ʝ. 
 

(8) ( )
( )

ä ä
-

=

-

=

--
=-=

hn

Rl

hn

Rl

qn

l

n

l

l
l

lnl e
lC

qnT
TqqQ

!
1  

 
ɹʣʦʢ-ʩʭʝʤʘʪʘ ʥʘ ʦʙʦʙʱʝʥʠʷ ʘʣʛʦ-

ʨʠʪʲʤ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ  Q ,  ʚ ʩʲʦʪ-

ʚʝʪʩʪʚʠʝ ʩ  (5),  ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ 
ʬʠʛ.1, ʢʲʜʝʪʦ G(m,n) e ʛʨʘʬ ʥʘ 
ʤʨʝʞʘʪʘ, ʢʦʡʪʦ ʩʝ ʦʧʠʩʚʘ ʯʨʝʟ ʙʠʥʘʨʥʘ 
ʤʘʪʨʠʮʘ ʥʘ ʚʨʲʟʢʠʪʝ ʩ ʨʘʟʤʝʨʥʦʩʪ  

)( mm³ , ʘ 

 

lTlT =][ , l

nClnC =],[  ʠ lnl qqlnB --= )1(],[ . 

 
  ʊʦʯʥʦʩʪʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʘʪʘ ʦʮʝʥ-
ʢʘ ʥʘ Q  ʚ ʩʣʫʯʘʷ ʟʘʚʠʩʠ ʠʟʮʷʣʦ ʦʪ ʪʦʯ-

ʥʦʩʪʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʭʦʜʥʠʷ ʧʘʨʘ-
ʤʝʪʲʨ q. 

ɸʢʦ ʟʘ  ʦʮʝʥʢʘ ʥʘ  Q   ʩʝ ʠʟʧʦʣʟʚʘ 

ʬʦʨʤʫʣʘ  (8), ʪʦ  ʙʣʦʢʦʚʝʪʝ ʩ ʥʦʤʝʨʘ 
9, 10 ʠ 11, ʚ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʬʠʛ.1, ʱʝ 
ʦʪ-ʧʘʜʥʘʪ. ʇʨʠ ʪʦʚʘ, ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ 
ʥʘʤʠ-ʨʘʥʝ ʥʘ ʩʚʲʨʟʚʘʱʦʪʦ ʜʲʨʚʦ ʥʘ 
ʤʨʝʞʘ-ʪʘ (ʙʣʦʢ 3), ʩʲʱʦ ʤʦʞʝ ʜʘ 
ʦʪʧʘʜʥʝ, ʘ ʟʘ h ʜʘ ʩʝ ʧʨʠʝʤʝ h=m-1, 
ʪʲʡ ʢʘʪʦ ʚ ʩʚʲʨʟʚʘʱʦʪʦ ʜʲʨʚʦ ʥʘ 
ʤʨʝʞʘ ʩ m ʚ-̡ʟʝʣʘ ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ ʧʦ-
ʤʘʣʢʦ ʦʪ (m-1) ʜʲʛʠ. 

ɺ ʧʨʝʜʩʪʘʚʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘʡ-
ʪʨʫʜʦʝʤʢʘ ʝ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ ʛʝʥʝʨʠ-
ʨʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʩʚʲʨʟʘʥʦʩʪʪʘ ʥʘ 
ʪʦʧʦʣʦʛʠʯʥʠʪʝ ʧʦʜʩʪʨʫʢʪʫʨʠ ʩ l  ʦʪʢʘ-
ʟʘʣʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ (ʙʣʦʢ 5). 
ʆʙʱʠʷʪ ʙʨʦʡ ʂ ʥʘ ʪʝʟʠ ʧʦʜʩʪʨʫʢʪʫʨʠ ʝ 

ä
-

=

=
hn

Rl

l

nCK  ʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʪʦʡʥʦʩʪʪʘ 

ʥʘ ʂ, ʢʦʥʢʨʝʪʥʘʪʘ ʤʨʝʞʘ ʤʦʞʝ ʜʘ ʩʝ 
ʦʪʥʝʩʝ ʢʲʤ ʢʣʘʩʘ ʥʘ ʤʘʣʢʠʪʝ ʠʣʠ 
ʛʦʣʝʤʠ ʤʨʝʞʠ. 

 
B. ʄʘʣʢʠ ʤʨʝʞʠ ʩ ʥʝʨʘʚʥʦ-

ʥʘʜʝʞʜʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ 
 

ɺ ʩʣʫʯʘʷ, ʩ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʩʝ 
ʚʲʚʝʞʜʘ ʠ ʜʠʩʢʨʝʪʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 
ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʦʪʢʘʟ ʥʘ ʢʦʤʫʥʠ-

ʢʘʮʠʦʥʥʠʪʝ ʣʠʥʠʠ {}iq , ʢʦʝʪʦ ʤʦʞʝ ʜʘ 

ʩʝ ʟʘʧʠʰʝ ʢʘʪʦ n-ʤʝʨʝʥ ʚʝʢʪʦʨ ʠʣʠ ʚ 
ʥʘʜʝʞʜʥʦʩʪʥʘ ʤʘʪʨʠʮʘ ʩ ʨʘʟʤʝʨʥʦʩʪ 

)( mm³  ʠ  ʝʣʝʤʝʥʪʠ bgq  - ʚʝʨʦʷʪʥʦʩʪ ʟʘ 

ʦʪʢʘʟ ʥʘ ʣʠʥʠʷʪʘ ʤʝʞʜʫ ʚʲʟʣʠʪʝ b ʠ g 

ʥʘ ʤʨʝʞʘʪʘ (ʧʨʠ ʦʪʩʲʩʪʚʠʝ ʥʘ ʣʠʥʠʷ 
ʤʝʞʜʫ ʜʚʘ ʚʲʟʝʣʘ, ʩʲʦʪʚʝʪʥʠʷʪ 
ʝʣʝʤʝʥʪ ʥʘ ʤʘʪʨʠʮʘʪʘ ʝ ʨʘʚʝʥ ʥʘ 1). 

ʉʲʦʪʥʦʰʝʥʠʝʪʘ ʟʘ )(nPl  ʠ Q  ʩʝ 

ʟʘʧʠʩʚʘʪ, ʩʲʦʪʚʝʪʥʦ, ʢʘʪʦ 
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ʢʲʜʝʪʦ  1)( =lzh  , ʘʢʦ h-ʪʘ ʪʦʧʦʣʦʛʠʯʥʘ 

ʧʦʜʩʪʨʫʢʪʫʨʘ ʚ ʩʲʩʪʦʷʥʠʝ lW  ʝ ʥʝʩʚʲʨ-

ʟʘʥʘ ʠ 0)( =lzh  - ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠʷ 

ʩʣʫ-ʯʘʡ. 
ʇʦ ʬʦʨʤʫʣʘ (10) ʤʦʞʝ ʜʘ ʩʝ 

ʩʲʩʪʘʚʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ  
Q, ʢʘʪʦ ʪʦʯʥʦʩʪʪʘ ʥʘ ʦʮʝʥʢʘʪʘ ʱʝ 

ʟʘʚʠʩʠ ʩʘʤʦ ʦʪ ʪʦʯʥʦʩʪʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ 

ʥʘ ʚʭʦʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ  iq . ʀ ʚ ʪʦʟʠ 

ʩʣʫʯʘʡ, ʥʘʡ-ʪʨʫʜʦʝʤʢʘ ʝ ʧʨʦʮʝʜʫʨʘʪʘ 
ʟʘ ʛʝʥʝʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʥʘ ʩʚʲʨʟʘʥʦʩʪʪʘ 
ʥʘ ʧʦʜʤʨʝʞʠʪʝ ʩ l ʦʪʢʘʟʘʣʠ ʣʠʥʠʠ. 

ɸʢʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʪʦʨʦʪʦ ʩʣʘ-
ʛʘʝʤʦ ʚ (10) ʝ ʥʝʩʲʱʝʩʪʚʝʥʦ, ʪʦ ʤʦʞʝ 
ʜʘ ʩʝ ʧʨʝʥʝʙʨʝʛʥʝ, ʥʘʤʠʨʘʥʝʪʦ ʥʘ 
ʩʚʲʨʟʚʘʱʦʪʦ ʜʲʨʚʦ ʥʘ ʤʨʝʞʘʪʘ - ʜʘ 
ʦʪʧʘʜʥʝ,ʘ ʟʘ  h - ʜʘ ʩʝ ʧʨʠʝʤʝ  h = m-1. 
 

C. ɻʦʣʝʤʠ ʤʨʝʞʠ ʩ ʨʘʚʥʦ-
ʥʘʜʝʞʜʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ 
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ʇʨʠ ʛʦʣʝʤʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʂ, ʥʘ-

ʤʠʨʘʥʝʪʦ ʥʘ ʪʦʯʥʘ ʦʮʝʥʢʘ ʥʘ  Q  ʟʘ ʨʘ-

ʟʫʤʥʦ ʚʨʝʤʝ e ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʲʟ-
ʤʦʞʥʦ, ʘ ʠ ʚ ʤʥʦʛʦ ʩʣʫʯʘʠ ʥʝ ʝ ʥʝʦʙ-

ʭʦʜʠʤʦ. ʇʨʠ ʪʦʚʘ ʧʦʣʦʞʝʥʠʝ, ʟʘ ʚʩʷʢʦ 
ʦʪ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʩʲʩʪʦʷʥʠʷ ʥʘ ʤʨʝʞʘ-
ʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʠʤʠʪʘʮʠʦʥʥʦ 
ʤʦʜʝʣʠʨʘʥʝ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʪʦʜʘ 
ʄʦʥʪʝ ʂʘʨʣʦ, ʢʘʪʦ  ʟʘ  ʮʝʣʪʘ ʩʝ ʛʝʥʝʨʠ-

 

 
 

 
ʌʠʛ. 1 

 
ʨʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʩʣʫʯʘʡʥʠ ʪʦʧʦʣʦʛʠʯʥʠ 
ʧʦʜʩʪʨʫʢʪʫʨʠ (ʧʦʜʤʨʝʞʠ), ʯʠʠʪʦ ʙʨʦʡ  

lN  ʝ ʧʦ-ʤʘʣʲʢ ʦʪ  l

nC . 

ʆʮʝʥʢʘʪʘ ʥʘ  Q , ʚ ʩʣʫʯʘʷ, ʤʦʞʝ 

ʩʲʱʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʥʘ ʙʘʟʘʪʘ ʥʘ 

ʩʲʦʪʥʦʰʝʥʠʝ  (2),  )(nPl  - ʩʲʛʣʘʩʥʦ  (6), 

ʘ  )(lQ  - ʂʘʪʦ 

 

(11) ,l"
l

l

N

S
lQ º)( ,         ʢʲʜʝʪʦ     

ʩʪʘʨʪ 

ɺʭʦʜʥʠ ʜʘʥʥʠ: 
 m, n, q, G(m,n) 

ʆʧʨʝʜʝʣʷʥʝ 
ʥʘ R ʥʘ ʤʨʝʞʘʪʘ 

 

        

ʆʧʨʝʜʝʣʷʥʝ 
ʥʘ h ʥʘ ʤʨʝʞʘʪʘ 

 

Q:=0, I:=R 

1 

2 

3 

4 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ T[I] 
5 

6 
6 Q:=Q+B[n,I]T[I] 

    

 

   

I:=I+1  

8 

9 

10 
 

ʜʘ 

11 

l := l+1 

12 

l > n 
ʥʝ 

ʀʟʚʝʞʜʘʥʝ ʥʘ Q  

ʜʘ 

ʥʝ 

ʩʪʦʧ 

I>n-h 

Q:=Q+C[n,I]B[n,I] 

7 
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 lS  - ʙʨʦʡ ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ ʥʝʩ-

ʚʲʨʟʘʥʠ ʧʦʜʤʨʝʞʠ ʩ l ʦʪʢʘʟʘ ʥʘ ʢʦʤʫ-
ʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ; 

 lN  - ʦʙʱ ʙʨʦʡ ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ  ʚ 

ʤʘʰʠʥʥʠʷ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʜʤʨʝʞʠ ʩ l 

ʦʪʢʘʟʘ ʥʘ ʣʠʥʠʠ ʟʘ ʩʲʩʪʦʷʥʠʝ lW . 

ʆʯʝʚʠʜʥʦ ʝ, ʯʝ ʚ ʪʦʟʠ ʩʣʫʯʘʡ 
ʪʦʯʥʦʩʪʪʘ ʥʘ ʦʮʝʥʢʠʪʝ ʥʘ  )(lQ  ʠ Q  ʱʝ 

ʟʘʚʠʩʠ ʩʲʱʝʩʪʚʝʥʦ ʦʪ lN . 

ɸʢʦ ʛʨʝʰʢʠʪʝ ʚ ʪʝʟʠ  ʦʮʝʥʢʠ 

ʦʙʦʟʥʘʯʠʤ ʩʲʦʪʚʝʪʥʦ ʯʨʝʟ  )(lQD   ʠ  

QD ,  ʪʦ ʚ ʥʘʡ-ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʷ ʩʣʫʯʘʡ 

 

(12) ä ä
=

-

=

D=D=D
n

l
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Rl

ll lQnPlQnPQ
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)()()()( .   

 
ɺʠʞʜʘ ʩʝ, ʯʝ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ  

QD , ʦʮʝʥʢʠʪʝ ()lQ  ʟʘ ʧʦ-ʚʝʨʦʷʪʥʠʪʝ 

ʩʲʩʪʦʷʥʠʷ ʥʘ ʤʨʝʞʘʪʘ  W
l
, ʩʣʝʜʚʘ ʜʘ 

ʩʝ ʦʧʨʝʜʝʣʷʪ ʩ ʧʦ-ʛʦʣʷʤʘ ʪʦʯʥʦʩʪ, ʪ.ʝ. 
 

(13) 
l

l

N

S
lQ

D
=D )(  ~ 

)(

1

nPl

 ʠ lN  ~  )(nPl . 

 
ʉʣʝʜʦʚʘʪʝʣʥʦ, ʘʢʦ N ʝ ʥʝʦʙʭʦʜʠʤ 

ʙʨʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʧʠʪʠ ʧʨʠ ʢʣʘʩʠ-
ʯʝʩʢʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʪʦʜʘ ʄʦʥʪʝ 
ʂʘʨʣʦ, ʪʦ  
  

(14) NnPN ll )(=    ʠ   
NnP

S
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l

l
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)( = .      
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ʆʙʦʙʱʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʟʘ 

ʥʘʤʠʨʘʥʝ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ Q ʟʘ 
ʨʘʟʛʣʝʞʜʘʥʠʷ ʩʣʫʯʘʡ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ 
ʬʠʛ.2, ʢʲʜʝʪʦ 

 

lSlS =][ , )(],[ nPlnP l= , lNlN =][ ,   

 
)(],[ lXlX hh = ,  )(],[ lzlz hh =  

 

{ })()()(

2

)(

1

)( ,...,,...,, l

n

l

i

lll xxxxX hhhhh = - ʚʝʢʪʦʨ 

ʥʘ ʩʲʩʪʦʷʥʠʷʪʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ 

ʣʠʥʠʠ, ʢʘʪʦ  1)( =l

ixh  ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ 

ʦʪʢʘʟ ʥʘ  i-ʪʘ ʣʠʥʠʷ ʚ  h-ʪʘ ʛʝʥʝʨʘʮʠʷ ʚ 

ʩʲʩʪʦʷʥʠʝ lW, ʘ 0)( =l

ixh  - ʥʘ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʘ ʪʘʢʘʚʘ; 

 )(lzh - ʧʦʢʘʟʘʪʝʣ ʟʘ ʩʚʲʨʟʘʥʦʩʪ ʥʘ  

h-ʪʘ ʧʦʜʤʨʝʞʘ ʩ l ʦʪʢʘʟʘʣʠ ʣʠʥʠʠ 

( 1)( =lzh  - ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʥʝʩʚʲʨʟʘʥʘ 

ʧʦʜʤʨʝʞʘ, ʘ 0)( =lzh  - ʥʘ ʩʚʲʨʟʘʥʘ 

ʪʘʢʘʚʘ). 

ɿʘ ʛʝʥʝʨʘʮʠʷʪʘ ʥʘ ʚʝʢʪʦʨʠʪʝ )(lXh  

ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʧʦ 
ʩʣʫʯʘʝʥ ʥʘʯʠʥ ʥʦʤʝʨʘʪʘ ʥʘ l ʦʪʢʘʟʘʣʠ 
ʣʠʥʠʠ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩ 
ʧʦʤʦʱʪʘ ʥʘ ʜʘʪʯʠʢ ʟʘ ʨʘʚʥʦʤʝʨʥʦ-
ʨʘʟʧʨʝʜʝʣʝʥʠ ʩʣʫʯʘʡʥʠ ʯʠʩʣʘ ʚ ʠʥ-
ʪʝʨʚʘʣʘ (1,n) [ʚʲʟʤʦʞʥʦ ʝ ʠʟʧʦʣʟ-
ʚʘʥʝʪʦ ʠ ʥʘ ʜʘʪʯʠʢ ʟʘ ʨʘʚʥʦʤʝʨʥʦ-
ʨʘʟʧʨʝʜʝʣʝʥʠ ʩʣʫʯʘʡʥʠ ʯʠʩʣʘ ʚ 
ʠʥʪʝʨʚʘʣʘ (0,1) ʠ ʧʨʝʪʝʛʣʝʥʘʪʘ ʚʝ-

ʨʦʷʪʥʦʩʪ nq /1=* ]. 

ɺ ʧʨʝʜʩʪʘʚʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ 
ʬʠʛ. 2 ʨʝʘʣʥʠʷʪ ʙʨʦʡ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩ-

ʢʠʪʝ ʦʧʠʪʠRN  e ʧʦ-ʤʘʣʲʢ ʦʪ N, ʪʲʡ 

ʢʘʪʦ  

(17) ä ä
-

= +-=

--=
1

0 1

)()(
R

l

n

hnl

llR nPNnPNNN  

             ä
-

=

=
hn

Rl

l nPN )( .  

 

ʇʨʠ ʪʦʚʘ, ʨʘʟʣʠʢʘʪʘ )( RNN-  ʥʘ-

ʨʘʩʪʚʘ ʩ ʫʚʝʣʠʯaʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 
ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʩʚʲʨʟʘʥʦʩʪ ʥʘ ʤʨʝ-
ʞʘʪʘ R. 

ʅʘʧʨʠʤʝʨ, ʘʢʦ ʤʨʝʞʘʪʘ ʝ ʩ ʧʘ-
ʨʘʤʝʪʨʠ n=10, q=0.1, R=2 ʠ N=1000, ʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʯʘʢʚʘʥʝ )( outNM  ʥʘ 

ʙʨʦʷ ʥʘ ʠʟʣʠʰʥʠʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʧʠʪʠ 
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outN  ʧʨʠ ʢʣʘʩʠʯʝʩʢʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʤʝʪʦʜʘ ʄʦʥʪʝ ʂʘʨʣʦ, ʱʝ ʙʲʜʝ 

728)10()10()( 10 =+> == NPNPNM llout . ʇʨʠ 

n=20, q=0.1, R=2 ʠ N=10000, 

3918)( >outNM , ʘ ʘʢʦ ʧʨʠ ʩʲʱʠʪʝ ʜʨʫʛʠ 

ʧʘʨʘʤʝʪʨʠ R=3, ʪʦ 6870)( >outNM .  

ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ 
ʬʠʛ.2 ʥʝ ʨʝʘʣʠʟʠʨʘ ʠʟʣʠʰʥʠ ʩʪʘ-
ʪʠʩʪʠʯʝʩʢʠ ʦʧʠʪʠ ʠ ʦʩʚʝʥ ʪʦʚʘ, ʜʠʩ-
ʧʝʨʩʠʷʪʘ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ Q ʩʝ ʧʦʣʫʯʘʚʘ 
ʧʦ-ʤʘʣʢʘ, ʪʲʡ ʢʘʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ, ʧʨʦ-
ʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʪʷʭʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ, 
ʚʩʠʯʢʠ ʤʥʦʞʝʩʪʚʘ (ʩʲʩʪʦʷʥʠʷ) ʦʪ ʪʦʧʦ-
ʣʦʛʠʯʥʠ ʧʦʜʩʪʨʫʢʪʫʨʠ ʥʘ ʤʨʝʞʘʪʘ ʩ l 
ʦʪʢʘʟʘʣʠ ʣʠʥʠʠ. 

ɸʢʦ ʚʝʨʦʷʪʥʦʩʪʠʪʝ )(nPl , ʟʘ  l>n-h, 

ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʤʘʣʢʠ ʚʝʣʠʯʠʥʠ, ʪʦ  ʚʪʦ-
ʨʠʪʝ ʩʣʘʛʘʝʤʠ ʚ (15) ʠ (16) ʤʦʛʘʪ ʜʘ ʩʝ 
ʧʨʝʥʝʙʨʝʛʥʘʪ. ʊʦʛʘʚʘ, h=m-1 ʠ ʙʣʦʢʦ-
ʚʝʪʝ ʩ ʥʦʤʝʨʘ 16, 17 ʠ 18 ʱʝ ʦʪʧʘʜʥʘʪ 
ʦʪ ʘʣʛʦʨʠʪʲʤʘ. 
 

D. ɻʦʣʝʤʠ ʤʨʝʞʠ ʩ ʥʝʨʘʚʥʦ-
ʥʘʜʝʞʜʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ 
 

ʊʘʟʠ ʩʠʪʫʘʮʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 
ʨʘʟʣʠʯʥʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘ ʦʪʢʘʟ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʣʠʥʠʠ ʥʘ ʤʨʝʞʘʪʘ ʠ 
ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ ʥʘ ʂ, ʠʟʠʩʢʚʘʱʘ 
ʥʝʨʘʟʫʤʝʥ ʨʘʟʭʦʜ ʥʘ ʤʘʰʠʥʥʦ ʚʨʝʤʝ ʟʘ 
ʪʦʯʥʘ ʦʮʝʥʢʘ ʥʘ Q. ʇʦʨʘʜʠ ʪʦʚʘ, ʚ 
ʩʣʫʯʘʷ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʧʨʝʜʠʜʫʱʠʪʝ ʨʘʟʩʲʞʜʝʥʠʷ, ʢʘʢʪʦ ʠ  
ʦʙʦʙʱʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʦʪ ʬʠʛ. 2, ʥʦ ʩʲʩ 
ʩʣʝʜʥʠʪʝ ʠʟʤʝʥʝʥʠʷ: 

ʘ) ʚʤʝʩʪʦ q ʩʝ ʚʲʚʝʞʜʘ {}iq ; 

ʙ)ʚʝʨʦʷʪʥʦʩʪʠʪʝ )(nPl  ʩʝ ʦʧʨʝʜʝ-

ʣʷʪ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ (9); 

ʚ) ʚʝʢʪʦʨʠʪʝ )(lXh  ʩʝ ʛʝʥʝʨʠʨʘʪ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʜʘʪʯʠʢ ʟʘ ʨʘʚʥʦʤʝʨʥʦ-
ʨʘʟʧʨʝʜʝʣʝʥʠ ʩʣʫʯʘʡʥʠ ʯʠʩʣʘ ʚ 
ʠʥʪʝʨʚʘʣʘ (0,1) ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 

ʧʨʝʪʝʛʣʝʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘ ʦʪʢʘʟ {}*iq  

ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʣʠʥʠʠ, ʢʲʜʝʪʦ 
 

(18) ,,

1

ä
=

*="
n

i

i

i
i

q

q
qi    ä

=

*=
n

i

iq
1

1.       

 
ʊʦʛʘʚʘ 

 

(19) ä ääÔ Ô
-

= +-= = = =

-+=
hn

Rl

n

hnl

C l

j

n

lj

l

j

l

jl

l
n

qqS
N

Q
1 1 1

)()( )1(
1

h

hh  

 
ʉ ʫʚʝʣʠʯaʚʘʥʝ ʥʘ ʨʘʟʤʝʨʥʦʩʪʪʘ ʥʘ 

ʤʨʝʞʘʪʘ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʚʪʦʨʦʪʦ 
ʩʣʘʛʘʝʤʦ ʚ (19) ʥʘʤʘʣʷʚʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ 

ʟʘ Q ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ ä
-

=

º
hn

Rl

lS
N

Q
1

, 

ʢʲʜʝʪʦ h=m-1. ʆʩʚʝʥ ʪʦʚʘ, ʚʲʟʤʦʞʥʘ ʝ 
ʜʦʧʲʣʥʠʪʝʣʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʘʣ-
ʛʦʨʠʪʲʤʘ ʟʘ ʪʦʟʠ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʝʪʦ 

ʚʤʝʩʪʦ N ʩʝ ʚʲʚʝʞʜʘʪ ʩʪʦʡʥʦʩʪʠʪʝ lN   

ʟʘ ʚʩʷʢʦ ʩʲʩʪʦʷʥʠʝ  ʥʘ ʤʨʝʞʘʪʘ  

hnRll -·=W, , ʢʘʪʦ ʩ ʪʦʚʘ ʩʝ ʠʟʙʷʛʚʘ 

ʪʨʫʜʦʝʤʢʦʪʦ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʚʝʨʦ-

ʷʪʥʦʩʪʠʪʝ )(nPl   ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ  (9). 

ʇʨʠ ʪʦʚʘ ʧʦʣʦʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʪʘ Q ʩʝ 
ʦʧʨʝʜʝʣʷ ʦʪ ʩʲʦʪʥʦʰʝʥʠʝʪʦ 
 

(20) ää
-

= =

º
hn

Rl

N
ll

l

nVzQ
1

)()( )(
h

hh ,     

        Ô Ô
= =

-=
l

j

n

lj

l

j

l

j

l qqnV
1

)()()( )1()( hhh ,  

ʢʘʪʦ ʚʝʨʦʷʪʥʦʩʪʠʪʝ )()( nV l

h  ʩʝ ʠʟʯʠʩ-

ʣʷʚʘʪ ʩʘʤʦ ʟʘ ʛʝʥʝʨʠʨʘʥʠʪʝ ʥʝʩʚʲʨ-

ʟʘʥʠ ʧʦʜʤʨʝʞʠ, ʪ.ʝ. ʧʨʠ 1)( =lzh . 

 
ɿʘʢʣʶʯʝʥʠʝ 

 
ʈʘʟʛʣʝʜʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʦʙʦʙʱʝʥ 

ʧʦʜʭʦʜ ʠ ʘʣʛʦʨʠʪʤ̡ ʟʘ ʦʮʝʥʢʘ ʥʘ ʥʝ-
ʩʚʲʨʟʘʥʦʩʪʪʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʠ 
ʢʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ ʧʦʟʚʦʣʷʚʘʪ ʩʲʟʜʘ-
ʚʘʥʝʪʦ ʥʘ ʤʘʰʠʥʥʘ  ʧʨʦʛʨʘʤʘ, ʦʙʭʚʘ-
ʱʘʱʘ ʚʲʟʤʦʞʥʠʪʝ ʩʠʪʫʘʮʠʠ ʠ ʠʟʯʠʩ-
ʣʠʪʝʣʥʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʚʩʷʢʘ ʘʥʘʣʠ-
ʟʠʨʘʥʘ ʤʨʝʞʘ. ʇʨʠ ʪʦʚʘ ʝ ʮʝʣʝʩʲʦʙ-
ʨʘʟʥʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʜʠʘʣʦʛ ʠ ʠʟʙʦʨ ʥʘ ʢʦʥʢʨʝʪʥʘ ʩʠʪʫʘʮʠʷ ʠ 
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ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ, ʢʘʢʪʦ ʠ ʧʨʝʢ-
ʨʘʪʷʚʘʥʝ ʥʘ ʠʪʝʨʘʮʠʦʥʥʠʪʝ ʠʟʯʠʩʣʠ-
ʪʝʣʥʠ ʧʨʦʮʝʜʫʨʠ ʜʦ ʦʧʨʝʜʝʣʝʥʘ ʩʪʦʡ-
ʥʦʩʪ ʥʘ l, ʘʢʦ ʚ ʜʘʜʝʥʘʪʘ ʩʠʪʫʘʮʠʷ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʲʩʪʦʷʥʠʷʪʘ lW  ʥʘ ʤʨʝ-

ʞʘʪʘ ʚʲʨʭʫ ʦʮʝʥʢʘʪʘ ʥʘ Q, ʧʨʠ ʧʦ-
ʛʦʣʝʤʠ l, ʝ ʥʝʩʲʱʝʩʪʚʝʥʦ. ʊʘʢʘʚʘ ʧʨʦʛ-

ʨʘʤʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ, ʢʘʢʪʦ ʟʘ ʦʧ-
ʨʝʜʝʣʷʥʝ ʥʘ Q ʥʘ ʜʘʜʝʥʠ ʤʨʝʞʠ, ʪʘʢʘ ʠ 
ʟʘ ʩʨʘʚʥʠʪʝʣʝʥ ʥʘʜʝʞʜʥʦʩʪʝʥ ʘʥʘʣʠʟ 
ʥʘ ʨʘʟʣʠʯʥʠ ʪʦʧʦʣʦʛʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʚ 
ʧʨʦʮʝʩʩʘ ʥʘ ʪʷʭʥʦʪʦ  ʧʨʦʝʢʪʠʨʘʥʝ.  ʇʨʠ 
 

 

 
 

ʌʠʛ.2 
 

 ʩʪʘʨʪ 

ɺʭʦʜʥʠ ʜʘʥʥʠ: 
m, n, q, G(m,n), N 

 

 
 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ 
R ʠ h ʥʘ ʤʨʝʞʘʪʘ 
  

    
    

Q :=0, S[l] :=0, l :=R  

P[l] :=C[n,l]B[n,l] 

 
 

1 

2 

3 

4 

N[l] :=[P[n,l]N+0.5] 
 
 5 

h :=1 

  
6 

ɻʝʥʝʨʘʮʠʷ ʥʘ X[h,I] 

      

 

7 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ z[Ǽ,I] 
       

8 

z[ h ,l]=1 9 

S[l] :=S[l]+1 

 
 10 

ʜʘ 

ʥʝ 

h =N[l] 
11 

12 

Q :=Q+S[l] 

 
 

ʜʘ 

13 

l := l+1 

 
 

14 

l > n-h 

15 
ʥʝ ʜʘ 

Q :=Q+[P[n,l]N+0.5] 

 
 16 

l = n 
17 

ʜʘ 

l := l+1 

 
 

ʥʝ 

Q := Q/N 

 
 

18 

19 

ʀʟʚʝʞʜʘʥʝ ʥʘ Q   
20 

ʩʪʦʧ 

 

 
 ɖ :=ɖ+1 
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ʪʦʚʘ ʤʦʛʘʪ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʠ ʨʘʟʣʠʯ-
ʥʠ ʚʘʨʠʘʥʪʠ ʥʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʨʝʟʝʨʚʥʠ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʣʠʥʠʠ ʚ ʤʨʝʞʠʪʝ. 
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ʀʟʯʠʩʣʝʥʠʝ ʥʘ ʤʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ ʠ ʬʘʣʠʪ ʦʪ 
ʠʩʪʦʨʠʯʝʩʢʠ ʜʘʥʥʠ ʟʘ ʨʝʡʪʠʥʛ 

 
 

ɸʥʘʪʦʣʠʡ ʉʪ. ɸʥʪʦʥʦʚ 
ʉʥʝʞʠʥʘ ʂ. ʇʝʪʨʦʚʘ 

 
 

ʈʝʟʶʤʝ: ɺ ʜʦʢʣʘʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʥʘʢʨʘʪʢʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 
ʚʲʪʨʝʰʥʠʪʝ ʤʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ, ʠʟʯʠʩʣʝʥʠ ʧʦ ʠʩʪʦʨʠʯʝʩʢʠ ʜʘʥʥʠ ʟʘ ʨʝʡʪʠʥʛ ʩ ʧʦʤʦʱʪʘ ʥʘ 
Credit Risk Data Supporter, ʚʢʣʶʯʝʥ ʚ ʧʘʢʝʪʘ Risk Evaluator. 

 
 

Computation of transition matrixes from historical ratings 
 

Anatoliy St. Antonov 
Snezhina K. Petrova 

 
Abstract: The following document considers the computation and manipulation of the 

internal transition matrixes from historical ratings with the help of Credit Risk Data Supporter, 
included in Risk Evaluator package. 

 

1.ʋʚʦʜ 
 

ɽʜʠʥ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʨʠʩʢʦʚʠ 
ʬʘʢʪʦʨʠ ʧʨʠ ʜʝʧʦʥʠʨʘʥʝʪʦ ʥʘ ʩʦʙ-
ʩʪʚʝʥʠʷ ʢʘʧʠʪʘʣ ʟʘ ʢʨʝʜʠʪʥʠʷ ʨʠʩʢ ʪʦʚʘ 
ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ (PD - 
Probability OF Default)  ʥʘ 
ʢʨʝʜʠʪʦʠʩʢʘʪʝʣʷ. ʊʘʟʠ ʦʮʝʥʢʘ ʪʨʷʙʚʘ 
ʜʘ ʩʝ ʙʘʟʠʨʘ  ʥʘ ʩʦʙʩʪʚʝʥʠ ʠʩʨʦʨʠʯʝʩʢʠ 
ʜʘʥʥʠ ʥʘ ʙʘʥʢʘʪʘ ʟʘ ʨʘʟʣʠʯʥʠ ʧʝʨʠʦʜʠ. 

ɽʜʠʥ ʦʪ ʚʲʟʤʦʞʥʠʪʝ ʥʘʯʠʥʠ ʥʘ 
ʨʘʙʦʪʘ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʚʲʪʨʝʰʥʠ ʤʘʪʨʠʮʠ ʥʘ ʧʨʝʭʦʜ. ɺʝʨʦ-
ʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʩʝ ʧʦʣʫʯʘʚʘ ʚ  
ʢʦʣʦʥʘ D ʥʘ ʨʝʜʘ, ʦʟʥʘʯʝʥ ʩʲʩ 
ʥʘʩʪʦʷʱʠʷ ʨʝʡʪʠʥʛ ʥʘ ʢʨʝʜʠʪʦʠʩʢʘʪʝʣʷ 
ʚ ʩʲʦʪʚʝʪʥʘʪʘ ʤʘʪʨʠʮʘ ʥʘ ʧʨʝʭʦʜ 
(ʢʦʣʦʥʘ D ʚ ʊʘʙʣ.1). ʆʪ ʪʫʢ ʩʣʝʜʚʘ 
ʟʘʜʘʯʘʪʘ ʟʘ ʧʦʣʫʯʘʚʥʝʪʦ ʥʘ ʩʦʙʩʪʚʝ-
ʥʠʪʝ ʤʘʪʨʠʮʠ ʥʘ ʧʨʝʭʦʜ ʩ ʮʝʣ ʧʨʝʜʠ 
ʚʩʠʯʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʩ-
ʪʦʨʠʯʝʩʢʠʪʝ ʜʘʥʥʠʪʝ. 

ʇʦʩʪʘʥʦʚʢʘʪʘ ʥʘ ʟʘʜʘʯʘʪʘ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʩʣʝʜʥʘʪʘ: 

ɿʘ ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, 
ʙʘʥʢʘʪʘ ʩʠʩʪʝʤʘʪʠʯʥʦ, ʧʨʝʟ ʬʠʢʩʠʨʘʥʠ 

ʠʥʪʝʨʚʘʣʠ ʩʲʙʠʨʘ ʜʘʥʥʠ ʠ ʦʧʨʝʜʝʣʷ 
ʨʝʡʪʠʥʛʘ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʥʘ ʠʟʚʘʜʢʘ ʦʪ 
ʢʨʝʜʠʪʦʠʩʢʘʪʝʣʠ. 

ʇʨʠʤeʨʥʠ ʦʙʱʠ ʫʩʣʦʚʠʷ: 
 ʏʝʩʪʦʪʘ ʥʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʨʝʡʪʠʥʛʘ ï ʝʞʝʤʝʩʝʯʥʦ ʠʣʠ ʧʨʝʟ ʪʨʠ 
ʤʝʩʝʮʘ 

 ʇʨʝʜʩʪʘʚʠʪʝʣʥʘ ʠʟʚʘʜʢʘ ï 1000 
ʢʨʝʜʠʪʦʠʩʢʘʪʝʣʠ 

 ʀʩʪʦʨʠʯʝʩʢʠ ʩʨʦʢ ï 3 ʛʦʜʠʥʠ 
ʈʝʡʪʠʥʛʲʪ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʦʙʝʢʪʠʚʥʠ ʨʝʡʪʠʥʛ ʤʦʜʝʣʠ ʠʣʠ 
ʨʝʡʪʠʥʛ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʚʠʥʘʛʠ ʩʝ 
ʠʟʧʦʣʟʚʘ ʝʜʥʘ ʠ ʩʲʱʘ ʨʝʡʪʠʥʛʦʚʘ ʩʪʝ-
ʧʝʥʥʘ ʩʢʘʣʘ. 

ʉʲʙʨʘʥʠʪʝ ʚ ʙʘʥʢʘʪʘ ʜʘʥʥʠ ʤʦʛʘʪ 
ʜʘ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠ ʜʘ ʩʝ 
ʧʦʣʫʯʘʪ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʟʘ ʬʘʣʠʪ ʠ 
ʧʨʝʭʦʜ ʟʘ ʨʘʟʣʠʯʥʠ ʨʠʩʢʦʚʠ ʧʝʨʠʦʜʠ. 
ʆʪ ʪʝʟʠ ʢʦʝʬʠʮʠʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ 
ʧʦʣʫʯʠ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʠ ʧʨʝʭʦʜ 
ʚ ʩʦʙʩʪʚʝʥʘʪʘ ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ ʟʘ 
ʧʝʨʠʦʜ ʦʪ 1 ʛʦʜʠʥʘ.  

ʇʨʦʮʝʩʲʪ ʧʦʚʠʰʘʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʤʘʪʨʠʮʘʪʘ ʟʘ ʧʨʝʭʦʜ, ʧʦʣʫʯʝʥʘ ʦʪ 
ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʨʝʡʪʠʥʛʠ, ʪʲʢ ʢʘʪʦ ʦʩʚʝʥ 
ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʬʘʣʠʪʠ ʩʝ ʚʟʝʤʘʪ ʧʦʜ 
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ʚʥʠʤʘʥʠʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʜʘʥʥʠ ʟʘ 
ʧʨʝʭʦʜʠ ʥʘ ʨʝʡʪʠʥʛʘ ʟʘ ʩʪʘʥʜʘʨ-
ʪʠʟʠʨʘʥʠ ʨʠʩʢʦʚʠ ʭʦʨʠʟʦʥʪʠ. ʇʨʦʮʝʩʲʪ 
ʧʨʝʜʧʦʣʘʛʘ ʤʝʪʦʜʠ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 
ʥʘ ʨʠʩʢʦʚʠʪʝ ʭʦʨʠʟʦʥʪʠ ʟʘ ʤʘʪʨʠʮʘʪʘ 
ʟʘ ʧʨʝʭʦʜ (ʯʘʩʪ 3). 

 
2. ʈʠʩʢʦʚʠ ʭʦʨʠʟʦʥʪʠ ʧʨʠ 

ʤʘʪʨʠʮʠʪʝ ʟʘ ʧʨʝʭʦʜ. 
 

ʈʝʰʝʥʠʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʟʘʜʘʯʘ 
ʠʟʠʩʢʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ  ʟʘ 
ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʤʘʪʨʠʮʠʪʝ ʟʘ ʧʨʝʭʦʜ 
ʟʘ ʧʦ-ʢʲʩʠ ʨʠʩʢʦʚʠ ʭʦʨʠʟʦʥʪʠ 
(ʠʥʪʝʨʧʦʣʘʮʠʷ) ʠʣʠ ʟʘ ʧʦ-ʜʲʣʛʠ ʨʠʩ-
ʢʦʚʠ ʭʦʨʠʟʦʥʪʠ (ʝʢʩʪʨʘʧʦʣʘʮʠʷ) ʦʪ 
ʜʘʜʝʥʘʪʘ ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ. ɺʘʞʥʘ 
ʧʦʜʟʘʜʘʯʘ ʩʝ ʷʚʷʚʘ  ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 
ʤʘʪʨʠʮʘʪʘ ʟʘ ʧʨʝʭʦʜ ʩ ʨʠʩʢʦʚ ʭʦʨʠʟʦʥʪ 
1 ʤʝʩʝʮ ʦʪ ʤʘʪʨʠʮʘʪʘ ʟʘ 1 ʛʦʜʠʥʘ ʠ 
ʩʲʦʪʚʝʪʥʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʤʘʪʨʠʮʘʪʘ 
ʟʘ ʧʨʝʭʦʜ ʟʘ 1 ʛʦʜʠʥʘ ʦʪ ʜʘʜʝʥʘʪʘ 
ʤʘʪʨʠʮʘ ʟʘ 1 ʤʝʩʝʮ.  
 

2.1 ʀʥʪʝʨʧʦʣʘʮʠʷ ʥʘ 
ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʧʨʝʭʦʜ ʠ ʟʘ ʬʘʣʠʪ 

 
ɺʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʟʘ ʧʦ-ʢʲʩʠ 

ʧʝʨʠʦʜʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʯʨʝʟ 
ʝʢʩʧʦʥʝʥʮʠʘʣʥʘ ʠʥʪʝʨʧʦʣʘʮʠʷ ʥʘ 
ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʧʨʝʭʦʜ. ʀʟʭʦʞʜʘʡʢʠ 
ʦʪ ʬʫʥʢʮʠʷʪʘ Hazard Rate[1]: 

S(t)

(t)S

F(t)1

f(t)
h(t)

'

-=
-

=  

ʧʨʠʝʤʘʡʢʠ, ʯʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʬʘʣʠʪ ʩʘ 
ʝʜʥʠ ʠ ʩʲʱʠ ʟʘ ʮʝʣʠʷʪ ʧʝʨʠʦʜ ʦʪ ʝʜʥʘ 
ʛʦʜʠʥʘ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʧʨʝʭʦʜ ʠ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʟʘ ʧʦ-ʢʲʩʠ 
ʧʝʨʠʦʜʠ ʤʦʛʘʪ ʜʘ ʧʨʝʜʩʪʘʚʷʪ ʧʦ 
ʩʣʝʜʥʠʷʪ ʥʘʯʠʥ: 
 

tRatingRating

tRatingRating

RatingRating
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ʢʲʜʝʪʦ   
SRating(t) - ʚʝʨʦʷʪʥʦʩʪʪʘ ʨʝʡʪʠʥʛʦʚʘʪʘ 
ʩʪʝʧʝʥ ʜʘ ʥʝ ʬʘʣʠʨʘ ʟʘ ʚʨʝʤʝ t 

PDRating(t) - ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʥʘ 
ʨʝʡʪʠʥʛʦʚʘʪʘ ʩʪʝʧʝʥ ʟʘ ʚʨʝʤʝ t 
 
ʇʨʠʤʝʨ: 

ʘʢʦ PD(Rating=BBB, 1 ʛʦʜʠʥʘ) = 
6.8789%,  

ʪʦʛʘʚʘ  PD(Rating=BBB, 1 ʤʝʩʝʮ) 
= 0.5922% ʠ  

PD(Rating=BBB, 1 ʜʝʥ) = 0.0195% 
 

ɽʢʩʧʦʥʝʥʮʠʘʣʥʘʪʘ ʠʥʪʝʨʧʦʣʘʮʠʷ 
ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʟʘ ʧʝʨʠʦʜʠ 
ʧʦ-ʤʘʣʢʠ ʦʪ 1 ʛʦʜʠʥʘ ʩʝ ʠʟʚʝʞʜʘ ʥʘ 
ʙʘʟʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʢʫʤʫʣʘ-
ʪʠʚʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʬʘʣʠʪ ʠ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʝʬʘʣʠʪ ʟʘ ʩʲʱʠʷ 
ʧʝʨʠʦʜ. 

ʇʨʠʤʝʨʥʦʪʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ 
ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ ʟʘ 1 ʛʦʜʠʥʘ ʚ 
ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ ʟʘ 3 ʤʝʩʝʮʘ ʝ 
ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʊʘʙʣ.1. 

 
 2.2 ɽʢʩʪʨʘʧʦʣʘʮʠʷ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʧʨʝʭʦʜ ʠ ʟʘ ʬʘʣʠʪ. 
 

ɺʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʧʨʝʭʦʜ ʠ ʚʝʨʦ-
ʷʪʥʦʩʪʪʘ ʟʘ ʬʘʣʠʪ ʟʘ ʧʦ-ʜʲʣʛʠ ʧʝʨʠʦʜʠ 
ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʯʨʝʟ ʝʢʩʧʦ-
ʥʝʥʮʠʘʣʥʘ ʝʢʩʪʨʘʧʦʣʘʮʠʷ  ʥʘ ʚʝʨʦ-
ʷʪʥʦʩʪʠʪʝ ʟʘ ʧʨʝʭʦʜ. ʌʦʨʤʫʣʘʪʘ ʩʝ 
ʧʨʝʦʙʨʘʟʫʚʘ ʢʘʪʦ: 

t

1

RatingRating (t))PD(11Year)(1PD --=  

 
ʀʟʯʠʩʣʝʥʠʝʪʦ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ 

ʧʨʝʭʦʜʠʪʝ ʟʘ 1 ʛʦʜʠʥʘ ʦʪ ʤʘʪʨʠʮʘʪʘ ʥʘ 
ʧʨʝʭʦʜʠʪʝ ʟʘ 3 ʤʝʩʝʮʘ ʠʟʠʩʢʚʘ ʚʜʠʛʘʥʝ 
ʥʘ 4/ʪʘ ʩʪʝʧʝʥ, ʧʨʠ 1 ʤʝʩʝʮ ʥʘ 12/ʪʘ 
ʩʪʝʧʝʥ. ʊʦʟʠ ʧʦʜʭʦʜ ʙʠ ʜʦʚʝʣ ʦʙʘʯʝ ʜʦ 
ʛʨʝʰʢʠ, ʪʘʡ ʢʘʪʦ ʧʦʚʝʜʝʥʠʝʪʦ ʟʘ ʧʦ-
ʢʲʩʠ ʧʝʨʠʦʜʠ ʩʝ ʨʝʧʣʠʮʠʨʘ ʤʥʦʛʦ-
ʢʨʘʪʥʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʦ-ʜʲʣʛʠʷ ʧʝʨʠʦʜ. 
ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 
ʝʢʩʪʨʘʧʦʣʘʮʠʷ ʝ ʥʝʧʦʜʭʦʜʷʱʦ, ʧʦ-
ʧʦʜʭʦʜʷʱʦ ʝ ʧʲʣʥʦʪʦ ʤʘʪʨʠʯʥʦ ʩʪʝʧʝ-
ʥʫʚʘʥʝ ʥʘ ʮʷʣʘ ʩʪʝʧʝʥ. 

 

...2,3,4nM(t)t)M(n
n

==*  
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ʄʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ SnP ʩ 8 ʨʝʡʪʠʥʛʦʚʠ ʩʪʝʧʝʥʠ (ʨʠʩʢʦʚ ʭʦʨʠʟʦʥʪ=1 ʛʦʜʠʥʘ) 

[%] AAA AA A BBB BB B CCC D 

AAA 92,6106 6,8418 0,4134 0,1033 0,0309 0,0000 0,0000 0,0000 

AA 0,9569 92,6069 5,6711 0,5787 0,0413 0,1175 0,0172 0,0104 

A 0,0596 2,4150 91,3435 5,4224 0,4974 0,2203 0,0069 0,0349 

BBB 0,0356 0,2739 5,2018 88,1571 5,0454 0,9089 0,1493 0,2280 

BB 0,0472 0,1245 0,5203 8,3175 81,9439 7,0225 1,0683 0,9558 

B 0,0000 0,0899 0,3050 0,5562 4,3316 80,6401 5,9869 8,0903 

CCC 0,1620 0,0000 0,3242 1,2969 1,7832 10,5953 61,7301 24,1083 

ʀʥʪʝʨʧʦʣʠʨʘʥʘ ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ SnP ʩ 8 ʨʝʡʪʠʥʛʦʚʠ ʩʪʝʧʝʥʠ (ʨʠʩʢʦʚ 
ʭʦʨʠʟʦʥʪ=3 ʤʝʩʝʮʘ) 

[%] AAA AA A BBB BB B CCC D 

AAA 98,1068 1,7562 0,1035 0,0258 0,0077 0,0000 0,0000 0,0000 

AA 0,2401 98,1193 1,4490 0,1450 0,0103 0,0294 0,0043 0,0026 

A 0,0149 0,6093 97,8016 1,3841 0,1246 0,0551 0,0017 0,0087 

BBB 0,0089 0,0685 1,3266 96,9876 1,2859 0,2280 0,0373 0,0570 

BB 0,0118 0,0311 0,1303 2,1476 95,3673 1,8038 0,2682 0,2398 

B 0,0000 0,0225 0,0763 0,1393 1,1009 95,0423 1,5316 2,0870 

CCC 0,0405 0,0000 0,0812 0,3258 0,4488 2,7611 89,6785 6,6641 

 
ʊʘʙʣ.1 ʄʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ ʟʘ 1 ʛʦʜʠʥʘ ʠ ʟʘ 3 ʤʝʩʝʮʘ 

 
ʇʨʠ ʧʦʚʜʠʛʘʥʝ ʥʘ ʚʪʦʨʘ ʩʪʝʧʝʥ 

ʚʩʷʢʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʬʘʣʠʪ ʠʣʠ ʧʨʝʭʦʜ 
ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʘʪʦ ʩʫʤʘ ʦʪ ʫʩʣʦʚʥʠʪʝ 
ʧʨʝʭʦʜʠ ʢʲʤ ʚʩʷʢʘ ʜʨʫʛʘ ʨʝʡʪʠʥʛʦʚʘ 
ʩʪʝʧʝʥ. 
 
ʅʘʧʨʠʤʝʨ: 

ɿʘ P(AA ->A) = P(AA- >AAA)*P(AAA 
->A) + P(AA ->AA)*P(AA ->A) +... 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʦʚʜʠʛʘʥʝʪʦ ʥʘ ʥʘ 
ʜʘʜʝʥʘʪʘ ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ ʟʘ ʪʨʠ 
ʤʝʩʝʮʘ ʥʘ ʚʪʦʨʘ ʩʪʝʧʝʥ (ʧʦʣʫʯʝʥʘʪʘ 
ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ ʝ ʟʘ 6 ʤʝʩʝʮʘ) ʠ ʥʘ 
ʯʝʪʚʲʨʪʘ ʩʪʝʧʝʥ (ʧʦʣʫʯʝʥʘʪʘ ʤʘʪʨʠʮʘ 
ʟʘ ʟʘ ʧʨʝʭʦʜ ʝ ʟʘ 1 ʛʦʜʠʥʘ) ʩʘ ʧʦʢʘʟʘʥʠ 
ʚ ʊʘʙʣ2. 

 
3. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʤʘʪʨʠʮʠ ʦʪ 

ʠʩʪʦʨʠʯʝʩʢʠ ʨʝʡʪʠʥʛʠ. 
 
3.1 ʀʟʯʠʩʣʠʪʝʣʥʠ ʤʝʪʦʜʠ 
 

ʌʦʨʤʘʪʘ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʚʝʨʦ-
ʷʪʥʦʩʪʠʪʝ ʟʘ ʧʨʝʭʦʜ ʠ ʬʘʣʠʪ ʦʪ ʠʩʪʦ-

ʨʠʯʝʩʢʠ ʨʝʡʪʠʥʛʠ (ʌʠʛ.2) ʩʝ ʠʟʚʠʢʚʘ ʩ 
ʙʫʪʦʥʘ Calculate ʦʪ ʬʦʨʤʘʪʘ ʟʘ 
ʤʘʪʨʠʮʘʪʘ ʟʘ ʧʨʝʭʦʜ (ʌʠʛ.1) ʦʪ ʧʘʢʝʪʘ 
Credit Risk Data Supporter. 

ɺʲʚ ʬʦʨʤʘʪʘ ʦʪ ʬʠʛ. 1. ʩʘ ʠʟʙʨʘʥʠ 
ʩʪʝʧʝʥʥʘʪʘ ʩʢʘʣʘ ʟʘ ʨʝʡʪʠʥʛʘ ʠ 
ʨʝʡʪʠʥʛʦʚʘʪʘ ʘʛʝʥʮʠʷ, ʢʦʠʪʦ ʩʣʫʞʘʪ 
ʢʘʪʦ ʢʨʠʪʝʨʠʡ ʟʘ ʠʟʙʦʨ ʥʘ ʟʘʨʝʞʜʘʥʠʪʝ 
ʦʪ ʙʘʟʘʪʘ ʜʘʥʥʠ ʠʩʪʦʨʠʯʝʩʢʠ ʨʝʡʪʠʥʛʠ. 
ʇʦʪʨʝʙʠʪʝʣʷʪ ʚʲʚʝʞʜʘ ʨʘʟʛʣʝʞʜʘʥʠʷ 
ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʠʦʜ (Start ʠ End Date), ʠ 
ʩʪʘʨʪʠʨʘ ʠʟʯʠʩʣʠʪʝʣʥʠʷ ʧʨʦʮʝʩ ʩ 
ʙʫʪʦʥʘ Calculate ʦʪ ʚʪʦʨʘʪʘ ʬʦʨʤʘ. 

ʀʟʯʠʩʣʝʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʢʘʢʪʦ 
ʩʣʝʜʚʘ: 

¶ ɺʩʠʯʢʠ ʨʝʡʪʠʥʛʦʚʠ ʜʘʥʥʠ ʟʘ 
ʠʟʙʨʘʥʘʪʘ ʨʝʡʪʠʥʛʦʚʘ ʘʛʝʥʮʠʷ ʠ 
ʨʝʡʪʠʥʛʦʚʘ ʩʢʘʣʘ ʟʘ ʦʧʨʝ-
ʜʝʣʝʥʠʷʪ ʧʝʨʠʦʜ ʩʝ ʠʟʚʣʠʯʘʪ ʦʪ 
ʪʘʙʣʠʮʘʪʘ CM_PART ʠ ʩʝ ʧʦʜ-
ʨʝʞʜʘʪ ʩʧʦʨʝʜ ID ʥʘ ʫʯʘʩʪʥʠʢʘ. 
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ʄʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ SnP ʩ 8 ʨʝʡʪʠʥʛʦʚʠ ʩʪʝʧʝʥʠ (ʨʠʩʢʦʚ ʭʦʨʠʟʦʥʪ = 3 ʤʝʩʝʮʘ) 

[%] AAA AA A BBB BB B CCC D 

AAA 98,1068 1,7562 0,1035 0,0258 0,0077 0,0000 0,0000 0,0000 

AA 0,2401 98,1193 1,4490 0,1450 0,0103 0,0294 0,0043 0,0026 

A 0,0149 0,6093 97,8016 1,3841 0,1246 0,0551 0,0017 0,0087 

BBB 0,0089 0,0685 1,3266 96,9876 1,2859 0,2280 0,0373 0,0570 

BB 0,0118 0,0311 0,1303 2,1476 95,3673 1,8038 0,2682 0,2398 

B 0,0000 0,0225 0,0763 0,1393 1,1009 95,0423 1,5316 2,0870 

CCC 0,0405 0,0000 0,0812 0,3258 0,4488 2,7611 89,6785 6,6641 

ʄʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ  SnP ʩ 8 ʨʝʡʪʠʥʛʦʚʠ ʩʪʝʧʝʥʠ (ʨʠʩʢʦʚ ʭʦʨʠʟʦʥʪ = 6 ʤʝʩʝʮʘ) 

[%] AAA AA A BBB BB B CCC D 

AAA 96,2537 3,4468 0,2286 0,0545 0,0155 0,0008 0,0001 0,0001 

AA 0,4714 96,2871 2,8411 0,3033 0,0240 0,0582 0,0086 0,0063 

A 0,0308 1,1950 95,6789 2,6997 0,2592 0,1119 0,0049 0,0196 

BBB 0,0179 0,1423 2,5870 94,1125 2,4778 0,4628 0,0766 0,1227 

BB 0,0232 0,0631 0,2822 4,1363 90,9981 3,4470 0,5247 0,5252 

B 0,0008 0,0444 0,1520 0,2972 2,1050 90,3929 2,8322 4,1753 

CCC 0,0761 0,0022 0,1593 0,6228 0,8652 5,1092 80,4659 12,6993 

ʄʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ SnP ʩ 8 ʨʝʡʪʠʥʛʦʚʠ ʩʪʝʧʝʥʠ (ʨʠʩʢʦʚ  ʭʦʨʠʟʦʥʪ = 1 ʛʦʜʠʥʘ) 

[%] AAA AA A BBB BB B CCC D 

AAA 92,6640 6,6393 0,5381 0,1210 0,0319 0,0045 0,0006 0,0006 

AA 0,9085 92,7628 5,4631 0,6557 0,0611 0,1145 0,0174 0,0169 

A 0,0653 2,2991 91,6494 5,1386 0,5534 0,2306 0,0153 0,0483 

BBB 0,0362 0,3043 4,9217 88,7462 4,6039 0,9462 0,1600 0,2808 

BB 0,0450 0,1297 0,6418 7,6780 82,9868 6,2988 1,0005 1,2189 

B 0,0045 0,0865 0,3022 0,6573 3,8505 81,9276 4,8503 8,3206 

CCC 0,1350 0,0121 0,3071 1,1426 1,6069 8,7624 64,8974 23,1365 

 
ʊʘʙʣ.2 ʄʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ ʟʘ 3, 6 ʠ 12 ʤʝʩʝʮʘ 

 

¶ ʇʦʜʨʝʜʝʥʠʪʝ ʜʘʥʥʠ ʩʝ ʠʟʩʣʝʜʚʘʪ 
ʩ ʝʞʝʤʝʩʝʯʥʘ ʯʝʩʪʦʪʘ ʟʘ ʨʘʟ-
ʛʣʝʞʜʘʥʠʷ ʧʝʨʠʦʜ, ʧʨʠ ʢʦʝʪʦ ʩʝ 
ʘʥʘʣʠʟʠʨʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʯʝʪʠʨʠ 
ʨʠʩʢʦʚʠ ʭʦʨʠʟʦʥʪʘ: ʧʨʝʭʦʜʠʪʝ ʟʘ 
1 ʤʝʩʝʮ, 3 ʤʝʩʝʮʘ, 6 ʤʝʩʝʮʘ ʠ 1 
ʛʦʜʠʥʘ. 

¶ ɿʘ ʚʩʝʢʠ ʨʠʩʢʦʚ ʭʦʨʠʟʦʥʪ ʧʦ 
ʜʲʣʞʠʥʘ ʥʘ ʚʨʝʤʝʚʘʪʘ ʦʩ ʩʝ ʧʨʝ-
ʙʨʦʷʚʘʪ ʧʨʝʭʦʜʠʪʝ ʦʪ ʝʜʥʘ ʨʝʡ-
ʪʠʥʦʚʘ ʩʪʝʧʝʥ ʚ ʜʨʫʛʘ. ɺ ʢʘʨʘʡʥʘ 
ʩʤʝʪʢʘ ʪʘʟʠ ʩʪʘʪʠʩʪʠʢʘ ʜʘʚʘ 
ʦʪʜʝʣʥʠʪʝ ʤʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ ʟʘ 
ʯʝʪʠʨʠʪʝ ʨʠʩʢʦʚʠ ʭʦʨʠʟʦʥʪʘ.  

¶ ʄʘʪʨʠʮʠʪʝ ʟʘ ʧʨʝʭʦʜ ʟʘ 1, 3, ʠ 6 
ʤʝʩʝʮʘ, ʩʲʛʣʘʩʥʦ ʯʘʩʪ 2.2 ʱʝ ʩʝ 
ʧʦʚʜʠʛʥʘʪ ʩʲʦʪʚʝʪʥʦ ʥʘ 12, 4, ʠ 
2-ʨʘ ʩʪʝʧʝʥ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ 
ʤʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ ʟʘ ʝʜʥʘ ʛʦ-
ʜʠʥʘ. 

¶ ʆʪ ʯʝʪʠʨʠʪʝ ʤʘʪʨʠʮʠ ʟʘ ʧʨʝʭʦʜ 
ʟʘ ʝʜʥʘ ʛʦʜʠʥʘ ʩʝ ʠʟʯʠʩʣʷʚʘ 
ʩʨʝʜʥʘ ʨʝʟʫʣʪʘʪʥʘ ʤʘʪʨʠʮʘ. ʊʷ 
ʤʦʞʝ ʜʘ ʩʝ ʩʲʭʨʘʥʠ ʚ ʙʘʟʘʪʘ 
ʜʘʥʥʠ ʢʘʪʦ ʘʢʪʫʘʣʥʘ ʤʘʪʨʠʮʘ ʟʘ 
ʩʲʦʪʚʝʪʥʘʪʘ ʨʝʡʪʠʥʛʦʚʘ ʘʛʝʥʮʠʷ.  
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ʆʧʠʩʘʥʠʷʪ ʧʨʦʮʝʩ ʩʝ ʦʪʣʠʯʘʚʘ ʩʲʩ 
ʩʣʝʜʥʠʪʝ ʢʘʯʝʩʪʚʘ: 

¶ ʆʪʯʠʪʘʪʘʪ ʩʝ ʥʝ ʩʘʤʦ ʢʦʝ-
ʬʠʮʠʝʥʪʠ ʟʘ ʬʘʣʠʪ, ʥʦ ʠ ʢʦʝ-
ʬʠʮʠʝʥʪʠ ʥʘ ʧʨʝʭʦʜ, ʪ. ʝ. ʠʟʧʦʣ-
ʟʚʘ ʩʝ ʚʩʠʯʢʘʪʘ ʥʘʣʠʯʥʘ ʠʩʪʦʨʠ-
ʯʝʩʢʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʝʪʦ ʩʲʦʪ-
ʚʝʪʥʦ ʚʦʜʠ ʜʦ ʧʦ-ʛʦʣʷʤʘ ʩʪʘʪʠʩ-
ʪʠʯʝʩʢʘ ʠʟʨʘʟʠʪʝʣʥʦʩʪ. 

¶ ʇʨʦʮʝʩʲʪ ʧʦʟʚʦʣʷʚʘ ʠʟʯʠʩʣʝʥʠʝ 
ʥʘ ʤʘʪʨʠʮʠʪʝ ʟʘ ʧʨʝʭʦʜ ʦʪ ʩʦʙʩʪ-
ʚʝʥʠ ʠʩʪʦʨʠʯʝʩʢʠ ʨʝʡʪʠʥʛʦʚʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ. 

¶ ʉʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 
ʨʝʡʪʠʥʛʦʚʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ 
ʩʝ ʠʟʚʲʨʰʚʘ ʟʘ ʯʝʪʠʨʠ ʩʪʘʥʜʘʨ-
ʪʠʟʠʨʘʥʠ ʨʠʩʢʦʚʠ ʭʦʨʠʟʦʥʪʘ. 

 

 
 

ʌʠʛ.1 ʌʦʨʤʘ ʟʘ ʤʘʪʨʠʮʘ ʟʘ ʧʨʝʭʦʜ ʚ Credit Risk Supporter 
 

 
 

ʌʠʛ.2 ʀʟʯʠʩʣʝʥʠʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ ʧʨʝʭʦʜ ʦʪ ʠʩʪʦʨʠʯʝʩʢʠ ʨʝʡʪʠʥʛʠ. 
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ʌʠʛ.3 ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʨʦʤʝʥʠʪʝ ʥʘ ʨʝʡʪʠʥʛʘ. 
 

 
3.2 ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ 

ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʨʝʡʪʠʥʛʠ. 
 

ʇʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʪʝ 
ʨʝʡʪʠʥʛʠ ʟʘʝʤʘ ʩʚʦʝʪʦ ʤʷʩʪʦ ʩʣʝʜ 
ʠʟʯʠʩʣʝʥʠʝʪʦ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ ʧʨʝʭʦʜ. 
ɼʘʥʥʠʪʝ ʩʝ ʩʢʘʥʠʨʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ 
ʝʞʝʤʝʩʝʯʥʦ ʧʨʝʟ ʮʝʣʠʷ ʨʘʟʛʣʝʞʜʘʥ 
ʧʝʨʠʦʜ ʟʘ ʚʩʝʢʠ ʢʨʝʜʠʪʦʠʩʢʘʪʝʣ ʠ ʩʝ 
ʧʨʝʜʩʪʘʚʷʪ ʪʘʙʣʠʯʥʦ. ʌʠʛ. 3 ʧʦʢʘʟʚʘ 
ʧʨʦʤʝʥʠʪʝ ʥʘ ʨʝʡʪʠʥʛʘ. 
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ɽʚʨʠʩʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʪʲʨʩʝʥʝ ʠ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ 
ʩʦʬʪʫʝʨ 

 
 

ɺʠʦʣʝʪʘ ʊ. ɹʦʞʠʢʦʚʘ 

 
ʈʝʟʶʤʝ: ɽʚʨʠʩʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʪʲʨʩʝʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʧʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʤʥʦʛʦ 
ʠʥʞʝʥʝʨʥʠ ʧʨʦʙʣʝʤʠ. Te ʩʘ ʧʨʠʣʦʞʠʤʠ ʟʘ ʟʘʜʘʯʠ, ʧʨʠ ʢʦʠʪʦ ʜʦʙʨʠʪʝ ʨʝʰʝʥʠʷ ʣʝʩʥʦ ʩʝ 
ʧʦʟʥʘʚʘʪ, ʥʦ ʪʨʫʜʥʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʧʦʨʘʜʠ ʢʦʥʢʫʨʠʨʘʱʠ ʩʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʛʦʣʷʤʘ ʦʙʣʘʩʪ ʟʘ 
ʪʲʨʩʝʥʝ ʠ ʩʣʦʞʥʘ ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ. ɼʥʝʩ, ʙʘʟʠʨʘʥʘʪʘ ʥʘ ʪʲʨʩʝʥʝ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ ʩʦʬʪʫʝʨ, 
ʝ ʝʜʠʥ ʫʩʪʘʥʦʚʝʥ ʧʦʜʭʦʜ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ, ʩ ʦʙʝʱʘʚʘʱʠ ʨʝʟʫʣʪʘʪʠ ʢʘʪʦ ʢʘʯʝʩʪʚʦ ʠ 
ʝʬʝʢʪʠʚʥʦʩʪ. ɺ ʩʪʘʪʠʷʪʘ ʩʝ ʢʦʤʝʥʪʠʨʘ SOAD - ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʘʚʪʦʨʘ ʝʚʨʠʩʪʠʯʝʥ ʘʣʛʦʨʠʪʲʤ 
ʟʘ  ʢʣʲʩʪʝʨʠʟʘʮʠʷ. 
   

Heuristic Search algorithms and Software Clustering 
 

Violeta T. Bojikova 
 

Abstract: Heuristic search algorithms have found wide application in engineering problems. Such 
techniques are applicable when good solutions are easy to recognize but hard to generate, 
because the competing constraints, the size of the search space and the complexity of the cost 
function. Search-based software clustering is now an established approach to software clustering, 
with promising results in terms of quality and efficiency. In this paper, the author comments his 
software-clustering algorithm SOAD, as a heuristic search algorithm. 

 
1. ɺʲʚʝʜʝʥʠʝ 

 
ɸʣʛʦʨʠʪʤʠ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ [2,3,4] 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʟʘ 
ʧʦʜʜʲʨʞʘʥʝ ʧʨʦʮʝʩʘ ʥʘ ʛʨʫʧʠʨʘʥʝʪʦ ʥʘ 
ʧʦʜʦʙʥʠ ʦʙʝʢʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʂʣʶʯʦʚʘ 
ʠʜʝʷ ʥʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷʪʘ ʝ ʜʘ ʩʝ 
ʛʨʫʧʠʨʘʪ ʧʦʜʦʙʥʠ ʝʣʝʤʝʥʪʠ ʚ ʛʨʫʧʠ-
ʨʦʚʢʠ (ʢʣʲʩʪʝʨʠ), ʪʘʢʘ ʯʝ ʚʲʪʨʝ-
ʢʣʩ̡ʪʝʨʥʦʪʦ ʧʦʜʦʙʠʝ ʠʣʠ ʢʦʭʝʟʠʷ ʜʘ 
ʙʲʜʘʪ ʚʠʩʦʢʠ ʠ ʤʝʞʜʫ-ʢʣʲʩʪʝʨʥʦʪʦ 
ʧʦʜʦʙʠʝ ʠʣʠ ʩʚʲʨʟʘʥʦʩʪ ï ʥʠʩʢʠ.  

