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ʆʙ ʦʜʥʦʤ ʤʝʪʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ n-ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠéééééééééééééé 

 

 

212 

6 ɹʝʡʩʝʥʙʘʝʚʘ ʂ.ɸ., ʐʘʢʫʣʠʢʦʚʘ ɸ.ʊ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡéééééé... 

 

215 

7 ɸʩʢʘʨʦʚʘ ɸ.ʉ., ɹʦʣʝʛʝʥʦʚʘ ʉ.ɸ., ʄʘʢʩʠʤʦʚ ɺ.ʖ., ɸʣʜʠʷʨʦʚʘ ɸ.ʅ. 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘéééééééééééééééééé 

 

218 

8 ʀʩʤʘʠʣʦʚʘ ɸ.ɾ., ʉʘʩʧʘʝʚʘ ɸ.ɼ.  

ʄʘʛʥʠʪʪʝʣʛʝʥ ʩʝʨʽʢʪʽש ʙײʨʳʰʪʳץ ץʦʟסʘʣʳʩʳʥ ʪײʨʘץʪʘʥʜʳʨʫééééééééééé.. 

 

221 

9 ɼʨʘʢʫʥʦʚ ʖ.ʄ., ɽʨʘʣʠʝʚ ɸ.ʂ.  

ʆ ʤʝʪʦʜʠʢʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʦʚ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʚ ʩʠʩʪʝʤʝ MAPLEé.. 
 

 

225 

ʌɸʂʋʃʔʊɽʊ çʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ʕʂʆʅʆʄʀʂɸè 
 

ʇʆɼʉɽʂʎʀʗ ˉ1 çʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʕʂʆʅʆʄʀʂʀ ʂɸɿɸʍʉʊɸʅɸ ɺ ʋʉʃʆɺʀʗʍ 

ɽɼʀʅʆɻʆ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸè 
 

1 ɸʙʳʣʢʘʠʨʦʚʘ ʄ.ɽ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘéééé. 

 

230 

2 ɸʙʳʣʢʘʠʨʦʚʘ ʄ.ɽ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʘʣʶʪʥʳʭ ʨʠʩʢʦʚéééééééééééé. 

 

233 

3 ɹʘʢʢʘʨʘʝʚʘ ɸ.ʉ. 

ɸʥʘʣʠʟ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʣʠʷʥʠʷ ʙʘʥʢʦʚ, ʦʧʳʪ ʚʝʜʫʱʠʭ ʙʘʥʢʦʚ ʤʠʨʘééééééééé 

 

236 

4 ɼʘʫʣʝʪʘʣʠʥʘ ɻ. 

ɸʥʘʣʠʟ ʟʘʪʨʘʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʯʝʡ ʩʠʣʳ ʚ ʵʢʦʥʦʤʠʢʝ ʨʝʩʧʫʙʣʠʢʠ ʢʘʟʘʭʩʪʘʥééé. 

 

238 

5 ʄʝʢʝʙʘʝʚʘ ɼ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʚʣʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʙʘʥʢʘʤʠééééééééé 

 

242 

6 ʆʨʘʟʛʘʣʠʝʚʘ ʊ.ɸ  

ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʧʣʘʪʝʞʥʦʡ ʩʠʩʪʝʤʳ ʨʢ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝééé.. 

 

247 

7 ʂʝʤʘʣʦʚʘ ɸ.ʉ., ɾʘʥʘʩʘʝʚʘ ɸ.ɹ.  

-ʦʨʥʳ ʤʝʥ ᴅʣʝʫʤʝʪʪʽʢ שʨʣʳʩ ʩʝʢʪʦʨʳʥʳײץ ʡװ ʳʥסʨײʳ ʪסʵʢʦʥʦʤʠʢʘʜʘ ץʣʪʪʳױ

ʵʢʦʥʦʤʠʢʘʣʳץ ʤᴅʥʽééééééééééééééééééééééééééééé. 

 

 

253 

8 ʐʘʤʘʣʛʘʥʦʚʘ ɸ.ʉ., ɸʡʜʘʥʘʣʠʝʚʘ ʊ. 

ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ 

ɸʆ çʅʂ çפʊɾèéééééééééééééééééééééééééééééé.. 

 

 

256 

9 ɸʭʤʝʪʞʘʥʦʚʘ ɸ.ʍ., ʆʩʧʘʥʦʚ ʉ.ʂ., ɸʙʜʫʣʣʘʝʚ ɽ.ɼ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʦʢ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝééééééééééééééééééééééééééééééééé 

 

 

259 

   



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

6 

 

 

10 ɸʭʤʝʪʞʘʥʦʚʘ ɸ.ʍ., ɾʠʥʘץʙʘʡ ɸ.ɸ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʥʷʪʠʶ çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʧʨʠʷʪʠʷèééééééééé. 

 

264 

11 ɸʭʤʝʪʞʘʥʦʚʘ ɸ.ʍ., ʄʫʩʘʙʝʢʦʚ ʄ., ʄʫʩʘʙʝʢʦʚʘ ʂ.ʂ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʜʠʨʝʢʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ɸʆ çʅʂ çפʊɾè(ʅʆɼ1) ʥʘ ʦʩʥʦʚʝ ʵʥʝʨʛʦʘʫʜʠʪʘééééééééééééé 

 

 

266 

 

ʇʆɼʉɽʂʎʀʗ ˉ2 çʇʈʆɽʂʊʀʈʆɺɸʅʀɽ, ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ʕʂʉʇʃʋɸʊɸʎʀʗ 

ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʆʆʈʋɾɽʅʀʁè 

 

1 ʂʫʣʤʘʥʦʚʘ ʅ.ʂ., ʊʫʣʝʤʠʩʦʚ ʊ.ɾ. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʝʣʴʩʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠéééééééééééé. 

 

 

269 

2 ʂʫʣʤʘʥʦʚʘ ʅ.ʂ., ʊʫʣʝʤʠʩʦʚ ʊ.ɾ. 

ʄʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʮʠʢʣʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ  

ʩʪʘʣʴʥʳʭ ʨʝʣʴʩʦʚéééééééééééééééééééééééééééééé 

 

 

272 

3 ʂʚʘʰʥʠʥ ʄ.ʗ., ɹʦʥʜʘʨʴ ʀ.ʉ., ɾʘʥʛʘʙʳʣʦʚʘ ɸ.ʄ.  

ʄʦʥʠʪʦʨʠʥʛ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʙʘʣʦʯʥʳʝ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚéééééééééééééééééééééééééé. 

 

 

275 

4 ʂʚʘʰʥʠʥ ʄ.ʗ., ɾʘʥʛʘʙʳʣʦʚʘ ɸ.ʄ., ɹʦʥʜʘʨʴ ʀ.ʉ. 

ʉʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʫʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʢʨʝʧʣʝʥʠʡéééééé 

 

279 

5 ʂʚʘʰʥʠʥ ʄ.ʗ., ɸʢʙʘʝʚʘ ɸ.ʉ., ɹʦʥʜʘʨʴ ʀ.ʉ. 

ɺʣʠʷʥʠʝ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʣʦʯʥʳʭ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚéééééééééééééééééééééé 

 

 

284 

6 ɸʷʧʦʚʘ ʕ.ʉ.  

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʨʝʣʴʩʘʭ  

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʥʦʩʦʤéééééééééééééééééééééééééé. 

 

 

289 

7 ʐʘʷʭʤʝʪʦʚ ʉ.ɹ., ɼʦʜʘʙʘʝʚ ɼ.ɸ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʩʠʣʝʥʠʶ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭééééééééééééééééééééééééééé. 

 

 

292 

8 ʂʘʣʜʳʢʘʨʘʝʚ ʀ.ʄ. 

ɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚéééééééééééééééééééééééé... 

 

 

295 

9 ʐʘʷʭʤʝʪʦʚ ʉ.ɹ., ʂʘʩʳʤʭʘʥʦʚ ʅ.ɽ.  

ʇʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʪʝʚʳʭ ʤʘʰʠʥééééééééééééééééééééééé 

 

 

298 

10 ʀʩʢʝʥʦʚʘ ɹ.ʉ. 

ɺʣʠʷʥʠʝ ʧʣʘʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʟʦʥʘʧʨʷʞʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʞ.ʜ. ʢʘʟʘʭʩʪʘʥʘééééééééééééééééééééééééééé. 

 

 

 

305 

ʇʆɼʉɽʂʎʀʗ ˉ3 çʌʆʈʄʀʈʆɺɸʅʀɽ ʇʆʃʀʃʀʅɻɺɸʃʔʅʆʁ ʃʀʏʅʆʉʊʀ: ʇʈʆɹʃɽʄʓ 

ʀ ʇʋʊʀ ʈɽʐɽʅʀʗè 

 

1 ɸʙʞʘʥʦʚʘ ɸ.ʍ. 

ʗʟʳʢ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ ʚ ʚʫʟʝééééééééééé..... 

 

308 

2 ɸʙʞʘʧʙʘʨʦʚʘ ɸ.ɾ., ʊʦʡʤʳʨʟʘ ɸ.ɸ. 

ʊʨʘʥʟʠʪʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ: ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʫʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷééééééééééééééééééééééééééééé. 

 

 

312 

3 ɻʘʙʜʝʝʚʘ ɻ.ʊ., ʉʘʤʩʘʢʦʚʘ ʈ.ɸ., ɸʤʨʝʥʦʚ ʉ.ɹ. 

ɺʠʜʝʦʤʘʪʝʨʠʘʣʳ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷéééééééééééééé... 

 

315 

4 ɹʘʢʪʳʙʘʝʚʘ ɸ.ʊ. 

ʇʦʣʠʷʟʳʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʫʩʣʦʚʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʂʘʟʘʭʩʪʘʥʘéééé. 

 

318 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
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5 ɹʘʩʠʪʦʚʘ ɸ.ʅ.  

ʕʪʥʦʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʯʠʥʝʥʠʷ çʏʀʅɻʀɿ-ʅɸʄɽè ʋʪʝʤʠʰ-ʍʘʜʞʠéé. 

 

321 

6 ɹʫʛʝʥʦʚʘ ʃ.ɸ.  

ʀʟ ʦʧʳʪʘ ʨʘʙʦʪʳ ʥʘʜ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʝʤ ʧʦ çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ ʜʣʷ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ çʊʨʘʥʩʧʦʨʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦè ʠ çʉʪʨʦʠʪʝʣʴʩʪʚʦèéééééééé. 

 

 

325 

7 ɸʙʜʠʨʦʚʘ ɸ.ɼ. 

ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘéééééééééé.. 

 

327 

8 ɸʣʠʝʚʘ ʉ.ɸ.  

ɼ.ʀʩʘʙʝʢʦʚ ʰʳסʘʨʤʘʣʘʨʳʥʜʘסʳ ʜʠʘʣʦʛʪʳש ʙʝʨʽʣʫ ʪᴅʩʣʜʝʨʽéééééééééééé 

 

331 

9 ɼʦʩʞʘʥʦʚʘ ɻ.ʅ., ʊʫʛʝʣʴʙʘʝʚʘ ɸ.ʅ. 

ɸסʳʣʰʳʥ ʪʽʣʽ ʧᴅʥʽʥʽש ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʘסʳ ʘץʧʘʨʘʪʪʳץ - ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʨᴇʣé̔éééééééééééééééééééééééééé... 

 

 

334 

10 ɾʘʨʜʘʤʘʣʠʝʚʘ ɾ.ɹ. 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ,  

ʬʦʨʤʠʨʫʶʱʠʭ ʢʫʣʴʪʫʨʫ ʦʙʱʝʥʠʷééééééééééééééééééééééé 

 

 

336 

11 ʂʘʣʘʤʙʘʝʚʘ ɻ.ɸ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʧʝʨʝʚʦʜʦʚ ʧʨʦʠʟʚʝʜʝʥʠʡ  

ʂʘʟʘʭʩʢʦʡ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʧʦʵʟʠʠééééééééééééééééééééééé.. 

 

 

340 

12 ʂʘʥʩʝʠʪʦʚʘ ʋ.ʈ. 

ʂʦʥʪʨʘʩʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʢʘʟʘʭʩʢʦʛʦ ʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʠʢʫʣʴʪʫʨʥʦʡ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘéééééééééééééééééééééé. 

 

 

344 

13 ʂʘʩʘʙʫʣʘʪʦʚʘ ɻ.ʄ.  

ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʦʪʙʦʨʘ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʘʠʣʘ ʧʦ ʘʥʛʣʠʡʩʢʦʤʫ ʷʟʳʢʫ ʚ 

ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʠʷʟʳʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷéééééééééé. 

 

 

347 

14 ʆʨʳʥʭʘʥʦʚʘ ɻ.ɸ. 

ʂʦʥʮʝʧʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʋʄʂ ʧʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ  

ʜʣʷ ʩʪʫʜʝʥʪʦʚ 2-3 ʢʫʨʩʦʚéééééééééééééééééééééééééé... 

 

 

350 

15 ʉʤʘʠʣʦʚʘ ʌ.ʀ.  

ʄʦʪʠʚʘʮʠʷ ʠ ʝʸ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘéééééééééééééé.. 

 

354 

16 ʊʘשʩʳץʙʘʝʚʘ ɹ.ɸ.  

ʊʳʡʳʤ ʩᴇʟʜʝʨ-ʪᴅʨʙʠʝ ʢᴇʟʽéééééééééééééééééééééééééé 

 

356 

17 ʊʦʣʤʘʯʝʚʘ ʃ.ʌ.  

ʇʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʟʘʫʨʫʩʘéééééééééééééééééééééé 

 

359 

18 ʐʠʥʪʘʝʚʘ ʃ.ɸ.  

Talking to learn across classrooms and communitieséééééééééééééééé 

 

363 

19 ʐʳʥʳʙʝʢʦʚʘ ɸ.ʉ.  

ʄײʭʪʘʨ ʐʘʭʘʥʦʚʪʳש çʆʪʳʨʘʨè ʰʳסʘʨʤʘʩʳʥ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽéééééééééé.. 

 

366 

20 ʐʳʥʳʙʝʢʦʚʘ ɸ. ʉ., ʐʳʥʳʙʝʢʦʚʘ ɸ.ʉ.  

ʉᴇʡʣʝʫ ʧʨʘʛʤʘʪʠʢʘʩʳéééééééééééééééééééééééééééé. 

 

 

369 

ʌɸʂʋʃʔʊɽʊ çʆʈɻɸʅʀɿɸʎʀʗ ʇɽʈɽɺʆɿʆʂ ʀ ʃʆɻʀʉʊʀʂɸè 
 

ʇʆɼʉɽʂʎʀʗ ˉ1 çʀʅʅʆɺɸʎʀʆʅʅʓɽ ʇʆɼʍʆɼʓ ɺ ʆʈɻɸʅʀɿɸʎʀʀ 

ʇɽʈɽɺʆɿʆʏʅʆɻʆ ʇʈʆʎɽʉʉɸè 

 

1 ɹʝʢʤʘʛʘʤʙʝʪʦʚʘ ʃ.ʂ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʨʦʧʫʩʢʝ  

ʜʣʠʥʥʦʩʦʩʪʘʚʥʳʭ ʧʦʝʟʜʦʚ ʯʝʨʝʟ ʩʪʘʥʮʠʶéééééééééééééééééééé 

 

 

373 

2 ɹʫʪʠʥʘ ʉ.ʉ., ɹʝʢʤʘʛʘʤʙʝʪʦʚʘ ʃ.ʂ., ɸʢʠʣʦʚ ᴄ.ɾ. 

ʉʦʟʜʘʥʠʝ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʢʘʤʠ (ɼʎʋ) ʠ ʨʘʟʚʠʪʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡéééééééééééééééééééééééé.. 

 

 

376 

   



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

8 

 

 

3 ɺʘʭʠʪʦʚʘ ʃ.ɺ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ  

ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢéééééééééééééééééééé.. 

 

 

380 

4 ʉʘʨʙʘʝʚ ʉ.ʐ., ɸʜʠʣʦʚʘ ʅ.ɼ., ɹʝʢʤʘʛʘʤʙʝʪʦʚʘ ʃ.ʂ., ʀʜʨʠʩʦʚʘ ɾ.ɽ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʠʩʧʦʣʥʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷéééééé.. 

 

385 

5 ʂʠʩʝʣʸʚʘ ʆ.ɻ. 

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʬʠʣʠʘʣʘʤ  

ɸʆ çʅʂ çפʊɾè ʟʘ 2014 ʛʦʜééééééééééééééééééééééééé. 

 

 

387 

6 ʂʦʙʜʠʢʦʚ ʄ.ɸ., ʅʫʨʘʣʠʥʘ ɸ.ʂ. 

ɼʠʩʧʝʪʯʝʨʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩʪʘʥʮʠʦʥʥʦʛʦ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘéééééééééééééééééééééééééé... 

 

 

391 

7 ʄʫʩʘʙʘʝʚ ɹ.ʂ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʫʥʢʪʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘéééééééééééé 

 

395 

8 ʅʫʨʞʘʥʦʚʘ ɻ.ʄ., ʅʫʨʤʘʥʦʚ ɸ.ʅ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢéééééééééééééé 

 

399 

9 ʊʶʣʶʙʘʝʚʘ ɼ.ʄ., ʈʳʩʧʝʢ ɸ.ɽ.  

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʥʝʬʪʷʥʳʭ ʛʨʫʟʦʚééééééééé. 

 

403 

10 ʉʘʨʙʘʝʚ ʉ.ʐ.  

ʂʦʥʮʝʧʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ 

ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠééééééééééééééééé... 

 

 

408 

11 ʊʫʨʝʤʫʨʘʪʦʚʘ ɻ.ɸ.  

ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ  

ɸʣʤʘʪʠʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʜʦʨʦʛʠééééééééééééééééééééééé.. 

 

 

411 

12 ɹʠʪʠʣʝʫʦʚʘ ɿ.ʂ., ɸʭʤʝʪʦʚʘ ʇ.ʊ. 

ʆ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷéé.. 

 

414 

13 ʂʦʙʜʠʢʦʚ ʄ.ɸ., ɸʨʠʤʙʝʢʦʚʘ ʇ.ʄ.  

ɼʠʥʘʤʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥééééé.. 

 

417 

14 ʉʘʛʠʥʙʘʝʚʘ ʐ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʨʘʟʚʠʪʠʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘéééééééé.. 
  

 
 

420 

ʇʆɼʉɽʂʎʀʗ ˉ2 çʃʆɻʀʉʊʀʏɽʉʂʀʁ ʂʆʅʉɸʃʊʀʅɻ ʀ ʇʋʊʀ ʀʅʊɽɻʈɸʎʀʀ 

ʋʇʈɸɺʃɽʅʀʗ ʇɽʈɽɺʆɿʂɸʄʀ ʀ ɼɺʀɾɽʅʀɽʄ ɺ ʄɽɾɼʋʅɸʈʆɼʅʋʖ 

ʊʈɸʅʉʇʆʈʊʅʋʖ ʉʀʉʊɽʄʋè 
 

1 ɸʜʠʣʦʚʘ ʅ.ɼ., ɹʘʡʛʦʟʠʝʚ ɹ.ʅ.  

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘéééé 

 
424 

2 ʄʘʣʠʢʦʚʘ ʃ.ʄ.  

ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʮʝʧʴ ʜʦʩʪʘʚʢʠ ʟʝʨʥʘéééééééééééééééé.. 

 
426 

3 ʄʘʪʘʝʚ ʄ.ʂ., ʉʳʣʪʘʫʙʘʝʚʘ ɹ.ɸ., ɼʞʦʣʘʤʘʥʦʚʘ ɸ.ɹ.  

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚééééééééééééééééééééééé... 

 
 

431 

4 ʅʝʤʘʩʠʧʦʚʘ ɸ.ʅ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʚ ʈʂéééééé. 

 
441 

5 ʅʫʨʘʢʫʣʦʚ ɸ.ɸ.  

ʆʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʭʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ɸʣʤʘʪʳ-ɸʩʪʘʥʘééééééééééééééééééééééééé 

 
 

443 

6 ɸʙʞʘʧʙʘʨʦʚʘ ɸ.ɾ., ʄʘʡʣʳʙʘʝʚʘ ʅ.ɹ.  

ɼʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʪʫʘʮʠʡ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-

ʵʢʩʧʝʜʠʮʠʦʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠéééééééééééééééééééééééé 

 
 

445 

7 ɸʙʞʘʧʙʘʨʦʚʘ ɸ.ɾ., ʅʫʨʛʘʟʠʝʚʘ ɸ.  

ʇʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʂéééééééé 

 
454 
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8 ɸʣʠʘʢʙʘʨʢʳʟʳ ɼ., ɸʙʜʨʘʟʘʢʦʚ ɽ.  

ʄʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ  

ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠééééééééééééééééééééééééééé. 

 
 

458 

9 ɸʣʧʳʩʙʘʡ ɸ.ʈ.  

ɸʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ  

ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥééééééééééééééééééééééééééé. 

 
 

466 

10 ɹʘʟʘʨʙʝʢʦʚʘ ʄ.ʄ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ 

ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥʘéééééééééééééééééé... 

 
 

472 

11 ɹʝʢʞʘʥʦʚʘ ɾ.ɹ.  

ʈʘʟʚʠʪʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʂʘʟʘʭʩʪʘʥʝééééééééééééééééé 

 
475 

12 ɹʣʠʥʮʦʚ ʉ.ʄ.  

ɺʳʙʦʨ ʠ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ çʉʫʭʦʛʦè ʧʦʨʪʘéééééééééééééé. 

 
477 

13 ʀʟʪʝʣʝʫʦʚʘ ʄ.ʉ.  

ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʂʘʟʘʭʩʪʘʥʘéééééé 

 
480 

14 ʀʟʪʝʣʝʫʦʚʘ ʄ.ʉ., ʉʘʜʠʙʘʝʚ ʅ.ʀ.  

ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʥʪʝʡʥʝʨʦʚ  

ʥʘ ʢʦʥʪʝʡʥʝʨʥʦʤ ʪʝʨʤʠʥʘʣʝ ʩʪʘʥʮʠʠ ɼʦʩʪʳʢéééééééééééééééééé. 

 
 

482 

15 ʂʫʣʴʰʠʢʦʚʘ ʕ.ʉ.  

ɸʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂʘʟʘʭʩʪʘʥʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʚ ɽʚʨɸʟʕʩéééééééééééééééééééééé 

 
 

486 

16 ʄʫʩʘʣʠʝʚʘ ʈ.ɼ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʪʨʘʥʩʧʦʨʪʥʦ ï ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘééééééééééééééééééééé.. 

 
 

490 

17 ʅסײʳʤʘʥʦʚʘ ɻ.ɼ., ɹʘʡʙʫʩʠʥʦʚʘ ʄ.ɸ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʂʘʟʘʭʩʪʘʥʝéééé... 

 
495 

18 ʅʫʨʛʘʟʠʝʚʘ ɸ.ʆ., ʆʣʞʘʙʘʝʚʘ ʈ.ʉ. 

ʇʫʪʠ ʠʥʪʝʛʨʘʮʠʠ ʂʘʟʘʭʩʪʘʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫééééééé 

 
498 

19 ʊʦʢʪʘʤʳʩʦʚʘ ɸ.ɹ., ɹʘʣʪʘʙʝʢʦʚʘ ɻ.ʐ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʝʣʣʘʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ  

ʢʦʤʧʘʥʠʠ çVIVAPHARMèéééééééééééééééééééééééééé 

 
 

500 

20 ʊʦʢʪʘʤʳʩʦʚʘ ɸ.ɹ., ɼʫʡʩʝʤʙʘʝʚʘ ʅ.ʂ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ,  

ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠééééééééééééééé...... 

 
 

510 

21 ʄʫʩʠʣʠʤ ɼ.ʄ.  

ɼʝʷʪʝʣʴʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ  

ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʍʦʨʛʦʩ-ɺʦʩʪʦʯʥʳʝ ɺʦʨʦʪʘèééééééééééé.. 

 

 
 

515 

ʌɸʂʋʃʔʊɽʊ çʊʈɸʅʉʇʆʈʊʅɸʗ ʊɽʍʅʀʂɸè 
 

ʇʆɼʉɽʂʎʀʗ ˉ1 çʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ, ʕʂʉʇʃʋɸʊɸʎʀʀ ʀ 

ʈɽʄʆʅʊɸ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʇʆɼɺʀɾʅʆɻʆ ʉʆʉʊɸɺɸè 

 

1 ʐʘʢʝʥʦʚ ʄ.ɸ., ʃʘʢʧʘʝʚ ʉ.ʂ., ʀʙʨʘʝʚ ɾ.ʉ. 

ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʨʠ ʧʨʦʩʪʦʝ ʵʣʝʢʪʨʦʚʦʟʦʚ ʚ ʜʝʧʦ, ʚ ʦʞʠʜʘʥʠʠ ʨʘʙʦʪʳ ʠ ʚ 

ʆʈʃ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʢʦʤʧʨʝʩʩʦʨʘéé. 

 
 

518 

2 ʄʫʩʪʘʧʘʝʚ ʂ.ʉ., ɸʨʪʘʚʘʟʜ ɻ.ɸ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʧʦʜʚʝʰʠʚʘʥʠʡ ʥʘ ʣʦʢʦʤʦʪʠʚʘʭééééééééééééééééé 

 
 

522 

3 ʊʦʢʤʫʨʟʠʥʘ ʅ.ɸ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʪʝʩʪʦʚ ʧʨʠ ʧʨʝʧʦʜʘʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥééé. 

 
527 

4 ʏʠʛʘʤʙʘʝʚ ʊ.ʆ., ɾʘʥʫʟʘʢʦʚ ɸ.ʆ. 

ʇʨʝʜʣʦʞʝʥʠʝ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʊʕ33ɸéééééé 

 
531 
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5 ʏʠʛʘʤʙʘʝʚ ʊ.ʆ., ʐʫʪʝʙʘʝʚʘ ɻ.ɹ.  

 ץʨʧʘײ ʘשʞᴅʥʝ ʰʝʪʝʣ ʪʝʤʽʨ ʞʦʣʜʘʨʳʥʜʘ ʊʕ33ɸ ʞʘ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʣʦʢʦʤʦʪʠʚʽʥʽש ʪʘʨʪʳʤ ץʘʩʠʝʪʪʝʨʽʥ ʩʘʣʳʩʪʳʨʫéééééééééééééééééé 

 
 

537 

 

ʇʆɼʉɽʂʎʀʗ ˉ2 çɸɺʊʆʄʆɹʀʃʀ, ɼʆʈʆɾʅɸʗ ʊɽʍʅʀʂɸ ʀ ʉʊɸʅɼɸʈʊʀɿɸʎʀʗè 

 

1 ʋʨʘʟʘʝʚʘ ɼ.ʊ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʯʝʨʚʷʯʥʦʡ ʬʨʝʟʳ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠéé.. 

 
541 

2 ɾʘʥʜʘʨʙʝʢ ᴄ., ʂʫʡʢʘʙʘʝʚʘ ɸ.ɸ., ɹʝʨʰʠʤʙʘʝʚʘ ʃ., ʊʫʨʩʳʥʙʘʝʚʘ ɸ.ɽ.  

ɾʝʨ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʞװʨʛʽʟʽʣʫ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʢʦʤʧʘʥʠʷʩʳʥ ʙʠʽʢ ʙʝʣʝʩʪʝʨʛʝ ʢᴇʪʝʨʫʽééééé 

 
 

543 

3 ʂʘʙʜʨʘʭʦʚʘ ʉ.ʉ., ʂʘʥʛʫʞʠʥ ɹ.ɽ., ʆʩʧʘʥʦʚʘ ʅ.ɹ. 

ɸʚʪʦʢᴇʣʽʢʪʝʨ ʘסʳʥʳʥʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽ ʧʨʦʮʝʩʩʦʨʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʤʘʢʨʦ ï ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ץʦʣʜʘʥʫéééééééééé 

 
 

547 

4 ʂʫʨʦʯʢʠʥ ɺ.ɸ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʣʦʪʥʦʩʪʠ ʙʘʣʣʘʩʪʘ  

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠééééééééééééééééééééééééééé 

 
 

551 

5 ʊᴅʞʽʙʝʢ ɸ., ɹʝʨʰʠʤʙʘʝʚʘ ʃ., ʂʫʡʢʘʙʘʝʚʘ ɸ., ʊʫʨʩʳʥʙʘʝʚʘ ɸ.  

ʈʝʥʪʛʝʥʜʽʢ ʞᴅʥʝ ʨʘʜʠʦʥʫʢʣʠʜʪʽʢ ʜʠʘʛʥʦʩʪʠʢʘ ʢʝʟʽʥʜʝʛʽ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʦʤʦʛʨʘʬʠʷʜʘʥ 

ʰʳסʘʪʳʥ ʩᴅʫʣʝʣʽʢ ʜʦʟʘʣʘʨʜʳ ʟʝʨʪʪʝʫʜʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽééééééé. 

 
 

555 

6 ʂʫʣʴʛʠʣʴʜʠʥʦʚ ʄ.ʉ., ʂʫʣʴʛʠʣʴʜʠʥʦʚ ɹ.ʄ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʚʰʫʡ ʵʢʩʢʘʚʘʪʦʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʝʣʝʚʳʭ ʛʨʫʥʪʦʚéééééééééééééééééééééééééééééé.. 

 

 
 

558 

ʇʆɼʉɽʂʎʀʗ ˉ3 çɹɽɿʆʇɸʉʅʆʉʊʔ ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ ʀ ʕʂʆʃʆɻʀʗè 

 

1 ʂʘʣʠ ʂ.  

ʇʦʠʩʢ ʪʝʧʣʦʚʦʛʦ ʧʦʷʩʘ ʞʠʟʥʠ ʜʣʷ ʵʢʟʦʧʣʘʥʝʪʥʳʭ ʩʠʩʪʝʤééééééééééééé. 

 
562 

2 ʂʝʥʝʩ ɸ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘéééééééééééééééééééééé 

 
564 

3 ʉʘʡʜʦʣʜʘʝʚʘ ɸ., ʂʫʡʢʘʙʘʝʚʘ ɸ., ɹʝʨʰʠʤʙʘʝʚʘ ʃ. 

ʊײʨסʳʥʜʘʨʜʳ ʨʘʜʠʦʘʢʪʠʚʪʽ ץʘʣʜʳץʪʘʨ ᴅʩʝʨʽʥʝʥ ץʦʨסʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʥʦʨʤʘʪʠʚʪʽ 

 .ʘ ᴅʢʝʣʝʨ ʧʘʡʜʘʩʳééééééסʩʪʘʥץʘʟʘץ שʞʠʳʥʳʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʽ שʞʘʪʪʘʨʜʳײץ
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ʌɸʂʋʃʔʊɽʊ çɸɺʊʆʄɸʊʀɿɸʎʀʗ ʀ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʀè 
 

ʇʆɼʉɽʂʎʀʗ ˉ1 çʈɸɿɺʀʊʀɽ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʁ ʆʊʈɸʉʃʀ ʀ ɺʅɽɼʈɽʅʀɽ 

ʇɽʈɽɼʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁè 

 

ʃʠʧʩʢʘʷ ʄ.ɸ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɺʆʉʇʈʀʗʊʀɽ ɿɺʋʂɸ ʏɽʃʆɺɽʂʆʄ.  

ʕʃɽʄɽʅʊʓ ʇʉʀʍʆʌʀɿʀʆʃʆɻʀʏɽʉʂʆʁ ɸʂʋʉʊʀʂʀ 

 

ɺ ʘʥʘʪʦʤʠʠ ʫʭʦ ʯʝʣʦʚʝʢʘ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʥʘʨʫʞʥʦʝ ʫʭʦ, ʩʨʝʜʥʝʝ ʫʭʦ ʠ 

ʚʥʫʪʨʝʥʥʝʝ ʫʭʦ (ʨʠʩʫʥʦʢ 1). 

ʂ ʥʘʨʫʞʥʦʤʫ ʫʭʫ ʦʪʥʦʩʷʪʩʷ ʫʰʥʘʷ ʨʘʢʦʚʠʥʘ, ʧʦʤʦʛʘʶʱʘʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʠ ʥʘʨʫʞʥʳʡ ʩʣʫʭʦʚʦʡ ʢʘʥʘʣ. ɿʚʫʢʦʚʘʷ ʚʦʣʥʘ, ʧʦʧʘʜʘʷ ʚ ʫʰʥʫʶ ʨʘʢʦʚʠʥʫ, ʧʨʦʭʦʜʠʪ 

ʜʘʣʴʰʝ ʧʦ ʩʣʫʭʦʚʦʤʫ ʢʘʥʘʣʫ (ʝʛʦ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʩʤ, ʘ ʜʠʘʤʝʪʨ - ʦʢʦʣʦ 0,5 ʩʤ) ʠ 

ʧʦʧʘʜʘʝʪ ʚ ʩʨʝʜʥʝʝ ʫʭʦ, ʛʜʝ ʫʜʘʨʷʝʪʩʷ ʦ ʙʘʨʘʙʘʥʥʫʶ ʧʝʨʝʧʦʥʢʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʪʦʥʢʫʶ 

ʧʦʣʫʧʨʦʟʨʘʯʥʫʶ ʤʝʤʙʨʘʥʫ. 

 

 

ʩʣʫʭʦʚʦʡ ʢʘʥʘʣ

ʙʘʨʘʙʘʥʥʘ̫

ʧʝʨʝʧʦʥʢʘ

ʫʣʠʪʢʘ

ʩʣʫʭʦʚʦʡ ʥʝʨʚ

ʩʪʨʝʤʝʯʢʦ

ʥʘʢʦʚʘʣɹʥ̫

ʤʦʣʦʪʦʯʝʢ

ʫh ʥʘ̫ ʨʘʢʦʚʠʥʘ

 
ʈʠʩʫʥʦʢ 1 ï ɸʥʘʪʦʤʠʷ ʫʭʘ ʯʝʣʦʚʝʢʘ 

 

ɹʘʨʘʙʘʥʥʘʷ ʧʝʨʝʧʦʥʢʘ ʧʨʝʦʙʨʘʟʫʝʪ ʟʚʫʢʦʚʫʶ ʚʦʣʥʫ ʚ ʚʠʙʨʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʫʩʠʣʠʚʘʷ ʵʬʬʝʢʪ 

ʦʪ ʩʣʘʙʦʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʠ ʦʩʣʘʙʣʷʷ ʦʪ ʩʠʣʴʥʦʡ. ʕʪʠ ʚʠʙʨʘʮʠʠ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ 

ʙʘʨʘʙʘʥʥʦʡ ʧʝʨʝʧʦʥʢʝ ʢʦʩʪʦʯʢʘʤ (ʤʦʣʦʪʦʯʢʫ, ʥʘʢʦʚʘʣʴʥʝ ʠ ʩʪʨʝʤʝʯʢʫ) ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʫʭʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʟʘʚʠʪʫʶ ʪʨʫʙʢʫ ʩ ʞʠʜʢʦʩʪʴʶ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 0,2 ʤʤ ʠ ʜʣʠʥʦʡ ʦʢʦʣʦ 4 ʩʤ. 

ʕʪʘ ʪʨʫʙʢʘ ʥʘʟʳʚʘʝʪʩʷ ʫʣʠʪʢʦʡ. ɺʥʫʪʨʠ ʫʣʠʪʢʠ ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʦʜʥʘ ʤʝʤʙʨʘʥʘ, ʥʘʟʳʚʘʝʤʘʷ 

ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʥʘʧʦʤʠʥʘʶʱʘʷ ʫʟʢʫʶ ʣʝʥʪʫ ʜʣʠʥʦʡ 32 ʤʤ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ (ʙʦʣʝʝ 20 ʪʳʩʷʯ ʚʦʣʦʢʦʥ). ʊʦʣʱʠʥʘ ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ ʚ ʥʘʯʘʣʝ ʫʣʠʪʢʠ ʠ ʚ 

ʝʝ ʚʝʨʰʠʥʝ ʨʘʟʣʠʯʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʤʙʨʘʥʘ ʨʝʟʦʥʠʨʫʝʪ ʨʘʟʥʳʤʠ ʩʚʦʠʤʠ ʯʘʩʪʷʤʠ ʚ ʦʪʚʝʪ ʥʘ 

ʟʚʫʢʠ ʨʘʟʥʦʡ ʚʳʩʦʪʳ. ʊʘʢ, ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʟʘʪʨʘʛʠʚʘʶʪ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʥʘʯʘʣʝ ʫʣʠʪʢʠ, ʘ ʢʦʣʝʙʘʥʠʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ - ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʚ ʝʝ ʚʝʨʰʠʥʝ. 

ɿʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʥʝʨʚʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ ʧʦ ʜʚʫʤ ʧʨʠʥʮʠʧʘʤ - ʫʜʘʨʥʦʤʫ ʠ 

ʯʘʩʪʦʪʥʦʤʫ. 

ʋʜʘʨʥʳʡ ʧʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʚ ʚʝʨʰʠʥʝ ʫʣʠʪʢʠ ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʚʘʪʴ ʤʦʟʛʫ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ, ʥʦ ʠ ʦ ʯʘʩʪʦʪʝ 

ʢʦʣʝʙʘʥʠʡ, ʝʩʣʠ ʵʪʘ ʯʘʩʪʦʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 400-450 ɻʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʚ ʤʦʟʛ ʥʝʨʚʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʝʨʰʠʥʝ ʫʣʠʪʢʠ, ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʅʦ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʥʦʡ ʧʨʠʨʦʜʦʡ ʭʠʪʨʦʩʪʠ ʵʪʠʤʠ ʥʝʨʚʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ ʚ ʤʦʟʛ ʧʝʨʝʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩ 

ʯʘʩʪʦʪʘʤʠ ʚʧʣʦʪʴ ʜʦ 4000 ɻʮ. ʉʫʪʴ ʭʠʪʨʦʩʪʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʟʘʪʨʘʛʠʚʘʶʪ ʥʝ ʦʜʠʥ 

ʥʝʨʚ, ʘ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ. ʇʨʠ ʵʪʦʤ ʟʘʪʨʦʥʫʪʳʝ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʚ ʚʝʨʰʠʥʝ ʫʣʠʪʢʠ 
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ʚʦʩʧʨʠʥʠʤʘʶʪ ʢʦʣʝʙʘʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ (ʚʝʜʴ ʦʢʦʥʯʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʜʦʣʴ ʤʝʤʙʨʘʥʳ, ʘ ʟʥʘʯʠʪ, ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ʤʝʤʙʨʘʥʳ ʨʘʟʣʠʯʥʦ). 

ʊʘʢ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʤʙʨʘʥʳ, ʤʦʟʛ ʩʧʦʩʦʙʝʥ 

ʨʘʟʣʠʯʠʪʴ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʘʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 4 ʢɻʮ. 

ɹʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʫʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʘʩʪʦʪʥʳʤ 

ʧʨʠʥʮʠʧʦʤ, ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ʟʘʪʨʘʛʠʚʘʶʪ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʚ ʥʘʯʘʣʝ ʫʣʠʪʢʠ. ʇʨʠ ʵʪʦʤ ʤʦʟʛ ʫʞʝ ʨʘʟʣʠʯʘʝʪ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʥʝ ʧʦ ʯʘʩʪʦʪʝ ʥʝʨʚʥʳʭ 

ʠʤʧʫʣʴʩʦʚ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʘ ʣʠʰʴ ʧʦ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʶ ʟʘʪʨʦʥʫʪʳʭ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ ʚ ʫʣʠʪʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʠʪʢʫ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʥʘʙʦʨʦʤ ʨʝʟʦʥʘʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʦʣʝʙʘʥʠʷʤ ʟʚʫʢʘ ʚ ʥʝʢʦʪʦʨʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

ʀʪʘʢ, ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʷʭ ʤʦʟʛ ʧʦʣʫʯʘʝʪ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʜʦ 4 

ʢɻʮ. ʕʪʦʪ ʬʘʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʣʦʛʠʯʥʳʤ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚʩʝ ʦʩʥʦʚʥʳʝ ʞʠʟʥʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʯʝʣʦʚʝʢʫ ʟʚʫʢʠ (ʛʦʣʦʩʘ ʣʶʜʝʡ, ʞʠʚʦʪʥʳʭ, ʰʫʤ ʚʦʜʳ, ʚʝʪʨʘ ʠ ʧʨ.) ʥʘʭʦʜʷʪʩʷ ʠʤʝʥʥʦ 

ʚ ʵʪʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ. ʏʘʩʪʦʪʳ ʚʳʰʝ 4 ʢɻʮ ʷʚʣʷʶʪʩʷ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʠʤʠ ʦʧʳʪʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʧʦʯʪʠ ʥʝ ʩʧʦʩʦʙʝʥ ʨʘʟʦʙʨʘʪʴ ʨʝʯʴ ʠ 

ʜʨʫʛʠʝ ʧʨʠʨʦʜʥʳʝ ʟʚʫʢʠ, ʝʩʣʠ ʠʟ ʵʪʠʭ ʟʚʫʢʦʚ çʫʜʘʣʠʪʴè ʯʘʩʪʦʪʳ ʦʪ 0 ʜʦ 4 ʢɻʮ, ʦʩʪʘʚʠʚ ʪʦʣʴʢʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʣʳʰʠʤʦʩʪʴ ʯʘʩʪʦʪ ʚʳʰʝ 4 ʢɻʮ, 

ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʩʥʦʚʥʳʤ ʯʘʩʪʦʪʘʤ, ʩʦʟʜʘʝʪ ʫ ʯʝʣʦʚʝʢʘ ʦʱʫʱʝʥʠʝ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʟʚʫʯʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ çʦʪʚʝʪʩʪʚʝʥʥʳè ʟʘ ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʠ 

ʷʩʥʦʩʪʴ ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʠ, ʘ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ -ʟʘ ʩʫʙʲʝʢʪʠʚʥʦʝ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ. 

ʉʣʫʭʦʚʦʡ ʘʧʧʘʨʘʪ ʯʝʣʦʚʝʢʘ ʩʧʦʩʦʙʝʥ ʨʘʟʣʠʯʘʪʴ ʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʟʚʫʢʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 20-30 ɻʮ ʜʦ 20 ʢɻʮ (ʩʣʳʰʠʤʳʡ ʟʚʫʢ). ʋʢʘʟʘʥʥʘʷ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ 

ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʯʝʣʦʚʝʢʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ 

ʠʤʝʥʥʦ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʫʭʦʚʦʛʦ ʘʧʧʘʨʘʪʘ. ʏʘʩʪʦʪʳ ʥʠʞʝ 20-30 ɻʮ (ʠʥʬʨʘʟʚʫʢ) ʯʝʣʦʚʝʢ ʪʘʢʞʝ 

ʩʧʦʩʦʙʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴ, ʥʦ ʪʦʣʴʢʦ ʫʞʝ ʥʝ ʫʭʦʤ, ʘ ʚʩʝʤ ʪʝʣʦʤ, ʢʘʢ ʚʠʙʨʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʢʣʦʥʥʳ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠ ʚʠʙʨʘʮʠʠ ʥʘ ʯʘʩʪʦʪʘʭ, 

ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʨʦʛ 20 ʢɻʮ (ʫʣʴʪʨʘʟʚʫʢ) ʪʘʢʞʝ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʯʝʣʦʚʝʢʦʤ, ʥʦ ʫʞʝ ʥʝ 

ʫʰʘʤʠ ʠʣʠ ʪʝʣʦʤ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʟʛʦʤ, ʥʘ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʣʫʭʦʚʦʤ ʘʧʧʘʨʘʪʝ ʯʝʣʦʚʝʢʘ ʟʘʥʠʤʘʝʪ ʙʘʟʠʣʷʨʥʘʷ ʤʝʤʙʨʘʥʘ. ɺʩʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʫʭʘ ʯʝʣʦʚʝʢʘ ʩʚʷʟʘʥʳ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʤʝʭʘʥʠʟʤʦʤ ʝʝ ʨʘʙʦʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ ʧʦʜʨʦʙʥʝʝ. 

ʂʘʢ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʙʘʟʠʣʷʨʥʘʷ ʤʝʤʙʨʘʥʘ ʠʤʝʝʪ ʜʣʠʥʫ 32 ʤʤ ʠ ʷʚʣʷʝʪʩʷ ʪʦʡ ʯʘʩʪʴʶ 

ʩʣʫʭʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʫʣʘʚʣʠʚʘʝʪ ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʚ ʤʦʟʛ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

çʨʘʟʚʝʨʥʝʤè ʵʪʫ ʤʝʤʙʨʘʥʫ ʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ ʧʨʦʮʝʩʩʳ (ʨʠʩ. 2). 

 

0 ʤʤ

ʥʘʯʘʣʦ

20 ʢɻʮ

ʯʘʩʪʦʪʘ

1 ʢɻʮ

20 ɻʮ

ʚʝʨh ʠʥʘ

32 ʤʤ

 
ʈʠʩʫʥʦʢ 2 - ɹʘʟʠʣʷʨʥʘʷ ʤʝʤʙʨʘʥʘ 

 

ʐʠʨʠʥʘ ʠ ʪʦʣʱʠʥʘ çʣʝʥʪʳè ʤʝʤʙʨʘʥʳ ʚ ʥʘʯʘʣʝ ʫʣʠʪʢʠ ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʠ ʪʦʣʱʠʥʳ ʚ 

ʢʦʥʮʝ ʫʣʠʪʢʠ (ʚ ʝʝ ʚʝʨʰʠʥʝ). ɿʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, ʧʨʠʭʦʜʷʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʥʘʯʘʣʘ ʫʣʠʪʢʠ, ʟʘʩʪʘʚʣʷʝʪ 

ʤʝʤʙʨʘʥʫ ʨʝʟʦʥʠʨʦʚʘʪʴ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ. ʄʝʤʙʨʘʥʘ ʫʩʪʨʦʝʥʘ ʪʘʢ, ʯʪʦ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʚʳʟʳʚʘʶʪ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʥʘʯʘʣʝ ʤʝʤʙʨʘʥʳ (ʪʘʤ ʤʝʤʙʨʘʥʘ ʞʝʩʪʯʝ), ʘ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ - ʚ ʢʦʥʮʝ (ʪʘʤ ʦʥʘ 

ʤʷʛʯʝ). 
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ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʝʤʙʨʘʥʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʦʡ ʝʝ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʘʩʪʦʪʝ ʧʨʠʭʦʜʷʱʝʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʊʦʥʢʠʝ ʚʦʣʦʢʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʤʝʤʙʨʘʥʳ ʠ 

ʦʢʘʟʘʚʰʠʝʩʷ ʚ ʨʝʟʦʥʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ, ʥʘʯʠʥʘʶʪ ʢʦʣʝʙʘʪʴʩʷ, ʚʦʟʙʫʞʜʘʷ ʪʝʤ ʩʘʤʳʤ ʥʝʨʚʥʳʝ 

ʦʢʦʥʯʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʝʙʘʥʠʷʭ ʚ ʤʦʟʛ. ʇʨʠ ʵʪʦʤ ʢʦʥʝʯʥʦ, ʥʘʯʠʥʷʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʥʝ ʢʘʢʘʷ-ʪʦ ʦʜʥʘ ʪʦʯʢʘ ʤʝʤʙʨʘʥʳ, ʘ ʮʝʣʳʡ ʦʪʨʝʟʦʢ ʤʝʤʙʨʘʥʳ (ʚʝʜʴ ʤʝʤʙʨʘʥʘ - ʵʪʦ 

ʩʚʦʝʛʦ ʨʦʜʘ ʫʟʢʘʷ ʣʝʥʪʘ ʪʠʧʘ ʩʪʨʫʥʳ) ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʊʘʢ ʤʦʟʛ ʧʦʣʫʯʘʝʪ ʠ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʫʱʝʥʠʷʭ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʦʪʦʡ. 

ɸʥʘʣʠʟʠʨʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʚʦʟʤʫʱʝʥʠʡ ʤʝʤʙʨʘʥʳ (ʤʝʩʪʝ ʠ ʚʨʝʤʝʥʠ), ʤʦʟʛ, ʚʳʩʪʫʧʘʷ ʚ 

ʨʦʣʠ, ʧʦʜʦʙʥʦʡ ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʫ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʠʭ, ʢʘʢ ʟʚʫʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʚʳʩʦʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʤʙʨʘʥʫ ʩʠʛʥʘʣʘ ʩ 

ʯʘʩʪʦʪʦʡ 1 ʢɻʮ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠʭʦʜʷʱʠʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʢʦʣʝʙʣʝʪ ʤʝʤʙʨʘʥʫ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʥʦʤ ʝʝ ʫʯʘʩʪʢʝ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʦʭʦʞ ʥʘ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʬʠʣʴʪʨʘ ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʮʝʥʪʨ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʩʣʫʯʘʝ 

ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʩʠʛʥʘʣʘ (ʥʘʟʦʚʝʤ ʵʪʫ ʯʘʩʪʦʪʫ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ). 

ɺʩʶ ʤʝʤʙʨʘʥʫ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʥʘʙʦʨ ʩʣʫʭʦʚʳʭ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʭ 

ʬʠʣʴʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ (ʧʦ ʯʘʩʪʦʪʝ ʫʙʳʚʘʥʠʷ ʦʪ 20 ʢɻʮ ʜʦ 20 ɻʮ) ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʝʨʝʢʨʳʪʠʷ, ʧʦʢʨʳʚʘʶʱʠʭ ʚʩʶ ʧʦʣʦʩʫ ʩʣʳʰʠʤʳʭ ʯʘʩʪʦʪ. ʇʨʠ ʵʪʦʤ 

ʬʠʟʠʯʝʩʢʘʷ ʰʠʨʠʥʘ (ʧʣʦʱʘʜʴ) ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʩʣʫʭʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʤʝʤʙʨʘʥʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʚʳʰʝ ʝʛʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʠ ʥʘʦʙʦʨʦʪ. ʐʠʨʠʥʘ ʩʣʫʭʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʠʟʤʝʨʝʥʥʘʷ ʚ ʛʝʨʮʘʭ, 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10-20% ʦʪ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. ʅʘʧʨʠʤʝʨ, ʰʠʨʠʥʘ ʬʠʣʴʪʨʘ ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 13,5 ʢɻʮ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3,5 ʢɻʮ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ ʯʘʩʪʦʪ 

ʜʦ 500 ɻʮ ʰʠʨʠʥʘ ʩʣʫʭʦʚʳʭ ʬʠʣʴʪʨʦʚ ʦʩʪʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 100 ɻʮ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʩʣʫʭʦʚʳʭ ʬʠʣʴʪʨʦʚ ʦʪ ʠʭ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʩʣʫʭʦʚʳʭ ʬʠʣʴʪʨʦʚʦʪ ʠʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʤ ʛʨʘʬʠʢʝ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʘ 

ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ - ʰʠʨʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʫʭʦʚʦʛʦ ʬʠʣʴʪʨʘ. 

ʉ ʥʘʣʠʯʠʝʤ ʦʧʠʩʘʥʥʳʭ ʩʣʫʭʦʚʳʭ ʬʠʣʴʪʨʦʚ ʩʚʷʟʳʚʘʶʪ ʧʦʥʷʪʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ. 

ʂʨʠʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ (ʝʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʧʦʣʦʩʦʡ ʨʘʚʥʦʡ ʨʘʟʙʦʨʯʠʚʦʩʪʠ) - ʵʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʣʦʩʘ 

ʯʘʩʪʦʪ, ʢʦʪʦʨʘʷ ʚʦʟʙʫʞʜʘʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʯʘʩʪʴ ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ. 

ɺ ʯʘʩʪʦʪʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 0 ʜʦ 16 ʢɻʮ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 24 ʢʨʠʪʠʯʝʩʢʠʝ 

ʧʦʣʦʩʳ: 0-100 ɻʮ, 100-200 ɻʮ, 200-300 ɻʮ, 300-400 ɻʮ, 400-510 ɻʮ, 510-630 ɻʮ, 630-770 ɻʮ, 770-920 

ɻʮ, 920-1080 ɻʮ, 1080-1270 ɻʮ, 1270-1480 ɻʮ, 1480-1720 ɻʮ, 1720-2000 ɻʮ, 2000-2320 ɻʮ, 2320-

2700 ɻʮ, 2700-3150 ɻʮ, 3150-3700 ɻʮ, 3700-4400 ɻʮ, 4400-5300 ɻʮ, 5300-6400 ɻʮ, 6400-7700 ɻʮ, 

7700-9500 ɻʮ, 9500-12 000 ɻʮ ʠ 12 000-15 500 ɻʮ. 

ɿʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʢʘʢ ʙʳ ʦʙʦʙʱʘʝʪʩʷ 

ʤʦʟʛʦʤ, ʩʦʟʜʘʚʘʷ ʙʣʠʟʢʠʝ ʩʣʫʭʦʚʳʝ ʦʱʫʱʝʥʠʷ. ɽʩʣʠ ʞʝ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʜʥʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʚ ʜʨʫʛʫʶ, ʪʦ ʩʣʫʭʦʚʳʝ ʦʱʫʱʝʥʠʷ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʶʪʩʷ, 
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ʧʦʪʦʤʫ ʯʪʦ ʤʦʟʛ ʘʥʘʣʠʟʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʨʘʟʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʦʩ, ʨʘʟʜʝʣʴʥʦ. 

ʕʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʜʚʘ ʪʦʥʘ, ʧʦʧʘʚʰʠʝ ʚ ʦʜʥʫ ʢʨʠʪʠʯʝʩʢʫʶ ʧʦʣʦʩʫ, ʥʝ ʨʘʟʣʠʯʠʤʳ ʥʘ 

ʩʣʫʭ, ʧʨʦʩʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʣʫʭʦʚʳʝ ʦʱʫʱʝʥʠʷ ʚʥʫʪʨʠ ʦʜʥʦʡ ʧʦʣʦʩʳ ʦʯʝʥʴ ʙʣʠʟʢʠ, ʘ ʚ ʨʘʟʥʳʭ 

ʧʦʣʦʩʘʭ - ʦʪʣʠʯʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ (ʦʙ ʵʪʦʤ ʤʳ ʝʱʝ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʯʫʪʴ ʥʠʞʝ). 

ʋʯʘʩʪʢʠ ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʪʠʯʝʩʢʠʤ ʧʦʣʦʩʘʤ, ʠʤʝʶʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʫʶ ʜʣʠʥʫ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 1,2 ʤʤ ʥʘ ʧʦʣʦʩʫ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ 

ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʦʣʦʩʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ - ɹʘʨʢ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ 24 ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʘʨʘʤʝʪʨʳ. 

 

ʊʘʙʣʠʮʘ 1 ïʂʨʠʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʘʨʘʤʝʪʨʳ 

 

ʅʦʤʝʨ 

ʧʦʣʦʩʳ, ɹʘʨʢ 

ʂʨʠʪʠʯʝʩʢʘʷ 

ʧʦʣʦʩʘ (ʜʠʘʧʘʟʦʥ), ɻʮ 

ʐʠʨʠʥʘ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʎʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʦʣʦʩʳ, ɻʮ 

1 2 3 4 

0 0 - 00 100 50 

1 100 - 200 100 150 

2 200 - 300 100 250 

3 300 - 400 100 350 
4
 400 - 510 110 450 

5 510 - 630 120 570 

6 630 - 770 140 700 

7 770 - 920 150 840 

8 920 - 080 160 1000 

9 1080 - 1270 190 1170 

10 1270 - 1480 210 1370 

11 1480 - 1720 240 1600 

12 1720 - 2000 280 1850 

13 2000 - 2310 320 2150 

14 2320 - 2700 380 2500 

15 2700 - 3150 450 2900 

16 3150 - 3700 550 3400 

17 3700 - 4400 700 4000 

18 4400 - 5300 900 4800 

19 5300 - 6400 1100 5800 

20 6400 - 7700 1300 7000 

21 7700 - 9500 1800 8500 

22 9500 - 12000 2500 10500 

23 12000 - 15500 3500 13500 

 

ʀ ʝʱʝ ʦ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʟʠʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ. ʅʘ çʨʘʩʧʦʟʥʘʚʘʥʠʝè ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʤʝʤʙʨʘʥʝ ʦʪʚʝʜʝʥʦ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʤ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʤʝʥʝʝ 

ʚʘʞʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʯʝʤ ʥʠʟʢʠʝ. ɺʦ-ʚʪʦʨʳʭ, ʜʣʠʥʘ ʤʝʤʙʨʘʥʳ ʦʛʨʘʥʠʯʝʥʘ 32 ʤʤ, ʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ, ʯʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʜʣʠʥ ʚʦʣʥ. ʂʘʢ ʙʳ ʪʦ ʥʠ ʙʳʣʦ, ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʱʘʜʠ ʤʝʤʙʨʘʥʳ ʧʦʚʣʠʷʣʦ ʥʘ ʯʘʩʪʦʪʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʣʫʭʘ: ʯʝʣʦʚʝʢ ʣʝʛʯʝ 

(ʫʚʝʨʝʥʥʝʝ) ʨʘʩʧʦʟʥʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʩʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʯʝʤ ʚ ʧʦʣʦʩʝ ʚʳʩʦʢʠʭ. 

ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʫʩʪʠʢʘ - ʵʪʦ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʟʚʫʢʘ ʯʝʣʦʚʝʢʦʤ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʫʩʪʠʢʠ ʷʚʣʷʶʪʩʷ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʟʚʫʢʘ ʥʘ ʯʝʣʦʚʝʢʘ, 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

15 

 

 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʟʛʦʤ ʯʝʣʦʚʝʢʘ, ʚʳʨʘʙʦʪʢʘ 

ʧʨʘʚʠʣ, ʥʦʨʤ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʟʚʫʢʘ ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʝʛʦ ʚ ʟʚʫʢʦʚʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʡ ʟʚʫʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʧʨʠʙʦʨʦʚ ʠ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʫʩʪʠʢʘ 

ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʪʨʘʩʣʝʡ ʚ ʦʙʣʘʩʪʠ ʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʧʦʪʦʤʫ, 

ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʟʥʘʥʠʷʤ ʠ ʦʧʳʪʫ, ʧʦʣʫʯʝʥʥʳʤ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʘʢʫʩʪʠʢʠ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʟʚʫʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʠ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ. 

ɺʳʚʦʜʳ:  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʤ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʟʚʫʢʦʤ, ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʠʷʪʠʝ ʟʚʫʢʘ ʯʝʣʦʚʝʢʦʤ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʛʦʚʦʨʠʪʴ ʦʙ ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʙʦʪʢʝ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ (ʩʣʳʰʠʤʦʛʦ) 

ʯʝʣʦʚʝʢʦʤ ʟʚʫʢʘ, ʥʝ ʟʘʪʨʦʥʫʚ ʫʢʘʟʘʥʥʫʶ ʚʳʰʝ ʪʝʤʫ. ʇʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʥʘʫʢʫ 

çʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʫʩʪʠʢʘè, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʢʦʤʧʣʝʢʩ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʧʨʠʷʪʠʝʤ 

ʟʚʫʢʘ ʯʝʣʦʚʝʢʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ - ʢʘʢ ʠ ʚ ʢʘʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʝʣʦʚʝʢ, ʚʦʩʧʨʠʥʠʤʘʝʪ ʟʚʫʢ, 

ʢʘʢʦʚʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʫʭʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʚʫʢʘ ʠ ʪ.ʜ. 
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ɹʘʭʪʠʷʨʦʚʘ ɽ.ɸ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɼʞʫʥʫʩʦʚʘ ɼ.ʊ. - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆʇʈʆʉʆɺ ɺʅɽɼʈɽʅʀʗ ʎʀʌʈʆɺʆɻʆ ʉʊɸʅɼɸʈʊɸ 

ʊʈɸʅʂʀʅɻʆɺʆʁ ʈɸɼʀʆʉɺʗɿʀ TETRA  ʅɸ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆʄ ʊʈɸʅʉʇʆʈʊɽ ʈʂ 

 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʬʦʨʤʠʨʫʶʪ ʧʨʝʩʪʠʞʥʦʩʪʴ ʢʦʤʧʘʥʠʠ-

ʧʝʨʝʚʦʟʯʠʢʘ, ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʤʧʘʥʠʡ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʘʥʘʣʦʛʦʚʳʝ ʩʝʪʠ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʠʩʯʝʨʧʘʣʠ ʚʩʝ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʠ 

ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʘʥʘʣʦʦʙʨʘʟʫʶʱʝʛʦ ʠ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʝʪʝʡ ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʘʷ. ʉʝʪʴ ʥʝ ʠʤʝʝʪ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠʟʜʝʨʞʢʘʤʠ, ʚʳʩʦʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʩʚʷʟʠ, ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʪʨʝʙʫʶʪ ʦʨʛʘʥʠʟʘʮʠʠ ʛʠʙʢʦʡ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʝʪʠ, ʩʦʚʤʝʩʪʠʤʦʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʠ ʤʦʙʠʣʴʥʦʛʦ ʜʦʩʪʫʧʘ. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ 

ʩʪʘʥʜʘʨʪʘ TETRA ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʵʪʦʤʫ ʚʠʜʫ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ: 

ï ʫʤʝʥʴʰʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʦʢʘʥʘʣʦʚ, ʪ.ʝ. ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ; 

ï ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚ ʩʝʪʠ; 

ï ʜʦʩʪʫʧʥʦʩʪʴ ʣʶʙʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ ʟʦʥʳ ʢʘʞʜʦʤʫ ʘʙʦʥʝʥʪʫ; 

ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʦʪʢʘʟʦʚ; 

ï ʛʠʙʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʫʧʧ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ; 

ïʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʩʪʘʪʫʩʘ ʘʙʦʥʝʥʪʦʚ; 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 
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ï ʵʢʩʪʨʝʥʥʳʡ ʚʳʟʦʚ, ʩʦʢʨʘʱʝʥʥʳʡ ʥʘʙʦʨ ʥʦʤʝʨʘ; 

ï ʛʨʫʧʧʦʚʦʡ ʚʳʟʦʚ; 

ï ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʩʠʩʪʝʤʳ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʚʝʜʝʥʠʝʤ ʧʝʨʝʛʦʚʦʨʦʚ ʠ ʠʭ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ; 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ; 

ï ʩʦʧʨʷʞʝʥʠʝ ʩ ʚʝʜʦʤʩʪʚʝʥʥʳʤʠ ʠ ʛʦʨʦʜʩʢʠʤʠ ʪʝʣʝʬʦʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʩ ʤʦʙʠʣʴʥʳʤʠ 

ʩʝʪʷʤʠ ʩʚʷʟʠ. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʢ ʩʠʩʪʝʤʘʤ ʨʘʜʠʦʩʚʷʟʠ, ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʦʧʝʨʘʪʦʨʘʤʠ 

ʩʦʪʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ɸʆ çʅʂ çפʊɾè ʘʢʪʫʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ TETRA ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

ʊʨʘʥʢʠʥʛʦʚʳʝ ʩʠʩʪʝʤʳ (ʘʥʛʣ. trunking - ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʧʫʯʦʢ) - ʨʘʜʠʘʣʴʥʦ-ʟʦʥʦʚʳʝ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ. 
ʇʦʜ ʪʝʨʤʠʥʦʤ çʪʨʘʥʢʠʥʛè ʧʦʥʠʤʘʝʪʩʷ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʘʙʦʥʝʥʪʦʚ ʢ ʦʙʱʝʤʫ ʚʳʜʝʣʝʥʥʦʤʫ ʧʫʯʢʫ 

ʢʘʥʘʣʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʚʦʙʦʜʥʳʡ ʢʘʥʘʣ ʚʳʜʝʣʷʝʪʩʷ ʘʙʦʥʝʥʪʫ ʥʘ ʚʨʝʤʷ ʩʝʘʥʩʘ ʩʚʷʟʠ. 

ʊʨʘʥʢʠʥʛʦʚʘʷ ʩʠʩʪʝʤʘ ʨʘʜʠʦʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: 

- ʚʥʫʪʨʠʛʨʫʧʧʦʚʘʷ ʩʚʷʟʴ ï ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʩʚʷʟʠ 

ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ʢʘʢʦʡ-ʣʠʙʦ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʠʭ ʛʨʫʧʧ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

(ʟʘʚʠʩʠʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ). ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʘʝʪʩʷ ʚʟʘʠʤʥʦʝ 

ʚʣʠʷʥʠʝ, ʪ.ʝ. ʘʙʦʥʝʥʪʳ ʦʜʥʦʡ ʛʨʫʧʧʳ ʥʝ ʤʦʛʫʪ ʩʣʫʰʘʪʴ ʧʝʨʝʛʦʚʦʨʳ ʚʥʫʪʨʠ ʜʨʫʛʠʭ; 

- ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʘʜʠʦʩʚʷʟʴ ï ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʣʶʙʦʡ ʘʙʦʥʝʥʪ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʩ 

ʧʨʠʩʚʦʝʥʥʳʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʥʦʤʝʨʦʤ ʤʦʞʝʪ ʩʚʷʟʘʪʴʩʷ ʩ ʣʶʙʳʤ ʘʙʦʥʝʥʪʦʤ ʧʦʜ ʜʨʫʛʠʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʥʦʤʝʨʦʤ. ʈʝʞʠʤ ʚʳʟʦʚʘ ʩʭʦʜʝʥ ʩ ʦʙʳʯʥʳʤ ʥʘʙʦʨʦʤ ʥʦʤʝʨʘ ʘʙʦʥʝʥʪʘ ʩʝʪʠ ɸʊʉ; 

- ʩʦʧʨʷʞʝʥʠʝ ʩ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʴʶ ï ʧʦʣʴʟʦʚʘʪʝʣʠ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʘʪʴʩʷ ʩ ʘʙʦʥʝʥʪʘʤʠ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ ʠ ʥʘʦʙʦʨʦʪ; 

- ʵʢʩʪʨʝʥʥʳʝ ʚʳʟʦʚʳ ï ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʦʧʝʨʘʪʠʚʥʦ ʦʧʦʚʝʱʘʪʴ ʚʩʝʭ ʯʣʝʥʦʚ ʛʨʫʧʧʳ ʠʣʠ ʚʩʝʡ ʩʠʩʪʝʤʳ; 

- ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʩʠʩʪʝʤʫ ʨʘʜʠʦʩʚʷʟʠ ï ʪʦʣʴʢʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʘʙʦʥʝʥʪʳ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʪʨʘʥʢʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ. ɺʩʝ ʧʦʭʠʱʝʥʥʳʝ ʠʣʠ 

ʫʪʝʨʷʥʥʳʝ ʘʙʦʥʝʥʪʩʢʠʝ ʨʘʜʠʦʩʪʘʥʮʠʠ ʦʪʢʣʶʯʘʶʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʦ ʨʘʜʠʦ; 

- ʩʠʛʥʘʣʠʟʘʮʠʷ ʦ ʚʳʭʦʜʝ ʠʟ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ; 

- ʧʝʨʝʜʘʯʘ ʢʦʜʦʚʳʭ ʩʦʦʙʱʝʥʠʡ (ʧʦʜʜʝʨʞʢʘ ʨʝʞʠʤʘ ʧʝʡʜʞʠʥʛʘ); 

- ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʢʘʞʜʦʤʫ ʘʙʦʥʝʥʪʫ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʜʦʧʫʩʢʘ ʚ ʩʠʩʪʝʤʝ; 

- ʬʠʢʩʘʮʠʷ ʚʩʝʭ ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʩʝʘʥʩʦʚ ʨʘʜʠʦʩʚʷʟʠ ʩ ʮʝʣʴʶ ʠʭ ʫʯʝʪʘ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʘʙʦʥʝʥʪʩʢʦʡ ʧʣʘʪʳ. 

ʉʪʘʥʜʘʨʪ TETRA ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʫʪʚʝʨʞʜʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʥʘ ʮʠʬʨʦʚʦʡ ʪʨʘʥʢʠʥʛ ʚ 

ɽʚʨʦʧʝ. TETRA ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ ʅʘʟʝʤʥʦʝ ʊʨʘʥʢʠʥʛʦʚʦʝ ʈʘʜʠʦ (TerrestrialTrunkedRadio). 

ʉʪʘʥʜʘʨʪ ʫʩʪʘʥʦʚʣʝʥ ETSI (ɽʚʨʦʧʝʡʩʢʠʤ ʀʥʩʪʠʪʫʪʦʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ), 

ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʝʨʘʪʦʨʦʚ ʩʝʪʝʡ, 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʘʜʠʦʠʥʪʝʨʬʝʡʩ ʩʪʘʥʜʘʨʪʘ TETRA ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʙʦʪʫ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ ʩ ʰʘʛʦʤ 25 ʢɻʮ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʜʫʧʣʝʢʩʥʳʤ ʨʘʟʥʦʩʦʤ 

ʨʘʜʠʦʢʘʥʘʣʦʚ 10 ʄɻʮ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦʪ ʦʪ 150 ʜʦ 900 ʄɻʮ. ɺ ʩʪʨʘʥʘʭ 

ɽʚʨʦʧʳ ʟʘ ʩʣʫʞʙʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʳ ʜʠʘʧʘʟʦʥʳ 380 -385/390-395 ʄɻʮ, ʘ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʠʘʧʘʟʦʥʳ 410 - 430/450-470 ʄɻʮ ʠ 870 - 876/915-

921 ʄɻʮ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ TDMA(Time Division Multiple 

Access) - ʥʘ ʦʜʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ ʦʙʨʘʟʫʝʪʩʷ 4 ʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʘ (ʩʣʦʪʘ). 

ʉʪʘʥʜʘʨʪ TETRA ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʮʠʬʨʦʚʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʪ.ʝ. ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʘʙʦʥʝʥʪʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʆʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʪʢʨʳʪʦʩʪʴ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʥʘʣʠʯʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʦʠʪʴ ʦʯʝʥʴ ʛʠʙʢʫʶ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʦʣʫʯʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʝʪʴ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʪʝʡ 

ʚʥʫʪʨʠ, ʠ ʥʝ ʙʳʪʴ ʟʘʚʠʩʠʤʳʤ ʦʪ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʉʪʘʥʜʘʨʪ TETRA ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʩʧʝʮʠʬʠʢʘʮʠʠ: TETRAVoice +Data (TETRAV+D) ʠ 

TETRAPacketDataOptimized (TETRAPDO). TETRAV+D ï ʵʪʦ ʩʪʘʥʜʘʨʪ, ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ ʨʝʯʠ ʠ ʜʘʥʥʳʭ, TETRAPDO ï ʩʪʘʥʜʘʨʪ, ʦʧʠʩʳʚʘʶʱʠʡ ʩʧʝʮʠʘʣʴʥʳʡ ʚʘʨʠʘʥʪ 

ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʪʦʣʴʢʦ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ [3]. 

ʈʘʜʠʦʠʥʪʝʨʬʝʡʩ ʩʪʘʥʜʘʨʪʘ TETRA ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ ʩ 

ʰʘʛʦʤ 25ʢɻʮ. ɼʣʷ ʩʠʩʪʝʤ ʩʪʘʥʜʘʨʪʘ TETRAʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʘʧʘʟʦʥʳ ʦʪ 150 ʜʦ 900 ʄɻʮ. 

ʅʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʜʣʷ ʩʪʘʥʜʘʨʪʘ TETRA ʚʳʜʝʣʝʥ ʜʠʘʧʘʟʦʥ: ʜʣʷ ʧʨʠʝʤʘ ʙʘʟʦʚʦʡ 

ʩʪʘʥʮʠʠ (450 ï 460) ʄɻʮ ï ʜʣʷ ʧʝʨʝʜʘʯʠ (460 ï 470) ʄɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʫʧʣʝʢʩʥʳʡ ʨʘʟʥʦʩ ʜʣʷ 

ʩʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʘ TETRA ʩʦʩʪʘʚʣʷʝʪ 10 ʄɻʮ. 

ʇʦʣʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʚ ʩʠʩʪʝʤʝ ʩʪʘʥʜʘʨʪʘ TETRAV+D 

ʩʦʩʪʘʚʣʷʝʪ 7,2 ʢʙʠʪ/ʩ. ʉʪʘʥʜʘʨʪ TETRAPDO ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 28,8 

ʢʙʠʪ/ʩ. 

ɺ ʩʪʘʥʜʘʨʪʝ TETRA ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʨʝʤʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ c ʚʨʝʤʝʥʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʯʝʪʳʨʝʭ 

ʚʨʝʤʝʥʥʳʭ ʢʘʥʘʣʦʚ ʥʘ ʦʜʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ, ʪ.ʝ. ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʢʘʞʜʦʤ ʯʘʩʪʦʪʥʦʤ 

ʢʘʥʘʣʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 4 ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ. 

ʉʝʪʠ ʩʪʘʥʜʘʨʪʘ TETRA ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʤʤʫʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʙʳʩʪʨʫʶ ʧʝʨʝʜʘʯʫ ʚʳʟʦʚʦʚ ʠ ʩʦʭʨʘʥʝʥʠʝ ʣʦʢʘʣʴʥʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʦʪʢʘʟʝ ʝʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʝʡ 

TETRA ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʝ ʠ ʤʦʙʠʣʴʥʳʝ ʩʪʘʥʮʠʠ, ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ, 

ʢʦʥʪʨʦʣʣʝʨʳ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʧʫʣʴʪʳ, ʪʝʨʤʠʥʘʣʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʌʫʥʢʮʠʠ ʩʝʪʝʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʝʞʩʠʩʪʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ: 

ï AirInterface (AIRIF) ï ʨʘʜʠʦʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ ʠ ʘʙʦʥʝʥʪʩʢʦʡ 

ʨʘʜʠʦʩʪʘʥʮʠʝʡ; 

ï DirectModeOperation (DMO) ï ʨʘʙʦʪʘ ʚ ʧʨʷʤʦʤ ʨʝʞʠʤʝ, ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʙʦʪʫ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʝʨʤʠʥʘʣʘʤʠ ʘʙʦʥʝʥʪʩʢʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʚʥʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʠʩʪʝʤʳ; 

ï TerminalEguipmentInterface (TEI) ï ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʘʙʦʥʝʥʪʩʢʦʡ ʨʘʜʠʦʩʪʘʥʮʠʝʡ ʠ 

ʪʝʨʤʠʥʘʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

ï InterSystemInterface (ISI) ï ʤʝʞʩʠʩʪʝʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʩʠʩʪʝʤ ʚ ʝʜʠʥʫʶ ʩʝʪʴ; 

ï Line-connectedStationInterface (LSI) ï ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʣʴʪʘ 

ʢ ʙʘʟʦʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ; 

ï NetworkManagementCentreInterface ï ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʪʝʨʤʠʥʘʣʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï GatewaystoPADX, PSTN, ISDN, PDN ï ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʋɸʊʉ, ʊʌʆʇ, 

ʎʉʀʉ, ʉʂʇ. 

ɺ ʩʪʘʥʜʘʨʪʝ TETRA ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʙʦʥʝʥʪʩʢʠʤʠ 

ʨʘʜʠʦʩʪʘʥʮʠʷʤʠ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʟʦʥʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ TETRA ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʝʞʟʦʥʘʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ. ʂʘʞʜʘʷ ɹʉ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʠʤʝʝʪ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʊʌʆʇ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʟʦʚʘ ʠʟ ʦʜʥʦʡ ʟʦʥʳ ʚ ʜʨʫʛʫʶ ʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʡʩ ʊʌʆʇ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʜʫʨʫ ʪʝʣʝʬʦʥʥʦʛʦ ʥʦʤʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ɹʉ ʤʦʛʫʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ. 

ɺ ʩʦʩʪʘʚ ɹʉ (BTS ï BaseTransceiverStation), ʢʨʦʤʝ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʨʝʪʨʘʥʩʣʷʪʦʨʳ, ʫʩʪʨʦʡʩʪʚʦ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʘʥʪʝʥʥʳ) ʚʭʦʜʷʪ ʪʘʢʞʝ ʢʦʤʤʫʪʘʪʦʨ, 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ʠ ʠʥʪʝʨʬʝʡʩʳ ʢ ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ ʩʝʪʷʤ. 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

18 

 

 

ʈʝʪʨʘʥʩʣʷʪʦʨ (ʈʊ) ï ʥʘʙʦʨ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʦʜʥʫ ʧʘʨʫ 

ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʦʜʥʘ ʧʘʨʘ ʥʝʩʫʱʠʭ ʦʟʥʘʯʘʝʪ ʦʜʠʥ 

ʢʘʥʘʣ ʪʨʘʬʠʢʘ (ʂʊ). ʉ ʧʦʷʚʣʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʚʨʝʤʝʥʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʦʜʠʥ ʈʊ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʚʘ ʠʣʠ ʯʝʪʳʨʝ ʂʊ. 

ɸʥʪʝʥʥʳ ɹʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʢʨʫʛʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʇʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ɹʉ ʥʘ ʢʨʘʶ ʟʦʥʳ ʧʨʠʤʝʥʷʶʪ ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳ. ɹʉ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʢʘʢ 

ʝʜʠʥʦʡ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʦʡ, ʪʘʢ ʠ ʨʘʟʜʝʣʴʥʳʤʠ ʘʥʪʝʥʥʘʤʠ ʜʣʷ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘ ʦʜʥʦʡ ʤʘʯʪʝ ʤʦʞʝʪ ʨʘʟʤʝʱʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʟʘʤʠʨʘʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʤʥʦʛʦʣʫʯʝʚʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ. 

ʋʩʪʨʦʡʩʪʚʦ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʘʥʪʝʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʝʤʥʠʢʦʚ ʠ ʧʝʨʝʜʘʪʯʠʢʦʚ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʥʳʭ 

ʢʘʥʘʣʘʭ. 

ʂʦʤʤʫʪʘʪʦʨ ʚ ʦʜʥʦʟʦʥʦʚʦʡ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ ʦʙʩʣʫʞʠʚʘʝʪ ʚʝʩʴ ʝʝ ʪʨʘʬʠʢ, 

ʚʢʣʶʯʘʷ ʩʦʝʜʠʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʘʙʦʥʝʥʪʦʚ (ʄɸ) ʩ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʴʶ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

(ʊʌʆʇ) ʠ ʚʩʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ. 

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ɹʉ (BCF ï BaseStationControlFunction) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʫʟʣʦʚ ɹʉ. ʆʥʦ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʳʟʦʚʳ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ 

ʚʳʟʳʚʘʶʱʠʭ ʘʙʦʥʝʥʪʦʚ, ʚʝʜʝʥʠʝ ʦʯʝʨʝʜʝʡ ʚʳʟʦʚʦʚ, ʚʥʝʩʝʥʠʝ ʟʘʧʠʩʝʡ ʚ ʙʣʦʢ ʜʘʥʥʳʭ (ɹɼ) 

ʧʦʚʨʝʤʝʥʥʦʡ ʦʧʣʘʪʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘʭ ʋʋ ʨʝʛʫʣʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʨʝʛʫʣʠʨʦʚʢʠ: ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʝ ʯʘʩʳ ʥʘʠʙʦʣʴʰʝʡ 

ʥʘʛʨʫʟʢʠ, ʠʣʠ ʘʜʘʧʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʠ. 

ʀʥʪʝʨʬʝʡʩ ʢ ʊʌʆʇ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʘʥʢʠʥʛʦʚʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠʤʝʶʪ ʚ ʩʦʩʪʘʚʝ ʠʥʪʝʨʬʝʡʩʘ ʢ ʊʌʆʇ ʘʧʧʘʨʘʪʫʨʫ 

ʧʨʷʤʦʛʦ ʥʘʙʦʨʘ ʥʦʤʝʨʘ (DID), ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʦʩʪʫʧ ʢ ʘʙʦʥʝʥʪʘʤ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʝʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʥʫʤʝʨʘʮʠʠ ɸʊʉ. 

ʉʦʝʜʠʥʝʥʠʝ ʩ ʊʌʆʇ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʥʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ ʯʠʩʣʦ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʣʠʯʠʝ ʠʥʪʝʨʬʝʡʩʘ ʢ ʩʝʪʷʤ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ (ʉʂʇ) ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ TETRA ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʤʝʞʟʦʥʘʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ 
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ʊʝʨʤʠʥʘʣ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʊʊʆʕ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘ ɹʉ. ʊʝʨʤʠʥʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤʳ, ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʪʘʨʠʬʠʢʘʮʠʠ, ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʙʘʟʫ ʜʘʥʥʳʭ (ɹɼ) ʘʙʦʥʝʥʪʦʚ. ʆʙʷʟʘʪʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʧʫʣʴʪʳ (ɼʇ). ʊʨʘʥʛʠʥʢʦʚʳʝ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʣʫʞʙ ʠ ʫʧʨʘʚʣʝʥʠʡ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, 

ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʜʠʩʧʝʪʯʝʨʘ ʇʏ, ʕʏ, ʐʏ, ʘ ʪʘʢʞʝ ʩʣʫʞʙʳ ʦʭʨʘʥʳ, ʩʢʦʨʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʩʣʫʞʙʳ. ɼʇ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʩʠʩʪʝʤʫ 

ʧʦ ʘʙʦʥʝʥʪʩʢʠʤ ʨʘʜʠʦʢʘʥʘʣʘʤ, ʠʣʠ ʧʦʜʢʣʶʯʘʪʴʩʷ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʢʘʥʘʣʘʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʢʦʤʤʫʪʘʪʦʨʫ ɹʉ. ɺ ʨʘʤʢʘʭ ʦʜʥʦʡ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʥʦ ʥʝʩʢʦʣʴʢʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʪʝʡ ʩʚʷʟʠ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʢʘʞʜʦʡ ʠʟ ʪʘʢʠʭ ʩʝʪʝʡ ʥʝ ʙʫʜʫʪ ʟʘʤʝʯʘʪʴ ʨʘʙʦʪʫ ʩʦʩʝʜʝʡ ʠ 

ʥʝ ʩʤʦʛʫʪ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʨʘʙʦʪʫ ʜʨʫʛʠʭ ʩʝʪʝʡ. ʇʦʵʪʦʤʫ ʚ ʦʜʥʦʡ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ɼʇ, ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʥʝʡ. 

ɼʫʧʣʝʢʩʥʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʝ 

ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ ʩ ʊʌʆʇ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʫʧʧʦʚʦʡ ʨʘʙʦʪʳ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ. 

ʂʘʢ ʧʦʣʫʜʫʧʣʝʢʩʥʳʝ, ʪʘʢ ʠ ʜʫʧʣʝʢʩʥʳʝ ʪʨʘʥʢʠʥʛʦʚʳʝ ʈʉ ʚʳʧʫʩʢʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʦʨʪʘʪʠʚʥʦʤ, ʥʦ ʠ ʚ ʤʦʙʠʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʦʚ ʤʦʙʠʣʴʥʳʭ ʈʉ 

ʚʳʰʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʢʣʘʩʩʦʤ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʠʥʘʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʇɼ). ɺ ʘʥʘʣʦʛʦʚʳʭ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʪʝʨʤʠʥʘʣʳ ʇɼ ï 

ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʘʜʠʦʤʦʜʝʤʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʪʦʢʦʣ 

ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʘ. ɼʣʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʚʩʪʨʘʠʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʇɼ ʚ ɸʈ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ɺ ʩʦʩʪʘʚ ʤʦʙʠʣʴʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʇɼ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ ʩʧʫʪʥʠʢʦʚʳʡ 

ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ ʩʠʩʪʝʤʳ GlobalPositionSystem (GPS), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ ʠʭ ʜʠʩʧʝʪʯʝʨʫ ʥʘ ʧʫʣʴʪ. 

ɺʳʚʦʜʳ: 

ɾʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʫʩʣʫʛ ʧʦʝʟʜʥʦʡ ʠ ʤʘʥʝʚʨʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʨʘʜʠʦʩʚʷʟʠ ʚ ʪʦʥʥʝʣʷʭ, ʧʝʡʜʞʠʥʛʦʚʦʡ ʩʚʷʟʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʨʝʤʦʥʪʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʥʘʧʦʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ 

ʧʦʝʟʜʘʤʠ ʚ ʩʠʩʪʝʤʝ ʣʦʢʦʤʦʪʠʚʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʵʢʦʥʦʤʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʦʪ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʠ ʨʘʩʭʦʜʘʤʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ 

ʢʦʥʮʝʧʮʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ (ʎʉʈ), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʚ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ 

ʩʦʟʜʘʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʩʣʫʛ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʎʉʈ ʜʦʣʞʥʳ ʦʭʚʘʪʳʚʘʪʴ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʫʩʣʫʛʠ ʧʦʝʟʜʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ ʧʝʨʝʜʘʯʝʡ ʨʝʯʠ ʠ ʜʘʥʥʳʭ, ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʦʝʟʜʦʚ, ʤʘʥʝʚʨʦʚʦʡ, ʩʪʘʥʮʠʦʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʨʘʜʠʦʩʚʷʟʠ ʩ ʜʝʧʦ ʠ 

ʧʨʦʯʠʭ ʚʠʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʦʡ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʟʘʱʠʱʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

(ʠʣʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ) ʩʨʝʜʳ ʜʣʷ ʩʚʷʟʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ ʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɽʅ-ɸʅʊɽʅʅ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʤʘ çʥʝʪʨʘʜʠʮʠʦʥʥʳʭè ʘʥʪʝʥʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʥʪʝʨʝʩʥʘ ʠ ʚʳʟʳʚʘʝʪ 

ʩʧʦʨʳ ʠ ʨʘʩʩʫʞʜʝʥʠʷ. ɹʳʣʦ ʚʥʝʜʨʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʟʦʙʨʝʪʝʥʠʡ, ʥʝ ʙʳʣʠ ʦʙʜʝʣʝʥʳ ʚʥʠʤʘʥʠʝʤ ʠ 

ʘʥʪʝʥʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʥʦʡ ʘʧʧʘʨʘʪʫʨʳ [1]. ʉʧʝʮʠʘʣʠʩʪʳ ʠ 

ʨʘʜʠʦʣʶʙʠʪʝʣʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʥʳʭ ʘʥʪʝʥʥ, ʯʪʦ ʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ 

ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʩʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ɺʚʠʜʫ ʵʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʜʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʘʥʪʝʥʥ. 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʷʚʠʣʠʩʴ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʝ ʘʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ. ʇʦ 

ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʢ ʪʘʢʠʤ ʘʥʪʝʥʥʘʤ ʙʣʠʟʢʠ ɽʅ-ʘʥʪʝʥʥʳ (ʥʘʟʚʘʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ɽ-ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʤʘʛʥʠʪʥʦʡ ʅ-ʩʦʩʪʘʚʣʷʶʱʝʡ ʕʄʀ ʚ 

ʥʠʭ ʨʘʟʜʝʣʝʥʳ), ʘ ʪʘʢʞʝ SFRT-ʘʥʪʝʥʥʳ (ʘʥʪʝʥʥʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ ʠʟʣʫʯʝʥʠʷ 

ʩʠʥʭʨʦʥʥʳʭ ʧʦʣʝʡ ïSimultaneousFieldRadiationTechnology) ʠ Crossed Field Antennas (CFA ʠʣʠ 

ʘʥʪʝʥʥʳ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʣʝʡ). 

ʀʭ ʧʨʠʤʝʥʷʶʪ (ʦʩʦʙʝʥʥʦ ʚ ʧʦʨʪʘʪʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʥʘ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʘʭ) ʜʣʷ ʧʨʠʝʤʘ 

ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʜʠʦʩʚʷʟʠ, ʧʝʣʝʥʛʘʮʠʠ ʠ ʪ. ʜ. ɺʦʪ ʧʦʯʝʤʫ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʪʝʨʝʩʝʥ ʠ ʧʦʣʝʟʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʘʢʠʭ ʘʥʪʝʥʥ, ʦʙʩʫʞʜʝʥʠʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʛʦʚʦʨ ʦ ʥʝʢʦʪʦʨʳʭ çʣʝʛʝʥʜʘʭè, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʤ 

ʘʥʪʝʥʥʘʤ [2]. 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ EH-ʘʥʪʝʥʥ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ: ʤʘʣʳʝ ʨʘʟʤʝʨʳ, 

ʧʦʚʳʰʝʥʥʳʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ ʠ ʚʥʝʧʦʣʦʩʥʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ, ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʧʦʩʪʦʨʦʥʥʠʤ ʚʥʝʰʥʠʤ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ɽ- ʠ ʅ-ʧʦʣʷʤ ʠ ʪ.ʜ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʫʨʘʚʥʝʥʠʝʤ ʄʘʢʩʚʝʣʣʘ, ʥʘʣʠʯʠʝ ʪʦʢʘ cʤʝʱʝʥʠʷ dtdEʘʩʤj /e=  

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʶʱʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʕʄʀ), 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩ ʘʙʩʦʣʶʪʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 
ʘ
e. ʇʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʝʝ 

ʥʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ çʢʦʥʮʝʥʪʨʘʪʦʨʘè ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʪʦʢʘ ʩʤʝʱʝʥʠʷ 
ʩʤ

j  ʩʣʫʞʠʪ ʢʦʥʜʝʥʩʘʪʦʨ ʩ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʝʤʢʦʩʪʴʶ ʉ, ʚʦʟʙʫʞʜʘʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʜʣʠʥʥʦʡ ʣʠʥʠʠ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʠʥʮʠʧʘ 

ʨʘʙʦʪʳ ʘʥʪʝʥʥʳ ʯʘʩʪʦ ʥʘʯʠʥʘʣʦʩʴ ʩʦ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʘ, ʛʜʝ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʢʘʟʘʥ 

ʚ ʦʙʳʯʥʦʤ ʚʠʜʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʢ ʩʭʝʤʝ ʥʘ ʨʠʩ. 1, ʙ, ʛʜʝ ʝʛʦ ʦʙʢʣʘʜʢʠ ʨʘʟʚʝʨʥʫʪʳ ʥʘ 

180Á(ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʢʨʘʷʤʠ ʦʙʢʣʘʜʦʢ ʨʘʚʥʦ d). 

