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ʥʝʥʠʷ ʤʝʞʩʝʪʝʚʳʭ ʵʢʨʘʥʦʚ ʪʠʧʘ web application firewall, ʢʘʢ ʩʨʝʜʩʪ-

ʚʘ ʟʘʱʠʪʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

 

 

101 

ʊʨʝʪʴʷʢʦʚ ɸ.ɸ., ʉʫʯʢʦʚʘ ʃ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ 

 

 

105 

ʐʢʠʨʢʦʚ ɸ.ʖ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ web-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝ-
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ʋɼʂ 004.421.2 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʇʆʀʉʂɸ ʆɹʒɽʂʊʆɺ  

ɺ ʋʅʀɺɽʈʉʀʊɽʊʉʂʆʄ ʂɸʄʇʋʉɽ 

ɸʃɽʂʉɽɽɺ ɸ.ɺ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ɺʳʩʦʢʠʡ ʪʝʤʧ ʨʘʟʚʠʪʠʷ ʠʥʜʫʩʪʨʠʠ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝ-

ʥʠʡ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʯʝʣʦʚʝʢʫ ʫʧʨʦʱʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʠʩʢʦʤ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠ ʟʜʘ-

ʥʠʷ ʠʣʠ ʚ ʛʨʫʧʧʝ ʟʜʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʚ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʥʦʡ. ʆʩʦ-

ʙʫʶ ʩʣʦʞʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ 

ʢʫʨʩʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʠʩʘʥʠʝʤ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʧʦ ʢʦʨʧʫʩʘʤ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʢʘʤʧʫʩʘ ʠ ʘʫʜʠʪʦʨʠʷʤ ʵʪʠʭ ʢʦʨʧʫʩʦʚ ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʘʫʜʠʪʦʨʥʳʤʠ ʟʘʥʷʪʠʷʤʠ. 

ɺʦ ʚʨʝʤʷ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʤʝʩʷʮʘ, 

ʩʪʫʜʝʥʪʳ ʚʳʥʫʞʜʝʥʳ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʚʦ ʚʨʝʤʝʥʠ ʠʩʢʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʧʫʩʘ ʠ ʘʫʜʠʪʦʨʠʠ, ʥʦ ʠ ʪʦʯʢʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʫʛ ʠ ʩʣʫʞʙʳ ʚʫʟʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ ʢʘʢ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʠʠ ʥʘ ʤʘʣʦʠʟʚʝʩʪ-

ʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʪʘʢ ʠ ʚ ʧʦʣʫʯʝʥʠʠ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʩʧʠʩʦʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʫʢ-

ʪʫʨʦʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʢʘʤʧʫʩʘ:  

1) ʠʥʬʦʨʤʘʮʠ ̫ʦʙ ʦʙʲʝʢʪʝ, ʠʣʠ ʦ ʤʘʨʰʨʫʪʝ ʢ ʚʳʙʨʘʥʥʦʤʫ ʦʙʲʝʢʪʫ 

(ʢʦʨʧʫʩ, ʘʫʜʠʪʦʨʠʷ, ʪʦʯʢʘ ʧʠʪʘʥʠʷ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʩʣʫʞʙʘ); 

2) ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʣʫʞʝʙʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʚʫʟʘ (ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʪ.ʜ.); 

3) ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʤʦʱʴ ʜʣʷ ʨʝʰʝʥʠ̫ ʙʳʪʦʚʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ 

ʩʣʦʞʥʦʩʪʝʡ; 

4) ʠʥʬʦʨʤʘʮʠ ̫ʦ ʧʨʝʜʩʪʦʷʱʠʭ ʢʫʣʴʪʫʨʥʦ-ʤʘʩʩʦʚʳʭ, ʫʯʝʙʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʷʭ ʚ ʚʫʟʝ. 

ɼʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʠ 

ʨʝʘʣʠʟʦʚʘʥʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ɸndroid. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʷ - ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ  ʠ 

ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʦʙʨʘʞʘʪʴ ʢʘʨʪʳ ʢʦʨʧʫʩʦʚ, ʵʪʘʞʝʡ 

ʠ ʘʫʜʠʪʦʨʠʡ  ɸʣʪɻʊʋ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʫʜʦʙʥʳʡ GUI-ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʛʝʦʟʘʚʠʩʠʤʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʩʪʫʜʝʥʪʫ ʠʣʠ ʛʦʩʪʶ ʚʫʟʘ.  
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ɼʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʉʋɹɼ SQLite 3. ɺʦʟʤʦʞʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʷʟʳʢʘ 

Java ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʬʘʡʣ DBHelper, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʩʣʝʜʥʠʢʦʤ 

ʢʣʘʩʩʘ SQLiteOpenHelper ʠ ʠʤʝʝʪ ʩʚʦʠ ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʠ ʤʝʪʦʜʳ ʜʣʷ 

SQL ʟʘʧʨʦʩʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ, ʦʙʥʦʚʣʝʥʠʠ, ʫʜʘʣʝʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʃʦ-

ʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦʟʜʘʚʘʣʘʩʴ ʚ Toad Data Modeler 

Freeware, ʟʘʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʦʣʥʝʥʠʷ SQL-ʩʢʨʠʧʪʘ ʩʦʟʜʘʥʘ ʬʠʟʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ SQLite Studio, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʧʣʘʪʬʦʨʤʝ Android.  

ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ɻʨʘʬʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ (ʜʘʣʝʝ ʚʥʝʰʥʠʡ ʚʠʜ ʘʢʪʠʚʠʪʠ) ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: WelcomeA, ATochka, MainActivity, EtagSelect, 

AdminActivity, SelectPrint, Print_PitActivty, SelectActivity, 

MarkLayerTestActivty, RouteLayerTestActivty. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣ ɹʨʘʙʦʪʘʝʪ ʩ ʠʥʪʝʨʘʢʪʠʚʥʳʤ 

ʤʝʥʶ, ʚʢʣʶʯʘʶʱʠʤ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ: 

1) ʄʘʨʰʨʫʪ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ; 

2) ʉʚʦʙʦʜʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ; 

3) ʊʦʯʢʠ ʧʠʪʘʥʠʷ; 

4) ʊʦʯʢʠ ʦʢʘʟʘʥʠʷ ʢʘʥʮʝʣʷʨʩʢʠʭ ʫʩʣʫʛ; 
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5) ʇʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʩʣʫʞʙʘʭ; 

6) ʄʘʨʰʨʫʪ ʜʦ ʫʯʝʙʥʳʭ ʘʫʜʠʪʦʨʠʡ; 

7) FAQ - ʦʪʚʝʪʳ ʥʘ ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳ. 

ʉʭʝʤʘ ʩʚʷʟʠ ʘʢʪʠʚʠʪʠ ʧʨʠʣʦʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʩʚʷʟʠ ʘʢʪʠʚʠʪʠ ʧʨʠʣʦʞʝʥʠʷ 

ʏʪʦʙʳ ʧʨʦʨʠʩʦʚʳʚʘʪʴ ʤʘʨʰʨʫʪ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʜʦ ʢʦʥʝʯʥʦʡ 

ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩʭʝʤʘ ʢʦʨʧʫʩʦʚ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʢʘʤʧʫʩʘ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ Corel Draw X6, ʟʘʪʝʤ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʩʧʠʩʢʠ 

ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʙʠʙʣʠʦʪʝʢʘ ʘʣʛʦʨʠʪʤʘ Floyd-Warshal.  

ʇʨʠ ʩʚʦʙʦʜʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʠʠ ʚ ʢʘʤʧʫʩʝ ʜʦʩʪʫʧʝʥ ʙʦʣʝʝ ʛʠʙʢʠʡ 

ʧʨʦʩʤʦʪʨ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʢʦʨʧʫʩʘ, ʵʪʘʞʘ, ʪʘʢʞʝ ʜʦʩʪʫʧʥʦ ʠʟʤʝʥʝʥʠʝ 

ʤʘʩʰʪʘʙʘ ʩ ʚʳʚʦʜʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ. ɽʩʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʘʟʣʠʯʥʳʭ ʩʣʫʞʙʘʭ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠʣʦ-
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ʞʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʟʚʦʥʦʢ ʚ ʚʳʙʨʘʥʥʫʶ 

ʩʣʫʞʙʫ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʠ ʦʪʦʙʨʘʞʘʪʴ ʤʘʨ-

ʰʨʫʪ ʜʦ ʥʫʞʥʳʭ ʘʫʜʠʪʦʨʠʡ, ʪʦʯʝʢ ʚ ʢʦʨʧʫʩʘʭ ʢʘʤʧʫʩʘ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʚ ʦʜʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʛʝʦʟʘʚʠʩʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ. 

ʃʠʪʝʨʘʪʫʨʘ: 1.Developer Android Studio [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ.  -  ʕʣʝʢʪʨʦʥ.  ʪʝʢʩʪ.  ʜʘʥ.  ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://developer.android.com/guide/topics/data/data-storage.html. 

2.Gs.statcounter.com: Desktop vs Mobile vs Tablet Market Share 

Worldwide [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ.  -  ʕʣʝʢʪʨʦʥ.  

ʪʝʢʩʪ.  ʜʘʥ.  ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://gs.statcounter.com/platform-market-

share/desktop-mobile-tablet 3.Gs.statcounter.com: Mobile Operating Sys-

tem Market Share in Russian Federation [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʆʬʠʮʠ-

ʘʣʴʥʳʡ ʩʘʡʪ.  -  ʕʣʝʢʪʨʦʥ.  ʪʝʢʩʪ.  ʜʘʥ.  ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://gs.statcounter.com/os-market-share/mobile/russian-

federation/#monthly-201404-201704 4. Android 4 ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. 

ʉʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʣʘʥʰʝʪʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʤʘʨʪʬʦʥʦʚ. : 

ʧʝʨ. ʩ ʘʥʛʣ. ï ʄ.: OOO ñʀ.ɼ. ɺʠʣʴʷʤʩò, 2012 P. 880. 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ, ʫʣ. ʃʝʥʠʥʘ 46, 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ, ʩʪʫʜʝʥʪ ɸʣʝʢʩʝʝʚ ɸ.ɺ., ʪʝʣ. (8-929-393-

92-11). E-mail: antonalekseevv@gmail.com 

 

ʋɼʂ 004.627 

ʈɸɿʈɸɹʆʊʂɸ ʉʊʈʋʂʊʋʈʓ ʉʀʉʊɽʄʓ ʍʈɸʅɽʅʀʗ  

ʐɸɹʃʆʅʆɺ ɼʃʗ ʇʉɽɺɼʆʇɽʈʀʆɼʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

ɸʈɸʇʆɺ ʆ.ʀ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʬʠʥʘʥʩʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʥʪʨʦʣʝ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʛʦʜʳ, ʚ ʤʝʜʠʮʠʥʝ. ɹʳʩʪʨʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʦʙʲʝʤ ʜʘʥ-

ʥʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ, ʧʨʠʯʝʤ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝ-

ʤʝʥʠ ʜʘʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʲʝʢʪʳ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ. ʆʪʩʣʝʞʠʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʝʢʦʪʦʨʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʰʘʙʣʦʥʘʤ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʰʘʙʣʦʥʘ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚ ʩʠ-

ʣʫ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥ-

ʥʳʭ [2]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ-

ʩʪʨʦʝʥʳ ʥʘ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

https://developer.android.com/guide/topics/data/data-storage.html
http://gs.statcounter.com/platform-market-share/desktop-mobile-tablet
http://gs.statcounter.com/platform-market-share/desktop-mobile-tablet
http://gs.statcounter.com/os-market-share/mobile/russian-federation/#monthly-201404-201704
http://gs.statcounter.com/os-market-share/mobile/russian-federation/#monthly-201404-201704
mailto:antonalekseevv@gmail.com
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ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʧʦʠʩʢʘ ʰʘʙʣʦʥʦʚ. ɸʣʛʦʨʠʪʤʳ ʘʥʘʣʠ-

ʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʘʢʞʝ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ 

ʜʘʥʥʳʭ: ʦʥʠ ʣʠʙʦ ʟʘʪʨʘʯʠʚʘʶʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʣʠʙʦ ʪʨʝʙʫʶʪ 

ʧʦʣʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʩʝʚʜʦʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʦʚʪʦʨʷʶʪʩʷ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʯʝʨʝʟ ʨʘʚʥʦʦʪʩʪʦʷʱʠʝ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ. ʇʨʠʤʝ-

ʨʘʤʠ ʧʩʝʚʜʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ (ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ, ʩʧʠʨʦʛʨʘʤʤʘ). ɸʢʪʫʘʣʴʥʦʡ ʧʨʦ-

ʙʣʝʤʦʡ ʧʨʠ ʠʭ ʦʥʣʘʡʥʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʠʧʦʚʳʭ 

ʰʘʙʣʦʥʦʚ ʠ ʧʨʦʮʝʜʫʨʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘʙʣʶʜʘʝʤʳʭ 

ʜʘʥʥʳʭ ʥʝʢʦʪʦʨʦʤʫ ʰʘʙʣʦʥʫ.   

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʩʝʚʜʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʩʠʩ-

ʪʝʤʘ ʜʦʣʞʥʘ: 

¶ ʈʘʟʜʝʣʠʪʴ ʧʦʪʦʢ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʦʣʥʳ. ʇʦʜ ʚʦʣʥʦʡ ʧʦʥʠʤʘʝʪʩʷ ʥʘʠ-

ʤʝʥʴʰʘʷ ʝʜʠʥʠʮʘ ʚ ʦʙʲʝʤʝ ʜʘʥʥʳʭ, ʠʥʪʝʨʝʩʫʶʱʘʷ ʵʢʩʧʝʨʪʘ. ɺ ʚʦʣʥʫ 

ʚʭʦʜʷʪ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝ-

ʨʠʦʜʘ ʚʨʝʤʝʥʠ; 

¶ ʉʛʝʥʝʨʠʨʦʚʘʪʴ ʰʘʙʣʦʥʳ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʜʘʥʥʳʭ ʙʝʟ ʧʦ-

ʪʝʨʠ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʡ ʚʦʣʥʳ. ʆʜʠʥ ʰʘʙʣʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʜʥʦʡ ʚʦʣʥʝ; 

¶ ʍʨʘʥʠʪʴ ʰʘʙʣʦʥʳ ʩ ʠʭ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʠʩʪʦʨʠʝʡ; 

¶ ʆʙʥʘʨʫʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠ ̫ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʫʪʝʤ ʩʦ-

ʧʦʩʪʘʚʣʝʥʠʷ ʩʦʭʨʘʥʝʥʥʳʭ ʰʘʙʣʦʥʦʚ ʩ ʚʭʦʜʷʱʠʤʠ ʜʘʥʥʳʤʠ; 

¶ ʈʘʩʧʦʟʥʘʚʘʪʴ ʰʫʤʳ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ ʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠ-

ʭ̫; 

¶ ʆʙʝʩʧʝʯʠʚʘʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʦʪʦʢʘ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʨʝʚʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦ-

ʪʦʨʦʡ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʰʘʙʣʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʘʩʣʝʜʥʠʢʘ - ʩʣʝʜʫʶʱʠʡ 

ʵʣʝʤʝʥʪ ʰʘʙʣʦʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ 4 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʙʘʟʦʚʳʡ ʰʘʙʣʦʥ ʠ ʰʘʙʣʦʥ ʨʦʩʪʘ: 

1) 1 2 3 4 5 6 7 8 9 10 

2) 1 11 3 4 5 12 13 9 10 

3) 1 11 14 15 16 12 13 17 18 

4) 1 11 14 15 16 19 17 18 

ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʯʝʪʳʨʸʭ ʚʦʣʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʰʘʙʣʦʥʘ ʚʳʙʨʘʥʘ ʧʝʨ-

ʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʥʘ ʥʝʡ ʙʫʜʫʪ ʦʩʥʦʚʘʥʳ ʰʘʙʣʦʥʳ ʨʦʩʪʘ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʨʝʚʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʭʨʘʥʝʥʠʷ 

ʉʪʨʫʢʪʫʨʘ ʧʝʨʚʦʡ ʟʘʧʠʩʠ ʚ ʬʘʡʣʝ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ 

ʰʘʙʣʦʥʘ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʰʘʙʣʦʥʘ, ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʵʣʝ-

ʤʝʥʪʘ ʰʘʙʣʦʥʘ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʰʘʙʣʦʥʝ 

(ʧʝʨʚʳʡ, ʧʦʩʣʝʜʥʠʡ ʠʣʠ ʚ ʩʝʨʝʜʠʥʝ) ʠ ʩʩʳʣʢʫ ʥʘ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ 

(ʝʩʣʠ ʦʥ ʥʝ ʧʦʩʣʝʜʥʠʡ). 

ɿʘʧʠʩʴ ʰʘʙʣʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʢʦʨʥʝʚʦʡ ʧʘʧ-

ʢʝ ʩʦʟʜʘʝʪʩʷ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʧʝʨʚʳʝ ʵʣʝʤʝʥʪʳ ʚʩʝʭ 

ʰʘʙʣʦʥʦʚ. ɺ ʟʘʧʠʩʠ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʟʥʘ-

ʯʝʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʰʘʙʣʦʥʘ, ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʰʘʙʣʦʥʘ, 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʣʦʞʝʥʠʷ ʚ ʰʘʙʣʦʥʝ ʠ ʩʩʳʣʢʘ ʥʘ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ. 

ʇʦʩʣʝ ʟʘʧʠʩʠ ʧʝʨʚʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʟʜʘʝʪʩʷ ʧʘʧʢʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʩʪʘʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʰʘʙʣʦʥʘ. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʦʛʦ ʰʘʙʣʦʥʘ ʚʦʟʤʦʞʥʦ ʪʨʠ ʚʘʨʠʘʥʪʘ: 

1) ʅʦʚʳʡ ʰʘʙʣʦʥ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʠʤʝʶʱʠʤʩʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ-

ʛʦ ʰʘʙʣʦʥʘ. 

2) ʅʦʚʳʡ ʰʘʙʣʦʥ ʯʘʩʪʠʯʥʦ ʦʩʥʦʚʘʥ ʥʘ ʠʤʝʶʱʝʤʩʷ (ʧʦʣʥʦʩʪʴʶ ʩʦ-

ʜʝʨʞʠʪ ʚ ʩʝʙʝ ʫʞʝ ʩʦʭʨʘʥʸʥʥʳʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʤ 

ʙʦʣʴʰʝ) ʠʣʠ ʟʘʧʠʩʝʡ ʥʝʪ ʩʦʚʩʝʤ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʦʟʜʘʥ ʥʦʚʳʡ ʰʘʙʣʦʥ, ʠ ʙʫʜʫʪ ʨʝʜʘʢʪʠʨʦʚʘʪɹ -

ʩ ̫ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʘʧʠʩʠ. ʂʘʢ ʪʦʣʴʢʦ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʧʦʩʣʝʜʥʷʷ ʟʘ-

ʧʠʩʴ ʰʘʙʣʦʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʥʦʚʘʥ ʥʦʚʳʡ, ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʩʩʳʣʢʘ ʥʘ 

ʦʩʪʘʚʰʠʝʩʷ ʟʘʧʠʩʠ ʰʘʙʣʦʥʘ. ɽʩʣʠ ʥʝʪ ʩʦʚʧʘʜʘʶʱʝʛʦ ʰʘʙʣʦʥʘ, ʥʘʯʠ-

ʥʘʷ ʩ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʛʣʘʚʥʳʡ ʬʘʡʣ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʟʘʧʠʩʴ ʦ ʥʦ-

ʚʦʤ ʰʘʙʣʦʥʝ. ʆʜʥʘʢʦ ʝʩʣʠ ʩʦʟʜʘʥʥʘʷ ʩʩʳʣʢʘ ʥʘ ʩʣʝʜʫʶʱʠʡ ʬʘʡʣ ʥʦ-

ʚʦʛʦ ʰʘʙʣʦʥʘ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʫʞʝ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʬʘʡʣʦʚ, ʪʦ ʟʘʧʠʩʴ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʵʪʠ ʬʘʡʣʳ, ʜʦ ʧʝʨʚʦʛʦ 

ʨʘʟʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
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3) ʅʦʚʳʡ ʰʘʙʣʦʥ ʯʘʩʪʠʯʥʦ ʦʩʥʦʚʘʥ ʥʘ ʠʤʝʶʱʠʤʩʷ (ʯʘʩʪʠʯʥʦ ʩʦ-

ʜʝʨʞʠʪ ʚ ʩʝʙʝ ʫʞʝ ʩʦʭʨʘʥʸʥʥʳʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʤʝʥʴʰʝ ʥʝʛʦ). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʠʩʴ ʙʫʜʝʪ ʠʜʪʠ ʘʥʘʣʦʛʠʯʥʦ 2 ʚʘʨʠʘʥʪʫ ʟʘʧʠʩʠ, ʥʦ 

ʣʠʰʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʦʚʳʡ ʰʘʙʣʦʥ ʥʝ ʟʘʢʦʥʯʠʪʩʷ. 

ɼʣʷ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʟʘʧʠʩʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʙʣʦʢ, ʟʘʜʘʯʘ 

ʢʦʪʦʨʦʛʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʰʘʙʣʦʥ ʠ ʟʘʧʠʩʘʪʴ ʝʛʦ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʭʨʘʥʝʥʠ ̫

ʰʘʙʣʦʥʦʚ ʚ ʬʘʡʣʘʭ. 

 
ʈʠʩʫʥʦʢ 2 ï ʍʨʘʥʝʥʠʝ ʰʘʙʣʦʥʦʚ 

 

ʌʘʡʣʳ Data1, Data2 ʠ ʪ.ʜ. ʩʦʜʝʨʞʘʪ ʟʘʧʠʩʠ ʦ ʰʘʙʣʦʥʘʭ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʩʝʚʜʦʧʝʨʠʦ-

ʜʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʦʠʩʢ ʰʘʙʣʦʥʦʚ ʜʘʥʥʳʭ ʠ ʩʨʘʚ-

ʥʝʥʠʝ ʩ ʰʘʙʣʦʥʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʅʠʢʣʘʫʩ ɺʠʨʪ. ɸʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. 

ʅʦʚʘʷ ʚʝʨʩʠʷ ʜʣʷ ʦʙʝʨʦʥʘ + CD / ʇʝʨ. ʩ ʘʥʛʣ. ʊʢʘʯʝʚ ʌ.ɺ. / ɺʠʨʪ ʅʠʢ-

ʣʘʫʩ ī ʄ.: ɼʄʂ ʇʨʝʩʩ, 2010. ï 272ʩ.:ʠʣ. 2. ʊʝʭʥʦʧʘʨʢ Mail.ru Group. 

ɸʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ: ʀʥʬʦʨʤʘʮʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

ʀʥʪʫʠʪ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʦʪʢʨʳʪʳʡ ʫʥʠʚʝʨʩʠʪʝʪ / ʊʝʭʥʦʧʘʨʢ Mail.ru 

Group, - ʕʣʝʢʪʨʦʥ. ʜʘʥ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪ, 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.intuit.ru/studies/courses/ 

3496/738/info 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ 46, 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʩʪʫʜʝʥʪ ɸʨʘʧʦʚ ʆ.ʀ. ï olegigar@mail.ru  
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ʋɼʂ 004.623 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  

ɼʃʗ ɿɸɼɸʅʀʗ ʅɽʏɽʊʂʀʍ ʄɸʊʈʀʏʅʓʍ ʇɸʊʊɽʈʅʆɺ 

ɹɽʃʓʁ ʉ.ʉ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ʇʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʩʩʣʝʜʫʝ-

ʤʳʝ ʜʘʥʥʳʝ, ʧʨʠʯʝʤ ʦʪ ʚʳʙʦʨʘ ʧʦʜʭʦʜʘ ʢ ʠʭ ʘʥʘʣʠʟʫ ʟʘʚʠʩʷʪ ʚʨʝʤʷ, 

ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʦʙʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʠ ʢʘʯʝʩʪʚʦ ʧʦ-

ʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚʳʜʝʣʷʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʥʝʡʨʦʩʝʪʝʚʦʡ, ʥʝʯʝʪʢʠʡ ʠ ʛʠʙʨʠʜʥʳʡ [1]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʠʡ ʠ ʥʝʯʝʪʢʦ-ʪʝʤʧʦʨʘʣʴʥʳʡ ʘʩʧʝʢʪʳ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʛʨʫʧ-

ʧʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɻʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʦʙʨʘʙʦʪʢʫ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦ-

ʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʜʘʪ-

ʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ [2]. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠʩʧʦʣʴʟʦʚʘʥ ʘʧʧʘʨʘʪ ʥʝʯʝʪʢʠʭ ʤʥʦ-

ʞʝʩʪʚ.  

ʅʝʯʝʪʢʠʡ ʤʘʪʨʠʯʥʳʡ ʧʘʪʪʝʨʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʚʠʜʘ 

ὖὥὸ Ὕὖȟὔόάȟὒὖȟὓὖ , 

ʛʜʝ TP ï ʚʨʝʤʝʥʥʦʡ ʜʠʩʢʨʝʪ ʠʟʤʝʨʝʥʠʡ ʧʘʪʪʝʨʥʘ; Num ï ʚʝʢʪʦʨ-

ʩʪʦʣʙʝʮ ʨʘʟʤʝʨʥʦʩʪʠ s, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʥʦʤʝʨʘ ʨʷʜʦʚ ʚ ʧʘʪʪʝʨʥʝ; LP ï 

ʤʘʪʨʠʮʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʚʝʜʝʥʠʝ ʛʨʫʧʧʳ ʨʷʜʦʚ ʜʦ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ, MP ï ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʦʜʥʦʡ ʠʟ 

ʪʨʝʭ ʦʙʣʘʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ [2]: 

ὔόά ὲόά, ὒὖ  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

nss

hr

n

ljlj

lj

ljlj

xx

x

xx

3

44

3

1

111

. 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʯʝʪʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʣʠ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʩʦʙʦʡ ʪʝʨʤʳ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʊʘʢʞʝ ʵʣʝʤʝʥʪʳ ʤʦ-

ʛʫʪ ʧʨʠʥʠʤʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ʚ ʪʝʢʫʱʠʡ ʚʨʝʤʝʥʥʦʡ 

ʜʠʩʢʨʝʪ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʟʥʘʯʠʤʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʇʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʛʨʫʧʧʳ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʬʦʨʤʠʨʫʝʤʳʝ ʵʢʩ-

ʧʝʨʪʘʤʠ ʠ ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʯʠʩʣʦʚʳʝ, ʪʘʢ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦ-

ʨʠʥʛʘ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘ-

ʜʘʯʠ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝʯʝʪʢʠʭ ʤʘʪʨʠʯʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ; 

-   ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʦ-

ʚʳʤʠ ʜʘʥʥʳʤʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ; 

- ʨʝʘʣʠʟʘʮʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʦʤʦʱʴʶ ʘʧ-

ʧʘʨʘʪʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ɹʘʟʳ ʜʘʥʥʳʭ ʭʨʘʥʷʪʩʷ ʚ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʘʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʛʨʘʤʤʝ 

ʥʝ ʪʨʝʙʫʶʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʩʪʦʨʦʥʥʠʭ ʉʋɹɼ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ 

ʧʨʝʜʣʦʞʝʥʦ 12 ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʚ ʣʠʥ-

ʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

 

 
ʈʠʩʫʥʦʢ 1 - ɼʦʙʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʳ ʜʦʙʘʚʣʝʥʥʘʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥ-

ʥʘʷ çɺʦʟʜʫʭè ʠ ʝʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʳʤʠ ʬʫʥʢ-

ʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 2 - ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ çɺʦʟʜʫʭè ʠ ʝʝ ʧʘʨʘʤʝʪʨʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʪʪʝʨʥʦʚ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3, ʠʜʝʥʪʠʯʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʬʫʥʢʮʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʢʩʪʦʚʳʤʠ ʦʙʣʘʩʪʷʤʠ ʜʣʷ ʭʨʘ-

ʥʝʥʠʷ ʧʘʪʪʝʨʥʦʚ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ. 
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ʈʠʩʫʥʦʢ 3 - ʇʘʪʪʝʨʥ çʉʪʘʙʠʣʴʥʳʡè ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʳ 

ʅʘʟʚʘʥʠʝ ʧʘʪʪʝʨʥʦʚ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʭ ʧʘ-

ʨʘʤʝʪʨʳ ʭʨʘʥʷʪʩʷ ʚ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʘʭ. 

 
ʈʠʩʫʥʦʢ 4 - ʍʨʘʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʘʪʪʝʨʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʟʘʜʘʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʥʝʯʝʪʢʠʝ ʤʘʪʨʠʯʥʳʝ ʧʘʪʪʝʨʥʳ.  

ʃʠʪʝʨʘʪʫʨʘ. 1. ɸʬʘʥʘʩʴʝʚʘ, ʊ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʪʝʥ-

ʜʝʥʮʠʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ / ʊ. ɺ. ɸʬʘʥʘʩʴʝʚʘ. ï ʋʣʴʷʥʦʚʩʢ : ʋʣɻʊʋ, 

2013. ï 215 ʩ. 2. ʉʫʯʢʦʚʘ, ʃ. ʀ. ɻʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʠʭ ʦʧʠʩʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥ-

ʪʨʦʣʷ / ʃ. ʀ. ʉʫʯʢʦʚʘ. ï ʅʘʫʯʥʳʡ ʚʝʩʪʥʠʢ ʅɻʊʋ, 2013. 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ 46, 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʩʪʫʜʝʥʪ ɹʝʣʳʡ ʉ.ʉ. serowhite@mail.ru. 

ʋɼʂ 004.832.28 

ʄʆɼɽʃʀ ʇʆɺɽɼɽʅʀʗ ɸɺʊʆʅʆʄʅʓʍ ʈʆɹʆʊʆɺ ɺ ʈɸʄʂɸʍ 

ʄʋʃʔʊʀɸɻɽʅʊʅʆʁ ʉʀʉʊɽʄʓ 

ɹʀʈʖʂʆɺ ʀ.ʀ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʦʜʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʘ ʨʦʙʦʪʦʚ. ʇʦʩʪʨʦʝʥʠʝ ʢʦʣʣʝʢʪʠʚʘ ʥʘ ʙʘʟʝ ʤʫʣɹ-

ʪʠʘʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʫ  ʁʜʝʮʝʥʪʨʘʣʠʟʘ-

ʮʠʁ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦʚʝʜʝʥʠʝʤ ʨʦʙʦʪʦʚ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʚʝ-

ʜʝʥʠʷ ʘʛʝʥʪʦʚ ʚ ʠʟʤʝʥʯʠʚʦʡ ʩʨʝʜʝ.  

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʚ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʢʦʣʣʝʢʪʠʚʘ ʚ ʮʝʣʦʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʮʝʣʝʡ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʳ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠ-

ʥʘʮʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩʨʝʜʩʪʚʘʤʠ ʩʘʤʦʡ ʢʦʤʘʥʜʳ, 

ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʥʝʰʥʝʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʂʘʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʫ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ [1]: 

¶ ʂʦʣʠʯʝʩʪʚʦ ʘʛʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ; 

¶ ʆʙʦʟʨʝʚʘʝʤʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

¶ ʍʘʨʘʢʪʝʨ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ; 

¶ ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʨʝʤʝʥʠ; 

¶ ɼʠʩʢʨʝʪʥʦʩʪʴ ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ; 

¶ ʅʘʣʠʯʠʝ ʫ ʘʛʝʥʪʘ ʟʥʘʥʠʡ ʦ ʟʘʢʦʥʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ; 

¶ ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʦʙʲʝʢ-

ʪʦʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ; 

¶ ɼʠʥʘʤʠʯʥʦʩʪʴ.  

ɺʩʝ ʠʣʠ ʯʘʩʪʴ ʘʛʝʥʪʦʚ ʜʦʣʞʥʳ ʫʤʝʪʴ ʨʘʩʧʦʟʥʘʚʘʪʴ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʠʚʘ. ɺ ʢʦʣʣʝʢʪʠʚʝ 

ʜʦʣʞʝʥ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʧʦʣʥʦʤʦʯʠʡ, ʪʘʢ ʢʘʢ 

ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʧʝʨʝʜʘʯʘ ʯʘʩʪʠ ʨʘʙʦʪʳ ʢʦʣʣʝʛʘʤ. 

ʆʜʥʘʢʦ, ʜʘʞʝ ʝʩʣʠ ʢʦʣʣʝʢʪʠʚ ʨʦʙʦʪʦʚ ʠʤʝʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʨʝʜʝ, 

ʟʥʘʝʪ, ʢʘʢ ʩ ʥʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʨʦʙʦʪʳ ʩʧʦʩʦʙʥʳ ʟʘʤʝʥʷʪʴ ʜʨʫʛ 

ʜʨʫʛʘ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ, ʪʦ ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʧʦʩʪʘʚʣʝʥʥʳʡ ʩʨʦʢ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠ-

ʞʝʥʠʷ ʮʝʣʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʜʦʩ-

ʪʘʪʢʦʤ ʚʨʝʤʝʥʠ ʥʘ ʘʜʘʧʪʘʮʠʶ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʪʫʘʮʠʠ, ʥʠʟʢʦʡ ʦʧʝ-

ʨʘʪʠʚʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʘʣʛʦʨʠʪ-

ʤʦʚ.   

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘ-

ʪʝʛʠʠ, ʢʦʪʦʨʫʶ ʙʫʜʫʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʯʣʝʥʳ ʢʦʣʣʝʢʪʠʚʘ. ʇʨʠ ʚʳʙʦʨʝ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʳ ʙʫʜʫʪ ʧʳʪʘʪʴʩʷ ʧʨʝʚʟʦʡʪʠ 

ʩʚʦʠʭ ʢʦʣʣʝʛ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʦʙʱʠʭ ʥʘʤʝʨʝʥʠʡ, ʘʛʝʥʪʳ 

ʩʪʘʥʫʪ ʧʦʤʦʛʘʪʴ ʜʨʫʛ ʜʨʫʛʫ ʚʦ ʙʣʘʛʦ ʦʙʱʝʡ ʮʝʣʠ.  

