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[ʊʝʢʩʪ]: ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ III-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʟʘʦʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ (ʃʠʧʝʮʢ, 29 ʷʥʚʘʨʷ 2011 ʛ.). ɺ 2-ʭ ʯ. ʏ. I. / ʇʦʜ ʨʝʜ. 

ɸ.ɺ. ɻʦʨʙʝʥʢʦ, ʉ.ɺ. ɼʦʚʞʝʥʢʦ. ï ʃʠʧʝʮʢ: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

çɻʨʘʚʠʩè, 2011. ï 112 ʩ. 

 

 

 

ʉʙʦʨʥʠʢ ʚʢʣʶʯʘʝʪ ʪʝʢʩʪʳ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ ʫʯʘʩʪʥʠʢʦʚ III-ʡ ʄʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʟʘʦʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠè, ʩʦʩʪʦʷʚʰʝʡʩʷ 29 ʷʥʚʘʨʷ 2011 ʛ. ʚ ʛ. ʃʠ-

ʧʝʮʢʝ (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ). ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 92 ʥʘʫʯʥʳʭ 

ʜʦʢʣʘʜʘ ʠʟ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʃʘʪʚʠʠ, ʈʦʩʩʠʠ, ʊʘʜʞʠʢʠʩʪʘʥʘ, ʋʢʨʘʠʥʳ. 

ɼʦʢʣʘʜʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʩʝʢʮʠʷʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢʘʭ. 
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ɸ.ɼ. ʐʤʘʪʢʦ 
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ɸ.ʀ. ɽʛʦʨʦʚ 

ɽ.ʄ. ʄʦʩʦʣʦʚʘ 

ɸ.ɽ. ʉʫʥʜʝʝʚ 

ɺ.ɺ. ʏʝʨʝʧʥʠʥ 
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ʅ.ɸ. ɸʙʝʣʷʰʝʚ 

 
ɸʅɸʃʀɿ ʂʆʅʎɽʇʎʀʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ SAAS 

 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʘʚʪʦʤʘʪʠʢʠ (ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠ ʫʢʦʨʝʥʠʣʘʩʴ ʩʭʝʤʘ ʩʦʟʜʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦʜ-
ʜʝʨʞʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ 
ʵʪʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, 
ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʧʫʱʝʥʥʳʡ ʧʨʦʜʫʢʪ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ 
ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʫʶ ʙʘʟʫ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʠʩ-
ʧʦʣɹʟʦʚʘʥʠʷ ʪʘʢʦʡ ʙʘʟʦʡ ʩʣʫʞʠʪ ʢʦʤʧʴʶʪʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʆʉ, ʦʪʚʝ-
ʯʘʶʱʠʡ ʩʠʩʪʝʤʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɽʩʣʠ ʞʝ 
ʨʝʯʴ ʠʜʝʪ ʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʦ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ: 

- ʉʝʨʚʝʨʳ ɹɼ; 
- ʉʝʪʝʚʳʝ ʩʝʨʚʝʨʳ ʠ ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 
- ɺʝʙ-ʩʝʨʚʝʨʳ; 
- ʉʝʨʚʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ; 
- ʠ ʪ.ʜ. 
ʇʦʤʠʤʦ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ, ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʩʪʨʦʡʢʫ ʚʩʝʛʦ ʚʳ-

ʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʪʨʝʙʫʝʪʩʷ 
ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʜʣʷ ʯʝʛʦ ʥʫʞʥʳ ʢʚʘʣʠʬʠʮʠʨʦ-
ʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʬʠʣʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʪʘʣ 
ʧʨʠʚʳʯʥʳʤ ʢʘʢ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʦʩʪʘʚʱʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-
ʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʠʣʫ ʪʦʛʦ ʯʪʦ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʦ 
ʩʫʪʠ ʥʝ ʠʤʝʣ ʘʣʴʪʝʨʥʘʪʠʚ, ʥʦ ʩʝʡʯʘʩ ʩʠʪʫʘʮʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ SAAS (Software-As-A-Service), 
ʪ.ʝ. çʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʩʝʨʚʠʩè. ʉʘʤʦ ʧʦʥʷʪʠʝ SAAS ʧʨʦʟʚʫ-
ʯʘʣʦ ʚʧʝʨʚʳʝ ʚ 2001 ʛʦʜʫ. ʇʦʜ SAAS ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-
ʥʠʝ, ʨʘʟʤʝʱʝʥʥʦʝ ʚʤʝʩʪʝ ʩʦ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʦʢʨʫʞʝʥʠʝʤ ʥʘ ʩʪʦʨʦʥʝ 
ʧʨʦʚʘʡʜʝʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 
ʩʨʝʜʩʪʚʘʤ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʢ 
ʫʩʣʦʚʠʷʤ ʧʨʦʜʘʞʠ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ SAAS ʚ ʘʨʝʥʜʫ, ʪ.ʝ. ʧʣʘʪʠʪ 
ʪʦʣʴʢʦ ʟʘ ʪʦʪ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʦʣʴʟʫʝʪʩʷ ʩʝʨʚʠʩʦʤ. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ 
SAAS ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ASP (Application Service Providing), ʤʦʜʝʣʴ, ʚ ʢʦʪʦ-
ʨʦʡ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʤʝʱʘʣʦʩʴ ʥʘ ʩʪʦʨʦʥʝ ʧʨʦʚʘʡʜʝʨʘ, ʥʦ 
ʢʘʞʜʦʤʫ ʢʣʠʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʜʥʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʝʨʚʝʨʝ, ʚ ʦʪʣʠ-
ʯʠʝ ʦʪ SAAS, ʛʜʝ ʨʝʘʣʠʟʦʚʘʥʘ ʪʨʝʭʟʚʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʄʦʜʝʣʴ ASP ʥʝ 
ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  
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ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ SAAS. ʂʣʘʩʩʠʯʝʩʢʠʡ 
ʧʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ, ʥʘʟʦʚʝʤ SAAP (Software-As-a-
product) çʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʧʨʦʜʫʢʪè. 

 
ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ SAAS ʠ SAAP 

ʇʨʦʙʣʝʤʘ SAAP SAAS 

ʇʨʦʛʨʘʤʤʥʦ-
ʘʧʧʘʨʘʪʥʘʷ ʙʘʟʘ 

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʢʣʠʝʥʪʦʤ 

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʘʚʱʠʢʦʤ 
ʇʆ ʠ ʚʭʦʜʠʪ ʚ ʘʨʝʥʜʥʫʶ 

ʩʪʦʠʤʦʩʪʴ 

ʇʨʠʣʦʞʝʥʠʝ 
ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʣʠʝʥʪʘ ʦʪʜʝʣʴʥʦ 

ʋʩʪʘʥʦʚʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʦʣʴʢʦ 
ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʙʨʘʫʟʝʨ, 
ʠʥʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ 

ʇʦʜʜʝʨʞʢʘ 
ʇʦʜʜʝʨʞʢʘ ʪʦʣʴʢʦ 

ʧʨʦʜʫʢʪʘ 
ɺʩʷ ʧʦʜʜʝʨʞʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʪʘʚʱʠʢʦʤ ʇʆ 

ʆʙʥʦʚʣʝʥʠʝ 
ɺʨʫʯʥʫʶ ʠʣʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ 
ɿʘʧʫʩʢʘʝʪʩʷ ʚʩʝʛʜʘ ʘʢʪʫʘʣʴʥʘʷ 
ʚʝʨʩʠʷ ʇʆ ʫ ʚʩʝʭ ʢʣʠʝʥʪʦʚ 

ʉʪʦʠʤʦʩʪʴ 
ɽʜʠʥʦʚʨʝʤʝʥʥʘʷ 

ʦʧʣʘʪʘ 
ʆʧʣʘʪʘ ʧʦ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʃʠʮʝʥʟʠʨʦʚʘʥʠʝ 

ɿʘʱʠʪʘ ʩ 
ʧʦʤʦʱʴʶ ʢʣʶʯʝʡ 
ʧʨʦʛʨʘʤʤʥʳʭ ʠʣʠ 
ʘʧʧʘʨʘʪʥʳʭ 

ɼʦʩʪʫʧ ʢ ʩʝʨʚʠʩʫ 
ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ 
ʦʧʣʘʯʝʥʥʳʡ ʧʝʨʠʦʜ 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ SAAS ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝ-

ʣʶ ʟʘʙʳʪʴ ʦ ʧʦʜʜʝʨʞʢʝ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦ-
ʚʘʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʢʨʦʤʝ ʦʙʳʯʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ ʙʨʘʫʟʝʨʦʤ: ʚʩʝ, ʥʘʯʠ-
ʥʘʷ ʦʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʨʚʝʨʦʚ, ʟʘʢʘʥʯʠʚʘʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʢʣʠʝʥʪʩʢʠʭ 
ʙʘʟ ʜʘʥʥʳʭ, ʚʦʟʣʦʞʝʥʦ ʥʘ ʧʦʩʪʘʚʱʠʢʘ ʇʆ. ʇʨʠ ʵʪʦʤ ʪʘʢʦʡ ʧʦʜʭʦʜ ʫʜʦʙʝʥ 
ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪ.ʢ. ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʜʜʝʨʞʢʠ ʠ ʨʝʰʝʥʠʷ ʚʦʟ-
ʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ï ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʙʫʜʫʪ ʩʨʘʟʫ ʜʦʩʪʫʧ-
ʥʳ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ɺ SAAS ʪʘʢʞʝ ʦʙʭʦʜʠʪʩʷ ʧʨʦʙʣʝʤʘ ʩ çʧʠʨʘʪʩʪ-
ʚʦʤè, ʪ.ʢ. ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʭʨʘʥʠʪʩʷ ʫ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʘ ʜʦʩʪʫʧ ʢ ʩʝʨ-
ʚʠʩʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʦʧʣʘʯʝʥʥʳʡ ʧʝʨʠʦʜ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ 
ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʚ ʫʜʦʙʩʪʚʝ ʠ ʛʠʙʢʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘʤ ʥʘ-
ʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʣʝʛʯʝ-
ʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ, ʧʦ 
ʚʦʟʤʦʞʥʦʩʪʠ, ʚʩʝʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʚ ʵʪʦʡ ʮʝʧʠ. ʊ.ʝ. ʦʧʪʠʤʘʣʴʥʦ 
ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʯʝʨʝʟ ʙʨʘʫʟʝʨ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠ ʧʦʜʜʝʨʞʢʫ ʚʩʝʭ ʙʨʘʫʟʝʨʦʚ ʘʢʪʫʘʣʴʥʳʭ ʚʝʨʩʠʡ. ʊʘʢʦʡ 
ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʚ SAAS ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩʦʤ 
çʄʝʛʘʧʣʘʥè, ʦʜʥʠʤ ʠʟ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨ ʜʘʥʥʦʡ ʩʪʘ-
ʪʴʠ. 
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ʇʦ ʜʘʥʥʳʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʢʦʤʧʘʥʠʝʡ Gartner: ʦʙʲʝʤ ʤʠʨʦʚʦʛʦ 
ʨʳʥʢʘ SAAS ʚ 2009 ʛ. ʩʦʩʪʘʚʠʣ $7,9 ʤʣʨʜ. ɺ 2010 ʛ. ʨʳʥʦʢ ʚʳʨʦʩ ʥʘ 15,7% 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʰʣʳʤ ʛʦʜʦʤ ʜʦ $9,2 ʤʣʨʜ, ʩʦʦʙʱʘʝʪ. ʉʦʛʣʘʩʥʦ ʧʨʦ-
ʛʥʦʟʫ ʘʥʘʣʠʪʠʢʦʚ, ʚ 2011 ʛ. ʦʙʲʝʤ ʨʳʥʢʘ ʜʦʩʪʠʛʥʝʪ $10,7 ʤʣʨʜ. ɺ ʩʨʘʚʥʝ-
ʥʠʠ ʩ 2010 ʛ. ʨʦʩʪ ʩʦʩʪʘʚʠʪ 16,2%.  

ʇʦ ʦʮʝʥʢʘʤ ʘʥʘʣʠʪʠʢʦʚ, ʚʦʧʨʦʩʳ ʦʪʥʦʩʠʪʝʣʥɹʦ ʙʝʟʦʧʘʩʥʦʩʪʠ SAAS, 
ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʚʘʡʜʝʨʘʤʠ, ʩ 
ʨʘʟʚʠʪʠʝʤ ʨʳʥʢʘ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʭʦʜʷʪ ʚ ʧʨʦʰʣʦʝ. ʊʘʢʦʡ ʩʧʦʩʦʙ 
ʜʦʩʪʘʚʢʠ ʇʆ ʚʳʙʠʨʘʝʪʩʷ ʚʩʝ ʯʘʱʝ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʟʘʜʘʯ. 
ɸʥʘʣʠʪʠʢʠ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ ʨʦʩʪ ʯʠʩʣʘ ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʧʦʩʪʘʚʢʫ SAAS, ʚ 
ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʥʘ ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʝʨʝʚʦʜʠʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ 
ʜʦ ʥʝʩʢʦʣʢɹʠʭ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʩʦʪʨʫʜʥʠʢʦʚ.  

SAAS ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʬʦʨʤʘʪʦʤ ʙʫʜʫʱʝʛʦ, ʪ.ʢ. ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩ-
ʧʝʯʠʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʠʤʝʥʥʦ 
ʪʝʭ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʯʠʢʠ 
ʵʪʠʭ ʩʝʨʚʠʩʦʚ ʙʫʜʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫʛʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʝʨʚʠʩʘʤ 
ʜʣʷ ʩʦʟʜʘʥʠʷ, ʧʦʜʜʝʨʞʢʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʚʦʠʭ ʨʝh ʝʥʠʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɺ.ɸ. ɸʬʣʷʪʫʥʦʚʘ 

 
ʇʈʀʄɽʅɽʅʀɽ ʄʅʆɻʆɸɻɽʅʊʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ʋʏɽʊɸ ʅʆʈʄʓ 

ʈɸʉʍʆɼɸ ʀʅʉʊʈʋʄɽʅʊɸ 

 
ʂʘʤʩʢʘʷ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 

ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ, ʈʦʩʩʠʷ 
 
ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʙʝʩʧʝʨʝʙʦʡʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠ-

ʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʦʩʥʘʩʪʢʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʭʦ-
ʟʷʡʩʪʚʫ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʭʦʟʷʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ 
ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʩʥʘʙʞʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʚʳʩʦʢʦʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩ ʦʩʥʘʩʪʢʦʡ; ʧʦʜʜʝʨʞʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ 
ʫʧʨʘʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʭʦʟʷʡʩʪʚʦʤ. ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ 
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ʚʳʧʦʣʥʠʪʴ, ʥʝ ʟʥʘʷ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʭʦʜʫʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʉʠʩ-
ʪʝʤʘ ʫʯʝʪʘ ʨʘʩʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦ-
ʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʝʝ 
ʨʘʙʦʪʫ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʥʝʤʘʣʦʛʦ 
ʚʨʝʤʝʥʠ ʜʣʷ ʠʭ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ ʩʣʦʞʠʚʰʝʡʩʷ 
ʩʠʪʫʘʮʠʠ. ʕʪʠʤ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʨʘʩʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʠʩ-
ʪʝʤ ʤʦʛʫʪ ʣʝʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦ-
ʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ 
ʥʘ ʨʠʩ. 1, ʟʜʝʩʴ ʘʛʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

 

ʀ
ʥ
ʪʝ
ʨ
ʬ
ʝ
ʡ
ʩ
 ʧ
ʦ
ʣɹ
ʟʦ
ʚ
ʘ
ʪʝ
ʣ̫

ɸ
ʛʝ
ʥ
ʪ-

ʢʦ
ʦ
ʨ
ʜ
ʠ
ʥ
ʘ
ʪʦ
ʨ
 1

ɸ
ʛʝ
ʥ
ʪ-

ʢʦ
ʦ
ʨ
ʜ
ʠ
ʥ
ʘ

ʪʦ
ʨ
 3

ɸʛʝʥʪ 

ʪʝʭ.ʦʧʝʨʘʮʠʠ

ɸʛʝʥʪ ʩʧʣʘʚʘ 
ʜʝʪʘʣʠ

ɸʛʝʥʪ ɻʩʢʠʟʘ 
ʜʝʪʘʣʠ

ʎ
ʝ
ʥ
ʪʨ
ʘ
ʣɹ
ʥr
ʡ
 

ʘ
ʛʝ
ʥ
ʪ-
ʢʦ
ʦ
ʨ
ʜ
ʠ
ʥ
ʘ
ʪʦ
ʨ

ɹʘʟʘ 

ʧʨʝʮʝʥʜʝʥʪʦʚ

ɸ
ʛʝ
ʥ
ʪ-

ʢʦ
ʦ
ʨ
ʜ
ʠ
ʥ
ʘ
ʪʦ
ʨ
 2

ɹʘʟʘ 
ʟʥʘʥʠʡ

ʇʨʘʚʠʣʘ

ʈʝʢʦʤʝʥʜʘʮʠʠ

ɹʘʟʘ ʜʘʥʥr ʭ 

ʛʦʪʦʚrʭ 

ʨʝh ʝʥʠʡ

ɹʘʟʘ ʜʘʥʥr ʭ

ʕ
ʢʩ
ʧ
ʝ
ʨ
ʪʥ
ʘ̫
 

ʦ
ʮ
ʝ
ʥ
ʢʘ

ɺr
ʚ
ʦ
ʜ
 ʜ
ʘ
ʥ
ʥr
ʭ

ɺ
ʚ
ʦ
ʜ
 ʜ
ʘ
ʥ
ʥr
ʭ

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 
 
1) ɸʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨʫ1 ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʩ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷ ʥʘ ʧʦʠʩʢ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ; ʝʩʣʠ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʪʦ 
ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʜʘʝʪʩʷ ʦʙʨʘʪʥʦ ʥʘ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

2)ɽʩʣʠ ʥʝʪ, ʪʦ ɸʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ2 ʘʥʘʣʠʟʠʨʫʝʪ ʵʩʢʠʟ ʜʝʪʘʣʠ, ʧʨʠ-
ʤʝʥʷʝʤʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʠ ʩʧʣʘʚ ʜʝʪʘʣʠ; 

3)ʎʝʥʪʨʘʣʴʥʳʡ ʘʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ ʥʘʯʠʥʘʝʪ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦ-
ʜʷʱʝʛʦ ʧʨʘʚʠʣʘ ʚ ʙʘʟʝ ʟʥʘʥʠʡ (ʙʘʟʘ ʟʥʘʥʠʡ ʩʦʩʪʦʠʪʩʷ ʠʟ 2 ʦʩʥʦʚʥʳʭ ʙʣʦ-
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ʢʦʚ: ʙʘʟʘ ʧʨʘʚʠʣ ʠ ʙʘʟʘ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʦʛʨʘʥʠ-
ʯʝʥʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʧʨʘʚʠʣʘ), ʠ ʬʦʨʤʠʨʫʝʪ ʥʦ-
ʚʦʝ ʧʨʘʚʠʣʦ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʚ ʙʘʟʫ ʧʨʝʮʝʜʝʥʪʦʚ; 

4) ʉ ʙʘʟʳ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʘʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ3 
ʥʘ ʦʮʝʥʢʫ ʵʢʩʧʝʨʪʫ, ʝʩʣʠ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʝʝ ʪʨʝʭ 
ʨʘʟ ʵʢʩʧʝʨʪʦʤ, ʪʦ ʜʘʥʥʦʝ ʧʨʘʚʠʣʦ ʠʟ ʙʘʟʳ ʧʨʝʮʝʜʝʥʪʦʚ ʧʝʨʝʜʘʝʪʩʷ ʚ ʙʘ-
ʟʫ ʜʘʥʥʳʭ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʄɸʉ ʜʣʷ ʫʯʝʪʘ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʠʥ-
ʩʪʨʫʤʝʥʪʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 
ʩʪʨʘʪʝʛʠʶ ʜʝʡʩʪʚʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʫʯʝ-
ʥʠʷ ʄɸʉ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɹʘʰʤʘʢʦʚ ɸ.ʀ., ɹʘʰʤʘʢʦʚ ʀ.ɸ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ. ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 2005. 304 ʩ. 

2. ʉʝʪʝʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʉʀʉʊɽʄʆʊɽʍʅʀʂɸ", ˉ 1, 
2003 ʛ.  

3. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ çʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳè ˉ 2, 
2009 ʛʦʜ.  

4. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ çʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳè ˉ 3, 
2009 ʛʦʜ. 

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: venera1203@mail.ru 
 

 
 

ɼ.ʉ. ɹʘʪʫʨʠʥ, ʅ.ʇ. ʉʝʤʠʯʝʚʩʢʘʷ  
 
ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʇʊʀʄʀɿɸʎʀʀ 

ʇʆʊʈɽɹʃɽʅʀʗ ʈɽʉʋʈʉʆɺ 

 
ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ 
 
ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʣʦʛʠʩʪʠʢʠ ï ʵʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, 
ʧʫʪʝʡ ʜʦʩʪʘʚʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʟɹʦʚʘʥʠʷ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʵʪʘʧʦʚ, ʢʦʪʦʨʘʷ 
ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ 
ʩʠʥʪʝʟʦʤ ʤʝʪʦʜʦʚ ʠʟ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʠ ʤʠʥʠʤʘʣʴ-
ʥʦʛʦ ʧʫʪʠ (ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ), ʚ ʧʦʩʣʝʜʥʝʤ ʤʝʪʦʜʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘ-
ʮʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʥʘ ʧʝʨʚʦʤ 
ʵʪʘʧʝ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʥʝ ʜʘʶʪ ʢʦʤʧʣʝʢʩʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʠ ʦʛʨʘʥʠʯʝʥ-
ʥʦʩʪʠ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʫʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. 
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ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʩʣʝ ʧʝʨʝʦʮʝʥʢʠ ʩʚʦʠʭ 
ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʦʷʚʣʝʥʠʷ ʠʟʣʠʰʢʦʚ ʥʘ ʝʛʦ ʩʢʣʘʜʝ ʚ ʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ ʧʨʝʚʨʘʪʠʪʩʷ ʠʟ ʧʨʠʝʤʥʠʢʘ ʚ ʠʩʪʦʯʥʠʢ, ʘ ʧʦʩʪʘʚʱʠʢ ʧʨʠ ʚʦʟʤʦʞ-
ʥʦʩʪʠ ʜʝʰʝʚʦʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʟʘʤʝʥ ʙʦʣʝʝ ʜʦʨʦʛʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ 
ʠʩʪʦʯʥʠʢʘ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʧʨʠʝʤʥʠʢ ʠʣʠ ʩʪʘʥʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ ʧʨʠʝʤʥʠʢʘʤ. ʅʦ ʢʨʦʤʝ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ ʚ 
ʦʙʱʝʤ ʩʣʫʯʘʝ ʝʩʪʴ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʫʪʝʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʷʚ-
ʣʷʪʴʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʫʥʢʪʘʤʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʦʪʨʘʞʘʪʴ ʚʘʨʠ-
ʘʥʪʳ ʧʫʪʝʡ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʢ ʧʫʥʢʪʘʤ ʥʘʟʥʘʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʝʣʴʟʷ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ 
ʪʝʤ, ʢʪʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʢʝʤ ʩʪʘʥʝʪ ʚ ʩʣʝʜʫʶɦ ʠʡ 
ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚʩʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʟʘʪʨʘʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ 
ʨʝʩʫʨʩʘ ʠʟ ʢʦʥʢʨʝʪʥʦʛʦ ʫʟʣʘ, ʪʦ ʠ ʥʝʣʴʟʷ ʞʝʩʪʢʦ ʚ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʨʘʟ-
ʛʨʘʥʠʯʠʪʴ ʨʦʣʠ ʫʟʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʩʚʷʞʝʤ ʩ ʜʦʙʘʚʣʝʥ-
ʥʳʤ ʝʜʠʥʳʤ ʠʩʪʦʯʥʠʢʦʤ (ʩ ʥʦʤʝʨʦʤ=0), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʝʡ (ʜʫʛ) ʨʘʚ-
ʥʳ ʩʪʦʠʤʦʩʪʠ ʨʝʩʫʨʩʘ ʚ ʠʩʪʦʯʥʠʢʝ ʠ ʥʘʣʠʯʠʶ ʨʝʩʫʨʩʘ. ʇʨʠʝʤʥʠʢʠ ʩʚʞ̫ʝʤ 
ʩ ʝʜʠʥʳʤ ʜʦʙʘʚʣʝʥʥʳʤ ʩʪʦʢʦʤ (ʩ ʥʦʤʝʨʦʤ = n+1), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʝʡ 
(ʜʫʛ) ʨʘʚʥʳ ʩʪʦʠʤʦʩʪʠ ʭʨʘʥʝʥʠʷ ʨʝʩʫʨʩʘ ʚ ʧʨʠʝʤʥʠʢʝ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʨʝ-
ʩʫʨʩʘ. 

ʇʨʠʚʝʜʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʦʙʨʝʪʝ-
ʥʠʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ (ʟʜʝʩʴ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴ-
ʩʪʚʘ): n= m+k+l - ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩ-
ʪʦʯʥʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ; ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ, l ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦ-
ʤʝʞʫʪʦʯʥʳʭ ʫʟʣʦʚ, kï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʥʘʩʳʱʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ:  

 ij

(i, j) U

Fc (x) x max , (1) 

ʛʜʝ U ð ʤʥʦʞʝʩʪʚʦ ʜʫʛ ʩʦʝʜʠʥʷʶʱʠʭ ʫʟʣʳ. 
ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ: 

 ij ij

(i, j) U

Fc (x) c x min  (2) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

 xij<= uij, uijÍuj, ʩjiÍʩji ,  

ʛʜʝ i=[0,n+1], j=[0,n+1], ʩij ï ʩʪʦʠʤʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʝʜʠʥʠʮʳ ʧʦʪʦʢʘ ʧʦ 
ʜʫʛʝ (i, j), uij ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛʠ (i,j), xij ï ʚʝ-
ʣʠʯʠʥʘ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʡʜʝʪ ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʪ ʫʟʣʘ i ʢ ʫʟʣʫ j.  

ʈʝʰʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ ʥʘʙʦʨ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʝʨʝ-
ʥʦʩʦʚ ʨʝʩʫʨʩʦʚ ʍ

* 
ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʜʫʛʘʤ U

*
 (x

*
ij  ʍ

*
) ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 

 
*

* *

ij ij ij ij

(i, j) A /B(i, j) X

Fp (x ) x Fp (x ) x , 
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*

* *

ij ij ij ij ij ij

(i, j) A /B(i, j) X

Fc (x ) c x Fc (x ) c x , 

ʛʜʝ A/B ï ʣʶʙʦʡ ʨʘʟʨʝʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ [1, c.119], 
ʆʧʪʠʤʠʟʠʨʫʝʤ ʧʨʠʦʙʨʝʪʝʥʠʝ ʨʝʩʫʨʩʦʚ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ ʧʨʠ ʧʦ-

ʤʦʱʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ: 

 
ʅʘ ʩʭʝʤʝ ʨʷʜʦʤ ʩ ʜʫʛʘʤʠ ʥʘʥʝʩʝʥʳ: u/c (ʛʜʝ u-ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ, c-ʟʘʪʨʘʪʳ ʜʫʛʠ), ʟʘʧʘʩʳ ʥʘʥʝʩʝʥʳ ʨʷʜʦʤ ʩ ʚʝʨʰʠʥʦʡ ʠʩʪʦʯʥʠʢʘ; 
ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʢʨʫʧʥʳʤ ʰʨʠʬʪʦʤ ʨʷʜʦʤ ʩ ʫʟʣʦʤ ʧʨʠʝʤʥʠʢʘ. ɺ 
ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʫʟʝʣ 1 ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʨʠ-
ʝʤʥʠʢʦʤ.  

ɼʦʧʦʣʥʷʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʩʪʦʢ ʠ ʩʪʦʢ ʩ ʥʦʤʝʨʘʤʠ 0 ʠ n+1, ʧʨʦʧʫ-
ʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʟʚʝʥʴʝʚ ʙʫʜʫʪ ʨʘʚʥʳ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʦʩʪʘʚʱʠʢʦʚ ʠ 
ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ 

 
ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʥʝ ʜʘʝʪ 

ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ: 
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ʉʫʤʤʘ ʟʘʪʨʘʪ = 3+7=10 (ʢʘʢ ʚʠʜʥʦ ʜʘʣʝʝ ʥʝ ʦʧʪʠʤʘʣʴʥʘʷ). 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʫʤʤʘ ʟʘʪʨʘʪ = 

2+2+2+2=8 (1 ʝʜʠʥʠʮʘ ʛʨʫʟʘ ʫ ʧʦʩʪʘʚʱʠʢʘ ˉ4 ʦʩʪʘʣʘʩʴ ʥʝ ʚʦʩʪʨʝʙʦʚʘʥ-
ʥʦʡ, ʪ.ʝ. ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʨʝʰʝʥʘ ʦʪʢʨʳʪʘʷ ʤʦʜʝʣʴ ʩ 
ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʝʨʝʚʦʟʦʢ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪ-
ʢʠ): 

  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʤ-

ʧʣʝʢʩʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʠʦʙʨʝʪʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝ-
ʩʫʨʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʇʂ ʧʨʦʛʨʘʤʤʘ ñLogGraphò ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪ-
ʨʠʨʫʝʪ ʨʘʙʦʪʫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʨʘʭ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʂʫʟʥʝʮʦʚ ɸ.ɺ., ʉʘʢʦʚʠʯ ɸ.ɺ., ʍʦʣʦʜ ʅ.ʀ. ɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ. ʄʘʪʝʤʘ-
ʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. - ʄʠʥʩʢ: ɺʳʰʵʡʰʘʷ ʰʢʦʣʘ, 2001. - 352 ʩ.  

2. ʊʘʭʘ ɸ. ɺʚʝʜʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ. ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çɺʠʣʴ-
ʷʤʩè ʄʦʩʢʚʘ+ʉʘʥʢʪ-ʇʝʪʝʨʙʫʛʨ+ʂʠʝʚ 2005. ʉʝʜʴʤʦʝ ʠʟʜʘʥʠʝ. 

 

 
 

ɽ.ʉ. ɹʫʢʢʘ, ʈ.ɸ. ʂʦʯʢʘʨʦʚ, ʀ.ʅ. ʈʫʙʝʞʥʘʷ 
 
ɸʃɻʆʈʀʊʄ ʇʆʉʊʈʆɽʅʀʗ ʇʈɽɼʌʈɸʂʊɸʃʔʅʆɻʆ ɻʈɸʌɸ, 
ʇʆʈʆɾɼɪʅʅʆɻʆ ʉʀʃʔʅʆ ʉɺʗɿʅʆʁ ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ 

ɿɸʊʈɸɺʂʆʁ 
 
ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɹʋʇʂ 

ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠ ̫
 
ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ, ʪʦʛʜʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʜʥʦʡ ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʦʪ 
ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʜʦ ʣʶʙʦʡ ʜʨʫʛʦʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʬʨʘʢʪʘʣʴ-
ʥʦʛʦ ʛʨʘʬʘ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʜʣʷ ʩʚʷʟʥʦʡ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʟʘʪʨʘʚʢʠ 
ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʩʚʷʟʥʳʡ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ. 
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ʈʘʩʩʤʦʪʨʠʤ ʚʟʚʝʰʝʥʥʳʡ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ L L LG (V ,E ), ʧʦ-

ʨʦʞʜʝʥʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʟʘʪʨʘʚʢʦʡ H (W,Q), ʩʤʝʞʥʦʩʪʴ ʩʪʘʨʳʭ 

ʨʝʙʝʨ ʢʦʪʦʨʦʛʦ ʩʦʭʨʘʥʷʝʪʩʷ. ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʘʪʨʘʚʢʘ 
H (W,Q)  ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʩʚʷʟʥʳʤ ʛʨʘʬʦʤ, ʪʦ ʝʩʪʴ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ 

ʜʦʩʪʠʞʠʤʘ ʠʟ ʚʩʷʢʦʡ ʜʨʫʛʦʡ ʚʝʨh ʠʥʳ [1, ʩ. 36]. 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʚʩʷʢʦʛʦ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘʬʘ LG , ʩʤʝʞʥʦʩʪʴ 

ʩʪʘʨʳʭ ʨʝʙʝʨ ʢʦʪʦʨʦʛʦ ʩʦʭʨʘʥʷʝʪʩʷ, ʚʝʨʥʦ: ʩʠʣʴʥʦ ʩʚʷʟʥʘʷ ʟʘʪʨʘʚʢʘ ʦʟ-
ʥʘʯʘʝʪ ʩʠʣʴʥʫʶ ʩʚʷʟʥʦʩʪʴ ʚʩʝʛʦ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘʬʘ.  

ɼʦʢʘʞʝʤ ʜʘʣʝʝ, ʯʪʦ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ LG , ʧʦʨʦʞʜʝʥʥʳʡ 

ʩʠʣʴʥʦ ʩʚʷʟʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʟʘʪʨʘʚʢʦʡ H, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʤʝʞʥʦʩʪʠ 
ʩʪʘʨʳʭ ʨʝʙʝʨ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʩʚʷʟʥʳʤ. 

ʐɸɻ 1. ʈʘʩʩʤʦʪʨʠʤ ʧʦʰʘʛʦʚʦ ʧʨʦʮʝʜʫʨʫ ʧʦʨʦʞʜʝʥʠʷ ʧʨʝʜʬʨʘʢ-

ʪʘʣʴʥʦʛʦ ʛʨʘʬʘ L L LG (V ,E )  ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʤʝʞʥʦʩʪʠ ʩʪʘʨʳʭ ʨʝʙʝʨ, 

ʧʦʨʦʞʜʝʥʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʟʘʪʨʘʚʢʦʡ H (W,Q), ʫ ʢʦʪʦʨʦʡ W n . 

ʈʘʩʩʤʦʪʨʠʤ (ʩʤ. ʨʠʩ. 1) ʧʨʦʮʝʜʫʨʫ ʧʦʨʦʞʜʝʥʠʷ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘʬʘ 

2G  3-ʭ ʚʝʨʰʠʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʟʘʪʨʘʚʢʦʡ H . 

 

H  

1G  HG1  

1G  1v  
H  1G  

1G  

1v  

2v  

H  

1G  

2G  

 
 

ʈʠʩ. 1. ʇʨʦʮʝʜʫʨʘ ʧʦʨʦʞʜʝʥʠʷ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘʬʘ 2G  

 

ʇʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ 1G  ʠʟ ʪʨʘʝʢʪʦʨʠʠ 1 2 LG ,G ,...,G  ʧʦ ʩʫʪʠ ʷʚʣʷ-

ʝʪʩʷ ʧʦʨʦʞʜʘʶʱʝʡ ʟʘʪʨʘʚʢʦʡ H, ʪʦ ʝʩʪʴ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʜʦʩʪʠʞʠʤʘ ʠʟ 
ʚʩʷʢʦʡ ʜʨʫʛʦʡ ʝʝ ʚʝʨʰʠʥʳ. 

ʐɸɻ 2. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘ-

ʬʘ 2G  ʚʝʨʰʠʥʳ ʛʨʘʬʘ 1G  ʟʘʤʝʱʘʶʪʩʷ ʟʘʪʨʘʚʢʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʜʝʪʘʣʴʥʦ. ɿʘʤʝʱʘʝʤ ʪʦʣʴʢʦ ʦʜʥʫ ʚʝʨʰʠʥʫ 1v  ʛʨʘʬʘ 1G  ʟʘʪʨʘʚ-

ʢʦʡ H, ʘ ʪʘʢ ʢʘʢ ʩʤʝʞʥʦʩʪʴ ʩʪʘʨʳʭ ʨʝʙʝʨ ʩʦʭʨʘʥʷʝʪʩʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 
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ʟʘʪʨʘʚʢʘ "ʧʨʠʚʷʟʳʚʘʝʪʩʷ" ʢ ʚʝʨʰʠʥʝ 1v . ɺ ʧʦʩʪʨʦʝʥʥʦʤ ʛʨʘʬʝ 1G  ʚʩʝ n  

ʚʝʨʰʠʥ ʛʨʘʬʘ 1G  ʜʦʩʪʠʞʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢʞʝ ʜʦʩʪʠʞʠʤʳ ʠ n  ʚʝʨʰʠʥ 

ʟʘʪʨʘʚʢʠ H. ʅʦ ʚ ʥʦʚʦʤ ʛʨʘʬʝ 1G  ʦʜʥʘ ʚʝʨʰʠʥʘ ʷʚʣʷʝʪʩʷ "ʦʙʱʝʡ" ʜʣʷ 

1G  ʠ H. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʦʪ ʣʶʙʦʡ ʚʝʨʰʠʥʳ 1G  ʜʦ "ʦʙʱʝʡ" 

ʚʝʨʰʠʥʳ ʠ ʜʘʣʝʝ ʦʪ ʥʝʝ ʜʦ ʣʶʙʦʡ ʚʝʨh ʠʥʳ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʟʘʪʨʘʚʢʠ. 
ʊʘʢʞʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʦʪ ʣʶʙʦʡ ʚʝʨʰʠʥʳ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʟʘʪʨʘʚʢʠ 

ʜʦ "ʦʙʱʝʡ" ʚʝʨʰʠʥʳ ʠ ʜʘʣʝʝ ʦʪ ʥʝʝ ʜʦ ʣʙʁʦʡ ʚʝʨʰʠʥʳ ʯʘʩʪʠ 1G  ʛʨʘʬʘ 

1G . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʜʦʩʪʠʞʠʤʘ ʠʟ ʚʩʷʢʦʡ ʜʨʫʛʦʡ ʚʝʨʰʠ-

ʥʳ 1G .  

ʐɸɻ 3. ɼʘʣʝʝ ʟʘʤʝʱʘʝʤ ʩʣʝʜʫʶʱʫʶ ʚʝʨʰʠʥʫ 2v  ʛʨʘʬʘ 1G  ʟʘʪʨʘʚʢʦʡ 

ʠʣʠ, ʧʦ-ʜʨʫʛʦʤʫ, ʟʘʪʨʘʚʢʘ "ʧʨʠʚʷʟʳʚʘʝʪʩʷ" ʢ ʚʝʨʰʠʥʝ 2v . ʊʝʧʝʨʴ ʛʨʘʬ 1G  

ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʬʘ 1G  ʠ ʜʚʫʭ ʟʘʪʨʘʚʦʢ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʚʝʨʰʠʥʘʤ 1v  ʠ 2v . 

ɻʨʘʬ 1G  ʧʦʣʫʯʝʥ ʠʟ 1G  ʟʘʤʝʱʝʥʠʝʤ ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʟʘʪʨʘʚʢʦʡ, ʘ ʚ ʛʨʘʬʝ 

1G  ʚʩʷʢʘʷ ʚʝʨʰʠʥʘ ʜʦʩʪʠʞʠʤʘ ʠʟ ʣʶʙʦʡ ʜʨʫʛʦʡ, ʪʘʢʞʝ ʜʦʩʪʠʞʠʤʳ ʠ n  ʚʝʨ-

ʰʠʥ ʟʘʪʨʘʚʢʠ H. ʅʦ ʚ ʥʦʚʦʤ ʛʨʘʬʝ 1G  ʦʜʥʘ ʚʝʨh ʠʥʘ ʷʚʣʷʝʪʩʷ "ʦʙʱʝʡ" ʜʣʷ 

1G  ʠ H. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʦʪ ʣʶʙʦʡ ʚʝʨʰʠʥʳ 1G  ʜʦ "ʦʙʱʝʡ" 

ʚʝʨʰʠʥʳ ʠ ʜʘʣʝʝ ʦʪ ʥʝʝ ʜʦ ʣʶʙʦʡ ʚʝʨʰʠʥʳ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʟʘʪʨʘʚʢʠ. ʊʘʢʞʝ 
ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʦʪ ʣʶʙʦʡ ʚʝʨʰʠʥʳ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʟʘʪʨʘʚʢʠ ʜʦ "ʦʙ-

ʱʝʡ" ʚʝʨʰʠʥʳ ʠ ʜʘʣʝʝ ʦʪ ʥʝʝ ʜʦ ʣʶʙʦʡ ʚʝʨʰʠʥʳ ʯʘʩʪʠ 1G  ʛʨʘʬʘ 1G . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʜʦʩʪʠʞʠʤʘ ʠʟ ʚʩʷʢʦʡ ʜʨʫʛʦʡ ʚʝʨh ʠʥʳ 1G . 

ʐɸɻ 4. ɿʘʤʝʱʘʷ ʧʦʦʯʝʨʝʜʥʦ ʦʩʪʘʚʰʠʝʩʷ (n 2)  ʚʝʨʰʠʥʳ ʛʨʘʬʘ 

1G , ʧʦʣʫʯʘʝʤ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ 2G , ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ 

ʜʦʩʪʠʞʠʤʘ ʠʟ ʚʩʷʢʦʡ ʜʨʫʛʦʡ ʚʝʨʰʠʥʳ. ʊʦ ʝʩʪʴ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ 

2G  ʷʚʣ̫ʝʪʩʷ ʩʠʣʴʥʦ ʩʚʷʟʥʳʤ. 

ʐɸɻ 5. ɿʘʤʝʱʘʷ ʧʦʦʯʝʨʝʜʥʦ ʚʝʨʰʠʥʳ ʛʨʘʬʘ 2G , ʩʪʨʦʠʤ ʧʨʝʜʬʨʘʢ-

ʪʘʣʴʥʳʡ ʛʨʘʬ 3G , ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʙʫʜʝʪ ʩʠʣʴʥʦ ʩʚʷʟʥʳʤ. ʀʩʧʦʣʴʟʫʷ ʦʧʠ-

ʩʘʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʩʪʨʦʠʤ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʝ ʛʨʘʬʳ 1 2 LG ,G ,...,G . ʅʘ 

ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʧʦʣʫʯʘʝʤ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ LG , ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʩʠʣʴʥʦ ʩʚʷʟʥʳʤ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ɸʩʘʥʦʚ ʄ.ʆ., ɹʘʨʘʥʩʢʠʡ ɺ.ɸ., ʈʘʩʠʥ ɺ.ɺ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ: ʛʨʘ-

ʬʳ, ʤʘʪʨʦʠʜʳ, ʘʣʛʦʨʠʪʤʳ.  ʀʞʝʚʩʢ: ʅʀʎ "ʈʍɼ", 2001.  288 ʩ. 
 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: Ellena8952@mail.ru 



16 

ʉ.ɸ. ɺʠʜʝʥʠʥ 
 
ʇʈɽʀʄʋʑɽʉʊɺɸ ʂʆʄʇʆɿʀʊʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 
ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈɽɼʇʈʀʗʊʀʁ 

 
ʉʠʙʠʨʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 
 
ʇʦ ʦʮʝʥʢʘʤ ʵʢʦʥʦʤʠʩʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ - ʦʜʥʦ ʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. 
ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ 
ʧʨʝʜʧʨʠʷʪʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʚʳʧʫʩʢʫ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 
ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʪʘʢʦʡ ʚʘʨʠʘʥʪ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʙʳ 
ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʙʦʣʴʰʠʭ ʚʣʦʞʝ-
ʥʠʡ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʚʨʝʤʝʥʥʦʝ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦ-
ʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ (MES-ʩʠʩʪʝʤʳ). ʂ ʩʦʞʘʣʝʥʠʶ, ʬʘʢʪʳ ʚʥʝʜʨʝ-
ʥʠʷ ʧʦʜʦʙʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʥʪʝʛʨʘʮʠʠ ʠʭ ʩ ʩʫʱʝʩʪʚʫʶ-
ʱʠʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ (ERP - ʩʠʩʪʝʤʘ-
ʤʠ) ʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ, SCADA) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʤ ʷʚʣʝʥʠʝʤ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʢʦʤʧʣʝʢʩʝ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʭ ʩʠʩʪʝʤ ʩʣʦʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤʫ ʟʚʝʥʫ ʥʘ ʨʘʟʥʳʭ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʫʨʦʚʥʷʭ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 
ʨʝʰʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʦʤʥʳʤ ʧʦʪʝʨʷʤ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 
ʧʨʝʜʧʨʠʷʪʠʷ[2]. ʉʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʩʣʦʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 
ʪʠʧʠʯʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʬʘʢʪʠʯʝʩʢʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʦʙʱʝʤ 
ʩʣʫʯʘʝ, ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʠ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʧʦʣʝʟʥʦʩʪʴ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 
ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʝʝ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, 
ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʣʶʯʝʚʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʟʘʥʠʤʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʨʠʪʠʯ-
ʥʦʩʪʠ ʜʣʷ ʝʝ ʙʠʟʥʝʩʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 
ʬʘʢʪʠʯʝʩʢʦʡ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴʶ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ 
ʢʦʤʧʦʥʝʥʪʦʚ. ʂʦʤʧʦʥʝʥʪʳ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ï ʢʦʨʧʦʨʘʪʠʚ-
ʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʝʘʣʠʟʫʶʪ 
ʧʨʠʢʣʘʜʥʦʡ ʬʫʥʢʮʠʦʥʘʣ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ï ʯʘʩ-
ʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷ ʢ çʣʦʩʢʫʪʥʦʡè ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. 
ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 
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ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ, ʘ 
ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ.  

ɺʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʱʝʩʪʚʫʶ-
ʱʝʡ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʮʝʣʝʡ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-
ʘʣʴʥʳʤ ʜʣʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘ-
ʙʦʪʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʝ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟ-
ʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʪʘʢ ʥʘʟʳʚʘʝ-
ʤʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠ ʤʦʞʝʪ 
ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, 
ʦʙʨʘʟʫʶʱʠʤʠ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʟʜʝʣʷʝʤʳʤʠ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʜʪʚʝʨʜʠʣʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝ-
ʛʨʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʟʚʦʣʠʣʦ: ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ 
ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ; ʨʘʙʦʪʘʪʴ ʩ ʨʘʩʧʨʝʜʝʣʝʥ-
ʥʦʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʧʨʠʣʦʞʝʥʠʷʤ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ ʚ ʚʠʜʝ 
ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʧʨʠ-
ʣʦʞʝʥʠʷʤʠ; ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʟʦʚʳ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 
ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʧʦʚʪʦʨʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 
çʫʥʘʩʣʝʜʦʚʘʥʥʳʭè ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʙʘʟʝ ʤʦʨʘʣʴʥʦ 
ʫʩʪʘʨʝʚʰʝʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ; ʧʨʦʚʦʜʠʪʴ ʣʦʢʘʣʴʥʳʝ 
ʠʟʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʟʘʤʝʥʫ ʧʨʠʣʦʞʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʯʘʩʪʴ ʙʠʟ-
ʥʝʩ-ʧʨʦʮʝʩʩʘ ʙʝʟ ʧʝʨʝʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 
ʢʘʢʦʛʦ-ʣʠʙʦ ʚʣʠʷʥʠʷ ʥʘ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ; ʦʙʝʩʧʝʯʠʪʴ ʮʝ-
ʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʜ-
ʧʨʠʷʪʠʷ.  

ʊʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ 
ʧʦ ʢʦʤʧʦʟʠʪʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʟʘʣʦʞʝʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠ-
ʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ çʫʥʘʩʣʝʜʦʚʘʥʥʳʭè ʢʦʨʧʦʨʘ-
ʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [1], ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʙʘʟʝ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʝʡ 
ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʛʨʘʮʠʠ ʠʭ ʦʪʜʝʣʴ-
ʥʳʭ ʬʫʥʢʮʠʡ ʚ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. Integration technology lets business and IT collaborate to improve 

business results, Dave Cavallero, IBM Software Group, 
http:/www.ibmcom/software/inteurationinfo. 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ, ɼʘʥʠʠʣ ʌʝʡʛʠʥ, 
ʆʪʢʨʳʪʳʝ ʉʠʩʪʝʤʳ, ˉ2/2005. 

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: videninserg@mail.ru 
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ɸ.ɸ. ɺʦʨʦʙʴʸʚ, ɽ.ɸ. ʇʦʧʢʦ 
 
ʄʆɼʋʃʔ ɺʓɹʆʈɸ ʄɽʊʆɼɸ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ɼʃʗ ʉʀʉʊɽʄ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ɿʈɽʅʀʗ 
 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 
ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʩʠʩʪʝʤ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ (ʉʊɿ), ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ [1, 2]. 
ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʠʛʨʘʝʪ 
ʚʳʙʦʨ ʤʝʪʦʜʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʡ-
ʜʝʥʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʜʭʦʜʳ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ), ʪʘʢ ʠ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 
ʟʘʪʨʘʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦ-
ʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʠʩʘʥʠʷ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʩʠʤʚʦ-
ʣʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʘ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʟʘʜʘʯʝʡ. 

ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 
 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ 
ʠʟʦʙʨʘʞʝʥʠ̫ 

ʃʦʢʘʣʠʟʘʮʠ̫ ʩʪʨʦʢ 
ʩʠʤʚʦʣʦʚ 

ʉʝʛʤʝʥʪʘʮʠ̫ ʈʘʩʧʦʟʥʘʚʘʥʠʝ 
ʩʠʤʚʦʣʦʚ 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ 

 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʠʤʚʦʣʦʚ ʷʚʣʷʶʪʩʷ [2]: 
- ʢʦʨʨʝʣʣʷʮʠʦʥʥʳʝ; 
- ʧʨʠʟʥʘʢʦʚʳʝ; 
- ʥʦʨʤʘʣʠʟʘʮʠʷ; 
- ʤʝʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʡ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ 
ʚʳʙʠʨʘʪʴʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʜʦʣʞʝʥ ʩʪʨʦʠʪʴʩʷ ʥʘ 
ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶɦ ʠʭ ʩʣʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʝʧʝʥʴ 
ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʠʤʚʦʣʦʚ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʦʜʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ, 
ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ 
ʧʦʩʪʨʦʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʘʙʣʠʮʘ ʠʩʧʳʪʘʥʠʡ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴ-
ʪʘʪʘʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʬʫʥʢʮʠʠ ʚʠʜʘ: 
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 Fi(x1 , x2) = AĀ x1 + BĀ x2  (1) 

ʛʜʝ Fi(x1 , x2) ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, x1 ï ʩʪʝ-
ʧʝʥʴ ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, x2 ï ʩʪʝʧʝʥʴ ʥʘʢʣʦʥʘ ʩʠʤʚʦʣʦʚ, A ʠ B ï 
ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʥʘʤʠ 
ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ).  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʘʝʪʩʷ ʨʝʢʦ-
ʤʝʥʜʘʮʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʣʷ ʩʠʩʪʝʤʳ ʨʘʩʧʦ-
ʟʥʘʚʘʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʘ ʧʨʝʜʣʦ-
ʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʄʦʜʫʣɹ ʟʘʜʘʥʠ̫ 
ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʉʊɿ 

ɹʘʟʘ ʜʘʥʥr ʭ 
ʠʟʦʙʨʘʞʝʥʠʡ
- ʘhʙʣʦʥʦʚ 

ɹʘʟʘ ʜʘʥʥr ʭ 
ʧʨʠʟʥʘʢʦʚ 

ʄʦʜʫʣɹ ʚrʙʦʨʘ 
ʤʝʪʦʜʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠ̫ 

ʂʦʨʝʣʣ̫ʮʠʦʥʥr ʡ 
ʤʝʪʦʜ 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ, 
ʣʦʢʘʣʠʟʘʮʠ̫ ʠ 
ʩʝʛʤʝʥʪʘʮʠ̫ 
ʠʟʦʙʨʘʞʝʥʠʡ 

ʅʦʨʤʘʣʠʟʘʮʠ̫ 

ʅʝʡʨʦʥʥʘ̫ ʩʝʪɹ 

ʇʨʠʟʥʘʢʦʚrʡ 
ʤʝʪʦʜ 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

 
ɼʘʥʥʘʷ ʩʭʝʤʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʥʦ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 
ʩʝʛʤʝʥʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʳʙʦʨʘ (ʚʚʦʜ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ, ʫʯʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʚ ʢʘ-
ʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ).  

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. Chen C.H., Rau L.F. and Wang P.S.P. Handbook of pattern recognition and 

computer vision. ï Singapore-New Jersey-London-Hong Kong: World Sci-
entific Publishing Co. Pte. Ltd., 1995. - 984 p. 

2. ʌʦʨʩʘʡʪ ɼ., ʇʦʥʩ ɾ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ. ï ʄ.: 
ɺʠʣʴʷʤʩ, 2004. ï 928 ʩ. 

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ artall64@gmail.com 
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ʊ.ʀ. ɻʦʨʙʫʥʦʚʘ 

 

ʂʆʄʇʔʖʊɽʈʅɸʗ ʇʆɼɼɽʈɾʂɸ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ 

 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʫʣʘ, ʈʦʩʩʠʷ 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ, ʷʚʣʝ̫ʪʩʷ 

ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ. ɺ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ. 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʵʪʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʜʘʞʝ ʜʣʷ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʨʘʯʘ. ʇʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʯʠʥʘʷ ʩ ʚʥʝʰʥʠʭ ʩʠʤʧʪʦʤʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʣʥʳʤ ʦʙʩʣʝʜʦ-

ʚʘʥʠʝʤ ʙʦʣʴʥʦʛʦ (ʘʥʘʣʠʟ ʢʨʦʚʠ, ʨʝʥʪʛʝʥ, ʪʦʤʦʛʨʘʬʠʷ). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʩʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʙʦʣʝʚʘʥʠʝ ʙʦʣʴʥʦʛʦ ʧʦ ʜʘʥʥʳʤ ʩʠʤʧʪʦʤʘʤ [1]. ʅʦ, ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʙʦʣʝʝ ʪʦʯ-

ʥʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʛʨʫʧʧʫ ʢʨʦʚʠ ʙʦʣʴʥʦʛʦ, ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ, ʫʩʣʦʚʠʷ ʠ ʦʙʨʘʟ ʞʠʟʥʠ, ʨʝʘʢ-

ʮʠʶ ʥʘ ʥʝʛʘʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʋʯʝʪ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʚʠʪʴ 

ʙʦʣʝʝ ʪʦʯʥʳʡ ʜʠʘʛʥʦʟ ʙʦʣʴʥʦʤʫ ʠ ʚʳʙʨʘʪʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʣʝʯʝʥʠʝ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʠʦʜ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʙʦʣʴʥʦʛʦ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʩʦʢʨʘʱʝʥ ʠ 

ʥʝ ʙʫʜʝʪ ʥʘʥʝʩʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʨʝʜ ʦʨʛʘʥʠʟʤʫ, ʚʳʟʚʘʥʥʳʡ ʥʝʧʨʘ-

ʚʠʣʴʥʳʤ ʣʝʯʝʥʠʝʤ. 

ɿʘʜʘʯʫ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʘʞʜʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ kz Z  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ ix X, ʪʘʢʠʭ ʯʪʦ i i jX x , x x  G < . ʂ ʧʦʢʘʟʘʪʝʣʷʤ 

ʦʪʥʦʩʷʪʩʷ ʩʠʤʧʪʦʤʳ ʟʘʙʦʣʝʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ, ʘʧʧʘʨʘʪʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʧʝ-

ʨʝʥʝʩʝʥʥʳʝ ʨʘʥʝʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ, ʦʙʨʘʟ ʠ ʫʩʣʦʚʠʷ ʞʠʟ-

ʥʠ. ɼʠʘʛʥʦʩʪʠʢʘ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ɿʘʜʘʯʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ iz , ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧ-

ʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ: 1 2 NX x ,x ,...,x
.
 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ 

ʦʮʝʥʦʢ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ [2]. ʇʫʩʪʴ ʟʘʜʘʥʳ ʦʧʠʩʘʥʠʷ ʙʦʣʝʟʥʝʡ ʧʦ 

ʤʝʨʝ ʧʨʦʷʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ i i kz , z . ʊʨʝʙʫʝʪʩʷ ʦʧ-

ʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ z ' , ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʝʜʲʷʚʣʝʥʥʳʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʠ, ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʠʟ ʟʘʜʘʥ-

ʥʳʭ ʢʣʘʩʩʦʚ k . ɸʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠ-
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ʮʳ, ʩʦʜʝʨʞʘʱʝʡ ʦʧʠʩʘʥʠʷ ʥʘ ʷʟʳʢʝ ʧʨʠʟʥʘʢʦʚ 
1 2 Nx ,x ,...,x

 
ʚʩʝʭ ʟʘʙʦʣʝ-

ʚʘʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫ ʙʦʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝ-

ʣʝʡ: 

1. ɺʳʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚ iS  ʠʟ ʥʘʙʦʨʘ ʧʦʢʘʟʘʪʝʣʝʡ 
1 2 NX x ,x ,...,x , 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʙʣʠʟʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʄʥʦʞʝʩʪʚʘ iS  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʥʘʙʦʨ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢ-

ʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʄʥʦʞʝʩʪʚʘ ʦʙʨʘʟʫʶʪʩʷ 

ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟ ʩʪʨʦʢ 1 2 kz ,z ,...z ,z ' . 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʨʦʢʠ ʦʙʦʟʥʘʯʠʤ 1 2 kSz ,Sz ,...Sz ,Sz '! ! ! !. 

2. ɿʘʜʘʥʠʝ ʩʠʩʪʝʤʳ ʤʥʦʞʝʩʪʚ ʧʦʢʘʟʘʪʝʣʝʡ ɸS , ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʥʦʞʝʩʪʚ iS : 
ɸ 1 2 lS S ,S ,...,S  

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʠʣʘ ʙʣʠʟʦʩʪʠ. ʇʨʘʚʠʣʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦ-

ʭʦʞʝʩʪʴ ʩʪʨʦʢʠ Sz '!, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʩʧʦʟʥʘʚʘʝʤʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ 

z ', ʠ ʩʪʨʦʢʠ rSz!, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ ʚ ʠʩ-

ʭʦʜʥʦʡ ʪʘʙʣʠʮʝ. ʉʪʨʦʢʠ Sz '! ʠ rSz! ʩʯʠʪʘʶʪʩʷ ʧʦʭʦʞʠʤʠ, ʝʩʣʠ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ  ʥʝʨʘʚʝʥʩʪʚ ʚʠʜʘ: 

 
j j j, j 1,...,r  

ʛʜʝ j j,  - ʟʥʘʯʝʥʠʝ j-ʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʪʘʣʦʥʥʦʛʦ ʠ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ. j  - ʧʦʨʦʛ ʙʣʠʟʦʩʪʠ ʩʠʤʧʪʦʤʦʚ. ʇʨʠʤʝʤ 
1 2 j... . 

4. ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʟʘʙʦʣʝʚʘ-

ʥʠʷ 
iS iɻ (z', ) ʧʦ ʤʥʦʞʝʩʪʚʫ iS , ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʩʫʤʤʘ ʩʭʦʞʠʭ ʩʪʨʦʢ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫɦ ʝʤ ʰʘʛʝ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʟʘʙʦʣʝ-

ʚʘʥʠʷ 
ɸS iɻ (z', ) ʧʦ ʩʠʩʪʝʤʝ ʤʥʦʞʝʩʪʚ ʧʦʢʘʟʘʪʝʣʝʡ ɸS : 

ɸ 1 2 lS i S i S i S iɻ (z', ) ɻ (z', ) ɻ (z', ) ... ɻ (z', ) 

6. ɿʘʜʘʥʠʝ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ - ʦʪʥʝʩʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ ʢ ʦʜʥʦʤʫ ʠʟ ʟʘʜʘʥʥʳʭ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ɸ ɸ ɸS 1 S 2 S kz' z(max ɻ (z', ),ɻ (z', ),...,ɻ (z', ) ) 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʜʝʩʷʪʴ ʙʦʣʴʥʳʭ. ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʜʦʚʦʣʴʥʦ 
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ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʧʦʩʪʘʚʣʝʥʥʳʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʨʘʯʦʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɻʦʨʝʣʠʢ ɸ.ʃ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ: ʅʝʢʦ-

ʪʦʨʳʝ ʘʩʧʝʢʪʳ/ ɸ.ʃ. ɻʦʨʝʣʠʢ, ʀ.ɹ. ɻʫʨʝʚʠʯ, ɺ.ɸ. ʉʢʨʠʧʢʠʥ. ï ʄ.: ʈʘʜʠʦ 

ʠ ʩʚʷʟʴ, 1985. ï 160ʩ.  

2. ɾʫʨʘʚʣʝʚ ʖ. ʀ. ʆʙ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ // ʇʨʦʙʣʝʤʳ ʢʠʙʝʨʥʝʪʠʢʠ. - 1978. - ʊ. 33. 

3. ʉʘʘʪʠ ʊ. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ. ï ʄ. ʈʘʜʠʦ ʠ 

ʩʚʷʟʴ, 1993. ï 278ʩ. 

 

 

 
ʄ.ʃ. ɻʨʠʰʠʥ 

 
ʄɽʊʆɼ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ʉɾɸʊʀʗ ʀʅʌʆʈʄɸʎʀʀ  
ʅɸ ʆʉʅʆɺɽ ʂʆʄɹʀʅɸʊʆʈʅʆɻʆ ʂʆɼʀʈʆɺɸʅʀʗ 

 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʛ. ʊʫʣʘ, ʈʦʩʩʠʷ 

 
ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʩʪʘ-

ʪʠʩʪʠʢʠ ʩʞʠʤʘʝʤʳʭ ʜʘʥʥʳʭ (ʘʣʬʘʚʠʪʘ a[M]  ʠ ʪʘʙʣʠʮʳ ʯʘʩʪʦʪ n[M], ʛʜʝ 

M  ï ʨʘʟʤʝʨ ʘʣʬʘʚʠʪʘ), ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ 

ʨʘʟʣʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ d[N] , ʛʜʝ N  ï ʢʦʣʠʯʝʩʪ-

ʚʦ ʵʣʝʤʝʥʪʦʚ ʩʞʠʤʘʝʤʦʡ ʚʳʙʦʨʢʠ. ʇʦɻ ʪʦʤʫ, ʢʘʞʜʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʜʘʥʥʳʭ, ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ (ʢʦʤʙʠʥʘʪʦʨʥʳʡ) 
ʥʦʤʝʨ (ʢʦʜ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʦʙʣʘʜʘʝʪ ʘʜʘʧʪʠʚʥʦʩʪʴʶ, ʥʦ ʵʪʦ ʢʦʤʧʝʥʩʠ-
ʨʫʝʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʢʦʜʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ 
ʩʞʘʪʠʷ ʠ ʤʝʪʦʜʘ ʍʘʬʬʤʘʥʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʙʳʪʠʝʤ ʷʚʣʷʝʪʩʷ ʦʯʝʨʝʜʥʦʡ 
ʩʠʤʚʦʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʝʡ 

M 1
i i

0 2

i 0

n n
H log

N N
, ʜʣʷ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʩʞʘʪʠʷ ʩʦʙʳʪʠʝʤ ʷʚʣʷʝʪʩʷ 

ʚʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʩ ʫʩʣʦʚʥʦʡ ʵʥʪʨʦʧʠʝʡ N  ʧʦʨʷʜʢʘ 

SN 2H log (C), ʛʜʝ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʩʦʯʝʪʘʥʠʡ 
M 1

i

i 0

C N! n !. ʇʨʠ ʵʪʦʤ 

ʟʘʪʨʘʪʳ ʥʘ ʭʨʘʥʝʥʠʝ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʢʦʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ SN]H [ .  

ʇʨʠ ʢʦʜʠʨʦʚʘʥʠʠ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʠ ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʘʣʬʘʚʠʪʘ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʩʦʯʝʪʘ-
ʥʠʡ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠʤʝʪ ʚʠʜ: 
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M 1

i

i 0

C K ,  (1) 

ʛʜʝ i i
i

i i

(n g )!
K

n !g !
, ʟʜʝʩʴ 

i 1

i k

k 0

g n . iK  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʯʠʩʣʦ ʚʦʟ-

ʤʦʞʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʠʤʚʦʣʘ ʘʣʬʘʚʠʪʘ ia  ʩʦ ʚʩʝʤʠ ʧʨʝʜʰʝʩʪʚʫʶɦ ʠʤʠ 

ʩʠʤʚʦʣʘʤʠ ʩ ʫʯʝʪʦʤ ʪʘʙʣʠʮʳ ʯʘʩʪʦʪ, ʧʨʠ ʵʪʦʤ 0K 1. ɿʥʘʯʝʥʠʝ ʢʦʤʙʠʥʘ-

ʪʦʨʥʦʛʦ ʢʦʜʘ C  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 
i 1M 1

i j
i 1 j 0

C c K ,  (2)  

ʛʜʝ 
ic  ï ʥʦʤʝʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ia  ʚ ʢʦʣʠʯʝʩʪʚʝ in  ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʴʶ 

ʜʘʥʥʳʭ ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʨʝʜʳʜʫʱʠʭ i 1 i 2 0a ,a ,...,a  ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʢʦʣʠʯʝʩʪʚʝ i 1 i 2 0n ,n ,...,n . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʯʠʩʣʠʪʴ M 1 ʥʦʤʝʨʦʚ ʧʝʨʝʩʪʘʥʦʚʦʢ 
ic , ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʤʙʠʥʘʪʦʨʥʳʡ 

ʥʦʤʝʨ C  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥ-

ʥʳʭ. ʇʨʦʮʝʩʩ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʥʦʤʝʨʘ ʩʪʨʦʠʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʮʝʩʩʫ ʢʦʜʠʨʦ-
ʚʘʥʠʷ.  

 
ʈʠʩ. 1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʥʪʨʦʧʠʠ ʥʫʣʝʚʦʛʦ 

ʧʦʨʷʜʢʘ 
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ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʵʥʪʨʦʧʠʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (ʩʤ. ʨʠʩ. 1) ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʥʝ-
ʩʢʦʣʴʢʠʭ ʛʠʛʘʙʘʡʪʘʭ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʪʘʙ-
ʣʠʮʫ ʯʘʩʪʦʪ ʠ ʘʣʬʘʚʠʪ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʭʨʘʥʠʤʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʢʫʨ-

ʩʠʚʥʦʝ ʩʞʘʪʠʝ. ʂʘʞʜʳʡ ʵʪʘʧ ʨʝʢʫʨʩʠʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣ-

ʬʘʚʠʪʘ ʚ ʨʘʟʥʦʩʪʥʫʶ ʬʦʨʤʫ, ʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʣʠʙʦ ʩʞʘʪʠʝʤ ʤʘʩʩʠʚʘ ʠʟ 

ʟʥʘʯʝʥʠʡ ʪʘʙʣʠʮʳ ʯʘʩʪʦʪ ʠ ʨʘʟʥʦʩʪʥʦʛʦ ʘʣʬʘʚʠʪʘ ʦʧʠʩʘʥʥʳʤ ʢʦʤʙʠʥʘ-

ʪʦʨʥʳʤ ʤʝʪʦʜʦʤ, ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʤʘʩʩʠʚʘ ʚ ʚʠʜʝ ʧʨʝʬʠʢʩʥʳʭ ʢʦ-

ʜʦʚ, ʝʩʣʠ ʧʨʦʜʦʣʞʘʪʴ ʨʝʢʫʨʩʠʶ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʩʝʙʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʠ 

ʩʞʘʪʠʠ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʫʝʤʳʭ ʜʘʥʥʳʭ [1], ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷ ʦʩ-

ʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʘʜʘʧ-

ʪʠʚʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɻʨʠʰʠʥ ʄ.ʃ., ɼʘʥʠʣʢʠʥ ʌ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʢʫʨʩʠʚʥʳʭ ʠ ʢʦʤʙʠʥʘʪʦʨ-

ʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʩʞʘʪʠʠ ʤʘʩʩʠʚʦʚ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ʩ ʥʫʣʝʤ. // ʊʫʣ-

ɻʋ, ʇʨʠʙʦʨʳ ʠ ʫʧʨʘʚʣʝʥʠʝ. ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ï 2010. ï 

ɺʳʧʫʩʢ 8. ï ʉ. 39 ï 47. 

 

ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: altmer@arts-union.ru 

 

 

 

ʇ.ɸ. ɼʘʰʢʦʚ 

 

ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʆʎɽʅʂʀ ʐɸʅʉʆɺ ʀ ʈʀʉʂʆɺ 

ʈɸʉʇʈɽɼɽʃɽʅʅʓʍ ʉʀʉʊɽʄ 

 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʩʪʠʪʫʪ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʆʩʪʨʦʪʘ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩ-

ʪʝʤ (ʈʉ) ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʫʩʠʣʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʝʜʠʥʦʡ ʨʘʟʚʠʪʦʡ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ ʫʛʨʦʟ 

ʨʝʩʫʨʩʘʤ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʝʝ ʧʦ-

ʧʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʨʠʩʢ ï ʦʮʝʥʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ.  