ʋʚʝʣʠʯʝʥʠʝ ʠʟʣʫʯʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʵʪʦʤ ʦʙʲʷʩʥʷʣʠ ʪʝʤ, ʯʪʦ ʩʠʣʦʚʳʝ 

ʣʠʥʠʠ ʚʝʢʪʦʨʘ ɽ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩ. 1, ʙ ʚʳʭʦʜʷʪ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʭʚʘʪʳʚʘʷ 

ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣ ʧʝʨʝʭʦʜ ʢ ʩʠʩʪʝʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʝʤʢʦʩʪʴʶ ʉ (ʩʤ. ʨʠʩ. 1, ʚ) ʤʝʞʜʫ ʧʣʝʯʘʤʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʠʙʨʘʪʦʨʘ, ʚ ʢʦʪʦʨʳʝ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʦʙʢʣʘʜʢʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʟʘʤʝʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʠʧʦʣʴʥʦʡ 

ʘʥʪʝʥʥʦʡ. ʇʝʨʚʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠʟʣʫʯʘʪʝʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʷʝʪʩʷ ʜʠʧʦʣʴ ɻʝʨʮʘ ʩ ʝʤʢʦʩʪʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʚ ʚʠʜʝ ʰʘʨʦʚ ʥʘ ʢʦʥʮʘʭ ʧʣʝʯ ʜʣʠʥʦʡ l. ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʠʟʣʫʯʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʜʠʧʦʣʴ ʩ ʨʘʟʤʝʨʘʤʠ2l / ɚ >> d / ɚ (ʩʤ. ʨʠʩ. 1, ʙ ʠ 1, ʚ), ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ, ʧʨʠ 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 
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ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʝʛʦ ʠʟʣʫʯʘʶʱʠʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʪʘʢʞʝ ʢʘʢ ʨʘʟʦʤʢʥʫʪʳʡ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʦʪʨʝʟʦʢ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʜʣʠʥʥʦʡ ʣʠʥʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 1ʚ), ʦʙʣʘʜʘʶʱʠʡ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʢʘʢ ʙʫʜʝʪ 

ʨʝʟʦʥʠʨʦʚʘʪʴ ʠ ʠʟʣʫʯʘʪʴ ʩʠʩʪʝʤʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 1, ʙ, ʝʩʣʠ ʚ ʝʝ ʩʦʩʪʘʚ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʝʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʀ, ʚʦ-ʚʪʦʨʳʭ - ʤʦʞʥʦ ʣʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʘʣʦʨʘʟʤʝʨʥʫʶ ʘʥʪʝʥʥʫ (ʄʈɸ), ʘ ʝʩʣʠ ʤʦʞʥʦ ï ʪʦ ʢʘʢʦʡ ʠʟʣʫʯʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʫʜʝʪ 

ʦʙʣʘʜʘʪʴ ʪʘʢʘʷ ʘʥʪʝʥʥʘ. 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʝʤʢʦʩʪʴʶʉʚ ʩʠʤʤʝʪʨʠʯʥʫʶ ʜʠʧʦʣʴʥʫʶ 

ʘʥʪʝʥʥʫ. ʘ) ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʢʘʟʘʥ ʚ ʦʙʳʯʥʦʤ ʚʠʜʝ,  ʙ) ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʟʚʝʨʥʫʪʳ ʥʘ 180Á, 

ʚ) ʨʘʟʦʤʢʥʫʪʳʡ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʦʪʨʝʟʦʢ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʜʣʠʥʥʦʡ ʣʠʥʠʠ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʨʝʟʦʥʘʥʩʥʳʤ ʩʠʩʪʝʤʘʤ ʕʄʀ ʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ - ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʘʛʦʜʘʨʷ ʦʙʩʫʞʜʝʥʠʶ ʨʘʙʦʪ ʅ. ʊʝʩʣʳ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʉ-ʘʥʪʝʥʥʳ 

 

ʕʣʝʤʝʥʪʘʤʠ ʄʈɸ ʥʘ ʨʠʩ. 2 ʷʚʣʷʶʪʩʷ ʨʘʟʚʝʨʥʫʪʳʝ ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʤʢʦʩʪʴ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʨʘʚʥʘʉ, ʘ ʪʘʢʞʝ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʩ ʯʘʩʪʠʯʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʥʝʡ ʚ ʪʦʯʢʘʭ ɸ-

ɸ ʬʠʜʝʨʥʦʡ ʣʠʥʠʠ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Wʬ, ʚʭʦʜ ʢʦʪʦʨʦʡ ʚʦʟʙʫʞʜʘʝʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʩ 

ʕɼʉ ʝɻ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rɻ[3]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ɽʅ-ʘʥʪʝʥʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʤ ʘʥʪʝʥʥʳʤ ʩʠʩʪʝʤʘʤ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʘʙʦʥʝʥʪʩʢʠʭ ʩʪʘʥʮʠʡ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ - ʥʘʨʷʜʫ ʩ 

ʚʠʙʨʘʪʦʨʥʳʤʠ ʘʥʪʝʥʥʘʤʠ ʩ ʫʜʣʠʥʷʶʱʠʤʠ ʢʘʪʫʰʢʘʤʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʤʠ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʘʥʪʝʥʥʘʤʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,1 ɚ[3]. ʊʘʢʠʝ ʘʥʪʝʥʥʳ ʙʳʚʘʶʪ ʣʠʙʦ 

ʜʠʧʦʣʴʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʱʝʩʪʚʫ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ, ʣʠʙʦ 

ʧʝʪʣʝʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʘʪʫʰʢʦʡ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʪʦʢʦʤ [4]. 

ɺʩʝʛʜʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʭ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ɸʋ) ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʦʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ RɆʫ ʪʘʢʠʭ ʘʥʪʝʥʥ, ʩʦʛʣʘʩʥʦ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʝʜʠʥʠʮ ʆʤ, ʯʪʦ ʩʦʠʟʤʝʨʠʤʦ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ r. ʇʦʵʪʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʘʥʪʝʥʥʳ ɖ = RɆ/(r + RɆ) ʟʜʝʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ çʧʣʘʪʦʡè ʟʘ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ɸʋ. ʉʢʘʟʘʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʥʪʝʥʥʘʤ ʚʩʝʭ 

ʪʠʧʦʚ, ʭʦʪʷ ʜʣʷ ʨʘʤʦʢ ʠʟʚʝʩʪʥʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʡ ʂʇɼ - ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ r ʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ɺ ʮʝʣʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʝ ɸʋ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʥʘʭʦʜʠʣʠ [3]. 

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʝ ʘʥʪʝʥʥʳ ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ ʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʪʝʣʝʡ. ʂʘʞʜʳʡ ʦʧʳʪʥʳʡ ʨʘʜʠʦʠʥʞʝʥʝʨ ʟʥʘʝʪ, ʯʪʦ ʠʟʣʫʯʘʝʤʘʷ 

ʪʘʢʦʡ ʘʥʪʝʥʥʦʡ ʤʦʱʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʘʥʪʝʥʥʳ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʦʱʥʦʩʪʴʶ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɹʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʜʠʘʛʨʘʤʤʝ 

ʠʟʣʫʯʝʥʠʷ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʜʣʠʥʝ ʚʦʣʥʳ. ʂʦʛʜʘ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥʳ 

ʫʤʝʥʴʰʘʶʪʩʷ, ʝʸ ʠʤʧʝʜʘʥʩ ʠʟʣʫʯʝʥʠʷ ʨʘʩʪʸʪ ʜʣʷ ʜʠʧʦʣʷ ʠʣʠ ʧʘʜʘʝʪ ʜʣʷ ʧʝʪʣʠ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʶʪ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʩ ʚʳʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʝʨʝʜʘʪʯʠʢʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʤʦʱʥʦʩʪʴ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢ ʘʥʪʝʥʥʝ. ʏʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʜʠʧʦʣʷ (ʧʝʪʣʠ), 

ʪʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʪʦʢ) ʥʘʜʦ ʧʦʜʘʚʘʪʴ, ʯʪʦʙʳ ʠʟʣʫʯʘʪʴ ʪʫ ʞʝ ʤʦʱʥʦʩʪʴ. ɽʩʣʠ 

ʛʝʥʝʨʘʪʦʨ ʩʦʛʣʘʩʦʚʘʥ ʩ ʘʥʪʝʥʥʦʡ, ʪʦ ʦʩʥʦʚʥʘʷ ʝʛʦ ʤʦʱʥʦʩʪʴ ʚʩʝʛʜʘ ʧʝʨʝʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʤʧʝʜʘʥʩʦʚ ʥʝ ʚʩʝʛʜʘ ʙʳʚʘʝʪ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʨʝʰʘʝʤʘʷ 

ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ [4]. 

ɼʣʷ ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɽʅ - ʘʥʪʝʥʥʳ T. Hart ʦʧʫʙʣʠʢʦʚʘʣ ʚ Internet 

ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʦʚ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʨʦʙʥʫʶ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʥʘʩʪʨʦʡʢʝ. ʍʦʪʷ 

ʦʩʥʦʚʥʦʡ ʨʳʥʦʯʥʳʡ ʩʧʨʦʩ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ɽʅ-ʘʥʪʝʥʥʳ ʜʣʷ ʨʘʜʠʦʣʶʙʠʪʝʣʝʡ, ʯʝʨʝʟ ʩʚʦʶ ʬʠʨʤʫ T. 

Hart ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʝʜʘʶʱʠʝ ɸʋ ʥʘ ʩʨʝʜʥʝʚʦʣʥʦʚʳʝ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʜʠʘʧʘʟʦʥʳ.ʇʦ ʜʘʥʥʳʤ [3] 

ʪʘʢʘʷ ɽʅ -ʘʥʪʝʥʥʘ ʜʣʷ ɸʄ ʚʝʱʘʥʠʷ ʩ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʜʦ 10 ʢɺʪ ʥʘ ʯʘʩʪʦʪʝ 700 ʢɻʮ (ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ ʦʪ 500 ʜʦ 1200 ʢɻʮ, ʦʙʱʘʷ ʜʣʠʥʘ ʤʝʥʝʝ 12 ʤ), ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʕʣʴ 

ʉʘʣʴʚʘʜʦʨʝ, ʄʝʢʩʠʢʘ, ʧʦ ʫʨʦʚʥʶ ʕʄʀ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʥʝ ʫʩʪʫʧʘʝʪ ʩʪʘʥʜʘʨʪʥʦʡ ʘʥʪʝʥʥʝ-ʙʘʰʥʝ, 

ʧʨʠʯʝʤ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʟʝʤʣʝʥʠʷ.ʂʨʦʤʝɸʋʥʘ ʦʩʥʦʚʝ ʧʦʣʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʦʚ ʠ ʢʦʥʫʩʦʚ, T. Hart ʧʨʝʜʣʦʞʠʣ ʚʘʨʠʘʥʪ ʧʣʦʩʢʦʡ ɽʅʘʥʪʝʥʥʳ. ʅʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʧʨʦʧʘʛʘʥʜʠʩʪʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʘʣʳʭ ɸʋ ʥʦʚʦʛʦ ʪʠʧʘ ʩʝʛʦʜʥʷ 

ʷʚʣʷʶʪʩʷ ʨʘʜʠʦʣʶʙʠʪʝʣʠ, ʦʧʳʪ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʷʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʘʥʥʳʭ 

ʘʥʪʝʥʥ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ Internet ʜʝʡʩʪʚʫʶʪ ʩʘʡʪʳ, ʛʜʝ ʵʥʪʫʟʠʘʩʪʳ ʚ ʦʙʣʘʩʪʠ ʘʥʪʝʥʥʦʡ 

ʪʝʭʥʠʢʠ ʜʝʣʷʪʩʷ ʦʧʳʪʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ɽʅ-ʘʥʪʝʥʥ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʝʪʩʷ ɺ. ʂʦʥʦʥʦʚ, UA1ACO, ʢʦʪʦʨʳʡ 

ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ɽʅ-ʘʥʪʝʥʥʘʤʠ ʠ ʧʫʙʣʠʢʫʝʪ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʩʦ 

ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʣʠʮʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʥʪʝʥʥʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʢʘ ʥʝ ʧʨʠʚʣʝʢʣʠ ʫ ʥʘʩ 

ʚʥʠʤʘʥʠʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [3]. 

ʀ ʪʝʦʨʝʪʠʢʠ ʠ ʧʨʘʢʪʠʢʠ ʜʘʚʥʦ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʛʣʫʙʦʢʫʶ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ 

ʚʠʭʨʝʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʇʦʥʠʤʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ (ʠ ʥʝ ʪʦʣʴʢʦ) ʧʦʣʥʦʩʪʴʶ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩʧʦʩʦʙʥʦʡ ʢ ʚʠʭʨʝʚʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. 

ʀʟʚʝʩʪʥʦ ʢʘʢ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʜʦʣʴ ʧʨʦʚʦʜʥʠʢʘ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ 

ʩʦʠʟʤʝʨʠʤʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 3). 
 

 
 

ʈʠʩʫʥʦʢ 3ï ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʚʠʙʨʘʪʦʨʘ 

ʘ) ʜʣʷ ɚ, ʙ) ʜʣʷ ɚ/2, ʚ) ʜʣʷ ɚ/4 
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ʅʠʞʝ ʦʧʠʩʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʜʦʣʴ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʚʦʜʘ - ʚʠʙʨʘʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʠʥʜʠʢʘʪʦʨ ʧʦʣʷ (ʀʇ), ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʚʠʙʨʘʪʦʨʘ ʙʝʟ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʥʠʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʠʙʨʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʜʥʳʡ 

ʧʨʦʚʦʜ Ï2,6 ʤʤ.ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1-30 ʄɻʮ. ʧʦʜʚʝʰʝʥʥʳʡ 

ʥʘ ʚʳʩʦʪʝ 2 ʤ. ʦʪ ʟʝʤʣʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʣʶʙʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʚʥʝ ʟʦʥʳ 

ʧʨʷʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʚʠʜʠʤʦʩʪʠ ʦʪ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʚ. ʏʘʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʙʠʨʘʣʠʩʴ ʧʦ 

ʤʠʥʠʤʫʤʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ (ʂʉɺ) ʜʣʷ ɚ, ɚ/2, ɚ/4. ɻʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʦʚ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʢʦʥʮʦʚ ʚʠʙʨʘʪʦʨʘ (ʨʠʩ. 4, ʘ). 

 

 
 

ʈʠʩʫʥʦʢ 4ï ʀʟʤʝʨʝʥʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʚʠʙʨʘʪʦʨʘ:ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʧʨʦʚʦʜʘ ï ʚʠʙʨʘʪʦʨʘ; ʙ) ʜʣʷ ɚ; ʚ) ʜʣʷ ɚ/2; ʛ) ʜʣʷ ɚ/4 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ. 4 ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ ʢʘʞʜʦʡ ʦʩʠ L, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʚʠʙʨʘʪʦʨʘ, ʥʘʨʠʩʦʚʘʥʳ ʢʨʠʚʳʝ, ʩʥʷʪʳʝ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʀʇ ʩ ʦʜʥʦʡ ʠ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʚʠʙʨʘʪʦʨʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʀʟ ʨʠʩ.4, ʛ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʚʠʜʥʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 3,ʚ) ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ. ʉʥʷʪʘʷ ʜʠʘʛʨʘʤʤʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʫʩʦʦʙʨʘʟʥʫʶ ʚʦʨʦʥʢʫ ʩ ʜʠʘʤʝʪʨʦʤ çʦʪʚʝʨʩʪʠʷè, ʨʘʚʥʳʤ 

ʜʠʘʤʝʪʨʫ ʧʨʦʚʦʜʥʠʢʘ. ʅʦ ʚ ʪʦʞʝ ʚʨʝʤʷ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʠʙʨʘʪʦʨʘ ʠʟʤʝʨʷʝʤʘʷ 

ʩʢʘʥʝʨʦʤ (ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʠʝʤʥʠʢ) ʥʘ ʫʜʘʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ ɚ ʧʦʢʘʟʳʚʘʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʩʦʚʧʘʜʘʶʱʫʶ ʩ ʤʦʜʝʣʠʨʫʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ Matlab-6 

(ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʫʝʪ ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʙʝʟ ʫʯʝʪʘ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʙʝʟ ʫʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʪʦʨʘ ʚ ʪʦʯʢʝ 

ʧʦʜʢʣʶʯʝʥʠʷ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 5, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʤʝʝʪ ʚʠʜ ʪʦʨʦʠʜʘ. 

a) 
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ʙ) 

 

ʈʠʩʫʥʦʢ 5ï ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ Matlab-6 ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʣʫʚʦʣʥʦʚʦʛʦ ʚʠʙʨʘʪʦʨʘ ʘ) ɼʅ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ XYZ; ʙ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ XOZ 

 

ʉʝʨʠʷ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙ ʫʢʘʟʘʪʴ ʥʘ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʘ ʚ ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ ʚʠʭʨʝʚʳʭ ʵʬʠʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʠ ʯʘʩʪʦʪʘʭ ʚ ʣʠʥʝʡʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ, ʩʦʣʝʥʦʠʜʘʣʴʥʳʭ ʠ ʧʣʦʩʢʠʭ ʢʘʪʫʰʢʘʭ 

ʠ ʜʨ. ʉʦʣʝʥʦʠʜʘʣʴʥʘʷ ʢʘʪʫʰʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʫʢʦʨʦʯʝʥʥʳʡ 

ʣʠʥʝʡʥʳʡ ʚʠʙʨʘʪʦʨ. ʅʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʜʦʣʴ 

ʩʦʣʝʥʦʠʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʚʠʙʨʘʪʦʨʫ. 

ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʚ ʧʣʘʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʦʢʘʟʘʣʠʩʴ ʧʣʦʩʢʠʝ 

ʢʘʪʫʰʢʠ (ʩʤ. ʨʠʩ. 6). 

 
 

ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʜʣʷ ʧʣʦʩʢʦʡ ʢʘʪʫʰʢʠ ʚ ʟʘʤʢʥʫʪʦʤ 

ʨʝʟʦʥʘʥʩʥʦʤ ʢʦʥʪʫʨʝ 

 

ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʩʣʫʯʘʷ ʥʘ ʨʠʩ.4,ʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʦʥʦʚʘʷ 

ʣʘʤʧʦʯʢʘ, ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ ʢʦʥʮʫ ʚʠʙʨʘʪʦʨʘ, ʥʝ ʛʦʨʠʪ. ʀ ʵʪʦ ʧʨʠ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ 100 ɺʪ. 

ɻʨʘʬʠʢ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ çʚʩʧʣʝʩʢè ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʢʦʥʮʝ ʚʠʙʨʘʪʦʨʘ. ʀ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʀʇ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 ʜʣʷ ɚ/4 ʦʙʥʘʨʫʞʠʣʩʷ 

çɻ ʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʘʢʫʫʤè (ʨʠʩ. 7). ʇʨʠʙʦʨ ʧʦʢʘʟʘʣ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ç0è, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩ. 4, ʥʦ ʠ ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩʫʥʦʢ 7ï çʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʘʢʫʫʤè 

 

ʇʨʘʢʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʫ 

ʘʥʪʝʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʙʣʠʞʥʝʡ ʠ ʜʘʣʴʥʝʡ ʟʦʥʘʭ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʦʚʤʝʩʪʠʚ 

ʛʨʘʬʠʢʠ 4ʛ ʠ 5 ʙ (ʨʠʩ. 8, ʘ) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʧʝʨʝʯʥʳʭ 
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ʚʦʣʥ (ʨʘʜʠʦʚʦʣʥ) ʚʦʢʨʫʛ ʘʥʪʝʥʥʦʛʦ ʚʠʙʨʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʜʚʦʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

(ʪʨʘʥʩʬʦʨʤʘʮʠʷ) ʛʝʦʤʝʪʨʠʠ ʠʩʭʦʜʥʦʛʦ ʧʦʪʦʢʘ: ʧʝʨʚʳʡ ʧʦʪʦʢ, ʦʜʥʦʨʦʜʥʳʡ ʩʧʠʨʘʣʴʥʳʡ ʧʦʪʦʢ 

ʧʦʩʢʠʥ-ʩʣʦʶ ʧʨʦʚʦʜʥʠʢʘ; ʚʪʦʨʦʡ ʧʦʪʦʢ, ʥʝʦʜʥʦʨʦʜʥʳʡ ʚʠʭʨʝʚʦʡ ʧʦʪʦʢ ʙʣʠʞʥʝʡ ʟʦʥʳ; ʪʨʝʪʠʡ 

ʧʦʪʦʢ, ʪʦʨʦʠʜʘʣʴʥʳʡ ʧʦʪʦʢ ʜʘʣʴʥʝʡ ʟʦʥʳ. ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʪʦʨʘ ʜʘʣʴʥʝʡ ʟʦʥʳ (ʩ ʯʘʩʪʦʪʦʡ 

ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜʘʪʯʠʢʘ) ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʬʦʨʤʠʨʫʝʪ ʦʙʲʝʤʥʳʝ ʧʣʦʩʢʦʩʪʥʳʝ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ (ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʣʥʳ), ʢʦʪʦʨʳʝ ʤʳ ʥʘʟʳʚʘʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ ʠʣʠ 

ʨʘʜʠʦʚʦʣʥʘʤʠ. ʉ ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʧʦʪʝʥʮʠʘʣʦʚ (ʩ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜʘʪʯʠʢʘ) 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʂʫʣʦʥʘ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʫʟʢʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

 

a) 

 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 8 ï ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʨʝʥʠʡ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʘ) ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʫ ʘʥʪʝʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ; ʙ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʠʜʝ 

ʮʝʧʦʯʢʠ ʪʦʨʦʚ 

 

ɽʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ, ʘ ʪʦʯʥʝʝ - ʧʨʦʜʦʣʴʥʳʡ ʧʦʪʦʢ, ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʚʠʜʝ ʮʝʧʦʯʢʠ ʪʦʨʦʚ (ʘʥʘʣʦʛ - ʜʳʤʦʚʳʝ ʢʦʣʴʮʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ çʩʭʣʦʧʳʚʘʥʠʷè ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ 

ʙʣʠʞʥʝʡ ʟʦʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʬʘʢʪʠʯʝʩʢʠ, ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʙʣʠʞʥʝʡ ʟʦʥʳ (ʩʤ. ʨʠʩ. 8,ʙ). 

ʕʬʠʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʚʳʚʦʜʦʚ ʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ʉʪʘʥʦʚʠʪʩʷ ʨʝʘʣʝʥ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʠ 

ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ. ʊʘʢ, ʜʘʣʴʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʠ ʘʥʪʝʥʥʘʤʠ, 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʧʦ ʵʬʠʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

-ʦʯʝʚʠʜʥʳ ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʩʶ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʚ ʤʦʱʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ; 

-ʦʯʝʚʠʜʥʳ ʚʩʝ ʧʨʠʯʠʥʳ ʟʘʧʘʟʜʳʚʘʥʠʷ ʬʘʟʳ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʠʟʣʫʯʘʪʝʣʷ; 

-ʚʪʦʨʦʡ ʧʦʪʦʢ, ʦʙʨʘʟʫʝʪ ʥʝ ʪʦʣʴʢʦ ʪʦʨ, ʬʦʨʤʠʨʫʶʱʠʡ ʧʦʧʝʨʝʯʥʫʶ ʚʦʣʥʫ, ʥʦ ʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʦʯʝʥʴ ʫʟʢʦʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʜʦʣʴ ʩʚʦʝʡ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ; 
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-ʜʣʷ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ ʠ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʘʥʪʝʥʥʘ ʠʛʥʦʨʠʨʫʝʪ ʚʦʣʥʦʚʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ; 

-ʠʟʣʫʯʝʥʠʝ ʚʜʦʣʴ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʧʨʦʥʠʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ; 

-ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʫ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ [5]. 
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ɸʟʝʣʭʘʥʦʚʘ ɾ.ɸ. - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɸʟʝʣʭʘʥʦʚ ɸ.ʂ. - ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʐʀʈʆʂʆʇʆʃʆʉʅɸʗ ʇɽʈɽɼɸʏɸ ɼɸʅʅʓʍ ʇʆ ʕʃɽʂʊʈʆʉɽʊʗʄ BPL 

 

ʊʝʨʤʠʥ broadband power line (BPL) ʫʪʚʝʨʞʜʝʥ FCC ʚ 2003 ʛʦʜʫ ʜʣʷ ʥʦʚʳʭ ʤʦʜʝʤʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʝʨʚʠʩʘʤ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ʉʪʨʫʢʪʫʨʥʦ BPL-ʤʦʜʝʤʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʠʭ ʙʣʠʞʘʡʰʠʭ ʩʦʨʦʜʠʯʝʡ ï ʢʘʙʝʣʴʥʳʭ ʠ DSL-

ʤʦʜʝʤʦʚ ï ʠ ʪʦʯʥʦ ʪʘʢ ʞʝ ʠʤʝʶʪ ʚʥʫʪʨʠ ʩʝʙʷ ʯʠʧ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʧʦʩʳʣʢʠ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ, ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʠʣʠ ʪʝʣʝʬʦʥʥʳʡ ʢʘʙʝʣʴ). ʉʫʪʴ 

ʪʝʭʥʦʣʦʛʠʠ BPL ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʆ ʩʠʩʪʝʤʘʭ BPL ʛʦʚʦʨʷʪ ʫʞʝ ʥʝ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ, ʥʦ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʦʥʠ ʩʪʘʣʠ ʥʘʩʪʦʷʱʠʤ 

çʠʛʨʦʢʦʤè ʥʘ ʨʳʥʢʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʢʘʢ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʬʠʣʠʘʣʦʚ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝʙʦʣʴʰʠʭ ʠ ʜʦʤʘʰʥʠʭ ʦʬʠʩʦʚ 

(ʪʝʣʝʢʦʤʴʶʪʝʨʦʚ). ʀʥʪʝʨʝʩ ʢ ʥʠʤ ʧʨʦʷʚʣʷʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʘʤ, ʛʜʝ ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʝ DSL-

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ (ʂʊɺ) ʥʝʜʦʩʪʫʧʥʳ ʠʣʠ ʮʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʩʣʫʛʠ ʦʯʝʥʴ ʚʳʩʦʢʠ. ɼʦʩʪʫʧ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʨʦʟʝʪʢʫ ʯʘʩʪʦ ʩʪʦʠʪ ʜʝʰʝʚʣʝ ʜʦʩʪʫʧʘ ʧʦ DSL-

ʣʠʥʠʠ ʠʣʠ ʧʦ ʩʝʪʠ ʂʊɺ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʧʦʩʣʝʜʥʠʤ ʧʦʢʦʣʝʥʠʝʤ ʤʠʢʨʦʩʭʝʤ 

BPL, ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ. ʀ ʚʩʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ BPL-ʜʦʩʪʫʧʘ, ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʝʤ, ʚʢʣʶʯʘʝʤʳʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʨʦʟʝʪʢʫ. 

ɺ BPL ʩʠʩʪʝʤʘʭ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 30 ʄɻʮ, ʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ TCP/IP, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʝʪʠ, ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ BPL (ʨʠʩ. 1) 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʨʘʩʰʠʨʷʪʴ ʝʝ, ʥʝ ʪʨʝʙʫʷ ʦʪʢʣʶʯʝʥʠʡ ʥʘ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ 

ʦʧʪʠʤʘʣʴʥʦʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ BPL. ʅʝʜʦʩʪʘʪʢʠ PLC ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʩʣʝʜʩʪʚʠʝ ʫʟʢʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʢʘʢ ʜʦʩʪʫʧ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʨʦʪʦʢʦʣʫ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ PLC ʠ BPL 

 

ɼʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʝʭʥʦʣʦʛʠʷ BPL ʧʨʝʜʩʪʘʝʪ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʛʦ BPL-ʤʦʜʝʤʘ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʙʫʢʚʘʣʴʥʦ ʚ ʦʜʠʥ ʪʨʦʡʥʠʢ (ʨʠʩ. 2) ʚʤʝʩʪʝ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ: 

ʊʝʭʥʦʣʦʛʠʷ BPL ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʘ ʩ ʪʝʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʦʤʘʰʥʠʭ ʩʝʪʷʭ, 

ʥʦ ʧʨʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ BPL ʦʯʝʚʠʜʥʦ ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʧʦʜʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʢʘʞʜʦʤʫ ʞʠʣʦʤʫ ʠ 

ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʟʜʘʥʠʶ. 

 
ʈʠʩʫʥʦʢ 2 ï BPL-ʤʦʜʝʤ 

 

ɼʣʷ ʩʚʷʟʠ BPL ʤʦʜʝʤʳ ʠʩʧʦʣʴʟʫʶʪ OFDM ʤʦʜʫʣʷʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʢʘʥʘʣ 

ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʇʝʨʝʜʘʥʥʘʷ ʚ ʤʦʜʝʤ ʠʥʬʦʨʤʘʮʠʷ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 1000 ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʦʪ 2 ʜʦ 30 ʄɻʮ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ 

ʥʝʩʫʱʘʷ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ: BPSK, QPSK, QAM16, 

QAM64, QAM256. ʇʨʦʮʝʩʩʦʨ ʤʦʜʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʰʫʤʘ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʩʧʝʢʪʨʘ 6 ʨʘʟ ʚ 

ʩʝʢʫʥʜʫ ʠ, ʝʩʣʠ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢ, ʧʨʦʮʝʩʩʦʨ ʧʦʜʘʚʣʷʝʪ 

ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʥʝʩʫʱʠʤ ʯʘʩʪʦʪʘʤ ʚ ʪʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʤʠʥʠʤʘʣʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʘʜʘʝʪ, ʥʦ ʩʚʷʟʴ ʩʦʭʨʘʥʷʝʪʩʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʰʫʤʣʝʥʠʷ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʘʥʦʚʢʫ ʥʘ ʩʪʦʣʙʘʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 802.11b. ʆʜʥʘ ʪʘʢʘʷ ʪʦʯʢʘ ʜʦʩʪʫʧʘ 

ʩʧʦʩʦʙʥʘ ʦʙʩʣʫʞʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʜʦʤʦʚ, ʘ ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʠʥʠʠ 

ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʭʦʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʄʠʥʫʩ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʡ: ʚ ʪʦʤ ʞʝ 

ʯʘʩʪʦʪʥʦʤ ʩʧʝʢʪʨʝ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʠ ʜʨʫʛʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ɹʃɺʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʦʩʝʜʥʠʭ 

ʜʦʤʘʭ ʠ ʦʬʠʩʘʭ, ʘ ʪʘʢʞʝ ʙʝʩʰʥʫʨʦʚʳʝ ʪʝʣʝʬʦʥʳ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʧʝʯʠ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩʥʠʟʠʪ 

ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʚʷʟʠ. 

ɼʣʷ BPL-ʩʠʩʪʝʤ, ʜʦʚʦʜʷʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ ʢʦʥʝʯʥʳʭ 

ʨʦʟʝʪʦʢ, ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʣʠʪʪʝʨʦʚ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ. ʕʪʦ 

ʧʦʚʳʩʠʪ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠ ʫʚʝʣʠʯʠʪ ʟʘʪʨʘʪʳ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʪʝʭʥʠʯʝʩʢʦʝ 
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ʦʙʩʣʫʞʠʚʘʥʠʝ. ʉʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʪʦʣʴʢʦ ʥʘ 500 ʤ. Ambient, Amperion ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʢʦʤʧʘʥʠʡ ʧʨʝʜʣʘʛʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʚʪʦʨʠʪʝʣʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʥʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦʚʪʦʨʠʪʝʣʝʡ ʩʪʘʚʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʥʘ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ BPL ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʩʝʡʯʘʩ ʧʨʦʠʟʚʦʜʷʪʩʷ ʘʜʘʧʪʝʨʳ: 

- Powerline-Ethernet; 

- Powerline-Wireless; 

- Powerline Homeplug USB. 

ʅʘ ʧʦʜʭʦʜʝ ʛʦʪʦʚʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʠʟʥʘʯʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʘʜʘʧʪʝʨʘʤʠ 

ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʥʘʚʦʜʢʠ ʫʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʠ BPL-ʩʠʩʪʝʤ, ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʰʣʘ ʧʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʘ, ʢʦʛʜʘ ʦʥʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʚʦʟʜʫʰʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʘ ʥʘ ʧʦʩʣʝʜʥʝʤ 

ʫʯʘʩʪʢʝ, ʧʦʩʣʝ ʥʠʟʢʦʚʦʣʴʪʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʜʝʣʷʝʤʦʡ ʤʝʞʜʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʯʪʦ ʪʦʞʝ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʝʨʝʭʚʘʪʫ 

ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʟʘʱʠʪʳ BPL-ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʬʨʦʚʘʥʠʝ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ 

ʪʝʭʥʦʣʦʛʠʷʤʠ VPN ʠ SSL. ʆʙʦʨʫʜʦʚʘʥʠʝ BPL ʪʦʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ, ʥʦ 

ʯʘʩʪʦ ʜʣʠʥʘ ʢʣʶʯʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 56 ʙʠʪʘʤʠ, ʘ ʵʪʦʛʦ ʤʘʣʦʚʘʪʦ. ʇʦʵʪʦʤʫ ʣʫʯʰʝ ʚʘʤ ʩʘʤʦʤʫ 

ʧʦʙʝʩʧʦʢʦʠʪʴʩʷ ʦ ʟʘʱʠʪʝ ʩʚʦʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʤʦʱʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʰʠʬʨʦʚʘʥʠʷ. 

ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʥʦʚʝʡʰʠʭ ʤʠʢʨʦʩʭʝʤʘʭ, ʦʙʝʩʧʝʯʠʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ 

ʩʢʦʨʦʩʪʷʭ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʝʛʘʙʠʪʦʚ ʚ ʩʝʢʫʥʜʫ (ʄʙʠʪ/ʩ). ʊʘʢʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʛʦʪʦʚʷʪ ʩʠʩʪʝʤʳ BPL 

ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʣʫʞʙʘʭ Triple Play, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʜʦʩʪʘʚʢʫ ʜʦ ʘʙʦʥʝʥʪʘ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʪʠʧʦʚ ʠʥʬʦʨʤʘʮʠʠ - ʜʘʥʥʳʭ, ʛʦʣʦʩʘ ʠ ʚʠʜʝʦ. 

ɺʳʚʦʜʳ: 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʠ BPL ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ IP ʩʝʪʝʡ, ʠʭ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʟʘʪʨʘʪ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʯʘʩʪʦ ʥʝʠʟʙʝʞʥʳʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʉ ʩʠʩʪʝʤʘʤʠ ʩʚʷʟʠ BPL ʟʘʢʘʟʯʠʢ ʠʟʙʘʚʣʝʥ ʦʪ ʟʘʪʨʘʪ ʥʘ 

ʘʙʦʥʝʥʪʩʢʫʶ ʧʣʘʪʫ, ʘ ʪʘʢʞʝ ʥʝ ʪʨʘʪʠʪ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ. 
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ʩʧʝʢʪʨʘ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ C-ʠ Ku- ʜʠʘʧʘʟʦʥʘʭ, ʪʦʛʜʘ ʢʘʢ Ka-ʜʠʘʧʘʟʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʝʥ. 

ɼʣʷʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʥʘʯʠʥʘʝʪʩʷ ʦʩʚʦʝʥʠʝ ʂʘ-

ʜʠʘʧʘʟʦʥʘ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʂʘ-ʜʠʘʧʘʟʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʠʘʧʘʟʦʥʳ. ɺ ʧʝʯʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʂʘ-

ʜʠʘʧʘʟʦʥʘ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ: 

ʧʦʩʪʨʦʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʣʫʯʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʣʠʷʥʠʝ ʦʩʘʜʢʦʚ ʥʘ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʨʘʟʚʠʪʠʝ VSAT ʚ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʠʩʪʝʤ ʂʘ-ʜʠʘʧʘʟʦʥʘ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʪʁʩʷ ʚʦʧʨʦʩʳ ʦʩʣʘʙʣʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʂʘ-ʜʠʘʧʘʟʦʥʘ ʚ ʦʩʘʜʢʘʭ, 

ʪʘʢ ʢʘʢ ʨʘʜʠʦʩʠʛʥʘʣʳ ʂʘ-ʜʠʘʧʘʟʦʥ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ. ɺʦʧʨʦʩʳ 

ʧʨʦʛʥʘʟʠʨʦʚʘʥʠʷ ʦʩʣʘʙʣʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʩʧʫʪʥʠʢʦʚʦʤ ʨʘʜʠʦʢʘʥʘʣʝ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʠ 

ʪʨʝʙʫʪʁ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʕʪʠʤ ʚʦʧʨʦʩʘʤ ʙʳʣ ʧʦʩʚʝʱʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʦʰʝʜʱʠʭ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ ITU-R [5] ʠ [6]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʂʘ-ʜʠʘʧʘʟʦʥʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʩʧʫʪʥʠʢʦʚʦʡ 

ʨʘʜʠʦʩʚʷʟʠ. ɺʧʝʨʚʳʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʧʦʣʥʦʮʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ɺ ʢʦʥʮʝʧʮʠʶ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʩʧʫʪʥʠʢʘ KazSat-4 ʟʘʣʦʞʝʥʳ ʪʨʘʥʩʧʦʥʜʝʨʳ ʂʘ-ʜʠʘʧʘʟʦʥʘ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝʤ 

ʣʫʯʝʡ ʥʘ ɸʣʤʘʪʳ ʠ ɸʩʪʘʥʫ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʤʦʛʫʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʥʘʟʝʤʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʩʝʪʠ. 

ʉʧʫʪʥʠʢʠ ʚ Ka-ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʣʷ ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʚʩʝ ʙʦʣʴʰʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ. ʕʪʫ ʟʘʜʘʯʫ 

ʨʝʰʘʝʪ ʂʘ-ʜʠʘʧʘʟʦʥ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ. Ka-ʜʠʘʧʘʟʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ (10ï500 ʄʙʠʪ/ʩ ʠ ʙʦʣʝʝ). ʆʩʚʦʝʥʠʝ ʂʘ-

ʜʠʘʧʘʟʦʥʘ ʜʘʩʪ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ ʩʚʷʟʠ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʱʝʛʦ ʨʘʟʚʠʪʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʢʘʥʘʣʦʚ ʚ ʂʘ-ʜʠʘʧʘʟʦʥʝ ʚʘʞʥʦ ʟʥʘʪʴ ʟʘʧʘʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʘʥʮʠʘʣʘ ʩ ʮʝʣʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʚʳʰʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ 

ʦʩʘʜʢʘʭ.ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʉʦʶʟ ʕʣʝʢʪʨʦʩʚʷʟʠ (ʄʉʕ) ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʠʡ ʤʝʪʦʜ 

ʧʨʦʛʥʘʟʠʨʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʥʳʡ ʚ ʈʝʢʦʤʝʥʜʘʮʠʠ ITU-RP.618-10 [5]. ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʨʦʮʝʜʫʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʣʘʙʣʝʥʠʷ ʚ ʜʦʞʜʝ ʥʘ 

ʥʘʢʣʦʥʥʦʡ ʪʨʘʩʩʝ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 7 ʜʦ 55 ɻɻʮ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʜʘʥʥʦʡ ʈʝʢʦʤʝʥʜʘʮʠʠ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ, ʝʩʣʠ ʝʩʪʴ ʥʘʜʝʞʥʳʝ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙ ʫʨʦʚʥʷʭ ʦʩʣʘʙʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʫʛʣʘʭ 

ʤʝʩʪʘ ʠ ʥʘ ʯʘʩʪʦʪʝ, ʦʪʣʠʯʥʳʭ ʦʪ ʪʝʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʩʦʩʪʘʚʠʪʴ ʧʨʦʛʥʦʟ, ʥʦ ʯʘʱʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʦʠʟʚʝʩʪʠ ʧʝʨʝʨʘʩʯʝʪ ʵʪʠʭ ʜʘʥʥʳʭ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʝʨʝʨʘʩʯʝʪʫ ʥʘ ʦʩʥʦʚʝ ʥʘʜʝʞʥʳʭ 

ʜʘʥʥʳʭ ʦʙ ʦʩʣʘʙʣʝʥʠʠ, ʘ ʥʝ ʤʝʪʦʜʦʤ ʧʨʦʛʥʘʟʠʨʦʚʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʞʜʝʡ. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʮʝʣʴ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʩʣʘʙʣʝʥʠʠ ʚ 

ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʯʘʩʪʦʪʝ 
1
f . ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʨʘʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʜʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʯʘʩʪʦʪ ʂʘ-ʜʠʘʧʘʟʦʥʘ )
2

( f : 
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A1 ʠ A2 ï ʨʘʚʥʦʚʝʨʦʷʪʥʦʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʚ ʜʦʞʜʝ ʥʘ ʯʘʩʪʦʪʘʭ f1 

ʠ f2 (ɻɻʮ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʨʛʘʥʠʟʫʝʪʩʷ ʪʝʩʪʦʚʳʡ ʨʘʜʠʦʢʘʥʘʣ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʢʦʪʦʨʦʛʦ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [4]. ɺ ʩʦʩʪʘʚ ʨʘʜʠʦʢʘʥʘʣʘ ʚʭʦʜʷʪ: 

ʛʝʥʝʨʘʪʦʨ ʉɺʏ (ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ), ʘʥʪʝʥʥʘ ʧʝʨʝʜʘʶʱʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ, ʘʥʪʝʥʥʘ ʧʨʠʝʤʥʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ, ʠʟʤʝʨʠʪʝʣʴ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ ʉɺʏ (ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ), ʠʟʤʝʨʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʘʜʢʦʚ (ʧʣʶʚʠʦʛʨʘʬ). 

 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʩʪʦʚʦʛʦ ʢʘʥʘʣʘ[4] 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʚʳʙʠʨʘʝʪʩʷ ʚʨʝʤʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʜʦʞʜʣʠʚʦʡ ʧʦʛʦʜʦʡ. 

ʇʨʠʝʤʥʘʷ ʠ ʧʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 1000 ʤ ʚ 

ʦʢʥʘʭ ʟʜʘʥʠʡ. ɻʝʥʝʨʘʪʦʨ ʉɺʏ ʚʢʣʶʯʘʝʪʩʷ ʥʘ ʠʟʣʫʯʝʥʠʝ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʥʝʩʫʱʝʡ, ʘʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʢʦʥʪʨʦʣʷ ʕʄʆ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʬʠʢʩʘʮʠʶ ʝʛʦ ʚʦ ʚʨʝʤʝʥʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʥʘ ʫʣʠʮʝ ʧʦʩʝʨʝʜʠʥʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʘʤʠ ʚʢʣʶʯʘʝʪʩʷ ʧʣʶʚʠʦʛʨʘʬ (ʠʟʤʝʨʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʞʜʷ), ʬʠʢʩʠʨʫʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʤ ʚʨʝʤʷ. 

ʀʟʤʝʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʘʥʘʣʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʦʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ 
1

A  (ʜɹ/ʢʤ) ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʞʜʷ R (ʤʤ/ʯʘʩ) ʥʘ 

ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ 
1
f ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʩʠʩʪʝʤʘʭ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [2] ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʫʛʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʦʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʣʷʨʠʟʘʮʠʠ: 

 

ʕʪʘʧ 1. ʈʝʰʘʶʪʩʷ ʩʠʩʪʝʤʳ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ  
1H

A  ʠ 
2H

A  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʦʥʥʳʭ ʟʘʪʫʭʘʥʠʡ ʜʣʷ ʩʠʛʥʘʣʦʚ ʥʘ 

ʯʘʩʪʦʪʝ 
1
f  ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ

1
R  ʠ 

2
R ; 

1V
A  ʠ 

2V
A  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʦʥʥʳʭ ʟʘʪʫʭʘʥʠʡ ʜʣʷ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʝ 

1
f  ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ

1
R  ʠ 

2
R ; 

H
k , 

V
k ,

H
a ,

V
a  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ [7]. 

ʇʣʶʚʠʦʛʨʘʬ 

ɻʝʥʝʨʘʪʦʨ ʉɺʏ 
ɸʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ 

ʘʥʪʝʥʥʘ 

ʧʝʨʝʜʘʶʱʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʘʥʪʝʥʥʘ  

ʧʨʠʝʤʥʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʛʦ (ʧʦʛʦʥʥʦʛʦ) ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʚʩʝʭ ʯʘʩʪʦʪ, 

ʢʨʦʤʝ 14 ɻɻʮ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʈʝʢʦʤʝʥʜʘʮʠʠ ʄʉʕ-ʈ ʈ.838-2 ʠ ʟʘʚʠʩʷʪ ʦʥʠ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʚʠʜʘ ʧʦʣʷʨʠʟʘʮʠʠ (h ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, v ï ʚʝʨʪʠʢʘʣʴʥʘʷ).ɼʣʷ ʯʘʩʪʦʪʳ 14 ɻɻʮ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʣʫʯʝʥʳ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʳ ʜʣʷ ʯʘʩʪʦʪ ʠ k ʠ ʣʠʥʝʡʥʦʡ 

ʰʢʘʣʳ ʜʣʷ Ŭ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʷʚʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ k ʠ Ŭ ʜʣʷ 

ʯʘʩʪʦʪ 12 ʠ 15 ɻɻʮ.ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ˉ1. ʇʦʜʯʝʨʢʥʫʪʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩ ʠʥʜʝʢʩʦʤ h ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʘ ʣʠʥʠʷʭ ʚʚʝʨʭ, ʘ ʩ ʠʥʜʝʢʩʦʤ v ï ʥʘ 

ʣʠʥʠʷʭ ʚʥʠʟ. 
 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ [7] 
 

ʏʘʩʪʦʪʘ 

(ɻɻʮ) 

Kh Kv Ŭh Ŭv 

4 0,000650 0,000591 1,121 1,075 

6 0,00175 0,00155 1,308 1,265 

10 0,0101 0,00887 1,276 1,264 

12 0,0188 0,0168 1,217 1,200 

14 0,0299 0,0271 1,174 1,150 

15 0,0367 0,0335 1,154 1,128 

20 0,0751 0,0691 1,099 1,065 

30 0,187 0,167 1,021 1,000 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ (4) ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʞʜʷ ʚ 

ʨʝʛʠʦʥʝ ɸʣʤʘʪʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʧʦʣʫʯʘʝʤ 969,2
1
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H
A  ʠ 505,2
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A  

ʠ 34,3
2
=

V
A  ʧʦʣʫʯʘʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʦʥʥʳʭ ʟʘʪʫʭʘʥʠʡ ʜʣʷ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʝ 

30 ɻɻʮ ʠ 20 ɻɻʮ ʩ ʛʦʨʠʟʘʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʦʞʜʷ 15 ʠ 

20 ʤʤ/ʯʘʩ. 

ʕʪʘʧ 2. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʧʨʠ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (
ʩ

k , )
ʩ
a  ʠ 

ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ [6]: 
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ʛʜʝ  qï ʫʛʦʣ ʧʦʜʲʝʤʘ ʪʨʘʩʩʳ (ʜʣʷ ʩʧʫʪʥʠʢʘ ʧʣʘʥʠʨʫʝʤʦʛʦ ʩʧʫʪʥʠʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

56,40ę ʫʛʦʣ ʧʦʜʴʝʤʘ ʨʘʚʝʥ 36ę); 

tï ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥʪʫ (t=45ę ʜʣʷ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ). 

ɺ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (5) ʠ (6) ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʧʨʠ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ=
c

k 0,177ʠ 011,1=
c
a . 

ʕʪʘʧ 3. ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʦʪʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʞʜʷ, ʧʦʣʫʯʝʥʥʦʡ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ Rʤʘʢʩ (30 ʤʤ\ʯʘʩ), ʧʦʛʦʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʢʨʫʛʦʚʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ: 
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ɺ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦʞʜʷ ʚ ʨʝʛʠʦʥʝ ɸʣʤʘʪʳ 30ʤʤ\ʯʘʩ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (7) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʦʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʪʝʧʝʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 51,5=
ʩ

A . 
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ʕʪʘʧ 4. ʈʘʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʨʝʘʣʴʥʦʤ ʩʧʫʪʥʠʢʦʚʦʤ ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʈʝʢʦʤʝʥʜʘʮʠʠ ʄʉʕ-RP.618-1 (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʪʘʧʦʚ 

4 ʠ 5). 

ɺʳʚʦʜʳ: 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʜʝʞʥʳʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʷʭ ʦʩʣʘʙʣʝʥʠʷ ʚ 

ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʨʘʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʜʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʯʘʩʪʦʪ ʂʘ-ʜʠʘʧʘʟʦʥʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʧʝʨʝʨʘʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʞʜʷ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʦ ʟʘʪʫʭʘʥʠʝ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʞʜʷ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ɼʦʨʦʥ ʕʣʠʥʘʚ ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʂʘ-ʜʠʘʧʘʟʦʥʘ çʉʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ ʠ 

ʚʝʱʘʥʠʝè, 2013 

2. ɸʥʪʠʣʦʛʦʚ ɺ. ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʂʘ-ʜʠʘʧʘʟʦʥʝ. 

ʉʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ ʠ ʚʝʱʘʥʠʝ, 2011 

3. ʎʠʩʘʨ ʃ. ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʂʘ-ʜʠʘʧʘʟʦʥ ʤʠʨʦʚʦʡ ʦʧʳʪ 2010 çʉʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ ʠ 

ʚʝʱʘʥʠʝè, 2011 

4. ɺʳʙʦʨ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʡ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʝʡ 

5. ʈʝʢʦʤʝʥʜʘʮʠʷ ʄʉʕ-Rʈ.618-10 çɼʘʥʥʳʝ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʠ ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ɿʝʤʣʷ-ʂʦʩʤʦʩè 

6. ʈʝʢʦʤʝʥʜʘʮʠʷ ʄʉʕ-RP.838-3 çʄʦʜʝʣʴ ʧʦʛʦʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʚ ʜʦʞʜʝ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ 

ʤʝʪʦʜʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷè 

7. ʈʝʢʦʤʝʥʜʘʮʠʠ ʄʉʕ-ʈ ʈ.838-2 çʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʛʦ 

ʟʘʪʫʭʘʥʠʷè. 

 
 

ɸʙʠʝʚʘ ʄ.ʉ. ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʇʆʃʆɾɽʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʈɸɼʀʆʈɽʃɽʁʅʆʁ ʉɺʗɿʀ 

 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʫʯʝʪʦʤ ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʮʝʥʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʩʚʷʟʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʭʝʤʝ çʯʝʣʦʚʝʢ-ʯʝʣʦʚʝʢè, ʥʦ 

ʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʭʝʤʝ, ʩʦʝʜʠʥʷʶʱʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʰʠʥʳ. 

ʍʘʨʘʢʪʝʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʢʪʫ: ʚʦ-ʧʝʨʚʳʭ, - 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʠ, ʚʦ-ʚʪʦʨʳʭ, - ʫʚʝʣʠʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʯʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʠ ʪʨʦʧʦʩʬʝʨʥʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʋʂɺ ʜʠʘʧʘʟʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʙʦʪʘʶʪ. 

ʇʝʨʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʝʥʥ ʩ ʙʦʣʴʰʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ ʠʭ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ 

ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʜʘʪʯʠʢʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ. 

ɺʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʚ ʪʦʤ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʯʘʩʪʦʪ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʥʘ ʦʜʥʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʳ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʘʥʘʣʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʣʠʥʠʠ ʩʪʨʦʷʪʩʷ ʩ ʨʘʩʯʝʪʦʤ ʥʘ ʧʝʨʝʜʘʯʫ ʦʪ ʦʜʥʦʛʦ-ʜʚʫʭ ʜʦ ʪʳʩʷʯʠ ʠ ʙʦʣʝʝ 

ʪʝʣʝʬʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʊʨʝʪʴʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʠʘʧʘʟʦʥʘ ʋʂɺ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʚʝʩʴʤʘ ʤʘʣʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʣʠʥʠʠ 
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ʤʝʥɹh ʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʤʝʭʘʤ, ʪ.ʢ., ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʦʤʝʭ ʚ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʝʥʴʰʝ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʘʥʪʝʥʥ ʚʳʰʝ ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʴʰʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʤʝʭʠ ʚ ʧʨʠʝʤʥʠʢ. ʅʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʚʳʭ 

ʚʦʣʥ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʦʤʝʭ ʦʪ ʩʠʩʪʝʤʳ ʟʘʞʠʛʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠʣʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʤʝʭ ʚʝʣʠʢʘ, ʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʘʥʪʝʥʥ ʥʠʟʢʘ. ʇʦʵʪʦʤʫ ʢʘʯʝʩʪʚʦ 

ʢʘʥʘʣʦʚ ʪʘʢʠʭ ʣʠʥʠʡ ʦʙʳʯʥʦ ʥʠʞʝ. 

ʇʦʜ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʴʶ ʧʦʥʠʤʘʶʪ ʨʘʜʠʦʩʚʷʟʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʨʝʪʨʘʥʩʣʷʮʠʠ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʜʝʮʠʤʝʪʨʦʚʳʭ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʩʪʘʥʮʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ ʦʙʨʘʟʫʝʪ ʨʘʜʠʦʨʝʣʝʡʥʫʶ ʣʠʥʠʶ ʩʚʷʟʠ. 

ɿʝʤʥʦʡ ʥʘʟʳʚʘʶʪ ʨʘʜʠʦʚʦʣʥʫ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʚʙʣʠʟʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʝʤʥʳʝ 

ʨʘʜʠʦʚʦʣʥʳ ʢʦʨʦʯʝ 100 ʩʤ ʭʦʨʦʰʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʨʘʜʠʦʨʝʣʝʡʥʫʶ ʣʠʥʠʶ ʩʚʷʟʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩʪʨʦʷʪ ʚ ʚʠʜʝ ʮʝʧʦʯʢʠ ʧʨʠʝʤʥʦ-

ʧʝʨʝʜʘʶʱʠʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ (ʈʈʉ), ʚ ʢʦʪʦʨʦʡ ʩʦʩʝʜʥʠʝ ʈʈʉ ʨʘʟʤʝʱʘʶʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʨʘʜʠʦʩʚʷʟʴ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʠ ʥʘʟʳʚʘʶʪ ʝʝ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʝʡʧʨʷʤʦʡ 

ʚʠʜʠʤʦʩʪʠ (ʈʈʃ). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂ ʧʦʷʩʥʝʥʠʶ ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʈʈʃ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ: 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ɽɸʉʉ ʨʘʟʣʠʯʘʶʪ: vʘʛʠʩʪʨʘʣʴʥʳʝ ʈʈʃ, ʚʥʫʪʨʠʟʦʥʦʚʳʝ 

ʈʈʃ, ʤʝʩʪʥʳʝ ʈʈʃ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʉ ʨʘʟʣʠʯʘʶʪ ʘʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ ʈʈʃ. 

ɸʥʘʣʦʛʦʚʳʝ ʈʈʃ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʙʲʝʜʠʥʝʥʠʷ (ʨʘʟʜʝʣʝʥʠʷ) ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ 

ʤʝʪʦʜʘ ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʝʡ ʨʘʟʣʠʯʘʶʪ: ʈʈʃ ʩ ʏʈʂ, ʏʄʈʈʃ ʩ ʌʀʄ-ɸʄ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ N ʦʨʛʘʥʠʟʫʝʤʳʭ ʢʘʥʘʣʦʚ ʊʏ: ʤʘʣʦʢʘʥʘʣʴʥʳʝ ð N Ã 24, ʩʦ ʩʨʝʜʥʝʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ð N = 60 ... 300, ʩ ʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶðN = 600 ... 

1920. 

ʎʠʬʨʦʚʳʝ ʈʈʃ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʩʧʦʩʦʙʫ ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʝʡ: ʀʂʄ-ʏʄ, ʀʂʄ-ʌʄ, ʠ 

ʜʨʫʛʠʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʚʦʠʯʥʳʭ ʩʠʤʚʦʣʦʚ ɺ: ʩ ʤʘʣʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ð ɺ<10 ʄʙʠʪ/ʩ, ʩʦ ʩʨʝʜʥʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ð ɺ=10...100 ʄʙʠʪ/ʩ, ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ð ɺ>100 ʄʙʠʪ/ʩ 

ɺʠʜʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʮʠʡ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ: 

ʈʘʜʠʦʨʝʣʝʡʥʘʷ ʩʪʘʥʮʠʷ ʈ-415. ʈʈʉ ʈ-415 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʙʳʩʪʨʦʨʘʟʚʝʨʪʳʚʘʝʤʳʭ ʤʘʣʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ. ʈʘʜʠʦʩʪʘʥʮʠʷ ʜʦʧʫʩʢʘʝʪ 

ʚʩʪʨʝʯʥʫʶ ʨʘʙʦʪʫ ʚ ʨʘʜʠʦʣʠʥʠʠ ʩ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʪʘʥʮʠʝʡ ʪʠʧʘ ʈð405ʄ. ʇʦ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, ʩʘʤʦʣʝʪʘʭ, ʚʝʨʪʦʣʝʪʘʭ. ʈʈʉ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʰʝʩʪʠ ʚʘʨʠʘʥʪʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʪʠʧʦʤ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ (ʅ, 

ɺ, ʅɺ) ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ (27 ɺ, 220 ɺ 50 ɻʮ/27 ɺ). 
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ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʘʥʮʠʠ ʈ- 415 

 

ʈ-415 ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ: 

- ʨʝʞʠʤ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ 

ʜʚʫʤ ʪʝʣʝʬʦʥʥʳʤ ʠ ʜʚʫʤ ʪʝʣʝʛʨʘʬʥʳʤ ʢʘʥʘʣʘʤ; 

- ʨʝʞʠʤ ʚʥʝʰʥʝʛʦ ʫʧʣʦʪʥʝʥʠʷ ʘʧʧʘʨʘʪʫʨʦʡ ʪʠʧʘ çɸʟʫʨè ʧʦ ʪʨʝʤ ʦʧʝʨʘʪʠʚʥʳʤ ʠ ʦʜʥʦʤʫ 

ʩʣʫʞʝʙʥʦʤʫ ʪʝʣʝʬʦʥʥʳʤ ʢʘʥʘʣʘʤ; 

- ʨʝʞʠʤ ʚʥʝʰʥʝʛʦ ʫʧʣʦʪʥʝʥʠʷ ʘʧʧʘʨʘʪʫʨʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 12ï4 8 ʢɹʠʪ/ʩ; 

- ʨʝʞʠʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʂɺ ʠʣʠ ʋʂɺ ʨʘʜʠʦʩʪʘʥʮʠʷʤʠ; 

- ʩʠʤʧʣʝʢʩʥʳʡ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʦʜʥʦʤʫ ʠʟ ʪʝʣʝʬʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʝʚʠʘʮʠʝʡ ʯʘʩʪʦʪʳ; 

- ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʙʣʦʢʘ. 

Pʘʜʠʦʨʝʣʝʡʥʘʷ ʩʪʘʥʮʠʷ ʈ-419ʉ. ʈʉʈ-419 ʉ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʚʝʪʚʣʝʥʠʷ ʢʘʥʘʣʦʚ ʦʪ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ, ʪʨʦʧʦʩʬʝʨʥʳʭ ʠ ʧʨʦʚʦʜʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʙʲʝʢʪʘʭ ʩʚʷʟʠ. ʉʪʘʥʮʠʷ ʠʤʝʝʪ ʩʝʤʴ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʤʧʣʝʢʪʘʮʠʝʡ 

(ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ, ʥʘʣʠʯʠʝ ʙʣʦʢʘ ʩʦʧʨʷʞʝʥʠʷ, ʪʠʧʳ ʘʥʪʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ). 
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PPC P-419 ɸ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʙʳʩʪʨʦʨʘʟʚʝʨʪʳʚʘʝʤʳʭ 

ʤʘʣʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, PPC ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʘʚʪʦʰʘʩʩʠ ɿʀʃ-131 ʚ ʢʫʟʦʚʝ 

K2-13L 

ʉʪʘʥʮʠʷ ʠʤʝʝʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʙʘʟʦʡ: 

- ʈ-419 ɸ - ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʚʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʙʘʟʘ; 

- ʈ-419 ɸʈ - ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʙʘʟʘ ʠʟ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʭ ʠʟʜʝʣʠʡ; 

- ʈ-419 ɹʈ - ʚʘʨʠʘʥʪ ʩʪʘʥʮʠʠ ʙʝʟ ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʘʟʳ. 

ʅʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ: 

ʈʘʜʠʦʨʝʣʝʡʥʘʷ ʣʠʥʠʷ ʩʚʷʟʠ ʩʦʜʝʨʞʠʪ ʮʝʧʦʯʢʫ ʩʪʘʥʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ: ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʩʪʨʦʡʩʪʚ. ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʚʳʭʦʜʠʪʴ 

ʠʟ ʩʪʨʦʷ, ʪ. ʝ. ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʥʝʥʘʜʝʞʥʳʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʨʘʜʠʦʨʝʣʝʡʥʦʡ 

ʣʠʥʠʠ ʚ ʮʝʣʦʤ ʠʣʠ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʝʝ ʨʘʙʦʪʳ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʠʭ ʥʝʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʣʠʥʠʠ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ, ʪʦ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʝʝ ʠʟ ʩʪʨʦʷ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝ ʧʨʠʥʷʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ, ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʡ. 

ʅʘʩʢʦʣʴʢʦ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʝʪʨʘʥʩʣʷʮʠʡ, ʚʠʜʥʦ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʨʘ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʣʦʞʥʦʩʪʴ (ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ) ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ ʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʪʘʥʮʠʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʣʠʥʠʷ ʩʚʷʟʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ1 000 ʢʤ, ʪʦ ʝʝ ʨʘʙʦʪʘ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʩʪʘʥʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 2 ʩʪʘʥʮʠʷʤʠ, ʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ï 21 ʩʪʘʥʮʠʝʡ ʧʨʠ ʜʣʠʥʝ ʠʥʪʝʨʚʘʣʘ 50 ʢʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ 

ʘʧʧʘʨʘʪʫʨʳ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 20 ʨʘʟ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʚʦʟʨʘʩʪʘʝʪ ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʝʝ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ. ʆʜʥʘʢʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʪʝʭʥʠʢʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʠ ʜʦ ʜʦʩʪʘʪʦʯʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠʙʝʛʘʶʪ 

ʢ ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʘʧʧʘʨʘʪʫʨʳ ʩʪʘʥʮʠʡ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʫʯʥʦʡ ʩʤʝʥʦʡ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʟʣʘ, ʙʣʦʢʘ ʠʣʠ ʵʣʝʤʝʥʪʘ ʥʘ ʠʩʧʨʘʚʥʳʡ ʨʝʟʝʨʚʥʳʡ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʨʳʚʦʤ ʩʚʷʟʠ, ʜʦʩʪʠʛʘʶʱʠʤ 3ï5 ʤʠʥ ʠ ʙʦʣʝʝ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʵʪʠʭ ʧʝʨʝʨʳʚʦʚ ʧʨʠʤʝʥʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʣʝʜʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʥʝʢʦʪʦʨʳʝ ʩʪʘʥʮʠʠ ʨʘʜʠʦʨʝʣʝʡʥʳʭ 

ʣʠʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʙʩʣʫʞʠʚʘʝʤʳʤʠ. ʅʘ ʪʘʢʠʭ ʩʪʘʥʮʠʷʭ ʚʚʝʜʝʥʠʝ ʨʝʟʝʨʚʘ, ʦʯʝʚʠʜʥʦ, ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʊʘ ʠʣʠ ʠʥʘʷ ʩʪʝʧʝʥʴ ʥʝʥʘʜʝʞʥʦʩʪʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʜʣʷ ʘʙʦʥʝʥʪʦʚ, 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʝʶ, ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʧʝʨʝʨʳʚʦʚ ʠ ʯʠʩʣʦʤ ʧʝʨʝʨʳʚʦʚ 

ʩʚʷʟʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ(ʩʫʪʢʠ, ʤʝʩʷʮ, ʛʦʜ). ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʠʠ ʟʘʚʠʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ, ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʥʦ ʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʣʠʥʠʝʡ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ. 

ʙ) ʅʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ 

ʅʘʜʝʞʥʦʩʪʴ ʝʩʪʴ ʩʚʦʡʩʪʚʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʩʠʩʪʝʤʳ (ʵʣʝʤʝʥʪʘ), ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʝʝ ʙʝʟʦʪʢʘʟʥʦʩʪʴʶ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʲʝʤʝ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɽʨʠʰʦʚʘ ʄ.ʆ. ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇɽʈɽʍʆɼɸ ʄʆɹʀʃʔʅʆʁ ʉɺʗɿʀ ʂ ʉɽʊʗʄ 4-ɻʆ ʇʆʂʆʃɽʅʀʗ 

 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ (4G) ʩʦʚʩʝʤ 

ʥʝ ʦʜʥʦʟʥʘʯʝʥ. ʂʪʦ-ʪʦ ʜʘʞʝ ʧʳʪʘʝʪʩʷ ʥʘʟʳʚʘʪʴ 4G ʩʝʪʠ WiMAX ʠ HSPA. ʅʦ ʵʪʦ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʚʝʨʥʦ. ʇʦʢʦʣʝʥʠʝ ʦʪ ʧʦʢʦʣʝʥʠʷ ʜʦʣʞʥʦ ʦʪʣʠʯʘʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ï ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ. 

ɺ ʩʚʦʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜ ʦʪ ʪʝʭʥʦʣʦʛʠʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʢʦ ʚʪʦʨʦʤʫ ʦʟʥʘʯʘʣ 

ʧʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ ʢ ʩʝʨʚʠʩʘʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʫʩʪʴ ʠ 

ʦʯʝʥʴ ʧʨʦʩʪʳʤ) ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ. 

ʇʝʨʝʭʦʜ ʢ 3G ʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʢʦʨʦʩʪʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʤʦʪʨʝʪʴ ʚʠʜʝʦ ï ʵʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʰʘʛ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʦʨʳʚʝ ʚ 

ʩʦʟʜʘʥʠʠ ʤʘʣʦʧʦʪʨʝʙʣʷʶʱʠʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ - ʢʘʢ ʮʠʬʨʦʚʳʭ 

(DSP), ʪʘʢ ʠ ʘʥʘʣʦʛʦʚʳʭ (ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʘʣʦʰʫʤʷʱʠʝ ʫʩʠʣʠʪʝʣʠ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʥʘ ʦʩʥʦʚʝ GaAs ʠ ʜʨʫʛʠʭ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ). ʄʠʢʨʦʣɻʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʫʨʦʚʥʷ (65-45 ʥʤ ʠ ʥʠʞʝ) ï 

ʵʪʦ ʥʠ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʟʘʜʘʥʥʦʤ 

ʦʙʲʝʤʝ. ʀʤʝʥʥʦ ʨʘʜʠ ʩʦʟʜʘʥʠʷ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ 

ʚʝʜʫʪ ʤʠʨʦʚʳʝ ʣʠʜʝʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʩʣʦʚʫʪʫʶ çʛʦʥʢʫ ʟʘ ʥʘʥʦʤʝʪʨʘʤʠè. 

ʏʝʪʚʝʨʪʦʝ ʧʦʢʦʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ ʧʦʣʥʦʮʝʥʥʳʡ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ 

çʦʬʠʩ ʚ ʢʘʨʤʘʥʝè. ʀʤʝʥʥʦ ʥʘ ʵʪʦ ʠ ʥʘʧʨʘʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ IMʊ-Advanced ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʘʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩʢʦʨʦʩʪʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʢʘʥʘʣʝ ʜʦ 100 ʄʙʠʪ/ʩ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʠ 1 ɻʙʠʪ/ʩ ʜʣʷ 

ʥʦʤʘʜʠʯʝʩʢʠʭ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʘʙʦʥʝʥʪʦʚ. ʀʟʥʘʯʘʣʴʥʦ ʦʥʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ITU-R ʄ. 16-45 [2], ʩʝʡʯʘʩ ʧʨʝʙʳʚʘʶʪ ʚ ʩʪʘʜʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. ʕʪʦ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʛʦʣʦʩʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʨʚʠʩʦʚ, ʨʘʙʦʪʘ ʚ ʀʥʪʝʨʥʝʪʝ, ʦʙʤʝʥʘ ʙʦʣʴʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ, ʧʨʦʩʤʦʪʨ 

ʊɺ-ʪʨʘʥʩʣʷʮʠʡ (IPTV), ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ ʠ ʪ.ʧ. ʊʦ ʝʩʪʴ ʚʩʝ ʪʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʩʝʛʦʜʥʷ ʫ 

ʩʝʙʷ ʜʦʤʘ (ʚ ʦʬʠʩʝ). 

ʀ ʚʩʝ ʵʪʦ ïʟʘ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʝ ʜʝʥʴʛʠ. ʂʘʢ ʩʦʪʦʚʘʷ ʪʝʣʝʬʦʥʠʷ ʧʦʟʚʦʣʠʣʘ ʙʳʪʴ ʥʘ ʩʚʷʟʠ 

ʚʩʝʛʜʘ ʠ ʚʝʟʜʝ (ʧʦʯʪʠ), ʪʘʢ ʠ ʩʠʩʪʝʤʳ 4G ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʭ ʠ ʢʘʞʜʦʛʦ ʥʘʜʝʞʥʳʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʨʘʟʣʠʯʥʳʤ ʩʝʪʷʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʅʠʟʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ ʦʟʥʘʯʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʝʰʝʭʦʜʘ, ʚʳʩʦʢʘʷïʦʪ 60 ʜʦ 250 ʢʤ/ʯ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʠ ʤʦʙʠʣʴʥʳʡ WiMAX, ʠ LTE/UMB ʩ ʪʘʢʦʡ ʟʘʜʘʯʝʡ ʩʧʨʘʚʷʪʩʷ. ɸ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ïʥʘʚʝʨʥʷʢʘ. ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʦʜʥʘ, ʥʦ ʛʣʦʙʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ. ʕʪʦ ï

ʩʦʚʤʝʩʪʠʤʦʩʪʴ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚʝʩʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʤʠʨ ʧʨʦʚʦʟʛʣʘʰʘʣ 

ʢʦʥʮʝʧʮʠʶ ʝʜʠʥʦʡ ʦʙʱʝʤʠʨʦʚʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. ʊʝʧʝʨʴ ʫʞʝ ʷʩʥʦ ï ʧʨʦʪʦʢʦʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʛʣʦʙʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ. ʅʘʧʨʠʤʝʨ, ʚ ʧʫʣʝ IMT-2000 ïh ʝʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʯʘʩʪʦʪʘʤʠ. ɻʨʫʧʧʘ ʩʪʘʥʜʘʨʪʦʚ IMT-Advanced ʪʘʢʞʝ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʨʝʜʠ ʥʠʭ ʥʘʚʝʨʥʷʢʘ ʙʫʜʫʪ ʠ WiMAX ʨʝʣʠʟ 2.0, ʠ LTE 

Advanced, ʠ UMB[3]. 

ʉʠʩʪʝʤʳ 4G ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚʦʡʜʫʪ ʚ ʧʫʣ ʩʪʘʥʜʘʨʪʦʚ IMʊ-

Advanced. ʅʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ ʠʭ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴ: 

- ʚʳʩʦʢʘʷ (ʦʪ 100/1000 ʄʙʠʪ/ʩ ʜʣʷ ʤʦʙʠʣʴʥʳʭ/ʥʦʤʘʜʠʯʝʩʢʠʭ ʘʙʦʥʝʥʪʦʚ) ʩʢʦʨʦʩʪʴ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ ʨʘʙʦʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʧʦ 

ʧʨʠʨʦʜʝ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ QoS; 

- ʚʟʘʠʤʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʜʦʣʞʝʥ ʦʱʫʱʘʪʴ 

ʥʠ ʧʦʤʝʭ ʦʪ ʜʨʫʛʠʭ ʩʝʪʝʡ, ʥʠ ʧʨʦʙʣʝʤ ʩ ʤʝʞʩʝʪʝʚʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ. 

ʅʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ 4G ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ: 

- ʧʦʣʥʳʤ ʧʝʨʝʭʦʜʦʤ ʢ ʤʦʜʫʣʷʮʠʠ OFDM (ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʦʪʨʘʞʝʥʠʡ); 

- ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʨʦʚʥʝ ʨʘʜʠʦʧʨʦʪʦʢʦʣʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ; 
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- ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʧʨʠ ʚʳʙʦʨʝ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ, ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʘʜʘʧʪʠʚʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ; 

- ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʘʥʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

(ʢʘʩʢʘʜʥʳʝ ʢʦʜʳ, ʢʦʜʳ LDPC, ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʠʥʪʝʨʣʠʚʠʥʛʘ ʠ ʪ.ʧ.); 

- ʦʧʦʨʥʳʝ/ʙʘʟʦʚʳʝ ʩʝʪʠ ð ʧʦʣʥʦʩʪʴʶ IP (ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʧʨʦʪʦʢʦʣʘʤ IPv6). ʇʦʷʚʠʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʙʘʟʝ ʝʜʠʥʦʡ NGN-ʩʝʪʠ (ʥʘʧʨʠʤʝʨ, ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ MPLS), ʧʦʜʜʝʨʞʢʘ ʧʣʘʪʬʦʨʤʳ IMS[1]. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʝʪʠ 4G ʙʝʟ ʪʘʢʦʛʦ ʨʦʜʘ ʫʩʪʨʦʡʩʪʚ ʧʦʧʨʦʩʪʫ ʙʝʩʧʦʣʝʟʥʳ. ʉʝʡʯʘʩ ʵʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʩʩʦʚʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʫʪʴ ʜʦʨʦʛʦʚʘʪʳ (ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʪʙʫʢʦʚ ʵʪʦ 

ʫʞʝ ʥʝʚʝʨʥʦ). ʅʦ ʯʝʨʝʟ ʪʨʠ ʛʦʜʘ ʠʭ ʮʝʥʘ ʥʝʤʠʥʫʝʤʦ ʫʧʘʜʝʪ ʜʦ ʩʪʦʠʤʦʩʪʠ ʦʙʳʯʥʦʛʦ ʩʦʪʦʚʦʛʦ 

ʪʝʣʝʬʦʥʘ. ʀ ʪʦʛʜʘ ʧʦʪʨʝʙʥʦʩʪʴ ʥʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʙʠʣʴʥʳʡ ʢʦʥʪʝʥʪ ʩʪʘʥʝʪ ʛʣʦʙʘʣʴʥʦʡ ʠ ʚʩʝʦʙʱʝʡ. 

ʅʘʨʷʜʫ ʩ ʨʝʚʦʣʶʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ʧʨʦʠʩʭʦʜʷʪ ʠ ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʧʫʪʩʪʚʫʶʱʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠ 

ʩʦʟʜʘʥʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ çʯʝʣʦʚʝʢ- ʢʦʤʧʴʶʪʝʨè. ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ 

ʤʦʙʠʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʥʘʟʳʚʘʶʪ ʵʪʦ ʟʘʤʝʥʦʡ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʝʛʦʜʥʷ ʠʥʪʝʨʬʝʡʩʘ Web 2.0 ʥʘ 

ʠʥʪʝʨʬʝʡʩ ʙʫʜʫʱʝʛʦ Web 3.0. 

ʅʫ ʠ, ʢʦʥʝʯʥʦ, ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 4G 

ʦʢʘʟʳʚʘʶʪ (ʠ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ) ʪʘʢʠʝ ʩʤʝʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ IEEE 802.11, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ 

ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʠ ʨʘʜʠʦʚʝʰʘʥʠʷ. ʉʪʘʥʜʘʨʪʳ 802.11 ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʠʭ ʫʞʝ ʜʘʚʥʦ ʥʝʣʴʟʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ.ʀʟʚʝʩʪʥʳʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ,ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

802.11 ʪʨʦʠʣʠʩʴ ʩʝʪʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ (ʐɹɼ) ʛʦʨʦʜʩʢʦʛʦ ʤʘʩʰʪʘʙʘ, 

ʧʨʠʯʝʤ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʦʚ. ɸ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʪʘʥʜʘʨʪʘ mesh-ʩʝʪʝʡ 

802.11,ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 802.11n ʠ 802.11 VNT (ʚ ʧʝʨʩʧʝʢʪʠʚʝ) ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʫʜʝʪ 

ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʪʴʩʷ. 

ʈʘʟʫʤʝʝʪʩʷ, ʩʪʘʥʜʘʨʪʘʤ 802.11 ʥʝʪ ʤʝʩʪʘ ʚ ʧʫʣʝ IMʊ-Advanced. ɼʣʷ ʵʪʦʛʦ ʫ ʥʠʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʨʷʜ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʪ ʧʦʜʜʝʨʞʢʠ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʘʙʦʥʝʥʪʦʚ. ʅʝ ʛʦʚʦʨʷ ʫʞ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʝʜʠʥʳʭ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ ʚ ʣʠʮʝʥʟʠʨʫʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ[3]. 

ʅʦ ʚʝʜʴ ʩʝʪʠ 802.11 ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʙʝʟʣʠʮʝʥʟʠʦʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ʀ 

ʠʭ ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʥʝʠʟʤʝʥʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʭ ʥʦʚʳʭ ʩʠʩʪʝʤʘʭ ï ʧʨʦʩʪʦʪʘ 

ʠʥʩʪʘʣʣʷʮʠʠ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ʉʝʛʦʜʥʷ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ï ʜʦʤʠʥʠʨʫʶʱʘʷ ʠ ʬʘʢʪʠʯʝʩʢʠ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʜʣʷ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʋʞʝ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʥʘʡʪʠ ʩʤʘʨʪʬʦʥ ʙʝʟ ʧʦʜʜʝʨʞʢʠ 802.11 ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʪʘʢʦʡ ʥʦʫʪʙʫʢ. ɸʙʦʥʝʥʪʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʦʠʪ ʧʦʨʷʜʢʘ 10 ʜʦʣʣ. 

ʠ ʤʝʥʝʝ, ʪʦʯʢʠ ʜʦʩʪʫʧʘ (ʜʣʷ ʨʘʙʦʪʳ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ) ï ʧʦʨʷʜʢʘ 100 ʜʦʣʣ. ʆʛʨʦʤʥʘʷ ʘʨʤʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ çʙʝʩʧʣʘʪʥʦè ʦʩʥʘʱʝʥʘ ʘʜʘʧʪʝʨʘʤʠ 802.11, ʵʪʦʪ ʠʥʪʝʨʬʝʡʩ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ 

ʜʦʣʞʥʦʝ ʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʥʘʧʨʠʤʝʨ, ʢʘʢ USB-ʧʦʨʪ). ʇʦʵʪʦʤʫ ʩʪʘʥʜʘʨʪʳ 802.11 

ʥʝʟʘʤʝʥʠʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʠ ʜʦʩʪʫʧʘ ʚ ʨʘʟʣʠʯʥʳʭ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ (ʛʦʩʪʠʥʠʮʳ, ʢʘʬʝ, 

ʘʵʨʦʧʦʨʪʳ, ʚʦʢʟʘʣʳ ʠ ʪ.ʧ.). 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʷ 802.11 ï ʜʝʡʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʩʚʷʟʠ ʚ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ (ʛʦʨʦʜ ʩ ʥʘʩʝʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 100 ʪʳʩ. 

ʞʠʪʝʣʝʡ, çʛʦʨʷʯʠʝ ʟʦʥʳè, ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʳ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʳ ʧʨʦʝʢʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʠʥʚʝʩʪʠʮʠʡ). ʈʘʟʫʤʝʝʪʩʷ, ʚ ʪʘʢʠʭ ʧʨʦʝʢʪʘʭ, ʝʩʣʠ ʠʜʝʪ ʨʝʯʴ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʦʧʝʨʘʪʦʨʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʙʦʪʘ ʚ ʣʠʮʝʥʟʠʨʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤʠ 

ʤʦʱʥʦʩʪʷʤʠ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʜʦʤʘʰʥʠʭ/ʦʬʠʩʥʳʭ ʩʝʪʝʡ. ɺʦʧʨʦʩ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʩʧʦʨʝʥ, ʦʜʥʘʢʦ ʧʦʜʦʙʥʳʡ ʦʧʳʪ ʝʩʪʴ. ʀ ʪʫʪ ʤʥʦʛʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʘʣʴʥʝʡʰʠʭ 

ʨʝʰʝʥʠʡ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

- ʜʠʘʧʘʟʦʥʳ 802.11 ʙʫʜʫʪ ʧʨʠʟʥʘʥʳ ʙʝʟʣʠʮʝʥʟʠʦʥʥʳʤʠ (ʪʦʛʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʟʥʠʢʥʫʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʘʥʪʝʥʥʝ); 

- ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ ʯʘʩʪʦʪʳ ʜʣʷ ç802.11-ʦʙʨʘʟʥʳʭè ʩʝʪʝʡ ʚ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 
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ʂʘʞʜʦʝ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʩʧʦʩʦʙʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʫʜʴʙʫ ʪʝʭʥʦʣʦʛʠʠ 802.11, ʥʦ ʥʝ 

ʢʘʨʜʠʥʘʣʴʥʦ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʝʪʠ 802.11 ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩ 

ʩʝʪʷʤʠ 4G, ʦʢʘʟʳʚʘʷ ʥʘ ʥʠʭ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ. ɺʝʜʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʟʘʣʦʞʝʥʳ ʚ ʩʪʘʥʜʘʨʪʳ 3.5 - 4G ʠʟʥʘʯʘʣʴʥʦ ʚʦʧʣʦʱʘʣʠʩʴ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ 802.11. ʕʪʦ ʠ 

MIMO, ʠ mesh-ʩʝʪʠ, ʠ ʘʛʨʝʛʘʮʠʷ/ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʘʢʝʪʦʚ, ʠ OFDM ï ʧʝʨʝʯʠʩʣʷʪʴ ʤʦʞʥʦ ʜʦʣʛʦ[4]. 

ʄʦʞʝʪ ʙʳʪʴ, ʯʫʪʴ ʤʝʥʴʰʝʝ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 4G ʦʢʘʞʫʪ ʠ 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʦʛʦ ʚʝʱʘʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʠ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʦʢʘʞʫʪʩʷ 

ʢʦʥʢʫʨʝʥʪʘʤʠ ʨʷʜʫ ʫʩʣʫʛ 4G. ɺʝʜʴ ʚ ʧʦʩʣʝʜʥʠʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʝʨʝʜʘʯʘ ʚʠʜʝʦ- ʠ ʘʫʜʠʦʢʦʥʪʝʥʪʘ, 

ʚʢʣʶʯʘʷ ʊɺ- ʠ ʨʘʜʠʦʪʨʘʥʩʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʷʶʪʩʷ ʠ ʩʘʤʠ ʩʪʘʥʜʘʨʪʳ ʮʠʬʨʦʚʳʭ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʪ.ʧ. 

ʂʘʢ ʙʫʜʝʪ ʩʪʨʦʠʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʠʭ ʩʝʪʝʡ ʩ ʩʝʪʷʤʠ 4G? ɺ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ 

ʤʦʞʥʦ ʪʦʣʴʢʦ ʬʘʥʪʘʟʠʨʦʚʘʪʴ. ɺʦʟʤʦʞʥʦ, ʚ ʯʫʪʴ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʦʤ ʙʫʜʫʱʝʤ ʠʭ ʦʞʠʜʘʝʪ ʩʣʠʷʥʠʝ ʚ 

ʝʜʠʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʚʦʟʤʦʞʥʦ ï ʚʦʟʥʠʢʥʫʪ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʄʦʞʝʪ 

ʩʦʭʨʘʥʠʪʴʩʷ ʠ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʘʨʠʪʝʪ. ɺʝʜʴ ʚʝʱʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʝʤʘ ʩʣʘʙʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʜʘʝʪ ʠʤ ʥʝʩʦʤʥʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. ʅʦ ʦʜʥʦ 

ʥʝʩʦʤʥʝʥʥʦ ï ʥʝʟʘʚʠʩʠʤʦ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʥʝ ʟʘʤʝʯʘʷ ʜʨʫʛ ʜʨʫʛʘ, ʦʥʠ ʥʝ ʩʤʦʛʫʪ. 

ʀ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʦ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʉʦʙʩʪʚʝʥʥʦ, ʨʘʟʚʠʪʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʣʠʰʴ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʩʝʪʝʡ 

ʧʨʦʚʦʜʥʳʭ[4]. ɸ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʦʪ ʫʞʝ ʣʝʪ 20 ʥʝʫʢʣʦʥʥʳʤʠ ʪʝʤʧʘʤʠ ʧʨʦʠʩʭʦʜʷʪ ʧʦʠʩʪʠʥʝ 

ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʇʨʠʯʝʤ ʥʘʩʪʦʣʴʢʦ ʩʪʘʙʠʣʴʥʦ,ʯʪʦ ʚʩʝ ʫʩʧʝʣʠ ʢ ʵʪʦʤʫ ʧʨʠʚʳʢʥʫʪʴ ʠ 

ʧʝʨʝʩʪʘʣʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʨʝʚʦʣʶʮʠʶ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʫʚʝʨʝʥʥʦ ʚʳʰʣʘ ʥʘ ʫʨʦʚʝʥʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ, ʧʨʦʡʜʷ 

ʧʫʪʴ ʜʦ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (MSTP) ï ʪʝʭʥʦʣʦʛʠʠ SDH ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʇʘʢʝʪʳ Gigbit Ethernet (ʠ ʧʦʩʣʝʜʫʶʱʠʭ Ethernet-ʪʝʭʥʦʣʦʛʠʡ) ʫʞʝ ʧʝʨʝʜʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʢʘʥʘʣʘʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ (ɺʆʃʉ). ɼʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʩʣʫʛ ʩʦʟʜʘʥʘ ʧʣʘʪʬʦʨʤʘ IMS (IP Multimedia Subsystem) ʠ 

ʧʨʦʪʦʢʦʣ SIP (Session Initiation Protocol) [2]. ʉʝʪʠ NGN ʩ ʧʦʜʜʝʨʞʢʦʡ MPLS (ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʛʦʜʥʷ ʤʝʭʘʥʠʟʤʘ ʦʙʝʩʧʝʯʝʥʠʷ QoS ʚ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʝʪʷʭ) ʫʞʝ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʯʘʡʰʝʝ ʨʘʟʚʠʪʠʝ [3]. ʀ ʚʩʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʫʧʝ ʩ ʥʝ ʤʝʥʝʝ ʙʫʨʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ɺʆʃʉ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʣʷ ʩʝʪʝʡ ʐɹɼ ʧʨʦʯʥʝʡʰʠʡ ʬʫʥʜʘʤʝʥʪ ï ʢʘʢ 

ʠʜʝʦʣʦʛʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʬʦʨʤʠʨʫʷ ʩʦʙʩʪʚʝʥʥʦ ʥʘʟʝʤʥʫʶ ʩʝʪʝʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʅʝʜʘʨʦʤ 

ʧʦʜʜʝʨʞʢʘ ʧʣʘʪʬʦʨʤʳ IMS ʧʨʷʤʦ ʧʨʦʧʠʩʘʥʘ ʚ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʢʘʢ LTE. ʪʘʢ ʠ WiMAX. ɸ ʦʧʦʨʥʘʷ 

ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ɺʆʃʉ ʩ DWDM ʠ ʧʦʜʜʝʨʞʢʦʡ IP-MPLS ð ʵʪʦ ʥʝ ʠʩʢʣʶʯʝʥʠʝ, ʘ ʩʢʦʨʝʝ ʩʪʘʥʜʘʨʪ 

ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ. 
ɺʳʚʦʜ:r  
ʉʠʩʪʝʤʳ 4G ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚʦʡʜʫʪ ʚ ʧʫʣ ʩʪʘʥʜʘʨʪʦʚ IMʊ-Advanced. ʂ 

ʦʩʥʦʚʥʳʤ ʦʪʣʠʯʠʷʤ ʩʠʩʪʝʤ  4G ʦʪʥʦʩʷʪʩʷ: 
- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʨʘʙʦʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ 

ʧʦʪʦʢʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʧʨʠʨʦʜʝ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ QoS; 
- ʚʟʘʠʤʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʪ.ʝ. ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʜʦʣʞʝʥ 

ʦʱʫʱʘʪʴ ʥʠ ʧʦʤʝʭ ʦʪ ʜʨʫʛʠʭ ʩʝʪʝʡ, ʥʠ ʧʨʦʙʣʝʤ ʩ ʤʝʞʩʝʪʝʚʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ; 
- ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʢ ʤʦʜʫʣʷʮʠʠ OFDM ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʦʪʨʘʞʝʥʠʡ; 
- ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʨʦʚʥʝ ʨʘʜʠʦʧʨʦʪʦʢʦʣʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ; 
- ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ ʧʨʠ ʚʳʙʦʨʝ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ, ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʘʜʘʧʪʠʚʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ; 
- ʧʨʠʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʘʥʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʢʦʜʠʨʦʚʘʥʠʷ; 
- ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʙʘʟʝ ʝʜʠʥʦʡ NGN-ʩʝʪʠ. 
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ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆʇʊʀʏɽʉʂʀʍ ʋʉʀʃʀʊɽʃɽʁ 

ʉʀɻʅɸʃɸ 

 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʨʘʩʰʠʨʠʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ɺʆʉʇ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʫʩʠʣʝʥʠʷ ʚ 20 ʜɹ ʫ ʪʘʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʤʦʛʣʘ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʜʣʠʥʫ, ʧʨʝʞʜʝ ʯʝʤ ʝʡ ʪʨʝʙʦʚʘʣʩʷ ʙʳ ʨʝʛʝʥʝʨʘʪʦʨ, ʪʝʤ 

ʙʦʣʝʝ, ʝʩʣʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʫʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʫʩʠʣʠʪʝʣʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʪʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ WDM, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʚʥʝʜʨʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

ʅʘ ʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʦʧʪʠʯʝʩʢʠʝ ʫʩʠʣʠʪʝʣʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʥʫʪʨʝʥʥʝʝ ʫʩʠʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʙʝʟ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʥʮʠʧ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʦ ʣʘʟʝʨʘʤ. ɽʩʣʠ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʘʷ ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ, ʠʤʝʶʱʘʷ ʪʦʣʴʢʦ ʜʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷ E1 ʠ E2(ʩʤ. 

ʨʠʩ.1), ʧʨʠʯʝʤ E2> E1, ʪ.ʝ. E2 ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ E1 ʩʦʩʪʦʷʥʠʝʤ, ʪʦ ʚ 

ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ, ʠʦʥʦʚ ʠʣʠ ʤʦʣʝʢʫʣ - ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʫʩʠʣʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ʩʨʝʜʳ) ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ɹʦʣʴʮʤʘʥʘ ʪʘʢ, ʯʪʦ N1> N2. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʝʩʣʠ ʥʘ ʚʭʦʜ ʪʘʢʦʡ ʩʨʝʜʳ ʧʦʧʘʜʘʝʪ ʬʦʪʦʥ, ʪʦ ʦʥ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʝʪ 

ʧʦʛʣʦʱʝʥ ʵʪʦʡ ʩʨʝʜʦʡ, ʯʪʦ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʯʘʩʪʠʮʳ ʩ ʫʨʦʚʥʷ E1 ʥʘ ʫʨʦʚʝʥʴ E2, 

ʝʩʣʠ ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ . ʋʩʠʣʝʥʠʝ ʚ ʪʘʢʦʡ ʩʨʝʜʝ ʥʝʚʦʟʤʦʞʥʦ, ʭʦʪʷ ʠ ʩʫʱʝʩʪʚʫʝʪ 

ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʵʤʠʩʩʠʠ (ʠʩʧʫʩʢʘʥʠʷ) ʬʦʪʦʥʘ, ʝʩʣʠ ʵʣʝʢʪʨʦʥ ʩʧʦʥʪʘʥʥʦ ʧʝʨʝʡʜʝʪ ʩ ʚʝʨʭʥʝʛʦ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʥʠʞʥʠʡ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ. ʋʩʠʣʝʥʠʝ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ, ʝʩʣʠ 

ʫʜʘʩʪʩʷ ʩʦʟʜʘʪʴ ʠʥʚʝʨʩʠʶ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʫʨʦʚʥʝʡ, ʢʦʛʜʘ N2> N1. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ. 

 
ʈʠʩʫʥʦʢ 1ï ʉʭʝʤʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʢʘʯʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʞʝʢʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʥʦʚ ʥʫʞʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʘʯʢʠ ʠ 

ʩʦʟʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʚʝʨʩʠʠ ʥʘʩʝʣʝʥʥʦʩʪʠ ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ ʩʪʘʥʦʚʠʪʩʷ ʩʧʦʩʦʙʥʦʡ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʬʦʪʦʥʳ (ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) ʩ 

ʢʦʵʬʠʮʠʝʥʪʦʤ ʨʘʟʤʥʦʞʝʥʠʷ K ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʝʝ ʚʭʦʜ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʬʦʪʦʥʘ ʠʟ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʫʩʠʣʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʛʦ ʫʩʠʣʝʥʠʝ ʟʘ ʩʯʝʪ ʚʦʟʙʫʞʜʘʝʤʦʡ 
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ʵʤʠʩʩʠʠ.ʋʩʠʣʝʥʠʝ ʥʦʩʠʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ - ʩʣʝʜʩʪʚʠʝ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʬʦʪʦʥʦʚ ʚ 

ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʫʩʠʣʠʚʘʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʘʢʪʠʚʥʫʶ ʩʨʝʜʫ, 

ʠʤʝʶʱʫʶ ʢʦʥʝʯʥʫʶ ʜʣʠʥʫ L, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ. 

ʋʩʠʣʝʥʠʝ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

-ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʥʦʩʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʚʦʟʨʘʩʪʘʷ ʩ ʨʦʩʪʦʤ L ; 

-ʩʧʦʥʪʘʥʥʦʡ ʵʤʠʩʩʠʝʡ ʚʪʦʨʠʯʥʳʭ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʠʣʝʥʘ, ʧʨʠʚʦʜʷ ʢ 

ʧʦʷʚʣʝʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʫʩʠʣʝʥʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ . 

