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ɸʙʜʫʢʘʨʠʤʦʚ ɸ. ɿʫʙʯʘʪʦ-ʨʳʯʘʞʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʜʣʷ ʜʚʫʭʚʘʣʢʦʚʳʭ ʤʦʜʫʣʝʡ 

 

312 

ɹʘʙʦʯʝʥʢʦ ʅ.ɺ. ʐʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʦʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʝ ʩʨʝʜʩʪʚʦ  

ʩ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

 

319 

ʂʦʨʥʝʝʚ ɸ.ʅ., ʂʫʪʫʤʦʚ ɸ.ɸ., ɸʙʨʘʤʝʥʢʦʚ ʕ.ɸ. ʇʥʝʚʤʦʫʜʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ  

ʜʣʷ ʧʦʛʨʫʞʝʥʠʷ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʚ ʛʨʫʥʪʦʚʳʝ ʩʨʝʜʳ 

 

323 

ʂʦʨʥʝʝʚ ɸ.ʅ., ʂʫʪʫʤʦʚ ɸ.ɸ., ɸʙʨʘʤʝʥʢʦʚ ʕ.ɸ. ʇʥʝʚʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

 

324 

ʂʦʨʥʝʝʚ ɸ.ʅ., ʂʫʪʫʤʦʚ ɸ.ɸ. ɸʙʨʘʤʝʥʢʦʚ ʕ.ɸ. ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʤʦʣʦʪ  

ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʨʝʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

 

325 

ʇʠʢʯʫʨʦʚʘ ʅ.ʉ., ɸʙʟʘʣʪʜʠʥʦʚ ʈ.ʄ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʪʨʝʱʠʥʘʤʠ ʚ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ 

 

326 

ʇʠʥʷʩʢʠʥ ɸ.ɸ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ  

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ 

 

330 

ʌʦʢ ʅ. ɸ., ʆʚʯʘʨʝʥʢʦ ɻ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʠʟʢʦʢʘʣʴʮʠʝʚʳʭ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʙʝʪʦʥʘʭ 

 

336 
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ʉʝʢʮʠʷ 5. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

 

ɸʱʝʫʣʦʚ ʀ. ɸ., ʇʦʧʦʚ ɸ.ʅ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʪʦʯʝʢ 

ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

 

339 

ɹʘʣʘʰʦʚ ʆ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ 

 

343 

ɹʠʨʶʢ ɺ.ɺ., ʉʝʨʝʙʨʷʢʦʚ ʈ. ɸ., ʎʳʙʠʟʦʚ ʖ.ʀ., ʐʝʣʫʜʴʢʦ ʃ.ʇ. ɺʠʭʨʝʚʦʡ ʛʘʟʦ ï 

ʚʝʪʨʦʵʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

 

347 

ɺʣʘʩʦʚ ʈ.ʖ. ʈʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʥʘ ʦʙʲʝʢʪʳ 

ʵʥʝʨʛʝʪʠʢʠ 

 

352 

ʂʦʟʣʦʚʘ ʀ. ɺ., ʋʰʘʢʦʚ ɸ.ɻ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

 

360 

ʃʳʩʦʢʦʥʴ ɸ.ʂ. ɺʣʠʷʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 364 

ʄʘʥʫʩʦʚ ɺ.ɿ., ɹʦʡʢʦ ʂ.ʅ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʚʝʡʚʣʝʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ  

ʧʨʠ ʨʝʰʝʥʠʠ  ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ  ʥʘʛʨʫʟʢʠ 

 

370 

ʄʘʥʫʩʦʚ ɺ.ɿ., ʍʘʣʜʘʨʦʚ ʐ.ʂ.  ʉʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʵʣʝʤʝʥʪʦʚ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

 

376 

ʄʳʯʢʘ ʉ.ʖ., ʐʘʪʘʣʦʚ ʄ.ɸ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʧʦʣʠʪʠʢʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

 

382 

ʇʦʟʜʥʷʢʦʚʘ ʊ.ɺ. ʆʙʩʣʫʞʠʚʘʶʱʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʊʕʂ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʝʰʝʥʠʷ (ʥʘ ʧʨʠʤʝʨʝ ɸʆ çɹʠʡʩʢʵʥʝʨʛʦè) 

 

385 

ʇʦʧʦʚʘ ʄ.ʉ. ʆʙʦʩʥʦʚʘʥʠʝ ʦʙʲʸʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʮʝʥʢʘ  

ʠʭ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ 

 

391 

ʉʝʤʝʥʦʚ ɸ.ɻ. ʉʧʦʩʦʙ ʟʘʨʷʜʢʠ ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʨʘʟʨʷʞʝʥʥʦʛʦ ʥʠʞʝ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ 

 

399 

ʉʝʨʝʙʨʷʢʦʚ ʈ. ɸ., ʉʪʝʭʠʥ ɸ.ɸ., ʗʢʦʚʣʝʚʘ ɻ.ɺ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʚʦʜʘ  

ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ  

 

408 

ʉʝʨʝʙʨʷʢʦʚ ʈ.ɸ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ 415 

ʉʝʨʝʙʨʷʢʦʚ ʈ.ɸ. ʕʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʚʦʟʜʫʰʥʳʝ, ʪʝʧʣʦʚʳʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʦʢʠ 

 

418 

ʉʪʦʨʯʝʫʩ ʖ.ɺ., ʂʦʚʪʫʥ ɸ.ʉ., ɼʦʮʝʥʢʦ ɼ.ʄ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ  

ʚ ʩʠʩʪʝʤʘʭ ʥʘʜʜʫʚʘ ɼɺʉ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʩʢʘʜʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʥʝʨʛʠʠ 

 

423 

ʉʪʦʨʯʝʫʩ ʖ.ɺ., ɼʘʥʠʣʝʡʯʝʥʢʦ ɸ.ɸ., ɼʦʮʝʥʢʦ ɼ.ʄ., ʐʘʧʦʚʘʣʦʚ ɸ.ʉ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʜʠʟʝʣʷ  6ʏ12/14  ʩ  ʩʠʩʪʝʤʦʡ  ʥʘʜʜʫʚʘ ʢʘʩʢʘʜʥʦ-ʪʝʧʣʦʚʦʛʦ  ʩʞʘʪʠʷ 

 

430 

ʊʘʪʘʨʥʠʢʦʚʘ ɸ.ʅ. ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 

10 ʢɺ 

 

439 

ʊʦʨʦʧʦʚʘ ʅ.ɺ. ʇʦʣʫʯʝʥʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ 

 

446 

ʊʳʨʣʦʚʦʡ ʉ.ʀ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʠʟʝʣʷ  

ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

 

450 

ʍʫʪʦʨʥʝʥʢʦ ʉ.ʅ. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʘʟʦʚʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʢʦʥʜʝʥʩʘʪʘ ʜʣʷ ʢʦʪʣʘ - ʫʪʠʣʠʟʘʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 

 

 

460 

ʏʝʨʢʘʩʦʚʘ ʅ.ʀ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʧʦ ʫʨʦʚʥʷʤ ʥʘʧʨʷʞʝʥʠʷ 

 

470 
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ʉʝʢʮʠʷ 6. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

 

ɺʘʩʠʣʴʝʚ ʀ.ʇ., ʂʘʚʫʥ ɼ.ʖ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʧʝʥʪʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ  

ʢ ʪʦʧʣʠʚʘʤ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

479 

ɺʦʡʥʘʰ ɸ.ʉ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 485 

ʂʘʤʝʨʣʦʭʝʨ ɺ.ɸ., ʀʣʴʠʥʘ ɸ.ʖ., ʂʦʙʝʮ ʅ.ɸ. ɺʳʙʨʦʩʳ ʜʚʠʛʘʪʝʣʝʡ ʛʨʫʟʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ 

 

489 

ʂʘʥʘʧʠʥʦʚ ʄ.ʉ., ɻʦʨʣʦʚʘ ʅ.ʅ., ʄʝʜʚʝʜʝʚ ɻ.ɺ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʤʦʣʘ ʨʫʜ ʧʦʣʠʤʝʪʘʣʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ ʧʨʦʥʠʮʘʝʤʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʉ-ʩʠʥʪʝʟʘ 

 

 

498 

ʂʚʘʰʝʚʘʷ ɽ.ɸ. ʄʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʡ ʥʝʬʪʝʩʦʨʙʝʥʪ ʠ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ 502 

ʂʦʣʫʧʘʝʚʘ ʇ.ɻ., ɻʘʚʘʝʚ ɸ.ʉ. ɺʣʠʷʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʚ ʛʦʨʦʜʝ ʊʶʤʝʥʠ 

 

505 

ʂʦʥʦʥʦʚʘ ɸ.ʉ. ʇʦʣʫʯʝʥʠʝ ʚʦʜʦʫʛʣʝʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ 

ʧʠʨʦʣʠʟʘ ʘʚʪʦʰʠʥ 

 

511 

ʇʦʧʦʚ ɺ.ʉ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʨʠʢʝʪʠʨʦʚʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʦʪʭʦʜʦʚ ʧʠʨʦʣʠʟʘ ʘʚʪʦʰʠʥ   

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʷʟʫʶʱʝʛʦ ï ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ 

ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʘʷ 

ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

 

ʇʆʉʊʈʆɽʅʀɽ ɿʆʅʓ ɼɽʁʉʊɺʀʗ ʐɸʈʅʀʈʅʆ-ʉʊɽʈɾʅɽɺʆɻʆ 

ʈʆɹʆʊɸ ʄɸʅʀʇʋʃʗʊʆʈɸ 

ʅ.ɺ. ɹʘʙʦʯʝʥʢʦ 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʨʦʙʦʪʦʚ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʟʘʪʝʤ ʠ ʧʦʩʪʨʦʝʥʠʷ ʟʦʥʳ ʜʝʡʩʪʚʠʷ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʩʦʟʜʘʥʳ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʠʧʫʣʷʪʦʨ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʟʦʥʘ ʜʝʡʩʪʚʠʷ, 

ʩʪʨʝʣʘ, ʙʣʦʢ-ʩʭʝʤʘ. 

 

CONSTRUCTION ZONE OF THE ROBOT-rod pivotally ROCKER  

N.V. Babochenko  

Volgograd State Agricultural University  
Abstract. Work is underway to improve the hinged-rod robot manipulators for loading and 

unloading. To perform calculations related to the definition of kinematic parameters, and then the 

construction of coverage, improved joint-core robot manipulators created computer programs. 

Keywords: arm, a computer program coverage, arrow, flowchart. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʙʦʪ rʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʨʦʙʦʪʦʚ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʥʦ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʟʦʥʳ ʜʝʡʩʪʚʠʷ  ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ [1-5].  

ʅʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ 

ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʠ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʣʠ 

ʧʨʦʛʨʘʤʤʫ, ʙʣʦʢ-ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʷʚʠʣʠʩʴ: ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ l1 = l2 = l0 = 

300 ʤʤ; ʨʘʟʤʝʨʳ b = 60 ʤʤ; c = 200 ʤʤ; r  = 270 ʤʤ; ʭʦʜ ʰʪʦʢʘ  S= 180 ʤʤ; 

ʧʦʣʥʘʷ ʜʣʠʥʘ ʮʠʣʠʥʜʨʦʚ l1 = l2 = l0 + S = 480 ʤʤ. ɺʘʨʴʠʨʦʚʘʥʠʝʤ ʨʘʟʤʝʨʦʚ ʘ ʠ 

l1, l2  ʧʦʣʫʯʝʥʳ ʠ ʚʳʚʝʜʝʥʳ, ʢʨʦʤʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ Q, x, y, 

z, j, y  (ʫʛʣʳ ʚ ʛʨʘʜʫʩʘʭ). ɿʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʰʘʨʥʠʨʥʦ-

ʩʪʝʨʞʥʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʝʣʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʛʨʘʬʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ, 

ʦʪʨʘʞʘʶʱʝʝ ʨʘʙʦʪʫ ʩʪʨʝʣʳ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʦʛʦ ʨʦʙʦʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ 

ʮʝʣʦʤ.  
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ʈʠʩ.1.  ɹʣʦʢ-ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ  Mechanism ï 3D 

 

ʋʯʪʝʤ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʘ, ʚ, ʩ ʠ l1 ʠ l2 ï ʚʝʣʠʯʠʥʳ ʠʟʚʝʩʪʥʳʝ ʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʶ. ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʦʥʳ 

ʜʝʡʩʪʚʠʷ ʩʪʨʝʣʳ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʦʛʦ ʨʦʙʦʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠʚʝʣʠ ʢ 

ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʳ Pivotal Manipulator ï 3D (ʉʪʝʨʞʥʝʚʦʡ ʤʘʥʠʧʫʣʷʪʦʨ), 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʛʦʣʦʚʢʘ ʂ ʩʪʨʝʣʳ ʠ 

ʧʦʩʪʨʦʠʪʴ ʟʦʥʫ ʜʝʡʩʪʚʠʷ ʨʦʙʦʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʢʘʢ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ. ɹʣʦʢ-

ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ Pivotal Manipulator ï 3D ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2. ʇʦʣʫʯʠʚ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʧʦʩʪʨʦʠʣʠ ʟʦʥʫ ʜʝʡʩʪʚʠʡ ʜʣʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʟʦʥʳ 

ʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʘ, ʙ. ʀʩʧʦʣʴʟʫʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 



10 

 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʦʛʦʣʦʚʢʘ ʩʪʨʝʣʳ, ʘ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʥʦʡ ʠ 

ʨʘʙʦʪʘʶʱʝʡ ʧʨʦʛʨʘʤʤʝ ʧʦʩʪʨʦʝʥʠʷ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʦʛʦ 

ʨʦʙʦʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚʦʟʤʦʞʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʦʥʳ ʜʝʡʩʪʚʠʷ 

ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ Pivotal Manipulator ï 3D 
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ʈʠʩ. 3. ɿʦʥʘ ʜʝʡʩʪʚʠʷ ʨʦʙʦʪʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ  

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʚʘʨʠʘʮʠʡ 
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finding geometric parameters of the pools. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʇʦʤʠʤʦ ʨʘʟʨʘʙʦʪʢʠ ʩʘʤʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʨʦʛʠ, ʪʘʢʠʭ 

ʢʘʢ ʝʸ ʧʣʘʥ, ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʝ ʧʨʦʬʠʣʠ, ʪʨʝʙʫʝʪʩʷ ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʩʦʦʨʫʞʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʧʫʩʢʘ ʯʝʨʝʟ ʪʝʣʦ ʥʘʩʳʧʠ ʚʦʜʳ, 

ʩʪʝʢʘʶʱʝʡ ʧʦ ʨʝʣʴʝʬʫ ʤʝʩʪʥʦʩʪʠ ʢ ʜʦʨʦʛʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʪʦʢʘ. ʏʘʱʝ ʚʩʝʛʦ ʥʘ ʜʦʨʦʛʘʭ ʠʩʧʦʣʴʟʫʶʪ ʪʨʫʙʳ. 

ʈʘʟʤʝʨʳ ʚʦʜʦʧʨʦʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʪʨʫʙ ʧʦʜʙʠʨʘʶʪ ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʥʘʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʧʨʠʪʝʢʘʶʱʝʡ ʢ ʩʦʦʨʫʞʝʥʠʶ,  ʩʢʦʨʦʩʪʠ ʠ 

ʛʣʫʙʠʥʳ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʳ.  ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʷʚʣʷʝʪʩʷ ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ 
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(ʚʦʜʦʩʙʦʨ, ʙʘʩʩʝʡʥ) ï ʪʝʨʨʠʪʦʨʠʷ, ʩ ʢʦʪʦʨʦʡ ʚʦʜʘ ʧʨʠʪʝʢʘʝʪ ʢ ʚʦʜʦʧʨʦʧʫʩʢʥʦʤʫ 

ʩʦʦʨʫʞʝʥʠʶ ʧʦ ʩʢʣʦʥʘʤ ʤʝʩʪʥʦʩʪʠ. ɻʨʘʥʠʮʘʤʠ ʙʘʩʩʝʡʥʘ ʷʚʣʷʶʪʩʷ 

ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʣʠʥʠʠ ʠ ʟʘʤʳʢʘʶʱʠʡ ʩʪʚʦʨ ï ʦʩɹ ʜʦʨʦʛʠ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ ʥʘʰʝʡ ʩʪʨʘʥʳ ʫʯʠʪʳʚʘʶʪ ʜʚʘ ʚʠʜʘ ʩʪʦʢʘ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʘʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʣʠʚʥʝʡ ʠ ʪʘʷʥʠʷ 

ʩʥʝʛʘ ï ʣʠʚʥʝʚʦʛʦ ʠ ʪʘʣʳʭ ʚʦʜ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘ ʨʘʩʯʸʪʥʳʡ ʩʪʦʢ ʧʨʠʥʠʤʘʶʪ 

ʪʦʪ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʧʣʦʱʘʜʷʭ ʙʘʩʩʝʡʥʘ ʜʦ 50-100 ʢʤ
2
 ʦʙʳʯʥʦ ʧʨʝʚʘʣʠʨʫʝʪ ʩʪʦʢ ʣʠʚʥʝʚʳʭ ʚʦʜ, ʠ 

ʪʘʢʠʝ ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ ʥʘʟʳʚʘʶʪ ʤʘʣʳʤʠ [1]. 

ɺ ʜʦʨʦʞʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʣʠʚʥʝʚʳʭ ʚʦʜ 

ʦʮʝʥʠʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

aj= FKʘQ tʯ7,16ʣ

ʤʘʭ
 ,     ʤ

3
/ʩ,                                                           (1) 

ʛʜʝ ʘʯ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʚʥʷ ʯʘʩʦʚʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʤʤ/ʤʠʥ; Kt ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʣʠʚʥʷ ʯʘʩʦʚʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢ ʣʠʚʥʶ 

ʨʘʩʯʸʪʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ; F ï ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʤ
2
; Ŭ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʩʪʦʢʘ; ű ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʜʫʢʮʠʠ [1]. 

ʈʘʩʯʸʪ ʩʪʦʢʘ ʪʘʣʳʭ ʚʦʜ ʩ ʤʘʣʳʭ ʚʦʜʦʩʙʨʦʩʦʚ ʦʙʳʯʥʦ ʚʝʜʫʪ ʧʦ ʬʦʨʤʫʣʝ  

( )
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F
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3
/ʩ,                                                               (2) 

ʛʜʝ k0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʨʫʞʥʦʩʪʠ ʧʦʣʦʚʦʜʴʷ; hʨ ï ʨʘʩʯʸʪʥʳʡ ʩʣʦʡ ʩʪʦʢʘ ʪʘʣʳʭ 

ʚʦʜ, ʤʤ; F ï ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʤ
2
; ŭ1 ʠ ŭ2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʚ ʟʘʣʝʩʝʥʥʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʙʘʩʩʝʡʥʘʭ; n ï 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʠʨʦʜʥʫʶ ʟʦʥʫ [1]. 

ʇʘʨʘʤʝʪʨʳ ʘʯ, Kt, Ŭ, k0, hʨ, n ʧʨʠʥʠʤʘʶʪ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʢʘʨʪʘʤ-ʩʭʝʤʘʤ, 

ʪʘʙʣʠʮʘʤ ʠ ʛʨʘʬʠʢʘʤ [2]. ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʜʫʢʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʧʦʣʥʦʪʫ 

ʩʪʦʢʘ ʚ ʩʚʷʟʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʘʜʢʦʚ ʧʦ ʧʣʦʱʘʜʠ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ F, ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  
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22
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F
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F                                               (3) 

ʇʦʣʦʞʝʥʠʝ ʠ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʢʘʨʪʘʤ, ʤʘʪʝʨʠʘʣʘʤ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠʣʠ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ ʤʝʩʪʥʦʩʪʠ. ɼʘʥʥʳʝ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ  ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʩʣʫʞʝʙʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʦʣʫʯʘʶʪ ʧʨʠʙʣʠʞʝʥʥʳʝ ʦʪʤʝʪʢʠ ʤʝʩʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʡ ʙʝʩʧʣʘʪʥʦʡ ʧʨʦʛʨʘʤʤʳ Google Earth. ɺ [2] ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʫʣʠʯʥʦ-

ʜʦʨʦʞʥʦʡ ʩʝʪʠ. ɺ ʥʝʡ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʝ ʤʦʞʥʦ ʧʨʦʣʦʞʠʪʴ ʵʩʢʠʟʥʫʶ ʣʠʥʠʶ 

ʙʫʜʫʱʝʡ ʪʨʘʩʩʳ ʠ ʩʥʷʪʴ ʚʜʦʣʴ ʥʝʸ ʦʪʤʝʪʢʠ ʟʝʤʣʠ.  
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ GoogleEarth  ʩ ʵʩʢʠʟʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʪʨʘʩʩʳ ʠ ʧʨʦʜʦʣʴʥʳʤ ʨʘʟʨʝʟʦʤ  ʟʝʤʣʠ ʧʦ ʝʸ ʦʩʠ. 

 

ʈʠʩ. 1. ʕʩʢʠʟʥʘʷ ʣʠʥʠʷ ʪʨʘʩʩʳ ʠ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʟʝʤʣʠ ʧʦ ʦʩʠ ʪʨʘʩʩʳ 

 

ɸʥʘʣʠʟ ʧʨʦʬʠʣʷ ʟʝʤʣʠ ʧʦ ʪʨʘʩʩʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʩʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʩʝʯʸʥʥʦʡ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʥʠʞʝʥʥʳʭ ʤʝʩʪ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʪʝʢʘʝʪ 

ʚʦʜʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʩʪ ʷʚʣʷʝʪʩʷ ʩʪʚʦʨ ʥʘ 6,63 ʢʤ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʧʝʨʝʯʥʳʭ ʢ ʪʨʘʩʩʝ 

ʣʠʥʠʡ ʠ ʩʥʷʪʴ ʩ ʥʠʭ ʦʪʤʝʪʢʠ ʟʝʤʣʠ. ɺ ʨʘʙʦʯʝʤ ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ ʦʪʦʙʨʘʞʘʶʪʩʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʶ ʢʫʨʩʦʨʘ 

ʥʘ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ. ʅʘ ʨʠʩ. 1 ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʫʢʘʟʳʚʘʝʪ 

ʢʫʨʩʦʨ:  56Ü 03ᾳ 51,96ᾴ ʉ (ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ) ʠ 92Ü00ᾳ01,88ᾴ ɺ (ʚʦʩʪʦʯʥʦʡ 

ʜʦʣʛʦʪʳ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʙʠʨʘʷ ʜʘʥʥʳʝ ʚʜʦʣʴ ʧʦʩʪʨʦʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʣʠʥʠʡ ʩ 

ʰʘʛʦʤ, ʙʣʠʟʢʠʤ ʢ 200 ʤ, ʧʦʣʫʯʠʤ ʤʘʩʩʠʚ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʦʪʤʝʪʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʪʦʯʢʠ ʚʚʦʜʷʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʨʦʛ IndorCAD/Road ʠ ʧʨʦʛʨʘʤʤʘ ʧʨʝʦʙʨʘʟʫʝʪ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʣʦʩʢʠʝ ʩ ʧʦʤʦʱʴʶ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ. 

ɺ ʝʸ ʢʘʯʝʩʪʚʝ ʚʳʙʠʨʘʝʪʩʷ ʨʘʚʥʦʫʛʦʣʴʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ Web-ʩʝʨʚʠʩʘ Google Maps.  ɿʘ 

ʥʘʯʘʣʦ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʥʫʣʝʚʦʛʦ 

ʤʝʨʠʜʠʘʥʘ ʩ ʵʢʚʘʪʦʨʦʤ. ʅʘ ʚʚʝʜʝʥʥʳʭ ʪʦʯʢʘʭ ʩʪʨʦʠʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ 

ʤʝʩʪʥʦʩʪʠ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ ʩ ʛʨʘʥʠʮʘʤʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 

 

ɺ ʧʨʦʛʨʘʤʤʝ IndorCAD/Road ʨʝʣʴʝʬ ʤʦʜʝʣʠʨʫʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʝʡ. 

ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʦʢʘ ʚʦʜʳ ʧʦʤʦʛʘʶʪ ʩʪʨʝʣʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʫʢʣʦʥ 

ʤʝʩʪʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩ. 3). ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʣʠʥʠʠ, ʪ.ʝ. ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʘ, ʧʣʦʱʘʜʴ ʠ ʜʣʠʥʘ 

ʙʘʩʩʝʡʥʘ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʠʣʘ S = 3,186 ʢʤ
2
, ʜʣʠʥʘ L 

= 2160 ʤ. 

 

ʈʠʩ. 3. ʅʘʧʨʘʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 
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ʇʦʣʫʯʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʩʩʝʡʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦ ʬʦʨʤʫʣʘʤ  (1) ʠ (2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤ GoogleEarth ʠ 

IndorCAD/road ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʫʩʣʦʚʠʷ ʩʪʦʢʘ ʚʦʜʳ ʢ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʜʦʨʦʛʝ ʠ ʨʘʩʩʯʠʪʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʟʘʜʘʥʥʦʤ ʩʪʚʦʨʝ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʅɸʅʆʀʅɼɽʅʊʀʈʆɺɸʅʀʗ 

ʇʆɺɽʈʍʅʆʉʊʀ ʉʇʃɸɺɸ ʄɽʊʆɼʆʄ ʄʆʃɽʂʋʃʗʈʅʆʁ ɼʀʅɸʄʀʂʀ 
ɼʫʜʥʠʢ ɼ.ɺ., ʍʘʚʘʥʩʢʠʡ ʉ.ɸ., ʄʘʨʰʘʣʢʠʥ ʆ.ɼ. 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ.ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʶʪʩʷ 

ʣʦʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

 

MODELING OF NANOINDENTATION S URFACE OF THE ALLOY BY 

METHOD OF MOLECULAR DYNAMICS  

D.V. Dudnik, S.ɸ. Khavansky, O.D. Marshalkin 

Rubtsovsk Industrial Institute Altai State Technical named after I.I.Polzynov 
With the help of simulation investigated by nanoindentation local structural changes, and to 

determine their impact on the course of the process of disordering. 

Keywords: nanoindentation method of molecular dynamics. 

ɺʚʝʜʝʥʠʝ 
ʄʝʪʦʜ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʘʪʝʨʠʘʣʘ [1-3]. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʥʘ ʪʝʣʦ ʚʥʝʰʥʠʭ ʩʠʣ, ʚʳʟʳʚʘʝʪʩʷ ʜʝʬʦʨʤʘʮʠʝʡ ʨʘʩʪʷʞʝʥʠʷ/ʩʞʘʪʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʳʭ (ʩʪʨʫʢʪʫʨʥʳʭ) ʧʨʝʚʨʘʱʝʥʠʡ, ʫʩʘʜʢʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʚʷʟʘʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ. ʄʝʪʦʜʦʤ 

ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, 

ʧʫʪʝʤ ʚʜʘʚʣʠʚʘʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ. ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ 
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ʥʘʥʦʠʥʜʝʥʪʦʨʘ ʥʘ ʛʣʫʙʠʥʫ ʦʢʦʣʦ 15 ʘʥʛʩʪʨʝʤ ʚ ʥʘʥʦʤʘʩʰʪʘʙʝ ʥʘʯʠʥʘʶʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʝ ʤʘʣʦ ʠʟʫʯʝʥʳ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪ ʜʚʫʤʝʨʥʳʡ ʤʦʜʝʣʴʥʳʡ ʩʧʣʘʚ Ni3Al , 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ɻʎʂ ʨʝʰʝʪʢʝ ʘʪʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ <111> 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ L12. ʈʘʟʤʝʨ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ 24ʭ24 ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. ʅʘ 

ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʤ <121>, ʥʘʣʦʞʝʥʳ 

ʞʝʩʪʢʠʝ ʠ ʩʚʦʙʦʜʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ <110> ï 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ. ɺ ʢʨʠʩʪʘʣʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʜʘʚʣʠʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʥʘʥʦʠʥʜʝʥʪʦʨʘ 

ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 60Á (ʨʠʩ.1). 

ʕʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

                                            (1) 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʉʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ: 

,      (2) 

ʛʜʝ j(r)ς  ʧʘʨʥʳʡ ʤʝʞʘʪʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ [4], r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ. 

ɼʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʦʧʠʩʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʅʴʶʪʦʥʘ: 

                                                           (3) 

ʛʜʝ  , N-ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ;  ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʝʢʮʠʷʤ 

ʚʝʣʠʯʠʥ ʥʘ ʦʩʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ OX ʠ OY. ʈʝʰʘʝʪʩʷ 

ʟʘʜʘʯʘ ʂʦʰʠ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ ʥʘ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʫʶ ʩʠʣ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: 

                                       (4) 

ʛʜʝ L,H ï ʜʣʠʥʘ ʠ ʚʳʩʦʪʘ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʙʝʩʢʦʥʝʯʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʚ ʦʙʱʝʤ 

ʚʠʜʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʉʠʩʪʝʤʘ (5) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʚʠʜʫ: 
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                                        (5) 

ʛʜʝ  ï ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʌʦʨʤʫʣʳ ʷʚʣʷʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʟʠʮʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʚʩʝʭ ʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  ʧʦ ʧʦʟʠʮʠʷʤ ʠ ʩʢʦʨʦʩʪʷʤ ʘʪʦʤʦʚ ʚ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ t ʠ . 

ʅʘʧʨʷʞʝʥʠʷ ʘʪʦʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [7]: 

                                                  (6) 

ʛʜʝ Ýi ï ʣʦʢʘʣʴʥʳʡ ʦʙʲʝʤ i-ʛʦ ʘʪʦʤʘ, f ij
Ŭ ï 

 ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ i-ʤʠ 

ʠ j-ʤʠ ʘʪʦʤʘʤʠ, rij ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ i ʠ j. 

ʃʦʢʘʣʴʥʳʡ ʦʙʲʝʤ ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [7]: 

  ʛʜʝ                   (7) 

ʄʘʩʩʫ ʥʘʥʦʠʥʜʝʥʪʦʨʘ M ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʦʡ 300 ʤʘʩʩʘʤ ʘʪʦʤʦʚ ʥʠʢʝʣʷ. ʕʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʙʠʨʘʣʠ ʠʟ ʫʩʣʦʚʠʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ 

ʚʥʝʜʨʝʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ ʚ ʚʝʱʝʩʪʚʦ ʚ ʤʦʜʝʣʠ ʠ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

ʇʝʨʝʤʝʱʝʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ ʥʘ n-ʡ ʠʪʝʨʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ [5]:  

                                       (8) 

ʛʜʝ F ï ʥʘʛʨʫʟʢʘ, Fax - ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʤʦʜʝʣʴʥʦʡ ʦʙʣʘʩʪʠ, V 

ï ʩʢʦʨʦʩʪʴ ʥʘʥʦʠʥʜʝʥʪʦʨʘ ʥʘ (n-1) ʠʪʝʨʘʮʠʠ. ʉʠʣʫ Fax ʥʘʭʦʜʠʣʠ ʢʘʢ ʧʨʦʝʢʮʠʶ 

ʩʫʤʤʳ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʩʧʣʘʚʘ Ni3Al ʥʘ ʥʘʥʦʠʥʜʝʥʪʦʨ ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʘʪʦʤʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʜʚʫʤʝʨʥʦʤ ʢʨʠʩʪʘʣʣʝ 

Ni3Al, ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʣʦʢʘʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. 
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ʈʠʩ. 1. ʀʩʭʦʜʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʧʣʘʚʘ Ni3Al  ʩ ʫʢʘʟʘʥʠʝʤ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ. ʅʘʢʦʥʝʯʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʬʦʨʤʝ ʫʛʣʘ
 
 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 300 ʜʦ 1800ʂ ʚ 

ʪʝʯʝʥʠʝ 10 ʧʩ. ɺ ʢʨʠʩʪʘʣʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʜʘʚʣʠʚʘʥʠʝ ʦʩʪʨʦʛʦ ʪʚʝʨʜʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 60Á. ʉʢʦʨʦʩʪʴ ʚʜʘʚʣʠʚʘʥʠʷ ʥʘʢʦʥʝʯʥʠʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,5Ā10
-9
 ʩ

-1
. ʀʩʩʣʝʜʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʠ ʩʨʝʜʥʝʝ ʧʦ ʦʙʲʝʤʫ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ [6]. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʦʤʝʥʦʚ ʚ ʬʦʨʤʝ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ, ʩʢʣʝʝʥʥʳʝ ʧʦ ʩʪʦʨʦʥʝ ʰʝʩʪʠʫʛʦʣʴʥʠʢʠ ʦʙʨʘʟʫʪʁ 

ʘʥʪʠʬʘʟʥʫʶ ʛʨʘʥʠʮʫ (ʨʠʩʫʥʦʢ 2). ʇʨʠ ʊ=800ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʪʷʞʝʥʥʳʭ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʨʷʜʢʘ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʜʦʤʝʥʘʭ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1300ʂ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʤʳʪʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʚ ʢʣʘʩʪʝʨʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ.   

ʊ=800ʂ 

 

ʊ=1300ʂ 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʦʤʝʥʦʚ ʚ ʬʦʨʤʝ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ 
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ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʘʪʦʤʥʦʡ ʫʧʘʢʦʚʢʠ ʘʪʦʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʣʫʙʠʥʳ ʚʜʘʚʣʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3). ʇʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ʢʣʠʥʘ ʥʘ ʛʣʫʙʠʥʫ 1.2 

ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʝʞʫʟʝʣʴʥʳʭ 

ʘʪʦʤʦʚ, ʯʘʩʪʠʯʥʳʭ ʠ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ  ʜʦ 1.8 

ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ʟʘʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʩʘ ʜʠʩʣʦʢʘʮʠʡ.   

 

 

ʈʠʩ. 3. ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʘʢʦʚʢʠ ʘʪʦʤʥʳʭ ʨʷʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʣʫʙʠʥʳ ʚʜʘʚʣʠʚʘʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ, ʧʨʠ ʊ=800ʂ 

 

ʇʦʣʫʯʝʥ ʪʘʢʞʝ ʛʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ, ʩʨʝʜʥʝʛʦ ʧʦ ʢʨʠʩʪʘʣʣʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ (ʨʠʩʫʥʦʢ 4).  

 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ  

ʚ ʩʧʣʘʚʝ Ni3Al 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʧʨʷʞʝʥʠʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʦʤ 

ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʚʥʝʜʨʝʥʠʠ ʥʘʥʦʠʥʜʝʥʪʦʨʘ. 

ɺʓɺʆɼʓ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʪʦʜʦʤ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʚʥʝʜʨʝʥʠʷ ʥʘʥʦʠʥʜʝʥʪʦʨʘ ʚʦʟʥʠʢʘʝʪ 

ʣʦʢʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʙʣʠʟʠ ʠʥʜʝʥʪʦʨʘ. ʆʙʣʘʩʪʝʡ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʦʙʨʘʟʫʶʪ ʦʪʧʝʯʘʪʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʣʝʜʘ ʦʪ ʥʘʥʦʠʥʜʝʥʪʦʨʘ [7-18]. 
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ʄʆʃɽʂʋʃʗʈʅʆʁ ɼʀʅɸʄʀʂʀ 
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ʜʠʥʘʤʠʢʠ. 
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ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʦʧʫʣʷʨʥʳʤ, ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚʦ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʀʭ ʧʦʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʝʤʣʝʥʠʝʤ 

ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ. ʈʝʯʴ ʠʜʝʪ ʦ 

ʪʦʤ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʠʙʝʛʘʶʪ ʢ ʨʘʟʣʠʯʥʳʤ 

ʧʨʠʙʣʠʞʝʥʠʷʤ, ʫʩʨʝʜʥʝʥʠʷʤ, ʣʠʥʝʘʨʠʟʘʮʠʠ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ. 

ʂʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʤʘʢʨʦ-, ʤʝʟʦ-, ʠ ʤʠʢʨʦ-ʫʨʦʚʥʷʭ, ʦʜʥʘʢʦ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ [5]. ʀʟʫʯʝʥʠʝ  ʷʚʣʝʥʠʡ ʥʘ ʘʪʦʤʥʦʤ 

ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʣʥʠʪʴ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʙʳʩʪʨʦʪʝʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʟʨʳʚʳ, ʠʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ, 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʠ ʪ.ʜ. ʃʠʙʦ, ʥʘʦʙʦʨʦʪ, 

ʧʨʠ ʤʝʜʣʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʜʠʬʬʫʟʠʷ ʚ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ [2]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʜʦʚʦʣʴʥʦ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʯʝʪ 

ʩʣʦʞʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʙʣʠʟʠ ʜʝʬʝʢʪʦʚ ʠ ʚ ʩʣʫʯʘʝ 

ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ï ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʨʦʛʦ ʧʨʷʤʳʭ ʢʚʘʥʪʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʵʚʦʣʶʮʠʠ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢʚʘʥʪʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʜʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʠ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʝʬʝʢʪʘʤʠ. ʀʜʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ï ʙʝʩʢʦʥʝʯʥʦʝ ʧʦʚʪʦʨʝʥʠʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʙʝʟ ʢʘʢʠʭ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ 

ʟʘʩʝʣʝʥʠʠ ʫʟʣʦʚ. ʃʶʙʦʝ ʞʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ ï ʙʫʜʴ ʪʦ ʥʝʙʦʣʴʰʦʝ 

ʩʤʝʱʝʥʠʝ ʘʪʦʤʘ ʠʟ ʫʟʣʘ ʨʝʰʝʪʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʘʪʦʤʘ ʚ ʫʟʣʝ ʠʣʠ ʜʘʞʝ 

ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʨʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʜʝʬʝʢʪʦʤ. 

ɼʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʘ ʚʣʠʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ ʜʠʬʬʫʟʠʶ. ʆʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ï ʠʭ ʛʝʦʤʝʪʨʠʷ ʠ ʩʚʦʡʩʪʚʘ. ʉʘʤʦ ʞʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, ʠʭ ʪʠʧ, ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ 

ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʪ.ʧ. ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚʘʞʥʝʡʰʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʩʧʣʘʚʦʚ ʚ 

ʯʘʩʪʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʠʪʴ ʩʧʣʘʚ ʩ ʠʜʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ï ʟʘʜʘʯʘ ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʥʘʷ, ʠ ʪʝʤ ʪʨʫʜʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʦʙʲʝʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʠʣʠ ʦʙʨʘʟʮʘ. ɺ ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʜʘʣʝʢʦ ʥʝ ʠʜʝʘʣʴʥʘ. ʀ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʠʚʳʯʥʦʝ ʧʦʥʷʪʠʝ ʦ 

ʜʝʬʝʢʪʘʭ ʢʘʢ ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʦʨʤʳ ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ, ʭʦʪʷ ʚʧʦʣʥʝ ʧʨʘʚʦʤʝʨʥʦ 
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ʠ ʣʦʛʠʯʥʦ. ʅʦ ʜʘʞʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʘʩʯʝʪʳ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ ʪʨʝʙʫʶʪ 

ʦʯʝʥʴ ʤʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʀʟʫʯʝʥʠʝ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʚ (ʠʣʠ ʘʪʦʤʥʳʭ 

ʜʝʬʝʢʪʦʚ) ʩʦʩʪʘʚʣʷʝʪ ʩʝʛʦʜʥʷ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʠʤʝʝʪ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢʦ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʦʙʣʘʩʪʷʤ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ, ʪʘʢʠʤ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ, ʵʤʠʩʩʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʜʨ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʪʘ ʩʧʣʘʚʘ Pt3Al [7] ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʜʝʬʝʢʪʦʚ: ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠ ʪʦʯʝʯʥʳʭ ʚʘʢʘʥʩʠʦʥʥʳʭ  ʜʝʬʝʢʪʦʚ.  

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʪʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʝʬʝʢʪʦʚ: ʘʥʪʠʬʘʟʥʳʭ 

ʛʨʘʥʠʮ (ɸʌɻ) ʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʚʘʢʘʥʩʠʡ) [1], ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ Pt3Al c 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. 

ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʩʧʣʘʚʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ 

ʩʪʦʨʦʥʫ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʟʫʯʝʥʠʝ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ ʘʥʪʠʬʘʟʥʳʝ 

ʛʨʘʥʠʮʳ (ɸʌɻ)  ʠ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ (ʚʘʢʘʥʩʠʠ). ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʝʬʝʢʪʦʚ 

ʚ ʩʧʣʘʚʝ (ɸʌɻ + ʚʘʢʘʥʩʠʠ) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʚʘʢʘʥʩʠʡ ʚ ʩʪʦʨʦʥʫ ɸʌɻ.   

ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʘʪʦʤʦʚ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʚ ʢʨʠʩʪʘʣʣʝ Pt3Al c ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʦʡ, ʩʦʦʪʚʝʪʩʚʫʶʱʝʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʝ L12. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ, 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʪʘ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʪʠʧ 

ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ (ʩʜʚʠʛʦʚʘʷ, ʪʝʨʤʠʯʝʩʢʘʷ, ʙʝʟ ɸʌɻ), ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʩʪʘʣʣʠʪʘ (0 ʂ), ʧʨʦʮʝʥʪ ʚʘʢʘʥʩʠʡ (0% ï 20%),  ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʝʜʫʩʤʦʪʨʝʥ ʪʘʢʞʝ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʠʝ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʘʪʦʤʦʚ ʤʦʜʝʣʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ.  ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ 

ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʩʩʦʡ, 

ʚ ʧʦʣʝ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʣ ʠ ʚʥʝʰʥʠʭ 

ʩʠʣ, ʧʨʠʣʘʛʘʝʤʳʭ ʢ ʪʚʝʨʜʦʤʫ ʪʝʣʫ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʫʝʤʳʝ 

ʜʚʠʞʫʱʠʝʩʷ ʘʪʦʤʳ.  

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʨʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚ ʚʠʜʝ: 
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ä
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ii
ji

ji trtrʇ j                                 (1) 

ʛʜʝ ()tr ji ,  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ i-ʛʦ ʠ j-ʛʦ ʘʪʦʤʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ;  

()rj
 ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, 

ʟʘʜʘʚʘʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʄʦʨʟʝ; 

n ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʦʤʝʨ ʘʪʦʤʘ ʤʦʜʝʣʴʥʦʛʦ ʙʣʦʢʘ ʪʦʥʢʦʡ ʧʣʝʥʢʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʄʦʨʟʝ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʧʝʰʥʦ ʫʜʘʝʪʩʷ ʦʧʠʩʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

,
)(

)(
dr

rdʇ
rF

m

m -=                                              (2) 

ʛʜʝ ˜  ï ʚʟʘʠʤʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʚʫʭ ʘʪʦʤʦʚ;  

r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 

ʄʦʨʟʝ. 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ ʚʳʙʠʨʘʝʪʩʷ 32ʭ32. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʪʦʤʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʤʠʪʘʮʠʠ ʚʩʝʛʦ ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʘ.  

ʅʘ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ  ʥʘʢʣʘʜʳʚʘʶʪʩʷ ñʛʠʙʢʠʝò ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ: 
 

Ὂὼȟώ Ὂὼ ὒȟώȠ 

Ὂὼȟώ Ὂὼȟώ ὒ ȟ                                                 (3) 

     

ʛʜʝ ὒ , ὒ ï ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ, [ ] [ ]21 ,0,,0 LyLx ÍÍ
. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʪʦʥʢʦʡ 

ʧʣʝʥʢʝ ʩʣʫʞʠʪ ʩʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʠʥʘʤʠʢʠ ʅʴʶʪʦʥʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ.  

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0  ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ  ʨʘʚʥʳ ὼ π, ώ πȟ 

ʟʘʚʠʩʷʱʠʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʧʦʨʷʜʢʦʚʳʭ ʥʦʤʝʨʦʚ. ʉʢʦʨʦʩʪʠ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

Ὂὼȟώ Ὂὼ ὒȟώȠ 

Ὂὼȟώ Ὂὼȟώ ὒ ȟ                                               (4) 

ʛʜʝ i, j - ʥʦʤʝʨ ʫʟʣʘ ʨʝʰʝʪʢʠ;  

kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; 

m ï ʤʘʩʩʘ ʘʪʦʤʘ; 

ʊ ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ. 
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  
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                  (5) 

ʛʜʝ &   ʠ  & ʧʨʦʝʢʮʠʠ ʩʠʣʳ &, ʦʧʨʝʜʝʣʷʶʱʝʡʩʷ ʧʦ ʬʦʨʤʫʣʝ (2). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʕʡʣʝʨʘ: 

ὠ ὠ ЎὸϽὊὶὲρϽά ρ 

6                  (6) 

6ᶻ 6 ρ ɝÔ&ÒÎρ Í ρ 

8 ØÎρ ɝÔ6, 

ʛʜʝ Ўὸ ï ʚʨʝʤʝʥʥʦʡ ʰʘʛ; 

       6 ï ʩʢʦʨʦʩʪʴ ʘʪʦʤʘ; 

        8ï ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ  
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʣʦʢʘʣʴʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʘʪʦʤʦʚ, ʩ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʡ ʠʭ ʠʟ ʫʟʣʦʚ ʨʝʰʝʪʢʠ, 

ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʞʠʟʥʠ ʵʪʠʭ ʣʦʢʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 3 ʢʦʥʬʠʛʫʨʘʮʠʠ ï 

ʢʨʠʩʪʘʣʣ ʩʦʜʝʨʞʠʪ:  

½ ɸʌɻ; 

½ ʚʘʢʘʥʩʠʠ; 

½ ɸʌɻ+ʚʘʢʘʥʩʠʠ. 

ʇʨʦʚʦʜʠʣʘʩʴ ʨʝʣʘʢʩʘʮʠʷ ʜʘʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʪʝʯʝʥʠʝ 5 ʧʩ. 

ɺʠʟʫʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʪʘ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʜʝʬʝʢʪʦʚ: ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ (ɸʌɻ) ʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʚʘʢʘʥʩʠʡ) 

(ʨʠʩ. 1-3).  
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ʈʠʩ. 1. ʅʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʩ ʚʚʝʜʝʥʠʝʤ ɸʌɻ  

ʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ 

 
ʈʠʩ. 2. ʂʦʥʬʠʛʫʨʘʮʠʷ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ.1) ʯʝʨʝʟ 5 ʧʩ 
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ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʢʨʠʩʪʘʣʣʝ ʩ ʚʚʝʜʝʥʠʝʤ ɸʌɻ ʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʪʝʯʝʥʠʝ 5ʧʩ: 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʡ ʪʨʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʣʫʯʝʥʘ ʚ ʧʝʨʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʦʩʣʝ ʨʝʣʘʢʩʘʮʠʠ: 

Ὁˏ Ὁ̱ ˡː Ὁˏ ˍˡȢː   

ɼʦ ʨʝʣʘʢʩʘʮʠʠ: 

Ὁˏ Ὁ̱ ˡː Ὁˏ ˍˡȢː 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʘʧʨʦʙʠʨʦʚʘʥʘ, ʦʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʰʘʛ ʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ 

ʪʨʝʙʫʶʪʩʷ ʛʣʫʙʦʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ  ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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MODELING OF SUPERSTRUCTURAL FEATURES IN A BINARY ALLOY 

BY MONTE -CARLO METHOD  
ɽ.A. Dudnik, I.V.Shtekhman, A.ʄ. Abrosimova 

Rubtsovsk Industrial Institute Altai State Technical named after I.I. Polzynov 
The Monte-Carlo method explores the features of the superstructural transformations. In 

particular are considered conditions of process of localization of vacancies on antiphase border in 

the alloy A3B with superstructure L12. 

Keywords: computer modeling, Monte Carlo method. 

ɺʚʝʜʝʥʠʝ 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ 

ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʠ ʚʘʢʘʥʩʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʜʠʬʬʫʟʠʠ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. 

ɺʘʢʘʥʩʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʠʬʬʫʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʚʘʢʘʥʩʠʠ  ʧʦʜʯʠʥʷʝʪʩʷ ʮʝʣʦʡ ʩʠʩʪʝʤʝ ʦʙʤʝʥʦʚ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʧʝʨʝʩʢʦʢʦʚ ʜʦʣʞʥʘ ʧʨʠʚʝʩʪʠ ʢ ʩʦʭʨʘʥʝʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʝʤʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢ ʤʠʥʠʤʫʤʫ 

ʵʥʝʨʛʠʠ, ʩʦʭʨʘʥʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ʅʠʟʢʦʨʘʟʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʧʣʘʚʘʭ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʷʚʣʷʶʪʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʘʤʦʦʙʲʝʜʠʥʝʥʠʝ ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʵʚʦʣʶʮʠʠ ʜʝʬʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ.  

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʉʝʨʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʜʝʣʴʥʦʤ 

ʜʚʫʤʝʨʥʦʤ ʩʧʣʘʚʝ Ni3Al. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʘʪʦʤʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʟʣʘʭ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʘʪʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ (111) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ L12. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʟʘʜʘʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʪʝʥʮʠʘʣʘ ʄʦʨʟʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʪʦʥʢʦʡ 

ʧʣʝʥʢʠ ɸ3ɺ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʤʝʪʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʙʳʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʩʢʦʢ 

ʘʪʦʤʦʚ ʥʘ ʤʝʩʪʘ ʚʘʢʘʥʩʠʡ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʩʢʦʢʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʨʝʭ 

ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʚʘʢʘʥʪʥʦʛʦ ʫʟʣʘ, ʟʘʡʤʝʪ ʤʝʩʪʦ 

ʚʘʢʘʥʩʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʳʛʦʜʥʦʩʪʠ  ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʵʥʝʨʛʠʠ ʘʪʦʤʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʘʪʦʤ 

ʟʘʥʠʤʘʝʪ ʤʝʩʪʦ ʚʘʢʘʥʩʠʠ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ɽn - ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʵʥʝʨʛʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʬʝʨʘʭ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʟʥʘʯʝʥʠʷ Ek - ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʘʪʦʤʦʚ, 

ʝʩʣʠ  ʦʥʠ ʧʝʨʝʩʢʦʯʠʣʠ ʚ ʚʘʢʘʥʩʠʦʥʥʳʡ ʫʟʝʣ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟ ʚʩʝʭ 

ʨʘʟʥʦʩʪʝʡ ʵʥʝʨʛʠʡ ʠʩʭʦʜʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ȹE= ɽn ï Ek  ʚʳʙʠʨʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ Emax . ʀ ʪʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʩʢʦʢʘ i,j-ʘʪʦʤʘ  ʥʘ ʤʝʩʪʦ 

ʚʘʢʘʥʩʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

                                      ,/
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ʛʜʝ ɸ ï ʢʦʥʩʪʘʥʪʘ,  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʦʨʤʠʨʦʚʢʠ: 
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ʛʜʝ Q ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ 

ʚʘʢʘʥʪʥʦʛʦ ʫʟʣʘ, ʧʝʨʝʩʢʘʯʝʪ ʥʘ ʤʝʩʪʦ ʚʘʢʘʥʩʠʠ. ʇʦʣʘʛʘʝʤ, ʯʪʦ Q=1, i,j- ʠʥʜʝʢʩʳ 

ʘʪʦʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. 

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʤʝʱʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʦʢʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʨʠʩʪʘʣʣʝ ʟʘʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʠ 

ʦʜʠʥʘʢʦʚʘʷ ʚʦ ʚʩʝʤ ʦʙʨʘʟʮʝ. ʉʦʩʪʦʷʥʠʝ ʩʧʣʘʚʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʚ 

ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʙʳʪʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʩʢʦʢ ʘʪʦʤʘ ʥʘ ʤʝʩʪʦ ʚʘʢʘʥʩʠʠ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʪʨʝʙʫʝʪ 

ʧʨʝʦʜʦʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʨʘʚʥʦʛʦ 

ʤʝʞʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ. ʇʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʡ ʬʣʫʢʪʫʘʮʠʠ, ʩ ʯʝʤ ʩʚʷʟʘʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʘʪʦʤʥʳʭ ʧʝʨʝʩʢʦʢʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚ ʠʩʭʦʜʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʘʪʦʤʘ ʚ ʚʘʢʘʥʪʥʳʡ ʫʟʝʣ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʢ ʙʦʣʴʰʝʤʫ ʚʳʠʛʨʳʰʫ 

ʵʥʝʨʛʠʠ ʵʪʦ ʧʨʠʚʦʜʠʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʊʦʥʢʘʷ ʧʣʝʥʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʟ ʢʨʠʩʪʘʣʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ (111) ʚ 

ʩʧʣʘʚʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ɸ3ɺ ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ L12. ɸʪʦʤʳ ʩʦʨʪʦʚ ɸ ʠ 

ɺ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʟʣʘʭ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʞʝʩʪʢʦʡ ʨʝʰʝʪʢʠ. ʏʪʦʙʳ ʫʯʝʩʪʴ, ʯʪʦ 

ʜʚʠʞʝʥʠʝ ʚʘʢʘʥʩʠʡ ʦʛʨʘʥʠʯʝʥʦ ʨʘʟʤʝʨʦʤ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ (108ʭ108), 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʤʠʪʠʨʦʚʘʪʴ 

ʙʝʩʢʦʥʝʯʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʪʦʥʢʦʡ ʧʣʝʥʢʠ (ʨʠʩ. 1). 

 

 

 

 

 

 

ʇʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʠʩʣʦ ʜʝʬʝʢʪʦʚ ʚ ʨʘʩʯʝʪʥʦʤ ʙʣʦʢʝ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʜʝʬʝʢʪ, ʢ ʦʙʱʝʤʫ 

ʯʠʩʣʫ ʘʪʦʤʦʚ ʚ ʨʘʩʯʝʪʥʦʤ ʙʣʦʢʝ. ʕʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ 

ʵʥʝʨʛʠʡ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʵʥʝʨʛʠʠ ʠʜʝʘʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʩ ʪʝʤ ʞʝ ʯʠʩʣʦʤ ʘʪʦʤʦʚ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʘ1 

ʊʝʤʧʝʘʪʫʨʘ, ʂ 

 

ʕʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʬʝʢʪʦʚ Dɽ, ɻ ɺ 

ʇʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ 

(ʙʝʟ ʫʯʝʪʘ ɸʌɻ) (ʩ ʫʯʝʪʦʤ ɸʌɻ) 

300 1,213 1,72E-04 2,07E-02 

600 4,211 2,09E-02 6,28E-02 

900 58,528 2,52E-01 7,13E-01 

1200 71,746 3,29E-01 8,00E-01 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ 

ʜʝʬʝʢʪʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʚʨʝʤʝʥʠ ʩʯʝʪʘ 
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ʇʦʣʫʯʝʥ ʛʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ ʟʘʤʝʱʝʥʠʷ  ʚ ʨʘʟʨʝʟʝ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ (ʨʠʩ. 2). 
 

 

ʈʠʩ.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ  ʪʝʤʧʝʨʘʪʫʨʳ ʠ  ʧʣʦʪʥʦʩʪʠ  ʜʝʬʝʢʪʘ  

ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʘʪʦʤʦʚ ʚ ʢʘʞʜʦʤ ʘʪʦʤʥʦʤ ʨʷʜʫ 

 

ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ, ʥʝ 

ʦʙʨʘʟʫʶʱʠʭ ʜʝʬʝʢʪ, ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʘʪʦʤʦʚ ʚ ʘʪʦʤʥʦʤ ʨʷʜʫ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ 

ʧʦʢʘʟʘʣ ʩʝʛʨʝʛʘʮʠʶ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʥʘ ɸʌɻ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ=300ʂ ʜʦʣʷ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ 

ʟʘʤʝʱʝʥʠʷ, ʤʘʣʘ, ʦʜʥʘʢʦ ʣʦʢʘʣʠʟʫʝʪʩʷ  ʥʘ ɸʌɻ. ʇʨʠ ʊ=600ʂ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʝʛʨʝʛʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚʙʣʠʟʠ ɸʌɻ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʣʷ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

ʢʨʠʩʪʘʣʣʘ. 

ɺʳʚʦʜʳ 
ʇʦʥʠʤʘʥʠʝ ʝʜʠʥʩʪʚʘ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʩʣʦʝʥʠʷ, ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ.  

ʆʩʦʙʘʷ ʨʦʣʴ ʵʪʠʭ ʷʚʣʝʥʠʡ ʩʚʷʟʘʥʘ ʩ ʧʦʥʷʪʠʝʤ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ  ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʚʦʡʩʪʚ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ɺʓɹʆʈɸ ʄɽʊʆɼʀʂʀ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ 

ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʈʀʌʆʈʄʀʅɻɸ 

ɸ.ʄ. ɼʞʘʤʙʝʢʦʚ 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ. ʆʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ 

ʢʦʣʦʥʥʝ ʙʣʦʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʘ ʫʩʪʘʥʦʚʢʠ ʂʈ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʢʘʢ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʧʨʦʮʝʩʩʘ ʦʪ 

ʪʘʢʦʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʘʢ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʝ. 

ʇʦʣʫʯʝʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʚʦʟʤʫʱʝʥʠʷʤʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʪʠʧʘ. ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʥʝʯʝʪʢʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ 

ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʠʬʦʨʤʠʥʛ, ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ, 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʧʨʦʜʫʢʮʠʦʥʥʦʝ ʧʨʘʚʠʣʦ. 
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Abstract. The work is dedicated to the task of effectively managing a catalytic reforming. 

The object of the control is in the process of stabilization of the stabilizer unit catalysate catalytic 

reforming. The analysis of the process as a control object has allowed to establish the parameters of 

process conditions of such disturbance as temperature drop in the stabilization column. We obtain 

the transfer function of the control object with perturbations of exponential type. For several modes 

of payment made PID temperature controllers and fuzzy bottom stabilizer column. An approach to 

the choice of the method of controlling the temperature of the bottom of the stabilizer column by 

comparing the quality indicators of the transition process. 

Keywords: catalytic reforming, stabilizer, linguistic variable, fuzzy control, 

production rule. 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʫʩʪʘʥʦʚʦʢ) 

ʧʦʜʚʝʨʞʝʥʦ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ 

ʥʘ ʭʦʜ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʫʩʪʘʥʦʚʢʝ. ʊʘʢʠʝ ʦʙʲʝʢʪʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ 
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ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʘʢ ʩʘʤʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʠʭ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʫʩʪʘʥʦʚʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ (ʂʈ). ʇʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʂʈ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ 

(ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ, ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ, ʩʦʩʪʦʷʥʠʝ 

ʪʨʫʙʯʘʪʳʭ ʧʝʯʝʡ ʠ ʧʨ.) [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ [2]. 

ɺʳʙʦʨ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʂʈ ʩʚʷʟʘʥ ʩ ʘʥʘʣʠʟʦʤ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʡ. ʇʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʧʨʦʮʝʩʩ ʂʈ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʤ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉɸʋ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʚʥʦʚʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʚ 

ʙʣʦʢʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʂʈ (ʨʠʩ.1). 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ. ʅʝʩʪʘʙʠʣʴʥʳʡ 

ʢʘʪʘʣʠʟʘʪ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʘ ʠʟ ʩʝʧʘʨʘʪʦʨʘ 

ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ ʫʩʪʘʥʦʚʢʠ ʂʈ, ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʉʂ ʂ-2 ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 

ʊ-6, ʦʙʦʛʨʝʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʢʘʪʘʣʠʟʘʪʦʤ ʠʟ ʉʂ ʂ-2 [3]. ɺ ʧʦʪʦʢ 

ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʘ ʧʝʨʝʜ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ ʊ-6 ʩʙʨʘʩʳʚʘʝʪʩʷ ʛʘʟʦʚʳʡ 

ʢʦʥʜʝʥʩʘʪ ʠʟ ʩʝʧʘʨʘʪʦʨʘ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ. ɺ ʉʂ ʂ-2 ʧʨʦʠʩʭʦʜʠʪ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʘʪʘʣʠʟʘʪʘ. ʉ ʚʝʨʭʘ ʉʂ ʂ-2 ʚʳʚʦʜʷʪʩʷ ʛʘʟ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʥʝʩʪʘʙʠʣʴʥʘʷ ʛʦʣʦʚʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʯʘʩʪʠʯʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʘʧʧʘʨʘʪʘʭ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʍʂ-3/1, ʍʂ-3/2 ʠ ʚʦʜʷʥʦʤ 

ʍʂ-4 ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʚʳʰʝ ʧʣʶʩ 45 
0
ʉ ʩʝʧʘʨʠʨʫʶʪʩʷ ʚ ʝʤʢʦʩʪʠ ʦʨʦʰʝʥʠʷ 

ɽ-2. ɻʘʟ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟ ʝʤʢʦʩʪʠ ʦʨʦʰʝʥʠʷ ɽ-2 ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʪʦʧʣʠʚʥʫʶ ʩʝʪʴ 

ʢʦʤʧʣʝʢʩʘ. ɾʠʜʢʘʷ ʬʘʟʘ ʠʟ ʝʤʢʦʩʪʠ ɽ-2 ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʚʝʨʭʥʶʶ ʪʘʨʝʣʢʫ ʉʂ 

ʂ-2 ʥʘʩʦʩʘʤʠ ʅ-10, ʅ-11 (1 ʨʘʙʦʯʠʡ + 1 ʨʝʟʝʨʚʥʳʡ) ʚ ʢʘʯʝʩʪʚʝ ʦʨʦʰʝʥʠʷ. 

 

 
ʈʠʩ. 1. ʋʧʨʦʱʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ 
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ɹʘʣʘʥʩʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʦʚʢʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʚʦʜʠʪʩʷ ʥʘʩʦʩʘʤʠ ʅ-10, 

ʅ-11 (1 ʨʘʙʦʯʠʡ + 1 ʨʝʟʝʨʚʥʳʡ) ʠʟ ɽ-2, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʩʭʦʜʦʤʝʨʦʤ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʣʦʢ ʦʯʠʩʪʢʠ ʠ 

ʧʦʣʫʯʝʥʠʷ ʩʞʠʞʝʥʥʳʭ ʛʘʟʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʠʟʘ ʉʂ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʮʠʨʢʫʣʷʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʘ ʯʝʨʝʟ ʪʨʫʙʯʘʪʫʶ ʧʝʯʴ ʇ-4 ʥʘʩʦʩʘʤʠ ʅ-12, 

ʅ-13 (1 ʨʘʙʦʯʠʡ + 1 ʨʝʟʝʨʚʥʳʡ). 

ʆʧʠʩʘʥʠʝ ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʉɸʈ) ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ ʫʩʪʘʥʦʚʢʠ ʂʈ. 

ɺʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʉɸʈ ʷʚʣʷʝʪʩʷ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʂ ȹT. 

ʆʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚ ʉʂ ʂʈ. 

ʇʘʨʘʤʝʪʨʫ ȹT ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ [4]: 
TtektT /)( -Ö=D ,      (1) 

ʛʜʝ k ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ, 
0
ʉ; T ï 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʤʠʥ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʝʤʳ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʃʘʧʣʘʩʘ, ʧʦʣʫʯʠʣʠ 

ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ (ʇʌ) ʜʣʷ ʆʋ ʩ ʚʦʟʤʫʱʝʥʠʷʤʠ ȹT ʪʠʧʘ (1): 

)153.1306.81()1(

)/06.8153.13()1(5.1
)(

2

3

+Ö+ÖÖ+Ö

--Ö+Ö+ÖÖ
=

-

sssT

TTkesT
sP

s

.   (2) 

ɼʣʷ ʚʳʨʘʞʝʥʠʷ (1) ʟʘʜʘʜʠʤ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ k ʠ T (ʪʘʙʣ.1) ʠ 

ʧʦʣʫʯʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʦʮʝʩʩʘ (ʨʠʩ.2). 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 

 ̄ 1 2 3 4 5 

k 1.6 1.8 2 2.2 2.4 

T 9 9.5 10 10.5 11 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
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ɺʳʧʦʣʥʠʤ ʨʘʟʨʘʙʦʪʢʫ ʉɸʈ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ 

ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʅʈ) [5]. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ k ʠ T (ʩʤ. ʪʘʙʣ. 1) ʚ ʚʳʨʘʞʝʥʠʠ (2) ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʪʘ ʯʘʩʪʴ ʇʌ ʆʋ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦ ʚʦʟʤʫʱʝʥʠʶ 

ȹT ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʢʘʥʘʣʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʝʥ ʜʣʷ ʚʝʪʚʠ ʚʦʟʤʫʱʝʥʠʷ. 

ɼʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣ. 1) ʧʦ ʬʦʨʤʫʣʝ (2) ʧʦʣʫʯʘʝʤ ʇʌ ʆʋ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʦʮʝʩʩʘ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

P(s) 

)153.1306.81()110(

152.9
)(

21
+Ö+ÖÖ+Ö

=
sss

sP  

)153.1306.81()19(

16.7
)(

21
+Ö+ÖÖ+Ö

=
sss

sP  

)153.1306.81()15.9(

1.8
)(

21
+Ö+ÖÖ+Ö

=
sss

sP  

)153.1306.81()15.10(

32.10
)(

21
+Ö+ÖÖ+Ö

=
sss

sP  

)153.1306.81()111(

61.11
)(

21
+Ö+ÖÖ+Ö

=
sss

sP  

 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʇʌ ʆʋ ʨʘʩʩʯʠʪʘʥʳ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʝʪʦʜʦʤ 

ʎʠʛʣʝʨʘ-ʅʠʢʦʣʴʩʘ [6]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʩʪʨʦʝʢ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʅʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

H(s) 

s
s

sH Ö+Ö+= 725.1
1

017.0345.0)(1  

s
s

sH Ö+Ö+= 92.1
1

025.044.0)(2  

s
s

sH Ö+Ö+= 83.1
1

02.039.0)(3  

s
s

sH Ö+Ö+= 55.1
1

01.031.0)(4  

s
s

sH Ö+Ö+= 33.1
1

015.028.0)(5  
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ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʉɸʈ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ  

ʚ ʩʨʝʜʝ MATLAB 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʳ ʧʦʣʫʯʠʤ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʉɸʈ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʚ ʉɸʈ ʩ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ (ʪʘʙʣ. 3) ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʘ 4 

ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʇʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ, 
0
ʉ 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ 

ʢʘʯʝʩʪʚʘ, [-] 

7,2 5162 

8,75 5243 

7,5 5186 

4,5 4866 

8,75 5228 

 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ, ʦʧʠʩʘʥʥʫʶ ʚ [7], ʚʳʧʦʣʥʠʣʠ ʨʘʩʯʝʪ ʅʈ ʜʣʷ ʇʌ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 2. ɼʣʷ ʟʘʜʘʥʠʷ ʜʠʘʧʘʟʦʥʦʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ 

(ʃʇ) ʅʈ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʩʪʨʦʝʢ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ.3. ɺʳʙʨʘʥ ʪʠʧ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

ʄʘʤʜʘʥʠ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʃʇ ʚʳʙʨʘʥʳ ʩʝʤʴ ʪʨʝʫʛʦʣʴʥʳʭ ʪʝʨʤʦʚ (NB, NM, NS, 

ZE, PS, PM, PB). ɺ ʦʩʥʦʚʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ ʅʈ ʧʦʣʦʞʝʥ ʩʧʦʩʦʙ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [8]. 

ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʉɸʈ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ ʩ ʅʈ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩ ʅʈ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʚ ʩʨʝʜʝ MATLAB 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʳ ʧʦʣʫʯʠʤ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʉɸʈ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʚ ʉɸʈ ʩ ʅʈ 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ.5. 

 

ʊʘʙʣʠʮʘ 5 

ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ, ʩʝʢ 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ 

ʢʘʯʝʩʪʚʘ, [-] 

63,2 7795 

60,5 5187 

61,7 6169 

66,9 9806 

62,75 5229 

 

ʀʟ ʪʘʙʣ. 4 ʠ 5 ʚʠʜʥʦ, ʯʪʦ ʚ ʉɸʈ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʝʞʠʤʝ ʧʨʦʮʝʩʩʘ ʨʘʟʣʠʯʝʥ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʠʣʠ ʅʈ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ 

ʉʂ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ 

 

ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤ ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ k ʠ T. ɿʘʪʝʤ ʧʦ ʬʦʨʤʫʣʝ (2) 

ʧʦʣʫʯʘʝʤ ʇʌ ʆʋ P(s). ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ P(s) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘʩʪʨʦʡʢʠ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ K, P, D ʠ ʧʦʣʫʯʠʪʴ ʇʌ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ H(s). ʇʦʩʣʝ ʵʪʦʛʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʅʈ, ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʟʘʜʘʥʠʷ ʛʨʘʥʠʮ ʃʇ ʅʈ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ K, P ʠ ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʅʈ. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʘʢʝʪʝ Simulink ʩʨʝʜʳ MATLAB ʚ ʉɸʈ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʉʂ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʅʈ ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ I1 ʠ I2. ʉʨʘʚʥʠʚʘʷ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʜʝʣʘʝʤ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʤ ʂʈ ʥʘ 

ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʉɸʋ ʧʨʦʮʝʩʩʦʤ ʂʈ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʀʉʊɽʈɽɿʀʉʅʓʍ ʗɺʃɽʅʀʁ  

ɺ ʌɽʈʈʆʄɸɻʅɽʊʀʂɽ ʉ ʋʏɽʊʆʄ ʄɽʍɸʅʀʏɽʉʂʀʍ ʅɸʇʈʗɾɽʅʀʁ 

1-ɻʆ ʀ 2-ɻʆ ʈʆɼɸ 

ɿ.ʈ. ɿʘʡʥʫʪʜʠʥʦʚʘ, ɼ.ʌ. ʅʝʨʘʜʦʚʩʢʠʡ 

ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʝʛʘʟʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʦʯʝʥʴ ʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʘʪʴ ʬʦʨʤʫ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʪʨʝʙʫʶʪ 

ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʥʝ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ɺʳʙʦʨ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʦʜʥʦʟʥʘʯʝʥ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʊʘʢʘʛʠ ʩ ʫʯʝʪʦʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʤʦʜʝʣʴ ʊʘʢʘʛʠ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. 
 

MODELING OF HYSTERES IS PHENOMENA IN FERROMA GNETS WITH 

REGARD TO MECHANICAL  STRESSES OF THE 

1-ST AND 2-ND KIND  

Z.R. Zainutdinova, D.F. Neradovsky 

Tyumen State Oil and Gas University 
Annotation. Today known a lot of mathematical models that describe the shape of the 

hysteresis loop. However, most models require the introduction of additional factors and have not 

physical meaning. The choice of a mathematical model for materials with different magnetic 

properties can be ambiguous. We have studied the model of magnetic hysteresis Takagi based on 
the dependence of the coercive force of external stresses. 

ʂey words: hysteresis loop, mechanical stresses, coercive force, model Takagi, 

magnetization. 

 

ɺ ʤʘʛʥʠʪʥʳʭ ʤʝʪʦʜʘʭ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠʟʤʝʨʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ
r

M , 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ
C

H , ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ
rc

H , ʧʣʦʱʘʜʴ ʧʝʪʣʠ, 

ʨʘʚʥʘʷ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ [2]. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ 
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(ʪʚʝʨʜʦʩʪʴ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ) ʠ ʩʣʫʞʘʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʨʦʣʷ[3]. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʪʦʯʢʠ ʧʝʪʣʠ, ʢʦʪʦʨʳʭ ʤʥʦʞʝʩʪʚʦ, ʦʩʪʘʶʪʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷ. ʊʘʢʞʝ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʪʣʠ, ʥʘʧʨʠʤʝʨ, ʢʨʠʚʠʟʥʘ 

ʫʯʘʩʪʢʦʚ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʩʪʝʧʝʥʴ ʘʩʠʤʤʝʪʨʠʠ, ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʫʯʘʩʪʢʦʚ 

ʧʝʪʣʠ. ɺʦʟʥʠʢʘʪʁ ʚʦʧʨʦʩ rï ʢʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʝʣʠʯʠʥ ʠ ʪʦʯʝʢ ʧʝʪʣʠ ʠ ʢʘʢʦʚʘ ʠʭ ʩʚʷʟʴ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʩ ʝʛʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʛʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʝʪʣʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʩ 

ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ [1] ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʜʝʩʴ  

ʫʯʠʪʳʚʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʝ, ʵʪʦ 

ʘʢʪʫʘʣʴʥʘ ̫ʟʘʜʘʯʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʨʘʙʦʪʝ ʊʘʢʘʛʠ [4], ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʛʦ ʧʨʠʥʮʠʧʘ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʵʥʝʨʛʠʡ (ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ, ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʜʨ.), ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʨʠʚʦʡ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [100], [110], [111]: 
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I  - ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, 
0
c - 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʨʠ 
C

HH= , 'H  - 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 
100
l  - ʢʦʥʩʪʘʥʪʘ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, s - ʚʝʣʠʯʠʥʘ ʦʜʥʦʦʩʥʦʛʦ ʫʧʨʫʛʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 
0
m - 

ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚ ʩʠʩʪʝʤʝ ʉʀ. 

ɺ ʨʘʙʦʪʝ [5] ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʧʦʤʷʥʫʪʦʡ ʤʦʜʝʣʠ ʊʘʢʘʛʠ ʧʦʣʫʯʠʣʠ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʠʤʤʝʪʨʠʯʥʫʶ ʧʝʪʣʶ 
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ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚ ʬʦʨʤʫʣʳ ʤʦʜʝʣʠ 

ʊʘʢʘʛʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100] ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 
S

I

I
j= ʠʤʝʝʪ ʚʠʜ: 

( )
( )

.0

100

C

C00

100 ȹj
2

1

Ű)2exp(MMch

MMsh
j °

-+
=

@

@
                             (5) 

 

ɿʜʝʩʴ 
( )

( )
.
Ű)2exp()Mch(M

)Msh(M

Ű)2exp(MMch

MMsh
ȹj

Cmax

Cmax

Cmax

Cmax0

100
-+-

-
-

-++

+
=                     (6) 

ɼʦʙʘʚʦʯʥʦʝ ʩʣʘʛʘʝʤʦʝ0

100
ȹj ʚʚʦʜʠʪʩʷ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ [6], ʩ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ çʩʪʳʢʦʚʢʠè ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʝʡ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʨʘʙʦʪʝ [5] ʟʘʧʠʩʘʥʳ ʚʳʨʘʞʝʥʠʷ ʠ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [110] ʠ [111]. 

ɺ ʨʘʙʦʪʝ ʊʘʢʘʛʠ [4] ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
00

111

00

110

00

100

0 jljkjij Ö+Ö+Ö= ,                                              (7) 

ʛʜʝ i , k , l - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʢʣʘʜ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʝʝ 
ʩʦʩʪʘʚʣʷʶʱʠʭ, ʜʣʷ ʦʩʥʦʚʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 1lki =++ . 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100] ʚ ʬʦʨʤʫʣʝ 6 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʣʝʥʦʤ ʚʠʜʘ:

Ű)exp(- , ʛʜʝ
2

S0

1000

I2ɛ

ůɚɢ
~Ű , ʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ

C
M , ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [7] ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ 
C

H ʦʪ ʚʝʣʠʯʠʥʳ 

ʦʜʥʦʦʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʠʜʘ ʥʘʛʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʤʘʨʢʠ ʩʪʘʣʠ. 

ɺ ʨʘʙʦʪʘʭ [8-10] ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʧʝʨʝʩʪʨʦʡʢʠ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʥʘʧʨʷʞʝʥʠʡ 2-ʛʦ ʨʦʜʘ ʧʨʠ 

ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʳʨʘʞʝʥʠʷ ʚ [10], 

ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ()ůH//

C
 ʠ ()s^

C
H  ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʠʟʤʝʨʷʝʤʦʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʜʝʡʩʪʚʠʷ ʦʜʥʦʦʩʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʠʤʝʶʪ ʚʠʜ: 

()( )( )ům1)e(1AHůH
3

ůɓ

3

0

C

//

C

3 +--=
- ;                             (8) 

()( )( )ům1)e(1AHůH
4

ůɓ

4

0

CC

4 +--=
-^ .                             (9) 

ʂʦʵʬʬʠʮʠʝʥʪʳ 
i

A , 
i
b ʠ 

i
m  ʥʘʭʦʜʷʪʩʷ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ()s
C

H ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʊʘʢʘʛʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʩʦʛʣʘʩʥʦ [5], ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ 3413 ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʠʭ 

ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ (1-ʛʦ ʨʦʜʘ). 
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ɺʝʣʠʯʠʥʘ 
C

H ʚ ʤʦʜʝʣʠ ʊʘʢʘʛʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʚʟʷʪʳʝ ʠʟ ʨʘʙʦʪʳ [11], ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ 150³5³0,35
3ʤʤ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʣʠʩʪʘ ʩʪʘʣʠ 3413 ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ (ʨʠʩ.1). 

ɿʥʘʯʠʪ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʠʥʳ ʦʙʨʘʟʮʘ ʙʳʣʦ ʙʣʠʟʢʦ ʢ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ [100]. ʊʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʊʘʢʘʛʠ, 

ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʩʣʫʯʘʝ ʩʪʘʣʠ ʤʘʨʢʠ 3413. ɺ ʨʘʙʦʪʝ [11] 

ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ()ůH
C

 ʩʪʘʣʠ 3413 ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʡ [110] ʠ [111] (ʨʠʩ.1). ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ.1), ʟʘʚʠʩʠʤʦʩʪʴ 

()s
C

H  ʜʣʷ [100] ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦ ʣʠʥʝʡʥʦʡ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

sö
÷

õ
æ
ç

å

sD

D
+=

s

C0

C

]100[

)(

H
HH ,                                            (10) 

ʛʜʝ )0(HH
C

0

C
=  - ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʤʘʪʝʨʠʘʣʘ ʚ ʥʝʥʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ 
sD

D
C

H ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ: 

()
2,0

HH
tg

H 0

CCC º
s

-s
ºa=

sD

D

ʤʄʇʘ

ɸ

Ö
 .                         (11) 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ()s
C

H ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [110] ʙʫʜʝʤ 

ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

( ) öö
÷

õ
ææ
ç

å
s

sD

D
+-d-= bs- C
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C
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C

0

C

]110[

C

H

H

1
e1H1HH ,                          (12) 

ʛʜʝ 0

C0

C

0

C H
H

H
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʙʨʘʟʮʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ 

ʤʘʨʢʠ 3413 ʦʪ ʚʥʝʰʥʠʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ [11] 

 

ɿʘʚʠʩʠʤʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʳʝ (12), ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [5], ʦʜʥʘʢʦ ʚ 

ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʯʠʩʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʣʠʰʴ ʢʘʢ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʝ ʠʤʝʶʱʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

ɺ ʚʳʨʘʞʝʥʠʠ (12) )0(H
C

 - ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʟʮʘ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʥʘʛʨʫʟʢʠ, 0

C
HD - ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʛʨʘʬʠʢʘ, 

sD

D
C

H
 

- ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 2), 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʧʨʷʞʝʥʠʷʤ 10
0
ºs>s  ʄʇʘ. ɼʣʷ ʚʝʣʠʯʠʥʳ b ʧʨʠʤʝʤ 

ʦʮʝʥʢʫ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ: 

2

S0

1000

Im

lc
=b  .                                                     (13) 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ  

ʜʣʷ ʢʨʠʚʦʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [110] 

 

ɺʝʣʠʯʠʥʘ bsʚ ʧʦʢʘʟʘʪʝʣʝ ʩʪʝʧʝʥʠ 
bs-e , ʷʚʣʷʷʩʴ ʙʝʟʨʘʟʤʝʨʥʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʜʚʫʭ ʵʥʝʨʛʠʡ: ʫʧʨ.ʤ100
W=sl  - ʭʘʨʘʢʪʝʨʥʦʝ 

ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʦʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʠ 
.ʤʘʛʥ

2

S0
WI =m  - ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ 
bs-e ʦʧʨʝʜʝʣʷʝʪ 

çʢʦʥʢʫʨʝʥʮʠʶè ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ï ʧʝʨʝʩʪʨʦʡʢʘ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʜʝʡʩʪʚʠʝ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ. ʊʘʢ, ʧʨʠ 
0
s¢s  ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʮʝʩʩʳ ʩʤʝʱʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ 

ʤʝʞʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʘ ʧʨʠ 10
0
=sððs  ʄʇʘ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʥʦʩʷʪ 

ʜʝʡʩʪʚʫʶʱʠʝ ʚʥʝʰʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʣʦʢʘʣʴʥʳʝ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷ. ɺʢʣʘʜ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʩʫʱʝʩʪʚʝʥʝʥ.  

ʀʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ()s
ʉ
ʅ , ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʧʦʣʫʯʠʤ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 
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ʆʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ b ʤʦʞʥʦ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ()s
ʉ
ʅ  ʧʨʠ 10

0
ºs=s  

ʄʇʘ, ʘ ʠʤʝʥʥʦ: 
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ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ: 
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ʈʝʰʠʚ ʫʨʘʚʥʝʥʠʝ (16), ʥʘʭʦʜʠʤ 
19ʇʘ1017,3 --Öºb . ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʩʯʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ b
 ʧʦ ʬʦʨʤʫʣʝ (13), ʛʜʝ 0

c, 
100
l  ʠ 

S
I  ʚʟʷʪʳ 

ʜʣʷ ʪʠʧʠʯʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʝʥʠʶ 
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ʪʝʦʨ
ʇʘ104,01ɓ --Öº , ʯʪʦ ʣʠʰʴ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ, ʥʘʡʜʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺʳʨʘʞʝʥʠʷ (10) ʠ (12) ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʫʣʳ 

ʊʘʢʘʛʠ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [110]. 

ɼʣʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʊʘʢʘʛʠ ʚʳʧʦʣʥʝʥʘ 

ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʝ Turbo Delphi. ʇʨʠʤʝʨ ʪʠʧʠʯʥʦʡ ʧʝʪʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ, ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100] 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100] 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʥʳʭ ʧʝʪʝʣʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ [12]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ çʨʘʟʚʝʨʪʢʘè ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ. ɺʠʜ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4. çʈʘʟʚʝʨʪʢʘè ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦ ʦʩʠ H 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʳ ʘʤʧʣʠʪʫʜʳ 

ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ çʨʘʟʚʝʨʥʫʪʦʡè ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʣʦʞʝʥʥʳʭ ʚʥʝʰʥʠʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [100] ʠ [110]. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5, 6, 7, 8. 
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ, ʧʷʪʦʡ, ʩʝʜʴʤʦʡ ʛʘʨʤʦʥʠʢ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [100]  

ʙʝʟ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ, ʧʷʪʦʡ, ʩʝʜʴʤʦʡ ʛʘʨʤʦʥʠʢ  

ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100] ʚ ʤʦʜʝʣʠ ʊʘʢʘʛʠ ʩ ʫʯʝʪʦʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ, ʧʷʪʦʡ, ʩʝʜʴʤʦʡ ʛʘʨʤʦʥʠʢ  

ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [110] ʙʝʟ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 
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ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ, ʪʨʝʪʴʝʡ, ʧʷʪʦʡ, ʩʝʜʴʤʦʡ ʛʘʨʤʦʥʠʢ  

ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [110] ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 8) ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʧʷʪʦʡ, ʩʝʜʴʤʦʡ ʛʘʨʤʦʥʠʢ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʜʦʩʪʠʛʥʫʚ ʟʘʪʝʤ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ 

ʚʦʟʨʘʩʪʘʶʪ, ʜʦʩʪʠʛʘʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʎ ς̇ ˜ ́ʄʇʘ 

ʧʝʨʚʦʛʦ ʧʠʢʘ, ʟʘʪʝʤ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʜʝʪ ʩʧʘʜ 

ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ, ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʎ τ̇ ˜ ́

ʄʇʘ. ɼʘʥʥʘʷ ʪʦʯʢʘ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ. ʇʦʪʦʤ ʩʥʦʚʘ ʠʜʝʪ 

ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ, ʜʦʩʪʠʛʥʫʚ ʧʨʠ ʟʥʘʯʝʥʠʠ ʎ φ̇ ˜ ́

ʄʇʘ ʚʪʦʨʦʡ ʧʠʢ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. 

ɺ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [110] ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ ʚʦʟʨʘʩʪʘʶʪ, 

ʘ ʙʝʟ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ ʫʤʝʥʴʰʘʶʪʩʷ (ʩʤ. ʨʠʩ. 7, 8). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʫʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [110], ʯʝʤ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [100], ʪʦ ʝʩʪʴ 

ʪʨʝʪʴʷ ʛʘʨʤʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʚʜʦʣʴ ʦʩʠ [100] (ʨʝʙʨʦ ʢʫʙʘ) 

ʧʨʦʠʩʭʦʜʠʪ ʣʝʛʯʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʚʜʦʣʴ [111] (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʘʛʦʥʘʣʴ) ʠ 

[110] (ʜʠʘʛʦʥʘʣʴ ʛʨʘʥʠ ʢʫʙʘ). 

ʋʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ. 

ɺ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʎ ς φ˙˜ ́ ʄʇʘ 

ʘʤʧʣʠʪʫʜʘ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ɸ 

ů, ʄʇʘ 

ˢо 

ˢр 

ˢт 
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[110], ʠʩʧʳʪʳʚʘʝʪ ʩʢʘʯʦʢ ʧʨʠ ʫʯʝʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɹʝʟ ʫʯʝʪʘ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢʦʛʦ ʩʢʘʯʢʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠ ʩʦʦʩʥʦʝ ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʜʝʣʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʦʣʝʝ ʘʥʠʟʦʪʨʦʧʥʳʤ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʠʜʝʪ ʙʦʣʝʝ ʪʨʫʜʥʦ [13]. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʠ ʜʨʦʙʣʝʥʠʝ ʜʦʤʝʥʦʚ. ʕʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʧʣʠʪʫʜʘ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʘʥʠʟʦʪʨʦʧʠʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʠʭ ʦʜʥʦʦʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʚ ʤʦʜʝʣʠ ʊʘʢʘʛʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʪʶʢ, ɺ.ʌ., ʆʩʠʧʦʚ ɸ.ɸ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʨʠʚʦʡ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʝʪʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ʏʘʩʪʴ I. ɸʥʘʣʠʟ ʤʦʜʝʣʝʡ. ï 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ. 2011, ˉ2. ʉ. 3-36. 

2. ʄʠʭʝʝʚ, ʄ.ʅ., ɻʦʨʢʫʥʦʚ, ʕ.ʉ. ʄʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ï ʄ.: ʅʘʫʢʘ, 1993. ï 252 ʩ. 

3. ɹʠʜʘ, ɻ.ɺ., ʅʠʯʠʧʫʨʫʢ, ɸ.ʇ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ 
ʩʪʘʣʝʡ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʆ ʈɸʅ, 2005. 

4. TakagiM. OnastatisticalDomaintheoryofFerromagneticcrystals., PartII//. Sci. 

Rep. TohokuImp. Univ. 1939 Vol 28, p.85-127. 

5. ʅʦʚʠʢʦʚ, ɺ.ʌ., ʇʨʦʙʦʪʶʢ, ɺ.ɺ., ʆʩʪʘʰʢʦʚ ɺ.ʅ. ɺʣʠʷʥʠʝ ʧʝʨʝʤʝʥʥʳʭ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ï ʊʶʤʝʥʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ çɺʝʢʪʦʨ-ɹʫʢè, 2005. ï 52 ʩ. 

6. ɿʘʮʝʧʠʥ, ʅ.ʅ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʭʦʜ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. //ʀʟʚ. ɸʅ ɹʉʉʈ, ʩʝʨ. ʬʠʟ-

ʪʝʭʥ.ʥʘʫʢ, 1973, ˉ4. ʉ. 29-31. 

7. ɿʘʭʘʨʦʚ, ɺ.ɸ., ɹʦʨʦʚʢʦʚʘ, ʄ.ɸ., ɹʘʙʢʠʥ, ʉ.ʕ. ʆ ʩʚʷʟʠ ʢʦʵʨʮʠʪʠʚʥʦʡ 
ʩʠʣʳ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ // 

ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʜʝʣʠʡ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. ʀʞʝʚʩʢ, 1981. ʉ. 62-64. 

8. ʅʦʚʠʢʦʚ, ɺ.ʌ., ʗʮʝʥʢʦ, ʊ.ɸ., ɹʘʭʘʨʝʚ, ʄ.ʉ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ 
ʩʠʣʳ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʦʪ ʦʜʥʦʦʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʏʘʩʪʴ 1)// 

ɼʝʬʝʢʪʦʩʢʦʧʠʷ, 2001. - ˉ11. ï ʉ. 51-57. 

9. ʅʦʚʠʢʦʚ, ɺ.ʌ., ʗʮʝʥʢʦ, ʊ.ɸ., ɹʘʭʘʨʝʚ, ʄ.ʉ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ 
ʩʠʣʳ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʦʪ ʦʜʥʦʦʩʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʏʘʩʪʴ 2)// 

ɼʝʬʝʢʪʦʩʢʦʧʠʷ, 2002. - ˉ4. ï ʉ.11-17. 

10. ʅʦʚʠʢʦʚ, ɺ.ʌ., ɹʘʭʘʨʝʚ, ʄ.ʉ. ʄʘʛʥʠʪʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ. ʊʶʤʝʥʴ.: ɺʝʢʪʦʨ ɹʫʢ, 2001. ï 220 ʩ. 

11. ʄʠʰʠʥ, ɼ.ɼ. ʄʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ï ʄ.: ɺʳʩʰʘʷ 

ʰʢʦʣʘ, 1981. ï 335 ʩ. 

12. ɼʝʥʠʩʦʚʘ, ʕ.ɺ. ʆʩʥʦʚʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ: ʫʯʝʙ.ʧʦʩʦʙʠʝ / 
ʕ.ɺ ɼʝʥʠʩʦʚʘ, ɸ.ɺ.ʂʫʯʝʨ; ʉʇʙ ɻʋ ʀʊʄʆ, 2010. ï 164 ʩ. 



49 

 

13. ʅʦʚʠʢʦʚ, ɺ.ʌ.  ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 
ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʧʦʜ ʨʝʜ. ɺ.ʌ. ʅʦʚʠʢʦʚʘ. ï 2-ʝ ʠʟʜ., ʜʦʧ. ï 

ʊʶʤʝʥʴ: ʊʶʤɻʅɻʋ, 2012. ï 106 ʩ. 

 

ʈɽʐɽʅʀɽ ʃʀʅɽʁʅʓʍ ʆɼʅʆʈʆɼʅʓʍ ʉʀʉʊɽʄ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ MAPLE  

ʄ.C. ʂʦʞʝʚʷʪʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ-ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ 
ɸʥʥʦʪʘʮʠʷ: ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʤʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ, ʕʡʣʝʨʘ, ʤʘʪʨʠʯʥʦʡ ʵʢʩʧʦʥʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʘʢʝʪʘ Maple.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʨʠʯʥʘʷ ʵʢʩʧʦʥʝʥʪʘ, ʣʠʥʝʡʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜ ʕʡʣʝʨʘ, ʤʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ. 

 

SOLUTION OF LINEAR H OMOGENEOUS SYSTEMS OF DIFFERENTIAL 

EQUATIONS USING  

ʄ.S. Kozhevyatov 

Scientific supervisor: candidate of physico-mathematical Sciences, associate 

Professor E. V. Nikitenko 

Rubtzovsk Industrial Institute 
Annotation:  solution of linear homogeneous systems of differential equations by the 

elimination method, Euler, matrix exponent using the mathematical package Maple. 

Keywords: matrix exponent, a linear homogeneous system of differential 

equations, Euler method, method of matrix exponential. 

 

ʅʘʫʯʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʠ ʪʝʭʥʠʢʝ. ʊʘʢʠʝ ʧʘʢʝʪʳ, ʢʘʢ 

Axiom, Derive, Maʩsyma, Maple[4], MatLab, MathCAD, Mathematica, ʭʦʨʦʰʦ 

ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʠ 

ʢʦʤʧʘʥʠʷʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. ɺʣʘʜʝʥʠʝ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʢʝʪʘʤʠ ʠ ʨʝʛʫʣʷʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʨʘʙʦʪʝ, ʙʫʜʴ ʪʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʘʷ ʟʘʜʘʯʘ, ʙʳʩʪʨʦ ʩʪʘʥʦʚʠʪʩʷ ʥʦʨʤʦʡ 

ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ. ʆʙ ʵʪʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʨʦʩʪʫ ʯʠʩʣʘ ʞʫʨʥʘʣʴʥʳʭ ʠ ʢʥʠʞʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʦʩʚʝʱʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʘʢʝʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʙʣʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʨʝʜʩʪʚʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple. 

ʆʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ ʤʦʞʝʪ  

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

!ÙȟÔɴ ÁȟÂ ),,(, batAy
dt

dy
Í=                                                      

(1) 

ʛʜʝ A ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ n x n. 
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                                             (2) 

‪ ï ʬʫʥʢʮʠʠ [3] 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

ÙÔ Å # Cety tA=)( ,                                                       

(3) 

ʛʜʝ Ὡ  ï ʤʘʪʨʠʯʥʘʷ ʵʢʩʧʦʥʝʥʪʘ, C = (C1, C2, ..., Cn)
T
 ī ʧʨʦʠʟʚʦʣʴʥʳʡ n-ʤʝʨʥʳʡ 

ʚʝʢʪʦʨ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʘʪʨʠʯʥʘʷ ʵʢʩʧʦʥʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ  ʩʣʝʜʫʶʱʝʛʦ 

ʩʪʝʧʝʥʥʦʛʦ ʨʷʜʘ: 
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       (4) 

ʀʩʧʦʣʴʟʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ‪-ʬʫʥʢʮʠʠ, ʤʳ ʤʦʞʝʤ ʤʘʪʨʠʯʥʫʶ ʵʢʩʧʦʥʝʥʪʫ 

(n x n) ʤʘʪʨʠʮʳ ɸ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʩʪʝʧʝʥʠ n-1:  

ʕÔȟʇȟʇȟȣȟʇ !-ʇ%ȣ !-ʇ- %

++-+= 2))(,,(),( 1211 EAtEtetA lllyly  

),())(,,,,( 121 EAEAt nnn ---+ llllly 22                                  (5) 

ʛʜʝ ‗ȟ‗ ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ, 

ʕÔȟʇ Å ,),( 1

1

t
et
lly =                                                                        

(6) 

ʕÔȟʇȟȣȟʇ ᷿Å - ʕ Óȟʇȟȣȟʇ- ÄÓȟÊ ςȟȣȟÎȢ

ñ == -

-
t

j

st

j njdsset j
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1 .,,2,),,,(),,,( 222 llylly
l                            (7) 

ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ‗ȟ‗ ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ ʨʘʟʤʝʨʦʤ 

(2ʭ2), ʪʦʛʜʘ: 

ʕÔȟʇ Å                                                                        
(8) 
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ÔÅ ȟʇ ʇ
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Å ʕÔȟʇ % ),)(,,(),( 1211 EAtEtetA lllyly -+=                                      

(10) 

 

ʄʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ [2] 

ɼʣʷ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʦʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 1-ʛʦ ʧʦʨʷʜʢʘ, ʪ.ʝ.  

ÆØȟÙȟÚ

ÇØȟÙȟÚî
í

î
ì

ë

=

=
,

),,(

),,(

zyxg
dx

dz

zyxf
dx

dy

 (11) 

ʨʘʟʨʝʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ y ʠ z, 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ ʭ ʦʜʥʦʡ ʠʟ ʥʠʭ. 

Æ Ç ,
2

2

g
z

f
f

y

f

x

f

dx

yd

µ

µ
+

µ

µ
+

µ

µ
=  (12) 

ʦʧʨʝʜʝʣʷʷ z ʠʭ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (11) ʠ ʧʦʜʩʪʘʚʣʷʷ ʥʘʡʜʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ 

Ú ʒØȟÙȟ ),,(
dx

dy
yzz j=                                                                      

(13) 

ʚ ʫʨʘʚʥʝʥʠʝ (12), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʩ ʦʜʥʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ y. 

ʈʝʰʘʷ ʝʛʦ, ʥʘʭʦʜʠʤ: 

Ù ʕØȟ#ȟ# ).,,( 21 CCxy y=                                                                    

(14) 

ʇʦʜʩʪʘʚʣʷʷ ʬʫʥʢʮʠʶ (14) ʚ ʬʦʨʤʫʣʫ (13), ʦʧʨʝʜʝʣʷʝʤ ʬʫʥʢʮʠʶ z. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʬʦʨʤʫʣ (13) ʠ (14), ʜʘʝʪ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ. 

ʄʝʪʦʜ ʕʡʣʝʨʘ[1] 

ʀʱʝʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʚʠʜʝ 

Ù "Å ,tBey l=  (15) 

ʛʜʝ B ï ʧʦʩʪʦʷʥʥʳʡ ʚʝʢʪʦʨ. 

ʊʦʛʜʘ ʠʟ (1) ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ: 
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&ʇ" πȟ̄ ̅&̆ʇ !-ʇ% ,0)( =BF l ʛʜʝ ,)( EAF ll -=                                              

(16) 

ÄÅÔ&ʇ π ,0)(det =lF  (17) 

ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʇȟʇȟȣȟʇ ï ʝʛʦ ʧʨʦʩʪʳʝ ʢʦʨʥʠ. ʊʦʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʨʝʰʝʥʠʷ ʙʫʜʫʪ 

Ù "Å ȟÙ "Å ȟȣȟÙ "Å
.,, 21

21

t

n

tt nBeyBeyBey
lll

=== 2                                            (18) 

ɺʝʢʪʦʨʳ ὄ, ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ  

&ʇ " π .0)( =kk BF l                                                                        

(19) 

ʇʨʦʠʟʚʦʣʴʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʚʝʢʪʦʨʦʚ (18) 

Ù В #"Å ,
1

ä
=

=
n

i

t

ii
ieBCy
l  (20) 

ʛʜʝ  ˞ï ʧʦʩʪʦʷʥʥʳʝ, ʝʩʪʴ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1). 
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ɺʀɼʋ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇɸʂɽʊɸ MAPLE  

ʆ.ɸ. ʂʦʧʳʣʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢ.ʬ.- ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʚʝʜʝʥʠʝ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ 

ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʚʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʘʥʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, Maple, 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

BRINGING QUADRATIC CURVE TO THE CANONICAL FORM 

USING THE PACKAGE MAPLE  

O.A. Kopilova, E.V. Nikitenko 

Rubtsovsk Industrial Institute of Altai State (branch) Technical University after 

I.I. Polzynov 
Annotation:  The article discusses the reduction curve of the second order to the canonical 

form using mathematical package Maple. 

Keywords: second-order curves, canonical equation, Maple, orthogonal 

transformation. 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ 

ʩʝʙʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ. ʇʘʢʝʪ Maple ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ. ɺ ʥʝʤ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʚʩʪʨʦʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ  ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ. ʀʩʧʦʣʴʟʫʷ ʩʨʝʜʩʪʚʘ ʜʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ, ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢʨʠʚʫʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ, ʧʦʩʪʨʦʠʪʴ ʝʝ, ʘ ʪʘʢʞʝ 

ʚʳʯʠʩʣʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʠʥʚʘʨʠʘʥʪʳ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ ʥʘ ʵʪʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʢʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʥʝʢʦʪʦʨʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ: 
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ʇʨʠ ʵʪʦʤ ʯʠʩʣʘ 
11

a ,
12

a , 
22

a Á ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʨʘʚʥʳ ʥʫʣʶ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ, ʯʪʦ ʚʦʚʩʝ ʥʝʪ ʪʦʯʝʢ (x, y) ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪ ʤʥʠʤʫʶ ʢʨʠʚʫʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦʚʦʨʦʪʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

OXY ʥʘ ʫʛʦʣ ű ʧʨʠʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ 
12

a  ʨʘʚʝʥ ʥʫʣʶ. 

ɺʝʣʠʯʠʥʘ ű ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʇʝʨʝʭʦʜ ʢ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʬʦʨʤʫʣʘʤ: 
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ɿʥʘʯʝʥʠʷ jsin  ʠ jcos  ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ɿʘʪʝʤ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʚʚʝʜʝʥʠʝʤ ʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 
|||||| UCO , ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ

||| UCO  

ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ, ʪ.ʝ. 
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ʃʶʙʘʷ ʢʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʫʪʝʤ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʦʜʥʦʤʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ 

(ʥʘʟʳʚʘʝʤʳʭ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ): 
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0, ʧʘʨʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʥʠʤʳʭ ʧʨʷʤʳʭ; 
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1, ʛʠʧʝʨʙʦʣʘ; 
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x
, ʧʘʨʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʨʷʤʳʭ; 

6. pxy 22 = , ʧʘʨʘʙʦʣʘ; 
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7. 0,022 >=- aay , ʧʘʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ; 

8. 0,022 >=+ aay , ʧʘʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʥʠʤʳʭ ʧʨʷʤʳʭ; 

9. 02 =y , ʧʘʨʘ ʩʦʚʧʘʜʘʶʱʠʭ ʧʨʷʤʳʭ. 

ɿʘʤʝʯʘʥʠʝ. ʆʧʨʝʜʝʣʠʪʴ ʚʠʜ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʪʘʢʞʝ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ  ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʠʥʚʘʨʠʘʥʪʘʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1]). 
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ʄʝʞʚʫʟʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ (ʄʅʀʎʊʄ), ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ 
3
 ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ ʨʘʟʤʝʨʦʤ ʜʦ 

100 ʘʪʦʤʦʚ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʚʩʝʭ ʛʣʦʙʘʣʴʥʳʭ 
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ToposPro ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʠʧʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʠʵʜʨʠʯʝʩʢʠʭ ʷʜʝʨ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʢʣʘʩʪʝʨʘʭ Cu4-Cu100. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʣʘʩʪʝʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʪʝʨ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ, ʩʪʨʫʢʪʫʨʘ, ʪʦʧʦʣʦʛʠʷ. 

 

MODELLING OF THE COPPER CLUSTERôS GROWTH: TOPOLOGICAL 

DESCRIPTION, STABILITY AND OCCURRENCE IN INTERMETALLICS  

V.S Myasnichenko
1
, A.A Esser

2
, P.M Ershov

3
 

1
 Altay State Technical University named after I.I. Polzunov 

2
 Samara Center for Theoretical Materials Science (SCTMS), Samara National 

Research University named after academician S.P. Korolev 
3
 Tver State University 

Annotation:  In this paper, we study the structure of the modeled copper clusters with up to 100 

atoms. Based on the calculated internal potential energy for all GM, we can identify ñmagicò 

clusters that correspond to the most stable states. Using ToposPro we have performed the 

topological analysis of the Cu4-Cu100 clusters, as a result one can see that the modeled clusters have 

the certain types of internal polyhedral cores. With increase of the size of the nanoclusters their 
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occurrence in intermetallics monotonically decreases. The sequential topological growth of copper 

nanoclusters with internal icosahedron realized only in certain size ranges. 

Keywords: cluster, intermetallic compound, structure, topology. 

 

ʉʝʛʦʜʥʷ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʪʳʩʷʯ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʦʧʠʩʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʠ ʢʣʘʩʪʝʨʦʚ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ClusterEvolution, 

ʘʧʨʦʙʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [1], ʧʨʦʚʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ CuN (N = 4-100). ʅʘʯʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʢʣʘʩʪʝʨʘʤ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ [2]. ʄʝʞʘʪʦʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʟʘʜʘʚʘʣʦʩʴ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʂʣʝʨʠ-ʈʦʟʘʪʦ [3], ʧʦʩʪʨʦʝʥʥʦʤ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʠʣʴʥʦʡ ʩʚʷʟʠ. ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʘʪʦʤʦʚ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʘʣʛʦʨʠʪʤʫ ɺʝʨʣʝ [4-5] ʚ ʝʛʦ ʩʢʦʨʦʩʪʥʦʡ 

ʬʦʨʤʝ, ʩ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ȹt = 1.0 ʬʩ. ʂʦʥʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʤʝʜʠ ʨʘʟʣʠʯʥʦʛʦ 

ʨʘʟʤʝʨʘ ʦʪ 100 ʂ ʜʦ 0.5 ʂ ʩ ʰʘʛʦʤ 0.5 ʂ/ʧʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ 

ʨʝʣʘʢʩʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʧʩ. 

ʇʨʦʮʝʩʩ ʨʝʣʘʢʩʘʮʠʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʠ 

(ʤʠʢʨʦʢʘʥʦʥʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ).  

ʇʦʣʫʯʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʤʝʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʦʘʪʦʤʥʦ 

ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʤʝʩʪʝ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʛʣʦʙʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ (GM) ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʘʟʤʝʨʘ. ɼʣʷ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ GM ʙʳʣʠ ʚʳʛʨʫʞʝʥʳ ʠʟ 

ɹɼ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ XYZ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʛʣʦʙʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʜʣʷ ʢʣʘʩʪʝʨʦʚ Cu4-Cu100 ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʜʝʣʴʥʳʝ 

ʥʘʥʦʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʠʵʜʨʠʯʝʩʢʠʭ ʷʜʝʨ: 

0@3 (ʪʨʝʫʛʦʣʴʥʠʢ), 0@4 (ʪʝʪʨʘʵʜʨ), 0@5 (ʪʨʝʫʛʦʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ), 0@6 

(ʦʢʪʘʵʜʨ), 0@7 (ʧʷʪʠʫʛʦʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ), 1@12 (ʠʢʦʩʘʵʜʨ ʠ ʢʫʙʦʦʢʪʘʵʜʨ). ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʨʦʩʪ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʷʜʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʭ- ʠ ʪʨʝʭʦʙʦʣʦʯʝʯʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʨʠʩ. 1). ʇʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʨʦʩʪʦʤ ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʥʘʥʦʢʣʘʩʪʝʨʘ ʥʘ ʦʜʠʥ ʘʪʦʤ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʧʨʝʜʳʜʫʱʝʛʦ 

ʘʪʦʤʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ToposPro [6], ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ ʧʦʣʠʦʙʦʣʦʯʝʯʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ. 
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ʈʠʩ. 1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʦʩʪ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʥʘʜ ʚʥʫʪʨʝʥʥʠʤ ʷʜʨʦʤ  

ʚ ʚʠʜʝ ʧʷʪʠʫʛʦʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  

ʜʚʫʭ- ʠ ʪʨʝʭʦʙʦʣʦʯʝʯʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʩʝʭ GM 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʪʝʥʜʝʥʪʳ ʥʘ çʤʘʛʠʯʝʩʢʠʝè ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ; ʠʭ ʧʦʚʝʜʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ, ʪʝʧʣʦʝʤʢʦʩʪʴ, 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ). ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 

800 K ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ (55,73,75,77,79N= ). ʅʘ ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʣʦʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ (ʨʠʩ. 2), ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ ʥʘʣʠʯʠʠ ʦʙʣʘʩʪʠ ʧʨʝʜʧʣʘʚʣʝʥʠʷ, ʧʨʝʜʩʢʘʟʘʥʥʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [7]. 
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ʈʠʩ. 2. ʂʘʣʦʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ  

ʜʣʷ ʥʘʥʦʢʣʘʩʪʝʨʘ ʤʝʜʠ (73N= ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʩʪʨʫʢʪʫʨʳ GM ʜʣʷ ʢʣʘʩʪʝʨʦʚ Cu4-Cu100 ʯʘʩʪʠʯʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ Cambridge 

Cluster Database [8]. ʄʦʜʝʣʴʥʳʝ ʥʘʥʦʢʣʘʩʪʝʨʳ, ʚʟʷʪʳʝ ʠʟ Cambridge Cluster 

Database, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʤ ʷʜʨʦʤ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʰʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʨʦʩʪ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʤʝʜʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʢʦʩʘʵʜʨʦʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ N = 13-26 ʠ 55-68. ʂʣʘʩʪʝʨʳ ʫʢʘʟʘʥʥʳʭ ʨʘʟʤʝʨʦʚ 

ʩʦʜʝʨʞʘʪ ʧʦʣʠʵʜʨʠʯʝʩʢʦʝ ʷʜʨʦ ʪʠʧʘ 1@12. ʀʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ CuN c ʚʥʫʪʨʝʥʥʠʤ ʷʜʨʦʤ 1@12 

ʂʦʣ-ʚʦ 

ʘʪʦʤʦʚ, 

N 

ʂʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʂʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʂʦʣʠʯʝʩʪʚʦ ʛʨʘʥʝʡ ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʚ 

ʠʥʪʝʨʤʝ-

ʪʘʣʣʠʜʘʭ 1 2 3 1 2 3 1 2 3 

13 12   30   20   7911 

14 12 1  30   20   7791 

15 12 2  30 1  20 1  7672 

16 12 3  30 2  20 1  7603 

17 12 4  30 3  20 1  7499 

18 12 5  30 5  20 2  5944 

19 12 6  30 10  20 6  5707 

20 12 7  30 11  20 6  5649 

21 12 8  30 12  20 6  5564 

22 12 9  30 16  20 9  4480 

23 12 10  30 19  20 11  4433 

24 12 11  30 22  20 13  4240 

25 12 12  30 24  20 14  3664 

26 12 13  30 27  20 16  3572 

55 12 42  30 120  20 80  192 

56 12 42 1 30 120  20 80  192 

57 12 42 2 30 120 1 20 80 1 192 

58 12 42 3 30 120 3 20 80 2 192 

59 12 42 4 30 120 4 20 80 2 189 

60 12 42 5 30 120 6 20 80 3 189 

61 12 42 6 30 120 8 20 80 4 136 

62 12 42 7 30 120 9 20 80 4 136 

63 12 42 8 30 120 11 20 80 5 131 

64 12 42 9 30 120 13 20 80 6 126 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘʥʦʢʣʘʩʪʝʨʳ Cu13, Cu19, Cu23 ʠ Cu26 ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʪʨʫʢʪʫʨʳ ʠʢʦʩʘʵʜʨʘ, ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʠʢʦʩʘʵʜʨʦʚ, ʪʨʝʭ ʚʣʦʞʝʥʥʳʭ ʠʢʦʩʘʵʜʨʦʚ 

ʠ ʯʝʪʳʨʝʭ ʚʣʦʞʝʥʥʳʭ ʠʢʦʩʘʵʜʨʦʚ (ʢʣʘʩʪʝʨ ɔ-ʣʘʪʫʥʠ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3). 

 

 

ʘ)   ʙ)    ʚ)      ʛ)   

ʈʠʩ. 3. ʅʘʥʦʢʣʘʩʪʝʨʳ ʤʝʜʠ ʚ ʚʠʜʝ ʠʢʦʩʘʵʜʨʘ (ʘ), ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʠʢʦʩʘʵʜʨʦʚ 

(ʙ), ʪʨʝʭ ʚʣʦʞʝʥʥʳʭ ʠʢʦʩʘʵʜʨʦʚ (ʚ) ʠ ʯʝʪʳʨʝʭ ʚʣʦʞʝʥʥʳʭ ʠʢʦʩʘʵʜʨʦʚ (ʛ) 

 

ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 576 ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʚʠʯʥʳʝ 

ʥʘʥʦʢʣʘʩʪʝʨʳ ʚ ʚʠʜʝ 26-ʘʪʦʤʥʳʭ ʢʣʘʩʪʝʨʦʚ ɔ-ʣʘʪʫʥʠ, ʥʘʡʜʝʥ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʘʥʦʢʣʘʩʪʝʨ ɔ-ʣʘʪʫʥʠ  Cu26 ʚ ʩʪʨʫʢʪʫʨʝ Cu40.5Sn11 [9]. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʢʣʘʩʪʝʨʘ Ag26, 

ʦʜʥʘʢʦ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʵʥʝʨʛʠʠ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ Ag26 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʭʩʣʦʡʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʝ ʘʪʦʤʦʚ (hcp), ʘ ʥʝ 

ʩʪʨʫʢʪʫʨʝ ʢʣʘʩʪʝʨʘ ɔ-ʣʘʪʫʥʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘʤʠ ʥʝ ʥʘʡʜʝʥ 

ʥʘʥʦʢʣʘʩʪʝʨ Ag26, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ɔ-ʣʘʪʫʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʤʠ ʥʘʥʦʢʣʘʩʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʘʪʦʤʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, 

ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʦʜʝʣʴʥʳʤ ʥʘʥʦʢʣʘʩʪʝʨʘʤ CuN, ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 4. ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʪʦʤʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

Cu13, Cu19 ʠ Cu85 ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 

65 12 42 10 30 120 16 20 80 8 0 

66 12 42 11 30 120 18 20 80 9 0 

67 12 42 12 30 120 20 20 80 10 0 

68 12 42 13 30 120 23 20 80 12 0 

75 12 42 20 25 100 20 15 60 2 0 

76 12 42 21 25 100 24 15 60 5 0 

77 12 42 22 25 100 25 15 60 5 0 

79 12 42 24 24 96 24 14 56 2 3270 
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ʈʠʩ. 4. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʘʪʦʤʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, 

ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʦʜʝʣʴʥʳʤ ʥʘʥʦʢʣʘʩʪʝʨʘʤ CuN, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʨʘʟʤʝʨʘ; ʩʝʨʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʥʦʢʣʘʩʪʝʨʘʤ 

ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʤ ʷʜʨʦʤ 

 

ɺ ʨʘʤʢʘʭ ʤʝʭʘʥʠʟʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʨʦʩʪʘ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʷʜʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʨʘʟʤʝʨʦʚ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩ. 4 ʤʳ 

ʚʳʜʝʣʠʣʠ ʩʝʨʳʤ ʮʚʝʪʦʤ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʥʘʥʦʢʣʘʩʪʝʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʢʦʩʘʵʜʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʙʨʦʩʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʥʦʢʣʘʩʪʝʨʘʤ ʩ N 

= 38 ʠ 79 ʠ ɻʎʂ ʩʪʨʫʢʪʫʨʦʡ. ʄʦʜʝʣʴʥʳʝ ʥʘʥʦʢʣʘʩʪʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ 27-34 ʠ 86-

100 ʘʪʦʤʦʚ, ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʝ ʨʝʘʣʠʟʫʶʪʩʷ. 