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʨʠʩʢʘʤʠ ʠ ʰʘʥʩʘʤʠ 

ʈʉ ʪʘʢʠʝ ʢʘʢ:  

- ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ;  

- ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠ ʦʮʝʥʢʠ ʩʫʙʲʝʢʪʠʚʥʦʡ ʚʝʨʦ-

ʷʪʥʦʩʪʠ; 
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- ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ;  

- ʪʝʦʨʝʪʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʤʝʪʦʜ;  

- ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʪʝʦʨʠʠ ʧʦʣʝʟʥʦʩʪʠ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ 

(ʰʘʥʩʦʚ) ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʈʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʘʜʝʢʚʘʪʥʳʭ ʦʮʝʥʦʢ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʇʨʠʯʝʤ, ʟʘʯʘʩʪʫʶ, ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʥʝʚʦʟʤʦʞʥʦ 

ʫʯʝʩʪʴ ʚʩʝʭ ʬʘʢʪʦʨʦʚ.  

ʇʦʥʷʪʠʝ ʨʠʩʢʘ ʠ ʰʘʥʩʘ ʩʠʩʪʝʤʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʥʝʜʝʪʝʨʤʠʥʠʨʦ-

ʚʘʥʥʦʤ ʤʠʨʝ ʧʦʥʷʪʠʝ ʨʠʩʢʘ ʰʠʨʦʢʦ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʧʦʥʷʪʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʘʢʦ-

ʛʦ-ʣʠʙʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʷʚʣʝʥʠʷ. ɿʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʦʢʘ ʥʝ-

ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʦʨʠʠ ʨʠʩʢʘ ʠ ʤʝʪʦʜʦʚ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʥʝʛʘʪʠʚʥʳʭ 

ʷʚʣʝʥʠʡ ʩ ʪʝʨʤʠʥʦʤ çʨʠʩʢè ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʣʦʩʴ ʢʘʢʦʝ-ʪʦ ʟʥʘʯʝʥʠʝ (ʢʘʯʝ-

ʩʪʚʝʥʥʦʝ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ), ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʛʨʦʟ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʨʠʩʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ çʰʘʥʩè, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʝʝ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʫʩʧʝʰʥʦʩʪʠ ʈʉ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ 

ʧʦʟʠʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʦʪ ʪʝʨʤʠʥ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ 

ʧʦʣʴʟʳ, ʪ.ʝ. ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʈʉ. 

ʅʘ ʧʨʘʢʪʠʢʝ [1] ʧʨʠʤʝʥʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ 

(ʰʘʥʩʦʚ): 

1. ʂʦʥʮʝʧʮʠʷ ʰʘʥʩʘ ʠ ʨʠʩʢʘ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʢʦʥʮʝʧ-

ʮʠʠ ʫʧʨʘʚʣʝʥʠʝ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʠʩʢʦʤ ʠ ʰʘʥʩʦʤ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʠʩʢʘ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʡ ʜʦʭʦʜ. ʄʝʥʝʜʞʤʝʥʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʶ 

ʧʦʣʴʟʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦʪʝʨʴ. 

2. ʂʦʥʮʝʧʮʠʷ ʨʠʩʢʘ ʢʘʢ ʦʧʘʩʥʦʩʪʠ ʠ ʰʘʥʩʘ ʢʘʢ ʫʩʧʝʰʥʦʩʪʠ. ʕʪʘ ʢʦʥ-

ʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʠʯʠʥʷʶʱʠʭ 

ʚʨʝʜ. ʈʠʩʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ, ʘ 

ʪʘʢʞʝ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ. ɺ ʦʪʥʦʰʝʥʠʠ ʰʘʥʩʘ ʧʦ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʨʝʘ-

ʣʠʟʫʝʪʩʷ ʟʝʨʢʘʣʴʥʘʷ ʢʘʨʪʠʥʘ, ʪ.ʝ. ʫʧʨʘʚʣʝʥʠʝ ʰʘʥʩʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʤʘʢʩʠʤʠʟʘʮʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʟʠʪʠʚʥʳʭ ʩʦʙʳʪʠʡ ʠ ʚʝʣʠʯʠʥ 

ʧʦʣʴʟʳ. 

3. ʂʦʥʮʝʧʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟ-

ʤʦʞʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʨʠʩʢ ʜʣʷ ʥʝʝ ʤʠʥʠʤʘʣʝʥ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦ-

ʚʝʥʴ ʨʠʩʢʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫ-

ʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. ʋʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʞʠʜʘʝ-
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ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʦ ʝʩʪʴ ʩʥʠʞʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʣʫ-

ʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ 

ʰʘʥʩʘʤʠ ʩʠʩʪʝʤ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʪʨʘʪʝʛʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʚʦʡ ʢʦʥʮʝʧʮʠʠ ʩʚʷʟʘʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʛʦʜʳ ʦʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈʉ, ʚʪʦʨʦʡ ï ʩ ʤʠʥʠʤʠʟʘʮʠ-

ʝʡ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʧʦʟʠʪʠʚʥʳʭ, ʘ 

ʪʨʝʪʴʝʡ ï ʩ ʫʣʫʯʰʝʥʠʝʤ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʈʉ. 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʨʠʩʢʘ ʠ ʰʘʥʩʘ. ʉʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʠʩʢʘ (ʰʘʥʩʘ) ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ (ʰʘʥʩʦʚ), 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠʟ ʥʠʭ. ɼʣʷ ʚʳʙʦʨʘ ʤʝ-

ʪʦʜʘ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ [1] ʬʘʢʪʦʨʳ: 

- ʥʘʣʠʯʠʝ ʠ ʦʙʲʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʜʘʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ; 

- ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ; 

- ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʩʠʩʪʝʤʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʷʶʪʩʷ [1] ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʪʝʦʨʝʪʠʢʦ-

ʚʝʨʦʷʪʥʦʩʪʥʳʡ, ʵʢʩʧʝʨʪʥʳʡ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʗʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʥʘʢʦʧʣʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʦʪ ʥʠʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ. ʇʨʠ 

ʵʪʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʣʠʯʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʚʣʝʢʘʝʪʩʷ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥʘʭ. 

ɺʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠ-

ʚʣʝʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʣʫʯʘʡ-

ʥʳʭ ʚʝʣʠʯʠʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʦʤʝ ʥʘʣʠʯʠʷ ʩʪʘʪʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ ʦ 

ʚʠʜʝ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʩʪʘʪʠʩʪʠʢʠ ʤʝʥʝʝ ʚʳʩʦʢʠʝ, ʧʦʪʦʤʫ ʯʪʦ 

ʥʝʜʦʩʪʘʶʱʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʮʝʥ-

ʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʤʦʜʝʣʝʡ. ʊʦʯʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘ, ʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʊʝʦʨʝʪʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʤʝʪʦʜ. ʇʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ (ʰʘʥ-

ʩʳ) ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʙʳʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʨʝʜʢʦ ʠ ʥʝʨʝʛʫʣʷʨʥʦ, ʥʦ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʛʘʪʠʚʥʳʝ (ʧʦʟʠʪʠʚʥʳʝ) ʧʨʦʷʚʣʝʥʠʷ. ɼʣʷ ʪʘʢʠʭ 

ʩʦʙʳʪʠʡ ʦʙʳʯʥʦ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʜʝʣʝʡ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ. ʗʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʤ ʠ ʠʤʝʝʪ 

ʥʝʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʝʛʦ ʧʨʠ-

ʤʝʥʝʥʠʝ ʦʧʨʘʚʜʘʥʥʦ. 
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ʕʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʥʠʡ 

ʠ ʦʧʳʪʘ ʵʢʩʧʝʨʪʦʚ ï ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʟʘʜʘʥʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʝʛʦ ʧʨʠʤʝʥʷʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʕʢʩʧʝʨ-

ʪʳ ʧʨʦʠʟʚʦʜʷʪ ʩʫʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʦʚʝʥʴ 

ʨʠʩʢʘ (ʰʘʥʩʘ) ʜʣʷ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪ-

ʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʮʝʥʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʣʫʯʘʡʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʥʘʣʠʯʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 

ʦʮʝʥʢʠ. 

ɸʥʘʣʠʟ ʩʠʩʪʝʤ ʟʘʯʘʩʪʫʶ ʥʘʮʝʣʝʥ ʥʘ ʧʨʝʜʩʢʘʟʘʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʀʟʚʝʩʪʥʳʝ ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʧʦʷʚʣʝʥʠʝ ʧʦʥʷʪʠʡ ʠ ʪʝʦʨʠʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʥʝʯʝʪʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʧʳʪʘʶʪʩʷ ʦʮʝʥʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʚʳʧʘʜʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʤʝʩʪʥʳʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʥʷʪʠʝʤ 

çʚʦʟʤʦʞʥʦʩʪʴè ʢʘʢ ʥʝʢʦʪʦʨʳʤ ʦʙʦʙʱʘʶʱʠʤ ʪʝʨʤʠʥʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʰʘʥʩʘ (ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʣʴʟʳ) ʠ ʨʠʩʢʘ (ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝ-

ʥʠ̫ ʫʱʝʨʙʘ). ʇʨʠ ʵʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʨ ʨʠʩʢʘ ʠ 

ʰʘʥʩʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩ-

ʪʝʤ. 
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ʇʈʆʀɿɺʆɼʉʊɺɸ ɼʃʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 

ʀʅʉʊʈʋʄɽʅʊʆʆɹɽʉʇɽʏɽʅʀʗ 

 
ʂʘʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 

ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ, ʈʦʩʩʠʷ 
 
ʉʠʩʪʝʤʘ ʠʥʩʪʨʫʤʝʥʪʦʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 
ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʉ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠʥʩʪʨʫʤʝʥʪʦʦʙʝʩʧʝʯʝʥʠʷ ʩʫʱʝʩʪ-
ʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʨʝ-
ʙʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺʦʧʨʦʩʘʤ ʠʥʩʪʨʫʤʝʥ-
ʪʦʦʙʝʩʧʝʯʝʥʠʷ ʦʪʚʦʜʷʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʫʧʨʘʚʣʝʥʠʷ. ɸ 
ʠʥʩʪʨʫʤʝʥʪ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʨʝʩʫʨʩʘ ʠ ʥʝ ʘʥʘʣʠʟʠ-
ʨʫʝʪʩʷ ʢʘʢ ʫʧʨʘʚʣʷʝʤʳʡ ʫʯʘʩʪʥʠʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʥʝʡ ʦʪ-
ʩʫʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʩʝʭ ʧʦʜ-
ʨʘʟʜʝʣʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ; ʥʝʵʬʬʝʢʪʠʚʥʘ ʣʦʛʠʩʪʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ; ʜʦʢʫ-
ʤʝʥʪʠʨʦʚʘʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʫʧʦʨʷʜʦʯʝʥʦ ʠ ʥʝ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʳʤ ʜʝʡʩʪʚʠʷʤ ʧʝʨʩʦʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 
ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʦ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʢʘ-
ʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʊʇ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʊʇʇ, ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ʋʨʦʚʝʥʴ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 
ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʦʢ ï ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠʭʦʜʠʪʩʷ ʚʳʙʠʨʘʪʴ ʠʥʩʪ-
ʨʫʤʝʥʪ ʠʟ ɹɼ ʚʨʫʯʥʫʶ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʘ. ɺ ʥʝʢʦʪʦʨʳʭ 
ʩʠʩʪʝʤʘʭ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʯʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʘʣʠ ʠ ʟʘʛʦʪʦʚʢʠ. 

ɺ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʠʥʩʪʨʫʤʝʥʪʦʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʛʨʘʮʠʷ 
ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ (PLM-ʩʠʩʪʝʤʳ) ʠ ʚʳʜʘʯʫ ʧʦʜʩʢʘʟʦʢ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʧʦ ʚʳʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʪʝʭʥʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɼʣʷ ʚʳʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʚʷʟʢʠ ʢ ʜʝʡʩʪʚʫʶʱʝʤʫ ʢʦʜʠʬʠʢʘʪʦʨʫ 
ʠʥʩʪʨʫʤʝʥʪʘ ʚ PLM-ʩʠʩʪʝʤʘʭ, ERP-ʩʠʩʪʝʤʘʭ ʥʝʚʦʟʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʠʥ-
ʬʦʨʤʘʮʠʝʡ ʧʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʧʨʠʚʷʟʢʝ ʢ ʦʧʝʨʘʮʠʷʤ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʝʭʘʥʦʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 
ʥʘ 2 ʛʨʫʧʧʳ: ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʩʙʦʨʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

ʉʙʦʨʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ: 
1) ʆʩʥʦʚʥʦʡ 
2) ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 
3) ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ 



29 

ʈʫʯʥʦʡ ʄʝʭʘʥʠʟʠʨʦʚʘʥʥr ʡ
ʉ
ʪʘ
ʥ
ʜ
ʘ
ʨ
ʪʥr
ʡ

ʉ
ʧ
ʝ
ʮ
ʠ
ʘ
ʣɹ
ʥr
ʡ

ʉ
ʪʘ
ʥ
ʜ
ʘ
ʨ
ʪʥr
ʡ

ʉ
ʧ
ʝ
ʮ
ʠ
ʘ
ʣɹ
ʥr
ʡ

ʉʪʘʮʠʦʥʘʨʥr ʡ ʅʝ ʩʪʘʮʠʦʥʘʨʥr ʡ

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥr ʡ

- ʂʣʁ ʯ

- ɻʚʦʟʜʦʜʝʨ

- ʄʦʣʦʪʦʢ

- ʂʫʚʘʣʜʘ

- ɺʦʨʦʪʦʢ

- ʅʦʞʥʠʮr

- ʆʪʚʝʨʪʢʘ

- ʇʘʩʩʘʪʠʞʠ

- ʇʣʦʩʢʦʛʫʙʮr

- ʐʠʣʦ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʢʣʁ ʯ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʚʦʨʦʪʦʢ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʥʦʞ

- ʉʧʝʮʠʣɹʥʘ̫ 

ʦʪʚʝʨʪʢʘ

- ɻʘʡʢʦʚʝʨʪ

- ɺʠʥʪʦʚʝʨʪ

- ʇʥʝʚʤʦ/ʕʣʝʢʪʨʦ- 

ʪʨʝɦ ʝʪʢʘ

- ʐʧʠʣɹʢʦʚʝʨʪ

- ʇʠʩʪʦʣʝʪ

- 

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥr ʡ 

ʤʦʣʦʪʦʢ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʛʘʡʢʦʚʝʨʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʚʠʥʪʦʚʝʨʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʧʥʝʚʤʦ/

ʣɻʝʢʪʨʦ-

ʪʨʝɦ ʝʪʢʘ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʧhʠʣɹʢʦʚʝʨʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʧʠʩʪʦʣʝʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʤʝʭʘʠʟʠʨʦʚʘʥʥ

ʡr ʤʦʣʦʪʦʢ

- ɻʘʡʢʦʚʝʨʪ

- ɺʠʥʪʦʚʝʨʪ

- ʇʥʝʚʤʦ/ʕʣʝʢʪʨʦ- 

ʪʨʝɦ ʝʢʘ

- ʐʧʠʣɹʢʦʚʝʨʪ

- ʇʠʩʪʦʣʝʪ

- 

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥr ʡ 

ʤʦʣʦʪʦʢ

ʉ
ʪʘ
ʥ
ʜ
ʘ
ʨ
ʪʥr
ʡ

ʉ
ʧ
ʝ
ʮ
ʠ
ʘ
ʣɹ
ʥr
ʡ

- ɻʘʡʢʦʚʝʨʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʚʠʥʪʦʚʝʨʪ

- ʉʧʝʮʠʘʣɹʥʘ̫ 

ʧʥʝʚʤʦ/ʕʣʝʢʪʨʦ-

ʪʨʝɦ ʝʪʢʘ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʧhʠʣɹʢʦʚʝʨʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʧʠʩʪʦʣʝʪ

- ʉʧʝʮʠʘʣɹʥr ʡ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥr ʡ 

ʤʦʣʦʪʦʢ

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

 
ʅʝ ʩʪʘʮʠʦʥʘʨʥr ʡ

ʉʪʘʥʜʘʨʪʥr ʡ ʉʧʝʮʠʘʣɹʥr ʡ

- ʂʣʁ ʯ

- ʅʘʩʘʜʢʘ

- ʇʦʜʜʝʨʞʢʘ

- ɹʦʨʦʜʦʢ

- ɻʚʦʟʜʦʜʝʨ

- ʄʦʣʦʪʦʢ

- ʂʫʚʘʣʜʘ

- ʐʣʘʥʛ

- ʉ̡ ʝʤʥʠʢ

- ʊʝʭʥʦʣʦʛʠʯʝʩʢʘ̫ ʨʫʯʢʘ

- ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʧʦʨ

- ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʣʝʮ

- ʏʘʣʢʘ

- ɼʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʡ ʢʣʁ ʯ

- ʇʝʨʝʭʦʜʥʠʢ

- ʋʜʣʠʥʠʪʝʣɹ

- ʐʠʣʦ

- ʉʧʝʮʠʘʣɹʥr ʡ ʢʣʁ ʯ

- ʐʪʘʪʠʚ

- ʐʘʙʣʦʥ

- ʂʣʝʡʤʦ

- ʉʧʝʮʠʘʣɹʥr ʡ ʧʝʨʝʭʦʜʥʠʢ

- ʉʧʝʮʠʘʣɹʥr ʡ ʫʜʣʠʥʠʪʝʣɹ

- ʉʧʝʮʠʘʣɹʥʘ̫ ʚʩʪʘʚʢʘ

- ɺʪʫʣʢʘ

- ʉʧʝʮʠʘʣɹʥʘ̫ ʥʘʩʘʜʢʘ

- ʉʧʝʮʠʘʣɹʥʘ̫ ʧʦʜʜʝʨʞʢʘ

- ʉʧʝʮʠʘʣɹʥr ʡ ʙʦʨʦʜʦʢ

- ʉʧʝʮʠʘʣɹʥʘ̫ ʟʘʛʣʫh ʢʘ

- ʉʧʝʮʠʘʣɹʥr ʡ ʢʦʣʧʘʯʦʢ

- ʆʧʨʘʚʢʘ

- ʉʧʝʮʠʘʣɹʥr ʡ ʩ̡ʝʤʥʠʢ

- ʉʧʝʮʠʘʣɹʥʘ̫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘ̫ ʨʫʯʢʘ

- ʉʧʝʮʠʘʣɹʥr ʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʧʦʨ

- ʉʧʝʮʠʘʣɹʥr ʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʣʝʮ

- ʉʧʝʮʠʘʣɹʥr ʡ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʡ ʢʣʁ ʯ

- ʉʧʝʮʠʘʣɹʥr ʡ ʧʝʨʝʭʦʜʥʠʢ

- ʉʧʝʮʠʘʣɹʥr ʡ ʫʜʣʠʥʠʪʝʣɹ
 

ʈʠʩ. 2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 
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4) ʄʝʨʠʪʝʣʴʥʳʡ 
5) ʇʨʦʛʨʘʤʤʘ ʏʇʋ 
ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʚʪʦʩʙʦʨʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʳ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʙʦʨʢʠ ʠ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʇʨʠ ʧʨʠʚʷʟʢʝ ʠʥʩʪʨʫʤʝʥʪʘ ʢ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʜʣʷ ʘʚʪʦʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴʩʷ ʦʩ-
ʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʢʘʢ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚʤʝʩʪʝ ʩ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʙʦʨʢʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʝʣʠʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʥʝ 
ʩʪʘʮʠʦʥʘʨʥʳʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʳʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘ 
ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʘʚʠʣʦ ʢʦʜʠʬʠʢʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʘʟʨʘʙʦ-
ʪʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ ʧʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʘ ʢ 
ʢʦʥʢʨʝʪʥʳʤ ʦʧʝʨʘʮʠʷʤ. 

ɺ ʮʝʣʦʤ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʠʥʩʪʨʫʤʝʥʪʦʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʠʪ 
ʪʝʭʥʦʣʦʛʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʘʣʴ-
ʪʝʨʥʘʪʠʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʨʘʙʦʪʘʪʴ ʩ ʝʜʠʥʦʡ ɹɼ, ʩʦʢʨʘ-
ʪʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʠʩʢʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʯʠʪʳʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʶ-
ʱʝʛʦʩʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʚʳʧʫʩʢʘ, ʧʦʚʳʩʠʪʴ ʦʧʝʨʘ-
ʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʙrʦʨʘ 
ʠʥʩʪʨʫʤʝʥʪʘ, ʭʨʘʥʠʪʴ ʚ ʢʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠ 
ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʜʦʤʦʩʪʝʡ ʧʨʠʤʝ-
ʥʷʝʤʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʦʧʝʨʘʮʠʡ. 

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: klochkov.dyu@gmail.com 

 

 
 

ɺ.ʀ. ʂʦʨʦʣʴʢʦʚ 
 
ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ʉʊɽʅɼ ɼʃʗ ʀɿʄɽʈɽʅʀʗ ʇʈʆʌʀʃʗ 

ʈɽʃʔɽʌʅʓʍ ʇɽʈʀʆɼʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ ʄɽʊʆɼʆʄ ʃɸɿɽʈʅʆɻʆ 
ɿʆʅɼʀʈʆɺɸʅʀʗ 

 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ 
ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʃʘʟʝʨʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʥʝʨʘʟʨʫʰʘʶ-

ʱʠʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ [1-2] ʧʦʢʘ-
ʟʘʥʦ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʷ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦ-
ʣʫʯʘʝʤʫʶ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩ ʠʩʩʣʝ-
ʜʫʝʤʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʢʘʢ ʛʣʫʙʠʥʫ, ʪʘʢ ʠ ʬʦʨʤʫ ʧʨʦʬʠʣʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɺ [3] ʧʨʠʚʝʜʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠ-
ʜʝʦʢʘʤʝʨʳ ʜʣʷ ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. ʆʜʥʘʢʦ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʰʫʤʳ ʇɿʉ 



31 

ʩʪʨʫʢʪʫʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʟʚʦʣʷʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʜʝʦʢʘ-
ʤʝʨʫ ʪʦʣʴʢʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʨʝʣʴ-
ʝʬʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʦʪʙʨʘʢʦʚʢʠ.  

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʧʝʮʠʘʣʴ-
ʥʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʩʪʝʥʜʝ (ʩʤ. ʨʠʩ. 1). ɺ ʩʦʩʪʘʚ 
ʩʪʝʥʜʘ ʚʭʦʜʠʣʠ: ʣʘʟʝʨ (1), ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣʠʢ (2), ʬʦʪʦʜʝʪʝʢʪʦʨ (3) ʥʘ 
ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (4), ʧʝʨʩʦʥʘʣʴʥʳʡ 
ʢʦʤʧʴʶʪʝʨ (5). 

