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ʆʙʲʝʢʪʥʳʝ ʩʠʩʪʝʤʳ ï 2016 (ɿʠʤʥʷʷ ʩʝʩʩʠʷ): ʤʘʪʝʨʠʘʣʳ XIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 10-12 ʜʝʢʘʙʨʷ 2016 ʛ.) / ʇʦʜ ʦʙʱ. ʨʝʜ. ʇ.ʇ. ʆʣʝʡʥʠʢʘ. ï 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ: ʐʀ (ʬ) ʖʈɻʇʋ (ʅʇʀ) ʠʤ. ʄ.ʀ. ʇʣʘʪʦʚʘ, 2016. ï 106 c. ISBN 978-5-9907056-3-0 
ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʩʚʷʱʝʥʳ ʧʨʠʥʮʠʧʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʙʲʝʢʪʥʳʭ ʩʠʩʪʝʤ ʠ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʩʚʝʱʝʥʠʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʦʙʣʝʤ. ʂʘʞʜʘʷ ʩʪʘʪʴʷ, ʚʢʣʶʯʸʥʥʘʷ ʚ ʩʙʦʨʥʠʢ, ʧʨʠʥʷʪʘ ʢ ʧʝʯʘʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʮʝʥʟʠʠ ʯʣʝʥʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʦʚ. 
ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
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ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ (ʬʠʣʠʘʣ) ɼɻʊʋ  

ʚ ʛ.ʐʘʭʪʳ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʪʥʸʨʳ 

 ʉʦʦʙʱʝʩʪʚʦ ʩʠʩʪʝʤʥʳʭ ʘʥʘʣʠʪʠʢʦʚ 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 
"ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ" ʩ ʝʞʝʤʝʩʷʯʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ 

 

ɽʞʝʤʝʩʷʯʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʞʫʨʥʘʣ 
 "ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ" 

 

ɾʫʨʥʘʣ "ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ" 

ʆʨʛʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ 

1. ʇʨʦʢʦʧʝʥʢʦ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ʚʫʟʦʚʩʢʦʡ ʥʘʫʢʠ ʠ ʠʥʥʦʚʘʮʠʡ ʉʦʚʝʪʘ ʨʫʢʪʦʨʦʚ ʚʫʟʦʚ ʈʦʩʪʦʚʩʢʦʡ 
ʦʙʣʘʩʪʠ, ɿʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʈʌ, ʈʦʩʩʠʷ, ʐʘʭʪʳ (ʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ) 

2. ʆʣʝʡʥʠʢ ʇʘʚʝʣ ʇʝʪʨʦʚʠʯ, ʢ.ʪ.ʥ., ʉʠʩʪʝʤʥʳʡ ʘʨʭʠʪʝʢʪʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʈʦʩʩʠʷ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ (ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ) 

3. ʂʫʨʘʢʦʚ ʖʨʠʡ ʀʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʐʘʭʪʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʖʈɻʇʋ (ʅʇʀ) ʠʤ. ʄ.ʀ. ʇʣʘʪʦʚʘ, ʈʦʩʩʠʷ, ʐʘʭʪʳ 
4. ɹʦʞʠʯ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʂʘʬʝʜʨʘ "ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʨʘʜʠʦʪʝʭʥʠʢʘ", ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ (ʬʠʣʠʘʣ) ɼɻʊʋ ʚ ʛ.ʐʘʭʪʳ, ʈʦʩʩʠʷ, ʐʘʭʪʳ 

5. ʉʠʜʝʣʴʥʠʢʦʚ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ "ʕʢʦʥʦʤʠʢʘ ʠ ʧʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ", ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ 
ʀʥʩʪʠʪʫʪ ʖʞʥʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʈʦʩʩʠʷ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

7. ʄʠʭʘʡʣʦʚ ɸʥʘʪʦʣʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʂʘʬʝʜʨʘ "ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ", ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʦʚʦʯʝʨʢʘʩʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ), ʈʦʩʩʠʷ, ʅʦʚʦʯʝʨʢʘʩʩʢ 
8. ʂʨʘʚʯʠʢ ɺʣʘʜʠʩʣʘʚ ɻʝʦʨʛʠʝʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮ., ʂʘʬʝʜʨʘ "ʕʥʝʨʛʝʪʠʢʘ ʠ ɹɾɼ", ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ 

(ʬʠʣʠʘʣ) ɼɻʊʋ ʚ ʛ.ʐʘʭʪʳ, ʈʦʩʩʠʷ, ʐʘʭʪʳ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ 

1. Euclid Keramopoulos, Ph.D., Lecturer, Alexander Technological Educational Institute of Thessaloniki, ɻʨʝʮʠʷ, ʉʘʣʦʥʠʢʠ 

2. Piotr Habela, Ph.D., Assistant Professor, Polish-Japanese Institute of Information Technology, ʇʦʣʴʰʘ, ɺʘʨʰʘʚʘ 

3. Erki Eessaar, Ph.D., Associate Professor, Acting Head of the Chair, Faculty of Information Technologies: Department of Informatics, Tallinn 
University of Technology, ʕʩʪʦʥʠʷ, ʊʘʣʣʠʥ 

4. German Viscuso, MSc in Computer Science, Marketing, Versant Corp., ʀʩʧʘʥʠʷ, ʄʘʜʨʠʜ 

5. ʂʫʟʥʝʮʦʚ ʉʝʨʛʝʡ ɼʤʠʪʨʠʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʌʘʢʫʣʴʪʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʢʠʙʝʨʥʝʪʠʢʠ, ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, 
ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʈɸʅ, ʯʣʝʥ ACM, ACM SIGMOD ʠ IEEE Computer Society, ʈʦʩʩʠʷ, 

ʄʦʩʢʚʘ 

6. ʐʘʣʳʪʦ ɸʥʘʪʦʣʠʡ ɸʙʨʘʤʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 
"ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ", ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ, 

ʈʦʩʩʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

7. ɻʘʣʠʘʩʢʘʨʦʚ ʕʜʫʘʨʜ ɻʝʥʥʘʜʴʝʚʠʯ, ʢ.ʭ.ʥ, ʜʦʮ., ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʀʚʘʥʦʚʦ 
8. ʏʝʢʠʨʠʩ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʅʉʀ, ʅʀʀʕɺʄʩʝʨʚʠʩ, ɹʝʣʘʨʫʩʴ, ʄʠʥʩʢ 
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ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ ʧʦʠʩʢʘ 

ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʢʦʥʪʝʡʥʝʨʘʭ. ʂ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʩʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʨʘʩʢʨʦʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ, ʢʦʤʧʦʥʦʚʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʢʦʥʪʝʡʥʝʨʥʦʡ ʫʧʘʢʦʚʢʠ 

ʛʨʫʟʦʚ ʠ ʧʘʣʣʝʪʠʨʦʚʘʥʠʷ, ʦʙʲʝʤʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʟʘʜʘʯʠ [1, 2]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʦʙʣʘʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʝʰʝʥʠʡ ʵʪʦʡ ʟʘʜʘʯʠ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢʘʢ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ (ʕ.ɸ. ʄʫʭʘʯʸʚʘ, ɺ.ʄ. ʂʘʨʪʘʢ, ɸ.ʉ. ʌʠʣʠʧʧʦʚʘ, ɸ.ʌ. ɺʘʣʝʝʚʘ, 

ʖ.ʀ. ɺʘʣʠʘʭʤʝʪʦʚʘ), ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ (S. Martello, A. Lodi, D. Vigo, D. Pisinger, 

A. Bortfeldt, G. Wascher, S. Fekete, J. Shchepres, T. Crainic, G. Perboli) ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ʉʪʘʪʴʷ ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʨʘʩʢʨʦʷ ʠ ʫʧʘʢʦʚʢʠ. ɺ ʩʪʘʪʴʝ [3] 

ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. ɺ ʩʪʘʪʴʝ [4] ʧʨʝʜʣʦʞʝʥʘ 

ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʚʷʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʧʘʢʦʚʢʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʦʜʝʨʞʠʪʩʷ ʦʧʠʩʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ ʧʨʠʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʣʝʞʘʪ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [4-10]. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʩʪʘʥʦʚʢʘ D-ʤʝʨʥʦʡ ʟʘʜʘʯʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʥʘʙʦʨʦʚ ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʝ D-ʤʝʨʥʳʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ: 

1) ʥʘʙʦʨ N ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

{ } { }NjWWW D
jjj ,,1,,,, 21 22 Í ; 

2) ʥʘʙʦʨ n ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

{ } { }niwww D
iii ,,1,,,, 21 22 Í . 

ʆʙʦʟʥʘʯʠʤ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ i ʚ ʢʦʥʪʝʡʥʝʨʝ j ʯʝʨʝʟ ( )D
ijijij xxx ;;; 21 2 . ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʟʤʝʩʪʠʪʴ ʚʩʝ ʦʙʲʝʢʪʳ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʯʠʩʣʝ ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʡ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ [11, 12]: 

¶ ʨʝʙʨʘ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʢʦʥʪʝʡʥʝʨʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʘʨʘʣʣʝʣʥɹʳ ʨʝʙʨʘʤ ʵʪʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ; 

                                                 
4 ʉʪʘʪʴʷ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ ʚ ʞʫʨʥʘʣʝ "ʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ" 
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¶ ʨʘʟʤʝʱʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʪ.ʝ. 

( )( )d
i

d
ij

d
kj

d
k

d
kj

d
ij wxxwxx +²Ù+²  

{ } { } { } kinkiDdNj ¸ÍÍ"Í" ,,,1,,,,1,,,1 222 ; 

¶ ʨʘʟʤʝʱʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʛʨʘʥʠʮʳ ʢʦʥʪʝʡʥʝʨʦʚ, ʪ.ʝ. 

( )( )d
j

d
i

d
ij

d
ij Wwxx ¢+Ø²0

  { } { } { }niDdNj ,,1,,,1,,,1 222 Í"Í"Í" . 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ D-ʤʝʨʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʜʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʘ ʚ ʚʠʜʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʩʧʠʩʢʘ ʚʳʙʦʨʘ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ { }DP PPPL ;;; 21 2= , ʛʜʝ { } { }DdDPd ,,1,,1 22 Í"Í . ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʧʦʠʩʢ ʩʚʦʙʦʜʥʳʭ ʦʙʣʘʩʪʝʡ ʟʘʧʦʣʥʷʝʤʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʦʣʞʝʥ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʧʦʨʷʜʢʝ, ʦʧʨʝʜʝʣʝʥʥʦʤ ʚ ʧʨʠʦʨʠʪʝʪʥʦʤ ʩʧʠʩʢʝ PL . ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʛʨʫʟʢʠ ʪʨʸʭʤʝʨʥʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. 

 

{ }3;2;1=PL  { }2;3;1=PL  { }3;1;2=PL  

   

{ }1;3;2=PL  { }2;1;3=PL  { }1;2;3=PL  

   
 

 

ʈʠʩ. 1 ï ɺʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʠ ʪʨʸʭʤʝʨʥʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʦʧʠʩʘʥʥʘʷ ʚ ʩʪʘʪʴʷʭ [5, 9]. 

ʕʪʘ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʞʜʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʤʝʱʝʥʳ ʚ ʩʚʦʙʦʜʥʳʭ ʦʙʣʘʩʪʷʭ ʟʘʧʦʣʥʷʝʤʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʥʘʟʳʚʘʝʤʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʢʦʥʪʝʡʥʝʨʘʤʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʣʴʥʦʡ D -ʤʝʨʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʫʧʘʢʦʚʢʠ ʢʘʞʜʳʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ k  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ ï ʚʝʢʪʦʨʦʤ 

{ }D
kkk ppp ;;; 21 2 , ʩʦʜʝʨʞʘʱʠʤ ʝʛʦ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ k  ʠ ʚʝʢʪʦʨʦʤ { }D

kkk xxx ;;; 21 2 , 

ʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʘʪʳ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʦʨʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʚʷʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʘʷ ʚ ʩʪʘʪʴʝ [4]. 
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2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʇʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++. ɺ 

ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʥʘʙʦʨ ʢʣʘʩʩʦʚ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ [3], ʧʨʠʚʝʜʸʥʥʳʡ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ UML ʥʘ 

ʨʠʩ. 2. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ. 

 
ʈʠʩ. 2 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ 
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ʊʘʙʣʠʮʘ 1. ʅʘʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ˉ 

ʧ/ʧ 
ʂʣʘʩʩ ʅʘʟʥʘʯʝʥʠʝ ʢʣʘʩʩʘ 

1 COrder ʂʣʘʩʩ ʟʘʜʘʯʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʨʘʟʤʝʨʥʦʩʪʠ D 

2 CObj ʂʣʘʩʩ ʨʘʟʤʝʱʘʝʤʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ 

3 CObjPacked ʂʣʘʩʩ ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʢʦʥʪʝʡʥʝʨʝ ʦʙʲʝʢʪʘ 

4 CContainer ʂʣʘʩʩ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 

5 CVPoint ʂʣʘʩʩ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 

6 CVobjList 

ʂʣʘʩʩ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʚʷʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʘʙʦʨʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ [4] 

7 CVobj ʂʣʘʩʩ ʵʣʝʤʝʥʪʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʚʷʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

8 CAlgPack 
ɸʙʩʪʨʘʢʪʥʳʡ ʢʣʘʩʩ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ [7] 

9 CChromosome 

ʂʣʘʩʩ ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʤʝʱʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʚʨʠʩʪʠʢ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ [8] 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʦ ʛʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʪʨʸʭʤʝʨʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ. 

 
ʈʠʩ. 3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʨʸʭʤʝʨʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

(ʦʜʥʦʤʝʨʥʦʡ, ʜʚʫʭʤʝʨʥʦʡ ʠ ʪʨʸʭʤʝʨʥʦʡ ʫʧʘʢʦʚʢʠ), ʧʨʠ ʵʪʦʤ ʷʜʨʦ ʧʨʦʛʨʘʤʤʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʜʘʯ ʫʧʘʢʦʚʢʠ (ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʨʘʩʢʨʦʷ, ʢʦʥʪʝʡʥʝʨʥʦʡ ʫʧʘʢʦʚʢʠ, ʨʫʣʦʥʥʦʛʦ ʨʘʩʢʨʦʷ, ʫʧʘʢʦʚʢʠ ʚ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʫʶ ʧʦʣʦʩʫ [6, 10]); 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʛʨʫʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ. 