 

ʘ)      ʙ) 

 

ʚ) 

ʈʠʩ. 5. ɸʪʦʤʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (ʚʳʜʝʣʝʥʳ 

ʮʚʝʪʦʤ): ʘ ï Cu13 ʚ Al20Cr2Er; ʙ ï Cu19 ʚ Al12Cu6Mg11; ʚ ï Cu85 ʚ Na43Tl7 
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MODELLING OF OPERATION OF THE DIESEL ENGINE WITH THE ALL -

SPEED GOVERNOR IN THE SOFTWARE PACKAGE MBTY  
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G. G. Parkhomenko 

Federal State Budgetary Scientific Institution Northern-Caucasian Scientific 
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Annotation. The mathematical model of the diesel engine with the all-speed governor is 

presented. The modeling technique is given in the software package MBTY and results of 

calculations of operation of the engine D-240. 

Keywords: diesel engine, all-speed governor, modeling. 

 

ɺ ʨʘʚʥʦʚʝʩʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʦʜʜʝʨʞʘʥʠʝ ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ 

ʨʘʚʝʥʩʪʚʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʜM  ʤʦʤʝʥʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 

ʢʦʣʝʥʯʘʪʦʤ ʚʘʣʫ ʩM  [1]: 

ʩʜ MM = .                       (1) 

ɺ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʨʝʞʠʤʝ (ʚ ʩʣʫʯʘʝ ʥʝʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ 

ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʚʦʟʥʠʢʘʶʪ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ. 

ʩʜʜʜ MMJ -=wÖ# ,                                            (2) 

ʛʜʝ  ʜJ  ï ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʢʦʣʝʥʯʘʪʦʤʫ ʚʘʣʫ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʚʠʛʘʪʝʣʷ. 

       ʜw  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ (ʩʦʛʣʘʩʥʦ [2, 3, 4]) ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʛʨʝʩʩʠʠ: 

2

543

2

210 ʨʨʜʨʜʜʜ hahahaaaaM Ö+ÖwÖ+Ö+wÖ+wÖ+= , (3) 

2

543

2

210 ʨʨʜʨʜʜʝ hbhbhbbbbg Ö+ÖwÖ+Ö+wÖ+wÖ+= , (4) 

ʛʜʝ 1a , ib  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ; 

ʨh  ï ʦʪʢʣʦʥʝʥʠʝ ʨʝʡʢʠ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʦʪ ʧʦʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʥʦʤʠʥʘʣʴʥʦʡ ʧʦʜʘʯʝ ʪʦʧʣʠʚʘ. 

ɼʚʠʞʝʥʠʝ ʨʝʡʢʠ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ, ʩʥʘʙʞʝʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʷʤʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝʤ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ. ʉʦʛʣʘʩʥʦ [2], 

ʦʪʢʣʦʥʝʥʠʝ ʨʝʡʢʠ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʋʊʅ-5 ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

zhʨ Ö= 57,3 ,                                        (5) 

ʛʜʝ  z ï ʧʝʨʝʤʝʱʝʥʠʝ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ. 

ɹʝʟ ʫʯʝʪʘ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʜʚʠʞʝʥʠʝ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ [5]: 
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,0

2

2

2

2

#

#

,                (6) 

ʛʜʝ ʥz  ï ʧʦʣʦʞʝʥʠʝ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʦʤʠʥʘʣʴʥʦʡ ʧʦʜʘʯʝ 

ʪʦʧʣʠʚʘ; 

paï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʨʝʛʫʣʷʪʦʨʝ; 

pc , ʢc  ï ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʤʫʬʪʝ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ ʨʝʛʫʣʷʪʦʨʘ ʠ ʢʦʨʨʝʢʪʦʨʘ; 

()zA  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʩʠʣʳ; 

pi  ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʧʨʠʚʦʜʘ ʚʘʣʘ ʨʝʛʫʣʷʪʦʨʘ; 

()gF  ï ʫʩʠʣʠʝ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥʳ ʨʝʛʫʣʷʪʦʨʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʨʳʯʘʛʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʤ g; 

,0ʢF  ï ʥʘʯʘʣʴʥʦʝ ʫʩʠʣʠʝ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥʳ ʢʦʨʨʝʢʪʦʨʘ. 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (2) ʠ (6) ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʩʣʦʞʥʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭè 

(ʇʂ çʄɺʊʋè), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʢʘʬʝʜʨʝ çʗʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ ʠ ʷʜʝʨʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠè ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʧʝʨʝʭʦʜʥʳʭ ʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʚ ʣʶʙʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [6, 7, 8, 9]. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭè 

(ʇʂ çʄɺʊʋè) ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʘʟʠʨʫʶʱʠʡʩʷ 

ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ. 

ɺ ʇʂ çʄɺʊʋè ʧʨʠʥʷʪʘ ʛʨʘʬʠʯʝʩʢʘʷ ʬʦʨʤʘ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ 

ʢʦʤʧʴʶʪʝʨ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʩʦʩʪʘʚʣʷʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʙʠʙʣʠʦʪʝʢʘʭ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʠʩʪʝʤʫ 

(ʟʘʜʘʶʱʝʛʦ ʠ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ) ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚ ʇʂ çʄɺʊʋè ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʙʠʙʣʠʦʪʝʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʜʠʘʣʦʛʦʚʳʭ 

ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɻʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʝʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʳ, ʚʚʝʜʝʥʥʘʷ ʚ ʢʦʤʧʴʶʪʝʨ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʇʂ 
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çʄɺʊʋè, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ ʂʦʰʠ ʠ 

ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ [6, 7]. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʯʘʩʪʦʪʳ 

ʚʨʘʝɦʥʠʷ ʚ ʇʂ çʄɺʊʋè 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʄɺʊʋè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʇʝʨʝʤʝʱʝʥʠʝ 

ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ çʥʦʚʦʤè ʙʣʦʢʝ z (ʨʠʩ. 2) ʧʦ ʬʦʨʤʫʣʘʤ (6). 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ çʥʦʚʦʤè ʙʣʦʢʝ dM  (ʨʠʩ. 3) ʥʘ 

ʦʩʥʦʚʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʬʦʨʤʫʣʝ (3). 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʢʦʣʝʥʯʘʪʦʤ ʚʘʣʫ ʟʘʜʘʝʪʩʷ ʙʣʦʢʦʤ çʉʪʫʧʝʥʯʘʪʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝè ʩM . ʉʠʛʥʘʣʳ ʠʟ ʙʣʦʢʦʚ dM  ʠ ʩM  ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢ 

çʩʫʤʤʘʪʦʨè, ʚʳʭʦʜ ʠʟ ʢʦʪʦʨʦʛʦ ʠʜʝʪ ʥʘ ʙʣʦʢ çʠʥʪʝʛʨʘʪʦʨè. ʅʘ ʚʳʭʦʜʝ ʠʟ 

ʠʥʪʝʛʨʘʪʦʨʘ ʧʦʣʫʯʘʝʪʩʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʥʚʘʣʘ ʜʚʠʛʘʪʝʣʷ. ʕʪʦʪ ʩʠʛʥʘʣ 

ʧʦʜʘʝʪʩʷ ʥʘ ʙʣʦʢʠ dM  ʠ z. ɼʣʷ ʨʘʩʯʝʪʘ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ çʋʩʠʣʠʪʝʣʴè. 

 

 
ʈʠʩ. 2. ɹʣʦʢ z ï ʧʝʨʝʤʝʱʝʥʠʝ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ 



65 

 

 
ʈʠʩ. 3. ɹʣʦʢ dM  ï ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, 

ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ, ʧʝʨʝʤʝʱʝʥʠʷ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ çɺʨʝʤʝʥʥʦʡ ʛʨʘʬʠʢè. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ɼ-240 ʩ ʨʝʛʫʣʷʪʦʨʦʤ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4é6. ɺ ʥʘʯʘʣʝ ʜʚʠʛʘʪʝʣʴ ʨʘʟʛʦʥʷʝʪʩʷ ʙʝʟ 

ʥʘʛʨʫʟʢʠ ʩ ʯʘʩʪʦʪʳ 1625 ʦʙ/ʤʠʥ ʠ ʚʳʭʦʜʠʪ ʥʘ ʨʝʞʠʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ɿʘʪʝʤ ʥʘ 5 

ʩʝʢʫʥʜʝ ʨʘʙʦʪʳ ʩʪʫʧʝʥʯʘʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʘʣʝʝ 

ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʚʤʝʩʪʦ ʙʣʦʢʘ çʉʪʫʧʝʥʯʘʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝè ʩM  

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʜʨʫʛʦʡ ʙʣʦʢ ʠʟ ʙʠʙʣʠʦʪʝʢʠ çʀʩʪʦʯʥʠʢʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚè 

ʠʣʠ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʪʨʘʥʩʤʠʩʩʠʶ ʪʨʘʢʪʦʨʘ ʠ ʪ.ʧ.  

 

ʈʠʩ. 4. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ 
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ʈʠʩ. 5. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ 

 

 

ʈʠʩ. 6. ʇʝʨʝʤʝʱʝʥʠʝ ʤʫʬʪʳ ʨʝʛʫʣʷʪʦʨʘ 
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ʈʠʩ. 7. ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʨʝʛʫʣʷʪʦʨʝ 

 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʳ ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʨʠ ʨʘʟʛʦʥʝ 

ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ 

ʨʝʛʫʣʷʪʦʨʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʂ çʄɺʊʋè ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʨʘʙʦʪʫ ʨʝʛʫʣʷʪʦʨʘ ʠ ʪ.ʜ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ 3D-ʆɹʒɽʂʊɸ ʄɽʊʆɼʆʄ ʃɸɿɽʈʅʆɻʆ 

ʉʂɸʅʀʈʆɺɸʅʀʗ 

ʆ.ʉ. ʉʠʪʥʠʢ, ɸ.ʅ. ʎʳʛʘʥʢʦʚ, ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʫ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ɺ ʠʪʦʛʝ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 3D-ʦʙʲʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D -ʩʢʘʥʠʨʦʚʘʥʠʝ, ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʣʘʟʝʨ, OpenCV. 

 

MODELING 3D -OBJECT BY METHOD OF LASER SCANNING  

O.S. Sitnik, A.N. Tsygankov, ɽ.A. Dudnik 

Rubtsovsk Industrial Institute Altai State Technical named after I.I. Polzynov 

This article about the method receiving 3D model of object with using laser. For 

data acquisition about object was created mathematical model. The program was 

written in Qt Creator. 

Keywords: 3D scanning, 3D model, laser, OpenCV. 

 

ɺʚʝʜʝʥʠʝ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 3D-ʦʙʲʝʢʪʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ, ʪ.ʢ. ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʥʝ ʪʦʣʴʢʦ. ʀʤʝʷ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʧʳʪʳ ʠ ʠʩʧʳʪʘʥʠʷ ʥʘʜ ʦʙʲʝʢʪʦʤ, ʪʘʢʞʝ 3D-ʤʦʜʝʣʠ 
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ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʠʥʦʠʥʜʫʩʪʨʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʄʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʦ 

ʦʜʥʠʤ ʠʟ ʙʳʩʪʨʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, 

ʪ.ʢ. ʠʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʪʦʯʥʫʶ ʢʦʧʠʶ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʝʩʪʴ ʤʥʦʛʦ ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʠʨʝ, ʥʘʧʨʠʤʝʨ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʢʦʤʧʘʥʠʷ RangeVision, ʥʦ ʦʥʠ 

ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʫ 

ʦʙʣʘʩʪʴ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʝʰʝʚʳʡ ʠ ʥʝ ʤʝʥʝʝ ʪʦʯʥʳʡ ʚʘʨʠʘʥʪ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʩʮʝʥʘ (ʨʠʩ.1) ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ O(0,0,0). ʅʘ 

ʩʮʝʥʝ ʨʘʩʧʦʣʦʞʝʥ ʦʙʲʝʢʪ (T), ʘ ʪʘʢʞʝ ʢʘʤʝʨʘ (C) ʠ ʛʝʥʝʨʘʪʦʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 

(L). 

ʂʘʤʝʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʪʦʯʢʝ D(0,0,rc) ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʪʦʯʢʫ O. ʌʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʢʘʤʝʨʳ ʨʘʚʥʦ fc. ʊʦʯʢʘ ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ ʠʟʦʙʨʘʞʝʥʥʦʡ ʩʮʝʥʳ, 

ʬʦʨʤʠʨʫʝʤʘʷ ʢʘʤʝʨʦʡ, ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʫ F(0,0,fc+rc). 

ɻʝʥʝʨʘʪʦʨ ʣʫʯʘ ʬʦʨʤʠʨʫʝʪ ʧʣʦʩʢʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ p(x,y,z) ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʧʣʦʩʢʦʩʪʠ OXY, ʧʦʜ 

ʫʛʣʦʤ űp. 

 

ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʩʮʝʥʘ 



70 

 

ʕʢʨʘʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩ(x,y,z) ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ D, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ OZ. 

ʉʝʯʝʥʠʝ ʦʙʲʝʢʪʘ (T) ʧʣʦʩʢʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ p(x,y,z) ʬʦʨʤʠʨʫʝʪ ʢʨʠʚʫʶ 

S, ʠʟʦʙʨʘʞʝʥʠʝ ʜʘʥʥʦʡ ʢʨʠʚʦʡ ʥʘ ʵʢʨʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ(x,y,z) ʜʘʝʪ ʢʨʠʚʫʶ Sp. 

ɺʦʟʴʤʝʤ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ ɸ(xp,yp,zp)  ɴ S, ʜʣʷ ʥʝʝ ʥʘ ʵʢʨʘʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʦʯʢʦʡ ʙʫʜʝʪ ʪʦʯʢʘ ɸʩ(xc,yc,zc). ʊʦʯʢʘ ɸʩ ʦʙʨʘʟʫʝʪʩʷ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʚʝʢʪʦʨʘ ʠ ʵʢʨʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ(x,y,z). 

ʃʫʯ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʪʦʯʢʠ F, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʧʣʦʩʢʦʩʪʴ c(x,y,z) ʚ ʪʦʯʢʝ 

ɸ, ʜʘʝʪ ʪʦʯʢʫ ɸʩ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʨʦʝʥʠʷ ʩʮʝʥʳ, ʠʟʚʝʩʪʥʳ ʫʨʘʚʥʝʥʠʷ: ʵʢʨʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʩ(x,y,z), ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ p(x,y,z), ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ F ʠ ɸʩ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʪʦʯʢʠ ɸ. 

ʇʣʦʩʢʦʩʪʴ ʩʝʯʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ: 

ὴὼȟώȟᾀ ὥὼ ὦώ ὧᾀ πȢ                             (1) 

ʇʣʦʩʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ: 

ὧὼȟώȟᾀ ὥὼ ὦώ ὧᾀ ὨȢ                              (2) 

ˏ̜̃̆̅̆̍ ̜̏̑̍̔̌̕ ̅̌ ̠̘̠̐̏̌̔̆̎̉ ̋̏̏̑̅̉̎́̓ ̘̓̏̋̉ ̱ὼȟώȟᾀȡ 

Ὓ
ὼ ὼ

ὼ ὼ

ώ ώ

ώ ώ

ᾀ ᾀ

ᾀ ᾀ
Ƞ 

Ὓ
ὼ

ὼ

ώ

ώ

ὶ Ὢ ᾀ

ὶ Ὢ ὶ
Ƞ 

Ὓ ρ
ὶ ᾀ

Ὢ
Ȣ 

ɺ ʠʪʦʛʝ ʫ ʥʘʩ ʧʦʣʫʯʠʣʘʩʴ ʩʠʩʪʝʤʘ ʩ ʪʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ: 
ὥὼ ὦώ ὧᾀ π

ρ .                                             (3) 

ɺʳʨʘʟʠʤ ʥʝʠʟʚʝʩʪʥʳʝ: 

ώ ὼ
ώ

ὼ
 

ᾀ
ὼὪ

ὼ
Ὢ ὶȢ 

ὥὼ ὦὼ
ώ

ὼ
Ὢ ὶ ὼ

Ὢ

ὼ
ὧ πȢ 

ὼ ὥ ὦ
ώ

ὼ
ὧ
Ὢ

ὼ
ὧ Ὢ ὶȢ 

 

ὼ .                             (4) 

 

ώ .                                          (5) 
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ᾀ Ὢ ὶ Ὢ ὶ ρ Ȣ              (6) 

 

ɺʳʯʠʩʣʝʥʠʝ ʪʦʯʝʢ ɸʩ(xc,yc,zc) ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʟʙʠʝʥʠʷ 

ʵʢʨʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʠʩʢʦʤ ʥʘ ʥʝʡ ʪʦʯʝʢ ʩ ʧʦʚʳʰʝʥʥʦʡ ʷʨʢʦʩʪʴʶ. ʐʘʛ 

ʨʘʟʙʠʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʤʝʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʝʢ ʦʪ ʣʘʟʝʨʥʦʡ ʣʠʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʩʥʠʤʢʘ ʩ 

ʚʝʙ-ʢʘʤʝʨʳ ʠ ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ OpenCV. 

ʇʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʦʜʥʦʛʦ ʩʥʠʤʢʘ (ʨʠʩ. 2, ʘ) ʠʟ ʜʨʫʛʦʛʦ (ʨʠʩ. 2, ʙ) ʧʦʣʫʯʘʝʤ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʣʠʥʠʶ (ʨʠʩ. 2, ʚ). 

 

   

 ʘ) ʙ) ʚ) 

ʈʠʩ. 2. ʉʥʠʤʢʠ ʩ ʚʝʙ-ʢʘʤʝʨʳ ʘ) ʦʙʲʝʢʪ; ʙ) ʦʙʲʝʢʪ ʩ ʣʠʥʠʝʡ ʣʘʟʝʨʘ; ʚ) ʚʳʯʠʪʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʘ ʠ ʦʙʲʝʢʪʘ ʩ ʣʠʥʠʝʡ ʣʘʟʝʨʘ 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʮʚʝʪ ʣʘʟʝʨʘ ʠ 

ʚʳʜʝʣʠʪʴ ʝʛʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʯʠʪʳʚʘʥʠʷ ʪʦʯʝʢ (ʨʠʩ. 3). 

    

 ʘ) ʙ) 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: ʘ) ʦʙʣʘʩʪʴ ʣʘʟʝʨʘ ï ʚʳʜʝʣʝʥʘ ʙʝʣʳʤ 

ʮʚʝʪʦʤ; ʙ) ʨʝʟʫʣʴʪʘʪ ʦʙʣʘʩʪʠ ʣʘʟʝʨʘ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʄʝʪʦʜʦʤ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʝʧʦʣʥʘʷ 3D-ʤʦʜʝʣʴ. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ (ʨʠʩ. 3, ʙ) ʧʦʣʫʯʠʣʘʩʴ ʥʝʧʦʣʥʘʷ ʠ ʥʝʪʦʯʥʘʷ, ʣʘʟʝʨ ʠʤʝʝʪ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ ʠ ʦʙʲʝʢʪ ʥʝ ʚʨʘʱʘʣʩʷ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʚʝʙ-ʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ 

ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ 

ʣʘʟʝʨʥʦʡ ʣʠʥʠʠ ʟʘʭʚʘʪʳʚʘʝʪ ʰʫʤʳ, ʢʦʪʦʨʳʝ ʤʝʰʘʶʪ ʨʘʩʯʝʪʘʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ ʢʦʤʥʘʪʳ ʠ 

ʦʜʥʦʪʦʥʥʳʡ, ʞʝʣʘʪʝʣʴʥʦ ʙʝʣʳʡ, ʬʦʥ. 

ɺʳʚʦʜʳ 

ʇʦʩʣʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʵʪʦʪ ʤʝʪʦʜ ʜʦʩʪʦʠʥ 

ʚʥʠʤʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʥʘʜ ʥʠʤ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʥʠʠ ʣʘʟʝʨʘ, ʜʦʙʘʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʨʘʱʘʪʴ ʦʙʲʝʢʪ ʚʦ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʜʘʩʪ ʧʦʣʥʦʮʝʥʥʫʶ 3D-

ʤʦʜʝʣʴ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʝʞʥʝʚʝʮ ɸ., ɹʘʨʠʥʦʚʘ ʆ. ʄʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ: 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʝʛʤʝʥʪʘʮʠʷ / ɻʨʘʬʠʢʘ ʠ ʤʫʣʴʪʠʤʝʜʠʘ: ʦʬʠʮ. ʩʘʡʪ. ï URL: 

http://cgm.computergraphics.ru/content/view/147 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.07.2015); 

2. ɻʦʥʩʘʣʝʩ ʈ.ʉ., ɺʫʜʩ ʈ.ʕ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ: ʧʝʨ. ʩ ʘʥʛʣ. 

ï ʄ.: ʊʝʭʥʦʩʬʝʨʘ, 2005. ï 1070 ʩ. 

3. ɾʝʣʪʦʚ ʉ.ʖ. ʠ ʜʨ. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʟʘʜʘʯʘʭ 

ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. ð ʄ.: ʌʠʟʤʘʪʢʥʠʛʘ, 2010. ð 672 ʩ. 

4. ʊʳʨʪʳʰʥʠʢʦʚ ɽ.ɽ. ʄʘʪʨʠʯʥʳʡ ʘʥʘʣʠʟ ʠ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ, ʄ., 2004-

2005. ï 372 ʩ. 

5. ʋʤʥʦʚ ɸ.ɽ., ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʠ ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ: ʫʯʝʙ. 

ʧʦʩʦʙʠʝ / ɸ.ɽ. ʋʤʥʦʚ. -3-ʝ ʠʟʜ., ʠʩʧʨ. ʠ ʜʦʧ. ï ʄ.:ʕ ʄʌʊʀ, 2011. ï 544ʩ. 

6. ʃ. ʐʘʧʠʨʦ, ɼʞ. ʉʪʦʢʤʘʥ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ = Computer Vision. ð 

ʄ.: ɹʠʥʦʤ. ʃʘʙʦʨʘʪʦʨʠʷ ʟʥʘʥʠʡ, 2006. ð 752 ʩ. 

7. John Canny. A computational approach to edge detection // IEEE 

Transactions on pattern analysis and machine intelligence. ï 1986. ï V. 8, ˉ 6. ï P. 

679ï698. 

8. Otsu, N. A Threshold Selection Method from Gray-Level Histograms // IEEE 

Transactions on Systems, Man, and Cybernetics. ï 1979. ï V. 9, ˉ 1. ï P. 62ï66. 

 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ  

ʀ ʆʉʅʆɺʅʓʍ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʈɸɿʄɽʈʆɺ ʂɸʉʂɸɼʅʆɻʆ 

ʆɹʄɽʅʅʀʂɸ ɼɸɺʃɽʅʀʗ   

ʖ.ɺ.ʉʪʦʨʯʝʫʩ, ɸ.ɸ. ɼʘʥʠʣʝʡʯʝʥʢʦ, ʄ.ɸ. ɹʨʷʥʮʝʚ, ɸ.ʉ. ʂʦʚʪʫʥ  

ʃʫʛʘʥʩʢʠʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʢʘʩʢʘʜʥʦʛʦ ʦʙʤʝʥʥʠʢʘ ʜʘʚʣʝʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʣʷ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʞʠʤʘʶʱʝʛʦ ʛʘʟʘ ʠ ʪʨʝʙʫʝʤʦʡ ʥʘʧʦʨʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʩʢʘʜʥʳʡ ʦʙʤʝʥʥʠʢ ʜʘʚʣʝʥʠʷ, ʤʘʩʩʦʦʙʤʝʥ. 



73 

 

METHODOLOGY OF CALCULATION OF THE PRODUCTIVITY  

AND BASIC GEOMETRICAL SIZES OF CASCADE  

EXCHANGER  OF THE PRESSURE  

Y.V. Starcheous, ɸ.ɸ. Danileychenko, M.A. Bryantsev, ɸ.S.Kovtun  

Luhansk  University  named after Vladimir Dahl 

 In article the working process of a cascade exchanger of pressure was 

considered and the method of calculation of its productivity and the basic geometrical 

sizes for the set parameters of compressing gas and demanded pressure its works was 

offered. 

Key words: cascade pressure exchanger,  mass exchange. 

 

ʅʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʧʣʦʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʰʠʨʦʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʩʦʟʜʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʢʘʩʢʘʜʥʦ-ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʩʞʘʪʠʷ ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʩʨʝʜ. ʂ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪʥʦʩʷʪʩʷ 

ʘʛʨʝʛʘʪʳ ʢʘʩʢʘʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ (ʂʊʉ) ʠ ʢʘʩʢʘʜʥʳʝ ʦʙʤʝʥʥʠʢʠ ʜʘʚʣʝʥʠʷ 

(ʂʆɼ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʷʤʦʤ ʦʙʤʝʥʝ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʩʞʠʤʘʶʱʝʡ ʠ ʩʞʠʤʘʝʤʦʡ ʛʘʟʦʚʦʟʜʫʰʥʳʤʠ ʩʨʝʜʘʤʠ. [1]. 

ʀʟʚʝʩʪʥʳʝ ʩ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʦʣʥʦʚʳʝ ʦʙʤʝʥʥʠʢʠ ʜʘʚʣʝʥʠʷ 

(ɺʆɼ), ʧʦʣʫʯʠʚʰʠʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʥʘʜʜʫʚʘ ɼɺʉ 

çComprexè ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʝ ʧʦ ʩʢʦʨʦʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʙʦʪʳ ɼɺʉ, ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʦʣʥʦʚʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [2-3]. ʆʪʢʣʦʥʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɺʆɼ ʦʪ 

ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʡ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʨʘʩʭʦʜʫ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʝʟʢʠʤ ʫʭʫʜʰʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʝʛʦ ʨʘʙʦʪʳ 

ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʤʝʥʪʦʚ ʧʦʜʢʣʶʯʝʥʠʷ ʷʯʝʡʢʠ ʢ ʦʢʥʘʤ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʬʘʟʘʤʠ ʜʚʠʞʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʚʦʣʥ, ʪʘʢ ʠ ʚʩʣʝʜʩʪʚʠʝ 

ʫʚʝʣʠʯʝʥʠʷ ʥʝʧʦʣʥʦʪʳ ʚʳʪʝʩʥʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ʷʯʝʝʢ ʨʦʪʦʨʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʝʠʟʙʝʞʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣʴʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʦʛʨʘʥʠʯʠʚʘʶʪ ʂʇɼ ʣʫʯʰʠʭ ʦʙʨʘʟʮʦʚ 

ɺʆɼ ʥʘ ʨʘʩʯʝʪʥʳʭ ʨʝʞʠʤʘʭ ʟʥʘʯʝʥʠʷʤʠ 0,55é0,56 [4, 5]. 

ʈʘʙʦʯʠʡ ʮʠʢʣ ʂʆɼ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʨʝʛʝʥʝʨʘʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʞʠʤʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʞʘʪʠʷ ʚʦʟʜʫʭʘ ʚ ʧʨʦʮʝʩʩʝ ʢʘʩʢʘʜʥʦʛʦ ʵʥʝʨʛʦʦʙʤʝʥʘ 

ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʨʝʜ, 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʂʇɼ (ʜʦ 85é87%), ʘ ʪʘʢʞʝ ʥʝʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʘʛʨʝʛʘʪʘ ʢ ʥʝʧʦʣʥʦʪʝ ʚʳʪʝʩʥʝʥʠʷ ʚʦʟʜʫʭʘ ʠʟ ʷʯʝʝʢ ʨʦʪʦʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʂʆɼ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʝʥʝʝ ʞʝʩʪʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʢʘʩʢʘʜʥʳʭ ʦʙʤʝʥʥʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ɺʆɼ. 

ʊʠʧʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʤʝʥʥʠʢʘ (ʨʠʩ. 1.) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʦʪʦʨ ʩ 

ʧʨʦʜʦʣʴʥʳʤʠ ʥʘʧʦʨʦʦʙʤʝʥʥʳʤʠ ʷʯʝʡʢʘʤʠ, ʚʨʘʱʘʶʱʠʡʩʷ ʚ ʩʪʘʪʦʨʝ, ʚ ʦʜʥʦʡ ʠʟ 

ʪʦʨʮʝʚʳʭ ʢʨʳʰʝʢ ʢʦʪʦʨʦʛʦ (ɸ) ʨʘʩʧʦʣʦʞʝʥʳ ʤʘʩʩʦʦʙʤʝʥʥʳʝ ʢʘʥʘʣʳ, ʘ ʪʘʢʞʝ 

ʦʢʥʘ ʧʦʜʚʦʜʘ ʠ ʦʪʚʦʜʘ ʩʞʠʤʘʶʱʝʛʦ ʛʘʟʘ, ʚ ʜʨʫʛʦʡ (ɹ) ï ʦʢʥʘ ʧʦʜʚʦʜʘ ʠ ʦʪʚʦʜʘ 
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ʩʞʠʤʘʝʤʦʛʦ ʚʦʟʜʫʭʘ. ʈʦʪʦʨ ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʩ ʯʘʩʪʦʪʦʡ 2000é3000 

ʤʠʥ
-1
 ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʣʠ ʜʨʫʛʦʛʦ ʧʨʠʚʦʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ.  

 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʢʘʩʢʘʜʥʦʛʦ ʦʙʤʝʥʥʠʢʘ ʜʘʚʣʝʥʠʷ 

 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʂʆɼ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩ. 2, ʛʜʝ ʩʭʝʤʘʪʠʟʠʨʦʚʘʥʘ 

ʨʘʟʚʝʨʪʢʘ ʷʯʝʝʢ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʦʢʦʥ ʠ 

ʥʘʧʦʨʦʦʙʤʝʥʥʳʭ ʢʘʥʘʣʦʚ. ʇʦʩʪʫʧʘʶʱʠʡ ʯʝʨʝʟ ʦʢʥʦ ʇɺɼ ʩʞʠʤʘʶʱʠʡ ʛʘʟ 

çʜʦʩʞʠʤʘʝʪè ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʞʘʪʳʡ ʚ ʷʯʝʡʢʝ ʚʦʟʜʫʰʥʳʡ ʟʘʨʷʜ ʠ ʚʳʪʝʩʥʷʝʪ 

ʝʛʦ ʯʝʨʝʟ ʦʢʥʦ ʆɺɼ ʢ ʧʦʪʨʝʙʠʪʝʣʶ.  ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʞʠʤʘʶʱʝʛʦ ʛʘʟʘ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʷʯʝʡʢʫ ʧʦʩʣʝ ʝʸ ʨʘʟʦʙʱʝʥʠʷ ʩ ʦʢʥʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʧʦʣʝʟʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ ʩʚʝʞʝʛʦ ʟʘʨʷʜʘ ʚ ʷʯʝʡʢʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʢʘʩʢʘʜʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ ʯʝʨʝʟ ʥʘʧʦʨʦʦʙʤʝʥʥʳʝ ʢʘʥʘʣʳ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʦʦʙʱʘʶʱʠʝ ʩʤʝʞʥʳʝ ʷʯʝʡʢʠ ʨʦʪʦʨʘ ʫʯʘʩʪʢʦʚ ʩʞʘʪʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ. 

ʇʨʦʜʫʚʢʘ ʷʯʝʝʢ ʩʚʝʞʠʤ ʟʘʨʷʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʝʤ ʚ ʧʝʨʠʦʜ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʦʢʥʘʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʅɼ ʠ 

ʆʅɼ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʂʆɼ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʦʡ ʠʟ ʨʘʩʯʝʪʘ ɺʆɼ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʫʪʦʯʥʝʥʥʦʡ ʤʦʜʝʣʠ 

ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [4]. ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʠʩʘʥʠʠ 

ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʩʞʠʤʘʝʤʳʭ ʩʨʝʜ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩ, ʠʤʧʫʣʴʩʦʚ ʠ ʵʥʝʨʛʠʠ ʩ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ çʨʘʩʧʘʜ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʨʳʚʘè. 

ʅʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʫʪʦʯʥʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʝʝ ʪʨʫʜʦʝʤʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ, 

ʧʨʠʝʤʣʝʤʦ ʦʪʨʘʞʘʶʱʝʛʦ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʂʆɼ. 

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ. 

ɿʘʜʘʯʝʡ ʫʧʨʦʱʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʂʆɼ ʜʣʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʞʠʤʘʶʱʝʛʦ ʛʘʟʘ ʠ ʪʨʝʙʫʝʤʦʡ ʥʘʧʦʨʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʟʚʝʨʪʢʠ ʨʦʪʦʨʘ ʂʆɼ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʦʥ ʠ ʢʘʥʘʣʦʚ ʩʪʘʪʦʨʘ: 

1 ï ʷʯʝʡʢʠ ʨʦʪʦʨʘ; 2 ï ʫʩʣʦʚʥʘʷ ʢʦʥʪʘʢʪʥʘʷ ʛʨʘʥʠʮʘ ʩʞʠʤʘʶʱʝʡ  

ʠ ʩʞʠʤʘʝʤʦʡ ʩʨʝʜ; 3 ï ʤʘʩʩʦʦʙʤʝʥʥʳʝ ʢʘʥʘʣʳ ʩʪʘʪʦʨʘ;  

4 ï ʧʨʦʜʫʚʦʯʥʳʡ ʚʝʥʪʠʣʷʪʦʨ 

 

ʉʦʛʣʘʩʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʂʆɼ ʨʘʩʯʝʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʚʦʟʜʫʭʘ 

ʚ ʷʯʝʡʢʘʭ ʚ ʧʨʦʮʝʩʩʝ ʢʘʩʢʘʜʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʘʩʢʘʜʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʜʦʧʫʱʝʥʠʝ ʦ 

ʚʳʨʘʚʥʠʚʘʥʠʠ ʜʘʚʣʝʥʠʡ ʚ ʩʤʝʞʥʳʭ ʷʯʝʡʢʘʭ ʟʘ ʧʝʨʠʦʜ ʠʭ ʩʦʦʙʱʝʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʦʨʦʦʙʤʝʥʥʳʭ ʢʘʥʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʘʛʘʝʪʩʷ ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʚʣʠʷʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʪʨʝʥʠʷ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚ ʥʘʧʦʨʦʦʙʤʝʥʥʳʭ ʢʘʥʘʣʘʭ. ʇʦʩʣʝʜʥʝʝ 

ʜʦʧʫʱʝʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʠ 

ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʦʨʦʦʙʤʝʥʥʳʭ ʢʘʥʘʣʘʭ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ ʂʆɼ. 

ɼʣʷ ʚʳʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʘʨʫ 

ʩʤʝʞʥʳʭ ʷʯʝʝʢ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʦʦʙʱʝʥʠʷ ʩ ʥʘʧʦʨʦʦʙʤʝʥʥʳʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 3). ɺ 

ʤʦʤʝʥʪ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʠʭ ʩʦʦʙʱʝʥʠʶ ʩ ʥʘʧʦʨʦʦʙʤʝʥʥʳʤ ʢʘʥʘʣʦʤ, ʚ ʷʯʝʡʢʝ 

1 ʫʯʘʩʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ (ʧʦʟ. ɸ) ʚ ʦʙʲʝʤʝ 
i  gV  ʩʦʜʝʨʞʠʪʩʷ 

ʥʝʜʦʨʘʩʰʠʨʝʥʥʳʡ ʩʞʠʤʘʶʱʠʡ ʛʘʟ ʠ ʚ ʦʙʲʝʤʝ iair V  ï ʩʞʠʤʘʝʤʳʡ ʚʦʟʜʫʭ ʩ 

ʦʙʱʠʤ ʜʘʚʣʝʥʠʝʤ 
c

iP . 

ʉʤʝʞʥʘʷ ʷʯʝʡʢʘ 2, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʫʯʘʩʪʢʝ ʨʘʩʰʠʨʝʥʠʷ ʚ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʤ ʮʠʢʣʝ (ʧʦ ʫʩʣʦʚʠʶ ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʢʦʥʪʫʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʟʘʧʦʣʥʝʥʘ ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʛʘʟʘʤʠ ʩ ʜʘʚʣʝʥʠʝʤ 
e

iP . 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʙʱʝʥʠʷ ʷʯʝʝʢ 1 ʠ 2 ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʥʘʣʘ 3 ʚ ʷʯʝʡʢʘʭ 1 ʠ 2 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ iP¡ (ʧʦʟ. ɺ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʦʚ ʚ ʷʯʝʡʢʝ 2 ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʞʘʪʠʝ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʷʯʝʡʢʝ 1 ce LL = . 

ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʨʘʙʦʪʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ:  
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ʛʜʝ gk  ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʩʞʠʤʘʶʱʝʛʦ ʛʘʟʘ;  

             airk  ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʩʞʠʤʘʝʤʦʛʦ ʚʦʟʜʫʭʘ. 

 

 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʢʘʩʢʘʜʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ 

1 ï ʷʯʝʡʢʘ ʫʯʘʩʪʢʘ ʩʞʘʪʠʷ; 2 ï ʷʯʝʡʢʘ ʫʯʘʩʪʢʘ ʨʘʩʰʠʨʝʥʠʷ; 

3 ï ʤʘʩʩʦʦʙʤʝʥʥʳʡ ʢʘʥʘʣ ʩʪʘʪʦʨʘ 
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ʉʦʩʪʘʚʣʷʷ ʘʥʘʣʦʛʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʘʨ ʩʤʝʞʥʳʭ ʷʯʝʝʢ ʢʘʩʢʘʜʥʦʛʦ 

ʤʘʩʩʦʦʙʤʝʥʘ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʧʨʠʚʝʜʝʥʥʫʶ ʥʠʞʝ ʩʠʩʪʝʤʫ: 
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ʛʜʝ kZ1  i »= ï ʥʦʤʝʨ ʥʘʧʦʨʦʦʙʤʝʥʥʦʛʦ ʢʘʥʘʣʘ, ʩʦʦʙʱʘʶʱʝʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʧʘʨʫ ʩʤʝʞʥʳʭ ʷʯʝʝʢ; 

a

c PP =1  ï ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʥʘʧʦʣʥʝʥʠʷ; 

rPP =1'  ï ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ ʚ ʷʯʝʡʢʝ ʚ ʤʦʤʝʥʪ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ 

ʩʦʦʙʱʝʥʠʶ ʩ ʦʢʥʦʤ ɻʅɼ; 

k

e

Zk PP =  ï ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʧʦʩʣʝ ʨʘʟʦʙʱʝʥʠʷ ʝʝ ʩ ʦʢʥʦʤ ɺɺɼ; 

c

c

Zk PP =  ï ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʚ ʤʦʤʝʥʪ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʩʦʦʙʱʝʥʠʶ ʝʝ ʩ 

ʦʢʥʦʤ ɻɺɼ (ʪ.ʥ. ʜʘʚʣʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ). 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ cP . 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʥʘʭʦʜʷʪʩʷ ʨʘʟʤʝʨʳ ʦʢʦʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʠʭ ʩʨʝʜ ʚ ʩʝʯʝʥʠʷʭ ʵʪʠʭ ʦʢʦʥ. 



78 

 

ʉʝʯʝʥʠʝ ʦʢʥʘ ɻɺɼ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ 

ʨʘʩʭʦʜʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʩʦʦʙʱʝʥʠʷ ʷʯʝʡʢʠ ʩ ʦʢʥʦʤ ɻɺɼ ʯʘʩʪʴ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʜʦʩʞʘʪʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʷʯʝʡʢʝ ʜʦ ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ ʚ ʦʢʥʝ ɺɺɼ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʥʪʫʨ ʦʢʥʘ ɻɺɼ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʩʝʛʤʝʥʪʘ, ʧʝʨʚʳʡ ʠʟ 

ʢʦʪʦʨʳʭ (ʩʝʛʤʝʥʪ ɸ ʨʠʩ. 4) ʦʭʚʘʪʳʚʘʝʪ ʫʯʘʩʪʦʢ ʜʦʩʞʘʪʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ 

ʷʯʝʡʢʝ, ʠ ʚʪʦʨʦʡ (ʩʝʛʤʝʥʪ ɺ) ï ʚʳʪʝʩʥʝʥʠʝ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʦʢʥʦ ɺɺɼ ʢ 

ʧʦʪʨʝʙʠʪʝʣʶ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʪʨʘʪ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʜʦʩʞʘʪʠʝ 

AgG 1 ʠ ʚʳʪʝʩʥʝʥʠʝ BgG 1  (ʨʠʩ. 4) ʦʙʨʘʪʠʤʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ. 

ʄʘʩʩʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʦʜʥʫ ʷʯʝʡʢʫ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʩʞʘʪʠʷ Am , ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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                     (2) 

ʄʘʩʩʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʷʯʝʡʢʫ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʨʷʜʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ Bm , ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʦʙʱʝʥʠʷ ʷʯʝʡʢʠ ʩ ʦʢʥʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʧʝʨʚʠʯʥʦʛʦ ʨʘʟʦʙʱʝʥʠʷ ʷʯʝʡʢʠ ʩ ʦʢʥʦʤ ɺɺɼ ʚ ʷʯʝʡʢʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʙʣʠʟʢʦʝ ʟʥʘʯʝʥʠʶ 1gP , ʚ ʩʣʫʯʘʝ ʧʝʨʚʠʯʥʦʛʦ 

ʨʘʟʦʙʱʝʥʠʷ ʷʯʝʡʢʠ ʩ ʦʢʥʦʤ ɻɺɼ ï ʙʣʠʟʢʦʝ ʢ ʟʥʘʯʝʥʠʶ 2airP . ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʦʩʣʝʜʥʝʛʦ ʫʩʣʦʚʠʷ ʠʩʢʦʤʘʷ ʤʘʩʩʘ Bm  ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʮʠʢʣʘ 

ʂʆɼ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 
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ʀʤʝʷ ʚ ʚʠʜʫ 
B

A

Bg
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m

m

G

G
=

1

1

, ʘ ʪʘʢʞʝ (2) ʠ (3), ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ: 
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, 

ʧʦʟʚʦʣʷʶʱʝʝ, ʩ ʫʯʝʪʦʤ BgAgg GGG 111 += , ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʦʚ 

ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʝʛʤʝʥʪʘʭ ʦʢʥʘ ɻɺɼ. 

 

 

ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʜʦʩʞʘʪʠʷ ʠ ʚʳʪʝʩʥʝʥʠʷ  

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʦʢʥʦ ɺɺɼ 

 A ï ʩʝʛʤʝʥʪ ʦʢʥʘ ɻɺɼ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ ʜʦʩʞʘʪʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ  

ʚ ʷʯʝʡʢʝ; B - ʩʝʛʤʝʥʪ ʦʢʥʘ ɻɺɼ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ ʚʳʪʝʩʥʝʥʠʷ ʚʦʟʜʫʭʘ 

ʯʝʨʝʟ ʦʢʥʦ ɺɺɼ ʢ ʧʦʪʨʝʙʠʪʝʣʶ; 1 ï ʦʢʥʦ ɺɺɼ; 2 ï ʨʦʪʦʨ ʩ ʷʯʝʡʢʘʤʠ;  

3 ï ʩʞʠʤʘʶʱʠʡ ʛʘʟ, ʧʦʩʪʫʧʠʚʰʠʡ ʚ ʷʯʝʡʢʫ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ;  

4 - ʩʞʠʤʘʶʱʠʡ ʛʘʟ, ʧʦʩʪʫʧʠʚʰʠʡ ʚ ʷʯʝʡʢʫ ʚ ʧʨʦʮʝʩʩʝ ʜʦʩʞʘʪʠʷ;  

5 - ʩʞʠʤʘʶʱʠʡ ʛʘʟ, ʧʦʩʪʫʧʠʚʰʠʡ ʚ ʷʯʝʡʢʫ ʚ ʧʨʦʮʝʩʩʝ ʢʘʩʢʘʜʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ; 

6 ï ʩʞʘʪʳʡ ʚʦʟʜʫʭ. 
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ɺ ʨʘʤʢʘʭ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʜʦʧʫʩʪʠʤʳʤ ʫʧʨʦʱʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʩʝʛʤʝʥʪʝ ñAò ʩʣʝʜʫʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʩʪʝʯʝʥʠʷ: 
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ʛʜʝ ( )2/2 cairm PPP +=  ï ʩʨʝʜʥʝʝ ʣʠʥʝʘʨʠʟʠʨʦʚʘʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʚ 

ʧʨʦʮʝʩʩʝ çʜʦʩʞʘʪʠʷè. 

ʇʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʩʝʛʤʝʥʪʘ ñAò ʦʢʥʘ ɻɺɼ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʦʚ ʨʘʙʦʯʠʭ ʩʨʝʜ ʚ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʷʭ ʷʯʝʡʢʠ ʨʦʪʦʨʘ 

ʥʘ ʫʯʘʩʪʢʝ ʚʳʪʝʩʥʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʜʦʧʫʱʝʥʠʠ ʦʙ ʦʜʥʦʤʝʨʥʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʦʢʥʝ ɺɺɼ ʠ ʩʝʛʤʝʥʪʝ ñBò ʦʢʥʘ ɻɺɼ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʪʝʣ ʚ ʷʯʝʡʢʝ ʥʘ ʫʯʘʩʪʢʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʝʯʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʫʧʨʦʱʝʥʠʷ ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʛʘʟʦʚ ʚ ʷʯʝʡʢʝ ʢʘʢ ʦʜʥʦʨʦʜʥʦʛʦ. 

ʆʪʤʝʯʝʥʥʦʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʢʘʥʘʣʝ ʩ ʪʨʝʥʠʝʤ 

ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʚ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʷʭ 

2

1

air

g

P

P
 [6]. 

ɿʘʧʠʩʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ )(lq , ()ly

ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 
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,                                   (4) 
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l

l
l

=öö
÷

õ
ææ
ç

å
Ö+-öö

÷

õ
ææ
ç

å
Ö+ 22

2

12

1

ln2
1

ln2
1

,                         (5) 

ʟʜʝʩʴ 101 gPP =  ʠ 22 airPP = , 1l ʠ 2l  ï ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʷʭ ʷʯʝʡʢʠ; 1f  ʠ 2f ï ʧʣʦʱʘʜʴ 

ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʡ ʷʯʝʡʢʠ; 
r
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g

d

L

k

k
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1

2
 ï ʧʨʠʚʝʜʝʥʥʘʷ ʜʣʠʥʘ 

ʢʘʥʘʣʘ, ʛʜʝ x ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; rd  ï ʧʨʠʚʝʜʝʥʥʳʡ ʜʠʘʤʝʪʨ ʷʯʝʡʢʠ; RL  ï 

ʜʣʠʥʘ ̫ʯʝʡʢʠ ʨʦʪʦʨʘ. 
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ɼʣʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʥʘʣʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʝʯʝʥʠʷ 0201 TT =  ʠ 21 ff =  ʫʨʘʚʥʝʥʠʝ (4) ʩʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 

)()( 1

2

01
2 ll q

P

P
y Ö= .                                                  (6) 

ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5) ʠ (6) ʥʘʭʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʢʦʨʦʩʪʠ 

ɚ1 ʠ ɚ2 ʚ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʷʭ ʷʯʝʡʢʠ. ʇʨʠʥʷʪʦʝ ʚʳʰʝ ʜʦʧʫʱʝʥʠʝ ʦʙ 

ʦʜʥʦʤʝʨʥʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʦʢʥʝ ɺɺɼ ʠ ʩʝʛʤʝʥʪʝ ñɺò ʦʢʥʘ ɻɺɼ, ʧʦ ʩʫʱʝʩʪʚʫ, 

ʦʪʨʘʞʘʝʪ ʫʩʣʦʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ ʚʦ ʚʩʝʭ 

ʷʯʝʡʢʘʭ ʥʘ ʫʯʘʩʪʢʝ ʚʳʪʝʩʥʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʦʢʥʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʥʘʡʜʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ɚ1 ʠ ɚ2 ʚ ʛʨʘʥʠʯʥʳʭ ʩʝʯʝʥʠʷ ʷʯʝʝʢ, ʚ ʨʘʤʢʘʭ ʫʧʨʦʱʝʥʥʦʛʦ ʨʘʩʯʝʪʘ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʥʝʙʨʝʛʘʝʤ ʧʦʪʝʨʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ: 1) ʨʘʩʰʠʨʝʥʠʝʤ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ ʚʚʠʜʫ ʟʘʛʨʦʤʦʞʜʝʥʠʷ ʦʢʥʘ ɺɺɼ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʤʳʯʢʘʤʠ 

ʷʯʝʝʢ; 2) ʚʦʟʤʦʞʥʳʤʠ ʦʪʨʳʚʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʧʨʠ ʧʦʚʦʨʦʪʝ ʚʝʢʪʦʨʘ 

ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦ ʚʭʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʷʯʝʝʢ ʚ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʠʭ ʩʨʝʜ ʚ ʩʝʛʤʝʥʪʝ ñBò ʦʢʥʘ 

ɻɺɼ ʠ ʦʢʥʝ ɺɺɼ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ Q ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʦʤʦʞʜʝʥʠʷ ʦʢʥʘ ʨʘʜʠʘʣʴʥʳʤʠ 

ʧʝʨʝʤʳʯʢʘʤʠ ʤʝʞʜʫ ʷʯʝʢʘʤʠ. 

ʇʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʛʤʝʥʪʘ ñBò ʦʢʥʘ ɻɺɼ: 

11

11

1

gB

ggBg

B
PU

TRG
F

Ö

ÖÖ
= . 

ʄʠʥʠʤʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ ʩʝʛʤʝʥʪʘ ñBò ʦʢʥʘ ɻɺɼ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʝʤ ʨʘʟʤʝʱʝʥʠʷ ʚ ʩʪʚʦʨʢʝ ʦʢʥʘ ʥʝ ʤʝʥʴʰʝ 3é4 ʷʯʝʝʢ ʨʦʪʦʨʘ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʞʠʤʘʶʱʝʡ ʠ ʩʞʠʤʘʝʤʦʡ ʩʨʝʜ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʦʢʥʘ ɺɺɼ 2j  ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʶ B1j  ʚʚʠʜʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʪʥʳʭ ʪʝʯʝʥʠʡ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ ʚ ʚʳʭʦʜʥʳʭ ʩʝʯʝʥʠʷʭ ʷʯʝʝʢ ʚ ʟʦʥʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʥʘʤʠ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

BFF 12º . 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂʆɼ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 
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ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʨʦʪʦʨʘ ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʘʩʩʦʚʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʦʪʦʨʘ ʨʘʩʭʦʜʫ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʦʢʥʝ ɺɺɼ 
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ʛʜʝ k = 0,7é0,9 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʚʳʪʝʩʥʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ 

ʷʯʝʝʢ ʨʦʪʦʨʘ; Sf  ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʳʭ ʩʝʯʝʥʠʡ ʷʯʝʝʢ ʨʦʪʦʨʘ; Rn  ï 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʂʆɼ; RL  ï ʜʣʠʥʘ ʨʦʪʦʨʘ. 

ʉ ʫʯʝʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʩʝʚʳʤ ʨʘʟʤʝʨʦʤ ʨʦʪʦʨʘ RL  ʩ ʫʛʣʦʚʳʤ 

ʨʘʟʤʝʨʦʤ ʦʢʥʘ ɺɺɼ 2j  ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ Rn , ʠʤʝʷ ʚ ʚʠʜʫ 

22360 jFf Ö=S , ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

2

2
2

60 FPn

TRG
L

aR

aairair
R

ÖÖÖ

ÖÖ
Ö=j . 

ɼʦʚʦʜʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʂʆɼ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ 

ʥʘʜʜʫʚʘ ʜʚʠʛʘʪʝʣʷ 6ʏʅ12/14 ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ ʚʳʙʦʨʘ 

ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦ 

ʢʨʠʪʝʨʠʶ ʨʝʘʣʠʟʘʮʠʠ ʥʘʧʦʨʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʤʝʥʥʠʢʘ. ʅʘ ʨʝʞʠʤʝ 

ʥʦʤʠʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʞʠʤʘʶʱʝʛʦ ʛʘʟʘ (Rn =2800ʤʠʥ-1
) ʨʘʩʭʦʜ 

ʥʘʛʥʝʪʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʥʘ 

5é7%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʥʝʙʨʝʞʝʥʠʝʤ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʫʪʝʯʝʢ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʯʝʨʝʟ ʟʘʟʦʨʳ ʪʦʨʮʝʚʳʭ ʩʦʧʨʷʞʝʥʠʡ ʨʦʪʦʨʘ. 
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Abstract: The article deals with the analysis of structures microassemblages closed type, 

having a rectangular shape and subjected to the action of external overpressure. Mathematical 

modeling of the stress-strain state of the body and its micro-structure was performed. The given 

recommendations for optimal design of micro assembly of this type using the finite element method 

(software package ANSYS). 

Keywords: microassembly, heterogeneous structure, board, pressure, modeling 

of stress-strain state, design. 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʠʩʧʳʪʘʥʠʡ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʶʪ ʤʠʢʨʦʩʙʦʨʢʠ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʦʨʧʫʩʘ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʷʭ ʨʘʟʤʝʱʘʶʪʩʷ ʧʣʘʪʳ ʠ ʨʝʟʠʩʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʝ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʙʦʨʢʠ. ʂ 

ʪʘʢʠʤ ʤʠʢʨʦʩʙʦʨʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʠʢʨʦʩʭʝʤʳ, ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʠ ʜʨ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʥʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʨʝʩʩʦʚʢʝ ʚʥʝʰʥʠʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ ʠ ʧʣʘʪ ʩ 

ʨʝʟʠʩʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʠʭ ʚʳʭʦʜʥʳʭ 

ʵʣʝʢʪʨʦʧʘʨʘʤʝʪʨʦʚ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʣʠʙʦ ʥʘʟʥʘʯʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ, 

ʧʨʠʯʝʤ ʦʯʝʥʴ ʯʘʩʪʦ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ  ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʤʠʢʨʦʩʙʦʨʢʠ ʠ ʝʸ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ, 

ʝʛʦ ʢʦʨʦʙʣʝʥʠʶ, ʘ ʪʘʢʞʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʣʘʪ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʠʢʨʦʩʙʦʨʢʠ. ʅʘʣʠʯʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʘʤ ʠʣʠ 

ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʠʢʨʦʩʙʦʨʦʢ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 

ʚʥʝʰʥʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ [1]. 

ʅʘʨʘʩʪʘʶʱʘʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ  ʵʢʩʧʣʫʘʪʘʮʠʠ 

[2]. ɸʥʘʣʠʟ ʦʪʢʘʟʦʚ ʠʟʜʝʣʠʡ ʠ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʧʦʣʥʳʭ ʠʣʠ ʯʘʩʪʠʯʥʳʭ 

ʦʪʢʘʟʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 



84 

 

ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʪʝʧʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʟʜʝʣʠʷ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠʩʧʳʪʘʥʠʷ, ʭʨʘʥʝʥʠʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ [3]. 

 ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʜʝʣʠʡ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʪʨʝʙʫʝʤʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʟʜʝʣʠʷ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [4]. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʵʪʠʭ ʠʟʜʝʣʠʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ  ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ  ʧʨʦʚʝʜʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʅɼʉ 

ʤʠʢʨʦʩʙʦʨʢʠ ʠ ʝʸ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ.  

 ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʩʙʦʨʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʭ 

ʰʠʨʦʢʠʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʠʟʜʝʣʠʷʭ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʅɼʉ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ [5], ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʥʝ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪ ʅɼʉ 

ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʪʠʧʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʣʦʡ ʤʠʢʨʦʩʙʦʨʢʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʠʧʘ ʩ ʧʣʘʪʦʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʩʥʦʚʘʥʠʝʤ ʢʣʝʝʚʳʤʠ ʠʣʠ 

ʧʘʷʥʳʤʠ  ʰʚʘʤʠ. ɿʘʤʢʥʫʪʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʨʧʫʩ ʩ ʨʘʟʤʝʨʘʤʠ 2aĬ2bĬH 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨ. 

ɺ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʨʧʫʩʘ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʳʰʢʘ, ʛʜʝ ʧʨʠ ʦʧʨʝʩʩʦʚʢʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʝʜʣʦʞʝʥ ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ 

ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩʩʦʚʢʠ ὴz, ʢʦʪʦʨʳʡ ʥʝ ʫʯʠʪʳʚʘʝʪ 
ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʠʠʷ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ ʥʘ ʠʭ ʅɼʉ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʝʪʦʜʦʤ 

ὴz ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ  

ὴz ς„ʪ‎  ,                                                       (1) 

ʛʜʝ: „ʪ- ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢʨʳʰʢʠ; h -ʝʸ ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ;  ɔ -

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ 

 ὥὦ ρ. 