ʂ ʙʘʟʦʚʳʤ ʚʠʜʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʦʪʥʦʩʷʪʩʷ: [2] 

¶ ʂʦʦʧʝʨʘʮʠʷ (ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ); 

¶ ʂʦʥʢʫʨʝʥʮʠʷ (ʢʦʥʬʨʦʥʪʘʮʠʷ, ʢʦʥʬʣʠʢʪ); 

¶ ʂʦʤʧʨʦʤʠʩʩ (ʫʯʝʪ ʠʥʪʝʨʝʩʦʚ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ); 

¶ ʂʦʥʬʦʨʤʠʟʤ (ʦʪʢʘʟ ʦʪ ʩʚʦʠʭ ʠʥʪʝʨʝʩʦʚ ʚ ʧʦʣʴʟʫ ʜʨʫʛʠʭ); 
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¶ ʋʢʣʦʥʝʥʠʝ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʢʦʦʧʝʨʘʮʠʠ ʘʛʝʥʪʳ ʧʳʪʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʛʝʥʪʘʤʠ, 

ʚʳʙʨʘʚʰʠʤʠ ʪʫ ʞʝ ʮʝʣʴ, ʧʨʠ ʢʦʥʢʫʨʝʥʮʠʠ ʢʘʞʜʳʡ ʘʛʝʥʪ (ʠʣʠ ʛʨʫʧʧʘ 

ʘʛʝʥʪʦʚ) ʧʳʪʘʶʪʩʷ ʚʝʩʪʠ ʩʝʙʷ ʦʙʦʩʦʙʣʝʥʥʦ, ʥʝ ʟʘʜʫʤʳʚʘʷʩʴ ʦʙ ʦʩʪʘʣʴ-

ʥʳʭ. ʂʦʤʧʨʦʤʠʩʩ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʦʜʝʣʴʶ ʤʝʞʜʫ ʢʦʥʢʫʨʝʥ-

ʮʠʝʡ ʠ ʢʦʦʧʝʨʘʮʠʝʡ. ʂʘʞʜʳʡ ʘʛʝʥʪ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʦʛʣʘʩʥʦ ʩʚʦʠʤ 

ʠʥʪʝʨʝʩʦʤ, ʥʦ ʚʝʩʪʠ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʜʠʘʣʦʛ ʩ ʜʨʫʛʠʤʠ, ʧʦʣʫʯʘʷ ʦʧʳʪ, 

ʨʝʩʫʨʩʳ ʠ ʜʨʫʛʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʦʙʤʝʥ ʥʘ ʪʦ, ʯʪʦ ʥʫʞʥʦ 

ʦʩʪʘʣʴʥʳʤ. ʂʦʥʬʦʨʤʠʟʤ ʨʝʜʢʦ ʧʨʠʩʫʱ ʜʣʷ ʘʛʝʥʪʦʚ, ʦʜʥʘʢʦ ʵʪʘ ʤʦʜʝʣʴ 

ʧʦʚʝʜʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʧʦʣʥʦʩʪʴʶ ʦʙʲʝʜʠʥʷʝʪ ʢʦʣʣʝʢʪʠʚ ʠ ʟʘʩʪʘʚʣʷʝʪ 

ʝʛʦ ʜʝʡʩʪʚʦʚʘʪʴ ʝʜʠʥʳʤ ʮʝʣʳʤ, ʪʘʢ ʢʘʢ ʦʙʱʘʷ ʮʝʣʴ ʢʦʣʣʝʢʪʠʚʘ ʷʚʣʷʝʪ-

ʩʷ ʮʝʣʴʶ ʠ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ. ʅʘʧʨʦʪʠʚ, ʫʢʣʦʥʝʥʠʝ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʧʝʭʫ ʣʠʰʴ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʡ ʦʪʜʝʣʴʥʳʭ ʘʛʝʥʪʦʚ. 

ʇʦʚʝʜʝʥʠʝ ʢʦʣʣʝʢʪʠʚʘ ʘʛʝʥʪʦʚ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝ-

ʜʫʶʱʝʤ ʚʠʜʝ. ʇʨʠ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʛʝʥʪʳ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʢʦʥʢʫʨʝʥʪ-

ʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʢʦʥʢʫʨʠʨʫʶʪ ʥʝ ʚʩʝ ʘʛʝʥʪ.r ʂʦʛʜʘ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʘʛʝʥʪʦʚ ʥʘʰʣʠ ʩʚʦʶ ʥʠʰʫ, ʘʜʘʧʪʠʨʦʚʘʣʠʩʴ ʢ ʩʨʝʜʝ ʠ ʧʦʜʛʦʪʦʚʠ-

ʣʠʩʴ ʢ ʜʠʘʣʦʛʫ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʤʦʜʝʣʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʦʣʣʝʢʪʠʚ ʨʦʙʦ-

ʪʦʚ ʤʦʛ ʤʝʥʷʪʴ ʩʪʨʘʪʝʛʠʶ ʠ ʪʘʢʪʠʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥ-

ʪʦʚ ʠ ʩʤʝʥʳ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʘ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʘʟ-

ʥʳʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʘʛʝʥʪʦʚ ʦʜʥʦʛʦ ʪʠʧʘ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʦ-

ʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤʘ-

ʣʠʟʤʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʝʯʝʪʢʠʡ ʧʘʪ-

ʪʝʨʥ ʧʦʚʝʜʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ɸʣʠʤʦʚ ɸ.ɸ.  ʋʧʨʘʚʣʝʥʠʝ ʧʦʚʝʜʝʥʠʝʤ ʤʥʦʛʦʟʘʜʘʯ-

ʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ: // ʜʠʩ-

ʩʝʨʪʘʮʠʷ. / ɸ.ɸ. ɸʣʠʤʦʚ ï ɺʦʣʛʦʛʨʘʜ., 2017. ï 112 ʩ. 2. ʄʦʨʦʟʦʚʘ ʅ.ʉ.  

ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʩʪʨʦʷ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ: // ɸʚʪʦʨʝʬ. 

ʜʠʩ. ʢʘʥʜ.ʬ.-ʤ. ʥʘʫʢ. / ʅ.ʉ. ʄʦʨʦʟʦʚʘï ʄ., 2015. ï 24 ʩ. 3. ɸʥʜʨʝʡʯʠʢʦʚ 

ɸ.ɺ., ɸʥʜʨʝʡʯʠʢʦʚʘ ʆ.ʅ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-

ʤ :r // ʫʯʝʙʥʦʝ ʠʟʜʘʥʠʝ.ï ʄʦʩʢʚʘ., 2004. ï 422 ʩ.  

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ 46, 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʩʪʫʜʝʥʪ ɹʠʨʶʢʦʚ ʀ.ʀ. ï falocn_bkmz@mail .ru 
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ʋɼʂ 004.716 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆ-ɸʇʇɸʈɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʉʀɻʅɸʃʆɺ 

ɹɽʉʇʈʆɺʆɼʅʓʍ ʉʊɸʅɼɸʈʊʆɺ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ  

ɺ ɻʆʈʆɼʉʂʀʍ ʋʉʃʆɺʀʗʍ 

ɹʆɹʀʅ ɸ.ʖ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʚ ʩʚʷʟʠ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩ-

ʣʘ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʥʦʩʠʤʳʭ, ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨ-

ʥʳʭ, ʪʘʢʠʤʠ ʞʝ ʪʝʤʧʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʦʙʱʠʡ ʬʦʥ ʠʟʣʫʯʝʥʠʡ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʠʛʥʘʣʳ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʘʥʥʳʭ ʤʦʛʫʪ ʚʣʠʷʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʧʦʣʥʦʪʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʠʛʥʘʣʦʚ ʠ ʧʦʣʥʳʤ ʠʭ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦ ʥʝʢʦ-

ʪʦʨʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʥʠʝ ʩʧʦʩʦʙʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛ-

ʥʘʣʦʚ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʠʙʦʨʳ ʚ ʦʙʣʘʩʪʠ IoT ʩ ʫʯʝʪʦʤ ʚʣʠʷ-

ʥʠʷ ʧʦʤʝʭ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

[4]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʫʢʘʟʘʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʙʝʩʧʨʦʚʦʜʥʦʤ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ɺʢʣʶʯʝʥʠʝ ʚ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ ʤʦʜʫʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ 

ʧʨʠʝʤʦ-ʧʝʨʝʜʘʪʯʠʢʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʙʝʩʧʨʦ-

ʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (802.11n (WiFi), 802.15.4 (ZigBee), 

802.15.1 (Bluetooth), 433 ʄɻʮ (ʨʘʜʠʦʤʦʜʝʤʳ), 868 ʄɻʮ (ʨʘʜʠʦʤʦʜʝ-

ʤ )r, 900 ʄɻʮ (GSM), ISO 18092 (NFC)), ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʙʣʠʟʢʠʝ ʢ 

ʨʝʘʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ. ʀʤʝʥʥʦ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʘ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʤʦʜʫʣʝʡ ʣʦʞʠʪʩʷ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʠʛʥʘʣʦʚ ʚ ʙʝʩʧʨʦʚʦʜʥʦʤ ʪʨʘʢʪʝ. ʇʨʦʛʨʘʤʤʥʘʷ ʞʝ 

ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʤʦʜʫʣʝʡ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʝʝ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʭʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪ  r ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦ - ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʣʦʞʥʳʭ 

ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʥ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: 1 - Arduino Mega 2560, 2 - ESP9266, 3 - 

CC2530 [1], 4 - CC2540, 5 - Si4432, 6 - Si4463, 7 - SIM-900A, 8 - PN532, 

9 - Genuino 101 c Arduino Mega Server [3], 10 - ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶ-
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ʪʝʨ ʩ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʘ, 11 - ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʨʘʢʪ, 12 - 

ʢʘʙʝʣʴ USB A - USB B. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ ʢ ʧʣʘʪʝ Arduino ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ Arduino Proto Shield, ʠʟʦʙʨʘʞʝʥʥʘ ̫ʥʘ ʨʠʩʫʥʢʝ 2. 

ʂʨʦʤʝ ʪʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦ. 

 
ʈʠʩʫʥʦʢ 2 - Arduino Proto Shield 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʫʣʝʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʧʨʠʚʝʜʝʥʦ 

ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʦʜʫʣʝʡ 

ˉ ɹʝʩʧʨʦʚʦʜʥʦʡ ʩʪʘʥʜʘʨʪ ʄʦʜʫʣʴ 

1 802.11n (WiFi) ESP8266 

2 802.15.4 (ZigBee) ʉʉ2530 [11] 

3 802.15.1 (Bluetooth) CC2540 

4 433 ʄɻʮ (ʨʘʜʠʦʤʦʜʝʤ) Si4432 

5 868 ʄɻʮ (ʨʘʜʠʦʤʦʜʝʤ) Si4463 

6 900 ʄɻʮ (GSM) SIM900 (A) 

7 ISO 18092 (NFC) PN532 NFC-RFID 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ 
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Arduino ʧʫʩʪʳʤ ʩʢʝʪʯʝʤ, ʚ ʢʦʪʦʨʦʤ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ setup() ʠ loop() 

ʠʤʝʶʪ ʧʫʩʪʳʝ ʪʝʣʘ [2]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʥʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʩʘʤʦʡ ʧʣʘʪʝ, ʘ ʚʩʝ ʧʨʦʮʝʩʩʳ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʧʨʦʠʩʭʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ Arduino 

ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʧʦʩʨʝʜʥʠʢʘ ʤʝʞʜʫ COM ʧʦʨʪʦʤ ʇʂ ʠ ʨʘʟʲʝ-

ʤʘʤʠ TX/RX ʤʦʜʫʣʝʡ, ʧʝʨʝʜʘʚʘʷ ʚʝʩʴ ʧʦʣʫʯʝʥʥʳʡ ʪʨʘʬʠʢ ʪʨʘʥʟʠʪʥʦ 

ʙʝʟ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʜʦʣʞʥʦ 

ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʢʦʤʧʴʶʪʝʨʘ ʥʘ 

Arduino, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʧʨʘʚʠʪ ʠʭ ʥʘ ʤʦʜʫʣʴ ʩʚʷʟʠ; 

- ʧʨʠʝʤ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʢʦʤʧʴʶʪʝʨʘ ʩ 

Arduino, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʪ ʠʭ ʦʪ ʤʦʜʫʣʷ ʩʚʷʟʠ; 

- ʟʘʧʠʩʴ ʧʨʠʥʷʪʳʭ ʠ ʦʪʧʨʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʙʘʟʫ ʜʣʷ ʭʨʘʥʝʥʠʷ; 

 - ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ; 

- ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Arduino, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥ-

ʥʳʤʠ ʠ ʥʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ; 

- ʚr ʙʦʨ ʤʦʜʫʣʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ (ʛʨʘʬʠʢʠ ʟʘʚʠ-

ʩʠʤʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ/ʚʨʝʤʷ, ʩʠʛʥʘʣ/ʰʫʤ, ʧʨʠʥʷʪʳʝ/ʧʦʪʝʨʷʥʥʳʝ 

ʠ ʜʨ.). 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʇʂ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ C#. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤ-

ʤʳ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ "ʇʘʨʘʤʝʪʨʳ" (ʨʠʩʫʥʦʢ 3) ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʚʳ-

ʙʨʘʪʴ ʠʟ ʩʧʠʩʢʦʚ: COM ʧʦʨʪ, ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʩʪʘʥʜʘʨʪ. 

ɼʘʥʥʦʝ ʦʢʥʦ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʟʚʘʪʴ, ʥʘʞʘʚ ʢʥʦʧʢʫ "ʇʘʨʘʤʝʪʨʳ" ʚ ʚʝʨʭ-

ʥʝʤ ʤʝʥʶ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ. 

 
ʈʠʩʫʥʦʢ 3 - "ʇʘʨʘʤʝʪʨʳ" ʠ ʨʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ 
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ʂʨʦʤʝ ʪʦʛʦ ʚ ʛʣʘʚʥʦʤ ʦʢʥʝ ʠʤʝʶʪʩʷ ʜʚʘ ʚʳʧʘʜʘʶʱʠʭ ʤʝʥʶ "ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ" ʠ "ɼʘʥʥʳʝ" (ʨʠʩʫʥʦʢ 4). ʇʨʠʯʝʤ ʚʪʦʨʦʝ ʥʝ ʘʢʪʠʚʥʦ, ʧʦʢʘ 

ʥʝ ʩʦʟʜʘʥʦ/ʦʪʢʨʳʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

   
ʈʠʩʫʥʦʢ 4 - ʄʝʥʶ "ʀʩʩʣʝʜʦʚʘʥʠʝ" ʠ "ɼʘʥʥʳʝ" 

 

ʇʦʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʪʦ ʝʩʪʴ 

ʨʷʜ ʟʘʤʝʨʦʚ ʩ ʠʭ ʦʙʨʘʙʦʪʢʦʡ ʚ ʚʠʜʝ ʧʦʜʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʡ ʛʨʘʬʠʢʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʩʯʝʪʦʚ. ʄʦʞʥʦ ʩʦʟʜʘʪʴ ʥʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʦʭʨʘ-

ʥʠʪʴ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʚ ʙʘʟʫ ʠʣʠ ʚʳʛʨʫʟʠʪʴ ʜʘʥʥʳʝ ʦ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟ ʥʝʝ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʫʶ ʠʩ-

ʧʦʣʴʟʫʝʪ ʧʨʦʛʨʘʤʤʘ. 

 
ʈʠʩʫʥʦʢ 5 - ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ɺ ʪʘʙʣʠʮʝ "research" ʭʨʘʥʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ: 

- ʥʦʤʝʨ; 

- ʥʘʟʚʘʥʠʝ; 

- ʦʧʠʩʘʥʠʝ; 

- ʜʘʪʘ ʧʨʦʚʝʜʝʥʠʷ; 

- ʚʨʝʤʷ ʥʘʯʘʣʘ; 

- ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ; 

- ʩʪʘʪʫʩ (ʥʘʯʘʪʦ, ʟʘʚʝʨʰʝʥʦ). 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚʥʫʪʨʠ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʧʫʥʢʪʘʤʠ ʚʳʧʘʜʘʶʱʝʛʦ ʤʝʥʶ "ɼʘʥʥʳʝ". ɿʘʤʝʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 
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ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ (ʨʠʩʫ-

ʥʦʢ 6). 

 
ʈʠʩʫʥʦʢ 6 - ʆʢʥʦ "ɻʨʘʬʠʢʠ" 

 

ɼʘʥʥʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʨʘʢʪ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ ʢʥʦʧʢʠ "ʆʪʧʨʘʚʠʪʴ", ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʪʝʢʩʪ ʩʦʦʙʱʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ, ʢʦ-

ʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʠʚʥʳʤ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ "ʆʪʢʨʳʪʴ ʧʦʨʪ" ʠ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʢ Arduino. 

ʊʘʙʣʠʮʘ ʙʘʟʳ ʜʘʥʥʳʭ "data" ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʟʘʤʝʨʘʭ ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʯʠʩʣʝʥʠʡ, ʘ "standart" ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʝʨʝʯʥʷ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦ-

ʨʳʡ ʦʪʚʝʯʘʝʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ. ʈʝʘʣʠʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘ-

ʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʧʣʘʥʠ-

ʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɸʉʀʅʍʈʆʅʅʓʄ 

ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ ʅɸ ʆʉʅʆɺɽ ɺɽʂʊʆʈʅʆ-

ɸʃɻʆʈʀʊʄʀʏɽʉʂʆʁ ʂʆʄʄʋʊɸʎʀʀ 

ɹʆʅɼɸʈɽʅʂʆ ʄ.ʄ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ʈʝʛʫʣʠʨʫʝʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ. ɿʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ 

ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʢʠʥʝʤʘʪʠʢʫ ʤʘʰʠʥ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʠʩʢʣʶʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ. ɺʦ-ʚʪʦʨʳʭ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ, ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ɸʉʋ ʪʨʝʙʫʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯ-

ʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʝʭʘʥʠʟʤʦʚ. 

ʏʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʪʨʸʭʬʘʟʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ, ʧʨʠ ʵʪʦʤ ʩʦʢʨʘʱʘʝʪʩ ̫ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩ ̫ʟʘʱʠʪʘ ʜʚʠʛʘʪʝʣʷ. ʉ ʧʦʤʦʱʴʶ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʘʩʠʥ-

ʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. 

ɺ ʩʦʩʪʘʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚʭʦʜʷʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʣʝ-

ʤʝʥʪʘ (ʨʠʩʫʥʦʢ 1): 

¶ ɺʳʧʨʷʤʠʪʝʣʴ ʫʧʨʘʚʣʷʝʤʳʡ ʠʣʠ ʥʝʫʧʨʘʚʣʷʝʤʳʡ, ʬʦʨʤʠʨʫʝʪ 

ʧʫʣʴʩʠʨʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʝʛʦ ʧʦʜʢʣʶʯʝʥʠʠ ʢ 

ʦʜʥʦ/ʪʨʝʭʬʘʟʥʦʡ ʧʠʪʘʶʱʝʡ ʵʣʝʢʪʨʦʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

¶ ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʮʝʧʴ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ ʪʠʧʦʚ: 

o ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʥʘʧʨʷʞʝʥʠʝ ʚʳʧʨʷʤʠʪʝʣʷ ʚ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ. 

o ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʠʣʠ ʩʛʣʘʞʠʚʘʶʱʘʷ ʧʫʣʴʩʠʨʫʶʱʝʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʧʦʜʘʶʱʘʷ ʝʛʦ ʥʘ ʠʥʚʝʨʪʦʨ. 

o ʧʨʝʦʙʨʘʟʫʶʱʘ ̫ʥʝʠʟʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʳ-

ʧʨʷʤʠʪʝʣʷ ʚ ʠʟʤʝʥʷʶʱʝʝʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

¶ ʀʥʚʝʨʪʦʨ, ʬʦʨʤʠʨʫʝʪ ʯʘʩʪʦʪʫ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʀʥʚʝʨʪʦʨʳ ʤʦʛʫʪ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʥʝʠʟʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʪʦʢʘ ʚ ʠʟʤʝʥʷʶʱʝʝʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

¶ ʕʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣʳ ʚ 
ʚʳʧʨʷʤʠʪʝʣʴ, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʮʝʧʴ ʠ ʠʥʚʝʨʪʦʨ ʠ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣʳ ʦʪ 

ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦ ï ʪʨʸʭʬʘʟʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦ-

ʪʳ ʚ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʩʪʘʪʦʨʘ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʚʝʥʪʠʣʝʡ, 

ʢʘʢ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʪʘʢ ʠ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜʳ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʝ-

ʙʫʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ ʩʪʘʪʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʨʘʱʘʶʱʝ-

ʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʝʢʪʦʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʢʦʤʤʫʪʘʮʠʠ ʦʙʤʦʪʦʢ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʘʩʪʦʪʥʦʛʦ 

ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʈʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʩ ʨʘʟʥʦʡ ʯʘʩʪʦʪʦʡ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʢʦʤʤʫʪʘʮʠʠ ʦʙʤʦʪʦʢ. 

ʇʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ. 

ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩʦ 

ʟʚʝʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʠʣʦʚʘʷ ʩʭʝʤʘ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩʦ ʟʚʝ-

ʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ʎʠʢʣʦʛʨʘʤʤʘ ʨʘʙʦʪʳ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴʩʷ 

ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʙʣʦʢʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-

ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩʫʥʦʢ 4 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ 
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ʋʧʨʘʚʣʷʶʱʠʝ ʪʨʘʥʟʠʩʪʦʨʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʪʦʢʦʚ 

ʠ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʜʚʠʛʘʪʝʣʴ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʚʳʙʦʨʫ ʵʣʝʤʝʥʪʦʚ ʩʥʘʙʙʝʨʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʝʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 220 ɺ. ʆʙʳʯʥʳʝ ʢʝ-

ʨʘʤʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʠʤʝʶʪ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 50 ɺ, ʧʦʵʪʦʤʫ ʜʣʷ ʮʝʧʝʡ ʩʥʘʙʙʝʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ, 

ʣʠʙʦ ʥʝʧʦʣʷʨʥʳʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ. ʅʘʤʠ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚr ʩʦʢʦʚʦʣʴʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʵʢʦʥʦʤʠʪʴ ʚ ʛʘʙʘʨʠʪʘʭ ʫʩʪʨʦʡ-

ʩʪʚʘ. 

ʄʦʱʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʨʘʩʪʘʥʠʡ ʪʦʢʘ ʠ ʥʘ-

ʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʩʠʣʦʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʚʳʙʨʘʥʘ ʥʝ ʤʝʥʝʝ 2 ɺʪ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʮʝʧʝʡ ʢʘʥʘʣʦʚ ʙʣʦʢʘ ʢʦʤʤʫʪʘʮʠʠ ʦʪ ʧʝʨʝʥʘ-

ʧʨʷʞʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʘʨʠʩʪʦʨʳ. ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠ-

ʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ Arduino. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚʝʢʪʦʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʢʦʤʤʫʪʘʮʠʠ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʠ ʨʝʘʣʠʟʘʮʠʝʡ  ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣ ̫ʝʛʦ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʋɼʂ 004.056 

ʇʈʀʄɽʅɽʅʀɽ ʉʋɹʒɽʂʊʅʆ-ʆɹʒɽʂʊʅʆʁ ʄʆɼɽʃʀ ɿɸʂʆʅɸ 

ɼʃʗ ʀɿʋʏɽʅʀʗ, ʆʇʈɽɼɽʃɽʅʀʗ ʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɽɻʆ 

ʇʆʃʆɾɽʅʀʁ ɼʃʗ ʇʈɸɺʆɺʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʆʈɻɸʅʀɿɸʎʀʀ 

ɹʈɸʂʆʈɽʅʂʆ ʄ.ɸ., ɿɸɻʀʅɸʁʃʆɺ ʖ.ʅ. 

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʤʝʪʦʜʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʩʣʦʞʥʦʡ ʢ ʚʦʩʧʨʠʷʪʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤ ʦʢʨʫʞʘʶʱʠʤ. ʊʘʢ, ʬʠʟʠʯʝ-

ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, ʚʳʨʘ-

ʞʝʥʥʳʤʠ ʚ ʚʠʜʝ ʬʦʨʤʫʣ ʠ ʚʳʨʘʞʝʥʠʡ, ʘ, ʥʘʧʨʠʤʝʨ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʠʣʣʶʩʪʨʘʮʠʷʤʠ ʦʧʳʪʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ: ʩʣʦʚʝʩʥʦ, ʣʠʥʛʚʠʩ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʚ ʚʠʜʝ ʬʦʨʤʫʣ ʠ ʚʳʨʘʞʝʥʠʡ, ʚ ʚʠʜʝ ʠʣʣʶʩʪʨʘʮʠʡ, 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʤ, ʚ ʚʠʜʝ ʠʛʨʳ, ʠ ʥʘʢʦʥʝʮ, ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦ-

ʯʝʪʘʶʱʝʡ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ.  

ʉʯʠʪʘʝʤ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʝʜʣʘʛʘʪʴ 

ʦʩʚʦʝʥʠʝ ʧʨʠʥʮʠʧʘ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʦʚʳʤ 

ʟʥʘʥʠʝʤ. ʃʫʯʰʝ ʚʩʝʛʦ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʠ ʧʦʥʷʪʥʳʭ 

ʚʩʝʤ ʩʭʝʤ ʠ ʠʛʨ. ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʩ ʦʙʫʯʝʥʠʝʤ ʧʦ ʤʦʜʫʣʷʤ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʚ ʠʜʝʘʣʝ 

ʜʦʣʞʥʦ ʜʘʚʘʪʴ ʪʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʠʟʫʯʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʧʦ ʥʘʩʪʦʷʱʝʤʫ ʚʦʧʨʦʩʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʶ-

ʱʠʡ ʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʠʤʝʥʦʚʘʪʴ ʫʨʦʚʥʝʤ ʬʦʨʤʫʣ ʠ ʚʳʨʘʞʝ-

ʥʠʡ, ʜʦʣʞʝʥ ʜʦʚʦʜʠʪʴ ʜʦ ʫʯʘʱʝʛʦʩʷ ʫʞʝ ʠʥʪʫʠʪʠʚʥʦ ʠʟʚʝʩʪʥʳʝ ʜʣʷ 

ʥʝʛʦ ʩʚʝʜʝʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʧʨʦʯʪʝʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʠ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʦʟʥʘʢʦʤʣʝʥʠʠ ʩ ʪʝʤ 

ʧʨʠʥʮʠʧʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ, ʫ ʦʙʫʯʘʶʱʝʛʦʩʷ ʜʦʣʞʥʦ ʚʦʟʥʠʢʘʪʴ ʥʝʢʦʝ ʯʫʚʩʪʚʦ ʜʝʞʘʚʶ. 

ʅʘʢʦʥʝʮ, ʥʘ ʪʨʝʪʴʝʤ (ʩʣʦʚʝʩʥʦʤ) ʫʨʦʚʥʝ ʦʙʫʯʘʶʱʠʡʩʷ ʣʠʰʴ ʟʘʢʨʝ-

ʧʣʷʝʪ ʚ ʧʘʤʷʪʠ ʪʦ, ʯʪʦ ʤʦʛ ʙʳ ʦʙʲʷʩʥʠʪʴ ʩʘʤ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʫʩʪʥʳʭ 

ʦʪʚʝʪʦʚ ʠ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʠ ʥʘʧʠʩʘʥʠʷ ʧʠʩʴʤʝʥʥʳʭ ʨʘʙʦʪ. ʇʦʪɻʦʤʫ 

ʧʦʩʣʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʤʝʝʪ ʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʢʦʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘʢʦʥʘ çʆʙ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠè, ʜʣʷ ʠʟʫ-

ʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʶʪ ʦʜʠʥ ʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ [3]. ɺ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ ʵʪʦ ʩʘʤ ʟʘʢʦʥ, ʢʦʪʦʨʳʡ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʥʝ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʣʠʰʴ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʨʘʱʝʥʠʷ ʢ ʥʝʤʫ, ʝʩʣʠ ʦʙʫ-

ʯʘʶʱʠʡʩʷ ʟʘʙʳʣ ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʥʝ ʤʦʞʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ. ɺʪʦʨʦʡ 

ʚʘʨʠʘʥʪ ï ʵʪʦ ʧʦʩʪʘʪʝʡʥʳʡ ʢʦʥʩʧʝʢʪ ʟʘʢʦʥʘ. ʄʦʞʝʪ ʙʳʪʴ ʠ ʪʨʝʪʠʡ ʚʘ-
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ʨʠʘʥʪ ï ʩʢʚʦʟʥʘʷ ʚʳʧʠʩʢʘ ʚʩʝʭ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʜʦʟʚʦʣʝʥʠʡ ʠ ʟʘʧʨʝʪʦʚ ʩ 

ʛʨʫʧʧʠʨʦʚʢʦʡ ʧʦ ʧʨʝʜʤʝʪʫ ʠʟʫʯʘʝʤʦʛʦ ʚʦʧʨʦʩʘ. ʀʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ 

ʪʘʢʦʤ ʚʠʜʝ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʦʙʳʯʥʳʤ ʚʳʫʯʠʚʘʥʠʝʤ ʩ ʧʦʥʠʤʘʥʠʝʤ ʦʪ-

ʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʝʤ ʣʦʛʠʢʠ ʚ ʚʳʫʯʝʥʥʦʤ ʮʝʣʦʤ. ɺʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʘʤʷʪʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, 

ʚʝʜʴ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ (ʧʨʠʥʮʠʧʘ) ʜʣʷ ʵʪʦʛʦ ʥʝʪ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʳ ʢ ʫʧʨʦʱʝʥʥʦʡ, ʜʘʶʱʠʡ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʳʰʝ ʫʨʦʚʥʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥ 

ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʩ ʛʨʫʧʧʠʨʦʚʢʦʡ ʠ ʧʦʩʪʨʦʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ ʩʣʦʚʝʩʥʦʛʦ ʫʨʦʚʥʷ ʚ ʫʨʦʚʝʥʴ ʬʦʨʤʫʣ ʠ ʚʳʨʘʞʝ-

ʥʠʡ ʚ ʚʠʜʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

ʈʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʩʫʙʲʝʢʪʥʦ-ʦʙʲʝʢʪʥʘʷ ʤʦ-

ʜʝʣʴ ʟʘʢʦʥʘ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘ-

ʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠè ʦʙʣʘʜʘʝʪ ʦʪʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʢʘʢ ʠ 

ʩʘʤ ʤʘʪʝʨʠʘʣ ʥʘʩʪʦʷʱʝʛʦ ʟʘʢʦʥʘ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʟʘʢʦʥʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʜʦʟʚʦʣʝʥʠʷ, ʟʘʧʨʝ-

ʪʳ ʠ ʦʙʷʟʘʥʥʦʩʪʠ [1,2]. ʆʜʥʘʢʦ ʩʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʘ-

ʤʠʭ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʘʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʣʘ 

ʙʳ ʚ ʩʝʙʝ ʦʧʠʩʘʥʥʫʶ ʨʘʥʝʝ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ ʧʨʦʩʪʦʪʫ ʠ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʥʝʩʪʠ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʥʝ ʛʨʦʤʦʟʜ-

ʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʫʶ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʟ ʚʩʝ ʪʝʭ ʞʝ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʜʦʟʚʦʣʝʥʠʡ ʠ ʟʘʧʨʝʪʦʚ, ʘ ʚʳʨʘʞʝʥʠʝ ʚ 

ʚʠʜʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (ʬʦʨʤʫʣʳ), ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʤʝʩʪʦ 

ʩʫʙʲʝʢʪʘ ʚ ʥʘʩʪʦʷʱʝʤ ʟʘʢʦʥʝ ʠ ʧʦʟʚʦʣʷʶʱʝʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʦʨʤʘʣʠ-

ʟʦʚʘʪʴ ʵʪʫ ʟʘʜʘʯʫ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ. ɻʦʚʦʨʷ ʦ ʬʦʨʤʫʣʝ, ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʨʘʙʦʪʫ ʩ ʯʠʩʣʘʤʠ ʠ 

ʩʠʤʚʦʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ʉ ʫʯʸʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʜʦʟʚʦʣʝʥʠʷ, ʟʘʧʨʝʪʳ ʠ ʦʙʷʟʘʥʥʦʩʪʠ 

ʥʘʠʙʦʣʝʝ ʢʨʘʪʢʦ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʫʢʘʟʘʥʠʝʤ 

ʩʫʙʲʝʢʪʘ, ʦʙʲʝʢʪʘ ʠ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʙʲʝʢʪ. ɺ ʠʥʩʪʠʪʫ-

ʮʠʦʥʘʣʴʥʦʡ ʩʫʙʲʝʢʪʥʦ-ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʩʧʦʤʥʠʪʴ ʠʣʠ ʧʦʜʦʙʨʘʪʴ ʠʩʭʦʜʷ ʠʟ ʧʘʨʳ ʩʫʙʲʝʢʪ-ʦʙʲʝʢʪ [1]. ɺ ʬʦʨ-

ʤʫʣʝ ʞʝ ʚʘʞʥʘ ʪʦʯʥʦʩʪʴ ʚʳʨʘʞʝʥʠʷ ʤʳʩʣʠ, ʯʪʦʙʳ ʝʸ ʧʨʘʚʠʣʴʥʦ ʧʦʥʷ-

ʣʠ ʙʝʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʜʦʟʚʦʣʝʥʠʡ, ʦʙʷʟʘʥʥʦʩʪʝʡ 

ʠ ʟʘʧʨʝʪʦʚ. ʅʦ ʪʘʢ ʢʘʢ ʨʦʣʴ ʩʫʙʲʝʢʪʘ ʠʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʢʦ-

ʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʪʦ ʦʙʷʟʘʥʥʦʩʪʠ, ʜʦʟʚʦʣʝʥʠʷ ʠ ʟʘʧʨʝʪʳ ʙʫʜʫʪ ʦʧʠʩʳ-
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ʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʫʙʲʝʢʪʘ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

ɼʦʧʫʩʪʠʤ, ʦʙʲʝʢʪ çʀʥʬʦʨʤʘʮʠʷ ʚ ʣʶʙʳʭ ʬʦʨʤʘʭè ʙʫʜʝʪ ʦʙʦʟʥʘ-

ʯʘʪʴʩʷ ʢʘʢ ὭÐ. ɸ, ʥʘʧʨʠʤʝʨ, ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ Ὥ . ʊʝʧʝʨʴ 

ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʦʙʲʝʢʪ ʥʘʧʨʘʚʣʝʥʦ ʜʝʡʩʪʚʠʝ. ʅʘʧʨʠʤʝʨ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʟʨʝʰʠʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʳʨʘʟʠʪʴ 

ʜʝʡʩʪʚʠʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʜʥʠʤ ʩʣʦʚʦʤ, ʥʘʧʨʠʤʝʨ, ʩ ʫʢʘʟʘʥʠʝʤ ʚ ʩʢʦʙ-

ʢʘʭ ʨʷʜʦʤ ʩ ʦʙʲʝʢʪʦʤ ʩʣʦʚʘ çʨʘʟʨʝʰʠʪʴè ʙʫʜʝʪ ʥʝʚʝʨʥʳʤ, ʪʘʢ ʢʘʢ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʝʛʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʫʧʫʩʢʘʝʪʩʷ. ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦ-

ʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʦʩʪʫʧ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʨʳʪ ʠʣʠ ʟʘ-

ʢʨʳʪ (ʦʛʨʘʥʠʯʝʥ). ʈʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʚ ʜʘʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʨʘʟʠʪʴ 

ʧʨʦɦʝ ʚ ʢʨʘʪʢʦʡ ʬʦʨʤʝ, ʯʝʤ ʩʘʤʦ ʜʝʡʩʪʚʠʝ, ʪʘʢ ʢʘʢ ʵʪʦ ʷʚʣʷʝʪʩʷ ʢʦ-

ʥʝʯʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ ᴼὭ. 
ʊʘʢ ʢʘʢ ʜʝʡʩʪʚʠʷ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʥʦʩʷʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙ-

ʨʘʟʘ ʫ ʥʘʩ ʚ ʧʘʤʷʪʠ, ʢʨʦʤʝ çʯʪʦ ʙʳʣʦ ʜʦè ʠ çʯʪʦ ʙʳʣʦ ʧʦʩʣʝè, ʪʦ ʤʦʞ-

ʥʦ ʚʳʧʠʩʘʪʴ ʵʪʦ ʚ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʷʯʝʡʢʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʧʨʠ-

ʤʝʨ, 
ʟʘʢʨʳʪ

ʦʪʢʨʳʪ
Ὥ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʡʩʪ-

ʚʠʡ ʚ ʥʘʠʙʦʣʝʝ ʢʨʘʪʢʦʤ ʚʠʜʝ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʪʦʛʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʟʘʢʦʥʘ ʧʨʝʜʧʠʩʳʚʘʶʪ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʜʝʡʩʪʚʠʶ. ʇʨʘʚʦʚʦʡ ʨʝʞʠʤ ʩʦʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ ʧʨʘʚʦʚʳʭ ʩʨʝʜʩʪʚ [3,4]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʘʚʦʚʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʘʥʳ ʠ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʤʳʩʣʦʚʫʶ ʩʚʷʟʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʧʝʨʝʤʝʥʥʳʝ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʜʝʣʠʪʴ ʩʤʳʩʣʦʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʝʡʩʪʚʠʝ ʠ ʦʙʲʝʢʪ, 

ʧʨʘʚʦʚʳʝ ʩʨʝʜʩʪʚʘ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʦʧʝʨʘʪʦʨʳ:  ʵʪʦ ʜʦʟ-

ʚʦʣʝʥʠʷ,  ʵʪʦ ʟʘʧʨʝʪʳ, ʘ  ᷉ʵʪʦ ʦʙʷʟʘʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʟʚʦ-

ʣʝʥʠʷ ʠ ʟʘʧʨʝʪʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʪʘʢ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳ ʧʦʥʷʪʠʷ çʤʦʞʥʦè ʠ çʥʝʣʴʟʷè. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʟʘʧʠʩʠ ʤʦʞʥʦ ʚʳʥʦ-

ʩʠʪʴ ʦʧʝʨʘʪʦʨ çʟʘ ʩʢʦʙʢʠè ʠ ʚʳʧʠʩʳʚʘʪʴ ʜʝʡʩʪʚʠʷ ʚ ʩʪʦʣʙʠʢ ʯʝʨʝʟ 

ʩʠʤʚʦʣ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʟʘʢʦʥʘ ʜʦʣʞʥʘ ʦʙʲʝʜʠʥʷʪʴ ʨʦʣʠ ʚʩʝʭ ʩʫʙʲʝʢʪʦʚ. 

