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ʜ.ʪ.ʥ., ʧʨʦʬ. ʈʘʜʟʝʚʠʯ ʉ.ʇ., (RICARDO, Inc., ʉʐɸ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʘʣʝʥʢʦ ʆ.ʌ., (ʤ. ʂʨʝʤʝʥʯʫʢ, ʂʅʋ ʽʤ. ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʘʭʥʦ ɭ.ʖ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʠʟʘ ʆ.ɯ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʪʨʫʪʠʥʩʴʢʠʡ ɺ.ɹ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʊʽʭʝʥʢʦ ɺ.ʄ. (ʤ. ʆʜʝʩʘ, ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʘʣʴʯʝʥʢʦ ʖ.ɺ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʝʜʦʨʠʥʝʥʢʦ ɼ.ʖ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʽʣʦʥʝʥʢʦ ʉ.ʌ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʍʘʨʯʝʥʢʦ ɻ.ʂ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʎʠʙʫʣʷ ʉ.ɼ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʐʘʭʙʘʟʦʚ ʗ.ʆ. (ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʐʠʥʢʘʨʝʥʢʦ ɺ.ʌ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʖʜʽʥ ʆ.ʂ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
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4 

ʊɽɿʀ ɼʆʇʆɺɯɼɽʁ ʇʃɽʅɸʈʅʆɻʆ ɿɸʉɯɼɸʅʅʗ  

ʐʠʥʢʘʨʝʥʢʦ ɺ. ʌ. ʆ ʧʨʠʨʦʜʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʣʣʝʣʠʟʤʦʚ ʚ ʵʚʦʣʶʮʠʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

14 

ʇʦʚʩʪʷʥʦʡ ʆ. ʖ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʠʩʪʠʭ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

18 

ɯʚʘʥʦʚ ʄ. ɯ., ʇʝʨʝʷʩʣʘʚʩʴʢʠʡ ʆ.ʄ., ʐʘʨʛʦʨʦʜʩʴʢʠʡ ʉ.ɸ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʘʢʩʽʘʣʴʥʠʭ ʨʦʪʦʨʥʦʧʦʨʰʥʝʚʠʭ ʥʘʩʦʩʽʚ ʪʠʧʫ PVC 1. ɼʣʷ LS ï 

ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 

20 

 

ʊɽɿʀ ɼʆʇʆɺɯɼɽʁ ʉɽʂʎɯʁʅʀʍ ɿɸʉɯɼɸʅʔ 

ʉɽʂʎɯʗ 1  

çʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʄɸʐʀʅʆɹʋɼɯɺʅʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸè 

Radzevich S. P. Three fundamental laws of gearing: for gear design and gear production 

RICARDO, Inc., USA 

21 

ʈʳʞʦʚ ʖ.ʕ., ɸʙʨʘʤʦʚʘ ʉ.ʃ. ʋʧʨʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɺ.ʅ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

23 

ɽʣ-ɹɼʘʭʘʙʽ ʌ. ɺ.
1
, ʂʫʟʥʻʮʦʚ ʖ. ʄ.

2
 ʂʦʤʙʽʥʘʪʦʨʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 
1 
ʅʘʮʽʦʥʘʣʴʥʘ ʢʦʥʩʝʨʚʘʪʦʨʽʷ ʤʠʩʪʝʮʪʚ ʽ ʨʝʤʝʩʝʣ (ʃʽʚʘʥ) 

2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

25 

ɿʣʦʯʝʚʩʴʢʘ ʅ. ʂ., ʃʘʚʨʽʥʝʥʢʦʚ ɸ. ɼ., ɺʠʰʥʝʚʩʴʢʠʡ ʇ. ʉ., ʑʫʧʽʯʝʥʢʦ ɸ. ɸ. 

ɿʙʣ̔ʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʛʦʪʦʚʦʢ ʽʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ22 ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʦʧʘʪʦʢ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

27 

ʐʘʭʙʘʟʦʚ ʗ. ʆ., ʐʠʨʦʢʦʚ ɺ. ɺ., ʐʠʨʦʢʦʚ ʆ. ɺ., ʇʘʣʘʤʘʨ ʆ. ʆ. ʇʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ 

ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ, ʤ. ʃʴʚʽʚ 

29 

ɻʨʠʮʘʡ ɯ. ɭ. ʈʦʟʚʠʪʦʢ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʪʘ ʾʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʘʣʴʥʦ-

ʢʦʣʦʚʦʛʦ ʩʧʦʩʦʙʫ ʟʫʙʦʥʘʨʽʟʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

31 

ʈʫʜʴ ɺ.ɼ., ʉʘʚʶʢ ɯ.ɺ., ʉʘʤʯʫʢ ʃ.ʄ., ʇʦʚʩʪʷʥʘ ʖ.ʉ. ʋʪʠʣʽʟʘʮʽʷ ʦʢʘʣʠʥʠ 

ʢʫʚʘʣʴʥʦ-ʰʪʘʤʧʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

33 

ʈʦʾʢ ʊ. ɸ., ɺʽʮʶʢ ʖ. ʖ. ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ ʪʝʨʪʷ ʜʣʷ 

ʩʝʨʝʜʥʴʦʚʘʞʢʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

34 

ɺʘʩʠʣʴʻʚ ɸ. ɺ., ʇʦʧʦʚ ʉ. ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʫ ʨʦʪʘʮʽʡʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʧʨʦʬʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘ, ʤ. ʇʦʣʪʘʚʘ 

36 
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5 

ɺʦʚʯʝʥʢʦ ɺ. ʇ.
1
, ʄʘʣʶʰʠʮʴʢʠʡ ʆ. ɺ.

2
 ʈʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʴ ʥʘ 

ʩʪʝʥʜʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʧʨʠ ʩʚʝʨʜʣʽʥʥʽ 
1
ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ ʽ ʛʘʟʫ, ʤ. ʇʦʣʪʘʚʘ 

2
ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘ, ʤ. ʇʦʣʪʘʚʘ 

37 

ʄʘʨʯʫʢ ɺ. ɯ., ʄʘʨʯʫʢ ɯ. ɺ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʝʟʮʝʥʪʨʦʚʦʛʦ 

ʰʣʽʬʫʚʘʥʥʷ ʢʽʣʝʮʴ ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʽʚ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

38 

ɻʘʣʴʯʫʢ ʊ.ʅ. ʆʙʨʦʙʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʢʦʥʪʨʦʣʶ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Minitab 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

39 

ɻʨʠʛʦʨôʻʚʘ ʅ. ʉ., ʐʘʙʘʡʢʦʚʠʯ ɺ. ɸ. ɺʽʨʪʫʘʣʴʥʘ ʨʦʟʨʦʙʢʘ ʤʦʜʫʣʴʥʠʭ 

ʩʢʣʘʜʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

40 

ɹʫʨʳʢʠʥ ɺ. ɺ., ʂʣʠʤʝʥʢʦ ʉ. ɸʥ., ʄʝʣʴʥʠʯʫʢ ʖ. ɸ., ʈʳʞʦʚ ʖ. ʕ., ʄʫʢʦʚʦʟ ʉ. ʖ. 

ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʨʦʤʦʢ ʩʦʪʦʚʳʭ ʧʘʥʝʣʝʡ ʧʝʨʝʜ ʚʘʢʫʫʤʥʦʡ ʧʘʡʢʦʡ 

ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

42 

ʂʣʠʤʝʥʢʦ ʉ.ɸ.
1
, ʂʣʠʤʝʥʢʦ ʉ.ɸʥ.

1
, ʂʦʧʻʡʢʽʥʘ ʄ.ʖ.

1
, ʍʝʡʬʝʮ ʄ.ʃ.