ɸʣʛʦʨʠʪʤʠʪʝ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʩʝ 
ʠʟʧʦʣʟʚʘʪ ʚ ʨʘʟʣʠʯʥʠ ʝʪʘʧʠ ʥʘ ʩʦʬʪʫ-
ʝʨʥʠʷ ʞʠʟʥʝʥ ʮʠʢʲʣ. ʊʝ ʩʝ ʧʨʠʣʘʛʘʪ ʚ 
ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ï ʟʘ ʦʩʲʱʝ-
ʩʪʚʷʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦ ʜʝʣʝʥʠʝ (ʜʝ-
ʢʦʤʧʦʟʠʮʠʷ) ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʘʨʭʠ-
ʪʝʢʪʫʨʘ, ʟʘ ʚʘʣʠʜʠʟʠʨʘʥʝ ʥʘ ʜʝʢʦʤ-
ʧʦʟʠʮʠʦʥʥʠ ʨʝʰʝʥʠʷ.  

ʊʝʟʠ ʘʣʛʦʨʠʪʤʠ ʨʝʰʘʚʘʪ ʦʩʥʦʚʥʠʷ 
ʨʝʠʥʞʝʥʝʨʠʥʛʦʚ ʧʨʦʙʣʝʤ ñɺʲʟʩʪʘ-
ʥʦʚʷʚʘʥʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘò, ʪʦʝʩʪ 

ʥʘʤʠʨʘʥʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʠ ʚʨʲʟʢʠʪʝ 
ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ.  

 
ɿʘ ʛʦʣʝʤʠ ʩʠʩʪʝʤʠ, ʞʝʣʘʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʘʙʩʪʨʘʢʪʥʠ (ñʚʠʩʦʢʦ 
ʥʠʚʦò) ʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʤʦʜʝʣʠʨʘʥʠ 
ʯʨʝʟ ʘʨʭʠʪʝʢʪʫʨʥʠ ʧʨʦʜʫʢʪʠ ï ʧʦʜ-
ʩʠʩʪʝʤʠ. ʊʝ ʥʝ ʩʝ ʚʠʞʜʘʪ ʜʠʨʝʢʪʥʦ ʚ 
ʠʟʭʦʜʥʠʷ ʢʦʜ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠ 
ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʥʝʘʜʝʢʚʘʪʥʘ ʠʣʠ 
ʣʠʧʩʚʘʱʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʩʝ ʨʘʟʨʘʙʦʪ-
ʚʘʪ ʘʣʛʦʨʠʪʤʠ, ʩʧʦʩʦʙʥʠ ʜʘ ʥʘʤʝʨʷʪ 
ʨʘʟʫʤʥʘ ʘʧʨʦʢʩʠʤʘʮʠʷ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ 
ʘʨʭʠʪʝʢʪʫʨʘ.  

ñɺʲʟʩʪʘʥʦʚʝʥʘʪʘò ʘʨʭʠʪʝʢʪʫʨʘ 
ʦʙʝʟʧʝʯʘʚʘ ʦʩʦʙʝʥʦ ʘʢʪʫʘʣʥʠʪʝ ʜʥʝʩ  
ʨʝʠʥʞʝʥʝʨʠʥʛʦʚʠ ʟʘʜʘʯʠ: 

¶ ʧʨʝʥʦʩ ʥʘ ʩʦʬʪʫʝʨʘ ʥʘ ʥʦʚʘ 
ʧʣʘʪʬʦʨʤʘ;  

¶ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ 
ʢʘʥʜʠʜʘʪʠ ʟʘ ʧʦʚʪʦʨʥʦ ʠʟʧʦʣʟʚʘʥʝ (ñre-
useò), ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʢʘʥʜʠʜʘʪʠ ʟʘ 
ʩʦʬʪʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ - ʤʦʜʫʣʠ, 



ʂʦʤʧʶʪʲʨʥʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 1    2003  
 

23 

ʧʦʜʩʠʩʪʝʤʠ, ʧʨʦʝʢʪʥʠ ʨʝʰʝʥʠʷ, 
ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʜʨ. ʟʘ ʜʨʫʛʠ ʧʨʦʛʨʘʤʠ; 

¶ ʠʟʫʯʘʚʘʥʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ; 

¶ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ 
ʧʦʜʜʨʲʞʢʘ; 

¶ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ 
ʩʠʩʪʝʤʘʪʘ ʠ ʜʨ. 

 
2. ɽʚʨʠʩʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʪʲʨʩʝʥʝ - ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ 
ʧʨʦʙʣʝʤʥʘʪʘ ʦʙʣʘʩʪ 

 
ɽʚʨʠʩʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʪʲʨʩʝʥʝ [2,3,4] ʰʠʨʦʢʦ ʩʝ ʧʨʠʣʘʛʘʪ ʟʘ 
ʨʝʰʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ 
ʟʘʜʘʯʠ, ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʤʥʦʛʦ ʣʦʢʘʣʥʠ 
ʝʢʩʪʨʝʤʫʤʠ, ʩ ʤʥʦʛʦ ʧʘʨʘʤʝʪʨʠ ʠ 
ʢʦʥʬʣʠʢʪʥʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʊʝ ʫʩʧʝʰʥʦ 
ʥʘʤʠʨʘʪ ʧʨʠʝʤʣʠʚʠ ʘʧʨʦʢʩʠʤʘʮʠʠ ʥʘ 
ʤʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠ ʢʘʪʦ ñNP-ʧʲʣʥʠò ʠ 
ñNP-ʩʣʦʞʥʠò ʧʨʦʙʣʝʤʠ, ʧʨʠ ʢʦʠʪʦ ʝ 
ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ ʪʦʯʥʠ 
ʘʥʘʣʠʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʢʦʠʪʦ 
ʧʨʦʠʟʚʝʞʜʘʪ ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ, ʥʦ 
ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʦʡ ʦʪ ʜʚʘ 
ʢʘʥʜʠʜʘʪʘ ʝ ʧʦ-ʜʦʙʲʨ. 

ɽʚʨʠʩʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʩʝ 
ʩʲʩʪʘʚʷʪ ʠ ʨʝʘʣʠʟʠʨʘʪ ʣʝʩʥʦ. 
ɽʜʠʥʩʪʚʝʥʠʷʪ ʥʝʜʦʩʪʘʪʲʢ ʝ ʯʝ 
ʨʝʰʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʢʘʞʝ ʜʘʣʝʯ ʦʪ 
ʦʧʪʠʤʘʣʥʦʪʦ. ʅʦ, ʪʦʚʘ, ʚ ʨʝʜʠʮʘ 
ʧʨʘʢʪʠʯʝʩʢʠ ʩʣʫʯʘʠ, ʝ ʟʘ ʧʨʝʜʧʦʯʠʪʘʥʝ, 
ʧʨʝʜ ʘʣʪʝʨʥʘʪʠʚʘʪʘ, ʟʘ ʝʜʥʦ ʙʝʟʢʨʘʡʥʦ 
ʠ ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʝʪʲʨʩʚʘʥʝ ʟʘ 
ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ.   

ʂʣʶʯʲʪ ʟʘ ʫʩʧʝʰʥʦʪʦ ʧʨʠʣʘʛʘʥʝ 
ʥʘ ʪʘʢʲʚ ʘʣʛʦʨʠʪʲʤ ʝ, ʧʨʝʜʠ ʚʩʠʯʢʦ 
ʚʲʟʤʦʞʥʦʩʪʪʘ, ʟʘ ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ 
ʧʨʦʙʣʝʤʘ, ʢʘʪʦ ñʧʨʦʙʣʝʤ ʟʘ 
ʪʲʨʩʝʥʝ|ʦʧʪʠʤʠʟʘʮʠʷò: 

Ç ɻʦʣʷʤʘ ʦʙʣʘʩʪ ʦʪ ʨʝʰʝʥʠʷ 
Ç ʅʝ ʩʲʱʝʩʪʚʫʚʘʥʝ ʥʘ ʝʬʠʢʘʩʥʦ ʠ 

ʧʲʣʥʦ ʨʝʰʝʥʠʝ. 
Ç ʉʲʱʝʩʪʚʫʚʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʘ 

ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʨʝʰʝʥʠʷʪʘ 

Ç ʃʝʩʥʦ (ʥʝ ʩʢʲʧʦ) ʛʝʥʝʨʠʨʘʥʝ ʥʘ 
ʥʘʯʘʣʥʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʨʝʰʝʥʠʷ (ʟʘ 
ʨʘʟʫʤʥʦ ʚʨʝʤʝ).  

ɻʨʘʜʠʝʥʪʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʘ 
ʩʧʫʩʢʘʥʝ|ʠʟʢʘʯʚʘʥʝ (hill climbing) ʝ ʥʘʡ-
ʠʟʚʝʩʪʥʠʷʪ ʠ ʧʨʠʣʘʛʘʥ ʝʚʨʠʩʪʠʯʝʥ 
ʘʣʛʦʨʠʪʲʤ ʟʘ ʪʲʨʩʝʥʝ. ʇʨʠ ʥʝʛʦ 
ʧʨʦʮʝʩʲʪ ʥʘ ʪʲʨʩʝʥʝ ʪʠʧʠʯʥʦ ʟʘʧʦʯʚʘ 
ʦʪ ñʩʣʫʯʘʡʥʦò <ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ> 
(ʪʦʝʩʪ, ʦʪ ʩʣʫʯʘʡʥʦ ʨʝʰʝʥʠʝ). ʆʮʝʥʷʚʘ 
ʩʝ ʤʥʦʞʝʩʪʚʦʪʦ ñʩʲʩʝʜʥʠò ʩʲʩʪʦʷʥʠʷ 
(ʨʝʰʝʥʠʷ) ʠ ʩʝ ʠʟʙʠʨʘ ñʧʦʜʭʦʜʷʱʦ 
<ʩʲʩʝʜʥʦ ʩʲʩʪʦʷʥʠʝ>ò, ʢʦʝʪʦ ʩʪʘʚʘ 
<ʪʝʢʫʱʦ ʩʲʩʪʦʷʥʠʝ>, ʩʣʝʜ ʢʦʝʪʦ 
ʧʨʦʮʝʩʲʪ ʩʝ ʧʦʚʪʘʨʷ. 

ɼʦʤʠʥʠʨʘ ʤʥʝʥʠʝʪʦ [2], ʯʝ ʧʨʝʜʠ 
ʨʘʟʨʘʙʦʪʢʘʪʘ ʥʘ ʢʘʢʚʠʪʦ ʠ ʜʘ e ʜʨʫʛʠ 
ʝʚʨʠʩʪʠʯʥʠ (Tabu Search, Simulated 
Annealing, Min-Conflicts) ʠʣʠ 
ʚʝʨʦʷʪʥʦʩʪʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ 
ʢʣʲʩʪʝʨʠʟʘʮʠʷ (ɻɸ) ʟʘ ʦʧʪʠʤʠʟʘʮʠʦʥʝʥ 
ʧʨʦʙʣʝʤ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʪʨʲʛʥʝ ʦʪ 
ʛʨʘʜʠʝʥʪʝʥ ʘʣʛʦʨʠʪʲʤ (hill climbing), ʠ 
ʪʦ ï ʥʘʡ-ʧʨʦʩʪʠʷ. ʄʦʪʠʚʘʮʠʷʪʘ ʝ, ʯʝ ʘʢʦ 
ʝʜʠʥ ʪʘʢʲʚ ʘʣʛʦʨʠʪʲʤ (hill climbing) 
ʜʘʚʘ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ, ʪʦ ʝ 
ʥʝʥʫʞʥʦ ʫʩʠʣʠʝʪʦ ʟʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ 
ʜʨʫʛʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʝʰʘʚʘʥʠʷ 
ʧʨʦʙʣʝʤ, ʥʘʧʨʠʤʝʨ ʚʝʨʦʷʪʥʦʩʪʥʠ 
ʘʣʛʦʨʠʪʤʠ ʟʘ ʪʲʨʩʝʥʝ (ʚ ʯʘʩʪʥʦʩʪ, 
ʛʝʥʝʪʠʯʥʠ). ʅʝʱʦ ʧʦʚʝʯʝ, ʘʢʦ 
ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʛʨʘʜʠʝʥʪʥʠʷ ʘʣʛʦʨʠʪʲʤ 
ʥʝ ʩʘ ʧʦ-ʜʦʙʨʠ ʦʪ ʪʝʟʠ ʥʘ 
ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʘʣʛʦʨʠʪʤʠ, ʪʦ ʪʦʚʘ 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʯʠʪʘ ʟʘ ʠʥʜʠʢʘʮʠʷ, ʯʝ 
ʠʣʠ ʥʝ ʝ ʨʘʟʙʨʘʥ ʧʨʦʙʣʝʤʘ, ʠʣʠ ʥʝ ʝ 
ʘʜʝʢʚʘʪʥʘ ʥʘʧʨʘʚʝʥʘʪʘ ʬʦʨʤʘʣʠʟʘʮʠʷ.  

 
3. ʇʨʦʙʣʝʤʲʪ ñʢʣʲʩʪʝʨʠʟʘʮʠʷ 

ʥʘ ʩʦʬʪʫʝʨò ï ñʧʨʦʙʣʝʤ ʟʘ 
ʪʲʨʩʝʥʝ|ʦʧʪʠʤʠʟʘʮʠʷò 

 
ʇʨʦʙʣʝʤʲʪ ñʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ 

ʩʦʬʪʫʝʨò ʤʦʞʝ ʜʘ ʙʲʜʝ ʚʠʜʷʥ ʢʘʪʦ 
ñʧʨʦʙʣʝʤ ʟʘ ʪʲʨʩʝʥʝ|ʦʧʪʠʤʠʟʘʮʠʷò: 
- ʇʨʦʮʝʩʲʪ ʥʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ 
ʩʦʬʪʫʝʨ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʛʦʣʷʤ 
ʙʨʦʡ ʢʦʥʢʫʨʠʨʘʱʠ ʩʝ ʠ ʚʟʘʠʤʦ 
ʩʚʲʨʟʘʥʠ ʦʛʨʘʥʠʯʝʥʠʷ.  

- ʆʙʣʘʩʪʪʘ ʦʪ ʚʲʟʤʦʞʥʠ ʨʝʰʝʥʠʷ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʛʦʣʷʤʘ, 
ʢʦʝʪʦ ʧʨʘʚʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 
ʦʧʪʠʤʘʣʝʥ ʘʣʛʦʨʠʪʲʤ (ʤʝʪʦʜ ʥʘ 
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ñʧʲʣʥʦʪʦ ʠʟʙʨʦʷʚʘʥʝò) ʥʝʚʲʟʤʦʞʥʦ 
ʩʢʲʧʦ (NP-hard).  

- ʅʝʟʘʚʠʩʠʤʦ, ʯʝ ʥʝ ʝ ʦʧʨʘʚʜʘʥʦ ʠʣʠ 
ʥʝ ʝ ʪʚʲʨʜʝ ʷʩʥʦ, ʢʘʢ ʤʦʞʝ ʜʘ ʩʝ 
ʥʘʤʝʨʠ ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ, ʪʦ 
ʦʪʥʦʩʠʪʝʣʥʦ ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʠ, ʜʘʣʠ ʝʜʥʦ ʨʝʰʝʥʠʝ ʝ ʧʦ-
ʩʠʣʥʦ ʩʚʲʨʟʘʥʦ ʦʪ ʜʨʫʛʦ, ʪʦʝʩʪ 
ʥʘʣʠʮʝ ʝ ʧʦʜʭʦʜʷʱʘ ʮʝʣʝʚʘ 
ʬʫʥʢʮʠʷ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʝʰʝʥʠʷʪʘ. 
ʉʲʱʝʩʪʚʫʚʘʪ ʨʘʟʣʠʯʥʠ ʘʣʛʦʨʠʪʤʠ 

ʟʘ ʨʘʟʜʝʣʷʥʝ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʦʬʪʫ-
ʝʨʥʘʪʘ ʩʠʩʪʝʤʘ ʚ ʧʦʜʩʠʩʪʝʤʠ (ʢʣʲ-
ʩʪʝʨʠ). ʊʝ ʦʧʨʝʜʝʣʷʪ ʢʣʲʩʪʝʨʠ ʥʘ ʙʘʟʘ 
ʥʘ ʨʘʟʣʠʯʥʠ ʢʨʠʪʝʨʠʠ: ʧʦʜʦʙʠʝ ʤʝʞʜʫ 
ʢʦʤʧʦʥʝʥʪʠʪʝ, ʥʘ ʢʦʥʮʝʧʪʫʘʣʝʥ ʘʥʘʣʠʟ, 
ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʪʨʠʢʠ ʠʣʠ ʥʘ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 
ʩʠʩʪʝʤʘʪʘ. ʊʝʟʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʢʣʲʩ-
ʪʝʨʠʟʘʮʠʷ ʜʘʚʘʪ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʟʘ 
ʢʦʥʢʨʝʪʥʠ ʪʠʧʦʚʝ ʩʦʬʪʫʝʨʥʠ ʩʠʩʪʝʤʠ 
[2,3,4]. ʏʨʝʟ ʩʝʨʠʷ ʦʪ ʧʫʙʣʠʢʘʮʠʠ, 
Michell ʠ Mancoridis ʧʦʢʘʟʚʘʪ, ʯʝ 
ʙʘʟʠʨʘʥʠʪʝ ʥʘ ʪʲʨʩʝʥʝ ʝʚʨʠʩʪʠʯʥʠ 
ʘʣʛʦʨʠʪʤʠ (SAHC, NANC) ʩʘ ʧʦʜʭʦʜʷʱʠ 
ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ ʜʦʩʪʘ ʧʦ-ʛʦʣʷʤʦ 
ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʩʠʩʪʝʤʠ [3,4].  

 
4. SOAD ï ʩʫʙ-ʦʧʪʠʤʘʣʝʥ 

ʘʣʛʦʨʠʪʲʤ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ 
ʩʦʬʪʫʝʨ 

 
SOAD ʝ ʝʚʨʠʩʪʠʯʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ 

ʢʣʲʩʪʝʨʠʟʘʮʠʷ (ʜʝʢʦʤʧʦʟʠʮʠʷ) ʥʘ 
ʩʦʬʪʫʝʨ, ʧʦ ʢʨʠʪʝʨʠʡ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ 
- ñʤʠʥʠʤʘʣʥʘ ʚʲʥʰʥʘ ʩʚʲʨʟʘʥʦʩʪò, 
ʯʠʷʪʦ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʝ ʥʘʤʠʨʘʥʝ ʥʘ 
ʙʘʣʘʥʩʠʨʘʥʠ ʧʦ ʪʝʛʣʦ ʢʣʲʩʪʝʨʠ ï 
ʢʘʥʜʠʜʘʪʠ ʟʘ ʧʦʜʩʠʩʪʝʤʠ, ʧʨʠ ʛʦʨʝʥ 
ʧʨʘʛ W0 ʟʘ ʪʝʛʣʦʪʦ Wd ʥʘ ʢʣʲʩʪʝʨʠʪʝ 

(ʪʦʝʩʪ, Wd<=W0, dÍ1..M, ʢʲʜʝʪʦ M-ʙʨʦʡ 
ʥʘ ʢʣʲʩʪʝʨʠʪʝ).  

ʆʩʥʦʚʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʣʝʞʘʱʦ ʚ 
ʦʩʥʦʚʘʪʘ ʥʘ SOAD (ʠ ʥʘ ʜʨʫʛʠ 
ʘʣʛʦʨʠʪʤʠ [3,4], ʙʘʟʠʨʘʥʠ ʥʘ ʢʨʠʪʝʨʠʷ 
ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ñʤʠʥʠʤʘʣʥʘ ʚʲʥʰʥʘ 
ʩʚʲʨʟʘʥʦʩʪò) ʝ ʯʝ: 
- ɼʦʙʨʝ ʧʨʦʝʢʪʠʨʘʥʠʪʝ ʩʦʬʪʫʝʨʥʠ 
ʩʠʩʪʝʤʠ ʩʘ ʦʨʛʘʥʠʟʠʨʘʥʠ ʚ ʢʣʲʩʪʝʨʠ ʩ 

ʚʠʩʦʢʘ ʢʦʭʝʟʠʷ, ʢʦʠʪʦ ʩʘ ʩʣʘʙʦ 
ʩʚʲʨʟʘʥʠ. 
- ʊʝʛʣʦʪʦ Wd ʥʘ ʚʩʝʢʠ ʢʣʲʩʪʝʨ ʝ 
ʩʲʦʙʨʘʟʝʥʦ ʩ ʫʜʦʙʩʪʚʦʪʦ ʥʘ ʩʲʧʨʦ-
ʚʦʞʜʘʥʝ ʠ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʩʢʣʦʥ-
ʥʦʩʪʪʘ ʟʘ ʛʨʝʰʢʠ. 

ʋʩʧʝʰʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 
ʝʚʨʠʩʪʠʯʝʥ ʘʣʛʦʨʠʪʲʤ ʢʲʤ ʧʨʦʙʣʝʤʘ ʟʘ 
ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ ʩʦʬʪʫʝʨ ʧʨʝʜʧʦʣʘʛʘ: 

¶ ʇʨʘʚʠʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ 
ʠ ʚʨʲʟʢʠʪʝ ʚ ʠʟʭʦʜʥʠʷ ʢʦʜ 

¶ ʇʦʜʭʦʜʷʱʘ ʬʦʨʤʘʣʠʟʘʮʠʷ 

¶ ʇʦʜʭʦʜʷʱʘ ʜʝʬʠʥʠʮʠʷ ʥʘ ʮʝʣʝʚʘ 
ʬʫʥʢʮʠʷ ʠ ʦʛʨʘʥʠʯʠʪʝʣʥʠ ʫʩʣʦʚʠʷ. 
ʊʠʧʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ, ñʙʘʟʠʨʘʥʠ ʟʘ 
ʪʲʨʩʝʥʝò ʠʟʚʲʨʰʚʘʪ ʤʥʦʛʦʢʨʘʪʥʦ 
ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʮʝʣʝʚʘʪʘ ʬʫʥʢʮʠʷ, 
ʩʣʝʜʦʚʘʪʝʣʥʦ ʩʢʦʨʦʩʪʪʘ ʥʘ 
ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʠ ʝ ʢʨʠʪʠʯʥʦ. 

¶ ʇʦʜʭʦʜʷʱ ʨʝʰʝʥʠʝ ʟʘ ʨʘʟʣʠʯʥʠʪʝ 
ʢʨʠʪʠʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʘʣʛʦʨʠʪʲʤʘ: 
ʠʟʙʦʨ ʥʘ <ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ>, ʥʘ 
<ʩʲʩʝʜʥʦ ʩʲʩʪʦʷʥʠʝ> ʠ ʜʨ. 

 
4.1. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ 

ʠ ʚʨʲʟʢʠʪʝ ʚ ʠʟʭʦʜʥʠʷ ʢʦʜ  
 

ʆʧʨʝʜʝʣʷʪ ʩʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʢʦʥʢʨʝʪʠʟʘʮʠʷʪʘ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʟʘʜʘ-
ʯʘ. ɺ ʩʣʫʯʘʷ: 

ʈʝʩʫʨʩʠ: ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ 
ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʥʠʩʢʦ ʘʨʭʠʪʝʢʪʫʨʥʦ ʥʠʚʦ 
- ʤʦʜʫʣʠ, ʢʣʘʩʦʚʝ, ʬʘʡʣʦʚʝ, ʧʘʢʝʪʠ ʠ 
ʜʨ.; 

ɺʨʲʟʢʠ: ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʩʠʯʢʠ  
ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʠʪʝ - 
ñʥʘʩʣʝʜʷʚʘò, ñʚʥʘʩʷò, ñʚʢʣʶʯʚʘò, ñʠʟʚʠʢ-
ʚʘò, ñe ʝʢʟʝʤʧʣʷʨ ʥʘò, ʠ ʜʨ. 

 
4.2. ʌʦʨʤʘʣʠʟʘʮʠʷ 

ʎʝʣ ʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷʪʘ ï ʥʝʟʘ-
ʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʛʨʘʤʥʠʷ ʝʟʠʢ, ʥʘ ʢʦʡʪʦ 
ʝ ʥʘʧʠʩʘʥʘ ʩʠʩʪʝʤʘʪʘ, ʧʦʜʣʘʛʘʥʘ ʥʘ 
ʢʣʲʩʪʝʨʠʟʘʮʠʷ. ʇʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʢʦʜ 
ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʦʬʪʫʝʨʥʠʪʝ ʩʠʩʪʝʤʠ 
ʥʘʡ-ʯʝʩʪʦ ʩʪʘʚʘ ʯʨʝʟ ʛʨʘʬʠ, ʢʘʪʦ 
ʝʟʠʢʦʚʦ ʥʝʟʘʚʠʩʠʤʠ ʩʪʨʫʢʪʫʨʠ. ɸʣʛʦ-
ʨʠʪʤʠ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʥʘʡ-ʚʝʯʝ, ʢʦʛʘʪʦ ʪʝʟʠ ʛʨʘʬʠ ʩʪʘʥʘʪ 
ʦʛʨʦʤʥʠ. 
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ɼʝʬʠʥʠʨʘ ʩʝ ʦʨʠʝʥʪʠʨʘʥ ʛʨʘʬ 
G=(X,U), ʢʲʜʝʪʦ: 

X (ʤʥʦʞʝʩʪʚʦ ʦʪ ʚʲʨʭʦʚʝ) ï ʧʨʝʜ-
ʩʪʘʚʷ ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʨʝʩʫʨʩʠ (ʢʦʤʧʦ-
ʥʝʥʪʠ ʥʘ ʥʠʩʢʦ ʘʨʭʠʪʝʢʪʫʨʥʦ ʥʠʚʦ - 
ʤʦʜʫʣʠ, ʢʣʘʩʦʚʝ, ʬʘʡʣʦʚʝ, ʧʘʢʝʪʠ ʠ 
ʜʨ.);  

UÌX³X (ʤʥʦʞʝʩʪʚʦʪʦ ʦʪ 
ʦʨʠʝʥʪʠʨʘʥʠ ʜʲʛʠ) ʧʨʝʜʩʪʘʚʷ ʤʥʦʞʝʩ-
ʪʚʦʪʦ ʦʪ ʚʩʠʯʢʠ  ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 
ʨʝʩʫʨʩʠʪʝ ʥʘ ʢʦʜʘ, ʧʨʝʜʩʪʘʚʝʥʠ ʯʨʝʟ X 
(ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʠʪʝ - 
ñʥʘʩʣʝʜʷʚʘò, ñʚʥʘʩʷò, ñʚʢʣʶʯʚʘò, ñʠʟʚʠʢ-
ʚʘò, ñe ʝʢʟʝʤʧʣʷʨ ʥʘò, ʠ ʜʨ.).  

ʊʝʛʣʦʪʦ - wi, ʟʘ "xiÍX ʠʟʨʘʟʷʚʘ 
ʢʦʣʠʯʝʩʪʚʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʜ-
ʩʪʘʚʝʥʠʷ ʨʝʩʫʨʩ, ʥʘʧʨʠʤʝʨ - ʙʨʦʷ ʥʘ 
ʧʦʜʧʨʦʛʨʘʤʠʪʝ ʚ ʤʦʜʫʣ xi (ʙʨʦʡ ʥʘ 
ʤʝʪʦʜʠʪʝ ʚ ʦʙʝʢʪ xi). 
 

4.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ SOAD  
 
Ç SOAD ʩʚʝʞʜʘ ʧʨʦʙʣʝʤʘ ʟʘ 
ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʜʦ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠʷ 
ʧʨʦʙʣʝʤ ʟʘ ʙʘʣʘʥʩʠʨʘʥʦ ʨʘʟʨʷʟʚʘʥʝ 
ʥʘ ʛʨʘʬʠ [1], ʟʘ ʢʦʡʪʦ ʝ ʭʘʨʘʢʪʝʨʥʦ: 
Á ʄʥʦʛʦ ʩʘ ʚʲʟʤʦʞʥʠʪʝ 
ʨʝʰʝʥʠʷ ʟʘ ʠʟʩʣʝʜʚʘʥʝ.  
Á ʅʘʤʠʨʘʥʝʪʦ ʥʘ 
ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ ʝ ʧʨʦʙʣʝʤ 
ʦʪ ʪʠʧ NP, ʢʦʝʪʦ ʟʥʘʯʠ ʯʝ ʥʘʡ-
ʜʦʙʨʠʪʝ ʘʣʛʦʨʠʪʤʠ ʠʟʠʩʢʚʘʪ ʚʨʝ-
ʤʝ, ʢʦʝʪʦ ʝ ʝʢʩʧʦʥʝʥʮʠʘʣʥʘ 
ʬʫʥʢʮʠʷ ʥʘ N=|X| ʠ M, ʠ ʯʝ ʥʝ 
ʩʲʱʝʩʪʚʫʚʘ ʦʧʪʠʤʘʣʝʥ ʘʣʛʦʨʠ-
ʪʲʤ, ʯʠʝʪʦ ʚʨʝʤʝ ʥʘ ʠʟʧʲʣʥʝʥʠʝ 
ʝ ʧʦʣʠʥʦʤʥʘ ʬʫʥʢʮʠʷ ʥʘ N=|X| ʠ 
M.  
Á ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ ʦʛʨʘʥʠ-
ʯʝʥʠʷ ʟʘ ʙʘʣʘʥʩ (ʚ ʩʣʫʯʘʷ W0), 
ʧʨʘʚʠ ʟʘʜʘʯʘʪʘ ʦʱʝ ʧʦ-ʪʨʫʜʥʘ 
(NP-hard). 
Á ʅʫʞʥʠ ʩʘ ʜʦʙʨʠ ʝʚʨʠʩʪʠʢʠ, 
ʢʦʠʪʦ ñʙʲʨʟʦò (ʪʦʝʩʪ, ʟʘ ʨʘʟʫʤʥʦ 
ʚʨʝʤʝ) ʥʘʤʠʨʘʪ ʝʜʠʥ ñʧʨʠʝʤʣʠʚò, 
ʩʫʙ-ʦʧʪʠʤʘʣʝʥ ʨʝʟʫʣʪʘʪ. 

 
Ç ʎʝʣʝʚʘ ʬʫʥʢʮʠʷ ʥʘ SOAD. 

ʎʝʣʝʚʘʪʘ ʬʫʥʢʮʠʷ ʝ ʢʦʣʠʯʝʩʪʚʝʥʘ 
ʤʷʨʢʘ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʩʷʢʦ ʜʝʢʦʤ-
ʧʦʟʠʮʠʦʥʥʦ ʨʝʰʝʥʠʝ.  
ʅʝʢʘ ʝ ʥʘʤʝʨʝʥʦ ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʦʪʦ 
ʨʝʰʝʥʠʝ r R, ʧʦʣʫʯʝʥʦ ʧʨʠ ʨʘʟʨʷʟʚʘʥʝ 
ʥʘ ʛʨʘʬʘ G=(X,U) ʥʘ  M>1 ʧʦʜʛʨʘʬʠ, 
ʪʦʝʩʪ:  

$r = {X1,X2,é,Xʄ}, Xd X, Ud U,  |Xd|=nd, 
d=1..M ʟʘ ʢʦʝʪʦ ʝ ʚ ʩʠʣʘ:                                                       

( Xd )= X, d=1..M & (ÆXd )=Å & 

ʟʘ "Xd X, d=1..M ʝ ʚ ʩʠʣʘ 
ʦʛʨʘʥʠʯʝʥʠʝʪʦ (1): 

é(1) 
 

ʅʝʢʘ kdf=|Udf| ʝ ʙʨʦʷʪ ʥʘ ʚʲʥʰʥʠʪʝ 
ʚʨʲʟʢʠ (ʥʘ ʨʘʟʩʝʯʝʥʠʪʝ ʜʲʛʠ) ʤʝʞʜʫ 

ʧʦʜʛʨʘʬʠ gd G ʠ gfÍG, ʢʲʜʝʪʦ dÍ1..M, 

f=1..M, d f̧ . 

ʊʦʛʘʚʘ ʦʙʱʠʷʪ ʙʨʦʡ ñkò ʥʘ 
ʚʲʥʰʥʠʪʝ ʚʨʲʟʢʠ ʟʘ ʩʠʩʪʝʤʘʪʘ ʩe 
ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʠʟʨʘʟ (2): 

                                                                                                                              
é(2) 

 
ʊʦʛʘʚʘ ʟʘʜʘʯʘʪʘ ʟʘ ʦʧʪʠʤʘʣʥʦ ʨʘʟ-

ʨʷʟʚʘʥʝ ʥʘ ʛʨʘʬ G=(X,U) ʧʦ ʫʢʘʟʘʥʠʪʝ 
ʢʨʠʪʝʨʠʡ  ʠ ʦʛʨʘʥʠʯʠʪʝʣʥʦ ʫʩʣʦʚʠʝ ʩʝ 
ʩʲʩʪʦʠ ʚ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʪʘʢʦʚʘ ʜʝʣʝʥʠʝ  
- rc={X1, X2 é XM} R, ʄ>1 ʟʘ ʢʦʝʪʦ ʩʝ 
ʠʟʧʲʣʥʷʚʘ ʦʧʠʩʘʥʦʪʦ ʧʦ-ʛʦʨʝ 
ʦʛʨʘʥʠʯʝʥʠʝ, ʪʘʢʘ ʯʝ ʬʫʥʢʮʠʦʥʘʣʲʪ (3)  

é(3) 
 
ʜʘ ʜʦʩʪʠʛʘ ʩʚʦʷ ʤʠʥʠʤʫʤ. 
 

Ç SOAD ï ʦʙʦʙɦʝʥ ʘʣʛʦʨʠʪʲʤ. 
 

SOAD ʝ ʨʘʟʨʘʙʦʪʝʥ ʢʘʪʦ ʘʣʛʦ-
ʨʠʪʲʤ ʟʘ ʙʘʣʘʥʩʠʨʘʥʦ ʨʘʟʨʷʟʚʘʥʝ ʥʘ 
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ʛʨʘʬʠ ʦʪ ʩʤʝʩʝʥ ʪʠʧ, ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘ 
ʠ ʠʪʝʨʘʮʠʦʥʥʘ ʯʘʩʪʠ. ʇʦʩʣʝʜʦ-
ʚʘʪʝʣʥʘʪʘ ʯʘʩʪ ï 3 ʙʘʣʘʥʩʠʨʘʥʠ ʧʦ 
ʪʝʛʣʦ ʜʝʣʝʥʠʷ {rs,rssh,rlong}, ʙʘʟʠʨʘʥʠ ʥʘ 
ʠʟʚʝʩʪʥʠʪʝ ʦʪ ʪʝʦʨʠʷ ʥʘ ʛʨʘʬʠʪʝ 
ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʭʦʞʜʘʥʝ ʥʘ ʛʨʘʬʠ - 
ʩʣʫʯʘʝʥ ʦʙʭʦʜ, ʦʙʭʦʜ ʚ ʰʠʨʠʥʘ, ʦʙʭʦʜ 
ʚ ʜʲʣʙʦʯʠʥʘ. ɼʝʣʝʥʠʝʪʦ, ʢʦʝʪʦ ʫʜʦʚ-
ʣʝʪʚʦʨʷʚʘ ʚ ʥʘʡ-ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʮʝʣʝ-
ʚʘʪʘ ʬʫʥʢʮʠʷ, ʧʨʠ ʩʧʘʟʚʘʥʝ ʥʘ ʦʛʨʘʥʠ-
ʯʠʪʝʣʥʦʪʦ ʫʩʣʦʚʠʝ ʩʝ ʠʟʙʠʨʘ ʟʘ 
ʘʧʨʠʦʨʥʦ: 
rapr {rs,rssh,rlong}, ʧʨʠ 
kapr=MIN{ks,kssh,klong}. 

ʀʪʝʨʘʮʠʦʥʥʘʪʘ ʯʘʩʪ ʥʘ SOAD 
ʩʪʘʨʪʠʨʘ ʩ ʘʧʨʠʦʨʥʦʪʦ ʨʝʰʝʥʠʝ - rapr. 
ʊʘʟʠ ʯʘʩʪ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʢʘʪʦ ʘʣʯʝʥ 
ʛʨʘʜʠʝʥʪʝʥ ʘʣʛʦʨʠʪʲʤ. ɿʘ ʮʝʣʪʘ, ʧʨʠ 
ʚʩʷʢʘ ʠʪʝʨʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ 4 
ʧʦʜʦʙʨʷʚʘʱʠ <ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ> 
ʦʧʝʨʘʮʠʠ: ñʩʣʠʚʘʥʝ ʥʘ ʢʣʲʩʪʝʨʠò (ʦʙʝ-
ʜʠʥʝʥʠʝ ʥʘ ʧʦʜʛʨʘʬʠ), ñʧʨʝʤʝʩʪʚʘʥʝ ʥʘ 
ʚʨʲʭò, ñʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʙʣʦʢò ʠʣʠ 
ñʨʘʟʤʷʥʘ ʥʘ ʝʜʠʥʠʯʥʠ ʚʲʨʭʦʚʝò, ʪʦʝʩʪ 
<ʩʲʩʝʜʥʦ ʩʲʩʪʦʷʥʠʝ> ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ 
ʧʨʝʜʥʦʪʦ, ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʦʷ ʜʘ ʝ 
ʛʦʨʝ ʠʟʙʨʦʝʥʠʪʝ ʦʧʝʨʘʮʠʠ. 
ʉʪʲʧʢʘ 1. ɺʭʦʜ ʥʘ ʘʣʛʦʨʠʪʲʤʘ: 
ʉʪʨʫʢʪʫʨʝʥ ʛʨʘʬ G=(X,U), N=|X|,  

W ï ʪʝʛʣʦ ʥʘ ʚʲʨʭʦʚʝʪʝ. 
ʉʪʲʧʢʘ 2. ʇʨʦʚʝʨʢʘ ʟʘ ʩʪʨʫʢʪʫʨʥʘ 
ʢʦʨʝʢʪʥʦʩʪ ʥʘ ʛʨʘʬʘ.  
ʉʪʲʧʢʘ 3. ɺʲʚʝʞʜʘʥʝ ʥʘ 
ʦʛʨʘʥʠʯʠʪʝʣʥʦʪʦ ʫʩʣʦʚʠʝ  - W0.  
ʉʪʲʧʢʘ 4. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʘ ʯʘʩʪ (ʧʦʩʣʝʜʦʚʘʪʝʣʝʥ ʘʣʛʦ-
ʨʠʪʲʤ):  rapr {rs,rssh,rlong},  

ʧʨʠ kapr=MIN{ ks,kssh,klong}. 
ʉʪʲʧʢʘ 5. ʀʟʧʲʣʥʝʥʠʝ ʥʘ ʠʪʝʨʘʮʠʦʥʥʘ 
ʯʘʩʪ  
ʉʪʲʧʢʘ 5.1.ʅʝʢʘ rc=rapr; kc= kapr.      

{ rc - ʩʫʙ-ʦʧʪʠʤʘʣʥʦ ʨʝʰʝʥʠʝ} 
ʉʪʲʧʢʘ 5.2. Repeat 
ʅʘʤʠʨʘʥʝ ʥʘ ʥʘʡ-ʜʦʙʨʦ <ʩʲʩʝʜʥʦ 
ʩʲʩʪʦʷʥʠʝ - r> ʟʘ rc, ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ 
ʚʲʨʭʫ ʚʩʠʯʢʠ ʜʚʦʡʢʠ ʧʦʜʭʦʜʷʱʦ 
ʧʦʜʨʝʜʝʥʠ ʩʲʩʝʜʥʠ ʧʦʜʛʨʘʬʠ, ʥʘ 
ʦʧʝʨʘʮʠʠ: 
Á ñʉʣʠʚʘʥʝ ʥʘ ʢʣʲʩʪʝʨʠò. 

Á ñʇʨʝʤʝʩʪʚʘʥʝ ʥʘ ʚʨʲʭò, 
ñʇʨʝʤʝʩʪʚʘʥʝ ʥʘ ʙʣʦʢò  
Á ñʈʘʟʤʷʥʘ ʥʘ ʝʜʠʥʠʯʥʠ ʚʲʨʭʦʚʝò.  

Á ɸʢʦ $ ʪʘʢʦʚʘ <ʩʲʩʝʜʥʦ ʜʝʣʝʥʠʝ - r>,  
ʪʦʝʩʪ aʢʦ kr<kc ʪʦ 
Á rc=r; Change=True; kc=kr; 
Until not Change;      {ɼʦ ï ʣʠʧʩʘ ʥʘ 
ʧʨʦʤʝʥʠ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ rc (G

c)} 
ʉʪʲʧʢʘ 6. ʀʟʚʝʞʜʘʥʝ ʥʘ rc - ʩʫʙ-
ʦʧʪʠʤʘʣʥʦ ʨʝʰʝʥʠʝ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ 
ʩʲʩ ʩʪʦʡʥʦʩʪ ʥʘ ʮʝʣʝʚʘʪʘ ʬʫʥʢʮʠʷ - kc, 
dist ï ʜʠʩʪʘʥʮʠʷ ʤʝʞʜʫ rapr ʠ rc. 
ʉʪʲʧʢʘ 7. ʂʨʘʡ. 
 
Ç ʆʩʥʦʚʥʠ ʦʧʝʨʘʮʠʠ ʠ ʩʣʦʞʥʦʩʪ ʥʘ 
ʘʣʛʦʨʠʪʲʤʘ 
ʉʣʦʞʥʦʩʪʪʘ ʥʘ SOAD ʟʘʚʠʩʠ 

ʦʩʥʦʚʥʦ ʦʪ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʠʪʝʨʘʮʠʦʥ-
ʥʘʪʘ ʯʘʩʪ.  ʇʦʩʣʝʜʥʘʪʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ 
ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʦʧʝʨʘʮʠʷ 
ñʨʘʟʤʷʥʘò, ʢʦʷʪʦ ʝ ʚ ʥʘʡ-ʚʲʪʨʝʰʥʠʷ 
ʮʠʢʲʣ. ʆʧʝʨʘʮʠʷ ñʨʘʟʤʷʥʘ ʥʘ ʝʜʠʥʠʯʥʠ 
ʚʲʨʭʦʚʝò ʝ ʨʘʟʰʠʨʝʥʠʝ ʥʘ ʚʦʜʝʱʘʪʘ 
ʧʦʜʦʙʨʷʚʘʱʘ ʝʚʨʠʩʪʠʢʘ ʥʘ Kernighan 
/Lin [1], ʪʦʚʘ ʝ ʘʣʛʦʨʠʪʲʤ ʟʘ ʜʝʣʝʥʠʝ ʥʘ 
ʦʨʠʝʥʪʠʨʘʥʠ ʛʨʘʬʠ ʥʘ ʧʦʚʝʯʝ ʦʪ 2 
ʯʘʩʪʠ, ʩ ʥʘʣʠʯʠʝ ʥʘ ʪʝʛʣʘ ʥʘ ʚʲʨʭʦʚʝʪʝ, 
ʠ ʩʦʙʩʪʚʝʥʘ ʤʝʪʨʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʛʦʜʥʦʩʪʪʘ ʥʘ ʚʲʨʭʦʚʝʪʝ ʟʘ ʦʧʝʨʘʮʠʷ 
ʨʘʟʤʷʥʘ. ʄʘʢʩʠʤʘʣʥʘ ʩʣʦʞʥʦʩʪ ʥʘ 
ʦʧʝʨʘʮʠʷ ñʨʘʟʤʷʥʘò ʟʘ ʜʚʦʡʢʘ ʧʦʜ-
ʛʨʘʬʠ - ʆ((nd+nf)

3), ʩʣʝʜʦʚʘʪʝʣʥʦ ʟʘ 

ʚʩʠʯʢʠ ʜʚʦʡʢʠ - ʆ(kapr³N
3), ʪʲʡ ʢʘʪʦ 

ʙʨʦʷʪ ʥʘ ʠʥʮʠʜʝʥʪʥʠʪʝ ʜʚʦʡʢʠ ʧʦʜ-
ʛʨʘʬʠ ʥʘ ʧʨʘʢʪʠʢʘ ʥʝ ʤʦʞʝ ʜʘ ʥʘʜ-
ʚʠʰʘʚʘ ʙʨʦʷ ʥʘ ʨʘʟʩʝʯʝʥʠʪʝ ʜʲʛʠ. 
ʉʣʝʜʦʚʘʪʝʣʥʦ, ʩʣʦʞʥʦʩʪʪʘ ʥʘ SOAD ʝ 

ʆ(kapr³N
3). 

 
5. ɿʘʢʣʶʯʝʥʠʝ 
 

SOAD ʝ ʩʪʨʫʢʪʫʨʝʥ, ʙʘʟʠʨʘʥ ʥʘ 
ʤʝʪʨʠʢʘ ʘʣʛʦʨʠʪʲʤ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ, 
ʨʝʘʣʠʟʠʨʘʥ ʢʘʪʦ ʝʚʨʠʩʪʠʯʝʥ ʘʣʛʦʨʠʪʲʤ 
ʟʘ ʙʘʣʘʥʩʠʨʘʥʦ ʨʘʟʨʷʟʚʘʥʝ ʥʘ ʥʘʪʦ-
ʚʘʨʝʥʠ ʛʨʘʬʠ ʥʘ ʧʨʦʠʟʚʦʣʥʦ ʢʦʣʠ-
ʯʝʩʪʚʦ ʯʘʩʪʠ ï ʟʘʜʘʯʘ, ʢʦʷʪʦ ʩʝ ʦʙʷʚʷʚʘ 
ʟʘ ʩʣʘʙʦ ʠʟʩʣʝʜʚʘʥʘ ʚ ʪʝʦʨʠʷ ʥʘ ʛʨʘ-
ʬʠʪʝ (ʢʣʘʩʠʯʝʩʢʠʪʝ ʝʚʨʠʩʪʠʢʠ ʩʘ ʟʘ 
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ʜʝʣʝʥʠʝ ʥʘ ʛʨʘʬʠ ʩ ʥʝʥʘʪʦʚʘʨʝʥʠ ʚʲʨ-
ʭʦʚʝ, ʥʘ 2 ʨʘʚʥʠ ʧʦ ʪʝʛʣʦ ʯʘʩʪʠ) [1].  

ʆʩʥʦʚʝʥ ʥʝʜʦʩʪʘʪʲʢ ʥʘ SOAD ʝ 
ʩʠʣʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʧʦʣʫʯʝʥʠʷ 
ʨʝʟʫʣʪʘʪ ʦʪ ʘʧʨʠʦʨʥʦʪʦ ʜʝʢʦʤʧʦʟʠ-
ʮʠʦʥʥʦ ʨʝʰʝʥʠʝ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 
ʧʨʝʦʜʦʣʷʥ ʟʘ ʩʤʝʪʢʘ ʥʘ ʝʜʥʦ ʜʦʧʲʣʥʠ-
ʪʝʣʥʦ ʨʘʟʰʠʨʝʥʠʝ, ʥʘʧʨʠʤʝʨ ʫʚʝʣʠʯʘ-
ʚʘʥʝ ʙʨʦʷ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʠʪʝ ʨʝʰʝ-
ʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘʪʘ ʯʘʩʪ. 

ʉʨʘʚʥʝʥʠʝʪʦ ʩ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ 
ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ ʩʦʬʪʫʝʨ SAHC ʠ 
NANC [3,4] ʧʦʢʘʟʚʘ, ʯʝ SOAD ʨʝʰʘʚʘ 
ʧʦ-ʩʣʦʞʥo ʬʦʨʤʫʣʠʨʘʥʘ ʟʘʜʘʯʘ ʠ ʜʘʚʘ 
ʨʝʟʫʣʪʘʪ - ʩʪʘʙʠʣʝʥ ʧʨʠ ʚʩʷʢʦ ʠʟʧʲʣ-
ʥʝʥʠʝ ʠ ʧʦ-ʙʣʠʟʲʢ ʜʦ ʦʧʪʠʤʘʣʥʠʷ: 
- ʉʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʨʝʰʝʥʠʝʪʦ ʩʝ 
ʜʲʣʞʠ ʥʘ: ɹʘʟʠʨʘʥʝ ʥʘ ʠʪʝʨʘʮʠ-
ʦʥʥʘʪʘ ʯʘʩʪ ʥʘ SOAD ʚʲʨʭʫ 
ʘʧʨʠʦʨʥʦ ʨʝʰʝʥʠʝ, ʢʦʝʪʦ ʥʝ ʩʣʫʯʘʡ-
ʥʦ ʛʝʥʝʨʠʨʘʥʦ. 

- ɿʘ ʨʘʟʣʠʢʘ ʦʪ SAHC ʠ NANC, 
ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʝ ʦʧʠʪ ʟʘ 
ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʘʪʘ ʟʘ ʜʝʣʝʥʠʝ 
ʥʘ ʛʨʘʬ ʧʨʠ ʥʘʪʦʚʘʨʝʥʠ ʚʲʨʭʦʚʝ ʠ 
ʦʛʨʘʥʠʯʝʥʠʝ ï W0. 

- ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʯʝʪʠʨʠ ʧʦʜʦʙ-
ʨʷʚʘʱʠ ʦʧʝʨʘʮʠʠ ʚʲʨʭʫ ʜʚʦʡʢʘ 
ʧʦʜʛʨʘʬʠ (ʩʧʨʷʤʦ ʝʜʥʘ ʦʧʝʨʘʮʠʷ) 
ʧʨʝʜʦʩʪʘʚʷ ʫʩʣʦʚʠʷ ʟʘ ʩʲʱʝʩʪʚʝʥʦ 
ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʪʝʢʫʱʦʪʦ ʨʝʰʝʥʠʝ ʚ 
ʨʘʤʢʠʪʝ ʥʘ ʝʜʥʘ ʠʪʝʨʘʮʠʷ ʠ ʝʜʥʦʚ-
ʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ï ʟʘ ʧʦ ʛʦʣʷʤʘ 
ʙʣʠʟʦʩʪ ʜʦ ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ.  

- ʅʘʯʠʥʲʪ ʥʘ ʧʦʜʨʝʜʙʘ ʥʘ 
ʠʥʮʠʜʝʥʪʥʠʪʝ ʧʦʜʛʨʘʬʠ ʠ ʨʝʜʲʪ ʥʘ 
ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʧʝʨʘʮʠʠʪʝ (ʧʦʩʣʝʜ-
ʥʘ ʝ ʦʧʝʨʘʮʠʷ ñʨʘʟʤʷʥʘ ʥʘ ʝʜʠʥʠʯʥʠ 
ʚʲʨʭʦʚʝò) ʚʲʨʭʫ ʪʷʭ, ʠʟʙʦʨʲʪ ʥʘ 
ʚʠʩʦʢʦ ñʛʦʜʥʠò ʚʲʨʭʦʚʝ ʚ ʦʧʝʨʘʮʠʠ 
ʨʘʟʤʷʥʘ ʠ ʧʨʝʤʝʩʪʚʘʥʝ ʠ ñʢʣʘʩʠ-
ʯʝʩʢʘʪʘò ʮʝʣʝʚʘ ʬʫʥʢʮʠʷ ʩʲʟʜʘʚʘʪ 
ʫʩʣʦʚʠʷ ʟʘ ʨʝʜʫʢʮʠʷ ʥʘ ʘʥʘʣʠʪʠʯʥʦ 
ʥʘʤʝʨʝʥʘʪʘ ʩʣʦʞʥʦʩʪ ʥʘ SOAD. 
ʆʩʥʦʚʝʥ ʥʝʜʦʩʪʘʪʲʢ ʥʘ SOAD ʝ 

ʩʠʣʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʧʦʣʫʯʘʚʘʥʠʷ 
ʨʝʟʫʣʪʘʪ ʦʪ ʘʧʨʠʦʨʥʦʪʦ ʜʝʢʦʤʧʦ-
ʟʠʮʠʦʥʥʦ ʨʝʰʝʥʠʝ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 
ʧʨʝʦʜʦʣʷʥ ʟʘ ʩʤʝʪʢʘ ʥʘ ʝʜʥʦ ʜʦʧʲʣʥʠ-
ʪʝʣʥʦ ʨʘʟʰʠʨʝʥʠʝ, ʥʘʧʨʠʤʝʨ ʫʚʝʣʠʯʘ-

ʚʘʥʝ ʙʨʦʷ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʠʪʝ ʨʝʰʝ-
ʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘʪʘ ʯʘʩʪ. 

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ 
ʥʘ SOAD ʝ ʩʲʟʜʘʜʝʥʘ ʧʨʦʛʨʘʤʘ ʥʘ 
Delphi 5 ï ʧʨʦʪʦʪʠʧ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʦ 
ʩʨʝʜʩʪʚʦ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ ʩʦʬʪʫʝʨ 
[5]. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʲʨʭʫ 
ʛʦʣʷʤ ʙʨʦʡ ʢʨʘʡʥʠ, ʦʨʠʝʥʪʠʨʘʥʠ ʛʨaʬʠ, 
ʯʨʝʟ ʧʨʦʛʨʘʤʘʪʘ ʜʦʢʘʟʚʘʪ ʝʬʠʢʘʩ-
ʥʦʩʪʪʘ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʟʨʘʙʦ-
ʪʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʠ ʤʘʨʢʠʨʘʪ ʥʷʢʦʠ ʥʘ-
ʩʦʢʠ ʟʘ ʝʜʥʦ ʙʲʜʝʱʦ ʨʘʟʚʠʪʠʝ, ʥʘʧʨʠ-
ʤʝʨ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʷʥʝ ʠ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ñʩʧʝʮʠʘʣʥʠò ʚʲʨʭʦʚʝ. 
 

ʀʟʧʦʣʟʚʘʥʘ ʣʠʪʝʨʘʪʫʨʘ 
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ʇʆɼʆɹʈɽʅ ɸʃɻʆʈʀʊʒʄ ɿɸ ʄɸʈʂʀʈɸʅɽ ʅɸ ʅɽʇʆɼɺʀɾʅʀ 
ʀɿʆɹʈɸɾɽʅʀʗ 

 
 

ɻʝʦʨʛʠ ɹ. ɺʲʨʙʘʥʦʚ 
 

 
ʈʝʟʶʤʝ: ɺ ʜʦʢʣʘʜʘ ʩʝ ʧʨʝʜʣʘʛʘ ʧʦʜʦʙʨʝʥ ʤʝʪʦʜ ʟʘ ʤʘʨʢʠʨʘʥʝ ʥʘ ʥʝʧʦʜʚʠʞʥʠ ʮʚʝʪʥʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʦʜʥʠ ʟʥʘʮʠ. ʈʝʘʣʠʟʠʨʘʥʠʷʪ ʤʝʪʦʜ ʝ ʩʣʷʧ ʘʣʛʦʨʠʪʲʤ-ʥʝ ʠʟʠʩʢʚʘʱ ʥʘʣʠʯʠʝʪʦ 
ʥʘ ʦʨʠʛʠʥʘʣʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʚʦʜʝʥ ʟʥʘʢ. ɸʣʛʦʨʠʪʲʤʘ ʝ 
ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʜʚʘ ʦʪʜʝʣʥʠ ʘʣʛʦʨʠʪʲʤʘ(ʩʣʷʧ ʠ ʥʝ ʩʣʷʧ). ɺ 
ʨʝʟʫʣʪʘʪ ʧʦʣʫʯʝʥ ʝ ʤʥʦʛʦ ʧʦ-ʜʦʙʲʨ ʘʣʛʦʨʠʪʲʤ ʩʲʯʝʪʘʚʘʱ ʜʦʩʪʦʡʥʩʪʚʘʪʘ ʠ ʥʘ ʜʚʘʪʘ 
ʘʣʛʦʨʠʪʲʤʘ. ʊʦʟʠ ʘʣʛʦʨʠʪʲʤ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʫʩʪʦʡʯʠʚ ʥʘ ʧʦʚʝʯʝʪʦ ʜʝʬʦʨʤʘʮʠʠ ʠ JPEG 
ʢʦʤʧʨʝʩʠʷ. 
 
 

Improved vatermarked algorithm for still images 
 

Georgi B. Varbanov 
 
Abstract: In this paper we offer one improved method for watermarks still colors images. The 
proposed method is a blind algorithm-donôt required in the presence of original picture for detection 
watermark. This is getting by interaction a blind with non-blin methods. The result in this get up an 
algorithm improved both merits. This is method is robustness in the most cases distortions and 
JPEG 

 
1. ʋʚʦʜ 

 
ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʪʝʨʥʝʪ ʠ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʦʚʠ ʤʫʣʪʠʤʝʜʠʠʥʠ 
ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʠ ʚʲʧʨʦʩʠʪʝ ʟʘ 
ʟʘʱʠʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʠ ʘʚʪʦʨʩʢʠʪʝ 
ʧʨʘʚʘ ʚʩʝ ʧʦ-ʘʢʪʫʘʣʥʠ. ɺ ʥʘʩʪʦʷʱʠʷʪ 
ʤʦʤʝʥʪ ʚʩʝ ʦʱʝ ʩʲʱʝʩʪʚʫʚʘ ʛʦʣʷʤʦ 
ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʤʝʪʦʜʠ ʟʘ ʟʘʱʠʪʘ ʥʘ 
ʠʥʬʦʨʤʘʮʠʷʪʘ ʠ ʘʚʪʦʨʩʢʠʪʝ ʧʨʘʚʘ. 
ʅʷʤʘ ʨʘʟʨʘʙʦʪʝʥ ʩʪʘʥʜʘʨʪ ʟʘ ʪʝʩʪʚʘʥʝ 
ʥʘ ʩʲʟʜʘʚʘʥʠʪʝ ʘʣʛʦʨʠʪʤʠ. ʀʤʘ 
ʥʷʢʦʣʢʦ ʧʨʦʛʨʘʤʠ ʩʲʟʜʘʜʝʥʠ ʦʪ ʦʪʜʝʣ-
ʥʠ ʘʚʪʦʨʠ ʢʘʢʪʦ ʠ ʩʝ ʨʘʙʦʪʠ ʧʦ ʧʨʦʝʢʪ 
ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʪʘʥʜʘʨʪ ʚ ʥʷʢʦʣʢʦ 
ʝʚʨʦʧʝʡʩʢʠ ʜʲʨʞʘʚʠ. ʂʘʪʦ ʦʩʥʦʚʝʥ 
ʠʥʩʪʨʫʤʝʥʪ ʩʝ ʝ ʥʘʣʦʞʠʣʘ ʧʨʦʛʨʘʤʘʪʘ 
StirMark ʩʲʟʜʘʜʝʥʘ ʦʪ [ ]. ʅʘʡ-ʯʝʩʪʠʪʝ 
ʘʪʘʢʠ ʥʘ ʢʦʠʪʦ ʩʘ ʧʦʜʣʦʞʝʥʠ ʨʘʟʣʠʯ-
ʥʠʪʝ ʤʝʪʦʜʠʢʠ ʩʘ : 

¶ ɿʘʛʫʙʠ ʥʘʧʨʘʚʝʥʠ ʦʪ ʢʦʤʧʨʝʩʠʷ 

¶ ɼʦʙʘʚʢʘ ʥʘ ʛʘʫʩʦʚ ʰʫʤ 

¶ ʄʝʜʠʘʥʥʦ ʬʠʣʪʨʠʨʘʥʝ ʠ ʨʘʟʤʘʟʚʘʥʝ 
ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ ʘʪʘʢʫʚʘʥʠʪʝ 
ʠʟʦʙʨʘʞʝʥʠʷ, 

¶ ʇʨʝ-ʤʘʱʘʙʠʨʘʥʝ ʥʘ ʘʪʘʢʫʚʘʥʦʪʦ  
ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʦʩʣʝʜʚʘʱʦ ʧʦʜʨʷʟʚʘʥʝ 
ʠ ʛʨʫʧʘ ʦʪ ʘʪʘʢʠ ʢʦʠʪʦ ʮʝʣʷʪ ʜʘ ʩʝ 
ʧʨʝʤʘʭʥʝ ʩʠʥʭʨʦʥʠʟʘʮʠʷʪʘ ʥʘ ʚʦʜʥʠʷ 
ʟʥʘʢ ʟʘ ʜʘ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʣʝʯʝʥ. 

ʈʘʟʥʦʦʙʨʘʟʠʝʪʦ ʥʘ ʘʪʘʢʠʪʝ, ʩ 
ʢʦʠʪʦ ʩʝ ʚʲʟʜʝʡʩʪʚʘ ʩ ʮʝʣ ʧʦʜʧʨʘʚʷʥʝ, 
ʧʦʜʤʷʥʘ ʠʣʠ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʚʣʦʞʝʥʘʪʘ 
ʟʘʱʠʪʘ ʝ ʤʥʦʛʦ ʛʦʣʷʤ. ʄʥʦʛʦ ʩʘ ʤʘʣʢʦ 
ʠʣʠ ʧʦʯʪʠ ʥʷʤʘ ʤʝʪʦʜʠ, ʢʦʠʪʦ ʜʘ 
ʧʦʢʨʠʚʘʪ ʝʜʥʦʟʥʘʯʥʦ ʧʦʚʝʯʝʪʦ 
ʫʩʣʦʚʠʷ. ɺ ʜʦʢʣʘʜʘ ʩʝ ʧʨʝʜʣʘʛʘ ʤʝʪʦʜ 
ʨʘʟʨʘʙʦʪʝʥ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʜʚʝ ʤʝʪʦʜʠʢʠ ʩ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ 
ʜʘʚʘʱʠ ʨʘʟʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʢʘʪʦ ʚ 
ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʤʝʥʝʥʠʷʪʘ ʩʝ ʧʦʣʫʯʘʚʘʪ 
ʧʦʜʦʙʨʝʥʠ ʩʚʦʡʩʪʚʘ. ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ 
ʥʷʢʦʣʢʦ ʧʦʜʦʙʨʝʥʠ ʘʣʛʦʨʠʪʲʤʘ. ʆʙʝʢʪ 
ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʝʜʠʥ ʦʪ ʪʷʭ. ɿʘ 
ʥʝʛʦʚʘ ʙʘʟʘ ʩʘ ʠʟʧʦʣʟʫʚʘʥʠ non-Blind 
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ʘʜʘʧʪʠʚʥʠʷ  ʘʣʛʦʨʠʪʲʤ ʥʘ Su, Wang ʠ 
Kuo [6] ʠʟʠʩʢʚʘʱ ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ 
ʚʦʜʥʠʷ ʟʥʘʢ ʦʨʠʛʠʥʘʣʥʦʪʦ ʠʟʦʙʨʘ-
ʞʝʥʠʝ ʠ ʪʦʟʠ ʥʘ ʘʣʛʦʨʠʪʲʤʘ, ʠʟʩʣʝʜ-
ʚʘʥ ʦʪ Tsekeridou ʠ Pitas [2] 

 

2. ʇʦʜʦʙʨʝʥ ʘʣʛʦʨʠʪʲʤ ʥʘ Wang, 

Su, Kuo, Tsekeriodu ʠ Pitas 
 
ʇʲʨʚʠʷʪ ʤʝʪʦʜ, ʢʦʡʪʦ ʝ 

ʨʝʘʣʠʟʠʨʘʥ, ʝ ʢʦʤʙʠʥʘʮʠʷ ʤʝʞʜʫ 
ʘʣʛʦʨʠ-ʪʲʤʘ,  ʠʟʩʣʝʜʚʘʥ ʦʪ Tsekeridou 
ʠ Pitas [2] ʠ ʘʣʛʦʨʠʪʲʤ, ʨʘʟʨʘʙʦʪʝʥ ʦʪ 
Su, Wang ʠ Kuo [6]. ʆʪ [2] ʝ ʠʟʧʦʣʟʚʘʥʘ 
ʠʜʝʷʪʘ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʩʝʙʝʧʦʜʦʙʝʥ 
ʚʦʜʝʥ ʟʥʘʢ. ʊʦʚʘ ʩʪʘʚʘ ʯʨʝʟ 
ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʚʦʜʝʥ ʟʥʘʢ, ʢʦʡʪʦ 
ʨʝʘʣʠʟʠʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʩʝʙʝʧʦ-
ʜʦʙʠʝ ʚ ʜʝʢʘʨʪʦʚʘʪʘ ʨʘʚʥʠʥʘ. ʊʦʚʘ 
ʩʝʙʝʧʦʜʦʙʠʝ ʥʠ ʦʩʠʛʫʨʷʚʘ ʠʟʢʣʶʯʠ-
ʪʝʣʥʦ ʚʠʩʦʢʘ ʫʩʪʦʡʯʠʚʦʩʪ ʩʨʝʱʫ ʤʥʦʛʦ 
ʚʠʜʦʚʝ ʘʪʘʢʠ, ʢʘʪʦ ʠʟʢʨʠʚʷʚʘʥʠʷ, ʣʠ-
ʥʝʡʥʦ ʠ ʥʝʣʠʥʝʡʥʦ ʬʠʣʪʨʠʨʘʥʝ, ʨʦʪʘ-
ʮʠʷ, ʠʟʨʷʟʚʘʥʝ, ʩʢʘʣʠʨʘʥʝ, JPEG ʢʦʤʧ-
ʨʝʩʠʷ. ʊʦʟʠ ʤʝʪʦʜ ʠʟʧʦʣʟʚʘ Wavelet 
ʧʨʝʦʙʨʘʟʫʚʘʥʠʝ ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʚʠʩʦʢʘ 
ʥʘʜʝʞʜʥʦʩʪ ʠ ʚʠʟʫʘʣʥʘ ʥʝʨʫʰʠʤʦʩʪ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʪ ʥʘʧʨʘʚʝʥʠʪʝ ʧʨʦʤʝ-
ʥʠ. ʀʟʚʣʠʯʘʥʝʪʦ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʩʪʘʚʘ 
ʙʝʟ ʥʘʣʠʯʠʝʪʦ ʥʘ ʦʨʠʛʠʥʘʣʥʦʪʦ ʠʟʦʙ-
ʨʘʞʝʥʠʝ, ʪ.ʝ. ʪʦʚʘ ʝ blind ʘʣʛʦʨʠʪʲʤ. 
ʀʟʚʣʠʯʘʥʝʪʦ ʩʪʘʚʘ ʯʨʝʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦ 
ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʥʦʨʤʘʣʠʟʠʨʘʥʘ ʟʘʚʠ-
ʩʠʤʦʩʪ ʥʘ ʤʘʨʢʠʨʘʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ 
ʦʪ ʚʦʜʥʠʷʪ ʟʥʘʢ ʠ ʩʨʘʚʥʝʥʠʝ ʩ 
ʧʨʝʜʚaʨʠʪʝʣʥʦ ʠʟʙʨʘʥʘ ʩʪʦʡʥʦʩʪ, ʪʘʢʘ-
ʚʘ ʯʝ ʜʘ ʥʝ ʜʦʧʫʩʢʘ ʬʘʣʰʠʚʘ ʪʨʝʚʦʛʘ 
ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʚʦʜʝʥ ʟʥʘʢ, ʠʣʠ ʜʘ ʥʝ 
ʦʪʢʨʠʚʘ ʚʛʨʘʜʝʥ ʚʦʜʝʥ ʟʥʘʢ. ʆʩʥʦʚʥʘʪʘ 
ʯʘʩʪ ʦʪ ʥʘʩʪʦʷʱʠʷʪ ʘʣʛʦʨʠʪʲʤ ʝ ʛʝʥʝ-
ʨʠʨʘʥʝʪʦ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ. ʊʦʡ ʝ ʪʘʢʘ 
ʧʦʜʙʨʘʥ, ʯʝ ʩʘʤʘʪʘ ʤʫ ʩʪʨʫʢʪʫʨʘ ʜʘ 
ʦʩʠʛʫʨʷʚʘ ʠʟʢʣʶʯʠʪʝʣʥʘ ʟʘʱʠʪʘ ʩʨʝʱʫ 
ʩʢʘʣʠʨʘʥʝ ʠ ʠʟʨʷʟʚʘʥʝ ʥʘ ʤʘʨʢʠʨʘʥʦʪʦ 
ʠʟʦʙʨʘʞʝʥʠʝ. ɺʦʜʥʠʷʪ ʟʥʘʢ ʧʨʝʜʩʪʘʚ-
ʣʷʚʘ ʢʨʲʛʦʚʦ-ʩʠʤʝʪʨʠʯʝʥ ʩʠʛʥʘʣ. ʊʦʟʠ 
ʩʠʛʥʘʣ ʝ ʨʝʘʣʠʟʠʨʘʥ ʦʪ ʩʣʝʜʥʘʪʘ 
ʬʫʥʢʮʠʷ(1)[2]: 

  
(1) 

ʢʲʜʝʪʦ  

, (n1,n2) 
ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ 
ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʧʠʢʩʝʣʘ, ʘ 

 rmin ʠ rmax ʩʘ 
ʤʠʥʠʤʘʣʥʠʷʪ ʠ ʤʘʢʩʠʤʘʣʥʠʷʪ ʨʘʜʠʫʩ 
ʢʦʠʪʦ ʦʧʠʩʚʘʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʚʦʜʥʠʷʪ 
ʟʥʘʢ, Ŭ ʝ ʮʷʣʦ ʯʠʩʣʦ, ʧʨʝʜʩʪʘʚʣʷʚʘʱʦ 
ʥʠʚʦʪʦ ʥʘ ʚʛʨʘʞʜʘʥʝ. ɿʘ ʜʘ ʙʲʜʝ 
ʬʫʥʢʮʠʷʪʘ Wm(r,ɗ) ʫʩʪʦʡʯʠʚʘ ʥʘ 
ʢʦʤʧʨʝʩʠʷ ʠʣʠ ʬʠʣʪʨʠʨʘʥʝ, ʩʠʛʥʘʣʲʪ 
ʩʝ ʨʘʟʜʝʣʷ ʜʦʧʲʣʥʠʪʝʣʥʦ ʥʘ s ʩʝʢʪʦʨʘ, 
ʚʩʝʢʠ ʩ ʜʲʛʘ ʦʪ s/360 o. ɺʩʠʯʢʠ ʧʠʢʩʝʣʠ 
ʚ ʝʜʠʥ ʩʝʢʪʦʨ, ʠʤʘʱʠ ʝʜʠʥ ʠ ʩʲʱ 
ʨʘʜʠʫʩ ʩʝ ʧʨʠʨʘʚʥʷʚʘʪ ʥʘ ï Ŭ ʠʣʠ + Ŭ, 
ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʩʝʚʜʦʩʣʫʯʘʝʥ 
ʛʝʥʝʨʘʪʦʨ ʥʘ ʩʣʫʯʘʡʥʠ ʯʠʩʣʘ, 
ʠʥʠʮʠʘʣʠʟʠʨʘʥ ʩʲʩ ʥʘʯʘʣʥʘ ʩʪʦʡʥʦʩʪ 
k. ʉʠʛʥʘʣʲʪ, ʦʧʠʩʚʘʱ ʩʘʤʦʧʦʜʦʙʥʠʷʪ 
ʚʦʜʝʥ ʟʥʘʢ ʠʤʘ ʩʣʝʜʥʠʷʪ ʚʠʜ:  

 

 
ʬʠʛ.1 
 
ʊʦʚʘ ʨʘʟʜʝʣʷʥʝ ʥʘ ʩʝʢʪʦʨʠ ʩʝ 

ʧʨʠʣʘʛʘ ʟʘ ʜʘ ʩʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʠ ʥʘ 
ʘʪʘʢʠʪʝ ʦʪ ʨʦʪʘʮʠʷ. ʆʪʢʨʠʚʘʥʝʪʦ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ ʧʨʠ ʨʦʪʘʮʠʷ ʥa ʲʛʣʠ, ʧʦ-
ʤʘʣʢʠ ʦʪ s/360 o ʩʝ ʠʟʚʲʨʰʚʘ ʙʝʟ ʜʘ ʩʝ 
ʟʘʚʲʨʪʘ ʚʦʜʥʠʷʪ ʟʥʘʢ, ʘ ʢʦʛʘʪʦ 
ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʝ ʟʘʚʲʨʪʷʥʦ ʥʘ ʧʦʚʝʯʝ 
ʦʪ s/360 o ʪʦʛʘʚʘ ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ 
ʟʘʚʲʨʪʠ ʚʦʜʥʠʷʪ ʟʥʘʢ ʥʘ ʲʛʲʣ, ʢʨʘʪʝʥ 
ʥʘ s/360 o. ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʜʘ ʩʝ 
ʚʛʨʘʜʠ ʩʝʙʝʧʦʜʦʙʠʝ ʚ ʦʪʥʦʰʝʥʠʝ ʩ 
ʜʝʢʘʨʪʦʚʘʪʘ ʨʘʚʥʠʥʘ. ʉʠʛʥʘʣʲʪ 
Wm(n1,n2) ʩʝ ʩʢʘʣʠʨʘ (ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
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ʠʥʪʝʨʧʦʣʘʮʠʷ ʩʲʩ ʩʲʩʝʜʥʠ ʩʪʦʡʥʦʩʪʠ), 
ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʠʟʤʝʩʪʚʘ ʩʧʨʷʤʦ 
ʮʝʥʪʲʨʘ r=0 4 ʧʲʪʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ 
ʩʝ ʦʪʢʨʠʝ ʚʠʜʥʠʷʪ ʟʥʘʢ ʧʨʠ ʧʨʝʦʨʘʟ-
ʤʝʨʷʚʘʥʝ ʥʘ ʢʘʨʪʠʥʘʪʘ ʦʪ 1/8 ʜʦ 8 
ʧʲʪʠ. ʊʘʢʘ ʢʨʘʡʥʠʷʪ ʚʦʜʝʥ ʟʥʘʢ ʩʝ 
ʩʲʩʪʦʠ ʦʪ 4 ʩʣʦʷ : 

 

 
(2) 

 
ɺʠʞʜʘ ʩʝ, ʯʝ ʨʘʟʤʝʨʲʪ ʥʘ ʚʦʜʥʠʷʪ 

ʟʥʘʢ ʝ 2rmaxx2rmax. ʇʘʨʘʤʝʪʨʠʪʝ, ʢʦʠʪʦ 
ʩʘ ʥʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʜʝʪʝʢʮʠʷʪʘ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ ʩʘ {k, Ŭ, rmin, rmax, s}.  