ʇʨʠʯʸʤ ʧʝʨʝʩʝʯʝʥʠʝ ʨʦʣʝʡ ʨʘʟʥʳʭ ʩʫʙʲʝʢʪʦʚ ʜʦʣʞʥʦ ʜʘʚʘʪʴ ʧʫʩʪʦʝ 

ʤʥʦʞʝʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʜʫʙʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʦ ʚʤʝʩʪʦ ʦʙʳʯʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʦʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʨʫʛʦʡ ʧʦʜʭʦʜ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʨʦʣʠ, ʢʦʪʦʨʳʝ ʥʘʩʣʝʜʫʶʪʩʷ ʩʫʙʲʝʢʪʘʤʠ, 

ʠʜʫʱʠʤʠ ʥʠʞʝ ʧʦ ʪʝʢʩʪʫ ʌɿ. ʅʘʩʣʝʜʦʚʘʥʠʝ ʨʦʣʝʡ ʤʦʞʥʦ ʦʙʦʟʥʘʯʘʪʴ 

ʯʝʨʝʟ ʜʚʦʝʪʦʯʠʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ὙʙʣʦʛʝʨḊ
Ὑʛʨʘʞʜʘʥʠʥʚʳʨʘʞʝʥʠʝ. ɽʩʣʠ ʥʘʩʣʝʜʫʝʤʳʭ ʨʦʣʝʡ ʥʝʩʢʦʣʴʢʦ, 

ʪʦ ʤʦʞʥʦ ʧʝʨʝʯʠʩʣʠʪʴ ʯʝʨʝʟ ʟʘʧʷʪʫʶ. 
ʆʪʥʦʰʝʥʠʝ ʨʦʣʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʠʥʩʪʠʪʫʪʫ ʤʦʞʥʦ ʧʦʜʧʠʩʳʚʘʪʴ 

ʥʠʞʥʠʤ ʠʥʜʝʢʩʦʤ (Ὑʀʊ). ɽʩʣʠ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʟʠʪʴ ʩʪʘʪʠʩʪʠʯʝ-
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ʩʢʠʝ ʜʘʥʥʳʝ ʦ ʨʦʣʠ ʩʫʙʲʝʢʪʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʷʟʘʥʥʦʩʪʝʡ, 
ʜʦʟʚʦʣʝʥʠʡ ʠ ʟʘʧʨʝʪʦʚ, ʪʦ ʠʭ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʳʭ ʠʥʜʝʢʩʦʚ ʩʣʝʚʘ ʦʪ ʩʠʤʚʦʣʘ Ὑ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

ʟʘʢʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʜ: Ὢ ВὙʠʥʬ ВὙʀʊ ВὙʟʘ,ɦ ʯʪʦ ʠ ʜʘʸʪ ʥʘ-

ʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʩʫʙʲ-
ʝʢʪʥʦ-ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ. 
ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥ-

ʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʩʫʙʲʝʢʪʥʦ-ʦʙʲʝʢʪʥʘʷ ʤʦʜʝʣʴ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʥʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ 
çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘ-
ʮʠʠè ʜʣʷ ʦʙʫʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠ-
ʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʤʝʪʦʜ ʠʥ-
ʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  
ʃʠʪʝʨʘʪʫʨʘ. 1. ɹʨʘʢʦʨʝʥʢʦ, ʄ.ɸ. ʉʫʙʲʝʢʪʥʦ-ʦʙʲʝʢʪʥʘʷ ʤʦʜʝʣʴ ʟʘ-

ʢʦʥʘ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥ-
ʬʦʨʤʘʮʠʠè / ʄ.ɸ. ɹʨʘʢʦʨʝʥʢʦ, ʖ.ʅ. ɿʘʛʠʥʘʡʣʦʚ //ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ: ʤʘʪʝʨʠʘʣʳ ʥʘʫʯ. - ʧʨʘʢʪ. ʢʦʥʬ. - ʋʬʘ: 
ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ çɸʵʪʝʨʥʘè, 2017. ʉ. 17ï
20 2. ʇʦʣʷʢʦʚʘ, ʊ.ɸ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʠ ʧʨʘʚʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʯʝʙʥʠʢ ʠ ʧʨʘʢʪʠʢʫʤ ʜʣʷ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ 
ʤʘʛʠʩʪʨʘʪʫʨʳ [ʪʝʢʩʪ]: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ /ʇʦʜ. ʨʝʜ. ɸ.ɸ. ʉʪʨʝʣʴʮʦʚʘ ʠ 
ʜʨ. - ʄʦʩʢʚʘ: ʖʨʘʡʪ, 2017. - 326 ʩ. 3. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʈʌ ʦʪ 27 ʠʶ-
ʣʷ 2006 ʛ (ʦʪ 19.12.2016) N 149-ʌɿ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠè // ʉʧʨʘʚʦʯʥʘʷ ʧʨʘʚʦʚʘʷ ʩʠʩʪʝʤʘ 
ʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩ 4. ɿʘʛʠʥʘʡʣʦʚ ʖ. ʅ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ 2-ʭ ʯʘʩʪʷʭ. ʏʘʩʪʴ I. 
ʇʨʘʚʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʢʫʨʩ ʚʠʟʫʘʣʴ-
ʥʭr ʣʝʢʮʠʡ / ɸʣʪ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ. -  ɹʘʨʥʘʫʣ: ʀʟʜ-
ʚʦ ɸʣʪɻʊʋ. -  2016. - 118 ʩ.  
ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ ʧʨ-ʪ ʃʝʥʠʥʘ -

46, ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 
ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ, ɿʘʛʠʥʘʡʣʦʚʫ ʖ.ʅ. ʪʝʣ. (385-2) 29-07-18. E-
mail:zun25@mail.ru 
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ʈɸɿʈɸɹʆʊʂɸ ʕʃɽʄɽʅʊʆɺ ʉʀʉʊɽʄʓ ʉʃɽɾɽʅʀʗ  
ɿɸ ɿɼʆʈʆɺʔɽʄ ʏɽʃʆɺɽʂɸ ʉ ʋɼɸʃɽʅʅʓʄ  

ʄʆʅʀʊʆʈʀʅɻʆʄ 

ɻʆʈɽɺʆʁ ʇ.ɸ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʯʝʣʦʚʝʢ ʦʢʨʫʞʸʥ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 
ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʞʠʟʥʴ ʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ 
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ʩʣʝʜʠʪʴ ʟʘ ʩʚʦʠʤ ʟʜʦʨʦʚʴʝʤ. ʇʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʧʨʠʙʦʨʦʚ ʯʘʩʪʥʦʛʦ 
ʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʦʪʩʣʝʜʠʪʴ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝ-
ʢʘ ʙʝʟ ʚʨʘʯʝʙʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʙʨʘʩʣʝʪʳ, QardioCore ʠ 
ʪ.ʜ. ʅʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʦ ʫʯʨʝʞʜʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪ ʠʭ, ʪʘʢ ʢʘʢ ʵʪʦ 
ʩʣʠʰʢʦʤ ʟʘʪʨʘʪʥʦ ʜʣʷ ʥʠʭ, ʘ ʤʥʦʛʠʝ ʧʘʮʠʝʥʪʳ ʥʝ ʤʦʛʫʪ ʩʝʙʝ ʵʪʦʛʦ ʧʦ-
ʟʚʦʣʠʪʴ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʇʨʠʙʦʨ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʩɹʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʙʦʣʴʥʠʮʳ, ʩʘʥʘʪʦʨʠʠ. ʆʥ ʜʦʣʞʝʥ ʩʯʠʪʳʚʘʪ ɹʧʦʢʘʟʘʥʠʷ ʧʫʣʴʩʘ, ʠ ʧʦ-

ʣʦʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʚ ʩʣʫʯʘʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʥʠʞʝʥʠʷ 

ʠʣʠ ʧʦʚʳʰʝʥʠʷ ʧʫʣʴʩʘ, ʦʪʧʨʘʚʣʷʪ ɹ ʵʢʩʪʨʝʥʥʳʡ ʚʳʟʦʚ ʥʘ ʙʘʟʦʚʫʶ 

ʩʪʘʥʮʠʶ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥ ʚʥʝʰʥʠʡ ʨʝ-

ʩʫʨʩ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʧʦʣʥʦʤʦʯʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢ ʫʯʨʝʞʜʝʥʠʷ 

ʦʙʦʟʥʘʯʘʝʪ ʢʨʠʪʝʨʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʦʨʤʘʣʴʥʳʡ 

ʧʫʣʴʩ. 

ʇʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
1 - Arduino UNO; 2 - GSM ïʤʦʜʫʣʴ; 3 ï ʇʫʣʴʩʦʤʝʪʨ; 4 - ɻʠʨʦʩʢʦʧ 

ʈʠʩʫʥʦʢ 1 ï ʋʩʣʦʚʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ 

 

ʇʨʠʙʦʨ ʢʨʝʧʠʪʩʷ ʢ ʥʦʛʝ ʠʣʠ ʨʫʢʝ ʧʘʮʠʝʥʪʘ. ɼʘʥʥʳʝ ʦ ʧʫʣʴʩʝ ʠ ʦʨʠ-

ʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʫʣʷ sim800 ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

ʚʥʝʰʥʠʡ ʨʝʩʫʨʩ ʠ ʩʢʘʧʣʠʚʘʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ɽʩʣʠ ʯʝʣʦʚʝʢ ʧʨʠʥʷʣ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʫʣʴʩ ʚʳʰʝʣ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʨʘʥʝʝ 

ʩʧʝʮʠʘʣʠʩʪʦʤ ʨʘʤʢʠ, ʪʦ ʤʦʜʫʣʴ sim800 ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣ ʦ ʧʦʤʦʱʠ ʥʘ 

ʟʘʨʘʥʝʝ ʟʘʧʠʩʘʥʥʳʝ ʚ ʧʘʤʷʪʠ ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʦʚ. 
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ɺ ʙʘʟʝ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 2) ʥʘ ʩʪʦʨʦʥʥʝʤ ʨʝʩʫʨʩʝ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ 

ʧʫʣʴʩʘ ʠ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʠʤʝʶʪʩʷ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ çʧʦʣʴʟʦʚʘʪʝʣʷè ʠ çʘʜʤʠʥʠʩʪʨʘʪʦʨʘè ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ. ɹʘʟʘ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʩʫʱʥʦʩʪʝʡ: ʇʘʮʠʝʥʪ, 

ʂʘʨʪʦʯʢʘ, ʀʟʤʝʨʝʥʠʷ, id ɺʨʘʯʘ, id ɹʨʘʩʣʝʪʘ. ʉʫʱʥʦʩʪʴ ʇʘʮʠʝʥʪ ʩʦʜʝʨ-

ʞʠʪ ʜʘʥʥʳʝ ʦ ʥʝʤ, ʪʘʢ ʞʝ ʩʦʜʝʨʞʠʪ id ʙʨʘʩʣʝʪʘ, ʠʤʝʝʪ ʩʚʷʟʴ ʩ ʩʫʱʥʦ-

ʩʪʷʤʠ ʀʟʤʝʨʝʥʠʷ (ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ), id ɹʨʘʩʣʝʪʘ (ʆʜʠʥ ʢ ʦʜʥʦʤʫ), 

ʂʘʨʪʦʯʢʘ (ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ). ɺ ʩʫʱʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʯʠ-

ʪʳʚʘʝʤʳʝ ʜʘʥʥʳʝ ʠ id ʧʘʮʠʝʥʪʘ, ʢʦʪʦʨʦʤʫ ʦʥ ʚʳʜʘʥ. ɺ ʩʫʱʥʦʩʪʠ id 

ɹʨʘʩʣʝʪʘ ʦʧʠʩʘʥʳ ʜʘʥʥʳʝ ʙʨʘʩʣʝʪʘ. ʉʫʱʥʦʩʪʴ ʂʘʨʪʦʯʢʘ ʩʦʜʝʨʞʠʪ 

ʜʘʥʥʳʝ ʦ ʧʨʠʝʤʝ ʠ ʚʳʜʘʯʝ ʙʨʘʩʣʝʪʘ ʧʘʮʠʝʥʪʫ, ʠ ʠʤʝʝʪ ʩʚʷʟʴ ʩ ʩʫʱʥʦ-

ʩʪʷʤʠ ʇʘʮʠʝʥʪ (ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ) ʠ id ɺʨʘʯʘ (ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ). 

ʉʫʱʥʦʩʪʴ id ɺʨʘʯʘ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʚʨʘʯʝ, ʠ ʢʦʥʪʘʢʪʥʳʡ ʪʝʣʝʬʦʥ ʩ 

ʥʠʤ. 

 
ʈʠʩʫʥʦʢ 2 ï ɹʘʟʘ ʜʘʥʥʳʭ 

ʕʣʝʤʝʥʪ ʧʠʪʘʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ 

ʤʠʥʠʤʫʤ 24 ʯʘʩʘ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ɻʦʨʝʚʦʡ ʇ.ɸ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʂʦʥʮʝʧʮʠʷ ʧʨʠʙʦʨʘ 

ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ // ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ ʥʦʚʦʛʦ ʚʨʝʤʝʥʠ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘ-

ʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (1 ʬʝʚʨʘʣʷ 2017 ʛ., ʛ. ʋʬʘ). ɺ 3 ʯ. 

ʏ.3/ - ʋʬʘ: ɸʕʊɽʈʅɸ, 2017. - ʩ.49-51 2. ɸʥʪʠʧʦʚʘ ʃ.ɸ., ɹʦʨʠʩʦʚ ɸ.ʇ. 

ʇʨʠʤʝʥʝʥʠʝ ʌɿ N152 - ʌɿ çʆ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè ʚ ʩʠʩʪʝʤʘʭ ʢʦʥ-
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ʪʨʦʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʣʶʜʝʡ // ʊʨʘʜʠʮʠʦʥʥʘʷ ʠ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʥʘʫʢʘ: 

ʠʩʪʦʨʠʷ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʳ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (15 ʥʦʷʙʨʷ 2016 ʛ., ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ). ɺ 6 ʯ. ʏ.3/- ʋʬʘ: ɸʕʊɽʈʅɸ, 2016. - ʩ. 8-11 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, 

ɹʦʨʠʩʦʚʫ ɸ.ʇ.., ʪʝʣ. (385-2) 29-07-18. E-mail:boralp@mail.ru 

 

ʋɼʂ 004.716 

ʈɸɿʈɸɹʆʊʂɸ ʕʃɽʄɽʅʊʆɺ ʉʀʉʊɽʄʓ ñʋʄʅɸʗ ʇɸʈʂʆɺʂɸò 

ɼɽʅʀʉɽʅʂʆ ɼ.ɺ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʫ ʢʘʞʜʦʛʦ ʝʩʪʴ ʩʚʦʡ ʣʠʯʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ. ʃʶʜʠ ʪʨʘʪʷʪ ʫʡʤʫ 

ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʥʘʡʪʠ ʫʜʦʙʥʦʝ, ʧʦʜʭʦʜʷʱʝʝ ʤʝʩʪʦ ʜʣʷ ʩʚʦʝʛʦ ʘʚʪʦʤʦ-

ʙʠʣʷ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʘʚʪʦʧʘʨʢʦʚʢʠ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʘʡʪʠ ʚ ʥʠʭ ʤʝʩʪʦ ʙʳʩʪʨʦ ʠʣʠ ʙʳʩʪʨʦ ʦʧʣʘʪʠʪʴ ʧʘʨʢʦʚʦʯʥʦʝ ʤʝ-

ʩʪʦ ʠ ʠʜʪʠ ʧʦ ʩʚʦʠʤ ʜʝʣʘʤ. ʊʘʢ ʞʝ ʥʝʢʦʪʦʨʳʝ ʣʶʜʠ ʟʘʙʳʚʘʶʪ, ʛʜʝ ʦʥʠ 

ʦʩʪʘʚʠʣʠ ʩʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʥʘ ʧʘʨʢʦʚʢʝ, ʝʩʣʠ ʦʥʠ ʢʘʞʜʳʡ ʜʝʥʴ ʝʟʜʷʪ ʥʘ 

ʨʘʙʦʪʫ, ʠ ʥʝ ʚʩʝʛʜʘ ʩʪʘʚʷʪ ʩʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʝʩʪʦ. ɽʩ-

ʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʩʪʘʪʠʩʪʠʢʫ ʧʨʝʩʪʫʧʣʝʥʠʡ ʥʘ ʘʚʪʦʧʘʨʢʦʚʢʘʭ, ʪʦ ʤʦʞ-

ʥʦ ʦʪʤʝʪʠʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʞ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠ ̫ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚ-

ʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ñʋʤʥʘʷ ʧʘʨʢʦʚʢʘò, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʤʝʥʴ-

ʰʠʪʴ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʫʭʦʜʠʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ 

ʜʣʷ ʧʘʨʢʦʚʢʠ, ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ [1]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʠ ʚʳʙʦʨʝ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʟʘ-

ʢʨʳʪʳʭ ʧʘʨʢʦʚʦʢ, ʥʦ ʠ ʜʣʷ ʦʪʢʨʳʪʳʭ. ʋʩʣʦʚʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 - ʋʩʣʦʚʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣ ʩʦʙʨʘʥ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ 

ʧʦʣʫʯʘʣ ʙʳ ʠʟʦʙʨʘʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʚʲʝʟʜʝ ʥʘ ʧʘʨʢʦʚʢʫ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ:  
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Å ʂʘʤʝʨʘ OV7670 

Å Arduino UNO 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʤʝʨʳ OV7670 ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ Arduino UNO.  

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ 

 

ɼʣʷ ʩʥʷʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʜʣʷ Arduino, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʙʳʣʦ ʚʳʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʚ 

COM-ʧʦʨʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʦʙʨʘʙʦʪʢʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʷʟʳʢʝ Java. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 - ʇʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʊʘʢʞʝ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 4), ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ.   
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ʈʠʩʫʥʦʢ 4 - ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʢʘʤʝʨʳ 

OV7670, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ Arduino UNO, ʘ ʪʘʢʞʝ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ.  

ʃʠʪʝʨʘʪʫʨʘ. 1. ɼʝʥʠʩʝʥʢʦ ɼ.ɺ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʂʦʥʮʝʧʮʠʷ ʩʠʩʪʝʤʳ 

çʋʤʥʘʷ ʘʚʪʦʧʘʨʢʦʚʢʘè // ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ ʥʦʚʦʛʦ 

ʚʨʝʤʝʥʠ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ (1 ʬʝʚʨʘʣʷ 2017 ʛ., ʛ. ʋʬʘ). ɺ 3 ʯ. ʏ.3/ - ʋʬʘ: ɸʕʊɽʈʅɸ, 

2017. - ʩ.54-56 2. ɸʥʪʠʧʦʚʘ ʃ.ɸ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʇʨʠʤʝʥʝʥʠʝ ʌɿ N152-

ʌɿ "ʦ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ" ʚ ʩʠʩʪʝʤʘʭ çʫʤʥʦʡ ʧʘʨʢʦʚʢʠè // ɺʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʥʘʫʢʠ ʠ ʦʙʱʝʩʪʚʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (5 ʥʦʷʙʨʷ 2016 ʛ., 

ʛ. ɺʦʣʛʦʛʨʘʜ). ɺ 3 ʯ. ʏ.2/ - ʋʬʘ: ɸʕʊɽʈʅɸ, 2016. - ʩ .9-11 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, 

ɹʦʨʠʩʦʚʫ ɸ.ʇ.., ʪʝʣ. (385-2) 29-07-18. E-mail:boralp@mail.ru 

 

ʋɼʂ 65.011.56 

ʈɸɿʈɸɹʆʊʂɸ CRM ʉʀʉʊɽʄʓ ɼʃʗ ɸɻɽʅʊʉʊɺɸ  

ʅɽɼɺʀɾʀʄʆʉʊʀ ɺ ʉʈɽɼɽ CMS MODX 

ɼʆʈʆɻʆʁ ʇ.ɸ., ʗʂʋʅʀʅ ɸ.ɻ. 

ɸʛʝʥʪʩʪʚʦ ʥʝʜʚʠʞʠʤʦʩʪʠ ʟʘʥʠʤʘʝʪʩʷ ʧʦʠʩʢʦʤ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠ-

ʤʦʩʪʠ ʜʣʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʢʣʠʝʥʪʦʚ, ʨʝʢʣʘʤʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʶʨʠʜʠʯʝʩʢʠʤ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʩʜʝʣʦʢ. ɼʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʙʦʣʴ-

ʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʝʥʪʦʚ ʪʘʢʠʝ ʘʛʝʥʪʩʪʚʘ ʥʫʞʜʘʶʪʩʷ ʚ ʨʝʢʣʘʤʠʨʦʚʘ-

ʥʠʠ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʨʝʢʣʘʤʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʧʦʵʪʦʤʫ ʫ ʘʛʝʥʪ-

ʩʪʚʘ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʣʠʯʠʠ web-ʩʘʡʪʘ ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʦ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ. 



35 

 

ɼʣʷ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪ-

ʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʪʘʢʞʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ CRM-ʩʠʩʪʝʤʳ. CRM-ʩʠʩʪʝʤʘ (customer relation 

management, ʠʣʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘ-

ʤʠ) ð ʵʪʦ ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʘ-

ʢʘʟʯʠʢʘʤʠ (ʢʣʠʝʥʪʘʤʠ), ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʜʘʞ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʢʝʪʠʥʛʘ ʠ ʫʣʫʯʰʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʧʫʪʸʤ 

ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʘʭ ʠ ʠʩʪʦʨʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ 

ʥʠʤʠ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʛʝʥʪʩʪʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʠʣʦʞʝʥʠʷ, ʩʦʯʝʪʘʶʱʝʛʦ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʣʘʤʥʦʡ 

ʢʘʤʧʘʥʠʠ ʩ CRM ï ʬʫʥʢʮʠʦʥʘʣʦʤ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʪʘʢʦʡ ʩʠʩʪʝ-

ʤʳ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʚʣʝʯʝʥʠʝ 

ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ, ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: 

- ʙʠʟʥʝʩ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʢʠ ʟʘʜʘʯ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʣʠʮʳ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʥʘ ʨʳʥʢʝ (ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʩʦʙʠʨʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʭ ʜʦʩʦʢ ʦʙʲʷʚʣʝ-

ʥʠʡ); 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ "ʭʦʣʦʜʥʳʭ" (ʪʦ ʝʩʪʴ ʥʝ ʘʢʪʠʚʥʳʭ, ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ) ʢʣʠʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʪʘʙʣʠʮʳ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʫʙʣʠʢʘʮʠʷ ʦʙʲʷʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʦʩʢʘʭ ʦʙʲ-

ʷʚʣʝʥʠʡ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʠ 

ʬʠʨʤʳ ʚ ʮʝʣʦʤ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʜʣʷ ʢʣʠʝʥʪʘ ʦ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʝ; 

- ʚʝʜʝʥʠʝ ʙʘʟʳ ʰʘʙʣʦʥʦʚ ʜʦʢʫʤʝʥʪʦʚ; 

- ʧʫʙʣʠʢʘʮʠʷ ʧʦʣʝʟʥʳʭ ʩʪʘʪʝʡ ʥʘ ʩʘʡʪʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ web- ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʙʘʟʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ Modx [2]. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʦʪʢʨʳʪʠʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʚ 

ʝʝ ʩʨʝʜʝ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʚ ʪʦ ʞʝ ʚʨʝ-

ʤʷ ʠʤʝʝʪ ʤʥʦʛʦ ʧʣʘʛʠʥʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʇʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʘʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʷ. ʆʜʠʥ ʠʟ ʥʠʭ ʨʝʘʣʠʟʫ-

ʝʪ ʬʫʥʢʮʠʠ CRM-ʩʠʩʪʝʤʳ ʠ ʨʘʙʦʪʘ ʩ ʥʠʤ ʜʦʩʪʫʧʥʘ ʣʠʰʴ ʩʦʪʨʫʜʥʠʢʘʤ 

ʘʛʝʥʪʩʪʚʘ. ɼʨʫʛʦʡ ʤʦʜʫʣʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʠ, ʜʦʩʪʫʧʥʳʝ ʢʣʠʝʥ-
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ʪʘʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʣʷ ʥʠʭ ʚʩʶ ʨʝʢʣʘʤʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʦʵʪʦʤʫ 

ʝʛʦ ʠʥʪʝʨʬʝʡʩ ʚʳʧʦʣʥʝʥ ʚ ʩʪʠʣʝ ʦʙʳʯʥʦʛʦ web-ʩʘʡʪʘ. ʇʨʠ ʧʦʤʦʱʠ 

ʵʪʦʛʦ ʤʦʜʫʣʷ ʢʘʞʜʳʡ ʢʣʠʝʥʪ ʤʦʞʝʪ ʟʘʡʪʠ ʚ ʩʚʦʡ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʠ 

ʧʦʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʝʛʦ ʦʙʲʝʢʪʫ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ɸ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʢʣʠʝʥʪ ʤʦʞʝʪ ʦʩʪʘʚʠʪʴ ʦʪʟʳʚ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʚʠʜʝʥ ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  

ʅʘ ʩʘʡʪʝ ʢʣʠʝʥʪʘʤ ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʩʴ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢ-

ʪʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʨʦʜʘʞʠ, ʘʨʝʥʜʳ ʠ ʠʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʥʝʜʚʠʞʠʤʦ-

ʩʪʴʶ, ʩʧʠʩʦʢ ʧʦʣʝʟʥʳʭ ʩʪʘʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʠ ʧʨʠʚʣʝʯʴ ʝʛʦ ʥʘ ʵʪʦʪ ʩʘʡʪ, ʩʧʠʩʦʢ ʫʩʣʫʛ, ʩʧʠʩʦʢ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʠ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʬʠʨʤʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʥʩʪʚʘ CRM-ʩʠʩʪʝʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʥʝʪ ʥʠ ʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʦʧʝʨʘʮʠʠ. ʊʘʢʞʝ ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʙʳʪʦʯʥʦ-

ʛʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʳʡ 

ʟʘʪʨʫʜʥʷʝʪ ʝʸ ʦʩʚʦʝʥʠʝ. ɽʱʸ ʦʜʥʠʤ ʧʣʶʩʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫ CRM-ʩʠʩʪʝʤʳ ʠ ʢʣʠʝʥʪʩʢʦʛʦ ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʝʜʠʥʘʷ ʙʘʟʘ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

CRM ʩʠʩʪʝʤ ʥʝʪ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ XML ʪʘʙʣʠʮ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʭ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʨʝʩʫʨʩʦʝʤʢʠʡ ʧʨʦʮʝʩʩ. 

 
ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 
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ʋɼʂ 004.67 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼʉʊɺ ɸʅɸʃʀɿɸ ɻʈʋʇʇʓ 

ʅɽʆɼʅʆʈʆɼʅʓʍ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 

ʀɺʏɽʅʂʆ ʉ.ʇ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʪʝʢʘʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʘʢʦʧ-

ʣʝʥʥʳʭ ʜʘʥʥʳʭ ʟʘʯʘʩʪʫʶ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʚʨʝʤʝʥʠ 

ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʠʣʠ ʠʭ ʪʝʤʧʦʨʘʣʴʥʳʡ ʘʩʧʝʢʪ [1]. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ 

ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʧʦʠʩʢ ʚ ʥʠʭ 

ʦʩʤʳʩʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʣʦʞʝʥ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦ-

ʠʩʢ ʚʨʝʤʝʥʥʳʭ ʰʘʙʣʦʥʦʚ [2], ʥʦ ʦʥʠ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ ʠ ʞʝʩʪʢʦ ʢ ʥʝʡ ʧʨʠʚʷʟʘʥʳ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʘ ̫

ʨʝʘʣʠʟʘʮʠ ̫ ʤʝʪʦʜʠʢʠ ʚʳʷʚʣʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 

ʛʨʫʧʧʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʨʷʜʦʚ ʩ ʧʦʤʦʱʴʶ ʛʨʘʤʤʘʪʠʢʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʚʠʜʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʛʨʘʤʤʘʪʠʢʠ, ʩʧʦʩʦʙʥʦʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʠ-

ʩʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʡʜʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʇʦʜ ʛʨʫʧʧʦʡ ʥʝʦʜʥʦʨʦʜʥʳʭ ʨʷʜʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʘʙʦʨ ʨʷʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʯʝʪʢʠʝ ʯʠʩʣʝʥʥʳʝ, ʪʘʢ ʠ ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ. ʅʝʯʝʪʢʠʝ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʩʩʠʚʳ ʩʪʨʦʢ, ʢʘʞʜʳʡ ʨʷʜ ʜʦʣ-

ʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʝʨʤʳ ʢʦʪʦ-

ʨʦʡ ʷʚʣʷʶʪʩʷ ʦʪʩʯʝʪʘʤʠ.  

ɺ ʦʩʥʦʚʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʦ ʧʦʥʷʪʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʤʧʦ-

ʨʘʣʴʥʦʡ ʛʨʘʤʤʘʪʠʢʠ [3]. ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʧʦʜʟʘʜʘʯ. 

ʕʪʦ ʨʘʟʙʠʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʫʨʦʚʥʝʡ ʚʨʝʤʝʥʥʦʡ ʘʙʩʪʨʘʢʮʠʠ. ʇʨʦʩʪʳʝ, ʙʘʟʦʚʳʝ ʵʣʝʤʝʥ-

ʪʳ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʦʙʲʝʜʠʥʷʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ-

ʜʫʶʱʠʭ ʫʨʦʚʥʝʡ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʫʨʦʚʥʝʡ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʠʧʣʝʪʳ ʠ ʩʦʩʪʦʷʪ 

ʠʟ ʣʝʡʙʣʘ, ʢʦʤʤʝʥʪʘʨʠʷ ʠ ʩʧʠʩʢʘ ʫʩʣʦʚʠʡ.  