ɿʜʝʩʴ 2aĬ2b -ʨʘʟʤʝʨʳ ʢʨʳʰʢʠ ʚ ʧʣʘʥʝ ʧʦ ʦʩʷʤ ʭ,z (ʨʠʩ.1). 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʳʡ ʘʥʘʣʠʟ ʅɼʉ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʢʦʨʧʫʩʦʚ ʤʠʢʨʦʩʙʦʨʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ  ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʳ: 

-max W-ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʚ ʮʝʥʪʨʝ ʢʨʳʰʢʠ ʢʦʨʧʫʩʘ (ʤʤ); 

-„ɻ ʢʚ -ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʳʰʢʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʦ ʢʨʠʪʝʨʠʶ ʄʠʟʝʩʘ (ʄʇʘ). 
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ʈʠʩ. 1. ʂʦʨʧʫʩ ʤʠʢʨʦʩʙʦʨʢʠ: 

1-ʢʨʳʰʢʘ, 2-ʩʪʝʥʢʘ, 3-ʦʩʥʦʚʘʥʠʝ, 4-ʢʣʝʝʚʦʡ ʰʦʚ , 5- ʧʣʘʪʘ 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ: 

άὥὼ ὡ ÍÁØὡ
ὴ     ʠ  „ɻ ʢʚ

„ɻ ʢʚ
ὴ, ʛʜʝ ὴ - ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʩʩʦʚʢʠ 

(ʄʇʘ). 

 ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʩʩʦʚʢʠ ὴz, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 
ʥʘʯʘʣʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʟʦʥʘʭ 

ʢʨʳʰʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ὴz
„ʪ
„ɻ ʢʚ

,                                                              (2) 

ʛʜʝ „ɻ ʢʚ  - ʙʝʟʨʘʟʤʝʨʥʘʷ ʬʫʥʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ: ʘ;b;H- ʚʳʩʦʪʘ ʢʦʨʧʫʩʘ; hʢ, hʦ, hc -ʪʦʣʱʠʥʳ ʢʨʳʰʢʠ, 

ʦʩʥʦʚʘʥʠʷ ʠ ʩʪʝʥʦʢ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʙʦʨʢʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ p. 

  ʅʘ ʨʠʩ. 2-3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʢʦʨʧʫʩʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʧʣʘʚʘ 29ʅʂ ʧʨʠ hʢ=ho =0, 4 ʤʤ ʠ ʘ=10 ʤʤ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ  ʟʥʘʯʝʥʠʡ H ʧʨʠ Ὤ
Ὤʩ
ὬȠὦ

ὦ
ὥ Ȣ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʅɼʉ ʢʨʳʰʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʞʝʩʪʢʦʩʪʝʡ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʢʨʳʰʢʠ (ÍÁØὡ) ʧʦ 

ʧʨʠʙʣʠʞʝʥʥʦʤʫ ʤʝʪʦʜʫ ʤʦʞʝʪ ʜʘʚʘʪʴ ʢʘʢ ʚʝʨʭʥʶʶ, ʪʘʢ ʠ ʥʠʞʥʶʶ ʦʮʝʥʢʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʩʪʢʦʩʪʠ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ, ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʦʨʦʥ (b/a) ʠ ʚʳʩʦʪʳ 

ʢʦʨʧʫʩʘ (ʨʠʩ. 2), ʯʪʦ ʩʚʷʟʘʥʦ ʩ  ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ ʥʘ ʠʭ ʅɼʉ. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 10%  ʚʝʣʠʯʠʥʫ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʢʨʳʰʢʠ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ 

ʧʨʠʙʣʠʞʝʥʥʦʤʫ ʤʝʪʦʜʫ [5] ʜʣʷ ʢʦʨʧʫʩʦʚ, ʫ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  
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H/2ʘ < 0,25. ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʧʘʨʘʤʝʪʨʘ Ὤ,  
ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʞʝʩʪʢʦʩʪʴ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ  

ʛʨʘʥʝʡ ʥʘ ʅɼʉ ʢʨʳʰʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

 ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʥʳʡ 

ʤʝʪʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ Ὤ ʠ ὦ ʜʘʝʪ ʜʣʷ „ɻ ʢʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩʩʦʚʢʠ ὴz ʣʠʙʦ ʚʝʨʭʥʶʶ, ʣʠʙʦ 

ʥʠʞʥʶʶ ʦʮʝʥʢʫ, ʯʪʦ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʛʨʘʥʝʡ ʥʘ ʅɼʉ 

ʢʨʳʰʢʠ ʢʦʨʧʫʩʘ ʤʠʢʨʦʩʙʦʨʢʠ. 

 

 
a) 

 

 
ʙ) 

ʈʠʩ. 2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʢʨʳʰʢʠ ʤʠʢʨʦʩʙʦʨʢʠ: 

 ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ;    ʪʦʯʥʳʡ ʤʝʪʦʜ; ʘ) ʧʨʠ Ὤ ρ; ʙ) ʧʨʠ Ὤ 2 

 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 10%  ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩʩʦʚʢʠ ὴz  

ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʙʣʠʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ὌȾςʘ πȢςυ  ʠ  Ὤ ς. ʇʨʠ ʵʪʦʤ ʪʘʢ ʢʘʢ  „ɻ ʢʚ, ʦʧʨʝʜʝʣʝʥʥʦʝ  

ʧʨʠʙʣʠʞʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʜʘʝʪ ʦʮʝʥʢʫ ʩʥʠʟʫ, ʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩʩʦʚʢʠ (2) ὴz ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ ʩʚʝʨʭʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʳʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʠʳʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʜʘʚʣʝʥʠʷ  ʦʧʨʝʩʩʦʚʢʠ ʢʦʨʧʫʩʦʚ ʤʠʢʨʦʩʙʦʨʢʠ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ Ὤ ς, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʞʝʩʪʢʦʩʪʴ ʙʦʢʦʚʳʭ 
ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ (ʨʠʩ. 3), ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʳ (1) 

ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʝʸ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʦʨʧʫʩʦʚ ʩ ὌȾςʘ ρ. 
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ʘ) 

 

 
ʙ) 

 

 
ʚ) 

ʈʠʩ. 3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʨʳʰʢʠ ʤʠʢʨʦʩʙʦʨʢʠ: 

ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ;  ʪʦʯʥʳʡ ʤʝʪʦʜ; ʘ) ʧʨʠ Ὤ ρ;  
ʙ) ʧʨʠ Ὤ 2; ʚ) ʧʨʠ Ὤ=5 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ 

ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʦʨʧʫʩʦʚ ʨʝʘʣʴʥʳʭ ʤʠʢʨʦʩʙʦʨʦʢ, ʫ 
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ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ  H/2ʘ ρ  ʠ  Ὤ ρ. ɺʦ ʚʩʝʭ 
ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʨʘʩʯʝʪʝ ὴz ʧʦ ʬʦʨʤʫʣʝ (2) ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

„ɻ ʢʚ ʩʣʝʜʫʝʪ ʚʳʯʠʩʣʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʅɼʉ ʢʦʨʧʫʩʦʚ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʛʨʘʥʝʡ ʠ ʥʘʣʠʯʠʷ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʧʣʘʪʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ 

ʘʜʝʢʚʘʪʥʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʅɼʉ ʚʩʝʭ  ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʙʦʨʢʠ ʩ ʫʯʝʪʦʤ 

ʝʸ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʘ ʪʘʢʞʝ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʥʘʟʥʘʯʘʪʴ ʨʝʞʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʧʝʨʘʮʠʠ ʦʧʨʝʩʩʦʚʢʠ  

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʩʙʦʨʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʠʟʙʳʪʦʯʥʦʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ ʩ ʫʯʝʪʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʣʘʪ ʥʘ ʝʛʦ ʛʨʘʥʷʭ. 

ʆʙʦʙʱʘʷ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʫʢʘʞʝʤ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦ - ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺʳʙʦʨ ʨʘʩʯʝʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠ ʫʨʦʚʥʷ ʝ y ʩʣʦʞʥʦʩʪʠ (ʦʜʥʦʤʝʨʥʘʷ, ʜʚʫʤʝʨʥʘʷ, ʪʨʝʭʤʝʨʥʘʷ, ʫʯʝʪ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʘʥʘʣʠʟʘ ʅɼʉ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ  
ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʊʠʊʄʠʇʇè  ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʋʑʀʍ ʉɺʆʁʉʊɺ ɸɹʈɸɿʀɺʅʆɻʆ 

ʀʅʉʊʈʋʄɽʅʊɸ ʅɸ ʂɽʈɸʄʀʏɽʉʂʆʁ ʀ ɹɸʂɽʃʀʊʆɺʆʁ ʉɺʗɿʂɸʍ 

ʇʈʀ ʐʃʀʌʆɺɸʅʀʀ ʄʀʂʈʆʇʆʈʀʉʊʓʍ ʇʆʂʈʓʊʀʁ 

ʅ.ʉ. ɸʣʝʢʩʝʝʚ, ɺ.ɸ. ʂʘʧʦʨʠʥ, ʉ.ɺ. ʀʚʘʥʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)  ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʨʫʛʦʚ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʙʘʢʝʣʠʪʦʚʳʭ ʩʚʷʟʢʘʭ ʧʨʠ 

ʯʝʨʥʦʚʦʤ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʠʩʩʣʝʜʦʚʘʥʳ 

ʩʠʣʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʦʙʣʘʜʘʝʪ ʘʙʨʘʟʠʚʥʳʡ ʢʨʫʛ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ, ʘ 

ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʥʘ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ï ʘʙʨʘʟʠʚʥʳʡ ʢʨʫʛ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʪʘʢʞʝ 

ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ,  

ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ, ʩʚʷʟʢʘ, ʩʠʣʳ ʨʝʟʘʥʠʷ, ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ  
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ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʯʝʨʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ
1
 ʷʚʣʷʝʪʩʷ ʰʣʠʬʦʚʘʥʠʝ [1]. ʇʨʠ ʵʪʦʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ɸʀ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʲʝʤʘ 

ʤʘʪʝʨʠʘʣʘ, ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ ʚʦ 



90 

 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʩʚʷʟʢʠ [2]. ʇʦʵʪʦʤʫ ʚʳʙʦʨʫ ʩʚʷʟʢʠ ʧʨʠʜʘʶʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ɸʀ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ - ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʢʝʨʘʤʠʯʝʩʢʘʷ, ʙʘʢʝʣʠʪʦʚʘʷ ʠ ʚʫʣʢʘʥʠʪʦʚʘʷ ʩʚʷʟʢʠ [3]. ɼʦʚʦʣʴʥʦ ʨʝʜʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʣʠʢʘʪʦʚʳʝ, ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʩʚʷʟʢʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʩʚʷʟʢʠ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ (ʦʜʥʦʨʦʜʥʳʭ) ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʶʪ ʥʘ ʚʠʜ ʠ ʭʘʨʘʢʪʝʨ ʦʧʝʨʘʮʠʡ ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʥʘ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ. ɺʫʣʢʘʥʠʪʦʚʳʝ ʩʚʷʟʢʠ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʫʛʦʚ ʜʣʷ ʦʪʨʝʟʢʠ, ʰʣʠʬʦʚʘʥʠʷ ʧʘʟʦʚ ʠ 

ʬʘʩʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʪʜʝʣʦʯʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʦʣʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʨʘʟʤʝʨʥʦʡ ʯʝʨʥʦʚʦʡ ʠ ʯʠʩʪʦʚʦʡ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ  

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʛʠ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʝ [4]. 

ʆʜʥʘʢʦ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʚʠʜʘ ʩʚʷʟʢʠ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʮʝʩʩʘ ʯʝʨʥʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʮʝʣʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʐʂ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʝ ʧʨʠ ʯʝʨʥʦʚʦʤ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʚʠʜʘ ʩʚʷʟʢʠ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ 

ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʧʳʪʥʳʭ ʢʨʫʛʦʚ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʥʘ ʙʘʟʝ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʛʦ ʧʦʣʫʘʚʪʦʤʘʪʘ ʤʦʜ. 

3ʄ152ʄɺʌ2 ʩ ʏʇʋ ʧʦ ʩʭʝʤʝ ʢʨʫʛʣʦʛʦ ʥʘʨʫʞʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʩ 

ʚʳʭʘʞʠʚʘʥʠʝʤ ʧʦ ʤʝʪʦʜʠʢʝ [5]. ʐʣʠʬʦʚʘʣʠ ʦʙʨʘʟʮʳ - ʚʪʫʣʢʠ ʠʟ ʩʪʘʣʠ 45 

ʜʠʘʤʝʪʨʦʤ 60Ñ0,1 ʤʤ ʠ ʚʳʩʦʪʦʡ 70 ʤʤ ʩ ʧʣʘʟʤʝʥʥʦ-ʥʘʧʳʣʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ 

ʥʘ ʥʠʢʝʣʝʚʦʡ (ʧʦʢʨʳʪʠʝ ʇɺ) ʠ ʞʝʣʝʟʥʦʡ (ʧʦʢʨʳʪʠʝ ʇɾ) ʦʩʥʦʚʝ. 

ʆʙʨʘʙʘʪʳʚʘʣʠ ʧʦʢʨʳʪʠʷ ʩʝʨʠʡʥʳʤʠ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ 

ʥʦʨʤʘʣʴʥʦʛʦ (14ɸ) ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ (V) ʠ ʙʘʢʝʣʠʪʦʚʦʡ (ɺ) ʩʚʷʟʢʘʭ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 14ɸF46N6 ʬʦʨʤʳ 1 600x25x305 ɻʆʉʊ ʈ52781-2007. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʠʩʧʳʪʳʚʘʣʠʩʴ ʢʨʫʛʠ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʯʝʨʥʦʛʦ 54ʉF46N6 ʪʘʢʞʝ 

ʥʘ ʩʚʷʟʢʘʭ V ʠ ɺ ʪʝʭ ʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ɺʳʙʦʨ ʪʠʧʦʨʘʟʤʝʨʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʠʭ 

ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [6]. 

ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ, ʧʦʜʦʙʨʘʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ [7], 

ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ 35 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʜʝʪʘʣʠ 18,84 ʤ/ʤʠʥ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ 425 ʤʤ/ʤʠʥ ʠ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ 

10 ʤʢʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʘʤʠ ʧʦʜʘʯʠ ʉʆɾ 

ʧʦʣʠʚʦʤ ʚ ʟʦʥʫ ʰʣʠʬʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʝʝ ʦʪ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʰʣʘʤʘ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʠ ʙʘʢʘ-ʦʪʩʪʦʡʥʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʉʆɾ ʧʨʠʤʝʥʷʣʩʷ 3%-ʡ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʵʤʫʣʴʩʦʣʘ çʕʇʄ-1ʰʧè, ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʠ ʧʦʣʠʚʦʤ ʚ ʟʦʥʫ 

ʰʣʠʬʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʝʡ ʩʪʨʫʝʡ ʩ ʨʘʩʭʦʜʦʤ 12 ʣ/ʤʠʥ. 
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ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʀ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʠʞʝ 

ʢʨʠʪʝʨʠʠ. 

1. ʇʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʊ ʢʨʫʛʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʦʷʚʣʝʥʠʶ ʩʣʝʜʦʚ 

ʜʨʦʙʣʝʥʠʷ ʠʣʠ ʧʨʠʞʦʛʦʚ ʥʘ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʠʥ. 

2. ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤʤ
3
/ʤʤ

3
: 

q = Qʤ/Qʘ, 

ʛʜʝ Qʤ ï ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʩʥʷʪʦʛʦ ʩ ʟʘʛʦʪʦʚʢʠ (ʦʙʨʘʟʮʘ) ʟʘ ʧʝʨʠʦʜ 

ʩʪʦʡʢʦʩʪʠ ʐʂ, ʤʤ
3
; Qʘ - ʦʙʲʝʤ ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʐʂ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʟʘ ʪʦʪ ʞʝ 

ʧʝʨʠʦʜ, ʤʤ
3
. 

 

3. ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ, ʤʤ
3
/ʤʠʥĿʅ: 

ʂʨ= Qʤ/TĀʈʫ, 

ʛʜʝ ʈʫ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ ʟʘ 

ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʐʂ, ʅ. 

4. ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ, ɺʪĿʤʠʥ/ʤʤ
3
: 

ʂN=Nʵʬ/Qʤ, 

ʛʜʝ Nʵʬ ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ, ɺʪ: 

Nʵʬ=ʈzĀVʢʨ/102, 

ʛʜʝ Pz ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ ʟʘ 

ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʐʂ, ʅ; Vʢʨ ï ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʤ/ʩ. 

5. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʧʘʨʘʤʝʪʨʫ 

Rʘ, ʤʢʤ. 

6. ʂʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ, ʤʤ
3
/ʤʠʥĿɺʪĿʤʢʤ:  

ʂʤ= Qʤ/NʵʬĀRa. 

7. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʩʘʣʠʚʘʥʠʷ ʐʂ ʟʘ ʧʝʨʠʦʜ ʠʭ ʩʪʦʡʢʦʩʪʠ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɾ, ʤʛ/ʩʤ
2
Ŀʤʠʥ:  

ʉʟ = m/SʢĀʊ,  

ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʣʠʧʰʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʐʂ ʟʘ 

ʧʝʨʠʦʜ ʝʛʦ ʩʪʦʡʢʦʩʪʠ, ʤʛ; Sʢ ï ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʐʂ, ʩʤ
2
. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʨʘʚʥʷʣʘʩʴ ʧʝʨʠʦʜʫ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ. ʇʦ ʭʦʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʬʠʢʩʠʨʦʚʘʣʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʈʫ ʠ ʈz ʩʠʣʳ ʨʝʟʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʠʟʤʝʨʷʣʠ ʨʘʟʤʝʨʥʳʡ 

ʠʟʥʦʩ ʢʨʫʛʘ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʟʤʝʨʥʳʡ ʠʟʥʦʩ ɸʀ ʠʟʤʝʨʷʣʠ ʠʥʜʠʢʘʪʦʨʦʤ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ ʮʝʥʦʡ 

ʜʝʣʝʥʠʷ 0,001 ʤʤ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʥʘ ʧʨʦʬʠʣʦʛʨʘʬʝ ï ʧʨʦʬʠʣʦʤʝʪʨʝ ɸɹʈʀʉ ï ʇʄ7. 

ʀʩʧʳʪʘʥʠʷ ʢʨʫʛʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ = 0,95. 

ʇʦ ʢʘʞʜʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʨʫʛʦʚ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ 

ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʠ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʢʘʢ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, 

ʪʘʢ ʠ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʣʠ ʙʦʣʴʰʠʡ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ, ʯʝʤ ʢʨʫʛʠ ʠʟ 14ɸ ʠ 

54ʉ ʥʘ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʣʫʯʰʠʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʠ [8]. 
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ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q, ʜʦʩʪʠʛʘʝʤʘʷ ʢʨʫʛʦʤ 14ɸF46N6V, 

ʧʨʝʚʳʰʘʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʢʨʫʛʦʚ 14ɸF46N6B ʠ 54ʉF46N6B 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,3 ʠ 1,5 ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʠʤʝʥʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʛʦ ʠʟʥʘʰʠʚʘʥʠʷ. ʇʨʠʯʠʥʫ ʪʘʢʦʛʦ ʨʘʟʣʠʯʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʟʘʢʨʝʧʣʝʥʠʝʤ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ ʚ ʢʨʫʛʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʠ [9]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʦʢʘʟʘʣʠ (ʪʘʙʣ. 1), 

ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʦʤ 14ɸF46N6V ʩʠʣʳ ʈʫ ʠ ʈz 

ʫʤʝʥʴʰʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʣʠʬʦʚʘʥʠʝʤ ʢʨʫʛʘʤʠ 14ɸF46N6B ʠ 54ʉF46N6B 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 17-57 ʠ 34-61%, ʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 85 ʠ 41%. 

ʊʘʙʣʠʮʘ 1 

ʋʩʨʝʜʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʦʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʢʨʫʛʘʤʠ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʘʭ 

 

ʇʦʢʘʟʘʪʝʣʴ 

ʰʣʠʬʦʚʘʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʫʛʦʚ 

14ɸF46N6V/B 54ʉF46N6V/B 14ɸF46N6V/B 54ʉF46N6V/B 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ (ʯʠʩʣʠʪʝʣʴ) ʠ 

ʙʘʢʝʣʠʪʦʚʦʡ (ʟʥʘʤʝʥʘʪʝʣʴ) 

ʩʚʷʟʢʘʭ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ 

ʞʝʣʝʟʥʦʡ  ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ (ʯʠʩʣʠʪʝʣʴ) ʠ 

ʙʘʢʝʣʠʪʦʚʦʡ  (ʟʥʘʤʝʥʘʪʝʣʴ) 

ʩʚʷʟʢʘʭ 
ʉʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ ʊ, ʤʠʥ 6,5/5,9 3,1/3,0 13,1/9,6 50,0/22,0 

ʋʜʝʣʴʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q, 

ʤʤ
3
/ʤʤ

3
 

3,5/2,8 1,7/2,4 5,2/6,2 28,3/19,4 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ 

ʰʣʠʬʦʚʘʥʠʷ, ʅ 

ʈʫ 103/162 179/121 117/118 104/112 

ʈz 59/95 96/79 57/67 40/56 

ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʰʣʠʬʦʚʘʥʠʷ ʂN, 
ɺʪĀʤʠʥ/ʤʤ

3
 

57,3/106 98,5/80,8 57,2/61,6 33,9/49,8 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʞʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʂʨ, 
ʤʤ

3
/ʤʠʥĿʅ 

3,4/1,9 1,9/2,7 2,9/3,2 3,9/3,4 

ʂʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ 

ʂʤ, ʤʤ
3
/ʤʠʥĀɺʪĀʤʢʤ 

0,093/0,045 0,070/0,052 0,081/0,066 0,127/0,048 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ Ra, ʤʢʤ 
0,19/0,21 0,14/0,24 0,32/0,35 0,23/0,41 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʘʩʘʣʠʚʘʥʠʷ ʢʨʫʛʦʚ ʉʟ, 

ʤʛ/ʩʤ
2
Ŀʤʠʥ 

- - 0,075/0,071 0,033/0,079 

 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʨ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʢʦʨʫʥʜʦʚʦʛʦ ʢʨʫʛʘ ʥʘ ʩʚʷʟʢʝ V. ʇʨʠ 
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ʦʮʝʥʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʢʨʠʪʝʨʠʶ ʂʤ ʪʘʢʞʝ 

ʚʳʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʨʫʛʘ ʠʟ 14ɸ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. 

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Ra ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʰʣʠʬʦʚʘʥʥʳʭ ʢʨʫʛʘʤʠ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʘʭ, ʥʝ ʚʳʷʚʣʝʥʦ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʷ ʇɾ, ʢʘʢ ʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ, 

ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ ʠʟ 14ɸ ʠ 54ʉ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʦʢʘʟʘʣʠʩʴ 

ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʝ (ʪʘʙʣ. 1). ʊʘʢ, ʟʥʘʯʝʥʠʝ ʊ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʜʣʷ ɸʀ 14ɸF46N6V, ʧʨʝʚʳʩʠʣʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʢʨʫʛʘ 

14ɸF46N6B ʚ 1,4 ʨʘʟʘ, ʘ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʐʂ 54ʉF46N6V ʦʢʘʟʘʣʩʷ ʚ 2,3 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʢʨʫʛʘ 54ʉF46N6B. 

ʅʘʠʤʝʥʴʰʘʷ ʩʠʣʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʇɾ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʫʛʘ ʠʟ 54ʉ ʥʘ ʩʚʷʟʢʝ V, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ ʵʪʠʤ ʢʨʫʛʦʤ ʥʠʞʝ, ʯʝʤ ʢʨʫʛʘʤʠ 14ɸF46N6B ʠ 

54ʉF46N6B, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 82 ʠ 47%. Cʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʣʘʤ ʈʫ ʠ ʈz ʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ KN ʜʣʷ ʢʨʫʛʘ 54ʉF46N6V 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʤ ʟʥʘʯʝʥʠʠ ʧʝʨʠʦʜʘ ʝʛʦ ʩʪʦʡʢʦʩʪʠ (ʊ = 50 

ʤʠʥ). ʐʣʠʬʦʚʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʟ 54ʉ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʤʝʥʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʝʛʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (q = 28,3 

ʤʤ
3
/ʤʤ

3
). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʫʛʘ ʠʟ 54ʉ ʥʘ ʩʚʷʟʢʝ V ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʨ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʂʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʨʫʛʘ ʠʟ 54ʉ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʰʣʠʬʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʝʥʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Ra=0,23 

ʤʢʤ), ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʠʣ ʈʫ ʠ ʈz ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʩʣʘʠʚʘʥʠʷ ʧʦʢʨʳʪʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʩʘʣʠʚʘʥʠʷ ʉʟ ʢʨʫʛʘ 54ʉF46N6V ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʧʦʢʨʳʪʠʷ ʇɾ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʜʦʩʪʠʛʘʝʤʳʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʛʘʤʠ 14ɸF46N6B ʠ 54ʉF46N6B. 

ɺʳʚʦʜʳ 

1. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʨʫʛʣʦʝ 

ʥʘʨʫʞʥʦʝ ʰʣʠʬʦʚʘʥʠʝ ʩ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʝʡ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ 

ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

2. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʨʝʞʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɸʀ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʨʫʛʦʤ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. 

3. ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʢʘʟʘʣ 

ʘʙʨʘʟʠʚʥʳʡ ʢʨʫʛ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʪʘʢʞʝ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʂʆʅʎɽʅʊʈɸʎʀʖ ʉʋʍʀʍ 

ɺʆɼʆʈɸʉʊɺʆʈʀʄʓʍ ɺɽʑɽʉʊɺ ɺ ʕʂʉʊʈɸʂʊɽ 

ʊʓʉʗʏɽʃʀʉʊʅʀʂɸ  

ɸ.ɸ. ɸʧʧʦʣʦʥʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩʫʭʦʡ ʪʨʘʚʳ ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʥʘ ʢʦʥʝʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ 

ʵʢʩʪʨʘʢʪʝ ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʩ 

15ÁC ʜʦ 45ÁC ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

40%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʘʢʪ, ʪʳʩʷʯʝʣʠʩʪʥʠʢ, ʵʢʩʪʨʘʛʝʥʪ, ʚʦʜʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʫʭʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ, ʵʢʩʪʨʘʢʪʦʨ. 
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The article presents the results of experimental researches of process of extraction of dry herb 

of yarrow in the conditions of influence on the process of low-freguency mechanical vibration. In 

particular, we exsamined the effect of the initial temperature of the extractant at a final 

concentration of soluble dry substances in the extract of yarrow. It is established that when the 

temperature of the extractant from 15 to 45 degrees Celsius, the concentration of water soluble dry 

substances in the extract is increased by 40 percent. 

       

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʟʜʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʠʪʢʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘʩʪʦʝʚ ʠ ʵʢʩʪʨʘʢʪʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʩʦʩʪʘʚʝ 

ʥʘʧʠʪʢʦʚ [1]. ɹʣʘʛʦʜʘʨʷ ʩʦʜʝʨʞʘʥʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʡ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ ʚ ʩʦʩʪʘʚʝ 

ʥʘʧʠʪʢʦʚ ʧʦʚʳʰʘʶʪ ʪʦʥʫʩ ʦʨʛʘʥʠʟʤʘ, ʘʜʘʧʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʢʨʦʤʝ ʪʦʛʦ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ ʧʨʠʜʘʶʪ ʥʘʧʠʪʢʘʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [2]. 

ɺ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʨʘʚʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ ʙʘʟʫ, ʘʩʩʦʨʪʠʤʝʥʪ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʚʳʰʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ, ʩʥʠʟʠʪʴ ʨʳʥʦʢ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʢʫʩʦʚʳʝ ʜʦʙʘʚʢʠ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʫʪʝʤ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʥʘ ʧʨʦʮʝʩʩ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʪʨʘʚʳ ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʠʤʝʥʷʣʠ 

ʚʦʜʫ, ʪʘʢ ʢʘʢ ʚʦʜʥʳʡ ʵʢʩʪʨʘʢʪ ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʠʪʢʦʚ. 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ ʵʢʩʪʨʘʢʪʦʨʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ɺʠʙʨʘʮʠʦʥʥʳʡ ʵʢʩʪʨʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʩʦʚʝʨʰʘʝʪ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʰʪʦʢ ʩ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʥʝʤ ʪʘʨʝʣʢʦʡ. 

ʊʘʨʝʣʢʘ ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʧʨʦʭʦʜʘ ʬʘʟ ʠ ʦʩʥʘʱʝʥʘ ʙʦʨʪʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ ʬʘʟ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ 

ɸ=10 ʤʤ, ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʪʘʨʝʣʢʠ d=2 ʤʤ, ʧʣʦʱʘʜʴ ʩʚʦʙʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

16,5%. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʟʜʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʪʘʨʝʣʢʠ ʚ ʵʢʩʪʨʘʢʪʦʨʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʠ 

ʧʝʨʝʜʘʶʱʠʡ ʝʛʦ ʰʪʦʢʫ ʩ ʪʘʨʝʣʢʦʡ. 
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ʅʘʚʝʩʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʧʦʤʦɦɹʶ ʚʝʩʦʚ ʤʘʨʢʠ ʄW-120 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ Ñ 0,01 ʛ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʵʢʩʪʨʘʛʝʥʪʘ ʦʪʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 250 ʩʤ
3
. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʣʠ 

ʧʨʦʙʳ ʞʠʜʢʦʡ ʬʘʟʳ, ʦʙʲʝʤʦʤ 5 ʤʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʭʠʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ. ʆʪʜʝʣʝʥʠʝ ʦʪ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʦʩʴ 

ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʠʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ  ʚʝʱʝʩʪʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʨʝʬʨʘʢʪʦʤʝʪʨʘ çʈʃ-2è. 

ʊʝʤʧʝʨʘʪʫʨʫ ʩʫʩʧʝʥʟʠʠ ʠʟʤʝʨʷʣʠ ʣʘʙʦʨʘʪʦʨʥʳʤ ʩʪʝʢʣʷʥʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ ʊʃ-

4. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʩʫʭʠʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʠʟ ʪʨʘʚʳ ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʠʟʤʝʣʴʯʝʥʥʫʶ ʪʨʘʚʫ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʪ 2 ʜʦ 6 ʤʤ)  ʧʦʤʝʱʘʣʠ ʚ 

ʵʢʩʪʨʘʢʪʦʨ (ʧʦʜ ʚʠʙʨʘʮʠʦʥʥʫ  ʁ ʪʘʨʝʣʢʫ) ʠ ʟʘʣʠʚʘʣʠ ʵʢʩʪʨʘʛʝʥʪʦʤ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʪʚʸʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʚʦ ʚʩʝʭ ʠʟʤʝʨʝʥʠʷʭ 

ʩʦʩʪʘʚʣʷʣʦ 1:20. ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ʵʢʩʪʨʘʢʪʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 600 1/ʤʠʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʩʪʨʘʢʪʝ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 15
0
ʉ ʜʦ 45

0
ʉ ʩ ʰʘʛʦʤ 5Áʉ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʭʠʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʠ ʚʨʝʤʝʥʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ 20 ʤʠʥʫʪ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ 

 ̄

ʧ/ʧ 

t, 

ÁC 

n, 

ʤʠʥ
-1
 

A, 

ʤʤ 

d, 

ʤʤ 

ɺʨʝʤʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʤʠʥ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, % 

1 3 5 7,5 10 12,5 15 20 25 30 

1 15 600 10 2 0,2 0,3 0,3 0,5 0,6 0,7 0,8 0,9 0,9 0,9 

2 20 600 10 2 0,25 0,4 0,5 0,75 0,8 0,95 1,2 1,2 1,25 1,25 

3 25 600 10 2 0,4 0,5 0,5 0,6 0,6 0,75 1 1,3 1,3 1,3 

4 30 600 10 2 0,5 0,6 0,6 0,8 0,9 0,9 1 1,3 1,3 1,3 

5 35 600 10 2 0,6 0,6 0,7 0,7 0,8 0,9 1,2 1,2 1,3 1,3 

6 40 600 10 2 0,5 0,6 0,7 0,9 0,9 1 1,2 1,2 1,3 1,3 

7 45 600 10 2 0,7 0,7 0,8 0,8 0,9 0,95 1,3 1,4 1,4 1,4 
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ 

     

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʪʨʘʛʝʥʪʘ 45 
0
ʉ. 
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ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ çʮʝʥʘ-ʢʘʯʝʩʪʚʦè. ʇʝʨʝʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʩʪʦʠʪ ʟʘʜʘʯʘ ʥʝ ʩʪʦʣʴʢʦ ʚʳʭʦʜʘ ʥʘ 

ʚʥʝʰʥʠʡ ʨʳʥʦʢ, ʩʢʦʣʴʢʦ ʟʘʱʠʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ʦʪ ʠʤʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʠʟʚʦʜʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʤʦʞʥʦ, ʪʦʣʴʢʦ ʦʙʣʘʜʘʷ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢʘʭ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʩʪʦʪʝ ʠ ʦʪʣʘʞʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʣʠʯʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. ʇʦʣʫʯʝʥʥʳʝ ʠʟʜʝʣʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʢʨʳʪʳʡ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʩʞʘʪʠʶ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʘʯʝ ʩʤʘʟʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʦʪ 

ʩʧʦʩʦʙ ʠʤʝʝʪ ʠ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʪʨʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʝ ʤʝʪʘʣʣʘ ʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʣʝʜʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʢ ʚʦʣʦʯʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʤʘʟʦʢ. ɼʣʷ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʭʘʨʘʢʪʝʨʥʦ 

ʦʜʥʦʧʦʪʦʯʥʦʝ ʪʝʯʝʥʠʝ ʤʝʪʘʣʣʘ ʠ ʧʦʩʪʦʷʥʥʦʝ ʜʝʡʩʪʚʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʪʝʨʝ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʚʦʣʦʯʝʥʠʷ ʤʥʦʛʦʮʠʢʣʠʯʥʳʤ ʠ ʟʘʪʨʘʪʥʳʤ [2]. 

ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʦʣʫʯʘʶʱʠʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ 

ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʷʚʣʷʝʪʩʷ ʚʦʣʦʯʝʥʠʝ ʚ ʨʦʣʠʢʦʚʳʭ ʚʦʣʦʢʘʭ. ɺʦʟʨʘʩʪʘʶʱʠʡ 

ʠʥʪʝʨʝʩ ʢ ʨʦʣʠʢʦʚʳʤ ʚʦʣʦʢʘʤ ʩʚʷʟʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʳʭ 

ʚʦʣʦʢʘʭ ʪʨʝʥʠʝʤ ʢʘʯʝʥʠʷ ʚ ʨʦʣʠʢʦʚʳʭ ʚʦʣʦʢʘʭ [3]. ʊʘʢ, ʧʨʠ ʚʦʣʦʯʝʥʠʠ 

ʧʨʦʚʦʣʦʢʠ ʯʝʨʝʟ ʨʦʣʠʢʦʚʳʝ ʚʦʣʦʢʠ ʜʝʬʦʨʤʘʮʠʷ ʩʜʚʠʛʘ ʤʘʣʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. ʆʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʥʝʙʦʣʴʰʠʝ, ʯʪʦ ʧʨʝʜʦʭʨʘʥʷʝʪ ʠʟʜʝʣʠʝ ʦʪ ʢʦʨʦʙʣʝʥʠʷ ʠ ʪʨʝʱʠʥ. 

ɸʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʚʳʰʘʶʪʩʷ. ʋʤʝʥʴʰʘʶʱʠʝʩʷ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʫʣʫʯʰʘʶʪ ʩʭʝʤʫ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʘʣʣ ʩ ʧʦʥʠʞʝʥʥʳʤʠ 

ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠʤʝʥʷʷ ʨʦʣʠʢʦʚʫʶ ʚʦʣʦʢʫ, ʤʦʞʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʦʣʦʯʝʥʠʷ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ 

ʩʫʤʤʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʦʣʦʢʘ, 

ʧʨʦʪʷʥʫʪʘʷ ʯʝʨʝʟ ʨʦʣʠʢʦʚʫʶ ʚʦʣʦʢʫ, ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʨʦʣʠʢʦʚʳʭ ʚʦʣʦʢ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʘʩʭʦʜʳ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʟʘʛʦʪʦʚʢʠ ʢ ʚʦʣʦʯʝʥʠʶ, ʦʛʨʘʥʠʯʠʚʘʷʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ (ʪʨʘʚʣʝʥʠʝ) ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʪ ʦʢʘʣʠʥʳ, ʛʨʷʟʠ ʠ 

ʪ.ʧ. ʇʨʦʮʝʩʩ ʨʦʣʠʢʦʚʦʛʦ ʚʦʣʦʯʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʤʘʟʢʠ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʧʣʦʪʴ ʜʦ 
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ʤʘʩʣʷʥʦ-ʚʦʜʷʥʦʡ ʵʤʫʣʴʩʠʠ, ʢʦʪʦʨʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʠʪ ʦʭʣʘʜʠʪʝʣʝʤ 

ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɻʣʘʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʵʪʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʶʪʩʷ ʧʦʥʠʞʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʣʦʯʠʣʴʥʳʭ 

ʢʣʝʪʝʡ, ʩʣʦʞʥʦʩʪʴ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʛʫʣʠʨʦʚʢʠ, ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʚ ʚʠʜʝ çʫʩʦʚè, 

ʦʙʨʘʟʫʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʪʝʢʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʟʘʟʦʨʳ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʤʝʞʥʳʭ ʨʦʣʠʢʦʚ [3].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʣʠʢʦʚʳʭ ʚʦʣʦʢ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʚʫʭ- ʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʝ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʩʭʝʤʳ ʚʦʣʦʯʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢ: 

- ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ; 

- ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ; 

- ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ; 

- ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʨʦʣʠʢʦʚʘʷ ʚʦʣʦʢʘ ï ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʦʙʦʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʦʣʦʯʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʩʭʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭʨʦʣʠʢʦʚʳʭ ʢʘʣʠʙʨʦʚ ʚ ʦʜʥʦʤ ʧʨʦʭʦʜʝ (ʨʠʩʫʥʦʢ 1). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʯʠʩʪʦʚʳʭ ʨʘʟʤʝʨʦʚ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠʟ ʢʨʫʛʣʦʡ 

ʟʘʛʦʪʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʝʭʨʦʣʠʢʦʚʳʭ ʢʘʣʠʙʨʘʭ ʧʝʨʚʦʡ 2 ʠ ʚʪʦʨʦʡ 3 

ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʩʠʩʪʝʤʝ: ʪʨʝʫʛʦʣʴʥʠʢ ï ʪʨʝʫʛʦʣʴʥʠʢ ʩ 

ʧʦʚʦʨʦʪʦʤ ʚʦʢʨʫʛ ʦʩʠ ʚʦʣʦʯʝʥʠʷ ʥʘ ʫʛʦʣ 60
0
. ʏʠʩʪʦʚʳʝ ʨʘʟʤʝʨʳ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ 4 ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 

ʦʜʥʦʛʦ ʧʨʦʭʦʜʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʩʭʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʚʥʦʤʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʙʞʘʪʠʡ ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʩʪʫʧʝʥʷʤʠ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ. ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʫʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ 

ʪʨʝʫʛʦʣʴʥʠʢ ï ʪʨʝʫʛʦʣʴʥʠʢ ʜʝʣʘʝʪ ʝʝ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʚʳʙʦʨʫ ʜʠʘʤʝʪʨʘ 

ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʘ ʩʫʤʤʘʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʜʦʩʪʠʛʘʶʱʘʷ 40-45%) 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ.  

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʪʨʸʭʩʪʫʧʝʥʯʘʪʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ: 1 ï ʟʘʛʦʪʦʚʢʘ; 

2 ï ʪʨʝʭʨʦʣʠʢʦʚʳʡ ʢʘʣʠʙʨ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ; 3 - ʪʨʝʭʨʦʣʠʢʦʚʳʡ 

ʢʘʣʠʙʨ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ; 4 ï ʤʦʥʦʣʠʪʥʘʷ ʚʦʣʦʢʘ 
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ʇʨʦʪʠʚʦʥʘʪʷʞʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʜʝʬʦʨʤʘʮʠʝʡ ʤʝʪʘʣʣʘ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ 

ʩʪʫʧʝʥʷʭ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ 

ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ [5]. 

ɺʳʚʦʜʳ 

1. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʩʦʨʪʦʚʳʭ ʧʨʦʬʠʣʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʦʙʨʘʟʫʶʪʩʷ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʟʘʫʩʝʥʮʝʚ, ʫʜʘʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʚʳʰʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩ ʨʦʣʠʢʦʚʦʛʦ ʚʦʣʦʯʝʥʠʷ ʦʙʣʘʜʘʝʪ 

ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 
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ɺ ʧʨʦʮʝʩʩʝ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʪʘʣʣʘ 

ʯʝʨʝʟ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʘ ʚ ʢʘʞʜʦʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʨʘʜʠʘʣʴʥʳʤ ʦʙʞʘʪʠʷʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʞʠʤ ʚʦʣʦʯʝʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʬʠʣʝʤ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʦʙʳʯʥʦ ʤʦʥʦʣʠʪʥʳʝ ʚʦʣʦʢʠ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ (ʨʠʩ.1) ʩʦʟʜʘʶʪ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʨʝʞʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʚʦʣʦʯʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢ ʷʚʣʷʶʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʙʦʣʴʰʠʭ ʩʠʣ ʪʨʝʥʠʷ ʚ ʢʘʣʠʙʨʝ ʚʦʣʦʢʠ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʠʟʥʦʩ 

ʢʘʣʠʙʨʘ ʠ ʫʩʠʣʠʷ ʚʦʣʦʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʜʣʠʥʝ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʧʠʢʦʚʳʭ 

ʦʙʞʘʪʠʡ ʚ ʪʦʯʢʝ ʥʘ ʛʨʘʥʠʮʝ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʠ ʢʘʣʠʙʨʫʶʱʝʛʦ ʫʯʘʩʪʢʦʚ 

ʢʘʣʠʙʨʘ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʤʝʪʘʣʣʘ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʦʙʨʘʟʫʶʱʝʡ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ. 

 
ʈʠʩ. 1. ʇʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ  

ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ 

 

ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʥʳʭ ʝʜʠʥʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [1] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʧʠʣʠʛʨʠʤʦʚʦʡ 

ʧʨʦʢʘʪʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʞʘʪʠʡ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʩ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ. 
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ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʚ ʢʘʢʦʤ-

ʣʠʙʦ ʩʝʯʝʥʠʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʜʨʫʛʦʝ ʩʝʯʝʥʠʝ, ʫʜʘʣʝʥʥʦʝ 

ʦʪ ʧʝʨʚʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʝʤ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ, ʟʘʢʣʶʯʝʥʥʳʡ 

ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ, ʨʘʚʝʥ ʦʙʲʝʤʫ ʤʝʪʘʣʣʘ, ʩʤʝʱʘʝʤʦʛʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʚʘʣʢʦʚ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʚʦʣʦʯʝʥʠʷ ʰʘʛ ʩʤʝʱʘʝʤʦʛʦ ʚ ʦʯʘʛʝ 

ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ x ʠ x-ŭ (ʨʠʩ. 1), 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚʟʷʪʴ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʊʦʛʜʘ ʦʙʲʝʤ ʩʤʝʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘʭʦʜʷʪ ʧʦ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ: 

                                     6 ʌϽÒϽ6̃,                              (1) 

ʛʜʝ 6-ʦʙʲʝʤ ʩʤʝʱʘʝʤʦʛʦ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʤʝʪʘʣʣʘ, ʤʤ
3
/ʩʝʢ; 

r0 ï ʠʩʭʦʜʥʳʡ ʨʘʜʠʫʩ ʟʘʛʦʪʦʚʢʠ, ʤʤ; 

Vʚïʩʢʦʨʦʩʪʴ ʚʦʣʦʯʝʥʠʷ, ʤʤ/ʩʝʢ. 

ɸʙʩʦʣʶʪʥʦʝ ʦʙʞʘʪʠʝ (z) ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ (ʨʠʩ.1) ʨʘʚʥʦ: 

                                                   Ú  ɿϽÔÇɻ,                         (2) 

ʛʜʝ ŭ ï ʰʘʛ ʩʤʝʱʘʝʤʦʛʦ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʤʤ; 

Ŭ ï ʫʛʦʣ ʢʦʥʫʩʥʦʩʪʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ lg, ʤʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʯʥʳʝ ʦʙʞʘʪʠʷ (Ů) ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ: 

                                                        ʀ Ú
Òϳ,                          (3) 

ʛʜʝ r ï ʚʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʟʘʛʦʪʦʚʢʠ ʚ ʩʝʯʝʥʠʠ ʭ,ʤʤ. 

ɺ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ lg (ʨʠʩ.1) ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʨʘʜʠʫʩʘ (r) ʟʘʛʦʪʦʚʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʦʙʞʘʪʠʷ (Ů) ʨʘʚʥʳ: 

                                           Ò Ò ØϽÔÇɻ;                                            (4) 

                                       ʀ  Ú Ò Øϳ ϽÔÇɻ.                                  (5) 

ʆʙʲʝʤ ʤʝʪʘʣʣʘ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ x ʠ ʭ-ŭ (Vʭ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʲʝʤ 

ʧʨʷʤʦʛʦ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ: 

                    6 6
Ͻ
Ò Ú Ò ÚϽÒ Ò .                                           (6) 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (2) ʠ (4) ʚʳʨʘʞʝʥʠʝ (6) ʧʨʠʤʝʪ ʚʠʜ: 

6
ʌϽÚ

σÔÇɻ
Ò ØϽÔÇɻ Ú  

Ò ØϽÔÇɻ ÚÒ ØϽÔÇɻ Ò ØϽϽÔÇɻ .                   (7) 

ʌʦʨʤʫʣʘ (7) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ ʫʯʘʩʪʢʘ lg 

(ʨʠʩ.1): 

       Ú
Ò  
  Ͻ6̃ϽÔÇɻ

Ú σ Ò ØϽÔÇɻ ÚÒ ØϽÔÇɻϳ
Ȣ                                                        ψ 

 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (8), ʧʦʣʫʯʠʣʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ; ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ (lg) 

ʠ ʢʘʣʠʙʨʫʝʤʦʛʦ (lk) ʫʯʘʩʪʢʦʚ ʟʘʛʦʪʦʚʢʠ (ʨʠʩ.1). 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʦʩʪʨʦʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʚʝʥʩʪʚʘ ʝʜʠʥʠʯʥʳʭ 
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ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʧʨʦʯʥʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ. 

ɺʳʚʦʜ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʙʞʠʤʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʟʘʛʦʪʦʚʢʠ. 
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ʈɸʉʏɽʊ ʅɸɼɽɾʅʆʉʊʀ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʀ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʈʀʉʂɸ ʇʈʀʏʀʅɽʅʀʗ ɺʈɽɼɸ ɿɼʆʈʆɺʔʖ 

ʂʋɿʅɽʎɸ-ʐʊɸʄʇʆɺʑʀʂɸ 

ɼ.ɸ. ɺʠʰʥʝʚʩʢʠʡ 

ɼʦʥʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ çʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè ʠ çʜʝʨʝʚʘ 

ʨʠʩʢʦʚè ʫʩʪʘʥʦʚʣʝʥ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʢʫʟʥʝʯʥʦ-ʧʨʝʩʩʦʚʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʦʧʨʝʜʝʣʝʥ ʨʠʩʢ ʧʨʠʥʝʩʝʥʥʦʛʦ ʚʨʝʜʘ ʟʜʦʨʦʚʴ  ʁ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ 

ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʫʩʣʦʚʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çʜʝʨʝʚʦ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè, çʜʝʨʝʚʦ ʨʠʩʢʦʚè, ʘʚʘʨʠʡʥʘʷ 

ʩʠʪʫʘʮʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʠʩʢ, ʢʫʟʥʝʯʥʦ-ʧʨʝʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 

CALCULATION OF RELIA BILITY OF EQUIPMENT AND 

RISK OF  BLACKSMITH PRESS OPERATOR INJURY  

D.A. Vishnevskiy 

Donbass State Technical University 
In the given article on the basis of çfault treeè and çrisk treeè derivation the risk of 

emergency situations determined in blacksmith pressing production and risk of blacksmith press 

operator injury under certain terms is defined. 

Keywords: çfault treeè, çrisk treeè, emergency situations, manufacturing risk, 

blacksmith pressing production. 

 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ. ʀʩʭʦʜʷ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʋʢʨʘʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʘʢʠʭ, ʢʘʢ ɿʘʢʦʥʳ Ăʆʙ ʦʩʥʦʚʘʭ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠò, Ăʆʙ ʦʭʨʘʥʝ ʪʨʫʜʘò, Ăʆʙ ʦʙʱʝʦʙʷʟʘʪʝʣʴʥʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʩʦʮʠʘʣʴʥʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ʦʪ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝò, ʢʦʥʮʝʧʮʠʡ çʆʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʫʣʫʯʰʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʛʠʛʠʝʥʳ ʪʨʫʜʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘ 2006-

2011 ʛʛ.è ʠ ʪʘʢʦʡ ʞʝ ʥʘ 2012-2016 ʛʛ., çʆʪʨʘʩʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ ʫʣʫʯʰʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʛʠʛʠʝʥʳ ʪʨʫʜʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘ 2008-

2012 ʛʛ.è ʄʠʥʧʨʦʤʧʦʣʠʪʠʢʠ ʋʢʨʘʠʥʳ, [1é5], ʪʝʨʤʠʥ Ăʙʝʟʦʧʘʩʥʦʩʪʴò 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʠʥʪʝʨʝʩʦʚ 
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ʣʠʯʥʦʩʪʠ, ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʫʛʨʦʟ. ɺ ʨʫʩʣʝ 

ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪ.ʯ. ʠ ʚ ʦʪʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ï 

ʵʪʦ ʩʪʘʥʢʠ, ʘʛʨʝʛʘʪʳ, ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ ʠ ʪ.ʜ. 

ʀʟ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ Ăʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡò ʠʣʠ 

Ăʜʝʨʝʚʘ ʦʪʢʘʟʦʚò, ʢʦʪʦʨʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʠʩʭʦʜʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ ʚ ʚʠʜʝ ʧʝʨʚʠʯʥʳʭ ʠʣʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʦʪʢʘʟʦʚ, ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʛʣʘʚʥʦʤʫ ʘʥʘʣʠʟʠʨʫʝʤʦʤʫ ʩʦʙʳʪʠʶ. 

ɹʣʠʟʢʠʤ ʢ ʧʨʠʚʝʜʝʥʥʦʤʫ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʘ çʜʝʨʝʚʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʫʩʣʦʚʠʡ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ 

çʚʝʨʰʠʥʦʡ ʩʦʙʳʪʠʡè [6, 7]. ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʠʟ ʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʚʷʟʘʥ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʠʣʠ ʥʝʧʨʦʷʚʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʩʦʙʳʪʠʷ ï 

ʩʣʫʯʘʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ, ʪʦ ʝʛʦ ʫʩʣʦʚʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʠʩʭʦʜʥʳʭ ʫʩʣʦʚʠʡ ʜʚʫʭ ʧʦʜʤʥʦʞʝʩʪʚ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʚʦʜʠʪ ʠʣʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʣʘʚʥʦʛʦ ʩʦʙʳʪʠʷ. ʊʘʢʠʝ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʝʣʷʪʩʷ ʥʘ: 

- ʘʚʘʨʠʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ 

ʠʩʭʦʜʥʳʭ ʩʦʙʳʪʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʢʦʥʝʯʥʦʝ ʩʦʙʳʪʠʝ 

ʧʨʦʠʟʦʡʜʝʪ; 

- ʦʪʩʝʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ 

ʩʦʙʳʪʠʡ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, ʛʘʨʘʥʪʠʨʫʶʪ ʦʪʩʫʪʩʪʚʠʝ ʛʣʘʚʥʦʛʦ 

ʩʦʙʳʪʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʠ ʦʜʥʦʛʦ ʠʟ ʩʣʘʛʘʝʤʳʭ ʵʪʦʛʦ ʥʘʙʦʨʘ 

ʩʦʙʳʪʠʡ.  

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʷʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʦʙʳʪʠʡ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʠʟ ʪʘʢʠʭ ʧʦʜʤʥʦʞʝʩʪʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʙʳʪʠʡ ʠʣʠ ʪʝʭ ʠʟ ʥʠʭ, ʧʦʷʚʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʪʨʘʚʤʘʪʠʟʤʘ ʩ ʧʦʤʦʱʴʶ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʫʥʢʮʠʡ ʩʦʛʣʘʩʥʦ [8] ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ [8], ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʷ ʧʦ [9] 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʚʳʥʫʞʜʝʥʥʳʭ ʦʰʠʙʦʢ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ: 

- ʤʦʜʝʣʴ ʜʝʣʠʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ; 

- ʚ ʚʳʙʨʘʥʥʳʭ ʙʣʦʢʘʭ ʚʳʜʝʣʷʶʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʦʙʳʪʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʤʠ çʀè ʠ çʀʃʀè; 

- ʥʘʯʘʣʴʥʦʝ çʜʝʨʝʚʦè ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʩʪʨʫʢʪʫʨʥʘʷ ʬʫʥʢʮʠʷ 

ʫʧʨʦʱʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʭ ʫʢʨʫʧʥʝʥʠʷ; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʨʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ. 

ʇʨʠ ʦʮʝʥʢʝ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ çʜʝʨʝʚʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʧʨʘʚʠʣ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. 
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1. ʉʦʙʳʪʠʷ çʜʝʨʝʚʘè, ʩʦʝʜʠʥʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ çʀè, 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʠʭ ʫʤʥʦʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʘʨʘʤʝʪʨ 

ʛʣʘʚʥʦʛʦ ʩʦʙʳʪʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʠʟ n ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʫʩʣʦʚʠʡ 

(ʩʦʤʥʦʞʠʪʝʣʝʡ) 

Ô
=

=ÖÖÖ=
n

i
in Pʈʈʈʈ

1
21 ... .     (1) 

2. ʉʦʙʳʪʠʷ çʜʝʨʝʚʘè, ʩʦʝʜʠʥʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ çʀʃʀè, 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʣʦʛʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ, ʘ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʫʶʪ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

Ô
=

--=----=
n

i
in Pʈʈʈʈ

1
21 )1(1)1)...(1)(1(1 ,   (2) 

ʢʦʪʦʨʘʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ n = 2 ʠ n = 3, ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

21212 ʈʈʈʈʈi Ö-+== ;      (3) 

3211332313213 ʈʈʈʈʈʈʈʈʈʈʈʈʈi ÖÖ+Ö-Ö-Ö-++==     (4) 

3. ʇʨʝʚʨʘʱʝʥʠʝ ʠ ʫʧʨʦʱʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʬʫʥʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʪʁ, 

ʧʨʠʜʝʨʞʠʚʘʷʩʴ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʧʦʛʣʦʱʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ ʪʦʞʜʝʩʪʚʘ: 

( ) BABAA Ö=ÖÖ ;      (5) 

( ) ABAA =++ .      (6) 

4. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤʘʭ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ 

çʜʝʨʝʚʦ ʩʦʙʳʪʠʡè. ʇʨʠ ʵʪʦʤ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪʚʝʯʘʶʪ 

ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ çʀè, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ï ʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ çʀʃʀè. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ çʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʢʦʤʙʠʥʘʮʠʠ 

ʦʪʢʘʟʦʚ (ʥʝʧʦʣʘʜʦʢ) ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ (ʦʙʲʝʢʪʠʚʥʳʭ ʠ 

ʩʫʙʲʝʢʪʠʚʥʳʭ) ʠ ʚʥʝʰʥʠʭ (ʪʝʭʥʦʛʝʥʥʳʭ, ʧʨʠʨʦʜʥʳʭ) ʚʣʠʷʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʩʥʦʚʥʦʤʫ ʩʦʙʳʪʠʶ (ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ). ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʘʥʘʣʠʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʭʦʜʷʱʠʭ ʩʦʙʳʪʠʡ. 

ʆʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʭ ʠʟ ʥʠʭ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʫʟʥʝʯʥʦ-ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂʇʆ), 

ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʘʥʘʣʠʟʘ ʚʠʜʦʚ ʪʨʘʚʤ ʠ ʚʦʦʙʱʝ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʦʩʥʦʚʥʦʝ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; ʤʝʩʪʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʩ ʩʠʩʪʝʤʦʡ ʘʩʧʠʨʘʮʠʠ, 

ʦʪʢʘʟ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʚ ʚʦʟʜʫʭʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ; ʧʥʝʚʤʦ- ʠʣʠ ʛʠʜʨʦʩʠʩʪʝʤʳ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ ʧʝʯʴ ʠ ʠʭ 

ʚʨʘʱʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʢʦʚʢʠ; ʢʦʥʚʝʡʝʨʥʘʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʘʛʦʪʦʚʦʢ ʢ 

ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ ʠ ʪ.ʜ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ çʜʝʨʝʚʴʝʚè ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʠʤʚʦʣʠʢʘ, ʢʦʛʜʘ 

ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʩʭʦʜʥʳʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʜʨʘʟʜʝʣʝʥʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʨʫʛʦʚ, ʘ ʧʦʩʣʝʜʩʪʚʠʡ ï ʚ ʚʠʜʝ 
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ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. ʉʥʘʯʘʣʘ ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʝʨʝʯʝʥʴ ʦʪʢʘʟʦʚ (ʩʦʙʳʪʠʡ) 

ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʝʨʦʷʪʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʧʝʨʝʯʝʥʴ ʦʪʢʘʟʦʚ ʚʢʣʶʯʘʝʪ ʩʦʙʳʪʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1. 