ʂʨʘʡʥʠʷʪ ʨʝʟʫʣʪʘʪ ʟʘ ʚʦʜʝʥ ʟʥʘʢ 
ʠʟʛʣʝʞʜʘ ʪʘʢʘ : 

 

 
ʬʠʛ. 2 
 
ɺʛʨʘʞʜʘʥʝʪʦ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʩʝ 

ʠʟʚʲʨʰʚʘ ʩʲʩ ʘʜʠʪʠʚʝʥ ʘʣʛʦʨʠʪʲʤ, 
ʨʘʟʛʣʝʜʘʥ ʧʦʜʨʦʙʥʦ ʚ [6]. ɺ ʥʘʡ-ʦʙʱʠ 
ʣʠʥʠʠ ʚʤʲʢʚʘʥʝʪʦ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ 
ʠʟʛʣʝʞʜʘ ʧʦ ʩʣʝʜʥʠʷʪ ʥʘʯʠʥ : 

 

 
ʬʠʛ. 3 
 
ʀʟʦʙʨʘʞʝʥʠʝʪʦ ʩʝ ʜʝʢʦʤʧʦʟʠʨʘ 2 

ʧʲʪʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ Haar Wavelet 
ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ. ʊʘʢʘ ʩʝ ʧʦʣʫʯʘʚʘʪ 
ʦʙʱʦ 8 ʥʠʚʘ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʦʪ ʜʚʝʪʝ 
ʥʠʚʘ ʥʘ Haar ʧʨʝʦʙʨʘʟʫʚʘʥʠʝʪʦ, ʢʦʠʪʦ 
ʩʝ ʦʙʦʟʥʘʯʘʚʘʪ ʩʲʦʪʚʝʪʥʦ ʩ LL1, LH1, 
HL1, HH1, LL2, LH2, HL2, HH2 ï 
ʩʲʦʪʚʝʪʥʦ ʥʠʩʢʦʯʝʩʪʦʪʥʠ ʢʦʝʬʠʮʠʝʥʪʠ 
ʦʪ ʧʲʨʚʦʪʦ ʥʠʚʦ, ʩʨʝʜʥʦʯʝʩʪʦʪʥʠ 
ʢʦʝʬʠʮʠʝʥʪʠ ʦʪ ʧʲʨʚʦ ʥʠʚʦ ï ʜʚʘ 
ʢʚʘʜʨʘʥʪʘ ʠ ʚʠʩʦʢʦʯʝʩʪʦʪʥʠ ʢʦʝʬʠ-
ʮʠʝʥʪʠ, ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʢʦʝʬʠʮʠʝʥʪʠ 
ʦʪ ʚʪʦʨʦʪʦ ʥʠʚʦ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ. ʊʲʡ 
ʢʘʪʦ ʥʘʡ-ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 
ʢʘʨʪʠʥʘʪʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʚ ʥʠʩʢʦ-
ʯʝʩʪʦʪʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʟʘ ʜʘ ʤʦʞʝʤ 
ʜʘ ʚʢʘʨʘʤʝ ʚʦʜʥʠʷʪ ʟʥʘʢ ʪʘʢʘ, ʯʝ ʜʘ ʥʝ 
ʝ ʚʠʜʠʤ, ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʚʦʜʥʠʷʪ 
ʟʥʘʢ ʩʝ ʥʘʩʣʘʛʚʘʪ ʢʲʤ ʥʠʩʢʦʯʝʩʪʦʪʥʠʪʝ 
ʠ ʩʨʝʜʥʦʯʝʩʪʦʪʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ. 
ʆʩʚʝʥ ʪʦʚʘ ʩʝ ʧʨʘʚʠ ʜʦʧʲʣʥʠʪʝʣʥʘ 
ʤʘʩʢʠʨʦʚʢʘ, ʟʘ ʜʘ ʩʝ ʠʟʧʲʣʥʠ ʘʜʘʧ-
ʪʘʮʠʷʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʠ ʜʘ ʩʝ 
ʟʘʤʘʩʢʠʨʘʪ ʚʤʲʢʥʘʪʠʪʝ ʙʠʪʦʚʝ, ʪʘʢʘ ʯʝ 
ʜʘ ʥʝ ʩʘ ʚʠʜʠʤʠ ʠ ʜʘ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ 
ʦʪʢʨʠʷʪ ʯʨʝʟ ʩʢʘʥʠʨʘʥʝ ʥʘ ʯʝʩʪʦʪʠʪʝ 
ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʠʣʠ ʧʦ ʥʷʢʘʢʲʚ ʜʨʫʛ 
ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʥʘ ʮʠʬʨʦʚʠ ʩʠʛʥʘʣʠ. 
ʂʘʢʪʦ ʚʝʯʝ ʙʝʰʝ ʧʦʷʩʥʝʥʦ, ʧʲʨʚʘʪʘ 
ʩʪʲʧʢʘ ʢʲʤ ʪʦʚʘ ʝ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ, ʢʦʡʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ 
ʥʘʣʘʛʘʥʝʪʦ ʥʘ ʬʫʥʢʮʠʷʪʘ WM(x,y), 
ʢʦʷʪʦ ʠʤʘ ʩʪʦʡʥʦʩʪʠ {-1, 1}, ʠ ʠʤʘ 
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ʩʨʝʜʥʘ ʟʥʘʯʝʱʘ ʩʪʦʡʥʦʩʪ 0. ʊʘʟʠ 
ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʚʘ ʪ. ʥʘʨ. ɻʘʫʩʦʚ 
ʰʫʤ, ʢʦʡʪʦ ʩʝ ʥʘʣʘʛʘ ʢʲʤ ʠʟʦʙʨʘ-
ʞʝʥʠʝʪʦ ʠ ʛʦ ʧʨʘʚʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪ-
ʢʨʠʚʘʝʤ, ʪʲʡ ʢʘʪʦ ʛʝʥʝʨʠʨʘʥʝʪʦ ʤʫ 
ʩʪʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʩʝʚʜʦʩʣʫʯʘʝʥ 
ʛʝʥʝʨʘʪʦʨ ʥʘ ʩʣʫʯʘʡʥʠ ʯʠʩʣʘ. ɼʦʧʲʣ-
ʥʠʪʝʣʥʦʪʦ ʤʘʩʢʠʨʘʥʝ, ʢʦʝʪʦ ʩʝ ʧʨʠʣʘʛʘ 
ʥʘ ʢʲʤ ʢʘʨʪʠʥʘʪʘ, ʝ ʨʝʟʫʣʪʘʪ ʦʪ 
ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʆʇʀ ï 
ʆʙʣʘʩʪʠ, ʢʦʠʪʦ ʇʨʝʜʩʪʘʚʣʷʚʘʪ ʀʥʪʝ-
ʨʝʩ. ʊʦʚʘ ʩʘ ʪʝʟʠ ʦʙʣʘʩʪʠ, ʢʦʠʪʦ 
ʩʲʜʨ̡ʞʘʪ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʠʥʬʦʨ-
ʤʘʮʠʷʪʘ. ʊʝʟʠ ʦʙʣʘʩʪʠ ʩʝ ʦʧʨʝʜʝʣʷʪ ʩ 
ʧʦʤʦʱʪʘ ʥʘ ʧʨʠʥʮʠʧʘ ʟʘ MTWC ï Multi-
threshold Wavelet coding, ʠʣʠ ʤʥʦʛʦ-
ʧʨʘʛʦʚʦ wavelet ʢʦʜʠʨʘʥʝ. ʊʦʟʠ 
ʧʨʠʥʮʠʧ ʦʧʠʩʚʘ ʠʟʚʣʠʯʘʥʝʪʦ ʦʪ ʥʘʡ-
ʟʥʘʯʝʱʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʦʪ ʜʘʜʝʥ 
ʚʝʢʪʦʨ, ʢʦʡʪʦ ʛʠ ʦʧʠʩʚʘ, ʢʘʪʦ ʥʘʡ-
ʟʥʘʯʝʱ ʦʟʥʘʯʘʚʘ ʪʘʢʲʚ ʢʦʝʬʠʮʠʝʥʪ, 
ʢʦʡʪʦ ʠʤʘ ʥʘʡ-ʛʦʣʷʤʘ ʘʤʧʣʠʪʫʜʘ. 
ʆʙʱʦ ʢʘʟʘʥʦ ʪʝʟʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʝ ʩʝ 
ʧʨʦʤʝʥʷʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜ ʚʲʟʜʝʡ-
ʩʪʚʠʝʪʦ ʥʘ ʘʪʘʢʠ ʦʪ ʪʠʧʘ ʥʘ ʢʦʤʧʨʝʩʠʷ 
ʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘ. ɸʢʦ ʪʝʟʠ 
ʢʦʝʬʠʮʠʝʥʪʠ ʙʲʜʘʪ ʧʨʦʤʝʥʝʥʠ ʟʥʘʯʠ-
ʪʝʣʥʦ ʧʦʜ ʥʷʢʘʢʚʦ ʚʲʟʜʝʡʩʪʚʠʝ, ʪʦ 
ʪʦʛʘʚʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʙʠ ʙʠʣʦ ʤʥʦʛʦ 
ʧʦ-ʨʘʟʣʠʯʥʦ ʦʪ ʪʦʚʘ, ʚ ʢʦʝʪʦ ʩʤʝ 
ʚʛʨʘʜʠʣʠ ʚʦʜʥʠʷʪ ʟʥʘʢ. 

ʆʧʨʝʜʝʣʝʥʠʝʪʦ ʟʘ ʥʘʡ-ʟʥʘʯʝʱʠ 
ʦʙʣʘʩʪʠ ʠʤʘ ʩʣʝʜʥʠʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʠʜ  

 

 
ʬʠʛ. 4 
 
ʯʨʝʟ ʩʝʣʝʢʮʠʷ ʥʘ ʥʘʡ-ʟʥʘʯʝʱʠʪʝ 

ʙʠʪʦʚʝ ʥʠʝ ʨʝʘʣʥʦ ʠʟʙʠʨʘʤʝ ʩʘʤʦ ʪʘʟʠ 
ʯʘʩʪ ʦʪ ʢʘʨʪʠʥʘʪʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʥʘʡ-
ʚʘʞʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʚ ʛʦʨʥʠʷʪ 
ʧʨʠʤʝʨ ʝ ʬʠʛʫʨʘʪʘ ʥʘ ʩʲʨʬʠʩʪʘ. 

 

 
ʬʠʛ. 5 
ʉʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ Wavelet ʧʨʝʦʙ-

ʨʘʟʫʚʘʥʠʝʪʦ, ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʚ ʢʦʝʪʦ 
ʱʝ ʚʣʘʛʘʤʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʚʦʜʥʠʪʝ 
ʟʥʘʮʠ ʱʝ ʩʲʜʲʨʞʘ ʩʘʤʦ ʩʪʦʡʥʦʩʪʠʪʝ 
ʥʘ ʦʙʣʘʩʪʪʘ ʚ ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ 
ʩʲʨʬʠʩʪʘ. 

ɸʣʛʦʨʠʪʲʤʲʪ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʩʝ ʠʟʧʲʣʥʷʚʘ ʚ ʩʣʝʜ-
ʥʠʪʝ ʩʪʲʧʢʠ : 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ: ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 
ʧʨʘʛʦʚʘʪʘ ʩʪʦʡʥʦʩʪ Ts ʟʘ ʚʩʷʢʘ ʯʝʩʪʦʪʘ 
ʢʘʪʦ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʤʘʢʩʠʤʘʣʥʘʪʘ 
ʘʙʩʦʣʶʪʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ 
ʦʪ ʪʘʟʠ ʯʝʩʪʦʪʘ.  

ʠʟʙʠʨʘʥʝ ʯʝʩʪʦʪʥʘ ʦʙʣʘʩʪ, ʢʲʜʝʪʦ 
ʤʘʢʩʠʤʘʣʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʠʤʘ ʩʪʦʡ-
ʥʦʩʪ ʩʲʩ ʩʪʦʡʥʦʩʪ ɓ x Ts, ʢʲʜʝʪʦ ɓ ʝ 
ʢʦʝʬʠʮʠʝʥʪ, ʫʢʘʟʚʘʱ ʩʠʣʘʪʘ ʥʘ ʚʦʜ-
ʥʠʷʪ ʟʥʘʢ. ɿʘ ʠʟʙʨʘʥʘʪʘ ʯʝʩʪʦʪʘ ʩʝ 
ʠʟʙʠʨʘʪ ʚʩʠʯʢʠ ʢʦʝʬʠʮʠʝʥʪʠ, ʢʦʠʪʦ 
ʠʤʘʪ ʩʪʦʡʥʦʩʪ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʠʟʙʨʘʥʘʪʘ 
ʯʝʩʪʦʪʘ Ts, ʠ ʩʝ ʤʘʨʢʠʨʘʪ ʢʘʪʦ ʟʥʘʯʝ-
ʱʠ.  

ɺʦʜʥʠʷʪ ʟʥʘʢ ʩʝ ʚʤʲʢʚʘ ʚ 
ʠʟʙʨʘʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʦʪ ʧʨʝʜʥʘʪʘ 
ʩʪʲʧʢʘ 

ʋʩʪʘʥʦʚʷʚʘ ʩʝ ʥʦʚʘ ʩʪʦʡʥʦʩʪ ʟʘ 

2/TsTsnew=  
ʇʦʚʪʘʨʷʪ ʩʝ ʩʪʲʧʢʠʪʝ ʦʪ 2 ʜʦ 4 

ʜʦʢʘʪʦ ʩʝ ʚʤʲʢʥʘʪ ʚʩʠʯʢʠ ʢʦʝʬʠʮʠʝʥʪʠ 
ʦʪ ʚʦʜʥʠʷʪ ʟʥʘʢ. 

ʌʦʨʤʫʣʘʪʘ, ʢʦʷʪʦ ʦʧʠʩʚʘ ʥʘʯʠʥʘ 
ʥʘ ʚʤʲʢʚʘʥʝ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʠʤʘ 
ʩʣʝʜʥʠʷʪ ʚʠʜ : 

WkTssyyxCsyxCs ...),(),(' b+= (3

) 

ʢʲʜʝʪʦ C ʝ ʠʟʙʨʘʥʠʷʪ ʦʨʠʛʠʥʘʣʝʥ 
ʢʦʝʬʠʮʠʝʥʪ, Cô ʝ ʤʘʨʢʠʨʘʥʠʷʪ ʢʦʝʬʠ-
ʮʠʝʥʪ, Ts ʝ ʧʨʘʛʲʪ ʥʘ ʚʤʲʢʚʘʥʝ ʟʘ 
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ʪʝʢʫʱʘʪʘ ʯʝʩʪʦʪʘ, Wk ʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ {-Ŭ, Ŭ}, ɔ ʠ ɓs ʩʘ 
ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʢʚʘʥʪʦʚʘʥʝ. ʉʪʦʡʥʦʩʪ-
ʪʘ ʥʘ ɔ ʩʝ ʠʟʙʠʨʘ ʘʜʘʧʪʠʚʥʦ, ʪʘʢʘ, ʯʝ 
ʜʘ ʥʝ ʩʝ ʧʨʦʤʝʥʠ ʚʠʜʠʤʦ ʢʘʨʪʠʥʘʪʘ. 
ʊʦʟʠ ʢʦʝʬʠʮʠʝʥʪ ʠʤʘ ʩʤʠʩʲʣ ʜʘ 
ʫʚʝʣʠʯʘʚʘ(ʥʘʤʘʣʷʚʘ) ʤʘʩʢʠʨʘʥʝʪʦ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ ʠ ʜʘ ʥʘʤʘʣʷʚʘ (ʫʚʝ-
ʣʠʯʘʚʘ) ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʤʘʨʢʠʨʘʥʝʪʦ. 
ʊʦʡ ʩʝ ʠʟʙʠʨʘ ʤʝʞʜʫ (0,1). ʇʘʨʘ-
ʤʝʪʲʨʲʪ ɓs ʩʝ ʠʟʧʦʣʟʚʘ ʜʘ ʢʦʥʪʨʦʣʠʨʘ 
ʠʟʙʦʨʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʚ ʜʘʜʝʥʘʪʘ 
ʯʝʩʪʦʪʘ ï ʢʦʣʢʦʪʦ ʧʦ-ʛʦʣʷʤʘ ʝ 
ʩʪʦʡʥʦʩʪʪʘ ʥʘ ɓs, ʪʦʣʢʦʚʘ ʝ ʧʦ-ʛʦʣʷʤʘ 
ʯʝʩʪʦʪʘʪʘ, ʚ ʢʦʷʪʦ ʩʝ ʚʤʲʢʚʘʪ ʢʦʝʬʠ-
ʮʠʝʥʪʠʪʝ. ɿʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʚʦʜʥʠʷʪ 
ʟʥʘʢ ʩʝ ʠʟʧʦʣʟʚʘ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

(4
)ʢʲʜʝʪʦ Cs* ʝ ʢʦʝʬʠʮʠʝʥʪʘ, ʢʦʡʪʦ ʩʤʝ 
ʠʟʚʣʝʢʣʠ ʦʪ ʚʝʨʦʷʪʥʦ ʘʪʘʢʫʚʘʥʦʪʦ 
ʠʟʦʙʨʘʞʝʥʠʝ I*, ʠ Cs ʝ ʢʦʝʬʠʮʠʝʥʪʘ ʦʪ 
ʦʨʠʛʠʥʘʣʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ I. ɼʝʪʝʢ-
ʮʠʷʪʘ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʩʝ ʠʟʚʲʨʰʚʘ 
ʯʨʝʟ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʧʦʜʦʙʠʝʪʦ ʤʝʞʜʫ 
C* ʠ Cs : 

(5
) 

ʢʲʜʝʪʦ Nw ʝ ʦʙʱʠʷʪ ʙʨʦʡ ʥʘ 
ʩʠʤʚʦʣʠʪʝ ʦʪ ʚʦʜʥʠʷʪ ʟʥʘʢ, Es,k(x,y) ʝ 
ʦʨʠʛʠʥʘʣʥʠʷʪ ʚʦʜʝʥ ʟʥʘʢ ʠ E*s,k(x,y) ʝ 
ʚʦʜʥʠʷʪ ʟʥʘʢ, ʠʟʚʣʝʯʝʥ ʦʪ ʢʦʝʬʠʮʠ-
ʝʥʪʠʪʝ ʥʘ ʘʪʘʢʫʚʘʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. 
ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʩʝ 
ʠʟʧʦʣʟʚʘ ʩʢʘʣʘʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ 
ʜʚʘ ʚʝʢʪʦʨʘ, ʥʦʨʤʘʣʠʟʠʨʘʥʦ ʩ ʪʝʭʥʠʪʝ 
ʥʦʨʤʘʣʥʠ ʩʪʦʡʥʦʩʪʠ ʢʘʪʦ ʤʷʨʢʘ ʟʘ 
ʧʦʜʦʙʠʝ, ʢʦʝʪʦ ʠʟʤʝʨʚʘ ʢʦʩʠʥʫʩʦʚʘʪʘ 
ʬʫʥʢʮʠʷ ʥʘ ʲʛʲʣʘ ʤʝʞʜʫ ʜʚʘʪʘ 
ʚʝʢʪʦʨʘ. ɺʩʷʢʦ ʧʦʜʦʙʠʝ, ʧʦ-ʤʘʣʢʦ ʦʪ 0 
ʩʝ ʪʨʝʪʠʨʘ ʢʘʪʦ ʥʫʣʘ, ʪʲʡ ʢʘʪʦ ʪʦʛʘʚʘ 
ʪʝʟʠ ʜʚʘ ʚʝʢʪʦʨʘ ʩʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠ 
ʧʦʩʦʢʠ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʪʦʚʘ ʧʦʜʦʙʠʝ ʝ 1, ʢʦʛʘʪʦ ʠʤʘʤʝ ʥʝ-
ʘʪʘʢʫʚʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʦʜʥʠʷʪ ʟʥʘʢ 
ʝ ʠʟʚʣʝʯʝʥ ʠʟʮʷʣʦ. 

ɺʲʧʨʝʢʠ ʯʝ ʚʦʜʥʠʪʝ ʟʥʘʮʠ, 
ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʧʩʝʚʜʦ-ʩʣʫʯʘʡʥʠʪʝ ʧʦʩ-
ʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʥʝ ʤʦʛʘʪ ʜʘ ʜʘʜʘʪ ʧʦ-
ʜʦʙʨʘ ʢʦʨʝʣʘʮʠʷ ʦʪ ʩʣʫʯʘʡʥʠʪʝ ʯʠʩʣʘ 
ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ, ʝʥʝʨ-
ʛʠʷʪʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʦʜʥʠ ʟʥʘʮʠ ʤʦʞʝ 
ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʦʜʦʙʥʘ, ʪʘʢʘ ʯʝ ʜʘ ʩʝ 
ʨʘʟʧʨʦʩʪʨʝ ʚ ʥʷʢʘʢʚʠ ʛʨʘʥʠʮʠ. ʊʲʡ ʯʝ, 
ʚʦʜʥʠ ʟʥʘʮʠ, ʛʝʥʝʨʠʨʘʥʠ ʩ ʨʘʟʣʠʯʥʠ 
ʠʥʠʮʠʘʣʠʟʠʨʘʱʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʩʝʚʜʦ-
ʩʣʫʯʘʡʥʠʷʪ ʛʝʥʝʨʘʪʦʨ ʤʦʛʘʪ ʜʘ ʠʤʘʪ 
ʝʜʥʘ ʠ ʩʲʱʘ ʩʪʝʧʝʥ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪ 
ʩʨʝʱʫ ʘʪʘʢʠ. 

ʆʧʠʩʘʥʦʪʦ ʜʦʪʫʢ ʦʧʠʩʚʘ ʪ. ʥʘʨ. 
ʘʣʛʦʨʠʪʲʤ non-blind ʚʦʜʥʦ ʤʘʨʢʠʨʘʥʝ, 
ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʦʨʠʛʠʥʘʣ-
ʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ. ɿʘ ʜʘ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘ ʚ 
blind, ʩʝ ʥʘʣʘʛʘʪ ʥʷʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
ʥʘ ʘʣʛʦʨʠʪʲʤʘ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʘʚʠ 
ʜʝʪʝʢʮʠʷ, ʙʝʟ ʥʘʣʠʯʠʝ ʥʘ ʦʨʠʛʠʥʘʣ-
ʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ.  ʅʘʡ-ʪʨʫʜʥʠʷʪ ʧʨʦʙ-
ʣʝʤ ʧʨʠ ʧʦʜʦʙʥʠ ʩʭʝʤʠ ʝ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʢʦʝʬʠʮʠʝʥʪʠʪʝ, ʚ ʢʦʠʪʦ ʝ 
ʚʤʲʢʥʘʪ ʚʦʜʥʠʷʪ ʟʥʘʢ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ 
ʦʪʜʝʣʷʪ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʩʘʤʠʷʪ 
ʚʦʜʝʥ ʟʥʘʢ. ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʥʘ ñblindò 
ʘʣʛʦʨʠʪʤʠʪʝ ʝ ʜʘ ʩʝ ʠʟʨʝʞʘʪ ʧʦʣʫʯʝ-
ʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʛʝʥʝ-
ʨʠʨʘʥʠ ñʧʩʝʚʜʦ-ʦʨʠʛʠʥʘʣʥʠò ʩʪʦʡʥʦʩʪʠ, 
ʠ ʪʦʛʘʚʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʜʘ ʩʝ ʥʘʣʦʞʠ 
ʚʲʨʭʫ ʪʝʟʠ ʢʦʝʬʠʮʠʝʥʪʠ ʟʘ ʜʘ ʩʝ 
ʧʦʣʫʯʠ ʪ. ʥʘʨ. ñʟʘʱʠʪʝʥʦ ʠʟʦʙʨʘʞʝ-
ʥʠʝò. 

ʅʝʢʘ Cs(x,y) ʝ ʠʟʙʨʘʥʠʷʪ ʢʦʝʬʠ-
ʮʠʝʥʪ ʦʪ ʯʝʩʪʦʪʘ s ʩ ʪʝʢʫʱʘ ʧʨʘʛʦʚʘ 
ʩʪʦʡʥʦʩʪ Ts, ʪʘʢʘ ʯʝ TsyxCTs ³¢ 2),( < , 

ʪʦʛʘʚʘ ʟʘʱʠʪʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ Cs ʱʝ 
ʙʲʜʝ : 

 
(6) 

ʢʲʜʝʪʦ W(x,y) ʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 
ʚʦʜʥʠʷʪ ʟʥʘʢ, sign ʝ ʟʥʘʢʲʪ ʥʘ ʩʪʦʡ-
ʥʦʩʪʪʘ ʥʘ Cs(x,y), ʠ ʦʧʝʨʘʪʦʨʲʪ ȹ ʝ 
ʜʝʬʠʥʠʨʘʥ ʢʘʪʦ: 

  
(7) 
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ʢʲʜʝʪʦ p ʝ ʮʷʣʦ ʯʠʩʣʦ, ʤʝʞʜʫ 1 ʠ (2Ŭ)-1. 
ʊʦʛʘʚʘ ʨʘʟʩʪʦʷʥʠʝʪʦ DISs,p(x,y) ʤʝʞʜʫ 
ȹ(Cs(x,y)) ʠ Cs(x,y) ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ 
ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ(9): 

   
(8) 

ʊʘʢʘ ʯʝ ʚʝʯʝ ʤʦʞʝʤ ʜʘ ʦʧʨʝ-
ʜʝʣʠʤ ʩʪʦʡʥʦʩʪʪʘ ʥʘ p ʯʨʝʟ : 

          
(9) 

ʉʣʝʜ ʢʘʪʦ ʩʤʝ ʦʧʨʝʜʝʣʠʣʠ p, 
ʠʤʘʤʝ : 

sps TyxDIS ³¢a),(,                    

(10) 

ɼʝʪʝʢʮʠʷʪʘ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʩʝ 
ʠʟʯʠʩʣʷʚʘ ʧʦ ʜʘʜʝʥʘʪʘ ʧʦ-ʛʦʨʝ ʬʦʨʤʫ-
ʣʘ, ʢʲʜʝʪʦ Es,k(x,y) ʩʝ ʟʘʤʝʩʪʚʘ ʩ: 

),(),(),( ,,, yxCxsignyxCyxE ksnksks

*** DÖÖ-= (11

) 

ʢʲʜʝʪʦ ȹp ʝ ʨʘʚʥʦ ʥʘ (1+2pŬ)Ts*, ʠ 
Ts ʩʝ ʠʟʯʠʩʣʷʚʘ ʦʪ C*. ʊʲʡ ʢʘʪʦ Ts* ʩʝ 
ʠʟʯʠʩʣʷʚʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʘʡ-ʛʦʣʝʤʠʷʪ 
ʢʦʝʬʠʮʠʝʥʪ ʚ ʜʘʜʝʥʘ ʯʝʩʪʦʪʘ s, ʠ ʚ 
ʪʦʟʠ ʢʦʝʬʠʮʠʝʥʪ ʥʝ ʩʝ ʚʤʲʢʚʘ ʥʠʢʘʢʚʘ 
ʜʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʤʦʞʝ ʜʘ 
ʩʝ ʩʯʠʪʘ, ʯʝ ʪʦʡ ʱʝ ʙʲʜʝ ʤʘʢʩʠʤʘʣʥʦ 
ʙʣʠʟʲʢ ʜʦ ʦʨʠʛʠʥʘʣʥʠʷʪ. ɸʢʦ ʩʝ ʚʟʝʤʝ 
ʟʘ ʜʘʜʝʥ ʢʦʝʬʠʮʠʝʥʪʘ ɓ <= 1.0 ʠ ʘʢʦ 
ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ Côs,k(x,y) ʝ 
ʙʠʣʘ ʧʨʦʤʝʥʝʥʘ ʩ ʧʦ-ʤʘʣʢʦ ʦʪ ŬTs, 
ʪʦʛʘʚʘ ʚʦʜʥʠʷʪ ʟʥʘʢ ʚ Cs(x,y) ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʠʟʚʣʝʯʝʥ ʠʟʮʷʣʦ. ʇʦ ʛʦʣʝʤʠ 
ʩʪʦʡʥʦʩʪʠ ʥʘ Ŭ ʤʦʛʘʪ ʜʘ ʦʩʠʛʫʨʷʪ ʧʦ-
ʛʦʣʷʤʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʚʦʜʥʠʷʪ ʟʥʘʢ, 
ʥʦ ʩʲʱʦ ʪʘʢʘ ʠ ʧʦ-ʛʦʣʷʤʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʰʫʤʘ, ʛʝʥʝʨʠʨʘʥ ʦʪ ʚʦʜʥʠʷʪ ʟʥʘʢ 
PSNR.  
 

6. ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʨʝʜʣʘʛʘʥʠʷʪ ʤʝʪʦʜ ʤʦʞʝ ʜʘ ʩʝ 
ʠʟʧʦʣʟʫʚʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʨʘʟʨʘ-
ʙʦʪʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ 
ʧʦʩʪʘʚʷʥʝ ʥʘ ʚʦʜʥʠ ʟʥʘʮʠ. ɺ ʨʝʟʫʣʪʘʪ 
ʪʘʢʘ ʧʨʦʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʚ ʟʥʘʯʠ-
ʪʝʣʥʘ ʩʪʝʧʝʥ ʝ ʧʦ ʫʩʪʦʡʯʠʚ ʥʘ ʛʝʦʤʝʪ-

ʨʠʯʥʠ ʠʟʢʨʠʚʷʚʘʥʠʷ ʦʪ ʧʦʚʝʯʝʪʦ ʧʦʟʥʘ-
ʪʠ ʙʣʠʥʜ ʘʣʛʦʨʠʪʤʠ, ʧʦʜʨʷʟʚʘʥʝ ʟʘ-
ʚʲʨʪʘʥʝ ʠ ʥʝ ʠʟʠʩʢʚʘ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ 
ʚʦʜʥʠʷ ʟʥʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʦʨʠʛʠ-
ʥʘʣʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. 
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ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʩʨʝʜʘ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʘ 
ʩʠʤʫʣʘʮʠʷ 
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ʈʝʟʶʤʝ: ʈʘʟʧʨʝʜʝʣʝʥʦʪʦ ʜʠʩʢʨʝʪʥʦ ʤʦʜʝʣʠʨʘʥʝ ʩʲʢʨʘʱʘʚʘ ʚʨʝʤʝʪʦ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ 
ʘʥʘʣʠʟ ʥʘ ʩʣʦʞʥʠ ʜʠʩʢʨʝʪʥʠ ʩʠʩʪʝʤʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʦʱ ʥʘ ʤʥʦʞʝʩʪʚʦ 
ʧʨʦʮʝʩʦʨʠ. ʉʪʘʪʠʷʪʘ ʧʨʝʜʩʪʘʚʷ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʧʦʜʩʠʩʪʝʤʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ 
ʢʘʪʦ ʯʘʩʪ ʦʪ ʩʠʩʪʝʤʘ ʨʘʟʧʨʝʜʝʣʝʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʬʫʥʢʮʠʦʥʠʨʘʱʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʆʉ 
Linux ʚ ʩʨʝʜʘʪʘ ʥʘ ʤʨʝʞʘ ʦʪ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ. ʇʨʝʜʩʪʘʚʝʥ ʝ ʚʘʨʠʘʥʪ ʥʘ ʢʣʲʩʪʝʨʥʘ 
ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩʠ, ʢʘʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ 
ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʮʠʠ. 
 
 

Comunication Subsystem for Distributed Simulation 
Environment 

 
H.Valchanov, N.Ruskova, T.Ruskov 

 

Abstract: Parallel discrete event simulation (PDES) is a basic approach for evaluation of the 

complex systems. A PDES attempts to speed up the execution of a simulation by distributing the 

simulationôs workload between multiple processors. A network of workstations is a widely 

available platform for PDES. This paper explores an implementationôs details of a communication 

subsystem for PDES. The techniques for reducing of interprocessor communication overload are 

presented. 

 

 

1. ʋʚʦʜ 
 

ʆʩʥʦʚʝʥ ʧʦʜʭʦʜ ʟʘ ʢʦʤʧʣʝʢʩʥʦ 
ʠʟʩʣʝʜʚʘʥʝ ʠ ʦʮʝʥʢʘ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ 
ʥʘ ʩʣʦʞʥʠ ʩʠʩʪʝʤʠ ʝ ʠʤʠʪʘʮʠʦʥʥʦʪʦ 
ʤʦʜʝʣʠʨʘʥʝ (ʀʄ), ʠʟʚʝʩʪʥʦ ʦʱʝ ʢʘʪʦ 
ʩʠʤʫʣʘʮʠʷ. ɿʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʦʯʥʠ 
ʨʝʟʫʣʪʘʪʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʚʘʥʝ 
ʥʘ ʦʙʝʤʥʠ ʠ ʢʦʤʧʣʝʢʩʥʠ ʤʦʜʝʣʠ, ʢʦʝʪʦ 
ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʚʦʜʠ ʜʦ ʜʨʘʤʘʪʠʯʥʦ 
ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʪʷʭʥʘʪʘ 
ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ʋʩʢʦʨʷʚʘʥʝ ʥʘ ʧʨʦʮʝʩʘ 
ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 
ʯʨʝʟ ʥʝʛʦʚʦʪʦ ʨʘʟʧʘʨʘʣʝʣʚʘʥʝ (ʨʘʟ-
ʧʨʝʜʝʣʷʥʝ) ʚʲʨʭʫ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝ-
ʩʦʨʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʤʦʱʥʠ ʤʫʣʪʠʧʨʦ-
ʮʝʩʦʨʥʠ ʩʠʩʪʝʤʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ 
ʨʘʟʧʨʝʜʝʣʝʥʦʪʦ ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝʣʠ-
ʨʘʥʝ (ʈʀʄ) ʩʝ ʨʘʟʚʠʚʘ ʚ ʦʛʨʘʥʠʯʝʥ 
ʙʨʦʡ ʥʘʫʯʥʦ-ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʣʘʙʦʨʘ-
ʪʦʨʠʠ, ʨʘʟʧʦʣʘʛʘʱʠ ʩ ʤʦʱʥʠ ʢʦʤʧʶʪ-
ʨʠ, ʠʟʛʨʘʜʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʝʩʝʪʢʠ ʠ 

ʜʘʞʝ ʩʪʦʪʠʮʠ ʧʘʨʘʣʝʣʥʦ ʨʘʙʦʪʝʱʠ 
ʧʨʦʮʝʩʦʨʠ.  

ʇʨʠ ʈʀʄ ʤʦʜʝʣʲʪ ʩʝ ʜʝʢʦʤ-
ʧʦʟʠʨʘ ʥʘ ʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩʠ (ʃʇ), 
ʚʩʝʢʠ ʦʪ ʢʦʠʪʦ ʩʠʤʫʣʠʨʘ ʝʜʠʥ ʠʣʠ 
ʥʷʢʦʣʢʦ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʦʜʝʣʠʨʘʥʘʪʘ 
ʩʠʩʪʝʤʘ. ʃʇ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʚʲʨʭʫ 
ʨʘʟʣʠʯʥʠ ʧʨʦʮʝʩʦʨʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠ-
ʝʪʦ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ 
ʩʝ ʦʪʨʘʟʷʚʘ ʯʨʝʟ ʩʲʙʠʪʠʷ, ʢʦʠʪʦ ʩʝ 
ʩʠʤʫʣʠʨʘʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʘʚʘʥʝ ʥʘ 
ʩʲʦʙʱʝʥʠʷ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʠʪʝ 
ʧʨʦʮʝʩʠ. ɺʩʷʢʦ ʩʲʦʙʱʝʥʠʝ ʥʦʩʠ ʠʥ-
ʬʦʨʤʘʮʠʷ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʩʪʲʧʚʘ-ʥʝ 
ʥʘ ʩʲʦʪʚʝʪʥʦʪʦ ʩʲʙʠʪʠʝ (ʚʨʝʤʝʥʝʥ 
ʤʘʨʢʝʨ) [1]. 

  ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʣʦʢʘʣʥʠ-
ʪʝ ʢʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ (ʃʂʄ) ʜʘʚʘ ʥʦʚʠ 
ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʛʦʣʝʤʠ 
ʠʟʯʠʩʣʠʪʝʣʥʠ ʨʝʩʫʨʩʠ ʟʘ ʫʩʢʦʨʷʚʘʥʝ 
ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠʷ ʧʨʦʮʝʩ, ʢʘʢʪʦ ʠ ʟʘ 
ʧʦʧʫʣʷʨʠʟʠʨʘʥʝʪʦ ʤʫ. ʊʠʧʠʯʥʦ ʤʨʝʞʠ-
ʪʝ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ ʥʘ 
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ʙʘʟʘʪʘ ʥʘ ʧʝʨʩʦʥʘʣʥʠ ʢʦʤʧʶʪʨʠ, 
ʩʚʲʨʟʘʥʠ ʯʨʝʟ Ethernet ʧʨʦʪʦʢʦʣ ʠ ʩʝ 
ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʩʠʩʪʝʤʠ ʩ ʨʘʟʧʨʝ-
ʜʝʣʝʥʘ ʧʘʤʝʪ. ʃʂʄ ʧʨʠʪʝʞʘʚʘʪ ʥʠʩʢʘ 
ʩʝʙʝʩʪʦʡʥʦʩʪ ʠ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʣʝʩʥʘ 
ʧʨʝʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʪʨʘʜʠ-
ʮʠʦʥʥʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʟʘ ʮʝʣʠʪʝ ʥʘ 
ʈʀʄ ʤʫʣʪʠʧʨʦʮʝʩʦʨʥʠ ʩʠʩʪʝʤʠ ʩ ʦʙʱʘ 
ʧʘʤʝʪ. ʉʲʱʝʚʨʝʤʝʥʥʦ ʃʂʄ ʠʟʧʦʣʟʚʘʪ 
ʤʘʩʦʚʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʦ ʘʧʘʨʘʪʥʦ ʠ 
ʧʨʦʛʨʘʤʥʦ ʦʩʠʛʫʨʷʚʘʥʝ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ 
ʜʦʩʪʲʧʥʠ ʟʘ ʰʠʨʦʢ ʢʨʲʛ ʧʦʪʨʝʙʠʪʝʣʠ. 
ʈʘʟʧʨʝʜʝʣʝʥʠʪʝ ʩʠʩʪʝʤʠ, ʙʘʟʠʨʘʥʠ ʥʘ 
ʃʂʄ, ʧʦʟʚʦʣʷʚʘʪ ʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣ-
ʟʚʘʥʝ ʥʘ ʥʘʣʠʯʥʠʪʝ ʥʝʥʘʪʦʚʘʨʝʥʠ 
ʧʨʦʮʝʩʦʨʠ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʤʧʶʪ-
ʨʠʪʝ ʚ ʤʨʝʞʘʪʘ, ʩʲʟʜʘʚʘʡʢʠ ʫʩʣʦʚʠʷ ʟʘ 
ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠ ʤʦʜʝʣʠ ʩ 
ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʧʘʨʘʣʝ-
ʣʠʟʲʤ [2]. 

 
2. ʂʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʃʇ 
 

ʇʨʠ ʤʝʞʜʫʧʨʦʮʝʩʥʘʪʘ 
ʢʦʤʫʥʠʢʘʮʠʷ ʚ ʩʠʩʪʝʤʠʪʝ ʩ ʨʘʟʧʨʝ-
ʜʝʣʝʥʘ ʧʘʤʝʪ, ʢʘʢʚʠʪʦ ʩʘ ʃʂʄ, ʩʲʦʙ-
ʱʝʥʠʷʪʘ ʟʘ ʩʲʙʠʪʠʷ ʩʝ ʧʨʝʜʘʚʘʪ 
ʤʝʞʜʫ ʧʨʦʮʝʩʦʨʠʪʝ ʚ ʤʨʝʞʘʪʘ ʩ 
ʧʦʤʦʱʪʘ ʥʘ ʧʦʜʭʦʜʷʱʠ ʤʨʝʞʦʚʠ ʧʨʦ-
ʪʦʢʦʣʠ. ʀʟʧʦʣʟʚʘʥʠʪʝ ʧʨʦʪʦʢʦʣʠ ʟʘ 
ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʠʟʠʩʢʚʘʪ ʤʥʦʞʝʩʪʚʦ 
ʩʣʫʞʝʙʥʠ ʩʲʦʙʱʝʥʠʷ, ʢʦʠʪʦ ʥʘʪʦ-
ʚʘʨʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʤʨʝʞʦʚʘʪʘ ʢʦʤʫ-
ʥʠʢʘʮʠʷ. ʆʛʨʘʥʠʯʝʥʘʪʘ ʧʨʦʧʫʩʢʘ-ʪʝʣʥʘ 
ʩʧʦʩʦʙʥʦʩʪ, ʟʘʢʲʩʥʝʥʠʷʪʘ ʟʘ ʪʨʘʥʩʧʦʨ-
ʪʠʨʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ  ʠ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʪʘ ʦʪ ʥʘʜʝʞʜʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ 
ʤʨʝʞʦʚʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʨʘʙʦʪ-
ʥʠʪʝ ʩʪʘʥʮʠʠ ʦʧʨʝʜʝʣʷʪ ʠ ʧʦ-ʥʠʩʢʘʪʘ 
ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʈʀʄ ʚ ʃʂʄ ʧʦ ʦʪʥʦ-
ʰʝʥʠʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʩ ʦʙʱʘ ʧʘʤʝʪ.  

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʚʠʩʦʢʘ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʥʦʩʪ, ʨʘʟʧʨʝʜʝʣʝʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ 
ʤʦʜʝʣʠʨʘʥʝ ʩʘ ʙʘʟʠʨʘʥʠ ʥʘ ʙʠʙ-
ʣʠʦʪʝʢʠ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ. 
ɽʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʩʲʚʨʝ-
ʤʝʥʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʪʘʥʜʘʨʪʠ  ʝ 
ʩʪʘʥʜʘʨʪʲʪ MPI [3]. ʉʪʘʥʜʘʨʪʲʪ MPI 
ʜʝʬʠʥʠʨʘ ʧʨʦʛʨʘʤʝʥ ʠʥʪʝʨʬʝʡʩ, ʙʘʟʠ-
ʨʘʥ ʥʘ ʦʙʤʝʥ ʥʘ ʩʲʦʙʱʝʥʠʷ. ɺ ʤʦʜʝʣʘ 

ʥʘ MPI ʧʨʠʣʦʞʥʘʪʘ ʧʨʦʛʨʘʤʘ ʩʝ ʨʘʟ-
ʛʣʝʞʜʘ ʢʘʪʦ ʢʦʤʧʣʝʢʩ ʦʪ ʢʦʤʫʥʠʢʠʨʘʱʠ 
ʩʠ ʧʘʨʘʣʝʣʥʠ ʧʨʦʮʝʩʠ, ʦʙʦʩʦʙʝʥʠ ʚ 
ʦʪʜʝʣʥʠ ʛʨʫʧʠ. ʇʨʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʩʝ 
ʠʟʧʦʣʟʚʘ ʤʝʭʘʥʠʟʲʤ ʟʘ ʙʫʬʝʨʠʨʘʥʝ ʥʘ 
ʩʲʦʙʱʝʥʠʷʪʘ, ʢʦʡʪʦ ʝ ʧʨʦʟʨʘʯʝʥ ʦʪ 
ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ. ʅʘ ʤʨʝ-
ʞʦʚʦ ʥʠʚʦ ʚ ʧʦʚʝʯʝʪʦ ʨʝʘʣʠʟʘʮʠʠ 
ʦʙʤʝʥʲʪ ʝ ʙʘʟʠʨʘʥ ʥʘ ʧʨʦʪʦʢʦʣʘ 
TCP/IP. MPI ʧʨʝʜʦʩʪʘʚʷ ʫʜʦʙʥʠ ʦʪ 
ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʧʨʦʛʨʘʤʠʩʪʘ ʩʨʝʜʩʪʚʘ 
ʟʘ ʦʙʤʝʥ ʥʘ ʩʲʦʙʱʝʥʠʷ, ʥʦ 
ʩʧʝʮʠʬʠʯʥʠʷʪ ʭʘʨʘʢʪʝʨ ʥʘ ʩʠʥʭʨʦ-
ʥʠʟʘʮʠʷʪʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʣʦʢʠ-
ʨʘʱʠ ʧʨʠʤʠʪʠʚʠ ʟʘ ʦʙʤʝʥ ʥʝ ʩʲʦʪ-
ʚʝʪʩʪʚʘʪ ʥʘ ʘʩʠʥʭʨʦʥʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʚ ʈʀʄ ʠ ʤʦʞʝ ʜʘ 
ʧʨʝʜʠʟʚʠʢʘʪ ʩʠʪʫʘʮʠʠ ʥʘ ʚʟʘʠʤʥʘ ʙʣʦ-
ʢʠʨʦʚʢʘ ʤʝʞʜʫ ʧʨʦʮʝʩʠʪʝ.   

ʅʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʜʠʩʢʫʪʠʨʘ 
ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 
ʝʬʝʢʪʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʧʦʜʩʠʩ-
ʪʝʤʘ ʢʘʪʦ ʯʘʩʪ ʦʪ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʠʩ-
ʪʝʤʘ ʟʘ ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ, 
ʬʫʥʢʮʠʦʥʠʨʘʱʘ ʚʲʨʭʫ ʣʦʢʘʣʥʘ ʤʨʝʞʘ 
ʦʪ ʧʝʨʩʦʥʘʣʥʠ ʢʦʤʧʶʪʨʠ i586 ʧʦʜ 
ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʆʉ Linux ʠ ʠʟʧʦʣ-
ʟʚʘʱʘ ʪʨʘʥʩʧʦʨʪʝʥ ʧʨʦʪʦʢʦʣ SCTP. 

 
3. ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʩʨʝʜʘ 
 
ʂʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ ʧʦʜʩʠʩʪʝʤʘ 

(ʂʇ) (ʬʠʛ.1) ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʨʘʟ-
ʧʨʝʜʝʣʝʥʦ  ʩʠʤʫʣʠʨʘʥʝ [4] ʨʝʘʣʠʟʠʨʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʷ ʠʥʪʝʨʬʝʡʩ ʚ ʨʘʟ-
ʧʨʝʜʝʣʝʥʘʪʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʩʨʝʜʘ. ʂʦ-
ʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʮʠʠ 
ʝ ʨʝʘʣʠʟʠʨʘʥʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʦʪʦʢʦʣʘ 
SCTP (Stream Control Transmission 
Protocol), ʥʘʤʠʨʘʱ ʩʝ ʥʘ ʪʨʘʥʩʧʦʨʪ-
ʥʦʪʦ ʥʠʚʦ ʥʘ TCP/IP ʧʨʦʪʦʢʦʣʥʠʷ ʩʪʝʢ 
[5].  
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ʄʨʝʞʘ ʦʪ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ 

SCTP 

ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʧʦʜʩʠʩʪʝʤʘ 

ɽʜʥʦ-
ʧʨʦʮʝʩʦʨʥʘ 

ʤʘʰʠʥʘ 

ʉʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ 

 
ʌʠʛ.1 ʉʪʨʫʢʪʫʨʘ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʈʀʄ 

 
ʉ ʮʝʣ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ 
ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʝ ʚʲʚʝʜʝʥʘ ʢʣʲʩ-
ʪʝʨʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʣʦʛʠʯʝʩʢʠʪʝ 
ʧʨʦʮʝʩʠ. ʆʧʨʝʜʝʣʝʥ ʙʨʦʡ ʃʇ ʩʝ ʛʨʫ-
ʧʠʨʘʪ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʠʥ ʧʨʦʮʝʩ ʚ ʆʉ, 
ʠʟʧʲʣʥʷʚʘʱ ʩʝ ʥʘ ʜʘʜʝʥʘ ʨʘʙʦʪʥʘ 
ʩʪʘʥʮʠʷ. ʊʦʟʠ ʧʨʦʮʝʩ (ʢʣʲʩʪʝʨ) ʦʩʲ-
ʱʝʩʪʚʷʚʘ ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʩʚʦʠʪʝ 
ʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩʠ ʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʩ 
ʦʩʪʘʥʘʣʠʪʝ ʢʣʲʩʪʝʨʠ ʥʘ ʩʲʱʘʪʘ 
ʨʘʙʦʪʥʘ ʩʪʘʥʮʠʷ ʠ ʚ ʤʨʝʞʘʪʘ. ɺʩʝʢʠ 
ʢʣʲʩʪʝʨ ʚʢʣʶʯʚʘ ʩʧʝʮʠʘʣʥʦ ʢʦʤʫʥʠ-
ʢʘʮʠʦʥʥʦ ʷʜʨʦ (ʂʗ).  

ʂʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʷʜʨʘ ʢʦʤʫʥʠ-
ʢʠʨʘʪ ʧʦʤʝʞʜʫ ʩʠ ʯʨʝʟ SCTP ʩʲʦʙ-
ʝɦʥʠʷ, ʢʦʠʪʦ ʩʧʦʨʝʜ ʩʚʦʷʪʘ ʬʫʥʮʠʦ-
ʥʘʣʥʦʩʪ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʝ ʦʩʥʦʚʥʠ 
ʛʨʫʧʠ: 

¶ ʜʘʥʥʦʚʠ ʩʲʦʙʱʝʥʠʷ ï  ʩʲʦʙ-
ʱʝʥʠʷ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʮʝʣʠʪʝ ʥʘ 
ʩʠʤʫʣʘʮʠʷʪʘ. ʊʘʢʠʚʘ ʩʲʦʙʱʝʥʠʷ 
ʩʘ ʠʟʧʨʘʱʘʪ ʦʪ ʜʘʜʝʥ ʃʇ ʢʲʤ 
ʚʭʦʜʷʱʘʪʘ ʦʧʘʰʢʘ ʥʘ ʜʨʫʛ ʃʇ; 

¶ ʢʦʥʪʨʦʣʥʠ ʩʲʦʙʱʝʥʠʷ - ʪʝʟʠ ʩʲ-
ʦʙʱʝʥʠʷ ʦʩʪʘʚʘʪ ʩʢʨʠʪʠ ʟʘ ʧʨʠ-
ʣʦʞʥʠʷ ʢʦʜ. ʊʦʚʘ ʩʘ ʩʲʦʙʱʝʥʠʷ, 
ʢʦʠʪʦ ʷʜʨʘʪʘ ʧʨʘʱʘʪ ʧʦʤʝʞʜʫ 
ʩʠ, ʟʘ ʜʘ ʩʠʥʭʨʦʥʠʟʠʨʘʪ ʨʘʙʦ-
ʪʘʪʘ ʩʠ ʠ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʧʨʦʮʝ-
ʩʘ ʥʘ ʩʠʤʫʣʘʮʠʷ. 
 
4. ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥ-

ʥʘʪʘ ʩʨʝʜʘ 
 
ɺʲʟʤʦʞʥʠ ʩʘ ʜʚʝ ʦʩʥʦʚʥʠ ʘʨʭʠ-

ʪʝʢʪʫʨʠ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʮʠʠ: 

¶ ʨʘʟʧʨʝʜʝʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ - 
ʚʩʠʯʢʠ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ ʩʘ 
ʨʘʚʥʦʩʪʦʡʥʠ ʠ ʚʲʚ ʚʩʝʢʠ ʝʜʠʥ 

ʤʦʤʝʥʪ ʦʪ ʚʨʝʤʝ ʜʘʜʝʥʘ ʨʘʙʦʪ-
ʥʘ ʩʪʘʥʮʠʷ ʤʦʞʝ ʜʘ ʠʟʧʨʘʪʠ 
ʩʲʦʙʱʝʥʠʝ ʜʦ ʚʩʷʢʘ ʜʨʫʛʘ ʨʘ-
ʙʦʪʥʘ ʩʪʘʥʮʠʷ; 

¶ ʮʝʥʪʨʘʣʠʟʠʨʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ - 
ʪʘʟʠ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʦʣʘʛʘ ʩʲ-
ʱʝʩʪʚʫʚʘʥʝ ʥʘ ʢʦʦʨʜʠʥʠʨʘʱʘ 
ʨʘʙʦʪʥʘ ʩʪʘʥʮʠʷ. ɺʩʠʯʢʠ ʩʲʦʙ-
ʱʝʥʠʷ ʩʝ ʠʟʧʨʘʱʘʪ ʧʲʨʚʦ ʢʲʤ 
ʪʘʟʠ ʩʪʘʥʮʠʷ, ʢʦʷʪʦ ʠʥʪʝʨ-
ʧʨʝʪʠʨʘ ʠʣʠ ʧʨʝʧʨʘʱʘ ʢʲʤ ʩʪʘʥ-
ʮʠʠʪʝ ʧʦʣʫʯʘʪʝʣʠ.  
ɺʩʷʢʘ ʝʜʥʘ ʦʪ ʪʝʟʠ ʘʨʭʠʪʝʢʪʫʨʠ 

ʠʤʘ ʩʚʦʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ. 
ʇʲʨʚʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʝ ʩʨʘʚʥʠʪʝʣʥʦ 
ʣʝʩʥʘ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʠ ʧʦʟʚʦʣʷʚʘ 
ʧʨʠʥʮʠʧʥʦ ʙʲʨʟ ʦʙʤʝʥ ʥʘ ʜʘʥʥʠ ʤʝʞʜʫ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʧʦʜʩʠʩʪʝʤʠ ʥʘ 
ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʮʠʠ. ɼʠʥʘʤʠʯʥʦʪʦ ʩʲʟ-
ʜʘʚʘʥʝ ʥʘ ʥʦʚʠ ʃʇ, ʜʠʥʘʤʠʯʥʦʪʦ ʙʘ-
ʣʘʥʩʠʨʘʥʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ, ʚʲʟʤʦʞ-
ʥʦʩʪʪʘ ʜʘ ʩʝ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ ʜʦ 
ʃʇ, ʠʟʧʲʣʥʷʚʘʱ ʩʝ ʚ ʧʨʦʠʟʚʦʣʝʥ 
ʢʣʲʩʪʝʨ, ʚʦʜʠ ʜʦ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʚʩʷ-
ʢʘ ʝʜʥʘ ʨʘʙʦʪʥʘ ʩʪʘʥʮʠʷ ʜʘ ʩʲʭʨʘʥʷʚʘ 
ʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 
ʦʩʪʘʥʘʣʠʪʝ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ. ʊʦʚʘ ʦʪ 
ʩʚʦʷ ʩʪʨʘʥʘ ʟʥʘʯʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘ 
ʤʨʝʞʦʚʠʷ ʪʨʘʬʠʢ, ʫʚʝʣʠʯʘʚʘ ʚʨʝʤʝʪʦ 
ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʩʪʲʧʠʣʠʪʝ ʦʪ ʤʨʝ-
ʞʘʪʘ ʩʲʦʙʱʝʥʠʷ ʠ ʚʦʜʠ ʜʦ ʟʘʙʘʚʷʥʝ ʥʘ 
ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʧʦʨʘʜʠ ʬʘʢʪʘ, 
ʯʝ ʚʩʷʢʘ ʨʘʙʦʪʥʘ ʩʪʘʥʮʠʷ ʧʨʠ ʧʨʦʤʷʥʘ 
ʥʘ ʩʚʦʝʪʦ ʩʲʩʪʦʷʥʠʝ ʪʨʷʙʚʘ ʚʝʜʥʘʛʘ ʜʘ 
ʠʟʧʨʘʪʠ ʩʲʦʙʱʝʥʠʝ ʜʦ ʜʨʫʛʠʪʝ. 

ʇʨʠ ʚʪʦʨʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʂʗ ʥʘ 
ʢʦʦʨʜʠʥʠʨʘʱʘʪʘ ʨʘʙʦʪʥʘ ʩʪʘʥʮʠʷ 
ʨʘʙʦʪʠ ʧʦ ʘʣʛʦʨʠʪʲʤ, ʨʘʟʣʠʯʘʚʘʱ ʩʝ 
ʦʪ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʩʪʘʥʮʠʠ. 
ɽʜʠʥʩʪʚʝʥʦ ʢʦʦʨʜʠʥʠʨʘʱʘʪʘ ʩʪʘʥʮʠʷ 
ʩʲʜʲʨʞʘ ʧʲʣʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 
ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʠ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʢʦ-
ʦʨʜʠʥʘʪʦʨ ʤʝʞʜʫ ʪʷʭ. ʊʦʚʘ ʟʥʘʯʠʪʝʣʥʦ 
ʥʘʤʘʣʷʚʘ ʪʨʘʬʠʢʘ ʧʦ ʤʨʝʞʘʪʘ, ʥʦ 
ʩʲʱʝʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʘʚʘ ʚʨʝʤʝʪʦ, ʟʘ 
ʢʦʝʪʦ ʂʗ ʥʘ ʜʚʝ ʩʪʘʥʮʠʠ ʩʠ ʦʙʤʝʥʷʪ 
ʠʥʬʦʨʤʘʮʠʷ, ʪʲʡ ʢʘʪʦ ʩʲʦʪʚʝʪʥʠʪʝ 
ʩʲʦʙʱʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʧʨʝʤʠʥʘʪ ʧʨʝʟ 
ʢʦʦʨʜʠʥʘʪʦʨʘ.  
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ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ 
ʧʦʜʩʠʩʪʝʤʘ ʠʟʧʦʣʟʚʘ ʩʤʝʩʝʥʘ ʘʨʭʠ-
ʪʝʢʪʫʨʘ, ʢʘʪʦ ʩʝ ʦʧʠʪʚʘ ʜʘ ʧʦʣʟʚʘ ʧʨʝ-
ʜʠʤʩʪʚʘʪʘ ʠ ʥʘ ʜʚʘʪʘ ʘʣʛʦʨʠʪʲʤʘ ʠ ʜʘ 
ʠʟʢʣʶʯʠ ʥʷʢʦʠ ʦʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʠʤ. 
ʇʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʷ ʘʣʛʦ-
ʨʠʪʲʤ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʘʥʥʦʚʠʪʝ ʩʲ-
ʦʙʱʝʥʠʷ ʩʘ ʙʝʟʩʧʦʨʥʠ. ɼʘʥʥʦʚʠʪʝ ʩʲ-
ʦʙʱʝʥʠʷ ʚʲʟʥʠʢʚʘʪ ʘʩʠʥʭʨʦʥʥʦ, ʥʝ 
ʠʟʠʩʢʚʘʪ ʟʘʜʲʣʞʠʪʝʣʝʥ ʦʪʛʦʚʦʨ ʠ ʥʷ-
ʤʘʪ ʧʨʷʢʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʨʘʙʦʪʘʪʘ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ. ʊʝ ʩʝ ʧʨʘ-
ʱʘʪ ʜʠʨʝʢʪʥʦ ʤʝʞʜʫ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥ-
ʮʠʠ. ʇʨʠ ʢʦʥʪʨʦʣʥʠʪʝ ʩʲʦʙʱʝʥʠʷ 
ʥʝʱʘʪʘ ʩʪʦʷʪ ʧʦ-ʨʘʟʣʠʯʥʦ. ɿʘ ʛʝʥʝʨʠ-
ʨʘʥʝʪʦ ʥʘ ʧʨʘʚʠʣʥʦ ʢʦʥʪʨʦʣʥʦ ʩʲʦʙ-
ʱʝʥʠʝ ʩʪʘʥʮʠʷʪʘ-ʠʟʪʦʯʥʠʢ ʪʨʷʙʚʘ ʜʘ 
ʠʤʘ ʦʧʨʝʜʝʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʝʢʫ-
ʱʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ. 
ʅʘʧʨʠʤʝʨ, ʧʨʠ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʩʲʦʙ-
ʱʝʥʠʝ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚ ʃʇ ʝ ʥʝʦʙ-
ʭʦʜʠʤʦ ʨʘʙʦʪʥʘʪʘ ʩʪʘʥʮʠʷ ʜʘ ʧʦʟʥʘʚʘ 
ʚʩʠʯʢʠ ʨʘʙʦʪʥʠ ʩʪʘʥʮʠʠ, ʫʯʘʩʪʚʘʱʠ ʚ 
ʩʠʤʫʣʘʮʠʷʪʘ. Oʩʚʝʥ ʪʦʚʘ, ʟʘ ʨʝʘʣʠʟʠ-
ʨʘʥʝ ʥʘ ʙʘʣʘʥʩʠʨʘʥʦ ʜʠʥʘʤʠʯʥʦʪʦ ʥʘ-
ʪʦʚʘʨʚʘʥʝ, ʩʪʘʥʮʠʷʪʘ ʪʨʷʙʚʘ ʜʘ ʠʤʘ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʤʦʤʝʥʪʥʘʪʘ ʥʘʪʦʚʘ-
ʨʝʥʦʩʪ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʩʪʘʥʮʠʠ, ʟʘ ʜʘ 
ʦʧʨʝʜʝʣʠ ʥʘʡ-ʧʦʜʭʦʜʷʱʘʪʘ ʟʘ ʩʲʟʜʘ-
ʚʘʥʝ ʥʘ ʥʦʚʠʷ ʃʇ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ 
ʧʨʝʜʠʤʩʪʚʘʪʘ ʩʦʯʘʪ ʢʲʤ ʮʝʥʪʨʘʣʠ-
ʟʠʨʘʥʠʷ ʘʣʛʦʨʠʪʲʤ. 