ʆʙʨʘʟʝʮ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʣʴʝʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (6) ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ 
ʥʘ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣʠʢ. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʣʘʟʝʨʘ 
ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʠʩʪʝʤʦʡ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ.  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʦʜ ʫʛʣʦʤ  ʥʘʧʨʘʚʣʷʣʩʷ ʣʘʟʝʨʥʳʡ ʣʫʯ, 
ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʣ 4-5 ʧʝʨʠʦʜʦʚ ʨʝʣʴʝʬʘ. ʌʦʪʦʜʝʪʝʢ-
ʪʦʨ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʯʝʨʝʟ ʜʠʘʬʨʘʛʤʫ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ

2
 ʩʢʘʥʠ-

ʨʦʚʘʣ (ʬʦʪʦʤʝʪʨʠʨʦʚʘʣ) ʦʪʨʘʞʝʥʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ. ɺ ʢʘʯʝʩʪ-
ʚʝ ʯʫʚʩʪʚʠʪʝʣʥɹʦʛʦ ʵʣʝʤʝʥʪʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ pin-
ʬʦʪʦʜʠʦʜ BPW24R, ʥʘʛʨʫʞʝʥʥʳʡ ʥʘ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 
ʬʦʪʦʪʦʢʘ ʚ ʥʘʧʨʷʞʝʥʠʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʣʩʷ ʤʘʣʦʰʫʤʷʱʠʡ 
ʧʨʝʮʠʟʠʦʥʥʳʡ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ AD8605. ɼʣʷ ʦʮʠʬʨʦʚʢʠ ʩʠʛʥʘʣʘ 
c ʚʳʭʦʜʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʟɹʦʚʘʣʩʷ 24-ʨʘʟʨʷʜʥʳʡ ɸʎʇ ADS1244. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 
ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʠ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ 

ʜʘʪʯʠʢʦʚ ʩʪʝʥʜʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʵʣʝʢʪʨʦʥʥʳʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʦ-
ʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega8. ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʧʨʦ-
ʮʝʩʩʦʨʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 14,7456 ʄɻʎ. ʆʪ ʤʠʢʨʦʢʦʥʪʨʦʣ-
ʣʝʨʘ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʜʘʚʘʣʠʩʴ ʯʝʨʝʟ ʪʦʢʦ-
ʚʳʝ ʢʣʶʯʠ ʜʨʘʡʚʝʨʘ ULN2003. ʉʚʷʟʴ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ɸʎʇ 
ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʨʦʪʦʢʦʣʫ SPI ʩ ʯʘʩʪʦʪʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 2,4576 ʄɻʎ.  

ʆʩʥʦʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ 
ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 
ʚ ʢʦʤʧʴʶʪʝʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʩʪʨʦʝʥʥʳʡ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʜʫʣʴ UART 
ʠ ʘʧʧʘʨʘʪʥʳʡ ʠʥʪʝʨʬʝʡʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ CP2102, ʪʨʘʥʩʣʠʨʫʶʱʠʡ 
ʩʠʛʥʘʣʳ UART ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʪʦʢʦʣʘ USB. ʉʦ ʩʪʦʨʦ-
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ʥʳ ʢʦʤʧʴʶʪʝʨʘ ʦʙʨʘʱʝʥʠʝ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʙʣʦʢʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠ-
ʣʦʩʴ ʧʦ ʢʘʥʘʣʫ USB ʯʝʨʝʟ ʚʠʨʪʫʘʣʴʥʳʡ COM-ʧʦʨʪ. 

ʇʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʪʝʥʜʦʤ, ʚʢʣʶʯʘʷ ʚʠʟʫʘʣʴ-
ʥʫʶ ʛʨʘʬʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ ʩʨʝʜʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦ-
ʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW. ɺ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʬʝʡʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʚʩʪʨʦʝʥʥʳʝ ʚ LabVIEW ʧʦʜʧʨʦʛʨʘʤʤʳ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠ-
ʪʦʨʠʥʛʘ, ʧʨʠʝʤʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʝʨʝʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨ ʜʘʥʥʳʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ ʧʨʠʤʝ-
ʥʷʣʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʬʘʟʦʚʳʭ ʨʝʣʴ-
ʝʬʥʳʭ ʨʝʰʝʪʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 
ʜʘʪʯʠʢʦʚ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʢʦʣʝʙʘʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʪʳ ʠ ʧʦʣʝʟʥʳʝ 
ʩʦʚʝʪʳ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʂʦʤʦʮʢʦʤʫ ɺ.ɸ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʆɹʒɽɼʀʅɽʅʅʓʁ ʇʈʀʅʎʀʇ ʄɸʂʉʀʄʋʄɸ ɺ ɿɸɼɸʏɽ ʆʇʈɽɼɽʃɽʅʀʗ 
ʇɸʈɸʄɽʊʈʆɺ ʆʇʊʀʄɸʃʔʅʆɻʆ ʈɽɻʋʃʗʊʆʈɸ 

 
ʈʦʩʪʦʚʩʢʠʡ ʚʦʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʨʘʢʝʪʥʳʭ ʚʦʡʩʢ ʠʤ. ʄ.ʀ. ʅʝʜʝʣʠʥʘ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
 
ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʤʠʥʠʤʠʟʠʨʫʶ-

ʱʝʛʦ ʟʘʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʟʘʢʦʥʘʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʷʚʣʷʝʪʩʷ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ, ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥ-
ʥʳʡ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ [1]. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠʥʪʝʟ ʟʘʢʦʥʘ ʦʧʪʠʤʘʣʴ-
ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʃʝʪʦʚʘ ï ʂʘʣʤʘʥʘ [2] ʠʣʠ ʬʫʥʢ-
ʮʠʦʥʘʣʘ ʦʙʦʙʱʝʥʥʦʡ ʨʘʙʦʪʳ ʂʨʘʩʦʚʩʢʦʛʦ ɸ.ɸ. [3] ʚ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʬʫʥʢʮʠʠ ɹʝʣʣʤʘʥʘ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʥʦ-
ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʦʨʤʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ 
ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʫʪʝʤ ʨʝʜʫʢ-
ʮʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʢ ʢʨʘʝʚʦʡ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ɹʝʣʣʤʘʥʘ. 

1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʟʘʢʦʥ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʡ 
ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʠʥʮʠʧʫ ɻʘʤʠʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʠʟʘ-
ʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

 
k kt tn

2 2

1 s s

s 10 0

1 1
J x u dt F x,u dt,s 1,n,

2 2
 (1) 

ʛʜʝ 
1 nx x ,...,x  - ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ; 

1 nu u ,...,u  - ʠʩʢʦʤʳʝ 

ʫʧʨʘʚʣʝʥʠʷ; kt  - ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, n  - ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
2 ʄʝʪʦʜ ʧʨʠʚʝʜʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʛʨʘʥʠ-
ʯʝʥʘ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ. 

ʇʨʠʤʝʥʷʷ ʧʨʦʮʝʜʫʨʫ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ ʢ ʨʘʩʰʠ-
ʨʝʥʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ [1] ʠʤʝʝʤ 

 
kt

1

0

J R J T A F dt  (2) 

ʇʝʨʚʘʷ ʘʩʠʥʭʨʦʥʥʘʷ ʚʘʨʠʘʮʠʷ ʵʪʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠʤʝʝʪ ʚʠʜ  

k
nt

s s s s s s
0

s 1 s s

d T T
J A T F t u x x x u u dt

dt x x"
. 

ʊʘʢ ʢʘʢ ʚʨʝʤʷ kt  ʬʠʢʩʠʨʦʚʘʥʦ, ʪʦ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ, ʘ 

ʠʟ ʚʪʦʨʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚʳʪʝʢʘʶʪ ʪʦʞʜʝʩʪʚʘ 

 
___

s s

s s

d T T
u x 0, s 1,n

dt x x"
,  (3) 

 
ktn

s s

s 1 0

u u 0 . (4) 

ɽʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘʮʠʝʡ 
ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʘʨʠʘʮʠʝʡ ʪʨʘʝʢʪʦʨʠʠ 

 
s s

s s

d T T
u x 0,

dt x x"
 (5) 
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ʇʦʜʩʪʘʥʦʚʢʘ su  ʠʟ (3) ʠ su  ʠʟ (4) ʚ ʫʩʣʦʚʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʧʨʠʚʦʜʠʪ ʟʘʜʘʯʫ ʩʠʥʪʝʟʘ ʦʧʪʠ-
ʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʬʘʟʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. 

ɺʘʨʠʘʮʠʦʥʥʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʠʜ 

 

ktn

s s

s 1 s s s s0

s s s s k s s k s s k

d T T 1 d T T 1
x x dt 0,

dt x x dt x x

t 0, x x (0), x x (0), t t , x x (t ), x x (t ).

" "

" " " "

 (6) 

ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʜʣʷ 
ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʝʚ ʟʘʜʘʯ ʩʠʥʪʝʟʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘ-
ʜʘʯʠ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ, ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ  

 
___

s s

s s

d T T 1
u x , s 1,n

dt x x"
. (7) 

ʇʨʠʤʝʨ. 
ɼʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝʤ  

 0 0 k k kx n,t 0, x 6, x 4, t t , x x 0."" " " (8) 

ʊʨʝʙʫʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʜʚʠ-

ʞʝʥʠʝ x x 0"  ʧʦ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ  

 
kt

2 2

0

J 0.5 (x u )dt . (9) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʠʜ 

2 4 2

0 0 k k k

1
x 2 x x 0, , 1,t 0,x 2,x 3,t t 10,x x 0"" " ". (10) 

ɽʛʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

2x t(Ach t Bsh t) (Cch t Dsh t),u x 2 (Ash t Bch t)

x t(Ash t Bch t) (Ach t Bsh t) (Csh t Dch t)."
 (11) 

ɺʚʠʜʫ ʦʯʝʚʠʜʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʚʨʝʤʝʥʠ 
ʧʨʦʚʝʜʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷ-
ʪʦʨʘ, ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ  

 
kt

2

0

I (Cx bx u) dt" , (12) 
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ʛʜʝ ʧʝʨʝʤʝʥʥʳʝ x t ,x t ,u t"  - ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ (11). ʈʘʟ-

ʚʝʨʥʫʪʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʉ ʠ b  ʨʝʛʫʣʷʪʦʨʘ ʠʤʝʝʪ ʚʠʜ 

 
11 12 1 21 22 2

I I
a C a b F 0, a C a b F 0,

C b
 (13) 

ʛʜʝ 
k k kt t t

2 2

11 12 21 22

0 0 0

a x dt;a a xxdt;a x dt" "  ʠ 
k kt t

1 2

0 0

F uxdt;F uxdt."  

ʇʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ 
 

ʈʠʩ. 1ʘ  

0 2 4 6 8 10

3

2

1

1

2

xi

xapri

xci

xcapri

ti

 

ʈʠʩ. 1ʙ  

3 2 1 0 1

3

2

1

1

2

xci

xcapri

xi xapri

 

˾͙ .ͫ 1 ͍

0 2 4 6 8 10

5

10

ui

u1i

t
i

-5

 

 1

1 k k k 2 k k

1
A ʌ t ch t sh t ʌ t sh t ; 

s

s

F
V

q

kt

0

R T A dt 0  

1

1 k k 2 k k k

1
B -ʌt sh t ʌ t ch t sh t ; 
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k
1 k 0 k 0 k 2 0 k k

2 2

0 k k2

x1 x
ʌ x x ch t x sh t ;ʌ x sh t ch t ;

1 1
C x ;D (x A); t sh t .

" "
"

"

 

ʈʝʟʫʣʴʪʘʪʳ ʪʦʯʥʦʛʦ ʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

1ʘ ï ʛʨʘʬʠʢʘʤʠ ʧʝʨʝʤʝʱʝʥʠʷ 
i ix x t ,xc x(t)" - ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʛʨʘʬʠ-

ʢʘʤʠ 
ktn

2

s s s s

s 1 0

J J J Q Q V V dt - ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝ-

ʥʠʝ. ʆʪʤʝʯʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ-

ʩʷ ʪʘʢʞʝ ʠ ʬʘʟʦʚʳʤ ʧʦʨʪʨʝʪʦʤ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ. 

ɺʳʚʦʜʳ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝ-

ʛʫʣʷʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʩʚʦʜʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʧʦʣʫ-

ʯʘʪʴ ʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝh ʝʥʠʷ. 
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ʣʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ, ʦʩʥʦʚʘʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 
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ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʈ. ɹʝʣʣʤʘʥʘ. ʅʘʡʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦ-

ʚʝ ʯʘʩʪʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʧʨʘʢ-

ʪʠʯʝʩʢʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ ʚʥʝʩʣʘ ʪʝʦʨʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ɸʂʆʈ), ʦʜʥʘʢʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝ-

ʤʳ ʩʠʥʪʝʟʘ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʝʱʝ ʥʝ 

ʧʦʣʫʯʝʥʦ [1]. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʠʥʮʠʧʘ ɻʘʤʠʣʴʪʦʥʘ ï ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʪʝʢʘʶʪ ʚʩʝ ʫʨʘʚ-

ʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ. ʊʝʦʨʝʤʘ, ʜʘʶʱʘʷ ʨʝʰʝʥʠʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʟʚʘʥʘ çʆʙʲʝʜʠʥʝʥʥʳʡ ʧʨʠʥʮʠʧ ʤʘʢ-

ʩʠʤʫʤʘè (ʆʇʄ) [2]. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʨʠʥʮʠʧ ɻʘʤʠʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʠ ʮʝʣʝ-

ʚʦʡ ʬʫʥʢʮʠʦʥʘʣ ʠʤʝʶʪ ʚʠʜ [3]. 

 
kt

0

R T A dt 0 , (1) 

 
kt

1

0

J 0.5 F q,q dt min" , (2) 

ʛʜʝ n

1 nq [q ,...,q ] R ,  - ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ; T - ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ; A - ʨʘʙʦʪʘ ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ 
1 nQ Q ,...,Q , ʟʘʚʠʩʷʱʠʭ ʦʪ ʫʧʨʘʚʣʝʥʠʷ 

u1 nu u ,...,u G . 

ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ: ʦʧʨʝʜʝʣʠʪʴ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ u u q,q" ʪʘʢʦʡ, 

ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦʜ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʲʝʢʪʘ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝ-

ʥʠʷ q 0 ,q 0"  ʚ ʢʦʥʝʯʥʦʝ 
k kq t ,q t" , ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʠʥʠʤʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

2. ʊʝʦʨʝʤʘ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ. ʏʪʦʙʳ ʫʧʨʘʚʣʝʥʠʷ 

uu G  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʪʨʘʝʢʪʦʨʠʷ nq q t R  ʙʳʣʠ ʦʧʪʠʤʘʣʴ-

ʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʫʤʘ ʜʣʷ ʦʙʦʙʱʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ 

 
u

n

s s s
u G s 1

ʌ q,q,u Q u V qmax" ", (3) 

ʧʨʠ ʵʪʦʤ ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ const 0. ɺʝʣʠʯʠʥʘ s

s

F
V

q
 ï ʬʠʢ-

ʪʠʚʥʘʷ ʩʠʣʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʦʩʪʘʚʠʤ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ 
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k

0

t

1

t

J J R T A F dt min .  (4) 

ɽʛʦ ʘʩʠʥʭʨʦʥʥʘʷ ʚʘʨʠʘʮʠʷ ʠ ʫʩʣʦʚʠʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 

 
kt

0

J T A F dt ,  (5) 

 
kt

0
T A F 0 . (6) 

ɼʣʷ ʜʚʫʭ ʫʧʨʘʚʣʝʥʠʡ u , u  ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʚʦʝ ʦʧʪʠʤʘʣʴʥʦʝ, ʘ ʚʪʦ-

ʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʝʨʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʝʤ [1], ʩʨʘʚʥʠʚʘʶʪʩʷ ʘʩʠʥʭʨʦʥ-

ʥʳʝ ʚʘʨʠʘʮʠʠ (5) 

 
ktn

2

s s s s

s 1 0

J J J Q Q V V dt . (7) 

ɿʘʤʝʥʷʷ ʩʠʥʭʨʦʥʥʫʶ ʚʘʨʠʘʮʠʶ ʧʦ ʧʨʘʚʠʣʫ s sq q dt"  [3], ʠʟ (7) ʧʦ-

ʣʫʯʘʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ (3). 

ʀʟ ʪʝʦʨʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʦʤʦʝ ʫʧʨʘʚʣʝʥʠʝ 

 1

s s s sQ q,q,u q V , s 1,n" , (8) 

ʛʜʝ s

s

s s s

dpd T

dq q dq"
 - ʟʥʘʢʦʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝ-

ʜʝʣʷʝʤʘʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʡ ʃʘʛʨʘʥʞʘ ʠ ʫʩʣʦʚʠʡ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʩʪʠ, ʦʧʨʝʜʝʣʷʶɦ ʠʭ ʣʠʥʠʶ ʧʝʨʝʢʣʶʯʝʥʠʷ. 

3. ʇʨʠʤʝʨ. ʊʦʯʢʘ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠ-

ʝʤ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣ ʠʤʝʶʪ ʚʠʜ: 

 

k

0

1

1 2

2 1 3

3

t
2 2

1

t

x x ,

x x ;

x sinx x ;

x u,

J x u dt.

"

"

"

"

 (9) 

ʋʧʨʘʚʣʝʥʠʝ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʤʘʢʩʠʤʫʤʘ, ʠʤʝʝʪ ʚʠʜ: 
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2

2 2 121

1 1 3 21 2

1 1

t

3 1

0

x x sign x2 x
u sinx x x

L x x

x V u dt.

, (10) 

ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʦʢʘʟʘʥʳ: ʛʨʘʬʠʢ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʬʘʟʦʚʳʡ 

ʧʦʨʪʨʝʪ ʜʣʷ ʩʣʫʯʘʷ 10x 10 , 20x 5 , 
20 201

0 101

10

x x
V x

L x
, 1 1, 

1L 1 . 

 

 

ʈʠʩ. 1. ʇʝʨʝʭʦʜʥr ʡ ʧʨʦʮʝʩʩ ʈʠʩ. 2. ʌʘʟʦʚrʡ ʧʦʨʪʨʝʪ

 
 
ɿʘʢʣʶʯʝʥʠʝ. ʆʙʲʝʜʠʥʝʥʥʳʡ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʫʥʠʚʝʨʩʘʣʝʥ, ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʩʠʥʪʝʟ ʫʧʨʘʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʇʦʥʪʨʷʛʠʥ ʃ.ʉ., ɹʦʣʪʷʥʩʢʠʡ ɺ.ʊ., ɻʘʤʢʨʝʣʠʜʟʝ ʈ.ɺ., ʄʠʱʝʥʢʦ ɽ.ʌ. ʄʘ-
ʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʄ: ʅʘʫʢʘ, ʠʟʜ. 3 - ʝ, 
1976. ï 392 ʩ. 

2. ʃʫʨʴʝ ɸ.ʀ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ. ʄ: ɻʀʌʄʃ, 1961. ï 824ʩ. 
3. ʂʦʩʪʦʛʣʦʪʦʚ ɸ.ɸ., ʂʦʩʪʦʛʣʦʪʦʚ ɸ.ʀ., ʃʘʟʘʨʝʥʢʦ ʉ.ɺ. ʦʙʲʝʜʠʥʝʥʥʳʡ 
ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʚ ʟʘʜʘʯʝ ʘʥʘʣʠʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠ-
ʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ // ɸɺʊ, 2007, ˉ5. ʉ. 52 - 61. 

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: rh3311@mail.ru 



40 

ʀ.ɺ. ʄʘʨʜʘʥʦʚ 

 
ʇʈʀʄɽʅɽʅʀɽ ʄʅʆɻʆɸɻɽʅʊʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ʇʆʀʉʂɸ 
ʅɽʀʉʇʈɸɺʅʆʉʊʀ ɼɺʀɻɸʊɽʃɽʁ ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ 

 
ʂʘʤʩʢʘʷ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 

ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ, ʈʦʩʩʠʷ 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʨʦʮʝʩʩʳ ʧʨʝ-
ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʥʘʥʠʷ, ʘ ʪʘʢ ʞʝ ʟʘʤʝʥʘ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ 
ʨʘʟʣʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʠʤʝ-
ʨʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ (ʄɸʉ). 

ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-
ʣʝʢʪʘ, ʢʦʪʦʨʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʠʣʠ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʝʪ 
ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ. 

ɺ ʪʝʦʨʠʠ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʟʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞ-
ʥʳʡ ʧʨʠʥʮʠʧ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʜʠʥ ʘʛʝʥʪ ʚʣʘʜʝʝʪ ʚʩʝʛʦ ʣʠʰʴ ʯʘʩʪʠʯʥʳʤ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ, ʘ ʟʥʘʯʠʪ, ʦʥ ʤʦʞʝʪ ʨʝʰʠʪʴ 
ʣʠʰʴ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʦʙʱʝʡ ʟʘʜʘʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞ-
ʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ ʠ ʦʨʛʘʥʠ-
ʟʦʚʘʪʴ ʤʝʞʜʫ ʥʠʤʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʩʪʨʦ-
ʠʪʴ ʝʜʠʥʫʶ ʤʥʦʛʦʘʛʝʥʪʥʫʶ ʩʠʩʪʝʤʫ.  

ɺ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʄɸʉ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʛʦ ʨʦʜʘ 
ʜʝʬʝʢʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʣʦʤʢʠ (ʩʤ ʪʘʙʣ. 1.). 