 
ʈʠʩʫʥʦʢ 2 ï ʉxʝʤʘ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ 

 

ʆʧʪʠʯʝʩʢʠʝ ʫʩʠʣʠʪʝʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʪʝʭ ʞʝ ʪʝʨʤʠʥʘʭ ʠ, ʠʩʧʦʣʴʟʫʷ ʪʝ ʞʝ 

ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʪ.ʝ. ʠʤʝʶʪ ʤʝʩʪʦ ʧʘʨʘʤʝʪʨʳ: 

- ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ; 

- ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ; 

- ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ɸʌʍ); 

ʆʜʥʘʢʦ, ʦʥʠ ʠʤʝʶʪ ʠ ʩʚʦʠ (ʜʣʷ ʨʷʜʘ ʧʨʠʤʝʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʳʝ) ʧʘʨʘʤʝʪʨʳ: 

- ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʨʝʜʳ; 

- ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ; 

- ʫʩʠʣʝʥʥʦʝ ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʋʉʀ); 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʣʷʨʠʟʘʮʠʠ ʩʠʛʥʘʣʘ; 

- ʘʤʧʣʠʪʫʜʥʦ-ʚʦʣʥʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ɸɺʍ); 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʜʣʷ ʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʠʤʝʝʪ ʚʠʜ: 
 

                                                              (1) 

ʛʜʝ ʠ - ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʫʩʠʣʠʪʝʣʷ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʨʘʙʦʯʝʡ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʝ (ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ) ʧʨʠ 

ʤʘʣʦʤ ʫʨʦʚʥʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʛʘʨʘʥʪʠʨʫʶʱʝʤ ʦʪʩʫʪʩʪʚʠʝ ʥʘʩʳʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʩʥʦʚʥʳʤ ʘʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʬʦʪʦʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʜʝʘʣʴʥʳʡ 

ʦʧʪʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ K ʜʦʣʞʝʥ ʩʠʥʬʘʟʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʘ ʚʳʭʦʜʝ 

ʨʦʚʥʦ K ʬʦʪʦʥʦʚ ʥʘ ʢʘʞʜʳʡ ʬʦʪʦʥ, ʧʦʧʘʚʰʠʡ ʥʘ ʝʛʦ ʚʭʦʜ. ʊʦ ʝʩʪʴ ʦʧʪʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ ʜʦʣʞʝʥ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʩʠʣʠʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʦʩʪʘʚʣʷʷ ʝʛʦ ʬʦʨʤʫ 

ʥʝʠʟʤʝʥʥʦʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʜʣʠʥʳ ʚʦʣʥʳ, ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ, ʬʦʨʤʳ 

ʦʪʦʙʨʘʞʘʝʤʦʡ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʌʘʢʪʠʯʝʩʢʠ ʞʝ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ, ʘ ʪʘʢʞʝ ʨʷʜ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʪ ʥʘ ɸʌʍ ʫʩʠʣʠʪʝʣʴʥʦʡ (ʠʣʠ ʘʢʪʠʚʥʦʡ) ʩʨʝʜʳ g(w) ʠʣʠ ʝʝ ʯʘʩʪʦʪʥʳʡ 

ʩʧʝʢʪʨ, ʘ ʟʘʪʝʤ ʫʞʝ ʥʘ ɸʌʍ ʩʦʙʩʪʚʝʥʥʦ ʆʋ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ (ʩʤ. ʪʘʙʣʠʮʫ1) 
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ʊʘʙʣʠʮʘ1 ï ʊʠʧʳ ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ. 
 

ʊʠʧʳ ʫʩʠʣʠʪʝʣʝʡ ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʋʩʠʣʠʪʝʣʴ ʩ ʧʦʣʦʩʪʴʶ ʌʘʙʨʠ-ʇʝʨʦ ʋʩʠʣʝʥʠʝ ʦʜʥʦʛʦ ʢʘʥʘʣʘ 

ʋʩʠʣʠʪʝʣʠ ʥʘ ʚʦʣʦʢʥʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʙʨʠʣʣʶʵʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ 

ʋʩʠʣʝʥʠʝ ʦʜʥʦʛʦ ʢʘʥʘʣʘ 

ʋʩʠʣʠʪʝʣʠ ʥʘ ʚʦʣʦʢʥʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʨʦʤʘʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ 

ʋʩʠʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʥʳʝ ʫʩʠʣʠʪʝʣʠ ʋʩʠʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʚ 

ʰʠʨʦʢʦʡʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʋʩʠʣʠʪʝʣʠ ʥʘ ʧʨʠʤʝʩʥʦʤ ʚʦʣʦʢʥʝ ʋʩʠʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʚ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʜʥʦʚʨʝʤʝʥʥʦ 

 

ʋʩʠʣʠʪʝʣʠ ʌʘʙʨʠ-ʇʝʨʦ. ʋʩʠʣʠʪʝʣʠ ʦʩʥʘʱʘʶʪʩʷ ʧʣʦʩʢʠʤ ʨʝʟʦʥʘʪʦʨʦʤ ʩ ʟʝʨʢʘʣʴʥʳʤʠ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ (ʜʦ 25 ʜɹ) ʚ 

ʦʯʝʥʴ ʫʟʢʦʤ (1,5 ɻɻʮ), ʥʦ ʰʠʨʦʢʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʤ (800 ɻɻʮ) ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʣʷʨʠʟʘʮʠʠ ʩʠʛʥʘʣʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʳʤ 

ʧʦʜʘʚʣʝʥʠʝʤ ʙʦʢʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʦʩʣʘʙʣʝʥʠʝ ʥʘ 20 ʜɹ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʨʚʘʣʘ ʚ 5 ɻɻʮ). ɺ 

ʩʠʣʫ ʩʚʦʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʩʠʣʠʪʝʣʠ ʌʘʙʨʠ-ʇʝʨʦ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʚʩʝʛʜʘ ʙʳʪʴ ʧʝʨʝʩʪʨʦʝʥʳ ʜʣʷ ʫʩʠʣʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʠʟ ʚʭʦʜʥʦʛʦ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ WDM ʩʠʛʥʘʣʘ. 

ʋʩʠʣʠʪʝʣʠ ʥʘ ʚʦʣʦʢʥʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʙʨʠʣʣʶʵʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ. ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ 

ʙʨʠʣʣʶʵʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ï ʵʪʦ ʥʝʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʢʨʝʤʥʠʝʚʦʤ ʚʦʣʦʢʥʝ, ʢʦʛʜʘ 

ʵʥʝʨʛʠʷ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʯʘʩʪʦʪʝ, ʩʢʘʞʝʤ, f1 ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʥʦʚʦʡ ʚʦʣʥʳ ʥʘ 

ʩʤʝʱʝʥʥʦʡ ʯʘʩʪʦʪʝ f2. ɽʩʣʠ ʤʦʱʥʘʷ ʥʘʢʘʯʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʯʘʩʪʦʪʝ f1, ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ 

ʙʨʠʣʣʶʵʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʩʧʦʩʦʙʥʦ ʫʩʠʣʠʚʘʪʴ ʩʣʘʙʳʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ f2. ɺʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʢʘʥʘʣ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 1,5 ɻɻʮ. 

ʋʩʠʣʠʪʝʣʠ ʥʘ ʚʦʣʦʢʥʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʤʘʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ. ʉʪʠʤʫʣʠʨʦʚʘʥʥʦʝ 

ʨʘʤʘʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ï ʪʘʢʞʝ ʥʝʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʧʦʜʦʙʥʦ ʙʨʠʣʣʶʵʥʦʚʩʢʦʤʫ 

ʨʘʩʩʝʷʥʠʶ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠ ʵʥʝʨʛʠʠ ʠʟ ʤʦʱʥʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʚ 

ʩʣʘʙʫʶ ʩʠʛʥʘʣʴʥʫʶ ʚʦʣʥʫ. ʆʜʥʘʢʦ, ʧʨʠ ʨʘʤʘʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʤʝʞʜʫ 

ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʦʡ ʠ ʚʦʣʥʦʡ ʥʘʢʘʯʢʠ (|f2-f1|) ʙʦʣʴʰʝ, ʘ ʚʳʭʦʜʥʦʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 

ʫʩʠʣʝʥʠʷ ʰʠʨʝ, ʯʪʦ ʜʦʧʫʩʢʘʝʪ ʫʩʠʣʝʥʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘʣʦʚ ʚ WDM ʩʠʛʥʘʣʝ. ɹʦʣʴʰʠʝ 

ʧʝʨʝʭʦʜʥʳʝ ʧʦʤʝʭʠ ʤʝʞʜʫ ʫʩʠʣʠʚʘʝʤʳʤʠ ʢʘʥʘʣʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʫʩʠʣʠʪʝʣʝʡ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʥʳʝ ʫʩʠʣʠʪʝʣʠ (ʇʇʃʋ). ʆʩʥʦʚʫ ʇʇʃʋ ʩʦʩʪʘʚʣʷʝʪ ʘʢʪʠʚʥʘʷ 

ʩʨʝʜʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʪʦʡ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʘʭ. ɺ ʇʇʃʋ 

ʦʪʩʫʪʩʪʚʫʶʪ ʟʝʨʢʘʣʴʥʳʝ ʨʝʟʦʥʘʪʦʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʥʘʥʦʩʠʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ ɚ/4 ʩ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʋʩʠʣʠʪʝʣʠ ʥʘ ʧʨʠʤʝʩʥʦʤ ʚʦʣʦʢʥʝ. ʕʪʦʪ ʪʠʧ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʚʘʪʴ ʩʠʛʥʘʣ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɺʳʚʦʜʳ:  

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʚʦʣʦʢʦʥʥʳʭ  ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ï ʧʨʠʤʝʩʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ( EDFA ʫʩʠʣʠʪʝʣʝʡ, 

ʈʘʤʘʥʦʚʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ, ʫʩʠʣʠʪʝʣʝʡ ɹʨʠʣʣʶʵʥʘ-ʄʘʥʜʝʣʴʰʪʘʤʤʘ). ɼʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʣʦʢʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ɺʆʉʇ. 
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ʈɸɼʀʆʏɸʉʊʆʊʅʓɽ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʓ  

ʉ ʉɽʃɽʂʎʀʆʅʀʈʋʖʑʀʄ ʂɸʉʂɸɼʆʄ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʈʏʄʉ ʧʫʪʝʤ ʟʘʤʝʥʳ ʩʝʪʦʯʥʳʭ ʩʝʣʝʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʩʢʘʜʦʚ ʦʜʠʥʦʯʥʳʤʠ ʣʠʥʟʘʤʠ ʩ ʙʦʣʴʰʠʤʠ 

ʬʦʢʫʩʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ [1]. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʜʠʥʦʯʥʳʝ ʣʠʥʟʳ ʩʦʩʪʦʷʪʠʟ ʪʨʝʭ ʜʠʘʬʨʘʛʤ ʩ 

ʜʠʘʤʝʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ d, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ s  ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʫʩʪʴ ʧʦʪʝʥʮʠʘʣʳ 

ʢʨʘʡʥʠʭ ʵʣʝʢʪʨʦʜʦʚ - 1U , ʘ ʩʨʝʜʥʝʛʦ - 2U . ʉʦʚʤʝʩʪʠʤ ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩ ʣʝʚʳʤ 

ʢʨʘʡʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ( )0=z . ʇʦʣʦʞʠʤ, ʯʪʦ ʦʙʲʝʤʥʳʭ ʟʘʨʷʜʦʚ ʥʝʪ ʠ ʯʪʦ ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʠʦʥʘʤʠ 

ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʣʦʛʦ ʧʦ ʘʤʧʣʠʪʫʜʝ mU  ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ y, ʧʦʜʘʥʥʦʛʦ ʥʘ ʩʨʝʜʥʠʡ ʵʣʝʢʪʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʡʥʠʭ 

ʵʣʝʢʪʨʦʜʦʚ: 

 
( )y+= wtj

meUU . (1) 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ )(zʌ  ʥʘ ʦʩʠ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ 
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ʷʚʣʷʝʪʩʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʊʦʛʜʘ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʇʨʠʨʘʱʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʦʚ WD , ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʦʜʠʥʦʯʥʫʶ ʣʠʥʟʫ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 
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ʟʜʝʩʴ ʚʝʣʠʯʠʥʘ q - ʦʧʠʩʳʚʘʝʪ ʣʠʥʝʡʥʳʡ ʟʘʨʷʜ ʠʦʥʦʚ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʦʨʤʫʣʳ (5) ʫʯʪʝʤ, 

ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʦʥʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ m  ʧʣʦʩʢʦʩʪʠ sz= , ʜʦʣʞʥʦ ʧʨʦʠʟʦʡʪʠ 

ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p: 
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ɼʘʣʝʝ ʫʯʪʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ q  ʠ mU  ʤʦʛʫʪ ʙʳʪʴ ʚʳʥʝʩʝʥʳ ʠʟ-ʧʦʜ ʠʥʪʝʛʨʘʣʘ, ʢʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʫʷ ʤʘʣʦʩʪʴ ʚʝʣʠʯʠʥʳ UD , ʧʨʠʤʝʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʤʘʣʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʧʝʨʝʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ (6) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ɺ ʚʳʨʘʞʝʥʠʠ (7) ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʣʝʚʦʤ 

ʧʨʦʤʝʞʫʪʢʝ. ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (7) ʧʦʣʫʯʠʤ ʧʨʠʨʘʱʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʢʚʘʜʨʘʪʥʦʡ ʩʢʦʙʢʝ ʧʦʣʫʯʠʤ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ 
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ʢʦʪʦʨʳʝ ʚ ʚʠʜʫ ʧʨʠʤʝʨʥʦʛʦ ʨʘʚʝʥʩʪʚʘ 12 vv º  ʤʦʛʫʪ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʟʥʦʩʪʴʥʘʯʘʣʴʥʳʭ ʬʘʟ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʳ
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ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʠʤ ʜʣʷ max WD ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 
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ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 1), ʢʦʛʜʘ ( )0    21 =D= UUU , ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ 

ʵʥʝʨʛʠʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [2]. 

 

0 20 40 60 80
2

3

4

5

6

7

1.35W0y( )

Wp 0.1 y, ( )

Wp 0.3 y, ( )

Wp 0.5 y, ( )

y

0 20 40 60 80
3

3.5

4

4.5

5

W0y( ) 1.35Ö

y

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʢʘʞʜʦʡ ʩʝʪʢʠ 

ʩʝʣʝʢʮʠʦʥʠʨʫʶʱʝʛʦ ʢʘʩʢʘʜʘ ʨʘʚʝʥ 0.9(ʨʠʩ. 2), ʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʦʜʠʥ ʢʘʩʢʘʜ ʪʝʨʷʝʪʩʷ 

ʧʨʠʤʝʨʥʦ 30% ʠʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 2 ï ʕʥʝʨʛʠʷ ʧʨʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʝʣʝʢʮʠʦʥʠʨʫʶʱʝʛʦ ʢʘʩʢʘʜʘ ʨʘʚʥʳʤ 0.9 

 

ʇʨʠʤʝʥʝʥʠʝ ʦʜʠʥʦʯʥʦʡ ʣʠʥʟʳ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʝʪ ʧʦʪʝʨʠ ʠʦʥʦʚʚ ʘʥʘʣʠʟʘʪʦʨʝ ʈʏʄʉ, 

ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ. ʉʨʘʚʥʝʥʠʝ ʚʳʨʘʞʝʥʠʡ 

(10) ʠ (11) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ( )12   0 UUU >>D , ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʦʚ 

ʧʦʣʫʯʠʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʠʥʦʯʥʦʡ ʣʠʥʟʳ ʚ ʫʩʢʦʨʷʶʱʝ - ʟʘʤʝʜʣʷʶʱʝʤ ʨʝʞʠʤʝ, ʪ.ʝ. 

ʧʦʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʈʏʄʉ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʂʝʣʴʤʘʥ. ɺ.ʄ., ʗʚʦʨ ʉ.ʗ. ʕʣʝʢʪʨʦʥʥʘʷ ʦʧʪʠʢʘ. ʃ. çʅʘʫʢʘè, -1968, 488ʩ. 

2. ʈʠʢ. ɻ.ʈ. ʄʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. - ʄ., 1953. 
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ʇʆɼʉɽʂʎʀʗ ˉ2 çɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʀ ɺʆʇʈʆʉʓ ɺ ʆɹʃɸʉʊʀ 

ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀè 
 

ɼʘʚʠʜʝʥʢʦ ʀ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳè ʋʨʘʣʴʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʋʈʌʋ) 

ɾʘʨʤʘʛʘʤʙʝʪʦʚʘ ʄ.ʉ.ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɽʛʟʝʢʦʚʘ ɸ.ʊ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 
 

ʂ ɺʆʇʈʆʉʋ ʈɸɿʈɸɹʆʊʂʀ ʊʆʏʅʓʍ ʂʈʀʊɽʈʀɽɺ ʆʎɽʅʂʀ ʉʆʉʊʆʗʅʀʗ 

ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 
 

ʇʦ - ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʘʥʘʣʠʟ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʦʜʠʪʴ ʥʘ ʢʘʞʜʦʡ ʜʠʩʪʘʥʮʠʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʦʡ ʘʥʘʣʠʟ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʠʣʠ ʧʨʦʚʦʜʠʪʩʷ ʬʦʨʤʘʣʴʥʦ. ɼʘʥʥʳʝ ʦʪʢʘʟʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ (ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʪ.ʜ.) ʧʷʪʠ-ʚʦʩʴʤʠ ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ ʥʘʡʪʠ ʠʥʦʛʜʘ 

ʥʝʚʦʟʤʦʞʥʦ. ʆʩʦʙʝʥʥʦ, ʝʩʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʙʳʣ ʜʝʤʦʥʪʠʨʦʚʘʥ (ʠʟ-ʟʘ ʨʝʤʦʥʪʦʥʝʧʨʠʛʦʜʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ), ʘ ʚʝʜʴ ʵʪʦ ʮʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ ʝʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ɺ ʜʦʧʦʣʥʝʥʠʠ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ (ʘʥʘʣʠʟ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʘʭ, ʧʦ çʛʦʨʷʯʠʤ 

ʩʣʝʜʘʤè, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʰʠʙʦʢ ʠ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ ʟʘʥʝʩʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ 

ʜʠʩʪʘʥʮʠʷʭ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʡ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʷ, 

(ʚʥʝʜʨʸʥʥʦʡ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʨʝʛʠʦʥʘ). ʊʘʢ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʠʟʫʯʠʚ ʥʝ ʪʦʣʴʢʦ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ [1,2,3], ʥʦ ʠ ʟʘʨʫʙʝʞʥʳʝ[4, 5, 6, 7] ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʘʪʠʢʝ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʯʘʩʪʫʶ, ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʜʘʥʥʳʝ ʦ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʜʠʥʳʝ ʨʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʜʝʞʥʦʩʪʠ (ʧʨʦʱʝ ʛʦʚʦʨʷ, ʥʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ çʤʝʨʠʣè ʥʘʜʸʞʥʦʩʪʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʘʙʣʠʮʫ 1. ʇʨʠ ʝʸ ʩʦʩʪʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʘʥʥʳʝ ʦ ʧʦʚʨʝʞʜʝʥʠʷʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦ ʨʝʛʠʦʥʘʤ ʋʨʘʣʘ ʠ ʉʠʙʠʨʠ, ʩʦʙʨʘʥʥʳʝ ʚ ʵʢʩʧʝʨʪʥʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ çɸʣʴʙʘʪʨʦʩè ʟʘ ʛʦʜʳ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (189 ʩʣʫʯʘʝʚ), ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʩʢʨʳʪʠʷ ʠ ʨʝʤʦʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʄʳ ʚʠʜʠʤ ʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚ ʜʘʥʥʳʭ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʧʦʚʦʜʫ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʙʘʢʦʚ ʠ ʦʭʣʘʜʠʪʝʣʝʡ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʨʘʟʥʳʤʠ ʧʨʘʚʠʣʘʤʠ/ʧʦʜʭʦʜʘʤʠ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ. ɹʝʟ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʥʝʣʴʟʷ ʩʨʘʚʥʠʚʘʪʴ ʩ ʜʘʥʥʳʤʠ 

ʧʦ ʜʨʫʛʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʨʝʛʠʦʥʘ ï ʙʫʜʫʪ ʦʰʠʙʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʦʪʯʝʪʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʳ ʧʦ ʫʟʣʘʤ, ʚ 

ʜʨʫʛʦʤ ï ʧʦ ʚʠʥʦʚʥʠʢʘʤ ʧʦʚʨʝʞʜʝʥʠʡ, ʚ ʪʨʝʪʴʝʤ ï ʧʦ ʧʦʩʣʝʜʩʪʚʠʷʤ ʠ ʪ. ʜ. 
 

ʊʘʙʣʠʮʘ 1 ï ʏʘʩʪʦʪʘ ʧʦʚʨʝʞʜʝʥʠʷ ʫʟʣʦʚ ʤʘʩʣʷʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʌʉʂ  ɽʕʉ [2]ɸʚʪʦʨʳ ʉʨʝʜʥʝʝ

ʋʟʣʳ ʉʊ ɺʩʝʛʦ ʰʪ% ɺʩʝʛʦ ʰʪ% ɺʩʝʛʦ ʰʪ% ɺʩʝʛʦ ʰʪ%

ʆʙʤʦʪʢʠ, ʠʭ ʠʟʦʣʷʮʠʷ 32 40,00 115 17,72 85 44,97 232 25,27

ɺʚʦʜʳ 25 31,25 158 24,35 23 12,17 206 22,44

ʇʋ 19 23,75 97 14,95 55 29,10 171 18,63

ʄʘʛʥʠʪʦʧʨʦʚʦʜ 0 0,00 3 0,46 10 5,29 13 1,42

ɹʘʢ, ʦʭʣʘʜʠʪʝʣʠ, ʘʨʤʘʪʫʨʘ4 5,00 276 42,53 16 8,47 296 32,24

Ɇ 80 100,00 649 100,00 189 100,00 918 100,00

ɿʊɿ-ʩʝʨʚʠʩ [1]
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ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʥʫʞʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ ʘʥʘʣʠʟ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʩʠʪʫʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʎʝʣʴ ʤʝʪʦʜʠʢʠ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ, ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʜʠʘʣʦʛʘ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʥʠʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʚʝʩʪʠʮʠʡ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʠʝ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: 

- ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʨʝʞʜʝʥʠʷ; 

- ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʚʨʝʞʜʝʥʠʷ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʨʝʞʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 12 ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʧʨʘʚʦʯʥʠʢʦʚ, ʧʦʜʨʦʙʥʝʝ ʦ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ. 

ɺʝʨʥʸʤʩʷ ʢ ʝʜʠʥʳʤ ʨʘʩʯʸʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʜʸʞʥʦʩʪʠ. ɺ [8] ʧʨʠʚʝʜʸʥ ʩʧʠʩʦʢ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʠʟ ʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʙʝʩʩʤʳʩʣʝʥʥʦ, ʪʘʢ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʚʳʭʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟʙʳʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʫʩʣʦʞʥʷʶʱʘʷ ʚʦʩʧʨʠʷʪʠʝ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʘ ʧʨʘʢʪʠʢʝ ʚʩʝʛʜʘ ʥʝ ʭʚʘʪʘʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʚʝʜʝʥʠʡ ʜʣʷ ʠʭ 

ʨʘʩʯʝʪʘ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʳʯʠʩʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʵʥʝʨʛʦʢʦʤʧʘʥʠʠ ʠ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺʦʪ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ: 

- ʧʦʪʦʢ ʦʪʢʘʟʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʦʪ ʩʨʦʢʘ ʥʘʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ (ʪʦ ʝʩʪʴ ʩʨʝʜʥʠʤ ʯʠʩʣʦʤ ʦʪʢʘʟʦʚ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ) 
 

 

ɤ(t )=
n(t+ȹt)Àn(t )

N
0
õȹt

, (1) 
 

ʛʜʝ  n(t+ȹt), n(t) ï ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʚ ʢʦʥʮʝ ʠ ʚ ʥʘʯʘʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ; 

N0 ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ; 

- ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ (operating timebetweenfailures, ʧʦʢʘʟʘʪʝʣʴ, ʥʦʨʤʠʨʫʝʤʳʡ [9]) ï ʵʪʦ 

ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʥʘʨʘʙʦʪʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ 

ʯʠʩʣʘ ʝʛʦ ʦʪʢʘʟʦʚ ʚ ʪʝʯʝʥʠʝ ʵʪʦʡ ʥʘʨʘʙʦʪʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ ʦʙʲʝʢʪʘ ʠ ʧʣʘʥʘ ʠʩʧʳʪʘʥʠʡ, 

ʩʧʦʩʦʙʳ ʚʳʯʠʩʣʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʷʶʪʩʷ. 

- ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (meanrestorationtime) ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʦʪʢʘʟʘ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʙʫʜʝʪ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʀʩʧʦʣʴʟʫʷ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʝ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ; 

- ʪʘʢ ʞʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʦʣʝʟʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʸʞʥʦʩʪʠ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ: 
 

 

Kɻ=
ʊ

ʊ+ʊɺ , (2) 

 

ʛʜʝ  ʊ ï ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, 

ʊɺ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʆʧʝʨʠʨʫʷ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʚʦʜʦʚ-

ʠʟʛʦʪʦʚʠʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʤʝʶʱʝʝ ʤʝʥʴʰʫʶ 

ʩʨʝʜʥʶʶ ʥʘʨʘʙʦʪʢʫ, ʥʦ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʦʢʘʞʝʪʩʷ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ, ʯʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴ ʥʘʜʸʞʥʦʩʪʠ, ʥʦ ʪʨʝʙʫʶʱʠʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʝʤʦʥʪʘ. 
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ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʦʪ ʩʨʦʢʘ ʥʘʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʫʟʣʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʨʠ ʢʘʢʦʡ ʥʘʨʘʙʦʪʢʝ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʚʨʝʞʜʝʥʠʷʤ. 

ʇʦʣʝʟʝʥ ʠ ʘʥʘʣʠʟ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʚ ʨʘʟʨʝʟʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʠʣʠ ʧʦʩʪʘʚʱʠʢʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʟʘʢʫʧʢʘʭ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʨʘʚʥʠʚʘʷ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʝʛʦ 

ʬʠʣʠʘʣʘ), ʵʥʝʨʛʦʢʦʤʧʘʥʠʠ, ʚʦʟʤʦʞʥʦ ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ ʠ ʩʠʣʴʥʳʝ ʤʝʩʪʘ ʚ ʪʝʭʥʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʳʪʘ ʧʝʨʝʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʬʠʣʠʘʣʦʚ) ʠ ʫʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʩʪʘʶʱʠʭ. 

ɽʱʸ ʦʜʥʠʤ ʚʦʟʤʦʞʥʳʤ ʩʮʝʥʘʨʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚ 

ʨʘʟʨʝʟʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ. ʎʝʣʴʶ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʠʝ 

ʝʜʠʥʠʮ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʩʪʘʥʮʠʡ, ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʠʙʦʣʝʝ ʥʫʞʜʘʶʱʠʭʩʷ ʚ 

ʦʙʥʦʚʣʝʥʠʠ (ʨʝʤʦʥʪʝ) ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʦ ʥʝ ʪʦʣʴʢʦ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʥʦ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤ-ʠʟʛʦʪʦʚʠʪʝʣʷʤ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʥʝʥʘʜʸʞʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʩʯʸʪʦʚ. ʅʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʪʝʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʯʝʛʦ ʩʝʡʯʘʩ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʪ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʚ ʨʘʟʨʝʟʝ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʨʘʚʦʯʥʠʢʦʚ. 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʧʨʠʤʝʥʷʣʠʩʴ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʫʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʠ 

ʠʟʤʝʥʷʪʴʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʢʘʢ ʫʞʝ ʧʦʜʯʸʨʢʠʚʘʣʦʩʴ ʚʳʰʝ, ʧʦʟʚʦʣʠʪ 

ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʟʘʥʦʩʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʵʥʝʨʛʦʢʦʤʧʘʥʠʠ ʠ ʧʨʦʚʦʜʠʪʴ 

ʢʦʨʨʝʢʪʥʳʡ ʘʥʘʣʠʟ, ʠʟʙʝʞʘʪʴ ʥʝʪʦʯʥʦʩʪʝʡ ʬʦʨʤʫʣʠʨʦʚʦʢ. 

ʉʧʠʩʦʢ ʩʧʨʘʚʦʯʥʠʢʦʚ: 

- ʚʠʜ ʧʦʚʨʝʞʜʝʥʠʡ; 

- ʧʨʠʯʠʥʳ ʧʦʚʨʝʞʜʝʥʠʡ (ʜʚʫʭʫʨʦʚʥʝʚʳʡ); 

- ʭʘʨʘʢʪʝʨ ʧʦʚʨʝʞʜʝʥʠʷ (ʜʚʫʭʫʨʦʚʥʝʚʳʡ); 

- ʤʝʩʪʦ ʧʦʚʨʝʞʜʝʥʠʷ (ʜʚʫʭʫʨʦʚʥʝʚʳʡ) 

- ʚʠʥʦʚʥʠʢʠ ʧʦʚʨʝʞʜʝʥʠʷ; 

- ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʚʨʝʞʜʝʥʠʷ; 

- ʧʦʩʣʝʜʩʪʚʠʷ (ʫʱʝʨʙʳ) ʚʥʫʪʨʝʥʥʠʝ; 

- ʧʦʩʣʝʜʩʪʚʠʷ (ʫʱʝʨʙʳ) ʧʦʪʨʝʙʠʪʝʣʝʡ; 

- ʩʦʩʪʦʷʥʠʝ ʥʝʡʪʨʘʣʠ; 

- ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ ʤʦʤʝʥʪ ʧʦʚʨʝʞʜʝʥʠʷʭ; 

- ʧʨʠʯʠʥʳ ʦʪʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʠʟʤʝʨʝʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʟʘʙʨʘʢʦʚʘʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʜʣʷ ʣʫʯʰʝʛʦ ʦʪʨʘʞʝʥʠʷ ʩʠʪʫʘʮʠʠ ʧʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʘʩʧʝʢʪʫ, 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʚʫʭʫʨʦʚʥʝʚʳʝ ʩʧʨʘʚʦʯʥʠʢʠ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʧʦ ʫʟʣʘʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ 

ʩʧʨʘʚʦʯʥʠʢʘ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʫʨʦʚʥʝʚʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʠʩʫʥʢʘ 2 

ʚʳʣʠʣʦʩʴ ʚ ʦʛʨʦʤʥʳʡ ʩʧʠʩʦʢ, ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʧʫʥʢʪʘ ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʨʘʟ ʙʳʣ ʙʳ 

ʟʘʪʨʫʜʥʠʪʝʣʝʥ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʧʦ ʫʟʣʘʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʩʧʨʘʚʦʯʥʠʢʠ ʧʝʨʚʦʛʦ 

ʫʨʦʚʥʷ) 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʧʦ ʫʟʣʘʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʨʘʚʦʯʥʠʢʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ 

 

ɺʳʚʦʜʳ: 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʦʜʝʨʞʠʪ: 

- ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ (ʘʢʪ) ʧʦʚʨʝʞʜʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʩʧʦʨʪʥʳʭ 

ʜʘʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʨʘʚʦʯʥʠʢʦʚ. 

- ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʩʠʪʫʘʮʠʶ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. 

- ʉʮʝʥʘʨʠʠ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʘʢʪʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʧʘʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʸʞʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʧʦʣʝʟʥʦ ʢʘʢ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʪʘʢ ʠ ʟʘʚʦʜʘʤ-ʠʟʛʦʪʦʚʠʪʝʣʷʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɿʘʚʦʜʳ-ʠʟʛʦʪʦʚʠʪʝʣʠ ʧʦʣʫʯʘʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʚʦʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʭ ʫʩʪʨʘʥʷʪʴ. 

ʕʢʩʧʣʫʘʪʠʨʫʶʱʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚr ʙʨʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʘʥʘʣʠʟʘ ʥʝ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʢʦʪʦʨʳʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʥʫʞʜʘʶʪʩʷ ʚ ʦʙʥʦʚʣʝʥʠʠ ʧʘʨʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʝʛʦ ʨʝʤʦʥʪʝ, ʚʦʟʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠ 

ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ, ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʧʨʦʚʦʜʠʪʴ ʢʫʨʩʳ ʇʇʂ ʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʝʨʚʳʭ, 

ʥʘʧʨʠʤʝʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʝʪʦʯʥʦʩʪʠ ʚʥʦʩʠʤʳʭ ʜʘʥʥʳʭ, 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. http://www.ztz-service.com.ua 

2. ʆ ʧʦʚʨʝʞʜʝʥʠʷʭ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʝʤ 110-500 ʢɺ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɹ.ɺ. ɺʘʥʠʥ, ʖ.ʅ. ʃʴʚʦʚ, ʄ.ʖ. - ʃʴʚʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ. 2001. ˉ 9. ʩ. 53-58; 

3. ɸʥʘʣʠʟ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʟʘ 1989-1991 ʛʦʜʳ. ʆʈɻʈʕʉ. 

ʄʦʩʢʚʘ. ʉʇʆ çʆʈɻʈʕʉè. 1993 ʛʦʜ. 27 ʩ. 

4. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʀ.ɺ. ɼʘʚʠʜʝʥʢʦ, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʕʄ ʋʨʘʣʕʅʀʅ ʋʨʌʋ, ʂ.ɺ. ʆʚʯʠʥʥʠʢʦʚ, ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʕʄ ʋʨʘʣʕʅʀʅ 

ʋʨʌʋ, ɽ.ɼ. ʍʘʣʠʢʦʚʘ, ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʕʄ ʋʨʘʣʕʅʀʅ ʋʨʌʋ. 

5. Transformer condition and operational risk evaluation C. Sumereder, R. Schmid, S. Kornhuber, 

T. Friedrich, G. Valtin and H. Filipot, XVII International Symposium on High Voltage Engineering, 

Hannover, Germany, August 22-26, 2011; 

6. Evaluation of transformer reliability data based on national and utility statistics Janine Jagers 

and Stefan Tenbohlen, Proceedings of the 16th International Symposium on High Voltage Engineering; 

7. Markov & weibull analysis for HV network maintenance: reliability management, preventive 

maintenance, B.O. Mkandawire, N.M. Ijumba & H. Whitehead, Proceedings of the 16th International 

Symposium on High Voltage Engineering Copyright c 2009 SAIEE, Innes House, Johannesburg; 

8. Ravish P.Y. Mehairjan, Qikai Zhuang, Dhiradj Djairam, Johan J. Smit Improved Risk Analysis 

Through Failure Mode Classification According to Occurrence Time. 2012 IEEE International 

Conference on Condition Monitoring and Diagnosis. 23-27 September 2012, Bali, Indonesia; 

9. ɻʆʉʊ 27.002-89 çʅʘʜʸʞʥʦʩʪʴ ʚ ʪʝʭʥʠʢʝ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷè; 

10. ɻʆʉʊ ʈ 52719-2007 çʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʠʣʦʚʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 

 

 
ɹʘʢʳʪ ɻ. ï ʜʦʢʪʦʨʘʥʪ PhD, ʂʘʨɻʊʋ (ʂʘʟʘʭʩʪʘʥ, ʂʘʨʘʛʘʥʜʳ) 

ɸʰʠʨʙʘʝʚ ɻ.ʂ. ï ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ʄʫʩʘʙʝʢʦʚ ʄ.ʆ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʅʆɺʓʁ ʉʇʆʉʆɹ ʉʅʀɾɽʅʀʗ ʈɸʉʍʆɼɸ ʊʆʇʃʀɺɸ ʄɸʅɽɺʈʆɺʓʍ ʊɽʇʃʆɺʆɿʆɺ 

 

ʆʩʥʦʚʥʦʡ ʩʪʘʪʴʝʡ ʟʘʪʨʘʪ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʦʟʘ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠʚʦ. ɼʣʷ ʤʘʥʝʚʨʦʚʳʭ 

ʪʝʧʣʦʚʦʟʦʚ ʜʦ 30%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦ 80% ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʭʦʣʦʩʪʦʡ ʭʦʜ ʠ 

ʤʘʣʳʝ ʥʘʛʨʫʟʢʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʇʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʤʘʩʣʘ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʥʝʛʘʪʠʚʥʦʝ ʧʦʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʪʣʦʞʝʥʠʝ ʥʘʛʘʨʘ ʚ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʙʘʣʘʥʩʫ ʨʦʪʦʨʘ, ʩʥʠʞʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ ʦʧʦʨʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ, ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʝʤ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʤʦʱʥʦʩʪʝʡ, ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʧʦ 

ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʝʤ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʚʦ ʚʨʝʤʷ 

ʛʦʨʷʯʝʛʦ ʧʨʦʩʪʦʷ, ʫʤʝʥʴʰʝʥʠʶ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʝʨʠʦʜʦʚ 
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ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʠʣʠ ʚʧʨʳʩʢʠʚʘʥʠʷ ʚ ʥʝʛʦ ʚʦʜʳ ʠ ʜʨ. [1]. ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʘʥʝʚʨʦʚʳʭ ʪʝʧʣʦʚʦʟʘʭ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ 

ʤʘʩʣʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʪʦ ʟʘʛʣʫʰʠʪʴ ʜʚʠʛʘʪʝʣʴ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ 

ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʘʥʪʠʬʨʠʟ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʧʣʦʚʦʟʥʳʭ ʜʠʟʝʣʷʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝʚʦʟʤʦʞʥʦ. ʉʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʦʛʨʝʚ ʜʠʟʝʣʷ ʠ ʝʛʦ ʩʠʩʪʝʤ. ʉʝʛʦʜʥʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʦʙʦʛʨʝʚʘ. ʂ ʧʨʠʤʝʨʫ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʩʠʩʪʝʤʘ ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʢʦʤʧʘʥʠʠ Kim Hotstart, ʛʜʝ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘʛʨʝʚʘ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʊʕʅʳ [2]. ɼʣʷ 

ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥ ʥʝʙʦʣʴʰʦʡ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ. ʉʫʱʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʜʠʟʝʣʴ ï ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʛʨʝʚʘʝʪ ʊʕʅʳ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ. ɺʩʝ ʫʟʣʳ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ. 

ʆʜʥʘʢʦ ʠ ʵʪʘ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ: 

- ʥʠʟʢʠʡ ʂʇɼ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʘʩʪʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ɼɺʉ 

ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʜʠʟʝʣʷ ʪʝʧʣʦʚʦʟʘ çɻʦʣʴʬʩʪʨʠʤè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʘʥʠʝʡ çɼʵʣʚʵʡ ʄʝʥʝʜʞʤʝʥʪè [2], ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ ʠʩʧʦʣʴʟʫʝʪ ʢʦʪʣʳ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ (ʵʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʩʨʘʟʫ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ). ɺʳʭʣʦʧʥʳʝ ʛʘʟʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʛʨʝʚʘʶʪ ʩʝʢʮʠʠ ʦʭʣʘʞʜʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʨʝʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʂʇɼ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɸʆ çʃʦʢʦʤʦʪʠʚè ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʘʨʢʘ ʤʘʥʝʚʨʝʥʥʳʭ ʪʝʧʣʦʚʦʟʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʨʘʙʦʪʘʣʘ ʩʚʦʡ ʨʝʩʫʨʩ, ʠ ʪʨʝʙʫʝʪ ʣʠʙʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ ʢʘʧʠʪʘʣʴʥʳʤ ʨʝʤʦʥʪʦʤ, 

ʣʠʙʦ ʟʘʤʝʥʳ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʪʷʛʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʘʟʦʚʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʫʟʣʦʚ ʢʘʢ ʨʘʤʘ, ʪʝʣʝʞʢʘ, ʦʧʝʨʝʥʠʝ, ʠ ʜʨʫʛʠʝ ʤʘʣʦ ʠʟʥʘʰʠʚʘʝʤʳʝ ʜʝʪʘʣʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʛʦʜʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ, ʯʝʤ ʧʦʢʫʧʢʘ ʥʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ. ʆʩʥʦʚʥʘʷ ʨʘʩʭʦʜʥʘʷ ʯʘʩʪʴ ʥʘ ʪʝʧʣʦʚʦʟʘʭ, 

ʵʪʦ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʍʨʦʥʦʤʝʪʨʘʞ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʤʘʥʝʚʨʦʚʳʭ ʪʝʧʣʦʚʦʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 

- ʚʦ ʧʝʨʚʳʭ - ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʨʝʞʠʤʳ ʤʘʣʳʭ ʥʘʛʨʫʟʦʢ ʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʧʨʠʯʝʤ ʨʝʞʠʤʳ ʭʦʣʦʩʪʦʛʦ ʢʦʛʜʘ ʪʝʧʣʦʚʦʟʦʚ ʥʘʭʦʜʠʪʩʷ 

ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ ʨʘʙʦʪʳ ʪ.ʝ. ʧʨʦʩʪʘʠʚʘʝʪ. 

- ʚʦ ʚʪʦʨʳʭ ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ 880ʢɺʪ ʜʠʟʝʣʷ ʇɼ1ʄ ï ʪʝʧʣʦʚʦʟʘ ʊʕʄ2) 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʟʘʤʝʥʳ ʜʠʟʝʣʝʡ ʤʘʥʝʚʨʦʚʳʭ ʪʝʧʣʦʚʦʟʦʚ ʥʦʚʳʤ 

ʜʠʟʝʣʝʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʫʭʠʤ ʢʘʨʪʝʨʦʤ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʈʂ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʤʘʥʝʚʨʦʚʳʝ ʪʝʧʣʦʚʦʟʳ, ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʜʠʟʝʣʴ ʩ çʤʦʢʨʳʤ ʢʘʨʪʝʨʦʤè, ʪ.ʝ. ʫ ʢʦʪʦʨʳʭ ʤʘʩʣʦ ʭʨʘʥʠʪʩʷ ʚ ʢʘʨʪʝʨʝ. ʀʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʦʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʡ ʜʠʟʝʣʝʡ ʩ ʩʫʭʠʤ ʢʘʨʪʝʨʦʤ ʥʘ ʪʝʧʣʦʚʦʟʘʭ ʊɻʄ. 

ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʜʠʟʝʣʷ ʩ ʩʫʭʠʤ ʢʘʨʪʝʨʦʤ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

1 ʨʝʞʠʤ ï ʢʦʛʜʘ ʜʠʟʝʣʴ ʟʘʧʫʱʝʥ ʠ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʪʘʝʪ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠ 

ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʦʜʷʥʳʤ ʥʘʩʦʩʦʤ, 

2 ʨʝʞʠʤ ï ʢʦʛʜʘ ʜʠʟʝʣʴ ʟʘʛʣʫʰʝʥ, ʘ ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʩʦʩʦʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɿʘʛʣʫʰʝʥʥʳʡ ʜʠʟʝʣʴ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʚʦʜʦʡ, 

ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʛʨʝʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʢʦʪʣʝ ʧʦʜʦʛʨʝʚʘʪʝʣʝ. ʂʦʪʝʣ ʧʦʜʦʛʨʝʚʘʪʝʣʴ ï 

ʨʘʙʦʪʘʝʪ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʩ ʩʫʭʠʤ ʢʘʨʪʝʨʦʤ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʇʨʠ ʟʘʛʣʫʰʝʥʥʦʤ ʜʠʟʝʣʝ 1 çʨʝʞʠʤ çʛʦʨʷʯʝʛʦ ʧʨʦʩʪʦʷè ʟʘʢʨʳʚʘʶʪʩʷ ʯʝʭʣʳ ʨʘʜʠʘʪʦʨʦʚ 2, 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʚʦʜʷʥʦʡ ʥʘʩʦʩ 3 ʠ ʫʯʘʩʪʦʢ ʘ-3 - ʙ ʩʭʝʤʳ ʦʪʢʣʶʯʘʝʪʩʷ. ɼʘʣʴʥʝʡʰʘʷ 

ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʥʘʩʦʩʦʤ 5. ʇʨʠ 

ʵʪʦʤ ʚʦʜʘ ʧʦʩʣʝ ʨʘʜʠʘʪʦʨʦʚ 2 ʯʝʨʝʟ ʚʝʥʪʠʣʴ ʧʦʧʘʜʘʝʪ ʚ ʢʦʪʝʣ ʧʦʜʦʛʨʝʚʘ 4. ʅʘʛʨʝʪʘʷ ʚ ʢʦʪʣʝ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝ ʚʦʜʘ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʥʘʩʦʩʦʤ 5 ʯʝʨʝʟ ʚʝʥʪʠʣʴ ʙ ʧʦʧʘʜʘʝʪ ʚ ʙʘʢ ʜʣʷ ʭʨʘʥʝʥʠʷ 
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ʤʘʩʣʘ. ʇʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʤʘʩʣʦ ʠʟ ʙʘʢʘ ʚ ʢʘʨʪʝʨ ʦʙʨʘʪʥʦ ʚ ʙʘʢ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 7 

ʠ 8. ʇʨʠ ʟʘʛʣʫʰʝʥʥʦʤ ʜʠʟʝʣʝ 1 çʨʝʞʠʤ çʛʦʨʷʯʝʛʦ ʧʨʦʩʪʦʷè ʟʘʢʨʳʚʘʶʪʩʷ ʯʝʭʣʳ ʨʘʜʠʘʪʦʨʦʚ 2, 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʚʦʜʷʥʦʡ ʥʘʩʦʩ 3 ʠ ʫʯʘʩʪʦʢ ʘ-3 - ʙ ʩʭʝʤʳ ʦʪʢʣʶʯʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʩ ʩʫʭʠʤ ʢʘʨʪʝʨʦʤ 

 

ɼʘʣʴʥʝʡʰʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʥʘʩʦʩʦʤ 5. ʇʨʠ ʵʪʦʤ ʚʦʜʘ ʧʦʩʣʝ ʨʘʜʠʘʪʦʨʦʚ 2 ʯʝʨʝʟ ʚʝʥʪʠʣʴ ʧʦʧʘʜʘʝʪ ʚ ʢʦʪʝʣ 

ʧʦʜʦʛʨʝʚʘ 4. ʅʘʛʨʝʪʘʷ ʚ ʢʦʪʣʝ - ʧʦʜʦʛʨʝʚʘʪʝʣʝ ʚʦʜʘ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʥʘʩʦʩʦʤ 5 ʯʝʨʝʟ ʚʝʥʪʠʣʴ ʙ 

ʧʦʧʘʜʘʝʪ ʚ ʙʘʢ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʘʩʣʘ. ʇʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʤʘʩʣʦ ʠʟ ʙʘʢʘ ʚ ʢʘʨʪʝʨ ʦʙʨʘʪʥʦ ʚ ʙʘʢ 

ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 7 ʠ 8. ɻʦʨʷʯʘʷ ʚʦʜʘ ʮʠʨʢʫʣʠʨʫʷ ʧʦ ʟʤʝʝʚʠʢʫ ʥʘʛʨʝʚʘʝʪ ʤʘʩʣʦ ʚ 

ʙʘʢʝ ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʦʭʣʘʜʠʪʝʣʴ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ 9 ʧʦʩʪʫʧʘʝʪ ʚ ʜʠʟʝʣʴ 1. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ 5 ʧʠʪʘʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ (ʵʪʦ ʣʠʙʦ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ɸɹ, 

ʅʕʆ ʣʠʙʦ ʠʦʥʠʩʪʦʨ). ʂʦʪʝʣ - ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. ʇʨʠ ʟʘʧʫʰʝʥʥʦʤ 

ʜʠʟʝʣʝ ʚ ʙʘʢ ʭʨʘʥʝʥʠʷ ʤʘʩʣʘ ʧʦʩʪʫʧʘʝʪ ʦʭʣʘʞʜʸʥʥʘʷ ʚ ʨʘʜʠʘʪʦʨʘʭ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʦʭʣʘʞʜʘʝʪ ʤʘʩʣʦ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʂʆʄʇʃɽʂʉʅʓʁ ɸʅɸʃʀɿ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ʆɹʒɽʂʊʆɺ ɸʆ çʅʂ çפʊɾè ʅɸ 

ʆʉʅʆɺɽ ʕʅɽʈɻʆɸʋɼʀʊɸ 

 

ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʵʢʦʥʦʤʠʢʦʡ ʂʘʟʘʭʩʪʘʥʘ.  

ɺ ʥʘʯʘʣʝ ʜʝʢʘʙʨʷ 2011 ʛʦʜʘ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʂ ʧʨʠʥʷʣʦ ʂʦʤʧʣʝʢʩʥʳʡ ʧʣʘʥ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ 2012-2015 ʛʛ., ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ɻʣʘʚʦʡ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ 

ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘ 10% ʢ 2015 ʠ ʥʘ 25% ʢ 2020 ʛʦʜʘʤ. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʂʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʘ 13 ʷʥʚʘʨʷ 2012 ʛ ʙʳʣ ʧʨʠʥʷʪ ɿʘʢʦʥ ʈʂ çʆʙ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠè. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ɿʘʢʦʥʘ ʈʂ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠè: 
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-ʩʦʟʜʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʝʩʪʨʘ (ɻʕʈ) -2013ʛ; 

 ɺʢʘʯʝʩʪʚʝ ʩʫʙʲʝʢʪʦʚ ɻʕʈ ʚʦʰʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʠ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, 

ʧʦʪʨʝʙʣʷʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʚ ʦʙʲʝʤʝ, ʵʢʚʠʚʘʣʝʥʪʥʦʤ 1500 ʠ ʙʦʣʝʝ ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʛʦʜ, ʘ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʩʫʙʲʝʢʪʳ ʢʚʘʟʠʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ. 

- ʧʨʦʚʝʜʝʥʠʝ ʵʥʝʨʛʦʘʫʜʠʪʘʩʫʙʲʝʢʪʦʚ ɻʕʈ - ʜʦ ʠʶʣʷ 2015; 

- ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʘ ʥʘ ʩʫʙʲʝʢʪʘʭ ɻʕʈ - 2013-2020; 

- ʨʝʘʣʠʟʘʮʠʷ ʧʣʘʥʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ɻʕʈ - 

2013-2020. 

ʉʦʛʣʘʩʥʦ ʧ. 5. ʩʪʘʪʴʠ 16 ɿʘʢʦʥʘ ʉʫʙʲʝʢʪʳɻʕʈ,ʟʘʠʩʢʣʶʯʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ, ʦʙʷʟʘʥʳ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ ʩʦ ʜʥʷ ʚʚʝʜʝʥʠʷ ʝʛʦ ʚ ʜʝʡʩʪʚʠʝ ʧʦʣʫʯʠʪʴ ʟʘʢʣʶʯʝʥʠʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ. 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ 

ʦʢʘʟʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʩʫʙʲʝʢʪʘʤ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʶʪʩʷ 16 ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 5 ʦʪʨʘʩʣʝʚʳʭ ʧʣʘʥʦʚ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʚ ʧʝʨʝʯʝʥʴ ʩʫʙʲʝʢʪʦʚ ɻʕʈʚʥʝʩʝʥʦ 11712 ʩʫʙʲʝʢʪʘ. ɺ ʠʭ ʯʠʩʣʝ 727 

ʧʨʦʤʳʰʣʝʥʥʳʭ, 2938 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 8000 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʣʘʥʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʢʨʫʧʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦ ʠʪʦʛʘʤ ʵʥʝʨʛʦʘʫʜʠʪʦʚ,ʙʳʣʘ ʥʘʯʘʪʘ ʚ 2014 ʛʦʜʫ.  

ʆʩʥʦʚʥʳʝ ʧʫʥʢʪʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠʧʨʝʜʩʪʘʚʣʝʥʳçʇʠʨʘʤʠʜʦʡ ʄʘʩʣʦʫè. ʇʨʘʚʠʪʝʣʴʩʪʚʦ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦ ʠʪʦʛʘʤ 2012 ʠ 2013 ʛʦʜʦʚ ʩʦʟʜʘʣʦ ʶʨʠʜʠʯʝʩʢʫ  ʁʠ ʧʨʘʚʦʚʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʩʥʦʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʥʘʯʠʥʘʷ ʩ 2013 ʛʦʜʘ, ʧʨʠʩʪʫʧʠʣʠ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʦʢʦʤ ʥʘ 5 ʣʝʪ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʠʨʘʤʠʜʘ ʄʘʩʣʦʫ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʦʩʥʦʚʥʳʝ ʧʫʥʢʪʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ɺ ʂʘʟʘʭʩʪʘʥʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʘʫʜʠʪ ʧʨʦʚʦʜʠʪʩʷ ʵʥʝʨʛʦʩʝʨʚʠʩʥʳʤʠ ʠʣʠ ʢʦʥʩʘʣʪʠʥʛʦʚʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ, ʧʦʣʫʯʠʚʰʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙ ʘʢʢʨʝʜʠʪʘʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʚʠʜʫ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ. 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʅʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʘʥʠʷ çפʘʟʘץʩʪʘʥ ʪʝʤʽʨʞʦʣʳè (ɸʆ çʅʂ 

çפʊɾè) ʢʘʢ ʢʨʫʧʥʝʡʰʠʡ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʊʕʈ , ʫʯʠʪʳʚʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚʣʠʷʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ,ʨʘʟʨʘʙʦʪʘʣʦ ʠ ʧʨʠʥʷʣʦ 

ʕʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ 

ʙʝʟʫʩʣʦʚʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʫʛ ʧʦ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʠ ʩʦʭʨʘʥʝʥʠʠ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʦʤʧʘʥʠʠ. ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʙʳʣʘ ʧʝʨʝʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʢʦʤʧʘʥʠʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɿʘʢʦʥʘ ʈʂ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠè ʦʪ 13.01.2012 ʛ., ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʂ ʦʪ 11.09.2012.ʛ. ˉ 1179 

ʧʨʠ ɸʆ çʂʘʟʘʭʩʢʘʷ ʘʢʘʜʝʤʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘè (ɸʆ çʂʘʟɸʊʂ ʠʤ. 

ʄ. ʊʳʥʳʰʧʘʝʚʘè) ʩʦʟʜʘʥ ʋʯʝʙʥʳʡ ʮʝʥʪʨ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʥʘʥʠʡ (ʎʕʈɿ) ʜʣʷ 

ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʧʦ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʠ ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ɸʆ 

çʅʂ çפʊɾè ʠ ʩʪʦʨʦʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʵʥʝʨʛʦʘʫʜʠʪ ʠ (ʠʣʠ) ʵʢʩʧʝʨʪʠʟʫ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ, ʚʥʝʜʨʝʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʘ. ʇʨʠ 

ʢʘʬʝʜʨʝ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè ʩʦʟʜʘʥ ʎʝʥʪʨ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʥʘʥʠʡ, 

ʢʦʪʦʨʳʡ ʦʨʛʘʥʠʟʦʚʳʚʘʝʪ ʧʝʨʝʧʦʜʛʦʪʦʚʢʫ ʵʥʝʨʛʦʘʫʜʠʪʦʨʦʚ, ʢʦʦʨʜʠʥʠʨʫʝʪ 

ʨʘʙʦʪʫʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʣʘʜʝʶʱʠʭ ʤʝʪʦʜʘʤʠʠʥʘʚʳʢʘʤʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʥʝʨʛʦʘʫʜʠʪʘ, ʠʤʝʝʪʩʷ ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʝʨʝʯʝʥʴ ʧʨʠʙʦʨʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭɻʕʈ.ɺ 2014 ʛʦʜʫ 

ɸʆ çʂʘʟɸʊʂèʚ ʠʥʠʮʠʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝʩʦʙʩʪʚʝʥʥʳʤʠ ʩʠʣʘʤʠ ʧʨʦʚʝʣʘ ʚʥʫʪʨʝʥʥʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʛʣʘʚʥʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ (ɻʋʂ) ʂʘʟɸʊʂ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ 

ʧʦ ʇʨʦʛʨʘʤʤʝ çʇʘʩʩʠʚʥʳʡ ʜʦʤè. 

ʉʦʛʣʘʩʥʦ ɼʦʛʦʚʦʨʘ ˉ261 ʦʪ 11 ʠʶʣʷ 2014 ʛ. ʂʘʟʘʭʩʢʦʡ ʘʢʘʜʝʤʠʝʡ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʦʙʲʝʢʪʦʚ ɼʠʨʝʢʮʠʡ ʠ 

ɼʝʧʘʨʪʘʤʝʥʪʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʡ - ɸʆ çʅʂ çפʊɾè. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʯʘʩʪʴ ʠʤʝʶʱʝʛʦʩʷ ʧʦʪʝʥʮʠʘʣʘ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʠ ʬʠʥʘʥʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʘʩʧʦʨʪʘ ʦʙʲʝʢʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʥʘ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ɸʆ çʅʂ çפʊɾè  

ɼʠʨʝʢʮʠʡ: 

- ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ;  

- ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʡ. 

ɼʝʧʘʨʪʘʤʝʥʪʦʚ: 

- ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ;  

- ʧʫʪʠ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

- ʘʚʪʦʤʘʪʠʢʠ, ʪʝʣʝʤʝʭʘʥʠʢʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ; 

- ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ; 

- ʚʘʛʦʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʨʘʤʢʘʭ ʵʥʝʨʛʦʘʫʜʠʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷʦʩʥʦʚʥʳʤʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠʦʙʲʝʢʪʘʤʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʠʨʝʢʮʠʡ ʠ 

ʜʝʧʘʨʪʘʤʝʥʪʦʚɸʆ çʅʂ çפʊɾè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨʛʦʘʫʜʠʪʘ ʧʨʦʚʝʜʝʥ: 

-ʘʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ, ʪʝʧʣʦʚʘʷ) ʟʘ 2010-2013 ʛʦʜʳ;  

-ʜʝʪʘʣʴʥʦʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʩʝʭ ʩʠʩʪʝʤ ʩʥʘʙʞʝʥʠʷ (ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʦʧʣʠʚʦʩʥʘʙʞʝʥʠʷ, ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

54 

 

 

ʚʝʥʪʠʣʷʮʠʡ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʩʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ; 

-ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʕʈ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʥʦʟʦʚ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʚʚʦʜ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ) ʠ ʩʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʫʜʝʣʴʥʳʭ ʧʦʪʨʝʙʣʝʥʠʡ ʵʥʝʨʛʠʠ ʩ ʥʦʨʤʘʪʠʚʘʤʠ 

ʠ ʨʘʩʯʝʪʥʳʤ (ʪʝʦʨʝʪʠʯʝʩʢʠʤ); 
-ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʘʥʘʣʠʟ ʬʘʢʪʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ ʚ ʊʕʈ ʩ ʦʮʝʥʢʦʡ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚ ʢʘʞʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʚʳʷʚʣʝʥʳ ʧʫʪʠ ʵʢʦʥʦʤʠʠ ʊʕʈ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ, ʢʘʢ ʚ 

ʮʝʣʦʤ ʧʦ ʦʙʲʝʢʪʘʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, (ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ 

ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʊʕʈ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʠʩʪʦʯʥʠʢʦʚ ʩʥʘʙʞʝʥʠʷ 

ʊʕʈ, ʢʦʛʝʥʝʨʘʮʠʷ, ʫʪʠʣʠʟʘʮʠʷ ʠ ʪ.ʜ.).ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʣʷ ʘʥʘʣʠʟʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ (ʥʘʧʨʠʤʝʨ, ʚʦʜʳ) ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʭ 

ʩʪʦʠʤʦʩʪʴ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ.ʂʦʤʧʣʝʢʩʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʘʫʜʠʪ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʪʘʙʣʠʮʘ1) ʠ ʧʨʦʝʢʪʦʚ ʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ 

ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 
 

ʊʘʙʣʠʮʘ1 ï ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ 
 

ˉ

 

ʧ/

ʧ 

ɺʠʜ 

ʵʥʝʨʛʦʨʝʩʫʨʩʘ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝ 

ʥʠʷ 

ɿʘʪʨʘʪʳ 

ʪʳʩ. ʪʛ. 

ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʉʦʛʣʘʩʦʚʘʥ 

ʥʳʡ ʩʨʦʢ 

ʚʥʝʜʨʝʥʠʷ, 

ʢʚʘʨʪʘʣ, ʛʦʜ 

ʉʨʦʢ 

ʦʢʫʧʘʝ 

ʤʦʩʪʠ 

ʚ 

ʥʘʪʫʨʘʣʴ

ʥʦʤ 

ʚʳʨʘʞʝ 

ʥʠʠ 

ʚ ʩʪʦʠʤʦʩʪʥʦʤ 

ʚʳʨʘʞʝʥʠʠ, 

ʪʳʩ. ʪʛ. (ʧʦ 

ʪʘʨʠʬʫ) 

1 2 3 4 5 6 7 8 

1 
ʂʦʪʝʣʴʥʦ-

ʧʝʯʥʦʝ ʪʦʧʣʠʚʦ 
ʪ ʫ.ʪ. 1200,00 43,05 230,11 IV ʢʚ. 2016 ʛ. 5,21 

2 
ʊʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ 
ɻʢʘʣ 239207,54 10240,23 28876,66 IV ʢʚ. 2016 ʛ. 8,28 

3 
ʕʣʝʢʪʨʦʵʥʝʨ 

ʛʠʷ 
ʄɺʪĿʯ 98300,06 11587,90 119589,65 IV ʢʚ. 2016 ʛ. 0,82 

4 
ʄʦʪʦʨʥʦʝ 

ʪʦʧʣʠʚʦ 
ʪ, ʪʦʧʣʠʚʘ 90828,8 165,2 23985,4 IV ʢʚ. 2016 ʛ. 3,79 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʚʳʷʚʣʝʥ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʘʫʜʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʝʛʦ ʜʦʩʪʠʞʝʥʠʶ. ɺʳʷʚʣʝʥ ʧʦʪʝʥʮʠʘʣ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʜʠʨʝʢʮʠʷʤ ʠ ʜʝʧʘʨʪʘʤʝʥʪʘʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ɸʆ çʅʂ çפʊɾè (ʪʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ 2 ï ɺʳʷʚʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 
 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ, 

ʄɺʪĀʯ 

ʊʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ, 

ɻʢʘʣ 

ʊʦʧʣʠʚʦ 

(ʜʠʟ.ʪʦʧʣʠʚʦ, 

ʙʝʥʟʠʥ),ʪ 

1 ɼʝʧʘʨʪʘʤʝʥʪʫ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 1985,96 1123,52 61,23 

2 ɼʝʧʘʨʪʘʤʝʥʪʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 20,35 16,19 3,7 

3 ɼʝʧʘʨʪʘʤʝʥʪ ʧʫʪʠ ʠ ʩʦʦʨʫʞʝʥʠʡ 179,16 102,47 5,9 

4 ɼʝʧʘʨʪʘʤʝʥʪ ʘʚʪʦʤʘʪʠʢʠ,ʪʝʣʝʤʝʭʘʥʠʢʠ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ 

2403,15 542,07 20,0 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

55 

 

 

5 ɼʝʧʘʨʪʘʤʝʥʪ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ 6295,18 463,64 45,16 

6 ɼʝʧʘʨʪʘʤʝʥʪ ʚʘʛʦʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 684,86 420,38 29,3 

7 ʎɸɿ 19,192 7571,95  

8 ɺʩʝʛʦ ʧʦ  11587,90 10240,22 165,29 

 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʨʝʘʣʠʟʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʩʨʝʜʥʝʤ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʣʝʪ, 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʥʘ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʝ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʤʝʨʦʧʨʠʷʪʠʷ ʩ ʥʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʦʢʫʧʘʝʤʦʩʪʠ, 

ʧʨʠʯʸʤ, ʧʨʠ ʦʪʢʘʟʝ ʧʨʦʠʟʚʦʜʠʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʚʥʝʜʨʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʜʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʠʟʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʨʳʥʢʘ ʥʘ ʥʘʣʠʯʠʝ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʦʟʤʦʞʥʦ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʠʨʤ-

ʠʟʛʦʪʦʚʠʪʝʣʝʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʦʙʥʦʚʣʝʥʠʶ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʂʦʤʧʘʥʠʠ, ʥʦʩʷʪ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʢ ʠʩʧʦʣʥʝʥʠʶ ʥʝ ʷʚʣʷʶʪʩʷ. ʉʨʦʢ ʚʳʧʦʣʥʝʥʠʷ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʟʘʢʣʶʯʝʥʠʠ ï 4 ʢʚʘʨʪʘʣ 2016 ʛ. ï ʷʚʣʷʝʪʩʷ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʤ ʠ ʤʦʞʝʪ ʩʜʚʠʛʘʪʴʩʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʥʘʥʩʦʚʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ɸʆ çʅʂ çפʊɾè.  

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʆʪʯʝʪ ʦʙ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʬʠʣʠʘʣʦʚ ɸʆ çʅʂ çפʊɾè,çɼʠʨʝʢʮʠʷ 

ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘè. - ɸʣʤʘʪʳ, ʂʘʟɸʊʂ. -2014. 

 2. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ɺ.ɸ. 

ɻʘʧʘʥʦʚʠʯ, ɺ.ɼ. ɸʚʠʣʦʚ, ɹ.ɸ. ɸʨʞʘʥʥʠʢʦʚ [ʠ ʜʨ.]; ʧʦʜ ʨʝʜ. ɺ.ɸ. ɻʘʧʘʥʦʚʠʯʘ. - ʄ.: ʀʟʜ. ɼʦʤ 

ʄʀʉʠʉ, 2012.-620 ʩ. 

 

 
ʍʫʩʘʠʥʦʚ ɹ.ʅ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɸʩʢʘʥʙʘʡ ɻ.ʊ. ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɸʃɻʆʈʀʊʄ ʆʇʈɽɼɽʃɽʅʀʗ ɺʓʍʆɼʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʀʅʊɽɻʈʀʈʋʖʑʀʍ ʀ 

ɼʀʌʌɽʈɽʅʎʀʈʋʖʑʀʍ ɿɺɽʅʔɽɺ ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʀʄʇʋʃʔʉʅʓʍ 

ʅɸʇʈʗɾɽʅʀʁ 

 

ʀʥʪʝʛʨʠʨʫʶʱʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʝ ʟʚʝʥʴʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʮʝʧʷʭ ʘʚʪʦʤʘʪʠʢʠ, ʪʝʣʝʤʝʭʘʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʚʷʟʠ. ʂ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʮʝʧʷʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ ʩʚʦʜʷʪʩʷ ʤʥʦʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʟʚʝʥʴʝʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʢʪʫʘʣʴʥʦʡ 

ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʮʝʧʝʡ ʘʚʪʦʤʘʪʠʢʠ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ. 

ɼʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʷʚʣʷʝʪʩʷ MathCAD. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ MathCAD, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʟʚʝʥʴʝʚ, 

ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʟʘʜʘʥʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠ ʠʤʝʶʱʝʡ ʚ ʪʦʯʢʘʭ ʩʪʳʢʘ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʨʳʚʳ 

ʧʝʨʚʦʛʦ ʨʦʜʘ. ɺ ʩʣʫʯʘʝ ʫʢʘʟʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʮʝʧʴ ʝʸ ʨʝʘʢʮʠʷ (ʥʝʢʦʪʦʨʳʡ ʪʦʢ ʠʣʠ 

ʥʘʧʨʷʞʝʥʠʝ) ʥʘʭʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ /1/. 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ (ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ) ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʝʝ ʚʨʝʤʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ, ʠ ʬʦʨʤʫʣʘ ʧʝʨʝʭʦʜʥʦʡ ʬʫʥʢʮʠʠ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ. 
 

ʊʠʧ ʟʚʝʥʘ ʇʝʨʝʭʦʜʥʘʷ ʬʫʥʢʮʠʷ 

ʀʥʪʝʛʨʠʨʫʶʱʝʝ ʟʚʝʥʦ 

 

 

 

 

 

ɼʠʬʬʝʨʝʥʮʠʨʫʶʱʝʝ ʟʚʝʥʦ 

 

 

 

 

 

 

ɸʃɻʆʈʀʊʄ 

 

ʈʘʩʯʝʪʘ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ ʟʚʝʥʘ. 
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ɺʳʚʦʜʳ: 

1. ɺ ʩʨʝʜʝ MathCAD ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʟʚʝʥʴʝʚ ʧʨʠ 

ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʟʘʜʘʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. 

3. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʚʝʥʴʝʚ ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʢʦʨʠʪʴ 

ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ. 

4. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ɹʘʢʘʣʦʚ ɺ.ʇ., ɼʤʠʪʨʠʢʦʚ ʀ.ʌ., ʂʨʫʢ ɹ.ʀ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʮʝʧʝʡ. - ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 

2000. 
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ʂʘʤʙʘʨʦʚ ʄ.ʅ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ʉʘʜʳץʙʝʢ ʊ.ᴄ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɾʫʤʘʪʦʚʘ ɸ.ɸ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʇʆɺʓʐɽʅʀɽ ʄʆʑʅʆʉʊʀ ʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʂʈʋʇʅʓʍ ɺɽʊʈʆʊʋʈɹʀʅ 

 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦ ʩʭʝʤʝ ʫʩʪʨʦʡʩʪʚʘ 

ʚʝʪʨʦʢʦʣʝʩʘ ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʶ ʚ ʧʦʪʦʢʝ ʚʝʪʨʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʢʣʘʩʩʘ. 

ʇʝʨʚʳʡ ʢʣʘʩʩ ʚʢʣʶʯʘʝʪ ʚʝʪʨʦʜʚʠʛʘʪʝʣʠ, ʫ ʢʦʪʦʨʳʭ ʚʝʪʨʦʚʦʝ ʢʦʣʝʩʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʣʦʩʢʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ. 

ʊʘʢʠʝ ʚʝʪʨʦʜʚʠʛʘʪʝʣʠ ʥʘʟʳʚʘʶʪʩʷ ʢʨʳʣʴʯʘʪʳʤʠ. 

ʊʠʧʳ ʢʨʳʣʴʯʘʪʳʭ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʧʘʩʪʝʡ. 

ʂʦ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ 

ʚʝʪʨʦʚʦʛʦ ʢʦʣʝʩʘ. ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʝ ʦʥʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʛʨʫʧʧʳ: 

- ʢʘʨʫʩʝʣʴʥʳʝ, ʫ ʢʦʪʦʨʳʭ ʥʝʨʘʙʦʯʠʝ ʣʦʧʘʩʪʠ ʣʠʙʦ ʧʨʠʢʨʳʚʘʶʪʩʷ ʰʠʨʤʦʡ, ʣʠʙʦ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʨʝʙʨʦʤ ʧʨʦʪʠʚ ʚʝʪʨʘ; 

- ʨʦʪʦʨʥʳʝ ʚʝʪʨʦʜʚʠʛʘʪʝʣʠ ʩʠʩʪʝʤʳ ʉʘʚʦʥʠʫʩʘ. 

ʂ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʚʝʪʨʦʜʚʠʛʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʚʦʜʷʥʦʛʦ 

ʤʝʣʴʥʠʯʥʦʛʦ ʢʦʣʝʩʘ ʠ ʥʘʟʳʚʘʝʤʳʝ ʙʘʨʘʙʘʥʥʳʤʠ. ʋ ʵʪʠʭ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʩʴ ʚʨʘʱʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ. 

ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʢʘʨʫʩʝʣʴʥʳʭ ʠ ʙʘʨʘʙʘʥʥʳʭ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚʳʪʝʢʘʶʪ ʠʟ ʩʘʤʦʛʦ 

ʧʨʠʥʮʠʧʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʪʨʦʢʦʣʝʩʘ ʚ ʧʦʪʦʢʝ ʚʝʪʨʘ, ʘ ʠʤʝʥʥʦ: 

- ʪʘʢ ʢʘʢ ʨʘʙʦʯʠʝ ʣʦʧʘʩʪʠ ʢʦʣʝʩʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʝ ʣʦʧʘʩʪʠ, ʘ ʧʦʦʯʝʨʸʜʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʞʜʘʷ 

ʣʦʧʘʩʪʴ ʠʩʧʳʪʳʚʘʝʪ ʧʨʝʨʳʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʧʦʣʫʯʘʝʪʩʷ 

ʚʝʩʴʤʘ ʥʠʟʢʠʤ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

- ʜʚʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʪʨʦʢʦʣʝʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʪʴ ʙʦʣʴʰʠʝ 

ʦʙʦʨʦʪʳ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʙʳʩʪʨʝʝ ʚʝʪʨʘ. 

- ʨʘʟʤʝʨʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʯʘʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʦʤʝʪʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ) ʤʘʣʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʩʘʤʦʛʦ ʢʦʣʝʩʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʚʝʩ, ʦʪʥʝʩʸʥʥʳʡ ʢ 

ʝʜʠʥʠʮʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠʚʝʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʋ ʨʦʪʦʨʥʳʭ ʚʝʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʉʘʚʦʥʠʫʩʘ ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʚʝʪʨʘ18%. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʝʪʩʷ ʥʝ ʤʝʥʝʝ 10 ʨʘʡʦʥʦʚ ʩ ʙʦʣʴʰʠʤ ʚʝʪʨʦʧʦʪʝʥʮʠʘʣʦʤ, ʩʦ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ 8-10 ʤ/ʩ., ʪʦʛʜʘ ʢʘʢ ʝʚʨʦʧʝʡʩʢʠʝ ʚʝʪʨʦʩʪʘʥʮʠʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 4-

5 ʤ/ʩ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʷʚʣʷʶʪʩʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʟʦʥʳ 

ɼʞʫʥʛʘʨʩʢʠʭ ʚʦʨʦʪ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʞʛʦʨʥʫʶ ʜʦʣʠʥʫ ʜʣʠʥʦʡ 10 ʢʤ ʠ ʰʠʨʠʥʦʡ 15 ʢʤ. 

ʉʠʣʴʥʳʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʙʫʨʠ ʯʘʱʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʭʦʣʦʜʥʳʝ ʧʝʨʠʦʜʳ ʛʦʜʘ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʙʫʨʴ ʩʦʩʪʘʚʣʷʝʪ 50-80 ʯʘʩʦʚ, ʜʦʩʪʠʛʘʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 200-

250 ʯʘʩʦʚ. 

ɺ ʧʦʩʝʣʢʝ ɹʫʨʥʳʡ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʏʘʢʧʘʢʩʢʦʤ ʚʝʪʨʦʢʦʨʠʜʦʨʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ ʥʝ ʤʝʥʝʝ 24 ʤ/ʩʝʢ., ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʝʨʠʶ ʚʝʪʨʦʩʪʘʥʮʠʡ ʥʘ 5 ʤʝʛʘʚʘʪʪ. ɸ ʪʘʢʞʝ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʡʦʥʝ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʨʘʡʦʥ ʂʘʨʘʪʘʫʩʢʠʭ ʛʦʨ (ʂʘʨʘʪʘʫ-ʋʛʘʤʩʢʠʭ ʚʦʨʦʪ). 

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʠʠ 

ʚʝʪʨʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʢʦʣʦ 3 ʤʣʨʜ. ʢɺʪ-ʯ ʚ ʛʦʜ. ɹʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʵʪʦʤ 

ʦʙʫʩʣʦʚʣʝʥʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʂʘʟʘʭʩʪʘʥʘ, ʣʝʞʘʱʠʤ ʚ ʚʝʪʨʦʚʦʤ ʧʦʷʩʝ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ ɿʝʤʣʠ. 
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ʉʨʝʜʥʠʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʣʠ ʫʜʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʚʳʷʚʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʧʫʪʝʤ ʥʝʩʣʦʞʥʳʭ ʨʘʩʯʝʪʦʚ ʚʳʷʚʠʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʘʚʪʦʥʦʤʥʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ. 

ʇʝʨʚʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ-

ʘʢʫʤʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʜʚʠʛʘʪʝʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʥʘʛʨʝʚʘʪʝʣʠ, ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʣʝʢʪʨʦʣʠʟʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ ʥʝʧʦʩʪʦʷʥʥʦʝ. 

ɺʪʦʨʘʷ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʠʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʥʘʛʨʝʚʘ, ʪ.ʝ. ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʣʴʢʦ ʪʝʧʣʘ ʠ ʝʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ. 

ʊʨʝʪʴʷ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʚʳʧʨʷʤʠʪʝʣʴ, ʙʫʬʝʨʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ. 

ɺʦ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʦʪʦʨ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʚʨʘʱʘʝʪʩʷ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʯʘʩʪʦʪʦʡ. ʕʪʠ ʩʭʝʤʳ ʠ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʪʨʝʭ ʩʭʝʤ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʨʘʡʦʥʘʭ, ʨʘʩʧʦʣʘʛʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʠʩʧʳʪʳʚʘʶʱʠʭ ʥʝʜʦʩʪʘʪʦʢ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʦʧʣʠʚʥʳʭ 

ʨʝʩʫʨʩʘʭ. 

ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʠʚʦʜʘ ʩʚʦʜʷʪʩʷ ʢ ʜʚʫʤ ʛʨʫʧʧʘʤ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʩʭʝʤʘʭ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʦʣʫʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʜʫʢʪʦʨʦʚ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ (ʚʘʨʠʘʪʦʨʳ), ʫʩʪʨʦʡʩʪʚ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ 

ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʠʪʘʥʠʷ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʩ ʯʘʩʪʦʪʦʡ ʩʢʦʣʴʞʝʥʠʷ, 

ʨʘʚʥʦʡ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʯʘʩʪʦʪʳ ʥʘʧʨʷʞʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʥʘ 

ʢʦʪʦʨʫʶ ʨʘʙʦʪʘʝʪ ʛʝʥʝʨʘʪʦʨ [2]. 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʈʂ ʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʇʨʦʛʨʘʤʤʳ-2050 ʧʨʦʠʟʚʦʜʠʪʴ ʢ ʵʪʦʤʫ ʩʨʦʢʫ 50% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʵ\ʵ) ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ ʩʪʨʘʥʳ ʥʫʞʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʦʱʥʳʝ ʚʝʪʨʦʪʫʨʙʠʥʳ ʜʣʷ ʚʝʪʨʷʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɺʕʉ). ʌʠʨʤ ʧʨʦʠʟʚʦʜʷʱʠʭ ʪʘʢʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ɺʊ ʜʝʩʷʪʢʠĚ ʥʦ ʚ ʈʂ ʦʥʠ ʥʝ 

ʧʨʦʠʟʚʦʜʷʪʩʷ. ʀ ʵʪʦ ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʦʪʩʪʘʚʘʥʠʷ ʩʪʨʘʥʳ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʞʝ ʪʝʨʨʠʪʦʨʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʚʝʪʨʦʚ ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʳʭ ɺʕʉ ʩ ʠʟʙʳʪʢʦʤ. 

ʂʨʠʪʝʨʠʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʚʝʪʨʦʪʫʨʙʠʥ ʜʣʷ ɺʕʉ ʷʚʣʷʶʪʩʷ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ (ʧʨʠʭʦʜʷʱʘʷʩʷ 

ʥʘ 1 ʢɺʪ ʝʝ ʤʦʱʥʦʩʪʠ) ʠ ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʤʠʨʝ 

ʚʝʪʨʦʪʫʨʙʠʥʳ ʜʣʷ ɺʕʉ - ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʚʝʪʨʦʪʫʨʙʠʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤʠ 

ʙʘʰʥʷʤʠ, ʜʣʠʥʥʳʤʠ ʪʦʥʢʠʤʠ ʣʦʧʘʩʪʷʤʠ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʥʠ ʠʤʝʶʪ 

ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʢ.ʧ.ʜ. (ʥʠʞʝ 30%), ʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʚ ʇɺʕ - ʧʦʨʷʜʢʘ 60%. 

ɺ ʠʥʜʫʩʪʨʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʪʨʦʪʫʨʙʠʥ ʩʪʨʝʤʷʩʴ ʩʥʠʟʠʪʴ ʠʭ ʫʜʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʶʪ ʠʭ ʤʦʱʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʜʦʩʪʠʛʘʶʪ 5-10 ʄɺʪ. ʅʦ ʧʨʠ ʵʪʦʤ ʬʠʨʤʳ ʠʜʫʪ 

ʧʦ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʫʩʦʚ ʣʦʧʘʩʪʝʡ, ʚ ʚʠʜʫ ʯʝʛʦ ʛʘʙʘʨʠʪʳ ʙʘʰʥʠ ʚʝʪʨʦʪʫʨʙʠʥ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 

150 ʤ ʚ ʚʳʩʦʪʫ, ʘ ʨʘʜʠʫʩʳ ʣʦʧʘʩʪʝʡ - ʜʦ 100ʤ. ʂʦʥʝʯʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʧʦʟʚʦʣʠʪʴ ʵʪʦ, ʥʦ ʧʦʜʲʝʤʥʘʷ ʪʝʭʥʠʢʘ ʧʨʠ ʤʦʥʪʘʞʝ ʚʝʪʨʦʪʫʨʙʠʥʳ ʥʘ ɺʕʉ 

ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʝʜʝʣʝ, ʠ ʫʞʝ ʧʨʠʤʝʥʷʶʪ ʚʝʨʪʦʣʝʪʳ. ʕʪʦ ʨʝʟʢʦ ʫʜʦʨʦʞʘʝʪ ʠʭ ʩʪʦʠʤʦʩʪʴ. 

ʉ ʧʦʟʠʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʵʪʠ ʚʝʪʨʦʪʫʨʙʠʥʳ, ʪʘʢʞʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ. ʀʭ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʛʣʘʚʥʳʡ ʚʘʣ, ʣʦʧʘʩʪʠ, ʙʘʰʥʷ ʠʤʝʶʪ ʢʦʥʩʦʣʴʥʳʡ ʪʠʧ 

ʟʘʢʨʝʧʣʝʥʠʷ, ʪ.ʝ. ʦʜʠʥ ʢʦʥʝʮ ʟʘʢʨʝʧʣʝʥ, ʘ ʚʪʦʨʦʡ - ʩʚʦʙʦʜʝʥ. ʊʘʢ, ʛʣʘʚʥʳʡ ʚʘʣ ʠʤʝʝʪ ʦʜʥʦ 

ʚʳʭʦʜʥʦʝ ʧʦʜʰʠʧʥʠʢʦʚʦʝ ʛʥʝʟʜʦ, ʣʦʧʘʩʪʠ ʚʝʪʨʦʪʫʨʙʠʥʳ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʚʘʣʫ ʪʘʢʞʝ ʦʜʥʠʤ 

ʢʦʥʮʦʤ, ʙʘʰʥʷ ʟʘʢʨʝʧʣʝʥʘ ʢ ʬʫʥʜʘʤʝʥʪʫ ʚʝʪʨʦʪʫʨʙʠʥ ʫ ʦʩʥʦʚʘʥʠʷ, ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʙʘʰʥʠ 

(ʜʠʘʤʝʪʨʦʤ 2-3ʤ ) ʚʳʩʦʢʦ (ʜʦ 100 ʤ ʠ ʙʦʣʝʝ) ʫʩʪʘʥʦʚʣʝʥʘ ʪʷʞʝʣʘʷ ʛʦʥʜʦʣʘ. ʀ ʵʪʠ ʚʝʪʨʦʪʫʨʙʠʥʳ 

ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʥʦʩʪʠ ʖʛʘ ʨʝʩʧʫʙʣʠʢʠ. ʇʨʠ ʩʠʣʴʥʳʭ ʚʝʪʨʘʭ ʈʂ ʩ ʨʝʟʢʠʤʠ 
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ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʧʦʨʳʚʘʤʠ ʫʢʘʟʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ 

ʧʦʜʚʝʨʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤ ʨʠʩʢʘʤ ʧʦʣʦʤʢʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʪʨʦʪʫʨʙʠʥ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʦʪ 

ʵʥʝʨʛʦʧʦʪʝʥʮʠʘʣʘ ʚʝʪʨʦʚ ʨʝʛʠʦʥʦʚ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʛʨʦʤʦʟʜʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʪʨʦʪʫʨʙʠʥ (ʙʘʰʝʥ, ʣʦʧʘʩʪʝʡ, ʛʦʥʜʦʣ) ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʚ ʈʂ, ʠʭ ʤʦʥʪʘʞ, ʪʨʝʙʫʶʱʠʡ 

ʤʦʱʥʳʭ ʧʦʜʲʝʤʥʳʭ ʢʨʘʥʦʚ ʩ ʜʣʠʥʥʳʤʠ (ʜʦ ʩʦʪʥʠ ʤʝʪʨʦʚ) ʩʪʨʝʣʘʤʠ. ɺ ʚʠʜʫ ʦʪʤʝʯʝʥʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʫ ʥʝ ʞʝʣʘʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʠʤʧʦʨʪ ʪʘʢʠʭ ʚʝʪʨʦʪʫʨʙʠʥ. ʉʣʝʜʫʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʪʨʦʪʫʨʙʠʥ ʢ ʚʝʪʨʘʤ ʈʂ, ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʞʝʩʪʢʦʩʪʴ, ʧʦʚʳʰʘʪʴ ʢ.ʧ.ʜ., ʧʨʦʠʟʚʦʜʠʪʴ ʚ 

ʨʝʩʧʫʙʣʠʢʝ. 

ʇʦʜʲʝʤʥʘ ̫ʩʠʣʘ ʣʦʧʘʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢ ʝʝ ʧʣʦʱʘʜʠ. ʇʦʩʣʝʜʥʠʝ ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʢʘʢ ʟʘ ʩʯʝʪ ʨʘʜʠʫʩʦʚ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʰʠʨʠʥʳ ʣʦʧʘʩʪʝʡ. ʐʠʨʦʢʠʝ ʣʦʧʘʩʪʠ ʠʤʝʶʪ ʙʦʣʝʝ ʧʦʚʳʰʝʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʦ ʠʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʣʝʜʥʠʭ. ʕʪʦ 

ʫʧʠʨʘʝʪʩʷ ʚ ʧʨʦʙʣʝʤʫ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥ ʛʣʘʚʥʦʛʦ ʚʘʣʘ ʚʝʪʨʦʪʫʨʙʠʥʳ ʧʦʜ ʢʦʤʣʝʚʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʣʦʧʘʩʪʠ. ʊʦʛʜʘ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʢʦʥʩʦʣʴʥʦʩʪʠ ʚʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʦʜʥʦ 

ʧʦʜʰʠʧʥʠʢʦʚʦʝ ʛʥʝʟʜʦ ʜʣʷ ʝʛʦ ʚʪʦʨʦʛʦ ʢʦʥʮʘ, ʪʦ ʝʩʪʴ ʜʣʷ ʚʝʪʨʦʪʫʨʙʠʥ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʚʪʦʨʫʶ 

ʦʧʦʨʫ, ʠ ʪʦʛʜʘ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʠʝ ʣʦʧʘʩʪʠ (ʨʠʩ. 1) . ʕʪʦ ʧʨʝʜʣʦʞʝʥʦ ʂʘʤʙʘʨʦʚʳʤ 

ʄ.ʅ. ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʪʨʦʪʫʨʙʠʥʳ ʤʦʱʥʦʩʪʴʶ ʚ 1 ʄɺʪ [1, 2] ʩ ʜʨʫʛʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʚʝʪʨʦʪʫʨʙʠʥʘʤʠ 

 

ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʰʠʨʠʥʳ ʣʦʧʘʩʪʠ ʚ 5 ʨʘʟ, ʨʘʜʠʫʩ ʣʦʧʘʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʣʦʱʘʜʠ, ʘ ʚʳʩʦʪʘ ʦʧʦʨ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʨʘʱʝʥʠʝ ʣʦʧʘʩʪʝʡ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ. ʆʧʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʣʦʩʢʠʤʠ V ʦʙʨʘʟʥʳʤʠ. ʉʘʤʘ ʚʝʪʨʦʪʫʨʙʠʥʳ ʧʨʠʥʠʤʘʝʪ 

ʢʦʤʧʘʢʪʥʳʡ ʚʠʜ (ʨʠʩ. 1), ʘ ʝʝ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʢʦʤʫʶ ʞʝʩʪʢʦʩʪʴ. 

ʆʙʨʘʪʠʤʩʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʣʦʧʘʩʪʝʡ ɺʊ. ʆʥʠ ʠʤʝʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, ʪʦ ʝʩʪʴ 

ʚʳʪʷʥʫʪʫʶ ʟʘʤʢʥʫʪʫʶ ʬʠʛʫʨʫ (ʨʠʩ. 2). ʀʭ ʥʠʞʥʷʷ ʯʘʩʪʴ (ʧʦʚʝʨʭʥʦʩʪʴ) ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʜʣʠʥʫ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʘʷ, ʘ ʚʝʨʭʥʷʷ - ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʟʘ ʩʯʝʪ ʚʳʧʫʢʣʦʩʪʠ ʝʝ ʬʦʨʤʳ. ʇʨʦʬʠʣʴ ʣʦʧʘʩʪʠ 

ʪʦʣʱʝ ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʫ ʝʝ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʠ ʪʦʥʴʰʝ ʥʘ ʩʭʦʜʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩ 
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ʥʝʝ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʦʙʪʝʢʘʥʠʷ ʚʦʟʜʫʭʦʤ ʧʦ ʫʜʣʠʥʝʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʪʝʢʘʥʠʝʤ ʧʦ ʢʦʨʦʪʢʦʡ (ʥʠʞʥʝʡ). ʇʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʝ, ʠ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʡ ʧʣʦʩʢʦʩʪʝʡ ʚʦʟʥʠʢʘʶʪ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ, ʪʦ ʝʩʪʴ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ (ʇʉ). ʇʨʠ ʵʪʦʤ ʧʨʦʬʠʣʴ ʣʦʧʘʩʪʠ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʣʘʤʠʥʘʨʥʦʩʪʴ ʠ ʥʝʨʘʟʨʳʚʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠ ʝʝ ʦʙʪʝʢʘʥʠʠ ʚʦʟʜʫʭʦʤ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʦʬʠʣʴ ʣʦʧʘʩʪʠ ɺʊ 

 

ʊʦʛʜʘ ʫʚʝʣʠʯʠʚʘʪʴ ʇʉ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʫʪʷʤʠ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʣʦʧʘʩʪʠ, 

(ʠʭ ʢ.ʧ.ʜ. ʚʳʰʝ), ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʫʯʘʩʪʢʘ ʩʝʯʝʥʠʷ ʣʦʧʘʩʪʠ, ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʳʭ ʜʚʫʭ 

ʅʦ ʵʪʠ ʧʫʪʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʦ ʰʠʨʠʥʝ ʣʦʧʘʩʪʠ - ʠʟ-ʟʘ ʜʣʠʥʳ ʚʘʣʘ, ʘ ʧʦ ʪʦʣʱʠʥʝ - ʠʟ-

ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʩʨʳʚʘ ʣʘʤʠʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʩʪʠ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʇʉ ʣʦʧʘʩʪʝʡ ɺʊ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʣʦʧʘʩʪʷʭ ʤʦʱʥʳʭ ɺʊ ʚ ʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʨʘʙʦʪʳ 

ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

- ʣʦʧʘʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ɺʊ ʥʘ ɺʕʉ ʠʤʝʶʪ ʫʚʝʣʠʯʝʥʥʳʝ ʨʘʜʠʫʩʳ ʜʦʭʦʜʷʱʠʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. 

- ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʣʦʧʘʩʪʠ ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ 

ʣʘʤʠʥʘʨʥʳʤʠ, ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʴʰʠʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʷʚʣʝʥʠʷ 

- ʚ ʦʪʢʨʳʪʦʤ ʧʦʪʦʢʝ ʥʘʙʣʶʜʘʶʪʩʷ ʯʘʩʪʳʝ ʧʦʨʳʚʳ ʚʝʪʨʘ ʜʦʩʪʠʛʘʶʱʠʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ ʦʪ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

ʇʨʠ ʠʩʯʝʨʧʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʠ ʪʦʣʱʠʥʳ ʣʦʧʘʩʪʠ, ʥʫʞʥʦ 

ʠʟʳʩʢʠʚʘʪʴ ʜʨʫʛʠʝ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʇʉ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʚʝʨʭʥʝʡ (ʚʳʧʫʢʣʦʡ) 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ï ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʧʨʦʙʝʛʘ 

ʚʦʟʜʫʭʘ ʧʦ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʝʶʪʩʷ [3]. 