ɿʘ ʜʘ ʩʝ ʩʲʯʝʪʘʷʪ ʧʨʝʜʠʤʩʪʚʘʪʘ 
ʥʘ ʜʚʝʪʝ ʘʨʭʠʪʝʢʪʫʨʠ, ʧʨʠ ʨʝʘʣʠ-
ʟʘʮʠʷʪʘ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʧʦʜʩʠʩ-
ʪʝʤʘ ʝ ʠʟʙʨʘʥ ʧʨʠʥʮʠʧʲʪ ñʛʣʘʚʝʥ-ʧʦʜ-
ʯʠʥʝʥò (master-slave). ʅʘ ʚʩʠʯʢʠ ʨʘʙʦʪ-
ʥʠ ʩʪʘʥʮʠʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʩʠʤʫʣʘʮʠʷʪʘ, 
ʩʝ ʟʘʨʝʞʜʘ ʝʜʥʦ ʠ ʩʲʱʦ ʢʦʤʫʥʠ-
ʢʘʮʠʦʥʥʦ ʷʜʨʦ, ʢʘʪʦ ʝʜʥʘ ʦʪ ʨʘʙʦʪʥʠʪʝ 
ʩʪʘʥʮʠʠ ʩʝ ʠʟʙʠʨʘ ʟʘ ʛʣʘʚʥʘ (master). 
ʊʷ ʠʟʧʲʣʥʷʚʘ ʚʩʠʯʢʠ ʬʫʥʢʮʠʠ, ʢʦʠʪʦ 
ʠʟʧʲʣʥʷʚʘʪ ʠ ʜʨʫʛʠʪʝ ʷʜʨʘ, ʟʘʝʜʥʦ ʩ 
ʬʫʥʢʮʠʠʪʝ, ʥʫʞʥʠ ʟʘ ʢʦʦʨʜʠʥʘʮʠʷ ʥʘ 
ʢʦʥʪʨʦʣʥʠʪʝ ʩʲʦʙʱʝʥʠʷ ʠ ʤʘʥʠʧʫʣʠ-
ʨʘʥʝ ʩ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ 
ʥʘ ʩʠʩʪʝʤʘʪʘ. 

ʅʘ ʬʠʛ.2 ʜʘʥʥʦʚʠʪʝ ʩʲʦʙʱʝʥʠʷ 
ʤʝʞʜʫ ʃʇ ʩʝ ʧʨʘʱʘʪ ʜʠʨʝʢʪʥʦ ʢʲʤ 
ʢʣʲʩʪʝʨʘ, ʚ ʢʦʡʪʦ ʝ ʧʦʣʫʯʘʚʘʱʠʷʪ 

ʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩ. ɺʩʷʢʘ ʧʨʦʤʷʥʘ ʥʘ 
ʩʚʦʝʪʦ ʩʲʩʪʦʷʥʠʝ ʜʘʜʝʥ ʢʣʲʩʪʝʨ ʩʲʛ-
ʣʘʩʫʚʘ ʯʨʝʟ ʢʦʥʪʨʦʣʥʠ ʩʲʦʙʱʝʥʠʷ ʩ 
ʷʜʨʦʪʦ master. ʇʦ ʪʦʟʠ ʥʘʯʠʥ, ʚʲʚ 
ʚʩʝʢʠ ʝʜʠʥ ʤʦʤʝʥʪ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ, 
master ʠʤʘ ʧʲʣʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ.  
 

Master 

Slave1 Slave2 Slave3 

Slave4 Slave5 SlaveN 

ʂʦʥʪʨʦʣʥʠ ʩʲʦʙʱʝʥʠʷ 

ɼʘʥʥʦʚʠ ʩʲʦʙʱʝʥʠʷ 

  
ʌʠʛ.2 ɺʟʘʠʤʦʜʝʡʪʚʠʝ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʷʜʨʘ 

 
ʊʦʡ ʤʦʞʝ ʜʘ ʚʟʝʤʝ ʘʜʝʢʚʘʪʥʦ 

ʨʝʰʝʥʠʝ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚ ʃʇ 
ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʠʤʘ ʛʦʪʦʚʥʦʩʪ ʟʘ 
ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʟʘʷʚʢʠ ʦʪ ʜʨʫʛʠʪʝ 
ʢʣʲʩʪʝʨʠ ʟʘ ʠʥʬʦʨʤʘʮʠʷ, ʦʪʥʘʩʷʰʘ ʩʝ 
ʜʦ ʩʠʩʪʝʤʘʪʘ. ɺʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʢʣʲʩ-
ʪʝʨʠ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʠʤʘʪ ʠʥ-
ʬʦʨʤʘʮʠʷ ʟʘ ʧʨʦʮʝʩʠʪʝ, ʠʟʧʲʣʥʷ-ʚʘʱʠ 
ʩʝ ʠʟʚʲʥ ʪʷʭ. ʇʨʠ ʥʫʞʜʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ 
ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʜʘʜʝʥʘ ʯʘʩʪ ʦʪ 
ʩʠʩʪʝʤʘʪʘ, ʩʲʦʪʚʝʪʥʠʷʪ ʢʣʲʩʪʝʨ ʠʟʧʨʘ-
ʱʘ ʟʘʷʚʢʘ ʚʲʚ ʚʠʜ ʥʘ ʢʦʥʪʨʦʣʥʦ ʩʲʦʙ-
ʱʝʥʠʝ ʢʲʤ master, ʢʦʡʪʦ ʤʫ ʦʪʛʦʚʘʨʷ ʩ 
ʥʦʚʦ ʢʦʥʪʨʦʣʥʦ ʩʲʦʙʱʝʥʠʝ-ʦʪʛʦʚʦʨ. 

 
4. ɸʜʨʝʩʠʨʘʥʝ ʥʘ ʃʇ ʚ 
ʩʠʩʪʝʤʘʪʘ 

 
ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʥʫʞʥʦʪʦ ʥʠʚʦ 

ʥʘ ʘʙʩʪʨʘʢʮʠʷ ʦʪ ʤʨʝʞʦʚʠʷ ʩʣʦʡ, ʥʘ 
ʚʩʝʢʠ ʢʣʲʩʪʝʨ, ʫʯʘʩʪʚʘʱ ʚ ʧʨʦʮʝʩʘ ʥʘ 
ʩʠʤʫʣʘʮʠʷ, ʩʝ ʧʨʠʩʚʦʷʚʘ ʫʥʠʢʘʣʝʥ 
ʥʦʤʝʨ, ʥʘʨʝʯʝʥ Node Number (NN). NN 
ʝ 4 ʙʘʡʪʦʚʦ ʯʠʩʣʦ (ʬʠʛ.3). ɸʜʨʝʩʘʮʠʷ 
ʥʘ ʜʘʜʝʥ ʢʣʲʩʪʝʨ ʚ ʨʘʤʢʠʪʝ ʥʘ 
ʩʠʩʪʝʤʘʪʘ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʥʝʛʦʚʠʷ 
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NN, ʢʦʡʪʦ ʝʜʥʦʟʥʘʯʥʦ ʛʦ ʠʜʝʥʪʠ-
ʬʠʮʠʨʘ. ɺ ʤʨʝʞʦʚʠʷ ʤʦʜʫʣ ʥʘ ʢʦʤʫʥʠ-
ʢʘʮʠʦʥʥʦʪʦ ʷʜʨʦ ʩʝ ʧʨʘʚʠ ʩʲʦʪʚʝʪ-
ʩʪʚʠʝ ʤʝʞʜʫ NN ʠ ʤʨʝʞʦʚʠʷ ʘʜʨʝʩ ʥʘ 
Linux ʤʘʰʠʥʘʪʘ, ʚ ʢʦʷʪʦ ʪʦʡ ʩʝ ʠʟʧʲʣ-
ʥʷʚʘ. 
 

NN 

src 
NN 

dst 
msg 

TYPE 

Network 

Header 
DATA 

PID 

src 
PID 

dst 

Message 

Header 

 
ʌʠʛ.3 ʌʦʨʤʘʪ ʥʘ ʦʙʤʝʥʷʥʠʪʝ 

ʩʲʦʙʱʝʥʠʷ 
 

 ɸʜʨʝʩʘʮʠʷʪʘ ʥʘ ʣʦʛʠʯʝʩʢʠʪʝ 
ʧʨʦʮʝʩʠ ʩʪʘʚʘ ʯʨʝʟ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ  
ʥʘ ʣʦʛʠʯʝʩʢʠʷ ʧʨʦʮʝʩ (PID). 

 ɺʩʷʢʦ ʩʲʦʙʱʝʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ 
ʦʪ ʪʦʚʘ ʢʘʢʲʚ ʪʠʧ ʝ, ʧʨʠʪʝʞʘʚʘ ʤʨʝʞʦ-
ʚʘ ʟʘʛʣʘʚʥʘ ʯʘʩʪ - Network header, 
ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʥʦʤʝʨʘʪʘ ʥʘ ʠʟʨʘ-
ʱʘʱʠʷ ʠ ʧʨʠʝʤʘʱʠʷ ʢʣʲʩʪʝʨ, ʢʘʢʪʦ ʠ 
ʪʠʧʘ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ï ʟʘ ʜʘʥʥʠ ʠʣʠ 
ʢʦʥʪʨʦʣʥʦ. 

 
5. ɿʘʢʣʶʯʝʥʠʝ 

 
ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ 

ʧʦʜʩʠʩʪʝʤʘ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʘ ʦʨ-
ʛʘʥʠʟʠʨʘ ʨʝʩʫʨʩʠʪʝ ʥʘ ʢʣʲʩʪʝʨ ʦʪ Linux 
ʤʘʰʠʥʠ, ʩʚʲʨʟʘʥʠ ʚ Ethernet LAN, ʟʘ 
ʩʲʛʣʘʩʫʚʘʥʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʚ ʝʜʠʥʥʘ 
ʩʠʩʪʝʤʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʦʪʦ 
ʠʤʠʪʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ.   

ʉʠʩʪʝʤʘʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʥʘ ʝʟʠʢ 
C, ʬʫʥʢʮʠʦʥʠʨʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʆʉ 
Linux ʠ ʧʨʠʪʝʞʘʚʘ ʩʣʝʜʥʠʪʝ ʦʩʦʙʝ-
ʥʦʩʪʠ: 

¶ ʠʟʧʦʣʟʚʘʥʘʪʘ ʥʠʰʢʦʚʘ ʪʝʭʥʦ-
ʣʦʛʠʷ ʧʦʟʚʦʣʷʚʘ ʜʦʧʲʣʥʠ-
ʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʝʬʝʢ-
ʪʠʚʥʦʩʪʪʘ ʧʨʠ ʩʠʤʫʣʘʮʠʷ ʟʘ 
ʩʤʝʪʢʘ ʥʘ ʧʘʨʘʣʝʣʥʦ ʠʟʧʲʣ-

ʥʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠ ʯʘʩʪʠ ʥʘ 
ʩʠʩʪʝʤʘʪʘ; 

¶ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʘʩʠʥʭʨʦʥʥʦ 
ʠʟʧʨʘʱʘʥʝ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʲ-
ʦʙʱʝʥʠʷʪʘ ʟʘ ʥʘʩʪʲʧʠʣʠ ʩʲʙʠ-
ʪʠʷ; 

¶ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʠʥʘʤʠʯʥʠ 
ʤʦʜʫʣʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʧʨʝʥʦʩʠʤʦʩʪ ʥʘ ʜʨʫʛʠ ʤʨʝ-
ʞʦʚʠ ʧʣʘʪʬʦʨʤʠ, ʢʘʢʪʦ ʠ 
ʜʦʙʘʚʷʥʝ ʥʘ ʜʨʫʛʠ ʧʨʦʪʦʢʦʣʠ 
ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ. 

 
ʇʨʝʜʣʦʞʝʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʣʝʩ-

ʥʦ ʜʘ ʙʲʜʝ ʤʦʜʠʬʠʮʠʨʘʥʘ ʠ ʟʘ ʜʨʫʛʠ 
ʨʘʟʧʨʝʜʝʣʝʥʠ ʧʨʠʣʦʞʝʠʷ. ʇʨʝʜʩʪʦʠ 
ʥʝʡʥʘʪʘ ʠʥʪʝʛʨʘʮʠʷ ʚʲʚ Web ʙʘʟʠʨʘʥ 
ʧʨʦʛʨʘʤʝʥ ʢʦʤʧʣʝʢʩ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʘ 
ʩʠʤʫʣʘʮʠʷ.  
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ʆʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ Web-ʙʘʟʠʨʘʥʠʪʝ ʫʯʝʙʥʠ ʢʫʨʩʦʚʝ 
 
 

ɹʦʡʢʘ ɾ. ɻʨʘʜʠʥʘʨʦʚʘ 
 
ʈʝʟʶʤʝ: ɺ ʜʦʢʣʘʜʘ ʩʝ ʧʨʝʜʣʘʛʘ ʤʝʪʦʜ ʟʘ ʦʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ Web-ʙʘʟʠʨʘʥʠ ʢʫʨʩʦʚʝ ʟʘ 
ʦʙʫʯʝʥʠʝ. ʄʝʪʦʜʲʪ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 
ʦʪʥʘʩʷʱʠ ʩʝ ʜʦ ʪʨʠ ʘʩʧʝʢʪʘ ʥʘ ʢʫʨʩʘ: ʧʨʦʜʫʢʪʠʪʝ ʩʲʟʜʘʜʝʥʠ ʦʪ ʫʯʘʩʪʥʠʮʠʪʝ, ʩʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʢʫʨʩʘ ʠ ʦʩʲʱʝʩʪʚʝʥʘʪʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪ. ʆʮʝʥʷʚʘʥʝʪʦ ʩʝ ʙʘʟʠʨʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 
ʦʙʤʝʥʝʥʠʪʝ ʩʲʦʙʱʝʥʠʷ  ʠ ʧʨʦʜʫʢʪʠʪʝ ʩʲʟʜʘʜʝʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ.ʄʝʪʦʜʠʢʘʪʘ 
ʦʙʭʚʘʱʘ ʥʘʙʦʨ ʦʪ ʢʘʯʝʩʪʚʝʥʠ ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʦʥ-ʣʘʡʥ ʦʙʫʯʝʥʠʝʪʦ, ʪʘʢʩʦʥʦʤʠʷ ʥʘ 
ʩʲʦʙʱʝʥʠʷʪʘ ʙʘʟʠʨʘʥʘ ʥʘ ʪʷʭʥʘʪʘ ʢʦʤʫʥʠʢʘʪʠʚʥʘ ʬʫʥʢʮʠʷ, ʢʘʢʪʦ ʠ ʥʘʙʦʨ ʦʪ ʢʦʥʮʝʧʪʫʘʣʥʠ ʠ 
ʪʝʭʥʦʣʦʛʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ. ʈʘʟʛʣʝʜʘʥ ʝ ʧʨʠʤʝʨ ʦʪ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʝʪʦʜʘ. 
 
 

Evaluating the quality of Web-based courses 
 

Boyka Z. Gradinarova 
 
Abstract: A methodology for evaluating online collaborative learning processes is proposed. The 
underlying hypothesis is that three elements affect the quality of online courses: learning quality, 
content quality, and interaction quality. Evaluation derives from examination of all the messages 
and products that the online learning process yields. The methodology comprises a set of  
parameters that indicate the quality of online courses, a taxonomy of messages based on their 
communicative function, several modalities of approach, and a set of conceptual and technological 
tools that can be adopted. The paper presents a case study wherein the methodology is applied to 
an online course dealing with environmental education. 

 
1. ʋʚʦʜ 

 
ʆʙʠʯʘʡʥʦʪʦ ʝʣʝʢʪʨʦʥʥʦ ʦʙʫʯʝʥʠʝ 

ʦʩʚʦʙʦʞʜʘʚʘ ʦʙʫʯʘʝʤʠʪʝ ʦʪ ʥʫʞʜʘʪʘ 
ʜʘ ʧʨʠʩʲʩʪʚʘʪ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʤʷʩʪʦ ʧʦ 
ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʝ, ʟʘʪʦʚʘ ʪʦ ʨʷʜʢʦ 
ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʲʚʤʝʩʪʥʦ 
ʦʙʫʯʝʥʠʝ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʪʠʤʫ-
ʣʠʨʘʥʝʪʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ ʠ ʩʲʪ-
ʨʫʜʥʠʯʝʩʪʚʦʪʦ ʤʝʞʜʫ ʫʯʘʩʪʥʠʮʠʪʝ ʧʨʠ 
ʪʦʟʠ ʚʠʜ ʫʯʝʙʝʥ ʧʨʦʮʝʩ ʩʘ ʦʪ ʩʲ-
ʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. ʅʝʱʦ ʧʦʚʝʯʝ, ʙʘ-
ʟʠʨʘʥʘʪʘ ʥʘ ʪʝʢʩʪ ʢʦʤʫʥʠʢʘʮʠʷ ʠʟʨʘ-
ʟʷʚʘʱʘ ʩʝ ʚ ʠʥʪʝʥʟʠʚʝʥ ʦʙʤʝʥ ʥʘ ʩʲ-
ʦʙʱʝʥʠʷ, ʧʦʟʚʦʣʷʚʘ ʮʝʣʠʷ ʧʨʦʮʝʩ ʥʘ 
ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʜʘ ʙʲʜʝ ʟʘʧʘʟʝʥ ʠ 
ʚʲʟʩʪʘʥʦʚʷʚʘʥ. ʊʦʚʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ 
ʟʘ ʧʨʝʛʣʝʜ ʥʘ ʠʟʙʨʘʥʠʪʝ ʤʝʪʦʜʠ ʠ 
ʦʮʝʥʢʘ ʥʘ ʢʫʨʩʘ ʢʘʪʦ ʪʘʢʲʚ. 

ʇʨʝʜʣʘʛʘʥʠʷʪ ʤʝʪʦʜ ʟʘ ʦʮʝʥʷʚʘʥʝ 
ʧʨʦʮʝʩʘ ʥʘ ʝʣʝʢʪʨʦʥʥʦ ʦʙʫʯʝʥʠʝ ʩʝ 
ʙʘʟʠʨʘ  ʥʘ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʰʠʨʦʢ ʩʧʝʢ-

ʪʲʨ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʩʘʝʱʠ ʢʘʯʝʩʪ-
ʚʦʪʦ ʤʫ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʠʩ-
ʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ 
ʧʦʟʚʦʣʷʚʘʱʘ ʥʝ ʩʘʤʦ ʜʘ ʩʝ ʦʮʝʥʠ 
ʧʦʩʪʠʛʥʘʪʦʪʦ ʦʪ ʦʙʫʯʘʝʤʠʪʝ ʠ ʜʦʙʠʪʠʪʝ 
ʦʪ ʪʷʭ ʟʥʘʥʠʷ, ʥʦ ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʜʘʣʠ 
ʢʫʨʩʘ ʜʝʡʩʪʚʠʪʝʣʥʦ ʝ ʟʘʜʦʚʦʣʠʣ ʥʫʞ-
ʜʠʪʝ ʧʨʝʜʠʟʚʠʢʘʣʠ ʩʲʟʜʘʚʘʥʝʪʦ ʤʫ. ʀʟ-
ʭʦʞʜʘʡʢʠ ʦʪ ʧʨʝʜʧʦʩʪʘʚʢʘʪʘ, ʯʝ ʢʘʯʝʩʪ-
ʚʦʪʦ ʥʘ ʝʣʝʢʪʨʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ ʟʘʚʠʩʠ 
ʦʪ ʪʨʠ ʝʣʝʤʝʥʪʘ: ʢʘʯʝʩʪʚʦ ʥʘ ʜʦʙʠʪʠʪʝ 
ʟʥʘʥʠʷ; ʢʘʯʝʩʪʚʦ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʚ 
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʦʙʤʝʥʘ ʥʘ ʟʥʘʥʠʷ ʠ ʜʠʩ-
ʢʫʩʠʠʪʝ ʚ ʢʦʠʪʦ ʦʙʫʯʘʝʤʠʪʝ ʩʝ ʚʢʣʶʯ-
ʚʘʪ; ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ 
ʠʤʘʡʢʠ ʧʨʝʜʚʠʜ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʮʝʩʘ 
ʥʘ ʦʙʱʫʚʘʥʝ ʧʦ ʚʨʝʤʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ. 
ʊʘʢʘ ʦʮʝʥʢʘʪʘ ʩʝ ʠʟʚʣʠʯʘ ʦʪ ʠʟʧʠʪʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ, ʦʪ ʛʦʨʝ ʦʧʦʤʝʥʘʪʠʪʝ ʪʨʠ 
ʝʣʝʤʝʥʪʘ ʠ ʦʪ ʚʩʠʯʢʠ ʩʲʦʙʱʝʥʠʷ ʠ 
ʧʨʦʜʫʢʪʠ ʩʲʟʜʘʜʝʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʢʫʨʩʘ. 
ʊʷ ʦʙʭʚʘʱʘ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʧʘʨʘʤʝʪʨʠ 
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ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʫʯʝʙʥʠʷ ʢʫʨʩ, ʢʣʘ-
ʩʠʬʠʢʘʮʠʷ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪ ʦʪ ʢʦʤʫʥʠʢʘʪʠʚʥʠʪʝ ʠʤ ʬʫʥʢʮʠʠ 
ʠ ʥʷʢʦʠ ʪʝʦʨʝʪʠʯʥʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʠʥ-
ʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ. 

  

2. ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ 
ʧʣʘʪʬʦʨʤʘ 

 
ʂʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ ʧʣʘʪʬʦʨʤʘ 

ʦʩʠʛʫʨʷʚʘʱʘ ʩʨʝʜʘʪʘ ʟʘ ʩʲʚʤʝʩʪʥʦ 
ʦʙʫʯʝʥʠʝ ʪʨʷʙʚʘ ʜʘ ʧʦʟʚʦʣʷʚʘ ʠʥʪʝ-
ʨʘʢʪʠʚʥʦʩʪ ʟʘ ʦʪʜʘʣʝʯʝʥʠʪʝ ʚ ʧʨʦʩʪ-
ʨʘʥʩʪʚʦʪʦ ʧʦʪʨʝʙʠʪʝʣʠ, ʪʦʚʘ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʦʥʥʘ 
ʧʦʱʘ ʠʣʠ  ʧʦʟʥʘʪʠʪʝ ʢʦʥʬʝʨʝʥʪʥʠ ʩʠʩ-
ʪʝʤʠ. ʇʨʠ ʪʷʭ ʩʝ ʧʦʣʟʚʘ ʘʩʠʥʭʨʦʥʥʘ 
ʢʦʤʫʥʠʢʘʮʠʷ, ʧʦʥʷʢʦʛʘ ʚʢʣʶʯʚʘʱʘ ʩʠʥ-
ʭʨʦʥʥʠ ʬʫʥʢʮʠʠ ʢʘʪʦ ʯʘʪʠʥʛ ʠ ʚʠʜʝʦ-
ʢʦʥʬʝʨʠʨʘʥʝ. 

ʉʨʝʜʘʪʘ ʟʘ ʢʦʤʧʶʪʲʨʥʦ ʢʦʥʬʝ-
ʨʠʨʘʥʝ ʩʝ ʦʪʣʠʯʘʚʘ ʩ ʢʦʥʪʨʦʣʠʨʘʥ 
ʜʦʩʪʲʧ. Tʷ ʦʩʠʛʫʨʷʚʘ ʩʣʝʜʥʠʪʝ ʠʥʪʝ-
ʨʘʢʪʠʚʥʠ ʨʝʞʠʤʠ: 
Á ʆʙʤʝʥ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʩʧʦ-
ʜʝʣʷʥʝ ʥʘ ʟʥʘʥʠʷ, ʛʨʫʧʦʚʦ ʧʨʦʝʢ-
ʪʠʨʘʥʝ ʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ; 

Á ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʦʙʱʠ ʨʝʰʝʥʠʷ ʠ 
ʧʨʝʛʦʚʦʨʠ; 

Á ʀʥʠʮʠʘʪʠʚʠ ʧʦ ʩʙʣʠʞʘʚʘʥʝ 
Á ɼʦʩʪʲʧ ʜʦ ʚʲʥʰʥʠ ʨʝʩʫʨʩʠ: ʧʫʙ-
ʣʠʯʥʠ ʀʥʪʝʨʥʝʪ ʩʘʡʪʦʚʝ; 

Á ɼʦʩʪʲʧ ʜʦ ʤʫʣʪʠʤʝʜʠʝʥ ʫʯʝʙʝʥ 
ʤʘʪʝʨʠʘʣ 

 
3. ʉʪʨʫʢʪʫʨʘ ʥʘ ʤʦʜʫʣʘ 
 

ʇʨʠ ʦʥ-ʣʘʡʥ ʦʙʫʯʝʥʠʝʪʦ ʩʲʚʤʝʩʪ-
ʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʛʨʫʧʘʪʘ ʠʟʠʩʢʚʘ ʛʨʠʞ-
ʣʠʚʦ ʧʣʘʥʠʨʘʥʝ, ʢʦʦʨʜʠʥʠʨʘʥʝ ʚʲʚ 
ʚʨʝʤʝʪʦ ʠ ʩʠʥʭʨʦʥʠʟʠʨʘʥʝ ʥʘ ʫʩʠʣʠʷʪʘ 
ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ, ʢʦʠʪʦ ʠʛʨʘʷʪ ʦʩ-
ʥʦʚʥʘ ʨʦʣʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʪʠʤʫ-
ʣʠʨʘʥʝʪʦ, ʢʦʥʪʨʦʣʠʨʘʥʝʪʦ ʠ ʨʝʛʫʣʠ-
ʨʘʥʝʪʦ ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. ʋʯʝʙʥʠʪʝ 

ʤʦʜʫʣʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʧʝʪ 
ʦʩʥʦʚʥʠ ʬʘʟʠ: 

1. ʉʪʠʤʫʣʠʨʘʱʠ ʩʲʦʙʱʝʥʠʷ ʥʘ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

2. ɺʲʪʨʝʰʥʦ ʛʨʫʧʦʚʠ ʜʝʡʥʦʩʪʠ 
3. ɻʨʫʧʦʚʠ ʩʲʦʙʱʝʥʠʷ ʦʪʛʦʚʦʨʠ 
4.   ɸʥʘʣʠʟ ʠ ʧʦʢʘʥʘ ʟʘ ʜʠʩʢʫʩʠʷ 
1. ɼʠʩʢʫʩʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʛʨʫʧʠ 

                                                                                                                                                                              
4. ʂʨʠʪʝʨʠʠ ʟʘ ʦʮʝʥʷʚʘʥʝ 
 

ʊʦʚʘ ʢʦʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʮʝʥʠ ʝ 
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʥ-ʣʘʡʥ ʢʫʨʩʦʚʝʪʝ. ʇʦ-
ʨʘʜʠ ʪʦʚʘ ʥʘʡ-ʥʘʧʨʝʜ ʩʣʝʜʚʘ ʜʘ ʩʝ 
ʜʝʬʠʥʠʨʘ ʢʘʢʚʦ ʨʘʟʙʠʨʘʤʝ ʧʦʜ ʢʘ-
ʯʝʩʪʚʦ ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʠʟʦʙʱʦ ʠ ʥʘ 
Web-ʙʘʟʠʨʘʥʦʪʦ ʦʙʫʯʝʥʠʝ ʚ ʯʘʩʪʥʦʩʪ. 
ɿʘ ʮʝʣʪʘ ʪʨʷʙʚʘ ʜʘ ʜʘʜʝʤ ʝʜʥʘ ʥʘʡ-
ʦʙʱʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʦʙʫʯʝʥʠʝʪʦ: ñʱʝ 
ʧʨʠʝʤʝʤ ʦʙʫʯʝʥʠʝʪʦ ʢʘʪʦ ʠʟʤʝʥʝʥʠʝ ʚ 
ʠʥʜʠʚʠʜʫʘʣʥʦʪʦ ʧʦʟʥʘʚʘʪʝʣʥʦ, ʧʩʠʭʦ-
ʤʦʪʦʨʥʦ ʠ ʝʤʦʮʠʦʥʘʣʥʦ ʩʲʩʪʦʷʥʠʝ ʚ 
ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʮʝʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʘ 
ʧʨʝʜʠʟʚʠʢʘ ʪʦʚʘ ʠʟʤʝʥʝʥʠʝò (1). ɺ 
ʩʲʱʥʦʩʪ ʪʦʟʠ ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʧʨʝ-
ʜʠʟʚʠʢʘ ʠ ʥʝʧʨʝʜʚʠʜʝʥʠ ʧʨʦʤʝʥʠ. ʇʦ-
ʨʘʜʠ ʪʦʚʘ ʦʮʝʥʢʘʪʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʦʙʫʯʝʥʠʝ ʩʝ ʠʟʚʣʠʯʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʦʙ-
ʱʘ ʦʮʝʥʢʘ ʥʘ ʚʩʠʯʢʠ ʪʝʟʠ ʚʲʟʥʠʢʥʘʣʠ 
ʠʟʤʝʥʝʥʠʷ ʩʲʦʙʨʘʟʥʦ ʥʘʙʦʨ ʦʪ ʦʧʨʝ-
ʜʝʣʝʥʠ ʢʨʠʪʝʨʠʠ. 

ʊʝʟʠ ʢʨʠʪʝʨʠʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟ-
ʣʠʯʘʚʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʠʣʦʞʝʥʘʪʘ 
ʫʯʝʙʥʘ ʪʝʦʨʠʷ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ ʟʘ ʙʠʭʝ-
ʚʠʦʨʠʩʪʘ ʢʦʣʢʦʪʦ ʧʦʚʝʯʝ ʨʝʟʫʣʪʘʪʠʪʝ 
ʩʝ ʜʦʙʣʠʞʘʚʘʪ ʜʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘ-
ʙʝʣʷʟʘʥʠʪʝ ʫʯʝʙʥʠ ʮʝʣʠ ʪʦʣʢʦʚʘ ʧʦ 
ʫʩʧʝʰʥʦ ʝ ʦʙʫʯʝʥʠʝʪʦ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ 
ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʠʩʪʘ ʧʦ ʜʦʙʨʦʪʦ ʦʙʫ-
ʯʝʥʠʝ ʩʝ ʩʲʩʪʦʠ ʚ ʜʦʙʣʠʞʘʚʘʥʝ ʥʘ ʘʚ-
ʪʦʥʦʤʥʦʪʦ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ ʥʘ ʟʥʘʥʠʷ 
ʦʪ ʩʪʫʜʝʥʪʘ ʜʦ ʨʝʟʫʣʪʘʪʠ ʢʦʠʪʦ ʦʧʨʝ-
ʜʝʣʝʥʘ ʦʙʱʥʦʩʪ ʩʯʠʪʘ ʟʘ ʧʨʘʚʠʣʥʠ; ʦʪ 
ʪʘʟʠ ʛʣʝʜʥʘ ʪʦʯʢʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ 
ʪʨʷʙʚʘ ʜʘ ʛʝʥʝʨʠʨʘ ʚʠʩʦʢʦ ʥʠʚʦ ʤʝʪʘ 
ʢʦʛʥʠʪʠʚʥʠ ʩʪʨʫʢʪʫʨʠ ʦʙʦʛʘʪʷʚʘʱʠ ʙʘ-
ʟʘʪʘ ʦʪ ʫʤʝʥʠʷ ʥʘ ʩʪʫʜʝʥʪʘ. 
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ʊʝʟʠ ʧʨʠʤʝʨʠ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ 
ʜʘ ʜʝʬʠʥʠʨʘʤʝ ʦʙʫʯʝʥʠʝʪʦ ʥʘʡ-ʦʙʱʦ 
ʢʘʪʦ ʠʟʤʝʥʝʥʠʝ ʚ ʥʠʚʦʪʦ ʥʘ ʩʪʫʜʝʥʪʘ, 
ʢʘʪʦ ʦʩʪʘʚʠʤ ʜʝʬʠʥʠʨʘʥʝʪʦ ʥʘ ʢʘʯʝʩ-
ʪʚʝʥʠʪʝ ʢʨʠʪʝʨʠʠ ʥʘ ʩʲʦʪʚʝʪʥʘ ʫʯʝʙʥʘ 
ʪʝʦʨʠʷ. 

ʆʥ-ʣʘʡʥ ʦʙʫʯʝʥʠʝʪʦ ʝ ʙʘʟʠʨʘʥʦ 
ʦʩʥʦʚʥʦ ʥʘ ʩʲʚʤʝʩʪʥʠ ʫʯʝʙʥʠ ʩʪʨʘ-
ʪʝʛʠʠ. ʂʘʪʦ ʰʠʨʦʢʘ ʜʝʬʠʥʠʮʠʷ ʥʘ ʧʦ-
ʥʷʪʠʝʪʦ ñʩʲʚʤʝʩʪʥʘ ʫʯʝʙʥʘ ʜʝʡʥʦʩʪò 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ ʠʥʜʠʚʠʜʫʘʣʥʦʪʦ 
ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠʣʠ 
ʧʦʚʝʜʝʥʠʝ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʛʨʫʧʦʚʦ ʚʲʟ-
ʜʝʡʩʪʚʠʝ ʠʣʠ ʥʘʢʨʘʪʢʦ ʠʥʜʠʚʠʜʫʘʣʥʦ 
ʦʙʫʯʝʥʠʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʛʨʫʧʦʚ ʧʨʦʮʝʩ 
ʚʞ.(2) ʠ (3). 

ʇʨʠ ʝʣʝʢʪʨʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘʡ-ʯʝʩʪʦ ʝ ʥʘʩʦ-
ʯʝʥʦ ʢʲʤ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪ ʥʘ ʟʥʘ-
ʥʠʝ. ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʪʦʚʘ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʟʘʚʠʩʠ ʦʪ ʜʚʘ ʦʩʥʦʚʥʠ ʝʣʝʤʝʥʪʘ; 
ʢʘʯʝʩʪʚʦ ʥʘ ʜʠʘʣʦʛʘ ʨʘʟʚʠʪ ʚ ʨʘʤʢʠʪʝ 
ʥʘ ʛʨʫʧʘʪʘ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʩʲʜʲʨ-
ʞʘʥʠʝʪʦ ʥʘ ʪʦʟʠ ʜʠʘʣʦʛ. ʇʨʠ ʚʩʝ, ʯʝ 
ʢʘʯʝʩʪʚʦʪʦ ʥʝ ʝ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ, 
ʚʩʝ ʧʘʢ ʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʮʝʥʠ ʩʲʦʙ-
ʨʘʟʥʦ ʪʲʣʢʫʚʘʥʝʪʦ ʦʪ ʩʪʨʘʥʘ ʥʘ ʦʮʝʥʷ-
ʚʘʱʠʷ ʥʘ ʢʦʥʪʝʢʩʪʘ ʦʩʥʦʚʘʚʘʱ ʩʝ ʥʘ 
ʟʘʣʦʞʝʥʠʪʝ ʮʝʣʠ ʥʘ ʦʙʫʯʝʥʠʝʪʦ. 

ʅʘ ʪʘʟʠ ʦʩʥʦʚʘ ʧʨʝʜʩʪʘʚʷʥʘʪʘ ʤʝ-
ʪʦʜʠʢʘ ʩʨʘʚʥʷʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʥ-ʣʘʡʥ 
ʢʫʨʩʦʚʝʪʝ ʧʦ ʪʨʠ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʠʪʦ 
ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʝʤʘʪ ʟʘ ʥʝʟʘʚʠʩʠʤʠ 
ʢʦʤʧʦʥʝʥʪʠ ʚ ʪʨʠʠʟʤʝʨʥʦ ʢʘʯʝʩʪʚʝʥʦ 
ʧʨʦʩʪʨʘʥʩʪʚʦ (ʚʞ. ʌʠʛ.1): 

1. ɿʥʘʥʠʷ, ʧʦʩʪʠʛʥʘʪʠ ʦʪ ʦʪʜʝʣʥʠʪʝ 
ʫʯʘʩʪʥʠʮʠ 

2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʝʪʦ ʱʝ ʙʲʜʝ 
ʦʮʝʥʝʥʦ ʚʲʚ ʚʨʲʟʢʘ ʩ ʢʦʥʪʝʢʩʪʘ ʚ 
ʢʦʡʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʠ ʥʘ ʙʘʟʘ ʥʘ 
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘʙʝʣʷʟʘʥʠ ʮʝʣʠ; 

3. ʉʲʜʲʨʞʘʥʠʝ ʥʘ ʢʫʨʩʘ: ʩʲʜʲʨʞʘ-
ʥʠʝʪʦ ʥʘ ʦʥ-ʣʘʡʥ ʢʫʨʩʘ, ʦʪʯʘʩʪʠ 
ʧʨʝʜʦʩʪʘʚʝʥʦ ʥʘ ʫʯʘʩʪʥʠʮʠʪʝ ʚ 
ʥʝʛʦ ʠ ʦʪʯʘʩʪʠ ʜʦʨʘʟʚʠʪʦ ʦʪ ʪʷʭ, 
ʪʨʷʙʚʘ ʩʲʱʦ ʜʘ ʙʲʜʝ ʦʮʝʥʝʥʦ ʚ 
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʫʯʘʩʪʥʠʮʠʪʝ    

 
3.6. ʉʧʦʩʦʙ ʥʘ ʦʮʝʥʷʚʘʥʝ 

 

ʇʦʚʝʯʝʪʦ ʦʪ ʤʝʪʦʜʠʪʝ ʟʘ ʦʮʝʥʷ-
ʚʘʥʝ ʧʦʧʘʜʘʪ ʚ ʝʜʥʘ ʦʪ ʩʣʝʜʥʠʪʝ ʜʚʝ 
ʦʩʥʦʚʥʠ ʢʘʪʝʛʦʨʠʠ: 
1. ʆʮʝʥʢʘ ʥʘ ʙʘʟʘ ʥʘ ʧʨʦʜʫʢʪʘ. 
ʋʯʝʙʥʠʷ ʧʨʦʮʝʩ ʩʲʟʜʘʚʘ ʦʙʝʢʪʠ (ʨʝ-
ʰʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʠ, ʧʨʦʜʫʢʪʠ ʠ ʪ.ʥ.) 
ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʦʮʝʥʷʪ ʧʦ 
ʚʲʪʨʝʰʥʠ ʢʨʠʪʝʨʠʠ ( ʩʲʦʪʚʝʪʩʪʚʠʝ, 
ʝʩʪʝʪʠʢʘ ʠ ʪ.ʥ.) ʠʣʠ ʚʲʥʰʥʠ ʢʨʠʪʝʨʠʠ 
(ʪʦʯʥʦʩʪ, ʦʪʛʦʚʘʨʷʥʝ ʥʘ ʜʘʜʝʥʠ ʫʩʣʦ-
ʚʠʷ ʠ ʪ.ʥ.); 
2. ʆʮʝʥʢʘ ʥʘ ʙʘʟʘ ʥʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ 
ʆʥ-ʣʘʡʥ ʢʫʨʩʦʚʝʪʝ ʚʠʥʘʛʠ ʩʲʟʜʘʚʘʪ 
ʥʘʡ-ʤʘʣʢʦ ʝʜʠʥ ñʦʙʝʢʪò ʥʘʧʨʠʤʝʨ 
ʩ̡ ʦʙʱʝʥʠʷʪʘ ʩʲʟʜʘʜʝʥʠ ʦʪ ʯʣʝʥʦʚʝʪʝ 
ʥʘ ʫʯʝʙʥʘʪʘ ʛʨʫʧʘ. ʆʩʚʝʥ ʪʦʚʘ ʜʝʡ-
ʥʦʩʪʪʘ ʥʘ ʫʯʘʩʪʥʠʮʠʪʝ ʯʝʩʪʦ ʩʲʟʜʘʚʘ 
ʧʨʦʜʫʢʪʠ (ʜʦʢʣʘʜʠ, ʧʨʦʝʢʪʠ, ʦʙʦʙ-
ʱʝʥʠʷ ʠ ʜʨ.) ʉʲʦʪʚʝʪʥʦ ʠʟʛʣʝʞʜʘ ʣʦ-
ʛʠʯʥʦ ʜʘ ʧʨʠʝʤʝʤ, ʯʝ ʦʮʝʥʷʚʘʥʝʪʦ 
ʩʣʝʜʚʘ ʜʘ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʪʝʟʠ ñʦʙʝʢʪʠò 
(ʩʲʦʙʱʝʥʠʷ ʠʣʠ ʧʨʦʜʫʢʪʠ ) ʠ ʜʘ ʦʪʯʠʪʘ 
ʢʘʢʪʦ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʟʘʫʯʝʥʦʪʦ (ʠʟʚʣʝ-
ʯʝʥʦ ʦʪ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʧʨʦʜʫʢʪʠ), 
ʪʘʢʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʲʱʝʩʪʚʝʥʠ ʚ ʨʘʤ-
ʢʠʪʝ ʥʘ ʛʨʫʧʘʪʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʝ 
ʩʚʲʨʟʘʥʦ ʢʘʢʪʦ ʩ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʲ-
ʜʲʨʞʘʥʠʝʪʦ, ʪʘʢʘ ʠ ʥʘ ʩʘʤʦʪʦ ʢʦʤʫ-
ʥʠʢʠʨʘʥʝ. 
 ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʥʘ ʢʦʷʪʦ ʩʝ 
ʦʩʥʦʚʘʚʘ ʧʨʝʜʩʪʘʚʷʥʘʪʘ ʤʝʪʦʜʠʢʘ ʝ ʜʘ 
ʩʝ ʩʪʝʧʝʥʫʚʘʪ ʩʲʦʙʱʝʥʠʷʪʘ ʠ ʧʨʦʜʫʢ-
ʪʠʪʝ ʩʲʦʙʨʘʟʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʘʙʝ-
ʣʷʟʘʥʠ ʢʘʯʝʩʪʚʝʥʠ ʧʘʨʘʤʝʪʨʠ. ʆʥ-ʣʘʡʥ 

ʂʘʯʝʩʪʚʦ ʥʘ 

ʦʙʫʯʝʥʠʝʪʦ  

(ʩʪʫʜʝʥʪʩʢʠʷ 

ʧʨʦʜʫʢʪ) 

 
ʌʠʛ.1 ʎʷʣʦʩʪʥʦ ʢʘʯʝʩʪʚʦ ʥʘ ʫʯʝʙʥʠʷ ʢʫʨʩ 

ʆʙʱʦʪʦ 
ʢʘʯʝʩʪʚʦ ʥʘ 
ʦʥ-ʣʘʡʥ ʢʫʨʩʘ 

ʂʘʯʝʩʪʚʦ ʥʘ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ 

ʂʘʯʝʩʪʚʦ ʥʘ 

ʩʲʜʲʨʞʘʥʠʝʪʦ 
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ʢʫʨʩʦʚʝʪʝ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʦʧʨʝʜʝʣʝʥ 
ʙʨʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʩʝʩʠʠ), ʩʲʩʪʘʚʝʥʠ 
ʦʪ ʧʦʪʦʮʠ ʦʪ ʩʲʦʙʱʝʥʠʷ, ʢʦʠʪʦ ʦʪ ʩʚʦʷ 
ʩʪʨʘʥʘ ʩʘ ʩʲʩʪʘʚʝʥʠ ʦʪ ʠʥʜʠʚʠʜʫʘʣʥʠ 
ʩʲʦʙʱʝʥʠʷ. ʉʲʦʪʚʝʪʥʦ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʢʫʨʩʘ ʢʘʪʦ ʮʷʣʦ ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʩʫʤʘ 
ʦʪ ʢʘʯʝʩʪʚʝʥʠʪʝ ʦʮʝʥʢʠ ʥʘ ʢʦʥʬʝ-
ʨʝʥʮʠʠʪʝ. ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʢʦʥʬʝʨʝʥ-
ʮʠʷʪʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʥʘ ʙʘʟʘ ʢʘʯʝʩʪʚʦʪʦ 
ʥʘ ʧʦʪʦʮʠʪʝ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ 
ʩʫʤʠʨʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʪʜʝʣʥʠʪʝ ʩʲʦʙ-
ʱʝʥʠʷ.  
 
7. ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ 

 

ɼʨʫʛ ʚʘʞʝʥ ʝʣʝʤʝʥʪ ʥʘ ʢʦʡʪʦ ʩʝ 
ʢʨʝʧʠ ʤʝʪʦʜʠʢʘʪʘ ʥʘ ʦʮʝʥʷʚʘʥʝ ʝ 
ʢʣʘʩʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʚʩʷʢʦ ʩʲʦʙʱʝʥʠʝ 
ʩʲʦʙʨʘʟʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʘ 
ʪʘʢʩʦʥʦʤʠʷ. ʆʮʝʥʷʚʘʡʢʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʩʲʦʙʱʝʥʠʝʪʦ ʥʠʝ ʥʝ ʤʦʞʝʤ ʜʘ ʥʝ 
ʚʟʝʤʝʤ ʧʨʝʜʚʠʜ ʩʧʝʮʠʬʠʯʥʦʪʦ ʤʫ 
ʤʷʩʪʦ ʚ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʷ ʧʨʦʮʝʩ. ɺʲʚ 
ʚʨʲʟʢʘ ʩ ʪʦʚʘ ʪʘʢʩʦʥʦʤʠʷʪʘ ʧʦʤʘʛʘ ʥʘ 
ʦʮʝʥʷʚʘʱʠʷ ʚ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ 
ʩʲʦʙʱʝʥʠʷʪʘ ʚʲʚ ʬʫʥʢʮʠʦʥʘʣʥʠ ʢʘʪʝ-
ʛʦʨʠʠ. ɺʲʟʤʦʞʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ 
ʩʲʦʙʱʝʥʠʷʪʘ ʠʟʧʨʘʱʘʥʠ ʢʘʪʦ ʯʘʩʪ ʦʪ 
ʜʠʩʪʘʥʮʠʦʥʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʝ 
ʙʘʟʠʨʘ ʥʘ ʧʝʪ ʦʩʥʦʚʥʠ ʢʘʪʝʛʦʨʠʠ 
(ʩʪʠʤʫʣʠʨʘʥʝ, ʦʪʛʦʚʦʨ, ʜʠʩʢʫʩʠʷ, ʢʦʦʨ-
ʜʠʥʘʮʠʷ ʠ ʩʦʮʠʘʣʥʦ ʦʙʱʫʚʘʥʝ), ʢʦʠʪʦ 
ʥʘ ʩʚʦʡ ʨʝʜ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʧʦʜ-ʢʘ-
ʪʝʛʦʨʠʠ. ɺʩʝ ʧʘʢ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʦʪʙʝʣʝʞʠ, ʯʝ ʪʝʟʠ ʢʘʪʝʛʦʨʠʠ ʥʝ ʩʘ 
ʚʟʘʠʤʥʦ ʠʟʢʣʶʯʚʘʱʠ ʩʝ, ʥʦ ʨʝʘʣʥʦ 
ʜʦʧʲʣʚʘʱʠ ʩʝ. ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʟʘʛʫ-
ʙʘʪʘ ʥʘ ʮʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʦʩʦʙʝʥʦ 
ʢʦʛʘʪʦ ʠʤʘʤʝ ʨʘʙʦʪʘ ʩ ʜʲʣʛʠ ʠ ʟʘ-
ʩʷʛʘʱʠ ʥʷʢʦʣʢʦ ʪʝʤʠ ʩʲʦʙʱʝʥʠʷ  ʤʦʞʝ 
ʜʘ ʩʝ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ 
ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʚ ʜʚʝ (ʜʦʨʠ ʠ ʚ ʪʨʠ) 
ʢʘʪʝʛʦʨʠʠ. 

 
8. ʀʥʩʪʨʫʤʝʥʪʘʣʥʠ  ʠ 

ʦʧʝʨʘʪʠʚʥʠ ʘʩʧʝʢʪʠ 
 

ɺ ʪʘʟʠ ʯʘʩʪ ʩʝ ʦʧʠʩʚʘʪ ʩʨʝʜʩʪʚʘʪʘ 
(ʢʦʥʮʝʧʪʫʘʣʥʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ) ʠ ʬʘ-
ʟʠʪʝ, ʢʦʠʪʦ ʦʙʭʚʘʱʘ ʤʝʪʦʜʠʢʘʪʘ ʟʘ 

ʦʮʝʥʷʚʘʥʝ. ʊʦʟʠ ʤʦʜʝʣ ʦʧʨʝʜʝʣʷ ʩʪʨʫ-
ʢʪʫʨʘʪʘ ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ ʠʟʧʦʣʟʚʘʥʠ 
ʧʨʠ ʦʮʝʥʢʘʪʘ ʥʘ ʦʥ-ʣʘʡʥ ʢʫʨʩʘ. 
ɻʣʘʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ 
ʩʘ: 
Á ʏʣʝʥʦʚʝ ʥʘ ʛʨʫʧʘʪʘ ï ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 
ʙʲʜʘʪ ʠʥʜʠʚʠʜʫʘʣʥʠ ʩʪʫʜʝʥʪʠ, ʛʨʫʧʘ 
ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣ. 
Á ʂʦʥʬʝʨʝʥʮʠʷ, ʢʦʷʪʦ ʦʧʨʝʜʝʣʷ ʦʪ-
ʜʝʣʥʠʷ ʤʦʜʫʣ ʥʘ ʢʫʨʩʘ. 
Á ʉʲʦʙʱʝʥʠʝ, ʢʦʝʪʦ ʦʙʭʚʘʱʘ ʦʧʨʝ-
ʜʝʣʝʥ ʙʨʦʡ ʘʪʨʠʙʫʪʠ: 

- ʬʫʥʢʮʠʷ, ʢʦʷʪʦ ʠʟʧʲʣʥʷʚʘ ( ʫʙʝʞ-
ʜʘʚʘʱʘ, ʠʥʬʦʨʤʘʪʠʚʥʘ ʠ ʪ.ʥ.) 

- ʪʝʤʘʪʘ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ (ʂɹʂ ʩʠʩ-
ʪʝʤʘ, ʪʝʤʠ ʩʚʲʨʟʘʥʠ ʩ ʢʫʨʩʘ ʠ ʪ.ʥ.) 

- ʥʠʰʢʘʪʘ ʢʲʤ ʢʦʷʪʦ ʧʨʠʥʘʜʣʝʞʠ 
ʩʲʦʙʱʝʥʠʝʪʦ; ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝ-
ʣʝʞʠ, ʯʝ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʪʷ ʤʦʞʝ 
ʜʘ ʩʲʜʲʨʞʘ ʩʘʤʦ ʝʜʥʦ ʩʲʦʙʱʝʥʠʝ, 
ʢʦʛʘʪʦ ʩʲʱʦʪʦ ʥʝ ʝ ʧʦʣʫʯʠʣʦ 
ʦʪʛʦʚʦʨ ʠʣʠ ʢʦʤʝʥʪʘʨ; 

- ʪʠʧʘ - ʪʦʚʘ ʝ ʥʘʡ-ʰʠʨʦʢʘʪʘ ʢʘʪʝ-
ʛʦʨʠʷ ʙʘʟʠʨʘʥʘ ʧʨʝʜʠʤʥʦ ʥʘ ʩʲ-
ʜʲʨʞʘʥʠʝʪʦ; 

- ʢʘʯʝʩʪʚʝʥʠ ʧʘʨʘʤʝʪʨʠ ï ʪʦʚʘ ʩʘ 
ʧʘʨʘʤʝʪʨʠʪʝ, ʢʦʠʪʦ ʦʧʠʩʘʭʤʝ ʧʦ-
ʛʦʨʝ.  

Á ɼʦʢʫʤʝʥʪʠ. 
ʊʘʟʠ ʢʘʪʝʛʦʨʠʷ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʧʨʝʜ-
ʭʦʜʥʘʪʘ ʧʦ ʪʦʚʘ, ʯʝ ʜʦʢʫʤʝʥʪʠʪʝ 
ʩʲʜʲʨʞʘʪ ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʥʝ ʝ ʥʝʧʨʝ-
ʤʝʥʥʦ ʧʣʦʜ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʚ ʢʫʨʩʘ ʠ 
ʯʠʷʪʦ ʮʝʣ ʥʘʜʭʚʲʨʣʷ ʪʦʟʠ ʢʦʥʪʝʢʩʪ. 
ʇʨʠʤʝʨʠ ʟʘ ʪʘʢʠʚʘ ʜʦʢʫʤʝʥʪʠ ʩʘ ʩʪʫ-
ʜʝʥʪʩʢʠ ʧʨʦʜʫʢʪʠ, ʨʝʬʝʨʝʥʪʥʠ ʤʘʪʝ-
ʨʠʘʣʠ ʠʟʛʦʪʚʝʥʠ ʦʪ ʩʪʫʜʝʥʪʠʪʝ ʚ ʜʠ-
ʛʠʪʘʣʥʘ ʬʦʨʤʘ, ʬʘʡʣʦʚʝ ʚʲʚ ʬʦʨʤʘʪ 
ʥʝʩʲʚʤʝʩʪʠʤ ʩ ʪʦʟʠ ʥʘ ʩʲʦʪʚʝʪʥʦʪʦ 
ʩʲʦʙʱʝʥʠʝ (ʛʨʘʬʠʢʠ, ʝʣʝʢʪʨʦʥʥʠ ʪʘʙ-
ʣʠʮʠ, ʙʘʟʘ ʜʘʥʥʠ ʠ ʪ.ʥ.)  
ɼʦʢʫʤʝʥʪʠʪʝ ʯʝʩʪʦ ʩʝ ʧʨʠʣʘʛʘʪ ʢʲʤ 
ʜʘʜʝʥʦ ʩʲʦʙʱʝʥʠʝ ʠ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʚ 
ʨʘʤʢʠʪʝ ʥʘ ʛʨʫʧʘʪʘ, ʚ ʢʦʡʪʦ ʩʣʫʯʘʡ 
ʦʩʥʦʚʥʦʪʦ ʦʪʥʦʰʝʥʠʝ ʝ ʦʯʝʚʠʜʥʦ. ɺ 
ʤʥʦʛʦ ʩʣʫʯʘʠ ʦʙʘʯʝ ʩʝ ʧʨʝʜʧʦʯʠʪʘ 
ʜʦʢʫʤʝʥʪʘ ʜʘ ʙʲʜʝ ʦʪʜʝʣʝʥ ʦʪ 
ʩʲʦʙʱʝʥʠʷʪʘ ʩʚʲʨʟʘʥʠ ʩ ʥʝʛʦ ʠ ʪʦʛʘʚʘ 
ʦʪʥʦʰʝʥʠʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʨʘʟʠ ʧʦ 
ʜʨʫʛ ʥʘʯʠʥ. 
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ʉʲʩʪʘʚʷʥʝʪʦ ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ ʩʝ 
ʠʟʚʲʨʰʚʘ ʧʦʣʫʘʚʪʦʤʘʪʠʯʥʦ. ʆʙʝʢʪʠʚ-
ʥʠʪʝ ʜʘʥʥʠ ʢʘʪʦ ʧʦʜʘʪʝʣ, ʧʦʣʫʯʘʪʝʣ ʠ 
ʜʨʫʛʠ ʩʚʲʨʟʘʥʠ ʩ ʚʩʷʢʦ ʩʲʦʙʱʝʥʠʝ ʩʝ 
ʚʣʘʛʘʪ ʦʪ ʂɹʂ ʩʲʨʚʲʨʘ. ʆʪ ʜʨʫʛʘ 
ʩʪʨʘʥʘ ʩʫʙʝʢʪʠʚʥʠʪʝ ʜʘʥʥʠ ʢʘʪʦ ʪʠʧ, 
ʬʫʥʢʮʠʷ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʦʪ ʦʮʝʥʷʚʘʱʠʷ ʩʲʦʙʨʘʟʥʦ 
ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʜʠʩʢʫʩʠʷʪʘ ʠ ʩʝ  
ʚʢʣʶʯʚʘʪ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ ʯʨʝʟ 
ʩʲʦʪʚʝʪʥʘ ʬʦʨʤʘ. ʂʦʣʠʯʝʩʪʚʝʥʠʪʝ ʠʟ-
ʤʝʨʚʘʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʩʝ ʠʟʚʣʠʯʘʪ ʦʪ 
ʩʨʝʜʥʦ-ʧʨʝʪʝʛʣʝʥʠʪʝ, ʢʘʪʦ ʚʩʝʢʠ ʝʣʝ-
ʤʝʥʪ ʧʦʤʘʛʘʱ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʨʝʜ-
ʥʘʪʘ ʚʝʣʠʯʠʥʘ ʩʝ ʠʟʤʝʨʚʘ ʪʦʯʥʦ. ʆʧ-
ʨʝʜʝʣʷʡʢʠ ʪʝʛʣʦʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʧʘʨʘ-
ʤʝʪʨʠ ʦʮʝʥʠʪʝʣʷʪ ʤʦʞʝ ʜʘ ʭʘʨʤʦ-
ʥʠʟʠʨʘ ʧʨʦʮʝʩʘ ʥʘ ʦʮʝʥʷʚʘʥʝ ʚ ʩʲ-
ʦʪʚʝʪʩʪʚʠʝ ʩ ʚʩʷʢʘ ʦʪ ʮʝʣʠʪʝ ʥʘ ʢʦʥ-
ʬʝʨʝʥʮʠʷʪʘ. ʅʘʧʨʠʤʝʨ ʥʘ ʧʘʨʘʤʝʪʲʨʘ 
ʩʧʘʟʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʧʨʘʚʠʣʘ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʠʜʘʜʝʥʦ ʧʦ-ʛʦʣʷʤʦ 
ʟʥʘʯʝʥʠʝ ʧʨʠ ʢʦʥʬʝʨʝʥʮʠʠʪʝ ʧʦ ʟʘʜʘ-
ʜʝʥʘ ʪʝʤʘ ʠ ʧʦ-ʤʘʣʢʦ ʟʥʘʯʝʥʠʝ ʧʨʠ 
ʢʦʥʬʝʨʝʥʮʠʠʪʝ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʨʝʬʝ-
ʨʝʥʪʥʠ (ʩʧʨʘʚʦʯʥʠ) ʤʘʪʝʨʠʘʣʠ. 

ʉʣʝʜ ʢʘʪʦ ʜʠʩʢʨʠʧʪʠʚʥʘʪʘ ʠʥ-
ʬʦʨʤʘʮʠʷ ʟʘ ʚʩʷʢʦ ʩʲʦʙʱʝʥʠʝ ʙʲʜʝ 
ʩʲʭʨʘʥʝʥʘ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ ʟʘʝʜʥʦ ʩ 
ʜʘʥʥʠʪʝ ʦʪʥʘʩʷʱʠ ʩʝ ʜʦ ʜʨʫʛʠ ʚʝʣʠ-
ʯʠʥʠ, ʩʪʘʚʘ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʚʣʝʯʝ ʠ 
ʝʢʩʪʨʘʧʦʣʠʨʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʢʘʩʘʝʱʘ 
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʫʯʝʙʝʥ 
ʧʨʦʮʝʩ ʩ ʧʦʤʦʱʪʘ ʥʘ ʂɹʂ ʩʠʩʪʝʤʘʪʘ.  

ʅʘʧʨʠʤʝʨ ʮʷʣʦʩʪʥʦʪʦ ʢʘʯʝʩʪʚʦ 
ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ ʟʘ ʢʫʨʩʘ ʩʝ ʠʟʚʣʠ-
ʯʘ ʦʪ ʦʙʱʘʪʘ ʩʫʤʘ ʥʘ ʢʘʯʝʩʪʚʝʥʠʪʝ 
ʥʠʚʘ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪ ʥʘ ʦʪʜʝʣʥʠʪʝ 
ʢʦʥʬʝʨʝʥʮʠʠ. ʌʘʢʪʦʨʠʪʝ ʦʧʨʝʜʝʣʷʱʠ 
ʠʟʤʝʨʚʘʥʝʪʦ ʚʢʣʶʯʚʘʪ ʥʠʚʦʪʦ ʥʘ ʫʯʘʩ-
ʪʠʝ (ʙʨʦʷ ʩʲʦʙʱʝʥʠʷ ʠʟʧʨʘʪʝʥʠ ʦʪ 
ʫʯʘʩʪʥʠʮʠʪʝ), ʥʠʚʦʪʦ ʥʘ ʜʠʩʢʫʩʠʷʪʘ 
(ʙʨʦʡ ʥʘ ʥʠʰʢʠʪʝ) ʠ ʧʨʝʦʙʣʘʜʘʚʘʱ ʪʠʧ 
ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ ( ʧʨʝʜʣʦʞʝʥʠʷ, ʠʩʢʘ-
ʥʠʷ ʟʘ ʧʦʤʦʱ ʠ ʪ.ʥ. ) 
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʪʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʟʘʚʠʩʠ 
ʦʪ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʥʠʰʢʠʪʝ, ʥʦ ʩʲʱʦ ʠ ʦʪ 
ʬʘʢʪʦʨʠ ʢʘʪʦ ʪʷʭʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣ-
ʥʦʩʪ, ʚʨʝʤʝʪʨʘʝʥʝʪʦ ʠʤ ʠ ʧʨʝʦʙʣʘʜʘ-

ʚʘʱʠʷ ʪʠʧ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ( 
ʩʪʫʜʝʥʪ-ʩʪʫʜʝʥʪ, ʩʪʫʜʝʥʪ-ʛʨʫʧʘ, ʩʪʫ-
ʜʝʥʪ -ʧʨʝʧʦʜʘʚʘʪʝʣ, ʧʨʝʧʦʜʘʚʘʪʝʣ-
ʛʨʫʧʘ). ʇʦ ʩʲʱʠʷ ʥʘʯʠʥ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʧʦʪʦʢʘ ʩʝ ʠʟʚʣʠʯʘ ʯʨʝʟ ʩʫʤʠʨʘʥʝ ʥʘ 
ʢʘʯʝʩʪʚʝʥʦʪʦ ʥʠʚʦ ʥʘ ʚʩʷʢʦ ʩʲʜʲʨ-
ʞʘʱʦ ʩʝ ʚ ʥʝʛʦ ʩʲʦʙʱʝʥʠʝ. ʇʦʩʣʝʜ-
ʥʠʷʪ ʝʣʝʤʝʥʪ ʢʘʩʘʝʱ ʢʘʯʝʩʪʚʦ-ʪʦ ʥʘ 
ʮʷʣʦʩʪʥʘʪʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪ ʥʘ ʢʫʨʩʘ ʝ 
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ, ʢʦʝʪʦ ʩʝ 
ʠʟʚʝʞʜʘ ʦʪ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘʜʘʜʝʥʠ ʥʘ 
ʚʩʝʢʠ ʦʪ ʢʘʯʝʩʪʚʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ. 

ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ 
ʝ ʩʘʤʦ ʝʜʠʥ ʦʪ ʪʨʠʪʝ ʢʦʤʧʦʥʝʥʪʘ ʦʧʨʝ-
ʜʝʣ̫ɦ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʢʫʨʩʘ. ʂʘʯʝʩʪ-
ʚʦʪʦ ʥʘ ʦʙʫʯʝʥʠʝ (ʦʪʥʝʩʝʥʦ ʢʲʤ ʧʨʦ-
ʜʫʢʮʠʷʪʘ ʥʘ ʩʪʫʜʝʥʪʘ) ʩʝ ʠʟʨʘʟʷʚʘ ʯʨʝʟ 
ʜʚʘ ʢʘʯʝʩʪʚʝʥʠ ʧʘʨʘʤʝʪʲʨʘ ʧʨʠʣʘʛʘʥʠ 
ʢʲʤ ʚʩʷʢʘ ʢʦʥʬʝʨʝʥʮʠʷ; ʬʦʨʤʘʣʥʦ 
ʩʲʦʪʚʝʪʩʪʚʠʝ ʠ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ ʩʲʜʲʨ-
ʞʘʥʠʝʪʦ. 

ʆʯʝʚʠʜʥʦ ʧʦʣʟʘʪʘ ʦʪ ʪʘʢʘʚʘ ʩʠʩ-
ʪʝʤʘ ʥʝ ʩʝ ʦʛʨʘʥʠʯʘʚʘ ʩʘʤʦ ʩ ʠʟʯʠʩ-
ʣʷʚʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʯʠʩʣʝʥʘ ʩʪʦʡ-
ʥʦʩʪ ʦʪʨʘʟʷʚʘʱʘ ʮʷʣʦʩʪʥʦʪʦ ʥʠʚʦ ʥʘ 
ʯʘʩʪʠʯʥʠ ʢʘʯʝʩʪʚʝʥʠ ʦʮʝʥʢʠ ʢʘʪʦ ʪʝʟʠ 
ʥʘ ʜʚʝ ʪʝʤʘʪʠʯʥʦ ʙʘʟʠʨʘʥʠ ʢʦʥʬʝ-
ʨʝʥʮʠʠ ʠʣʠ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ ʢʦʥʬʝ-
ʨʝʥʮʠʷ ʧʨʠ ʜʚʝ ʨʘʟʣʠʯʥʠ ʧʨʦʚʝʞʜʘʥʠʷ 
ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʢʫʨʩ. 

 
2. ɿʘʢʣʶʯʝʥʠʝ  

 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʧʨʦʚʝʜʝʥʠʪʝ ʪʝʩ-
ʪʦʚʝ ʧʦʜʯʝʨʪʘʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 
ʧʦʜʭʦʜʘ, ʧʦʪʚʲʨʜʝʥʘ ʦʪ ʩʨʘʚʥʝʥʠʝʪʦ ʩ 
ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ, ʯʨʝʟ ʧʦʣʟʚʥʝʪʦ 
ʥʘ ʪʨʘʜʠʮʠʦʥʥʠ ʤʝʪʦʜʠ ʟʘ ʦʮʝʥʷʚʘʥʝ. 
ɺ ʙʲʜʝʱʝ ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʦʤʫʥʠʢʠʨʘʥʝ 
ʙʠ ʤʦʛʣʘ ʜʘ ʙʲʜʝ ʫʩʲʚʲʨʰʝʥʩʪʚʫʚʘʥʘ 
ʪʘʢʘ, ʯʝ ʩʪʫʜʝʥʪʠʪʝ ʠ ʦʮʝʥʠʪʝʣʠʪʝ ʜʘ 
ʤʦʛʘʪ ʜʘ ʦʧʨʝʜʝʣʷʪ ʩʤʠʩʲʣʘ ʥʘ ʩʲʦʙ-
ʱʝʥʠʝʪʦ ʦʪ ʤʦʤʝʥʪʘ ʥʘ ʥʝʛʦʚʦʪʦ ʩʲʟ-
ʜʘʚʘʥʝ. ʀʟʧʨʘʱʘʱʠʪʝ ʩʲʦʙʱʝʥʠʷ ʱʝ 
ʠʤʘʪ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʤʝʥʶ, ʦʪ ʢʦʝʪʦ 
ʜʘ ʤʦʛʘʪ ʜʘ ʠʟʙʝʨʘʪ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ 
ʬʫʥʢʮʠʷ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʩʠ ʧʨʝʜʠ ʜʘ 
ʛʦ ʠʟʧʨʘʪʷʪ (ʥʘʧʨ. ñ ʟʘʧʠʪʚʘʥʝò, ñ ʢʦ-
ʤʝʥʪʘʨò  , ñʧʨʝʜʣʦʞʝʥʠʝ ʟʘ ʜʠʩʢʫʩʠʷò ʠ 
ʪ.ʥ.). ʊʦʚʘ ʱʝ ʫʣʝʩʥʠ ʢʦʤʫʥʠʢʠʨʘʥʝʪʦ 
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ʤʝʞʜʫ ʫʯʘʩʪʥʠʮʠʪʝ ʠ ʱʝ ʥʘʧʨʘʚʠ ʧʦ-
ʣʝʢʘ ʟʘʜʘʯʘʪʘ ʥʘ ʦʮʝʥʠʪʝʣʠʪʝ. ʇʲʨ-
ʚʘʪʘ ʩʪʲʧʢʘ ʚ ʪʦʚʘ ʦʪʥʦʰʝʥʠʝ ʝ ʦʧʨʝ-
ʜʝʣʷʥʝʪʦ ʥʘ ʠʟʯʝʨʧʘʪʝʣʥʘ ʠ ʦʪʚʦʨʝʥʘ 
ʪʘʢʩʦʥʦʤʠʷ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ ʦʙʭʚʘʱʘ-
ʱʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʬʫʥʢʮʠʠ ʧʨʠʣʘ-
ʛʘʱʠ ʩʝ ʧʨʠ ʦʥ-ʣʘʡʥ ʢʫʨʩʦʚʝʪʝ 
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ʆʛʥʷʥ ʀ. ɾʝʣʝʟʦʚ 
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Abstract: In this paper is proposed an algorithm for generating synthetic textures baset on 
modulation of poligons, that covers the two-dimensional surface. The modulation gives as a result 
a different textures, composed by two-dimensioned regions. Using different modulation finctions it 
is possible to create different pattern images. Additional parameters are the color of lines and fill 
color of rectangular element. Smoothing of poligon contours using LF filter gives more realistic 
objects containing textures. 