ʅʘʨʘʙʦʪʢʘ T (ʯ) ʥʘ ʦʪʢʘʟ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʂʇʆ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʩʣ

T
l
=

1
,      (7) 

ʛʜʝ ɚʩʣ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʘ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ [10,11], 

ʯ
-1
. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʦʤʥʳʤ ʟʘʪʨʘʪʘʤ 

ʥʘ ʨʝʤʦʥʪ, ʧʨʦʩʪʦʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʢʨʘʱʝʥʠʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʚʦʜʦʡ, ʛʘʟʦʤ, ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʥʝʚʳʧʦʣʥʝʥʠʶ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ, ʠʥʦʛʜʘ ʢ ʘʚʘʨʠʷʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʙʦʣʴʰʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ, ʨʘʟʨʫʰʝʥʠʝʤ ʢʨʫʧʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ çʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè. 

ʊʘʙʣʠʮʘ 1 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʉʦʙʳʪʠʝ ɺʝʨʦʷʪʥʦʩʪʴ P(t) 

ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ 5 Ŀ 10
-4
 

ɺʳʧʦʣʥʝʥʠʝ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 4 Ŀ 10
-5
 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʨʝʜʫʢʪʦʨʘ ʙʘʣʣʦʥʘ 3 Ŀ 10
-5
 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʥʝʚʤʦʩʠʩʪʝʤʳ 5 Ŀ 10
-5
 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʨʝʜʫʢʪʦʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʥʝʚʤʦʩʠʩʪʝʤʳ 
5 Ŀ 10

-5
 

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʛʘʡʢʠ ʨʝʜʫʢʪʦʨʘ 2 Ŀ 10
-6
 

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʨʦʢʣʘʜʢʠ ʨʝʜʫʢʪʦʨʘ 4 Ŀ 10
-4
 

ʇʨʝʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʙʘʣʣʦʥʝ 4 Ŀ 10
-6
 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʛʦ ʙʘʣʣʦʥʘ 2 Ŀ 10
-5
 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʡ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 2 Ŀ 10
-5
 

ʆʪʢʘʟ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ 3 Ŀ 10
-6
 

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 2 Ŀ 10
-6
 

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʢʨʳʣʴʯʘʪʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 1,1 Ŀ 10
-7
 

ʆʪʢʘʟ ʢʦʥʮʝʚʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ 3 Ŀ 10
-6
 

ʀʟʥʦʩ ʩʘʣʴʥʠʢʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 3 Ŀ 10
-6
 

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʘ ʚʘʣʘ ʢʦʣʝʩʘ ʢʦʤʧʨʝʩʩʦʨʘ 2 Ŀ 10
-6
 

ʀʟʥʦʩ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʤʫʬʪʳ 2,5 Ŀ 10
-6
 

 

ʆʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʠʣʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʦʪʢʘʟʘ. 



107 

 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʥʝʚʤʦʧʨʠʚʦʜʦʤ ʜʣʷ 

ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʠʟ ʧʝʯʠ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʢʦʥʚʝʡʝʨ 

ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʢʘʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʧʦʣʦʤʢʝ ʠʣʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠʟʥʦʩʫ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʥʘʠʧʨʦʩʪʝʡʰʝʡ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʚʭʦʜʷʪ 

ʢʦʤʧʨʝʩʩʦʨ, ʨʝʜʫʢʪʦʨ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʚʘʣʳ ʩ ʧʦʜʰʠʧʥʠʢʘʤʠ, ʙʘʣʣʦʥ, ʢʦʥʝʯʥʳʝ 

ʚʳʢʣʶʯʘʪʝʣʠ ʠ ʪ.ʜ. ɽʩʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʥʝʚʤʦʩʠʩʪʝʤʳ 

ʩʦʩʪʘʚʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ 16000 ʯ, ʥʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠ ʜʨʫʛʦʡ, ʪʦ ʨʘʩʯʝʪ 

ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʝʝ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʦ ʜʘʥʥʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʠ çʜʝʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè (ʨʠʩ. 

1) ʩ ʫʯʝʪʦʤ ʧʝʨʠʦʜʘ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʛʜʘ ɚ = const. 

ʈʠʩ. 1. ɺʝʨʦʷʪʥʦʩʪʴ ʫʪʝʯʢʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ  

ʠʟ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʂʇʆ 

 

ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 
tetP l-=)(       (8) 

ʧʨʠ ʟʘʜʘʥʥʦʤ t, ʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʥʘʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʠʟ 

P(t) + Q(t) = 1.     (9) 

ʈʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʫʪʝʯʢʝ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

1. ɺɹɺɹA PPPPP Ö-+= ; 

2. 2121 PPPPPɹ Ö-+= ; 

1 2

3 4

5 6 7 9

12 1310 11 14 1615 17

ʋʪʝʯʢʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ
ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ

ʅʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ
ʧʨʦʮʝʩʩʘ

ʈʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ

ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ
ʧʥʝʚʤʦʩʠʩʪʝʤʳ

ɸʚʘʨʠʡʥʳʝ ʦʪʢʘʟʳ ʢʦʤʧʨʝʩʩʦʨʘ

ʈʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ
"ʛʘʡʢʘ-ʰʪʫʮʝʨ"

ʈʘʟʛʝʨʤʝʪʠʟʘʮʠʷ
ʧʥʝʚʤʦʤʘʛʠʩʪʨʘʣʠ

8

ɹ

ɸ

ɺ

ɻ

ɼ ɽ

ɾ
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;.3 ɾɽɼɻɻɾɾɽɽɼɼɻɾɽɼɻɺ ʈPPʈPPʈʈPPPPʈʈPPP ÖÖÖ+Ö-Ö-Ö-Ö-+++=
 

4. 4343 PPPPPɻ Ö-+= ; 

5. 
6565 PPPPPɼ Ö-+= ; 

6. 987987 ʈPPʈPPPɽ ÖÖ-++= ; 

..7 17161514131211101716151413121110 ʈʈʈʈʈʈʈʈʈʈʈʈʈʈʈʈʈɾ ÖÖÖÖÖÖÖ-+++++++=

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ P(t) ʧʦʣʫʯʘʝʤ: 
510761,3 -Ö=ɾʈ ; 5104,42 -Ö=EP  5102,5 -Ö=ɼʈ ; 5108 -Ö=ɻʈ ; 51076,17 -Ö=ɺʈ ; 

51054 -Ö=ɹʈ ; .1018,7 4-Ö=ɸʈ  

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ PA ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ R ʚ ʩʣʫʯʘʝ ʟʘʛʨʫʟʢʠ 

ʧʝʯʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʨʘʚʤ (PB), ʘ ʧʨʠ ʚʳʛʨʫʟʢʝ ï 

ʪʝʨʤʠʯʝʩʢʠʭ ʪʨʘʚʤ (PD) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʷ ʠʟʜʝʣʠʷ ʠʟ 

ʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠʟ-ʟʘ ʫʪʝʯʢʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ 

ʧʥʝʚʤʦʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʠʨʦʚʘʥʠʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ, 

ʩʦʩʪʘʚʣʷʝʪ 4
A 1018,7P -Ö= . 

ʈʘʩʯʝʪ r ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʡ P(t), ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʨʠʯʠʥʝʥʠʶ ʚʨʝʜʘ 

ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2, ʘ çʜʝʨʝʚʦ ʨʠʩʢʦʚè 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʘ 2 

ɺʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʨʠʯʠʥʝʥʠʶ  

ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ 

ʉʦʙʳʪʠʝ ɺʝʨʦʷʪʥʦʩʪʴ P(t) 

1 2 

ʇʨʠʢʦʩʥʦʚʝʥʠʝ ʢ ʪʦʢʦʚʝʜʫʱʠʤ ʯʘʩʪʷʤ ʂʇʆ 5 Ŀ 10
ï4

 

ʈʘʙʦʪʘ ʙʝʟ ʵʣʝʢʪʨʦʟʘʱʠʪʥʳʭ ʩʨʝʜʩʪʚ 2 Ŀ 10
ï4

 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʛʦ ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 2 Ŀ 10
ï4

 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʙʝʟ ʟʘʱʠʪʥʳʭ ʦʯʢʦʚ 2 Ŀ 10
ï4

 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʙʝʟ ʩʧʝʮʦʜʝʞʜʳ 4 Ŀ 10
ï4

 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʙʝʟ ʩʧʝʮʦʙʫʚʠ 2 Ŀ 10
ï4

 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʙʝʟ ʟʘʱʠʪʥʦʛʦ ʛʦʣʦʚʥʦʛʦ ʫʙʦʨʘ 2 Ŀ 10
ï4

 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʙʝʟ ʟʘʱʠʪʥʳʭ ʨʫʢʘʚʠʮ 2 Ŀ 10
ï4

 

ʊʨʘʚʤʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʰʪʘʤʧʦʚʢʠ ʧʨʠ ʧʘʜʝʥʠʠ ʠʟʜʝʣʠʷ 3 Ŀ 10
ï4

 

ʊʨʘʚʤʠʨʦʚʘʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʫʰʠʙʘ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ 3 Ŀ 10
ï4

 

ʅʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʦʛʥʷ (ʧʝʯʴ) 5 Ŀ 10
ï4

 

ʊʨʘʚʤʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʨʫʟʢʠ ʠʟʜʝʣʠʷ ʚ ʧʝʯʴ 2 Ŀ 10
ï4

 

ʊʨʘʚʤʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʛʨʫʟʢʠ ʠʟʜʝʣʠʷ ʠʟ ʧʝʯʠ 2 Ŀ 10
ï4

 

ʇʦʧʘʜʘʥʠʝ ʨʘʩʢʘʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (ʦʢʘʣʠʥʳ) ʥʘ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ 

4 Ŀ 10
ï5

 

ʇʦʧʘʜʘʥʠʝ ʨʘʩʢʘʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʦʪʢʨʳʪʳʝ ʯʘʩʪʠ ʪʝʣʘ  2 Ŀ10
ï5
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

1 2 

ʇʨʠʢʦʩʥʦʚʝʥʠʝ ʢ ʨʘʩʢʘʣʝʥʥʦʤʫ ʤʝʪʘʣʣʫ 2 Ŀ10
ï5

 

ʆʪʢʘʟ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 4 Ŀ 10
ï4

 

ʇʨʝʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʆʇʌ ʚ ʚʦʟʜʫʭʝ ʈɿ 5 Ŀ10
ï4

 

ʇʨʝʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ 4 Ŀ 10
ï4

 

ʆʙʱʝʝ ʧʨʝʚʳʰʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ 4 Ŀ 10
ï4

 

ʃʦʢʘʣʠʟʘʮʠʷ ʧʨʝʚʳʰʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 3 Ŀ 10
ï4

 

ʅʘʣʠʯʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ 4 Ŀ 10
ï4

 

ʅʘʣʠʯʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ 4 Ŀ 10
ï4

 

ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ 3 Ŀ 10
ï4

 

 

 

 
 

ʈʠʩ. 2. çɼʝʨʝʚʦ ʨʠʩʢʦʚè ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ  

ʚ ʧʦʤʝʱʝʥʠʠ ʂʇʆ 

 

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 2 ʠ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩ. 2, ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʨʠʩʢ ʪʘʢʦʛʦ ʧʨʠʯʠʥʝʥʠʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

);1()1()1()1()1()1()1()1(1.1 DCJIGFɺE PʈʈʈʈʈʈʈR -Ö-Ö-Ö-Ö-Ö-Ö-Ö--=  
2. 17211721 ʈʈʈʈʈʈʈɽ ÖÖ-++= ; 

ʅʘʥʝʩʝʥʠʝ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ
ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʚ ʧʦʤʝʱʝʥʠʠ

ʂʇʇ

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʪʨʘʚʤʳ

1 172

ʄʝʭʘʥʠʯʝʩʢʠʝ ʪʨʘʚʤʳ

3

9

4

10

6

16

5

15

1211

8

14

7

13

16

ʆʪʨʘʚʣʝʥʠʝ ʚʨʝʜʥʳʤʠ
ʛʘʟʘʤʠ ʠ ʧʘʨʦʤF

17 18

ʈʘʩʩʪʨʦʡʩʪʚʘ ʟʜʦʨʦʚʴʷ
ʚʩʣʝʜʩʪʚʠʝ ʰʫʤʘG

17 22

ʈʘʩʩʪʨʦʡʩʪʚʘ ʟʜʦʨʦʚʴʷ
ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠI

2317

ʈʘʩʩʪʨʦʡʩʪʚʘ ʟʜʦʨʦʚʴʷ ʠ
ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʚʩʣʝʜʩʚʠʝ
ʥʘʨʫʰʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ

J

2417

ʈʘʩʩʪʨʦʡʩʪʚʘ ʟʜʦʨʦʚʴʷ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ
ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʪʝʧʣʦʚʦʛʦ

ʦʙʣʫʯʝʥʠʷ

2019

ʊʝʨʤʠʯʝʩʢʠʝ ʪʨʘʚʤʳD

13 14

2117

1211 15 16 17

ɸ

E

B
C
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3. +++++++++++++= 1514131211109876543 ʈʈʈʈʈʈʈʈʈʈʈPPPɺ  

;171615141312111098765431716 ʈʈʈʈʈʈʈʈʈʈʈʈPPʈʈʈ ÖÖÖÖÖÖÖÖÖÖÖÖÖÖ-++  

4. 18171817 PPPPPF Ö-+= ; 

5. 22172217 PPPPPG Ö-+= ; 

6. 23172317 PPPPPI Ö-+= ; 

7. 24172417 PPPPPJ Ö-+= ; 

8. ;2120191721201917 ʈʈʈʈʈʈʈʈPʉ ÖÖÖ-+++=  

..9 1716151413121117161514131211 ʈʈʈʈʈPPʈʈʈʈʈPPPD ÖÖÖÖÖÖ-++++++=  

ʀ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʟʥʘʯʝʥʠʡ ʠʟ ʪʘʙʣ. 2 ʥʠʞʝ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: 

2. 41011 -Ö=ɽʈ ;  3. 4104,33 -Ö=ɺʈ ;  4. ;109 4-Ö=Fʈ   5. ;108 4-Ö=GP   

6. ;108 4-Ö=IP   7. ;107 4-Ö=Jʈ   8. 41015 -Ö=ʉʈ   9. .108,13 4-Ö=DP  

ʈʠʩʢ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʜʦ ʚʳʧʦʣʥʝʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʩʦʩʪʘʚʣʷʝʪ: 

1. 
3105,10 -Ö=ʜʦR . 

ʈʠʩʢ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʯʘʩʪʠʯʥʦʡ, ʥʘʧʨʠʤʝʨ, ʥʘ 10%, ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʛʜʘ 

=Ö-Ö= -- 44 108,0108IP 4102,7 -Ö , ʩʦʩʪʘʚʣʷʝʪ 

.104,9 3-Ö=ʧʦʩʣʝR .
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ 

ʚʠʙʨʘʮʠʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ (ʈʄ), ʥʘʧʨʠʤʝʨ, ʥʘ 10%, ʨʠʩʢ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ 

ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ  
333 101,1104,9105,10 --- Ö=Ö-Ö=-=D ʧʦʩʣʝʜʦ RRR . 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʴʢʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʥʘ ʈʄ 

ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʚʨʝʜʥʳʭ 

ʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ɺʆʇʌ) ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʨʠʩʢ ʥʘ 10,48%. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʫʪʝʯʢʝ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ ʠʟ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ: 
41018,7 -Ö=AP ; 

ï ʨʠʩʢ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʥʘ ʈʄ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʧʥʝʚʤʦʧʨʠʚʦʜʦʤ ʜʦʩʪʠʛʘʝʪ: 
4107,6 -Ö=R . 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢʦ 

ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʝʝ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ, ʘ ʨʠʩʢ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʦ ʝʩʪʴ R = 

1Ā10
ï4
é1Ā10

ï3
. 
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ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ çʜʝʨʝʚʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡè ʫʩʪʘʥʦʚʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʂʇʆ, ʢʦʪʦʨʘʷ ʨʷʜʦʤ ʩ 

ʜʨʫʛʠʤʠ ʩʦʙʳʪʠʷʤʠ ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ çʜʝʨʝʚʫ ʨʠʩʢʦʚè ʬʦʨʤʠʨʫʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʠʩʢ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʢʫʟʥʝʮʘ-ʰʪʘʤʧʦʚʱʠʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʦʢʫʧʥʦʤ ʜʝʡʩʪʚʠʠ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʥʘ ʝʛʦ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʥʘ 10% ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʨʠʩʢ ʥʘ 10,48% ʚ ʧʨʠʥʷʪʳʭ ʫʩʣʦʚʠʷʭ. 
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ɸʅɸʃʀɿ ʆʉʆɹɽʅʅʆʉʊɽʁ ʀɿɻʆʊʆɺʃɽʅʀʗ  

ɹʀʄɽʊɸʃʃʀʏɽʉʂʀʍ ɼɽʊɸʃɽʁ ɼɺʉ 

ʉ.ɺ. ɻʝʨʤʘʥ, ɽ.ʄ. ɹʘʩʦʚʘ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʧʘʥ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ, ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

 

ANALYSIS OF FEATURES OF MANUFACTURING  

BIMETALS DETAILS ICE  

S.V. German, E.M. Basova 

Polzunov Altai State ʊechnical University (AltSTU) 
The basic methods for producing bimetallic details of internal combustion engine, revealed 

shortcomings, analyzed the present methods. 

Keywords: valve, bimetallic details, preparation method 

 

ɺ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʜʝʪʘʣʠ, 

ʪʘʢʠʝ ʢʘʢ ʢʣʘʧʘʥ ʠ ʩʚʝʯʘ ʟʘʞʠʛʘʥʠʷ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʯʝʤ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʳʠʩʢʠʚʘʣʠʩʴ 

ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʘʧʘʥʦʚ ʠ ʩʚʝʯʝʡ 

ʟʘʞʠʛʘʥʠʷ. 

ɺʳʧʫʩʢʥʳʝ ʢʣʘʧʘʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ, 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʪʘʣʝʡ ʪʠʧʘ 45ʍ14ʅ14ɺ2ʄ, 55ʍ20ɻ9ɸʅ4, ʘ ʚʧʫʩʢʥʳʝ ʠʟ 

ʩʪʘʣʠ ʪʠʧʘ 40ʍʅ2ʄɸ, ʉ40ʍ9ʉ2, 40ʍʅ. ʕʪʠ ʞʘʨʦʩʪʦʡʢʠʝ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʠ 

ʩʧʣʘʚʳ ʧʦ ʩʪʦʠʤʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ, ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ 35, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʘʩʪʠ ʢʣʘʧʘʥʦʚ, ʥʝ 

ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʩ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʦʡ ʠ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ʊʘʢʞʝ, ʥʝʩʦʤʥʝʥʥʦ, ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʣʘʧʘʥʦʚ ɼɺʉ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʞʘʨʦʧʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ 

ʠ ʝʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ [1, 2]. ʆʜʥʘʢʦ ʪʨʫʜʦʝʤʢʦʩʪʴ ʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʃʠʪʳʝ ʢʣʘʧʘʥʳ ɼɺʉ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʢ ʪʦʤʫ ʞʝ ʦʥʠ ʥʝ 

ʠʩʢʣʶʯʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʠʢʨʦʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʧʦʨʳ, ʤʠʢʨʦʪʨʝʱʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʫʰʝʥʠʝ 

ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʢʣʘʧʘʥʘ ɼɺʉ ʵʪʦʛʦ ʪʠʧʘ. 

ʅʘʠʙʦʣʝʝ ʧʨʝʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʧʘʥʦʚ ɼɺʉ, ʢʘʢ ʧʦʟʚʦʣʷʶʱʠʭ ʫʤʝʥʴʰʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʝʪʘʣʠ ʟʘ ʩʯʝʪ 

ʟʘʤʝʥʳ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ɺ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʦʩʦʙʘʭ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʣʘʧʘʥʦʚ ɼɺʉ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ [3, 4], ʠʤʝʝʪʩʷ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʇʨʠ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʝ ʧʨʠ ʟʘʢʨʳʪʠʠ ʠ ʚ ʥʘʯʘʣʝ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ 

ʥʘʠʙʦʣʴʰʝʡ ʥʘʛʨʫʟʢʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʘʜʦʯʥʳʝ ʬʘʩʢʠ ʢʣʘʧʘʥʦʚ ʠ ʩʝʜʝʣ, ʘ 

ʪʦʨʮʳ ʩʪʨʝʞʥʝʡ ʢʣʘʧʘʥʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʥʘʰʠʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʟʢʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʟʘʟʦʨʝ ʯʘʩʪʠʮ ʥʘʛʘʨʘ, ʧʨʦʜʫʢʪʦʚ 

ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʠ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ ʠ ʤʘʩʝʣ [5] . ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʤʝʞʜʫ ʨʘʟʥʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʪʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʤʠʢʨʦʜʝʬʝʢʪʘ ʚ ʵʪʦʡ ʟʦʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ɼɺʉ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʟʘʯʠʩʪʢʠ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʩʙʦʨʢʦʡ ʜʝʪʘʣʠ. 

 ʇʦʭʦʞʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠ 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʵʣʝʢʪʨʦʜʘʭ ʩʚʝʯʠ 

ʟʘʞʠʛʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʪʘʣʴʥʘʷ (ʥʠʢʝʣʝʚʘʷ) ʦʙʦʣʦʯʢʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʣʘʩʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʫʩʢʘ ʠ 

ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ. ʄʝʜʥʳʡ ʩʝʨʜʝʯʥʠʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʪʝʧʣʦʦʪʚʦʜ. 

ɺ ʠʟʚʝʩʪʥʦʤ ʩʧʦʩʦʙʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʠʩʢʨʦʚʦʡ ʩʚʝʯʠ ʟʘʞʠʛʘʥʠʷ [6] ʧʦʤʠʤʦ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʚʦ ʚʨʝʤʷ ʚʳʪʷʞʢʠ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʦʢʩʠʜʦʚ ʠ ʜʨʫʛʠʭ ʘʜʩʦʨʙʘʪʦʚ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʦʝʜʠʥʝʥʠʷ 

ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʤʝʜʠ. ʉʚʘʨʢʘ ʧʣʘʚʣʝʥʠʝʤ ʟʘʛʦʪʦʚʦʢ ʩ ʧʦʧʝʨʝʯʥʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ (ʙʝʟ ʩʚʘʨʢʠ) ʩʣʦʝʚ ʟʘʛʦʪʦʚʦʢ ʩ 

ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʩʙʦʨʢʠ ʟʘʛʦʪʦʚʦʢ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʚʷʟʘʥʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʧʨʠ 

ʟʘʯʠʩʪʢʝ ʤʝʜʠ ʠ ʥʠʢʝʣʷ (ʧʦʯʪʠ ʤʦʤʝʥʪʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʝʥʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ), ʘ, ʚʦ-ʚʪʦʨʳʭ, ʩ ʥʝʧʣʦʪʥʦʩʪʴʶ ʧʨʠʣʝʛʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʚ 

ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʧʦʨ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʣʘʙʦʤʫ ʢʦʥʪʘʢʪʫ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ɼɺʉ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 
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The conditions of monotonous flow of metal and features a molded product during plastic 

deformation of prefabricated pieces. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ. ʏʘʩʪʴ ʟʘʛʦʪʦʚʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʦʣʦʩʪʠ ʰʪʘʤʧʘ, ʧʦʜʚʝʨʛʘʶʪ 

ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ 

ʯʘʩʪʴ ʟʘʛʦʪʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʪʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 

ʫʩʠʣʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ. 

ɼʣʷ ʤʦʥʦʪʦʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʰʪʘʤʧʘ ʥʝʦʙʭʦʜʠʤʦ ʫʨʘʚʥʷʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʦʣʦʩʪʠ ʰʪʘʤʧʘ ʠ ʚ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʫʩʣʦʚʠʝ ʤʦʥʦʪʦʥʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʰʪʘʤʧʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ  

„ Ὢ‐Ƞ ‚ȠὸЈȟ˞Ƞ †,       (1) 

ʛʜʝ ůbt ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʰʪʘʤʧʦʚʢʠ 

(tÁ,ʉ), ʄʇʘ; 

Ů ʠ ɝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʧʝʥʴ ʠ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ; 

ʐ ï ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ, ʩ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʦʩʪʘʚʥʳʭ ʠʟʜʝʣʠʡ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʙʨʘʥʥʦʡ ʥʝʨʘʟʲʝʤʥʦʡ ʟʘʛʦʪʦʚʢʠ 1 

(ʨʠʩʫʥʦʢ 1) ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʦʥʦʪʦʥʥʦʩʪʴ 

ʢʠʥʝʤʘʪʠʢʠ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʠʢʨʦʦʙʲʝʤʦʚ ʤʝʪʘʣʣʘ ʧʦ ʢʦʥʪʘʢʪʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʘ, b ʠ ʩ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʛʦʪʦʚʦʢ 2 ʠ 3, 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʫʟʥʝʯʥʦʧʨʝʩʩʦʚʦʡ ʩʚʘʨʢʦʡ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1. ʉʙʦʨʥʘʷ ʥʝʨʘʟʲʝʤʥʘʷ ʟʘʛʦʪʦʚʢʘ (1), ʩʦʩʪʦʷʱʘʷ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʟʘʛʦʪʦʚʦʢ: ʛʦʣʦʚʥʦʡ (2) ʠ ʩʪʝʨʞʥʝʚʦʡ (3) 
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ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ 

„ Ὢ‐Ƞ ‚ȠὸЈȟ˞Ƞ †,      (2) 

ʛʜʝ ůbt ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʰʪʘʤʧʦʚʢʠ 

(tÁ,ʉ), ʄʇʘ; 

Ů ʠ ɝ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʧʝʥʴ ʠ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ; 

ʐ ï ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ, ʩ. 

ʉ ʧʦʣʦʞʝʥʠʝʤ ʦ ʤʦʥʦʪʦʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʚʷʟʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʬʦʨʤʦʠʟʤʝʥʝʥʠʠ ʤʝʪʘʣʣʘ. 

ʋʩʣʦʚʠʷ ʤʦʥʦʪʦʥʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ɻ.ɸ. ʉʤʠʨʥʦʚʳʤ-ɸʣʷʝʚʳʤ [1]: 

1 ï ʩʦʚʧʘʜʝʥʠʝ ʛʣʘʚʥʳʭ ʦʩʝʡ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʦʣʦʢʦʥ ʤʝʪʘʣʣʘ; 

2 ï ʥʝʠʟʤʝʥʥʦʩʪʴ ʟʘ ʚʝʩʴ ʧʨʦʮʝʩʩ ʚʠʜʘ ʤʘʣʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʩʪʘʜʠʠ ʚ ʪʝʢʫʱʫʶ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʪʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʴ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ) ʜʝʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʣʦʚʠʡ ʤʦʥʦʪʦʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ 

ʧʘʨʘʤʝʪʨ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʞʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʃʦʜʝ (Õů) [2]: 

‘ ς ρ,       (3) 

ʛʜʝ ů1, ů2 ʠ ů3 ï ʛʣʘʚʥʝʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʦʡ ʪʦʯʢʠ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɸ ʧʘʨʘʤʝʪʨ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ÕŮ) ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ: 

‘ ς ρ,       (4) 

ʛʜʝ Ů1, Ů2 ʠ Ů3 ï ʢʦʤʧʦʥʝʥʪʳ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʛʣʘʚʥʳʤ ʦʩʷʤ 

ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. 

ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʤʦʥʦʪʦʥʥʦʩʪʠ ʢʠʥʝʤʘʪʠʢʠ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ 

ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʠʟʜʝʣʠʷ ʠʟ ʩʙʦʨʥʦʡ ʟʘʛʦʪʦʚʢʠ (ʨʠʩʫʥʦʢ 1) 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʘi (ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʙʲʝʤʳ ʚʦʣʦʢʦʥ ʤʝʪʘʣʣʘ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʨʷʤʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʤʝʨʠʜʠʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʜʦʣʞʥʳ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʵʪʦʡ ʧʨʷʤʦʡ ʠ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʩʝʯʝʥʠʷʭ ʩʪʝʨʞʥʝʚʦʡ ʠʣʠ 

ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʦʢ, ʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ bi, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʥʦʨʤʘʣʷʭ ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ (ʚ ʩʪʘʜʠʠ ʨʘʩʧʨʝʩʩʦʚʢʠ), 

ʪʘʢʞʝ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʵʪʠʭ ʥʦʨʤʘʣʷʭ ʠ ʚ ʜʨʫʛʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦʰʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ 

ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʣʶʙʦʡ ʥʦʨʤʘʣʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʚʥʳ, ʪ.ʝ.: 

ᾀ ὧέὲίὸ.     (5) 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨ z ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʤʦʥʦʪʦʥʥʦʩʪʠ 

ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʤ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʜʝʚʠʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ, ʚʠʜʘʤʠ ʥʘʧʨʷʞʝʥʥʦʛʦ (Õů) ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ (ÕŮ) 

ʩʦʩʪʦʷʥʠʡ ʤʝʪʘʣʣʘ ʩʙʦʨʥʦʡ ʟʘʛʦʪʦʚʢʠ. 

ɺʘʞʥʝʡʰʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʦʪʦʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʙʦʨʥʦʡ ʟʘʛʦʪʦʚʢʠ (ʦʪʥʦʰʝʥʠʝ 

ʝʝ ʚʳʩʦʪʳ (ʅ) ʢ ʜʠʘʤʝʪʨʫ (D) ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʅ/DÒ2,5 (ʩʤ. 

ʨʠʩʫʥʦʢ 1)) ʠ ʨʘʚʝʥʩʪʚʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʛʦʣʦʚʥʦʡ 

ʟʘʛʦʪʦʚʢʠ (ů2) ʠ ʫʯʘʩʪʢʘ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ (ůʩ), ʚʥʝʜʨʝʥʥʦʡ ʚ ʛʦʣʦʚʥʫʶ 

ʟʘʛʦʪʦʚʢʫ, 

ʪ.ʝ.  ů2=ůʩ.           (6) 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʙʦʨʥʳʭ ʟʘʛʦʪʦʚʦʢ ʦʧʨʝʜʝʣʷʶʪ ʧʦʢʘʟʘʪʝʣʴ z (ʫʩʣʦʚʠʝ (4)) ʠ 

ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʠʟʜʝʣʠʡ ʦʮʝʥʠʚʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʥʘ ʨʘʟʨʳʚ, ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʫʩʪʘʣʦʩʪʥʫʶ 

ʧʨʦʯʥʦʩʪʴ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʄʇʆʅʆɺʆʏʅʓʍ ʈɽʐɽʅʀʁ 

ʋʉʊʈʆʁʉʊɺ ɼʃʗ ʄɸɻʅʀʊʅʆ-ɸɹʈɸɿʀɺʅʆʁ ʆɹʈɸɹʆʊʂʀ 

ʉʃʆɾʅʆʇʈʆʌʀʃʔʅʓʍ ʇʆɺɽʈʍʅʆʉʊɽʁ 

ɼɽʊɸʃɽʁ ʄɸʐʀʅ ʀ ʀʅʉʊʈʋʄɽʅʊʆɺ 

ʈ.ɺ. ɻʨʝʙʝʥʴʢʦʚ, ɽ.ʖ. ʊʘʪʘʨʢʠʥ, ɸ.ʄ. ʀʢʦʥʥʠʢʦʚ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ɸʥʥʦʪʘʮʠʷ: ɸʚʪʦʨʳ ʜʘʶʪ ʦʙʦʙʱʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʧʦʩʦʙʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʀ-ʀʃʀ-ʛʨʘʬʘ. ʆʨʛʘʥʠʟʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʟʤʦʞʥʳʝ ʠʟʚʝʩʪʥʳʝ 

ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʪʨʦʝʥʠʝ ʀ-ʀʃʀ-ʛʨʘʬʘ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʷʪʴ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʩʦʟʜʘʚʘʣʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʘʩʩʠʚ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʊʨʝʪʠʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʀ-ʀʃʀ-ʛʨʘʬʘ 

ʩʚʷʟʘʥ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʀ - ʜʝʨʝʚʴʝʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʠʩʭʦʜʥʦʝ ʤʥʦʞʝʩʪʚʦ. ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʩʨʝʜʠ ʧʦʩʪʨʦʝʥʥʳʭ ʀ-ʜʝʨʝʚʴʝʚ ʚʳʷʚʣʝʥʳ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʠʥʚʘʨʠʘʥʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʅʘ ʧʷʪʦʤ ʵʪʘʧʝ ʚʩʝ ʀ-ʀʃʀ - ʜʝʨʝʚʴʷ 

ʛʨʫʧʧ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʝʝ ʀ-ʀʃʀ-ʜʝʨʝʚʦ ʚʩʝʛʦ ʢʣʘʩʩʘ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɼʘʣʝʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ 
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ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʀ-ʀʃʀ-ʛʨʘʬ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

DESIGN LAYOUT SOLUTIONS  DEVICE  

FOR MAGNETIC -ABRASIVE MACHINING  

 OF COMPLEX SURFACES OF MACHINE PARTS AND TOOLS  

R.V. Grebenkov, E.Y. Tatarkin, A.M. Ikonnikov 

Altai state technical university named after I.I. Polzunov 
Abstract:The authors give a generalized description of the method of designing the layout of 

devices for magnetic-abrasive machining of complex surfaces of details of machines and tools, 

using AND-OR-graph. The organized structure in the form of a graph is generalized and includes 

the possible known variants of designs of devices. Building AND-OR-graph design of the device 

for magnetic-abrasive processing is sequentially carried out in five stages. The first phase has 

created data array. In the second stage, a functional analysis of each of the objects of the original 

set. The third stage of development AND-OR-graph is associated with building AND-trees for each 

of the technology solutions included in the initial set. In the fourth stage built among AND-trees 

identified technical solutions with invariant functions. At the fifth stage all AND-OR trees of 

groups United in a General AND-OR-tree of the entire class of devices for magnetic-abrasive 

machining. Next, the synthesized design of the device. Using synthesized device for magnetic-

abrasive machining allows machining of complex surfaces with the possibility of changing the 

diameter of the working surface to improve quality and productivity. 

Key words: magnetic abrasive machining, AND-OR-graph, design, device for 

magnetic-abrasive machining, complex surface. 

 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʚʘʞʥʳ ʪʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʨʘʙʦʪʢʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʤʠʢʨʦʪʨʝʱʠʥ, 

ʚʥʫʪʨʝʥʥʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. ʆʢʦʥʯʘʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ, ʦʩʦʙʝʥʥʦ, ʥʘ 

ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʘʙʨʘʟʠʚʦʤ ʥʘ ʛʠʙʢʦʡ ʩʚʷʟʢʝ. ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʨʘʙʦʪʢʠ 

ʘʙʨʘʟʠʚʦʤ ʥʘ ʛʠʙʢʦʡ ʩʚʷʟʢʝ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʉʫʱʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʜʝʪʘʣʴ ʧʦʨʦʰʢʦʚʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʘʩʩʳ, ʫʧʣʦʪʥʝʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ. ʇʨʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʧʦʨʦʰʦʢ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ ʚ 

ʧʦʜʚʠʞʥʦ-ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʦʣʴ ʩʚʷʟʢʠ ʤʝʞʜʫ ʘʙʨʘʟʠʚʥʳʤʠ ʟʝʨʥʘʤʠ 

ʚʳʧʦʣʥʷʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʦʙʣʘʜʘʶʱʝʝ ʫʧʨʫʛʠʤʠ ʩʠʣʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʝʨʥʘ 

ʧʦʨʦʰʢʘ.  

ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʝ ʥʘʰʣʘ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 
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ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʛʨʘʶʪ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ. 

ʇʦʠʩʢ ʥʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ. 

2. ɺʳʷʚʣʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʪʦʪʠʧʘ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʨʝʰʝʥʠʶ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ. 

3. ʇʦʣʫʯʝʥʠʝ ʥʘʙʦʨʘ ʨʝʰʝʥʠʡ. 

4. ɺʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʦʩʥʦʚʫ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʚʳʜʝʣʝʥʠʷ ʠ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʝʡ, ʦʙʲʝʜʠʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘʷ ʠ ʢʦʤʧʘʢʪʥʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ. 

ʆʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ ʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʚʦʟʤʦʞʥʳʝ ʠʟʚʝʩʪʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ. ʉʪʨʫʢʪʫʨʘ 

ʧʦʟʚʦʣʷʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʣʦʞʠʪʴ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʪʨʦʡʩʪʚʝ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʩʪʨʦʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʥʘʡʜʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʦʮʝʥʠʪʴ 

ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɻʨʘʬ G(X,U) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʪʠʧʘ ʤʥʦʞʝʩʪʚ: 

ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ X ʠ ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ U. ʄʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ X ʩʦʩʪʦʠʪ ʠʟ 

ʧʘʨʳ ʧʦʜʤʥʦʞʝʩʪʚ X =X1ÇX2. 

ɺʝʨʰʠʥʳ ʧʦʜʤʥʦʞʝʩʪʚʘ X1 ʥʘʟʳʚʘʶʪʩʷ ʀ-ʚʝʨʰʠʥʘʤʠ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʵʣʝʤʝʥʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ.  

ʇʦʜʤʥʦʞʝʩʪʚʦ X2 ʩʦʩʪʘʚʣʷʶʪ ʀʃʀ-ʚʝʨʰʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʨʠʟʥʘʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʌʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʪʦʪʠʧʘʭ ʚ 

ʚʠʜʝ ʩʚʷʟʥʦʛʦ ʀ-ʀʃʀ-ʛʨʘʬʘ, ʢʨʦʤʝ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʚʳʙʦʨʘ, ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʦʛʦ ʀ-ʀʃʀ-ʛʨʘʬʘ ʧʨʠ 

ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɸʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʀ-ʀʃʀ-ʛʨʘʬʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʀ-ʀʃʀ-ʛʨʘʬʘ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʷʪʴ ʵʪʘʧʦʚ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʚʘʣʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʘʩʩʠʚ. ɽʛʦ ʠʩʪʦʯʥʠʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʦʪʨʘʩʣʝʚʳʝ ʩʪʘʥʜʘʨʪʳ, ʦʧʠʩʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʧʘʪʝʥʪʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʧʦ ʧʘʪʝʥʪʥʳʤ ʬʦʥʜʘʤ ʰʝʩʪʠ ʩʪʨʘʥ: 
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ʈʦʩʩʠʠ (ʉʉʉʈ), ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʗʧʦʥʠʠ ʟʘ 

ʧʝʨʠʦʜ ʩ 1956 ʧʦ 2014 ʛʦʜʳ. 

 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʰʝʥʠʡ 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ 

ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ ɸʉ ʉʉʉʈ 848318 ï ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 2).  
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ʈʠʩ. 2. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ  

(ɸʉ ʉʉʉʈ 848318) 

 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 

ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.  

 
ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 (ɸʉ ʉʉʉʈ 848318) 
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ʊʨʝʪʠʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʀ - ʀʃʀ-ʛʨʘʬʘ ʩʚʷʟʘʥ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʀ - ʜʝʨʝʚʴʝʚ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʠʩʭʦʜʥʦʝ ʤʥʦʞʝʩʪʚʦ. 

ɼʣʷ ʵʪʦʛʦ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʦʧʦʣʥʝʥʳ 

ʧʨʠʟʥʘʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: ʚʟʘʠʤʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʬʦʨʤʘ, ʤʘʪʝʨʠʘʣ, ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ɸʉ ʉʉʉʈ 848318. 

 

 
ʈʠʩ. 4. ʀ-ʜʝʨʝʚʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ  

(ɸʉ ʉʉʉʈ 848318) 

 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʩʨʝʜʠ ʧʦʩʪʨʦʝʥʥʳʭ ʀ-ʜʝʨʝʚʴʝʚ ʚʳʷʚʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʩ ʠʥʚʘʨʠʘʥʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʕʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʛʨʫʧʧʳ. 

ɺ ʢʘʞʜʦʡ ʦʙʨʘʟʦʚʘʥʥʦʡ ʛʨʫʧʧʝ ʦʙʲʝʢʪʦʚ ʀ-ʜʝʨʝʚʴʷ ʩʦʜʝʨʞʘʪ ʥʝʢʦʪʦʨʦʝ 

ʤʥʦʞʝʩʪʚʦ ʦʜʠʥʘʢʦʚʳʭ ʚʝʨʰʠʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʛʨʫʧʧʳ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʜʝʨʝʚʘ, ʢʦʪʦʨʦʝ, ʢʨʦʤʝ ʚʝʨʰʠʥ 

"ʀ", ʩʦʜʝʨʞʠʪ ʚʝʨʰʠʥʳ "ʀʃʀ", ʚ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ. ʌʨʘʛʤʝʥʪ ʀ-ʀʃʀ-ʜʝʨʝʚʘ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.  

ʆʙʲʝʜʠʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʢʦʨʥʷ ʛʨʘʬʘ ʢ ʚʝʨʰʠʥʘʤ, ʦʪ ʥʘʠʙʦʣʝʝ 

ʦʙʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʙʦʣʝʝ ʯʘʩʪʥʳʤ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʛʦ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʀ-ʀʃʀ-ʜʝʨʝʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʞʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚ 

ʥʝʤ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʜʝʨʝʚʘ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʉʠʥʪʝʟʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʦʟʤʦʞʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ.  

ʅʘ ʧʷʪʦʤ ʵʪʘʧʝ ʚʩʝ ʀ-ʀʃʀ - ʜʝʨʝʚʴʷ ʛʨʫʧʧ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʝʝ ʀ-ʀʃʀ - 

ʜʝʨʝʚʦ ʚʩʝʛʦ ʢʣʘʩʩʘ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ ʧʨʠʥʮʠʧʳ, ʯʪʦ ʠ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ.  
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ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʦʙʱʝʛʦ ʀ-ʀʃʀ - ʜʝʨʝʚʘ ʫʩʪʨʦʡʩʪʚ  

ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

 

ʉʪʨʫʢʪʫʨʘ ʦʙʱʝʛʦ ʀ-ʀʃʀ - ʜʝʨʝʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʝʤ ʜʝʨʝʚʘ ʧʨʦʰʣʦʛʦ ʦʧʳʪʘ, ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʦʡ. ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʚʦʝ ʜʘʣʴʥʝʡʰʝʝ ʜʦʧʦʣʥʝʥʠʝ. ʊʘʢʦʝ ʜʦʧʦʣʥʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ 

ʩʘʤʳʭ ʧʦʩʣʝʜʥʠʭ ʧʘʪʝʥʪʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ, ʚʳʜʘʥʥʳʭ ʥʘ ʩʧʦʩʦʙʳ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʙʣʠʟʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʚʝʪʚʝʡ 

ʜʝʨʝʚʘ ʠ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʥʞʝʥʝʨʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʭ ʥʝʪ ʫ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɼʘʣʝʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ. ʉʠʥʪʝʟ ʚʦʟʤʦʞʝʥ, ʝʩʣʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʪʨʠ ʫʩʣʦʚʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʩʫʱʝʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʦ-ʚʪʦʨʳʭ, ʠʤʝʝʪʩʷ ʦʧʠʩʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʀ-ʀʃʀ ʛʨʘʬʘ, ʚ-ʪʨʝʪʴʠʭ, 

ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʮʝʥʢʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʷʩʥʷʝʪʩʷ ʯʝʨʪʝʞʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʥʘ ʨʠʩʫʥʢʝ 6 ʠʟʦʙʨʘʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʱʠʡ ʚʠʜ; ʥʘ ʨʠʩʫʥʢʝ 7 ï ʪʦʞʝ, ʨʘʟʨʝʟ ɸ-ɸ; 

ʥʘ ʨʠʩʫʥʢʘʭ 8, 9 - ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʣʦʞʥʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʠʩʫʥʢʘʭ 8, 9 ʧʦʢʘʟʘʥʦ ʢʨʫʛʦʚʦʡ ʩʪʨʝʣʢʦʡ ʜʚʠʞʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ n, ŭ ï ʨʘʙʦʯʠʡ ʟʘʟʦʨ ʠ d ï ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʠʥʜʫʢʪʦʨʘ. 
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ʈʠʩ. 6. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

 
ʈʠʩ. 7. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʨʘʟʨʝʟ ɸ-ɸ 

 

 
ʈʠʩ. 8. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʥʘʩʪʨʦʝʥʥʦʛʦ ʥʘ ʥʘʠʙʦʣʴʰʠʡ 

ʜʠʘʤʝʪʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʣʦʞʥʳʭ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 
ʈʠʩ. 9. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʩʪʨʦʝʥʥʦʛʦ 

ʥʘ ʥʘʠʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʣʦʞʥʳʭ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
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ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʠʪ ʤʘʛʥʠʪʥʳʡ 

ʠʥʜʫʢʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʢʦʨʧʫʩʘ 1 ʠ ʙʣʦʢʘ ʧʝʨʠʬʝʨʠʡʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 2, ʠ ʭʚʦʩʪʦʚʠʢ 3. ʂʦʨʧʫʩ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ 

ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʜʠʩʢʘ ʩʦ ʩʪʝʨʞʥʝʤ ʚ ʮʝʥʪʨʝ, ʧʨʠʯʝʤ ʥʘʨʫʞʥʘʷ ʩʪʦʨʦʥʘ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 2 ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʡ, ʘ ʤʘʛʥʠʪʥʳʡ ʠʥʜʫʢʪʦʨ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʩʝʯʝʥʠʠ ʠʤʝʝʪ U ï ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʍʚʦʩʪʦʚʠʢ 3 ʞʝʩʪʢʦ ʩʦʝʜʠʥʸʥ ʩ ʢʦʨʧʫʩʦʤ 1 

ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʨʝʧʸʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʚʠʥʪʦʚ 4, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʜʠʩʢʘ ʢʦʨʧʫʩʘ 1 ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ. ʅʘ 

ʩʪʝʨʞʥʝ ʚʳʧʦʣʥʝʥʘ ʧʨʘʚʘʷ ʨʝʟʴʙʘ 5 ʥʘ 2/3 ʜʣʠʥʳ ʩʪʝʨʞʥʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ 

ʠ ʢʨʝʧʝʞʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ ʛʘʡʢʠ 6, ʦʥ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʜʠʩʢʝ, ʘ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʪ ʜʠʩʢʘ ʩʪʦʨʦʥʝ ʩʪʝʨʞʥʷ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʣʝʚʘʷ ʨʝʟʴʙʘ 7 ʥʘ 

1/3 ʜʣʠʥʳ ʩʪʝʨʞʥʷ. ʅʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʩʪʝʨʞʥʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʘʡʢʠ 8, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʳʭ ʢʦʥʫʩʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ 

ʊ ï ʦʙʨʘʟʥʳʝ ʧʘʟʳ 9 ʜʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 2, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ, ʧʨʠʯʝʤ ʬʦʨʤʘ ʧʘʟʦʚ 9 ʷʚʣʷʝʪʩʷ 

ʦʪʚʝʪʥʦʡ ʬʦʨʤʝ ʥʘʧʨʘʚʣʷʶʱʠʭ 10, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʦʨʦʥʘʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 2. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɺ ʰʧʠʥʜʝʣʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʭʚʦʩʪʦʚʠʢ 3 ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʦʤʧʦʣʘ (ʥʘ ʯʝʨʪʝʞʝ ʥʝ 

ʧʦʢʘʟʘʥ). ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʘʤʝʪʨ d 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʢʦʥʫʩʥʳʭ ʛʘʝʢ 8 ʠ 

ʨʘʚʥʦʤʝʨʥʦ, ʚʨʫʯʥʫʶ ʠʣʠ ʜʦʟʘʪʦʨʦʤ, ʥʘʥʦʩʠʪʩʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʡ ʧʦʨʦʰʦʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 2. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʩʪʘʥʢʘ ʚʨʘʱʝʥʠʝ 

ʰʧʠʥʜʝʣʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʦʪʦʡ n ʩʦʦʙʱʘʝʪʩʷ ʤʘʛʥʠʪʥʦʤʫ ʠʥʜʫʢʪʦʨʫ. 

ʆʙʨʘʙʘʪʳʚʘʝʤʘʷ ʜʝʪʘʣʴ ʧʦʣʫʯʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦʜʘʯʠ ʦʪ ʧʨʠʚʦʜʘ ʩʪʘʥʢʘ ʧʦ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʝ ʩ ʪʨʝʙʫʝʤʳʤ ʨʘʙʦʯʠʤ ʟʘʟʦʨʦʤ ŭ. ɺʝʣʠʯʠʥʳ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ n, ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ ŭ ʠ ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʠʥʜʫʢʪʦʨʘ d ʟʘʜʘʶʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʠ 

ʝʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʉʲʸʤ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʩ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʨʝʙʢʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 
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ɺ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʠʙʦʪʝʭʥʠʢʝ ʦʱʫʪʠʤʳ ʫʩʧʝʭʠ ʚ ʩʦʟʜʘʥʠʠ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʪʨʠʙʦʩʦʩʪʘʚʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʤʘʩʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʘʢʝʪʳ 

ʧʨʠʩʘʜʦʢ. ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʪʨʠʙʦʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʳ, ʠ ʧʦʣʥʦʡ 

ʷʩʥʦʩʪʠ ʚ ʥʠʭ ʥʝʪ. ʂ ʪʦʤʫ ʞʝ  ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʤʧʦʨʪʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʪʨʠʙʦʜʦʙʘʚʦʢ ʢ ʤʘʩʣʘʤ ʤʠʥʝʨʘʣʴʥʦʡ, ʦʨʛʘʥʠʯʝʩʢʦʡ, ʩʤʝʰʘʥʥʦʡ ʧʨʠʨʦʜʳ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʢʘʢ ʚʨʝʤʝʥʥʳʝ, ʫʜʝʨʞʠʚʘʝʤʳʝ ʩʣʘʙʳʤʠ ʩʠʣʘʤʠ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʧʣʝʥʢʠ, ʪʘʢ ʠ ʧʨʦʯʥʳʝ ʜʦʣʛʦʚʝʯʥʳʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʠʙʦʪʝʭʥʠʢʝ.  

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ï ʧʦʚʳʰʝʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʪʨʝʥʠʠ. ʊʘʢ, 

ʦʙʱʝʧʨʠʥʷʪʦ [2], ʯʪʦ ʛʨʘʥʠʯʥʳʝ ʩʤʘʟʦʯʥʳʝ ʧʣʝʥʢʠ ʦʙʨʘʟʫʶʪʩʷ ʠʤʝʥʥʦ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ  ʥʠʭ, ʧʨʘʚʜʘ, ʢʘʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʪʘʢ ʠ ʧʘʨʘʣʣʝʣʴʥʦ. ʇʨʠ 

ʵʪʦʤ ʥʝʧʦʣʷʨʥʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʨʘʩʪʝʢʘʝʪʩʷ, ʘ ʧʦʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ ʣʝʛʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ʈʘʥʝʝ [1] ʠʤʝʣʦʩʴ çʤʥʝʥʠʝ ʦ ʤʘʣʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʶʚʝʥʠʣʴ-

ʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʢ ʞʠʨʥʳʤ ʢʠʩʣʦʪʘʤè. ʅʦ 

ɸ.ʉ. ɸʭʤʘʪʦʚ ʩʯʠʪʘʣ, ʯʪʦ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʤʥʝʥʠʶ ʦʙ çʦʙʱʝʠʟʚʝʩʪʥʦʡ 

ʚʳʩʦʢʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡè, ʢʦʪʦʨʦʝ çʥʝ 

ʧʦʣʫʯʠʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʦʵʪʦʤʫ ʥʫʞʜʘʝʪʩʷ ʚ ʧʨʦʚʝʨʢʝè. 

ʅʦ ʟʘ ʧʨʦʰʝʜʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ [2] ʟʜʝʩʴ ʜʦʩʪʠʛʥʫʪʘ ʥʝʢʦʪʦʨʘʷ ʷʩʥʦʩʪʴ. ʀ 

ʠʤʝʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʧʦʚʳʰʝʥʠʠ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʠʙʦʩʦʩʪʘʚʘʤʠ,  

ʩʦʜʝʨʞʘʱʠʤʠ ʤʷʛʢʠʝ ʘʙʨʘʟʠʚʳ ʠ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʚʳʰʝʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʶʚʝʥʠʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʝʨʚʳʤ 
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ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʨʠʙʦʠʩʧʳʪʘʥʠʷ [3, 4] ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ï 

ʤʷʛʢʠʭ ʘʙʨʘʟʠʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ, ʚ ʪ.ʯ. ʩʝʨʧʝʥʪʠʥʦʚ (ʥʘ ʦʩʥʦʚʝ 

ʤʘʛʥʠʷ, ʘʣʶʤʠʥʠʷ, ʥʠʢʝʣʷ), ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʮʝʦʣʠʪʘ (ʨʠʩʫʥʢʠ 1-3), ʘ ʪʘʢʞʝ 

ʢʘʦʣʠʥʠʪʘ, ʧʦʣʠʪʠʪʘʥʘʪʘ ʢʘʣʠʷ ʠ ʜʘʞʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʘ. ɿʜʝʩʴ ʨʘʟʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʰʢʠ ʦʯʠʱʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʦʪ 

ʧʣʝʥʦʢ ʠ ʨʘʟʨʫʰʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʝʤ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʳʪʠʷ.  

ʅʘʰʠ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʅʘʥʦʮʝʥʪʨʝ ɻʆʉʅʀʊʀ ʥʘ ʪʨʠʙʦʤʝʪʨʝ TRB-

S-DE ʧʦ ʩʭʝʤʝ çʧʘʣʝʮ ï ʜʠʩʢè ʧʨʠ ʜʠʘʤʝʪʨʝ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ 0,5 ʠ 0,7 ʤʤ ʠ 

ʥʘʛʨʫʟʢʘʭ ʜʦ 60 ʅʴʶʪʦʥ, ʪ.ʝ. ʜʦ ʫʜʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 155-212 ʄʇʘ. ʉʳʨʴʝʤ 

ʪʨʠʙʦʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʭʦʜʳ ʢʦʤʙʠʥʘʪʘ çʉʘʨʘʥʦʚʩʢʠʡè ʏʫʩʦʚʩʢʦʛʦ ʨ-ʥʘ 

ɻʦʨʥʦʟʘʚʦʜʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨ-ʥʘ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʋʨʘʣʘ. ʇʦʨʦʰʦʢ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʝʨʘʣʘ ʣʠʟʘʨʜʠʪʦʚʦʛʦ ʙʘʩʪʠʪʘ ʧʦ ʦʨʪʦʧʠʨʦʢʩʝʥʫ ʠ 

ʘʧʧʦʦʣʠʚʠʥʦʚʦʛʦ ʣʠʟʘʨʜʠʪʘ (Mg3[Si2O5](OH)4). ɺ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʢʨʦʤʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʰʧʠʥʝʣʠʜʘ ((Mg,Fe)(Cr,Al,Fe,Ti)2O4) ʤʦʛʫʪ 

ʚʭʦʜʠʪʴ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʪʦʚ, ʢʘʣʴʮʠʪ ʠ ʛʨʘʥʘʪ (ʫʚʘʨʦʚʠʪ). 

