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ɸʅʆʊɸʎɯʗ 

ɭʬʨʝʤʦʚ ʂ.ɺ. ʇʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʩʧʨʠʷʶʪʴ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʽ ʟʨʫʯʥʦʤʫ 

ʜʦʩʪʫʧʫ ʜʦ ʥʘʢʦʧʠʯʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʾʭ ʝʬʝʢʪʠʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʚʜʷʢʠ ʢʦʥʩʦʣʽʜʘʮʽʾ, ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʝʨʚʽʩʥʦʛʦ 

ʧʽʜʭʦʜʫ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚʦʣʦʜʽʻ ʉʚʽʪʦʚʘ 

ʩʠʩʪʝʤʘ ʜʘʥʠʭ (ʉʉɼ). ʅʘʢʦʧʠʯʝʥʽ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʜʘʥʽ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʻ 

ʩʢʣʘʜʦʚʦʶ ʧʦʪʝʥʮʽʘʣʫ ʩʫʩʧʽʣʴʩʪʚʘ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʡʦʛʦ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. ʆʜʥʘʢ ʥʘ ʧʝʨʝʰʢʦʜʽ ʧʦʩʪʘʶʪʴ ʪʨʫʜʥʦʱʽ ʫ ʚʟʘʻʤʦʜʽʾ 

ʫʩʧʘʜʢʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʤʽʥʣʠʚʽʩʪʴ ʟʘʧʠʪʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʰʠʨʦʢʦʛʦ ʘʨʩʝʥʘʣʫ ʟʘʩʦʙʽʚ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, 

ʥʝʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʥʝ ʻ ʬʘʭʽʚʮʷʤʠ 

ʚ ʛʘʣʫʟʽ ɯʊ. ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʧʣʘʪʬʦʨʤʽ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʟʜʘʪʥʽʡ ʫʩʫʥʫʪʠ ʟʘʟʥʘʯʝʥʽ ʧʝʨʝʰʢʦʜʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʣʘʥʫʚʘʥʥʷ ʽ ʟʜʽʡʩʥʝʥʥʷ ʧʽʜʪʨʠʤʢʠ 

ʤ̔ ʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ 

ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʪʘ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʪʚʦʨʝʥʘ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 
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ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ ʚ ʨʦʙʦʪʽ ʢʦʥʮʝʧʮʽʾ, ʷʢʘ 

ʦʙôʻʜʥʫʻ ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ, ʧʽʜʭʦʜʠ, ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ: ʩʫʯʘʩʥʝ ɯʊ-ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʜʨʫʞʥʽʤ ʜʦʩʪʫʧʦʤ ʜʦ ʫʩʧʘʜʢʦʚʘʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʝ 

ʽʥʪʝʛʨʫʻ ʚʠʦʢʨʝʤʣʝʥʽ ʩʠʩʪʝʤʠ ʟʙʦʨʫ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʉʉɼ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ, ʟʤʽʩʪʦʚʥʦʤʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ; ʚʟʘʻʤʦʜʽʷ ʩʝʨʚʽʩʽʚ ʥʘ 

ʦʩʥʦʚʽ ʦʨʢʝʩʪʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʨʫʧʫʚʘʪʠ ʙʘʟʦʚʽ ʩʝʨʚʽʩʠ ʚ ʽʻʨʘʨʭʽʯʥʦ 

ʩʢʦʤʧʣʝʢʩʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʦʙôʻʜʥʫʶʯʠ ʾʭ ʟʘ ʧʦʪʨʽʙʥʠʤʠ ʦʟʥʘʢʘʤʠ (ʛʘʣʫʟʴ ʥʘʫʢʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʽʥ.); ʧʨʦʩʪʠʡ ʟʘʧʠʪ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʠʤ ʩʝʨʚʽʩʦʤ, ʘ 

ʩʢʣʘʜʥʠʡ ʟʘʧʠʪ, ʧʨʠʪʘʤʘʥʥʠʡ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ï 

ʢʦʤʧʦʟʠʮʽʻʶ ʩʝʨʚʽʩʽʚ, ʷʢʘ ʙʫʜʫʻʪʴʩʷ ʩʝʨʚʽʩʘʤʠ-ʦʨʢʝʩʪʨʘʪʦʨʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ; ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ, ʜʝʨʝʚʦʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʽ ʢʦʤʧʦʟʠʮʽʾ ʩʝʨʚʽʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʢʘʟʽʚʥʠʢʠ ʥʘ ʧʦʪʨʽʙʥʽ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʠ; ʧʦʪʨʽʙʥʽ ʜʣʷ ʮʴʦʛʦ ʟʘʣʝʞʥʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟʽ ʟʥʘʥʥʷʤʠ ʧʨʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʝʨʚʽʩʽʚ ʽ ʩʝʤʘʥʪʠʢʫ ʜʘʥʠʭ, ʦʧʠʩʫʶʪʴʩʷ ʚ ʘʢʩʽʦʤʘʭ, ʷʢʽ 

ʚʚʦʜʷʪʴʩʷ ʚ ʙʘʟʫ ʟʥʘʥʴ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʩʝʨʚʽʩʽʚ ʚ ʩʠʩʪʝʤʽ, ʽ ʧʨʘʚʠʣʘʭ ʚʠʚʝʜʝʥʥʷ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʢʦʤʧʦʟʠʮʽʶ ʩʝʨʚʽʩʽʚ; ʧʽʜʪʨʠʤʢʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʚ ʪʝʨʤʽʥʘʭ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʧʣʘʥʫʚʘʥʥʷ ʾʭ ʚʠʢʦʥʘʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʙʘʟʦʚʠʭ 

ʩʝʨʚʽʩʽʚ ʚ ʩʠʩʪʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʣʦʛʽʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʣʘʪʬʦʨʤʠ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʰʝʥʥʷ 

ʢʣʘʩʫ EII ʟ ʧʦʩʝʨʝʜʥʠʢʦʤ ʽ web-ʦʨʽʻʥʪʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʽʩʥʫʶʯʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʨʝʘʣʽʟʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ; ʚʠʢʦʨʠʩʪʘʥʥʷ UDDI ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʻʩʪʨʫ 

ʩʝʨʚʽʩʽʚ, WSDL ï ʜʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʾʭ ʦʧʠʩʘʥʥʷ, SOAP ï ʜʣʷ ʦʙʤʽʥʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, BPEL ï ʜʣʷ ʦʨʢʝʩʪʨʘʮʽʾ ʩʝʨʚʽʩʽʚ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʽ 

ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ 

(ʉʎɼ), ʤʝʭʘʥʽʟʤ ʤʽʞʘʛʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, 
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ʤʦʜʝʣʴ ʽ ʤʝʪʦʜ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʛʨʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

ʈʦʟʚʠʥʝʥʘ ʢʣʘʫʟʘʣʴʥʘ ʣʦʛʽʢʘ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʜʦʟʚʦʣʷʻ ʫ ʟʨʫʯʥʦʤʫ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ ʚʠʟʥʘʯʘʪʠ ʧʦʪʨʝʙʫ ʽ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʩʭʝʤʫ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ. ʄʝʪʦʜ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʮʽʻʾ 

ʣʦʛʽʢʠ ʫʜʦʩʢʦʥʘʣʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʪʠʧʽʚ ʟ 

ʥʘʩʪʫʧʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʠʚʦʜʫ ʚ ʩʠʩʪʝʤʽ ʽʥʜʠʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ʄʦʜʠʬʽʢʦʚʘʥʘ ʣʦʛʽʢʘ ʦʧʠʩʘʥʥʷ ʜʞʝʨʝʣ, ʤʝʭʘʥʽʟʤʠ ʬʝʜʝʨʫʚʘʥʥʷ, 

ʧʦʙʫʜʦʚʠ ʟʘʧʠʪʽʚ, ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʠʟʥʘʯʠʪʠ ʧʦʪʨʽʙʥʽ ʜʘʥʽ, ʘ ʩʠʩʪʝʤʽ ʩʧʣʘʥʫʚʘʪʠ, 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʽ ʚʠʢʦʥʘʪʠ ʩʭʝʤʫ ʟʘʧʠʪʽʚ ʜʦ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʠʭ ʜʘʥʠʭ. ʊʠʤ ʩʘʤʠʤ ʩʪʚʦʨʝʥʘ ʦʩʥʦʚʘ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʧʣʘʥʫʚʘʥʥʷ ʽ ʟʜʽʡʩʥʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ 

ʩʠʩʪʝʤʽ ʜʘʥʠʭ. ɿʘʚʜʷʢʠ ʮʠʤ ʤʦʜʝʣʷʤ ʽ ʤʝʪʦʜʘʤ ʧʨʦʛʨʘʤʫʶʯʠʡ ʢʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʩʭʝʤʠ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʴʦʭ ʙʘʟ ʜʘʥʠʭ ʪʘ ʽʩʥʫʶʯʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʯʠʩʣʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʘʥʽ 

ʤʘʶʪʴ ʨʽʟʥʫ ʧʨʠʨʦʜʫ, ʚʠʟʥʘʯʝʥʫ ʾʭ ʦʙ'ʻʢʪʠʚʥʠʤ ʟʤʽʩʪʦʤ, ʮʽʣʴʦʚʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ, ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ 

ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ 

ʜʘʥʠʭ ʜʦ ʻʜʠʥʦʾ ʩʝʤʘʥʪʠʢʠ, ʻʜʠʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʽ ʻʜʠʥʠʭ ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʫ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʽ ʟʨʦʩʪʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʦʜʝʣʽ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ, ʤʝʪʦʜʦʣʦʛʽʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʽ ʤʝʪʦʜʠ ʫʟʛʦʜʞʝʥʥʷ ʧʝʨʝʢʨʠʚʘʶʪʴ 

ʧʦʪʨʝʙʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʚʪʨʘʪʘʤʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ.  

ʄʦʜʝʣʽ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ (ʄɸʉ) ʽ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʘʛʝʥʪʘ ʚʪʽʣʶʶʪʴ ʽʜʝʶ ʢʦʣʝʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 
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ʩʫʢʫʧʥʦʩʪʽ ʘʛʝʥʪʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Web 

Ontology Language (OWL). ʄʫʣʴʪʠʘʛʝʥʪʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʛʝʥʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ 

ʩʝʤʘʥʪʠʯʥʦ ʦʜʥʦʨʽʜʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʽ ʚʽʟʫʘʣʽʟʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪ, ʛʨʘʬʽʢʽʚ ʪʘ 

ʽʥʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ. 

ʅʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽ 

ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʦʙʣʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤ̔ ʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ 

ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʶ ʚʠʟʥʘʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʨʠʨʦʜʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʢʦʧʠʯʝʥʠʭ ʫ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʘʪʬʦʨʤʠ ʻ: 

1) ʧ̔ ʜʩʠʩʪʝʤʘ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʷʢʘ ʤʘʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ; 

2) ʧ̔ ʜʩʠʩʪʝʤʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ; 

3) ʧ̔ ʜʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʨʦʟʨʦʙʢʠ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ; 

4) ʟʘʛʘʣʴʥʠʡ ʨʝʻʩʪʨ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʾʾ ʩʪʘʥʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʧʣʘʪʬʦʨʤʘ ʻ ʦʩʥʦʚʦʶ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʧʨʠʟʥʘʯʝʥʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʘʥʠʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʣʘʪʬʦʨʤʘ ʤʘʻ ʨʦʟʚʠʥʫʪʽ 

ʤʝʭʘʥʽʟʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʽʥʜʠʢʘʪʦʨʽʚ, ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʅʘʙʽʨ 

ʟʘʩʦʙʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ɯʊ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʂʦʞʝʥ 

ʽʥʩʪʨʫʤʝʥʪ ʩʪʚʦʨʝʥʦ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ ʩʝʨʚʽʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʪʦʛʦ 

ʯʠ ʽʥʰʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʘʚʪʦʨʦʤ: 

1) ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʧʣʘʪʬʦʨʤʫ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʽ 

ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ, ʩʠʩʪʝʤʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ; 

2) ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʮʽʥʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʧʨʦʮʝʜʫʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʪʘ 

ʦʮʽʥʦʢ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʥʘʡʤʝʥʰʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʚʪʨʘʪʘʤʠ; 

3) ʤʦʜʠʬʽʢʦʚʘʥʦ ʢʣʘʫʟʘʣʴʥʫ ʣʦʛʽʢʫ ʧʣʘʥʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʪʠʧʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʾ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʢʦʤʧʣʝʢʩʦʤ ʩʧʝʮʽʘʣʴʥʠʭ ʘʢʩʽʦʤ ʦʧʠʩʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʜʫʤʦʚ ʪʘ ʧʦʩʪʫʤʦʚ ʽ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʥʮʠʧʠ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ 

ʚʠʟʥʘʯʘʪʠ ʧʨʦʙʣʝʤʫ ʽ ʙʫʜʫʚʘʪʠ ʩʭʝʤʫ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

4) ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʚʠʚʝʜʝʥʥʷ ʚ ʢʣʘʫʟʘʣʴʥʽʡ ʣʦʛʽʮʽ 

ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʪʠʧʽʚ ʟ 

ʥʘʩʪʫʧʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʠʚʦʜʫ ʚ ʩʠʩʪʝʤʽ ʽʥʜʠʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʩʭʝʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʣʘʪʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ, 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʨʦʟʨʦʙʣʝʥʥʷ, 

ʨʝʘʣʽʟʘʮʽʾ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʥʘʣʝʞʘʪʴ ʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

ʦʧʠʩʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʘʛʝʥʪʘ ʪʘ ʤʽʞʘʛʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʧʨʦʙʣʝʤ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ, ʤʦʜʝʣʴ ʽ ʤʝʪʦʜ ʛʝʥʝʨʫʚʘʥʥʷ 
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ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, 

ʤʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʧʽʚʧʨʘʮʽ ʘʛʝʥʪʽʚ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʚʠʚʝʜʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʬʝʜʝʨʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ 

ʟʘʧʠʪʽʚ, ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʻʤʥʦʩʪʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʠ ʟʚôʷʟʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʽʟ ʦʥʪʦʣʦʛʽʡ ʪʘ 

ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ, ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ 

ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ, ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʰʚʠʜʢʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʽ 

ʧʫʙʣʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʂʦʤʧʦʥʝʥʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʟʥʘʡʰʣʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʅʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ çʉʚʽʪʦʚʠʡ ʮʝʥʪʨ ʜʘʥʠʭ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʦʨʧʦʨʘʮʽʾ çʅʘʫʢʦʚʠʡ ʧʘʨʢ çʂʠʾʚʩʴʢʘ 

ʇʦʣʽʪʝʭʥʽʢʘè, ɯʥʩʪʠʪʫʪʽ ʛʝʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ, ɯʥʩʪʠʪʫʪʽ 

ʧʨʦʙʣʝʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʩʠʪʫʘʮʽʡʥʦʤʫ ʮʝʥʪʨʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʪʘ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʠʣʦ ʾʭ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʜʦʟʚʦʣʠʣʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ, ʚʪʨʘʪʠ ʚʥʘʩʣʽʜʦʢ ʥʝʚʯʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʠʭ 

ʜʘʥʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʜʘʥʠʭ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜʚʠʱʠʪʠ 

ʦʙʩʷʛʠ ʥʘʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʝʢʩʧʝʨʪʘʤʠ ʙʝʟ ʟʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʉʚʽʪʦʚʘ ʩʠʩʪʝʤʘ ʜʘʥʠʭ, ʉʚʽʪʦʚʠʡ ʮʝʥʪʨ ʜʘʥʠʭ, 

ʽʥʪʝʛʨʘʮʽʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʽʥʪʝʛʨʘʮʽʷ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʢʣʘʫʟʘʣʴʥʘ ʣʦʛʽʢʘ, ʩʠʩʪʝʤʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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Information technologies (IT) contribute to the creation of new and 

convenient access to accumulated information resources, their effective use through 

consolidation, virtualization, and implementation of a service approach. The World 

Data System (WDS) has one of the most powerful information resources. The data 

of many scientific fields accumulated in this system are a part of the society's 

potential, which can be used to solve its current problems. However, it is hampered 

by difficulties in the interaction of legacy applications, the need for data 

harmonization from different sources, the variability of queries that require a wide 

arsenal of analytical tools, the rapid creation of new applications, and inconvenient 

access to information resources for the non-IT-related scientists. There is a need for 

a platform to support interdisciplinary research in the World Data System that can 

address these barriers. 

Dissertation work is devoted to solving the important scientific and practical 

problem of organizing, planning and implementing support for interdisciplinary 

research in the World Data System. The proposed platform to support 

interdisciplinary research in the World Data System provides integration of 

applications and data sources, data harmonization, implementation of problem-

oriented data mining, and rapid creation of information resources. 

The created platform to support interdisciplinary research in the World Data 

System is based on the concept developed in the dissertation, which combines the 

following findings, approaches, models, and methods: a modern IT environment 
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with friendly access to a legacy set of data sources and applications, which integrates 

separate systems for collecting, storing, and processing WDS data at the 

technological, conceptual, and functional levels; interaction of services on the basis 

of orchestration that allows to group basic services in hierarchically complex 

systems, combining them by the required attributes (scientific area, functionality, 

etc.); a simple query is performed by one service, and a complex query inherent in 

interdisciplinary research - by a composition of services, which is built by 

Orchestrator Services using the methods of inference; the user's query is performed 

upon formation of the proof, the tree structure of which allows performing quite 

complex compositions of services using pointers to the desired data sources and 

services; the dependencies required for this related to knowledge of service 

functionality and data semantics are described in the axioms that are added into the 

knowledge base when registering services in the system, and inference rules that 

determine the composition of services; support for the formation of queries in terms 

of the domain knowledge, planning their execution, and organization of basic 

services interaction in the system using intelligent agents that implement the logic 

of operation and interaction of platform components; the use of EII class solution 

with a mediator and web-oriented architecture for integration of data sources and 

construction of complex queries involving the use of data from different sources, 

existing applications, and the implementation of additional algorithms for data 

processing; the use of UDDI for creating a register of services, WSDL for a unified 

description of services; SOAP for exchanging notifications between services; BPEL 

ï for services orchestration. 

To implement the proposed concept the original set of models, methods, and 

algorithms for integration of World Data Centersô applications and data sources, 

mechanism of inter-agent interaction, models and methods of data harmonization, 

model and method of problem-oriented applications generation based on 

microservice integration have been developed. 

Improved clausal logic of application interaction allows to determine the 

requirements in a user-friendly form and optimally implement the appropriate 
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scheme of application interaction. The inference method for this logic has been 

improved due to preliminary inference in the space of types with the following 

detailing inference in the system of individual objects. 

Improved clausal logic of source description, mechanisms of the federation, 

query building, and combining of results for data sources integration allow the user 

to define the required data and allow the system to plan, optimize, and execute the 

query scheme to applications and data sources to obtain the required data. Thus 

established the basis for the organization, planning, and implementing support for 

interdisciplinary research in the World Data System. With these models and 

methods, the user familiar with programming can create efficient schemes for 

executing complex queries that require the use of many databases and existing 

applications, the implementation of new computational algorithms.  

Since the data used in interdisciplinary research have a different nature, 

determined by their objective content, purpose, and generation method, the paper 

develops models and methods of system harmonization of data of various nature, 

designed to reduce these data to common semantics, a common range of values, and 

common units of measurement provided that information losses of such 

harmonization are minimized. The proposed estimates of information losses and 

estimates of the growing uncertainty of the model that accompany this process, the 

methodology for quantifying the consistency of data of various nature, and methods 

of data harmonization overlap the data transformation needs with controlled losses 

when performing interdisciplinary research in WDS. 

Models of the system level of the multi-agent system (MAS) organization and 

the structural level of the agent's organization embody the idea of the collective 

actions of a set of agents. Web Ontology Language (OWL) is used to determine the 

semantics of the data. The multi-agent approach ensures suitability for further 

functionality enhancement by implementing agents that provide certain data 

transformations, data integration according to their semantically homogeneous 

fragments, and visualization in the form of maps, charts, and other representations. 
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The tools of the platform to support interdisciplinary research in the World 

Data System have been developed on the base of proposed concept and set of 

models, methods, and algorithms. The Platform provides integration of applications 

and data sources, processing queries to distributed sources, systemic harmonization 

of data of various nature, problem-oriented intelligent data processing and 

automated application generation. 

The main architectural components of the Platform are: 

1) Data Management Subsystem (long-term data storage and management)  

2) Data Processing Subsystem (data pre-processing, data verification, and 

intelligent data processing) 

3) Rapid Application Development Subsystem (application development, 

deployment, and management) 

4) General Resource Registry (management of a distributed system 

configuration, status monitoring) 

The developed Platform is the basis of a distributed information system with 

a service-oriented architecture, designed to solve problems that arise in the process 

of implementing a continuous life cycle of data used for scientific research. The 

Platform has developed mechanisms for monitoring the status of indicators, data 

analysis, and visualization. The set of analytical data processing tools is created 

based on modern IT, which provides their high reliability and ease of use. Each tool 

is created as a separate service that provides the operation of a particular data 

processing algorithm. 

The scientific novelty of the obtained results is determined by the following 

theoretical and practical results obtained by the author: 

1) for the first time a platform for supporting interdisciplinary research in the 

World Data System has been created. The Platform provides integration of 

applications and data sources, processing queries to distributed sources, systemic 

harmonization of data of various nature, problem-oriented intelligent data 

processing and automated application generation; 
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2) for the first time a method for the data harmonization has been developed, 

that differs by the use of estimates of information loss of data transformation 

procedures and estimates of consistency of data obtained from different sources, to 

design a procedure for converting data with the lowest information loss; 

3) the clausal logic of planning the interaction of applications to solve 

problems of interdisciplinary research has been modified. It differs from the known 

by using the system of types, oriented to the interaction of applications, set of special 

axioms of application descriptions based on preconditions and postconditions, and 

inference rules, which define the application integration principles, which allows in 

a user-friendly form to identify the problem and to build the solution scheme; 

4) the inference method in the clausal logic of application interactions has 

been further improved due to preliminary inference in the space of types with the 

following detailing inference in the system of individual objects and solution scheme 

reconstruction based on the proof generated by the inference mechanism. 

The practical value of the Platform, as well as the developed models, methods, 

algorithms, and tools is to create theoretical fundamentals for the development, 

deployment, and implementation of information systems to support interdisciplinary 

research. 

The most practical results include: logical models for describing applications 

and data sources, determining the semantics of the domain knowledge, data 

transformation, agent and inter-agent interaction in solving problems of data and 

application integration, model and method of generating problem-oriented 

applications based on the integration of microservices, methods of planning and 

supporting the cooperation of agents, methods and algorithms of inference and the 

restoring of the decision tree, federation, query building, building a query execution 

plan, taking into account factors capacity data sources, methods of building a linked 

data structure from ontologies and connections to data sources, combining results; 

method of the data harmonization, taking into account estimates of information loss 

of data transformation procedures, the methodological recommendations for 

creating and configuring problem-oriented applications that can be used in 
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information systems that require the integration of data sources and applications, 

harmonization of data of different nature, problem-oriented data mining, rapid 

development and publication of information resources. 

Components of the developed platform to support interdisciplinary research 

in the World Data System were implemented at the Institute for Information 

Recording of the National Academy of Sciences of Ukraine, the Institute of 

Geophysics by S.I. Subbotin name of the National Academy of Sciences of Ukraine, 

the Information and Analytical Situation Center of Igor Sikorsky Kyiv Polytechnic 

Institute, the Educational and Scientific Complex "World Data Center for 

Geoinformatics and Sustainable Development" of Igor Sikorsky Kyiv Polytechnic 

Institute, Corporation "Science Park "Kyivska Polytechnika", and other 

organizations, which allowed to confirm the efficiency of the Platform, to reduce the 

time for applications design and implementation, to reduce losses due to late receipt 

of the required data, to reduce information losses in data transformation; to increase 

the amount of information resources provided to users, and to increase the efficiency 

of data analysis of various nature by experts without knowledge of instrumental 

programming languages. 

Keywords: World Data System, World Data Center, application integration, 

data source integration, clausal logic, systemic data harmonization, interdisciplinary 

research. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʴʦʛʦʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (ɯʉ) ʽ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ (ɯʊ) ʩʪʘʥʦʚʣʷʪʴ ʥʝʟʤʽʥʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʩʽʭ 

ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɺʦʥʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʶʪʴ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ, ʦʩʢʽʣʴʢʠ ʧʽʜʪʨʠʤʫʶʪʴ ʚʣʘʩʥʝ ʥʘʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴ, 

ʟʙʽʣʴʰʫʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʥʘʫʢʦʚʮʽʚ, ʨʦʟʰʠʨʶʶʯʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ.  

ʂʦʥʩʦʣʽʜʘʮʽʷ ʨʝʩʫʨʩʽʚ, ʾʭ ʚʽʨʪʫʘʣʽʟʘʮʽʷ, ʩʝʨʚʽʩʥʠʡ ʧʽʜʭʽʜ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʟʘʤʽʥʠ ʣʦʢʘʣʴʥʠʭ ʨʽʰʝʥʴ ʨʦʟʧʦʜʽʣʝʥʠʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧʣʝʢʩʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ ʦʙôʻʜʥʘʥʽ ʚ ʛʣʦʙʘʣʴʥʫ ʤʝʨʝʞʫ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʧʦʪʫʞʥʦʩʪʽ, ʩʠʩʪʝʤʠ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʥʘʢʦʧʠʯʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ɸʣʝ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʤʦʞʫʪʴ ʣʠʰʝ ʬʘʭʽʚʮʽ ʚ ʛʘʣʫʟʽ ɯʊ, ʷʢʽ ʚʣʘʩʥʝ ʽ ʩʪʚʦʨʶʶʪʴ ʩʫʯʘʩʥʽ ɯʉ ʪʘ ɯʊ. 

ʆʜʥʘʢ ʩʫʯʘʩʥʽ ɯʉ ʪʘ ɯʊ ʙʫʜʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘ ʨʘʭʫʥʦʢ ʟʨʫʯʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʧʠʩ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʤʦʚ 

ʟʘʧʠʪʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʧʝʚʥʦʾ ʚʠʟʥʘʯʝʥʦʾ ʧʨʠʨʦʜʠ, 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɯʉ ʪʘ ɯʊ ʬʘʭʽʚʮʷʤ, ʷʢʽ ʜʦʩʢʦʥʘʣʦ ʟʥʘʶʪʴ ʩʚʦʶ ʧʨʝʜʤʝʪʥʫ 

ʦʙʣʘʩʪʴ [1]. 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʻ ʧʨʦʷʚʦʤ ʟʘʛʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ 

ʜʝʤʦʢʨʘʪʠʯʥʦʛʦ ɯʊ-ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʥʘʜʘʚʘʪʠ ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʥʘʚʽʪʴ 

ʥʝʚʝʣʠʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠʨʦʜʥʝ ʨʦʟʰʠʨʝʥʥʷ ʘʨʩʝʥʘʣʫ ʟʘʩʦʙʽʚ 

ʨʦʟʨʦʙʣʝʥʥʷ ɯʉ ʪʘ ɯʊ, ʫʨʽʟʥʦʤʘʥʽʪʥʝʥʥʷ ʟʘʩʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʚʽʩʽʚ, ʱʦʙ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʚʽʩ-ʦʨʽ̒ʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʘʢ, ʦʜʥʠʤ ʽʟ ʧʦʪʫʞʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʪʫʻʪʴʩʷ ʩʪʚʦʨʝʥʘ 

ʚ 1956 ʨ. ʧʽʜ ʝʛʽʜʦʶ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʨʘʜʠ (International Science Council 

ï ISC, https://council.science/) ʉʚʽʪʦʚʘ ʩʠʩʪʝʤʘ ʜʘʥʠʭ (World Data System ï 
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WDS, ʉCɼ, https://www.worlddatasystem.org/), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ, ʟʙʝʨʝʞʝʥʥʷ, 

ʧʦʰʠʨʝʥʥʷ ʽ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ [2]. ʋ ʉʉɼ 

ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʦ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ɸʣʝ ʮʴʦʤʫ 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʪʨʫʜʥʦʱʽ ʫ ʚʟʘʻʤʦʜʽʾ ʫʩʧʘʜʢʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʬʦʨʤʫʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʟʘʧʠʪʽʚ, ʱʦ 

ʚʠʤʘʛʘʶʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʷʚʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʦʙʫʤʦʚʣʝʥʽ ʚʽʜʤʽʥʥʽʩʪʶ ʘʨʭʽʪʝʢʪʫʨ, 

ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʬʦʨʤʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ. 

ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʥʦʚʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʟʜʘʪʥʽʡ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʛʨʘʮʽʶ 

ʟʘʩʪʦʩʫʥʢʽʚ ̔  ʨʝʩʫʨʩʽʚ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. ʉʘʤʝ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʚʯʝʥʽ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʟʥʘʥʥʷ 

ʟʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʨʝʩʫʨʩʠ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʟʥʘʥʥʷ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʥʝ ʦʩʦʙʣʠʚʦʩʪʽ ɯʊ.  

ɼʦ ʢʦʣʘ ʜʞʝʨʝʣ, ʽʥʪʝʛʨʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʷʢʠʭ ʜʦʮʽʣʴʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ, ʥʘʣʝʞʘʪʴ ʙʘʟʠ ʜʘʥʠʭ, ʩʘʡʪʠ ʽ ʧʦʨʪʘʣʠ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʫʩʧʘʜʢʦʚʘʥʽ 

ʬʘʡʣʦʚʽ ʩʠʩʪʝʤʠ ʽ ʨʝʧʦʟʠʪʦʨʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʘʥʠʭ. 

ɿʘʟʚʠʯʘʡ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʚ ɯʉ ʨʦʟʫʤʽʶʪʴ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʠʥʦʛʦ 

ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʥʝʦʜʥʦʨʽʜʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʜʞʝʨʝʣ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴʩʷ, ʧʦʚʠʥʥʽ 

ʧʦʜʘʚʘʪʠʩʷ ʷʢ ʥʦʚʝ ʻʜʠʥʝ ʜʞʝʨʝʣʦ, ʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ ʤʦʞʣʠʚʦʩʪʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ.  

ʇʦʛʣʷʜ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʷʢ ʚʟʘʻʤʦʜʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʥʝ ʪʘʢʠʡ ʧʦʰʠʨʝʥʠʡ, ʘʣʝ 

ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʥʦʚʦʤʫ ɯʊ-ʩʝʨʝʜʦʚʠʱʽ. ɿʘʛʘʣʦʤ ʚʽʥ ʬʦʨʤʫʚʘʚʩʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ʬʘʭʽʚʮʽʚ ʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʣʝ ʧʦʩʪʫʧʦʚʦ ʯʝʨʝʟ ʧʨʦʙʣʝʤʘʪʠʢʫ ʽʥʪʝʛʨʘʮʽʾ 

ʤʫʣʴʪʠʙʘʟ ʽ ʬʝʜʝʨʘʪʠʚʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʚʝʣʠʢʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ, ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʨʝʧʦʟʠʪʦʨʽʾʚ ʙʫʚ ʧʝʨʝʥʝʩʝʥʠʡ ʥʘ ʽʥʪʝʛʨʘʮʽʶ web-ʟʘʩʪʦʩʫʥʢʽʚ. ʎʝʡ ʥʘʧʨʷʤ 
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ʩʴʦʛʦʜʥʽ ʚʠʜʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚ ʫʤʦʚʘʭ ʩʝʨʚʽʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦ-ʙʘʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ɯʉ. 

ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʢʦʨʠʩʪʫʚʘʯʘ-ʥʝʧʨʦʬʝʩʽʦʥʘʣʘ ʚ ɯʊ, ʧʦʚôʷʟʘʥʝ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʤʦʚ ʟʘʧʠʪʽʚ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʩʝʤʘʥʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ. 

ʊʦʤʫ ʨʝʘʣʽʟʘʮʽʷ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʉʉɼ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʽʥʪʝʛʨʘʮʽʶ ʷʢ 

ʚʟʘʻʤʦʜʽʶ ʟʘʩʪʦʩʫʥʢʽʚ, ʰʚʠʜʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ. ʅʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ɯʊ-ʛʘʣʫʟʽ ʤʦʚʘ ʡʜʝ ʧʨʦ ʨʦʟʨʦʙʣʝʥʥʷ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʷʢʘ 

ʜʦʟʚʦʣʠʪʴ: 

- ʽʥʪʝʛʨʫʚʘʪʠ ʟʘʩʪʦʩʫʥʢʠ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ; 

- ʽʥʪʝʛʨʫʚʘʪʠ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʧʨʦʪʦʢʦʣʽʚ ʽ ʬʦʨʤʘʪʽʚ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ 

ʩʠʩʪʝʤ; 

- ʛʝʥʝʨʫʚʘʪʠ ʽ ʨʦʟʛʦʨʪʘʪʠ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʢʨʦʩ-ʧʣʘʪʬʦʨʤʥʽ 

ʟʘʩʪʦʩʫʥʢʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʽʚ ʽ ʤʝʪʘʤʦʚ ʦʧʠʩʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʉʎɼ; 

- ʫʟʛʦʜʞʫʚʘʪʠ ʽ ʦʙʨʦʙʣʶʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʚ ʉʎɼ ʜʘʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽ ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʨʦʙʠʣʠ ʪʘʢʽ ʚʽʜʦʤʽ 

ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ ʚʯʝʥʽ, ʷʢ ʄʠʭʘʡʣʦ ɿʛʫʨʦʚʩʴʢʠʡ, ʆʣʝʢʩʘʥʜʨ ʇʘʚʣʦʚ, 
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ɭʚʛʝʥ ɹʦʜʷʥʩʴʢʠʡ, ʆʣʝʢʩʽʡ ʅʦʚʽʢʦʚ, ʇʝʪʨʦ ɹʽʜʶʢ, ɸʥʘʪʦʣʽʡ ʂʘʨʛʽʥ, ʄʠʢʦʣʘ 

ɻʣʠʙʦʚʝʮʴ, ʃʝʦʥʽʜ ɻʫʣʷʥʠʮʴʢʠʡ, ʅʘʪʘʣʷ ʐʘʭʦʚʩʴʢʘ, Cʝʨʛʽʡ ʂʨʠʚʠʡ, 

ɺʦʣʦʜʠʤʠʨ ʆʧʘʥʘʩʝʥʢʦ, Cʝʨʛʽʡ ʇʦʛʦʨʽʣʠʡ, ʆʣʝʢʩʘʥʜʨ ʈʦʣʽʢ, ʊʨʝʡʩʽ Kʽʤʙʨʝʣ, 

ʆʣʝʢʩʘʥʜʨ ʂʣʝʤʤ, ɺʝʨʥ ʇʘʢʩʦʥ ʪʘ ʽʥ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟʽ 

ʩʪʚʦʨʝʥʥʷʤ ʪʘʢʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘʢʦʞ ʟʘʡʤʘʶʪʴʩʷ ʥʠʟʢʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ (WDS, ISC, CODATA, Research Data Alliance), ʧʨʦʚʽʜʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʠ (ɻʘʨʚʘʨʜ, ʂʝʤʙʨʽʜʞ, ʂʘʡʟʝʨʩʣʘʫʪʝʨʥ, ɹʝʨʢʣʽ ʪʘ ʽʥ.). ʆʜʥʘʢ, ʥʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʜʦʩʷʛʥʝʥʥʷ, ʚʽʜʩʫʪʥʽ ʻʜʠʥʝ ʩʠʩʪʝʤʥʝ ʙʘʯʝʥʥʷ ʫʩʽʭ ʘʩʧʝʢʪʽʚ 

ʧʨʦʙʣʝʤʠ, ʩʫʪʥʦʩʪʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʡʦʛʦ ʤʽʩʮʷ ʚ ʉʉɼ, ʮʽʣʽʩʥʘ ʢʦʥʮʝʧʮʽʷ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʽ ʚʟʘʻʤʦʚʧʣʠʚʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʶ ʧʨʦʮʝʩʽʚ. ʈʽʟʥʠʡ ʩʪʫʧʽʥʴ 

ʛʣʠʙʠʥʠ ʦʧʨʘʮʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʘʩʧʝʢʪʽʚ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʦʙʫʤʦʚʠʚ ʧʦʪʨʝʙʫ ʚ 

ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʷʭ  ̔ʤʝʪʦʜʘʭ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, hʚʠʜʢʦʛʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ.  

ɺʘʞʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʽʜʢʨʝʩʣʶʻ ʾʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʟʛʦʜʞʝʥʽ ʟ ʧʦʰʫʢʦʤ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʛʣʦʙʘʣʴʥʽ 

ʚʠʢʣʠʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʣʽʪʪʷ, ʻ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʤʠ ʪʘ 

ʩʧʨʷʤʦʚʘʥʠʤʠ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʦʛʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʚʜʘʥʴ. ʇʨʠʢʣʘʜʦʤ 

ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ. 

ʄʽʞʜʠʩʮʠʧʣʽʥʘʨʥ ̔ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʘʙʦ ʷʢʽʩʥʠʭ ʦʮʽʥʦʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʟʥʽ ʷʚʠʱʘ ʘʙʦ ʦʙ'ʻʢʪʠ. ɼʣʷ 

ʫʟʛʦʜʞʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʽ ʤʦʜʝʣʝʡ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʩʬʝʨʘʭ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʽ (ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ) ʤʦʜʝʣʽ ʧʦʚʥʦʾ 

ʧʨʝʟʝʥʪʘʮʽʾ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʽʜʩʫʪʥʽʩʪʴ ʬʦʨʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙ'ʻʢʪʠʚʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʘʟʦʤ ʟ ʩʫʙ'ʻʢʪʠʚʥʠʤʠ 

ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦʛʘʥʫ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ ʟʘʚʜʘʥʴ ʪʘʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʦʜʘʶʪʴ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʜʦ ʡʦʛʦ ʘʢʪʫʘʣʴʥʦʩʪʽ. 
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ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʥʘʫʢʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫ ʽ ʩʫʪʥʽʩʪ ɹʢʦʥʮʝʧʮʽʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʝ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʪ̫ʛʥʝʥʥʷ 

ʟ çʩʠʨʠʭè ʜʘʥʠʭ ʥʝʚʽʜʦʤʠʭ, ʥʝʪʨʠʚʽʘʣʴʥʠʭ, ʧʨʘʢʪʠʯʥʠʭ ʽ ʢʦʨʠʩʥʠʭ ʟʥʘʥʴ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʨʠʜʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʫʯʘʩʥʝ 

ʪʨʘʢʪʫʚʘʥʥʷ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʛʘʨʤʦʥʽʟʘʮʽ ʾʟʘʭʦʜʽʚ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʘ ʦʨʛʘʥʽʟʘʮʽ ʾʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʠʨʽʰʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʧʨʦʙʣʝʤ, ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽ ʨʦʟʚʠʪʢʫ ʥʘ ʧʨʠʢʣʘʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʉʎɼ ̔ ʉʉɼ ʚ ʮʽʣʦʤʫ 

ʚʠʟʥʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʫ ʟʘʜʘʯʫ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʟʜʽʡʩʥʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ 

ʜʘʥʠʭ. 

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʚôʷʟʘʥʝ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʉʉɼ. ʎʝ 

ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʽʜʢʨʠʪʦʾ ʧʣʘʪʬʦʨʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʩʧʨʦʝʢʪʫʚʘʪʠ, ʩʪʚʦʨʠʪʠ ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʾʾ ʢʦʤʧʦʥʝʥʪʠ. ʇʣʘʪʬʦʨʤʘ ʥʘʜʘʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʠʩʪʝʤʠ ʉʎɼ 

ʜʘʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʪʝʤʘʪʠʢʠ ʢʘʬʝʜʨʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ çʉʚʽʪʦʚʠʡ ʮʝʥʪʨ ʜʘʥʠʭ ʟ 

ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʪʘʢʠʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʽ ʜʦʛʦʚʽʨʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ (ʅɼʈ) ʪʘ ʧʨʦʝʢʪʽʚ: 
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1) ʅɼʈ çʈʦʟʚʠʪʦʢ ʢʦʤʧʣʝʢʩʫ ʙʘʟ ʜʘʥʠʭ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ 

ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʩʠʩʪʝʤè (2008-2009 ʨʨ., ʈʂ ˉ0108U002348, ʅɸʅ ʋʢʨʘʾʥʠ); 

2) ʅɼʈ çʈʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʩʠʩʪʝʤè (2009-2010 ʨʨ., ʈʂ ˉ0109U007160, ʅɸʅ ʋʢʨʘʾʥʠ); 

3) ʅɼʈ çʈʦʟʨʦʙʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʪʘ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʈʦʩʽʾ ʪʘ ʋʢʨʘʾʥʠè (2010-

2011 ʨʨ., ʈʂ ˉ0110U003744, ʅɸʅ ʋʢʨʘʾʥʠ); 

4) ʅɼʈ çʈʦʟʨʦʙʢʘ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ 

ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʙʘʛʘʪʦʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʙʘʟ ʜʘʥʠʭ ʈʦʩʽʡʩʴʢʦ-ʋʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʉʚʽʪʦʚʦʾ 

ʉʠʩʪʝʤʠ ɼʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʘʜʘʯ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʛʝʦʩʬʝʨè (2012-2013 ʨʨ., ʈʂ ˉ0113U005058, 

ʅɸʅ ʋʢʨʘʾʥʠ); 

5) ʅɼʈ çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʩʥʦʚ ʢʽʣʴʢʽʩʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʩʫʢʫʧʥʦʩʪʽ 

ʛʣʦʙʘʣʴʥʠʭ ʟʘʛʨʦʟ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʘʭè (2011-

2013 ʨʨ., ʈʂ ˉ0111U001738, ʄʆʅ ʋʢʨʘʾʥʠ); 

6) ʅɼʈ çʈʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʤʦʜʝʣʝʡè (2012-2013 ʨʨ., ʈʂ ˉ0112U000557, 

ʄʆʅ ʋʢʨʘʾʥʠ); 

7) ʅɼʈ çʈʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʤʫʥʽʮʠʧʘʣʽʪʝʪʽʚè (2014-2015 ʨʨ., ʈʂ ˉ0114U000671, ʅɸʅ ʋʢʨʘʾʥʠ); 

8) ʅɼʈ çʄʝʪʦʜʦʣʦʛʽʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʩʪʨʘʪʝʛʽʯʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʦʮʽʥʢʠ ʧʨʦʝʢʪʽʚ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠè, 2015-2016 ʨʨ., ʈʂ 

ˉ0115U001968, ʈʂ ˉ0116U006141, ɼʌʌɼ ʋʢʨʘʾʥʠ); 

9) ʅɼʈ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʋʢʨʘʾʥʠ çʈʦʟʨʦʙʢʘ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʙʠʨʘʥʥʷ, ʦʙʤʽʥʫ ʪʘ 
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ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚ ʛʘʣʫʟʽ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ 

ʝʥʝʨʛʦʙʣʦʢʽʚ, ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʘ çʋʢʨʠʪʪʷè ʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʫ ʩʠʩʪʝʤʫ, 

ʨʝʘʙʽʣʽʪʘʮʽʾ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡè (2016 ʨ., ɼʉʇ çʏʦʨʥʦʙʠʣʴʩʴʢʘ ɸɽʉè); 

10) ʇʨʦʻʢʪ çʈʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʘʛʨʦʟ ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʥʬʣʽʢʪʽʚ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʙʨʦʾ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʚ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʘʭè (2016-2017 ʨʨ, ʧʨʦʝʢʪ ˉ6166, 

ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ (STCU); 

11) ʅɼʈ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʋʢʨʘʾʥʠ çʌʦʨʩʘʡʪ ʪʘ 

ʧʦʙʫʜʦʚʘ ʩʪʨʘʪʝʛʽʾ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʥʘ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʤʫ (ʜʦ 2020 ʨʦʢʫ) ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ (ʜʦ 2030 ʨʦʢʫ) ʯʘʩʦʚʠʭ 

ʛʦʨʠʟʦʥʪʘʭè (2016 ʨ., ʂʦʦʧʝʨʘʪʠʚ çʇʝʨʰʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ 

ʢʦʦʧʝʨʘʪʠʚè, ɻʆ çʌʫʥʜʘʮʽʷ ɸʛʨʘʨʥʘ ʥʘʜʜʝʨʞʘʚʘè); 

12) ʅɼʈ çʈʦʟʨʦʙʢʘ ʦʥ-ʣʘʡʥ ʧʣʘʪʬʦʨʤʠ ʘʥʘʣʽʟʫ ʽ ʩʮʝʥʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡè 

(2017-2019 ʨʨ., ʈʂ ˉ0117U002476, ʄʆʅ ʋʢʨʘʾʥʠ); 

13) ʅɼʈ çɯʥʪʝʛʨʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʩʮʝʥʘʨʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʚ ʭʦʜʽ 

ʧʨʦʚʝʜʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʨʝʬʦʨʤʠ ʚ ʋʢʨʘʾʥʽè (2020-

2022 ʨʨ., ʈʂ 0120U102060, ʄʆʅ ʋʢʨʘʾʥʠ). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ ʉʚʽʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʻʜʠʥʝ ʙʘʯʝʥʥʷ ʧʨʦʮʝʩʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ, ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ, ʨʝʛʽʦʥʘʣʴʥʽ ʪʘ ʛʘʣʫʟʝʚʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 
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ʣʦʛʽʢʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, 

ʚʟʘʻʤʦʟʚôʷʟʦʢ, ʚʟʘʻʤʦʚʧʣʠʚ ʽ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʧʨʦʮʝʜʫʨ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʚʠʨʽʰʝʥʥʷʤ ʟʘʜʘʯ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʫ ʨʦʙʦʪʽ ʙʫʣʠ 

ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1) ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʉʉɼ; 

2) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ; 

3) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ; 

4) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ; 

5) ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ; 

6) ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʜʘʥʠʭ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ; 

7) ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ; 

8) ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤ̔ ʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ï ʧʨʦʮʝʩʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ 

ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʫʟʛʦʜʞʝʥʥʷ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʽ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ:  

1) ʤʝʪʦʜʠ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʤʥʦʞʠʥ, ʬʦʨʤʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʜʣʷ ʘʥʘʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 
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ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʮʝʥʪʨʽʚ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʷʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚ ʉʉɼ; 

2) ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʪʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ï ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ; 

3) ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ï ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʦʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʢʨʘʾʥ, ʨʝʛʽʦʥʽʚ, 

ʦʙôʻʢʪʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʧʨʝʜʤʝʪʦʤ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ; 

4) ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʚʠʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ ï ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ, 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. 

ʅʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʜʘʥʠʭ (ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʧʣʘʥʫʚʘʥʥʷ, 

ʬʦʨʤʫʣʶʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ, ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʰʚʠʜʢʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ 

ʟʘʩʪʦʩʫʥʢʽʚ).  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʧʣʘʪʬʦʨʤʫ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ 

ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʜʞʝʨʝʣ, ʩʠʩʪʝʤʥʝ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʛʝʥʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ; 

- ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʮʽʥʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʧʨʦʮʝʜʫʨ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʘʥʠʭ ʪʘ ʦʮʽʥʦʢ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʜʣʷ 
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ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʥʘʡʤʝʥʰʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʚʪʨʘʪʘʤʠ; 

- ʤʦʜʠʬʽʢʦʚʘʥʦ ʢʣʘʫʟʘʣʴʥʫ ʣʦʛʽʢʫ ʧʣʘʥʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʪʠʧʽʚ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ, ʢʦʤʧʣʝʢʩʦʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʘʢʩʽʦʤ ʦʧʠʩʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʫʤʦʚ ʪʘ 

ʧʦʩʪʫʤʦʚ ʽ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʥʮʠʧʠ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ ʚʠʟʥʘʯʘʪʠ ʧʨʦʙʣʝʤʫ ʽ ʙʫʜʫʚʘʪʠ ʩʭʝʤʫ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. 

- ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʚʠʚʝʜʝʥʥʷ ʚ ʢʣʘʫʟʘʣʴʥʽʡ ʣʦʛʽʮʽ 

ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʪʠʧʽʚ ʟ ʥʘʩʪʫʧʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʠʚʦʜʫ ʚ ʩʠʩʪʝʤʽ ʽʥʜʠʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ 

ʪʘ ʚʽʜʥʦʚʣʝʥʥʷʤ ʩʭʝʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ, ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, ʤʝʪʦʜʠʢʠ ʽ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

ʦʧʠʩʫ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʘʛʝʥʪʘ ʪʘ ʤʽʞʘʛʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʨʦʙʣʝʤ 

ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ, ʤʦʜʝʣʴ ʽ ʤʝʪʦʜ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʤʝʪʦʜʠ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʧʽʚʧʨʘʮʽ ʘʛʝʥʪʽʚ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʚʠʚʝʜʝʥʥʷ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʬʝʜʝʨʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʟʘʧʠʪʽʚ, 

ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʻʤʥʦʩʪʽ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʧʦʙʫʜʦʚʠ ʟʚôʷʟʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʽʟ ʦʥʪʦʣʦʛʽʡ ʪʘ ʧʽʜʢʣʶʯʝʥʴ ʜʦ 

ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ, ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. 

ʅʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʥʘ ʧʨʦʝʢʪʫʚʘʪʠ, ʨʝʘʣʽʟʫʚʘʪʠ ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɸɯʉ) ʜʣʷ ʤʝʥʝʜʞʝʨʽʚ ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ, ʨʦʟʚʠʚʘʪʠ ʾʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʟʽ ʟʤʽʥʘʤʠ ʫʤʦʚ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ, 

ʤʝʪʦʜʠʢ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ 

ʨʝʩʫʨʩʽʚ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʨʘʜʠ, ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʚ̔, ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʚʘʞʣʠʚʠʭ ʨʝʩʫʨʩʽʚ 

ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ 

ʧʽʜʪʨʠʤʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸɯʉ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʉʚʽʪʦʚʦʤʫ ʮʝʥʪʨʽ ʜʘʥʠʭ 

ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʂʠʾʚ, ʋʢʨʘʾʥʘ) ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʧʣʘʪʬʦʨʤʠ çAdvanced Analyticsè ʜʣʷ ʩʠʪʫʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʙʝʟʧʝʢʦʚʠʭ ʷʚʠʱ, ʥʘ ʙʘʟʽ ʷʢʦʾ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʪʫʘʮʽʡʥʦʛʦ ʮʝʥʪʨʫ ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ɯʥʩʪʠʪʫʪʽ 

ʧʨʦʙʣʝʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪʽ ʛʝʦʬʽʟʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ, ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ ʩʠʪʫʘʮʽʡʥʦʤʫ ʮʝʥʪʨʽ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ çʉʚʽʪʦʚʠʡ ʮʝʥʪʨ 

ʜʘʥʠʭ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʂʦʨʧʦʨʘʮʽʾ çʅʘʫʢʦʚʠʡ ʧʘʨʢ çʂʠʾʚʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʯʥʽ ʪʘ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʢʘʬʝʜʨʽ ʘʚʪʦʤʘʪʠʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ, 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, 

ʨʦʟʨʦʙʣʝʥʽ ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ. ɿ ʧʨʘʮʴ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚ 

ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʪʽ ʽʜʝʾ, ʧʦʣʦʞʝʥʥʷ ʽ ʚʠʩʥʦʚʢʠ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʩʦʙʠʩʪʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʘ ʽ ʩʪʘʥʦʚʣʷʪʴ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʚʥʝʩʦʢ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʘʚʪʦʨʦʤ, 

ʥʘʣʝʞʘʪʴ: ʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʦʧʠʩʫ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʜʞʝʨʝʣ ʜʘʥʠʭ [3, 4]; ʤʦʜʝʣʽ 

ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ [5]; ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ [6]; 

ʤʦʜʝʣʴ ʽ ʤʝʪʦʜ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʛʨʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʽʚ [7, 8]; ʤʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʧʽʚʧʨʘʮʽ 

ʘʛʝʥʪʽʚ [4, 9]; ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʚʠʚʝʜʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʫ [3-5, 10]; ʤʝʪʦʜʠ ʬʝʜʝʨʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʟʘʧʠʪʽʚ, ʧʦʙʫʜʦʚʠ ʧʣʘʥʽʚ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʻʤʥʦʩʪʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, 

ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ [5]; ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ [10] ʪʘ 

ʧʽʜʭʽʜ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʩʝʨʚʽʩʽʚ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [11]; ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ [6]; ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʟʚôʷʟʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ ʽʟ ʦʥʪʦʣʦʛʽʡ ʪʘ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ [5]; ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

[8, 12, 13]. 

ɸʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʧʣʘʪʬʦʨʤʫ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʩʦʙʘʤʠ ʧʣʘʪʬʦʨʤʠ 

ʪʝʤʘʪʠʯʥʽ ʟʘʩʪʦʩʫʥʢʠ, ʤʽʢʨʦʩʝʨʚʽʩʠ, ʚʽʜʞʝʪʠ ʪʘ ʩʮʝʥʘʨʽʾ (ʩʫʢʫʧʥʽʩʪʴ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ) ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯ [8, 12-15, 16-19]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʩʧʽʣʴʥʦʤʫ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʢʘʬʝʜʨʠ ʘʚʪʦʤʘʪʠʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʪʘ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ çʉʚʽʪʦʚʠʡ ʮʝʥʪʨ ʜʘʥʠʭ ʟ 

ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
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ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʽ ʦʜʝʨʞʘʣʠ ʩʭʚʘʣʝʥʥʷ 

ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʬʦʨʫʤʘʭ, ʟʦʢʨʝʤʘ: 

International Conference on Data Sharing and Integration for Global Sustainability 

(ʅʴʶ-ɼʝʣʽ, ɯʥʜʽʷ, 2014); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʂʠʾʚ, 2014, 2015, 2018); 6th 

Digital Earth Summit ñDigital Earth in the Era of Big Dataò (ʇʝʢʽʥ, ʂʠʪʘʡ, 

2016);.ISC World Data System Members' Forum (ɼʝʥʚʝʨ, ʉʐɸ, 2016); 

International Data Week (ɼʝʥʚʝʨ, ʉʐɸ, 2016); IEEE First Ukraine Conference on 

Electrical and Computer Engineering (ʂʠʾʚ, 2017); IEEE International Conference 

on Intelligent Data Acquisition and Advanced Computing Systems: Technology and 

Applications (ɹʫʭʘʨʝʩʪ, ʈʫʤʫʥʽʷ, 2017); IEEE International Conference on System 

Analysis & Intelligent Computing (ʂʠʾʚ, 2018); 14th Federated Conference on 

Computer Science and Information Systems (ʃʝʡʧʮʽʛ, ʅʽʤʝʯʯʠʥʘ, 2019); IEEE 

2nd International Conference on System Analysis & Intelligent Computing (ʂʠʾʚ, 

2020); BSUN e-Conference on ñAddressing the Impact of SARS CoV2 Pandemics 

on the Higher Education Activities in the Black Sea Regionò (ʂʦʥʩʪʘʥʪʘ, ʈʫʤʫʥʽʷ, 

2020); ISC World Data System Members' Forum 2020 (ʊʦʢʽʦ, ʗʧʦʥʽʷ, 2020). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 17 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 5 ʤʦʥʦʛʨʘʬʽʡ, 7 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 1 ʩʪʘʪʪʷ 

ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʆɽʉʈ ʪʘ/ʘʙʦ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, 2 ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɸè), 5 

ʧʫʙʣʽʢʘʮʽʡ ʫ ʟʙʨ̔ʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ 

ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʜʦʜʘʪʢʽʚ ʽ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 240 ʩʪʦʨʽʥʦʢ, ʘ ʾʾ 

ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʚʠʢʣʘʜʝʥʦ ʥʘ 195 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 10 ʪʘʙʣʠʮʴ, 55 

ʨʠʩʫʥʢʽʚ, 3 ʜʦʜʘʪʢʠ ʽ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 154 ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1. 

ɸʅɸʃɯɿ ʇʈʆɹʃɽʄ ʆʈɻɸʅɯɿɸʎɯɰ ʄɯɾɼʀʉʎʀʇʃɯʅɸʈʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ ɺ ʉɺɯʊʆɺɯʁ ʉʀʉʊɽʄɯ ɼɸʅʀʍ 

 

ʉʴʦʛʦʜʥʽ ɯʊ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ, ʦʭʦʧʣʶʶʯʠ ʥʦʚʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ, ʧʽʜʪʨʠʤʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʚʩʝ ʩʢʣʘʜʥʽʠhʭ ʧʨʦʙʣʝʤ, ʟʙʽʣʴʰʫʶʪʴ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. ɺʘʞʢʦ ʫʷʚʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʊ. 

ʌ̔ ʟʠʯʥʫ ʧʨʘʮʶ ʣʶʜʠʥʠ ʜʘʚʥʦ ʚʠʢʦʥʫʶʪʴ ʤʘʰʠʥʠ, ʷʢʠʤʠ ʢʝʨʫʶʪʴ 

ʢʦʤʧôʶʪʝʨʠ, ʨʦʙʦʪʠ. ɸʣʝ ʫ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ, ʢʦʤʧôʶʪʝʨ ʚʠʩʪʫʧʘʻ ʧʦʤʽʯʥʠʢʦʤ. ʂʨʦʢ ʟʘ ʢʨʦʢʦʤ ʚʽʥ ʥʘʙʫʚʘʻ ʚʩʝ 

ʥʦʚʠʭ ʚʤʽʥʴ, ʧʨʠʙʠʨʘʶʯʠ ʥʘ ʩʝʙʝ ʚʩʝ ʙʽʣʴʰʝ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʨʘʥʽʰʝ ʚʠʢʦʥʫʚʘʣʘ 

ʚʠʢʣʶʯʥʦ ʣʶʜʠʥʘ. ʆʜʥʘʢ ʫ ʥʠʟʮʽ ʛʘʣʫʟʝʡ, ʥʘʩʘʤʧʝʨʝʜ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ, 

ʧʨʦʚʽʜʥʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʣʶʜʠʥ.̔ ʊʫʪ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɯʊ ʤʦʞʫʪʴ 

ʣʠʰʝ ʬʘʭʽʚʮʽ, ʷʢʽ ʜʦʩʢʦʥʘʣʦ ʟʥʘʶʪʴ ʩʚʦʶ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʽ ʜʦʙʨʝ ʦʙʽʟʥʘʥʽ 

ʟ ʾʭ ʤʦʞʣʠʚʦʩʪʷʤʠ [21]. ʎʝ ʞ ʩʪʦʩʫʻʪʴʩʷ ʡ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʉʉɼ. 

ʋ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʉʉɼ, ʚʠʟʥʘʯʝʥʘ ʧʦʪʨʝʙʘ ʫ ʟʘʩʦʙʘʭ ʾʭ ʧʽʜʪʨʠʤʢʠ, ʥʘʩʘʤʧʝʨʝʜ ʪʝʭʥʦʣʦʛʽʷʭ 

ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, 

ʚʠʷʚʣʝʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ. ʇʦʪʽʤ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫʪʦʯʥʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ. 

 

1.1. ʄʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʈʦʟʧʦʯʥʝʤʦ ʟ ̔ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ, ʾʾ ʙʫʜʦʚʠ, ʟʘʚʜʘʥʴ, ʨʦʣʽ ʫ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ. ʉʠʩʪʝʤʘ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ (ʉʠʩʪʝʤʘ ʉʎɼ, World Data 

Centers System) ʽ ʌʝʜʝʨʘʮʽʷ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʽ ʛʝʦʬʽʟʠʯʥʠʭ ʩʣʫʞʙ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

(ʌɸɻʉ, Federation of Astronomical and Geophysical data analysis Services ï 
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FAGS) ʩʪʚʦʨʝʥʽ ʄʽʞʥʘʨʦʜʥʦʶ ʨʘʜʦʶ ʟ ʥʘʫʢʠ (ʄʈʅ, International Council for 

Science ï ICSU) ʚ 1956 ʨʦʮʽ ʚ ʧʝʨʽʦʜ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʧʨʦʝʢʪʫ ʍʍ ʩʪʦʣʽʪʪʷ çʤʽʞʥʘʨʦʜʥʦʛʦ ʛʝʦʬʽʟʠʯʥʦʛʦ 

ʨʦʢʫè (1957-1958 ʨʨ.) ʜʣʷ ʟʙʦʨʫ, ʟʙʝʨʽʛʘʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʦʜʝʨʞʫʚʘʥʠʭ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ.  

ʉʠʩʪʝʤʠ ʉʎɼ ʽ ʌɸɻʉ ʫʩʧʽʰʥʦ ʩʣʫʞʠʣʠ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʩʧʽʣʴʥʦʪʽ 

ʧʦʥʘʜ 50 ʨʦʢʽʚ [21]. ɿʘ ʮʽ ʨʦʢʠ ʥʘʢʦʧʠʯʝʥʦ ʚʝʣʠʢ̔  ʤʘʩʠʚʠ ʜʘʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʘʥʦ ʟʥʘʥʥʷ ʽ ʚʝʣʠʢʠʡ ʜʦʩʚʽʜ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, 

ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʩʪʚʦʨʝʥʥʷ ʘʨʭʽʚʽʚ ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʨʦʟʚʠʥʝʥʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ. ʉʪʘʥʦʤ 

ʥʘ 2008 ʨʽʢ ʬʫʥʢʮʽʦʥʫʚʘʣʦ ʙʣʠʟʴʢʦ 50 ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʽ 13 ʉʣʫʞʙ 

ʌɸɻʉ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ 13 ʢʨʘʾʥʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ, ɭʚʨʦʧʠ, 

ɸʟʽʾ ʪʘ ɸʚʩʪʨʘʣʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ 15 ʫ ʉʐɸ, 8 ʫ ʗʧʦʥʽʾ, ʧʦ 3 ʫ ʅʽʤʝʯʯʠʥʽ ʽ 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, 1 ʚ ʋʢʨʘʾʥʽ.  

ʆʜʥʘʢ ʮʽ ʩʠʩʪʝʤʠ ʥʘ ʧʝʨʝʣʦʤʽ ʪʠʩʷʯʦʣʽʪʴ ʚʠʷʚʠʣʠʩʷ ʥʝ ʮʽʣʢʦʤ 

ʘʜʝʢʚʘʪʥʠʤʠ ʧʦʪʨʝʙʘʤ ʥʘʫʢʠ, ʥʝʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʠʤʠ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʊʦʤʫ ʚ ʢʽʥʮʽ 2008 ʨ. ʥʘ 29-ʡ ɻʝʥʝʨʘʣʴʥʽʡ 

ʘʩʘʤʙʣʝʾ ʄʽʞʥʘʨʦʜʥʦʾ ʨʘʜʠ ʟ ʥʘʫʢʠ ʚ ʄʘʧʫʪʫ (ʄʦʟʘʤʙʽʢ) ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʽʥʪʝʛʨʫʚʘʪʠ ʽʩʥʫʶʯʽ ʩʪʨʫʢʪʫʨʠ ʉʠʩʪʝʤʠ ʉʎɼ ʽ ʌɸɻʉ ʚ ʥʦʚʫ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʫ ʩʪʨʫʢʪʫʨʫ ʄʈʅ ï ʉʚʽʪʦʚʫ ʩʠʩʪʝʤʫ ʜʘʥʠʭ (ʉʉɼ, World Data 

System ï WDS) ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʦʚʦʛʦ, ʩʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʛʘʨʘʥʪʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʨʽʚʥʦʧʨʘʚʥʠʡ 

ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʚʽʪʠ ʪʘ 

ʽʥʬʦʨʤʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʩʪʘʣʦ ʦʙôʻʜʥʘʥʥʷ ʫ 2018 ʨʦʮʽ ʄʽʞʥʘʨʦʜʥʦʾ 

ʨʘʜʠ ʟ ʥʘʫʢʠ ʪʘ ʄʽʞʥʘʨʦʜʥʦʾ ʨʘʜʠ ʟ ʩʦʮʽʘʣʴʥʠʭ ʥʘʫʢ (International Social 

Science Council ï ISSC, http://www.worldsocialscience.org/) ʚ ʻʜʠʥʫ ʦʨʛʘʥʽʟʘʮʽʶ 

ï ʄʽʞʥʘʨʦʜʥʫ ʥʘʫʢʦʚʫ ʨʘʜʫ (International Science Council ï ISC), ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʨʦʟʰʠʨʠʪʠ ʩʧʝʢʪʨ ʥʘʫʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ 
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ʟʘʣʫʯʝʥʥʷ ʜʘʥʠʭ ʟ ʦʙʣʘʩʪʽ ʩʦʮʽʘʣʴʥʠʭ ʥʘʫʢ, ʚʢʣʶʯʘʶʯʠ ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʧʦʚʝʜʽʥʢʦʚʽ ʥʘʫʢʠ. 

ʈʦʙʦʪʫ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʢʦʦʨʜʠʥʫʻ ʅʘʫʢʦʚʠʡ ʢʦʤʽʪʝʪ (World Data 

System Scientific Committee ï WDS-SC). ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ 

ʡʦʤʫ ʪʨʝʙʘ ʙʫʣʦ ʨʦʟʚ'ʷʟʘʪʠ, ʙʫʣʠ:  

- ʫʥʽʬʽʢʘʮʽʷ ʬʦʨʤʘʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ;  

- ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʾ [22]. 

ɿ ʤʝʪʦʶ ʫʟʛʦʜʞʝʥʥʷ ʜʽʡ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʦʨʫ, ʦʙʨʦʙʣʝʥʥʷ, ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʚʠʨʽʰʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʘʚʜʘʥʴ ʜʦ ʉʚʽʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʫʚʽʡʰʦʚ ʉʎɼ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʉʎɼ-

ʋʢʨʘʾʥʘ), ʱʦ ʧʨʘʮʶʻ ʥʘ ʙʘʟʽ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ 

(ɯʇʉɸ) ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ (ʄʆʅ) ʋʢʨʘʾʥʠ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ (ʅɸʅ) ʋʢʨʘʾʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʂʠʾʚ, ʋʢʨʘʾʥʘ) [23]. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʉʚʽʪʦʚʦʛʦ 

ʮʝʥʪʨʫ ʜʘʥʠʭ ʚ ʋʢʨʘʾʥʽ. ʋʢʨʘʾʥʘ ʙʫʣʘ ʟʘʣʫʯʝʥʘ ʜʦ ʧʨʦʮʝʩʽʚ ʟʙʦʨʫ ʛʣʦʙʘʣʴʥʠʭ 

ʜʘʥʠʭ ʱʝ ʟʘ ʯʘʩʽʚ ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ ʧʝʨʰʠʭ ʉʎɼ, ʢʦʣʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʨʦʙʦʪʠ ʟʽ 

ʟʙʦʨʫ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʚʠʢʦʥʫʚʘʣʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥ ̔ʘʢʘʜʝʤʽʯʥ ̔ʫʩʪʘʥʦʚʠ ʧʦ 

ʚʩʴʦʤʫ ʉʈʉʈ. ɿ ʨʦʟʧʘʜʦʤ ʉʈʉʈ ʽ ʧʦʷʚʦʶ ʥʦʚʠʭ ʢʨʘʾʥ ʧʨʦʪʷʛʦʤ 90-ʭ ʨʦʢʽʚ 

ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʽʟʦʣʷʮʽʾ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ ʚʽʜ ʩʚʽʪʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ ï ʢʦʣʠʰʥʽ ʟʚ'ʷʟʢʠ ʟ ʧʘʨʪʥʝʨʘʤʠ ʧʦ ʦʙʤʽʥʫ ʥʘʫʢʦʚʠʤʠ ʜʘʥʠʤʠ 

ʟʥʠʢʘʣʠ, ʘ ʥʦʚʽ ʥʝ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ. 

ʋʢʨʘʾʥʘ ʟ ʧʦʯʘʪʢʫ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ ʟʤʫʰʝʥʘ ʙʫʣʘ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʝ 

ʟʘʚʜʘʥʥʷ ï ʣʽʢʚʽʜʘʮʽʶ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ. ʈʽʰʝʥʥʷ ʮʽʣʦʛʦ 

ʩʧʝʢʪʨʫ ʧʨʦʙʣʝʤ ʧʨʠʚʝʨʥʫʣʦ ʫʚʘʛʫ ʚʯʝʥʠʭ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ 

ʧʦʷʚʠ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʚ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʠʨʦʜʥʠʭ ʽ 

ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ ʽ ʩʧʨʠʷʣʦ ʚʽʜʥʦʚʣʝʥʥʶ ʤʝʨʝʞ ʥʘʫʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʽ ʟʙʦʨʫ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ. 
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ʈʽʰʝʥʥʷʤ ʇʨʝʟʠʜʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʄʆʅ ʋʢʨʘʾʥʠ ʪʘ ɻʝʦʬʽʟʠʯʥʦʛʦ ʮʝʥʪʨʫ 

ʈɸʅ ʚʽʜ 3 ʢʚʽʪʥʷ 2006 ʨʦʢʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʋʢʨʘʾʥʩʴʢʝ ʚʽʜʜʽʣʝʥʥʷ ʉʚʽʪʦʚʠʭ 

ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʟ Cʦʥʷʯʥʦ-ɿʝʤʥʦʾ ʬʽʟʠʢʠ ʪʘ ʬʽʟʠʢʠ ʪʚʝʨʜʦʾ ɿʝʤʣʽ ʥʘ ʙʘʟʽ ɯʇʉɸ 

ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʄʆʅ ʋʢʨʘʾʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ʊʘʢʝ ʨʽʰʝʥʥʷ ʚʠʟʥʘʯʠʣʦ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʉʎɼ, ʥʘʷʚʥʽʩʪʴ ʚʣʘʩʥʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʜʘʥʠʭ (ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʠʪʘʥʴ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʽ ʧʨʦʚʦʜʠʪʴ ʢʦʣʝʢʪʠʚ ɯʇʉɸ) ʽ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ 

ʟʚ'ʷʟʢʽʚ ɯʇʉɸ ʟ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ. ʊʝʭʥʽʯʥʽ ʽ 

ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʪʘ ɯʇʉɸ ʩʢʣʘʣʠ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʉʎɼ-ʋʢʨʘʾʥʘ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʨʦʟʚʠʪʢʫ ʉʎɼ ʚ ʋʢʨʘʾʥʽ ʩʪʘʣʘ ɯʊ-

ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʷʢʘ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʜʦʟʚʦʣʠʣʘ ʥʘ 

ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʦʪʨʠʤʘʥʥʷ, 

ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ ʉʎɼ-ʋʢʨʘʾʥʘ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʢ̔ʦʨʩʴʢʦʛʦ ̒  ʮʝʥʪʨʘʣʴʥʠʤ 

ʚʫʟʣʦʤ ʋʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʴʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ URAN 

(Ukrainian Research & Academic Network), ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʣʦ 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʤʽʞ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ, ʱʦ 

ʧʨʠʻʜʥʘʣʠʩʷ ʜʦ ʤʝʨʝʞʽ [24]. ʇʦʜʘʣʴʰʝ ʧʽʜʢʣʶʯʝʥʥʷ URAN ʜʦ 

ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʤʝʨʝʞʽ GEANT2 ʚ 2007 ʨ ʚʽʜʢʨʠʣʦ ʨʷʜ ʥʦʚʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ɭʚʨʦʧʠ ʽ ʚʩʴʦʛʦ ʩʚʽʪʫ 

[24, 25]. ʆʩʥʦʚʥʽ ʚʫʟʣʠ ʤʝʨʝʞʽ URAN ʽ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩ. 1.1. 

ɿʥʘʯʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʽ ʩʫʯʘʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʛʣʦʙʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʦʙʫʤʦʚʠʣʠ ʧʦʪʨʝʙʫ ʫ ʥʦʚʦʤʫ ʷʢʽʩʥʦʤʫ 

ʨʽʚʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ɼʣʷ ʮʴʦʛʦ ʚ ʉʎɼ-ʋʢʨʘʾʥʘ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʮʝʥʪʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʢʣʘʩʪʝʨʘ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʥʘ ʙʘʟʽ ʘʨʭʽʪʝʢʪʫʨʠ Intel Xeon ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 7 ʊʌʣʦʧʩ ʽ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ, ʩʪʚʦʨʝʥʦʛʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ IPStore. ʉʢʣʘʜʦʚʽ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʉʎɼ 

ʽ ʩʪʨʫʢʪʫʨʘ ʾʭ ʚʟʘʻʤʦʜʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.2. 
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ʈʠʩ. 1.1. ʋʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ 

ʋ 2008 ʨʦʮʽ ʋʢʨʘʾʥʩʴʢʝ ʚʽʜʜʽʣʝʥʥʷ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʟ Cʦʥʷʯʥʦ-

ɿʝʤʥʦʾ ʬʽʟʠʢʠ ʪʘ ʬʽʟʠʢʠ ʪʚʝʨʜʦʾ ɿʝʤʣʽ ʙʫʣʦ ʩʝʨʪʠʬʽʢʦʚʘʥʝ ʷʢ ʉʚʽʪʦʚʠʡ ʮʝʥʪʨ 

ʜʘʥʠʭ ʽ ʧʨʠʻʜʥʘʥʝ ʜʦ ʉʠʩʪʝʤʠ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʚ ʷʢʦʩʪʽ ʧʦʚʥʦʧʨʘʚʥʦʛʦ 

ʯʣʝʥʘ [22]. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʉʎɼ ʦʨʽʻʥʪʫʚʘʚʩʷ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʧʨʦ ɿʝʤʣʶ. ɺʽʜʧʦʚʽʜʥʦ ʚʠʨʽʰʫʚʘʣʠʩʷ ʧʨʦʙʣʝʤʠ ʡʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʢʣʘʜʘʣʠʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʤ ʽ ʟʦʙʦʚ'ʷʟʘʥʥʷʤʠ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʪʘ 

ʽʥ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʦʧʠʩʫ ʤʦʜʝʣʽ ʉʎɼ-ʋʢʨʘʾʥʘ. ʎʝ ʤʝʨʝʞʥʘ ʤʦʜʝʣʴ, 

ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. ʉʎɼ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʜʠʩʮʠʧʣʽʥʘʨʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ 

ʟ ʪʠʤ, ʱʦ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ çʂʝʨʽʚʥʠʮʪʚʦʤ ʜʣʷ 

ʩʠʩʪʝʤʠ ʉʎɼè, ʻ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʦʚʽʜʢʦʚʘ ʧʽʜʪʨʠʤʢʘ ʘʨʭʽʚʽʚ ʽ ɹɼ, ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʘʢʪʫʘʣʽʟʘʮʽʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʡʥʠʭ ʢʘʪʘʣʦʛʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʜʘʥʠʭ, ʥʘʜʘʥʥʷ 

ʢʦʥʩʫʣʴʪʘʮʽʡ ʢʦʨʠʩʪʫʚʘʯʘʤ [26], ʱʦ ʻ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʉʎɼ 

ʬʘʭʽʚʮʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʦʙʣʘʩʪʷʭ.  
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ʈʠʩ. 1.2. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʦʚʠʭ ʉʎɼ 

ʉʎɼ ʚ ʋʢʨʘʾʥʽ ʧʦʢʣʠʢʘʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʫʢʦʚʦʤʫ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʫ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʨʘʜʠ ʟ 

ʥʘʫʢʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʧʣʘʥʝʪʘʨʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ ʬʽʟʠʢʠ ʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʫʤʽʞʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʽʨ ʽ ʟʙʝʨʽʛʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʾʭ ʨʝʧʨʝʟʝʥʪʘʮʽʶ ʩʚʽʪʦʚʦʤʫ 

ʩʧʽʣʴʥʦʪʽ. ʅʘ ʉʎɼ-ʋʢʨʘʾʥʘ ʪʘʢʦʞ ʧʦʢʣʘʜʝʥʦ ʟʙʽʨ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʩʚʽʪʦʚʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [27, 28]. 

ɼʣʷ ʉʎɼ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʢʨʽʤ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ, 

ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʛʦʚʽʨʥʠʭ ʚʽʜʥʦʩʠʥ ʟ 

ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʩʚʽʪʦʚʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʜʘʥʠʭ: 

1) ʦʨʛʘʥʽʟʘʮʽ ʾʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ; 

2) ʧʦʰʫʢʫ ʜʞʝʨʝʣ ʜʘʥʠʭ; 

3) ʨʦʟʨʦʙʣʝʥʥʷ ʧʽʜʩʠʩʪʝʤ ʧʨʷʤʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ; 

4) ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ: 

- ʩʪʚʦʨʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʘ ʚʝʙ-ʧʦʨʪʘʣʫ ʟ ʦʥʣʘʡʥ-ʜʦʩʪʫʧʦʤ ʽ ʧʦʰʫʢʦʤ 

ʜʘʥʠʭ (http://wdc.org.ua); 

http://wdc.org.ua/
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- ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʛʘʪʦʤʦʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ; 

- ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʙʘʟ ʜʘʥʠʭ; 

- ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʨʫʯʥʦʾ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ. 

ɺʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʎɼ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ, 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ɯʇʉɸ ʪʘ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʣʠ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʥʽʢʘʣʴʥʫ ʜʣʷ ʩʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʤʝʨʝʞʝʚʫ ʤʦʜʝʣʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʎɼ-ʋʢʨʘʾʥʘ ʷʢ ʻʜʠʥʦʛʦ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʫ ʜʘʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ ʢʦʞʥʘ ʥʘʫʢʦʚʘ ʜʠʩʮʠʧʣʽʥʘ ʻ ʩʬʝʨʦʶ 

ʥʘʫʢʦʚʠʭ ʽʥʪʝʨʝʩʽʚ ʦʜʥʽʻʾ ʘʙʦ ʢʽʣʴʢʦʭ ʥʘʫʢʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ʨʠʩ. 1.3) [27]. ɺʠʜʽʣʠʤʦ ʜʝʷʢʽ ʟ ʥʠʭ: 

- ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʄʆʅ 

ʋʢʨʘʾʥʠ (ʩʠʩʪʝʤʥʝ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ, ʩʪʘʣʠʡ 

ʨʦʟʚʠʪʦʢ); 

- ɻʦʣʦʚʥʘ ʘʩʪʨʦʥʦʤʽʯʥʘ ʦʙʩʝʨʚʘʪʦʨʽʷ ʅɸʅ ʋʢʨʘʾʥʠ (ʢʦʩʤʽʯʥʘ ʛʝʦʜʝʟʽʷ 

ʪʘ ʛʝʦʜʠʥʘʤʽʢʘ; ʢʦʩʤʽʯʥʽ ʧʨʦʤʝʥʽ); 

ʈʠʩ. 1.3. ʄʝʨʝʞʝʚʘ ʤʦʜʝʣʴ ʉʎɼ-ʋʢʨʘʾʥʘ  
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- ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ (ʜʘʥʽ ʧʦ 

ʩʝʡʩʤʦʣʦʛʽʾ, ʛʨʘʚʽʤʝʪʨʽʾ, ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʘʨʭʝʦ- ʽ 

ʧʘʣʝʦʤʘʛʥʝʪʠʟʤʫ, ʤʘʛʥʽʪʥʽ ʚʠʤʽʨʶʚʘʥʥʷ); 

- ʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ 

ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ (ʘʝʨʦʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʝʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʾ, ʩʽʣʴʩʴʢʦʤʫ, ʣʽʩʦʚʦʤʫ ʽ ʚʦʜʥʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ, ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʨʦʮʝʩʽʚ); 

- ɯʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʽʾ ʅɸʅ ʋʢʨʘʾʥʠ (ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʜʘʥʽ); 

- ʏʦʨʥʦʙʠʣʴʩʴʢʠʡ ʮʝʥʪʨ ʟ ʧʨʦʙʣʝʤ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʽʚ ʽ ʨʘʜʽʦʝʢʦʣʦʛʽʾ (ʜʘʥʽ ʱʦʜʦ ʨʘʜʽʘʮʽʡʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ ʽ 

ʤʝʜʠʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ, ʙʝʟʧʝʢʠ 

çʩʘʨʢʦʬʘʛʫè); 

- ʎʝʥʪʨʘʣʴʥʘ ʛʝʦʬʽʟʠʯʥʘ ʦʙʩʝʨʚʘʪʦʨʽʷ (ʛ̔ ʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʛʨʘʬʽʷ, 

ʤʝʪʝʦʨʦʣʦʛʽʷ ʪʘ ʢʣʽʤʘʪʦʣʦʛʽʷ, ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ); 

- ɼʋ çɯʥʩʪʠʪʫʪ ʝʧʽʜʝʤʽʦʣʦʛʽʾ ʪʘ ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ ʽʤ. ʃ.ɺ. 

ɻʨʦʤʘʰʝʚʩʴʥʦʛʦè ʅɸʄʅ ʋʢʨʘʾʥʠ (ʜʘʥʽ ʟ ʧʨʦʙʣʝʤ ʽʥʬʝʢʮʽʡʥʦʾ 

ʧʘʪʦʣʦʛʽʾ ʣʶʜʠʥʠ) ʪʘ ʽʥʰʽ. 

ʄʝʨʝʞʝʚʫ ʤʦʜʝʣʴ ʙʫʣʦ ʚʧʝʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 7 ʞʦʚʪʥʷ 2009 ʨʦʢʫ ʥʘ 

ʩʧʝʮʽʘʣʴʥʽʡ ʩʝʩʽʾ ʉʎɼ "Emerging Technologies and Opportunities for Global Data 

Management and Exchange", ʜʝ ʦʪʨʠʤʘʣʘ ʩʭʚʘʣʝʥʥʷ ʽ ʫʤʦʚʥʫ ʥʘʟʚʫ çNetwork of 

networksè [29]. ʅʘ ʟʘʩʽʜʘʥʥʽ ʅʘʫʢʦʚʦʛʦ ʢʦʤʽʪʝʪʫ ʉʉɼ 13-14 ʞʦʚʪʥʷ 2009 ʨʦʢʫ 

ʚ ʇʘʨʠʞʽ ʟʘʟʥʘʯʝʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʷʢ ʟʨʘʟʦʢ ʜʣʷ ʽʥʰʠʭ ʉʎɼ. 

ɺ ʋʢʨʘʾʥʽ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʝʨʝʞʽ URAN ʽ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʣʘʩʪʝʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʢ̔ʦʨʩʴʢʦʛʦ, ʘ ʟ 

ʽʥʰʦʛʦ ï ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʟʫʩʠʣʣʷ ʢʦʣʝʢʪʠʚʫ ʉʎɼ ʥʘ ʨʽʰʝʥʥʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʘʚʜʘʥʴ ʩʠʩʪʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʚʘʞʣʠʚʽ 
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ʜʣʷ ʚʩʽʭ ʧʘʨʪʥʝʨʽʚ ʉʎɼ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʾʭ ʦʜʥʦʯʘʩʥʝ ʚʠʚʯʝʥʥʷ ʟ ʧʦʟʠʮʽʡ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ, ʱʦ ʩʪʘʥʦʚʠʪʴ 

ʧʝʨʝʜʫʤʦʚʫ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʥʘʫʢʦʚʦʾ ʢʘʨʪʠʥʠ ʩʚʽʪʫ ʥʘ ʦʩʥʦʚʽ 

ʩʪʚʦʨʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʤʦʜʝʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʥʦʛʦ 

ʫʟʛʦʜʞʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ, ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽʟ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʦʙʣʘʩʪʝʡ. 

ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʦʩʥʦʚʘʥʽ ʥʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʘʛʘʪʴʤʘ ʾʭ 

ʫʯʘʩʥʠʢʘʤʠ ʥʘ ʨʽʚʥʽ ʟʘʩʦʙʽʚ ʦʙʤʽʥʫ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʪʝʭʥʦʣʦʛʽʡ ʾʭ 

ʦʙʨʦʙʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ, ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, 

ʦʮʽʥʶʚʘʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ, ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ, ʢʦʨʝʢʪʥʦʩʪʽ ʪʦʱʦ. 

ʉʘʤʝ ʮʽ ʟʘʜʘʯʽ ʧʦʢʣʘʜʝʥʽ ʥʘ ʉʉɼ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʟʘʜʘʯ ʻ ʛʣʦʙʘʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʦʥʪʝʢʩʪʽ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʟ 

ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ ʽʥʜʝʢʩʽʚ ʪʘ ʽʥʜʠʢʘʪʦʨʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ ʨʽʟʥʠʭ ʨʽʚʥʽʚ. ʊʘʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʟʚʠʪʢʫ 

ʩʚʽʪʫ, ʦʢʨʝʤʠʭ ʜʝʨʞʘʚ ʽ ʨʝʛʽʦʥʽʚ, ʧʦʙʫʜʦʚʠ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʽ ʚʠʨʦʙʣʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʦʩʽʙ, ʢʦʪʨʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ 

ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ, ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʷʢʠʭ 

ʚ̔ ʜʥʦʩʠʪʴʩʷ ʜʦ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ [12, 13]. ɿ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʢʠʡ ʜʦʩʚʽʜ ʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ɯʇʉɸ (ʙʘʟʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʣʷ ʉʎɼ-ʋʢʨʘʾʥʘ) ʚ ʦʙʣʘʩʪʽ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʅʘʫʢʦʚʠʡ ʢʦʤʽʪʝʪ ʉʉɼ ʜʦʨʫʯʠʚ ʉʚʽʪʦʚʦʤʫ ʮʝʥʪʨʫ ʜʘʥʠʭ ʟ 

ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʛʦʪʦʚʢʫ ʱʦʨʽʯʥʠʭ ʟʚʽʪʽʚ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʦʥʪʝʢʩʪʽ 

ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ.  

 

1.2 ʉʫʪʥʽʩʪʴ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ 

ʇʨʦʛʨʝʩ ʛʘʣʫʟʽ ɯʊ ʩʧʨʠʯʠʥʠʚʩʷ ʜʦ ʫʩʪʘʣʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʭʦʜʫ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʽ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ, ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ. ʂʦʥʩʦʣʽʜʘʮʽʷ ʨʝʩʫʨʩʽʚ, 
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ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʤʽʥʠ ʣʦʢʘʣʴʥʠʭ 

ʨʽʰʝʥʴ ʨʦʟʧʦʜʽʣʝʥʠʤʠ, ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʜʥʘʥʠʭ ʚ ʛʣʦʙʘʣʴʥʫ 

ʤʝʨʝʞʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʩʠʩʪʝʤ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʠʡ ʽ ʥʘʜʽʡʥʠʡ ʜʦʩʪʫʧ ʥʘʫʢʦʚʮʽʚ ʜʦ ʥʘʢʦʧʠʯʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʝʨʚʽʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʩʬʦʨʤʫʚʘʚʩʷ ʥʘ ʧʦʩʣʫʛʘʭ ʟʚôʷʟʢʫ, ʧʦʰʠʨʠʚʩʷ ʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʣʘʪʬʦʨʤʠ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʚʣʘʩʥʝ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʪʦʩʫʥʢʠ. ʇʦʷʚʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʥʦʚʠʭ ʚʠʜʽʚ ʩʝʨʚʽʩʽʚ, 

ʥʘʩʘʤʧʝʨʝʜ ʢʦʥʪʝʥʪʫ, ʧʨʠʟʚʝʣʘ ʜʦ ʢʦʥʚʝʨʛʝʥʮʽʾ ʩʝʨʚʽʩʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ (ɯʂʉ). 

ɿôʷʚʠʣʠʩʷ ʥʘʜʽʡʥʽ ʧʨʦʚʘʡʜʝʨʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ï Infrastructure as a Service 

(SaaS), ʧʣʘʪʬʦʨʤʥʠʭ ï Platform as a Service (SaaS) ʽ ʧʨʦʛʨʘʤʥʠʭ ï Software as a 

Service (SaaS) ʩʝʨʚʽʩʽʚ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʚʽʩʽʚ, ʚʠʛʽʜʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʘ/ʷʢʽʩʪʴ ʩʧʦʥʫʢʘʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʨʦʟʚʠʪʢʫ ʚʣʘʩʥʦʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʧʝʨʝʡʪʠ ʜʦ 

ʢʦʤʧʦʥʝʥʪʥʦ-ʙʘʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʣʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ 

ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʥʘʷʚʥʠʭ ʩʝʨʚʽʩʽʚ 

[30-32]. 

ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ 

ʚʠʭʦʜʠʪʴ ʥʘ ʥʦʚʠʡ ʷʢʽʩʥʠʡ ʨʽʚʝʥʴ, ʘ ʩʫʯʘʩʥʽ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʥʽʬʽʢʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʩʝʨʚʽʩʽʚ [33]. ʆʜʥʦʯʘʩʥʦ, 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʜʝʤʦʢʨʘʪʠʯʥʦʛʦ ɯʊ-ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʻ ʜʦʣʫʯʠʪʠʩʷ ʜʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʥʘʜʘʥʥʷ ʥʦʚʠʭ ʩʝʨʚʽʩʽʚ ʥʝʚʝʣʠʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʽ ʢʦʤʧʘʥʽʷʤ. 

ʅʘʫʢʦʚʽ ʫʩʪʘʥʦʚʠ ʥʝ ʩʪʦʷʪʴ ʦʩʪʦʨʦʥʴ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ, ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʦʙʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʫʧʫ, ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʥʘʩʘʤʧʝʨʝʜ ʧʦʪʫʞʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʽʜʪʨʠʤʢʠ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʄʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʉʉɼ ʦʪʨʠʤʫʶʪʴ 

ʧʦʪʫʞʥʠʡ ʽʤʧʫʣʴʩ [34]. 

ʉʉɼ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ, ʟʙʝʨʝʞʝʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʽ ʘʥʘʣʽʟ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʦʜʠʥ ʽʟ ʥʘʡʧʦʪʫʞʥʽʠhʭ 



44 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ [2]. ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʦ ʜʘʥʠʭ ʽ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ 

ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ɸʣʝ ʮʴʦʤʫ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʪʨʫʜʥʦʱʽ, ʧʨʠʯʠʥʠ 

ʚʠʥʠʢʥʝʥʥʷ ʷʢʠʭ ʤʘʶʪʴ ʨʽʟʥʫ ʧʨʠʨʦʜʫ ï ʧʦʣʽʪʠʯʥʫ, ʩʦʮʽʘʣʴʥʫ, ʦʨʛʘʥʽʟʘʮʽʡʥʫ, 

ʬʽʥʘʥʩʦʚʫ, ʪʝʭʥʽʯʥʫ, ʪʝʭʥʦʣʦʛʽʯʥʫ ʪʘ ʽʥ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʫʪʥʽʩʪʴ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʱʦʙ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʚʠʷʚʠʪʠ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʧʨʠʯʠʥʠ ʽ ʧʦʙʫʜʫʚʘʪʠ ʧʣʘʪʬʦʨʤʫ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʷʢʘ ʟʘ ʨʘʭʫʥʦʢ 

ʜʨʘʡʚʝʨʽʚ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʽʚʝʣʶʚʘʪʠʤʝ ʚʧʣʠʚ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʠʯʠʥ ʽ ʩʪʚʦʨʶʚʘʪʠʤʝ ʫʤʦʚʠ ʨʦʟʚʠʪʢʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɺ ʦʩʥʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʣʝʞʠʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ 

ʥʘʛʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ.  

ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʦʚôʷʟʘʥʘ ʟ ʧʽʜʪʨʠʤʢʦʶ ʧʨʦʮʝʩʽʚ: 

- ʧʣʘʥʫʚʘʥʥʷ ʚʣʘʩʥʝ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

- ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʩʧʽʣʴʥʠʭ ʧʨʦʝʢʪʽʚ; 

- ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʦʚʽʜʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʧʦʰʫʢʫ ʽ ʦʧʨʘʮʶʚʘʥʥʷ 

ʧʦʪʨʽʙʥʠʭ ʜʦʩʣʽʜʥʠʢʘʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ); 

- ʟʙʦʨʫ, ʥʘʢʦʧʠʯʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʦʙʤʽʥʫ ʧʦʪʨʽʙʥʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ; 

- ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʻʜʠʥʦʾ ʪʝʭʥʽʯʥʦʾ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʛʘʣʫʟʽ 

ʩʪʚʦʨʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʨʽʚʥʷ; 

- ʧʽʜʛʦʪʦʚʢʠ ʥʘʫʢʦʚʠʭ ʢʘʜʨʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ ʥʦʚʦʤʫ ɯʊ-

ʩʝʨʝʜʦʚʠʱʽ.  

ʌʽʥʘʥʩʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʚôʷʟʘʥʘ ʟ ʬʽʥʘʥʩʫʚʘʥʥʷʤ ʜʽʷʣʴʥʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʮʝʥʪʨʽʚ, ʤʽʞʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʩʧʽʣʴʥʠʭ ʧʨʦʝʢʪʽʚ. 

ʊʝʭʥʽʯʥʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʽ ʧʦʚôʷʟʘʥʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʻʜʠʥʦʾ 



45 

ʪʝʭʥʽʯʥʦʾ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʛʘʣʫʟʽ ʩʪʚʦʨʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʨʽʚʥʷ. 

ʉʦʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʦʚôʷʟʘʥʘ ʟ ʘʥʘʣʽʟʦʤ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ, ʨʦʟʚôʷʟʘʥʥʷ 

ʷʢʠʭ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ, ʦʮʽʥʶʚʘʥʥʷʤ ʚʥʝʩʢʫ ʩʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ 

ʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ, ʫʯʘʩʪʶ ʩʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʫ ʬʦʨʤʫʚʘʥʥʽ ɯʊ-

ʩʫʩʧʽʣʴʩʪʚʘ. 

ʇʦʣʽʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʧʦʚôʷʟʘʥʘ ʟ ʘʥʘʣʽʟʦʤ ʩʪʘʥʫ ʤʽʞʥʘʨʦʜʥʠʭ ʚʽʜʥʦʩʠʥ ʽ 

ʦʮʽʥʢʦʶ ʪʘ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʴ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʚ ʧʦʪʦʯʥʠʭ 

ʫʤʦʚʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʟʘʟʥʘʯʝʥʽ ʩʢʣʘʜʦʚʽ, ʧʦʚôʷʟʘʥʽ ʟ ʤʝʪʦʶ 

ʨʦʙʦʪʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʜʦʚʽʜʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ (ʘ ʮʝ ʦʜʠʥ ʽʟ 

ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ ʉʉɼ), ʧʦʚôʷʟʘʥʘ ʟ: 

1) ʇ̔ ʜʪʨʠʤʢʦʶ ʘʨʭʽʚʽʚ ʽ ʙʘʟ ʜʘʥʠʭ; 

2) ʉʪʚʦʨʝʥʥʷʤ ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʻʶ ʽʥʚʝʥʪʘʨʠʟʘʮʽʡʥʠʭ ʢʘʪʘʣʦʛʽʚ; 

3) ʌʦʨʤʫʚʘʥʥʷʤ ʤʝʪʘʜʘʥʠʭ; 

4) ʅʘʜʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʢʦʥʩʫʣʴʪʘʮʽʡ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ.  

ʋʩʧʘʜʢʦʚʘʥʽ ʟʘʩʪʦʩʫʥʢʠ ʨʽʟʥʠʭ ʉʎɼ ʤʘʶʪʴ ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʦʚʽʜʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɿʘʛʘʣʦʤ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʛʦʪʦʚʠʡ ʦʪʨʠʤʘʪʠ ʧʦʪʨʽʙʥʽ ʜʘʥʽ ʷʢ: 

- ʚʝʣʠʢʽ ʬʘʡʣʠ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ ʩʘʤ ʨʝʘʣʽʟʫʻ ʟʘʚʜʘʥʥʷ ʟ 

ʧʦʰʫʢʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ); 

- ʚʠʟʥʘʯʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʦʣʷ ʟʘʧʠʩʽʚ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʫʤʦʚʘʤ ʟʘʧʠʪʫ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ ʧʠʰʝ ʟʘʧʠʪʠ ʤʦʚʦʶ 

ʚʽʜʧʦʚʽʜʥʦʾ ʉʋɹɼ, ʟʥʘʶʯʠ ʩʭʝʤʫ ʙʘʟʠ ʜʘʥʠʭ); 

- ʚʠʟʥʘʯʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʦʣʷ ʟʘʧʠʩʽʚ ʙʘʟʠ ʜʘʥʠʭ ʘʙʦ ʬʘʡʣʽʚ (ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʦʚʥʶʻ ʟʨʫʯʥʽ ʬʦʨʤʠ ʜʣʷ ʚʠʙʦʨʫ ʜʘʥʠʭ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʟʘʩʪʦʩʫʥʢʠ-ʢʣʽʻʥʪʠ); 

- ʚʠʟʥʘʯʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʦʣʷ ʜʞʝʨʝʣʘ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ 

ʟʘʧʦʚʥʶʻ ʟʨʫʯʥʫ ʬʦʨʤʫ ʚʠʙʦʨʫ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʜʘʥʠʭ ʜʞʝʨʝʣʘ, 
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ʟ ʷʢʦʾ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʶʪʴʩʷ ʟʘʧʠʪʠ). 

ʆʩʢʽʣʴʢʠ ʉʚʽʪʦʚʽ ʮʝʥʪʨʠ ʜʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʜʠʩʮʠʧʣʽʥʘʨʥʫ 

ʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʟʘʟʥʘʯʝʥʘ ʜʽʷʣʴʥʽʩʪʴ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʉʎɼ 

ʬʘʭʽʚʮʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʷʭ. ʊʘʢ, ʉʎɼ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʉʎɼ-ʋʢʨʘʾʥʘ) ʚ ʋʢʨʘʾʥʽ ʧʦʢʣʠʢʘʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ 

ʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʧʽʚʪʦʚʘʨʠʩʪʚʫ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʨʘʜʠ ʟ ʥʘʫʢʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʧʣʘʥʝʪʘʨʥʦʾ ʪʘ 

ʢʦʩʤʽʯʥʦʾ ʬʽʟʠʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʤʽʞʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʟʙʽʨ ʽ ʟʙʝʨʽʛʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʟ ʟʘʟʥʘʯʝʥʠʭ ʜʠʩʮʠʧʣʽʥ ʪʘ ʾʭ 

ʨʝʧʨʝʟʝʥʪʘʮʽʶ ʩʚʽʪʦʚʦʤʫ ʩʧʽʚʪʦʚʘʨʠʩʪʚʫ.  

ʅʘ ʉʎɼ-ʋʢʨʘʾʥʘ ʪʘʢʦʞ ʧʦʢʣʘʜʝʥʦ ʟʙʽʨ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʚʽʪʦʚʠʭ 

ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

ʋ ʦʨʛʘʥʽʟʘʮʽʡ-ʯʣʝʥʽʚ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʦ ʜʘʥʠʭ ʽ 

ʟʘʩʪʦʩʫʥʢʽʚ. ʇʨʠʥʮʠʧʦʚʦʶ ʦʩʥʦʚʦʶ ʜʽʷʣʴʥʦʩʪʽ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʻ 

ʚʟʘʻʤʦʜʽʷ ʉʎɼ, ʦʢʨʝʤʠʭ ʥʘʫʢʦʚʠʭ ʢʦʣʝʢʪʠʚʽʚ ʽ ʚʯʝʥʠʭ. ɺʯʝʥʽ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʟʥʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʢʦʧʠʯʝʥʽ 

ʨʝʩʫʨʩʠ ʽʥʰʠʭ ʛʘʣʫʟʝʡ. ɼʦ ʢʦʣʘ ʜʞʝʨʝʣ, ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʷʢʠʭ ʾʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʥʘʣʝʞʘʪʴ: ʙʘʟʠ ʜʘʥʠʭ; ʚʝʙ-ʩʘʡʪʠ ʽ ʧʦʨʪʘʣʠ; ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʫʩʧʘʜʢʦʚʘʥʽ ʬʘʡʣʦʚʽ ʩʠʩʪʝʤʠ; ʨʝʧʦʟʠʪʦʨʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʜʘʥʠʭ. ʉʴʦʛʦʜʥʽ ʮʷ ʚʟʘʻʤʦʜʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʚʟʘʻʤʦʜʽʾ 

ʫʩʧʘʜʢʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʟ ʫʩʽʤʘ ʾʾ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ 

ʚʽʜʤʽʥʥʽʩʪʶ ʘʨʭʽʪʝʢʪʫʨ, ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʬʦʨʤʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ 

ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ.  

ʅʘʫʢʦʚʮʷʤ ʧʦʪʨʽʙʝʥ ʻʜʠʥʠʡ ʫʥʽʬʽʢʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʩʪʫʧʫ ʜʦ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʩʧʨʠʡʤʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʨʝʩʫʨʩʠ ʷʢ ʥʦʚʝ ʻʜʠʥʝ ʜʞʝʨʝʣʦ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ ʥʝʦʙʭʽʜʥʘ ʚʟʘʻʤʦʜʽ ̫ʫʩʧʘʜʢʦʚʘʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ  ̔ ʰʚʠʜʢʘ ʨʝʘʣʽʟʘʮʽ ̫ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ʇʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ 

ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʤʝʪʦʜʘʭ ̔  ʟʘʩʦʙʘʭ ʦʪʨʠʤʘʥʥʷ 

ʷʢʽʩʥʦ ʥʦʚʠʭ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ, ʦʪʨʠʤʘʥʥʷ ʽ 

ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ.  
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ʋ ʉʉɼ ̒ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʩʪʫʧʫ ʜʦ 

ʥʘʢʦʧʠʯʝʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʞʥʦʛʦ ʨʘʟʫ ʨʽʟʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʟʘʩʦʙʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ [2]. ʂʦʨʠʩʪʫʚʘʯʽ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʪʨʫʜʥʦʱʘʤʠ ʧʨʠ ʩʧʨʦʙʘʭ ʦʪʨʠʤʘʪʠ ʧʦʪʨʽʙʥʽ ʜʘʥʽ, ʷʢʱʦ ʚʦʥʠ 

ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʜʞʝʨʝʣʘʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʦʧʨʘʮʶʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʢʦʨʠʩʪʫʚʘʯ 

ʟʘʟʜʘʣʝʛʽʜʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʊ-ʬʘʭʽʚʮʽʚ ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ ʩʭʝʤʫ ʨʦʟʚôʷʟʘʥʥʷ 

ʩʚʦʻʾ ʧʨʦʙʣʝʤʠ. 

ʅʘʩʪʘʚ ʯʘʩ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʽ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ 

ʫʩʧʘʜʢʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ɯʊ, ʟʜʘʪʥ ̔ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ. ʅʘʢʦʧʠʯʝʥʽ ʨʝʩʫʨʩʠ, ʥʘʙʫʪʠʡ ʜʦʩʚʽʜ ʟ 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʘʶʪʴ ʩʢʣʘʩʪʠ ʦʩʥʦʚʫ ʜʣʷ ʨʽʰʝʥʴ 

ʥʦʚʦʛʦ ʨʽʚʥʷ, ʢʦʣʠ ʪʝʭʥʦʣʦʛʽʾ, ʬʦʨʤʘʪʠ, ʽ ʧʨʦʮʝʜʫʨʠ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʥʝ 

ʨʦʟʜʽʣʷʶʪʴ, ʘ ʦʙôʻʜʥʫʶʪʴ ʥʘʫʢʦʚʫ ʩʧʽʣʴʥʦʪʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʙʣʝʤʫ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʽʣʴʰ 

ʧʨʠʩʢʽʧʣʠʚʦ. ʑʦʙ ʟʨʦʙʠʪʠ ʮʝ ʫ ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ, ʤʠ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʜʽʣʠʤʦ ʾ ʾ ʦʩʥʦʚʥʽ ʧʽʜʧʨʦʙʣʝʤʠ ̔  ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʾʭ 

ʨʦʟʚôʷʟʘʥʥʽ. ʇʦ-ʧʝʨʰʝ, ʚʠʤʘʛʘʶʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʽ 

ʟʘʩʪʦʩʫʥʢʽʚ. ʇʦ-ʜʨʫʛʝ, ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ. ʇʦ-ʪʨʝʪʻ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ 

ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽ ʚʧʨʦʚʘʜʠʪʠ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʘʧʘʨʘʪ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. ʇʦ-ʯʝʪʚʝʨʪʝ, ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ 
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1.3. ʇʨʦʙʣʝʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ 

ʩʠʩʪʝʤʽ ʜʘʥʠʭ 

ʆʪʞʝ, ʟʘ ʧʦʥʘʜ 50 ʨʦʢʽʚ ʉʚʽʪʦʚʽ ʮʝʥʪʨʠ ʜʘʥʠʭ ʟʙʠʨʘʣʠ, ʘʥʘʣʽʟʫʚʘʣʠ, 

ʘʨʭʽʚʫʚʘʣʠ ʪʘ ʧʦʰʠʨʶʚʘʣʠ ʜʘʥʽ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʎʝʥʪʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʢʨʠʪʠʡ ʪʘ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ 

(ʤʝʪʝʦʨʦʣʦʛʽʷ, ʦʢʝʘʥʦʛʨʘʬʽʷ, ʬʽʟʠʢʘ, ʛʝʦʽʥʬʦʨʤʘʪʠʢʘ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʨʘʢʝʪʠ, 

ʩʫʧʫʪʥʠʢʠ, ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʪʦʱʦ), ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʶʯʠ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʨʝʩʫʨʩʠ ʚ ɯʥʪʝʨʥʝʪʽ. 

ʉʎɼ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʙʝʟʧʝʯʥʝ ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʘʥʠʭ ʪʘ ʧʨʦʜʫʢʪʽʚ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. 

ʅʘʧʨʠʢʣʘʜ, ʉʎɼ ʤʽʩʪʷʪʴ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʤʽʞʧʣʘʥʝʪʥʠʭ ʷʚʠʱ, ʽʦʥʦʩʬʝʨʠ, ʛʝʦʤʘʛʥʽʪʥʠʭ ʟʤʽʥ, ʘ ʪʘʢʦʞ ʢʦʩʤʽʯʥʠʭ 

ʧʨʦʤʝʥʽʚ, ʩʝʡʩʤʦʣʦʛʽʾ, ʛʝʦʤʘʛʥʝʪʠʟʤʫ ʽ ʪ..̔ ɿʙʝʨʽʛʘʶʪʴʩʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʜʘʥʽ 

ʟʘ ʧʝʨʽʦʜ ʚʽʜ XVIII ʩʪ. ɼʘʥʽ ʟʙʠʨʘʶʪʴʩʷ ʟ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ ʩʧʦʩʪʝʨʝʞʥʠʭ 

ʩʪʘʥʮʽʡ (ʜʦʩʣʽʜʥʽ ʩʫʜʥʘ, ʙʫʾ, ʩʫʧʫʪʥʠʢʠ, ʩʧʝʮʽʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʽʥʰʽ 

ʧʨʠʩʪʨʦʾ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʉʉɼ.  

ɺʽʜʧʦʚʽʜʥʦ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ. ɼʘʥʽ 

ʤʦʥʽʪʦʨʪ̫ʴʩʷ, ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʪʘ ʦʥʦʚʣʶʶʪʴʩʷ ʧʦʩʪʽʡʥʦ. ɼʘʥʽ ʜʦʩʪʫʧʥʽ ʚ ʨʽʟʥʠʭ 

ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤʘʭ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʘʧʝʨʽ, ʤʽʢʨʦʬʽʣʴʤʘʭ. ɸʣʝ ʩʴʦʛʦʜʥʽ 

ʚʘʞʣʠʚʦ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʬʦʨʤʘʪʘʭ ʫ ʟʨʫʯʥʽʡ ʛʦʪʦʚʽʡ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʽ. ʉʎɼ ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʪʘʨʽ ʘʥʘʣʦʛʦʚʽ ʜʘʥʽ ʚ ʮʠʬʨʦʚʫ 

ʬʦʨʤʫ.  

ʋʩʽ ʜʘʥʽ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʜʦ ʉʉɼ, ʨʝʻʩʪʨʫʶʪʴʩʷ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʙʘʟʘʭ 

ʜʘʥʠʭ ʽ ʟʘʥʦʩʷʪʴʩʷ ʚ ʢʘʪʘʣʦʛ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ. ɼʘʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʷ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʪʘ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚ ʢʘʪʘʣʦʛʘʭ ʪʘ ʢʘʪʘʣʦʛʘʭ ʙʘʟʠ ʤʝʪʘʜʘʥʠʭ. 

ɽʣʝʤʝʥʪʠ ʤʝʪʘʜʘʥʠʭ ʜʦʟʚʦʣʷʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʠʧ ʪʘ ʧʦʭʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʾʭ 

ʧʨʦʩʪʦʨʦʚʝ ʪʘ ʯʘʩʦʚʝ ʧʦʢʨʠʪʪʷ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ʄʝʪʘʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʪʘʣʦʛʽʚ ʜʘʥʠʭ. ɺʥʫʪʨʽʰʥʻ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʘ ʽʥʦʜʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʦʚʘʭ ʦʧʠʩʘʥʥʷ ʜʘʥʠʭ (DDL) ʪʘ 
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ʉʋɹɼ. ʎʠʬʨʦʚʽ ʜʘʥʽ ʫ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤʘʪʘʭ, ʤʝʪʘʜʘʥʠʭ ʪʘ ʢʘʪʘʣʦʛʘʭ 

ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ ʜʦʩʪʫʧʥʽ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ ʉʎɼ. 

ɺʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʉʎɼ ʻ ʘʥʘʣʽʪʠʯʥʝ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʟ ʤʝʪʦʶ 

ʥʘʜʘʥʥʷ ʬʘʭʽʚʮʷʤ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʢʘʨʪ 

ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ, ʧʨʦʛʥʦʟʽʚ, ʘʥʘʣʽʪʠʯʥʠʭ ʦʮʽʥʦʢ. ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʠʩʦʢʦʷʢʽʩʥʽ 

ʥʘʙʦʨʠ ʜʘʥʠʭ ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʣʽʤʘʪʫ ʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʪʘ ʥʘʜʘʶʪʴʩʷ 

ʜʣʷ ʜʦʩʪʫʧʫ ʚ ɯʥʪʝʨʥʝʪ.  

ʋ ʉʉɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʜʘʥʠʭ, ʢʦʥʪʨʦʣʶ ʨʝʛʣʘʤʝʥʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʠʭ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʙʦʨʠ ʚʽʟʫʘʣʴʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʝʨʽʚʥʠʮʪʚ WMO (World Meteorological Organization) ʽ 

IOC (Intergovernmental Oceanographic Commission). ʂʽʣʴʢʽʩʥʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʜʫʨʘʭ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, ʦʥʦʚʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʪʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʚʽʨʢʠ ʜʫʙʣʽʢʘʪʽʚ ʜʣʷ 

ʫʥʠʢʥʝʥʥʷ ʜʫʙʣʽʢʘʮʽʾ ʜʘʥʠʭ ʫ ʛʣʦʙʘʣʴʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʤʝʪʘʜʘʥʠʭ ʢʘʪʘʣʦʛʠ ʦʨʛʘʥʽʟʘʮʽʡ, ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʝʢʪʽʚ ʨʝʛʫʣʷʨʥʦ 

ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʤ ʢʘʪʘʣʦʛʘʤ ʢʦʣʝʛ IODE 

(International Oceanographic Data and Information), GCMD (Global Change 

Master Directory), ICES (nternational Council for the Exploration of the Sea), 

WMO (World Meteorological Organization), EDMO (European Digital Media 

Observatory) ʪʘ EDMERP (European Directory of Marine Environmental Research 

Projects). ʋʩʽ ʮʽ ʟʘʭʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʽʜʝʥʪʠʯʥʦʩʪʽ ʜʘʥʠʭ ʪʘ 

ʤʝʪʘʜʘʥʠʭ, ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʝ ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʜʘʥʠʭ ʚ ɯʥʪʝʨʥʝʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʢʦʤʙʽʥʦʚʘʥʘ ʩʪʨʘʪʝʛʽʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ web-ʪʝʭʥʦʣʦʛʽʡ.  

ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʰʠʨʝʥʽ ʉʋɹɼ, ʥʘʩʘʤʧʝʨʝʜ Oracle. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʥʘʡʪʠ ʧʦʪʨʽʙʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʪʠ ʾʭ, ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʩʶʞʝʪʫ, ʢʘʨʪʠ ʯʠ ʜʽʘʛʨʘʤʠ. ʌʦʨʤʫʚʘʥʥʷ ʪʘ 
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ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʥʴ (ʘʪʣʘʩʽʚ, ʛʘʟʝʪ, ʜʦʚʽʜʥʠʢʽʚ, ʧʦʩʽʙʥʠʢʽʚ 

ʪʘ ʚʢʘʟʽʚʦʢ) ʪʘʢʦʞ ʚʭʦʜʠʪ ɹ ʚ ʩʬʝʨʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪ̔ ʉʎɼ. ʂʘʪʘʣʦʛʠ 

ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʥʴ ʜʦʩʪʫʧʥʽ ʚ ɯʥʪʝʨʥʝʪʽ. 

ʉʎɼ ʩʫʚʦʨʦ ʜʦʪʨʠʤʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʦʧʠʩʘʥʥʷ 

ʤʝʪʘʜʘʥʠʭ, ʦʙʤʽʥʫ ʜʘʥʠʤʠ. ɼʣʷ ʨʦʟʤʽʱʝʥʥʷ web-ʤʝʪʘʜʘʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʽʞʥʘʨʦʜʥʠʤ ʧʨʦʬʽʣʷʤ ʤʝʪʘʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪ ISO 19115: 

ʦʩʥʦʚʥʠʡ ʧʨʦʬʽʣʴ WMO ʜʣʷ ʜʘʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʾ [35] ʪʘ CDI ʜʣʷ ʜʘʥʠʭ 

ʦʢʝʘʥʦʛʨʘʬʽʾ [36]. ɼʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʦʨʤʘʪʠ ʜʘʥʠʭ 

BUFR/CREX (ʚ̔ʜ WMO), ʪʘ ʧʦʰʠʨʝʥʽ ʬʦʨʤʘʪʠ ʜʘʥʠʭ NetCDF ʪʘ ODV. 

ʂʦʞʥʠʡ ʉʎɼ ʚʠʢʦʨʠʩʪʦʚʫʻ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʜʦ ʧʨʦʮʝʩʽʚ ʟʙʦʨʫ, ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʘʥʠʭ. ʍʦʯ ʽʩʪʦʨʠʯʥʦ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ (ʢʦʤʧ'ʶʪʝʨʠ, ʩʭʦʚʠʱʘ, 

ʢʦʤʫʥʽʢʘʮʽʡʥ ̔ʟʘʩʦʙʠ) ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʉʎɼ 

ʜʦ ʽʥʰʦʛʦ, ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʮʝʜʫʨʠ (ʘʨʭʽʚʘʮʽʷ, ʢʦʥʪʨʦʣʴ ʫʤʦʚ, ʧʝʨʽʦʜʠʯʥʽ 

ʧʝʨʝʚʽʨʢʠ, ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ, ʜʟʝʨʢʘʣʶʚʘʥʥʷ, ʰʠʬʨʫʚʘʥʥʷ ʪʘ 

ʽʥʰʽ), ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʜʦ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʽʩʪʦʨʠʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʡʥʬʨʝʡʤʠ IBM z9 BC, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʩʫʧʝʨʢʦʤʧôʁ ʪʝʨʥʽ 

ʨʽʰʝʥʥʷ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ï ʩʭʦʚʠʱʘ IBM System Storage DS8300, IBM 

System Storage 3500. ɺʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʚʝʣʠʢʘ ʻʤʥʽʩʪʴ (ʜʦ 512 ʊʙ), 

ʩʠʩʪʝʤʘ ʙʨʘʥʜʤʘʫʝʨʘ, ʧʦʚʥʝ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʧʨʦʮʝʜʫʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʜʘʥʠʭ.  

ʆʜʥʘʢ ʉʎɼ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʨʽʰʝʥʽ ʯʘʩʪʢʦʚʦ, ʘʙʦ 

ʱʝ ʥʝ ʚʠʨʽʰʝʥʽ. ʇʦʢʘʞʝʤʦ ʮʽ ʧʨʦʙʣʝʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ʉʎɼ, ʷʢʠʡ 

ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʄʅʈ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, 

ʦʜʥʦʯʘʩʥʦ ʟʙʠʨʘʶʯʠ, ʥʘʢʦʧʠʯʫʶʯʠ, ʦʙʨʦʙʣʶʁ ʯʠ ʽ ʧʦʰʠʨʶʶʯʠ ʜʘʥʽ 

ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʚ ʪʠʭ ʞʝ ʛʘʣʫʟʷʭ. ʉʎɼ-ʋʢʨʘʾʥʘ ʪʘʢʦʞ ʟʙʠʨʘʻ, 

ʦʙʨʦʙʣʶʻ, ʘʥʘʣʽʟʫʻ ʽ ʧʦʰʠʨʶʻ ʛʣʦʙʘʣʴʥʽ ʽ ʥʘʮʽʦʥʘʣʴʥʽ ʜʘʥʽ, ʧʦʚôʷʟʘʥʽ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɿʜʽʡʩʥʶʶʯʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʥʘʣʽʟ ʽ 
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ʚʠʨʽʰʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʧʨʦʙʣʝʤ ʩʠʩʪʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʥʘʩʘʤʧʝʨʝʜ 

ʢʽʣʴʢʽʩʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʦʮʽʥʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʟʘʛʨʦʟ ʥʘ ʨʦʟʚʠʪʦʢ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʽ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʘʭ, ʉʎɼ-

ʋʢʨʘʾʥʘ ʪʘʢʦʞ ʚʠʨʽʰʫʻ ʥʠʟʢʫ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʽʜʪʨʠʤʢʦʶ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʩʘʤʧʝʨʝʜ ʤʦʚʘ ʡʜʝ ʧʨʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʨʝʘʣʽʟʘʮʽʶ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ ʟʙʦʨʫ, ʦʙʨʦʙʣʝʥʥʷ, ʦʙʤʽʥʫ, ʘʥʘʣʽʟʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ. ʑʦʙ ʟʙʝʨʝʛʪʠ ʧʦʟʠʮʽʶ ʦʜʥʦʛʦ 

ʽʟ ʣʽʜʝʨʽʚ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʫʢʨʘʾʥʩʴʢʠʡ ʉʎɼ ʟ ʧʠʪʘʥʴ 

ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʟʥʘʯʠʚ ʪʘʢʽ ʧʨʽʦʨʠʪʝʪʠ: 

1) ʥ̔ʪʝʛʨʘʮʽʷ ʟ ʥʦʚʠʤʠ ʉʎɼ ʪʘ ʝʬʝʢʪʠʚʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟ ʯʣʝʥʘʤʠ 

ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ; 

2) ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʥʘ ʥʝʮʠʬʨʦʚʠʭ ʥʦʩʽʷʭ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʭ 

ʦʮʠʬʨʫʚʘʥʥʷ; 

3) ʧʨʠʡʥʷʪʪʷ ʽ ʜʦʪʨʠʤʘʥʥʷ ʧʦʣʽʪʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʜʘʥʠʭ; 

4) ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʚʘʡʜʝʨʽʚ ʜʘʥʠʭ; 

5) ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʽʥʪʝʛʨʘʮʽʶ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ; 

6) ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʫ ʨʘʤʢʘʭ ʚʠʟʥʘʯʝʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ 

ʚʠʟʥʘʥʝ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ 

ʜʘʥʠʭ ʄʅʈ. ɯ ʤʦʚʘ ʡʜʝ ʥʝ ʣʠʰʝ ʧʨʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʚ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʬʦʨʤʘʪʘʭ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ 

ʻʜʠʥʫ ʪʦʯʢʫ ʜʦʩʪʫʧʫ ʜʦ ʚʩʽʭ ʨʝʩʫʨʩʽʚ, ʜʘʥʠʭ, ʩʝʨʚʽʩʽʚ ʪʘ ʩʣʫʞʙ ʉʉɼ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʮʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʴ ʛʥʫʯʢʫ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʻʜʠʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. ʆʩʥʦʚʥʠʤʠ ʨʠʩʘʤʠ ʩʪʚʦʨʶʚʘʥʦʛʦ 

ʟʘʛʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʙʘʯʘʶʪʴʩʷ: 

1) ɻʥʫʯʢʘ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʘ ʤʽʞʧʣʘʪʬʦʨʤʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟ ʚʽʜʢʨʠʪʠʤ 

ʢʦʜʦʤ, ʥʘʧʨʠʢʣʘʜ, SOA; 
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2) ʅʘʷʚʥʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʝʻʩʪʨʫ ʜʘʥʠʭ ʪʘ ʧʦʩʣʫʛ; 

3) ʇʨʦʩʪʘ ʽʥʪʝʛʨʘʮʽʷ ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ 

SOAP, WSDL, BPEL, UDDI ʪʦʱʦ; 

4) ʅʘʷʚʥʽʩʪʴ ʻʜʠʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ; 

5) ʅʘʷʚʥʽʩʪʴ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʥʦʛʦ ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʽʩʥʫʶʯʠʭ ʧʦʩʣʫʛʘʭ; 

6) ʅʘʷʚʥʽʩʪʴ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʧʽʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ʋʩʽ ʉʎɼ ʚʠʷʚʠʣʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʧʨʠʻʜʥʘʥʥʽ ʜʦ ʥʦʚʦʾ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʜʘʥʠʭ ʄʅʈ ʪʘ ʫʩʧʽʰʥʦ ʧʨʦʡʰʣʠ ʥʝʦʙʭʽʜʥʽ ʝʪʘʧʠ ʩʝʨʪʠʬʽʢʘʮʽʾ. 

ɺ ʋʢʨʘʾʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʟʛʘʜʫʚʘʥʦʾ ʚʠʱʝ ʤʝʨʝʞʽ URAN, ʷʢʘ ʦʙôʻʜʥʫʻ ʥʘʫʢʦʚʽ ʽ ʦʩʚʽʪʥʽ ʟʘʢʣʘʜʠ, ʽ 

ʧʦʪʫʞʥʠʡ ʩʫʧʝʨʢʦʤʧôʶʪʝʨ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ 

ʜʣʷ ʩʧʽʚʧʨʘʮʽ, ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʤʽʞ ʧʘʨʪʥʝʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʠʩʪʝʤʘʪʠʯʥʠʡ 

ʘʢʮʝʥʪ ʥʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʢʦʣʝʢʪʠʚʽʚ ʉʎɼ-

ʋʢʨʘʾʥʘ ʜʦʟʚʦʣʠʚ ʥʘʢʦʧʠʯʠʪʠ ʜʦʩʚʽʜ, ʷʢʠʡ ʙʝʟ ʩʫʤʥʽʚʫ ʙʫʜʝ ʢʦʨʠʩʥʠʡ ʜʣʷ ʫʩʽʭ 

ʯʣʝʥʽʚ ʉʉɼ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʘʫʢʦʚʠʤʠ ʜʘʥʠʤʠ 

(ʟʙʽʨ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, ʦʙʤʽʥ, ʟʚʽʪʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʫʧʨʘʚʣʽʥʥʷ) ʨʽʟʥʦʛʦ ʚʠʜʫ ʽʟ ʨʽʟʥʠʭ ʩʬʝʨ ʽ ʛʘʣʫʟʝʡ 

ʥʘʫʢʠ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʩʣʫʛ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʘʥʘʣʽʟ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. 

ʇʽʜʪʨʠʤʢʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ 

ʚʠʛʣʷʜʘʻ ʷʢ ʚʝʣʠʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ. ʇʦ ʩʫʪʽ ʚʦʥʘ ʜʝʢʦʤʧʦʟʫʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʽʜʧʨʦʙʣʝʤ ʨʽʟʥʦʛʦ ʨʽʚʥʷ 

ʩʢʣʘʜʥʦʩʪʽ, ʥʘʩʘʤʧʝʨʝʜ ʽʥʪʝʛʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʨʘʮʽʦʥʘʣʴʥʫ 

ʦʨʛʘʥʽʟʘʮʽʶ ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʜʘʥʠʭ, ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ 
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ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ɯʊ-ʩʧʽʣʴʥʦʪʠ, ʟʜʘʪʥʦʾ 

ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʪʠʩʣʦ ʨʦʟʛʣʷʥʝʤʦ ʟʘʟʥʘʯʝʥʽ ʧʽʜʧʨʦʙʣʝʤʠ, ʨʦʟʫʤʽʶʯʠ, ʱʦ ʤʦʚʘ ʚʩʝ ʞ 

ʧʦʚʠʥʥʘ ʡʪʠ ʧʨʦ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʽʥʪʝʛʨʫʻ ʽʩʥʫʶʯʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʽʜʧʨʦʙʣʝʤ ʚ ʻʜʠʥʽʡ ʧʣʘʪʬʦʨʤʽ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ. 

ʇʦ-ʧʝʨʰʝ, ʫ ʉʉɼ ʚʞʝ ʜʘʚʥʦ ʧʦʩʪʘʣʘ ʧʝʨʝʜ ʙʘʛʘʪʴʤʘ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʧ̔ ʜʧʨʦʙʣʝʤʘ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ. ʗʢʱʦ ʜʦʪʝʧʝʨ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʮʽʡ ʩʬʝʨʽ ʙʫʣʠ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤʠ, ʪʦ ʩɹ ʦʛʦʜʥʽ ʩʢʣʘʣʠʩʷ ʫʤʦʚʠ 

ʜʣʷ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ɯʊ ʥʘ ʧʝʨʝʣʦʤʽ ʪʠʩʷʯʦʣʽʪʴ 

ʟʤʽʥʠʚ ʪʨʘʜʠʮʽʡʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʩʝʨʚʽʩʥʠʡ ʧʽʜʭʽʜ ʩʪʚʦʨʠʣʠ ʫʤʦʚʠ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʽ ʩʝʨʚʽʩʽʚ, ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ. ʇʦʥʘʜ 50 

ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʉʎɼ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʽʥʪʝʛʨʫʚʘʣʠʩʷ ʚ ʥʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ. ɰʭ ʧʦʪʫʞʥʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʷʚʠʣʠʩʷ ʥʝ ʮʽʣʢʦʤ ʘʜʝʢʚʘʪʥʠʤʠ ʧʦʪʨʝʙʘʤ ʥʘʫʢʠ, ʥʝʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʠʤʠ ʜʣʷ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʊʦʤʫ ʧʝʨʝʜ ʉʉɼ ʧʦʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʠʡ, ʢʦʦʨʜʠʥʦʚʘʥʠʡ 

ʛʣʦʙʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʦʙʤʽʥʫ ʥʘʫʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʠʡ ʛʘʨʘʥʪʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʨʽʚʥʦʧʨʘʚʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʷʢʽʩʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʚʽʪʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʠ 

ʨʦʟʨʦʙʣʝʥʥʽ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ ʪʨʝʙʘ 

ʚʨʘʭʫʚʘʪʠ ʾʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʥʘʩʘʤʧʝʨʝʜ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ, ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ, 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʦʨʤʘʪʽʚ, ʜʘʥʽ ʧʝʨʝʚʘʞʥʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʴ. ʇʦʪʨʽʙʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʚʟʘʻʤʦʜʽʶ 

ʫʩʧʘʜʢʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʻ 

ʚʽʜʤʽʥʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨ, ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʦʨʤʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʽʥʰʽ 

ʥʝʛʘʪʠʚʥʽ ʚ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ɯʊ-ʩʝʨʝʜʦʚʠʱʘ ʯʠʥʥʠʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʥʦʚʽʪʥʽʭ ɯʊ ʥʝʦʙʭʽʜʥʦ ʥʘʩʘʤʧʝʨʝʜ 
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ʫʥʽʬʽʢʫʚʘʪʠ ʬʦʨʤʘʪʠ ʽ ʧʨʦʪʦʢʦʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʢʦʥʪʨʦʣ ɹ

ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ [2]. 

ɿʫʩʠʣʣʷ ʧʦʚʠʥʥʽ ʩʧʨʷʤʦʚʫʚʘʪʠʩʷ ʥʘ ʪʝ, ʱʦʙ ʚʯʝʥʽ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʟʥʘʥʥʷ 

ʤʦʛʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʨʝʩʫʨʩʠ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʟʥʘʥʥʷ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʥʝ ʦʩʦʙʣʠʚʦʩʪʽ ɯʊ. ɼʦ ʢʦʣʘ ʜʞʝʨʝʣ, ʽʥʪʝʛʨʦʚʘʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʨʝʩʫʨʩʽʚ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʟʘʙʝʟʧʝʯʠʪʠ, ʥʘʣʝʞʘʪʴ ʙʘʟʠ ʜʘʥʠʭ, ʚʝʙ-ʩʘʡʪʠ ʽ 

ʧʦʨʪʘʣʠ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʫʩʧʘʜʢʦʚʘʥʽ ʬʘʡʣʦʚʽ ʩʠʩʪʝʤʠ ʽ ʨʝʧʦʟʠʪʦʨʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʘʥʠʭ.  

ɿʘʟʚʠʯʘʡ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʫʤʽʶʪʴ ʷʢ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʠʥʦʛʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʝʦʜʥʦʨʽʜʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ 

[37]. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʜʞʝʨʝʣ, ʷʢʽ 

ʽʥʪʝʛʨʫʶʪʴʩʷ, ʧʦʚʠʥʥʽ ʧʨʝʜʩʪʘʚʣʷʪʠʩʷ ʷʢ ʥʦʚʝ ʻʜʠʥʝ ʜʞʝʨʝʣʦ, ʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ ʤʦʞʣʠʚʦʩʪʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ [2].  

ʇʦʛʣʷʜ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʷʢ ʚʟʘʻʤʦʜʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʥʝ ʪʘʢʠʡ ʧʦʰʠʨʝʥʠʡ, ʘʣʝ 

ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʥʦʚʦʤʫ ɯʊ-ʩʝʨʝʜʦʚʠʱʽ. ɿʘʛʘʣʦʤ ʚʽʥ ʬʦʨʤʫʚʘʚʩʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ʬʘʭʽʚʮʽʚ ʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [37], ʘʣʝ ʧʦʩʪʫʧʦʚʦ ʯʝʨʝʟ ʧʨʦʙʣʝʤʘʪʠʢʫ 

ʽʥʪʝʛʨʘʮʽʾ ʤʫʣʴʪʠʙʘʟ ʽ ʬʝʜʝʨʘʪʠʚʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʚʝʣʠʢʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ, 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʧʦʟʠʪʦʨʽʾʚ ʙʫʚ ʧʝʨʝʥʝʩʝʥʠʡ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ [2]. 

ʎʝʡ ʥʘʧʨʷʤ ʩʴʦʛʦʜʥʽ ʚʠʜʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚ ʫʤʦʚʘʭ 

ʩʝʨʚʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦ-ʙʘʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ. 

ʊʦʤʫ ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʽʥʪʝʛʨʘʮʽʷ ʷʢ 

ʚʟʘʻʤʦʜʽʷ ʟʘʩʪʦʩʫʥʢʽʚ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩʫʚʘʪʠʩʷ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʨʦʟʨʦʙʣʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ: 

- ʩʪʚʦʨʶʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ; 
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- ʨʦʟʰʠʨʶʚʘʪʠ ʩʬʝʨʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ ʽ ʬʦʨʤʘʪʽʚ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ; 

- ʩʪʚʦʨʶʚʘʪʠ ʢʨʦʩ-ʧʣʘʪʬʦʨʤʥʽ ʟʘʩʪʦʩʫʥʢʠ, ʽʥʪʝʛʨʫʚʘʪʠ ʜʘʥʽ ʽ 

ʟʘʩʪʦʩʫʥʢʠ; 

- ʩʧʨʦʱʫʚʘʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʪʘ ʨʝʩʫʨʩʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʜʝʪʘʣʝʡ ʘʧʘʨʘʪʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥ ̔ ʤʦʜʝʣʽ ̔ ʤʝʪʦʜʠ ʜʣʷ ʪʝʭʥʽʯʥʦʾ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ. 

ɺ ʫʤʦʚʘʭ ʟʛʘʜʘʥʦʾ ʚʠʱʝ ʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ 

ʜʘʥʠʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʝʨʚʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʪʘʢʽʡ ʚʝʣʠʢʽʡ ʨʦʟʧʦʜʽʣʝʥʽʡ ʩʠʩʪʝʤʽ 

ʤʘʻ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʪʨʝʙʘ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʣʘʪʬʦʨʤʠ. ɽʪʘʧʠ 

ʝʚʦʣʶʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʚʽʩʽʚ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʫ ʉʎɼ [26]: 

1) ʜʘʥʽ ʥʘʜʘʚʘʣʠʩʷ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʦʩʪʦ ʷʢ ʚʝʣʠʢʽ ʬʘʡʣʠ, ʧʨʠʯʦʤʫ ʫʩʽ 

ʟʘʚʜʘʥʥʷ ʟ ʧʦʰʫʢʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʫ ʥʴʦʤʫ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʙʫʚ 

ʚʠʢʦʥʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ; 

2) ʟʙʝʨʝʞʝʥʽ ʉʎɼ ʜʘʥʽ ʙʫʣʦ ʧʝʨʝʥʝʩʝʥʦ ʚ ʙʘʟʠ ʜʘʥʠʭ, ʘ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʙʫʣʦ ʥʘʜʘʥʦ ʟʘʩʦʙʠ ʜʣʷ ʚʚʝʜʝʥʥʷ ʟʘʧʠʪʫ ʥʘ ʥʠʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʚ ʚʽʜ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟʥʘʥʥʷ ʤʦʚʠ ʟʘʧʠʪʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʉʋɹɼ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʭʝʤʫ 

ɹɼ, ʜʦ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘʧʠʪ; 

3) ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʦʙʫʤʦʚʠʣʠ ʚ ʉʎɼ ʧʦʷʚʫ 

çʪʦʥʢʠʭè ʪʘ çʪʦʚʩʪʠʭè ʟʘʩʪʦʩʫʥʢʽʚ-ʢʣʽʻʥʪʽʚ, ʷʢʽ ʥʘʜʘʚʘʣʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʬʦʨʤʠ 

ʜʣʷ ʚʠʙʨ̔ʢʠ ʜʘʥʠʭ. ɺʦʥʠ ʽʥʢʘʧʩʫʣʶʚʘʣʠ ʚ ʩʦʙʽ ʟʘʩʦʙʠ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʜʨʫʞʥʽʡ ʽʥʪʝʨʬʝʡʩ, ʘʣʝ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘʢʠʭ ʬʦʨʤ ʯʘʩʪʦ ʚʠʤʘʛʘʣʦ ʽʩʪʦʪʥʠʭ ʪʨʫʜʦʚʠʪʨʘʪ ʽ, ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ, ï ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ (ʘʙʦ ʬʘʡʣʫ) ʜʘʥʠʭ; 

4) ʬʦʨʤʠ ʚʠʙʦʨʫ ʜʘʥʠʭ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʫ ʬʘʩʝʪʥʽ ʬʦʨʤʠ ʧʦʰʫʢʫ 

ʜʘʥʠʭ, ʫ ʷʢʠʭ ʬʦʨʤʠ ʧʦʰʫʢʫ ʜʘʥʠʭ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʧʠʩʠ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʤʝʪʘʜʘʥʠʭ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ. 
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5) ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʩʝʨʚʽʩʽʚ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʟʘ ʧʨʠʥʮʠʧʦʤ çʻʜʠʥʦʛʦ 

ʚ̔ ʢʥʘè ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ. ʊʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʝʤʘʥʪʠʢʠ. ɺʘʞʣʠʚʽ ʥʘ ʝʪʘʧʘʭ 1 ï 4 

ʢʘʪʘʣʦʛʠ ʧʦʩʠʣʘʥʴ ʜʦ ʟʘʩʦʙʽʚ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʪʘ ʾʭ ʤʝʪʘʦʧʠʩʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʟ ʷʢʠʭ ʨʦʟʧʦʯʠʥʘʚ ʚʟʘʻʤʦʜʽʶ ʽʟ 

ʩʝʨʚʽʩʦʤ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʥʝʚʽʜôʻʤʥʫ ʯʘʩʪʠʥʫ 

ʚʣʘʩʥʝ ʩʝʨʚʽʩʫ ʥʘʜʘʥʥʷ ʜʘʥʠʭ. ɺʪʽʣʝʥʥʷ ʮʽʻʾ ʽʜʝʾ ʧʦʨʦʜʞʫʻ ʥʘʫʢʦʚʫ ʧʨʦʙʣʝʤʫ 

ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ. 

ʇʽʜʧʨʦʙʣʝʤʘ ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʧʨʠʨʦʜʥʦ ʜʝʢʦʤʧʦʟʫʻʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʬʦʨʤʘʣʽʟʤʽʚ 

ʜʣʷ ʤʝʪʘʦʧʠʩʘʥʥʷ ʜʞʝʨʝʣ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ, ʾʭ ʨʦʟʙʦʨʫ (ʧʘʨʩʠʥʛʫ), 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ [26]. ɺʦʥʠ ʚʠʥʠʢʘʶʪʴ ʫ 

ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤʘʭ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ï ʨʦʟʧʦʜʽʣʝʥʠʭ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʯʠ 

ʧʘʨʘʣʝʣʴʥʠʭ ï ʦʩʢʽʣʴʢʠ ʦʙʨʦʙʣʶʚʘʯ ʟʘʧʠʪʽʚ ʤʘʻ ʦʪʨʠʤʘʪʠ ʟʘʧʠʪ, ʟʨʦʟʫʤʽʪʠ 

ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ, ʩʬʦʨʤʫʚʘʪʠ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʽ 

ʚʠʢʦʥʘʪʠ ʡʦʛʦ, ʱʦʙ ʥʘʜʘʪʠ ʧʦʪʨʽʙʥʽ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽ ʟʘʩʪʦʩʫʥʢʘʤ ʜʘʥʽ. 

ʌʦʨʤʘʣʴʥʽ ʟʘʩʦʙʠ ʤʝʪʘʦʧʠʩʫ ʜʞʝʨʝʣ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʟʚʠʯʘʡʥʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʯʥʠʭ, ʘʣʛʝʙʨʘʾʯʥʠʭ ʽ ʛʨʘʬʽʯʥʠʭ ʬʦʨʤʘʣʽʟʤʽʚ. 

ʄʝʪʘʦʧʠʩ ʤʘʻ ʟʙʝʨʽʛʘʪʠ ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʧʘʨʩʠʥʛʫ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʧʠʪʫ ʽʥʬʦʨʤʘʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʚʽʥ ʤʘʻ ʤʽʩʪʠʪʠ 

ʩʭʝʤʫ ʜʞʝʨʝʣʘ (ʜʞʝʨʝʣ) ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥʥʷ ʪʘʙʣʠʮʴ, ʧʨʝʜʩʪʘʚʣʝʥʴ, 

ʪʠʧʠ ʜʘʥʠʭ ʽ ʪ.ʽ.), ʩʭʝʤʠ ʧʦʜʽʣʫ (ʥʘʧʨʠʢʣʘʜ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʱʦ ʛʣʦʙʘʣʴʥʽ 

ʪʘʙʣʠʮʽ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʽ ʷʢ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʽ), ʬʽʟʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

(ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʜʽʣʽʚ ʪʘʙʣʠʮʴ, ʩʪʨʫʢʪʫʨʫ ʽʥʜʝʢʩʽʚ ʽ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ).  

ʇʦʜʘʥʠʡ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ ʟʘʧʠʪ ʤʘʻ ʙʫʪʠ 

ʦʙʨʦʙʣʝʥʠʤ ʽ ʧʝʨʝʚʝʜʝʥʠʤ ʫ ʚʥʫʪʨʽʰʥʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʛʨʘʬ 

ʟʘʧʠʪʫ, ʟʨʫʯʥʝ ʜʣʷ ʧʘʨʩʠʥʛʫ. 

ʌʦʨʤʫʚʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʥʘʩʘʤʧʝʨʝʜ, ʧʝʨʝʜʙʘʯʘʻ ʡʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʣʽʢʚʽʜʘʮʽʶ ʥʘʜʣʠʰʢʦʚʠʭ 
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ʧʨʝʜʠʢʘʪʽʚ, ʩʧʨʦʱʝʥʥʷ ʚʠʨʘʟʽʚ ʽ ʫʩʫʥʝʥʥʷ ʚʢʣʘʜʝʥʠʭ ʟʘʧʠʪʽʚ. ʅʘ ʚʠʭʦʜʽ 

ʦʪʨʠʤʫʻʤʦ ʧʣʘʥ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʽʜʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʪʘ ʩʪʨʘʪʝʛʽʶ ʾʭ ʦʙôʻʜʥʘʥʥʷ. ɸ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʽ 

ʯʘʩʪʠʥʠ ʟʘʧʠʪʫ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʷʢʠʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʣʘʥʫ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʡʦʛʦ 

ʚʠʢʦʥʘʥʥʽ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ï ʨʦʟʤʽʨ ʪʘʙʣʠʮʴ, ʽʥʜʝʢʩʠ, ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʦʨʘ ʪʦʱʦ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʫʪʦʯʥʝʥʥʷ ʽʥʜʝʢʩʽʚ ʽ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʭʝʰʫʚʘʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ), ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ 

ʽ ʡʦʛʦ ʦʧʝʨʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʦʙ'ʻʜʥʘʥʥʷ ʽ ʛʨʫʧʫʚʘʥʥʷ), ʽ ʚ ʷʢʦʤʫ ʧʦʨʷʜʢʫ ʚʦʥʠ 

ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʘʥʽ. ʊʘʢʦʞ ʫʪʦʯʥʶʶʪʴʩʷ ʚʫʟʣʠ, ʥʘ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ, 

ʦʩʪʘʪʦʯʥʦ ʬʦʨʤʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʽʜʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ 

ʩʪʨʘʪʝʛʽʷ ʾʭ ʦʙôʻʜʥʘʥʥʷ. ɿʚʠʯʘʡʥʦ ʧʣʘʥʠ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚ, 

ʚʝʨʰʠʥʘʤʠ ʷʢʠʭ ʻ ʦʧʝʨʘʪʦʨʠ (ʟ'ʻʜʥʘʥʥʷ, ʛʨʫʧʫʚʘʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʽʥ.), ʘ 

ʨʝʙʨʘ ʚʢʘʟʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʽʚ ʫ ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʽ 

ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʦʮʽʥʢʘʭ çʚʘʨʪʦʩʪʽè ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʽʣʴʢʘ ʩʪʨʘʪʝʛʽʡ ʦʧʪʠʤʽʟʘʮʽʾ [38]. ʅʘʡʯʘʩʪʽʰʝ ʙʫʜʫʻʪʴʩʷ 

ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʜʣʷ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʾʾ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʛʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʥʘʙʦʨʫ ʪʝʩʪʦʚʠʭ ʟʘʧʠʪʽʚ. ʈʽʜʰʝ ʙʫʜʫʻʪʴʩʷ ʩʚʦʷ 

ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ 

ʥʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ ʦʮʽʥʦʢ ʚʘʨʪʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ, ʘʣʝ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʻ 

ʥʘʡʚʠʪʨʘʪʥʽʰʦʶ. ʇʨʘʢʪʠʯʥʦ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʚʞʝ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʧʠʪʽʚ. 

ʇʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʫ 

ʚʠʢʦʥʫʚʘʥʠʡ ʧʣʘʥ. ʋ ʟʘʜʘʯʘʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʣʘʥʫ, ʥʘʧʨʠʢʣʘʜ ʧʨʝʜʠʢʘʪʽʚ ʽ ʚʠʨʘʟʽʚ, ʥʘ ʜʞʝʨʝʣʽ 

ʜʘʥʠʭ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʨʦʟʚô̫ ʟʘʥʥʷ, ʪʘʢʽ ʷʢ ʛʝʥʝʨʘʮʽʷ 

ʘʩʝʤʙʣʝʨʦʧʦʜʽʙʥʦʛʦ ʢʦʜʫ. 
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ɿʘʜʘʯʘ ʚʣʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʫ ʉʉɼ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʘʛʘʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʆʩʦʙʣʠʚʦʩʪʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʭʠʣʷʶʪʴ ʙʘʟʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʽʚ ʥʘ ʤʦʜʝʣʽ ʽʪʝʨʘʪʦʨʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʦʧʝʨʘʪʦʨʽʚ ʽ 

ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ɿʘʛʘʣʦʤ, ʚʠʭʦʜʷʯʠ ʽʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʉʎɼ, 

ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʾʭ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤ ʚʠʜʘʻʪʴʩʷ 

ʧʽʜʭʽʜ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʪʴ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʜʘʥʠʭ, ʪʨʘʥʩʬʦʨʤʫʶʯʠ ʾʭ ʫ 

ʩʫʤʽʩʥʽ ʬʦʨʤʘʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʥʝ ʟʙʝʨʽʛʘʶʯʠ ʚ ʧʨʦʤʽʞʥʠʭ ʩʭʦʚʠʱʘʭ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʜʦʧʦʚʥʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʉʎɼ ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʽ ʜʦʩʪʫʧʫ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʨʝʩʫʨʩʽʚ ʫʩʽʭ ʉʎɼ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʣʝʥʥʷ 

ʜʘʥʠʭ. 

ʇʽʜʧʨʦʙʣʝʤʘ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. ʅʘʩʘʤʧʝʨʝʜ 

ʤʦʚʘ ʡʜʝ ʧʨʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʥʘ ʨʽʚʥʷʭ ʩʝʤʘʥʪʠʢʠ, ʻʜʠʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʥʘʯʝʥʴ ʽ ʻʜʠʥʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʚʪʨʘʪ ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ. ɸʧʘʨʘʪ ʱʦʥʘʡʤʝʥʰʝ ʤʘʻ ʚʢʣʶʯʘʪʠ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʚʠʷʚʣʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ. 

ʉʧʝʮʠʬʽʢʘ ʉʉɼ ʩʪʦʩʦʚʥʦ ʧʽʜʧʨʦʙʣʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ 

ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ ʚʠʷʚʣʷʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʧʦʪʨʝʙʽ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʦʢʨʝʤʽ ʘʩʧʝʢʪʠ ʜʫʞʝ ʩʢʣʘʜʥʠʭ 

ʷʚʠʱ ʽ ʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʦʮʽʥʶʚʘʥʥʷ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ ʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʝʧʝʨ ʤʦʞʝʤʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ. 
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1.4. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʰʝʥʥ,̫ ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʉʎɼ ʉʉɼ. ʈʦʟʧʦʯʥʝʤʦ ʟ ʽʥʪʝʛʨʘʮʽʾ 

ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʊʝʨʤʽʥʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʽʥʪʝʛʨʘʮʽʾ ʟʘʢʣʘʜʝʥʦ ʫ 

ʚʽʜʦʤʦʤʫ ʟʚʽʪʽ ANSI/X3/SPARC [39]. ʈ̔ ʟʥʦʤʘʥʽʪʪ ̫ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʧʽʜʭʦʜʽʚ, 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʘʩʦʙʽʚ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠʤʝʤʦ ʟʘ ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ: 

ʘ) ʚʠʜ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ: EII (Enterprise Information Integration); 

ETL (Extract, Transform, Load); EAI (Enterprise Application Integration); 

ʙ) ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ: ʟ ʧʦʩʝʨʝʜʥʠʢʦʤ; peer-to-

peer (P2P); 

ʚ) ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʧʠʩʽʚ ʜʞʝʨʝʣ ʜʘʥʠʭ (ʢʘʪʘʣʦʛʫ): ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʚʫʟʣʽ; ʧʦʚʥʦʾ ʢʦʧʽʾ ʟʘʛʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʫ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ; ʟʙʝʨʽʛʘʥʥʷ ʥʘ 

ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʢʘʪʘʣʦʛʫ ʪʽʣʴʢʠ ʪʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʥʘ ʥʴʦʤʫ ʟʙʝʨʽʛʘʶʪʴʩʷ; 

ʛʽʙʨʠʜʥʠʡ ʚʘʨʽʘʥʪ; 

ʛ) ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ: ʪʨʘʜʠʮʽʡʥʘ; ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ; web-ʦʨʽʻʥʪʦʚʘʥʘ; 

ʜ) ʨʽʚʝʥʴ ʦʧʠʩʘʥʥʷ ʽ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʜʘʥʠʤʠ: ʩʠʥʪʘʢʩʠʯʥʠʡ; 

ʩʝʤʘʥʪʠʯʥʠʡ; 

ʝ) ʤʝʪʘʤʦʜʝʣʴ ʦʧʠʩʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʜʘʥʠʭ: ʙʘʟʦʚʘ (ʨʝʣʷʮʽʡʥʘ, 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ, ʦʙôʻʢʪʥʘ); ʤʦʜʝʣʽ ʢʣʘʩʫ NoSQL; ʧʨʦʩʪʽʨ ʜʘʥʠʭ; ʤʦʜʝʣʽ 

ʜʝʩʢʨʠʧʪʠʚʥʦʾ ʣʦʛʽʢʠ (ʚ ʪʝʨʤʽʥʘʭ OWL, RDF); ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ 

XML; ʛʽʙʨʠʜʥʽ (SQL/XML) ʪʘ ʽʥ.  

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʙʝʨʝʤʦ 

ʪʨʘʜʠʮʽʡʥʽ ʢʨʠʪʝʨʽʾ [40]: ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ; ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ; ʘʚʪʦʥʦʤʥʽʩʪʴ. ɿʘ 

ʜʦʜʘʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʾʭ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʡʤʝʤʦ ʜʦʩʪʫʧʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʮʽʾ ʟʘ ʥʘʚʝʜʝʥʠʤʠ 

ʦʟʥʘʢʘʤʠ.  

ʈʦʟʧʦʯʥʝʤʦ ʟ ʢʣʘʩʽʚ ʩʠʩʪʝʤ ʟʘ ʚʠʜʦʤ. ʉʠʩʪʝʤʘ EII ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʛʨʘʮʽʶ 

ʜʘʥʠʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʛʦ ʰʣʶʟʫ (gateway) ʟ 

ʻʜʠʥʠʤʠ ʤʦʚʦʶ ʽ ʪʦʯʢʦʶ ʜʦʩʪʫʧʫ ʜʦ ʥʝʫʟʛʦʜʞʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ (ʟʘ ʨʘʭʫʥʦʢ 
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ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʘʤ ʥʘʜʘʻʪʴʩʷ ʛʥʫʯʢʠʡ, ʥʝʟʘʧʣʘʥʦʚʘʥʠʡ, ʟ ʙʫʜʴ-ʷʢʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʽ ʦʙʩʷʛʘʤʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ). ʉʠʩʪʝʤʘ ETL ʧʽʜʪʨʠʤʫʻ ʧʘʢʝʪʥʫ 

ʽʥʪʝʛʨʘʮʽ,ʁ ʟʘʙʝʟʧʝʯʫʻ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ ʽʟ ʛʝʪʝʨʦʛʝʥʥʠʭ ʜʞʝʨʝʣ, ʾʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʻʜʠʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ (ʝʬʝʢʪʠʚʥʘ ʚ ʩʭʦʚʠʱʘʭ 

ʜʦʙʨʝ ʜʦʢʫʤʝʥʪʦʚʘʥʠʭ ʥʘʜʽʡʥʠʭ ʜʘʥʠʭ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʥʘʧʨʠʢʣʘʜ, ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʜʘʣʝʥʥʷ ʜʫʙʣʶʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʫ 

ʷʢʦʩʪʽ ʜʘʥʠʭ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ ʧʽʜʪʨʠʤʢʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ). 

ʉʠʩʪʝʤʘ EAI ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʛʨʘʮʽ ʁʧʨʦʛʨʘʤ, ʢʦʦʨʜʠʥʦʚʘʥʘ ʚʟʘʻʤʦʜʽʷ ʷʢʠʭ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ (ʟʘʙʝʟʧʝʯʫʁ ʯʠ ʚʟʘʻʤʦʜʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʪʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʧʨʠ ʚʥʝʩʝʥʥʽ 

ʟʤʽʥ ʫ ʟʘʩʪʦʩʫʥʢʠ) [41, 42]. 

ɺʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʫʪʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʻ ʾʭ ʧʦʜʽʣ ʟʘ 

ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ. ɺ ʩʠʩʪʝʤʘʭ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʧʦʩʝʨʝʜʥʠʢʦʤ ʢʣʽʻʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʩʠʩʪʝʤʦʶ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪ-ʤʝʜʽʘʪʦʨ ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.4 [38]. ʄʝʜʽʘʪʦʨ ʟʜʽʡʩʥʶʻ ʨʦʟʙʽʨ, ʧʝʨʝʧʠʩʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʟʘʧʠʪʫ, ʚʠʢʦʥʫʻ ʜʝʷʢʽ ʟ ʡʦʛʦ ʦʧʝʨʘʪʦʨʽʚ [43]. ʅʘ ʦʩʥʦʚʽ ʢʘʪʘʣʦʛʫ, 

ʫ ʷʢʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʘ ʩʭʝʤʘ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʙʘʟ ʜʘʥʠʭ, 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʾ ʯʘʩʪʠʥ ʢʦʞʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʙʘʟʠ ʜʘʥʠʭ, 

ʬʦʨʤʫʣʶʶʪʴʩʷ ʟʘʧʠʪʠ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʦʚʥʽʰʥʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʟʘʧʠʪʠ. 

ʑʦʙ ʦʙôʻʜʥʘʪʠ ʜʝʪʘʣʽ ʢʦʤʧʦʥʝʥʪʽʚ ɹɼ, ʩʪʚʦʨʶʶʪʴʩʷ ʦʙʛʦʨʪʢʠ 

(çwrapperè) ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʱʦ ʥʝ ʻ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʆʙʛʦʨʪʢʠ 

ʪʨʘʥʩʣʶʶʪʴ ʢʦʞʝʥ ʟʘʧʠʪ ʤʝʜʽʘʪʦʨʘ, ʱʦʙ ʚʽʥ ʙʫʚ ʟʨʦʟʫʤʽʣʠʡ ʮʽʣʴʦʚʽʡ ɹɼ, ʽ 

ʦʜʝʨʞʫʚʘʥʽ ʚʽʜ ɹɼ ʨʝʟʫʣʴʪʘʪʠ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʟʨʦʟʫʤʽʣʽ ʤʝʜʽʘʪʦʨʫ ʽ ʩʫʤʽʩʥʽ ʟ 

ʟʦʚʥʽʰʥʴʦʶ ʩʭʝʤʦʶ ɹɼ ʽ ʛʣʦʙʘʣʴʥʦʶ ʩʭʝʤʦʶ ʛʝʪʝʨʦʛʝʥʥʠʭ ʙʘʟ ʜʘʥʠʭ. 

ʈʦʟʰʠʨʶʚʘʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʦʙʛʦʨʪʢʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ɹɼ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʥʦʚʣʝʥʽ ʘʙʦ ʥʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ɹɼ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʙʝʟ ʟʤʽʥʠ 

ʧʦʩʝʨʝʜʥʠʢʘ ʪʘ ʽʩʥʫʶʯʠʭ ʦʙʛʦʨʪʦʢ. 
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ʈʠʩ. 1.4. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʟ ʧʦʩʝʨʝʜʥʠʢʦʤ 

ʈʝʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʝʜʽʘʪʦʨʽʚ, ʥʘʩʘʤʧʝʨʝʜ, DISCO, Garlic, IBM Data 

Joiner, ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʙʘʟ ʜʘʥʠʭ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʾʭ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʨʝʣʷʮʽʡʥʠʭ 

ʽ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʙʘʟ ʜʘʥʠʭ. ɺʜʘʣʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ 

ʪʨʠʨʽʚʥʝʚʠʭ ʘʨʭʽʪʝʢʪʫʨ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʚʦʥʠ ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʛʨʫʶʪʴ 

ʨʦʟʧʦʜʽʣʝʥ ̔ʩʝʤʘʥʪʠʟʦʚʘʥ ̔ʜʞʝʨʝʣʘ ʜʘʥʠʭ [38, 44-47]. 

ʉʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ P2P [48] 

ʩʢʣʘʜʘʶʪʴ ʘʚʪʦʥʦʤʥʽ ʚʫʟʣʠ (ʜʞʝʨʝʣʘ ʜʘʥʠʭ), ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʦʙʨʘʞʝʥʴ. ɺʫʟʦʣ ʥʘʜʘʻ ʩʚʦʶ ʯʘʩʪʠʥʫ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʩʪʫʧʥʦʾ ʟ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʎ ̔ ʩʠʩʪʝʤʠ  ̒ ʛʥʫʯʢʠʤʠ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ ʽ ʜʠʥʘʤʽʯʥʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʚʫʟʣʠ ʤʦʞʫʪʴ ʧʽʜʢʣʶʯʘʪʠʩʷ ʘʙʦ ʚʽʜʢʣʶʯʘʪʠʩʷ, ʥʝ ʧʝʨʝʨʠʚʘʶʯʠ 

ʨʦʙʦʪʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ʋ ʮʠʭ ʩʠʩʪʝʤʘʭ ʢʦʞʥʠʡ ʚʫʟʦʣ ʻ ʩʠʩʪʝʤʦʶ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʟ ʤʝʜʽʘʪʦʨʦʤ, 

ʫʧʨʘʚʣʷʶʯʠ ʣʦʢʘʣʴʥʦ ʧʦʚ'ʷʟʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ (ʣʦʢʘʣʴʥʠʡ ʤʘʧʽʥʛ) ʟʘ 

ʨʘʭʫʥʦʢ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʚ ʛʣʦʙʘʣʴʥʫ ʚʫʟʣʦʚʫ ʩʭʝʤʫ ʣʦʢʘʣʴʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ 

(ʛʣʦʙʘʣʴʥʠʡ ʤʘʧʽʥʛ). ɺʫʟʣʠ ʟʘʧʨʦʰʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʫ ʙʫʜʴ-ʷʢʦʛʦ ʚʫʟʣʘ (ʚʽʜ 

ʟʦʚʥʽʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʽʥʰʠʭ ʚʫʟʣʽʚ) ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʙʨʘʞʝʥʴ, ʷʢʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʾʭ ʩʧʝʮʠʬʽʢʘʮʽʷʭ. ʆʧʠʪʫʚʘʥʠʡ ʚʫʟʦʣ ʟʘʚʜʷʢʠ ʤʘʧʽʥʛʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʽʥʰʠʭ ʚʫʟʣʽʚ. 

ʇʦʢʣʘʜʘʶʯʠʩʴ ʪʽʣʴʢʠ ʥʘ ʜʦʩʪʫʧʥʽ ʫ ʚʫʟʣʘʭ ʩʝʨʚʽʩʠ, ʚʫʟʣʠ ʩʠʩʪʝʤʠ ʝʬʝʢʪʠʚʥʦ 

ʥʘʜʘʶʪʴ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʚ ʪʝʨʤʽʥʘʭ ʾʭ ʩʭʝʤ ʜʘʥʠʭ. ʂʦʥʚʝʨʪʘʮʽʷ ʮʠʭ 

ʚʽʜʧʦʚʽʜʝʡ ʚ ʻʜʠʥʠʡ ʬʦʨʤʘʪ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʙʨʘʞʝʥ ɹʤʽʞ ʚʫʟʣʘʤʠ  ̒ʩʢʣʘʜʥʦʶ, 

MediatorMediator
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ʷʢ ʽ ʦʙʤʽʥ ʜʘʥʠʤʠ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ. 

ɿʘ ʦʟʥʘʢʦʶ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʧʠʩʽʚ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚʠʜʽʣʷʶʪʴ 

ʩʠʩʪʝʤʠ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʦʧʠʩʦʤ ʜʞʝʨʝʣ ʜʘʥʠʭ (ʤʝʪʘʦʧʠʩ, ʢʘʪʘʣʦʛ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʤʝʪʘʜʘʥʠʭ), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʜʥʠʤ ʚʫʟʣʘʤ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʦʙ'ʻʢʪʽʚ 

ɹɼ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʥʘ ʽʥʰʠʭ ʚʫʟʣʘʭ. ʊʘʢʽ ʨʽʰʝʥʥʷ ʥʝʟʘʜʦʚʽʣʴʥʽ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʘʚʪʦʥʦʤʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʨʫʰʫʶʪʴ ʧʨʠʥʮʠʧ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʫʟʣʽʚ ʚʽʜ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ ʘʙʦ ʯʘʩʪʢʦʚʦ ʫʩʽʭ ʚʫʟʣʽʚ, ʘʜʞʝ ʙʫʜʴ-ʷʢʝ ʦʥʦʚʣʝʥʥʷ 

ʢʘʪʘʣʦʛʫ ʧʦʚʠʥʥʦ ʚʠʢʦʥʘʪʠʩʷ ʥʘ ʚʩʽʭ ʚʫʟʣʘʭ ʩʠʩʪʝʤʠ. ʃʦʢʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʟʙʝʨʽʛʘʥʥʷ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʰʫʢ ʦʙ'ʻʢʪʘ 

ʚʠʤʘʛʘʪʠʤʝ ʟʚʝʨʥʝʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦ ʧʦʣʦʚʠʥʠ ʚʫʟʣʽʚ. 

ʇʦʻʜʥʘʥʥʷ ʮʠʭ ʧʽʜʭʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʽʰʠʤ. ʊʘʢ, ʥʘ ʢʦʞʥʦʤʫ 

ʚʫʟʣʽ ʧʨʦʤʠʩʣʦʚʦ ʾʬʝʜʝʨʘʪʠʚʥʦ ʾʉʋɹɼ IBM System R ʟʙʝʨʽʛʘʣʘʩʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʣʦʢʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʜʘʥʦʛʦ ʚʫʟʣʘ ʽ ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘʛʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʫ ï 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʚʦʨʝʥʽ ʥʘ ʮʴʦʤʫ ʚʫʟʣʽ ʦʙ'ʻʢʪʠ. ʉʢʣʘʜʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʽʤʝʥʽ 

ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ ʦʜʥʦʟʥʘʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʡʦʛʦ ʚ ʬʝʜʝʨʘʪʠʚʥʽʡ ʙʘʟʽ ʜʘʥʠʭ 

[49]. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʽʥʪʝʛʨʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʘʨʭʽʪʝʢʪʫʨʦ  ʁ

ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ. 

ʋʩʧʘʜʢʦʚʘʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ï ʚʽʜ ʬʘʡʣʦʚʠʭ ʩʠʩʪʝʤ ʜʦ ʧʘʢʝʪʽʚ ʧʨʦʛʨʘʤ ï ʤʘʶʪʴ 

ʩʣʘʙʢʽ ʽʥʪʝʛʨʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽ ʾʭ ʚʢʣʶʯʝʥʥʷ ʜʦ ʤʥʦʞʠʥʠ ʜʞʝʨʝʣ ʚʠʤʘʛʘʻ 

ʙʘʛʘʪʴʦʭ ʟʫʩʠʣʴ. ʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʽ ʪʨʠʨʽʚʥʝʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʟʨʫʯʥʽ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʥʘ ʩʠʥʪʘʢʩʠʯʥʦʤʫ ʨʽʚʥʽ ʙʘʟ ʜʘʥʠʭ, ʦʩʦʙʣʠʚʦ ʨʝʣʷʮʽʡʥʠʭ ʽ ʦʙôʻʢʪʥʦ-ʨʝʣʷʮʽʡʥʠʭ 

ʽ ʤʝʥʰʦʶ ʤʽʨʦʶ ʦʙôʻʢʪʥʠʭ. Web-ʦʨʽʻʥʪʦʚʘʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʟʨʫʯʥʽ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʥʘ ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʟʘʩʦʙʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʽ ʚʟʘʻʤʦʜʽʾ ʚ ʪʝʨʤʽʥʘʭ ʦʥʪʦʣʦʛʽʡ.  

ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʮʽʾ ʟ ʩʠʥʪʘʢʩʠʯʥʠʤ ʽ ʩʝʤʘʥʪʠʯʥʠʤ 

ʨʽʚʥʷʤʠ ʦʧʠʩʘʥʥʷ ʽ ʤʘʥʽʧʫʣʶʚʘʪʠ ʜʘʥʠʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ 

ʦʜʥʦʨʽʜʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ (ʩʠʥʪʘʢʩʠʯʥʠʡ ʨʽʚʝʥʴ)  ̔ʟʚôʷʟʢʠ ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʦʜʠʥʠʮʷʤʠ ʜʘʥʠʭ ʙʝʟ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʧʦʜʽʙʥʦʩʪʽ (ʩʝʤʘʥʪʠʯʥʠʡ ʨʽʚʝʥʴ) [50]. 

ʋ ʧʝʨʰʠʭ ʥʘ ʟʘʧʠʪ ʦʜʥʠʭ ʜʞʝʨʝʣ ʚʠʙʠʨʘʶʪʴʩʷ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ 
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ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʘʜʘʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʘʥʽ ʟ ʽʥʰʠʭ ʜʞʝʨʝʣ, ʘ ʚʘʨʪʽʩʪʴ ʟ ʢʦʞʥʠʤ 

ʥʦʚʠʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʟʨʦʩʪʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʦ. ʋ ʜʨʫʛʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʟʚôʷʟʢʠ ʤʽʞ ʦʜʠʥʠʮʷʤʠ ʜʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʟʥʘʯʝʥʴ ʫ ʾʭ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʦʧʠʩʘʭ, ʘ ʚʘʨʪʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ, ʦʩʢʽʣʴʢʠ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʧʽʜʛʦʪʫʚʘʪʠ ʦʧʠʩʠ ʥʦʚʠʭ ʜʞʝʨʝʣ. ɼʦ ʪʦʛʦ ʞ, ʪʫʪ 

ʟʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʜʘʥʠʭ ʫ ʧʨʦʤʽʞʥʽ ʩʭʦʚʠʱʘ. ɾʦʨʩʪʢ ̔ʩʪʘʥʜʘʨʪʠ, 

ʬʦʨʤʘʪʠ ʩʠʥʪʘʢʩʠʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ, ʧʦʨʫʰʝʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 

ʢʦʥʪʝʢʩʪʫ, ʧʦʩʪʫʧʘʶʪʴʩʷ ʛʥʫʯʢʦʤʫ ʜʦʪʨʠʤʘʥʥʶ ʩʪʘʥʜʘʨʪʽʚ, ʤʦʞʣʠʚʦʩʪʽ 

ʚʚʝʜʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʪʠʧʽʚ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʦʧʠʩʫ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʧʨʠ 

ʩʝʤʘʥʪʠʯʥʽʡ ʽʥʪʝʛʨʘʮʽʾ. 