2
 

ʂʦʥʪʘʢʪʫʚʘʥʥʷ ʩʪʨʫʞʢʠ ʽʟ ʧʝʨʝʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʩʥʘʱʝʥʠʭ 

ʢʦʤʧʦʟʠʪʘʤʠ ʩBN-S3̔N4 (3 ʦʙ.%), ʩBN-TʽC (45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%) 
1
ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

2
ɼɼɺʆ çʎʝʥʪʨè ʅɸʅ ɹʽʣʦʨʫʩʽ, ʤ. ʄʽʥʩʴʢ 

44 

ɯʚʘʥʝʥʢʦ ɭ. ɺ., ʇʘʱʝʥʢʦ ɹ. ʉ., ɹʦʡʢʦ ʖ. ɯ., ʃʠʪʚʠʥʝʥʢʦ ʆ. ɸ. ʉʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʚʠʜʢʦʟʥʦʰʫʚʘʥʠʭ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ 

46 

ɼʷʜʷ ʉ. ɯ., ʐʪʘʥʢʝʚʠʯ ɺ. ʉ. ɺʠʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʽʟʘʥʥʷ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɿʘʧʦʨʽʞʞʷ 

48 

ɻʦʥʯʘʨ ʅ. ɺ., ʉʪʝʧʘʥʦʚ ɼ. ʅ., ʄʝʨʣʽʢʦʚʘ ʖ. ʈ. ʇʨʠʤʝʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʠʨʦʚʘʥʠʷ 

ʜʠʩʢʦʚʳʤʠ ʧʦʣʠʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʳʤʠ ʱʝʪʢʘʤʠ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɿʘʧʦʨʽʞʞʷ 

49 

ʄʘʥʴʢʦ ʆ. ɺ., ʉʪʝʮʴʢʦ ɸ. ɭ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʜʠʬʫʟʽʾ ʚ ʧʨʦʮʝʩʽ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ, ʤ. ʃʴʚʽʚ 

51 

ʈʫʜʠʢ ɸ. ɺ., ɺʝʥʞʝʛʘ ɺ. ɯ., ʇʘʩʦʚ ɻ. ɺ. ɸʥʘʣʽʟ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʦʨʮʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

53 

ʂʘʣʘʬʘʪʦʚʘ ʃ.ʇ., ʈʘʰʢʦʚ ɯ.ʆ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʢʨʠʭʢʠʭ ʥʝʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʇʦʢʨʦʚʩʴʢ 

55 

ʐʝʚʯʝʥʢʦ ʆ. ɺ., ɹʝʣʷʻʚʘ ɸ. ʖ. ʉʧʝʮʽʘʣʴʥʝ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʦʩʥʘʱʝʥʥʷ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

57 

ʐʝʚʯʝʥʢʦ ʆ. ɺ., ɻʘʪʘʣʘʡ ʆ. ɺ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥ ̔

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

59 
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6 

ʇʝʨʤʷʢʦʚ ʆ. ɸ.
1
, ʐʝʧʝʣʝʚ ɼ. ʂ.

1
, ɯʱʝʥʢʦ ʄ. ɻ.

2
 ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʢʦʤʧʦʥʫʚʘʥʴ 

ʤʦʙʽʣʴʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʍʘʨʢʽʚ 

2
ʇɸʊ çʊʫʨʙʦʘʪʦʤè, ʤ. ʍʘʨʢʽʚ 

61 

ʆʣʽʡʥʠʢ ʉ. ʖ. ʇ̔ ʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʽʜʰʠʧʥʠʢʽʚ ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ ʟ ʙʘʙʽʪʫ ɹ83 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

62 

ʂʦʥʜʨʘʰʝʚ ʇ. ɺ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʝʨʫʚʘʥʥʷʤ ʬʦʨʤʦʶ ʛʘʟʦʧʦʨʦʰʢʦʚʦʛʦ ʩʪʨʫʤʝʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

63 

ʃʫʮʽʚ ɯ. ɺ., ɺʦʣʦʰʠʥ ɺ. ʅ., ɻʨʠʮʠʰʠʥ ɯ. ɯ. ʈʦʟʪʠʩʢʥʽ ʦʧʨʘʚʢʠ ʽʟ ʩʝʛʤʝʥʪʥʠʤʠ 

ʮʘʥʛʘʤʠ ʪʘ ʢʦʥʽʯʥʠʤʠ ʙʘʛʘʪʦʧʨʦʬʽʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟ ʨʽʚʥʦʚʽʩʥʠʤ ʢʦʥʪʫʨʦʤ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯ.ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ 

65 

ʂʦʚʘʣʴʦʚ ɺ. ɼ., ɺʘʩʠʣʴʯʝʥʢʦ
 
ʗ. ɺ., ʐʘʧʦʚʘʣʦʚ ʄ. ɺ. ɿʤʽʮʥʝʥʥʷ 

ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 
ʦʙʨʦʙʢʠ ʽʤʧʫʣʴʩʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ 
ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ.ʂʨʘʤʘʪʦʨʩʴʢ 

67 

ɹʦʥʜʘʨʝʥʢʦ ʄ.ʆ., ʄʝʣʴʥʠʢ ɯ.ɺ., ʍʘʥʜʶʢ ʄ.ɺ., ɹʦʥʜʘʨʝʥʢʦ ʖ.ʖ. ʇ̔ʜʚʠʱʝʥʥʷ 
ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʝʮʠʟʽʡʥʠʭ ʜʝʪʘʣʝʡ ʤʽʢʨʦʧʨʠʩʪʨʦʾʚ 
ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʢʘʩʠ 

69 

ɿʘʜʦʨʦʞʥʷ ɯ.ʄ., ɿʘʜʦʨʦʞʥʽʡ ʄ.ʆ., ʇʦʥʦʤʘʨʴʦʚ ɼ.ʉ., ʉʝʨʜʶʢ ʄ.ɸ. ɸʩʧʝʢʪʠ ʪʘ 
ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʧʨʠʚʦʜʥʦʾ ʩʠʩʪʝʤʠ ʫʩʪʘʥʦʚʦʢ ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

71 

ʇʫʟʳʨʴ ʈ.ɻ.
1
, ʑʠʧʢʦʚʩʢʠʡ ɽ.ɺ.

2
 ʉʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʣʴʥʦʛʦ 

ʜʠʩʢʘ ʢʦʣʝʩʘ 
1 
ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʛ. ʂʨʝʤʝʥʯʫʛ 

2 
ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʠʨʤʘ çʊʝʭʚʘʛʦʥʤʘʰè ʛ. ʂʨʝʤʝʥʯʫʛ 

73 

ʊʫʣʫʧʦʚ ɺ.ɯ., ʆʥʠʱʫʢ ʉ.ɻ. ɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʽʩʣʷ ʬʨʠʢʮʽʡʥʦʛʦ 
ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʜʠʩʫʣʴʬʽʜʦʤ ʤʦʣʽʙʜʝʥʫ 
ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ.ʂʨʘʤʘʪʦʨʩʴʢ 

74 

ʂʦʰʝʣʴ ʉ.ʆ., ʂʦʰʝʣʴ ɻ.ɺ. ʂʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ 
ʧʣʦʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʛʨʫʧʘʤʠ ʚʠʱʦʛʦ ʢʣʘʩʫ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

76 

ɼʦʙʨʦʚʦʣʴʩʢʘʷ ʃ. ʅ, ʂʫʮʴ ʅ. ɻ., ʉʦʙʯʫʢ ɼ. ʉ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʃʫʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʃʫʮʢ 

78 

ʃʘʤʥʘʫʝʨ ʅ.ʖ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʧʨʠ ʦʙʨʦʙʮʽ 
ʨʽʟʘʥʥʷʤ 

ʋʢʨʘʾʥʩʴʢʘ ʽʥʞʝʥʝʨʥʦ-ʧʝʜʘʛʦʛʽʯʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʍʘʨʢʽʚ 

79 

ʈʷʙʯʝʥʢʦ ʉ.ɺ., ɻʨʞʠʙʦʚʩʢʠʡ ɹ.ɹ., ʉʠʣʴʯʝʥʢʦ ʗ.ʃ., ʌʝʜʦʨʝʥʢʦ ɺ.ʊ. 
ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʰʣʠʬʦʚʘʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ 
ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɺ.ʅ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