ʋ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʣʦʧʘʩʪʠ ɺʊ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʪʦʣʱʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʫ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʠ. ɼʘʣʝʝ ʠʜʝʪ ʧʣʘʚʥʦʝ ʫʪʦʥʯʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦ ʦʩʪʘʚʰʠʤʩʷ 80 -70% ʧʫʪʠ ʢ ʟʘʜʥʝʡ ʢʨʦʤʢʝ. 

ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʥʝʤ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʫʪʦʣʱʝʥʠʡ ʩ 

ʪʝʤ, ʯʪʦʙʳ ʧʫʪʴ ʧʨʦʙʝʛʘ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʣʩʷ (ʨʠʩ.4.). ʅʦ ʧʨʠ ʵʪʦʤ ʚ ʮʝʣʦʤ ʣʘʤʠʥʘʨʥʦʩʪʴ 

ʦʙʪʝʢʘʥʠʷ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʜʦʣʞʥʘ ʥʘʨʫʰʘʪʴʩʷ. ʏʝʤ ʰʠʨʝ ʣʦʧʘʩʪʴ, ʪʝʤ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʫʪʦʣʱʝʥʠʡ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ, ʠ ʪʝʤ ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʇʉ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ. ʅʘ ʨʠʩʫʥʢʝ 4 ʩʚʝʪʣʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ ʥʘʯʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʚʝʪʨʦʪʫʨʙʠʥʳ, 

ʣʦʢʘʣʴʥʳʝ.ʫʪʦʣʱʝʥʠʷ ʚʳʜʝʣʝʥʳ ʪʝʤʥʳʤ ʮʚʝʪʦʤ. 

ʅʦ ʫʚʝʣʠʯʠʚʘʪʴ ʪʦʣʱʠʥʫ ʧʨʦʬʠʣʷ ʥʝʚʦʟʤʦʞʥʦ, ʠʤʝʝʪʩʷ ʧʨʝʜʝʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʝʛʘʶʱʠʡ 

ʧʦʪʦʢ ʫʞʝ ʙʫʜʝʪ ʩʨʳʚʘʪʴʩʷ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʠ ʵʪʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʦʣʱʠʥʝ ʧʨʦʬʠʣʷ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʳʧʫʢʣʦʡ (ʚʝʨʭʥʝʡ) ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʘʤ. ʅʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʦʥʢʠʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʙʘʨʴʝʨʳ, ʥʘʯʠʥʘʷ ʦʪ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʣʦʧʘʩʪʠ ʠ ʢʦʥʯʘʷ ʫ 

ʟʘʜʥʝʡ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʧʨʦʭʦʜʷʱʝʛʦ ʧʦ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʧʘʩʪʠ ʥʘ ʨʷʜ ʤʝʥʴʰʠʭ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ. ʕʪʠ ʙʘʨʴʝʨʳ ʥʝ ʧʨʷʤʦʣʠʥʝʡʥʳʝ, ʠʤʝʶʪ ʢʨʠʚʫʶ ʬʦʨʤʫ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʫ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳ 

ʧʨʦʭʦʜʠʪʴ ʧʦʪʦʢʠ ʚʦʟʜʫʭʘ, ʝʩʣʠ ʙʳ ʠʭ ʥʝ ʙʳʣʦ. ʊʝʧʝʨʴ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʙʫʜʝʪ 

ʧʨʦʭʦʜʠʪʴ ʧʦ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ, ʥʦ ʪʦʣʴʢʦ ʤʝʞʜʫ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʙʘʨʴʝʨʘʤʠ, ʠ ʧʫʪʴ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʣʠʥʷʝʪʩʷ. ɸ ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʠ 

ʝʱʝ ʙʦʣʝʝ ʧʦʥʠʞʘʝʪ ʟʜʝʩʴ ʜʘʚʣʝʥʠʝ. ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʇʉ. ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʳ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʣʦʧʘʩʪʠ 1, ʚʠʜ ʩʚʝʨʭʫ ʣʦʧʘʩʪʠ ʩ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʤʠ ʙʘʨʴʝʨʘʤʠ 2 ʠʤʝʶʱʠʤʠ ʠʟʛʠʙʳ. 
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ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʫʯʘʩʪʢʦʤ, ʛʜʝ ʣʘʤʠʥʘʨʥʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʩʦʨʚʘʪʴʩʷ - ʵʪʦ 

ʫʪʦʣʱʝʥʥʘʷ ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʝʛʦ ʚʦʟʜʫʭ ʤʦʞʝʪ ʧʨʠ ʪʦʣʩʪʦʤ ʧʨʦʬʠʣʝ 

ʦʪʦʨʚʘʪʴʩʷ ʦʪ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʢʨʳʪʴ ʙʘʨʴʝʨʳ ʩʚʝʨʭʫ 

ʥʘʩʪʠʣʦʤ, ʧʨʠʞʠʤʘʶʱʠʤ ʚʦʟʜʫʭ ʢ ʧʣʦʩʢʦʩʪʠ ʧʨʦʬʠʣʷ ʤʝʞʜʫ ʙʘʨʴʝʨʘʤʠ, ʕʪʠʤ ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʘʤʠʥʠʨʠʟʘʮʠʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

 
ʈʠʩʫʥʦʢ 5 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʣʦʧʘʩʪʠ 1, ʚʠʜ ʩʚʝʨʭʫ ʣʦʧʘʩʪʠ ʩ ʨʘʟʜʝʣʠʪʝʣʴʥʳʤʠ 

ʙʘʨʴʝʨʘʤʠ 2, ʠʤʝʶɦʠʤʠ ʠʟʛʠʙʳ 

 

ɺ ʠʪʦʛʝ, ʫʚʝʣʠʯʝʥʠʝ ʇʉ ʣʦʧʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ - ʚʝʨʪʠʢʘʣʴʥʦʤ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʨʦʬʠʣʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ - ʟʘ ʩʯʝʪ 

ʠʟʦʛʥʫʪʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ. 

ʅʦ ʧʦʧʘʜʘʶʱʠʡ ʥʘ ʣʦʧʘʩʪʴ ʩʘʤ ʚʝʪʝʨ ʥʝ ʚʩʝʛʜʘ ʣʘʤʠʥʘʨʥʳʡ. ʇʨʠ ʩʠʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʥ 

ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʝʪ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʦʨʳʚʘʤʠ. ʕʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʇʉ 

ʣʦʧʘʩʪʝʡ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʜʣʷ ʣʘʤʠʥʠʨʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʧʨʦʭʦʜʷʱʠʭ ʧʦ ʣʦʧʘʩʪʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʥʠʞʥʝʡ (ʧʣʦʩʢʦʡ) ʯʘʩʪʠ ʣʦʧʘʩʪʠ ʪʘʢʞʝ ʩʪʘʚʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʙʘʨʴʝʨʳ, ʥʦ ʦʥʠ ʟʜʝʩʴ ʙʫʜʫʪ ʪʦʣʴʢʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ. ʊʦʛʜʘ ʪʫʨʙʫʣʝʥʪʥʳʡ ʚʝʪʝʨ ʙʫʜʝʪ 

ʣʘʤʠʥʠʟʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʪʦ ʝʩʪʴ ʚ ʮʝʣʦʤ ʧʦ ʣʦʧʘʩʪʠ. ʕʪʦ ʨʝʟʢʦ 

ʧʦʚʳʰʘʝʪ ʇʉ. ʅʝʪ ʥʠʢʘʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʦ ʫʩʪʘʥʦʚʢʝ ʫʢʘʟʘʥʥʳʭ ʙʘʨʴʝʨʦʚ ʠ ʥʘ ʪʦʥʢʠʭ ʜʣʠʥʥʳʭ 

ʣʦʧʘʩʪʷʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ɺʊ. 
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ʂʆʈʆʊʂʀʍ ɿɸʄʓʂɸʅʀʗʍ ʅɸ ɿɽʄʃʖ ʀ ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ ʋʉʊʈʆʁʉʊɺɸʍ 

ʊʗɻʆɺʓʍ ʇʆɼʉʊɸʅʎʀʁ 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ (ʕʄʆ) 

ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ. 

ʕʣʝʢʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʤʫʱʝʥʠʝ (ʕʄ) 

ï ʣʶʙʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʨʘʙʦʪʫ ʧʨʠʙʦʨʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʠʣʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʪʴ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʧʦʤʝʭʘ (ʕʄʇ) 

ï ʫʭʫʜʰʝʥʠʝ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʜʘʶʱʝʛʦ ʢʘʥʘʣʘ ʠʣʠ ʩʠʩʪʝʤʳ, ʚʳʟʚʘʥʥʦʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ. 
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ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʙʦʨʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʧʨʠ ʥʘʣʠʯʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʭʫʜʰʝʥʠʷ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʕʄʉ) 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʘʙʦʪʘʪʴ ʚ ʜʘʥʥʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʙʝʟ ʚʥʝʩʝʥʠʷ ʚ ʥʝʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ. 

 

 
 

ʀʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʘ ʵʥʝʨʛʦʦʙʲʝʢʪʘʭ 
ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʳ ʈɿɸ, ɸʉʋ ʠ ʇɸ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʷʚʣʷʶʪʩʷ: 

- ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʝʨʚʠʯʥʳʭ ʮʝʧʷʭ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʢʦʤʤʫʪʘʮʠʷʭ 

ʩʠʣʦʚʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ ʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ ʠ ʧʨʠ ʧʨʦʙʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ (ʂɿ), 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʨʘʟʨʷʜʥʠʢʦʚ ʠʣʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʚʠʯʥʳʭ ʮʝʧʷʭ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ; 

- ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʫʩʪʘʥʦʚʦʢ; 

- ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʦʚ ʂɿ ʯʝʨʝʟ ʟʘʟʝʤʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ; 

ʫʜʘʨʳ ʤʦʣʥʠʠ. 

- ʙʳʩʪʨʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʢʦʤʤʫʪʘʮʠʷʭ ʚ ʥʠʟʢʦʚʦʣʴʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ; 

- ʧʦʣʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ; 

- ʚʦʟʤʫʱʝʥʠʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʜʨʫʛʠʤʠ ʯʘʩʪʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʩʪʘʥʦʚʢʠ 

ʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʠʟʣʫʯʝʥʠʝʤ ʠʣʠ ʯʝʨʝʟ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʩʚʷʟʠ; 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ. 
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ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʩɹʷ ʧʣʘʥʦʤʝʨʥʘʷ ʨʘʙʦʪʘ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʕʄʉ; 

- ʘʪʪʝʩʪʘʮʠʷ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ; 

- ʵʢʩʧʝʨʪʠʟʘ ʧʨʦʝʢʪʦʚ ʚ ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʩʚʷʟʠ; 

- ʧʨʦʚʝʨʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʠ ʧʨʠ 

ʪʝʭʧʝʨʝʚʦʦʨʫʞʝʥʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʩʝʪʝʚʳʭ ʦʙʲʝʢʪʦʚ. 

 

 

ʉʘʜʳץʙʝʢ ʊ.ᴄ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ʂʘʤʙʘʨʦʚ ʄ.ʅ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɸʜʠʣʴʭʘʥʦʚʘ ɸ.ɻ. ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʈɸʉʏɽʊ ɻʆɼʆɺʆʁ ɺʓʈɸɹʆʊʂʀ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ɺɽʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆʁ 

ʋʉʊɸʅʆɺʂʀ ɼʃʗ ɼɾʋʅɻɸʈʉʂʀʍ ɺʆʈʆʊ 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʤʠʨʝ ʚʝʪʨʦʨʝʛʠʦʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ 

ɼʞʫʥʛʘʨʩʢʠʝ ɺʦʨʦʪʘ (ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ) [1]. ʕʪʦ ʤʝʞʛʦʨʥʳʡ ʧʨʦʭʦʜ, 

ʰʠʨʠʥʦʡ ʚ ʫʟʢʦʤ ʤʝʩʪʝ 10 - 12 ʢʤ ʠ ʜʣʠʥʦʡ ʜʦ 80 ʢʤ. ʆʩʚʦʝʥʠʝ ʝʛʦ ʧʨʝʜʩʪʦʠʪ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʢʦʚ 

ʣʝʪ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʝʛʦ (ʩʚʳʰʝ 1500 ʢʚ. ʢʤ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʖʞʥʡr ʙʦʨʪ ʧʨʦʭʦʜʘ ʢʨʫʪʦʡ (ʚʳʩʦʪʘ ʛʦʨ ʜʦ 3500 ʤ), ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ - ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʣʦʞʝ. 

ʇʨʦʭʦʜ ʩʦʝʜʠʥʷʝʪ ʦʙʰʠʨʥʳʝ (ʩʦʪʥʠ ʪʳʩʷʯ ʢʤ
2
) ɹʘʣʭʘʰ - ɸʣʘʢʦʣʴʩʢʫʶ ʚʧʘʜʠʥʫ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ 

ʘʥʘʣʦʛʠʯʥʫʶ ʚ ʂʠʪʘʝ. ʈʘʟʜʝʣʷʶʱʠʝ ʠʭ ʭʨʝʙʪʳ ɼʞʫʥʛʘʨʩʢʦʛʦ ɸʣʘʪʘʫ ʠ ɼʞʘʠʨ ʦʙʨʘʟʫʶʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʟʘʩʣʦʥʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩ ʖʛʦ - ɿʘʧʘʜʘ ʥʘ ʉʝʚʝʨʦ - ɺʦʩʪʦʢ, ʜʣʠʥʦʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʦʣʦ 400 ʠ 250 ʢʤ. ɺ ʧʨʦʭʦʜʝ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠʨʦʜʦʡ ʩʦʟʜʘʥʦ ʥʝʢʦʝ ʧʦʜʦʙʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ. ɺ ɼʞʫʥʛʘʨʩʢʠʭ ɺʦʨʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, 

ʜʫʶʪ ʧʦʧʝʨʝʤʝʥʥʦ ʚʝʪʨʳ ʉɿ ʠʣʠ ʖɺ ʥʘʧʨʘʚʣʝʥʠʡ çɽʚʛʝʡè ʠ çʉʘʡʢʘʥè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʦʜʥʠ ʠʟ ʨʝʜʢʠʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʦʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʚʝʪʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʝʟʢʠʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʤʝʞʛʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʜʝʩʴ ʠʤʝʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʤʧʣʝʢʩʘ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɺʕʉ), ʩʦʩʪʦʷʱʠʭ ʠʟ ɺʕʋ ʙʦʣʴʰʦʡ ʝʜʠʥʠʯʥʦʡ 

ʤʦʱʥʦʩʪʠ. 
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ɼʞʫʥʛʘʨʩʢʠʝ ɺʦʨʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʜʝʘʣʴʥʳʤ ʤʝʩʪʦʤ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʧʦ 

ʩʦʟʜʘʥʠʶ ʧʦʣʠʛʦʥʘ ʧʦ ʠʩʧʳʪʘʥʠʶ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʪʝʭʥʠʢʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ɼʞʫʥʛʘʨʩʢʠʭ ɺʦʨʦʪ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ɺʕʋ ʩʧʦʩʦʙʥʦʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʫʥʠʢʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʤʦʚ ʚʝʪʨʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʙʘʰʝʥʥʳʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʫʨʙʠʥ ʚ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʧʦ ʧʦʪʝʥʮʠʘʣʫ ʫʯʘʩʪʢʘʭ, ʢʘʢ 

ɼʞʫʥʛʘʨʩʢʠʝ ʚʦʨʦʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦ ʩʠʣʝ ʚʝʪʨʦʚ ʠ ʙʦʣʴʰʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʝʪʩʷ ʠʭ ʙʦʣʴʰʘʷ 

ʤʘʩʩʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ, ʜʝʣʘʶʱʠʝ ʠʭ ʫʷʟʚʠʤʳʤʠ ʚʦʟʤʦʞʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʠ ʯʘʩʪʳʤ 

ʫʨʘʛʘʥʥʳʤ ʠ ʧʦʨʳʚʠʩʪʳʤ ʚʝʪʨʘʤ, ʜʦʩʪʠʛʘʶʱʠʤ ʩʢʦʨʦʩʪʠ ʩʚʳʰʝ 20 ʤ/ʩʝʢ (ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ 

50-60 ʤ/ʩʝʢ), ʥʘʣʠʯʠʝ ʥʝʥʫʞʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʚʝʪʨʦʚ ʩʠʩʪʝʤ ʧʦʠʩʢʘ ʠ ʨʘʟʚʦʨʦʪʘ 

ʥʘ ʚʝʪʝʨ, ʣʦʤʢʦʩʪʴ ʧʨʦʧʝʣʣʝʨʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ, ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ ʜʦ 10-ʪʠ ʨʘʜʠʫʩʦʚ ʣʦʧʘʩʪʠ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʘʠʙʦʣʝʝ ʣʫʯʰʠʭ ʚʝʪʨʦʚʳʭ ʫʯʘʩʪʢʦʚ ʂʘʟʘʭʩʪʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʦʨʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʠʤʝʥʠʪʴ ʪʘʢʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʠʪʳʚʘʣʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʙʳʣʠ ʙʳ ʩʚʦʙʦʜʥʳ 

ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʊʘʢʠʝ ʪʫʨʙʠʥʳ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʦʥʪʘʞʘ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʈʂ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʚʥʝʜʨʠʪʴ ʚ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʫʨʙʠʥ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʦʩʚʦʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʝʪʨʦʚʳʭ ʫʯʘʩʪʢʦʚ ʂʘʟʘʭʩʪʘʥʘ ʜʣʷ ʰʠʨʦʢʠʭ ʩʣʦʝʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ [2]. 

ʀʤʝʶʪʩʷ ʜʚʘ ʧʫʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʣʠʮʝʥʟʠʦʥʥʦʝ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʠ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʝʶʪʩʷ. ʇʨʠ 

ʵʪʦʤ ʟʘʛʨʫʞʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʟʜʘʶʪʩʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʠ 

ʜʨʫʛʠʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ, ʵʢʦʥʦʤʠʪʩʷ ʚʘʣʶʪʘ, ʩʥʠʞʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʚʝʪʨʦʪʫʨʙʠʥ. 

ʂʘʟʘʭʩʪʘʥ ʜʦʣʞʝʥ ʩʣʝʜʦʚʘʪʴ ʧʨʠʤʝʨʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʚʝʪʨʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʝʪʨʷʥʳʭ ʨʝʛʠʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʜʣʷ ʥʘʯʘʣʘ ʥʘ ɺʊ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʬʠʨʤʳ - ʧʨʦʠʟʚʦʜʠʪʝʣʠ ɺʊ 

ʩʪʨʝʤʷʩʴ ʨʘʩʰʠʨʠʪʴ ʨʳʥʦʢ ʩʙʳʪʘ ʚʳʧʫʩʢʘʶʪ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ- ʩ ʚʳʩʦʢʠʤʠ ʙʘʰʥʷʤʠ ʠ 

ʜʣʠʥʥʳʤʠ ʪʦʥʢʠʤʠ ʣʦʧʘʩʪʷʤʠ (ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʠʧ). ʆʥʠ ʜʦʨʦʞʘʶʪ ʧʨʠ ʙʫʤʝ ʚʝʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪʩʷ ʨʷʜ ʨʘʟʨʘʙʦʪʦʢ ɺʊ, ʥʦ ʩʪʨʝʤʣʝʥʠʝ ʢ ʠʭ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʧʨʠʚʝʣʠ, ʚ ʠʪʦʛʝ, ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʩ ʤʘʣʳʤʠ ʤʦʱʥʦʩʪʷʤʠ - ʜʦ 5 ʢɺʪ ʚ ʝʜʠʥʠʮʝ, ʪʦʛʜʘ ʢʘʢ ʥʘ ɺʕʉ ʥʘ 

ʦʜʥʦʡ ʧʣʦʱʘʜʢʝ ʥʫʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʝʩʷʪʢʠ ʠʣʠ ʩʦʪʥʠ ɺʊ ʤʦʱʥʦʩʪʴʶ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʢʠʣʦʚʘʪʪ 

ʢʘʞʜʘʷ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʕ ʚ 8 ʠʟ 12 ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ (ʧʦ ʇʨʦʛʨʘʤʤʝ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʂ ʠ ʇʈ ʆʆʅ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʪʝʨ ʚ ʥʠʭ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʩʧʝʮʠʬʠʢʫ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʥʠʢʘʣʴʥʦʤ ʚ ʤʠʨʝ ʤʝʞʛʦʨʥʦʤ ʧʨʦʭʦʜʝ ʠʟ ʂʘʟʘʭʩʪʘʥʘ ʚ ʂʠʪʘʡ ɼʞʫʥʛʘʨʩʢʠʝ ɺʦʨʦʪʘ. 

ɺʕ ʧʦʪʝʥʮʠʘʣ ɼʞ.ʚ. ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʪʨʦʠʪʴ ɺʕʉ ʩ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ʪʳʩ. ʄɺʪ., 

ʪʦʛʜʘ ʢʘʢ ʤʦʱʥʦʩʪʴ ʕʉ ʂʘʟʘʭʩʪʘʥʘ - ʤʝʥʝʝ 20 ʪʳʩ ʄɺʪ. ʅʦ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ɺʊ ʟʜʝʩʴ 

ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ. ʋʞʝ ʙʳʣʠ 2 ʥʝʫʜʘʚʰʠʝʩʷ ʧʦʧʳʪʢʠ ʧʦʩʪʨʦʠʪʴ ʟʜʝʩʴ ɺʕʉ, ʘ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 14 ʣʝʪ 

ʥʘʟʘʜ ɺʊ ʟʘʧʘʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢ ʠ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʘ. ʋʯʝʪ ʩʧʝʮʠʬʠʢʠ ʣʠʥʝʡʥʳʭ ʚʝʪʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ɺʊ ʠ ʩʦʟʜʘʪʴ ʝʝ ʜʨʫʛʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʵʪʦ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʊʆʆ çʕʢʦʚʘʪʪè, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ɺʕʋ, 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʤʦʱʥʝʡʰʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʠʣʫʯʰʠʭ 

ʚʝʪʨʦʚʳʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʪʘʢʠʭ ʢʘʢ ɼʞʫʥʛʘʨʩʢʠʝ ʚʦʨʦʪʘ ʠ ʐʝʣʝʢʩʢʠʡ ʢʦʨʠʜʦʨ, ʘ ʪʘʢʞʝ 

ɽʨʝʡʤʝʥʪʘʫ, ɾʫʟʳʤʜʳʢ, ʂʦʨʜʘʡ ʠ ʜʨ. ʇʣʦʱʘʜʴ ʵʪʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʪʳʩʷʯʠ 

ʢʚ.ʢʤ. 
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ʅʘ ʦʩʥʦʚʝ ʠʟʦʙʨʝʪʝʥʠʷ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʤʙʘʨʦʚʘ ʄ.ʅ. ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʚʝʪʨʦʘʛʨʝʛʘʪʘ çʄʘʨʕʜè, ʨʘʙʦʪʘʶʱʘʷ ʚ ʜʠʘʧʘʟʦʥʝ 5-50 ʤ/ʩ, ʠʤʝʶʱʘʷ ʥʠʟʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʝʚʦʩʭʦʜʷʱʘʷ ʜʨʫʛʠʝ ɺʕʋ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʝ. ʀʤʝʝʪ ʜʚʝ ʥʝʚʳʩʦʢʠʝ 

ʦʧʦʨʳ, ʜʣʠʥʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚʘʣ ʤʝʞʜʫ ʥʠʤʠ ʠ ʰʠʨʦʢʠʝ ʣʦʧʘʩʪʠ ʩ ʥʝʜʣʠʥʥʳʤ ʨʘʜʠʫʩʦʤ. 

ʇʨʠʤʝʥʷʶʪʩʷ 2 ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʘʞʜʫʶ ʦʧʦʨʫ.ɺʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʫʜʝʣʴʥʘʷ ʮʝʥʘ ʥʘ ʝʜ. ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʜʠʟʘʡʥʘ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ. 

ʄʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʝʡʩʤʠʯʥʳʭ ʚʝʪʨʦʨʝʛʠʦʥʘʭ (ʖʛ ʂʘʟʘʭʩʪʘʥʘ). ɺʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʟʘʚʦʜʘʭ 

ʂʘʟʘʭʩʪʘʥʘ[1, 2, 3, 4]. 

ʇʦ ʩʫʱʝʩʪʚʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚʝʪʨʦʘʛʨʝʛʘʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʄʘʨʕʜè, ʷʚʣʷʝʪʩʷ 

ʚʦʟʜʫʰʥʦʡ ʪʫʨʙʠʥʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʘʤ ʪʫʨʙʦʩʪʨʦʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʣʦʧʘʩʪʝʡ ʚʝʪʨʦʢʦʣʝʩʘ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʠ ɺʕʋ, ʩʦʟʜʘʥ ʵʩʢʠʟʥʳʡ ʧʨʦʝʢʪ ɺʕʋ, ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʶ ʊɿ ʠ ʊʇ [1]. 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʘʝʤ ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ɺʕʋ 

çʄʘʨʕʜè. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʩʢʠʟʥʳʡ ʧʨʦʝʢʪ ɺʕʋ çʄʘʨʕʜè 

 

ʇʦʪʝʥʮʠʘʣ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʧʦ ʢʦʪʦʨʳʤ 

ʦʮʝʥʠʚʘʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ɺʕʋ, ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʘʷ 

ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʛʦʜ [5]. 

ʈʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ɺʕʋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ, ʢɺʪ: 
 

 

33
10-ÖÖÖÖÖ= ɻppp cVFN hr , (1) 

 

ʛʜʝ  ɟ=1,2 ʢʛ/ʤ
3
 ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; 

4/2DF Ö=p  - ʦʤʝʪʘʝʤʘʷ ʧʣʦʱʘʜʴ ʚʝʪʨʦʢʦʣʝʩʘ; 

VP -ʨʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʤ/ʩ; 

ʉʨ =0,4 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ; 

ɖʛ=0,95 ï ʂʇɼ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʄʦʱʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɺʕʋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ, ʢɺʪ: 
 

 

33 10
2

)( -ÖÖÖÖÖ=ñ ɻpɺʕʋ cVFVN h
r

 ʝʩʣʠ ʨVVV <<min .
 (2) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪʩʷ ʤʦʱʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʕʋ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʚʠʜʘ niVt ii ....,1),( =  

ʉʨʝʜʥʝʧʝʨʠʦʜʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʝʩʯʠʪʘʥʘ ʥʘ ʟʘʜʘʥʥʫʶ ʚʳʩʦʪʫ ɺʕʋ (ʅ) 

ʧʦ ʬʦʨʤʫʣʝ: 
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h
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VV hV

hH

77,06,0
)(

-Ö
=

, (3) 

ʛʜʝ  Vh ï ʩʨʝʜʥʝʧʝʨʠʦʜʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ ʬʣʶʛʝʨʘ h. 

ɿʥʘʯʝʥʠʝ ti(V i) ʧʨʠʤʝʥʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ [5]. 

ʉʦʙʩʪʚʝʥʥʘʷ ʚʳʨʘʙʦʪʢʘ ɺʕʋ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʠ ʛʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
 

 

TVtVNW ʤʝʩii

k

i

iɺʕʋ

ʤʝʩ

ɺʕʋ ÖÖ=ä
=

)()(
1

,                                     (4) 

ʛʜʝ  ʊʤʝʩ ï ʯʠʩʣʦ ʯʘʩʦʚ ʚ ʨʘʩʯʝʪʥʦʤ ʤʝʩʷʮʝ. 
 

 
ä
=

=
k

i

ʤʝʩ

ɺʕʋ

ʛʦʜ

ɺʕʋ WW
1

. (5) 

 

ʏʠʩʣʦ ʯʘʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʛʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

 p

ʛʦʜ

ɺʕʋ

ʫʩʪ
N

W
t = . (6) 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ɺʕʋ çʄʘʨʕʜè: D=24 ʤ; Vp=9 ʤ/ʩ;Vmin=6;Vmax=12;h=16 ʤ;H=12; ɟ=1,2 

ʢʛ/ʤ
3
. 

Np 3088,1501095,04,0916,4522,1 33 =ÖÖÖÖÖ= -
ʢɺʪ 

tʫʩʪ=1826.633 ʯ 

 

ʊʘʙʣʠʮʘ 1 ï ɻʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɺʕʋ çʄʘʨʕʜè 
 

ʗ
ʥ
ʚ
ʘ
ʨ
ʴ

 

ʌ
ʝ
ʚ
ʨ
ʘ
ʣ
ʴ

 

ʄ
ʘ
ʨ
ʪ

 

ɸ
ʧ
ʨ
ʝ
ʣ
ʴ

 

ʄ
ʘ
ʡ 

ʀ
ʶ
ʥ
ʴ

 

ʀ
ʶ
ʣ
ʴ

 

ɸ
ʚ
ʛ
ʫ
ʩ
ʪ

 

ʉ
ʝ
ʥ
ʪ
ʷ
ʙ
ʨ
ʴ

 

ʆ
ʢ
ʪ
ʷ
ʙ
ʨ
ʴ

 

ʅ
ʦ
ʷ
ʙ
ʨ
ʴ

 

ɼ
ʝ
ʢ
ʘ
ʙ
ʨ
ʴ

 
21801,

05 

19691,

27 

21801,

05 

21097,

79 

23802,

33 

23034,

51 

23802,

33 

23802,

33 

25028,

31 

25862,

59 

23034,

51 

21801,

05 

ʀʪʦ 

ʛʦ  

274559,2 

ʢɺʪĿʯ 
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ɸʅɸʃʀɿ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʆɹʉʃɽɼʆɺɸʅʀʁ ɺ ʆɹʃɸʉʊʀ ʕʅɽʈɻɽʊʀʂʀ 

 

ɿʘʯʘʩʪʫʶ ʟʘʪʨʘʪʳ ʥʘ ʵʥʝʨʛʠʶ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ, ʨʝʘʣʠʟʫʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʭʦʜʠʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʤʝʩʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɺ ʧʦʩʪʩʦʚʝʪʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʧʝʨʚʳʤʠ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ ʦ ʬʠʥʘʥʩʦʚʦʤ ʘʫʜʠʪʝ. ɺ ʩʚʷʟʠ ʩ ʢʨʘʡʥʝ ʦʙʱʠʤʠ ʬʦʨʤʫʣʠʨʦʚʢʘʤʠ ʦ 

ʩʫʪʠ ʠ ʩʦʜʝʨʞʘʥʠʠ ʬʠʥʘʥʩʦʚʦʛʦ ʘʫʜʠʪʘ ʚ ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʘʭ ʯʘʩʪʦ ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʨʤʠʥ çʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʘʫʜʠʪè ʙʝʟ ʦʧʘʩʝʥʠʷ ʠʥʠʮʠʨʦʚʘʪʴ ʶʨʠʜʠʯʝʩʢʠʡ ʢʘʟʫʩ. ʇʦʵʪʦʤʫ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʙ ʵʥʝʨʛʦʘʫʜʠʪʝ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ 

çɻ ʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʩʪʩʦʚʝʪʩʢʠʭ ʩʪʨʘʥ ʵʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʫʩʪʨʘʥʝʥʦ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʚʢʣʶʯʘʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʠ ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʩʫʙʲʝʢʪʘʤʠ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʨʝʜʩʪʚʦʤ ʫʯʝʪʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʙʠʟʥʝʩ-ʧʣʘʥʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʥʘʪʫʨʘʣʴʥʳʡ ʛʘʟ, ʤʘʟʫʪ, ʫʛʦʣʴ), ʯʪʦ 

ʩʦʟʜʘʝʪ ʧʦʟʠʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʵʢʦʣʦʛʠʶ ʢʘʢ ʣʦʢʘʣʴʥʦ, ʪʘʢ ʠ ʛʣʦʙʘʣʴʥʦ. 

ɺʥʫʪʨʝʥʥʠʝ ʮʝʥʳ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʝʜʚʘ ʣʠ ʥʝ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ, 

ʥʘʧʨʠʤʝʨ, ʚ ɽʚʨʦʧʝ ʠʣʠ ʂʠʪʘʝ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʨʷʜ ʣʠ 

ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦ-ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʜʘʞʠ ʩʵʢʦʥʦʤʣʝʥʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ ʧʦ ʤʠʨʦʚʳʤ ʮʝʥʘʤ ʜʝʣʘʝʪ ʨʝʘʣʠʟʘʮʠʶ 

ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦ-ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʯʝʥʴ ʚʳʛʦʜʥʦʡ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʇʦʵʪʦʤʫ, ʭʦʪʴ ʂʘʟʘʭʩʪʘʥ ʧʦʟʞʝ, ʯʝʤ ʈʦʩʩʠʷ ʠ ʋʢʨʘʠʥʘ ʧʨʠʩʪʫʧʠʣ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦ - 

ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, ʪʘ ʩʪʨʘʥʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʜʨʫʛʠʭ ʧʦʩʪʩʦʚʝʪʩʢʠʭ ʩʪʨʘʥ. 

ʇʦʤʠʤʦ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʟʥʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʘʰʠʭ ʩʪʨʘʥʘʭ ʤʥʦʛʦʣʝʪʥʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʦʙ ʫʜʝʣʴʥʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʧʦ ʪʠʧʘʤ ʧʨʦʠʟʚʦʜʩʪʚ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪʩʷ ʥʦʨʤʘʪʠʚʳ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ 
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ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪʜʝʣʴʥʦ ʦʪ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʧʝʮʠʬʠʢʠ ʠ ʪ.ʜ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʩʣʝʜʫʝʪ 

ʧʝʨʝʩʤʦʪʨʝʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʨʷʜʦʢ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʚʝʩʪʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʰʪʨʘʬʥʳʝ ʩʘʥʢʮʠʠ ʟʘ ʥʝʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʘʫʜʠʪʦʚ 

ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴ ʜʦʩʪʠʞʠʤʳʡ ʫʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ ʪʝʤʧʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʊʘʢʞʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʪʚʝʨʜʠʪʴ ʧʦʨʷʜʦʢ ʧʨʦʚʝʨʢʠ ʦʪʯʝʪʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ɺ ʮʝʣʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʂ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʟʘʧʨʝʱʘʶʱʠʭ ʠ 

ʥʦʨʤʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʠ ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʥʦʨʤ ʪʘʢʠʭ ʢʘʢ: 

- ʨʝʘʣʠʟʘʮʠʷ ʵʥʝʨʛʦʩʝʨʚʠʩʥʳʭ ʢʦʥʪʨʘʢʪʦʚ; 

- ʥʘʣʦʛʦʚʳʝ ʧʨʝʬʝʨʝʥʮʠʠ; 

- ʬʠʥʘʥʩʦʚʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ ʪ.ʜ. 

ʂʨʘʪʢʦ ʩʫʱʥʦʩʪʴ ʵʪʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʵʥʝʨʛʦʘʫʜʠʪʦʨʳ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤ, ʦʙʲʝʢʪʠʚʥʳʤ, ʥʝʟʘʘʥʛʘʞʠʨʦʘʥʥʳʤ ʠ ʥʝ ʧʦʜʜʘʚʘʪʴʩʷ ʜʘʚʣʝʥʠʶ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; 

- ʙʨʘʪʴʩʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʚʝʨʝʥ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ; 

- ʦʪʚʝʯʘʪʴ ʟʘ ʜʝʡʩʪʚʠʷ ʩʚʦʠʭ ʧʦʤʦʱʥʠʢʦʚ ʠ ʘʩʩʠʩʪʝʥʪʦʚ (ʫʪʚʝʨʞʜʝʥʠʡ ʪʠʧʘ çɻ ʪʦ ʩʜʝʣʘʣ 

ʤʦʡ ʧʦʤʦʱʥʠʢ (ʘʩʩʠʩʪʝʥʪ), ʘ ʥʝ ʷè ʧʦʧʨʦʩʪʫ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ!); ʧʦʜʧʠʩʴ ʵʥʝʨʛʦʘʫʜʠʪʦʨʘ ʥʘ ʦʪʯʝʪʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʥʝʩʝʪ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ; 

- ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʦ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ 

ʠʟʚʝʩʪʥʘ ʵʥʝʨʛʦʘʫʜʠʪʦʨʫ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ; 

- ʠʩʢʣʶʯʘʪʴ ʣʶʙʫʶ ʚʦʟʤʦʞʥʦʩʪʴ çʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚè, ʢʦʛʜʘ ʠʥʪʝʨʝʩʳ ʘʫʜʠʪʦʨʘ 

(ʤʘʪʝʨʠʘʣʴʥʳʝ, ʨʦʜʩʪʚʝʥʥʳʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʜʨ.) ʤʦʛʫʪ ʧʦʙʫʜʠʪʴ ʵʥʝʨʛʦʘʫʜʠʪʦʨʘ ʢ ʜʝʡʩʪʚʠʷʤ, 

ʥʘʥʦʩʷʱʠʤ ʚʨʝʜ ʦʙʲʝʢʪʫ ʵʥʝʨʛʦʘʫʜʠʪʘ. 

ʇʨʦʚʝʜʝʥʠʝʤ ʵʥʝʨʛʦʘʫʜʠʪʘ ʟʘʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʠʤʝʶʱʠʝ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʵʥʝʨʛʦʘʫʜʠʪʦʨʦʚ. 

ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʩʪʦʡ, ʥʦ ʠʩʯʝʨʧʳʚʘʶʱʝʡ 

çʬʦʪʦʛʨʘʬʠʠè ʩʠʪʫʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ (ʟʜʘʥʠʝ, 

ʧʨʝʜʧʨʠʷʪʠʝ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩ). ʕʪʘ ʮʝʣʦʩʪʥʘʷ ʢʘʨʪʠʥʘ ʧʦʤʦʛʘʝʪ ʚ ʧʦʥʠʤʘʥʠʠ ʚʩʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʨʘʩʢʨʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʥʘ 

ʚʳʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ çʫʟʢʠʝè ʤʝʩʪʘ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʧʨʦʟʚʦʜʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʧʦʣʥʦʩʪʴʶ ʦʙʦʩʥʦʚʘʥʥʳʤ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʤ ʨʝʰʝʥʠʷʤ. 

ʕʥʝʨʛʦʘʫʜʠʪ ï ʚʢʣʶʯʘʝʪ ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʜʘʥʠʷ, ʦʮʝʥʢʫ ʠ ʘʥʘʣʠʟ, ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʪʫʘʮʠʠ ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʟʜʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʦʪʯʝʪʝ 

ʧʦ ʕʥʝʨʛʦʘʫʜʠʪʫ ʦʧʠʩʳʚʘʶʱʝʤ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʠʥʚʝʩʪʠʮʠʷʤʠ, ʩʙʝʨʝʞʝʥʠʷʤʠ ʵʥʝʨʛʠʠ ʠ ʵʢʦʥʦʤʠʝʡ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʕʥʝʨʛʦʘʫʜʠʪʘ ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʠ ʪʝʢʫʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʟʜʘʥʠʠ, 

ʙʘʟʦʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʢʦʪʦʨʳʝ 

ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʵʪʦʤ ʟʜʘʥʠʠ. ʆʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ. ʏʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʮʝʥʠʪʴ ʟʜʘʥʠʝ, 

ʕʥʝʨʛʦʘʫʜʠʪʦʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʟʥʘʥʠʷʤʠ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ ʠ ʠʟʤʝʨʝʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʪʝʯʝʥʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʩʪʘʥʜʘʨʪʳ, ʨʝʰʝʥʠʷ, ʤʦʱʥʦʩʪʠ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʪʘʮʠʠ ʠ ʧʦʨʷʜʦʢ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʦʚʝʨʝʥʳ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʕʥʝʨʛʦʘʫʜʠʪʘ ʕʥʝʨʛʦʘʫʜʠʪʦʨʫ 

ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʩʦʟʜʘʪʴ ʛʨʫʧʧʫ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʦʭʚʘʪʘ ʚʩʝʭ ʧʨʦʚʝʨʷʝʤʳʭ ʩʠʩʪʝʤ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ (ʵʥʝʨʛʦʘʫʜʠʪ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʦʥ ʧʨʝʩʣʝʜʫʝʪ, ʦʧʨʝʜʝʣʷʪʁʩʷ ɿʘʢʘʟʯʠʢʦʤ 

(ʂʣʠʝʥʪʦʤ), ʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ï ʦʨʛʘʥʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʢʘʟʯʠʢʘ (ʂʣʠʝʥʪʘ) ʯʘʱʝ ʚʩʝʛʦ ʠʥʪʝʨʝʩʫʝʪ ʦʪʚʝʪ ʥʘ ʥʝʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ ʠʣʠ ʧʦʤʦʱʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʥɻʝʨʛʦ- ʠ (ʠʣʠ) ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʧʨʦʝʢʪʦʚ, ʘ ʠʤʝʥʥʦ: 

- ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʦʪʜʝʣʴʥʳʤʠ ʦʪʨʘʩʣʷʤʠ, ʜʘ 

ʠ ʚʩʝʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʚ ʮʝʣʦʤ; 

- ʦʙʦʩʥʦʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ (ʦʯʝʨʝʜʥʦʩʪʴ) ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ 

ʯʘʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ; 

- ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʥʘ ʙʶʜʞʝʪʥʳʭ, ʢʘʟʝʥʥʳʭ 

ʠ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ( ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʦʜʣʝʞʘʱʠʭ ʧʨʠʚʘʪʠʟʘʮʠʠ), ʘ ʪʘʢʞʝ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʨʫʛʠʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ; 

- ʧʦʣʫʯʠʪʴ ʧʝʨʝʯʝʥʴ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʦʟʤʦʞʥʳʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ 

ʤʝʨʦʧʨʠʷʪʠʷʤ; 

- ʜʦʢʘʟʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʥʦʚʦʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

- ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʠ (ʠʣʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʫʯʰʠʤ ʟʘʨʫʙʝʞʥʳʤ ʦʧʳʪʦʤ; 

- ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʵʥʝʨʛʦʢʦʤʧʘʥʠʷʤʠ ʪʘʨʠʬʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪʩʷ ʣʠ ʵʥʝʨʛʦʢʦʤʧʘʥʠʷʤʠ, ʜʘ ʠ ʚʩʝʡ ʵʥʝʨʛʝʪʠʢʦʡ ʚ 

ʮʝʣʦʤ, ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʚʥʝʜʨʝʥʠʶ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʢ ʩʦʞʘʣʝʥʠʶ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʵʥʝʨʛʦʢʦʤʧʘʥʠʠ ʢʨʘʡʥʝ ʨʝʜʢʦ ʧʨʦʚʦʜʷʪ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʡ ʵʥʝʨʛʦʘʫʜʠʪ; ʘ ʚ 

ʩʣʦʞʠʰʠʝʡʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʦʨʷʜʦʢ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʘʨʠʬʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʘʥʠʷʤ ʥʝ ʚʳʛʦʜʥʦ ʥʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ, ʥʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ; ʧʦʵʪʦʤʫ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʵʪʠ ʚʦʧʨʦʩʳ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳ ʛʦʩʫʜʘʨʩʪʚʦ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʪ.ʝ. ʧʦʜʛʦʪʦʚʠʪʴ ʙʠʟʥʝʩ-ʧʣʘʥ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ; 

- ʧʦʣʫʯʠʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʵʢʩʧʝʨʪʘ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

(ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ) ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ; 

- ʧʦʣʫʯʠʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ, ʥʝʟʘʘʥʛʘʞʠʨʦʚʘʥʥʳʡ çʚʟʛʣʷʜʩʦ ʩʪʦʨʦʥʳè, ʯʪʦʙʳ ʜʘʪʴ 

ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʵʥʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʩʦʥʘʣ ʧʨʝʜʧʨʠʷʪʠʷ 

ʫʞʝ ʠʩʯʝʨʧʘʣ ʩʦʙʩʪʚʝʥʥʳʝ ʠʜʝʠ; 

-ʩʦʟʜʘʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʣʫʞʙʫ ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʘ ʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ 

(ʝʩʣʠ ʪʘʢʘʷ ʩʣʫʞʙʘ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ) ʠ ʪ.ʜ. 

ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʫʜʝʣʴʥʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʦʙʲʝʤʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ ʠ ʢʘʞʜʳʡ ʛʦʜ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʠ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦ ʧʦ-ʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝʭ ʪʠʧʦʚ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, 

ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ ʠ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʩʪʨʦʷʪʩʷ ʪʘʢʞʝ ʫʩʨʝʜʥʝʥʥʳʝ ʟʘ ʨʷʜ 

ʣʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʩʷʮʳ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʫʜʝʣʴʥʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʠ ʦʙ 

ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʢʘʞʜʳʡ ʛʦʜ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʥʘ 

ʨʝʟʢʠʝ çʚʳʙʨʦʩʳèʠ ʥʘ ʛʦʜʦʚʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʝʩʴʤʘ 

ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʨʫʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʣʫʯʰʠʤ ʟʘʨʫʙʝʞʥʳʤ 

ʦʧʳʪʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ ʨʘʩʯʝʪʝ ʫʜʝʣʴʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʦʪʜʝʣʷʶʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʮʝʣʠ ʦʪ ʟʘʪʨʘʪ ʥʘ 

ʜʨʫʛʫʶ (ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ) ʩʬʝʨʫ. ʇʦʵʪʦʤʫ ʕʥʝʨʛʦʘʫʜʠʪʦʨʳ ʜʦʣʞʥʳ ʦʪʜʝʣʷʪʴ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʮʝʣʠ, ʥʘ ʦʩʥʦʚʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʂʘʟʘʭʩʪʘʥʘ ʤʦʞʝʪ ʜʦʙʠʪʴʩʷ ʫʩʧʝʭʘ ʚ ʫʩʪʨʘʥʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʩʢʨʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 
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ɹʘʣʛʦʞʠʥ ɸ. ɾ. ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʈɸɿʈɸɹʆʊʆʂ ʇʆ ɺʀʕ ɺ ʈɽʉʇʋɹʃʀʂɽ 

ʂɸɿɸʍʉʊɸʅ 

 

ʈʘʟʚʠʪʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʟʚʦʣʠʪ ʜʘʪʴ ʥʘʩʝʣʝʥʠʶ ʨʝʛʠʦʥʦʚ 

ʩʪʨʘʥʳ ʪʝʧʣʦ ʠ ʩʚʝʪ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, 

ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʩʦʭʨʘʥʠʪʴ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ʀʤʝʶʱʠʡʩʷ ʦʙʰʠʨʥʳʡ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʫʩʧʝʰʥʦʤʫ ʨʘʟʚʠʪʠʶ ʵʪʦʡ ʦʪʨʘʩʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʝ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʩʝʣʝʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ ʦʙʨʘʪʠʣʠʩʴ ʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ çʙʣʘʛʦʜʘʨʷè ʢʨʠʟʠʩʫ ʥʘʯʘʣʘ 1970-ʭ ʛʦʜʦʚ. ʀʤʝʥʥʦ ʧʦʩʣʝ ʵʪʦʛʦ ʚ ʩʪʨʘʥʘʭ 

ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʉʐɸ ʥʝ ʪʦʣʴʢʦ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʅɺʀʕ), ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʭ ʨʳʥʢʘ. 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʷʚʣʷʶʱʘʷʩʷ ʩʨʝʜʥʝʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʩʪʨʘʥʦʡ, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) - ʚʝʪʨʘ, 

ʩʦʣʥʮʘ, ʛʦʨʥʳʭ ʨʝʢ, ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʵʥʝʨʛʠʠ ʚ 

ʈʂ ʩʦʩʪʘʚʣʷʝʪ 0,3 % ʦʪ ʦʙʱʝʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʟ ʢʦʪʦʨʦʡ ʙʦʣʝʝ 90% ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʤʘʣʳʝ ɻʕʉ. 

ɺ 2005 ʛʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʂʘʟʘʭʩʪʘʥʘ ʩʦʩʪʘʚʠʣʦ 67,8 

ʤʠʣʣʠʘʨʜʘ ʢʠʣʦʚʘʪʪ-ʯʘʩʦʚ (ʥʘ 1,6% ʙʦʣʴʰʝ, ʯʝʤ ʚ 2004 ʛʦʜʫ). ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2005 

ʛʦʜʫ ʚʳʨʦʩʣʦ ʥʘ 5,3%. ʅʘʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ɺʀʕ. 

ʆʜʥʘʢʦ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ (ɺʕ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɿʘʢʦʥ ʦʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ, ʫʪʚʝʨʞʜʝʥʥʳʡ ʚ 1997 ʛʦʜʫ, ʥʝ ʨʘʙʦʪʘʝʪ, ʥʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʢ ʥʝʤʫ ʧʦʜʟʘʢʦʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʘʚʦʚʳʝ ʘʢʪʳ. ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ ʠʤʝʝʪ ʚʩʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʤʝʪʠʚʰʠʤʠʩʷ ʤʠʨʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʝʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʱʝʥʠʷ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʥʝ ʪʦʣʴʢʦ ʚʦʡʪʠ ʚ ʯʠʩʣʦ 50-ʪʠ ʥʘʠʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʪʨʘʥ ʤʠʨʘ, ʥʦ ʠ ʩʦʭʨʘʥʠʪʴ ʵʪʠ 

ʧʦʟʠʮʠʠ ʟʘ ʙʫʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʪʨʘʥʝ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʩʧʝʢʪʨ ɺʀʕ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʥʦʛʦʣʝʪʥʝʡ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʦʡ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʠ ʧʨʦʝʢʪʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʋʯʝʥʳʝ ʫʚʝʨʝʥʳ, ʯʪʦ 1 - 2 ʧʨʦʮʝʥʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʪʨʝʙʥʦʩʪʠ ʭʦʟʷʡʩʪʚʘ ʚʩʝʡ ʩʪʨʘʥʳ. ʇʦ ʩʢʨʦʤʥʳʤ ʧʦʜʩʯʝʪʘʤ ʫʯʝʥʳʭ, ʝʩʣʠ ʥʘʰʘ ʩʪʨʘʥʘ ʩʪʘʥʝʪ 

ʧʨʦʜʘʚʘʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʚʦʟʦʙʥʦʚʣʷʝʤʫʶ ʵʥʝʨʛʠʶ, ʪʦ ʦʙʲʝʤ ʧʨʠʙʳʣʠ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ 

ʜʦʭʦʜʳ ʦʪ ʧʨʦʜʘʞʠ çʯʝʨʥʦʛʦ ʟʦʣʦʪʘè. ɹʣʘʛʦʜʘʨʷ ʜʝʰʝʚʠʟʥʝ ʠ ʠʟʙʳʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʤʦʛʣʘ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʧʨʦʜʫʢʮʠʶ. ʂ ʧʨʠʤʝʨʫ, ʤʦʞʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʚ ʧʣʘʩʪʤʘʩʩʫ, ʤʘʩʣʦ, ʛʫʜʨʦʥ 

ʠ ʜʨʫʛʦʝ. 

ʏʪʦ ʞʝ ʨʝʘʣʴʥʦ ʩʜʝʣʘʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ? 

ʈʂ ʨʘʩʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʠ ʩʠʩʪʝʤʳ ʚ ʟʦʥʘʭ, ʛʜʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʙʦʣʴʰʝ 6 ʤ/ʩ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʪʠʤʫʣ ʧʨʠʤʝʥʝʥʠʷ ʚʝʪʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʷʚʣʷʝʪʩʷ ʚ ʤʝʩʪʘʭ, ʫʜʘʣʝʥʥʳʭ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʧʣʠʚʥʳʭ ʙʘʟ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 
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ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʛʜʝ ʜʦʩʪʘʚʢʘ ʪʦʧʣʠʚʘ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʧʨʷʞʝʥʘ ʩ ʚʳʩʦʢʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʨʘʩʭʦʜʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʩʝʪʴ, ʩʦʩʪʘʚʣʷʝʪ 1 ʄɺʪ (ʥʝʤʝʮʢʘʷ ɺʕʋ ʪʠʧʘ Bonis ʤʦʱʥʦʩʪʴʶ 500 

ʢɺʪ ʥʘ ʞ/ʜ ʩʪʘʥʮʠʠ çɼʦʩʪʳʢè ʚ ɼʞʫʥʛʘʨʩʢʠʭ ɺʦʨʦʪʘʭ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʜʚʝ ɺʕʋ ʧʦ 250 ʢɺʪ 

ʠʥʜʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʘʡʦʥʝ ʂʝʥʪʘʫ, ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʦʙʣʘʩʪʴ). 

ʇʨʦʝʢʪʠʨʫʶʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʝ ʚʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ɸʣʤʘʪʠʥʩʢʦʡ ʠ ɸʪʳʨʘʫʩʢʦʡ 

ʦʙʣʘʩʪʷʭ. ʅʝʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ɺʕʋ ʤʦʱʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢɺʪ ʜʣʷ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʦʪʛʦʥʥʳʭ ʯʘʙʘʥʩʢʠʭ ʫʯʘʩʪʢʦʚ. 

ʊʘʢʞʝ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʚʤʝʩʪʥʦ ʩ ʇʈʆʆʅ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʧʨʦʚʦʜʠʪ ʫʩʧʝʰʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 17 ɺʕʋ ʚ ʐʝʪʩʢʦʤ 

ʨʘʡʦʥʝ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʳʙʨʘʥʦ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʧʷʪʥʘʜʮʘʪʴ ʠʟ ʠʤʝʶʱʠʭʩʷ 93 ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʳʭ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɺʕʉ). ʅʘ ʚʦʩʴʤʠ ʠʟ ʥʠʭ ʥʘʯʘʪʦ ʜʚʫʭʣʝʪʥʝʝ 

ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʘʪʣʘʩʘ ʂʘʟʘʭʩʪʘʥʘ. ʇʣʦʪʥʦʩʪʴ 

ʚʝʪʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʷʜʝ ʤʝʩʪ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʝʛʘʚʘʪʪ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ. ʇʦ 

ʜʘʥʥʳʤ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʅʀʀ çʂʘʟʩʝʣʴʵʥʝʨʛʦʧʨʦʝʢʪè, ʨʝʩʧʫʙʣʠʢʘ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ. 

ʇʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʤʘʣʘʟʠʡʩʢʠʭ, ʛʝʨʤʘʥʩʢʠʭ ʠʣʠ 

ʷʧʦʥʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʠ ʚ ʜʦʣʠʥʝ ɼʞʫʥʛʘʨʩʢʠʭ ʚʦʨʦʪ, ʥʠ ʚ ʏʠʣʠʢʩʢʦʤ ʢʦʨʠʜʦʨʝ ʢ ʫʩʧʝʭʫ ʥʝ 

ʧʨʠʚʝʣʠ. ɺ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʢʘʟʘʭʩʪʘʥʩʢʠʤ ʵʥʝʨʛʦʩʝʪʷʤ ʠ ʚʝʪʨʘʤ. 

ʈʘʟʨʘʙʦʪʢʠ ʞʝ ʥʘʰʠʭ ʫʯʝʥʳʭ ʧʨʠʝʤʣʝʤʳ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ. ʆʜʥʘʢʦ ʦʪʝʯʝʩʪʚʝʥʥʘʷ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʠʣʘ ʜʦʣʞʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ. 

ʂʘʞʜʳʡ ʢʠʣʦʚʘʪʪ-ʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘ ɺʕʉ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʳʙʨʦʩ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,1 ʢʠʣʦʛʨʘʤʤʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʠʟʙʝʞʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. ɺʕʉ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʢʘʢʦʡ ʫʛʨʦʟʳ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʣʶʜʝʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʅʝ ʣʫʯʰʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʢʘ ʫ ʥʘʩ ʥʘʣʘʞʝʥʦ ʦʧʳʪʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʣʴʢʦ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʢʦʣʣʝʢʪʦʨʦʚ. ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

çʕʥʝʨʛʦʵʢʦʪʨʝʡʜʠʥʛè  ʧʨʠ ʀʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ ʨʝʩʧʫʙʣʠʢʠ ʨʘʟʨʘʙʦʪʘʣʦ  ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʪʝʧʣʠʮʳ ʜʣʷ ʇʨʠʢʘʩʧʠʷ ʠ ɿʘʠʣʠʡʩʢʦʛʦ ɸʣʘʪʘʫ - ʚʦʣʥʦʚʳʝ ʠ ʛʦʨʥʦ-ʨʝʯʥʳʝ ʤʠʥʠ-ɻʕʉ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʈʂ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ, ʭʦʪʷ 

ʠʤʝʶʪʩʷ ʚʩʝ ʪʝʭʥʠʯʝʩʢʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʯʘʩʪʠ ʪʝʧʣʦʚʳʭ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʘ, ʘ ʪʘʢʞʝ ʚ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʭ ʪʘʨʠʬʘʭ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʚ ʈʂ ʥʝ ʨʘʟʚʠʪʦ. ʆʜʥʘʢʦ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʯʥʦ- ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʢʫʧʢʠ ʣʠʮʝʥʟʠʡ ʫ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʣʠʥʟʘʤʠ ʌʨʝʥʝʣʷ ʧʦ ʠʟʦʙʨʝʪʝʥʠʶ 

ɹʫʢʪʫʢʦʚʘ ʅ. ʉ. ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ 

ʢʨʝʤʥʠʝʚʫʶ ʷʯʝʡʢʫ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʦʚʳʩʠʪʴ ʢ.ʧ.ʜ. ʬʦʪʦʵʣʝʤʝʥʪʘ ʩ 14 ï 18 % ʜʦ 60 ï 65 %. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʶʛʝ ʂʘʟʘʭʩʪʘʥʘ. ʉʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʪʝʧʣʠʮʳ), 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʶʛʘ ʂʘʟʘʭʩʪʘʥʘ, ʚʳʩʦʢʦʨʝʥʪʘʙʝʣʴʥʳ ʜʣʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. ɸ, ʝʩʣʠ 

ʥʘ ʤʝʩʪʥʦʤ ʫʨʦʚʥʝ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʧʦʩʪʘʚʢʠ ʠʟʙʳʪʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʨʘʡʦʥʥʳʝ ʵʥʝʨʛʦʩʝʪʠ, ʪʦ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʞʠʪʝʣʠ ʩʤʦʛʣʠ ʙʳ ʧʦʣʫʯʘʪʴ ʜʝʰʝʚʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʂʩʪʘʪʠ, ʵʪʦ ʨʝʰʠʪ ʧʨʦʙʣʝʤʫ ʝʝ ʜʝʬʠʮʠʪʘ, ʚʝʜʴ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʡ ʩʝʢʪʦʨ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʦʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʄʘʣʘʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʦʢʘʟʳʚʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʝʩʪʴ ʤʥʦʛʦʚʝʢʦʚʦʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʪʦʢʦʚ ʜʣʷ ʨʘʙʦʪʳ ʤʝʣʴʥʠʮ, 
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ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʂ ʦʙʲʝʢʪʘʤ ʤʘʣʦʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʦʪʥʦʩʷʪʩʷ: 

ʤʠʢʨʦ-ɻʕʉ - ʤʦʱʥʦʩʪʴʶ ʜʦ 100 ʢɺʪ; ʤʠʥʠ-ɻʕʉ - ʤʦʱʥʦʩʪʴʶ ʦʪ 0,1 ʜʦ 1 ʄɺʪ; ʤʘʣʳʝ ɻʕʉ - ʦʪ 1 

ʜʦ 10 ʄɺʪ; ʛʨʫʧʧʘ ʧʦʨʪʘʪʠʚʥʳʭ ʧʝʨʝʥʦʩʥʳʭ ʤʠʢʨʦ-ɻʕʉ ʜʦ 10 ʢɺʪ; ʩʧʝʮʠʘʣʴʥʳʝ ʨʫʢʘʚʥʳʝ 

ʧʝʨʝʥʦʩʥʳʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 1,5 ʢɺʪ (ʈʇɻʕʉ). ʄʘʣʳʝ ɻʕʉ ʩʦʦʨʫʞʘʶʪʩʷ ʧʨʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘ ʢʨʫʧʥʳʭ ʢʘʥʘʣʘʭ, ʨʘʩʧʦʣʘʛʘʶʱʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʫʯʝʥʳʝ ʧʨʦʚʝʣʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʜʦʢʘʟʘʣʠ, ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʛʦʨʥʳʭ ʨʝʢ ʀʣʠ-ɹʘʣʭʘʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʠʥʠ-ɻʕʉ (ʢʩʪʘʪʠ, 

ʨʦʩʩʠʡʩʢʠʝ ʩʪʘʥʮʠʠ ʩʪʦʷʪ ʚ 2 - 2,5 ʨʘʟʘ ʜʦʨʦʞʝ). 

ɹʠʦʵʥʝʨʛʝʪʠʢʘ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʦʩʪʫʧʣʝʥʠʷ ʨʝʩʫʨʩʘ (ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ, ʥʘʚʦʟ, ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʪʦʢʠ ʠ 

ʦʪʭʦʜʳ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʣʝʩʦʚʦʜʩʪʚʘ). ʏʘʩʪʴ ʨʝʩʫʨʩʘ ʠʤʝʝʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʩʪʫʧʣʝʥʠʷ 

(ʩʦʨʥʷʢʠ ʠ ʙʦʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʦʪʭʦʜʳ ʩʘʥʠʪʘʨʥʦʡ ʯʠʩʪʢʠ ʧʘʨʢʦʚ, ʦʪʭʦʜʳ ʜʝʨʝʚʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʠ ʜʨ.). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʤʘʣʳʭ ɻʕʉ, ʚʝʪʨʦʚʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ, ʛʜʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʵʥʝʨʛʦʨʝʩʫʨʩ, ʙʠʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ 

çʘʢʪʠʚʥʦ ʯʠʩʪʳʤʠè, ʪʘʢ ʢʘʢ ʫʩʪʨʘʥʷʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʩʚʦʠʭ ʧʝʨʚʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʤʥʦʛʠʭ ʚʨʝʜʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʣʶʯʘʶʪ ʫʯʝʥʳʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʧʦʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʥʘʰʝʤʫ ʛʦʩʫʜʘʨʩʪʚʫ ʙʦʣʝʝ 100 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ, 

ʫʩʪʨʘʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʜʥʷʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʥʠʟʠʪʴ ʦʩʪʨʦʪʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʙʦʨʥʠʢ çʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʟʘ 
2000-2004 ʛʦʜʳè, ɸʣʤʘʪʳ 2005, ɸʛʝʥʪʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦ ʩʪʘʪʠʩʪʠʢʝ. 

2. ʇʨʦʝʢʪ çʇʨʦʛʨʘʤʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠè - ʇʦʨʫʯʝʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʦʪ 28 ʘʚʛʫʩʪʘ 
2006 ʛʦʜʘ ˉ 3392 

3. ʇʨʦʝʢʪ ʉʪʨʘʪʝʛʠʠ çʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ 
ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʮʝʣʷʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦ 2024 ʛʦʜʘè 

4. ʆʮʝʥʦʯʥʳʡ ʜʦʢʣʘʜ çʆ ʩʠʪʫʘʮʠʠ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ 
ʂʘʟʘʭʩʪʘʥè, ʛ.ɸʣʤʘʪʳ, 2005 ʛ. 

5. çʇʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝè - ʇʨʝʜʣʦʞʝʥʠʷ ʧʦʩʦʣʴʩʪʚʘ 
ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʥʘ ʚʩʪʨʝʯʝ ʚ ɸʩʪʘʥʝ 5 ʩʝʥʪʷʙʨʷ 2006ʛ. ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ 
ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʛ. ɸʩʪʘʥʘ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʕʥʝʨʛʝʪʠʢʠ ʠ 
ʄʠʥʝʨʘʣʴʥʳʭ ʈʝʩʫʨʩʦʚ ʈʂ. 

 

 

ɹʘʣʛʦʞʠʥ ɸ. ɾ. ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 
 

ʆʉʅʆɺʅʓɽ ɸʉʇɽʂʊʓ ʈɸɿɺʀʊʀʗ ʅɽʊʈɸɼʀʎʀʆʅʅʆʁ ɺʆɿʆɹʅʆɺʃʗɽʄʆʁ 

ʕʅɽʈɻɽʊʀʂʀ 
 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʥʝʬʪʷʥʦʡ ʢʨʠʟʠʩ 1973-1974 ʛʦʜʦʚ, ʧʦʚʣʝʢʰʠʡ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʮʝʥ ʥʘ ʥʝʬʪʴ ʠ ʧʦʩʣʝʜʦʚʘʚʰʠʡ ʟʘ 

ʵʪʠʤ ʩʧʘʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʉʐɸ ʠ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʨʦʩʪ ʠʥʬʣʷʮʠʠ ʠ ʙʝʟʨʘʙʦʪʠʮʳ. 

ʉʧʦʩʦʙʦʤ ʚʳʭʦʜʘ ʠʟ ʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ ʷʚʣʷʣʦʩʴ ʚ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʘ) ʥʘʯʘʣʦ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ ʠ ʚ ʩʦʮʠʘʣʴʥʦʡ 

ʩʬʝʨʝ; ʙ) ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʨʘʩʰʠʨʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅɺʀʕ; ʚ) ʚ ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʝ ʵʢʦʥʦʤʠʢʠ. 
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ɼʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʧʦʩʣʝʜʩʪʚʠʷ ʢʨʠʟʠʩʘ ʙʳʣʠ ʠʥʳʤʠ ï ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʭʦʜʥʦʡ 

ʯʘʩʪʠ ʙʶʜʞʝʪʘ ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʮʝʥ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʠʭ ʵʢʩʧʦʨʪʘ. 

ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʦʩʪʘʣʘʩʴ ʥʝʟʘʤʝʯʝʥʥʦʡ ʠʣʠ ʥʝʧʨʠʥʷʪʦʡ ʚʦ ʚʥʠʤʘʥʠʝ. ʈʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʧʨʦʜʦʣʞʘʣʦ 

ʧʣʘʥʠʨʦʚʘʪʴʩʷ ʙʝʟ ʩʝʨʴʸʟʥʦʛʦ ʫʯʸʪʘ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ɺɺʇ. ʅʘ ʩʝʛʦʜʥʷ ʦʥʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚʳʰʝ ʚ 

3,5é4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʜʦʚʳʤʠ ʩʪʨʘʥʘʤʠ, ʘ ʦʙʲʸʤ ʠʟʙʳʪʦʯʥʦ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʡ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʦʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʜʦʩʪʠʛʘʝʪ 40é45 

% ʦʪ ʦʙʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʦ ʦʮʝʥʢʘʤ ɺʩʝʤʠʨʥʦʛʦ ɹʘʥʢʘ, ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʦʙʲʸʤʝ 320 ʤʣʨʜ. ʜʦʣʣ., ʥʦ ʠ ʦʢʫʧʷʪʩʷ ʦʥʠ ʚʩʝʛʦ ʟʘ 2ï3 ʛʦʜʘ. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʵʥʝʨʛʝʪʠʢʠ: ʘ) ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʙʲʸʤʘʤʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ 

ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʳʨʘʙʦʪʢʫ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʨʘʚʥʦʛʦ ʩʵʢʦʥʦʤʣʝʥʥʦʤʫ, ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʢʘʢ 

1:3; ʙ) ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʙʦʨʝʪʩʷ ʥʝ ʩ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ, ʘ ʩ ʧʝʨʚʦʧʨʠʯʠʥʦʡ ʠʟʙʳʪʦʯʥʳʤ ʝʸ ʧʦʪʨʝʙʣʝʥʠʝʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤʠ ʙʦʣʴʰʫʶ ʵʥʝʨʛʦʸʤʢʦʩʪʴ 

ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. 

1. ɹʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʝʚʷʪʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʨʘʟʤʝʨʘʤ ʪʝʨʨʠʪʦʨʠʠ) ʠ ʙʦʣʴʰʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʨʝʦʜʦʣʝʥʠʝ ï 18,3 %. 

2. ʋʩʪʘʨʝʚʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʟʥʦʰʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï 24,4 %. 

3. ʅʠʟʢʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʮʝʥʳ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʥʝ 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ï 14,6 %. 

4. ʕʥʝʨʛʦ ʠ ʨʝʩʫʨʩʦʨʘʩʪʦʯʠʪʝʣʴʥʳʡ ʤʝʥʪʘʣʠʪʝʪ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʛʨʘʞʜʘʥ ï 10,4 %. 

5. ʅʝʩʦʚʝʨʰʝʥʥʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʫʯʸʪʘ 

ʊʕʈ ʠ ʩʣʘʙʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʥʘʜʟʦʨ ï 11,7 %. 

ʃʠʰʴ ʧʝʨʝʭʦʜ ʥʘ ʨʳʥʦʯʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡʩʷ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʮʝʥ ʥʘ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʩʥʠʞʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʪʦʚʘʨʦʚ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ, ʧʦʠʩʢ ʧʫʪʝʡ ʚʳʭʦʜʘ ʠʟ ʢʨʠʟʠʩʘ ʟʘʩʪʘʚʠʣʠ ʨʫʢʦʚʦʜʩʪʚʦ ʩʪʨʘʥʳ 

ʦʙʲʷʚʠʪʴ ʚ ʩʝʨʝʜʠʥʝ 90ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚʘʞʥʝʡʰʝʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʉʪʘʨʪʦʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʧʦʣʠʪʠʢʠ ʦʢʘʟʘʣʠʩʴ ʯʨʝʟʚʳʯʘʡʥʦ ʪʷʞʝʣʳʤʠ: 

çʟʘʜʝʨʞʢʘ ʥʘ ʩʪʘʨʪʝè ʥʘ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, 

ʩʣʘʙʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ, ʤʝʪʦʜʠʯʝʩʢʘʷ ʠ ʢʘʜʨʦʚʘʷ ʙʘʟʘ ʦʨʛʘʥʠʟʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʣʘʩʴ ʙʦʣʴʰʠʤ ʤʦʨʘʣʴʥʳʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ, ʘ ʪʘʢʞʝ ʫʪʝʨʝʡ ʥʘʩʝʣʝʥʠʝʤ ʪʨʘʜʠʮʠʡ ʙʝʨʝʞʣʠʚʦʩʪʠ ʠ ʨʘʯʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʧʨʠʨʦʜʥʳʤ ʙʦʛʘʪʩʪʚʘʤ. ɼʚʠʞʝʥʠʝ ʧʦ ʧʫʪʠ ʘʢʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘʯʘʣʦʩʴ ʩ ʩʦʟʜʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ: ʟʘʢʦʥʦʚ, ʫʢʘʟʦʚ ʧʨʝʟʠʜʝʥʪʘ ʠ ʧʦʩʪʘʥʦʚʣʝʥʠʡ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ (ʪʦʣʴʢʦ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʚʳʧʫʱʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʜʦʢʫʤʝʥʪʦʚ). 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

Å ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚʩʸ ʯʘʱʝ ʩʪʘʣʦ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʥʝ ʢʘʢ ʦʯʝʨʝʜʥʦʡ ʣʦʟʫʥʛ, ʘ ʢʘʢ 

ʥʘʩʫʱʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ; 

Å ʜʝʡʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʮʝʥʪʨʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʩʦʪʥʠ ʧʨʦʛʨʘʤʤ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ/ʦʨʛʘʥʠʟʘʮʠʡ. ʉʦʟʜʘʥʦ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʥʘʯʘʣʠʩʴ ʧʦʜʛʦʪʦʚʢʘ ʠ 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ; 

Å ʚ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2009 ʛʛ. ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʚ ʩʪʨʘʥʝ ʩʥʠʞʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 4 % ʚ ʛʦʜ (ʥʦ 

ʪʦʣʴʢʦ 1 % ʠʟ ʥʠʭ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʥʘ ʩʯʸʪ ʩʦʙʩʪʚʝʥʥʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʘ 3 % ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʢʦʥʦʤʠʢʝ). 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʪʝʤʧʳ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ɺɺʇ ʥʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʝʨʝʭʦʜ ʩʪʨʘʥʳ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ 

ʛʨʘʞʜʘʥ ʟʘʜʘʯʠ ï ʨʘʩʧʦʨʷʜʠʪʴʩʷ ʙʦʛʘʪʝʡʰʠʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʚ ʫʱʝʨʙ ʙʫʜʫʱʠʤ ʧʦʢʦʣʝʥʠʷʤ. 
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ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʅɺʀʕ ï ʵʪʦ ʵʥʝʨʛʦʨʝʩʫʨʩʳ 

ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʣʘʥʝʪʝ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʦʮʝʥʦʟʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. (ɼʘʚʥʦ ʦʩʚʦʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʢʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʛʠʜʨʦʵʥʝʨʛʠʷ ʢʨʫʧʥʳʭ ʨʝʢ ï ʥʝ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʯʠʩʣʦ ʅɺʀʕ.ʇʨʠ ʝʛʦ ʫʯʸʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʘʶʱʠʡ ʪʝʨʤʠʥ çʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠè ï ɺʀʕ).ʂ ʅɺʀʕ ʦʪʥʦʩʷʪ: ʙʠʦʤʘʩʩʫ, ʩʦʣʥʮʝ, ʚʝʪʝʨ, ʟʝʤʥʳʝ ʥʝʜʨʘ, ʚʦʜʦʪʦʢʠ (ʤʘʣʳʝ ʨʝʢʠ, 

ʢʘʥʘʣʳ), ʚʦʜʳ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʠʣʠʚʦʚ ʠ ʦʪʣʠʚʦʚ, ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʛʨʘʜʠʝʥʪʦʚ ʩʦʣʸʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʶʜʘ ʞʝ ʦʪʥʦʩʷʪ ʛʦʨʶʯʠʝ ʙʳʪʦʚʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʦʪʭʦʜʳ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɺʀʕ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʠʩʪʦʱʠʤʦʩʪʴ, ʣʠʙʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ï ʚ ʧʨʝʜʝʣʘʭ ʩʨʦʢʘ ʞʠʟʥʠ ʦʜʥʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʣʶʜʝʡ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʤʠʨʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʅɺʀʕ ʩʦʩʪʘʚʣʷʝʪ 20 ʤʣʨʜ ʪ.ʫ.ʪ., ʯʪʦ ʚ 2 ʨʘʟʘ 

ʙʦʣʴʰʝ ʥʳʥʝʰʥʝʡ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʥʝʬʪʷʥʦʡ ʢʨʠʟʠʩ 1973ï1974 ʛʛ., ʜʘʣ ʩʪʘʨʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʵʥʝʨʛʝʪʠʢʝ ʅɺʀʕ. ʇʨʠ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʅɺʀʕ, ʙʝʩʧʣʘʪʥʦʩʪʠ ʨʝʩʫʨʩʘ (ʪʦʧʣʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʊʕʎ ʜʦʭʦʜʠʪ ʜʦ 70 %) ʥʘ ʩʝʛʦʜʥʷ ʜʦʣʷ ʅɺʀʕ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʠʟʤʝʨʷʝʪʩʷ ʚʩʝʛʦ ʝʜʠʥʠʮʘʤʠ, ʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ï ʜʝʩʷʪʳʤʠ 

ʜʦʣʷʤʠ ʧʨʦʮʝʥʪʦʚ. ɼʣʷ ʈʂ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʦʣʦ 2 % (ʙʝʟ ʜʨʦʚ) ʠ 

ʤʝʥʝʝ 1 %. 

ʈʦʩʪ ʤʘʩʰʪʘʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅɺʀʕ ʩʜʝʨʞʠʚʘʝʪʩʷ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʠʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʭ ʧʨʠʨʦʜʦʡ, ʢʦʪʦʨʳʝ ʩʫʞʘʶʪ ʛʨʘʥʠʮʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅɺʀʕ: 
1) ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦʪʦʢʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʦʣʴʰʠʝ 

ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʫ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʝ ʫʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 
ʠʭ ʩʦʦʨʫʞʝʥʠʝ (ʧʨʠʤʝʨʥʦ ʦʪ 2 ʜʦ 15 ʪʳʩ. ʜʦʣʣ./ʢɺʪ); 

2) ʥʠʟʢʠʤ ʂʇɼ ï ʜʦʣʠ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʝʦʙʨʘʟʫʝʤʦʡ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠʣʠ 
ʪʝʭʥʠʯʝʩʢʦʝ ʪʝʧʣʦ (0,3é0,4 ï ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʅɺʀʕ;0,6é0,7 ï ʜʣʷ ɻʕʉ; 0,12é0,16 ï ʜʣʷ 
ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ). 

3) ʙʦʣʴʰʦʡ ʩʫʪʦʯʥʦʡ, ʩʝʟʦʥʥʦʡ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ 
ʅɺʀʕ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʚʤʝʩʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʅɺʀʕ, ʨʘʙʦʪʳ ʚ ʧʘʨʝ 
ʩ ʘʛʨʝʛʘʪʘʤʠ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʤ ʪʦʧʣʠʚʝ ʠʣʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ 
ʠ ʫʜʦʨʦʞʘʝʪ ʩʦʦʨʫʞʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʘʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʕʥʝʨʛʦʜʝʬʠʮʠʪʥʳʝ ʩʪʨʘʥʳ ʨʘʟʨʘʙʦʪʘʣʠ ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʦʩʚʦʝʥʠʷ ʅɺʀʕ (ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʧʦʦʱʨʝʥʠʝ ïʧʨʠʥʫʞʜʝʥʠʝè). ɽʚʨʦʩʦʶʟ ʚ 2008 ʛ. 

ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʜʦʚʝʩʪʠ ʜʦʣʶ ʅɺʀʕ ʚ ʙʘʣʘʥʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʢ 2020 ʛ. ʜʦ 20 %. ʄʕɸ 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʜʦʩʪʠʞʝʥʠʝ 46 % ʜʦʣʠ ʅɺʀʕ ʚ ʤʠʨʦʚʦʤ ʙʘʣʘʥʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ 

2050 ʛ. ʉʦʛʣʘʩʥʦ ʕʉ-2030, ʜʦʣʷ ʅɺʀʕ ʚ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʜʦʣʞʥʘ ʜʦʩʪʠʯʴ 4,5 

% ʢ 2020 ʛ. 
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ʂʦʡʰʠʝʚ ʊ.ʂ. ïʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɹʝʨʠʢʤʦʣʜa A.A. ïʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 
 

ʀʉʉʃɽɼʆɺAʅʀʗ ʕʂʉʇʃʋAʊAʎʀʆʅʅʓʍ ʇAʈAʄɽʊʈʆɺ ɻʀɹʈʀɼʅʓʍ 

ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʋʉʊAʅʆɺʆʂ ʅA ɹAɿɽ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ʕʅɽʈɻʀʀ 
 

ʆʩʥʦʚʥaʷ ʯaʩʪʴ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜaʯ ʠ ʪʨaʥʩʬʦʨʤaʪʦʨʥʳʭ ʧʦʜʩʪaʥʮʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ 

70-ʝ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢa. ʈʝʟʫʣʴʪaʪʳ ʠʩʩʣʝʜʦʚaʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʈʕʉ ɾaʤʙʳʣʩʢʦʡ 

ʦʙʣaʩʪʠ ʧʦʢaʟaʣʠ, ʯʪʦ ʙʦʣʝʝ 60% ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚaʥʠʷ ʦʪʨaʙʦʪʘʣʦ ʥʦʨʤaʪʠʚʥʳʡ ʩʨʦʢ 

ʵʢʩʧʣʫaʪaʮʠʠ. 

ɺʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜaʯ (ɺʃ) ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʨaʜʠaʣʴʥʳʤʠ, ʦʩʥaʱʝʥʳ, ʢaʢ 

ʧʨaʚʠʣʦ, aʣʶʤʠʥʠʝʚʳʤʠ ʠ ʩʪaʣʝaʣʶʤʠʥʠʝʚʳʤʠ ʧʨʦʚʦʜaʤʠ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ 16% ɺʃ 10ð0,4 ʢɺ 

ʥaʭʦʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʠ ʥʝʧʨʠʛʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇaʨʢ ʩʠʣʦʚʳʭ ʪʨaʥʩʬʦʨʤaʪʦʨʦʚ 

ʤʦʨaʣʴʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠ ʫʩʪaʨʝʣ, ʙʦʣʝʝ 45% ʩʠʣʦʚʳʭ ʪʨaʥʩʬʦʨʤaʪʦʨʦʚ ʥaʧʨʷʞʝʥʠʝʤ 35 ʢɺ ʠ ʚʳʰʝ 

ʦʪʨaʙʦʪaʣʠ ʩʚʦʡ ʥʦʨʤaʪʠʚʥʳʡ ʩʨʦʢ. ʊʨaʥʩʬʦʨʤaʪʦʨʥʳʝ ʧʦʜʩʪaʥʮʠʠ (ʊʇ) 10/0,4 ʢɺ, ʢaʢ ʧʨaʚʠʣʦ, 

ʦʜʥʦʪʨaʥʩʬʦʨʤaʪʦʨʥʳʝ ʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʃʕʇ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʪʫʧʠʢʦʚʦʡ ʩʭʝʤʝ ʠ ʙʦʣʝʝ 16% 

ʧʦʜʩʪaʥʮʠʡ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣa ʊʇ ʥaʭʦʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʠ ʥʝʧʨʠʛʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ [1]. 

ʇʦ ʦʮʝʥʢaʤ ʄʝʞʜʫʥaʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ aʛʝʥʪʩʪʚa, ʚ ʧʨʝʜʩʪʦʷʱʠʝ 25 ʣʝʪ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚʦʟʨaʩʪʸʪ ʧʨʠʤʝʨʥʦ ʥa 65%. ʇʨʝʜʧʦʣaʛaʝʪʩʷ, ʯʪʦ ʜʦ 2050 ʛ. ʙʫʜʝʪ 

ʠʟʨaʩʭʦʜʦʚaʥa ʙʦʣʴʰaʷ ʯaʩʪʴ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʠʨʦʚʳʭ ʟaʧaʩʦʚ ʥʝʬʪʠ ʠ ʛaʟa [2]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚaʥʠʷ ʵʣʝʢʪʨʦʫʩʪaʥʦʚʦʢ ʥʝʦʙʭʦʜʠʤa 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ 

ʠʩʩʣʝʜʦʚaʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜa ʥa ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ [3]. 

ʅa ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨaʟʥʳʭ ʩʪʨaʥaʭ ʤʠʨa ʚʳʨaʙʦʪʢa ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʩʦʩʪaʚʣʷʝʪ ʜʦ 25ð30%. ɺ ʂaʟaʭʩʪaʥʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʝʜʸʥʥaʷ 

ʦʪ ʚʩʝʭ aʣʴʪʝʨʥaʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʩʪaʚʣʷʝʪ ʤʝʥʝʝ 1%. 

ɿa ʨʫʙʝʞʦʤ ʨaʟʨaʙaʪʳʚaʶʪʩʷ ʧʨʦʛʨaʤʤʳ, ʥaʧʨaʚʣʝʥʥʳʝ ʥa ʧʨʠʤʝʥʝʥʠʝ aʣʴʪʝʨʥaʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʮʝʣʷʭ ʩʦʢʨaʱʝʥʠʷ ʜʦʣʠ ʠʩʢʦʧaʝʤʦʛʦ ʪʦʧʣʠʚa. ɺ ʨʷʜʝ ʩʪʨaʥ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʟaʢʦʥʦʧʨʦʝʢʪʳ ʦʙ aʣʴʪʝʨʥaʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, 

ʩʦʛʣaʩʥʦ ʢʦʪʦʨʳʤ ʵʥʝʨʛʦʩʥaʙʞaʶʱʠʝ ʢʦʤʧaʥʠʠ ʦʙʷʟaʥʳ ʧʨʠʥʠʤaʪʴ ʠʟʣʠʰʢʠ ʵʥʝʨʛʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʥaʩʝʣʝʥʠʝʤ ʦʪ ɺʀʕ. 

ɺ ʥaʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂaʟaʭʩʪaʥʝ ʨaʟʨaʙʦʪaʥa ʵʥʝʨʛʝʪʠʯʝʩʢaʷ ʩʪʨaʪʝʛʠʷ ʥa ʧʝʨʠʦʜ ʜʦ 2030 

ʛ. ɺ ʨaʤʢaʭ ʨʝaʣʠʟaʮʠʠ ʥaʩʪʦʷʱʝʡ ʩʪʨaʪʝʛʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟaʜaʯʠ: 

ʨaʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʦʚaʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, a ʪaʢʞʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥaʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ aʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʨaʡʦʥaʭ, ʥʝ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʷʤ ʮʝʥʪʨaʣʠʟʦʚaʥʥʦʛʦ ʵʥʝʨʛʦʩʥaʙʞʝʥʠʷ; 

ʦʩʚʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʪʝʚʦʛʦ ʵʣʝʢʪʨʦ ʠ ʪʝʧʣʦʩʥaʙʞʝʥʠʷ ʥa ʙaʟʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ; 

ʦʪʨaʙʦʪʢa ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʙʠʥʠʨʦʚaʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚaʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. 

ʅʝʩʤʦʪʨʷ ʥa ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚaʥʠʷ ʠ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚa ɺʀʕ, ʠʭ ʜʦʣʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙaʣaʥʩʝ ɾaʤʙʳʣʩʢʦʡ ʦʙʣaʩʪʠ ʦʩʪaʸʪʩʷ ʥʝʟʥaʯʠʪʝʣʴʥʦʡ, a ʠʩʧʦʣʴʟʦʚaʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥa ʵʢʩʧʝʨʠʤʝʥʪaʣʴʥʦʤ ʫʨʦʚʥʝ. 

ɾaʤʙʳʣʩʢaʷ ʦʙʣaʩʪʴ ʦʙʣaʜaʝʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠaʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚaʥʠʷ ɺʀʕ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ɾaʤʙʳʣʩʢʦʡ ʦʙʣaʩʪʠ ʩʦʩʪaʚʣʷʝʪ 1500 ð2100ʯaʩ. ʚ ʛʦʜ, ʥaʠʤʝʥʴʰaʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʦʪʤʝʯaʝʪʩʷ ʚ ʜʝʢaʙʨʝ, ʥaʠʙʦʣʴʰaʷ ð ʚ ʠʶʣʝ. ʇʦʵʪʦʤʫ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢaʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢa ʵʥʝʨʛʠʠ ʚ 

ʢʦʤʙʠʥʠʨʦʚaʥʥʦʡ ʫʩʪaʥʦʚʢʝ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨa ʚ ɾaʤʙʳʣʩʢʦʡ ʦʙʣaʩʪʠ ʩʦʩʪaʚʣʷʝʪ 3,5 ʤ/ʩ. 

ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʥʝ ʩʣʠʰʢʦʤ ʚʳʩʦʢa, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʝʪʨʦʫʩʪaʥʦʚʦʢ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢaʤʠ 

ʵʥʝʨʛʠʠ, ʪaʢʠʤʠ, ʢaʢ ʩʦʣʥʝʯʥʳʝ ʙaʪaʨʝʠ ʠ ʜʠʟʝʣʴʥʳʡ ʛʝʥʝʨaʪʦʨ, ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨaʟʥʦ. 
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ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ɺʀʕ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚaʪʴ ʠʭ ʚʟaʠʤʦʟaʤʝʥʷʝʤʦʩʪʴ, ʩʥʠʟʠʪʴ ʟaʚʠʩʠʤʦʩʪʴ 

ʦʪ ʩʝʟʦʥa ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʚʳʩʠʪʴ ʥaʜʸʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥaʙʞʝʥʠʷ, ʩʦʢʨaʪʠʪʴ ʢaʧʠʪaʣʴʥʳʝ 

ʚʣʦʞʝʥʠʷ ʠ ʩʦʟʜaʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨaʙʦʯʠʝ ʤʝʩʪa [4]. 

ʈaʟʣʠʯʥʳʝ ʬaʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤaʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʢʦʤʙʠʥʠʨʦʚaʥʥʦʡ 

ʫʩʪaʥʦʚʢʠ: ʛʝʦʛʨaʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʚʝʪʨʝʥʦ, ʩʦʣʥʝʯʥʦ ʠ ʪ.ʜ.), ʚʠʜ ʠʩʪʦʯʥʠʢa ʵʥʝʨʛʠʠ, ʭaʨaʢʪʝʨ 

ʥaʛʨʫʟʢʠ (ʙʦʣʴʰʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚ ʜʥʝʚʥʦʝ ʠʣʠ ʥʦʯʥʦʝ ʚʨʝʤʷ ʣʠʙʦ ʦʜʠʥaʢʦʚʦʝ), ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʣʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʦʙʨaʟʫʶʱʠʭ ʵʥʝʨʛʠʶ. 

ʂʦʤʙʠʥʠʨʦʚaʥʥʦʝ ʠʩʧʦʣʴʟʦʚaʥʠʝ ʨaʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟaʮʠʠ 

ʧaʨaʤʝʪʨʦʚ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʯaʩʪʦ ʚʦʟʥʠʢaʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚaʥʠʷ, ʪʝʩʪʠʨʦʚaʥʠʷ ʠ 

ʩʨaʚʥʝʥʠʷ ʨaʟʣʠʯʥʳʭ ʚaʨʠaʥʪʦʚ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʭʦʜʷʪʩʷ ʜʦʨʦʛʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʦʠʪ ʦʙʨaʪʠʪʴ 

ʚʥʠʤaʥʠʝ ʥa ʧʨʦʛʨaʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʤʠʪaʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚaʥʠʷ. ɼʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ aʥaʣʠʟa ʧaʨaʤʝʪʨʦʚ ʢʦʤʙʠʥʠʨʦʚaʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʅaʮʠʦʥaʣʴʥʦʡ ʣaʙʦʨaʪʦʨʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (NRɽL) ʙʳʣʦ ʨaʟʨaʙʦʪaʥʦ ʧʨʦʛʨaʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

HʆMɽR. ʄʦʜʝʣʠʨʦʚaʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨaʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ HʆMɽR ʧʨʝʜʩʪaʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨaʟʨaʙʦʪʢʠ ʠ aʥaʣʠʟa ʢʦʤʙʠʥʠʨʦʚaʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʦʜʝʨʞaʪʴ ʜʠʟʝʣʴʥʳʡ ʛʝʥʝʨaʪʦʨ, ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ, ʩʦʣʥʝʯʥʳʝ ʙaʪaʨʝʠ, aʢʢʫʤʫʣʷʪʦʨʳ, ʪʦʧʣʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠ ʜʨʫʛʦʝ. 

ʅa ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨaʟʨaʙʦʪaʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚaʥʥʳʭ 

ʫʩʪaʥʦʚʦʢ ʥa ʦʩʥʦʚʝ ɺʀʕ [5]: 

1. ʎʝʥʪʨaʣʠʟʦʚaʥʥaʷ ʫʩʪaʥʦʚʢa ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢa Aʉ; 

2. ʂʦʤʙʠʥʠʨʦʚaʥʥaʷ ʫʩʪaʥʦʚʢa ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢa Dʉ ʩ ʠʥʚʝʨʪʦʨʦʤ, ʩʦʝʜʠʥʝʥʥʳʤ ʩ 

ʰʠʥʦʡ ʤaʛʠʩʪʨaʣʴʥʦʡ ʣʠʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢa Aʉ; 

3. ʂʦʤʙʠʥʠʨʦʚaʥʥaʷ ʮʝʥʪʨaʣʠʟʦʚaʥʥaʷ ʫʩʪaʥʦʚʢa ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢa Dʉ; 

4. ʂʦʤʙʠʥʠʨʦʚaʥʥaʷ ʫʩʪaʥʦʚʢa ʩʦ ʩʤʝʰaʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

ʇʦʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚa ʢʦʤʙʠʥʠʨʦʚaʥʥʳʭ ʫʩʪaʥʦʚʦʢ ʚʳʟʳʚaʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʠʩʪʝʤaʪʠʟaʮʠʠ ʦʪʜʝʣʴʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨaʟʨaʙʦʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʬʦʨʤʠʨʦʚaʪʴ ʥaʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʣʝʢʪʨʦʩʥaʙʞʝʥʠʷ ʠ aʜaʧʪʠʨʦʚaʪʴ ʠʭ ʢ ʢʦʥʢʨʝʪʥʳʤ 

ʫʩʣʦʚʠʷʤ. ʃʶʙʦʡ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚaʨʠaʥʪʦʚ ʢʦʤʙʠʥʠʨʦʚaʥʠʷ ʨʝʩʫʨʩʦʚ ɺʀʕ ʩ ʜʠʟʝʣʴʥʳʤʠ 

ʛʝʥʝʨaʪʦʨaʤʠ ʠ aʢʢʫʤʫʣʷʪʦʨʥʳʤʠ ʙaʪaʨʝʷʤʠ ʚʦʟʤʦʞʝʥ, ʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʨaʟʣʠʯʥʳʡ ʂʇɼ. ɼʣʷ 

ʥaʭʦʞʜʝʥʠʷ ʥaʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚaʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʫʞʝʥ aʥaʣʠʟ ʢaʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪa ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʂaʞʜaʷ ʫʩʪaʥʦʚʢa ʙʳʣa ʨaʩʩʤʦʪʨʝʥa ʩ ʨaʩʯʸʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪ ʢaʞʜʦʛʦ ʠʩʪʦʯʥʠʢa ʧʠʪaʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʯʝʨʝʟ aʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙaʪaʨʝʶ. ɼʣʷ 

ʩʨaʚʥʝʥʠʷ ʨaʟʣʠʯʥʳʭ ʚaʨʠaʥʪʦʚ ʢʦʤʙʠʥʠʨʦʚaʥʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥaʙʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣaʛaʶʪʩʷ ʤʝʪʦʜʳ ʨaʩʯʸʪa. 