ʅʘʩʘʤʢʽʥʝʮʴ ʨʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʮʽʾ, ʚʠʜʽʣʝʥʠʭ ʟʘ 

ʦʟʥʘʢʦʶ ʤʝʪʘʤʦʜʝʣʽ ʦʧʠʩʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ 

ʰʠʨʦʢʦ ʚʽʜʦʤʽ, ʩʪʠʩʣʦ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʢʦʥʮʝʧʮʽʾ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ 

ʜʘʥʠʭ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʤʝʪʦʜʘʭ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

ɯʥʪʝʛʨʘʮʽ ̫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʤʘʛʘʻ ʾʭ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʥʘ ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʧʦʨʦʜʞʫʻ ʟʘʜʘʯʽ ʧʦʨʽʚʥʷʥʥʷ 

ʚʤʽʩʪʫ ʨʝʩʫʨʩʽʚ, ʚʽʜʰʫʢʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʬʣʽʢʪʽʚ, 

ʩʧʦʣʫʯʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʨʝʩʫʨʩʽʚ [51]. 

ʇʦʚʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʨʝʩʫʨʩʫ ʧʦʚʠʥʥʘ ʦʭʦʧʣʶʚʘʪʠ ʩʧʝʮʠʬʽʢʘʮʽʾ: ʚʣʘʩʥʝ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ; ʦʙʤʝʞʝʥʴ ʮʽʣʽʩʥʦʩʪʽ; ʢʦʥʪʝʢʩʪʫ (ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʫ). 

ʉʪʨʫʢʪʫʨʘ ʽ ʧʦʚʝʜʽʥʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʚʠʟʥʘʯʝʥʘ ʩʝʤʘʥʪʠʢʦʶ 

ʡʦʛʦ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʋʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʠʭ 

ʻ ʧʦʜʘʥʥʷ ʾʭ ʩʧʝʮʠʬʽʢʘʮʽʾ ʬʦʨʤʘʣʴʥʦʶ ʤʦʚʦʶ. ʊʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʪʘʢʦʾ ʤʦʚʠ 

ʩʢʣʘʜʘʻ ʤʦʚʘ ʯʠʩʣʝʥʥʷ ʧʨʝʜʠʢʘʪʽʚ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʈʦʟʚʠʪʦʢ web-ʪʝʭʥʦʣʦʛʽʡ 

ʩʧʨʠʷʚ ʧʦʷʚʽ ʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʜʝʩʢʨʠʧʪʠʚʥʦʾ ʣʦʛʽʢʠ [52]. 

ʗʢ ʽʥʩʪʨʫʤʝʥʪ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʦʥʪʦʣʦʛʽʯʥʽ ʩʧʝʮʠʬʽʢʘʮʽʾ, ʨʦʟʫʤʽʶʯʠ ʧʽʜ ʦʥʪʦʣʦʛʽʻʶ 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʨʦʟʫʤʽʥʥʷ ʜʝʷʢʦʾ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʫʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʣʶʜʠ, ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ 
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[53]. ɼʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʘʢʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʩʪʘʥʦʚʠʪʴ ʥʘʙʽʨ 

ʚʠʟʥʘʯʝʥʴ ʽ ʧʦʥʷʪʴ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣ (ʘʢʩʽʦʤ), ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷʤʠ ʽ 

ʧʦʥʷʪʪʷʤʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

ʆʥʪʦʣʦʛʽʷ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʠʡ ʩʣʦʚʥʠʢ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʘʜʘʥʠʭ (ʪʠʧ, ʨʦʟʤʽʨ 

ʘʪʨʠʙʫʪʘ), ʦʥʪʦʣʦʛʽ ̫ ʤʘ̒ ʚʠʨʘʟʥʽ ʟʘʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʠʭ ï 

ʽʻʨʘʨʭʽʶ ʧʦʥʷʪʴ ʽ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ, ʦʧʠʩʠ ʪʠʧ̔ʚ, ʘʢʩʽʦʤʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʮʠʭ ʧʦʥʷʪʴ.  

ʈʦʟʨʦʙʣʝʥʥʷ  ̔ ʥ̔ʪʝʛʨʘʮʽʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʙʘʟʫʪʁɹʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ 

ʦʥʪʦʣʦʛʽʷʭ, ʱʦ ʜʦʟʚʦʣʷ ̒ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ 

ʣʶʜʴʤʠ ʽ ʢʦʤʧôʶʪʝʨʘʤʠ. ɯʩʥʫʶʯʽ ʦʥʪʦʣʦʛʽ ʾ ʫʤʦʞʣʠʚʣʶʶʪʴ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʥʘʣʽʟ ʽ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʥʘʥʴ, ʷʚʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠʧʫʱʝʥʴ ʚ 

ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ. 

ʏʝʨʝʟ ʦʥʪʦʣʦʛʽ ʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʙʦʨʠ ʜʘʥʠʭ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. ʊʦʤʫ ʜʣʷ ʦʧʠʩʫ ʦʥʪʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʘ 

ʬʦʨʤʘʣʴʥʘ ʤʦʚʘ. ʆʙʤʽʥ ʧʨʦʛʨʘʤ  ̔ʧʨʦʛʨʘʤʥʠʭ ʘʛʝʥʪʽʚ ʜʘʥʠʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ 

ʪʝʨʤʽʥʘʭ ʦʥʪʦʣʦʛʽʡ, ʟʘʙʝʟʧʝʯʫ ̒ ʾʭ ʨʝʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʬʦʨʤʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ. ʇʦʪʨʝʙʘ ʚ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʷʭ ʥʘ ʦʩʥʦʚʽ 

ʣʦʛʽʢ ʩʪʠʤʫʣʶʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʻʶ Semantic Web ï ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪ, 

ʧʽʜʪʨʠʤʫʚʘʥʦʾ World Wide Web Consortium (W3C). ʈʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʤʦʚ 

ʦʧʠʩʘʥʥʷ ʦʥʪʦʣʦʛʽʡ, ʥʘʧʨʠʢʣʘʜ Knowledge Interchange Format, Common Logic, 

Cycl, Simple HTML Ontology Extension (SHOE), Ontology Markup Language 

(OML). ʇʦʜʘʥʥʷ ʟʨʦʟʫʤʽʣʦʛʦ ʜʣʷ ʢʦʤʧôʶʪʝʨʽʚ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʥʘʥʥʷ ʜʦʟʚʦʣʷ ̒

ʧʨʦʛʨʘʤʘʤ ʽ ʧʨʦʛʨʘʤʥʠʤ ʘʛʝʥʪʘʤ ʟʙʠʨʘʪʠ ʟʥʘʯʠʤʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘ web-

ʩʪʦʨʽʥʢʘʭ ʽ ʜʦʢʫʤʝʥʪʘʭ, ʧʦʣʝʛʰʫʻ ʧʦʰʫʢ ʽ ʦʧʨʘʮʶʚʘʥʥʷ ʟʥʘʥʴ. ʗʜʝʨʥʘ ʯʘʩʪʠʥʘ 

ʮʠʭ ʤʦʚ ʧʦʚ'ʷʟʘʥʘ ʟ ʣʦʛʽʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʘ ʦʥʪʦʣʦʛʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʪʨʫʢʪʫʨʘ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʾ ʦʭʦʧʣʶʶʪʴ ʜʝʢʽʣʴʢʘ ʨʽʚʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʴ, 

ʥʘʧʨʠʢʣʘʜ ʢʦʥʮʝʧʪʽʚ, ʦʙôʻʢʪʽʚ, ʚʽʜʥʦʰʝʥʴ, ʬʫʥʢʮʽʡ, ʘʢʩʽʦʤ ʽ ʦʥʪʦʣʦʛʽʡ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʛʨʘʬʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʤʦʚʠ: 
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1) XML (eXtensible Markup Language) ï ʤʝʪʘʤʦʚʘ ʜʣʷ web-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʽ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʟ Standard General Markup Language 

(SGML) ʪʘ HTML. ɿʨʫʯʥʠʡ ʜʣʷ ʧʨʦʛʨʘʤ ʽ ʣʶʜʝʡ ʩʠʥʪʘʢʩʠʩ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʩʢʣʘʜʥʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʜʦʢʫʤʝʥʪʠ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʾ ʚ ʤʦʚʫ 

ʩʧʝʮʠʬʽʢʘʮʽʡ ʦʥʪʦʣʦʛʽʡ ʽ ʟʘʩʽʙ ʦʙʤʽʥʫ ʦʥʪʦʣʦʛʽʷʤʠ [54]; 

2) DARPA Agent Markup Language + Ontology Interchange Language 

(DAML+OIL) ï ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʩʪʘʥʜʘʨʪʘʭ W3C ʨʝʟʫʣʴʪʘʪ ʟʣʠʪʪʷ ʤʦʚ DAML 

ʽ OIL, ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʥʘʜʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʚ XML. 

ʈʦʟʰʠʨʝʥʠʡ ʥʘʙʽʨ ʧʦʪʫʞʥʠʭ ʧʨʠʤʽʪʠʚʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʡ ʟ ʬʦʨʤʘʣʴʥʦʶ ʩʝʤʘʥʪʠʢʦʶ ʽ ʩʝʨʚʽʩʘʤʠ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʝʩʢʨʠʧʪʠʚʥʦʾ ʣʦʛʽʢʠ, ʦʙʤʽʥʫ ʦʥʪʦʣʦʛʽʷʤʠ. 

3) Ontology Web Language (OWL) [55] ï ʤʦʚʘ ʦʧʠʩʘʥʥʷ Web-ʦʥʪʦʣʦʛʽʡ, 

ʨʦʟʨʦʙʣʝʥʘ ʷʢ ʨʦʟʰʠʨʝʥʥʷ Resource Description Framework (RDF) ʽ RDF 

Schema (RDFS). OWL ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʷʜ ʟ ʬʦʨʤʘʣʴʥʦʶ ʩʝʤʘʥʪʠʢʦʶ 

ʜʦʜʘʪʢʦʚʠʡ ʩʣʦʚʥʠʢ, ʱʦ ʟʘʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ DAML + OIL, ʘ ʪʘʢʦʞ ʚʙʫʜʦʚʘʥʫ 

ʧʽʜʪʨʠʤʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ. ɰʾ ʜʽʘʣʝʢʪʠ (Lite, DL ʽ Full) ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʬʦʨʤʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʽ ʚʠʨʘʞʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ï ʚʽʜ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ 

ʽʻʨʘʨʭʽʾ ʽ ʧʨʦʩʪʠʭ ʦʙʤʝʞʝʥʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʨʘʟʥʦʩʪʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʩʽʦʤ 

ʽ ʧʨʘʚʠʣ ʜʣʷ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʽ ʩʢʣʘʜʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʪʘ ʩʠʥʪʘʢʩʠʯʥʦʶ 

ʩʚʦʙʦʜʦʶ RDF ʙʝʟ ʛʘʨʘʥʪʽʡ ʦʙʯʠʩʣʝʥʥʷ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʝʙʠ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʮʽʾ ʽ ʧʽʜʪʨʠʤʢʠ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ 

ʯʝʨʝʟ ʥʠʭ ï ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫ ʩʝʤʘʥʪʠʯʥʠʭ ʪʝʨʤʽʥʘʭ [56]. 

ʆʛʣʷʜ ʤʦʚ ʦʧʠʩʘʥʥʷ ʦʥʪʦʣʦʛʽʡ ʜʣʷ Semantic Web ʜʦʟʚʦʣʷ ̒ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʽʥʪʝʛʨʘʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʟʘʩʦʙʠ ʩʝʤʘʥʪʠʯʥʦʛʦ ʦʧʠʩʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʥʠʭ. ɼʦ ʧʝʨʰʠʭ ʥʘʣʝʞʠʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ 

W3C ʤʦʚʘ RDF ï ʘʙcʪʨʘʢʪʥʘ ʤʦʜʝʣ ɹ ʜʣʷ ʦʧʠʩʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʚʠʛʣʷʜʽ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʦʟʥʘʯʝʥʦʛʦ ʛʨʘʬʘ, ʧʨʠʯʦʤʫ ʢʦʞʥʠʡ ʨʝʩʫʨʩ ʤʦʞʝ ʤʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʩʫʨʩʘʤʠ ʘʙʦ ʾʭ ʢʦʣʝʢʮʽʷʤʠ 
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[57, 58]. RDF, ʟʘʙʝʟʧʝʯʫʶʯʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ, ʛʥʫʯʢʠʡ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʥʘʥʴ 

ʥʘ ʪʨʠʧʣʝʪʠ ʽ ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʩʝʤʘʥʪʠʢʫ, ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʩʪʨʫʢʪʫʨʫ ʦʧʠʩʫ 

ʜʞʝʨʝʣʘ (ʙʘʟʠ ʜʘʥʠʭ, XML-ʜʦʢʫʤʝʥʪʫ, Web-ʩʘʡʪʫ ʪʦʱʦ). RDF 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʣʷ ʦʧʠʩʘʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʚʙʫʜʦʚʘʥʽ ʧʦʥʷʪʪʷ RDF-ʩʭʝʤ ï 

ʢʣʘʩʠ, ʚʣʘʩʪʠʚʦʩʪʽ, ʪʠʧʠ, ʢʦʣʝʢʮʽʾ, ʫʩʧʘʜʢʫʚʘʥʥʷ ʢʣʘʩʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ), ʪʘʢ ʽ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ̔  ʦʧʝʨʫʚʘʥʥʷ ʪʚʝʨʜʞʝʥʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ʧʨʝʜʠʢʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʜʘʚʘʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʦhʶ ʩʝʨʝʜ ʜʨʫʛʠʭ ʻ ʤʦʚʘ ʟʘʧʠʪʽʚ ʜʦ RDF-ʩʭʦʚʠʱ SPARQL 

Protocol and RDF Query Language [59]. ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʪʽʣʴʢʠ ʟʘʧʠʪʠ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʤʦʜʝʣʷʭ, ʘ ʨʝʘʣʽʟʘʮʽʶ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʤʦʚʠ ʟʘʧʠʪʽʚ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ Jena [60]. 

SPARQL ʦʪʨʠʤʫʻ ʚʠʤʦʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʬʦʨʤʽ ʟʘʧʠʪʫ ʽ ʧʦʚʝʨʪʘʻ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʟʚ'ʷʟʢʽʚ ʘʙʦ ʛʨʘʬʘ RDF.  

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʈʦʟʧʦʯʥʝʤʦ ʽʟ ʟʘʩʦʙʽʚ ʛʝʥʝʨʘʮʽʾ ʽ ʚʠʢʦʥʘʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ ʟʘʧʠʪʽʚ ʜʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʜʘʥʽ ʫ ʬʦʨʤʘʪʘʭ ʘʙʩʪʨʘʢʪʥʦʾ 

ʤʦʜʝʣʽ RDF.  

ʆʙʨʦʙʣʶʚʘʯ ARQ ʟʘʧʠʪʽʚ SPARQL ʜʣʷ Jena ʥʘʜʘʻ ʨʦʟʰʠʨʝʥʥʷ ʤʦʚʠ 

ʟʘʧʠʪʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ, ʨʦʟʰʠʨʶʶʯʠ SPARQL 

ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʰʘʙʣʦʥʫ ʪʨʠʧʣʝʪʫ ʜʦ ʚʽʜʜʘʣʝʥʦʾ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ [60]. 

ʎʝ ʥʝ ʚʠʨʽʫhʻ ʧʽʜʧʨʦʙʣʝʤʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ, 

ʦʩʢʽʣʴʢʠ ʢʣʽʻʥʪ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʜʞʝʨʝʣʦ, ʜʦ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʥʘʧʨʘʚʣʷʪʠ ʟʘʧʠʪ. 

ʅʠʟʢʘ ʧʨʦʝʢʪʽʚ ʧʨʦʧʦʥʫʻ ʻʜʠʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ 

ʜʦʚʽʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʽ ʧʨʦʟʦʨʠʡ ʜʣʷ ʢʣʽʻʥʪʘ ʧʦʜʽʣ 

ʟʘʧʠʪʫ ʥʘ ʧʽʜʟʘʧʠʪʠ ʪʘ ʾʭ ʚʠʢʦʥʘʥʥʷ (ʬʝʜʝʨʫʚʘʥʥʷ) [61]. ʊʘʢ, ʫ ʧʦʙʫʜʦʚʘʥʦʤʫ 

ʥʘ SPARQL-ʩʪʘʥʜʘʨʪʽ ʧʨʦʝʢʪʽ DARQ ʩʝʨʚʽʩ-ʜʝʩʢʨʠʧʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʽ ʚʠʣʫʯʝʥʥʷ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ, ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʟʘʧʠʪʠ. ʋ ʧʨʦʝʢʪʽ SemWIQ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʟʘʧʠʪʠ 

ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʫ ʨʦʟʰʠʨʝʥʦʤʫ SPARQL-ʩʠʥʪʘʢʩʠʩʽ, 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʦʙʦʪʘ ʟ ʙʘʛʘʪʴʤʘ ʢʽʥʮʝʚʠʤʠ ʪʦʯʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʢʦʥʩʪʨʫʢʮʽʾ COUNT [62]. ʆʧʪʠʤʽʟʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʧʨʦ ʥʘʧʦʚʥʝʥʽʩʪʴ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ 

ʘʚʪʦʥʦʤʥʦʩʪʽ, ʧʨʠʚʘʪʥʦʩʪʽ ʪʘ ʽʥ. ʋ ʧʨʦʝʢʪʽ FedX [63] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚ ̔

ʩʪʨʘʪʝʛʽ ʾ ʦʙʨʦʙʣʝʥʥʷ SPARQL-ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʻʜʠʥʦʛʦ ʦʙ'ʻʜʥʘʥʦʛʦ RDF-ʛʨʘʬʘ. ʗʢʱʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

ʥʘʜʘʶʪʴ ʩʚʦʾ SPARQL-ʢʽʥʮʝʚʽ ʪʦʯʢʠ, ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʫ ʚʥʝʩʝʥʥʽ ʟʤʽʥ ʫ ʾʭ 

ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ. ʋ ʧʨʘʮʽ [64] ʨʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʽʚ ʥʘ SPARQL-ʢʽʥʮʝʚʠʭ ʪʦʯʢʘʭ, ʫ ̫ʢʦʤʫ ʩʪʘʪʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽ ̫ʟʘʤʽʥʝʥʘ 

ʜʠʥʘʤʽʯʥʠʤ ʦʙ'ʻʜʥʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ ʧʽʜʟʘʧʠʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʟʚ'ʷʟʫʶʯʠʭ ʟʥʘʯʝʥʴ.  

ʈʝʘʣʴʥʠʡ ʧʨʦʝʢʪ PANGAEA [65, 66], ʧʨʠʩʚʷʯʝʥʠʡ ʩʪʚʦʨʝʥʥʶ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʙʽʙʣʽʦʪʝʢʠ ʚʽʜʢʨʠʪʦʛʦ ʜʦʩʪʫʧʫ, 

ʟʘʙʝʟʧʝʯʫʻ ʘʨʭʽʚʫʚʘʥʥʷ, ʧʫʙʣʽʢʫʚʘʥʥʷ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʛʝʦʮʝʥʪʨʠʯʥʠʭ ʜʘʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʪʝʨʤʽʥʦʚʠʡ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʝʥʪʫ 

ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʥʠʟʢʠ ʦʨʛʘʥʽʟʘʮʽʡ, ʽʜʝʥʪʠʬʽʢʘʮʽʶ, ʨʦʟʜʽʣʝʥʥʷ, 

ʧʫʙʣʽʢʫʚʘʥʥʷ ̔  ʮʠʪʫʚʘʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʘʨʭʽʚʫʶʪʴʩʷ ʷʢ ʜʦʜʘʪʢʠ ʜʦ ʧʫʙʣʽʢʘʮʽʡ ʘʙʦ 

ʮʠʪʦʚʘʥʽ ʢʦʣʝʢʮʽʾ ʜʘʥʠʭ. ʎʠʪʫʚʘʥʥʷ ʜʦʩʪʫʧʥʝ ʯʝʨʝʟ ʧʦʨʪʘʣ German National 

Library of Science and Technology. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʚʠʜʘʻʪʴʩʷ ʧʽʜʭʽʜ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʢʦʥʮʝʧʮʽʾ ʧʨʦʩʪʦʨʽʚ 

ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ɸ. ɻʝʣʝʚʽ [67-69], ʚʽʥ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʨʷʜʽ ʧʨʦʝʢʪʽʚ [70-

74], ʚ ʋʢʨʘʾʥʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʅ. ɹ. ʐʘʭʦʚʩʴʢʦʶ [75-77]. ɿʘ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʬʦʨʤʘʣʽʟʤʫ ʷʢ ʦʩʥʦʚʠ ʚʠʟʥʘʯʝʥʥʷ, ʧʦʰʫʢʫ ʽ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʠʭ ʧʨʦʤʽʞʥʦʛʦ ʰʘʨʫ ʤʦʞʥʘ ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʘʶʪʴ 

ʝʬʝʢʪʠʚʥʫ ʽ ʟʨʫʯʥʫ ʪʝʭʥʦʣʦʛʽʶ ʽʥʪʝʛʨʘʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ ʮʝ ʣʠʰʝ ʢʦʥʮʝʧʮʽʷ, 

ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʾ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʟʫʩʠʣʴ. 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʧʦʩʪʫʧʠ ʫ ʤʦʜʝʣʷʭ ʽ ʪʝʭʥʦʣʦʛʽʷʭ ʨʝʘʣʽʟʘʮʽʾ 

ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʦʩʥʦʚʫ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʪʝʛʨʘʮʽʾ, ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʽ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʨʝʩʫʨʩʽʚ ʉʉɼ. ʋ ʥʘʡʚʽʜʦʤʽʰʠʭ ʤʝʪʦʜʦʣʦʛʽʷʭ TROPOS [78], Prometheus [79], 

ADELFE [80], Gaia [81] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ ̫ʥʦʪʘʮʽ ʾʘʛʝʥʪʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʨʘʥʥʽʭ 
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ʩʪʘʜʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʥʽ ʢʘʨʢʘʩʠ, ʪʘʢʽ ʷʢ JADE [82]. ɺʦʥʠ ʤʘʁʪʴ ʙʘʛʘʪʦ 

ʩʧʽʣʴʥʦʛʦ ʽʟ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ [83] ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ɿʘʛʘʣʦʤ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʟ ʽʥʪʝʛʨʘʮʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ 

ʩʪʚʦʨʝʥʥʷ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʽʜʤʽʥʥʦʩʪʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʩʠʩʪʝʤ, ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʽ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʟʘʚʞʜʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʩʭʦʞʠʤʠ. ʈʽʟʥʦʨʽʜʥʽ ʩʝʨʚʽʩʠ ʥʝʦʙʭʽʜʥʦ ʚʥʝʩʪʠ ʚ ʨʝʻʩʪʨ, ʦʧʠʩʘʪʠ 

ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʟʦʨʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʢʣʽʻʥʪʘʤʠ ʽ ʤʽʞ ʩʦʙʦʶ. ɼʣʷ 

ʮʴʦʛʦ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʝʢ ʧʨʦʪʦʢʦʣʽʚ, ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʷʢʠʭ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʝʨʚʽʩʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.5. 

  

 

ʈʠʩ. 1.5. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʝʨʚʽʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ɼʣʷ ʚʝʜʝʥʥʷ ʨʝʻʩʪʨʫ ʩʝʨʚʽʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ Universal 

Description, Discovery and Integration (UDDI) [84], ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʫʙʣʽʢʘʮʽ ʁ

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʝʨʚʽʩ ʽ ʧʦʰʫʢ ʧʦʪʨʽʙʥʦʛʦ ʩʝʨʚʽʩʫ ʣʶʜʠʥʦʶ ʽ ʧʨʦʛʨʘʤʦʶ-

ʢʣʽʻʥʪʦʤ.  

ɼʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʦʧʠʩʘʥʥʷ ʩʝʨʚʽʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ WSDL ï ʬʦʨʤʘʪ 

XML ʜʣʷ ʦʧʠʩʘʥʥʷ ʤʝʨʝʞʥʠʭ ʩʝʨʚʽʩʽʚ ʷʢ ʥʘʙʦʨʫ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʜʦʢʫʤʝʥʪʦ- ʘʙʦ ʧʨʦʮʝʜʫʨʥʦ-ʦʨʽʻʥʪʨʦʚʘʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ [85]. ɼʦʢʫʤʝʥʪʠ WSDL ʫʪʚʦʨʶʶʪ ɹʫʥʽʬʽʢʦʚʘʥʠʡ ʧʨʦʰʘʨʦʢ, ʷʢʠʡ 

ʫʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʽʚ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʣʘʪʬʦʨʤ, ʦʧʠʩʫʪʁ ɹʽʥʪʝʨʬʝʡʩ, URL, ʤʝʭʘʥʽʟʤʠ ʢʦʤʫʥʽʢʘʮʽʾ, 

ʤʝʪʦʜʠ, ʷʢʽ ʥʘʜʘʻ ʩʝʨʚʽʩ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʠʧ, ʥʘʟʚʘ, ʣʦʢʘʮʽʷ 

UDDI

WSDL

SOAP

HTTP, SMTP, FTP ...

XML

ʇʫʙʣ̔ʢʘʮ̔  ̫ʪʘ 

ʧʦh ʫʢ ʩʝʨʚ̔ʩ̔ʚ
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Listener`ʘ ʩʝʨʚʽʩʫ), ʩʪʨʫʢʪʫʨʫ ʧʦʚʽʜʦʤʣʝʥʴ ʩʝʨʚʽʩʫ. ʌʦʨʤʫʚʘʥʥʷ WSDL-ʦʧʠʩʽʚ 

ʩʝʨʚʽʩʽʚ ʥʘʜʘ ̒ ʨʦʟʨʦʙʥʠʢʘʤ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʩʝʨʚʽʩʘʤʠ ʷʢ ʟ 

ʟʚʠʯʘʡʥʠʤʠ ʢʣʘʩʘʤʠ [86]. 

ɼʣʷ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʫ ʟ ʧʦʰʠʨʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʦʙˇʨʫʥʪʦʚʫʶʯʠ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʚʠʤʦʛʘʤ ʩʪʚʦʨʶʚʘʥʦʾ 

ʧʣʘʪʬʦʨʤʠ: 

SOAP ï ʧʨʦʩʪʘ ʽ ʟʨʫʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʘʟʦʤ ʟ BPEL ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ, 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

XML -ʜʦʢʫʤʝʥʪʽʚ ʦʩʦʙʣʠʚʦʛʦ ʬʦʨʤʘʪʫ [87-89]; 

CORBA (Common Object Request Broker Architecture) ï ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ 

ʫʤʦʞʣʠʚʣʶʻ ʚʟʘʻʤʦʜʽʶ ʧʨʦʛʨʘʤ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʥʽʬʽʢʦʚʘʥʦʛʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʾʭ ʥʝ ʟʘʣʝʞʥʠʭ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʯʠ ʘʨʭʽʪʝʢʪʫʨʠ 

ʧʨʦʮʝʩʦʨʘ ʽʥʪʝʨʬʝʡʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʣʘʨʘʪʠʚʥʦʾ ʤʦʚʠ Interface Definition 

Language (IDL) [90];  

REST (Representational state transfer) ï ʩʪʠʣʴ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʦʛʨʘʤʥʠʭ 

ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʝʥʠʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʝʙ-ʩʣʫʞʙ. ʂʦʞʥʘ 

ʦʜʠʥʠʮʷ ʽʥʬʦʨʤʘʮʽʾ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ 

URL ʫ ʩʪʨʦʛʦ ʟʘʜʘʥʦʤʫ ʬʦʨʤʘʪʽ. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʰʘʨʢʽʚ 

[91, 92]; 

WCF (Windows Communication Foundation) ï ʧʣʘʪʬʦʨʤʘ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤ, ʷʢʽ ʦʙʤʽʥʶʶʪʴʩʷ ʜʘʥʠʤʠ ʫ ʤʝʨʝʞʽ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʠʣʶ  ̔ʧʨʦʪʦʢʦʣʫ 

[93].  

ɯ ʭʦʯ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʶ ʚʠʜʘʻʪʴʩʷ SOAP, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟʘ ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 1.8, ʚʩʽ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʩʝʨʚʽʩʠ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʝʨʚʽʩʥʦʛʦ, ʧʨʦʮʝʩʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽ ʢʦʤʧʦʥʝʥʪʥʦ-
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ʙʘʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʩʧʦʩʦʙʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʛʨʫʧʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ:  

- çʭʦʨʝʦʛʨʘʬʽʷè (Web Service Choreography), ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʨʦʪʦʢʦʣʠ 

ʚʟʘʻʤʦʜʽʾ ʚʝʙ-ʩʝʨʚʽʩʽʚ, ʢʦʣʠ ʚʦʥʠ ʢʦʦʧʝʨʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʜʥʽʻʾ 

ʛʣʦʙʘʣʴʥʦʾ ʟʘʜʘʯʽ, ʚʠʢʦʥʫʶʯʠ ʦʢʨʝʤʽ ʾʾ ʯʘʩʪʠʥʠ. ɽʬʝʢʪʠʚʥʠʡ ʜʣʷ 

ʥʝʚʝʣʠʢʠʭ ʟʘʜʘʯ ʩʧʦʩʽʙ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʟʘʜʘʯ ʰʚʠʜʢʦ 

ʚʪʨʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʠʭ ʩʝʨʚʽʩʽʚ  ̔

ʨʽʰʝʥʥʷ ʩʪʘʶʪʴ ʥʘʜʪʦ ʛʨʦʤʽʟʜʢʠʤʠ [94, 95]; 

- çʦʨʢʝʩʪʨʘʮʽʷè (Service orchestration), ʧʨʠ ʷʢʽʡ ʩʝʨʚʽʩʠ ʦʙôʻʜʥʫʶʪʴʩʷ 

ʩʝʨʚʽʩʦʤ-ʦʢʨʝʩʪʘʨʪʦʨʦʤ ʚ ʦʜʠʥ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʽʟʥʝʩ-ʩʝʨʚʽʩ 

[96]. ʈʦʣʴ ʦʢʨʝʩʪʘʨʪʦʨʽʚ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʘʛʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ 

ʟʤʽʥʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ, ʢʦʤʙʽʥʫʶʯʠ ʧʝʨʝʚʘʛʠ ʦʨʢʝʩʪʨʘʮʽʾ ʽ 

ʄɸʉ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʨʢʝʩʪʨʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʤʦʚʫ ʜʣʷ ʦʧʠʩʘʥʥʷ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʾʭ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʦʙʦʶ BPEL (Business 

Process Execution Language), ʷʢʘ ʚʠʟʥʘʯʘʻ ʢʦʦʨʜʠʥʫʚʘʥʥʷ 

ʦʨʢʝʩʪʨʘʪʦʨʦʤ ʨʦʙʦʪʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʭ ʡʦʤʫ ʩʝʨʚʽʩʽʚ. ʂʦʦʨʜʠʥʦʚʘʥʘ 

ʚʟʘʻʤʦʜʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʦʙʤʽʥ web-ʩʝʨʚʽʩʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ɼʣʷ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʩʢʣʘʜʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʙʟ̔ʥʝʩ-ʧʨʦʮʝʩʽʚ ʚʘʞʣʠʚʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʧʦʨʷʜʦʢ ʦʙʤʽʥʫ, ʩʪʘʥ, ʨʝʟʫʣʴʪʘʪʠ, ʯʘʩ ʪʘ ʽʥʰ ̔ʘʩʧʝʢʪʠ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. ʈʦʙʦʪʫ ʙʘʟʦʚʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʦʨʛʘʥʽʟʫʻ ʘʛʝʥʪ ʷʢ 

ʩʝʨʚʽʩ-ʦʨʢʝʩʪʨʘʪʦʨ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʠʪʘʥʥʷ 

(ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʚʨʘʭʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʪʘ ʽʥ.) ʚʠʨʽʰʫʶʪʴ ʘʛʝʥʪʠ ʨʽʚʥʝʤ ʚʠʱʝ. ɿ BPEL ʟʘʩʪʦʩʦʚʫʶʪʴ SOAP  ̔

ʽʥʰʽ ʘʣʴʪʝʨʥʘʪʠʚʠ [88, 89, 97]. 

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʨʽʰʝʥʴ, 

ʥʘʧʨʠʢʣʘʜ GEOSS (Global Earth Observation System of Systems), ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʦʙʤʽʥʫ ʥʘʫʢʦʚʠʤʠ ʜʘʥʠʤʠ. ɺʦʥʠ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ, 

ʭʦʯ ʾʤ ʚʣʘʩʪʠʚʠʡ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʱʦʜʦ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ: 

- ʩʢʣʘʜʥʽʩʪʴ ʦʙôʻʜʥʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʚ 

ʦʜʥʦʤʫ ʟʘʧʠʪʽ  ̔ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽ ʟʙʽʣʴʰʝʥʥʷ ʩʪʝʧʝʥʽ 
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ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʘʨʭʽʪʝʢʪʫʨʘ ʮʠʭ ʩʠʩʪʝʤ ʥʝ ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʦʙôʻʜʥʘʥʥʷ ʚ ʻʜʠʥʫ ʤʝʨʝʞʫ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ ʤʦʜʝʣʽ ʤʝʪʘʜʘʥʠʭ ʜʣʷ ʚʩʽʭ ʦʙôʻʢʪʽʚ ʤʝʪʘʜʘʥʠʭ ʽ 

ʻʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʧʫʙʣʽʢʘʮʽʾ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ; 

- ʚʠʤʘʛʘʥʥʷ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʩʧʝʮʠʬʽʯʥʦʛʦ ʥʘʙʦʨʫ ʟʥʘʥʴ, ʚʤʽʥʴ ʽ 

ʥʘʚʠʯʦʢ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʟʘʧʠʪʫ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ 

ʚʠʢʦʥʘʥʥʷ.  

ɯʩʥʫʻ ʪʘʢʦʞ Taverna Workflow Management System ï ʩʠʩʪʝʤʘ ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʪʦʢʽʚ ʨʦʙʽʪ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʢʦʦʨʜʠʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʩʝʨʚʽʩʠ WSDL, BioMoby, SoapLab 

ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ [98]. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ Taverna ʻ ʥʘʫʢʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʨʦʟʨʦʙʣʝʥʥʷ, ʾʡ ʙʨʘʢʫʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʙʫʜʴ-ʷʢʫ ʨʦʙʦʯʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʝʨʚʽʩʽʚ ʥʝʦʙʭʽʜʥʦ ʟʙʠʨʘʪʠ ʚʨʫʯʥʫ, ʱʦ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ 

ʛʥʫʯʢʽʩʪʴ ʽ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ [99]. 

ʆʪʞʝ, ʞʦʜʥʝ ʟ ʮʠʭ ʨʽʰʝʥʴ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʦʨʽʜʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ. ʇʦʙʫʜʦʚʘʥʽ ʥʘ ʮʽʢʘʚʠʭ ʽʜʝʷʭ, ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ ʢʦʥʢʨʝʪʥʽ 

ʙʽʟʥʝʩʦʚʽ ʘʙʦ ʥʘʫʢʦʚʽ ʧʨʦʙʣʝʤʠ. ɺʠʭʽʜʥʽ ʢʦʜʠ ʮʠʭ ʨʽʰʝʥʴ ʯʘʩʪʦ ʥʝʜʦʩʪʫʧʥʽ, ʚ 

ʩʪʨʫʢʪʫʨʽ ʾʭ ʜʘʥʠʭ ʚʘʞʢʦ ʨʦʟʽʙʨʘʪʠʩʷ ʥʘʚʽʪʴ ʜʦʩʚʽʜʯʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. ʎʽ 

ʧʨʦʝʢʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʦʛʦ ʥʘʙʦʨʫ ʤʦʜʝʣʝʡ ʜʘʥʠʭ 

ʜʞʝʨʝʣ. ʆʧʪʠʤʽʟʦʚʘʥʽ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʟʘʜʘʯʫ, ʘʙʦ ʥʘʚʧʘʢʠ, ʟʘʥʘʜʪʦ ʫʥʽʬʽʢʦʚʘʥʽ, 

ʯʘʩʪʦ ʥʝ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʟʘʻʤʦʜʽʶ ʟ ʥʝ-RDF ʜʘʥʠʤʠ, ʥʝ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʘʥʠʭ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ, ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʚ 

ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʚ ʮʽʡ ʨʦʙʦʪʽ 

ʧʨʦʙʣʝʤʠ. ʇʦʪʨʽʙʝʥ ʙʽʣʴʰ ʛʥʫʯʢʠʡ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʭʽʜ.  

ɸʣʝ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 

ʟʘʜʘʯ. ʈʦʟʚôʷʟʘʥʥʷ ʨʝʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ 

ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʘʮʽʾ ʷʢ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʪʘʢ ʽ ʟʘʩʪʦʩʫʥʢʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʨʦʜʫ ʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʽʻʾ ʜʦʤʽʥʫʶʯʦʾ ʪʝʥʜʝʥʮʽʾ ʚ ʉʉɼ. ʈʦʟʧʦʯʥʝʤʦ ʟ ʘʥʘʣʽʟʫ ʨʝʘʣʴʥʠʭ 

ʧʨʦʝʢʪʽʚ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʚʠʤʘʛʘʣʘ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʽ 
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ʟʘʩʪʦʩʫʥʢʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʘʤ ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʧʦʪʨʝʙʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 

ʽʥʪʝʛʨʘʮʽʾ, ʽ ʚʣʘʩʥʝ ʧʨʦʮʝʩʠ ʽʥʪʝʛʨʘʮʽ ʾʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, 

ʚʠʷʚʠʪʠ ʚʘʞʣʠʚʽ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʮʽʣʽ ʨʦʙʦʪʠ. 

ʉʎɼ-ʋʢʨʘʾʥʘ ʚ ʨʘʤʢʘʭ ɼʝʨʞʘʚʥʦʾ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʩʚʽʪʽ ʽ ʥʘʫʮʽè ʥʘ 2006-2010 ʨʨ. ʚʠʢʦʥʫʚʘʚ ʨʦʙʦʪʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʧʨʦʛʨʘʤʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʧʘʨʪʥʝʨʽʚ ʚ ʻʜʠʥʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʷʜʨʦʤ ʷʢʦʾ ʩʪʘʥʝ ʨʦʟʧʦʜʽʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʦʙʤʽʥʫ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʫʜʴ-ʷʢʠʭ ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʜʘʥʠʭ, ʥʦʩʽʷ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʪʝʭʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʊʘʢʘ ʩʠʩʪʝʤʘ, ʩʪʚʦʨʶʚʘʥʘ ʟʘ ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ ʥʘ ʙʘʟʽ ʚʽʜʢʨʠʪʠʭ 

ʩʪʘʥʜʘʨʪʽʚ, ʤʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʉʚʽʪʦʚʦ ʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. ʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʣʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʧʣʘʪʬʦʨʤʠ ʽʥʪʝʛʨʘʮʽʾ [100]. 

ʉʎɼ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʟʽ ʩʚʦʾʤʠ ʧʘʨʪʥʝʨʘʤʠ 

ʨʦʟʧʦʯʘʚ ʨʷʜ ʧʨʦʝʢʪʽʚ, ʷʢʽ ʜʘʣʠ ʧʝʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʧʽʣʴʥʠʭ ʧʨʦʝʢʪʽʚ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʚʠʤʘʛʘʣʘ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʦʩʚʽʜ ʚʠʢʦʥʘʥʥʷ ʉʎɼ-ʋʢʨʘʾʥʘ ʨʷʜʫ ʧʨʦʝʢʪʽʚ ʟ ʘʥʘʣʽʟʫ 

ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʽ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʪʝʞ 

ʧʽʜʢʨʝʩʣʠʚ ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʫʩʽʭ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʩʧʦʥʫʢʘʚ ʜʦ ʧʦʰʫʢʫ 

ʥʦʚʠʭ ʬʦʨʤ ʩʧʽʚʧʨʘʮʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʝʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʧʦʨʦʜʞʫʚʘʚ ʧʦʪʨʝʙʫ ʚ ʥʦʚʠʭ 

ʨʝʩʫʨʩʘʭ. ʂʨʽʤ ʪʦʛʦ, ʨʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʝʢʪʽʚ ʦʙʫʤʦʚʠʣʘ ʧʦʪʨʝʙʫ ʚ 

ʽʥʩʪʨʫʤʝʥʪʘʭ ʘʥʘʣʽʟʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʦʤʠʭ ʽ ʨʦʟʨʦʙʣʝʥʠʭ ʥʦʚʠʭ ʤʝʪʦʜʘʭ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ɺ ʥ̔ʩʪʠʪʫʪʘʭ ʅɸʅ ʋʢʨʘʾʥʠ ʨʦʟʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʜʘʯʽ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʧʫʙʣʽʢʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʾ 

ʧʦʢʘʟʘʣʠ ʷʢ ʧʦʪʨʝʙʫ ʚ ʨʦʟʚʠʥʝʥʠʭ ʤʦʜʝʣʷʭ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ, ʪʘʢ ʩʪʚʦʨʝʥʥ ̔
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ʥʘʙʦʨʫ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʟ ʾʭ ʧʦʜʘʣʴʰʦʶ ʨʝʘʣʽʟʘʮʽʻʶ 

ʥʘ ʙʘʟʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʉʎɼ-ʋʢʨʘʾʥʘ. 

ʈʦʟʛʦʨʪʘʥʥʷ ʥʘ ʪʝʭʥʽʯʥʽʡ ʙʘʟʽ ʉʎɼ-ʋʢʨʘʾʥʘ ʪʘ ʩʫʧʨʦʚʽʜ ʝʣʝʢʪʨʦʥʥʦʾ 

ʚʝʨʩʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʪʣʘʩʫ ʋʢʨʘʾʥʠ (875 ʤʘʧ ʟʘ ʨʦʟʜʽʣʘʤʠ: ʟʘʛʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï 38 ʤʘʧ; ʽʩʪʦʨʽʷ ï 79 ʤʘʧ; ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ 

ï 320 ʤʘʧ; ʥʘʩʝʣʝʥʥʷ ï 181 ʤʘʧʘ; ʝʢʦʥʦʤʽʢʘ ï 181 ʤʘʧʘ; ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʧʽʜʪʚʝʨʜʠʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʬʦʨʤʘʪʽʚ ʽʟ ʤʥʦʞʠʥʠ ʥʘʷʚʥʠʭ, ʥʘʩʘʤʧʝʨʝʜ ʚʝʢʪʦʨʥʠʭ isgeoMap, Adobe Flash ʪʘ 

ʽʥʰʠʭ. 

ɹʫʚ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʜʦʩʪʫʧ ʜʦ 

ʷʢʠʭ ʥʘʜʘʻʪʴʩʷ ʥʘ ʧʦʨʪʘʣʽ ʉʎɼ-ʋʢʨʘʾʥʘ (http://wdc.org.ua/uk/services): 

1) ɽʣʝʢʪʨʦʥʥʘ ʚʝʨʩʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʪʣʘʩʫ ʋʢʨʘʾʥʠ ï ʽʥʪʝʨʘʢʪʠʚʥʠʡ 

ʨʝʩʫʨʩ, ʷʢʠʡ ʤʽʩʪʠʪʴ 19 ʢʘʨʪ ʫ ʬʦʨʤʘʪʽ Adobe Flash, ʱʦ ʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʟʤʽʩʪ ʢʦʞʥʦʛʦ ʽʟ 6 ʨʦʟʜʽʣʽʚ. ʉʪʨʫʢʪʫʨʘ, ʪʝʢʩʪʠ ʜʦ ʨʦʟʜʽʣʽʚ, ʣʝʛʝʥʜʠ ʮʠʭ 19 ʢʘʨʪ 

ʧʝʨʝʢʣʘʜʝʥʦ ʥʘ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ; 

2) ɸʪʣʘʩ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ï ʦʜʠʥ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

3) ʈʦʟʰʠʨʝʥʘ ʩʠʩʪʝʤʘ ʧʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʠʡ ʽ ʚʽʜʢʨʠʪʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʩʽ ʬʫʥʢʮʽʾ 

ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʽ ʜʦʩʪʫʧʥʽ ʮʽʣʦʜʦʙʦʚʦ  

4) ɯʥʪʝʨʘʢʪʠʚʥʽ ʪʝʤʘʪʠʯʥʽ ʧʘʥʝʣʽ WDC-Ukraine COVID-19 Dashboard 

ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ COVID-19 ʚ ʋʢʨʘʾʥʽ ï ʩʝʨʚʽʩ 

ʥʘʜʘʻ ʜʘʥʽ ʜʣʷ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ ʪʘ ʫ ʨʦʟʨʽʟʽ ʨʝʛʽʦʥʽʚ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʣʘʙʦʨʘʪʦʨʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʠʭ ʚʠʧʘʜʢʽʚ COVID-19, ʣʝʪʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ ʽ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ 

ʦʜʫʞʘʣʠ. ɯʥʬʦʨʤʘʮʽʶ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪ, ʜʽʘʛʨʘʤ, ʣʽʯʠʣʴʥʠʢʽʚ. 

5) ʂʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ COVID-19 ï ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʭʚʦʨʠʭ ʥʘ COVID-19 
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ʚ ʋʢʨʘʾʥʽ ʽ ʤ. ʂʠʻʚʽ, ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ Back Propagation ʥʘ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʫ çʢʦʚʟʥʦʛʦ ʚʽʢʥʘè. 

6) ʄʦʥʪ̔ʦʨʠʥʛ ʜʠʥʘʤʽʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ï ʩʝʨʽʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʪʝʤʘʪʠʯʥʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚʦʜʦʩʭʦʚʠʱ 

ʂʨʠʤʫ, ɼʦʥʝʮʴʢʦʾ ʪʘ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʎʝʡ ʜʦʩʚʽʜ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʟʨʽʣʘ ʧʦʪʨʝʙʘ ʚ ʽʥʪʝʛʨʘʮʽʾ, ʢʘʪʘʣʦʛʽʟʘʮʽʾ ʽ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥ ̔

ʥʝʦʙʭʽʜʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ. ɹʫʣʘ ʦʧʨʘʮʴʦʚʘʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʤʦʜʫʣʴʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʣʝʛʢʝ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʜʘʥʠʭ ʽ ʫʩʫʥʝʥʥʷ 

ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʤʝʨʝʞʽ, ʧʦʚ'ʷʟʘʥʝ ʟ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʙʘʟ 

ʜʘʥʠʭ ʽ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʰʚʠʜʢʦʾ ʜʦʩʪʘʚʢʠ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. 

ʈʦʟʧʦʜʽʣʝʥʘ ʤʝʨʝʞʘ ʩʠʥʭʨʦʥʥʠʭ ʙʘʟ ʜʘʥʠʭ ʽ ʩʝʨʚʝʨʽʚ ʟʘʩʪʦʩʫʥʢʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʭ 

ʧʦʚʥʽʩʪʶ ʥʘ Java ʽ ʜʦʩʪʫʧʥʠʭ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟ ʨʝʩʫʨʩʘʤʠ ʽʥʰʠʭ ʉʎɼ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʚʘʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʦ ʦʢʨʝʤʠʤ ʢʨʘʾʥʘʤ ʘʙʦ ʨʝʛʽʦʥʘʤ, ʘʣʝ ʽ 

ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ ʚ ʪʘʙʣʠʯʥʽʡ ʽ ʚʽʟʫʘʣʴʥʽʡ ʬʦʨʤʽ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ. ʇʽʜʪʚʝʨʜʞʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʜʝʢʩʘʮʽʾ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ, ʧʦʰʫʢʫ ʟʘ ʛʥʫʯʢʦʶ ʩʠʩʪʝʤʦʶ 

ʢʨʠʪʝʨʽʾʚ, ʚʠʩʦʢʦ ʾʰʚʠʜʢʦʩʪ̔ ʦʥʦʚʣʝʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʽʥʜʝʢʩʫ ʪʘ ʽʥʜʝʢʩʘʮʽʾ ʚʩʭ̔ 

ʧʦʰʠʨʝʥʠʭ ʬʦʨʤʘʪʽʚ ï pdf, ppt, doc, xls, xml, rtf, txt ʪʘ ʽʥʰʠʭ. 

ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʪʚʦʨʝʥʥʷ 

ʉʚʽʪʦʚʦʛʦ ʮʝʥʪʨʫ ʜʘʥʠʭ ʚ ʋʢʨʘʾʥʽ ʥʝ ʪʽʣʴʢʠ ʩʧʨʠʷʣʦ ʧʦʣʽʧʰʝʥʥʶ ʩʠʪʫʘʮʽʾ ʟ 

ʜʦʩʪʫʧʥʽʩʪʶ ʩʚʽʪʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʘ ʡ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʩʪʠʤʫʣʶʚʘʣʦ ʽ ʩʪʠʤʫʣʶʻ ʧʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ ʚ ʩʚʽʪʦʚʫ.  

ɸʣʝ ʥʘ ʬʦʥʽ ʟʤʽʥ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʫʷʚʣʝʥʥʷʭ ʧʨʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, 

ʦʟʥʘʢʘʤʠ ʷʢʦʾ ʩʪʘʣʠ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʽ ʩʝʨʚʽʩʥʠʡ ʧʽʜʭʽʜ, ʜʽʶʯʽ ʉʎɼ ʱʝ ʥʝ 

ʧʦʚʥʦʶ ʤʽʨʦʶ ʽʥʪʝʛʨʫʚʘʣʠʩʷ ʚ ʩʬʦʨʤʦʚʘʥʝ ɯʊ-ʩʝʨʝʜʦʚʠʱʝ ʟ ʧʨʠʪʘʤʘʥʥʠʤʠ 

ʡʦʤʫ ʢʦʥʩʦʣʽʜʘʮʽʻʶ ʟʘʩʦʙʽʚ, ʢʦʥʚʝʨʛʝʥʪʥʽʩʪʶ ʩʝʨʚʽʩʽʚ, ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ 

ʨʝʩʫʨʩʽʚ. ɰʭ ʧʦʪʫʞʥʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʷʚʠʣʠʩʷ 

ʥʝ ʮʽʣʢʦʤ ʘʜʝʢʚʘʪʥʠʤʠ ʧʦʪʨʝʙʘʤ ʥʘʫʢʠ, ʥʝʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʠʤʠ ʜʣʷ ʾʭ 



75 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʊʦʤʫ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʠʡ, ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʛʣʦʙʘʣʴʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʦʙʤʽʥʫ ʥʘʫʢʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʠʡ ʛʘʨʘʥʪʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʨʽʚʥʦʧʨʘʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʠʭ 

ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʚʽʪʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ɺʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʨʦʜʞʫʻ ʥʠʟʢʫ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ 

ʟ ʫʥʽʬʽʢʘʮʽʻʶ ʬʦʨʤʘʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʨʛʘʥʽʟʘʮʽʻʶ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥ. [2]. ɸʣʝ ʧʦʩʪʘʻ ʪʘʢʦʞ ʟʘʜʘʯʘ 

ʦʨʛʘʥʽʟʘʮʽ ʾ̒ ʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʽ ʉʉɼ ʪʘ 

ʤʝʨʝʞʽ ʧʘʨʪʥʝʨʽʚ ʉʎɼ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʚ ʉʎɼ-ʋʢʨʘʾʥʘ ʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ. ʆʜʥʦʯʘʩʥʦ, 

ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʙʣʝʤʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʧʨʦʩʪʠʤ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʙʦʨʫ, 

ʥʘʢʦʧʠʯʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʧʫʙʣʽʢʫʚʘʥʥʷ ʜʘʥʠʭ. ʇʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ 

ʩʪʚʦʨʝʥʥʽ ʮʽʣʽʩʥʦʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʉʎɼ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʨʦʜʞʫʻ ʥʝʦʙʭʽʜʥʩ̔ʪɹ ʨʦʟʨʦʙʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʧʽʜʭʦʜʫ. 

ʋʪʦʯʥʠʤʦ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

1.5. ʋʪʦʯʥʝʥʥʷ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ  

ɺ ʮʝʥʪʨʘʭ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʻ ʙʘʛʘʪʦ ʬʦʨʤʘʣʴʥʦ ʥʝ ʧʦʚôʷʟʘʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʙʘʟʽ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ï ʙʘʟʠ 

ʜʘʥʠʭ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʉʋɹɼ, ʪʝʢʩʪʦʚʽ ʬʘʡʣʠ, XML-ʜʦʢʫʤʝʥʪʠ, NoSQL-ʜʘʥʽ 

ʪʘ ʽʥʰʽ. ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ, ʥʝ ʚʥʦʩʷʯʠ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʠ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʱʦ 

ʩʢʣʘʣʠʩʷ ʽʩʪʦʨʠʯʥʦ, ʟʨʦʙʠʪʠ ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ 

çʻʜʠʥʦʛʦ ʚʽʢʥʘè. ʆʜʥʦʯʘʩʥʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʝʥʥʷ 

ʧʦʚôʷʟʘʥʠʭ ʧʦʣʽʚ ʜʘʥʠʭ ʽ ʚʠʢʦʥʘʥʥʷ ʻʜʠʥʦʛʦ ʟʘʧʠʪʫ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ 

ʜʘʥʠʭ. ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʧʨʦʙʣʝʤʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʩʝʤʘʥʪʠʯʥʦʛʦ çʨʦʟʬʘʨʙʫʚʘʥʥʷè ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ, ʱʦ ʟʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ 
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ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʩʝʤʘʥʪʠʯʥʦʛʦ ʨʽʚʥʷ ʽ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ. 

ɼʣʷ ʚʯʝʥʠʭ ʽʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʽ ʨʝʘʣʽʟʫʚʘʪʠ 

ʟʨʫʯʥʽ ʽ ʦʜʥʦʯʘʩʥʦ ʝʬʝʢʪʠʚʥʽ ʤʝʭʘʥʽʟʤʠ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ. ʎʝ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʦʧʠʩʘʥʥʷ ʜʞʝʨʝʣ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʩʪʫ ʜʘʥʠʭ, ʨʦʟʙʦʨʫ ʟʘʧʠʪʽʚ, ʾʭ ʬʝʜʝʨʫʚʘʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʛʝʥʝʨʫʚʘʥʥʷ ʚʣʘʩʥʝ ʟʘʩʪʦʩʫʥʢʽʚ.  

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʷʢ ʦʩʥʦʚʫ 

ʮʽʣʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʝʥʪʨʽʚ ʟʙʝʨʝʞʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, 

ʷʢʝ ʥʘʜʘʩʪʴ ʛʥʫʯʢʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʽʩʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʟʥʘʯʝʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʦʟʙʘʚʣʝʥʽ ʥʝʜʦʣʽʢʽʚ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʧʨʠ ʧʦʷʚʽ ʥʦʚʠʭ ʪʠʧʽʚ ʜʘʥʠʭ 

ʽ ʟʤʽʥʽ ʨʝʘʣʽʟʦʚʘʥʠʭ ʯʠ ʧʦʷʚʽ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʅʘ ʨʽʚʥʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʪʘʢʝ 

ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʠʪʠ: 

- ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʤʘʰʠʥʥʠʭ 

ʨʝʩʫʨʩʽʚ; 

- ʛʥʫʯʢʽʩʪʴ ʽ ʘʜʘʧʪʘʮʽʶ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ; 

- ʧʨʦʩʪʦʪʫ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ; 

- ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʜʘʣʝʥʦʛʦ ʢʣʽʻʥʪʘ ʘʙʦ ʩʝʨʚʽʩʘ; 

- ʜʦʩʪʫʧʥʽʩʪʴ ʟʘʩʦʙʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʽ 

ʥʘʚʠʯʦʢ; 

- ʰʚʠʜʢʫ ʽ ʧʨʦʩʪʫ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʛʣʦʙʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʽ ʨʝʘʣʽʟʘʮʽʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʽ 

ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-
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ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʘʥʠʭ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʘ ʽ ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʾʾ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʙʫʜʦʚʠ ʩʪʨʘʪʝʛʽʡ ʪʘ 

ʩʮʝʥʘʨʽʾʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʠʟʢʫ ʜʦʜʘʪʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʙʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʪʨʝʙʘ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʧʽʜʭʜ̔, ʩʬʦʨʤʫʚʘʚʰʠ 

ʪʝʦʨʝʪʠʯʥ ̔ ʟʘʩʘʜʠ ʪʘ ʦʢʨʝʩʣʠʚʰʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥ ̔ ʟʘʩʦʙʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʙʘʞʘʥʠʡ ʨʦʟʚʠʪʦʢ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʝʙʘ 

ʚʠʢʦʥʘʪʠ, ɦ ʦʙ ʨʦʟʨʦʙʠʪʠ, ʨʝʘʣʽʟʫʚʘʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʚʽʜʧʦʚʽʜʥʽ: 

- ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ; 

- ʤʝʪʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ 

ʛʣʦʙʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ; 

- ʫʥʽʚʝʨʩʘʣʴʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʘʤʢʘʭ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʚ ʋʢʨʘʾʥʽ; 

- ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ ʽʟ ʥʘʜʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʧʠʪʽʚ ʫ ʧʽʜʤʥʦʞʠʥʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ; 

- ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʯʠʥʥʦʩʪʽ ʪʘ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʝʤʘʥʪʠʢʠ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʘʤʢʘʭ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʉʚʽʪʦʚʠʭ ʮʝʥʪʨʽʚ ʜʘʥʠʭ ʚ ʋʢʨʘʾʥʽ; 

- ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ 

ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 
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ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʙʘʟ ʜʘʥʠʭ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʉʚʽʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʟʘʚʜʘʥʴ ʢʦʨʝʣʷʮʽʾ ʧʨʦʮʝʩʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. 

ɼʣʷ ʚʪʽʣʝʥʥʷ ʧʨʠʡʥʷʪʠʭ ʉʉɼ ʧʨʠʥʮʠʧʽʚ ʨʦʟʚʠʪʢʫ, ʥʘʩʘʤʧʝʨʝʜ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʘʚʪʦʥʦʤʥʦ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʉʎɼ ʪʘ ʦʢʨʝʤʠʭ ʩʣʫʞʙ ʜʦ ʟʘʛʘʣʴʥʦʾ ʛʣʦʙʘʣʴʥʦ 

ʩʫʤʽʩʥʦʾ ʦʧʝʨʘʪʠʚʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ, 

ʨʝʘʣʽʟʫʚʘʪʠ ʽ ʜʦʩʣʽʜʠʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ: 

- ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʫ ʜʘʥʠʭ (ʻʜʠʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ) ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʘʛʝʥʪʩʴʢʠʭ ʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. ɼʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʨʦʙʦʯʫ 

ʚʝʨʩʽʶ ʢʘʪʘʣʦʛʫ ʽ ʥʘʜʘʪʠ ʜʦʩʪʫʧ ʜʣʷ ʾʾ ʪʝʩʪʫʚʘʥʥʷ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʦʙ'ʻʜʥʘʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚ ʻʜʠʥʝ ʥʝʦʜʥʦʨʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ 

ʙʫʜʝ ʧʨʦʟʦʨʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʦʨʛʘʥʽʟʘʮʽʶ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʽʚ 

ʢʦʨʠʩʪʫʚʘʯʽʚ;  

- ʨʦʟʨʦʙʣʝʥʥʷ ɻɯʉ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʩʠʩʪʝʤʽ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʉʉɼ;  

- ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʉʉɼ. 

ɿʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʚʠʱʝ ʟʘʚʜʘʥʴ ʚ ʨʘʤʢʘʭ ʉʉɼ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʘ ʛʥʫʯʢʘ ʤʘʩʰʪʘʙʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. 
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

1. ʉʪʚʦʨʝʥʥʷ ʋʢʨʘʾʥʩʴʢʦʛʦ ʩʝʛʤʝʥʪʫ ʉʉɼ ʪʘ ʡʦʛʦ ʫʩʧʽʰʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʩʪʘʣʠ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʜʣʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʋʢʨʘʾʥʽ, ʱʦ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʝʢʪʽʚ ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ 

ʪʦʱʦ. 

2. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʽʷʣʴʥʽʩʪʴ ʉʎɼ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʚʘʞʣʠʚʽ ʜʣʷ ʚʩʽʭ ʾ ʭ ʧʘʨʪʥʝʨʽʚ. 

ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʘʥʽ ʥʘ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʥʘ ʨʽʚʥʽ ʟʘʩʦʙʽʚ ʦʙʤʽʥʫ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ 

ʽʥʩʪʨʫʤʝʥʪʠ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ, ʾʭ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ, 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ, ʢʦʨʝʢʪʥʦʩʪʽ ʪʦʱʦ.  

3. ʈʦʟʛʣʷʥʫʪʽ ʩʫʪʥʽʩʪʴ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʚʠʢʦʥʘʥʥʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ, ʚʠʷʚʣʝʥʽ ʧʨʠʯʠʥʠ ʥʝʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʝʥʠʭ ʚ ʉʉɼ ʜʘʥʠʭ ʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʙʫʜʦʚʠ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ, ʷʢʘ ʟʘ 

ʨʘʭʫʥʦʢ ʜʨʘʡʚʝʨʽʚ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʽʚʝʣʶʚʘʪʠʤʝ ʚʧʣʠʚ 

ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʯʠʥ ʽ ʩʪʚʦʨʶʚʘʪʠʤʝ ʫʤʦʚʠ ʨʦʟʚʠʪʢʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

4. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʽ ʾʾ ʜʽʷʣʴʥʦʩʪʽ ʷʢ ʦʙôʻʢʪʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʚʠʤʦʛ ʜʦ ʾʾ ʜʦʩʪʫʧʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʷʢʦʩʪʽ ʩʝʨʚʽʩʽʚ, 

ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʦʛʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

5. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʜʝʢʦʤʧʦʟʫʻʪʴʩʷ ʥʘ 

ʜʝʢʽʣʴʢʘ ʧʽʜʧʨʦʙʣʝʤ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʥʘʩʘʤʧʝʨʝʜ ʽʥʪʝʛʨʘʮʽʶ 

ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʙʣʝʤʥʦ-
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ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ.  

6. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʉʎɼ ʉʉɼ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʞʦʜʥʝ ʟ ʥʠʭ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʥʝ ʨʝʘʣʽʟʫʻ ʬʫʥʮʽʡ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʉʎɼ ʉʉɼ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʉʎɼ ʉʉɼ ʽ ʚʽʜʽʙʨʘʥʦ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʟ ʮʽʻʶ ʤʝʪʦʶ. 

7. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ ʽ ʫʪʦʯʥʝʥʘ ʥʠʟʢʘ ʜʦʜʘʪʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʘʥʠʭ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʘ ʽ ʧʨʠʥʮʠʧʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʾʾ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʙʫʜʦʚʠ ʩʪʨʘʪʝʛʽʡ ʪʘ ʩʮʝʥʘʨʽʾʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʋʢʨʘʾʥʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʥʜʝʤʽʡ. 
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ʈʆɿɼɯʃ 2. 

ʄʆɼɽʃɯ ɯ ʄɽʊʆɼʀ ɯʅʊɽɻʈɸʎɯɰ ɿɸʉʊʆʉʋʅʂɯɺ ɯ ɼɾɽʈɽʃ ɼɸʅʀʍ 

 

2.1. ʂʦʥʮʝʧʮʽʷ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚ ʨʘʤʢʘʭ 

ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ 

ʜʘʥʠʭ 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʽʣʴʰ ʥʽʞ 50 ʉʎɼ, ʷʢʽ ʟʘ ʙʽʣʴʰ ʥʽʞ 50 ʨʦʢʽʚ 

ʚʠʙʫʜʫʚʘʣʠ ʩʠʩʪʝʤʫ ʥʘʢʦʧʠʯʝʥʥʷ, ʘʥʘʣʽʟʫ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ. ɺ ʧʦʪʫʞʥʠʭ ʩʠʩʪʝʤʘʭ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʉʎɼ ʥʘʢʦʧʠʯʝʥʽ ʚʝʣʠʢ̔  

ʦʙʩʷʛʠ ʘʩʪʨʦʥʦʤʽʯʥʠʭ, ʛʝʦʬʽʟʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ. ʅʘ ʩʝʨʚʝʨʘʭ 

ʉʎɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʨʦʙʣʝʥʥʷ ʮʠʭ ʜʘʥʠʭ, ʜʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ.  

ɹʝʟʫʤʦʚʥʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʯʝʥʠʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘʜ ʚʠʨʽʰʝʥʥʷʤ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʩʫʨʩʦʚʠʤʦʛʣʠʚʠʭ ʧʨʦʙʣʝʤ, ʚʘʞʣʠʚʦ ʤʘʪʠ ʜʦʩʪʫʧ ʥʝ ʜʦ 

ʚʝʣʠʢʦʾ ʧʦʩʽʷʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʦʩʪʝʡ, ʘ ʜʦ ʮʽʣʽʩʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʥʘʣʘʰʪʦʚʘʥʠʭ ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ ʾʭ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʟ ʜʨʫʞʥʽʤ 

ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʠʡ ʥʝ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʚ ʛʘʣʫʟʽ ɯʊ. ʆʜʥʘʢ, ʩʠʩʪʝʤʘ 

ʥʘʢʦʧʠʯʝʥʥʷ, ʘʥʘʣʽʟʫ, ʦʙʨʦʙʣʝʥʥʷ ʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʉʎɼ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʛʦ ʜʦʩʪʫʧʫ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʥʝ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʟʨʦʩʪʘʥʥʷ 

ʨʽʚʥʷ ʚʠʤʦʛ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʽ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʊʦʤʫ ʚ 2008 ʨ. ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʦʚʘ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ï ʉʚʽʪʦʚʘ ʩʠʩʪʝʤʘ ʜʘʥʠʭ (ʉʉɼ, World Data 

System ï WDS) ʜʣʷ ʥʘʧʨʘʮʶʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ, ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʛʘʨʘʥʪʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʨʽʚʥʦʧʨʘʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʠʭ ʜʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʚʽʪʠ ʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. ʅʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʜʦʚʝʜʝʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʧʨʦʙʣʝʤʠ, 

ʥʘʩʘʤʧʝʨʝʜ ʫʥʽʬʽʢʘʮʽʾ ʬʦʨʤʘʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʨʫʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ [2].  

ʊʨʫʜʥʦʱʽ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ, ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʽʩʥʫʶʯʽ ʉʎɼ 

ʥʘʢʦʧʠʯʫʶʪʴ ʽ ʧʨʦʧʦʥʫʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽ ʜʘʥʽ, ʚʠʟʥʘʯʝʥʽ ʩʧʝʮʠʬʽʢʦʶ 
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ʚʽʜʧʦʚʽʜʥʦʾ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʢʨʘʾʥʠ. ʄʦʞʣʠʚʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʷʢ ʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʽ ʩʭʦʚʠʱ ʜʘʥʠʭ, 

ʚʽʜʢʨʠʚʘʶʯʠ ʜʦʨʦʛʫ ʥʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ï Grid-

ʩʠʩʪʝʤʘʤ ʽ ʭʤʘʨʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ. ʆʙôʻʜʥʘʥʥʷ ʨʘʥʽʰʝ ʚʠʦʢʨʝʤʣʝʥʠʭ ʩʠʩʪʝʤ 

ʟʙʦʨʫ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʉʎɼ ʥʘ ʥʦʚʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʽʥʪʝʛʨʘʮʽʡʥʽʡ ʙʘʟʽ ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʩʫʤʘʨʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʜʘʩʪʴ ʚʯʝʥʠʤ ʟʨʫʯʥʠʡ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʨʘʥʽʰʝ ʨʦʟʨʽʟʥʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʜʥʦʯʘʩʥʦ ʧʦʣʝʛʰʫʶʯʠ ʽ ʧʨʠʰʚʠʜʰʫʶʯʠ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ.  

ʅʘʡʥʘʛʘʣʴʥʽʰʦʶ ʽʟ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʻ 

ʧʨʦʙʣʝʤʘ ʽʥʪʝʛʨʘʮʽʾ. ʉʴʦʛʦʜʥʽ ʚ ʙʘʛʘʪʴʦʭ ʉʎɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʩʧʘʜʢʦʚʘʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʞʦʨʩʪʢʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ɹʽʣʴʰ ʥʦʚʽ ʨʽʰʝʥʥʷ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʠʭ ʽ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ʉʝʨʚʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʝ ʥʘʙʫʚ 

ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʰʠʨʝʥʥʷ. ɯʥʦʜʽ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʥʘʚʽʪʴ ʥʘʡʧʨʦʩʪʽʰʠʭ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʩʝʨʚʽʩʽʚ 

ʪʠʧʫ Google Maps. ʗʢʱʦ ʜʦ ʮʴʦʛʦ ʜʦʙʘʚʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʪʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ 

ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʽʥʪʝʛʨʘʮʽʷ ʙʘʟ ʜʘʥʠʭ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʦʶ. 

ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ɯʊ-ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ 

ʫ ʪʘʢʠʭ ʟʨʽʟʘʭ: 

- ʪʝʭʥʦʣʦʛʽʯʥʠʡ: ʽʥʪʝʛʨʦʚʘʥʽ ʜʘʥʽ ʽ ʩʝʨʚʽʩʠ ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

ʻʜʠʥʦʤʫ ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ ʚʟʘʻʤʦʜʽʾ ʦʜʥʝ ʟ ʽʥʰʠʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʽʣʴʥʽ ʬʦʨʤʘʪʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʪʦʛʦ ʱʦʙ ʫʤʦʞʣʠʚʠʪʠ 

ʽʥʪʝʛʨʘʮʽʶ; 

- ʟʤʽʩʪʦʚʥʠʡ: ʧʦʚʠʥʝʥ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʻʜʠʥʠʡ ʬʦʨʤʘʪ ʦʧʠʩʘʥʥʷ ʜʘʥʠʭ 

ʚ ʩʝʤʘʥʪʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʜʞʝʨʝʣ ʜʘʥʠʭ; 

- ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʩʝʨʚʽʩʽʚ ʚ ʻʜʠʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘʜʘʯ.  
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2.1.1. ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʧʽʜʭʦʜʫ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ʇʨʠʥʮʠʧʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʩʪʚʦʨʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʧʦʩʽʙ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʝʨʚʽʩʽʚ. ɯʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʚʟʘʻʤʦʜʽʾ 

ʩʝʨʚʽʩʽʚ ï ʦʨʢʝʩʪʨʘʮʽʾ ʽ ʭʦʨʝʦʛʨʘʬʽʾ ï ʜʣʷ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʙʫʜʝ ʧʝʨʰʠʡ. ɼʽʡʩʥʦ, ʦʨʢʝʩʪʨʘʮʽʷ, ʷʢʘ ʛʨʫʧʫʻ ʙʘʟʦʚʽ ʩʝʨʚʽʩʠ ʚ 

ʽʻʨʘʨʭʽʯʥʦ ʩʢʦʤʧʣʝʢʩʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʧʽʜʧʦʨʷʜʢʦʚʫʶʯʠ ʾʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ï 

ʩʝʨʚʽʩʘʤ çʦʢʨʝʩʪʨʘʪʦʨʘʤè, ʜʦʟʚʦʣʷʻ ʦʙôʻʜʥʘʪʠ ʩʝʨʚʽʩʠ ʟʘ ʟʨʫʯʥʠʤʠ ʜʣʷ ʉʎɼ 

ʦʟʥʘʢʘʤʠ (ʛʘʣʫʟʴ ʥʘʫʢʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʨʝʛʽʦʥʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʦʱʦ), 

ʘ ʩʝʨʚʽʩʘʤ-ʦʢʨʝʩʪʨʘʪʦʨʘʤ ʥʘʜʘʪʠ ʧʦʚʥʦʚʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʽʪʠʢ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʠʙʫʜʫʚʘʪʠ ʧʨʦʩʪʫ ʽ 

ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʦʛʦ ʩʝʨʚʽʩʫ ʘʙʦ ʧʦʙʫʜʦʚʘ ʾʭ 

ʢʦʤʧʦʟʠʮʽʾ ʜʣʷ ʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ, ʧʨʠʪʘʤʘʥʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ, ʥʝ ʙʫʜʝ ʚʠʤʘʛʘʪʠ ʚʝʣʠʢʦʛʦ ʯʘʩʫ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʠʡ ʩʝʨʚʽʩ-

ʦʨʢʝʩʪʨʘʪʦʨ ʤʘʻ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʭ 

ʩʝʨʚʽʩʽʚ ʽ ʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʢʦʦʨʜʠʥʫʚʘʪʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚ ʧʨʦʮʝʩʽ 

ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʢʣʶʯʝʥʥʷ ʥʦʚʠʭ ʩʝʨʚʽʩʽʚ ʫ 

ʩʠʩʪʝʤʫ ʪʘʢʦʞ ʥʝ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʠʭ ʧʨʦʙʣʝʤ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʣʠʰʝ ʩʢʣʘʩʪʠ ʦʧʠʩ ʩʝʨʚʽʩʫ, ʚʥʝʩʪʠ ʡʦʛʦ ʚ ʨʝʻʩʪʨ ʽ ʟʘʢʨʽʧʠʪʠ ʟʘ 

ʧʝʚʥʠʤ ʩʝʨʚʽʩʦʤ-ʦʢʨʝʩʪʨʘʪʦʨʦʤ [101]. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʪʦʯʥʦ ʟʥʘʻ ʩʚʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʨʝʙʠ ʽ ʤʘʻ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʥʥʷ ʽ ʥʘʚʠʯʢʠ ʜʣʷ ʩʢʣʘʜʘʥʥʷ 

ʣʘʥʮʶʞʢʽʚ ʟʘʧʠʪʽʚ ʜʦ ʚʽʜʦʤʠʭ ʦʨʢʝʩʪʨʘʪʦʨʽʚ. ɸʣʝ ʚʘʞʣʠʚʽʰʝ ʪʝ, ʱʦ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʠʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʩʠʩʪʝʤʦʶ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʽʥ̔ʮʽʶʚʘʪʠ ʩʝʨʚʽʩʠ, ʚʢʘʟʫʶʯʠ ʧʦʨʷʜʦʢ ʾʭ ʨʦʙʦʪʠ ʽ ʫʪʦʯʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ 

ʚʠʢʦʥʘʥʥʷ ʽ ʚʟʘʻʤʦʜʽʾ. ʂʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʣʠʰʝ ʚʤʽʪʠ ʬʦʨʤʫʣʶʚʘʪʠ ʩʚʦʾ 

ʧʦʪʨʝʙʠ ʚ ʪʝʨʤʥ̔ʘʭ ʧʝʚʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɸʣʝ ʪʦʜʽ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ 

ʩʝʨʚʽʩʽʚ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ ʚʟʘʻʤʦʜʽʾ ʚ ʧʦʪʨʽʙʥʦʤʫ ʧʦʨʷʜʢʫ ʩʠʩʪʝʤʽ ʥʝʦʙʭʽʜʥʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʢʣʘʜʦʚʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʛʝʥʪʠ, 

ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʷʜʨʦ ʩʠʩʪʝʤʠ, ʨʝʘʣʽʟʫʶʯʠ ʣʦʛʽʢʫ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, 

ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʧʽʜʪʨʠʤʢʫ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ, ʧʣʘʥʫʚʘʥʥʷ ʾʭ ʚʠʢʦʥʘʥʥʷ ʽ 
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ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʾ ʙʘʟʦʚʠʭ ʩʝʨʚʽʩʽʚ. ɺʢʣʶʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʚ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʷʢ ʩʝʨʚʽʩʽʚ-ʦʨʢʝʩʪʨʘʪʦʨʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʜʚʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʷʢʦʾ ʬʦʨʤʫʶʪʴ ʩʝʨʚʽʩʠ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴ 

ʙʘʟʦʚʽ ʟʘʜʘʯʽ, ʘ ʚʝʨʭʥʽʡ ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʛʝʥʪʠ, ʷʢʽ ʦʨʢʝʩʪʨʫʶʪʴ ʙʘʟʦʚʽ 

ʩʝʨʚʽʩʠ. ʇʦʚôʷʟʘʥʽ ʢʦʞʥʠʡ ʟ ʢʦʞʥʠʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʛʝʥʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʝʻʩʪʨʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʭ ʾʤ ʙʘʟʦʚʠʭ ʩʝʨʚʽʩʽʚ ʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʩ̔ʪɹ, ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʽʣʢʫʚʘʥʥʷ ʤʦʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜʠ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʚʠʚʝʜʝʥʥʷ ʽ ʙʫʜʝ ʢʦʤʧʦʟʠʮʽʷ ʜʽʡ ʙʘʟʦʚʠʭ ʘʛʝʥʪʽʚ, ʚʠʢʦʥʘʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʘʪʠ ʨʦʟʚôʷʟʦʢ ʧʦʩʪʘʚʣʝʥʦʾ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘʜʘʯʽ. ʎʷ ʢʦʤʧʦʟʠʮʽʷ ʜʽʡ ʘʙʦ 

ʚʠʚʽʜ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʥʠʞʥʽʡ ʨʽʚʝʥʴ, ʜʝ ʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʢʦʥʪʨʦʣʴ ʧʝʨʝʜʘʻʪʴʩʷ 

ʘʛʝʥʪʘʤ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ, ʷʢʽ ʚʠʜʘʶʪʴ ʣʠʰʝ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ. 

ɺʣʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʚʦʜʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʢʘʟʽʚʥʠʢʠ ʥʘ ʦʜʥʝ ʘʙʦ ʜʝʢʽʣʴʢʘ ʜʞʝʨʝʣ ʜʘʥʠʭ, 

ʢʦʤʧʦʟʠʮʽʶ ʟ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʤʝʪʦʜʽʚ, ʷʢʽ ʩʝʨʚʽʩʠ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʘʪʠ 

ʥʘʜ ʮʠʤʠ ʜʘʥʠʤʠ. ɼʝʷʢʽ ʟʘʧʠʪʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ 

ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʤʝʪʦʜʘʤʠ ʩʝʨʚʽʩʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ɯʥʰʽ ʞ ʚʠʤʘʛʘʶʪʴ ʧʝʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʘʥʠʭ ʥʘʜ ʜʘʥʠʤʠ ʜʽʡ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʢʣʶʯʝʥʥʷ ʤʝʪʦʜ̔ ʚ 

ʽʥʰʠʭ ʩʝʨʚʽʩʽʚ. ʇʦʪʨʽʙʥʽ ʜʣʷ ʮʴʦʛʦ ʟʘʣʝʞʥʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʚ ʘʢʩʽʦʤʘʭ, ʷʢʽ 

ʚʚʦʜʷʪʴʩʷ ʚ ʟʘʛʘʣʴʥʫ ʙʘʟʫ ʟʥʘʥʴ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʚʽʩʽʚ ʚ ʩʠʩʪʝʤʽ. 

ɿʘʟʥʘʯʝʥʽ ʦʧʝʨʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ï 

ʜʘʥʽ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɸʣʝ ʧʦʯʘʪʢʦʤ ʘʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʟʘʧʠʪʫ. ʍʦʯ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʤʦʛʠ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʜʦʧʦʤʦʛʪʠ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʩʢʣʘʩʪʠ ʟʘʧʠʪ ʫ ʟʥʘʡʦʤʠʭ ʡʦʤʫ ʪʝʨʤʽʥʘʭ. 

ʋ ʨʽʰʝʥʥʽ, ʷʢʝ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʻʩʪʨʫ ʩʝʨʚʽʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ UDDI, ʜʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʾʭ ʦʧʠʩʫ ï WSDL. ʂʣʶʯʦʚʘ ʞ 

ʯʘʩʪʠʥʘ ï ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ SOAP, ʘ 
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ʦʨʢʝʩʪʨʘʮʽʷ ʩʝʨʚʽʩʽʚ ï BPEL. ɼʣʷ ʦʧʠʩʘʥʥʷ ʘʛʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ JADE. 

ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ 2.1. 

 

 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ 

 

ʆʧʠʩ ʽʥʪʝʨʬʝʡʩʫ (WSDL) ʢʦʞʥʦʛʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʚ ʩʠʩʪʝʤʽ ʩʝʨʚʽʩʫ 

ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤ ʘʢʩʽʦʤ ʟʘʥʦʩʠʪʴʩʷ ʚ ʙʘʟʫ ʟʥʘʥʴ ʩʠʩʪʝʤʠ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʙʘʟʫ ʟʥʘʥʴ ɸʛʝʥʪʘ-ʂʦʥʪʨʦʣʝʨʘ, ʷʢʦʤʫ ʥʦʚʠʡ ʩʝʨʚʽʩ ʙʫʜʝ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ. ɺʠʙʽʨ ɸʛʝʥʪʘ-ʂʦʥʪʨʦʣʝʨʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʛʽʜʥʦ ʟ 

ʧʦʣʽʪʠʢʘʤʠ, ʧʨʠʡʥʷʪʠʤʠ ʚ ʉʉɼ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʢʨʠʪʝʨʽʻʤ ʛʝʦʛʨʘʬʽʯʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʛʦʨʥʫʪʦʛʦ ʘʛʝʥʪʘ, ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ʅʘ ʨʽʚʥʽ ʘʛʝʥʪʽʚ, ɸʛʝʥʪ-ʦʨʢʝʩʪʨʘʪʦʨ (ʘʙʦ ʜʝʢʽʣʴʢʘ), ʦʪʨʠʤʘʚʰʠ ʟʘʧʠʪ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʦʧʠʪʫʻ ʘʛʝʥʪʽʚ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʧʦʪʨʽʙʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʚʽʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɿʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʚʽʩʽʚ ʩʠʩʪʝʤʠ, ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ (ʦʧʠʩʘʥʦʾ ʘʢʩʽʦʤʘʤʠ ʩʠʩʪʝʤʠ) ʽ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʠʭ ʣʦʛʽʯʥʠʤ ʬʦʨʤʘʣʽʟʤʦʤ. ʆʪʨʠʤʘʥʠʡ ʚʠʚʽʜ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʥʠʞʥʽʡ 

ʨʽʚʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. 

ʅʘ ʨʽʚʥʽ ʩʝʨʚʽʩʽʚ, ʢʦʞʥʠʡ ʘʛʝʥʪ ʚʠʢʦʥʫʻ ʚʠʢʣʠʢʠ ʥʝʦʙʭʽʜʥʠʭ ʩʝʨʚʽʩʽʚ ʽʟ 

ʩʚʦʛʦ ʥʘʙʦʨʫ, ʽ ʚʽʜʧʨʘʚʣʷʻ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʣʘʥʮʶʞʢʦʤ ʜʽʡ. ʎʝ 
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ʩʝʨʚ̔ʩ̔ʚ

ʉʫɦ .