81 

ʉʪʨʫʪʠʥʩʴʢʠʡ ɺ.ɹ., ʉʢʨʠʧʥʠʢ ɺ.ʉ. ʇ̔ ʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʘʟʝʤʥʠʭ 
ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʦʩʥʦʚʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʚʠʜʢʠʭ 
ʧʝʨʝʤʽʱʝʥʴ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʪʘ ʡʦʛʦ ʪʦʯʥʠʭ ʤʽʢʨʦʧʝʨʝʤʽʱʝʥʴ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

83 
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7 

ʉʪʨʫʪʠʥʩʴʢʠʡ ɺ.ɹ., ɹʦʥʜʘʨʝʥʢʦ ʅ.ɹ., ʂʝʣʘʚʝʮʴ ʖ.ʈ. ɺʠʟʥʘʯʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʘ ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʤʝʭʘʥʽʟʤʽʚ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

84 

ʉʪʨʫʪʠʥʩʴʢʠʡ ʉ.ɺ., ʉʝʤʝʥʯʫʢ ʈ.ɺ. ɼʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʚʝʡʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʨʽʜʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

85 

ɼʘʥʠʣʴʯʝʥʢʦ ʖ.ʄ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʭʠʙʦʢ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʠʩʪʝʤʠ çʰʧʠʥʜʝʣʴ-ʟʘʛʦʪʦʚʢʘè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

86 

ʄʘʡʜʘʥʶʢ ʉ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʜʠʩʢʦʚʠʤʠ ʚʽʜʨʽʟʥʠʤʠ ʬʨʝʟʘʤʠ ʟ 

ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʤʠ ʟʫʙʮʷʤʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

87 

ɹʽʣʘʥʝʥʢʦ ɺ.ɻ., ʇʨʠʭʦʜʴʢʦ ɺ.ʇ. ɹʘʟʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʣʝʥʥʷ 

ʨʽʟʘʥʥʷʤ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

88 

ɹʽʣʘʥʝʥʢʦ ɺ.ɻ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ 

ʨʽʟʘʥʥʷʤ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

90 

ɺʦʣʦʭ ɺ.ʀ., ɹʫʨʷ ɸ. ʀ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʪʘʣʝʡ 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʤʝʥʩʢʦʝ 

92 

ɹʫʨʷ ɸ. ʀ.
1
, ʊʦʤʠʥʘ ɸ. ï ʄ. ɺ.

1
, ʊʝʨʝʥʠʥ ɺ. ʀ.

2
 ɺʣʠʷʥʠʝ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʚʦʣʦʢʥʘ 

ʣʦʣʘ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ 
1
ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʤʝʥʩʢʦʝ 

2
ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ 

94 

ʉʠʨʦʤʷʪʥʽʢʦʚ ʇ.ʉ. ʃʦʛʽʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʥʫʪʨʽʰʥʴʦʚʠʨʦʙʥʠʯʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ. 

ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ 

95 

ʂʦʰʝʣʴ ʉ.ʆ., ʂʦʰʝʣʴ ɻ.ɺ. ʉʪʨʫʢʪʫʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ 

ʧʣʦʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʛʨʫʧʘʤʠ ʚʠʱʦʛʦ ʢʣʘʩʫ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

96 

ʊʨʠʰʠʥ ʇ.ʈ. ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʠʟʥʦʩ ʜʠʩʢʦʚʦʡ ʧʦʣʠʤʝʨʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʱʝʪʢʠ  

ɿʘʧʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɿʘʧʦʨʦʞʴʝ 
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ʏʝʨʥʝʪʘ ʆ.ɻ.
1
, ɹʫʨʷ ʆ.ɯ.

1
, ʅʘʙʝʨʝʞʥʘ ʆ.ʆ.

1
, ɺʦʣʦʱʫʢ ʈ.ɻ.

2
 ʊʝʭʥʦʣʦʛʽʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ 
1 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ 

2 
ʇɸʊ çɼʥʽʧʨʦ-ɸʟʦʪè 

100 

ʇʨʠʭʦʜʴʢʦ ɺ.ʇ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

102 

ʄʠʨʦʥʝʥʢʦ ɭ.ɺ., ʇʦʣʫʧʘʥ ɯ.ɯ., ʄʽʨʘʥʮʦʚ ʉ.ʃ. ʇ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʥʘ ʢʦʣʽʩʦʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

103 
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8 

ʄʘʢʩʠʤʝʥʢʦ ɯ. ʉ., ɻʘʚʨʫʰʢʝʚʠʯ ɸ. ʖ., ɻʘʚʨʫʰʢʝʚʠʯ ʅ. ɺ. ʉʠʩʪʝʤʠ ʯʠʩʣʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ï ʚʠʤʦʛʘ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

105 

ʂʘʣʴʯʝʥʢʦ ɺ. ɯ., ʉʽʨʘ ʅ. ʄ., ʂʫʞʝʣʴʥʠʡ ʗ. ɺ., ʂʘʣʴʯʝʥʢʦ ɼ. ɺ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʩʠʣ ʨʽʟʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

106 

ʃʠʪʚʠʥ ʆ.ɺ., ʂʨʘʚʝʮʴ ɺ.ʆ. ɿʘʭʚʘʪ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙô̒ ʢʪʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

108 

ʃʠʪʚʠʥ ʆ.ɺ., ʗʱʫʢ ɯ.ʈ. ʉʪʨʫʢʪʫʨʥʦ - ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʠʥʪʝʟ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ 

ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

110 

ʃʠʪʚʠʥ ʆ. ɺ., ɻʘʚʨʫʰʢʝʚʠʯ ʅ. ɺ., ɯʣʴʽʯʦʚ ɸ. ɺ. ɺʧʣʠʚ ʞʦʨʩʪʢʦʩʪʽ ʟʘʪʠʩʢʥʦʛʦ 

ʧʘʪʨʦʥʘ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

112 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʪʠʭ ʙʽʤʝʪʘʣʽʚ ʧʨʠ ʟô̒ ʜʥʘʥʥʽ ʧʣʘʩʪʠʥ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʫʞʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʙʽʤʝʪʘʣʽʚ ʧʨʠ ʟô̒ ʜʥʘʥʥʽ ʧʣʘʩʪʠʥ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ 
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ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʤʝʪʘʣʽʚ 
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ʅɼɯʅʅʇ ñʄɸʉʄɸò ʄʽʥʝʥʝʨʛʦʚʫʛʽʣʣʷ, ʤ. ʂʠʾʚ 

120 

ʄʽʱʫʢ ʆ.ʆ., ɺʝʣʽʛʦʨʩʴʢʘ ʖ.ɺ., ɻʦʜʫʥ ɹ.ʆ., ʗʚʦʨʩʴʢʘ ɿ.ʉ. ʄʘʩʪʠʣʴʥʽ ʩʠʥʪʝʟ-
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ʩʫʯʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ Design for Assembly 
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ʆʩʘʜʯʠʡ ʆ.ɸ.
1
, ʈʠʞʫʢ ʗ.ʆ.

1
, ɼʝʚʽʥ ʃ.ʄ.

2
 ɿʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

2 
ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ.ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 
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ʆʩʘʜʯʠʡ ʆ.ɸ., ɼʦʮʝʥʢʦ ʆ.ʂ. ɺʧʣʠʚ ʜʝʤʧʬʫʚʘʥʥʷ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʂʅɹ ʥʘ 
ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʄʦʟʛʦʚʠʡ ʆ.ɺ.
1
, ʊʽʪʦʚ ɸ.ɺ.

2
, ɻʝʨʘʩʠʤʦʚʘ ʆ.ɺ.

3
 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ 
ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʤʘʟʥʠʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ 
1 
ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ʂʦʮʶʙʠʥʩʴʢʦʛʦ, ʤ. ɺʽʥʥʠʮʷ 

2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

3 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 
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ɹʫʭʦʚʝʮʴ ɺ.ʄ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-
ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯ. ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ 
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ʊʘʨʛʘʥ ɼ.ɺ., ʄʘʡʙʦʨʦʜʘ ɺ.ʉ. ɺʧʣʠʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʽʪʯʠʢʽʚ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ 
ʚʝʨʩʪʘʪʫ ʥʘ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʤʫ 
ʦʙʨʦʙʣʝʥʥʽ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʄʘʡʙʦʨʦʜʘ ɺ.ʉ., ɼʞʫʣʽʡ ɼ.ʖ., ʉʣʦʙʦʜʷʥʶʢ ɯ.ɺ., ʂʦʮʫʥ ʖ.ɺ. ɺʧʣʠʚ ʨʝʞʠʤʽʚ 
ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʆʣʽʡʥʠʢ ʆ. ʖ.
1
, ʈʫʙʘʥʢʘ ʄ. ʄ.