ɺ ʩʦʩʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʭʦʜʠʪ ʙʠʙʣʠʦʪʝʢʘ ʩʪʘʥʜʘʨʪʥʳʭ 

ʵʪʘʣʦʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʨʘʩʢʨʦʷ, ʚʢʣʶʯʘʶʱʘʷ 

ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʟʘʜʘʯ: 

¶ ʟʘʜʘʯʠ ʫʧʘʢʦʚʢʠ ʥʘ ʧʦʣʫʙʝʩʢʦʥʝʯʥʫʶ ʧʦʣʦʩʫ (ʟʘʜʘʯʠ SPP, ʢʣʘʩʩʳ C1-C6 [13] ʠ 

C7-C10 [14]); 

¶ ʟʘʜʘʯʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʢʦʥʪʝʡʥʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ (ʟʘʜʘʯʠ 2DBPP [15]); 

¶ ʟʘʜʘʯʠ ʢʦʥʪʝʡʥʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʪʨʸʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ 

(ʟʘʜʘʯʠ 3DBPP [16]). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʠʩʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯ 

ʜʚʫʭʤʝʨʥʦʡ ʠ ʪʨʸʭʤʝʨʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ ʦʙʲʝʢʪʦʚ. 
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ʈɸɿʈɸɹʆʊʂɸ ɻʈɸʌʀʏɽʉʂʆʁ ʅʆʊɸʎʀʀ ɼʃʗ ʄʅʆɻʆʋʈʆɺʅɽɺʆɻʆ 

ʂʆʄʇʔʖʊɽʈʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ5 

ɻʨʠʛʦʨʴʝʚʘ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ, ʘʩʧʠʨʘʥʪ, ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʈʦʩʩʠʷ, ʊʦʤʩʢ, tanya_grig_1991@mail.ru 

ʇʘʥʦʚ ʉʝʨʛʝʡ ɸʨʢʘʜʴʝʚʠʯ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʈʦʩʩʠʷ, ʊʦʤʩʢ, spytech3000@gmail.com 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ (ɹʇ) ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʥʦʡ 

ʪʝʥʜʝʥʮʠʝʡ, ʦʭʚʘʪʠʚʰʝʡ ʥʝʤʘʣʦ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɹʣʘʛʦʜʘʨʷ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ɹʇ 

ʢʦʤʧʘʥʠʷʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠ ʨʘʩʯʝʪʘ ʚʘʨʠʘʥʪʦʚ ʠʭ ʫʣʫʯʰʝʥʠʷ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʣʠʞʝʥʥʦʩʪʴʶ ʢ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹʇ ʣʝʞʠʪ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʭ ʦʧʠʩʘʥʠʷ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ, 

ʩʭʝʤ ʠ ʪ.ʜ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʦʡ ʨʠʩʫʥʦʢ, ʩʦʟʜʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʘʨʘʥʜʘʰʘ ʠ ʙʫʤʘʛʠ ʠʣʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʇʦʣʫʯʝʥʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɹʇ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʤʦʜʝʣʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘè. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ɹʇ (ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʥʦʪʘʮʠʷ). ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʜ ʥʦʪʘʮʠʝʡ ʧʦʥʠʤʘʶʪ ʩʠʥʪʘʢʩʠʩ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʦʜʝʣʠ ɹʇ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʤʦʜʝʣʝʡ: 

1) ɻʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹʇ ʚ ʚʠʜʝ ʥʘʛʣʷʜʥʦʡ, ʦʙʱʝʧʦʥʷʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠʭ ʜʦʣʞʥʦʩʪʥʳʤ ʦʙʷʟʘʥʥʦʩʪʷʤ, ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʢʦʤʧʘʥʠʠ, ʧʦʜʙʦʨʘ ʠʣʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪ. ʜ. ʆʧʠʩʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠ ʮʝʣʝʚʳʭ ɹʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ 

ʧʫʪʝʤ ʫʩʪʨʘʥʝʥʠʷ ʫʟʢʠʭ ʤʝʩʪ, ʜʫʙʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʠ ʪ.ʜ.  

                                                 
5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-37-00027 çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè 

tanya_grig_1991@mail.ru
spytech3000@gmail.com
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2) ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ɹʇ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʩʤʦʪʨʝʪʴ, ʢʘʢ 

ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʦʮʝʩʩ ʩʦ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʝ ʚʩʪʨʝʯʘʚʰʠʤʠʩʷ ʜʦ ʩʠʭ ʧʦʨ ʚ ʨʝʘʣʴʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʷ.  

3) ʀʩʧʦʣʥʷʝʤʳʝ ʤʦʜʝʣʠ ɹʇ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʫʱʝʥʳ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʤʦʜʝʣʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʥʦʪʘʮʠʠ ʢ ʛʨʘʬʠʯʝʩʢʠʤ ʠ 

ʠʤʠʪʘʮʠʦʥʥʳʤ ʤʦʜʝʣʷʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʥʦʪʘʮʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ ɹʇ (SADT/IDEF0, 

IDEF3, DFD, ARIS/eEPC, BPMN, Ericssonn Penker, Rational Unified Process, UML ʠ ʜʨ.). ʀʭ 

ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʜʝʣʴ ɹʇ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘ ʦʜʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʚ 

ʢʦʪʦʨʦʡ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ʨʘʙʦʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʢʦʥʢʨʝʪʥʳʡ ɹʇ, ʤʝʭʘʥʠʟʤʳ, ʫʧʨʘʚʣʝʥʠʝ, ʠ ʨʝʩʫʨʩʳ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʯʪʝʥʠʝ 

ʪʘʢʦʡ ʜʠʘʛʨʘʤʤʳ. ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ (ʦʧʠʩʘʪʴ) ʤʦʜʝʣʴ ɹʇ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʩʣʦʷʭ (ʫʨʦʚʥʷʭ): ʚʠʟʫʘʣʴʥʦʤ, ʣʦʛʠʯʝʩʢʦʤ ʠ ʦʙʲʝʢʪʥʦʤ. ʅʘ ʚʠʟʫʘʣʴʥʦʤ ʫʨʦʚʥʝ ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ɹʇ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚ ʚʠʜʝ ʪʝʢʩʪʘ, 

ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʜʠʘʛʨʘʤʤ, ʪʘʙʣʠʮ ʠ ʪ.ʜ.). ʅʘ ʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʘʣʛʦʨʠʪʤ (ʣʦʛʠʢʘ) ɹʇ. ʅʘ ʦʙʲʝʢʪʥʦʤ ʫʨʦʚʥʝ ï ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʘʢʦʛʦ-

ʣʠʙʦ ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʤʘʛʘʟʠʥʘ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʥʦʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʪʦʙʨʘʟʠʪʴ ʤʦʜʝʣʴ ɹʇ ʥʘ ʪʨʸʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʩʣʦʷʭ (ʫʨʦʚʥʷʭ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹʇ 

(ʩʠʩʪʝʤʘ ʄʂʄ ɹʇ). ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʠ 

ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ɹʇ ʥʘ ʪʨʸʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʣʦʷʭ (ʫʨʦʚʥʷʭ). ɽʸ ʦʩʥʦʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ (ARIS, Business Studio, 

AllFusion Process Modeler, Microsoft Visio, AnyLogic, Agilian, Bonita Open Solution, 

ConceptDraw PRO, OmniGraffle, IBM WebSphere, ELMA BPM, Ramus, Workflow Modeler ʠ 

ʜʨ.) ʷʚʣʷʶʪʩʷ: 

1) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʄʂʄ ɹʇ (ʩ ʧʦʤʦʱʴʶ ʙʘʟ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʭ 

ʚʥʝʰʥʠʭ ʩʠʩʪʝʤ); 

2) ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹʇ; 

3) ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʄʂʄ ɹʇ. 

1. ɻʨʘʬʠʯʝʩʢʘʷ ʥʦʪʘʮʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ 

ʇʦʩʢʦʣʴʢʫ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʦʚ, ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ), ʘ ʠʭ 

ʧʦʩʪʨʦʝʥʠʝʤ ʯʘʩʪʦ ʟʘʥʠʤʘʶʪʩʷ ʥʝʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʤʝʶʪ ʤʦʜʝʣʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʘʛʣʷʜʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʛʨʘʬʠʯʝʩʢʦʡ 

ʥʦʪʘʮʠʠ). 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʨʘʬʠʯʝʩʢʦʡ ʥʦʪʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʄʂʄ ɹʇ ʷʚʣʷʶʪʩʷ (ʪʘʙʣ. 1): 

1) ʋʟʝʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʝʪʚʝʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

2) ɺʝʪʚʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʝʪʚʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʧʦʣʦʞʝʥʠʶ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʚʠ ʜʝʣʷʪʩʷ ʥʘ: 

¶ ʧʨʦʩʪʳʝ (ʙʝʟ ʩʪʨʝʣʦʢ); 

¶ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ (ʩʪʨʝʣʢʘ-ʣʠʥʠʷ); 

¶ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ (ʣʠʥʠʷ-ʩʪʨʝʣʢʘ); 
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¶ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ. 

ʇʦ ʧʦʣʦʞʝʥʠʶ ʚʝʪʚʠ ʜʝʣʷʪʩʷ ʥʘ: 

¶ ʫʧʨʘʚʣʝʥʠʝ (ʚʝʪʚʴ ʩʦʝʜʠʥʝʥʘ ʩ ʫʟʣʦʤ ʢʦʤʧʦʥʝʥʪʘ ʩʚʝʨʭʫ); 

¶ ʤʝʭʘʥʠʟʤ/ʨʝʩʫʨʩʳ (ʚʝʪʚʴ ʩʦʝʜʠʥʝʥʘ ʩ ʫʟʣʦʤ ʢʦʤʧʦʥʝʥʪʘ ʩʥʠʟʫ); 

¶ ʚʭʦʜ (ʚʝʪʚʴ ʩʦʝʜʠʥʝʥʘ ʩ ʫʟʣʦʤ ʢʦʤʧʦʥʝʥʪʘ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ); 

¶ ʚʳʭʦʜ (ʚʝʪʚʴ ʩʦʝʜʠʥʝʥʘ ʩ ʫʟʣʦʤ ʢʦʤʧʦʥʝʥʪʘ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ). 

3) ʂʦʤʧʦʥʝʥʪʳ ʙʳʚʘʶʪ ʪʨʝʭ ʪʠʧʦʚ: 

¶ ɺʠʟʫʘʣʴʥʳʝ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɹʇ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʝʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʢʥʦʧʢʠ, ʨʝʛʫʣʷʪʦʨʳ, ʩʪʨʝʣʦʯʥʠʢʠ, ʧʨʠʸʤʥʠʢʠ ʪʝʢʩʪʘ ʠ ʪ.ʜ.). 

¶ ʃʦʛʠʯʝʩʢʠʝ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʢʠ ɹʇ (ʛʝʥʝʨʘʪʦʨ ʪʨʘʥʟʘʢʪʦʚ, 

ʟʘʧʦʣʥʠʪʝʣʴ ʧʘʨʘʤʝʪʨʘ, ʟʘʜʝʨʞʢʘ, ʦʯʝʨʝʜʴ ʠ ʪ.ʜ.). 

¶ ʆʙʲʝʢʪʥʳʝ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ 

ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʩʢʣʘʜ, ʧʦʢʫʧʘʪʝʣʴ, ʤʘʛʘʟʠʥ ʠ ʪ.ʜ.) 

4) ʂʦʤʧʦʥʝʥʪʥʘʷ ʮʝʧʴ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʣʦʛʠʯʝʩʢʦʤ ʠ ʦʙʲʝʢʪʥʦʤ ʩʣʦʝ. ʅʘ ʣʦʛʠʯʝʩʢʦʤ 

ʩʣʦʝ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ɹʇ, ʥʘ ʦʙʲʝʢʪʥʦʤ ï ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʦʙʲʝʢʪʘ. 

5) ʊʨʘʥʟʘʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʢʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʩʣʫʞʘʱʠʡ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʝʪʚʷʤ. 

ʊʘʙʣʠʮʘ 1. ʕʣʝʤʝʥʪʳ ʛʨʘʬʠʯʝʩʢʦʡ ʥʦʪʘʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʄʂʄ ɹʇ 
ˉ 

ʧ/ʧ 

ʕʣʝʤʝʥʪ 

ʥʦʪʘʮʠʠ 
ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʆʧʠʩʘʥʠʝ 

1 ʋʟʝʣ 
 

ʋʟʝʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʚʝʪʚʝʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ 

2 ɺʝʪʚʴ 
 

 

 

 

ɺʝʪʚʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ 

3 ʂʦʤʧʦʥʝʥʪ 

 

ʆʪʨʘʞʘʝʪ ʵʣʝʤʝʥʪ ɹʇ. 

ʉʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʟʘʜʘʶʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʦʢʥʝ. ʂʘʞʜʳʡ 

ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʦʜʥʦʤ, ʜʚʫʭ 

ʠʣʠ ʩʨʘʟʫ ʪʨʸʭ ʩʣʦʷʭ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ʩʠʩʪʝʤʳ ʄʂʄ ɹʇ. 

4 ʂʦʤʧʦʥʝʥʪʥʘ

ʷ ʮʝʧʴ 

 

ʎʝʧʴ ʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

5 ʊʨʘʥʟʘʢʪ 

ʅʝ ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, 

ʩʣʫʞʘʱʠʡ çʢʦʥʪʝʡʥʝʨʦʤè 

ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ 

ʚʝʪʚʷʤ ʢʦʤʧʦʥʝʥʪʥʦʡ ʮʝʧʠ 

(ʥʘʧʨʠʤʝʨ - ʟʘʷʚʢʘ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ) 
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ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʦʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ɹʇ. 

2. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 

ʄʦʜʝʣʠ ʚ ʩʠʩʪʝʤʝ ʄʂʄ ɹʇ ʩʪʨʦʷʪʩʷ ʥʘ ʪʨʸʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʣʦʷʭ (ʫʨʦʚʥʷʭ): 

1. ɺʠʟʫʘʣʴʥʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʜʚʠʞʢʦʚʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (çʇʨʠʸʤʥʠʢ ʪʝʢʩʪʘè ʠ çɺʳʚʦʜ ʜʘʥʥʳʭè) (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʩʣʦʝ (ʫʨʦʚʥʝ) ʨʝʜʘʢʪʦʨʘ ʩʠʩʪʝʤʳ ʄʂʄ 

ɹʇ 

2. ʃʦʛʠʯʝʩʢʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʨʦʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʘʣʛʦʨʠʪʤ ɹʇ (ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ) (ʨʠʩ. 2). 

 
ʈʠʩ. 2 ï ʇʨʠʤʝʨ ʢʦʤʧʦʥʝʥʪʥʦʡ ʮʝʧʠ ʥʘ ʣʦʛʠʯʝʩʢʦʤ ʩʣʦʝ (ʫʨʦʚʥʝ) ʨʝʜʘʢʪʦʨʘ ʩʠʩʪʝʤʳ ʄʂʄ ɹʇ 

3. ʆʙʲʝʢʪʥʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʷ, ɹʇ ʢʦʪʦʨʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ (ʠʩʩʣʝʜʦʚʘʪʴ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, ʨʝʦʨʛʘʥʠʟʦʚʘʪʴ) (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ʇʨʠʤʝʨ ʢʦʤʧʦʥʝʥʪʥʦʡ ʮʝʧʠ ʥʘ ʦʙʲʝʢʪʥʦʤ ʩʣʦʝ (ʫʨʦʚʥʝ) ʨʝʜʘʢʪʦʨʘ ʩʠʩʪʝʤʳ ʄʂʄ ɹʇ 
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3. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʨʘʥʟʘʢʪʘ ʚ ʩʠʩʪʝʤʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ɼʠʥʘʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʄʂʄ ɹʇ ʷʚʣʷʝʪʩʷ ʪʨʘʥʟʘʢʪ ð ʘʙʩʪʨʘʢʪʥʳʡ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʩʪʘʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ), ʚʦʩʧʨʦʠʟʚʦʜʷ ʨʘʟʣʠʯʥʳʝ 

ʩʦʙʳʪʠʷ ʨʝʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [1, 2]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʪʨʘʥʟʘʢʪ 

ʟʘʧʦʣʥʷʝʪʩʷ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʝʥʳ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦ ʝʛʦ ʟʘʚʝʨʰʝʥʠʶ. ʊʨʘʥʟʘʢʪ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1. ʊʝʢʩʪ ʪʨʘʥʟʘʢʪʘ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʩʪʘʪʠʯʝʩʢʦʛʦ (ʥʝʠʟʤʝʥʷʝʤʦʛʦ) ʪʝʢʩʪʘ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʛʦʚ (ʢʦʪʦʨʳʝ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʜʘʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʘʥʟʘʢʪʘ ʧʦ ʮʝʧʠ). 