 

 
1. ɺʲʚʝʜʝʥʠʝ 

 
ʊʝʢʩʪʫʨʠʪʝ ʩʝ ʠʟʧʦʣʟʫʚʘʪ ʚ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʛʨʘʬʠʢʘ ʧʨʠ ʩʠʥʪʝʟʠ-
ʨʘʥʝ ʥʘ ʦʙʝʢʪʠ ʠ ʢʦʤʧʶʪʲʨʥʠ ʩʮʝʥʠ, ʟʘ 
ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦ ʚʠʜ ʧʦʚʲʨ-
ʭʥʦʩʪʥʠ ʜʝʪʘʡʣʠ. ɼʠʛʠʪʘʣʠʟʠʨʘʥʘ ʪʝʢʩ-
ʪʫʨʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʫʯʝʥʘ ʦʪ ʤʥʦʛʠ 
ʠʟʪʦʯʥʠʮʠ, ʥʘʧʨʠʤʝʨ ʦʪ ʮʠʬʨʚʘ ʬʦʪʦ-
ʛʨʘʬʠʷ, ʥʦ ʧʦʣʫʯʝʥʦʪʦ ʪʝʢʩʪʫʨʥʦ ʧʘʨ-
ʯʝ ʥʷʤʘ ʜʘ ʠʤʘ ʞʝʣʘʥʠʪʝ ʨʘʟʤʝʨʠ ʠʣʠ 
ʬʦʨʤʘ. ɸʢʦ ʧʨʠ ʧʦʢʨʠʚʘʥʝ ʥʘ ʧʦ-ʛʦʣʷ-
ʤʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʠʟʧʦʣʟʫʚʘ ʧʨʦʩʪʦ 
ʧʦʚʪʦʨʝʥʠʝ ʥʘ ʪʝʢʩʪʫʨʘʪʘ, ʪʦʚʘ ʚʦʜʠ 
ʜʦ ʥʝʧʨʠʝʤʣʠʚʠ ʝʬʝʢʪʠ ï ʟʘʙʝʣʝʞʠʤʠ 
ʧʨʝʭʦʜʠ, ʟʘʙʝʣʝʞʠʤʠ ʧʦʚʪʦʨʝʥʠʷ ʠ ʪ.ʥ. 
ɽʜʠʥ ʦʪ ʠʟʧʦʣʟʫʚʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʧʦʣʫ-
ʯʘʚʘʥʝ ʥʘ ʪʝʢʩʪʫʨʥʠ ʧʦʢʨʠʪʠʷ ʩ ʧʨʦʠʟ-
ʚʦʣʝʥ ʨʘʟʤʝʨ, ʢʦʠʪʦ ʥʝ ʧʨʠʪʝʞʘʚʘʪ ʧʦ-
ʩʦʯʝʥʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ (ʧʨʝʭʦʜʠ ʠ 
ʧʦʚʪʦʨʝʥʠʷ) ʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʩʠʥ-
ʪʝʟʠʨʘʥʝ ʥʘ ʪʝʢʩʪʫʨʠ. ʀʟʧʦʣʟʫʚʘʥʠʪʝ 

ʤʝʪʦʜʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʝ 
ʛʨʫʧʠ: 

ʄʝʪʦʜʠ, ʢʦʠʪʦ ʛʝʥʝʨʠʨʘʪ ʪʝʢʩʪʫʨʠ 
ʧʦ ʟʘʜʘʜʝʥ ʦʙʨʘʟʝʮ. 

ʄʝʪʦʜʠ, ʢʦʠʪʦ ʛʝʥʝʨʠʨʘʪ ʪʝʢʩʪʫʨʠ 
ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʙʨʘʥʘ ʩʣʫʯʘʡʥʘ ʠʣʠ ʜʝ-
ʪʝʨʤʠʥʠʨʘʥʘ ʬʫʥʢʮʠʷ. ɺ ʥʘʩʪʦʷʱʘʪʘ 
ʩʪʘʪʠʷ ʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʟʘ ʩʠʥʪʝ-
ʟʠʨʘʥʝ ʥʘ ʪʝʢʩʪʫʨʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʢʨʠ-
ʚʘʥʝ ʥʘ ʜʚʫʤʝʨʥʘ ʦʙʣʘʩʪ ʩ ʛʝʦʤʝʪ-
ʨʠʯʥʠ ʬʠʛʫʨʠ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʤʦʜʫʣʘ-
ʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʧʦʢʨʠʪʠʝ 
(ʧʘʨʢʝʪʠʨʘʥʝ) ʩ ʤʥʦʲʛʲʣʥʠʮʠ. ʄʝ-
ʪʦʜʲʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʦ-ʥʘʪʘʪʲʰʥʦ 
ʨʘʟʚʠʪʠʝ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʚ [1] ʤʝʪʦʜ 
ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʪʝʢʩʪʫʨʘ ʧʦʩʨʝʜ-
ʩʪʚʦʤ ʤʦʜʫʣʘʮʠʷ ʥʘ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ 
ʚʲʨʭʦʚʝʪʝ ʥʘ ʧʘʨʢʝʪʠʨʘʱʠ ʤʥʦʛʦʲʛʲʣ-
ʥʠʮʠ. 
 

2. ʇʦʢʨʠʚʘʥʝ ʥʘ ʨʘʚʥʠʥʘʪʘ ʩ 
ʛʝʦʤʝʪʨʠʯʥʠ ʬʠʛʫʨʠ 



 

 

 

 

 

 
ɺ ʤʘʪʝʤʘʪʠʢʘʪʘ ʧʣʲʪʥʦʪʦ ʧʦʢʨʠʚʘʥʝ 
ʥʘ ʨʘʚʥʠʥʘʪʘ ʩ ʛʝʦʤʝʪʨʠʯʥʠ ʬʠʛʫʨʠ ʩʝ 
ʥʘʨʠʯʘ ʧʘʨʢʝʪʠʨʘʥʝ [2].ɼʦʢʘʟʘʥʦ ʝ, ʯʝ 
ʦʪ ʧʨʘʚʠʣʥʠʪʝ ʤʥʦʛʦʲʛʲʣʥʠʮʠ ʧʣʲʪʥʦ 
ʧʦʢʨʠʪʠʝ ʥʘ ʨʘʚʥʠʥʘʪʘ ʤʦʞʝ ʜʘ ʩʝ 
ʧʦʣʫʯʠ ʩʘʤʦ ʩ ʪʨʠʲʛʲʣʥʠʮʠ, ʯʝʪʠʨʠ-
ʲʛʲʣʥʠʮʠ, ʧʝʪʦʲʛʲʣʥʠʮʠ ʠ ʰʝʩʪʦ-
ʲʛʲʣʥʠʮʠ. ʀʟʚʝʩʪʥʠ ʩʘ ʤʥʦʛʦ ʜʨʫʛʠ 
ʧʦʢʨʠʪʠʷ ʩ ʥʘʡ-ʨʘʟʣʠʯʥʠ ʬʠʛʫʨʠ, ʚ 
ʪʦʚʘ ʯʠʩʣʦ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʪʠʮʠ ʠ 
ʞʠʚʦʪʥʠ, ʧʦʚʝʯʝʪʦ ʦʪ ʢʦʠʪʦ ʩʘ ʩʲʟ-
ʜʘʜʝʥʠ ʦʪ ʭʫʜʦʞʥʠʮʠ, ʘ ʥʝ ʦʪ ʤʘʪʝ-
ʤʘʪʠʮʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʥʘ ʬʠʛʫ-
ʨʘʪʘ, ʪʝʟʠ ʧʦʢʨʠʪʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘʩʠ-
ʬʠʮʠʨʘʪ ʢʘʪʦ ʧʦʣʫʯʝʥʠ ʦʪ ʥ̫ ʢʘʢʚʘ 
ʜʝʪʝʨʤʠʥʠʩʪʠʯʥʘ ʛʝʥʝʨʠʨʘʱʘ ʬʫʥʢ-
ʮʠʷ, ʯʨʝʟ ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʢʦʦʨ-
ʜʠʥʘʪʠʪʝ ʥʘ ʧʦʚʪʘʨʷʱʠʪʝ ʩʝ ʬʠʛʫʨʠ. 

ʇʨʘʢʪʠʯʝʩʢʦʪʦ ʠʟʧʦʣʟʫʚʘʥʝ ʥʘ 
ʪʝʢʩʪʫʨʥʠ ʧʦʢʨʠʪʠʷ ʧʦʢʘʟʚʘ, ʯʝ ʜʝʪʝʨ-
ʤʠʥʠʩʪʠʯʥʠʪʝ ʪʝʢʩʪʫʨʠ ʩʝ ʚʲʟʧʨʠʝʤʘʪ 
ʢʘʪʦ ʩʲʟʜʘʜʝʥʠ ʠʟʢʫʩʪʚʝʥʦ, ʜʦʢʘʪʦ ʩʪʦ-
ʭʘʩʪʠʯʥʠʪʝ ʪʝʢʩʪʫʨʠ, (ʩʲʩʪʘʚʝʥʠ ʦʪ 
ʥʝʧʦʚʪʘʨʷʱʠ ʩʝ ʝʣʝʤʝʥʪʠ) ʩʝ ʚʲʟ-
ʧʨʠʝʤʘʪ ʢʘʪʦ ʨʝʘʣʠʩʪʠʯʥʠ, ʧʦʣʫʯʝʥʠ 
ʦʪ ʩʲʱʝʩʪʚʫʚʘʱ ʦʙʨʘʟʝʮ ʥʘ ʧʦʚʲʨʭ-
ʥʦʩʪ. 
 

2. ɼʝʬʠʥʠʨʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ 
 

ʇʦ ʧʨʘʚʠʣʦ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʛʝʥʝʨʠ-
ʨʘʥʝ ʥʘ ʩʪʦʭʘʩʪʠʯʥʠ ʪʝʢʩʪʫʨʠ ʠʟʚʲʨʰ-
ʚʘʪ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʝʢʩʪʫʨʘ ʧʦ ʟʘʜʘʜʝʥ 
ʦʙʨʘʟʝʮ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʫʚʘ ʘʨʘʥʞʠ-
ʨʘʥʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʧʠʢʩʝʣʠʪʝ ʚ 
ʤʘʣʢʘ ʦʙʣʘʩʪ ʠ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʥʝʪʦ ʠʤ 
ʚ ʩʲʩʝʜʥʘ ʦʢʦʣʥʦʩʪ ʠʣʠ ʨʘʟʣʠʯʥʠ 
ʤʝʪʦʜʠ ʟʘ ʩʧʝʢʪʨʘʣʝʥ ʘʥʘʣʠʟ ʥʘ ʫʯʘʩ-
ʪʮ̡ʠ ʦʪ ʦʙʨʘʟʝʮʘ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 
ʪʝʢʩʪʫʨʘ ʚʲʨʭʫ ʟʘʜʘʜʝʥʘ ʦʙʣʘʩʪ ʩʲʩ 
ʩʭʦʜʝʥ ʩʧʝʢʪʨʘʣʝʥ ʩʲʩʪʘʚ. ʂʘʪʦ ʨʝʟʫʣ-
ʪʘʪ ʧʦʣʫʯʝʥʠʪʝ ʪʝʢʩʪʫʨʠ ʥʝ ʩʲʜʲʨʞʘʪ 
ʨʘʟʣʠʯʠʤʠ ʦʙʝʢʪʠ, ʘ ʧʦ-ʩʢʦʨʦ ʦʙʣʘʩʪʠ 
ʩ ʧʝʨʮʝʧʪʫʘʣʥʦ ʩʭʦʜʥʠ ʭʘʨʘʢʪʝʨʠʩ-
ʪʠʢʠ. ʄʦʛʘʪ ʜʘ ʩʝ ʧʦʩʦʯʘʪ ʨʝʜʠʮʘ 
ʩʣʫʯʘʠ ʟʘ ʨʝʘʣʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʲʩ 
ñʟʨ̡ʥʝʩʪʘò ʩʪʨʫʢʪʫʨʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʷʩʥʦ 
ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʙʝʢʪʠ ʩʲʩ ʩʣʫʯʘʡʥʦ 
ʠʟʤʝʥʷʱʠ ʩʝ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ 

ʧʘʨʘʤʝʪʨʠ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʨʘʟʨʘʙʦʪ-
ʚʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʤʠ ʟʘ ʠʟʢʫʩʪʚʝʥʦ 
ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʧʦʜʦʙʥʠ ʪʝʢʩʪʫʨʠ ʩ 
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʨʘʟʤʝʨ.. 

 
3.ʇʦʢʨʠʚʘʥʝ ʩʲʩ ʩʣʫʯʘʡʥʠ 

ʤʥʦʛʦʲʛʲʣʥʠʮʠ. 
 
ʇʨʝʜʣʘʛʘʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʟʘ ʛʝʥʝʨʠ-

ʨʘʥʝ ʥʘ ʪʝʢʩʪʫʨʠ ʠʟʧʦʣʟʫʚʘ ʨʘʟʛʣʝ-
ʜʘʥʠʷ ʚ [1] ʘʣʛʦʨʠʪʲʤ ʟʘ ʧʘʨʢʝʪʠʨʘʥʝ 
ʥʘ ʨʘʚʥʠʥʘʪʘ ʩʲʩ ʩʣʫʯʘʡʥʠ ʤʥʦʛʦʲ-
ʛʲʣʥʠʮʠ. ɺ ʘʣʛʦʨʠʪʲʤʘ ʩʝ ʠʟʧʦʣʟʫʚʘ 
ʜʝʪʝʨʤʠʥʠʩʪʠʯʥʘ ʛʝʥʝʨʠʨʘʱʘ ʬʫʥʢʮʠʷ 
ʟʘ  ʧʦʢʨʠʚʘʥʝ  ʥʘ ʨʘʚʥʠʥʘʪʘ ʩʲʩ ʟʘʜʘ-
ʜʝʥ ʧʨʘʚʠʣʝʥ ʤʥʦʛʦʲʛʲʣʥʠʢ ʠ ʩʣʫʯʘʡ-
ʥʘ ʤʦʜʫʣʠʨʘʱʘ ʬʫʥʢʮʠʷ ʟʘ ʧʨʝʦʙ-
ʨʘʟʫʚʘʥʝ ʥʘ ʤʥʦʛʦʲʛʲʣʥʠʮʠʪʝ. ʇʦʩʨʝʜ-
ʩʪʚʦʤ ʛʝʥʝʨʠʨʘʱʘʪʘ ʬʫʥʢʮʠʷ (ɻʌ) ʩʝ 
ʧʦʣʫʯʘʚʘʪ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʚʲʨʭʦʚʝʪʝ 
ʥʘ ʩʣʫʯʘʡʥʠʪʝ ʤʥʦʛʦʲʛʲʣʥʠʮʠ. ʂʦʦʨʜʠ-
ʥʘʪʠʪʝ ʥʘ ʪʝʟʠ ʪʦʯʢʠ ʤʦʛʘʪ ʜʘ ʩʝ 
ʧʨʝʜʩʪʘʚʷʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʘʤʝʪʨʠʯʥʠ 
ʫʨʘʚʥʝʥʠʷ ʦʪ ʚʠʜʘ 
(1) 

 
ʢʲʜʝʪʦ n ʝ ʥʦʤʝʨʲʪ ʥʘ ʧʦʨʝʜʥʘʪʘ 
ʪʦʯʢʘ. ɺʠʜʲʪ ʥʘ ʬʫʥʢʮʠʠʪʝ Fx(n) ʠ Fy(n) 
ʠ ʩʭʝʤʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ ʠʤ ʦʧʨʝ-
ʜʝʣʷʪ ʚʠʜʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʤʥʦʛʦ-
ʲʛʲʣʥʠʮʠ. ʇʨʠ ʟʘʜʘʚʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ 
ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʚʲʨʭʦʚʝʪʝ ʥʘ ʤʥʦʛʦ-
ʲʛʲʣʥʠʮʠʪʝ ʝ ʧʦ-ʧʦʣʝʟʥʦ ʢʦʦʨʜʠʥʘʪʠʪʝ 
ʠʤ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ 

ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ n1 ʠ n2. , n1Í[0,N1], 

n2Í[0,N2]., ʢʘʪʦ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʪʷʭ ʠ 
ʧʘʨʘʤʝʪʲʨʘ n ʦʪ ʬʦʨʤʫʣʘ 1 ʩʝ ʠʟʨʘ-
ʟʷʚʘ ʢʘʢʪʦ ʩʣʝʜʚʘ 
(2) 

 
ʢʲʜʝʪʦ n1 ʠ n2  ʩʘ ʨʘʟʤʝʨʠʪʝ (ʚ ʙʨʦʡ 
ʦʪʯʝʪʠ) ʥʘ ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʦʙʣʘʩʪ D, ʚ 
ʢʦʷʪʦ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʬʫʥʢʮʠʠʪʝ 
x(n1,n2) ʠ y(n1,n2). 
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ʅʘʧʨʠʤʝʨ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦʢʨʠ-
ʪʠʝ ʩ ʧʨʘʚʦʲʛʲʣʥʠʮʠ ʩ ʨʘʟʤʝʨʠ A*B 
ʬʫʥʢʮʠʠʪʝ x(n1,n2) ʠ y(n1,n2) ʠ 
ʛʨʘʥʠʯʥʠʪʝ ʪʦʯʢʠ ʥʘ ʦʪʩʝʯʢʠʪʝ L1, L2, 
L3 ʠ L4 ʟʘ ʩʚʲʨʟʚʘʥʝʪʦ ʠʤ ʩʝ 
ʠʟʨʘʟʷʚʘʪ ʩ ʬʦʨʤʫʣʠ (3) ʠ (4) ʢʘʢʪʦ 
ʩʣʝʜʚʘ 
 
 (3) 

 
(4) 

 
ɺ [1] ʩʘ ʜʘʜʝʥʠ ʠ ʜʨʫʛʠ ʩʭʝʤʠ ʥʘ 
ʩʚʲʨʟʚʘʥʝ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ 
ʧʦʢʨʠʪʠʷ ʩ ʜʨʫʛ ʚʠʜ ʧʨʘʚʠʣʥʠ ʤʥʦʛʦ-
ʲʛʲʣʥʠʮʠ. 
 
4. ʀʟʧʦʣʟʫʚʘʥʝ ʥʘ ʤʦʜʫʣʘʮʠʷ ʚ 
ʛʝʥʝʨʠʨʘʱʠʪʝ ʬʫʥʢʮʠʠ. 
 
ʄʦʜʫʣʘʮʠʷʪʘ ʝ ʪʝʨʤʠʥ, ʢʦʡʪʦ ʩʝ 

ʠʟʧʦʣʟʫʚʘ ʚ ʪʝʦʨʠʷʪʘ ʥʘ ʩʠʛʥʘʣʠʪʝ. 
ʄʦʜʫʣʘʮʠʷ ʩʝ ʥʘʨʠʯʘ ʪʘʢʦʚʘ ʥʝʣʠʥʝʡ-
ʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʩʠʛʥʘʣʠʪʝ, ʧʨʠ 
ʢʦʝʪʦ ʝʜʠʥ ʠʣʠ ʥʷʢʦʣʢʦ ʧʘʨʘʤʝʪʲʨʘ ʥʘ 
ʝʜʠʥ ʩʠʛʥʘʣ, ʥʘʨʝʯʝʥ ʥʦʩʝʱ, ʩʝ ʧʨʦ-
ʤʝʥʷʪ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʜʨʫʛ ʩʠʛʥʘʣ, 
ʥʘʨʝʯʝʥ ʤʦʜʫʣʠʨʘʱ.[3]. ɺ ʩʣʫʯʘʷ ʢʘʪʦ 
ʜʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣʠ ʩʝ ʨʘʟʛʣʝʞʜʘʪ 
ʬʫʥʢʮʠʠʪʝ Fx(n1,n2) ʠ Fy(n1,n2), ʯʨʝʟ 
ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ 
ʚʲʨʭʦʚʝʪʝ ʥʘ ʤʥʦʛʦʲʛʲʣʥʠʮʠʪʝ. ʄʦʜʫ-
ʣʠʨʘʱʠʪʝ ʬʫʥʢʮʠʠ Mx(n1,n2) ʠ 
My(n1,n2) ʩʝ ʠʟʧʦʣʟʫʚʘʪ ʢʘʪʦ ʤʥʦʞʠ-
ʪʝʣʠ ʠʣʠ ʩʲʙʠʨʘʝʤʠ, ʧʦʩʨʝʜʩʪʚʦʤ 
ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʦʦʨ-
ʜʠʥʘʪʠʪʝ ʥʘ ʚʲʨʭʦʚʝʪʝ ʥʘ ʤʥʦʛʦ-
ʲʛʲʣʥʠʮʠʪʝ ʢʘʢʪʦ ʩʣʝʜʚʘ: 
(5) 

 
 
 

ɿʘ ʜʘ ʥʝ ʩʝ ʧʦʣʫʯʠ ʩʣʝʜ ʤʦʜʫʣʘʮʠʷʪʘ 
ʧʨʝʩʠʯʘʥʝ ʥʘ ʩʪʨʘʥʠʪʝ ʥʘ ʬʠʛʫʨʠʪʝ ʦʪ 
ʧʦʢʨʠʪʠʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ 
ʧʦʜʙʝʨʘʪ ʤʦʜʫʣʠʨʘʱʠ ʬʫʥʢʮʠʠ, ʩʪʦʡ-
ʥʦʩʪʠʪʝ ʥʘ ʢʦʠʪʦ ʩʘ ʦʛʨʘʥʠʯʝʥʠ ʚ 
ʠʥʪʝʨʚʘʣʘ [-D/2,+D/2] ʢʲʜʝʪʦ D e 
ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʚʲʨʭʦʚʝʪʝ ʥʘ 
ʩʲʩʝʜʥʠʪʝ ʤʥʦʛʦʲʛʲʣʥʠʮʠ. ʀʟʧʦʣʟ-
ʚʘʥʝʪʦ ʢʘʪʦ ʤʦʜʫʣʠʨʘʱʘ ʬʫʥʢʮʠʷ ʥʘ 
ʛʝʥʝʨʘʪʦʨ ʥʘ ʩʣʫʯʘʡʥʠ ʯʠʩʣʘ ʜʘʚʘ ʢʘʪʦ 
ʨʝʟʫʣʪʘʪ ʧʦʢʨʠʪʠʝ ʥʘ ʨʘʚʥʠʥʘʪʘ ʩ 
ʤʥʦʛʦʲʛʲʣʥʠʮʠ, ʯʠʡʪʦ ʨʘʟʤʝʨʠ ʩʘ 
ʬʫʥʢʮʠʷ ʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ.  
(ʬʠʛ. 1) 
 

 
ʌʠʛ. 1 ʇʦʢʨʠʚʘʥʝ ʩ ʤʥʦʛʦʲʛʲʣʥʠʮʠ, 
ʤʦʜʫʣʠʨʘʥʠ ʩʲʩ ʩʣʫʯʘʡʥʘ ʬʫʥʢʮʠʷ. 
 
5. ʀʟʛʣʘʞʜʘʥʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ 
ʦʙʝʢʪʠʪʝ ʩ ʮʠʬʨʦʚ ʥʠʩʢʦʯʝʩʪʦʪʝʥ 

ʬʠʣʪʲʨ. 
 
ʊʝʢʩʪʫʨʠʪʝ, ʩʲʩʪʘʚʝʥʠ ʦʪ ʛʝʦʤʝʪ-

ʨʠʯʥʠ ʬʠʛʫʨʠ ʩʝ ʚʲʟʧʨʠʝʤʘʪ ʢʘʪʦ 
ʠʟʢʫʩʪʚʝʥʦ ʩʲʟʜʘʜʝʥʠ. ɿʘ ʧʦʣʫʯʘʚʘʥʝ 
ʥʘ ʪʝʢʩʪʫʨʘ, ʥʘʧʦʜʦʙʷʚʘʱʘ ʝʩʪʝʩʪʚʝʥʠ 
ʦʙʨʘʟʮʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʫ-
ʚʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʬʠʛʫʨʠ ʚ 
ʦʙʝʢʪʠ ʩ ʛʣʘʜʢʠ ʢʦʥʪʫʨʠ. ɿʘ ʠʟʛʣʘʞ-
ʜʘʥʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ ʦʙʝʢʪʠ ʤʦʞʝ ʜʘ 
ʩʝ ʠʟʧʦʣʟʫʚʘ ʨʘʟʣʠʢʘʪʘ ʚ ʩʧʝʢʪʨʘʣʥʠʷ 
ʩʲʩʪʘʚ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʬʫʥʢʮʠʠ, 
ʢʦʠʪʦ ʩʲʦʪʚʝʪʩʪʚʫʚʘʪ ʥʘ ʛʣʘʜʢʠ  ʢʦʥ-
ʪʫʨʠ ʠ ʩʧʝʢʪʲʨʘ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ 
ʬʫʥʢʮʠʠ, ʢʦʠʪʦ ʩʲʦʪʚʝʪʩʪʚʫʚʘʪ ʥʘ ʢʦʥ-
ʪʫʨʥʠ ʣʠʥʠʠ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʧʫʣʩʘ-

2*)2,1(

1*)2,1(

nBnny

nAnnx

=

=

)2,1()12,1(:4

)12,1()12,11(:3

)12,11()2,11(:2

)2,11()2,1(:1

nnnnL

nnnnL

nnnnL

nnnnL

-+

+-++

++-+

+-

)2,1()2,1()2,1(

)2,1()2,1()2,1(

nnFynnMynny

nnFxnnMxnnx

+=

+=



 

 

 

 

 

ʮʠʠ, ʰʫʤʦʚʝ ʠ ʨʝʟʢʠ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʧ-
ʨʘʚʣʝʥʠʝʪʦ ʥʘ ʢʦʥʪʫʨʘ. ʃʦʢʘʣʥʠʪʝ 
ʝʢʩʪʨʝʤʫʤʠ ʥʘ ʢʦʥʪʫʨʥʘʪʘ ʬʫʥʢʮʠʷ 
ʜʦʙʘʚʷʪ ʚʠʩʦʢʦʯʝʩʪʦʪʥʠ ʩʲʩʪʘʚʷʱʠ 
ʢʲʤ ʥʝʡʥʠʷ ʩʧʝʢʪʲʨ. ʇʦʨʘʜʠ ʪʦʚʘ 
ʠʟʛʣʘʞʜʘʥʝʪʦ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ ʦʙʝʢʪ ʚ 
ʜʠʩʢʨʝʪʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ 
ʠʟʚʲʨʰʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʠʩʢʦʯʝʩʪʦʪʥʘ 
ʬʠʣʪʨʘʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʬʫʥʢ-
ʮʠʠ ʥʘ ʢʦʥʪʫʨʘ. ʆʙʱʘʪʘ ʬʦʨʤʫʣʘ, ʧʦ 
ʢʦʷʪʦ ʩʝ ʠʟʯʠʩʣʷʚʘ ʦʪʢʣʠʢʲʪ y(n) ʥʘ 
ʝʜʠʥ ʝʜʥʦʤʝʨʝʥ ʮʠʬʨʦʚ ʬʠʣʪʲʨ ʩʝ 
ʜʘʚʘ ʩ ʠʟʨʘʟʘ [4]. 
(1) 
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ʢʲʜʝʪʦ: 
 ʩ h(m) e ʦʙʦʟʥʘʯʝʥʘ ʠʤʧʫʣʩʥʘʪʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʀʍ) ʥʘ ʮʠʬʨʦʚʠʷ ʬʠʣ-
ʪʲʨ. 
¶ x(n) - ʚʭʦʜʥʠʷ ʩʠʛʥʘʣ (ʚʭʦʜʥʘʪʘ 
ʯʠʩʣʦʚʘ ʨʝʜʠʮʘ) 
 
 ɺ ʩʣʫʯʘʷ ʝ ʫʜʘʯʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʫʚʘ 
ʬʠʣʪʲʨ, ʯʠʷʪʦ ʀʍ ʝ ʩ ʢʨʘʡʥʘ ʜʲʣʞʠʥʘ 
(ʥʝʨʝʢʫʨʩʠʚʝʥ ʬʠʣʪʲʨ), ʪʲʡ ʢʘʪʦ ʧʨʠ 
ʬʠʣʪʨʠʪʝ ʩ ʙʝʟʢʨʘʡʥʘ ʀʍ ʧʨʝʭʦʜʥʠʷ 
ʧʨʦʮʝʩ (ʪʝʦʨʝʪʠʯʥʦ) ʝ ʩ ʙʝʟʢʨʘʡʥʘ 
ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ, ʘ ʪʦʚʘ ʚ ʢʦʥʢʨʝʪʥʠʷ 
ʩʣʫʯʘʡ ʠʤʘ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʟʘʚʠʩʠʤʦʩʪ 
ʥʘ ʚʠʜʘ ʥʘ ʧʦʣʫʯʘʚʘʥʠʷ ʠʟʛʣʘʜʝʥ 
ʢʦʥʪʫʨ ʦʪ ʥʘʯʘʣʥʘʪʘ ʪʦʯʢʘ ʥʘ ʧʨʦʩ-
ʣʝʜʷʚʘʥʝ ʥʘ ʢʦʥʪʫʨʘ ʥʘ ʟʘʜʘʜʝʥʠʷ 
ʦʙʝʢʪ. ʀ ʪʘʢʘ, ʧʦ ʧʨʝʜʣʘʛʘʥʠʷ ʤʝʪʦʜ 
ʠʟʛʣʘʜʝʥʠʪʝ ʢʦʥʪʫʨʥʠ ʬʫʥʢʮʠʠ n1s(n) ʠ 
n2s(n) ʩʝ ʧʦʣʫʯʘʚʘʪ ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʣʪ-
ʨʘʮʠʷ ʩ ʥʝʨʝʢʫʨʩʠʚʝʥ ʮʠʬʨʦʚ ʬʠʣʪʲʨ, 
ʢʘʪʦ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ n1s(n) ʠ n2s(n) ʩʝ 
ʠʟʯʠʩʣʷʚʘʪ ʧʦ ʬʦʨʤʫʣʠʪʝ 
(2) 
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ʢʲʜʝʪʦ: 
ʩ n1(n) ʠ n2(n) ʩʘ ʦʙʦʟʥʘʯʝʥʠ ʧʘʨʘ-
ʤʝʪʨʠʯʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʟʘʜʘʜʝʥʠʷ 
ʢʦʥʪʫʨ 
ʩ n1s(n) ʠ n2s(n) - ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ 
ʬʫʥʢʮʠʠ ʥʘ ʠʟʛʣʘʜʝʥʠʷ ʢʦʥʪʫʨ. 
ʩ h(n) - ʠʤʧʫʣʩʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 
ʬʠʣʪʨʠʪʝ 
 ɿʘ ʬʠʣʪʨʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʫʚʘ 
ʫʩʨʝʜʥʷʚʘʱ ʬʠʣʪʲʨ ʢʘʪʦ ʠʥʪʝʨʚʘʣʲʪ 
ʥʘ ʫʩʨʝʜʥʷʚʘʥʝ N ʩʝ ʧʦʜʙʠʨʘ ʦʪ 
ʦʧʝʨʘʪʦʨʘ. ʊʲʡ ʢʘʪʦ ʥʘ ʧʨʘʢʪʠʢʘ 
ʠʥʪʝʨʚʘʣʲʪ ʥʘ ʫʩʨʝʜʥʷʚʘʥʝ ʥʝ ʤʦʞʝ 
ʜʘ ʙʲʜʝ ʤʥʦʛʦ ʛʦʣʷʤ (ʥʘʡ-ʯʝʩʪʦ 30-40 
ʦʪʯʝʪʘ) ʪʦ ʥʷʤʘ ʛʦʣʷʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ 
ʧʨʦʩʪʦʪʦ ʫʩʨʝʜʥʷʚʘʥʝ ʩ ʠʤʧʫʣʩʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ h(n)=1/N ʠ ʠʟʧʦʣ-
ʟʫʚʘʥʝʪʦ ʥʘ ʥʠʩʢʦʯʝʩʪʦʪʝʥ ʬʠʣʪʲʨ ʩ 
ʥʷʢʦʷ ʦʪ ʠʟʚʝʩʪʥʠʪʝ ʪʝʛʣʦʚʥʠ ʬʫʥʢʮʠʠ 
(ʥʘʧʨʠʤʝʨ ʧʨʦʟʦʨʝʮ ʥʘ ʍʝʤʠʥʛ ʠʣʠ 
ʂʘʡʟʝʨ) .ʀʟʛʣʘʞʜʘʥʝʪʦ ʥʘ ʢʦʥʪʫʨʠ 
ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʝʡʥʘ ʬʠʣʪʨʘʮʠʷ ʧʦ 
ʟʘʜʘʜʝʥ ʨʘʟʤʝʨ ʥʘ ʧʨʦʟʦʨʝʮʘ ʥʘ 
ʬʠʣʪʨʠʪʝ ʝ ʨʘʟʛʣʝʜʘʥʦ ʚ [5]. 
 

6. ʇʨʘʢʪʠʯʝʩʢʠ ʨʝʟʫʣʪʘʪʠ. 
 
ʈʝʘʣʠʟʠʨʘʥʘ ʝ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʛʝʥʝ-
ʨʠʨʘ ʪʝʢʩʪʫʨʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʦʧʠʩʘ-
ʥʠʷ ʧʦ-ʛʦʨʝ ʘʣʛʦʨʠʪʤ, ʢʘʪʦ ʜʘʚʘ 
ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʦʧʝʨʘʪʦʨʘ ʜʘ ʠʟʙʠʨʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʛʝʥʝʨʠʨʘʥʦʪʦ ʠʟʦʙʨʘ-
ʞʝʥʠʝ ï ʨʘʟʤʝʨ ʥʘ ʩʪʲʧʢʘʪʘ ʥʘ 
ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʤʨʝʞʘ ʧʨʠ ʧʦʣʫʯʘʚʘʥʝ 
ʥʘ ʧʦʢʨʠʪʠʝʪʦ ʩ ʧʨʘʚʠʣʥʠ ʤʥʦʛʦ-
ʲʛʲʣʥʠʮʠ, ʨʘʟʤʝʨ ʥʘ ʫʩʨʝʜʥʷʚʘʱʠʷ 
ʧʨʦʟʦʨʝʮ, , ʮʚʝʪʦʚʝ ʥʘ ʬʦʥʘ, ʟʘʧʲʣʚʘ-
ʥʝʪʦ ʠ ʢʦʥʪʫʨʥʠʪʝ ʣʠʥʠʠ ʠ ʜʨ. ʅʘ ʬʠʛ. 
2 ʝ ʧʦʢʘʟʘʥ ʨʝʟʫʣʪʘʪ ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ 
ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʧʨʠ ʠʟʧʦʣʟʫʚʘʥʝ ʥʘ 
ʩʣʫʯʘʡʥʘ ʤʦʜʫʣʠʨʘʱʘ ʬʫʥʢʮʠʷ ʠ 
ʫʩʨʝʜʥʷʚʘʥʝ ʩ ʧʨʦʟʦʨʝʮ ʩ ʨʘʟʤʝʨ 41 
ʦʪʯʝʪʘ. 
 



 

 

 

 

 

 
ʌʠʛ. 2 ʊeʢʩʪʫʨʘ, ʧʦʣʫʯʝʥʘ ʩʣʝʜ 
ʠʟʛʣʘʞʜʘʥʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʩ ʅʏ ʬʠʣʪʲʨ 
 

7. ɿʘʢʣʶʯʝʥʠʝ 
 
ʇʨʝʜʣʦʞʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʜʘʚʘ ʚʲʟ-
ʤʦʞʥʦʩʪ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʝʢʩʪʫʨʠ 
ʯʨʝʟ ʤʦʜʫʣʘʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 
ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʬʠʛʫʨʠ, ʩ ʢʦʠʪʦ ʝ 
ʠʟʚʲʨʰʝʥʦ ʧʘʨʢʝʪʠʨʘʥʝ ʥʘ ʜʚʫʤʝʨʥʘ 
ʦʙʣʘʩʪ  ʠ ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʧʘʨʘʤʝʪ-
ʨʠʯʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ ʦʙʝʢ-
ʪʠʪʝ, ʨʘʟʛʣʝʞʜʘʥʠ ʢʘʪʦ ʮʠʬʨʦʚʠ ʩʠʛʥʘ-
ʣʠ. ʇʦ-ʥʘʪʘʪʲʰʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʘʣʛʦʨʠ-
ʪʲʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 
ʧʦʢʨʠʪʠʝ (ʧʘʨʢʝʪʠʨʘʥʝ) ʩʲʩ ʟʘʜʘʜʝʥ 
ʥʘʙʦʨ ʦʪ ʛʝʦʤʝʪʨʠʯʥʠ ʦʙʝʢʪʠ, ʢʦʠʪʦ ʜʘ 
ʩʝ ʨʝʜʫʚʘʪ ʚ ʩʣʫʯʘʡʥʘ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʥʦʩʪ, ʠ ʢʦʠʪʦ ʩʣʝʜ ʪʦʚʘ ʜʘ ʙʲʜʘʪ 
ʧʦʜʣʦʞʝʥʠ ʥʘ ʤʦʜʫʣʠʨʘʥʝ ʠ ʬʠʣʪʨʘ-
ʮʠʷ. ʊʦʚʘ ʙʠ ʜʘʣʦ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦ-
ʣʫʯʘʚʘʥʝ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʪʝʢʩʪʫʨʠ ʦʪ 
ʨʘʟʣʠʯʥʠ ʥʘʯʘʣʥʠ ʥʘʙʦʨʠ ʦʪ ʦʙʝʢʪʠ 
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ʉʘʚʘ ʀʚʘʥʦʚ 
 

ɸʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʠʷʪʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʘʨʭʠʪʝʢʪʫʨʥʦʪʦ ʨʝʰʝʥʠʝ ʠ ʧʨʦʙʣʝʤʠʪʝ 
ʩʚʲʨʟʘʥʠ ʩ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʠʥʪʝʣʠʛʝʥʪʝʥ ʛʨʘʬʠʯʝʥ ʜʠʩʧʣʝʡ ʟʘ ʧʨʦʤʠʰʣʝʥʠ 
ʢʦʥʪʨʦʣʝʨʠ. ɼʠʩʧʣʝʷʪ  ʠʤʘ ʩʣʝʜʥʠʪʝ ʧʦ-ʚʘʞʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: LCD ʛʨʘʬʠʯʝʥ ʜʠʩʧʣʝʡ, 
240 x 128 ʪʦʯʢʠ, ʩʝʥʟʦʨʝʥ ʝʢʨʘʥ (ʪʲʯʧʘʥʝʣ), ʯʘʩʦʚʥʠʢ ʟʘ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʘʥʘʣʦʛʦʚ ʚʭʦʜ ʠ 
ʠʟʭʦʜ, 6 ʮʠʬʨʦʚʠ ʚʭʦʜʘ  ʠ 4 ʮʠʬʨʦʚʠ ʠʟʭʦʜʘ ʠ ʢʘʥʘʣ ʟʘ ʚʨʲʟʢʘ ʩ ʧʨʦʤʠʰʣʝʥʠʷ ʢʦʥʪʨʦʣʝʨ 
ʯʨʝʟ ʠʥʪʝʨʬʝʡʩ RS232/485.  

 
 

INTELLIGENT GRAPHIC DISPLAY FOR PLC  
 

Sava Ivanov 
 

Abstract: The present article deals with the architecture solution and the problems connected 
with designing an intelligent graphic display for PLC. The display has the following characteristics: 
LCD graphic display, 240 x 128 dots, touch panel, real-time clock, analogue input and output, 6 
digital inputs and 4 digital outputs and a communication channel with the interface RS232/485 

 
.

 ɺʒɺɽɼɽʅʀɽ 
 
ʇʨʦʤʠʰʣʝʥʠʪʝ ʢʦʥʪʨʦʣʝʨʠ (ʇʂ) 

ʩʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝ-
ʤʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ 
ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝ-
ʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ ʠʣʠ ʧʨʦ-
ʤʠʰʣʝʥʠ ʠʟʜʝʣʠʷ. ɽʜʠʥ ʦʪ ʟʘʜʲʣʞʠ-
ʪʝʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʪʘʢʘʚʘ ʩʠʩʪʝʤʘ 
ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʫʣʪ ʟʘ ʦʧʝʨʘʪʦʨʘ, ʯʨʝʟ 
ʢʦʡʪʦ ʩʝ ʚʲʚʝʞʜʘʪ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʠʩ-
ʪʝʤʘʪʘ, ʠʟʙʠʨʘʪ ʩʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ, 
ʠʥʜʠʮʠʨʘʪ ʩʝ ʪʝʢʫʱʠ ʩʲʩʪʦʷʥʠʷ ʠ ʩʪʦʡ-
ʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʠ ʜʨ. ɺʩʷʢʘ ʬʠʨ-
ʤʘ-ʧʨʦʠʟʚʦʜʠʪʝʣ ʥʘ ʧʨʦʤʠʰʣʝʥʠ ʢʦʥʪ-
ʨʦʣʝʨʠ ʧʨʝʜʣʘʛʘ ʠ ʛʘʤʘ ʦʪ ʧʫʣʪʦʚʝ ʠ 
ʜʠʩʧʣʝʠ ʟʘ ʚʨʲʟʢʘ ʩʲʩ ʩʠʩʪʝʤʘʪʘ. ʊʝ, 
ʦʙʘʯʝ, ʥʝ ʚʠʥʘʛʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟ-
ʧʦʣʟʚʘʥʝ ʚ ʢʦʥʢʨʝʪʥʠ ʟʘʜʘʯʠ. ɼʦʢʘʪʦ 
ʇʂ ʣʝʩʥʦ ʤʦʛʘʪ ʜʘ ʩʝ ʫʥʠʬʠʮʠʘʪ, ʪʦ 
ʨʘʟʥʦʦʙʨʘʟʠʝʪʦ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʠʟʠʩʢ-
ʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʫʧʨʘʚʣʷʚʘʱʠ 
ʧʫʣʪʦʚʝ ʠ ʣʠʮʝʚʠ ʧʘʥʝʣʠ ʥʘ ʩʠʩʪʝʤʘ-
ʪʘ. ʈʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʙʫʪʦʥʠʪʝ ʠ 
ʪʝʭʥʠʷ ʙʨʦʡ, ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʠʥʜʠ-

ʢʘʪʦʨʠʪʝ, ʩʚʝʪʦʜʠʦʜʠʪʝ ʠ ʪʝʭʥʠʷ ʙʨʦʡ ʠ 
ʪ.ʥ. ʝ ʩʪʨʦʛʦ ʠʥʜʠʚʠʜʫʘʣʥʦ ʟʘ ʚʩʷʢʘ ʟʘ-
ʜʘʯʘ, ʟʘ ʚʩʝʢʠ ʧʨʦʝʢʪ. ʇʨʠ ʠʟʙʦʨ ʥʘ 
ʫʧʨʘʚʣʷʚʘʱ ʧʘʥʝʣ ʞʝʣʘʥʠʝʪʦ ʥʘ ʧʨʦʝʢ-
ʪʘʥʪʠʪʝ ʝ ʪʦʡ ʜʘ ʠʤʘ ʩʣʝʜʥʠʪʝ ʢʘʯʝʩʪʚʘ:  

- ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʝʞʜʘ ʢʘʢʪʦ 
ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʘ, ʪʘʢʘ ʠ  ʛʨʘʬʠʯʥʘ 
ʠʥʬʦʨʤʘʮʠʷ. ɼʠʩʧʣʝʷʪ ʜʘ ʧʦʟʚʦʣʷʚʘ 
ʙʲʨʟʘ ʠ ʣʝʩʥʘ ʧʨʦʤʷʥʘ ʢʘʢʪʦ ʥʘ 
ʪʝʢʩʪʦʚʘʪʘ, ʪʘʢʘ ʠ ʥʘ ʛʨʘʬʠʯʥʘʪʘ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʨʘʟʣʠʯʥʠ ʨʝʞʠʤʠ ʥʘ 
ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʈʘʟʨʘ-ʙʦʪʯʠʢʘ ʜʘ 
ʠʤʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʠ ʩʨʝʜ-ʩʪʚʘʪʘ ʩʘʤ ʜʘ 
ʩʠʥʪʝʟʠʨʘ ʛʨʘʬʠʢʠʪʝ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ 
ʠʤ ʚ ʝʢʨʘʥʥʦʪʦ ʧʦʣʝ. 

- ʙʨʦʷ, ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʠ ʬʫʥʢʮʠʠʪʝ 
ʥʘ ʙʫʪʦʥʠʪʝ ʜʘ ʥʝ ʩʘ ʬʠʢʩʠʨʘʥʠ, ʘ ʜʘ 
ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʘ 
ʧʨʠ ʜʠʟʘʡʥʘ ʥʘ ʣʠʮʝʚʠʷ ʧʘʥʝʣ. 

- ʣʠʮʝʚʠʷʪ ʧʘʥʝʣ ʜʘ ʝ ʤʘʢʩʠʤʘʣʥʦ 
ʟʘʱʠʪʝʥ ʦʪ ʧʨʘʭ, ʚʣʘʛʘ, ʚʠʙʨʘʮʠʠ, 
ʝʜʠʥʠʯʥʠ ʫʜʘʨʠ ʠ ʜʨ. 

- ʣʠʮʝʚʠʷʪ ʧʘʥʝʣ ʜʘ ʝ ʘʚʪʦʥʦʤʥʦ 
ʠʥʪʝʣʠʛʝʥʪʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʚʨʲʟʢʘʪʘ ʤʫ 
ʩ ʇʂ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ ʩʪʘʥʜʘʨʪʝʥ  



 

 

 

 

 

ʠʥʪʝʨʬʝʡʩ 
- ʜʘ ʝ ʣʝʩʝʥ ʟʘ ʚʛʨʘʞʜʘʥʝ ʠ 

ʦʙʩʣʫʞʚʘʥʝ, ʜʘ ʝ ʩ ʚʠʩʦʢʘ ʥʘʜʝʞʜʥʦʩʪ 
ʠ ʥʠʩʢʘ ʮʝʥʘ. 

ʎʝʣ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ 
ʜʘ ʫʜʦʚʣʝʪʚʦʨʠ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʪʝʟʠ 
ʧʦʥʷʢʦʛʘ ʧʨʦʪʠʚʦʨʝʯʠʚʠ ʠʟʠʩʢʚʘʥʠʷ ʢʘ-
ʪʦ ʠʟʧʦʣʟʚʘ ʜʦʙʨʠ ʪʝʭʥʠʯʝʩʢʠ ʨʝʰʝʥʠʷ 
ʠ ʩʲʚʨʝʤʝʥʥʠ ʢʦʤʧʦʥʝʥʪʠ.  

 
2.  ʊɽʍʅʀʏɽʉʂʆ ʈɽʐɽʅʀɽ 
 
ʇʨʠ ʠʟʙʦʨʘ ʥʘ ʪʝʭʥʠʯʝʩʢʦ ʨʝʰʝ-

ʥʠʝ ʮʝʣʪʘ ʝ ʙʠʣʘ ʜʘ ʩʝ ʫʜʦʚʣʝʪʚʦʨʷʪ 
ʩʣʝʜʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ: 

- ʦʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʣʠʮʝʚʠʷ 
ʧʘʥʝʣ ʪ.ʝ. ʠʥʜʠʮʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠ, 
ʚʲʚʝʞʜʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠ, ʠʟʙʦʨ ʥʘ 
ʨʝʞʠʤʠ ʠ ʜʨ. ʜʘ ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʠʟʠʩʢ-
ʚʘʥʠʷʪʘ ʦʪ ʪ.1 

- ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ 
ʚʲʥʰʥʠ ʙʫʪʦʥʠ ʦʪ ʪʠʧʘ ON-OFF ʠʣʠ 
ʚʲʥʰʥʘ ʢʣʘʚʠʘʪʫʨʘ 

- ʣʠʮʝʚʠʷʪ ʧʘʥʝʣ ʜʘ ʠʤʘ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʚʝʪʣʠʥʝʥ 
ʠ ʟʚʫʢʦʚ ʘʣʘʨʤʝʥ ʩʠʛʥʘʣ 

- ʣʠʮʝʚʠʷʪ ʧʘʥʝʣ ʜʘ ʤʦʞʝ ʜʘ ʠʤʘ 
ʯʘʩʦʚʥʠʢ ʟʘ ʨʝʘʣʥʦ ʚʨʝʤʝ 

ɹʣʦʢʦʚʘʪʘ ʩʭʝʤʘ ʥʘ ʣʠʮʝʚʠʷ ʧʘʥʝʣ 
ʝ ʜʘʜʝʥʘ ʥʘ ʬʠʛ.1. 
 
 

 
ʌʠʛ.1 

ʉʝʥʟʦʨʝʥ ʝʢʨʘʥ 

(Touch Screen) 
ST058A 5,8ò 
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ʌʫʥʢʮʠʠʪʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʙʣʦʢʦʚʝ 
ʩʘ ʩʣʝʜʥʠʪʝ: 

- ʙʣʦʢ ñʛʨʘʬʠʯʝʥ ʜʠʩʧʣʝʡò ï 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʝ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʙʫʢ-
ʚʝʥʦ-ʮʠʬʨʦʚʘ ʠʣʠ ʛʨʘʬʠʯʥʘ ʠʥʬʦʨ-
ʤʘʮʠʷ. ʀʟʙʨʘʥ ʝ ʜʠʩʧʣʝʡʥʠʷ ʤʦʜʫʣ 
LMG-SS24A12  ʥʘ ʬʠʨʤʘʪʘ SDEC [ 1 ]. 
ʊʦʚʘ ʝ ʠʥʪʝʣʠʛʝʥʪʝʥ ʤʦʜʫʣ ʫʧʨʘʚ-
ʣʷʚʘʱ LCD ʧʘʥʝʣ ʩ 240 x 128 ʪʦʯʢʠ. 
ʀʤʘ ʚʛʨʘʜʝʥ ʢʦʥʪʨʦʣʝʨ, ʢʦʡʪʦ ʧʦʜʜʲʨ-
ʞʘ ʦʩʝʤʙʠʪʦʚ ʧʘʨʘʣʝʣʝʥ ʠʥʪʝʨʬʝʡʩ ʩ 
ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʧʨʘʚʠ 
ʦʙʩʣʫʞʚʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 
ʣʝʢʦ.  
ʄʦʜʫʣʲʪ ʠʤʘ 13 ʧʨʦʛʨʘʤʥʦ ʜʦʩʪʲʧʥʠ 
ʨʝʛʠʩʪʲʨʘ ʩ ʧʦʤʦʱʪʘ, ʥʘ ʢʦʠʪʦ ʤʦʞʝ 
ʜʘ ʙʲʜʝ ʠʟʙʨʘʥ ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘ  
(ʛʨʘʬʠʯʝʥ ʠʣʠ ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚ), ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʨʘʟʤʝʨʠʪʝ ʥʘ ʙʫʢʚʠʪʝ, ʜʘ ʩʝ 
ʫʧʨʘʚʣʷʚʘ ʢʫʨʩʦʨʘ ʠ ʜʨ. ɺ ʤʦʜʫʣʘ ʠʤʘ 
ʚʛʨʘʜʝʥʘ VRAM, ʚ ʢʦʷʪʦ ʩʝ ʟʘʨʝʞʜʘ 
ʠʥʬʦʨʤʘʮʠʷʪʘ ʧʦʜʣʝʞʘʱʘ ʥʘ ʠʥʜʠ-
ʮʠʨʘʥʝ. ʂʘʧʘʮʠʪʝʪʲʪ ʡ ʧʦʟʚʦʣʷʚʘ ʚ ʥʝʷ 
ʜʘ ʩʝ ʧʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 4 ʛʨʘʬʠʯʥʠ 
ʝʢʨʘʥʘ ʠʣʠ ʤʥʦʛʦ ʧʦʚʝʯʝ ʝʢʨʘʥʠ, ʘʢʦ 
ʠʥʬʦʨʤʘʮʠʷʪʘ ʝ ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʘ.  ʇʦ 
ʧʨʦʛʨʘʤʝʥ ʧʲʪ ʩʝ  

 
ʦʧʨʝʜʝʣʷ ʥʘʯʘʣʥʠʷ ʘʜʨʝʩ ʥʘ VRAM, ʦʪ 
ʢʦʡʪʦ ʠʥʬʦʨʤʘʮʠʷʪʘ ʩʝ ʠʟʚʝʞʜʘ ʚʲʨʭʫ 
ʜʠʩʧʣʝʷ. ʂʘʪʦ ʧʦʜʩʚʝʪʢʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʩʚʝʪʦʜʠʦʜʠ, ʘ ʷʨʢʦʩʪʪʘ ʥʘ ʩʚʝʪʝʥʝ ʥʘ 
ʪʦʯʢʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ. ʙʣʦʢ 
ñʩʝʥʟʦʨʝʥ ʝʢʨʘʥò ï ʚʤʝʩʪʦ ʙʫʪʦʥʝʥ 
ʙʣʦʢ ʩ ʬʠʢʩʠʨʘʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʠ 
ʙʨʦʡ ʙʫʪʦʥʠ ʝ ʠʟʙʨʘʥʦ ʨʝʰʝʥʠʝ ʩ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʲʯ-ʩʢʨʠʠʥ (touch 
screen). ʊʦʚʘ ʝ ʩʝʥʟʦʨʝʥ ʝʢʨʘʥ ʦʪ ʨʝ-
ʟʠʩʪʠʚʝʥ ʪʠʧ ʨʝʘʛʠʨʘʱ ʥʘ ʜʦʢʦʩʚʘʥʝ ʩ 
ʧʨʲʩʪ. ʀʟʙʨʘʥ ʝ 5,8ò  ʝʢʨʘʥ 

 ST-058-01 ʥʘ ʬʠʨʤʘʪʘ Suntai ʩ ʨʘʟʤʝʨ 
ʥʘ ʘʢʪʠʚʥʦʪʦ ʧʦʣʝ 121,4 x 91,2 mm [ 2 ]. 
ɺʨʲʟʢʘʪʘ ʤʫ ʩ ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʘʪʘ ʩʠʩ-
ʪʝʤʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʯʝʪʠʨʠ ʣʠʥʠʠ -T, B, L, R (Top, Bottom, 
Left, Right). ʇʘʥʝʣʲʪ ʝ ʦʪ ʨʝʟʠʩʪʠʚʝʥ 
ʪʠʧ ʪ.ʝ. ʜʦʢʦʩʚʘʥʝʪʦ ʥʘ ʝʢʨʘʥʘ 
ʧʨʦʤʝʥʷ ʦʤʠʯʝʩʢʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ 
ʤʝʞʜʫ ʣʠʥʠʠʪʝ ʩʲʦʪʚʝʪʥʦ ʧʦ ʭʦʨʠ-
ʟʦʥʪʘʣʘ ʠ ʚʝʨʠʢʘʣʘ. ʅʘ ʬʠʛ.2 ʝ ʜʘʜʝʥʘ 
ʩʭʝʤʘʪʘ ʟʘ ʚʨʲʟʢʘ ʥʘ ʪʲʯ-ʧʘʥʝʣʘ ʩ ʤʠʢ-
ʨʦʧʨʦʮʝʩʦʨʥʘʪʘ ʩʠʩʪʝʤʘ. 
ɿʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʜʦʢʦʩʚʘʥʝ ʩʝ ʩʲʜʠ ʧʦ 
ʥʠʚʦʪʦ ʥʘ ʘʥʘʣʦʛʦʚʠʪʝ ʩʠʛʥʘʣʠ AH ʠ 
AV. ɿʘʤʝʨʚʘʥʝʪʦ ʥʘ ʪʦʯʢʘʪʘ ʧʦ ʜʚʝʪʝ 
ʦʩʠ ʥʘ ʢʦʦʨʜʠʥʘʪʘʪʘ ʩʝ ʠʟʚʲʨʰʚʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ. ʇʨʠ s1 =0 ʠ s2 = 1 ʩʝ 
ʟʘʤʝʨʚʘ AH (ʭʦʨʠʟʦʥʪʘʣʘʪʘ), ʘ ʧʨʠ s1 = 
1 ʠ s2 = 0 ʩʝ ʟʘʤʝʨʚʘ AV (ʚʝʨʪʠʢʘʣʘʪʘ). 
ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 8 ʙʠʪʦʚʠ ɸʎʇ  
ʨʘʟʤʝʨʘ ʥʘ ʝʢʨʘʥʘ ʝ 256 x 256 ʪʦʯʢʠ. 
ɺʨʝʤʝʪʦ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʪʦʯʥʘʪʘ 
ʩʪʦʡʥʦʩʪ ʥʘ ʩʲʧʨʦʪʠʚʣʝʥʠʝʪʦ ʝ 15 ms 
ʩʣʝʜ ʜʦʢʦʩʚʘʥʝʪʦ. ɽʢʨʘʥʘ ʝ ʥʘʧʲʣʥʦ 
ʧʨʦʟʨʘʯʝʥ ʠ ʜʦʧʫʩʢʘ ʜʦ 100 ʤʠʣʠʦʥʘ 
ʜʦʢʦʩʚʘʥʠʷ ʩʲʩ ʩʠʣʘ ʦʪ 20 ʜʦ 80 g. 

ʙʣʦʢ ɽɽʈROM ï ʩʣʫʞʠ ʟʘ 

 
 ʌʠʛ.2  
 
- ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʩʠʩʪʝʤʘʪʘ, ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʛʨʘʬʠʯʥʠʪʝ 
ʝʢʨʘʥʠ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʙʫʪʦʥʠʪʝ 
ʚʲʨʭʫ ʩʝʥʟʦʨʥʠʷ ʝʢʨʘʥ. ɽɽʈROM ʩʝ 
ʩʚʲʨʟʚʘ ʩ ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʘʪʘ ʩʠʩʪʝʤʘ 
ʧʦ ʩʪʘʥʜʘʨʪʝʥ ʠʥʪʝʨʬʝʡʩ I2C.  

- ʙʣʦʢ RTC (Real Time Clock) ï 
ʩʣʫʞʠ ʜʘ ʦʪʯʠʪʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʪʦ 
ʚʨʝʤʝ. ʀʟʙʨʘʥ ʝ ʯʠʧʘ  PCF8573 ʥʘ 
ʬʠʨʤʘʪʘ Philips, ʢʦʡʪʦ ʦʪʯʠʪʘ ʤʠʥʫʪʠ, 
ʯʘʩʦʚʝ, ʜʘʪʠ, ʜʥʠ ʦʪ ʩʝʜʤʠʮʘʪʘ. 
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ɻʝʥʝʨʘʪʦʨʲʪ ʤʫ ʝ ʢʚʘʨʮʦʚʦ ʩʪʘʙʠʣʠʟʠ-
ʨʘʥ, ʘ ʟʘʭʨʘʥʚʘʥʝʪʦ ʤʫ ʝ ʘʢʫʤʫʣʘ-
ʪʦʨʥʦ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʝʥʝʨʛʦʥʝʟʘ-
ʚʠʩʠʤ. ɺ ʥʝʛʦ ʝ ʚʛʨʘʜʝʥʘ ʠ ʬʫʥʢʮʠʷ 
ñʘʣʘʨʤʘò. ʅʘʩʪʨʦʡʢʘʪʘ ʥʘ ʯʘʩʦʚʥʠʢʘ ʠ 
ʯʝʪʝʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ 
ʧʦ ʩʪʘʥʜʘʨʪʝʥ ʠʥʪʝʨʬʝʡʩ I2C. 

- ʙʣʦʢ ñʮʠʬʨʦʚʠ ʚʭʦʜʦʚʝò ï ʪʦʚʘ 
ʩʘ 6 ʝʜʥʦʪʠʧʥʠ ʩʭʝʤʠ ʦʩʠʛʫʨʷʚʘʱʠ 
ʦʧʪʦʨʘʟʜʝʣʷʥʝ ʥʘ ʠʟʪʦʯʥʠʢʘ ʥʘ ʩʠʛʥʘ-
ʣʘ ʩ ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʘʪʘ ʩʠʩʪʝʤʘ. 
ɺʭʦʜʥʠʷʪ ʩʠʛʥʘʣ ʝ ʩʪʘʥʜʘʨʪʝʥ- 24V/ 
10mA ʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʛʝʥʝʨʠʨʘ ʦʪ 
ʙʫʪʦʥʠ ʠʣʠ ʢʣʶʯʦʚʝ ʪʠʧ ON ï OFF. ʉ 
ʫʩʧʝʭ ʢʲʤ ʪʝʟʠ ʚʭʦʜʦʚʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 
ʧʦʜʢʣʶʯʝʥʠ ʠ ʠʥʜʫʢʪʠʚʥʠ, ʦʧʪʠʯʝʩʢʠ 
ʠʣʠ ʜʨʫʛʠ p ïn ï p  ʠʣʠ n ï p ï n 
ʜʘʪʯʠʮʠ.  

- ʙʣʦʢ ñʮʠʬʨʦʚʠ ʠʟʭʦʜʠò ï ʪʦʚʘ 
ʩʘ 3 ʝʜʥʦʪʠʧʥʠ ʩʭʝʤʠ ʥʘ ʦʧʪʦʨʘʟ-
ʜʝʣʝʥʠ ʪʨʘʥʟʠʩʪʦʨʥʠ ʠʟʭʦʜʠ ʩ ʧʘʨʘ-
ʤʝʪʨʠ ʥʘ ʠʟʭʦʜʥʠʷ ʩʠʛʥʘʣ 24V/ 1A. 
ʀʟʭʦʜʠʪʝ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʫʧʨʘʚ-
ʣʝʥʠʝ ʥʘ ʩʚʝʪʣʠʥʥʘ ʠʣʠ ʟʚʫʢʦʚʘ ʘʣʘʨ-
ʤʘ, ʥʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʫʧʨʘʚ-
ʣʝʥʠʝ ʠ ʥʘ ʠʟʧʲʣʥʠʪʝʣʥʠ ʤʝʭʘʥʠʟʤʠ ʦʪ 
ʪʠʧʘ ON ï OFF. 

- ʙʣʦʢ ñʩʝʨʠʝʥ ʠʥʪʝʨʬʝʡʩ 
RS232/485ò ï ʦʩʠʛʫʨʷʚʘ ʚʨʲʟʢʘ ʥʘ 
ʠʥʪʝ-ʣʠʛʝʥʪʥʠʷ ʜʠʩʧʣʝʡ ʩ ʧʨʦʤʠʰʣʝ-
ʥʠʷ ʢʦʥʪʨʦʣʝʨ. ʀʟʙʦʨʘ ʥʘ ʠʥʪʝʨʬʝʡʩʘ 
RS232 ʠʣʠ RS485 ʩʝ ʫʪʦʯʥʷʚʘ ʦʱʝ ʧʨʠ 
ʤʦʥʪʘʞʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ. 

- ʙʣʦʢ ñʟʫʤʝʨò ï ʦʩʥʦʚʥʦʪʦ ʤʫ 
ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʝ ʜʘ ʠʟʜʘʚʘ ʟʚʫʢʦʚ 
ʩʠʛʥʘʣ ʧʨʠ ʜʦʢʦʩʚʘʥʝ ʥʘ ʪʲʯ-ʧʘʥʝʣʘ. 
ʄʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʠ ʢʘʪʦ ʩʠʛʥʘʣ 
ʩ ʜʨʫʛʦ ʟʚʫʯʝʥʝ ʧʨʠ ʥʝʧʨʘʚʠʣʥʦ ʚʲʚʝ-
ʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʜʨ.  

- ʙʣʦʢ ñʘʥʘʣʦʛʦʚ ʚʭʦʜ ʠ ʠʟʭʦʜò ï 
ʪʦʚʘ ʩʘ ʙʣʦʢʦʚʝ, ʢʦʠʪʦ ʥʝ ʩʘ ʩʚʲʨʟʘʥʠ 
ʩ ʦʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʠʷ 
ʜʠʩʧʣʝʡ, ʥʦ ʨʘʟʰʠʨʷʚʘʪ ʥʝʛʦʚʠʪʝ 
ʬʫʥʢʮʠʠ ʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʠʣʦ-
ʞʝʥʠʷ. ɸʥʘʣʦʛʦʚʠʷʪ ʚʭʦʜ ʦʙʨʘʙʦʪʚʘ 
ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʝʥ ʜʘʪʯʠʢ 

Pt100, ʘ ʘʥʘʣʦʛʦʚʠʷʪ ʠʟʭʦʜ ʛʝʥʝʨʠʨʘ 
ʠʟʭʦʜʝʥ ʩʠʛʥʘʣ ʦʪ 0 ʜʦ 5 V.  

- ʙʣʦʢ ñʝʜʥʦʯʠʧʦʚ ʤʠʢʨʦʢʦʥ-
ʪʨʦʣʝʨò. ʀʟʙʨʘʥ ʝ ɽʄʂ PIC16F877 ʥʘ 
ʬʠʨʤʘʪʘ Microchip [ 3,4]. ɺʛʨʘʜʝʥʠʷʪ 8 
ʙʠʪʦʚ ɸʎʇ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʙʩʣʫʞʚʘʥʝ 
ʥʘ ʪʲʯ-ʧʘʥʝʣʘ ʠ ʘʥʘʣʦʛʦʚʠʷ ʚʭʦʜ. 
ʊʘʡʤʝʨʥʠʷʪ ʙʣʦʢ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʛʝʥʝ-
ʨʠʨʘʥʝ ʥʘ ʐʀʄ, ʦʪ ʢʦʡʪʦ ʧʲʢ ʩʝ 
ʧʦʣʫʯʘʚʘ ʘʥʘʣʦʛʦʚʠʷ ʠʟʭʦʜ. ʀʟʧʦʣʟʚʘʪ 
ʩʝ ʠ ʚʛʨʘʜʝʥʠʪʝ ʢʦʥʪʨʦʣʝʨʠ ʟʘ ʘʩʠʥʭ-
ʨʦʥʝʥ (RS232) ʠ ʩʠʥʭʨʦʥʝʥ (I2C) 
ʠʥʪʝʨʬʝʡʩ. ʆʩʪʘʥʘʣʠʪʝ ʠʟʚʦʜʠ ʥʘ ɽʄʂ 
ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʩʪʘʥʜʘʨʪʥʠ ʚʭʦʜʦʚʝ 
ʠʣʠ ʠʟʭʦʜʠ ʠ ʦʙʩʣʫʞʚʘʪ ʦʩʪʘʥʘʣʠʪʝ 
ʙʣʦʢʦʚʝ ʦʪ ʩʠʩʪʝʤʘʪʘ. 
 