2
 ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʠʚʦʜʽ 

ʢʨʫʛʣʦʚôʷʟʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʨʫʪʥʠʤ 
ʤʦʤʝʥʪʦʤ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

2 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

141 

ɺʝʩʝʣʦʚʩʴʢʘ ʅ.ʈ., ʄʘʣʘʢʦʚ ʆ.ɯ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ ʦʩʥʦʚʥʽ ʧʨʠʩʪʨʦʾ ʩʘʤʦʭʽʜʥʦʾ 
ʢʦʩʘʨʢʠ-ʧʣʶʱʠʣʢʠ ʥʘ ʧʨʠʢʣʘʜʽ ʂʇʉ-5ɹ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 
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ɼʤʠʪʨʽʻʚ ɼ. ʆ., ɺʦʡʪʦʚʠʯ ʆ. ɸ., ʏʫʨʩʦʚ ʉ. ʆ., ɹʘʣʴ ʆ. ɼ. ɿʘʩʪʦʩʫʚʘʥʥʷ 
ʙʘʛʘʪʦʢʦʦʨʜʠʥʘʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚ ʷʢʦʩʪʽ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʰʠʥ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʝʨʩʦʥ 
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ɹʫʨʷ ʆ.ɯ., ɭʨʴʦʤʽʥʘ ʂ.ɸ. ɺʧʣʠʚ ʩʘʤʦʬʣʶʩʫʶʯʦʛʦ ʩʧʣʘʚʫ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 
ʤʝʪʘʣʦʧʦʣʽʤʝʨʽʚ  

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ  
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ɸʥʘʩʪʘʩʝʥʢʦ ʉ.ʄ., ɻʨʠʛʫʨʢʦ ɯ.ʆ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʧʝʮʽʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟ ʪʦʨʮʝʚʦʶ 
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ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 
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ʇʨʠʛʦʨʦʚʩʴʢʘ ʊ.ʆ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʣʽʪ 

ʪʠʧʫ PDC 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 
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ʉɽʂʎɯʗ 2  

çʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ, ʆɹʃɸɼʅɸʅʅʗ, ɯʅʉʊʈʋʄɽʅʊ ʊɸ 

ʆʉʅɸʑɽʅʅʗ ɼʃʗ ɼɽʈɽɺʆʆɹʈʆɹʂʀ ʊɸ ʄɽɹʃɽɺʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸè 

ʂʨʘʚʯʝʥʢʦ ɺ. ʀ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ɸʈʄ ʙʨʠʛʘʜʠʨʘ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʮʝʭʘ 

ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

193 

ʄʘʢʩʠʤʽʚ ʖ. ɺ., ɹʝʭʪʘ ʇ. ɸ., ʑʫʧʘʢʽʚʩʴʢʠʡ ʈ. ɹ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʢʦʣʴʦʨʫ 

ʰʧʦʥʫ ʙʝʨʝʟʠ ʪʘ ʚʽʣʴʭʠ ʧʨʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʤʫ ʫʱʽʣʴʥʝʥʥʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

194 

ʄʘʯʫʛʘ ʆ. ʉ.
1
, ʗʭʥʦ ʆ. ʄ.

2
, ɹʠʙʣʶʢ ʅ. ɯ.

1
 ʅʘʫʢʦʚʽ ʟʘʩʘʜʠ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʣʽʩʦʟʘʛʦʪʽʚʣʽ ʽʟ ʚʽʜʥʦʚʥʠʭ ʜʞʝʨʝʣ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ  

2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

197 
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12 

ʂʦʧʘʥʩʴʢʠʡ ʄ.ʄ. ɺʧʣʠʚ ʚʤʽʩʪʫ ʽ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʨʽʧʘʢʦʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ 

ʤʽʮʥʽʩʪʴ ʘʨʙʦʣʽʪʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

199 

ʎʘʧʢʦ ʖ.ɺ., ʎʘʧʢʦ ʆ.ʖ. ɺʧʣʠʚ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʧʦʢʨʠʪʪʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʭʠʩʪʫ ʜʝʨʝʚʠʥʠ ʚʽʜ ʜʽʾ ʧʦʣʫʤôʷ ʤʘʛʥʽʶ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

201 

ʂʦʟʘʢ ʈ. ʆ. ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʨʫʞʢʦʚʠʭ ʧʣʠʪ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʣʦʤʠ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

202 

ʊʽʛʘʨʻʚʘ ʊ. ɻ.
1
, ʊʽʛʘʨʻʚ ɸ. ʄ.

2
 ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʩʫʰʽʥʥʷ ʪʠʨʩʠ 
1 
ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʆʜʝʩʘ 

2 
ʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʟʚôʷʟʢʫ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ, ʤ. ʆʜʝʩʘ 

204 

ʃʶʪʠʡ ʇ.ɺ., ʆʨʪʠʥʩʴʢʘ ɻ.ɭ., ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʝʨʝʚʠʥʥʦ-ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʦʟʠʪʽʚ 
ʧʦʣʦʩʢʠʤ ʩʧʦʩʦʙʦʤ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

206 

ʇʽʥʯʝʚʩʴʢʘ ʆ. ʆ., ɻʦʨʙʘʯʦʚʘ ʆ. ʖ. ʂʦʣʦʨʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʜʝʨʝʚʠʥʠ ʨʽʟʥʠʭ ʧʦʨʽʜ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ  

208 

ɼʝʥʠʩʶʢ ɺ. ɸ., ʂʫʰʧʽʪ ɸ. ʉ., ʂʫʰʧʽʪ ʆ. ʄ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʚʠʜʫ ʟôʻʜʥʘʥʴ ʟʘ 
ʰʠʨʠʥʦʶ ʥʘ ʬʦʨʤʦʩʪʽʡʢʽʩʪʴ ʤʝʙʣʝʚʠʭ ʱʠʪʽʚ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

209 

ʅʦʚʠʮʴʢʠʡ ʉ.ɺ. ʑʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʭʦʩʪʽʡʥʦʾ ʜʝʨʝʚʠʥʠ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

211 

ɹʫʡʩʴʢʠʭ ʅ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʘʜʛʝʟʽʡʥʫ 
ʤʽʮʥʽʩʪʴ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

213 

ɿʘʚʦʨʦʪʥʶʢ ʆ.ɺ. ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʣʠʪ 
MDF 

ʊʆɺ çʅɯʊ-ɻʈʋʇʇè, ʤ. ɹʝʨʜʠʯʽʚ 

214 

ʊʠʤʠʢ ɼ.ɺ. ɿʤʝʥʰʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʢʘʨʙʘʤʽʜʦʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ ʩʤʦʣ ʜʦʜʘʚʘʥʥʷʤ 
ʦʨʛʘʥʽʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

215 

 

ʉɽʂʎɯʗ 3 
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ʊɸ ʇʅɽɺʄɸʊʀʂʀè 

ɸʥʜʨʝʥʢʦ ʇ. ʅ.
1
, ʃʝʙʝʜʻʚ ɸ.ʖ.