ʇʨʠ aʥaʣʠʟʝ ʚʩʝʭ ʫʩʪaʥʦʚʦʢ ʙʳʣʠ ʫʯʪʝʥʳ ʧʦʪʝʨʠ ʧʨʠ ʧʨʝʦʙʨaʟʦʚaʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʩʚʷʟaʥʥʳʝ ʩ ʤʦʱʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ aʢʢʫʤʫʣʷʪʦʨʥʳʤʠ ʙaʪaʨʝʷʤʠ. 

ʇʨʝʜʣaʛaʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʱʥʦʩʪʠ ʈʚ, ʈʩ, ʈʜʛ,  ʧʦʣʫʯaʝʤʳʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙaʪaʨʝʡ, 

ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʠ ʜʠʟʝʣʴʥʳʭ ʛʝʥʝʨaʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚaʥʳ ʢaʢ 

ʥaʧʨʷʤʫʶ, ʪaʢ ʠ ʯaʩʪʠʯʥʦ ʯʝʨʝʟ ʙaʪaʨʝʶ. ʝʩʣʠɖɼ̫ ʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯaʩʪʴʶ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʥaʧʨʷʤʫʶ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚaʥʠʷ ʙaʪaʨʝʠ, ʪʦ 1 ð ɖɼ ʷʚʣʷʝʪʩʷ ʦʩʪaʚʰʝʡʩʷ 

ʯaʩʪʴʶ ʤʦʱʥʦʩʪʠ ʦʪ ʚʩʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʟ ʙaʪaʨʝʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨaʟʦʚaʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚaʭ ʠ ʫʩʪʨʦʡʩʪʚ ʭʨaʥʝʥʠʷ ʵʥʝʨʛʠʠ ʦʙʦʟʥaʯʝʥa ɖ ʩ 

ʠʥʜʝʢʩʦʤ ʇʈ ʜʣʷ ʧʨʝʦʙʨaʟʦʚaʥʠʷ ʪʦʢa ʠʟ ʧʝʨʝʤʝʥʥʦʛʦ ʚ ʧʦʩʪʦʷʥʥʳʡ (Dʉ/Aʉ), ʠʥʜʝʢʩʦʤ ʠ ʜʣʷ 

ʧʨʝʦʙʨaʟʦʚaʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʚ ʧʝʨʝʤʝʥʥʳʡ (Aʉ/Dʉ), ʠʥʜʝʢʩʳʂ ʠ ɹ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʢʦʥʪʨʦʣʣʝʨa ʟaʨʷʜa ʠ ʙaʪaʨʝʠ. 
 

ʈʝʩʫʨʩ ʅaʧʨʷʤʫʶ ɖʥʧʨ ʉ ʙaʪaʨʝʠ ɖʩʙaʪ ʀʪʦʛʦ ɖʧʦʣʥ 

ɺʝʪʨʦʪʫʨʙʠʥa ʈʚ ɖʜ (1-ɖʜ)ɖʧʨ ɖʙ ɖʧ ɖʜ+(1- ɖʜ)ɖʧʨ ɖʙ ɖʧ 

ʉʦʣʥʝʯʥaʷ ʙaʪaʨʝʷ ʈʩ ɖʜ ɖʢ ɖʧ (1-ɖʜ)ɖʢ ɖʙ ɖʧ ɖʜɖʢɖʧ+(1-ɖʜ)ɖʢɖʙ ɖʧ 

ɼʠʟʝʣʴ-ʛʝʥʝʨaʪʦʨ ʈʜʛ ɖʜ (1-ɖʜ)ɖʧʨ ɖʙ ɖʧ ɖʜ+(1- ɖʜ)ɖʧʨ ɖʙ ɖʧ 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʤʙʠʥʠʨʦʚaʥʥaʷ ʫʩʪaʥʦʚʢa ʩʦ ʩʤʝʰaʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤa ʢʦʤʙʠʥʠʨʦʚaʥʥʦʡ ʫʩʪaʥʦʚʢʠ 

 

ʂʇɼ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨaʟʣʠʯʥʳʭ ʚaʨʠaʥʪʦʚ ʩʠʩʪʝʤ ʨaʩʩʯʠʪaʥ ʜʣʷ ʨaʟʣʠʯʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʈaʩʯʸʪʳ ʫʩʪaʥʦʚʦʢ ʧʦʢaʟʳʚaʶʪ ʟaʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨaʟʦʚaʥʠʷ, a ʪaʢʞʝ ʦʪ ʮʠʢʣʦʚ ʟaʨʷʜʢʠ-ʨaʟʨʷʜʢʠ. ʀʩʧʦʣʴʟʦʚaʥʠʝ ʢʦʥʪʨʦʣʣʝʨʦʚ 

ʟaʨʷʜa-ʨaʟʨʷʜa ʙaʪaʨʝʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨaʮʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʦ 30% 

ʧʨʠ ʠʩʧʦʣʴʟʦʚaʥʠʠ, ʯʪʦ ʵʢʚʠʚaʣʝʥʪʥʦ ʫʩʪaʥʦʚʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚa ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ. 

ɺ ʪaʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʫʨaʚʥʝʥʠʷ ʜʣʷ ʨaʩʯʸʪa ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʪʨʸʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʟaʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʢʣʶʯʝʥʠʷ ʥaʧʨʷʤʫʶ ʠʣʠ ʯʝʨʝʟ ʙaʪaʨʝʶ ʜʣʷ ʫʩʪaʥʦʚʢʠ 4, 

ʧʨʝʜʩʪaʚʣʝʥʥʦʡ ʥa ʨʠʩʫʥʢʝ 1. 

Aʥaʣʠʟ ʨaʩʯʸʪa ʂʇɼ ʧʦʢaʟʳʚaʝʪ, ʯʪʦ, ʢʦʛʜa ʚʩʷ ʵʥʝʨʛʠʷ ʚʝʪʨa ʠʩʧʦʣʴʟʫʝʪʩʷ ʥaʧʨʷʤʫʶ, ʪʦ 

ʜʦʩʪʠʛaʝʪʩʷ ʨaʚʥʳʡ ʂʇɼ. ʊaʢʠʤ ʦʙʨaʟʦʤ, ʚ ʚʝʪʨʝʥʳʭ ʨaʡʦʥaʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚaʥʳ 

ʫʩʪaʥʦʚʢʠ 1 ʠ 4, ʝʩʣʠ ʚʩʷ ʤʦʱʥʦʩʪʴ ʦʪ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢaʢ ʦʥa ʙʳʣa 

aʢʢʫʤʫʣʠʨʦʚaʥa, ʪʦ ʚʩʝ ʫʩʪaʥʦʚʢʠ, ʟa ʠʩʢʣʶʯʝʥʠʝʤ 1, ʙʫʜʫʪ ʵʬʬʝʢʪʠʚʥʳ. ʇʨʠ ʧʦʪʨʝʙʣʝʥʠʠ 

ʵʥʝʨʛʠʠ ʢaʢ ʥaʧʨʷʤʫʶ, ʪaʢ ʠ ʦʪ ʙaʪaʨʝʠ ʫʩʪaʥʦʚʢa 4 ʷʚʣʷʝʪʩʷ ʥaʠʣʫʯʰʠʤ ʚʳʙʦʨʦʤ, ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʵʥʝʨʛʠʷ ʚʝʪʨa. 

ʂʦʛʜa ʵʥʝʨʛʠʷ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙaʪaʨʝʡ ʠʜʸʪ ʥaʧʨʷʤʫʶ, ʂʇɼ ʫʩʪaʥʦʚʢʠ 1 ʥa 3% ʚʳʰʝ ʧʦ ʩʨaʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʫʩʪaʥʦʚʢaʤʠ. ɺ ʩʦʣʥʝʯʥʳʭ ʤʝʩʪaʭ ʩ ʦʩʥʦʚʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ 

(ʙʦʣʝʝ 85%) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʙʫʜʝʪ ʫʩʪaʥʦʚʢa 1. ʇʨʠ ʠʩʧʦʣʴʟʦʚaʥʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʥaʢʦʧʣʝʥʥʦʡ ʚ aʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙaʪaʨʝʷʭ, ʫʩʪaʥʦʚʢʠ 2, 3 ʠ 4 ʜaʶʪ ʪaʢʠʝ ʞʝ ʧʦʢaʟaʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚaʥʠʷ ʵʥʝʨʛʠʠ, ʢaʢ ʠ ʫʩʪaʥʦʚʢa 1, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʝ ʙʦʣʝʝ 85% 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚaʪʴʩʷ ʥaʧʨʷʤʫʶ. ʂaʢ ʧʨaʚʠʣʦ, ʩʦʣʥʝʯʥaʷ ʵʥʝʨʛʠʷ ʜʦʩʪʫʧʥa ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ ʟaʚʠʩʠʪ ʦʪ ʧʦʛʦʜʳ ʠ ʚʨʝʤʝʥʠ. ɹʦʣʴʰaʷ ʯaʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʨʝʩʫʨʩa ʙʫʜʝʪ 

ʥʝʜʦʩʪʫʧʥa ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʠ aʢʢʫʤʫʣʠʨʦʚaʥʠʝ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ. ʉʣʝʜʦʚaʪʝʣʴʥʦ, 

ʫʩʪaʥʦʚʢa 1 ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ. 

ʄʦʱʥʦʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨaʪʦʨa ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢaʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʡ, ʦʥa ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚaʥa ʢaʢ ʥaʧʨʷʤʫʶ, ʪaʢ ʠ ʟa ʩʯʸʪʝʸ aʢʢʫʤʫʣʠʨʦʚaʥʠʷ ʚ ʙaʪaʨʝʷʭ.ʝʩʣʠ ʤʦʱʥʦʩʪʴ 

ʧʦʪʨʝʙʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨaʪʦʨa, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʥaʧʨʷʤʫʶ ʢ ʰʠʥʝ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢa, ʪʦ ʚʩʝ ʫʩʪaʥʦʚʢʠ ʜaʶʪ ʦʜʠʥaʢʦʚʦ ʚʳʩʦʢʠʡ ʂʇɼ, ʟa ʠʩʢʣʶʯʝʥʠʝʤ ʫʩʪaʥʦʚʢʠ 3, ʚ 
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ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʧʨʷʤʠʪʝʣʴ ʠ ʠʥʚʝʨʪʦʨ. ɼʣʷ ʛʝʥʝʨaʪʦʨa ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ 

aʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙaʪaʨʝʶ ʥʫʞʥʳ Aʉ/Dʉ, Dʉ/Aʉ-ʧʨʝʦʙʨaʟʦʚaʪʝʣʠ, ʯʪʦ ʥʝʩʸʪ ʟa ʩʦʙʦʡ ʧʦʪʝʨʶ 

ʤʦʱʥʦʩʪʠ. ʂʦʛʜa ʚʩʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨaʪʦʨa ʠʜʸʪ ʯʝʨʝʟ ʙaʪaʨʝʶ, ʪʦ ʫʩʪaʥʦʚʢʠ 2 , 3ʠ 4 ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʦʢaʟaʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨaʚʥʝʥʠʶ ʩ ʮʝʥʪʨaʣʠʟʦʚaʥʥʦʡ ʫʩʪaʥʦʚʢʦʡ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢa 1. ʇʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨaʪʦʨa (ʧʨʷʤʦʡ ʠʣʠ ʯʝʨʝʟ ʙaʪaʨʝʶ) 

ʫʩʪaʥʦʚʢʠ 2 ʠ 4 ʜaʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢaʟaʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨaʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʫʩʪaʥʦʚʢaʤʠ. 

ʅa ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ aʥaʣʠʟa ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʙʠʥʠʨʦʚaʥʥʳʭ ʫʩʪaʥʦʚʦʢ ʥa 

ʦʩʥʦʚʝ ɺʀʕ, ʠʤʝʶʱʠʭ ʩʭʦʞʫʶ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʩʭʝʤʫ, aʚʪʦʨʦʤ ʧʨʝʜʣaʛaʝʪʩʷ ʦʙʦʙʱʸʥʥaʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥaʷ ʩʭʝʤa, ʠʟʦʙʨaʞʸʥʥaʷ ʥa ʨʠʩʫʥʢʝ 2. 

ʊaʢʠʤ ʦʙʨaʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚaʥʠʷ ʧʦʢaʟʳʚaʶʪ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥaʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʫʪʦʯʥʸʥʥʳʝ ʤʝʪʦʜʳ ʨaʩʯʸʪa 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚaʥʥʳʭ ʫʩʪaʥʦʚʦʢ. 

ʇʨʠ ʵʪʦʤ ʨaʩʩʤaʪʨʠʚaʪʴ ʨaʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʝʟaʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛa. 

Aʥaʣʠʟ ʨʝʟʫʣʴʪaʪʦʚ ʚʳʙʦʨa ʚaʨʠaʥʪʦʚ ʧʦʢaʟaʣ, ʯʪʦ ʥaʠʙʦʣʝʝ ʦʧʪʠʤaʣʴʥʳʤʠ ʚaʨʠaʥʪaʤʠ 

ʧʨʠ ʨaʙʦʪʝ ʩʦʣʥʝʯʥʳʭ ʙaʪaʨʝʡ ʷʚʣʷʶʪʩʷ ʫʩʪaʥʦʚʢʠ 2,3 ʠ 4. ʋʩʪaʥʦʚʢa 4 ʷʚʣʷʝʪʩʷ ʦʧʪʠʤaʣʴʥʦʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚaʥʠʠ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ. ʋʩʪaʥʦʚʢʠ 2 ʠ 4 ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨaʩʩʤʦʪʨʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨaʪʦʨa. ɺʦ ʚʩʝʭ ʨaʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯaʷʭ ʫʩʪaʥʦʚʢa ʩʦ ʩʤʝʰaʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʚaʨʠaʥʪʦʤ. ʇʦʵʪʦʤʫ ʩʤʝʰaʥʥaʷ ʫʩʪaʥʦʚʢa ʷʚʣʷʝʪʩʷ ʥaʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʚaʨʠaʥʪʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚaʥʠʠ ʣʶʙʦʛʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. 
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ʂʘʤʙʘʨʦʚ ʄ.ʅ. ï ʜ.ʪ.ʥ., ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʊʆʆ çʕʢʦɺʘʪʪè 

ʉʘʜʳʢʙʝʢ ʊ.ʉ. ïʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʆɹ ʕʃɽʂʊʈʀʌʀʂɸʎʀʀ ʂʊɾ ʉʆ ʉʊʈʆʀʊɽʃʔʉʊɺʆʄ ʉʆɹʉʊɺɽʅʅʓʍ ɺʕʉ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɿʘʢʦʥʦʤ ʈʂ çʆʙ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè ʚʚʝʜʝʥʳ ʧʦʥʷʪʠʝ çʥʝʟʘʚʠʩʠʤʳʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʨʘʚʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʧʨʦʜʘʚʘʪʴ ʩʚʦʶ ʵ/ʵ ʣʶʙʦʤʫ 

ʧʦʪʨʝʙʠʪʝʣʶ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɿʘʢʦʥʦʤ ʈʂ çʆ ʧʦʜʜʝʨʞʢʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚè ʜʦʩʪʘʚʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʵ/ʵ) ʦʪ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʧʦ 

ʵʣʝʢʪʨʦʩʝʪʷʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʙʝʩʧʣʘʪʥʦ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʝʝ ʜʦʩʪʘʚʢʝ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʂ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʫʶʪ ʵ/ʵ 

ʜʦ 20 % ʦʪ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɹʝʟʫʩʣʦʚʥʦ, ʂʊɾ, ʢʘʢ ʢʨʫʧʥʝʡʰʝʝ ʦʙʲʝʜʠʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʱʝʡ ʝʝ ʥʘ ʵʣʝʢʪʨʦʪʷʛʫ ʧʦʝʟʜʦʚ ʚ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʩʨʝʜʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ʄʝʞʜʫ ʪʝʤ ʮʝʥʳ ʥʘ ʵ/ʵ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʧʦʚʳʰʝʥʠʶ, ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ, 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʪʷʛʫ, ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʠ, ʨʘʩʰʠʨʝʥʠʝʤ ʨʳʥʢʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʠ ʙʘʟʦʡ ʜʣʷ çʟʝʣʝʥʦʡè ʵʢʦʥʦʤʠʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʡ ʚʦʧʨʦʩ . ʇʦʯʝʤʫ ʂʊɾ, ʦʜʠʥ ʠʟ ʢʨʫʧʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵ/ʵ, ʜʦʣʞʝʥ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʢʫʧʥʦʡ ʵ/ʵ ʥʘ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʂ, ʛʜʝ 

ʜʠʩʣʦʮʠʨʫʶʪʩʷ ʝʝ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʯʝʤʫ ʥʝ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʵ/ʵ ʚ 

ʫʩʣʦʚʠʷʭ ʝʝ ʫʜʦʨʦʞʘʥʠʷ, .ʫʚʝʣʠʯʠʚʘʪʴ ʝʝ ʜʦʣʶ ʚ ʙʘʣʘʥʩʝ ʧʦʪʨʝʙʣʝʥʠʷ, ʠ ʧʨʠ ʵʪʦʤ ʚʳʪʝʩʥʷʷ 

ʧʦʢʫʧʥʫʶ. ʋʛʦʣʴ, ʛʘʟ , ʥʝʬʪʴ ʜʦʨʦʞʘʶʪ, ʥʦ ʜʣʷ ʩʚʦʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠʤʝʶʪʩʷ ʠ ʙʝʩʧʣʘʪʥʳʝ 

ʧʝʨʚʠʯʥʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ. 

ʂʘʟʘʭʩʪʘʥ ʙʫʜʫʯʠ ʥʘ 9 ʤʝʩʪʝ ʚ ʤʠʨʝ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʮʝʥʪʨʝ ɽʚʨʘʟʠʡʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘ, ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʦ ʟʘʧʘʩʘʤ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʘʨʦʚʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ (ɺʕʈ). ʊʘʢ, ʵʥʝʨʛʠʷ ʚʝʪʨʦʚ ʥʘ ʦʜʥʦʤ 

ʢʚ.ʢʤ, ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʂ, ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʧʦʯʪʠ ʚ 2, ʘ ʚ 

ɼʞʫʥʛʘʨʩʢʠʭ ʚʦʨʦʪʘʭ- ʙʦʣʝʝ 7 ʨʘʟʘ. ʆʙʲʝʤ ʵʢʦʣʦʛʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵ/ʵ ʥʘ ʵʪʠʭ ʨʝʩʫʨʩʘʭ ʤʦʞʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʩʠʪʴ ʝʝ ʩʦʚʨʝʤʝʥʥʦʝ. ʆʮʝʥʠʤ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʋʢʨʫʧʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʦʢʫʧʘʝʤʦʩʪʠ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɺʕʉ). 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʚʩʝʭ ʞ.ʜ. ʈʂ 14 000 ʢʤ. ʕʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʞ/ʜ ʥʘ ʵʣʝʢʪʨʦʪʷʛʝ 4000 ʢʤ. 

( ʚ ʪ.ʯ. ʜʚʫʭʧʫʪʥʳʝ ), ʪ.ʝ.ʧʨʠʤʝʨʥʦ 30 % 

ʇʨʠʤʝʨʥʦ ʪʘʢʠʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠ ʛʨʫʟʦʦʙʦʨʦʪ ʚ ʨʘʟʤʝʨʝ 30%, ʥʦ ʦʥ ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʂʊɾ: ʵʪʦ ʉʝʚʝʨ-ʖʛ.(ɸʩʪʘʥʘ ïʐʫ)..ʅʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʡ ʠ 

ʛʨʫʟʦ ʥʘʧʨʷʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʜʣʠʥʦʡ 1200 ʢʤ ʵʪʦ ʕʢʠʙʘʩʪʫʟ - ɸʩʪʘʥʘ ï ʐ ʛrʘʥʘʢ ïʐʫ 

ʕʪʦʪ ʫʯʘʩʪʦʢ ʙʫʜʝʪ ʝʱʝ ʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʤ ʚ ʙʫʜʫʱʝʤ, ʚ ʩʚʷʟʠ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚ 

ʨʘʡʦʥʝ ʐʳʛʘʥʘʢ ɹʘʣʭʘʰʩʢʦʡ ʊʕʉ 1320 ʄʚʪ ( ʚʦʟʤʦʞʥʦ ʠ ɸʕʉ ʩʝʚʝʨʥʝʝ ʝʛʦ ), ʚ ʩʚʷʟʠ ʩ ʜʦʩʪʘʚʢʦʡ 

ʛʨʫʟʦʚ ʥʘ ʧʣʦʱʘʜʢʫ ʊʕʉ (ɸʕʉ), ʘ ʟʘʪʝʤ ʧʦʩʪʘʚʢʫ ʫʛʣʷ (ʦʙʦʛʘʱʝʥʥʦʛʦ, ʙʝʟ ʟʦʣ)r ʥʘ ʵʪʫ ʊʕʉ ʠʟ 

ʕʢʠʙʘʩʪʫʟʘ ʧʦ ʤʘʨʰʨʫʪʫ ʜʣʠʥʦʡ ʧʨʠʤʝʨʥʦ 1000 ʢʤ. ʉʪʦʠʤʦʩʪʴ ʦʙʦʛʘʱʝʥʥʦʛʦ ʫʛʣʷ ʤʦʞʝʪ ʚ 2 ʨʘʟʘ 

ʙʳʪʴ ʜʦʨʦʞʝ ʥʝʦʙʦʛʘʱʝʥʥʦʛʦ. 
ɺ ʮʝʣʦʤ ʟʘ ʛʦʜ ʚʳʨʘʙʦʪʢʘ ʵ/ʵ ʥʘ ɹʊʕʉ ʩʦʩʪʘʚʠʪ : 1320 ʄɺʪ *6000 ʯ/ʛʦʜ. = ʧʨʠʤʝʨʥʦ 8 ʤʣʨʜ 

ʢɺʪ-ʯ. 
ʋʤʥʦʞʠʤ ʝʛʦ ʥʘ 0.35 ʢʛ/ʢɺʪ-ʯ ʫʛʣʷ, ʟʘʪʝʤ ʧʦʜʝʣʠʤ ʥʘ 365 ʜʥʝʡ (ʧʨʠʤʝʨʥʦ 8 ʪʳʩ. ʪʦʥʥ / 

ʜʝʥʴ). ʕʪʦ ʧʨʠʤʝʨʥʦ 160 ʚʘʛʦʥʦʚ ʠʣʠ 3 ʩʦʩʪʘʚʘ ʚ ʜʝʥʴ (ʧʦ 50 ʚʘʛʦʥʦʚ). (ʧʨʠʤʝʨʥʦ 2,9 ʤʣʨʜ. ʪʦʥʥʦ 
ʢʤ/ ʛʦʜ). ʇʦʩʪʘʚʢʠ ʵ/ʵ ʩʦʩʪʘʚʠʪ ( 2,.9 ʤʣʨʜ ʪʥ *6 ʢɺʪ/ʯ )= 17.5 ʤʣʨʜ.ʢʚʪ-ʯ. ʉʪʦʠʤʦʩʪʴ ʧʦʩʪʘʚʢʠ ʵ/ʵ 
17.5 ʤʣʨʜ. ʢɺʪ-ʯ *5 ʮʝʥʪʦʚ / ʢɺʪ-ʯ= 87.5 ʤʣʨʜ ʮʝʥʪʦʚ , ʠʣʠ ʧʨʠʤʝʨʥʦ 8.7 ʤʣʨʜ ʜʦʣʣ. ʪʦʣʴʢʦ ʥʘ 
ʜʦʩʪʘʚʢʫ ʦʙʦʛʘʱʝʥʥʦʛʦ ʫʛʣʷ 

ʅʦ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʚʳʨʘʩʪʫʪ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʝʨʝʚʦʟʢʠ ʧʦ ʜʨʫʛʠʤ ʛʨʫʟʘʤ. ʇʨʠʤʝʤ ʠʭ 
70% ʦʪ ʜʦʩʪʘʚʢʠ ʫʛʣʷ. ʉʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵ/ʵ ʚʳʨʘʩʪʝʪ ʪʘʢʞʝ ʥʘ 70% , ʩʪʘʥʝʪ 8,7 ʤʣʨʜ *1.7= 
14,8 ʪ.ʝ. 14,8 ʤʣʨʜ.ʜʦʣʣ./ ʛʦʜ 

ʆʢʨʫʛʣʠʤ ʠʭ ʜʦ 14,5 ʤʣʨʜ ʜʦʣʣ. 
ʏʪʦʙʳ ʚʳʨʘʙʦʪʘʪʴ 17.5 ʤʣʨʜ. ʢɺʪ-ʯ ( ʧʨʠ ʊ=3000 ʯ/ʛʦʜ) ʧʦʪʨʝʙʫʝʪʩʷ 5 833 ʄɺʪ 

ʤʦʱʥʦʩʪʝʡ ɺʕʉ. 
ʉʪʦʠʤʦʩʪʴ ɺʕʉ (ʥʘ ʂʘʟʘʭʩʪʘʥʩʢʠʭ ʚʝʪʨʦʪʫʨʙʠʥʘʭ) ʧʦ 1,25 ʤʣʥ. ʜʦʣʣ/ʄɺʪ ʩʦʩʪʘʚʠʪ 5,833 

*1,25 = 7,29 ʤʣʨʜ. ʜʦʣʣ. 
ʆʢʨʫʛʣʷʝʤ ʜʦ 8 ʤʣʨʜ. ʜʦʣʣ. 
ʅʘʧʦʤʥʠʤ : ʩʪʦʠʤʦʩʪʴ ɹʘʣʭʘʰʩʢʦʡ ʊʕʉ 1320 ʄɺʪ ( ʥʘ ʫʛʣʝ) ʙʫʜʝʪ ʩʪʦʠʪʴ ʧʦʨʷʜʢʘ 3 

ʤʣʨʜ ʜʦʣʣ. , ʥʦ ɺʕʉ ʙʫʜʫʪ ʨʘʩʢʠʜʘʥʳ ʧʦ ʚʩʝʤʫ ʤʘʰʨʫʪʫ ɽʢʠʙʘʩʪʫʟ-ʐʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 
ʢʘʞʜʦʡ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʠʤʝʨʥʦ ʧʦ 100 ʄɺʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʦʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʩʪʘʥʮʠʡ ʦʢʫʧʠʪʩʷ ʟʘ 7,29/ 14,5=0,,5 ʪʦ ʝʩʪʴ ʟʘ 
ʧʦʣʛʦʜʘ ʦʧʣʘʪʳ ʟʘ ʵ/ʵ ʚ ʛʦʜ ʩʦ ʩʪʦʨʦʥʳ ʂʊɾ. 

ʆʢʨʫʛʣʷʝʤ ʜʦ 1 ʛʦʜʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʂʊɾ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʵ/ʵ ʧʦ 
ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʠʤʝʨʥʦ 5 ʮʝʥʪʘ /ʢɺʪ-ʯ. ʪʦ ʝʩʪʴ ʥʘ 20 % ʥʠʞʝ ʠ ʵʪʘ ʮʝʥʘ ʥʝ ʙʫʜʝʪ ʨʘʩʪʠ. ʇʨʠ 
ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵ/ʵ. 
ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʵ/ʵ ʥʘ ɺʕʉ ʚ ɿʘʧ. ʩʪʨʘʥʘʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 8 ʮʝʥʪʦʚ/ ʢɺʪʯ. ɿʜʝʩʴ ʤʳ ʫʯʣʠ 
ʧʦʪʨʝʙʣʷʝʤʫʶ ʵ/ʵ ʪʦʣʴʢʦ ʥʘ ʤʘʨʰʨʫʪʝ ʕʢʠʙʘʩʪʫʟ ïɸʩʪʘʥʘ- ɸʛʘʜʳʨʴ-ʐʫ. 

ʂʘʢ ʜʦʢʘʟʘʪʴ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʕʥʝʨʛʠʷ ʚʝʪʨʦʚ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ 
ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠʟʤʝʨʝʥʘ ʥʘ ʵʪʦʤ ʤʘʨʰʨʫʪʝ ʦʪ ʩʪ: ʐʠʜʝʨʪʳ, ɽʨʝʡʤʝʥʪʘʫ, ɸʩʪʘʥʝ, ɸʛʘʜʳʨʝ, 
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ʐʦʢʧʘʨʝ. ʆʥʘ ʠʟʤʝʨʝʥʘ ʠ ʚ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ɼʦʩʪʳʢ, ʐʝʣʝʢ, ɸʢʪʘʫ, ʪʦ ʝʩʪʴ ʚʩʝʛʦ ʥʘ 8 ʪʦʯʢʘʭ 
ʈʂ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʜʦ ʩʪʘʚʠʪ ɹɺʕʉ ʥʘ ʋʯʘʩʪʢʝ ʕʢʠʙʘʩʪʫʟ -ɸʩʪʘʥʘ -ɸʛʘʜʳʨʴ -ʐʫ. 

ɿʘʪʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʦʚʳʝ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʞ.ʜ. ʧʫʪʠ ʥʘ ʂʠʪʘʡ, ʥʘ ʄʘʥʛʳʰʣʘʢ, 
ʇʘʚʣʦʜʘʨ - ɸʣʤʘʪʳ. 

 

 

ʉʘʜʳץʙʝʢ ʊ.ᴄ. ï ʪ.ס.ʜ., ʧʨʦʬʝʩʩʦʨ ʄ.ʊʳʥʳʰʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘץ ʂᴇʣʽʢ ʞᴅʥʝ ʂʦʤʤʫʥʠʢʘʮʠʷʣʘʨ 

ɸʢʘʜʝʤʠʷʩʳ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

ʂʘʨʘʩʘʝʚʘ ᴄ.ʈ. ïʤʘʛʠʩʪʨʘʥʪ ʄ.ʊʳʥʳʰʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘץ ʂᴇʣʽʢ ʞᴅʥʝ ʂʦʤʤʫʥʠʢʘʮʠʷʣʘʨ 

ɸʢʘʜʝʤʠʷʩʳ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʕʃɽʂʊʈʊɽʍʅʀʂɸʃʓפ ɾɸɹɼʓפʊɸʈɼʓ ʊɽʍʅʀʂɸʃʓפ ɼʀɸɻʅʆʉʊʀʂɸʃɸʋ 

 

ʕʣʝʢʪʨʣʽʢ ʪʦʨʘʧʪʘʨ ʤʝʥ ʵʣʝʢʪʨ ײץʨʳʣסʳʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʩʝʥʽʤʜʽʣʽʛʽ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫʜʽ ײʡʳʤʜʘʩʪʳʨʫʤʝʥ ʘʥʳץʪʘʣʘʜʳ. פʘʟʽʨʛʽ ʪʘשʜʘ ʞʦʩʧʘʨʣʳ ʘʣʜʳʥ ʘʣʘ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ײץʨʘʣʜʘʨʜʳ ʞᴇʥʜʝʫ ʞװʡʝʩʽʥʝʥ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʘʡ-ʢװʡʽ ʙʦʡʳʥʰʘ 

ʞᴇʥʜʝʫ ʞװʡʝʩʽʥʝ ᴇʪʫ ʪʝʥʜʝʥʮʠʷʩʳ ʙʘץʳʣʘʥʘʜʳ. ɾʘʡ-ʢװʡʽ ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴇʥʜʝʫ 

ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞװʡʝʩʽʥʝ ᴇʪʫ ʵʣʝʢʪʨʣʽʢ ʞʘʙʜʳץʪʘʨʜʳ ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʜʝ ʝʣʝʫʣʽ ʪװʨʜʝ ʰʳסʳʥʜʳ ʘʟʘʡʪʘʜʳ. ɼʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʘʡ-ʢװʡʽ ʙʦʡʳʥʰʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʪʠʽʤʜʽʣʽʛʽ, ʘʣʜʳʤʝʥ, ײץʨʘʣʜʳ ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ ʪᴇʤʝʥʜʝʫ װʨʜʽʩʪʝʨʽʥʽש ʪʝשʝʩʪʽʨʫ ʜᴅʣʜʽʛʽʥʝ ʪᴅʫʝʣʜʽ. 

ɼʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʽʥʽש ʪᴇʤʝʥʜʝʫʽ, ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ץʘʣסʘʥ ʨʝʩʫʨʩʪʳ 

ʘʥʳץʪʘʫ װʨʜʽʩʽʥʜʝʛʽ ʦʩʳ ʞʘסʜʘʡʜʳש ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳʥ ʙʦʣʞʘʫ ï ʵʣʝʢʪʨʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʳש 

ʪʦץʪʘʫʩʳʟ ʞײʤʳʩ ʞʘʩʘʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʰʝʰʽʤ, ʜʠʘʛʥʦʩʪʠʢʘʥʳש ʤʽʥʜʝʪʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦסʘʨʳʜʘסʳ ʪײʞʳʨʳʤʜʘʨ ʪʝʭʥʠʢʘʣʳץ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳץ שʘʟʽʨʛʽ סʳʣʳʤʠ 

ʪʝʭʥʠʢʘʥʳש ʜʘʤʫ ʩʘʪʳʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʵʣʝʢʪʨʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʨʳʥʳש ʢװʨʜʝʣʝʥʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʟʝʢʪʽʣʛʽʥ ʥʝʛʽʟʜʝʡʜʽ. ʄʘץʘʣʘʜʘ ʪʝʭʥʠʢʘʣʳץ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ 

ᴅʜʽʩʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪʪʽ ײʡʳʤʜʘʩʪʳʨʫ װʜʝʨʽʩʽʥ ʞʘץʩʘʨʪʫ ʤᴅʩʝʣʝʣʝʨʽ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ
ʊʝʭʥʠʢʘʣʳץ ʜʠʘʛʥʦʩʪʠʢʘ ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʘץʧʘʨʘʪʪʳ ʙʘסʘʣʘʫ, ʘʣʫ ᴅʜʽʩʪʝʨʽʥ, ʰʝʰʽʤ 

 .ʘʤʪʠʜʳץ ʨʜʽʩʪʝʨʽʥװ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʞʘʩʘʫ ץʰʽʥ ʜʠʘʛʥʦʩʪʠʢʘʣʳװ ʘʙʳʣʜʘʫץ
ʕʣʝʢʪʨʪʝʭʥʠʢʘʣʳײץ ץʨʳʣסʳʣʘʨʳʥʳש ʜʠʘʛʥʦʩʪʠʢʘʩʳ ʙᴇʣʝʢ ʵʣʝʤʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʞʘʡ-ʢװʡʽʥ 
ʘʥʳץʪʘʡʪʳʥ ʝʩʝʧʪʝʨʜʝ, ᴇʥʜʽʨʫʰʽʥʽש ʞᴅʥʝ ʞʘʙʜʳץ ʨʝʩʫʨʩʳʥ ʙʘסʘʣʘʫʜʘ, ʘץʘʫʜʳ ʪʘʙʫ ʥʝʤʝʩʝ 
 ʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʦʨʤʘʣʴʜʽץʰʝʢʪʝʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʜʝʥ ʘʫʳʪ ,ץʘʣʳʧʪʳ ʪʘʣʘʧʪʘʥ, ʩʦʥʜʘʡ-ʘץ
ʞײʤʳʩ ʘʪץʘʨʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ[1]. 

 שʪʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ᴅʜʽʩʪʝʨʽʥʽץʞʘʙʜʳ ץʦʣʜʘʥʳʩʪʘ ʵʣʝʢʪʨʪʝʭʥʠʢʘʣʳץ ʜʘשʘʟʽʨʛʽ ʪʘפ
ʙʽʨʥʝʰʝ ʪװʨʣʝʨʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʄײʥʜʘʡ ᴅʜʽʩʪʝʨ ץʘʪʘʨʳʥʘ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳש: 

- ʞʳʣʫʣʳץ ᴅʜʽʩʽ; 
- ʜʽʨʽʣ ʜʠʘʛʥʦʩʪʠʢʘʩʳ; 
- ʽʰʽʥʘʨʘ ʨʘʟʨʷʜʪʘʨ ᴅʜʽʩʽ; 
- ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩ; 
-ʦʧʪʠʢʘʣʳץ ᴅʜʽʩʽʥ ʞʘʪץʳʟʘʤʳʟ. ɸʪʘʣסʘʥ ᴅʨʙʽʨ ᴅʜʽʩ ᴇʟʽʥʜʽʢ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳʤʝʥ, 

ʪʠʽʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 
ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʥʝʥʽש ʽʰʢʽ ʵʥʝʨʛʠʷʩʳʥʳש ᴇʣʰʝʤʽ. ɾʳʣʫ ʘʣʤʘʩʫ װʨʜʽʩʽʥʜʝ ʵʥʝʨʛʠʷ ץʘʪʪʳ 

 ʝʩʢʝʥʛʝ ʜʝʡʽʥשʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ ʪʝ שʘ ʞᴅʥʝ ʦʣʘʨʜʳסʘʥסʜʽʢ ʦʨʥʘʪʳʣשʪʝ ץʘʥ ʜʝʥʝʜʝʥ ʞʳʣʫʣʳסʳʟץ
ʘʟʜʘʧ ץʳʟסʘʥ ʜʝʥʝʛʝ ᴇʪʝʜʽ. ɸץʘʫʣʳץ ʠʥʜʠʢʘʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪʘʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʪʽש ʥʝʛʽʟʛʽ 
ʩʠʧʘʪʪʘʤʘʩʳ ʞʝʨʛʽʣʽʢʪʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʪᴇʤʝʥʜʝʫʛʝ ץʳʟʤʝʪ ʝʪʝʜʽ. ʄײʥʜʘʡ ʪʝʤʧʝʨʘʪʫʨʘʥʳ 
ᴇʣʰʝʫʜʽש ʪװʡʽʩʧʝʣʽ ʞᴅʥʝ ʪװʡʽʩʧʝʩʽʟ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦסשʳ ʫʘץʳʪʪʘ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʩʳʥʘʥ 
ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫʰʳʣʘʨסʘ ʜʝʡʽʥʛʽ ᴇʥʜʽʨʽʩʪʽש ʙʘʨʣʳץ ʮʠʢʣʽ ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪʘʨʘʪʫ 
ʙʦʡʳʥʰʘ ʞʳʣʫʣʳץ ʙʘץʳʣʘʫ ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ ʘʥʳץʪʘʣʫʜʘ. ɾʳʣʫʣʳץ ʙʘץʳʣʘʫ ʥʝʛʽʟʽʥʜʝ ʢᴇʨʽʥʝʪʽʥ 
ʦʙʲʝʢʪʽʣʝʨʜʽש ʦʣʘʨʜʳש ʞʳʣʫʣʳץ (ʠʥʬʨʘץʳʟʳʣ) ʩᴅʫʣʝʣʝʥʫʽ ʙʦʡʳʥʰʘ ʢᴇʨʽʥʽʩʽʥ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ 
ʞʘʪʳʨ [1]. 

ɾʳʣʫʣrץ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʞʳʣʫ ᴇʪʢʽʟʫ ʘץʘʫʳʥ ʝש ʪʠʽʤʜʽ ʪʘʙʘʪʳʥ ʞᴅʥʝ ʪʝʢʩʝʨʫ 
ʢʝʟʽʥʜʝ ʘʟ ʰʳסʳʥ ʰʳסʘʨʘʪʳʥ ᴅʜʽʩʪʽש ʙʽʨʽ, ʦʣ ʪʦʣץʳʥ ײʟʳʥʜʳסʳ 8-14 ʤʢʤ ʙʦʣʘʪʳʥ 
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ʠʥʬʨʘץʳʟʳʣ ʘʫʤʘץʪʳש ʩʧʝʢʪʨʳʥʜʘסʳ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʳʣʫʣʳץ ʜʠʘʛʥʦʩʪʠʢʘʩʳ. 1-ʩʫʨʝʪʪʝ 
ʵʣʝʢʪʨʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʳ ʪʝʧʣʦʚʠʟʦʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʪʝʢʩʝʨʫʜʝʛʽ ʢᴇʨʽʥʽʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

1-ʩʫʨʝʪ. ʕʣʝʢʪʨʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʳ ʪʝʧʣʦʚʠʟʦʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʪʝʢʩʝʨʫ 

 

ʂʝʟ ʢʝʣʛʝʥ ʘʡʥʘʣʘʪʳʥ ʥʝʤʝʩʝ ʘʫʳʩʧʘʣʳ ʙᴇʣʰʝʛʽ ʙʘʨ ʵʣʝʢʪʨʣʽʢ ʞʘʙʜʳץʪʘ ʤʝʭʘʥʠʢʘʣʳץ 

ʪʝʨʙʝʣʽʩ ʪʫʳʥʜʘʡʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ʪʝʨʙʝʣʽʩʪʽ ʞʘʙʜʳץʪʳש ʞʘʡ-ʢװʡʽʥʽש ʢᴇʨʩʝʪʢʽʰʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ 

ʪʝʭʥʠʢʘʣʳץ ʜʠʘʛʥʦʩʪʠʢʘ ʤʦʡʳʥʜʘסʘʥ ᴅʜʽʩ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ʩʦʥʜʘʡ-ʘץ, ʦʣ ʜʽʨʽʣ ʜʠʘʛʥʦʩʪʠʢʘʩʳ ʜʝʧ 

ʘʪʘʣʘʜʳ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʜʽʨʽʣ ʜʠʘʛʥʦʩʪʠʢʘʩʳ ʪʝʢ ʤʝʭʘʥʠʢʘʣʳץ ʪʝʨʙʝʣʽʩʪʽש ʞʘʣʧʳ ʜʝשʛʝʡʽʥ 

 שʳʥʳʥʳץʘʪʘʨ, ʜʽʨʽʣ ʩʧʝʢʪʦʨʳʥʘ, ʪʝʨʙʝʣʽʩ ʪʦʣץ ʦʡʤʘʡ, ʩʦʥʳʤʝʥץ ʘʥʘץ ʪʘʧץʨʜʝ ʘʥʳװʘʨʘʧʘʡʳʤ ʪץ

ʬʦʨʤʘʩʳʥʘ, ʪʝʨʙʝʣʽʩʪʽש ʬʘʟʘʣʳץ ʙײʨʳʰʪʘʨʳʥʘ, ʘʡʥʘʣʫʰʳ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʜʽʨʽʣ ʩʧʝʢʪʨʣʝʨʽʥʝ 

ʪʘʣʜʘʫ ʞʘʩʘʡʜʳ. ɼʽʨʽʣ ʜʠʘʛʥʦʩʪʠʢʘʩʳʥʳץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʢʝʣʝשʩʽʟʜʽʢʪʝʨ ʥʝʤʝʩʝ 

ʘץʘʫʜʳש ʜʘʤʫʳʥʳש ʝʨʪʝ ʩʘʪʳʩʳʥʜʘסʳ ʩʳʥʳץʪʘʨ ʞʘʡʣʳ ʝʩʢʝʨʪʫʣʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ            

(2-ʩʫʨʝʪ). ɼʽʨʽʣ ʙʦʡʳʥʰʘ ʘʡʥʘʣʘʪʳʥ ʞʘʙʜʳץʪʳש ʪʝʨʝש ʜʠʘʛʥʦʩʪʠʢʘʩʳ ʤʝʥ ʤʦʥʠʪʦʨʠʥʛ ʞװʡʝʩʽʥʽש 

ʞʘשʘ ʙʫʳʥʳ ʘʟʜʘסʘʥ ʫʘץʳʪʪʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʝʥ ʵʣʝʢʪʨʣʽʢ ץʦʟסʘʣʪץʳʰʪʘʨʜʳש ʜᴅʣ ʥʝʛʽʟʛʽʜʝʡ 

 ʡʽ ʙʦʡʳʥʰʘ ʞᴇʥʜʝʫʛʝװʜʘ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʘʡ-ʢ שʪʳץʞʘʙʜʳ ץʦʩʳʤʰʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ

ʢʽʨʽʩʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ װʰʽʥ ʞʘʙʜʳץʪʳש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʝ ʤʦʥʠʪʦʨʠʥʛʪʽץ שʳʤʙʘʪ ʙʘסʘʣʳ 

ʩʪʘʮʠʦʥʘʨʣʳ ʞװʡʝʩʽʥ ʦʨʥʘʪʫ ʪʘʣʘʧ ʝʪʽʣʤʝʡʜʽ. ʊʝʢ ʤʦʥʠʪʦʨʠʥʛ ʧʝʥ ʪʝʨʝש ʜʠʘʛʥʦʩʪʠʢʘʥʳש ʘʧʘʪץʘ 

ʜʝʡʽʥʛʽ ʙʽʨʥʝʰʝ ʘʡʣʘʨ ʙʦʡʳ ʪʫʳʥʜʘʡʪʳʥ ʩʘʪʳʩʳʥʜʘ ʘץʘʫʣʘʨʜʳש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ 

ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʞᴇʥʜʝʫ ʤʝʨʟʽʤʽ ʤʝʥ ʢᴇʣʝʤʽʥ ʞʦʩʧʘʨʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʫʳʩʧʘʣʳ ʞװʡʝʩʽʥ 

 .ʦʣʜʘʥʫ ʞʝʪʢʽʣʽʢʪʽ [2]ץ

ʕʣʝʢʪʨʣʽʢ ʞʘʙʜʳץʪʳש ʘסʳʤʜʘסʳ ʞʘסʜʘʡʳʥ ʦʥʳש ʦʨʥʘʪʳʣסʘʥ ʦʨʥʳʥʜʘ ץʘʣʳʧʪʳ ʧʘʡʜʘʣʘʥʫ 

 ʳ ʙʽʨ ᴅʜʽʩʽסʪʘ שʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʜʠʘʛʥʦʩʪʠʢʘʥʳץ ʳʣʘʫʜʳץʢʝʨʥʝʫʽʥʜʝ ʙʘ ץʤʳʩʪʳײʨʜʽʩʽʥʜʝʛʽ ʞװ

ʽʰʽʥʘʨʘ ʨʘʟʨʷʜʪʘʨʜʳש (ɯʈ) ʩʠʧʘʪʪʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞʘʙʜʳץʪʳש ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʦץʰʘʫʣʘʤʘʩʳʥʳש 

ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʽ. ɹײʣ ᴅʜʽʩʪʽש ʝʨʝʢʰʝʣʽʛʽ ï ʦץʰʘʫʣʘʤʘ ʘץʘʫʣʘʨʳʥ ʦʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʳש 

ʝʨʪʝ ʩʘʪʳʩʳʥʜʘ-ʘץ ʪʘʙʳʣʘʪʳʥʜʳסʳ, ʦץʰʘʫʣʘʤʘʥʳש ʘסʳʤʜʘסʳ ʞʘסʜʘʡʳʥ ʙʘסʘʣʘʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʞʘʙʜʳץʪʳש ʘʨʳ ץʘʨʘʡ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ. ʄᴅʣʽʤʝʪʽ ʙʘʨ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʘʨ ʞʠʳʥʪʳסʳ ʙʘʨ 

ʙʦʣסʘʥʜʘ ʘץʘʫʜʳש ʳץʪʠʤʘʣ ï ʙʘʩʪʘʧץʳ, ʦʨʪʘ ʞᴅʥʝ ʩʦסשʳ ʩʘʪʳʩʳʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. 
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2-ʩʫʨʝʪ. ɼʽʨʽʣ ᴇʣʰʝʛʽʰʪʽש (ʚʳʙʨʦʤʝʪʨ) ʢᴇʤʝʛʽʤʝʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ 

 

ɽʛʝʨ ʘץʘʫ ʙʘʩʪʘʧץʳ ʩʘʪʳʜʘ ʙʦʣʩʘ, ʞʘʙʜʳץʪʳ ʞײʤʳʩ ʦʨʥʳʥʜʘ ץʘʣʜʳʨʫסʘ ʙʦʣʘʜʳ, ʤʘʡʜʘ 

ʛʘʟʜʘʨʜʳש ʞʦסʘʨסʳ ײץʨʘʤʜʳ ʢʝʟʽ ʦʨʪʘ ʩʘʪʳʜʘ ʙʦʣʩʘ ʞᴇʥʜʝʫʜʝ ʞʦʩʧʘʨʣʳ ץʦʨʳʪʳʥʜʳ ʰʳסʘʨʫסʘ 

ʥʝʤʝʩʝ ʦץʰʘʫʣʘʤʘ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʞʠʽʣʝʥʛʝʥ ʙʘץʳʣʘʫʳʤʝʥ ʧʘʡʜʘʣʘʥʫʜʳ ʞʘʣסʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ɸʣ ʝʛʝʨ ʜʝ ʩʦסשʳʣʳץ ʩʘʪʳ ʙʦʣסʘʥʜʘ ʛʘʟʜʘʨʜʳש ᴇʩʫ ʞʳʣʜʘʤʜʳסʳ ᴇʪʝ ʟʦʨ, ʩʦʥʜʳץʪʘʥ 

ʦץʰʘʫʣʘʤʘʥʳש ʢװʶʽ ʦʨʳʥ ʘʣʘʜʳ (ʙײʣ ʩʘʪʳʜʘ ʞʳʣʫʣʳץ ʙʘץʳʣʘʫ ʥᴅʪʠʞʝ ʙʝʨʫʽ ʤװʤʢʽʥ), ʜʝʤʝʢ, ʪʝʟ 

ʘʨʘʜʘ ʙײʣ ʞʘʙʜʳץʧʝʥ ʞײʤʳʩʪʳ ʜʦסʘʨʫ ʢʝʨʝʢ[2]. ɸʪʘʣסʘʥ ᴅʜʽʩ ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ ʘʪץʘʨʫ ʢʝʣʝʩʽ 3-

ʩʫʨʝʪʪʝ ʙʝʡʥʝʣʝʥʛʝʥ. 
 

 
 

3-ʩʫʨʝʪ. ɸʥʘʣʠʟʘʪʦʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʽʰʽʥʘʨʘ ʨʘʟʨʷʜʪʘʨ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ 

 

ɹʽʟ ʙʽʣʝʪʽʥʜʝʡ, ʵʣʝʢʪʨ ײץʨʘʣʜʘʨʳʥʳש ʦʧʝʨʘʪʠʚʪʽ ʜʠʘʛʥʦʩʪʠʢʘʩʳʥʳש ʥʝʛʽʟʽʥ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ᴅʜʽʩ ײץʨʘʡʜʳ. ʕʣʝʢʪʨʣʽʢ ץʦʥʜʳʨסʳʣʘʨʜʳש ʦץʰʘʫʣʘʤʘʣʘʨʳʥʘ ʵʣʝʢʪʨʣʽʢ ᴅʩʝʨ 

ʦץʰʘʫʣʘʤʘʥʳש ʞʘשʘ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʪװʟʽʣʽʧ, ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʤʝʥ ʘʷץʪʘʣʘʪʳʥ ʪʠʧʽʥʝ 

ʪᴅʫʝʣʜʽ ʤʦʣʝʢʫʣʷʨʣʳ ʜʝשʛʝʡʜʝ ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʝʜʽ. ʕʥʝʨʛʝʪʠʢʘʣʳץ ᴅʩʝʨʜʝʥ ʦץʰʘʫʣʘʤʘʥʳש ʙʘʨʣʳץ 

ʵʣʝʤʝʥʪʪʝʨʽ ʟʘץʳʤʜʘʣʘʜʳ. ʉײʡʳץ ʢᴇʤʽʨʩʫʣʳ ʦץʰʘʫʣʘʤʘסʘ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʦʨʛʘʥʠʢʘʣʳץ 

ʩײʡʳץʪʳץʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʤʠʥʝʨʘʣʜʳ ʤʘʡ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴅʩʝʨʣʝʩʫʜʽש ʤײʥʜʘʡ ʪװʨʣʝʨʽ ʉ-ʅ, 

ʉ-ʉ ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʘʞʳʨʘʫʳʥʳש ʭʠʤʠʷʣʳװ ץʨʜʽʩʽʥʝ ײʤʪʳʣʜʳʨʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ᴅʨץʘʰʘʥ 

ʦץʰʘʫʣʘʤʘʜʘ ʙʦʣʘʪʳʥ ʦʪʪʝʛʽ ʤʝʥ ʩʫ ץʘʪʳʩʘʪʳʥ ʨʘʜʠʢʘʣʜʳ ʨʝʘʢʮʠʷʣʘʨ ʦʨʳʥ ʘʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞʘשʘ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש: ʞʝשʽʣ ʛʘʟʜʘʨʜʘʥ ï ʩʫʪʝʛʽ, ʢᴇʤʽʨʪʝʛʽ ʪʦʪʳסʳ 

ʤʝʥ ʞʝשʽʣ ʢᴇʤʽʨʩʫʣʘʨʜʘʥ ï ʢװʨʜʝʣʽ ʦʪʪʝʛʽ ײץʨʘʫʰʳʣʘʨ ʤʝʥ ʞʦסʘʨʳ ʤʦʣʝʢʫʣʷʨʣʳ ץʦʩʳʣʳʩʪʘʨ ï 
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ʩʧʠʨʪ, ʦʨʛʘʥʠʢʘʣʳץ ץʳʰץʳʣ, ʦʣʘʨʜʳש ʪײʟʜʘʨʳ, ʙʘʣʘʫʳʟʜʘʨʳʥʘ ʜʝʡʽʥʛʽ ʢʝש ʢᴇʣʝʤʜʝʛʽ װʡʣʝʩʽʤʜʽ 

ʛʘʤʤʘʩʳʥʘ ᴅʢʝʣʝʜʽ. ʄʘʡʣʳ ʦץʰʘʫʣʘʤʘʥʳש ʘʞʳʨʘʤʘʡʪʳʥ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʮʝʣʣʶʣʦʟʘסʘ 

ʵʣʝʢʪʨʣʽʢ ᴅʩʝʨ ʝʪʫ ʩʫ ʤʝʥ ʩʫʪʝʛʽ ʪʦʛʳʥʳש ʪװʟʽʣʫʽʥ ʙʦʣʜʳʨʘʜʳ. ʕʣʝʢʪʨʣʽʢ ʨʘʟʨʷʜʪʘʨʜʳש ʛʘʟ 

ʪװʨʽʥʜʝʛʽ ʦץʰʘʫʣʘʤʘסʘ ᴅʩʝʨʽ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʥʝʤʝʩʝ ʢʝʨʘʤʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ 

ʞʘʩʘʣסʘʥ ץʘʪʪʳ ʦץʰʘʫʣʘʤʘʣʘʨסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʭʠʤʠʷʣʳץ ʘʢʪʠʚʪʽ ʟʘʪʪʘʨʜʳש ʪװʟʽʣʫʽʥʝ 

ᴅʢʝʣʝʜʽ.ʉʦʥʜʳץʪʘʥ, ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʙʘץʳʣʘʫ ʦʙʲʝʢʪʠʚʪʽ ʰʳʥʜʳץץʘ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʌʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʙʘץʳʣʘʫ ᴅʜʽʩʽʥʽש ᴇʟʽʥʜʽʢ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 

ʙʘʨ. ɸʨʪʳץʰʳʣʳסʳ ï ʵʣʝʢʪʨʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝʥ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʘʥʳץʪʘʤʘʣʘʨʜʳש ʪᴅʫʝʣʩʽʟʜʽʛʽ, 

ʷסʥʠ ʩʦסשʳʣʘʨʳ ᴇʣʰʝʫʛʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʤʝʡʜʽ [3]. ʊᴇʤʝʥʜʝʛʽ 4-ʩʫʨʝʪʪʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʧʝʥ 

ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ץʦʥʜʳʨסʳʩʳ ʭʨʦʤʦʪʦʛʨʘʬ ʙʝʡʥʝʣʝʥʛʝʥ. 

 

 
 

4-ʩʫʨʝʪ. ʍʨʦʤʦʪʦʛʨʘʬʪʳש ʢᴇʤʝʛʽʤʝʥ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʧʝʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ 

 

ɼʠʘʛʥʦʩʪʠʢʘʥʳש ʦʧʪʠʢʘʣʳץ ᴅʜʽʩʽ ʙʘץʳʣʘʫ ʦʙʲʝʢʪʽʩʽʤʝʥ (ɹʆ) ʦʧʪʠʢʘʣʳץ ʩᴅʫʣʝʣʝʥʫ (ʆʉ) 

ᴅʩʝʨʽʥʽש ʪʘʣʜʘʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʉ-ʜʽש ʘץʧʘʨʘʪʪʳץ ʧʘʨʘʤʝʪʨʽ -ʦʥʳש ʘʤʧʣʠʪʫʜʘ, ʞʠʽʣʽʢ, ʬʘʟʘ, 

ʧʦʣʷʨʠʟʘʮʠʷ ʞᴅʥʝ ʢʦʛʝʨʝʥʪʪʽʣʽʛʽʥʽש ʢʝשʽʩʪʽʢ-ʫʘץʳʪʰʘ ʪʘʨʘʣʫʳ. ɼʠʘʛʥʦʩʪʠʢʘʣʳץ ʘץʧʘʨʘʪʪʳ ʘʣʫ 

 ,ʠʥʪʝʨʬʝʨʝʥʮʠʷ, ʜʠʬʨʘʢʮʠʷ, ʧʦʣʷʨʠʟʘʮʠʷ, ʩʳʥʫ שʰʽʥ ɹʆ ʆʉ ᴅʩʝʨʽ ʢʝʟʽʥʜʝʛʽ ʦʩʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽװ

ʰʘסʳʣʫ, ʞײʪʳʣʫ, ʰʘʰʳʨʘʫ, ʞʘʨʳץ ʜʠʩʧʝʨʮʠʷʩʳ, ʩʦʥʜʘʡ-ʘץ, ʬʦʪʦᴇʪʢʽʟʛʽʰ, ʬʦʪʦʭʨʦʤʠʟʤ, 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʵʣʝʢʪʨʦʧʪʠʢʘʣʳץ, ʤʝʭʘʥʦʧʪʠʢʘʣʳץ (ʬʦʪʦʙʝʨʽʢʪʽʣʽʢ), ʤʘʛʥʠʪʦʧʪʠʢʘʣʳץ, 

ʘʢʫʩʪʦʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ײץʙʳʣʳʩʪʘʨ ʵʬʬʝʢʪʽʣʽʛʽʥʽש ʥᴅʪʠʞʝʩʽʥʜʝʛʽ ʞʘʨʳץ ᴅʩʝʨʽʥʝʥ ɹʆ 

ʩʠʧʘʪʪʘʤʘʩʳʥʳש ᴇʟʛʝʨʽʩʽ ײץʙʳʣʳʩʪʘʨʳʤʝʥ ʩᴅʡʢʝʩʪʽʣʽʢʪʝʛʽ ᴇʟʛʝʨʽʩʽʥ ץʦʣʜʘʥʘʜʳ. 

ᴄʨ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ᴅʜʽʩʪʝʨʽʥʽש ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʦʣסʘʥʤʝʥ, ʪʝʭʥʠʢʘʣʳץ ʞʘסʳʥʘʥ ʝש 

ʪʠʽʤʜʽ ᴅʜʽʩ ï ʞʳʣʫʣʳץ ʜʠʘʛʥʦʩʪʠʢʘ ᴅʜʽʩʽ ʝʢʝʥʜʽʛʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ʆʥʳש ʩʝʙʝʙʽ: ʵʣʝʢʪʨ 

ʞʘʙʜʳץʪʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳש ʞʳʣʫʣʳץ (ʠʥʬʨʘץʳʟʳʣ ʜʠʘʛʥʦʩʪʠʢʘ) ʪװʨʽ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʧʝʥ 

ʩʳʥʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʤʘסʣײʤʘʪʳ ʘʥʳץ, ʞʘʙʜʳץץʘ ʪʝʢʩʝʨʫ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ץʘʫʽʧʩʽʟ, ʞʘʙʜʳץʪʳ 

ʘʞʳʨʘʪʫʜʳ, ʞײʤʳʩ ʦʨʥʳʥ ʜʘʡʳʥʜʘʫʜʳ ʪʘʣʘʧ ʝʪʧʝʡʜʽ, ʫʘץʳʪ ʙʽʨʣʽʛʽʥʜʝ ʞײʤʳʩ ʦʨʳʥʜʘʫʜʘ ʢᴇʣʝʤʜʽ, 

ʘץʘʫʜʳ ʘʣסʘʰץʳ ʩʘʪʳʩʳʥʜʘ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ᴅʜʽʩʪʽ ʞװʨʛʽʟʛʝʥʜʝʛʽ ʥʝʛʽʟʛʽ ײץʨʘʣ ï 

ʪʝʧʣʦʚʠʟʦʨ. ʊʝʧʣʦʚʠʟʦʨ ʦʙʲʝʢʪʽʣʝʨʜʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʩʳʤʩʳʟ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽʥ 

ᴇʣʰʝʡʪʽʥ ײץʨʳʣסʳ. ᴆʣʰʝʫ ʪʝʧʣʦʚʠʟʦʨʣʘʨʤʝʥ ʜʝ, ʢᴇʟ ʤᴇʣʰʝʨiʤʝʥ ʜʝ ʞװʨʛʽʟʽʣʝʜʽ. ʉʦסשʳ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ ײץʨʳʣסʳʥʳש ʵʢʨʘʥʳʥʘ ᴅʨ ʪװʨʣʽ ʪװʩʪʝʨʤʝʥ ʙʝʡʥʝʣʝʥʝʜʽ, ʦʣ 

ʘʣʳʥסʘʥ ʙʝʡʥʝʥʽש ᴅʨʙʽʨ ʥװʢʪʝʩʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ[2]. 

ʊʝʧʣʦʚʠʟʦʨʜʳ ץʦʣʜʘʥʫ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʣʘʩʪʘʥʙʘʫʳ װʰʽʥ, ʦʙʲʝʢʪʽʛʝ ʳʣסʘʣʜʳש ʝʥʙʝʫʽʥ 

 ʘʡʣʳסשʳʟʤʝʪʢʝʨʣʝʨʛʝ ʳץ ʨʛʽʟʝʪʽʥװʪʝʢʩʝʨʽʩ ʜʠʘʛʥʦʩʪʠʢʘʥʳ ʞ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʊʝʧʣʦʚʠʟʠʷʣʳץ

ᴅʨʽ ʢᴇʧ ץʘʨʞʳ ʞײʤʩʘʣʘʪʳʥ ʞᴇʥʜʝʫʣʝʨʜʽש ʘʣʜʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʝʧʣʦʚʠʟʠʷʣʳץ 
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ʪʝʢʩʝʨʽʩʪʝʨ ʞʳʣʫ ʦץʰʘʫʣʘʤʘʩʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘ ʰʳסʳʥʜʘʨʳʥ 30-40%-סʘ ʜʝʡʽʥ ʞʦסʘʨʳʣʘʫʳʥ 

ʙʦʣʜʳʨʪʧʘʡʜʳ [3]. 
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ʂʘʨʘʪʘʡ ɼ.ʅ ïʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅɸʗ ʆɹʉʊɸʅʆɺʂɸ ʅɸ ʊʗɻʆɺʆʁ ʇʆɼʉʊɸʅʎʀʀ 

 

ʉʠʩʪʝʤʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʥʘ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛʘʭ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʧʝʨʝʛʦʥʘʭ ʠ ʩʪʘʥʮʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʟʘʥʷʪʦʩʪʠ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʨʝʣʴʩʦʚʦʡ ʣʠʥʠʠ ʵʪʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ 

ʨʝʣʴʩʦʚʳʝ ʮʝʧʠ. 

ʈʘʙʦʪʘ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ (ʈʎ) ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʥʘʣʴʥʳʭ ʪʦʢʦʚ, 

ʧʝʨʝʜʘʶʱʠʭʩʷ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ ʧʦ ʨʝʣʴʩʦʚʦʡ ʣʠʥʠʠ: ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʧʦʩʪʦʷʥʥʦʛʦ, ʪʘʢ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘ 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʨʝʣʴʩʳ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʪʷʛʦʚʦʛʦ ʪʦʢʘ: 

ʪʦʢ ʦʪ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʕʇʉ) ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʪʷʛʦʚʫʶ ʧʦʜʩʪʘʥʮʠʶ (ʊʇ) ʯʝʨʝʟ 

ʨʝʣʴʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʪʷʛʦʚʦʤ ʪʦʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʤʝʭʠ ʥʘ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʴʥʦʛʦ ʪʦʢʘ 

ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʤʝʰʘʶʱʝʝ ʠ ʦʧʘʩʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʧʧʘʨʘʪʫʨʫ ʈʎ ʯʝʨʝʟ 

ʩʠʛʥʘʣʴʥʳʝ ʮʝʧʠ. ɸʧʧʘʨʘʪʫʨʘ ʈʎ ʧʦʣʫʯʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʦʪ ʬʠʜʝʨʦʚ ʊʇ ʯʝʨʝʟ ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ 

ʣʠʥʠʶ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʠ ʙʣʦʢʠʨʦʚʢʠ (BJIʉʎɹ), ʧʨʠ 

ʵʪʦʤ, ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ 

ʘʧʧʘʨʘʪʫʨʳ ʈʎ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʧʧʘʨʘʪʫʨʘ ʈʎ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʩʦʟʜʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʉʊʕʉ) ʠ ʕʇʉ, ʠ 

ʧʨʦʥʠʢʘʶʱʠʭ ʯʝʨʝʟ ʧʠʪʘʶʱʠʝ ʠ ʩʠʛʥʘʣʴʥʳʝ ʮʝʧʠ. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʥʘ ʚʩʝʡ ʩʝʪʠ ʈʦʩʩʠʡʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʚ 2006 ʛʦʜʫ ʧʦ 

ʚʠʥʝ ʩʣʫʞʙʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʕ) ʙʳʣ ʜʦʧʫʱʝʥ 871 ʦʪʢʘʟ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ (20% ʦʪ ʚʩʝʭ ʦʪʢʘʟʦʚ 

ʫʩʪʨʦʡʩʪʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʧʦ ʚʠʥʝ ʩʣʫʞʙʳ ʕ), ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʠʣʘ 1250 ʯʘʩʦʚ 49 ʤʠʥʫʪ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʢʘʟʦʚ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ ʙʳʣʘ 

ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚ ʣʠʥʠʷʭ ɺʃ ʉʎɹ. ɺ 2006 ʛʦʜʫ ʪʘʢʞʝ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʷʜ 

ʦʪʢʘʟʦʚ ʧʦ ʧʨʠʯʠʥʝ ʘʩʠʤʤʝʪʨʠʠ ʪʷʛʦʚʳʭ ʪʦʢʦʚ ʚ ʨʝʣʴʩʘʭ, ʢʦʪʦʨʳʝ ʧʦʚʣʝʢʣʠ ʟʘ ʩʦʙʦʡ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʧʨʠʝʤʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʈʎ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʳʝ ʮʝʧʠ ʪʦʢʦʚ ʧʦʤʝʭʠ, ʧʨʝʚʳʰʘʶʱʠʭ 

ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʯʠʥʫ ʧʨʝʚʳʰʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʧʦ ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʝʣʠʯʠʥʝ ʪʦʢʦʚ ʧʦʤʝʭʠ ʚ 

ʨʝʣʴʩʘʭ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ (ʕʄʇ) ʯʝʨʝʟ ʧʠʪʘʶʱʠʝ ʠ ʩʠʛʥʘʣʴʥʳʝ 

ʮʝʧʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʮʝʧʷʭ 

ʉʊʕʉ ʠ ʕʇʉ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʠ ʜʦʨʦʛʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʉʊʕʉ, ʠʟʤʝʨʷʪʴ ʣʶʙʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʮʝʧʝʡ ʊʇ, ʕʇʉ ʠ ʪʷʛʦʚʦʡ ʩʝʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ 

ʦʮʝʥʝʥʘ ʩʪʝʧʝʥʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʣʠʷʥʠʷ ʪʷʛʦʚʦʛʦ ʪʦʢʘ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʮʝʧʷʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʈʎ ʠ ʚʝʣʠʯʠʥʘ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʠʛʥʘʣʴʥʳʭ ʮʝʧʷʭ 

ʘʧʧʘʨʘʪʫʨʳ ʈʎ. 
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ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ (ʕʄʉ) ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʥʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚ 

ʟʘʜʘʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ (ʕʄʆ) ʠ ʥʝ ʩʦʟʜʘʚʘʪʴ ʥʝʜʦʧʫʩʪʠʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ (ʕʄʇ) ʜʨʫʛʠʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤ [1]. 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʤʝʭ, ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʩʣʝʜʫʶʱʠʝ: 

¶ ʇʦʤʝʭʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʩ 

ʵʬʬʝʢʪʠʚʥʦ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ. 

¶ ʀʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

¶ ʇʦʤʝʭʠ ʦʪ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ. 

¶ ʇʦʤʝʭʠ ʠʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʪ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

¶ ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʚʳʟʳʚʘʝʤʳʝ ʤʦʱʥʳʤʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. 

¶ ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʩʠʣʦʚʦʛʦ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

¶ ʇʨʦʪʝʢʘʥʠʝ ʪʦʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʠʣʳ ʧʦ ʟʘʱʠʪʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʧʨʠ ʰʪʘʪʥʦʡ ʨʘʙʦʪʝ 

ʵʥʝʨʛʦʦʙʲʝʢʪʘ. 

¶ ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

ɼʣʷ ʫʷʩʥʝʥʠʷ ʧʦʜʨʦʙʥʦʩʪʝʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʣʝʜʫʝʪ ʚʥʠʢʥʫʪʴ ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʷʭ. ɼʣʷ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʧʨʦʪʝʢʘʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʟʘʟʝʤʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʦʨʤʦʡ. ʀʥʦʛʜʘ ʪʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ 

ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʦʰʠʙʦʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʦʙʲʝʢʪʘ. ɺʩʝ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʟʘʟʝʤʣʷʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʨʠʩ.1). ʆʪʤʝʯʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʵʪʦʪ ʧʦʪʝʥʮʠʘʣ ʜʦʩʪʠʛʘʣ 100 ɺ ʧʦ 

ʘʤʧʣʠʪʫʜʝ. ʆʥ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʚʭʦʜʘʤ ʮʝʧʝʡ ʩʚʷʟʠ ʩ ʫʜʘʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʪʘʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʘʧʧʘʨʘʪʫʨʫ ʨʝʜʢʦ ʙʳʚʘʝʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ. ʆʜʥʘʢʦ ʤʘʣʝʡʰʝʝ 

ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʮʝʧʠ ʩʚʷʟʠ ʠ ʚʭʦʜʦʚ ʘʧʧʘʨʘʪʫʨʳ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʝʡ 

ʰʫʤʦʚ ʚ ʢʘʥʘʣʘʭ ʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. 

ɼʘʥʥʘʷ ʧʨʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʜʣʷ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʦʤʝʭʘ ʥʘ ʟʘʟʝʤʣʝʥʠʠ ʫʟʣʘ ʩʚʷʟʠ, ʩʚʷʟʘʥʥʦʤ ʮʝʧʴʶ ʥʫʣʷ ʧʠʪʘʥʠʷ ʩ ʟʘʟʝʤʣʷʶʱʠʤ 

ʢʦʥʪʫʨʦʤ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ (ʘʤʧʣʠʪʫʜʘ - 25 ɺ) 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʩʠʩʪʝʤʳ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʘʧʧʘʨʘʪʫʨʳ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ. 
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ɺ ʙʫʜʫʱʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʩʥʠʞʝʥʠʶ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʘʟʦʚ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ. 
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SCIENTIF IC TECHNICAL SOLUTION UPON FAST ACTING AUTOMATICALLY LOAD 

BACKUP OF ELECTRICAL SUPPLY  

 

The mainly reasons violation of reliability electric power supply of principal consumers is the 

short circuit in diagrams of external and internal of electric power supply in modern conditions, when the 

level of wear electric device sufficiently increase, number of the short circuit, brownout circuit increases 

every year. 

Traditionally in electricity grids for struggle breaks of electric power supply uses the device of 

automatically turning ABP (Automatic backup power). As starting, in this devices typically uses of the 

minimally voltage elements. Despite the fact that to consumers of electricity necessary get electrical 

supply as quickly as possible. The necessary to include slowdown movies of the starting element ABP. 

Itôs carried out to prevent excessive action of the device during a short circuit on the adjacent parts of the 

network and at the action devices of power lines. Thus required to produce deceleration for longer than 

the maximum time delay devices. As a result of the action of the time delay device can obtain several 

seconds. 

By doing so, ABP becomes inaccessible upon the conservation of continuity of complex 

technological processes of industrial enterprises: 

- Occur the loss of synchronism synchronous motors; 

- Rollover of asynchronous motors; 

- Switching contactors and starters voltage of 380V; 

- Switching of frequency ï controlled drives, devices of electric centrifugal pumps and other 

critical loads. 

To the exclusion of damages and ensure of continuous the technologically processes of industrial 

plants developed more technologically advanced compared to conventional ABP device, isolated ultrafast 

acting - quick acting ABP (HABP (High speed automatic backup power)). 

Traditionalhigh-speed acting ABP based on multi-channel algorithms for determining disruption 

of power supply by one of the inputs. Since different types of violations which, significantly affects 

different parameters mode power supply systems. To control these parameters in the starting device 

HABP retained a significant number of installations: 

¶ the minimum current at the input; 
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¶ the minimum voltage on adjacent sections and a number of others; 

Checking which in some cases led to an increase in the total cycle time. 

The advantage of the developed HABP microprocessors starting device is a following: 

1. The starting device HABP based on digital processing systems of input signals. 

2. HABP easy (on the programs level) adaptive to different schemas distribution of signals. 

3. Reducing time switching on backup source upon the three phases of short circuit in the chain 

supply section distribution device till 22 -24 millisecond (for instance, at the uses of switching VW1 ï T 

firms of ABB ColorEmag or BB/TELLShell). 

4. Has the ability to record and display transition processes upon the any of works PU HABP. 

5. Saving the values devices of blocks relay of starting device in the nonvolatile memory when 

removing the auxiliary voltage. 

6. There is a possibility of automatically return scheme the normal mode electric power supply 

on the damaged input. 

7. For the management of inclusion and disconnecting of switch in PU HABP besides dry 

contacts suggested using high speed acting IGBT ï transistors, capable of switching currents of great 

importance. 

The device HABP combines a number of starts up elements of interacting each other according of 

algorithms, allowing correctly identify of the emergency modes, which produce the input of backup 

supply source and witch switching to the backup source supply it is not necessary to carry out, where 

installed HABP and lines. Starting devices HABP allows solve the tasks on the minimum times, does not 

requiring the coordination of time with devices relay protections and automatically adjacent sets of 

element. 

Using the suggested algorithm in starting device managements HABP provides time his reaction 

on the arisen emergency situations from 5 to 12 milliseconds. In combination with ultrafast acting 

vacuum switches BB/TEL series çQè while cycle switching on the backup source consist 27 ï 34 

millisecond. Data of values time of whole cycle HABP tested with a thousand of completed projects 

around the world, also RF and Kazakhstan. 

Implementation of the complexes HABP allow gets the following effects: 

- Provide reliable, continuous electric power supply of the main pipelines, electrified railways, 

production with continuously technology and etc. Providing the daily schedule at the expense of full ï 

time switching on the backup power supply during 0.034 second. 

- Significantly increase the resource electric motors and pumps due to the lack of necessary 

restart the unit, also oil heating furnaces by reducing the possibility of overheating. 

- Prevent costly interruptions in the work of process equipment 

- Reduce the risks of environmental disasters upon the violation of electric power supply in 

electricity 

- Increase the level of automation to increase productivity 

- Reduction of power consumption by reducing the losses when restarting and restoring the 

pumping of normal rate of 200 km filled of pipeline, reducing losses to heat the ovens after purging. 
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ᴆʅɽʈʂᴄʉɯʇʊɯ ʕʃɽʂʊʈʄɽʅ ɾɸɹɼʓפʊɸʋ ɾתʁɽʉɯʅɯר ʆʇʊʀʄʀɿɸʎʀʗʉʓ תʐɯʅ 

ʊᴄɾɯʈʀɹɽʅɯ ɾʆʉʇɸʈʃɸʋ ʊᴄʉɯʃɯʅ פʆʃɼɸʅʋ 

 

ʊᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʝʦʨʠʷʩʳʥʳש ʩʠʧʘʪʪʘʤʘʣʳץ ʝʨʝʢʰʝʣʽʛʽ, ʦʣ 

ʟʝʨʪʪʝʫʜʽץ שʦʣʘʡʣʳ ʩʪʨʘʪʝʛʠʷʩʳʥ ʪʘשʜʘʫסʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʦʙʲʝʢʪʽʣʝʨʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨʽʥ 

ʪײʨסʳʟʫסʘ ʞʘשʘ ʙʘסʳʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫ, ʰʳʥʘʡʳ ʙʘʨ ץʦʥʜʳʨסʳʣʘʨ, ʘʩʧʘʧʪʘʨ, ʩײʣʙʘʣʘʨʤʝʥ סʘʥʘ ʝʤʝʩ 

ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨʤʝʥ ʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʨʘʮʠʦʥʘʣʜʳ ײץʨʳʣʳʤʳʥ (ʝש ʢʽʰʽ 

ʪᴅʞʽʨʠʙʝ ʩʘʥʳ) ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʟʝʨʪʪʝʫʜʽװ שʣʛʽʣʝʨʽʥ ʞʘʩʘʫסʘ ʞʝʪʝʨʣʽʢʪʝʡ ʪʠʽʤʜʽ ʪᴅʩʽʣʜʝʨʜʽ 

ʙʝʨʝʜʽ. ʉʦסשʳʩʳ ʙʝʣʛʽʣʽ ʙʽʨ ʪʠʽʤʜʽ ץʘʩʠʝʪʢʝ ʠʝ ʙʽʨʥʝʰʝ ʘʣʜʳʥ ʘʣʘ ײץʨʘʩʪʳʨʳʣסʘʥ ʝʩʝʧʪʝʨʜʽ 

ʞװʨʛʽʟʫʜʽ ʢᴇʨʩʝʪʝʜʽ. 

ɽʛʝʨ ʰʳʥʳʥʜʘ ʪᴅʞʽʨʠʙʝʥʽ (ʰʳʥʘʡʳ ʦʙʲʝʢʪʽʣʝʨ, ʬʠʟʠʢʘʣʳװ ץʣʛʽʣʝʨ) ʞʦʩʧʘʨʣʘʫ ʠʜʝʷʩʳ 

ʞʝʪʝʨʣʽʢʪʝʡ ʘʥʳץ ʞᴅʥʝ ʪװʩʽʥʽʢʪʽ ʙʦʣʩʘ, ʦʥʜʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʥʽש (ʝʩʝʧʪʽש) ʠʜʝʷʩʳ ʙʽʨʘʟ 

ʪװʩʽʥʜʽʨʫʣʝʨʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. נʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ (ʵʥʝʨʛʝʪʠʢʘ, ʤʘʰʠʥʘ 

ʞʘʩʘʫ, ʭʠʤʠʷ, ʬʠʟʠʢʘ ʞᴅʥʝ ʪ.ʙ.) ʢᴇʧʪʝʛʝʥ ʦʙʲʝʢʪʽʣʝʨ ᴅʨʪװʨʣʽ ץʠʳʥʜʳץʪʘʨʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʪװʨʣʽ 

ï ʪװʨʣʽ ʪʝשʜʝʫʣʝʨ, ʪʝשʜʝʫ ʞװʡʝʣʝʨʽ ʢᴇʤʝʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘ ʘʣʘʪʳʥʳ ʙʝʣʛʽʣʽ. ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʥʳ ײץʨʘʩʪʳʨʫ ץʦʣʘʡʩʳʟ ʞᴅʥʝ ץʠʳʥ ʣʦʛʠʢʘʣʳץ ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ 

ᴅʜʽʩʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣסʘʥʳ ʩʦʥʰʘʣʳץ, ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨʜʽש ʝʩʝʧʪʝʨʽ װʰʽʥ ʦשʘʡʣʘʫ ᴅʨʽ 

 ʡʝʩʽʥʝװʪʘʫ ʞץʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳ שʣ ᴇʥʝʨʢᴅʩʽʧ ʤʝʢʝʤʝʩʽʥʽײʦʣʘʡʣʳ ʞʦʣʜʘʨʜʳ ʽʟʜʝʫʛʝ ʪʫʨʘ ʢʝʣʝʜʽ. ɹץ

ʪʦʣʳץʪʘʡ ץʘʪʳʩʪʳ. ʄᴅʩʝʣʝ ʤʳʥʘʜʘ, ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥ ʞʦʙʘʣʘʫ ʦשʪʘʡʣʳʣʳץ 

ᴇʣʰʝʤʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥ ʝש ʞʘץʩʳ ʰʝʰʽʤʜʝʨʜʽ ץʘʙʳʣʜʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣʘʨʜʳש ʙᴅʨʽ װʣʢʝʥ 

ʢᴇʣʝʤʜʝʛʽ ʝשʙʝʢʪʽ ʢᴇʧ ץʘʞʝʪ ʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ, ʢʝʩʪʝʣʝʨ ʞᴅʥʝ ʛʨʘʬʠʢʪʝʨ ʞʠʳʥʳʥ 

 ʦʣʜʘʥʫץ ʨʛʽʟʫʛʝ ʩʝʙʝʧʰʽ ʙʦʣʘʜʳ. ʊᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫ ʪᴅʩʽʣʽʥװʳʣʳ ʝʩʝʧʪʝʫʣʝʨ ʞץʦʣʜʘʥʫ ʘʨץ

 ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ץʽʣʜʝʪʝʜʽ. ʉʦʥʳʤʝʥ, ʤʘʪʝʤʘʪʠʢʘʣʳשʦʣʘʡʣʳ ʰʝʰʽʤʜʝʨʜʽ ʽʟʜʝʫʜʽ ʝʜᴅʫʽʨ ʞʝץ

(ʝʩʝʧʪʝʨʜʽ) ʪᴅʞʽʨʠʙʝ ʪʝʦʨʠʷʩʳ ʘʨץʳʣʳ ʪʘסʘʡʳʥʜʘʣʘʪʳʥ ʙʝʣʛʽʣʽ ʙʽʨ ʝʨʝʞʝʣʝʨ ʙʦʡʳʥʰʘ ʞʦʩʧʘʨʣʘʧ 

ʘʣʳʧ, ʙʝʨʽʣʛʝʥ ʝʩʝʧʪʽ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳʥʳש ʞʝʪʝʨʣʽʢʪʝʡ ʦשʘʡ ʧʦʣʠʥʦʤʠʥʘʣ 

ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʩʽʥ ʘʣʫסʘ ʞᴅʥʝ ʤײʥʘʥ ʙʳʣʘʡ ʦʧʪʠʤʠʟʘʮʠʷ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ʊᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫʜʘ ʰʝʰʽʣʫʽ ʢʝʨʝʢ ʤʽʥʜʝʪ ץʦʡʳʣʳʤʳʥ ʪװʟʝʪʫ ʢʝʟʝשʽ ʤʘשʳʟʜʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [1]. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʟʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳʥʘ, ʦʣʘʨʜʳש ʜʝשʛʝʡʣʝʨʽʥʝ, ʤᴅʥʜʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʙʘʨʣʳץ ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʝʩʢʝʨʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʥʜʘʡ ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʣʘʨʜʳש (çᴅʩʝʨ 

ʝʪʫʰʽ ʬʘʢʪʦʨʣʘʨè ʜʝʧ ʘʪʘʣʘʪʳʥ) ʢʝʡʙʽʨ ʙʝʣʛʽʣʝʥʛʝʥ ʜʝשʛʝʡʜʝʛʽʜʝʡ ʦʨʥʘʪʳʣʫʳ ʢʝʨʝʢ ʝʢʝʥʽʥ 

ʘʥʳץʪʘʫ ץʘʞʝʪ. ɾʘʣʧʳ ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʽʥʽץ שʦʡʳʣʳʤʳʥ ʙʳʣʘʡ ʪײʞʳʨʳʤʜʘʫסʘ ʙʦʣʘʜʳ: ʟʝʨʪʪʝʫ 

ʦʙʲʝʢʪʽʩʽʥʝ n ᴇʟʛʝʨʤʝʡʪʽʥ ʬʘʢʪʦʨʣʘʨ ʩ1, ʩ2, ..., ʩn ᴅʩʝʨ ʝʪʝʜʽ; m ʙʘץʳʣʘʥʙʘʡʪʳʥ, ʢʝʟʜʝʡʩʦץ 

ʬʘʢʪʦʨʣʘʨ w1, w2, é wm; k ʙʘץʳʣʘʥʘʪʳʥ ᴇʟʛʝʨʝʪʽʥ ʬʘʢʪʦʨʣʘʨ ʭ1 , ʭ1,... ʭk. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʫʰʽʥʽ ץʳʟʳץʪʳʨʘʪʳʥ (ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʽ), ʟʝʨʪʪʝʣʛʝʥ ᴅʩʝʨ 

ʝʪʫʰʽ ʬʘʢʪʦʨʣʘʨ ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʘʨʘʩʳʥʜʘסʳ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʪʘʙʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ, 

ʷסʥʠ: 

 

 
),...,,( 21 kxxxfY=

. (1) 
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ʄʘץʩʘʪ ʬʫʥʢʮʠʷʩʳ ʥʝʤʝʩʝ ʜʳʙʳʩ ʙʝʨʫ ʬʫʥʢʮʠʷʩʳ ʜʝʧ ʘʪʘʣʘʪʳʥ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʽʥʽש ʜײʨʳʩ ʪʘשʜʘʣʫʳʥʘʥ, ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʥʽש ʩʠʧʘʪʳ סʘʥʘ ʝʤʝʩ, ʝʩʝʧʪʽץ שʠʳʥʜʳסʳ ʤʝʥ 

ʞʝʪʽʩʪʽʛʽ ʜʝ ʙʘʡʣʘʥʳʩʪʳ. ɿʝʨʪʪʝʫʜʽש ʘʣʜʳʥʜʘ, ᴅʜʝʪʪʝʛʽʜʝʡ, ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ ʞʘʡʣʳ ʙʝʣʛʽʣʽ ʙʽʨ 

ʤᴅʣʽʤʝʪʪʝʨ ʙʦʣʘʜʳ (ᴅʨʪװʨʣʽ ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ʥʘץʪʳʣʳץʪʳש ʘʣʜʳʥ ʘʣʘ ʜʝʨʝʢʪʝʤʝʣʽ ʘץʧʘʨʘʪʳ). ɸʣʘ 

ʜʝʨʝʢʪʝʤʝʣʽ ʘץʧʘʨʘʪ ʢᴇʧ ʙʦʣסʘʥ ʩʘʡʳʥ, ʤʽʥʜʝʪʪʽ ʘʥʳסʳʨʘץ ץʦʶסʘ ʙʦʣʘʜʳ. 
 

 
 

1-ʩʫʨʝʪ. ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʽש ʩʳʟʙʘʩʳ 

1 ï ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ; 2 ï ʙʘץʳʣʘʥʘʪʳʥ ᴇʟʛʝʨʝʪʽʥ ʬʘʢʪʦʨʣʘʨ; 3 ï ᴇʟʛʝʨʤʝʡʪʽʥ ʬʘʢʪʦʨʣʘʨ;    4 ï 

ʙʘץʳʣʘʥʙʘʡʪʳʥ, ʢʝʟʜʝʡʩʦץ ʬʘʢʪʦʨʣʘʨ; 5 ï ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʽ. 

 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʽ, ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʫʳ 

ʢʝʨʝʢ: ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ᴇʣʰʝʫ, ᴇʣʰʝʫʜʽש ʙʝʣʛʽʣʽ ʪᴅʩʽʣʽ (ʝʩʝʧʪʽש) ʙʘʨ ʙʦʣʫ, ʩʦʥʜʘʡ ʘץ 

ʤװʤʢʽʥʜʽʛʽʥʰʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʘʙʠסʘʪʳ ʙʦʣʫʳ. ʉʦʥʳʤʝʥ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʽ ʨʝʪʽʥʜʝ, 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫ ʦʙʣʳʩʳʥʜʘסʳ ʪʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ 

ʙʘʨʳʩʳʥʜʘ ʢʝʣʪʽʨʽʥʜʽ ʰʳסʳʥʜʘʨ ʝʩʢʝʨʽʣʫʽ ʤװʤʢʽʥ. ʉʦʥʜʘʡ-ʘץ ʦʙʲʝʢʪʪʽש ʪʝʭʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʽ ʜʝʧ ץʘʨʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʜʝ ʝʨʝʢʰʝʣʝʥʙʝʡʜʽ (ʤʳʩʘʣʳ, 

 .(.ʳʥʳ ʞᴅʥʝ ʪ.ʙסʳʥʳ, ʵʥʝʨʛʠʷ ʰʳסʫʘʪ ʰʳץ

ɿʝʨʪʪʝʫʜʽש ʤʽʥʜʝʪʽʥʽש ʘʥʳץ ץʦʡʳʣʳʤʳ װʰʽʥ, ʬʘʢʪʦʨʣʘʨʜʳ ʜᴅʡʝʢʪʽ ʪʘשʜʘʫʜʳש ʤʘשʳʟʳ ʟʦʨ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʽ ʩʝʢʽʣʜʽ ʝʩʝʧʪʽש ʰʝʰʽʤʽʥʽש ʞʝʪʽʩʪʽʛʽ ʬʘʢʪʦʨʣʘʨʜʳ ʜᴅʡʝʢʪʽ ʪʘשʜʘʫסʘ ʜʘ 

ʙʦʡʣʘʥʳʩʪʳ. ʌʘʢʪʦʨʣʘʨסʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨ ʢʝʣʝʩʽʣʝʨʜʝʥ ʪײʨʘʜʳ: ʙʝʣʛʽʣʽ ʙʽʨ ʬʘʢʪʦʨʜʳ 

ʙʘʩץʘ ʬʘʢʪʦʨʣʘʨʜʳש ʜʝשʛʝʡʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʢʝʟ ʢʝʣʛʝʥ ʜʝשʛʝʡʛʝ ץʦʶ ʤװʤʢʽʥʜʽʛʽ, ץʘʥʜʘʡ ʙʦʣʩʳʥ 

ʬʘʢʪʦʨʣʘʨ ʙʘʡʣʘʥʳʩʳʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʞװʟʝʛʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ʟʝʨʪʪʝʣʽʧ (ʝʩʝʧʪʝʣʽʧ) ʞʘʪץʘʥ ʞװʡʝʥʽש 

 ʛʝʡʜʝשʨʣʽ ʜʝװʘ ᴅʨʪסᴇʣʰʝʫ (ʝʩʝʧʪʝʫ) ʪᴅʩʽʣʽ ʙʦʣʫʳ. ʅʳʩʘʥ שʳʟʤʝʪ ʽʩʪʝʫʽ, ᴅʨʙʽʨ ʬʘʢʪʦʨʜʳץ ʘʣʳʧʪʳץ

ᴅʩʝʨ ʝʪʝʪʽʥ, ʝש ʘʣʜʳʤʝʥ ʬʘʢʪʦʨʣʘʨ ʩʘʥʳ ʢᴇʧʪʽʛʽʤʝʥ, ʰʳʥ ʤᴅʥʽʥʜʝʛʽ ʞʘסʜʘʡʜʘ ʝʩʝʧʪʽ ʰʝʰʫ ʙʽʨʘʟ 

 ʳʟʳ ʘʟ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʝʧʢʝשʽʣ ʘʫʜʘʨʫ ʢʝʨʝʢ. ʄʘשʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥʝ ʝʨʝʢʰʝ ʢᴇץʠʳʥʜʳץ

ʘʣʫʜʳ ʪᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫ ʪʝʦʨʠʷʩʳʥʳש ʢʝʟʜʝʡʩʦץ ʪʝשʛʝʨʽʤ ᴅʜʽʩʽ ʘʨץʳʣʳ ʥʝʤʝʩʝ ʝʩʝʧʪʽש 

 .ʘ ʙʦʣʘʜʳסʟʝʛʝ ʘʩʳʨʫװʦʶ ʢᴇʤʝʛʽʤʝʥ ʞץ ʦʩʳʤʰʘ ʰʝʢʪʝʫʣʝʨץ ʦʡʣʳʤʳʥʘץ

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʤʝʢʝʤʝʣʝʨʜʽש ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫʳʥ ʞʦʙʘʣʘʫʜʳש ʢᴇʧʪʝʛʝʥ ʝʩʝʧʪʝʨʽʥʽש 

ʰʝʰʽʤʽ, ᴅʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽץ שʦʣʘʡʣʳ ʤᴅʥʽʥ ʪʘʙʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʊᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫ 

ʪʝʦʨʠʷʩʳʥʜʘ ʽʟʜʝʥʽʩ ʽʟʜʝʫ ʘʣʛʦʨʠʪʤʽ ʜʝʧ ʘʪʘʣʘʪʳʥ ʙʽʨץʘʪʘʨ ʞʦʩʧʘʨסʘ ʩᴅʡʢʝʩ ʽʩʢʝ ʘʩʘʜʳ. 