ɸʙʩʪʨ

ʉʝʤ. ʦʧʠʩʠ
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ɼʞʝʨʝʣʦ 4
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ʦʧʠʩ ʩʝʨʚ̔ʩ̔ʚ

SOAP ï ʟʘʙʝʟʧʝʯʝʥʥ̫ ʟʚô̫ʟʢʫ

WSDL ï ʫʥ̔ʬ̔ʢʦʚʘʥʠʡ ʦʧʠʩ ʩʝʨʚ̔ʩʫ 
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ɿʥʘʥɹ
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ʄʝʭʘʥ̔ʟʤ ʚʠʚʝʜʝʥʥ̫

ʈʝʘʣ̔ʟʘʮ̫̔  

ʣʦʛ̔ʢʠ

ʉʝʨʚ̔ʩʠ 

ʜʦʩʪʫʧʫ
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʽʜʥʦ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʝʭʘʥʽʟʤʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʩʝʨʚʽʩʽʚ ʫ ʉʉɼ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ 

ʚʠʜʘʻʪʴʩʷ ʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʠʡʪʠ ʥʘ ʨʽʚʝʥʴ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚʠʱʝ ʚʠʤʦʛ, ʘʣʝ ʡ ʧʦʟʙʘʚʣʝʥʠʡ ʥʝʜʦʣʽʢʽʚ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ. ɼʽʡʩʥʦ, ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʚʝʜʝʥʥʷ 

ʽ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ, ʧʣʘʥʫʚʘʥʥʷ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʭʝʤʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʾʾ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʦʧʠʩʘʥʥʷ ʮʠʭ ʩʢʣʘʜʦʚʠʭ 

ʧʽʜʭʦʜʫ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʚʠʛʣʷʜʘʻ ʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ. ɸ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʦʙʭʽʜʥʦ: 

- ʦʧʠʩʘʪʠ ʽʩʥʫʶʯʽ ʟʘʩʪʦʩʫʥʢʠ ʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘ 

ʬʦʨʤʘʣʴʥʽʡ ʤʦʚʽ; 

- ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ; 

- ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʤʝʪʦʜʦʤ ʚʠʚʝʜʝʥʥʷ; 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ; 

- ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʤʝʪʦʜʠ ʽ ʤʝʭʘʥʽʟʤʠ ʚ ʘʛʝʥʪʘʭ ʩʠʩʪʝʤʠ. 

 

2.1.2. ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ 

ʜʘʥʠʭ 

ɼʣʷ ʦʧʠʩʘʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʝʤʘʥʪʠʢʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʦʙʨʘʥʽ 

ʜʝʩʢʨʠʧʪʠʚʥʽ ʣʦʛʽʢʠ. ʗʢ ʽʥʩʪʨʫʤʝʥʪ ʧʦʜʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ 

ʦʙʨʘʥʦ ʦʥʪʦʣʦʛʽʯʥʽ ʩʧʝʮʠʬʽʢʘʮʽʾ. ʇʦʟʥʘʯʠʤʦ ʦʥʪʦʣʦʛʽʯʥʠʡ ʢʣʘʩ ʽ ʚʣʘʩʪʠʚʽʩʪʴ 

ʚ ʢʦʥʪʝʢʩʪʽ ʩʝʤʘʥʪʠʢʠ ʷʢ ʉ-ʢʣʘʩ ʽ ʉ-ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʙʫʜʝʤʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ 

Semantic Web ï ʘʙʩʪʨʘʢʪʥʫ ʤʦʜʝʣʴ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ 

çʩʫʙ'ʻʢʪ-ʧʨʝʜʠʢʘʪ-ʦʙ'ʻʢʪè RDF, ʤʦʚʫ ʦʧʠʩʘʥʥʷ ʦʥʪʦʣʦʛʽʡ OWL ʽ ʤʦʚʫ ʟʘʧʠʪʽʚ 

ʜʦ RDF-ʧʦʜʽʙʥʠʭ ʜʘʥʠʭ SPARQL. 

ɼʣʷ ʚʠʩʦʢʦʨʽʚʥʝʚʦʛʦ ʦʧʠʩʫ ʜʦʩʪʫʧʥʠʭ ʚ ʩʠʩʪʝʤʽ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ 
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ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʮʝʥʪʨʘʣʴʥʫ ʦʥʪʦʣʦʛʽʶ-ʢʣʘʩʠʬʽʢʘʪʦʨ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʽʻʨʘʨʭʽʾ ʉ-ʢʣʘʩʽʚ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʎʝʥʪʨʘʣʴʥʘ ʦʥʪʦʣʦʛʽʷ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʽʥʰʠʤʠ ʦʥʪʦʣʦʛʽʷʤʠ ʪʘʢʦʾ ʞ ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʧʘʨʘʤʠ ʦʥʪʦʣʦʛʽʷ-

ʚʽʜʦʙʨʘʞʝʥʥʷ. ʂʦʞʥʘ ʪʘʢʘ ʧʘʨʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʦʥʪʦʣʦʛʽʷ ʦʧʠʩʫʻ ʩʪʨʫʢʪʫʨʫ ʽ ʟʚôʷʟʢʠ ʡʦʛʦ ʉ-ʢʣʘʩʽʚ 

ʽ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʢʘʟʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʡʦʛʦ ʉ-ʢʣʘʩʽʚ ʽ ʉ-

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦ ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʥʴʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʠʪ ʜʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʤʦʞʝ 

ʬʦʨʤʫʚʘʪʠʩʷ ʚ ʪʝʨʤʽʥʘʭ ʉ-ʢʣʘʩʽʚ ʪʘ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʠʩ. 2.2. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʆʩʢʽʣʴʢʠ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʤʦʞʫʪʴ ʤʘʪʠ ʩʧʽʣʴʥʽ ʉ-ʚʣʘʩʪʠʚʦʩʪʽ, 

ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʩʪʚʦʨʠʪʠ ʦʥʪʦʣʦʛʽʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʪʘʢʠʤʠ ʉ-

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʝʜʠʢʘʪʽʚ 

ʤʦʚʠ OWL. 

ʅʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʢʣʘʩʫ EII ʟ ʧʦʩʝʨʝʜʥʠʢʦʤ ʽ web-ʦʨʽʻʥʪʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʅʘ 

ʙʦʮʽ ʢʣʽʻʥʪʘ ʚʠʙʽʨ ʜʘʥʠʭ ʚ ʢʘʪʘʣʦʟʽ, ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʘ 

ˤ͔ -͋͊ͫͭͦ͘ ͍ͫͯ͊ͤͤΎ - ͭ ͙ͦͤ͟  ͚
͟͡ Ίͤͭ͜

˸͔͒͊ͭͦͪ͜: ͨ ͍ͦ͋ͯ͒ͦ  ͊ͯ ͨ͊ 'ͣΎͭ  ͜
Ί͙͒ͤͦ͝ ͜Ίͪ͊ͪͻ͜͝ ˿-͍͊ͫ͟͜͡, ͝ ͻ 
͍͘'Ύ͍͘͟͜  ͭ͊  ͍͒ͦ͋ͪ͊͗͜ ͔ͤΈ

˭͙͊ͫͦ͋ ͔ͨ ͔͍͔ͪͭͦͪͤ Ύͤ ͒͊ ͙ͤͻ

RDF - 
Relational DB 

RDF - XML RDF -  CSV ...

˭͍ͦͤ́ͤ͜͜ ͒͗ ͔͔ͪ͡  ͊͊͒ ͙ͤͻ

...XML
Relational 

DB
RDF

˻ͨ ͙ͫ ͍͒ͦ͋ͪ͊͗͜ ͔ͤΈ 
͒͗ ͔͔ͪ͡ ͒͊ ͙ͤͻ

˻ͤ ͎ͭͦͦ͜͡͝ ͒͗ ͔͔ͪ͡ 
͙͒͊ͤͻ

˻ͤ ͎ͭͦͦ͜͡͝ 
͙͊ͫ͟͡ͅ ͊͜͟ ͭͦͪ͊

˭͍'Ύ͘ Όͯ;͊ 
͎ͦͤͭͦͦ͜͡Ύ

˨ͪ ͚͍͔͙͊ͪ ͒ ͦͫͭͯͨͯ ͒ͦ  ͒͗ ͔͔ͪ͡ ͒͊ ͙ͤͻ
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ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ web-

ʟʘʩʪʦʩʫʥʢʫ. ʄʝʜʽʘʪʦʨ ʻ ʟʘʚʘʥʪʘʞʝʥʠʤ ʚ ʧʘʤôʷʪʴ ʩʝʨʚʝʨʘ ʟʘʩʪʦʩʫʥʢʦʤ ʽ ʤʽʩʪʠʪʴ 

ʧʦʙʫʜʦʚʘʥʝ ʜʝʨʝʚʦ ʉ-ʢʣʘʩʽʚ ʟ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ (ʩʘʤʝ ʾʭ ʢʦʨʠʩʪʫʚʘʯ 

ʙʘʯʠʪʴ ʷʢ ʢʘʪʘʣʦʛ), ʾʭ ʟʚôʷʟʢʠ ʽʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ ʥʘ ʨʝʘʣʴʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʘ 

ʪʘʢʦʞ, ʦʧʮʽʦʥʘʣʴʥʦ, ʦʪʨʠʤʘʥʽ ʟ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʪʘ ʦʧʠʪʫʚʘʥʥʷ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʦʙʤʝʞʝʥʥʷ ʥʘ ʜʦʧʫʩʪʠʤʽ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʜʘʥʠʭ. 

ɿʚôʷʟʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʡ ʥʘ ʨʽʚʥʽ ʟʘʩʪʦʩʫʥʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʾʭ ʉ-ʢʣʘʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʢʘʣʴʥʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʉ-ʢʣʘʩʫ Uniform Resource Identifier (URI). 

ɿʘ ʧʨʠʡʥʷʪʠʤʠ ʢʨʠʪʝʨʽʷʤʠ (ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ, ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʽ 

ʘʚʪʦʥʦʤʥʽʩʪʴ) ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʧʝʨʝʚʘʞʘʻ ʨʽʰʝʥʥʷ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʤʥʦʞʠʥʥʠʭ (multidatabase) ʽ ʬʝʜʝʨʘʪʠʚʥʠʭ (federated database) ʙʘʟʘʭ ʜʘʥʠʭ, 

ʚʞʝ ʥʝ ʢʘʞʫʯʠ ʧʨʦ ʤʦʥʦʣʽʪʥʽ ʙʘʟʠ ʜʘʥʠʭ. ɸʣʝ ʟʘ ʜʦʜʘʪʢʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʧʝʨʝʚʘʛʘ ʥʝ ʪʘʢ ʚʽʜʯʫʪʥʘ. 

ʆʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ʂʦʥʮʝʧʮʽʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ, ʩʭʝʤʘ ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʫ ʷʢʦʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.3, ʧʦʟʙʘʚʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʫʤʽʥʥʷ ʩʪʨʫʢʪʫʨ ʮʠʭ ʜʞʝʨʝʣ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʦʚ ʟʘʧʠʪʽʚ. 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʫ ʩʠʩʪʝʤʽ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ  

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ ͊͘ ͙ͨͭͯ ͍ 
Ί͙͒ͤͦͣ  ͯͪͨ ͦͫͭͦͪ͜ ͣ͜ ͔ͤ

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ ͨ͡ ͊ͤ  ͯ
͍͙ͦͤ͊ͤͤ͟Ύ ͙͊ͨͭͯ͘

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ ͭ͊ 
͔͔ͨͪ͒͊;͊ ͙͍ͨ͒͊ͨͭ͘͜͜ 
͒͗ ͔͔ͪ͊ͣ͡  ͒͊ ͙ͤͻ

˻͋ ͪͦ͋͟  ͊͊͘ ͙͍ͨͭ͜ 
͚͍͔͙͒ͪ͊ͪ͊ͣ  ͒ͦ ͫͭͯ ͨͯ 
͒ͦ ͒͗ ͔͔ͪ͡ ͒͊ ͙ͤͻ

˻͋ 'Ί͒ͤ͊ͤͤΎ ͔ͪ ͯ͘ Έ͍ͭ͊ͭ͜͡ 
͍͙ͦͤ͊ͤͤ͟Ύ ͙͍͊ͨͭ͘͜

˻ͤ ͎ͭͦͦ͜͡;͙͚ͤ 
͙ͦͨͫ ͒͗ ͔͔ͪ͡ 

͙͒͊ͤͻ ͭ͊ ͔ͣͭ͊͒͊ͤ͜

˻ͨ ͙ͫ ͍͒ͦ͋ͪ͊͗͜ ͔ͤΈ

ˤ͔ -͋͊ͫͭͦ͘ ͍ͫͯ͊ͤͤΎ

˾͔ͯ͘ Έͭ͊ͭ͡ ͔ͨ ͔ͪ͒͊ͤͦ ͒ͦ  
͍͔ -͋͊ͫͭͦ͘ ͍ͫͯ͊ͤͤΎ
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ʊʦʯʢʦʶ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʻ web-ʟʘʩʪʦʩʫʥʦʢ ï ʪʦʥʢʠʡ ʢʣʽʻʥʪ. ɺʽʥ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ ʬʦʨʤʫʚʘʪʠ ʟʘʧʠʪ, ʦʧʝʨʫʶʯʠ ʉ-ʢʣʘʩʘʤʠ, ʉ-

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʾʭ ʟʚôʷʟʢʘʤʠ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʤʝʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʥʶ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʉ-

ʢʣʘʩʽʚ ʽ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʾʭ ʟʚ'ʷʟʢʽʚ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʟ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʦʧʠʩʽʚ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʘ ʟʘʛʘʣʴʥʝ ʜʝʨʝʚʦ ʉ-ʢʣʘʩʽʚ ʙʫʜʫʻʪʴʩʷ ʟ ʦʥʪʦʣʦʛʽʾ-

ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

ɼʘʣʽ ʟʘʩʪʦʩʫʥʦʢ ʬʦʨʤʫʻ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʚʠʟʥʘʯʘʶʯʠ, ʷʢʽ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʟʘʧʠʪ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʠ, ʽ ʯʠ ʤʦʞʣʠʚʦ ʮʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙôʻʜʥʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝʨʝʣ ʜʘʥʠʭ, 

ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʉ-ʢʣʘʩʘʤʠ ʪʘ 

ʾʭ ʉ-ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟ ʦʥʪʦʣʦʛʽʯʥʠʭ ʦʧʠʩʽʚ. ɿʚʽʜʪʠ ʞ ʙʝʨʝʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚ-ʦʙʤʝʞʝʥʴ ʜʣʷ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʟʘʧʠʪʽʚ ʜʦ ʥʠʭ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʧʠʪ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʻʜʠʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʤʝʥ ʥʘ ʦʩʥʦʚʽ 

ʦʧʠʩʽʚ ʚʽʜʦʙʨʘʞʝʥʴ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ. ɺʽʥ ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʚ ʟʘʧʠʪʠ ʜʦ 

ʦʢʨʝʤʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʠʥʪʘʢʩʠʩʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʬʦʨʤʘʪʽ SQL, 

ʽ ʧʨʦʩʪʦʨʽ ʽʤʝʥ.  

ʉʬʦʨʤʦʚʘʥʽ ʟʘʧʠʪʠ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʘʜʘʧʪʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, JDBC. ʆʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ 

ʘʜʘʧʪʝʨʦʤ ʜʦʩʪʫʧʫ ʜʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʧʨʘʢʪʠʢʦʶ ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʉʋɹɼ. ɼʞʝʨʝʣʘ ʜʘʥʠʭ ʬʫʥʢʮʽʦʥʫʶʪʴ ʘʚʪʦʥʦʤʥʦ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʧʠʪʫ 

ʚʦʥʠ ʡʦʛʦ ʚʠʢʦʥʫʶʪʴ ʽ ʧʦʚʝʨʪʘʶʪʴ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʟʘʧʠʩʽʚ. 

ʆʪʨʠʤʘʚʰʠ ʚʽʜ ʜʞʝʨʝʣ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ, ʟʘʩʪʦʩʫʥʢʠ, 

ʜʦʪʨʠʤʫʶʯʠʩʴ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʚʠʢʦʥʫʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʦʧʝʨʘʮʽʾ ï ʦʙ'ʻʜʥʘʥʥʷ, ʧʝʨʝʪʠʥ, ʫʟʘʛʘʣʴʥʝʥʥʷ, ʧʝʨʝʜʘʯʘ ʩʝʨʚʽʩʘʤ-ʦʙʨʦʙʥʠʢʘʤ 

ʪʦʱʦ. 

ɺʠʢʦʥʘʥʘ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʚʩʽ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʘʜʘʧʪʝʨʠ, ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ 

SQL-ʘʙʦ SPARQL-ʟʘʧʠʪʠ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʘʶʪʴ 

XML -ʬʘʡʣʠ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʘʜʘʧʪʝʨʠ, ʘʙʦ ʮʽ ʬʘʡʣʠ 
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ʧʨʠʚʦʜʷʪʴʩʷ ʫ ʬʦʨʤʘʪ ʦʥʪʦʣʦʛʽʡ ʟ ʤʝʪʘʜʘʥʠʤʠ, ʦʧʠʩʘʥʠʤʠ ʫ XML-ʧʦʜʽʙʥʦʤʫ 

ʩʠʥʪʘʢʩʠʩʽ. ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʚʘʨʪʽʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʘ ʜʨʫʛʠʡ ï ʚʪʨʫʯʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘ ʙʦʮʽ 

ʧʨʦʚʘʡʜʝʨʽʚ. ɿʘʢʣʘʜʝʥʽ ʨʽʰʝʥʥʷ ʫʤʦʞʣʠʚʣʶʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʙʫʜʫʪʴ 

ʦʭʦʧʣʶʚʘʪʠ ʙʽʣʴʰ ʰʠʨʦʢʝ ʢʦʣʦ ʜʞʝʨʝʣ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʽ ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʈʦʟʛʣʷʥʝʤʦ 

ʚʠʤʦʛʠ ʜʦ ʮʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 3. ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ 

ʧʨʦʙʣʝʤ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʪʘʢʽ 

ʧʽʜʧʨʦʙʣʝʤʠ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ:  

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ; 

- ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʚʤʽʩʪʫ ʮʠʭ ʨʝʩʫʨʩʽʚ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʤʽʞ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ;  

- ʩʧʦʣʫʯʝʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʧʦʚʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʝ 

ʦʭʦʧʣʶʚʘʪʠ ʩʧʝʮʠʬʽʢʘʮʽʾ ʚʣʘʩʥʝ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʦʙʤʝʞʝʥʴ ʮʽʣʽʩʥʦʩʪʽ ʽ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʤʝʜʽʘʪʦʨʘ ʚʠʤʘʛʘʻ ʦʧʠʩʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʽ ʧʦʚʝʜʽʥʢʘ ʢʦʞʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ.  

ɼʣʷ ʦʧʠʩʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ RDF ʽ 

RDFS. ɿʘʩʥʦʚʘʥʽ ʥʘ ʽʜʝʷʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ, ʪʘʢʠʭ ʷʢ ʩʝʤʘʥʪʠʯʥʽ ʤʝʨʝʞʽ, 

ʬʨʝʡʤʠ ʽ ʣʦʛʽʢʘ ʧʨʝʜʠʢʘʪʽʚ, ʧʨʦʩʪʽ ʚ ʨʝʘʣʽʟʘʮʽʾ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʢʣʘʩʠ, ʨʝʩʫʨʩʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽʻʨʘʨʭʽʾ ʡ ʦʙʤʝʞʝʥʥʷ ʪʠʧʽʚ, ʢʦʥʮʝʧʪʠ, 

ʚʽʜʥʦʰʝʥʥʷ ʡ ʝʢʟʝʤʧʣʷʨʠ. ɼʣʷ ʦʧʠʩʘʥʥʷ ʦʥʪʦʣʦʛʽʡ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʚʫ OWL, ʷʢʘ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʩʠʩʪʝʤ 

ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʂʦʥʮʝʧʮʽʷ ʽʥʪʝʛʨʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʪʘ ʡʦʛʦ 

ʦʧʪʠʤʽʟʘʮʽʶ. ɸʚʪʦʥʦʤʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʫʩʢʣʘʜʥʶʻ 
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ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʥʝ ʟʚʽʣʴʥʶʻ ʚʽʜ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ.  

ʑʦʙ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʤʦʛ, ʢʨʠʪʝʨʽʾʚ ʽ ʦʙʤʝʞʝʥʴ ʜʦ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʜʦʮʽʣʴʥʦ ʧʦʜʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ:  

1) ʛʝʥʝʨʫʚʘʥʥʷ SPARQL-ʟʘʧʠʪʽʚ; 

2) ʧʘʨʩʠʥʛ, ʧʝʨʝʧʠʩʫʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʫ; 

3) ʨʦʟʙʠʪʪʷ ʟʘʧʠʪʫ ʥʘ ʧʽʜʟʘʧʠʪʠ; 

4) ʚʠʢʦʥʘʥʥʷ ʧʽʜʟʘʧʠʪʽʚ ʥʘ ʚʠʙʨʘʥʠʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ; 

5) ʦʯʽʢʫʚʘʥʥʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʚʽʜ ʫʩʽʭ ʜʞʝʨʝʣ ʜʘʥʠʭ; 

6) ʦʙôʻʜʥʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ Inner Join 

(ʦʧʮʽʦʥʘʣʴʥʦ) ; 

7) ʧʦʚʝʨʥʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʨʝʟʫʣʴʪʘʪʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ. 

ʊʝʧʝʨ ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʠʤʦʛ. ʌʦʨʤʘʣʴʥʽ ʟʘʩʦʙʠ ʤʝʪʘʦʧʠʩʫ ʜʞʝʨʝʣ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʯʥʠʭ, ʘʣʛʝʙʨʘʾʯʥʠʭ ʽ 

ʛʨʘʬʽʯʥʠʭ ʬʦʨʤʘʣʽʟʤʽʚ. ʄʝʪʘʦʧʠʩ ʤʘʻ ʟʙʝʨʽʛʘʪʠ ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ, 

ʧʘʨʩʠʥʛʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʧʠʪʫ ʽʥʬʦʨʤʘʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʚʽʥ ʤʘʻ 

ʤʽʩʪʠʪʠ ʩʭʝʤʫ ʜʞʝʨʝʣʘ (ʜʞʝʨʝʣ) ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥʥʷ ʪʘʙʣʠʮʴ, 

ʫʷʚʣʝʥʴ, ʪʠʧʠ ʜʘʥʠʭ ʽ ʪ..̔), ʩʭʝʤʠ ʧʦʜʽʣʫ (ʥʘʧʨʠʢʣʘʜ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʱʦ 

ʛʣʦʙʘʣʴʥʽ ʪʘʙʣʠʮʽ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʽ ʷʢ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʽ), ʬʽʟʠʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ (ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʜʽʣʽʚ ʪʘʙʣʠʮʴ, ʩʪʨʫʢʪʫʨʫ ʽʥʜʝʢʩʽʚ ʽ ʩʪʘʪʠʩʪʠʢʫ 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ). ʇʦʜʘʥʠʡ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ ʟʘʧʠʪ ʤʘʻ ʙʫʪʠ ʦʙʨʦʙʣʝʥʠʤ ʽ ʧʝʨʝʚʝʜʝʥʠʤ ʫ ʚʥʫʪʨʽʰʥʻ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʛʨʘʬ ʟʘʧʠʪʫ, ʟʨʫʯʥʝ ʜʣʷ ʧʘʨʩʠʥʛʫ. 

ʌʦʨʤʫʚʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʧʝʨʝʜʙʘʯʘʻ ʡʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʣʽʢʚʽʜʘʮʽʶ ʥʘʜʣʠʰʢʦʚʠʭ ʧʨʝʜʠʢʘʪʽʚ, ʩʧʨʦʱʝʥʥʷ 

ʚʠʨʘʟʽʚ ʽ ʫʩʫʥʝʥʥʷ ʚʢʣʘʜʝʥʠʭ ʟʘʧʠʪʽʚ. ʇʣʘʥ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʧʽʜʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʩʪʨʘʪʝʛʽʶ ʾʭ ʦʙôʻʜʥʘʥʥʷ. ɸ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʽ ʯʘʩʪʠʥʠ ʟʘʧʠʪʫ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʷʢʠʭ 

ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ. 
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ʆʧʪʠʤʽʟʘʮʽʷ ʧʣʘʥʫ ʚʨʘʭʦʚʫʻ ʧʘʨʘʤʝʪʨʠ (ʨʦʟʤʽʨ ʪʘʙʣʠʮʴ, ʽʥʜʝʢʩʠ, 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʦʨʘ ʪʦʱʦ) ʽ ʧʝʨʝʜʙʘʯʘʻ ʫʪʦʯʥʝʥʥʷ ʽʥʜʝʢʩʽʚ ʽ ʤʝʪʦʜʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʭʝʰʫʚʘʥʥʷ ʽ ʩʦʨʪʫʚʘʥʥʷ), ʧʦʨʷʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡ 

(ʦʙ'ʻʜʥʘʥʥʷ ʽ ʛʨʫʧʫʚʘʥʥʷ) ʽ ʚʫʟʣʽʚ, ʥʘ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ. ʇʣʘʥ ʷʢ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʽʜʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʩʪʨʘʪʝʛʽʷ ʾʭ ʦʙôʻʜʥʘʥʥʷ 

ʜʦʮʽʣʴʥʦ ʧʦʜʘʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ, ʚʝʨʰʠʥʠ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʝʨʘʪʦʨʘʤ 

(ʟ'ʻʜʥʘʥʥʷ, ʛʨʫʧʫʚʘʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ,...), ʘ ʨʝʙʨʘ ʚʢʘʟʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʽʚ ʫ ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʽ 

ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʦʮʽʥʢʘʭ çʚʘʨʪʦʩʪʽè ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ɼʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʽ ʩʪʨʘʪʝʛʽʾ ʦʧʪʠʤʽʟʘʮʽʾ [38]: 

1) ɺʠʟʥʘʯʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʫ ʜʣʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʾʾ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʛʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʥʘʙʦʨʫ ʪʝʩʪʦʚʠʭ ʟʘʧʠʪʽʚ; 

2) ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʚʦʷ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ; 

3) ɺʘʨʪʽʩʪʴ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʦʧʨʘʮʶʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʟʘʧʠʪʽʚ. 

ʅʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ ʦʮʽʥʦʢ ʚʘʨʪʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʜʨʫʛʠʡ 

ʧʽʜʭʽʜ, ʘʣʝ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʥʘʡʚʠʪʨʘʪʥʽʰʘ. 

ɿʘʜʘʯʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʫ ʚʠʢʦʥʫʚʘʥʠʡ ʧʣʘʥ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʛʝʥʝʨʘʮʽʶ ʘʩʝʤʙʣʝʨʦʧʦʜʽʙʥʦʛʦ ʢʦʜʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʣʘʥʫ, ʥʘʧʨʠʢʣʘʜ ʧʨʝʜʠʢʘʪʽʚ ʽ ʚʠʨʘʟʽʚ, ʥʘ ʜʞʝʨʝʣʽ ʜʘʥʠʭ. 

ɿʘʜʘʯʘ ʚʣʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʛʘʣʴʥʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʆʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʧʽʜʩʠʩʪʝʤ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʽʪʝʨʘʪʦʨʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ 

ʦʧʝʨʘʪʦʨʽʚ ʽ ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʪʝʨʬʝʡʩ. ɺʠʭʦʜʷʯʠ ʽʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ 

ʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʉʎɼ, ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʾʭ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤ ʚʠʜʘʻʪʴʩʷ ʧʽʜʭʽʜ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʪʴ ʟʚʝʨʪʘʪʠʩʷ 



93 

ʜʦ ʜʘʥʠʭ, ʪʨʘʥʩʬʦʨʤʫʶʯʠ ʾʭ ʫ ʩʫʤʽʩʥʽ ʬʦʨʤʘʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʥʝ 

ʟʙʝʨʽʛʘʶʯʠ ʚ ʧʨʦʤʽʞʥʠʭ ʩʭʦʚʠʱʘʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʜʦʧʦʚʥʠʪʠ ʜʽʷʣʴʥʽʩʪʴ ʉʎɼ 

ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʽ ʜʦʩʪʫʧʫ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ 

ʨʝʩʫʨʩʽʚ ʫʩʽʭ ʉʎɼ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʩʢʣʘʜʝ ʥʘʜʽʡʥʫ ʦʩʥʦʚʫ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

2.1.3. ʄʫʣʴʪʠʘʛʝʥʪʥʘ ʚʟʘʻʤʦʜʽʷ ʷʢ ʦʩʥʦʚʘ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʉʉɼ ʥʘʢʦʧʠʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʩʝʤʘʥʪʠʯʥʦ 

ʪʦʪʦʞʥʽ, ʘʣʝ ʨʽʟʥʦʨʽʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʩʧʦʩʽʙ ʜʦʩʪʫʧʫ ʽ ʤʝʭʘʥʽʟʤ 

ʧʦʰʫʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʟʘ ʧʦʜʘʥʥʷʤ, ʘʣʝ ʪʦʪʦʞʥʽ ʟʘ 

ʩʝʤʘʥʪʠʢʦʶ, ʜʘʥʽ ʚ ʤʝʪʘʜʘʥʽ. ʄʝʪʘʜʘʥʽ ʻ ʧʦʜʘʥʥʷʤ ʜʝʷʢʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚ 

ʢʦʥʢʨʝʪʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ 

ʨʽʟʥʦʨʽʜʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʪʘʜʘʥʽ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ. 

ʉʎɼ ʤʘʶʪʴ ʚʣʘʩʥʽ ʩʪʨʫʢʪʫʨʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʟʘʜʘʥʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʽ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʦʨʫ ʽ 

ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɸʣʝ ʜʘʥʽ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʬʦʨʤʘʪʫ ʬʽʟʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ.  

ɹʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʟʜʘʪʥʫ ʚʠʟʥʘʯʠʪʠ ʩʝʤʘʥʪʠʯʥʦ ʦʜʥʦʨʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ʥʠʤʠ, ʜʦʮʽʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ Linked Data [102]. 

ʆʧʠʩ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʥʘ RDF ʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʦʙ'ʻʢʪʘʤʠ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʯʝʨʝʟ URI ʜʦʟʚʦʣʠʣʠ ʩʪʚʦʨʠʪʠ 

ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʥʘ web-ʧʦʨʪʘʣʘʭ ʬʝʜʝʨʘʣʴʥʠʭ ʜʘʥʠʭ ʉʐɸ 

www.data.gov, ʅʽʤʝʮʴʢʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ www.d-nb.de ʪʘ ʽʥʰʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ.  
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ɸʣʝ ʢʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʚʣʘʩʥʫ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʽ ʻʜʠʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. 

ʇʦʰʫʢ ʽ ʩʝʤʘʥʪʠʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʣʽʯʽ ʚʫʟʣʽʚ-

ʜʞʝʨʝʣ ʜʘʥʠʭ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʥʘʣʝʞʘʪʴ ʜʦ ʜʝʢʽʣʴʢʦʭ ʧʨʝʜʤʝʪʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ (ʄɸʉ) [103]. 

ʑʦʙ ʽʥʪʝʛʨʫʚʘʪʠ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ, ʟʜʘʪʥʫ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʥʝʦʙʭʽʜʥʠʤʠ ʤʝʪʘʜʘʥʠʤʠ ʽ, ʟʦʢʨʝʤʘ, ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʩʝʤʘʥʪʠʯʥʦ ʦʜʥʦʨʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʠʭ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʧʦʜʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʄɸʉ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʾ, ʘʣʝ 

ʩʝʤʘʥʪʠʯʥʦ ʪʦʪʦʞʥʦ ʾ̔ ʥʬʦʨʤʘʮʽʾ, ʚ ʤʝʪʘʜʘʥʽ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʄɸʉ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2.4. ʅʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ [103], ʚ ʥʽʡ ʨʝʘʣʽʟʦʚʘʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʽʥʪʝʛʨʫʻ ʨʦʟʧʦʜʽʣʝʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʻ ʜʘʥʽ 

ʩʪʨʫʢʪʫʨʘʤʠ ʤʝʪʘʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʠʤʠ ʚʥʘʩʣʽʜʦʢ ʾʭ ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʥʘ ʦʢʨʝʤʦʤʫ 

ʚʽʜ ʜʞʝʨʝʣ ʜʘʥʠʭ ʨʽʚʥʽ. 

ʈʠʩ.2.4. ɸʨʭʽʪʝʢʪʫʨʘ ʄɸʉ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʛʝʪʝʨʦʛʝʥʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ 
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ʋ ʨʦʟʜʽʣʽ 3 ʙʫʜʝ ʦʙʨʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʝʘʣʽʟʘʮʽʾ ʄɸʉ, ʚʠʟʥʘʯʝʥʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʠʧʠ ʘʛʝʥʪʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʥʦʚʽ ʟʘʧʠʪʠ, 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʚ'ʷʟʢʫ, ʚʠʢʦʥʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʦʞ ʙʫʜʝ ʫʪʦʯʥʝʥʦ ʽʥʪʝʨʬʝʡʩ ʚʟʘʻʤʦʜʽʾ ʟ ʩʠʩʪʝʤʦʶ, 

ʩʧʦʩʽʙ ʟʚʝʨʪʘʥʥʷ ʜʦ ʜʞʝʨʝʣ, ʤʦʞʣʠʚʽʩʪʴ ʤʽʛʨʘʮʽʾ, ʩʧʦʩʽʙ ʧʦʰʫʢ ʘʛʝʥʪʽʚ 

ʚʩʝʨʝʜʠʥʽ ʄɸʉ ʽ ʩʝʨʚʽʩʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʠʭ, ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʱʝ ʚʠʙʽʨ ʩʧʦʩʦʙʫ 

ʦʧʠʩʘʥʥʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʠʭ ʽ ʧʘʨʘʜʠʛʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ 

ʜʘʥʠʭ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʚ'ʷʟʢʫ ʟ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ, ʤʦʚʠ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʤʘʛʘʶʪʴ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʨʝʘʣʽʟʘʮʽʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʄɸʉ. 

ɯʩʥʫʶʯʽ ʥʘ ʩʴʦʛʦʜʥʽ ʧʨʦʝʢʪʠ ʚʧʨʦʚʘʜʞʫʶʪʴ ʩʝʤʘʥʪʠʟʘʮʽʶ ʜʘʥʠʭ, ʘʣʝ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʢʨʝʤʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʽ ʦʜʥʦʤʫ ʜʞʝʨʝʣʽ ʜʘʥʠʭ. 

ʇʽʜʭʽʜ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʤʥʦʞʠʥʠ ʜʞʝʨʝʣ, 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʟʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ.  

ʈʝʘʣʽʟʘʮʽʷ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ ʬʦʨʤʘʣʽʟʘʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ ʦʧʠʩʫ ʜʘʥʠʭ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ ʬʽʟʠʢʠ ʪʚʝʨʜʦʾ ɿʝʤʣʽ, ʦʢʝʘʥʦʣʦʛʽʾ ʪʘ ʽʥ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʦʩʪʫʧʫ ʜʦ 

ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ʄʦʜʝʣʽ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʛʨʘʮʽʾ ʘʛʝʥʪʽʚ ʟ ʦʥʪʦʣʦʛʽʷʤʠ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʽ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚʠʱʝ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʛʨʘʮʽʾ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 
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2.2. ʃʦʛʽʯʥʘ ʤʦʜʝʣʴ ʷʢ ʬʦʨʤʘʣʴʥʘ ʦʩʥʦʚʘ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʽ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʚʽʩʽʚ. ʎʴʦʤʫ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʜʝʤʦʢʨʘʪʠʯʥʦʛʦ ɯʊ-

ʩʝʨʝʜʦʚʠʱʘ [34]. 

ʋ ʉʉɼ ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʦ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɸʣʝ ʮʴʦʤʫ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʪʨʫʜʥʦʱʽ ʫ ʚʟʘʻʤʦʜʽʾ ʫʩʧʘʜʢʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, 

ʦʙʫʤʦʚʣʝʥʽ ʚʽʜʤʽʥʥʽʩʪʶ ʘʨʭʽʪʝʢʪʫʨ, ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʬʦʨʤʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʘʥʠʭ ʪʘ ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ. 

ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʽʥʪʝʛʨʘʮʽʾ ʨʝʩʫʨʩʽʚ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʱʦʙ ʚʯʝʥʽ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ ʟʥʘʥʥʷ ʤʦʛʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʨʝʩʫʨʩʠ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ 

ʟʥʘʥʥʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʥʝ ʦʩʦʙʣʠʚʦʩʪʽ ɯʊ. ɿʘʟʚʠʯʘʡ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʫʤʽʶʪʴ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʠʥʦʛʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ [34, 37, 104]. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʜʞʝʨʝʣ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴʩʷ, ʧʦʚʠʥʥʽ 

ʧʨʝʜʩʪʘʚʣʷʪʠʩʷ ʷʢ ʥʦʚʝ ʻʜʠʥʝ ʜʞʝʨʝʣʦ, ʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ [2]. ɺʟʘʻʤʦʜʽ ̫ʟʘʩʪʦʩʫʥʢʽʚ 

ʜʫʞʝ ʚʘʞʣʠʚʘ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʦʛʦ ɯʊ-ʩʝʨʝʜʦʚʠʱʘ. ɺ ʫʤʦʚʘʭ ʩʝʨʚʽʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʽʥʪʝʛʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʫ 

ʦʩʥʦʚʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦ-ʙʘʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʽʥʪʝʛʨʘʮʽʷ ʷʢ ʚʟʘʻʤʦʜʽʷ ʟʘʩʪʦʩʫʥʢʽʚ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩʫʚʘʪʠʩʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ: 

- ʩʪʚʦʨʶʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ; 

- ʨʦʟʰʠʨʶʚʘʪʠ ʩʬʝʨʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ ʽ ʬʦʨʤʘʪʽʚ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ; 

- ʩʪʚʦʨʶʚʘʪʠ ʢʨʦʩ-ʧʣʘʪʬʦʨʤʥʽ ʟʘʩʪʦʩʫʥʢʠ, ʽʥʪʝʛʨʫʚʘʪʠ ʜʘʥʽ ʽ 

ʟʘʩʪʦʩʫʥʢʠ; 
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- ʩʧʨʦʱʫʚʘʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʜʝʪʘʣʝʡ ʘʧʘʨʘʪʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʝʨʝʜ ʥʝʚʠʨʽʰʝʥʠʭ ʧʨʦʙʣʝʤ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʟʘʩʪʦʩʫʥʢʽʚ. ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʧʘʨʘʪʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ. 

ʋʪʦʯʥʠʤʦ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ. ʅʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʷʢ ʦʩʥʦʚʫ ʮʽʣʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʝʥʪʨʽʚ ʟʙʝʨʝʞʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʷʢʝ ʥʘʜʘʩʪʴ ʛʥʫʯʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʽʩʽʚ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʟʥʘʯʝʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʟʙʘʚʣʝʥʽ ʥʝʜʦʣʽʢʽʚ 

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʧʨʠ ʧʦʷʚʽ ʥʦʚʠʭ ʪʠʧʽʚ ʜʘʥʠʭ ʽ ʟʤʽʥʽ ʨʝʘʣʽʟʦʚʘʥʠʭ 

ʯʠ ʧʦʷʚʽ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʅʘ ʨʽʚʥʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʪʘʢʝ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʝ 

ʟʘʙʝʟʧʝʯʠʪʠ: 

- ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʤʘʰʠʥʥʠʭ 

ʨʝʩʫʨʩʽʚ; 

- ʛʥʫʯʢʽʩʪʴ ʽ ʘʜʘʧʪʘʮʽʶ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ; 

- ʧʨʦʩʪʦʪʫ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ; 

- ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʜʘʣʝʥʦʛʦ ʢʣʽʻʥʪʘ ʘʙʦ ʩʝʨʚʽʩʫ; 

- ʜʦʩʪʫʧʥʽʩʪʴ ʟʘʩʦʙʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʽ 

ʥʘʚʠʯʦʢ; 

- ʰʚʠʜʢʫ ʽ ʧʨʦʩʪʫ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʽ ʟʘʩʪʦʩʫʥʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʛʣʦʙʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʫ ʉʎɼ. ʅʘ ʩʝʨʚʝʨʘʭ ʉʎɼ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʢʣʘʜʥʽ ʟʘʩʪʦʩʫʥʢʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʅʘʢʦʧʠʯʫʶʪʴʩʷ ʽ ʦʙʨʦʙʣʶʶʪʴʩʷ 

ʥʝʦʜʥʦʨʽʜʥʽ ʜʘʥʽ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ. ʊʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ (ʤʝʨʝʞ, ʢʦʤʧôʶʪʝʨʽʚ ʽ 

ʩʭʦʚʠʱ) ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʚʽʜʢʨʠʚʘʶʯʠ ʜʦʨʦʛʫ ʥʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ï Grid-
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ʩʠʩʪʝʤʘʤ ʽ ʭʤʘʨʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ [105]. ʆʙôʻʜʥʘʥʥʷ ʨʘʥʽʰʝ ʚʠʦʢʨʝʤʣʝʥʠʭ 

ʩʠʩʪʝʤ ʟʙʦʨʫ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʉʎɼ ʥʘ ʥʦʚʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʽʥʪʝʛʨʘʮʽʡʥʽʡ ʙʘʟʽ ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʩʫʤʘʨʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʜʘʩʪʴ ʚʯʝʥʠʤ ʟʨʫʯʥʠʡ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʨʘʥʽʰʝ ʨʦʟʨʽʟʥʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʜʥʦʯʘʩʥʦ ʧʦʣʝʛʰʫʶʯʠ ʽ ʧʨʠʰʚʠʜʫhʶʯʠ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ.  

ʋ ʙʘʛʘʪʴʦʭ ʉʎɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʩʧʘʜʢʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʙʫʜʦʚʘʥʽ 

ʥʘ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʞʦʨʩʪʢʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɹʽʣʴʰ ʥʦʚʽ ʨʽʰʝʥʥʷ 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʠʭ ʽ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʉʝʨʚʽʩʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʦʰʠʨʶʻʪʴʩʷ. ʌʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ɯʊ-

ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʫ ʪʘʢʠʭ ʟʨʽʟʘʭ: 

- ʪʝʭʥʦʣʦʛʽʯʥʠʡ: ʽʥʪʝʛʨʦʚʘʥʽ ʜʘʥʽ ʽ ʩʝʨʚʽʩʠ ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

ʻʜʠʥʦʤʫ ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ ʚʟʘʻʤʦʜʽʾ ʦʜʥʝ ʟ ʽʥʰʠʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʽʣʴʥʽ ʬʦʨʤʘʪʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʪʦʛʦ ʱʦʙ ʫʤʦʞʣʠʚʠʪʠ 

ʽʥʪʝʛʨʘʮʽʶ; 

- ʟʤʽʩʪʦʚʥʠʡ: ʧʦʚʠʥʝʥ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʻʜʠʥʠʡ ʬʦʨʤʘʪ ʦʧʠʩʘʥʥʷ ʜʘʥʠʭ 

ʚ ʩʝʤʘʥʪʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʜʞʝʨʝʣ ʜʘʥʠʭ; 

- ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʩʝʨʚʽʩʽʚ ʚ ʻʜʠʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥ ̫ʧʦʩʪʘʚʣʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘʜʘʯ.  

ɯʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ ʩʪʚʦʨʝʥʥʷ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ 

ʨʦʟʚʠʪʢʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʪʚʦʨʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʽ 

ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʟʘʚʞʜʠ ʟʘʣʠʰʘʶʪʴʩʷ ʩʭʦʞʠʤʠ. ʈʽʟʥʦʨʽʜʥʽ 

ʩʝʨʚʽʩʠ ʥʝʦʙʭʽʜʥʦ ʚʥʝʩʪʠ ʚ ʨʝʻʩʪʨ, ʦʧʠʩʘʪʠ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʟʦʨʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʢʣʽʻʥʪʘʤʠ ʽ ʤʽʞ ʩʦʙʦʶ. ɼʣʷ ʮʴʦʛʦ ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʝʢ ʧʨʦʪʦʢʦʣʽʚ, ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʷʢʠʭ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʝʨʚʽʩʽʚ 

ʥʘʚʝʜʝʥʘ ʚʠʱʝ. ʅʝʦʙʭʽʜʥʦ ʣʠʰʝ ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ 

ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʚʠʙʨʘʥʦ ʦʨʢʝʩʪʨʘʮʽʶ ʷʢ ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ 
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ʚʟʘʻʤʦʜʽʾ ʩʝʨʚʽʩʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ UDDI, WSDL, SOAP, BPEL ʽ JADE 

(ʜʠʚ. ʨʠʩ 2.1). ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʝʨʚʽʩʽʚ ʫ ʉʉɼ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ 

ʻ ʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʡʪʠ ʥʘ ʨʽʚʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚʠʱʝ ʚʠʤʦʛ, 

ʧʦʟʙʘʚʣʷʻ ʥʝʜʦʣʽʢʽʚ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɿʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʚʽʩʽʚ ʩʠʩʪʝʤʠ, ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ (ʦʧʠʩʘʥʦʾ ʘʢʩʽʦʤʘʤʠ ʩʠʩʪʝʤʠ) ʽ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʠʭ ʣʦʛʽʯʥʠʤ ʬʦʨʤʘʣʽʟʤʦʤ. ʆʪʨʠʤʘʥʠʡ ʚʠʚʽʜ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʥʠʞʥʽʡ 

ʨʽʚʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. ʅʘ ʨʽʚʥʽ ʩʝʨʚʽʩʽʚ, ʢʦʞʥʠʡ ʘʛʝʥʪ ʚʠʢʦʥʫʻ ʚʠʢʣʠʢʠ 

ʥʝʦʙʭʽʜʥʠʭ ʩʝʨʚʽʩʽʚ ʽʟ ʩʚʦʛʦ ʥʘʙʦʨʫ, ʽ ʚʽʜʧʨʘʚʣʷʻ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʣʘʥʮʶʞʢʦʤ ʜʽʡ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʽʜʥʦ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ, ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʝʭʘʥʽʟʤʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʚʠʚʦʜʫ. 

ɼʽʡʩʥʦ, ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʚʝʜʝʥʥʷ ʽ ʤʝʭʘʥʽʟʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ, ʷʢ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ, ʧʣʘʥʫʚʘʥʥʷ 

ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʭʝʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʾʾ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʦʙʭʽʜʥʦ: 

- ʦʧʠʩʘʪʠ ʽʩʥʫʶʯʽ ʟʘʩʪʦʩʫʥʢʠ ʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘ 

ʬʦʨʤʘʣʴʥʽʡ ʤʦʚʽ; 

- ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ; 

- ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʤʝʪʦʜʦʤ ʚʠʚʝʜʝʥʥʷ; 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ; 

- ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʤʝʪʦʜʠ ʽ ʤʝʭʘʥʽʟʤʠ ʚ ʘʛʝʥʪʘʭ ʩʠʩʪʝʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʩʢʣʘʜʦʚʽ ʜʝʪʘʣʴʥʽʰʝ. 

ʌʦʨʤʘʣʴʥʘ ʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ. ʆʧʠʰʝʤʦ ʬʦʨʤʘʣʽʟʤ, ʥʘ ʙʘʟʽ ʷʢʦʛʦ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʧʨʦʙʣʝʤʠ. ɿʘ ʦʩʥʦʚʫ ʚʽʟʴʤʝʤʦ ʢʣʘʫʟʘʣʴʥʫ ʣʦʛʽʢʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽ ʦʧʠʰʝʤʦ 

ʤʦʚʫ ʬʦʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʧʨʘʮʽ [3] 

ʚʠʟʥʘʯʝʥʴ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ.  
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ʉʠʤʚʦʣʠ: 

ʩʣʫʞʙʦʚʽ: (, ), [C, ], {, }, :, <, >, ,; 

ʢʦʥʩʪʘʥʪʠ:  

1) ʽʥʜʠʚʽʜʥʽ, ʧʨʦʩʪʠʭ ʪʠʧʽʚ (int, real, char, bool) ï , , é, , , ... 

ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʢʦʥʩʪʘʥʪʘ  ʥʘʣʝʞʠʪʴ ʩʦʨʪʫ (ʧʨʦʩʪʦʤʫ ʪʠʧʫ) k; 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ (construct) ï ʩ1, ʩ2, ...; ʧʨʦʮʝʜʫʨʥʦʛʦ ʪʠʧʫ (method) ï 

d1, d2, ...; ʦʙôʻʢʪʥʦʛʦ ʪʠʧʫ (problem, entity, relation) ï ʝ1, e2, ...;  

2) ʬʫʥʢʮʽʦʥʘʣʴʥʽ i-ʤʽʩʥʽ, ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʪʠʧʫ k ï , , é, , , ...; 

3) ʧʨʝʜʠʢʘʪʥʽ i-ʤʽʩʥʽ, ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʪʠʧʫ k ï , , é, , , ... (ʚ ʮʝʡ 

ʢʣʘʩ ʚʢʣʶʯʘʶʪʴʩʷ ʪʘʢʩʦʥʦʤʽʯʥʽ, ʨʝʣʷʮʽʡʥʽ ʪʘ ʽʥʰʽ ʧʨʝʜʠʢʘʪʠ, ʘ ʪʘʢʦʞ 

ʪʨʘʜʠʮʽʡʥʽ ʚʽʜʥʦʰʝʥʥʷ, ʱʦʥʘʡʤʝʥʰʝ ʨʽʚʥʦʩʪʽ = ʽ ʧʦʨʷʜʢʫ ); 

ʟʤʽʥʥʽ: ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʪʠʧʫ k ï , , é, , , ..., ʧʨʠʯʦʤʫ ʢʦʞʥʘ 

ʟʤʽʥʥʘ  ʥʘʣʝʞʠʪʴ ʪʠʧʫ k;  

ʣʦʛʽʯʥʽ: . 

ɯʥʜʠʚʽʜʥʽ ʪʝʨʤʠ ʪʠʧʫ k:  

1) ʢʦʞʥʘ ʽʥʜʠʚʽʜʥʘ ʢʦʥʩʪʘʥʪʘ  ʪʠʧʫ k ʻ ʽʥʜʠʚʽʜʥʠʤ ʪʝʨʤʦʤ ʪʠʧʫ k;  

2) ʢʦʞʥʘ ʚʽʣʴʥʘ ʟʤʽʥʥʘ  ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʪʠʧʫ k ʻ ʽʥʜʠʚʽʜʥʠʤ ʪʝʨʤʦʤ 

ʪʠʧʫ k;  

3) ʷʢʱʦ  ï ʜʝʷʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʪʠʧʫ k, Ű1, é, 

Űj ï ʪʝʨʤʠ ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʪʠʧʫ k, ʪʦ  (Ű1, é, Űj) ï ʻ ʽʥʜʠʚʽʜʥʠʤ ʪʝʨʤʦʤ ʪʠʧʫ k;  

4) ʽʥʰʠʭ ʽʥʜʠʚʽʜʥʠʭ ʪʝʨʤʽʚ ʪʠʧʫ k ʥʝʤʘʻ.  

ʊʝʨʤʠ, ʦʪʨʠʤʘʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʘʚʠʣ ʧʦʙʫʜʦʚʠ 1 ʘʙʦ 2 ʚʠʟʥʘʯʝʥʥʷ, 

ʥʘʟʚʝʤʦ ʧʨʦʩʪʠʤʠ, ʘ ʚʩʽ ʽʥʰʽ ï ʩʢʣʘʜʥʠʤʠ. 

ʌʦʨʤʫʣʠ ʜʣʷ ʽʥʜʠʚʽʜʽʚ:  

1) ʷʢʱʦ ï ʧʨʝʜʠʢʘʪʥʘ ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʽʥʜʠʚʽʜʽʚ, Ű1, é, Űj ï ʪʝʨʤʠ ʜʣʷ 

ʥʠʭ, ʪʦ (Ű1, é, Űj) ï ʘʪʦʤʘʨʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʽʥʜʠʚʽʜʽʚ;  

2) ʘʪʦʤʘʨʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʽʥʜʠʚʽʜʽʚ ï ʬʦʨʤʫʣʘ ʜʣʷ ʽʥʜʠʚʽʜʽʚ;  

3) ʽʥʰʠʭ ʬʦʨʤʫʣ ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʥʝʤʘʻ.  
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ʅʘʜʘʣʽ ʚʚʘʞʘʻʤʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʬʦʨʤʫʣ 

ʜʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʣʷ ʢʣʘʫʟʘʣʴʥʦʾ ʬʦʨʤʠ (ʤʦʚʘ ʡʜʝ ʧʨʦ ʢʣʘʫʟʠ ʍʦʨʥʘ) ʚʠʛʣʷʜʫ 

ʟ ʻʜʠʥʠʤ ʩʠʤʚʦʣʦʤ ,O ʘʪʦʤʘʨʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʥʴʦʛʦ, 

ʥʝʷʚʥʠʤ ʢʚʘʥʪʦʨʦʤ .  

ʉʧʝʮʠʬʽʢʘʪʦʨʠ ï ʮʝ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʛʣʷʜʫ Ű1, ʜʝ Ű1 ï ʪʝʨʤ ʜʣʷ ʽʥʜʠʚʽʜʥʦʛʦ 

ʦʙôʻʢʪʫ. ɺʠʟʥʘʯʠʤʦ ʩʧʝʮʠʬʽʢʘʪʦʨʠ ʢʦʥʩʪʨʫʢʪʽʚ:  

1) ʷʢʱʦ  ï ʽʥʜʠʚʽʜʥʽ ʪʝʨʤʠ ʪʠʧʫ entity,  ï ʽʥʜʠʚʽʜʥʽ ʪʝʨʤʠ 

ʪʠʧʫ relation, ( )é ( ) ï ʘʪʦʤʘʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʽʥʜʠʚʽʜʽʚ 

ʧʨʦʩʪʠʭ ʪʠʧʽʚ, Ű ï ʽʥʜʠʚʽʜʥʠʡ ʪʝʨʤ ʪʠʧʫ construct, ʪʦ Ű: ((

)é ( )) ï ʩʧʝʮʠʬʽʢʘʪʦʨ ʢʦʥʩʪʨʫʢʪʘ. 

2) ʽʥʰʠʭ ʩʧʝʮʠʬʽʢʘʪʦʨʽʚ ʢʦʥʩʪʨʫʢʪʽʚ ʥʝʤʘʻ. 

ɺʠʟʥʘʯʠʤʦ ʧʝʨʝʜʫʤʦʚʠ: 

 1) ʷʢʱʦ c1 ï ʩʧʝʮʠʬʽʢʘʪʦʨ ʢʦʥʩʪʨʫʢʪʘ, ʇ ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʪʦʤʘʨʥʠʭ 

ʬʦʨʤʫʣ, ʪʦ <Ű1:(c1,ʇ)> ï ʝʣʝʤʝʥʪʘʨʥʘ ʧʝʨʝʜʫʤʦʚʘ;  

2) ʝʣʝʤʝʥʪʘʨʥʘ ʧʝʨʝʜʫʤʦʚʘ ï ʧʝʨʝʜʫʤʦʚʘ; 

 3) ʷʢʱʦ <Ű1> ï ʧʝʨʝʜʫʤʦʚʘ, ʘ Ű2 ï ʝʣʝʤʝʥʪʘʨʥʘ ʧʝʨʝʜʫʤʦʚʘ, ʪʦ < Ű1, Ű2> ï 

ʧʝʨʝʜʫʤʦʚʘ;  

4) ʽʥʰʠʭ ʧʝʨʝʜʫʤʦʚ ʥʝʤʘʻ. 

ɺʠʟʥʘʯʠʤʦ ʧʦʩʪʫʤʦʚʠ:  

1) ʷʢʱʦ Ű1 ï ʩʧʝʮʠʬʽʢʘʪʦʨ ʢʦʥʩʪʨʫʢʪʘ, ʇ ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʪʦʤʘʨʥʠʭ 

ʬʦʨʤʫʣ, ʪʦ <Ű1:(c1,ʇ)> ï ʝʣʝʤʝʥʪʘʨʥʘ ʧʦʩʪʫʤʦʚʘ;  

2) ʝʣʝʤʝʥʪʘʨʥʘ ʧʦʩʪʫʤʦʚʘ ï ʧʦʩʪʫʤʦʚʘ;  

3) ʷʢʱʦ <Ű1> ï ʧʦʩʪʫʤʦʚʘ, ʘ Ű2 ï ʝʣʝʤʝʥʪʘʨʥʘ ʧʦʩʪʫʤʦʚʘ, ʪʦ < Ű1, Ű2> ï 

ʧʦʩʪʫʤʦʚʘ;  

4) ʽʥʰʠʭ ʧʦʩʪʫʤʦʚ ʥʝʤʘʻ. 

ɺʠʟʥʘʯʠʤʦ ʩʧʝʮʠʬʽʢʘʪʦʨʠ ʤʝʪʦʜʽʚ:  

1) ʷʢʱʦ Ű ï ʽʥʜʠʚʽʜʥʠʡ ʪʝʨʤ ʪʠʧʫ method, <Ű1> ï ʧʝʨʝʜʫʤʦʚʘ, <Ű2> ï 

ʧʦʩʪʫʤʦʚʘ, ʪʦ Ű: (<Ű1>, < Ű2>) ï ʩʧʝʮʠʬʽʢʘʪʦʨ ʤʝʪʦʜʫ; 
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2) ʘʨʥʽʩʪʴ ʧʦ ʢʦʥʩʪʨʫʢʪʘʤ ʧʝʨʝʜʫʤʦʚʠ ʤʝʪʦʜʫ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ 

ʘʨʥʦʩʪʽ ʧʦ ʢʦʥʩʪʨʫʢʪʘʤ ʧʦʩʪʫʤʦʚʠ ʤʝʪʦʜʫ; 

3) ʽʥʰʠʭ ʩʧʝʮʠʬʽʢʘʪʦʨʽʚ ʤʝʪʦʜʽʚ ʥʝʤʘʻ. 

ɺʠʟʥʘʯʠʤʦ ʩʧʝʮʠʬʽʢʘʪʦʨʠ ʧʨʦʙʣʝʤ:  

1) ʷʢʱʦ <Ű1> ï ʧʝʨʝʜʫʤʦʚʘ, ʘ <Ű2> ï ʧʦʩʪʫʤʦʚʘ, Ű ï ʪʝʨʤ ʜʣʷ ʽʥʜʠʚʽʜʥʦʛʦ 

ʦʙôʻʢʪʫ ʪʠʧʫ Problem, ʪʦ Ű: << Ű1>,< Ű2>> ï ʩʧʝʮʠʬʽʢʘʪʦʨ ʧʨʦʙʣʝʤʠ;  

2) ʽʥʰʠʭ ʩʧʝʮʠʬʽʢʘʪʦʨʽʚ ʧʨʦʙʣʝʤ ʥʝʤʘʻ. 

ʂʣʘʫʟʘ ï ʮʝ ʚʠʨʘʟ ʚʠʛʣʷʜʫ ʇ  Oȿ, ʜʝ ʇ ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʪʦʤʘʨʥʠʭ 

ʬʦʨʤʫʣ; ȿ ï ʻʜʠʥʘ ʘʪʦʤʘʨʥʘ ʬʦʨʤʫʣʘ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʛʣʷʜʫ ʘʪʦʤʘʨʥʠʭ 

ʬʦʨʤʫʣ ʙʫʜʝʤʦ ʚʠʜʽʣʷʪʠ ʢʣʘʫʟʠ: 

1) ʽʥʜʠʚʽʜʥʽ (ʤʽʩʪʷʪʴ ʪʽʣʴʢʠ ʘʪʦʤʘʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʽʥʜʠʚʽʜʽʚ);  

2) ʪʠʧʽʟʦʚʘʥʽ (ʤʽʩʪʷʪʴ ʪʽʣʴʢʠ ʘʪʦʤʘʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʪʠʧʽʚ); 

 3) ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ (ʤʽʩʪʷʪʴ ʘʪʦʤʘʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʽʥʜʠʚʽʜʽʚ ʽ ʪʠʧʽʚ). 

ɹʘʟʫ ʟʥʘʥʴ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴ ʦʥʪʦʣʦʛʽʷ ʘʢʩʽʦʤ, ʷʢʽ ʟʦʙʨʘʞʫʶʪʴ 

ʤʝʪʦʜʠ ʩʝʨʚʽʩʽʚ ʩʠʩʪʝʤʠ, ʽ ʦʥʪʦʣʦʛʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʧʠʩʘʥʠʭ ʥʘ ʤʦʚʽ OWL ʥʘ 

ʙʘʟʽ RDF. ʊʘʢʦʞ ʜʦ ʙʘʟʠ ʟʥʘʥʴ ʥʘʣʝʞʘʪʴ ʧʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʢʦʤʙʽʥʫʚʘʪʠ 

ʤʝʪʦʜʠ ʷʢ ʦʜʥʦʛʦ, ʪʘʢ ʽ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ. 

ʇʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ: 

1. ʗʢʱʦ d1: (<Ű1>,< Ű2>) ʽ d2: (<Ű3>,< Ű1>), ʪʦ d1: (<d2>,< Ű2>) 

2. ʗʢʱʦ d1: (<Ű1>,< Ű2>) ʽ d2: (<Ű3  Ű4>,< Ű1>), ʪʦ d1: (<d2>,< Ű2>) 

3. ʗʢʱʦ d1: (<Ű1  Ű2>,< Ű3>) ʽ d2: (<Ű4>,< Ű1>) ʽ d3: (<Ű5>,< Ű2>), 

ʪʦ d1: (<d2  d3>,< Ű3 >) 

4. ʗʢʱʦ d1: (<Ű1>,< Ű2>) ʽ d2: (<Ű3  Ű4 >,< Ű1>), ʪʦ d1: (<d2>,< Ű2>) 

5. ʗʢʱʦ d1: (<Ű2  Ű2>,< Ű1>), ʪʦ d1: (<Ű2>,< Ű1>) 

6. ʗʢʱʦ d1: (<Ű1, Ű2>,< Ű3>) ʽ d2: (<Ű4>,< Ű1>) ʽ d3: (<Ű5>,< Ű2>), 

ʪʦ d1: (<d2, d3>,< Ű2>) 

7. ʗʢʱʦ d1: (<Ű1>,< Ű2,Ű3>) ʽ d2: (<Ű2>,< Ű4>) ʽ d3: (<Ű3>,< Ű5>), 

 ʪʦ d2: (<d1>,< Ű4>) ʠ d3: (<d1>,< Ű5>) 
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2.3. ʄʝʪʦʜ ʚʠʚʝʜʝʥʥʷ ʚ ʢʣʘʫʟʘʣʴʥʽʡ ʣʦʛʽʮʽ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ɹʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʧʨʘʮʷʭ [3, 5, 20] ʤʝʪʦʜ, 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʪʠʧʽʟʘʮʽʾ ʪʚʝʨʜʞʝʥʴ ʽ ʘʥʘʣʦʛʽʾ. ʁʦʛʦ ʽʜʝʷ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ 

ʚʠʚʦʜʫ ʚ ʘʙʩʪʨʘʢʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʥʘʩʪʫʧʥʠʤ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʚʝʜʝʥʥʷ ʫ ʚʠʭʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʽʢʘʥʥʷ ʙʽʣʴʰʦʾ 

ʯʘʩʪʠʥʠ ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʽʣʦʢ ʚʠʚʦʜʫ ʫ ʚʠʭʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ [106]. 

ʅʘʜʘʣʽ ʧʽʜ ʤʫʣʴʪʠʢʣʘʫʟʦʶ (m-ʢʣʘʫʟʦʶ) ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ 

ʤʫʣʴʪʠʤʥʦʞʠʥʫ ʣʽʪʝʨʘʣʽʚ (ʘʪʦʤʘʨʥʠʭ ʬʦʨʤʫʣ) ʽ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʚ m-ʢʣʘʫʟʽ 

ʣʽʪʝʨʘʣ L ʩʪʽʣʴʢʠ ʨʘʟʽʚ, ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚʽʥ ʧʦʚʪʦʨʶʻʪʴʩʷ. ɿʚʠʯʘʡʥʫ ʢʣʘʫʟʫ 

ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ m-ʢʣʘʫʟʦʶ, ʢʨʘʪʥʽʩʪʴ ʢʦʞʥʦʛʦ ʣʽʪʝʨʘʣʘ ʚ ʷʢʽʡ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ. ʅʘ m-ʢʣʘʫʟʠ ʧʝʨʝʥʦʩʷʪʴʩʷ ʦʧʝʨʘʮʽʾ  (ʦʙôʻʜʥʘʥʥʷ),  (ʧʝʨʝʪʠʥ), ï 

(ʨʽʟʥʠʮʷ),  (ʢʦʥʢʘʪʝʥʘʮʽʷ) ʽ ʚʽʜʥʦʰʝʥʥʷ  (ʚʭʦʜʞʝʥʥʷ) ʜʣʷ ʤʫʣʴʪʠʤʥʦʞʠʥ. 

ʅʝʭʘʡ A1 C1, A2 C2 ʘ Ŭ1 ̔  Ŭ2 ï ʪʘʢʽ ʧʽʜʩʪʘʥʦʚʢʠ, ʱʦ ʜʣʷ ʜʝʷʢʦʛʦ ʣʽʪʝʨʘʣʘ 

L ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ɸ1 ʽ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ɸ2, A1Ŭ1={L}, A 2Ŭ2={L}, ʧʨʠʯʦʤʫ, ʷʢʱʦ 

|Ai|>1, i = 1, 2, ʪʦ ʚʽʜʧʦʚʽʜʥʘ ʧʽʜʩʪʘʥʦʚʢʘ Ŭi ̒  ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʫʥʽʬʽʢʘʪʦʨʦʤ 

ʣʽʪʝʨʘʣʽʚ ʽʟ ɸ1. ʊʦʜʽ ʢʣʘʫʟʘ, ʦʪʨʠʤʘʥʘ ʟ ʦʙôʻʜʥʘʥʥʷ ʢʣʘʫʟ C1Ŭ1 ʽ C2Ŭ2 

ʚʠʣʫʯʝʥʥʷʤ L ʟ ʧʨʘʚʦʾ ʽ ʣʽʚʦʾ ʯʘʩʪʠʥ ʥʘʟʠʚʘʻʪʴʩʷ m-ʨʝʟʦʣʴʚʝʥʪʦʶ m-ʢʣʘʫʟ ʉ1 ʽ 

ʉ2. ʅʝʭʘʡ ʚʩʽ m-ʢʣʘʫʟʠ ʚʠʭʽʜʥʦʾ ʤʥʦʞʠʥʠ S ʫʧʦʨʷʜʢʦʚʘʥʽ, ʘ ʉ1, ʽ ʉ2 ʜʚʽ ʟ ʥʠʭ. 

ʅʝʭʘʡ A1 C1, A2 C2 ʘ Ŭ1 ʽ Ŭ2 ï ʪʘʢʽ ʧʽʜʩʪʘʥʦʚʢʠ, ʱʦ ʜʣʷ ʜʝʷʢʦʛʦ ʣʽʪʝʨʘʣʘ L ʫ 

ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ɸ1 ʽ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ɸ2, A1Ŭ1={L}, A 2Ŭ2={L}, ʧʨʠʯʦʤʫ, ʷʢʱʦ |Ai|>1, 

i = 1, 2, ʪʦ ʚʽʜʧʦʚʽʜʥʘ ʧʽʜʩʪʘʥʦʚʢʘ Ŭi ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʫʥʽʬʽʢʘʪʦʨʦʤ 

ʣʽʪʝʨʘʣʽʚ ʽʟ Ai. ʊʦʜʽ ʢʣʘʫʟʘ, ʦʪʨʠʤʘʥʘ ʟ ʦʙôʻʜʥʘʥʥʷ ʢʣʘʫʟ C1Ŭ1 ̔  C2Ŭ2 ʚʠʣʫʯʝʥʥʷʤ 

L ʟ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʽ ʦʩʪʘʥʥʴʦʛʦ L ʣʽʚʦʾ ʯʘʩʪʠʥʠ ʽ ʚʠʢʨʝʩʣʶʚʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʛʦ 

ʥʝʧʽʜʢʨʝʩʣʝʥʦʛʦ ʣʽʪʝʨʘʣʘ, ʟʘ ʷʢʠʤ ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʽʥʰʦʛʦ ʣʽʪʝʨʘʣʘ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʣʽʥʽʡʥʦʶ m-ʨʝʟʦʣʴʚʝʥʪʦʶ ʫʧʦʨʷʜʢʦʚʘʥʠʭ m-ʢʣʘʫʟ ʉ1 ʽ ʉ2. ʋ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʩʪʘʥʥʽʡ ʣʽʪʝʨʘʣ ʫ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʫʧʦʨʷʜʢʦʚʘʥʦʾ m-ʢʣʘʫʟʠ 

ʫʥʽʬʽʢʫʻʪʴʩʷ ʟ ʧʽʜʢʨʝʩʣʝʥʠʤ ʣʽʪʝʨʘʣʦʤ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʮʽʻʾ ʞ ʢʣʘʫʟʠ, 

ʫʧʦʨʷʜʢʦʚʘʥʘ ʣʽʥʽʡʥʘ m-ʨʝʟʦʣʴʚʝʥʪʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚʠʣʫʯʝʥʥʷʤ 

Ç Æ

Ö Ì

Í Í

Í Í
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ʦʩʪʘʥʥʴʦʛʦ ʣʽʪʝʨʘʣʘ ʣʽʚʦʾ ʯʘʩʪʠʥʠ ʫʧʦʨʷʜʢʦʚʘʥʦʾ m-ʢʣʘʫʟʠ, ʪʦʙʪʦ ʨʝʜʫʢʮʽʻʶ 

m-ʢʣʘʫʟʠ. 

ʅʘʟʚʝʤʦ m-ʨʝʟʦʣʶʮʽʡʥʠʤ ʚʠʚʦʜʦʤ ʊʪ ʧʘʨʫ, ʧʝʨʰʠʡ ʢʦʤʧʦʥʝʥʪ ʷʢʦʾ ï

ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʚʠʚʦʜʫ, ʘ ʜʨʫʛʠʡ ï ʤʥʦʞʠʥʘ ʪʨʽʡʦʢ ʚʝʨʰʠʥ (ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʫ ʬʫʥʢʮʽʡ-ʩʝʣʝʢʪʦʨʽʚ: s-N(Tm) ̔  s-

ʄ(ʊʪ) ʚʽʜʧʦʚʽʜʥʦ). ʂʦʞʥʘ ʚʝʨʰʠʥʘ m-ʨʝʟʦʣʶʮʽʡʥʦʛʦ ʚʠʚʦʜʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʟʥʘʯʢʦʶ ʽ ʟʥʘʯʝʥʥʷʤ ʛʣʠʙʠʥʠ ʫ ʚʠʚʦʜʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʷʢʱʦ ʧ  s-N(Tm), ʪʦ s-L(n) ï ʧʦʟʥʘʯʢʘ ʚʝʨʰʠʥʠ ʧ ̔ s-D(n) ï ʟʥʘʯʝʥʥʷ ʾʾ 

ʛʣʠʙʠʥʠ ʫ ʚʠʚʦʜʽ. ʗʢʱʦ <n1, n2, n3>  s-M(Tm), ʪʦ s-L(n3) ʻ m-ʨʝʟʦʣʴʚʝʥʪʦʶ s-

L(n1) ʽ s-L(n2). ʂʦʞʥʘ ʪʨʽʡʢʘ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ ʥʘʟʠʚʘʻʪʴʩʷ m-ʨʝʟʦʣʶʮʽʻʶ. ʗʢʱʦ 

ʧ  s-N(Tm) ̔  ʚʝʨʰʠʥʘ ʧ ʥʝ ʻ ʪʨʝʪʴʦʶ ʩʢʣʘʜʦʚʦʶ ʞʦʜʥʦʾ ʟ ʪʨʽʡʦʢ ʟ s-M(Tm), ʪʦ 

ʧ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʦʶ ʚʝʨʰʠʥʦʶ ʚʠʚʦʜʫ ʊʪ. ʇʦʟʥʘʯʢʘ ʪʘʢʦʾ ʚʝʨʰʠʥʠ ï 

ʧʦʯʘʪʢʦʚʘ m-ʢʣʘʫʟʘ. ʗʢʱʦ ʧ  s-N(Tm) ̔  ʚʝʨʰʠʥʘ ʧ ʥʝ ʻ ʥʽ ʧʝʨʰʦʶ, ʥʽ ʜʨʫʛʦʶ 

ʩʢʣʘʜʦʚʦʶ ʞʦʜʥʦʾ ʟ ʪʨʽʡʦʢ ʟ s-M (ʊʪ), ʪʦ n ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʨʤʽʥʘʣʴʥʦʶ 

ʚʝʨʰʠʥʦʶ ʚʠʚʦʜʫ, ʘ ʾʾ ʧʦʟʥʘʯʢʘ ï ʪʝʨʤʽʥʘʣʴʥʦʶ m-ʢʣʘʫʟʦʶ. ɿʘʛʘʣʦʤ ʊʪ ʤʘʻ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʪʘʢʝ ʦʙʤʝʞʝʥʥʷ: ʷʢʱʦ < n1, n2, n3>  s-M(Tm), ʪʦ < n2, n1, n3>  

s-M(Tm). ɿʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ (ʚ ʚʠʚʦʜʽ) ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ n, ʧ  s-N(Tm), ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ: 1) s-D(n) = 0 ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʦʯʘʪʢʦʚʦʾ ʚʝʨʰʠʥʠ ʧ; 2) s-D(n) = 1 

+ min{max{s-D(n1), s-D(n2)}|<n 1, n2, n>  s-M(Tm)} ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʥʝʧʦʯʘʪʢʦʚʦʾ 

ʚʝʨʰʠʥʠ ʧ. 

ʅʘʟʚʝʤʦ m-ʨʝʟʦʣʶʮʽʡʥʠʡ ʚʠʚʽʜ ʊʪ ʚʠʚʦʜʦʤ ʽʟ S, ʷʢʱʦ ʧʦʟʥʘʯʢʠ 

ʧʦʯʘʪʢʦʚʠʭ ʚʝʨʰʠʥ ʊʪ ʥʘʣʝʞʘʪʴ ʤʥʦʞʠʥʽ m-ʢʣʘʫʟ S. ɯʟ S ʚʠʚʦʜʠʪʴʩʷ ʉ, ʷʢʱʦ 

ʊʪ ̒ ʚʠʚʦʜʦʤ ʽʟ S, ʘ ʉ ï ʧʦʟʥʘʯʢʦʶ ʦʜʥʽʻʾ ʟ ʚʝʨʰʠʥ ʊʪ. ʅʝʭʘʡ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

Result() ʚʠʟʥʘʯʝʥʝ ʜʣʷ ʊʪ ̔ ʜʦʨʽʚʥʶʻ ʉ, ʷʢʱʦ ʪʝʨʤʽʥʘʣʴʥʘ ʢʣʘʫʟʘ ʉ ʚʠʚʦʜʫ ʊʪ 

ʻ ʻʜʠʥʦʶ, ʪʦʙʪʦ Result(Tm) = ʉ. ʅʝʭʘʡ ʊʪ1 ʽ ʊʪ2 ï m-ʨʝʟʦʣʶʮʽʡʥʽ ʚʠʚʦʜʠ. 

ʅʘʟʚʝʤʦ ʊʪ1 ʩʫʙʚʠʚʦʜʦʤ ʊʪ2 (ʧʦʟʥʘʯʠʤʦ ʊʪ1  Tʪ2), ̫ ʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ 

ʫʤʦʚʠ: s-N(Tm1)  s-N(Tm2) ʽ s-M(Tm1)  s-M(Tm2). ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʚʩʽ 

ʧʦʯʘʪʢʦʚʽ ʚʝʨʰʠʥʠ ʊʪ1 ï ʧʦʯʘʪʢʦʚʽ ʚʝʨʰʠʥʠ ʊʪ2, ʪʦ ʊʪ1 ʥʘʟʚʝʤʦ ʧʦʯʘʪʢʦʚʠʤ 

ʩʫʙʚʠʚʦʜʦʤ ʊʪ2. 
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ʅʝʭʘʡ ʊʪ ï m-ʨʝʟʦʣʶʮʽʡʥʠʡ ʚʠʚʽʜ ʽʟ S, ʚʩʽ m-ʢʣʘʫʟʠ ʷʢʦʛʦ ʫʧʦʨʷʜʢʦʚʘʥʽ. 

ʗʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʨʽʡʢʠ <n1, n2, n3> ʽʟ s-M(Tm) s-L(n3) ʻ ʫʧʦʨʷʜʢʦʚʘʥʦʶ 

ʣʽʥʽʡʥʦʶ m-ʨʝʟʦʣʴʚʝʥʪʦʶ s-L(n1) ʽ s-L(n2), ʪʦ ʊʪ ʥʘʟʚʝʤʦ ʫʧʦʨʷʜʢʦʚʘʥʠʤ 

ʣʽʥʽʡʥʠʤ ʚʠʚʦʜʦʤ ʽʟ S. ʊʦʜʽ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ m-ʨʝʟʦʣʶʮʽʡʥʦʛʦ ʚʠʚʦʜʫ: 

max{s-D(n1), s-D(n2)} = s-D(n3) - 1. 

ʂʨʽʤ ʟʘʛʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ m-ʨʝʟʦʣʶʮʽʡʥʠʭ ʚʠʚʦʜʽʚ, ʫʧʦʨʷʜʢʦʚʘʥʽ 

ʣʽʥʽʡʥʽ m-ʨʝʟʦʣʶʮʽʡʥʽ ʚʠʚʦʜʠ ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ. ʊʘʢ, ʜʣʷ ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ m-ʨʝʟʦʣʶʮʽʡʥʦʛʦ ʚʠʚʦʜʫ ʊʪ ʩʧʨʘʚʝʜʣʠʚʽ ʪʘʢʽ ʫʤʦʚʠ: 1) ʷʢʱʦ < n1, 

n2, n3>  s-M(Tm), ʪʦ < n2, n1, n3>  s-M(Tm); 2) ʜʣʷ ʢʦʞʥʦʾ ʥʝʧʦʯʘʪʢʦʚʦʾ 

ʚʝʨʰʠʥʠ ʧ3 ʛʣʠʙʠʥʠ r ʽʩʥʫʻ ʪʨʽʡʢʘ < n1, n2, n3>, ʚ ʷʢʽʡ n1 ʤʘʻ ʛʣʠʙʠʥʫ r-1, n2 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʽʡ ʚʝʨʰʠʥʽ, ʘʙʦ ʚʽʜʩʫʪʥʷ; 3) ʊʪ ʤʽʩʪʠʪʴ ʻʜʠʥʫ ʪʝʨʤʽʥʘʣʴʥʫ 

ʢʣʘʫʟʫ. 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʠʤ ʣʽʥʽʡʥʠʤ ʚʠʚʦʜʦʤ ʫ ʧʨʘʮʽ [3] 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʙʩʪʨʘʢʮʽʷ ʪʠʧʽʟʘʮʽʾ. ʅʝʭʘʡ f ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʟ ʤʥʦʞʠʥʠ m-

ʢʣʘʫʟ ʚ ʤʥʦʞʠʥʫ ʧʽʜʤʥʦʞʠʥ m-ʢʣʘʫʟ ʪʘʢʝ, ʱʦ: 1) ʷʢʱʦ m-ʢʣʘʫʟʘ ʉ3 ʻ m-

ʨʝʟʦʣʴʚʝʥʪʦʶ m-ʢʣʘʫʟ C1 ʽ ʉ2, ʘ , ʪʦ ʽʩʥʫʶʪʴ  ʽ  

ʪʘʢʽ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʧʽʜʩʪʘʥʦʚʢʠ ʜʝʷʢʦʾ m-ʨʝʟʦʣʴʚʝʥʪʠ D1 ʽ D2 ʥʘʣʝʞʠʪʴ D3; 2) 

; 3) ʷʢʱʦ ʨʝʟʫʣʴʪʘʪ ʜʝʷʢʦʾ ʧʽʜʩʪʘʥʦʚʢʠ m-ʢʣʘʫʟʠ ʉ1 ʥʘʣʝʞʠʪʴ m-

ʢʣʘʫʟʽ ʉ2, ʪʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʘʙʩʪʨʘʢʮʽʾ D2 ʜʣʷ ʉ2 ̒  ʘʙʩʪʨʘʢʮʽʷ D1 ʜʣʷ C1 ʪʘʢʘ, ʱʦ 

ʨʝʟʫʣʴʪʘʪ ʧʽʜʩʪʘʥʦʚʢʠ D1 ʥʘʣʝʞʠʪʴ D2. ʅʘʟʚʝʤʦ ʪʘʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ f m-

ʘʙʩʪʨʘʢʪʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ, ʘ ʙʫʜʴ-ʷʢʝ D ʽʟ f(ʉ) ï m-ʘʙʩʪʨʘʢʮʽʻʶ. ʇʽʜ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʪʠʧʽʟʘʮʽʾ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʜʝʷʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ◖ ʽʟ ʣʽʪʝʨʘʣʽʚ ʚ 

ʣʽʪʝʨʘʣʠ, ʷʢʝ ʚʽʜʦʙʨʘʞʘʻ ʢʦʞʥʫ ʘʪʦʤʘʨʥʫ ʬʦʨʤʫʣʫ ʚ ʬʦʨʤʫʣʫ, ʪʝʨʤʠ ʷʢʦʾ 

ʤʘʶʪʴ ʪʠʧ, ʥʘʡʙʣʠʞʯʠʡ ʟʘ ʽʻʨʘʨʭʽʻʶ ʜʦ ʙʘʟʦʚʠʭ ʪʠʧʽʚ. ʋ ʧʨʘʮʽ [3] ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʠʧʽʟʘʮʽʾ ◖ ʻ m-ʚʽʜʦʙʨʘʞʝʥʥʷʤ. 

ʋʧʦʨʷʜʢʦʚʘʥʽ ʣʽʥʽʡʥʽ ʚʠʚʦʜʠ ʊʪ ̔ Uʪ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʥʦʰʝʥʥʽ  

(ʧʦʟʥʘʯʠʤʦ ʊʪ Uʪ), ʜʝ f ï m-ʚʽʜʦʙʨʘʞʝʥʥʷ, ʷʢʱʦ ʚʝʨʰʠʥʠ ʚʠʚʦʜʽʚ ʊʪ ̔ Uʪ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʘʢʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ R, ʱʦ: 1) ʦʜʥʦʯʘʩʥʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʽ 
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 ; 2) ʷʢʱʦ , ʜʝ 

, , ʪʦ ʧ ̔  ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʯʘʪʢʦʚʠʤʠ ʘʙʦ 

ʪʝʨʤʽʥʘʣʴʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʪʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ; 3) ʜʣʷ ʪʝʨʤʽʥʘʣʴʥʠʭ ʚʝʨʰʠʥ ʊʪ 

ʽ Uʪ ʚʽʜʥʦʰʝʥʥʷ R ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ; 4) ʷʢʱʦ < n1, n2, n3>  

s-ʄ(ʊʪ), <>  s-M (Uʪ) ʽ , ʪʦ  ʽ ; 5) ʷʢʱʦ ʧ ̔  

ʧʦʯʘʪʢʦʚʽ ʚʝʨʰʠʥʠ ʚʠʚʦʜʽʚ ʚʽʜʧʦʚʽʜʥʦ ʊʪ ̔ Uʪ ̔ , ʪʦ s-L( )  f(s-L(n)); 

6) ʷʢʱʦ ʧ ̔  ʥʝʧʦʯʘʪʢʦʚʽ ʚʝʨʰʠʥʠ ʚʠʚʦʜʽʚ ʊʪ ̔ Uʪ, ʚʽʜʧʦʚʽʜʥʦ, ʽ , ʪʦ 

ʧʨʠʢʣʘʜ s-L( ) ʥʘʣʝʞʠʪʴ f(s-L(n)). 

ʆʪʞʝ, ʫʧʦʨʷʜʢʦʚʘʥʽ ʣʽʥʽʡʥʽ ʚʠʚʦʜʠ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʩʪʽ, 

ʪʦʙʪʦ ʪʦʯʥʦ ʦʜʥʫ ʪʝʨʤʽʥʘʣʴʥʫ ʚʝʨʰʠʥʫ ʽ, ʷʢʱʦ ʪʨʽʡʢʘ < n1, n2, n3> ʥʘʣʝʞʠʪʴ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ ʣʽʥʽʡʥʦʤʫ ʚʠʚʦʜʫ, ʪʦ ʞʦʜʥʘ ʽʥʰʘ ʪʨʽʡʢʘ ʥʝ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʚʝʨʰʠʥʫ n3 ʷʢ ʪʨʝʪʶ ʢʦʤʧʦʥʝʥʪʫ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʪʨʽʡʢʠ < n1, 

n2, n3>.  