2
 ʂʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤ ʛʽʜʨʦʧʨʠʚʦʜʽʚ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, ʤ. ʍʘʨʢʽʚ 

2 
ʊʆɺ çʍɿʊʌ çʄʦʪʦʨʽʤʧʝʢʩè, ʤ. ʍʘʨʢʽʚ 

217 

ɼʦʮʝʥʢʦ ʆ., ʉʪʝʣʴʤʘʭ ʅ.ɺ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

220 

ʆʨʣʦʚʩʴʢʠʡ ɹ. ɺ. ʂʦʤʧôʶʪʝʨʥʘ ʢʽʥʝʤʘʪʠʢʘ ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 
ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʜʚʦʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʦʜʥʦʤʫ ʮʠʢʣʽ ʨʦʙʦʪʠ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

221 
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13 

ʄʠʨʦʥʦʚ ʂ. ɸ., ʆʣʝʢʩʝʥʢʦ ʖ. ʖ. ʄʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʥʘ 

ʨʘʜʽʘʣʴʥʦ-ʦʩʴʦʚʽ ʛʽʜʨʦʪʫʨʙʽʥʠ ʧʨʠ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, ʤ. ʍʘʨʢʽʚ 

223 

ɯʚʘʥʦʚ ʄ.ɯ., ʂʦʚʘʣʴʦʚʘ ɯ.ʄ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʽʘʤʝʪʨʫ ʜʨʦʩʝʣʷ ʚ ʢʦʨʧʫʩʽ 

ʧʦʭʠʣʦʛʦ ʜʠʩʢʘ ʥʘ ʨʦʙʦʪʫ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 

224 

ɯʚʘʥʦʚ ʄ.ɯ., ɻʨʝʯʢʦ ʈ.ʆ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʾ ʪʨʘʥʩʤʽʩʽʾ ʪʠʧʫ 

ɻʉʊ 90 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 

226 

ʎʠʙʘ ʆ.ɸ. ʃʦʢʘʣʽʟʘʮʽʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʚ ʢʘʚʽʪʘʮʽʡʥʦʤʫ ʝʤʫʣʴʛʘʪʦʨʽ 

ʚʠʭʨʦʚʦʛʦ ʪʠʧʫ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʢʘʩʠ 

228 

ɿʘʢʨʝʚʩʴʢʠʡ ɺ.ʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘʩʦʩʘ ʪʠʧʫ PVC 1 ʥʘ ʷʢʽʩʪʴ 

ʚʠʪʨʘʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 
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ʆ ʇʈʀʈʆɼɽ ʉʊʈʋʂʊʋʈʅʓʍ ʇɸʈɸʃʃɽʃʀɿʄʆɺ ɺ ʕɺʆʃʖʎʀʀ 

ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ cʪʨʫʢʪʫʨʥʦ-ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ 

ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʩʪʝʤʥʳʤʠ ʟʘʢʦʥʘʤʠ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʢ 

ʛʝʥʝʪʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʆʉ). ʅʘʩʣʝʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠʷ 

ʦʭʚʘʪʳʚʘʶʪ ʞʠʚʫʶ ʠ ʥʝʞʠʚʫʶ ʧʨʠʨʦʜʫ, ʞʠʟʥʴ, ʪʝʭʥʠʢʫ ʠ ʦʙʱʝʩʪʚʦ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʦʟʥʘʥʠʠ ʩʠʩʪʝʤʥʦʩʪʠ ʧʨʠʥʮʠʧʦʚ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ, ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʝʱʝ ʜʘʣʝʢʠ ʦʪ 

ʟʘʚʝʨʰʝʥʠʷ ʠ ʮʝʣʳʡ ʨʷʜ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ ʝʱʝ ʪʨʝʙʫʶʪ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. ʂ ʪʘʢʠʤ 

ʧʨʦʙʣʝʤʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʬʝʥʦʤʝʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʦʚ - 

ʘʥʘʣʦʛʦʚ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. 

ʅʘʣʠʯʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʚʦʣʶʮʠʠ ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʠʭ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ, ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʚ 

ʦʙʦʩʥʦʚʘʥʥʦʤ ʚʳʙʦʨʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, cʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʧʦʣʥʦʪʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʙʘʟ ʟʥʘʥʠʡ, ʩʦʟʜʘʝʪ ʩʣʦʞʥʦʩʪʠ ʚ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʤ 

ʪʦʣʢʦʚʘʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ. 

ʕʚʦʣʶʮʠʦʥʥʳʤ ʧʘʨʘʣʣʝʣʠʟʤʘʤ ʧʦʩʚʷʱʝʥʦ ʥʝʤʘʣʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʥʦ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢʘʭ ʫ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʥʠ ʯʝʪʢʦʛʦ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʠ ʜʘʞʝ ʩʢʦʣʴ-ʥʠʙʫʜʴ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʪʦʣʢʦʚʘʥʠʷ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʦ 

ʠʭ ʚʟʘʠʤʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʛʣʘʚʥʫʶ ʧʨʦʙʣʝʤʫ ʥʘʫʯʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ 

ʧʨʠʥʮʠʧʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʇʦʵʪʦʤʫ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʥʮʠʧʦʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʠ ʪʝʭʥʠʢʠ ʚ 

ʮʝʣʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʦ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʧʫʪʠ ʧʦʟʥʘʥʠʷ 

ʧʨʠʨʦʜʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʜʠʥʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʚʠʜʝʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʫʨʦʚʥʷ. 

ʅʦʚʳʤ ʵʪʘʧʦʤ ʥʘ ʧʫʪʠ ʧʦʟʥʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʚ ʵʚʦʣʶʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ɻʂ) ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [2]. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʠʥʚʘʨʠʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʟʠʩʘ ʠ ʩʪʨʫʢʪʫʨʳ ɻʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʩʚʦʡʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʦʚ ʚ ʨʷʜʫ ʧʦʢʦʣʝʥʠʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʕʄ-ʦʙʲʝʢʪʦʚ), ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜʦʙʠʷ, ʫʨʦʚʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʦʜʩʪʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʧʝʨʚʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨ-ʧʦʪʦʤʢʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʷʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʫʤʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʫʨʦʚʥʷʤʠ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ - ʫʨʦʚʥʝʤ ʧʦʨʦʞʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʤʠ ʨʷʜʘʤʠ ʩʪʨʫʢʪʫʨ - ʛʦʤʦʣʦʛʦʚ. ʉʪʨʫʢʪʫʨʥʳʝ ʨʷʜʳ ʧʦʨʦʞʜʘʶʱʝʛʦ ʫʨʦʚʥʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʥʮʠʧʘʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʦʪʦʧʠʠ, ʛʦʤʦʣʦʛʠʠ ʠ ʧʘʨʥʦʩʪʠ. ʂʣʶʯʝʚʘʷ ʨʦʣʴ 
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ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʟʠʩʘ ɻʂ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ ʕʄ-ʦʙʲʝʢʪʦʚ, ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʠʥʮʠʧʘʤ ʩʦʭʨʘʥʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩ. 1). ʇʦʵʪʦʤʫ, ʧʨʠʥʮʠʧʳ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʕʄ-ʩʪʨʫʢʪʫʨ ʣʦʛʠʯʝʩʢʠ ʦʙʲʷʩʥʷʶʪʩʷ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ  ʧʦʨʦʞʜʘʶʱʠʭ 

ʢʣʘʩʩʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ɻʂ. ʂʘʞʜʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʣʘʩʩʫ ʧʦʨʦʞʜʘʶʱʝʛʦ ʫʨʦʚʥʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʦʤʦʣʦʛʠʯʝʩʢʠʝ ʨʷʜʳ ʠ ɺʠʜʳ ʩʪʨʫʢʪʫʨ ï ʧʦʪʦʤʢʦʚ.  