ʇʝʨʝʜ ʦʩʥʦʚʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪ-

ʢʘ ʜʘʥʥʳʭ. ɿʘʜʘʯʘ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʚʝʨʪʘʮʠʠ ʥʝ-
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ʦʜʥʦʨʦʜʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʤʚʦʣʴʥʫʶ ʬʦʨʤʫ, ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʥʘ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ. ʉ ʯʝʪʢʠʤʠ ʠ ʥʝʯʝʪʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ 

ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʦʪʜʝʣʴʥʦ. ʏʠʩʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʷʜʳ ʩʠʤʚʦʣʦʚ ʥʘʧʨʷʤʫʶ. ʂʘʞʜʦʝ ʯʠʩʣʦ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ ʟʘʤʝʥʷʝʪ-

ʩʷ ʥʘ ʣʝʡʙʣ ʚʨʝʤʝʥʥʦʛʦ ʰʘʙʣʦʥʘ, ʢ ʠʥʪʝʨʚʘʣʫ ʢʦʪʦʨʦʛʦ ʧʨʠʥʘʜʣʝʞʠʪ 

ʪʝʢʫʱʝʝ ʯʠʩʣʦ. ɺ ʩʣʫʯʘʝ ʩ ʥʝʯʝʪʢʠʤʠ ʨʷʜʘʤʠ ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʝʛʦ ʨʷʜʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʠʭ ʚʳʨʘʞʝʥʠʡ 

ʧʨʠʤʠʪʠʚʥʳʭ ʰʘʙʣʦʥʦʚ.  

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʧʨʠʤʠʪʠʚʥʳʭ ʰʘʙʣʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ. ʅʘ ʨʠʩʫʥʢʝ 1 ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʠʥʬʦʨ-

ʤʘʮʠʠ ʚ ʩʠʤʚʦʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʪʝʤʧʦʨʘʣʴʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʘʥʘʣʠʟʘ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʝʡ. 

ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʧʦʠʩʢ ʩʦʙʳʪʠʡ ʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʷʭ. ʉʦ-

ʙʳʪʠʝ ð ʵʪʦ ʩʦʚʧʘʜʝʥʠʝ, ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʥʝʩʢʦʣʴʢʠʭ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʝʡ ʚ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ.  

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ - ʵʪʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʙʳʪʠʡ, ʠʜʫʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʧʦʠʩʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʚʨʝʤʝʥʥʳʭ ʰʘʙʣʦʥʦʚ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʠʟ ʥʘʡʜʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʛʫʪ ʠʤʝʪʴ ʚʩʝʛʦ ʣʠʰʴ ʥʝ-
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ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ. ʉʭʦʞʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʦ ʚʨʝ-

ʤʝʥʥʦʡ ʰʘʙʣʦʥ. ʉʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪ-

ʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʝ ʃʝʚʝʥʰʪʝʡʥʘ [4].  

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʧʨʦʛʨʘʤʤʥʦ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʢʣʘʩʩʦʚ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʧʨʦʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ 
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ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ C# ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

WPF. ʉʦʟʜʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʜʣʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʥʘʡʜʝʥʥʳʭ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘ-

ʣʠʟʘ. ɼʣʷ ʧʘʨʩʠʥʛʘ ʙʳʣ ʩʦʟʜʘʥ ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ [5], ʨʝʘʣʠʟʦʚʘ-

ʥʳ ʩʨʝʜʩʪʚʘ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [6]. ʈʘʟʨʘʙʦ-

ʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦ-

ʱʴʶ ʪʝʤʧʦʨʘʣʴʥʦʡ ʛʨʘʤʤʘʪʠʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʯʝʪ-

ʢʠʝ ʜʘʥʥʳʝ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʵʪʘʧʥʦʛʦ ʧʦʠʩ-

ʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʝʠʚʘʪʴ ʥʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ ʜʘʥʥʳʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ, ʫʩʢʦʨʷʷ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʠʩʢ. ɺʩʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʳʚʦʜʷʪʩʷ ʚ ʪʝʢʩʪʦʚʦʝ ʧʦʣʝ ʚ ʛʣʘʚʥʦʤ ʦʢʥʝ ʧʨʦʛʨʘʤ-

ʤʳ, ʧʨʠ ʞʝʣʘʥʠʠ ʠʭ ʤʦʞʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ, ʫʜʘʣʠʚ ʥʝ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʘʥʥʳʝ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʙʲʝʢʪʘ ʥʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷʭ ʚʩʝ 

ʟʘʚʠʩʠʤʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʫʪ ʢʘʩʢʘʜʥʦ ʫʜʘʣʝʥʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʣʦʞʝʥʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʬʦʨʤʘʣʠʟʤʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʚʨʝʤʝʥʥʦʡ ʛʨʘʤʤʘʪʠʢʠ, ʯʪʦ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ 

ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʥʝʯʝʪʢʠʝ ʜʘʥʥʳʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʝ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪ-

ʤʦʚ ʩʦʟʜʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʛʨʫʧʧ ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. Mºrchen F. Unsupervised pattern mining from symbol-

ic temporal data [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / F. Mºrchen. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.mybytes.de/papers/moerchen07unsupervised.pdf 2. ɼʶʢ ɺ. 

Data Mining. ʋʯʝʙʥʳʡ ʢʫʨʩ [ʊʝʢʩʪ] / ɺ. ɼʶʢ, ɸ. ʉʘʤʦʡʣʝʥʢʦ. ï ʉʇʙ.: 

ʇʠʪʝʨ, 2001. - 368.: ʠʣ. + 1 ɻ ʣ.ʦʧʪ. ʜʠʩʢ (CD ROM) 3. Mºrchen F. Min-

ing hierarchical temporal patterns in multivariate time series [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] / F. Mºrchen, A. Ultsch. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.uni-

marburg.de/fb12/datenbionik/pdf/pubs/2004/moerchen04mining 4. ʂʘʨʘʭ-

ʪʘʥʦʚ ɼ.ʉ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʃʝʚʝʥʰʪʝʡʥʘ ʜʣʷ ʫʩʪ-

ʨʘʥʝʥʠʷ ʦʧʝʯʘʪʦʢ ʚ ʟʘʧʠʩʷʭ ʙʘʟ ʜʘʥʥʳʭ [ʊʝʢʩʪ] /  ɼ.ʉ. ʂʘʨʘʭʪʘʥʦʚ // 

ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. ð 2010. ð ˉ8. ð ʉ. 158-162. 5. ʂʘʨʧʦʚ ʖ.ɻ. ʊʝʦ-

ʨʠʷ ʘʚʪʦʤʘʪʦʚ [ʊʝʢʩʪ] / ʖ.ɻ. ʂʘʨʧʦʚ. - ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2003. - 

208 ʩ. 6. ɺʳʣʠʪʦʢ ɸ.ɸ. ʄʝʪʘʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠ ʩʠʥʪʘʢʩʠʯʝ-

ʩʢʠʝ ʜʠʘʛʨʘʤʤʳ [ʊʝʢʩʪ] ɸ.ɸ. ɺʳʣʠʪʦʢ. - ʄ.: ʄɸʂʉʇʨʝʩʩ, 2012. - 24 ʩ.  

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 
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ʋɼʂ 004.6, 004.04 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʆɹʈɸɹʆʊʂʀ 

ɼɸʅʅʓʍ ʄʆʅʀʊʆʈʀʅɻɸ ʅɸ ɹɸɿɽ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ 

ʇɸʊʊɽʈʅʆɺ 

ʂʆʃɼʀʅ ʀ.ʖ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠ-
ʟʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɽʞʝʜʥʝʚʥʦ ʤʥʦʞʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʩʦʙʠ-
ʨʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʘʥʘʣʠʟʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 
ʧʨʦʮʝʩʩʘʭ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʠʟ-
ʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʦ-
ʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʞʘʪʠʝ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʠ ʟʘʢʣʶʯʝʥ-
ʥʦʡ ʚ ʥʝʡ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [1-3]. 
ʇʦʩʪʦʷʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʩʠʩ-

ʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʨʝʙʫʝʪ ʨʘʟ-
ʚʠʪʠʷ ʤʝʪʦʜʦʚ ʵʢʩʪʨʘʢʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʝʟʥʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚ-
ʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [1-5].  
ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʧʘʪʪʝʨʥʫ ʚʠʟʫʘʣʴʥʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ ʜʘʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ, 
ʦʧʠʩʳʚʘʝʤʘʷ ʬʫʥʢʮʠʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʪʠʧʦʤ ʠ ʥʘʙʦʨʦʤ ʢʦʵʬ-
ʬʠʮʠʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʫ. ʇʨʠʤʝʨ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʪʪʝʨʥʘ 
ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʪʪʝʨʥ 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ 
ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʥʘ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ ï 
ʧʝʨʠʦʜʘʭ, ʧʨʠʯʝʤ ʜʦʧʫʩʢʘʝʪʩʷ ʢʘʢ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʧʝ-
ʨʠʦʜʘ, ʪʘʢ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʛʨʘʥʠʮ ʧʝʨʠʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ 
ʠʥʪʝʨʚʘʣʦʚ [6-10].  
ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʷʚʣʷʶʪʩʷ:  
1. ʉʙʦʨ ʜʘʥʥʳʭ ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ.  
2. ɺʳʷʚʣʝʥʠʝ ʚ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦ-

ʛʦ ʧʘʪʪʝʨʥʘ.  
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3. ɸʥʘʣʠʟ ʧʘʪʪʝʨʥʘ ʥʘ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ ʢʦʤʧʘʢʪʥʦʛʦ 
ʭʨʘʥʝʥʠʷ.  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʝʨʠʦʜʦʚ ʠʟ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʷʚ-

ʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʧʘʜʠʥʳ ï ʪʦʯʢʠ 

ʤʠʥʠʤʫʤʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. ʌʠʢʩʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʪʦʯʝʢ ʙʫʜʝʪ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʥʘʯʝʥʠʶ. ɺ ʠʪʦʛʝ, ʛʨʘʥʠʮʳ 

ʧʝʨʠʦʜʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʪʝʭ ʪʦʯʢʘʭ ʤʠʥʠʤʫʤʘ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ 

ʚʳʩʪʘʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚ-

ʣʷʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦ ʬʦʨʤʫʣʝ: 

,
N

)V (
U i

N
0=ä= ia     (1) 

ʛʜʝ U ï ʟʥʘʯʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʝʥʠʷ, N ï ʯʠʩʣʦ ʧʦʩʣʝʜʥʠʭ ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʤʠʥʠʤʫʤʘ, V ï ʟʥʘʯʝʥʠʝ ʪʦʯʢʠ ʤʠʥʠʤʫʤʘ,  Ŭ ï ʧʦ-

ʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʛʠʙʢʦʩʪʴ ʘʣʛʦʨʠʪʤʘ. 

ɿʥʘʯʝʥʠʝ Ŭ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʦʙʨʘʥʦ ʵʤʧʠʨʠʯʝʩʢʠ, ʝʩʣʠ ʦʥʦ ʩʣʠʰʢʦʤ 

ʤʘʣʦ, ʪʦ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʝʩʣʠ ʦʥʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ï ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʧʝʨʠʦʜʳ 
 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʚʳʜʝ-

ʣʝʥʥʳʭ ʧʝʨʠʦʜʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʧʘʪʪʝʨʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʫʩʨʝʜʥʝʥʥʳʡ ʰʘʙʣʦʥ. ɼʣʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʘʪʪʝʨʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʪʦ 

ʝʩʪʴ ʩʥʘʯʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʝ-

ʨʠʦʜʘ ʥʘ ʩʝʛʤʝʥʪʳ, ʘ ʧʦʩʣʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʢʘʞʜʘʷ ʝʛʦ ʯʘʩʪʴ ʧʦ 

ʬʦʨʤʫʣʝ ʧʨʷʤʦʡ: 

y =  kx  +  b,    (2) 
 

ʛʜʝ k ʠ b ï ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʠʦʜʘ ʥʘ ʩʝʛʤʝʥʪʳ 



43 

 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʘʟʜʚʠʞʥʦʛʦ ʦʢʥʘ. ɸʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʷʝʪ ʪʦʯʢʠ ʚʜʦʣʴ ʧʝʨʠʦʜʘ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ ʠ ʦʧʠʩʳʚʘʝʪ ʝʛʦ ʩ ʧʦ-

ʤʦʱʴʶ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʨʠ ʢʘʞʜʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʪʦʯʢʠ ʚ ʩʝʛʤʝʥʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʩʪʘʪʦʯʥʘʷ ʦʰʠʙʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʦʛʜʘ ʥʫʞʥʦ ʟʘʢʦʥʯʠʪʴ ʦʜʠʥ ʩʝʛʤʝʥʪ ʠ ʥʘʯʘʪʴ ʥʦ-

ʚʳʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʦʧʫʩ-

ʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ 4. 

  
ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʪʪʝʨʥʘ ʩ ʧʦʤʦʱʴʶ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 5% 

 
ʈʠʩʫʥʦʢ 4 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʪʪʝʨʥʘ ʩ ʧʦʤʦʱʴʶ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 20% 

ɺ ʠʪʦʛʝ ʧʘʪʪʝʨʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʛʤʝʥ-

ʪʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ k ʠ b, ʛʨʘʥʠʮʳ ʩʝʛʤʝʥʪʘ ʠ ʜʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ʌʦʨʤʠʨʦʚʘ-

ʥʠʝ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤ, ʠʤʝʶʱʠʤʠ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. ʇʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʞʘʪʠʝ ʦʙʲʝʤʘ 
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ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʚ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪ-

ʢʠ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʭʨʘʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʦʜʠʬʠʢʘʮʠʶ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ PGG (Pattern Growth 

Graph) [11]. PGG ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʢʦʥʪʝʡʥʝʨ, ʛʜʝ ʢʘʞʜʳʡ 

ʰʘʙʣʦʥ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩʧʠʩʢʘ ʩ ʟʘʛʦ-

ʣʦʚʦʯʥʳʤ ʫʟʣʦʤ, ʢʦʪʦʨʳʡ ʟʘʧʠʩʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʪʪʝʨʥʝ, ʪʘʢʫʶ 

ʢʘʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʰʘʙʣʦʥʘ, ʯʘʩʪʦʪʫ ʠ ʚʨʝʤʷ ʢʘʞʜʦʛʦ ʝʛʦ ʧʦʷʚʣʝʥʠʷ. 

ʆʩʪʘʣʴʥʳʝ ʫʟʣʳ ʩʧʠʩʢʘ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʩʝʛʤʝʥʪʘʭ.  

ʆʧʠʰʝʤ ʘʣʛʦʨʠʪʤ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ. 

ʇʫʩʪʴ ʥʘ ʚʭʦʜʝ ʠʤʝʝʤ ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʧʝʨʠʦʜ W ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ  ʧʘʪʪʝʨʥ P`. ʏʪʦʙʳ ʝʛʦ ʩʨʘʚʥʠʪʴ ʩ 

ʫʞʝ ʩʦʭʨʘʥʝʥʥʳʤ ʚ ʙʘʟʝ ʧʘʪʪʝʨʥʦʤ P, ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ 

E1 ʠ E2. E1 ï ʧʦʛʨʝʰʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʪʪʝʨʥʘ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʳʤ 

ʜʘʥʥʳʤ, E2 ï ʧʦʛʨʝʰʥʦʩʪʴ, ʨʘʚʥʘʷ ʩʨʝʜʥʝʤʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝ-

ʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʝʛʤʝʥʪʦʚ ʧʘʪʪʝʨʥʦʚ P` 

ʠ P. ɽʩʣʠ (E1 ï E2)/2 ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʬʠʢʩʠʨʫʝʤ 

ʩʦʚʧʘʜʝʥʠʝ ʧʘʪʪʝʨʥʦʚ.  ʀʥʘʯʝ ʩʨʘʚʥʠʚʘʝʤ ʧʝʨʠʦʜ W ʩ ʧʘʪʪʝʨʥʦʤ P 

ʥʘʧʨʷʤʫʶ, ʘ ʠʤʝʥʥʦ ʩʨʘʚʥʠʚʘʝʤ ʢʘʞʜʫʶ ʪʦʯʢʫ W ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʦʯʢʦʡ ʩʝʛʤʝʥʪʘ ʧʘʪʪʝʨʥʘ P. ʇʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʩʨʘʚʥʠʚʘʥʠʠ ʜʚʫʭ ʪʦʯʝʢ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                              Ὁ ,                                           (3) 

ʛʜʝ ώ  ï ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ W ʚ i ʪʦʯʢʝ, ώ ï ʟʥʘʯʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʚ i ʪʦʯʢʝ ʧʘʪʪʝʨʥʘ P. ʆʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʪʪʝʨʥʘ ʚ PGG ʧʨʦʠʩʭʦ-

ʜʠʪ ʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʢʘʞʜʳʤ ʧʘʪʪʝʨʥʦʤ ʚ ʙʘʟʝ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ. ʇʦʩʣʝ ʚʩʝʭ ʩʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʝʤ ʦʜʠʥ ʠʟ ʪʨʝʭ ʚʦʟʤʦʞʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʧʦʣʥʷʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʜʝʡʩʪʚʠʷ:  

1) ʇʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ. ɺ ʦʜʥʦʤ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʚʦʟʚʨʘ-

ʪʠʣ ʧʦʛʨʝʰʥʦʩʪʴ, ʨʘʚʥʫʶ ʥʫʣʶ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʚʳʡ ʧʘʪʪʝʨʥ, ʧʦʵʪʦʤʫ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʤ ʯʘʩʪʦʪʫ ʠ 

ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʧʘʪʪʝʨʥʘ ʠʟ PGG.  

2) ʏʘʩʪʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ʇʨʠ ʦʜʥʦʤ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʚʦʟʚʨʘʪʠʣ ʧʦʛʨʝʰʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ. ɺ ʪʘʢʦʤ ʩʣʫ-

ʯʘʝ ʩʦʚʧʘʚʰʠʝ ʯʘʩʪʠ ʙʫʜʫʪ ʥʝʪʨʦʥʫʪʳ. ʌʠʢʩʠʨʫʶʪʩʷ ʣʠʰʴ ʥʦʚʳʝ ʥʝ-

ʧʦʭʦʞʠʝ ʩʝʛʤʝʥʪʳ ʚ ʚʠʜʝ ʨʘʟʚʝʪʚʣʝʥʠʡ ʚ ʫʟʣʘʭ ʩʧʠʩʢʘ. ʅʦʚʳʡ ʧʘʪʪʝʨʥ 

ʷʚʣʷʝʪʩʷ ʥʘʩʣʝʜʥʠʢʦʤ ʩʪʘʨʦʛʦ, ʠ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩ-

ʪʫ ʧʘʪʪʝʨʥʘ.  

3) ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ. ʇʨʠ ʚʩʝʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷʭ ʧʦʛʨʝʰʥʦʩʪʴ ʦʢʘʟʘ-

ʣʘʩʴ ʚʳʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ. ʅʝ ʥʘʡʜʝʥʦ ʥʠ ʦʜʥʦʛʦ ʜʘʞʝ ʯʘʩʪʠʯʥʦ ʧʦʭʦ-
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ʞʝʛʦ ʠʟ ʙʘʟʳ, ʘ ʟʥʘʯʠʪ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʘʪʪʝʨʥ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥ ʚ 

PGG ʢʘʢ ʥʦʚʳʡ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʢʪʥʦ ʭʨʘ-

ʥʠʪʴ ʠ ʙʳʩʪʨʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʰʘʙʣʦʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʭʨʘʥʠʪʴ ʝʛʦ ʠʩʪʦʨʠʶ ʠʟʤʝʥʝʥʠʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠ PGG, ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, 

ʧʦʤʦʯʴ ʦʪʣʠʯʠʪʴ ʟʥʘʯʘʱʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʦʙʝʩ-

ʧʝʯʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʬʠʢ-

ʩʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʂʣʠʦʥʩʢʠʡ ɼ.ʄ. ʄʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ 

ʩʦʙʳʪʠʡ  ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʘʭ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

[ʊʝʢʩʪ]: ɸʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ð ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʉʇɻʕʋ 
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ʋɼʂ 004.422.81 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʆʀʉʂɸ ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ  

ʇʈʆʌʀʃɽʁ ʋʏɸʑʀʍʉʗ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ  

ʋʏʈɽɾɼɽʅʀʁ 

ʃɽɺɽʅ ɺ.ɸ., ʉʋʏʂʆɺɸ ʃ.ʀ. 

ʂʘʞʜʳʡ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʭʦʪʷ ʙʳ ʚ 

ʦʜʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʥʝʢʦʪʦʨʳʝ ʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʜʚʫʭ-ʪʨʝʭ.  

ɺ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʠʩʢʝ ʩʪʫʜʝʥ-

ʪʦʚ, ʦʜʥʦʢʫʨʩʥʠʢʦʚ, ʦʜʥʦʛʨʫʧʧʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʘʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʙʱʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʠʩʢʘ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʜʦʙʥʦʛʦ ʩʝʨʚʠʩʘ ʜʣʷ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʣʶʜʷʭ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʚ 

ʩʦʩʪʘʚʝ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʧʦʩʝʱʘʶʱʠʭ ʟʘʥʷʪʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʧʠʩʘʥʠʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʘ, ʧʦʟʚʦʣʷʶʱʝ-

ʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʦʠʩʢ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʠʤʝʷ ʥʝʧʦʣʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦʙ ʦʙʫʯʘʶʱʠʭʩʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʠʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʫʜʝʥʪʘʭ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʘʢʘ-

ʜʝʤʠʯʝʩʢʦʡ ʛʨʫʧʧʝ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʯʘʩʪʠʠ ʩʪʫʜʝʥʪʦʚ ʚ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʨʫʟʴʷʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʪʠʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʩʪʫʜʝʥʪʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦ-

ʠʩʢʘ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʩʦʮʠʘʣʴ-

ʥʳʤʠ ʩʝʪʷʤʠ ʩʝʨʚʠʩʦʤ. 

https://www.altstu.ru/
https://www.altstu.ru/
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ʂʘʞʜʘʷ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ 

API, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʧʨʦʩʳ ʢ ʩʦʮʠʘʣʴʥʦʡ 

ʩʝʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʠʩʢʘ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ API ɺʂʦʥʪʘʢʪʝ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʠʩʢʘ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯ-

ʨʝʞʜʝʥʠʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʫ-

ʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʧʦʠʩʢ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʧʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʩʪʫ-

ʜʝʥʪʦʚ ʵʪʠʭ ʛʨʫʧʧ ʠ ʧʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʢʨʝʪʥʦʤ ʩʪʫʜʝʥʪʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ. ɼʣʷ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʝʣʦʚʝʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ 

ʧʨʝʙʳʚʘʥʠʝʤ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʦʛʣʘʩʥʦ ʨʘʩʧʠʩʘʥʠʶ ʟʘʥʷʪʠʡ, ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʬʦʨʤʘ ʧʦʠʩʢʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ ï ʢʦʨʧʫʩ, ʵʪʘʞ, ʘʫʜʠʪʦ-

ʨʠʷ, ʜʘʪʘ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʌʦʨʤʘ ʧʦʠʩʢʘ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩʦʛʣʘʩʥʦ ʠʭ ʨʘʩʧʠʩʘʥʠʶ 

 

ʇʨʠ ʚʳʙʦʨʝ ʢʨʠʪʝʨʠʝʚ ʧʦʠʩʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ AJAX-ʟʘʧʨʦʩ ʢ ʩʝʨʚʝ-

ʨʫ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ ʠʟ ʪʘʙʣʠʮʳ ʙʘʟʳ ʜʘʥ-

ʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʳ 

ʧʦʠʩʢʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʙʦʨʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʨʧʫʩʘ, ʚ ʢʨʠʪʝʨʠʡ 

ʧʦʠʩʢʘ çɸʫʜʠʪʦʨʠʷè ʙʫʜʫʪ ʜʦʙʘʚʣʝʥʳ ʪʦʣʴʢʦ ʪʝ ʥʦʤʝʨʘ ʘʫʜʠʪʦʨʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʫʢʘʟʘʥʥʦʤ ʢʦʨʧʫʩʝ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʠʩʢʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʪʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ AJAX-ʟʘʧʨʦʩʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ 
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ʩʣʝʜʫʶʱʠʤʠ ʪʘʙʣʠʮʘʤʠ ʙʘʟʳ ʜʘʥʥʳʭ: çhousingè (çʂʦʨʧʫʩʘè), çclassè 

(çɸʫʜʠʪʦʨʠʠè), çtimeè (çɺʨʝʤʷ ʟʘʥʷʪʠʡè), çscheduleè (çʈʘʩʧʠʩʘʥʠʝè), 

çgroupè (çɻʨʫʧʧʳè). 

ʈʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʣʴʟʦʚʘʪʝʣʴ ʫʚʠʜʠʪ 

ʥʘʟʚʘʥʠʝ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ, ʘʫʜʠʪʦʨʠʶ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ, ʥʘ-

ʟʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ, ʜʘʪʫ ʧʨʦʚʝʜʝʥʠʷ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʧʦ ʢʨʠʪʝʨʠʷʤ 

 

ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʠʩʢʘ ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʝʸ ʩʪʫʜʝʥʪʦʚ. ɺʳʙʦʨʢʘ ʩʪʫʜʝʥʪʦʚ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʠʟ ʪʘʙʣʠʮʳ çstudentsè. 

ʇʨʠ ʚʳʙʦʨʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʧʨʠʢʘʟʦʚ ʦ ʟʘʯʠʩʣʝʥʠʠ 

ʩʪʫʜʝʥʪʦʚ ʚ ʫʥʠʚʝʨʩʠʪʝʪ. ʉʪʨʘʥʠʮʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʣʝ ʚʳʙʦʨʘ ʛʨʫʧʧʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʇʨʠ ʚʳʙʦʨʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʪʫʜʝʥʪʘ ʙʫʜʝʪ ʦʪʢʨʳʪʘ 

ʩʪʨʘʥʠʮʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʝʤ, ʘ ʠʤʝʥʥʦ ʩʩʳʣʢʠ ʥʘ ʝʛʦ ʧʨʦʬʠʣʠ ʚ ʩʦ-

ʮʠʘʣʴʥʳʭ ʩʝʪʷʭ (ɺʂʦʥʪʘʢʪʝ, Instagram) (ʨʠʩʫʥʦʢ 4). 

ɿʘʧʨʦʩ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʫʜʝʥʪʝ ʙʫʜʝʪ ʪʦʣʴʢʦ ʢ ʦʜʥʦʡ 

ʪʘʙʣʠʮʝ ʙʘʟʳ ʜʘʥʥʳʭ ï çstudentsè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʠʩʢʘ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝ-

ʥʠʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʘʥʠʮʘ ʩʦ ʩʧʠʩʢʦʤ ʩʪʫʜʝʥʪʦʚ ʢʦʥʢʨʝʪʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʪʨʘʥʠʮʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʪʫʜʝʥʪʝ 

 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʊʨʦʝʣʩʝʥ ʕ. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# 6.0 ʠ 

ʧʣʘʪʬʦʨʤʘ .NET 4.6, 7-ʝ ʠʟʜʘʥʠʝ / ʕ. ʊʨʦʝʣʩʝʥ. ī ʄ.: ɺʠʣʴʷʤʩ, 2016. ï 
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1440 ʩ. 2. ʉʢʠʪ ɼ.  C#. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ / ɼ. 

ʉʢʠʪ ï ʄ.: ɺʠʣʴʷʤʩ, 2011. ï 544 ʩ. 3. ʈʦʙʙʠʥʩ ɼ. ʅ. HTML5, CSS3 ʠ 

JavaScript. ʀʩʯʝʨʧʳʚʘʶʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ / ɼ. ʅ. ʈʦʙʙʠʥʩ ï ʄ. ʕʢʩʤʦ, 

2014. ï 528 ʩ. 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ 46, 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʃʝʚʝʥ 

ɺ.ɸ. E-mail: levenwadim@mail.ru 

 

ʋɼʂ 004.716 

ʅɸʉʊʈʆʁʂɸ ʇʈʆʊʆʂʆʃɸ BATMAN -ADV ɼʃʗ ʉʆɿɼɸʅʀʗ 

ʉʆɹʉʊɺɽʅʅʆʁ MESH-ʉɽʊʀ 

ʄʀʅʀʅ ɸ.ʉ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʭʥʦʣʦʛʠʷ Wi-Fi ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚʩʶʜʫ. ʊʦʯ-

ʢʠ ʜʦʩʪʫʧʘ ʝʩʪʴ ʚ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʘʭ, ʢʘʬʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝ-

ʥʠʷʭ, ʙʠʙʣʠʦʪʝʢʘʭ ʠ ʜʘʞʝ ʚ ʤʝʪʨʦ. ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʩʪ, 

ʪʝʭʥʦʣʦʛʠʷ Wi-Fi ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚ ʙʠʟʥʝʩ ʩʨʝ-

ʜʝ. ʇʦʯʪʠ ʚʩʝʛʜʘ ʚ ʦʬʠʩʘʭ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʡ ʝʩʪʴ 2 ʩʝʪʠ:  

- ʩʝʪʴ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ (ʵʪʦ ʟʘʢʨʳʪʘʷ ʙʝʟʦʧʘʩʥʘʷ 

ʩʝʪʴ ʩ ʜʦʩʪʫʧʦʤ ʢ ʣʦʢʘʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʩʝʪʠ ʠ ʚ ʀʥʪʝʨʥʝʪ). 

- ʩʝʪʴ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʛʦʩʪʝʡ (ʵʪʦ ʦʪʢʨʳʪʘʷ ʩʝʪʴ ʩ ʜʦʩʪʫʧʦʤ 

ʪʦʣʴʢʦ ʚ ʀʥʪʝʨʥʝʪ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʦʩʪʝʚʦʡ ʩʝʪʠ ʠʟʥʘʯʘʣʴʥʦ (ʥʘʧʨʠʤʝʨ, TP-Link 

Archer C50), ʥʦ, ʝʩʣʠ ʧʣʦʱʘʜʴ ʦʬʠʩʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʢʨʳʪʠʝ ʦʜʥʦʛʦ, 

ʧʫʩʪʴ ʠ ʤʦʱʥʦʛʦ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ ʩʦ-

ʪʨʫʜʥʠʢʘʤ ʠ ʛʦʩʪʷʤ, ʦʪʜʘʣʝʥʥʳʤ ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʋ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʪʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʨʝʜ, ʝʩʪʴ ʩʫʱʝ-

ʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ "ʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰ-

ʢʘ", ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʧʦʜʢʣʶʯʝ-

ʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʩʪʘʥʜʘʨʪʘ 802.11, ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʘʟʜʝʣʷʝʤʫʶ ʩʨʝʜʫ, ʛʜʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʥʠʭ ʤʦʞʝʪ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʪʠ ʚʩʝ ʢʣʠʝʥʪʳ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝ 

ʜʦʩʪʫʧʘ, ʠʤʝʶʱʝʡ ʚʳʭʦʜ ʚ ʠʥʪʝʨʥʝʪ [1]. 

ʗʯʝʠʩʪʘʷ (mesh) ʩʝʪʴ ï ʵʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ɺ 

ʩʝʪʠ ʩ ʷʯʝʠʩʪʦʡ ʪʦʧʦʣʦʛʠʝʡ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʚ ʨʦʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʪʘʢ ʠ ʪʦʯʢʠ ʜʦʩʪʫʧʘ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʧʦʟʚʦʣʷʝʪ 



51 

 

ʧʨʠ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʜʘʥʥʳʝ ʥʘ ʙʣʠ-

ʞʘʡʰʝʛʦ, ʤʝʥʝʝ ʟʘʛʨʫʞʝʥʥʦʛʦ ʩʦʩʝʜʘ [2]. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʨʦʡʢʝ ʧʨʦʪʦʢʦʣʘ batman-adv ʥʘ OpenWRT 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ: TP-Link TL-

WR1043ND (2 ʰʪ.) ʠ D-Link dir-620. ʅʘ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʳʣʘ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʧʨʦʰʠʚʢʘ OpenWRT 14.07 Barrier Breaker.  

ʅʘʩʪʨʦʡʢʘ ʧʨʦʪʦʢʦʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʬʘʡʣʦʚ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʬʘʡʣʘʤ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ WinSCP. 

ɺʳʭʦʜ ʚ ʠʥʪʝʨʥʝʪ ʠʤʝʝʪ ʣʠʰʴ ʦʜʠʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ (TP-Link TL-

WR1043ND). ɽʛʦ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʦʩʥʦʚʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

# ɿʥʘʯʝʥʠʝ 

ʇʦʜʩʝʪʴ 192.168.1.0/24 

ʄʘʩʢʘ 255.255.255.0 

ʐʣʶʟ 192.168.1.1 

DHCP Server 192.168.1.100-200 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʚʩʝ ʥʘʩʪʨʦʡʢʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʣʠʩʴ. 

ʄʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʥʘʩʪʨʦʡʢʝ ʜʚʫʭ ʤʝʰ-ʫʟʣʦʚ (mesh nodes).  

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 
 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʤʝʰ-ʫʟʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʬʘʡʣʳ 

/etc/config/wireless ʠ /etc/config/network. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʪ ʩʪʘ-

ʪʠʯʝʩʢʠʡ IP-ʘʜʨʝʩ ʢʘʞʜʦʤʫ ʫʟʣʫ, ʘ ʪʘʢʞʝ ʟʘʧʫʩʢʘʶʪ ʧʨʦʪʦʢʦʣ batman-

adv. 
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ʅʘʩʪʨʦʡʢʘ Node 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʩʪʨʦʡʢʘ ʧʝʨʚʦʛʦ ʤʝʰ-ʫʟʣʘ 

ʅʘʩʪʨʦʡʢʘ Node 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 ï ʅʘʩʪʨʦʡʢʘ ʚʪʦʨʦʛʦ ʤʝʰ-ʫʟʣʘ 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʦʙʘ ʫʟʣʘ ʙʳʣʠ ʧʝʨʝʟʘʧʫʱʝʥʳ, ʧʨʦʪʦʢʦʣ batman-

adv ʟʘʧʫʩʪʠʣʩʷ, ʚʳʭʦʜ ʚ ʠʥʪʝʨʥʝʪ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʥʝ ʪʦʣʴʢʦ ʩ ʦʩʥʦʚʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʦ ʠ ʩ mesh-ʫʟʣʦʚ. 

ɺʳʧʦʣʥʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢ ʚʥʫʪʨʠ ʩʝ-

ʪʠ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʣʠʝʥʪʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ɸʥʪʠʧʦʚʘ ʃ.ɸ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʀʥʬʦʨ-

ʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ // ɻʘʨʘʥʪʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙ-

ʨʘʟʦʚʘʥʠʷ: ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ (28 ʘʧʨʝʣʷ 2017 ʛ., ʛ. ɹʘʨʥʘʫʣ). - ɹʘʨʥʘʫʣ: ʀʟʜ-ʚʦ ɸʣʪɻʊʋ, 

2017. ï ʩ. 94-97.  2. ɸʥʪʠʧʦʚʘ ʃ.ɸ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

MESH-ʪʦʧʦʣʦʛʠʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ Wi-Fi ʩʝʪʠ // ʇʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ ï ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (15 ʷʥʚʘʨʷ 2017 ʛ., ʛ. ɽʢʘʪʝ-

ʨʠʥʙʫʨʛ). ɺ 3 ʯ. ʏ.2 / - ʋʬʘ: ɸʕʊɽʈʅɸ, 2017. ï ʩ. 8-10. 
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401ʘ ʇʂ, ʬʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, ɹʦʨʠʩʦʚʫ ɸ.ʇ.., ʪʝʣ. (385-2) 29-07-18. E-
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ʋɼʂ 625.144.5 

ɺʓɹʆʈ ʄɽʊʆɼɸ ʕʂʉʇʈɽʉʉ ï ʂʆʅʊʈʆʃʗ ʇʃʆʊʅʆʉʊʀ 

ɻʈʋʅʊɸ ʇʅɽɺʄʆʂɸʊʂɸʄʀ 

ʄʆʈɻʋʅʆɺ ʖ.ʖ., ʗʂʋʅʀʅ ɸ.ɻ. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʣʩʷ ʚʳʧʫʩʢ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʨʫʛʠʭ ʥʘ-

ʟʝʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʛʨʫʟʦʢ ʥʘ 

ʜʦʨʦʛʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʩʪʘʣʠ ʯʘʱʝ ʧʦʚʨʝʞʜʘʪʴʩʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʤʥʦʛʠʤ ʧʨʠʯʠʥʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʢʘʯʝ-

ʩʪʚʝʥʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ ʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʜʦʨʦʛʠ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ ʢʘʯʝʩʪʚʫ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʢʦʥʪʨʦʣʝ ʢʘ-

ʯʝʩʪʚʘ ʫʧʣʦʪʥʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʫʧʣʦʪʥʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʦʝ ʢʘʯʝʩʪʚʦ, ʥʦ ʠ ʫʤʝʥʴʰʠʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʨʦʛ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʫʢʘʪʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʠ ʤʠʥʠ-

ʤʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʫʢʘʪʢʠ ʛʨʫʥʪʘ ʧʥʝʚʤʦʢʘʪʢʘʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʦʥʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ  

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʤʝʪʦʜʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ. 

ʎʠʢʣʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʠʤʝʥʷʶʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʧʣʦʪʥʷʶʱʘʷ 

ʤʘʰʠʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʝʜʝʪ ʧʦ ʛʨʫʥʪʫ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʛʨʫʥʪʘ, ʙʝʨʝʪʩʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʤʝʨʦʚ ʧʨʦʙ ʛʨʫʥʪʘ, ʚʟʷʪʳʭ ʠʟ ʨʘʟʥʳʭ 

ʤʝʩʪ ʫʢʘʪʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʘ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ ʤʝʪʦʜʳ ʂʦʚʘʣʝʚʘ, ʨʝʞʫʱʠʭ ʢʦʣʝʮ, ʐʫʨʬʝ-

ʣʫʥʦʢ, ʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʘʨʘʬʠʥʠʨʦʚʘʥʠʷ, ʨʘʜʠʦʠʟʦʪʦʧʥʳʡ ʤʝʪʦʜ. 

ɺ ʤʝʪʦʜʝ ʨʝʞʫʱʠʭ ʢʦʣʝʮ, ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʩ ʧʦʤʦʱʴʶ ʜʦʤ-

ʢʨʘʪʘ ʚʜʘʚʣʠʚʘʝʪʩʷ ʚ ʛʨʫʥʪ, ʘ ʟʘʪʝʤ ʚʳʥʠʤʘʝʪʩʷ ʠ ʚʟʚʝʰʠʚʘʝʪʩʷ ʚʤʝʩʪʝ 

ʩ ʧʨʦʙʦʡ. ʇʦ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʝ ʢʦʣʴʮʘ ʦʧʨʝʜʝʣʷʶʪ ʤʘʩʩʫ ʛʨʫʥʪʘ. ɼʘʣʝʝ 

ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʦʙʲʝʤʫ ʢʦʣʴʮʘ, ʨʘʚʥʦʤʫ ʦʙʲʝʤʫ, ʟʘʥʠʤʘʝʤʳʤ ʛʨʫʥʪʦʤ, 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʧʣʦʪʥʦʩʪʴ [1]. 

ʈʘʜʠʦʠʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʷʜʝʨʥʳʭ ʠʟʣʫʯʝʥʠʡ ʩ ʚʝʱʝʩʪʚʦʤ, ʘ ʠʤʝʥʥʦ ʥʘ ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʝʥʠʷ 



54 

 

ʨʘʩʩʝʷʥʥʦʛʦ ʚʝʱʝʩʪʚʦʤ ʠʟʣʫʯʝʥʠʷ. ʄʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ 

ʠʟʣʫʯʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʦʙʫ ʛʨʫʥʪʘ, ʧʨʦʩʚʝʯʠʚʘʶʪ ʰʠʨʦʢʠʤ ʧʫʯ-

ʢʦʤ ʛʘʤʤʘ - ʢʚʘʥʪʦʚ ʠ ʥʝ ʧʦʛʣʦʱʝʥʥʳʝ ʢʚʘʥʪʳ ʨʝʛʠʩʪʨʠʨʫʝʪ ʜʝʪʝʢʪʦ-

ʨʦʤ [1]. 

ʄʝʪʦʜ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʛʣʫʙʠʥʳ 

ʧʦʛʨʫʞʝʥʠʷ ʟʦʥʜʘ ʚ ʛʨʫʥʪ ʥʝʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʫʩʠ-

ʣʠʠ ʝʛʦ ʧʦʛʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʟʦʥʜʘ ʙʫʜʝʪ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʦʚ ʧʦʜ ʧʦʣʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘ-

ʥʠʡ. 

ʄʝʪʦʜ ʧʘʨʘʬʠʥʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʢʦʥ-

ʪʨʦʣʝ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʂʦʥʪʨʦʣ ɹʤʝʪʦʜʦʤ ʐʫʨʬʝ-ʣʫʥʦʢ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʫʢʣʘʜʢʠ ʜʦ-

ʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠʟ ʱʝʙʝʥʠʩʪʳʭ ʢʨʫʧʥʦʙʣʦʯʥʳʭ ʛʨʫʥʪʦʚ ʠʣʠ ʠʟ ʛʨʫʥ-

ʪʦʚ ʩ ʤʝʨʟʣʳʤʠ ʢʦʤʴʷʤʠ. ʅʘ ʫʧʣʦʪʥʝʥʥʦʤ ʩʣʦʝ ʚʳʢʘʧʳʚʘʶʪ ʣʫʥʢʫ. 

ɺʳʥʫʪʳʡ ʠʟ ʣʫʥʢʠ ʛʨʫʥʪ ʪʱʘʪʝʣʴʥʦ ʩʦʙʠʨʘʶʪ ʠ ʚʟʚʝʰʠʚʘʶʪ. ɺ ʣʫʥʢʫ 

ʯʝʨʝʟ ʚʦʨʦʥʢʫ ʟʘʩʳʧʘʶʪ ʧʝʩʦʢ, ʠʟʤʝʨʷʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʩʳʧʘʥʥʦʛʦ ʧʝʩʢʘ 

ʤʝʨʥʳʤ ʮʠʣʠʥʜʨʦʤ. ʆʙʲʝʤ ʧʝʩʢʘ ʙʫʜʝʪ ʨʘʚʝʥ ʦʙʲʝʤʫ ʣʫʥʢʠ ʠ ʧʦ ʥʝʤʫ 

ʠ ʤʘʩʩʝ ʚʳʥʫʪʦʛʦ ʛʨʫʥʪʘ ʦʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ [1]. 

ɺʦ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʘʭ ʙʝʨʫʪʩʷ ʧʨʦʙʳ ʛʨʫʥʪʘ, ʣʠʙʦ 

ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ 

ʣʠʰʴ ʥʘ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʢʨʠʪʝ-

ʨʠʝʤ ʜʣʷ ʩʫʞʜʝʥʠʷ ʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ ʧʦ ʚʩʝʡ ʧʣʦ-

ʱʘʜʠ. ʇʦʵʪʦʤʫ ʩʦʚʤʝʩʪʥʦ ʩ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝ-

ʥʷʪʴ ʥʝʧʨʝʨʳʚʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, ʜʘʶʱʠʝ ʦʮʝʥʢʫ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʫʧʣʦʪʥʝʥʠʷ. 

ʅʝʧʨʝʨʳʚʥʳʝ ʤʝʪʦʜʳ. ʈʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ.  

ʇʨʠ ʫʧʣʦʪʥʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʠ ʚʠʙʨʦʪʨʘʤʙʫʶʱʠʤʠ ʤʘʰʠʥʘʤʠ 

ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ [3]: 

- ʧʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚʦʟʙʫʜʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ; 

- ʧʦ ʨʘʟʥʦʩʪʠ ʫʜʘʨʥʦʡ ʩʠʣʳ ʛʨʫʥʪʘ; 

- ʧʦ ʨʘʟʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢʘʪʢʘ; 

- ʧʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʠ; 

- ʧʦ ʚʳʩʦʪʝ ʦʪʩʢʦʢʘ ʪʨʘʤʙʫʶʱʝʡ ʫʜʘʨʥʦʡ ʯʘʩʪʠ. 

ɼʣʷ ʚʠʙʨʦʢʘʪʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʤʝʪʦʜʦʚ. 

ɺ ʚʠʙʨʦʢʘʪʢʘʭ ʚʥʫʪʨʠ ʚʘʣʴʮʘ ʫʩʪʘʥʦʚʣʝʥ ʜʝʙʘʣʘʥʩʥʳʡ ʚʦʟʙʫʜʠʪʝʣʴ 

ʢʦʣʝʙʘʥʠʡ. ɺʦʟʤʫʱʘʶʱʘʷ ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʦʪ ʚʨʘʱʝʥʠʷ ʜʝʙʘʣʘʥ-

ʩʦʚ, ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʘʣʝʮ. ʇʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʠʟʤʝ-

ʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚʦʟʙʫʜʠʪʝʣʷ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʦʩʥʦ-
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ʚʘʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʚʦʟʙʫʜʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ [1]. 

ʇʨʠʚʦʜ ʢʘʪʢʘ ʠ ʚʦʟʙʫʜʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʜʚʠʛʘʪʝ-

ʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʫʧʣʦʪʥʝʥʠʷ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʙʦʣʝʝ ʫʧʣʦʪʥʝʥ-

ʥʳʡ ʩʣʦʡ ʚʦʩʧʨʠʥʠʤʘʝʪ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥ ʤʝʪʦʜ ʢʦʥ-

ʪʨʦʣʷ ʧʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝ-

ʙʘʥʠʡ ʢʘʪʢʘ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʧʣʦʪʥʦʡ ʠʣʠ ʨʳʭʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʷʤ. ɼʘʪʯʠʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʨʘʤʝ ʢʘʪʢʘ ʚʙʣʠʟʠ ʫʧʣʦʪ-

ʥʷʶʱʝʛʦ ʚʘʣʴʮʘ, ʜʘʪʯʠʢ ʦʪʤʝʯʘʝʪ ʫʩʢʦʨʝʥʠʝ ʚʘʣʴʮʘ ʩ ʠʥʪʝʨʚʘʣʘʤʠ 5 ʠ 

30 ʩʝʢʫʥʜ, ʧʦʢʘʟʘʥʠʷ ʧʦʩʪʫʧʘʶʪ ʢ ʘʥʘʣʠʟʘʪʦʨʫ, ʛʜʝ ʩʪʝʧʝʥʴ ʫʧʣʦʪʥʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʥʦʩʪʠ ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝ-

ʙʘʥʠʡ [1]. 

ɺ ʜʨʫʛʦʤ ʩʧʦʩʦʙʝ ʠʟʤʝʨʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʩʦ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʡ ʦʮʝʥʢʦʡ ʫʜʘʨʥʳʭ ʩʠʣ. ʇʨʠ ʨʘʙʦʯʝʤ ʧʨʦʭʦʜʝ ʢʘʪʢʘ ʤʝʞʜʫ ʚʠʙʨʠ-

ʨʫʶʱʠʤ ʚʘʣʴʮʦʤ ʠ ʫʧʣʦʪʥʷʝʤʳʤ ʛʨʫʥʪʦʤ ʜʝʡʩʪʚʫʶʪ ʫʜʘʨʥʳʝ ʩʠʣʳ, 

ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ. ʇʦ ʟʥʘʯʝʥʠʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʫʜʘʨ-

ʥʳʭ ʩʠʣ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʧʣʦʪʥʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʚʝʣʠʯʠʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ 

ʨʳʭʣʦʤ ʤʘʪʝʨʠʘʣʝ ʚʘʣʝʮ ʨʘʙʦʪʘʝʪ ʣʠʰʴ ʩ ʤʘʣʦʡ ʫʜʘʨʥʦʡ ʩʠʣʦʡ, ʧʦ-

ʩʢʦʣʴʢʫ ʛʨʫʥʪ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʣʦʪʥʳʡ 

ʛʨʫʥʪ, ʥʘʦʙʦʨʦʪ, ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʫʜʘʨʥʘʷ 

ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢ ʧʥʝʚʤʦ-

ʢʘʪʢʘʤ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʤʦʛʫʪ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʘʙʦʪʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʪʦʣʴʢʦ ʚʠʙʨʦʤʘʰʠʥʘʤ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʧʨʠ ʝʛʦ ʫʧʣʦʪʥʝʥʠʠ ʩʪʘʪʠʯʝ-

ʩʢʠʤʠ ʢʘʪʢʘʤʠ  ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʫʢʘʪʳʚʘʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ [3]: 

- ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʡ ʰʠʥʳ ʩ ʛʨʫʥʪʦʤ; 

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠ ̫ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʣʫʯʝʥʠʡ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ; 

- ʚʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʣʦʷ ʛʨʫʥʪʘ.  

ʊʘʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ. ʇʨʠʥʮʠʧ ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʵʪʦʤ ʷʚʣʝʥʠʠ ʤʝʪʦʜʝ ʦʩʥʦ-

ʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʚʝʥʮʝʚʦʡ 

ʰʝʩʪʝʨʥʠ ʙʦʨʪʦʚʦʡ ʧʝʨʝʜʘʯʠ ʢ ʚʝʜʫʱʝʤʫ ʚʘʣʴʮʫ ʢʘʪʢʘ. ʆʢʨʫʞʥʦʝ ʫʩʠ-

ʣʠʝ ʥʘ ʚʝʥʮʝʚʦʡ ʰʝʩʪʝʨʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʠʣʝ ʪʷʛʠ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠ-
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ʮʠʝʥʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʢʘʪʳʚʘʥʠʶ ʢʘʪʢʘ. ʕʪʦ ʫʩʠʣʠʝ ʦʪ ʚʝʥʮʝʚʦʡ 

ʰʝʩʪʝʨʥʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʦʨʰʝʥ,ɹ ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʜʘʚʣʝʥʠʝ ʚ ʮʠʣʠʥʜʨʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʞʠʜʢʦʩʪʴʶ. ʎʠʣʠʥʜʨ ʯʝʨʝʟ ʪʨʫʙʢʠ ʠ 

ʧʝʨʝʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʝʜʠʥʝʥ ʩ ʤʘʥʦʤʝʪʨʦʤ. ɼʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦ-

ʢʘʟʳʚʘʝʪ ʤʘʥʦʤʝʪʨ, ʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ, ʥʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʫʩʠʣʠʶ, ʢʦʪʦʨʦʝ ʧʨʠʣʦʞʠʣ ʢʘʪʦʢ ʧʨʠ ʫʢʘʪʢʝ. ɽʩʣʠ ʪʘʢʦʝ 

ʫʩʠʣʠʝ ʧʝʨʝʩʪʘʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʩʪʫʧʠʣ ʤʦʤʝʥʪ 

ʦʢʦʥʯʘʥʠʷ ʫʢʘʪʢʠ ʛʨʫʥʪʘ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥ-

ʪʘ (ʨʠʩʫʥʦʢ 1). ʅʘ ʦʩʠ 6 ʚʘʣʴʮʘ 1 ʢʘʪʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʢʨʝʧʷʪʩʷ ʜʚʘ 

ʜʠʩʢʘ 3, ʩ ʢʦʪʦʨʳʤʠ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʳ ʢʦʨʦʤʳʩʣʘ 4. ʅʘ ʠʭ ʢʦʥʮʘʭ 

ʢʨʝʧʷʪʩʷ ʥʝʙʦʣʴʰʠʝ ʚʘʣʢʠ 2, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜʠ ʚʘʣʴ-

ʮʘ, ʜʨʫʛʦʡ ʩʟʘʜʠ.  

ʈʘʟʥʦʩʪʴ ʦʪʤʝʪʦʢ ʛʦʨʠʟʦʥʪʦʚ ʜʚʠʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʝʣʠʯʠʥʝ 

ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʧʣʦʪʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦ ʤʝʨʝ ʫʧʣʦʪʥʝʥʠʷ 

ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʵʪʘ ʨʘʟʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʤʝʥʴʰʝ ʠ ʤʝʥʴʰʝ, ʩʪʨʝ-

ʤʷʩʴ ʢ ʥʫʣʶ. ɺ ʢʦʥʮʝ ʫʢʘʪʢʠ, ʢʦʛʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʘ-

ʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʦʙʘ ʚʘʣʢʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. ʕʪʦʪ 

ʤʦʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʣʦʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʈʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʧʦ ʚʳʩʦʪʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʠʛʥʘ-

ʣʦʤ, ʧʦʜʘʚʘʝʤʳʤ ʥʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜ-

ʚʠʞʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ 5, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʮʝʧʴ. ʇʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʳ-

ʯʘʞʢʦʤ, ʫʢʨʝʧʣʝʥʥʳʤ ʥʘ ʦʜʥʦʤ ʠʟ ʜʠʩʢʦʚ, ʘ ʢʦʨʧʫʩ ʩʘʤʦʛʦ ʨʝʟʠʩʪʦʨʘ 

ʢʨʝʧʠʪʩʷ ʥʘ ʜʨʫʛʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʫʢʘʪʢʠ ʧʦʢʘʟʘʥʠʷ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ ʦʪ 

ʧʨʦʭʦʜʘ ʢ ʧʨʦʭʦʜʫ ʤʝʥʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʦʨʦʪʘ ʨʳʯʘʞʢʘ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʠʟʤʝ-

ʥʝʥʠʷ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ ʢʘʯʘʥʠʷ ʚʘʣʢʦʚ. ʂʘʢ ʪʦʣʴʢʦ ʧʦʢʘʟʘʥʠʷ ʤʠʣʣʠ-

ʘʤʧʝʨʤʝʪʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ, ʧʨʦʮʝʩʩ ʫʢʘʪʢʠ ʧʦʣʦʩʳ ʟʘʢʦʥʯʝʥ. 
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ɺ ʉʐɸ ʠ ɸʥʛʣʠʠ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʙʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. ʆʪ ʠʩʪʦʯʥʠ-

ʢʘ ʠʟʣʫʯʝʥʠʷ (ʮʝʟʠʡ - 137) ʣʫʯʠ ʧʨʦʥʠʢʘʶʪ ʚ ʫʧʣʦʪʥʷʝʤʳʡ ʤʘʪʝʨʠʘʣ ʠ 

ʦʪʨʘʞʘʶʪʩʷ ʦʙʨʘʪʥʦ ʚ ʚʠʜʝ ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ ʚ ʩʯʝʪʯʠʢ ɻʝʡʛʝʨʘ - 

ʄʶʣʣʝʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʝʡ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʣʦʪʥʦʩʪʠ ʫʧʣʦʪʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʠʛʥʘʣʳ ʩʦ ʩʯʝʪʯʠʢʘ ʧʦʩʪʫʧʘʶʪ 

ʥʘ ʢʦʥʪʨʦʣʴʥʦ-ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʧʨʠʙʦʨ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʠʙʦʨʳ ʠ ʤʘʪʝ-

ʨʠʘʣʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠ ̫ʠ ʩʦʙʣʶʜʝʥʠ ̫

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ. 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʣʠʙʦ 

ʩʣʦʞʥʳ ʚ ʫʩʪʘʥʦʚʢʝ, ʣʠʙʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ, 

ʣʠʙʦ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʙʦʣʴʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʜʣʷ ʧʝʨʝʫʩʪʨʦʡ-

ʩʪʚʘ ʢʘʪʢʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ. ʕʪʠʭ ʥʝʜʦʩʪʘʪ-

ʢʦʚ ʣʠʰʝʥ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [2] ʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʪ-

ʥʦʰʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʢʦʣʝʩ. ʀʟʤʝʨʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʚ ʵʪʦʤ ʤʝʪʦʜʝ, ʢʘʢ ʠ ʚʦ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʤʝʪʦʜʘʭ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʚʝʜʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠ-

ʩʫʥʢʘ 2, ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ, ʪʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʦʛʦ, ʨʘʜʠʫʩʘ ʢʦʣʝʩʘ. ʇʨʠ ʧʝʨʚʳʭ ʧʨʦʭʦʜʘʭ, 

ʢʦʛʜʘ ʛʨʫʥʪ ʝʱʝ ʨʳʭʣʳʡ, ʫʧʣʦʪʥʷʶʱʝʝ ʢʦʣʝʩʦ (ʧʥʝʚʤʘʪʠʢ) ʚʝʜʝʪ ʩʝʙʷ 

ʢʘʢ ʞʝʩʪʢʦʝ ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʨʘʜʠʫʩ ʢʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʡ (ʨʠʩʫʥʦʢ 2 

ʘ). ʇʦ ʤʝʨʝ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ ʦʥ ʚʩʝ ʤʝʥʴʰʝ ʧʦʜʜʘʝʪʩʷ ʜʝʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢ ʢʘʢ ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʢʘʪʢʘ ʥʘ ʰʠʥʫ ʩʠʣʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʪʦ, 

ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʘʚʣʝʥʠʝ ʚ ʪʦʯʢʝ 

ʢʦʥʪʘʢʪʘ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ ʰʠʥʳ (ʨʠʩʫʥʦʢ 2 

ʙ).  ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʢʘʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ, 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʪʢʘ, ʚʦʟʨʘʩʪʘʝʪ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʰʠʥʳ.  

 
ʘ)      ʙ) 

 

ʈʠʩʫʥʦʢ 2 - ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʨʘʟʥʦʩʪʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ: 

 ʘ) ʜʚʠʞʝʥʠʝ  ʰʠʥʳ ʧʥʝʚʤʦʢʘʪʢʘ ʧʦ ʨʳʭʣʦʤʫ ʛʨʫʥʪʫ;  

ʙ) ʜʚʠʞʝʥʠʝ ʰʠʥʳ ʧʥʝʚʤʦʢʘʪʢʘ ʧʦ ʫʢʘʪʘʥʥʦʤʫ ʛʨʫʥʪʫ 
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ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʢʘʪʢʘ ʧʨʠ  ʠʟʤʝʥʝʥʠʠ  

ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʥʦʰʝʥʠʝ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʢʦʣʝʩ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʥʳʭ ʦʩʷʭ ʢʘʪʢʘ, ʚʩʝ ʨʘʚ-

ʥʦ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʩʠʣʝ ʚʝʩʘ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʵʪʠʤ 

ʦʩʷʤ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠʪʦʛʦʚʘʷ ʬʦʨ-

ʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

kk
ʊ

ʊ
ɻʦɻʨ ÖÖ=

2

1r  ,    (1) 

ʛʜʝ T1/T2 ï ʦʪʥʦʰʝʥʠʝ ʧʝʨʠʦʜʦʚ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ, ɻʦk - ʢʦʵʬʬʠʮʠ-

ʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ, ʩʚʦʡʩʪʚ ʰʠʥ ʠ ʦʪʥʦʰʝʥʠʷ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʩʴʶ ʢʘʪʢʘ, k - ʧʦʧʨʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʘʪʢʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʜʣʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ (1), ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʵʪʠʤ 

ʤʝʪʦʜʦʤ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ ʢʘʪʢʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝ-

ʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʘ. 

ʃʠʪʝʨʘʪʫʨʘ. 1.  ʀʟʤʝʨʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ / ʇʨʦʬʦʩ ʇ.: ʉʧʨʘ-

ʚʦʯʥʠʢ,. ïʄ: ʄʝʪʘʣʣʫʨʛʠʷ, 1980. 648ʩ. 2. ʇʘʪʝʥʪ ˉ2082850 ʦʪ 27.06.97 

3. ʄʘʰʠʥʳ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʦʚ./ ʍʘʨʭʫʪʘ ʅ.ʗ. ïʃ. ʄʘʰʠʥʦʩʪʨʦʝ-

ʥʠʝ, 1973ʛ. ï176ʩ.:ʠʣ 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46, 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʈɸɿʈɸɹʆʊʂɸ ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʆʁ ʉʀʉʊɽʄʓ  

ʋʇʈɸɺʃɽʅʀʗ ɺʇʈʓʉʂʆʄ ɺʆɼʆʄɽʊɸʅʆʃɸ 

ʅɽʉʊɽʈɽʅʂʆ ʉ.ʉ., ʗʂʋʅʀʅ ɸ.ɻ. 

ɾʠʟʥʴ ʥʘ ʟʝʤʣʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝ-

ʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʦʩʦʙʝʥʥʦ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʘ. ʄʝʞʜʫ 

ʤʠʨʦʚʳʤʠ ʘʚʪʦʢʦʥʮʝʨʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʞʝʩʪʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ, ʢʦʪʦʨʘʷ 

ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ, ʵʨʛʦʥʦʤʠʢʠ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʥʝ 

ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥ-
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ʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʦʥʠ 

ʢʘʩʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʦʱʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ. ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩ-

ʪʝʤ ʬʦʨʩʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʪʫʨʙʦʥʘʜʜʫʚ, ʩʠʩʪʝʤʳ ʠʟʤʝʥʝʥʠʷ ʬʘʟ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʜʨ. ʇʦʛʦʥʷ ʟʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ ʦʙʣʝʛ-

ʯʝʥʠʶ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʤʝʥʝʥʠʶ ʚ ʥʠʭ ʙʦʣʝʝ ʣʸʛʢʠʭ ʠ ʤʝʥʝʝ ʧʨʦʯʥʳʭ 

ʩʧʣʘʚʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʤʦʪʦʨʳ ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʘ ʠʭ ʩʣʫʞʙʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪ-

ʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʝʩʣʠ ʥʝ ʚʦʜʦʤʝʪʘʥʦʣʘ, 

ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ, ʪʦ ʭʦʪʷ ʙʳ ʧʨʦʩʪʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʥʘʜʜʫʚʘ, ʪʘʢ 

ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʚʧʨʳʩʢʘ ʚʦʜʦʤʝʪʘʥʦʣʘ ʩ ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠ-

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ. ɺʦʟʜʫʭ ʧʦʜʘʸʪʩʷ ʚ ʜʚʠʛʘʪʝʣʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʇʘʩʢʘʣʴ. ʏʝʤ ʙʦʣʴʰʝ ʵʪʦ ʜʘʚʣʝʥʠʝ, ʪʝʤ ʙʦʣʴ-

ʰʝ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʧʦʧʘʜʘʝʪ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʘ ʟʥʘʯʠʪ, 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʞʝʯʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ ʟʘ ʦʜʠʥ ʨʘʙʦʯʠʡ 

ʮʠʢʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʨʫʪʷʱʝ-

ʛʦ ʤʦʤʝʥʪʘ ʠ ʤʦʱʥʦʩʪʠ ʤʦʪʦʨʘ [1]. 

ʆʜʥʘʢʦ, ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦ-

ʙʣʝʤʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʞʘʪʠʠ ʚʦʟʜʫʭ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ 

ʧʦʥʠʞʘʝʪʩʷ, ʘ ʟʥʘʯʠʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘʜʜʫʚʘ. 

ʊʘʢʞʝ ʜʚʠʛʘʪʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʜʜʫʚʘ ʠʩʧʳʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʝ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝ-

ʥʠʷ ʧʘʨʦʚ ʙʝʥʟʠʥʘ ʧʦʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ɺʩʝ ʵʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ ʜʝʪʦʥʘʮʠʠ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʛʘʪʝʣʴ ʠ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʝʛʦ ʠʟ ʩʪʨʦʷ [2]. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʚʧʨʳʩʢʘ ʚʦʜʦʤʝʪʘʥʦʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʜʣʷ ʤʦʪʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʥʘʜʜʫʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ 

ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʬʦʨʩʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʚʧʨʳʩʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʚʦʜʳ, ʪʘʢ ʠ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʩ 

ʚʦʜʦʡ ʚ ʪʨʝʙʫʝʤʳʭ ʧʨʦʧʦʨʮʠʷʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʚʦʜʦʤʝʪʘ-

ʥʦʣʘ ʥʘ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺʦʜʦʤʝʪʘʥʦʣ ʨʘʩʧʳ-

ʣʷʝʪʩʷ ʚʦ ʚʧʫʩʢʥʦʤ ʪʨʘʢʪʝ ʜʚʠʛʘʪʝʣʷ, ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʟʜʫʭʦʤ ʠ ʚʤʝ-

ʩʪʝ ʩ ʥʠʤ ʧʦʩʪʫʧʘʝʪ ʚ ʮʠʣʠʥʜʨʳ ʜʚʠʛʘʪʝʣʷ. ʊʘʢ ʢʘʢ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʚʳ-

ʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʧʦʛʣʦʱʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʝʤ. ʏʝʤ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ ʧʣʦʪʥʦʩʪʴ, ʘ ʟʥʘʯʠʪ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ. ʊʘʢʞʝ ʟʘ ʩʯʸʪ ʧʦʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʧʫʩʢʝ ʤʦʪʦʨʘ, ʧʦʥʠʞʘʝʪʩʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʛʨʫ-
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ʞʝʥʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʜʝʪʦʥʘʮʠʠ. ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ 

ʜʝʪʦʥʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʪʦʧʣʠʚʦ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʦʢʪʘʥʦʚʳʤ 

ʯʠʩʣʦʤ, ʣʠʙʦ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʜʚʠʛʘʪʝʣʷ. ɺ ʠʪʦʛʝ ʠʤʝʝʤ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʡ ʢ ʢʘʯʝʩʪʚʫ ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʠʤʝʶʱʠʡ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʦʱʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʙʝʥʟʠʥʦʚʦʛʦ 

ɼɺʉ ʤʦʛʫʪ ʥʘʛʨʝʚʘʪʴʩʷ ʩʚʳʰʝ 500 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʂʦʛʜʘ ʚʦʜʘ ʧʦ-

ʧʘʜʘʝʪ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ, ʦʥʘ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩʦ ʩʪʝʥʢʘʤʠ ʢʘʤʝʨʳ ʩʛʦ-

ʨʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʦʩʪʘʪʢʘʤʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʠʤʝʶʱʠʤʠ 

ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʸ ʟʘʢʠʧʘʥʠʶ. ʇʨʠ ʢʠʧʝʥʠʠ ʚʦ-

ʜʳ ʝʸ ʦʙʲʝʤ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʜʘʚʣʝʥʠʝ ʚ 

ʮʠʣʠʥʜʨʝ ʠ ʧʦʚʳʰʘʝʪ ʂʇɼ ʜʚʠʛʘʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʘ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʚʠʛʘʪʝʣʝ, ʠ ʧʦʟʚʦʣʷʝʪ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

ʊʝʧʝʨʴ ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʥʦʣʘ. ʄʝʪʘ-

ʥʦʣ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʦʢʦʣʦ 156 (ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ). ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʝʪ ʜʝʪʦ-

ʥʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʪʦʧʣʠʚʘ, ʪʦ ʝʩʪʴ ʛʦʨʶʯʘʷ ʩʤʝʩʴ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ ʩʧʦʩʦʙʥʘ ʚʳʜʝʨʞʘʪʴ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʥʘʛʨʝʚ ʠ ʩʞʘ-

ʪʠʝ ʙʝʟ ʚʟʨʳʚʥʦʛʦ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. ɺʧʨʳʩʢ ʤʝʪʘʥʦʣʘ ʚ ʪʦʧʣʠʚʥʫʶ 

ʩʤʝʩʴ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʝʸ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʜʦ 100-105 (ʩʦʚʤʝʩʪʥʦ ʩ 

ʙʝʥʟʠʥʦʤ ɸ-98). ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʩʪʦʡʢʘʷ ʢ ʜʝʪʦʥʘʮʠʠ 

ʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʥʘʜʜʫʚ ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʞʝ, ʚʧʨʳʩʢ ʚʦʜʦʤʝʪʘʥʦʣʘ ʦʯʠʱʘʝʪ ʜʝʪʘʣʠ 

ʜʚʠʛʘʪʝʣʷ ʦʪ ʥʘʛʘʨʘ ʠ ʦʪʣʦʞʝʥʠʡ, ʯʪʦ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ ʠ 

ʧʦʚʳʰʘʝʪ ʂʇɼ ʤʦʪʦʨʘ.  