ɺʠʢʦʨʠʩʪʘʻʤʦ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʣʽʥʽʡʥʠʭ ʚʠʚʦʜʽʚ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʝʭʘʥʽʟʤʽʚ ʚʠʚʝʜʝʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʘʛʝʥʪʘʤʠ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ 

ʢʦʨʠʩʪʫʚʘʯ ʩʬʦʨʤʫʣʶʚʘʚ ʟʘʜʘʯʫ, ʩʠʩʪʝʤʘ ʙʫʜʫʻ ʚʠʚʽʜ ï ʧʦ ʩʫʪʽ, ʧʝʨʝʚʽʨʷʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʦʚʦʣʝʥʥʷ ʟʘʧʠʪʫ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ. ʎʝ ʟʘʚʜʘʥʥʷ 

ʚʠʢʦʥʫʶʪʴ ɸʛʝʥʪʠ-ʆʨʢʝʩʪʨʘʪʦʨʠ ʷʢ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʷʜʨʘ 

ʩʠʩʪʝʤʠ. ʄʘʶʯʠ ʜʦʩʪʫʧ ʜʦ ʧʝʨʝʣʽʢʫ ʚʩʽʭ ʩʝʨʚʽʩʽʚ, ʾʭ ʦʧʠʩʽʚ ʽ ʘʢʩʽʦʤ, ʷʢʽ ʡ 

ʩʧʝʮʠʬʽʢʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʚʽʩʽʚ, ʚʦʥʠ ʟʘʧʫʩʢʘʶʪʴ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʚʦʜʫ. ʊʦʜʽ ʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʣʘʥʮʶʞʢʘ ʩʝʨʚʽʩʽʚ, 

ʟʜʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʢʦʨʠʩʪʫʚʘʯʫ ʨʝʟʫʣʴʪʘʪ, ʨʦʟʧʦʯʠʥʘʶʯʠ ʟ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʽʟ ʚʽʜʧʦʚʽʜʥʠʭ ʾʭ ʜʞʝʨʝʣ. 

ʋʧʦʨʷʜʢʦʚʘʥʠʡ ʣʽʥʽʡʥʠʡ m-ʨʝʟʦʣʶʪʠʚʥʠʡ ʚʠʚʽʜ ʧʦʜʘʚʘʪʠʤʝʤʦ ʧʘʨʦʶ 

ʤʥʦʞʠʥ ʚʝʨʰʠʥ V = {  k1 , k2, k3 ... kn } ʽ ʪʨʽʡʦʢ ʚʝʨʰʠʥ T {<  k1 , k2, k3>, < k3 , k4, 

k5> ... < kn-2, kn-1, kn >}, ʜʝ ki ï ʚʝʨʰʠʥʠ ʜʝʨʝʚʘ, kn ï ʪʝʨʤʽʥʘʣʴʥʘ ʚʝʨʰʠʥʘ, 

ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. ɺʠʚʽʜ ʬʦʨʤʫʻʪʴʩʷ, ʧʨʠʡʤʘʶʯʽ ʟʘ ʧʦʯʘʪʢʦʚʽ 

ʚʝʨʰʠʥʠ ʚʠʚʦʜʫ ʧʦʩʪʫʤʦʚʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʷʢ ʙʽʯʥʫ ʚʝʨʰʠʥʫ ï 

ʩʫʤʽʩʥʫ ʘʢʩʽʦʤʫ ʟ ʙʘʟʠ ʟʥʘʥʴ. ɸʢʩʽʦʤʘ ʻ ʩʫʤʽʩʥʦʶ, ʷʢʱʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
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ʘʪʦʤʘʨʥʠʭ ʬʦʨʤʫʣ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʘʥʽʡ ʚʝʨʰʠʥʽ ʚʠʚʦʜʫ, ʘʙʦ ʙʫʜʴ-ʷʢʘ ʾʾ 

ʯʘʩʪʠʥʘ, ʻ ʧʦʩʪʫʤʦʚʦʶ ʘʢʩʽʦʤʠ. ʊʨʝʪʶ ʚʝʨʰʠʥʫ ʮʽʻʾ ʪʨʽʡʢʠ ʦʪʨʠʤʫʻʤʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʢʩʽʦʤʠ ʜʦ ʬʦʨʤʫʣʠ ʧʦʩʪʫʤʦʚʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣ 

ʚʠʚʝʜʝʥʥʷ. ʊʨʝʪʷ ʚʝʨʰʠʥʘ ʧʝʨʰʦʾ ʪʨʽʡʢʠ ʩʪʘʻ ʧʝʨʰʦʶ ʚʝʨʰʠʥʦʶ ʜʨʫʛʦʾ 

ʪʨʽʡʢʠ, ʽ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʪʝʨʤʽʥʘʣʴʥʦʾ 

ʚʝʨʰʠʥʠ ï ʧʝʨʝʜʫʤʦʚʠ, ʚʢʘʟʘʥʦʾ ʚ ʧʨʦʙʣʝʤʽ. ʗʢʱʦ ʘʪʦʤʘʨʥʫ ʬʦʨʤʫʣʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʨʝʪʽʡ ʚʝʨʰʠʥʽ ʪʨʽʡʢʠ, ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʜʥʦʛʦ 

ʟ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ, ʚʦʥʘ ʩʧʨʦʱʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʪʨʽʡʮʽ, ʷʢʘ ʤʘʪʠʤʝ ʚʩʴʦʛʦ 

ʜʚʽ ʚʝʨʰʠʥʠ ï ʚʝʨʰʠʥʫ ʟʽ ʩʧʨʦʱʫʚʘʥʦʶ ʬʦʨʤʫʣʦʶ ʽ ʚʝʨʰʠʥʫ ʟʽ ʩʧʨʦʱʝʥʦʶ 

ʬʦʨʤʫʣʦʶ. ʇʦʰʫʢ ʩʫʤʽʩʥʠʭ ʘʢʩʽʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʘ ʦʙʨʦʙʣʶʚʘʥʦʾ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʦʩʪʫʤʦʚʠ ʟ ʢʦʥʩʪʨʫʢʪʘʤʠ ʘʢʩʽʦʤ ʟ 

ʦʥʪʦʣʦʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʥʪʦʣʦʛʽʾ ʚʠʙʠʨʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʘʢʩʽʦʤ, ʦʧʠʩʘʥʽ 

ʷʢʠʤʠ ʩʝʨʚʽʩʠ ʦʙʨʦʙʣʶʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʥʘʤ ʪʠʧ ʽ ʬʦʨʤʘʪ ʦʙ'ʻʢʪʽʚ. ʇʽʜʙʽʨ ʽ 

ʧʝʨʝʙʽʨ ʘʢʩʽʦʤ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʜʘʥʽʡ 

ʤʥʦʞʠʥʽ. ʗʢʱʦ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʘʢʩʽʦʤ ʟ ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʯʝʨʛʦʚʦʾ ʚʝʨʰʠʥʠ 

ʩʫʤ̔ʩʥʠʭ ʘʢʩʽʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʜʝʢʽʣʴʢʘ, ʪʦ ʢʦʞʥʘ ʟ ʮʠʭ ʘʢʩʽʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʦʙʫʜʦʚʠ ʩʚʦʻʾ çʧʘʨʘʣʝʣʴʥʦʾè ʚʝʨʩʽʾ ʚʠʚʦʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ 

ʯʘʩ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʚʦʜʽʚ 

ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʽ ʩʢʣʘʜʥʦʩʪʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʢʩʽʦʤ ʚ ʙʘʟʽ ʟʥʘʥʴ ʽ 

ʢʦʤʙʽʥʘʮʽʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ, ʟ ʤʥʦʞʠʥʠ ʦʪʨʠʤʘʥʠʭ 

ʚʠʚʦʜʽʚ ʚʠʙʠʨʘʻʪʴʩʷ ʚʠʚʽʜ ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʪʨʽʡʦʢ ʚʝʨʰʠʥ ʽ 

ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʩʪʦʩʦʚʘʥʠʭ ʘʢʩʽʦʤ. ɼʦʚʰʽ, ʮʠʢʣʽʯʥʽ ʪʘ ʪʫʧʠʢʦʚʽ 

ʚʠʚʦʜʠ ʚʽʜʢʠʜʘʶʪʴʩʷ. ʄʥʦʞʠʥʘ ʬʦʨʤʫʣ ʽ ʢʣʘʫʟ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʨʰʠʥʘʤ 

ʪʨʽʡʦʢ ʚʠʚʦʜʫ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʩʽʦʤ ʽ ʧʨʘʚʠʣ ʧʨʠ ʾʭ ʧʦʙʫʜʦʚʽ, ʻ 

ʚʠʭʦʜʦʤ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.7. 
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ʈʠʩ. 2.7. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ. 
 

2.4. ʄʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʭʝʤʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʚʦʜʫ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟ ʚʠʭʦʜʫ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ (ʚʠʢʦʥʘʥʥʷ ʩʝʨʚʽʩʽʚ ʘʙʦ ʟʘʩʪʦʩʫʥʢʽʚ), ʷʢʫ ʽ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ 

ʥʘʰʘ ʩʠʩʪʝʤʘ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʭʘʨʘʢʪʝʨʫ ʩʝʨʚʽʩʽʚ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʜʽʷʪʠ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʭʝʤʠ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. 

ʉʭʝʤʘ ʚʠʨʽʰʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʟʚôʷʟʥʠʡ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʙʝʟ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʮʠʢʣʽʚ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʰʣʷʭʘʤʠ ʟ ʢʦʨʝʥʷ ʫ 

ʌʦʨʤʫʚʘʥʥ̫ 

ʨʦʙʦʯʦʛʦ ʥʘʙʦʨʫ 

ʘʢʩ̔ʦʤ ʟ ʦʥʪʦʣʦʛ̔ʾ

ʏʠ ʤʦʞʥʘ 

ʩʪʧʨʦʩʪʠʪʠ

ɺʠʭ̔ʜ

ʇʦʯʘʪʦʢ

ʏʠ ʟʥʘʡʜʝʥʦ 

ʧ̔ʜʭʦʜ̫ ʫɦ 

ʘʢʩ̔ʦʤʫ

ɿʘʩʪʦʩʫʚʘʥʥ̫ 

ʘʢʩ̔ʦʤʠ ʪʘ ʧʨʘʚʠʣ 

ʚʠʚʝʜʝʥʥ̫

ʉʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʜʦʧʦʤʦʛʦʁ  

ʧʨʘʚʠʣʘ 

ʚʠʚʝʜʝʥʥ̫

ʆʜʥʘ

ʉʪʚʦʨʝʥʥ̫ 

ʧʘʨʘʣʝʣɹʥʦʾ ʛ̔ʣʢʠ 

ʚʠʚʝʜʝʥʥ̫

ʇʝʨʝʜʫʤʦʚʫ 

ʧʨʦʙʣʝʤʠ 

ʜʦʩ̫ʛʥʫʪʦ

ʊʘʢ

ʅ̔

ʊʘʢ

ʅ̔

ʊʘʢ

ʅ̔

ʊʘʢ

ʅ̔

ɺʩʪʘʥʦʚʣʝʥʥ̫ 

ʧʦʯʘʪʢʦʚʦʾ 

ʚʝʨh ʠʥʠ
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ʚʝʨʰʠʥʠ, ʷʢʠʡ ʤʘʻ ʪʨʠ ʪʠʧʠ ʚʝʨʰʠʥ, ʽ ʟʘʜʘʻʪʴʩʷ ʪʨʽʡʢʦʶ , ʜʝ 

,  ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ-ʤʝʪʦʜʽʚ, ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ-

ʧʝʨʝʜʫʤʦʚ ʽ ʚʝʨʰʠʥ-ʧʦʩʪʫʤʦʚ, ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʜʘʥʠʭ, ʚ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʘʙʦ ʨʦʟʱʝʧʣʝʥʥʷ ʜʘʥʠʭ; ɽ ï ʤʥʦʞʠʥʘ ʨʝʙʝʨ;  

ʧʽʜʤʥʦʞʠʥʘ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ ɽĬVĬV, ʷʢʘ ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʙʝʨ ʽ 

ʧʘʨ ʚʝʨʰʠʥ. ʉʭʝʤʘ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʦ ʜʘʥʠʤ ʜʽʡ 

(ʩʝʨʚʽʩʽʚ, ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʥʘʥʽ ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʩʠʩʪʝʤʠ 

ʟ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʫ ʨʝʟʫʣʴʪʘʪʫ). 

ɸʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʭʝʤʠ ʚʠʨʽʰʝʥʥʷ. ɼʘʥʦ: ʚʠʚʽʜ Result = <V, T>. 

ɿʥʘʡʪʠ: . 

ʂʨʦʢ 1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʘʣʴʥʦʾ ʪʨʽʡʢʠ ï ʪʘʢʦʾ ʪʨʽʡʢʠ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʚʝʨʰʠʥʫ k, ʱʦ ʥʝ ʻ ʘʥʽ ʧʝʨʰʦʶ, ʘʥʽ ʜʨʫʛʦʶ ʩʢʣʘʜʦʚʦʶ ʞʦʜʥʦʾ ʟ ʪʨʽʡʦʢ 

ʤʥʦʞʠʥʠ T.  

ʂʨʦʢ 2. ʋ ʚʠʙʨʘʥʽʡ ʪʨʽʡʮʽ ʧʦʯʘʪʢʦʚʘ ʚʝʨʰʠʥʘ ʻ ʚʝʨʰʠʥʦʶ ʧʦʩʪʫʤʦʚʠ, 

ʜʨʫʛʘ ï ʚʝʨʰʠʥʦʶ ʤʝʪʦʜʫ, ʪʝʨʤʽʥʘʣʴʥʘ ï ʚʝʨʰʠʥʦʶ ʧʝʨʝʜʫʤʦʚʠ. ʄʝʪʦʜ, ʱʦ 

ʧʝʨʝʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʫ ʚ ʧʦʩʪʫʤʦʚʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʦʜʥʦʟʥʘʯʥʦʶ 

ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʬʦʨʤʫʣʘʤ ʚʝʨʰʠʥ ʧʦʩʪʫʤʦʚʠ ʪʘ ʧʝʨʝʜʫʤʦʚʠ ʘʢʩʽʦʤʠ ʤʝʪʦʜʫ. 

ɺʝʨʰʠʥʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʨʝʙʨʘʤʠ ʧʝʨʝʜʫʤʦʚʘ-ʤʝʪʦʜ, ʤʝʪʦʜ-ʧʦʩʪʫʤʦʚʘ. ʋ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʝʨʝʜʫʤʦʚʘ ʘʢʩʽʦʤʠ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙ'ʻʜʥʘʥʥʷ ʘʙʦ 

ʧʝʨʝʪʠʥʫ ʜʝʢʽʣʴʢʦʭ ʝʣʝʤʝʥʪʽʚ, ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʧʝʨʝʜʫʤʦʚ ʽ ʤʝʪʦʜʫ 

ʚʩʪʘʚʣʷʻʪʴʩʷ ʚʝʨʰʠʥʘ ʜʘʥʠʭ, ʱʦ ʛʨʫʧʫʻ ʧʝʨʝʜʫʤʦʚʠ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʧʨʘʚʠʣʦʤ ʚʠʚʝʜʝʥʥʷ. ʗʢʱʦ ʚ ʪʝʨʤʽʥʘʣʴʥʽʡ ʪʨʽʡʮʽ ʣʠʰʝ ʜʚʽ ʚʝʨʰʠʥʠ, ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʝ ʧʨʘʚʠʣʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʣʘʫʟ ʚʝʨʰʠʥ, ʽ ʤʽʩʮʝ 

ʚʝʨʰʠʥʠ ʤʝʪʦʜʫ ʚ ʮʽʡ ʛʽʣʮʽ ʜʨʝʚʘ ʟʘʡʤʘʻ ʚʝʨʰʠʥʘ ʜʘʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʩʪʦʩʦʚʘʥʦʤʫ ʧʨʘʚʠʣʫ ʚʠʚʝʜʝʥʥʷ, ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʝʨʰʠʥʘʤʠ 

ʧʦʩʪʫʤʦʚ. 

ʂʨʦʢ 3. ɺʝʨʰʠʥʠ, ʨʝʙʨʘ ʪʘ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʥʦʩʷʪʴʩʷ ʜʦ G. 

>Q=< ,,EVG

321 VVVV ÇÇ= 1V 2V

3V

-Q

>Q=< ,,EVG
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ʂʨʦʢ 4. ɺʠʣʫʯʠʚʰʠ ʦʙʨʦʙʣʝʥʫ ʪʨʽʡʢʫ ʟ ʤʥʦʞʠʥʠ ʪʨʽʡʦʢ ʚʝʨʰʠʥ T, 

ʚʠʢʦʥʫʻʤʦ ʢʨʦʢ 2. ʗʢʱʦ ʤʥʦʞʠʥʘ ʧʫʩʪʘ ï ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʝʨʰʝʥʦ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ, ʚʦʥʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ 

ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɺʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ, ʚʢʘʟʘʥʦʛʦ ʚ ʜʝʨʝʚʽ 

ʚʠʨʽʰʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʝ ʢʦʥʩʪʨʫʢʪʦʤ, ʱʦ ʦʧʠʩʫʻ ʚʭʽʜʥʽ ʜʘʥʽ (ʩʫʪʥʦʩʪʽ, 

ʟʚ'ʷʟʢʠ, ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʠʤʠ), ʧʝʨʝʜʫʤʦʚʠ ʤʝʪʦʜʫ, ʧʦʩʪʫʤʦʚʠ ʤʝʪʦʜʫ ʽ 

ʚʠʭʽʜʥʽ ʜʘʥʽ. ɻʽʣʢʠ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʩʣʷ ʚʝʨʰʠʥʠ 

ʨʦʟʱʝʧʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦʪʠ, ʜʦʢʠ ʥʝ 

ʜʽʡʜʫʪʴ ʜʦ ʚʝʨʰʠʥʠ ʦʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ, ʜʝ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʽʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʛʽʣʦʢ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʦʙ'ʻʜʥʘʥʥʷ, ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʨʝʞʠʤʽ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʨʝʚʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.8. 

 

2.5. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʫ ʉʎɼ-ʋʢʨʘʾʥʘ 

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʨʝʘʣʴʥʽʡ ʥʘʫʢʦʚʽʡ ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʪʘ ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ 

ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ [13].  

ʂʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʙʫʜʝʤʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὅίὰ В ὝὬὶὩὥὸ,    (2.1) 

ʜʝ ʟʥʘʯʝʥʥʷ ʟʘʛʨʦʟʠ ʥʦʨʤʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.3) ʘʙʦ (2.4). 

ʄʝʪʘ ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ ʧʦʣʷʛʘʻ ʚ 

ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʧʨʽʦʨʠʪʝʪʽʚ ʚ ʩʝʥʩʽ ʧʝʨʰʦʯʝʨʛʦʚʦʾ ʫʚʘʛʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʜʽʣʷʪʠ ʥʠʤ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʨʽʚʥʽ ʦʢʨʝʤʦʛʦ ʨʝʛʽʦʥʫ 

ʪʘ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʘʛʨʦʟ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 
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ʈʠʩ. 2.8. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʅʝʭʘʡ ʜʣʷ ʢʦʞʥʦʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʦʜʠʥʠʮʽ 1,i n=  ʚʽʜʦʤʠʡ ʥʘʙʽʨ 

ʟʥʘʯʝʥʴ ,1 ,2 ,, ,...,i i i mx x x  ʧʦʢʘʟʥʠʢʽʚ , 1,jX j m= , ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʜʝʷʢʠʭ ʷʚʠʱ ʚ ʝʢʦʥʦʤʽʯʥʽʡ, ʩʦʮʽʘʣʴʥʽʡ ʪʘ ʝʢʦʣʦʛʽʯʥʽʡ ʩʬʝʨʽ 

ʥʘ ʧʨʦʮʝʩʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʩʫʪʥʽʩʪʴ ʪʘ ʩʢʣʘʜ ʷʢʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ, ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʛʨʦʟ.  

ɺʠʭʦʜʷʯʠ ʽʟ ʟʤʽʩʪʫ ʟʘʜʘʯʽ ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʪʘʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʬʫʥʢʮʽʶ: 

ɺʠʭ̔ʜ

ʇʦʯʘʪʦʢ

ɺʠʟʥʘʯʝʥʥ̫ 

ʪʝʨʤ̔ʥʘʣɹʥʦʾ 

ʪʨ̔ʡʢʠ

ʇʦh ʫʢ ʤʝʪʦʜʫ, ʦɦ 

ʨʝʘʣ̔ʟʫ̒ ʪʨ̔ʡʢʫ ʧʦ 

ʘʢʠʦʤʘʭ

ɺʥʝʩʝʥʥ̫ 

ʦʪʨʠʤʘʥʠʭ 

ʚʝʨh ʠʥ ʪʘ ʨʝʙʝʨ 

ʜʦ ʜʝʨʝʚʘ 

ʚʠʢʦʥʘʥʥ̫

ʅʝʦʙʭ̔ʜʥʦ 

ʦʙ' ʜ̒ʥʘʥʥ̫ / 

ʧʝʨʝʪʠʥ / 

ʨʦʟɦʝʧʣʝʥʥ̫ 

ʧʝʨʝʜ/

ʧʦʩʪʫʤʦʚ

ʋ ʪʨ̔ʡʮ̔ ʜʚ̔ 

ʚʝh ʠʥʠ

ɼʦʜʘʚʘʥʥ̫ 

ʚʝʨh ʠʥʠ ʜʘʥʠʭ 

ʜʣ̫ ʧʝʨʝʪʚʦʨʝʥʥ̫

ʈʦʟʤ̔ ʝɦʥʥ̫ 

ʚʝʨh ʠʥʠ ʤʝʪʦʜʫ

ʈʦʟʤ̔ ʝɦʥʥ̫ 

ʧʝʨh ʦʾ ʪʘ 

ʦʩʪʘʥʥɹʦʾ ʚʝʨh ʠʥ 

ʪʨ̔ʡʦʢ ̫ʢ ʚʝʨh ʠʥ 

ʧʝʨʝʜ/ʧʦʩʪʫʤʦʚ

ɿʚô̫ʟʫʚʘʥʥ̫ 

ʚʝʨh ʠʥ ʨʝʙʨʘʤʠ

ʊʘʢ

ʊʘʢ

ɼʦʜʘʚʘʥʥ̫ 

ʚʝʨh ʠʥʠ ʜʘʥʠʭ 

ʜʣ̫ ʧʝʨʝʪʚʦʨʝʥʥ̫

ʅ̔

ɺʠʣʫʯʝʥʥ̫ 

ʚ̔ʜʧʨʘʮɹʦʚʘʥʦʾ 

ʪʨ̔ʡʢʠ ʟ 

ʚʠʚʝʜʝʥʥ̫

ʄʥʦʞʠʥʘ 

ʪʨ̔ʡʦʢ ʧʫʩʪʘ

ʊʘʢ

ʅ̔

ʅ̔
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,

0, ;
( )

1, .
i j

ʷʢʱʦ ʟʥʘʯʝʥʥʷ xʥʝʻʢʨʠʪʠʯʥʠʤ
x

ʥʘʚʧʘʢʠ

ë
Y =ì

í

,  (2.2) 

ʜʝ 1, , 1,i n j m= = . 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 
,( )i jxY  ʧʦʚʠʥʥʦ ʩʧʠʨʘʪʠʩʷ ʥʘ ʧʝʚʥʽ 

ʢʨʠʪʝʨʽʾ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ,i jx  ʥʝʙʝʟʧʝʯʥʦʛʦ ʧʦʨʦʛʫ, ʚʽʜʥʦʩʥʝ 

ʧʦʣʦʞʝʥʥʷ ʨʝʛʽʦʥʫ i  ʚ ʨʝʡʪʠʥʛʫ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 
jX , ʷʢʠʡ ʩʢʣʘʜʝʥʦ ʜʣʷ 

ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʜʣʷ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʩʪʫʧʽʥʴ çʥʝʙʝʟʧʝʯʥʦʩʪʽè ʟʥʘʯʝʥʥʷ 

,i jx  ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʥʘʯʝʥʴ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʨʝʛʽʦʥʫ i . 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʝʛʽʦʥʫ ʚ ʨʝʡʪʠʥʛʘʭ ʜʣʷ ʢʨʘʾʥʠ ʚ 

ʮʽʣʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʠʡ ʢʨʠʪʝʨʽʡ: 

,

1

, 1

i ja x

b
i jR e

-
-å õ

æ ö= +
æ ö
ç ÷

,   (2.3) 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 
jX  ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʽʣʴʰʦʤʫ 

ʚʧʣʠʚʫ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʛʨʦʟʠ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʪʘ: 

,

1

, 1 1

i ja x

b
i jR e

-
-å õ

æ ö= - +
æ ö
ç ÷

   (2.4) 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 
jX  ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʽʣʴʰʦʤʫ 

ʚʧʣʠʚʫ. 

ʋ ʬʦʨʤʫʣʘʭ (2.3, 2.4) ʧʘʨʘʤʝʪʨʠ a ʽ b  ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

2
,

1
,

1

( )
1

, ( )

n

i j jn
i

j i j j

i

x X

a X x b X
n n

s =

=

-

= = = =

ä
ä

. (2.5) 

ʂʨʠʪʝʨʽʡ 
,i jR  ʻ ʙʝʟʨʦʟʤʽʨʥʦʶ ʚʝʣʠʯʠʥʦʶ ʪʘ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚ 

ʜʽʘʧʘʟʦʥʽ [ ]0,1 . ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ,i jR  ʙʣʠʟʴʢʽ ʜʦ 0,5 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 
jX  ʫ ʚʠʙʽʨʮʽ, ʘ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʽ ʚʽʜ 0,75 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʩʝʨʝʜʥʽ ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ (2.2) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʜʥʦʛʦ ʢʨʠʪʝʨʽʶ 

,i jR  ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ  
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,

,
,

0, 0,75;
( )

1, 0,75.

i j

R i j
i j

R
x

R

<ëî
Y =ì

²îí

 

ʆʙʯʠʩʣʝʥʥʷ ʢʨʠʪʝʨʽʶ 
,i jP , ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʥʦʩʥʝ ʧʦʣʦʞʝʥʥʷ ʨʝʛʽʦʥʫ 

ʚ ʛʨʫʧʽ ʧʦʨʽʚʥʷʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (2.3, 2.4) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ a ʽ b  ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (2.5) ʜʣʷ 

ʢʦʞʥʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʦʢʨʝʤʦ.  

ʂʨʠʪʝʨʽʾ 
,i jR   ̔

,i jP  ʻ ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʪʘ ʤʘʶʪʴ ʧʦʜʽʙʥʫ 

ʧʨʠʨʦʜʫ, ʪʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʘʛʨʝʛʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʞʝʥʦʾ ʩʫʤʠ: 

, , , ; 1i j R i j P i j R PK w R w P w w= + + =.   (2.6) 

ʋ ʬʦʨʤʫʣʽ (2.6) ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 
Rw  ʪʘ 

Pw  ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʝʛʽʦʥʫ 1,i n=  ʤʘʻʤʦ ʥʘʙʽʨ 

,1 ,2 ,, ,...,i i i mK K K  ʟʥʘʯʝʥʴ ʘʛʨʝʛʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʥʦʩʥʝ 

ʧʦʣʦʞʝʥʥʷ ʨʝʛʽʦʥʫ ʚ ʨʝʡʪʠʥʛʘʭ, ʩʢʣʘʜʝʥʠʭ ʜʣʷ ʛʨʫʧ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʜʣʷ ʢʨʘʾʥʠ 

ʚ ʮʽʣʦʤʫ. ʊʝʧʝʨ ʩʝʨʝʜ ʟʥʘʯʝʥʴ 
, , 1,i jK j m=  ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʛʽʨʰʽ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (2.3) ʱʦ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʣʠ: 

,

1

, 1

i ja K

b
i jI e

-
-å õ

æ ö= +
æ ö
ç ÷

,   (2.7) 

ʋ ʬʦʨʤʫʣʽ (2.7) ʧʘʨʘʤʝʪʨʠ a  ʽ b  ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʯʝʥʴ 

ʚʠʙʽʨʢʠ 
, , 1,i jK j m= . ʆʩʢʽʣʴʢʠ ʜʣʷ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ 

,i jI  ʩʧʨʘʚʝʜʣʠʚʽ ʚʩʽ 

ʟʘʫʚʘʞʝʥʥʷ, ʚʠʩʫʥʫʪʽ ʜʦ ʢʨʠʪʝʨʽʶ 
,i jR , ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ (2.2) ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ 

,

,
,

0, 0,75;
( )

1, 0,75.

i j

I i j
i j

I
x

I

<ëî
Y =ì

²îí

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ 
,( ) 1I i jxY = 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʚʠʱʦʤʫ ʧʨʽʦʨʠʪʝʪʫ ʫʚʘʛʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʧʨʠʜʽʣʷʪʠʩʷ 
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ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ 
jX  ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʨʽʚʥʽ 

ʦʢʨʝʤʦʛʦ ʨʝʛʽʦʥʫ i . 

ʇʦʢʘʞʝʤʦ ʷʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʜʝʨʝʚʦ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʩʝʨʚʽʩʠ 

(ʟʘʩʪʦʩʫʥʢʠ), ʷʢʽ ʪʨʝʙʘ ʚʠʢʣʠʢʘʪʠ, ʧʦʨʷʜʦʢ ʚʠʢʣʠʢʫ ʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʪʨʝʙʘ 

ʧʝʨʝʜʘʚʘʪʠ ʩʝʨʚʽʩʘʤ (ʟʘʩʪʦʩʫʥʢʘʤ) ʽ ʦʪʨʠʤʫʚʘʪʠ ʚʽʜ ʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ, 

ʧʝʨʝʜʘʚʘʥʥʷ ʯʠ ʦʧʨʘʮʶʚʘʥʥʷ.  

ɿʘʚʜʘʥʥʷ: ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʜʠʢʘʮʽʶ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ 

ʜʣʷ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʤʘʢʨʦʨʘʡʦʥʫ ʪʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʦʢʨʝʤʦʛʦ ʨʝʛʽʦʥʫ. 

ɼʘʥʦ: jiʍ,  ï ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ.  

ʇʨʦʙʣʝʤʘ: >>¡¡¡<><< jijijijijijiji IIPPRRʍ ,,,,,,, ,,,,,,  ʜʝ jijiji IPR ,,, ,, ¡¡¡  ʢʨʠʪʝʨʽʾ, ʷʢʽ 

ʧʨʦʡʰʣʠ ʽʥʜʠʢʘʮʽʶ. 

ɸʢʩʽʦʤʠ ʙʘʟʠ ʟʥʘʥʴ ʉʎɼ (ʉʉɼ), ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʚʽʩʠ 

(ʟʘʩʪʦʩʫʥʢʠ), ʨʦʟʛʦʨʥʫʪʽ ʚ ʉʎɼ (ʨʽʟʥʠʭ ʉʎɼ ʉʉɼ): 

1. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʣʽʥʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʜʣʷ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ: 

ʟʘʜʘʻʪʴʩʷ ʘʢʩʽʦʤʦʶ 1 ),( ,, ><>< jiji RD . 

2. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʣʽʥʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʜʣʷ ʤʘʢʨʦʨʘʡʦʥʫ: ʟʘʜʘʻʪʴʩʷ 

ʘʢʩʽʦʤʦʶ 2 ),( ,, ><>< jiji PD . 

3. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʘʛʨʝʛʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ 
jiji PR ,, , : ʟʘʜʘʻʪʴʩʷ 

ʘʢʩʽʦʤʦʶ 3 ),,( ,,, ><>< jijiji KPR . 

4. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʣʽʥʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʜʣʷ ʦʢʨʝʤʦʛʦ ʨʝʛʽʦʥʫ: 

ʟʘʜʘʻʪʴʩʷ ʘʢʩʽʦʤʦʶ 4 ),( ,, ><>< jiji IK . 

5. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʨʦʟ ʜʣʷ ʢʨʘʾʥʠ: 

ʟʘʜʘʻʪʴʩʷ ʘʢʩʽʦʤʦʶ 5 ),( ,, >¡<>< jiji RR . 

6. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʨʦʟ ʜʣʷ 

ʤʘʢʨʦʨʘʡʦʥʫ: ʟʘʜʘʻʪʴʩʷ ʘʢʩʽʦʤʦʶ 6 ),( ,, >¡<>< jiji PP . 
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7. ʉʝʨʚʽʩ (ʟʘʩʪʦʩʫʥʦʢ) ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʨʦʟ ʜʣʷ ʨʝʛʽʦʥʫ: 

ʟʘʜʘʻʪʴʩʷ ʘʢʩʽʦʤʦʶ 7 ),( ,, >¡<>< jiji II . 

ʇʦʰʫʢ ʨʽʰʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʢʩʽʦʤ ʙʘʟʠ ʜʘʥʠʭ ʽ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʝʜʝʥʦʛʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.4 ʤʝʪʦʜʫ ʚʠʚʝʜʝʥʥʷ ʚ ʢʣʘʫʟʘʣʴʥʽʡ 

ʣʦʛʽʮʽ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ (ʚʠʚʽʜ ʛʨʘʬʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.9): 

ɸʢʩʽʦʤʘ 7: ),( ,, >¡<>< jiji II  

ʉʧʨʦʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣʘ 5: 

jijijijijijijijijijiji IPPRRIIPPRR ,,,,,,,,,,, ,,,,,,,,, ¡¡Ú¡¡  

ɸʢʩʽʦʤʘ 4: ),( ,, ><>< jiji IK  

ɸʢʩʽʦʤʘ 3: ),,( ,,, ><>< jijiji KPR  

ʉʧʨʦʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣʘ 5: 

 
jijijijijijijijijijiji PPPRRPRPPRR ,,,,,,,,,,, ,,,,,,,,, ¡¡Ú¡¡  

ʉʧʨʦʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣʘ 5: jijijijijijijijiji PPRRPPPRR ,,,,,,,,, ,,,,,,, ¡¡Ú¡¡  

ɸʢʩʽʦʤʘ 5: ),( ,, >¡<>< jiji RR  

ʉʧʨʦʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʚʠʣʘ 5: jijijijijijiji PPRPPRR ,,,,,,, ,,,,, ¡Ú¡  

ɸʢʩʽʦʤʘ 1: ),( ,, ><>< jiji RD  

ɸʢʩʽʦʤʘ 6: ),( ,, >¡<>< jiji PP  

ʉʧʨʦʱʝʥʥʷ ʧʦ ʧʨʘʚʠʣʫ 5: jijijijiji PDPPD ,,,,, ,,, Ú  

ɸʢʩʽʦʤʘ 2: ),( ,, ><>< jiji PD  

ʉʧʨʦʱʝʥʥʷ ʧʦ ʧʨʘʚʠʣʫ 5: jijiji DDD ,,, , Ú  

ʈʽʰʝʥʥʷ ʟʥʘʡʜʝʥʦ. ʊʝʧʝʨ ʟʘʧʠʰʝʤʦ ʦʪʨʠʤʘʥʠʡ ʫʧʦʨʷʜʢʦʚʘʥʠʡ 

ʣʽʥʽʡʥʠʡ ʚʠʚʽʜ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʽʡʦʢ < n1, n2, n3> ʚʝʨʰʠʥ:  

<D; D, D>, <D, D; (<D>,<P>); D, P>, <D, P; D, P, P>, <D, P, P; 

(<P>,<Pô>); D, P, Pô>, <D, P, Pô; (<D>,<R>); R, P, Pô>, <R, P, Pô; R, R, P, Pô>, < 

R, R, P, Pô; (<R>,<Rô>); R, Rô, P, Pô>, < R, Rô, P, Pô, R, Rô, P, Pô, P>, < R, Rô, P, 

Pô, P; R, Rô, P, Pô, R, P>, < R, Rô, P, Pô, R, P; (<R, P>, <K>); R, Rô, P, Pô, K>, < 

R, Rô, P, Pô, K; (<K>,<I>); R, Rô, P, Pô, I>, < R, Rô, P, Pô, I; R, Rô, P, Pô, I, I>, < 

R, Rô, P, Pô, I, I; (<I>,<Iô>); R, Rô, P, Pô, I, Iô> 
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7: <I>,<Iô>

ʂʨʦʢ ʩʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʧʨʘʚʠʣʦʤ 5

ʂʨʦʢ ʩʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʧʨʘʚʠʣʦʤ 5

ʂʨʦʢ ʩʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʧʨʘʚʠʣʦʤ 5

R, Rô, P, Pô, I, Iô

R, Rô, P, Pô, I, I

4: <K>,<I>

3: <R, P>,<K>

R, Rô, P, Pô, I

R, Rô, P, Pô, K

R, Rô, P, Pô, R, P

R, Rô, P, Pô, P

R, Rô, P, Pô

ʂʨʦʢ ʩʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʧʨʘʚʠʣʦʤ 5

5: <R>,<Rô>

1: <D>,<R>

6: <P>,<Pô>

ʂʨʦʢ ʩʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʧʨʘʚʠʣʦʤ 5

ʂʨʦʢ ʩʧʨʦɦ ʝʥʥ̫ ʟʘ 

ʧʨʘʚʠʣʦʤ 5

2: <D>,<P>

R, R, P, Pô

R, P, Pô

D, P, Pô

D, P, P

D, P

D, D

D

 

ʈʠʩ. 2.9. ɺʠʚʽʜ ʜʣʷ ʧʨʦʙʣʝʤʠ >>¡¡¡<><< jijijijijijiji IIPPRRʍ ,,,,,,, ,,,,,,  
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ʊʝʧʝʨ ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʨʷʜʦʢ 

ʚʠʢʦʥʘʥʥʷ ʩʝʨʚʽʩʽʚ (ʟʘʩʪʦʩʫʥʢʽʚ), ʾʭ ʚʠʢʣʠʢʫ ʽ 

ʧʝʨʝʜʘʯʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʚʠʤʦ 

ʜʝʨʝʚʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘ ʮʠʤʠ ʪʨʽʡʢʘʤʠ 

ʦʪʨʠʤʘʥʦʛʦ ʚʠʚʦʜʫ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʭʘʥʽʟʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, 

ʦʧʠʩʘʥʠʡ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.4. ɼʝʨʝʚʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩʫʥʢʫ 2.10. 

ɿʥʘʡʜʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʩʝʨʚʽʩʽʚ (ʟʘʩʪʦʩʫʥʢʽʚ), ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʘʢʩʽʦʤʘʤʠ ʙʘʟʠ ʟʥʘʥʴ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ: 

1. ɸʢʩʽʦʤʘ 2: ),( ,, ><>< jiji PD  

2. ɸʢʩʽʦʤʘ 6: ),( ,, >¡<>< jiji PP  

3. ɸʢʩʽʦʤʘ 1: ),( ,, ><>< jiji RD  

4. ɸʢʩʽʦʤʘ 5: ),( ,, >¡<>< jiji RR  

5. ɸʢʩʽʦʤʘ 3: ),,( ,,, ><>< jijiji KPR  

6. ɸʢʩʽʦʤʘ 4: ),( ,, ><>< jiji IK  

7. ɸʢʩʽʦʤʘ 7: ),( ,, >¡<>< jiji II  

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.10. ɺʽʜʥʦʚʣʝʥʝ ʜʝʨʝʚʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ >>¡¡¡<><< jijijijijijiji IIPPRRʍ ,,,,,,, ,,,,,,  

3

5

4

21

D

D D

R P

Rô

Iô

R R P P

K

P

6

P
Pô

R R

I

I

ʈʦʟʱʝʧʣʝʥʥʷ

I

7

R, Rô, P, Pô, I, Iô

ʈʦʟʱʝʧʣʝʥʥʷʈʦʟʱʝʧʣʝʥʥʷ

ʈʦʟʱʝʧʣʝʥʥʷʈʦʟʱʝʧʣʝʥʥʷ

ʈʦʟʱʝʧʣʝʥʥʷ
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʮʽʣʽʩʥʘ ʢʦʥʮʝʧʮʽʷ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʢʦʥʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘʧʠʪʫ. ʂʣʶʯʦʚʽ ʨʽʰʝʥʥʷ ʧʽʜʭʦʜʫ: ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʻʩʪʨʫ 

ʩʝʨʚʽʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ UDDI; ʜʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʦʧʠʩʘʥʥʷ ʩʝʨʚʽʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ WSDL; ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

SOAP; ʦʨʢʝʩʪʨʘʮʽʷ ʩʝʨʚʽʩʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ BPEL; ʜʣʷ ʦʧʠʩʘʥʥʷ ʘʛʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ JADE. 

3. ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʄɸʉ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʾ, ʘʣʝ 

ʩʝʤʘʥʪʠʯʥʦ ʪʦʪʦʞʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʤʝʪʘʜʘʥʽ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʘʥʘʣʽʟʫ 

ʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʘ ʬʦʨʤʘʣʴʥʘ ʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ï ʬʦʨʤʘʣʽʟʤ, ʥʘ ʙʘʟʽ ʷʢʦʛʦ 

ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʘ ʽʥʪʝʛʨʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʣʘʪʬʦʨʤʠ. ʆʧʠʩʘʥʽ ʩʢʣʘʜʦʚʽ 

ʬʦʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ: ʤʦʚʘ ʢʣʘʫʟʘʣʴʥʦʾ ʣʦʛʽʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ; ʙʘʟʘ ʟʥʘʥʴ, 

ʦʩʥʦʚʫ ʷʢʦʾ ʩʢʣʘʜʘʶʪʴ ʦʥʪʦʣʦʛʽʷ ʘʢʩʽʦʤ, ʷʢʽ ʟʦʙʨʘʞʫʶʪʴ ʤʝʪʦʜʠ ʩʝʨʚʽʩʽʚ 

ʩʠʩʪʝʤʠ, ʽ ʦʥʪʦʣʦʛʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʧʠʩʘʥʠʭ ʥʘ ʤʦʚʽ OWL ʥʘ ʙʘʟʽ RDF; 

ʧʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʤʝʪʦʜʠ ʷʢ ʦʜʥʦʛʦ, ʪʘʢ ʽ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ.  

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʚʝʜʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʪʠʧʽʟʘʮʽʾ ʪʚʝʨʜʞʝʥʴ 

ʽ ʘʥʘʣʦʛʽʾ, ʷʢ ʬʦʨʤʘʣʴʥʫ ʦʩʥʦʚʫ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ ʫ ʩʢʣʘʜʽ ʧʣʘʪʬʦʨʤʠ. 

ʇʦʙʫʜʦʚʘʥʠʡ ʚ ʘʙʩʪʨʘʢʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ʚʠʚʝʜʝʥʥʷ ʫ ʚʠʭʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʽʢʘʥʥʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ 

ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʽʣʦʢ ʚʠʚʦʜʫ ʫ ʚʠʭʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʭʝʤʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʩʝʨʚʽʩʽʚ (ʟʘʩʪʦʩʫʥʢʽʚ) ʷʢ ʦʩʥʦʚʫ ʤʝʭʘʥʽʟʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʩʭʝʤʠ 

ʚʠʨʽʰʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟ ʚʠʭʦʜʫ ʤʝʭʘʥʽʟʤʫ ʚʠʚʝʜʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ, ʷʢʫ ʽ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʩʠʩʪʝʤʘ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 
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ʽ ʭʘʨʘʢʪʝʨʫ ʩʝʨʚʽʩʽʚ (ʟʘʩʪʦʩʫʥʢʽʚ). 

7. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʫ ʉʎɼ-ʋʢʨʘʾʥʘ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʥʘ ʨʝʘʣʴʥʽʡ ʥʘʫʢʦʚʽʡ ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʪʘ 

ʽʥʜʠʢʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ.  
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ʈʆɿɼɯʃ 3. 

ʄʆɼɽʃɯ ɯ ʄɽʊʆɼʀ ɯʅʊɽɻʈɸʎɯɰ ɼɾɽʈɽʃ ɼɸʅʀʍ ɯ ʉʀʉʊɽʄʅʆɻʆ 

ʋɿɻʆɼɾɽʅʅʗ ɼɸʅʀʍ ʈɯɿʅʆɰ ʇʈʀʈʆɼʀ 

 

3.1. ʄʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ 

ʆʧʠʩʘʥʠʡ ʫ ʨʦʟʜʽʣʽ 2 ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʫ ʽ ʧʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ 

ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʧʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʦʙʫʤʦʚʣʶʶʪʴ ʚʠʙʽʨ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʯʝʨʝʟ ʚʠʤʦʛʠ ʽ ʦʙʤʝʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʩʢʨʠʧʪʠʚʥʠʭ ʣʦʛʽʢ ʜʣʷ ʦʧʠʩʘʥʥʷ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʤʦʜʫʣʴʥʽʩʪʴ, 

ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʧʨʠʻʜʥʘʥʥʷ ʣʘʥʮʶʞʢʽʚ ʩʝʨʚʽʩʽʚ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʜʘʥʠʭ ʧʨʠʚʦʜʷʪʴ ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ, ʷʢʠʡ ʧʨʘʮʶʻ 

ʥʘ ʩʝʨʚʝʨʽ ʟʘʩʪʦʩʫʥʢʽʚ ʷʢ Java Enterprise ʢʦʤʧʦʥʝʥʪ ʩ ʥʘʣʘʰʪʦʚʘʥʦʶ ʪʦʯʢʦʶ 

ʜʦʩʪʫʧʫ. ɼʣʷ ʧʨʠʻʜʥʘʥʥʷ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʦʙʘʚʣʷʶʪʴʩʷ OWL-ʬʘʡʣ ʟ 

ʩʝʤʘʥʪʠʯʥʦʶ ʤʘʩʢʦʶ ʤʝʪʘʜʘʥʠʭ ʽ ʬʘʡʣ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʟ ʫʪʦʯʥʝʥʥʷʤ ʪʠʧʫ ʜʨʘʡʚʝʨʘ, IP-ʘʜʨʝʩʠ 

ʪʦʱʦ. ɿʨʦʟʫʤʽʣʦʶ ʪʘʢʦʞ ʩʪʘʻ ʨʦʣʴ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʽ ʩʠʩʪʝʤʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʟʘʧʠʪʫ. 

ʉʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ ʥʘʜ ʟʘʧʠʪʦʤ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 3.1. ʂʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʧʠʩʘʥʠʭ ʥʠʞʯʝ. 

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʝʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʷʢ ʮʽʣʽʩʥʠʡ ʧʨʦʮʝʩ, ʘ 

ʧʦʪʽʤ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʢʦʞʥʠʡ ʟ ʝʪʘʧʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʽ 

ʦʙʤʝʞʝʥʴ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ, ʤʦʜʠʬʽʢʘʮʽʾ ʯʠ ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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˭͍ͦͤ͜΄ͤ͜ 
͔͔͒͗ͪ͊͡ 
͙͒͊ͤͻ

RDF

XML

Relational 
DB

˽͔͔͍͔ͪͭͦͪͤͤΎ ͙͒͊ͤͻ

˴͙͍ͦͪͫͭͯ͊;,
Ύͦͣͯ͟ ͨͦͭͪ˱͋ͤ͜
͒͊ͤ͜ ˿̇˨

˥

˭͙͊ͨͪͦͫͭΈ ͒͊ͤͤ·͔

˸͔ͭ͊͒͊ͤ͜

˾ͦ͋ͦͭ͊ ͘ Ί͙͙͒ͤͣ SPARQL-͙͊ͨͭ͘ ͦͣ ͒  ͦ͒ ͙͊ͤͻ

˽ͦ͒͜͡ ͍ͻ͎͒ͤͦͦ͜ ͙͊ͨͭͯ͘ ͤ͊ 
͙͙ͨ͒͊ͨͭ͘͜, ͦ ͙ͨͭͣ͊͘͜ͼ͜Ύ, 
͍͙ͤ͊͘;͔ͤͤΎ ͙͍ͦͭͪͣͯ͊;͊

˻Ω͋Ί͒ͤ͊ͤͤΎ ͙͙ͦͭͪͣ͊ͤͻ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜

˥͔͔ͤͪ͊ͭͦͪ ͙ͭ͊͋͡ͼΈ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜

˸ͦ͒ͯ͡Έ ͍͘ΩΎͯ͘͟ ͘ 
͔͔͙͒͗ͪ͊ͣ͡ ͙͒͊ͤͻ

˽͔͔͍ͪͭͦͪΌ͍͊; 
XML-RDF

˽͔͔͍ͪͭͦͪΌ͍͊;
(R)DB table-RDF

SPARQL

SPARQL

˽͔͙͊ͪ͊ͣͭͪ 
Ω͘Ί͒ͤ͊ͤͤΎ ͘ 
͔͔͙͒͗ͪ͊ͣ͡ 
͙͒͊ͤͻ

˱ͤ΄͜ ͔͔ͤ͊͗ͤ͘͜͡ ͔͍͙ͫͪͫ͜ ˿̇˨

˾ͯ;͔ͤ ͍͍͔͔͒ͤͤΎ SPARQL-͙͊ͨͭͯ͘ 
͘ ͨ͒͊ͦ͘͜͟͟Ό ͫͤͯ͜Ό;͙ͻ ͔͚ͫͯͭͤͦͫͭ

̅ͦͪͣ͊ ͎͔͔ͤͪ͊ͼ͜͝ ͙͊ͨͭͯ͘.
ˣ͊ͯ͘ΊͭΈͫΎ ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͘ OWL ͅ ͚͍͊͜͡, 
΅ͦ ͤ͊͒͊ΌͭΈͫΎ ͪ͊ͦͣ͘ ͘ ͙ͦ͗ͤͣ͟ 

͔͔͒͗ͪͦͣ͡ ͙͒͊ͤͻ

˾͔ͯ͘͡Έͭ͊ͭ ͙͊ͨͭͯ͘

ˤ͙͋ͪ͜ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔͔͒͗ͪ͊͡ 
͙͒͊ͤͻ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͫͤͯ͜Ό;͙ͻ 

͍͊ͫͦ͋͘͜ ˿̇˨

ʈʠʩ. 3.1. ʉʢʣʘʜ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ 

ʜʘʥʠʭ 

ɽʪʘʧ 1. ɻʝʥʝʨʫʚʘʥʥʷ SPARQL-ʟʘʧʠʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʙʦ 

ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʦʛʦ ʟʘʧʠʪʫ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɽʪʘʧ 2. ʇʘʨʩʠʥʛ, ʧʝʨʝʧʠʩʫʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʫ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʦʧʠʩʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʤʝʪʘʜʘʥʠʭ. 

ɽʪʘʧ 3. ʈʦʟʙʠʪʪʷ ʟʘʧʠʪʫ ʥʘ ʧʽʜʟʘʧʠʪʠ, ʷʢʽ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ɽʪʘʧ 4. ɺʠʢʦʥʘʥʥʷ ʧʽʜʟʘʧʠʪʽʚ ʥʘ ʚʠʙʨʘʥʠʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ. ɿʘʧʠʪʠ 

ʦʙʨʦʙʣʶʶʪʴʩʷ ʘʜʘʧʪʝʨʦʤ ʜʦʩʪʫʧʫ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʘʚʪʦʥʦʤʥʦ ʽ ʦʪʨʠʤʘʚʰʠ ʟʘʧʠʪ, ʚʠʢʦʥʫʶʪʴ ʡʦʛʦ ʽ ʧʦʚʝʨʪʘʶʪʴ ʨʝʟʫʣʴʪʘʪ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʟʘʧʠʩʽʚ.  

ɽʪʘʧ 5. ʆʯʽʢʫʚʘʥʥʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʚʽʜ ʫʩʽʭ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ɽʪʘʧ 6. ʆʙôʻʜʥʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ Inner Join 

(ʦʧʮʽʦʥʘʣʴʥʦ). ʅʘʜ ʦʪʨʠʤʘʥʠʤʠ ʚʽʜ ʜʞʝʨʝʣ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʽʚ, ʚʠʢʦʥʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʦʧʝʨʘʮʽʾ ʟʛʽʜʥʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʣʘʥʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʘʜʘʧʪʝʨʠ, ʩʧʝʮʠʬʽʯʥʽ 

ʘʜʘʧʪʝʨʠ, ʬʦʨʤʘʪ ʦʥʪʦʣʦʛʽʡ ʟ ʤʝʪʘʜʘʥʠʤʠ, ʦʧʠʩʘʥʠʤʠ ʫ XML-ʧʦʜʽʙʥʦʤʫ 

ʩʠʥʪʘʢʩʠʩʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʭʦʧʠʪʠ ʰʠʨʦʢʝ ʢʦʣʦ ʜʞʝʨʝʣ. 

ɽʪʘʧ 7. ʇʦʚʝʨʥʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʻʜʠʥʦʾ ʪʘʙʣʠʮʽ ʘʙʦ ʤʥʦʞʠʥʠ ʪʘʙʣʠʮʴ 
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(ʷʢʱʦ ʦʙôʻʜʥʘʥʥʷ ʥʝʤʦʞʣʠʚʝ ʘʙʦ ʢʦʨʠʩʪʫʚʘʯ ʚʠʨʽʰʠʚ ʡʦʛʦ ʥʝ ʚʠʢʦʥʫʚʘʪʠ) ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ. 

ʊʝʧʝʨ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʥʘʚʝʜʝʥʽ ʝʪʘʧʠ.  

ʈʦʟʧʦʯʥʝʤʦ ʽʟ ʤʦʜʝʣʝʡ ʦʧʠʩʘʥʥʷ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘ ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʽʚʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

ɯʥʪʝʛʨʘʮʽʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʤʦʛʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʷʢʦʾ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.1, ʚʠʤʘʛʘʻ ʦʧʠʩʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʧʦʚʝʜʽʥʢʠ 

ʢʦʞʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. ʉʪʨʫʢʪʫʨʘ ʽ ʧʦʚʝʜʽʥʢʘ ʨʝʩʫʨʩʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʝʤʘʥʪʠʢʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ. ɺʠʭʦʜʷʯʠ ʟ ʢʦʥʮʝʧʮʽʾ 

ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʩʝʤʘʥʪʠʢʫ ʦʧʠʩʫʚʘʪʠʤʝʤʦ ʥʘ ʦʩʥʦʚʽ ʜʝʩʢʨʠʧʪʠʚʥʦʾ 

ʣʦʛʽʢʠ, ʙʘʟʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ: 

- ʤʥʦʞʠʥʘ ʢʣʘʩʽʚ NC; 

- ʤʥʦʞʠʥʘ ʽʥʜʠʚʽʜʫʫʤʽʚ NI; 

- ʤʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ NR. 

ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʜʠʩʝʨʪʘʮʽʾ, ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʢʣʘʩʠ, ʽʻʨʘʨʭʽʾ, 

ʚʽʜʥʦʰʝʥʥʷ, ʚʣʘʩʪʠʚʦʩʪʽ, ʪʠʧʠ ʡ ʝʢʟʝʤʧʣʷʨʠ, ʨʝʩʫʨʩʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ 

ʽ ʘʢʩʽʦʤ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ ʤʦʚʠ. 

ʅʘʩʘʤʧʝʨʝʜ ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ ʟʚôʷʟʥʽʡ ʩʪʨʫʢʪʫʨ ̔ʜʘʥʠʭ ʽʟ ʦʥʪʦʣʦʛʽʡ ʪʘ 

ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʊʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʫ ʧʘʤôʷʪʽ 

ʟʘʩʪʦʩʫʥʢʽʚ ʟʚôʷʟʥʫ ʽʻʨʘʨʭʽ ʁ ʽʟ ʦʥʪʦʣʦʛʽʾ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʨʦʟʰʠʨʶʶʯʠʭ 

ʦʥʪʦʣʦʛʽʡ, ʦʥʪʦʣʦʛʽʡ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʥʪʦʣʦʛʽʡ, ʱʦ ʟʚôʷʟʫʶʪʴ ʉ-ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ ʾʭ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʦʧʠʩʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣ ʜʘʥʠʭ.  

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʮʽʣʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʟʚôʷʟʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ ʽʟ ʦʥʪʦʣʦʛʽʡ ʪʘ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ. 

ɽʪʘʧ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʧʦʙʫʜʦʚʘ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʛʦʣʦʚʥʦʛʦ ʜʝʨʝʚʘ ʉ-ʢʣʘʩʽʚ. 

ɽʪʘʧ 2. ʇʦʩʣʽʜʦʚʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʰʠʨʶʶʯʠʭ ʦʥʪʦʣʦʛʽʡ ʟ 

ʧʽʜôʻʜʥʘʥʥʷʤ ʾʭ ʫ ʧʘʤôʷʪʽ ʜʦ ʛʦʣʦʚʥʦʛʦ ʜʝʨʝʚʘ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʨʦʟʰʠʨʶʶʯʠʭ ʦʥʪʦʣʦʛʽʡ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʯʝʨʛʦʶ (ʮʝ ʥʝʦʙʭʽʜʥʦ, 
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ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʜʥʘ ʨʦʟʰʠʨʶʶʯʘ ʦʥʪʦʣʦʛʽʷ ʨʦʟʰʠʨʶʻ ʽʥʰʫ). 

ɽʪʘʧ 3. ʇʦʩʣʽʜʦʚʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʡ-ʦʧʠʩʽʚ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʇʨʠ 

ʮʴʦʤʫ ʪʘʢʽ ʦʥʪʦʣʦʛʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʨʽʚʥʽʚ ʧʽʜʢʣʘʩʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʧʦʨʽʚʥʶʚʘʥʠʤʠ ʟ ʨʦʟʰʠʨʶʶʯʠʤʠ ʦʥʪʦʣʦʛʽʷʤʠ. 

ɽʪʘʧ 4. ʇʨʠʻʜʥʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʠʭ ʦʥʪʦʣʦʛʽʡ-ʦʧʠʩʽʚ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʦ 

ʛʦʣʦʚʥʦʛʦ ʜʝʨʝʚʘ, ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʩʧʽʚʧʘʜʘʶʯʠʭ ʉ-ʢʣʘʩʽʚ ʽ ʾʭ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ (ʟʘ ʥʘʷʚʥʦʩʪʽ) ʷʢ ʪʘʢʠʭ, ʱʦ ʜʦʩʪʫʧʥʽ ʫ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ. 

ɽʪʘʧ 5. ɿʘʚʘʥʪʘʞʝʥʥʷ ʟʚô̫ʟʫʶʯʦʾ ʦʥʪʦʣʦʛʽʾ, ʧʨʦʝʢʮʽʷ ʾʾ ʥʘ ʟʙʫʜʦʚʘʥʝ 

ʛʦʣʦʚʥʝ ʜʝʨʝʚʦ ʉ-ʢʣʘʩʽʚ ʽ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʛʨʘʬ, ʷʢʠʡ ʧʦʚôʷʟʫʻ 

ʧʝʚʥʽ ʣʠʩʪʢʠ (ʉ-ʚʣʘʩʪʠʚʦʩʪʽ) ʟʙʫʜʦʚʘʥʦʛʦ ʛʦʣʦʚʥʦʛʦ ʜʝʨʝʚʘ. 

ɽʪʘʧ 6. ɿʘʚʘʥʪʘʞʝʥʥʷ ʦʧʠʩʽʚ ʚʽʜʦʙʨʘʞʝʥʴ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʾʭ ʟʚôʷʟʢʽʚ ʟ ʉ-ʢʣʘʩʘʤʠ ʪʘ ʉ-ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʘʥʦʛʦ ʚ ʧʘʤôʷʪʽ ʟʘʩʪʦʩʫʥʢʫ ʜʝʨʝʚʘ ʉ-ʢʣʘʩʽʚ, ʉ-

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʾʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 3.2. 

ʈʠʩ. 3.2. ʇʨʠʢʣʘʜ ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʦʙôʻʜʥʘʥʠʭ ʦʥʪʦʣʦʛʽʡ ʪʘ ʦʧʠʩʽʚ ʜʞʝʨʝʣ 

ʜʘʥʠʭ 

ʊʝʧʝʨ ʧʝʨʝʡʜʝʤʦ ʜʦ ʤʦʜʝʣʝʡ ʧʽʜʛʦʪʦʚʢʠ ʦʧʠʩʽʚ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʾʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʬʦʨʤʘʪ RDF. ʈʦʟʧʦʯʥʝʤʦ ʟ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʧʽʥʛʫ 

-˿͊ͫ͟͡ ͦͤ ͎ͭͦͦ͜͡͝-
͙͊ͫ͟͡ͅ ͊͜͟ ͭͦͪ͊

-˿͊ͫ͟͡ ͦͤ ͎ͭͦͦ͜͡͝-
ͪͦ́͘ ͙͔ͪͤ Ύͤ 
͙͊ͫ͟͡ͅ ͊͜͟ ͭͦͪ͊

-˿͊ͫ͟͡ ͦͤ ͎ͭͦͦ͜͡͝ 
͒͗ ͔͔ͪ͡  ͊͊͒ ͙ͤͻ

˹͊Ύ͍ͤͫ͜ Έͭ ͎ͣ͊ͨͤ͜  ͯ˿-͍͊ͫ͟͜͡ 
ͭ͊ ˿-͍͙͍͔͊ͫͭͦͫͭ͡  ͚͊ͤ  
͒͗ ͔͔ͪ͡  ͦ͊͒ ͙ͤͻ 

-˿͍͙͍͊ͫͭͫ͜͡ Έͭ 
͒͗ ͔͔ͪ͡  ͊͊͒ ͙ͤͻ

-˿͍͙͍͊ͫͭͫ͜͡ Έͭ 
͍͘ΩΎ͘ Όͯ;ͦ  ͝
͎ͦͤͭͦͦ͜͡͝
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ʥʝ RDF-ʜʘʥʠʭ ʥʘ ʦʥʪʦʣʦʛʽʶ. ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʟ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʤʘʧʽʥʛʫ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʾ 

ʚʽʜʧʦʚʽʜʥʠʤ ʦʙôʻʢʪʘʤ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

ʊʘʢʫ ʟʘʜʘʯʫ ʟʜʘʪʥʘ ʟʜʽʡʩʥʠʪʠ ʙʽʙʣʽʦʪʝʢʘ Java D2R, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ 

ʜʦ ʜʘʥʠʭ ʯʝʨʝʟ SPARQL, Jena API ʽ Sesame API ʫ ʚʠʛʣʷʜʽ RDF-ʛʨʘʬʫ. ɹʽʙʣʽʦʪʝʢʘ 

D2R ʟʘʙʝʟʧʝʯʫʻ ʟʚôʷʟʦʢ ʟ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʯʝʨʝʟ JDBC ʜʨʘʡʚʝʨ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʧʨʘʢʪʠʯʥʦ ʙʫʜ-ɹʷʢʠʡ ʨʝʩʫʨʩ ï ʚʽʜ ʉʋɹɼ ʜʦ 

ʧʣʦʩʢʠʭ ʬʘʡʣʽʚ ʽ HTML-ʜʦʢʫʤʝʥʪʽʚ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʧʝʮʠʬʽʯʥʠʡ ʜʨʘʡʚʝʨ. ʈʦʣʴ ʥʦʩʽʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʚʽʜʽʛʨʘʻ OWL-

ʦʥʪʦʣʦʛʽʷ. ʌʘʡʣ ʤʘʧʽʥʛʫ ʙʫʜʫʻʪʴʩʷ ʚ ʚʠʛʣʷʜʽ RDF-ʜʦʢʫʤʝʥʪʘ ʚ ʬʦʨʤʘʪʽ N3, 

ʜʦʩʪʫʧ ʜʦ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ Jena, ʘ ʦʪʞʝ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ 

ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʪʘʢʦʛʦ ʦʧʠʩʫ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʽʥʪʝʛʨʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʤʝʪʘʜʘʥʠʭ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʩʝʤʘʥʪʠʢʫ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ʇʨʠ ʮʴʦʤʫ 

ʩʧʨʦʱʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟ ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, ʾʾ ʨʝʘʣʽʟʘʮʽʷ 

ʚ ʚʠʛʣʷʜʽ web-ʟʘʩʪʦʩʫʥʢʫ ʚʠʢʣʶʯʠʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʻ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ ʩʝʤʘʥʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʟ ʦʧʠʩʘʤʠ ʜʞʝʨʝʣ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʜʦʩʪʫʧʽ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʆʙˇʨʫʥʪʦʚʘʥʽ ʚʠʱʝ ʽ ʧʨʠʡʥʷʪʽ 

ʨʽʰʝʥʥʷ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʧʠʩʫ ʜʞʝʨʝʣ ʜʘʥʠʭ RDF-

ʛʨʘʬʽʚ. ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

RDF-ʛʨʘʬʘʤʠ. ʊʘʢʠʤ ʟʘʩʦʙʦʤ ʚʠʙʨʘʥʦ Jena [107], ʱʦ ʻ Java API ʟʘʩʪʦʩʫʥʢʦʤ. 

Jena ʤʘʻ ʢʣʘʩʠ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʚ, ʨʝʩʫʨʩʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʣʽʪʝʨʘʣʽʚ. ɯʥʪʝʨʬʝʡʩʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʣʽʪʝʨʘʣʽʚ 

ʥʘʟʠʚʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ Resource, Property ʪʘ Literal. ʋ Jena, ʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʦʜʝʣʣʶ ʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʥʪʝʨʬʝʡʩʦʤ Model. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʘʨʢʘʩ Jena ʥʘʜʘʻ ʚʠʩʦʢʦʨʽʚʥʝʚʠʡ ʜʦʩʪʫʧ ʜʦ ʛʨʘʬʽʚ RDF-

ʜʦʢʫʤʝʥʪʫ ʽ ʪʠʤ ʩʘʤʠʤ ʧʨʦʩʪʠʡ ʽ ʛʥʫʯʢʠʡ ʩʧʦʩʽʙ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ, 
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ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʪʨʠʧʣʝʪʘʤʠ, ʱʦ ʚ ʥʽʡ ʤʽʩʪʷʪʴʩʷ, ʦʙôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʛʨʘʬʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʦʥʪʦʣʦʛʽʾ ʪʘ RDF-ʜʦʢʫʤʝʥʪʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ 

ʚʠʢʣʠʢʫ ʩʝʨʚʽʩʽʚ (ʟʘʩʪʦʩʫʥʢʽʚ) ʽ ʧʝʨʝʜʘʯʽ ʾʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʦʟʜʽʣʽ 2 

ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʣʘʫʟʘʣʴʥʘ ʣʦʛʽʢʘ ʽ ʤʝʭʘʥʽʟʤʠ ʚʠʚʝʜʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʨʽʰʝʥʥʷ. ɼʨʫʛʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘ 

ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʻ 

ʨʝʘʣʽʟʘʮʽʷ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʥʘ ʙʘʟʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʛʨʘʬʫ. ʎʷ ʩʭʝʤʘ ʜʦʧʦʚʥʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ, ʨʦʟʰʠʨʶʶʯʠ ʩʧʝʢʪʨ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢ ʫ ʦʪʨʠʤʘʥʥ ̔ʧʦʪʨʽʙʥʠʭ ʜʘʥʠʭ, ʪʘʢ ʽ ʫ ʰʚʠʜʢʦʤʫ ʨʦʟʨʦʙʣʝʥʥʽ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʨʫʛʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʚʠʙʨʘʥʦ ʤʘʰʠʥʫ ʣʦʛʽʯʥʦʛʦ 

ʚʠʚʝʜʝʥʥʷ Pellet [108]. Pellet ʨʝʘʣʽʟʫʻ ʣʦʛʽʯʥʝ ʚʠʚʝʜʝʥʥʷ ʥʘ RDF-ʜʘʥʠʭ ʟ OWL 

DL (ʜʝʩʢʨʠʧʪʠʚʥʘ ʣʦʛʽʢʘ). ʎʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʧʪʠʤʽʟʘʮʽʶ ʜʣʷ 

ʥʦʤʽʥʘʣʽʚ, ʚʽʜʧʦʚʽʜʽ ʥʘ ʢʦʥôʶʥʢʪʠʚʥʽ ʟʘʧʠʪʠ, ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʝ ʚʠʚʝʜʝʥʥʷ ʥʘ 

ʥʦʚʠʭ ʛʨʘʬʘʭ. 

Pellet ʧʽʜʪʨʠʤʫʻ ʣʦʛʽʯʥʝ ʚʠʚʝʜʝʥʥʷ ʽ ʥʘʜʘʻ ʬʫʥʢʮʽʾ ʧʝʨʝʚʽʨʢʠ ʮʽʣʽʩʥʦʩʪʽ, 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʢʣʘʩʫ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʠ, ʪʘʢʽ ʷʢ ʦʪʨʠʤʘʥʥʷ 

ʚʩʽʭ ʘʙʦ ʪʽʣʴʢʠ ʧʨʷʤʠʭ ʧʽʜʢʣʘʩʽʚ ʢʣʘʩʫ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʷʤʦʛʦ ʪʠʧʫ ʜʣʷ ʽʥʜʠʚʽʜʽʚ. 

ɺʘʞʣʠʚʦ, ʱʦ Pellet ʤʘʻ API ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʽʥʩʪʨʫʤʝʥʪʦʤ Jena. 

ʊʝʧʝʨ ʧʝʨʝʡʜʝʤʦ ʜʦ ʤʦʜʝʣʝʡ ʛʝʥʝʨʘʮʽʾ ʻʜʠʥʦʛʦ ʟʘʧʠʪʫ ʥʘ ʩʝʤʘʥʪʠʟʦʚʘʥʽ 

ʜʘʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʛʝʥʝʨʘʮʽʶ ʧʝʨʚʠʥʥʦʛʦ ʟʘʧʠʪʫ ʥʘ ʜʘʥʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʧʽʜʭʦʜʠ: 

1) ʢʦʨʠʩʪʫʚʘʯ ʩʘʤʦʩʪʽʡʥʦ ʚʚʦʜʠʪʴ ʟʘʧʠʪ ʥʘ ʤʦʚʽ ʟʘʧʠʪʽʚ SPARQL; 

2) ʟʘʧʠʪ ʢʦʥʩʪʨʫʶʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʟʘʧʠʪʫ ʫ ʧʨʦʩʪʦʨʽ ʽʤʝʥ; 

3) ʟʘʧʠʪ ʢʦʥʩʪʨʫʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʛʦʣʦʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʷʢʠʭ ʻ ʥʘʜʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʝʤʘʥʪʠʯʥʠʭ ʛʨʘʬʽʚ-ʪʨʽʡʦʢ 

çʩʫʙôʻʢʪ-ʧʨʝʜʠʢʘʪ-ʦʙôʻʢʪè ʽ ʦʙʤʝʞʝʥʴ ʥʘ ʥʠʭ; 
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4) ʢʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʟʘʧʠʪ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ, ʘ ʩʠʩʪʝʤʘ ʥʘʜʘʻ ʟʘʩʦʙʠ 

ʡʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʬʦʨʤʘʪ SPARQL; 

5) ʧʦʰʫʢ ʟʘ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ ʽ ʡʦʛʦ ʨʦʟʚʠʪʦʢ ï ʽʥʢʨʝʤʝʥʪʥʝ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʟʘʧʠʪʫ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʜʝʣʽ ʜʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʧʽʜʭʦʜʽʚ.  

ʈʦʟʧʦʯʥʝʤʦ ʟ ʧʝʨʰʦʛʦ ʟ ʥʠʭ. ʆʩʢʽʣʴʢʠ ʩʘʤʦʩʪʽʡʥʝ ʚʚʝʜʝʥʥʷ SPARQL-

ʟʘʧʠʪʫ ʜʦ ʥʘʷʚʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʧʝʨʝʜʙʘʯʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʜʣʷ ʟʨʫʯʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʙʦʨʫ 

ʩʢʣʘʜʦʚʠʭ ʟʘʧʠʪʫ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʤʧʦʟʠʪʥʠʡ ʘʣʛʦʨʠʪʤ ʧʽʜʪʨʠʤʢʠ. 

ɺʚʝʜʝʤʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʭʦʜʫ ʽ ʦʧʠʩʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʧʦʟʥʘʯʝʥʥʷ. ʅʝʭʘʡ A = {A1,é,Am} ï ʤʥʦʞʠʥʘ ʜʦʩʪʫʧʥʠʭ ʚ ʩʠʩʪʝʤʽ ʩʫʪʥʦʩʪʝʡ ʚ 

ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽʤʝʥ, B = {B1,é ,Bm} ï ʤʥʦʞʠʥʘ ʦʙʤʝʞʝʥʴ ʥʘ 

ʜʽʘʧʘʟʦʥʠ ʜʘʥʠʭ ʚ Ai, i=1,é,m, Bi, i=1,é,m, ʤʦʞʝ ʙʫʪʠ ʧʦʨʦʞʥʽʤ, m ï ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʪʫʧʥʠʭ ʚ ʩʠʩʪʝʤʽ ʩʫʪʥʦʩʪʝʡ ʚ ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽʤʝʥ, C Ë A ï 

ʧʽʜʤʥʦʞʠʥʘ ʩʫʪʥʦʩʪʝʡ ʽʟ ʤʥʦʞʠʥʠ A, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚ ʧʨʦʮʝʩʽ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʽ ʫʪʦʯʥʶʻ ʩʫʪʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ ʤʘʻ ʙʫʪʠ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʰʫʢʫ. 

ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʚʚʝʜʝʤʦ 

ʤʥʦʞʠʥʠ D, G, E,é ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ LIMIT, ORDER BY, 

OFFSET ʽ ʪ.ʽ. 

ʆʧʠʰʝʤʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʽʜʪʨʠʤʢʠ ʧʦʙʫʜʦʚʠ ʟʘʧʠʪʫ: 

ʂʨʦʢ 1. ʂʦʨʠʩʪʫʚʘʯ ʚʠʙʠʨʘʻ ʩʫʪʥʦʩʪʽ ʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʠʭ. ɿʘʧʠʪ ʥʘ ʜʘʥʽ 

ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʨʪʝʞʫ: 

<A[G],B[G],C[G], ʦʧʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ> 

ʆʪʨʠʤʘʥʠʡ ʦʧʠʩ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʚʝʙ-ʬʦʨʤʠ ʟ ʚʠʙʦʨʦʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ, ʘ ʥʘʚʝʜʝʥʘ ʫ ʮʽʡ ʬʦʨʤʽ ʽʥʬʦʨʤʘʮʽʷ ʦʯʝʚʠʜʥʠʤ ʯʠʥʦʤ 

ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʚ SPARQL-ʟʘʧʠʪ, ʦʩʢʽʣʴʢʠ ʩʫʪʥʦʩʪʽ ʢʦʨʪʝʞʫ ʻ ʦʜʥʦʯʘʩʥʦ ʽ 

ʩʫʪʥʦʩʪʷʤʠ ʮʴʦʛʦ ʟʘʧʠʪʫ. 

ʂʨʦʢ 2. ʆʙʨʦʙʣʶʚʘʯ ʟʘʧʠʪʽʚ ʦʪʨʠʤʫʻ ʥʘ ʚʭʦʜʽ ʟʘʧʠʪ, ʟʛʝʥʝʨʦʚʘʥʠʡ ʥʘ 

ʢʨʦʮʽ 1, ʽ ʘʥʘʣʽʟʫʻ ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚ ʷʢʠʭ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʪʨʽʙʥʽ 
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ʩʫʪʥʦʩʪʽ. ʗʢʱʦ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʝʢʽʣʴʢʘ, ʪʦ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʪʦʯʥʠʪʠ 

ʟʘʧʠʪ, ʚʠʙʨʘʚʰʠ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ 

ʦʪʨʠʤʫʻ ʩʪʠʩʣʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʢʦʞʥʦʛʦ ʽʟ ʤʦʞʣʠʚʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʣʷ 

ʮʴʦʛʦ ʟʘʧʠʪʫ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʚʠʪʷʛʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʘʙʦ 

ʽʟ OWL-ʬʘʡʣʫ ʟʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʬʦʨʤʘʪʦʤ ʤʝʪʘʜʘʥʠʭ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʝ 

ʤʦʞʝ ʫʪʦʯʥʠʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʟʘʧʠʪ ʙʫʜʝ ʚʠʢʦʥʘʥʠʡ ʢʦʞʥʠʤ ʤʦʞʣʠʚʠʤ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʛʦ 

ʟʘʧʠʪʫ ʜʦ ʤʥʦʞʠʥʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʫ ʻʜʠʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʤʝʥ. 

ʂʦʨʠʩʪʫʚʘʯ ʦʧʝʨʫʻ ʽʻʨʘʨʭʽʻʶ ʉ-ʢʣʘʩʽʚ, ʟʚôʷʟʢʘʤʠ ʤʽʞ ʥʠʤʠ (ʦʧʠʩʘʥʽ owl-

ʧʨʝʜʠʢʘʪʘʤʠ SubclassOf ʽ SameAs), ʘ ʪʘʢʦʞ ʉ-ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʫ ʢʦʞʥʦʛʦ ʉ-ʢʣʘʩʫ, ʽ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʮʽ ʉ-ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘ ʨʽʚʥʽ ʣʦʛʽʢʠ 

ʟʘʩʪʦʩʫʥʢʫ ʚʽʜʦʤʦ, ʷʢʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʧʦʚôʷʟʘʥʽ ʟ ʷʢʠʤʠ ʉ-ʢʣʘʩʘʤʠ ʽ ʉ-

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘʣʝ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʮʝ ʥʝ ʤʘʻ ʥʽʷʢʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʧʠʪʫ: 

1) ʚʠʙʽʨ ʥʝʦʙʭʽʜʥʦʛʦ ʉ-ʢʣʘʩʫ ʚ ʜʝʨʝʚʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ; 

2) ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ (ʟʘ ʾʭ 

ʥʘʷʚʥʦʩʪʽ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʘʥʪ ʘʙʦ ʣʦʛʽʯʥʠʭ ʚʠʨʘʟʽʚ; 

3) (ʦʧʮʽʦʥʘʣʴʥʦ) ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʟ ʉ-ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʰʠʭ ʉ-

ʢʣʘʩʽʚ ʟ ʬʦʨʤʫʚʘʥʥʷʤ Join-ʟʘʧʠʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʭʦʜʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʉ-

ʢʣʘʩʽʚ, ʥʘʙʽʨ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʙʤʝʞʝʥʴ ʥʘ ʥʠʭ, ʉ-ʚʣʘʩʪʠʚʦʩʪʽ, ʯʝʨʝʟ ʷʢʽ ʪʨʝʙʘ 

ʦʙôʻʜʥʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʋ ʨʦʙʦʪʽ 

ʨʝʘʣʽʟʦʚʘʥʘ ʧʽʜʪʨʠʤʢʘ ʯʦʪʠʨʴʦʭ ʪʠʧʽʚ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʚ ʤʝʞʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ: 

1) ʟʘʧʠʪ ʜʦ ʦʜʥʽʻʾ ʩʫʪʥʦʩʪʽ ï ʯʘʩʪʦ ʚʞʠʚʘʥʠʡ ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʧʽʜʤʥʦʞʠʥʠ ʥʘʙʦʨʫ ʜʘʥʠʭ ʟ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʟʘ ʜʝʷʢʦʶ ʫʤʦʚʦʶ. 

ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʟʘʧʠʪʫ ʻ Select-ʧʦʜʽʙʥʠʡ ʟʘʧʠʪ. ʋ ʚʠʧʘʜʢʫ 

ʟʘʧʠʪʫ ʜʦ ʜʘʥʠʭ ʟ ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʝʤʘʥʪʠʢʦʶ ʪʘʢʠʡ SPARQL-ʟʘʧʠʪ ʙʫʜʝ 

ʤʽʩʪʠʪʠ URI ʧʦʪʨʽʙʥʦʛʦ ʉ-ʢʣʘʩʫ, ʟʘ ʷʢʠʤ ʟʘʢʨʽʧʣʝʥʝ ʪʽʣʴʢʠ ʦʜʥʝ ʜʞʝʨʝʣʦ 
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ʜʘʥʠʭ, ʽ ʧʨʠ ʮʴʦʤʫ ʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʽʘʧʘʟʦʥʘʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ (ʧʨʠ ʾʾ 

ʥʘʷʚʥʦʩʪʽ) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘʧʠʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʥʘ ʮʴʦʤʫ ʜʞʝʨʝʣʽ; 

2) ʟʘʧʠʪ, ʚ ʷʢʦʤʫ ʩʫʪʥʽʩʪʴ ʨʦʟʥʝʩʝʥʘ ʚ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ 

(Union) ï ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʟʘ ʜʝʷʢʦʶ ʫʤʦʚʦʶ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʫ ʦʙ'ʻʜʥʘʥʥʷ 

C-ʚʣʘʩʪʠʚʦʩʪʝʡ ʉ-ʢʣʘʩʽʚ (ʷʢʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʪʘʙʣʠʮʽ) ʟʛʽʜʥʦ ʾʭ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ. ʊʦʜʽ ʡʜʝʪʴʩʷ ʧʨʦ ʚʭʽʜʥʠʡ ʟʘʧʠʪ ʟ ʦʜʥʠʤ 

ʉ-ʢʣʘʩʦʤ ʽ ʫʤʦʚʦʶ. ʇʨʠ ʮʴʦʤʫ ʫ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ ʚʽʜʦʙʨʘʞʝʥʦ 

ʟʘʟʥʘʯʝʥʠʡ ʉ-ʢʣʘʩ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʘʟʥʘʯʝʥʘ ʫʤʦʚʘ; 

3) ʟʘʧʠʪ ʟ ʦʙ'ʻʜʥʘʥʥʷʤ ʩʫʪʥʦʩʪʝʡ (Join) ï ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʧʝʨʝʪʠʥʫ ʨʝʟʫʣʴʪʘʪʽʚ ʢʽʣʴʢʦʭ ʚʠʙʽʨʦʢ ʟʘ ʉ-ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʽʟʥʠʭ ʉ-ʢʣʘʩʽʚ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʧʽʣʴʥʠʭ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʪʘʢʠʭ ʉ-ʢʣʘʩʽʚ ʫ 

ʟʚôʷʟʫʶʯʽʡ ʦʥʪʦʣʦʛʽʾ. ɿʚôʷʟʢʠ ʤʽʞ ʟʚôʷʟʫʶʯʠʤʠ ʉ-ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʟʚʦʣʷʪʴ 

ʦʙ'ʻʜʥʘʪʠ ʟʘʧʠʪʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙ'ʻʜʥʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ Inner 

Join ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ. 

4) ʟʘʧʠʪ ʥʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ï ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʟ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʘʙʦʨʽʚ 

ʪʘʙʣʠʮʴ ʘʙʦ ʦʧʠʩʽʚ ʉ-ʢʣʘʩʽʚ, ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʾʭ ʟʚôʷʟʢʽʚ, ʷʢʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ 

ʦʙôʻʜʥʘʥʥʶ, ʘʣʝ, ʟʛʽʜʥʦ ʦʧʠʩʫ ʚ ʦʥʪʦʣʦʛʽʾ-ʢʣʘʩʠʬʽʢʘʪʦʨʽ, ʚʦʥʠ ʻ ʧʽʜʢʣʘʩʘʤʠ 

ʦʙʨʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ ʉ-ʢʣʘʩʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʠʭ ʪʘʙʣʠʮʴ 

ʜʘʥʠʭ ʟ ʫʩʽʭ ʧʽʜʢʣʘʩʽʚ ʦʙʨʘʥʦʛʦ ʉ-ʢʣʘʩʫ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʮʽʣʴʥʠʤ ʽ ʩʪʚʦʨʠʪʠ 

ʥʘʜʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʩʝʨʚʝʨʽʚ-ʧʨʦʚʘʡʜʝʨʽʚ, ʽ ʮʝ ʧʠʪʘʥʥʷ 

ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʦʢʨʝʤʦʛʦ ʚʠʚʯʝʥʥʷ. 