 
ʊʘʙʣʠʮʘ 1 

ʉʚʷʟʴ ʜʝʬʝʢʪʦʚ ʩ ʧʦʣʦʤʢʦʡ 

 ɼʝʬʝʢʪ 
ʇʦʣʦʤʢʘ 

ʰʫʤ ʚʠʙʨʘʮʠʷ ʜ ʤrʥʦʩʪʴ 

ʂʘʨʪʝʨ ʜʚʠʛʘʪʝʣʷ ʜʘ ʜʘ ʥʝʪ 

ʎʇɻ ʜʘ ʜʘ ʜʘ 

ʂʣʘʧʘʥ ʜʘ ʥʝʪ ʜʘ 

ʈʘʩʧʨʝʜ. ʚʘʣ ʜʘ ʜʘ ʥʝʪ 

ʂʦʣʝʥ. ʚʘʣ ʜʘ ʜʘ ʜʘ 

 
ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʜʝʬʝʢʪʦʚ ʠ ʧʦʣʦʤʦʢ, ʪʦ ʚʦʟʤʦʞ-

ʥʦ ʧʦʣʫʯʝʥʠʝ 7 ʘʛʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʫʩʣʦʚʠʡ 
ʥʘʣʠʯʠʷ ʧʨʠʟʥʘʢʘ ʜʝʬʝʢʪʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʣʷ ʘʛʝʥʪʘ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ, ʝʩʣʠ ʚʳʧʦʣ-
ʥʷʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʫʩʣʦʚʠʝ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʛʝʥʪ ʚʳʜʘʝʪ ʨʝʰʝʥʠʝ 
ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ: ʥʘʠʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ - ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʡ ʦʪ-
ʚʝʪ. ʇʦʩʣʝ ʚʳʜʘʯʠ ʦʪʚʝʪʘ ʘʛʝʥʪ ʟʘʧʨʘʰʠʚʘʝʪ ʚʝʨʥʦʩʪʴ ʨʝʰʝʥʠʷ. ɺ ʩʣʫʯʘʝ 
ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʦʪʚʝʪʘ ʦʙ ʦʰʠʙʦʯʥʦʩʪʠ ʚʳʷʚʣʝʥʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 
ʘʛʝʥʪ ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʥʝʠʩ-
ʧʨʘʚʥʦʩʪʝʡ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʦʷʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʝʨʦʷʪ-
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ʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʪ-
ʚʝʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʘʛʝʥʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨ-
ʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʜʚʠʛʘ-
ʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɸ.ʅ. ʐʚʝʮʦʚ. ɸʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ: ʦʪ ʬʦʨʤʘʣʴʥʳʭ ʤʦ-
ʜʝʣʝʡ ʢ ʧʨʦʤʳʣhʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʷʤ 

2. Ferguson I.A. Touring Machines: An Autonomous agents with attitudes. 
IEEE Computer, 25(5): 51-55, 1992. 

 

 
 

ʀ.ɺ. ʄʘʩʣʦʚʘ 
 
ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʆʁ 

ʆɹʈɸɹʆʊʂʀ ɹɸʅɼɸɾɽʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʋʇʈɸɺʃʗɽʄʆɻʆ 
ʉʊɸʅʆʏʅʆɻʆ ʄʆɼʋʃʗ 

 
ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 
ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ 

 
ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʦʧʦʨʥʳʝ ʫʟʣʳ ʚʨʘʱʘʶʱʠʭʩʷ ʮʝʤʝʥʪʥʳʭ ʧʝʯʝʡ, ʜʦʨʦʛʦʩʪʦʷʱʝʝ 
ʤʝʨʦʧʨʠʷʪʠʝ ʚ ʩʣʫʯʘʝ ʦʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʦʩʩʪʘʥʦʚʠ-
ʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʙʘʥʜʘʞʝʡ ʠ ʨʦʣʠʢʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʷʪ 
ʥʘ ʨʘʙʦʪʘʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ [1]. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʨʫʧʥʦʛʘʙʘ-
ʨʠʪʥʳʭ ʪʝʣ ʚʨʘʱʝʥʠʷ ʩ ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʚʩʪʨʘʠʚʘʝʤʳʤʠ ʩʪʘʥʢʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚ-
ʣʠʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʜʝʪʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝ-
ʮʠʘʣʴʥʳʭ ʙʘʟʠʨʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʚʩʝʛʜʘ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟ-ʟʘ ʫʩʢʦʨʝʥ-
ʥʦʛʦ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɸʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʘʥʦʯʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʙʘʥʜʘʞʝʡ ʠ ʨʦʣʠʢʦʚ ʮʝʤʝʥʪʥʳʭ ʧʝʯʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʧʪʠ-
ʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ, ʧʦʜʘʯʘ, ʫʛʦʣ 
ʫʩʪʘʥʦʚʢʠ ʨʝʟʮʘ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʦʚʘʥʳ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʨʠʝʥʪʠʨʦʚʘ-
ʥʠʷ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʜʝʪʘʣʠ. ʉʪʘʥʦʯʥʳʡ ʤʦʜʫʣʴ ʩʥʘʙʞʝʥ ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʥʝ-
ʩʫʱʠʤ ʧʦʧʝʨʝʯʥʳʡ ʩʫʧʧʦʨʪ ʩ ʨʝʟʮʝʜʝʨʞʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʚʦʨʦʪ ʨʝʟʮʘ ʟʘ ʩʯʝʪ ʯʝʨʚʷʯʥʦʡ ʧʘʨʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʦʚʦʨʦʪʥʳʡ ʤʝʭʘ-
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ʥʠʟʤ ʩ ʧʨʠʚʦʜʦʤ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʨʠʚʦʜ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʳʣʝʪʘ ʨʝʟʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ 
ʨʝʟʘʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘ-
ʣʠ. 

ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʠ ʧʦʣʦ-
ʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʬʦʨʤʳ ʙʘʥʜʘʞʘ ʚ ʢʘʞʜʳʡ ʤʦ-
ʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʩʥʘʙʞʘʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ 
ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʫʧʨʘʚʣʷʝʪ ʧʨʠʚʦʜʘʤʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʠ ʫʛʣʦʚʦ-
ʛʦ ʧʦʣʦʞʝʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

 
 

 
 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʘʥʦʯʥʦʛʦ ʤʦʜʫʣʷ 
 
ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʩʪʘʥʦʯʥʦʛʦ ʤʦʜʫʣʷ ʧʦʟʚʦʣʝ̫ʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫ-
ʤʝʥʪʘ, ʧʦʚʳʩʠʪʴ ʝʛʦ ʩʪʦʡʢʦʩʪʴ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʐʨʫʙʯʝʥʢʦ ʀ.ɺ. ʉʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʯʝʥʠʷ ʦʧʦʨ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʙʘʨʘʙʘʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ: ʤʦʥʦʛʨʘʬʠʷ / ʀ.ɺ. ʐʨʫʙʯʝʥʢʦ. ī ɹʝʣʛʦʨʦʜ: ʀʟʜ-ʚʦ ɹɻʊʋ, 
2006. ī 284 ʩ. 

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: iren_mas@list.ru 
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ɼ.ɺ. ʇʠʥʯʝʨ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʉʊʈʆɽʅʀʗ ʀɼɽʅʊʀʌʀʂɸʊʆʈɸ ʉʊʈɸʊɽɻʀʀ 

ʇʈʆʊʀɺʆɼɽʁʉʊɺʋʖʑɽʁ ʉʊʆʈʆʅʓ 

 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʫʣʘ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚʩʸ ʰʠʨʝ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʫʜʥʦʬʦʨʤʘʣʠʟʫʝʤʳʭ ʟʘʜʘʯ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʟʘʜʘʯʫ ʦʮʝʥʠʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ ʩʪʦʨʦʥʳ. 

ʆʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʸ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʫʩʧʝʰʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʪʘʢʠʭ ʚʘʞ-

ʥʳʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʵʢʦʥʦʤʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ.  

ɺ ʟʘʜʘʯʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦʜ ʩʪʨʘʪʝʛʠʝʡ ʧʦʥʠʤʘʝʪʩʷ 

ʪʨʘʝʢʪʦʨʠʶ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ï ʚʳʙʨʘʥʥʘʷ ʩʫʙʲʝʢʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʦʩʪʦʷʥʠʡ 
k ,k 0,1,...,n  çʠʛʨʳè. ɿʜʝʩʴ 0 ï 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʛʨʳ, n ï ʝʸ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ, k ï ʜʠʩʢʨʝʪʥʦʝ 

ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʦ ʩ ʦʯʝʨʝʜʥʳʤʠ ʭʦʜʘʤʠ ʃʇʈ

kx  ʠ ʇʉkx  

ʩʫʙʲʝʢʪʦʚ ï ʫʯʘʩʪʥʠʢʦʚ ʠʛʨʳ: ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ (ʃʇʈ), ʩ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ ʩʪʦʨʦʥʳ (ʇʉ) ï ʩ ʜʨʫʛʦʡ. 

ɼʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʨʘʟʥʦʪʠʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘ-

ʨʘʪʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʥʦʡ ʠʜʝʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪ-

ʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʨʘʟʥʦʪʠʧʥʳʤʠ (ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ) ʧʝʨʝʤʝʥʥʤrʠ [1]. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʯʸʪʢʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ [2]: 
k

1,i 2,i m,i 1,i 2,i n,i
i 1

LIN (a a ... a ) (b b ... b ),G < < < < < < < ʛʜʝ 

i, j ja A , j=1,é,m; i=1,é,k; k ï ʯʠʩʣʦ ʧʨʘʚʠʣ, Aj ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ 

ʚʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, 
l,i lb B , l=1,é,n; i=1,é,k; Bl ï ʤʥʦ-

ʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɺʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʢʦʨʝʞʠ ʚʠʜʘ 
ʇʉ ʇʉ ʃʇʈ ʇʉ ʃʇʈ

ʚʭ i n 1 1 i-1 i-1X , , x ,x , , x ,x ,> , ʛʜʝ i  ï ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝ-

ʤʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʶʪʩʷ ʨʝʰʝʥʠʷ, 
ʇʉ

n
 ï ʞʝʣʘʝʤʦʝ ʜʣʷ 

ʇʉ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ çʠʛʨʳè, ʇʉ ʃʇʈ

j jx ,x  ï ʥʝʢʦʪʦʨʳʝ j-ʪʳʝ çʭʦʜʳè ʃʇʈ ʠ 

ʇʉ, ʛʜʝ 1 j i. ʅʘ ʚʳʭʦʜ ʤʦʜʝʣʠ ʧʦʜʘʶʪʩʷ ʤʥʦʞʝʩʪʚʦ ʢʦʨʪʝʞʝʡ ʚʠʜʘ 

k k

ʇʉ ʇʉ

ʚʳʭY s , s , ʛʜʝ k

ʇʉs  ï ʦʮʝʥʢʘ ʩʪʨʘʪʝʛʠʠ ʇʉ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʢʦ-

ʥʝʯʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʜʦʧʫʩʪʠʤʳʭ ʩʪʨʘʪʝʛʠʡ k

ʇʉ ʇʉs S , ʘ k
ʇʉs  ï ʬʫʥʢʮʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʟʘʜʘʥʥʦʤʫ ʥʘʙʦʨʫ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. 



44 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʦʠʪʴ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʧʦ ʧʨʠʥʮʠʧʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʡ ʩʠʩʪʝʤʳ [3], ʙʘʟʫ ʟʥʘʥʠʡ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʨʪʝʞʝʡ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʮʝʥʦʢ ʩʪʨʘʪʝʛʠʡ. 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʤʦʜʝʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʣʠʥʛʚʠʩ-

ʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʚʠʜʘ: 

 
m n ir X Y , r R , (1) 

ʛʜʝ r  ï ʥʝʢʦʪʦʨʦʝ ʧʨʘʚʠʣʦ ʠʟ ʢʦʥʝʯʥʦʛʦ ʥʘʙʦʨʘ R , nX  ï ʢʦʨʪʝʞ ʚʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, mY  ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʥʥʦʤʫ ʢʦʨʪʝʞʫ ʦʮʝʥʢʘ ʩʪʨʘʪʝʛʠʠ 

ʇʉ.  

ʇʨʘʚʠʣʘ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʙʘʟʳ ʟʥʘ-

ʥʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʸ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʜʝʣʷʤʠ, ʠʤʝʶʱʠʤʠ ʞʸʩʪʢʦ ʟʘʜʘʥʥʳʝ ʧʨʘʚʠʣʘ. 

ʀʩʢʦʤʘʷ ʩʪʨʘʪʝʛʠʷ ʇʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶɦ ʠʤ ʦʙʨʘʟʦʤ: 

 
ʇʉ

ʇʉ *

i ʚʭ i
s

s  argmax r X , r R , (2) 

ʛʜʝ 
ʇʉ

s  ï ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʮʝʥʢʠ ʩʪʨʘʪʝʛʠʠ 
ʇʉ

s  ʢʦʨʪʝʞʫ 

ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʭX  ir , ï ʧʨʘʚʠʣʦ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢʦʥʝʯʥʦʤʫ ʤʥʦ-

ʞʝʩʪʚʦ ʧʨʘʚʠʣ ʤʦʜʝʣʠ *R , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ (1) ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʢʦʨʪʝʞʘ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ 

ʇʉ ʚ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʕɺʄ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʊʦʢʘʨʝʚ ɺ.ʃ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʄʦʥʦʛʨʘ-

ʬʠʷ. ï ʄ.: ʀʟʜ-ʚʦ ʉɻʋ, 2000. 
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ʪʝʤ. ï ʉʇʙ: ʇʠʪʝʨ, 2000 ʛ. 

 

ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: Pincher.Denis@gmail.com 
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ɸ.ʗ. ʈʘʩʢʠʥ 
 
ʉʀʉʊɽʄɸ ʌʀʂʉʀʈʆɺɸʅʀʗ ʀ ʋʇʈɸɺʃɽʅʀʗ ɸɺɸʈʀʁʅʓʄʀ 
ʉʀʊʋɸʎʀʗʄʀ ɺ ʂʆʄʄʋʅɸʃʔʅʓʍ ʉɽʊʗʍ ɺʆɼʆʉʅɸɹɾɽʅʀʗ 

 
ʆʆʆ çʊʝʭʥʦʪʨʦʥʠʢʩè 
ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʣʝʥʠʠ 

ʢʦʤʤʫʥʘʣʥɹʳʭ ʨʝʩʫʨʩʦʚ, ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 
ʘʢʪʫʘʣʥɹʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʊʉ) çʎʝʥʩʦʨ-ʊʝʭʥʦʪʨʦʥʠʢʩè, ʫʧʨʦʱʝʥ-
ʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʀʊʉ çʎʝʥʩʦʨ-ʊʝʭʥʦʪʨʦʥʠʢʩè 
 
ʆʙʲʝʢʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʢʦʥʪʨʦʣʣʝʨ) ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʦʪ ʜʘʪ-

ʯʠʢʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʭ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘʧʨʘʚʣʷʝʪ ʧʦʜʛʦʪʦʚʣʝʥ-
ʥʳʝ ʜʘʥʥʳʝ ʚ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʮʝʥʪʨ ʠ ʦʢʘʟʳʚʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪ-
ʚʠʷ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʮʝʥʪʨʘ ʠ 
ʦʙʲʝʢʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʦ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʢʘʥʘʣʳ ʩʚʷʟʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʀʊʉ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʯʥʳʡ çʂʦʥʪʨʦʣʴ, ʋʧʨʘʚʣʝ-
ʥʠʝ, ɹʝʟʦʧʘʩʥʦʩʪʴè.  

ʉʨʝʜʠ ʤʥʦʛʠʭ ʬʫʥʢʮʠʡ ʢʦʥʪʨʦʣʣʝʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʬʫʥʢʮʠʷ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʘʷ ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʚʝʯʘʝʪ ʟʘ ʬʠʢʩʠʨʦʚʘʥʠʝ ʘʚʘ-
ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʦʙʲʝʢʪʝ ʢʦʤʤʫʥʘʣʴʥʦʡ ʩʝʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʫʧʨʘʚ-
ʣʝʥʠʝ ʜʘʥʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ. ʌʠʢʩʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʦʩʫʱʝʩʪ-
ʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʧʨʦʪʝʯʢʠ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 
ʘʚʘʨʠʡʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʦʪʢʨʳʪʦʡ ʚʣʘʛʠ ʚ ʧʦʤʝʱʝʥʠʠ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʝʨʝʢʨʳʪʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 
(ʪʨʫʙʦʧʨʦʚʦʜʦʚ) ʧʨʠ ʬʠʢʩʘʮʠʠ ʬʘʢʪʘ ʧʨʦʪʝʯʢʠ. ʀʩʪʦʯʥʠʢʦʤ ʚʣʘʛʠ, ʥʘ-
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ʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʝʯʢʠ ʙʘʪʘʨʝʡ ʦʪʦʧʣʝʥʠʷ, ʪʨʫʙ ʩʠʩʪʝʤʳ ʚʦʜʦ-
ʩʥʘʙʞʝʥʠʷ ʣʠʙʦ ʦʩʘʜʢʠ. ʇʝʨʝʢʨʳʪʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʵʪʦ ʚʥrʫʞʜʝʥʥʘʷ 
ʵʢʩʪʨʝʥʥʘʷ ʤʝʨʘ, ʢʦʪʦʨʘʷ, ʦʜʥʘʢʦ, ʥʝ ʦʪʤʝʥʷʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʠ ʚʳ-
ʝʟʜʘ ʙʨʠʛʘʜʳ ʨʝʤʦʥʪʥʠʢʦʚ. 

ɼʘʪʯʠʢ ʧʨʦʪʝʯʢʠ ʚʦʜʳ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʯʫʚʩʪ-
ʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʪʯʠʢ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʷʤʦʝ ʧʦʧʘʜʘʥʠʝ ʚʦʜʳ ʥʘ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʣʝ-
ʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʚʦʟʤʦʞʥʦʡ ʧʨʦʪʝʯʢʠ. ʏʫʚʩʪ-
ʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʙʣʦʢʫ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʦʙʨʘʟʫʷ 
ʰʣʝʡʬ ʩʠʛʥʘʣʠʟʘʮʠʠ. ɹʣʦʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʨʝʘʛʠʨʫʝʪ ʢʘʢ ʥʘ ʧʦʧʘʜʘ-
ʥʠʝ ʚʣʘʛʠ ʥʘ ʣʶʙʦʡ ʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʥʘ ʦʙʨʳʚ ʰʣʝʡ-
ʬʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ ʘʚʘʨʠʠ. ʇʨʠ ʵʪʦʤ ʫʧʨʘʚ-
ʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʧʝʨʝʢʨʳʪʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʳʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦ-
ʪʝʯʢʝ. ʂʦʣʠʯʝʩʪʚʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʢʣʯʁʘʝʤʳʭ ʢ ʙʣʦʢʫ 
ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʥʝ ʦʛʨʘʥʠʯʝʥʦ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʁ ʪʩʷ ʥʝʘʜʨʝʩʥʳʤʠ ʠ ʧʨʠ ʙʦʣʴʰʦʤ ʠʭ ʢʦʣʠʯʝʩʪʚʝ 
ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʦʞʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʘ ʧʨʦʪʝʯʢʠ. 
ʇʨʠ ʧʦʩʪʘʚʢʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʢʘʞʜʳʡ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʜʦʣʞʝʥ ʧʨʠʭʦʜʠʪʴʩʷ ʦʜʠʥ ʦʢʦʥʝʯʥʳʡ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʆʢʦʥʝʯʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʦʪʣʠʯʘʝʪ-
ʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʥʘʣʠʯʠʝʤ ʨʝʟʠʩʪʦʨʘ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʛʦ ʰʣʝʡʬ ʩʠʛʥʘ-
ʣʠʟʘʮʠʠ. ʆʢʦʥʝʯʥʳʡ ʯʫʚʩʪʚʠʪʝʣʥɹʳʡ ʵʣʝʤʝʥʪ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʰʣʝʡʬʝ 
ʧʦʩʣʝʜʥʠʤ. ɼʘʪʯʠʢ ʧʨʦʪʝʯʢʠ ʠʤʝʝʪ ʜʚʘ ʚʳʭʦʜʘ: ʚʳʭʦʜ çɸʚʘʨʠʷè ʠ ʫʧʨʘʚ-
ʣʷʶʱʠʡ ʚʳʭʦʜ. ɺʳʭʦʜ çɸʚʘʨʠʷè ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʜʚʫʭ ʩʦʙʳʪʠʷʭ ï ʧʨʠ 
ʬʠʢʩʘʮʠʠ ʬʘʢʪʘ ʧʨʦʪʝʯʢʠ ʠ ʧʨʠ ʦʙʨʳʚʝ ʰʣʝʡʬʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝ-
ʤʝʥʪʘ. ʋʧʨʘʚʣʷʶʱʠʡ ʚʳʭʦʜ ʩʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʬʠʢʩʘʮʠʠ ʬʘʢʪʘ 
ʧʨʦʪʝʯʢʠ. 

ʈʘʙʦʪʫ ʪʘʢʦʡ ʀʊʉ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʦʡ ʤʘʩʩʦʚʦʛʦ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ). ʂʘʞʜʘʷ ʉʄʆ, ʨʝʰʘʶʱʘʷ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ, ʧʨʝʜʥʘ-
ʟʥʘʯʝʥʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʢʦʛʦ-ʪʦ ʧʦʪʦʢʘ ʟʘʷʚʦʢ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʉʄʆ 
ʚ ʢʘʢʠʝ-ʪʦ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʧʦʩʪʫʧʠʚʰʝʡ ʟʘ-
ʷʚʢʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʧʦʩʣʝ ʯʝʛʦ ʢʘʥʘʣ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʠ 
ʛʦʪʦʚ ʢ ʧʨʠʥʷʪʠʶ ʩʣʝʜʫʶɦ ʝʡ ʟʘʷʚʢʠ. ʉʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʘ ʟʘʷʚʦʢ 
ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʢʘʢʠʝ-ʪʦ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʥʘ ʚʭʦʜʝ ʉʄʆ ʩʢʘʧ-
ʣʠʚʘʝʪʩʷ ʠʟʣʠʰʥʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʟʘʚ̫ʦʢ (ʦʥʠ ʦʙʨʘʟʫʶʪ ʦʯʝʨʝʜʴ, ʣʠʙʦ 
ʧʦʢʠʜʘʶʪ ʉʄʆ ʥʝ ʦʙʩʣʫʞʝʥʥʳʤʠ); ʚ ʜʨʫʛʠʝ ʞʝ ʧʝʨʠʦʜʳ ʉʄʆ ʙʫʜʝʪ ʨʘʙʦ-
ʪʘʪʴ ʩ ʥʝʜʦʛʨʫʟʢʦʡ ʠʣʠ ʚʦʦʙʱʝ ʧʨʦʩʪʘʠʚʘʪʴ [1]. 

ʂʘʞʜʘʷ ʉʄʆ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʪʦʢʘ ʟʘʷʚʦʢ, ʦʙʣʘʜʘʝʪ ʢʘʢʦʡ-ʪʦ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʝʡ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 
ʧʦʪʦʢʦʤ ʟʘʷʚʦʢ. ʉʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʘ ʟʘʷʚʦʢ, ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʉʄʆ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-
ʜʠʪʴ ʥʝʢʦʪʦʨʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ. ʏʪʦʙʳ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʮʠʦ-
ʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʲʷʚʠʪʴ ʨʘʟʫʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 
ʢ ʉʄʆ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ, 
ʦʧʠʩʘʪʴ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ [2].  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʉʄʆ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪʩʷ, ʝʩ-
ʣʠ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ, ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʠʤ. 
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ʊʦʛʜʘ ʫʜʘʸʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʦʧʠʩʘʪʴ ʨʘʙʦʪʫ ʉʄʆ ʩ ʧʦʤʦʱʴʶ ʘʧ-
ʧʘʨʘʪʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ (ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ï ʣʠ-
ʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ) ʫʨʘʚʥʝʥʠʡ ʠ ʚʳʨʘʟʠʪʴ ʚ ʷʚʥʦʤ ʚʠʜʝ ʦʩʥʦʚʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʉʄʆ ʠ 
ʧʦʪʦʢʘ ʟʘʷʚʦʢ [3]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ, ʙʳʣ ʤʘʨʢʦʚʩʢʠʤ, 
ʥʫʞʥʦ, ʯʪʦʙʳ ʚʩʝ ʩʦʙʳʪʠʷ, ʧʝʨʝʚʦʜʷʱʠʝ ʩʠʩʪʝʤʫ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷ-
ʥʠʝ, ʙʳʣʠ ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ. ɼʣʷ ʉʄʆ ï ʵʪʦ ʧʦʪʦʢʠ ʟʘʷʚʦʢ, ʧʦʪʦʢʠ ʦʙʩʣʫ-
ʞʠʚʘʥʠʷ ʟʘʷʚʦʢ ʠ ʪ.ʜ. ɽʩʣʠ ʵʪʠ ʧʦʪʦʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ, ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʉʄʆ, ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʆʜʥʘʢʦ, ʚʩʝ ʞʝ ʘʧʧʘʨʘʪ çʤʘʨʢʦʚʩʢʦʡè ʪʝʦ-
ʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ ï ʩ ʝʛʦ 
ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʄʆ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʧʨʠ-
ʙʣʠʞʝʥʥʦ.  