3. ɿɸʂʃʖʏɽʅʀɽ 
 

ʀʥʪʝʣʠʛʝʥʪʥʠʷʪ ʛʨʘʬʠʯʝʥ ʜʠʩʧʣʝʡ ʝ 
ʧʨʦʝʢʪʠʨʘʥ, ʠʟʨʘʙʦʪʝʥ, ʥʘʩʪʨʦʝʥ ʠ 
ʚʥʝʜʨʝʥ ʚ ʝʜʥʦ ʧʨʠʣʦʞʝʥʠʝ. ɿʘ ʜʘ ʩʝ 
ʧʦʩʪʠʛʥʝ ʧʦ-ʛʦʣʷʤʘ ʛʲʚʢʘʚʦʩʪ ʠ ʫʜʦʙ-
ʩʪʚʦ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʧʨʠʣʦʞʥʦʪʦ 
ʧʨʦʛʨʘʤʥʦ ʦʩʠʛʫʨʷʚʘʥʝ ʧʨʝʜʩʪʦʠ ʩʲʟ-
ʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʈʉ ʩ ʧʦʤʦʱ-
ʪʘ, ʥʘ ʢʦʷʪʦ ʱʝ ʩʝ ʩʲʟʜʘʚʘʪ ʤʘʢʨʦʩʠ ʟʘ 
ʛʨʘʬʠʯʥʠʪʝ ʝʢʨʘʥʠ, ʤʘʢʨʦʩʠ ʟʘ ʜʦʢʦʩ-
ʚʘʥʝʪʦ ʥʘ ʪʲʯ-ʧʘʥʝʣʘ ʠ ʮʠʨʦʚʠʪʝ ʚʭʦ-
ʜʦʚʝ-ʠʟʭʦʜʠ. ʊʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜ-
ʚʘʨʠʪʝʣʥʦ ʱʝ ʙʲʜʝ ʟʘʨʝʜʝʥʘ ʚ 
EEPROM-ʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʱʝ ʩʝ 
ʦʙʣʝʢʯʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʧʦ ʠʥʪʝʨʬʝʡʩʘ 
RS232/485. 
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Julyôs Multitudes for transcendental images 

 
Slava M. Yordanova, Nikolay T. Kostov 

 
Abstract: In this issue are shown the problems and the methods of fractal generation of Julyôs 
multitudes for transcendental images. Methods for fractal building of Julyôs multitudes are 
presented. Certain Examples are generated and is realized a program written in C++. 

1.ʋʚʦʜ 
 
ʂʦʤʧʶʪʲʨʥʘʪʘ ʛʨʘʬʠʢʘ  ʝ ʚ ʧʝʨʠ-

ʦʜ ʥʘ ʠʥʪʝʥʟʠʚʥʦ ʨʘʟʚʠʪʠʝ. ʈʠʩʫʥʢʠʪʝ 
ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʨʦʮʝʩ ʠʟʨʘʟʷʚʘʱ ʠʜʝ-
ʘʣʠʟʠʨʘʥʘʪʘ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ. ʅʝ ʩʲʱʝ-
ʩʪʚʫʚʘ ʨʝʘʣʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʫʚʝʣʠʯʝʥʘ, ʙʝʟʢʨʘʝʥ 
ʙʨʦʡ ʧʲʪʠ ʜʘ ʠʟʛʣʝʞʜʘ ʥʝʠʟʤʝʥʥʘ. 
ʇʨʠʥʮʠʧʲʪ ʥʘ ʩʘʤʦʧʦʜʦʙʠʝ ʚ ʧʨʠʙ-
ʣʠʞʝʥ ʚʠʜ ʩʲʱʝʩʪʚʫʚʘ ʠ ʚ ʧʨʠʨʦʜʘʪʘ: 
ʚ ʣʠʥʠʷʪʘ ʥʘ ʙʨʝʛʘ ʥʘ ʤʦʨʝʪʦ ʠʣʠ 
ʨʝʢʘʪʘ, ʚ ʦʯʝʨʪʘʥʠʷʪʘ ʥʘ ʦʙʣʘʮʠʪʝ ʠ 
ʜʲʨʚʝʪʘʪʘ ʠ ʚ ʡʝʨʘʨʭʠʯʝʩʢʘʪʘ ʦʨʛʘʥʠ-
ʟʘʮʠʷ ʥʘ ʞʠʚʠʪʝ ʩʠʩʪʝʤʠ. ʊʘʟʠ ʬʨʘʢ-
ʪʘʣʥʘ ʛʝʦʤʝʪʠʷ ʥʘ ʧʨʠʨʦʜʘʪʘ ʝ ʦʪʢʨʠʪʘ 
ʦʪ ɹ. ʄʘʥʜʝʣʙʨʦʪ. ʇʨʦʮʝʩʠʪʝ, ʧʦʨʘʞ-
ʜʘʱʠ ʪʘʢʠʚʘ ʩʪʨʫʢʪʫʨʠ, ʦʪʜʘʚʥʘ ʩʝ 
ʠʟʫʯʘʚʘʪ ʦʪ ʤʘʪʝʤʘʪʠʢʘʪʘ ʠ ʬʠʟʠʢʘʪʘ. 
ʊʦʚʘ ʩʘ ʦʙʠʢʥʦʚʝʥʥʠʪʝ ʧʨʦʮʝʩʠ ʩ 
ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ. [1][2][4]  

 
ʌʠʛ.1 

ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʲʱʝʩʪʚʫʚʘ ʥʝ-
ʣʠʥʝʡʥʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʨʝʟʫʣʪʘʪʘ 
ʠ ʥʘʯʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ. 

ʌʠʛ.1 ʧʦʢʘʟʚʘ, ʯʝ ʧʨʘʚʠʣʦʪʦ 

x­f(x), ʟʘʚʠʩʠ ʦʪ ʧʘʨʘʤʝʪʲʨʘ ñʩò. ɸʢʦ 
ʩʝ ʟʘʧʦʯʥʝ ʠʪʝʨʘʮʠʦʥʥʠʷʪ ʧʨʦʮʝʩ ʩ ʥʷ-
ʢʘʢʚʘ ʧʨʦʠʟʚʦʣʥʘ ʩʪʦʡʥʦʩʪ ʭ0, ʪʦ ʢʘʪʦ 
ʨʝʟʫʣʪʘʪ ʱʝ ʩʝ ʧʦʣʫʯʘʪ  ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʦʩʪʠ ʦʪ ʩʪʦʡʥʦʩʪʠ ʭ1, ʭ2, ...ʭn, 
ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ: ʧʨʝʜʩʪʘʚʝ-
ʥʠʷʪ ʧʦ-ʛʦʨʝ ʧʨʦʮʝʩ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘ 
ʚʤʝʩʪʦ ʩ ʨʝʘʣʥʠ ʯʠʩʣʘ (ʢʘʢʪʦ ʝ ʨʘʟ-
ʨʘʙʦʪʢʘʪʘ ʥʘ ʄʘʥʜʝʣʙʨʦʪ) - ʩ ʢʦʤʧ-
ʣʝʢʩʥʠ ʯʠʩʣʘ ʠ ʧʨʦʮʝʩʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞ-
ʜʘ ʥʝ ʚʲʨʭʫ ʧʨʘʚʘ ʘ ʚ ʨʘʚʥʠʥʘ. ʊʘʢʘʚʘ 
ʩʪʨʫʢʪʫʨʘ ʩʝ ʥʘʨʠʯʘ ʤʥʦʞʝʩʪʚʦ ʥʘ 
ɾʶʣʠ. ʄʥʦʞʝʩʪʚʘʪʘ ʥʘ ɾʶʣʠ ʧʨʝʜ-
ʩʪʘʚʣʷʚʘʪ ʬʨʘʢʪʘʣʥʠ ʩʪʨʫʢʪʫʨʠ ʧʦ 
ʦʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʄʘʥʜʝʣʙʨʦʪ ʠ ʠʤʘʪ 
ʩʣʦʞʥʘ ʜʠʥʘʤʠʢʘ.[4] ɿʘ ʮʝʣʪʘ  ʝ 
ʩʲʟʜʘʜʝʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ ʧʨʦʛʨʘʤʘ ʥʘ 
ʝʟʠʢʘ ʉ++ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 
ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʪʝʦʨʠʷ ʠ ʧʨʝʜʣʘʛʘʥʠʪʝ 
ʤʝʪʦʜʠ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʘ ʥʘ 
ɾʶʣʠ. 
 
 
 



 

 

 

 

 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʧʨʝʜʩʪʘʚʷʥʝ 
ʥʘ ʤʥʦʞʝʩʪʚʘʪʘ ʥʘ ɾʶʣʠ ʟʘ 
ʪʨʘʥʩʮʝʜʝʥʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. 
 
ɺ ʩʪʘʪʠʷʪʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʤʥʦ-

ʞʝʩʪʚʘ ʥʘ ɾʶʣʠ ʚ ʢʦʤʧʣʝʢʩʥʘ ʧʣʦʩ-
ʢʦʩʪ. ʉʨʘʚʥʷʚʘʪ ʩʝ ʥʷʢʦʠ ʩʚʦʡʩʪʚʘ ʥʘ 
ʪʝʟʠ ʤʥʦʞʝʩʪʚʘ, ʧʦʣʫʯʝʥʠ, ʯʨʝʟ ʠʟʧʦʣ-
ʟʚʘʥʝ ʤʝʪʦʜʘ ʥʘ ʅʶʪʦʥ ʟʘ ʚʝʱʝʩʪʚʝʥʠ 
ʫʨʘʚʥʝʥʠʷ.[2][3]  

ʊʨʘʥʩʮʝʥʜʝʥʪʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ, 
ʩʝ ʦʧʠʩʚʘʪ  ʢʘʪʦ: 

              () ()xxE expll = ,  

(1)               () ()xxS sinll =  ,  

          CCʚÍl    .  

ʆʧʨʝʜʝʣʷʤʝ ʤʥʦʞʝʩʪʚʦʪʦ ʥʘ 

ɾʶʣʠ ʟʘ lE  (ʠʣʠ lS ) ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 

(1). 
ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʩʲʱʝʩʪʚʝʥʠ ʠʟʤʝ-

ʥʝʥʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ lE , ʢʦʛʘʪʦ l 

ʜʚʠʞʝʡʢʠ ʩʝ ʧʦ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʦʩ, 
ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʟʥʘʯʝʥʠʝʪʦ e/1 .[2][4] 

ʇʨʠ e/1<l  ʝ ʥʘʣʠʮʝ ʧʨʠʪʝʛʣʷʱʘ 

ʥʝʧʦʜʚʠʞʥʘ ʪʦʯʢʘ lQ  ʠ ʦʪʙʣʲʩʢʚʘʱʘ 

ʥʝʧʦʜʚʠʞʥʘ ʪʦʯʢʘ lP , ʜʦʢʘʪʦ ʧʨʠ 

e/1>l  ʠʟʦʙʱʦ ʥʷʤʘ ʥʝʧʦʜʚʠʞʥʠ 

ʪʦʯʢʠ. ʆʯʝʚʠʜʥʦ, ʯʝ ʧʨʠ e/1<l  ʠ 

(2)         { } ll JPxRx Ë>Í : .   

ʊʦʟʠ ʣʲʯ ʩʝ ʥʘʨʠʯʘ ʢʦʩʲʤʯʝ ʠ 
ʠʛʨʘʝ ʨʝʰʘʚʘʱʘ ʨʦʣʷ ʧʨʠ ʦʧʠʩʚʘʥʝʪʦ 

ʥʘ lJ .  

¶ ɸʢʦ e/1>l , ʪʦ CJ =l .   

¶ ɸʢʦ e/1<l , ʪʦ lJ  ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʥʝ ʧʣʲʪʥʦ  ʤʥʦʞʝʩʪʚʦ ʦʪ ʢʨʠʚʠ, 
ʦʙʨʘʟʫʚʘʱʠ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʜʥʘ 
ʝʜʠʥʩʪʚʝʥʘ ʦʙʣʘʩʪ ʥʘ ʧʨʠʪʝʛʣʷ-
ʥʝ.  
ʇʦ ʪʘʢʲʚ ʥʘʯʠʥ, ʢʦʛʘʪʦ l ʨʘʩʪʝ ʠ 

ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʟʥʘʯʝʥʠʝʪʦ e/1 , ʤʥʦ-

ʞʝʩʪʚʦʪʦ lJ  ʩʝ ʨʘʟʧʘʜʘ. ʀʟʦʙʨʘʞʝʥʠʷ 

ʥʘ ʤʥʦʞʝʩʪʚʘʪʘ ʥʘ ɾʶʣʠ ʟʘ ʧʦʜʦʙʥʦ 
ʩʝʤʝʡʩʪʚʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʪʨʫʜʥʦ.[3] 

ɺʲʪʨʝʰʥʘʪʘ ʦʙʣʘʩʪ ʥʘ ʤʥʦʞʝʩʪ-
ʚʦʪʦ C  ʩʲʜʲʨʞʘ ʢʦʤʧʦʥʝʥʪʠ, ʥʘ ʢʦʠʪʦ 

ʦʪʛʦʚʘʨʷʪ ʧʝʨʠʦʜʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ 
ʧʨʠʪʝʛʣʷʱʠ ʧʝʨʠʦʜʠʯʥʠ ʪʦʯʢʠ.  

(3) ɸʢʦ () ¤­0nEl , ʪʦ C=lJ .   

ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʪʦʚʘ ʪʚʲʨʜʝʥʠʝ 
ʪʦʯʢʘʪʘ ʚ l-ʧʣʦʩʢʦʩʪʪʘ ʤʦʞʝ ʜʘ ʩʝ 

ʦʮʚʝʪʠ ʚ ʯʝʨʝʥ ʮʚʷʪ, ʢʦʛʘʪʦ ʧʨʠ 

ʠʟʚʝʩʪʥʦ maxNn<  ʩʝ ʠʟʧʲʣʥʷʚʘ ʥʝʨʘ-

ʚʝʥʩʪʚʦʪʦ () MEn :0 ²l , ʢʲʜʝʪʦ 1>>M . 

ʅʘʧʨʠʤʝʨ ʙʷʣʦʪʦ ʤʥʦʞʝʩʪʚʦ ʩʲʜʲʨʞʘ 
ʪʘʢʠʚʘ ʪʦʯʢʠ, ʢʘʪʦ ikpl 2= , ʟʘ ʢʦʠʪʦ 

() ()llll ==EEn 0 . ɺ ʦʙʱʠʷ ʩʣʫʯʘʡ, ʘʢʦ 

ʪʦʯʢʘ 0 ʩʝ ʷʚʷʚʘ ʧʝʨʠʦʜʠʯʥʘ (ʪ. ʝ. 

()0nEl  ʩʝ ʷʚʷʚʘ ʧʝʨʠʦʜʠʯʥʘ ʧʨʠ 

ʠʟʚʝʩʪʥʦ 1²n ), ʪʦ CJ =l . 

ɿʘ ʚʩʷʢʦ l, ʟʘ ʢʦʝʪʦ () MEn ²0l  

ʧʨʠ ʠʟʚʝʩʪʥʦ maxNn< , ʩʲʱʝʩʪʚʫʚʘ ʪʘ-

ʢʦʚʘ ʥʘʡ-ʤʘʣʢʦ n. ʉ ʥʝʛʦ ʝ ʩʚʲʨʟʘʥ 

ʧʨʠʧʠʩʚʘʥʠʷʪ ʥʘ l ʠʥʜʝʢʩ, ʥʘ ʢʦʡʪʦ 

ʤʦʞʝ ʜʘ ʩʝ ʩʲʧʦʩʪʘʚʠ ʦʧʨʝʜʝʣʝʥ ʮʚʷʪ 
ʚ ʪʘʙʣʠʮʘʪʘ ʥʘ ʮʚʝʪʦʚʝʪʝ, ʟʘ ʜʘ ʩʝ 
ʧʦʩʪʨʦʷʪ ʮʚʝʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ.[3] 

 
3. ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ 
ʥʘ ʤʥʦʞʝʩʪʚʘʪʘ ʥʘ ɾʶʣʠ 

 
3.1 ʄʝʪʦʜ ʥʘ ʦʙʨʘʪʥʦʪʦ 
ʠʪʝʨʠʨʘʥʝ (ʄʆʀ) 

 
ɸʢʦ ʝ ʟʘʜʘʜʝʥʦ ʨʘʮʠʦʥʘʣʥʦ ʠʟʦʙ-

ʨʘʞʝʥʠʝ R  ʠ ʝ ʠʟʚʝʩʪʥʘ ʝʜʥʘ ʧʝʨʠʦ-

ʜʠʯʥʘ ʦʪʙʣʲʩʢʚʘʱʘ ʪʦʯʢʘ RJxÍ , ʪʦ 

ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ: 

(){ }nkxxRxJ kn

R ¢=Í= ʠʟʚʝʩʪʥʦʧʨʠ:C

 ʇʦʥʝʞʝ RJ  ʝ ʟʘʪʚʘʨʷʥʝ ʥʘ 

öö
÷

õ
ææ
ç

å

²

8
0n

n

RJ , ʤʦʞʝ ʜʘ ʩʝ ʦʯʘʢʚʘ, ʯʝ ʠʟʦʙʨʘ-

ʞʝʥʠʝʪʦ n

RJ  ʧʨʠ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʷʤʦ n  

ʱʝ ʙʲʜʝ ʜʦʩʪʘʪʲʯʥʦ ʙʣʠʟʢʦ ʧ ʜʦ ʠʟʦʙ-

ʨʘʞʝʥʠʝʪʦ RJ . ɼʝʡʩʪʚʠʪʝʣʥʦ ʚ ʪʦʟʠ 

ʩʣʫʯʘʡ, ʢʦʛʘʪʦ n

RJ  ʩʝ ʨʘʟʧʨʝʜʝʣʷ ʨʘʚ-

ʥʦʤʝʨʥʦ ʧʦ RJ , ʪʦʟʠ ʤʝʪʦʜ ʜʘʚʘ ʥʘ-

ʧʲʣʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

RJ . ʂʘʟʘʥʦ ʧʦ-ʧʨʦʩʪʦ, ʥʠʝ ʥʘʨʠʯʘʤʝ 

ʦʪʨʠʮʘʪʝʣʥʘʪʘ ʧʦʣʫʪʨʘʝʢʪʦʨʠʷ ()xOr-  

ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʘ, ʘʢʦ ʙʨʦʷ ʥʘ 



 

 

 

 

 

ʪʦʯʢʠʪʝ ʚ ( )e,xDJ n

R1 , ʢʲʜʝʪʦ 

( 0, >Í eRJx  ʠ ( ){ }ee <-= xyyxD :, ) 

ʧʦ ʩʲʱʝʩʪʚʦ ʥʝ ʟʘʚʠʩʠ ʦʪ x  ʧʨʠ ʛʦʣʝ-

ʤʠ n. ɿʘ ʩʲʞʘʣʝʥʠʝ ʪʘʢʘʚʘ ʩʠʪʫʘʮʠʷ ʝ 

ʥʝʪʠʧʠʯʥʘ. ʆʙʠʢʥʦʚʝʥʥʦ RJ  ʠʤʘ ʦʢʦʣ-

ʥʦʩʪʠ, ʧʦʩʝʱʘʚʘʥʠ ʢʨʘʡʥʦ ʨʷʜʢʦ. ɺ 
ʪʦʟʠ ʩʣʫʯʘʡ ʧʨʝʢʠʷ ʄʆʀ ʥʝ ʨʘʙʦʪʠ. 
ʅʘʧʦʤʥʷʤʝ, ʯʝ ʙʨʦʷʪ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ 

ʤʥʦʞʝʩʪʚʦʪʦ n

RJ  ʨʘʩʪʝ ʢʘʢʪʦ nd , ʢʲʜʝ-

ʪʦ d  ï ʝ ʩʪʝʧʝʥʪʘ ʥʘ R. ʊʠʧʠʯʥʘʪʘ 

ʩʠʪʫʘʮʠʷ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.2.[3][4] 

 ɺ ʥʘʧʨʘʚʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ RJ  

ʩʝ ʥʘʣʘʛʘ ʚʲʨʭʫ ʢʚʘʜʨʘʪʥʘ ʨʝʰʝʪʢʘ ʚ 

C. ɹʨʦʷʪ ʥʘ ʪʦʯʢʠʪʝ ʦʪ n

RJ  ʚʲʚ ʚʩʷʢʘ 

ʤʘʣʢʘ ʢʣʝʪʢʘ ʦʪ ʨʝʰʝʪʢʘʪʘ ʩʝ ʠʟʯʠʩ-
ʣʷʚʘ ʠ ʩʝ ʠʟʦʙʨʘʟʷʚʘ ʚʲʚ ʚʠʜ ʥʘ 
ʚʝʨʪʠʢʘʣʥʘ ʣʠʥʠʷ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ. ʆʯʝ-
ʚʠʜʥʦ, ʥʘʡ-ʯʝʩʪʦ ʩʝ ʧʦʩʝʱʘʚʘʪ ñʢʨʘʠ-

ʱʘʪʘò ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ RJ , ʜʦʢʘʪʦ ʪʦʯ-

ʢʠʪʝ ʥʘ ʨʘʟʢʣʦʥʝʥʠʝ, ʢʘʢʪʦ ʩʝ ʦʢʘʟʚʘ, 
ʧʦ-ʯʝʩʪʦ ʩʝ ʠʟʙʷʛʚʘʪ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʧʨʠ 

21=n  ʩʝ ʦʙʨʘʟʫʚʘ ʜʦʩʪʘʪʲʯʥʦ ʧʣʲʪʥʦ 

ʤʥʦʞʝʩʪʚʦ ʦʪ ʪʦʯʢʠ, ʪʘʢʘ ʯʝ ʥʝʨʘʚʥʦ-
ʤʝʨʥʦʩʪʠʪʝ ʧʦʯʪʠ ʥʝ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ. 

 ʂʘʪʦ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʟʠ 
ʥʝʜʦʩʪʘʪʲʮʠ, ʄʆʀ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 
ʠʟʧʦʣʟʚʘ ʠ ʙʝʟ ʧʦʜʭʦʜʷʱʦ ʫʧʨʘʚʣʝʥʠʝ 
ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ, ʧʦʨʘʜʠ ʙʲʨʟʦʪʦ ʥʘ-

ʨʘʩʪʚʘʥʝ ʥʘ nd .[3] 
 ʀʤʘ ʤʥʦʛʦ ʥʘʯʠʥʠ ʜʘ ʩʝ 

ʥʦʤʝʨʠʨʘʪ ʨʘʟʣʠʯʥʠʪʝ ʥʠʚʘ ʥʘ 

nkJ k

R ,,1,0, 2= . ʇʨʷʢʘʪʘ ʥʦʤʝʨʘ-

ʮʠʷ ʧʦ ʨʝʜʦʚʝ ʚʦʜʠ ʜʦ ʪʦʚʘ, ʯʝ ʟʘ ʠʟ-

ʯʠʩʣʝʥʠʝ ʥʘ ( )1+n
ʚʦʪʦ ʥʠʚʦ ʱʝ ʩʘ 

ʥʝʦʙʭʦʜʠʤʠ ʚʩʠʯʢʠʪʝ nd  ʝʣʝʤʝʥʪʘ ʥʘ 

ʤʥʦʞʝʩʪʚʦʪʦ n

RJ , ʢʦʠʪʦ ʙʲʨʟʦ ʱʝ 

ʟʘʧʲʣʥʷʪ ʮʝʣʠʷ ʜʦʩʪʲʧʝʥ ʦʙʝʤ ʥʘ 
ʤʘʰʠʥʥʘʪʘ ʧʘʤʝʪ. ʆʙʘʯʝ ʘʢʦ ʩʝ 
ʩʤʝʪʥʝ, ʯʝ n  ʠʪʝʨʘʮʠʠ ʱʝ ʩʝ ʦʢʘʞʘʪ 

ʜʦʩʪʘʪʲʯʥʠ, ʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 
ʦʯʝʚʠʜʥʠʷ ʤʝʪʦʜ ʟʘ ʥʦʤʝʨʘʮʠʷ ʥʘ 
ʜʲʨʚʦʪʦ, ʧʨʠ ʢʦʡʪʦ ʱʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ 

ʩʘʤʦ ( )1-Önd  ʝʜʠʥʠʮʠ ʧʘʤʝʪ ʟʘ ʧʦ-

ʩʪʨʦʷʚʘʥʝ ʥʘ n

RJ . 

 ɺ ʦʙʱʠʷ ʩʣʫʯʘʡ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ()xOr-  ʩʝ ʭʘʨʘʢʪʝʨʠ-

ʟʠʨʘ ʩ ʦʧʨʝʜʝʣʝʥʘ ʤʷʨʢʘ Rm, ʥʦʩʠʪʝʣ 

ʥʘ ʢʦʷʪʦ ʩʝ ʷʚʷʚʘ RJ : [3], ʉʲʱʝʩʪʚʫʚʘ 

ʠʥʚʘʨʠʘʥʪʥʘ ʙʦʨʝʣʝʚʩʢʘ ʤʷʨʢʘ Rm  ʩ 

ʥʦʩʠʪʝʣ RJ .    

ʂʘʢʚʦʪʦ ʠ ʜʘ ʝ Ex \CÍ  ( E  - ʝ 
ʦʧʨʝʜʝʣʝʥʦ ʠʟʢʣʶʯʠʪʝʣʥʦ ʤʥʦʞʝʩʪʚʦ) 

Rm  ʩʝ ʷʚʷʚʘ ʩʣʘʙʘ ʛʨʘʥʠʮʘ ʥʘ ʤʷʨʢʘʪʘ 

xm,m , ʢʲʜʝʪʦ  
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ɸʢʦ Rm  ʙʝʰʝ ʠʟʚʝʩʪʥʘ ʧʨʝʜʚʘ-

ʨʠʪʝʣʥʦ, ʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʤʦʜʠʬʠʮʠ-
ʨʘ ʄʆʀ. ʇʨʠʚʝʜʝʥʘʪʘ ʧʦ-ʜʦʣʫ ʩʪʨʘʪʝ-
ʛʠʷ ʩ ʠʟʚʝʩʪʥʦ ʧʨʠʙʣʠʞʝʥʠʝ ʦʪʯʠʪʘ 

ʤʷʨʢʘʪʘ Rm, ʤʘʢʘʨ ʥʘ ʧʨʘʢʪʠʢʘ ʪʷ ʜʘ ʝ 

ʥʝʠʟʚʝʩʪʥʘ.[3][4] 
 

3.2 ʄʦʜʠʬʠʮʠʨʘʥ ʤʝʪʦʜ ʥʘ 
ʦʙʨʘʪʥʦʪʦ ʠʪʝʨʠʨʘʥʝ (ʄʄʆʀ) 
 

ʊʦʯʢʠʪʝ ʦʪ k

RJ , nk<  ʧʨʠʥʘʜʣʝʞʘ-

ʱʠ ʥʘ ʫʯʘʩʪʲʮʠʪʝ ʩ ʛʦʣʷʤʦ ʪʝʛʣʦ ʩʧʨʷ-

ʤʦ Rm, ʩʣʝʜʚʘ ʧʨʠ ʦʙʨʘʪʥʘʪʘ ʠʪʝʨʘʮʠʷ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʨʷʜʢʦ, 
ʦʪʢʦʣʢʦʪʦ ʩʝ ʩʨʝʱʘʪ. ɺ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ 
ʙʨʦʷʪ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ ʠʪʝʨʘʮʠʦʥʥʠʷ 
ʧʨʦʮʝʩ ʪʦʯʢʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘ Rm. ʉʪʨʘʪʝʛʠʷʪʘ ʝ 

ʩʣʝʜʥʘʪʘ:  ʚʲʨʭʫ RJ  ʩʝ ʥʘʣʘʛʘ ʢʚʘʜʨʘʪ-

ʥʘ ʨʝʰʝʪʢʘ ʩ ʤʘʣʲʢ ʨʘʟʤʝʨ b. ʉʣʝʜ 

ʪʦʚʘ, ʟʘ ʚʩʷʢʘ ʢʣʝʪʢʘ B  ʦʪ ʨʝʰʝʪʢʘʪʘ 
ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʨʝʢʨʘʪʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʦʪ 
ʥʝʷ ʥʘ ʪʦʯʢʠ ʟʘ ʦʙʨʘʪʥʦ ʠʪʝʨʠʨʘʥʝ, ʘʢʦ 

ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ maxN  ʪʦʯʢʠ ʚ B  ʚʝʯʝ ʝ 

ʠʟʧʦʣʟʚʘʥ. ɽʩʪʝʩʪʚʝʥʦ, ʯʝ ʦʧʪʠʤʘʣ-

ʥʠʷʪ ʠʟʙʦʨ ʥʘ b ʠ maxN  ʟʘʚʠʩʠ ʦʪ Rm  ʠ 

ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʛʨʘ-
ʬʠʢʘ, ʢʘʪʦ ʨʘʟʜʝʣʠʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ 
ʥʘ ʥʘʣʠʯʥʘʪʘ ʩʠʩʪʝʤʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ 
ʩʝ ʠʟʠʩʢʚʘʪ ʠʥʪʝʨʘʢʪʠʚʥʠ ʠ ʘʜʘʧʪʠʚʥʠ 
ʘʣʛʦʨʠʪʤʠ. [3] 



 

 

 

 

 

 
3.3 ʄʝʪʦʜ ʥʘ ʩʢʘʥʠʨʘʥʝ ʥʘ 

ʛʨʘʥʠʮʠʪʝ (ʄʉɻ) 
 
ɸʢʦ R  ʠʤʘ ʧʨʠʪʝʛʣʷʱʘ ʥʝʧʦʜ-

ʚʠʞʥʘ ʪʦʯʢʘ a, ʪ.ʝ. () () 1', <= aRaaR , ʠ 

ʘʢʦ ()aA  ï ʝ ʥʝʡʥʠʷ ʙʘʩʝʡʥ ʥʘ 

ʧʨʠʪʝʛʣʷʥʝ, ʪʦ: 

(5)             ()aAJR µ=    

ɸʢʦ R  ʠʤʘ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʧʨʠ-
ʪʝʛʣʷʱʘ ʥʝʧʦʜʚʠʞʥʘ ʪʦʯʢʘ, ʜʘ ʢʘʞʝʤ 
a  ʠ b, ʪʦ ʝ ʥʘʣʠʮʝ ʜʦʩʪʘʪʲʯʥʦ ʧʨʦʩʪ 

ʥʘʯʠʥ ʜʘ ʩʝ ʧʦʣʫʯʠ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ 
ʤʥʦʞʝʩʪʚʦʪʦ: 

(6)            () ()bAJaA R µ==µ .  

ʀʟʙʠʨʘ ʩʝ ʢʚʘʜʨʘʪʥʘ ʨʝʰʝʪʢʘ, 

ʧʦʢʨʠʚʘʱʘ ʠʟʚʝʩʪʥʘ ʦʙʣʘʩʪ ʚ C, ʚ 

ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʣʫʯʠ RJ . ʅʝʢʘ B  

ï ʝ ʧʨʦʠʟʚʦʣʥʘ ʦʪʚʦʨʝʥʘ ʢʣʝʪʢʘ ʩ 
ʨʘʟʤʝʨ b. ʇʨʝʜʧʦʣʘʛʘʤʝ, ʯʝ 

Å̧RJB1 . ʊʦʛʘʚʘ B  ʪʨʷʙʚʘ ʜʘ 

ʩʲʜʲʨʞʘ ʪʦʯʢʠ ʢʘʢʪʦ ʦʪ ()aA , ʪʘʢʘ ʠ ʦʪ 

()bA .[3] 

 ʅʘ ʪʦʚʘ ʝ ʦʩʥʦʚʘʥ ʩʣʝʜʥʠʷʪ 

ʘʣʛʦʨʠʪʲʤ:  ʥʝʢʘ maxN  ʠ 10 <<e  ʩʘ 

ʟʘʜʘʜʝʥʠ ʠ ʥʝʢʘ B  ï ʝ ʧʨʦʠʟʚʦʣʥʘ 

ʢʣʝʪʢʘ ʦʪ ʨʝʰʝʪʢʘʪʘ ʩ ʚʲʨʭʦʚʝ 321 ,, ccc  

ʠ 4c . ʊʨʷʙʚʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ: 

¶ ʧʨʠʥʘʜʣʝʞʘʪ ʣʠ ʚʩʠʯʢʠ ʚʲʨʭʦʚʝ 
ʥʘ ʝʜʠʥ ʠ ʩʲʱʠ ʙʘʩʝʡʥ ʠʣʠ 
ʚʲʨʭʦʚʝʪʝ ʧʨʠʥʘʜʣʝʞʘʪ ʥʘ ʨʘʟ-
ʣʠʯʥʠ ʙʘʩʝʡʥʠ. ɺʲʚ ʚʪʦʨʠʷ ʩʣʫ-
ʯʘʡ B  ʩʝ ʦʮʚʝʪʷʚʘ, ʥʘʧʨʠʤʝʨ ʚ 
ʯʝʨʝʥ ʮʚʷʪ, ʘ ʚ ʧʲʨʚʠʷ ï ʩ ʙʷʣ. 
ɿʘ ʪʦʚʘ ʪʨʷʙʚʘ ʯʠʩʣʝʥʦ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʠ, ʧʨʠʥʘʜʣʝʞʠ ʣʠ ʥʘʧʨʠ-

ʤʝʨ ic  ʥʘ ()aA  ʠʣʠ ʥʝ. 

¶ ʘʢʦ ʚ ʥʷʢʦʡ ʩʣʫʯʘʡ maxNk¢  ʩʝ 

ʦʢʘʞʝ, ʯʝ () ri

k acR e<- , ʪʦ 

()aAciÍ , ɸʢʦ ʥʝ, ʱʝ ʩʯʠʪʘʤʝ, ʯʝ 

ic  ʥʝ ʧʨʠʥʘʜʣʝʞʠ ʥʘ ()aA  

ʇʘʨʘʤʝʪʨʠʪʝ eb,  ʠ maxN  ʦʪʥʦʚʦ 

ʩʠʣʥʦ ʟʘʚʠʩʷʪ ʦʪ R, ʠ ʤʦʞʝ ʜʘ ʩʝ 
ʦʢʘʞʝ, ʯʝ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʙʨʘʥʠ 

ʪʘʢʘ, ʯʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʫʜʦʚʣʝʪ-

ʚʦʨʠʪʝʣʥʦ ʠʟʦʙʨʘʞʝʥʠʝ RJ . ʀʟʠʩʢʚʘ-

ʥʝʪʦ, ʜʘ ʩʲʱʝʩʪʚʫʚʘʪ ʥʘʡ-ʤʘʣʢʦ ʜʚʝ 
ʧʨʠʪʝʛʣʷʱʠ ʥʝʧʦʜʚʠʞʥʠ ʪʦʯʢʠ ʤʦʞʝ ʜʘ 
ʥʝ ʝ ʪʘʢʘ ʩʪʨʦʛʦ, ʘʢʦ ʝ ʥʘʣʠʮʝ ʠʟʚʝʩʪʥʘ 
ʜʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʦʙ-
ʨʘʞʝʥʠʝʪʦ R. ʊʘʢʘ ʥʘʧʨʠʤʝʨ, ʤʦʞʝ ʜʘ 
ʩʝ ʩʨʘʚʥʠ ʙʘʩʝʡʥʘ ʥʘ ʧʨʠʪʝʛʣʷʥʝ ʩ 
ʜʠʩʢʘ ʥʘ ɿʠʛʝʣ, ʧʨʲʩʪʝʥʘ ʥʘ ɽʨʤʘʥ ʠʣʠ 
ʜʘʞʝ ʩ ʤʥʦʞʝʩʪʚʦʪʦ, ʧʨʠ ʢʦʝʪʦ R  ʝ 
ʨʘʟʭʦʜʠʤ.  

 
4. ɿʘʢʣʶʯʝʥʠʝ 

 
ʆʧʠʪʲʪ ʧʦʢʘʟʚʘ, ʯʝ ʧʦʩʪʨʦʷʚʘʥʝʪʦ 

ʥʘ ʤʥʦʞʝʩʪʚʦʪʦ ʥʘ ɾʶʣʠ ʧʨʠ ʥʘʣʠʯʠʝ 
ʥʘ ʧʘʨʘʙʦʣʠʯʥʠ ʪʦʯʢʠ ʝ ʪʨʫʜʥʘ ʟʘʜʘʯʘ.  
  

 
 

ʬʠʛ.2 
 
ʅʘ ʬʠʛ.2 ʝ ʧʦʢʘʟʘʥ ʨʝʟʫʣʪʘʪ, 

ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʦʪʨʝʛʫʣʠʨʘʥ ʧʦ 
ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʘʣʛʦʨʠʪʲʤ ʄʉɻ.  

¶ ʇʲʨʚʦ, ʥʠʝ ʟʥʘʝʤ, ʯʝ 
0

00 RJx Í=   

¶ ɺʪʦʨʦ, ʧʦʥʝʞʝ 120=l , ʤʥʦʞʝʩʪʚʦʪʦ 

ʥʘ ɾʶʣʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʙʣʠʞʘʚʘ 

ʢʲʤ ʪʦʯʢʘ 00=x  ʦʪ ʜʚʘʜʝʩʝʪ 

ʨʘʟʣʠʯʥʠ ʥʘʧʨʘʚʣʝʥʠʷ (ʤʝʞʜʫ 20 
ʣʠʩʪʯʝʪʘ).  
ɺ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʨʠʩʫʥʢʘʪʘ ʩʝ 

ʚʠʞʜʘ ʩʘʤʦ ʥʘʤʝʢ ʟʘ ʪʝʟʠ 
ʥʘʧʨʘʚʣʝʥʠʷ, ʥʦ ʤʥʦʞʝʩʪʚʦʪʦ ʥʘ ɾʶʣʠ 
ʷʚʥʦ ʠʟʛʣʝʞʜʘ ʦʪʜʘʣʝʯʝʥʦ ʥʘ ʠʟʚʝʩʪʥʦ 

ʨʘʟʩʪʦʷʥʠʝ ʦʪ 0x . ʊʦʟʠ ʝʬʝʢʪ ʧʦ ʩʚʦʷʪʘ 

ʧʨʠʨʦʜʘ ʩʝ ʷʚʷʚʘ ʠʟʯʠʩʣʠʪʝʣʝʥ, ʪ. ʝ. 
ʪʦʡ ʝ ʥʘʧʲʣʥʦ ʨʘʟʣʠʯʝʥ ʦʪ ʝʬʝʢʪʠʪʝ, 
ʧʦʨʦʜʝʥʠ ʦʪ ʚʲʪʨʝʰʥʘʪʘ 
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪ ʥʘ ʠʥʚʘʨʠʘʥʪʥʘʪʘ 
ʤʷʨʢʘ. 



 

 

 

 

 

 ʅʝʢʘ ʝʜʠʥʠʮʘʪʘ ʟʘ ʛʨʝʰʢʘ ʦʪ 
ʟʘʢʨʲʛʣʝʥʠʝ ʥʘ ʜʘʜʝʥʠʷ ʢʦʤʧʶʪʲʨ ʜʘ 
ʙʲʜʝ eps(ʪ. ʝ. eps ï ʝ ʥʘʡ-ʛʦʣʷʤʦʪʦ 

ʤʘʰʠʥʥʦ ʯʠʩʣʦ, ʟʘ ʢʦʝʪʦ 11 =+eps  ʧʨʠ 

ʘʨʠʪʤʝʪʠʢʘʪʘ ʥʘ ʤʘʰʠʥʘʪʘ). ʇʦ-
ʥʘʪʘʪʲʢ, ʥʝʢʘ R  ʫʜʦʚʣʝʪʚʦʨʷʚʘ  (6).  

(7)     () ( )knxxxhRh +=- 1.. 1 l .  

 ʊʦʛʘʚʘ, ʘʢʦ knepsx

1

< , ʪʦ 

ʦʯʝʚʠʜʥʦ, ʝ ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʦʪʣʠʯʠ 

xl  ʦʪ ( )knxx +1l  ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ 

()( )xhRn 1-  ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʪʣʠʯʠ ʦʪ 

()xh 1- .   

ʉ ʪʦʚʘ ʩʝ ʦʙʷʩʥʷʚʘʪ ʥʝ ʩʘʤʦ 
ʥʝʜʦʩʪʘʪʲʮʠʪʝ (ʬʠʛ.2) (20=kn ), ʥʦ ʠ 
ʪʦʚʘ, ʯʝ ʪʦʟʠ ʝʬʝʢʪ ʧʦʯʪʠ ʥʝ  ʩʝ 
ʟʘʙʝʣʷʟʚʘ ʥʘ ʬʠʛ.3 (2=kn ). 

 

 
ʬʠʛ.3 

 
ʅʘ ʬʠʛ.4 ʝ  ʧʦʢʘʟʘʥʦ ʢʘʢ ʪʨʷʙʚʘ 

ʜʘ ʠʟʛʣʝʞʜʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʪ ʬʠʛ.2. 

 
ʬʠʛ.4 

 ʀʟʦʙʨʘʞʝʥʠʝʪʦ ʝ ʧʦʣʫʯʝʥʦ ʯʨʝʟ 
ʘʣʛʦʨʠʪʲʤʘ ʄʄʆʀ ʠ ʧʨʠʣʦʞʝʥ ʢʲʤ  

(8)   ()( ) ö
÷

õ
æ
ç

å
=++=

20

2
exp,1 2 i

xxxR
p

llee  

    
ʇʨʠ ʠʟʤʝʥʝʥʠʝ ʥʘ e ʦʪ 0 ʜʦ 

ʠʟʚʝʩʪʥʦ ʤʘʣʢʦ ʧʦʣʦʞʠʪʝʣʥʦ ʯʠʩʣʦ   
ʧʘʨʘʙʦʣʠʯʥʘʪʘ ʥʝʧʦʜʚʠʞʥʘ ʪʦʯʢʘ 
ʙʠʬʫʮʠʨʘ ʚ ʧʨʠʪʝʛʣʷʱ ʮʠʢʲʣ, ʥʘ 

ʧʝʨʠʦʜʘ 20, ʘ 0x  ʩʪʘʚʘ ʦʪʙʣʲʢʩʢʚʘʱʘ 

ʥʝʧʦʜʚʠʞʥʘ ʪʦʯʢʘ. 
ʄʝʪʦʜʲʪ ʟʘ ʢʦʤʧʨʝʩʠʷ ʥʘ ʩʠʛʥʘʣʠ 

ʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʨʝʟ ʬʨʘʢʪʘʣʥʦʪʦ ʠʤ 
ʧʨʝʜʩʪʘʚʷʥʝ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʧʝʨʩ-
ʧʝʢʪʠʚʥʠʪʝ  ʠ ʠʥʪʝʨʝʩʥʠʪʝ ʚ ʪʘʟʠ ʦʙ-
ʣʘʩʪ. ʊʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʙʝʢʪ ʠ ʥʘ 
ʜʦʧʲʣʥʠʪʝʣʥʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʩ 
ʮʝʣ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚʠ, ʨʝʘʣʥʠ 
ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʤʘ-
ʩʦʚʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʬʝʢʪʠʚʥʠ ʠ ʝʚʪʠʥʠ 
ʢʦʤʧʶʪʲʨʥʠ ʤʫʣʪʠʤʝʜʠʡʥʠ ʩʠʩʪʝʤʠ. 
ʅʘʧʨʠʤʝʨ ʟʘ ʮʝʣʠʪʝ ʥʘ ʪʝʣʝʚʠʟʠʷʪʘ ʩ 
ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ - HDTV ʧʦʜʦʙʥʠ 
ʨʝʟʫʣʪʘʪʠ ʱʝ ʙʲʜʘʪ ʪʚʲʨʜʝ ʥʝʦʙ-
ʭʦʜʠʤʠ, ʧʦʨʘʜʠ ʥʝʩʲʤʥʝʥʦʪʦ ʡ ʙʲʜʝʱʝ 
ʠ ʧʨʠʣʦʞʝʥʠʝ ʚ ʛʣʦʙʘʣʝʥ ʧʣʘʥ. 
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ɻʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʧʠʩʠ 
 
 

ʄʠʣʝʥʘ ʅ. ʂʘʨʦʚʘ 
 

ʈʝʟʶʤʝ: ɺ ʜʦʢʣʘʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʧʦ- ʤʘʣʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥ 
ʤʝʪʦʜ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʟʘʜʘʯʠ ɻʝʥʝʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ (ɻɸ). ʅʘʢʨʘʪʢʦ ʝ 
ʨʘʟʛʣʝʜʘʥʘ ʥʝʛʦʚʘʪʘ ʩʲʱʥʦʩʪ, ʜʝʡʩʪʚʠʝ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʝ ʝʜʥʘ ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʘ 
ʩʪʨʫʢʪʫʨʘ ʥʘ ɻɸ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʩ ʨʘʟʧʠʩʠʪʝ: ʧʘʨʘʣʝʣʝʥ ɻɸ. ʈʘʟʛʣʝʜʘʥʠ ʩʘ 
ʥʝʛʦʚʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʛʝʥʝʪʠʯʥʠ ʦʧʝʨʘʮʠʠ: ʠʥʠʮʠʘʣʠʟʘʮʠʷ, 
ʩʝʣʝʢʮʠʷ, ʢʨʦʩʦʚʲʨ, ʠ ʤʫʪʘʮʠʷ. 
 
 

Timetabling using Genetic Algorithms 
 

Milena N. Karova 
 

Abstract: The report examine the using of a method, less popular that solves NP problems: 
Genetic Algorithms. It is more shortly considered its nature, application and operating. One very 
interesting structure GA for the decision a problem with timetable is offered: parallel GA. It 
examines its characteristics, based genetic operation's using: initialization, selection, crossover 
and mutation. 

 
1. ʋʚʦʜ 

 
ʅʘʚʩʷʢʲʜʝ ʧʦ ʩʚʝʪʘ, ʦʪ ʪʨʘʜʠʮʠ-

ʦʥʘʪʘ ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʜʦ 
ʪʘʢʠʚʘ ʥʝʪʨʘʜʠʮʠʦʥʥʠ ʦʙʣʘʩʪʠ ʢʘʪʦ 
ʬʠʥʘʥʩʦʚʦ ʧʨʝʜʩʢʘʟʚʘʥʝ, ʩʲʟʜʘʚʘʥʝʪʦ 
ʥʘ ʣʝʢʘʨʩʪʚʘ ʠ ʜʨ ɻʝʥʝʪʠʯʥʠʪʝ ɸʣ-
ʛʦʨʠʪʤʠ (ɻɸ) ʧʨʠʚʣʠʯʘʪ ʚʥʠʤʘʥʠʝ ʠ 
ʨʝʰʘʚʘʪ ʪʨʫʜʦʝʤʢʠ ʧʨʦʙʣʝʤʠ. ʊʝ ʩʘ 
ʝʜʥʠ ʦʪ ʥʘʡ-ʧʦʧʫʣʷʨʥʠʪʝ ʚ ʩʝʛʘʰʥʦ 
ʚʨʝʤʝ ʩʧʦʩʦʙʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘ-
ʯʠʪʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ., ʢʘʪʦ ʚ ʪʷʭʥʘʪʘ 
ʦʩʥʦʚʘ ʣʝʞʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʚʦʣʶ-
ʮʠʦʥʠʪʝ ʧʨʠʥʮʠʧʠ ʟʘ ʪʲʨʩʝʥʝ ʥʘ ʦʧʪʠ-
ʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ. ʅʘ ʙʘʟʘʪʘ ʥʘ ɻʝʥʝ-
ʪʠʯʥʠʪʝ ɸʣʛʦʨʠʪʤʠ ʩʝ ʠʟʛʨʘʞʜʘʪ ʧʨʦʛ-
ʨʘʤʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʨʝʰʘʪ ʪʘʢʠʚʘ 
ʪʨʫʜʦʝʤʢʠ ʧʨʦʙʣʝʤʠ ʢʘʪʦ ʩʲʟʜʘʚʘʥʝʪʦ 
ʥʘ  ʨʘʟʧʠʩʘʥʠʷʪʘ ʚ ʫʯʠʣʠʱʘʪʘ ʠ ʜʨʫʛʠ 
ʠʥʩʪʠʪʫʮʠʠ, ʢʲʜʝʪʦ ʪʦʚʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 
ʠʟʚʲʨʰʠ ʙʝʟ ʧʦʤʦʱʪʘ ʥʘ ʯʦʚʝʰʢʠ ʨʝ-
ʩʫʨʩ. ʇʨʦʙʣʝʤʲʪ ʩ ʨʘʟʧʠʩʘʥʠʷʪʘ ʝ ʚʠʜ 
ʧʨʦʙʣʝʤ ʚ ʢʦʡʪʦ ʩʲʙʠʪʠʷʪʘ ( ʥʘʧʨʠʤʝʨ 
ʠʟʧʠʪʠ. ʢʣʘʩʦʚʝ ʠ ʧʨ.) ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 
ʧʦʜʨʝʜʝʥʠ ʧʦʜʭʦʜʷʱʦ ʚʲʚ ʚʨʝʤʝʪʦ 
ʩʲʛʣʘʩʥʦ ʨʘʟʣʠʯʥʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʅʫʞ-
ʜʘʪʘ ʦʪ ʩʠʣʝʥ ʤʝʪʦʜ ʟʘ ʨʝʰʘʚʘʥʝʪʦ ʥʘ 

ʧʨʦʙʣʝʤʘ ʝ ʷʩʥʘ ʢʘʪʦ ʩʝ ʠʤʘ ʚ ʧʨʝʜʚʠʜ 
ʧʨʦʩʪʠʷʪ ʬʘʢʪ, ʯʝ ʘʢʦ ʦʟʥʘʯʠʤ ʩ "e" 
ʠʟʧʠʪʠʪʝ ʧʦʜʭʦʜʷʱʠ ʟʘ "t" ʚʨʝʤʝʚʠ 
ʠʥʪʝʨʚʘʣ, ʪʦʚʘ ʩʘ te ʚʲʟʤʦʞʥʠ ʟʘ ʠʟʙʦʨ 
ʨʘʟʧʠʩʘʥʠʷ, ʢʘʪʦ ʦʧʪʠʤʘʣʥʠʷʪ ʚʘʨʠʘʥʪ 
ʝ ʩʧʦʨʝʜ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ ʧʨʦʙʣʝʤʘ 
[1]. ʆʙʱʦʧʨʠʝʪʠʪʝ ʢʦʤʧʶʪʲʨʥʦ ʙʘʟʠʨʘ-
ʥʠ ʤʘʪʦʜʠ ʟʘ ʨʘʟʧʠʩʘʥʠʷ ʩʝ ʦʪʥʘʩʷʪ 
ʧʦʚʝʯʝ ʢʲʤ ʧʨʦʩʪʦ ʦʪʢʠʚʘʥʝ ʥʘ ʥʘʡ-
ʢʲʩʦʪʦ ʨʘʟʧʠʩʘʥʠʝ ʫʜʦʙʣʝʪʚʦʨʷʚʘʱʦ 
ʚʩʠʯʢʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʊʦʚʘ ʠʟʧʲʣʥʷʚʘ 
ʧʦʩʪʘʚʝʥʠʪʝ ʫʩʣʦʚʠʷ, ʥʦ ʥʝ ʝ ʥʘʧʲʣʥʦ 
ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʥʘʡ-ʜʦʙ-
ʨʠʷʪ ʢʨʘʝʥ ʨʝʟʫʣʪʘʪ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ 
ʧʦʩʪʠʛʥʝ ʠʟʧʦʣʟʚʘʠʢʠ ɻʝʥʝʪʠʯʥʠʪʝ ɸʣ-
ʛʦʨʠʪʤʠ. ʄʥʦʛʦ ʯʝʩʪʦ ʭʦʨʘʪʘ ʧʨʠʙʷʛʚʘʪ 
ʜʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʲʯʥʠ ʩʨʝʜʩʪʚʘ ʟʘ 
ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʠ ʧʨʘʚʷʪ 
ʨʝʜʠʮʘ ʠʟʤʝʥʝʥʠʷ ʦʙʩʣʫʞʚʘʱʠ ʧʨʦʤʷ-
ʥʘʪʘ ʥʘ  ʫʩʣʦʚʠʷʪʘ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʜʦ-
ʚʝʜʝ ʜʦ ʤʥʦʞʝʩʪʚʦ ʢʘʢʪʦ ʟʥʘʯʠʤʠ ʪʘʢʘ 
ʠ ʬʠʥʘʥʩʦʚʠ ʧʨʦʙʣʝʤʠ ʠ ʥʘʨʫʰʘʚʘʥʝ 
ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʮʷʣʦʩʪʥʦʩʪ ʥʘ ʟʘʜʘ-
ʯʘʪʘ. ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʨʘʟʧʠʩʘʥʠʷ ʩʧʘ-
ʜʘ ʢʲʤ ʧʨʦʙʣʝʤʠʪʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ, 
ʢʘʪʦ ʦʪ ʪʷʭ ʧʦʯʪʠ ʚʩʠʯʢʠ ʩʝ ʚʢʣʶʯʚʘʪ 



 

 

 

 

 

ʢʲʤ ʟʘʜʘʯʠʪʝ ʩ NP ʩʣʦʞʥʦʩʪ (nondeter-
ministic polynomial). ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 
ʜʝʪʝʨʤʠʥʠʨʘʥʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʪʘʟʠ 
ʟʘʜʘʯʘ ʙʠ ʙʠʣ ʜʦʩʪʘ ʙʘʚʥʦ ʠ ʟʘʪʦʚʘ ʝ 
ʥʝʦʙʭʦʜʠʤ ʥʝʜʝʨʤʠʥʠʨʘʥ ʘʣʛʦʨʠʪʤ , 
ʢʘʢʲʚʪʦ ʝ ʛʝʥʝʪʠʯʥʠʷʪ. ɻʝʥʝʪʠʯʥʠʪʝ 
ɸʣʛʦʨʠʪʤʠ ʠʟʚʲʨʰʚʘʪ ʤʥʦʛʦʪʦʯʢʦʚʦ 
ʪʲʨʩʝʥʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʥʘ ʧʨʦʙ-
ʣʝʤʘ. ʊʝ ʦʩʠʛʫʨʷʚʘʪ "ʟʜʨʘʚʠʥʘ ʚ ʩʣʫ-
ʯʘʡ, ʯʝ ʪʲʨʩʝʥʠʷʪ ʧʲʪ ʝ ʚ ʣʦʢʘʣʥʠʷʪ 
ʤʠʥʠʤʫʤ, ʢʦʝʪʦ ʥʷʤʘ ʜʘ ʦʟʥʘʯʘʚʘ ʯʝ 
ʮʝʣʠʷʪ ʘʣʛʦʨʠʪʲʤ ʥʝ ʝ ʫʩʧʷʣ, ʘ ʩʘʤʦ 
ʯʝ ʤʦʞʝ ʜʘ ʩʝ ʜʘʜʘʪ ʥʷʢʦʣʢʦ ʦʧʪʠ-
ʤʘʣʥʠ ʨʝʰʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʘ ʦʪ ʢʦʠʪʦ 
ʧʦʪʨʝʙʠʪʝʣʷʪ ʱʝ ʤʦʞʝ ʜʘ ʠʟʙʠʨʘ. 
 

2. ɻʝʥʝʪʠʯʥʠ ɸʣʛʦʨʠʪʤʠ. 
 

ɻʝʥʝʪʠʯʥʠʪʝ ɸʣʛʦʨʠʪʤʠ  ʩʘ ʥʘʡ-
ʯʝʩʪʦ ʦʙʱʘ ʛʨʫʧʘ ʦʪ ʤʝʪʦʜʠ ʥʘʨʠʯʘʥʘ 
ʝʚʦʣʶʮʠʦʥʥʦ ʠʟʯʠʩʣʝʥʠʝ ʢʦʠʪʦ ʦʙʝʜʠ-
ʥʷʚʘʪ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ ʥʘ ʠʟʧʦʣ-
ʟʚʘʥʝ ʥʘ ʝʚʦʣʶʮʠʦʥʥʠʪʝ ʧʨʠʥʮʠʧʠ ʟʘ 
ʜʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʮʝʣʠ. ʂʘʪʦ 
ʧʨʠʯʠʥʘ ʟʘ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʪʝʟʠ 
ʤʝʪʦʜʠ ʩʘ ʩʪʘʥʘʣʠ ʥʷʢʦʣʢʦ ʦʪʢʨʠʪʠʷ ʚ 
ʙʠʦʣʦʛʠʷʪʘ. ʇʲʨʚʦ ʏʘʨʣʟ ɼʘʨʚʠʥ ʧʫʙ-
ʣʠʢʫʚʘ ʧʨʝʟ 1859 ʛ. ʩʚʦʷʪʘ ʟʥʘʤʝʥʠʪʘ 
ʨʘʙʦʪʘ "ʇʨʦʠʟʭʦʜ ʥʘ ʚʠʜʦʚʝʪʝ" ʢʲʜʝʪʦ 
ʩʘ ʧʨʦʚʲʟʛʣʘʩʝʥʠ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ 
ʥʘ ʝʚʦʣʶʮʠʦʥʥʘʪʘ ʪʝʦʨʠʷ: ʥʘʩʣʝʜ-
ʩʪʚʝʥʦʩʪ, ʧʨʦʤʝʥʣʠʚʦʩʪ ʠ ʝʩʪʝʩʪʚʝʥ 
ʧʦʜʙʦʨ. ʎʝʣʪʘ ʥʘ ʠʥʜʠʚʠʜʘ ʝ ʦʮʝʣʷ-
ʚʘʥʝ  ʚ ʧʦʩʪʦʷʥʥʦ ʧʨʦʤʝʥʷʱʘ ʩʝ ʩʨʝʜʘ 
ʯʨʝʟ ʪʨʠʪʝ ʧʨʦʮʝʩʘ ʤʫʪʘʮʠʷ, ʦʥʘʩʣʝ-
ʜʷʚʘʥʝ ʠ ʩʝʣʝʢʮʠʷ (ʝʩʪʝʩʚʝʥ ʧʦʜʙʦʨ). 
ʄʫʪʘʮʠʷʪʘ ʚʲʟʥʠʢʚʘ ʪʦʛʘʚʘ ʢʦʛʘʪʦ ʧʦ-
ʚʝʜʝʥʠʝʪʦ ʥʘ ʠʜʠʚʠʜʘ ʩʝ ʧʨʦʤʝʥʠ ʧʦʜ 
ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʣʫʯʘʡʥʠ ʚʲʥʰʥʠ 
ʬʘʢʪʦʨʠ, ʢʘʪʦ ʩʝ ʧʨʦʤʝʥʷʪ ʰʘʥʩʦʚʝʪʝ 
ʟʘ ʦʮʝʣʷʚʘʥʝ ʥʘ ʠʥʜʠʚʠʜʘ ʧʨʝʜʘʜʝʥ ʠ 
ʚ ʥʝʛʦʚʦʪʦ ʧʦʢʦʣʝʥʠʝ. ɼʘʣʠ ʤʫʪʘʮʠʷʪʘ 
ʝ ʫʩʧʝʰʥʘ ʩʝ ʦʧʨʝʜʝʣʷ ʚ ʧʨʦʮʝʩʘ ʥʘ 
ʝʩʪʝʩʪʚʝʥ ʧʦʜʙʦʨ, ʢʘʪʦ ʧʦ-ʜʦʙʨʠʪʝ 
ʦʮʝʣʷʚʘʪ ʠ ʩʲʜʘʚʘʪ ʩʚʦʝ ʧʦʢʦʣʝʥʠʝ 
ʪ.ʝ. ñʦʮʝʣʷʚʘò ʩʘʤʦ ʥʘʡ-ʜʦʙʨʦʪʦ [5]. 

ʊʦʟʠ ʤʝʭʘʥʠʟʲʤ ʥʘ ʜʝʡʩʪʚʠʝ ʤʦ-
ʞʝ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘ ʚ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ  
ʩʨʝʜʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʤʘʰʠʥʦʪʦ ʩʘʤʦ-

ʦʙʫʯʝʥʠʝ. ʇʨʠ ʢʦʤʧʶʪʲʨʥʦ ʛʝʥʝʨʠʨʘʥ 
ʤʦʜʝʣ ʩʝ  ʩʲʟʜʘʚʘʪ ʤʥʦʞʝʩʪʚʦ ʦʪ ʢʘʥ-
ʜʠʜʘʪʠ, ʥʦ ñʦʮʝʣʷʚʘò ʩʘʤʦ ʥʘʡ-ʜʦʙʨʦʪʦ 
ʨʝʰʝʥʠʝ. ɼʨʫʛʦ ʚʲʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʝ 
ʜʘ ʩʝ ʟʘʧʘʟʠ ʮʷʣʘʪʘ ʛʨʫʧʘ ʦʪ ʚʲʟʤʦʞʥʠ 
ʨʝʰʝʥʠʷ , ʢʘʪʦ ʧʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʪʲʨʩʝ-
ʥʝ ʩ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʠʥʜʠʚʠʜ ʩʝ ʦʪʥʘʩʷ 
ʜʦ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʛʣʦʙʘ-
ʣʝʥ ʤʘʢʩʠʤʫʤ.  

ɻʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʩʘ ʩʚʦ-
ʙʦʜʥʦ ʙʘʟʠʨʘʥʠ ʥʘ ʠʜʝʠʪʝ ʣʝʞʘʱʠ ʚ 
ʝʚʦʣʶʮʠʦʥʘʪʘ ʪʝʦʨʠʷ ʟʘ ʝʩʪʝʩʚʝʥʘʪʘ 
ʩʝʣʝʢʮʠʷ ʠ ʩʝʛʘʰʥʠʪʝ ʟʥʘʥʠʷ ʟʘ ʦʩʥʦ-
ʚʠʪʝ ʥʘ ʛʝʥʝʪʠʢʘʪʘ. ɺ ʤʥʦʛʦ ʠʟʪʦʯʥʠʮʠ  
ɼʞʦʥ ʍʦʣʘʥʜ ʩʝ ʥʘʨʠʯʘ ʨʦʜʠʪʝʣ ʥʘ 
ʩʲʚʨʝʤʝʥʥʘʪʘ ʪʝʦʨʠʷ ʥʘ ɻʝʥʝʪʠʯʥʠʪʝ 
ɸʣʛʦʨʠʪʤʠ. ʅʝʛʦʚʦ ʝ  ʧʨʝʜʣʦʞʝʥʠʝʪʦ 
ʚʠʜʲʪ ʥʘ ʧʦʜʲʨʞʘʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʜʘ ʝ 
ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥ ï ʜʚʦʠʯʥʠ  ʯʠʩʣʘ ʩ 
ʬʠʢʩʠʨʘʥʘ ʜʲʣʞʠʥʘ. ʊʝʟʠ ʯʠʩʣʘ (ʧʦʩ-
ʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʦʪ ʙʠʪʦʚʝ) ʩʝ ʥʘʨʠʯʘʪ 
ʭʨʦʤʦʟʦʤʠ, ʘ ʙʠʪʦʚʝʪʝ ʚ ʪʘʟʠ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʦʩʪ ʘʣʝʣʠ. ɺʩʝʢʠ ʭʨʦʤʦʟʦʤ 
ʧʦʨʘʞʜʘ ʝʜʠʥ ʠʥʜʠʚʠʜ, ʢʘʪʦ ʚʩʝʢʠ 
ʘʣʝʣ ʩʝ ʧʨʦʷʚʷʚʘ ʚ ʠʥʜʠʚʠʜʘ ʢʘʪʦ ʥʷ-
ʢʘʢʚʘ ʯʝʨʪʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʝ ʨʘʟʣʠʯʥʦ 
ʧʦʣʝʟʥʘ ʟʘ ʦʮʝʣʷʚʘʥʝʪʦ. ʇʨʦʮʝʩʲʪ ʥʘ 
ʝʚʦʣʶʮʠʷʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʦʜʙʦʨ ʥʘ 
ʘʣʝʣʠ ʠʟʙʨʘʥʠ ʯʨʝʟ ʪʝʩʪʚʘʥʝ.  

ʇʨʠ ʛʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʚʩʷʢʘ 
ʭʨʦʤʦʟʦʤʘ ʢʦʜʠʨʘ ʝʜʥʦ ʨʝʰʝʥʠʝ. ʊʲʨ-
ʩʝʥʝʪʦ ʥʘ ʪʦʚʘ ʨʝʰʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ 
ʩʚʝʜʝ ʜʦ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʝʢʩʪʨʝʤʫʤ ʥʘ 
ʬʫʥʢʮʠʷ. ʉʲʱʦ ʪʘʢʘ ʚʲʟʤʦʞʥʠʪʝ ʨʝʰʝ-
ʥʠʷ ʥʘ ʜʘʜʝʥ ʧʨʦʙʣʝʤ ʤʦʞʝ ʜʘ ʥʝ 
ʙʲʜʘʪ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʧʦ ʚʨʝʤʝ ʥʘ 
ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʘʣʛʦʨʠʪʲʤʘ. ʉʣʝʜʦ-
ʚʘʪʝʣʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʥʘʣʠʪʠʯʥʦ 
ʨʝʰʝʥʠʝ ʙʠ ʙʠʣʦ ʪʚʲʨʜʝ ʩʣʦʞʥʘ ʟʘʜʘ-
ʯʘ. ʅʘʧʨʠʤʝʨ ʟʘʜʘʯʘʪʘ ʟʘ ʪʲʨʛʦʚʩʢʠʷʪ 
ʧʲʪʥʠʢ, ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʧʦʩʝʪʠ ʦʧʨʝ-
ʜʝʣʝʥ ʙʨʦʡ ʛʨʘʜʦʚʝ ʧʦ ʥʘʡ-ʢʨʘʪʢʠʷʪ 
ʧʲʪ ʩ ʠʟʧʦʣʟʚʘʥʦʪʦ ʥʘ ʘʥʘʣʠʪʠʯʝʥ 
(ʜʝʪʝʨʤʠʥʠʨʘʥ) ʘʣʛʦʨʠʪʲʤ ʙʠ ʙʠʣʦ 
ʜʦʩʪʘ ʙʘʚʥʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʧʦʣ-
ʟʚʘʥʝʪʦ ʥʘ ʥʝʜʝʪʝʨʤʠʥʠʨʘʥ ʘʣʛʦʨʠʪʲʤ 
ʦʩʠʛʫʨʷʚʘʱ ʧʦ-ʙʲʨʟʦ ʨʝʰʝʥʠʝ ʜʦʨʠ ʪʦ 
ʜʘ ʥʝ ʝ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʜʦʙʨʦʪʦ. 



 

 

 

 

 

 ɻʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʩʧʘʜʘʪ 
ʢʲʤ ʤʝʪʦʜʠʪʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ, ʥʦ ʠʤʘ 
ʪʨʠ  ʦʩʥʦʚʥʠ ʨʘʟʣʠʢʠ: 

-ɻɸ ʨʘʙʦʪʠ ʩ ʢʦʜʠʨʘʥʝ ʥʘ ʧʘʨʘ-
ʤʝʪʨʠʪʝ, ʘ ʥʝ ʩʲʩ ʩʘʤʠʪʝ ʪʷʭ. 

-ɻɸ ʪʲʨʩʠ ʢʘʪʦ ʧʦʧʫʣʘʮʠʷ ʥʘʙʦʨ 
ʦʪ ʧʦʣʦʞʝʥʠʷ, ʘ ʥʝ ʩʘʤʦ ʝʜʥʦ ʧʦʣʦ-
ʞʝʥʠʝ. 

-ɻɸ ʠʟʧʦʣʟʚʘ ʩʘʤʦ ʢʨʘʡʥʘ 
ʠʥʬʦʨʤʘʮʠʷ, ʥʝ ʠʟʚʣʝʯʝʥʠ ʠʣʠ ʜʨʫʛʠ 
ʧʦʤʦʱʥʠ ʟʥʘʥʠʷ [5]. 

ʅʘ ʬʠʛ.1 ʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʘ 
ʧʨʦʩʪ ʛʝʥʝʪʠʯʝʥ ʘʣʛʦʪʠʨʲʤ. 