ʆשʪʘʡʣʘʥʜʳʨʫ ʬʫʥʢʮʠʷʩʳʥʳש ʵʢʩʪʨʝʤʘʣʜʳ ʤᴅʥʽʥʝ ʵʢʩʪʨʝʤʘʣסʘ ʘʜʳʤʜʳ ץʦʟסʘʣʳʩ ʞʦʣʳʤʝʥ, 

ʬʘʢʪʦʨʣʳץ ʢʝשʽʩʪʽʢʪʽש ʢʝʡʙʽʨ ʥװʢʪʝʣʝʨʽʥ ʽʨʽʢʪʝʧ ʘʣʫ ʢᴇʤʝʛʽʤʝʥ ʞʝʪʝʜʽ[2]. ɹײʣ ʙʘסʳʪʪʳש ʵʣʝʢʪʨʤʝʥ 

ʞʘʙʜʳץʪʘʫ ʦʙʣʳʩʳʥʜʘסʳ ʦשʪʘʡʣʘʥʜʳʨʤʘ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ װʰʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ ʙʦʣʘʰʘסʳ ʙʘʨ 

ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ, ʰʝʰʽʤʜʽ ץʘʙʳʣʜʘʫʜʳש ʥʘץʪʳ ʝʨʝʞʝʩʽʥ ʙʝʨʝʪʽʥ ʩʠʤʧʣʝʢʩ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

(ʪᴅʞʽʨʠʙʝʣʝʨ ʥʝʤʝʩʝ ʝʩʝʧʪʝʨ ʩʠʤʧʣʝʢʩ ʪᴇʙʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʬʘʢʪʦʨʣʳץ ʢʝשʽʩʪʽʢʪʽש 

ʥװʢʪʝʣʝʨʽʥʜʝ סʘʥʘ ץʦʡʳʣʘʜʳ). 

ʊʽʟʙʝʢʪʽ ʩʠʤʧʣʝʢʩʪʽ ʞʦʩʧʘʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʪʘʧʩʳʨʤʘʜʘ ײץʨʘʣʘʜʳ, ʙʽʨʽʥʰʽʜʝʥ, ᴅʨ ʬʘʢʪʦʨʜʳש 

ʭ̔ ʪװʨʣʝʥʜʽʨʫ ʘʜʳʤʳ (ʠʥʪʝʨʚʘʣ)),...,2,1( k=D ʽʭ̔ , ʝʢʽʥʰʽʜʝʥ, ʩʠʤʧʣʝʢʩ ᴇʣʰʝʤʽ r- ʪװʨʣʝʥʜʽʨʫ 

ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨʣʽʛʽʥʜʝʛʽ ʝʢʽ ʪᴇʙʝʩʽʥʽש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ, ʞᴅʥʝ װʰʽʥʰʽʜʝʥ, ʙʘʩʪʘʧץʳ 

ʩʠʤʧʣʝʢʩʪʽש ʙʽʨ ʪᴇʙʝʩʽ װʰʽʥ ʙʘʩʪʘʧץʳ ʥװʢʪʝʩʽ ʭʙ. 
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ɹײʣ ʩʠʤʧʣʝʢʩʪʽץ שʘʣסʘʥ ʪᴇʙʝʣʝʨʽʥʽש ʞʘסʜʘʡʳ ʙʳʣʘʡ ʘʥʳץʪʘʣʘʜʳ: 
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ʊᴅʞʽʨʠʙʝʥʽ ʥʝʤʝʩʝ ʝʩʝʧʪʽ ʞװʟʝʛʝ ʘʩʳʨסʘʥʥʘʥ ʢʝʡʽʥ ʙʘʩʪʘʧץʳ ʩʠʤʧʣʝʢʩʪʽש ʪᴇʙʝʣʝʨʽʥʜʝ 

ʩʠʤʧʣʝʢʩ ʪᴇʙʝʩʽ ʩʝʨʧʽʣʝʜʽ rlʉ, , ʙʳʣʘʡ ʘʥʳץʪʘʣסʘʥ ʤʳʩʘʣʳ, ʤʘץʩʘʪ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʝש ʢᴇʧ 

ʤᴅʥʽ(ʢʝʣʪʽʨʽʥʜʽ ʰʳסʳʥʥʳש ʝש ʘʟ ʤᴅʥʽʥ ʽʟʜʝʫ ʙʘʨʳʩʳʥʜʘ) [3], Cl,r-ʪʽש ʘʡʥʘ ץʘʪʝʩʽʟ ʩʫʨʝʪʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥ, ʢʝʣʝʩʽ ʩʠʤʧʣʝʢʩʪʽש Cl+1,r ʪᴇʙʝʩʽ ʘʥʳץʪʘʣʘʜʳ. Cl+1,r ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʢʝʣʝʩʽʜʝʡ ʝʩʝʧʪʝʣʝʜʽ: 
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ʤײʥʜʘ l ï ʩʠʤʧʣʝʢʩ ʥᴇʤʽʨʽ; s ï ʢʦʦʨʜʠʥʘʪ ʥᴇʤʽʨʽ, s=1,2,é,a; r ï ʤʘץʩʘʪ ʬʫʥʢʮʠʷʩʳʥʳש ʝש ʢᴇʧ 

ʤᴅʥʽʤʝʥ, l-ʰʽ ʩʠʤʧʣʝʢʩ ʪᴇʙʝʩʽʥʽש ʥᴇʤʽʨʽ. 

ɹʽʨʰʘʤʘ ʪװʧʢʽʣʽʢʪʽ ʘʜʳʤ ʩʘʥʜʘʨʳʥʘʥ ʢʝʡʽʥ, ʦʥʳש ᴇʣʰʝʤʽʥʝ ʪᴅʫʝʣʜʽ ʩʠʤʧʣʝʢʩ ʦʧʪʠʤʫʤסʘ 

ʥʘץʪʳ ʞʘץʳʥʜʘʡʜʳ. 

ʊᴅʞʽʨʠʙʝʥʽ ʞʦʙʘʣʘʫ ʪʝʦʨʠʷʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ, ʟʝʨʪʪʝʫ ʘʡʤʘסʳʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʣʫʳʤʳʟ ʤװʤʢʽʥ. ɯʩ-ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʝץ שʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʢᴇʧ ץʦʣʜʘʥʳʩץʘ ʠʝ 

ʬʘʢʪʦʨʣʳץ ʪᴅʞʽʨʠʙʝ, ʦʣ ᴅʨץʘʡʩʳʩʳ ʝʢʽ ʜʝשʛʝʡʜʝʥ ʪײʨʘʪʳʥ, k ʬʘʢʪʦʨʣʘʨʳʥ ץʦʩʘʪʳʥ ʪᴅʞʽʨʠʙʝ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊᴅʞʽʨʠʙʝ ʰʘʨʪʳʥʳש ʞʘʟʙʘʣʘʨʳʥ ʞʝשʽʣʜʝʪʫ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝ ʜʝʨʝʢʪʝʨʽʥ ᴇשʜʝʫ 

 :ʨʛʽʟʽʣʝʜʽװʰʽʥ, ʬʘʢʪʦʨʣʘʨʜʳ ᴇʟʛʝʨʪʫ ʞװ
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x

xx
x
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ʤײʥʜʘ ʭ- ʬʘʢʪʦʨʜʳש ᴇʟʛʝʨʪʽʣʛʝʥ (ʢʦʜʪʘʣסʘʥ) ʤᴅʥʽ; ʭʽ ï ʬʘʢʪʦʨʜʳש ʪʘʙʠסʠ ʤᴅʥʽ; ʭʽ0 ï ʥʝʛʽʟʛʽ 

ʜʝשʛʝʡʜʽש ʪʘʙʠסʠ ʤᴅʥʽ;ʭ̔D - ʪװʨʣʝʥʜʽʨʫ ʠʥʪʝʨʚʘʣʳ. 

ɾʦʙʘʣʘʫ ʩײʣʙʘʩʳʥ ʪʘשʜʘʫסʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʬʘʢʪʦʨʣʘʨʜʳש ʩʘʥʳ ʤʝʥ ʘʣʜʳʥ ʘʣʘ 

ʜʝʨʝʢʪʝʤʝʣʽ ʘץʧʘʨʘʪ װʣʢʝʥ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ. ʊᴅʞʽʨʠʙʝʥʽ ʞʦʙʘʣʘʫ ʪʝʦʨʠʷʩʳʥʜʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

 ʘʡʪʘʣʘʥʙʘʡʪʳʥץ ʤʢʽʥװʤ ץʦʣʜʘʥʳʣʘʜʳ: ʙʘʨʣʳץ ʣʙʘʩʳײʰʽʥ ʝʢʽ ʞʦʙʘʣʘʫ ʩװ ʳʟʫסʨײʣʛʽʣʝʨʜʽ ʪװ

ʬʘʢʪʦʨʣʘʨ װʡʣʝʩʽʤʽ ʞװʟʝʛʝ ʘʩץʘʥʜʘסʳ ʪʦʣʳץ ʬʘʢʪʦʨʣʳץ ʪᴅʞʽʨʠʙʝ (ʊʌʊ), ʞᴅʥʝ ʊʌʊ-ʥʳש ʙᴇʣʽʛʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʙᴇʣʰʝʢʪʽ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝ (ɹʌʊ). ʊᴅʞʽʨʠʙʝʥʽ ʞʦʙʘʣʘʫʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʪʝʦʨʠʷʩʳʥʳש ʢᴇʤʝʛʽʤʝʥʥʘץʪʳ ʝʩʝʧ ʰʘʨʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳ ʙʳʣʘʡ ʩʠʧʘʪʪʘʣʫʳ 

ʤװʤʢʽʥ: 

ʉʳʟʳץʪʳ 

 
ä
=

+=
k

i

ii xy
1

0 bb . (6) 

ʊʦʣʳץ ʝʤʝʩ ʢʚʘʜʨʘʪʪʳץ 
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ʅʝʤʝʩʝ ʢʚʘʜʨʘʪʪʳװ ץʣʛʽʤʝʥ 
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ɹײʣ ʪʝשʜʝʫʣʝʨʜʝ iiijʽ bbbb ,,,0  ʊʌʊ ʥʝʤʝʩʝ ɹʌʊ ʥᴅʪʠʞʝʩʽʥʜʝ ʩᴅʡʢʝʩʽʥʰʝ ʽʨʽʢʪʝʤʝʣʽ 

ʙʘסʘʣʘʨʜʳ ʘʥʳץʪʘʡʪʳʥ ʧʦʣʠʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɯʨʽʢʪʝʤʝʣʽ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʥʽʥ ʪʝʢʩʝʨʫ t ï ʉʪʲʶʜʝʥʪ ᴇʣʰʝʤʽ (9) ʥʝʤʝʩʝ ʩʝʥʽʤʜʽʣʽʢ ʠʥʪʝʨʚʘʣʳʥ ʩʘʣʫ ʘʨץʳʣʳ 

(10) ʙʦʣʘʜʳ. 

 {}b

b
tʨʘʩʯ

s
=  (9) 

 

{}

N

yt
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°=D  (10) 

 

ʤײʥʜʘ {}bs  - ʢʦʵʬʬʠʮʠʝʥʪʪʽש ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ץʘʪʝʣʽʛʽ; N ïʪᴅʞʽʨʠʙʝʣʝʨ ʩʘʥʳ; {}ys  - 

ʪᴅʞʽʨʠʙʝʥʽש (ʝʩʝʧʪʽש) ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ץʘʪʝʣʽʛʽ; tʝʩʝʧ, t ï t-ᴇʣʰʝʤʽʥʽש ʩᴅʡʢʝʩʽʥʰʝ ʝʩʝʧʪʽʢ ʞᴅʥʝ 

ʢʝʩʪʝʣʽʢ ʤᴅʥʜʝʨʽ. 

ɽʛʝʨ tʝʩʝʧ>t ʥʝʤʝʩʝ ʦʥʳש ʦʥʳש ʘʙʩʦʣʶʪʪʽʢ ʰʘʤʘʩʳ ʩʝʥʽʤʜʽʣʽʢ ʠʥʪʝʨʚʘʣʳʥʘʥ ʘʨʪʳץ ʙʦʣʩʘ, 

ʣʛʽ ʢʦʵʬʬʠʮʠʝʥʪʽ bDװ  ʤʘשʳʟʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʥʳש ʩᴅʡʢʝʩʪʽʛʽ (ʘʜʝʢʚʘʪʪʳʣʳסʳ) ʌʠʰʝʨ F ᴇʣʰʝʤʽ ʘʨץʳʣʳ 

ʪʘʙʳʣʘʜʳ 

 {}
2

2

ʫ

ʘʜ

ʨʘʩʯF
s

s
=  (11) 

 

ʤײʥʜʘ 
2

ʘʜs  - ʘʜʝʢʚʘʪʪʳʣʳץ ʜʠʩʧʝʨʩʠʷʩʳ. 

ɽʛʝʨ Fʝʩʝʧ<F (ʢʝʩʪʝʣʽʢ ʤᴅʥʽ), ʦʥʜʘ ʩʝʥʽʤʜʽʣʽʢ ʳץʪʠʤʘʣʜʳʣʳסʳʤʝʥ ʘʣʳʥסʘʥ װʣʛʽʥʽ ʘʜʝʢʚʘʪʪʳ 

ʜʝʧ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. 

  :ʦʨʳʪʳʥʜʳפ
ʊᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫ ץʦʣʘʡʣʳ ʰʝʰʽʤʜʝʨʜʽ ʽʟʜʝʫʜʽ ʝʜᴅʫʽʨ ʞʝשʽʣʜʝʪʽʧ ץʘʥʘ 

 ʘʡʳʥʜʘʣʘʪʳʥ ʙʝʣʛʽʣʽ ʙʽʨסʳʣʳ ʪʘץʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʪᴅʞʽʨʠʙʝ ʪʝʦʨʠʷʩʳ ʘʨ ץʦʡʤʘʡ, ʤʘʪʝʤʘʪʠʢʘʣʳץ

ʝʨʝʞʝʣʝʨ ʙʦʡʳʥʰʘ ʞʦʩʧʘʨʣʘʧ ʘʣʳʧ, ʙʝʨʽʣʛʝʥ ʝʩʝʧʪʽ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳʥʳש 

ʞʝʪʝʨʣʽʢʪʝʡ ʦשʘʡ ʧʦʣʠʥʦʤʠʥʘʣ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʩʽʥ ʘʣʫסʘ ʞᴅʥʝ ʤײʥʘʥ ʙʳʣʘʡ ʦʧʪʠʤʠʟʘʮʠʷ 

ʢʝʟʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʞʠʥʘʣסʘʥ ʪᴅʞʽʨʠʙʝ, ᴇʥʝʨʢᴅʩʽʧʪʽ ʤʝʢʝʤʝʣʝʨʜʽ 

ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽʥʽש ʦʧʪʠʤʠʟʘʮʠʷʩʳ װʰʽʥ ʪᴅʞʽʨʠʙʝʥʽ ʞʦʩʧʘʨʣʘʫ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫʜʳש 

ʙʦʣʘʰʘסʳ ʟʦʨ ʝʢʝʥʽʥ ʪʘסʳ ʙʘʡץʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʊʫʨʩʳʥ ʐ.ʂ. ïʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʂʆʄʇɽʅʉɸʎʀʀ ʈɽɸʂʊʀɺʅʆʁ ʄʆʑʅʆʉʊʀ 

ɺ ʉɽʊʗʍ 10 ï 35 ʂɺ 

 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ʤʦʱʥʦʩʪʠ ï ʘʢʪʠʚʥʘʷ ʠ 

ʨʝʘʢʪʠʚʥʘʷ. 

ʇʦʪʨʝʙʠʪʝʣʷʤʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʥʠʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʠʥʜʫʢʮʠʦʥʥʳʝ ʧʝʯʠ, 

ʩʚʘʨʦʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʚʳʧʨʷʤʠʪʝʣʠ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʟʚʝʥʴʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ï 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʨʝʘʢʪʦʨʳ ʠ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʛʝʥʝʨʘʪʦʨʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʪʝʧʣʦʚʳʝ 

ʧʦʪʝʨʠ ʥʘ ʵʣʝʤʝʥʪʘʭ ʵʣʝʢʪʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʜʘʯʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɺʦʧʨʦʩ ʦ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʯʠʥʘʶʪ ʨʝʰʘʪʴ ʝʱʝ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʤʦʱʥʦʩʪʠ, ʧʦʜʙʦʨ ʠʭ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ [1]. 

ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʪ.ʝ. ʝʝ ʤʠʥʠʤʠʟʘʮʠʷ) ʫ ʧʦʪʨʝʙʠʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʤʝʪʦʜʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʝʝ ʧʦʷʚʣʝʥʠʷ, ʪ.ʝ. ʥʘʣʠʯʠʷ ʨʝʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʪʠ ʠʣʠ ʩʜʚʠʛʘ ʬʘʟ, ʘ ʠʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ, ʠʭ ʝʤʢʦʩʪʴ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ: 

 

C = 1 / (2ˊFX), 

 

ʛʜʝ X ï ʧʦʣʥʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʭ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʝʪʴ ʫʩʪʨʦʡʩʪʚ; F ï ʯʘʩʪʦʪʘ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ (ʜʣʷ ʈʦʩʩʠʠ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʜʨ. ʩʪʨʘʥ ʉʅɻ - ʵʪʦ 50 ɻʮ). 

ʇʨʦʙʣʝʤʦʡ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʚʝʣʠʯʠʥʳ ʍ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʚʳʟʚʘʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʚʝʱʝʥʠʷ, ʜʨʫʛʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʢʠ ʨʘʟʥʦʛʦ ʪʠʧʘ ʧʦ ʨʘʟʥʦʤʫ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʵʥʝʨʛʦʩʝʪʴ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠ ʩʜʚʠʛ ʬʘʟ, ʠ ʧʦʜʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʤʘʩʰʪʘʙʘʭ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʧʫʪʸʤ ʢʦʥʪʨʦʣʷ ʩʜʚʠʛʘ ʬʘʟ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʢʘ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʨʦʪʦʨʥʳʭ ʦʙʤʦʪʦʢ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʪʘʥʮʠʡ [2]. 

ʅʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʳ ʚʳʨʘʙʘʪʳʚʘʶʪ ʘʢʪʠʚʥʫʶ ʠ 

ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʫʛʣʦʤ ʩʜʚʠʛʘ ʬʘʟ j, cosű ð ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
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P Q
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j  

 

ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʘʚʘʝʤʘʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʚ ʩʝʪʴ: 
 

P
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ʛʜʝ P ʠ Q ð ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ 

ʩʝʪʷʭ [3]. ɻʝʥʝʨʘʪʦʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʭ ʥʦʤʠʥʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ 

0,8-0,85. 

ʇʝʨʝʜʘʯʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʩʝʪʠ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʥʘʧʨʷʞʝʥʠʷ: 
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ɺʠʜʥʦ, ʯʪʦ ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦ ʩʝʪʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ Q ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʪʠ 

ʍ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʈʘʟʤʝʨ ʧʝʨʝʜʘʚʘʝʤʦʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚʣʠʷʝʪ ʪʘʢʞʝ ʥʘ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʝ: 
2 2 2

2 2
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ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ ʧʦʪʝʨʴ ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʡ ʯʝʨʝʟ cosű, 

ʧʦʣʫʯʘʝʤ: 
2 2 2

2 2 2
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ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʙʳʩʪʨʦ ʨʘʩʪʫʪ ʩ ʧʦʥʠʞʝʥʠʝʤ cosű. ʇʨʠ 

cosű= 0,5 ʦʥʠ ʜʦʩʪʠʛʘʶʪ 40%, ʘ ʧʨʠ cosű= 0,316 ʚʩʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦ ʩʝʪʠ, 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʪʝʨʠ ʚ ʥʝʡ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ[4]. 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʯʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʣʝʜʫʶʱʝʝ. ʇʨʠʤʝʤ, ʯʪʦ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ cosű= 0,85. 

ʆʪʧʫʩʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʈɸʆ ɽʕʉ ʈʦʩʩʠʠ ʚ ʩʝʪʠ ʈʉʂ ʩʦʩʪʘʚʠʣ 1 023,5 ʤʣʨʜ. ʢɺʪĀʯ ʚ 2013ʛ 

[5]. ʏʝʨʝʟ ʩʘʤʳʝ ʤʘʩʩʦʚʳʝ ʩʝʪʠ 35 - 10(6) ʢɺ ʦʪʧʫʩʢʘʝʪʩʷ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʚʩʝʡ ʵʥʝʨʛʠʠ 500 ʤʣʨʜ. 

ʢɺʪĀʯ, ʧʦʪʝʨʠ ʚ ʩʝʪʷʭ ʧʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 11,6%. 

 
35 10(6) 11 10

ʬW 5 10 ʢɺʪ ʯ 0,116 5,8 10 ʢɺʪ ʯ.-D = Ö Ö Ö º Ö Ö 

 

ɽʩʣʠ ʟʘ ʩʯʝʪ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ cosű ʧʦʚʳʩʠʣʩʷ ʙʳ ʥʘ 

0,01, ʪʦ ʧʦʪʝʨʠ ʙʳ ʩʦʩʪʘʚʠʣʠ: 
2

35 10(6) 10 10

ʧʨʦʛʥʦʟ 2

0,85
W 5,8 10 5,67 10ʢɺʪ ʯ.

0,86

-D = Ö Ö º Ö Ö 

 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʘ ʙʳ ʦʢʦʣʦ 1.3 ʤʣʨʜ ʢɺĀʯ ʵʥʝʨʛʠʠ. ʇʨʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʛʦ ʢʠʣʦʚʘʪʪʘ 0,68 ʨʫʙ. ʵʢʦʥʦʤʠʷ ʩʦʩʪʘʚʠʪ 884 ʤʣʥ. ʨʫʙ. ʚ ʛʦʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ 0,01 ʚ ʩʝʪʷʭ 35- 10(6) ʢɺ ʈʉʂ ʚʳʩʚʦʙʦʞʜʘʝʪ 

ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʦʢʦʣʦ 150 ʪʳʩ ʢɺʪ. 

ʉ 2007 ʚ ʈʌ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʜʣʷ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʝʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ: ʜʣʷ ʩʝʪʝʡ 0,4ʢɺ cosű= 0,944 

(tgű= 0,35.) , ʘ ʜʣʷ ʩʝʪʝʡ 6 - 20 ʢɺ cosű= 0,93 (tgű= 0,4). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʙʘʪʘʨʝʝʢ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʝʪʝʡ. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʝʪʝʡ 
 

ʉʪʦʠʤʦʩʪʴ 

ʧʦʪʝʨʴ ʵ/ʵ 

ʨʫʙ. ʢɺʪĀʯ 

Q, ʢʚʘʨ ɿʘʪʨʘʪʳ ʥʘ ʚʦʟʤʝʱʝʥʠʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɿ, 

ʪʳʩ.ʨʫʙ/ʛʦʜ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ɺʃ L,ʢʤ 

ɿʘʪʨʘʪʳ ʥʘ 

ʫʩʪʘʥʦʚʢʫ 

ɹʂ L 0,2 0,4 0,6 0,8 1,0 

0,6 100 3,43 6,86 10,29 13,73 17,16 41,6 

200 13,73 27,46 41,18 54,91 68,64 68,8 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

95 

 

 

0,8 100 4,58 9,15 13,73 18,3 22,88 41,6 

200 18,3 36,68 54,91 73,22 91,52 68,8 

1 100 5,72 11,44 17,16 22,88 28,6 41,6 

200 22,88 45,76 68,64 91,52 114,4 68,8 

 

ʂʫʨʩʠʚʦʤ ʚʳʜʝʣʝʥʳ ʧʦʟʠʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʢʘ ɹʂ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʘ ʧʨʠ 

ʫʩʣʦʚʠʠ ʠʭ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ 5 ʣʝʪ. 

ʆʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. ʇʨʝʜʧʦʣʦʞʠʤ ʯʪʦ N 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ SH ʟʘʧʠʪʘʥʳ ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʩʭʝʤʝ ʦʪ 

ʮʝʥʪʨʘ ʧʠʪʘʥʠʷ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʦʜʠʥʘʢʦʚʦ ʥʘʛʨʫʞʝʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ cosű. ʇʨʠ 

ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʩʪʦʨʦʥʝ 0,4 ʢɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ, 

ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʙʫʜʫʪ ʨʘʚʥʳ (ʧʦʪʝʨʷʤʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ʧʨʝʥʝʙʨʝʞʝʤ): 
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ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ S ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ 
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ʛʜʝ Rocp ïʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʠʪʘʶʱʠʭ ʣʠʥʠʡ ʦʪ ʎʇ ʜʦ 

ʊʇ, ʆʤ/ʢʤ; Lcpïʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʠʪʘʶʱʠʭ ʣʠʥʠʡ ʦʪ ʎʇ ʜʦ ʊʇ, ʢʤ; Uʥ ï 

ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʢɺ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʵʪʠʭ ʧʦʪʝʨʴ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
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ɺʳʚʦʜ:  
ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʪʝʤ ʚʳʰʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷ 0,8-0,85 ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʥʠʞʝʥʳ ʚ 1,38 -1,56, ʪ.ʝ. 

ʥʘ 26-35%. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʢʨʘʩʥʳʤ ʩʧʦʩʦʙʦʤ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ 

ʫʩʪʘʥʦʚʢʠ ɹʂ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 35 ï 10(6) ʢɺ. 
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ɸʭʤʝʪʦʚ ɹʘʫʳʨʞʘʥ ɸʙʜʨʘʭʤʘʥʦʚʠʯ ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʊʳʥʳʰʧʘʝʚʘ  

(ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ʆʤʘʨʦʚʘ ʊʦʣץʳʥ ʄʘʨʘʪץʳʟʳ ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʋʉʃʆɺʀʁ ʈɸɹʆʊʓ ʆʉʅʆɺʅʆɻʆ ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ 

ʊʗɻʆɺʓʍ ʇʆɼʉʊɸʅʎʀʁ 
 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ (ʕʄʆ) ʥʘ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʜʘʞʝ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʷʛʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʩʪʦʷʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ (ʜʦ 25 ʢɺ/ʤ ʠ ʚʳʰʝ) ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ (ʜʦ 10
3
 ɸ/ʤ ʠ ʚʳʰʝ). ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪ ʤʝʩʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʦʣʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʧ. 

ɺ ʮʝʣʦʤ ʕʄʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʣʦʞʝʥʠʝ ʧʦʣʝʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʯʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʣʝʡ. ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʙʳʩʪʨʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ 

ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʚʦʟʤʫʱʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

- ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʷʭ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʢʦʤʤʫʪʘʮʠʷʭ ʩʠʣʦʚʳʤʠ 

ʚʳʢʣʶʯʘʪʝʣʷʤʠ ʠ ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ; 

- ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʷʭ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ, 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʨʘʟʨʷʜʥʠʢʦʚ ʠʣʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ; 

- ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʠʣʦʚʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʜʩʪʘʥʮʠʡ; 

- ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʜʩʪʘʥʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʦʢʘʤʠ ʂɿ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʪʦʢʘʤʠ ʤʦʣʥʠʡ; 

- ʙʳʩʪʨʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʢʦʤʤʫʪʘʮʠʷʭ ʚ ʠʥʜʫʢʪʠʚʥʳʭ ʮʝʧʷʭ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ; 

- ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʜʘʨʘʭ ʤʦʣʥʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʲʝʢʪ ʠʣʠ ʚʙʣʠʟʠ ʥʝʛʦ; 

- ʧʦʤʝʭʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʠʭ ʢʘʥʘʣʠʟʘʮʠʷ ʪʷʛʦʚʦʡ ʠ ʨʝʣʴʩʦʚʦʡ 

ʮʝʧʷʤʠ; 

- ʨʘʟʨʷʜʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ; 

- ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʧʦʣʷ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 

- ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʮʝʧʷʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʦʢʘ. 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʟ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ. 
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ʈʠʩʫʥʦʢ 1 - ʀʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ: 

 

1 ï ʫʜʘʨ ʤʦʣʥʠʠ; 2 ï ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ (ʂɿ) ʚ ʩʝʪʠ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ɺʅ); 3ï ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʂɿ ʚ ʩʝʪʠ ʪʷʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʉʅ);  

4 ïʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʂɿ ʚ ʩʝʪʠ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʅʅ); 5 ï ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʟʣʫʯʝʥʠʡ; 6 ï ʚʥʫʪʨʝʥʥʠʝ ʠʩʪʦʯʥʠʢʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʟʣʫʯʝʥʠʡ;  

7 ï ʨʘʟʨʷʜʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ; 8 ï ʠʩʪʦʯʥʠʢʠ ʢʦʥʜʫʢʪʠʚʥʳʭ ʧʦʤʝʭ ʧʦ ʮʝʧʷʤ 

ʧʠʪʘʥʠʷ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʢ ʩʦʩʪʦʷʥʠʶ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ɿʋ) ʧʦʜʩʪʘʥʮʠʡ 

ʫʩʠʣʠʚʘʝʪʩʷ ʢʘʢ ʢ ʫʩʪʨʦʡʩʪʚʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ 

(ʕʄʆ). ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɿʋ ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʫʨʦʚʥʠ ʪʘʢʠʭ ʧʦʤʝʭ ʢʘʢ: 

ʢʦʥʜʫʢʪʠʚʥʳʝ ʧʦʤʝʭʠ, ʤʠʢʨʦʩʝʢʫʥʜʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ, ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʟʘʪʫʭʘʶʱʠʝ ʧʦʤʝʭʠ 

ʠ ʪ.ʧ. ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ ʠ ʫʜʘʨʘʭ ʤʦʣʥʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʅʊɼ) ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʫʩʪʨʦʡʩʪʚʦ 

ɿʋ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ (ʊʇ) ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʛʨʦʟʦʟʘʱʠʪʳ. ʆʜʥʘʢʦ ʠʭ ʧʦʣʦʞʝʥʠʷ ʥʝ ʦʪʨʘʞʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ɸʉʊʋ). ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ɿʋ ʊʇ ʥʘ 

ʕʄʆ.  

ʉʦʛʣʘʩʥʦ ʅʊɼ ʟʘʟʝʤʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʡ:  

Å ʩʦʟʜʘʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʝʢʘʥʠʶ ʪʦʢʘ;  

Å ʦʛʨʘʥʠʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʰʘʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʢʦʩʥʦʚʝʥʠʷ;  

Å ʩʥʠʞʝʥʠʷ ʩʠʥʬʘʟʥʳʭ ɺʏ ʠ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ;  

Å ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʦʪʝʢʘʥʠʝ ʙʦʣʴʰʠʭ ʪʦʢʦʚ ʂɿ, ʤʦʣʥʠʠ.  
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʢʦʥʪʫʨ ʟʘʟʝʤʣʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʟʘʤʢʥʫʪʳʤ ʠ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʊʇ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʚʩʝ ʝʝ ʩʪʨʦʝʥʠʷ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʫ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʠ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʟʘʟʝʤʣʠʪʝʣʝʡ, ʟʘʟʝʤʣʷʶʱʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʨʦʚʦʜʥʠʢʦʚ 

ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʨʴʝʟʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ɿʋ ʥʘ ʊʇ. 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʉʝʨʴʝʟʥʳʝ ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʦʣʷ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʘʨʘʪʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʫʪʨʘʪʠʚʰʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʦʙʱʠʤ ɿʋ ʥʝ ʧʨʝʚʳʰʘʝʪ 5% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, 

 ʜʦʣʷ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʘʨʘʪʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʫʪʨʘʪʠʚʰʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʦʙʱʠʤ ɿʋ ʩʦʩʪʘʚʣʷʝʪ 5-10% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, 

 ʜʦʣʷ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʘʨʘʪʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʫʪʨʘʪʠʚʰʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʦʙʱʠʤ ɿʋ ʧʨʝʚʳʰʘʝʪ 10% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. 

 

ʅʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ɿʋ ʊʇ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʢ ʥʘʨʫʰʝʥʠʷʤ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʇ. ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɿʋ ʨʝʟʢʦ ʠʟʤʝʥʷʶʪ ʕʄʆ ʥʘ ʊʇ. ʉʦʛʣʘʩʥʦ ʇʋʕ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪʴʩʷ: 

- ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʟʝʤʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 1 ʨʘʟ ʚ 12 ʣʝʪ ʚʳʙʦʨʦʯʥʘʷ ʧʨʦʚʝʨʢʘ 

ʩʦ ʚʩʢʨʳʪʠʝʤ ʛʨʫʥʪʘ ʵʣʝʤʝʥʪʦʚ ʟʘʟʝʤʣʠʪʝʣʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʝʤʣʝ; 

- ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʮʝʧʝʡ ʤʝʞʜʫ ʟʘʟʝʤʣʠʪʝʣʷʤʠ ʠ ʟʘʟʝʤʣʷʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ 

ʩʦʝʜʠʥʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʟʝʤʣʠʪʝʣʝʡ ʩ ʟʘʟʝʤʣʷʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ; 

- ʠʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʟʘʟʝʤʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʧʦ ʥʦʨʤʘʤ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʠʚʝʜʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʇʋʕ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʕʄʆ ʥʘ ʊʇ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʇʋʕ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʀʟ ʩʪʘʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʦʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ɿʋ ʥʘ ʕʄʆ.  

ʇʨʠ ʦʜʥʦʬʘʟʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʥʘ ʟʝʤʣʶ, ʧʦʪʝʥʮʠʘʣ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʪʷʛʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɽʩʣʠ ʧʦʪʝʥʮʠʘʣ ʥʘ ʟʝʤʣʝ ʧʨʝʚʳʩʠʪ ʠʩʧʳʪʘʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʢʘʙʝʣʝʡ, ʧʦʜʭʦʜʷʱʠʭ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʙʨʘʪʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ ʩ ʟʝʤʣʠ ʥʘ ʞʠʣʳ ʢʘʙʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʢ ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʧʦ ʟʘʟʝʤʣʝʥʥʳʤ ʦʙʦʣʦʯʢʘʤ, ʙʨʦʥʝ ʠ ʵʢʨʘʥʘʤ ʢʘʙʝʣʝʡ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ 

ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʘʙʝʣʠ ʚʳʟʦʚʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ʵʪʠʭ ʢʘʙʝʣʝʡ.  

ɽʩʣʠ ʥʘʣʦʞʠʪʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʊ) ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʵʥʝʨʛʦʩʠʩʪʝʤʳ (ʕʉ), ʪʦ ʧʦʣʫʯʠʤ ʩʫʤʤʘʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ (ʨʠʩʫʥʦʢ 3, ʙ). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʫʨʦʚʥʠ 
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ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʙʝʣʠ ʩʠʩʪʝʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʪʦʢʦʚ ʧʨʠ ʦʜʥʦʬʘʟʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʥʘ ʟʝʤʣʶ, ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʪʦʢʦʚ ʥʘ ɿʋ ʧʨʠ ʠʤʠʪʘʮʠʠ ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ. ʇʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʂɼɿ-1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʦʢ 4. 

ɻʝʥʝʨʘʪʦʨ  ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ɻʉʊ, ʚʭʦʜʷʱʠʡ ʚ ʢʦʤʧʣʝʢʪ ʂɼɿ - 1, ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʟʘʟʝʤʣʷʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢ ʟʘʟʝʤʣʝʥʠʶ ʥʝʡʪʨʘʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

(ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʠʣʠ ʢ ʚʳʥʦʩʥʦʤʫ ʪʦʢʦʚʦʤʫ ʵʣʝʢʪʨʦʜʫ. ʀʤʠʪʠʨʫʝʪʩʷ ʨʘʩʪʝʢʘʥʠʝ ʪʦʢʘ 

ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʯʝʨʝʟ ʢʦʥʪʫʨ ʟʘʟʝʤʣʝʥʠʷ ʚʥʝ ʧʦʜʩʪʘʥʮʠʠ ʠ ʯʝʨʝʟ 

ʥʝʡʪʨʘʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʷʶʪʩʷ  ʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʟʘʟʝʤʣʠʪʝʣʴ ʠ ʧʦ ʢʘʙʝʣʷʤ (ʦʙʦʣʦʯʢʘ, ʙʨʦʥʷ, ʵʢʨʘʥ) ʨʠʩʫʥʦʢ 5. 
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ʈʠʩʫʥʦʢ 3 - ʆʜʥʦʬʘʟʥʦʝ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ ʰʠʥʘʭ  ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ: ʘ - ʩʭʝʤʘ 

ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʟʘʟʝʤʣʝʥʠʷ; ʙ - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ɿʋ ð ð ʩʫʤʤʘʨʥʦʝ, ðÅ 

ð ʦʪ ʪʦʢʘ ʊ, - - ʦʪ ʪʦʢʘ ʕʉ 

 

 
 

ʈʠʩʫʥʦʢ 4 - ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʆʈʋ 110/220 ʢɺ ʧʨʠ ʠʤʠʪʘʮʠʠ ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ 
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ʀʟʤʝʨʷʶʪʩʷ ʪʘʢʞʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʤʝʩʪʦʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ 

ʟʘʟʝʤʣʷʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʨʝʣʝʡʥʦʛʦ ʱʠʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʨʝʘʣʴʥʳʝ 

ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ, ʆʈʋ-ʄ. 

ʇʨʦʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʞʠʤʘʭ ʠ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʩʭʦʞʜʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʯʠʥʳ 

ʪʘʢʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʠ ʚʥʦʩʷʪ ʢʦʨʨʝʢʪʠʚʳ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʪʦʯʥʷʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʥʘ ʰʠʥʘʭ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

 

 
 

ʈʠʩʫʥʦʢ 5 - ʉʭʝʤʘ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʧʨʠ ʠʤʠʪʘʮʠʠ ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʟʝʤʣʶ ʥʘ ʚʦʟʜʫʰʥʦʤ ʚʳʢʣʶʯʘʪʝʣʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʳ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʅʦʨʤʳ ʠʩʧʳʪʘʥʠʡ (ʇʋʕ ʧ.1.8.34) ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʧʳʪʘʥʠʝ 

ʠʟʦʣʷʮʠʠ ʚʪʦʨʠʯʥʳʭ ʮʝʧʝʡ ʥʘʧʨʷʞʝʥʠʝʤ 50 ɻʮ 1ʢɺ ʚ ʪʝʯʝʥʠʝ 1ʤʠʥ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʕʂ 60255-

5 ʠʟʦʣʷʮʠʷ ʫʩʪʨʦʡʩʪʚ ɸʉʊʋ ʠʩʧʳʪʳʚʘʝʪʩʷ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 50 ɻʮ 2 ʢɺ ʚ ʪʝʯʝʥʠʝ 1ʤʠʥ. ɺ ʩʣʫʯʘʝ ʠʭ 

ʧʨʝʚʳʰʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ɿʋ.   

ɺʳʚʦʜ: 

1. ɿʋ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ ʕʄʆ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ; 

2. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ɿʋ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʨʘʩʯʝʪʥʦ-

ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ. ɿʘʢʣʶʯʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ɿʋ ʜʝʣʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʩ ʜʦʧʫʩʪʠʤʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. 
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ʇʆɼʉɽʂʎʀʗ ˉ3 çɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʀ ɺʆʇʈʆʉʓ ɺ ʆɹʃɸʉʊʀ 

ʀʅʌʆʈʄɸʊʀɿɸʎʀʀè 

 

ɸ.ɸ. ɸʭʤʝʪʦʚʘ ïᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟױʋ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

ɸ.ʂ. ɽʨʘʣʠʝʚ ï ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟױʋ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ᴆʅɽʈʂᴄʉɯʇʊɯʂ ʈʆɹʆʊ ɹʋʓʅɼɸʈʓʅʓר ʆʈʓʅ ʌʋʅʂʎʀʗʃɸʈʓʅ ɾᴄʅɽ 

ɹɸנɼɸʈʓʅ ɸʅʓפʊɸʋ 

 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʨʦʙʦʪ (ᴆʈ) ʢʠʥʝʤʘʪʠʢʘʩʳʥʳש ʪʫʨʘ ʝʩʝʙʽʥ ץʘʨʘʩʪʳʨסʘʥ ʢʝʟʜʝ, ʨʦʙʦʪ 

ʙʫʳʥʜʘʨʳʥʳש ʦʨʳʥ ʬʫʥʢʮʠʷʣʘʨʳ ʞᴅʥʝ ʙʘסʜʘʨʳ ʪʘʙʳʣʜʳ. 1 - ʩʫʨʝʪʪʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʨʦʙʦʪʪʳש (ᴆʈ) 

ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʭʝʤʘʩʳ ʙʝʡʥʝʣʝʥʛʝʥ. 1 ʪʽʨʝʛʽ ʪʽʢ ᴇʩ ʙʦʡʳʥʰʘ ʘʡʥʘʣʘʪʳʥ ʧʣʘʪʬʦʨʤʘʜʘ 

ʦʨʥʘʪʳʣסʘʥ. 2 ʢװʡʤʝʰʝʩʽ (ʢʘʨʝʪʢʘ) ʪʽʨʝʢ ʙʦʡʳʤʝʥ ʽʣʛʝʨʣʝʤʝʣʽ ץʦʟסʘʣʘʜʳ. 3 ʠʳסʳ ʢװʡʤʝʰʝʛʝ ץʘʪʘש 

ʙʝʢʽʪʽʣʛʝʥ ʦʩʴ ʙʦʡʳʤʝʥ ʘʡʥʘʣʘʜʳ, ʘʣ 4 ʙʽʣʝʛʽ (ʧʨʝʜʧʣʝʯʴʝ)3 ʠʳסʳʥʘ ʙʝʢʽʪʽʣʛʝʥ ᴇʩ ʙʦʡʳʤʝʥ 

ʘʡʥʘʣʘʜʳ. 3 ʞᴅʥʝ 4 ʘʪץʘʨʫʰʳ ʙʫʳʥʜʘʨʳʥʳש ʘʡʥʘʣʫ ᴇʩʪʝʨʽ ʧʘʨʘʣʣʝʣʴ ʙʦʣʳʧ ʢʝʣʝʜʽ. 
 

 
 

1 - ʩʫʨʝʪ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʨʦʙʦʪʪʳש ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʭʝʤʘʩʳ 

 

1 ʪʽʨʝʛʽʥʽש ʘʡʥʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʝʨʽʣʽʩ ʤʝʭʘʥʠʟʤʽ ʙʽʨ ʢʦʥʫʩ ʞᴅʥʝ ʙʽʨ ʮʠʣʠʥʜʨʣʽʢ 

ʩʘʪʳʩʳ ʙʘʨ ʝʢʽʩʘʪʳʣʳ ʪʽʩʪʽ ʨʝʜʫʢʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʤʝʭʘʥʠʟʤ ʪʽʨʝʫʛʝ ʙʝʢʽʪʽʣʛʝʥ; ʙʽʨʽʥʰʽ 

ʩʘʪʳʥʳש ʪʝʛʝʨʰʽʛʽ - 01 , ʙʽʨʽʥʰʽ ʩʘʪʳʥʳש ʜᴇשʛʝʣʝʛʽ - 02; ʝʢʽʥʰʽ ʩʘʪʳʥʳש ʪʝʛʝʨʰʽʛʽ ï 03; ʝʢʽʥʰʽ 
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ʩʘʪʳʥʳש ʜᴇשʛʝʣʝʛʽ ï 04 ʙʦʣrʧ ʙʝʣʛʽʣʝʥʝʜʽ. 2 ʢװʡʤʝʰʝʩʽʥʽש ʞʳʣʞʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʝʨʽʣʽʩ 

ʤʝʭʘʥʠʟʤʽ ʪʽʟʙʝʢʪʝʧ ʞʘʣסʘʥסʘʥ ʙʽʨʩʘʪʳʣʳ ʨʝʜʫʢʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ 11 ʪʝʛʝʨʰʽʛʽ, 12 ʜᴇשʛʝʣʝʛʽ 

ʞᴅʥʝ ʜʝ 13 ץʦʩʠʽʥ (ʢʨʠʚʦʰʠʧ), 14 ʰʘʪʫʥʳ ʞᴅʥʝ 15 ʩʳʨסʘסʳʥʘʥ ʪײʨʘʪʳʥ ץʦʩʠʽʥʜʽ ï ʩʳʨסʘץʪʳ 

ʤʝʭʘʥʠʟʤʥʝʥ ʪײʨʘʜʳ. ʉʳʨסʘץʪʳש ʦʨʳʥ ʘʫʳʩʪʳʨʫʳ ʪʽʨʝʢʢʝ ץʘʪʳʩʪʳ 2 ʢװʡʤʝʰʝʥʽש ʦʨʳʥ 

ʘʫʳʩʪʳʨʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, 15 ʩʳʨסʘסʳ 2 ʢװʡʤʝʰʝʩʽʤʝʥ ץʘʪʘש ʙʝʢʽʪʽʣʛʝʥ. 3 ʠʳסʳ ʤʝʥ 4 ʙʽʣʝʛʽʥʽש 

ʙʝʨʽʣʽʩ ʤʝʭʘʥʠʟʤʜʝʨʽ ʪʦʣʳץʪʘʡ ץײʩʘʩ, 21 ʞᴅʥʝ 31 ʪʝʛʝʨʰʽʢʪʝʨʽʥʝʥ, ʩᴅʡʢʝʩʽʥʰʝ 22 ʞᴅʥʝ 32 

ʜᴇשʛʝʣʝʢʪʝʨʽʥʝʥ ʪײʨʘʪʳʥ ʙʽʨʩʘʪʳʣʳ ʪʽʢʪʽʩʪʽ ʮʠʣʠʥʜʨʣʽʢ ʨʝʜʫʢʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʘʣʧʳʣʘʤʘ ʢʦʦʨʜʠʥʘʪʘʣʘʨʜʳ ʢʝʣʝʩʽ ʪװʨʜʝ ʝʥʛʽʟʝʡʽʢ: 
1q - ʪʽʢ ʦʩʴ ʙʦʡʳʥʰʘ ʘʡʥʘʣʘʪʳʥ 

ʪʽʨʝʢʪʽש ʙײʨʳʣʫ ʙײʨʳʰʳ; 
2q - ʪʽʨʝʢʢʝ ץʘʪʳʩʪʳ ʢװʡʤʝʰʝʥʽש ʦʨʳʥ ʘʫʳʩʫʳ; 

3q  - ʢװʡʤʝʰʝʛʝ 

 ;ʨʳʰʳײʨʳʣʫ ʙײʙ שʪʳץʘʪʳʩʪʳ ʠʳץ
4q - ʠʳץץʘ ץʘʪʳʩʪʳ ʙʽʣʝʢʪʽש ʙײʨʳʣʫ ʙײʨʳʰʳ. 

ʂʝʣʝʩʽ ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʞװʡʝʩʽʥ ʝʥʛʽʟʝʡʽʢ: 

ʘ) ʊʽʨʝʫʤʝʥ ʙʘʡʣʘʥʳʩϨʘʥ Oxyz ʞװʡʝʩʽʥ. z ʦʩʽʥ ʪʽʨʝʢʪʽש ʘʡʥʘʣʫ ʦʩʽʤʝʥ ʙʘסʳʪʪʘʡʤʳʟ, ʘʣ x 

ʞᴅʥʝ y ʦʩʪʝʨʽʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨ z ʞʘʟʳץʪʳסʳʥʜʘ ʝʨʢʽʥ ʦʨʥʘʣʘʩʪʳʨʘʤʳʟ. 

ʙ) ʊʽʨʝʢʧʝʥʙʘʡʣʘʥʳʩϨʘʥ 
1111 zyxO  ʞװʡʝʩʽʥ. 

1z  ʦʩʽʥ ʪʽʨʝʢʪʽש ʘʡʥʘʣʫ ʦʩʽʤʝʥ, ʘʣ 
1x  ʞᴅʥʝ 

1y  

ʦʩʪʝʨʽʥ - 
1z  ʦʩʽʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘʡʤʳʟ. ʉᴇʡʪʽʧ, 

1z  ʦʩʽ z ʦʩʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 
*

1

*

1

*

1

*

1 zyxO ʦʩʪʝʨʽʥʽש ʙʘʩʪʘʧץʳ ʦʨʳʥʜʘʨʳʥ Oxyz ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʝʡ ʝʪʽʧ ʪʘשʜʘʡʤʳʟ. ʆʩʳ ʪʘשʜʘʫסʘ 

ʙʘʡʣʘʥʳʩʪʳ )0(1,0A  ʤʘʪʨʠʮʘʩʳ ʙʽʨʣʽʢ ʤʘʪʨʠʮʘ ʙʦʣʳʧ ʢʝʣʝʜʽ, ʘʣ ʤʘʪʨʠʮʘ 
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(O  ʞᴅʥʝ 
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ʚ) ɽʢʽʥʰʽ ʘʪϨʘʨʫʰʳ ʙʫʳʥʤʝʥ ʙʘʡʣʘʥʳʩϨʘʥ ʢʦʦʨʜʠʥʘʪ ʞװʡʝʩʽʥ 
1x  ʦʩʴ ʪʽʨʝʢ ʙʦʡʳʤʝʥ 

ʙʘסʳʪʪʘʣʘʪʳʥʜʘʡ ʝʪʽʧ ʝʥʛʽʟʝʤʽʟ. ɹײʥʜʘʡ ʦʩʴ ʙʦʣʳʧ 
1z  ʦʩʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. *

2

*

2

*

2

*

2 zyxO ʞװʡʝʩʽʥʽש 

ʙʘʩʪʘʧץʳ ʦʨʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 
*

2O  ʥװʢʪʝʩʽ 
1O  ʥװʢʪʝʩʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʜʝʧ ʝʩʝʧʪʝʡʤʽʟ. 

*

2y  ʞᴅʥʝ 

*

2z  ʦʩʪʝʨʽʥ, ʩᴅʡʢʝʩʽʥʰʝ, 
1x  ʞᴅʥʝ 

1y  ʦʩʪʝʨʽ ʙʦʡʳʤʝʥ ʙʘסʳʪʪʘʡʤʳʟ. ɹײʣ ʞʘסʜʘʡʜʘ
2,12,1 )0( AA =  

ʙʘסʳʪʪʘʫʰʳ ʢʦʩʠʥʫʩʪʘʨ ʤʘʪʨʠʮʘʩʳ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʳʣʘʜʳ: 
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*

2O  ʥװʢʪʝʩʽ 
1O  ʥװʢʪʝʩʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʢʪʝʥ, 0

0 )(
2Or  ʚʝʢʪʦʨʳ ʥᴇʣʛʝ ʪʝש ʞᴅʥʝ 
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ʛ) ϭʰʽʥʰʽ ʙʫʳʥʤʝʥ ʙʘʡʣʘʥʳʩϨʘʥ ʩʘʥʘץ ʙʘʩʳʥ 
3O  ʥװʢʪʝʩʽʥʜʝ ʦʨʥʘʣʘʩʪʳʨʘʤʳʟ. 

3O  ʥװʢʪʝʥʽש 

ʝʢʽʥʰʽ ʩʘʥʘץ ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʞװʡʝʩʽʥʜʝ ),,0( 1 de  ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ ʙʘʨ ʞᴅʥʝ ʦʣ װʰʽʥʰʽ ʙʫʳʥʥʳש 

ʘʡʥʘʣʫ ʦʩʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. 
3z  ʦʩʽʥ 3 ʠʳסʳʥʳש ʘʡʥʘʣʫ ʦʩʽ ʙʦʡʳʤʝʥ ʙʘסʳʪʪʘʡʤʳʟ, ʷסʥʠ 

2y  ʦʩʽʥʝ 

ʧʘʨʘʣʣʝʣʴ; 03 =q  ʢʝʟʽʥʝ ʦʩʪʝʨʜʽװ שʰʽʥʰʽ ʞװʡʝʩʽʥʽש ʙʘʩʪʘʧץʳ ʦʨʥʳʥ *

3x  ʦʩʽ 
2z  ʦʩʽʥʝ ʧʘʨʘʣʣʝʣʴ, 

ʘʣ *
3y  ʦʩʽ 

2x  ʦʩʽʥʝ ʧʘʨʘʣʣʝʣʴ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʪʘשʜʘʡʤʳʟ. ɹײʣ ʞʘסʜʘʡʜʘ 
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ʄײʥʜʘסʳ 
1e  - ʢװʡʤʝʰʝ ʤʝʥ װʰʽʥʰʽ ʙʫʳʥʥʳש ʘʨʘʩʳʥʜʘסʳ ʘʨʘץʘʰʳץʪʳץ, ʘʣ 

2e  ʰʽʥʰʽװ -

ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ʙʫʳʥʥʳש ʘʨʘʩʳʥʜʘסʳ ʘʨʘץʘʰʳץʪʳץ, d ï װʰʽʥʰʽ ʙʫʳʥʥʳש ᴇʩʽʤʝʥ ʪʽʨʝʢʪʽש 

ʘʨʘʩʳʥʜʘסʳ ʘʨʘץʘʰʳץʪʳץ. 

ʜ) ʊᴇʨʪʽʥʰʽ ʩʘʥʘץ ʙʘʩʳʥ 
4O  ʥϮʢʪʝʩʽʥʜʝ ʦʨʥʘʣʘʩʪʳʨʘʤʳʟ. 

4O ʥװʢʪʝʥʽװ שʰʽʥʰʽ ʩʘʥʘץ 

ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʞװʡʝʩʽʥʜʝ ),0,( 23 el -  ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ ʙʘʨ ʞᴅʥʝ ʦʣ ʪᴇʨʪʽʥʰʽ ʘʪץʘʨʫʰʳ ʙʫʳʥʥʳש 

ʘʡʥʘʣʫ ᴇʩʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. 

ʆʨʳʥ ʬʫʥʢʮʠʷʩʳʥʳש ʙʽʨʽʥʰʽ ʛʨʫʧʧʘʩʳʥ ʪʘʙʘʡʳץ. ʆʣ װʰʽʥ Maple ʧʨʦʛʨʘʤʤʘʩʳʥʘ ʘʨʥʘʡʳ 

ʧʘʢʝʪʪʝʨ ʝʥʛʽʟʝʤʽʟ: 

>  

ʞᴅʥʝ ʢᴇʰʫ ʤʘʪʨʠʮʘʣʘʨʳʥ ʙʝʨʝʤʽʟ: 

>  

 

ʊᴇʨʪʽʥʰʽ ʙʫʳʥʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʞװʡʝʜʝʛʽ ʄ ײʩʪʘסʳʰ ʧʦʣʶʩʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ )0,0,( 4l  

ʙʦʣʩʳʥ. ʆʥʜʘ [ ]TM l 1 0 0 4

4 =R , ʦʥʳ ʢʝʣʝʩʽ ʪװʨʜʝ ʝʥʛʽʟʝʤʽʟ: 

>  
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0
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1
=== -  ʬʦʨʤʫʣʘʩʳʥʘ ʩᴅʡʢʝʩ ʢᴇʰʫ ʤʘʪʨʠʮʘʣʘʨʳʥ 

ʢᴇʙʝʡʪʝʤʽʟ: 
 

>  

 

ʉʦʥʜʘ ʘʫץʳʤʜʳ ʬʦʨʤʫʣʘ ʰʳסʘʜʳ, ʦʥʳ simplify ʳץʰʘʤʜʘʫ ʢʦʤʘʥʜʘʩʳʥ ץʦʣʜʘʥʘʤʳʟ: 

 

>  

ʉᴇʡʪʽʧ, ץʦʟסʘʣʤʘʡʪʳʥ ʞװʡʝʛʝ ץʘʪʳʩʪʳ 
0

MR  ʨʦʙʦʪ ײʩʪʘסʳʰʳʥʳש ʦʨʳʥ ʬʫʥʢʮʠʷʩʳʥ 

ʘʣʘʤʳʟ: 
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 ʰʽʥװ ʪʘʫץʜʘʨʳʥ ʘʥʳסʙʘ ץʨʳʰʪʳײʙ (שʜᴅʣʽʨʝʢ, ʪᴇʨʪʽʥʰʽ ʙʫʳʥʥʳ) שʳʩʳʥʳסʨʳʣײץ ʳʰסʩʪʘױ

ʙײʨʳʣʳʩ ʤʘʪʨʠʮʘʣʘʨʳʥ ʙʝʨʝʤʽʟ: 
 

>

 
 

 ʰʽʥ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘװ ʜʘʨʳʥ ʪʘʙʫסʙʘ ץʨʳʰʪʳײʙ שʳʰʪʳסʩʪʘױ
 

)()0()...()0()()0(),...,,( ,122,111,021,0 nnnnn qPAqPAqPAqqqA -=  

 

ʙʽʨ-ʙʽʨʽʥʝ ʢᴇʙʝʡʪʽʧ ʰʳסʘʤʳʟ: 
 

>  
 

ɾײʤʳʩʪʘ ᴆʈ-ײ שʩʪʘסʳʰ ײץʨʳʣסʳʩʳʥʳץ שʦʟסʘʣʤʘʡʪʳʥ ʞװʡʝʛʝ ץʘʪʳʩʪʳ 4,0A  ʙײʨʳʰʪʳץ 

ʙʘסʜʘʨʳ ʘʥʳץʪʘʣʜʳ. ɽʛʝʨ ʙʘסʳʪʪʘʫʰʳ ʢʦʩʠʥʫʩʪʘʨ ʤʘʪʨʠʮʘʩʳ ʢᴇʤʝʛʽʤʝʥ ʞʘʟʩʘץ: 
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ʆʩʳ ʤʘʪʨʠʮʘʥʳש ʵʣʝʤʝʥʪʪʝʨʽ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʣʘʨ ʙʦʡʳʥʰʘ Jyj ,,  ʕʡʣʝʨ 

ʙײʨʳʰʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
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33

naJ= ;
sin

sin
,0

13

J

a
y

n

=  

;
sin

cos
,0

23

J

a
y

n

-= ;
sin

cos
,0

32

J

a
j

n

=  



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

105 

 

 

JJ 2cos1sin -= ;
J

a
j
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sin

,0

31

n

= . 

ʆʥʳ ʧʨʦʛʨʘʤʤʘסʘ ʢʝʣʝʩʽ ʪװʨʜʝ ʝʥʛʽʟʝʤʽʟ: 
 

>  

 

ʉᴇʡʪʽʧ, ʦʩʳʥʜʘʡ ʪʠʧʪʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʨʦʙʦʪʳ װʰʽʥ ʪᴇʨʪʽʥʰʽ ʙʫʳʥ ʙʘסʜʘʨʳʥʳש ʵʡʣʝʨ 

ʙײʨʳʰʪʘʨʳ ʞʘʣʧʳʣʘʥסʘʥ ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʘʨץʳʣʳ ʦשʘʡ ᴇʨʥʝʢʪʝʣʝʜʽ: 
 

.          ,
2

             ,
2

431 qqq +=+== j
p

y
p

J  

 

ɾײʤʳʩʪʘסʳ ʝʩʝʧʪʝʫʣʝʨʜʽש ʙʘʨʣʳסʳ Maple ʘʥʘʣʠʪʠʢʘʣʳץ ʝʩʝʧʪʝʫ ʞװʡʝʩʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣסʘʥ. 

ᴄʜʝʙʠʝʪ 
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560 ʩ. 
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1988, 239 ʩ. 

 

 

ɽʨʘʣʠʝʚ ɸ.ʂ. ï ʂʘʟʅʋ ʠʤ. ʘʣ-ɹʌʘʨʘʙʠ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɻʨʠʮʝʥʢʦ ʀ.ʉ. ï ʂʘʟʅʋ ʠʤ. ʘʣ-ɹʌʘʨʘʙʠ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

ɻʨʠʮʝʥʢʦ ʇ.ʉ. ï ʂʘʟʅʋ ʠʤ. ʘʣ-ɹʌʘʨʘʙʠ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ʋʇʈɸɺʃɽʅʀʗ ʋʏɽɹʅʆɻʆ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʂʆʄʇʃɽʂʉɸ ʅɸ ɹɸɿɽ ARDUINO 

 

ʅʘ ʢʘʬʝʜʨʝ çʄʝʭʘʥʠʢʘè ʂʘʟʅʋ ʠʤ ʘʣʴ-ʌʘʨʘʙʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ ʨʦʙʦʪʘʤʠ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʕɺʄ ʠ ʫʯʝʙʥʦʛʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʋʈʊʂ). ʋʈʊʂ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʠʪ 

ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʝʙʥʦʛʦ ʧʦʟʠʮʠʦʥʥʦʛʦ ʨʦʙʦʪʘ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). 

ʈʦʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʦʜʥʦʡ ʠʟ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ: ʨʦʙʦʪʳ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.1ʘ); ʨʦʙʦʪʳ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.1ʙ). ɺʩʝ ʨʦʙʦʪʳ ʩʪʨʦʷʪʩʷ 

ʥʘ ʙʘʟʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʷ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ; ʤʦʜʫʣʷ 

ʚʨʘʱʝʥʠʷ; ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
 

  
 

ʈʠʩʫʥʦʢ 1 ï ʈʦʙʦʪʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ (ʘ) ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ (ʙ) ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 
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ʉʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʧʨʠʚʦʜʦʚ ʨʦʙʦʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪ ʧʝʨʚʠʯʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʧʦʢʘʟʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʦʙʦʪʝ ʜʘʪʯʠʢʦʚ. ʉʋ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ 

ʠʥʪʝʨʬʝʡʩʫ ʇʕɺʄ (LPT0 ʠʣʠ LPT1) Centronix. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʚʩʪʨʦʝʥʥʦʡ ʉʋ. ʕʪʦ 

ʩʚʷʟʘʥʦ, ʚʦ - ʧʝʨʚʳʭ, ʩ ʪʝʤ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘ ʝʛʦ ʟʘʤʝʥʫ ʧʨʠʰʝʣ USB. ɺʦ - ʚʪʦʨʳʭ, ʚʩʪʨʦʝʥʥʘʷ ʉʋ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʥʝʰʥʝʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʝʡ ʠ ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʚʥʝʰʥʠʭ ʤʦʜʫʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʉʋ,ʨʘʟʨʘʙʦʪʘʪʴ ʉʋ ʩʦʙʩʪʚʝʥʥʳʤ ʤʦʜʫʣʝʤ ʥʘ ʙʘʟʝ 

Arduino Mega 2560 (ʈʠʩ 2). 
 

 
ʈʠʩʫʥʦʢ 2 ï Arduino Mega 2560 

 

Arduino Mega 2560 ʧʦʩʪʨʦʝʥʘ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ATmega2560. ʇʣʘʪʘ ʠʤʝʝʪ 54 

ʮʠʬʨʦʚʳʭ ʚʭʦʜʘ/ʚʳʭʦʜʦʚ (14 ʠʟ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʳʭʦʜʳ ʐʀʄ), 16 ʘʥʘʣʦʛʦʚʳʭ 

ʚʭʦʜʦʚ, 4 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʨʪʘ UART, ʢʚʘʨʮʝʚʳʡ ʛʝʥʝʨʘʪʦʨ 16 ʄɻʮ, USB ʢʦʥʥʝʢʪʦʨ, ʨʘʟʲʝʤ 

ʧʠʪʘʥʠʷ, ʨʘʟʲʝʤ ICSP. Arduino Mega 2560 ʩʦʚʤʝʩʪʠʤʘ ʩʦ ʚʩʝʤʠ ʧʣʘʪʘʤʠ ʨʘʩʰʠʨʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʜʣʷ ʧʣʘʪʬʦʨʤ Uno ʠʣʠ Duemilanove. ʅʘ ʧʣʘʪʬʦʨʤʝ Arduino Mega2560 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

Arduino ʠʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ. ATmega2560 ʧʦʜʜʝʨʞʠʚʘʝʪ 4 ʧʦʨʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ UART ʜʣʷ TTL. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʧʣʘʪʝ ʤʠʢʨʦʩʭʝʤʘ ATmega8U2 ʥʘʧʨʘʚʣʷʝʪ ʦʜʠʥ ʠʟ 

ʠʥʪʝʨʬʝʡʩʦʚ ʯʝʨʝʟ USB, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʠʨʪʫʘʣʴʥʳʡ COM ʧʦʨʪ ʧʨʦʛʨʘʤʤʘʤ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ.ʋʪʠʣʠʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʰʠʥʳ (Serial Monitor) ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

Arduino ʧʦʟʚʦʣʷʝʪ ʧʦʩʳʣʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʧʣʘʪʬʦʨʤʝ. [1] 

Arduino ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʫʣʝʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ: 

- MotorShield (2 ʢʘʥʘʣʘ, 2 ɸ) - ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʳ ʤʦʪʦʨʦʚ ʩ ʪʦʢʦʤ ʜʦ 2 ɸ; 

- NetduinoPlus 2 - ʧʣʘʪʘ ʜʣʷʠʥʪʝʨʥʝʪ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ .NET Micro Framework; 

- PowerShield - ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ; 

- SDCardShieldv4 - ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʬʣʝʰ-ʢʘʨʪʘʤʠ SD ʠ microSD ʙʦʣʴʰʦʛʦ 

ʨʘʟʤʝʨʘ; 

- Wi-FiShield - ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʯʝʨʝʟ Wi-Fi. 

- ɺ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤ ʩʧʠʩʢʝ ʧʨʠʚʝʜʝʥʘ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʜʦʩʪʫʧʥʳʭ ʤʦʜʫʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ 

ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʩʦʚʤʝʩʪʠʤʳʭ ʩ Arduino [2]. 

- EasyVR 2.0 Shield - ʧʣʘʪʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ; 

- LilyPad-ʘʢʩʝʣʝʨʦʤʝʪʨ - ʪʨʸʭʦʩʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʚʩʪʨʷʩʦʢ ʚ 

ʧʨʦʝʢʪʘʭ ʫʤʥʦʡ ʦʜʝʞʜʳ; 

- ʀʥʬʨʘʢʨʘʩʥʳʡ ʜʘʣʴʥʦʤʝʨ Sharp (10-80 ʩʤ) - ʩʝʥʩʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʧʦ 

ʦʪʨʘʞʸʥʥʦʤʫ ʩʚʝʪʦʚʦʤʫ ʩʠʛʥʘʣʫ; 

- ʀʥʬʨʘʢʨʘʩʥʳʡ ʜʘʪʯʠʢ ʜʚʠʞʝʥʠʷ - ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʝʥʩʦʨ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʪʸʧʣʳʭ ʦʙʲʝʢʪʦʚ. 

ʉʧʠʩʦʢ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ ʣʠʰʴ ʯʘʩʪʴ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʜʘʪʯʠʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʩ Arduino. 
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ʊʘʢʞʝ ʜʦʩʪʫʧʥʳ ʜʚʠʛʘʪʝʣʠ ʰʘʛʦʚʳʝ, ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʝ, ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʪ.ʜ. ɹʦʣʝʝ ʪʦʛʦ 

ʚ ʧʨʦʜʘʞʝ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʛʦʪʦʚʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʜʫʢʪʦʚ ʥʘ ʙʘʟʝ Arduino. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚʢʣʶʯʘʝʪ 9 ʨʘʙʦʪ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʚʩʪʨʦʝʥʥʫʶ ʉʋ. ʅʦʚʘʷ ʉʋ ʩʧʦʩʦʙʥʘ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʘʪʴ ʘʥʘʣʦʛʠ ʜʘʥʥʳʭ 9 ʨʘʙʦʪ, ʥʦ ʠ 

ʧʨʝʚʟʦʡʪʠ ʠʭ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ. ɹʦʣʝʝ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʣʠʯʘʶʪ ʥʦʚʫʶ ʉʋ ʦʪ ʚʩʪʨʦʝʥʥʦʡ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʙʘʟʝ 

ʚʥʝʰʥʠʭ ʤʦʜʫʣʝʡ: ʙʣʘʛʦʜʘʨʷ ʙʦʛʘʪʦʡ ʧʝʨʠʬʝʨʠʠ, ʤʳ ʧʦʣʫʯʘʝʤ ʜʦʩʪʫʧ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʦʙʲʝʤʫ 

ʚʘʨʠʘʥʪʦʚ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Arduino 1.0.5 ʩʦʩʪʦʠʪ ʠʟ ʚʩʪʨʦʝʥʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʦʙʣʘʩʪʠ ʩʦʦʙʱʝʥʠʡ, ʦʢʥʘ ʚʳʚʦʜʘ ʪʝʢʩʪʘ(ʢʦʥʩʦʣʠ), ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ 

ʢʥʦʧʢʘʤʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʘʥʜ ʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʥʶ. ɼʣʷ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤ ʠ ʩʚʷʟʠ ʩʨʝʜʘ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ Arduino. [3]. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦ ʥʝʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʠʤʝʨʦʚ ʠʤʝʶʱʠʭʩʷ ʚ ʠʥʪʝʨʥʝʪʝ ʠ ʬʦʨʫʤʘʭ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʙʘʟʝ Arduino. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʠ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʨʝʰʝʥʠʝ ʧʦʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʥʦʚʦʛʦ ʉʋ 

ʠʤʝʥʥʦ Arduino. ʈʘʟʨʘʙʦʪʢʘ ʥʘʯʘʣʘʩʴ ʩ ʠʟʫʯʝʥʠʷ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʪʨʦʝʥʥʦʛʦ ʉʋ ʠ ʨʦʙʦʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʩʚʷʟʴ ʚʳʭʦʜʠʣʘ ʟʘ ʧʨʝʜʝʣʳ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʪʝʨʬʝʡʩʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣ ʚʟʷʪ ʦʜʠʥ ʙʘʟʦʚʳʡ ʤʦʜʫʣʴ ʠʟ ʪʨʝʭ 

ʤʦʜʫʣʝʡ ʋʈʊʂ (ʈʠʩ 3). 
 

 
ʈʠʩʫʥʦʢ 3 ï ʄʦʜʫʣʴ ʋʈʊʂ 

 

ɹʳʣ ʧʦʣʥʦʩʪʴʶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʠʥʪʝʨʬʝʡʩ ʤʦʜʫʣʷ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ.ʇʨʠ 

ʤʝʪʦʜʝ ʦʙʨʘʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʚʟʷʟʴ ʚʩʪʨʦʝʥʥʦʡ ʉʋ ʠ ʋʈʊʂ ʪ.ʝ 

ʙʳʣʠ ʧʨʦʩʣʫʰʘʥʳ ʚʩʝ ʩʠʛʥʘʣʳ, ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʣʦʛʠʢʠ, ʫʨʦʚʝʥʴ ʥʘʧʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʠ .ʪ. 

ʜ. ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ (ʧʠʥʳ) ʩʦʝʜʠʥʷʶʱʠʝ ʉʋ ʠ ʋʈʊʂ. ʉʪʘʥʜʘʨʪ ʢʘʙʝʣʷ ï DB9. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ 4. 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʀʥʪʝʨʬʝʡʩ ʨʦʙʦʪʘ 
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ɺ ʨʦʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʠʛʘʪʝʣʴ ʕɼʅ-145P ʥʘʧʨʷʞʝʥʠʝʤ 27ɺ (ʈʠʩ 5ʘ). ʅʘʧʨʷʞʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʨʝʚʳʰʘʝʪ ʩʪʘʥʜʘʨʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Arduino, ʧʦʵʪʦʤʫ ʧʠʪʘʥʠʝ 

ʜʚʠʛʘʪʝʣʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʥʝʰʥʠʤ ʢʦʥʪʨʦʣʣʝʨʦʤ L293D (ʈʠʩ 5ʙ). 

 

 

 
 

a ï ʜʚʠʛʘʪʝʣʴ ʕɼʅ-145P ʙ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ L293D 

 

ʈʠʩʫʥʦʢ 5 ï ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ 

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʦʜʫʣʷ, ʙʳʣ ʥʘʧʠʩʘʥ ʢʣʘʩʩ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ ʋʈʊʂ ʯʝʨʝʟ Arduino, ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

 

classRedModule {  

voidreadState(); //ï ʩʯʠʪʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʜʘʪʯʠʢʦʚ 1000 ʨʘʟ ʚ ʩʝʢʫʥʜʫ; 

voidmoveTo();  //ï ʜʚʠʛʘʝʪʩʷ ʚʧʝʨʝʜ. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʜʘʪʯʠʢʘ ʢʦʥʮʘ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ; 

voidmoveFrom(); //ï ʜʚʠʛʘʝʪʩʷ ʥʘʟʘʜ. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʜʘʪʯʠʢʘ ʥʘʯʘʣʘ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ;ʝ 

voidopenTong(); //ï ʦʪʢʨʳʪʴ ʩʭʚʘʪ; 

voidcloseTong(); //ï ʟʘʢʨʳʪʴ ʩʭʚʘʪ; 

voidprintState(); //ï ʚʳʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ ʜʘʪʯʠʢʦʚ. 

};  

 

ʂʣʘʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʣʴʢʦ ʥʘʯʘʣʴʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʙʘʟʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʠʟʚʝʜʝʥ ʫʩʧʝʰʥʳʡ ʧʨʦʙʥʳʡ ʟʘʧʫʩʢ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʝʚ L293D, ʘ ʠʤʝʥʥʦ ʧʦʩʣʝ 4-5 ʤʠʥʫʪ ʨʘʙʦʪʳ. 

ɼʘʣʴʥʝʡʰʘʷ ʟʘʜʘʯʘ ʣʝʞʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʜʫʣʝʡ ʋʈʊʂ; ʨʘʩʰʠʨʝʥʠʠ ʢʣʘʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ Arduino; 

ʩʦʟʜʘʥʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ ʙʦʣʝʝ ʤʦʱʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ, ʯʝʤ 

L293D; ʚʚʝʜʝʥʠʝ ʚ ʨʘʙʦʪʫ ʥʦʚʦʡ ʉʋ ʠ ʥʘʧʠʩʘʥʠʝ ʥʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ʂʦʥʝʯʥʳʤ ʠʪʦʛʦʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʚʩʝʭ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʨʦʙʦʪʘ ʋʈʊʂ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʘ ʙʘʟʝ ArduinoMega 2560. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. http://arduino.ru/Hardware/ArduinoBoardMega2560 

2. http://amperka.ru/collection/boards 

3. http://arduino.ru/Arduino_environment 
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Ertargynuly D. ï magistracy KazNU named after al-Farabi, (Almaty, Kazakhstan) 

 

INSTRUMENTAL MEANS OF VERIFYING THE AUTHENTICITY OF DOCUMENTS ON 

THE BASIS OF OPTICAL NDT METHOD  

 

The problem of determining the authenticity of documents arose simultaneously with their 

appearance. As for counterfeiters, they have always been. Even when humanity has never known money 

exchanging goods for gold pieces, shells, cocoa beans, etc., the individual çcraftsmenè manages to find 

these surrogate money cheaper substitute. 

Since then nothing has changed fundamentally. Only release technology documents and bank 

notes, and hence become more sophisticated imitations. Determination of the authenticity of documents, 

bank notes and securities included in the terms of reference of forensic diagnostics. 

Objects of forensic diagnostics are written documents, which are subject to the investigation in 

the first place their details (recording impressions of seals and stamps, typescripts, notes, etc.); materials 

from which they are made (paper, paints, adhesives and so forth.); traces left by writing tools and other 

devices (seals, stamps, printing machines, etc.); etching residues of substances used for the removal of the 

text, and others. 

Under the document are: 

- personal (of identification - a passport, driver's documents, diplomas, etc.) that characterize his 

career - employment records, hospital sheets, specifications, personal files, etc.); 

- reference of identification (certificate of study, the presence of children, wages, employment, 

and so on.); and cash (checkbooks, credit and debit orders, cash books, payrolls, bills, etc.); 

- reflecting the movement of material values (invoices, accounting journals, travel sheets, etc.); 

- other (lottery tickets, rail and air tickets, recipes, cashier's checks, etc.). 

Forming the subject of forensic diagnostic problem is conventionally divided into two groups: 

diagnostic and identification. The objectives of the diagnostic studies include the following: 

- establishing a method for manufacturing the document and its parts; 

- determining whether and how to make the changes to the document or part thereof; 

- definition of the genus, species of the document; 

- establish the initial content of the document (identification and invisible slabovidimyh texts 

faded, filled, crossed out, smeary, etched, sanitized records, texts burnt documents, texts depressed 

grooves et al.); 

- determination of the age of the document and the sequence of its details. 

Assessment of the authenticity of the document, print the stamp is not an easy task feasible 

technically equipped specialist or expert. The objectives of the study are the following identification: 

- establishment, whether to one genus, mind belong to the group compared objects (documents, 

their materials); 

- to the same or different sources of origin are compared objects; 

- the same or different materials, or technical means used to produce the document or documents 

being compared (including one or different printing plates coated prints on paper, on the same or different 

typewriters printed text of the document in whole or in part, and so on. f.); 

- drafting of a document on its parts. 

In the manufacture of a particular type of document protection systems are designed to ensure the 

stability of the document from unauthorized reproduction (partial or complete fakes). Security complex to 

determine the authenticity of the document at different stages of testing. 

Selection of protective complex depends on what kind of document is produced. 

By type of protection is divided into: 

- technology; 

- graphics; 

- chemical; 

- physical; 

- combined. 
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In turn, each of these types of methods combines specific group. 

Technological view combines techniques which are based on the calculation of the specific 

properties of the object being created. Such methods may include: 

- the calculated composition of the paper; 

- given the composition of coloring matter; 

- surface treatment of the paper web; 

- watermark; 

- predetermined composition in the paper pulp and the luminescent color of the fibers or other 

impurities, e.g. confetti; 

- given combination of protective inclusions; 

Printing relief printing; 

Kipp-effect characterizing the nature of gravure printing, recognized under special lighting. 

Graphical view of protection determines the set of methods based on the use as protection forms, 

dimensional characteristics, methods of arrangement and combination of drawing. At the same graphic 

image can be both visible and invisible under ordinary light and visualized under ultraviolet (UV) and 

infrared (IR) rays. Data protection methods may include: 

- pseudo of water sign; 

- guilloche frame; 

- guilloche rosette; 

- micro text; 

- safety nets; 

- irregular raster; 

- assyure Corrie; 

- different in form and combination of fonts; 

- Combined screening; 

- combination of different shape and form protective nets; 

- specially made at the micro-level defects graphic elements; 

- psevdovolokna; 

- asymmetrical arrangement of the graphic. 

The chemical form of protection forms of securities combines protection methods, the essence of 

which is based on the properties of chemicals react chemically with other compounds with the ability to 

control the result: 

- color reaction method. 

The physical type of protection includes protection methods based on the physical properties of 

objects and materials. Methods of this type are varied and can be defined as follows: 

- changes in the surface shape of the form of securities (congreve printing); 

- metochnye elements with holograms and metogrammami; 

- enhancement or quenching the luminescence of the surface form of the security; 

- luminescence materials with different quantum yield; 

- combination of luminescent materials with different colors; 

- luminescence substances in IR, UV and BES-rays; 

- using materials with different magnetic properties. 

Combined type of protection is the use of different types of protection in combination: 

- using the method of plastic deformation of the object surface in conjunction with the image 

(congreve print + guilloche rosette); 

- introduction of the luminescent substances in the colorant grids guilloche framework sockets etc.; 

- with chemiluminescence. 

Full forgery, which achieves a complete similarity with the original, requires the offender, in 

addition to the specific skills needed to dispose of this material, fonts similar to printing devices, etc. 

Because of this forgery, made in the printing plant using modern techniques and the implementation of 

certain remedies, it is quite a challenge for the award category of persons. For this reason, a complete fake 
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blank documents, made with the reproduction of the whole system of protection, is extremely rare. More 

frequent cases of play of forms, in varying degrees, mimic genuine form. 

The main elements of the most frequently simulated (means) to protect blank documents are a 

watermark, security strip, fibers, printing elements of protection. 

Partial forgery involves making some changes to the original document. Such changes are made 

by: 

- erasures; 

- chemical etching of the text; 

- additional notes, overprinting, text correction; 

- replacing parts of the document (photographs, sheets in multi-page document); 

- forgery of signatures, stamps and stamps. 

Instrumental controls also allow documents to restore the image, either accidentally or 

deliberately hidden under fills dyes or under the sheets glued documents. 

It is known that the degree of the crime prevalence leadership in our country steadily keeps the 

financial and credit system. On the leading place out crime using fictitious bank guarantees, counterfeit 

bills, letters of credit, etc. Recorded by law enforcement agencies scale use of false documents confirm 

the effectiveness of the criminal community of modern technologies and computational tools. 

Affordability of tools such as computer with standard software, laser or inkjet printer, copier or printing 

machine, greatly simplifies the possibility of falsification of documents. 

The same is true in respect of seals and stamps for documents, which give their holders special 

powers. Making counterfeit stamps is now widespread. Manufacturing technology clich® is so simple that 

their production can be arranged on any kitchen. Authenticity of the document shall be established 

exclusively in conducting forensic investigations in the process of identification. 

This kind of research is carried out is always investigated in comparison with the original 

document. 

There are the following algorithm research: 

- visual inspection of the document in daylight diffused light; 

- the geometric dimensions, presence and location of elements of graphic design; 

- study the document to the light; 

- study the document in the oblique light; 

- study the document using a microscope, a UV light source, infrared visualizer device for 

magneto-optical control (in some cases can be used laser technology and electron microscopy); 

- if the document has a chemical resistance, the latter phase, as it happens in most cases, the 

actual violation or in part, carried out chemical studies; 

- primarily carried out a study to identify the document protection system, made to him in the 

manufacture and release into operation. 

In the process of studying the object are essentially looking for differences, not similarities. 

Requires particular attention walking and detection of counterfeit banknotes and Russian 

currency, which most of them are now on the Russian market the US dollar and the euro. 

Do not assume that the problem of counterfeit money has fallen on Russia just now. For example, 

in the early 80-ies of the last century by the Soviet Union there were a huge number of counterfeit ducats, 

while continuing to participate in the turnover on a par with real money until monetary exchange. 

With regard to US dollars, in all probability, no one knows exactly how many counterfeit 

banknotes in circulation. In any currency laid down several degrees of protection. 

Simple, visible to the naked eye: watermarks, relief printing, etc. 

More complex hardware Revealed: magnetic, ultraviolet, infrared, etc. 

Special - known only to specialists, developers and manufacturers, is a state secret. 

Russian banknotes are now among the most secure banknotes. With regard to US dollars, up to 

1990 their defense was based largely on the high quality printing, consisting of paper and dye used. In 

1996, the dollar has gained a new design. There were security threads, micro text, and since 2000 - an 

additional infrared protection. 
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The most common is now a method of making counterfeit money - crude forgery. For the 

production of banknotes used color printers or copiers. Denominations receive revelations of poor quality 

and are designed for sale in the dark or in a specially created situations. The second type of counterfeit 

notes taken with printing equipment and computer equipment in a mini-printing houses, refers to the 

average quality. Such products have certain security elements, for example microtext and coarse forgery 

protection ultraviolet and infrared. 

 

 

ʂʘʣʤʝʥʦʚʘ.ɻ.ɹ. ï ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘױ ץʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɾʆנɸʈʓ ɾʓʃɼɸʄɼʓפʊʓ תʁʃɽʉʊɯʈɯʃɻɽʅ ʄᴄʃɯʄɽʊʊɽʈ ᴆרɼɽʋɯʅ 

 ʆʃɼɸʅʋפ ʁʓʄɼɸʉʊʓʈʋɼɸ MDA ʊɽʍʅʆʃʆɻʀʗʉʓʅױ

 
ʉʦסשʳ ʞʳʣʜaʨʳ ʙaסʜaʨʣaʤaʣʳץ ʞaʙʜʳץʪaʤaʥʳ (ɹɾ) ײץʨʫסa ʦʙʲʝʢʪʽʛʝ ʙaסʳʪʪaʣסaʥ ᴅʜʽʩ 

 ʥʛʝ ʜʝʡʽʥ ʢᴇʧװaʥ ʞᴅʥʝ ʜʝ ᴅʣʽ ʢסʨʳʣײץ ʞʳʣʜaʨʳʥʜa-80 שaʩʳʨʜʳס ʣ ᴅʜʽʩ XXײʦʣʜaʥʳʣaʜʳ. ɹץ

 ʨʫʜaײץ ʦʩʳʤʰaʣaʨʜʳץ ʣʝʩʪʽʨʽʣʛʝʥװ ʤʳʩ ʞaʩaʡʪʳʥײʳʪ ᴇʪʝ ʢʝʣʝ ʠʥʪʝʨʥʝʪʧʝʥ ʞץʦʣʜaʥʳʣaʜʳ. ʋaץ

 ʦʨʪaʩʳ שʦʨʜʳץ aʥסʨʳʣײץ aʪaʨ ʩʦʣaʨץ ʨʜʝʣʽʣʽʛʽ ʪaʣaʧ ʝʪʪʽ. ʉʦʥʳʤʝʥװʢ שaʥ ʢʽʪaʧʭaʥaʣaʨʜʳסʦʡʳʣץ

ʤʝʥ ץʦʩʳʤʰaʥʳץײ שʩaʩʪʳסʳ ᴇʪʝ ʪᴇʤʝʥ ʙʦʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʞװʡʝʣʝʨʜʽש ʢװʨʜʝʣʽʣʽʛʽʥʽש aʨʪʫʳʥa 

ʙaʡʣaʥʳʩʪʳ ʦʙʲʝʢʪʽʛʝ ʙaסʳʪʪaʣסaʥ ץʦʩʳʤʰaʣaʨʜʳ ײץʨʫ ʢװʨʜʝʣʽʣʽʢʪʝʨʽ aʥʳץ ʙaʡץaʣʜʳ[1]: 

¶ ɾװʡʝʥʽ ʢʝʩʢʽʥʜʝʛʝʥʜʝʛʽ ʧʨʦʛʨaʤʤaʣʳץ ʞaʙʜʳץʪaʤaʥʳש ʢװʨʜʝʣʽʣʽʛʽʥʽש ᴇʪʝ ʞʦסaʨʳ 

ʙʦʣʫʳʥaʥ ʥʝʤʝʩʝ ʦʨʳʥʜaʫʰʳʥʳש ʪᴅʞʽʨʠʙʝʩʽʥʽש ʢʝʤʜʽʛʽʥʝʥ ʪʫʳʥʜaʡʪʳʥ ץaʪʝʣʽʢʪʝʨʛʝ װʣʢʝʥ 

ʪᴅʫʝʢʝʣ; 

¶ ɾʝʣʽʣʽʢ ᴅʨʝʢʝʪʪʝʩʫʜʽש ʙʽʨʝʛʝʡʣʽʢ ʪᴅʩʽʣʜʝʨʽʥʽש ʞʦץʪʳסʳʥaʥ װʣʝʩʪʽʨʽʣʛʝʥ ʞװʡʝʣʝʨʜʽ 
 ;ʨʜʝʣʽʣʽʢʪʝʨװʳ ʢסʨʫʜaײץ

 ;ʪᴇʤʝʥ ʙʦʣʫʳ שʳʥʳסʩaʩʪʳץײ ʳסaʨaʩʳʥʜa שʨʫ ʦʨʪaʩʳʥʳײץ ʦʩʳʤʰa ʤʝʥפ ¶

¶ ɾװʡʝʥʽ ץaʡʪa ʞaʩaʫʜaסʳ ץʠʳʥʜʳץʪaʨ, ʩaʧaʥʳש ʪᴇʤʝʥʜʽʛʽ ʞᴅʥʝ ײץʞaʪʪaʫʜʳש ʞʦץʪʳסʳ; 

ʆʩʳ aʡʪʳʣסaʥ ʤᴅʩʝʣʝʣʝʨ ʢʝʟ ʢʝʣʛʝʥ ʞװʡʝʥʽ ײץʨʫʜʳץ שʳʤʙaʪץa ʪװʩʫʽʥʝ ʞᴅʥʝ ʦʩʳ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʽץ שaʞʝʪʪʽʣʽʛʽʥʝ aʣʳʧ ʢʝʣʜʽ. Aʡʪʳʣסaʥ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽʥʰʽʩʽʥ ʰʝʰʫ 

ʞʦʣʜaʨʳʥʳש ʙʽʨʽ ï ʞʦʙaʣaʫʜʳװ שʣʛʽʣʝʨʽ ʤʝʥ ʩʠʧaʪʪaʣסaʥ ײץʨʳʣʳʤʜʳץ ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜaʥʫ ʙʦʣʳʧ 

ʪaʙʳʣaʜʳ. 

ʆʙʲʝʢʪʽʛʝ ʙaסʳʪʪaʣסaʥ ʧʨʦʛʨaʤʤaʣaʫ ʢʦʥʮʝʧʮʠʷʩʳ ץʦʩʳʤʰa aʨʭʠʪʝʢʪʫʨaʩʳʥa 

ʢʦʤʧʦʥʝʥʪʢʝ ʙaסʳʪʪaʣסaʥ ᴅʜʽʩʪʝʥ ᴇʟʽʥʽש ʜaʤʫ ʞʦʣʳʥ ʪaʧʪʳ. ʄײʥʜaסʳ ʝש ʙaʩʪʳ aʡʳʨʤaʰʳʣʳץ, 

ʤײʥʜa ʙaʩʪʳ ʢʦʥʩʪʫʢʮʠʷ ʨʝʪʽʥʜʝ ʢʣaʩʩ ʥʝʤʝʩʝ ʦʙʲʝʢʪʽʥʽש ʦʨʥʳʥa ʢʦʤʧʦʥʝʥʪʪʽ ץʦʣʜaʥסaʥ. 

ʂʦʤʧʦʥʝʥʪ ï ʙײʣ ʠʥʪʝʨʬʝʡʩ ʜʝשʛʝʡʽʥʜʝ ʞᴅʥʝ ʙaʩץa ʜa ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ ʙaʡʣaʥʳʩʳ ʥaץʪʳ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʧʨʦʛʨaʤʤaʣʳץ ʞװʡʝʥʽש ʪʽʨʢʝʩʪʽ ᴇʣʰʝʤʽ. ʂʦʤʧʦʥʝʥʪʢʝ ʙaסʳʪʪaʣסaʥ ᴅʜʽʩʪʽ ʩʦסשʳ 

ʞaʣʜaʨʜaסʳ ʪaʥʳʤaʣ ʩʝʨʚʠʩʢʝ ʙaסʳʪʪaʣסaʥ ᴅʜʽʩʪʽש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ץaʨaʩʪʳʨʫסa ʙʦʣaʜʳ[2]. 

ʄʦʜʝʣʴʜʝʨʤʝʥ ʤʝשʛʝʨʽʣʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ ï MDA ï ʙײʣ ʧʣaʪʬʦʨʤaʜaʥ ʞᴅʥʝ ʧʨʦʛʨaʤʤaʣaʫ 

ʪʽʣʽʥʝʥ ʪᴅʫʝʣʩʽʟ ײץʨʫ ʥʝʛʽʟʽʥʜʝʛʽ ʢᴇʧʢʦʤʧʦʥʝʥʪʪʽ ʧʨʦʛʨaʤʤaʣʳץ ʞaʙʜʳץʪaʤa ײץʨʫʜaסʳ 

aʨʭʠʪʝʢʪʫʨaʣʳץ ᴅʜʽʩ. 