ʂʘʞʜʳʡ ʪʝʛ ʜʦʣʞʝʥ ʠʤʝʪʴ ʫʥʠʢʘʣʴʥʦʝ ʠʤʷ ʠ ʙʳʪʴ ʦʙʨʘʤʣʸʥ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʤʚʦʣʳ. ʇʨʠʤʝʨ 

ʪʝʛʘ: <#ʎʝʥʘ#>. ʇʨʠʤʝʨ ʪʝʢʩʪʘ ʪʨʘʥʟʘʢʪʘ: 

ʌʘʤʠʣʠʷ, ʀʤʷ, ʦʪʯʝʩʪʚʦ ʚʳʧʫʩʢʥʠʢʘ: <#FIO#> 

ʄʝʩʪʦ ʨʘʙʦʪʳ ʚʳʧʫʩʢʥʠʢʘ: <#Work#> 

2. ʀʤʷ ʪʨʘʥʟʘʢʪʘ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʩʪʨʦʢʦʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ (ʧʦʠʩʢʘ) ʪʨʘʥʟʘʢʪʘ ʚ ʤʘʩʩʠʚʝ ʚʩʝʭ ʪʨʘʥʟʘʢʪʦʚ. 

3. ʄʘʩʩʠʚ ʜʘʥʥʳʭ ʪʨʘʥʟʘʢʪʘ. ʉʦʜʝʨʞʠʪ ʩʪʨʦʢʦʚʳʝ ʠ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ 

ʚ ʪʨʘʥʟʘʢʪ ʚ ʭʦʜʝ ʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʮʝʧʠ. ɼʘʥʥʳʝ ʠʟ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, çɿʘʧʦʣʥʠʪʝʣʴ ʧʘʨʘʤʝʪʨʦʚè) ʚʩʪʘʚʣʷʶʪʩʷ ʚʤʝʩʪʦ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʛʦʚ ʚ ʪʝʢʩʪʝ ʪʨʘʥʟʘʢʪʘ. 

4. ʇʨʠʦʨʠʪʝʪ ʪʨʘʥʟʘʢʪʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ ʦʜʥʠʭ ʪʨʘʥʟʘʢʪʦʚ 

ʥʘʜ ʜʨʫʛʠʤʠ. 

5. ɺʨʝʤʷ ʞʠʟʥʠ ʪʨʘʥʟʘʢʪʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʪʨʘʥʟʘʢʪʘ 

(ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʩʝʢʫʥʜ). ʇʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʪʨʘʥʟʘʢʪ ʩʯʠʪʘʝʪʩʷ 

ʫʥʠʯʪʦʞʝʥʥʳʤ. 

6. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʛʨʫʧʧʝ (ʩʝʤʝʡʩʪʚʫ) ʪʨʘʥʟʘʢʪʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʛʨʫʧʧʠʨʦʚʢʠ ʚʩʝʭ ʪʨʘʥʟʘʢʪʦʚ ʚ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ (ʩʝʤʝʡʩʪʚʘ). 

ʊʨʘʥʟʘʢʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʧʦʨʦʞʜʘʪʴ ʛʨʫʧʧʳ (ʩʝʤʝʡʩʪʚʘ) ʜʨʫʛʠʭ ʪʨʘʥʟʘʢʪʦʚ; 

¶ ʧʦʛʣʦʱʘʪʴ ʜʨʫʛʠʝ ʪʨʘʥʟʘʢʪʳ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʤʝʡʩʪʚʘ; 

¶ ʟʘʭʚʘʪʳʚʘʪʴ ʨʝʩʫʨʩʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʘ ʟʘʪʝʤ ʦʩʚʦʙʦʞʜʘʪʴ; 

¶ ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʤʝʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʘʢʘʧʣʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʡʜʝʥʥʦʤ ʧʫʪʠ ʠ 
ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʤ ʜʘʣʴʥʝʡʰʝʤ ʧʫʪʠ ʠ ʦ ʧʫʪʷʭ ʜʨʫʛʠʭ ʪʨʘʥʟʘʢʪʦʚ. 

ʇʨʠʤʝʨʳ ʪʨʘʥʟʘʢʪʦʚ: 

¶ ʪʨʝʙʦʚʘʥʠʝ ʥʘ ʧʝʨʝʯʠʩʣʝʥʠʝ ʜʝʥʝʛ; 

¶ ʟʘʢʘʟ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʚ ʬʠʨʤʝ; 

¶ ʪʝʣʝʛʨʘʤʤʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡ; 

¶ ʩʠʛʥʘʣ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʫʥʢʪʘ ʤʝʩʪʥʦʩʪʠ; 

¶ ʧʨʠʢʘʟ ʨʫʢʦʚʦʜʩʪʚʘ; 

¶ ʧʦʢʫʧʘʪʝʣʴ ʚ ʤʘʛʘʟʠʥʝ; 

¶ ʧʘʩʩʘʞʠʨ ʩʘʤʦʣʝʪʘ. 

4. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ɺ ʩʠʩʪʝʤʝ ʄʂʄ ɹʇ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʣʦʢʘʣʴʥʳʤ ʠ ʫʜʘʣʸʥʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ (ɹɼ), 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʘʧʨʦʩʳ (ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʷʟʳʢʝ çSQLè) ʠ ʠʟʚʣʝʢʘʪʴ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ɹʇ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ:  
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¶ çʇʦʜʢʣʶʯʝʥʠʝ ʢ ɹɼè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ɹɼ ʠ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ); 

¶ çʇʨʦʠʟʚʦʣʴʥʳʡ ʟʘʧʨʦʩè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʦʜʘ ʪʝʢʩʪʘ ʟʘʧʨʦʩʘ ʥʘ ʷʟʳʢʝ çSQLè); 

¶ çɿʘʧʨʦʩ SELECTè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʚʳʙʦʨ ʜʘʥʥʳʭ); 

¶ çɿʘʧʨʦʩ INSERTè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʚʩʪʘʚʢʫ ʜʘʥʥʳʭ); 

¶ çɿʘʧʨʦʩ UPDATEè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ); 

¶ çɿʘʧʨʦʩ CREATEè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʪʘʙʣʠʮ); 

¶ çɿʘʧʨʦʩ DELETEè (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʫʜʘʣʝʥʠʷ ʜʘʥʥʳʭ). 

ʇʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ɹɼ:  

¶ ʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ;  

¶ ʩʚʝʜʝʥʠʷ ʦ ʧʦʩʪʘʚʱʠʢʘʭ;  

¶ ʧʝʨʝʯʝʥʴ ʪʦʚʘʨʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  

¶ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʩʪʦʷʥʥʳʭ ʢʣʠʝʥʪʘʭ;  

¶ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʪʘʪʢʝ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʢʣʘʜʘʭ ʠ ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

5. ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʠʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʨʘʞʝʥʥʳʝ ʯʠʩʣʦʚʳʤʠ, ʩʪʨʦʢʦʚʳʤʠ ʠ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʄʂʄ ɹʇ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʢʫʤʝʥʪʦʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʄʂʄ ɹʇ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʯʘʩʪʫʶ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ:  

¶ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ;  

¶ ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ (ʪʝʢʩʪ, ʯʠʩʣʘ, ʛʨʘʬʠʢʠ 
ʠ ʪ.ʜ.);  

¶ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʪ.ʜ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʄʂʄ ɹʇ, 

ʚ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʤʦʜʫʣʴ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʬʦʨʤʠʨʦʚʘʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʪʯʸʪʥʳʝ ʬʦʨʤʳ (ʀʆʌ) [3]. ʂʘʞʜʘʷ ʀʆʌ ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ 

ʰʘʙʣʦʥʫ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʝ (ʥʝʠʟʤʝʥʷʝʤʳʝ) ʵʣʝʤʝʥʪʳ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʳʝ 

çʪʝʛʠè (ʠʤʠ ʧʦʤʝʯʘʶʪʩʷ ʤʝʩʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʜʘʥʥʳʭ). ʂʘʞʜʦʤʫ ʪʝʛʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʢʦʤʧʦʥʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʪʠʧ ʚʩʪʘʚʣʷʝʤʳʭ ʜʘʥʥʳʭ (ʪʝʢʩʪ, ʨʠʩʫʥʦʢ, 

ʬʦʨʤʫʣʘ, ʪʘʙʣʠʮʘ ʠ ʪ.ʜ.). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʪʦʛʦʚʳʡ ʦʪʯʸʪ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʩʘʤʳʝ 

ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʥʦʪʘʮʠʷ ʠ ʩʠʩʪʝʤʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [4], 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ɹʇ [5] ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ɹʇ ʧʨʝʜʧʨʠʷʪʠʡ [6, 7]. ʈʘʟʜʝʣʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ɹʇ ʥʘ ʪʨʠ ʩʣʦʷ (ʫʨʦʚʥʷ) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʄʂʄ ɹʇ ʤʦʜʫʣʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ 

ʤʦʜʝʣʷʤʠ. 
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ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʪʝʨʤʠʥ çʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘè [1-3]. ʕʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʘʷ 

ʢʦʥʮʝʧʮʠʷ, ʢʦʪʦʨʘʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ 

ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʷʚʠʚʰʠʩʴ ʚ ʥʘʯʘʣʝ 2000-ʭ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʜʘʣʘ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʢʣʘʜʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʊ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. ʅʘʧʨʠʤʝʨ, ʩʝʨʚʠʩʥʳʝ ʠʜʝʠ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʪʝʦʨʠʝʡ 

ʧʨʦʮʝʩʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʤʝʥʝʜʞʤʝʥʪʝ, ʠ, ʟʥʘʯʠʪ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʷʜʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʦʚ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʩʣʦʞʥʳʝ, 

ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʝ ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʟʘʢʨʳʪʳʤ ʧʨʦʪʦʢʦʣʘʤ ʠ 

ʩʪʘʥʜʘʨʪʘʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʩʠʥʭʨʦʥʥʦʩʪʠ, ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʘʚʪʦʥʦʤʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. ʊʝʤ ʩʘʤʳʤ ʩʦʭʨʘʥʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʥʦʞʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʫʯʘʩʪʥʠʢʦʚ ʚ 

ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʥʘʯʠʥʘʷ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʨʝʜʝ, ʠʥʪʝʛʨʘʮʠʠ ʦʙʣʘʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ.  

ʉʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʩʣʝʜʥʠʢʦʤ ʚʩʝʭ ʧʨʠʥʮʠʧʦʚ 

ʦʙʲʝʢʪʥʳʭ ʩʠʩʪʝʤ, ʦʪʣʠʯʘʷʩʴ ʦʪ ʥʝʛʦ ʪʝʤ, ʯʪʦ ʚʦʧʨʦʩʳ ʠʝʨʘʨʭʠʠ, ʥʘʩʣʝʜʦʚʘʥʠʷ, 

ʠʥʢʘʧʩʫʣʷʮʠʠ ʚʳʥʝʩʝʥʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ. ʉʝʨʚʠʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʚʝʨʰʝʥʥʫʶ, ʦʪʢʦʤʧʠʣʠʨʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʦʥ ʢʦʥʪʨʦʣʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʩʚʦʠʤ ʜʘʥʥʳʤ ʠ 
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ʬʫʥʢʮʠʷʤ ʯʝʨʝʟ ʷʚʥʳʡ ʠʥʪʝʨʬʝʡʩ. ɺʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʙʘʟʝ ʧʨʦʩʪʝʡʰʠʭ ʨʝʰʘʶʪʩʷ ʢʦʤʧʦʟʠʮʠʝʡ ʩʝʨʚʠʩʦʚ ʩʠʣʘʤʠ ʩʢʦʨʝʝ ʘʥʘʣʠʪʠʢʦʚ, ʥʝʞʝʣʠ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʝʨʚʠʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʝ ʧʨʠʚʷʟʘʥʳ ʢ ʩʧʝʮʠʬʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʷʟʳʢʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʥʪʝʨʥʝʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʪʨʦʠʪʴ 

ʩʣʦʞʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʣʠ ʦʙʣʝʛʯʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ. 

ɺ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʘʨʘʜʠʛʤʳ ʚ ʚʠʜʝ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʯʝʨʝʟ ʧʨʠʟʤʫ ʥʝʢʦʪʦʨʳʭ ʩʪʝʨʞʥʝʚʳʭ 

ʠʜʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ.  

ʇʦʜ ʤʠʢʨʦʩʝʨʚʠʩʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʥʝʟʘʚʠʩʠʤʫʶ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ 

ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʱʝʧʨʠʥʷʪʳʭ, ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʣʝʛʢʦʚʝʩʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʥʘʧʨʠʤʝʨ, HTTP.  ʂʣʶʯʝʚʘʷ ʠʜʝʷ ʤʠʢʨʦʩʝʨʚʠʩʘ ï ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʣʘʙʘʷ ʩ ʥʝʡ ʩʚʷʟʘʥʥʦʩʪʴ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʜʝʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʥʝʩʦʤʥʝʥʥʦ, 

ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʢʦʥʮʝʧʮʠʠ ʧʦʜʧʨʦʛʨʘʤʤʳ. ʇʨʦʛʨʘʤʤʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʥʝʙʦʣʴʰʠʝ ʧʦʜʧʨʦʛʨʘʤʤʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ, ʢʦʤʙʠʥʠʨʫʷ ʵʪʠ ʧʦʜʧʨʦʛʨʘʤʤʳ, ʤʦʞʥʦ 

ʚʦʩʩʦʟʜʘʚʘʪʴ ʠʪʦʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʫʞʝ ʥʝ ʠʟ ʦʪʜʝʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʘ ʠʟ ʟʘʚʝʨʰʝʥʥʳʭ ʙʣʦʢʦʚ 

ʢʦʜʘ, ʠʤʝʶʱʠʭ ʢʦʥʢʨʝʪʥʫʶ ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʱʘʪʴʩʷ ʢ ʵʪʠʤ ʙʣʦʢʘʤ 

ʤʦʞʥʦ ʧʦ ʥʘʟʚʘʥʠʷʤ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʤʝʞʜʫ 

ʠʩʭʦʜʥʳʤʠ ʢʦʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʫ ʠ ʪʫ ʞʝ ʯʘʩʪʴ ʢʦʜʘ ʤʦʞʥʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʠ 

ʚʳʟʳʚʘʪʴ ʚʥʫʪʨʠ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʠ ʢʦʧʠʨʦʚʘʪʴ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. ɹʣʘʛʦʜʘʨʷ 

ʩʪʨʫʢʪʫʨʘʤ ʧʦʚʳʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʛʨʘʤʤʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ, ʪʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʥʘʭʦʜʠʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, ʘ 

ʦʪʜʝʣʴʥʳʝ ʧʦʜʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʚʠʜʦʠʟʤʝʥʷʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʜʦʤ: ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʢʠ ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʘʥʘʣʦʛʠʯʥʳʝ ʫʯʘʩʪʢʠ ʢʦʜʘ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʬʝʨʘʭ, ʛʜʝ ʙʳʣʦ 

ʥʫʞʥʦ ʫʧʨʘʚʣʷʪʴ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʨʘʟʥʦʨʦʜʥʳʭ ʩʫʱʥʦʩʪʝʡ, ʩʣʦʞʥʦ ʙʳʣʦ ʨʘʙʦʪʘʪʴ ʩ 

ʨʘʟʜʝʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʦʧʝʨʘʮʠʷʤʠ, ʧʨʦʚʦʜʠʤʳʭ ʥʘʜ ʥʠʤʠ.  

ʇʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ ʧʨʠʚʝʣ ʢ ʨʘʟʨʘʙʦʪʢʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʆʆʇ). ɺ ʆʆʇ ʧʦʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʢʣʘʩʩʘ, ʢʘʢ ʩʫʱʥʦʩʪʠ, ʦʙʲʝʜʠʥʷʶʱʝʡ 

ʜʘʥʥʳʝ ʠ ʢʦʜ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʠʥʢʘʧʩʫʣʷʮʠʠ, ʩʢʨʳʚʘʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʣʘʩʩʘ, ʘ 

ʧʦʟʜʥʝʝ ʚʚʦʜʷʪʩʷ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʨʬʝʡʩʘ. ɺʩʝ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʦʚʪʦʨʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʜʘ. ʊʝʤ ʩʘʤʳʤ ʫʩʪʨʘʥʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʫʨʦʚʝʥʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪʩʷ, ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʩʚʷʟʘʥʥʦʩʪʠ ʤʝʞʜʫ 

ʯʘʩʪʷʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [4]. 

ʇʨʠ ʵʪʦʤ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʥʝ ʙʳʣ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ [5]. ɺʦ-

ʧʝʨʚʳʭ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ çʫʷʟʚʠʤʳʭè ʙʘʟʦʚʳʭ ʢʣʘʩʩʦʚ ï ʠʟʤʝʥʝʥʠʷ ʚ ʨʦʜʠʪʝʣʴʩʢʠʭ 

ʢʣʘʩʩʘʭ, ʦʪ ʢʦʪʦʨʳʭ ʫʥʘʩʣʝʜʦʚʘʥʳ ʜʨʫʛʠʝ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʧʦʩʣʝʜʥʠʭ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʙʠʙʣʠʦʪʝʢ ʢʣʘʩʩʦʚ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, 

ʢʦʛʜʘ ʢʦʜ ʢʣʘʩʩʦʚ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʯʝʤ 

ʥʘʨʫʰʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ-ʪʨʝʪʴʠʭ, ʨʦʩʪ ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ ʧʨʦʝʢʪʦʚ ʩʪʘʥʦʚʷʪʩʷ ʟʘʧʫʪʘʥʥʳʤʠ ʠ ʭʫʞʝ ʧʦʜʜʘʶʪʩʷ 

ʩʦʧʨʦʚʦʞʜʝʥʠʶ.  

ʏʘʩʪʠʯʥʦ ʵʪʠ ʧʨʦʙʣʝʤʳ ʨʝʰʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ 

ʙʠʙʣʠʦʪʝʢʘ ʢʣʘʩʩʦʚ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʚʠʜʝ ʦʪʢʦʤʧʠʣʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʢʦʜʘ, ʜʦʩʪʫʧʥʦʡ 

ʣʦʢʘʣʴʥʦ ʨʘʟʥʳʤ ʧʨʦʛʨʘʤʤʘʤ. ʆʜʥʘʢʦ ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʤʘʩʩʦʚʳʝ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʚ ʥʘʯʘʣʝ 1990-ʭ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ, ʚʦ ʤʥʦʛʦʤ ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ, ʟʘʷʚʣʝʥʥʳʭ ʚ ʆʆʇ, ï ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ 

ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʣʝʞʠʪ ʧʦʥʷʪʠʝ ʢʦʤʧʦʥʝʥʪʘ ï ʥʝʟʘʚʠʩʠʤʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʯʝʪʢʦ-

ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʷʩʥʦ ʦʯʝʨʯʝʥʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ [6]. 

ʂʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʦ ʫʩʪʘʥʦʚʣʝʥ ʠʣʠ ʫʜʘʣʝʥ ʠʟ ʩʨʝʜʳ, ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʠ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ, ʝʩʣʠ ʚ ʩʨʝʜʝ ʝʩʪʴ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʝʤʫ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʦ ʩʚʦʠʤ ʮʝʣʷʤ ʢʦʤʧʦʥʝʥʪ ʧʦʭʦʞ ʥʘ ʧʨʦʛʨʘʤʤʥʳʡ 

ʤʦʜʫʣʴ ʠʣʠ ʙʠʙʣʠʦʪʝʢʫ ʬʫʥʢʮʠʡ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʟʘʚʠʩʠʤʦʝ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝ. ʊʝʤ ʩʘʤʳʤ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʘʙʘʷ ʩʚʷʟʘʥʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʘ ʩʦ ʩʨʝʜʦʡ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʝʢʩʪʘʭ, ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʙʳʩʪʨʦʡ 

ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʂʦʥʝʯʥʦ, ʥʘʙʦʨʳ ʢʣʘʩʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʆʆʇ, ʪʘʢʞʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʜʘ, ʥʦ ʢʦʤʧʦʥʝʥʪʳ ʚʳʚʦʜʷʪ ʧʦʚʪʦʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʜʘ ʥʘ ʝʱʝ ʦʜʥʫ 

ʩʪʫʧʝʥʴ ʚʳʰʝ. ɺ ʢʦʤʧʦʥʝʥʪʝ ʚʳʜʝʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩ, ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

ʀʥʪʝʨʬʝʡʩ ʦʧʨʝʜʝʣʷʝʪ ʚʩʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʦʛʨʘʤʤʥʫʶ 

ʨʝʘʣʠʟʘʮʠʶ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʥʦ ʩʚʦʙʦʜʥʦ ʠʟʤʝʥʷʪʴ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʝʛʦ ʠʥʪʝʨʬʝʡʩ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʩʪʦʡ ʠ ʤʘʣʦʟʘʪʨʘʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʥʝ 

ʪʨʝʙʫʶʱʝʡ ʤʘʩʩʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʜʘ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʠʜʝʷ ʢʦʤʧʦʥʝʥʪʘ ʠ ʢʦʤʧʦʥʝʥʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘʪʦʣʢʥʫʣʘʩʴ ʥʘ ʞʝʩʪʢʠʝ ʨʝʘʣʠʠ ʘʢʪʠʚʥʦ-ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʨʳʥʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ 

90-ʭ [6]. ʂʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʪʦʷʥʥʦʝ ʢʘʨʜʠʥʘʣʴʥʦʝ ʦʙʥʦʚʣʝʥʠʝ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʧʣʘʪʬʦʨʤ, ʢʦʥʢʫʨʝʥʪʥʘʷ ʙʦʨʴʙʘ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʚʝʣʦ ʢ ʧʦʪʝʨʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ ʢʦʤʧʦʥʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʦʚʳʝ 

ʚʝʨʩʠʠ ʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʷʚʣʷʣʠʩʴ ʦʯʝʥʴ ʯʘʩʪʦ, ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʛʣʠ ʥʘʩʪʦʣʴʢʦ 

ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ ʫʞʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ. ʈʘʟʨʘʙʦʪʯʠʢʘʤ 

ʢʘʞʜʳʡ ʨʘʟ ʧʨʠʭʦʜʠʣʦʩʴ ʩʣʝʜʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʥʳʤ ʧʨʘʚʠʣʘʤ, ʘ ʩʪʘʨʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʥʝ ʧʦʜʣʝʞʘʣʠ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʪʝʣʠ ʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʜʝʣʝʡ 

ʥʝʜʦʦʮʝʥʠʣʠ ʨʘʩʪʫʱʫʶ ʨʦʣʴ ʛʣʦʙʘʣʴʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʠ ʩʨʝʜʝ ʠʥʪʝʨʥʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʩʪʦʷʥʥʦʝ  ʧʦʜʢʣʶʯʝʥʠʝ, 

ʨʘʙʦʪʘʣʠ ʥʝʩʪʘʙʠʣʴʥʦ ʠ ʥʝʥʘʜʝʞʥʦ.  ʅʘʢʦʥʝʮ, ʢʦʥʢʫʨʝʥʪʥʘʷ ʙʦʨʴʙʘ ʧʨʠʚʝʣʘ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʣʷ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʜʝʣʝʡ.  

ɺ ʥʘʯʘʣʝ 2000-ʭ ʢʨʫʧʥʝʡʰʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʨʝʜʩʪʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʥʷʣʠ 

ʩʦʚʤʝʩʪʥʫʶ ʧʦʧʳʪʢʫ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʩʤʦʛʣʘ ʙʳ ʫʯʝʩʪʴ ʠ ʠʩʢʣʶʯʠʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ [7]. ɿʘʠʤʩʪʚʦʚʘʚ ʚʩʝ ʠʜʝʠ ʢʦʤʧʦʥʝʥʪʘ, ʦʥʠ ʧʨʝʜʣʦʞʠʣʠ 

ʥʠʚʝʣʠʨʦʚʘʪʴ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʫʪʝʤ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʪʢʨʳʪʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʠʥʪʝʨʥʝʪʘ, ʪʠʧʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʚʚʦʜʘ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʷʟʳʢʘ ʜʣʷ ʝʛʦ ʦʧʠʩʘʥʠʷ, ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʨʘʙʦʪʝ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʠ ʚʦʦʙʱʝ ʥʘ 

ʣʶʙʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʦʛʨʘʤʤʘ ʩ ʠʜʝʷʤʠ ʢʦʤʧʦʥʝʥʪʘ, ʥʦ ʩ 

ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʪʘʣʘ ʥʘʟʳʚʘʪʴʩʷ ʚʝʙ-ʩʣʫʞʙʦʡ (ʠʣʠ ʚʝʙ-

ʩʝʨʚʠʩʦʤ), ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʘʨʘʜʠʛʤʘ ʨʘʟʨʘʙʦʪʢʠ ï ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

ɺ ʦʩʥʦʚʫ ʧʣʘʪʬʦʨʤʳ ʚʝʙ-ʩʣʫʞʙʳ ʣʝʛ ʥʘʙʦʨ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʪʠʧʘ 

HTTP, SMTP, XML, UDDI, SOAPé ʠ  ʥʦʚʳʭ ʦʪʢʨʳʪʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʦʙʦʙʱʝʥʥʦ ʥʘʟʳʚʘʝʤʳʭ 

WS-* (ʦʪ ʘʥʛʣ. web-service) ï WSDL (ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʚʝʙ-ʩʣʫʞʙ), WS-Security, WS-Reliability, 

WS-Coordination, WS-Addressing ʠ ʧʨ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʠʶ ʚʝʙ-ʩʣʫʞʙ ʚ ʪʦʤ ʠʣʠ 

ʠʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʩʝ ʧʦʧʫʣʷʨʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʜʘʞʝ, ʥʘʧʨʠʤʝʨ, 1ʉ.  

ʊʝʭʥʦʣʦʛʠʷ ʚʝʙ-ʩʣʫʞʙ, ʣʠʰʝʥʥʘʷ ʥʝʜʦʩʪʘʪʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʧʦʪʦʤʫ ʧʨʝʜʣʘʛʘʶʱʘʷ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʣʘʙʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʙʳʣʘ ʙʳʩʪʨʦ 



 

 

24 

 
 

ʧʦʧʫʣʷʨʠʟʠʨʦʚʘʥʘ ʠ, ʥʝʩʦʤʥʝʥʥʦ, ʦʪʢʨʳʣʘ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʝʪʝʚʳʭ ʧʨʦʛʨʘʤʤ 

ʠ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ. ʆʥʘ ʞʝ ʩʪʘʣʘ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʠʜʝʡ 

ʢʘʢ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʩʝʨʚʠʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. 

ɼʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʚʝʙ-ʩʣʫʞʙ ʩʪʘʣʘ ʪʝʭʥʦʣʦʛʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ.  ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʤʠʢʨʦʩʝʨʚʠʩʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʝʙ-ʩʣʫʞʙ ʩʣʝʜʫʶʱʠʤ. ɺʦ-ʧʝʨʚʳʭ, ʤʝʥʴʰʝʡ ʧʨʠʚʷʟʢʦʡ ʢ 

WS-ʩʪʘʥʜʘʨʪʘʤ. ʄʠʢʨʦʩʝʨʚʠʩʳ ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʪʦʤʫ ʨʝʘʣʠʟʫʶʪʩʷ ʩʠʣʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʜʥʦʡ ʢʦʤʧʘʥʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʝʝ 

ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʚʦʣʴʥʳ ʧʨʠʤʝʥʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʭʦʪʷ ʰʠʨʦʢʘʷ ʧʦʜʜʝʨʞʢʘ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ  ʢʘʢ HTTP, SOAP ʠʣʠ WSDL ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʯʠʪʘʪʴ ʠʭ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʯʠʪʘʝʪʩʷ (ʥʘʧʨʠʤʝʨ, ʚ [8]), ʯʪʦ ʚʝʙ-ʩʣʫʞʙʳ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʶʪ çʢʨʫʧʥʫʶè 

ʙʠʟʥʝʩ-ʣʦʛʠʢʫ, ʪʦʛʜʘ ʢʘʢ ʟʘʜʘʯʘ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ï ʧʨʦʩʪʝʡʰʠʝ ʥʝʜʝʣʠʤʳʝ ʦʧʝʨʘʮʠʠ. ʉ ʵʪʠʤ 

ʥʝʣʴʟʷ ʩʦʛʣʘʩʠʪʩʷ, ʪ.ʢ. ʚʝʙ-ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʠʝʨʘʨʭʠʶ ʚʣʦʞʝʥʥʦʩʪʠ 

ʠ, ʪʝʦʨʝʪʠʯʝʩʢʠ, ʦʜʠʥ ʚʝʙ-ʩʝʨʚʠʩ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʧʝʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ, ʪʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʬʫʥʢʮʠʠ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ ʠ ʪ.ʜ. ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʥʘ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʠ, ʚʦʟʤʦʞʥʦ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʦʪ ʚʝʙ-

ʩʣʫʞʙ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʉʣʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʨʘʟʚʠʪʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʪʨʝʰʝʥʠʝ ʦʪ 

WS-* ʩʪʘʥʜʘʨʪʦʚ ʜʘʝʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʡ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʚʝʙ-ʩʣʫʞʙ. ɺ 

ʮʝʣʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʪʝʭʥʦʣʦʛʠʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʥʝ ʷʚʣʷʷʩʴ ʢʘʨʜʠʥʘʣʴʥʦ 

ʨʝʚʦʣʶʮʠʦʥʥʦʡ, ʩʪʘʣʘ ʦʯʝʨʝʜʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʠʜʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ, ʦʪʚʝʯʘʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʵʪʦʡ ʦʪʨʘʩʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʘ 

ʚʦʙʨʘʣʘ ʚ ʩʝʙʷ ʣʫʯʰʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʩʣʘʙʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʨʘʤʤʳ. ʀ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʣʫʯʰʝ ʦʪʚʝʯʘʝʪ ʟʘʜʘʯʘʤ 

ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʝʞʝʣʠ ʚʝʙ-ʩʝʨʚʠʩʳ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʴʶʤʵʥ, ʉ. ʉʦʟʜʘʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʦʚ / ʉ. ʅʴʶʤʵʥ. ï ʉʇʙ. : ʇʠʪʝʨ, 2016. ï 304 c. 