ʌʠʛ.1 
 

3. ɿʘʜʘʯʘʪʘ "ʉʲʟʜʘʚʘʥʝ ʥʘ 
ʨʘʟʧʠʩ" 

 
ʅʘ ʙʘʟʘʪʘ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ  ʘʣʛʦʨʠʪʤʠ 
ʩʝ ʠʟʛʨʘʞʜʘʪ ʧʨʦʛʨʘʤʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ 
ʜʘ ʨʝʰʘʪ ʪʘʢʠʚʘ ʪʨʫʜʦʝʤʢʠ ʧʨʦʙʣʝʤʠ 
ʢʘʪʦ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ  ʨʘʟʧʠʩʘʥʠʷʪʘ ʚ 
ʫʯʠʣʠʱʘʪʘ ʠ ʜʨʫʛʠ ʠʥʩʪʠʪʫʮʠʠ, ʢʲʜʝʪʦ 
ʪʦʚʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʙʝʟ 
ʧʦʤʦʱʪʘ ʥʘ ʯʦʚʝʰʢʠ ʨʝʩʫʨʩ. ʉʘʤʠʷʪ 
ʧʨʦʙʣʝʤ ʩ ʨʘʟʧʠʩʘʥʠʷʪʘ ʝ ʚʠʜ 
ʧʨʦʙʣʝʤ ʚ ʢʦʡʪʦ ʩʲʙʠʪʠʷʪʘ ʪʨʷʙʚʘ ʜʘ 
ʙʲʜʘʪ ʧʦʜʨʝʜʝʥʠ ʧʦʜʭʦʜʷʱʦ ʚʲʚ 
ʚʨʝʤʝʪʦ ʩʲʛʣʘʩʥʦ ʨʘʟʣʠʯʥʠ ʦʛʨʘʥʠ-
ʯʝʥʠʷ ʠ ʟʘʪʦʚʘ ʚʲʟʥʠʢʚʘ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʪʘ ʦʪ ʩʠʣʝʥ ʤʝʪʦʜ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ 
ʛʦʣʝʤʠ ʧʨʦʙʣʝʤʠ. ʀʤʝʥʥʦ ʪʫʢ ʧʨʠʣʘ-
ʛʘʥʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʜʘʚʘ 
ʟʘʜʦʚʦʣʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ. ʃʦʛʠʯʥʠʷʪ 
ʚʲʧʨʦʩ ʢʦʡʪʦ ʤʦʞʝʤ ʜʘ ʩʠ ʟʘʜʘʜʝʤ ʪʫʢ 
ʝ ʟʘʱʦ ʪʨʷʙʚʘ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʛʝʥʝ-
ʪʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʪʫʢ, ʢʦʛʘʪʦ ʩʲʱʝʩʪ-
ʚʫʚʘʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠ ʥʘʯʠʥʠ, ʜʨʫʛʠ 
ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʪʝʟʠ ʧʨʦʙ-
ʣʝʤʠ. ʆʪʛʦʚʦʨʲʪ ʥʘ ʪʦʟʠ ʚʲʧʨʦʩ ʝ ʯʝ 
ʨʘʟʙʠʨʘ ʩʝ ʢʘʢʪʦ ʚʲʚ ʤʥʦʛʦ ʜʨʫʛʠ 
ʧʨʦʙʣʝʤʠ ʠ ʪʫʢ ʚʠʥʘʛʠ ʩʲʱʝʩʪʚʫʚʘ 
ʧʦʚʝʯʝ ʦʪ ʝʜʥʦ ʚʲʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʥʘ 

ʧʨʦʙʣʝʤʘ, ʥʦ ʠʤʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤʠ 
ʯʠʠʪʦ ʚʲʟʤʦʞʥʠ ʨʝʰʝʥʠʷ ʩʝ ʭʘʨʘʢ-
ʪʝʨʠʟʠʨʘʪ ʩ ʪʘʢʘ ʥʘʨʝʯʝʥʦʪʦ ʧʨʦʩʪ-
ʨʘʥʩʪʚʦ ʥʘ ʨʝʰʝʥʠʷʪʘ. ʊʦʚʘ ʧʨʦʩʪʨʘʥ-
ʩʪʚʦ ʥʘ ʨʝʰʝʥʠʷʪʘ ʤʦʞʝ ʜʘ ʥʝ ʙʲʜʝ 
ʥʘʧʲʣʥʦ ʠʟʚʝʩʪʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ-
ʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ. ʊʦʛʘʚʘ ʨʝʰʘʚʘʥʝʪʦ 
ʥʘ ʧʨʦʙʣʝʤ ʦʪ ʧʦʜʦʙʝʥ ʚʠʜ ʯʨʝʟ ʠʟ-
ʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʥʘʣʠʪʠʯʥʦ ʨʝʰʝʥʠʝ 
(ʜʝʪʝʨʤʠʥʠʨʘʥ ʘʣʛʦʨʠʪʲʤ) ʙʠ ʙʠʣʦ 
ʝʜʥʘ ʪʚʲʨʜʝ ʩʣʦʞʥʘ ʟʘʜʘʯʘ ʢʘʪʦ ʥʝ 
ʚʠʥʘʛʠ ʱʝ ʩʝ ʧʦʣʫʯʠ ʜʦʩʪʘʪʲʯʥʦ ʟʘʜʦ-
ʚʦʣʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ ʠʣʠ ʟʘ ʜʦʩʪʘʪʲʯʝʥ 
ʦʧʨʝʜʝʣʝʥ ʦʪ ʥʘʩ ʠʥʪʝʨʚʘʣ ʦʪ ʚʨʝʤʝ. 

ʂʘʢʚʦ ʧʨʝʜʣʘʛʘʪ ʛʝʥʝʪʠʯʥʠʪʝ ʘʣ-
ʛʦʨʠʪʤʠ ? ʇʨʠ ʪʷʭ ʚʩʷʢʘ ʝʜʥʘ ʭʨʦʤʦ-
ʟʦʤʘ ʢʦʜʠʨʘ ʝʜʥʦ ʦʪ ʨʝʰʝʥʠʷʪʘ ʠ 
ʪʲʨʩʝʥʝʪʦ ʥʘ ʨʝʰʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ 
ʩʚʝʜʝ ʜʦ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʝʢʩʪʨʝʤʫʤ ʥʘ 
ʬʫʥʢʮʠʷ. ɺ ʧʨʦʮʝʩʘ ʥʘ ʝʚʦʣʶʮʠʷ 
ʠʟʧʦʣʟʚʘʡʢʠ ʨʘʟʣʠʯʥʠʪʝ ʛʝʥʝʪʠʯʥʠ 
ʦʧʝʨʘʪʦʨʠ ï ʢʨʲʩʪʦʩʚʘʥʝ, ʤʫʪʘʮʠʷ ʠ 
ʧʨ. ʩʝ ʥʘʤʠʨʘ ʥʘʡ-ʜʦʙʨʘʪʘ ʧʦʧʫʣʘʮʠʷ. 

ʈʘʟʛʣʝʞʜʘʡʢʠ ʨʘʟʧʠʩʘʥʠʷʪʘ ʥʠʝ 
ʪʨʷʙʚʘ ʜʘ ʜʘʜʝʤ ʪʦʯʥʘ ʜʝʬʠʥʠʮʠʷ 
ʢʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʪʝ ʠ ʩ ʢʘʢʚʦ ʩʝ 
ʩʚʲʨʟʚʘʪ. ɼʫʤʘʪʘ ʨʘʟʧʠʩʘʥʠʝ ʩʝ ʩʚʲʨʟ-
ʚʘ ʩʲʩ ʧʣʘʥʠʨʘʥʝ ʠ ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ 
ʜʝʡʩʪʚʠʷ:.ʫʯʝʙʝʥ ʨʘʟʧʠʩ, ʨʘʟʧʠʩ ʟʘ 
ʜʝʥʷ, ʨʘʟʧʠʩ ʥʘ ʜʝʞʫʨʩʪʚʘʪʘ, ʨʘʟʧʠ-
ʩʘʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝʥ ʪʨʘʬʠʢ, ʨʘʟʧʠʩ 
ʥʘ ʠʟʧʠʪʠ ʠ ʜʨ. 

ɿʘ ʧʨʦʩʪʠ ʨʘʟʧʠʩʘʥʠʷ, ʛʨʘʬʠʮʠ 
ʦʙʭʚʘʱʠ ʩʘʤʦ ʤʘʣʲʢ ʙʨʦʡ ʭʦʨʘ 
ʟʘʚʠʩʝʱʠ ʦʪ ʤʘʣʲʢ ʙʨʦʡ ʫʩʣʦʚʠʷ ʢʦʠʪʦ 
ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩʧʘʟʝʥʠ, ʠʟʛʦʪʚʷʥʝʪʦ 
ʥʘ ʨʘʟʧʠʩʘʥʠʝ ʙʠ ʙʠʣʦ ʧʨʦʩʪʘ ʟʘʜʘʯʘ 
ʢʦʷʪʦ ʩ ʥʝ ʛʦʣʷʤʦ ʫʩʠʣʠʝ ʙʠ ʤʦʛʘ ʜʘ ʩʝ 
ʩʚʲʨʰʠ ʦʪ ʛʨʫʧʘ ʦʪ ʭʦʨʘ. ɿʘ ʩʣʦʞʥʠ 
ʨʘʟʧʠʩʘʥʠʷ ʩʲʩ ʧʨʦʤʝʥʷʱʠ ʩʝ ʫʩʣʦʚʠʷ 
ʟʘ ʢʨʘʪʲʢ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ (ʢʦʝʪʦ ʤʦʞʝ 
ʜʘ ʙʲʜʝ ʦʪ ʜʥʠ ʜʦ ʤʝʩʝʮʠ) ʦʯʝʚʠʜʥʦ 
ʪʘʢʲʚ ʧʦʜʭʦʜ ʥʝ ʙʠ ʙʠʣ ʧʦʜʭʦʜʷʱ, ʘ ʠ 
ʧʦʣʫʯʝʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘʜʘʣʠ ʙʠ 
ʟʘʜʦʚʦʣʠʣʠ ʥʘʰʠʪʝ ʦʯʘʢʚʘʥʠʷ. ʀʟʛʨʘʞ-
ʜʘʥʝʪʦ ʥʘ ʨʘʟʧʠʩʘʥʠʷ ʩʧʘʜʘ ʢʲʤ 
ʧʨʦʙʣʝʤʠʪʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ, ʢʘʪʦ ʦʪ 
ʪʷʭ ʧʦʯʪʠ ʚʩʠʯʢʠ ʩʝ ʚʢʣʶʯʚʘʪ ʢʲʤ 
ʟʘʜʘʯʠʪʝ ʩ NP ʩʣʦʞʥʦʩʪ. 

ʧʨʝʭʦʜ ʢʲʤ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ

ʉʲʟʜʘʚʘʥʝ
ʥʘ ʥʘʯʘʣʥʘ

ʧʦʧʫʣʘʮʠʷ

ʉʝʣʝʢʮʠʷ

ʂʨʦʩʦʚʲʨ ʄʫʪʘʮʠʷ

ɸʣʛʦʨʠʪʲʤ ʥʘ ʠʟʯʠʩʣʝʥʠʝ

ʈʝʟʫʣʪʘʪ



 

 

 

 

 

ʊʨʘʜʠʮʠʦʥʥʠʪʝ, ʜʚʝ ʠʟʤʝʨʝʥʠʷ ʥʘ 
ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʘʟʧʠʩʘʥʠʷʪʘ, ʦʙʠʢ-
ʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦ-ʚʨʝʤʝ ʥʘ ʧʨʦ-
ʮʝʩʘ ʥʘ ʨʲʯʥʦ ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʨʘʟʧʠ-
ʩʘʥʠʷʪʘ. ʇʨʠ ʪʷʭ ʠʤʘʤʝ ʨʘʧʦʣʘʛʘʥʝ ʧʦ 
ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʦʩ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʢʣʘ-
ʩʦʚʝ, ʘ ʧʦ ʚʝʨʪʠʢʘʣʥʘʪʘ ʚʨʝʤʝʚʠʪʝ 
ʧʝʨʠʦʜʠ ʟʘ ʣʝʢʮʠʠʪʝ.  ʊʦʛʘʚʘ ʱʝ ʠʤʘ-
ʤʝ ʟʘ ʤʘʪʨʠʮʘʪʘ ʪʦʯʢʠʪʝ (i,,j) ʩʲʜʲʨ-
ʞʘʱʘ ʫʯʠʪʝʣʠʪʝ ʢʦʠʪʦ óʜʘʚʘʪô ʣʝʢʮʠʠ 
ʥʘ ʢʣʘʩ i ʟʘ ʚʨʝʤʝʚʠʷʪ ʧʝʨʠʦʜ j. ʀʤʘ ʠ 
ʜʨʫʛʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʘʟʧʠʩʘʥʠʷʪʘ 
ʢʲʜʝʪʦ ʚʨʝʤʝʚʠʷʪ ʧʝʨʠʦʜ  ʝ ʧʦ ʭʦʨʠ-
ʟʦʥʪʘʣʥʘʪʘ ʦʩ, ʘ ʫʯʠʪʝʣʠʪʝ ʩʘ ʧʦ ʚʝʨ-
ʪʠʢʘʣʥʘʪʘ ʦʩ. ʊʦʛʘʚʘ ʪʦʯʢʠʪʝ (i,,j) ʥʘ 
ʤʘʪʨʠʮʘʪʘ ʩʲʜʲʨʞʘʪ ʪʝʟʠ ʢʣʘʩʦʚʝ 
ʢʦʠʪʦ ʠʤʘʪ ʣʝʢʮʠʠ ʚʲʚ ʚʨʝʤʝʚʠʷʪ 
ʧʝʨʠʦʜ j ʧʨʦʚʝʞʜʘʥʠ ʦʪ ʫʯʠʪʝʣʠʪʝ i. 

ʇʲʨʚʦʪʦ ʧʨʝʜʩʪʘʚʷʥʝ ʝ ʝʬʠʢʘʩʥʦ 
ʢʦʛʘʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʪʲʨʩʝʥʝ ʙʘʟʠʨʘʥʦ 
ʥʘ ʢʣʘʩʦʚʝʪʝ, ʜʦʢʘʪʦ ʚʪʦʨʦʪʦ ʝ ʧʦ-
ʧʦʜʭʦʜʷʱʦ ʧʨʠ ʪʲʨʩʝʥʝ ʙʘʟʠʨʘʥʦ ʥʘ 
ʫʯʠʪʝʣʠʪʝ. ɺ ʧʨʘʢʪʠʢʘʪʘ ʩʝ ʠʟʧoʣʟʚʘʪ ʠ 
ʜʚʘʪʘ ʚʠʜʘ ʧʨʝʜʩʪʘʚʷʥʠʷ. ʀ ʜʚʝʪʝ 
ʧʨʝʜʩʪʘʚʝʥʠʠʷ ʠʤʘʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 
ʢʦʠʪʦ ʛʠ ʧʨʝʜʧʘʟʚʘʪ ʦʪ ʩʢʨʠʪʠʪʝ ʦʛʨʘ-
ʥʠʯʝʥʠʷ: ɺ ʧʲʨʚʠʷʪ ʩʣʫʯʘʡ ʩʝ ʧʦʷʚʷʚʘ 
ʩʙʲʩʢʚʘʥʝ ʤʝʞʜʫ ʢʣʘʩʦʚʝʪʝ, ʘ ʚʲʚ 
ʚʪʦʨʠʷʪ ʩʣʫʯʘʡ óʩʙʣʲʩʲʢʲʪô ʝ ʤʝʞʜʫ 
ʫʯʠʪʝʣʠ. ɿʘ ʩʲʞʘʣʝʥʠʝ ʪʝʟʠ ʜʚʝ ʧʨʝʜ-
ʩʪʘʚʷʥʠʷ ʥʝ ʧʦʜʲʨʞʘʪ ʨʘʟʜʝʣʷʥʝ ʥʘ 
ʣʝʢʮʠʠʪʝ, ʟʘʱʦʪʦ ʪʝ ʚʲʦʙʱʝ ʥʝ ʧʨʘʚʷʪ 
ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʧʦʥʷʪʠʷʪʘ ʫʯʠʪʝʣ ʠ 
ʧʨʝʜʤʝʪ.  ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʠʪʫʘʮʠʷʪʘ ʢʲ-
ʜʝʪʦ ʢʣʘʩʲʪ ʠʤʘ ʣʝʢʮʠʠ ʚʦʜʝʥʠ ʦʪ ʜʚʘ-
ʤʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦ ʯʫʞʜʠ ʝʟʠʮʠ ʝ 
ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʩʠʪʫʘʮʠʷʪʘ ʢʲʜʝʪʦ ʢʣʘ-
ʩʲʪ ʠʤʘ ʣʝʢʮʠʠ ʚʦʜʝʥʠ ʦʪ ʫʯʠʪʝʣʷ ʧʦ 
ʤʘʪʝʤʘʪʠʢʘ ʠ ʧʦ ʠʟʦʙʨʘʟʠʪʝʣʥʦ ʠʟʢʫʩʪ-
ʚʦ.  ɺʠʞʜʘʤʝ ʯʝ ʧʲʨʚʠʷʪ ʩʣʫʯʘʡ ʝ ʚʲʟ-
ʤʦʞʝʥ ʜʦʢʘʪʦ ʚʪʦʨʠʷʪ ʦʧʨʝʜʝʣʝʥʦ ʥʝ. 

ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʫʯʠʪʝʣ ʠ ʧʨʝʜ-
ʤʝʪ ʝ ʩʲʱʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʣʝʜʥʠʪʝ 
ʩʣʫʯʘʡ: ʫʯʠʪʝʣʷʪ ʜʘʚʘ ʥʷʢʦʣʢʦ ʣʝʢʮʠʠ 
ʧʦ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʚ ʝʜʠʥ ʠ ʩʲʱ 
ʢʣʘʩ ʢʘʪʦ ʝ ʧʨʦʚʝʨʝʥʦ ʝʜʥʘʢʚʦʪʦ ʨʘʟ-
ʧʨʝʜʝʣʝʥʠʝ ʥʘ ʣʝʢʮʠʠ. 

ʊʲʠ ʢʘʪʦ ʧʨʦʙʣʝʤʲʪ ʝ ʪʚʲʨʜʝ 
ʩʣʦʞʝʥ ʢʣʘʩʠʯʝʩʢʠʪʝ ʘʣʛʦʨʠʪʤʠ ʩʘ 
ʤʘʣʢʦ ʠʣʠ ʚʲʦʙʱʝ ʥʝʝʬʝʢʪʠʚʥʠ, ʥʦ 

ʚʲʧʨʝʢʠ ʪʦʚʘ ʪʝ ʜʘʚʘʪ ʥʘʯʘʣʥʘʪʘ ʙʘʟʘ 
ʦʪ ʟʥʘʥʠʷ ʟʘ ʘʣʛʦʨʠʪʤʠʪʝ ʥʘ ʝʚʨʠʩ-
ʪʠʯʥʦ ʪʲʨʩʝʥʝ ʠ ʤʦʜʠʬʠʮʠʨʘʥʦ ʦʪʩʪʲʧ-
ʚʘʥʝ. ʉʣʦʚʘʰʢʘʪʘ ʛʨʫʧa aSc ʧʨʝʜʣʘʛʘ 
ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʦʬʪʫʝʨ ʟʘ ʧʦʜʨʝʞ-
ʜʘʥʝ ʥʘ ʨʘʟʧʠʩʘʥʠʷʪʘ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ 
ʩʦʬʪʫʝʨ ʟʘ ʜʠʨʝʢʪʥʦ ʪʲʨʩʝʥʝ. ɸʢʦ ʧʦ 
ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʧʦʜʨʝʞʜʘʥʝ ʩʝ 
ʚʟʝʤʘ  ʙʨʦʷʪ ʥʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʪʚʲʨʜʝ 
ʩʣʦʞʝʥ ʧʨʦʙʣʝʤ ʤʦʞʝ ʜʘ ʩʝ  
ʧʨʝʭʚʲʨʣʠ ʫʧʨʘʚʣʷʝʤʘʪʘ ʦʙʣʘʩʪ ʠ 
ʪʦʛʘʚʘ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʘʣʛʦʨʠʪʲʤʘ ʟʘ 
ʜʠʨʝʢʪʥʦʪʦ ʪʲʨʩʝʥʝ ʤʦʞʝ ʜʘ ʥʝ ʙʲʜʝ 
ʜʦʩʪʘʪʲʯʥʦ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʟʘ ʜʦʧʫʩ-
ʪʠʤʦʪʦ ʚʨʝʤʝ. ɸʣʛʦʨʠʪʲʤʲʪ ʟʘ ʩʠʤʫ-
ʣʘʪʠʚʥʦ ʟʘʢʘʣʷʚʘʥʝ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ 
ʧʨʦʙʣʝʤʲʪ ʩ ʨʘʟʧʠʩʘʥʠʷʪʘ ʝ 
ʧʨʝʜʣʦʞʝʥ ʦʪ ɸ. ɸʤʙʘʨʩʘʥ. ʊʘʙʫ ʪʲʨʩʝ-
ʥʝʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʢʘʪʦ ʚʲʟʤʦʞʥʦ ʨʝ-
ʰʝʥʠʝ ʥʘ ʧʨʦʙʣʝʤʲʪ ʩ ʨʘʟʧʠʩʘʥʠʷʪʘ ʦʪ 
ʍʝʨʮ ʠ ɼʝ ɺʝʨʘ. ɿʘ ʩʲʞʘʣʝʥʠʝ ʪʝ ʥʝ ʩʘ 
ʜʦʩʪʘʪʲʯʥʦ ʝʬʝʢʪʠʚʥʠ ʟʘ ʧʨʦʙʣʝʤ ʩ 
ʛʦʣʷʤ ʠʥʪʝʨʚʘʣ ʦʪ ʨʝʰʝʥʠʷ [7]. ʉʠʤʫ-
ʣʘʪʠʚʥʦʪʦ ʟʘʢʘʣʷʚʘʥʝ ʠ ʪʘʙʫ ʪʲʨʩʝʥʝʪʦ 
ʩʘ ʧʨʦʫʯʝʥʠ ʦʪ ʂʦʣʦʨʥʠ, ɼʦʨʠʛʦ ʠ ʄʘʥ-
ʠʝʮʦ ʚ Computational Opti-mizationand 
Applications Journal. 

 

3. ʇʘʨʘʣʝʣʝʥ ɻʝʥʝʪʠʯʝʥ 
ɸʣʛʦʨʠʪʲʤ ʟʘ ʨʝʰʘʚʘʥʝ 
ʧʨʦʙʣʝʤʘ ʩ ʫʯʠʣʠʱʥʠ 

ʨʘʟʧʠʩʘʥʠʷ. 
 

ʇʨʦʙʣʝʤʲʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 
ʧʨʘʚʠʣʥʦ ʨʘʟʧʠʩʘʥʠʝ ʚʢʣʶʯʚʘ ʧʣʘʥʠ-
ʨʘʥʝ ʥʘ ʢʣʘʩʦʚʝ, ,ʫʯʠʪʝʣʠ ʠ ʩʪʘʠ ʚʲʚ 
ʬʠʢʩʠʨʘʥʠ ʧʦ ʙʨʦʡ ʧʝʨʠʦʜʠ, ʧʦ ʪʘʢʲʚ 
ʥʘʯʠʥ ʯʝ ʥʠʢʘʢʲʚ ʫʯʠʪʝʣ, ʢʣʘʩ ʠʣʠ ʩʪʘʷ 
ʜʘ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʧʲʪ 
ʟʘ ʧʝʨʠʦʜʘ. ʊʫʢ ʧʦʜ  ʧʨʘʚʠʣʥʦʪʦ ʨʘʟʧʠ-
ʩʘʥʠʝ ʩʝ ʨʘʟʙʠʨʘ, ʢʣʘʩʲʪ ʜʘ ʤʦʞʝ ʜʘ 
ʩʝ ʧʣʘʥʠʨʘ ʧʘʨʘʣʝʣʥʦ ʩ ʚʩʝʢʠ ʜʨʫʛ 
ʢʣʘʩ. ʇʨʝʟ ʮʝʣʠʷ ʧʝʨʠʦʜ ʢʣʘʩʲʪ ʠʟʫ-
ʯʘʚʘ ʧʨʝʜʤʝʪʠ. ʂʦʥʢʨʝʪʥʘʪʘ ʢʦʤʙʠ-
ʥʘʮʠʷ - ʫʯʠʪʝʣ, ʧʨʝʜʤʝʪ, ʩʪʘʷ ʠ ʢʣʘʩ 
ʪʫʢ ʩʝ ʥʘʨʠʯʘ ʢʦʨʪʝʞ. ʂʦʨʪʝʞʲʪ ʤʦʞʝ 
ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʥʝʝʜʥʦʢʨʘʪʥʦ ʟʘ ʩʝʜʤʠ-
ʮʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʧʨʦʙʣʝʤʘ ʨʘʟʧʠʩʘ-
ʥʠʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨaʟʛʣʝʜʘʥ ʢʘʪʦ 
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ʧʣʘʥʠʨʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʘ ʢʦʨʪʝʞʠ ʪʘʢʘ 
ʯʝ ʫʯʠʪʝʣʷʪ ʢʣʘʩʘ ʠʣʠ ʩʪʘʷʪʘ ʜʘ ʥʝ ʩʝ 
ʧʦʷʚʷʚʘʪ ʧʦʚʝʯʝ ʦʪ ʚʝʜʥʲʞ ʟʘ ʧʝʨʠ-
ʦʜʘ. ʆʧʨʝʜʝʣʷ ʩʝ ʬʠʪʥʝʩ ʬʫʥʢʮʠʷʪʘ 
(ʦʮʝʥʲʯʥʘ ʬʫʥʢʮʠʷ) ʟʘ ʚʩʷʢʦ ʨʘʟʧʠ-
ʩʘʥʠʝ. ɺʲʟʤʦʞʥʦ ʝ ʜʘ ʜʝʬʝʥʠʨʘʤʝ 
ʦʙʝʢʪʠʚʥʘ ʬʫʥʢʮʠʷ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ 
ʜʘʜʝʥʦ ʨʘʟʧʠʩʘʥʠʝ. ʊʘʟʠ ʬʫʥʢʮʠʷ ʝ 
ʤʷʨʢʘ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʝʰʝʥʠʝ. 
ʇʨʠʝʤʣʠʚʦʪʦ ʨʘʟʧʠʩʘʥʠʝ ʠʤʘ ʩʪʦʡʥʦʩʪ 
ʟʘ ʪʘʟʠ ʬʫʥʢʮʠʷ 0. ʉʣʝʜʦʚʘʪʝʣʥʦ 
ʧʨʦʙʣʝʤʲʪ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷʪʘ ʩʝ ʩʚʝʞ-
ʜʘ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʪʘʟʠ 
ʬʫʥʢʮʠʷ. ʌʫʥʢʮʠʷ ʟʘ ʚʩʝʢʠ ʧʝʨʠʦʜ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʨʘʟʝʥʘ ʢʘʪʦ ʩʫʤʘ ʥʘ 
ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ 
ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʣʘʩʘ, ʩʪʦʡʥʦʩʪʪʘ ʥʘ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʩʪʘʷʪʘ. 
ʅʝ ʝ ʥʝʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʜʘ ʩʝ ʩʫʤʠʨʘʪ 
ʢʦʤʧʦʥʝʥʪʠʪʝ, ʘʢʦ ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 
ʦʙʝʜʠʥʷʪ ʟʘ ʜʘ ʦʪʨʘʟʷʪ ʢʘʯʝʩʪʚʝʥʦ 
ʨʝʰʝʥʠʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʧʨʦʮʝʩʲʪ ʥʘ 
ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ 
ʢʲʤ ʪʘʢʦʚʘ ʨʝʰʝʥʠʝ, ʚ ʢʦʝʪʦ ʥʷʢʦʠ 
ʪʠʧʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʝ ʷʚʷʚʘʪ ʧʦ-ʚʘʞʥʠ 
ʦʪ ʜʨʫʛʠ. ɸʢʦ ʢʣʘʩʲʪ ʥʝ ʩʝ ʧʦʷʚʷʚʘ 
ʧʨʝʟ ʮʷʣʦʪʦ ʚʨʝʤʝ ʠʣʠ ʩʝ ʧʦʷʚʷʚʘ 
ʩʘʤʦ ʚʝʜʥʲʞ ʚ ʪʝʯʝʥʠʝ ʥʘ ʧʝʨʠʦʜʘ, 
ʪʦʛʘʚʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʢʣʘʩ ʱʝ 
ʙʲʜʝ ʥʫʣʝʚʘ. ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʢʣʘʩʘ ʟʘ 
ʧʝʨʠʦʜʘ - ʝ ʩʫʤʘʪʘ ʦʪ ʚʩʠʯʢʠ ʩʪʦʡʥʦʩʪʠ 
ʥʘ ʢʣʘʩʘ. ʊʘʢʘ ʚʩʷʢʘ ʤʝʪʦʜʠʢʘ ʟʘ 
ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʷʙʚʘ ʜʘ ʥʘʤʝʨʠ ʢʦʥ-
ʬʠʛʫʨʘʮʠʷ ʩ ʥʘʡ-ʥʠʩʢʘ ʚʲʟʤʦʞʥʘ ʩʪʦʡ-
ʥʦʩʪ. 

ʈʘʟʧʠʩʘʥʠʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜ-
ʩʪʘʚʠ ʩ ʬʠʢʩʠʨʘʥ ʥʘʙʦʨ ʦʪ ʢʦʨʪʝʞʠ 
ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʥʦʤʝʨ ʥʘ ʢʣʘʩʘ, ʥʦʤʝʨ 
ʥʘ ʫʯʠʪʝʣʷ ʠ ʥʦʤʝʨ ʥʘ ʩʪʘʷʪʘ. ʇʨʠ ʧʣʘ-
ʥʠʨʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʠ ʥʦʤʝʨ ʥʘ ʧʝʨʠʦʜʘ ʚʲʚ ʚʩʝʢʠ 
ʦʪ ʪʝʟʠ ʢʦʨʪʝʞʠ ʪʘʢʘ ʯʝ ʜʘʜʝʥʠʷ ʢʣʘʩ, 
ʫʯʠʪʝʣ ʠʣʠ ʩʪʘʷ ʜʘ ʥʝ ʩʝ ʧʦʷʚʷʚʘʪ 
ʧʦʚʝʯʝ ʦʪ 1 ʧʲʪ ʚ ʪʝʯʝʥʠʝ ʥʘ ʧʝʨʠʦʜʘ. 
ɿʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ɻɸ ʟʘʨʝʰʘʚʘʥʝ ʥʘ 
ʧʨʦʙʣʝʤʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ 
ʨʘʟʨʘʙʦʪʠ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʘʟʧʠʩʘʥʠʝ 
ʢʦʝʪʦ ʜʘ ʩʝ ʦʪʨʘʟʷʚʘ ʚ ʭʨʦʤʦʟʦʤʠʪʝ. 
ɺʩʷʢʘ ʭʨʦʤʦʟʦʤʘ ʝ ʩʬʦʨʤʠʨʘʥʘ ʦʪ 
ʛʝʥʠ ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʷʪ ʥʷʢʘʢʚʦ 

ʩʚʦʡʩʪʚʦ ʥʘ ʨʘʟʧʠʩʘʥʠʝ. ʌʠʛ.2 ʧʦʢʘʟʚʘ 
ʧʨʦʩʪʦ ʨʘʟʧʠʩʘʥʠʝ ʢʘʪʦ ʢʦʣʝʢʮʠʷ  ʦʪ 
ʢʦʨʪʝʞʠ.  
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ʌʠʛ.2 
 

ʅʘ ʌʠʛ.3 ʩʘ  ʧʦʢʘʟʘʥʠ ʤʥʦʛʦ 
ʢʦʨʪʝʞʠ ʦʧʘʢʦʚʘʥʠ ʚʲʚ ʚʩʝʢʠ ʧʝʨʠʦʜ.  

 
 

ʌʠʛ.3 
 
ʆʮʝʥʲʯʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʧʠ-

ʩʘʥʠʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʯʠʩʣʝʥʘ ʩʲʩ 
ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʙʨʦʷ ʥʘ ʩʙʣʲʩʢʚʘʥʠʷʪʘ 
ʚʲʚ ʚʩʝʢʠ ʧʝʨʠʦʜ. ʍʫʙʘʚʠʪʝ ʠ ʣʦʰʠʪʝ 
ʘʪʨʠʙʫʪʠ ʥʘ ʨʘʟʧʠʩʘʥʠʝʪʦ ʩʘ ʩʚʲʨʟʘʥʠ 
ʩ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʧʘʢʦʚʘʥʠʪʝ ʢʦʨʪʝʞʠ ʚ 
ʧʝʨʠʦʜʘ. ʌʠʛ.4 ʧʦʢʘʟʚʘ ʝʜʥʦ ʚʲʟʤʦʞʥʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʢʦʨʪʝʞ ʥʘ ʭʨʦʤʦ-
ʟʦʤʠ. ʊʫʢ ʚʩʝʢʠ ʧʝʨʠʦʜ ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʭʨʦʤʦʟʦʤʘ. ʀʟʧʦʣʟʚʘʡʢʠ ʪʦʚʘ ʨʘʟʧʨʝ-
ʜʝʣʝʥʠʝ ʩʝ ʧʦʟʚʦʣʷʚʘ ʜʦʙʨʠʪʝ ʦʧʘʢʦ-
ʚʘʥʠʷ ʜʘ ʩʝ ʟʘʧʘʟʷʪ ʤʝʞʜʫ ʧʦʢʦʣʝ-
ʥʠʷʪʘ, ʟʘʱʦʪʦ ʩʲʦʪʚʝʪʩʪʚʘʱʠʪʝ ʠʤ ʧʝ-
ʨʠʦʜʠ ʩʘ ʩʲʚʤʝʩʪʠʤʠ.  
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ʇʨʠʣʘʛʘʪ ʩʝ ʩʲʦʪʚʝʪʥʦ ʧʨʦʮʝʩʠʪʝ 
ʥʘ ʢʨʲʩʪʦʩʚʘʥʝ ʠ ʤʫʪʘʮʠʷ ʟʘ 
ʚʲʚʝʞʜʘʥʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʧʦʢʦ-
ʣʝʥʠʝʪʦ ʠ ʨʘʟʨʝʰʘʚʘʥʝ ʥʘ ʥʦʚʠʷ ʢʣʘʩ, 
ʫʯʠʪʝʣ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʪʘʠʪʝ 
ʜʘ ʩʝ ʨʘʟʚʠʚʘ. ʌʠʛ.5 ʧʦʢʘʟʚʘ ʧʨʦʮʝʩʘ 
ʥʘ ʩʣʠʚʘʥʝ ʥʘ ʜʚʝ ʨʘʟʧʠʩʘʥʠʷ ʟʘ ʜʘ ʩʝ 
ʥʘʧʨʘʚʠ ʥʦʚʦ. ɸʣʛʦʨʠʪʲʤʲʪ ʝ ʨʘʟʛʣʝ-
ʜʘʥ ʚ ʧʝʨʩʧʝʢʪʠʚʘʪʘ ʥʘ ʧʦʢʦʣʝʥʠʝʪʦ, ʠ 
ʧʦʟʚʦʣʷʚʘ ʩʣʫʯʘʝʥ ʠʟʙʦʨ ʥʘ ʨʦʜʠʪʝʣʠ.  

 
 

ʌʠʛ.5 
ʉʣʠʚʘʥʝʪʦ ʝ ʠʟʧʲʣʥʝʥʦ ʥʘ ʧʨʦʠʟ-

ʚʦʣʥʦ ʠʟʙʨʘʥʦ ʤʷʩʪʦ ʥʘ ʢʨʲʩʪʦʩʚʘʥʝ ʚ 
ʛʨʘʥʠʮʠʪʝ ʥʘ ʧʝʨʠʦʜʘ ʠ ʝ ʥʘʧʨʘʚʝʥʦ ʚ 
ʪʝʯʝʥʠʝ ʥʘ ʚʩʝʢʠ ʧʝʨʠʦʜ ʥʘ ʠʥʜʠʚʠʜʘ. 
ʄʫʪʘʮʠʷʪʘ ʝ ʠʟʧʲʣʥʝʥʘ ʥʘ ʧʨʦʠʟʚʦʣʥʦ 
ʠʟʙʨʘʥʠ ʧʝʨʠʦʜʠ ʠ ʢʦʨʪʝʞʠ ʠ ʩʪʘʚʘ ʩ 
ʥʷʢʘʢʚʘ ʦʧʨʝʜʝʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪ. 

 

4. ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʨʦʙʣʝʤʲʪ ʩ ʨʘʟʧʠʩʘʥʠʷʪʘ, ʚʩʷʢʘ 
ʛʦʜʠʥʘ ʚ ʫʯʠʣʠʱʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʩʝ 

ʨʝʰʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʯʦʚʝʰʢʠ ʨʝʩʫʨʩ. 
ʅʘʚʣʠʟʘʥʝʪʦ ʥʘ ɻʝʥʝʪʠʯʥʠʪʝ  

ɸʣʛʦʨʠʪʤʠ ʠ ʫʚʝʣʠʯʘʚʘʱʠʷʪ ʩʝ 
ʠʥʪʝʨʝʩ ʢʲʤ ʪʷʭ ʱʝ ʩʧʦʤʦʛʥʝ ʟʘ 
ʦʧʪʠʤʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩ 
ʨʘʟʧʠʩʘʥʠʷʪʘ, ʥʘʤʘʣʷʚʘʥʝ ʥʘ  
ʪʨʫʜʦʝʤʢʘʪʘ ʨʘʙʦʪʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ 
ʠ. ɺʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʚʲʧʨʦʩʠ ʠ 
ʧʨʦʙʣʝʤʠ, ʥʘ ʢʦʠʪʦ ʜʘ ʩʝ ʪʲʨʩʠ 
ʨʝʰʝʥʠʝ ʱʝ ʩʧʦʤʦʛʥʝ ʟʘ ʛʣʦʙʘʣʥʘʪʘ 
ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʥʘ ɻʝʥʝʪʠʯʥʠʪʝ 
ɸʣʛʦʨʠʪʤʠ ʠ ʪʷʭʥʦʪʦ ʙʫʨʥʦ ʨʘʟʚʠʪʠʝ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ 
 
 

ʅʠʢʦʣʘʡ ʊ. ʂʦʩʪʦʚ, ʉʣʘʚʘ ʄ. ʁʦʨʜʘʥʦʚʘ 
 
 
ʈʝʟʶʤʝ: ʊʫʨʙʦ ʢʦʜʦʚʝʪʝ ʩʘ ʥʦʚ ʢʣʘʩ ʦʪ ʤʦʱʥʠ ʢʦʜʦʚʝ ʟʘ ʢʦʨʝʢʮʠʷ ʥʘ ʛʨʝʰʢʠ. ɺ ʩʪʘʪʠʷʪʘ ʩʝ 
ʨʘʟʛʣʝʞʜʘʪ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʟʘ ʢʦʜʠʨʘʥʝ ʠ ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝ. ʇʨʝʜʩʪʘʚʝʥ ʝ 
ʦʧʨʦʩʪʝʥ ʤʘʪʝʤʘʪʠʯʝʥ ʘʧʘʨʘʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʘʩʠʤʧʪʦʪʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝ. 
ɸʥʘʣʠʟʠʨʘʥ ʝ ʰʠʨʦʢ ʢʨʲʛ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ  ʚʣʠʷʷʪ  ʚʲʨʭʫ ʚʝʨʦʷʪʥʦʩʪʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 
ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ.  
 
 

Characteristics and applications of turbo codes 
 

Nikolay T. Kostov, Slava M. Yordanova 
 
Abstract: Turbo codes are a new class of powerful error correction codes. In this paper, an 
overview of basic principles of turbo encoding end decoding is presented. A simplified 
mathematical framework for investigating the asymptotic performance of turbo codes is given. A 
wide range of factors that influence the error rate performance and applications of turbo codes is 
analyzed.    

 
1. ʋʚʦʜ 

 
ʇʨʝʟ 1993 ʛ. ɹʝʨʫ ʠ ʜʨ. [1]  ʧʨʝʜ-

ʣʘʛʘʪ ʥʦʚ ʢʣʘʩ ʦʪ ʤʦʱʥʠ ʢʦʜʦʚʝ ʟʘ 
ʢʦʨʝʢʮʠʷ ʥʘ ʛʨʝʰʢʠ, ʥʘʨʝʯʝʥʠ ʪʫʨʙʦ 
ʢʦʜʦʚʝ. ʉʠʤʫʣʘʮʠʷʪʘ ʥʘ ʪʫʨʙʦ ʢʦʜ ʩʲʩ 
ʩʢʦʨʦʩʪ 1/2 ʧʦ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʢʘʥʘʣ ʩ 
ʘʜʠʪʠʚʝʥ ʙʷʣ ɻʘʫʩʦʚ ʰʫʤ ʧʦʢʘʟʚʘ, ʯʝ 

ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʛʨʝʰʢʘ ʥʘ ʙʠʪ 510-=bP  

ʩʝ ʜʦʩʪʠʛʘ ʧʨʠ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 
0.7 dB. ɿʥʘʯʠʤʦʩʪʪʘ ʥʘ ʧʦʩʪʠʛʥʘʪʠʷʪ 
ʨʝʟʫʣʪʘʪ ʤʦʞʝ ʜʘ ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘ 
ʣʝʩʥʦ, ʢʘʪʦ ʩʝ ʟʥʘʝ  ʪʝʦʨʝʪʠʯʥʘʪʘ 
ʛʨʘʥʠʮʘ ʥʘ ʐʝʥʦʥ [2] ʦʪ 0 dB ʟʘ ʢʦʜ ʩʲʩ 
ʩʢʦʨʦʩʪ 1/2. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, 
ʧʦʩʦʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ 
ʟʘ ʛʨʝʰʢʘ ʥʘ ʙʠʪ ʝ ʧʦʩʪʠʛʥʘʪʘ ʧʨʠ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʝʥ ʙʣʦʢ ʩ 
ʜʲʣʞʠʥʘ 65536 ʙʠʪʘ ʠ ʜʝʢʦʜʠʨʘʥʝ ʩ 18 
ʠʪʝʨʘʮʠʠ ʥʘ ʙʣʦʢ. ɺ ʩʣʝʜʩʪʚʠʝ ʥʘ 
ʛʦʣʷʤʦʪʦ ʟʘʢʲʩʥʝʥʠʝ ʧʨʠ ʢʦʜʠʨʘʥʝʪʦ ʠ 
ʜʝʢʦʜʠʨʘʥʝʪʦ, ʦʨʠʛʠʥʘʣʥʠʷʪ ʪʫʨʙʦ ʢʦʜ 
[1] ʠʤʘ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʥʝ 
ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ  
ʘʫʜʠʦ ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʷ ʚ ʨʝʘʣʥʦ 
ʚʨʝʤʝ.  

ʅʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʠʤʘ ʟʘ ʮʝʣ ʜʘ 
ʨʘʟʢʨʠʝ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʟʘ ʢʦʜʠʨʘ-
ʥʝ ʠ ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝ ʚ ʢʦʥ-
ʪʝʢʩʪʘ ʥʘ ʬʘʢʪʦʨʠʪʝ, ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ  ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ 
ʪʝʟʠ ʢʦʜʦʚʝ.  

 
2. ʂʦʜʠʨʘʥʝ ʠ ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʪʫʨʙʦ 

ʢʦʜʦʚʝ. 
 
ʆʙʦʙʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ 

ʪʫʨʙʦ ʢʦʜʝʨ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ.1.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

ʌʠʛ.1. ʆʙʦʙʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ  
ʩʭʝʤʘ ʥʘ ʪʫʨʙʦ ʢʦʜʝʨ. 
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ʊʠʧʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʫʨʙʦ ʢʦʜʝʨ 
ʚʢʣʶʯʚʘ ʧʘʨʘʣʝʣʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ 2²M  
ʨʝʢʫʨʩʠʚʥʠ ʩʠʩʪʝʤʘʪʠʯʥʠ ʢʦʥʚʦʣʶʮʠ-
ʦʥʥʠ ʢʦʜʝʨʘ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 1-M  
ʙʣʦʢʘ ʟʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘ ʧʝʨʤʫʪʘʮʠʷ. 
ʅʘ ʌʠʛ.1.  ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʦʩʪ u  ʩ ʜʲʣʞʠʥʘ k ʙʠʪʘ ʩʝ 

ʢʦʜʠʨʘ ʦʪ ʨʝʢʫʨʩʠʚʥʠʪʝ ʩʠʩʪʝʤʘʪʠʯʥʠʪʝ 
ʢʦʥʚʦʣʶʮʠʦʥʥʠ ʢʦʜʝʨʠ ENC1, ENC2,é, 
ENCM. ʇʲʨʚʠʷʪ ʢʦʜʝʨ ENC1 ʦʧʝʨʠʨʘ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ u, ʘ ʢʦʜʝʨʠʪʝ 
ENC2,é, ENCM ʦʧʝʨʠʨʘʪ ʩ ʥʝʡʥʠʪʝ 

ʧʝʨʤʫʪʠʨʘʥʠ ʚʝʨʩʠʠ 11,..., -Muu . ʇʝʨʤʫ-

ʪʠʨʘʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʦʩʪ (ʪ.ʝ. ʧʨʦʤʷʥʘ ʥʘ ʥʘʨʝʜ-
ʙʘʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʙʠʪʦʚʝ ʙʝʟ 
ʧʦʚʪʦʨʝʥʠʝ) ʩʝ ʠʟʧʲʣʥʷʚʘ   ʧʦʩʨʝʜ-
ʩʪʚʦʤ ʟʘʢʦʥʠʪʝ ʟʘ ʧʝʨʤʫʪʘʮʠʷ 

11,..., -Maa , ʢʦʠʪʦ (ʪʠʧʠʯʥʦ) ʩʘ ʧʩʝʚʜʦ-

ʩʣʫʯʘʡʥʠ ʠ ʘʧʨʠʦʨʥʦ ʠʟʚʝʩʪʥʠ ʥʘ 
ʜʝʢʦʜʝʨʘ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʜʥʘʢʚʠ 
ʢʦʤʧʦʥʝʥʪʥʠ ʢʦʜʦʚʝ ʢʦʜʠʨʘʥʘʪʘ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʦʩʪ ʥʘ  ʠʟʭʦʜʘ ʥʘ ʪʫʨʙʦ ʢʦʜʝʨʘ 
ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʠʩʪʝʤʘʪʠʯʥʘʪʘ ʯʘʩʪ 

ux =0  ʠ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣ-

ʥʦʩʪʠ 011 / ggÖ=ux ,é, 011 / ggMM Ö= -ux , 

ʢʲʜʝʪʦ 0g  ʠ 1g  ʩʘ ʛʝʥʝʨʘʪʦʨʥʠʪʝ ʧʦʣʠ-

ʥʦʤʠ ʥʘ  ʢʦʥʚʦʣʶʮʠʦʥʥʠʪʝ ʢʦʜʝʨʠ. ʇʦ 
ʪʦʟʠ ʥʘʯʠʥ ʩʢʦʨʦʩʪʪʘ ʥʘ ʪʫʨʙʦ ʢʦʜʘ ʝ R 
= 1/(M+1). ɺ ʧʨʘʢʪʠʢʘʪʘ ʥʘʡ-ʯʝʩʪʦ ʩʝ 
ʠʟʧʦʣʟʚʘ ʧʘʨʘʣʝʣʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʜʚʘ 
ʢʦʥʚʦʣʶʮʠʦʥʥʠ ʢʦʜʝʨʘ, ʧʨʠ ʢʦʝʪʦ 
ʩʢʦʨʦʩʪʪʘ ʥʘ ʪʫʨʙʦ ʢʦʜʘ ʝ R = 1/3. 
ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʪʫʨʙʦ ʢʦʜʘ 
ʝ ʚʲʟʤʦʞʥʦ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱ 
ʟʘʢʦʥ ʟʘ ñʧʝʨʬʦʨʠʨʘʥʝò, ʧʨʠ ʢʦʝʪʦ ʥʝ 
ʩʝ ʧʨʝʜʘʚʘʪ ʯʘʩʪ ʦʪ ʢʦʥʪʨʦʣʥʠʪʝ 
ʙʠʪʦʚʝ.   
 ɼʝʢʦʜʠʨʘʥʝʪʦ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ 
ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ 
ʥʘ ʩʪʘʥʜʘʨʪʥʠʷ ʘʣʛʦʨʠʪʲʤ ʥʘ ɺʠʪʝʨʙʠ 
[3]. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʜʝʢʦʜʝʨʲʪ ʩʣʝʜʚʘ ʜʘ 
ʦʧʨʝʜʝʣʠ ʥʘʡ-ʧʨʘʚʜʦʧʦʜʦʙʥʘʪʘ ʧʨʝʜʘ-

ʜʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʜʘʥʥʠ uĔ ʧʨʠ 

ʠʟʚʝʩʪʥʘ ʧʨʠʝʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ y  

ʥʘ ʥʝʛʦʚʠʷ ʚʭʦʜ, ʪ.ʝ. 
 

(1)                ]}|[maxarg{Ĕ yuu
u

P= . 

 
ɺ ʩʣʝʜʩʪʚʠʝ ʥʘ ʦʩʲʱʝʩʪʚʷʚʘʥʘʪʘ ʧʝʨ-
ʤʫʪʘʮʠʷ ʧʨʠ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ, ʩʣʦʞʥʦʩʪ-

ʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ɺʠʪʝʨʙʠ ʝ )2( kO , 

ʢʲʜʝʪʦ k  ʝ ʜʲʣʞʠʥʘʪʘ ʥʘ ʧʝʨʤʫʪʠʨʘ-
ʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʦʪ ʜʘʥʥʠ. ɽʪʦ 
ʟʘʱʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 
ʤʝʪʦʜʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦʪʦ ʧʨʘʚʜʦʧʦʜʦ-
ʙʠʝ (ʪ.ʝ. ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʥʘ 
ɺʠʪʝʨʙʠ) ʟʘ ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʪʫʨʙʦ 
ʢʦʜʦʚʝ ʝ ʥʝʧʨʠʣʦʞʠʤʦ ʠ ʩʣʝʜʚʘ ʜʘ ʩʝ 
ʠʟʧʦʣʟʚʘʪ ʩʫʙʦʧʪʠʤʘʣʥʠ ʘʣʛʦʨʠʪʤʠ ʩ 
ʨʝʜʫʮʠʨʘʥʘ ʩʣʦʞʥʦʩʪ.  
 ʆʩʥʦʚʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʟʘ ʜʝʢʦʜʠ-
ʨʘʥʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝ ʠʟʧʦʣʟʚʘ ʧʦʩʠʤ-
ʚʦʣʥʘ ʦʮʝʥʢʘ ʥʘ ʜʘʥʥʠʪʝ ʧʦ ʤʘʢʩʠʤʫʤʘ 
ʥʘ ʘʧʦʩʪʝʨʠʦʨʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ [4]. ɺ 
ʩʣʫʯʘʡ ʥʘ ʪʫʨʙʦ ʢʦʜ ʩ ʜʚʘ ʢʦʤʧʦʥʝʥʪʥʠ 
ʢʦʥʚʦʣʶʮʠʦʥʥʠ ʢʦʜʝʨʘ ʪʦʟʠ ʘʣʛʦʨʠʪʲʤ 
ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʝ ʩʲʩ ʩʣʝʜʥʘʪʘ ʩʠʩ-
ʪʝʤʘ ʫʨʘʚʥʝʥʠʷ: 
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ʢʲʜʝʪʦ 0y  ʝ ʧʨʠʝʪʘʪʘ ʩʠʩʪʝʤʘʪʠʯʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, 1y  ʝ ʧʨʠʝʪʘʪʘ 

ʢʦʥʪʨʦʣ-ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʧʲʨ-

ʚʠʷ ʢʦʜʝʨ ʠ 2y  ʝ ʧʨʠʝʪʘʪʘ ʢʦʥʪʨʦʣʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʚʪʦʨʠʷ ʢʦʜʝʨ. 
ʊʠʣʜʠʪʝ ʥʘʜ ʧʨʦʤʝʥʣʠʚʠʪʝ ʫʢʘʟʚʘʪ ʧʝʨ-
ʤʫʪʠʨʥʘ ʚʝʨʩʠʷ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʧʨʦʤʝʥ-

ʣʠʚʘ, ʪ.ʝ. y~  ʝ ʧʝʨʤʫʪʠʨʘʥʘ  ʚʝʨʩʠʷ ʥʘ 

y. ɺ (2) ʠ (3) ʣʦʛʘʨʠʪʤʠʯʥʠʪʝ 

ʘʧʦʩʪʝʨʠʦʨʥʠ ʦʪʥʦʰʝʥʠʷ ʥʘ ʧʨʘʚ-
ʜʦʧʦʜʦʙʠʝ ʥʘ ʠʥʜʝʢʩʠʨʘʥʠʪʝ ʙʠʪʦʚʝ  ʩʘ 

ʦʟʥʘʯʝʥʠ ʩ 1
iL  ʠ 2

iL , ʘ 1z  ʠ 2z  ʜʝʬʠ-

ʥʠʨʘʪ ʢʦʨʠʛʠʨʘʱʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʨʝ-
ʘʣʠʟʠʨʘʥʘ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʦʮʝʩʘ ʥʘ 
ʜʝʢʦʜʠʨʘʥʝ. ɺʨʲʟʢʘʪʘ ʥʘ ʢʦʨʠʛʠʨʘʱʘʪʘ 
ʠʥʬʦʨʤʘʮʠʷ ʩ ʘʧʦʩʪʝʨʠʦʨʥʠʪʝ ʦʪʥʦ-



 

 

 

 

 

ʰʝʥʠʷ ʥʘ ʧʨʘʚʜʦʧʦʜʦʙʠʝ ʩʝ ʜʘʚʘ ʩ 
ʫʨʘʚʥʝʥʠʷʪʘ  
 

(4)                 2011
iiii zyLz --=  

(5)                 1022 ~~~
iiii zyLz --= . 

 
ʉʠʩʪʝʤʘʪʘ ʫʨʘʚʥʝʥʠʷ (2) ï (5) ʤʦʞʝ ʜʘ 
ʩʝ ʨʝʰʠ ʠʪʝʨʘʪʠʚʥʦ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʫʨʙʦ ʜʝʢʦʜʝʨ, ʧʦʢʘʟʘʥʘ 
ʥʘ ʌʠʛ.2.  
 
 
 
 

 
 
 
 
 
 
  

ʅʘ ʌʠʛ.2. DEC1 ʦʧʨʝʜʝʣʷ ʨʝʰʝʥʠʝʪʦ ʥʘ  
(2), ʘ DEC2 ʦʧʨʝʜʝʣʷ ʨʝʰʝʥʠʝʪʦ ʥʘ   
(3). ʅʘ ʚʩʷʢʘ ʧʦʣʫʠʪʝʨʘʮʠʷ ʝʜʠʥʠʷʪ 
ʜʝʢʦʜʝʨ ʧʨʝʜʘʚʘ ʢʦʨʠʛʠʨʘʱʘ ʠʥʬʦʨ-
ʤʘʮʠʷ ʢʲʤ ʜʨʫʛʠʷ ʜʝʢʦʜʝʨ, ʢʦʡʪʦ 
ʦʙʥʦʚʷʚʘ ʘʧʦʩʪʝʨʠʦʨʥʠʪʝ ʦʮʝʥʢʠ ʥʘ 
ʧʨʝʜʘʜʝʥʠʪʝ ʙʠʪʦʚʝ (ʪ.ʝ. ʥʘ ʚʩʷʢʘ 
ʧʦʣʫʠʪʝʨʘʮʠʷ ʢʦʨʠʛʠʨʘʱʘʪʘ ʠʥʬʦʨ-
ʤʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʘʧʨʠʦʨʥʘ ʦʪ 
ʩʲʦʪʚʝʪʥʠʷ ʜʝʢʦʜʝʨ). ʀʪʝʨʘʪʠʚʥʦʪʦ 
ʦʙʥʦʚʷʚʘʥʝ ʥʘ ʘʧʦʩʪʝʨʠʦʨʥʠʪʝ ʦʮʝʥʢʠ 
ʥʘ ʜʘʥʥʠʪʝ ʝ ʚʲʟʤʦʞʥʦ ʚ ʩʣʝʜʩʪʚʠʝ 
ʩʣʘʙʘʪʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʢʦʨʠʛʠʨʘʱʘʪʘ 
ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʚʘʪʘ ʜʝʢʦʜʝʨʘ, ʢʘʪʦ 
ʨʝʟʫʣʪʘʪ ʦʪ ʠʟʧʦʣʟʚʘʥʘʪʘ ʧʝʨʤʫʪʘʮʠʷ ʚ 
ʧʨʦʮʝʩʘ ʥʘ ʢʦʜʠʨʘʥʝ. ʆʢʦʥʯʘʪʝʣʥʘ 
ʦʮʝʥʢʘ ʥʘ ʜʘʥʥʠʪʝ (ñʪʚʲʨʜʠò ʨʝʰʝʥʠʷ) 
ʩʝ ʧʦʣʫʯʘʚʘ ʩʣʝʜ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ 
ʠʪʝʨʘʮʠʠ (ʢʘʪʦ ʧʨʘʚʠʣʦ, ʩʣʝʜ ʚʩʷʢʘ 
ʠʪʝʨʘʮʠʷ ʩʭʦʜʠʤʦʩʪʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ 
ʩʝ ʧʦʜʦʙʨʷʚʘ) , ʧʨʠ ʢʦʝʪʦ  
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ʉʣʝʜʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ 
ʩʪʘʥʜʘʨʪʥʠʷʪ ʠʪʝʨʘʪʠʚʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ 
ʧʦʩʠʤʚʦʣʥʘ ʦʮʝʥʢʘ ʥʘ ʜʘʥʥʠʪʝ ʧʦ 

ʤʘʢʩʠʤʫʤʘ ʥʘ ʘʧʦʩʪʝʨʠʦʨʥʠʪʝ ʚʝʨʦ-
ʷʪʥʩʪʠ [4] ʠʤʘ ʟʥʘʯʠʪʝʣʥʘ ʩʣʦʞʥʦʩʪ ʠ ʝ 
ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ ʢʨʘʡʥʘʪʘ ʪʦʯʥʦʩʪ 
ʯʠʩʣʦʚʠʪʝ ʨʝʟʫʣʪʘʪʠ. ɽʪʦ ʟʘʱʦ ʪʦʟʠ 
ʘʣʛʦʨʠʪʲʤ ʩʝ ʠʟʧʲʣʥʷʚʘ ʚ ʣʦʛʘʨʠʪ-
ʤʠʯʥʘʪʘ ʦʙʣʘʩʪ [5], ʧʨʠ ʢʦʝʪʦ ʥʝʛʦʚʘʪʘ 
ʩʣʦʞʥʦʩʪ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʜʚʘ ʧʲʪʠ ʧʦ-
ʛʦʣʷʤʘ ʦʪ ʪʘʟʠ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʥʘ 
ɺʠʪʝʨʙʠ.   
 
3. ɸʩʠʤʧʪʦʪʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ. 
 

ʆʩʥʦʚʝʥ ʧʘʨʘʤʝʪʲʨ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʜʦʩʪʦʚʝʨʥʦʩʪʪʘ ʥʘ ʧʨʝʜʘʚʘʥʘʪʘ ʠʥʬʦʨ-
ʤʘʮʠʷ ʧʨʠ ʧʨʦʠʟʚʦʣʥʘ ʮʠʬʨʦʚʘ ʢʦʤʫʥʠ-
ʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ 

ʛʨʝʰʢʘ ʥʘ ʙʠʪ bP . ʇʦʥʝʞʝ ʨʘʟʛʣʝʞ-

ʜʘʥʠʪʝ ʪʫʨʙʦ ʢʦʜʦʚʝ ʩʘ ʣʠʥʝʡʥʠ 

ʢʦʜʦʚʝ, bP  ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʧʨʠ 

ʜʦʧʫʩʢʘʥʝʪʦ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʠʟʮʷʣʦ 
ʥʫʣʝʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʜʘʥʥʠ. 
ʊʦʛʘʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʜʝʢʦʜʠʨʘʥʝ ʥʘ 
i-ʪʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ ʝ   
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ʢʲʜʝʪʦ iw  ʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʪʦ ʍʝʤʠʥ-

ʛʦʚʦ ʪʝʛʣʦ (ʙʨʦʷʪ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ 
ʝʜʠʥʠʮʠ) ʚ i-ʪʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ, Q ʝ 
ɻʘʫʩʦʚʘʪʘ Q-ʬʫʥʢʮʠʷ, R ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʪʫʨʙʦ ʢʦʜʘ,  id  ʝ ʍʝʤʠʥʛʦʚʦʪʦ ʪʝʛʣʦ ʥʘ 

i-ʪʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ, 0/NEb  e ʦʪʥʦ-

ʰʝʥʠʝʪʦ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʠʥʬʦʨʤʘ-
ʮʠʦʥʝʥ ʙʠʪ, ʘ k ʝ ʜʲʣʞʠʥʘʪʘ ʥʘ 
ʠʥʬʦʨʤʘʮʠʦʥʥʠʷ ʙʣʦʢ. ɺʝʨʦʷʪʥʦʩʪʪʘ ʟʘ 
ʛʨʝʰʢʘ ʥʘ ʙʠʪ ʤʦʞʝ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ 
ʦʪʛʦʨʝ [6], ʧʨʠ ʢʦʝʪʦ  
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ɿʘ ʩʨʝʜʥʠ ʠ ʚʠʩʦʢʠ ʦʪʥʦʰʝʥʠʷ 
ʩʠʛʥʘʣ/ʰʫʤ ʩʫʤʘʪʘ ʚ (8) ʩʝ ʜʦʤʠʥʠʨʘ ʦʪ 
ʯʣʝʥʦʚʝʪʝ, ʚ ʢʦʡʪʦ ʫʯʘʩʪʚʘ ʤʠʥʠʤʘʣ-
ʥʦʪʦ ʍʝʤʠʥʛʦʚʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʪʫʨʙʦ 

DEC1 DEC2

0y 0~y

1y 2y

1L 2L

2z 1~z

ʌʠʛ.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ 

ʪʫʨʙʦ ʜʝʢʦʜʝʨ. 



 

 

 

 

 

ʢʦʜʘ mind . ʊʦʛʘʚʘ ʘʩʠʤʧʪʦʪʠʯʥʦʪʦ ʧʦʚʝ-

ʜʝʥʠʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ ʤʦʞʝ ʜʘ ʩʝ 
ʦʮʝʥʠ, ʢʘʪʦ  
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ʢʲʜʝʪʦ minn ʝ ʙʨʦʷʪ ʥʘ ʢʦʜʦʚʠʪʝ ʜʫʤʠ ʩ 

ʍʝʤʠʥʛʦʚʦ ʪʝʛʣʦ mind , ʘ minw  e 

ʩʨʝʜʥʦʪʦ ʍʝʤʠʥʛʦʚʦ ʪʝʛʣʦ ʥʘ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ, ʢʦʠʪʦ 
ʧʦʨʘʞʜʘʪ ʢʦʜʦʚʠ ʜʫʤʠ ʩ ʤʠʥʠʤʘʣʥʦ 
ʍʝʤʠʥʛʦʚʦ ʪʝʛʣʦ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʧʩʝʚʜʦʩʣʫʯʘʡʥʠ ʟʘʢʦʥʠ ʟʘ ʧʝʨʤʫʪʘʮʠʷ 

ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʪʫʨʙʦ ʢʦʜʘ mind  ʠ 

minn ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʩ ʍʝʤʠʥʛʦʚʦ ʪʝʛʣʦ 

ʜʚʝ (ʪ.ʝ. 2min =w ) [7]. ʊʦʛʘʚʘ 

ʘʩʠʤʧʪʦʪʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʪʫʨʙʦ 
ʢʦʜʦʚʝʪʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩ (9), 
ʢʘʪʦ ʩʝ ʥʘʤʝʨʷʪ ʚʩʠʯʢʠ ʢʦʜʦʚʠ ʜʫʤʠ ʩ 
ʤʠʥʠʤʘʣʥʦ ʍʝʤʠʥʛʦʚʦ ʪʝʛʣʦ, ʢʦʠʪʦ ʩʝ 
ʛʝʥʝʨʠʨʘʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʥʦʩʪʠ ʩ ʍʝʤʠʥʛʦʚʦ ʪʝʛʣʦ ʜʚʝ.  
 

4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 
ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ. 

 
Xʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ 

ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ 
ʟʥʘʯʠʪʝʣʝʥ ʙʨʦʡ ʬʘʢʪʦʨʠ, ʢʘʪʦ 
ʦʩʥʦʚʥʠʪʝ ʦʪ ʪʷʭ ʩʘ: ʜʲʣʞʠʥʘʪʘ ʥʘ 
ʧʝʨʤʫʪʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʥʦʩʪ; ʩʢʦʨʦʩʪʪʘ ʥʘ ʪʫʨʙʦ ʢʦʜʘ; 
ʤʝʪʦʜʲʪ ʟʘ ʜʝʢʦʜʠʨʘʥʝ; ʚʥʘʩʷʥʦʪʦ 
ʟʘʢʲʩʥʝʥʠʝ ʚ ʧʨʦʮʝʩʘ ʢʦʜʠʨʘʥʝ 
/ʜʝʢʦʜʠʨʘʥʝ. ɺʝʨʦʷʪʥʦʩʪʥʠʪʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʥʘ ʧʲʨʚʦ ʤʷʩʪʦ ʦʪ 
ʜʲʣʞʠʥʘʪʘ k ʥʘ ʧʝʨʤʫʪʠʨʘʥʘʪʘ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ. ʅʘ ʌʠʛ.3. 
ʝ ʧʦʢʘʟʘʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʛʨʝʰʢʘ ʥʘ 

ʙʠʪ bP  ʥʘ ʦʨʠʛʠʥʘʣʥʠʷ ʪʫʨʙʦ ʢʦʜ [1] ʩ 

ʛʝʥʝʨʘʪʦʨʥʠ ʧʦʣʠʥʦʤʠ 80 )37(=g ,  

81 )21(=g  ʠ ʩʢʦʨʦʩʪ 1/2 ʟʘ ʜʲʣʞʠʥʘ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ  
1024, 16384 ʠ 65536 ʙʠʪʘ.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʉʲʛʣʘʩʥʦ ʌʠʛ.3., ʩ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʢ 
ʩʝ ʧʦʜʦʙʨʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʛʨʝʰʢʘ 

ʥʘ ʙʠʪ bP  ʥʘ ʪʫʨʙʦ ʢʦʜʘ ʧʨʠ ʥʠʩʢʠ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʊʦʚʘ ʩʝ ʦʙʷʩ-
ʥʷʚʘ ʩ ʬʘʢʪʘ, ʯʝ ʧʨʠ ʥʠʩʢʠ ʦʪʥʦʰʝʥʠʷ 
ʩʠʛʥʘʣ/ʰʫʤ ʢʦʝʬʠʮʠʝʥʪʘ 

1)/( minmin <<kwn  ʚ (9) ʜʦʤʠʥʠʨʘ  ʚʝʨʦ-

ʷʪʥʦʩʪʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʪʫʨʙʦ 
ʢʦʜʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʟʘ ʩʨʝʜʥʠ ʠ 
ʚʠʩʦʢʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʩʝ 

ʨʝʘʣʠʟʠʨʘ ñʧʨʘʛò ʥʘ bP  ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ 

ʦʪʥʦʩʠʪʝʣʥʦ ʤʘʣʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ  
ʤʠʥʠʤʘʣʥʦʪʦ ʍʝʤʠʥʛʦʚʦ ʨʘʟʩʪʦʷʥʠʝ 

mind  ʥʘ ʪʫʨʙʦ ʢʦʜʘ (ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷʪ 

ʪʫʨʙʦ ʢʦʜ 6min =d  ʧʨʠ k =65536 ʙʠʪʘ).  

ʊʠʧʠʯʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʢʦʨʦʩʪʪʘ 
R ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ ʩʘ ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 
1/4 ʜʦ 1/2. ɺ ʧʦʩʦʯʝʥʠʷʪ ʜʠʘʧʘʟʦʥ ʦʪ 
ʩʢʦʨʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʪʫʨʙʦ 
ʢʦʜʦʚʝʪʝ ʩʝ ʜʦʙʣʠʞʘʚʘʪ ʥʘ ʜʝʩʝʪʠ ʦʪ 
ʜʝʮʠʙʝʣʘ ʜʦ ʪʝʦʨʝʪʠʯʥʠʪʝ ʛʨʘʥʠʮʠ ʥʘ 
ʐʝʥʦʥ ʟʘ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʢʘʥʘʣ ʩ 
ʘʜʠʪʠʚʝʥ ʙʷʣ ɻʘʫʩʦʚ ʰʫʤ (ʧʨʠ ʦʪʥʦ-
ʩʠʪʝʣʥʦ ʛʦʣʝʤʠ ʩʪʦʡʥʦʩʪʠ ʥʘ k).  

ʂʘʢʪʦ ʙʝʰʝ ʦʪʙʝʣʷʟʘʥʦ, ʦʩʥʦʚʥʠʷʪ 
ʘʣʛʦʨʠʪʲʤ ʟʘ ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʪʫʨʙʦ 
ʢʦʜʦʚʝʪʝ ʩʝ ʟʘʢʣʶʯʘʚʘ ʚ ʠʪʝʨʘʪʠʚʥʦ 
ʦʙʥʦʚʷʚʘʥʝ ʥʘ ñʤʝʢʠʪʝò ʨʝʰʝʥʠʷ ʟʘ 
ʜʘʥʥʠʪʝ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʧʦʩʪʝʨʠ-
ʦʨʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʠ. ʂʲʤ ʥʘʩʪʦʷʱʠʷʪ 
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ʌʠʛ.3.   ɺʝʨʦʷʪʥʦʩʪ ʟʘ ʛʨʝʰʢʘ ʥʘ ʙʠʪ  
ʥʘ ʪʫʨʙʦ ʢʦʜ ʩ ʛʝʥʝʨʘʪʦʨʥʠ ʧʦʣʠʥʦʤʠ 

80 )37(=g , 81 )21(=g  ʠ ʩʢʦʨʦʩʪ R = 1/2. 



 

 

 

 

 

ʤʦʤʝʥʪ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʟʥʘʯʠʪʝʣʝʥ 
ʙʨʦʡ ʩʫʙʦʧʪʠʤʘʣʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ñʤʝʢʦò 
ʠʪʝʨʘʪʠʚʥʦ ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝ 
ʩ ʨʝʜʫʮʠʨʘʥʘ ʩʣʦʞʥʦʩʪ [5], ʢʘʪʦ ʝʥʝʨ-
ʛʠʡʥʘʪʘ ʟʘʛʫʙʘ ʥʘʡ-ʯʝʩʪʦ ʝ ʚ ʛʨʘʥʠʮʠʪʝ 
ʦʪ 0,2 dB ʜʦ 1,5 dB.  

ʇʘʨʘʤʝʪʲʨʲʪ k ʚʣʠʷʝ ʥʝʧʦʩ-
ʨʝʜʩʪʚʝʥʦ ʥʘ ʚʲʟʤʦʞʥʠʪʝ ʢʦʤʫʥʠʢʘ-
ʮʠʦʥʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ 
ʚʲʚ ʚʨʲʟʢʘ ʩ ʚʥʘʩʷʥʦʪʦ ʟʘʢʲʩʥʝʥʠʝ ʧʨʠ 
ʜʝʢʦʜʠʨʘʥʝʪʦ.  ʊʦʚʘ ʟʘʢʲʩʥʝʥʠʝ ʩʝ ʦʧ-
ʨʝʜʝʣʷ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʩ ʦʪʥʦʰʝʥʠʝʪʦ 

bRk / , ʢʲʜʝʪʦ bR  [ʙʠʪ/ʩʝʢʫʥʜʘ] e 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʠʟʪʦʯ-
ʥʠʢʘ.  ʊʘʢʘ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʠʧʠʯʥʘ ʩʢʦ-
ʨʦʩʪ ʥʘ ʨʝʯʝʚʠʷ ʢʦʜʝʨ ʚ ʤʦʙʠʣʥʠʪʝ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʨʝʜʩʪʚʘ ʦʪ 8000 ʙʠʪʘ 
ʟʘ ʩʝʢʫʥʜʘ ʠ ʜʦʧʫʩʪʠʤʦ ʟʘʢʲʩʥʝʥʠʝ ʦʪ 
40 ʤʠʣʠʩʝʢʫʥʜʠ, ʜʲʣʞʠʥʘʪʘ ʥʘ ʧʝʨ-
ʤʫʪʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʥʦʩʪ ʥʝ ʪʨʷʙʚʘ ʜʘ ʥʘʜʚʠʰʘʚʘ 320 
ʙʠʪʘ.   

ʂʲʤ ʥʘʩʪʦʷʱʠʷʪ ʤʦʤʝʥʪ ʩʲʱʝ-
ʩʪʚʫʚʘʪ ʟʥʘʯʠʪʝʣʝʥ ʙʨʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ 
ʟʘ ʢʦʜʠʨʘʥʝ ʥʘ ʪʝʣʝʤʝʪʨʠʯʥʠ, ʩʧʲʪ-
ʥʠʢʦʚʠ ʠ ʤʦʙʠʣʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʢʘ-
ʥʘʣʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʫʨʙʦ ʢʦʜʦʚʝ [8], 
[9], [10], ʘ ʜʨʫʛʠ ʩʘ ʚ ʧʨʦʮʝʩ ʥʘ 
ʨʘʟʨʘʙʦʪʚʘʥʝ.  ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʫʨʙʦ 
ʢʦʜʦʚʝ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ 
ʝʥʝʨʛʠʡʥʘ ʧʝʯʘʣʙʘ ʦʪ 2-3 dB ʠ ʧʦʚʝʯʝ 
ʩʧʨʷʤʦ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʢʦʤʫʥʠʢʘ-
ʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʩ ñʢʦʥʚʝʥʮʠʦʥʘʣʥʠò 
ʢʦʨʠʛʠʨʘʱʠ ʢʦʜʦʚʝ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ 
ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʧʨʝʜʘʚʘʥʘʪʘ ʠʥʬʦʨ-
ʤʘʮʠʷ.      
 

5. ɿʘʢʣʶʯʝʥʠʝ. 
 

ʊʫʨʙʦ ʢʦʜʦʚʝʪʝ ʩʘ ʥʘʡ-ʥʦʚʦʪʦ ʜʦʩ-
ʪʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʢʦʨʠʛʠʨʘʱʠʪʝ 
ʢʦʜʦʚʝ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʪʝʟʠ ʢʦʜʦ-
ʚʝ ʩʝ ʜʦʙʣʠʞʘʚʘʪ ʜʦ ʪʝʦʨʝʪʠʯʥʠʪʝ ʛʨʘ-
ʥʠʮʠ ʥʘ ʐʝʥʦʥ ʧʨʠ ʩʣʦʞʥʦʩʪ ʥʘ ʜʝʢʦ-

ʜʠʨʘʥʝʪʦ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ  ʧʨʘʢʪʠʯʝʩʢʦ 
ʠʤ ʠʟʧʦʣʟʚʘʥʝ. ʆʧʪʠʤʠʟʠʨʘʥʝʪʦ ʥʘ 
ʪʫʨʙʦ ʢʦʜʦʚʝʪʝ ʟʘ ʩʧʝʮʠʬʠʯʥʠ ʢʦʤʫʥʠ-
ʢʘʮʠʦʥʥʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ 
ʝʬʝʢʪʠʚʥʠ ʩʦʬʪʫʝʨʥʠ ʠ ʭʘʨʜʫʝʨʥʠ ʨʝ-
ʰʝʥʠʷ ʟʘ ʜʝʢʦʜʠʨʘʥʝ ʝ ʢʣʶʯʲʪ ʢʲʤ ʪʷʭ-
ʥʦʪʦ ʦʱʝ ʧʦ ʰʠʨʦʢʦ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʦ-
ʞʝʥʠʝ.  
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʂʦʤʧʶʪʲʨʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʝʪʦʜ ʟʘ ʩʠʥʪʝʟ ʥʘ 
ʦʧʪʠʤʘʣʥʠ ʩʠʥʛʫʣʷʨʥʠ ʘʜʘʧʪʠʚʥʠ ʢʦʤʧʶʪʲʨʥʠ 

ʥʘʙʣʶʜʘʪʝʣʠ ï ʯʘʩʪ I 
 

ʃʶʙʦʤʠʨ ʅ. ʉʦʪʠʨʦʚ, ʉʪʝʣʘ ʃ. ʉʦʪʠʨʦʚʘ 

 
 ʈʝʟʶʤʝ: ʇʨʝʜʣʦʞʝʥ ʝ ʢʦʤʧʶʪʲʨʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʝʪʦʜ ʟʘ ʘʣʛʦʨʠʪʤʠʯʝʥ ʩʠʥʪʝʟ ʥʘ 
ʥʦʚʦʪʦ ʧʦʢʦʣʝʥʠʝ ʘʜʘʧʪʠʚʥʠ ʢʦʤʧʶʪʲʨʥʠ ʥʘʙʣʶʜʘʪʝʣʠ, ʚʢʣʶʯʚʘʱʠ ʦʧʪʠʤʘʣʥʠ 
ʦʮʝʥʠʪʝʣʠ ʥʘ ʚʝʢʪʦʨʘ ʥʘ ʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ 
ʦʧʪʠʤʘʣʥʠ ʩʠʥʛʫʣʷʨʥʠ (ʧʲʣʥʠ ʠ ʜʝʛʝʥʝʨʘʪʠʚʝʥ) ʘʜʘʧʪʠʚʥʠ ʢʦʤʧʶʪʲʨʥʠ ʥʘʙʣʶʜʘʪʝʣʠ ʥʘ 
ʚʝʢʪʦʨʘ ʥʘ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ ʟʘ ʣʠʥʝʡʥʠ ʩʪʘʮʠʦʥʘʨʥʠ ʜʠʩʢʨʝʪʥʠ ʩʠʩʪʝʤʠ ʩ ʝʜʠʥ ʚʭʦʜ 
ʠ ʝʜʠʥ ʠʟʭʦʜ. ʆʮʝʥʷʚʘʥʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʚʝʢʪʦʨʘ ʥʘ ʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʝ ʝ 
ʧʨʠʩʲʱʦ ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʩʠʥʪʝʟ ʥʘ ʘʜʘʧʪʠʚʥʠ ʥʘʙʣʶʜʘʪʝʣʠ, ʙʘʟʠʨʘʥʠ ʩʘʤʦ ʥʘ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʠ. ɺʘʞʥʦ ʝ ʦʪʧʘʜʘʥʝʪʦ ʥʘ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ ʩʠʥʪʝʟ ʥʘ ʩʠʩʪʝʤʠ ʩʲʩ 
ʟʘʜʘʜʝʥʠ ʧʦʣʶʩʠ, ʟʘʪʨʫʜʥʷʚʘʱʘ ʢʦʤʧʶʪʲʨʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʦʨʠʷʪʘ 
ʥʘ ʥʘʙʣʶʜʝʥʠʝʪʦ ʥʘ ʃʫʝʥʙʝʨʛʝʨ ʠ ʤʝʪʦʜʠʪʝ ʟʘ ʩʠʥʪʝʟ ʥʘ ʘʜʘʧʪʠʚʥʠ ʥʘʙʣʶʜʘʪʝʣʠ, 
ʙʘʟʠʨʘʥʠ ʩʘʤʦ ʥʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʠ. ʉʠʥʪʝʟʠʨʘʥʠʷʪ ʦʧʪʠʤʘʣʝʥ ʩʠʥʛʫʣʷʨʝʥ ʘʜʘʧʪʠʚʝʥ 
ʢʦʤʧʶʪʲʨʝʥ ʥʘʙʣʶʜʘʪʝʣ ʠʤʘ ʩʚʦʡʩʪʚʘ ʢʘʪʦ ʝʜʨʦʟʲʨʥʝʩʪ ʠ ʝʩʪʝʩʪʚʝʥ ʧʘʨʘʣʝʣʠʟʲʤ, 
ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʝʛʦʚʘʪʘ ʩʦʬʪʫʝʨʥʘ ʠ ʭʘʨʜʫʝʨʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʲʱʦ ʠ ʩ ʧʘʨʘʣʝʣʥʦ-
ʚʝʢʪʦʨʥʠ ʢʦʤʧʶʪʲʨʥʠ ʘʨʭʠʪʝʢʪʫʨʠ. ʂʦʥʩʪʨʫʠʨʘʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʝ ʠʥʪʝʨʧʨʝʪʠʨʘʥ ʠ ʚ 
MATLAB-ʩʨʝʜʘ. 

 

A Computer ï Mathematical Method for Synthesis of Optimal Singular Adaptive 
Computer Observers ï Part I 

 

Lyubomir N. Sotirov, Stela L. Sotirova 

 
Abstract: A computer- mathematical method for algorithmic synthesis of the new generation 
of adaptive computer observers, including optimal estimators of the initial state vector, 
identifiers of the parameters and  optimal singular ( full and degenerate ) adaptive computer 
observers of the current state vector for single-input single-output linear stationary discrete 
systems is suggested. The estimation of the initial state vector elements is not typical of the 
methods for synthesis of adaptive observers, based only on identifiers. The important fact is 
the dropping off of the procedure for the synthesis of systems with given poles, hindering the 
computer application of the results from Luenbergerôs observation theory and the methods for 
synthesis of adaptive observers, based only on identifiers. The synthesized optimal singular 
adaptive computer observer has features such as large- scale granularity and natural 
parallelism, which also allow its software and hardware implementation on a parallel- vector  
computer architecture. The constructed algorithm is implemented in MATLAB- environment. 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ ʟʘ ʦʧʪʠ-
ʤʘʣʥʦ ʩʠʥʛʫʣʷʨʥʦ ʘʜʘʧʪʠʚʥʦ ʥʘʙʣʶ-
ʜʝʥʠʝ 

ʈʘʟʛʣʝʞʜʘʪ ʩʝ ʥʘʙʣʶʜʘʝʤʠ ʣʠʥʝʡʥʠ 
ʜʠʩʢʨʝʪʥʠ ʩʠʩʪʝʤʠ ʦʪ ʚʠʜʘ: 
(1) x(k+1)=Ax(k)+bu(k), 

 x(0)=x0 

(2) y(k)=cTx(k), 

 k=0,1,2,..., 

ʢʲʜʝʪʦ x(k)ÍRn ʝ ʥʝʠʟʚʝʩʪʝʥ ʚʝʢʪʦʨ 

ʥʘ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ, x(0)ÍRn ʝ ʥʝ-
ʠʟʚʝʩʪʝʥ ʚʝʢʪʦʨ ʥʘ ʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦ-

ʷʥʠʝ, u(k)ÍR1 ʝ ʩʢʘʣʘʨʝʥ ʚʭʦʜ, 

y(k)ÍR1 ʝ ʩʢʘʣʘʨʝʥ ʠʟʭʦʜ, A ʝ ʥʝʠʟ-
ʚʝʩʪʥʘ ʤʘʪʨʠʮʘ ʦʪ ʚʠʜʘ: 
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 aT=[a1 ,  a2 , ... , an ] , 

 

ʢʲʜʝʪʦ In-1 ʝ ʝʜʠʥʠʯʥʘ (n-1)x(n-1) 

ʤʘʪʨʠʮʘ, b ʝ ʥʝʠʟʚʝʩʪʝʥ ʚʝʢʪʦʨ ʦʪ 
ʚʠʜʘ: 
(4) bT=[b1,  b2, ... , b n ] , 

c ʝ ʚʝʢʪʦʨ ʦʪ ʚʠʜʘ: 

(5) cT=[ 1, 0, ..., 0]. 

ʅʘ ʫʨʘʚʥʝʥʠʷʪʘ (1), (2), ʠʥʪʝʨʧʨʝʪʠʨʘʱʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʪʝ 
ʣʠʥʝʡʥʠ ʩʪʘʮʠʦʥʘʨʥʠ ʜʠʩʢʨʝʪʥʠ ʩʠʩʪʝʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʥʘ ʩʲʩʪʦʷʥʠʷʪʘ, 
ʩʲʦʪʚʝʪʩʪʚʘ ʩʣʝʜʥʦʪʦ ʜʠʬʝʨʝʥʯʥʦ ʫʨʘʚʥʝʥʠʝ ñʚʭʦʜ-ʠʟʭʦʜ: 

 y(k+n)-any(k+n-1) -an-1y(k+n-2) - 3 -a2y(k+1) - a1y(k)= 

(6) =h1u(k+n-1)+ h2u(k+n-2)+ 3+hn-1u(k+1)+hnu(k), 

 k=0,1,2,...,  

 y(0)=y0,  y(1)=y1, 3, y(n-1)=yn-1, 

ʢʘʢʪʦ ʠ ʩʣʝʜʥʘʪʘ ʧʨʝʜʘʚʘʪʝʣʥʘ ʬʫʥʢʮʠʷ: 
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ɿʘʜʘʯʘʪʘ ʟʘ ʦʧʪʠʤʘʣʥʦ ʩʠʥʛʫ-
ʣʷʨʥʦ ʘʜʘʧʪʠʚʥʦ (ʆʉɸ) ʥʘʙʣʶʜʝʥʠʝ 
ʩʝ ʩʲʩʪʦʠ ʚ ʘʣʛʦʨʠʪʤʠʯʥʠʷ ʩʠʥʪʝʟ ʥʘ 
ʥʦʚʦʪʦ ʧʦʢʦʣʝʥʠʝ ʘʜʘʧʪʠʚʥʠ ʢʦʤʧʶ-
ʪʲʨʥʠ ʥʘʙʣʶʜʘʪʝʣʠ, ʚʢʣʶʯʚʘʱʠ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨʠ ʥʘ ʥʝʠʟʚʝʩʪʥʠʪʝ ʚʝʢ-
ʪʦʨʥʠ ʧʘʨʘʤʝʪʨʠ a, h ʠ b, ʦʧʪʠʤʘʣʥʠ 
ʦʮʝʥʠʪʝʣʠ ʥʘ ʥʝʠʟʚʝʩʪʥʠʷ ʚʝʢʪʦʨ ʥʘ 
ʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ x(0) ʠ ʆʉɸ ʥʘʙ-
ʣʶʜʘʪʝʣʠ (ʧʲʣʥʠ ʠ ʜʝʛʝʥʝʨʘʪʠʚʝʥ) ʥʘ 
ʥʝʠʟʚʝʩʪʥʠʷ ʚʝʢʪʦʨ ʥʘ ʪʝʢʫʱʦʪʦ ʩʲʩ-
ʪʦʷʥʠʝ x(k), k=1,2,... 

ʇʦʜʦʙʥʠ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʟʘʜʘ-
ʯʘʪʘ ʟʘ ʘʜʘʧʪʠʚʥʦ ʥʘʙʣʶʜʝʥʠʝ ʩʘ 
ʬʦʨʤʫʣʠʨʘʥʠ ʚ ʥʝʧʨʝʢʲʩʥʘʪʠʷ ʩʣʫ-
ʯʘʡ ʦʪ Carroll ʠ Lindorff (1973), Kudva 

ʠ Narendra (1973), L¿ders ʠ Narendra 

(1973, 1974), Nuyan ʠ Carroll (1976), 
Kreisselmeier (1977), Nikiforuk ʠ ʜʨ. 
(1977). 

Narendra ʠ Kudva (1974) ʧʨʦʝʢ-
ʪʠʨʘʪ ʜʠʩʢʨʝʪʝʥ ʘʜʘʧʪʠʚʝʥ ʥʘʙʣʶ-
ʜʘʪʝʣ, ʠʟʧʦʣʟʚʘʡʢʠ ʜʠʨʝʢʪʥʠʷ ʤʝʪʦʜ 
ʥʘ ʃʷʧʫʥʦʚ. Suzuki ʠ Andoh (1977) 
ʩʲʱʦ ʨʘʟʨʘʙʦʪʚʘʪ ʜʠʩʢʨʝʪʝʥ ʘʜʘʧ-
ʪʠʚʝʥ ʥʘʙʣʶʜʘʪʝʣ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ 
ʪʝʦʨʝʤʘʪʘ ʟʘ ʭʠʧʝʨʫʩʪʦʡʯʠʚʦʩʪ ʥʘ 
ʇʦʧʦʚ. Shahrokhi ʠ Morari (1982) ʧʨʝʜ-
ʣʘʛʘʪ ʜʠʩʢʨʝʪʝʥ ʘʜʘʧʪʠʚʝʥ ʥʘʙʣʶ-
ʜʘʪʝʣ, ʙʘʟʠʨʘʥ ʥʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩ 
ʧʨʦʠʟʚʦʣʥʦ ʚʠʩʦʢʘ ʩʢʦʨʦʩʪ ʥʘ ʩʭʦ-
ʜʠʤʦʩʪ. 

Murdoch ʠ Oliveros (1985) 
ʩʠʥʪʝʟʠʨʘʪ ʜʠʩʢʨʝʪʝʥ ʘʜʘʧʪʠʚʝʥ ʥʘʙ-
ʣ ʜʁʘʪʝʣ ʟʘ ʩʠʩʪʝʤʘ ʦʪ ʥʝʠʟʚʝʩʪʝʥ 
ʨʝʜ. ɼʠʩʢʨʝʪʝʥ ʘʜʘʧʪʠʚʝʥ ʥʘʙʣʶʜʘ-
ʪʝʣ ʩ ʝʢʩʧʦʥʝʥʮʠʘʣʥʠ ʪʝʛʣʦʚʥʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʚʘʪ Hang, Kim ʠ 
Choi (1989). 

ʊʝʟʠ ʧʨʦʙʣʝʤʠ ʩʘ ʨʝʰʝʥʠ ʧʦ 
ʩʲʦʪʚʝʪʥʠʷ ʦʨʠʛʠʥʘʣʝʥ ʥʘʯʠʥ, ʥʦ ʘʚ-
ʪʦʨʠʪʝ ʥʝ ʜʘʚʘʪ ʦʪʛʦʚʦʨ ʥʘ ʚʲʧʨʦʩʘ 
ʢʘʢ ʤʦʞʝ ʜʘ ʩʝ ʦʮʝʥʠ ʥʝʠʟʚʝʩʪʥʠʷ 
ʥʘʯʘʣʝʥ ʚʝʢʪʦʨ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ (ʠ ʚ 
ʧʦʩʣʝʜʩʪʚʠʝ ʪʦʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 
ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ ʥʝʠʟ-
ʚʝʩʪʥʠʷ ʪʝʢʫʱ ʚʝʢʪʦʨ ʥʘ ʩʲʩʪʦʷʥʠ-
ʝʪʦ). 

ʅʝʠʟʚʝʩʪʥʠʷʪ ʪʝʢʫʱ ʚʝʢʪʦʨ ʥʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʮʝʥʝʥ ʠ ʩ 
ʠʜʝʥʪʠʯʥʠʷ ʥʘʙʣʶʜʘʪʝʣ ʥʘ Luen-
berger (1971), ʯʠʠʪʦ ʢʘʯʝʩʪʚʘ ʤʦʛʘʪ 
ʜʘ ʙʲʜʘʪ ʧʦʜʦʙʨʝʥʠ, ʘʢʦ ʚʝʢʪʦʨʥʠʪʝ 
ʧʘʨʘʤʝʪʨʠ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʷ ʦʙʝʢʪ ʠ 
ʥʝʛʦʚʦʪʦ ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ ʩʝ ʦʮʝ-
ʥʷʚʘʪ, ʥʘʧʨʠʤʝʨ, ʩ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤʘ 
ʥʘ ʪʝʦʨʠʷʪʘ ʟʘ ʆʉɸ ʥʘʙʣʶʜʝʥʠʝ. 

ɿʘ ʨʝʰʘʚʘʥʝ ʥʘ ʬʦʨʤʫʣʠʨʘ-
ʥʘʪʘ ʟʘʜʘʯʘ ʟʘ ʘʜʘʧʪʠʚʥʦ ʥʘʙʣʶʜʝ-
ʥʠʝ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʠʷ ʩʣʫʯʘʡ ʤʦʞʝ ʜʘ 
ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʨʘʟʰʠʨʝʥʠʷ ʝʩʪʠʤʘʪʦʨ 
ʥʘ Kalman, ʥʦ ʪʦʡ ʩʲʱʦ ʥʝ ʦʮʝʥʷʚʘ 
ʥʝʠʟʚʝʩʪʥʠʷ ʥʘʯʘʣʝʥ ʚʝʢʪʦʨ ʥʘ 



 

 

 
ʩʲʩʪʦʷʥʠʝʪʦ (ʩ ʚʩʠʯʢʠ, ʧʨʦʠʟʪʠʯʘʱʠ 
ʦʪ ʪʫʢ ʧʦʩʣʝʜʠʮʠ). 

ʀʟʚʝʩʪʥʦ ʝ (Arimoto ʠ Hino, 
1974), ʯʝ ʧʨʠ ʩʠʥʪʝʟʘ ʥʘ ʦʧʪʠʤʘʣʥʠ 
ʩʠʩʪʝʤʠ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʢʚʘʜʨʘʪʠʯʥʠ 
ʬʫʥʢʮʠʦʥʘʣʠ, ʧʦʢʘʟʘʪʝʣʷʪ ʥʘ ʢʘʯʝʩʪ-
ʚʦʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʩʝ ʚʣʦʰʘʚʘ, ʘʢʦ ʩʝ 
ʠʟʧʦʣʟʚʘ ʢʦʥʚʝʥʮʠʦʥʘʣʝʥ ʥʘʙʣʶʜʘ-
ʪʝʣ ʥʘ ʪʝʢʫʱʦʪʦ ʩʲʩʪʦʷʥʠʝ, ʧʨʠ ʥʝ-
ʪʦʯʥʦ ʧʦʟʥʘʚʘʥʝ ʥʘ ʥʘʯʘʣʥʠʷ ʚʝʢʪʦʨ 
ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʧʪʠʤʠʟʠʨʫʝʤʘʪʘ 
ʩʠʩʪʝʤʘ. ʇʨʠ ʪʦʚʘ ʩʝ ʜʦʧʫʩʢʘ, ʯʝ 
ʚʝʢʪʦʨʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʙʝʢʪʘ ʩʘ 
ʪʦʯʥʦ ʠʟʚʝʩʪʥʠ, ʢʦʝʪʦ ʥʘ ʧʨʘʢʪʠʢʘ ʥʝ 
ʚʠʥʘʛʠ ʩʝ ʠʟʧʲʣʥʷʚʘ. 

ʀʥʪʝʨʝʩʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, 
ʯʝ ʥʘʧʨʠʤʝʨ ʦʪ Eykhoff (1974) ʩʝ 
ʪʚʲʨʜʠ, ʯʝ ʟʘʜʘʯʘʪʘ ʟʘ ʩʲʚʤʝʩʪʥʘ 
ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʥʘʙʣʶʜʝʥʠʝ ñʥʝʠʟ-
ʙʝʞʥʦ ʠʤʘ ʥʝʣʠʥʝʝʥ ʭʘʨʘʢʪeʨò, ʜʦʢʘ-
ʪʦ ʧʨʠʚʝʜʝʥʦʪʦ ʧʦ-ʥʘʪʘʪʲʢ ʨʝʰʝʥʠʝ 
ʛʦʚʦʨʠ, ʯʝ ʚ ʨʝʜʠʮʘ ʩʣʫʯʘʠ (ʜʦʩʪʘ-
ʪʲʯʥʦ ʦʙʱʠ) ʪʦʚʘ ʪʚʲʨʜʝʥʠʝ ʥʝ ʝ ʚ 
ʩʠʣʘ. 

ʉʠʥʪʝʟʲʪ ʥʘ ʘʜʘʧʪʠʚʥʠ ʢʦʤʧʶ-
ʪʲʨʥʠ ʥʘʙʣʶʜʘʪʝʣʠ ʧʦ-ʜʦʣʫ ʩʝ ʠʟʚʲʨ-
ʰʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤʘ 
ʥʘ ʪʝʦʨʠʷʪʘ ʟʘ ʦʧʪʠʤʘʣʥʦ ʩʠʥʛʫʣʷʨʥʦ 
ʘʜʘʧʪʠʚʥʦ ʥʘʙʣʶʜʝʥʠʝ. 

ɺʧʝʯʘʪʣʝʥʠʝ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʠ 
ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʦʨʠʷʪʘ ʟʘ ʦʧʪʠʤʘʣʥʦ 
ʩʠʥʛʫʣʷʨʥʦ ʘʜʘʧʪʠʚʥʦ ʥʘʙʣʶʜʝʥʠʝ 
ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʦʪ ʃ. ʉʦʪʠʨʦʚ 
/1980-2002/, ʦʪ ʃ.ʉʦʪʠʨʦʚ ʠ ɻ.ʉʫʭʦʚ / 
1997 / ʠ ʦʪ ʃ.ʉʦʪʠʨʦʚ ʠ ʉ.ʉʦʪʠʨʦʚʘ / 
2002 /. 

 

2. ʄ1ɸ6-ʘʣʛʦʨʠʪʲʤ ʟʘ ʝʜʥʦʚʭʦʜʦʚʠ 
ʣʠʥʝʡʥʠ ʩʪʘʮʠʦʥʘʨʥʠ ʜʠʩʢʨʝʪʥʠ 
ʩʠʩʪʝʤʠ ʩ ʦʮʝʥʷʚʘʥʝ ʥʘ ʥʘʯʘʣʥʠʷ 
ʚʝʢʪʦʨ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ  

ʉʪʲʧʢʘ 1. ʌʦʨʤʠʨʘʪ ʩʝ ʚʝʢʪʦʨʠ 
ʠ ʤʘʪʨʠʮʠ ʦʪ ʚʭʦʜʥʦ-ʠʟʭʦʜʥʠ ʜʘʥʥʠ: 

  

Y1
T=[y(0),y(1),é,y(n-1)],    

Y2
T=[y(n),y(n+1),é,y(2n-1)],  

Y3
T=[y(2n),y(2n+1),é,y(3n-1)],  
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ʢʲʜʝʪʦ U
D

 e ʣʷʚʦ-ʪʨʠʲʛʲʣʥʘ nxn ʤʘʪ-
ʨʠʮʘ ʥʘ ʊʝʧʣʠʮ, 
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ʢʲʜʝʪʦ U11 ʠ U21 ʩʘ n x n ʤʘʪʨʠʮʠ ʥʘ ʊʝʧʣʠʮ, 
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ʢʲʜʝʪʦ Y12, Y22, ʩʘ n x n - ʤʘʪʨʠʮʠ ʥʘ ʍʘʥʢʝʣ. 

 

ʉʪʲʧʢʘ 2. ʆʮʝʥʢʠʪʝ ʥʘ ʚʝʢʪʦʨʠʪʝ 
h ʠ a ʩʝ ʠʟʯʠʩʣʷʚʘʪ, ʠʟʧʦʣʟʚʘʡʢʠ 
ʣʠʥʝʡʥʘʪʘ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʠʯʥʠ ʫʨʘʚ-
ʥʝʥʠʷ ʦʪ ʚʠʜʘ: 

,Ĕ Y=QW
 

ʢʲʜʝʪʦ: 

[ ]TTʊ ah ĔĔĔ 4=Q
 ,   
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ʉʪʲʧʢʘ 3. ʆʮʝʥʢʘʪʘ ʥʘ ʚʝʢʪʦʨʘ b 
ʩʝ ʠʟʯʠʩʣʷʚʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʩʣʝʜʥʘʪʘ 
ʣʠʥʝʡʥʘ ʩʠʩʪʝʤʘ ʦʪ ʘʣʛʝʙʨʠʯʥʠ 
ʫʨʘʚʥʝʥʠʷ: 

,ĔĔ hbʊ =
 

ʢʲʜʝʪʦ: 
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ʉʪʲʧʢʘ 4. ʅʘʯʘʣʥʠʷʪ ʚʝʢʪʦʨ ʥʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʧʦʤʦʱʪʘ 
ʥʘ ʦʧʪʠʤʘʣʥʠʷ ʦʮʝʥʠʪʝʣ ʦʪ ʚʠʜʘ: 

bĔ.UY)0(ʭĔ 1

D

-=
 

ʉʪʲʧʢʘ 5. ʊʝʢʫʱʠʷʪ ʚʝʢʪʦʨ ʥʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʩʝ ʦʮʝʥʷʚʘ, ʠʟʧʦʣʟʚʘʡ-
ʢʠ ʩʣʝʜʥʠʷ ʧʲʣʝʥ ʦʧʪʠʤʘʣʝʥ ʩʠʥʛʫ-
ʣʷʨʝʥ ʘʜʘʧʪʠʚʝʥ  ʥʘʙʣʶʜʘʪʝʣ ʦʪ 
ʚʠʜʘ: 

 k=0, 1, 2, ..., 

ʢʲʜʝʪʦ: 

 gT=[g1, g2, ..., gn] 

ʠʣʠ ʦʪ ʚʠʜʘ: 

,ĔĔ

,ĔĔĔĔ

0=(0)

y(k)+u(k)(k)1)+(k

xx

gbxF=x +
 

 k=0, 1, 2, ..., 

ʢʲʜʝʪʦ: 

 ! !F A gc= -
T
. 

ʀʟʙʦʨʲʪ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ 
ʚʝʢʪʦʨʘ g ʝ ʧʨʦʠʟʚʦʣʝʥ ʠ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥ, ʥʘʧʨʠʤʝʨ, ʧʦ ʝʜʠʥ 
ʦʪ ʩʣʝʜʥʠʪʝ ʥʘʯʠʥʠ: 

1) g = b!, 

2) g ʩʝ ʠʟʙʠʨʘ ʪʘʢʘ, ʯʝ 

ʤʘʪʨʠʮʘʪʘ !F  ʜʘ ʠʤʘ ʩʦʙʩʪʚʝʥʠ 
ʩʪʦʡʥʦʩʪʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʝʜʠʥʠʯʥʠʷ 
ʢʨʲʛ, 

3) g=0, 

[ ]
,0
Ĕ)0(Ĕ

,)(Ĕ)()(Ĕ)(ĔĔ)1(Ĕ

xx

kxckygkubkxAkx T

=

-++=+



 

 

 
4) hg Ĕ= .  

ʉʪʲʧʢʘ 6. ʊʝʢʫʱʠʷʪ ʚʝʢʪʦʨ ʥʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʤʦʞʝ ʩʲʱʦ ʜʘ ʙʲʜʝ 
ʦʮʝʥʝʥ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 
ʜʝʛʝʥʝʨʘʪʠʚʥʠʷ (ʧʨʠ g=0) ʆʉɸ  
ʥʘʙʣʶʜʘʪʝʣ ʦʪ ʚʠʜʘ: 

! !! ! , ! !x = Ax b x x(k+ 1) (k) u(k) (0)= 0+ , 

 k=0, 1, 2, ..., 

ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ 
ʠʟʨʦʜʝʥ ʩʣʫʯʘʡ ʥʘ ʧʲʣʥʠʷ ʆʉɸ 
ʥʘʙʣʶʜʘʪʝʣ ʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʨʫʠʨʘ 
ʧʦ-ʣʝʩʥʦ. 

ʆʪ ʩʠʥʪʝʟʠʨʘʥʠʷ ʘʣʛʦʨʠʪʲʤ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʣʝʜʚʘ: 

ʊʝʦʨʝʤʘ ʄ1ɸ6. ɽʜʠʥʩʪʚʝʥʦ 
ʨʝʰʝʥʠʝ ʥʘ ʟʘʜʘʯʘʪʘ ʟʘ ʆʉɸ 
ʥʘʙʣʶʜʝʥʠʝ, ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʘʣʛʦʨʠʪʲʤ ʄ1ɸ6, ʩʲʱʝʩʪʚʫʚʘ, ʘʢʦ ʠ 
ʩʘʤʦ ʘʢʦ ʤʘʪʨʠʮʘʪʘ ɋ ʝ ʥʝʦʩʦʙʝʥʘ 
ʠʣʠ 

det ɋ Í 0. 
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ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ 

ʧʦʜʦʙʠʝ  
 
 

ʄʘʨʠʷʥʘ ʎʚ. ʉʪʦʝʚʘ 
 
 

ʈʝʟʶʤʝ: ɺ ʜʦʢʣʘʜʘ ʩʝ ʧʨʝʜʣʘʛʘ ʤʝʪʦʜ ʟʘ  ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ɹɼʀ ʧʦ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʧʦʜʦʙʠʝ, ʙʘʟʠʨʘʥ ʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʘʚʘʱʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʠʟʚʣʠʯʘʥʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʨʝʣʘʮʠʠ ʤʝʞʜʫ ʦʙʣʘʩʪʥʠ ʦʙʝʢʪʠ, ʥʝʧʨʦʤʝʥʣʠʚʠ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠʪʝ ʪʨʘʥʩʣʘʮʠʷ, ʨʦʪʘʮʠʷ, ʤʘʱʘʙʠʨʘʥʝ, ʨʝʬʣʝʢʩʠʷ (ʩʠʤʝʪʨʠʷ), ʩʤʷʥʘ ʥʘ 
ʛʣʝʜʥʘʪʘ ʪʦʯʢʘ, ʢʘʢʪʦ ʠ ʧʨʦʠʟʚʦʣʥʠ ʢʦʤʧʦʟʠʮʠʠ ʦʪ ʪʝʟʠ ʧʨʝʦʙʨʘʟʫʚʘʥʠʷ.  
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Abstract: This paper presents our work in the area of image retrieval in Image Databases for 
images saved by spatial similarity of domain objects location. We propose a geometry-based 
structure, which makes possible the extraction of directional spatial relations among domain 
objects that are invariant to transformations such as translation, rotation, scaling, reflection, as well 
as arbitrary compositions of these transformations.  
 

 

1. ʋʚʦʜ 
 

 ɼʦʢʣʘʜʲʪ ʧʨʝʜʩʪʘʚʷ ʨʘʙʦʪʘ ʥʠ ʚ 
ʦʙʣʘʩʪʪʘ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʩʲʭʨʘʥʝʥʠ ʚ ɹʘʟʘ ɼʘʥʥʠ 
ʦʪ ʀʟʦʙʨʘʞʝʥʠʷ (ɹɼʀ) ʧʦ  ʧʨʦʩʪʨʘʥʩʪ-
ʚʝʥʦ ʧʦʜʦʙʠʝ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 
ʦʙʣʘʩʪʥʠʪʝ ʦʙʝʢʪʠ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ.  
ʇʨʝʜʣʘʛʘʤʝ ʤʝʪʦʜ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ 
ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ɹɼʀ, ʙʘʟʠʨʘʥ ʥʘ 
ʛʝʦʤʝʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʘʚʘʱʘ ʚʲʟ-
ʤʦʞʥʦʩʪ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʠ ʨʝʣʘʮʠʠ ʤʝʞʜʫ ʦʙʣʘʩʪʥʠ 
ʦʙʝʢʪʠ, ʥʝʧʨʦʤʝʥʣʠʚʠ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠʪʝ ʪʨʘʥʩʣʘʮʠʷ, ʨʦʪʘ-
ʮʠʷ, ʤʘʱʘʙʠʨʘʥʝ, ʨʝʬʣʝʢʩʠʷ, ʩʤʷʥʘ 
ʥʘ ʛʣʝʜʥʘʪʘ ʪʦʯʢʘ, ʢʘʢʪʦ ʠ ʧʨʦʠʟʚʦʣʥʠ 
ʢʦʤʧʦʟʠʮʠʠ ʦʪ ʪʝʟʠ ʧʨʝʦʙʨʘʟʫʚʘʥʠʷ.  
ʈʘʟʰʠʨʝʥʠʪʝ  ʦʙʝʢʪʠ ʥʘ ʚʩʷʢʦ ʠʟʦʙʨʘ-
ʞʝʥʠʝ ʩʘ ʩʲʭʨʘʥʝʥʠ ʚ ɹɼʀ ʩʲʩ ʩʠʤ-
ʚʦʣʥʠ ʠʤʝʥʘ ʠ  ʢʦʦʨʜʠʥʘʪʠ ʥʘ 5  ʭʘʨʘʢ-
ʪʝʨʥʠ  ʟʘ ʬʦʨʤʘʪʘ ʥʘ ʦʙʝʢʪʘ ʪʦʯʢʠ. 
ʊʘʟʠ ʩʲʭʨʘʥʝʥʘ ʟʘ ʚʩʝʢʠ ʦʙʝʢʪ ʠʥʬʦʨ-
ʤʘʮʠʷ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ  ʘʧʨʦʢ-
ʩʠʤʠʨʘ ʬʦʨʤʘʪʘ ʥʘ ʨʘʟʰʠʨʝʥʠʪʝ ʦʙʝʢ-
ʪʠ ʩʲʩ ʩʝʢʪʦʨʠ ʦʪ ʧʨʲʩʪʝʥʠ, ʦʧʨʝ-

ʜʝʣʝʥʠ ʦʪ ʢʦʥʮʝʥʪʨʠʯʥʠ ʦʢʨʲʞʥʦʩʪʠ. 
ʊʘʟʠ ʘʧʨʦʢʩʠʤʘʮʠʷ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ 
ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʘʥʘʣʦʛʠʯʥʦ ʥʘ 
ʦʨʪʦʛʦʥʘʣʥʠʪʝ ʤʦʜʝʣʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪ-
ʥʠʪʝ  13 ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʨʝʣʘʮʠʠ ʚ 
ʝʜʥʘ ʣʠʥʝʡʥʘ ʧʦʩʦʢʘ ʠ ʝʜʥʘ ʩʧʝʮʠ-
ʬʠʯʥʦ ʠʟʧʦʣʟʚʘʥʘ ʢʨʲʛʦʚʘ ʧʦʩʦʢʘ. 
ʆʩʠʛʫʨʷʚʘ ʩʝ ʥʝʧʨʦʤʝʥʣʠʚʦʩʪ ʦʪʥʦʩʥʦ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʘʪʦʤʠʯʥʠʪʝʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʨʝʣʘʮʠʠ 
ʤʝʞʜʫ ʜʚʘ ʦʙʝʢʪʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʎʝʥʪʲʨʘ ʥʘ ʊʝʞʝʩʪʪʘ 
(ʎʊ) ʥʘ ʦʙʝʢʪʘ ʠ ʎʊ  ʥʘ ʠʟʦʙ-
ʨʘʞʝʥʠʝʪʦ. 
ɺ ʚ̡ʝʞʜʘ ʩʝ ʝʜʥʘ ʧʦʜʦʙʥʦʩʪʥʘ ʤʷʨʢʘ 
ʨʘʟʧʦʟʥʘʚʘʱʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠ ʠʟʦʙ-
ʨʘʞʝʥʠʷ ʠ ʧʦʜ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʨʝ-
ʤʝʥʥʘʪʘ ʩʣʦʞʥʦʩʪ ʥʘ ʘʣʛʦʨʠʪʲʤʘ, ʨʝʘ-
ʣʠʟʠʨʘʱ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʠʟʦʙ-
ʨʘʞʝʥʠʷ ʦʪ ɹɼʀ  ʝ n2 , ʢʲʜʝʪʦ n ʝ ʙʨʦʷ 
ʥʘ ʦʙʝʢʪʠʪʝ, ʦʙʱʠ ʟʘ ʟʘʷʚʢʦʚʠʪʝ ʠ ɹɼʀ 
ʠʟʦʙʨʘʞʝʥʠʷ. ʆʙʨʘʙʦʪʢʘʪʘ ʝ ʩʪʘʙʠʣʥʘ  
ʚ ʩʤʠʩʲʣ, ʯʝ ʤʦʞʝ ʜʘ  ʨʘʟʧʦʟʥʘʝ 
ʪʨʘʥʩʣʘʮʠʦʥʥʠ, ʤʘʱʘʙʠʨʘʥʠ  ʨʦʪʘ-
ʮʠʦʥʥʠ ʠ ʨʝʬʣʝʢʩʥʠ ʚʘʨʠʘʥʪʥʠ ʠʟʦʙ-
ʨʘʞʝʥʠʷ ʠ ʚʘʨʠʘʥʪʠʪʝ, ʩʲʟʜʘʜʝʥʠ ʦʪ 
ʧʨʦʠʟʚʦʣʥʦ ʢʦʤʧʦʟʠʨʘʥʝ ʥʘ ʪʝʟʠ  ʛʝʦ-



 

 

 
ʤʝʪʨʠʯʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɽʬʠʢʘʩ-
ʥʦʩʪʪʘ ʥʘ ʧʦʜʦʙʥʦʩʪʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ  
ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʧʦʜʦʙʠʝ ʥʘ ʦʙʣʘʩʪ-
ʥʠ ʦʙʝʢʪʠ ʩʘ ʦʮʝʥʝʥʠ ʝʢʩʧʝʨʠʤʝʥ-
ʪʘʣʥʦ.  

 
2. ʆʧʠʩʘʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʠ 
ʠʟʧʦʣʟʚʘʥʠ ʘʧʨʦʢʩʠʤʘʮʠʠ 

 
ʆʪ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʝʜʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʧʠʢʩʝʣʥʦ 
ʥʠʚʦ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 
ʩʝʛʤʝʥʪʠʨʘʱʠ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʟʙʠʨʘʱʠ 
ʪʝʭʥʠʢʠ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʦʙʣʘʩʪʥʠʪʝ 
ʦʙʝʢʪʠ ʠ ʪʷʭʥʘʪʘ ʣʦʢʘʮʠʷ ʚ 
ʠʟʦʙʨʘʞʝʥʠʝʪʦ. ʏʨʝʟ ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ 
ʝʜʥʦ ʠʤʝ ʩ ʚʩʝʢʠ ʦʪ ʦʙʣʘʩʪʥʠʪʝ ʦʙʝʢʪʠ 
ʩʝ ʧʦʣʫʯʘʚʘ ʝʜʥʦ ʩʠʤʚʦʣʦ ʠʟʦʙ-
ʨʘʞʝʥʠʝ. ʇʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʠʟ-
ʩʣʝʜʚʘʥʠʷ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠʙ-
ʣʠʞʝʥʠʝ  ʥʘ ʬʦʨʤʘʪʘ  ʥʘ ʦʙʝʢʪʠʪʝ ʥʘ-
ʨʝʯʝʥʦ ʄʠʥʠʤʘʣʥʦ ʆʙʭʚʘʱʘʱ ʇʨʘʚʦ-
ʲʛʲʣʥʠʢ ( ʄʆʇ - ʥʘʡ-ʤʘʣʢʠʷ ʧʨʘʚʦ-
ʲʛʲʣʥʠʢ ʦʙʭʚʘʱʘʱ ʦʙʝʢʪʘ). ʀʟʧʦʣ-
ʟʚʘʥʝʪʦ ʥʘ ʄʆʇ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ  ʥʘ 
ʦʙʝʢʪʥʘʪʘ ʬʦʨʤʘʪʘ ʥʝ ʧʦʟʚʦʣʷʚʘ ʧʦʣʫ-
ʯʘʚʘʥʝʪʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʨʝʣʘʮʠʠ, 
ʥʝʧʨʦʤʝʥʣʠʚʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʨʦʪʘ-
ʮʠʷ ʠ ʨʝʬʣʝʢʩʠʷ. ɺ ʥʘʰʘʪʘ ʨʘʙʦʪʘ 
ʪʲʨʩʠʤ ʪʘʢʦʚʘ ʧʨʠʙʣʠʞʝʥʦ ʢʨʘʪʢʦ 
ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʦʙʝʢʪʠʪʝ, 
ʢʦʝʪʦ ʜʘ ʙʲʜʝ ʥʝʧʨʦʤʝʥʣʠʚʦ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʨʦʠʟʚʦʣʥʠ ʢʦʤʧʦʟʠʮʠʠ 
ʦʪ ʧʨʝʦʙʨʘʟʫʚʘʥʠʷ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ 
ʜʘ ʟʘʧʘʟʚʘ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʥʝʦʙʭʦʜʠʤʘ 
ʟʘ ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ 
ʨʝʣʘʮʠʠ ʤʝʞʜʫ ʨʘʟʰʠʨʝʥʠʪʝ ʦʙʝʢʪʠ ʚ 
ʝʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʊʦʚʘ ʧʨʠʙʣʠʞʝʥʦ 
ʧʨʝʜʩʪʘʚʷʥʝ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ 5 ʩʲʭ-
ʨʘʥʝʥʠ ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʦʙʝʢʪʘ ʪʦʯʢʠ, 
ʯʠʝʪʦ ʦʧʨʝʜʝʣʷʥʝ ʝ ʥʝʧʨʦʤʝʥʣʠʚʦ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʚ 
ʩʲʱʦʪʦ ʚʨʝʤʝ ʧʨʝʜʩʪʘʚʷʪ ʬʦʨʤʘʪʘ ʥʘ 
ʦʙʝʢʪʘ.  
ʇʨʠʝʤʘʤʝ, ʯʝ ʝʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ I 

ʩʝ ʩʲʩʪʦʠ ʦʪ n ʦʙʣʘʩʪʥʠ ʦʙʝʢʪʘ, ʦʟʥʘ-
ʯʝʥʠ ʢʘʪʦ ʆj. ɺ ɹɼʀ ʩʝ ʩʲʭʨʘʥʷʚʘ ʩʠʤ-
ʚʦʣʥʦʪʦ ʦʧʠʩʘʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ I. 
ʅʝʢʘ CJ ʝ ʎʊ ʥʘ ʦʙʝʢʪʘ  ʆj, ʘ CI ʝ ʎʊ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʧʦʣʫʯʝʥ ʦʪ ʎʊ ʥʘ ʩʲ-

ʜʲʨʞʘʱʠʪʝ ʩʝ ʚ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʙʝʢ-
ʪʠ. ʆʧʠʩʘʥʠʝʪʦ  ʧʨʝʜʩʪʘʚʷ ʝʜʥʦ ʠʟʦʙ-
ʨʘʞʝʥʠʝ ʢʘʪʦ I=((Oj (Xcj,Ycj), (Oj.x1, 
Oj.y1), (Oj.x2, Oj.y2), (Oj.x3, Oj.y3), (Oj.x4, 
Oj.y4)), 1ÒjÒn), ʢʲʜʝʪʦ: ʆj ʝ ʥʘʠ-
ʤʝʥʦʚʘʥʠʝ ʥʘ ʦʙʝʢʪʘ, (Xcj,Ycj) ʩʘ 
ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʎʊ Cj ʥʘ ʦʙʝʢʪ ʆj, a 
(Oj.x1, Oj.y1, Oj.x2, Oj.y2, Oj.x3, Oj.y3, Oj.x4, 
Oj.y4) ʩʘ ʢʦʦʨʜʠʥʘʪʠ ʥʘ  ʭʘʨʘʢʪʝʨʥʠʪʝ 
ʟʘ ʬʦʨʤʘʪʘ ʥʘ ʦʙʝʢʪʘ ʢʦʦʨʜʠʥʘʪʠ ʥʘ 4 
ʪʦʯʢʠ ʦʪ ʚʲʥʰʥʠʷ ʢʦʥʪʫʨ, ʦʧʠʩʚʘʱ 
ʦʙʝʢʪʘ, ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʘʨʪʝʟʠ-
ʘʥʩʢʘʪʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ ʩ ʥʘʯʘʣʦ 
Cj. ʍʘʨʘʢʪʝʨʥʠʪʝ ʪʦʯʢʠ ʩʘ ʧʨʝʩʝʯʥʠʪʝ 
ʪʦʯʢʠ ʥʘ ʛʣʘʚʥʘʪʘ ʠ ʜʦʧʲʣʥʠʪʝʣʥʘ ʦʩ 
ʥʘ ʦʙʝʢʪʘ ʩ ʤʠʥʠʤʘʣʥʦ ʦʙʭʚʘʱʘʱʠʷ 
ʦʙʝʢʪʘ ʝʣʠʧʩʦʠʜ, ʘʧʨʦʢʩʠʤʠʨʘʱ ʬʦʨ-
ʤʘʪʘ ʥʘ ʦʙʝʢʪʘ.  ʇʨʠʝʤʘʤʝ ʯʝ ʦʙʣʘʩʪ-
ʥʠʪʝ ʦʙʝʢʪʠ ʩʘ ʩʲʭʨʘʥʝʥʠ ʧʦ ʘʟʙʫʯʝʥ 
ʨʝʜ ʥʘ ʠʤʝʥʘʪʘ ʥʘ ʦʙʝʢʪʠʪʝ. ʇʨʠʝ-
ʤʘʤʝ, ʯʝ ʦʙʣʘʩʪʥʠʪʝ ʦʙʝʢʪʠ ʩʘ ʠʤʝʥʫ-
ʚʘʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʨʝʟ ʚʩʠʯʢʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʚ ɹɼ ʠ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʲ-
ʜʲʨʞʘʪ ʤʥʦʛʦʢʨʘʪʥʠ ʧʨʠʤʝʨʠ ʦʪ ʦʙʝʢ-
ʪʝʥ ʪʠʧ.  

 
 
 
 
 
 
 
 
 
 
 
 
ʊʘʢʘ ʦʙʣʘʩʪʥʠʪʝ ʦʙʝʢʪʠ ʥʘ ʚʩʷʢʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʘ ʩʲʭʨʘʥʝʥʠ ʚ ɹɼʀ ʚ 
ʩʠʤʚʦʣʝʥ ʚʠʜ ʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʪʦʯʢʠ, 
ʯʠʝʪʦ ʦʧʨʝʜʝʣʷʥʝ ʝ ʥʝʧʨʦʤʝʥʣʠʚʦ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ [2] ʠ ʚ 
ʩʲʱʦʪʦ ʚʨʝʤʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʬʦʨʤʘ-
ʪʘ ʥʘ ʦʙʝʢʪʘ.  
ɸʧʨʦʢʩʠʤʘʮʠʷʪʘ ʥʘ ʬʦʨʤʘʪʘ ʥʘ 

ʨʘʟʰʠʨʝʥʠʷ ʦʙʝʢʪ Oj ʧʦʩʪʨʦʝʥʘ ʧʦ 
ʩʲʭʨʘʥʝʥʘʪʘ ʟʘ ʚʩʝʢʠ ʦʙʝʢʪ ʠʥʬʦʨ-
ʤʘʮʠʷ  ʠʤʘ ʚʠʜʘ ʥʘ ʩʝʢʪʦʨ ʦʪ ʧʨʲʩʪʝʥ 
ʧʦʣʫʯʝʥ ʦʪ ʢʦʥʮʝʥʪʨʠʯʥʠ ʦʢʨʲʞʥʦʩʪʠ 
ʦʢʦʣʦ ʎʊ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ CI ʩ 

ʌʠʛ.1 ʀʣʶʩʪʘʮʠʷ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ 
ʘʧʨʦʢʩʠʤʘʮʠʷ 

ɗ-ʧʦʩʦʢʘ 

R-ʧʦʩʦʢʘ 

Dj 

CI (Rjbegin,ɗjbegin) 

Cj 

(Rjend,ɗjen

d) 

ʆʙʝʢʪ Oj 



 

 

 
ʛʨʘʥʠʮʠ ʦʧʨʝʜʝʣʝʥʠ ʦʪ ʤʠʥʠʤʫʤʠʪʝ 

(rjbegin, qjbegin) ʠ ʤʘʢʩʠʤʫʤʠʪʝ, (rjend, qjend) 
ʥʘ ʧʦʣʷʨʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʩʧʨʷʤʦ ʪʦʟʠ 
ʮʝʥʪʲʨ ʥʘ ʪʦʯʢʠʪʝ ʦʪ ʯʝʪʠʨʠʲʛʲʣʥʠʢʘ 
ʦʧʨʝʜʝʣʝʥ ʦʪ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʩʲʭʨʘ-
ʥʝʥʠʪʝ 4 ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʦʙʝʢʪʘ ʪʦʯʢʠ. 
ʅʘʯʘʣʥʘʪʘ  ʪʦʯʢʘ ʥʘ ʩʝʢʪʦʨʘ ʦʪ ʧʨʲʩ-
ʪʝʥ ʠʤʘ ʧʦʣʷʨʥʠ ʢʦʦʨʜʠʥʘʪʠ (Rbegin, 

qbegin), a ʢʨʘʡʥʘʪʘ ʧʦʣʷʨʥʠ ʢʦʦʨʜʠʥʘʪʠ 

(Rend, qend).    ʅʘ ʌʠʛ.1 ʝ ʧʦʢʘʟʘʥ ʧʨʠ-
ʤʝʨ ʥʘ ʩʝʢʪʦʨ ʦʪ ʧʨʲʩʪʝʥ ʘʧʨʦʢ-
ʩʠʤʠʨʘʱ ʬʦʨʤʘʪʘ ʥʘ ʦʙʝʢʪ ɸ, ʦʧʠʩʘʥ 
ʩʲʩ ʩʚʦʠʪʝ 4 ʭʘʨʘʢʪʝʨʥʠ ʪʦʯʢʠ. ɿʘ 
ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ 
ʨʝʣʘʮʠʠ ʥʘ ʚʩʝʢʠ ʦʙʝʢʪ ʩ ʦʩʪʘʥʘʣʠʪʝ 
ʦʙʝʢʪʠ ʦʪ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʧʦʣʷʨʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʎʊ ʥʘ 
ʦʙʝʢʪʠʪʝ ʠ ʧʦʣʷʨʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ 
ʥʘʯʘʣʥʘʪʘ ʠ ʢʨʘʡʥʘ ʪʦʯʢʘ ʥʘ  ʘʧʨʦʢ-
ʩʠʤʠʨʘʱʠʪʝ ʛʠ ʩʝʢʪʦʨʠ ʦʪ ʧʨʲʩʪʝʥʠ.  

 
3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʦ ʧʦʜʦʙʥʦʩʪʥʦ 
ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ɹɼʀ  

 
ʉʣʝʜʚʘʡʢʠ ʬʠʣʦʩʦʬʠʷʪʘ ʥʘ ʟʘʷʚʢʘ 

ʯʨʝʟ ʠʟʦʙʨʘʟʠʪʝʣʝʥ ʧʨʠʤʝʨ, ʟʘʷʚʢʘʪʘ 
ʢʲʤ ɹɼʀ  ʩʝ ʦʙʨʘʙʦʪʚʘ ʯʨʝʟ ʜʚʦʡʢʦʚʘ-
ʥʝ ʥʘ ʠʟʚʣʝʯʝʥʠʪʝ ʦʪ ʥʝʡʥʦʪʦ ʦʧʠʩʘ-
ʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʨʝʣʘʮʠʠ ʩʨʝʱʫ 
ʪʝʟʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʲʭʨʘʥʝʥʠ ʚ 
ɹɼʀ. ʀʟʩʣʝʜʚʘʥʠʷ, ʦʪʥʘʩʷʱʠ ʩʝ ʜʦ 
ʤʝʪʦʜʦʣʦʛʠʠʪʝ ʟʘ ʧʦʜʦʙʥʦʩʪʥʦ ʚʲʟʩʪʘ-
ʥʦʚʷʚʘʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʚ [4], [5], 
[6].   
ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ-

ʪʝ ʚʨʲʟʢʠ ʤʝʞʜʫ ʚʩʷʢʘ ʜʚʦʡʢʘ ʦʙʣʘʩ-
ʪʥʠ ʦʙʝʢʪʠ ʚ ʝʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʧʦʣ-
ʟʚʘʤʝ ʜʠʨʝʢʮʠʦʥʝʥ ʤʝʪʦʜ. ʀʟ-ʧʦʣʟʚʘ-
ʤʝ ʜʚʝ ʧʦʩʦʢʠ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʧʦ-
ʣʷʨʥʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ ʩ ʮʝʥʪʲʨ 
ʎʊ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ.  ʇʲʨʚʘ-ʪʘ ʧʦʩʦ-
ʢʘ ʠʤʘ  ʣʠʥʝʡʥʦ ʩʢʘʥʠʨʘʱʦ ʥʘʧʨʘʚʣʝ-
ʥʠʝ (R-ʧʦʩʦʢʘ), ʟʘʧʦʯʚʘʱʦ ʦʪ ʎʊ ʥʘ 
ʠʟʦʙʨʘʞʝʥʠʝʪʦ CI ʠ ʩʲʦʪʚʝʪʩʪʚʘʱʦ ʥʘ 
ʢʦʥʮʝʥʪʨʠʯʥʠ ʦʢʨʲʞʥʦʩʪʠ, ʜʚʠʞʝʱʠ ʩʝ 
ʥʘʯʘʣʦʪʦ ʥʘʚʲʥ. ɺʪʦʨʘʪʘ ʢʨʲʛʦʚʘ 
ʧʦʩʦʢʘ (ɗ-ʧʦʩʦʢʘ) ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʪʨʘʩʝ 
ʠʟʚʠʚʘʱʦ ʩʝ ʧʦ ʧʦʩʦʢʘ ʦʙʨʘʪʥʘ ʥʘ 
ʯʘʩʦʚʥʠʢʦʚʘʪʘ ʩʪʨʝʣʢʘ. ʇʦʩʦʢʠʪʝ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ. 1. ʇʨʠ  ʦʧʨʝʜʝ-
ʣʷʥʝ ʥʘ ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʚʩʷʢʘ ʜʚʦʡʢʘ 
ʦʙʝʢʪʠ ʚ ʩʤʠʩʲʣ ʥʘ ʫʩʣʦʚʠʷ ʚʲʨʭʫ 
ʥʘʯʘʣʥʠʪʝ ʠ ʢʨʘʡʥʠʪʝ ʠʤ ʪʦʯʢʠ ʚʲʚ 
ʚʩʷʢʘ ʦʪʜʝʣʥʘ ʧʦʩʦʢʘ ʩʝ ʦʧʨʝʜʝʣʷʪ 
ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʠʪʝ 13 ʧʨʦʩ-ʪʨʘʥʩʪʚʝʥʠ 
ʦʨʪʦʛʦʥʘʣʥʠ ʨʝʣʘʮʠʠ [1], ʯʠʝʪʦ ʜʝʬʠ-
ʥʠʨʘʥʝ ʝ ʘʜʘʧʪʠʨʘʥʦ ʢʲʤ ʧʦʣʷʨʥʘ 
ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ.  ɺ ʜʚʝʪʝ ʧʦʩʦʢʠ, 
ʚʲʟʥʠʢʚʘʪ ʦʙʱʦ 169 ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ 
ʚʨʲʟʢʠ ʤʝʞʜʫ ʜʚʘ ʦʙʝʢʪʘ ʚ ʜʚʝ 
ʜʠʤʝʥʩʠʠ, ʯʨʝʟ ʢʦʠʪʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʜʩʪʘʚʠ ʫʜʦʙʥʦ.   ʇʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ 
ʨʝʣʘʮʠʠ ʤʝʞʜʫ ʦʙʝʢʪʠʪʝ ʚ ʠʟʦʙʨʘʞʝ-
ʥʠʝʪʦ ʩʝ ʠʟʯʠʩʣʷʚʘʪ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʧʦʣʷʨʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʥʘʯʘʣʥʘʪʘ 

(Rbegin, qbegin)  ʠ ʢʨʘʡʥʘ ʪʦʯʢʘ (Rend, qend) 
ʥʘ ʘʧʨʦʢʩʠʤʠʨʘʱʠʪʝ ʦʙʝʢʪʠʪʝ ʩʝʛʤʝʥ-
ʪʠ ʦʪ ʧʨʲʩʪʝʥʠ ʩ ʮʝʥʪʲʨ ʎʊ ʥʘ ʠʟʦʙʨʘ-
ʞʝʥʠʝʪʦ.  
ʆʧʨʝʜʝʣʝʥʠʝ1.  ɽʜʥʘ ʧʦʜʨʝʜʝʥʘ 

ʪʨʦʡʢʘ  (ʆj ɔ ʆi) ʩʝ ʥʘʨʠʯʘ ʘʪʦʤʠʯʥʘ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʨʝʣʘʮʠʷ, ʢʲʜʝʪʦ 

ʦʙʝʢʪʠʪʝ ʆj, ʆiÍʆI ʠ ʦʧʝʨʘʪʦʨʘ  

ɔÍ{<,>,|,:,=,[,(,],),/,\,%,#}. ʀʟʧʦʣʟʚʘ 
ʦʟʥʘʯʝʥʠʝʪʦ (ʆjɔRʆi) ʟʘ ʜʘ ʩʝ ʧʦʢʘʞʝ, 
ʯʝ ʜʚʦʡʢʘʪʘ ʦʙʝʢʪʠ (ʆj,ʆi) ʧʨʠʥʘʜʣʝʞʠ 
ʥʘ ʨʝʣʘʮʠʷ ɔ ʚ  R-ʧʦʩʦʢʘ ʠ ʦʟʥʘ-
ʯʝʥʠʝʪʦ  (ʆjɔɗʆi) ʜʘ ʩʝ ʧʦʢʘʞʝ, ʯʝ ʜʚʦʡ-
ʢʘʪʘ ʦʙʝʢʪʠ (ʆj, ʆi) ʧʨʠʥʘʜʣʝʞʠ ʥʘ ʨʝ-
ʣʘʮʠʷ  ɔ ʚ ɗ-ʧʦʩʦʢʘ. 
ʀʟʧʦʣʟʚʘʥʠ ʩʘ  7-ʪʝ  ʩʠʤʚʦʣʘ ʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʦʧʝʨʘʪʦʨʠ ʠʟʧʦʣʟʚʘʥʠ 
ʦʪ ʃʠ ʠ ʍʩʶ [5]  ʠ ʩʘ ʚʲʚʝʜʝʥʠ 4 ʥʦʚʠ 
ʟʥʘʢʘ. ʊʘʢʘ ʧʨʝʠʟʯʠʩʣʝʥʠ ʥʘʯʘʣʥʠ ʠ 
ʢʨʘʡʥʠ ʪʦʯʢʠ ʥʘ ʩʝʢʪʦʨʘ ʦʪ ʧʨʲʩʪʝʥʘ 
ʦʧʠʩʚʘʱ ʦʙʣʘʩʪʥʠʷ ʦʙʝʢʪ ʨʝʣʘʮʠʠʪʝ 
ʦʩʪʘʚʘʪ ʥʝʧʨʦʤʝʥʣʠʚʠ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʥʘ  ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʨʦʪʘʮʠʷ. ʇʨʠ 
ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʝʬʣʝʢʩʠʷ ʨʝʣʘʮʠʠʪʝ  
ʤʦʛʘʪ ʣʝʩʥʦ ʜʘ ʩʝ ʧʦʣʫʯʘʪ, ʪʲʡ ʢʘʪʦ 
ʦʪʥʦʰʝʥʠʷʪʘ  ñʧʦ-ʛʦʣʷʤʦò  ʠ ñʧʦ-ʤʘʣʢʦò 
ʩʝ ʧʨʦʤʝʥʷʪ ʘʣʪʝʨʥʘʪʠʚʥʦ. 
ʊʲʡ ʢʘʪʦ ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʚʲʟʩʪʘʥʦʚʷʪ 

ʦʥʝʟʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ 
ʧʦʯʪʠ ʩʲʱʠʪʝ ʦʙʝʢʪʠ ʩ ʧʦʜʦʙʥʦ ʧʨʦʩ-
ʪʨʘʥʩʪʚʝʥʦ ʧʦʜʨʝʞʜʘʥʝ ʥʘʰʘʪʘ ʧʦʜʦʙ-
ʥʦʩʪʥʘ ʤʷʨʢʘ ʪʨʷʙʚʘ ʜʘ ʦʪʯʠʪʘ ʧʦʜʦ-