ʉʄʆ ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ: ʩʠʩʪʝʤʳ ʩ ʦʪʢʘʟʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʟʘʷʚʢʘ, ʧʦ-
ʩʪʫʧʠʚʰʘʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚʩʝ ʢʘʥʘʣʳ ʟʘʥʷʪʳ, ʧʦʣʫʯʘʝʪ çʦʪʢʘʟè, ʧʦʢʠʜʘ-
ʝʪ ʉʄʆ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʮʝʩʩʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝ ʫʯʘʩʪʚʫʝʪ; ʩʠʩʪʝʤʳ ʩ 
ʦʞʠʜʘʥʠʝʤ (ʩ ʦʯʝʨʝʜʴʶ), ʚ ʥʠʭ ʟʘʷʚʢʘ, ʧʦʩʪʫʧʠʚʰʘʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚʩʝ 
ʢʘʥʘʣʳ ʟʘʥʷʪʳ, ʩʪʘʥʦʚʠʪʩʷ ʚ ʦʯʝʨʝʜʴ ʠ ʦʞʠʜʘʝʪ, ʧʦʢʘ ʥʝ ʦʩʚʦʙʦʜʠʪʩʷ 
ʦʜʠʥ ʠʟ ʢʘʥʘʣʦʚ. ʂʘʢ ʪʦʣʴʢʦ ʦʩʚʦʙʦʜʠʪʩʷ ʢʘʥʘʣ, ʧʨʠʥʠʤʘʝʪʩʷ ʢ ʦʙʩʣʫʞʠ-
ʚʘʥʠʶ ʦʜʥʘ ʠʟ ʟʘʷʚʦʢ, ʩʪʦʷʱʠʭ ʚ ʦʯʝʨʝʜʠ. 

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʀʊʉ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ 
ʧʨʠʤʝʥʷʪʴ ʉʄʆ ʩ ʦʞʠʜʘʥʠʝʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ 
ʉʄʆ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ: ʯʠʩʣʦ ʢʘʥʘʣʦʚ n, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ , ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 
(ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ , ʦʙʩʣʫʞʠʚʘʝʤʦʝ ʢʘʥʘʣʦʤ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ), 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʯʝʨʝʜʠ [4]. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʧʦʪʦʢʠ ʩʦ-
ʙʳʪʠʡ, ʧʝʨʝʚʦʜʷʱʠʝ ʉʄʆ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ, ʧʫʘʩʩʦʥʦʚʩʢʠʝ.  

ʇʨʦʩʪʝʡʰʝʡ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʉʄʆ ʩ ʦʞʠʜʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦ-
ʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ (n-1), ʥʘ ʢʦʪʦʨʫʶ ʧʦʩʪʫʧʘʝʪ ʧʦʪʦʢ ʟʘʷʚʦʢ ʩ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴʶ ɚ; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ  (ʪʦ ʝʩʪʴ ʚ ʩʨʝʜʥʝʤ ʥʝʧʨʝʨʳʚʥʦ 

ʟʘʥʷʪʳʡ ʢʘʥʘʣ ʙʫʜʝʪ ʚʳʜʘʚʘʪʴ  ʦʙʩʣʫʞʝʥʥʳʭ ʟʘʷʚʦʢ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝ-

ʥʠ). ɿʘʷʚʢʘ, ʧʦʩʪʫʧʠʚʰʘʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʘʥʘʣ ʟʘʥʷʪ, ʩʪʘʥʦʚʠʪʩʷ ʚ ʦʯʝ-
ʨʝʜʴ ʠ ʦʞʠʜʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʩʥʘʯʘʣʘ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪ ʚ ʦʯʝʨʝʜʠ ʦʛʨʘʥʠʯʝʥʦ 
ʯʠʩʣʦʤ m, ʪ.ʝ. ʝʩʣʠ ʟʘʷʚʢʘ ʧʨʠʰʣʘ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚ ʦʯʝʨʝʜʠ ʫʞʝ ʩʪʦʷʪ 
m  ʟʘʷʚʦʢ, ʦʥʘ ʧʦʢʠʜʘʝʪ ʩʠʩʪʝʤʫ ʥʝ ʦʙʩʣʫʞʝʥʥʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʫʩʪʨʝ-
ʤʠʚ m  ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʤʳ ʧʦʣʫʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʉʄʆ 
ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʯʝʨʝʜʠ [5]. 

ɹʫʜʝʤ ʥʫʤʝʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʷ ʉʄʆ ʧʦ ʯʠʩʣʫ ʟʘʷʚʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʩʠʩʪʝʤʝ (ʢʘʢ ʦʙʩʣʫʞʠʚʘʝʤʳʭ, ʪʘʢ ʠ ʦʞʠʜʘʶʱʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ): 0S  ï ʢʘ-

ʥʘʣ ʩʚʦʙʦʜʝʥ, 1S  ï ʢʘʥʘʣ ʟʘʥʷʪ, ʦʯʝʨʝʜʠ ʥʝʪ, 2S  ï ʢʘʥʘʣ ʟʘʥʷʪ, ʦʜʥʘ ʟʘ-

ʷʚʢʘ ʩʪʦʠʪ ʚ ʦʯʝʨʝʜʠ, kS  ï ʢʘʥʘʣ ʟʘʥʷʪ, k 1 ʟʘʷʚʦʢ ʩʪʦʠʪ ʚ ʦʯʝʨʝʜʠ, 

m 1S  ï ʢʘʥʘʣ ʟʘʥʷʪ, m  ʟʘʷʚʦʢ ʩʪʦʷʪ ʚ ʦʯʝʨʝʜʠ. 
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ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʉʄʆ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʩʦ-

ʙʳʪʠʡ, ʧʝʨʝʚʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ ʧʦ ʩʪʨʝʣʢʘʤ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʚʩʝ ʨʘʚʥʳ , 

ʘ ʩʧʨʘʚʘ ʥʘʣʝʚʦ ï . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʩʪʨʝʣʢʘʤ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʩʠʩʪʝʤʫ 

ʧʝʨʝʚʦʜʠʪ ʧʦʪʦʢ ʟʘʷʚʦʢ (ʢʘʢ ʪʦʣʴʢʦ ʧʨʠʜʝʪ ʟʘʷʚʢʘ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ 
ʩʣʝʜʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ), ʩʧʨʘʚʘ ʞʝ ʥʘʣʝʚʦ ï ʧʦʪʦʢ çʦʩʚʦʙʦʞʜʝʥʠʡè ʟʘʥʷ-
ʪʦʛʦ ʢʘʥʘʣʘ, ʠʤʝʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ  (ʢʘʢ ʪʦʣʴʢʦ ʙʫʜʝʪ ʦʙʩʣʫʞʝʥʘ 

ʦʯʝʨʝʜʥʘʷ ʟʘʷʚʢʘ, ʢʘʥʘʣ ʣʠʙʦ ʦʩʚʦʙʦʜʠʪʩʷ, ʣʠʙʦ ʫʤʝʥʴʰʠʪʩʷ ʯʠʩʣʦ ʟʘʷ-
ʚʦʢ ʚ ʦʯʝʨʝʜʠ). ʇʦʣʴʟʫʷʩʴ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ, ʜʘʥʥʳʤ ʜʣʷ ʩʭʝʤʳ ʛʠʙʝʣʠ ʠ 
ʨʘʟʤʥʦʞʝʥʠʷ, ʥʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ, 

ʚʚʦʜʷ ʦʙʦʟʥʘʯʝʥʠʝ : 

 

m 2

0

1 0

2

2 0

k

k 0

m 1

m 1 0

p (1 ) / (1 ),

p p ,

p p ,

...

p p ,

...

p p .

. (1) 

 

S0 S1 S2
. . . Sk

. . . Sm+1

ʆʯʝʨʝʜʠ ʥʝʪ

 
ʈʠʩ. 2. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʉʄʆ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʦʞʠʜʘʥʠʝʤ 

 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʬʦʨʤʫʣʘ ʜʣʷ 0p  ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ 

ʧʨʠ 1  (ʧʨʠ 1 ʦʥʘ ʜʘʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚʠʜʘ 0 / 0). ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ 
0p 1 m 2 . 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ: 

- ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ: m 1 m 2

ʦʪʢ m 1P p (1 ) / (1 ) ; 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ:  

 m 1 m 2

ʦʪʢq 1 P 1 (1 ) / (1 ) ; 

- ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ: A q ; 

- ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʯʝʨʝʜʠ: 

 2 m m 2r [1 (m 1 m )] / (1 )(1 ) ;  
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- ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʦʙʩʣʫʞʠʚʘʥʠʝʤ: 

 m 2 m 2( ) / (1 ) ; 

- ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʉʄʆ: k r ; 

- ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ: ʦʞt r / ,  ʪʦ ʝʩʪʴ ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʨʘʚʥʦ ʩʨʝʜʥʝʤʫ ʯʠʩʣʫ ʟʘʷʚʦʢ ʚ ʦʯʝʨʝʜʠ, ʜʝʣʸʥʥʦʤʫ ʥʘ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʚ̫ʦʢ; 

- ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʢʠ ʚ ʩʠʩʪʝʤʝ: 
ʩʠʩʪt r / (q / ) . 

ʇʨʠ ʫʩʪʨʝʤʣʝʥʠʠ m  ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʧʨʦʠʟʚʝʜʷ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝ-

ʭʦʜ m  ʠʟ ʬʦʨʤʫʣ (1), ʩʪʨʦʛʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 1  ʝʩʪʴ ʫʩʣʦʚʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʉʄʆ ʩ ʦʞʠʜʘʥʠʝʤ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʳʡ ʫʩʪʘʥʦʚʠʚʰʠʡ-

ʩʷ ʨʝʞʠʤ; ʧʨʠ 1  ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʥʝ ʩʫɦ ʝʩʪʚʫʝʪ, ʠ ʦʯʝʨʝʜʴ ʧʨʠ t  

ʨʘʩʪʸʪ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 
 

ʊʘʙʣʠʮʘ 1 
ʇʦʪʦʢ ʟʘʷʚʦʢ. ɻʠʧʦʪʝʟʘ ʦ ʧʫʘʩʩʦʥʦʚʩʢʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʀʥʪʝʨʚʘʣ 
ʠʟʤʝʥʝʥʠʷ 

ʉɺ, ix  

ʏʘʩʪʦʪʳ, 

im  

ʅʦʨʤʠʨʦʚʘʥ-
ʥʳʡ 

ʠʥʪʝʨʚʘʣ, ix  

ʏʘʩʪʦʪʳ, 

im  
i 1 i

i

x x
m

2
 iP  in P  2

i  

115,723 1201 115,723 1201 87371,159 0,51203 1137,21 3,57823 

231,447 526 231,447 526 57803,833 0,24986 554,929 1,50808 
347,17 214 462,894 382 32981,166 0,18142 402,93 1,08717 

462,894 168 810,064 95 31592,485 0,05011 111,299 2,38689 
578,617 42 1041,51 13 16143,413 0,00502 11,1484 0,30752 

694,34 32 1388,68 4 28641,539 0,00139 3,07946 0,27517 

810,064 21   24070,465    
925,787 8   14754,732    

1041,51 5   34427,708    
1157,23 3   16490,583    

1272,96 0   7290,5735    

1388,68 1   6654,0949    

 2221  2221 161,2885  2

ʅɸɹʃ
 9,14307 

ʙ  0,05   0,062001  
2

ʂʈ  9,5 

 
ɼʣʷ ʪʦʯʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ S ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʝʸ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝ-

ʥʳ ʦʪʜʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ  ʠ  ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠʥʞʝʥʝʨʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ɺ ʪʘʙʣ. 1-2 ʧʨʠʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʪʢʘʟʘʤ ʠ ʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʠʩʪʝʤ ʢʦʤʤʫʥʘʣʴʥʦʛʦ 
ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʫʜʘ ʚʭʦʜʷʪ ʩʠʩʪʝʤʳ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʩʠʩʪʝʤʳ 
ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʠ. ʇʦ ʵʪʠʤ ʜʘʥ-
ʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʦʪʢʘʟʘʭ ʠʛʨʘʝʪ ʥʘʨʫʞʥʘʷ 
ʢʦʨʨʦʟʠʷ ʪʨʫʙ ï 82%.  
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ʊʘʙʣʠʮʘ 2  
ʇʦʪʦʢ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɻʠʧʦʪʝʟʘ ʦ ʧʫʘʩʩʦʥʦʚʩʢʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

 
ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.3, ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ  ʠ ʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʳ ʧʦ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʠ ʩʘʤʠ  ʠ ʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʚʘʥʠʷ. - ʄ.: ʅʘʫʢʘ, 1966. ï 431 ʩ. 

2. Lyalin V.E., Poponina O.M., Semenov V.V. Mathematical models of calcula-
tion of reliability of engineering communications and the equipment at multi-
level model of management of the large enterprise // Audit and financial 
analysis. ï 2006. ï ˉ4 ï P.102-135. 

3. ʂʨʫʧʠʮʢʠʡ ʄ.ʃ. ʕʢʦʥʦʤʠʢʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʞʠʣʠʥɦʦʛʦ 
ʭʦʟʷʡʩʪʚʘ. - ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1987. ï 203ʩ. 

4. ɹʫʨʣʘʢʦʚ ʄ.ɺ. ʉʠʪʫʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫ-
ʞʠʚʘʥʠʷ. - ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1991. ï 158ʩ. 

5. ʆʚʯʘʨʦʚ ʃ.ɸ. ʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ï 
ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1969. ï 210ʩ. 

ʀʥʪʝʨʚʘʣ 
ʠʟʤʝʥʝʥʠʷ 

ʉɺ, ix  

ʏʘʩʪʦʪʳ, 

im  

ʅʦʨʤʠʨʦ-
ʚʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ, ix  

ʏʘʩʪʦʪʳ, 

im  
i 1 i

i

x x
m

2
 iP  in P  2

i  

122,47 1593 122,47 1593 113591,2604 0,69653 1547 1,36779 

244,941 441 244,941 441 45375,26896 0,21137 469,463 1,7257 

367,411 103 734,822 184 13471,73977 0,09131 202,802 1,74312 

489,881 64 1469,64 3 7715,632779 0,00078 1,73331 0,92569 

612,352 17   3857,81639    

734,822 1   4715,108921    

857,293 0   21493,54846    

979,763 0   7348,221695    

1102,23 0   0    

1224,7 1   2326,93687    

1347,17 0   2571,877593    

1469,64 1   5633,636633    

 2221  2221 102,7019579  2

ʅɸɹʃ
 5,7623 

ʙ  0,05   0,00194738  2

ʂʈ  6 
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ʀ.ʅ. ʈʫʙʝʞʥʘʷ, ɽ.ʉ. ɹʫʢʢʘ, ʈ. ɸ. ʂʦʯʢʘʨʦʚ  
 

ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʉʃʆɾʅʆʉʊʔ ʇɸʈɸʃʃɽʃʔʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 
ʈɸʉʂʈɸʉʂʀ ʇʈɽɼʌʈɸʂʊɸʃʔʅʆɻʆ ɻʈɸʌɸ, ʇʆʈʆɾɼɽʅʅʆɻʆ 

ʄʅʆɾɽʉʊɺʆʄ ɿɸʊʈɸɺʆʂ 
 
ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɹʝʣʛʦʨʦʜʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʦʧʝʨʘʮʠʠ 
ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ 3  ʨʘʩʢʨʘʩʢʠ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘʬʘ, 

ʧʦʨʦʞʜʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʦʤ ʟʘʪʨʘʚʦʢ, ʧʦʩʪʨʦʝʥ ʜʣʷ PRAM (Parallel Ran-
dom Access Machine) ï ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 
[1]. 

ɸʣʛʦʨʠʪʤ 3  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ L L LG (V ,E ), ʧʦʨʦʞʜʝʥʥʳʡ 

ʤʥʦʞʝʩʪʚʦʤ ʟʘʪʨʘʚʦʢ 
t 1 2 t TH H H ,H ,...,H ,...,H , T 2, ʩʤʝʞʥʦʩʪʴ ʩʪʘ-

ʨʳʭ ʨʝʙʝʨ ʢʦʪʦʨʦʛʦ ʩʦʭʨʘʥʷʝʪʩʷ. ʂʘʞʜʘʷ ʠʟ ʟʘʪʨʘʚʦʢ tH  ʷʚʣʷʝʪʩʷ - 

tf -ʭʨʦʤʘʪʠʯʝʩʢʠʤ ʛʨʘʬʦʤ. ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ k ʧʨʦʮʝʩʩʦʨʦʚ 

1 2 kp ,p ,...,p , ʛʜʝ L 1k n  [2, 3]. 

ɸʣʛʦʨʠʪʤ 3  

ɺʭʦʜ: ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ L L LG (V ,E ) . 

ɺʳʭʦʜ: ʤʠʥʠʤʘʣʴʥʘʷ f -ʨʘʩʢʨʘʩʢʘ ʧʨʝʜʬʨʘʢʪʘʣʴʥʦʛʦ ʛʨʘʬʘ LG . 

ʐʘʛ 1. ʅʘʟʥʘʯʠʤ ʧʨʦʮʝʩʩʦʨ 1p  ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʢʝ ʧʝʨʚʦʛʦ ʨʘʥʛʘ (1)

1z . ʇʨʦ-

ʮʝʩʩʦʨ 1p  ʧʨʠʤʝʥʷʝʪ ʧʨʦʮʝʜʫʨʫ ʄʠʥʈʘʩʢʨʘʩʢʘ ʢ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʢʝ (1)

1z . 

ɼʣʷ ʚʩʝʭ l 2,3,...,L  ʚʳʧʦʣʥʠʪʴ: 

ʐʘʛ l . (1) ʅʘʟʥʘʯʠʤ ʢʘʞʜʳʡ ʠʟ k  ʧʨʦʮʝʩʩʦʨʦʚ 1 2 kp ,p ,...,p  ʧʦʜʛʨʘʬ-

ʟʘʪʨʘʚʢʘʤ ( l)

sz , l 1s 1,n . ʂʘʞʜʳʡ ʧʨʦʮʝʩʩʦʨ ʙʫʜʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʦʣʴʢʦ 

ʥʘʟʥʘʯʝʥʥʫʶ ʝʤʫ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʢʫ. 

(2) ʆʜʥʦʚʨʝʤʝʥʥʦ k  ʧʨʦʮʝʩʩʦʨʦʚ 1 2 kp ,p ,...,p  ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠʤʝʥʷʶʪ ʧʨʦʮʝʜʫʨʫ ʄʠʥʈʘʩʢʨʘʩʢʘ ʢ ʥʘʟʥʘʯʝʥʥʦʡ ʧʦʜ-
ʛʨʘʬ-ʟʘʪʨʘʚʢʝ. 
ʇʨʦʮʝʜʫʨʘ ʄʠʥʈʘʩʢʨʘʩʢʘ 

ɺʭʦʜ: ʛʨʘʬ G (V,E), ʦʢʨʘʰʝʥʥʘʷ ʚʝʨʰʠʥʘ v . 

ɺʳʭʦʜ: ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʩʢʨʘʩʢʘ ʛʨʘʬʘ G . 

 

ʊʝʦʨʝʤʘ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 3  ʥʘ ʧʨʝʜʬʨʘʢ-

ʪʘʣʴʥʦʤ ʛʨʘʬʝ LG , ʧʦʨʦʞʜʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʦʤ ʟʘʪʨʘʚʦʢ 
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t 1 2 t TH H H ,H ,...,H ,...,H , T 2  ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʤʝʞʥʦʩʪʠ ʩʪʘʨʳʭ ʨʝ-

ʙʝʨ, ʨʘʚʥʘ 2O(n N) . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʜʦʢʘʟʘʪʝʣʩɹʪʚʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʡ ʛʨʘʬ ʧʦʨʦʞʜʘʝʪʩʷ ʟʘʪʨʘʚʢʘʤʠ t t tH (W ,Q ), ʩ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʚʝʨʰʠʥ ʨʘʚʥʳʤ 
t

t 1,2,...,T
n max W . ʊʦ ʝʩʪʴ ʜʣʷ ʢʘʞʜʦʡ ʧʦʜʛʨʘʬ-

ʟʘʪʨʘʚʢʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʨʘʚʥʳʤ n .  

ɸʣʛʦʨʠʪʤ 3  ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʦʢʨʘʰʠʚʘʝʪ n  ʚʝʨʰʠʥ ʧʦʜʛʨʘʬ-

ʟʘʪʨʘʚʢʠ (1)

1z  ʧʨʦʮʝʩʩʦʨʦʤ 1p , ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʄʠʥʈʘʩʢʨʘʩʢʘ. 