2. Osowski , R. Microservices in action, Part 1: Introduction to microservices [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / 

Rick E. Osowski // IBM developerWorks. ï 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.ibm.com/developerworks/cloud/library/cl-bluemix-microservices-in-action-part-1-

trs/index.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 02.03.2016). 

3. Fowler, M. Microservices - a definition of this new architectural term [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / Martin 

Fowler. ï 2014. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://martinfowler.com/articles/microservices.html (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 02.03.2016). 

4. ɸʨʪʘʤʦʥʦʚ, ʀ. ɺ. ʉʣʘʙʦʝ ʩʚʷʟʳʚʘʥʠʝ ʢʘʢ ʬʘʢʪʦʨ ʵʚʦʣʶʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʨʛʨʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ / ʀ. ɺ. ɸʨʪʘʤʦʥʦʚ // ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ "ʀʥʥʦʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ". ï ʄʦʩʢʚʘ, 2014. ï C. 294-297. 

5. ʂʫʪʠʢʠʥ, ʉ. ʉ. ʂʦʥʩʪʨʫʢʪʦʨ ʩʦʩʪʘʚʥʳʭ ʪʠʧʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ JavaFX / ʉ. ʉ. ʂʫʪʠʢʠʥ. ï 

ʄʦʩʢʚʘ : ɺʐʕ, 2013. ï 76 c. 

6. ɸʨʪʘʤʦʥʦʚ, ʀ. ɺ. ʈʘʟʨʘʙʦʪʢʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ / ʀ. ɺ. ɸʨʪʘʤʦʥʦʚ. ï ʀʨʢʫʪʩʢ : ɹɻʋʕʇ, 2012. ï 130 c. 

7. ʅʴʶʢʦʤʝʨ, ʕ. ɺʝʙ-ʩʝʨʚʠʩʳ: XML , WSDL, SOAP ʠ UDDI / ʕʨʠʢ ʅʴʶʢʦʤʝʨ. ï ʉʇʙ. : ʇʠʪʝʨ, 

2003. ï 256 c. 

8. ʄʘʮʮʘʨʘ, ʄ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʚʝʙ-ʩʝʨʚʠʩʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʄʘʥʫʵʣʴ 

ʄʘʮʮʘʨʘ // ʇʦʩʪʅʘʫʢʘ. ï 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://postnauka.ru/video/46057 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 02.03.2016). 

 

 



 

 

25 

 
 

ʋɼʂ 004.514 

ʇʆɼʍʆɼ ʂ ʆɹʋʏɽʅʀʖ ʆɹʒɽʂʊʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʄʋ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʖ ʀ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʖ ʏɽʈɽɿ ʈɽɸʃʀɿɸʎʀʖ 

ʀɻʈʆɺʆɻʆ ʇʈʀʃʆɾɽʅʀʗ  

ʀʩʢʨʘ ʅʘʪʘʣʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʤʘʛʠʩʪʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʕɺʄ, 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, 

ʛ. ʄʠʥʩʢ, natallia.iskra@gmail.com 

ɹʣʠʟʥʶʢ ʅʠʢʠʪʘ ʄʠʭʘʡʣʦʚʠʯ, ʩʪʫʜʝʥʪ, ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʛ. ʄʠʥʩʢ, nikbleid@gmail.com 

ɾʝʰʢʦ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ, ʩʪʫʜʝʥʪʢʘ, ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ 

ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʛ. ʄʠʥʩʢ, anastasiazheshko@gmail.com 

ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʩʣʦʞʥʳʡ ʠ ʪʨʫʜʦʸʤʢʠʡ 

ʧʨʦʮʝʩʩ. ʆʙʫʯʠʪʴ ʠ ʧʦʜʛʦʪʦʚʠʪʴ çʧʨʦʬʝʩʩʠʦʥʘʣʘ ʧʦʜ ʢʣʶʯè ʥʝʚʦʟʤʦʞʥʦ; ʧʨʦʬʝʩʩʠʦʥʘʣʦʤ 

ʤʦʞʥʦ ʩʪʘʪʴ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʨʝʘʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ [1]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʥʘʜ ʫʯʝʙʥʳʤ ʧʨʦʝʢʪʦʤ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʫʞʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʝʡ ʦʪʧʨʘʚʥʦʡ 

ʪʦʯʢʦʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʩʪʘ.  

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʩʚʦʝʥʠʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʇʨʠʸʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ (ʥʘʧʨʠʤʝʨ, Java) 

ʤʦʞʥʦ ʦʩʚʦʠʪʴ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʥʝʩʣʦʞʥʳʤ ʠʛʨʦʚʳʤ ʧʨʠʣʦʞʝʥʠʝʤ [2]. ʋ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ:  

¶ ʧʨʘʚʠʣʘ ʠʛʨʳ ʠʟʚʝʩʪʥʳ ʟʘʨʘʥʝʝ, ʠʭ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ 
ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠ ʠʟʚʣʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ;  

¶ ʪʘʢʦʡ ʧʨʦʝʢʪ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʧʨʦʩʪʦʡ (ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʪʠʧʦʚʦʡ) ʘʨʭʠʪʝʢʪʫʨʦʡ;  

¶ ʠʩʧʦʣʴʟʫʷ ʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ, ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʩʰʠʨʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʠʪʴ ʨʝʞʠʤ ʤʫʣʴʪʠʧʣʝʝʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦ ʩʝʪʠ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʢʠ ʩʨʝʜʩʪʚʘʤʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʪ.ʜ.); 

¶ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʪʘʢʠʤ ʧʨʦʝʢʪʦʤ ʤʦʞʥʦ ʦʩʚʦʠʪʴ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ, 
ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ / ʪʝʭʥʦʣʦʛʠʝʡ; 

¶ ʠ, ʥʘʢʦʥʝʮ, ʪʘʢʦʡ ʧʨʦʝʢʪ ʠʥʪʝʨʝʩʥʦ ʪʝʩʪʠʨʦʚʘʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʥʘʜ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʦʝʢʪʦʤ: 

ʕʪʘʧ 1. ʀʟʫʯʝʥʠʝ ʦʩʥʦʚ ʠ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦʪ ʵʪʘʧ ʥʦʩʠʪ ʩʢʦʨʝʝ ʦʟʥʘʢʦʤʠʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʫʯʘʝʤʳʡ ʟʥʘʢʦʤʠʪʩʷ ʩ ʙʘʟʦʚʳʤʠ ʧʨʠʸʤʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʢʠ [3] ʠ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ [4], ʠʟʫʯʘʝʪ ʙʘʟʦʚʳʝ ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʟʳʢʘ, ʧʦʜʭʦʜʳ ʢ ʩʪʠʣʶ ʢʦʜʠʨʦʚʘʥʠʷ [5]. ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ 

ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʢ ʨʘʙʦʪʝ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʕʪʘʧ 2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʘʤʳʤ 

ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʦʙʨʘʙʦʪʢʘ ʩʦʙʳʪʠʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʘʟʦʚʳʡ 

ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʫ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ (ʥʘʧʨʠʤʝʨ, Scene Builder ʜʣʷ JavaFX [6]); ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʛʦʪʦʚʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ ʣʫʯʰʝ ʦʩʚʦʠʪʴʩʷ ʩ 

ʨʘʙʦʯʠʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʕʪʘʧ 3. ʈʝʘʣʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʦʩʥʦʚʥʦʡ ʘʣʛʦʨʠʪʤ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ 

ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʩʪʝʤʳ ʠʩʢʣʶʯʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 
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ʥʘʜ ʘʣʛʦʨʠʪʤʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʟʥʘʥʠʷ ʧʦ ʪʝʤʘʤ çʂʣʘʩʩʳè, çʀʥʪʝʨʬʝʡʩʳè, 

çʅʘʩʣʝʜʦʚʘʥʠʝè, çʆʙʨʘʙʦʪʢʘ ʠʩʢʣʶʯʝʥʠʡè, çɼʠʥʘʤʠʯʝʩʢʘʷ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ ʤʝʪʦʜʦʚè ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʢʦʤʤʝʥʪʘʨʠʠ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ 

ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʩʘʤʦʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ [7]. 

ʕʪʘʧ 4. ʈʝʬʘʢʪʦʨʠʥʛ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ 

ʤʦʜʫʣʴʥʦʛʦ ʧʦʜʭʦʜʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ, 

ʨʝʬʘʢʪʦʨʠʥʛ ʢʦʜʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [11]. 

ɼʘʣʝʝ, ʧʨʠ ʞʝʣʘʥʠʠ, ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʥʘʜ ʧʨʠʣʦʞʝʥʠʝʤ ʚ ʩʣʝʜʫʶʱʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ: 

¶ ʨʘʙʦʪʘ ʩ ʤʫʣʴʪʠʤʝʜʠʘ (ʛʨʘʬʠʢʘ, ʟʚʫʢ, ʚʠʜʝʦ); 

¶ ʤʥʦʛʦʧʦʪʦʯʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

¶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ ʩʝʪʠ (ʤʫʣʴʪʠʧʣʝʝʨ); 

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ (ʨʘʙʦʪʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ); 

¶ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʜʨ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʫʯʘʶʱʠʡʩʷ ʧʦʣʫʯʠʣ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʥʞʝʥʝʨʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʮʝʣʦʤ ʥʘ ʜʘʥʥʳʭ ʵʪʘʧʘʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UML 

[8]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʳ, ʢʘʢ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 

¶ ʨʘʙʦʪʘ ʩ ʬʨʝʡʤʚʦʨʢʘʤʠ; 

¶ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʛʨʳ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʜʭʦʜʘ çʩʪʨʘʡʧʦʚè ʠʣʠ çʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 60-ʪʠ ʩʝʢʫʥʜè [9]); 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [10] ʥʘʨʷʜʫ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʧʘʪʪʝʨʥʘʤʠ [11] ʠʣʠ ʦʪʢʘʟ ʦʪ ʥʠʭ ʚ ʧʦʣʴʟʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [12]. 

 
ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 
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ʈʠʩ. 2 ï ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʠʛʨʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ  

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʛʨʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʦ ʝʩʪʴ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʦʙʣʘʩʪʠ, 

ʢʘʢ çʠʛʨʦʚʳʝ ʜʚʠʞʢʠè, ʧʨʦʜʚʠʞʝʥʠʝ ʧʨʦʜʫʢʪʘ ʠ ʪ.ʧ. 

ʇʨʠʤʝʨ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙ̡ʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ:  

ʀʛʨʘ Evil Reign [18] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʙʠʣʴʥʫʶ ʠʛʨʫ ʚ ʞʘʥʨʝ RPG ʦʪ ʪʨʝʪʴʝʛʦ ʣʠʮʘ. 

ɺ ʠʛʨʝ ʙʫʜʝʪ ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʥʘʯʘʣʴʥʦʛʦ ʢʣʘʩʩʘ ʧʝʨʩʦʥʘʞʘ, ʦʙʱʝʝ ʜʝʨʝʚʦ ʨʘʟʚʠʪʠʷ 

(ʧʘʩʩʠʚʥʳʝ ʥʘʚʳʢʠ), ʩʥʘʨʷʞʝʥʠʝ (ʘʢʪʠʚʥʳʝ ʥʘʚʳʢʠ), ʘ ʪʘʢʞʝ ʩʤʝʥʘ ʩʥʘʨʷʞʝʥʠʷ. ʄʠʨ ʙʫʜʝʪ 

ʨʘʟʙʠʪ ʥʘ ʟʦʥʳ. ʎʝʣʴ ʠʛʨʳ - ʧʦʙʝʜʠʪʴ ʬʠʥʘʣʴʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ. ʉʦʭʨʘʥʝʥʠʷ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ 

ʣʦʢʘʣʴʥʦ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

FR-1. ʈʝʘʣʠʟʦʚʘʪʴ ʤʝʥʶ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: ʥʘʯʘʪʴ ʥʦʚʫʶ ʠʛʨʫ; 

ʧʨʦʜʦʣʞʠʪʴ ʠʛʨʫ; ʥʘʩʪʨʦʡʢʠ; ʧʨʦʩʤʦʪʨʝʪʴ ʘʚʪʦʨʦʚ; ʚʳʭʦʜ. 

FR-2. ɼʦʣʞʝʥ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʩʦʜʝʨʞʘʱʠʡ ʩʣʝʜʫʶʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ: ʪʝʢʫʱʝʝ ʟʜʦʨʦʚʴʝ; ʪʝʢʫʱʘʷ ʵʥʝʨʛʠʷ; ʤʠʥʠʢʘʨʪʘ. 

FR-3. ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʩʦʥʘʞʝʡ ʜʦʣʞʥʳ ʙʳʪʴ: ʩʠʣʘ; ʣʦʚʢʦʩʪʴ; 

ʠʥʪʝʣʣʝʢʪ; ʫʜʘʯʘ. 

FR-4. ɼʦʣʞʥʳ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʢʥʦʧʢʠ: ʠʥʚʝʥʪʘʨʴ; ʜʝʨʝʚʦ ʥʘʚʳʢʦʚ; ʢʘʨʪʘ; ʤʝʥʶ. 

FR-5. ɼʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 3 ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʘ ʧʝʨʩʦʥʘʞʝʡ: ʚʦʠʥ (ʙʦʣʴʰʝ ʩʠʣʳ ʠ 

ʣʦʚʢʦʩʪʠ, ʤʝʥʴʰʝ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʨʝʜʥʷʷ ʫʜʘʯʘ); ʨʘʟʙʦʡʥʠʢ (ʙʦʣʴʰʝ ʣʦʚʢʦʩʪʠ ʠ ʫʜʘʯʠ, ʩʨʝʜʥʷʷ 

ʣʦʚʢʦʩʪʴ ʠ ʥʠʟʢʠ ʠʥʪʝʣʣʝʢʪ); ʤʘʛ (ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠʥʪʝʣʣʝʢʪʘ, ʙʦʣʴʰʝ ʫʜʘʯʠ, ʤʘʣʦ 

ʣʦʚʢʦʩʪʠ ʠ ʩʠʣʳ). 
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FR-6. ɼʦʣʞʥʘ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʞʘʪʴʩʷ ʩ ʧʨʦʪʠʚʥʠʢʦʤ. 

FR-7. ʇʝʨʩʦʥʘʞ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʥʦʚʳʝ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʢʘʢ: 

NF-1. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʟʘʥʠʤʘʪʴ ʥʝ ʙʦʣʝʝ 25% ʦʪ ʚʩʝʛʦ ʵʢʨʘʥʘ (ʵʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʫʯʘʡʥʦ ʥʝ ʥʘʞʠʤʘʪʴ ʥʘ ʢʥʦʧʢʠ GUI ʚʦ ʚʨʝʤʷ ʙʦʷ); 

NF-2. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʛʨʳ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ (20 fps); 

NF-3. ʈʘʟʤʝʨ ʠʛʨʳ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʝʝ 2 ɻʙ. 

ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʣʦʛʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʤʦʜʫʣʠ çɻʣʘʚʥʦʝ ʤʝʥʶè ʠ 

çʀʛʨʘè. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʨʝʜʩʪʚʘʤʠ 

ʩʦʟʜʘʥʠʷ GUI, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʕʪʘʧ 2), ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ʤʦʜʫʣʴ ʪʨʝʙʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʠʛʨʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʄʦʜʫʣʴ çɻʣʘʚʥʦʝ ʤʝʥʶè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ 

ʪʨʝʙʦʚʘʥʠʶ FR-1. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʛʨʦʢ ʦʙʷʟʘʥ 

ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ ʠ ʩʨʘʞʘʪʴʩʷ ʩ ʧʨʦʪʠʚʥʠʢʘʤʠ (FR-6) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʘ, ʢʦʪʦʨʳʡ 

ʧʦʚʳʰʘʝʪ ʝʛʦ ʫʨʦʚʝʥʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ FR-7. 