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʚʧʨʳʩʢʘ ʪʨʝʙʫʝʪ ʪʦʯʥʦʡ ʜʦʟʠʨʦʚʢʠ ʧʦ-

ʜʘʯʠ ʚʦʜʦʤʝʪʘʥʦʣʘ, ʟʘʚʠʩʷʱʝʡ ʢ ʪʦʤʫ ʞʝ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɼɺʉ ʠ ʜʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʪʝʭʥʠʯʝ-

ʩʢʫʶ ʟʘʜʘʯʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩ ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʥʠʢʠ, ʫʩʪʘʥʦʚʢʘ 

ʚʧʨʳʩʢʘ ʚʦʜʦʤʝʪʘʥʦʣʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʟʘʜʘʯʝʡ, ʘ ʩʦʟʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʙʶʜʞʝʪʥʦʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʧʨʳʩʢʦʤ ʚʦʜʦʤʝʪʘʥʦʣʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʨʝʰʝʥʠʡ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦ-

ʩʪʴʶ ʠ ʨʘʩʰʠʨʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʉʠʩʪʝʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʦʙʲʝʤ ʚʦʜʦʤʝʪʘʥʦʣʘ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʚʧʨʳ-

ʩʢʘ ʧʦ ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪʩʷ ʚ ʥʘʩʪʨʦʡʢʘʭ ʩʠʩʪʝʤʳ 

ʚʧʨʳʩʢʘ ï ʧʦ ʜʘʚʣʝʥʠʶ ʚʦ ʚʧʫʩʢʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʠ ʧʦ ʮʠʢʣʠʯʝʩʢʦʡ ʟʘ-
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ʛʨʫʟʢʝ ʰʪʘʪʥʦʡ ʪʦʧʣʠʚʥʦʡ ʬʦʨʩʫʥʢʠ. ɼʘʚʣʝʥʠʝ ʚʦ ʚʧʫʩʢʥʦʤ ʢʦʣʣʝʢʪʦ-

ʨʝ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʜʚʠʛʘʪʝʣʝʤ, ʘ ʮʠʢʣʠ-

ʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʬʦʨʩʫʥʢʠ ʦʪʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʚʧʨʳʩʥʫʪʦʛʦ 

ʦʜʥʦʡ ʬʦʨʩʫʥʢʦʡ ʟʘ ʦʜʠʥ ʨʘʙʦʯʠʡ ʮʠʢʣ ʜʚʠʛʘʪʝʣʷ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ  

 

ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʰʪʘʪʥʳʭ ʩʠʩʪʝʤ ʚʧʨʳʩʢʘ ʪʦʧʣʠ-

ʚʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʝ ʥʘʨʫʰʘʝʪ ʠʭ ʨʘʙʦʪʫ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʦʣʴʢʦ ʚʦʜʳ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʘʥʦʣ ï ʵʪʦ ʪʦʞʝ ʪʦʧʣʠʚʦ, ʪʦ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʥʝʢʦʪʦʨʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ 

ʪʦʧʣʠʚʘ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

(ʕɹʋ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ. ʆʩʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʜʣʷ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ, ʚʳʙʠʨʘʝʪ ʩʘʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʩʭʦʜʷ ʠʟ 

ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʜʫʣʝ. ɼɸɼ (ʜʘʪʯʠʢ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ) ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦ ʚʧʫʩʢʥʦʤ ʢʦʣʣʝʢʪʦʨʝ. ɼʘʪʯʠʢ 
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ʫʨʦʚʥʷ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʩʠʩʪʝʤʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚʦʜʦʜʤʝʪʘʥʦʣʘ ʚ ʙʘʢʝ. ʅʘ 

ʚʭʦʜ INJ ʧʦʜʘʶʪʩʷ ʠʤʧʫʣʴʩʳ ʩʦ ʰʪʘʪʥʦʡ ʪʦʧʣʠʚʥʦʡ ʬʦʨʩʫʥʢʠ. 

 ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ 

ʚʳʭʦʜ OUT2 ʠ ʚʳʭʦʜ OUT2, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʐʀʄ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʕɹʋ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʚʦʜʦʤʝʪʘʥʦʣʘ ʢ ʥʘʩʦʩʫ ʠ ʬʦʨʩʫʥʢʝ. 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʚʦʜʦʤʝʪʘʥʦʣʘ 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʥʘʩʦʩ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʫʧʨʘʚʣʷʝʤʦʤʫ 

ʚʳʭʦʜʫ ʠ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʝʪ ʧʦʩʪʦʷʥʥʦ. ʈʝʛʫʣʷʪʦʨ ʜʘʚʣʝ-

ʥʠʷ ʩʙʨʘʩʳʚʘʝʪ ʣʠʰʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʤʝʪʘʥʦʣʘ ʦʙʨʘʪʥʦ ʚ ʙʘʢ, ʙʣʘ-

ʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʝʨʝʜ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʢʣʘʧʘʥʦʤ. ʈʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ ʠʤʝʝʪ ʩʚʷʟʴ ʩ ʚʧʫʩʢ-

ʥʳʤ ʧʘʪʨʫʙʢʦʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʜʘʚʣʝʥʠʷ 

ʚʦʜʦʤʝʪʘʥʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚʦ ʚʧʫʩʢʥʦʤ ʧʘʪʨʫʙ-

ʢʝ. ɺʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ ʩ ʬʫʥʢʮʠʝʡ ʥʘʩʪʨʦʡʢʠ 

ʜʘʚʣʝʥʠʷ ʩʙʨʦʩʘ. 

ʐʀʄ ʩʠʛʥʘʣ ʩ ʧʝʨʚʦʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʭʦʜʘ ʧʦʜʘʸʪʩʷ ʥʘ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʛʫʣʠ-

ʨʦʚʢʘ ʩʪʝʧʝʥʠ ʧʦʜʘʯʠ ʚʦʜʦʤʝʪʘʥʦʣʘ. ʂʣʘʧʘʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʦʨʤʘʣʴʥʦ 

ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʪʦ ʝʩʪʴ ʙʝʟ ʧʦʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʥ ʜʦʣ-

ʞʝʥ ʙʳʪʴ ʟʘʢʨʳʪ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʢʣʘʧʘʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʚʳʙʨʘʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʠ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʴʶ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚʦʜʦʤʝʪʘʥʦʣʘ ʠ ʧʨʠʤʝʥʝʥʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʣʘʧʘʥʘ, ʫʜʘʸʪʩʷ ʜʦʩʪʠʯʴ ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ ʧʦʜʘʯʠ 

ʚʦʜʦʤʝʪʘʥʦʣʘ. 

ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ATmega8 ʬʠʨʤʳ Atmel, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ [3]. 
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ʋʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦ-

ʨʘ. ʇʦʩʪʫʧʘʶʱʠʡ ʥʘ ʰʪʘʪʥʫʶ ʪʦʧʣʠʚʥʫʶ ʬʦʨʩʫʥʢʫ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʚʭʦʜ ʕɹʋ ʯʝʨʝʟ ʦʧʪʦʧʘʨʫ 4N35. ɼʣʷ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʠʩʧʣʝʡ WH1602. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʨʝʘʣʠʟʦʚʘʥʦ ʚ 

ʩʨʝʜʝ Atmel AVR Studio ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ. ɹʣʘʛʦʜʘʨʷ 

ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʘʣʠʟʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ, ʚʦʟʣʦ-

ʞʝʥʥʳʭ ʥʘ ʕɹʋ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʩ ʧʝʨʠʬʝʨʠʡ-

ʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʤʦʜʫʣʝʤ ʠʥʜʠʢʘʮʠʠ ʠ ʪ.ʜ. 

ɼʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʘʩʪʨʦʝʢ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚʧʨʳʩʢʦʤ ʠ ʠʭ 

ʧʝʨʝʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʛʣʘʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʘʨʪʦʡ ʚʧʨʳʩʢʘ 

ʚʦʜʦʤʝʪʘʥʦʣʘ ʧʦ ʜʘʚʣʝʥʠʶ. 

 
ʈʠʩʫʥʦʢ 3 - ʂʘʨʪʘ ʚʧʨʳʩʢʘ ʧʦ ɼɸɼ 

 

ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʷʟʳʢʝ C# ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚʘ ʩʦʟ-

ʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ Windows Forms [4]. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʪʫʧʘʝʪ Microsoft Visual Studio Community 2015 ʙʝʩ-

ʧʣʘʪʥʘʷ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʭʦʜʠʪ ʪʝʩʪʦʚʳʝ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʝ SAAB 9000. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʍʘʢ, ɻʝʨʪ ʃʘʥʛʢʘʙʝʣʴ ʊʫʨʙʦʜʚʠʛʘʪʝʣʠ ʠ ʢʦʤʧʨʝʩ-

ʩʦʨʳ: ʩʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ [ʊʝʢʩʪ] / ɻ. ʃ. ʍʘʢ. ï ʄʦʩʢʚʘ: ɸʉʊ, 2003. ï 

350 ʩ. 2. ɼʤʠʪʨʠʝʚʩʢʠʡ, ɸ.ɺ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʙʝʥʟʠʥʦʚʳʝ ʜʚʠʛʘʪʝʣʠ 

[ʊʝʢʩʪ] / ɸ.ɺ. ɼʤʠʪʨʠʝʚʩʢʠʡ. ï ʄʦʩʢʚʘ: ʆʆʆ çʀʟʜʘʪʝʣʴʩʪʚʦ ɸʉʊè, 

2003. ï 128 ʩ. 3. 8-bit AVR Microcontroller ATmega8A Datasheet Com-

plete [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 

http://www.atmel.com/Images/atmel-8159-8-bit-avr-microcontroller-

atmega8a_datasheet.pdf (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.10.2017). 4. ʈʠʭʪʝʨ, 
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ɼʞʝʬʬʨʠ CLR via C#. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ Microsoft 

.NET Framework 4.5 ʥʘ ʷʟʳʢʝ C# [ʊʝʢʩʪ] / ɼ. ʈʠʭʪʝʨ ï 4-ʝ ʠʟʜ. ï ʉʇʙ.: 

ʇʠʪʝʨ, 2017. ï 896 ʩ. 

 

ʋɼʂ 004.716 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺɽʂʊʆʈʅʆɻʆ ʇʆʃʗ ʉʂʆʈʆʉʊɽʁ  

ɺ ʎʀʂʃʆʅɽ-ʉɽʇɸʈɸʊʆʈɽ 

ʅʀʂʆʃɸɽɺɸ ɺ.ʂ., ʉɸʇʈʓʂʀʅ ɸ.ʈ., ɿʃʆʏɽɺʉʂʀʁ ɺ.ʃ.,  

ɹʆʈʀʉʆɺ ɸ.ʇ. 

ʊʦʣʴʢʦ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶ-

ʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 427, ʚ ʪʦʤ ʯʠʩʣʝ 53 ʠʟ ʥʠʭ ʢʨʫʧʥʳʝ ʠ 

ʩʨʝʜʥʠʝ. ʆʯʠʩʪʢʘ ʚʦʟʜʫʭʘ - ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʥʘ ʚʩʝʭ ʟʘʚʦʜʘʭ, 

ʛʜʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʭʨʘʥʠʪʩʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚʦʟʜʫʭʦʤ ʧʦʨʦʰʢʦʦʙ-

ʨʘʟʥʦʝ ʩʳʨʴʸ. ʇʦʵʪʦʤʫ ʦʯʠʩʪʢʘ ʠ ʨʘʟʜʝʣʝʥʠʝ ʘʵʨʦʩʤʝʩʝʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʯʠʩʣʫ ʚʘʞʥʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨʦʤ ʢʘʬʝʜʨʳ ʄɸʇʇ ɿʣʦʯʝʚʩʢʠʤ ɺ.ʃ. 

ʩʧʦʩʦʙ ʘʵʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʤʦʣʘ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʘʵʨʦʜʠʩʧʝʨʩʥʳʡ ʧʦʪʦʢ ʚʚʦʜʷʪ ʚʥʫʪʨʴ ʢʦʨ-

ʧʫʩʘ ʯʝʨʝʟ ʢʘʤʝʨʫ ʚ ʢʦʣʴʮʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʝʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʠ ʧʫʩʪʦʪʝʣʦʡ ʪʫʨʙʠʥʦʡ, ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʘʪʨʫʙʢʦʤ, 

ʠ ʯʝʨʝʟ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʩʠʩʪʝʤʦʡ ʢʦʥʫʩʦʚ. 

ʋʩʪʘʥʦʚʢʘ (ʨʠʩʫʥʦʢ 1) ʩʦʩʪʦʠʪ ʠʟ ʤʘʪʝʨʠʘʣʦʧʨʦʚʦʜʘ 1, ʮʠʢʣʦʥʘ- 5 ʠ 

ʚʦʟʜʫʭʦʧʨʦʚʦʜʘ 15. ɺʦʟʜʫʭ ʧʦʣʫʯʘʝʪ ʜʚʠʞʝʥʠʝ ʦʪ ʚʝʥʪʠʣʷʪʦʨʘ 10. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚʝʥʪʠʣʷʪʦʨʘ 11 ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʪʠ ʯʝʨʝʟ ʯʘʩʪʦʪ-

ʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 7. ʇʨʦʜʫʢʪ ʧʦʩʪʫʧʘʝʪ ʚ ʤʘʪʝʨʠʘʣʦʧʨʦʚʦʜ ʠʟ ʧʨʠ-

ʝʤʥʦʛʦ ʙʫʥʢʝʨʘ 2 ʰʥʝʢʦʚʳʤ ʧʠʪʘʪʝʣʝʤ 3, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪʩʷ ʦʪ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʷ 4. ɺ ʢʦʥʮʝ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʣʠʥʠʠ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥ ʤʝʰʦʢ 13, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʦʟʜʫʭʦʧʨʦʚʦʜʘʭ ʠʤʝʶʪʩʷ ʦʪʚʝʨʩʪʠʷ 8, ʚ ʢʦʪʦʨʳʝ ʚʩʪʘʚ-

ʣʷʶʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʫʙʢʠ. ʀʟʤʝʨʝʥʠ ̫ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ 14. ɼʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʩʙʦʨʘ 

ʜʘʥʥʳʭ 20, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ 19. 

ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʵʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʡ ʩʪʝʥʜ ʙʳʣ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʭʦʜ-

ʥʘʷ/ʚʳʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʜʘʚʣʝʥʠʝ (ʜʘʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʙʫʜʫʪ ʦʪʩʣʝʞʠʚʘʪʴʩʷ ʢʘʢ ʥʘ ʚʭʦʜʝ, ʪʘʢ ʠ ʥʘ ʚʳʭʦʜʝ ʮʠʢʣʦʥʘ-

ʩʝʧʘʨʘʪʦʨʘ), ʘ ʪʘʢʞʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ.  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʛʨʘʤʤ: ʦʜʥʘ ʥʘʧʠʩʘ-

ʥʘ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Arduino, ʚʪʦʨʘʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ (ʨʠʩʫʥʦʢ 2). 
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1 ï ʤʘʪʝʨʠʘʣʦʧʨʦʚʦʜ; 2 ï ʬʣʘʥʮʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ; 3 ï ʧʠʪʘʪʝʣʴ; 4 ï 

ʦʪʚʦʜ; 5 ï ʧʳʣʝʦʪʜʝʣʠʪʝʣʴ; 6 ï ʚʳʧʫʩʢʥʦʡ ʙʫʥʢʝʨ; 7 ï ʯʘʩʪʦʪʥʳʡ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʴ; 8 ï ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ; 9 ï ʚʝʥʪʠʣʴ; 10 ï ʚʝʥʪʠʣʷ-

ʪʦʨ; 11 ï ʜʚʠʛʘʪʝʣʴ; 12 ï ʰʢʘʬ ʫʧʨʘʚʣʝʥʠʷ; 13 ï ʬʠʣʴʪʨ; 14 ï ʜʘʪʯʠʢʠ 

ʜʣʷ ʠʟʤʝʨʝʥʠʡ; 15 ï ʧʨʦʢʣʘʜʢʘ; 16 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʠʪʘʪʝʣʷ; 17 ï 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʰʣʶʟʦʚʦʛʦ ʟʘʪʚʦʨʘ; 18 ï ʙʣʦʢ ʧʠʪʘʥʠʷ; 19 ï ʧʝʨʩʦ-

ʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ; 20 ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʝ ʜʘʪʯʠʢʘʤʠ 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʮʠʢʣʦʥʘ-ʩʝʧʘʨʘʪʦʨʘ 

 
ʈʠʩʫʥʦʢ 2 - ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʥʘʧʠʩʘʥʘ ʥʘ ʉ-ʧʦʜʦʙʥʦʤ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʧʝʮʠʘʣʴʥʦʤ ʜʣʷ Arduino, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʰʝʩʪʠ ʜʘʪʯʠʢʦʚ; 

-  ʧʝʨʝʚʦʜ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʉʀ; 

- ʩʙʦʨ ʜʘʥʥʳʭ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʪʦʢʫ ʩ ʜʚʠʛʘʪʝʣʷ; 

- ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ; 

- ʧʝʨʝʩʳʣʢʫ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠ.ʁ 
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ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʥʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript ʜʣʷ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

- ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ; 

- ʚʳʚʦʜ ʜʘʥʥʳʭ ʥʘ ʩʪʨʘʥʠʮʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ; 

- ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʡ ʬʘʡʣ; 

- ʩʦʦʙʱʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ, ʢʘʢʘʷ ʩʢʦʨʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʫ 

ʜʚʠʛʘʪʝʣʷ. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3: 

 
ʈʠʩʫʥʦʢ 3 - ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

ʇʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʘʵʨʦʚʠʥʪʦʚʦʛʦ ʮʠʢʣʦʥʘ-

ʩʝʧʘʨʘʪʦʨʘ ʧʦʢʘʟʘʣʠ ʚʝʩʴʤʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʚ 

ʧʣʘʥʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʮʠʢʣʦʥʘ. ʅʘ ʤʫʯʥʳʭ ʧʳʣʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʮʠʢʣʦʥʘ-

ʩʝʧʘʨʘʪʦʨʘ ʧʨʝʚʳʩʠʣʘ 99,5 %, ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʠʣ 376 

ʤ3/ʯ, 472 ʤ3/ʯ ʠ 516 ʤ3/ʯ, ʘ ȹʈ ʤʝʥʝʝ 600 ʇʘ. ʉʢʦʨʦʩʪʴ ʚʦ ʚʭʦʜʥʦʤ 

ʧʘʪʨʫʙʢʝ ʚʠʥʪʦʚʦʡ ʚʩʪʘʚʢʠ ʩʦʩʪʘʚʠʣʘ 18-20 ʤ/ʩ, ʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʠʥʪʦ-

ʚʦʡ ʚʩʪʘʚʢʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ 50-70 ʤ/ʩ. 

ʊʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʙʳʣʘ ʧʦʩʪʨʦʝ-

ʥʘ ʤʦʜʝʣʴ ʚ SolidWorks. ʈʠʩʫʥʦʢ 4,ʘ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʯʝʪʥʦʝ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʦʝ ʩʢʦʨʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʩʢʦʨʦʩʪʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʧʦʜʦʙʥʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʷ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ - ʜʦʤʠʥʠʨʫʶʱʘʷ ʩʢʦʨʦʩʪʴ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ. ɿʥʘʯʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ ʥʘ ʩʪʝʥʝ ʠ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʦʢʘ. ʉʢʦʨʦʩʪʥʦʡ ʛʘʟ ʚʭʦʜʠʪ ʚʦ ʚʭʦʜʥʦʝ ʦʪ-

ʚʝʨʩʪʠʝ ʠ ʫʩʢʦʨʝʥ ʚ 1.5~2.0 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʧʫʥʢʪʝ A. ʊʦʛʜʘ ʩʢʦʨʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʚʨʘʱʝʥʠʷ ʧʦʪʦʢʘ ʚʥʠʟ 
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ʚʜʦʣʴ ʩʪʝʥʳ. ʇʨʝʞʜʝ ʯʝʤ ʩʢʦʨʦʩʪʴ ʥʠʩʭʦʜʷʱʝʛʦ ʚʠʭʨʷ ʩʥʠʟʠʪʩʷ, ʧʦʪʦʢ 

ʛʘʟʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʪʦʢʦʤ ʠ ʬʦʨʤʠʨʫʝʪ ʭʘʦʪʠʯʝʩʢʠʡ 

ʧʦʪʦʢ ʙʣʠʟʢʦ ʢ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʝ ʚʥʝ ʩʪʝʥʳ (ʧʫʥʢʪʝ B). ɻʘʟʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʫʥʢʪʝ B. ʕʪʦ - ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʩʨʳʚʘʶ-

ʱʝʛʦ ʧʦʪʦʢʘ ʠ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

 
ʘ) ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ Vű 

 
ʙ) ʆʩʝʚʘʷ ʩʢʦʨʦʩʪʴ Vz 

ʈʠʩʫʥʦʢ 4 - ʉʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ 

 

ʈʠʩʫʥʦʢ 4,ʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʚʠʭʨʴ ʠʤʝʝʪ ʬʦʨʤʫ 
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ʠʩʢʨʠʚʣʝʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʥʝ ʩʠʤʤʝʪʨʠʯʝʥ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ. ʀʟ ʨʠʩʫʥʢʘ 4,ʘ (B-B) ʚʠʜʥʦ, ʯʪʦ ʮʝʥʪʨ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʟʦʥʳ ʚʠʭʨʷ ʥʝ ʩʦʚʧʘʣ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʦʪ-

ʚʝʨʩʪʠʷ. ʕʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʥʘʣʠʯʠʷ ʵʢʩʮʝʥ-

ʪʨʠʯʥʦʡ ʟʦʥr ʚʠʭʨʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʩʤʦʪʨʝʥʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʮʠʢʣʦ-

ʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4,ʘ (C-C) ʚʠʜʥʘ ʵʢʩʮʝʥʪʨʠʯʥʘʷ ʟʦʥʘ ʚʠʭʨʷ, ʧʦʟʚʦʣʷʶɦ ʘ ̫

ʦʩʣʘʙʠʪʴ ʭʘʦʪʠʯʥʳʡ ʧʦʪʦʢ ʠ ʫʤʝʥʴʰʠʪʴ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ. ʈʠʩʫʥʦʢ 4,ʙ 

ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʘʤʝʪʨ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʟʦʥʳ ʚʠʭʨʷ ʥʝʤʥʦʛʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʠʘʤʝʪʨ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʨʳʚʦʚ ʧʦʪʦʢʘ ʛʘʟʘ ʚ ʚʳʭʣʦʧʥʫʶ ʪʨʫʙʫ ʦʩʝʚʘʷ ʩʢʦʨʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ 4,ʙ (A-A) ʚʠʜʥʦ, ʯʪʦ ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʚʠʭʨʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ. ʆʩʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʠʭʨʷ ʥʝ ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʴʶ ʮʠʢʣʦʥʘ, ʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʠʚʦʡ. ɺ ʟʦʥʝ 

ʚʦʟʣʝ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ ʧʦʪʦʢʠ ʛʘʟʘ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʚʨʘʱʘʪʴʩʷ ʚʥʠʟ ʢ 

ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʠʜʫʪ ʚʚʝʨʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʨrʚʘʶʝɦʛʦ 

ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʪ ʚʨʝʜ ʨʘʙʦʪʝ ʮʠʢʣʦʥʘ. ɺ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʮʠ-

ʢʣʦʥʘ ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠʮʳ ʙʫʜʫʪ ʧʦʧʘʜʘʪʴ ʚ ʚrʭʣʦʧʥʫʶ ʪʨʫʙʫ, 

ʠ ʧʦʵʪʦʤʫ ʥʝ ʙʫʜʫʪ ʦʪʜʝʣʝʥʳ. ʅʘ ʨʠʩʫʥʢʝ 4,ʙ (B-B) ʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʯʪʠ ʦʜʥʦʨʦʜʥʦ ʚ ʩʚʦʙʦʜʥʦʡ ʦʙʣʘʩʪʠ ʚʠʭʨʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤ ʚʠʭʨʝ ʵʢʩʮʝʥ-

ʪʨʠʯʥʦ ʠʟ-ʟʘ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʮʠʢʣʦʥʘ. ʈʠʩʫʥʦʢ 5 (C-C) ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʥʘ ʩʪʘʥʦʚʠʪ-

ʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʚʦʢʨʫʛ ʚʳʭʣʦʧʥʦʡ 

ʪʨʫʙʳ. ɺ ʧʫʥʢʪʝ A ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʥʦʚʘ, 

ʥʘʧʨʘʚʣʷʷʩʴ ʢ ʮʝʥʪʨʫ ʠʟ-ʟʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʛʘʟʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʤʦʞʥʦ ʥʘ 10 - 15 ʣʝʪ 

ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʦ ʛʣʘʚʥʦʝ ï ʙʝʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦ-

ʚʘʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤ-

ʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 17-48-220056. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʇʘʪʝʥʪ ʈʌ ˉ 2012140588/03, 21.09.2012 ʉʧʦʩʦʙ 

ʧʥʝʚʤʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʯʠʩʪʢʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ // ʇʘʪʝʥʪ ʈʦʩʩʠʠ ˉ 2511120. 2012. ɹʶʣ. ˉ 10. / 

ɿʣʦʯʝʚʩʢʠʡ ɺ.ʃ. 2. ɿʣʦʯʝʚʩʢʠʡ ɺ.ʃ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʈʘʟʨʘʙʦʪʢʘ ʮʠʢʣʦʥʘ-

ʩʝʧʘʨʘʪʦʨʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ // 

ʊʝʭʥʦʣʦʛʠʠ ʧʠʱʝʚʦʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɸʇʂ - 

ʧʨʦʜʫʢʪʳ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ, ˉ6, ʛ. ɺʦʨʦʥʝʞ, 2016, ʩ. 75-81 3. ʈʘʟʨʘ-

ʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫ-
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ʭʘ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʮʠʢʣʦʥʘ-ʧʳʣʝʦʪʜʝʣʠʪʝʣʷ / ɽʨʤʦʰʠʥ ʊ.ɸ., ɹʦʨʠ-

ʩʦʚ ɸ.ʇ. // ʇʦʣʟʫʥʦʚʩʢʠʡ ʚʝʩʪʥʠʢ ˉ2, ʛ. ɹʘʨʥʘʫʣ, 2014. ʉ. 159-163 

 
ʈʠʩʫʥʦʢ 5 - ʈʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ Vr 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, 

ɹʦʨʠʩʦʚʫ ɸ.ʇ.., ʪʝʣ. (385-2) 29-07-18. E-mail:boralp@mail.ru 

 

ʋɼʂ 004.056.52; 004.056.53 

ʇʆʈʊɸʊʀɺʅʓʁ ʇʈʆɻʈɸʄʄʅʆ-ɸʇʇɸʈɸʊʅʓʁ ʂʆʄʇʃɽʂʉ 

ɸʅɸʃʀɿɸ ɿɸʑʀʑɽʅʅʆʉʊʀ ɹɽʉʇʈʆɺʆɼʅʓʍ WI -FI  ʉɽʊɽʁ  

ʇʆʅʆʄɸʈʔʂʆɺ ʉ.ʄ., ʐɸʈʃɸɽɺ ɽ.ɺ. 

ʇʨʠʤʝʥʝʥʠʝ wi-fi  ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʩʪʘʚʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʩʪʘʣʦ ʦʙʳʜʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʪʨʝʙʦʚʘʥʠʝ ʢ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʨʦʩʣʦ ʥʘ ʧʦʨʷʜʦʢ. ʀʥʬʦʨʤʘʮʠʷ, ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʘʷ ʚʥʫʪʨʠ ʩʝʪʠ, ʤʦʞʝʪ ʠʤʝʪʴ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʦʤʧʘʥʠʠ.  

ɺ ʩʣʫʯʘʝ ʢʨʘʞʠ ʠʣʠ ʤʘʥʠʧʫʣʷʮʠʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʪʢʘʟʘ ʩʝʪʠ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʙʫʜʝʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʥʘʥʝʩʸʥ-

ʥʳʡ ʫʱʝʨʙ ʢʦʤʧʘʥʠʠ. 

ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʫʛʨʦʟ, ʘʢʪʫʘʣʴʥʳʭ ʠʤʝʥʥʦ ʜʣʷ wi-fi  ʪʝʭʥʦʣʦʛʠʡ, ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʘʥʠʷʭ ʩʪʘʣʦ ʦʙʳʯʥʦʡ ʥʦʨʤʦʡ ʧʨʦʚʦʜʠʪʴ ʘʫʜʠʪ ʟʘ-
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ʱʠʱʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʝʨʠʤʝʪʨʘ ʩʝʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʯʝʨʝʟ 

wi-fi  ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ ʀɹ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʙʝʩʧʨʦ-

ʚʦʜʥʳʭ ʪʦʯʢʘʭ ʜʦʩʪʫʧʘ. ʋ ʢʘʞʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪʩʷ ʫʟʢʦ-

ʥʘʧʨʘʚʣʝʥʥʘʷ ʮʝʣʴ ʥʘ ʧʦʠʩʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʦʡ ʠʣʠ ʠʥʦʡ ʫʷʟʚʠʤʦʩʪʠ 

ʙʝʩʧʨʦʚʦʜʥʦʡ wi-fi  ʩʝʪʠ. ʊʘʢʞʝ ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʤʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʦʪʦʨʳʝ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʛʨʘʶʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʘʫʜʠʪʘ ʟʘʱʠʱʸʥʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ wi-fi . 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʝhʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʨʪʘʪʠʚʥʳʡ 

ʧʨʦʛʨʘʤʤʥʦ ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʥʝʦʙʭʦʜʠ-

ʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʠ ʘʧʧʘʨʘʪʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʫʜʠʪʘ ʟʘʱʠʱʸʥʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʦʡ wi-fi  ʩʝʪʠ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦ-

ʛʦ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʧʦʜʜʝʨʞʢʘ ʚ ʘʢʪʫʘʣʴʥʦʩʪʠ ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʷ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʨʧʦʨʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʙʘʟʝ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 

Raspberry Pi 3 ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʙʝʩʧʨʦʚʦʜʥʳʤ ʘʜʘʧʪʝʨʦʤ Alpha 

AWUS036H, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ power bank. ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʙʨʘʥʦ ʚ ʩʚʷʟʠ ʩ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  ɹʳʣʦ ʧʨʦʚʝʜʝ-

ʥʦ ʠʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʫʜʠʪʘ. 

 
ʈʠʩʫʥʦʢ 1 - ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ 
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ʉ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ ʠ ʦʙʣʝʛʯʝʥʠʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠʟʫʯʝʥʥʳʤ ʥʘʙʦʨʦʤ ʇʆ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʚʝʙ ʦʙʦʣʦʯ-

ʢʫ. ʂʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠʪʘ ʠ ʩʜʝ-

ʣʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʦʩʪʫʧʥʳʤ ʜʘʞʝ ʥʘʯʠʥʘʶʱʠʤ ʩʧʝ-

ʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʀɹ. 

ʌʫʥʢʮʠʦʥʘʣ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʝʪ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ ʘʪʘʢ ʩ ʮʝʣʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝ-

ʥʠʷ ʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʮʝʥʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ ʙʝʩ-

ʧʨʦʚʦʜʥʦʡ wi-fi  ʩʝʪʠ. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʭʦʞʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ. ɹʦʣʴ-

ʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ 

ʩʪʦʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʩʣʘʙʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʦʡ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ 

ʜʦʣʞʥʘ ʠʤʝʪʴ: 

¶ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ; 

¶ ʤʦʱʥʫʶ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ; 

¶ ʚʳʩʦʢʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ; 

¶ ʘʚʪʦʥʦʤʥʦʩʪʴ; 

¶ ʫʜʦʙʥʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ. 

ɺ ʠʪʦʛʝ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴʩʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʪ-

ʚʝʯʘʶʱʠʡ ʧʨʠʚʝʜʸʥʥʳʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʩʧʦʩʦʙʥʳʡ ʚʳʧʦʣʥʷʪʴ:  

¶ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʘʪʘʢ; 

¶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʯʸʪʳ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʦʪʨʘʙʦʪʘʥʳ ʩʮʝʥʘʨʠʠ ʧʨʦʚʝʜʝʥʠʷ 

ʘʪʘʢ ʥʘ ʙʝʩʧʨʦʚʦʜʥʳʝ wi-fi  ʩʝʪʠ. ʉʬʦʨʤʠʨʦʚʘʥ ʩʧʠʩʦʢ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʩʪʨʦʝʥʘ ʠ ʩʦʙʨʘʥʘ ʚʦʝʜʠʥʦ ʘʧʧʘʨʘʪʥʘʷ 

ʧʣʘʪʬʦʨʤʘ. ʊʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ Wi-Fi ʩʝʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ. ʆʧʨʝʜʝʣʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪ-

ʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʠʩʧʨʘʚ-

ʣʝʥ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʪʯʝʪ Positive Technologies çɸʪʘʢʠ 

ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʳʡ Wi-Fiè. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.ptsecurity.com/upload/corporate/ru-ru/analytics/Wi-Fi-

Corporate-Attacks-rus.pdf, ʩʚʦʙʦʜʥʳʡ. 2. ʂʦʨʧʦʨʘʪʠʚʥʳʝ Wi-Fi-ʩʝʪʠ 

ʫʷʟʚʠʤʳ ʜʣʷ ʘʪʘʢ ʭʘʢʝʨʦʚ ʚ 100% ʩʣʫʯʘʝʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: https://www.ptsecurity.com/ru-ru/about/news/271688/, ʩʚʦ-

ʙʦʜʥʳʡ. 3. ʂʘʢ ʚʟʣʘʤʳʚʘʶʪ ʢʦʨʧʦʨʘʪʠʚʥʳʡ Wi-Fi: ʥʦʚʳʝ ʚʦʟʤʦʞʥʦ-
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ʩʪʠ/ ɹʣʦʛ ʢʦʤʧʘʥʠʠ Positive Technologies [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: https://habrahabr.ru/company/pt/blog/252055/,ʩʚʦʙʦʜʥʳʡ. 