ʊʝʧʝʨ ʧʝʨʝʡʜʝʤʦ ʜʦ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʟʘʧʠʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʟʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʢʦʣʠ ʬʦʨʤʫʶʪʴʩʷ ʟʘʧʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ. 

ʇʦʣʷ ʪʘʙʣʠʮʴ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʧʨʠʚʦʜʷʪʴʩʷ ʫ ʘʙʩʪʨʘʢʪʥʫ ʤʦʜʝʣʴ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʫ çʩʫʙ'ʻʢʪ-ʧʨʝʜʠʢʘʪ-ʦʙ'ʻʢʪè ʽ ʥʘʚʧʘʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʠʩʫ ʚʽʜʦʙʨʘʞʝʥʴ 

(ʤʘʧʽʥʛ). ʇʨʝʜʩʪʘʚʠʤʦ ʦʧʠʩ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

, 

ʜʝ R ï ʚʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, S ï ʘʙʩʪʨʘʢʪʥʝ ʩʝʤʘʥʪʠʯʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʫ. 

ɼʣʷ ʢʦʥʚʝʨʪʘʮʽʾ ʟʘʧʠʪʽʚ, ʚʠʜʽʣʝʥʠʭ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚ SQL-



129 

ʬʦʨʤʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʜʞʝʨʝʣ ʟʛʽʜʥʦ ʦʧʠʩʫ 

ʚʽʜʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʣʛʦʨʠʪʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʢʦʥʚʝʨʪʘʮʽʾ ʟʘʧʠʪʽʚ, 

ʥʘʚʝʜʝʥʠʡ ʫ ʧʨʘʮʽ [109]. 

ʅʘʩʘʤʢʽʥʝʮʴ ʤʦʞʝʤʦ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʜʽʣʫ ʟʘʧʠʪʫ ʥʘ 

ʨʦʟʧʦʜʽʣʝʥʽ ʜʘʥʽ ʥʘ ʧʽʜʟʘʧʠʪʠ, ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʽ ʡʦʛʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʚʠʢʦʥʘʥʥʷ. ʉʘʤʝ ʮʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʷʢʽ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ. ɿʘ ʫʤʦʚʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʩʽʭ ʽʤʝʥ ʜʘʥʠʭ ʫ ʟʘʧʠʪʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʛʣʦʙʘʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ 

ʽʤʝʥ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʻʜʠʥʦʛʦ ʟʘʧʠʪʫ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩʘʥʽ ʚ ʧʨʘʮʽ [38] ʨʽʰʝʥʥʷ, ʷʢʽ ʚʞʝ ʩʪʘʣʠ ʢʣʘʩʠʯʥʠʤʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʷʢ ʯʘʩʪʠʥʘ ʧʨʦʝʢʪʫ IBM Starburst ʚʦʥʠ ʟʘʢʨʽʧʣʶʶʪʴ ʟʘ 

ʦʙʨʦʙʣʶʚʘʯʝʤ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʟʘʧʠʪ ʥʘ ʚʭʦʜʽ ʪʨʠ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʾ: ʘʥʘʣʽʟ ʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʟʘʧʠʪʫ ʫ ʧʣʘʥ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʜʞʝʨʝʣʘ (ʜʞʝʨʝʣ) ʜʘʥʠʭ; ʙʘʛʘʪʦʢʨʦʢʦʚʫ ʦʧʪʠʤʽʟʘʮʽʶ ʟʘʧʠʪʫ; ʚʠʢʦʥʘʥʥʷ 

ʧʣʘʥʫ ʽ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ. ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʮʠʭ 

ʦʧʝʨʘʮʽʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ 

ʩʝʤʘʥʪʠʟʦʚʘʥʠʭ ʜʘʥʠʭ ʫʟʘʛʘʣʴʥʶʻ ʥʘʧʨʘʮʴʦʚʘʥʽ ʨʘʥʽʰʝ ʨʽʰʝʥʥʷ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ RDF-ʜʞʝʨʝʣ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʥʘ ʚʭʦʜʽ 

SPARQL-ʟʘʧʠʪʠ, ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʛʨʘʮʽʾ D2RQ [109] ʽ ʤʦʜʝʣʽ, 

ʥʘʚʝʜʝʥʽ ʫ ʧʨʘʮʽ [110]. ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʘʮʽʾ D2RQ ʧʨʦʧʦʥʫʻ ʻʜʠʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʜʣʷ ʦʧʠʪʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʨʦʟʧʦʜʽʣʝʥʠʭ SPARQL-ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʽ ʟʜʽʡʩʥʶʻ 

ʬʝʜʝʨʫʚʘʥʥʷ ʟʘʧʠʪʫ ʧʨʦʟʦʨʦ ʜʣʷ ʢʣʽʻʥʪʘ. ɺʠʢʦʥʫʚʘʥʘ D2RQ ʦʧʪʠʤʽʟʘʮʽʷ 

SPARQL-ʟʘʧʠʪʽʚ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ 

ʪʨʠʧʣʝʪʽʚ ʫ ʜʞʝʨʝʣʽ ʜʘʥʠʭ, ʪʘʢʦʞ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʘ. ɸʣʝ D2RQ ʧʦʛʘʥʦ 

ʜʦʢʫʤʝʥʪʦʚʘʥʠʡ ʽ ʥʝ ʟʜʘʪʥʠʡ ʩʘʤʦʩʪʽʡʥʦ (ʙʝʟ ʫʯʘʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ) 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʪʠʧʽʚ ʜʘʥʠʭ (ʜʝʩʢʨʠʧʪʦʨʽʚ) ʜʞʝʨʝʣʘ, ʷʢʽ 

ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʠʡ ʬʦʨʤʘʪ. 

ʊʦʤʫ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʽʥʪʝʛʨʘʮʽʾ ʚʧʨʦʚʘʜʞʝʥʽ ʤʦʜʝʣʽ 
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ʬʝʜʝʨʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʜʝʷʢʽ ʘʣʛʦʨʠʪʤʠ ʷʢʦʾ 

ʤʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʩʠʩʪʝʤʠ D2RQ: 

1) ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʠʧʽʚ ʜʘʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʧʽʜʢʣʶʯʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʬʘʡʣʽʚ OWL ʽ N3, ʷʢʽ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʫʪʦʯʥʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʽ ʜʦʜʘʚʘʥʥʷ ʤʝʪʘʜʘʥʠʭ; 

2) ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʥʝ ʪʽʣʴʢʠ ʥʘ SPARQL-

ʢʽʥʮʝʚʠʭ ʪʦʯʢʘʭ, ʘ ʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʢʦʤʫʥʽʢʘʮʽʾ, ʥʘʩʘʤʧʝʨʝʜ, 

ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ JMS ʘʙʦ FIPA ACL; 

3) ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʟʘʧʠʪ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʟ ʚʽʜʜʘʣʝʥʠʭ ʜʞʝʨʝʣ ʥʝ ʜʦʩʪʫʧʥʽ ʘʙʦ 

ʟʤʽʥʠʣʠʩʷ; 

4) ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʜʘʚʘʪʠ ʮʽʣʠʡ ʥʘʙʽʨ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʥʘ ʷʢʽ 

ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʷʪʠʩʷ ʟʛʝʥʝʨʦʚʘʥʽ ʟʘʧʠʪʠ, ʱʦ ʫʤʦʞʣʠʚʣʶʻʪʴʩʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʛʝʥʝʨʘʮʽʾ ʟʘʧʠʪʫ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʫʪʦʯʥʠʚ 

ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

ʌʝʜʝʨʫʚʘʥʥʷ ʟʘʧʠʪʫ ʥʘ ʩʝʤʘʥʪʠʟʦʚʘʥʽ ʜʘʥʽ. ʈʦʟʧʦʯʥʝʤʦ ʟ ʦʧʠʩʘʥʥʷ 

ʜʘʥʠʭ ʡ ʘʜʘʧʪʫʻʤʦ ʢʣʘʩʠʯʥʫ ʤʦʜʝʣʴ ʧʦʜʽʣʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ D2RQ. ɭʤʥʽʩʪʶ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ D ʻ ʤʥʦʞʠʥʘ CD ʢʦʨʪʝʞʽʚ ╬ ὴȟὶᶰὅ , ʜʝ p ï ʥʘʷʚʥʠʡ ʚ D 

ʧʨʝʜʠʢʘʪ, r ï ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʫʙôʻʢʪʠ ʽ ʦʙôʻʢʪʠ. ʎʷ ʟʚôʷʟʢʘ ʻ ʨʝʛʫʣʷʨʥʠʤ filter-

ʚʠʨʘʟʦʤ ʤʦʚʠ SPARQL, ʷʢʘ ʨʦʙʠʪʴ ʚʠʙʽʨ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʙʽʣʴʰ ʪʦʯʥʠʤ, 

ʥʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʫʪʦʯʥʠʪʠ, ʱʦ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʪʽʣʴʢʠ 

ʧʨʦ ʩʧʝʮʠʬʽʯʥʽ ʪʠʧʠ ʨʝʩʫʨʩʽʚ. ʇʦʟʥʘʯʠʤʦ ʦʙʤʝʞʝʥʥʷ r ʷʢ ʬʫʥʢʮʽʶ r(subject, 

object) ʟ ὶȡὙὈὊ᷾ὠ ὙὈὊ᷾ὠ ᴼ ὸὶόὩȟὪὥὰίὩ. 

ɿʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚ ʦʜʥʦʤʫ ʜʞʝʨʝʣʽ ʜʘʥʠʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʨʷʜʢʦʚʽ ʜʘʥʽ, ʷʢʽ ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʙʫʢʚ ʚʽʜ 

A ʜʦ R, ʪʦʜʽ ʷʢ ʚ ʽʥʰʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʜʘʥʽ, ʷʢʽ ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʙʫʢʚ ʚʽʜ Q ʜʦ Z. 

ʆʙʤʝʞʝʥʥʷ ʥʘ ʰʘʙʣʦʥʠ ʜʦʩʪʫʧʫ. ɼʝʷʢʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʰʘʙʣʦʥʠ ʜʦʩʪʫʧʫ. ʅʘʧʨʠʢʣʘʜ, ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʤʦʞʝ ʚʠʤʘʛʘʪʠ, 

ʱʦʙ ʚ ʟʘʧʠʪʽ ʟʘʚʞʜʠ ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʥʘʟʚʘ ʤʽʩʪʘ, ʚ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʰʫʢ, 

ʘʙʦ ʡʦʛʦ ʧʦʰʪʦʚʠʡ ʽʥʜʝʢʩ. 
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ɿʘʩʪʦʩʫʻʤʦ ʨʽʰʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚ [109]. ʆʩʢʽʣʴʢʠ ʧʨʝʜʠʢʘʪʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʦʙʤʝʞʝʥʠʤʠ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʰʘʙʣʦʥʫ. 

ʇʨʝʜʠʢʘʪ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʥʦʶ. ʅʝʭʘʡ ὒ  ʩʪʘʥʦʚʠʪʴ ʤʥʦʞʠʥʫ ʦʙʤʝʞʝʥʴ ʥʘ 

ʰʘʙʣʦʥʠ ʜʦʩʪʫʧʫ ʜʣʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ D ʽ Ὓȟὕ ᶰὒ  ʙʫʜʝ ʦʜʥʠʤ ʰʘʙʣʦʥʦʤ ʟ 

S ̔ O, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʚôʷʟʘʥʽ ʩʫʙôʻʢʪʠ (S) ʘʙʦ ʟʚôʷʟʘʥʽ ʦʙôʻʢʪʠ (O). 

ɼʞʝʨʝʣʦ D ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʟʘʧʠʪ ʟ ʛʨʘʬʦʚʠʤ ʰʘʙʣʦʥʦʤ P, ʷʢʱʦ ʚʽʥ 

ʟʘʜʦʚʦʣʴʥʷʻ ʱʦʥʘʡʤʝʥʰʝ ʦʜʠʥ ʽʟ ʧʦʟʥʘʯʝʥʠʭ ʰʘʙʣʦʥʽʚ ʜʦʩʪʫʧʫ ʜʣʷ D. ʅʝʭʘʡ 

bound(x) ʙʫʜʝ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʧʦʚʝʨʪʘʻ false, ʷʢʱʦ x ʻ ʟʤʽʥʥʦʶ, ʽ true ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ. ʊʦʜʽ ʰʘʙʣʦʥ ʜʦʩʪʫʧʫ (S, O) ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, ʷʢʱʦ 

ὴᶅᶰὛ͵ɨȡɱ ίȟὴȟέᶰὖȡὦέόὲὨί ᷈ ὴᶅ ᶰὕ͵ ȡɱίȟὴȟέᶰ

ὖȡὦέόὲὨέ  ᷈ ὴᶅ ᶰὛ᷊ ὕȡɱ ίȟὴȟέᶰὖȡὦέόὲὨί ὦ᷈έόὲὨέ   

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʜʦʩʪʫʧʥʠʭ ʜʘʥʠʭ ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʽʟʘʪʦʨʫ ʟʘʧʠʪʽʚ ʟʥʘʡʪʠ 

ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʝʬʝʢʪʠʚʥʠʡ ʟʘ ʚʠʪʨʘʪʘʤʠ. ɸʣʝ ʚʨʘʭʦʚʫʶʯʠ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʽ ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʟʙʽʨ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝ 

ʟʘʚʞʜʠ ʤʦʞʣʠʚʠʡ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʪʘ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʩʢʽʣʴʢʠ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʬʫʥʢʮʽʦʥʫʶʪʴ ʘʚʪʦʥʦʤʥʦ, ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʾʭ 

ʥʘʧʦʚʥʶʚʘʥʽʩʪʴ ʦʪʨʠʤʘʪʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ. ɼʦ ʪʦʛʦ ʞ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʥʘʜʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʧʽʜʢʣʶʯʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ 

ʩʧʝʮʠʬʽʢʫ ʫ ʉʉɼ ʽ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʻʜʥʫʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʻ ʩʫʤʥʽʚʥʦʶ.  

ɼʽʻʚʠʤ ʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʧʠʪʽʚ ʻ ʧʽʜʭʽʜ 

ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʥʘʜʘʶʪʴ ʩʘʤʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʜʘʥʠʭ. ɼʣʷ 

ʥʝʾ ʚʠʜʽʣʝʥʦ ʦʢʨʝʤʝ ʧʦʣʝ ʤʝʪʘʜʘʥʠʭ ʚ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʦʧʠʩʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʷʢʝ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʮʽʣʠʤ ʯʠʩʣʦʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʦʨʽʻʥʪʦʚʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʨʪʝʞʽʚ ʫ 

ʜʞʝʨʝʣʽ ʜʘʥʠʭ ʚ ʤʝʞʘʭ ʦʧʠʩʫʚʘʥʦʾ ʪʘʙʣʠʮʽ ʘʙʦ ʧʝʨʝʪʠʥʫ ʤʥʦʞʠʥʠ ʪʘʙʣʠʮʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʟʘʧʠʪʫ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʦʙʨʦʙʥʠʢ ʛʝʥʝʨʫʻ ʜʝʨʝʚʦ-ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʷʢʝ ʚʽʜʧʨʘʮʴʦʚʫʻ 

ʟʘʧʠʪʠ ʜʦ ʜʞʝʨʝʣ ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʧʠʩʽʚ (ʨʷʜʢʽʚ), ʧʝʨʝʜʘʶʯʠ ʚ ʟʘʧʠʪʽ 

ʜʦ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ (ʧʦʚôʷʟʘʥʦʛʦ ʟ ʥʠʤ) ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʾʭ ʨʝʟʫʣʴʪʘʪ ʷʢ 
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ʧʘʨʘʤʝʪʨ ʽ ʦʜʝʨʞʫʶʯʠ ʾʭ ʦʙôʻʜʥʘʥʥʷ ʥʘ ʚʠʭʦʜʽ. ɿʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ 

ʙʽʣʴʰʝ, ʥʽʞ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ï ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ. ʊʦʜʽ ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚʽʜʢʠʜʘʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʨʝʣʝʚʘʥʪʥʠʭ ʟʘʧʠʩʽʚ, ʷʢ ʧʨʠ 

SQL-ʟʘʧʠʪʽ Inner Join, ʘ ʥʘ ʚʠʭʦʜʽ ï ʦʪʨʠʤʫʻʤʦ ʻʜʠʥʫ ʪʘʙʣʠʮʶ ʽʟ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʻʤʥʦʩʪʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʫ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʛʦʨʠʪʤ: 

ʂʨʦʢ 1. ʆʪʨʠʤʘʥʥʷ ʟʘʧʠʪʫ ʫ ʻʜʠʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʤʝʥ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʤʥʦʞʠʥʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʥʘʙʽʨ ʉ-ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘ ʷʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙôʻʜʥʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʠʪʽʚ ʜʦ ʜʘʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʻʤʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

ʂʨʦʢ 2. ɿʥʘʭʦʜʞʝʥʥʷ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʻʤʥʦʩʪʽ ʢʦʞʥʦʾ ʧʘʨʠ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʧʽʜʟʘʧʠʪʠ ʜʦ ʷʢʠʭ ʧʽʜʣʷʛʘʶʪʴ ʦʙôʻʜʥʘʥʥʶ. 

ʂʨʦʢ 3. ɺʠʜʽʣʝʥʥʷ ʧʘʨʠ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʧʽʜʟʘʧʠʪʠ ʜʦ ʷʢʠʭ ʧʽʜʣʷʛʘʶʪʴ 

ʦʙôʻʜʥʘʥʥʶ. 

ʂʨʦʢ 4. ɺʧʦʨʷʜʢʫʚʘʥʥʷ ʮʠʭ ʧʘʨ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʜʦʙʫʪʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʻʤʥʦʩʪʽ. 

ʂʨʦʢ 5. ɺʠʜʽʣʝʥʥʷ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʟʘʧʠʪʠ ʜʦ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ 

ʧʘʨʘʣʝʣʴʥʦ (ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʽʚ ʟ ʽʥʰʠʭ ʜʞʝʨʝʣ) ʪʘ ʤʘʶʪʴ ʥʘʡʤʝʥʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻʤʥʦʩʪʽ. 

ʂʨʦʢ 6. ʇʘʨʘʣʝʣʴʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʚʠʜʽʣʝʥʠʭ ʥʘ ʢʨʦʮʽ 5 ʜʞʝʨʝʣ 

ʜʘʥʠʭ. 

ʂʨʦʢ 7. ɺʠʜʽʣʝʥʥʷ ʟ ʦʪʨʠʤʘʥʠʭ ʥʘ ʢʨʦʮʽ 6 ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʠʭ, ʟʘ ʷʢʠʤʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʪʠʥ ʽʟ ʜʞʝʨʝʣʦʤ-ʧʘʨʦʶ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʷʢ ʧʘʨʘʤʝʪʨʘ ʚ ʟʘʧʠʪʽ 

ʜʦ ʮʴʦʛʦ ʜʞʝʨʝʣʘ-ʧʘʨʠ. 

ʂʨʦʢ 8. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʧʝʨʝʪʠʥʫ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʽʚ ʜʦ 

ʢʦʞʥʦʾ ʧʘʨʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʷʢ ʚʽʨʪʫʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʢʦʝʬʽʮʽʻʥʪ ʻʤʥʦʩʪʽ 

ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʢʦʨʪʝʞʽʚ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʘ ʟʘʧʠʪ ʚʞʝ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ. 

ʂʨʦʢ 9. ɺʠʢʦʥʘʥʥʷ ʢʨʦʢʽʚ 3 ï 8 ʜʦʢʠ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʻʜʠʥʠʡ ʢʦʨʪʝʞ, 
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ʷʢʠʡ ʽ ʩʪʘʥʝ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘʧʦʚʥʝʥʥʷ ʢʘʪʘʣʦʛʫ ʽʥʬʦʨʤʘʮʽʻʶ. ʅʘ ʮʝʥʪʨʘʣʴʥʦʤʫ ʚʫʟʣʽ ʩʠʩʪʝʤʠ 

(ʦʙʨʦʙʣʶʚʘʯʽ ʚʭʽʜʥʠʭ ʟʘʧʠʪʽʚ) ʻ ʢʘʪʘʣʦʛ, ʷʢʠʡ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʩʽʭ 

ʧʽʜʢʣʶʯʝʥʠʭ ʩʝʨʚʽʩʽʚ.  

ʇʝʨʚʠʥʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʜʘʥʠʭ ʫ ʢʦʞʥʦʤʫ ʜʞʝʨʝʣʽ ʚʠʙʠʨʘʻʪʴʩʷ ʽʟ 

ʡʦʛʦ ʦʧʠʩʫ ï ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʡʣʽʚ N3 ʽ OWL, ʷʢʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʜʦʜʘʚʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʜʘʥʠʤ. 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʧʠʪʫ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, ʷʢʝ ʽʟ ʜʞʝʨʝʣ ʟʜʘʪʥʝ ʥʘ ʮʝʡ ʟʘʧʠʪ 

ʚʽʜʧʦʚʽʩʪʠ. ʇʨʦʮʝʩʠ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʜʞʝʨʝʣ ʽ ʛʝʥʝʨʫʚʘʥʥʷ 

ʚʠʢʦʥʫʚʘʥʠʭ ʧʽʜʟʘʧʠʪʽʚ ʽ ʩʢʣʘʜʘʶʪʴ ʩʫʪʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʟʘʧʠʪʽʚ. ʇʣʘʥʫʚʘʥʥʷ 

ʟʘʧʠʪʽʚ ʧʦʙʫʜʦʚʘʥʝ ʥʘ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʽʡ ʽʟ ʉʝʨʚʽʩ-ʜʝʩʢʨʠʧʪʦʨʘ. ʅʝʭʘʡ 

Ὑ Ὠȟὅ ȟȣȟὨȟὅ , ʪʫʪ ὨȢȢὨ  ï ʤʥʦʞʠʥʘ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ὅȢȢὅ 

ʙʫʜʫʪʴ ʾʭ ʚʤʽʩʪʦʤ, ʜʝ ὅ ὴȟȟὶȟ ȢȢὴȟȟὶȟ . 

ʊʘʢʦʞ ʥʘ ʚʠʙʽʨ ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚʧʣʠʚʘʻ ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ 

ʩʧʝʮʠʬʽʢʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʧʨʠ ʽʥʢʨʝʤʝʥʪʥʦʤʫ 

ʛʝʥʝʨʫʚʘʥʥʽ ʟʘʧʠʪʫ ï ʥʘ ʷʢʠʭ ʩʘʤʝ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʟʘʧʠʪ. 

ɺʠʙʽʨ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ɿʘʧʠʪ ʥʘ ʤʦʚʽ SPARQL ʤʽʩʪʠʪʴ ʥʝ ʤʝʥʰʝ ʦʜʥʦʛʦ 

ʟ ʬʽʣʴʪʨʦʚʘʥʠʭ ʙʘʟʦʚʠʭ ʛʨʘʬʦʚʠʭ ʰʘʙʣʦʥʽʚ (FBGP), ʢʦʞʥʠʡ ʽʟ ʷʢʠʭ ʤʽʩʪʠʪʴ 

ʰʘʙʣʦʥʠ ʪʨʠʧʣʝʪʽʚ. ʇʣʘʥʫʚʘʥʥʷ ʟʘʧʠʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ 

FBGP. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʣʷ ʟʘʧʠʪʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʦʩʪʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʰʘʙʣʦʥʫ ʪʨʠʧʣʝʪʘ ʟ ʜʦʩʪʫʧʥʠʤʠ 

ʰʘʙʣʦʥʘʤʠ ʪʨʠʧʣʝʪʽʚ ʚ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

ʧʨʝʜʠʢʘʪʘ ʚ ʰʘʙʣʦʥʽ ʪʨʠʧʣʝʪʘ ʧʨʝʜʠʢʘʪʫ ʚ ʜʞʝʨʝʣʽ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʦʙʤʝʞʝʥʴ ʥʘ ʩʫʙôʻʢʪ ʽ ʦʙôʻʢʪ. 

ʅʝʭʘʡ BGP ʩʪʘʥʦʚʠʪʴ ʤʥʦʞʠʥʫ ʰʘʙʣʦʥʽʚ ʪʨʠʧʣʝʪʽʚ ʚ FBGP. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʙʦʨʫ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʙʫʜʝ ʤʥʦʞʠʥʘ ʜʞʝʨʝʣ ʜʘʥʠʭ Ὀ  ʜʣʷ 

ʢʦʞʥʦʛʦ ʰʘʙʣʦʥʫ ʪʨʠʧʣʝʪʽʚ ὸ ίȟὴȟέ ᶰὄὋὖ, ʜʝ Ὀ ὨȿὨȟὅ ᶰὙ᷈
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ᶬὴȟὶᶰὅȡὶίȟέ ὸὶόὩ 

ʇʦʙʫʜʦʚʘ ʧʽʜʟʘʧʠʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʙʦʨʫ ʜʞʝʨʝʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʧʽʜʟʘʧʠʪʽʚ, ʥʘ ʷʢʽ ʢʦʞʥʝ ʜʞʝʨʝʣʦ ʤʦʞʝ ʜʘʪʠ ʚʽʜʧʦʚʽʜʴ. ʇʽʜʟʘʧʠʪʠ 

ʧʦʚʠʥʥʽ ʩʢʣʘʜʘʪʠʩʷ ʟ ʦʜʥʦʛʦ FBGB ʥʘ ʦʜʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. ʇʦʜʘʤʦ ʧʽʜʟʘʧʠʪ 

ʷʢ ʪʨʠʧʣʝʪ ὝȟὅȟὨ, ʜʝ T ï ʤʥʦʞʠʥʘ ʰʘʙʣʦʥʽʚ ʪʨʠʧʣʝʪʽʚ, C ï ʤʥʦʞʠʥʘ 

ʦʙʤʝʞʝʥʴ ʟʥʘʯʝʥʴ, d ï ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʤʦʞʝ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʽʜʟʘʧʠʪ.  

ʆʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʣʘʥʫʚʘʥʥʷ ʟʘʧʠʪʫ ʧʣʘʥ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʽʜʟʘʧʠʪʽʚ. ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʪʦʨʘ 

ʟʘʧʠʪʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʚʠʢʦʥʫʚʘʥʠʡ ʽ ʝʬʝʢʪʠʚʥʠʡ ʧʣʘʥ 

ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʰʘʙʣʦʥʠ ʜʦʩʪʫʧʫ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʟʘʧʠʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʦʛʽʯʥʘ ʽ ʬʽʟʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʟʘʧʠʪʫ. 

ʃʦʛʽʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ. ʎʷ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʚʠʨʘʟʽʚ ʟʘʧʠʪʫ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʦʛʽʯʥʦʛʦ ʧʣʘʥʫ ʟʘʧʠʪʫ ʚ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʣʘʥ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʥʘʥʠʡ ʰʚʠʜʰʝ ʘʙʦ ʟ ʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʈʽʰʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ D2RQ, ʟʜʽʡʩʥʶʻ ʣʦʛʽʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʜʚʦʤʘ ʰʣʷʭʘʤʠ. 

ʉʧʦʯʘʪʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʘʚʠʣʘ, ʦʧʠʩʘʥʽ ʫ ʧʨʘʮʽ [61] ʜʣʷ ʧʝʨʝʧʠʩʫʚʘʥʥʷ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʟʘʧʠʪʫ ʧʝʨʝʜ ʧʣʘʥʫʚʘʥʥʷʤ ʟʘʧʠʪʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʙôʻʜʥʘʪʠ 

BGP ʪʘʤ, ʜʝ ʮʝ ʤʦʞʣʠʚʦ ʽ ʜʝ ʮʝ ʤʦʞʣʠʚʦ ʟʤʽʥʥʽ ʟʘʤʽʥʷʶʪʴʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʽʟ 

ʚʠʨʘʟʽʚ ʟ ʬʽʣʴʪʨʘʤʠ. 

ʇʦʪʽʤ ʤʦʞʣʠʚʽ ʦʙʤʝʞʝʥʥʷ ʟʥʘʯʝʥʴ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʧʽʜʟʘʧʠʪʠ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʩʪʽʣʴʢʠ ʨʘʥʦ, ʥʘʩʢʽʣʴʢʠ ʮʝ 

ʤʦʞʣʠʚʦ. ʅʝʭʘʡ 1 4ȟ#ȟÄ  ʙʫʜʝ ʧʽʜʟʘʧʠʪʦʤ ʽ &"'04ᴂȟ#ᴂ  ï 

ʬʽʣʴʪʨʦʚʘʥʠʡ ʙʘʟʦʚʠʡ ʛʨʘʬʦʚʠʡ ʰʘʙʣʦʥ. ʆʙʤʝʞʝʥʥʷ ʟʥʘʯʝʥʴ #ᴂ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʤʽʱʝʥʝ ʧʽʜ ʟʘʧʠʪ, ʷʢʱʦ ʚʩʽ ʟʤʽʥʥʽ ʮʴʦʛʦ ʦʙʤʝʞʝʥʥʷ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʰʘʙʣʦʥʘʭ ʪʨʠʧʣʝʪʘ ʚ ʧʽʜʟʘʧʠʪʽ. ʌʽʣʴʪʨʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʟʤʽʥʥʽ ʽʟ ʙʽʣʴʰ ʥʽʞ ʦʜʥʦʛʦ ʧʽʜʟʘʧʠʪʫ ʽ ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʦʾ ʤʥʦʞʠʥʠ ʧʨʘʚʠʣ, ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʣʦʢʘʣʴʥʦ ʚ 

ʩʠʩʪʝʤʽ ʬʝʜʝʨʘʪʠʚʥʠʭ ʟʘʧʠʪʽʚ. 

ʌʽʟʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ. ʎʷ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʫ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʦʰʫʢʫ 
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çʢʨʘʱʦʛʦè ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ ʩʝʨʝʜ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʧʣʘʥʽʚ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʝʣʴ ʚʘʨʪʦʩʪʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʧʣʘʥʽʚ. ɺʘʨʪʽʩʪʴ ʟʘʧʠʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʜʦʩʪʫʧʥʠʭ ʚ ʢʦʞʥʦʤʫ 

ʜʞʝʨʝʣʽ ʜʘʥʠʭ. 

ɺʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʥʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʙʘʛʘʪʦʧʦʪʦʯʥʽʩʪʴ: ʩʢʽʣʴʢʠ ʙʫʜʝ ʧʽʜʟʘʧʠʪʽʚ ʜʦ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʩʪʽʣʴʢʠ 

ʙʫʜʝ ʚʠʜʽʣʝʥʦ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʈʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʷʤʠ Java Multithreading. 

ʆʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ. ʊʫʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʦʤʽ 

ʨʝʟʫʣʴʪʘʪʠ. ɼʝʱʦ ʦʢʨʝʤʠʤ ʧʠʪʘʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ Nested Loop Join.  

ɸʣʝ ʥʘʚʽʪʴ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʝʪʘʧʫ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʣʘʩʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʙʫʜʝ ʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʮʽʣʴʥʽʩʪʴ ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ ʥʝ 

ʟʘʚʞʜʠ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ, ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʜʫʞʝ ʨʽʟʥʦʨʽʜʥʽ. 

 

3.2. ʄʦʜʝʣʽ ʤʽʞʘʛʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʈʦʟʧʦʯʥʝʤʦ ʨʦʟʛʣʷʜ ʟ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʧʦʜʘʥʥʷ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʾʾ ʘʛʝʥʪʽʚ. ɸʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʙʫʜʫʶʪʴ ʛʨʘʬ ʽʟ ʤʦʞʣʠʚʠʤʠ ʰʣʷʭʘʤʠ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʟʘʷʚʦʢ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʦʙʨʦʙʢʠ ʟʘʷʚʦʢ ʘʛʝʥʪʦʤ, ʷʢʠʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʜʦ ʢʣʘʩʫ ʟʘʜʘʯ, ʱʦ ʨʦʟʚôʷʟʫʶʪʴʩʷ, ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʮʽʣʝʡ 

ʘʛʝʥʪʽʚ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ ʦʨʛʘʥʽʟʘʮʽʾ ʄɸʉ ʟ ʘʜʘʧʪʠʚʥʠʤʠ 

ʘʛʝʥʪʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʘʚʪʦʨʦʤ ʚ ʩʪʘʪʪʽ [9]. 

ʇʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʢʣʘʩ ʟʘʜʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ. ʆʜʠʥ ʽʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʦʩʥʦʚʘʥʠʡ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʜʝʾ ʢʦʣʝʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʫʢʫʧʥʦʩʪʽ ʘʛʝʥʪʽʚ ï ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ 

ʩʠʩʪʝʤ (ʄɸʉ) [9]. 

ʆʜʥʠʤ ʽʟ ʫʩʧʽʰʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʄɸʉ ʩʪʘʣʦ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʥʘʜʘʣʦ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʫ ʪʘʢʠʭ 
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ʩʬʝʨʘʭ, ʷʢ: ʙʽʦʣʦʛʽʷ, ʩʦʮʽʦʣʦʛʽʷ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʽʥ. ɿʦʢʨʝʤʘ, 

ʧʨʝʜʩʪʘʚʠʚʰʠ ʫ ʚʠʛʣʷʜʽ ʘʛʝʥʪʽʚ ʚʽʨʫʩ ʽʤʫʥʦʜʝʬʽʮʠʪʫ ʣʶʜʠʥʠ ʪʘ ʣʽʤʬʦʮʠʪʠ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʄɸʉ ʫ ʨʦʙʦʪʽ [111] ʤʦʜʝʣʶʚʘʚʩʷ ʧʝʨʝʙʽʛ ʟʘʭʚʦʨʶʚʘʥʥʷ ɺɯʃ-

ʽʥʬʽʢʦʚʘʥʠʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʟʥʘʯʥʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ 

ʤʽʞ ʟʘʨʘʞʝʥʥʷʤ ʪʘ ʧʨʦʷʚʦʤ ʉʅɯɼ ʫ ʨʽʟʥʠʭ ʭʚʦʨʠʭ. ʋ ʨʦʙʦʪʽ [112] ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʄɸʉ ʙʫʣʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʟʘ ʨʫʭʦʤ ʧʦʚʽʪʨʷʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʚʝʜʽʥʢʘ ʢʦʞʥʦʛʦ ʟ 

ʘʛʝʥʪʽʚ ʪʦʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʭ 

ʤʦʜʝʣʶʶʪʴʩʷ. 

ɯʥʰʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʄɸʉ ʻ ʚʠʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʮʽʡ ʘʛʝʥʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ɸʆʇ) ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʷʢʝ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʩʬʝʨʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʯʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ 

(ʥʘʧʨʠʢʣʘʜ, ɯʥʪʝʨʥʝʪ), ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʫʩʪʨʽʯʝʡ, ʝʣʝʢʪʨʦʥʥʠʭ 

ʨʦʟʚʘʛ ʯʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʛʦʨ [113]. 

ʇʦʢʣʘʚʰʠ ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʢʠ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʫʣʴʪʠʘʛʝʥʪʥʠʡ ʧʽʜʭʽʜ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʘʛʝʥʪʽʚ, ʦʨʛʘʥʽʟʘʮʽʾ ʄɸʉ ʟ ʘʛʝʥʪʘʤʠ, ʟʜʘʪʥʠʤʠ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʪʘ ʮʽʣʝʡ ʘʛʝʥʪʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʠʡʤʘʻʤʦ ʾʾ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʫ ʧʝʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʚʪʦʥʦʤʥʽ ʜʽʾ ʟ 

ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʽʣʝʡ [114] ʽ ʚʢʣʶʯʝʥʥʷ 

ʥʘʙʦʨʫ ʘʚʪʦʥʦʤʥʠʭ ʘʛʝʥʪʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʤʽʞ ʩʦʙʦʶ [115]. ʊʘʢʽ 

ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʨʽʰʝʥʥʷ ʷʢʠʭ ʻ ʥʝʤʦʞʣʠʚʠʤ 

ʘʙʦ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʦʛʦ ʘʛʝʥʪʘ ʯʠ ʤʦʥʦʣʽʪʥʦʾ ʩʠʩʪʝʤʠ. 

ɻʣʦʙʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʟʘʜʘʻʪʴʩʷ ʯʠ ʧʨʦʝʢʪʫʻʪʴʩʷ, ʚʦʥʘ 

ʚʠʥʠʢʘʻ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ ʚ ʥʘʩʣʽʜʦʢ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ 

ʝʬʝʢʪʫ.  
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ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʪʘʢʽ 

ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʘʚʪʦʥʦʤʥʽʩʪʴ, ʩʦʮʽʘʣʴʥʽʩʪʴ, ʨʝʘʢʪʠʚʥʽʩʪʴ ʪʘ 

ʧʨʦʘʢʪʠʚʥʽʩʪʴ, ʦʧʪʠʤʘʣʴʥʽʩʪʴ, ʘʜʘʧʪʠʚʥʽʩʪʴ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʚ ʘʛʝʥʪʘ ʟʘʩʦʙʽʚ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʜʽʡ ʟʛʽʜʥʦ ʚʠʟʥʘʯʝʥʠʭ ʮʽʣʝʡ [116]. 

ʄʫʣʴʪʠʘʛʝʥʪʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʛʝʥʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ 

ʩʝʤʘʥʪʠʯʥʦ ʦʜʥʦʨʽʜʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʽ ʚʽʟʫʘʣʽʟʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪ, ʛʨʘʬʽʢʽʚ ʽ 

ʽʥʰʠʭ ʫʷʚʣʝʥʴ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʄɸʉ ʙʫʣʘ ʦʙʨʘʥʘ ʩʝʨʝʜʦʚʠʱʝ JADE (Java Agent 

DEvelopment Framework), ̫ ʢʝ ʚʽʜʧʦʚʽʜʘʻ ʩʧʝʮʠʬʽʢʘʮʽʾ FIPA (Foundation for 

Intelligent Physical Agents) [117], ʷʢʘ ʻ ʩʪʘʥʜʘʨʪʦʤ IEEE Computer Society. 

ʈʦʟʨʦʙʣʝʥʘ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʘʨʭʽʪʝʢʪʫʨʘ ʧʝʨʝʜʙʘʯʘʻ ʽʩʥʫʚʘʥʥʷ n ² 1 

ʘʛʝʥʪʽʚ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʽ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʜʣʷ ʾʭ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ OWL ʦʥʪʦʣʦʛʽʾ ʽ ʬʘʡʣʠ XML, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦ ʜʞʝʨʝʣʘ, ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʥʘ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʽ ʧʘʨʘʤʝʪʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʝʥʪʘ ʚ ʽʥʪʝʛʨʦʚʘʥʽʡ ʩʠʩʪʝʤʽ. 

ʂʦʞʝʥ ʪʘʢʠʡ ʘʛʝʥʪ ʧʝʨʽʦʜʠʯʥʦ ʘʙʦ ʦʧʠʪʫʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʘʛʝʥʪʘ ï 

çʜʦʰʢʫ ʦʛʦʣʦʰʝʥʴè, ʘʙʦ ʦʪʨʠʤʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʦʚʠʭ ʟʘʧʠʪʽʚ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʢʦʥʫʻ ʾʭ ʽ ʬʦʨʤʫʻ ʨʝʟʫʣʴʪʘʪ. ʂʦʨʠʩʪʫʚʘʯ ʚʟʘʻʤʦʜʽʻ ʟ ʩʠʩʪʝʤʦʶ 

ʯʝʨʝʟ web-ʽʥʪʝʨʬʝʡʩ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʘʛʝʥʪʘ, ʱʦ ʦʨʛʘʥʽʟʫ ̒

ʟʚ'ʷʟʦʢ web-ʩʝʨʚʝʨʘ ʟ ʘʛʝʥʪʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɸʛʝʥʪʠ ʤʦʞʫʪʴ ʟʚʝʨʪʘʪʠʩʷ ʜʦ 

ʜʞʝʨʝʣ ʷʢ ʣʦʢʘʣʴʥʦ ʪʘʢ ʽ ʚʽʜʜʘʣʝʥʦ, ʷʢʱʦ ʮʝ ʜʦʟʚʦʣʷʻ ʩʧʝʮʠʬʽʢʘ ʜʦʩʪʫʧʫ ʜʦ 

ʜʞʝʨʝʣʘ. ɸʛʝʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʽʛʨʫʚʘʪʠ, ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʣʦʛʽʯʥʝ 

ʚʠʚʝʜʝʥʥʷ ʥʘʜ ʩʣʦʚʥʠʢʦʤ ʜʘʥʠʭ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʽ 

ʨʦʟʧʦʜʽʣʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʦʰʫʢ ʘʛʝʥʪʽʚ ʚʩʝʨʝʜʠʥʽ ʄɸʉ ʽ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʚʦʥʠ 

ʥʘʜʘʶʪʴ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʢʘʪʘʣʦʛʦʤ DF (Directory Facilitator), 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻ ɸʛʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʘʢʦʞ ʚ ʩʠʩʪʝʤʽ 

ʧʝʨʝʜʙʘʯʝʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʛʝʥʪʽʚ, ̫ ʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 
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ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʘʛʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʘʧʠʪʫ ʥʘ ʧʽʜʤʥʦʞʠʥʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʚ ʟʘʧʠʪ SPARQL (SPARQL Protocol and 

RDF Query Language).  

ʅʘ ʨʠʩ. 3.3 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ, ʜʝ ʚʽʜʦʙʨʘʞʝʥʽ 

ʘʢʪʠ ʢʦʤʫʥʽʢʘʮʽʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʝʻʩʪʨʘʮʽʾ ʘʛʝʥʪʽʚ ʚ DF, ʦʧʠʪʫʚʘʥʥʷ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʧʨʦ ʾʭ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʨʦʟʜʽʣʽʚ Global Change Master Directory (GCMD) 

Science Keywords ʪʘ ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʥʴ ʚ OWL ʘʛʝʥʪʘ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, 

ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɺ ʫʤʦʚʘʭ ʧʽʜʪʨʠʤʢʠ ʟʘ ʨʘʭʫʥʦʢ ʤʽʞʘʛʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʪʝʛʨʘʮʽʾ 

ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ ʟʘʩʦʙʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ 

ʜʘʥʠʭ, ʚʠʭʦʜʷʪʴ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʚ ʨʦʙʦʪʽ ʚʠʙʨʘʥʠʡ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʰʠʨʦʢʫ ʩʬʝʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʚ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʠʭ ï ʤʦʚʘ WEB-ʦʥʪʦʣʦʛʽʡ ï Web 

Ontology Language (OWL) [118]. ʎʝʡ ʧʽʜʭʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ 

W3C. 

ʈʠʩ.3.3. ʇʨʠʢʣʘʜ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ 

ʇʘʨʘʜʠʛʤʘ Linked Data ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʜʘʥʠʭ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʚʩʶʜʥʽ ʧʦʩʠʣʘʥʥʷ ï ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʣʦʚʥʠʢʘʭ ʥʘ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʽ ʘʙʦ 
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ʨʦʜʠʥʥʽ ʨʝʩʫʨʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ URI. ʅʘʧʨʠʢʣʘʜ, ʤʘʩʠʚʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʚʦʭ 

ʜʞʝʨʝʣ, ʧʦʟʥʘʯʝʥʽ ʚ OWL, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʣʘʩʪʠʚʦʩʪʽ ʩʣʦʚʥʠʢʘ OWL 

equivalentProperty ʘʙʦ ʽʥʰʦʛʦ ʷʢ http://dbpedia.org/property/year [119], 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (ç1999è, ç99è), ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʾʾ ʩʝʤʘʥʪʠʯʥʫ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʨʦʢʫ, ʘ ʟʥʘʯʠʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ ʷʢʠʡʩʴ ʩʝʨʚʽʩ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʪ. 

ɼʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʢʣʘʩʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʟʥʘʯʝʥʠʭ ʫ ʩʣʦʚʥʠʢʫ OWL Tbox 

(terminological component) ʾʭ ʝʢʟʝʤʧʣʷʨʽʚ ʚ ʜʞʝʨʝʣʽ ʜʘʥʠʭ Abox (assertion 

component) ʚʠʢʦʨʠʩʪʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪ ï D2RQ [109]. ɿʚ'ʷʟʦʢ ʟ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ jdbc ʜʨʘʡʚʝʨʽʚ, ʷʢʽ ʽʩʥʫʶʪʴ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʪʠʧʽʚ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ï ʚʽʜ ɹɼ ʜʦ ʧʣʦʩʢʠʭ ʬʘʡʣʽʚ ʽ html ʩʪʦʨʽʥʦʢ ʟ ʪʘʙʣʠʮʷʤʠ. 

ɿʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʩʠʩʪʝʤʠ ʬʦʨʤʫʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ SPARQL [59] 

ʟʘʧʠʪʽʚ, ʟʘʪʚʝʨʜʞʝʥʦʤʫ W3C ʷʢ ʩʪʘʥʜʘʨʪ ʟʘʧʠʪʽʚ ʜʦ RDF ʜʘʥʠʭ. ɼʣʷ ʟʥʠʞʝʥʥʷ 

ʧʦʨʦʛʫ ʚʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʜʠʛʤʘ 

ʬʘʩʝʪʥʦʛʦ ʧʦʰʫʢʫ [120]. ʇʨʠ ʮʴʦʤʫ ʬʘʩʝʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʩʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʩʣʦʚʥʠʢʘ, ʚʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

ʉʠʩʪʝʤʥʠʡ ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʄɸʉ. ʉʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʻ ʤʥʦʞʠʥʘ ʘʛʝʥʪʽʚ ʪʘ ʾʭʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʩʢʽʣʴʢʠ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʥʝ ʤʘʻ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ, ʥʝʦʙʭʽʜʥʠʡ ʟʚôʷʟʦʢ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʘʛʝʥʪʽʚ. ʂʦʞʝʥ ʽʟ ʘʛʝʥʪʽʚ ʟʜʘʪʝʥ ʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʥ 

ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ, ʪʘ ʛʝʥʝʨʫʚʘʪʠ ʧʝʚʥʠʡ ʚʧʣʠʚ ʥʘ ʮʝ 

ʩʝʨʝʜʦʚʠʱʝ. ʎʽ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʜʘʥʽ ʘʛʝʥʪʘ ɸ ʤʘʶʪʴ ʩʚʦʾ ʘʣʬʘʚʽʪʠ (X ʪʘ Y 

ʚʽʜʧʦʚʽʜʥʦ), ʘ ʩʘʤ ʘʛʝʥʪ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜ ʜʘʥʠʤʠ ʚ ʮʠʭ 

ʘʣʬʘʚʽʪʘʭ YXA ­: Ȣ  

ɼʘʥʽ ʥʘ ʚʭʦʜʽ ʘʛʝʥʪʘ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʭʽʜʥʽ ʘʨʛʫʤʝʥʪʠ 

ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʘʣʬʘʚʽʪʦʤ DX  ʪʘ ʧʨʦ ʜʠʨʝʢʪʠʚʠ ʢʦʥʪʨʦʣʶ ʮʴʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʙʦʢʫ ʩʝʨʝʜʦʚʠʱʘ ʟ ʘʣʬʘʚʽʪʦʤ CX . ʊʦʙʪʦ, CD XXX ³= . 
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ʅʘʩʧʨʘʚʜʽ, ʚʭʽʜʥʠʡ ʘʣʬʘʚʽʪ ʘʛʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʘʥʽ, ʫ ʷʢʠʭ ʚʽʥ ʤʦʞʝ 

ʙʫʪʠ ʟʘʮʽʢʘʚʣʝʥʠʡ, ʚʠʭʽʜʥʠʡ ï ʜʘʥʽ, ʷʢʽ ʚʽʥ ʤʦʞʝ ʥʘʜʘʪʠ ʩʠʩʪʝʤʽ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʬʘʢʪ ʧʦʷʚʠ ʜʘʥʠʭ ʥʘ ʚʭʦʜʽ ʘʛʝʥʪʘ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝ ʛʘʨʘʥʪʫʻ ʧʦʷʚʫ ʜʘʥʠʭ ʥʘ 

ʡʦʛʦ ʚʠʭʦʜʽ. ʆʜʥʘʢ, ʷʢʱʦ ʘʛʝʥʪ ʤʘʻ ʚʠʭʽʜʥʠʡ ʘʣʬʘʚʽʪ, ʪʦ ʚʚʘʞʘʻʪʴʩʷ ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʽʥ ʦʙʦʚôʷʟʢʦʚʦ ʩʧʨʦʜʫʢʫʻ ʜʘʥʽ (ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʽʷʢ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ), ʽ ʚ ʢʦʥʪʝʢʩʪʽ ʚʩʽʻʾ ʪʨʠʚʘʣʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʘʛʝʥʪ ʟʜʽʡʩʥʶʚʘʪʠʤʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʉʧʨʘʚʝʜʣʠʚʝ ʽ 

ʧʨʦʪʠʣʝʞʥʝ ʪʚʝʨʜʞʝʥʥʷ: ʷʢʱʦ ʘʛʝʥʪ ʥʝ ʥʘʜʘʻ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʩʚʽʡ ʚʠʭʽʜʥʠʡ 

ʘʣʬʘʚʽʪ, ʪʦ ʚʽʥ ʟʜʘʪʝʥ ʣʠʰʝ ʦʪʨʠʤʫʚʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ. ɼʣʷ ʪʘʢʠʭ ʘʛʝʥʪʽʚ ʚʠʭʽʜʥʠʡ 

ʘʣʬʘʚʽʪ ʤʘʻ ʚʠʛʣʷʜ
 

{}q=O , ʪʦʙʪʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʽʣʴʢʠ ʧʫʩʪ ̔ʜʘʥ̔. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʣʠʚʽ ʪʨʠ ʪʠʧʠ ʘʛʝʥʪʽʚ [9]:  

1) ʘʛʝʥʪʠ-ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʟ ʧʦʚʥʠʤʠ ʚʭʽʜʥʠʤ ʪʘ ʚʠʭʽʜʥʠʤ ʘʣʬʘʚʽʪʦʤ),  

YXA ­: ; 

2) ʘʛʝʥʪʠ-ʩʧʦʞʠʚʘʯʽ (ʟ ʧʫʩʪʠʤ ʘʣʬʘʚʽʪʦʤ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ), 

OXA ­: ; 

3) ʘʛʝʥʪʠ-ʛʝʥʝʨʘʪʦʨʠ (ʟ ʧʫʩʪʠʤ ʘʣʬʘʚʽʪʦʤ ʚʭʽʜʥʠʭ ʘʨʛʫʤʝʥʪʽʚ), 

YXOA C ­³: . 

ɯʩʥʫʚʘʥʥʷ ʘʛʝʥʪʽʚ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʪʠʧʽʚ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʚôʷʟʢʫ ʟ ʽʥʰʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʩʠʩʪʝʤʘʤʠ. ɼʘʣʽ ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ ʘʛʝʥʪʠ 

ʧʝʨʰʦʛʦ ʪʠʧʫ. 

ʇʦʩʪʘʚʠʤʦ ʫʤʦʚʫ, ʱʦ ʩʝʥʩʦʨʠ ʘʛʝʥʪʽʚ ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʜʘʥʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʨʪʝʞʝʤxYXR ,','= , ʷʢʠʡ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʷʚʢʫ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ '' YX ­  ʥʘʜ ʘʨʛʫʤʝʥʪʘʤʠ x. ʇʨʠ ʮʴʦʤʫ, ʦʩʢʽʣʴʢʠ 

ʘʛʝʥʪ ʻ ʘʚʪʦʥʦʤʥʠʤ, ʚʽʥ ʟʜʘʪʝʥ ʩʘʤʦʩʪʽʡʥʦ ʟʨʦʙʠʪʠ ʟʘʧʠʪ ʪʠʧʫ R ʜʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʑʦʙ ʥʘʟʠʚʘʪʠʩʷ ʘʜʘʧʪʠʚʥʦʶ ʪʘ ʘʚʪʦʥʦʤʥʦʶ, ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʦʣʦʜʽʪʠ 

ʤʝʭʘʥʽʟʤʦʤ ʩʘʤʦʩʪʽʡʥʦʾ ʦʮʽʥʢʠ ʚʣʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʥʝʩʝʥʥʷ ʨʽʰʝʥʥʷ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥ ʫ ʨʦʙʦʪʽ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʦʾ ʦʮʽʥʢʠ ʫ ʩʠʩʪʝʤʽ ʽʩʥʫʻ p 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʘʛʝʥʪʘ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥ ʘʛʝʥʪʘ ʤʦʞʝ ʦʧʠʩʫʚʘʪʠʩʷ 

ʚʝʢʪʦʨʦʤ 
ps RÍ , ʷʢʠʡ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ. 
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ʉʪʨʫʢʪʫʨʥʠʡ ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʘʛʝʥʪʘ. ʅʝʭʘʡ ʘʛʝʥʪ A ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʙʦʨʦʤ ʝʣʝʤʝʥʪʽʚ niai ,1, = , ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 
iaf  

ʥʘʜ ʧʽʜʤʥʦʞʠʥʦʶ ʚʭʽʜʥʦʛʦ ʘʣʬʘʚʽʪʫ ʘʛʝʥʪʘ 
iX . ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʧʽʜʤʥʦʞʠʥʘ ʚʠʭʽʜʥʦʛʦ ʘʣʬʘʚʽʪʫ ʘʛʝʥʪʘ iY . ʊʦʙʪʦ, 

{ }
.,

,,1,:

88
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i

i

i

ii

ai

YYXX

niYXfaA
i

==

=­=

 

ʉʝʤʘʥʪʠʢʘ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʦʶ ʚʭʽʜʥʦʛʦ 

ʪʘ ʚʠʭʽʜʥʦʛʦ ʘʣʬʘʚʽʪʽʚ ʪʘ ʩʠʤʚʦʣʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ( )
ia

ii fYX ,, . ɼʘʥʽ ʧʨʦ 

ʝʣʝʤʝʥʪʠ, ʘ ʩʘʤʝ ʧʨʦ ʾʭʥʽʡ ʚʭʽʜʥʠʡ ʪʘ ʚʠʭʽʜʥʠʡ ʘʣʬʘʚʽʪ, ʟʘʥʦʩʷʪʴʩʷ ʜʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʻʩʪʨʫ ʘʛʝʥʪʘ.  

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ ʚ ʘʛʝʥʪʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʚʜʷʢʠ 

ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʦʷʚʘ ʥʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʝ ʦʟʥʘʯʘʪʠ ʜʣʷ ʘʛʝʥʪʘ 

ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʘʙʦ ʧʦʷʚʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʟʘʩʦʙʽʚ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. 

ɿʥʘʥʥʷ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʘʛʝʥʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ G ʟ ʤʥʦʞʠʥʦʶ ʚʝʨʰʠʥ V ʪʘ ʤʥʦʞʠʥʦʶ ʜʫʛ ɽ. 

ʄʥʦʞʠʥʘ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʝʣʝʤʝʥʪʠ ʘʛʝʥʪʘ, ʻ ʧʽʜʤʥʦʞʠʥʦʶ 

ʧʨʷʤʦʛʦ ʜʦʙʫʪʢʫ ʡʦʛʦ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʘʣʬʘʚʽʪʽʚ: 

88
i

i

i

i YXYXA ³=³Ì . 

ɿʘʟʥʘʯʝʥʘ ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ ʘʛʝʥʪʘ ʩʢʣʘʜʘʻ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ ʛʨʘʬʘ G, 

ʪʦʙʪʦ A=V. ʄʥʦʞʠʥʘ ʜʫʛ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʫʩʽʭ ʚʽʜʥʦʰʝʥʴ ʥʘ ʤʥʦʞʠʥʽ A ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

( ){ }
.,1;,1

;:,

nknj

XYkjE kj

==

Ì=
 

ʇʨʠ ʧʦʷʚʽ ʥʘ ʚʭʦʜʽ ʘʛʝʥʪʘ ʟʘʷʚʢʠ xYXR ,','= , ʚʽʥ ʤʦʞʝ ʚʽʜʨʝʘʛʫʚʘʪʠ ʥʘ 

ʥʝʾ, ʚʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʦʙʨʦʙʣʝʥʥʷ ʻ  
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ɺʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʫʤʦʚʠ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʘʛʝʥʪʘ, 

ʚʭʽʜʥʠʡ ʪʘ ʚʠʭʽʜʥʠʡ ʘʣʬʘʚʽʪʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʷʚʮʽ, ʱʦ ʥʘʜʽʡʰʣʘ. 

ɼʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʚʠʢʦʥʘʥʥʷ ʟʘʷʚʢʠ ʘʛʝʥʪʦʤ ʻ ʽʩʥʫʚʘʥʥʷ ʥʝʧʫʩʪʦʾ 

ʤʥʦʞʠʥʠ ʰʣʷʭʽʚ { }
kjP ,

 ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʝʨʰʠʥʘʤʠ j ʪʘ k: 

{ }{ }.,...,., kjkjkj aapP ==  

ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʧʦ ʦʜʥʽʡ ʽʟ ʜʫʛ ʛʨʘʬʘ G 

ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʩʪʘʥʫ ʘʛʝʥʪʘ (sD ). ʊʦʙʪʦ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ 

{ }pE R: ­j , ʷʢʽ ʦʙʯʠʩʣʶʶʪʴ ʚʘʨʪʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʧʝʨʝʭʦʜʽʚ ʫ ʛʨʘʬʽ ʜʣʷ ʘʛʝʥʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʢʪʫʨʫ S ʘʛʝʥʪʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʯʝʨʝʟ ʤʥʦʞʠʥʫ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ-ʧʝʨʝʪʚʦʨʝʥʴ A, ʚʝʢʪʦʨ ʩʪʘʥʫ s  ʪʘ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʚʘʨʪʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʧʝʨʝʭʦʜʽʚ ʧʦ ʛʨʘʬʫ G: 

{}.,, jsAS=  

ɻʨʘʬ G ʤʦʞʝ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʤʘʨʰʨʫʪʽʚ ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʧʘʨʘʤʠ ʚʝʨʰʠʥ j 

ʪʘ k, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʰʣʷʭʫ ʦʙʨʦʙʣʝʥʥʷ ʟʘʷʚʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ x, ʧʦʪʦʯʥʦʛʦ ʥʘʙʦʨʫ ʝʣʝʤʝʥʪʽʚ {}iaA= , ʪʘ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʘʥʫ ʘʛʝʥʪʘ s. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʟʘʷʚʢʠ ʚ ʘʛʝʥʪʽ. ɯʟ ʧʦʷʚʦʶ ʟʘʷʚʢʠ R ʥʘ ʚʭʦʜʽ ʘʛʝʥʪʘ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʦʙʨʦʙʣʝʥʘ, ʚ ʘʛʝʥʪʽ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʩʫʚʘʥʥʷ 

ʧʘʢʝʪʽʚ ʟ ʜʘʥʠʤʠ. ɼʘʥʠʡ ʧʘʢʝʪ ʉ ʫ ʤʦʤʝʥʪ ʯʘʩʫ † ʻ ʯʝʪʚʽʨʢʦʶ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʫʥʽʢʘʣʴʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʫ ʧʦʪʦʯʥʦʛʦ ʟʘʧʠʪʫ NÍu , ʘʣʬʘʚʽʪʫ ʜʘʥʠʭ, ʷʢʽ 

ʦʙʨʦʙʣʷʶʪʴʩʷ M, ʧʦʪʦʯʥʠʭ ʜʘʥʠʭ d ʜʣʷ ʦʙʨʦʙʢʠ ʝʣʝʤʝʥʪʦʤ ʘʛʝʥʪʘ ʪʘ ʰʣʷʭʫ P, 

ʷʢʠʡ ʜʘʥʠʡ ʧʘʢʝʪ ʧʨʦʡʰʦʚ ʚ ʘʛʝʥʪʽ (ʫʧʦʨʷʜʢʦʚʘʥʘ ʧʽʜʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ 

ʦʩʪʘʥʥʴʦʛʦ): 

.,,,, APPdMuC Ì= ttttt  

ʇʨʠ 0=t  ʤʘʻʤʦ {}=== ttt PxdXM ,,' .  
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ʇʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʧʘʢʝʪʘ ʝʣʝʤʝʥʪʦʤ ta  [ ]( )nt ,1Í  ʘʛʝʥʪʘ, ʯʘʩʪʠʥʠ M ʪʘ d 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʭʽʜʥʦʛʦ ʘʣʬʘʚʽʪʫ ʧʦʪʦʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ:  

( )
î
í
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ì

ë
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=

=

+

+

+
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ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 1+tC ʥʘʩʪʫʧʥʠʤ ʝʣʝʤʝʥʪʘʤ. ʅʘ ʘʛʝʥʪʘ 

ʧʦʢʣʘʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ, ʢʦʤʫ ʟ ʝʣʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʪʠ ʟʘʜʘʥʠʡ 

ʧʘʢʝʪ. ʆʩʪʘʥʥʽʡ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʠʡ ʣʠʰʝ ʪʦʤʫ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ ʤʘʻ 

ʚʽʜʧʦʚʽʜʥʠʡ ʚʭʽʜʥʠʡ ʘʣʬʘʚʽʪ. ʆʪʞʝ, ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʧʨʦ ʧʫʥʢʪ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʘʛʝʥʪ ʬʦʨʤʫʻ ʚʠʙʽʨʢʫ ʝʣʝʤʝʥʪʽʚ ʽʟ ʤʥʦʞʠʥʠ ʜʦʩʪʫʧʥʠʭ 

(ʪʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʨʦʙʠʪʠ ʧʦʪʦʯʥʽ ʜʘʥʽ), ʢʝʨʫʶʯʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. ʊʘʢʘ ʚʠʙʽʨʢʘ ʨʦʟʤʽʨʦʤ ʟ m ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

{ } .,1, miAXMa i

i =ÌÌt  

ʉʣʽʜ ʚʢʘʟʘʪʠ, ʱʦ ʩʠʪʫʘʮʽʷ ʟ ʜʝʢʽʣʴʢʦʤʘ ʤʘʨʰʨʫʪʘʤʠ ʤʦʞʣʠʚʘ, ʢʦʣʠ ʘʛʝʥʪ 

ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʝʣʝʤʝʥʪʠ, ʯʠʾ ʚʭʽʜʥʽ ʘʣʬʘʚʽʪʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ: 

[ ] {}¸ÆÍ$Ý> kj XXnkjm :,1,1 . 

ɿʤʽʥʠ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʜʽʡʩʥʝʥʽ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ 

ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʯʝʨʝʟ ʛʨʘʬ G ʘʛʝʥʪʘ. 

ɸʛʝʥʪ ʧʦʚʠʥʝʥ ʚʠʙʨʘʪʠ ʤʘʨʰʨʫʪ ʟ ʥʘʡʤʝʥʰʦʶ ʚʘʨʪʽʩʪʶ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ 

ʧʘʢʝʪʫ. ʊʦʜʽ, ʢʦʣʠ ʪʘʢʠʡ ʤʘʨʰʨʫʪ ʥʝʚʽʜʦʤʠʡ, ʚʠʢʦʥʫʻʪʴʩʷ ʰʠʨʦʢʦʤʦʚʥʘ 

ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʝʣʝʤʝʥʪʘʤ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʨʦʙʠʪʠ ʜʘʥʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ. ɯʟ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʤʘʨʰʨʫʪʽʚ, ʫʪʚʦʨʝʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʠʨʘʶʪʴ ʪʽ, 

ʷʢʽ ʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʘ. ʊʘʢʽ ʤʘʨʰʨʫʪʠ 

ʟʘʧʘʤôʷʪʦʚʫʶʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʦʙʨʦʙʦʢ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʷʚʦʢ. 

ɺʠʭʦʜʷʯʠ ʟʽ ʩʚʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʘʙʦʨʫ ʬʫʥʢʮʽʡ j, ʘʛʝʥʪ ʤʦʞʝ 

ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ çʥʝʙʘʞʘʥʽʩʪʴè ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʫ ʧʦ ʧʝʚʥʽʡ ʜʫʟʽ 
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ʛʨʘʬʘ G ʘʙʦ ʤʘʨʰʨʫʪʫ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʘʛʝʥʪ ʤʦʞʝ ʫʧʦʚʽʣʴʥʶʚʘʪʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʧʦ ʚʠʙʨʘʥʽʡ ʜʫʟʽ ʽ ʢʦʨʝʛʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʙʽʨ 

ʤʘʨʰʨʫʪʫ. 

ʆʪʞʝ, ʘʛʝʥʪ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʣʝʥʥʷ ʚʭʽʜʥʠʭ 

ʟʘʷʚʦʢ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʣʘʩʥʠʭ ʮʽʣʝʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʫʥʢʮʽʻʶ j ʚʘʨʪʦʩʪʽ. 

ʊʘʢʘ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʤʘʨʰʨʫʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʧʦʷʚʠ ʚ ʩʪʨʫʢʪʫʨʽ 

ʘʛʝʥʪʘ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʤʦʞʝ ʚʭʦʜʠʪʠ ʜʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʘʙʦ ʟʤʽʥʠ 

ʚʘʨʪʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʢʠ ʟʘʷʚʢʠ. 

 

3.3. ʉʠʩʪʝʤʥʝ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʘʥʽ ʤʘʶʪʴ ʨʽʟʥʫ 

ʧʨʠʨʦʜʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʦʙ'ʻʢʪʠʚʥʠʤ ʟʤʽʩʪʦʤ, ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ 

ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ [121, 122]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʙʫʜʦʚʘ ʘʛʨʝʛʦʚʘʥʠʭ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʤʦʜʝʣʝʡ [8, 13, 123, 124] ʚʠʤʘʛʘʻ ʧʨʠʚʝʜʝʥʥʷ ʮʠʭ ʜʘʥʠʭ 

ʜʦ ʻʜʠʥʦʾ ʩʝʤʘʥʪʠʢʠ, ʻʜʠʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʽ ʻʜʠʥʠʭ ʦʜʠʥʠʮ ɹʚʠʤʽʨʫ ʟʘ 

ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ. 

ʋʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʧʦʨʦʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ 

ʟʘʚʜʘʥʴ:  

1) ʦʮʽʥʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʽ ʟʨʦʩʪʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʦʜʝʣʽ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ.  

2) ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ,  

3) ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʝʪʦʜʽʚ ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʷʢʦʛʦ ʷʚʠʱʘ ʧʦʚ'ʷʟʘʥʦ ʟ ʘʥʘʣʽʟʦʤ 

ʽ ʦʙʨʦʙʣʝʥʥʷʤ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʴʦʛʦ. ʎʽ ʚʽʜʦʤʦʩʪʽ ʻ ʢʽʣʴʢʽʩʥʽ ʽ (ʘʙʦ) ʷʢʽʩʥʽ 

ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʷʢʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ {}, 1,iO o i n= = , ʜʝ io  ï 

ʟʥʘʯʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʥʦʤʽʥʘʣʴʥʦʾ ʰʢʘʣʠ ʦʙ'ʻʢʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ. ʄʦʞʥʘ ʛʦʚʦʨʠʪʠ, ʱʦ ʪʘʢʽ ʜʘʥʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʽʜʦʙʨʘʞʝʥʴ ʚʠʛʣʷʜʫ: 

, 1,
jI jO X j m½½­ =    (3.1) 
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ʜʝ , 1,jI j m=  ï ʚʽʜʦʙʨʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʥʘ ʤʥʦʞʠʥʽ ʦʙ'ʻʢʪʽʚ (( )jD I O=

). ɰʭ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ï ʮʝ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ jX , ʪʦʙʪʦ 

( ) ( )jjE I D X= . 

ʉʝʤʘʥʪʠʢʘ ʚʽʜʦʙʨʘʞʝʥʴ , 1,jI j m=  ʽ ʦʪʦʪʦʞʥʶʚʘʥʠʭ ʟ ʥʠʤʠ ʧʦʢʘʟʥʠʢʽʚ 

ʫ (3.1) ʬʦʨʤʫʣʶʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ, ʽ ʚʠʟʥʘʯʘʻ ʦʙ'ʻʢʪʠʚʥʠʡ 

ʟʤʽʩʪ (ʷʢʘ ʚʣʘʩʪʠʚʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ), ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ (ʜʣʷ ʯʦʛʦ ʧʨʠʟʥʘʯʝʥʽ 

ʮʽ ʦʮʽʥʢʠ) ʽ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ (ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʴ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ). 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʰʢʘʣ. 

ʄʦʞʣʠʚʦʩʪʽ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʽʚ 

ʰʢʘʣ, ʚ ʷʢʠʭ ʚʦʥʠ ʚʠʤʽʨʷʥʽ [125]. ʄʝʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʣʷʛʘʻ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʪʘʥʫ ʝʤʧʽʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ( ),E O R= , ʜʝ {}, 1,kR r k m= =  ï 

ʤʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ ʥʘ ʤʥʦʞʠʥʽ O , ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʘʚʣʝʥʦʾ ʾʡ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ( )', 'M O R= , ʜʝ ï { }' ' , 1, 'kO o k n= =  

ʤʥʦʞʠʥʘ ʩʠʤʚʦʣʽʚ, { }' ' , 1, 'lR r l m= =  ï ʤʥʦʞʠʥʘ ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʥʦʰʝʥʴ ʥʘ 

ʥʠʭ. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʤʧʽʨʠʯʥʦʶ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʩʠʩʪʝʤʘʤʠ ʟʘʜʘʻʪʴʩʷ 

ʩʶʨ'ʻʢʮʽʻʶ :g E M­ . 

ʐʢʘʣʘ ʚʠʤʽʨʶʚʘʥʴ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʽʡʢʫ ( ), ,S E M g= , ʷʢʘ ʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ [126]. ʆʮʽʥʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʧʨʠ ʚʠʤʽʨʘʭ 

ʫ ʮʽʡ ʰʢʘʣʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʦʮʽʥʢʦʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

1 :g M E- ­ . ɯʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟ'ʷʩʫʚʘʥʥʷ 

ʩʪʘʥʫ ʝʤʧʽʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ( )EI H E= , ʜʝ ( )H E  ï ʾʾ ʚʣʘʩʥʘ 

ʝʥʪʨʦʧʽʷ [127]. ɸʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʘʥ ʝʤʧʽʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʣʠʰʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʰʢʘʣʠ ( ), ,S E M g= . ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʝʤʧʽʨʠʯʥʘ ʽ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʟʘʣʝʞʥʽ, ʽ ʤʘʻ ʤʽʩʮʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  

( ) ( | )M EI H E H E M­ = -    (3.2) 
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ʜʝ ( | )H E M  ï ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʘʥʫ 

ʝʤʧʽʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ, ʘ ʩʪʘʥ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʠʡ 

ʧʦʚʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʣʠʯʠʥʠ. 

( , ) ( | )E M EI M E I I H E I­D = - = .   (3.3) 

ʇʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʠʩʪʝʤ E  ʽ M , ʚʠʟʥʘʯʝʥʘ ʟʘ ʚʠʨʘʟʦʤ (3.2), ʻ 

ʩʠʤʝʪʨʠʯʥʦʶ: 

( ) ( | ) ( ) ( | )M E E MH E H E M I I H M H M E­ ­- = = = - ,   (3.4) 

ʜʝ ( | )H M E - ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʙʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʾʾ 

ʚʚʘʞʘʶʪʴ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʶ ʝʤʧʽʨʠʯʥʽʡ ʩʠʩʪʝʤʽ (( | ) 0H M E = ), ʘ ʚʠʨʘʟ (3.3) 

ʟʘʧʠʩʫʶʪʴ ʷʢ:  

( , ) ( ) ( )I M E H E H MD = - .   (3.5) 

ʇʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʽʟ ʰʢʘʣʠ 1S  ʚ ʰʢʘʣʫ 2S  ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ 

ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ, ʚ ʷʢʦʤʫ 1S  ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʝʤʧʽʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʘ 1S  ï 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ, ʪʦʙʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʦʚʫ ʰʢʘʣʫ 
1 2 1 2( , , )S ST S S j­ = , ʜʝ 

1 2:S Sj ­ . 

ʐʢʘʣʠ 1S  ʽ 2S  ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ, ʷʢʱʦ ʜʣʷ 

1 2: S Sj$ ÍF ­ʤʘʻ ʤʽʩʮʝ 1 2( , ) 0I S SD =. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʽʜʥʦʩʥʦ ʢʣʘʩʽʚ {}jF=  

ʤʥʦʞʠʥʘ ʰʢʘʣ 
1 2 1 2( , , )S ST S S j­ =  ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ (ʪʠʧʠ) 

SF  ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ ʤʝʞʘʭ ʰʢʘʣ ʦʜʥʦʛʦ ʪʠʧʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ. ʗʢʱʦ ʚʠʟʥʘʯʠʪʠ ,i jO X R O X R= Ì = Ì' , ʪʦ ʧʨʠʢʣʘʜʘʤʠ 

ʪʘʢʠʭ ʪʠʧʽʚ ʰʢʘʣ ʙʫʜʫʪʴ [126]: 

- ʢʽʣʴʢʽʩʥʽ ʰʢʘʣʠ, ʜʣʷ ʷʢʠʭ 

{ }: i jx ax bjF= = +, ,i jS S SFÍ , ,i j
i jx X x XÍ Í , 

,a b ï ʧʘʨʘʤʝʪʨʠ ʤʘʩʰʪʘʙʫ  ̔ʟʤʽʱʝʥʥʷ; 
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- ʧʦʨʷʜʢʦʚʽ ʰʢʘʣʠ, ʜʣʷ ʷʢʠʭ 

{ }: ( ) ( )i j i jx x x xj j jF= " ¢ Ý ¢ , ,i jS S SFÍ , , , ( ), ( )i j
i j i jx x X x x Xj jÍ Í ; 

- ʥʦʤ̔ʥʘʣʴʥʽ ʰʢʘʣʠ, ʜʣʷ ʷʢʠʭ 

{ }: ( ) ( )i j i jx x x xj j jF= " ¸ Ý ¸ , ,i jS S SFÍ , , , ( ), ( )i j i i j jx x X x x Xj jÍ Í . 

ʎʽ ʪʠʧʠ ʰʢʘʣ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʽ ʜʦʟʚʦʣʷʶʪʴ ʜʘʚʘʪʠ ʷʢ ʢʽʣʴʢʽʩʥʫ, 

ʪʘʢ ʽ ʷʢʽʩʥʫ ʦʮʽʥʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʟʚʝʜʠʪʴʩʷ ʜʦ ʧʦʙʫʜʦʚʠ ʧʨʦʮʝʜʫʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 1 2:S Sj ­ . ʇʨʠ ʮʴʦʤʫ ʰʢʘʣʠ 1S  ʽ 2S  ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ 

ʦʜʥʦʛʦ ʘʙʦ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʗʢʱʦ ʰʢʘʣʠ 1S  ʽ 2S  ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ 

1 2 1 2( , ) ( ) ( ) 0I S S H S H SD = - >, ʪʦ ʰʢʘʣʘ 1S  çʩʠʣʴʥʽʰʘè, ʥʽʞ ʰʢʘʣʘ 2S , ʽ ʧʨʠ 

ʧʝʨʝʭʦʜʽ 1 2S S­  ʚʠʥʠʢʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ. ʇʨʠ ʟʚʦʨʦʪʥʦʤʫ ʞ 

ʧʝʨʝʭʦʜʽ, ʢʦʣʠ 2 1( , ) 0I S SD <, ʚ ʤʦʜʝʣʴ ʚʥʦʩʠʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʦʮʽʥʶʚʘʥʘ 

ʯʠʩʣʦʤ 2 1( , )I S S-D . 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʰʢʘʣ ʥʘʡʙʽʣʴʰ çʩʣʘʙʢʠʤʠè ʻ ʥʦʤʽʥʘʣʴʥʽ ʰʢʘʣʠ, 

ʥʘʡʙʽʣʴʰ çʩʠʣʴʥʠʤʠè ï ʢʽʣʴʢʽʩʥʽ ʰʢʘʣʠ, ʧʦʨʷʜʢʦʚʽ ʰʢʘʣʠ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ 

ʧʦʣʦʞʝʥʥʷ [128]. 

ɺʠʨʘʟ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʢʽʣʴʢʽʩʥʦʾ ʰʢʘʣʠ ʜʦ ʧʦʨʷʜʢʦʚʦʾ ʘʙʦ ʥʦʤʽʥʘʣʴʥʦʾ, 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʢʽʣʴʢʦʩʪʽ ʚʽʜʣʽʢʽʚ n  ʚʠʭʽʜʥʦʾ (ʢʽʣʴʢʽʩʥʦʾ) ʰʢʘʣʠ ʽ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʣʽʢʽʚ m ʮʽʣʴʦʚʦʾ (ʧʦʨʷʜʢʦʚʦʾ ʘʙʦ ʥʦʤʽʥʘʣʴʥʦʾ) ʰʢʘʣʠ. ʎʝʡ ʚʠʨʘʟ 

ʜʣʷ ʧʦʨʷʜʢʦʚʦʾ ʰʢʘʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( , )
( , )

=1

( , ) ( )
( , ) = ,

min l nlm
m max n l

m
l

R n l C log C
I n m

m
D ä    (3.6) 

ʘ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʾ ʰʢʘʣʠ, ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ:  

( , )
( , )

=1

( , ) ( )
( , ) = .

min l nlm
m max n l

m
l

S n l A log A
I n m

m
D ä    (3.7) 
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ʋ ʚʠʨʘʟʘʭ (3.6) ʽ (3.7) l
mC , ( , )

( , )
min l n
max n l

C  ʦʟʥʘʯʘʶʪʴ ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ, l
mA  ʽ 

( , )
( , )

min l n
max n l

A  ï ʯʠʩʣʦ ʨʦʟʪʘʰʫʚʘʥʴ, 
=0

( , ) = ( 1) ( )
l

jj n
l

j

R n l C l j- -ä  ï ʯʠʩʣʦ ʄʦʨʛʘʥʘ, ʘ 

( , )
( , ) =

!

R n l
S n l

l
 ï ʯʠʩʣʦ ʉʪʽʨʣʽʥʛʘ ʜʨʫʛʦʛʦ ʨʦʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʾʭ ʫʟʛʦʜʞʝʥʥʷ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ ʘʙʦ ʟʨʦʩʪʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʤʦʜʝʣʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʠʭ ʪʠʧʽʚ ʰʢʘʣ ʜʦ ʽʥʰʠʭ. 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ çʩʣʘʙʢʽʰʠʭè ʰʢʘʣ 

ʜʦ çʩʠʣʴʥʽʰʠʤè, ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʟʤʝʥʰʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʙ'ʻʢʪʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʨʠ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʟʘ ʙʫʜʴ-ʷʢʠʤ ʧʦʢʘʟʥʠʢʦʤ jX  ʟʙʝʨʝʛʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ jC , ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʧʝʨʝʭʦʜʽ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʣʘʩʪʝʨʽʚ jC  ʜʦ 

ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ jX  ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ. 

ʂʦʨʠʩʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʜʘʥʠʭ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

1 2 1 2 1 2( , , ) = ( , ) (( , ) | ),U I S S I S S I S S ID -D   (3.8) 

ʜʝ 1 2( , , )U I S S  ï ʢʦʨʠʩʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ I  ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʰʢʘʣʠ 1S  ʜʦ ʰʢʘʣʠ 2S , 1 2( , )I S SD  ʽ 1 2(( , ) | )I S S ID  ï ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ I .  

ʅʘ ʨʠʩ. 3.4. ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʜʦʚʞʠʥʦʶ ʧʨʦʪʦʢʦʣʫ ʚʠʤʽʨʶʚʘʥʴ k  (ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʘʥʘʣʽʟʦʚʽ), ʽ ʥʦʨʤʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 1 2( , )I S SD , 1 2(( , ) | )I S S ID  ʽ 1 2( , , )U I S S  

ʜʣʷ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʧʨʠʢʣʘʜʫ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.4, ʩʘʤʝ ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʜʦʚʞʠʥ ʧʨʦʪʦʢʦʣʽʚ, ʢʦʣʠ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ, ʢʦʨʠʩʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 
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ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʽ ʩʢʣʘʜʘʻ ʚ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʙʣʠʟʴʢʦ 60% ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ 

 

ʈʠʩ. 3.4. ɿʘʣʝʞʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʚʽʜ ʜʦʚʞʠʥʠ ʧʨʦʪʦʢʦʣʫ ʚʠʤʽʨʶʚʘʥʴ 

ʜʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʰʢʘʣʠ ʜʦ ʧʦʨʷʜʢʦʚʦʾ ʰʢʘʣʠ. 

ʇʦʙʫʜʦʚʘ ʤʝʪʨʠʢ ʜʣʷ ʦʮʽʥʢʠ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ. ʋʩʽ ʥʘʷʚʥʽ ʚ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʜʦʩʣʽʜʥʠʢʘ ʜʘʥʽ ʚʠʛʣʷʜʫ (4.1) ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ çʦʙ'ʻʢʪ-ʚʣʘʩʪʠʚʽʩʪʴè [121]: 

( )
,

, 1, 1

n m

i j i j
X x

= =
= ,   (3.9) 

ʚ ʷʢʽʡ ʨʷʜʦʢ iX  ʚʽʜʧʦʚʽʜʘʻ ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʙ'ʻʢʪʘ io , ʘ ʩʪʦʚʧʝʮʴ jX  ʟʘʜʘʻ ʟʥʘʯʝʥʥʷ j-ʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʚʩʽʻʾ ʚʠʙʽʨʢʠ 

ʦʙ'ʻʢʪʽʚ. 

ɺʠʟʥʘʯʝʥʽ ʚ ʪʝʨʤʽʥʘʭ ʜʘʥʠʭ ʨʽʟʥʽ ʧʦʛʣʷʜʠ ʥʘ ʦʜʥʝ ʽ ʪʝ ʞ ʷʚʠʱʝ, ʪʘʢʽ ʷʢ 

çʚʠʙʽʨʢʠ ʦʙ'ʻʢʪʽʚè, çʯʘʩʦʚʽ ʨʷʜʠè, çʧʨʦʝʢʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡè ʽ ʪ.ʧ., ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʽʟʥʠʤ ʧʽʜʤʥʦʞʠʥʘʤ V XÌ , ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʷʢ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʤʥʦʞʠʥʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʠʙʽʨʦʢ i iV X¹  ï ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʪʠʥʽʚ ʪʘʙʣʠʮʽ (3.9), ʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʦʝʢʮʽʡ j jV X¹  ï ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʪʠʥʽʚ ʪʽʻʾ ʞ ʪʘʙVʣʠʮʽ. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʷʢ ὠ ʜʦʚʽʣʴʥʫ ʚʠʙʽʨʢʫ ʘʙʦ ʧʨʦʝʢʮʽʶ, ʘ ʷʢ ὢ ï ʝʣʝʤʝʥʪʘʨʥʫ 

ʚʠʙʽʨʢʫ ʘʙʦ ʧʨʦʝʢʮʽʶ, ʪʦ ʦʪʨʠʤʫʻʤʦ ʧʦʜʽʣ ὠ ʧʦ ʤʥʦʞʠʥʽ ὢ: 

1 5 9 13 17 21 25 29 33 37 41 45 49
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1 2

1 2

( , , )

max ( , )
k

U I S S

I S SD

1 2

1 2

( , )

max ( , )
k

I S S

I S S

D

D

1 2

1 2

(( , ) | )

max ( , )
k

I S S I

I S S

D

D

k
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ὠṖ ὢ

ȿȿ

 

ʇʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʤʝʪʨʠʯʥʠʭ ʧʨʦʩʪʦʨʽʚ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ, ʜʦʢʣʘʜʥʦ ʚʠʢʣʘʜʝʥʠʡ ʚ ʨʦʙʦʪʽ [129], ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʜʽʣʫ (3.10). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʤʥʦʞʠʥʽ ὢ ὢ  ʤʦʞʥʘ ʟʘʜʘʪʠ ʩʠʛʤʘ-

ʘʣʛʝʙʨʫ  [130] ʽ ʚʠʟʥʘʯʠʪʠ ʤʝʪʨʠʯʥʠʡ ʧʨʦʩʪʽʨ ὢȟȟ‘ , ʽʟʦʤʦʨʬʥʠʡ 

ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʧʨʦʩʪʦʨʫ. ʊʦʙʪʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʽʚ ʰʢʘʣ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʾʭ ʟʥʘʯʝʥʴ ʚ ʥʦʤʽʥʘʣʴʥʽ ʧʦʜʽʾ, ʚʠʟʥʘʯʝʥʽ ʥʘ 

ʤʥʦʞʠʥʽ ὢ. 