 
ʈʠʩ. 1 ï ʇʨʠʥʮʠʧʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʨʦʞʜʘʶʱʠʭ ʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʩʪʨʫʢʪʫʨ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ: 1 ï ʧʦʨʦʞʜʘʶʱʠʡ ʫʨʦʚʝʥʴ; 2 ï ʫʨʦʚʝʥʴ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ 

ʂʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʧʦʨʦʞʜʘʶʱʝʛʦ ʫʨʦʚʥʷ ʦʛʨʘʥʠʯʝʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʛʨʫʧʧ ʠ ʧʝʨʠʦʜʦʚ ɻʂ ʠ ʧʨʠʥʮʠʧʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʧʝʨʚʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʉ ʫʯʝʪʦʤ ʠʟʥʘʯʘʣʴʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ ʛʦʤʝʦʤʦʨʬʠʟʤʘ, 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʢʣʘʩʩʳ ʩʪʨʫʢʪʫʨ ʧʦʨʦʞʜʘʶʱʝʛʦ ʫʨʦʚʥʷ ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʘʪʫʩ ʛʝʥʝʪʠʯʝʩʢʠ 

ʜʦʧʫʩʪʠʤʳʭ (ʠʜʝʘʣʴʥʳʭ). ɺʥʫʪʨʠʚʠʜʦʚʦʡ ʫʨʦʚʝʥʴ ʜʦʧʦʣʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʝʨʚʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʩʠʥʪʝʟʘ. ʉʪʨʫʢʪʫʨʘ ʠ ʧʦʣʥʦʪʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʷʜʦʚ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʘʤʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʪʙʦʨʘ (ʨʠʩ. 2). ʇʦʵʪʦʤʫ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʣʘʩʩʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʣʠʟʥʝʮʦʚʳʭ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʪʝʢʫʱʝʝ ʚʨʝʤʷ 

ʵʚʦʣʶʮʠʠ ʪʝʭʥʠʢʠ ʣʠʰʴ ʬʨʘʛʤʝʥʪʘʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʪʜʝʣʴʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ 

(ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ), ʠʣʠ ʤʦʛʫʪ ʝʱʝ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

 
 

ʈʠʩ. 2 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʠ ʠʭ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʢʦʜʳ (ʧʦʜʛʨʫʧʧʘ 0.2ʫ, ʧʝʨʚʦʛʦ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ ɻʂ) 

CL0.2y      KN 0.2y      PL 0.2y     TP 0.2y    SF 0.2y    TC 0.2y 

 
 

ʇʦʨʦʞʜʘʶʱʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 
ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʇʨʠʥʮʠʧ 
ʧʘʨʥʦʩʪʠ 

ɺʠʜʳ - 
ʙʣʠʟʥʝʮʳ 

  ɺʠʜʳ - 
ʜʚʦʡʥʠʢʠ 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ 
 ʛʦʤʦʣʦʛʠʯʝʩʢʠʝ 

ʨʷʜʳ 

ʇʨʠʥʮʠʧ 
ʠʟʦʪʦʧʠʠ 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʨʷʜʳ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ  
ʚ ʵʚʦʣʶʮʠʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ 

ʇʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʇʨʠʥʮʠʧ 
ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ  
ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ 

 ɺʝʨʪʠʢʘʣʴʥʳʝ  
ʛʦʤʦʣʦʛʠʯʝʩʢʠʝ ʨʷʜʳ 

ʇʨʠʥʮʠʧ 
ʜʠʩʩʠʤʤʝʪʨʠʟʘʮʠʠ 

ʇ. ʂʶʨʠ 

1 

2 
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ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʦʪʦʧʠʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ. ʊʘʢ ʢʘʢ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʝʜʠʥʠʯʥʳʡ ʕʄ-ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʪʦ ʧʦ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʢʦʜʫ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ɻʂ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ çʠʜʝʘʣʴʥʦʛʦè ʨʷʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʨʫʧʧʳ. ʋʧʦʨʷʜʦʯʝʥʥʳʝ ʢʦʥʝʯʥʳʝ ʤʥʦʞʝʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʷʜʘʭ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʜʩʢʘʟʦʢ ʚ ʟʘʜʘʯʘʭ 

ʧʨʝʜʚʠʜʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʦʙʲʝʢʪʦʚ ï ʛʦʤʦʣʦʛʦʚ, ʚʢʣʶʯʘʷ ʩʪʨʫʢʪʫʨʳ 

ʦʙʲʝʢʪʦʚ, ʝʱʝ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʵʚʦʣʶʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʣʘʩʩʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʟʥʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʝ ʩʪʨʫʢʪʫʨ ʦʜʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʝʨʝʥʦʩ ʟʥʘʥʠʡ ʠ ʧʨʝʜʚʠʜʝʪʴ ʥʘʣʠʯʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʷʜʫ ʩʪʨʫʢʪʫʨ ʜʨʫʛʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

(ʨʠʩ. 2). ʋʢʘʟʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʚʠʜʝʥʠʷ ʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ [3]. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚ ʩʦʟʜʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʩʦʟʠʜʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. ʇʨʠʨʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʨʦʞʜʘʶʱʠʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʝʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʥʦʩʠʪʝʣʠ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʠʩʪʝʤʥʳʝ ʟʘʢʦʥʳ ʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʏʝʣʦʚʝʢʫ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʪʢʨʳʪʠʷ, ʧʦʟʥʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʘ ʧʫʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ 

ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢ ʠʟʤʝʥʯʠʚʳʤ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʬʝʥʦʪʠʧʘ), ʯʪʦ ʚʦʟʣʘʛʘʝʪ ʥʘ ʥʝʛʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʩʚʦʠʭ ʨʝʰʝʥʠʡ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʘʷ ʬʫʥʢʮʠʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʠʥʩʪʠʥʢʪʦʤ ʧʦʟʥʘʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʤʝʭʘʥʠʟʤʘʭ ʧʝʨʝʜʘʯʠ ʥʦʚʳʭ 

ʟʥʘʥʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʷʜʫ ʧʦʢʦʣʝʥʠʡ ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ. ʈʝʘʣʠʟʫʝʤʘʷ 

ʯʝʣʦʚʝʢʦʤ ʘʜʘʧʪʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʢʦʥʢʫʨʝʥʪʥʳʡ ʦʪʙʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʲʷʩʥʷʶʪ ʧʨʠʯʠʥʫ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ 

ʨʷʜʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʧʦ ʚʨʝʤʝʥʠ, ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ r ʵʚʦʣʶʮʠʠ 

ʦʙʲʝʢʪʦʚ ʚ ɻʆʉ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʷʜʦʚ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, 

ʩʪʨʫʢʪʫʨʘ, ʠʥʬʦʨʤʘʮʠʷ ʠ ʩʠʩʪʝʤʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ 

ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʵʣʝʤʝʥʪʥʦ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʘʟʠʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʨʦʞʜʘʶʱʝʡ 

ʩʠʩʪʝʤʳ ʩ ʪʘʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʟʥʘʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʜ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢ ʦʜʥʦʤʫ ʠʟ ʨʷʜʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʩʠʩʪʝʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʜʦʧʫʩʪʠʤʳʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʨʷʜʘʤʠ. ʇʨʠʚʝʜʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʧʦ ʩʫʱʝʩʪʚʫ, ʠʤʝʝʪ 

ʩʪʘʪʫʩ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʨʷʜʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ, ʢʦʪʦʨʳʡ 

ʠʥʚʘʨʠʘʥʪʝʥ ʢ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ, ʚʨʝʤʝʥʠ ʩʪʨʫʢʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ, ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤʫ 

ʩʪʘʪʫʩʫ, ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʠ ʫʨʦʚʥʶ ʩʣʦʞʥʦʩʪʠ ɻʆʉ. ʆʥ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʪʠʧʳ 

ʩʪʨʫʢʪʫʨʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʘʨʘʣʣʝʣʠʟʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʷʜʫ 

ʧʦʢʦʣʝʥʠʡ. ʉʠʩʪʝʤʥʘʷ ʧʨʠʨʦʜʘ ʧʨʠʥʮʠʧʘ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʢʨʳʪʠʝʤ ʵʬʬʝʢʪʘ çʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠè ʕʄ-ʦʙʲʝʢʪʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  

ʢʦʪʦʨʳʤ, ʧʨʦʠʟʚʦʣʴʥʳʡ ʦʙʲʝʢʪ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʦ 

ʩʚʦʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʨʦʞʜʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʦ ʩʚʦʝʤ ʛʝʥʝʪʠʯʝʩʢʦʤ 

ʨʦʜʩʪʚʝ - ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʨʷʜʦʚ ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 3). 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦʩʪʘʥʦʚʢʦʡ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʥʦʤʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʚʳʷʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʷʜʦʚ, ʚʢʣʶʯʘʷ ʙʣʠʟʥʝʮʦʚʳʝ ʠ 

ʜʚʦʡʥʠʢʦʚʳʝ ɺʠʜʳ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʛʦʤʦʣʦʛʠʯʝʩʢʠʝ ʨʷʜʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʦʚ. ɹʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʛʝʥʦʤʥʦ-

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʝʜʚʠʜʝʥʠʝ ʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʚʚʦʜ ʚ ʪʝʭʥʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʥʦʚʳʭ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʦʙʲʝʢʪʦʚ 

ʙʣʠʟʥʝʮʦʚʳʭ, ʛʠʙʨʠʜʥʳʭ ʠ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ, ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʨʦʛʨʘʤʤʘʤ [3,4].  