ʇʨʦʮʝʜʫʨʘ ʄʠʥʈʘʩʢʨʘʩʢʘ, ʧʦ ʩʫʪʠ, ʠʟʚʝʩʪʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʘʣʛʦ-

ʨʠʪʤ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʧʦʨʷʜʢʘ 2n  ʦʧʝʨʘʮʠʡ ʜʣʷ ʨʘʩʢʨʘʩʢʠ 
n -ʚʝʨʰʠʥʥʦʛʦ ʛʨʘʬʘ [4, 5]. ʊʦʛʜʘ ʜʣʷ ʨʘʩʢʨʘʩʢʠ n -ʚʝʨʰʠʥʥʦʡ ʟʘʪʨʘʚʢʠ 

ʧʦʪʨʝʙʫʝʪʩʷ 2n  ʦʧʝʨʘʮʠʡ. ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʦʢʨʘʰʠʚʘʶʪʩʷ ʚʝʨʰʠʥʳ ʧʦʜ-

ʛʨʘʬ-ʟʘʪʨʘʚʦʢ ʚʪʦʨʦʛʦ ʨʘʥʛʘ 
2

(2)

sz . ʅʘ ʢʘʞʜʦʡ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʢʝ ʨʘʙʦʪʘʝʪ 

ʥʘʟʥʘʯʝʥʥʳʡ ʝʡ ʧʨʦʮʝʩʩʦʨ 
2sp , 2s 1,2,...,n, ʘ ʧʨʦʮʝʩʩ ʨʘʩʢʨʘʩʢʠ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʄʠʥʈʘʩʢʨʘʩʢʘ. ɼʣʷ ʨʘʩʢʨʘʩʢʠ ʢʘʞʜʦʡ 

ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʢʠ ʪʨʝʙʫʝʪʩʷ ʧʦ 2n  ʦʧʝʨʘʮʠʡ, ʘ ʚ ʩʫʤʤʝ ʜʣʷ ʚʩʝʭ ʧʦʜ-

ʛʨʘʬ-ʟʘʪʨʘʚʦʢ ʚʪʦʨʦʛʦ ʨʘʥʛʘ 2n n  ʦʧʝʨʘʮʠʡ. ʅʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʦʢʨʘʰʠʚʘ-

ʶʪʩʷ ʚʝʨʰʠʥʳ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʦʢ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ 
3

(3)

sz  ʧʨʦʮʝʩʩʦʨʘʤʠ 
3sp , 

2

3s 1,2,...,n . ɼʣʷ ʨʘʩʢʨʘʩʢʠ ʢʘʞʜʦʡ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʢʠ ʪʨʝʙʫʝʪʩʷ 2n  ʦʧʝ-

ʨʘʮʠʡ, ʘ ʚ ʩʫʤʤʝ ʜʣʷ ʚʩʝʭ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʦʢ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ 2 2n n  ʦʧʝʨʘ-

ʮʠʡ. ɼʘʣʝʝ ʥʘ ʧʦʩʣʝʜʥʝʤ L -ʦʤ ʰʘʛʝ ʦʢʨʘʰʠʚʘʶʪʩʷ ʚʝʨʰʠʥʳ ʧʦʜʛʨʘʬ-

ʟʘʪʨʘʚʦʢ L -ʦʛʦ ʨʘʥʛʘ 
L

(L)

sz  ʧʨʦʮʝʩʩʘʤʠ 
Lsp , L 1

Ls 1,2,...,n . ʉʣʦʞʠʚ ʯʠʩʣʦ 

ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʢʨʘʩʢʠ ʚʝʨʰʠʥ ʧʦʜʛʨʘʬ-ʟʘʪʨʘʚʦʢ 
ʨʘʟʥʳʭ ʨʘʥʛʦʚ, ʧʦʣʫʯʘʝʤ:  

 2 2 2 2 L 1 2 2 2 L 11 n n n n n ... n n n (1 n n ... n )  

 2 L 2 L 2 L 2n (n 1) / (n 1) n n / (n 1) n n n N . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 3  ʨʘʚʥʘ 

2O(n N) . 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɺʦʝʚʦʜʠʥ, ɺ. ɺ., ɺʦʝʚʦʜʠʥ, ɺʣ. ɺ. ʇʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ 

[ʊʝʢʩʪ]. ï ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2002. ï 608 ʩ. - 3000 ʵʢʟ. - ISBN 5-94157-
160-7. 
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2. ʂʦʯʢʘʨʦʚ, ɸ. ɸ., ʂʦʯʢʘʨʦʚ, ʈ. ɸ. ʇʘʨʘʣʣʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʘ 
ʧʨʝʜʬʨʘʢʪʘʣʴʥʳʭ ʛʨʘʬʘʭ [ʊʝʢʩʪ]: ʧʨʝʧʨʠʥʪ - ʄ.: ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ 
ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ, ˉ 84., 2003. ï 59 ʵʢʟ. 

3. ʂʦʯʢʘʨʦʚ, ɸ. ʄ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʛʨʘʬʦʚ. ɸʣʛʦʨʠʪʤʠ-

ʯʝʩʢʠʡ ʧʦʜʭʦʜ [ʊʝʢʩʪ].  ʅʠʞʥʠʡ ɸʨʭʳʟ: ʈɸʅ ʉɸʆ, 1998. ï 170 ʩ. ï 200 
ʵʢʟ. 

4. ʂʨʠʩʪʦʬʠʜʝʩ, ʅ. ʊʝʦʨʠʷ ʛʨʘʬʦʚ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. 
[ʊʝʢʩʪ]: [ʧʝʨ. ʩ ʘʥʛʣ.] / ʕ. ɺ. ɺʝʨʰʢʦʚʘ, ʀ. ɺ. ʂʦʥʦʚʘʣʴʮʝʚʘ ï ʄ.: ʄʠʨ, 
1978. ï 432 ʩ. ï 14000 ʵʢʟ.  

5. ɸʩʘʥʦʚ, ʄ. ʆ., ɹʘʨʘʥʩʢʠʡ, ɺ. ɸ., ʈʘʩʠʥ, ɺ. ɺ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘ-

ʪʠʢʘ: ʛʨʘʬʳ, ʤʘʪʨʦʠʜʳ, ʘʣʛʦʨʠʪʤʳ [ʊʝʢʩʪ].  ʀʞʝʚʩʢ: ʅʀʎ "ʈʍɼ", 2001. ï 
288 ʩ. ï 1500 ʵʢʟ. ï ISBN 5-93972-076-5.  

 
ʉʚʷʟʴ ʩ ʘʚʪʦʨʦʤ: inrub@rambler.ru 
 

 

 

ʅ.ʇ. ʉʝʤʠʯʝʚʩʢʘʷ, ɸ.ʉ. ɹʘʪʫʨʠʥ 

 

ʈʆɹɸʉʊʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ʅɽʃʀʅɽʁʅʓʄʀ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʄʀ ʆɹʒɽʂʊɸʄʀ ʉ ʋʇʈʋɻʀʄʀ 

ɼɽʌʆʈʄɸʎʀʗʄʀ 

 

ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʩʪʝʧʝʥʥʳʤʠ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʧʨʦʪʷʞʝʥ-

ʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʫʧʨʫʛʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶɦ ʠʝ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʠ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʧʝʨʝʜʦʚʳʭ ʤʝʩʪ ʧʦ 

ʯʠʩʣʫ ʧʨʠʤʝʥʝʥʠʡ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʋʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʭ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʚʦʟʙʫʞʜʘʶʪ-

ʩʷ ʧʨʠ ʣʶʙʦʡ ʧʦʧʳʪʢʝ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦ ʧʨʝʜʝʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʫʧʨʫʛʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝ-

ʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤ, ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ, ʧʦʣʦʤʢʘʤ ʠ 

ʘʚʘʨʠʷʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʝʛʦ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʥʦʛʦʤʘʩʩʦʚʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ 

ʫʧʨʫʛʦʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʫʜʦʙʥʫʶ ʜʣʷ ʩʠʥʪʝʟʘ ʨʦʙʘʩʪʥʦʛʦ 

ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ;  
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- ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʦʙʘʩʪʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʘʙʣʶʜʘʪʝʣʝʤ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʤʘʩʩʦʚʳʤ ʥʝʣʠʥʝʡʥʳʤ ʫʧʨʫʛʠʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-

ʩʢʠʤ ʦʙʲʝʢʪʦʤ ʩ ʥʝʧʦʣʥʳʤʠ ʠʟʤʝʨʝʥʠʝʤ ʩʦʩʪʦʷʥʠʡ. 

 

 
ʈʠʩ. 1. ɼʚʫʭʤʘʩʩʦʚʳʡ ʥʝʣʠʥʝʡʥʳʡ ʫʧʨʫʛʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʩ 

ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʜʯʠʥʝʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʙʲʝʢʪʘ ʠʤʝʶʪ ʚʠʜ: 

 

1

2 2 02 y y 1 2

1 1 1

1 01 y 01 ʗ m y c e 1

ʱ ;ʱ J m ; m p(ʱ ʱ )

ʱ J m J R k (k u k ʱ)

" ""

"
, (1) 

ʛʜʝ  - ʧʦʣʦʞʝʥʠʝ (ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʥʘʛʨʫʟʢʠ); J01, J02 - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʜʠʩʢʦʚ; R  ̫- ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʢʦʨʥʦʡ ʮʝʧʠ; ke, 

km - ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʜʘʥʥʳ-

ʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ; k y - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʪʝʣʷ ʤʦʱ-

ʥʦʩʪʠ; kc, - ʢʦɻʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʜʘʪʯʠʢʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʧʦ ʩʢʦʨʦʩʪʠ 

ʠ ʧʦʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ym - ʫʧʨʫʛʠʡ ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʚ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʟʦʨʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ ʩ ʜʚʫʭʤʘʩʩʦʚʳʤ ʫʧʨʫ-

ʛʠʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠ ʧʦʜʯʠʥʝʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜ-

ʩʪʘʚʠʤ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

 T

cx Ax bu ; y c x" ,   (2) 

ʛʜʝ ʤʘʪʨʠʮʳ A, b, c ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʨʘʚʥʳ: 

 
21

y2 2

3 4 5 1

0 1 0 0 0 ʩ

ʱ0 0 a 0 0 0
A ; b ; c ; x

m0 a 0 a 0 0

a 0 a a b 0 ʱ

  (3) 

ʛʜʝ ʭ - ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. 
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ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʚʳʙʠʨʘʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʦʙʲ-

ʝʢʪʘ ʩ ʤʦʜʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚʠʜʘ 

 M M M M 0x A x b u"
,  

 M MA A bK,b b
,  (4) 

ʛʜʝ xʤ- ʚʝʢʪʦʨ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ; 0 ʟʘʜu - ʟʘʜʘʶ-

ʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʅʘʙʣʶʜʘʪʝʣʴ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʝʨʚʦʡ ʩʢʦ-

ʨʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 

 T

M Mx A x Nc (x x) b u, y x,
$ $ $ $ $"    (5) 

ʛʜʝ x
$
ï ʚʝʢʪʦʨ ʦʮʝʥʦʢ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ; N = (n1, n2, n3, n4)

T
 - ʚʝʢʪʦʨ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘʙʣʶʜʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʟʘ-

ʜʘʥʥʦʝ ʞʝʣʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʟʘʤʢʥʫʪʦʛʦ ʧʦ ʦʰʠʙʢʝ ʥʘʙʣʶʜʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʛʠʧʝʨʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʇʦʧʦʚʘ ʜʣʷ ʨʦʙʘʩʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʥʘʙʣʶʜʘʪʝʣʝʤ ʙʳʣ ʧʦʣʫʯʝʥ ʥʝʣʠʥʝʡʥʳʡ ʨʦʙʘʩʪʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʫʭʤʘʩʩʦʚʳʤ ʫʧʨʫʛʠʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ: 

 ʛ ʛ ʛ ʥ ʥ
2

1 0 2 3 0u(t) ( u y(t) f F( (t))) (t)
$

,  (6) 

ʛʜʝ y
$

 ï ʚʳʭʦʜ ʥʘʙʣʶʜʘʪʝʣʷ; f0 ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʮʝʥʢʘ ʥʝʣʠʥʝʡʥʦʡ 

ʯʘʩʪʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ; (t) ï ʦʙʦʙʱʝʥʥʘʷ ʦʰʠʙʢʘ ʨʦʙʘʩʪʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ; F( ) ï ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʦʙʦʙʱʝʥʥʦʡ ʦʰʠʙʢʠ. 
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ʊʘʥʪ ɿʠʥ ʇʴʦ, ʄ.ʇ. ʂʦʯʝʪʢʦʚ 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀɿʆɹʈɸɾɽʅʀʁ ɼʃʗ ʉʀʉʊɽʄ 
ʊɽʍʅʀʏɽʉʂʆɻʆ ɿʈɽʅʀʗ 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ 
(ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʛ. ɿʝʣʝʥʦʛʨʘʜ, ʈʦʩʩʠʷ 
 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ (ʉʊɿ) ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʙʦʪʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʨʝ-
ʰʝʥʠʝ ʢʦʪʦʨʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʯʘʩʪʥʳʭ 
ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʢʫ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʡ [1, 2]. 
ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʜʝ-
ʣʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʉʊɿ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʤʦʜʝʣʠ ʥʝʧʨʝʨʳʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʈʘʩʧʨʝʜʝ-
ʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦ-

ʦʨʜʠʥʘʪʘʤ x,y , ʚʨʝʤʝʥʠ t  ʠ ʜʣʠʥʘʤ ʚʦʣʥ  ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫ-

ʯʘʝ ʬʫʥʢʮʠʝʡ C x,y,t,ʣ. ʕʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʡʩʪ-

ʚʠʪʝʣʴʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ. ɺ ʉʊɿ ʤʘʢʩʠʤʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʠʟʦ-
ʙʨʘʞʝʥʠʷ ʦʛʨʘʥʠʯʝʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

 0 C x,y, t, C
max

, 

ʛʜʝ maxC  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ.  

ʈʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʠʨʫʶʱʝʡ ʧʦʜʩʠʩʪʝʤʦʡ 
ʉʊɿ. ʇʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ ʪʦʣʴʢʦ ʚ ʧʨʷʤʦ-
ʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 

 
x x y yL x L , L y L . 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʢʦʥʝʯʥʦʛʦ 
ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʪ.ʝ. 

 T t T . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ C x,y,t,  ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʬʫʥʢ-

ʮʠʝʡ ʯʝʪʳʨʝʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ 
ʥʝʧʨʝʨʳʚʥʦʡ ʚ ʦʙʣʘʩʪʠ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʂʘʢ ʚ ʩʣʫʯʘʝ ʥʘʙʣʶʜʝʥʠʷ ʦʙʲʝʢʪʘ ʯʝʣʦʚʝʢʦʤ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʛʥʦ-
ʚʝʥʥʦʡ ʷʨʢʦʩʪʴʶ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʚʝʣʠʯʠʥʦʡ: 

 s
0

F x, y, t C x,y,t, V d , (1) 
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ʛʜʝ 
s

V  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ. ɸʥʘʣʦʛʠʯʥʦ, ʮʚʝʪʦ-

ʚʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʙʦʨʦʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʮʚʝ-
ʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʚʝʣʠʯʠʥʘʤ ʢʨʘʩʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʠ ʩʠʥʝʛʦ ʮʚʝʪʦʚ, 
ʩʤʝʩʴ ʢʦʪʦʨʳʭ ʜʘʝʪ ʟʘʜʘʥʥʳʡ ʮʚʝʪ. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʘʩʥʦ-ʟʝʣʝʥʦ-
ʩʠʥʝʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʤʛʥʦʚʝʥʥʳʝ ʪʨʝʭʮʚʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ 

 s
0

R x, y, t C x,y,t, R d , 

 s
0

G x, y, t C x,y,t, G d , 

 s
0

B x, y, t C x,y,t, B d , 

ʛʜʝ 
s s sR , G , B  ï ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʨʝʭʮʚʝʪʥʦʛʦ ʥʘʙʦ-

ʨʘ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚ ï ʢʨʘʩʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʠ ʩʠʥʝʛʦ. 
ʇʫʩʪʴ ʉʊɿ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʘʥʘʣʦʛʠʯʥʳʝ ʯʝʣʦʚʝʯʝʩʢʦʤʫ 

ʟʨʝʥʠʶ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʣʘʟ ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʚʝʪʫ ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʦʪ min 0,35  ʤʢʤ ʜʦ 

max 0,78  ʤʢʤ, ʘ ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʘʣʥɹʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 

ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʩʝʨʝʜʠʥʝ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʩʧʘʜʘʝʪ 
ʢ ʝʛʦ ʢʨʘʷʤ, ʬʦʨʤʫʣʫ (1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 
max

min
sF x, y, t C x,y,t, V d . 

ʉʨʝʜʥʷʷ ʧʦ ʚʨʝʤʝʥʠ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ x,y  

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ 

 
T

TT T

1
F x, y, t lim F x,y,t L t dt

2T
, 

ʛʜʝ L t  ï ʚʨʝʤʝʥʥʘʷ ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʨʝʜʥʷʷ ʷʨʢʦʩʪʴ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t : 

 
x y

x yx

y

L L

L LS L
x yL

1
F x, y, t lim F x,y,t dx dy

4L L
. 

ɽʩʣʠ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦ-

ʥʘʨʥʳʤ, ʧʝʨʝʤʝʥʥʘʷ t  ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ. ʇʦʣʫʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ ʦʛ-

ʨʘʥʠʯʝʥʥʘʷ ʬʫʥʢʮʠʷ F x,y , ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʚʳʤ ʠʣʠ ʥʝʧʨʝ-
ʨʳʚʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ. 



58 

ʏʘʩʪʦ ʫʜʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʴ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʢ ʨʝʘʣʠʟʘʮʠʶ 
ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʦʞʜʘʶʱʫʶ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝʧʨʝ-

ʨʳʚʥʫʶ ʩʣʫʯʘʡʥʫʶ ʬʫʥʢʮʠʶ F x,y,t  ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʭ ʢʦʦʨʜʠʥʘʪ x,y  ʠ ʚʨʝʤʝʥʠ t . ʉʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ F x,y,t  ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʘʥ ʩʦʚʤʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʠ: 

 1 2 J 1, 1 1 2, 2 2 J, J Jp F,F ,...,F ;x y , t ,x y , t ,..., x y , t ,  

ʜʣʷ J  ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ 
j j jF x ,y ,t  ʚ ʪʦʯʢʘʭ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

j jx ,y  ʠ 

ʚʨʝʤʝʥʝʤ jt . ʂʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʤʝʩʪʥʳʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʩʦʢʦʛʦ 

ʧʦʨ̫ʜʢʘ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʭ ʪʨʫʜʥʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ. ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ p F; x,y,t  

ʠʥʦʛʜʘ ʫʜʘʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʫʜʘʯʥʫʶ ʤʦʜʝʣʴ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 
ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤ. ʅʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 
ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʠʟʦ-
ʙʨʘʞʝʥʠʡ ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʛʘʫʩʩʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ: 

2

1/2 F2

F 2

F

F x,y,t x,y, t
p F;x,y, t 2 x,y,t exp

2 x,y,t
, 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ 
F x,y,t  ʠ 2

F x,y,t  ï ʩʨʝʜʥʝʝ ʠ ʜʠʩʧʝʨʩʠʷ ʰʫʤʘ. ɻʘʫʩ-

ʩʦʚʘ ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʪʘʢʞʝ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʶ 
ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʥʠʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟʦ-
ʙʨʘʞʝʥʠʡ. ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʷʨʢʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʥʦʩʪʦʨʦʥʥʝʡ, 
ʪ.ʢ. ʷʨʢʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʦ-
ʜʝʣʝʡ ʧʣʦʪʥʦʩʪʠ ʷʨʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʈʵʣʝʷ: 

 

2

2 2

F x,y,tF x,y,t
p F;x,y, t exp

2
, 

ʧʣʦʪʥʦʩʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

2

1/2 F
2 2

F 2

F

log F x,y, t x,y, t
p F;x,y, t 2 F x,y, t x,y, t exp

2 x,y, t
 

ʠ ʧʣʦʪʥʦʩʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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 p F;x,y, t exp F x,y, t . 

ʕʪʠ ʧʣʦʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ F 0, ʛʜʝ  ï ʢʦʥʩʪʘʥʪʘ. ɼʚʫʩʪʦ-

ʨʦʥʥʷʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ (ʣʘʧʣʘʩʦʚʘ) ʧʣʦʪʥʦʩʪʴ: 

 p F;x,y,t exp F x,y,t
2

, 

ʛʜʝ  ï ʧʦʩʪʦʷʥʥʘʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʦʜʝʣʴ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʘʟʥʦʩʪʝʡ ʦʪʩʯʝʪʦʚ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʘʢʦʥʝʮ, ʧʣʦʪ-
ʥʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

 
1

p F;x,y, t , F
2

 

ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʬʣʫʢʪʫʘʮʠʡ ʬʘʟʳ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦ-
ʮʝʩʩʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʘʢʞʝ ʫʩʣʦʚ-
ʥʳʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. ʋʩʣʦʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʠ F x,y,t  ʚ ʪʦʯʢʝ 
1 1 1x ,y ,t  ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʡ ʬʫʥʢʮʠʠ 

ʚ ʪʦʯʢʝ 
2 2 2x ,y ,t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 
1 2 1 1 1 2 2 2

1 1 1 1 2 2 2 2

2 2 2 2

p F,F ;x ,y , t ,x ,y , t
p F ;x ,y , t F ;x ,y , t

p F ;x ,y , t
. 

ʉʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʨʦʞʜʘʶʱʠʡ ʠʟʦʙʨʘʞʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦ-
ʥʘʨʥʳʤ ʚ ʩʪʨʦʛʦʤ ʩʤʳʩʣʝ, ʝʩʣʠ ʝʛʦ ʤʦʤʝʥʪʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʝʨʝʥʦʩʘ ʥʘ-
ʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʚʨʝʤʝʥʠ. ʇʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦ-
ʥʘʨʥʳʤ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʝʩʣʠ ʦʥ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʩʨʝʜʥʶʶ ʷʨʢʦʩʪʴ, 
ʘ ʝʛʦ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪ 

1 2x x , 1 2y y , 1 2t t , ʥʦ ʥʝ ʦʪ ʩʘʤʠʭ ʠʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ F x,y,t  ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʚʥʦ 

 
FE F x,y,t  

ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ 

 1 1 1 2 2 2 1 2 1 2 1 2R x y ,t ;x y ,t R x x ;y y ,t t . 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ 
ʚʠʜʝ 

 *

x y t x y tR , , E F x ,y , t F x,y, t . 
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ʏʘʩʪʦ ʤʦʜʝʣʴʶ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʤʝʨʥʦʛʦ 
ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɸʚʪʦʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 
ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʚʠʜ: 

 2 2 2 2

x,y x y x x y yK , K exp , 

ʛʜʝ K ,  ʠ  ï ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʤʥʦʞʠʪʝʣʠ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʝʣʘʝʪ-

ʩʷ ʫʧʨʦʱʘʶʱʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʚʪʦʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʤʘʨ-
ʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ; 

 x,y x y x x y yK , K exp .  

ɼʠʩʢʨʝʪʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʮʠʦʥʘʨʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ï ʬʫʥʢʮʠʶ F x,y . ʇʫʩʪʴ x  ʠ y  ï ʟʘʜʘʥʥʳʝ ʰʘʛʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ x  ʠ y  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʜʝʣʘʚ ʨʘʚʥʦ-

ʤʝʨʥʫʶ ʚʳʙʦʨʢʫ ʠʟ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ F x,y  ʩ ʟʘʜʘʥʥʳʤʠ ʰʘʛʘʤʠ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

 
x yx m , y nI m,n F x,yI , 

ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʶ I m,n  ʜʚʫʭ ʜʠʩʢʨʝʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ï ʜʠʩʢʨʝʪʥʦʝ ʠʟʦ-

ʙʨʘʞʝʥʠʝ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʡ M N  
ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʰʘʛʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʘʪʨʠʮʳ I  ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʩʪʘʮʠʦʥʘʨʥʦ-
ʛʦ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʜʚʫʤʝʨʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʛʜʘ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 
m,nI  ʤʘʪʨʠʮʳ I  ʥʝ ʟʘʚʠʩʷʪ 

ʦʪ ʠʭ ʠʥʜʝʢʩʦʚ ʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Im  ʠ 2

I .  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʤʢʘʤʠ 
ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʧʨʝʥʝʙʨʝʛʘʷ ʤʦʤʝʥʪʘʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜ-

ʢʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʵʣʝʤʝʥʪʦʚ m,nI  ʠ k, jI  ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: 

 
m k n j2

m,n k,j m,n I k, j I I row colr I ,I E I m I m  

ʛʜʝ row  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʝʜʥʠʭ ʩʪʨʦʢ (ʪ.ʝ. ʢʦʨʨʝʣʷʮʠʠ ʩʦ-

ʩʝʜʥʠʭ ʚ -ʤ ʩʪʦʣʙʮʝ ʵʣʝʤʝʥʪʦʚ: , ),  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʮ̫ʠʠ ʩʦʩʝʜʥʠʭ ʩʪʦʣʙʮʦʚ (ʪ.ʝ. ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʝʜʥʠʭ ʚ 