ʗʢʱʦ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʢʽʣʴʢʽʩʥʠʭ ʰʢʘʣʘʭ, ὢ ɴὢ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʝʣʝʤʝʥʪʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ 1( ) ... ( )mE X E X³ ³  ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ 

ʤʦʜʝʣʽ, ʥʘʧʨʠʢʣʘʜ ʢʚʘʪʝʨʥʽʦʥʠ [131], ʥʘ ʷʢʠʭ ʚʚʝʜʝʥʘ ʤʝʪʨʠʢʘ. 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʜʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʧʨʦʩʪʽʨ ʟ ʥʦʨʤʦʶ: 

ὢ ύ ὼȟ

ȿȿ

ȟ 

ʜʝ jw  ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʙ'ʻʢʪʽʚ ʘʙʦ ʧʦʢʘʟʥʠʢʽʚ, ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʦʛʣʷʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʠ, 

ὠ ὢ

ᶰ

 

a ʪʘʢʦʞ ʙʣʠʟʴʢʦʩʪʽ ʪʘʢʠʭ ʧʦʛʣʷʜʽʚ:  

ὠ ὠ Ὠὠȟὠ ὠ ὠ ὠ ὠ .  (3.12) 

ʇʨʠ 2p= , ʤʘʻʤʦ ʝʚʢʣʽʜʦʚʠʡ ʧʨʦʩʪʽʨ [132], ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʚ ʥʴʦʤʫ ʧʦʥʷʪʪʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ (ʥʝʟʘʣʝʞʥʦʩʪʽ) ʧʦʛʣʷʜʽʚ. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (3.12) ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʟʘʤʽʩʪʴ ὠ ὠ  ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ὠȟ , ʜʝ ὠȟ ï ʜʝʷʢʝ ʫʩʝʨʝʜʥʝʥʥʷ (ʩʝʨʝʜʥʻ ʘʙʦ ʤʝʜʽʘʥʘ) 

3.10 

3.11 
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[126], ʟʥʘʡʜʝʥʝ ʷʢ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ÁÒÇÍÉÎ
ᶰ

Ὠὠȟȟὠ Ὠὠȟȟὠ . ʄʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʡ ʽʥʰʽ ʥʦʨʤʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʩʪ 

çʙʣʠʟʴʢʦʩʪʽè ʧʦʛʣʷʜʽʚ.  

ʊʘʢ ʜʣʷ ʦʮʽʥʢʠ çʙʣʠʟʴʢʦʩʪʽè ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʽʨʘ ( , ) 2 ( ) ( ) ( )
2

P Q
L P Q H H P H Q

Ä
= - -  [129], ʜʝ P  ʽ Q  ï ʦʮʽʥʶʚʘʥʽ 

ʨʦʟʧʦʜʽʣʠ, 1 1 2 2, ,...,
2 2 2 2

n np qP Q p q p q +Ä + +
=  ï ʫʩʝʨʝʜʥʝʥʠʡ ʨʦʟʧʦʜʽʣ, 

( )
2

P Q
H

Ä
, ( )H P  ʽ ( )H Q  ï ʝʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ [133]. 

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʤʽʨʠ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʮʽʣʠʡ ʨʷʜ ʦʮʽʥʦʢ, ʢʦʨʠʩʥʠʭ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [129] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʘʡʢʨʘʱʦʛʦ ʽ ʥʘʡʛʽʨʰʦʛʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ. ʊʦʜʽ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʨʘʟ 

inf inf inf

sup inf inf inf

( , ) ( , )
( )

( , ) ( , )

L P P L P P
S P

L P P L P P

-
=

-
.   (3.13) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ inf inf( , ) 0L P P = , ʚʠʨʘʟ (3.13) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

inf

sup inf

( , )
( )

( , )

L P P
S P

L P P
= . ʆʯʝʚʠʜʥʦ, ʱʦ { }( ) 0,1S PÍ . ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʟʘ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʨʦʟʧʦʜʽʣʫ, ʚʠʨʘʞʝʥʫ ʫ ʚʽʜʥʦʩʥʽʡ ʰʢʘʣʽ. ʄʘʶʯʠ 

ʤʥʦʞʠʥʫ ʨʦʟʧʦʜʽʣʽʚ { }, 1,jP j mp= =  ʽ ʚʠʟʥʘʯʠʚʰʠ ʛʨʘʥʠʯʥʽ ʨʦʟʧʦʜʽʣʠ supP  ʽ 

infP , ʤʦʞʝʤʦ ʚʠʟʥʘʯʝʥʠʡ ʥʝʩʪʨʦʛʠʡ ʧʦʨʷʜʦʢ : , ( ) ( )i j i jp p S p S pa p p aÌ ³ Í Ú ²  ʽ 

ʚʠʟʥʘʯʠʪʠ ʙʘʞʘʥʠʡ ʢʨʠʪʝʨʽʡ ʯʝʨʝʟ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʚʠʛʣʷʜʫ 

max( ( )), argmax( ( ))
P P

S P S P
p pÍ Í

.  

ʄʝʪʦʜʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ. ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ 

ʪʠʧʘʤʠ ʰʢʘʣ, ʚ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ. ʊʘʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʪʠʧʫ ʰʢʘʣ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ. ʋ 
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ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʠʧʠ ʚʠʭʽʜʥʦʾ ʽ ʮʽʣʴʦʚʦʾ ʰʢʘʣʠ ʥʝ ʟʙʽʛʘʶʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʘʢʽ ʚʪʨʘʪʠ. 

ʗʢʱʦ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʢʽʣʴʢʽʩʥʠʭ ʰʢʘʣʘʭ (, 1,jX R j mÍ = , ʜʝ R ï ʧʦʣʝ 

ʜʽʡʩʥʠʭ ʯʠʩʝʣ [130]) ʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʜʦ ʻʜʠʥʦʾ ʩʝʤʘʥʪʠʢʠ ʽ 

ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ (ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ) :
jCj

jC X R½½­  ʤʘʻ 

ʚʽʜʙʫʚʘʪʠʩʷ ʙʝʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ, ʱʦ ʥʘʢʣʘʜʘʻ ʫʤʦʚʘ ʤʦʥʦʪʦʥʥʦʩʪʽ 

[ ], , , ,( ) ( ); , 1, ,k j l j j k j j l jx x C x C x k l n k lÚ ¢ Í ¸. ʎʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʣʽʥʽʡʥʽ ʽ ʥʝʣʽʥʽʡʥʽ ʥʦʨʤʫʚʘʥʥʷ ï ʤʦʥʦʪʦʥʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʃʽʥʽʡʥʝ ʥʦʨʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

,
,( )

i j
norm i j

x a
C x

b

-
= ,   (3.14) 

ʜʝ ,i jx  ï ʟʥʘʯʝʥʥʷ ʟ ʪʘʙʣʠʮʽ (4.9), a ï ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʜʘʻ ʟʤʽʱʝʥʥʷ; b ï 

ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʘʩʰʪʘʙ ʥʦʨʤʫʚʘʥʥʷ. 

ʇʨʠʢʣʘʜʦʤ ʥʝʣʽʥʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

,
1

,( ) 1

i ja x

b
norm i jC x e

-
-å õ

æ ö= -
æ ö
æ ö
ç ÷

,  (3.15) 

ʱʦ ʟʘʜʘʻ ʣʦʛʽʩʪʠʯʥʫ ʢʨʠʚʫ [134], ʚ ʷʢʽʡ ʧʘʨʘʤʝʪʨʠ a ʽ b ʤʘʶʪʴ ʪʘʢʝ ʞ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʽ ʚ (3.14). ʇʘʨʘʤʝʪʨʠ ʧʝʨʝʪʚʦʨʝʥʴ (3.14) ʽ (3.15) ʚʠʙʠʨʘʶʪʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʧʨʠʚʝʩʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ (ʥʘʡʯʘʩʪʽʰʝ 

ʜʦ ʽʥʪʝʨʚʘʣʫ [ ]0,1). ʄʥʦʞʠʥʘ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʠʭ ʥʦʨʤʫʚʘʥʴ ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʽ ʞ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʽ ʚʠʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʦʨʤʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʫʪʴ ʙʝʟʨʦʟʤʽʨʥʠʤʠ, ʽ ʮʽ ʟʥʘʯʝʥʥʷ ʩʣʽʜ ʪʨʘʢʪʫʚʘʪʠ ʷʢ 

ʧʦʣʦʞʝʥʥʷ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʱʦʜʦ ʜʝʷʢʦʾ ʤʥʦʞʠʥʠ ʝʪʘʣʦʥʽʚ. ʉʧʦʩʽʙ 

ʚʠʙʦʨʫ ʪʘʢʠʭ ʝʪʘʣʦʥʽʚ ʚʠʟʥʘʯʘʪʠʤʝ ʦʩʪʘʪʦʯʥʦ ʩʝʤʘʥʪʠʢʫ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. 

ʏʘʩʪʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʨʘʟʠ: 

, , ,
1, 1,1,

min( ), max( ) min( );i j i j i j
i n i ni n

a x b x x
= ==

= = -   (3.16) 

ʘʙʦ 
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2
,

1
,

1

( )
1

, ( )

n
j

i jn
j j i

i j
i

x X

a X x b X
n n

s =

=

-

= = = =

ä
ä ,  (3.17) 

ʜʝ jX ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʘ ( )jXs  ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ

jX , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʚʠʙʽʨʮʽ ʦʙ'ʻʢʪʽʚ O. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʦʨʤʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʱʦʜʦ ʩʝʨʝʜʥʴʦʛʦ ʧʦ ʚʠʙʽʨʮʽ O . 

ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʽ ʦʙ'ʻʢʪʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʩʪʘʥʘʤʠ, ʪʦ ʚʽʜʦʙʨʘʞʝʥʥʷ (3.14) ʽ (3.15) ʤʦʞʫʪʴ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠʩʷ ʷʢ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ [129]. 

ʗʢʱʦ ʧʦʢʘʟʥʠʢʠ ʟʘʜʘʥʽ ʚ ʥʦʤʽʥʘʣʴʥʠʭ ʰʢʘʣʘʭ, ʩʧʝʢʪʨ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʜʘʥʠʭ ʦʙʤʝʞʫʻʪʴʩʷ ʙʽʻʢʮʽʷʤʠ. ʅʘ ʨʠʩ. 3.5. ʥʘʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʩʭʝʤʘ ʙʽʻʢʪʠʚʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʥʦʤʽʥʘʣʴʥʠʭ ʰʢʘʣʘʭ ʽ 

ʚ ʨʘʤʢʘʭ ʷʢʦʾ ʟʘʚʜʘʥʥʷ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɿʘ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʮʽʡ ʩʭʝʤʽ ʧʨʠʡʥʷʪʘ ʽʤʦʚʽʨʥʽʩʥʘ ʤʽʨʘ ï ʘʣʴʬʘ 

ʂʣʽʧʧʝʥʜʦʨʬʘ [135]: 

,
1 1

1

( 1) ( 1)

( 1) ( 1)

n n

i i i i
i i

k n

i i
i

n o s s

n n s s

a = =

=

- - -

=

- - -

ä ä

ä

. 

ɿʥʘʯʝʥʥʷ ka  ʚ ʜʽʘʧʘʟʦʥʽ 0,75-1,0 ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ, 0,5-

0,75 ï ʩʝʨʝʜʥʴʦʤʫ ʩʪʫʧʝʥʶ, ʘ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ 0,5 ï ʥʠʟʴʢʦʤʫ ʩʪʫʧʝʥʶ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʥʦʤʽʥʘʣʴʥʠʭ ʰʢʘʣʘʭ.  

ʋ ʧʨʘʮʽ [12] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʦʨʷʜʢʦʚʫ ʰʢʘʣʫ 

ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʢʽʣʴʢʽʩʥʠʭ ʰʢʘʣʘʭ, ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʣʷ ʧʦʢʘʟʥʠʢʘ 

X, ʚʠʨʘʞʝʥʦʛʦ ʚ ʢʽʣʴʢʽʩʥʽʡ ʰʢʘʣʽ, ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʚʘʨʽʘʮʽʡʥʠʡ ʨʷʜ 

: , , , ,i j i jX x x X x X x x X i j x x= " Í Í " Í < ¢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʫʩʦʯʥʦ-

ʣʽʥʽʡʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʡʦʛʦ ʢʫʤʫʣʷʪʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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1

: , 1,
i

k i i l
l

C c c x i n

=

= = =ä , ʜʝ ci ï i-ʪʝ ʟʥʘʯʝʥʥʷ ʢʫʤʫʣʷʪʠ, lx XÍ  ï l-ʪʠʡ ʯʣʝʥ 

ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʷʜʫ, n ï ʜʦʚʞʠʥʘ ʮʴʦʛʦ ʨʷʜʫ.  

ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ X ʚ ʧʦʨʷʜʢʦʚʽʡ ʰʢʘʣʽ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʧʦʙʫʜʦʚʦʶ ʪʘʢʦʛʦ ʨʦʟʙʠʪʪʷ ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʷʜʫ X  ʥʘ ʩʝʛʤʝʥʪʠ: 

 

1 21 2 2 3 1 1 2 1 2( ) , , , ..., , , , 1, , , 1, , :r r l l lX x x x x x x x X l r l l r l l x xp -= Í = " = < ¢ 

ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ( )( )
1

2

1
,

1, 1

, min

i i

i i
x x x

i r

x M x x

+

+
Í

= -

- ­ä , ʜʝ 

( )1,i iM x x+  ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʚ ʩʝʛʤʝʥʪʽ 

ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʷʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʦʤʫ ʩʝʛʤʝʥʪʫ 1, ( )i ix x Xp+ Í ʩʪʘʚʠʪʴʩʷ 

ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʝʣʠʯʠʥʘ ( )1,i iM x x+ , ʘ ʢʦʞʥʽʡ ʟ ʥʠʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ï ʟʥʘʯʝʥʥʷ 

ʦʨʜʠʥʘʣʴʥʦʾ ʰʢʘʣʠ ( )1( ) , , 1, 1 1, 2i iX X X M x x i r rp +­ ­ ­ = - ­ -. 

ʗʢʱʦ ʨʷʜ ( )1,i iM x x+  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʪʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʽ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʟʘʣʝʞʥʽʩʪʶ, ʟʦʙʨʘʞʝʥʦʶ ʥʘ ʨʠʩ. 

3.5. 

 

 

ʈʠʩ. 3.5. ɹʽʻʢʪʠʚʥʝ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʥʦʤʽʥʘʣʴʥʠʭ 

ʰʢʘʣʘʭ. 

X O NÌ ³ Y O MÌ ³

N M

( )

( )

1

1

1

b : N M ,b : M N

n N b b( n ) n,

m M b b ( m ) m

-

-

-

­ ­

" Í =

" Í =

( )1Y ' O b M-Ì ³

( )k
b B

arg max X ,Y 'a
Í
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

1. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚ 

ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʉʚʽʪʦʚʽʡ 

ʩʠʩʪʝʤʽ ʜʘʥʠʭ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʬʝʜʝʨʫʚʘʥʥʷ ʟʘʧʠʪʫ ʥʘ ʩʝʤʘʥʪʠʟʦʚʘʥʽ 

ʜʘʥʽ, ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʽʚ. 

3. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʨʦʟʜʽʣʽ 2 ʘʨʭʽʪʝʢʪʫʨʠ ʄɸʉ ʥʘ 

ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ ʧʦʜʘʥʥʷ ʄɸʉ ʚʠʜʽʣʝʥʽ ʪʨʠ ʪʠʧʠ ʘʛʝʥʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʾʭʥʷ 

ʩʪʨʫʢʪʫʨʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʪʘ ʧʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʟʘʷʚʦʢ ʚ ʥʠʭ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʘʛʝʥʪʽʚ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʄɸʉ. 

4. ʆʩʢʽʣʴʢʠ ʧʦʙʫʜʦʚʘ ʘʛʨʝʛʦʚʘʥʠʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʤʦʜʝʣʝʡ 

ʚʠʤʘʛʘʻ ʧʨʠʚʝʜʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʦ ʻʜʠʥʦʾ ʩʝʤʘʥʪʠʢʠ, ʻʜʠʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʥʘʯʝʥʴ ʽ ʻʜʠʥʠʭ ʦʜʠʥʠʮ ɹʚʠʤʽʨʫ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ 

ʪʘʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ, ʫ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʦʙ'ʻʢʪʠʚʥʠʤ ʟʤʽʩʪʦʤ, ʮʽʣʴʦʚʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ.  
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ʈʆɿɼɯʃ 4. 

ʈʆɿʈʆɹʃɽʅʅʗ ʇʃɸʊʌʆʈʄʀ ʇɯɼʊʈʀʄʂʀ 

ʄɯɾɼʀʉʎʀʇʃɯʅɸʈʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ɯ ɰɰ ɿɸʉʊʆʉʋɺɸʅʅʗ ɺ 

ʉɺɯʊʆɺɯʁ ʉʀʉʊɽʄɯ ɼɸʅʀʍ 

 

ʋ ʨʦʟʜʽʣʽ ʦʧʠʩʫʻʪʴʩʷ ʩʪʚʦʨʝʥʘ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʧʠʪʘʥʥʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʙʫʜʦʚʠ 

ʩʪʨʘʪʝʛʽʡ ʪʘ ʩʮʝʥʘʨʽʾʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ. ʈʦʟʨʦʙʣʝʥʘ ʧʣʘʪʬʦʨʤʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ 

ʨʘʜʠ. ʉʎɼ-ʋʢʨʘʾʥʘ ʚ ʨʘʤʢʘʭ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʱʦʨʽʯʥʦ ʚʠʢʦʥʫʻ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʘʥʘʣʽʟ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʢʦʥʪʝʢʩʪʘʭ. 

 

4.1. ɸʨʭʽʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʠ ʽ ʧʨʠʥʮʠʧʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʈʦʟʨʦʙʣʝʥʘ ʧʣʘʪʬʦʨʤʘ ʻ ʨʦʟʧʦʜʽʣʝʥʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʟ 

ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʧʨʠʟʥʘʯʝʥʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʘʥʠʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʫʢʦʚʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʣʘʪʬʦʨʤʘ 

ʤʽʩʪʠʪʴ ʨʝʩʫʨʩʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʽʥʜʠʢʘʪʦʨʽʚ, ʤʘʻ 

ʨʦʟʚʠʥʫʪʽ ʤʝʭʘʥʽʟʤʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʅʘʙʽʨ ʟʘʩʦʙʽʚ ʘʥʘʣʽʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʂʦʞʝʥ 

ʽʥʩʪʨʫʤʝʥʪ ʩʪʚʦʨʝʥʦ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ ʩʝʨʚʽʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʪʦʛʦ 

ʯʠ ʽʥʰʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʚ ʮʽʣʦʤʫ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʾʾ 

ʧʽʜʩʠʩʪʝʤ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʙʣʦʢʽʚ. ʉʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.1. ɿ ʦʛʣʷʜʫ 

ʥʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʣʘʪʬʦʨʤʠ, ʫʤʦʚʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʉʎɼ-ʋʢʨʘʾʥʘ, 

ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʰʠʭ ʮʝʥʪʨʘʭ ʉʉɼ, ʜʦ ʥʝʾ ʚʢʣʶʯʝʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ 
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ʈʠʩ. 4.1. ʉʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

ʘʨʭʽʪʝʢʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ: 

1) ʧ̔ ʜʩʠʩʪʝʤʘ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ (Data 

Management System), ʷʢʘ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ; 

2) ʧ̔ ʜʩʠʩʪʝʤʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ (Data Processing Server), ʷʢʘ ʨʝʘʣʽʟʫʻ 

ʘʣʛʦʨʠʪʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʠʭ; 

3) ʧ̔ ʜʩʠʩʪʝʤʘ ʰʚʠʜʢʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʠ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʨʦʟʨʦʙʢʠ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ; 
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4) ʟʘʛʘʣʴʥʠʡ ʨʝʻʩʪʨ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʾʾ ʩʪʘʥʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.1, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ʦʩʥʦʚʘʥʝ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʨʝʩʫʨʩʽʚ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ. ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʣʘʪʬʦʨʤʠ 

ʧʝʨʝʜʙʘʯʘʻ ʙʘʛʘʪʦʩʝʨʚʝʨʥʫ ʚʟʘʻʤʦʜʽʶ (ʱʦʥʘʡʤʝʥʰʝ n100 ʩʝʨʚʝʨʽʚ ʦʙʨʦʙʣʝʥʥʷ 

ʜʘʥʠʭ ʽ n1000 ʩʝʨʚʝʨʽʚ ʰʚʠʜʢʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ), ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʩʠʩʪʝʤ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʽ ʟʘʩʦʙʽʚ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʫ ʩʢʣʘʜʽ ʧʣʘʪʬʦʨʤʠ ʾʾ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

4.1.1. ʇʽʜʩʠʩʪʝʤʘ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ 

ʎʷ ʧʽʜʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʙʘʟʦʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ETL: ʧʫʙʣʽʢʘʮʽʶ ʽ 

ʧʦʰʫʢ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʚʛʦʪʝʨʤʽʥʦʚʠʤʠ ʜʘʥʠʤʠ 

ʪʦʱʦ. ʇʽʣʦʪʥʘ ʚʝʨʩʽʷ ʙʫʣʘ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʉʎɼ-ʋʢʨʘʾʥʘ ʚ ʜʝʢʽʣʴʢʦʭ ʧʨʦʝʢʪʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ. ɼʘʥʽ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʪʘ ʦʙʨʦʙʣʶʶʪʴʩʷ ʚ ʧʽʜʩʠʩʪʝʤʘʭ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʜʘʥʠʤʠ, ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʽʚ (datasets), ʱʦ ʦʧʠʩʫʶʪʴ ʙʘʛʘʪʦʚʠʤʽʨʥʽ 

ʢʫʙʠ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʤʝʪʘʜʘʥʠʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʤʘʥʪʠʢʠ ʮʠʭ ʜʘʥʠʭ. 

ʂʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʟʤʦʛʫ ʦʧʠʩʫʚʘʪʠ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʬʘʡʣʫ ʚ 

ʬʦʨʤʘʪʽ .xslx, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʨʢʫʰʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʧʠʩʫ ʤʝʪʘʜʘʥʠʭ 

ʥʘʙʦʨʫ ʚ ʮʽʣʦʤʫ, ʚʣʘʩʥʝ ʜʘʥʠʭ, ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʜʘʥʠʭ (ʪʣʫʤʘʯʥʦʛʦ ʩʣʦʚʥʠʢʘ) 

ʪʘ ʟʘʩʦʙʽʚ ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʾ. 

ʂʦʞʝʥ ʟ ʥʘʙʦʨʽʚ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʫʥʽʢʘʣʴʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ (UUID), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʤʽʛʨʘʮʽʾ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ ʧʽʜʩʠʩʪʝʤʠ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʝʞʝʥʥʷ. 

ʇʽʜʩʠʩʪʝʤʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʷ ʚʝʨʩʽʡ ʜʘʥʠʭ ʟʘʚʜʷʢʠ ʟʙʝʨʝʞʝʥʥʶ 

ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʞʢʘʤʠ ʚʝʨʩʽʡ (commits), ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʢʦʤʝʥʪʘʨʷʤʠ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʜʘʥʠʭ ʘʙʦ ʛʝʥʝʨʦʚʘʥʠʭ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʜʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 
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ʄʝʪʘʜʘʥʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘʙʽʨ, ʧʦʜʘʥʽ ʜʝʨʝʚʦʧʦʜʽʙʥʦʶ 

ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʥʮʶʛʽʚ ʰʣʷʭʽʚ ʫ 

ʬʦʨʤʽ <root>.<childNode>é.<valueNode>. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʧʽʜʜʝʨʝʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʤʚʦʣ ç*è, ʘ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʧʠʩʢʫ ʟʥʘʯʝʥʴ ï ç[]è. 

ɺ ʪʘʙʣʠʮʽ 4.1 ʟʚʝʜʝʥʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʧʽʜʩʪʨʫʢʪʫʨ ʤʝʪʘʜʘʥʠʭ. 

ʊʘʙʣʠʮʷ 4.1.  

ʇʨʠʟʥʘʯʝʥʥʷ ʧʽʜʩʪʨʫʢʪʫʨ ʤʝʪʘʜʘʥʠʭ 

ʇʽʜʩʪʨʫʢʪʫʨʘ ʤʝʪʘʜʘʥʠʭ ʇʨʠʟʥʘʯʝʥʥʷ ʇʨʠʤʽʪʢʘ 
dataset.* ʆʧʠʩ ʥʘʙʦʨʫ ʜʘʥʠʭ   

dataset.id 
ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʫʥʽʢʘʣʴʥʠʡ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʥʘʙʦʨʫ 

ʇʦʧʝʨʝʜʥʴʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʽʜʩʠʩʪʝʤʦʶ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

dataset.status ʉʪʘʥ ʥʘʙʦʨʫ   ʦʧʫʙʣʽʢʦʚʘʥʠʡ, ʧʨʠʚʘʪʥʠʡ 

dataset.locale[] ʅʘʷʚʥʽ ʣʦʢʘʣʽʟʘʮʽʾ   

dataset.label ʅʘʟʚʘ ʥʘʙʦʨʫ   

dataset.note ʆʧʠʩ ʥʘʙʦʨʫ   

dataset.source ɼʞʝʨʝʣʦ ʜʘʥʠʭ   

dataset.topics[] ʂʣʶʯʦʚʽ ʩʣʦʚʘ 

ʇʝʨʝʣʽʯʫʶʪʴʩʷ ʯʝʨʝʟ ʢʦʤʫ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʰʣʷʭʘʤʠ ʚ 

ʽʻʨʘʨʭʽʾ 

dataset.commit.* ʆʧʠʩ ʚʝʨʩʽʾ ʥʘʙʦʨʫ   

dataset.commit.id ɺʥʫʪʨʽʰʥʽʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʚʝʨʩʽʾ ɻʝʥʝʨʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ 

dataset.commit.author ɸʚʪʦʨ ʚʝʨʩʽʾ ɻʝʥʝʨʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ 

dataset.commit.note ʆʧʠʩ ʚʝʨʩʽʾ ʥʘʙʦʨʫ  

dataset.commit.HEAD 
ʆʟʥʘʢʘ ʪʦʛʦ, ʯʠ ʻ ʮʷ ʚʝʨʩʽʷ 

ʘʢʪʫʘʣʴʥʦʶ 
  

dimension.* ʆʧʠʩ ʥʘʧʨʷʤʢʽʚ ʢʫʙʘ ʜʘʥʠʭ   

dimension.country.* 
ʇʨʠʢʣʘʜ ʦʧʠʩʫ ʥʘʧʨʷʤʢʫ 

"country" 

ɿʘʧʦʚʥʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʧʨʷʤʫ 

dimension.country.label ʅʘʟʚʘ ʥʘʧʨʷʤʢʫ   

dimension.country.scale ʊʠʧ ʰʢʘʣʠ   nominal, ordinal, interval 

dimension.country.role ʈʦʣʴ  
 geo (ʻ ʛʝʦʢʦʜʫʚʘʥʥʷ), time 

(ʯʘʩ), metric (ʚʠʤʽʨʶʚʘʥʥʷ) 

dimension.country.unit ʆʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ɼʣʷ ʽʥʪʝʨʚʘʣʴʥʦʾ ʰʢʘʣʠ 

layout.* ʆʧʠʩ ʩʧʦʩʦʙʫ ʨʦʟʙʦʨʫ ʜʘʥʠʭ 

 ɼʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʥʘʙʦʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʣʘʩʥʘ 

ʩʪʨʫʢʪʫʨʘ (ʥʠʞʯʝ ʧʨʠʢʣʘʜ 

ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʢʫʙʘ) 

layout.sheet ʅʘʟʚʘ ʘʨʢʫʰʘ ʟ ʜʘʥʠʤʠ   

layout.value ʅʘʟʚʘ ʩʪʦʚʧʮʷ ʟ ʟʥʘʯʝʥʥʷʤʠ   

layout.country.id 
ʅʘʟʚʘ ʩʪʦʚʧʮʷ ʟ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʦʙ'ʻʢʪʽʚ 

ɿʘʧʦʚʥʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʧʨʷʤʫ 

layout.country.label ʅʘʟʚʘ ʩʪʦʚʧʮʷ ʟ ʥʘʟʚʘʤʠ ʦʙ'ʻʢʪʽʚ 
ɿʘʧʦʚʥʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʧʨʷʤʫ 
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ʋ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʪʣʫʤʘʯʥʠʡ ʩʣʦʚʥʠʢ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʩʪʘʚʣʷʪʴ ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ 

ʢʣʶʯʘ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʢʣʶʯʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʟʥʘʯʝʥʥʷ 

ʤʝʪʘʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ dataset.source = ñ#WBò ʫ ʩʣʦʚʥʠʢʫ ʤʦʞʥʘ ʟʘʜʘʪʠ 

ʩʪʨʫʢʪʫʨʫ (ʜʠʚʠʩʴ ʪʘʙʣ. 4.2), ʷʢʘ ʦʧʠʩʫʻ ʥʘʟʚʫ, ʢʦʨʦʪʢʠʡ ʦʧʠʩ, ʢʘʨʪʠʥʢʫ ʪʘ 

ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʘʡʪ ʧʦʨʪʘʣʫ ʜʘʥʠʭ ʉʚʽʪʦʚʦʛʦ ɹʘʥʢʫ.  

ʊʘʙʣʠʮʷ 4.2.  

ʉʪʨʫʢʪʫʨʘ ʩʣʦʚʥʠʢʘ ʤʝʪʘʜʘʥʠʭ 

 
 

ɸʥʘʣʦʛʽʯʥʦ ʦʧʠʩʫʻʪʴʩʷ ʣʦʢʘʣʽʟʘʮʽʷ ʨʷʜʢʽʚ (ʧʨʠʢʣʘʜ ʣʦʢʘʣʽʟʘʮʽʾ ʜʣʷ 

ʨʷʜʢʽʚ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 4.3) 

ʊʘʙʣʠʮʷ 4.3  

ʉʪʨʫʢʪʫʨʘ ʣʦʢʘʣʽʟʘʮʽʾ 

 
  

ʇʨʠʢʣʘʜ ʥʘʙʦʨʫ ʜʘʥʠʭ ʚ ʬʦʨʤʘʪʽ JSON, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʙʦʨʽʚ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

  {  

    "dataset": { 

      "id": "3a37ea80-93a8-11e5-b62f-dfcea48fc8d9", 

      "status": "public", 

      "commit": { 

        "id": "579b1b6b13abd85813a20173", 

        "author": "Andrey Boldak", 

        "note": "Add UA flag", 

        "HEAD": true, 

        "createdAt": "2016-07-29T09:01:31.070Z" 

      },  

      "locale": [ 

        "#en", 

        "#ua" 

      ], 

      "label": "#GDP_LABEL", 

      "note": "#GDP_NOTE", 

      "source": "#WB", 

      "topics": [ 

        "#GDP", 

        "#WDI/#EC/#GDP", 

        "#EC/#GDP", 

        "#WDI/#GDP", 

        "That's all folks" 

      ] 

    },  

    "dimension": { 

      "country": {  

        "label": "#DIM_COUNTRY", 

        "role": "geo", 

key value.label value.note value.icon value.url

#WB #WB_NAME #WB_NOTE

https://innovation.internews.

org/sites/default/files/styles/i

ncil_large/public/content-

images/world-bank-logos-

282.jpg

http://data.worldbank.org/

key value.en value.ua

#WB_NAME World Bank ʉʚʽʪʦʚʠʡ ɹʘʥʢ

#WB_NOTE

World Bank Open Data: free and open access 

to data about development in countries around 

the globe.

World Bank Open Data: ʚʽʣʴʥʠʡ ʽ ʚʽʜʢʨʠʪʠʡ 

ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʧʨʦ ʨʦʟʚʠʪʦʢ ʚ ʢʨʘʾʥʘʭ 

ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ.
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        "values": [ 

          {  

            "id": "LBY",  

            "label": "Libya" 

          },  

          {  

            "id": "ABW",  

            "label": "Aruba" 

          },  

          {  

            "id": "AGO", 

            "label": "Angola" 

          }  

        ] 

      },  

      "concept": { 

        "label": "#DIM_INDICATOR", 

        "role": "metric", 

        "values": [ 

          {  

            "id": "GDP", 

            "label": "GDP per capita (current US$)" 

          }  

        ] 

      },  

      "year": { 

        "label": "#DIM_YEAR", 

        "role": "time", 

        "values": [ 

          {  

            "id": "2010", 

            "label": "2010" 

          },  

          {  

            "id": "2011", 

            "label": "2011" 

          },  

          {  

            "id": "2012", 

            "label": "2012" 

          },  

          {  

            "id": "2013", 

            "label": "2013" 

          }  

        ] 

      }  

    },  

    "layout": { 

      "sheet": "data", 

      "value": "Value", 

      "country": { 

        "id": "Country Code", 

        "label": "Country Name" 

      },  

      "concept": { 

        "id": "Indicator Code", 

        "label": "Indicator Name" 

      },  

      "year": { 

        "id": "Year", 

        "label": "Year" 

      }  

    }  

  }  

 

 

ɼʣʷ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʦʜʽʡ ʚʚʝʜʝʥʦ ʪʠʧ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ çTimelineè, ʬʦʨʤʘʪ ʤʝʪʘʜʘʥʠʭ ʷʢʦʛʦ ʦʧʠʩʘʥʦ ʚ ʪʘʙʣʠʮʽ 4.4. 

ʊʘʙʣʠʮʷ 4.4.  

ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʜʘʥʠʭ ʜʣʷ ʯʘʩʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʦʜʽʡ 

ʇʽʜʩʪʨʫʢʪʫʨʘ ʤʝʪʘʜʘʥʠʭ ʇʨʠʟʥʘʯʝʥʥʷ ʇʨʠʤʽʪʢʘ 

dataset.* ʆʧʠʩ ʥʘʙʦʨʫ ʜʘʥʠʭ   

dataset.label ʅʘʟʚʘ ʥʘʙʦʨʫ   

dataset.note ʆʧʠʩ ʥʘʙʦʨʫ   

dataset.id 
ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʫʥʽʢʘʣʴʥʠʡ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʥʘʙʦʨʫ 

ʇʦʧʝʨʝʜʥʴʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʽʜʩʠʩʪʝʤʦʶ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ 

dataset.type ʊʠʧ ʥʘʙʦʨʫ ʜʘʥʠʭ timeline 

layout.* ʆʧʠʩ ʩʧʦʩʦʙʫ ʨʦʟʙʦʨʫ ʜʘʥʠʭ   

layout.dateFormat ʌʦʨʤʘʪ ʜʘʪʠ 

DD ï ʜʝʥʴ ( 01, 31), MM ï 

ʤʽʩʷʮʴ ( 01, 12), YYYY  ï ʨʽʢ ( 

2016) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʊʘʙʣʠʮʽ 4.4 

ʇʽʜʩʪʨʫʢʪʫʨʘ ʤʝʪʘʜʘʥʠʭ ʇʨʠʟʥʘʯʝʥʥʷ ʇʨʠʤʽʪʢʘ 

layout.sheet ɸʨʢʫʰ ʟ ʜʘʥʠʤʠ   

layout.id 
ʉʪʦʚʧʯʠʢ "ɯʜʝʥʪʠʬʽʢʘʪʦʨ 

ʧʦʜʽʾ" 
  

layout.start ʉʪʦʚʧʯʠʢ "ʇʦʯʘʪʦʢ ʧʦʜʽʾ" ɼʘʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʦʨʤʘʪʽ 

layout.end ʉʪʦʚʧʯʠʢ "ʂʽʥʝʮʴ ʧʦʜʽʾ" ɼʘʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʦʨʤʘʪʽ 

layout.category ʉʪʦʚʧʯʠʢ "ʂʘʪʝʛʦʨʽʷ ʧʦʜʽʾ" 
ʇʦʜʽʾ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʪʝʛʦʨʽʡ  

layout.hierarhy ʉʪʦʚʧʯʠʢ "ɯʻʨʘʨʭʽʷ ʧʦʜʽʾ" 

ʇʦʜʽʾ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʯʝʨʝʟ ʾʭ 

ʽʻʨʘʨʭʽʶ. ʂʣʘʩ ʧʦʜʽʾ ʚʠʟʥʘʯʘʻ 

ʰʣʷʭ ʜʦ ʥʝʾ  

layout.type ʉʪʦʚʧʯʠʢ "ʊʠʧ ʧʦʜʽʾ" 
ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʦʜʽʷ, ʧʦʪʽʢ 

ʧʦʜʽʡ, ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ  

layout.context ʉʪʦʚʧʯʠʢ "ʆʧʠʩ ʧʦʜʽʾ" 
ʗʢ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʣʶʯʽ ʩʣʦʚʥʠʢʘ  

 

ʇʨʠʢʣʘʜ ʤʝʪʘʜʘʥʠʭ ʚ ʬʦʨʤʘʪʽ JSON, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʽʡ, 

ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ: 

"dataset": { 

        "label": "Breaks", 

        "note": "Breaks minimization", 

        "type": "timeline" 

      },  

      "layout": { 

        "dateFormat": "DD MM YYYY", 

        "sheet": "data", 

        "id": "id",  

        "start": "start", 

        "end": "end", 

        "category": "category", 

        "hierarhy": "id", 

        "type": "type", 

        "context": "id" 

      }  

}

 

ʌʨʘʛʤʝʥʪ ʘʨʢʫʰʘ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.5. 

ʊʘʙʣʠʮʷ 4.5  

ʇʨʠʢʣʘʜ ʜʘʥʠʭ ʜʣʷ ʯʘʩʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʦʜʽʡ 

 
 

id category type start end

t1 c1 instant 16 01 2014

t2 c1 instant 28 01 2014

t3 c1 process 18 02 2014 22 02 2014

t4 c1 instant 27 02 2014

t5 c2 instant 16 03 2014

t6 c2 process 05 04 2014 15 04 2014
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4.1.2. ʇʽʜʩʠʩʪʝʤʘ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ 

ʎʷ ʧʽʜʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, 

ʥʘʜʘʶʯʠ ʾʤ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ ʽʟʦʣʴʦʚʘʥʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʟʘʻʤʦʜʽʷ ʩʝʨʚʝʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ 

ʽʥʰʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʧʣʘʪʬʦʨʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ REST-ʽʥʪʝʨʬʝʡʩ. ʂʝʰ 

ʟʘʧʠʪʽʚ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨ ʟʘ ʨʘʭʫʥʦʢ ʙʣʦʢʫʚʘʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ. 

ʂʦʥʪʝʡʥʝʨ ʤʽʢʨʦʩʝʨʚʽʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʠʢʦʥʘʥʥʷ ʚ ʜʦʯʽʨʥʽʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʘʭ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʢʦʥʪʝʡʥʝʨʦʤ ʪʘ ʤʽʢʨʦʩʝʨʚʽʩʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ʄʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʟʜʽʡʩʥʶʻ 

ʟʘʛʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ (orchestration) ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʚʣʘʩʥʦʛʦ ʪʘ ʽʥʰʠʭ ʩʝʨʚʝʨʽʚ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʾʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʟʘʜʘʥʠʭ ʚ 

ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʽʡ ʬʦʨʤʽ. 

 

4.1.3. ɿʘʛʘʣʴʥʠʡ ʨʝʻʩʪʨ ʨʝʩʫʨʩʽʚ 

ʎʷ ʧʽʜʩʠʩʪʝʤʘ ʨʝʘʣʽʟʫʻ ʧʦʢʣʘʜʝʥʽ ʥʘ ʥʝʾ ʬʫʥʢʮʽʾ ʨʝʻʩʪʨʫʚʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʩʭʦʚʠʱʘ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʱʦ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʪʘ 

ʜʦʧʫʩʢʘʶʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʙʘʛʘʪʴʦʭ ʝʢʟʝʤʧʣʷʨʽʚ, ʜʠʥʘʤʽʯʥʦʾ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ 

ʩʝʨʚʝʨʽʚ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʘʢʠʭ ʤʽʢʨʦʩʝʨʚʽʩʽʚ. 

ʊʘʢʦʞ ʨʝʻʩʪʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʟʘʧʠʪʽʚ ʥʘ ʚʠʢʦʥʘʥʥʷ ʩʮʝʥʘʨʽʾʚ, 

ʧʝʨʝʥʘʧʨʘʚʣʷʶʯʠ ʾʭ ʚ ʤʦʜʫʣʽ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ.  

 

4.1.4. ʇʽʜʩʠʩʪʝʤʘ ʰʚʠʜʢʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʠ ʧʨʠʢʣʘʜʥʠʭ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʎʽ ʧʽʜʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʞʝʪʽʚ, ʱʦ ʤʦʞʫʪʴ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʩʝʨʚʝʨʘʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʤʠ. ʇʨʘʢʪʠʯʥʝ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʦʩʥʦʚʘʥʝ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʨʦʟʨʦʙʣʝʥʦ ʚ ʉʎɼ ʋʢʨʘʾʥʘ ʧʨʦʪʦʪʠʧʫ, 

ʚʠʭʽʜʥʽ ʢʦʜʠ ʷʢʦʛʦ ʜʦʩʪʫʧʥʽ ʚ ʜʝʧʦʟʠʪʘʨʽʾ GitHub (https://github.com/kpi-

wdc/wdc), ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ çʰʚʠʜʢʦʾ ʨʦʟʨʦʙʢʠè ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

https://github.com/kpi-wdc/wdc
https://github.com/kpi-wdc/wdc
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(ʪʝʭʥʦʣʦʛʽʷ Single Page Application) ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʞʝʪʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʦʧʨʘʮʶʚʘʥʥʷʤ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʜʘʥʠʭ.  

ʉʧʝʮʠʬʽʢʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʉʉɼ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦʙ ʥʘʜʘʪʠ ʥʘʫʢʦʚʮʷʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʨʽʟʥʠʭ ʉʎɼ, ʚʽʜʧʦʚʽʜʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʫʻ ʧʣʘʪʬʦʨʤʘ. ɸʣʝ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ 

ʧʝʚʥʽ ʥʘʚʠʯʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʊ, ʡʦʤʫ ʤʦʞʥʘ ʥʘʜʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʟʥʘʯʥʦ 

ʧʨʠʰʚʠʜʰʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʥʝ ʪʽʣʴʢʠ ʮʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʘʣʝ ʡ 

ʽʥʰʠʤʠ) ʥʦʚʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʫ ʚʠʛʣʷʜʽ ʪʝʤʘʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ. 

ʅʘʮʽʣʝʥʽʩʪʴ ʧʣʘʪʬʦʨʤʠ ʥʘ ʧʽʜʪʨʠʤʢʫ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʢʘʟʫʻ 

ʧʝʨʰʠʡ ʽ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʡ ʪʠʧ ʪʘʢʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ï ʰʚʠʜʢʝ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ʊʦʤʫ ʧʽʜʩʠʩʪʝʤʘ ʰʚʠʜʢʦʛʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʠ ʧʨʠʢʣʘʜʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʩʪʚʦʨʝʥʘ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʙʘʛʘʪʦʩʪʦʨʽʥʢʦʚʠʭ ʟʚʽʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʽʻʾ ʤʝʪʠ ʚ ʧʽʜʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: 

- ʦnline-ʨʦʟʨʦʙʢʘ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ; 

- ʭʦʩʪʠʥʛ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ; 

- ʧʝʨʩʦʥʘʣʴʥʽ ʪʝʤʘʪʠʯʥʽ ʧʘʥʝʣʽ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʞʝʪʽʚ; 

- ʚʟʘʻʤʦʜʽʷ ʚʽʜʞʝʪʽʚ; 

- ʛʥʫʯʢʘ ʩʭʝʤʘ ʥʘʚʽʛʘʮʽʾ; 

- ʛʥʫʯʢʘ (ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʧʨʠʩʪʨʦʾʚ) ʢʦʤʧʦʥʦʚʢʘ ʩʪʦʨʽʥʦʢ; 

- ʩʪʠʣʽ ʟʘʩʪʦʩʫʥʢʽʚ, ʧʦʚʥʘ ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʷ ʟʘʩʪʦʩʫʥʢʽʚ; 

- ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʟʘʩʪʦʩʫʥʢʽʚ; 

- ʧʽʜʪʨʠʤʢʘ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʘʚʪʦʨʠʟʘʮʽʷ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ. 

ʆʜʥʦʩʪʦʨʽʥʢʦʚʽ web-ʟʘʩʪʦʩʫʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʞʝʪʠ ï 

ʥʘʣʘʛʦʜʞʫʚʘʥʽ ʝʣʝʤʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʩʧʝʮʠʬʽʯʥʦʾ ʟʘʜʘʯʽ. ʗʢʱʦ ʚʠʙʨʘʪʠ ʜʝʷʢʠʡ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʮʝʩ 
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çʋʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠè, ʪʦʜʽ ʥʘʙʽʨ ʪʝʤʘʪʠʯʥʠʭ ʚʽʜʞʝʪʽʚ ʜʦʟʚʦʣʠʪʴ ʡʦʛʦ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʩʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʪʝʤʘʪʠʯʥʦʾ ʧʘʥʝʣʽ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʦʶ. 

ʋ ʩʢʣʘʜʽ ʧʣʘʪʬʦʨʤʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘʙʦʨʠ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ:  

- ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʪʦʩʫʥʢʘʤʠ; 

- ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ: ʧʽʜʪʨʠʤʢʘ ʨʦʟʰʠʨʶʚʘʥʦʛʦ ʥʘʙʦʨʫ ʤʝʪʘʜʘʥʠʭ, 

ʧʦʚʥʘ ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʢʦʥʪʨʦʣʴ ʚʝʨʩʽʡ ʜʘʥʠʭ, 

ʽʤʧʦʨʪ/ʝʢʩʧʦʨʪ ʜʘʥʠʭ; 

- ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ: ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ ʢʫʙʘʤʠ ʜʘʥʠʭ, ʟʘʧʠʪʠ (ʧʨʦʝʢʮʽʾ, ʚʠʚʽʨʢʠ, ʟʣʠʪʪʷ), 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʛʨʘʬʽʢʠ, ʙʘʛʘʪʦʰʘʨʦʚʽ ʪʝʤʘʪʠʯʥʽ ʤʘʧʠ, ʪʘʙʣʠʮʽ, 

ʚʙʫʜʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ; 

- ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʦʜʽʡ. 

ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.2. 

ʈʠʩ. 4.2. ʇʨʠʢʣʘʜ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʧʣʘʪʬʦʨʤʠ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
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4.2. ʈʝʘʣʽʟʘʮʽʷ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

4.2.1. ɺʠʜʽʣʝʥʥʷ ʽ ʧʦʜʽʣ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɸʨʭʽʪʝʢʪʫʨʘ 

ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʢʘʟʫʻ ʚʘʞʣʠʚʽ ʽʜʝʾ, ʢʦʨʠʩʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʾ 

ʨʝʘʣʽʟʘʮʽʾ. ʇʦ-ʧʝʨʰʝ, ʙʫʣʦ ʙ ʚʠʛʽʜʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʦʩʥʦʚʽ 

ʧʝʚʥʠʭ ʦʟʥʘʢ. ʊʦʜʽ ʢʦʤʧʦʥʝʥʪʠ ʦʜʥʦʛʦ ʢʣʘʩʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʨʝʘʣʽʟʫʚʘʪʠ 

ʰʚʠʜʰʝ ʽ ʟ ʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.3.  

 

 

ʈʠʩ. 4.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʣʘʪʬʦʨʤʠ 

ʂʦʤʧʦʥʝʥʪʠ ʘʨʭʽʪʝʢʪʫʨʠ ʧʣʘʪʬʦʨʤʠ (high level architecture) ʧʦʜʽʣʝʥʽ ʥʘ 

4 ʩʬʝʨʠ: 

- ʜʘʥʽ ʽ ʚʣʘʩʥʠʢʠ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ; 

- ʨʝʩʫʨʩʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʩʧʽʣʴʥʦʪʦʶ ʉʉɼ ï ʩʝʨʚʽʩʠ ʜʘʥʠʭ, ʩʝʨʚʽʩʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ (ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʦʰʫʢʫ ʽ ʚʠʙʠʨʘʥʥʷ; ʟʣʠʪʪʷ; 

ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʽʥʰʽ) ʪʘ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ; 
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- ʢʦʤʧʦʥʝʥʪʠ ʉʎɼ-ʋʢʨʘʾʥʘ ï ʢʦʥʪʝʡʥʝʨʠ ʨʝʩʫʨʩʽʚ, ʤʝʥʝʜʞʝʨ ʨʝʩʫʨʩʽʚ, 

ʢʦʤʧʦʥʝʥʪʠ ʧʦʰʫʢʫ ʽ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ; 

- ʨʦʣʽ ʫʯʘʩʥʠʢʽʚ ʩʧʽʣʴʥʦʪʠ (ʚʣʘʩʥʠʢʠ, ʜʦʩʣʽʜʥʠʢʠ). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʚʦʨʶʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʧʦʚʠʥʥʘ ʥʘʜʘʚʘʪʠ ʱʦʥʘʡʤʝʥʰʝ ʽʥʩʪʨʫʤʝʥʪʠ: 

- ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʪʥʝʨʽʚ ʚ ʩʠʩʪʝʤʽ ʷʢ ʩʫʙ'ʻʢʪʽʚ ï ʜʞʝʨʝʣ ʜʘʥʠʭ; 

- ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʣʘʩʥʠʤʠ ʧʨʝʜʤʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʨʦʟʜʽʣʘʤʠ (ʜʣʷ ʜʘʥʠʭ) ʚ ʨʘʤʢʘʭ ʟʘʛʘʣʴʥʦʾ ʦʥʪʦʣʦʛʽʾ ʜʘʥʠʭ; 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʦʜʥʦʛʦ ʬʦʨʤʘʪʫ ʚ ʽʥʰʠʡ; 

- ʥʘʜʘʥʥʷ ʧʨʠʚ'ʷʟʢʠ ʜʘʥʠʭ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʧʨʦʝʢʪʽʚ; 

- ʧʫʙʣʽʢʘʮʽʾ ʜʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʘʚ 

ʜʦʩʪʫʧʫ, ʱʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʣʘʩʥʠʢʦʤ ʜʘʥʠʭ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʦʚʠʥʥʽ 

ʥʘʜʘʚʘʪʠʩʷ ʙʘʟʦʚʘ ʦʥʪʦʣʦʛʽʷ ʧʦʰʫʢʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʙʦʨʫ 

ʜʘʥʠʭ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʰʫʢʫ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ, ʮʷ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʥʘʜʘʚʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ʆʩʪʘʥʥʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʟʘʛʘʣʴʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ. ʇʝʨʰʽ ʟʤʽʥʶʶʪʴʩʷ ʧʽʩʣʷ ʾʭ 

ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʽ ʟʘʧʫʩʢʫ. ɸʣʝ ʨʝʡʪʠʥʛʫʚʘʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʤʠʣʦʢ, ʟʙʝʨʽʛʘʥʥʷ 

ʽʩʪʦʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʟʘʚʜʘʥʥʷʭ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ. 

ʎʝ ʦʙʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʜʣʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻʜʠʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʘʞʣʠʚʦʶ ʨʠʩʦʶ ʧʣʘʪʬʦʨʤʠ ʪʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ï ʩʮʝʥʘʨʽʾʚ. 
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4.2.2. ʊʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɯʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʉʎɼ-ʋʢʨʘʾʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʣʘʪʬʦʨʤʽ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʩʪʘʥʦʚʠʪʴ ʩʦʙʦʶ 

ʨʦʟʧʦʜʽʣʝʥʫ ʩʠʩʪʝʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʠʞʥʽʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ 

ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʻ 

ʦʜʥʽʻʶ ʟ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʫʤʦʚ ʫʩʧʽʰʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʮʝʥʪʨʽʚ ʫ ʉʉɼ. ʎʽ ʧʨʦʮʝʩʠ 

ʫʪʚʦʨʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʽʟ ʥʘʩʪʫʧʥʠʤʠ ʬʘʟʘʤʠ: ʩʪʚʦʨʝʥʥʷ, 

ʦʙʨʦʙʣʝʥʥʷ, ʘʥʘʣʽʟ ʜʘʥʠʭ, ʾʭ ʟʙʝʨʝʞʝʥʥʷ, ʧʫʙʣʽʢʘʮʽʷ ʡ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

[136-138]. ʇʨʠʡʥʷʪʘ ʉʉɼ ʢʦʥʮʝʧʮʽʷ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ ï Global 

System of Data Systems ʚʠʤʘʛʘʻ ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʚʩʽʻʾ 

ʩʫʢʫʧʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʠʭ ʜʞʝʨʝʣ ʽ ʩʝʨʚʽʩʽʚ ʷʢ ʥʦʚʝ ʻʜʠʥʝ ʜʞʝʨʝʣʦ [139-141].  

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʫ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʣʘʪʬʦʨʤʫ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪ ʽʥʪʝʛʨʘʮʽʾ 

ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ ʥʘ ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʽʚʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ OWL. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʻʜʠʥʦʛʦ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʝʤʘʥʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʢʦʥʪʝʢʩʪʽ ʻʜʠʥʦʾ ʦʥʪʦʣʦʛʽʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ [103]. ʋ ʮʽʡ 

ʩʠʩʪʝʤʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʢʘʪʘʣʦʛʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʥʪʦʣʦʛʽʾ Global Change 

Master Directory (GCMD) Science Keywords [142]. 

ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʷʢʠʡ ʫ ʨʘʤʢʘʭ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ 

ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ, ʦʨʛʘʥʽʟʘʮʽʶ ʾʭ ʚʟʘʻʤʦʜʽʾ ʯʝʨʝʟ ʘʛʝʥʪʽʚ [103]. ɸʛʝʥʪʠ ʻ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʤʽʛʨʫʶʯʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʫʥʽʢʘʣʴʥʽ Owl-ʦʥʪʦʣʦʛʽʾ ʽ ʬʘʡʣʠ XML, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦ ʜʞʝʨʝʣʘ, ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʥʘ ʜʞʝʨʝʣʦ ʽ ʧʘʨʘʤʝʪʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [53]. 

ɺʟʘʻʤʦʜʽʷ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʨʪʘʣ ʉʎɼ-

ʋʢʨʘʾʥʘ: http://wdc.org.ua. ʅʘ ʨʠʩ. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ Web-

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ 
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ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ: ʨʝʻʩʪʨʘʮʽʷ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ ʽʟ ʧʨʠʚ'ʷʟʢʦʶ ʜʦ 

ʻʜʠʥʦʾ GCMD-ʦʥʪʦʣʦʛʽʾ, ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ, ʦʜʝʨʞʘʥʥʷ 

ʜʦʚʽʜʢʦʚʦʾ ʤʝʪʘʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ; ʧʦʰʫʢ ʽ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ: ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʧʠʪʽʚ ʰʣʷʭʦʤ ʟʘʚʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʽʚ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʚʝʜʝʥʥʷ 

SPARQL-ʟʘʧʠʪʽʚ, ʦʙʤʝʞʝʥʥʷ ʟʦʥʠ ʧʦʰʫʢʫ ʟʘ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ, ʧʨʠʚʝʜʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʰʫʢʫ ʜʦ ʚʠʛʣʷʜʫ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ (ʧʽʜʪʨʠʤʫʶʪʴʩʷ 

ʬʦʨʤʘʪʠ XML, JPEG, CSV, HTML, ʨʽʟʥʽ ʚʠʜʠ ʛʨʘʬʽʢʽʚ ʽ ʪʘʙʣʠʮʴ). ʊʘʢʦʞ 

ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʩʝʨʚʽʩʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (ʬʘʢʪʦʨʥʠʡ 

ʘʥʘʣʽʟ, ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ, ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥʰʽ).  

ʅʘ ʨʠʩ. 4.5 ʟʦʙʨʘʞʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʉʎɼ-ʋʢʨʘʾʥʘ [11, 13]. ʎʝʡ ʧʨʦʮʝʩ 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʪʘʜʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʧʦʩʪ-ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʥʘ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʚʠʨʽʰʫʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʟʘʜʘʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʪʘʪʠʩʪʠʯʥʦ-ʝʢʩʧʝʨʪʥʠʭ 

ʤʝʪʦʜʽʚ, ʪʦʱʦ. 

ʆʩʢʽʣʴʢʠ ʦʜʥʽ ʡ ʪʽ ʩʘʤʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ 

ʟʘʜʘʯ, ʘ ʦʜʥʘ ʟʘʜʘʯʘ ʤʦʞʝ ʚʠʨʽʰʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʠʜʽʣʝʥʽ ʧʨʦʛʨʘʤʥʽ 

ʟʘʩʦʙʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʪʝʢʩʪʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. 

ʈʠʩ.4.4. Web-ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʧʦʰʫʢʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ. 
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ʈʠʩ.4.5. ʇʨʦʮʝʩ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ. 

ɿ ʥʠʭ ʩʬʦʨʤʦʚʘʥʽ ʙʽʙʣʽʦʪʝʢʠ ʧʨʦʛʨʘʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʜʘʯ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʚ ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 4.5. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʦʙʽʚ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ 

ʢʦʥʮʝʧʮʽʾ çʰʚʠʜʢʦʛʦè ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʜʘʯ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʫ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʛʨʘʬʽʯʥʫ ʤʦʚʫ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʥʝ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʪʘ ʥʘʚʠʯʦʢ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɽʢʩʧʝʨʪʠ ʤʦʞʫʪʴ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʽʩʥʫʶʯʽ ʩʮʝʥʘʨʽʾ ʙʝʟ 

ʟʘʣʫʯʝʥʥʷ ʧʨʦʛʨʘʤʽʩʪʽʚ [7]. ɼʦʩʚʽʜ ʧʦʢʘʟʘʚ, ʱʦ ʛʨʘʬʽʯʥʝ ʧʦʜʘʥʥʷ ʧʨʦʮʝʩʫ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʡʦʛʦ ʘʚʪʦʤʘʪʠʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʜʦ 

ʚʠʛʣʷʜʫ, ʧʨʠʜʘʪʥʦʛʦ ʜʦ ʚʠʢʦʥʘʥʥʷ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʥʘʣʘʛʦʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʞʫʶʪʴ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʧʨʦʮʝʜʫʨ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, 

ʦʮʽʥʶʚʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ. 
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4.2.3. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʩʠʩʪʝʤʠ ʩʪʚʦʨʝʥʥʷ 

ʟʘʩʪʦʩʫʥʢʽʚ. ʂʦʨʠʩʪʫʚʘʯ ʘʚʪʦʨʠʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʽʣʶ Google ʥʘ 

ʩʪʘʨʪʦʚʽʡ ʩʪʦʨʽʥʮʽ ʟʘʩʪʦʩʫʥʢʫ çAppsè ʽ ʥʘʪʠʩʢʫʻ ʢʥʦʧʢʫ çʉʪʚʦʨʠʪʠ 

ʟʘʩʪʦʩʫʥʦʢè (ʨʠʩ. 4.6). 

ʈʠʩ. 4.6. ʉʪʘʨʪʦʚʘ ʩʪʦʨʽʥʢʘ ʟʘʩʪʦʩʫʥʢʫ çAppsè 

ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʜʘʪʠ ʥʘʟʚʫ ʟʘʩʪʦʩʫʥʢʫ, ʚʠʙʨʘʪʠ ʜʦʩʪʫʧʥʠʡ ʰʘʙʣʦʥ 

(ʨʠʩ. 4.7). ʉʠʩʪʝʤʘ ʩʪʚʦʨʠʪʴ ʟʘʩʪʦʩʫʥʦʢ ʽ ʚʽʜʦʙʨʘʟʠʪʴ ʡʦʛʦ ʥʘ ʧʘʥʝʣʽ (ʨʠʩ.4.8). 

ɼʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ (ʷʢʠʡ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʩʪʘʥʽ çɼʠʟʘʡʥè 

ʘʙʦ çʇʨʝʟʝʥʪʘʮʽʷè) ʧʝʨʝʭʽʜ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ çʇʝʨʝʛʣʷʜè 

(ʨʠʩ.4.9). 

ʈʠʩ. 4.7. ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ 
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ʇʝʨʝʤʢʥʫʪʠ ʨʝʞʠʤ ʤʦʞʥʘ ʢʥʦʧʢʘʤʠ ʧʘʥʝʣʽ ʨʦʟʨʦʙʥʠʢʘ (ʨʠʩ.4.9), ʘ 

ʥʘʣʘʰʪʫʚʘʪʠ ʟʘʩʪʦʩʫʥʦʢ ï ʢʥʦʧʢʘʤʠ ʧʘʥʝʣʽ çʅʘʣʘʰʪʫʚʘʥʥʷè (ʨʠʩ. 4.10)

ʈʠʩ. 4.8. ɺʽʜʦʙʨʘʞʝʥʥʷ ʥʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʥʘ ʩʪʘʨʪʦʚʽʡ ʩʪʦʨʽʥʮʽ çAppsè 

ʇʦ ʥʘʣʘʰʪʫʚʘʥʥʷʭ çAppsè ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʘʜʘʥʽ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ 

ʧʦʰʫʢʫ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʨʦʪʢʦʾ ʪʘ ʜʦʢʣʘʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʴʦʛʦ 

(ʨʠʩ.4.11). 

ʇʘʥʝʣʴ ʨʦʟʨʦʙʥʠʢʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʡʪʠ ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʪʦʨʽʥʦʢ, ʟʘʚʘʥʪʘʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʫ (ʨʠʩ. 4.9).  

ʇʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʩʪʦʨʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʜʘʪʠ ʧʦʚʥʫ ʪʘ 

ʢʦʨʦʪʢʫ ʥʘʟʚʠ ʩʪʦʨʽʥʢʠ ʪʘ ʚʠʙʨʘʪʠ ʦʜʠʥ ʟ ʜʦʩʪʫʧʥʠʭ ʰʘʙʣʦʥʽʚ (ʨʠʩ. 4.12). 

ʋʧʨʘʚʣʽʥʥʷ ʩʪʦʨʽʥʢʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ 

çʉʪʦʨʽʥʢʠè (ʨʠʩ. 4.13). 

ʈʠʩ. 4.9. ʇʘʥʝʣʴ ʨʦʟʨʦʙʥʠʢʘ
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ʈʠʩ. 4.10. ʄʝʥʶ çɿʘʛʘʣʴʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʘè 

ʈʠʩ. 4.11. ɺʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʩʪʦʩʫʥʦʢ ʥʘ ʩʪʘʨʪʦʚʽʡ ʩʪʦʨʽʥʮʽ 

ʟʘʩʪʦʩʫʥʢʫ çAppsè  

ʈʠʩ. 4.12. ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʩʪʦʨʽʥʢʠ 
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ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʘ ʩʪʚʦʨʶʻ ʩʪʦʨʽʥʢʫ ʟ ʚʠʙʨʘʥʠʤ ʰʘʙʣʦʥʦʤ, 

ʷʢʠʡ ʤʽʩʪʠʪʴ ʢʦʥʪʝʡʥʝʨʠ ʜʣʷ ʚʽʜʞʝʪʽʚ, ʚ ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʥʦʧʢʠ ʤʦʞʥʘ ʚʩʪʘʚʠʪʠ ʚʽʜʞʝʪʠ (ʨʠʩ. 4.14). ʇʘʥʝʣʴ ʟ ʜʦʩʪʫʧʥʠʤʠ 

ʚʽʜʞʝʪʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.15. 

ʈʠʩ. 4.13. ʄʝʥʶ ʫʧʨʘʚʣʽʥʥʷ ʩʪʦʨʽʥʢʘʤʠ

ʈʠʩ. 4.14. ʅʦʚʘ ʩʪʦʨʽʥʢʘ ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ ʜʣʷ ʚʽʜʞʝʪʽʚ 

ʇʽʩʣʷ ʚʠʙʦʨʫ ʚʽʜʞʝʪʘ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʤʽʥʠʪʠ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ (ʨʠʩ. 

4. 16). ʇʽʩʣʷ ʾʭ ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʞʝʪ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʩʪʦʨʽʥʮʽ (ʨʠʩ. 4.17). 

ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʥʢʫ, ʩʪʚʦʨʝʥʦʛʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʘʪʝʛʽʡ ʪʘ ʩʮʝʥʘʨʽʾʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, ʥʘʚʝʜʝʥʦ ʥʘ ʧʦʨʪʘʣʽ ʉʎɼ-ʋʢʨʘʾʥʘ. ʆʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʤʦʞʥʘ ʟʘ ʘʜʨʝʩʦʶ http://open.wdc.org.ua/. ɿʘʩʪʦʩʫʥʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʠʟʢʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʧʘʥʝʣʝʡ (dashboard) ʪʘ ʜʦʟʚʦʣʷʻ ʚ ʟʨʫʯʥʽʡ ʜʣʷ  
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ʈʠʩ. 4.15. ʇʘʥʝʣʴ ʚʽʜʞʝʪʽʚ 

ʈʠʩ. 4.16. ʄʝʥʶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜʞʝʪʫ 

ʈʠʩ.4.17. ʇʨʠʢʣʘʜ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʞʝʪʫ ʥʘ ʩʪʦʨʽʥʮʽ ʟʘʩʪʦʩʫʥʢʫ 

ʢʦʨʠʩʪʫʚʘʯʘ ʬʦʨʤʽ ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʟʜʽʡʩʥʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʚ ʜʚʦʭ ʨʦʟʨʽʟʘʭ:  

1) ʛʣʦʙʘʣʴʥʦʤʫ, ʢʦʣʠ ʽʥʜʠʢʘʪʦʨʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ ʽ ʩʚʽʪʫ; 
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2)  ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʢʦʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ) ʋʢʨʘʾʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʣʠʞʝʥʥʷ (ʯʠ ʚʽʜʜʘʣʝʥʥʷ) ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʜʦ ʙʘʞʘʥʠʭ ʩʮʝʥʘʨʽʾʚ çʆʧʪʠʤʽʩʪʠʯʥʦʛʦè (ʜʦ 

2020 ʨʦʢʫè ʽ çɿʙʘʣʘʥʩʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢè (ʜʦ 2030 ʨʦʢʫ) [8]. 

 

4.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʋ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʚ ʢʦʥʪʝʢʩʪʽ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ, ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʢʨʘʾʥ ʩʚʽʪʫ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ 

ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ 

ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʨʠʢʠ (ʽʥʜʠʢʘʪʦʨʠ ʡ ʽʥʜʝʢʩʠ) ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʧʨʠʷʶʪʴ ʧʝʨʝʚʝʜʝʥʥʶ ʟʥʘʥʴ ʫ ʬʽʟʠʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʥʘʫʢʘʭ ʫ ʢʝʨʦʚʘʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʣʦʢʠ, ʷʢʽ ʦʩʥʘʱʫʶʪʴ ʧʨʦʮʝʩ ʫʭʚʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʷʪʠ ʡ ʦʮʽʥʠʪʠ ʧʨʦʛʨʝʩ ʫ ʜʦʩʷʛʥʝʥʥʽ ʮʽʣʝʡ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʬʦʨʤʫʚʘʥʥʷ ʪʘ ʩʚʦʻʯʘʩʥʝ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʟʘʧʦʙʽʛʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʡ ʟʙʠʪʢʽʚ ʝʢʦʥʦʤʽʢʠ, ʧʨʦʙʣʝʤ ʫ ʩʦʮʽʘʣʴʥʽʡ ʽ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽʡ ʩʬʝʨʘʭ. ɺʘʞʣʠʚʠʤʠ ʻ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʛʣʦʙʘʣʴʥʠʡ ʢʦʥʪʝʢʩʪ, ʪʘʢ ʽ 

ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ, ʥʘʮʽʦʥʘʣʴʥʦʾ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ ʽ ʩʦʮʽʘʣʴʥʦʾ ʧʦʣʽʪʠʢ. ʆʩʥʦʚʦʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʘʜʘʯ ʻ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʟʘ ʙʘʛʘʪʴʤʘ ʛʝʦʬʽʟʠʯʥʠʤʠ ʽ 

ʛʫʤʘʥʽʪʘʨʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ ʪʘ ʚʠʜʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʷ 

ʩʧʽʣʴʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʢʦʣʝʢʪʠʚʽʚ ʪʘ ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʪʽʚ ʟ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ.  
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ɻʦʣʦʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʫ ʩʢʣʘʜʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʙʽʨ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʘʩʦʙʽʚ 

ʧʨʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʦ ʻʜʠʥʦʾ ʰʢʘʣʠ. 

ʊʘʢʦʞ ʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʷʢ ʤʽʨʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ ʜʽʷʤʠ ʚʣʘʜʠ ʽ 

ʦʯʽʢʫʚʘʥʥʷʤʠ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʩʠʥʝʨʛʽʾ (ʩʦʮʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ) ʣʶʜʝʡ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʫʟʛʦʜʞʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʽ ʤʝʪʦʜʘʤʠ ʩʝʥʪʠʤʝʥʪ-ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ, ʟʦʢʨʝʤʘ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʟ 

ʚʽʜʢʨʠʪʠʭ ʦʥʣʘʡʥ-ʜʞʝʨʝʣ ʡ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ [17]. ʎʽ ʤʝʪʦʜʠ ʨʝʘʣʽʟʦʚʘʥʦ ʫ 

ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʩʫ web-ʩʝʨʚʽʩʽʚ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ ʟʘʩʦʙʘʤʠ ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʨʘʤʢʘʭ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʽʜʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʘ ʢʦʥʩʘʣʪʠʥʛʦʚʠʭ 

ʢʦʤʧʘʥʽʡ International Data Corporation (IDC), International Data Group (IDG) 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʫ ʩʚʦʾʭ ʦʙʩʷʛʘʭ ʜʦʩʷʛʘʶʪʴ 80% ï 90% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ [143, 144]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʣʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʧʨʠʨʦʜʥʴʦʾ ʤʦʚʠ [145-147] 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʘʪʨʠʙʫʪʠʚʥʠʡ ʦʧʠʩ ʮʠʭ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʤʘʥʪʠʮʽ 

ʚʠʷʚʣʝʥʠʭ ʬʘʢʪʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʜʦ ʪʘʢʦʛʦ ʘʪʨʠʙʫʪʠʚʥʦʛʦ ʦʧʠʩʫ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʠʪʫʘʮʽʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ 

ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʪʦʱʦ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʣʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʧʦʚʥʽ ʪʘ 

ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʠʪʫʘʮʽʡ ʚ ʩʬʝʨʽ ʝʢʦʥʦʤʽʢʠ, ʩʫʩʧʽʣʴʥʠʭ 

ʚʽʜʥʦʩʠʥ, ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʩʪʽ 

ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʜʘʯ, ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʩʪʽ ʨʠʟʠʢʽʚ, ʥʝʧʦʚʥʦʪʠ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʜʘʥʠʭ, ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʤʝʞʝʥʴ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʤʦʜʝʣʽ ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [17, 148-151]. 
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ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʨʦʙʦʪʽ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʘʥʠʭ ʥʘ ʧʨʠʢʣʘʜʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ ʪʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ (ʧ. 4.3.1) ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʚʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʚʦʾ ʚʘʢʮʠʥʘʮʽʾ ʧʨʦʪʠ 

COVID-19 (ʧ. 4.3.2). 

 

4.3.1. ʄʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ 

ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʻ 

ʟʘʚʜʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ (ʢʨʘʾʥ, ʨʝʛʽʦʥʽʚ, 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʦʜʠʥʠʮʴ ʪʦʱʦ) ʚ ʢʦʥʪʝʢʩʪʽ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ 

ʞʠʪʪʷ ʣʶʜʝʡ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ ʟʘʛʨʦʟ ʥʘ ʾʭ ʨʦʟʚʠʪʦʢ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʨʠʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʘʭ [12, 13], ʧʨʦʮʝʩ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ: ʙʝʟʧʝʢʦʶ () ʽ 

ʷʢʽʩʪʶ () ʞʠʪʪʷ ʣʶʜʝʡ, ʘ ʫʟʘʛʘʣʴʥʝʥʘ ʤʽʨʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʪʝʨʽʦʥʘ: 

ὗ Ὦύ ὅ ύ ὅᴆȢ       (4.1) 

ʂʚʘʪʝʨʽʦʥ {Q} ʤʽʩʪʠʪʴ ʫʷʚʥʫ ʟʚʘʞʝʥʫ ʩʢʘʣʷʨʥʫ ʯʘʩʪʠʥʫ , ʷʢʘ 

ʦʧʠʩʫʻ ʙʝʟʧʝʢʫ ʞʠʪʪʷ ʣʶʜʝʡ ʽ ʟʚʘʞʝʥʫ ʜʽʡʩʥʫ ʚʝʢʪʦʨʥʫ ʯʘʩʪʠʥʫ, ʷʢʘ ʦʧʠʩʫʻ 

ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʝʡ ʫ ʧʨʦʩʪʦʨʽ ʪʨʴʦʭ ʚʠʤʽʨʽʚ: ʝʢʦʥʦʤʽʯʥʦʛʦ (), ʝʢʦʣʦʛʽʯʥʦʛʦ 

( ) ʽ ʩʦʮʽʘʣʴʥʦ-ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʦʛʦ (). ʇʨʠ ʮʴʦʤʫ j ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ 

ʜʽʡʩʥʦʾ ʦʜʠʥʠʮʽ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ, ʨʝʛʫʣʷʨʥʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘ 

, ʽ ʟʥʘʯʝʥʥʷ ʫʷʚʥʦʾ ʦʜʠʥʠʮʽ, ʢʦʣʠ ʩʫʩʧʽʣʴʩʪʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ 

ʢʦʥʬʣʽʢʪʫ (). ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʢʨʘʾʥ ʩʚʽʪʫ Heidelberg 

Institute for International Conflict Research ʚʠʟʥʘʯʠʚ ʪʘʢʽ ʨʽʚʥʽ ʢʦʥʬʣʽʢʪʽʚ [152]: 

0 (Without crisis) ï ʫ ʢʨʘʾʥʽ ʚʽʜʩʫʪʥʽ ʢʦʥʬʣʽʢʪʠ;  

1 (Dispute) ï ʧʦʣʽʪʠʯʥʠʡ ʢʦʥʬʽʢʪ ʙʝʟ ʣʶʜʩʴʢʠʭ ʚʪʨʘʪ; 
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2 (Non-violent crisis) ï ʧʦʣʽʪʠʯʥʠʡ ʢʦʥʬʣʽʢʪ, ʚ ʷʢʦʤʫ ʦʜʥʘ ʟ ʩʪʦʨʽʥ 

ʧʦʛʨʦʞʫʚʘʣʘ ʨʦʟʧʨʘʚʦʶ; 

3 (Violent crisis) ï ʩʣʘʙʦʽʥʪʝʥʩʠʚʥʠʡ ʢʦʥʬʣʽʢʪ ʟ ʥʝʚʝʣʠʢʠʤʠ ʣʶʜʩʴʢʠʤʠ 

ʚʪʨʘʪʘʤʠ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʣʝʛʢʘ ʟʙʨʦʷ; 

4 (Limited war) ï ʽʥʪʝʩʠʚʥʠʡ ʢʦʥʬʣʽʢʪ ʟ ʩʝʨʝʜʥʽʤʠ ʣʶʜʩʴʢʠʤʠ ʚʪʨʘʪʘʤʠ, ʚ 

ʷʢʦʤʫ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʷʞʢʘ ʟʙʨʦʷ ʘʙʦ ʟʘʜʽʷʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʫʯʘʩʥʠʢʽʚ; 

5 (War) ï ʽʥʪʝʩʠʚʥʠʡ ʢʦʥʬʣʽʢʪ ʟ ʚʝʣʠʢʠʤʠ ʣʶʜʩʴʢʠʤʠ ʚʪʨʘʪʘʤʠ, ʚ ʷʢʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʷʞʢʘ ʟʙʨʦʷ ʪʘ ʟʘʜʽʷʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ. 

ʊʦʤʫ j ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

j=
ρȟ̅ ̌ ̠ρ τ ̨̑̃̎̆̊ ̨̋̏̎̌̋̓̔̕Ƞ

Ѝ ρȟ̅ ̌ ̠υ ̨̠̑̃̎ ̨̋̏̎̌̋̓̔̕Ȣ
 

ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ  ʽ  ʚ ʬʦʨʤʫʣʽ (4.1) ʚʠʢʦʨʠʩʪʘʥʦ ʟ ʤʝʪʦʶ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʤʘʩʰʪʘʙʽʚ ʢʦʤʧʦʥʝʥʪ ʙʝʟʧʝʢʠ ʽ ʷʢʦʩʪʽ ʞʠʪʪʷ (ʫ ʚʠʧʘʜʢʫ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ ï ύ ρȾЍρρȟύ ρȾЍσ).  

ɼʣʷ ʢʦʞʥʦʾ ʪʝʨʠʪʦʨʽʾ ʝʚʢʣʽʜʦʚʘ ʥʦʨʤʘ ʨʘʜʽʫʩ ʚʝʢʪʦʨʘ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ 

( ) ʧʦʜʘʻʪʴʩʷ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ:  

   (4.2) 

ʂʫʪ ʚʽʜʭʠʣʝʥʥʷ  ʨʘʜʽʫʩ ʚʝʢʪʦʨʘ  ʚʽʜ ʽʜʝʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ (1,1,1) 

ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʽʚ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

   (4.3) 

ʆʪʞʝ, ʥʦʨʤʘ ʨʘʜʽʫʩ ʚʝʢʪʦʨʘ  ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʝʡ, ʘ 

ʧʨʦʩʪʦʨʦʚʝ ʧʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʘ  ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ () 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʨʫ çʛʘʨʤʦʥʽʡʥʦʩʪʽè ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʈʽʚʥʦʚʽʜʜʘʣʝʥʽʩʪʴ 
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ʚʝʢʪʦʨʘ  ʚʽʜ ʢʦʞʥʦʾ ʟ ʟʘʟʥʘʯʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʡʙʽʣʴʰʽʡ 

ʛʘʨʤʦʥʽʡʥʦʩʪʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʘ ʥʘʙʣʠʞʝʥʥʷ ʮʴʦʛʦ ʚʝʢʪʦʨʘ ʜʦ ʦʜʥʽʻʾ ʟ 

ʢʦʦʨʜʠʥʘʪ ʙʫʜʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʨʽʦʨʠʪʝʪʥʠʡ ʨʦʟʚʠʪʦʢ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʤʽʨʦʤ ʽ 

ʥʝʭʪʫʚʘʥʥʷ ʜʚʦʤʘ ʽʥʰʠʤʠ.  

ɺʝʣʠʯʠʥʘ G=1-Ŭ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʛʘʨʤʦʥʽʟʘʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʦʥʘ 

ʟʨʦʩʪʘʪʠʤʝ ʫ ʨʘʟʽ ʥʘʙʣʠʞʝʥʥʷ G ʜʦ 1 ʽ ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʫ ʨʘʟʽ ʥʘʙʣʠʞʝʥʥʷ G ʜʦ 

0. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧʦʥʝʥʪʘ ʷʢʦʩʪʽ ʞʠʪʪʷ ï ̔ ʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʩʫʤʽʩʥʦ ʫʩʽ ʪʨʠ ʚʠʤʽʨʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʽ, ʪʠʤ ʩʘʤʠʤ, ʚʽʜʦʙʨʘʞʘʻ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʨʴʦʤʘ ʥʝʨʦʟʜʽʣʴʥʠʤʠ ʩʬʝʨʘʤʠ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ: 

ʝʢʦʥʦʤʽʯʥʦʶ, ʝʢʦʣʦʛʽʯʥʦʶ ʪʘ ʩʦʮʽʘʣʴʥʦʶ. ɰʾ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.17 [13], ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ï 

ʨʠʩ. 4.18 [12]. ʉʪʫʧʽʥʴ ʛʘʨʤʦʥʽʟʘʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʽʜʦʙʨʘʞʘʻ ʙʘʣʘʥʩ ʤʽʞ 

ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʠʤ, ʝʢʦʣʦʛʽʯʥʠʤ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʠʤ ʚʠʤʽʨʘʤʠ. 

ʆʮʽʥʢʠ ʚʠʤʽʨʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʧʦʚʠʥʥʽ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʜʘʥʠʭ ʧʨʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʷʚʠʱ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʊʘʢʦʞ ʪʘʢʽ ʦʮʽʥʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʽʥʪʝʛʨʘʣʴʥʠʤʠ, ʪʦʙʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʝʚʥʫ ʩʪʦʨʦʥʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʷʢ ʮʽʣʽʩʥʫ ʩʠʩʪʝʤʫ.  

ɿ ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʠʤʽʨʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽʻʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʽʥʜʝʢʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ -ʥʦʨʤʠ: 

 

   (4.4) 

ʚ ʧʨʦʩʪʦʨʽ ʧʦʢʘʟʥʠʢʽʚ , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʢʦʥʦʤʽʯʥʠʡ, 

ʝʢʦʣʦʛʽʯʥʠʡ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʞʥʦʾ -ʦʾ ʪʝʨʠʪʦʨʽʾ 

(ʢʨʘʾʥʠ, ʨʝʛʽʦʥʫ). ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ  ʚ ʬʦʨʤʫʣʽ (4.3) ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ (4.4) ʧʦʪʨʝʙʫʻ ʫʟʛʦʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʘʥʠʭ, ʷʢ 

ʟʘ ʦʜʠʥʠʮʷʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʪʘʢ ʽ ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʴ [3, 6]. 
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ʈʠʩ. 4.17. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ 
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ʈʠʩ. 4.18. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ
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ʊʦʤʫ, ʷʢʱʦ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ  ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʱʦʤʫ ʩʪʘʥʫ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʝ ʥʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

,  (4.4) 

ʚ ʷʢʽʡ ʧʘʨʘʤʝʪʨʠ ʽ  ʦʙʯʠʩʣʶʶʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʚʠʙʽʨʢʦʶ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ. 

ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʽʨʰʦʤʫ ʩʪʘʥʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʝʨʥʝʥʘ ʜʦ 

ʦʙʨʘʭʦʚʘʥʦʾ ʟʘ ʬʦʨʤʫʣʦʶ (4.4) ʚʝʣʠʯʠʥʘ: 

.  