 
ʈʠʩ. 3 ï ʇʨʦʠʟʚʦʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʯʝʨʝʟ ʵʬʬʝʢʪ çʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠè 

ʩʦʜʝʨʞʠʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ʛʝʥʝʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʨʷʜʘʭ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʉʪʨʫʢʪʫʨʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʣʣʝʣʠʟʤʳ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʦʙʲʝʢʪʦʚ 

ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʩʚʦʡʩʪʚʦʤ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʪʦʙʨʘʞʘʶʪ 

ʠʟʥʘʯʘʣʴʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ, ʟʘʜʘʥʥʫʶ ʧʦʨʦʞʜʘʶʱʝʡ ʩʠʩʪʝʤʦʡ ʧʝʨʚʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʨʦʞʜʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʟʜʘʚʘʝʤʦʤʫ ʯʝʣʦʚʝʢʦʤ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ, ʘ ʧʫʪʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ï ʤʦʛʫʪ ʙʳʪʴ ʟʘʚʝʜʦʤʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʠ  ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ.  

ʅʘʩʣʝʜʩʪʚʝʥʥʘʷ ʧʨʠʨʦʜʘ ʧʨʠʥʮʠʧʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʨʷʜʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʯʠʩʣʦʚʳʭ 

ʩʠʩʪʝʤʘʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʴ ʠ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʞʜʘʶʱʠʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ ʚ ʥʘʫʢʝ, ʩʠʩʪʝʤʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʥʘʫʯʥʫʶ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʠʷ ʟʥʘʥʠʡ, ʩʦʟʜʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʙʘʥʢʦʚ ʜʘʥʥʳʭ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʤʝʞʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʯʪʦ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʚʠʜʝʥʠʷ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  
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ʇʦʚʩʪʷʥʦʡ ʆ.ʖ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ., ʜʦʮʝʥʪ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, povstjanoj@ukr.net 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɿɸʂʆʅʆʄɯʈʅʆʉʊɽʁ ʌʆʈʄʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ʊɸ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆʈʀʉʊʀʍ ʇʆʈʆʐʂʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ʗʢ ʩʚʽʜʯʠʪʴ ʚʽʪʯʠʟʥʷʥʠʡ ʪʘ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ, ʫʩʧʽʭ ʨʦʟʚóʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʧʦʨʠʩʪʠʭ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʤʽʨʶʻʪʴʩʷ ʷʢʽʩʪʶ ʪʘ ʩʪʫʧʝʥʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ, 

ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʦʪʨʠʤʘʥʥʷ [1, 2]. ɺʪʽʤ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʦʨʦʰʢʦʚʽʡ ʤʝʪʘʣʫʨʛʽʾ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʪʘ ʾʭ ʚʪʽʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʷʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘʣʝʞʘʪʴ, ʥʘʩʘʤʧʝʨʝʜ, ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʯʘʩʪʦʢ ʧʦʨʦʰʢʫ.  

ɯʩʥʫʻ ʥʦʚʠʡ ʩʧʦʩʽʙ [3], ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʚʽʜʧʦʚʽʜʥʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, ʚ Abaqus, ʥʘʙʽʨ ʧʦʨʦʞʥʽʭ ʩʬʝʨ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ 

ʧʨʫʞʥʠʭ ʪʽʣ, ʘʙʦ ʙʽʣʴʰ ʧʨʦʩʪʦ ʚ ʷʢʦʩʪʽ ʞʦʨʩʪʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʦʯʢʘʤʠ 

ʢʦʥʪʘʢʪʫ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʧʨʠ ʧʘʜʽʥʥʽ ʫ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʩʪʽʨ-ʢʦʥʪʝʡʥʝʨ. 

ʌʽʟʠʢʘ ʢʦʥʪʘʢʪʫ ʽ ʤʘʩʠ ʧʨʠ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʩʬʝʨʠ 

ʫʧʘʢʦʚʢʠ ʙʫʣʠ ʨʝʘʣʽʩʪʠʯʥʠʤʠ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʦʯʘʪʢʦʚʦʶ ʩʪʘʜʽʻʶ ʪʝʭʥʦʣʦʛʽʾ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʻ ʥʘʩʠʧʢʘ ï 

ʫʧʘʢʦʚʢʘ ʟ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ, ʚʘʞʣʠʚʠʤ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʱʽʣʴʥʦʾ ʫʧʘʢʦʚʢʠ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʦʢ (ʨʠʩ.1). 

 
ʈʠʩ. 1 ï ɺʘʨʽʘʥʪʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʫʧʘʢʦʚʦʢ ʩʪʚʦʨʝʥʠʭ ʚ Abaqus 

ʅʝʭʘʡ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʢʫʣʴʦʢ ʨʽʚʥʠʡ d, ʘ ʟʘʧʦʚʥʶʶʪʴ ʚʦʥʠ ʯʘʩʪʢʫ ʦʙôʻʤʫ  ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʢʦʥʪʝʡʥʝʨʘ. ɼʣʷ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʫʣʴʦʢ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʧʠʩʫʚʘʪʠ ʧʦʨʠ ʤʽʞ ʥʠʤʠ (ʧʫʩʪʦʪʠ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʤʦʜʝʣʽ.  

ʅʝʭʘʡ ɝ ï ʧʫʘʩʦʥʽʚʩʴʢʘ ʚʠʧʘʜʢʦʚʘ ʤʽʨʘ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ 

ʧʨʦʧʦʨʮʽʡʥʘ ʤʽʨʽ ʃʝʙʝʛʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ . ɺʠʧʘʜʢʦʚʘ ʤʥʦʞʠʥʘ ʧʦʨ ʙʫʜʝ ʟʘʜʘʚʘʪʠʩʷ ʷʢ: 

,                                                          (1) 

ʎʝʥʪʨʠ ʢʫʣʴʦʢ ï ʮʝ ʚʠʧʘʜʢʦʚʽ ʪʦʯʢʠ, ʨʘʜʽʫʩ ʷʢʠʭ ʮʝ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ (ʨʠʩ.1).  

ɼʣʷ ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ ʪʘ ʧʨʦʩʪʦʨʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʩʪʠ ʫ ʜʘʥʫ ʧʦʪʨʽʙʥʫ ʚʠʧʘʜʢʦʚʫ 

ʤʥʦʞʠʥʫ (ʧʦʨʠ) ɸ ʙʫʜʝ ʨʽʚʥʘ: 

mailto:povstjanoj@ukr.net
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,                          (2) 

ʅʝʭʘʡ, ʪʝʧʝʨ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʨʽʚʥʘ Ů. ʊʦʜʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ű ʚʩʝʨʝʜʠʥʽ ʤʘʪʝʨʽʘʣʫ ʧʦʨʦʰʠʥʦʢ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠʩʷ ʨʽʚʥʷʥʥʷʤ: 

                                                               (3) 

ʜʝ , ̫ ʢʱʦ  ʽ , ʷʢʱʦ  

ʎʝ ʚʠʧʘʜʢʦʚʝ ʧʦʣʝ ʩʪʘʮʽʦʥʘʨʥʝ ʽ ʦʙʝʨʪʦʚʦ-ʽʥʚʘʨʽʘʥʪʥʝ, ʪʘʢ ʷʢ ʮʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʦʣʦʜʽʻ ʧʫʘʩʦʥʽʚʩʴʢʘ ʤʽʨʘ. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʘ ʚ ʪʦʯʢʘʭ, ʷʢʽ ʚʽʜʜʘʣʝʥʽ 

ʥʘ ʚʽʜʩʪʘʥʴ ʙʽʣʴʰʫ , ʥʝʟʘʣʝʞʥʝ. ʊʦʤʫ ʽʩʥʫʻ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ Ǖ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʨʦʥʠʢʥʦʩʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ Ǖ ʤʦʞʥʘ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ. 