4. ɸ. ɺʣʘʜʠʤʠʨʦʚ, ɺ. ɻʘʚʨʠʣʝʥʢʦ, ɸ. ʄʠʭʘʡʣʦʚʩʢʠʡ çWi-ʬʫ: çʙʦʝʚʳʝè 

ʧʨʠʝʤʳ ʚʟʣʦʤʘ ʠ ʟʘʱʠʪʳ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡè 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, 

ʐʘʨʣʘʝʚʫ ɽ.ɺ., ʪʝʣ. (385-2) 29-07-18. E-mail: sharlaev@mail.ru 

 
ʋɼʂ 004.716 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʗɿɺʀʄʆʉʊɽʁ GSM ï ʉɽʊʀ  

ʀ ʈɽɸʃʀɿɸʎʀʗ ɺ ʅɽʁ ɸʊɸʂʀ MAN-IN-THE-MIDDLE  

ʇʈɸʁɿɽʅɼʆʈʌ ɻ.ɸ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ʉʪʘʥʜʘʨʪʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ 2-ʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠ-

ʟʥʘʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʉʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʩʪʘʥʜʘʨʪ 2G ï GSM (Global 

System for Mobile Communications - ɻʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʙʠʣʴʥʦʡ 

ʩʚʷʟʠ). ʅʘ ʜʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʧʨʠʭʦʜʠʪʩʷ 82% ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʤʦʙʠʣʴ-

ʥʦʡ ʩʚʷʟʠ ʚ ʙʦʣʝʝ ʯʝʤ 212 ʩʪʨʘʥʘʭ ʤʠʨʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʘʢʦʤ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʘʥ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʫʤʠʥʛ ʤʝʞʜʫ 

ʦʧʝʨʘʪʦʨʘʤʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨ-

ʪʦʡ ʩʪʘʥʜʘʨʪʘ GSM ʦʪ ʩʪʘʥʜʘʨʪʦʚ 1-ʦʛʦ ʧʦʢʦʣʝʥʠʷ.  

ɺ ʘʨʭʠʪʝʢʪʫʨʝ GSM-ʩʝʪʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʠʩʪʝʤ: 

ï ʧʦʜʩʠʩʪʝʤʘ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ BSS, ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʪʨʦʣʣʝʨʘ ʙʘʟʦ-

ʚʳʭ ʩʪʘʥʮʠʡ BSC, ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ BTS ʠ ʪʨʘʥʩ-

ʢʦʜʝʨʦʚ; 

ï ʩʝʪʝʚʘʷ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ NSS, ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʮʝʥʪʨʦʚ ʢʦʤʤʫʪʘʮʠʠ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ MSC, ʮʝʥʪʨʘ ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʠ AuC ʠ ʙʘʟ ʜʘʥʥʳʭ; 

ï ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ NMS, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʮʝʥʪʨʦʚ: 

ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ NMS ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʮʝʥʪʨ; 

ï ʤʦʙʠʣʴʥʳʝ ʩʪʘʥʮʠʠ. 

ʉʪʝʢ ʧʨʦʪʦʢʦʣʦʚ GSM, ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʣʦʛʠ-

ʯʝʩʢʠʭ ʫʨʦʚʥʷ: 

1. ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʄʝʩʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʦʧʠʩʳʚʘʶʪ ʧʨʠʥ-

ʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ ʚ ʨʘʜʠʦʵʬʠʨʝ. 

2. ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: ʫʩʪʘʥʦʚʣʝʥʠʝ, ʧʦʜʜʝʨ-

ʞʘʥʠʝ ʠ ʨʘʟʨʳʚ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʝʪʠ; ʢʦʥʪʨʦʣʴ ʧʦʪʦ-

ʢʦʚ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʦʢ. 
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3. ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: ʩʦʟʜʘʥʠʝ ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʘʙʦʥʝʥʪʦʚ ʤʝʞʜʫ ʟʦʥʘʤʠ ʧʦʢʨʳʪʠʷ, ʘ 

ʪʘʢʞʝ ʩʘʤʠ ʪʝʣʝʬʦʥʥʳʝ ʟʚʦʥʢʠ. 

ɺʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʘ GSM ʙʳʣʠ ʨʝʰʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘ-

ʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

1. ɿʘʱʠʪʘ ʩʝʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʝʡ (ʧʨʦʮʝ-

ʜʫʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ). 

2. ɻʘʨʘʥʪʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʝʨʝʛʦʚʦʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

(ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ). 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ GSM ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʧʨʘʚʦʚʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʆʩʥʦʚʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʝʝ ʪʝʭʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ: 

ï ɿʘʱʠʪʘ PIN ʢʦʜʦʤ - ʣʠʯʥʳʤ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤ ʥʦʤʝʨʦʤ ʘʙʦ-

ʥʝʥʪʘ, ʧʨʠʟʚʘʥʥʳʤ ʥʝ ʜʦʧʫʩʪʠʪʴ ʥʝʟʘʢʦʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʨʘʜʝʥ-

ʥʳʭ SIM-ʢʘʨʪ. 

ï ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ - ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʥʦʤʝʨʘ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥ ʟʚʦʥʦʢ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʧʦʩʪʦʷʥʥʦʡ ʧʘʤʷʪʠ SIM-ʢʘʨʪʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ 

ʥʦʤʝʨʘ ʧʦʜʚʠʞʥʦʛʦ ʘʙʦʥʝʥʪʘ (IMSI), ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʣʶʯʘ ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʠ (K i), ʘʣʛʦʨʠʪʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (A3), ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʨʘʮʠʠ 

ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ (ɸ8). 

ï ʉʝʢʨʝʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʰʠʬʨʦʚʘʥʠʝ) ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɸ5 ʠ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ. ɸʣʛʦʨʠʪʤ 

ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʩʝʘʥʩʦʚʳʤ ʢʣʶʯʦʤ Kc ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʦʤʝ-

ʨʦʤ ʢʘʜʨʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ. ɼʣʷ ʜʝʰʠʬʨʦʚʘʥʠʷ ʨʘʟʛʦʚʦʨʘ ʟʥʘʪʴ 

ʪʦʣʴʢʦ ʢʣʶʯ Kc. 

ï ʉʝʢʨʝʪʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʝʜʠʥʝʥʠʷ ʘʙʦʥʝʥʪʦʚ (ʩ ʧʦʤʦʱʴʶ 

ʚʨʝʤʝʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʤʦʙʠʣʴʥʦʡ ʩʪʘʥʮʠʠ TMSI). 

ʅʘ ʙʝʟʦʧʘʩʥʦʩʪʴ GSM ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʩʪʨʘʥʳ-

ʨʘʟʨʘʙʦʪʯʠʢʠ, ʪʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʚʝʣʘʩʴ ʚ 80-ʝ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʦʡʢʠʭ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ ʛʨʘʞʜʘʥʘʤʠ ʙʳʣʦ ʟʘʧʨʝʱʝʥʦ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʨʘʟʨʘʙʦʪʯʠʢʠ GSM-ʩʪʘʥʜʘʨʪʘ ʩʦʟʜʘʚʘʣʠ ʩʠʩʪʝʤʫ ʟʘʱʠʪʳ ʩ ʫʨʦʚ-

ʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʭʦʞʠʤ ʩ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʳʯʥʳʭ ʪʝʣʝʬʦʥ-

ʥʳʭ ʣʠʥʠʡ.  

ɼʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ COMP128, ʘ ʜʣʷ 

ʰʠʬʨʦʚʘʥʠʷ ï ʢʨʠʧʪʦʘʣʛʦʨʠʪʤ ɸ5. ʀʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʤʦʪʠʚʦʚ ʩʪʨʘʥ, ʚʦʟʥʠʢʣʠ ʨʘʩʭʦʞʜʝʥʠʷ. ɺ ʠʪʦʛʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʩʪʘʣʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʙʦʣʝʝ ʟʘʱʠʱʝʥʥʦʡ ʩʭʝʤʝ, ʯʝʤ ʰʠʬʨʦʚʘʥʠʝ. ɺʧʦ-

ʩʣʝʜʩʪʚʠʠ, ʘʣʛʦʨʠʪʤ ɸ5 ʧʦʢʘʟʘʣʩʷ ʩʣʠʰʢʦʤ ʩʪʦʡʢʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-
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ʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʣʠ ʦʩʣʘʙʣʝʥʥʫʶ ʚʝʨʩʠʶ 

ɸ5/2 ʠ ʚʝʨʩʠʶ ʩ ʥʫʣʝʚʳʤ ʢʣʶʯʦʤ ɸ5/0, ʘ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʝ-

ʨʝʠʤʝʥʦʚʘʥ ʚ ɸ5/1. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʩʣʘʙʣʝʥʥʳʝ ʘʣ-

ʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ ɸ5/2 ʠ ɸ5/0, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʠ ʫʩʪʘʨʝʚʰʠʡ 

ʘʣʛʦʨʠʪʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ COMP128 v1. ʂʦʤʘʥʜʳ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʧʦ 

ʩʝʪʠ, ʠʤʝʶʪ ʤʘʣʫʶ ʜʣʠʥʫ, ʠʟ-ʟʘ ʯʝʛʦ ʠʭ ʣʝʛʢʦ ʩʯʠʪʘʪʴ ʠ ʜʝʢʦʜʠʨʦʚʘʪʴ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʠʤʝʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʦʰʠʙʢʠ ʚ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ SIM-ʢʘʨʪ 

ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʟʘʚʝʨʰʝʥʠʠ, ʠʟ-ʟʘ ʭʘʣʘʪʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ, ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ ʧʦʧʘʣʠ ʚ ʩʝʪʴ ʚ ʦʙʱʝʤ ʜʦʩʪʫʧʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʚʠʜʦʤ ʘʪʘʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

çʧʦʜʜʝʣʴʥʦʡè ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʜʣʷ ʧʦʜʩʣʫʰʠʚʘʥʠʷ ʨʘʟʛʦʚʦʨʦʚ ʠʣʠ 

ʧʦʣʫʯʝʥʠʷ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʩʪʨʦʡʩʪ-

ʚʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ IMSI-catcher, ʤʘʩʢʠʨʫʶʱʝʝʩʷ ʧʦʜ ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ. 

ʂʘʢ ʪʦʣʴʢʦ ʤʦʙʠʣʴʥʘʷ ʩʪʘʥʮʠʷ ʧʨʠʥʠʤʘʝʪ IMSI-catcher ʟʘ ʙʘʟʦʚʫʶ 

ʩʪʘʥʮʠʶ, ʵʪʦʪ ʧʨʠʙʦʨ ʦʪʢʣʶʯʘʝʪ ʰʠʬʨʦʚʘʥʠʝ, ʨʘʙʦʪʘʷ ʩ ʥʝʟʘʰʠʬʨʦ-

ʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʟʘʪʝʤ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣ ʥʘʩʪʦʷʱʝʡ ʙʘʟʦʚʦʡ ʩʪʘʥ-

ʮʠʠ. ʕʪʘ ʫʷʟʚʠʤʦʩʪʴ ʙʳʣʘ ʚʥʝʩʝʥʘ ʚ GSM ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʜʣʷ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʜʦʩʪʫʧʘ ʩʧʝʮʩʣʫʞʙʘʤʠ ʢ ʩʦʦʙʱʝʥʠʷʤ ʚ ʦʙʭʦʜ ʦʧʝʨʘʪʦʨʦʚ ʩʦʪʦ-

ʚʦʡ ʩʚʷʟʠ. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʘ IMSI-catcher ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ IMSI-catcher 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʝʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʙʝʟʦʧʘʩʥʳʝ ʘʣʛʦʨʠʪ-

ʤʳ ʰʠʬʨʦʚʘʥʠʷ ɸ5/2 ʠ ɸ5/0 

- ɿʚʦʥʢʠ, ʰʠʬʨʦʚʘʥʥʳʝ ʧʦ ʜʨʫʛʠʤ ʘʣʛʦʨʠʪʤʘʤ, ʚʩʢʨʳʚʘʶʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʘʢʪʠʚʥʳʭ ʘʪʘʢ. 

- SIM ʢʘʨʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʟʘʱʠʱʝʥʥʦʡ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷ-

ʱʠʡ ʤʦʤʝʥʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʘʢ ʜʝʡʩʪʚʝʥʥʳ ʠ ʥʘ ʘʣʛʦʨʠʪʤ 

COMP128, ʠ ʥʘ ʩʘʤʫ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ SIM-ʢʘʨʪʫ.  

- ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʰʝʥʠʷ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʠʭ ʧʦʜʤʝ-

ʥʫ. 

- ʇʨʠʩʫʪʩʪʚʫʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 
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ɺ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʧʦʷʚʠʣʦʩʴ ʇʆ, ʧʦʟʚʦʣʷʶʱʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʦʣʴʢʦ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʦʜʢʣʶʯʝʥʥʳʤ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʦʤ ʠʤʠʪʠʨʦ-

ʚʘʪʴ ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ. ʊʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʙʘʟʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ GSM.  

ʇʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘʪʦʨʘ ʪʨʘʬʠʢʘ, ʥʘʧʨʠʤʝʨ, Wireshark, ʤʦʞʥʦ ʣʝʛʢʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ ʪʝʣʝʬʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʙʣʠʟʦʩʪʠ ʦʪ çʙʘ-

ʟʦʚʦʡ ʩʪʘʥʮʠʠè ʫʩʧʝʰʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʦʟʜʘʥʥʦʤʫ ʩʝʛʤʝʥʪʫ ʩʝʪʠ 

GSM ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʯʝʨʝʟ ʥʝʸ ʦʪʧʨʘʚʢʫ SMS.  

Osmocombb ï ʵʪʦ ʧʨʦʝʢʪ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʝ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ GSM.  ɼʣʷ ʟʘʧʫʩʢʘ Osmocombb ʥʝʦʙʭʦ-

ʜʠʤʳ: 

- 2 ʩʦʚʤʝʩʪʠʤʳʭ ʪʝʣʝʬʦʥʦʚ ʥʘ ʙʘʟʝ ʯʠʧʩʝʪʘ Calypso ʠʣʠ 

MediaTek (Motorola C115/C117 (E87), Motorola C123/C121/C118 (E88), 

Motorola C140/C139 (E86), Motorola C155 (E99), Motorola 

V171 (E68/E69)). 

- ɿʘʤʝʥʘ ʬʠʣʴʪʨʦʚ ʠ ʘʥʪʝʥʥʘ (ʚʭʦʜʷʱʠʡ ʪʨʘʬʠʢ, ʥʝ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʡ ʜʣʷ ʜʘʥʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʠʣʴʪʨʘ-

ʤʠ). 

- ʂʘʙʝʣʴ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ USB-TTL 

(ʉʚʷʟʴ ʪʝʣʝʬʦʥʘ ʩ ʢʦʤʧʴʁ ʪʝʨʦʤ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ ʠ 

USB-TTL ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ). 

- ʂʦʤʧʴʶʪʝʨ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ Unix-like 

ʆʉ 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘ Lixux  

Ubuntu 14 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʙʦʨʢʘ 

Osmocombb. ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʤʦʞʥʦ 

ʧʨʦʚʝʨʠʪʴ, ʫʩʪʘʥʦʚʠʚ ʥʘ ʪʝʣʝʬʦʥ ʧʨʦʰʠʚʢʫ 

Hello_world (ʨʠʩʫʥʦʢ 2). 

ɼʘʣʝʝ ʠʥʠʮʠʘʣʠʟʠʨʫʝʤ ʦʙʘ ʪʨʘʥʩʠʚʝʨʘ, ʥʘ-

ʩʪʨʘʠʚʘʝʤ ʠʭ ʥʘ ʩʣʝʜʦʚʘʥʠʝ ʪʘʡʤʝʨʫ ʢʦʤʤʝʨ-

ʯʝʩʢʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ, ʟʘʧʫʩʢʘʝʤ ʮʝʥʪʨ 

ʢʦʤʤʫʪʘʮʠʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʜʦʤʘʰʥʠʡ ʨʝ-

ʛʠʩʪʨ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʉʄʉ-ʮʝʥʪʨ ʠ, ʥʘʢʦ-

ʥʝʮ, ʟʘʧʫʩʢʘʝʤ ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ. ɼʘʣʝʝ ʤʳ 

ʤʦʞʝʤ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʩʦʟʜʘʥʥʦʡ ʩʝʪʠ ʩ ʤʦ-

ʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ, ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘʪʦʨʘ ʩʝ-

ʪʠ Wireshark ʤʳ ʤʦʞʝʤ ʧʝʨʝʭʚʘʪʠʪʴ ʪʨʘʬʠʢ ʠʥʪʝʨʬʝʡʩʘ A-bis, ʢʦʪʦ-

ʨʳʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩʦʤ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʙʘʟʦʚʳʤʠ ʠ 

ʤʦʙʠʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ (ʨʠʩʫʥʦʢ 3). 

ʈʠʩʫʥʦʢ 2 ï ʊʝʣʝʬʦʥ 

ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʨʦʰʠʚʢʦʡ 

Hello_world 
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ʈʠʩʫʥʦʢ 3 ï ɸʥʘʣʠʟ ʪʨʘʬʠʢʘ ʠʥʪʝʨʬʝʡʩʘ A-bis 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʫʷʟʚʠʤʦʩʪʴ ʩʪʘʥ-

ʜʘʨʪʘ GSM ʘʪʘʢʝ Man-in-the-middle ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ʠ ʪʝʣʝ-

ʬʦʥʦʚ Motorolla ʉ118. ɼʘʥʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʧʘʩʥʘ, ʪʘʢ ʢʘʢ 

ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʝʝ ʨʝʘʣʠʟʘʮʠʶ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʦʪ ʧʦʜʦʙʥʳʭ ʚʠʜʦʚ ʘʪʘʢ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʄʠʭʘʡʣʦʚʘ ɸ.ʖ., ɹʦʨʠʩʦʚ ɸ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʘʥʜʘʨʪʘ GSM ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ çʀʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè// ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʂʦʤʧʣʝʢʩʥʘʷ 

ʟʘʱʠʪʘ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʀʟʜʘʪʝʣʴʩʪʚʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2014, 

ʉ. 84-86 2. ɹʦʨʠʩʦʚ ɸ.ʇ. ʈʘʟʨʘʙʦʪʢʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʥʜʘʨ-

ʪʘ GSM // ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʙʫʜʫʱʝʝ ʥʘʫʢʠ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝ-

ʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (25 ʦʢʪʷʙʨʷ 2016 ʛ., 

ʛ. ʇʝʨʤʴ). ɺ 3 ʯ. ʏ.2/-ʋʬʘ: ɸʕʊɽʈʅɸ, 2016. - ʩ. 13-15 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, 

ɹʦʨʠʩʦʚʫ ɸ.ʇ.., ʪʝʣ. (385-2) 29-07-18. E-mail:boralp@mail.ru 
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ʋɼʂ 004.056.52; 004.056.53 

Cʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɸʃɻʆʈʀʊʄʆɺ  

ʄɸʈʐʈʋʊʀɿɸʎʀʀ ɺ MESH-ʉɽʊʗʍ 

ʇʋʑʀʅ ʉ.ɺ., ʐɸʈʃɸɽɺ ɽ.ɺ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʩʘʤʦʦʨʛʘʥʠ-

ʟʫʶʱʠʝʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ Mesh ʪʦʧʦʣʦʛʠʠ. 

Mesh ï ʩʝʪʠ ʦʪʣʠʯʥʦ ʩʝʙʷ ʧʨʦʷʚʣʷʶʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʨʘʟʚʝʨʥʫʪʴ MAN ʠʣʠ LAN ʩʝʪʴ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʣʶ-

ʩʦʤ Mesh-ʩʝʪʝʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʪʝʛʨʘ-

ʮʠʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʚ ʛʣʦʙʘʣʴʥʫʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ mesh ï ʩʝʪʝʡ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʠ Wi-Fi, ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʩʪʘʥʜʘʨʪʘʭ WCDMA ʠ WiMax. 

ʉʨʝʜʠ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʟʘʜʘʯ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

Mesh ï ʩʝʪʝʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ çʙʫ-

ʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘè). 

ʊʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪ mesh-ʩʝʪʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʜʦʨʘʙʦʪʢʠ, ʧʦʩʪʦ-

ʷʥʥʦ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʥʦ ʠ ʦʪ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʢʨʠʪʝ-

ʨʠʝʚ, ʪʘʢʠʭ ʢʘʢ: 

- ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 

- ʥʘʜʝʞʥʦʩʪʴ; 

- ʟʘʛʨʫʟʢʘ; 

- ʚʨʝʤʷ. 

ʇʦʜ ʢʨʠʪʝʨʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʪʝʨʠ ʧʘʢʝʪʘ ʚ ʢʘʥʘʣʝ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝ-

ʥʠ. ʇʦʜ ʟʘʛʨʫʟʢʦʡ ʧʦʥʠʤʘʝʪʩʷ ʩʪʝʧʝʥʴ ʟʘʥʷʪʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʨ-

ʰʨʫʪʠʟʘʮʠʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʇʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ Mesh ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ 2 

ʢʣʘʩʩʘ: ʨʝʘʢʪʠʚʥʳʝ ʠ ʧʨʦʘʢʪʠʚʥʳʝ.  

ɺ ʨʝʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʘʭ ʤʘʨʰʨʫʪ ʩʫʱʝʩʪʚʫʝʪ ʚ ʫʟʣʝ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʦʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʧʨʘʚ-

ʢʠ ʜʘʥʥʳʭ ʫʟʣʦʤ ʨʘʩʩʳʣʘʝʪʩʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʟʘʧʨʦʩ. ʂʘʞʜʳʡ 

ʫʟʝʣ, ʧʦʣʫʯʠʚʰʠʡ ʵʪʦʪ ʟʘʧʨʦʩ, ʦʪʧʨʘʚʣʷʝʪ ʦʪʚʝʪ ʠʩʪʦʯʥʠʢʫ ʟʘʧʨʦʩʘ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʢʘʟʳʚʘʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʨʰʨʫʪ ʜʦ ʠʩʪʦʯʥʠʢʘ, ʠ ʨʘʩʩʳ-

ʣʘʝʪ ʟʘʧʨʦʩ ʜʘʣʴʰʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʘ-
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ʧʨʦʩ ʥʝ ʜʦʡʜʝʪ ʜʦ ʘʜʨʝʩʘʪʘ ʩʦʦʙʱʝʥʠʷ. ʂʘʢ ʪʦʣʴʢʦ ʘʜʨʝʩʘʪ ʧʦʣʫʯʠʣ 

ʩʦʦʙʱʝʥʠʝ, ʤʘʨʰʨʫʪ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʥ ʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩʪʘ-

ʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ. ʉʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʨʝʘʢʪʠʚʥʳʭ ʤʘʨ-

ʰʨʫʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ Ad-hoc On demand Distance Vector 

Routing. ʇʨʦʘʢʪʠʚʥʳʝ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʨʘʙʦʪʘʶʪ ʠʥʘʯʝ. ɺ 

ʧʨʦʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʘʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʦʚ ʚʩʝʛʜʘ 

ʭʨʘʥʠʪʩʷ ʚ ʫʟʣʝ. ɺ ʩʣʫʯʘʝ ʢʘʢʦʛʦ-ʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ, ʧʨʦ-

ʠʩʭʦʜʠʪ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʘʷ ʨʘʩʩʳʣʢʘ ʩ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʩʝʭ ʫʟʣʦʚ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ ʢʘʞʜʳʡ ʫʟʝʣ ʟʥʘʝʪ ʦ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʞʜʦʛʦ ʝʛʦ ʩʦʩʝʜʘ, ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʥʘ ʢʘʞʜʦʤ ʫʟʣʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʛʨʘʬ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ. ʂʨʘʪ-

ʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʘʣ-

ʛʦʨʠʪʤʦʚ ɼʝʡʢʩʪʨʳ, ɹʝʣʣʤʘʥʘ ï ʌʦʨʜʘ ʠʣʠ ɼʞʦʥʩʦʥʘ. ʂ ʧʨʦʘʢʪʠʚʥʳʤ 

ʧʨʦʪʦʢʦʣʘʤ ʦʪʥʦʩʠʪʩʷ ʧʨʦʪʦʢʦʣ OLSR. 

ʉʦʝʜʠʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʨʦʘʢʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʧʨʠʚʝʣʦ ʢ ʚʳʜʝʣʝʥʠʶ ʢʣʘʩʩʘ ʛʠʙʨʠʜʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

[4]. ɺ ʛʠʙʨʠʜʥʳʭ ʧʨʦʪʦʢʦʣʘʭ ʚʩʷ ʩʝʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʝʛʤʝʥʪʳ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʪʁ ʧʨʦʘʢʪʠʚʥʳʝ ʧʨʦʪʦʢʦʣʳ. ʉʝʛʤʝʥʪʳ ʞʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʪʁ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʊʘʢʦʡ ʧʦʜ-

ʭʦʜ ʢ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘ-

ʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫʟʣʫ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘ-

ʮʠʷ ʣʠʰʴ ʦ ʩʚʦʝʤ ʩʝʛʤʝʥʪʝ. ʊʘʢʞʝ ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝ-

ʥʠʶ ʦʙʲʝʤʘ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʧʦ ʩʝʪʠ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʛʠʙʨʠʜʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʪʦʢʦʣ HWMP [1]. 

ɺʳʙʦʨ ʧʨʦʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ Mesh-ʩʝʪʠ ʧʨʠʥʷʪʦ ʜʝʣʘʪʴ, ʠʩ-

ʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ NS-3, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʠʭ ʩʝʪʝʡ (ʥʝ ʙʦʣʝʝ 16 ʫʟʣʦʚ) ʚʩʝ ʢʣʘʩʩʳ ʧʨʦʪʦʢʦʣʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ ʩʝʪʠ ʛʠʙʨʠʜʥʳʡ ʧʨʦʪʦʢʦʣ HWMP ʠʤʝʝʪ ʚʳʠʛʨʳʰ ʚ 

ʩʢʦʨʦʩʪʠ. ɼʣʷ ʩʝʪʠ ʚ 34 ʭʦʩʪʘ ʛʠʙʨʠʜʥʳʡ ʧʨʦʪʦʢʦʣ ʠʤʝʝʪ ʚʳʠʛʨʳʰ 

ʧʨʠʤʝʨʥʦ ʚ 0,2 ʩʝʢʫʥʜʳ ʧʨʠ ʜʦʩʪʘʚʢʝ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʅʘ-

ʛʣʷʜʥʦʝ ʩʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʢʦʣʠʯʝ-

ʩʪʚʘ ʫʟʣʦʚ ʚ ʩʝʪʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [2,3,4] ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘ-

ʣʠʟ ʨʝʘʢʪʠʚʥʳʭ ʠ ʧʨʦʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘ-

ʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʝʪʠ ʠ ʢʘʢʦʚʘ ʠʭ ʤʦʙʠʣʴʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ ʩʝʪʠ 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʰʴ ʦʜʥʦʛʦ 

ʢʣʘʩʩʘ ʧʨʦʪʦʢʦʣʦʚ ʩʯʠʪʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʪʠʧʘ ʩʝʪʠ. ʇʨʦʘʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ʚʳʠʛ-

ʨʳʰ ʚʦ ʚʨʝʤʝʥʠ ʚ ʩʝʪʷʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʪʘʥʮʠʡ ʠ 

ʚʳʩʦʢʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ. 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʛʠʙʨʠʜʥʦʛʦ ʩʧʦʩʦʙʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʠʛʨʳʰ ʢʘʢ 

ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ ʚ ʩʝʪʠ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʝʝ ʢʦʥʬʠ-

ʛʫʨʘʮʠʷʭ. ɺ ʜʘʣʴʥʝʡʰʝʤ mesh-ʩʝʪʴ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ.  

ɼʣʷ ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʦʪʦʢʦʣʦʚ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝ-

ʤʳ çʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘè. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʪʷʭ. 
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ʇʈʀʄɽʅɽʅʀɽ ʀʅʊɽʈɺɸʃʔʅʓʍ ʂʈʀʊɽʈʀɽɺ ɼʃʗ ʈɸʉʏɽʊɸ 

ɸʂʊʀɺʅʓʍ ʌʀʃʔʊʈʆɺ 

ʇʓʃʔʉʂʀʁ ɺ.ɸ., ʗʂʋʅʀʅ ɸ.ɻ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʘʥʘʣʦʛʦʚʳʝ, ʪʘʢ ʠ ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʮʠʬ-

ʨʦʚʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʚʳʪʝʩʥʷʶʪ ʘʥʘʣʦʛʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʸ ʝʱʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʥʥʦ 

ʘʥʘʣʦʛʦʚʳʭ, ʚ ʩʠʣʫ ʠʭ ʜʝʰʝʚʠʟʥʳ ʠ ʧʨʦʩʪʦʪʳ. ʅʘʧʨʠʤʝʨ, ʨʘʜʠʦʧʝʨʝ-

ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʬʠʣʴʪʨʳ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʠʟʢʦʯʘʩʪʦʪ-

ʥʳʤ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʩʦʟʜʘʚʘʪʴ ʧʦʤʝʭʠ ʜʨʫʛʠʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥ-

ʥʳʤ ʩʨʝʜʩʪʚʘʤ. ʊʘʢʞʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʬʠʣʴʪʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʳ-

ʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦ-

ʩʪʠʢʝ: ʩʧʠʨʦʛʨʘʤʤ, ʢʘʨʜʠʦʛʨʘʤʤ, ʤʠʦʛʨʘʤʤ, ʵʥʮʝʬʘʣʦʛʨʘʤʤ ʠ ʨʝʦ-

ʛʨʘʤʤ. 

ʊʘʢ ʢʘʢ ʜʣʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʩʠʛʥʘʣ ʣʝʞʘʣ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʪʦʛʦ ʬʠʣʴʪʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʥʦ-

ʚʳʭ ʤʝʪʦʜʦʚ ʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʜʘʯʫ ʨʘʩʯʝʪʘ 

ʬʠʣʴʪʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ  ʩʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ 

ʩʭʝʤʫ ʠ ʠʤʝʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʦʧʫʩʢ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʧʘʩʩʠʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʪʘʢ, ʯʪʦʙʳ ɸʏʍ ʣʝʞʘʣʘ ʚ ʧʨʠʝʤʣʝʤʦʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʘ ʩʣʦʝ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘ-

ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦ ʚʩʝʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 1 

ʧʦʢʘʟʘʥʘ ɸʏʍ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʠ ʫʢʘʟʘʥʘ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʤʦʜʫʣʴ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝ-

ʜʘʯʠ. 
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ʈʠʩʫʥʦʢ 1 - ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 

 

ɺʦʟʴʤʝʤ ʬʠʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʨʠ-

ʩʫʥʦʢ 2) ʩ ʯʘʩʪʦʪʦʡ ʩʨʝʟʘ 150 ɻʮ ʠ ʚʳʧʦʣʥʠʤ ʨʘʩʯʝʪ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʠʤʝʤ, ʯʪʦ R1=R2, C1=C2. ɼʣʷ ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʦʦʪʥʦʰʝʥʠʝ Ὑὅ
p¥̒
, ʛʜʝ ¥̒ - ʯʘʩʪʦʪʘ ʩʨʝʟʘ, ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ 

RC=0,00106. ʊʘʢ ʢʘʢ ʥʦʤʝʥʢʣʘʪʫʨʘ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʫʞʝ, ʯʝʤ ʫ ʨʝʟʠʩʪʦ-

ʨʦʚ, ʪʦ ʧʨʠʤʝʤ, ʯʪʦ ʉ1=0,1 ʤʢʌ, ʪʦʛʜʘ ʟʥʘʯʝʥʠʝ ʨʝʟʠʩʪʦʨʘ ʙʫʜʝʪ ʨʘʚʥʦ 

R1=10,6 ʂʆʤ.  

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʬʠʣʴʪʨ ʫʩʧʝʰʥʦ ʨʘʩʩʯʠ-

ʪʘʥ, ʦʜʥʘʢʦ, ʝʩʣʠ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʡ ʜʦʧʫʩʢ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʢ 

ʧʨʠʤʝʨʫ, ʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʨʘʚʝʥ °5%, ʪʦ ʛʨʘʬʠʢ ʦʪʢʣʦʥʠʪʩʷ ʦʪ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ɸʏʍ ʤʦʞʝʪ ʥʝ ʧʦʧʘʩʪʴ ʚ ʪʨʝʙʫʝʤʳʡ ʩʣʦʡ. ɼʘʥ-

ʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3 ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʦʠʟʦʰʣʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, ʠ ʰʪʨʠʭʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʦʪʢʣʦʥʝʥʠʝ ʫʚʝʣʠʯʠʣʦ ʟʥʘʯʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʨʠ ʜʨʫʛʠʭ ʚʳ-

ʙʨʘʥʥʳʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʝʤʢʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʪʢʣʦʥʝʥʠʷ 

ʚʠʜʘ ɸʏʍ ʦʪ ʝʝ ʠʜʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʢʘʢ ʙʦʣʴʰʝ, ʪʘʢ ʠ 
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ʤʝʥʴʰʝ ʦʪʢʣʦʥʝʥʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʜʦ-

ʧʫʩʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʠʣʴʪʨʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

 
ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢ ɸʏʍ: 1-ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, 2-ʩ ʫʯʝʪʦʤ  

ʦʪʢʣʦʥʝʥʠʷ ʜʦʧʫʩʢʘ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, 3-ʩ ʫʯʝʪʦʤ ʦʪʢʣʦʥʝʥʠʷ  

ʜʦʧʫʩʢʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʩʯʝʪʝ ʬʠʣʴʪʨʦʚ ʚʳʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʨʦ-

ʙʣʝʤʳ:  

- ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʝ ʚʩʝʛʜʘ ʧʦʣʫʯʘʶʪʩʷ ʮʝʣʳʤʠ 
ʯʠʩʣʘʤʠ. ʥʘʧʨʠʤʝʨ, ʥʘʡʪʠ ʧʦʩʪʦʷʥʥʳʡ ʨʝʟʠʩʪʦʨ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʨʘʚʥʳʤ, 

ʥʘʧʨʠʤʝʨ, 1.3924 ʂʆʤ ʥʝʚʦʟʤʦʞʥʦ ʜʘʞʝ ʜʣʷ ʨʷʜʘ ɽ192 [4];  

- ʫ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʫʩʢ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʧʨʦ-

ʮʝʥʪʘʭ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʠ 

ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʜʦʧʫʩʢʘ, ʪʝʤ ʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʪʨʝʙʫʝʤʦʡ 

ʬʦʨʤʳ ɸʏʍ, ʠʣʠ ʌʏʍ ʙʫʜʝʪ ʠʤʝʪʴ ʬʠʣʴʪʨ ʧʨʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ; 

- ʧʨʠ ʩʙʦʨʢʝ ʬʠʣʴʪʨʘ ʤʦʞʥʦ ʚʟʷʪʴ ʵʣʝʤʝʥʪʳ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟ-

ʤʦʞʥʳʤ ʜʦʧʫʩʢʦʤ, ʥʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʘʤ ʬʠʣʴʪʨ ʦʢʘʞʝʪʩʷ ʦʯʝʥʴ ʜʦ-

ʨʦʛʠʤ ʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʤʦʞʝʪ ʥʝ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʦʪ-

ʢʣʦʥʝʥʠʡ ɸʏʍ ʠ ʌʏʍ ʦʪ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ; 

- ʩʫʱʝʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ, ʥʘʛʨʝʚʘʥʠʷ, ʢʦʪʦ-

ʨʳʡ ʦʧʷʪʴ ʞʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʩʣʝʜʫʶʱʝʤ ʘʣʛʦʨʠʪʤʝ.  
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ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʦ ʣʶʙʦʤʫ ʠʟ ʪʠʧʦʚ ʬʠʣʴʪʨʘ.  