(4.5) 

ʉʫʤʘʨʥʠʡ ʚʧʣʠʚ ʩʫʢʫʧʥʦʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʟʘʛʨʦʟ ʥʘ ʨʽʟʥʽ ʪʝʨʠʪʦʨʽʾ ʡ ʛʨʫʧʠ 

ʪʝʨʠʪʦʨʽʡ (ʢʨʘʾʥ, ʨʝʛʽʦʥʽʚ ʪʦʱʦ) ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ 

ʞʠʪʪʷ ʣʶʜʝʡ  ʷʢ ʩʢʣʘʜʦʚʦʾ ʽʥʜʝʢʩʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʬʦʨʤʫʣʽ (4.1) [12, 13]. 

ʂʦʞʥʽʡ ʪʝʨʠʪʦʨʽʾ j ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʝʢʪʦʨ: 

  (4.6) 

ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ , ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʧʨʦʷʚʫ ʢʦʞʥʦʾ ʟ 

ʟʘʛʨʦʟ. 

ɺ ʷʢʦʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʟʘʛʨʦʟ ʚʠʜʽʣʠʤʦ ʪʽ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʛʦʣʦʚʥʠʤʠ ʚ XXI 

ʩʪʦʨʽʯʯʽ ʪʘʢʠʤʠ ʘʚʪʦʨʠʪʝʪʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢ ʆʆʅ, 

ɺʩʝʩʚʽʪʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ (ɺʆʆɿ), ʤʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ 

çWorld Economic Forumè, çTransparency Internationalè, çGlobal Footprint 

Networkè, çInternational Energy Agencyè, çWorld Resources Instituteè, ʢʦʤʧʘʥʽʷ 

British Petrouleum ʪʘ ʽʥʰʠʤʠ: ʇʝʨʝʣʽʢ ʛʣʦʙʘʣʴʥʠʭ ʟʘʛʨʦʟ ʽ ʜʞʝʨʝʣ ʜʘʥʠʭ, 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.6 [13, 153]. 
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ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʷʚ ʟʘʟʥʘʯʝʥʠʭ ʟʘʛʨʦʟ, 

ʥʦʨʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ (4.4) ï (4.5) ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʙʽʣʴʰʦʤʫ 

ʧʨʦʷʚʫ ʟʘʛʨʦʟʠ ʚʽʜʧʦʚʽʜʘʣʠ ʟʥʘʯʝʥʥʷ, ʥʘʙʣʠʞʝʥʽ ʜʦ 1. 

ɿʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ  ʜʣʷ -ʦʾ ʪʝʨʠʪʦʨʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʦʨʤʘ ʄʽʥʢʦʚʩʴʢʦʛʦ ʚʝʢʪʦʨʘ : 

  (4.7) 

ʟ ʧʘʨʘʤʝʪʨʦʤ . 

ʆʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ p ʟʙʽʣʴʰʫʻ ʚʽʜʛʫʢ (ʯʫʪʣʠʚʽʩʪʴ) ʤʦʜʝʣʽ ʥʘ 

ʟʤʽʥʠ ʢʦʞʥʦʾ ʟʽ ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʘ jTr , ʽ ʥʘʚʧʘʢʠ, ʡʦʛʦ ʟʥʠʞʝʥʥʷ ʟʛʣʘʜʞʫʻ 

(ʦʛʨʫʙʣʷʻ) ʮʶ ʯʫʪʣʠʚʽʩʪʴ, ʚ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʦ p = 3. 

ɺʚʦʜʠʪʴʩʷ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʩʫʢʫʧʥʦʩʪʽ ʟʘʛʨʦʟ, 

ʷʢʝ ʻ ʦʙʝʨʥʝʥʦʶ ʚʝʣʠʯʠʥʦʶ ʜʦ ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ: 

.  (4.8) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧʦʥʝʥʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ï ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʩʫʤʘʨʥʠʡ ʚʧʣʠʚ ʩʫʢʫʧʥʦʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʟʘʛʨʦʟ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ 

ʪʝʨʠʪʦʨʽʡ, ʘ ʽʥʜʝʢʩ ʚʨʘʟʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ ʟʘʛʨʦʟ 

ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʥʘʙʣʠʞʝʥʥʷ ʮʽʻʾ ʪʝʨʠʪʦʨʽʾ ʦʜʥʦʯʘʩʥʦ ʜʦ ʫʩʽʭ ʟʘʛʨʦʟ ʫ 

ʧʨʦʩʪʦʨʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʨʤʦʶ ʄʽʥʢʦʚʩʴʢʦʛʦ [12, 13]. 

ʈʦʟʛʣʷʥʝʤʦ ʩʬʦʨʤʫʣʴʦʚʘʥʝ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʘʭʫʥʢʫ ʚʧʣʠʚʫ 

ʩʫʢʫʧʥʦʩʪʽ ʟʘʛʨʦʟ ʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʦʜʠʥʠʮʽ (ʦʙʣʘʩʪʽ ʪʘ 

ʪʝʨʠʪʦʨʽʾ) ʋʢʨʘʾʥʠ. 

ʋ ʪʘʙʣʠʮʽ 4.7 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʛʨʦʟʠ, ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʪʥʠʤ 

ʰʣʷʭʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ [12, 154]. 

ʇʦʢʘʟʥʠʢʠ ʟʘʛʨʦʟ ʟ ʪʘʙʣʠʮʽ 4.7. ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʤʽʩʪʦʤ, ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʪʘ ʦʜʠʥʠʮʷʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʪʦʙʪʦ ʤʘʶʪʴ ʨʽʟʥʫ ʧʨʠʨʦʜʫ. ʊʦʤʫ ʧʦʙʫʜʦʚʘ 

ʘʛʨʝʛʦʚʘʥʠʭ (ʽʥʪʝʛʨʘʣʴʥʠʭ) ʦʮʽʥʦʢ ʙʝʟʧʝʢʠ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

slC j
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3
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ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʫ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 

ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʢʦʤʧʦʥʝʥʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʢʣʘʩʪʝʨʠʟʘʮʽʶ, ʱʦ ʜʦʟʚʦʣʠʣʘ ʨʦʟʧʦʜʽʣʠʪʠ ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʥʘ ʯʦʪʠʨʠ ʢʣʘʩʪʝʨʠ 

ï ʟ ʚʠʩʦʢʠʤ, ʚʠʱʝ ʩʝʨʝʜʥʴʦʛʦ, ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ ʽ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ. 

ʊʘʙʣʠʮʷ 4.6. 

ɻʣʦʙʘʣʴʥʽ ʟʘʛʨʦʟʠ 

ˉ 

ɿʘʛʨʦʟʘ 

ʆʨʛʘʥʽʟʘʮʽʷ ʇʦʩʠʣʘʥʥʷ ʇʦʟʥʘ-

ʯʝʥʥʷ 
ʅʘʡʤʝʥʫʚʘʥʥʷ 

1 BB Biodiversity 

Balance 

Global Footprint 

Network 

http://www.footprintnetwork.org 

2 CI Conflicts Intencity Heidelberg Institute for 

International Conflict 

Research 

http://www.hiik.de 

3 IG Information Gap International 

Telecommunication 

Union 

http://www.itu.int/ 

4 CP Corruption 

Perception 

Transparency 

International 

http://transparency.org 

5 ES Global Reduce of 

Energy Security 

World Bank http://data.worldbank.org 

6 GD Spread of Global 

Infectious Diseases 

World Bank http://data.worldbank.org 

7 GW Global Warming Carbon Dioxide 

Information Analysis 

Center 

http://data.worldbank.org 

8 ND Vulnerability to 

Natural Disasters 

The International 

Disaster Database 

http://www.emdat.be 

9 PI Prolifiration World Data Center for 

Geoinformatics and 

Sustainable 

Development  

http://wdc.org.ua/data  

10 WA Limited Access to 

Potable Water 

WHO/UNICEF Joint 

Monitoring Programme 

( JMP ) for Water 

Supply and Sanitation 

http://data.worldbank.org 

11 GINI Increasing 

Inequality 

between People and 

Nations on Earth 

World Bank http://data.worldbank.org 

12 SF State Fragility The Fund for Peace http://ffp.statesindex.org 

http://www.emdat.be/
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ʊʘʙʣʠʮʷ 4.7. 

ɯʥʜʠʢʘʪʦʨʠ ʟʘʛʨʦʟ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ 

ˉ  ɯʥʜʝʢʩ ɿʘʛʨʦʟʘ ʇʦʢʘʟʥʠʢ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

1 ʉʦʮʽʘʣʴʥʘ 

ʙʝʟʧʝʢʘ 

ɿʥʠʞʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ 

ʉʝʨʝʜʥʷ ʦʯʽʢʫʚʘʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʞʠʪʪʷ ʧʨʠ ʥʘʨʦʜʞʝʥʽ ʧʦ 

ʨʝʛʽʦʥʘʭ 

ʨʦʢʠ 

2 ɿʣʦʯʠʥʥʽʩʪʴ ʂʦʝʬʽʮʽʻʥʪ ʟʣʦʯʠʥʥʦʩʪʽ ʧʦ 

ʨʝʛʽʦʥʘʭ 

ʢʽʣʴʢʽʩʪʴ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʟʣʦʯʠʥʽʚ ʥʘ 100 

ʪʠʩ. ʥʘʷʚʥʦʛʦ 

ʥʘʩʝʣʝʥʥʷ 

3 ʇʦʛʽʨʰʝʥʥʷ 

ʟʜʦʨʦʚô̫ 

ɯʥʜʝʢʩ ʩʤʝʨʪʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 

ʚʽʜ ʪʫʙʝʨʢʫʣʴʦʟʫ, ʚʽʜ 

ʥʦʚʦʫʪʚʦʨʝʥʴ, ʚʽʜ ʭʚʦʨʦʙ 

ʩʠʩʪʝʤ ʢʨʦʚʦʦʙʽʛʫ, ʚʽʜ ʉʅɯɼʫ 

ʫʤ.ʦʜ 

4 ʂʦʨʫʧʮʽʷ ɯʥʜʝʢʩ ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʫʧʮʽʾ % 

5 ʉʦʮʽʘʣʴʥʘ 

ʥʝʨʽʚʥʽʩʪʴ 

ɯʥʜʝʢʩ ɼʞʠʥʽ (ʢʦʝʬʽʮʽʻʥʪ 

ʥʝʨʽʚʥʦʩʪʽ ʚ ʦʪʨʠʤʘʥʥʽ 

ʜʦʭʦʜʽʚ 

ʫʤ.ʦʜ 

6 ɽʢʦʥʦʤʽʯʥʘ 

ʙʝʟʧʝʢʘ 

ʈʽʚʝʥʴ ʙʝʟʨʦʙʽʪʪʷ ʈʽʚʝʥʴ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ 

ʙʝʟʨʦʙʽʪʪʷ 

% ʥʘ ʢʽʥʝʮʴ ʨʦʢʫ 

7 ʊʝʭʥʦʣʦʛʽʯʥʘ 

ʚʽʜʩʪʘʣʽʩʪʴ 

ʉʪʫʧʽʥʴ ʟʥʦʩʫ ʦʩʥʦʚʥʠʭ 

ʟʘʩʦʙʽʚ 

% 

8 ɿʥʠʞʝʥʥʷ ʜʦʙʨʦʙʫʪʫ 

ʥʘʩʝʣʝʥʥʷ 

ʅʘʷʚʥʠʡ ʜʦʭʽʜ ʥʘʩʝʣʝʥʥʷ ʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʫ ʦʩʦʙʫ 

ʛʨʥ. 

9 ɽʢʦʣʦʛʽʯʥʘ 

ʙʝʟʧʝʢʘ 

ɿʘʙʨʫʜʥʝʥʥʷ 

ʜʦʚʢʽʣʣʷ 

ɯʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ 

ʫʤʦʚ. ʦʜ 

10 ɼʝʬʽʮʠʪ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ 

ʉʫʢʫʧʥʠʡ ʦʙʩʷʛ ʤʽʩʮʝʚʦʛʦ 

ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʽ ʟʘʧʘʩʽʚ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʪʠʩ. ʤ3/ʢʤ2 

11 ɺʧʣʠʚ ʥʘ 

ʟʤʽʥʶʚʘʥʥʷ ʢʣʽʤʘʪʫ 

ʑʽʣʴʥʽʩʪʴ ʚʠʢʠʜʽʚ ʜʚʦʦʢʠʩʫ 

ʢʘʨʙʦʥʫ 

ʪ ʉʆ2 ʝʢʚ./ʢʤ2 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʩʽʭ 

ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ ʧʨʠʚʝʜʝʥʽ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ [0-1]. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ 0,5 ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʢʨʘʾʥʽ 

ʚʧʣʠʚʫ ʟʘʛʨʦʟʠ, ʘ ʟʥʘʯʝʥʥʷ, ʙʣʠʟʴʢʝ ʜʦ 1,0 ï ʥʘʡʙʽʣʴʰʦʤʫ ʚʧʣʠʚʫ. ɺʠʟʥʘʯʠʚʰʠ 

ʢʨʠʪʠʯʥʠʡ ʧʦʨʽʛ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 0,7) ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʨʦʟ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ.ʅʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 
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4.1 ʽ 4.2 ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ slC , ʥʘʚʝʜʝʥʠʡ ʚ 

ʪʘʙʣʠʮʽ ɸ.1 ʜʦʜʘʪʢʫ ɸ, ʷʢʠʡ ʘʛʨʝʛʫʻ ʚʩʽ 12 ʟʘʛʨʦʟ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 4.6. 

ʋ ʧʝʨʰʠʡ ʢʣʘʩʪʝʨ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ (1.1slC > ) 

ʫʚʽʡʰʣʦ ʩʽʤ ʨʝʛʽʦʥʽʚ: ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʏʝʨʥʽʚʝʮʴʢʘ, ʃʴʚʽʚʩʴʢʘ, 

ʊʝʨʥʦʧʽʣʴʩʴʢʘ, ʂʠʾʚʩʴʢʘ, ʏʝʨʥʽʛʽʚʩʴʢʘ, ʍʤʝʣʴʥʠʮʴʢʘ ʦʙʣʘʩʪʽ. ʎʽ ʦʙʣʘʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʤʽʨʥʠʤ ʚʧʣʠʚʦʤ ʟʘʛʨʦʟ ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʂʠʾʚʩʴʢʦʾ ʪʘ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʩʫʪʪʻʚʦʶ ʻ 

ʟʘʛʨʦʟʘ çɿʥʠʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷè. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʚʘʞʣʠʚʦʶ ʟʘʛʨʦʟʦʶ ʻ çʂʦʨʫʧʮʽʷè, ʘ ʜʣʷ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ï çʈʽʚʝʥʴ ʙʝʟʨʦʙʽʪʪʷè. 

ɿʘʛʨʦʟʘ çɿʥʠʞʝʥʥʷ ʜʦʙʨʦʙʫʪʫ ʥʘʩʝʣʝʥʥʷè ʩʫʪʪʻʚʦʶ ʻ ʜʣʷ ʏʝʨʥʽʚʝʮʴʢʦʾ ʪʘ 

ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. 

ɼʦ ʜʨʫʛʦʛʦ ʢʣʘʩʪʝʨʫ ʟ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ ʚʠʱʝ ʩʝʨʝʜʥʴʦʛʦ (

1.1 0.99slC> > ) ʚʽʜʥʝʩʝʥʦ ʚʽʩʽʤ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ: ʍʘʨʢʽʚʩʴʢʘ, ʏʝʨʢʘʩʴʢʘ, 

ɺʦʣʠʥʩʴʢʘ, ɺʽʥʥʠʮʴʢʘ, ʍʝʨʩʦʥʩʴʢʘ, ʇʦʣʪʘʚʩʴʢʘ, ʉʫʤʩʴʢʘ ʦʙʣʘʩʪʽ ʪʘ ʤʽʩʪʦ 

ʉʝʚʘʩʪʦʧʦʣʴ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʛʨʦʟ: çɿʣʦʯʠʥʥʽʩʪʴè, çʂʦʨʫʧʮʽʷè ʽ 

çɿʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤ. ʉʝʚʘʩʪʦʧʦʣʷ, 

ʜʣʷ ɺʦʣʠʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʽʩʪʦʪʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʻ çʂʦʨʫʧʮʽʷè ʽ çɿʥʠʞʝʥʥʷ 

ʜʦʙʨʦʙʫʪʫ ʥʘʩʝʣʝʥʥʷè, ʜʣʷ ɺʽʥʥʠʮʴʢʦʾ ʽ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ï çʈʽʚʝʥʴ 

ʙʝʟʨʦʙʽʪʪʷè ʪʘ çɿʥʦʰʝʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè, ʜʣʷ ʉʫʤʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ï çʂʦʨʫʧʮʽʷè ʽ çʈʽʚʝʥʴ ʙʝʟʨʦʙʽʪʪʷè. 

ʋ ʪʨʝʪʽʡ ʢʣʘʩʪʝʨ ʟ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ (0.99 0.87slC> > ) ʥʠʞʯʝ 

ʩʝʨʝʜʥʴʦʛʦ ʫʚʽʡʰʣʦ ʰʽʩʪʴ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ: ɿʘʢʘʨʧʘʪʩʴʢʘ, ʈʽʚʥʝʥʩʴʢʘ, 

ɿʘʧʦʨʽʟʴʢʘ, ɾʠʪʦʤʠʨʩʴʢʘ, ʄʠʢʦʣʘʾʚʩʴʢʘ ʦʙʣʘʩʪʽ ʪʘ ɸʈ ʂʨʠʤ. ɼʣʷ 

ɿʘʢʘʨʧʘʪʩʴʢʦʾ, ʽ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʮʽʻʾ ʛʨʫʧʠ ʦʜʥʦʯʘʩʥʦ ʽʩʪʦʪʥʠʤʠ ʻ ʪʨʠ 

ʟʘʛʨʦʟʠ, ʜʣʷ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ï ʯʦʪʠʨʠ. 

ʏʝʪʚʝʨʪʠʡ ʢʣʘʩʪʝʨ ʟ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ (0.87 slC> ) ʚʢʣʶʯʘʻ 

ʰʽʩʪʴ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ: ʃʫʛʘʥʩʴʢʫ, ʆʜʝʩʴʢʫ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʫ, 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʫ, ɼʦʥʝʮʴʢʫ ʦʙʣʘʩʪʽ ʪʘ ʤʽʩʪʦ ʂʠʾʚ. ʅʘ ʟʥʠʞʝʥʥʷ ʙʝʟʧʝʢʠ ʞʠʪʪʷ 
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ʚ ʨʝʛʽʦʥʘʭ ʮʽʻʾ ʛʨʫʧʠ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʶʪʴ ʚʽʜ ʪʨʴʦʭ (ʜʣʷ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʽ) 

ʜʦ ʩʝʤʠ ʟʘʛʨʦʟ (ʜʣʷ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ). 

ʋ ʜʦʜʘʪʢʫ ɸ ʥʘʚʝʜʝʥʦ ʝʢʨʘʥʥʽ ʬʦʨʤʠ, ʪʘʙʣʠʮʽ, ʛʨʘʬʽʢʠ ʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ 

ʧʦʢʘʟʫʶʪʴ ʷʢ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢ ʽ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ. 

ʈʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʜʠʥʘʤʽʢʫ ʽʥʜʝʢʩʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ, ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ (ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʦʜʠʥʠʮʴ) ʟʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʨʠʩ. 4.17, 4.18, 

ʪʘʙʣ. 4.6, 4.7). 

ɺ ʧʨʦʮʝʩʽ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʚ ʯʘʩʦʚʦʤʫ ʚʠʤʽʨʽ ʪʘ ʱʦʨʽʯʥʦʛʦ 

ʢʦʨʝʛʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, ʧʦʙʫʜʦʚʘʥʘ 

ʦʥ-ʣʘʡʥ ʧʣʘʪʬʦʨʤʘ ʙʫʜʝ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʩʢʦʨʝʛʦʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ ʪʘ ʫʪʦʯʥʶʚʘʪʠ ʩʪʨʘʪʝʛʽʾ 

ʨʦʟʚʠʪʢʫ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ ʦʩʦʙʘʤ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ (ʆʇʈ) 

ʚ ʨʝʞʠʤʽ ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʫʩʽʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʜʝʨʞʘʚʦʶ. 

ʇʨʠ ʮʴʦʤʫ ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʝʤʘʪʠʯʥʽ ʧʘʥʝʣʽ, ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʣʘʪʬʦʨʤʠ ʟ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʮʽʾ ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ʆʇʈ ʽ ʝʢʩʧʝʨʪʽʚ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʥʘʥʥʷ ʩʮʝʥʘʨʽʾʚ, ʘ ʩʘʤ ʧʨʦʮʝʩ ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʭ ʩʠʪʫʘʮʽʡʥʠʭ ʮʝʥʪʨʘʭ. 

 

4.3.2. ʇʨʠʢʣʘʜ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʧʨʦʚʝʜʝʥʥʷ ʱʝ ʦʜʥʦʛʦ ʘʢʪʫʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ï ʘʥʘʣʽʟʫ ʛʦʪʦʚʥʦʩʪʽ ʽ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʚʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʚʦʾ ʚʘʢʮʠʥʘʮʽʾ ʧʨʦʪʠ 

COVID-19. 
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ɼʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʚʠʭ ʩʫʩʧʽʣʴʥʠʭ ʟʘʭʦʜʽʚ (ʧʝʨʝʪʚʦʨʝʥʴ) 

ʟʘʩʪʦʩʫʻʤʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʘʭ [8, 17], ʷʢʠʡ 

ʽʥʪʝʛʨʫʻ ʤʝʪʦʜʠ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʩʝʥʪʠʤʝʥʪ-ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʚʽʜʢʨʠʪʠʭ ʦʥʣʘʡʥ-ʜʞʝʨʝʣ ʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ 

ʜʣʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʤʽʩʪʠʪʴ 

ʜʫʤʢʠ ʣʶʜʝʡ ʪʘ ʾʭ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ. ɯʥʬʦʨʤʘʮʽʶ, ʱʦ ʝʢʩʪʨʘʛʫʻʪʴʩʷ ʽʟ 

ʜʦʢʫʤʝʥʪʽʚ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ, ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ, ʫʟʘʛʘʣʴʥʶʚʘʪʠ, 

ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʽ ʜʘʥʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʷʢ ʟʘ ʦʙʩʷʛʘʤʠ, ʪʘʢ ʽ ʟʘ ʨʽʚʥʝʤ ʦʙ'ʻʢʪʠʚʥʦʩʪʽ. 

ʉʪʘʪʠʩʪʠʯʥʦ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʘʢʫʤʫʣʶʻʪʴʩʷ 30%-40% ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʚ'ʷʟʘʥʦʾ ʟ ʨʝʘʢʮʽʻʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ 

ʚʣʘʜʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʧʦʚʠʥʝʥ ʤʘʪʠ ʩʫʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʚ ʜʝʨʞʘʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʷʢ ʦʜʠʥ ʟ ʢʘʥʘʣʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʥʘʩʣʽʜʢʽʚ ʧʨʦʚʝʜʝʥʥʷ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʬʦʨʤʫʶʪʴʩʷ ʯʘʩʦʚʽ ʨʷʜʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʩʷʛʘʤ ʧʫʙʣʽʢʘʮʽʡ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ ʟʘ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. 

ʇʨʠ ʮʴʦʤʫ ʥʘʡʚʘʞʣʠʚʽʰʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟʫ ʤʘʻ 

ʪʦʥʘʣʴʥʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ. 

ɻʦʣʦʚʥʘ ʽʜʝʷ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ ï ʮʝ ʦʜʥʦʯʘʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʘʥʘʣʽʟʫ ʽ ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ ʽʟ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. 

ʉʪʚʦʨʝʥʽ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʠ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʘʚʪʦʤʘʪʠʯʥʝ ʩʢʘʥʫʚʘʥʥʷ ʽ ʧʝʨʚʠʥʥʫ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʝʙ-ʩʘʡʪʽʚ, 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʤʝʩʝʥʜʞʝʨʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʟ 

ʥʘʩʪʫʧʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ: Twitter, Youtube, Rutube, Telegram, Facebook, 

Reddit, Medium, Instagram, LiveJournal, ʪʦʱʦ, ʥʠʟʢʠ ʚʝʙ-ʩʘʡʪʽʚ, ʷʢʽ 

ʬʦʨʤʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʤʦʜʫʣʷʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 



190 

ʩʠʩʪʝʤʠ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʦʚʥʦʪʝʢʩʪʦʚʽ ʙʘʟʠ ʜʘʥʠʭ, ʚʠʷʚʣʷʶʪʴʩʷ 

ʩʭʦʞʽ ʟʘ ʟʤʽʩʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʥʦʪʝʢʩʪʦʚʠʡ 

ʧʦʰʫʢ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʧʦʥʷʪʴ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʣʽʥʛʚʽʩʪʠʯʥʠʡ 

ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʥʘʣʴʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ 

ʥʘ ʙʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɿʜʽʡʩʥʶʻʪʴʩʷ 

ʘʥʘʣʽʟ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ, ʚʠʢʦʥʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʪʝʤʘʪʠʯʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ; ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʧʫʙʣʽʢʘʮʽʡ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ. 

ʉʫʩʧʽʣʴʥʽ ʟʘʭʦʜʠ (ʧʝʨʝʪʚʦʨʝʥʥʷ), ʱʦ ʦʮʽʥʶʶʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ 

ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R, ʙʫʜʫʪʴ ʥʘʩʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʠʤʠ, ʥʘʩʢʽʣʴʢʠ ʚʝʢʪʦʨ 

ʦʯʽʢʫʚʘʥʴ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ S
C

 ʙʫʜʝ ʟʘ ʥʘʧʨʷʤʦʤ 

ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʚʝʢʪʦʨʘ ʜʽʡ ʚʣʘʜʠ G
C

 ʪʘ ʥʘʩʢʽʣʴʢʠ ʚʠʩʦʢʦʶ ʽ ʧʦʟʠʪʠʚʥʦʶ ʙʫʜʝ 

ʩʠʥʝʨʛʽʷ ʩʫʩʧʽʣʴʩʪʚʘ (ʨʠʩ. 4.19). ʉʠʥʝʨʛʽʷ ʩʫʩʧʽʣʴʩʪʚʘ ï ʜʦʜʘʪʢʦʚʘ ʩʫʩʧʽʣʴʥʘ 

ʘʢʪʠʚʥʽʩʪʴ (ʩʫʩʧʽʣʴʥʘ ʝʥʝʨʛʽʷ), ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʛʨʦʤʘʜʷʥ ʢʨʘʾʥʠ ʪʘ ʤʦʞʝ ʙʫʪʠ ʧʦʟʠʪʠʚʥʦʶ, ʢʦʣʠ ʩʫʩʧʽʣʴʩʪʚʦ ʫʩʚʽʜʦʤʣʶʻ, ʱʦ 

ʫʩʧʽʭʠ ʧʦʨʦʜʞʫʶʪʴ ʥʦʚʽ ʫʩʧʽʭʠ ʽ ʚʽʜôʻʤʥʦʶ, ʢʦʣʠ ʥʝʚʜʘʯʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʪʨʘʪʠ ʥʘʜʽʾ ʣʶʜʝʡ ʥʘ ʧʦʟʠʪʠʚʥʽ ʟʤʽʥʠ (ʘʧʘʪʽʾ) ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʨʦʜʞʫʶʪʴ ʥʦʚʽ 

ʥʝʚʜʘʯʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʽʜʦʤʘ ʤʦʜʝʣʴ: 

( ) [ ].180,0;coscos
2

¯¯Í+++= aaa SGKSGR S

CCCC
 (4.9) 

ɼʝ aï ʮʝ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ S
C

 ʽ G
C
, ʘ SK  ï ʢʦʝʬʽʮʽʻʥʪ ʩʠʥʝʨʛʽʾ 

ʩʫʩʧʽʣʴʩʪʚʘ. ɼʣʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʩʫʩʧʽʣʴʩʪʚʘ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 

ʩʫʩʧʽʣʴʥʦʛʦ ʧʽʜʡʦʤʫ ʪʘ ʦʧʪʠʤʽʟʤʫ ʜʦ ʚʪʦʤʠ ʽ ʘʧʘʪʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʩʠʥʝʨʛʽʾ 

ʩʫʩʧʽʣʴʩʪʚʘ SK ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ, ʟʦʢʨʝʤʘ 1.0] 0.75; 0.5; [0.25;=SK . 

ɿʘʣʝʞʥʽʩʪʴ ʩʠʥʝʨʛʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜ ʢʫʪʘ a  ʻ ʥʝʣʽʥʽʡʥʦʶ. ɻʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ a  ʪʘʢʽ: ̄=0a , ʢʦʣʠ ʥʘʧʨʷʤʠ ʚʢʘʟʘʥʠʭ ʜʚʦʭ ʚʝʢʪʦʨʽʚ 

ʟʙʽʛʘʶʪʴʩʷ (ʤʘʢʩʠʤʘʣʴʥʽ ʩʫʩʧʽʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʟʠʪʠʚʥʘ 

ʩʠʥʝʨʛʽʷ ʩʫʩʧʽʣʴʩʪʚʘ R = 4, ʨʠʩ. 4.19a), ʪʘ ̄=180a , ʢʦʣʠ ʾʭʥʽ ʥʘʧʨʷʤʠ 
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ʧʨʦʪʠʣʝʞʥʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ ʷʢʠʭ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʥʝʛʘʪʠʚʥʘ ʩʫʩʧʽʣʴʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʜʽʡ 

ʚʣʘʜʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʻ ʧʨʦʪʝʩʪʥʠʡ (ʨʝʚʦʣʶʮʽʡʥʠʡ) ʩʪʘʥ ʩʫʩʧʽʣʴʩʪʚʘ 

R = ï2, ʨʠʩ. 4.19ʝ). ʋ ʚʠʧʘʜʢʫ ÃÏÓ‌  ρȾσ  ( ‌ ρπωȟυЈ ʚʣʘʜʘ ʽ 

ʩʫʩʧʽʣʴʩʪʚʦ ʙʫʜʫʪʴ ʜʽʷʪʠ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ (ʧʦʢʘʟʥʠʢ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ R = 0, ʨʠʩ. 4.19ʩ). 

ʈʠʩ. 4.19. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʫʩʧʽʣʴʥʠʭ ʟʘʭʦʜʽʚ (ʤʘʩʰʪʘʙ ʧʝʨʝʪʚʦʨʝʥʴ) ʧʨʠ Ks=0,5 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʣʷʨʠʟʘʮʽʾ ʜʫʤʦʢ ʱʦʜʦ ʜʽʡ ʚʣʘʜʠ ʩʪʦʩʦʚʥʦ ʢʦʥʢʨʝʪʥʦʾ 

ʧʨʦʙʣʝʤʠ ʚʚʦʜʠʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ ʉ, ʷʢʠʡ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʴ ʫ 

ʜʽʘʧʘʟʦʥʽ [0,1]. ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʣʽʢʪʥʦʩʪʽ ʉ ʪʘʢʽ: ʉ = 1 

ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʽʚʥʶ ʧʦʣʷʨʠʟʘʮʽʾ ʜʫʤʦʢ ʫ ʩʫʩʧʽʣʴʩʪʚʽ; ʉ = 0 

ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʽʚʥʶ ʢʦʥʩʦʣʽʜʘʮʽʾ ʩʫʩʧʽʣʴʥʠʭ ʥʘʩʪʨʦʾʚ ʽ ʜʫʤʦʢ. 

ʋ ʮʽʡ ʤʦʜʝʣʽ (4.9) ʦʮʽʥʶʚʘʥʥʷ ʢʫʪʘ a  (ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʘʭʫʥʢʦʤ 

ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R) ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ (ʤʝʪʦʜʫ ɼʝʣʴʬʽ), ʪʘʢ ʽ ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʦʥʣʘʡʥ-ʤʦʥʽʪʦʨʠʥʛʫ ʩʫʩʧʽʣʴʥʠʭ ʥʘʩʪʨʦʾʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘʙʦ 

ʦʙʦʤʘ ʩʧʦʩʦʙʘʤʠ ʦʜʨʘʟʫ. 
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ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Ὧ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʪʘ ʧʦʪʨʽʙʥʦ 

ʦʪʨʠʤʘʪʠ ʫʟʘʛʘʣʴʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ä
ä

=

=

=¡¡=
k

i k

j j

i
iii

cons

cons
wRwR

1

1

;
~

,              (4.10) 

ʜʝ R
~

 ï ʫʟʘʛʘʣʴʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʦʙʯʠʩʣʝʥʝ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ k ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ, iR  ï ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʦʙʯʠʩʣʝʥʝ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ i-ʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʜʞʝʨʝʣʘ, ä=
=¡¡

k

i ii ww
1

1,  ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʟʥʘʯʝʥʥʷ iR, ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʡʦʛʦ ʫʟʛʦʜʞʝʥʦʩʪʽ ii Ccons -=1 . 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ C
~

 ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ: 

k

C
C

k

i iä== 1~
. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʡʦʛʦ ʥʦʨʤʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ: 

minmax

min

RR

RR
Rn

-

-
= , 

ʜʝ nR  ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, R  ï 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʦʙʯʠʩʣʝʥʝ ʟʘ ʬʦʨʤʫʣʦʶ (4.9) ʘʙʦ 

(4.10), minR  ʪʘ maxR  ï ʚʽʜʧʦʚʽʜʥʦ, ʥʘʡʤʝʥʰʝ ʪʘ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ.  

ʋ ʜʦʜʘʪʢʫ ɹ ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ COVID-19 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ çPRO ET CONTRAè ʽʥʪʝʛʨʦʚʘʥʦʾ ʦʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʠ çAdvanced Analyticsè ʉʚʽʪʦʚʦʛʦ ʮʝʥʪʨʫ ʜʘʥʠʭ ʟ ʛʝʽʦʥʬʦʨʤʘʪʠʢʠ ʪʘ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫè, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʙʘʟʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʇʣʘʪʬʦʨʤʫ 

çAdvanced Analyticsè ʉʎɼ-ʋʢʨʘʾʥʘ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʨʘʤʢʘʭ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʨʠʢʣʘʜʠ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʩʝʨʚʽʩʽʚ ʨʦʟʨʦʙʣʝʥʦʾ 

ʧʣʘʪʬʦʨʤʠ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

1. ʈʦʟʨʦʙʣʝʥʘ ʩʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʠʩʘʥʽ ʧʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

2. ɿ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʧʣʘʪʬʦʨʤʠ 

ʚʠʢʦʥʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʜʘʥʽ ʽ ʚʣʘʩʥʠʢʠ ʜʘʥʠʭ ʽ ʩʝʨʚʽʩʽʚ, 

ʨʝʩʫʨʩʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʩʧʽʣʴʥʦʪʦʶ ʉʉɼ (ʩʝʨʚʽʩʠ ʜʘʥʠʭ, ʩʝʨʚʽʩʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ), ʢʦʤʧʦʥʝʥʪʠ ʉʎɼ 

(ʢʦʥʪʝʡʥʝʨʠ ʨʝʩʫʨʩʽʚ, ʤʝʥʝʜʞʝʨ ʨʝʩʫʨʩʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʧʦʰʫʢʫ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʩʮʝʥʘʨʽʾʚ), ʨʦʣʽ ʫʯʘʩʥʠʢʽʚ. 

3. ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʉʎɼ-ʋʢʨʘʾʥʘ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

4. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʦʣʦʛʽʶ, ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʦʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʟʘʜʘʯʽ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ ʪʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ 

ʜʝʨʞʘʚʥʦʤʫ, ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʦʤʫ ʨʽʚʥʽ.  

5. ʈʦʟʨʦʙʣʝʥʽ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʠ ʧʨʦʛʨʘʤʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ, ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʦʮʽʥʶʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ, ʢʦʨʝʢʪʥʦʩʪʽ, 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʘʩʦʚʠʭ ʩʫʩʧʽʣʴʥʠʭ ʟʘʭʦʜʽʚ (ʧʝʨʝʪʚʦʨʝʥʴ), ʟʦʢʨʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʚʣʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʚʦʾ ʚʘʢʮʠʥʘʮʽʾ ʧʨʦʪʠ COVID-19.  
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʫ ʟʘʜʘʯʫ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʧʣʘʥʫʚʘʥʥʷ ʽ ʟʜʽʡʩʥʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʉɼ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʘʶʪʴ ʽʩʪʦʪʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʩʥʫʶʯʠʤʠ ʨʽʰʝʥʥʷʤʠ:  

1. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʜʽʷʣʴʥʦʩʪʽ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ ʽ ʦʢʨʝʤʦʛʦ 

ʉʚʽʪʦʚʦʛʦ ʮʝʥʪʨʫ ʜʘʥʠʭ ʷʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʷʚʣʝʥʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʥʝʚʠʨʽʰʝʥʽ ʧʨʦʙʣʝʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʉʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʘʥʠʭ. 

2. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʧʣʘʪʬʦʨʤʫ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟʘʩʪʦʩʫʥʢʽʚ ʽ 

ʜʞʝʨʝʣ ʜʘʥʠʭ, ʦʙʨʦʙʣʝʥʥʷ ʟʘʧʠʪʽʚ ʜʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ, ʩʠʩʪʝʤʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ. 

3. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʮʽʥʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʘʪ ʧʨʦʮʝʜʫʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʪʘ 

ʦʮʽʥʦʢ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟ ʥʘʡʤʝʥʰʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʚʪʨʘʪʘʤʠ. 

4. ʄʦʜʠʬʽʢʦʚʘʥʦ ʢʣʘʫʟʘʣʴʥʫ ʣʦʛʽʢʫ ʧʣʘʥʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʪʠʧʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʾ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʢʦʤʧʣʝʢʩʦʤ ʩʧʝʮʽʘʣʴʥʠʭ ʘʢʩʽʦʤ ʦʧʠʩʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʜʫʤʦʚ ʪʘ ʧʦʩʪʫʤʦʚ ʽ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʥʮʠʧʠ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ 

ʚʠʟʥʘʯʘʪʠ ʧʨʦʙʣʝʤʫ ʽ ʙʫʜʫʚʘʪʠ ʩʭʝʤʫ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

5. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʚʠʚʝʜʝʥʥʷ ʚ ʢʣʘʫʟʘʣʴʥʽʡ ʣʦʛʽʮʽ 

ʚʟʘʻʤʦʜʽʾ ʟʘʩʪʦʩʫʥʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʪʠʧʽʚ ʟ 
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ʥʘʩʪʫʧʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʠʚʦʜʫ ʚ ʩʠʩʪʝʤʽ ʽʥʜʠʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʩʭʝʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʚʦʜʫ.  

6. ʂʦʤʧʦʥʝʥʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʉʚʽʪʦʚʽʡ ʩʠʩʪʝʤʽ ʜʘʥʠʭ ʟʥʘʡʰʣʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ɯʥʩʪʠʪʫʪʽ 

ʧʨʦʙʣʝʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪʽ ʛʝʦʬʽʟʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ, ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ ʩʠʪʫʘʮʽʡʥʦʤʫ ʮʝʥʪʨʽ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ çʉʚʽʪʦʚʠʡ ʮʝʥʪʨ 

ʜʘʥʠʭ ʟ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʂʦʨʧʦʨʘʮʽʾ çʅʘʫʢʦʚʠʡ ʧʘʨʢ çʂʠʾʚʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè ʪʘ ̔ ʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʪʚʝʨʜʠʪʠ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʩʢʦʨʦʪʠʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʶ 

ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ 20 ï 30 % ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʷʣʴʥʦʩʪʽ, ʩʢʦʨʦʪʠʪʠ 

ʚʪʨʘʪʠ ʚʥʘʩʣʽʜʦʢ ʥʝʚʯʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʠʭ ʜʘʥʠʭ ʥʘ 11,75 %, 

ʩʢʦʨʦʪʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʜʘʥʠʭ ʥʘ 7,25%, ʧʽʜʚʠʱʠʪʠ 

ʦʙʩʷʛʠ ʥʘʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 50%, ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʝʢʩʧʝʨʪʘʤʠ ʙʝʟ ʟʥʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ 42%. 

7. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʯʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʢʘʬʝʜʨʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʢʘʬʝʜʨʽ ʘʚʪʦʤʘʪʠʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ɼʦʜʘʪʦʢ ɸ 

 

ʇʈʀʂʃɸɼ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ ʅɸ 

ʇʃɸʊʌʆʈʄɯ ʄɯɾɼʀʉʎʀʇʃɯʅɸʈʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ʉʎɼ-ʋʂʈɸɰʅɸ 

 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.3 ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʢʦʥʪʝʢʩʪʽ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ, ʚʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽ 

ʤʝʪʨʠʢʠ ʜʣʷ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʋ ʮʴʦʤʫ ʜʦʜʘʪʢʫ ʧʦʜʘʥʦ ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʟʽ ʉʎɼ-ʋʢʨʘʾʥʘ ʟ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ ʽ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʩʚʽʪʫ ʽ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʧʦʛʨʦʟ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʮʠʭ 

ʦʙ'ʻʢʪʽʚ ʻ ʢʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʩʢʣʘʜʥʦʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʟʘʜʘʯʽ, ʱʦ 

ʚʠʤʘʛʘʻ ʚʠʙʽʨʢʠ ʡ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʛʝʦʬʽʟʠʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ ʟ ʨʽʟʥʦʪʠʧʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʝ ʚʽʜ 

ʦʜʥʦʛʦ ʟʘ ʬʦʨʤʘʪʘʤʠ ʧʦʜʘʥʥʷ ʡ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʭ 

ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʦʥ-ʣʘʡʥ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʋʢʨʘʾʥʠ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʨʦʟʨʽʟʽ (ʚ ʨʦʟʨʽʟʽ ʢʨʘʾʥ ɭʚʨʦʧʠ ʪʘ ʉʚʽʪʫ), ʘ ʪʘʢʦʞ 

ʘʥʘʣʽʟʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʦʢʨʝʤʠʭ ʨʝʛʽʦʥʽʚ 

(ʦʙʣʘʩʪʝʡ) ʋʢʨʘʾʥʠ ʟ ʧʦʟʠʮʽʡ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʎʝʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʽʥʜʝʢʩʫ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ, ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʦʙôʻʢʪʽʚ (ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʦʜʥʠʮʴ) ʟʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʨʠʩ. 4.17, 4.18, ʪʘʙʣ. 4.6, 4.7). 

ʊʘʢ, ʥʘ ʨʠʩ. ɸ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʝʤʘʪʠʯʥʦʾ ʧʘʥʝʣʽ ʜʣʷ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ ʢʨʘʾʥ ɭʚʨʦʧʠ. 
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ʱʦ ʤʽʩʪʠʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ. 

ʅʘ ʨʠʩ. ɸ.2 ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʠ ʪʘ ʚ ʪʘʙʣ. ɸ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʢʨʘʾʥ ɭʚʨʦʧʠ ʟʘ ɯʥʜʝʢʩʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

ʈʠʩ. ɸ.2. ʇʦʨʽʚʥʷʥʥʷ ʢʨʘʾʥ ɭʚʨʦʧʠ ʟʘ ɯʥʜʝʢʩʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

 

ʊʘʙʣʠʮʷ ɸ.1. 

ʂʨʘʾʥʠ, ʚʠʙʨʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʋʢʨʘʾʥʦʶ ʟʘ ɯʥʜʝʢʩʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʂʨʘʾʥʘ 
2014 ʨʽʢ 

ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ɻʨʫʧʘ 

ɸʟʝʨʙʘʡʜʞʘʥ 0.7 2 

ʄʦʣʜʦʚʘ 0.71 2 

ʋʢʨʘʾʥʘ 0.71 2 

ʈʌ 0.71 2 

ɹʦʩʥʽʷ ʽ 

ɻʝʨʮʝˇʦʚʠʥʘ 
0.72 2 
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ʈʠʩ. ɸ.3. ʇʦʢʘʟʥʠʢʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʢʨʘʾʥ ʟ ʛʨʫʧʠ 2 

ɹʘʯʠʤʦ, ʱʦ ʋʢʨʘʾʥʘ ʚʭʦʜʠʪʴ ʜʦ ʛʨʫʧʠ ʢʨʘʾʥ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ɯʥʜʝʢʩʫ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʙʣʠʟʴʢʠʤʠ ʜʦ 0.7, ʘʣʝ, ʷʢ ʚʠʜʥʦ ʟ ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. ɸ.3, ʨʦʟʙʽʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʚʠʤʽʨʽʚ (ʩʦʮʽʘʣʴʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ, ʝʢʦʣʦʛʽʯʥʠʡ) ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ ʻ ʟʥʘʯʥʦʶ, 

ʦʩʦʙʣʠʚʦ ʟʘ ʝʢʦʥʦʤʽʯʥʠʤ ʚʠʤʽʨʦʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

ɯʥʜʝʢʩʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʢʨʘʾʥ ɭʚʨʦʧʠ (ʨʠʩ. ɸ.4) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʋʢʨʘʾʥʘ ʤʘʻ ʜʠʥʘʤʽʢʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʘ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʠʥʘʤʽʢʠ ʢʨʘʾʥ ɭʚʨʦʧʠ. ɺ ʪʘʙʣʠʮʽ 4.4 ʥʘʚʝʜʝʥʦ ʛʨʫʧʫ ʢʨʘʾʥ, 

ʙʣʠʟʴʢʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʚʠʤʽʨʽʚ ʂʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ.  

ɿ ʨʠʩ. ɸ.5 ʚʠʧʣʠʚʘʻ, ʱʦ, ʭʦʯʘ ʢʨʘʾʥʠ ʟ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʙʣʠʟʴʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ɯʥʜʝʢʩʫ ʂʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ (ʪʘʙʣʠʮʷ ɸ.2) ʤʘʶʪʴ 

ʩʭʦʞʫ ʩʪʨʫʢʪʫʨʫ ʂʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ, ʧʨʦʪʝ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ɯʥʜʝʢʩʦʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʠʤʽʨʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. ɸ.6, ʋʢʨʘʾʥʘ ʟʘ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ ʂʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʣʶʜʝʡ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʢʨʘʾʥ ʟ ʟʘʟʥʘʯʝʥʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʦʶ ʜʦ ʥʝʾ ʻ ʄʦʣʜʦʚʘ. 
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ʈʠʩ. ɸ.4. ʂʦʨʝʣʷʮʽʷ ʟʥʘʯʝʥʴ ɯʥʜʝʢʩʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʽ ʽʥʰʠʭ ʢʨʘʾʥ 

ɭʚʨʦʧʠ 

 

ʊʘʙʣʠʮʷ ɸ.2. 

ʂʨʘʾʥʠ ʚʠʙʨʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʋʢʨʘʾʥʦʶ ʟʘ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʠ 

ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ 

ʂʨʘʾʥʘ 

2014 

ɯʥʜʝʢʩ ʩʦʮʽʘʣʴʥʦ-

ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ 

ʥʘʧʨʷʤʫ 

ɯʥʜʝʢʩ 

ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʥʘʧʨʷʤʫ 

ɯʥʜʝʢʩ 

ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʧʨʷʤʫ 

ɻʨʫʧʘ 

ʄʦʣʜʦʚʘ 0.55 0.33 0.51 1 

ʈʫʤʫʥʽʷ 0.58 0.56 0.47 1 

ɻʨʫʟʽʷ 0.53 0.7 0.42 1 

ʊʫʨʝʯʯʠʥʘ 0.54 0.54 0.53 1 

ʋʢʨʘʾʥʘ 0.51 0.19 0.44 1 

ɹʦʩʥʽʷ ʽ 

ɻʝʨʮʝˇʦʚʠʥʘ 
0.57 0.37 0.39 1 
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ʘ)      ʙ) 

ʈʠʩ. ɸ.5. ɿʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʂʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ ʜʣʷ ʢʨʘʾʥ ʟ 

ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ (ʊʘʙʣʠʮʷ ɸ.2): ʘ) ʩʪʦʚʧʯʠʢʦʚʘ, ʙ) ʧʝʣʶʩʪʢʦʚʘ ʜʽʘʛʨʘʤʠ 

 

ʈʠʩ. ɸ.6. ɼʠʥʘʤʽʢʘ ʂʦʤʧʦʥʝʥʪʠ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ ʜʣʷ ʢʨʘʾʥ 

ʟ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ (ʊʘʙʣʠʮʷ ɸ.2) 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʚʠʧʘʜʢʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. ɸ.6 ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ 

ʛʨʫʧʫ ʢʨʘʾʥ, ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ ʋʢʨʘʾʥʘ, ʟʘ ʟʥʘʯʝʥʥʷʤ ʂʦʤʧʦʤʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ 

ʣʶʜʝʡ. ɼʦ ʮʴʦʛʦ ʢʣʘʩʪʝʨʫ ʚʽʜʥʦʩʷʪʴʩʷ ʊʫʨʝʯʯʠʥʘ, ʂʽʧʨ, ɻʨʝʮʽʷ, ɻʨʫʟʽʷ, 

ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ, ɹʦʣʛʘʨʽʷ, ʄʦʣʜʦʚʘ, ʋʢʨʘʾʥʘ, ɹʦʩʥʽʷ ʽ ɻʝʨʮʝˇʦʚʠʥʘ, 

ɹʽʣʦʨʫʩʽʷ, ɸʣʙʘʥʽʷ, ɺʽʨʤʝʥʽʷ, ɸʟʝʨʙʘʡʜʞʘʥ (ʈʠʩ. ɸ.7). 

ʇʨʦʬʽʣʽ ʟʘʛʨʦʟ ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. ɸ.8. ɹʘʯʠʤʦ, ʱʦ ʟʘ 

ʚʨʘʟʣʠʚʽʩʪʶ ʜʦ ʟʘʛʨʦʟ ʋʢʨʘʾʥʘ ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʘ ʜʦ ɸʟʝʨʙʘʡʜʞʘʥʫ, 

ɺʽʨʤʝʥʽʾ ʪʘ ʄʦʣʜʦʚʠ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʟ ʢʨʘʾʥ ʩʫʩʽʜʽʚ ʋʢʨʘʾʥʠ, ʟʘ ʟʥʘʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʽʥʜʠʢʘʪʦʨʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʦʶ ʻ ʄʦʣʜʦʚʘ. 
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ʈʠʩ. ɸ.7. ɻʨʫʧʠ ʧʦʨʽʚʥʷʥʴ ʢʨʘʾʥ ɭʚʨʦʧʠ ʟʘ ʂʦʤʧʦʥʝʥʪʦʶ ʙʝʟʧʝʢʠ  

ʈʠʩ. ɸ.8. ʇʨʦʬʽʣʽ ʟʘʛʨʦʟ  
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 ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʽʪʴ ʚ ʩʚʦʾʡ ʛʨʫʧʽ ʢʨʘʾʥ ʟʘ ɯʥʜʝʢʩʦʤ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʘ ʧʦʢʘʟʫʻ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʠʤʽʨʫ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʦʞʥʘ 

ʦʮʽʥʶʚʘʪʠ ʥʘʙʣʠʞʝʥʥʷ (ʯʠ ʚʽʜʜʘʣʝʥʥʷ) ʋʢʨʘʾʥʠ ʜʦ çʆʧʪʠʤʽʩʪʠʯʥʦʛʦè 

ʩʮʝʥʘʨʽʶ ʪʘ ʩʮʝʥʘʨʽʶ çɿʙʘʣʘʥʩʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢè [A7]. ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʧʨʦʚʝʩʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʢʨʘʾʥ ʪʘ ʾʭ 

ʨʝʛʽʦʥʽʚ, ʟʘ ʦʢʨʝʤʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ, ʧʨʦʚʝʩʪʠ ʦʮʽʥʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ ʚ ʜʠʥʘʤʽʮʽ ʪʦʱʦ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʨʦʟʨʽʟʽ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ) ʋʢʨʘʾʥʠ. ʇʦ-ʩʫʪʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʞ ʦʧʝʨʘʮʽʾ, ʷʢ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʘʣʝ ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʽʥʰʽ ʜʘʥʽ. 

ʅʘ ʨʠʩ. ɸ.9 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʝʤʘʪʠʯʥʦʾ ʧʘʥʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ) 

ʋʢʨʘʾʥʠ ʟ ʧʦʟʠʮʽʡ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʇʘʥʝʣʴ ʤʽʩʪʠʪʴ ʽʥʩʪʨʫʤʝʥʪʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ: 

- ʚʠʟʥʘʯʘʪʠ ʛʨʫʧʠ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ), ʙʣʠʟʴʢʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ; 

- ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ) ʋʢʨʘʾʥʠ ʟʘ 

ɯʥʜʝʢʩʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʝʟʧʝʢʠ ʪʘ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ ʽ ʾʭ 

ʩʢʣʘʜʦʚʠʤʠ); 

- ʟʥʘʭʦʜʠʪʠ ʛʨʫʧʠ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ) ʟʘ ʩʭʦʞʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʘʛʨʦʟ ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘ ʤʘʩʰʪʘʙʦʤ ʾʭ ʧʨʦʷʚʽʚ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʜʽʣʠʪʠ ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʟʘ ɯʥʜʝʢʩʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, 

ɯʥʜʝʢʩʘʤʠ ʷʢʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʝʡ ʥʘ ʛʨʫʧʠ: ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʥʘʯʝʥʥʷ 

ʦʙʦʭ ʽʥʜʝʢʩʽʚ; ʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʂʦʤʧʦʥʝʥʪʠ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʪʘ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ; ʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʦʙʦʭ ʽʥʜʝʢʩʽʚ; 

ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʙʦʭ ʽʥʜʝʢʩʽʚ. 
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ʈʠʩ. ɸ.9. ʊʝʤʘʪʠʯʥʘ ʧʘʥʝʣʴ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ (ʦʙʣʘʩʪʝʡ) ʋʢʨʘʾʥʠ 
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ɼʦʜʘʪʦʢ ɹ 

 

ʆʎɯʅʖɺɸʅʅʗ ʉʊɸɺʃɽʅʅʗ ʉʋʉʇɯʃʔʉʊɺɸ ɼʆ ʇʈʆɺɽɼɽʅʅʗ ɺ 

ʋʂʈɸɰʅɯ ʄɸʉʆɺʆɰ ɺɸʂʎʀʅɸʎɯɰ ʇʈʆʊʀ COVID-19, 

ɺʀʂʆʅɸʅɽ ʅɸ ʇʃɸʊʌʆʈʄɯ ʄɯɾɼʀʉʎʀʇʃɯʅɸʈʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ ʉʎɼ-ʋʂʈɸɰʅɸ 

 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.3 ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʮʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʽʨʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ 

ʤʽʞ ʜʽʷʤʠ ʚʣʘʜʠ ʽ ʦʯʽʢʫʚʘʥʥʷʤʠ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʩʠʥʝʨʛʽʾ (ʩʦʮʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ) 

ʣʶʜʝʡ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʤʽʨʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ. 

ʋ ʮʴʦʤʫ ʜʦʜʘʪʢʫ ʧʦʜʘʥʦ ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ COVID-19 ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʝʤʦʮʽʡʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʰʣʷʭʦʤ ʦʥʣʘʡʥ-ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʜʽʘ-ʨʝʩʫʨʩʽʚ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʚʠʭ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ çPRO ET CONTRAè ʽʥʪʝʛʨʦʚʘʥʦʾ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ çAdvanced 

Analyticsè ʉʚʽʪʦʚʦʛʦ ʮʝʥʪʨʫ ʜʘʥʠʭ ʟ ʛʝʽʦʥʬʦʨʤʘʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫè, 

ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʙʘʟʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ʇʣʘʪʬʦʨʤʫ çAdvanced 

Analyticsè ʉʎɼ-ʋʢʨʘʾʥʘ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʨʘʤʢʘʭ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʨʠʤʢʠ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʦ ʟʘ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ 01.07.2020 ʨʦʢʫ ʧʦ 

08.01.2021 ʨʽʢ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʜʚʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ: 

1) ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ ʪʘ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ Robusta ʉʚʽʪʦʚʦʛʦ ʮʝʥʪʨʫ ʜʘʥʠʭ çɻʝʽʦʥʬʦʨʤʘʪʠʢʘ ʪʘ 

ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢè (http://open.wdc.org.ua/, ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï ɯʉ Robusta), ʱʦ 

ʦʭʦʧʣʶʻ 11 ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ ʪʘ 500 ʥʦʚʠʥʥʠʭ 

ʫʢʨʘʾʥʩʴʢʠʭ ʚʝʙ-ʩʘʡʪʽʚ, ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʽ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʟʘʛʘʣʴʥʦʾ ʪʝʤʘʪʠʢʠ. 

ʆʙʩʷʛ ʚʠʙʽʨʢʠ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 3 ʤʣʥ. ʧʦʚʽʜʦʤʣʝʥʴ; 
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2) ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʦʨʫ ʥʦʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʽʜʢʨʠʪʠʭ 

ʜʞʝʨʝʣ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʾʾ ʦʙʨʦʙʢʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ 

InfoStream (http://infostream.ua/, ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï ɯʉ InfoStream), ʱʦ ʦʭʦʧʣʶʻ 

ʙʣʠʟʴʢʦ 5000 ʜʞʝʨʝʣ ï ʫʩʽ ʦʩʥʦʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʘʡʪʠ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʽʜʥʽ ʟʘʢʦʨʜʦʥʥʽ ɯʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʠ. 

 

ɿʘʧʠʪ 1. ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʩʪʦʩʦʚʥʦ ʚʘʢʮʠʥʘʮʽʾ 

ʧʨʦʪʠ COVID-19 ʚ ʋʢʨʘʾʥʽ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʪʝʢʩʪʽ 

ʧʦʻʜʥʘʥʥʷ ʬʨʘʟ çʚʘʢʮʠʥʘè, çʱʝʧʣʝʥʥʷè, çCOVIDè, çʢʦʨʦʥʘʚʽʨʫʩè, 

çʢʦʨʦʥʘʚʠʨʫʩè, çSARS-COV-2è, çʋʢʨʘʠʥʘè, çʋʢʨʘʾʥʘè ʚ ʨʽʟʥʠʭ ʚʽʜʤʽʥʢʘʭ ʽ 

ʤʥʦʞʠʥʽ (ʪʝʢʩʪ ʟʘʧʠʪʫ ʤʦʚʦʶ ɯʉ Robusta (ʪʫʪ ʽ ʥʘʜʘʣʽ ʨʝʛʽʩʪʨ ʣʽʪʝʨ ʥʝ ʤʘʻ 

ʟʥʘʯʝʥʥʷ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʩʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʬʦʨʤʠ ʩʣʽʚ): (ʚʘʢʮʠʥʘ|ʱʝʧʣʝʥʥʷ)& 

(COVID|ʢʦʨʦʥʘʚʽʨʫʩ|ʢʦʨʦʥʘʚʠʨʫʩ|SARS-COV-2)& (ʫʢʨʘʠʥʘ|ʫʢʨʘʾʥʘ), ʜʘʣʽ ʟʘ 

ʪʝʢʩʪʦʤ ï ɿʘʧʠʪ 1) ʟʘ ʧʝʨʽʦʜ ʟ 01.07.2020 ʨʦʢʫ ʧʦ 08.01.2021 ʚ ʩʠʩʪʝʤʽ Robusta 

ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 12 113 ʧʦʚʽʜʦʤʣʝʥʴ, ʟ ʷʢʠʭ 23% ʥʦʩʷʪʴ ʥʝʛʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ, 

24% ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʝ ʝʤʦʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʽ 53% ʻ ʥʝʡʪʨʘʣʴʥʠʤʠ (ʩʝʨʝʜ ʥʠʭ 

ʽ ʪʘʢʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʤʦʮʽʡʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʷʢʠʭ ʥʝ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ).  

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʘʥʦ ʦʮʽʥʢʠ ʥʦʨʤʠ ʚʝʢʪʦʨʘ ʦʯʽʢʫʚʘʥʴ 

ʩʫʩʧʽʣʴʩʪʚʘ ȿὛȿᴆ πȢυσπ ʪʘ ʢʫʪ ‌ ψωЈ. ʅʘ ʚʝʢʪʦʨʥʽʡ ʜʽʘʛʨʘʤʽ ʚ ʮʝʥʪʨʽ 

ʪʝʤʘʪʠʯʥʦʾ ʧʘʥʝʣʽ (ʨʠʩ. ɹ.1.) ʟʦʙʨʘʞʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʝʢʪʦʨʘʤʠ 

ʤʦʞʣʠʚʠʭ ʜʽʡ ʚʣʘʜʠ Ὃᴆ, ʦʯʽʢʫʚʘʥʴ ʩʫʩʧʽʣʴʩʪʚʘ Ὓᴆ ʪʘ ʧʦʢʘʟʥʠʢʦʤ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ R=1,03. ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ C = 0,47.  

ɿʘ ʽʜʝʥʪʠʯʥʠʤ ʟʘʧʠʪʦʤ ʟ ʩʠʩʪʝʤʠ InfoStream ʙʫʣʦ ʦʪʨʠʤʘʥʦ 96 449 

ʧʦʚʽʜʦʤʣʝʥʴ, ʟ ʥʠʭ 9% ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʝ ʝʤʦʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ, 10% ï 

ʥʝʛʘʪʠʚʥʝ, 81% ï ʥʝʡʪʨʘʣʴʥʝ (ʚ ʪ.ʯ. ʥʝʚʠʟʥʘʯʝʥʽ). ʅʦʨʤʘ ʚʝʢʪʦʨʘ ʦʯʽʢʫʚʘʥʴ 

ʩʫʩʧʽʣʴʩʪʚʘ ȿὛȿᴆ πȢψ1, ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʜʽʡ ʚʣʘʜʠ Ὃᴆ ʪʘ ʩʦʮʽʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ (ʦʯʽʢʫʚʘʥʴ) ʩʫʩʧʽʣʴʩʪʚʘ Ὓᴆ ‌ ωπȟυЈ, ʧʦʢʘʟʥʠʢ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ R = 0,98, ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ C =  0,19. 
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ʈʠʩ. ɹ.1. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ 

ʧʨʦʪʠ COVID-19 (ʟʘ ʜʘʥʠʤʠ ɯʉ Robusta, ɿʘʧʠʪ 1), ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʤʘʪʠʯʥʠʭ ʧʘʥʝʣʝʡ ʟʘʩʪʦʩʫʥʢʫ çPRO ET CONTRAè 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʪʘʚʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ COVID-19 (ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʛʤʝʥʪʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ) ʻ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʥʝʚʠʟʥʘʯʝʥʠʤ (ʨʽʚʝʥʴ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 53%-81%; ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʬʣʽʢʪʥʦʩʪʽ C
~

 ʩʪʘʥʦʚʠʪʴ 0,33), ʧʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ ʤʽʞ ʢʽʣʴʢʽʩʪʶ 

ʧʦʟʠʪʠʚʥʠʭ ʽ ʥʝʛʘʪʠʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʨʽʚʥʽ 10%-24% ʪʘ ʥʝʟʥʘʯʥʽʡ 

ʧʦʟʠʪʠʚʥʽʡ ʩʠʥʝʨʛʽʾ ʩʫʩʧʽʣʴʩʪʚʘ (ʫʟʘʛʘʣʴʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 1
~
=R ). 

ʅʘ ʨʠʩ. ɹ.2 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʦʙʦʚʽ ʪʘ ʽʥʪʝʛʨʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʤʘʪʠʢʠ (ʟʘ ʜʘʥʠʤʠ Robusta). 

ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʟ ʩʝʨʝʜʠʥʠ ʚʝʨʝʩʥʷ ʚʽʜʙʫʚʩʷ ʟʣʘʤ: ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʱʦ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʝ ʝʤʦʮʽʡʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʩʪʦʩʦʚʥʦ ʤʦʞʣʠʚʦʛʦ ʱʝʧʣʝʥʥʷ 

ʧʨʦʪʠ COVID-19, ʧʦʯʘʣʘ ʧʝʨʝʚʘʞʘʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʛʘʪʠʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʇʦʤʽʪʥʽ ʧʽʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟ 8 ʧʦ 22 ʞʦʚʪʥʷ 2020 ʨʦʢʫ, ʟ 12 ʧʦ 20 ʣʠʩʪʦʧʘʜʘ, 

22 ʽ 30 ʛʨʫʜʥʷ 2020 ʨʦʢʫ, 6 ʩʽʯʥʷ 2021 ʨʦʢʫ. 

ɸʥʘʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʤʠ ʙʘʯʠʤʦ ʽ ʟʘ ʜʘʥʠʤʠ ɯʉ InfoStream (ʨʠʩ. ɹ.3). 
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ʈʠʩ. ɹ.2. ɼʠʥʘʤʽʢʘ ʩʫʩʧʽʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʟʘ ʜʘʥʠʤʠ ɯʉ Robusta, ɿʘʧʠʪ 1) 

 

 
ʈʠʩ. ɹ.3. ɼʠʥʘʤʽʢʘ ʩʫʩʧʽʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ  (ʟʘ ʜʘʥʠʤʠ ɯʉ InfoStream, ɿʘʧʠʪ 1) 
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ɿʘʧʠʪ 2. ɼʝʪʘʣʽʟʘʮʽʷ ʟʘʧʠʪʫ 1 ʟ ʚʢʣʶʯʝʥʥʷʤ ʜʦ ʥʴʦʛʦ ʧʝʨʝʣʽʢʫ 

ʢʦʥʢʨʝʪʥʠʭ ʚʘʢʮʠʥ 

ɼʦ ʟʘʧʠʪʫ 1 ʚʢʣʶʯʘʻʪʴʩʷ ʧʝʨʝʣʽʢ ʢʦʥʢʨʝʪʥʠʭ ʚʘʢʮʠʥ ʚʽʜ COVID-19: 

Oxford Uni ï AstraZeneca, Moderna, Pfizer ï BioNTech, Sinovac Biotech, 

Gamaleya Sputnik V. ʊʝʢʩʪ ʟʘʧʠʪʫ ʤʦʚʦʶ Robusta): (ʚʘʢʮʠʥʘ|ʱʝʧʣʝʥʥʷ) 

&(AstraZeneca |Pfizer|Moderna|Sinovac|ʉʧʫʪʥʠʢ|ʉʫʧʫʪʥʠʢ|Sputnik)& 

(ʫʢʨʘʠʥʘ|ʫʢʨʘʾʥʘ), ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï ɿʘʧʠʪ 2.  

ɿʘ ʟʘʧʠʪʦʤ ʚ ʩʠʩʪʝʤʽ Robusta ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 3486 ʧʦʚʽʜʦʤʣʝʥʴ, ʟ ʥʠʭ 

17% ʥʝʛʘʪʠʚʥʠʭ ʪʘ 29% ʧʦʟʠʪʠʚʥʠʭ; ʚ ʩʠʩʪʝʤʽ Infostream ï 30 210 ʧʦʚʽʜʦʤʣʝʥʴ, 

ʟ ʷʢʠʭ 6% ʥʝʛʘʪʠʚʥʠʭ ʽ 8% ʧʦʟʠʪʠʚʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʜʘʥʠʤʠ Robusta ʥʦʨʤʘ 

ʚʝʢʪʦʨʘ ʦʯʽʢʫʚʘʥʴ ʩʫʩʧʽʣʴʩʪʚʘ ȿὛȿᴆ πȢυτχ, ʢʫʪ ‌ χχЈ, ʧʦʢʘʟʥʠʢ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ R = 1,39, ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ C ʩʪʘʥʦʚʠʪʴ 0,44 (ʨʠʩ. ɹ.4).  

ɿʘ ʜʘʥʠʤʠ InfoStream ȿὛȿᴆ πȢψφσ, ʢʫʪ ‌ ψψЈ, ʧʦʢʘʟʥʠʢ ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ R = 1,08, ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ C = 0,13. ɻʨʘʬʽʢʠ ʜʦʙʦʚʦʾ 

ʢʣ̔ʴʢʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ (ʜʠʚ. ʨʠʩ. ɹ.5, ɹ.6) ʤʘʶʪʴ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʫ ʧʝʨʰʽʡ 

ʜʝʢʘʜʽ, ʢʽʥʮʽ ʛʨʫʜʥʷ 2020 ʨ. ʪʘ ʧʦʯʘʪʢʫ ʩʽʯʥʷ 2021 ʨʦʢʫ (06.01.2021 ʨ.). 

ʈʠʩ. ɹ.4. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ 

COVID-19 (ʟʘ ʜʘʥʠʤʠ ɯʉ Robusta, ɿʘʧʠʪ 2)  
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ʈʝʟʫʣʴʪʘʪʠ ɿʘʧʠʪʫ 2 ʧʦʢʘʟʫʶʪʴ ʥʝʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʧʦʟʠʪʠʚʥʠʭ ʦʯʽʢʫʚʘʥʴ 

(ʥʘʜ ʥʝʛʘʪʠʚʥʠʤʠ ʽ ʥʝʡʪʨʘʣʴʥʠʤʠ) ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ COVID-

19 (ʤʘʻ ʤʽʩʮʝ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ï ʫʟʘʛʘʣʴʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R
~

 ʩʪʘʥʦʚʠʪʴ 1,20 ʽ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʥʦʨʤʠ 

ʚʝʢʪʦʨʘ ʜʽʡ ʚʣʘʜʠ Ὃᴆ), ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ 29,0
~
=C . 

 

ʈʠʩ. ɹ.5. ɼʠʥʘʤʽʢʘ ʩʫʩʧʽʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʟʘ ʜʘʥʠʤʠ InfoStream, ɿʘʧʠʪ 2) 

 

ʈʠʩ. ɹ.6. ɼʠʥʘʤʽʢʘ ʩʫʩʧʽʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʟʘ ʜʘʥʠʤʠ Robusta, ɿʘʧʠʪ 2) 

 

ɿʘʧʠʪ 3. ʉʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ COVID-19 

ʦʢʨʝʤʦ ʢʦʞʥʦʶ ʟ ʚʘʢʮʠʥ 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʩʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʥʷ ʧʨʦʪʠ COVID-19 

ʦʢʨʝʤʦ ʢʦʞʥʦʶ ʟ ʚʘʢʮʠʥ: Oxford Uni ï AstraZeneca, Moderna, Pfizer ï 
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BioNTech, Sinovac Biotech, Gamaleya Sputnik V (ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï ʉʝʨʽʷ ʟʘʧʠʪʽʚ 

3). ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ɸ.1.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʟʘ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʘʢʮʠʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: ʧʝʨʰʝ ʤʽʩʮʝ ʽ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʤʘʻ ʚʘʢʮʠʥʘ Oxford Uni 

ï AstraZeneca ( R
~

 = 1,49); ʥʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ʚʘʢʮʠʥʘ Moderna ( R
~
=1,45); ʥʘ 

ʪʨʝʪʴʦʤʫ ʤʽʩʮʽ ʚʘʢʮʠʥʘ Sinovac Biotech ( R
~
=1,32); ʥʘ ʯʝʪʚʝʨʪʦʤʫ ʤʽʩʮʽ ʚʘʢʮʠʥʘ 

Pfizer ï BioNTech ( R
~
=1,26); ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʤʽʩʮʽ ʚʘʢʮʠʥʘ Gamaleya Sputnik V (

R
~

=1,13).  

 

ɿʘʧʠʪ 4. ʉʪʘʚʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʨʝʻʩʪʨʘʮʽʾ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʘʢʮʠʥʠ Gamaleya Sputnik V 

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʫʩʧʽʣʴʥʦʾ ʜʠʩʢʫʩʽʾ ʩʪʦʩʦʚʥʦ ʤʦʞʣʠʚʦʾ ʨʝʻʩʪʨʘʮʽʾ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʘʢʮʠʥʠ Gamaleya Sputnik V ʦʙʫʤʦʚʠʚ ʚʠʢʦʥʘʥʥʷ 

ʦʢʨʝʤʝ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʩʪʘʚʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʮʴʦʛʦ ʷʚʠʱʘ. 

ʊʝʢʩʪ ʟʘʧʠʪʫ ʤʦʚʦʶ Robusta: (ʨʝʛʠʩʪʨʘʮʠʷ|ʨʝʻʩʪʨʘʮʽʷ)&(ʉʧʫʪʥʠʢ| 

ʉʫʧʫʪʥʠʢ|Sputnik)&(ʫʢʨʘʠʥʘ|ʫʢʨʘʾʥʘ), ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï ɿʘʧʠʪ 4. 

ɿʘ ʟʘʧʠʪʦʤ ʚ ʩʠʩʪʝʤʽ Robusta ʚʽʜʽʙʨʘʥʦ 445 ʧʦʚʽʜʦʤʣʝʥʴ (14% 

ʥʝʛʘʪʠʚʥʠʭ, 24% ʧʦʟʠʪʠʚʥʠʭ, 62% ʥʝʡʪʨʘʣʴʥʠʭ), ʚ ʩʠʩʪʝʤʽ Infostream ï 3702 

ʧʦʚʽʜʦʤʣʝʥʥʷ (6% ï ʥʝʛʘʪʠʚʥʠʭ, 8% ï ʧʦʟʠʪʠʚʥʠʭ, 86% ï ʥʝʡʪʨʘʣʴʥʠʭ). ɿʘ 

ʜʘʥʠʤʠ Robusta ʥʦʨʤʘ ʚʝʢʪʦʨʘ ʦʯʽʢʫʚʘʥʴ ʩʫʩʧʽʣʴʩʪʚʘ ȿὛȿᴆ πȢφσσ, ʢʫʪ ‌

ψρЈ, ʧʦʢʘʟʥʠʢ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R = 1,31, ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ C = 

0,36. ɿʘ ʜʘʥʠʤʠ InfoStream: ȿὛȿᴆ πȢψυχ; ‌ ψωЈ; R = 1,04; C = 0,14. 

ʆʙʯʠʩʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ɯʉ Robusta ʽ ɯʉ Infostream ʜʘʣʠ ʫʟʘʛʘʣʴʥʝʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R
~

 = 1,16 ʽ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʣʽʢʪʥʦʩʪʽ 25,0
~
=C . 

ɸʥʘʣʽʟʫʶʯʠ ʜʠʥʘʤʽʢʫ ʧʦʚʽʜʦʤʣʝʥʴ ʩʪʦʩʦʚʥʦ ʤʦʞʣʠʚʦʾ ʨʝʻʩʪʨʘʮʽʾ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʘʢʮʠʥʠ Gamaleya Sputnik V (ʨʠʩ. ɹ.7, ɹ.8), ʤʦʞʝʤʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʜʚʘ ʟʥʘʯʥʽ ʩʧʣʝʩʢʠ: 09.12.2020 ʪʘ 02.01.2021 ʨʦʢʫ. 
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ʊʘʙʣʠʮʷ ɹ.1. ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʚʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʴ ʧʨʦʪʠ COVID-19 ʦʢʨʝʤʠʤʠ ʚʘʢʮʠʥʘʤʠ. 

ʅʘʟʚʘ ʚʘʢʮʠʥʠ 

ʈʝʡʪʠʥʛ 

ʜʦʚʽʨʠ 

ʥʘʩʝʣʝʥʥʷ 

ʜʦ ʚʘʢʮʠʥʠ 

ʋʟʘʛʘʣʴʥʝʥʠʡ 

ʧʦʢʘʟʥʠʢ 

ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

R
~

 

ʋʟʘʛʘʣʴʥʝʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʬʣʽʢʪʥʦʩʪʽ 

C
~

 

ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ 

ʂʽʣʴʢʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ 

ʅʦʨʤʘ 

ʚʝʢʪʦʨʘ 

ʦʯʽʢʫʚʘʥʴ 

ʩʫʩʧʽʣʴʩʪʚʘ 

ȿ╢ȿᴆ 

ʂʫʪ ♪ 

ʇʦʢʘʟʥʠʢ 

ʩʫʩʧʽʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

R 

ʂʦʝʬʽʮʽʻʥʪ 

ʢʦʥʬʣʽʢʪʥʦʩʪʽ 

C 

ɿ
ʘ
ʛ
ʘ
ʣ
ʴ
ʥ
ʘ

 

ʇ
ʦ
ʟ
ʠ
ʪ
ʠ
ʚ
ʥ
ʽ

 

ʅ
ʝ
ʡ
ʪ
ʨ
ʘ
ʣ
ʴ
ʥ
ʽ

 

ʅ
ʝ
ʛ
ʘ
ʪ
ʠ
ʚ
ʥ
ʽ

 

Oxford Uni ï 

AstraZeneca 
1 1,49 0,29 

Robusta 586 42% 45% 13% 0,533 57 1,92 0,44 

InfoStream 6609 11% 85% 4% 0,852 85 1,22 0,13 

Moderna 2 1,45 0,27 
Robusta 686 37% 51% 12% 0,566 64 1,79 0,40 

InfoStream 7471 12% 84% 4% 0,844 85 1,22 0,13 

Sinovac 

Biotech 
3 1,32 0,21 

Robusta 361 32% 57% 11% 0,608 70 1,65 0,35 

InfoStream 3883 5% 92% 2% 0,923 88 1,09 0,07 

Pfizer ï 

BioNTech 
4 1,26 0,31 

Robusta 1298 34% 48% 18% 0,503 72 1,49 0,49 

InfoStream 13905 9% 86% 5% 0,864 87 1,13 0,13 

Gamaleya 

Sputnik V 
5 1,13 0,31 

Robusta 1261 29% 52% 19% 0,525 80 1,31 0,47 

InfoStream 11575 8% 85% 7% 0,848 90 1,02 0,15 
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ʈʠʩ. ɹ.7. ɼʦʙʦʚʘ ʜʠʥʘʤʽʢʘ ʧʦʚʽʜʦʤʣʝʥʴ ʩʪʦʩʦʚʥʦ ʨʝʻʩʪʨʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʋʢʨʘʾʥʽ ʚʘʢʮʠʥʠ Gamaleya Sputnik V (ɿʘʧʠʪ 4, ɯʉ Robusta) 

ʈʠʩ. ɹ.8. ɼʦʙʦʚʘ ʜʠʥʘʤʽʢʘ ʧʦʚʽʜʦʤʣʝʥʴ (ɿʘʧʠʪ 4, ɯʉ Infostream) 

ʆʪʞʝ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʥʽʪʦʨʠʥʛʫ ɯʉ Robusta ʚʢʘʟʫʻ 

ʥʘ 14% ʥʝʛʘʪʠʚʥʠʭ ʚʽʜʛʫʢʽʚ, 24% ʧʦʟʠʪʠʚʥʠʭ ʽ 62% ʥʝʡʪʨʘʣʴʥʠʭ, ʚ ʩʠʩʪʝʤʽ 

Infostream ï 6% ʥʝʛʘʪʠʚʥʠʭ ʚʽʜʛʫʢʽʚ, 8% ʧʦʟʠʪʠʚʥʠʭ, 86% ʥʝʡʪʨʘʣʴʥʠʭ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʚʣʝʥʥʷ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʚʘʢʮʠʥʠ Gamaleya Sputnik V (ʚʽʜ 62% ʜʦ 86%), ʟ ʥʝʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʧʦʟʠʪʠʚʥʦʛʦ ʩʪʘʚʣʝʥʥʷ (8%-24%) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ (6%-14%). 

ʈʝʻʩʪʨʘʮʽʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʘʢʮʠʥʠ Gamaleya Sputnik V ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʽ ʟ ʧʦʢʘʟʥʠʢʦʤ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 16,1
~
=R , ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʫʩʧʽʣʴʥʠʭ ʜʫʤʦʢ (ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʬʣʽʢʪʥʦʩʪʽ) 25,0
~
=C . 
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ɺʠʩʥʦʚʢʠ 

ɸʥʘʣʽʟ ʩʪʘʚʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʱʝʧʣʝʥʴ ʧʨʦʪʠ 

COVID-19, ʚʠʢʦʥʘʥj ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʾ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ çAdvanced 

Analyticsè ʉʚʽʪʦʚʦʛʦ ʮʝʥʪʨʫ ʜʘʥʠʭ çɻʝʽʦʥʬʦʨʤʘʪʠʢʘ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢè ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʜʚʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ: ɯʉ Robusta 

(ʉʎɼ-ʋʢʨʘʾʥʘ) ʪʘ ɯʉ InfoStream (ɯʎ "ɽʣʝʢʪʨʦʥʥʽ ʚʽʩʪʽ"), ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ: 

1. ɺʽʜ 53% ʜʦ 81% ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ (ʟʘʧʠʪʠ 1, 2 ʚ ɯʉ Robusta 

ʪʘ InfoStream) ʥʝ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʯʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʝʤʦʮʽʡʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʘʚʣʝʥʥʷ ʟʥʘʯʥʦʾ 

ʯʘʩʪʠʥʠ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʚʘʢʮʠʥʘʮʽʾ ʧʨʦʪʠ COVID-19. ɺʽʜ 9% ʜʦ 29% 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʝ ʟʘʙʘʨʚʣʝʥʥʷ, ʚʽʜ 10% ʜʦ 23% ï 

ʥʝʛʘʪʠʚʥʝ. ɿʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʘʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠ ʽ ʝʬʝʢʪʠʚʥʠʭ 

ʜʽʡ ʚʣʘʜʠ ʤʘʩʦʚʘ ʚʘʢʮʠʥʘʮʽʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʧʨʦʪʠ COVID-19 ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʘ ʟ ʧʦʢʘʟʥʠʢʦʤ ʩʫʩʧʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ R
~

 ʚʽʜ 1,0 ʜʦ 1,2. 

2. ʉʪʦʩʦʚʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʚʘʢʮʠʥ (ɿʘʧʠʪ 3), ʪʦ ʥʘʡʙʽʣʴʰʘ 

ʩʫʩʧʽʣʴʥʘ ʜʦʚʽʨʘ (ʧʨʠ ʧʦʪʦʯʥʦʤʫ, ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʦʤʫ ʽʥʬʦʨʤʫʚʘʥʥʽ 

ʩʫʩʧʽʣʴʩʪʚʘ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʚʘʢʮʠʥ) ʚʽʜʜʘʻʪʴʩʷ ʚʘʢʮʠʥʽ Oxford 

Uni ï AstraZeneca. 

3. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʩʪʘʚʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʚʘʢʮʠʥʠ Gamaleya Sputnik V (ʚʽʜ 62% ʜʦ 86%), ʟ ʥʝʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʧʦʟʠʪʠʚʥʦʛʦ ʩʪʘʚʣʝʥʥʷ (8%-24%) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ (6%-14%).  

4. ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʤʘʩʦʚʦʾ ʚʘʢʮʠʥʘʮʽʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʧʨʦʪʠ 

COVID-19 ʪʘ ʾʾ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʘʢʪʠʚʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ 

ʩʫʧʨʦʚʦʜʦʤ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ. ɿ ʤʝʪʦʶ ʧʣʘʥʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʤʘʩʦʚʦʾ 

ʚʘʢʮʠʥʘʮʽʾ ʜʦʮʽʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʜʽʡʩʥʦʾ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 

ʋʢʨʘʾʥʠ ʥʘ COVID-19 ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʽʚ COVID-19, ʷʢʽ ʥʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʇʃʈ ʪʘ ʥʝ 

ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʜʦ ʦʬʽʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʢʠ.   
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ɼʦʜʘʪʦʢ ɺ. 

ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ, 

ɺɯɼʆʄʆʉʊɯ ʇʈʆ ɸʇʈʆɹɸʎɯʖ ʈɽɿʋʃʔʊɸʊɯɺ ʊɸ ɼʆʂʋʄɽʅʊʀ, 

ʗʂɯ ʇɯɼʊɺɽʈɼɾʋʖʊʔ ʈɽɿʋʃʔʊɸʊʀ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ 
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