ʆʩʥʦʚʥʦʡ ʠʛʨʦʚʦʡ ʘʣʛʦʨʠʪʤ (ʕʪʘʧ 3) ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʩʥʦʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠʛʨʳ 

ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʉʨʘʞʘʪʴʩʷè. ʅʘ ʜʠʘʛʨʘʤʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʛʨʦʢ ʧʦ ʥʘʞʘʪʠʶ ʥʘ ʢʥʦʧʢʫ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪ ʝ,y GameController ʧʦʣʫʯʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʳʯʠʩʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʤʘʭʘ ʠ ʥʘʥʦʩʠʪ ʫʨʦʥ (ʧʨʠ ʧʦʧʘʜʘʥʠʠ) 

ʧʨʦʪʠʚʥʠʢʫ. ʇʨʦʪʠʚʥʠʢ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʫʨʦʥ ʧʝʨʩʦʥʘʞʫ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. 

ʅʘ ʯʝʪʚʸʨʪʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʨʝʬʘʢʪʦʨʠʥʛ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʠʛʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʘʪʪʝʨʥʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: 

1. ʇʘʪʪʝʨʥ çʅʘʙʣʶʜʘʪʝʣʴè. ʇʘʪʪʝʨʥ ʦʩʥʦʚʘʥ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʘʪʪʝʨʥʝ [13]. ʇʨʠ 
ʥʘʞʘʪʠʠ ʥʘ ʵʢʨʘʥ ʙʫʜʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʤʝʩʪʦ ʥʘʞʘʪʠʷ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 

ʦʙʥʦʚʣʝʥʦ GUI, ʣʠʙʦ ʠʟʤʝʥʝʥʳ ʜʘʥʥʳʝ. ɼʘʥʥʳʡ ʧʘʪʪʝʨʥ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʪʝʨʬʝʡʩʦʚ Observer ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ ʠ Observable ʜʣʷ ʩʫʙʲʝʢʪʘ. Observable 

ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʚʩʝʭ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʠ ʧʨʠ ʢʘʢʦʤ-ʣʠʙʦ ʩʦʙʳʪʠʠ ʫʚʝʜʦʤʣʷʝʪ ʠʭ. ʂʣʘʩʩ 

Model ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʦʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʘʣʠʟʫʝʪ ʠʥʪʝʨʬʝʡʩ Observable, ʢʣʘʩʩ View 

ï ʥʘʙʣʶʜʘʪʝʣʴ, ʨʝʘʣʠʟʫʝʪ ʠʥʪʝʨʬʝʡʩ Observer. ʅʘ ʨʠʩʫʥʢʝ 3 ʵʪʦʪ ʧʘʪʪʝʨʥ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʣʝʜʫʶʱʠʤʠ ʢʣʘʩʩʘʤʠ: Model, Observable, Observer, View ʠ Controller. 

2. ʇʘʪʪʝʨʥ çʉʪʨʘʪʝʛʠʷè. ɼʘʥʥʳʡ ʧʘʪʪʝʨʥ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʪʠʧʦʚ ʦʨʫʞʠʷ ʠ ʜʦʙʘʚʣʝʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʦʚʳʭ ʚʠʜʦʚ ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʢʣʘʩʩ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʘʥʥʳʝ ʦʨʫʞʠʷ (ʧʝʨʩʦʥʘʞ). ʆʥ ʪʘʢ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʧʘʪʪʝʨʥʘʤ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʜʘʥʥʦʡ ʠʛʨʝ. ʂʘʞʜʳʡ ʪʠʧ 

ʦʨʫʞʠʷ ʧʦ-ʩʚʦʝʤʫ ʨʝʘʣʠʟʫʝʪ ʠʥʪʝʨʬʝʡʩ WeaponBehaviour, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʫ, 

ʠʩʧʦʣʴʟʫʶʱʝʤʫ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʦʨʫʞʠʷ, ʥʝ ʟʘʙʦʪʠʪʴʩʷ ʦ ʚʳʧʦʣʥʝʥʠʠ ʜʝʡʩʪʚʠʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʨʫʞʠʷ. ɼʘʥʥʳʡ ʧʘʪʪʝʨʥ ʧʨʝʜʩʪʘʚʣʝʥ ʢʣʘʩʩʘʤʠ 

WeaponBehaviour, OneHandWeapon, TwoHandWeapon, Weapon, Hero. 

3. ʇʘʪʪʝʨʥ çGame Loopè ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʛʨʦʚʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ [14]. ɽʛʦ ʥʘʟʥʘʯʝʥʠʝ ï ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʩʪʨʦʛʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʧʨʦʛʨʝʩʩʦʤ ʠʛʨʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʜʝʡʩʪʚʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʦʨʘ. 

ʕʪʦʪ ʧʘʪʪʝʨʥ ʦʪʥʦʩʠʪʴʩʷ ʢ ʛʨʫʧʧʝ ʧʘʪʪʝʨʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʣʫʯʰʝʥʠʝ ʦʱʫʱʝʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʛʨʦʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʘʪʪʝʨʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʣʘʩʩʦʤ MainGameLoop, ʨʝʘʣʠʟʫʶʱʠʡ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ Update, 

OnStart, OnEnd, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʦʪʦʢʘ ʢʘʜʨʦʚ ʠ ʧʦʩʣʝ 

ʦʩʪʘʥʦʚʢʠ ʢʘʜʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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4. ʇʘʪʪʝʨʥ çBytecodeè, ʝʱʸ ʦʜʠʥ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʛʨʦʚʦʡ ʧʘʪʪʝʨʥ [15]. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ 

ʧʘʪʪʝʨʥʘ ʧʦʚʳʰʘʝʪ ʛʠʙʢʦʩʪʴ ʠʛʨʦʚʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʪʨʝʙʦʚʘʥʠʡ FR-3, 4 ʠ 5. ʇʘʪʪʝʨʥ ʧʨʝʜʩʪʘʚʣʝʥ ʢʣʘʩʩʘʤʠ ByteCodeParser ʠ Spell. ɼʘʥʥʳʡ 

ʧʘʪʪʝʨʥ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʧʦʚʝʜʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʯʪʝʥʠʝ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʛʨʦʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʡ ʢʦʤʧʠʣʷʮʠʠ ʜʣʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʟʘʢʣʠʥʘʥʠʷʭ ʭʨʘʥʠʪʩʷ ʚ ʬʘʡʣʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯɹ  ʥʫʞʥʦʡ 

ʛʠʙʢʦʩʪʠ. 

ʇʦʣʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʧʘʪʪʝʨʥʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʥʘʜ ʫʯʝʙʥʳʤ ʧʨʦʝʢʪʦʤ ʜʣʷ 

ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʡʩʷ ʦʩʚʘʠʚʘʝʪ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠʤʝʥʷʝʪ ʧʨʠʥʮʠʧʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʧʘʪʪʝʨʥʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʬʘʢʪʦʨʠʥʛʫ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʚʘʞʥʦʝ ʦʙʦʙʱʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ [12, 16, 17].  
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ʆʙʣʘʢʘ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʘʥʘʣʠʪʠʢʘ ï ʵʪʠ ʪʨʠ ʬʘʢʪʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʀʊ ʥʝ ʪʦʣʴʢʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʈʘʙʦʪʘ ʩ ɹʦʣʴʰʠʤʠ ɼʘʥʥʳʤʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʠ 

ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʚʣʠʷʥʠʠ ʥʘ ʠʥʜʫʩʪʨʠʶ ʚ ʮʝʣʦʤ, ʪʦ ʩʝʛʦʜʥʷ ʩʪʘʣʠ 

ʦʯʝʚʠʜʥʳ ʚʦʟʨʦʩʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ. ʕʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ï ʚʝʜʴ ʟʘʨʘʥʝʝ ʩʣʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʜʣʷ ʢʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʥʘʜʦʙʷʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʜʘʥʥʳʝ ʠ ʥʘʩʢʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦ ʙʫʜʝʪ 

ʟʘʛʨʫʞʝʥʦ ʩʫʱʝʩʪʚʫʶʱʝʝ ʭʨʘʥʠʣʠʱʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʪʘʥʦʚʷʪʩʷ ʦʜʠʥʘʢʦʚʦ ʚʘʞʥʳ ʪʨʝʙʦʚʘʥʠʷ 

ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ [1]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʦʙʲʝʢʪʦʚ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʙʳʭ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʣʶʙʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʠʯʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʠʩʘʥʠʷ ʜʨʫʛʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʦʙʲʝʢʪʦʚ.  

ɺ ʠʜʝʘʣʝ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʦʙʲʝʢʪʘ ʜʦʣʞʥʘ ʧʨʝʜʝʣʴʥʦ ʧʨʠʙʣʠʞʘʪʴʩʷ 

ʨʝʘʣʴʥʦʤʫ ʝʸ ʩʦʜʝʨʞʘʥʠʶ. ʅʦ ʝʩʣʠ ʦʛʣʷʥʫʪʴʩʷ ï ʤʠʨ ʚʦʢʨʫʛ ʥʘʩ ʥʝ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʠʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʥʦʛʦʤʝʨʥʘ, ʤʥʦʛʦʛʨʘʥʥʘ, ʤʥʦʛʦʧʦʣʷʨʥʘ. ɼʘʞʝ ʝʩʣʠ ʩʚʝʩʪʠ ʨʝʘʣʴʥʦʩʪʴ ʢ 

ʫʟʢʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʦʙʲʝʢʪʦʚ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʩʪʨʫʢʪʫʨʥʳʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʠ 

ʪʝʤʧʦʨʘʣʴʥʳʡ. ʇʦʪʦʤʫ ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʠʟ ʯʝʛʦ-ʪʦ ʩʦʩʪʦʷʪ, ʛʜʝ-ʪʦ ʥʘʭʦʜʷʪʩʷ ʠ 

ʢʘʢ-ʪʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ [3]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ ʥʘʫʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʠʩʪʝʤʥʦʝ ʚʠʜʝʥʠʝ ʤʠʨʘ, 

ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʮʝʣʦʩʪʥʦʩʪʝʡ [2]. ʆʜʠʥ ʠ 

ʪʦʪ ʞʝ ʦʙʲʝʢʪ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ,  ʘ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʟʥʘʯʠʤʦʩʪʠ. 

ʉʫʪʴ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ <ʦʙʲʝʢʪ, ʩʚʦʡʩʪʚʦ, ʩʚʦʡʩʪʚʦ-ʦʪʥʦʰʝʥʠʝ (ʢʘʢ ʦʙʲʝʢʪ)> ʧʫʪʝʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʠ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʨʦʜʳ 

ʩʚʦʡʩʪʚ. ʗʜʨʦ ʤʘʪʨʠʯʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʷʪʠʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠʟʣʦʞʝʥʥʦʝ ʚ ʩʝʤʠʤʝʨʥʦʤ ʤʘʩʩʠʚʝ ʩ ʰʝʩʪʴʶ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʠ ʦʜʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ. ʉʦʭʨʘʥʝʥʳ ʚʩʝ ʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʧʨʠʩʫʱʠʝ ʙʘʟʘʤ ʜʘʥʥʳʭ ʥʘ ʨʝʣʷʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʠ ʨʝʘʣʠʟʦʚʘʥ ʚʝʩʴ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʄʋʆʈɹɼ ʠʤʝʝʪ ʚʠʜ: 

ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʜʠʩʢʨʝʜʠʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ɹɼ ʠʟ ʩʠʩʪʝʤʳ ʨʝʣʷʮʠʦʥʥʳʭ ɹɼ 

(ʈɹɼ)[4] 

mailto:ivanmia1@rambler.ru
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}db,...,db,...,db,{dbDB Dd21=

 
(1) 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʢʪ (ʩʫʱʥʦʩʪʴ): 

 { }
dd dEdedddd aaaaADBdb ,...,,...,, 21=$Í"  (2) 

ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ: 

 { }deUdeudedededde bbbbBAa ,...,,...,, 21=$Í"  (3) 

ʏʝʪʚʸʨʪʳʡ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʦʩʪʨʦʯʥʫʶ ʝʜʠʥʠʮʫ ʠʥʬʦʨʤʘʮʠʠ: 

 { }deuGdeugdeudeudeudedeu ccccCBb ,...,,...,, 21=$Í"  (4) 

ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʘʪʦʤʘʨʥʦ ʦʧʨʝʜʝʣʸʥ ʵʣʝʤʝʥʪ ʝʜʠʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ: 

          { }deugIdeugideugdeugdeugdeudeug ceeeECʩ ,...,,...,, 21=$Í"     (5) 

ʂʦʨʪʝʞ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʚʠʜ. ɺ ʥʸʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʦʜʥʦʛʦ ʘʪʨʠʙʫʪʘ. ɺ ʄʋʆʈɹɼ ʩ ʚʚʦʜʦʤ ʧʷʪʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʣʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʨʫʧʧʠʨʦʚʢʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʘʪʨʠʙʫʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ʜʨʝʚʦʚʠʜʥʳʝ ʩʚʷʟʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ʆʯʝʥʴ ʧʨʦʩʪʦ ʦʨʛʘʥʠʟʦʚʘʥʘ 

ʧʦʜʜʝʨʞʢʘ ʪʝʤʧʦʨʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪ ʢʦʨʪʝʞʘ 

ʠʤʝʝʪ ʚʠʜ: 

}::::{_ 1 ugideugidetougidefrugideeplddeugi HrfDDeekortelem =  (6) 

ɺʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʄʋʆʈɹɼ. 

ʀʤʝʷ ʧʷʪʠʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʜʠʩʢʨʝʜʠʪʘʮʠʠ, ʧʦʣʫʯʘʝʤ ʧʷʪʴ ʪʠʧʦʚ ʩʚʷʟʠ ʧʦ ʢʘʞʜʦʤʫ 

ʫʨʦʚʥʶ. ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʜʠʩʢʨʝʜʠʪʘʮʠʠ ʦʪʚʝʯʘʝʪ ʟʘ ɹɼ ʚ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʠʩʪʝʤʳ ɹɼ, ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʩʳʣʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʵʣʝʤʝʥʪ ʠʟ 

ʜʨʫʛʦʡ ɹɼ: 

 [...][...][...][...]11 Rdepd ee Ý  (7) 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʩ ʜʨʫʛʦʡ ʩʫʱʥʦʩʪʴʶ ʠʤʝʝʤ ʜʚʘ ʪʠʧʘ ʩʚʷʟʠ.  