ʇʦʨʦʰʦʢ ʙʳʣ ʦʯʠʱʝʥ, ʧʨʦʢʘʣʝʥ, ʠʟʤʝʣʴʯʝʥ ʥʘ ʤʝʣʴʥʠʮʝ çɸʢʪʠʚʘʪʦʨ 2SLè ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥ ʥʘ ʩʠʪʝ 40 ʤʢʤ ʚʠʙʨʦʛʨʦʭʦʪʘ  çAnalizetteè,. ʇʦ ʜʘʥʥʳʤ ʈʌɸ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ XRD 6000 ʩ ʙʠʙʣʠʦʪʝʢʦʡ ʩʧʝʢʪʨʦʚ ICDD ʚ ʪʨʠʙʦʩʦʩʪʘʚʝ ʧʦ 

ʚʳʷʚʣʝʥʳ: 

- (Mg,Al)3(Si,Fe)2O5 ï Aluminum IronMagnesium Si Lisardite-1T ï ʦʩʥʦʚʥʦʡ 

ʤʠʥʝʨʘʣ ʛʨʫʧʧʳ ʩʝʨʧʝʥʪʠʥʘ;  

- Ni3Si2O5(OH)4 ï Nickel Silicate Hydroxide Pecoratite-2Mc1 ï ʚʪʦʨʠʯʥʳʡ 

ʤʠʥʝʨʘʣ ʛʨʫʧʧʳ ʩʝʨʧʝʥʪʠʥʘ; 

- Ni5Al 4O11Ā18H2O ï Nickel Aluminum Oxide Hydroxide ï ʜʨʫʛʘʷ ʧʨʠʤʝʩʴ ʠʟ 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʩʝʨʧʝʥʪʠʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ  (ʨʠʩ. 1) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʠ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʩʣʘ ʄʦʙʠʣ, ʩʦʚʧʘʜʝʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ  ʪʨʠʙʦʩʦʩʪʘʚʦʚ ʎʅʊ ʠ ʄʉ-20, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʍʦʨʦʰʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʥʦʘʣʤʘʟʥʳʝ 

ʩʦʩʪʘʚʳ ʂɸʈɸʊ-5 ʠ ʂɸʈɸʊ-ʄ, ʘ ʥʘʰ ʩʦʩʪʘʚ çʉʘʨʘʥʦʚʩʢʠʡè ʦʢʘʟʘʣʩʷ ʣʫʯʰʠʤ 

ʠʟ ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʠ ʧʨʠʙʣʠʞʘʝʪ ʪʨʠʙʦʩʚʦʡʩʪʚʘ ʤʘʩʣʘ ʄ-10ɻ2ʂ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʘ ʉʉ ʢ ʚʳʩʰʝʤʫ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ ʩʚʦʡʩʪʚ ʤʘʩʣʘ ʄʦʙʠʣ ʢʣʘʩʩʘ 

SJ/SL. 

 ɼʨʫʛʠʤʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷʤʠ ʧʦʚʳʰʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʨʫʛʠʭ 

ʤʠʥʝʨʘʣʦʚ (ʨʠʩʫʥʢʠ 2, 3).  
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ʈʠʩʫʥʦʢ 1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʤʘʩʣʘ ʄʦʙʠʣ API SJ/SL SAE 05W-30, ʤʘʩʣʘ 

ʄ-10ɻ2ʂ (ɿɸʆ ʈʦʩʥʝʬʪʴ) ʠ ʚʚʝʜʝʥʥʳʭ ʚ ʥʝʛʦ ʪʨʠʙʦʩʦʩʪʘʚʦʚ: ʂɸʄʇ (ʆʆʆ 

çɸʚʪʦʩʪʘʥʢʦʧʨʦʤè), ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʎʅʊ (ʆʆʆ 

çʎʅʊè), ʄʉ-20 (ɻʆʉʅʀʊʀ ʠ ʆʆʆ çʈʀʇè), çʉʘʨʘʥʦʚʩʢʠʡè (ɻʆʉʅʀʊʀ  

ʠ ɺʀʕʉʍ) ʠ ʥʘʥʦʘʣʤʘʟʥʳʭ ʂɸʈɸʊ-5 ʠ ʂɸʈɸʊ-ʄ 

 

 
 

ʈʠʩʫʥʦʢ 2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʥʘ ʪʨʠʙʦʤʝʪʨʝ TRB-S-DE ʧʘʨʳ çʧʘʣʝʮ-ʜʠʩʢè 

ʚ ʤʘʩʣʝ ʄ-10ɻ2ʂ ʩ ʜʘʚʣʝʥʠʷʤʠ ʜʦ 212 ʄʇʘ ʠ ʩ ʤʠʥʝʨʘʣʦʤ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ: 

ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʘ ʥʘʛʨʫʟʦʯʥʘʷ  

ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʠʙʦʧʘʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

 

ʄʘʩʣʘ ʠ ʪʨʠʙʦʧʨʝʧʘʨʘʪʳ, ʠʩʧʳʪʘʥʥʳʝ ʥʘ ʪʨʠʙʦʤʝʪʨʝ TRB-S-DE
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ʈʠʩʫʥʦʢ 3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʥʘ ʪʨʠʙʦʤʝʪʨʝ TRB-S-DE ʧʘʨʳ çʧʘʣʝʮ-ʜʠʩʢè 

ʚ ʤʘʩʣʝ ʄ-10ɻ2ʂ ʩ ʜʘʚʣʝʥʠʷʤʠ ʜʦ 212 ʄʇʘ ʠ ʩ ʤʠʥʝʨʘʣʘʤʠ ʮʝʦʣʠʪ (ʆʆʆ 

çʕʥʝʨʛʦʭʦʣʜʠʥʛè), ʩʝʨʧʝʥʪʠʥ (ʆʆʆ çɾʠʣʩʝʨʚʠʩè),  

ʩʦʩʪʘʚʦʤ ʊʨʠʙʦɻʆʉʅʀʊʀ-2 (ɻʆʉʅʀʊʀ ʠ ɺʀʕʉʍ) ʚ ʩʨʘʚʥʝʥʠʠ  

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʝʥʠʷ ʚ ʯʠʩʪʦʤ ʤʘʩʣʝ ʄ-10ɻ2ʂ 

 

ʅʝʦʙʳʯʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʨʝʥʠʷ ʩʣʫʞʘʪ  ʜʘʥʥʳʝ ɼ.ʅ. ʃʶʙʠʤʦʚʘ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ ɸʉʄ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ  

ʚ ʩʨʝʜʝ ʩʤʘʟʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩ ʩʝʨʧʝʥʪʠʥʦʤ  
 

ɿʜʝʩʴ  (ʨʠʩʫʥʦʢ 4) ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʨʧʝʥʪʠʥʦʚʳʤʠ ʩʦʩʪʘʚʘʤʠ ʥʘ 

ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʩʪʨʫʢʪʫʨ, ʚʳʨʦʩʰʠʭ çʚ ʦʙʣʘʩʪʷʭ ʨʷʜʦʤ 

ʩ ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ  ʢʨʠʩʪʘʣʣʦʚè ʠ ʥʘʧʦʤʠʥʘʶʱʠʭ ʮʝʧʦʯʢʠ ʩʪʘʣʘʛʤʠʪʦʚ. 

ʗʯʝʠʩʪʦʝ ʩʪʨʦʝʥʠʝè ʩʪʨʫʢʪʫʨʳ ʟʘʧʦʣʥʷʝʪʩʷ ʧʦʨʠʩʪʳʤ ʧʦʣʠʤʝʨʦʤ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʚ ʦʙʰʠʨʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ 

ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʮʝʦʣʠʪʦʚ ʠ ʩʝʨʧʝʥʪʠʥʦʚ
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ʄ-10ɻ2ʢ ʎʝʦʣʠʪ ˉ 1 0,09%ʎʝʦʣʠʪ ˉ 1   1,2%

ʎʝʦʣʠʪ ˉ 1   1,8%ɾʝʣʝʟʥʠʮʢʠʡ ʠʟʤʝʣʴʯʝʥʥʳʡɻʆʉʅʀʊʀ ʠ ɺʀʕʉʍ
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ʘʣʤʘʟʦʧʦʜʦʙʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʧʣʝʥʢʦʡ (diamond likes carbon films ï DLC films). 

ʌʦʨʤʠʨʫʝʤʳʡ ʥʘ çʩʪʘʣʘʛʤʠʪʘʭè ʩʣʦʡ ʠʤʝʝʪ çʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʪʨʝʥʠʷ ʘʜʛʝʟʠʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʀʩʧʳʪʘʥʠʷ ʧʦʨʦʰʢʘ ʩʝʨʧʝʥʪʠʥʘ ʚ ʨʝʞʠʤʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʥʘ ʏʐʄ-1 ʧʦʢʘʟʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,6-0,8, ʥʦ 

ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʟʘʜʠʨʘ ʠʟ-ʟʘ ʭʦʨʦʰʠʭ ʩʚʦʡʩʪʚ ʩʣʦʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʟʘ 20 ʪʳʩ. ʩ 

ʥʝ ʧʨʦʠʟʦʰʣʦè [3]. 

 ɼʨʫʛʠʝ ʘʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʬʫʥʜʘʤʝʥʪ ʧʦʢʨʳʪʠʷ çʠʤʝʝʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʝʛʫʣʷʨʥʦʝ ʷʯʝʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʩʦ ʩʪʝʥʢʘʤʠ ʧʝʨʝʤʝʥʥʦʡ ʚʳʩʦʪʳ 

ʜʦ 1 ʤʢʤè, çʠʤʝʝʪ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠè (ʥʦ ʛʝʥʜʠʨʝʢʪʦʨ 

ʆʆʆ çʊʨʠʛʛʝʨè ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʝʨʚʠʯʥʳʡ ʈɺʉ-ʩʣʦʡ ʣʝʛʢʦ ʩʪʠʨʘʝʪʩʷ ʨʫʢʦʡ).  

ʀʩʭʦʜʷ ʠʟ ʩʪʨʦʝʥʠʷ ʧʣʝʥʢʠ, ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ Cary-100 

(Varian), ʠ ʚʝʣʠʯʠʥʳ ʨʘʙʦʪʳ ʢʦʛʝʟʠʠ ʘʚʪʦʨʳ  ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʧʦʢʨʳʪʠʝ ʢʘʢ 

ʷʯʝʠʩʪʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʢʝʣʝʪ, ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʶʱʠʡ ʩʦʨʙʮʠʝʡ ʠ 

ʢʘʧʠʣʣʷʨʥʳʤʠ ʩʠʣʘʤʠ ʩʣʦʡ ʪʨʠʙʦʧʦʣʠʤʝʨʘ, ʘ çʪʨʠʙʦʧʦʣʠʤʝʨ ʧʝʨʝʰʠʪ 

ʠʟʙʳʪʢʦʤ ʨʘʜʠʢʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʟʘʧʦʣʥʝʥ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤè. 

ʊʦʥʢʘʷ ʧʨʦʟʨʘʯʥʘʷ ʈɺʉ-ʧʣʝʥʢʘ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʜʦʨʦʞʢʦʡ ʪʨʝʥʠʷ, 

ʛʠʜʨʦʬʦʙʥʘ, ʧʦʣʷʨʥʝʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ, ʥʝ ʩʤʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʘ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʥʝ ʙʦʣʝʝ 0,10 (ʘ ʚ ʤʘʩʣʝ ʄ-10ɻ2ʂ ʧʦ ʨʠʩ. 1 - ʦʢʦʣʦ 0,04).  

ʆʙʨʘʙʦʪʢʘ ʩʣʦʠʩʪʳʤʠ ʩʠʣʠʢʘʪʘʤʠ - ʤʷʛʢʠʤʠ ʘʙʨʘʟʠʚʘʤʠ ʩʦʟʜʘʝʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ ʘʤʦʨʬʥʦʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ (ʨʠʩʫʥʢʠ 5, 6 ). ʅʘ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 90% ʫʛʣʝʨʦʜʘ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʪʨʠʙʦʧʘʨʝ 

ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ ʩʦʪʝʥ ʢʆʤ, ʥʘ ʩʘʤʦʤ ʧʦʢʨʳʪʠʠ 10 ï 300 ʆʤ/ʩʤ, ʠ ʧʦʢʨʳʪʠʝ 

ʩʛʦʨʘʝʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʕʬʬʝʢʪ ʪʘʢʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʯʘʩ, ʥʦ ʧʨʦʜʦʣʞʘʝʪ ʥʘʨʘʱʠʚʘʪʴʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʧʦʩʣʝ ʩʤʝʥʳ ʤʘʩʣʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠ ʪʚʝʨʜʦʩʪʠ 

ʧʨʦʟʨʘʯʥʘ, ʧʦʜ ʥʠʤ ʚʠʜʥʳ ʩʣʝʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʎʚʝʪʘ ʧʦʢʨʳʪʠʷ ï 

ʞʸʣʪʦ-ʟʦʣʦʪʠʩʪʳʡ, ʟʦʣʦʪʠʩʪʦ-ʩʠʨʝʥʝʚʳʡ, ʩʚʝʪʣʦ-ʩʝʨʳʡ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʣʦʷ ʧʦ ʛʣʫʙʠʥʝ ʧʦ ʜʘʥʥʳʤ ʢ.ʪ.ʥ.  

ʖ.ɻ. ʃʘʚʨʦʚʘ (ʅʇʊʂ ʉʋʇ-ʈʆʊɽʂ) 
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ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 5 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʪ.ʝ. ʥʘ ʜʥʝ  ʈɺʉ-ʩʣʦʷ, 

ʭʠʤʵʣʝʤʝʥʪʳ ʠʟ ʩʦʩʪʘʚʘ ʩʪʘʣʠ, ʘ ʚʳʰʝ ʚ ʩʣʦʝ ʩʦʩʪʘʚ ʤʝʥʷʝʪʩʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ. ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʨʘʩʪʨʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ çCamscan-4DVè ʩʣʦʡ ʨʝʟʢʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʥʦʚʳ, ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ ʧʦʨʠʩʪʘ (ʧʦʨʳ 1é15 ʤʢʤ), ʠʤʝʶʪʩʷ 

ʩʛʣʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ. ɺ ʩʧʝʢʪʨʝ ʩʣʦʷ ʩ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ çLINKè ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ca, Al, ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʦʷ ʦʙʦʛʘʱʝʥʘ Si, Ca ʠ Mg. ʇʦ 

ʜʘʥʥʳʤ ʖ.ɻ. ʃʘʚʨʦʚʘ, ʩʣʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʩʦʧʨʷʞʝʥʠʡ ʚ 1,5-2 ʨʘʟʘ ʠ  ʩʥʠʞʝʥʠʝ ʢʦʨʨʦʟʠʦʥʦʛʦ  ʠʟʥʘʰʠʚʘʥʠʷ.  

 

                                       
                              

                         ʘ                                                           ʙ 

ʈʠʩʫʥʦʢ  6. ʐʣʠʬʳ ʈɺʉ-ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʪʘʣʝʡ: ʘ)  ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʘ  

ʢʠʪʘʡʩʢʦʛʦ ʪʝʧʣʦʚʦʟʥʦʛʦ ʜʠʟʝʣʷ, ʧʨʦʰʝʜʰʝʛʦ 150 ʪʳʩ. ʢʤ ʧʦʩʣʝ ʜʚʫʢʨʘʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ɸʈʊ-ʩʦʩʪʘʚʘʤʠ (ʈɺʉ): ʩʣʝʚʘ ʚʠʜʝʥ ʥʝ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʡ ʩʣʦʡ;  

ʙ) ʘʥʘʣʦʛʠʯʥʳʡ ʰʣʠʬ ʜʝʪʘʣʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʈɺʉ ʦʪ ʅʇʆ çʈʫʩʧʨʦʤʨʝʤʦʥʪè 

 (ʧʦ ʇʘʚʣʦʚʫ ʆ.ɻ. ʠ ʇʫʩʪʦʚʦʤʫ ʀ.ʌ.) 

 

ʈɺʉ-ʧʨʦʮʝʩʩ ʩ ʩʝʨʧʝʥʪʠʥʘʤʠ ʠʥʪʝʥʩʠʚʥʝʝ ʠʜʝʪ ʥʘ ʧʦʨʘʙʦʪʘʚʰʠʭ, ʯʘʩʪʠʯʥʦ 

ʨʘʩʭʦʜʫʝʤʳʭ ʠʤ ʤʘʩʣʘʭ ʠ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʟʘ 50-100 ʤʦʪʦÅʯ ʜʦ ʩʤʝʥʳ ʤʘʩʣʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʚ ɻʄʊ ʩʘʞʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ. ʇʘʨʘʤʝʪʨʳ ʥʠʟʢʦʛʦ ʪʨʝʥʠʷ 

ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʦʩʣʝ ʩʤʝʥʳ ʤʘʩʣʘ ʜʦ ʠʟʥʦʩʘ ʧʦʢʨʳʪʠʷ. ʌʘʢʪʦʨʘʤʠ ʈɺʉ-

ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʚ ʭʦʣʦʜʥʦʤ ʤʘʩʣʝ 

ʧʨʦʮʝʩʩ ʥʝʠʥʪʝʥʩʠʚʝʥ.  

ɼʘʣʝʝ ʫʯʪʝʤ ʜʨʫʛʦʝ ʟʘʤʝʯʘʥʠʝ ɸ.ʉ. ɸʭʤʘʪʦʚʘ [1]: çʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʚʦʟʤʦʞʥʳ ʠ ʧʨʷʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʩ ʦʢʠʩʣʝʥʥʦʡ ʠ ʶʚʝʥʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʥʘ ʫʯʘʩʪʢʘʭ ʝʝ 

ʦʙʥʘʞʝʥʠʷ ʧʨʠ ʪʨʝʥʠʠ ʠ ʠʟʥʦʩʝ ʧʦ ʩʭʝʤʝ: 

R - (CH2)n                          CH2 ï Me 

ʊʘʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʕʃʀʅʇ 

ʪʨʠʙʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʥʝʧʨʝʜʝʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ ʪʠʧʘ ʕʌ-357 ʚ ʪʨʠʙʦʩʦʩʪʘʚʘʭ 

ɸʈɺʂ, ɸʈɺʆ. ʅʦ ʠ ʟʜʝʩʴ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʦʧʷʪʴ-ʪʘʢʠ ʤʷʛʢʠʝ ʘʙʨʘʟʠʚʥʳʝ 

ʩʣʦʠʩʪʳʝ ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʛʨʫʧʧʳ ʩʝʨʧʝʥʪʠʥʘ.  

ɼʨʫʛʦʝ ʚʦʟʤʦʞʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʶʚʝʥʠʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ï ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʩ ʥʘʥʦʘʣʤʘʟʥʳʤʠ ʪʨʠʙʦʩʦʩʪʘʚʘʤʠ 

 

8 ʤʢʤ 
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ʂɸʈɸʊ-5 ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʀʥ-ʪʘ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʀʍʍʊ ʉʆ 

ʈɸʅ) [5] ʠ ʘʥʘʣʦʛʘ ï ʂɸʈɸʊ-ʄ ʦʪ ʆʆʆ çʈʝʘʣɼʟʝʨʞʠʥʩʢè. ʀʭ ʯʘʩʪʠʮʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʠʩʪʘʣʣʳ ʚ ʛʨʘʬʠʪʦʚʦʡ ʦʙʦʣʦʯʢʝ ʩ  ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʤʘʩʣʘʭ. ʅʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ 

ʧʨʦʷʚʣʷʝʪʩʷ çʩʨʦʜʩʪʚʦ ʫʛʣʝʨʦʜʘ ʩ ʞʝʣʝʟʦʤè, ʷʚʣʝʥʠʷ ʘʜʛʝʟʠʠ, ʢʦʥʪʘʢʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʢʨʳʪʠʡ ʜʦ 650 ʤʢʤ [5]. ʇʦ-

ʚʠʜʠʤʦʤʫ ʘʥʥʘʣʦʛʠʯʥʳʝ  ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʫʶʪ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʚʦʣʦʢʥʘ ʀʍʍʊ. 

ɼʨʫʛʠʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ï ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʪʨʠʙʦ-

ʧʣʝʥʦʢ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʪʨʠʙʦʵʣʝʢʪʨʠʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ [6, 7], 

ʧʨʦʷʚʣʷʶʱʝʤʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʝʨʝʪʦʢʝ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʪʨʝʥʠʷ, ʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʤʠʥʝʨʘʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʙʦʧʣʘʟʤʳ 

[8]. ʊʨʠʙʦʧʣʘʟʤʘ  ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ 

ʧʨʦʪʝʢʘʶʪ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ DLC films ʠʟ  sp
2 
ʠ sʨ

ɿ
-ʪʠʧʦʚʳʭ 

ʛʠʙʨʠʜʠʟʘʮʠʡ ʫʛʣʝʨʦʜʘ, ʟʘʚʠʩʠʤʳʭ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠ  

ʚʦʜʦʨʦʜʘ ʚ ʪʨʠʙʦʩʨʝʜʝ. ʇʦʵʪʦʤʫ ʜʦʙʘʚʣʝʥʠʝ ʚ ʪʨʠʙʦʩʨʝʜʫ ʩʘʞʠ ʫʩʢʦʨʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ DLC films, ʥʦ ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ.  DLC-ʧʦʢʨʳʪʠʷ ʢʦʤʙʠʥʠʨʫʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʵʣʘʩʪʠʯʥʦʩʪʴ 

ʩ "ʢʝʨʘʤʠʯʝʩʢʦʡ" ʪʚʝʨʜʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʘ.  
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ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʫʥʠʚʝʨʩʠʪʝʪ)è 
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ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʘʨʝʣʢʠ, ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ, ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

ʪʘʨʝʣʢʠ.  
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PRESERVATION OF VITAMIN C IN THE PROCESSING OF FROZEN 

BERRIES HONEYSUCKLE IN APPARATUS  

OF THE VIBRATING PLATE  

N.V. Igushov, A.S. Mustafina, I.Y. Varfalameeva 

Kemerovo Institute of Food Science and Technology 
Study the feasibility of processing of honeysuckle in the device with the vibration plate. 

Determine the effective yield of dry matter and vitamin C from the duty of water, oscillation 

frequency of the perforated plate, the hole diameter, oscillation amplitude plate. 

Key words: honeysuckle, apparatus of the vibrating plate, vitamin C, extracting, 

extract. 
 

ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ ʙʦʛʘʪʘ ʷʛʦʜʥʳʤ ʩʳʨʴʝʤ ʢʘʢ ʜʠʢʦʨʘʩʪʫʱʠʤ, ʪʘʢ ʠ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚ ʧʠʱʝʚʦʡ ʠ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʉʨʝʜʠ 

ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʷʛʦʜ ʚ ʨʝʛʠʦʥʝ ʚʳʜʝʣʷʝʪʩʷ ʞʠʤʦʣʦʩʪʴ ʛʦʣʫʙʘʷ 

(Lonicera) - ʩʘʤʘʷ ʧʝʨʚʘʷ ʠʟ ʩʦʟʨʝʚʘʶʱʠʭ ʚ ʉʠʙʠʨʠ [3]. ʂʨʦʤʝ ʨʘʥʥʝʛʦ 

ʩʦʟʨʝʚʘʥʠʷ, ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟ ʚʩʝʭ ʥʘ ʨʝʜʢʦʩʪʴ ʙʦʛʘʪʳʤ ʥʘʙʦʨʦʤ 

ʮʝʣʝʙʥʳʭ ʚʝʱʝʩʪʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʝʝ ʧʣʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥ ʧʦʜʨʦʙʥʦ ʚʦ 

ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʩʪʨʘʥʳ [2, 3].  

ɾʠʤʦʣʦʩʪʴ ʥʠʟʢʦʢʘʣʦʨʠʡʥʘʷ, ʚʩʝʛʦ 30 ʢʢʘʣ ʥʘ 100 ʛ. ɺ ʧʣʦʜʘʭ ʞʠʤʦʣʦʩʪʠ 

ʩʦʜʝʨʞʠʪʩʷ [2]: 1,5 - 4,5% ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʣʠʤʦʥʥʘʷ, ʷʙʣʦʯʥʘʷ, ʷʥʪʘʨʥʘʷ, 

ʱʘʚʝʣʝʚʘʷ), ʩʫʭʠʭ ʚʝʱʝʩʪʚ 12,4 - 17,3%, ʜʦ 8% ʩʘʭʘʨʦʚ (ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ, 

ʛʘʣʘʢʪʦʟʘ, ʩʘʭʘʨʦʟʘ). ɺʠʪʘʤʠʥʥʳʡ ʩʦʩʪʘʚ ʷʛʦʜ ʞʠʤʦʣʦʩʪʠ [2] ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʠʪʘʤʠʥʦʤ ʉ - 150 ʤʛ; ʚʠʪʘʤʠʥʦʤ ɺ1 - 3 ʤʛ; ʚʠʪʘʤʠʥʦʤ ɸ ï 50 ʤʛ; ʚʠʪʘʤʠʥʦʤ ɺ8 

- 3 ʤʛ; ʙʝʪʘ-ʢʘʨʦʪʠʥʦʤ ï 3 ʤʛ. ʊʘʢʞʝ ʞʠʤʦʣʦʩʪʴ ʙʦʛʘʪʘ ʈ-ʘʢʪʠʚʥʳʤʠ 

ʧʦʣʠʬʝʥʦʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʦʪ 200 ʜʦ 1800 ʤʛ %), ʢʦʪʦʨʳʝ ʙʣʘʛʦʪʚʦʨʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʞʠʤʦʣʦʩʪʴ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ. ʄʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʛʥʠʝʤ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ 21 ʤʛ%, ʢʘʣʠʝʤ ï 70 

ʤʛ%, ʥʘʪʨʠʝʤ ï 35 ʤʛ%, ʬʦʩʬʦʨʦʤ ï 35 ʤʛ%, ʞʝʣʝʟʦʤ ï 0,8 ʤʛ% ʠ ʢʘʣʴʮʠʝʤ ï 

19 ʤʛ%. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʠʪʩʷ: ʙʘʨʠʡ, ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʢʨʝʤʥʠʡ, ʩʪʨʦʥʮʠʡ, 

ʘʣʶʤʠʥʠʡ ʠ ʡʦʜ (0,9 ʤʛ/ʢʛ). ɺ ʧʣʦʜʘʭ ʞʠʤʦʣʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦ 0,3 % 

ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʦ 1,5% ï ʧʝʢʪʠʥʦʚʳʭ.  
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ʕʢʩʪʨʘʢʪ ʞʠʤʦʣʦʩʪʠ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ - 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʤ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ 

[2]. ɺ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪ ʧʣʦʜʳ, ʮʚʝʪʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʝʞʝ ʣʠʩʪʴʷ ʠ ʚʝʪʢʠ ʨʘʩʪʝʥʠʷ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʷʛʦʜʥʳʭ ʠ ʧʣʦʜʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʚ ʧʠʱʝʚʦʡ 

ʠ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʥʘ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, [1]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʘʢʪʦʚ ʠʤʝʶʪ ʤʘʩʩʫ 

ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʢ ʪʦʤʫ ʞʝ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳ [1], ʪʘʢʞʝ ʙʦʣʴʰʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʝʥ, ʧʦʪʦʤʫ ʯʪʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʩʳʨʴʝ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [6]. ʕʪʦ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʩʜʝʨʞʠʚʘʝʪ 

ʧʦʷʚʣʝʥʠʝ ʥʘ ʨʳʥʢʝ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʵʢʩʪʨʘʢʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʞʠʤʦʣʦʩʪʠ.  

ʉʨʦʢ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ʞʠʤʦʣʦʩʪʠ ʤʘʡ - ʠʶʥʴ, ʠ ʚ ʩʠʣʫ ʩʝʟʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʭʨʘʥʝʥʠʷ ʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ. ɸʢʪʫʘʣʝʥ ʩʧʦʩʦʙ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʭʨʘʥʝʥʠʷ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺ [1] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʧʣʦʜʦʚʦ-

ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -18
ʦ
ʉ ʜʘʝʪ ʟʥʘʯʠʤʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʵʢʩʪʨʘʢʪʦʚ: ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʣʴʜʘ ʨʘʟʨʳʚʘʶʪ 

ʪʢʘʥʠ ʧʣʦʜʘ, ʦʙʣʝʛʯʘʷ ʚʳʭʦʜ ʩʦʢʘ.  

ʂʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʘʧʧʘʨʘʪʝ ʩ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʪʘʨʝʣʢʦʡ ʧʦʟʚʦʣʷʝʪ ʚ ʦʜʥʦʡ ʝʜʠʥʠʮʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ (ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ) ʷʛʦʜ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ [1].  

ʈʘʟʤʝʱʝʥʠʝ ʚ ʦʙʲʝʤʝ ʘʧʧʘʨʘʪʘ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʚʠʙʨʠʨʫʶʱʠʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

(ʪʘʨʝʣʢʦʡ), ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ 

ʵʥʝʨʛʦʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʪʚʝʨʜʦʝ ʪʝʣʦ ï ʞʠʜʢʦʩʪʴ. ʇʦʤʠʤʦ ʪʦʛʦ, 

ʠʥʝʨʮʠʦʥʥʳʝ ʫʩʠʣʠʷ, ʚʳʟʚʘʥʥʳʝ ʢʦʣʝʙʘʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʫʩʠʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʢʦʣʝʙʘʥʠʠ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʠʣʠ 

ʘʧʧʘʨʘʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʠʭ 

ʩʦʟʜʘʥʠʝ [4, 5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʠ -18
ʦ
ʉ ʧʣʦʜʦʚ ʞʠʤʦʣʦʩʪʠ ʚ ʘʧʧʘʨʘʪʝ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʪʘʨʝʣʢʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʞʠʤʦʣʦʩʪʴ, 

ʚʳʨʘʱʝʥʥʘʷ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʫʨʦʞʘʷ 2014 ʛ., ʟʘʤʦʨʦʞʝʥʥʘʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -18
ʦ
ʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʘʧʧʘʨʘʪʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ, ʜʠʤʝʪʨʦʤ 0,15 ʤʝʪʨʘ ʩ ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ 0,025 ʤ
3
. ɺ ʨʘʙʦʯʠʡ ʦʙʲʝʤ 

ʧʦʤʝʱʘʣʘʩʴ ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ ʪʘʨʝʣʢʘ ʜʠʘʤʝʪʨʦʤ 0,146 ʤ, ʪʦʣʱʠʥʦʡ 0,0025 ʤ, ʩ 

ʜʦʣʝʡ ʩʚʦʙʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 16,5%, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ 0,0025 

ʤ. ɸʧʧʘʨʘʪ ʠʤʝʝʪ ʧʣʦʩʢʦʝ ʜʥʠʱʝ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʪʦʨʦʛʦ ʜʦ ʪʘʨʝʣʢʠ 

ʩʦʩʪʘʚʣʷʣʦ 0,045 ʤ. ʊʘʨʝʣʢʘ ʨʘʟʤʝʱʝʥʘ ʥʘ ʰʪʦʢʝ, ʦʩʫʱʝʩʪʚʣʷʚʰʝʤ ʚʦʟʚʨʘʪʥʦ-
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ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚʢʣʶʯʝʥ ʚ ʩʝʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʜʠʦʜʥʳʡ ʤʦʩʪ ʠ 

ʃɸʊʈ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʤʝʥʥʳʭ 

ʧʣʘʥʰʘʡʙ ʥʘ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ 

ʘʧʧʘʨʘʪ ʟʘʩʳʧʘʣʠ ʟʘʤʦʨʦʞʝʥʥʫʶ ʧʨʠ -18
ʦ
ʉ ʞʠʤʦʣʦʩʪʴ ʤʘʩʩʦʡ 0,3 ʢʛ, ʟʘʪʝʤ 

ʟʘʣʠʚʘʣʠ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 19Ñ1
ʦ
ʉ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʨʘʙʦʯʠʡ ʦʙʲʝʤ 

ʚʚʦʜʠʣʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʪʘʨʝʣʢʫ, ʚʢʣʶʯʘʣʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʟʘʜʘʥʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʝ ʚʘʣʘ ʩ ʧʦʤʦʱʴʶ ʃɸʊʈʘ.  

ʉʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ (ʛʠʜʨʦʤʦʜʫʣʴ) ʩʦʩʪʘʚʠʣ 1:3. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʠ 

ʧʦʥʠʞʝʥʠʝ ʛʠʜʨʦʤʦʜʫʣʷ ʥʝʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʧʨʠ ʧʦʚʳʰʝʥʠʠ ï ʞʠʜʢʦʩʪʠ ʙʫʜʝʪ 

ʩʣʠʰʢʦʤ ʤʘʣʦ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʠʣʴʥʦʤʫ ʨʘʟʙʨʳʟʛʠʚʘʥʠʶ ʩʠʩʪʝʤʳ, ʘ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʛʠʜʨʦʤʦʜʫʣʷ ʞʠʜʢʦʩʪʠ ʩʪʘʥʝʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʨʦʟʣʠʚʫ ʠʟ ʘʧʧʘʨʘʪʘ. 

ʏʝʨʝʟ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʞʠʜʢʦʡ ʬʘʟʳ, ʚ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʠ: ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʩ ʧʦʤʦʱʴʶ ʨʝʬʨʘʢʪʦʤʝʪʨʘ 

ʀʈʌ - 454ɹ2ʄ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʠʪʘʤʠʥʘ ʉ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʦʚʘʥʠʝʤ 

(ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ). ʏʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʠʟʤʝʨʷʣʠ ʪʘʭʦʤʝʪʨʦʤ ʊʏ-10ʈ, ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ 1. ʀʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ, 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʘʪʪʤʝʪʨʦʤ ɼ5016, ʢʣʘʩʩ 

ʪʦʯʥʦʩʪʠ 0,2. ʀʟʤʝʨʝʥʠʝ ʚʩʝʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʣʠ ʥʝ ʤʝʥʝʝ 

ʯʝʤ ʚ 3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ 0,5%. 

ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ ʠ ʚʠʪʘʤʠʥʘ ʉ, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ n=550 ʜʦ 

750 ʤʠʥ
-1
, ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʪʘʨʝʣʢʠ Do = 2,5; 3; 3,5 ʤʤ. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʘʢʝʪʦʚ MS Exel 2007 ʠ MathCAD. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʣʝʝ.  

ʅʘ ʧʝʨʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʜʙʠʨʘʣʠ ʨʘʮʠʦʥʘʣʴʥʳʡ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʭʦʜʘ ʚʠʪʘʤʠʥʘ ʉ ʠ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʘʨʝʣʢʠ. ʇʦʜʙʦʨ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʘʨʝʣʢʠ, n = 600 ʠ 700 ʤʠʥ
-1
; ʚʝʩʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ (ʚ 

ʜʘʣʴʥʝʡʰʝʤ J), (ʊ/ɾ) = (0,3/1); ʘʤʧʣʠʪʫʜʘ (ʚ ʜʘʣʴʥʝʡʰʝʤ ɸ) = 7 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ï 4.  

ɼʣʷ ʫʯʝʪʘ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ, ʨʝʞʠʤʥʳʭ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʕ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʦʪʥʦʰʝʥʠʝ: 

ʚʳʭʦʜʘ

ʤʘʭ

TN

ʉ
ʕ

Ö
= , 

ʛʜʝ ʕ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ;  
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ʉ ʤʘʭ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, %, ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʤʛ%;  

N ï ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ;  

ʊʚʳʭʦʜʘ ï ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʤʠʥ. 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ n=700 ʤʠʥ
-1
 

 

 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ n=600 ʤʠʥ
-1
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ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ n=700 ʤʠʥ
-1 

 

 
ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ n=600 ʤʠʥ
-1 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ (ʨʠʩ.1 ï 4), ʯʪʦ ʚʣʠʷʥʠʝ ʜʠʘʤʝʪʨʘ 
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ʦʪʚʝʨʩʪʠʡ, ʪʝʤ ʤʝʥʴʰʝ ʚʳʭʦʜ ʚʠʪʘʤʠʥʘ ʉ ʠ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʨʠʥʷʪ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ, ʨʘʚʥʳʡ 2,5 ʤʤ.  

ʅʘ ʚʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʜʙʠʨʘʣʠ ʨʘʮʠʦʥʘʣʴʥʫʶ, ʪʘʢʞʝ ʩ 

ʧʦʟʠʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ 

ʪʘʨʝʣʢʠ. ʇʦʜʙʦʨ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ J = (0,3/1); ɸ = 7ʤʤ; ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ Do = 

2,5ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6. 

 

 
ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 

 

 
ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 5, 6), ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʭʦʜʘ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʚʠʪʘʤʠʥʘ ʉ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʩ ʵʢʩʪʨʝʤʫʤʦʤ ʚ ʪʦʯʢʝ 600 ʤʠʥ
-1
, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʧʨʠʥʷʪʘ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ, ʨʘʚʥʘʷ 600 ʤʠʥ
-1
. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʝ 500 ʤʠʥ
-1
 ʟʘʤʦʨʦʞʝʥʥʦʝ ʷʛʦʜʥʦʝ 

ʩʳʨʴʝ ʢʨʘʡʥʝ ʤʘʣʦ ʜʠʩʧʝʨʛʠʨʦʚʘʣʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʷʛʦʜ ʥʝ ʨʘʟʨʫʰʠʣʘʩʴ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʜʙʠʨʘʣʘʩʴ ʨʘʮʠʦʥʘʣʴʥʘʷ, 

ʪʘʢʞʝ ʩ ʧʦʟʠʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘʤʧʣʠʪʫʜʘ. ʇʦʜʙʦʨ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ n = 600 

ʤʠʥ
-1
; J = (0,3/1); Do = 2,5 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 7 ʠ 8. 

 

 
ʈʠʩ. 7. ɺʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 

 

 
ʈʠʩ. 8. ɺʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ 
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ɸʤʧʣʠʪʫʜʘ, ʤʤ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 7, 8), ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʭʦʜʘ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʚʠʪʘʤʠʥʘ ʉ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩ 

ʵʢʩʪʨʝʤʫʤʦʤ ʚ ʪʦʯʢʝ 4 ʤʤ, ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʨʠʥʷʪʘ ʘʤʧʣʠʪʫʜʘ 4 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʨʠʟʥʘʥ ʨʝʞʠʤ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʠʣʘ n = 600 ʤʠʥ
-1
; ʚʝʩʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʬʘʟ J = (0,3/1); ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ Do = 2,5ʤʤ, ʘʤʧʣʠʪʫʜʘ ɸ = 4ʤʤ. ʇʨʠ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʵʢʩʪʨʘʢʪʘ. 

ʈʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʟ 5 ʤʠʥʫʪ ʧʨʦʮʝʩʩʘ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʉ ʧʦʟʠʮʠʠ ʥʘʠʙʦʣʴʰʝʛʦ 

ʩʦʭʨʘʥʝʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʧʨʦʮʝʩʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʢʦʥʯʠʪʴ ʯʝʨʝʟ 4 ʤʠʥʫʪʳ, ʧʨʠ 

ʥʘʡʜʝʥʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʞʠʤʦʣʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʚʠʪʘʤʠʥʘ ʉ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʞʠʤʦʣʦʩʪʠ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʤʠʥ 
1 2 3 4 5 6 7 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ, % ʤʘʩʩ 
1,0 1,2 1,7 1,8 2,2 2,1 2 

ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ, 

ʤʛ% 
4,82 6,88 12,3 16,4 15,48 13,07 12,04 
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ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʀ ɸʅɸʃʀɿ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ɼʃʗ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ʇʈʆɼʋʂʊʆɺ 

ɼ.ʅ. ʂʘʪʫʩʦʚ, ɸ.ɸ. ʐʘʪʦʚ  

ʌɻɹʆʋ ɺʆ çʉʘʨʘʪʦʚʩʢʠʡ ɻɸʋ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘè 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʚʝʜʝʥʘ ʧʦ ʚʦʩʴʤʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʧʨʦʚʝʜʝʥ ʪʘʢʞʝ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʦʧʠʩʘʥʳ ʠʭ ʦʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ, 

ʠʩʧʦʣʥʝʥʠʝ ʫʩʪʘʥʦʚʦʢ, ʩʧʦʩʦʙʳ ʧʦʜʘʯʠ, ʩʧʦʩʦʙʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʷ, ʠʩʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ. 
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Summary: Classification and the analysis of the equipment for processing of products in an 

electrostatic field is presented in article. Classification is carried out on eight classification signs, 

also the analysis of constructive and technological features, merits and demerits of the equipment of 

each group is carried out. Various units of equipment which are used in various branches of food 

productions are considered, their main working bodies are described. The review of characteristics 

of an electrostatic field is carried out, advantages of its use are described. 
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installations, ways of giving, ways of influence, the characteristic of a field, execution 

of electrodes. 

 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, 

ʧʦʪʦʤʫ ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ, 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ [1-21] .  

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʜʝʣʷʪ ʥʘ ʜʚʝ 

ʢʘʪʝʛʦʨʠʠ (ʨʠʩ. 1): ʧʨʦʤʳʰʣʝʥʥʦʝ ʠ ʙʳʪʦʚʦʝ (ʤʘʣʦʪʦʥʥʘʞʥʦʝ). ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʦʙʣʘʜʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʠʤʝʶʪ ʩʚʦʝʦʙʨʘʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ - ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ 

ʩʪʘʮʠʦʥʘʨʥʳ. ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ [12], ʘ ʪʘʢʞʝ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʢʦʧʯʝʥʠʠ [9-11]. ɹʳʪʦʚʦʝ ʠʣʠ 

ʤʘʣʦʪʦʥʥʘʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ  ʩ ʤʘʣʳʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ, ʚ ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ ʦʥʦ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʧʝʨʝʜ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʝʜʠʥʠʮʘʤʠ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ. 
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ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ  

ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ 
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ʇʦʜʚʠʞʥʦʩʪʴ ʩʳʨʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʡ ʦʪʣʠʯʠʪʝʣʴʥʳʡ 

ʧʨʠʟʥʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, ʩʳʨʴʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʜʚʠʞʥʳʤ, ʪʘʢ ʠ ʥʝʧʦʜʚʠʞʥʳʤ 

(ʩʪʘʮʠʦʥʘʨʥʳʤ). 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʢʦʧʯʝʥʠʠ ʧʝʨʝʧʝʣʠʥʳʭ ʷʠʮ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2) [11], ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜʚʠʞʥʳʝ 

ʨʦʣʠʢʠ 1, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʧʨʠʥʠʤʘʶʱʝʛʦ ʠ ʧʨʦʪʘʣʢʠʚʘʶʱʝʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ, ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʵʣʝʢʪʨʦʜʳ 3, ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʘ 2 ʜʳʤʦʤ, ʚʭʦʜʷʱʠʤ ʠ ʚʳʭʦʜʷʱʠʤ ʯʝʨʝʟ ʢʦʣʣʝʢʪʦʨʳ 4,5 [11]. ʅʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʦʧʯʝʥʠʷ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʠ 

ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ, ʚ ʪʘʢʫʶ ʫʩʪʘʥʦʚʢʫ ʟʘʛʨʫʞʘʝʪʩʷ ʧʨʦʜʫʢʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

 
ʈʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʢʦʧʯʝʥʠʷ ʷʠʮ 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʜʚʠʞʥʦʛʦ ʩʳʨʴʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʥʝʧʦʜʚʠʞʥʦʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʜʫʢʪ ʨʘʚʥʦʤʝʨʥʦ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ [5-9]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʜʘʯʠ ʩʳʨʴʷ: ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ (ʙʝʟ ʧʨʠʥʫʞʜʝʥʠʷ). ʇʨʠʥʫʜʠʪʝʣʴʥʘʷ ʧʦʜʘʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʪʨʘʥʩʧʦʨʪʝʨʦʚ (ʨʠʩ. 2, ʧʦʟʠʮʠʷ 1) ʠ 

ʙʳʚʘʝʪ  ʨʫʯʥʦʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʨʘʥʩʧʦʨʪʝʨʥʦʡ ʧʦʜʘʯʠ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ.  

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʜʘʯʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʙʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ (ʕʃʇ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʚʩʭʦʞʝʩʪʠ (ʨʠʩ. 3). 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 1, 

ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥʘ ʦʙʤʦʪʢʘ 2, 

ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ ʠʩʪʦʯʥʠʢʫ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ 3, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʨʘʟʤʝʱʝʥʳ ʜʚʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʩʠʨʝʥʳ 4, ʥʘ ʢʦʪʦʨʳʝ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 3...4 ʘʪʤ. ʧʦʜʘʝʪʩʷ ʦʟʦʥ ʦʪ ʦʟʦʥʘʪʦʨʘ 6. ɿʝʨʥʦ ʚ ʢʘʪʫʰʢʫ ʚ ʨʝʞʠʤʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʠʟ ʙʫʥʢʝʨʘ 5[12]. 
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ʈʠʩ. 3. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ 

  

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘʧʨʷʤʫʶ ʥʘ ʧʨʦʜʫʢʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ 

ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ, ʦʙʨʘʟʫʷ ʩʠʣʴʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʬʬʫʥʜʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʦʢʨʘʱʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʛʝʥʝʨʘʪʦʨʦʤ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʢʦʨʧʫʩʝ ʫʩʪʘʥʦʚʢʠ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʣʷ ʠʛʨʘʶʪ ʥʝ ʤʝʥʝʝ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ. ʉʶʜʘ ʚʭʦʜʷʪ: ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ 

ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ  ʥʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʝ (5-30 ʠ ʙʦʣʝʝ ʢɺ) ʠ ʥʠʟʢʦʚʦʣʴʪʥʦʝ (1-5 ʢɺ). ʇʨʠ ʚʳʙʦʨʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʝʛʦ 

ʩʪʨʫʢʪʫʨʫ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʣʷ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʠʤʧʫʣʴʩʥʳʡ ʠ 

ʩʪʘʪʠʯʝʩʢʠʡ. ʂ ʠʤʧʫʣʴʩʥʦʤʫ ʦʪʥʦʩʷʪ 2 ʢʘʪʝʛʦʨʠʠ: ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ (10000 ʠ 

ʙʦʣʝʝ ɻʮ) ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ (300-10000ɻʮ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʦʜʫʢʪʦʚ ʠ 

ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʣʷ 

ʥʝʤʘʣʦʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʙʳʚʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ: ʧʣʦʩʢʦʩʪʝʥʥʳʝ ʩʧʣʦʰʥʳʝ ï ʘ, 

ʧʣʦʩʢʦʩʪʝʥʥʳʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ï ʙ, ʠʛʦʣʴʯʘʪʳʝ ï ʚ ʠ ʩʪʝʨʞʥʝʚʳʝ ï ʛ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ  

 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 5 

ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʵʣʝʢʪʨʦʜʦʚ [13]. ʅʘ ʧʝʨʚʦʡ ʩʭʝʤʝ ʧʨʦʜʫʢʪ ʧʦʤʝʱʝʥ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʚʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʧʘʩʩʠʚʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, 

ʥʘ ʪʨʝʪʴʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʦʥʠʟʘʮʠʷ ʜʳʤʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʪʢʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʢʦʣʙʘʩʥʳʭ 

ʠʟʜʝʣʠʡ ï ʪʨʝʪʴʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ ʯʘʩʪʠʮʳ ʜʳʤʘ 

ʠʦʥʠʟʠʨʫʶʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʡ ʩʠʣʝ ʜʠʬʬʫʥʜʠʨʦʚʘʥʠʷ ʜʳʤʘ ʚ 

ʧʨʦʜʫʢʪ.  

 

 
 

ʈʠʩ. 5. ɺʠʜʳ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

 

ɺ ʮʝʣʦʤ ʠʩʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ ʚ ʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʚʦʢʨʫʛ 

ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʘ ʩʝʪʢʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ ʜʳʤʦʚʦʟʜʫʰʥʦʡ 
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ʩʤʝʩʠ, ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʢʦʧʪʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 6). 

ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʤʝʨʫ 1 ʠʟ ʩʪʝʢʣʷʥʥʳʭ ʧʘʥʝʣʝʡ, ʚ ʮʝʥʪʨʝ 

ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥ ʩʪʝʨʞʥʝʚʦʡ 

ʵʣʝʢʪʨʦʜ 2, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʝʪʢʘ 3, ʚʳʧʦʣʥʷʶʱʘʷ 

ʨʦʣʴ ʵʢʨʘʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʣʷ [2-3]. 

ʊʘʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʦʥʠʟʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ, 

ʧʦʧʘʜʘʶʱʠʝ ʚ ʮʝʥʪʨ ʢʘʤʝʨʳ ʦʙʨʘʙʦʪʢʠ, 

ʯʝʨʝʟ ʩʝʪʢʫ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʦʢʨʫʛ 

ʧʨʦʜʫʢʪʘ.  

ʇʦʤʠʤʦ ʭʦʨʦʰʝʡ ʜʠʬʬʫʥʜʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʕʉʇ ʦʙʣʘʜʘʝʪ ʠ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʟʦʬʠʣʴʥʳʭ ʘʵʨʦʙʥʳʭ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ 

ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʛʫʙʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʩʘʥʠʪʘʨʥʦ-

ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʨʦʜʘ 

Enterococcus. [4-5, 8-9]. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʢʦʨʤʦʚʦʡ ʤʫʢʠ ʚ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ɽ=3.6*10
5
-3.9*10

5 
ɺ/ʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

t=15-17Áʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʫʥʠʯʪʦʞʘʶʪʩʷ 

ʚʩʝ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ [6]. 

ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʥʘ ʭʨʘʥʝʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 

ʟʝʨʥʘ [17]. ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ ʩ ʟʘʛʨʫʟʦʯʥʳʤ ʙʫʥʢʝʨʦʤ ʚ ʚʠʜʝ 

ʚʦʨʦʥʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ ʢʘʤʝʨʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ ʩʦ ʰʥʝʢʦʤ, ʠ ʛʝʥʝʨʘʪʦʨ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʰʥʝʢ 

ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʩʪʨʝʞʥʷ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʣʦʧʘʪʢʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʩʪʴ ʰʥʝʢʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʜʣʷ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʟʘ ʩʯʝʪ 

ʧʦʜʘʚʣʝʥʠʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʴʪʫʨʳ. 
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ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

ʉ.ɸ. ʂʠʟʠʣʦʚ 

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʦ ʠ ʠʟʛʦʪʦʚʣʝʥʦ ʪʨʝʭʦʧʦʨʥʦʝ ʰʘʩʩʠ ʨʦʙʦʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʨʦʙʦʪʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʠ ʧʨʠ ʙʦʣʴʰʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʧʣʦʪʴ ʜʦ 70
0
. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʰʘʩʩʠ ʜʣʷ ʨʦʙʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ, ʪʨʝʭʦʧʦʨʥʦʝ ʰʘʩʩʠ, 

ʪʨʫʙʦʧʨʦʚʦʜ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ. 

 

ROBOTIC AGENT FOR INSPECTION PIPELINES  

S.A. Kisilov 

Kuzbass State Technical University named after T.F. Gorbachev 
Designed and manufactured tricycle landing gear for solving robot move the robot in the 

pipeline both horizontal and vertical angles for large deviations of the pipeline up to 700 test rig 

was developed and pro-vedeny tests chassis for the robot using the experimental stand. 

Keywords:The robot vehicle, tricycle landing gear, trou-laying, experimental 

stand. 

 

ʉʝʛʦʜʥʷ ʠʟʥʦʩ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ɾʂʍ ʜʦʩʪʠʛ 65 %. ʂʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʠ 

ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʙʦʪʝ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʟʨʦʩʣʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚ 5 

ʨʘʟ. ɺ ʛʦʜ ʚ ʩʨʝʜʥʝʤ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 200 ʘʚʘʨʠʡ ʥʘ 100 ʢʤ ʩʝʪʝʡ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ 70 ï ʥʘ 100 ʢʤ ʩʝʪʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʟʝʤʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʧʨʦʚʦʜ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʙʝʟ ʚʩʢʨʳʪʠʷ ʛʨʫʥʪʘ, ʟʘʱʠʪʥʳʭ 

ʦʙʦʣʦʯʝʢ ʠ ʪ.ʧ. ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʚʘʨʠʠ ʥʘ 

ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʘʭ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ʆʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚʩʝʭ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʈʌ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 350 ʪʳʩ. ʢʤ.  

ɺ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʳʨʴʷ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ 

ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʝʘʛʝʥʪʦʚ, ʪʦʧʣʠʚʘ, ʧʘʨʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʘʥʥʳʭ. ʆʪ ʢʘʯʝʩʪʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʪʨʫʙ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʎʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ï 

ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʚʠʟʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʚʥʝʰʥʠʡ 

ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʦʫʪʙʫʢ ʣʠʙʦ ʜʨʫʛʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ. 
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ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʥʘʤʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ 

ʚʥʫʪʨʝʥʥʠʡ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʙʝʟ ʚʩʢʨʳʪʠʷ ʛʨʫʥʪʘ ʣʠʙʦ ʩʥʷʪʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʫ ʥʠʭ ʝʩʪʴ ʮʝʣʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

1. ʋʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. ɺʩʝ ʘʥʘʣʦʛʠ ʠʤʝʶʪ ʥʝʨʘʟʙʦʨʥʳʡ ʢʦʨʧʫʩ 

(ʥʝʚʦʟʤʦʞʥʦ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʜʝʣʠʪʴ ʙʣʦʢ ʨʦʙʦʪʘ ʦʪ ʰʘʩʩʠ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʰʘʩʩʠ ʨʦʙʦʪʳ ʠʤʝʶʪ ʞʝʩʪʢʫʶ 

ʧʨʠʚʷʟʢʫ ʢ ʜʠʘʤʝʪʨʫ ʪʨʫʙʳ, ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʢʘʤʝʨʳ ʥʘ ʜʨʫʛʦʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

2. ʀʟ-ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʰʘʩʩʠ ʦʥʠ ʥʝ ʤʦʛʫʪ 
ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʦʣʝʝ 35

ʦ
.  

3. ʋʜʘʣʸʥʥʦʩʪʴ ʩʝʨʚʠʩʥʦʛʦ ʮʝʥʪʨʘ ʠ ʩʣʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ (ʟʘʢʘʟʯʠʢʫ ʧʨʠ 
ʚr ʷʚʣʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʠʜʸʪʩʷ ʦʪʧʨʘʚʣʷʪʴ ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʣʠʙʦ 

ʦʞʠʜʘʪʴ ʩʝʨʚʠʩʥʦʛʦ ʠʥʞʝʥʝʨʘ, ʯʪʦ ʚʳʟʦʚʝʪ ʧʨʦʩʪʦʡ ʢʦʤʧʣʝʢʩʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʙʳʪʢʠ ʠʟ-ʟʘ ʧʨʦʩʪʦʷ ʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʥʘʤʠ ʢʦʤʧʣʝʢʩ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʪʨʝʭʦʧʦʨʥʦʛʦ ʰʘʩʩʠ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʳʣʝʪʦʤ ʦʧʦʨ ʰʘʩʩʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʜʠʘʤʝʪʨʦʤ 150-300 ʤʤ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘʤʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʳʪʘʥʠʷ ʰʘʩʩʠ ʨʦʙʦʪʘ. 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʧʨʦʩʪʘʚʦʢ ʥʘ ʰʘʩʩʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

600 ʤʤ. ɽʱʸ ʦʜʠʥ ʧʣʶʩ ʜʘʥʥʦʛʦ ʚʠʜʘ ʰʘʩʩʠ - ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʜʚʠʛʘʪʴʩʷ 

ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦ 70
ʦ
. 

ʐʘʩʩʠ ʨʦʙʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʩʦʝʜʠʥʝʥʦ ʦʪ ʢʦʨʧʫʩʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʩʦʝʜʠʥʝʥʦ ʩ ʜʨʫʛʠʤ ʥʘʙʦʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʣʠʙʦ ʚʟʘʤʝʥ ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʪʨʦʷ, 

ʯʪʦ ʪʘʢʞʝ ʦʙʣʝʛʯʘʝʪ ʨʝʤʦʥʪ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʤʦʥʪ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʸʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʩ ʚʳʝʟʜʦʤ ʢ 

ʧʦʪʨʝʙʠʪʝʣʶ, ʘ ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʈʦʩʩʠʠ, ʪʦ 

ʩʨʦʢʠ ʨʝʤʦʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʰʘʩʩʠ, ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ 0
 
ʜʦ 70

0
 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʩʘʤʠ ʰʘʩʩʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ. 

ɼʣʷ ʵʪʦʛʦ ʥʘ ʢʦʨʧʫʩʝ ʰʘʩʩʠ ʜʣʷ ʨʦʙʦʪʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʠ ʦʧʦʨʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʫʛʣʦʤ 120
0 
ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʠʟ ʪʨʝʭ ʦʧʦʨ 

ʩʥʘʙʞʝʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʣʝʩʦʤ, ʩʝʨʚʦʧʨʠʚʦʜ ʜʣʷ 

ʧʦʜʲʝʤʘ ʦʧʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʢʘʞʜʫʶ ʠʟ ʦʧʦʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ, ʩ ʦʜʥʠʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʙʦʪʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 150 ʜʦ 220 ʤʤ, ʩ ʜʚʫʤʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ 190-260 ʤʤ, ʩ ʪʨʝʤʷ 220-

300 ʤʤ [1]. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ 

ʨʘʙʦʪʳ, ʩʥʠʤʘʝʪʩʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʙʣʦʢ ʩʝʨʚʦʧʨʠʚʦʜʘ ʙʝʟ ʜʚʠʛʘʪʝʣʷ, 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʩʪʘʮʠʦʥʘʨʥʦ ʚ ʢʦʨʧʫʩʝ ʨʦʙʦʪʘ, ʩʝʨʚʦʧʨʠʚʦʜ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʢ ʜʚʠʛʘʪʝʣʶ ʧʦʩʨʝʜʩʪʚʦʤ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ.  



151 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʙʠʨʘʣʘʩʴ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʰʘʩʩʠ ʨʦʙʦʪʘ, ʪʘʢ ʢʘʢ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʫ ʰʘʩʩʠ ʨʦʙʦʪʘ ʚʩʝʛʦ ʯʝʪʳʨʝ: 

1. ɺʧʝʨʝʜ ʩ ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ï ʜʣʷ ʢʦʣʝʩʥʦʛʦ ʧʨʠʚʦʜʘ. 