Model Driven Architecture (MDA) - ʧʨʦʛʨaʤʤaʤʝʥ ץaʤʪaʤaʩʳʟʜaʨʜʳʨʫʜʳ ᴅʟʽʨʣʝʫʜʽש 

ʤʦʜʝʣʴʜʽ-ʙʝʡʽʤʜʝʣʫ ʪᴅʩʽʣʽ. 

ɹײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש ʤᴅʥʽ ʙaʩץaʨʫʜʳש aʙʩʪʨaʢʪʽʣʽ ʤʝʪaʤʦʜʝʣʽʥ ʪײʨסʳʟʫ ʞᴅʥʝ 

ʤʝʪaʤᴅʣʽʤʝʪʪʝʨʤʝʥ aʣʤaʩʫ ʞᴅʥʝ ʦʥʳ ץʦʣʜaʥʳʣa aʣaʪʳʥ ʧʨʦʛʨaʤʤa ʪʝʭʥʦʣʦʛʠʷʣaʨʳʥa (Java, 

CORBA, XML ʞᴅʥʝ ʪ.ʙ.) ʪʨaʥʩʬʦʨʤaʮʠʷʣaʫ ᴅʜʽʩʪʝʨʽʥ ʙʝʨʫ. 

MDA aʨʭʠʪʝʢʪʫʨaʩʳ ʢᴇʧ ʧʨʣaʪʬʦʨʤaʣʳ ץʦʩʳʤʰaʣaʨʜʳ ʞaʩaʫסa ʞaשa ʠʥʪʝʛʨaʣʜʳ 

ʪᴅʩʽʣʜʝʨʜʽ ײʩʳʥaʜʳ ʞᴅʥʝ װʰ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʥ ʪײʨaʜʳ[3]: 

¶ UML(Unified Modelling Language) ʤʦʜʝʣʴʜʝʫʜʽש ʞװʡʝʣʝʥʛʝʥ ʪʽʣʽ; 

¶ MOF (MetaObject Facility) ʤʦʜʝʣʴʜʝʨ ʪʫʨaʣʳ aץʧaʨaʪʪʳ ʩʠʧaʪʪaʫסa aʨʥaʣסaʥ 

aʙʩʪʨaʢʪʽʣʽ ʪʽʣ (ʤʝʪaʤʦʜʝʣʜʽ ʩʠʧaʪʪaʫ ʪʽʣʽ); 

¶ CWM (Common Warehouse Metamodel) ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʣaʨʳʥʳש aʨaʩʳʥʜaסʳ 

aץʧaʨaʪʪʳץ ʙaʡʣaʥʳʩʪaʨʜʳ ʞaʣʧʳ ʩʪaʥʜaʨʪʪʳ ʩʠʧaʪʪaʫʳ. 
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1-ʩʫʨʝʪ. MDA ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש aʨʭʠʪʝʢʪʫʨaʩʳ 

 
MDA ᴅʜʽʩʽʥʽש ʝש ʙaʩʪʳ aʨʪʳץʰʳʣʳסʳ ʙʽʨ ʤʦʜʝʣʴʜʽש ʦʨʥʳʥa ʝʢʽ ʤʦʜʝʣʴʜʽײץ שʨʳʣסaʥʳʥa 

 ʣ ʧʨʦʮʝʩʩ ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʜʽײʨʫʜʳ ʪʝʟʜʝʪʝʜʽ. ɹײץ ʪaʤaʥʳץʞaʙʜʳ ץaʨaʤaʩʪaʥ ʧʨʦʛʨaʤʤaʣʳץ

ʤʦʜʝʣʴʜʽש ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʩʽʟ ʤʦʜʝʣʴ aʨץʳʣʳ aʚʪʦʤaʪʪaʥʜʳʨʳʣסaʥ ʛʝʥʝʨaʮʠʷʩʳʥʳש aʨץaʩʳʥʜa 

ʞװʟʝʛʝ aʩaʜʳ. ʉʦʥʳʤʝʥ, ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʜʽ ʞװʡʝʛʝ aʚʪʦʤaʪʪʳ aʫʳʩʫʜʳ ץʦʣʜaʥʳʧ, MDA-ʜʳ 

 :ʨaʜʳ[4]ײʜʝʨʜʝʥ ʪשʨʫ ʢʝʣʝʩʽ ʢʝʟʝײץ ʪaʤaʥʳץʞaʙʜʳ ץʦʣʜaʥa ʦʪʳʨʳʧ ʧʨʦʛʨaʤʤaʣʳץ

¶ ɽʩʝʧʪʽץ שʦʡʳʣʳʤʳ. 

¶ ʇʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʩʽʟ ʤʦʜʝʣʴʜʽײץ שʨʳʣʫʳ. 

¶ PIM ʤʦʜʝʣʽʥʽש ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʜʽ ʤʦʜʝʣʴʛʝ aʚʪʦʤaʪʪaʥʜʳʨʳʣסaʥ ʪʨaʥʩʬʦʨʤaʮʠʷʩʳ. 

¶ ʇʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʜʽ, ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʩʽʟ ʤʦʜʝʣʴʜʝʨʜʽש ʞײʤʳʩʪaʨʳʥ aʷץʪaʫ ʤʝʥ 

ʤʦʜʠʬʠʢaʮʠʷʩʳ, ʢʝʨʝʢʪʽ ʙᴇʣʽʢʪʝʨʽʥ ץʦʩʫ. ʉʦʥʳʤʝʥ ץaʪaʨ ʤʦʜʝʣʴʜʝʨ aʨaʩʳʥʜaסʳ ʙaʡʣaʥʳʩʪaʨ 

 .ʟʽʣʤʝʫ ʢʝʨʝʢװ

¶ ʇʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʜʽ ʤʦʜʝʣʴ ʙʦʡʳʥʰa ʢʦʜʪʳש aʚʪʦʤaʪʪaʥʜʳʨʳʣסaʥ ʛʝʥʝʨaʮʠʷʩʳ. 

¶ ʂʦʜʪʳ ʞᴇʥʜʝʫ, ʢʦʤʧʠʣʷʮʠʷ. 

ɾaʣʧʳ aʣסaʥʜa, MDA-ʜʳש ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסaʥ ʦʡ ʤʦʜʝʣʴʜʝʫ ʪʽʣʽ ʤʝʥ ײץʨaʣʜaʨסa 

ʙaʡʣaʥʳʩʪʳ ʝʤʝʩ. ɹʽʨaץ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳ UML ʤʦʜʝʣʴʜʝʫ ʪʽʣʽʥ ʜaʤʳʪʫʤʝʥ aʡʥaʣʳʩaʪʳʥ OMG 

ʢʦʥʩʦʨʮʠʫʤʳ ײץʨסaʥʜʳץʪaʥMDA ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰa ײץʨʳʣaʪʳʥ ʧʨʦʛʨaʤʤaʣʳץ 

ʞaʙʜʳץʪaʤaʥʳש ʤʦʜʝʣʴʜʝʨʽʥ ʩʠʧaʪʪaʫ װʰʽʥ ʦʩʳ UML ʤʦʜʝʣʴʜʝʫ ʪʽʣʽ ץʦʣʜaʥʳʣaʜʳ. 

MDA ᴅʜʽʩʽʥʽש ʝש ʙaʩʪʳ aʨʪʳץʰʳʣʳסʳ ʙʽʨ ʤʦʜʝʣʴʜʽש ʦʨʥʳʥa ʝʢʽ ʤʦʜʝʣʴʜʽײץ שʨʳʣסaʥʳʥa 

 ʣ ʧʨʦʮʝʩʩ ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʜʽײʨʫʜʳ ʪʝʟʜʝʪʝʜʽ. ɹײץ ʪaʤaʥʳץʞaʙʜʳ ץaʨaʤaʩʪaʥ ʧʨʦʛʨaʤʤaʣʳץ

ʤʦʜʝʣʴʜʽש ʧʣaʪʬʦʨʤaʣʳ-ʪᴅʫʝʣʩʽʟ ʤʦʜʝʣʴ aʨץʳʣʳ aʚʪʦʤaʪʪaʥʜʳʨʳʣסaʥ ʛʝʥʝʨaʮʠʷʩʳʥʳש aʨץaʩʳʥʜa 

ʞװʟʝʛʝ aʩaʜʳ[5]. 

MDA ʧʨʦʛʨaʤʤʠʩʪʪʝʨʽʥʽש ʙaʩʪʳ ʤaץʩaʪʳ ʪᴅʫʝʢʝʣʜʽ ʪᴇʤʝʥʜʝʪʝʪʽʥ aʨʭʠʪʝʢʪʫʨaʣʳץ ᴅʜʽʩ ײץʨʫ 

ʙʦʣʜʳ. ɽʩʝʧʪʽ ʰʝʰʫ װʰʽʥ MDA-ʜa ʧʣaʪʬʦʨʤaסa ʪᴅʫʝʣʜʽ (Platform Specific Model (PSM)), 

ʧʣaʪʬʦʨʤaסa ʪᴅʫʝʣʩʽʟ (Platform Independent Model (PIM)), ʞᴅʥʝ ʜʝ ʤʦʜʝʣʴ ʜʝʛʝʥ ʪװʩʽʥʽʢ ʝʥʛʽʟʽʣʝʜʽ. 

MDA PIM ʤʦʜʝʣʴʜʽ ײץʨʳʧ, PSM ʤʦʜʝʣʽʥʝ aʨʥaʡʳ ײץʨaʣʜaʨʜʳ ץʦʣʜaʥʳʧ ᴇʪʢʽʟʫʜʽ ʙʦʣʞaʧ ʦʪʳʨ. 

ʉʦʥʳʤʝʥ ץaʪaʨ, ʙʽʨ PSM ʤʦʜʝʣʽʥʝʥ ʙaʩץa ʤʦʜʝʣʴʛʝ ᴇʪʫ ʤװʤʢʽʥ. MDA aʨʭʠʪʝʢʪʫʨaʩʳʥ 

 aʥʜaʡץʝʰ שʨaʩʪʳʨʫʰʳ ʨʝʪʽʥʜʝ OMG ʢʦʥʩʦʨʮʠʫʤʳ ʙʽʨ ʤʦʜʝʣʴʜʝʥ ʝʢʽʥʰʽ ʤʦʜʝʣʴʛʝ ᴇʪʫʜʽײץ

ʧʨʦʛʨaʤʤaʣʳײץ ץʨaʣʳʥ ײʩʳʥʙaʡʜʳ. ʅaץʪʳ ʪװʨʜʝ, MDA ï OMG-ʜʝ ʦʨʳʥʜaʣסaʥ ʩʪaʥʜaʨʪʪaʨ ʪʦʙʳ 

(UML, MOF, CWM ʠ XMI) ʜʝʤʝʡʪʽʥ ᴇשʜʝʫʜʽש ʢʦʥʮʝʧʮʠʷʩʳ. 

MDA  

U

 UML 
 MOF 

 

CWM 

CORBA XML/XMI  .NET Java 
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MDA ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰa ʙaסʜaʨʣaʤaʣʳץ ʞaʙʜʳץʪaʤaʥʳ ᴇשʜʝʫ ʞᴅʥʝ ʞʦʙaʣaʫ װʨʜʽʩʽ 

ʪᴇʤʝʥʜʝʛʽ ʢʝʟʝשʜʝʨʜʝʥ ʪײʨaʜʳ[6]: 

1-ʢʝʟʝϬ. ɹײʣ ʢʝʟʝשʜʝ ʝʩʝʧʪʝʣʽʤʜʽ-ʪᴅʫʝʣʩʽʟ ʤʦʜʝʣʽ(CIM) ײץʨʳʣaʜʳ. ɹײʣ ʤʦʜʝʣʜʽ ʙʠʟʥʝʩ-

ʤʦʜʝʣʴ ʜʝʧ ʪʝ aʪaʫסa ʙʦʣaʜʳ. 

Common Information Model (aץʧaʨaʪʪʳ-ʪʠʧʪʽ ʤʦʜʝʣʴ, CIM) ï IT ʦʨʪaʜa ʙaʩץaʨʫ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢᴇʨʽʥʽʩʽʥ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʠʳʥʪʳסʳ ʤʝʥ ץaʪʳʥaʩʳ ʨʝʪʽʥʜʝ ʪaשʜaʡʪʳʥ, ʙײʥʜaʡ 

ʦʙʲʝʢʪʽʣʝʨʜʽ ʞaʙʜʳץʪaʫʰʳ ʤʝʥ ᴇʥʜʽʨʫʰʽʛʝ ʪᴅʫʝʣʩʽʟ ʙʽʨʽʟʜʽ ʙaʩץaʨʫסa ʥʝʛʽʟʜʝʣʛʝʥ aʰʳץ ʩʪaʥʜaʨʪ. 

ʆʣ ʪʝʢ ʙaʩץaʨʫ ʵʣʝʤʝʥʪʪʝʨʽʥ ʢᴇʨʽʥʽʩʽʥ ʞᴅʥʝ ʙaʩץaʨʫ aץʧaʨaʪʪaʨʳʥ aʥʳץʪaʫʤʝʥ ץaʪaʨ, ʙʽʟʛʝ 

ʦʣaʨʜʳש ʞײʤʳʩʳʥ ʙaץʳʣaʧ, ʙaʩץaʨʫסa ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. CIM-ʤʝʥ ײץʨʳʣסaʥ ʙaʩץaʨʫ 

ʙaסʜaʨʣaʤaʩʳʤʝʥ ץaʤʪaʤaʩʳʟ ʝʪʫ, ʙײʣ ʩʪaʥʜaʨʪʪʳש ʤaסʣײʤaʪʪaʨʳʥʳש ʰʳסʳʥʳʥʩʳʟ ʞᴅʥʝ ʙaʩץa 

ʢʦʜʧʝʥ ʞaʟʳʣʫʳʥʩʳʟ ʞװʟʝʛʝ aʩaʜʳ. 

 
 

2-ʩʫʨʝʪ. ʄʦʜʝʣʴʜʝʨ ʙaʡʣaʥʳʩʳ 

 

2-ʢʝʟʝϬ. ɽʢʽʥʰʽ ʢʝʟʝשʜʝ ʧʣaʪʬʦʨʤaʣʳץ-ʪᴅʫʝʣʩʽʟ ʤʦʜʝʣʴ (PIM) ײץʨʳʣaʜʳ. ʊaʣʜaʫ ʢʝʟʝשʽʥʜʝ 

ʪaʣaʧʪaʨסa ʥʝʛʽʟʜʝʣʛʝʥ ʧʣaʪʬʦʨʤaʣʳ - ʪᴅʫʝʣʩʽʟ ʞװʡʝ ʤʦʜʝʣʽ (PIM) ᴇʥʜʽʨʽʣʝʜʽ. ʄʦʜʝʣʴ ʨʝʪʪʝʣʛʝʥ 

ʝʩʝʧʪʝʨ ʤʝʥ ʧᴅʥ aʫʤaסʳʥa ʙaʡʣaʥסaʥ ʞᴅʥʝ ʽʩʢʝ aʩʳʨʫ ʙᴇʣʰʝʢʪʝʨʽʥʝ, ʤʳʩaʣʳ ʙaסʜaʣaʤaʣaʫ ʪʽʣʽ 

ʥʝʤʝʩʝ ʤᴅʣʽʤʝʪʪʝʨ ʙaʟaʩʳ ʪʠʧʽʥʝ ʪᴅʫʝʣʩʽʟ. 

ʉɯʄ-ʥʽש ʈɯʄ-ʛʝ aʫʳʩʫʳ ʙʽʨʽʥʰʽ ʢʝʟʝשʜʝ ᴇʥʜʽʨʽʣʛʝʥ UML ʩʠʧaʪʪaʫ ʪʽʣʽʥʜʝ ʞװʨʝʜʽ. ɹײʣ 

ʞʝʨʜʝ ʦסaʥ ʙʠʟʥʝʩ ï ʣʦʛʠʢaʥʳ, ʞaʣʧʳ ײץʨʳʣʳʤʜʳ, ײץʨaʤʳ ʤʝʥ ʞװʡʝ aʩʳ aʨaʣʳץ ʙaʡʣaʥʳʩʳʥ, 

ʬʫʥʢʮʠʦʥaʣʜʳש ʵʣʤʝʥʪ ʙʦʡʳʥʰa aʥʳץʪaʣʫʳʥ , ʠʥʪʝʨʬʝʡʩʢʝ ץʦʡʳʣaʪʳʥ ʞaʣʧʳ ʝʨʝʞʝʣʝʨ ʤʝʥ 

ʪaʣaʧʪaʨʳʥ ʩʠʧaʪʪaʡʪʳʥ ʵʣʝʤʝʥʪʪʝʨ ץʦʩʳʣaʜʳ. 

3-ʢʝʟʝϬ. Aʨʳ ץaʨaʡ ʜʠʟaʡʥ ʢʝʟʝשʽʥʜʝ ʪaʨaʣסaʥ ʞᴅʥʝ ʦʨʪaʣʳץʪaʥʜaʨʳʣסaʥ ʽʩʢʝ aʩʳʨʫ 

ʙᴇʣʰʝʢʪʝʨʽ: ʧʣaʪʬʦʨʤaʣaʨ, ʪʽʣʜʝʨ ʪaשʜaʣaʜʳ. ʆʩʳ ʰʝʰʽʤʜʝʨʛʝ ʥʝʛʽʟʜʝʣʝ PIM ʧʣaʪʬʦʨʤaʣʳ-

ʪᴅʫʝʣʜʽ PSM ʤʦʜʝʣʽʥʝ aʫʳʩʪʳʨʳʣaʜʳ. ɹײʣ aʫʳʩʫסa ʤװʤʢʽʥʜʽʛʽʥʰʝ ʜaʡʳʥ aʫʳʩʫ aʩʧaʧʪaʨʳ ʤʝʥ 

aʫʳʩʫ ʝʨʝʞʝʣʝʨ ʢʽʪaʧʭaʥaʣaʨʳ ץʦʣʜaʥʳʣaʜʳ. 

MDA ʪʝʭʥʦʣʦʛʠʷcʳʥ װʣʝʩʪʽʨʤʝʣʽ ʞװʡʝʜʝ ɹɾ-ʣaʨʜʳ ʞʦʙaʣaʫ ʞᴅʥʝ ᴇשʜʝʫʜʝ MDA 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪʠʧʪʽʢ PIM ʞᴅʥʝ PSM ʤʦʜʝʣʴʜʝʨʽʥ ʞʦʙaʣaʫ װʰʽʥ UML 2.0 

ʙʽʨʳסשaʡʣaʥʜʳʨʳʣסaʥ ʤʦʜʝʣʴʜʝʫ ʪʽʣʽ ʧaʡʜaʣaʥʳʣaʜʳ. UML ʪʽʣʽʤʝʥ ʞװʡʝʥʽש ʤʦʜʝʣʴʜʝʨʽ aʨʥaʡʳ 

ʜʠaʛʨaʤʤaʣaʨ aʨץʳʣʳ ʞʦʙaʣaʥaʜʳ, aʪaʧ aʡʪʩaץ, CIM ʤʦʜʝʣʽʥ ʧʨʝʮʝʜʝʥʪʪʝʨ ʜʠaʛʨaʤʤaʩʳ, aʣ PIM 

ʤʦʜʝʣʽʥ ʢʣaʩʩ ʜʠaʛʨaʤʤaʣaʨʳ aʨץʳʣʳ ʩʠʧaʪʪaʧ, ʢʣaʩʩʪaʨ aʨaʩʳʥʜaסʳ ʙaʡʣaʥʳʩʪaʨʳ ʢᴇʨʩʝʪʽʣʝʜʽ. 

ʆʩʳ PIM ʤʦʜʝʣʴʜʝʨʽʥ PSM ʤʦʜʝʣʴʜʝʨʽʥʝ ʪʨaʥʩʬʦʨʤaʮʠʷʣaʧ, ʦʜaʥ aʨʳ ץaʨaʡ PSM ʤʦʜʝʣʴʜʝʨʽʥʝʥ 

ʪʨaʥʩʬʦʨʤaʮʠʷʣaʥסaʥ ʙaסʜaʨʣaʤaʣʳץ ʢʦʜʳ aʣʳʥaʜʳ. Aʣʳʥסaʥ ʢʦʜʪʳ ʪʦʣʳץʪʳʨסaʥʥaʥ ʢʝʡʽʥ 

ʞװʡʝʥʽש ʪʦʣʳץ ᴇשʜʝʣʫʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʽʧ, MDA ʪʝʭʥʦʣʦʛʠʷcʳʤʝʥ ᴇשʜʝʫʜʽש ʪʦʣʳץ ʮʠʢʣʽ aʷץʪaʣaʜʳ. 
 

ᴄʜʝʙʠʝʪ 
 

[1] Object Management Group. MDA Guide, Version 1.0, OMG Document Number: omg/2003-

06-01. June 12, 2003. 

[2] John Spencer, et al (2004). TOGAF çEnterprise Editionè Version 8.1 [Online]. Available: 

http://www.opengroup.org/architecture/togaf8-doc/arch/ 

[3] J. F. Sowa, J. A. Zachman (1992). Extending and formalizing the framework for information 

systems architecture, IBM System Journal, Vol 31, No 3, 1992 

CIM 

PSM 

ʇʣʘʪʬʦʨʤʘ 

ʤʦʜʝʣʽ 

 

PIM ʇʣʘʪʬʦʨʤʘ 

ʤʦʜʝʣʽ 

PSM 

http://www.opengroup.org/architecture/togaf8-doc/arch/


 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

115 

 

 

[4]. ʂʦʥʩʪaʥʪʠʥɻʨʠʙaʯʝʚ. Delphi ʠ Model Driven Architecture: ʈaʟʨaʙʦʪʢa 

ʧʨʠʣʦʞʝʥʠʡʙaʟʜaʥʥʳʭ 

[5]. Model Driven Architecture by Richard Soley and the OMG Staff Strategy Group 

[6]. ʂʫʨʠʣʝʥʢʦ ʀ.ɽ., ɹʦʨʠʩʦʚ A.ɺ. ʉʦʚʨʝʤʝʥʥʳʝ aʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʧʨʦʛʨaʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ // ʉʙ. ʪʨ. XVIII ʤʝʞʜʫʥaʨ. ʥaʫʯ.ïʪʝʭʥ. ʢʦʥʬ. ʀʥʬʦʨʤaʮʠʦʥʥʳʝ 

ʩʨʝʜʩʪʚa ʠ ʪʝʭʥʦʣʦʛʠʠ .ïʊ.2. ï ʄ.:ʀʟʜaʪʝʣʴʩʢʠʡ ʜʦʤ ʄʕʀ, 2010. - ʉ.176-184. 

 

 

 
 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

116 

 

 

 

 

 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

117 

 

 

 

 

 
 

 

ʂʦʟʳʙʘʝʚ ɾ.ʊ. ïʤʘʛʠʩʪʨʘʥʪ,ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ  

(ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʃɸʉʊɽʈʅʆɻʆ ɸʅɸʃʀɿɸ ɺ ɸɺʊʆʉʊʈɸʍʆɺɸʅʀʀ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ k-

ʩʨʝʜʥʠʭ. ɺ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ ʚ ʪʘʢʦʡ ʩʬʝʨʝ, ʢʘʢ ʘʚʪʦʩʪʨʘʭʦʚʘʥʠʝ. ʀʩʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ 

ʟʘʧʠʩʠ, ʚʢʣʶʯʘʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʥʘʣʠʟʘ, 

ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʣʘʩʪʝʨ ï ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʨʫʧʧʘ ʨʠʩʢʘ, ʢʦʪʦʨʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠ ʦʮʝʥʝʥʘ ʩʪʨʘʭʦʚʱʠʢʦʤ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (Tryon, 1939, [1]). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ʤʝʜʠʮʠʥʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʩʠʤʧʪʦʤʦʚ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ; ʘʨʭʝʦʣʦʛʠʷ, ʛʜʝ ʩ 

ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢʩʦʥʦʤʠʠ ʠʩʢʦʧʘʝʤʳʭ ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ; 

ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʵʢʦʥʦʤʠʢʘ ʠ ʪ. ʜ. (Hartigan, 1975, [2]) ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʝʩʣʠ ʧʦʣʫʯʝʥʥʳʝ 

ʛʨʫʧʧʳ ʙʫʜʫʪ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʠʪ ʚ ʚʳʜʝʣʝʥʠʠ ʛʨʫʧʧ ʦʙʲʝʢʪʦʚ (ʢʣʘʩʪʝʨʦʚ) 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʭʦʞʠʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʥʫʪʨʠ ʛʨʫʧʧʳ, ʠ ʤʠʥʠʤʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʠʚʘʪʴ ʧʘʨʳ ʦʙʲʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʠʟʥʘʢʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʭ ʩʨʘʚʥʝʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ 

ʪʘʢʠʤ ʧʨʠʟʥʘʢʦʤ. ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʤʝʨ ʨʘʩʩʪʦʷʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʧʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʩʩʪʦʷʥʠʝ 

ʏʝʙʳʰʝʚʘ, ʤʘʥʭʵʪʪʝʥʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ (ʨʘʩʩʪʦʷʥʠʝ ʛʦʨʦʜʩʢʠʭ ʢʚʘʨʪʘʣʦʚ). ɺ ʦʧʠʩʘʥʠʠ ʪʝʢʫʱʝʛʦ 

ʘʣʛʦʨʠʪʤʘ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʦ ʚʳʯʠʩʣʝʥʠʝ ʝʚʢʣʠʜʦʚʘ ʨʘʩʩʪʦʷʥʠʷ - ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʜʝʩʴ ʜʣʷ 

ʥʘʯʘʣʘ ʤʳ ʫʞʝ ʠʤʝʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ. ʊʠʧ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ 

ʤʝʪʦʜʦʤ kïʩʨʝʜʥʠʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʘʢ: ʝʩʣʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʦ k, ʪʦ 

ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ k ʢʣʘʩʪʝʨʦʚ, ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʜʚʘ 

ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʦʪʦʙʨʘʞʘʪʴ ʜʘʥʥʳʝ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʥʘʙʣʶʜʝʥʠʡ ʙʫʜʫʪ ʩʦʧʦʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷʤ ʧʦ ʦʩʠ Y ʠ X 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʦʙʲʝʢʪʳ ʠ ʠʭ ʥʘʙʣʶʜʝʥʠʷ (ʪʘʙʣ. 1): 
 

ʊʘʙʣʠʮʘ 1 ï ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ 
 

ʆʙʲʝʢʪ 

 ̄

ʅʘʙʣʶʜʝʥʠʝ 1 ʅʘʙʣʶʜʝʥʠʝ 2 

1 2 2 

2 1 2 

3 1 3 

4 3 2 

5 4 5 

6 4 4 

7 5 5 

8 6 5 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ 

 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʢʣʘʩʪʝʨʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʠʞʘʡʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʢ 

ʝʛʦ ʮʝʥʪʨʦʠʜʫ, ʪ.ʝ. ʦʙʲʝʢʪ O (x, y) ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʪʝʨʫ ks, ʝʩʣʠ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʙʲʝʢʪʦʤ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʢʣʘʩʪʝʨʘ ks, ʤʝʥʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʮʝʥʪʨʦʠʜʘʤʠ ʜʨʫʛʠʭ ʢʣʘʩʪʝʨʦʚ. 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʶ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ, ʟʘʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʯʠʩʣʦ ʢʦʥʝʯʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʦ ʜʚʫʤ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʠʜʦʚ ʢʣʘʩʪʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʮʝʥʪʨʦʠʜʘʤʠ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʉ1(1; 1) ʠ C2(3;4) (ʨʠʩ. 1). 

ɼʘʣʝʝ, ʤʳ ʠʟʤʝʨʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ (C1 ʠ C2) ʠ ʚʩʝʤʠ ʪʦʯʢʘʤʠ ʥʘ ʛʨʘʬʠʢʝ, 

ʠʩʧʦʣʴʟʫʶ ʬʦʨʤʫʣʫ ɽʚʢʣʠʜʘ (ʬʦʨʤ.1) ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. 
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 distance (x, y) = ã(Xc1 - X i)
2
 + (Yc1 - Y i)

2
 (1) 

 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʣʘʩʪʝʨʘʤ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʙʣʠʟʦʩʪʠ ʢ ʠʭ ʮʝʥʪʨʦʠʜʘʤ (C1 ʠ C2). ʇʝʨʚʳʡ 

ʧʦʪʨʝʙʠʪʝʣʴ ʙʣʠʞʝ ʢ ʧʝʨʚʦʤʫ ʮʝʥʪʨʦʠʜʫ (1.41 < 2.24), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʪʝʨʫ ʩ 

ʮʝʥʪʨʦʠʜʦʤ C1. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʦʚ ʜʦ ʮʝʥʪʨʦʠʜʦʚ ʠ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʣʘʩʪʝʨʘʤ 
 

ʅʘʙʣʶʜʝʥʠʝ 1 ʅʘʙʣʶʜʝʥʠʝ 2 ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʉ1 ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʉ2 ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ 

2 2 1.41 2.24 C1 

1 2 1.00 2.83 C1 

1 3 2.00 2.24 C1 

3 2 2.24 2.00 C2 

4 5 5.00 1.41 C2 

4 4 4.24 1.00 C2 

5 5 5.66 2.24 C2 

6 5 6.40 3.16 C2 

 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʠʪʝʨʘʪʠʚʥʦʤʫ 

ʤʝʪʦʜʫ ʚʳʙʦʨʘ ʮʝʥʪʨʦʠʜʦʚ. ʅʦʚʘʷ ʧʦʟʠʮʠʷ ʮʝʥʪʨʦʠʜʦʚ ʚʳʙʠʨʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʷʷ ʜʣʷ ʪʦʯʝʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʪʝʨʘ. ʅʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ C1 (1.33; 2.33) ʠ C2 (4.4; 4.2). (ʨʠʩ. 2) 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʥʘ 2-ʦʡ ʠ 3-ʝʡ ʠʪʝʨʘʮʠʠ 

 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʚʳʧʦʣʥʠʪʩʷ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ: 

Å ʮʝʥʪʨʦʠʜʳ ʢʣʘʩʪʝʨʦʚ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʪ.ʝ. ʚʩʝ ʦʙʲʝʢʪʳ ʧʨʠʥʘʜʣʝʞʘʪ ʪʝʤ ʞʝ 
ʢʣʘʩʪʝʨʘʤ, ʢʘʢʠʤ ʧʨʠʥʘʜʣʝʞʘʣʠ ʜʦ ʧʦʩʣʝʜʥʝʡ ʠʪʝʨʘʮʠʠ; 

Å ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʧʦʜʦʰʣʦ ʢ ʤʘʢʩʠʤʫʤʫ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢ ʟʘʜʘʯʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ, ʦʜʥʘʢʦ ʟʜʝʩʴ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʀʩʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʠʭ 

ʚʣʘʜʝʣʴʮʘʭ: 

1) ʘʚʪʦʤʦʙʠʣʴ - VENDOR; 

2) ʚʦʟʨʘʩʪ ʘʚʪʦʤʦʙʠʣʷ (ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʢʫʱʠʤ ʛʦʜʦʤ ʠ ʛʦʜʦʤ ʚʳʧʫʩʢʘ) ï CARAGE; 

3) ʩʪʦʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ï CAR PRICE; 

4) ʚʦʟʨʘʩʪ ʚʦʜʠʪʝʣʷ ï DRIVER AGE; 

5) ʩʪʘʞ ʚʦʜʠʪʝʣʷ - EXPERIENCE; 

6) ʢʣʘʩʪʝʨ (ʠʟʥʘʯʘʣʴʥʦ ʟʥʘʯʝʥʠʷ ʦʙʥʫʣʝʥʳ - ʦʙʲʝʢʪʳ ʥʝ ʢʣʘʩʪʝʨʠʟʦʚʘʥʳ) - CLUSTER. 

 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

120 

 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʘʙʣʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 
ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʠʟ ʪʘʙʣʠʮʳ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʢʦʣʦʥʢʝ çCARPRICEè 

(ʩʪʦʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ) ʥʝʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ. (ʨʠʩ. 3) ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʰʢʘʣ ʚʚʦʜʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ (ʠʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ). 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

 (2) 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ Xô ï ʵʪʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, min ʠ max ï ʤʠʥʠʤʘʣʴʥʘʷ ʠ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʩʝʤʫ ʤʥʦʞʝʩʪʚʫ X. ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʨʘʩʧʦʣʘʛʘʝʪ ʚʩʝʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʘ ʦʪʨʝʟʢʝ [0;1]. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʠʚʝʜʝʪ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʘʥʥʳʭ 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʘʤʦʤʫ ʢʣʘʩʪʝʨʥʦʤʫ ʘʥʘʣʠʟʫ. ʂʘʢ ʠ ʚ 

ʦʧʠʩʘʥʠʠ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ K, ʥʘ ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʪʝʢʫʱʝʝ ʤʥʦʞʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, K = 5. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʠʜʦʚ - ʢʣʘʩʪʝʨʦʚ ʟʘʜʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʧʨʦʛʨʘʤʤʝ, 

ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʠʜʝʪ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʮʝʥʪʨʦʠʜʘʤ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʝʨʚʳʝ K ʦʙʲʝʢʪʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ. 
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ɼʘʣʝʝ, ʧʨʦʛʨʘʤʤʘ ʢʣʘʩʪʝʨʠʟʫʝʪ ʜʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ k-ʩʨʝʜʥʠʭ, ʧʨʠ ʵʪʦʤ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʪʝʨʘʮʠʠ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 

 

DATAHASBEENREAD 

10thITERATION, CENTROIDSINFORMATION: 

1) 9.3915027088679790.49692072996863451.1046478471628166.865126889078985 

2) 9.6439471007121060.50621634452356754.0522210918955627.463207867073585 

3) 9.5735614307931570.49914307931570767 43.4786936236391917.59284603421462 

4) 9.3233229329173160.511509165366613634.453588143525746.850039001560062 

5) 9.5422034224187660.50315746971736123.1590078830994022.234185733512786 

 

ɼʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʜʝʩʷʪʦʡ ʠʪʝʨʘʮʠʠ, ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʠʜʦʚ (ʧʷʪʠ) ʢʣʘʩʪʝʨʦʚ 

ʨʘʚʥʳ ʚʳʚʝʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʆʩʪʘʥʦʚʢʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʩʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ 

ʢʣʘʩʪʝʨʫ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʣʠ ʜʦ ʪʝʢʫʱʝʡ ʠʪʝʨʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ. ʂʘʞʜʳʡ 

ʦʙʲʝʢʪ ʧʨʠʥʘʜʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʪʝʨʫ k. ʅʘ ʨʠʩʫʥʢʝ (ʨʠʩ. 5) ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ, ʛʜʝ 

ʟʥʘʯʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʡ ʢʦʣʦʥʢʝ çCLUSTERè ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʢ ʢʣʘʩʩʫ 

Cluster_k, k = {0, 1, 2, 3, 4}. 

ʊʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 20000 ʦʙʲʝʢʪʦʚ, ʧʨʠ ʵʪʦʤ ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ, ʚ ʦʙʱʝʤ, 36 ʠʪʝʨʘʮʠʡ. 
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ʅʫʨʞʘʥʦʚ ʏ.ɸ. ï ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣɹ  - ʌʘʨʘʙʠ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɸɺʊʆʄɸʊʀʊʀɿɸʎʀʗ ʄɽʊʆɼʆɺ ʈɸʉʏɽʊɸ ɺʓɹʈʆʉʆɺ  

ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ ɺ ɸʊʄʆʉʌɽʈʋ ʉ ʇʆʃʀɻʆʅʆɺ ʊɺɽʈɼʓʍ 

ɹʓʊʆɺʓʍ ʆʊʍʆɼʆɺ ɺ ʂɸɿɸʍʉʊɸʅɽ 
 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʨʘʩʯʝʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʧʨʦʛʨʘʤʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʫʥʢʪʦʚ. ʇʨʘʚʠʣʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ 

ʛʦʨʦʜʘʭ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 17.2.3.01-86 çʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. 

ɸʪʤʦʩʬʝʨʘ. ʇʨʘʚʠʣʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚè [1]. ʅʘʙʣʶʜʝʥʠʷ ʟʘ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ ʚʝʜʫʪʩʷ ʚ 20 ʛʦʨʦʜʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʥʘ 51 ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʫʥʢʪʘʭ 

ʥʘʙʣʶʜʝʥʠʡ ʂʘʟʛʠʜʨʦʤʝʪʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʘʭ [2]. 

ʇʨʦʚʝʜʝʥʠʝ ʣʶʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʥʘʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʷʱʠʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠʟ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʊʘʢʠʝ ʙʘʟʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʛʦʨʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʣʦʢʦʚ çʆʭʨʘʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʨʩʠʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʭʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʦʨʦʜʩʢʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ɻʀʉ. ʅʘʧʨʠʤʝʨ, ʚ ɹʝʣʦʨʫʩʩʠʠ ʈʋʇ çɹʝʣʅʀʎ çʕʢʦʣʦʛʠʷèç ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ AdvantageDataBaseServer. ɼʦʩʪʫʧ ʢ ʵʪʠʤ ʜʘʥʥʳʤ ʠʟ ɻʀʉ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ 

ʧʦʤʦʱʴʶ ʜʨʘʡʚʝʨʘ AdvantageStreamlineSQLODBC [3]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʜʘʯʠ ʚʩʝʭ ʵʪʘʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʯʝʥʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʵʢʩʧʝʨʪʠʟʫ, ʢʘʯʝʩʪʚʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʂʘʩʧʠʡʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ ʤʝʩʪʥʦʤ ʫʨʦʚʥʷʭ ʚ ʨʘʤʢʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ çʉʠʩʪʝʤʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè (ʉʕʄ ʈʂ) ʚʝʨʩʠʠ 1.0 ɹʝʪʘ ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ MicrosoftACCESS, EXEL, Outlook [4]. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʘʙʳʝ ʤʝʩʪʘ ʵʪʦ ʩʣʘʙʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ; 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʄʇʈʆʆʉ ʠ ʦʙʣʘʩʪʥʳʭ ʦʪʜʝʣʝʥʠʡ ʥʝ ʧʦʟʚʦʣʠʣʠ 

ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʡ ʩʚʷʟʠ; ʩʣʘʙʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʥʘ ʤʝʩʪʘʭ ʥʝ ʧʦʟʚʦʣʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʥʦʨʤʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʦʟʨʘʩʪʘʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ 

ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ çʆʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝè ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʝʢʪʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʪʭʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶʛʝʥʝʪʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʪʦʣʱʝ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʟʘʭʦʨʦʥʝʥʥʳʭ ʥʘ 

ʧʦʣʠʛʦʥʘʭ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʬʣʦʨʳ ʧʨʦʠʩʭʦʜʠʪ ʙʠʦʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʵʨʦʙʥʳʡ ʧʨʦʮʝʩʩ 

ʨʘʩʧʘʜʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʭʦʜʦʚ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʙʠʦʛʘʟ, ʦʩʥʦʚʥʫʶ ʦʙʲʝʤʥʫʶ ʤʘʩʩʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʘʥ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʅʘʨʷʜʫ ʩ 

ʥʘʟʚʘʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʛʘʟ ʩʦʜʝʨʞʠʪ ʧʘʨʳ ʚʦʜʳ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʘʤʤʠʘʢ, 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʝʨʦʚʦʜʦʨʦʜ, ʬʝʥʦʣ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʨʫʛʠʝ ʧʨʠʤʝʩʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʚʨʝʜʥʳʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦʟʜʝʡʩʪʚʠʝʤ[5]. 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʨʘʩʯʝʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʧʨʦʛʨʘʤʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʉʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 
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ʚ ʘʪʤʦʩʬʝʨʫ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʘʷ ʠ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚʳʙʨʦʩʘ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫʷʚʣʷʝʪʩʷʚʘʞʥʳʤ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ ʟʚʝʥʦʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚʦʟʥʠʢʘʶʪ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʡ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ,ʧʦʟʚʦʣʠʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʵʢʦʣʦʛʠʠ ʠ ʚʳʯʠʩʣʝʥʠʷ ʚʳʙʨʦʩʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠ ʘʥʘʣʠʟʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʵʢʦʣʦʛʦʚ ʥʘ ʦʩʥʦʚʝ çʄʝʪʦʜʠʢ 

ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʧʦʣʠʛʦʥʦʚ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭè[6]. 
ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʷʟʳʢ ʉ#, ʢʘʢ ʦʜʠʥ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
ʇʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 1998-2001 ʛʦʜʘʭ ʛʨʫʧʧʦʡ ʠʥʞʝʥʝʨʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸʥʜʝʨʩʘ 

ʍʝʡʣʩʙʝʨʛʘʚ ʢʦʤʧʘʥʠʠ Microsoft, ʢʘʢ ʷʟʳʢ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʣʘʪʬʦʨʤʳ 
Microsoft NET Framework. 
ɸʣʛʦʨʠʪʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʠʤ, ʨʘʩʢʨʳʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʚ ʚʠʜʝ ʫʢʨʫʧʥʝʥʥʳʭ ʙʣʦʢʦʚ. 
ɹʣʦʢ 1. ɺʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 
ɺ ʙʘʟʫ ʜʘʥʥʳʭ ʚʭʦʜʷʪ ʣʘʙʦʨʘʪʦʨʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ 

ʧʦʣʠʛʦʥʝ ʵʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʞʠʨʦʧʦʜʦʙʥʳʭ, ʫʛʣʝʚʦʜʦʧʦʜʦʙʥʳʭ ʠ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʚ 
ʦʪʭʦʜʘʭ. 

ɹʣʦʢ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʚʝʱʝʩʪʚ. 
ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʘʪʤʦʩʬʝʨʳ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 
1. ʋʜʝʣʴʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ (ʢʛ/ʢʛ ʦʪʭʦʜʦʚ) ʟʘ ʧʝʨʠʦʜ ʝʛʦ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʤʝʪʘʥʦʚʦʤ ʙʨʦʞʝʥʠʠ 
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ʛʜʝ Q ï ʫʜʝʣʴʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʟʘ ʧʝʨʠʦʜ ʝʛʦ ʘʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʢʛ/ʢʛ ʦʪʭʦʜʦʚ; 

R ï ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʪʭʦʜʘʭ, %; 

G ï ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʢʝ ʦʪʭʦʜʦʚ, %; 

U ï ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʢʝ ʦʪʭʦʜʦʚ, %; 

B ï ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʢʝ ʦʪʭʦʜʦʚ, %. 

2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʟʘ ʛʦʜ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʦʜʥʦʡ ʪʦʥʥʝ ʦʪʭʦʜʦʚ 
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ʛʜʝ  .ʩʙʨt ï ʧʝʨʠʦʜ ʧʦʣʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʪʭʦʜʦʚ, ʚ ʛʦʜʘʭ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ: 
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ʛʜʝ  tʩʨ.ʪʝʧʣ. ï ʩʨʝʜʥʷʷ ʠʟ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʨʘʡʦʥʝ ʧʦʣʠʛʦʥʘ ʟʘ 

ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ (tʩʨ.ʤʝʩ.> 0 ̄ ʉ), ʚʉ̄; 

Tʪʝʧʣ. ïʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʚ ʨʘʡʦʥʝ ʧʦʣʠʛʦʥʘ ʊɹʆ, ʚ ʜʥʷʭ; 

10248 ʠ 0.301966 ï ʫʜʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʙʠʦʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʦʨʛʘʥʠʢʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʧʦʣʠʛʦʥʦʚ 

ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 

3. ɺʝʩʦʚʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʛʘʟʝ, % 
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ʛʜʝ ʉi ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʛʘʟʝ, ʚ ʤʛ/ʤ
3
; rʙ.ʛ. ï ʧʣʦʪʥʦʩʪʴ ʙʠʦʛʘʟʘ, ʢʛ/ʤ

3
. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʪ ʪʘʙʣʠʮʫ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʛʘʟʝ: ʤʝʪʘʥ, 

ʪʦʣʫʦʣ, ʘʤʤʠʘʢ, ʢʩʠʣʦʣ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜ ʘʟʦʪʘ, ʬʦʨʤʘʣʴʜʝʛʠʜ, ʵʪʠʣʙʝʥʟʦʣ, ʘʥʛʠʜʨʠʜ 

ʩʝʨʥʠʩʪʳʡ ʠ ʩʝʨʦʚʦʜʦʨʦʜ. 

4. ʇʣʦʪʥʦʩʪʴ ʙʠʦʛʘʟʘ, ʤʛ/ʤ
3
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ʛʜʝ ʉi ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʛʘʟʝ, ʚ ʤʛ/ʤ
3
. 

5. ʋʜʝʣʴʥʳʝ ʤʘʩʩʳ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʘʟʘ, ʚʳʙʨʘʩʳʚʘʝʤʳʝ ʟʘ ʛʦʜ , ʪ/ʛʦʜ : 
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6. ʉʫʤʤʘʨʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʦʚʳʡ ʚʳʙʨʦʩ ʙʠʦʛʘʟʘ ʧʦʣʠʛʦʥʘ ʛ/ʩ 
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ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʦʚʳʝ ʚʳʙʨʦʩʳ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʛʘʟʘ ʩ ʧʦʣʠʛʦʥʘ, ʛ/ʩ 
 

,/,01.0 .... ʩʛMCʄ ʩʫʤʩʝʢiʚʝʩiʩʝʢ ³³=  
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ʛʜʝ äD ï ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʩʪʘʙʠʣʴʥʦ ʛʝʥʝʨʠʨʫʶʱʠʭ ʙʠʦʛʘʟ ʦʪʭʦʜʦʚ, ʪ; 

ʊʪʝʧʣ. ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʚ ʨʘʡʦʥʝ ʧʦʣʠʛʦʥʘ ʊɹʆ, ʚ ʜʥʷʭ; 

ʉʚʝʩ.i ï  ʨʝʟʫʣʴʪʘʪʳ ʚʝʩʦʚʦʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʛʘʟʝ. 

7. ʉʫʤʤʘʨʥʳʡ ʚʘʣʦʚʳʡ ʚʳʙʨʦʩ ʙʠʦʛʘʟʘ ʧʦʣʠʛʦʥʘ, ʪ/ʛʦʜ 
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ɹʣʦʢ 3. ɺʳʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ. ɺʳʭʦʜʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʪʜʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʦʪ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʳ ʠ ʛʨʘʬʠʢʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʫʯʝʪʝ ʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʚʳʙʨʦʩʦʚ ʥʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʦʙʲʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʥʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʘʨʩʝʥʙʘʝʚʘ ɿ.ʂ. ï ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɹʀɻɸʈʄʆʅʀʂɸʃʓפ ʊɽרɼɽʋʃɽʈ תʐɯʅ ʂʆʈʈɽʂʊɯ ɽʄɽʉ ɽʉɽʇ ʐɽʐɯʄɯʅɯר 

ʂʆʄʇʔʖʊɽʈʃɯʂ ʇʈʆɻʈɸʄʄɸʉʓʅ ױפʈʋ 

 
ʐeʢʪeʣʛeʥ eʢʽ ᴇʣʰeʤʜʽ ʦʙʣʳʩʪʘ ʙʠʛʘʨʤʦʥʠʢʘʣʳץ ʪeשʜʝʫ װʰʽʥ ʢʦʨʨeʢʪʽ eʤeʩ eʩeʧ 

 .ʘʨʫ eʩeʙʽʥe ʢeʣʪʽʨʽʣʛeʥץeʩeʧ ʪʠʽʤʜʽ ʙʘʩ ץʘʨʘʩʪʳʨʳʣʜʳ. ɿeʨʪʪeʣʛeʥ ʢʦʨʨeʢʪʽ eʤeʩ ʰeʢʘʨʘʣʳץ
ʊװʡʽʥʜeʩ ʰeʢʘʨʘʣʳץ eʩeʧ ʥeʛʽʟʽʥʜe ʪʠʽʤʜʽʣʽʢ ʰʘʨʪʪʘʨʳ ʘʣʳʥʜʳ. ʉ++ ʪʽʣʽʥʜe ʧʨʦʛʨʘʤʤʘʩʳ 
 .ʨʳʣʜʳײץ

ʊװʡʽʥ ʩᴇʟʜeʨ: ʙʠʛʘʨʤʦʥʠʢʘʣʳץ ʪeשʜeʫ, ʢʦʨpeʢʪʽ eʤeʩ eʩeʧ, ʪʠʽʤʜʽʣʽʢ ʰʘʨʪʪʘʨʳ. 
ɺ ʦʛʨʘʥʠʯeʥʥʦʡ ʜʚʫʤeʨʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʩʤʦʪʨeʥʘ ʥeʢʦʨʨeʢʪʥʘʷ ʟʘʜʘʯʘ ʜʣʷ 

ʙʠʛʘʨʤʦʥʠʯeʩʢʦʛʦ ʫʨʘʚʥeʥʠʷ. ʀʟʫʯʘeʤʘʷ ʥeʢʦʨʨeʢʪʥʘʷ ʛʨʘʥʠʯʥʘʷ ʟʘʜʘʯʘ ʩʚeʜeʥʘ ʢ ʟʘʜʘʯe 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣeʥʠʷ. ɺ ʪeʨʤʠʥʘʭ ʩʦʧʨʷʞeʥʥʦʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʫʩʪʘʥʦʚʣeʥʳ ʫʩʣʦʚʠʷ 
ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɹʳʣʘ ʩʦʩʪʘʚʣeʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʉ++. 

In boundʝd two-dimʝnsional rʝctangular rʝgion wʝ considʝr a ill-posʝd problʝm for thʝ 
biharmonic equation. The studiʝd ill -posed boundary problem was rʝduced to the optimal problem. In 
terms of the adjoint boundary value problem the optimality conditions are ʝstablishʝd. 

ʍʍ סʘʩʳʨʜʳש ʦʨʪʘʩʳʥʘʥ ʙʘʩʪʘʧ çʢʦʨʨʝʢʪʽ ʝʤʝʩ ʝʩʝʧʪʝʨè ʪʝʨʤʠʥʽ ʟʘʤʘʥʘʫʠ סʳʣʳʤסʘ ʝʥʝ 
ʙʘʩʪʘʜʳ. ɽʣʫ ʞʳʣʜʘʡ ʙײʣ ʝʩʝʧʪʝʨʜʽ ʟʝʨʪʪʝʫ ʘʨץʳʣʳ ʦסʘʥ ʢʣʘʩʩʠʢʘʣʳץ ʤʘʪʝʤʘʪʠʢʘʥʳש ᴅʨʪװʨʣʽ 
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ʙᴇʣʽʤʜʝʨʽʥʜʝʛʽ ʝʩʝʧʪʝʨʜʽש ʤʘשʳʟʜʳ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʫ ʢʝʨʝʢʪʽʛʽ ʪװʩʽʥʽʢʪʽ ʙʦʣʜʳ. ɽʢʽʥʰʽ 
ʞʘסʳʥʘʥ, ʜᴅʣ ʦʩʳ ʢʝʨʽ ʞᴅʥʝ ʢʦʨʨʝʢʪʽ ʝʤʝʩ ʝʩʝʧʪʝʨ ʞװʡʝʣʽ ʪװʨʜʝ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʣʝʨʽʥʝ ʞᴅʥʝ 
ʬʠʟʠʢʘʜʘסʳ, ʛʝʦʬʠʟʠʢʘʜʘסʳ, ʤʝʜʠʮʠʥʘʜʘסʳ, ʘʩʪʨʦʥʦʤʠʷʜʘסʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʘʨʣʳץ 
ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʙʽʣʽʤ ʦʙʣʳʩʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʩץʘ ʘʡʥʘʣʘ ʙʘʩʪʘʜʳ. ʂʝʨʽ 
ʝʩʝʧʪʝʨʜʽש ʰʝʰʽʤʜʝʨʽ ʪʦʣץʳʥʥʳש ʪʘʨʘʣʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳ, ʩʝʨʧʽʤʜʽʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ, 
ᴇʪʢʽʟʛʽʰʪʽʢ, ʜʠʵʣʝʢʪʨʠʢʘʣʳץ ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ ᴇʪʢʽʟʛʽʰʪʽʢ ʩʠʷץʪʳ ʟʝʨʪʪʝʣʝʪʽʥ ʦʨʪʘʥʳש ʤʘשʳʟʜʳ 
 ʘʥ ʞʝʨʽ ʤʝʥץʦʨʥʘʣʘʩ שʳ ʙʽʨʪʝʢʩʽʟʜʽʢʪʽסʦʣʞʝʪʽʤʩʽʟ ʦʙʣʳʩʪʘץ ,ʘʪʘʨץ ʘʩʠʝʪʪʝʨʽʥ, ʩʦʥʳʤʝʥץ
 ʰʽʥ ʞᴅʥʝװ ʬʠʟʠʢʪʝʨ, ʛʝʦʬʠʟʠʢʪʝʨ, ʜᴅʨʽʛʝʨʣʝʨ שʧʘʨʘʪʪʳץʘʩʠʝʪʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʆʩʳʥʜʘʡ ʘץ
ʦʩʳʥʜʘʡ ʦʙʲʝʢʪʽʣʝʨ ʤʝʥ ʦʙʣʳʩʪʘʨʜʳ ʟʝʨʪʪʝʫʰʽʣʝʨ װʰʽʥ ץʘʥʰʘʣʳץʪʳ ץʳʟʳץ ʝʢʝʥʜʽʛʽʥ ʞᴅʥʝ 
ʤʘשʳʟʜʳʣʳסʳʥ ʪװʩʽʥʫ ץʠʳʥ ʝʤʝʩ. 

ʂʦʨʨʝʢʪʽ ʝʤʝʩ ʝʩʝʧʧʝʥ ʙʘʡʣʘʥʳʩʪʳ ɾ.ɸʜʘʤʘʨʜʳ[1] ש, ɸ.ʅ.ʊʠʭʦʥʦʚʪʳ[2] ש, 
ʄ.ʄ.ʃʘʚʨʝʥʪʴʝʚʪʽ[3] ש ʞᴅʥʝ ʪʘסʳ ʜʘ ʙʘʩץʘ ʦʩʳ ʩʘʣʘʥʳ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʝשʙʝʢʪʝʨʽʥ ʘʪʘʧ ᴇʪʫʛʝ 
ʙʦʣʘʜʳ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ʙʝʨʽʣʛʝʥ ʝʢʽ ᴇʣʰʝʤʜʽ ʢʝשʽʩʪʽʢʪʝʛʽ ʙʠʛʘʨʤʦʥʠʢʘʣʳץ ʪʝשʜʝʫ װʰʽʥ 
ʢʦʨʨʝʢʪʽ ʝʤʝʩ ʝʩʝʧʪʽש ʰʝʰʽʤʽʥʽש ʧʨʦʛʨʘʤʤʘʩʳʥ ײץʨʫ. 

ʊʘץʳʨʳʧʪʳש ᴇʟʝʢʪʽʣʽʛʽ ʦʥʳש ʞʘשʘʣʳסʳʥʜʘ, ʷסʥʠ ᴇʢʽʣʽ ʙʠʛʘʨʤʦʥʠʢʘʣʳץ ʪʝשʜʝʫ ʙʦʣʘʪʳʥ 
ʪᴇʨʪʽʥʰʽ ʨʝʪʪʽ ʵʣʣʠʧʪʠʢʘʣʳץ ʪʝשʜʝʫ װʰʽʥ ʢʦʨʨʝʢʪʽ ʝʤʝʩ ʝʩʝʧʪʽ ץʘʨʘʩʪʳʨʫ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ 
 .ʘʥ ʥᴅʪʠʞʝʣʝʨʽʥʜʝסʘʪʘʨ, ʘʣʳʥץ

ɹʝʨʽʣʛʝʥ ʞײʤʳʩʪʘ ʝʢʽ ᴇʣʰʝʤʜʽ ʢʝשʽʩʪʽʢʪʝʛʽ ʙʠʛʘʨʤʦʥʠʢʘʣʳץ ʪʝשʜʝʫ װʰʽʥ ʢʦʨʨʝʢʪʽ ʝʤʝʩ 
ʝʩʝʧ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʨ ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʩʳ ʙʦʡʳʥʰʘ ʙʽʨʪʝʢʪʽ ɼʠʨʠʭʣʝ ʰʘʨʪʳ, ʘʣ ʝʢʽʥʰʽ 
ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʩʳ ʙʦʡʳʥʰʘʪʽʢʪᴇʨʪʙײʨʳʰʪʳש ʙʽʨ ץʘʙʳʨסʘʩʳʥʜʘ װʰ ʰʘʨʪ, ʝʢʽʥʰʽ ץʘʙʳʨסʘʩʳʥʜʘ 
ʪʝʢ ץʘʥʘ ʙʽʨ ʰʘʨʪ ץʦʡʳʣסʘʥ. ɹײʣ ʰʘʨʪʪʘʨ ʰʝʢʘʨʘʣʳץ ʝʩʝʧʪʽש ʢʦʨʨʝʢʪʽ ʝʤʝʩ ʙʦʣʫʳʥ ʪʫʜʳʨʘʜʳ 
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ɾײʤʳʩʪʘ ʢʦʨʨʝʢʪʽ ʝʤʝʩ ʝʩʝʧʪʽ ʰʝʰʫ װʰʽʥ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘʤʳʟ. ʆʜʘʥ ʢʝʡʽʥʛʽ 

ʤᴅʩʝʣʝʥʽ ʟʝʨʪʪʝʫ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʪʝʦʨʠʷʩʳʥʳש ᴅʜʽʩʪʝʨʽ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʜʽ: ץʘʞʝʪʪʽ ʞᴅʥʝ 

ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʪʘʨʳ ʦʨʳʥʜʘʣʘʜʳ. 

ʊʫʨʘ ʞᴅʥʝ ʪװʡʽʥʜʝʩ ʝʩʝʧʪʝʨ װʰʽʥ ʙʽʨʤᴅʥʜʽ ʰʝʰʽʣʫ ʪʝʦʨʝʤʘʩʳ ʪײʞʳʨʳʤʜʘʣʜʳ, ʦʜʘʥ ᴅʨʽ 

ʦʣʘʨ ʝʢʽ ʢʝʨʽ ʝʩʝʧʪʝʨ ʞװʡʝʩʽʥ ʰʝʰʫʛʝ ʢᴇʰʽʨʽʣʜʽ. ʉʦʜʘʥ ʢʝʨʽ ʝʩʝʧʪʝʨ ʦʧʝʨʘʪʦʨʣʳץ ʪʝʽʜʝʫʣʝʨʛʝ 

ʢʝʣʪʽʨʽʣʜʽ. ɹײʣ ʪʝשʜʝʫʣʝʨʜʽש ʦʧʝʨʘʪʦʨʣʘʨʳ ʩᴅʡʢʝʩ ʢʝשʽʩʪʽʢʪʝʨʽʥʜʝ ʰʝʢʪʝʣʛʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. 

 

 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 

ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʇʈɸʂʊʀʂɸʃʓפ  ʂʆʅʌɽʈɽʅʎʀʗʉʓʅʓר ʄɸʊɽʈʀɸʃɼɸʈʓ 
_____________________________________________________________________________ 

 

 

127 

 

 

 
ᴄʨʽ ץʘʨʘʡ (6)-(11) ʪʝשʜʝʫʣʝʨʽʥ ʧʘʡʜʘʣʘʥʳʧ ʉ++ ʪʽʣʽʥʜʝ ʧʨʦʛʨʘʤʤʘʩʳ ײץʨʳʣʜʳ.ɽʩʝʧʪʽש 

ʘʥʘʣʠʪʠʢʘʣʳץ ʥᴅʪʠʞʝʩʽ ʤʝʥ ʧʨʦʛʨʘʤʤʘʥʳשʥᴅʪʠʞʝʩʽ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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2-ʩʫʨʝʪ. ʇʨʦʛʨʘʤʤʘ ʥᴅʪʠʞʝʩʽ 
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METHODS OF AUTHENTICATIONS ON VOICE  

 

Now development of systems, intended for identification of a voice is actual. These systems have 

a wide scope. At their development an important role is played by a choice of system of the signs and 

methods of identification using these signs. In the modern world interest in speech technologies, in 

particular, to identification of the personality on a voice is more and more shown. It is explained, on the 

one hand, by emergence of high-performance computing systems on the basis of the personal computers 

and hardware allowing to make input of a signal in the computer, and, on the other hand, high need of 

systems of authentication for different areas of activity of the person. 

By the present moment at us systems of automatic identification on a voice the majority from 

which are under construction according to the uniform conceptual scheme are also abroad realized: 

- registration of the user is made and the template is calculated; 

- sites of a speech stream for the further analysis get out; 

- preprocessing of a signal is carried out; 

- primary parameters are calculated; 

- çprintè (template) of a voice is under construction; 

comparison of çprintsè of voices is made and the decision on identity of voices or çproximityè of 

a voice to group of voices is formed. 

At a registration stage the new user enters the identifier, for example, a name and a surname, and 

then says several times a keyword or the phrase (standards are created). The number of repetitions of the 
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key phrase can vary for each user, and can be constant for all. After preliminary processing fragments are 

in pairs compared, and on the basis of their degree of similarity value of çprintè (template) is calculated. 

For a choice of fragments of a soundtrack, for the purpose of extraction of necessary parameters, 

there are some approaches. For example, often apply a method in which all speech signal except for 

pauses is used. 

In the course of preprocessing of a signal the assessment of spectral parameters of the speech is 

made. The first systems of identification of the personality on feature of a voice were under construction 

proceeding from frequency representations and opportunities of means of an analog filtration. Various 

tembralny coloring of voices and individual unevenness of distribution of power of the said phrase on a 

frequency range is the basis for their work. 

At a pronunciation of the control phrase the system of identification carries out reduction of a 

signal to the uniform scale of amplitudes due to work to ARE of the entrance amplifier. Strip filters and 

detectors bending around their responses allow to receive 16 functions of time of Al (t), A2(t)..., A16(t) 

characterizing distribution of energy of a sound signal on a frequency range. 

Primary parameters of a speech signal have to possess the following properties: 

- to reflect identity of the announcer; 

- to be easy and are reliably allocated from a signal; 

- it isn't enough to depend on the disturbing factors; 

- to be invariant to an emotional and physical condition of the announcer; 

- poorly to give in to imitation. 

Generally identification of the personality on a voice demands the solution of a large number of 

diverse tasks, the following is basic of which: 

allocation the voiced of sites of an audiosignal by rejection of the pauses and sites containing 

different hindrances; 

division of the speech of announcers (problem of a diarization); 

allocation of characteristic signs of a voice of the announcer. 

Process of comparison of samples consists of the following stages: 

- filtration of noise; 

- spectral transformation of a signal; 

- postfiltering of a range; 

- liftering; 
- imposing of a window of the Kaiser; 
- comparison.Advantages of biometric identification: Biometric protection gives bigger effect in 

comparison, for example, with use of passwords, smart cards, PIN codes, counters or technologies of 
infrastructure of open keys. It is explained by possibility of biometrics to identify not the device, but the 
person. 

Usual methods of protection are fraught with loss or theft of information which becomes open for 
illegal users. The exclusive biometric identifier, for example, fingerprints, is the key which isn't subject to 
loss. 

The result of biometric measurement of a voice completely depends from: 
1. entrance data; 
2. mathematical algorithms; 
3. computing power. 
Features of biometric identification for voice. The uniqueness of the human voice is due to a 

variety of physiological characteristics (structure of the vocal cords, trachea, nasal cavities, the manner of 

pronunciation of sounds, location teeth). The combination of these features is unique, like fingerprints. 

However, in practice, none of the systems unimodal Biometric identification and including voice, can not 

guarantee 100% identification. The disadvantage of biometric identification systems for voice should be 

noted, first of all, that the passphrase is difficult to keep secret. Modern means of acoustic listening 

(radiozhuchki and other listening devices) allow enough to successfully carry out unauthorized copying 

passphrase. It is expected that the exclusion of the dangers of using intruders çtapeè will occur in the 

transition to the identification of the person on arbitrary sentences. As a potential resistance çrecordersè 
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are used a random drawing passphrases, as well as combining with other methods of biometric 

authentication. Identification by any biometric system goes through four stages: 

Recording - physical or behavioral pattern memorized by the system; 

Isolation - unique information is removed from the sample and makes the biometric sample; 

Comparison - stored sample is compared with the present; 

Coincidence / mismatch - the system decides whether the same biometric samples and render a 

decision. 

In the task I analysed some methods of identification (authentications) on a voice. One of them 

microsoft speech recognition. 

The Speech Application Programming Interface or SAPI is an API developed by Microsoft to 

allow the use of speech recognition and speech synthesis within Windows applications. To date, a number 

of versions of the API have been released, which have shipped either as part of a Speech SDK, or as part 

of the Windows OS itself. Applications that use SAPI include Microsoft Office, Microsoft Agent and 

Microsoft Speech Server. 

Recognition of the speech ï process of transformation of the said words to the printing text. 

Recognition of the speech includes: 

Å capture and digitization of the sound said in a microphone; 

Å transformation of digital sound to phonemes; 

Å designing from phonemes of words; 

Å the analysis of a context in which the word, and, if necessary, replacement of words on similar 

on sounding was said. 

 

 

ʉʫʣʝʡʤʝʥʦʚʘ פ.ʉ. ï ʃ.ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽʫʨʘʟʠʷ ױʣʪʪʳץ ʋʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ, ɸʩʪʘʥʘ) 

ʊʦʣסʘʥʙʘʡײʣʳ ʊ. ï ʃ.ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽʫʨʘʟʠʷ ױʣʪʪʳץ ʋʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ, ɸʩʪʘʥʘ) 

 

ʄʋʃʔʊʀʄɽɼʀʗʃʓפ ï ʀʅʊɽʈɸʂʊʀɺʊɯ ױפʈɸʃɼɸʈɼʓ ɾʆɹɸʃɸʋɾᴄʅɽ ɹɯʃɯʄ ɹɽʈʋ 

ʇʈʆʎɽʉɯʅɼɽ ʇɸʁɼɸʃɸʅʋ 

 

 ʳʪʫץʙʽʨʽ ï ʵʣʝʢʪʨʦʥʜʳ ʦ שʘʥ ʩʘʣʘʥʳץʳʪʪʘ ʙʽʣʽʤ ʦʨʪʘʩʳʥʜʘ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʟʽʨʛʽ ʫʘפ

ʞװʡʝʩʽ. ʉʦʥʳש ʙʽʨʽ פʘʟʘץʩʪʘʥ ʙʽʣʽʤʽʥʽש ʜʘʤʫʳʥʜʘסʳ ʙʘסʳʪʳ ï e-learning. E-learning ʵʣʝʢʪʨʦʥʜʳץ 

ʦץʳʪʫ ʞװʡʝʩʽ ï פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫʜʳ2011-2020 ש ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ 

ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ץʦʩʳʣסʘʥ ʘʫץʳʤʜʳ ʤʝʤʣʝʢʝʪʪʽʢ ʞʦʙʘ. ɼᴅʩʪװʨʣʽ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥʘ 

 .ʘʡʜʘ ᴅʩʝʨʣʽ ʜʝʫʛʝ ʜʝ ʙʦʣʘʜʳץʳʪʫ ᴅʜʽʩʽ ᴅʣʜʝץʘʥʜʘ ʵʣʝʢʪʨʦʥʜʳ ʦסʘʨʘץ

ɿʝʨʪʪʝʫʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʜʘʤʫ ʠʥʜʝʢʩʽ ʙʦʡʳʥʰʘ ʝʣʽʤʽʟ ʵʣʝʢʪʨʦʥʜʳ ʦץʳʪʫ ʩʘʣʘʩʳʥʜʘ 

56 ʦʨʳʥʥʘʥ 49 ʦʨʳʥסʘ ᴇʪʢʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɸʣ ʘʣסʘʰץʳ ʦʨʳʥʜʘʨʜʳ ʠʝʤʜʝʥʽʧ ʦʪʳʨסʘʥʜʘʨ ï 

ʆשʪװʩʪʽʢ ʂʦʨʝʷ ʞᴅʥʝ ʐʚʝʮʠʷ ʝʣʜʝʨʽ. ױʩʳʥʳʣסʘʥ ʞװʡʝ ײʩʪʘʟʜʘʨʜʳש ʰʘʤʘʜʘʥ ʪʳʩ ʢᴇʧ ʫʘץʳʪʳʥ 

ʘʣʘʪʳʥ ʞײʤʳʩʪʘʨʜʘʥ ʘʣʘʩʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʐʝʪʝʣʜʽʢ ʙʘʩʳʣʳʤʜʘʨʜʳ ʪʘʣʜʘʡ ʢʝʣʝ, 

ʪᴇʤʝʥʜʝʛʽʜʝʡ ץʦʨʳʪʳʥʜʳ ʰʳסʘʨʜʳץ. ʎʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʙʦʣʘʰʘץʪʘ ʦʥʣʘʡʥ-ʢʫʨʩʪʘʨ, 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʢʫʨʩʪʘʨ ʞᴅʥʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʪʘʨʜʳש ʜʘʤʫʳʥʘ װʣʢʝʥ װʣʝʩ ץʦʩʫʳ ʪʠʽʩ. ʎʠʬʨʣʽʢ 

ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʙʦʣʘʰʘץ ץʦסʘʤʥʳש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ, ʜʘʤʫʜʳש ʞʘשʘ ʙʘסʳʪʳʥ ʝʥʛʽʟʫ ʞᴅʥʝ 

 .ʳʟʜʳ ʨʝʩʫʨʩʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳשʦʣʜʘʥʫʜʘ ʤʘץ

 ʩʪʘʥʜʘ ʦʨʪʘ ʞᴅʥʝ ʢᴅʩʽʙʠ ʦʨʪʘ ʙʽʣʽʤץʘʟʘפ ʘʟʽʨʛʽ ʢʝʟʜʝ ʮʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʤʝʥפ

ʙʝʨʫ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʦʣסʘ ʘʣʳʥסʘʥ. 

ɸʣ, ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʳʥʜʘʨʳʥʜʘ ʘʢʘʜʝʤʠʷʣʳײ ץʪץʳʨʣʳץʪʳ ʽʩʢʝ ʘʩʳʨʫ ʙʘʨʳʩʳʥʜʘ ʘʨʘʣʘʩ 

ʦץʳʪʫ (blended learning) ʪᴅʞʽʨʠʙʝʜʝ ʽʩʢʝ ʘʩʳʧ ʞʘʪץʘʥʳʤʝʥ, ʮʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʤʝʥ 

 .ʘʥסʘ ʘʣʳʥʙʘסʦʣץ ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞʝʪʢʽʣʽʢʪʽץ

ɾʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫʜʽש ʤʘץʩʘʪʳ - ץʦסʘʤʥʳש, ʤʝʤʣʝʢʝʪʪʽש ʞᴅʥʝ ʞʝʢʝ ʪײʣסʘʥʳש ʩʘʧʘʣʳ 

ʞʦסʘʨʳ ʙʽʣʽʤ ʘʣʫסʘ ʜʝʛʝʥ ʤװʜʜʝʣʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʫ, ᴅʨʙʽʨ ʘʜʘʤסʘ ʦץʳʪʫʜʳש ʤʘʟʤײʥʳʥ, ʥʳʩʘʥʳʥ 

ʞᴅʥʝ ʤʝʨʟʽʤʜʝʨʽʥ ʪʘשʜʘʫסʘ ʢʝשʽʥʝʥ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ, ʷסʥʠ ʘץʧʘʨʘʪʪʳʪʝʭʥʦʣʦʛʠʷʥʳ ʪʝʨʝש ʤʝשʛʝʨʛʝʥ, 

ʞʳʣʜʘʤ ᴇʟʛʝʨʽʧ ʞʘʪʘʪʳʥ ʙװʛʽʥʛʽ ʟʘʤʘʥסʘ ʣʘʡʳץʪʳ,ʞʘשʘʰʳʣ ʪײʣסʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ, ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, ʩʦʣʘʨʜʳש ʙʽʨʽ - ʙʽʣʽʤ ʙʝʨʫʜʽ ʠʥʪʝʨʘʢʪʠʚʪʽʢ 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 
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ʜʠʜʘʢʪʠʢʘʣʳץ ʦץʫ ײץʨʘʣʜʘʨʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʞʝʪ. ɹײʣ ʙʦʣʘʰʘץʪʘᴇʨʢʝʥʠʝʪʪʽ ʝʣʜʝʨʜʽש 

ʞʦסʘʨʳ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʤʝשʛʝʨʪʫ, ʜװʥʠʝʞװʟʽʣʽʢ ʙʽʣʽʤ ʢʝשʽʩʪʽʛʽʥʝʰʳסʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʘʥ ï ʞʘץʪʳ ʞʘʩʘʣסʘʥ ʮʠʬʨʣʳ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʢᴇʧ ʙʦʣʫʳ ʞʘשʘ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʦץʫ װʨʜʽʩʽʥʝ ʦץʳʪʫʜʳש ʞʘשʘ 

ʢʨʝʘʪʠʚʪʽ ʪᴅʩʽʣʜʝʨʽ ʞʘʩʘʣʳʧ, ʝʥʛʽʟʽʣʫʜʝ. ʉʦʥʳש ʽʰʽʥʜʝ ץʘʟʽʨʛʽ ʢʝʟʜʝ ץʘʨʳʤ-ץʘʪʳʥʘʩ װʨʜʽʩʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʳʪʫסʘ װʣʢʝʥ ʢᴇשʽʣ ʙᴇʣʽʥʫʜʝ. 

ʆץʳʪʫʜʳש ʠʥʪʝʨʘʢʪʠʚʪʽ ʨʝʞʠʤʽ ï ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʞװʡʝʤʝʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʪʳʥ, ץʘʟʽʨʛʽ ʢʝʟʜʝ ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥ ʤʫʣʴʪʠ-ʩʝʥʩʦʨʣʳ ײץʨʘʣʜʘʨʜʳש 

ʢᴇʤʝʛʽʤʝʥ ᴅʨ ʪװʨʣʽ ʦץʳʪʫʜʳ, ʙʘץʳʣʘʫ ʬʦʨʤʘʣʘʨʳʥ ʦץʳʪʫʰʳסʘ ʽʩʢʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʙʽʣʽʤ ʙʝʨʫ װʨʜʽʩʽ ʩʫʙʲʝʢʪʽʣʝʨʽʥʽש cײʭʙʘʪʪʳץ ʞײʤʳʩ ʨʝʞʠʤʽ. 

 ʤʢʽʥʜʽʛʽ ʤʦʣ. ʕʢʨʘʥʜʘ ʩᴇʟʜʝʨʜʽװʤשʨʘʣʜʘʨʜʳײץ ʳʣʳʤʠ ʙʽʣʽʤ ʙʝʨʫʜʝ ʠʥʪʝʨʘʢʪʠʚʪʽנ

ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʝʥʛʽʟʫ, ʛʨʘʬʠʢʘʣʳץ ʙʝʡʥʝʣʝʨʜʽ ץʦʟסʘʣʪʫ, ʘʫʜʠʦʚʠʟʫʘʣʜʳ ʢᴇʨʥʝʢʽʣʽʢʪʝʨ ʤʝʥ 

ʙʝʡʥʝʢʣʠʧʪʝʨ - ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʞʦסʘʨʳ ʤʦʪʠʚʘʮʠʷʣʳץ ץʳʟʳסʫʰʳʣʳסʳʥ 

ʪʫʜʳʨʳʧ, ʩʘʥʘʣʳ ʪװʨʜʝ, ᴇʟ ʙʝʪʽʥʰʝ ʝʰץʘʥʜʘʡ ʢʝʜʝʨʛʽʩʽʟ ʝʨʢʽʥ ʞײʤʳʩ ʽʩʪʝʫʽʥʝ, ʦץʫ װʨʜʽʩʽʥʽש ʪʠʽʤʜʽ 

 .ᴅʩʝʨ ʝʪʝʜʽ שʡʳʤʜʘʩʪʳʨʳʣʫʳʥʘ ʦײ

ᴆʟʜʽʛʽʥʝʥ ʦץʳʪʫסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʞʘʩʘסʘʥʜʘ ʩײʭʙʘʪʪʳש ʞʘʣʧʳ ײץʨʳʣʳʤʳʥʘ, 

ʪʘʧʩʳʨʤʘʣʘʨʜʳש, ʤᴅʩʝʣʝʣʝʨʜʽש ʪʦʣʳץʪʳסʳʤʝʥ ʜᴅʣʜʽʛʽʥ, ʩײʭʙʘʪʪʳש ʙʘʩץʘ ʜʘ ʵʣʝʤʝʥʪʪʝʨʽʥ ᴇʪʝ 

ʪʠʷʥʘץʪʳ ʪװʨʜʝ ײץʨʘʩʪʳʨʫ ʢʝʨʝʢ. ʂʦʤʧʴʶʪʝʨʣʽʢ ʦץʳʪʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽ, ʷסʥʠ 

ʦץʫʰʳʥʳש ʩײʨʘץʪʘʨʳʤʝʥ ʽʩ-ᴅʨʝʢʝʪʽʥʝ ʜʝʨʝʫ ʞʘʫʘʧ ʙʝʨʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ʝʢʝʥʽʥ, ʦʥʳװ שʩʪʽʥʝ 

ʤᴅʩʝʣʝʥʽ ʘʥʳץʪʘʡ ʪװʩʫʛʝ, ʤᴅʣʽʤʝʪʪʝʨʜʽ ʙʝʨʫʛʝ, ʦץʫʰʳסʘ ʢᴇʨʥʝʢʽ ʘץʧʘʨʘʪʪʳ ײʩʳʥʘ ʘʣʘʪʳʥʜʳסʳʥ ʜʘ 

ʝʩʢʝʨʫ ʢʝʨʝʢ. 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ײʩʳʥʳʩʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʞʘʩʘʫסʘ 

 :ʦʡʳʣʘʪʳʥ ʞʘʣʧʳ ʪʘʣʘʧʪʘʨץ

¶ ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʤʘʟʤײʥʳʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʙʦʣʫʳ 

ʢʝʨʝʢ; 

¶ ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʤʘʟʤײʥʳ ʩʪʫʜʝʥʪʪʝʨʜʽש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʨʝʞʽʤʜʝ ʤʝשʛʝʨʫʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣʫʳ ʢʝʨʝʢ; 

¶ ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʙʝʨʛʝʥʜʝ סʳʣʳʤʠ ʪʝʨʤʠʥʜʝʨ ʪװʩʽʥʽʢʪʽ, ʜᴅʣ, ᴅʨʽ ʪʦʣʳץ ʙʦʣʫʳ ʢʝʨʝʢ. 

ʎʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ʥʝʛʽʟʛʽ ʜʝשʛʝʡʣʝʨʽ: 

1) ʎʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʳʥʳש ʤᴅʪʽʥʜʽʢ ʩʮʝʥʘʨʠʡʽʥ ᴅʟʽʨʣʝʫ; 

2) ʉʮʝʥʘʨʠʡ ʙʦʡʳʥʰʘ ʝʩʪʝ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʪʽʨʝʢ ʘץʧʘʨʘʪʪʳ ʜʳʙʳʩʪʘʫ; 

3) ɸץʧʘʨʘʪʪʳ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʢᴇʨʩʝʪʫ װʰʽʥ, ʘʥʠʤʘʮʠʷʣʘʥסʘʥ ʢʘʜʨʣʘʨ, 3D ʙʝʡʥʝʣʝʨ, 
ʩʳʟʙʘʣʘʨ, ʛʨʘʬʠʢʘʣʳץ ʢᴇʨʽʥʽʩʪʝʨ ʜʘʡʳʥʜʘʫ; 

4) ɼʳʙʳʩ ʧʝʥ ʘʥʠʤʘʮʠʷʣʘʥסʘʥ ʢʘʜʨʣʘʨʜʳ ʤᴅʪʽʥʛʝ ʩᴅʡʢʝʩ ʩʠʥʭʨʦʥʜʳ ʪװʨʜʝ ʵʢʨʘʥסʘ 
ʰʳסʘʨʫ; 

5) ʀʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʜʘʡʳʥʜʘʫ; 

6) ʊʝʩʪʽʣʽʢ ʪʘʧʩʳʨʤʘʣʘʨ ʙᴇʣʽʤʽʥ ʜʘʡʳʥʜʘʫ; 

7) ɼʘʡʳʥ ʨʝʩʫʨʩʪʳ ʪʝʢʩʝʨʫʜʝʥ ᴇʪʢʽʟʫ ʞᴅʥʝ ץʘʪʝʣʽʢʪʝʨʜʽ ʞᴇʥʜʝʫ. 

ɹʽʨ ʮʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʳʥʜʘ ʢʝʣʝʩʽ ʢʦʤʧʦʥʝʥʪʪʝʨ: ʞʘʪʪʳסʫʣʘʨ, ʙʘץʳʣʘʫʰʳʣʘʨ, 

ʢᴇʨʩʝʪʫʰʽʣʝʨ, ʠʤʠʪʘʮʠʷʣʳץ, ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ, ʤʦʜʝʣʴʜʝʫʰʽʣʝʨ, ʦʡʳʥ ʪװʨʽʥʜʝʛʽ ʞʘʪʪʳסʫʣʘʨ 

ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʙʦʣʫʳ ʪʠʽʩ. ʆץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʛʨʘʬʠʢʘʣʳץ ʪװʨʜʝ ʙʝʨʽʣʫʽʥʽש ʥʝʛʽʟʛʽ װʰ ʪװʨʽ ʙʘʨ: 

ʜʝʜʫʢʪʠʚʪʽ ʢᴇʨʽʥʽʩ, ʠʥʜʫʢʪʠʚʪʽ ʢᴇʨʽʥʽʩ, ᴇʟʘʨʘ ʪʝש ʤʘסʳʥʘʣʳ ʢᴇʨʽʥʽʩ. 

ʎʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ Ariculate Storyline, eLearning Office 3000, Document Suite, 

iSpring Free, CourseLab, Easygenerator, Udutu ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʫסʘ 

ʙʦʣʘʜʳ. ʎʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʥʝʛʽʟʽʥʝʥ ʜʳʙʳʩ, ʘʥʠʤʘʮʠʷ, ʩʫʨʝʪʪʝʨ, ʚʠʜʝʦ ʞᴅʥʝ 

ʩʽʣʪʝʤʝʣʝʨʜʝʥ, ʛʨʘʬʠʢʘʣʳץ ʢʝʩʪʝʣʝʨʜʝʥ ʪײʨʘʜʳ. ɹʽʣʽʤ ʘʣʫʰʳסʘ ץʘʙʳʣʜʘʫʜʳ ʞʘץʩʘʨʪʫ, ʷסʥʠ 

ʢᴇʨʫʤʝʥ ץʘʪʘʨ ʝʩʪʫ ץʘʙʽʣʝʪʽ ʘʨץʳʣʳ ʞʝʪʢʽʟʫ װʰʽʥ, ʘʥʠʤʘʮʠʷ ʞʘʩʘʣסʘʥ ʢʘʜʨʣʘʨ ʤʝʥ ʜʳʙʳʩ 

ʢʘʜʨʣʘʨʳʥ ʩʠʥʭʨʦʥʜʳ ʙʝʡʥʝ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʝʤʽʟ.ʎʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʜʘ 

ʥʝʛʽʟʛʽ ʪװʩʽʥʽʢʪʝʨ ʤʝʥ ʪʘץʳʨʳʧʪʳש ʤᴅʥʽʥ ʘʰʘʪʳʥ ʪʝʦʨʠʷ ʙᴇʣʽʤʽʤʝʥ ץʘʪʘʨ, ʦץʫ ʤʘʪʝʨʠʘʣʳʥ 

ʥʝʛʽʟʜʝʫʛʝ ʞᴅʥʝ ץʘʙʳʣʜʘסʘʥ ʙʽʣʽʤʜʝʨʽʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʳ 

ʞᴅʥʝ ʦץʳʣסʘʥ ʤʘʪʝʨʠʘʣʜʳ ץʘʙʳʣʜʘʫ ʜʝשʛʝʡʽʥ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ ץʦʨʳʪʳʥʜʳ ʙᴇʣʽʤʽ ʙʦʣʫʳ 

ʪʠʽʩ.ɹײʣ ʪʘʧʩʳʨʤʘʣʘʨ ץʘʙʳʣʜʘʫʰʳʥʳש ʝʩʪʝ ʩʘץʪʘʫʳʥ ʞʘץʩʘʨʪʫ ʤʘץʩʘʪʳʥʜʘʙʽʨʥʝʰʝ ʥײʩץʘʣʘʨʳ ʙʘʨ 

http://www.free-elearning.ru/courseeditor/13-udutu.html
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ʩײʨʘץ ʪװʨʽʥʜʝ, ʢʨʦʩʩʚʦʨʜ, ʨʝʙʫʩ, ʩᴅʡʢʝʩʪʝʥʜʽʨʫ, ʪʘʧʩʳʨʤʘʥʳש ʞʘʫʘʙʳʥ ץʦʣʜʘʥ ʝʥʛʽʟʫ ʪᴅʨʽʟʜʽ 

ʞʘʩʘʣʘʜʳ. 

ʃ.ʅ.ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽʫʨʘʟʠʷ ײʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʙʽʣʽʤ ʙʝʨʫ ʧʦʨʪʘʣʳʥʜʘ 

ʫʥʠʚʝʨʩʠʪʝʪʪʽײ שʞʳʤʳʥʳש ʞʘʩʘסʘʥ ʮʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʧʦʨʪʘʣʜʘסʳ 

ʮʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʥʝʛʽʟʽʥʜʝ Articulate Storyline vs. Articulate Studioʦʨʪʘʩʳʥʜʘ 

ʞʘʟʳʣסʘʥ. ʀʥʪʝʨʘʢʪʠʚʪʽʣʽʢʪʽ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ץʦʩʳʤʰʘ CSS ʞᴅʥʝ JavaScript ʢʘʩʢʘʜʪʳ ʩʪʠʣʴ 

ʢʝʩʪʝʣʝʨʽ, ʘʣ ʦʙʲʝʢʪʽʣʝʨʜʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʙʝʨʫ, 3D ʦʙʲʝʢʪʽʣʝʨʜʽ ײץʨʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ װʰʽʥ 3ds 

Max, ArchiCAD ʦʨʪʘʣʘʨʳ, Adobe Illustrator, Adobe Flash Professional ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ץʦʣʜʘʥʳʣʜʳ. 
ɹʘסʜʘʨʣʘʤʘ 3 ʙᴇʣʽʤʥʝʥ ʪײʨʘʜʳ: 

¶ ʄʫʣʴʪʠʤʝʜʠʘʣʳץ-ʘʥʠʤʘʮʠʷʣʳץ ʙᴇʣʽʤ; 

¶ ʀʥʪʝʨʘʢʪʠʚʪʳ ʙᴇʣʽʤ; 

¶ ʊʝʩʪ ʙᴇʣʽʤʽ 
ɹʝʨʽʣʛʝʥ ʪʘץʳʨʳʧʪʳ ʪʦʣʳסʳʤʝʥ ʘʰʫ װʰʽʥ ʥʝʛʽʟʛʽ ʪװʩʽʥʽʢʪʝʤʝ ʙᴇʣʽʤʽʥʜʝ 

ʠʥʪʝʨʘʢʪʠʚʪʽʦʙʲʝʢʪʽʣʝʨ, ʩʦʥʳש ʽʰʽʥʜʝ ʤᴅʪʽʥ, ʙʝʡʥʝ, ʜʳʙʳʩ ʞᴅʥʝ ʩʫʨʝʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ, 
ʤʫʣʴʪʠʤʝʜʠʘʣʳץ ʦʙʲʝʢʪʽʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

ʊᴇʤʝʥʜʝʛʽ ʮʠʬʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʬʨʘʛʤʝʥʪʽʥʝʥ 3D-ʤʦʜʝʣʴʜʝʫʜʽש ʥᴅʪʠʞʝʩʽʥ, 
ʤʫʣʴʪʠʤʝʜʠʘʣʳץ-ʘʥʠʤʘʮʠʷʣʳץ ʙᴇʣʽʤʜʽ ʢᴇʨʝʤʽʟ (1 - ʩʫʨʝʪ). 

 

 
 

1-ʩʫʨʝʪ. XIXϤ. ʝʢʽʥʰʽ ʞʘʨʪʳʩʳʥʜʘϤʳ -XX Ϥ. ϨϰʨʳʣʳʩʪʳϨ ϤʳʣʳʤʥʳϬ ʞϸʥʝ ʪʝʭʥʠʢʘʥʳϬ 

ʜʘʤʫʳ ʪʘϨʳʨʳʙʳʥʳϬ Articulate Storyline  ʦʨʪʘʩʳʥʜʘϤʳ ʢϺʨʽʥʽʩʽ 

 
ɽʢʽʥʰʽ ï ʠʥʪʝʨʘʢʪʠʚʪʳ ʙᴇʣʽʤ (2-ʩʫʨʝʪ). ɹײʣ ʙᴇʣʽʤʥʽש ʤʘץʩʘʪʳ, ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʥʝʛʽʟʛʽ 

ʙᴇʣʽʤʜʝ ᴇʪʢʝʥ ʤʘʪʝʨʠʘʣʜʳ ʩײʨʘץʪʘʨ ʞᴅʥʝ ʢᴇʤʝʢʰʽ ʢʝʩʪʝʣʝʨ ʘʨץʳʣʳ ʙʝʢʽʪʽʧ, ʪʝʩʪʢʝ ʜʘʡʳʥ ʙʦʣʫסʘ 

ʢᴇʤʝʢʪʝʩʫ. ɹײʣ ʙᴇʣʽʤʥʽש ʝʨʝʢʰʝʣʽʛʽ ʨʝʩʫʨʩʪʳש ʞײʤʳʩ ʘʣʘשʳʥʳש ʙʽʨ ʙᴇʣʽʛʽʥʜʝ ʪʝʦʨʠʷʜʘʥ ʪʽʨʝʢ ʦץʫ 

ʘץʧʘʨʘʪʳ ʙʝʨʽʣʛʝʥ ʞᴅʥʝ ʪʘץʳʨʳʧץʘ ʙʘʡʣʘʥʳʩʪʳ ʛʣʦʩʩʘʨʠʡ ʙʘʨ. 
 

https://www.google.kz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0CE8QFjAH&url=https%3A%2F%2Fwww.articulate.com%2Fproducts%2Fstoryline-studio.php&ei=QEdLU8yOKObmywOK1ILADA&usg=AFQjCNEdmTSK8o0zYfyQuCNi9ViHvdl_sg&bvm=bv.64542518,d.bGQ
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2-ʩʫʨʝʪ. ʀʥʪʝʨʘʢʪʠʚʪʳ ʙᴇʣʽʤ 

 

 ʘ ʙʘʡʣʘʥʳʩʪʳץʳʨʳʧץʰʽʥʰʽ - ʪʝʩʪ ʙᴇʣʽʤʽʥʜʝ (3-ʩʫʨʝʪ) ʩʪʫʜʝʥʪʪʝʨʛʝ ᴇʪʢʝʥ ʪʘת

 ʨʳʩ ʞʘʫʘʧ ʙʝʨʛʝʥײʧʘʡʳʟʳʥʘ ʜ 80 שʪʘʨʜʳץʨʘײʦʡʳʣʘʜʳ. ɹʝʨʽʣʛʝʥ ʩץ ʪʘʨʳץʨʘײʘʥ ʪʝʩʪ ʩסʨʘʩʪʳʨʳʣײץ

ʩʪʫʜʝʥʪ, ʪʘץʳʨʳʧʪʳ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ʤʝשʛʝʨʛʝʥ ʜʝʧ ʝʩʝʧʪʝʣʽʥʝʜʽ. 
 

 
 

3-ʩʫʨʝʪ. ʊʝʩʪ ʙᴇʣʽʤʽ 
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ʂʦʤʧʴʶʪʝʨ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ײץʨʘʣʜʘʨ ʘʨץʳʣʳ ʞʘʩʘʣʳʧ ʞʘʪץʘʥ ʦץʳʪʫ ʧʨʦʮʝʩʽ ʦץʫʰʳʥʳש 

ʞʘשʘʰʘ ʦʡʣʘʫ ץʘʙʽʣʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. ʄײʥʜʘʡ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨʜʘ ʜʘʡʳʥ ʰʝʰʽʤʜʝʨʜʽ 

ʙʝʨʤʝʫ ʢʝʨʝʢ, ʩʝʙʝʙʽ, ʙʘסʜʘʨʣʘʤʘʥʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽïʤᴅʩʝʣʝʣʝʨʜʽש ʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫסʘ ʠʪʝʨʤʝʣʝʫ, 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʘʣסʘʥ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʝʢʩʝʨʽʧ, ץʘʡʪʘ ץʘʨʘʫʳʥʘ ʞʘסʜʘʡ ʞʘʩʘʫ. ʆץʫ ʧʨʦʮʝʩʽʥʜʝ, 

ʦʥʳש ʽʰʽʥʜʝ ʧʨʘʢʪʠʢʘʣʳץ ʩʘʙʘץʪʘʨʜʘ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʦץʳʪʫʰʳʥʳש ʞʝʢʝ 

ʪᴅʞʽʨʠʙʝʩʽʥʝ, ʰʳסʘʨʤʘʰʳʣʳץ ʽʟʜʝʥʽʩʽʥʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. 