ʇʨʠ ʦʙʲʷʚʣʝʥʠʠ ʩʚʷʟʠ ʚ ʩʣʦʚʘʨʝ ʜʘʥʥʳʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʩʫʱʥʦʩʪʴ 

(ʪʘʙʣʠʮʫ ʚ ʮʝʣʦʤ): 

 [...][...][...]11 Rdeepd ee Ý  (8) 

 [...][...]RRudedeugi ee Ý  (9) 

ɺ ʟʘʧʠʩʠ (9) ʚ ʢʦʨʪʝʞʝ ʧʦ ʘʜʨʝʩʫ i-ʛʦ ʵʣʝʤʝʥʪʘ deugie ʝʜʠʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ g 

ʵʢʟʝʤʧʣʷʨʘ u ʩʫʱʥʦʩʪʠ e ʜʝʣʘʝʪ ʩʩʳʣʢʘ ʥʘ ʵʢʟʝʤʧʣʷʨ uR ʩʫʱʥʦʩʪʠ eR 

ʏʝʪʚʸʨʪʳʡ ʫʨʦʚʝʥʴ ʜʠʩʢʨʝʜʠʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʩʳʣʢʫ ʥʘ ʤʥʦʛʦʩʪʨʦʯʥʫʶ 

ʝʜʠʥʠʮʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʣʦʤ: 

 
[...]RRR gudedeugi ee Ý  (10) 

ʇʦʩʣʝʜʥʠʡ ʧʷʪʳʡ ʫʨʦʚʝʥʴ ʜʠʩʢʨʝʜʠʪʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʩʳʣʢʫ ʥʘ ʦʪʜʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

 RRRR igudedeugi ee Ý
 

(11) 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʝʪʦʜʳ - ʵʪʦ 

ʧʨʦʮʝʜʫʨʳ ʠ ʬʫʥʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʘʩʩʦʤ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʚʳʧʦʣʥʷʪʴ ʥʘʜ ʦʙʲʝʢʪʦʤ ʪʘʢʦʛʦ ʪʠʧʘ, ʠ ʢʦʪʦʨʳʝ ʩʘʤ ʦʙʲʝʢʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ. ɼʣʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ 
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ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʦʩʥʦʚʘʥʘ ʠ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʘʥʘʣʦʛʠʠ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʘʤ ʦʙʲʝʢʪʦʚ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʙʘʟʳ ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʫʨʦʚʝʥʴ ʨʘʥʴʰʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʦʩʠʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʡ ʭʘʨʘʢʪʝʨ.  

ʀʥʢʘʧʩʫʣʷʮʠʷ 

ʄʋʆʈɹɼ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʟʤʝʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ. ʌʦʨʤʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʥʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʥʠʭ 

ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʢʦʥʪʝʢʩʪʥʳʡ ʚʠʜ. ʄʋʆʈɹɼ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʚʠʜ ɹɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʄʋʆʈɹɼ ʤʝʪʦʜʳ - ʵʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʘʚʠʣʘʭ ʠ 

ʘʣʛʦʨʠʪʤʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʦʙʲʷʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʙʳʪʠʷ [10]. 

ʇʦʣʠʤʦʨʬʠʟʤ 

ʇʨʠ ʥʘʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʚ ʄʋʆʈɹɼ ʜʝʡʩʪʚʫʶʪ ʪʝ ʞʝ ʧʨʠʥʮʠʧʳ, ʢʘʢ ʠ ʚ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ [7, 8]. ɼʦʯʝʨʥʷʷ ʩʫʱʥʦʩʪʴ ʤʦʞʝʪ ʥʘʩʣʝʜʦʚʘʪʴ ʢʘʢ 

ʘʪʨʠʙʫʪʳ, ʪʘʢ ʠ ʜʝʡʩʪʚʠʷ ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʫʱʥʦʩʪʠ [10]. 

ʅʘʩʣʝʜʦʚʘʥʠʝ ʠ ʘʛʨʝʛʘʮʠʷ  

ɺ ʄʋʆʈɹɼ ʥʘʩʣʝʜʦʚʘʥʠʝ ʠ ʘʛʨʝʛʘʮʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʪʘʢ ʠ 

ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘʩʣʝʜʦʚʘʥʠʷ ʠ ʘʛʨʝʛʘʮʠʠ ʥʘ ʪʝʩʪʦʚʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ 

ʄʋʆʈɹɼ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [8].  

ʄʝʭʘʥʠʟʤ ʄʋʆʈɹɼ ʩʠʥʪʝʟʘ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ ʦʧʠʩʘʥ ʚ [7]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʨʘʟʥʦʪʠʧʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʝʜʠʥʦʡ ʧʨʠʨʦʜʳ ʚ ʦʜʥʦʤ 

ʦʙʲʝʢʪʝ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʜʦʢʫʤʝʥʪʳ ʚʩʝʭ ʚʠʜʦʚ) ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʧʠʩʘʥʠʶ ʢʘʞʜʦʛʦ ʪʠʧʘ ʵʢʟʝʤʧʣʷʨʦʚ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʫʱʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʢʪʦʚ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʠʥʮʠʧʦʚ ʥʘʩʣʝʜʦʚʘʥʠʷ ʠ ʘʛʨʝʛʘʮʠʠ 

[11]. 

ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʠʝʨʘʨʭʠʠ ʦʙʲʝʢʪʦʚ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʦʩʥʦʚʝ ʄʋʆʈɹɼ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ.1 ï ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʠʝʨʘʨʭʠʷ ʦʙʲʝʢʪʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʦʩʥʦʚʝ 

ʤʝʭʘʥʠʟʤʘ ʩʠʥʪʝʟʘ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ ʚ ʄʋʆʈɹɼ 
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʄʋʆʈɹɼ ʟʘʢʣʘʜʳʚʘʣʘʩʴ ʢʦʥʮʝʧʮʠʷ ʦʪʢʨʳʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʦʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʋʆʈɹɼ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʝʜʥʝʤʫ ʧʦ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʨʦʛʨʘʤʤʠʩʪʫ ʩʦʟʜʘʪʴ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʡ ʩʨʦʢ ʩʦʙʩʪʚʝʥʥʫʶ ʉʋɹɼ ʪʘʢʦʛʦ ʬʦʨʤʘʪʘ, 

ʤʘʩʰʪʘʙʳ ʚʨʝʤʝʥʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʚʨʝʤʝʥʝʤ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʥʳʭ ʉʋɹɼ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʥʫʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʧʨʝʜʤʝʪʥʫʶ 

ʦʙʣʘʩʪʴ, ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʧʪʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

ɽʱʸ ʦʜʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʧʦʣʥʦʩʪʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʥʘʜʩʪʨʦʡʢʫ ʥʘʜ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ[9], ʧʨʦʩʪʦ ʚʢʣʶʯʘʷ ʝʛʦ ʤʦʜʫʣʠ ʚ ʩʚʦʡ ʧʨʦʝʢʪ. ʊʦʛʜʘ ʚʝʩʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʄʋʆʈɹɼ ʧʦʣʥʦʩʪʴʶ ʜʦʩʪʫʧʝʥ ʨʘʟʨʘʙʦʪʯʠʢʫ. 

ʊʘʢʦʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʝʨʚʝʨ ʥʘʜ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ  ʧʨʠʣʦʞʝʥʠʝʤ ʄʋʆʈɹɼ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʷʪʴ ʟʘʜʘʯʠ ʤʝʞʜʫ ʢʣʠʝʥʪʩʢʠʤ ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʩʝʨʚʝʨʦʤ, 
ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʘ ʥʠʭ ʚʦʟʣʦʞʝʥʳ(ʨʠʩ. 2); 

¶ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦ ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʜʥʦ ʠʟ ʢʣʠʝʥʪʩʢʠʭ 
ʧʨʠʣʦʞʝʥʠʡ; 

¶ ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʨʚʝʨʥʦʤʫ ʧʨʠʣʦʞʝʥʠʶ ʫʧʨʘʚʣʷʪʴ ʢʣʠʝʥʪʩʢʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ; 

¶ ʠ ʪ.ʜ. ʠ ʪ.ʧ. 

 
ʈʠʩ. 2 - ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʝʨʚʝʨ ʥʘʜ ʫʥʠʚʝʨʩʘʣʴʥʳʤ  ʧʨʠʣʦʞʝʥʠʝʤ ʄʋʆʈɹɼ 

ʇʦʤʠʤʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʡ ʉʋɹɼ ʜʣʷ ʄʋʆʈɹɼ,  ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʝʸ ʥʘ ʣʶʙʦʡ ʨʝʣʷʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʝ [5]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʩʪʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʥʘ ʄʋʆʈɹɼ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʉʋɹɼ ʥʘ ʫʟʣʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʄʋʆʈɹɼ ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʸʭ ʥʦʨʤʘʣʴʥʳʭ ʬʦʨʤ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ɹɼ ʩ ʄʋʆʈɹɼ ʨʘʟʤʝʱʘʪʴ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʪʘʙʣʠʮʳ, ʚ 

ʢʦʪʦʨʳʭ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʫʶʪʩʷ ʩʚʷʟʠ ʢʘʢ ʦʪ ʵʢʟʝʤʧʣʷʨʦʚ ʦʙʲʝʢʪʦʚ ʄʋʆʈɹɼ ʢ 

ʟʘʧʠʩʷʤ ʪʘʙʣʠʮʳ, ʪʘʢ ʠ ʠʟ ʪʘʙʣʠʮʳ ʢ ʵʣʝʤʝʥʪʘʤ ʄʋʆʈɹɼ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʩʪʳʭ 

ʩʪʨʫʢʪʫʨ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʜʣʷ ʥʠʭ ʪʘʙʣʠʮʳ, ʘ ʜʣʷ 

ʩʣʦʞʥʳʭ ï ʦʙʲʝʢʪʥʦʝ ʦʧʠʩʘʥʠʝ ʄʋʆʈɹɼ, ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʚ ʤʝʭʘʥʠʟʤʳ 

ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʳ ʠ ʘʧʧʘʨʘʪʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.  

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʵʢʟʝʤʧʣʷʨʦʚ ʦʙʲʝʢʪʦʚ ʩ 

ʫʯʝʪʦʤ ʝʜʠʥʦʛʦ ʷʜʨʘ ʄʋʆʈɹɼ ï ʤʝʩʪʘ ʭʨʘʥʝʥʠʷ ʠʭ ʦʧʠʩʘʥʠʷ, ʟʘʧʫʩʢʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʘʢ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʟʣʘʭ 

ʠʭ ʨʝʩʫʨʩʘʤʠ, ʪʘʢ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʱʥʦʩʪʠ (ʨʠʩ. 

3). 

 
ʈʠʩ. 3 -  ɺʘʨʠʘʥʪʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʄʋʆʈɹɼ 

ɿʘʢʣʶʯʝʥʠʝ  

ʉʦʭʨʘʥʝʥʠʝ ʨʝʣʷʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʮʝʧʮʠʠ ʄʋʆʈɹɼ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʨʸʭ ʥʦʨʤʘʣʴʥʳʭ ʬʦʨʤ ʠ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʧʨʠʥʮʠʧʦʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ, ʪʘʢ ʠ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʘʩʰʪʘʙʦʚ ʩʠʩʪʝʤ 

ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ 

ʤʠʢʨʦʫʨʦʚʥʝ ʜʦ ʫʯʸʪʘ ʢʘʞʜʦʛʦ ʥʶʘʥʩʘ ʦʧʠʩʘʥʠʷ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʦʙʲʝʢʪʦʚ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʈʝʣʷʮʠʦʥʥʘʷ ʘʣʛʝʙʨʘ ʄʋʆʈɹɼ ʧʦʟʚʦʣʠʣʘ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 

ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʪʘʙʣʠʯʥʳʡ 
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ʣʠʥʝʡʥʳʡ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʡ ʚʠʜ, ʠ ʨʘʟʣʠʯʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʧʘʨ ʢʣʘʩʩʦʚ ʩʤʝʰʠʚʘʝʤʳʭ 

ʚʝʱʝʩʪʚ.  

ɼʣʷ ʩʤʝʩʠ ʵʪʠʣʦʚʦʛʦ ʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʡʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʧʝʢʪʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʦʚ, ʧʦʣʦʞʝʥʥʘʷ ʚ 

ʦʩʥʦʚʫ ʤʦʜʝʣʠ. 

ʂʦʤʙʠʥʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʦʡʩʪʚʘ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʠ 

ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ, ʧʨʠʩʫʱʠʝ ʧʨʦʮʝʩʩʫ ʩʤʝʰʠʚʘʥʠʷ ʚʝʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʢʣʘʩʩʳ ʦʧʝʨʘʥʜʦʚ 

(ʩʤʝʰʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ) ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ. ʇʦʜʜʝʨʞʢʘ ʵʪʠʭ ʩʚʦʡʩʪʚ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʠʟʘʡʥʫ ʧʨʦʛʨʘʤʤʳ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʩʪʘʪʴʝ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++, 

ʦʙʣʝʛʯʘʚʰʠʡ ʨʘʩʯʝʪ ʢʦʤʙʠʥʘʮʠʠ ʩʧʝʢʪʨʦʚ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ GPU (ʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ). ʄʦʜʝʣʴ ʩʪʨʦʠʣʘʩʴ ʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʩʪʠʣʝ, ʦʙʝʩʧʝʯʠʚʘʚʰʝʤ ʙʳʩʪʨʦʝ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʘʣʠʟʘʮʠʶ 

ʧʨʦʛʨʘʤʤʳ ʠ ʣʝʛʢʦ ʯʠʪʘʝʤʳʡ ʢʦʜ. ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʧʝʢʪʨʘ ʚ ʠʩʭʦʜʥʦʤ 

ʢʦʜʝ ʠʤʝʝʪ ʚʠʜ çSmix=k(A)*S(ɸ) + k(B)*S(B) +éè, ʛʜʝ Smix ï ʦʙʲʝʢʪ, ʦʪʨʘʞʘʶʱʠʡ ʩʧʝʢʪʨ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʤʝʩʠ; S(A) ï ʦʙʲʝʢʪ-ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ óAô, S(B) ï ʦʙʲʝʢʪ-ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ 

óBô; k(A) ʠ k(A) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ (k(A) + k(B) +é=100%) 

ʉʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʨʫʟʢʘ ʦʧʝʨʘʪʦʨʦʚ ʩʣʦʞʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ó+ô ʠ ʫʤʥʦʞʝʥʠʷ ñ*ò, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʫ ʚʝʱʝʩʪʚʘ, ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʦʚʝʜʝʥʠʝ ʢʣʘʩʩʘ. ʉʘʤʠ ʦʧʝʨʘʪʦʨʳ ʧʨʦʠʟʚʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʡʜʝʥʥʦʡ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʩʝ ʩʧʝʢʪʨʳ ʜʚʫʭ ʩʤʝʰʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥ 

ʯʠʪʘʝʤʳʡ, ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʫʝʤʳʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʩʤʝʩʝʡ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʝʛʦʜʥʷ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʭʠʤʠʶ ʙʝʟ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʨʝʰʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ 

ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʠʟʚʣʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʧʝʢʪʨʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʚʩʸ ʯʘʱʝ ʧʨʠʙʝʛʘʶʪ ʢ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. [4] 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆʆʇ ʩʚʷʟʘʥʘ ʩ ʦʙʱʥʦʩʪʴʶ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ: 

ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʤ ʧʨʠʩʫʱʝ ʣʠʥʝʡʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʨʪʨʝʪʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʆʆʇ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʜʢʣʘʩʩʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʠ ʩʣʦʞʥʳʝ 

ʤʦʜʝʣʠ, ʘ ʣʠʰʴ ʨʘʩʰʠʨʷʷ ʬʫʥʢʮʠʦʥʘʣ ʩʫʱʝʩʪʚʫʶʱʝʡ.  