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ 

ʧʦʜʙʠʨʘʶʪʩʷ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ ʪʘʢʠʤʠ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʝʤ-

ʢʦʩʪʝʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ ʠʭ ʟʘʜʘʥʥʦʤ ʜʦʧʫʩʢʝ ʤʠʥʠʤʘʣʴʥʦʝ ʦʪ-

ʢʣʦʥʝʥʠʝ ɸʏʍ ʬʠʣʴʪʨʘ ʦʪ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʝʤʳʭ 

ʯʘʩʪʦʪ. ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʠʟʥʘʯʘʣʴʥʦ ʬʠʢʩʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʥʘʯʝ-

ʥʠʡ ʝʤʢʦʩʪʝʡ, ʘ ʥʝ ʨʝʟʠʩʪʦʨʦʚ ʩʜʝʣʘʥ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʜʦʧʫʩʢʠ ʥʘ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʝʤʢʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʰʠʨʦ-

ʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʜʦ 2%) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʨʝʟʠʩʪʦʨʦʚ (ʜʦ 

0,2%) ʠ ʠʭ ʩʪʦʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝ-

ʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ 

ʬʠʣʴʪʨʘ ʧʦʣʠʥʦʤʦʚ, ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʠʟʤʝʥʝʥʠʝʤ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʟʥʘʯʝ-

ʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ, ʯʝʤ ʩ ʙʦʣʴʰʠʤ ʰʘʛʦʤ ʝʤʢʦʩʪʝʡ ʢʦʥ-

ʜʝʥʩʘʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʢʦʥ-

ʜʝʥʩʘʪʦʨʦʚ ʩ ʤʘʣʳʤ ʜʦʧʫʩʢʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʪʦʠʤʦʩʪʠ ʨʝʟʠʩʪʦ-

ʨʦʚ ʩ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤ ʜʦʧʫʩʢʦʤ. ʊʦ ʝʩʪʴ ʪʘʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʫʞʝʥʠʶ ʧʦʣʦʩʳ ʨʘʟʙʨʦʩʘ ɸʏʍ ʦʪ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ, 

ʥʦ ʠ ʫʜʝʰʝʚʣʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɽʩʣʠ ʧʨʠ 

ʨʘʩʯʝʪʝ ʦʪʢʣʦʥʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ ʟʘʜʘʥʥʦʡ ɸʏʍ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ 

ʚʝʣʠʢʦ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʨʘʩʯʝʪ ʬʠʣʴʪʨʘ ʩ ʜʨʫʛʠʤ ʟʥʘʯʝʥʠʝʤ ʜʦ-

ʧʫʩʢʘ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟ ʟʘʜʘʥʥʦʛʦ ʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʨʷʜʘ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʚʭʦʜʷʱʠʤ ʚ 

ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʠʣʴʪʨʘ ʟʥʘʯʝʥʠʷʤʠ ʝʤʢʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʠ ʨʝʟʠʩʪʦʨʦʚ ʥʘʭʦʜʷʪʩʷ ʪʘʢʠʝ ʠʭ ʟʥʘʯʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘ-

ʯʝʥʠʡ ʠʟ ʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʨʷʜʘ) ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʪʢʣʦʥʝ-

ʥʠʷʤʠ ʦʪ ʜʦʧʫʩʢʘ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʷʱʠʭ ʚ ʬʠʣʴʪʨ ʨʝʟʠʩʪʦ-

ʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦʣʦʩʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʮʠʡ ɸʏʍ ʦʢʘʞʝʪʩʷ ʤʠ-

ʥʠʤʘʣʴʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ 

ʢʨʠʪʝʨʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪ-

ʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʝʡ ʦʪʢʣʦʥʝʥʠʡ, ʣʠʙʦ ʪʝ ʞʝ ʢʨʠʪʝ-

ʨʠʠ, ʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʪʦ ʝʩʪʴ ʦʪʢʣʦ-

ʥʝʥʠʡ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʚʝʣʠʯʠʥʫ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

ʥʘ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʩʭʝʤʳ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʝ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ. 1. ʍʘʥʟʝʣ ɻ. ɽ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʨʘʩʯʝʪʫ ʬʠʣʴʪʨʦʚ. ʇʝʨ. 
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ʋɼʂ 004.056 

ʆɹʆʉʅʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʉʆɼɽʈɾɸʅʀʗ ʊʀʇʆɺʓʍ 

ɺʀʈʊʋɸʃʔʅʓʍ ʆɹʒɽʂʊʆɺ ɿɸʑʀʊʓ ʀʅʌʆʈʄɸʎʀʀ  

ɼʃʗ ʋʏɽɹʅʆɻʆ ʇʈʆʎɽʉʉɸ 

ʈɸɿʄʓʉʃʆɺ ɽ.ɺ., ɿɸɻʀʅɸʁʃʆɺ ʖ.ʅ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʘʢʘʣʘʚ-

ʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʚ ʢʘʯʝʩʪʚʝ ʧʨʦ-

ʙʣʝʤʥʦʛʦ ʚʳʩʪʫʧʘʝʪ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ (ʟʘʜʘʯ). 

ʉ ʫʯʸʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʦʜʥʦʡ 

ʦʙʱʝʡ ʟʘʜʘʯʝʡ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʪʘʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʫʩʣʦʞʥʝʥʠʝ 

ʦʪ ʜʠʩʮʠʧʣʠʥʳ ʢ ʜʠʩʮʠʧʣʠʥʝ ʠ ʦʪ ʢʫʨʩʘ ʢ ʢʫʨʩʫ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʙr  ʩʪʫʜʝʥʪʘʤ ʚ ʢʦʥʮʝ ʦʙʫʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʲʝʢʪʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ. ʊʘʢʦʝ ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʢʦʪʦʨʦʡ ʙʘʟʳ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʠʧʦʚʳʝ ʦʙʲʝʢʪʳ ʠʥʬʦʨ-

ʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʘʙʦʪʘʪʴ ʩ ʨʝʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʨʘʤʢʘʭ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʨʘʙʦʪʫ ʩ ʛʨʫʧʧʦʡ ʩʪʫʜʝʥʪʦʚ, 

ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʥʠ ʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʥʝ ʩʦʛʣʘʩʠʪʩʷ ʨʘʩʩʝʢʨʝʪʠʪʴ 

ʩʚʦʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʟʜʝʩʴ ʚʠʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʚʠʨʪʫʘʣʴʥʳʭ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʦʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʆʇʆʇ), ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʤʧʝʪʝʥʮʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ɹʝʟʫʩʣʦʚʥʦ, ʯʪʦ ʜʦ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ, ʧʦ ʩʫʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʘ 

ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʌʉʊʕʂ ʈʦʩʩʠʠ 

http://www.dsplib.ru/content/filters/ch2/%20ch2.html
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ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʦʙʲʝʢʪʘʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ 

ʧʨʘʚʠʣʘ ʠ ʧʦʨʷʜʦʢ ʠʭ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥ-

ʬʦʨʤʘʮʠʠ.  

ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʟʘʱʠʱʘʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʤʦʛʫʪ ʙʳʪʴ: 

1) ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʦʀʉ), ʥʝ ʦʙʨʘ-

ʙʘʪʳʚʘʶʱʠʝ ʩʚʝʜʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʪʘʡʥʫ; 

2) ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʀʉʇɼʥ); 

3) ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ); 

4) ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (ʀʉʆʇ), ʥʘ-

ʧʨʠʤʝʨ ʩʘʡʪʳ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʧʨʝʟʠʜʝʥʪʘ ʈʌ, ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʨʝ-

ʛʠʦʥʘʣʴʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʠ ʜʨ. 

5) ʇʦʤʝʱʝʥʠʷ ʜʣʷ ʚʝʜʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ. 

ɼʘʥʥʳʝ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʨʫʢʪʫʨʝ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ. ʊʠʧʦʚʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʤʝʶʱʠʝ ʦʙ̡-

ʝʢʪʳ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʠʧʦʚʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢ-

ʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʚʳ-

ʜʘʯʝ ʟʘʜʘʥʠʡ ʜʣʷ ʩʠʪʫʘʪʠʚʥʳʭ ʟʘʜʘʥʠʡ (ʯʘʩʪʥʳʭ ʩʠʪʫʘʮʠʡ), ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩ ʫʯʸʪʦʤ ʘʥʘʣʠʟʘ [1-

3] ʚʣʠʷʶʱʠʤʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʪʝʭʥʦʣʦʛʠʶ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ: 

- ʬʦʨʤʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʭʘʨʘʢʪʝʨ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʩʦʩʪʘʚ, ʦʙʲʝʢʪʳ ʠ ʩʪʝʧʝʥʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʟʘʱʠʱʘʝʤʦʡ 
ʠʥʬʦʨʤʘʮʠʠ; 

- ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʟʘʱʠ-

ʱʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɹʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʈʌ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʘʡʥʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʱʠʪʝ ʧʝʨ-

ʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ:  

- ʢʘʪʝʛʦʨʠʠ ʩʫʙʲʝʢʪʦʚ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

- ʜʝʡʩʪʚʠʷ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ; 

- ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

- ʢʘʪʝʛʦʨʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

- ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʨ. 
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ʇʦʣʥʳʡ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʪʠʧʦ-

ʚʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʣʶʙʫʶ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʜʠʩʮʠʧʣʠʥ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʦʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ: [4]: 

- ʆʩʥʦʚʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʊʝʭʥʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ; 

- ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

- ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʠ ʧʨʘʚʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ; 

- ʉʝʪʠ ʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

- ʆʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ; 

- ʂʦʤʧʣʝʢʩʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʙʲʝʢʪʘ ʠʥ-

ʬʦʨʤʘʪʠʟʘʮʠʠ; 

- ʆʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

- ʅʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ ʠ ʩʪʘʥʜʘʨʪʳ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ; 

- ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ; 

- ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ; 

- ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʉ ʫʯʸʪʦʤ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩʬʦʨ-

ʤʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠ-

ʷʪʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʋʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʠʭ ʜʝʪʘʣʠʟʘʮʠʠ ʜʣʷ ʦʙʲʝʢʪʘ ʠʥ-

ʬʦʨʤʘʪʠʟʘʮʠʠ ʪʠʧʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʨʘʞʘʶʪ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ) ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʫʛʨʦʟʳ ʠ ʨʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʮʝʥʠʚʘʪʴ ʫʨʦ-

ʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʧʨʝʜʝʣʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʥʘʙʦʨ ʜʦʢʫʤʝʥ-

ʪʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʠʧʦʚʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ ʟʘʱʠʪʳ ï ʦʙ̡-

ʝʢʪ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʸʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʠ ʦʧʠʩʘʪʝʣʴʥʦʡ ʬʦʨʤʘʭ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʘʟʤʝʨʳ ʟʜʘʥʠʡ, ʧʦʤʝʱʝʥʠʡ, ʨʘʟʤʝʱʝʥʠʝ ʪʝʭʥʠʢʠ ʚ ʛʨʘ-

ʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ.  ʆʧʠʩʘʥʠʷ ʚʢʣʶʯʘʶʪ 

ʪʠʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʦʪʜʝʣʦʚ ʠ ʩʣʫʞʙ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʩʪʘʚ ʢʘʜʨʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʜʨ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʜʠʥʦʡ ʙʘʟʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦ-
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ʩʪʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʌɻʆʉ ɺʆ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴè, ʆʇʆʇ ʩ ʧʨʦʬʠʣʝʤ çʆʨʛʘʥʠʟʘʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠè.  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʪʠʧʦʚʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ 

 

ʃʠʪʝʨʘʪʫʨʘ. 1. ɻʆʉʊ ʈ 50922-2006. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʥʦʚ-

ʥʳʝ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ.[ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï

http://www.fstec.ru/_razd/_isp0o.htm 2. ɻʆʉʊ ʈ 51275-2006 ɿʘʱʠʪʘ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʆʙʲʝʢʪ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ. ʌʘʢʪʦʨʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʶ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï

http://www.fstec.ru/_razd/_isp0o.htm; 3. ɿʘʛʠʥʘʡʣʦʚ ʖ.ʅ. ʠ ʜʨ. ʂʦʤ-

ʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ: ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ɸʣʪ.ʛʦʩ.ʪʝʭʥ.ʫʥ-ʪ ʠʤ.ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ.- ɹʘʨʥʘʫʣ:  

ɸʣʪɻʊʋ.-2010.-287ʩ. [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï http://www.elib.altstu.ru;  

4. ʋʯʝʙʥʳʡ ʧʣʘʥ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ 10.03.01. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï https://www.altstu.ru/ 

omkofile/uchplan/7309/name/Ucheb_ plan_IB_2017_28.08.2017.pdf 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656038, ɹʘʨʥʘʫʣ ʧʨ-ʢʪ ʃʝʥʠʥʘ -

46, ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀ.ʀ.ʇʦʣʟʫʥʦʚʘ, ɿʘʛʠʥʘʡʣʦʚʫ ʖ.ʅ. ʪʝʣ. (385-2) 29-07-18. E-

mail:zun25@mail.ru 

ʊʠʧʦʚʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ 

ʅʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʛʨʫʧʧʳ ʩʚʝʜʝʥʠʡ) 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʝʜʧʨʠʷʪʠʠ 

ʉʚʝʜʝʥʠʷ ʦʙ ʠʥʬʦʨʤʘʮʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʀʆɼ 

ʉʚʝʜʝʥʠʷ ʦ ʧʝʨʩʦʥʘʣʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʦʙʨʘʙʦʪʢʠ ʀʆɼ 

ʉʚʝʜʝʥʠʷ ʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʙʨʘʙʦʪʢʠ ʀʆɼ 

ʉʚʝʜʝʥʠʷ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʀʉ  

http://www.elib.altstu.ru/
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ʋɼʂ 004.932.2 

ʂ ɺʆʇʈʆʉʋ ʆɹ ɹʀʆʄɽʊʈʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ ɿɸʑʀʊʓ 

ɼɸʅʅʓʍ 

ʈʆʄɸʅ ɽ.ɺ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫ-

ʧʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʶʯʘʤʠ, ʢʘʨʪʦʯʢʘʤʠ, ʢʦʜʘʤʠ ʠʣʠ ʧʘʨʦʣʷʤʠ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

- ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʟʘʙʳʪʴ ʠʣʠ ʧʦʪʝ-

ʨʷʪʴ; 

- ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʜʨʫʛʦʤʫ 

ʣʠʮʫ; 

- ʧʦʜʜʝʣʘʪʴ çʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʣʶʯè ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʝʥʴ 

ʫʜʦʙʥʦ. 

ʂ ʩʪʘʪʠʯʝʩʢʠʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʧʨʠʤʝʥʠʤʳʤ ʚ ʉʂʋɼ, 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ: 

- ʧʦ ʦʪʧʝʯʘʪʢʫ ʧʘʣʴʮʘ; 

- ʧʦ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʝ ʛʣʘʟʘ; 

- ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ; 

- ʧʦ ʛʝʦʤʝʪʨʠʠ ʣʘʜʦʥʠ ʨʫʢʠ. 

ʂʘʞʜʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

1. ɹʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʦʪʧʝʯʘʪʢʫ ʧʘʣʴʮʘ ï 

ʜʘʢʪʠʣʦʩʢʦʧʠʷ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʘʷ ʧʦ ʦʪʧʝʯʘʪʢʫ ʧʘʣʴʮʘ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʩʢʘʥʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʫʶ ʧʨʦʮʝʜʫʨʫ ʩʢʘʥʠʨʦʚʘ-

ʥʠʷ ʦʪʧʝʯʘʪʢʘ. ʅʦ ʤʝʪʦʜ ʠʤʝʝʪ ʠ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʤʥʦʛʠʝ ʩʢʘʥʝʨʳ ʥʝ 
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ʨʝʘʛʠʨʫʶʪ ʥʘ ʧʘʣʴʮʳ ʩ ʧʦʚʨʝʞʜʝʥʥʳʤ ʧʘʧʠʣʣʷʨʥʳʤ ʫʟʦʨʦʤ, ʩ ʩʫʭʦʡ 

ʢʦʞʝʡ ʠ ʪ.ʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʚ ʜʦʩʪʫʧʝ ʤʦʞʝʪ ʜʦʩ-

ʪʠʛʘʪʴ 100%.  

2. ʄʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʜʫʞʥʫʶ ʦʙʦʣʦʯʢʫ 

ʛʣʘʟʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʩʨʝʜʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʥʘʜʸʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ. ɿʘʭʚʘʪ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ ʯʝʣʦʚʝʢʘ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʈʘʜʫʞʥʘʷ ʦʙʦʣʦʯʢʘ 

ʟʘʱʠʱʝʥʘ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ï ʟʥʘʯʠʪ, ʥʝ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʟʘʱʠ-

ʱʘʶʱʠʭ ʦʪ ʧʦʜʜʝʣʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

3. ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2-D (ʨʠʩʫʥʦʢ 

2) ʠ 3-D. 

 
ʈʠʩʫʥʦʢ 2 ï ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ 2-D 

 

ʇʨʠ 2-D ʨʘʩʧʦʟʥʘʚʘʥʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʨʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʢʘʤʝʨʳ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ʇʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʚʝʱʝʥʠʶ. ɼʣʷ 

ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝʧʨʠʝʤʣʝʤʳ ʚʥʝʰʥʠʝ ʧʦʤʝʭʠ, ʪʘʢʠʝ, ʢʘʢ ʦʯʢʠ, 

ʙʦʨʦʜʘ, ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʯʝʩʢʠ. ʄʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʥʝ ʫʯʠʪʳ-

ʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʤʠʢʠ ʣʠʮʘ, ʪʦ ʝʩʪʴ ʚʳʨʘʞʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝʡʪʨʘʣʴʥʳʤ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʢʦʪʦʨʳʡ 

ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ 2-D 

ʙʝʩʧʦʣʝʟʥʳʤ ï ʚʟʣʦʤ ʩʠʩʪʝʤʳ ʧʦ ʬʦʪʦʛʨʘʬʠʠ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠ 3-D ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʣʠʮʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩʦ ʩʢʘʥʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʠʟʢʘʷ ʯʫʚʩʪ-

ʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ, ʢʘʢ ʥʘ ʩʘʤʦʤ ʯʝʣʦʚʝʢʝ (ʧʦʷʚʣʝʥʠʝ 

ʦʯʢʦʚ, ʙʦʨʦʜʳ, ʠʟʤʝʥʝʥʠʝ ʧʨʠʯʝʩʢʠ), ʪʘʢ ʠ ʚ ʝʛʦ ʦʢʨʫʞʝʥʠʠ (ʦʩʚʝʱʝʥ-

ʥʦʩʪʴ, ʧʦʚʦʨʦʪ ʛʦʣʦʚʳ), ʘ ʪʘʢʞʝ ʚr ʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ. 

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: ʜʦʨʦʛʦʚʠʟʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʤʝʶʱʠʝʩʷ ʚ ʧʨʦ-

ʜʘʞʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʮʝʥʝ ʜʘʞʝ ʩʢʘʥʝʨʳ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯ-

ʢʠ. ʀʟʤʝʥʝʥʠʷ ʤʠʤʠʢʠ ʣʠʮʘ ʠ ʧʦʤʝʭʠ ʥʘ ʣʠʮʝ ʫʭʫʜʰʘʶʪ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʤʝʪʦʜʘ.  

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʘ ʚʳʙʨʘ-

ʥʘ ʩʠʩʪʝʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ 2-D. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʙʫʜʫʪ 

ʫʩʪʨʘʥʝʥʳ ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦ-

ʨʘʤ, ʪʦ ʝʩʪʴ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʨʦʧʫʩʢʘʪʴ ʯʝʣʦʚʝʢʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝ-

ʥʠʡ ʚ ʝʛʦ ʚʥʝʰʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʦʯʢʠ, ʰʣʷʧʘ, ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠ-

ʯʝʩʢʠ. ɼʣʷ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ʦʪ ʚʟʣʦʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʛʨʘʬʠʠ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʫʭʬʘʢʪʦʨʥʘʷ ʘʚʪʦʨʠʟʘʮʠʷ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʡ: ʩʠʩʪʝʤʘ ʬʦʪʦʛʨʘʬʠʨʫʝʪ ʣʠʮʦ ʚ ʧʨʦʬʠʣʴ ʠ ʘʥʬʘʩ 

ʠ ʩʨʘʚʥʠʚʘʝʪ ʜʘʥʥʳʝ ʩ ʫʞʝ ʭʨʘʥʷʱʠʤʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʦʨʠʛʠʥʘʣʦʤ. 

ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʧʦʜʩʢʘʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʢʦʛʜʘ ʥʫʞʥʦ ʧʦʚʝʨʥʫʪʴʩʷ. 

ʇʦʜʥʝʩʪʠ ʬʦʪʦʛʨʘʬʠʠ ʟʘ ʵʪʦ ʚʨʝʤʷ ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʚ ʜʦʩʪʫʧʝ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ.  

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʅʝʦʙʭʦʜʠʤʦ ʦʙʦʟʥʘʯʠʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ. 

2. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʜʝʩʢʨʠʧʪʦʨ ï ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʢʦ-

ʜʠʨʫʝʪ ʛʝʦʤʝʪʨʠʶ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʢʨʫʛ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʠ. 

3. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʪʦ ʝʩʪʴ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʠɦʝ ʪʦʯʢʠ ʥʘ ʮʝʣʝʚʦʤ ʦʙʲʝʢʪʝ ʠ ʚ ʩʮʝʥʝ. 

4. ʀʤʝʷ ʥʘʙʦʨ ʪʦʯʝʢ ʥʘ ʮʝʣʝʚʦʤ ʦʙʲʝʢʪʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʥʳʡ ʝʤʫ ʥʘ-

ʙʦʨ ʪʦʯʝʢ ʚ ʩʮʝʥʝ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʝʞʜʫ ʥʠʤʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʚʠʜʝ 

ʤʘʪʨʠʮʳ ʛʦʤʦʛʨʘʬʠʠ. 

ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʇʂ, ʦʩʥʘʱʝʥʥʳʡ ʚʝʙ-ʢʘʤʝʨʦʡ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʚʳʩʦʢʦʡ ʪʦʯ-

ʥʦʩʪʴʶ, ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʙʠʙʣʠʦʪʝʢʘ OpenCV, ʠʩʧʦʣʴʟʫʶʱʘʷ ʘʣʛʦ-

ʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʠʦʤʝʪʨʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ 

ʤʝʪʦʜʘ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣ 

ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʡ ï ʤʝʪʦʜ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʦ ʠʟʦ-

ʙʨʘʞʝʥʠʶ ʣʠʮʘ 2-D. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʆʢʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ 

 

ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ 

ʯʝʣʦʚʝʢʘ ʚ ʧʦʤʝʱʝʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ ʚ ʝʛʦ ʚʥʝʰʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ʦʪ ʚʟʣʦʤʘ ʧʦ ʬʦʪʦʛʨʘʬʠʠ.  

ʃʠʪʝʨʘʪʫʨʘ. 1. ʅʘʛʠʭ ɼ.ʉ., ɹʦʨʠʩʦʚ ɸ.ʇ. ɸʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (25 ʘʧʨʝʣʷ 2016 ʛ., ʛ. ʊʦʤʩʢ). 

ɺ 4 ʯ. ʏ.3 / - ʋʬʘ: ɸʕʊɽʈʅɸ, 2016. ï ʩ. 77-81 2. ʅʘʛʠʭ ɼ.ʉ., ɹʦʨʠʩʦʚ 

ɸ.ʇ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ // ʀʥʥʦʚʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʦʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (5 ʤʘʷ 2016 ʛ., ʛ. ʂʠʨʦʚ). ɺ 3 

ʯ. 4.2 / - ʋʬʘ: ɸʕʊɽʈʅɸ, 2016. ï ʩ. 66-68 

ʈʝʢʚʠʟʠʪʳ ʜʣʷ ʩʧʨʘʚʦʢ: ʈʦʩʩʠʷ, 656039, ɹʘʨʥʘʫʣ, ʧʨ. ʃʝʥʠʥʘ, 46 

ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ʢʘʥʜʠʜʘʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ, 

ɹʦʨʠʩʦʚʫ ɸ.ʇ.., ʪʝʣ. (385-2) 29-07-18. E-mail:boralp@mail.ru 
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ʋɼʂ 681.5 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ɹʀʆʄɽʊʈʀʏɽʉʂʆʁ ɿɸʑʀʊʓ  

ʅɸ ʆʉʅʆɺɽ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʃʀʎ ʉ ʇʈʀʄɽʅɽʅʀɽʄ  

ʄʆɹʀʃʔʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʆɹʋʏɽʅʀʗ ʉʊʋɼɽʅʊʆɺ 

ʅɸʇʈɸɺʃɽʅʀʗ ñʀʅʌʆʈʄɸʊʀʂɸ ʀ ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ 

ʊɽʍʅʀʂɸò 

ʉɸʈɸʁʂʀʅ ʄ.ɸ., ɹʆʈʀʉʆɺ ɸ.ʇ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤʳ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚ-

ʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʧʨʝ-

ʚʨʘʪʠʣʠʩʴ ʠʟ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʜʦʩʪʫʧʥʳʝ ʢʘʞ-

ʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʇʂ ʠʣʠ ʩʤʘʨʪʬʦʥʘ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʜʥʘʢʦ ʝʩʪʴ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 

ʥʘ ʦʩʥʦʚʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʥʝ ʧʨʦʥʠʢʣʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʦʙʳʯʥʳʭ ʜʚʝʨʥʳʭ ʟʘʤʢʦʚ ʥʝ ʠʟʤʝʥʠʣʩʷ ʩʦ ʚʨʝʤʸʥ ɼʨʝʚʥʝʛʦ 

ɽʛʠʧʪʘ. ɺ ʚʝʢ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʵʪʦ ʚʳʛʣʷʜʠʪ ʩʪʨʘʥʥʦ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘ-

ʱʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠ-

ʣʦʞʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʷʪʴ ʉʂʋɼ ʠʣʠ 

ʧʨʦʩʪʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ ʜʣʷ ʚʭʦʜʥʦʡ 

ʜʚʝʨʠ). ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʪʨʦʠʪʩɹʷ ʪʦʣʴʢʦ ʥʘ ʟʘʢʘʟ ʜʣʷ ʢʘʞʜʦ-

ʛʦ ʦʙʲʝʢʪʘ ï ʩʦʙʩʪʚʝʥʥʠʢʘ. ʇʣʘʪʬʦʨʤʳ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣ-

ʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʘ ʤʘʩʩʦʚʦʤ 

ʨʳʥʢʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʪʘʮʠʦʥʘʨʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ
ɹʘʟʘ ʜʘʥʥʳʭ

ʄʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ

ʀʥʪʝʨʥʝʪ

WI-FI ɹʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨʥʝʪʫ

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ 

ʈʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʉʋɹɼ MySQL. 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʘʟʫ 

ʜʘʥʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʠʭ ʧʨʦʝʢʪʦʚ ʩʪʫʜʝʥʪʦʚ ʤʦʞʥʦ ʨʘʩʰʠʨʷʪʴ. 
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ʈʠʩʫʥʦʢ 2 - ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʜʦʙʘʚʣʷʪʴ ʫʯʘʩʪ-

ʥʠʢʦʚ ʩʠʩʪʝʤʳ ʚʤʝʩʪʝ ʩ ʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʧʦʩʦʙʥʦ ʧʦʢʘʟʳʚʘʪʴ ʠʩʪʦʨʠʶ ʨʘʙʦʪʳ ʩʠʩʪʝ-

ʤʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʥʝʪ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥ-

ʥʳʭ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʪʝʨʥʝʪʘ (ʧʫʪʴ ʧʨʦʢʣʘʜʳʚʘʝʪʩʷ ʧʦ ʥʘʠʙʦʣʝʝ 

ʢʦʨʦʪʢʦʤʫ ʠʣʠ ʚʦʟʤʦʞʥʦʤʫ ʧʫʪʠ). 

ʉʪʘʮʠʦʥʘʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ C# ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙ-

ʣʠʦʪʝʢʠ OpenCV. ɹʠʙʣʠʦʪʝʢʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʣʠʮʝʥʟʠʠ BSD. ʈʘ-

ʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

3. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʦʛʦ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ ñɼʦʙʘʚʠʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷò, ʚʚʝʩʪʠ ʝʛʦ ʠʤʷ, ʬʠʟʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʠʪʴ ʥʘʧʨʦʪʠʚ ʦʙʲ-

ʝʢʪʠʚʘ ʢʘʤʝʨʳ ʠ ʥʘʞʘʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʥʦʧʢʫ. ʉʢʨʠʥʰʦʪ ʚʳ-

ʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ Raspberry Pi. ɺ ʦʪʣʠʯʠʝ ʦʪ ʇʂ ʥʘ ʜʘʥʥʦʡ 

ʧʣʘʪʝ ʝʩʪʴ ʚʳʭʦʜʳ GPIO ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʠʣʠ ʤʦʜʫʣʠ ʉʂʋɼ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ. 

ɹʣʦʢ-ʩʭʝʤʘ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʪ ʩʪʫʜʝʥʪʘʤ ʠʟʫʯʠʪʴ ʙʘʟʦʚʳʝ ʘʩʧʝʢʪʳ ʢʦʤ-

ʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʇʦʪʝʥʮʠʘʣ ʟʘʣʦʞʝʥʥʳʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʘʥʥʦʡ ʩʠʩ-

ʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʨʳʥʦʢ ʜʦʤʘʰʥʠʭ ʦʭʨʘʥ-

ʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʠʟʤʝʥʠʪʴ ʪʝʢʫʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʫʤʥʦʤ ʜʦʤʝ. 
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ʈʠʩʫʥʦʢ 3 - ʆʩʥʦʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ 

  
ʈʠʩʫʥʦʢ 4 - ɼʝʤʦʥʩʪʨʘʮʠʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

ʋʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢɹʣʦʢ ʧʠʪʘʥʠʷ
ʆʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ

 ʎʠʬʨʦʚʘʷ 

ʚʠʜʝʦʢʘʤʝʨʘ

 
ʈʠʩʫʥʦʢ 5 - ɸʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ,  

ʛʜʝ ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ ï ʤʠʥʠʢʦʤʧʴʶʪʝʨ 
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ʃʠʪʝʨʘʪʫʨʘ. 1. ʅʘʛʠʭ ɼ.ʉ., ɹʦʨʠʩʦʚ ɸ.ʇ. ɸʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (25 ʘʧʨʝʣʷ 2016 ʛ., ʛ. ʊʦʤʩʢ). 

ɺ 4 ʯ. ʏ.3 / - ʋʬʘ: ɸʕʊɽʈʅɸ, 2016. ï ʩ. 77-81 2. ʅʘʛʠʭ ɼ.ʉ., ɹʦʨʠʩʦʚ 

ɸ.ʇ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ // ʀʥʥʦʚʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʦʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜ-
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʓʍ ʄʆɼʋʃɽʁ ʈɸʉʏɪʊɸ 

ʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀʍ ʀ ɻʀɼʈʆʃʆɻʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊɽʈʈʀʊʆʈʀʀ ɼʃʗ ɻʀʉ  

ʉ ʆʊʂʈʓʊʓʄ ʂʆɼʆʄ 

ʉʀɼʆʈɽʅʂʆ ɽ.ɸ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ (ʜʘʣʝʝ ɻʀʉ), ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦ-

ʣʦʛʠʷʤ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ ʚ ʮʝʣʦʤ ʙʣʘʛʦʜʘʨʷ ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʷʤ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʨʝʰʘʶʪʩʷ ʤʥʦʛʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ, ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴ-

ʥʳʝ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ʉʦʚʨʝʤʝʥʥʳʝ ɻʀʉ ʦʙ-

ʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʘʥʘʣʠʟʘ ʛʝʦʜʘʥʥʳʭ [2]. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʤʠ ɻʀʉ ʨʘʟʚʠʚʘʶʪʩʷ, ʠʭ ʢʦʣʠ-

ʯʝʩʪʚʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʛʝʦʠʥʬʦʨ-

ʤʘʪʠʢʦʡ ʠ ʘʥʘʣʠʟʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʫʜʦʙʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʠ 

ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʚʝʜʴ ʟʘʯʘʩʪʫʶ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʧʨʠʝ-

ʪʘʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʜʘʣʝʝ ʇʆ) ʠʟʙʳʪʦʯʝʥ ʠ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ ʜʣʷ ʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ. 