ʀʥʪʝʨʘʢʪʠʚʪʽ ײץʨʘʣʜʘʨ ʦץʳʪʫ ʬʦʨʤʘʩʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʳ ʪװʨʣʝʥʜʽʨʫʛʝ, ʜᴅʩʪװʨʣʽ ʦץʳʪʫ 

ᴅʜʽʩʪʝʨʽʥʝ ʞʘשʘ ʵʣʝʤʝʥʪʪʝʨ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʰʽʣʽʢʪʝʨ ʞʘʩʘʡʜʳ. ɹײʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʛʝ ʜʝʛʝʥ 

 שʦʣʜʘʥʳʣʘʪʳʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳץ ʫ ʧʨʦʮʝʩʽʥʜʝץʳʥ ʘʨʪʪʳʨʘʜʳ. ʆסʫʰʳʣʳסʳʟʳץ

ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʩʳʥ ʞʘʩʘʫ, ʢᴇʧ ʝשʙʝʢʪʽ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷ ʘʡʤʘסʳʥʜʘסʳ 

 .ʘʞʝʪʪʽ ʙʽʣʽʤʜʽ ʪʘʣʘʧ ʝʪʝʜʽץ

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʤʫʣʴʪʠʤʝʜʠʘʣʳץ ï ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽ ʞᴅʥʝ ʦʥʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʪײʨסʳʜʘʥ 

ʙʦʣʘʰʘסʳ ʟʦʨ. 
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ʆɹ ʆɼʅʆʄ ʏʀʉʃɽʅʅʆʄ ʄɽʊʆɼɽ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʆɹ ʀʉʊɽʏɽʅʀʀ 

ʉʀʃʔʅʆɺʗɿʂʆʁ ɾʀɼʂʆʉʊʀ 

 

ɺ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʫʢʠ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ 

ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ 

ʩʚʷʟʘʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʫʯʘʝʤʦʤ ʷʚʣʝʥʠʠ ʠʣʠ ʧʨʦʮʝʩʩʘ. 

çʆʙʱʝʧʨʠʟʥʘʥʥʦ, ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʥʦʛʠʭ ʩʣʦʞʥʳʭ ʷʚʣʝʥʠʡ ʥʝʣʴʟʷ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ɹʳʩʪʨʳʡ ʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣ ʨʘʟʚʠʪʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʤʝʭʘʥʠʢʝ ʞʠʜʢʦʩʪʠ ʚʦʦʙʱʝ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʯʘʩʪʥʦʩʪʠè [1].ʆ ʤʝʪʦʜʝ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʣʦʞʥʳʭ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʪʝʯʝʥʠʝʤ ʩʠʣʴʥʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʱʝʣʠ, ʷʚʣʷʝʪʩʷ ʪʝʤʦʡ ʜʘʥʥʦʛʦ ʜʦʢʣʘʜʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʨʠʚʝʣʦ ʢ ʨʝʰʝʥʠʶ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ:ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʢʚʘʟʠʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ [2,3] 
 

                       (1) 
 

ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 
 

                                                 (2) 
 



 ɸʅנʈʃʓ ɾʆʃ - ʇʋʊʔ ɺ ɹʋɼʋʑɽɽè ɾʆʃɼɸʋʓʅɸ ɸʈʅɸʃױçʅ רʈ ʇʈɽɿʀɼɽʅʊɯ ʅ.ᴄ.ʅɸɿɸʈɹɸɽɺʊʓפ

çʂᴆʃɯʂ נʓʃʓʄʓ ɾᴄʅɽ ʀʅʅʆɺɸʎʀʗè 
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ɿʜʝʩʴ:-x ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ,-t ʚʨʝʤʷ,-),( txx  ʚʝʨʭʥʷʷ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ,-)(ty  ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʱʝʣʠ, ʢʦʪʦʨʘʷ 

ʩʯʠʪʘʝʪʩʷ ʟʘʜʘʥʥʦʡ,-= )(tx r ʧʦʜʚʠʞʥʘʷ ʛʨʘʥʠʮʘ ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤʠ. 

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʝ ʬʫʥʢʮʠʠ: ),( txx ʠ )(tr . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʭ ʟʥʘʯʝʥʠʡ ʟʘʜʘʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 
 

.0)0,(,1)0(,0 === xt xr                     
(3) 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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x
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(4) 

 

.0)),((),( == tttx rxr                                 
(5) 

 

ʀʪʘʢ, ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ),( txx ʠ )(tr , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷʤ (1) ʠ (2), ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (3) ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (4) ʠ (5). ɿʜʝʩʴ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʟʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ. 

ʀʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t  ʥʘʭʦʜʠʪʩʷ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʚʠʞʥʦʡ ʛʨʘʥʠʮʳ, ʪ.ʝ. ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ )(tr . ʋʨʘʚʥʝʥʠʝ (1) 

ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )( tt D+r  ʠʟ 

ʫʨʘʚʥʝʥʠʷ (2). ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʚʨʝʤʝʥʠ tt D+  ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )( tt D+r  ʠ ʨʝʰʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (1). ʊʘʢʦʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷʜʦ ʦʢʦʥʯʘʥʠʷ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʷʚʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʩʭʝʤʘ[4]: 
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(6) 

ɿʜʝʩʴ: -h ʰʘʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ x ;
h

k
1
=  - ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʛʜʝʬʫʥʢʮʠʷ ;0)( ¸ty -t ʰʘʛ 

ʧʦ ʚʨʝʤʝʥʠ ;t .,...,2,1,0 mj =  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ )(tr ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʬʦʨʤʫʣʘ: 
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 (7) 

 

ʛʜʝʟʥʘʯʝʥʠʷjf ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ: 
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ʀʪʘʢ, ʧʦʣʫʯʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɺ ʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʨʘʥʥʳʭ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʚ ʮʝʣʦʤ ʠ 

ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (1). 
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ɹɯʃɯʄ ɹɽʈʋɼɯ ɾɸרɸ ɸפʇɸʈɸʊʊʓפ ʊɽʍʅʆʃʆɻʀʗʃɸʈ ɾɸנɼɸʁʓʅɼɸ 

 ʄᴄʉɽʃɽʃɽʈɯ רʁʓʄɼɸʉʊʓʈʋɼʓױ

 

ɽʣʙʘʩʳ ʅϰʨʩϰʣʪʘʥ Ϸʙʽʰϰʣʳ ʅʘʟʘʨʙʘʝʚ 

çפʘʟʽʨ ʙʦʡ ʞʘʨʳʩʪʳʨʘʪʳʥ ʟʘʤʘʥ ʝʤʝʩ, ʦʡ ʞʘʨʳʩʪʳʨʘʪʳʥ ʟʘʤʘʥè ʜʝʧ ʥʘץʳʣ ʩᴇʟʽʥʜʝ 

ʘʡʪץʘʥʳʥʜʘʡ, ʢװʥʥʝʥ - ʢװʥʛʝ ʜʘʤʳסʘʥ ʟʘʤʘʥ ʢᴇʰʽʥ ʙʘʩʪʘʫ װʰʽʥ ʙʽʟʛʝ çʝʣʽʤʽʟʜʽש ʙʘʩʪʳ ʪʽʨʝʛʽ 

ʙʦʣʘʪʳʥ ʙʽʣʽʤʜʽ ײʨʧʘץʪʳè ʪᴅʨʙʠʝʣʝʫ ʙʘʩʪʳ ʤʽʥʜʝʪ. ɹʦʣʘʰʘץʪʘ ʝʣ ʪʽʟʛʽʥʽʥ ײʩʪʘʡʪʳʥ, ʝʣʽʤʽʟʜʽש 

ᴅʣʝʤʜʽʢ ʜʝשʛʝʡʜʝʛʽ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ, ʵʢʦʥʦʤʠʢʘʩʳ ʜʘʤʳסʘʥ, ᴇʨʢʝʥʠʝʪ ʢᴇʰʽʥʝʥ ʣʘʡʳץ ʦʨʳʥ 

ʘʣʘʪʳʥ, ʝʣʽʤʽʟʜʽץ שʘʨץʳʥʜʳ ʜʘʤʫʳʥʘ ᴇʟʽʥʜʽʢ װʣʝʩ ץʦʩʘʪʳʥ ץʦסʘʤʥʳש ʥʝʛʽʟʛʽ ʙʝʣʩʝʥʜʽ ʢװʰʽ ʞʘʩʪʘʨ 

ʝʢʝʥʽ ʩᴇʟʩʽʟ. ɽʣʙʘʩʳʥʳש ʙʠʳʣסʳ ʞʳʣʳ ʞʦʣʜʘסʘʥ çʅײʨʣʳ ʞʦʣ ï ɹʦʣʘʰʘץץʘ ʙʘʩʪʘʨ ʞʦʣè 

 שʫ ʦʨʳʥʜʘʨʳʥʳץʘʨʳ ʦסʢᴇʧʪʝʛʝʥ ʞʦ שʩʘʷʩʘʪʳ ʝʣʽʤʽʟʜʽ ץʘ ʕʢʦʥʦʤʠʢʘʣʳשɾʘ שʩʪʘʥʥʳץʘʟʘפ

ʳʥʪʘʩʳʥ ʞʦסʘʨʳʣʘʪʳʧ, װʣʢʝʥ ʩʝʨʧʽʥ ʙʝʨʜʽ. 

ɹʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʞʘסʜʘʡʳʥʜʘ ʤʘʤʘʥʜʘʨʜʳש ʙʽʣʽʢʪʽʣʽʛʽʥ ʢᴇʪʝʨʫ, ʙʽʣʽʤ ʙʝʨʫʜʽ 

ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʞʘסʜʘʡʳʥʜʘ ʤʘʤʘʥʜʘʨʜʳש ʘץʧʘʨʘʪʪʳץ ʩʘʫʘʪʪʳʣʳסʳʥ, ʘץʧʘʨʘʪʪʳץ ʤᴅʜʝʥʠʝʪʽʥ 

ʞᴅʥʝ ʘץʧʘʨʘʪʪʳײץ ץʟʳʨʣʳסʳ ʩʠʷץʪʳ ץʘʙʽʣʝʪʪʽʣʽʢʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʤᴅʩʝʣʝʩʽ ʙװʛʽʥʛʽ ʢװʥʥʽש ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʩʽʥʝ ï ʙװʛʽʥʛʽ ʢװʥʥʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽʥʝ ʘʡʥʘʣʳʧ ʦʪʳʨ. ʉʦʥʜʳץʪʘʥ, ʤʘʤʘʥʜʘʨʜʳש 

ʙʽʣʽʢʪʽʣʽʛʽʥ ʢᴇʪʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʪʫʨʘʣʳ ʪײʞʳʨʳʤʜʘʤʘ, ʩʪʘʥʜʘʨʪ ʞᴅʥʝ ʦץʫ-ʪʘץʳʨʳʧʪʳץ 

ʞʦʩʧʘʨʣʘʨʳʥ ʞʘʩʘץʪʘʫ ץʘʞʝʪ. ɸʪʘʣסʘʥ ץʘʞʝʪʪʽʣʽʢʪʽ ʰʝʰʫ ʙʘʨʳʩʳʥʜʘ ʤʘʤʘʥʜʘʨʜʳש ʙʽʣʽʢʪʽʣʽʛʽʥ 

ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ᴇʟ ץʳʟʤʝʪʪʝʨʽʥʝ ʧʘʡʜʘʣʘʥʫ ʩʘʣʘʩʳ ʙʦʡʳʥʰʘ ʪײʞʳʨʳʤʜʘʤʘ, 

ʤʦʜʫʣʴʜʽʢʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʞʘʩʘץʪʘʣʜʳ. ɸʣ, ץʘʟʽʨʛʽ ʪʘשʜʘ ʞʦסʘʨʳʜʘסʳ ʘʪʘʣסʘʥ ʤᴅʩʝʣʝ ץʘʣʘʡ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʳʧ ʞʘʪʳʨ ʜʝʛʝʥ ʩʘʫʘʣ ʪʫʳʥʜʘʡʜʳ. ᴄʩʽʨʝʩʝ, ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʣʜʝ ʦʩʳ ʙʘסʳʪʪʘסʳ 

ʤᴅʩʝʣʝʣʝʨ ᴅʣʽ ʜʝ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ʝʤʝʩ. 

 ,ʽʥʝʥ ʪʘʨʘʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳשʨʘʣʜʘʨʳ ʢʝײץ ʧʘʨʘʪʪʘʥʜʳʨʫ, ʝʩʝʧʪʝʫ ʪʝʭʥʠʢʘʩʳץʘʤʜʘ ʘסʦפ

ʦץʫ ʧʨʦʮʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫסʘ, ʩʦʣ ʩʠʷץʪʳ ʙʽʣʽʤ ʙʝʨʫʜʽש ʤʘʟʤײʥʳʥ ᴇʟʛʝʨʪʫʛʝ ʜʝ ʝʣʝʫʣʽ ʳץʧʘʣ 

ʝʪʝʜʽ. ɽʛʝʨ ʙʽʣʽʤ ʙʝʨʫʜʽ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷ ʞʘסʜʘʡʳʥʜʘ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʤʘʟʤײʥʳ ʤʝʥ 

 ʳסʳʜʘסʨײʪ ץʟʽʨʝʪʪʽʣʽʢ-ʽʩ-ᴅʨʝʢʝʪʪʽʢ ʪʝʦʨʠʷʣʳײץ ʤᴅʥʽʥ ʘʰʘʪʳʥ ץʨʳʣʳʤʳʥ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳײץ

ʥʝʛʽʟʽ ʤʝשʛʝʨʽʣʽʧ, ʙʽʟʜʽײ שʩʳʥʳʧ ʦʪʳʨסʘʥ ײץʨʳʣʳʤʜʳץ-ʤʘʟʤײʥʜʳץ ʤʦʜʝʣʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʩʘ, ʦʥʜʘ 

ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ ʙʽʣʽʤ ʙʝʨʫ ʪʠʽʤʜʽ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ 

ʦʥʳש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨʳ ʘʥʳץʪʘʣʘʜʳ. 

ɹʽʣʽʤ ʙʝʨʫʜʽ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʘסʜʘʡʳʥʜʘ ײʡʳʤʜʘʩʪʳʨʫʜʳש 

ʤʽʥʜʝʪʪʝʨʽ: 
- ʟʝʨʪʪʝʫ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʰʝʪʝʣʜʽʢ ʞᴅʥʝ ʦʪʘʥʜʳס ץʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʜʽ ʪʘʣʜʘʫ 

ʘʨץʳʣʳ çʙʽʣʽʤ ʙʝʨʫʜʽ ץʘʟʽʨʛʽ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʫè סײʳʤʳʥʳש 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤᴅʥʽʥ ʥʘץʪʳʣʘʫ; 

- ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘסʳ ʙʽʣʽʤ ʙʝʨʫʜʽײץ שʨʳʣʳʤʜʳץ-

ʤʘʟʤײʥʜʳץ ʤʦʜʝʣʽʥ ʞʘʩʘʫ; 
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- ʩʪʫʜʝʥʪʪʝʨʜʽש ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʨץʳʣʳ ʙʽʣʽʤʽʥ, ʰʘʨʪʪʘʨʳʥ ʘʥʳץʪʘʫ; 

- ʙװʛʽʥʛʽ ᴅʣʝʤʜʽʢ ʞᴅʥʝ ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʳʩ ʪʘʧץʘʥ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʦʙʘ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʦʥʳש 

ʩʘʧʘʣʳסʳʥ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪ ʞװʟʽʥʜʝ ʪʝʢʩʝʨʽʩʪʝʥ ᴇʪʢʽʟʫ. 

ɹʽʣʽʤ ʙʝʨʫʜʽ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʫ - ᴅʣʝʫʤʝʪʪʽ-ʙʝʣʩʝʥʜʽ, 

ʙᴅʩʝʢʝʣʝʩʫʛʝ ʙʘʨʳʥʰʘ ץʘʙʽʣʝʪʪʽ, ײץʟʽʨʝʪʪʽ ʪװʨʜʝ ʞʝʪʽʣʛʝʥ, ʜʝʨʙʝʩ ʪײʣסʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹʽʣʽʤ ʙʝʨʫʜʽש ᴅʜʽʩʥʘʤʘʣʳץ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ:ʪʘʥʳʤ ʪʝʦʨʠʷʩʳ;ʞװʡʝʣʽʣʽʢ, 

ʪײʣסʘʣʳץ-ʙʘסʜʘʨʣʳײץ ,ץʟʽʨʝʪʪʽʣʽʢ-ʽʩ-ᴅʨʝʢʝʪʪʽʢ ʪʝʦʨʠʷʣʘʨʳ, ʠʥʪʝʨʘʢʪʠʚʪʽʢ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʪʝʦʨʠʷʩʳ; ʩʪʫʜʝʥʪʪʝʨʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞᴅʥʝ ʘץʳʣ-ʦʡ ᴅʨʝʢʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש 

ʢʝʟʝשʜʽʢ ʪʝʦʨʠʷʩʳ, סʳʣʳʤ ʤʝʥ ʧʨʘʢʪʠʢʘʥʳ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʪʝʦʨʠʷʩʳ, ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש 

ʪײʪʘʩ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʧʨʦʮʝʩʩ ʪʝʦʨʠʷʩʳ; ʙʽʣʽʤ ʙʝʨʫ ʘʫʤʘסʳʥʜʘסʳ ʨʝʩʤʠ ײץʞʘʪʪʘʨ ʤʝʥ ʥʦʨʤʘʪʠʚʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨ; ʟʝʨʪʪʝʫ ʧʨʦʙʣʝʤʘʩʳ ʙʦʡʳʥʰʘ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣ (ʬʠʣʦʩʦʬ, ʧʩʠʭʦʣʦʛ, ʧʝʜʘʛʦʛ) 

 ʫץʘʨʳ ʦסʙʝʢʪʝʨʽ; ʞʦשʟʝʨʪʪʝʫ ʝ ץʳ ʜʠʩʩʝʨʪʘʮʠʷʣʳסʧʘʨʘʪʪʘʥʜʳʨʫ ʩʘʣʘʩʳʥʜʘץʘ שʘʣʳʤʜʘʨʳʥʳס

ʦʨʳʥʜʘʨʳʥʳש ʤʝʤʣʝʢʝʪʪʽʢ ʞʘʣʧʳ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳ, ʪʠʧʪʽʢ ʞᴅʥʝ ʞײʤʳʩ ʦץʫ ʞʦʩʧʘʨʣʘʨʳ ʤʝʥ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ, ʪʝʭʥʠʢʘʣʳץ ʧᴅʥʜʝʨʜʽש ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨʽ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʦץʳʪʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʧᴅʥʜʝʨʜʝʥ ʦץʫʣʳץʪʘʨ ʤʝʥ ʦץʫ ײץʨʘʣʜʘʨʳ; 

ʦץʳʪʫʰʳʣʘʨʜʳץ שʘʟʽʨʛʽ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʞʠʥʘץʪʘסʘʥ ʦʟʳץ 

ʪᴅʞʽʨʠʙʝʣʝʨʽ. 

ɹʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ï ʙײʣ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʥʳש 

 ʪʘʨʳʥץʥʜʳʣʳײץ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ץʤʝʪʦʜʦʣʦʛʠʷʣʳ שʦʣʜʘʥʫʜʳץ ʨʘʣʜʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʘײץ

ʟʝʨʪʪʝʧ, ʦץʳʪʫ ʤʝʥ ʪᴅʨʙʠʝʣʝʫʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨʳʥʘ ʙʘסʳʪʪʘʧ 

 :ʣ ʧʨʦʮʝʩʩ ʤʳʥʘ ʙʘϤʳʪʪʘʨ ʙʦʡʳʥʰʘ ʞʝʪʽʣʜʽʨʽʣʝʜʽײʘʤʪʘʤʘʩʳʟ ʝʪʫ ʧʨʦʮʝʩʽ. ɹץ

- ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʙʘʩץʘʨʫ ʤʝʭʘʥʠʟʤʽʥʜʝʛʽ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʘץʧʘʨʘʪʪʘʨʤʝʥ 

ʘץʧʘʨʘʪʪʳץ-ᴅʜʽʩʪʝʤʝʣʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʘʨץʳʣʳ ʦʥʳץ שʦʣʜʘʥʳʣʫ ʘʷʩʳʥ ʞʝʪʽʣʜʽʨʫ 

ʞᴅʥʝ ʙʘʩץʘʨʫ ʽʩʽʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫ; 

- ʘץʧʘʨʘʪʪʳץ ץʦסʘʤ ʞʘסʜʘʡʳʥʜʘ ʞʝʢʝ ʪײʣסʘʥʳש ʜʘʤʫ ʙʘסʳʪʪʘʨʳʥʳש ʤʽʥʜʝʪʪʝʨʽʥʥʝʛʽʟʛʝ 

ʘʣʘ ʦʪʳʨʳʧ, ʦץʳʪʫʜʳש ʤʘʟʤײʥʳʥ, ᴅʜʽʩʪʝʨʽ ʤʝʥ ʦʥʳ ײʡʳʤʜʘʩʪʳʨʫ ʬʦʨʤʘʣʘʨʳʥ ʪʘשʜʘʫ ʤʝʥ ʦʥʳש 

ʤʝʪʦʜʦʣʦʛʠʷʩʳʥ ʞʝʪʽʣʜʽʨʫ; 

 ,ʘסʘ, ᴇʟʜʽʛʽʥʝʥ ʙʽʣʽʤ ʘʣʫסʘʙʽʣʝʪʽʥ ʜʘʤʳʪʫץ ץʠʥʪʝʣʣʝʢʪʫʘʣʜʳ שʡʨʝʥʫʰʽʥʽװ -

ʪװʨʣʽʘץʧʘʨʘʪʪʘʨʜʳ ᴇʟʜʽʛʽʥʝʥ ᴇשʜʝʫ ʩʠʷץʪʳ ᴅʨʝʢʝʪʪʝʨʛʝ ʙʘסʳʪʪʘʣסʘʥ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽʥ 

ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʘʨץʳʣʳ ײץʨʫ; 

 ʳʪʳʥʜʘסʳʣʘʫ ᴅʜʽʩʪʝʨʽʥ ʪʘʣʜʘʫ ʙʘץʘʣʘʫ ʤʝʥ ʙʘסʛʝʡʽʥ ʙʘשʙʽʣʽʤ ʜʝ שʡʨʝʥʫʰʽʥʽװ -

ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʩʪʽʣʝʫʜʽ ײץʨʫ ʤʝʥ ʦʥʳ ץʦʣʜʘʥʫ. 

ɹʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʧʨʦʮʝʩʽ ʞʘסʜʘʡʳʥʜʘʞʝʢʝ ʪײʣסʘʥʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳץ, 

 ʨʣʽװʪʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʪץʩʠʷ ץʧʘʨʘʪʪʳץʞᴅʥʝʘ ץʢʦʤʤʫʥʠʢʘʮʠʷʣʳ ,ץʵʢʦʥʦʤʠʢʘʣʳ ,ץʘʤʜʳסʦץ

ʩʘʣʘʣʘʨסʘ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ײץʟʳʨʣʳץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨʜʳש ʙʽʨʽʥʝ ʘʡʥʘʣʘʜʳ. 
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ʊʝʣʝʤʠʩʦʚʘ ɸ.ɻ.ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟʅʋ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʀʅʊɽɻʈɸʃʔʅɸʗ ʇɸʈɸɼʀɻʄɸ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ʗɿʓʂɸʄ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

 

ʉʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʢʣʶʯʘʝʪ 

ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʘʨʘʜʠʛʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʛʥʠʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʘ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʆʜʥʠʤ 

ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʊʝʨʤʠʥ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ (ɼʆ) ʠʥʪʝʛʨʠʨʫʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʫʜʝʥʪʘʤ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʠʟʫʯʘʝʤʦʛʦ ʢʦʥʪʝʥʪʘ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

1) ʩʠʥʭʨʦʥʥʦʤ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʯʘʝʤʳʭ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ ʟʘ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ; 

2) ʘʩʠʥʭʨʦʥʥʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ 

ʢʦʥʪʝʥʪʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʨʝʘʣʠʟʘʮʠʶ ʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʘ ʦʙʫʯʝʥʠʷ, 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʝʡʩʪʚʠʷʤ ʩʪʫʜʝʥʪʘ. [1] 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʨʷʜ ʢʘʪʝʛʦʨʠʡ: 

- ɸʚʪʦʨʠʟʠʨʦʚʘʥʥʦʝ ʇʆ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ 

- ʉʠʩʪʝʤʳʫʧʨʘʚʣʝʥʠʷʦʙʫʯʝʥʠʝʤ(Learning Management System - LMS) 

- ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (Content Management System - CMS) 

- ʉʠʩʪʝʤʳʫʧʨʘʚʣʝʥʠʷʫʯʝʙʥʳʤʢʦʥʪʝʥʪʦʤ (Learning Content Management System - LCMS) 

ʅʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʝ ʩʠʩʪʝʤʳ ɼʆ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʩʝ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: - 

LMS+ CMS+ LCMS. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ e-learningʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʣʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʂ, ʂʇʂ ʠʣʠ 
ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ; 

2) ʧʦʣʫʯʝʥʠʝ ʢʦʥʩʫʣʴʪʘʮʠʡ, ʩʦʚʝʪʦʚ, ʦʮʝʥʦʢ ʫ ʫʜʘʣʸʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʚʦʟʤʦʞʥʦʩʪʴ 
ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

3) ʩʦʟʜʘʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʝʜʫʱʠʭ ʦʙʱʫʶ ʚʠʨʪʫʘʣʴʥʫʶ 

ʫʯʝʙʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ; 

4) ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʢʨʫʛʣʦʩʫʪʦʯʥʘʷ ʜʦʩʪʘʚʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

5) ʩʪʘʥʜʘʨʪʳ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ; 

6) ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʚʘʪʴ ʫʯʝʙʥʳʝ ʚʝʙ-ʨʝʩʫʨʩʳ; 

7) ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʦʣʫʯʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʟʥʘʥʠʷ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʝ ʤʠʨʘ; 

8) ʜʦʩʪʫʧʥʦʩʪʴ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʣʠʮʘʤ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʠʩʪʝʤ e-learning, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʦʙʤʝʥʘ ʫʯʝʙʥʳʤ ʢʦʥʪʝʥʪʦʤ: [2] 

- HTML 

- AICC 

- SCORM (Sharable Content Object Reference Model). 
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ʉʪʘʥʜʘʨʪʳ AICC ʠ SCORM ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʘ ʠ ʬʦʨʤʘʪ ʬʘʡʣʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʡ ʢʦʥʪʝʥʪ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ 

ʢʦʥʪʝʥʪʦʤ ʜʣʷ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʦʚʤʝʩʪʠʤʳʭ ʩAICC ʠʣʠ SCORM. 

ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʠʩʪʝʤʘʤ LMS ʠ LCMS ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ 

ʩʠʩʪʝʤʳ: 

- Moodle ï ʦʙʦʣʦʯʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʢʦʥʪʝʥʪʦʤ ʠ ʦʙʫʯʝʥʠʝʤ. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥʜʘʨʪʝ 

SCORM. 

- Sakaii ï ʦʙʦʣʦʯʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʢʦʥʪʝʥʪʦʤ ʠ ʦʙʫʯʝʥʠʝʤ. 

- WebTutor ï ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʯʝʙʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʦʩʥʦʚʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʜʝʦ ʠ ʘʫʜʠʦ ʬʨʘʛʤʝʥʪʦʚ. 

- CourseLab ï ʨʝʜʘʢʪʦʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ. 

ʇʨʦʜʚʠʥʫʪʳʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʙʘʟʫ ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪ 

ʢʘʢ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʘʢ ʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʫʨʦʚʥʷ 

ʦʩʚʦʝʥʠʷ ʟʥʘʥʠʡ. 

ɿʘʥʷʪʠʷ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʣʝʢʮʠʠ, ʜʦʩʪʫʧ ʢ ʫʜʘʣʝʥʥʦʤʫ ʢʦʥʪʝʥʪʫ, ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʠ 

ʪʝʩʪʦʚ, ʟʘʥʷʪʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʪ-ʪʝʭʥʦʣʦʛʠʡ. [3] 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʦʙʫʯʝʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ 

ʦʙʫʯʘʝʤʦʤʫ ʙʦʣʝʝ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʦʚʣʘʜʝʥʠʶ ʪʨʝʙʫʝʤʳʤ ʢʦʥʪʝʥʪʦʤ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 

1. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʆ Moodle. 

2. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʣʘʡʜ-ʰʦʫ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.. 

3. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʪʝʩʪʦʚʳʭ ʠ ʟʘʯʝʪʥʳʭ ʟʘʜʘʥʠʡ. 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʦʙʫʯʝʥʠʶ ʷʟʳʢʘʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʣʦʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʙʦʪʳ ʩ RAD ʩʠʩʪʝʤʘʤʠ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʠʟʫʯʝʥʠʷ ʢʦʥʪʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʇʆ çʀʟʫʯʘʝʤ C++è, çʀʟʫʯʘʝʤ Javaè, ʚ ʢʦʪʦʨʦʤ 

ʦʙʫʯʘʝʤʳʡ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚ ʚʠʜʝ ʧʦʜʩʢʘʟʦʢ ʠ ʟʚʫʢʦʚʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. ɺʝʩʴ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ 

ʨʘʟʙʠʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ. ɺ ʢʦʥʮʝ ʦʩʚʦʝʥʠʷ ʢʘʞʜʦʡ ʪʝʤʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥ ʪʨʝʥʠʥʛ ʧʦ ʪʝʤʝ ʠ 

ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ. ʊʘʢʦʡ ʢʦʥʪʝʥʪ ʤʦʞʝʪ ʙʳʪ ɹʜʦʩʪʫʧʝʥ ʢʘʢ ʫʜʘʣʝʥʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʊʫʨʝʙʝʢʦʚʘ ɸ. ɾ.  ï ʤʘʛʠʩʪʨʘʥʪ ʂʘʟɸʊʂ ʠʤ. ʄ. ʊʳʥʳʰʧʘʝʚʘ (ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ʆɹʆʉʅʆɺɸʅʀɽ ɺɸʈʀɸʅʊɸ ʇʆʉʊʈʆɽʅʀʗ ʉɽʊʀ ʇɽʈɽɼɸʏʀ ɼʃʗ ʆʇʊʆ-

ʕʃɽʂʊʈʆʅʅʆʁ ʉʀʉʊɽʄʓ ʅɸɹʃʖɼɽʅʀʗ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʣʠ ʯʘʱʝ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʚʩrʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʚʠʜʝʦʩʠʛʥʘʣʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʘʭ 

ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, ʥʦ ʠ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

ʆʙʣʘʜʘʷ ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʦʧʪʦʚʦʣʦʢʦʥʥʘʷ ʣʠʥʠʷ ʩʚʷʟʠ ʩʧʦʩʦʙʥʘ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʚʠʜʝʦʩʠʛʥʘʣʳ 

ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʠʣʠʪʝʣʝʡ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʯʝʨʝʟ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 

ʤʠʣʣʠʘʨʜʦʚ ʙʠʪ/ʩ ʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʢʦʨʦʩʪʠ ʠ ʦʙʲʝʤʝ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʣʠʙʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʠʜʝʦʩʠʛʥʘʣʦʚ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʡ ʢʘʤʝʨʳ ʩ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʧʪʦʚʦʣʦʢʥʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤʘʭ,ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʟʨʘʯʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʩʚʝʪ ʦʪ ʦʜʥʦʛʦ ʢʦʥʮʘ ʜʦ ʜʨʫʛʦʛʦ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ, 

ʪʘʢʦʝ ʦʧʪʦʚʦʣʦʢʥʦ ʩʦʩʪʦʠʪ ʠʟ ʷʜʨʘ, ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ. ʗʜʨʦ ʠ 

ʦʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʦʙʳʯʥʦ ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʪʝʢʣʘ, ʨʝʞʝ - ʧʣʘʩʪʠʢʘ,ʟʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʟ ʧʣʘʩʪʠʢʘ. ʗʜʨʦ ʦʧʪʦʚʦʣʦʢʥʘ ʧʨʦʧʫʩʢʘʝʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ, ʘ ʦʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʚ ʷʜʨʝ ʠ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʝ ʧʦ ʚʩʝʡ ʜʣʠʥʝ. 

ɿʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʟʘʱʠʪʳ ʷʜʨʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʦʪ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʊʦʣʱʠʥʘ ʦʧʪʦʚʦʣʦʢʥʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʦʣʱʠʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʣʦʩʘ (125 ʤʢʤ ï 

ʦʧʪʦʚʦʣʦʢʥʦ, 85 ʤʢʤ ï ʚʦʣʦʩ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ ʜʚʘ ʪʠʧʘ ʦʧʪʦʚʦʣʦʢʥʘ: ʦʜʥʦʤʦʜʦʚʦʝ 

ʦʧʪʦʚʦʣʦʢʥʦ - ʩ ʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʜʝʦʩʠʛʥʘʣʘ ʧʦ ʷʜʨʫ ʦʧʪʦʚʦʣʦʢʥʘ ʠ 

ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ ï ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʧʦ 

ʦʧʪʦʚʦʣʦʢʥʫ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷ 

1-5 ʢʤ, ʘ ʦʜʥʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ ï ʥʘ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤʠ 

ʧʦʪʝʨʷʤʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʛʥʘʣʘ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʤʦʜʦʚʳʤ. ɺ ʪʦ 
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ʞʝ ʚʨʝʤʷ ʦʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʪʦʠʪ ʥʘʤʥʦʛʦ ʜʦʨʦʞʝ, ʯʝʤ ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ. ʆʜʥʘʢʦ, 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʯʘʱʝ ʚʩʝʛʦ ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜʘʯʫ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʥʦ ʠ ʘʫʜʠʦʩʠʛʥʘʣʘ ʠ 

ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʧʪʦʚʦʣʦʢʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʧʪʦʚʦʣʦʢʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʧʝʨʝʜʘʪʯʠʢ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʠʜʝʦʩʠʛʥʘʣʳ ʚ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʠʝʤʥʠʢ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ 

ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʠʜʝʦʩʠʛʥʘʣʳ ʠ ʩʦʙʩʪʚʝʥʥʦ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, 

ʩʦʝʜʠʥʷʶʱʝʝ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ. ʆʙʣʘʜʘʷ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʚʠʜʝʦʩʠʛʥʘʣʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʢʦʘʢʩʠʘʣʴʥʳʝ ʠ ʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʦʚ. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʩʚʝʪʦʚʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʦʧʪʦʚʦʣʦʢʥʫ. ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʨʝʜʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ ʤʦʜʫʣʷ ʩʠʩʪʝʤʳ, ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 10 

ʤʠʣʣʠʘʨʜʦʚ ʙʠʪ/ʩ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ IFS 

http://www.armosystems.ru/system/cctv_optic_transivers.ahtm
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ʈʘʙʦʪʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ɺʩʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ.ʅʘ ʧʝʨʝʜʘʶʱʝʤ ʢʦʥʮʝ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʥʘʭʦʜʠʪʩʷ 

ʩʚʝʪʦʜʠʦʜ ʠʣʠ ʣʘʟʝʨʥʳʡ ʜʠʦʜ, ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʜʫʣʠʨʫʝʪʩʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʝʨʝʜʘʚʘʝʤʳʤ 

ʩʠʛʥʘʣʦʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚʠʜʝʦʩʠʛʥʘʣ ʦʪ ʪʝʣʝʢʘʤʝʨʳ, ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʦʨʦʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʪʝʣʝʢʘʤʝʨʳ, 

ʘʫʜʠʦʩʠʛʥʘʣ ʠ ʜʨʫʛʠʝ ʩʠʛʥʘʣʳ, ʧʦʜʣʝʞʘʱʠʝ ʧʝʨʝʜʘʯʝ. ʇʨʝʞʜʝ ʯʝʤ ʥʘʧʨʘʚʠʪʴ ʪʘʢʦʡ ʩʠʛʥʘʣ ʥʘ 

ʠʟʣʫʯʘʶʱʠʡ ʩʚʝʪʦʜʠʦʜ, ʦʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʫʣʠʨʫʝʪʩʷ ʚ ʘʤʧʣʠʪʫʜʥʦʤ, ʯʘʩʪʦʪʥʦʤ ʠʣʠ 

ʠʤʧʫʣʴʩʥʦʤ ʤʦʜʫʣʷʪʦʨʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʠʩʪʝʤʝ ʪʘʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʚ 

ʧʝʨʝʜʘʪʯʠʢʝ ʚ ʧʘʨʝ ʩ ʜʝʤʦʜʫʣʷʪʦʨʦʤ ʧʨʠʝʤʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʧʦ 

ʦʧʪʦʚʦʣʦʢʥʫ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

ʊʠʧʳ ʤʦʜʫʣʷʮʠʠ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʦʜʥʦʤʫ ʦʧʪʦʚʦʣʦʢʥʫ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʚʨʝʤʝʥʥʦʛʦ ʠ ʯʘʩʪʦʪʥʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʦʧʪʠʯʝʩʢʠʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʩ ʯʘʩʪʦʪʥʳʤ (ʩʧʝʢʪʨʘʣʴʥʳʤ) ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʚ ʦʜʠʥ. ʂʘʞʜʳʡ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʝʪʩʷ 

ʣʫʯʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ. ʕʪʠ ʣʫʯʠ ʧʨʦʭʦʜʷʪ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʥʝʟʘʚʠʩʠʤʦ ʠ 

ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʦʡ ʚʠʜ ʤʦʜʫʣʷʮʠʠ ʥʘʟʳʚʘʝʪʩʷ WDM (wavelength division 

multiplexing). ʆʥ ʧʦʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʜʚʫʥʘʧʨʘʚʣʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʨʫʛʠʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ 

ʩʠʩʪʝʤʳ: 

32 ʢʘʥʘʣʴʥʳʡ ʧʝʨʝʜʘʪʯʠʢ ʚʠʜʝʦʩʠʛʥʘʣʘ VT73230 ʠ ʩʦʚʤʝʩʪʠʤʳʡ ʩ ʥʠʤ ʧʨʠʝʤʥʠʢ 

ʚʠʜʝʦʩʠʛʥʘʣʘ VR73230 ʠʩʧʦʣʴʟʫʶʪ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ CWDM 

ʠʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʫʧʣʦʪʥʝʥʠʷ ʢʘʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʦʜʥʦʤʫ ʦʧʪʦʚʦʣʦʢʥʫ, ʯʝʤ 

ʧʝʨʝʜʘʪʯʠʢʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ WDM. ʇʦʤʠʤʦ 16 ʢʘʥʘʣʦʚ ʚʠʜʝʦ, ʵʪʠ ʦʧʪʠʯʝʩʢʠʝ ʧʝʨʝʜʘʪʯʠʢʠ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 8 ʢʘʥʘʣʦʚ ʘʫʜʠʦ ʠ 8 ʢʘʥʘʣʦʚ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ. ʇʨʠ 

ʵʪʦʤ ʜʘʣʴʥʦʩʪʴ ʪʘʢʦʡ ʜʚʦʡʢʠ ʧʨʠʝʤʘ-ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 40 ʢʤ. 

ʇʝʨʝʜʘʪʯʠʢ ʚʠʜʝʦʩʠʛʥʘʣʘ-ʧʨʠʝʤʥʠʢ ʜʘʥʥʳʭ VT1500WDM ʠ ʧʨʠʝʤʥʠʢ ʚʠʜʝʦʩʠʛʥʘʣʘ-

ʧʝʨʝʜʘʪʯʠʢ ʜʘʥʥʳʭ VRW1500DM ʦʨʛʘʥʠʟʫʶʪ ʜʚʫʥʘʧʨʘʚʣʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ 

ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʤʥʦʛʦʤʦʜʦʚʦʤʫ ʚʦʣʦʢʥʫ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 3 ʢʤ. ʇʨʠ ʵʪʦʤʧʝʨʝʜʘʪʯʠʢ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʨʘʙʦʪʘʝʪ ʥʘ ʩʚʝʪʦʚʳʭ ʚʦʣʥʘʭ ʩ ʜʣʠʥʦʡ 850 ʥʤ, ʘ ʧʝʨʝʜʘʯʘ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʦʨʦʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 1310 ʥʤ. ɸʥʘʣʦʛʠʯʥʘʷ ʦʧʪʦʚʦʣʦʢʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ- VT1530WDMʠ VR1530WDM, ʠʤʝʝʪ 

ʜʘʣʴʥʦʩʪʴ ʜʦ 39 ʢʤ. ɺʩʝ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ ʵʪʦʡ ʩʝʨʠʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʠʜʝʦʩʠʛʥʘʣ ʚ ʬʦʨʤʘʪʘʭ 

NTSC, PAL, SECAM ʦʪ ʪʝʣʝʢʘʤʝʨ ʣʶʙʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʮʠʬʨʦʚʳʝ ʠʥʪʝʨʬʝʡʩʳ RS-232 

ʠ RS-422. 

ɺʳʚʦʜʳ: ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʚʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʤʦʜʫʣʠʨʫʝʪʩʷ ʧʦ ʷʨʢʦʩʪʠ ʚ 

ʪʘʢʪ ʩ ʧʝʨʝʜʘʚʘʝʤʳʤ ʩʠʛʥʘʣʦʤ ʤʦʜʫʣʷʪʦʨʘ. ʆʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ 

ʣʠʥʠʠ ʥʘ ʧʨʠʝʤʥʳʡ ʤʦʜʫʣʴ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʬʦʪʦʜʠʦʜ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʧʦ 

ʷʨʢʦʩʪʠ ʩʚʝʪ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʇʦʩʣʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʦʥ ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʝʤʦʜʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪ ʧʨʠʥʷʪʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʩʠʛʥʘʣ ʥʘ ʩʠʛʥʘʣʳ ʦʪʜʝʣʴʥʳʭ ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʘʥʘʣʦʚ. ɺʠʜ ʤʦʜʫʣʷʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʩʠʛʥʘʣʦʚ ʚʳʙʠʨʘʝʪʩʷ, ʠʩʭʦʜʷ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʧʪʠʢʦʵʣʝʢʪʨʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʪʠʧʘ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʚʠʜʝʦʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʦʙʨʘʟʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ, ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʘʪʤʦʩʬʝʨʥʦʡ 

ʢʦʨʨʝʢʮʠʝʡ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʦʡ. 
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ʋʨʤʘʰʝʚ ɹ.ɸ. ïᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘױ ץʣʪʪʳץ ʋʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

ɾʘʙʘʡ ʅ.ɸ.ïᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘױ ץʣʪʪʳץ ʋʥʠʚʝʨʩʠʪʝʪʽ (פʘʟʘץʩʪʘʥ, ɸʣʤʘʪʳ) 

 

ɸʋʓɿɽʂɯ ʉᴆɿɼɯ ʅɽʁʈʆʅɼʓפ ɾɽʃɯʃɽʈɼɯר ʂᴆʄɽɻɯʄɽʅ ɸʁʓʈʓʇ ʊɸʅʋ 

 

ɸʫʳʟʝʢʽ ʩᴇʟʜʝʨ ʘʜʘʤʟʘʪ ʪʘʨʠʭʳʥʜʘ ʝש ʢᴇʧ ʪʘʨʘסʘʥ ʪʽʣʜʝʩʫʜʽש ʪװʨʽ. ʉᴇʡʣʝʩʫʜʽש ʫʘץʳʪ ᴇʪʝ 

ʢʝʤʝʣʜʝʥʛʝʥʽ ʩʦʥʰʘʣʳץʪʳ, ʢʝʡʜʝ ʘʡʪʳʣסʘʥ ʩᴇʟʙʝʥ ץʦʣʞʘʟʙʘסʘ ץʘʨʘסʘʥʜʘ ᴅʣʜʝ ץʘʡʜʘ ʢᴇʧ ʘץʧʘʨʘʪ 

ʙʝʨʫʛʝ ʙʦʣʘʜʳ. ʉʦʣ װʰʽʥ ʘʫʳʟʝʢʽ ʩᴇʟʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪʘʥʫ (automated speech recognition ï ASR) 

ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳ ʜʠʢʪʦʨ ʢᴇʤʝʛʽʤʝʥ ʪʝʢʩʪʽ ʘʚʪʦʤʘʪʪʳ ʝʥʛʽʟʫʜʝʥ ʙʘʩʪʘʧ, 

 ʢᴇʣʝʤʜʝ שʩʘʪ ʙʝʨʫʜʽ ʪʝʢʩʝʨʫʛʝ ʜʝʡʽʥ ʢʝץײʥʝʛʽʟʽʥʜʝ ʨ שʙʘʥʳשʦʣʪʘץ ʨʫ, ʩᴇʟʜʽʢײץ ʡʝʩʽʥװʘʫʳʧʩʽʟʜʽʢ ʞץ

 .ʪʘ ASR ᴇʥʽʤʜʝʨʽ ʢᴇʧʪʝʧ ʢʝʟʜʝʩʝʜʽ [2]ץʜʘ ʥʘʨʳשʘʟʽʨʛʽ ʪʘפ .ʘ ʩʝʙʝʧ ʙʦʣʘʨ ʝʜʽסʦʣʜʘʥʫץ

ʂʦʤʧʴʶʪʝʨʜʽ ʪʘʙʠסʠ ʜʳʙʳʩʪʳץ ʠʥʪʝʨʬʝʡʩ ʘʨץʳʣʳ ʘʜʘʤʤʝʥ ʪʽʣʜʝʩʫʛʝ װʡʨʝʪʫ ᴅʨʝʢʝʪʽ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷ ʧʘʡʜʘ ʙʦʣסʘʥʥʘʥ ʙʘʩʪʘʧ ʞװʨʽʧ ʞʘʪʳʨ. ʂᴇʧ ʞʳʣʜʳץ ʟʝʨʪʪʝʫ ʧʨʦʮʝʩʽ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʙײʣ ʤᴅʩʝʣʝʥʽש ʰʝʰʽʤʽʥ ʪʘʙʫ װʰʽʥ ʪʝʢ ʙʘסʜʘʨʣʘʤʘʰʳʣʘʨ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʽʣ 

 ʳʣʳʤʳ ʤʘʤʘʥʜʘʨʳʥ, ʨʘʜʠʦʠʥʞʝʥʝʨʣʝʨʜʽ, ʤʘʪʝʤʘʪʠʢʪʝʨ ʤʝʥ ʙʠʦʣʦʛʪʘʨʜʳ, ʧʩʠʭʦʣʦʛʪʘʨʜʳס

ʰʘץʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʥʳץʪʘʣʜʳ [4]. 

ɹʽʨʽʥʰʽ ʢʝʟʝʢʪʝ ʘʫʘ ʪʝʨʙʝʣʽʩʽʥ ʤʠʢʨʦʬʦʥʥʳש ʢᴇʤʝʛʽʤʝʥ ʵʣʝʢʪʨ ʩʠʛʥʘʣʜʘʨʳʥʘ ʪװʨʣʝʥʜʽʨʽʧ, 

ʢʝʜʝʨʛʽ ʤʝʥ ʰʫʜʘʥ ʬʠʣʴʪʨʣʝʫ ʢʝʨʝʢ. ɸʣ ʪʽʣ ʤʘʤʘʥʜʘʨʳ ʩᴇʟʜʽײץ שʨʳʣʳʤʳʥ װʡʨʝʥʫʛʝ, ʢʽʨʽʩ 

ʘסʳʥʳʥʜʘסʳ ʙʘסʜʘʨʣʘʤʘʥʳש ʘʡʳʨʳʧ ʪʘʥʫסʘ ץʘʞʝʪʪʽ ʩᴇʟ ʵʣʝʤʝʥʪʪʝʨʽʥ (ʬʦʥʝʤ, ʤʦʨʬʝʤ, ʙʫʳʥ ʪ.ʩ.ʩ.) 

ʝʨʝʢʰʝʣʝʣʝʫʛʝ ץʘʞʝʪ. ʊʽʣ סʳʣʳʤʳ ʘʡʳʨʳʧ ʪʘʥʫ ʤʝʥ ʩᴇʟ ʩʠʥʪʝʟʽ ʞװʡʝʣʝʨʽʥ ײץʨʫ ʢʝʟʽʥʜʝ ʝʩʢʝʨʽʣʫʽ 

 .ʘʞʝʪʪʽ ʩᴇʟ ʘʩʧʝʢʪʽʣʝʨʽʥ ʟʝʨʪʪʝʡʜʽ [1]ץ

ʊײʪʘʩ ʩᴇʟ ʜʳʙʳʩʳ װʡʣʝʩʽʤʜʽ ʞʠʽʣʽʢʪʝ װʟʜʽʢʩʽʟ ᴇʟʛʝʨʝʪʽʥ ʩʧʝʢʪʨ ʤʝʥ ʰʫʜʘʥ ʪײʨʘʜʳ. ɼʘʫʳʩ 

 ʙʽʨ ʩᴇʟʜʽ שʨʣʽ ʘʜʘʤʜʘʨʜʳװʘʪʘʨ, ᴅʨʪץ ʨʘʜʳ. ʉʦʥʳʤʝʥײʳ ʤʝʥ ʩᴇʟ ʝʢʧʽʥʽ ʜʝ ʪʝʟ ᴇʟʛʝʨʽʧ ʪסʘʪʪʳʣʳץ

ʘʡʪʫʳʥʳש ᴇʟʽ ʥʝʤʝʩʝ ʙʽʨ ʘʜʘʤʥʳש ᴅʨʪװʨʣʽ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʘסʳ ʙʽʨ ʩᴇʟʜʽ ץʘʡʪʘʣʘʫʳ ᴅʨʪװʨʣʽ 

ʩʧʝʢʪʨʣʽʢ ʪװʨʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ᴅʨʪװʨʣʽ ʘʜʘʤʜʘʨʜʳש ʩᴇʟʜʝʨʽʥ ʘʡʳʨʳʧ ʪʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ᴅʤʙʝʙʘʧ ʞװʡʝʣʝʨʜʽ ײץʨʫʜʳ ץʠʳʥʜʘʪʘʜʳ [6]. 

ʉʘʥʜʳץ ʪװʨʛʝ ʪװʨʣʝʥʛʝʥ ʜʳʙʳʩʪʘʥ ʣʠʥʛʚʠʩʪʠʢʘʣʳײץ ץʨʳʣʳʤʜʳ ʰʳסʘʨʳʧ ʘʣʫ 

 ʥʝʤʝʩʝ ץʳʣʘʨʤʝʥ (ʘʧʘʨʘʪʪʳסʨʳʣײץ ʨʣʽ ʢʦʤʧʴʶʪʝʨʣʽʢװᴅʜʽʩʪʝʨ ᴅʨʪ ץʰʽʥʤʘʪʝʤʘʪʠʢʘʣʳװ

ʙʘסʜʘʨʣʘʤʘʣʳץ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨ) װʡʣʝʩʽʤʜʽ ʪװʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʫʳʟʝʢʽ ʩᴇʟʜʝʨʽʥʽש ʩʘʥʜʳץ ʙʝʡʥʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ɿʘʤʘʥʘʫʠ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨ ʜʳʙʳʩʪʳ ʩʘʥʜʳץ ʬʦʨʤʘʪʪʘ ʞʘʟʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʜʳʙʳʩʪʳץ ʢʘʨʪʘʣʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ʉʘʥʜʳץ ʪװʨʜʝ ײʩʳʥʳʣסʘʥ ʜʳʙʳʩʪʳץ ʩʠʛʥʘʣ ʜʳʙʳʩʪʳץ 

ʙʝʡʥʝʜʝʛʽ ץʘʩʠʝʪʪʝʨʽʥ ʩʘץʪʘʡ ʘʣʘʪʳʥʜʘʡ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʞʠʽʣʽʛʽʥʜʝ ʙʦʣʫ ʢʝʨʝʢ, ʙʽʨʘץ ʘץʧʘʨʘʪʪʳץ 

ʰʳסʳʥ ʢᴇʧ ʙʦʣʤʘʩ װʰʽʥ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʞʠʽʣʽʛʽ ᴇʪʝ װʣʢʝʥ ʙʦʣʤʘʫʳ ʢʝʨʝʢ. פʘʨʘʧʘʡʳʤ ʞʘסʜʘʡʜʘ 

8ʢɻʮ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʞʠʽʣʽʛʽ ײʩʳʥʳʣʘʜʳ [5]. 

ʉᴇʟʜʽש ʤײʥʜʘʡ ʢᴇʨʽʥʽʩʽʥʜʝ ʘʡʳʨʳʧ ʪʘʥʫʜʳש ʝʢʽ ʤᴅʩʝʣʝʩʽ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹʽʨʽʥʰʽʩʽ ʘʡʳʨʳʧ 

ʪʘʥʫ ʽʨʽʢʪʝʫʽʥʽװ שʣʢʝʥ ʢᴇʣʝʤʽ, ʘʣ ʝʢʽʥʰʽʩʽ ʘʫʳʟʝʢʽ ʩᴇʟʜʝʨʽʥʽש ʩʘʥʜʳץ ʢᴇʨʽʥʽʩʪʝʛʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʪײʨʘץʩʳʟʜʳסʳ. ʉʦʣ װʰʽʥ ʘץʧʘʨʘʪʪʳ ʞʦסʘʣʪʧʘʡ ʩᴇʟʜʽש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʝʨʝʢʰʝʣʝʧ, ʩʦʥʳʤʝʥ 

ʙʽʨ ʤʝʟʛʽʣʜʝ ʦʣʘʨʜʳש ʙʝʡʥʝʩʽʥ ʩʳסʘʪʳʥ ᴅʜʽʩ ץʘʞʝʪ. פʘʟʽʨʛʽ ʢʝʟʜʝʛʽ ʜʳʙʳʩʪʳץ ʩʠʛʥʘʣʜʘʨʜʳ ʘʥʘʣʠʟ 

ʞʘʩʘʫ ᴅʜʽʩʪʝʨʽʥ ʰʘʨʪʪʳ ʪװʨʜʝ װʰ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ [5]. 
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1-ʩʫʨʝʪ. ʉᴇʟʜʽש ʛʨʘʬʠʢʘʣʳץ ʞᴅʥʝ ʩʧʝʢʪʨʣʽʢ ʢᴇʨʽʥʽʩʽ. 

 

ʆʣʘʨ ʧʘʨʘʤʝʪʨʣʽʢ, ʬʦʥʝʪʠʢʘʣʳץ ʞᴅʥʝ ʘʢʫʩʪʠʢʘʣʳץ ʝʤʝʩ ᴅʜʽʩʪʝʨ. ʇʘʨʘʤʝʪʨʣʽʢ ᴅʜʽʩʪʝʨ 

ʜʳʙʳʩʪʳץ ʩʠʛʥʘʣʜʘʨʜʳש ʫʘץʳʪ ʙʦʡʳʥʰʘ ʙʽʨʰʘʤʘ ʧʨʦʮʝʩʪʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʧ, ʦʩʳ 

ʧʨʦʮʝʩʪʽש ʢʝʡʙʽʨ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʨʝʢʰʝʣʝʧ ʘʣʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʂᴇʙʽʥʝʩʝ ʦʥʳʥ ʩʧʝʢʪʨʣʽʢ 

ʩʠʧʘʪʪʘʤʘʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʩʦʣ ʥʝʤʝʩʝ ʙʘʩץʘ ʙʝʡʥʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ɹײʣ ᴅʜʽʩʪʝʨʛʝ: 

¶ ʩʧʝʢʪʨʣʽʢ-ʩʳʟʳץʪʳץ; 

¶ ʦʨʪʦʛʦʥʘʣʴʜʽ; 

¶ ʩʧʝʢʪʨʜʽ ʌʫʨʴʝʥʽש ʞʳʣʜʘʤ ᴇʟʛʝʨʪʫʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʪʽʢʝʣʝʡ ʝʩʝʧʪʝʫ ᴅʜʽʩʽ ʞʘʪʘʜʳ; 

ɹʽʟ ʌʫʨʴʝ ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʧ ʩᴇʟʜʝʨ ײʟʳʥʜʳסʳ 15 ʤʩ ײץʨʘʡʪʳʥʪʝשʜʝʡ ʘʨʘʣʳץʪʘʨסʘ ʙᴇʣʝʤʽʟ, 

ʙײʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʙʝʣʛʽʣʝʥʛʝʥ ʢʝʩʪʝʣʽʢ ʬʫʥʢʮʠʷ f(t) ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʆʩʳʜʘʥ ʢʝʡʽʥ ᴅʨ ʘʫʤʘװ ץʰʽʥ ʘʤʧʣʠʪʫʜʘ ʍk װʡʣʝʩʽʤʜʝʨʽʥʽש ʞʠʳʥʪʳסʳʥ 100, 200, 300, ..., 1500 ɻʮ 

ʞʠʽʣʽʢʪʝ ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʡʤʽʟ [6]. 

 

 
 

ɸʣʳʥסʘʥ ʤᴅʥʛʝ ʍʵʤʤʠʥʛ ʬʫʥʢʮʠʷʩʳʥ ץʦʣʜʘʥʘʤʳʟ: 

 

 
 

 :ʨʽʥʜʝ ʙʦʣʘʜʳװʦʨʳʪʳʥʜʳ ʢʝʣʝʩʽ ʚʝʢʪʦʨ ʪפ

 

 
 

ʅʝʡʨʦʘʣʛʦʨʠʪʤʜʽ ײץʨʫ ʞᴅʥʝ ʥʝʡʨʦʞʝʣʽʣʝʨʜʽ ʦץʳʪʫ 
ʂᴇʧ ץʘʙʘʪʪʳ ʪʽʟʙʝʢʪʝʣʛʝʥ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʥʝʡʨʦ ʞʝʣʽʛʝ ʦʣʘʨʜʳש ʞʝʣʽʜʝʛʽ ʥʝʡʨʦʥʜʘʨʳʥʳש 

ʞʘʣʧʳ ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʳ ʙʘʨ ʙʝʣʛʽʣʽ ʙʽʨ ʪʦʧ ï ץʘʙʘʪʪʘʨסʘ ʙᴇʣʽʥʫʽ, ʞᴅʥʝ ʜʝ ʘסʳʤʜʳץ ץʘʙʘʪʪʳש ᴅʨʙʽʨ 

ʥʝʡʨʦʥʳ ʘʣʜʳסשʳ ץʘʙʘʪʪʘסʳ ʙʘʨʣʳץ ʰʳסʳʩ ʩʠʛʥʘʣʜʘʨסʘ ʙʝʨʽʣʫʽ ʪᴅʥ ײץʙʳʣʳʩ. ɸסʳʤʜʳץ ץʘʙʘʪ 

ʙʽʨʽʥʰʽ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ײץʨʘʤʳʥʜʘסʳ ᴅʨʙʽʨ ʥʝʡʨʦʥסʘ ʩʳʨʪץʳ ʢʽʨʽʩ ʩʠʛʥʘʣʳʥʳש ʙʘʨʣʳץ 

ʵʣʝʤʝʥʪʪʝʨʽ ʙʝʨʽʣʝʜʽ [1]. 

ʅʝʡʨʦʥʜʘʨ ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʩʘʣʤʘץʪʘʥסʘʥ ץʦʩʳʥʜʳʩʳʥ ʦʨʳʥʜʘʡʜʳ. ʉᴅʡʢʝʩ 

ʩʠʥʘʧʪʠʢʘʣʳץ ʩʘʣʤʘץץʘ ʢᴇʙʝʡʪʽʣʛʝʥ ʢʽʨʽʩ ʩʠʛʥʘʣ ʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʦʩʳʥʜʳʩʳ ʥʘʥʝʡʨʦʥʥʳש ʦʨʳʥ 
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ʘʫʳʩʪʳʨʫʳ ץʦʩʳʣʘʜʳ. פʦʩʳʥʜʳʥʳש ʥᴅʪʠʞʝʩʽʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʪװʨʣʝʥʜʽʨʫʽïʙʝʣʩʝʥʜʽʣʝʥʜʽʨʫ 

ʬʫʥʢʮʠʷʩʳ ʦʨʳʥʜʘʣʘʜʳ[3]. 

 

 
 

2-ʩʫʨʝʪ. ʅʝʡʨʦʞʝʣʽʥʽװ שʰ ץʘʙʘʪʪʳ ʞװʡʝʩʽ. 

 

ʅʝʡʨʦʥʥʳש ʰʳסʳʩʳ ʙʝʣʩʝʥʜʽʣʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳʥʳש ʤᴅʥʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʡʳʨʳʧ ʪʘʥʫ ʞװʡʝʣʝʨʽʥʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʘ ʙʦʣʘʰʘסʳ ʟʦʨ ʪᴅʩʽʣʜʝʨʜʽש ʙʽʨʽ ʞʘʩʘʥʜʳ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫ. ɼʳʙʳʩʪʳץ ʙʝʡʥʝʥʽ ʘʡʳʨʳʧ ʪʘʥʫ װʰʽʥ ʢᴇʧ ץʘʙʘʪʪʳ ʙʽʨ ʪʝʢʪʽ ץʘʪʝʥʽ 

ʢʝʨʽ ʪʘʨʘʪʫ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʩʽ ץʦʣʜʘʥʳʣʜʳ. 

ɹʽʟʜʽש ʥʝʡʨʦʞʝʣʽʤʽʟʜʝʛʽ ʘʫʳʟʝʢʽʩᴇʟʜʽ ʘʡʳʨʳʧ ʪʘʥʫ ʥʝʡʨʦʘʣʛʦʨʠʪʤʽ ʢʝʣʝʩʽʜʝʡ 

ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: 

1. ʞʝʣʽʥʽש ʢʽʨʽʩ ʩʠʛʥʘʣʳ ï ʍ ʚʝʢʪʦʨʳ; 

2. ʰʳסʳʩ ʩʠʛʥʘʣʳ ï Y ʚʝʢʪʦʨʳ; 

 ;ʨʳʩ ʢʦʜʳײʜ שʳʩ ʩʠʛʥʘʣʳ ï ʩᴇʟʜʽ ʘʡʳʨʳʧ ʪʘʥʫʜʳסʘʣʘʫʣʳ ʰʳץ .3

4. ʥʝʡʨʦʞʝʣʽ ײץʨʳʣʳʤʳ ï װʰ ץʘʙʘʪʪʳ ʪʦʣʳץ ʨʝʪʪʽ ʙʘʡʣʘʥʳʩʪʘʥ ʪײʨʘʜʳ; 

5. ʥʝʡʨʦʞʝʣʽ ץʘʪʝʣʽʢ ʬʫʥʢʮʠʷʩʳïʥʘץʪʳ ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳץ שʘʣʘʫʣʳ ʩʠʛʥʘʣʜʘʥ ʘʫʳʪץʫʳ; 

6. ʦץʳʪʫ ʩʘʧʘʩʳʥʳש ʙʝʣʛʽʩʽ ï ʦץʳʪʳʣʳʧ ʞʘʪץʘʥ ʞʠʳʥʜʘʨʜʳ ʘʡʳʨʳʧ ʪʘʥʫʜʳש ʤʠʥʠʤʫʤ 

 ;ʘʪʝʣʽʛʽץ

7. ʩʘʣʤʘץ ʢʦʵʬʬʠʮʠʝʥʪʽ ï ʞʝʣʽʥʽש ʰʳסʳʩ ʞᴅʥʝ ʞʘʩʳʨʳʥ ץʘʙʘʪʳʥʘ ʞʘʪʘʪʳʥ ʙװʪʽʥ ʩʘʥʜʘʨ 

ʤʘʪʨʠʮʘʩʳ; 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽ 

ʅʝʡʨʦʞʝʣʽʣʽʢ ᴅʜʽʩʪʽש ʪʠʽʤʜʽʣʽʛʽ ʤʳʩʘʣ ʨʝʪʽʥʜʝ ʙʝʩ ʩᴇʟʜʽ ʘʡʳʨʳʧ ʪʘʥʫʤʝʥ ʙʘסʘʣʘʥʜʳ. 

ɾʝʣʽʥʽ װʡʨʝʥʫ װʰʽʥ ᴅʨ ʩᴇʟʜʽ ʦʥ ʨʝʪʪʝʥ ʞʠʳʨʤʘ ʙʝʩ ʨʝʪʢʝ ʜʝʡʽʥ ץʘʡʪʘʣʘʧ ʦץʫ ʞʠʳʥʳ ײץʨʳʣʜʳ. 

ʆץʳʪʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʞʝʣʽʥʽ ʙʘʧʪʘʫ ʧʨʦʮʝʩʽʥʜʝ ᴇʟʛʝʨʛʝʥ ʞʦץ. ɾʝʣʽʥʘץʪʳ ʰʳסʳʩ 

ʩʠʛʥʘʣʳʤʝʥ ץʘʣʘʫʣʳ ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʘʨʘʩʳʥʜʘסʳ ʤʘʢʩʠʤʘʣʜʳ ʘʡʳʨʤʘʰʳʣʳץ ʙʝʣʛʽʣʝʥʛʝʥ 

ʰʘʤʘʜʘʥ ɝ=0,2 ʘʩʧʘסʘʥ ʞʘסʜʘʡʜʘ ʦץʳʪʳʣסʘʥ ʙʦʣʳʧ ʩʘʥʘʣʜʳ. ʆץʳʪʳʣסʘʥ ʞʝʣʽʥʽ ʪʝʩʪʽʣʝʫ װʰʽʥ 

ʦץʳʪʳʣסʘʥ ʞʠʳʥסʘ ʞʘʪʧʘʡʪʳʥ 50 ʩᴇʟʜʽʢ ʙʝʡʥʝʥʽש ʞʠʳʥʳ ץʦʣʜʘʥʳʣʜʳ. ɸʡʳʨʳʧ ʪʘʥʫ ʩʘʧʘʩʳ ᴅʨ 

ʩᴇʟʜʽ10, 15, 20, 25 ʥײʩץʘʜʘ ʘʡʪʫ ʘʨץʳʣʳ ʦץʳʪʳʣסʘʥ ʞʝʣʽʜʝ ʙʘסʘʣʘʥʜʳ. ʆץʳʪʫ װʣʛʽʩʽʥ 15-ʪʝʥ ʘʩʳʨʫ 

ʘʡʳʨʳʧ ʪʘʥʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʤʘʡʪʳʥʳ ʙʘʡץʘʣʜʳ. ʉʦʣ װʰʽʥ ASR ʞװʡʝʣʝʨʽʥ ײץʨʫ ʢʝʟʽʥʜʝ ᴅʨ ʩᴇʟʜʽש 

15 ʙʝʡʥʝʣʽ ʪʽʟʙʝʩʽʥ ʩʘץʪʘʫ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʘʜʳ. 

ʅʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʩʘʣʤʘץ ץʦʵʬʬʠʮʠʝʥʪʽʥʽש ʙʘʩʪʘʧץʳ ʤᴅʥʽʥʽש ʦʩʳ ʞʝʣʽʥʽ ʦץʳʪʫ 

ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʩʘʧʘʩʳʥʘ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. ɾʝʣʽ Dual-Core CPU T3500 ʙʘʟʘʣʳ 2,1 GHz ʞʠʽʣʽʢʪʽ 

ʢʦʤʧʴʶʪʝʨʜʝ ʦʨʪʘ ʝʩʝʧʧʝʥ 80 ʩʝʢʫʥʜ ʦץʳʪʳʣʜʳ. 

 ʦʨʳʪʳʥʜʳפ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽ ʘʫʳʟʝʢʽ ʩᴇʟʜʽ ʘʡʳʨʳʧ ʪʘʥʫʜʘ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ ᴅʜʽʩʽʥʽץ שʦʣʜʘʥʫ ʦʨʳʥʜʳ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʡʳʨʳʧ ʪʘʥʫʜʽש ʥʝʡʨʦʞʝʣʽʣʽʢ ᴅʜʽʩʽʥʽײץ שʥʜʳʣʳסʳ ʨʝʪʽʥʜʝ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ 

ʘʡʳʨʳʧ ʪʘʥʫ, ʪʝʤʙʨʜʽש ᴇʟʛʝʨʽʩʽʥʝ, ʜʘʫʳʩ ץʘʪʪʳʣʳסʳʥʘ ʩʝʟʽʤʪʘʣʜʳסʳʥʳש ᴅʣʩʽʟʜʽʛʽʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ. 

ɼʝʛʝʥʤʝʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽ װʰʽʥ ʥʘץʪʳ ʩᴇʟʛʝ ʩʘʡ ʢʝʣʝʪʽʥ ʪʠʽʤʜʽ ʞᴅʥʝ ʳץʰʘʤ ʦץʳʪʫ ʩᴇʟʜʝʨʽʥʽש 
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ʞʠʳʥʳʥ ײץʨʫ ᴇʪʝ ʤʘשʳʟʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ᴅʨ ʩᴇʟʜʽש ʙʘʩʪʘʣʫʳʥ, ʫʘץʳʪ ʙʦʡʳʥʰʘ ʪײʨʘץʪʳʣʘʫʜʳ, 

ʩᴇʟʜʽש ʙʝʡʥʝʩʽʥʽץ שʘʩʠʝʪʪʝʨʽʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ ʩʳסʫ ʝʩʝʧʪʝʨʽʥʽש ʰʝʰʽʤʽʥ ʪʘʙʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 
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ɹᴆʃʐɽʂʊɽʈ תʁɯʈɯʅ ʆʇʊʀʄʀɿɸʎʀʗʃɸʋ ɸʃɻʆʈʀʊʄɯʅɽ  

ʇɸʈɸʃʃɽʃɼɯ ɽʉɽʇʊɽʋ פʆʃɼɸʅʋ 

 

ʇʘʨʘʣʣʝʣʜʽ ʝʩʝʧʪʝʫ ïʙײʣ ʘʣʫʘʥ ʪװʨʣʽ ʝʩʝʧʪʝʫ ʧʘʨʘʜʠʛʤʘʣʘʨʳʥ ʙʽʨʽʢʪʽʨʝ ʦʪʳʨʳʧ ʪʠʽʤʜʽ 

ʥᴅʪʠʞʝʛʝ ץʦʣ ʞʝʪʢʽʟʫ ᴅʜʽʩʽ. ɹײʣ ʤʘץʘʣʘʜʘ ʙᴇʣʰʝʢʪʝʨ װʡʽʨʽʥ ʦʧʪʠʤʠʟʘʮʠʷʣʘʫ, (PSO) ʘʣʛʦʨʠʪʤʽʥʝ 

ʧʘʨʘʣʣʝʣʜʽ ʝʩʝʧʪʝʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣסʘʥ. ʉʦʥʳש ʥʘʪʠʞʝʜʩʽʥʜʝ ʘʣʳʥסʘʥ ʘʣʛʦʨʠʪʤ ʙײʣ ʇʘʨʘʣʣʝʣʜʽ 

ʙᴇʣʰʝʢʪʝʨ װʡʽʨʽʥ ʦʧʪʠʤʠʟʘʷʣʘʫ ʘʣʛʦʨʠʪʤʽ (PPSO) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. PSO ʘʣʛʦʨʠʪʤʽʥʽש ʛʣʦʙʘʣʜʽ 

ʤʦʜʝʣʽ (GPSO) ʞᴅʥʝ ʘʫץʳʤʜʳ ʤʦʜʝʣʜʝʨʽ (LPSO) ʙʘʨ ʇʘʨʘʣʣʝʣʜʽ ʙᴇʣʰʝʢʪʝʨ װʡʽʨʽʥ 

ʦʧʪʠʤʠʟʘʮʠʷʣʘʫ ʘʣʛʦʨʠʪʤʽ (PPSO) ץʘʣסʘʥ ʪᴇʨʪ ʤʦʜʝʣʜʝʨʛʝ ץʘʨʘסʘʥʜʘ ʵʪʘʣʦʥʜʳץ ʬʫʥʢʮʠʷʣʘʨʜʘ 

ʧʽʰʽʥʜʝʫ ʥᴅʪʠʞʝʩʽʥʝ ʩᴅʡʢʝʩ, ʪʠʽʤʜʽʣʽʛʽ ʝש ʞʦסʘʨʳ ʙʦʣסʘʥ ʰʝʰʽʤʛʝ ʠʝ ʙʦʣʘʜʳ. ɸʣʛʦʨʠʪʤʛʝ 

ʧʘʨʘʣʣʝʣʜʝʫ Message Passing Interface (MPI) ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ʊװʡʽʥ ʩᴇʟʜeʨ: Parallel particle swarm optimization (PPSO), Message Passing Interface (MPI), 

Local Particle Swarm Optimization (LPSO), Global Particle Swarm Optimization (GPSO) 

Parallel computation is an efficient way to combine the advantages of different computation 

paradigms to obtain promising solution. In order to analyze the performance of parallel computation 

techniques to the particle swarm optimization (PSO) algorithm, a parallel particle swarm optimization 

(PPSO) is proposed in this paper. As a result, PPSO algorithm was obtained. In Algorithm PSO, there are 

models Global PSO (GPSO) and Local PSO (LPSO). The PPSO achieves higher solution quality than the 

serial version of these four PSO algorithms, according to the simulation results on benchmark functions. 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷʷ ʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʜʠʛʤ ʚʳʯʠʩʣʝʥʠʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʝʪʦʜʦʚʦʧʪʠʤʠʟʘʮʠʠʨʦʷ ʯʘʩʪʠʮ (PSO), ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷʨʦʷ 

ʯʘʩʪʠʮ(PPSO).ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʙʳʣ ʧʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ PPSO. ɺʘʣʛʦʨʠʪʤʝ PPSO, ʝʩʪʴ ʤʦʜʝʣʠ 

GlobalPSO(GPSO) ʠ LocalPSO(LPSO).PPSO ʜʦʩʪʠʛʘʝʪʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘʨʝʰʝʥʠʷ, ʯʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʝʨʩʠʠ ʵʪʠʭ ʯʝʪʳʨʝʭ ʘʣʛʦʨʠʪʤʦʚ PSO, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʵʪʘʣʦʥʥʳʭ ʬʫʥʢʮʠʡ. 

ʂʽʨʽʩʧʝ: 

ɹᴇʣʰʝʢʪʝʨ װʡʽʨʽ ʦʧʪʠʤʠʟʘʮʠʷ, (PSO) ʘʣʛʦʨʠʪʤʽ ʂʝʥʥʝʜʠ ʞᴅʥʝ ʕʙʝʨʭʘʨʪ סʘʣʳʤʜʘʨ 

ʪʘʨʘʧʳʥʘʥ ʝʥʛʽʟʽʣʛʝʥ, ʦסʘʥ ʥʝʛʽʟ ʨʝʪʽʥʜʝ ײץʩʪʘʨʜʳש ʰʦסʳʨʣʘʥʳʧ ײʰʫʳ ʥʝʤʝʩʝ ʙʘʣʳץʪʘʨʜʳש ʪʦʧ 

ʙʦʣʳʧ ʞʠʥʘʣʳʧ ʞװʨʽʧ ʪʘʤʘץ ʽʟʜʝʫ ʧʨʦʮʝʩʽ ʘʣʳʥסʘʥ. ʆʩʳ ײץʩʪʘʨʜʳש ʥʝʤʝʩ ʙʘʣʳץʪʘʨʜʳש ʪʦʧ ʙʦʣʳʧ 

ʞװʨʽʧ ʪʘʤʘץ ʽʟʜʝʫʽ PSO ʞװʡʝʩʽʥʜʝʛʽ, ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪʠʽʤʜʽ ʰʝʰʽʤ ʽʟʜʝʛʝʥʽʥʝ ץײʩʘʩ ʙʦʣʳʧ ʢʝʣʝʜʽ. 

ʊʠʽʤʜʽ ʰʝʰʽʤ ïʙײʣ ʙᴇʣʰʝʢʪʽש ʝש ʞʘץʩʳ ʧʦʟʠʮʠʷʩʳ. ᴄʨʙʽʨ ʙᴇʣʰʝʢ ץʦʟסʘʣʳʩ ʙʘʨʳʩʳʥʜʘ, ᴇʟʽʥʜʝ ʝש 

ʞʘץʩʳ ʧʦʟʠʮʠʷ ʪʫʨʘʣʳ ʤᴅʣʝʤʝʪʪʝʨ ʩʘץʪʘʧ ʦʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙᴇʣʰʝʢʪʝʨʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝʛʽ ʝש ʞʘץʩʳ ʧʦʟʠʮʠʷʣʘʨʳ ʪʦʧʪʘʨ ʘʨʘʩʳʥʜʘ ʙᴇʣʽʩʽʪʽʨʽʣʝʜʽ. ᴄʨʙʽʨ ʙᴇʣʰʝʢ ʪʠʽʤʜʽ ʧʦʟʠʮʠʷ ʤᴅʥʽʥ 

ʩʘץʪʘʧ, ʦʥʳ ʢᴇʨʰʽʣʝʩ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʩʦʣʘʨʜʳש ʽʰʽʥʝʥ ײʪʳʤʜʳ ʤᴅʥʜʽ ʪʘשʜʘʧ 
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ʘʣʘʜʳ. PSO ʘʣʛʦʨʠʪʤʽ ᴇʟʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʞᴅʥʝ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳ ʘʨץʳʣʳ, ʦʧʪʠʤʠʟʘʮʠʷʣʘʫ 

ʝʩʝʧʪʝʨʽʥ ץʦʣʜʘʥʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʘʫʤʘץʪʘʨʜʘ ʧʘʡʜʘʣʘʥʳʣʳʧ ʢʝʣʝʜʽ. 

PSO ï ʙײʣ ʦʧʪʠʤʟʘʮʠʷʣʘʫʜʳש ʵʚʨʠʩʪʠʢʘʣʳץ ïʩʪʦʭʘʩʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʽ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʢʝʡʜʝ ʪʠʽʤʜʽ ʥᴅʪʠʞʝʛʝ ʞʝʪʫ ᴇʪʝ ײʟʘץ ʫʘץʳʪʪʳ ʪʘʣʘʧ ʝʪʫʽ ʤװʤʢʽʥ. ʂᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʰʽʣʝʨ ʦʩʳʥʜʘʡ 

ʰʠʝʣʽʥʽʩʪʽʢʪʽ ʰʝʰʫ ʤʘץʩʘʪʳʥʜʘ PSO ʘʣʛʦʨʠʪʤʽʥʽש ʙʽʨʥʝʰʝ ʪװʨʣʝʨʽʥ ײʩʳʥʘʜʳ. ɹʽʨʘץʪʘ ʙʽʨ 

ʘʣʛʦʨʠʪʤ ʘʣʫʘʥ ʪװʨʣʽ ʤᴅʩʝʣʝʥʽ ʰʝʰʝ ʘʣʤʘʡʜʳ. ɹʽʨ ʘʣʛʦʨʠʪʤ ʝʢʽʥʰʽ ʙʽʨʽʥʝʥ ʙʝʣʛʽʣʽ ʙʽʨ ʬʫʥʢʮʠʷסʘ 

 ʘ ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡ ʘʣʤʘʡʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ, ʙʽʨʥʝʰʝץʙʦʣʳʧ ʢʝʣʛʝʥʽʤʝʥ, ʙʘʩ ץʘʥʘ ʘʨʪʳס

ʘʣʛʦʨʠʪʤʜʽ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʪʠʽʤʜʽ ʥᴅʪʠʞʝʛʝ ʞʝʪʫ װʰʽʥ, ʙʝʨʽʣʛʝʥ ʤʘץʘʣʘʜʘ ʇʘʨʘʣʣʝʣʜʽ ʙᴇʣʰʝʢʪʝʨ 

 ʦʣʜʘʥʫץ ʡʽʨʽʥ ʦʧʪʠʤʠʟʘʷʣʘʫ ʘʣʛʦʨʠʪʤʽʥʝ (PPSO), ʭʘʪʪʘʤʘʣʘʨʜʳ ʞʦʣʜʘʫ ʠʥʪʝʨʬʝʡʩʽʥ (MPI)װ

 ʥʠ ʛʣʦʙʘʣʜʳסʣʛʽʩʽ, ʷװ ʨʣʽװʙʝʣʛʽʣʽ ʪᴇʨʪ ʪ שʦʣʜʘʥʳʣʘʪʳʥ PSO ʘʣʛʦʨʠʪʤʽʥʽץ ʩʳʥʳʣʜʳ. ʄʦʜʝʣʜʝʫʛʝײ

PSO (GPSO), ʣʦʢʘʣʜʳ PSO (LPSO), ʙʦʩ ʵʣʝʤʝʥʪʪʝʥ ʪײʨʘʪʳʥ PSO (BPSO) ʞᴅʥʝ ʢʦʤʧʣʝʢʩʪʽ PSO 

(CLPSO) ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʜʝʨʽʥ ʪʘשʜʘʫ ʩʝʙʝʙʽ, ʦʣʘʨʜʳש ʰʝʰʽʤ ʽʟʜʝʫ ʧʨʠʥʮʠʧʽ 

ᴅʨʪװʨʣʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ʙᴇʣʰʝʢʪʝʨ װʡʽʨʽʥ ʦʧʪʠʤʠʟʘʮʠʷʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש 

ʪᴇʨʪ ʪװʨʣʽ ʤʦʜʝʣʽʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʞʝʢʝ ʧʘʨʘʣʣʝʣʜʽ ʝʩʝʧʪʝʫ ʧʘʨʘʜʠʛʤʘʩʳ ʘʨץʳʣʳ 

ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘ ʘʣʘʪʳʥʳʥ ʪʘʣʜʘʫ. ʉʦʥʳʤʝʥ ʢʘʪʘʨ, ʘʣʛʦʨʠʪʤʥʽש ʪʽʟʙʝʢʪʽ ʞᴅʥʝ ʧʘʨʘʣʣʝʣʜʽ 

ʤʦʜʝʣʜʝʨʽʥʽש ʰʝʰʽʤʜʝʨʽʥ ʩʘʣʳʩʪʳʨʫ ʙʘʨʳʩʳʥʜʘ ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ. 

PSO 

PSO[1] ïʜʘ ʪʦʧʪʳש ᴅʨʙʽʨ ʙᴇʣʰʝʛʽ ᴇʟʽʥʽש ʘסʳʤʜʘסʳ ʧʦʟʠʮʠʷʩʳ ʤʝʥ ᴇʟʽ ʽʟʜʝʧ ʪʘʧץʘʥ ʝש ʪʠʽʤʜʽ 

ʰʝʰʽʤ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʩʘץʪʘʡʜʳ. ɾʘʣʧʳ ʘʣʛʦʨʠʪʤʜʝ ʥʝʛʽʟʽʥʝʥ ᴅʨʙʽʨ i- ʙᴇʣʰʝʢʪʽ ʩʠʧʘʪʪʘʫʜʘ ʝʢʽ 

ʚʝʢʪʦʨʣʳץ ʰʘʤʘ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨ ʞʳʣʜʘʤʜʳץ ʚʝʢʪʦʨʳ  ʞᴅʥʝ ʧʦʟʠʮʠʷ 

ʚʝʢʪʦʨʳ , ʤײʥʜʘ D ïh ʝʰʽʤʜʝʨ ʢʝשʽʩʪʽʛʽʥʽש ᴇʣʰʝʤʽ. פʦʟסʘʣʳʩ ʢʝʟʽʥʜʝ d-

ᴇʣʰʝʤʜʽ, i-ʙᴇʣʰʝʢʪʽש ʞʳʣʜʘʤʜʳסʳ  ʤʝʥ ʧʦʟʠʮʠʷ ʰʘʤʘʣʘʨʳ ʢʝʣʝʩʽ ʪװʨʜʝ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ: 

 

 
         (1) 

            (2) 

        (3) 

 

ʄײʥʜʘ  ïʛʝʥʝʨʘʮʠʷ ʠʥʜʝʢʩʽ, ʘʣ -ʠʥʝʨʮʠʷʣʳץ ʩʘʣʤʘץ,  ʰʘʤʘʣʘʨʳ װʜʝʫ 

ʢʦʵʬʠʮʠʝʥʪʽ, ʞᴅʥʝ ,  ʰʘʤʘʣʘʨʳ d-ᴇʣʰʝʤʜʽ ʜʠʘʧʘʟʦʥʳ [0,1] ʘʨʘʣʳסʳʥʜʘ ʙʽʨʢʝʣʢʽ 

 שʝ שʣ ᴅʨʙʽʨ i-ʙᴇʣʰʝʢʪʽײʥʜʘ  ʙײʘʪʘʨ, ʤץ ʰʘʤʘʣʘʨ. ʉʦʥʳʤʝʥ ץʣʝʩʪʽʨʽʣʛʝʥ ʪᴅʫʝʣʩʽʟ ʢʝʟʜʝʡʩʦװ

 שʘʥ ʝסʨʜʝ ʘʣʳʥװʢʽʣ ʙᴇʣʰʝʢʪʝʨ ʽʰʽʥʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʪʳʤʜʳ ʧʦʟʠʮʠʷʩʳ ʙʦʣʩʘ, ʘʣ  ʙײ

 ʜʝʫשʳʥ ʢʝʣʝʩʽ ʪʝסʞʳʣʜʘʤʜʳ שʨʘʣʳʧ, ᴇʟʽʥʽײץ ʪʳʤʜʳ ʧʦʟʠʮʠʷ. LPSO ʤʦʜʝʣʽ ʙᴇʣʰʝʢ ʞʠʳʥʳʥʘʥײ

ʘʨץʳʣʳ ᴇʟʛʝʨʪʠʧ ʦʪʳʨʘʜʳ. 

 

 
                 (4) 

 

PSO ʘʣʛʦʨʠʪʤʽʥ ʧʘʨʘʣʣʝʣʜʝʫ ʢʝʟʽʥʜʝ ʭʘʪʪʘʤʘʣʘʨʜʳ ʞʦʣʜʘʫ ʠʥʪʝʨʬʝʡʩʽ (MPI) 

 ʩʪʽʥʝʥװ ʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨסʘʣפ .ʦʣʜʘʥʳʣʘʜʳץ ʦʣʜʘʥʳʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ, ʙʝʩ ʚʠʨʪʫʘʣʜʳ ʧʨʦʮʝʩʩʦʨץ

ʙʘץʳʣʘʧ ʦʪʳʨʫ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʪʳʥ ʧʨʦʮʝʩʩʦʨ MASTER ʜʝʧ ʘʪʘʣʘʜʳ. ɸʣ, ץʘʣסʘʥ ʪᴇʨʪ ʧʨʦʮʝʩʩʦʨ 

ʦʥʳש SLAVE ʜʝʧ ʘʪʘʡʤʳʟ. ɽʛʝʨʜʝ SLAVE ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʙᴇʣʽʧ ʰʳץʩʘץ ʧʘʨʘʣʣʝʣʜʽ ʩʪʨʘʪʝʛʠʷ 

ʪʠʽʤʜʽ ʙʦʣʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʪᴅʫʝʣʩʽʟ ʪʽʟʙʝʢʪʽ ʧʨʦʮʝʩ ʪװʨʽʥʜʝ ʦʨʳʥʜʘʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ, 

ʧʘʨʘʣʣʝʣʜʽ ʝʩʝʧʪʝʫʜʝ ᴇʟʘʨʘ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ ʤʘשʳʟʜʳ ʦʨʳʥ ʘʣʘʜʳ, ʞᴅʥʝ SLAVE-ʪʝʨ ʙʝʣʛʽʣʽ ʙʽʨ 

ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʙʽʨ-ʙʽʨʽʤʝʥ ʭʘʙʘʨ ʘʣʤʘʩʳʧ ʦʪʳʨʫʳ ץʘʞʝʪ. ɸʣʛʦʨʠʪʤʜʝ SLAVE ʧʨʦʮʝʩʩʦʨʣʘʨ 

ʪʝʢ סʘʥʘ ᴅʨʙʽʨ PSO ʘʣʛʦʨʠʪʤʽʥʝ סʘʥʘ ʞʘʫʘʧ ʙʝʨʽʧ, ʪʝʢ סʘʥʘ ʙʽʨ ʝʩʝʧʪʝʫ ʮʠʢʣʳʥʘʥ ʢʝʡʽʥ ʥᴅʪʠʞʝʥʽ 

MASTER ʧʨʦʮʝʩʩʦʨʛʝ ʞʦʣʜʘʡʜʳ. MASTER ʧʨʦʮʝʩʩʦʨ ʥʘʪʠʞʝʥʽ ץʘʙʳʣʜʘסʘʥ ʩʦש, ʩʦʣʘʨʜʳש ʽʰʽʥʝʥ 

ʝש ʪʠʽʤʜʽʩʽʥ ʞʘʟʳʧ ʘʣʳʧ, ʧʨʦʮʝʩʪʝʨʛʝ ʪʘʨʘʪʳʧ ʙʝʨʝʜʽ. PSO ʘʣʛʦʨʠʪʤʽʥʽש ʞʘʣʧʳ ʪװʨʜʝʛʽ 

ʧʨʦʛʨʘʤʤʘʣʳץ ʢʦʜʳ ʢʝʣʝʩʽ ʪװʨʜʝ ʙʦʣʘʜʳ [2]: 
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1-ʩʫʨʝʪ. PSO ʘʣʛʦʨʠʪʤʽʥʽש ʧʩʝʚʜʦ ʢʦʜʳ 

 

ʉʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʩʽ 

GPSO, LPSO, BPSO ʞᴅʥʝ LPSO ʤʦʜʝʣʜʝʨʽʥʽש ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽ, ײʩʳʥʳʣסʘʥ PPSO 

ʘʣʛʦʨʠʪʤʽ ʥᴅʪʠʞʝʩʽʤʝʥ ʩʘʣʩʳʪʳʨʳʣʳʧ, ʢʝʩʪʝ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

F פʘʩʠʝʪʽ GPSO LPSO BPSO CLPSO PPSO 

f1 ɽײ שʪʳʤʜʳ 

ʆʨʪʘʰʘ 

ʉʪʥ.ʘʫʳʪץʫ 

1.96*10
-84 

3.76*10
-77 

1.18*10
-76

 

1.24*10
-20 

3.09*10
-18 

4.47*10
-18

 

3.43*10
-225 

3.35*10
-218 

0 

1.23*10
-77 

1.19*10
-74 

2.61*10
-74

 

4.09*10
-226 

3.75*10
-216 

0 

f2 ɽײ שʪʳʤʜʳ 

ʆʨʪʘʰʘ 

ʉʪʥ.ʘʫʳʪץʫ 

1.24*10
-49 

2.00*10
-41 

6.07*10
-41

 

1.14*10
-14 

2.36*10
-13 

3.05*10
-13

 

5.37*10
-156 

2.39*10
-152 

4.09*10
-152

 

5.68*10
-51 

4.16*10
-47 

7.84*10
-47

 

3.11*10
-158 

9.33*10
-152 

2.69*10
-151

 

f3 ɽײ שʪʳʤʜʳ 

ʆʨʪʘʰʘ 

ʉʪʥ.ʘʫʳʪץʫ 

3.29*10
-4 

1.66*10
-3 

4.67*10
-4
 

24.36 

499.85 

255.425 

1.55*10
-14 

4.83*10
-13 

5.54*10
-13

 

2.47*10
-2 

8.14*10
-2 

4.23*10
-2
 

2.85*10
-14 

1.37*10
-12 

1.87*10
-12

 

 :ʦʨʳʪʳʥʜʳפ

ɹײʣ ʤʘץʘʣʘʜʘ PSO ʘʣʛʦʨʠʪʤʽʥʽש ʙʽʨʥʝʰʝ ʤʦʜʝʣʜʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʨʦʛʨʘʤʤʘ 

ʪʽʟʙʝʢʪʽ ʞᴅʥʝ ʧʘʨʘʣʣʝʣʜʽ ʪװʨʜʝ MPI ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥʜʘʣʜʳ. PSO, LPSO, BPSO ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʝʩʝʧʢʝ ʘʣʘ ʦʪʳʨʳʧ, ʦʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ PPSO ʘʣʛʦʨʠʪʤʽʥʽש ʙʘʩץʘ ʘʣʛʦʨʠʪʤʜʝʨʛʝ ץʘʨʘסʘʥʜʘ ᴇʥʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʝʢʝʥʽ ʘʰʳʧ 

ʢᴇʨʩʝʪʽʣʜʽ. 
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