2. ʅʘʟʘʜ ʩ ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ï ʜʣʷ ʢʦʣʝʩʥʦʛʦ ʧʨʠʚʦʜʘ. 

3. ʈʘʩʧʝʨʝʪʴ ï ʜʣʷ ʩʝʨʚʦʧʨʠʚʦʜʘ. 

4. ʉʣʦʞʠʪʴʩʷ ï ʜʣʷ ʩʝʨʚʦʧʨʠʚʦʜʘ. 

ʇʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʦʨʪʫ ʰʘʩʩʠ ʨʦʙʦʪʘ 

ʘʥʘʣʦʛʦʚʦʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʢʦʪʦʨʳʡ ʫʩʣʦʞʥʠʣ ʙʳ 

ʰʘʩʩʠ, ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʣʩʷ ʙʳ ʥʘ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʇʠʪʘʥʠʝ ʢ ʢʘʞʜʦʤʫ ʜʚʠʛʘʪʝʣʶ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʤʫʶ ʦʪ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦ ʩʠʛʥʘʣʴʥʦʤʫ ʧʨʦʚʦʜʫ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʦʙʦʪʘ ʫʯʠʪʳʚʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʙʦʪʘ ʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʧʨʠ 

ʨʝʤʦʥʪʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʨʦʙʦʪʘ, ʝʩʣʠ ʤʝʩʪʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʫʜʘʣʝʥʠʠ ʦʪ ʤʝʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʦʙʦʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. ʊʦ ʝʩʪʴ 

ʨʦʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʜʝʣʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʝʛʦ ʧʦʣʦʤʢʠ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʤʦʞʥʦ ʙʳʣʦ ʥʘʡʪʠ ʚ ʤʘʛʘʟʠʥʝ ʵʣʝʢʪʨʦʥʠʢʠ ʠʣʠ ʠʟʛʦʪʦʚʠʪʴ ʥʘ 

ʧʨʦʩʪʝʡʰʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʰʘʩʩʠ ʨʦʙʦʪʘ 

ʩʪʘʣʠ ʣʠʩʪʦʚʦʡ ʧʦʣʠʩʪʠʨʦʣ ʠ ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʧʨʦʧʠʪʘʥʥʦʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʧʨʠʚʦʜʦʚ ʰʘʩʩʠ ʠʩʧʦʣʴʟʦʚʘʥʦ 3 ʜʚʠʛʘʪʝʣʷ 

ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Syma ʤʦʜʝʣʴ S022, ʧʦʜʦʙʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʦʜʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʦʡ ʪʝʭʥʠʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʠʪʘʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʤʠ. ɸʢʪʫʘʪʦʨʳ ʠ ʜʚʠʛʘʪʝʣʴ 

ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʥʘʙʦʨʦʚ Lego technics, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʪʘʢʞʝ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʤʠ. ɽʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ LEGO ï ʵʪʦ ʠʭ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʜʝʨʞʠʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʤʘʣʦʡ ʤʘʩʩʝ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʌʘʢʪʠʯʝʩʢʠ ʠʟʛʦʪʦʚʠʪʴ ʘʢʪʫʘʪʦʨ ʧʦ ʢʘʯʝʩʪʚʫ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʘʚʥʳʡ ʧʦ ʤʘʩʩʝ 

ʧʨʠʤʝʥʝʥʥʦʤʫ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʜʦʨʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʩʪʠʢʦʚ. 

ʂʘʞʜʘʷ ʠʟ ʪʨʝʭ ʦʧʦʨ ʰʘʩʩʠ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʭʦʜʥʳʤ ʰʘʩʩʠ, ʚʥʫʪʨʠ 

ʢʘʞʜʦʛʦ ʠʟ ʧʨʠʚʦʜʦʚ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʙʣʦʢʝ ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʢʦʣʝʩʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʞʜʦʡ ʦʧʦʨʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʝ 

ʚʝʜʫʱʠʝ ʦʩʠ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʦʜʥʘ ʦʩʴ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʢʦʣʝʩʦʤ. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʦʜʘ ʰʘʩʩʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ʈʦʙʦʪ ʦʩʥʘʱʘʝʪʩʷ ʪʨʝʤʷ ʧʦʜʲʝʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʘʞʜʫʶ 

ʠʟ ʦʧʦʨ, ʧʨʠ ʵʪʦʤ ʜʚʘ ʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʘ ʠʟ ʪʨʝʭ ʷʚʣʷʶʪʩʷ ʩʲʝʤʥʳʤʠ, ʜʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʙʦʪ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʂʘʞʜʳʡ 

ʧʦʜʲʝʤʥʠʢ ʚʳʧʦʣʥʝʥ ʧʦ ʪʠʧʫ ʥʦʞʥʠʮʝʚʦʛʦ ʧʦʜʲʝʤʥʠʢʘ ʩ ʦʜʥʠʤ ʘʢʪʫʘʪʦʨʦʤ 

(ʩʝʨʚʦʧʨʠʚʦʜʦʤ), ʚʩʝ ʪʨʠ ʧʦʜʲʝʤʥʠʢʘ ʨʘʙʦʪʘʶʪ ʦʪ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʙʦʢʩʝ ʚʥʫʪʨʠ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ ʨʦʙʦʪʘ ʠ 

ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʩ ʥʝʩʲʝʤʥʳʤ ʧʦʜʲʝʤʥʠʢʦʤ.  

ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʜʲʝʤʥʠʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʦʜʘ ʰʘʩʩʠ: 

1 ï ʢʦʨʧʫʩ, 2 ï ʢʦʣʝʩʦ, 3 ï ʜʚʠʛʘʪʝʣʴ, 4 ï ʚʝʜʦʤʘʷ ʰʝʩʪʝʨʥʷ, 5 ï ʦʩʴ ʢʦʣʝʩʘ,  

6 ï ʚʝʜʫʱʘʷ ʰʝʩʪʝʨʥʷ, 7 ï ʚʘʣ ʜʚʠʛʘʪʝʣʷ, 8 ï ʦʧʦʨʘ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ,  

9 ï ʩʢʦʙʘ ʢʨʝʧʣʝʥʠʷ ʧʨʠʚʦʜʘ ʢ ʰʘʩʩʠ 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʦʙʦʪʘ: 

1 ï ʢʦʨʧʫʩ ʧʨʠʚʦʜʘ, 2 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʢʦʨʧʫʩʝ,  

3 - ʘʢʪʫʘʪʦʨ, 4 ï ʙʦʣʴʰʘʷ ʧʦʜʲʝʤʥʘʷ ʦʧʦʨʘ, 5 ï ʤʘʣʘʷ ʧʦʜʲʝʤʥʘʷ ʦʧʦʨʘ,  

6 ï ʚʘʣ ʧʨʠʚʦʜʘ ʘʢʪʫʘʪʦʨʘ, 7 ï ʚʘʣ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 8 ï ʚʝʜʫʱʘʷ ʰʝʩʪʝʨʥʷ,  

9 ï ʚʝʜʦʤʘʷ ʰʝʩʪʝʨʥʷ, 10 ï ʚʳʜʚʠʞʥʘʷ ʯʘʩʪʴ ʘʢʪʫʘʪʦʨʘ 

 

ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʙʦʢʩ ʜʣʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ 

ʣʠʩʪʦʚʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʘʣʴʥʠʢ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʦʣʦʩʪʴ, ʥʘʧʦʣʥʝʥʥʫʶ ʛʫʩʪʦʡ ʩʤʘʟʢʦʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʎʀɸʊʀʄ 221, ʧʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʫʜʦʤʦʜʝʣʠʟʤʝ ʠ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʩʝʙʷ ʚʧʦʣʥʝ ʥʘʜʝʞʥʳʤ, ʪʨʝʙʫʶʱʠʤ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ 

ʧʦ ʦʙʣʫʞʠʚʘʥʠʶ. ʉʭʝʤʘ ʩʘʣʴʥʠʢʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3. ʋʩʪʨʦʡʩʪʚʦ ʩʘʣʴʥʠʢʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʜʚʠʛʘʪʝʣʷ: 1 ï ʦʩʥʦʚʥʦʡ ʢʦʨʧʫʩ;  

2 ï ʚʪʫʣʢʘ; 3 ï ʧʦʣʦʩʪʴ, ʥʘʧʦʣʥʝʥʥʘʷ ʩʤʘʟʢʦʡ; 4 ï ʢʨʳʰʢʘ ʩʘʣʴʥʠʢʘ;  

5 ï ʚʘʣ ʜʚʠʛʘʪʝʣʷ 
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ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʰʘʩʩʠ ʨʦʙʦʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʩʤʦʥʪʠʨʦʚʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ. 

ʉʪʝʥʜ ʙʳʣ ʩʦʙʨʘʥ ʠʟ ʬʘʥʦʚʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʪʨʫʙʳ ʜʣʠʥʦʡ 2 ʤ ʠ 

ʜʠʘʤʝʪʨʦʤ 200 ʤʤ, ʠ ʜʝʨʝʚʷʥʥʦʛʦ ʫʧʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʝʥʷʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʪʨʫʙʳ. ʉʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʰʘʩʩʠ ʢʘʢ ʩ ʦʜʥʠʤ ʧʦʜʲʝʤʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ, ʪʘʢ ʠ ʩ ʧʦʣʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʧʦʜʲʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʭʦʪʷ ʠ 

ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʦ, ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʦʪ 0 ʜʦ 85
0
, 

ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʠʨʘ. 

ʉʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʦʙʦʪʘ, ʢʨʦʤʝ 

ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʀʩʧʳʪʘʥʠʷ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʰʘʩʩʠ ʨʦʙʦʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʩʪʝʥʜʝ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ 

ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʰʘʩʩʠ ʨʦʙʦʪʘ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʮʝʧʥʳʭ ʢʘʯʝʩʪʚ ʚʳʙʨʘʥʥʦʛʦ 

ʪʠʧʘ ʢʦʣʝʩ, ʘ ʪʘʢʞʝ ʦʙʱʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʠ ʩʮʝʧʥʳʝ ʢʘʯʝʩʪʚʘ ʢʦʣʝʩ ʩʪʝʥʜ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʦʪ 30 ʜʦ 70
0
 ʛʨʘʜʫʩʦʚ.  

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʰʘʩʩʠ 

ʜʚʠʛʘʪʝʣʝʡ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʰʘʩʩʠ 

ʨʦʙʦʪʘ ʫʚʝʨʝʥʥʦ ʧʨʝʦʜʦʣʝʚʘʣʦ ʪʦʣʴʢʦ ʧʦʜʲʝʤ ʚ 45
0
, ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʧʦʜʲʝʤʘ, ʢʦʪʦʨʳʡ ʧʨʝʦʜʦʣʝʣʦ ʰʘʩʩʠ, ʙʳʣ 48
0
, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʢʦʣʝʩ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʜʘ 

ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʩʪʘʣʦ ʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʤʦʜʝʣʴ 

ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʘ ʰʘʩʩʠ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʨʝʜʫʢʪʦʨʘ, ʧʝʨʝʜʘʶʱʝʛʦ ʚʨʘʱʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʩ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʢʦʣʝʩʘ ʰʘʩʩʠ. 

ɺ ʮʝʣʦʤ ʞʝ ʠʩʧʳʪʘʥʠʷ ʧʝʨʚʦʛʦ ʧʨʦʪʦʪʠʧʘ ʨʦʙʦʪʘ ʧʦʢʘʟʘʣʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʳ ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʦʙʱʝʡ 

ʢʦʥʮʝʧʮʠʠ ʨʦʙʦʪʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʜʦʨʘʙʦʪʢʘ ʰʘʩʩʠ ʨʦʙʦʪʘ ʩ ʫʯʝʪʦʤ 

ʟʘʤʝʯʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ, ʠ ʚʝʜʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʫʩʪʘʥʦʚʢʝ ʥʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʰʘʩʩʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʛʝʨʤʝʪʠʯʥʳʡ ʦʪʩʝʢ ʜʣʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʙʠʨʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʥʠʟʠʪ ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʦʚʳʩʠʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ ʤʝʩʪ ʫʪʝʯʝʢ. 
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ʆ ɼʆʉʊʆʀʅʉʊɺɸʍ ʀ ʅɽɼʆʉʊɸʊʂɸʍ ʀʅɼʋʂʎʀʆʅʅʓʍ 

ʀʅɼʋʂʊʆʈʅʓʍ ʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʊʀɻɽʃʔʅʓʍ ʇɽʏɽʁ 
ɻ.ɽ. ʃʝʚʰʠʥ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʟʚʝʩʪʥʳʭ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʪʠʛʝʣʴʥʳʭ ʠʥʜʫʢʪʦʨʥʳʭ ʧʝʯʝʡ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʠ ʥʦʚʳʭ 
(ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ 2013 ʛ.) ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʝʯʝʡ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 
ʧʦʪʦʢʦʤ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 
ʧʣʘʚʢʠ ʠ ʩʘʤʠʭ ʧʝʯʝʡ. ɺʳʷʚʣʝʥʳ ʦʙʱʠʝ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʯʝʡ 
ʦʙʦʠʭ ʚʠʜʦʚ ʨʘʩʰʠʨʠʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʠʥʜʫʢʮʠʦʥʥʘʷ ʪʠʛʝʣʴʥʘʷ ʧʣʘʚʢʘ, ʠʥʜʫʢʪʦʨʥʳʝ ʧʝʯʠ ʩ 
ʚʝʨʪʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʝʯʠ ʩ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ. 

 
ABOUT THE ADVANTAGES AND DISADVANTAGES OF INDUCTOR 

AND ELECTROMAGNETIC INDUCTION CRUCIBLE FURNARES  
G.E. LEVSHIN 

Altai state technical university 
Abstract. The advantages and disadvantages of the known inductor induction crucible 

furnaces with a vertical electromagnetic flux and new (proposed in 2013) electromagnetic ovens 

with horizontal electromagnetic flux. A comparison of the key design and operating parameters of 

the smelting process and furnaces. Identified common and distinctive features. The use of furnaces 

of both species will broaden the scope of induction melting.  

Key words: induction crucible melting, induction furnace with vertical 
electromagnetic flux, electromagnetic ovens with horizontal electromagnetic flux. 

 
ɺ ʣʠʪʝʡʥʳʭ ʮʝʭʘʭ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʘʷ ʪʠʛʝʣʴʥʘʷ ʧʣʘʚʢʘ ʚ 

ʠʥʜʫʢʪʦʨʥʳʭ ʧʝʯʘʭ (ʀʇ) ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʯʘʩʪʦʪʦʡ 
fÓ50 ɻʮ, ʚ ʪ. ʯ. ʦʩʥʘʱʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʤʠ (ʜʦ 11 ï 12 ʰʪ.), 
ʨʘʟʤʝʱʝʥʥʳʤʠ ʩʥʘʨʫʞʠ ʠʥʜʫʢʪʦʨʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ ʠ 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʨʘʩʩʝʷʥʠʷ [1 ï 
6] (ʨʠʩ. 1). ɺ 2013 ʛ. ʧʨʝʜʣʦʞʝʥʳ ʧʝʯʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʰʠʭʪʫ ʠ ʨʘʩʧʣʘʚ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 
ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʠʟʦʛʥʫʪʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ-ʢʦʨʧʫʩʦʤ U-, O- ʠʣʠ ʉ-ʦʙʨʘʟʥʦʡ 
ʬʦʨʤʳ [7 ï 10] (ʨʠʩ. 2). ʇʦʵʪʦʤʫ ʦʥʠ ʥʘʟʚʘʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ (ʕʄ-ʧʝʯʠ).  

ʎʝʣʴ ʩʪʘʪʴʠ ï ʚʳʷʚʣʝʥʠʝ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ 
ʠʥʜʫʢʪʦʨʥʳʭ ʠ ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʝʯʝʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʦʙʱʠʭ ʠ 
ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʢʘʞʜʦʤ ʢʫʩʢʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʰʠʭʪʳ ʠ ʚʥʫʪʨʠ 
ʨʘʩʧʣʘʚʘ ʜʠʘʤʝʪʨʦʤ d ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ɛi, ʵʣʝʢʪʨʦʩʦʧʨʦ- 
ʪʠʚʣʝʥʠʝʤ R  h ʠ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ɟ ʚʳʜʝʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 
ʚʨʝʤʝʥʠ t ʪʝʧʣʦ Q. ʆʥʦ ʩʦʟʜʘʝʪʩʷ ʚʠʭʨʝʚʳʤ ʟʘʤʢʥʫʪʳʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ 
ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʦʢʦʤ Iʚ, ʢʦʪʦʨʳʡ ʠʥʜʫʮʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʝʨʝʤʝʥʥʳʤ ʚʠʭʨʝʚʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʯʘʩʪʦʪʦʡ f ʠ ʕɼʉ Uʚ. ʕʪʦ ʧʦʣʝ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʥʜʫʮʠʨʫʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ 
ʨʘʙʦʯʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʌʨʘʙ ʩ ʠʥʜʫʢʮʠʝʡ Be (ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʅʝ) ʠ 
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ʧʣʦʱʘʜʴʶ S. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ ʩʦʟʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 
ʪʦʢʦʤ Iʠ ʚ ʚʠʪʢʘʭ w ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʚʳʩʦʪʦʡ h ʠ ʜʠʘʤʝʪʨʦʤ Dʠʥʜ, 
ʚʦʟʙʫʞʜʝʥʥʳʤ ʕɼʉ Uʠ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ 
ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʦʪ ʕɼʉ ʠʩʪʦʯʥʠʢʘ Ÿ ʤʘʛʥʠʪʥʘʷ (ʧʦ 
ʟʘʢʦʥʫ ʧʦʣʥʦʛʦ ʪʦʢʘ) Ÿ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʠʭʨʝʚʦʛʦ ʪʦʢʘ (ʧʦ ʟʘʢʦʥʫ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ) Ÿ ʪʝʧʣʦʚʘʷ (ʧʦ ʟʘʢʦʥʫ ɼʞʦʫʣʷ-ʃʝʥʮʘ) [1 ï 6]. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠʥʜʫʢʪʦʨʥʦʡ ʧʝʯʠ 

 
ɺ ʩʘʜʢʝ ʚʳʜʝʣʷʝʪʩʷ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʤʦʱʥʦʩʪʴ [2, 3] 

ʈʠʥʜ =2Ĭ10
-6
 ʅʝ

2
m(f ɛi ɟ)

0,5 
[ʢɺʪ/ʩʤ

2
], 

ʛʜʝ m ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʘ d ʢ ʛʣʫʙʠʥʝ ȹ 
ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʘʜʢʫ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ d/ȹ ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 
3,5 ʜʦ 20 m ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0,75 ʜʦ 0,9 [2]. ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 
ʥʘ ʚʝʣʠʯʠʥʫ ʈʠʥʜ ʦʢʘʟʳʚʘʝʪ ʠʥʜʫʢʮʠʷ Be (ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʅʝ), ʘ ʥʝ ʯʘʩʪʦʪʘ f. 

 
 

 
ʈʠʩ. 2. ʉʭʝʤʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʝʯʝʡ: ʕʄU, ʕʄʉ ʠ ʕʄʆ [1, 7 ï 10]:  

1 ï ʤʘʛʥʠʪʦʧʨʦʚʦʜ; 2 ï ʪʠʛʝʣʴ; 3 ï ʚʘʥʥʘ ʪʠʛʣʷ; 4 ï ʠʥʜʫʢʪʦʨ;  
5 ï ʦʩʥʦʚʘʥʠʝ; 6 ï ʟʘʱʠʪʥʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʞʫʭ ʜʣʷ ʭʣʘʜʘʛʝʥʪʘ;  

7 ï ʮʘʧʬʳ ʪʠʛʣʷ 
 
ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʞʝ ʧʦʪʦʢ ʩʦʟʜʘʝʪʩʷ ʪʘʢ ʞʝ, ʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʠʥʜʫʢʪʦʨʦʤ, ʚʠʪʢʠ ʢʦʪʦʨʦʛʦ ʦʭʚʘʪʳʚʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʝʨʜʝʯʥʠʢ ʠʟʦʛʥʫʪʦʛʦ 
ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ-ʢʦʨʧʫʩʘ. ʆʥ ʩʥʘʯʘʣʘ ʥʘʤʘʛʥʠʯʠʚʘʝʪ ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʜʦ ʤʘʛʥʠʪ- 
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ʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ɛi Ó10, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʧʦʪʦʢ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʥʜʫʢʮʠʠ 
Beʛ ʚ 10 ʠ ʙʦʣʝʝ ʨʘʟ. ɿʘʪʝʤ ʫʩʠʣʝʥʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ 
ʪʠʛʣʶ ʠ ʥʘʛʨʝʚʘʝʪ ʰʠʭʪʫ ʠ ʨʘʩʧʣʘʚ ʘʥʘʣʦʛʠʯʥʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʪʦʢʫ [7 ï 10]. 
ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʥʜʫʢʪʦʨʘ ʠʥʜʫʢʮʠʷ ʚ ʕʄ-ʧʝʯʘʭ ʙʦʣʴʰʝ, ʟʥʘʯʠʪ, 
ʠ ʥʘʛʨʝʚ ʩʘʜʢʠ ʵʬʬʝʢʪʠʚʥʝʝ. ɼʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ 
ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ: Q=Iʚ

2
Rt; Iʚ=Uʚ/R ;h Uʚ=4,44ʌʨʘʙ f =4,44BeSf, Be=ɛo Iʠ w/h, 

Beʛ= ɛi Be. [1 ï 10]. 
ʆʙʘ ʚʠʜʘ ʧʝʯʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠʥʜʫʢʮʠʦʥʥʦʡ 

ʧʣʘʚʢʠ: 1) ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦ ʚʩʝʤ 
ʦʙʲʝʤʝ ʰʠʭʪʳ ʠ ʨʘʩʧʣʘʚʘ, ʘ ʥʝ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ; 2) ʚʳʩʦʢʘʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ; 3) 
ʥʘʠʤʝʥʴʰʠʡ ʫʛʘʨ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʝʛʦ ʥʘʛʨʝʚʘ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ, ʯʪʦ ʦʩʦʙʝʥʥʦ 
ʚʘʞʥʦ ʧʨʠ ʧʣʘʚʢʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ ʜʦʨʦʛʠʤʠ ʠ ʨʝʜʢʠʤʠ 
ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ; 4) ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʯʠʩʪʦʛʦ ʩʧʣʘʚʘ ʠʟ-ʟʘ ʤʘʣʦʛʦ 
ʯʠʩʣʘ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ; 5) ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ 
ʧʨʦʩʪʦʝ ʠ ʰʠʨʦʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ; 6) ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ 
ʧʝʯʠ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʦʙʣʝʛʯʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʢʠ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʚ 
ʩʧʝʮʠʘʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ; 7) ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʠʝ ʠ ʛʠʛʠʝʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
ʪʨʫʜʘ; 8) ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʦʧʦʨʦʞʥʝʥʠʷ ʪʠʛʣʷ ʩ 
ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʚʘʣʢʦʡ ʪʚʝʨʜʦʡ ʰʠʭʪʳ; 9) ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʝʨʝʭʦʜʘ ʩ 
ʚʳʧʣʘʚʢʠ ʩʧʣʘʚʘ ʦʜʥʦʡ ʤʘʨʢʠ ʥʘ ʜʨʫʛʫʶ; 10) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʰʠʭʪʝ ʜʦ 100 % ʥʠʟʢʦʩʦʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʨʫʞʢʠ, ʦʪʭʦʜʦʚ, ʧʠʚʥʳʭ ʙʘʥʦʢ); 
11) ʤʘʣʘʷ ʤʘʩʩʘ ʬʫʪʝʨʦʚʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʡ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 
ʘʢʢʫʤʫʣʷʮʠʶ ʪʝʧʣʘ ʚ ʬʫʪʝʨʦʚʢʝ, ʩʥʠʞʘʝʪ ʪʝʧʣʦʚʫʶ ʠʥʝʨʮʠʶ ʧʝʯʠ ʠ ʩʦʟʜʘʝʪ 
ʫʜʦʙʩʪʚʦ ʜʣʷ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ (ʩ ʧʝʨʝʨʳʚʘʤʠ ʤʝʞʜʫ ʧʣʘʚʢʘʤʠ ʚ 
ʣʠʪʝʡʥʦʤ ʮʝʭʝ); 12) ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʪʘʥʠʷ ʧʝʯʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ 
ʙʝʟ ʜʦʨʦʛʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʠʤʝʶʱʠʭ ʂʇɼ ʤʝʥʝʝ 0,97 ʠ 
ʧʦʪʨʝʙʣʷʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ [1 ï 10].  

ʆʙʘ ʚʠʜʘ ʧʝʯʝʡ ʠʤʝʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ [1 ï 10].  
1. ʇʦʩʢʦʣʴʢʫ ʰʣʘʢ ʥʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʝʥ, ʦʥ ʥʘʛʨʝʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʪ ʨʘʩʧʣʘʚʘ 

ʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʤʝʞʜʫ 
ʤʝʪʘʣʣʦʤ ʠ ʰʣʘʢʦʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩʳ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʚ ʧʝʯʘʭ ʦʙʦʠʭ 
ʚʠʜʦʚ [1 ï 10]. 

2. ɼʣʷ ʧʦʚʳʰʝʥʠʷ cosű ʠ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʀʇ ʠ 
ʕʄ-ʧʝʯʘʭ ʥʝʦʙʭʦʜʠʤʳ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 
(ʦʙʳʯʥʦ ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ). ʉ ʧʦʥʠʞʝʥʠʝʤ ʯʘʩʪʦʪʳ f ʝʤʢʦʩʪʴ, ʛʘʙʘʨʠʪʳ 
ʠ ʩʪʦʠʤʦʩʪʴ ʙʘʪʘʨʝʠ ʚʦʟʨʘʩʪʘʶʪ. ʇʨʠ ʯʘʩʪʦʪʝ f=50 ɻʮ ʩʪʦʠʤʦʩʪʴ ʙʘʪʘʨʝʠ 
ʩʦʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ [2, 3]. 

3. ʇʦʥʠʞʝʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʪʦʥʢʦʡ ʬʫʪʝʨʦʚʢʠ ʪʠʛʣʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʜʫʛʦʚʳʤʠ ʠ ʪʦʧʣʠʚʥʳʤʠ ʧʝʯʘʤʠ) ʧʨʠ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ 
ʥʝʙʦʣʴʰʦʡ ʪʝʧʣʦʚʦʡ ʝʝ ʠʥʝʨʮʠʠ, ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ ʠʥʜʫʢʪʦʨʘ ʠ 
ʨʘʟʤʳʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʯʝʨʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʷʭ ʚ ʀʇ [2, 3].  

ɺ ʕʄ-ʧʝʯʘʭ ʬʫʪʝʨʦʚʢʘ ʪʠʛʣʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʪʦʣʱʝ, ʘ ʚʠʙʨʘʮʠʷ ʠ 
ʨʘʟʤʳʚʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ. 
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4. ʆʜʥʦʬʘʟʥʳʡ ʠʥʜʫʢʪʦʨ ʀʇ ʚʳʩʦʪʦʡ h, ʙʣʠʟʢʦʡ ʢ ʜʠʘʤʝʪʨʫ Dʠʥʜ, ʩʦʟʜʘʝʪ 
ʦʙʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʨʘʚʥʳʝ 
ʯʘʩʪʠ: ʨʘʙʦʯʠʡ ʌʨʘʙ, ʜʝʡʩʪʚʫʶʱʠʡ ʚ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ ʠʥʜʫʢʪʦʨʘ, ʠ ʨʘʩʩʝʷʥʠʷ 
ʌʨʘʩ., ʥʘʭʦʜʷʱʠʡʩʷ ʚʥʝ ʵʪʦʡ ʧʦʣʦʩʪʠ (ʨʠʩ. 1) [1 ï 6]. ʇʦʩʣʝʜʥʠʡ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 
ʥʘʛʨʝʚʝ ʰʠʭʪʳ ʠ ʨʘʩʧʣʘʚʘ, ʥʦ ʥʘʛʨʝʚʘʝʪ ʦʢʨʫʞʘʶʱʠʝ ʠʥʜʫʢʪʦʨ ʚʝʨʪʠʢʘʣʴʥʳʝ 
ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʠ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʯʠ. ɺʝʣʠʯʠʥʘ ʝʛʦ 
ʠʥʜʫʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʫ 
ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʜʫʢʪʦʨʘ, ʘ ʠʤʝʥʥʦ: ʫ ʪʦʨʮʦʚ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, 
ʯʝʤ ʩ ʙʦʢʦʚ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʥʜʫʢʪʦʨʘ ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʩʥʠʞʘʝʪʩʷ, 
ʧʨʠʯʝʤ ʚ ʘʢʩʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʥʝʝ ʟʘʤʝʪʥʦ, ʯʝʤ ʚ ʨʘʜʠʘʣʴʥʦʤ (ʨʠʩ. 1). 

ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʯʝʛʦ ʧʦʪʦʢʘ ʌʨʘʙ ʩ ʥʘʠʙʦʣʴʰʠʤ 
ʟʥʘʯʝʥʠʝʤ ʠʥʜʫʢʮʠʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʝʟʥʦʛʦ ʥʘʛʨʝʚʘ, ʪ. ʢ. ʧʨʦʭʦʜʠʪ 
ʚʜʦʣʴ ʥʝʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ ʩʪʝʥʦʢ ʪʠʛʣʷ ʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʪʠʛʣʝʤ ʠ 
ʠʥʜʫʢʪʦʨʦʤ, ʘ ʥʝ ʧʦ ʩʘʜʢʝ. ɺʩʝ ʵʪʦ ʫʤʝʥʴʰʘʝʪ ʧʦʣʝʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʛʦ 
ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʥʜʫʢʪʦʨʦʤ, ʧʦʯʪʠ ʜʦ ~19ï30%, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 
cosű ʜʦ 0,03 ï 0,10 ʠ ʧʦʚʳʰʘʝʪ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ. ʇʦʢʘʞʝʤ ʵʪʦ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ 
ʠʟʚʝʩʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʜʠʘʤʝʪʨʘʤʠ ʠʥʜʫʢʪʦʨʘ Dʠʥʜ ʠ 
ʪʠʛʣʷ Dʪ ʜʣʷ ʧʝʯʝʡ ʀʉʊ [3].  

ɼʣʷ ʧʝʯʠ ʩ Dʠʥʜ=0,5 ʤ ʜʠʘʤʝʪʨ ʪʠʛʣʷ Dʪ=0,31 ʤ, ʢʨʫʛʦʚʘʷ ʧʣʦʱʘʜʴ 
ʠʥʜʫʢʪʦʨʘ Sʠʥʜ=0,19625 ʤ

2
, ʘ ʢʦʣʴʮʝʚʘʷ ʧʣʦʱʘʜʴ, ʟʘʥʷʪʘʷ ʩʪʝʥʢʘʤʠ ʪʠʛʣʷ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ, Sʪʠ=0,076 ʤ
2
. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ 38 % ʦʪ ʧʣʦʱʘʜʠ ʠʥʜʫʢʪʦʨʘ Sʠʥʜ, 

ʦʩʪʘʚʣʷʷ ʜʣʷ ʧʦʣʝʟʥʦʡ ʧʣʦʱʘʜʠ Sʧ ʰʠʭʪʳ ʪʦʣʴʢʦ 62%. ɼʣʷ ʧʝʯʠ ʩ Dʠʥʜ =1 ʤ 
ʜʠʘʤʝʪʨ ʪʠʛʣʷ Dʪ =0,653 ʤ, Sʠʥʜ=0,785 ʤ

2 
, Sʪʠ=0,45 ʤ

2 
, Sʧ =0,335 ʤ

2
, ʦʪʥʦʰʝʥʠʷ 

Sʪʠ/Sʠʥʜ=0,57 ʠ Sʧ/Sʠʥʜ=0,43. ɼʣʷ ʧʝʯʠ ʩ Dʠʥʜ=1,5 ʤ ʜʠʘʤʝʪʨ ʪʠʛʣʷ Dʪ=1,0 ʤ, 
Sʠʥʜ=1,766 ʤ

2 
, Sʪʠ=0,766 ʤ

2 
, Sʧ =1,0 ʤ

2
, ʦʪʥʦʰʝʥʠʷ Sʪʠ/Sʠʥʜ=0,43 ʠ Sʧ/Sɻ ʢ =0,57. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʪʦʣʱʠʥʘ ʬʫʪʝʨʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,095, 0,17 ʠ 0,185 
ʤ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʠʛʣʷ ʧʨʠ 
ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʣʘʚʘ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʬʫʪʝʨʦʚʢʠ. 

ʊ. ʦ., ʧʦʣʝʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦʚʳʰʘʝʪʩʷ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʠʥʜʫʢʪʦʨʘ ʠ ʚʤʝʩʪʠʤʦʩʪʠ ʪʠʛʣʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 
~38 ï 57 % ʜʣʷ ʨʘʙʦʯʝʛʦ ʧʦʪʦʢʘ ʠ ~19ï30% ʜʣʷ ʦʙʱʝʛʦ ʧʦʪʦʢʘ. ʆʜʥʘʢʦ ʧʨʠ 
ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ (ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʤʝʩʪʠʤʦʩʪʠ ʄʪ) 
ʚʦʟʨʘʩʪʘʶʪ ʤʦʱʥʦʩʪʴ ʧʝʯʠ ʠ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1 ï 3, 5, 6].  

ʊʘʢ, ʜʣʷ ʧʝʯʠ ʀʏʊ-31 ʩ ʜʠʘʤʝʪʨʘʤʠ Dʠʥʜ=1,97 ʤ ʠ Dʪ=1,61 ʤ ʧʨʠ ʪʦʣʱʠʥʝ 
ʬʫʪʝʨʦʚʢʠ 0,18 ʤ ʧʦʣʥʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʯʠ ʨʘʚʥʘ 44719 ʢɺɸ, ʘ 
ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʩʘʜʢʦʡ ʠ ʠʥʜʫʢʪʦʨʦʤ 37703 ʢɺɸʨ. ʕʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ (37703/44719)100=84,3% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʚʧʫʩʪʫʶ [2, 
3]. ɺ ʧʝʯʠ ʀʉʊ-0,16 ʪʘʢʠʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ 91,1%, ʘ ʚ ʀʉʊ-0,4 ï 92,5%. 

ʆʩʦʙʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʕʄ-ʧʝʯʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʩʠʣʝʥʥʳʡ 
ʨʘʙʦʯʠʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʠʥʜʫʢʮʠʝʡ ɺʝ ʧʨʦʭʦʜʠʪ ʦʪ ʦʜʥʦʛʦ 
ʧʦʣʶʩʘ ʢ ʜʨʫʛʦʤʫ ʯʝʨʝʟ ʜʚʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʝʤʫ ʥʝʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ 
ʬʫʪʝʨʦʚʘʥʥʳʝ ʩʪʝʥʢʠ ʪʠʛʣʷ ʠ ʯʝʨʝʟ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ ʰʠʭʪʫ ʠʣʠ ʨʘʩʧʣʘʚ, 
ʩʦʚʝʨʰʘʷ ʧʦʣʝʟʥʳʡ ʥʘʛʨʝʚ. ʀ ʪʦʣʴʢʦ ʤʘʣʘʷ ʯʘʩʪʴ ʝʛʦ ʧʨʦʭʦʜʠʪ ʤʠʤʦ ʰʠʭʪʳ ʧʦ 
ʥʝʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤ ʵʣʝʤʝʥʪʘʤ ʬʫʪʝʨʦʚʢʠ. ʊʘʢ, ʚ ʕʄʆ-ʧʝʯʠ ʨʘʙʦʯʠʡ ʧʦʪʦʢ 
ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʙʦʢʦʚʳʤ ʩʪʝʥʢʘʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 
ʬʫʪʝʨʦʚʘʥʥʦʛʦ ʪʠʛʣʷ, ʚ ʕʄʉ-ʧʝʯʠ ï ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʩʪʝʥʢʝ, ʘ ʚ ʕʄU-ʧʝʯʠ ï 



158 

 

ʪʦʣʴʢʦ ʧʦ ʝʛʦ ʜʥʫ (ʨʠʩ. 2). ʇʦʵʪʦʤʫ ʧʦʣʝʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʝʥʥʦʛʦ 
ʨʘʙʦʯʝʛʦ ʧʦʪʦʢʘ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʠʥʜʫʢʮʠʝʡ ɺʝ ʚ ʕʄ-ʧʝʯʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛʦ ʪʠʛʣʷ ʚ ʦʙʦʠʭ ʚʠʜʘʭ ʧʝʯʝʡ ʧʦʪʦʢ 
ʥʘʛʨʝʚʘʝʪ ʚʝʩʴ ʪʠʛʝʣʴ.  

5. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʦʣʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ (ʧʦʣʝ) ʚ ʀʇ ʦʙʳʯʥʦ ʩʦʟʜʘʝʪʩʷ 
ʥʝʚʳʩʦʢʠʤ ʦʜʥʦʬʘʟʥʳʤ ʠʥʜʫʢʪʦʨʦʤ  ʠ ʙʝʟ ʩʘʜʢʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʳʤ 
(ʨʠʩ. 1). ʆʥ ʠʤʝʝʪ ʙʣʠʟʢʫʶ ʢ ʪʦʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʫ ʠ ʨʘʟʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 
ʚʝʢʪʦʨʦʚ ʠʥʜʫʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʠʥʜʫʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʚ ʝʛʦ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ: 1) ʧʦ ʚʳʩʦʪʝ ï ʫ 
ʪʦʨʮʦʚ ʦʥʘ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʨʝʜʠʥʝ; 2) ʧʦ ʩʝʯʝʥʠʶ ï ʫ ʚʠʪʢʦʚ ʦʥʘ 
ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʛʨʘʜʠʝʥʪʘʤ ʠʥʜʫʢʮʠʠ ʚ ʚʦʟʜʫʭʝ [1 ï 4].  

ʇʨʠ ʥʘʣʠʯʠʠ ʩʘʜʢʠ  ʚʳʩʦʪʦʡ hʩ  ʚ ʚʠʜʝ ʨʘʩʧʣʘʚʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ɔ ʠ 
ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ɟ ʪʦʢ ʚ ʚʠʪʢʘʭ ʠʥʜʫʢʪʦʨʘ ʠ ʩʦʟʜʘʚʘʝʤʦʝ ʠʤ 
ʧʦʣʝ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʠʤʠ ʚ ʨʘʩʧʣʘʚʝ ʪʦʢʫ  ʠ 
ʧʦʣʶ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 
ʛʨʘʜʠʝʥʪʦʚ ʠʥʜʫʢʮʠʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ F 
ʦʪʪʘʣʢʠʚʘʥʠʷ ʚ ʨʘʩʧʣʘʚʝ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʝ ʜʚʠʞʝʥʠʝ (ʜʚʫʭʢʦʥʪʫʨʥʫʶ 
ʮʠʨʢʫʣʷʮʠʶ) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ ʚʦʟʤʦʞʥʳʤ 
ʚʳʙʨʦʩʦʤ ʝʛʦ ʠʟ ʪʠʛʣʷ (ʨʠʩ. 3) [1 ï 4]. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʨʘʩʧʣʘʚʘ ʠʟʫʯʝʥʦ ʝʱʝ 
ʥʝʜʦʩʪʘʪʦʯʥʦ [5, 6].  

ɺ ʩʝʨʝʜʠʥʝ ʕʂ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʦ ʚʥʫʪʨʴ, ʘ ʥʘ ʝʝ ʢʨʘʷʭ 
ʧʦʷʚʣʷʝʪʩʷ ʠ ʘʢʩʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʉʠʣʳ F ʦʢʘʟʳʚʘʶʪ ʜʘʚʣʝʥʠʝ ʨ ʥʘ 
ʙʦʢʦʚʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʜʢʠ (ʨʘʩʧʣʘʚʘ), ʟʘʚʠʩʷʱʝʝ ʦʪ 
ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʈʠʥʜ [2]:  

ʨ=31,6 ʈʠʥʜ 10
-5
/d́ʩhʩ(ɟf)

0,5
 [ʄʇʘ]. 

ʆʥʦ ʜʝʡʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚʳʪʘʣʢʠʚʘʝʪ 
ʨʘʩʧʣʘʚ ʥʘʚʝʨʭ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʪʠʛʣʷ. ʇʦ ʙʦʢʘʤ ʨʘʩʧʣʘʚ ʚʥʦʚʴ ʩʪʝʢʘʝʪ ʚʥʠʟ. 
ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʣʴʥʳʭ ʩʠʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ c ʧʣʦʪʥʦʩʪʴʶ ɔ 
ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʠʩʢ ʚʳʩʦʪʦʡ ʅʤ=p/ɔ  (ʨʠʩ. 3). ʆʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 
ʟʥʘʯʝʥʠʝ ʤʝʪʘʣʣʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ɔʅʤ ʥʝ ʩʨʘʚʥʷʝʪʩʷ ʩ 
ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ p.  

ɺʳʩʦʪʘ ʅʤ ʤʝʥʠʩʢʘ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʦʣʷ ʠ 
ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ p, ʤʦʱʥʦʩʪʠ ʈ ʧʝʯʠ ʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʈʫʜ, 
ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʩʘʜʢʫ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠ ʧʦ ʜʨʫʛʠʤ ʬʦʨʤʫʣʘʤ [2, 5]: 

ʅʤ=kʈʫʜ/f
0,5

, ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ;
 

ʅʤ=7050ʈ/[dchʩɔ(ɟf)
0,5
], ʛʜʝ ʨʘʟʤʝʨʳ ʚ ʜʶʡʤʘʭ.

 

ɺʳʩʦʪʘ ʅʤ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʩʦʪʫ ʪʠʛʣʷ. ʆʙʳʯʥʦ ʅʤ ʩʦʩʪʘʚʣʷʝʪ ʜʦ ~15 % 
ʚʳʩʦʪʳ hʩ [2].  

ɼʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʨʘʩʧʣʘʚ ʧʝʨʝʡʜʝʪ 
ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ [2]. ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʨʘʩʧʣʘʚʘ 
ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʳʙʨʦʩʘ ʝʛʦ ʠʟ ʪʠʛʣʷ.  

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʠʛʣʷ 
ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʩʪʝʥʦʢ, ʦʩʦʙʝʥʥʦ ʫ ʝʛʦ ʜʥʘ (ʚ ʚʠʜʝ çʩʣʦʥʦʚʴʝʡ 
ʥʦʛʠè) ʧʨʠ ʧʣʘʚʢʝ ʪʷʞʝʣʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʧʣʘʚʦʚ, ʥʘʨʫʰʝʥʠʷ 
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ʩʧʣʦʰʥʦʩʪʠ ʰʣʘʢʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʫʚʝʣʠʯʝʥʠʷ ʫʛʘʨʘ ʤʝʪʘʣʣʘ ʠ ʟʘʤʝʰʠʚʘʥʠʷ ʚ 
ʨʘʩʧʣʘʚ ʧʨʦʜʫʢʪʦʚ ʠʟʥʦʩʘ, ʚʦʟʜʫʭʘ ʠ ʰʣʘʢʘ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʬʝʢʪʥʦʩʪʴ ʠ 
ʙʨʘʢ ʦʪʣʠʚʦʢ ʧʦ ʚʢʣʶʯʝʥʠʷʤ. ʆʜʥʘʢʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʫʩʢʦʨʷʝʪ ʥʘʛʨʝʚ 
ʨʘʩʧʣʘʚʘ, ʦʙʣʝʛʯʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ ʰʣʘʢʦʤ ʠ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʨʦʜʥʦʛʦ ʩʧʣʘʚʘ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ [2 ï 6]. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʢʣʶʯʝʥʠʡ ʚ ʦʪʣʠʚʢʘʭ 
ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ (ʦʪʩʪʘʠʚʘʥʠʝ ʨʘʩʧʣʘʚʘ ʚ ʧʝʯʠ, 
ʬʠʣʴʪʨʘʮʠʷ ʠ ʪ. ʜ.). ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ, ʛʜʝ ʨʘʟʥʦʩʪʴ 
ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʣʘʚʘ ʠ ʚʢʣʶʯʝʥʠʡ ʥʝʚʝʣʠʢʘ ʠ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʚʩʧʣʳʚʘʥʠʝ [2 ï 6]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ (ʠʥʜʝʢʩ) ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʩ ʧʣʦʱʘʜʴʶ Sc ʤʦʞʥʦ 
ʦʮʝʥʠʪʴ ʧʦ ʨʘʟʥʳʤ ʬʦʨʤʫʣʘʤ [4, 5]:  

ʇ=(0,04é0,06)ʈʫʜ, %, ʛʜʝ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1é5 %, ʩʨʝʜʥʷʷ ï 5é10%, ʚʳʩʦʢʘʷ Ó 10 % [1, 4]; 

SI=[6000(ʈdc/ɔɟf)
0,5

]/Sc,  ʛʜʝ ʨʘʟʤʝʨʳ ʚ ʜʶʡʤʘʭ. ʀʥʜʝʢʩ SI=80é120 
ʦʟʥʘʯʘʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʦʪ ʩʠʣʴʥʦʛʦ ʜʦ ʦʯʝʥʴ ʩʠʣʴʥʦʛʦ; 55é80 ï ʩʠʣʴʥʦʝ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ; 40é55 ï ʩʨʝʜʥʝʝ; 20é40 ï ʩʣʘʙʦʝ; 0é20 ï ʦʯʝʥʴ ʩʣʘʙʦʝ. ɼʣʷ 
ʯʫʛʫʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ SI=40é55 ʠ ʜʣʷ ʘʣʶʤʠʥʠʷ 55é80 [5]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʘʶʪ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʪʠʛʣʷ ʥʘʜ ʠʥʜʫʢʪʦʨʦʤ, 
ʚʳʧʦʣʥʝʥʠʝʤ ʠʥʜʫʢʪʦʨʘ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʢʮʠʡ ʠ ʦʪʢʣʶʯʝʥʠʝʤ ʚʝʨʭʥʝʡ 
ʧʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʘ (ʨʠʩ. 3), ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʪʦʢʘ ʧʠʪʘʥʠʷ ʠ ʜʨ. [2 
ï 6]. 

 
 
 
 
 
 
 
 

                      ʘ                              ʙ                             ʚ 
ʈʠʩ. 3. ʉʭʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʨʘʩʧʣʘʚʘ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʪʨʝʭ ʩʝʢʮʠʡ ʠʥʜʫʢʪʦʨʘ 
ʧʝʯʠ ʀɸʊ-10/2,5ʀ1: ʘ, ʙ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʧʣʘʚʢʝ ʤʝʣʢʦʡ 

ʰʠʭʪʳ; ʚ ï ʤʠʥʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʚʳʜʝʨʞʢʝ ʨʘʩʧʣʘʚʘ 
(ʟʘʰʪʨʠʭʦʚʘʥʳ ʚʢʣʶʯʝʥʥʳʝ ʩʝʢʮʠʠ) [6] 

 
ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ f ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʥʦ ʠ  

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʣʘʚʢʠ ʠ ʧʦʜʚʦʜʠʤʫʶ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ. ʆʜʥʘʢʦ ʵʪʦ 
ʫʜʦʨʦʞʘʝʪ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
ʯʘʩʪʦʪʳ ʩ ʂʇɼ ʤʝʥʝʝ 0,97 ʠ ʩʠʩʪʝʤʦʡ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʠʮʠʦʥʥʦʡ ʚʦʜʦʡ ʠ 
ʩʥʠʞʘʝʪ ʂʇɼ ʧʨʠ ʚʳʜʝʨʞʢʝ ʠ ʧʝʨʝʛʨʝʚʝ ʨʘʩʧʣʘʚʘ [2 ï 6]. 

ʇʦʵʪʦʤʫ ʧʨʠ f=50 ɻʮ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʚʢʠ ʯʫʛʫʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 400 
ʢɺʪ/ʪ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʛʘʟʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʳʙʨʦʩʦʚ, ʘ ʧʨʠ 1000 
ɻʮ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1000 ʢɺʪ/ʪ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʜʦ 50 Áʉ/ʤʠʥ [5, 
6]. ʊʘʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʣʘʚʢʠ ʟʘʚʘʣʢʠ ʯʫʛʫʥʘ ʚ ʧʝʯʠ ʩ ʄʪ =10 ʪ (f=60 ɻʮ) 
ʩʦʩʪʘʚʣʷʝʪ ~ 120 ʤʠʥ, ʘ ʧʨʠ 275 ɻʮ ï ʪʦʣʴʢʦ ~ 26 ʤʠʥ (ʠʣʠ ʚ 4 ʨʘʟʘ ʙʳʩʪʨʝʝ) [5]. 
ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ f=50 ɻʮ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʠʥʜʫʢʪʦʨʘ ʨʘʩʧʦʣʘʛʘʶʪ ʥʠʞʝ ʫʨʦʚʥʷ 
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ʩʘʜʢʠ ʥʘ 20é30% ʝʛʦ ʚʳʩʦʪʳ [6]. ʇʨʠ ʵʪʦʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʝʨʝʛʨʝʚʘ ʯʘʩʪʠ ʪʠʛʣʷ 
ʥʘʜ ʩʘʜʢʦʡ ʨʘʩʧʦʣʘʛʘʶʪ çʭʦʣʦʩʪʫʶè (ʙʝʩʪʦʢʦʚʫʶ) ʚʦʜʦʦʭʣʘʞʜʘʝʤʫʶ ʢʘʪʫʰʢʫ 
(ʠʣʠ ʢʦʣʴʮʦ). ɽʩʣʠ ʞʝ ʦʥʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʠʥʜʫʢʪʦʨʘ, ʪʦ ʩ ʧʦʤʦʱʴʶ 
ʦʪʧʘʡʢʠ ʦʪʢʣʶʯʘʝʪʩʷ ʧʦʩʣʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʰʠʭʪʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ. 
ʆʜʥʘʢʦ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʠʥʜʫʢʪʦʨʘ ʚʩʝʛʜʘ ʩʥʠʞʘʝʪ ʂʇɼ [5, 6]. ʇʦʵʪʦʤʫ 
ʠʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʢʦʨʝʝ ʥʝʜʦʩʪʘʪʦʢ, ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦ 
ʠʥʜʫʢʪʦʨʥʳʭ ʧʝʯʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. 

ʇʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʞʠʜʢʦʛʦ ʯʫʛʫʥʘ (ʇ Ó10%) 
ʢʦʣʠʯʝʩʪʚʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠ ʩʣʘʙʦʤ 
ʧʝʨʝʤʝʰʠʚʘʥʠʠ (ʇ=1é5%) ʫʤʝʥʴʰʘʝʪʩʷ. ʆʯʝʚʠʜʥʦ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 
ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʥʝ ʫʩʧʝʚʘʶʪ ʚʩʧʣʳʚʘʪʴ ʚ ʰʣʘʢ ʠ 
ʫʚʣʝʢʘʶʪʩʷ ʚʛʣʫʙʴ ʤʝʪʘʣʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʩʝ 
ʚʨʝʤʷ ʦʙʥʦʚʣʷʝʪʩʷ ʩʣʦʡ ʤʝʪʘʣʣʘ, ʩʦʧʨʠʢʘʩʘʶʱʠʡʩʷ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʠ 
ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʥʳʡ ʫʛʘʨ ʢʦʤʧʦʥʝʥʪʦʚ ʯʫʛʫʥʘ. ɺ ʧʝʯʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʯʘʩʪʦʪʳ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ [4].  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʀʇ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʣʠʷʝʪ ʠ 
ʥʘ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʨʘʩʧʣʘʚʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ 
ʚʦʜʦʨʦʜʦʤ, ʢʠʩʣʦʨʦʜʦʤ ʠ ʘʟʦʪʦʤ ʚʦʟʜʫʭʘ, ʩ ʜʨʫʛʦʡ, ï ʜʝʛʘʟʘʮʠʷ ʟʘ ʩʯʝʪ 
ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ ʉʆ ʠ ʜʠʬʬʫʟʠʠ ʚ ʥʠʭ ʫʢʘʟʘʥʥʳʭ ʛʘʟʦʚ [4]. ʇʦʵʪʦʤʫ 
ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʯʫʛʫʥʘ ʚ ʠʥʜʫʢʪʦʨʥʦʡ ʧʝʯʠ ʪʘʢʦʝ ʞʝ ʠʣʠ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ 
ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʚʘʛʨʘʥʦʯʥʦʛʦ ʯʫʛʫʥʘ, ʢʦʛʜʘ ʢʘʧʣʠ ʨʘʩʧʣʘʚʘ ʠʥʪʝʥʩʠʚʥʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʦʟʣʝ ʬʫʨʤʝʥʥʦʛʦ ʧʦʷʩʘ ʩ ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʝʤʳʤʠ 
ʚʝʥʪʠʣʷʪʦʨʦʤ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʪʘʣʣʝ (ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʝʛʦ 
ʚʳʜʝʨʞʢʠ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400 

ʦ
ʉ ʩʦʩʪʘʚʣʷʝʪ 0,006%, ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1450 
ʦ
ʉ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0,0025%. 

ʅʘʦʙʦʨʦʪ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴʩʷ (ʦʪ 0,007 ʜʦ 
0,10%) ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,0055% ʧʨʠ 1460 

ʦ
ʉ ʜʦ 0,008% ʧʨʠ 1520 

ʦ
ʉ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʛʣʝʨʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʯʫʛʫʥʝ, 
ʚʳʧʣʘʚʣʝʥʥʦʤ ʚ ʠʥʜʫʢʪʦʨʥʦʡ ʧʝʯʠ, ʩʥʠʞʘʝʪʩʷ.  

ʕʄ-ʧʝʯʠ ʩʦʟʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʧʦʣʝ ʩ ʤʘʣʳʤʠ 
ʛʨʘʜʠʝʥʪʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʦʪ ʩʨʝʜʠʥʳ ʤʝʞʧʦʣʶʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʢ 
ʧʦʣʶʩʘʤ. ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʚʨʝʜʥʳʝ 
ʧʦʩʣʝʜʩʪʚʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʱʥʦʩʪʴ ʈʫʜ ʤʦʞʝʪ ʙʳʪʴ 
ʚʳʰʝ 400 ʢɺʪ/ʪ [7 ï 10]. 

6. ɼʠʘʤʝʪʨ ʦʜʥʦʩʣʦʡʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʪʠʛʣʷ ʀʇ, ʪ. ʢ. ʚʠʪʢʠ 
ʠʥʜʫʢʪʦʨʘ ʦʭʚʘʪʳʚʘʶʪ ʪʠʛʝʣʴ, ʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʢ ʥʝʤʫ, 
ʧʦʪʦʤʫ ʯʪʦ ʷʚʣʷʶʪʩʷ ʦʧʦʨʦʡ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʪʠʛʣʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʝʛʦ ʧʦʚʦʨʦʪʘʭ. 
ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ, ʪ. ʢ. ʦʥʠ ʚʳʧʦʣʥʝʥʳ ʧʦʣʳʤʠ 
ʠʟ ʜʦʨʦʛʦʡ ʪʦʣʩʪʦʩʪʝʥʥʦʡ ʤʝʜʥʦʡ ʪʨʫʙʢʠ, ʧʦʚʝʨʭ ʢʦʪʦʨʦʡ ʥʘʥʝʩʝʥʘ 
ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʷ [2 ï 6]. ʕʪʠ ʠʥʜʫʢʪʦʨʳ ʯʘʱʝ ʚʳʧʦʣʥʷʶʪ ʦʜʥʦʬʘʟʥʳʤʠ. 

ɺ ʕʄ-ʧʝʯʘʭ ʚʠʪʢʠ ʦʜʥʦ-, ʜʚʫʭ- ʠʣʠ ʪʨʝʭʩʣʦʡʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʥʝ 
ʦʭʚʘʪʳʚʘʶʪ ʪʠʛʝʣʴ ʠ ʧʦʵʪʦʤʫ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʤʝʨʳ ʠʥʜʫʢʪʦʨʘ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ 
ʪʠʛʣʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ (ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ 
ʚʠʪʢʦʚ). ʀʥʜʫʢʪʦʨʳ ʵʪʠʭ ʧʝʯʝʡ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦ- ʠ ʪʨʝʭʬʘʟʥʳʤʠ [7 ï 10]. 
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7. ɺʥʫʪʨʠ ʪʨʫʙʢʠ ʠʥʜʫʢʪʦʨʘ ʀʇ ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 0,2 ï 0,7 ʄʇʘ 
ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ï 1,5 ʤ/ʩ ʦʭʣʘʞʜʘʶʱʘʷ ʢʦʥʜʠʮʠʦʥʥʘʷ ʚʦʜʘ (ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ 
ʠʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʜʦ 80 ʛ/ ʤ

3
, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʞʝʩʪʢʦʩʪʴʶ ʜʦ 7 ʛ-ʵʢʚ/ʤ
3
, ʪʝʤʧʝʨʘʪʫʨʦʡ 35 ï 40 Áʉ ʠ ʚʦʜʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

pH=7). ʆʭʣʘʞʜʝʥʠʝ ʪʘʢʦʡ ʚʦʜʦʡ ʧʦʚʳʰʘʝʪ ʨʘʩʭʦʜʳ ʧʦ ʝʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʶ 
ʠ ʩʦʟʜʘʥʠʶ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ [2, 3].  