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ 

ʟʘʜʘʯʠ ʥʘ ʜʚʘ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ: ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʘʙʩʪʨʘʢʮʠʠ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ, ʨʘʩʰʠʨʷʝʤʳʭ ʠ ʣʝʛʢʦ 

ʤʦʜʠʬʠʮʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʩʣʦʞʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʧʠʨʪʦʚʘʷ ʩʤʝʩʴ 

ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ. ʀʂ-ʩʧʝʢʪʨʳ ʯʠʩʪʳʭ ʦʙʨʘʟʮʦʚ 
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ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʝʱʝʩʪʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʳ çʯʠʩʪʳʭè ʚʝʱʝʩʪʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʴ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʀʂ-ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʪʣʘʜʢʠ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʨʘʩʯʝʪʥʳʭ ʩʧʝʢʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ.[5] 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʧʝʢʪʨʘ ʩʤʝʩʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʀʂ-ʩʧʝʢʪʨʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʛʨʘʜʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʚʫʭ ʩʤʝʩʝʡ ʠʤʝʣʘ 

ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ:  

ʊʘʙʣʠʮʘ 1. ɻʨʘʜʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʝʡ 

ʕʪʘʥʦʣ 0 5% 10% 15% é é 95% 100% 

ʀʟʦʧʨʦʧʘʥʦʣ 100% 95% 90% 85% é é 5% 0% 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ ʠ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 2 ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ[2]. ʀʩʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʚ 

ʩʝʙʷ 2 ʩʝʨʠʠ ʠʟ 21 ʥʝʟʘʚʠʩʠʤʦ ʧʦʣʫʯʝʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ 

ʫʥʠʢʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʘʨʳ ʚʝʱʝʩʪʚ 

ʵʪʘʥʦʣ/ʠʟʦʧʨʦʧʘʥʦʣ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟ ʛʨʘʜʘʮʠʠ, ʧʨʠʚʝʜʸʥʥʦʡ ʚ ʊʘʙʣʠʮʝ 1. 

ʀʩʭʦʜʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʠʩʭʦʜʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ 1866, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʣʠʯʝʩʪʚʫ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʀʂ-ʯʘʩʪʦʪ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʘʥʥʦʡ ʧʘʨʝ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʥʠʟʠʪʴ 

ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ [3]. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA), 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʷʭ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʠʩʭʦʜʥʳʤ ʩʧʝʢʪʨʘʤ, ʥʝ ʜʘʸʪ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʤ, ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʧʝʢʪʨ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺʠʥʦʡ ʵʪʦʤʫ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ çʤʝʰʘʶʱʠʭè ʬʘʢʪʦʨʦʚ, ʧʦʛʨʝʰʥʦʩʪʝʡ. ʉʨʝʜʠ ʥʠʭ: ʰʫʤʳ 

(ʦʰʠʙʢʠ) ʠʟʤʝʨʝʥʠʡ, ʨʘʟʣʠʯʥʳʡ ʤʘʩʰʪʘʙ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʣʠʯʥʦʝ ʩʤʝʱʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʚʢʣʘʜ ʚ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. [1] 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘ, ʫʜʘʣʝʥʠʝ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʥʦʨʤʘʣʠʟʘʮʠʶ (ʧʨʠʚʝʜʝʥʠʝ ʢ ʝʜʠʥʦʤʫ 

ʤʘʩʰʪʘʙʫ). 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ PCA ʘʥʘʣʠʟʘ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʩʣʝʜʫʶʱʘʷ 

ʤʦʜʝʣʴ: ʧʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʝʱʝʩʪʚʘ: ɸ ʠ ɺ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʠʭ ʩʧʝʢʪʨʳ [S], ʪʘʢʠʝ 

ʯʪʦ: S(A) ï ʝʩʪʴ ʩʧʝʢʪʨ ʯʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ɸ (ʪ.ʝ. S {ʉ (ɸ, B) =100, 0%}), S(B) ï ʝʩʪʴ ʩʧʝʢʪʨ 

ʯʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ B (ʪ.ʝ. S { C (A, B) = 0,100%}). ʊʦʛʜʘ: Smix=k(A)*S(ɸ) + k(B)*S(B), ʛʜʝ 

Smix ïʩʧʝʢʪʨ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʤʝʩʠ; k(A) ʠ k(B) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ (k(A)+k(B)+é=100%). 

ʈʝʟʫʣʴʪʘʪʳ PCA ʘʥʘʣʠʟʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʩ 1866 ʜʦ 1, 



 

 

39 

 
 

ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʷʚ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ 

ʤʦʜʫʣʶ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʨʦʮʝʥʪ ʧʦʪʝʨʷʥʥʦʡ çʧʦʣʝʟʥʦʡè ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣ 10%. 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (PC 1) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ 

ʦʙʱʫʶ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʠʩʭʦʜʷ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʦ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʙʫʜʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʈʠʩ. 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʯʝʪʦʚ ʧʝʨʚʦʡ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʧʝʢʪʨ ʥʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 

PCA ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʤʝʪʦʜʘ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʌʦʨʤʘʣʴʥʦ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ X = USVT, ʛʜʝ X ï ʤʘʪʨʠʮʘ ʠʩʭʦʜʥʳʭ 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ, V ï ʤʘʪʨʠʮʘ ʥʘʛʨʫʟʦʢ (ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʝʩʪʴ ʚʝʢʪʦʨ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ), U ï ʤʘʪʨʠʮʘ ʩʯʝʪʦʚ (ʢʘʞʜʘʷ ʩʪʨʦʢʘ ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ ʥʘ ʚʝʢʪʦʨ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ), S ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩʠʥʛʫʣʷʨʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʄʘʪʨʠʮʘ ʍ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʝ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 1866 ʯʘʩʪʦʪ ʧʦ 

ʩʧʝʢʪʨʘʤ ʚʩʝʭ ʩʝʨʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ çʮʝʥʪʨʠʨʦʚʘʥʠʝè ʜʘʥʥʳʭ ʧʫʪʸʤ ʚʳʯʠʪʘʥʠʷ 

ʩʨʝʜʥʝʛʦ ʠʟ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ ʢʘʞʜʦʡ ʩʝʨʠʠ (ʥʝ ʧʫʪʘʪʴ ʩ ʤʦʜʫʣʝʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ!). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʮʝʥʪʨ ʦʙʨʘʟʫʝʤʦʡ çʥʦʚʦʡè ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʬʘʢʪʠʯʝʩʢʦʤ 

ʮʝʥʪʨʝ çʦʙʣʘʢʘ ʜʘʥʥʳʭè. 

ʊʦʛʜʘ, ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʝʩʪʠ ʩʣʝʜʫʶʱʫʶ ʦʧʝʨʘʮʠʶ: ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ V ʫʤʥʦʞʠʪʴ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ (ʩʯʸʪ) ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ US ʠ ʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʧʨʠʙʘʚʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʚʩʝʤ ʩʝʨʠʷʤ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ V (1865 ʵʣʝʤʝʥʪʦʚ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʤʝʨʦʤ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ US ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʦʤʝʨʦʤ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʝʪ 

1865 ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʢʦʤʫ ʞʝ ʢʦʣʠʯʝʩʪʚʫ ʯʘʩʪʦʪ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʩʪʨʦʠʪʴ ʩʧʝʢʪʨ ʟʘʥʦʚʦ. 

ʆʧʠʩʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 
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ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. ʆʩʥʦʚʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʟʘʢʣʶʯʝʥʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʪʦʨʦʚ ʩʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ, ʪʨʝʙʫʶʱʝʡ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʭʦʨʦʰʦ ʧʘʨʘʣʣʝʣʠʟʠʨʫʝʤʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʡ ʟʘʛʦʣʦʚʦʯʥʦʡ ʙʠʙʣʠʦʪʝʢʠ çboost.computeè, ʚʭʦʜʷʱʝʡ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʧʘʢʝʪ boost, 

ʥʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 1.61, ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʧʨʦʛʨʘʤʤ ʥʘ ʉ++ ʦʙʦʣʦʯʢʫ ʜʣʷ OpenCL API. 

ʅʘʨʷʜʫ ʩ ʥʘʙʦʨʦʤ ʢʣʘʩʩʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ OpenCL, ʪʘʢʠʤʠ ʢʘʢ device, kernel ʠ 

command_queue, ʙʠʙʣʠʦʪʝʢʦʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʉ++ STL. 

ʂʘʞʜʳʡ ʢʣʘʩʩ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʩʤʝʩʝʡ, ʟʘʜʘʶʱʠʡ 

ʛʨʫʧʧʫ ʚʝʱʝʩʪʚ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʤʙʠʥʠʨʫʶʱʝʡ ʬʫʥʢʮʠʝʡ, ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʦʨʤʝ ʢʣʘʩʩʘ C++ ʩ 

ʧʝʨʝʛʨʫʞʝʥʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʩʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ó+ô ʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ñ*ò. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʧʝʢʪʨ ʩʤʝʩʠ ʚ ʢʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

ʚʳʨʘʞʝʥʠʷ çSmix=k(A)*S(ɸ) + k(B)*S(B) +éè, ʛʜʝ, ʥʘʧʦʤʥʠʤ S ï ʩʧʝʢʪʨʳ, k ï ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ. 

ʆʙʲʷʚʣʝʥʠʝ ʢʣʘʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ ʙʝʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʣʣʶʩʪʨʠʨʦʚʘʥʦ 

ʩʣʝʜʫʶʱʠʤ ʣʠʩʪʠʥʛʦʤ: 

// ʙʘʟʦʚʳʡ ʢʣʘʩʩ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʚʝʱʝʩʪʚ 

class Chemical{  

protected:  

    // ʟʘʱʠʱʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 

public:  

    // ʦʙʱʠʡ ʦʧʝʨʘʪʦʨ ʢʦʤʧʦʟʠʮʠʠ ʩʧʝʢʪʨʦʚ 

    virtual const Chemical operator+(const Chemical& rhs) const {  

        é; // ʚʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʤʝʩʠ 

    }  

    // ʦʙʱʠʡ ʦʧʝʨʘʪʦʨ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

    friend const Chemical operator*(const double& k,  

                                    const  Chemical & spectrum ){  

        é; // ʚʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩ ʫʯʝʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

    }  

    // ʢʦʤʤʫʪʘʪʠʚʥʘʷ ʧʘʨʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

    friend const Chemical operator*(const C hemical& spectrum,  

                                    const double& k){  

        return k*spectrum;  

    }  

};  

// ʂʣʘʩʩ ʩʧʠʨʪʦʚ 

class Spirit: public Chemical{  

public:  

    // ʩʪʘʥʜʘʨʪʥʳʡ ʦʧʝʨʘʪʦʨ 

    using Chemical::operator+;  

    // ʧʝʨʝʦʧʨʝʜʝʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨ ʩʤʝʰʠʚʘʥʠʷ(ʩʣʦʞʝʥʠʷ) ʚʝʱʝʩʪʚ 

    virtual const Chemical operator+(const Chemical& rhs) const {  

        é; // ʚʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʤʝʩʠ 

    }  

    // ʩʧʝʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʜʣʷ ʢʣʘʩʩʘ Oil 

    class Oil;  

    virtual const Chemical operator+(const Oil& rhs) con st  {  

        é; // ʚʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʤʝʩʠ 

    }  

};  

// ʂʣʘʩʩ ʤʘʩʝʣ 

class Oil: public Chemical{  

public:  
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    // ʢʦʤʤʫʪʘʪʠʚʥʘʷ ʧʘʨʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʩʣʦʞʝʥʠʷ ʩʦ ʩʧʠʨʪʘʤʠ 

    virtual const Chemical operator+(const Spirit& spirit){  

        return  spirit  + * this ;  

    }  

};  

 

// ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

// ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

Spirit ethanol;  

Spirit isopropanol;  

Oil oil;  

// ʉʧʝʢʪʨʳ ʠʜʝʥʪʠʯʥʳ mix_1_1 == mix_1_2  

Chemical mix_1_1 = 0.6*ethanol + 0.4*isopropanol;  

Chemical mix_1_2 = 0.4*isopropanol + 0.6*ethanol;  

// ʉʧʝʢʪʨ ʨʘʟʥʦʨʦʜʥʳʭ ʚʝʱʝʩʪʚ 

Chemical mix_2_1 = ethanol + oil;  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2. ʂʣʘʩʩʳ ʘʧʧʘʨʘʪʥʳʭ 

ʘʙʩʪʨʘʢʮʠʡ (GPU) ʚ ʜʠʘʛʨʘʤʤʫ ʥʝ ʚʢʣʶʯʝʥʳ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʯʘʩʪʴ, ʛʜʝ 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʭʦʪʷ ʠ ʷʚʠʣʘʩʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʚ ʚʳʙʦʨʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʘʤʘ ʧʦ 

ʩʝʙʝ ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʦʙʲʝʢʪʥʫʶ ʤʦʜʝʣʴ. ɹʠʙʣʠʦʪʝʢʘ çboost.computeè ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʝʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

 
ʈʠʩ. 2 - ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 

ʄʦʜʝʣʴ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʨʠʩ.2, ʨʝʘʣʠʟʫʝʪ ʧʝʨʝʛʨʫʟʢʫ ʦʧʝʨʘʮʠʡ ʩʤʝʰʠʚʘʥʠʷ ʚ 

ʩʣʫʯʘʝ ʦʩʦʙʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʧʘʨ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʤʝʩʴ, ʘ ʪʘʢʞʝ 

ʢʦʤʤʫʪʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʦʧʝʨʘʮʠʡ ʩʤʝʰʠʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʧʘʨʥʦʩʪʴʶ ʦʧʝʨʘʪʦʨʦʚ ʚ 

ʢʣʘʩʩʘʭ ʩʤʝʰʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʡ ʩʧʝʢʪʨ ʩʤʝʩʠ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 3 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʦʪʦʙʨʘʞʸʥ ʭʘʨʘʢʪʝʨʥʳʡ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ ʩʤʝʩʠ 50% 

ʵʪʘʥʦʣʘ ʠ 50% ʠʟʦʧʨʦʧʘʥʦʣʘ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʚ ʝʜʠʥʦʤ ʤʘʩʰʪʘʙʝ ʠʟʦʙʨʘʞʝʥ 

ʠʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʪʦʡ ʞʝ ʩʤʝʩʠ. 
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ʈʠʩ. 3 - ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʤʝʩʠ ʠ ʨʘʩʯʝʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ 

ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ. 

ɺʳʚʦʜʳ 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʯ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʥʝ 

ʧʦʜʜʘʚʘʣʠʩʴ ʨʝʰʝʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʦʜʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ, ʯʪʦʙʳ ʧʨʠʤʝʥʷʪʴ ʝʸ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʦʛʜʘ ʚʘʞʥʘ ʩʢʦʨʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɹʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ ʤʦʜʝʣʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʣʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ, 

ʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʣʶʙʦʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʜʦʙʥʦʡ ʤʦʜʝʣʠ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʟʘʜʘʯʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʎʠʢʠʥ, ɸ.ʄ. ʍʝʤʦʤʤʝʪʨʠʢʘ ʚ ʘʥʘʣʠʟʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʀʂ, 
ʗʄʈ ʀ ʨʝʥʛʪʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʜʠʩ. ʥʘ ʩʦʠʩʢ. ʫʯʝʥ. ʩʪʝʧ. ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ / ʎʠʢʠʥ ɸʣʝʢʩʝʡ 
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