ɺ ʕʄ-ʧʝʯʘʭ ʵʣʝʢʪʨʦʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʠʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ 
ʛʠʙʢʦʛʦ ʞʛʫʪʘ ʤʝʜʥʳʭ ʧʨʦʚʦʣʦʢ ʠ ʦʭʣʘʞʜʘʪʴʩʷ ʩʥʘʨʫʞʠ ʦʙʳʯʥʦʡ ʧʨʦʪʦʯʥʦʡ 
ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʤʝʞʜʫ ʚʠʪʢʘʤʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜʳ 
ʥʘ ʚʦʜʦʧʦʜʛʦʪʦʚʢʫ [7 ï 10].  

8. ʀʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʠʛʣʷ ʢ ʦʭʚʘʪʳʚʘʶʱʠʤ ʝʛʦ 
ʚʠʪʢʘʤ ʠʥʜʫʢʪʦʨʘ ʩʥʠʞʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʀʇ ʠ ʧʦʚʳʰʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ 
ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʚʳʪʝʢʘʥʠʷ ʨʘʩʧʣʘʚʘ ʥʘ ʠʥʜʫʢʪʦʨ (ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʱʝʣʝʡ ʚ 
ʪʠʛʣʝ) [2, 3, 5].  

ɺ ʕʄ-ʧʝʯʘʭ ʥʘʜʝʞʥʦʩʪʴ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʪ.ʢ. ʚʠʪʢʠ ʠʥʜʫʢʪʦʨʘ ʥʝ 
ʦʭʚʘʪʳʚʘʶʪ ʪʠʛʝʣʴ, ʘ ʥʘʭʦʜʷʪʩʷ ʩʙʦʢʫ ʦʪ ʥʝʛʦ (ʕʄʆ- ʠʣʠ ʕʄʉ-ʧʝʯʠ) ʠʣʠ ʧʦʜ 
ʝʛʦ ʜʥʦʤ (ʕʄU-ʧʝʯʴ), ʦʪʜʝʣʝʥʳ ʦʪ ʥʝʛʦ ʦʛʥʝʫʧʦʨʥʦʡ ʩʪʝʥʢʦʡ ʢʦʞʫʭʘ ʠ ʩʣʦʝʤ 
ʭʣʘʜʘʛʝʥʪʘ (ʨʠʩ. 2) [7 ï 10].  

9. ʉ ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 
ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʚʳʟʳʚʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʚʠʪʢʦʚ ʪʨʫʙʯʘʪʦʛʦ 
ʤʝʜʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʠ ʧʣʘʩʪʠʥ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ʆʥʠ ʧʫʣʴʩʠʨʫʶʪ ʩ ʫʜʚʦʝʥʥʦʡ 
ʯʘʩʪʦʪʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʦʡ ʪʦʢʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʚʠʙʨʘʮʠʠ ʠʥʜʫʢʪʦʨʘ, 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ ʠ ʢʦʨʧʫʩʘ ʧʝʯʠ ʠ ʧʦʚʳʰʝʥʥʳʡ ʰʫʤ. ɼʣʷ 
ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ ʚ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʧʝʯʠ ʚ ʬʠʨʤʝ ɸɺɺ ʦʯʝʥʴ ʩʠʣʴʥʦ 
ʩʞʠʤʘʶʪ ʠʥʜʫʢʪʦʨ ʠ ʟʘʧʨʝʩʩʦʚʳʚʘʶʪ ʧʘʢʝʪ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚ ʩʧʝʮʠʘʣʴʥʳʡ 
ʘʣʶʤʠʥʠʝʚʳʡ ʞʝʩʪʢʠʡ ʧʨʦʬʠʣʴ (ʢʘʨʢʘʩ). ʆʥ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʠʥʜʫʢʪʦʨʫ ʪʦʣʴʢʦ 
ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʝʝ ʯʘʩʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʱʥʦʡ ʠ ʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚʝʨʭʥʷʷ ʧʣʘʪʬʦʨʤʘ ʧʝʯʠ ʦʪʜʝʣʝʥʘ ʦʪ ʝʝ ʢʦʨʧʫʩʘ ʜʝʤʧʬʠʨʫʶʱʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ, ʘ ʢʨʳʰʢʘ ʧʝʯʠ ʩ ʚʳʪʷʞʥʳʤ ʟʦʥʪʦʤ ʚʳʧʦʣʥʝʥʳ 
ʟʚʫʢʦʠʟʦʣʠʨʦʚʘʥʥʳʤʠ. ʆʜʥʘʢʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʛʨʝʚʫ ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʘʨʢʘʩʘ 
[5].  

ɺ ʕʄ-ʧʝʯʘʭ ʠʥʜʫʢʪʦʨ ʠʟ ʛʠʙʢʦʛʦ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʞʠʣʴʥʦʛʦ ʢʘʙʝʣʷ, 
ʦʢʨʫʞʝʥʥʳʡ ʞʠʜʢʠʤ ʭʣʘʜʘʛʝʥʪʦʤ, ʥʝ ʠʟʜʘʝʪ ʰʫʤʘ. ʇʦʵʪʦʤʫ ʠʭ 
ʰʫʤʦʚʳʜʝʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʴʰʝ. 

10. ɺ ʧʝʯʘʭ ʦʙʦʠʭ ʚʠʜʦʚ ʧʨʠʤʝʥʷʶʪ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʠʟ 
ʵʣʝʢʪʨʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʪʘʣʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʟʘʧʦʣʥʝʥʠʷ ~ 0,9. ɺ ʀʇ ʜʣʠʥʘ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʜʦʣʞʥʘ 
ʧʨʝʚʳʰʘʪʴ ʚʳʩʦʪʫ ʠʥʜʫʢʪʦʨʘ ʧʨʠʤʝʨʥʦ ʥʘ ʯʝʪʳʨʝ ʪʦʣʱʠʥʳ ʬʫʪʝʨʦʚʢʠ. ʕʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ: ʜʣʷ ʧʝʯʝʡ ʤʘʣʦʡ 
ʚʤʝʩʪʠʤʦʩʪʠ ʦʥʘ ʧʨʝʚʳʰʘʝʪ ʤʘʩʩʫ ʨʘʩʧʣʘʚʘ, ʘ ʜʣʷ ʧʝʯʝʡ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ 
ʚʤʝʩʪʠʤʦʩʪʠ ï ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʤʘʩʩʳ ʨʘʩʧʣʘʚʘ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʯʠ 
ʚʤʝʩʪʠʤʦʩʪʴʶ 1 ʪ ʵʪʘ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 0,6 ï 0,7 ʪ). ʇʦʪʝʨʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʭ 
ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʠ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʩʦʩʪʘʚʣʷʶʪ 0,4 ï 1,0% ʘʢʪʠʚʥʦʡ 
ʤʦʱʥʦʩʪʠ ʧʝʯʠ ʧʨʠ ʚʥʫʪʨʝʥʥʝʡ ʠʥʜʫʢʮʠʠ 0,6 ï 1,0 ʊʣ ʠ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʳʭ 
ʧʦʪʝʨʴ ʥʘ 1 ʤ

2 
ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʤʝʥʝʝ 750 ɺʪ/ʤ
2
 ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʜʦ 75 Áʉ [2, 3]. 
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ɼʣʷ ʕʄ-ʧʝʯʝʡ ʤʘʩʩʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʚʠʜʠʤʦ, ʙʫʜʝʪ ʙʦʣʴʰʝ. ʇʦʪʦʢ ʨʘʩʩʝʷʥʠʷ 
ʚ ʧʝʯʘʭ ʦʙʦʠʭ ʚʠʜʦʚ ʣʦʢʘʣʠʟʫʶʪ ʪʘʢʞʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤʠ ʵʢʨʘʥʘʤʠ ʠʟ 
ʘʣʶʤʠʥʠʷ, ʤʝʜʠ, ʥʝʤʘʛʥʠʪʥʦʡ ʩʪʘʣʠ ʠ ʪ.ʧ. 
ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʚʠʜʦʚ ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʝʯʝʡ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ 3 ï 9 ʠʥʜʫʢʪʦʨʥʳʭ ʧʝʯʝʡ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʤʝʩʪʦ 
ʥʠʭ ʕʄ-ʧʝʯʝʡ (ʛʜʝ ʵʪʦ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ), ʚ ʪ.ʯ. ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʰʠʭʪʳ, 
ʧʣʘʚʢʠ, ʚʳʜʝʨʞʢʠ ʠ ʜʦʚʦʜʢʠ ʨʘʩʧʣʘʚʘ, ʜʦʩʪʘʚʢʠ ʩʲʝʤʥʦʛʦ ʪʠʛʣʷ ʢ ʤʝʩʪʫ 
ʟʘʣʠʚʢʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ 
ʠʥʜʫʢʮʠʦʥʥʦʡ ʪʠʛʝʣʴʥʦʡ ʧʣʘʚʢʠ ʠ ʧʦʜʦʛʨʝʚʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʕʄ-ʧʝʯʘʭ ʥʝʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʨʘʟʥʳʤʠ ʨʘʙʦʯʠʤʠ 
ʦʙʲʝʤʘʤʠ (5é50 ʜʤ

3
), ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʤʠ, ʠʥʜʫʢʪʦʨʘʤʠ ʠʟ ʵʣʝʢʪʨʦ- 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʰʠʥʢʠ, ʛʠʙʢʠʭ ʢʘʙʝʣʝʡ ʠ ʧʨʦʚʦʜʦʚ ʨʘʩʧʣʘʚʣʝʥʳ ʧʨʠ 50 ɻʮ 
ʩʚʠʥʝʮ, ʩʠʣʫʤʠʥ (ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʜʦ 15é17 Áʉ/ʤʠʥ) ʠ ʣʘʪʫʥʴ ʠ ʤʝʜʴ (ʜʦ 
20é25 Áʉ/ʤʠʥ). ʕʪʦ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʥʜʫʢʪʦʨʥʳʭ ʧʝʯʘʭ ʀɸʊ-0,4/0,18 ʠ 
ʀʃʊ-1,0/0,4. ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʦʙʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 
ʩʣʝʜʫʶʱʠʡ ʨʷʜ: ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ > ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤ ʤʘʩʣʦʤ 
> ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ > ʚʝʥʪʠʣʷʪʦʨʦʤ [10].  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʚ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʪʠʛʝʣʴʥʳʭ ʧʝʯʘʭ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ 
ʯʘʩʪʦʪʦʡ f=50 ɻʮ ʠ ʙʦʣʝʝ (ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ) ʜʣʷ ʚʧʦʣʥʝ 
ʚʦʟʤʦʞʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ.  
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ʕɺʆʃʖʎʀʗ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʂʇɼ ʇɸʈʆɻɸɿʆɺʓʍ ʋʉʊɸʅʆɺʆʂ 

ʄʆʑʅʆʉʊʔʖ ʉɺʓʐɽ 300 ʄɺʪ 

ɺ.ʂ. ʃʦʟʝʥʢʦ, ɼ.ɺ. ʄʠʭʝʝʚ, ɸ.ʅ. ʈʦʛʘʣʝʚ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè 

ʇ.ʀ. ʆʢʣʝʡ  

ʇɸʆ çʀʥʪʝʨ ʈɸʆè 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʂʇɼ ʧʘʨʦʛʘʟʦʚʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ 

(ʇɻʋ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʊʉ). ɼʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʤʦʱʥʳʭ (ʩʚʳʰʝ 300 ʄɺʪ) ʵʥʝʨʛʦʙʣʦʢʘʭ ʥʘ ʦʩʥʦʚʝ ʧʘʨʦʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʨʠʚʦʜʷʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʘʨʦʛʘʟʦʚʳʝ ʊʕʉ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʷʪʦʛʦ ʫʨʦʚʥʷ ʙʠʟʥʝʩ-ʫʢʣʘʜʘ (ɹʋ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʦʛʘʟʦʚʘʷ ʪʝʧʣʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʂʇɼ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʙʠʟʥʝʩ-ʫʢʣʘʜ, ʵʚʦʣʶʮʠʷ. 
 

EVOLUTION OF THE ELECTRICAL EFFICIENCY OF COMBINED -

CYCLE PLANTS WITH POWER OVER 300 MW 

V.K. Lozenko, D.V. Mikheev, A.N. Rogalev  

National research University çMPEIè 

P.I. Okley  

INTER RAO 
The paper considers the evolution of the electrical efficiency of combined-cycle power plant, 

which is a key indicator of the efficiency of these technical systems. Authors demonstrate 

information about modern Russian high power (over 300 MW) combined-cycle power units that are 

characterized by high energy efficiency. Authors present evidence that combined-cycle thermal 

power plants are the technology of the fifth the business-mode level. 

Key words: combined cycle thermal power plant, efficiency, energy efficiency, 

business-mode, evolution. 

 

ɺ 70-80-ʭ ʛʛ. XX ʚʝʢʘ ʚʝʜʫʱʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʫʜʘʣʦʩʴ 

ʩʦʟʜʘʪʴ ʧʨʦʤʳʰʣʝʥʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʇɻʋ, ʂʇɼ ʢʦʪʦʨʳʭ ʚ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʜʦʩʪʠʛʘʣ 50%. ʅʘ ʨʫʙʝʞʝ XX-XXI  ʩʪʦʣʝʪʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʚʥʦʚʴ ʚʚʦʜʠʤʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʦʱʥʳʭ ʇɻʋ (ʩʚʳʰʝ 300 

ʄɺʪ) ʚ ʩʨʝʜʥʝʤ ʫʞʝ ʫʚʝʨʝʥʥʦ ʧʨʝʚʳʰʘʣ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʥʝʨʛʦʙʣʦʢʠ ʊʕʉ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʦʩʥʦʚʝ 

ʙʠʥʘʨʥʳʭ ʇɻʋ ʩ ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ [1, 2], ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʧʝʨʝʜʦʚʳʤʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʤʠ çʙʦʣʴʰʦʡè ʵʥʝʨʛʝʪʠʢʠ 

ʩʨʝʜʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʊʕʉ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʪʦʧʣʠʚʝ. ʇʦ ʢʣʶʯʝʚʦʤʫ ʧʦʢʘʟʘʪʝʣʶ (ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʂʇɼ) ʧʘʨʦʛʘʟʦʚʳʝ 

ʵʥʝʨʛʦʙʣʦʢʠ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ 15-20%) ʧʨʝʚʦʩʭʦʜʷʪ ʩʦʚʨʝʤʝʥʥʳʝ 
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ʧʘʨʦʪʫʨʙʠʥʥʳʝ ʠ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʊʕʉ, ʷʚʣʷʷʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʨʷʜ 

ʵʢʩʧʝʨʪʦʚ ʧʨʦʛʥʦʟʠʨʫʝʪ [3], ʯʪʦ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʝ ʧʘʨʦʛʘʟʦʚʳʝ ʊʕʉ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʩʦʩʪʘʚʷʪ ʦʢʦʣʦ 50% ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʨʦʚʦʡ ʛʝʥʝʨʘʮʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʂʇɼ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʇɻʋ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʚ 60-61% [3], ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʠʭ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʇʝʨʚʳʤʠ ʧʘʨʦʛʘʟʦʚʳʤʠ ʵʥʝʨʛʦʙʣʦʢʘʤʠ ʩʦ ʩʪʦʣʴ ʚʳʩʦʢʠʤ ʂʇɼ ʩʪʘʣʠ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ Mitsubishi Heavy Industry M701F4ʠ 

Siemens SCC5-8000H, ʚʚʝʜʝʥʥʳʝ ʚ ʢʦʤʤʝʨʯʝʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2010 ʛʦʜʫ ʚ 

ʗʧʦʥʠʠ ʠ ʚ 2011 ʛʦʜʫ ʚ ɻʝʨʤʘʥʠʠ [3]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʂʇɼ ʇɻʋ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠʩʧʦʣʥʝʥʠʡ ʠ ʚʩʝʭ 

ʤʦʱʥʦʩʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʘʥʥʦʡ ʊʉ. 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʂʇɼ ʇɻʋ ʚ XX-XXI  ʚʚ. [5] 

 

ɺ ʈʌ ʚ ʧʝʨʠʦʜ ʩ 1990 ʧʦ 1995 ʛʦʜ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨʚʳʝ ʧʨʦʝʢʪʳ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʇɻʋ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɺ 2000 ʛʦʜʫ ʇɻʋ-450ʊ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʡ ʊʕʎ ʚ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ï 450 ʄɺʪ, ʂʇɼ 

ʚ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ï 51-52%) ʩʪʘʣʘ ʧʝʨʚʦʡ ʤʦʱʥʦʡ ʇɻʋ, ʚʚʝʜʝʥʥʦʡ ʚ 

ʧʦʩʪʦʷʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ [3]. ɿʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʫʢʘʟʘʥʥʦʛʦ 

ʵʥʝʨʛʦʙʣʦʢʘ ʧʦʩʣʝʜʦʚʘʣʦ ʩʦʟʜʘʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʇɻʋ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ [3]. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʧʘʨʦʛʘʟʦʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʩʦʩʪʘʚʝ ʜʝʡʩʪʚʫʶʱʠʭ ʊʕʎ ʠ ɻʈʕʉ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʟʛʦʪʦʚʠʪʝʣʠ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʧʨʦʠʟʚʦʜʷʪ ʧʘʨʦʩʠʣʦʚʫʶ ʯʘʩʪʴ ʇɻʋ ʚʤʝʩʪʝ ʩ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ (ʂʋ ʠ ʇʊʋ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ 

ʇɻʋ ʚ ʈʌ ʧʦʟʚʦʣʠʣʦ ʚʳʡʪʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʂʇɼ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʊʕʉ [3]. ʂʇɼ ʣʫʯʰʠʭ ʦʙʨʘʟʮʦʚ ʨʦʩʩʠʡʩʢʠʭ 

ʤʦʱʥʳʭ ʧʘʨʦʛʘʟʦʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʜʦʩʪʠʛʘʝʪ 56-59%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʣʫʯʰʠʤ ʤʠʨʦʚʳʤ ʘʥʘʣʦʛʘʤ (ʠʥʬʦʨʤʘʮʠʷ ʧʦʣʫʯʝʥʘ ʩ ʦʬʠʮʠʘʣʴʥʳʭ ʚʝʙ-ʩʘʡʪʦʚ 

ʢʦʤʧʘʥʠʡ): 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 420 ʄɺʪ ʥʘ ʊʕʎ-26 ʇɸʆ çʄʦʩʵʥʝʨʛʦè (ʚʚʝʜʝʥ ʚ 

2011 ʛʦʜʫ), ʂʇɼ ï 59,08%; 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 420 ʄɺʪ ʥʘ ʊʕʎ-16 ʇɸʆ çʄʦʩʵʥʝʨʛʦè (ʚʚʝʜʝʥ ʚ 

2014 ʛʦʜʫ), ʂʇɼ ï 58,2%; 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 419,5 ʄɺʪ ʥʘ ʉʝʨʦʚʩʢʦʡ ɻʈʕʉ ʆɻʂ-2 (ʚ ʩʪʘʜʠʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ), ʂʇɼ ï 58,59%; 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 418,9 ʄɺʪ ʥʘ ʏʝʨʝʧʦʚʝʮʢʦʡ ɻʈʕʉ ʆɻʂ-2 (ʚʚʝʜʝʥ 

ʚ 2014 ʛʦʜʫ), ʂʇɼ ï 58,7%; 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 418,9 ʄɺʪ ʥʘ ʅʷʛʘʥʩʢʦʡ ɻʈʕʉ ʆɸʆ çʌʦʨʪʫʤè 

(ʚʚʝʜʝʥ ʚ 2013 ʛʦʜʫ), ʂʇɼ ï 58,75%; 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 425 ʄɺʪ ʥʘ ʗʡʚʠʥʩʢʦʡ ɻʈʕʉ ʆɸʆ çʕ.ʆʅ 

ʈʦʩʩʠʷè (ʚʚʝʜʝʥ ʚ 2011 ʛʦʜʫ), ʂʇɼ ï 56,6% (ʥʝʪʪʦ); 

¶ ɻ ʥʝʨʛʦʙʣʦʢ ʤʦʱʥʦʩʪʴʶ 450 ʄɺʪ ʥʘ ʂʨʘʩʥʦʜʘʨʩʢʦʡ ʊʕʎ ʆʆʆ 

çʃʋʂʆʁʃ-ʂʫʙʘʥʴʵʥʝʨʛʦè (ʚʚʝʜʝʥ ʚ 2011 ʛʦʜʫ), ʂʇɼ ï 57,4%. 

ʇʦ ʵʪʦʤʫ ʢʣʶʯʝʚʦʤʫ ʜʣʷ ʊʕʉ ʧʦʢʘʟʘʪʝʣʶ ʵʥʝʨʛʦʙʣʦʢ ˉ8 ʊʕʎ-26 ʇɸʆ 

çʄʦʩʵʥʝʨʛʦè ʥʘ ʙʘʟʝ ʇɻʋ-420 (ʜʘʣʝʝ ʇɻʋ-420), ʩʦʟʜʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʅʀʆʂʈ ʠ ʚʚʝʜʝʥʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2011 ʛʦʜʫ, ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʣʫʯʰʠʤʠ ʤʠʨʦʚʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʵʢʦʥʦʤʠʯʥʳʤ 

ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʵʥʝʨʛʦʙʣʦʢʦʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ (ʂʇɼ 

ʵʥʝʨʛʦʙʣʦʢʘ ʚ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʩʦʩʪʘʚʣʷʝʪ 59,08%, ʚ ʥʝʤ ʦʙʝʩʧʝʯʝʥ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʧʣʦʚʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ, 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʦʚ (1235 хʉ) ʙʣʘʛʦʜʘʨʷ ʜʚʫʤ ʢʘʤʝʨʘʤ 
ʩʛʦʨʘʥʠʷ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʫʩʪʘʥʦʚʢʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʥʘʜʝʞʥʦʩʪʴ) [4]. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇɻʋ-420 ʠ ʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʷʤ [3]. 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʇɻʋ ʨʘʟʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ 

ʚʦʣʠ ʢʦʥʢʨʝʪʥʳʭ ʣʶʜʝʡ ʦʙʲʝʢʪʠʚʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʦʜʠʥʘʢʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ [5]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɻʋ-420 ʥʘ ʤʦʤʝʥʪ ʧʫʩʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʊʕʉ ʩʦʛʣʘʩʥʦ ʉ.ʖ. ɻʣʘʟʴʝʚʫ [5] ʧʨʠʥʷʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʥʦʩʠʪʴ ʢ 

ʪʝʭʥʦʣʦʛʠʷʤ 4-ʛʦ ɹʋ, ʧʘʨʦʛʘʟʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʂʇɼ 

ʙʦʣʝʝ 50%, ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʛʦʨʘʥʠʷ, ʫʣʫʯʰʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪ.ʜ.) ʷʚʣʷʶʪʩʷ ʫʞʝ ʪʝʭʥʦʣʦʛʠʷʤʠ 5-ʛʦ ɹʋ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʚʦʣʶʮʠʠ ʢʣʶʯʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʕʉ. ɼʣʷ 

ʈʌ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ 2000 ʛʦʜʦʚ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʥʘʫʯʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ɹʋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝʤ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʦʪʨʘʩʣʠ ʧʦ ʬʘʢʪʫ), ʥʦ ʠ 
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ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ (ʪʦ ʝʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʦʪʨʘʩʣʠ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚ ʪʝʢʩʪʝ ʥʘ ʧʨʠʤʝʨʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ ʇɻʋ-420, 

ʩʦʟʜʘʥʠʝ ʜʘʥʥʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ï ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʅʀʆʂʈ ʠʣʠ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ (ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ), ʟʘʪʨʘʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ 

(ʯʝʣʦʚʝʯʝʩʢʠʭ, ʤʘʪʝʨʠʘʣʴʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ). 

ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʨʫʜʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ: 

¶ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [5] ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʥʫʪʨʠʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

(ʢʘʢ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʥʘ ʚʝʱʝʩʪʚʝʥʥʦʤ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʨʦʚʥʷʭ); 

¶  ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʝʨʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ISO 55000, ISO 55001, ISO 

55002 ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʢʪʠʚʘʤʠ; 

¶  ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ [5], ʩʧʦʩʦʙʥʦʛʦ ʨʝʰʘʪʴ 
ʩʣʦʞʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʦʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʫʣʫʯʰʝʥʠʠ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʠ/ʊʉ, ʧʨʠʚʦʜʠʪ ʢ: 

¶  ʫʣʫʯʰʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʤʝʥʝʝ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ 
ʧʦʚʳʰʘʝʪ ʠʥʪʝʛʨʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ/ʊʉ; 

¶  ʧʝʨʝʭʦʜʫ ʪʝʭʥʦʣʦʛʠʠ/ʊʉ ʦʪ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ɹʋ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 
ʫʨʦʚʥʶ ɹʋ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʦ; 

¶  ʧʦʩʪʝʧʝʥʥʦʤʫ ʧʝʨʝʭʦʜʫ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ɹʋ ʢ ʙʦʣʝʝ 
ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ɹʋ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʫʣʫʯʰʝʥʠʷ 

ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ/ʊʉ/ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ:. ʆʙʳʯʥʦ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʄʂʕ ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ ʜʣʷ 

ʩʧʣʦʰʥʳʭ ʪʝʣ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ, ʫʯʠʪʳʚʘʶʱʝʡ ʪʨʝʥʠʝ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ, ʠ ʦʮʝʥʢʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʳʢʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʜʠʟʝʣʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʨʷʜ ʟʘʜʘʯ: ʚʳʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʦ ï ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʪʘʢʪʘ; ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʦ ʄʂʕ 

ʪʨʠʙʦʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ; ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʭ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʦʚ, 

ʠʤʝʶʱʠʭ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ; ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʪʷʥʫʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʩʯʝʪʥʦʡ ʂʕ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʯʘʩʪʠ 

ʩʪʷʛʠʚʘʶʱʠʭ ʜʝʪʘʣʝʡ ʰʘʪʫʥʘ ʠ ʙʦʣʪʘ; ʠʩʩʣʝʜʦʚʘʥʠʝ (ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ) ʩʪʳʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʰʘʪʫʥʘ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʜʠʟʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʪʫʥ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʥʪʘʢʪʥʳʝ ʜʘʚʣʝʥʠʷ. 
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ʅʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʮʠʣʠʥʜʨʦʚʦʡ ʠ ʘʛʨʝʛʘʪʥʦʡ ʤʦʱʥʦʩʪʝʡ ʜʠʟʝʣʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʜʝʪʘʣʷʭ ʂʐʄ. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʡ ʚ ʢʦʨʝʥʥʳʭ ʠ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʢʦʣʝʥʯʘʪʳʭ ʚʘʣʦʚ ʰʝʡʢʠ ʧʦʩʣʝʜʥʠʭ ʩʪʨʝʤʷʪʩʷ ʜʝʣʘʪʴ 

ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʆʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʨʘʟʤʝʨʳ 

ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʝʤʦʥʪʘʞʘ ʰʘʪʫʥʦʚ ʯʝʨʝʟ ʮʠʣʠʥʜʨʦʚʳʝ 

ʚʪʫʣʢʠ, ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʰʘʪʫʥʥʦʡ ʰʝʡʢʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʠʥʘ ʩʪʳʢʦʚ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪ 

ʨʘʙʦʪʫ ʩʪʳʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʝʣʘʝʪ ʩʪʳʢ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʳʩʦʢʠʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʂʐʄ ʩʪʘʚʷʪ ʧʝʨʝʜ 

ʜʠʟʝʣʝʩʪʨʦʝʥʠʝʤ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʰʘʪʫʥʦʚ, ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʦʙʰʠʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʇʝʨʝʭʦʜ ʢ ʠʪʝʨʘʮʠʦʥʘʣʴʥʦʡ 

ʧʨʦʮʝʜʫʨʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʚ ʩʪʳʢʝ ʢʨʠʚʦʰʠʧʥʦʡ 

ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʵʪʘʧʦʤ ʚ ʦʙʱʝʡ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʩʪʳʢʘ ʧʦ 

ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦ 

ï ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

çʩʧʘʷʥʥʦʩʪʠè ʩʪʳʢʘ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʦʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [1], 

ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʰʘʪʫʥʘ. 

ʂʨʠʚʦʰʠʧʥʘʷ ʛʦʣʦʚʢʘ ʩʯʠʪʘʝʪʩʷ ʩʧʣʦʰʥʳʤ ʪʝʣʦʤ ʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʫʯʝʪʦʤ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʂʦʥʝʯʥʦ ï ʵʣʝʤʝʥʪʥʘʷ ʠʜʝʘʣʠʟʘʮʠʷ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ 

ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʜʠʟʝʣʷ 6ʏʅ 21/21 ʠ ʩʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʟʘʪʷʞʢʠ: 1 ï ʛʨʘʥʠʮʳ ʚʳʜʝʣʷʝʤʦʡ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ; 

2 ï ʩʣʦʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʘʢʮʠʠ  

ʚ ʛʨʘʥʠʯʥʳʭ ʫʟʣʘʭ ʧʦʜʢʦʥʩʪʨʫʢʮʠʷʭ 

 

ɺ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʚʭʦʜʷʪ ʰʘʪʫʥʥʳʝ ʙʦʣʪʳ, ʠʤʝʶʱʠʝ ʦʙʱʠʝ ʫʟʣʦʚʳʝ 

ʪʦʯʢʠ ʩ ʰʘʪʫʥʦʤ ʚ ʨʝʟʴʙʦʚʦʡ ʯʘʩʪʠ ʠ ʧʦʜ ʛʦʣʦʚʢʦʡ ʙʦʣʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ 
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ʠʟʣʦʞʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʰʘʪʫʥʘ ʚ ʜʠʥʘʤʠʢʝ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʠʪʠʨʫʷ ʫʩʠʣʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ. ʇʨʠʤʝʥʷʷ ʧʨʠʥʮʠʧ 

ʩʫʧʝʨʧʦʟʠʮʠʠ ʢ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʝ, ʨʘʩʩʯʠʪʳʚʘʝʤ ʥʘʧʨʷʞʝʥʥʦ ï 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʜʝʣʴʥʦ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʟʘʪʷʞʢʠ ʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʉʫʤʤʠʨʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʥʘʭʦʜʠʤ ʧʦʣʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʅʘʧʨʷʞʝʥʥʦ ï ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ (ʧʨʠ ʥʘʣʠʯʠʠ ʚʢʣʘʜʳʰʘ 

ʠ ʙʝʟ ʥʝʛʦ) ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ, ʝʩʣʠ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʚʜʦʣʴ ʦʩʝʡ 

ʙʦʣʪʦʚ ʧʨʠʣʦʞʠʪʴ ʩʞʠʤʘʶʱʠʝ ʩʠʣʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

 

 

ʈʠʩ. 2. ʕʧʶʨʘ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʧʦ ʜʣʠʥʝ ʩʪʳʢʘ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ 

 ʜʣʷ ʩʣʫʯʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ ʩʦ ʚʢʣʘʜʳʰʝʤ: 

 ʢʨʠʚʘʷ 1 ï ʧʦʣʥʦʦʧʦʨʥʳʡ ʩʪʳʢ;  

ʢʨʠʚʳʝ 2 ʠ 3 ï ʜʣʷ ʩʪʳʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʳʙʦʨʢʘʤʠ 

 

ʉʞʠʤʘʶʱʠʝ ʩʠʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʫʩʠʣʠʷ ʟʘʪʷʞʢʠ ʥʘ 

ʚʝʣʠʯʠʥʫ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʦʣʪʘ ʢ ʧʣʦʱʘʜʠ ʩʪʳʢʘ, ʪ.ʢ. 

ʧʨʠ ʪʘʢʦʡ ʩʭʝʤʝ ʥʘʛʨʫʞʝʥʠʷ ʩʞʘʪʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠ ʙʦʣʪ, ʠ ʩʪʳʢ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʲʝʤʥʦʛʦ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧʥʠʢʘ 

ʩʢʦʣʴʞʝʥʠʷ ʩ ʫʧʨʫʛʠʤ ʢʦʥʪʫʨʦʤ ʧʦʩʪʝʣʠ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ (ʥʝʪ ʧʦʪʝʨʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʟʘʪʷʛʘ) ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʵʧʶʨʘ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʩʪʦʯʢʠ ʧʦʩʪʝʣʝʡ. 

ʈʘʩʯʝʪʳ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʰʘʪʫʥʦʚ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʝ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʪʜʝʣʴʥʦ ʦʪ ʩʪʘʪʠʯʝʩʢʦʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʥʦʡ ʚʝʢʪʦʨʥʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʥʘʛʨʫʟʦʢ ʥʘ ʰʘʪʫʥʥʳʡ ʧʦʜʰʠʧʥʠʢ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ 
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ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠʤʝʝʤ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ɼʣʷ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʘʪʫʥʝ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʟʥʘʪʴ ʠ 

ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʡ ʥʘʛʨʫʟʢʝ ʚ ʧʦʜʰʠʧʥʠʢʝ. 

ʀʟ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʫ ʵʧʶʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʚʢʣʘʜʳʰʝʤ ʠ ʚʘʣʦʤ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, 

ʛʣʘʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʜʘʪʣʠʚʦʩʪʴʶ  ʧʦʩʪʝʣʠ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʫʧʨʫʛʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʚ 

ʤʘʩʣʷʥʦʤ ʢʣʠʥʝ ʝʱʝ ʥʝ ʨʝʰʝʥʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʯʥʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʧʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʵʧʶʨʘ ʜʘʚʣʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ çʞʝʩʪʢʠʡ ʚʘʣ - ʫʧʨʫʛʘʷ ʧʦʩʪʝʣʴ 

ʧʦʜʰʠʧʥʠʢʘè [1] ʙʝʟ ʫʯʝʪʘ ʩʠʣ ʪʨʝʥʠʷ ʚ ʩʦʧʨʷʞʝʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʪʜʝʣʴʥʦ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ ʠ ʦʪ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʨʘʩʯʝʪʫ ʧʦʜʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʫʟʣʘʭ ʩʪʳʢʦʚʢʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟ 

ʢʦʪʦʨʦʡ ʦʥʘ ʚʳʜʝʣʝʥʘ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ ʟʘʜʘʪʴ ʚ ʵʪʠʭ ʫʟʣʘʭ ʥʘʡʜʝʥʥʳʝ 

ʫʟʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ (ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʟʘʪʷʞʢʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʩʯʝʪʝ ʚʩʝʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ. ɺʥʫʪʨʠ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʠʣʦʞʝʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʩʫʤʤʘʨʥʳʝ ʩʠʣʳ. ʊʘʢ ʢʘʢ ʚ ʨʘʩʯʝʪʘʭ 

ʢʨʠʚʦʰʠʧʥʳʭ ʛʦʣʦʚʦʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʩʪʳʢʘ, ʪʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ 

ʨʘʟʲʝʤʘ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ ʦʙʱʫʶ ʞʝʩʪʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʳʢʝ ʙʫʜʫʪ ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʝʥʳ, ʘ ʚ ʂʕ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʫʟʣʦʚʳʤ ʪʦʯʢʘʤ ʩ ʟʘʜʘʥʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʟʘʚʳʰʝʥʥʳʤʠ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʤʝʩʪʦ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʙʫʜʝʤ 

ʫʯʠʪʳʚʘʪʴ ʩʠʣʦʚʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʪ.ʝ. ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʛʨʘʥʠʯʥʳʝ 

ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʠʭ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʜʣʷ ʯʝʛʦ ʦʮʝʥʠʤ ʩʣʦʡ ʂʕ ʚ ʫʧʨʫʛʦʡ ʟʘʜʘʯʝ ʜʣʷ ʢʨʠʚʦʰʠʧʥʦʡ 

ʛʦʣʦʚʢʠ, ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʛʨʘʥʠʮʝ ʚʳʜʝʣʝʥʥʦʡ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʝʛʦ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʠʤʝʝʤ ʨʘʩʯʝʪʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. ɽʩʣʠ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʨʠʯʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʄʂʕ ʜʣʷ ʩʣʦʷ  

[]{} {}Fqʂ =-  

ʥʝ ʠʟʚʝʩʪʝʥ ʚʝʢʪʦʨ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ {}F , ʪʦ ʝʛʦ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʩʪʳʤ ʧʝʨʝʤʥʦʞʝʥʠʝʤ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʩʣʦʷ []ʂ  ʥʘ ʚʝʢʪʦʨ 

ʥʘʡʜʝʥʥʳʭ ʠʟ ʨʝʰʝʥʠʷ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚʳʭ ʪʦʯʝʢ {}q . ɺʝʢʪʦʨ 

{}F  ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʢʮʠʠ ʂʕ ʩʣʦʷ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʦʙʣʘʩʪʠ. ʇʝʨʝʜ 

ʧʨʦʚʝʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʢʘʞʜʦʤ ʫʟʣʝ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʦʪ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʪʷʞʢʠ ʠ ʦʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʇʦʣʫʯʠʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʢʮʠʠ ʚ ʛʨʘʥʠʯʥʳʭ 

ʫʟʣʘʭ, ʧʝʨʝʭʦʜʠʤ ʢ ʯʠʩʣʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ. 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄʂʕ ʙʳʣʘ ʥʝʦʩʦʙʝʥʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [2]. ʕʪʦ 

ʫʩʣʦʚʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʂʦʛʜʘ ʥʘ ʛʨʘʥʠʮʘʭ ʟʘʜʘʥʳ ʩʠʣʳ, ʪʦ ʚ ʧʣʦʩʢʦʡ ʟʘʜʘʯʝ 

ʧʨʠʭʦʜʠʪʩʷ ʟʘʢʨʝʧʣʷʪʴ ʜʚʘ ʫʟʣʘ. ʇʨʦʱʝ ʠ ʧʨʘʚʠʣʴʥʝʝ ʥʘ ʦʜʥʦʡ ʠʟ ʛʨʘʥʠʮ 

ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ ʟʘʜʘʪʴ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʠʟʚʝʩʪʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʥʘ ʜʨʫʛʦʡ ï 

ʩʠʣʳ ʨʝʘʢʮʠʠ. ʕʪʦʪ ʩʣʫʯʘʡ ʩʤʝʰʘʥʥʦʛʦ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦ ï ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʘʪʨʠʮʘ ʨʝʘʢʮʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ ʚ 

ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʢʨʠʚʦʰʠʧʥʦʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʇʨʝʜʩʪʘʚʠʤ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʡ ʚ ʚʠʜʝ 

ʚʝʢʪʦʨʘ { }ʍRʈ , ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ  

{ }[]{}{ }** PqRʈX

R -= ,                                                  (1) 

ʛʜʝ {}q  - ʚʝʢʪʦʨ ʚʩʝʭ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʠʩʪʝʤʳ ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʅ. 

ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ { }X

Rʈ  ʠ { }*P  ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʪʩʷ 

ʠʟ ʦʙʱʝʡ ʤʘʪʨʠʮʳ [K].  

ɺʚʦʜʠʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʚʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ  [E1] ʠ [E2], ʩʫʤʤʘ 

ʢʦʪʦʨʳʭ ʜʘʩʪ ʝʜʠʥʠʯʥʫʶ ʤʘʪʨʠʮʫ [E]: 
[][ ][]ɽɽɽ =+ 21  

ʠʣʠ ʚ ʨʘʩʢʨʳʪʦʤ ʚʠʜʝ 
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ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʠʘʛʦʥʘʣʠ ʚ ʤʘʪʨʠʮʘʭ ʨʘʚʥʦ ʅ, ʧʨʠʯʝʤ ʢʘʞʜʦʤʫ 

ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ ʤʘʪʨʠʮʳ [ɽ2] ʩʦ ʟʥʘʯʝʥʠʝʤ ʥʫʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʝʠʟʚʝʩʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ {}q , ʘ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʘʛʦʥʘʣʠ ʨʘʚʥʳ 

ʝʜʠʥʠʮʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʚʝʩʪʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʪʦʛʦ ʞʝ ʚʝʢʪʦʨʘ. ɼʘʣʝʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʤʘʪʨʠʮ  ʦʧʨʝʜʝʣʷʝʪ ʤʘʪʨʠʮʫ [R], ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʧʨʦʪʦʪʠʧʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʨʠʮʳ [ ]*R  

[][ ][]KER 2= .                                                      (2) 

ʇʫʪʝʤ ʚʳʯʝʨʢʠʚʘʥʠʷ ʩʪʨʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʤʘʪʨʠʮʝ []R  

ʦʙʨʘʟʦʚʳʚʘʝʤ ʤʘʪʨʠʮʫ [ ]*R . 

ɸʥʘʣʦʛʠʯʥʦ ʩʪʨʦʠʪʩʷ ʚʝʢʪʦʨ [ ]*ʈ  ʠʟ ʚʝʢʪʦʨʘ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ {}ʈ. 

ʉʥʘʯʘʣʘ ʧʦʣʫʯʘʝʤ  

{} [ ]{}PEP 2' = . 
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ɿʘʪʝʤ ʠʟ ʚʝʢʪʦʨʘ {}'P  ʚʳʯʝʨʢʠʚʘʝʤ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʤ ʧʦ ʜʠʘʛʦʥʘʣʠ 

ʤʘʪʨʠʮʳ [ ]2E ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʫʣʠ, ʠ ʧʦʣʫʯʘʝʤ ʚʝʢʪʦʨ { }*P . 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮ, ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʝ (2), ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʘʪ ʥʫʣʝʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʟʘʥʠʤʘʶʪ ʚ ʧʘʤʷʪʠ ʤʘʰʠʥʳ ʤʥʦʛʦ ʤʝʩʪʘ. ʏʠʩʣʦ ʩʪʨʦʢ 

ʤʘʪʨʠʮʳ [ ]*R , ʪʘʢʞʝ ʢʘʢ ʠ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʦʚ { }PR  ʠ { }*P , 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ (NT). ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ 

NT ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʧʨʠ ʨʝʰʝʥʠʠ 

ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʝʝ ʯʠʩʣʦ ʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ: 

ʠʟʚʝʩʪʥʳʭ ʠ ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʫʯʝʪʦʤ ʣʝʥʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʨʠʮʳ []R  ʚ ʤʘʰʠʥʝ ʭʨʘʥʷʪʩʷ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ [ ]*R  ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʚʩʝʛʦ 

2b. ʉʦʟʜʘʥʠʝ ʤʘʪʨʠʮʳ [ ]*R  ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʮʝʜʫʨʝ ʧʨʦʛʨʘʤʤʳ, ʟʥʘʯʝʥʠ ̫

ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʕɺʄ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʠ ʩ ʯʠʩʣʦʤ NT Ò 400.  

ʂʦʛʜʘ ʤʘʪʨʠʮʘ []R  ʩʦʟʜʘʥʘ, ʧʨʝʦʙʨʘʟʫʝʤ ʧʨʘʚʳʝ ʠ ʣʝʚʳʝ ʯʘʩʪʠ ʦʩʥʦʚʥʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ [23]: 
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ɿʜʝʩʴ ʧʨʦʠʟʚʝʜʝʥʠʷ: []{}ʈɽ1
 - ʧʨʝʦʙʨʘʟʫʝʪ ʚʝʢʪʦʨ {}P  ʪʘʢ, ʯʪʦ ʝʛʦ ʵʣʝʤʝʥʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʘʤ ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʝʢʪʦʨʘ {}q , 

ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʳʝ ʥʫʣʶ; 

[ ]{}qɽ2
 - ʦʧʨʝʜʝʣʷʝʪ ʵʣʝʤʝʥʪʳ ʠʟʚʝʩʪʥʳʭ ʥʘʯʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ 

{}q ; 

[][][ ]{}qɽʂɽ 21
- ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʨʘʱʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʭ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ {}P , 

ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʘʭ ʚʝʢʪʦʨʘ {}q  ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʝ, ʘ 

ʚʳʟʚʘʥʳ ʵʪʠ ʧʨʠʨʘʱʝʥʠʷ ʠʟʚʝʩʪʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ {}q . 

ɽʩʣʠ ʧʨʦʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʨʠʮ [][ ]*, KR  ʠʟ ʚʝʢʪʦʨʘ {}P  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʬʦʨʤʫʣʘʤ (2) ʠ (3), ʪʦ ʧʦʪʨʝʙʫʝʪʩʷ ʚʚʦʜʠʪʴ ʚ ʤʘʰʠʥʫ ʤʘʪʨʠʮʳ []1ɽ  ʠ [ ]2ɽ , 

ʨʘʟʤʝʨʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʤʘʪʨʠʮʝ []ʂ. ʇʦʪʨʝʙʫʝʪʩʷ ʪʨʝʭʢʨʘʪʥʳʡ ʦʙʲʝʤ 

ʧʘʤʷʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ []ʂ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝʘʣʴʥʦ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʕɺʄ. 

ʇʦʵʪʦʤʫ ʤʘʪʨʠʮʳ [ ]*R  ʨʘʟʤʝʨʥʦʩʪʴʶ [ ]bNT 2³  ʠ []'K  ʨʘʟʤʝʨʥʦʩʪʴʶ [ ]HH³  (ʚ 

ʧʘʤʷʪʠ ʕɺʄ ʭʨʘʥʠʪʩʷ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ []ʂ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ bʅÖ) ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʳ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʤʘʩʩʠʚʦʚ MN ʠ 

MT ʩ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ NT ʚ ʢʘʞʜʦʤ, ʧʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ [ ]*ʂ  ʟʘʥʠʤʘʶʪ ʪʝ ʞʝ 

ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʤʘʰʠʥʳ, ʯʪʦ ʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ []ʂ .  

ʕʣʝʤʝʥʪʘʤʠ ʤʘʩʩʠʚʘ MN ʷʚʣʷʶʪʩʷ ʠʥʜʝʢʩʳ ʥʘʯʘʣʴʥʳʭ ʫʟʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ MT ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ŭi ʚ ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʠʭ ʠʥʜʝʢʩʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʤʘʩʩʠʚʝ 

MN. 
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ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʚ 

ʤʘʩʩʠʚʘʭ MN ʠ ʄʊ ʧʦʟʚʦʣʷʝʪ ʜʘʣʝʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʚʝʣʠʯʠʚʘʪʴ ʫʛʦʣ ʦʭʚʘʪʘ 

ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʚʪʦʨʝʥʠʷʭ ʨʘʩʯʝʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʝʘʣʴʥʦʛʦ 

ʫʛʣʘ ʦʭʚʘʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʧʦʚʪʦʨʥʦʤ ʵʪʘʧʝ (ʧʨʠ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ) 

ʨʝʰʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʦʣʞʥʳ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʥʝ 

ʚʩʝ NT ʧʘʨ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ MN ʠ ʄʊ, ʘ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ 

ʵʪʦʤ ʠʟʚʝʩʪʥʳʝ ʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʯʠʩʣʦ ʯʝʨʝʟ KONT. 

ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʷʭ ʨʘʩʯʝʪʘ KONT ʜʦʣʞʥʦ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ ʦʭʚʘʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ 

ʧʦʚʪʦʨʥʦʤ ʵʪʘʧʝ (ʧʨʠ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ) ʨʝʰʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʚʩʝ NT ʧʘʨ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʦʚ MN ʠ 

ʄʊ, ʘ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʳʝ ʥʘʯʘʣʴʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ  {}q  ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʦʚʦʜʠʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʝʘʢʮʠʡ ʠ ʚ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʟʜʝʩʴ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʚʳʙʦʨʘ ʫʛʣʘ ʦʭʚʘʪʘ ʧʦ ʬʦʨʤʫʣʝ RRK DB ,                                                  

ʛʜʝ RK ï ʟʥʘʯʝʥʠʝ ʢʨʘʡʥʝʡ ʨʝʘʢʮʠʠ. ɽʩʣʠ ʫʛʦʣ ʦʭʚʘʪʘ ʚʳʙʨʘʥ ʚʝʨʥʦ, ʜʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʠ ʥʘʯʠʥʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʜʫʨʳ Sila. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʦʭʚʘʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʝʰʝʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ.  

ɺ ʧʨʦʮʝʜʫʨʝ Sila ʧʦ ʬʦʨʤʫʣʘʤ (1) ʨʘʙʦʪʳ [3] ʧʨʦʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʂʕ, ʪ.ʝ. ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ 

ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ. ɿʘʪʝʤ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʣʘʚʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʦʤ ɔ: 

( )
ùú
ø

éê
è +-++= 22

1 45,0 xyyxyõ tsssss ; 

( )
ùú
ø

éê
è +--+= 22

2 45,0 xyyxyʭ tsssss ; 

ö
ö

÷

õ

æ
æ

ç

å

-
-=

yx

arctg
ss

t
g . 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʚʳʚʦʜʷʪʩʷ ʥʘ ʧʝʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ: ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ, ʨʝʘʢʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʧʶʨʘ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʘ ʚ 

ʥʘʨʫʞʥʳʭ ʚʦʣʦʢʥʘʭ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʦʙʲʝʢʪʘ ʨʘʩʯʝʪʘ ʠ ʙʫʜʝʪ ʵʧʶʨʦʡ ʢʦʥʪʘʢʪʥʳʭ 

ʜʘʚʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʨʳ.  
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ʇʆʉʊʈʆɽʅʀɽ ʄʆɼɽʃʀ ʀɿʆɹʈɸɾɽʅʀʗ ɺʀɹʈʀʈʋʖʑɽɻʆ  

ʊɽʉʊ-ʆɹʒɽʂʊɸ ʅɸ ʇɿʉ-ʌʆʊʆʇʈʀɽʄʅʀʂɽ  

ʉ ʀɿʄɽʅʗɽʄʆʁ ʂɸɼʈʆɺʆʁ ʏɸʉʊʆʊʆʁ 

ɺ.ʉ. ʇʘʜʘʣʢʦ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʤʘʟʘ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʠʙʨʘʮʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʤʘʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʮʠʷ, ʩʤʘʟ, ʪʝʩʪ-ʦʙʲʝʢʪ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

THE IMAGE SIMULATION OF THE CCD PHOTODETECTOR BASED 

VIBRATING TEST OBJECT WITH A VARIABLE FRAME RATE  
V. S. Padalko  

Altai State Technical University after I. I. Polzunov  

The present paper deals with obtaining a motion blur of the   test object subjected to vibration. 

One may find  a qualitative comparison assessment of experimental and theoretical data. A 

mathematical model for obtaining the motion blur has been worked out in the paper.  

Key-words: vibration, motion blur, testing object, mathematical modelling, 

computer design  

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʢʦʥʪʨʦʣʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ ʧʦ ʯʘʩʪʦʪʥʦ ʢʦʥʪʨʘʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʏʂʍ). ʕʪʦ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʘʤʧʣʠʪʫʜʫ ʚʠʙʨʘʮʠʠ ʠ ʝʸ 

ʯʘʩʪʦʪʫ. ɺ ʨʘʙʦʪʘʭ [1, 2] ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʦʨʠʷ ʧʦʚʝʜʝʥʠʷ ʏʂʍ ʪʝʩʪ-ʦʙʲʝʢʪʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʘʙʦʨʘ ʰʪʨʠʭʦʚ ʩ ʨʘʟʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʘʭʘ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʩʪ-ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʠʙʨʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʢʦʥʪʨʘʩʪ ʚ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʷ ʩʤʘʟʘ ʚʠʙʨʠʨʫʶʱʝʛʦ 

ʪʝʩʪ-ʦʙʲʝʢʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʦʡ, ʧʨʦʚʝʩʪʠ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʢʘʯʝʩʪʚʝʥʥʦ ʩʨʘʚʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʇʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝʥʠʤ ʫʩʪʘʥʦʚʢʫ ʠ ʪʝʩʪ-ʦʙʲʝʢʪ, 

ʦʧʠʩʘʥʥʳʝ ʚ [1]. 

 

 
 

ʈʠʩ. 1. ʊʝʩʪ-ʦʙʲʝʢʪ 

 

ʅʘʩʪʨʦʠʤ ʫʩʪʘʥʦʚʢʫ ʪʘʢ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʨʘʚʥʷʣʘʩʴ 

ʢʘʜʨʦʚʦʡ ʯʘʩʪʦʪʝ ʢʘʤʝʨʳ, ʘ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʙʳʣʦ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ 

ʢʘʜʨʘ.  

ʇʦʣʫʯʠʤ 10 ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠ ʨʘʟʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ. 

ʆʙʲʝʜʠʥʠʤ ʠʭ ʚ ʦʜʥʦ, ʜʣʷ ʣʫʯʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 2. ʊʝʩʪ-ʦʙʲʝʢʪ 

 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 2, ʩ ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʘʟ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʜʠʥʘʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʤʘʟʘ ʫ ʰʪʨʠʭʦʚ ʩ 

ʨʘʟʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʨʘʟʥʳʭ ʘʤʧʣʠʪʫʜʘʭ 

ʢʦʣʝʙʘʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʦʜʥʫ ʧʘʨʫ ʰʪʨʠʭʦʚ, ʠʟʤʝʥʷʷ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ, 

ʣʠʙʦ ʚʝʩʴ ʪʝʩʪ-ʦʙʲʝʢʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʤʘʟʘ ʢʘʢ ʩʚʝʨʪʢʫ ʜʚʫʭ 

ʩʠʛʥʘʣʦʚ. ʇʝʨʚʳʡ ʩʠʛʥʘʣ ï ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʩʪ-ʦʙʲʝʢʪʘ. ɺʪʦʨʦʡ ʩʠʛʥʘʣ ï 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʞʝʥ ʪʝʩʪ-ʦʙʲʝʢʪ. ɼʣʷ ʙʦʣʴʰʝʡ 

ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʤ ʩʚʝʨʪʢʫ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩ ʬʫʥʢʮʠʝʡ 

ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ (ʌʈʊ), ʯʪʦ ʩʤʦʜʝʣʠʨʫʝʪ ʠʩʢʘʞʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ. 

ɺ ʩʨʝʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MathCAD ʧʨʝʜʩʪʘʚʠʤ ʧʝʨʚʳʡ 

ʩʠʛʥʘʣ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʨʝʜʝ MathCAD 

 

ʇʝʨʝʤʝʥʥʘʷ aT ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʠʥʫ ʰʪʨʠʭʘ. 

ʊʘʢ ʢʘʢ ʪʝʩʪ-ʦʙʲʝʢʪ ʩʦʚʝʨʰʘʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʤʳ ʧʦʣʫʯʘʝʤ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ, ʪʦ ʚʪʦʨʦʡ ʩʠʛʥʘʣ ï ʵʪʦ 

ʜʫʛʘ ʵʣʣʠʧʩʘ. ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 

 

 
ʈʠʩ. 4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʨʝʜʝ MathCAD 

 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʌʈʊ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʌʈʊ ʚ ʩʨʝʜʝ MathCAD 
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ʇʨʦʠʟʚʝʜʝʤ ʩʚʝʨʪʢʫ ʪʨʝʭ ʩʠʛʥʘʣʦʚ, ʠʟʤʝʥʷʷ ʢʦʵʬʬʠʮʠʝʥʪ aT ʪʘʢ, ʯʪʦʙʳ 

ʰʠʨʠʥʘ ʰʪʨʠʭʦʚ ʨʝʘʣʴʥʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʩʦʚʧʘʜʘʣʘ ʩ ʰʠʨʠʥʦʡ ʤʦʜʝʣʠʨʫʝʤʦʛʦ. 

ʆʧʝʨʘʮʠʶ ʩʚʝʨʪʢʠ ʦʧʠʰʝʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6. 

 

 
ʈʠʩ. 6. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʧʝʨʘʮʠʠ ʩʚʝʨʪʢʠ ʚ ʩʨʝʜʝ MathCAD 

 

ʇʦʣʫʯʠʤ 10 ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠ ʨʘʟʥʦʡ ʰʠʨʠʥʝ ʰʪʨʠʭʦʚ. ʆʙʲʝʜʠʥʠʤ ʠʭ ʚ 

ʦʜʥʦ, ʜʣʷ ʣʫʯʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 7. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʨʝʜʝ MathCAD 

 

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʷʨʢʦʩʪʠ ʩʤʘʟʘ ʰʪʨʠʭʦʚ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʠʙʦʣʴʰʝʡ 

ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʘ. 

 

 
 

ʈʠʩ. 8. ɻʨʘʬʠʢ ʷʨʢʦʩʪʠ ʩʤʘʟʘ ʪʝʩʪ-ʦʙʲʝʢʪʘ 

 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʠʩ. 7 ʠ ʨʠʩ. 8 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʭʦʜʩʪʚʦ ʚʦ ʚʩʝʭ 10 

ʫʯʘʩʪʢʘʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʬʦʨʤʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʸ ʠʟʤʝʥʝʥʠʷ. ʅʝʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ MathCAD ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʫʩʪʘʥʦʚʢʝ, 