ʊʫʪ ʧʨʠʡʥʷʪʠʡ ʤʝʪʦʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 2D-ʛʝʦʤʝʪʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʤʧʽʨʠʯʥʠʭ ʟʘʢʦʥʽʚ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ çʯʘʩʪʠʥʦʢè ʟʘ ʚʩʽʻʶ 

ʦʙʣʘʩʪʶ ʢʦʥʪʝʡʥʝʨʘ ʙʫʜʫʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʘʢʦʚʢʠ. ʈʦʟʧʦʜʽʣ ʪʦʯʦʢ 

ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʢʝʨʫʻʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʜʠʩʢʫ ʇʫʘʩʩʦʥʘ (ʨʠʩ.1). ɼʘʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʚʠʟʥʘʯʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʫʧʘʢʦʚʢʠ, ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣʘ, 

ʱʦ ʞʦʜʥʘ ʪʦʯʢʘ ʯʘʩʪʠʥʢʠ ʧʦʨʦʰʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʣʠʞʯʝ ʜʦ ʽʥʰʦʾ, ʥʽʞ ʥʘ ʚʝʣʠʯʠʥʫ R, ʽ ʱʦ 

ʢʦʞʥʠʡ ʜʦʩʪʫʧʥʠʡ ʧʨʦʩʪʽʨ ʟʘʧʦʚʥʶʻʪʴʩʷ [4].  

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʘʻ ʥʘʤ ʤʦʞʣʠʚʦʩʪʽ Abaqus ʥʝʩʢʣʘʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʚʽʜ ʨʘʜʽʫʩʫ R. ɼʘʥʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʚʽʜ ʨʘʜʽʫʩʫ  

R,ʧʽʢʩʝʣʴ ʇʦʨʠʩʪʽʩʪʴ, % 

 45, 8 

 41,1 

 34,2 

 28,1 

ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʫ ʧʦʚʥʦʤʫ ʦʙôʻʤʽ ʾʭ ʤʽʮʥʽʩʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɻʋʃʔʆɺɸʅʀʍ ɸʂʉɯɸʃʔʅʀʍ ʈʆʊʆʈʅʆʇʆʈʐʅɽɺʀʍ 

ʅɸʉʆʉɯɺ ʊʀʇʋ PVC 1. ɼʃʗ LS ï ɻɯɼʈʆʇʈʀɺʆɼɯɺ ʄʆɹɯʃʔʅʀʍ ʄɸʐʀʅ 

ɸʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʧʨʠ ʥʘʷʚʥʠʭ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʘʭ ʪʘ ʧʨʠʨʦʜʥʦʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʝʤʦʥʩʪʨʫʻ ʘʢʪʫʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ. ʇʨʠʩʢʦʨʝʥʥʶ ʨʦʟʚʠʪʢʫ 

ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʻ ʩʧʨʠʷʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʩʽʣʴʛʦʩʧʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʥʘ 

ʥʦʚʦʤʫ ʨʽʚʥʽ. ɺ ʟʥʘʯʥʽʡ ʤʽʨʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʦʚʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʛʽʜʨʦʬʽʢʘʮʽʾ ʧʨʠʚʦʜʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʧʨʠʚʦʜʽʚ, 

ʯʫʪʣʠʚʠʭ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, LS ï ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʪʘ LUDV- ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʦʱʘʜʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 

ʎʝʡ ʬʘʢʪ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʫʤʦʚʽ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩ/ʛ ʤʘʰʠʥ. 

ɼʦ ʯʠʩʣʘ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ LS ï ʛʽʜʨʦʧʨʠʚʦʜʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʨʝʛʫʣʴʦʚʘʥʠʡ ʥʘʩʦʩ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʛʫʣʴʦʚʘʥʽ ʘʢʩʽʘʣʴʥʽ ʨʦʪʦʨʥʦʧʦʨʰʥʝʚʽ ʥʘʩʦʩʠ ʟ ʧʦʭʠʣʠʤ 

ʜʠʩʢʦʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʩʦʩʽʚ ʜʘʥʦʛʦ ʪʠʧʘ ʦʪʨʠʤʘʣʦ ʥʘ 

ʇʨɸʊ çɻʽʜʨʦʩʠʣʘ ɸʇʄè (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ). ʅʘ ʜʘʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʥʘʣʘʛʦʜʞʝʥʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʩʦʩʽʚ ʪʠʧʫ PVC. ʈʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʻ ʩʧʨʠʷʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʥʘʩʦʩʽʚ, ʱʦ ʥʘʙʣʠʟʠʪʴ ʾʭ ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʜʦ ʢʨʘʱʠʭ ʩʚʽʪʦʚʠʭ ʟʨʘʟʢʽʚ. 

ʇʨʠʥʘʣʝʞʥʽʩʪʴ ʜʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʪʦʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻ ʚʠʷʚʣʝʥʥʷ 

ʧʨʠʯʠʥ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʫʩʫʥʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʤʘʛʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ. 

ʅʘ ʢʘʬʝʜʨʽ çʄʘʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ɺʽʥʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʘʢʩʽʘʣʴʥʠʭ ʨʦʪʦʨʥʦʧʦʨʰʥʝʚʠʭ ʥʘʩʦʩʽʚ ʪʠʧʫ PVC 1. 

ʧʨʦʭʦʜʠʣʦ ʚ ʥʘʧʨʷʤʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  LS ï ʨʝʛʫʣʷʪʦʨʘ ʪʠʧʫ PVN ʪʘ ʚʣʘʩʥʝ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʥʘʩʦʩʘ. ɺʠʷʚʣʝʥʠʡ ʚʧʣʠʚ ʚʝʣʠʯʠʥʠ ʟʘʟʦʨʽʚ ʚ ʟʦʣʦʪʥʠʢʦʚʠʭ ʧʘʨʘʭ PVN ï 

ʨʝʛʫʣʷʪʦʨʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʧʦʭʠʣʦʛʦ ʜʠʩʢʘ, ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʭʠʣʦʛʦ ʜʠʩʢʘ ʜʦʟʚʦʣʠʚ 

ʨʦʟʨʦʙʠʪʠ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʥʘʧʨʷʤʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʯʽ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʃʦʚʢʠʩ, ɿ.ɺ. ɻʠʜʨʦʧʨʠʚʦʜʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ: ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʨʘʩʯʝʪ / 

ɿ.ɺ. ʃʦʚʢʠʩ ï ʄ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1990. ï 239 ʩ. 

2. ɻʝʚʢʦ, ɹ.ʄ. ɻʽʜʨʦʧʨʠʚʦʜ ʽ ʛʽʜʨʦʘʚʪʦʤʘʪʠʢʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ: ʧʦʩʽʙʥʠʢ / 

ɹ.ʄ.ɻʝʚʢʦ, ʉ.ɻ.ɹʽʣʠʢ., ɸ.ʖ.ʃʽʥʠʢ, ʆ.ɺ.ʌʣʴʦʥʮ ï ʊʝʨʥʦʧʽʣʴ:ɺʠʜ-ʚʦ ʊʅʊʋ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ:. 

2015, ï 384 ʩ.  

3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘʭʠʣʦʤ ʣʶʣʴʢʠ ʘʢʩʽʘʣʴʥʦʛʦ ʨʦʪʦʨʥʦʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ 

ʪʠʧʫ PVC 1.63 / [ɯʚʘʥʦʚ ʄ.ɯ., ʇʝʨʝʷʩʣʘʚʩʴʢʠʡ ʆ.ʄ., ʐʘʨʛʦʨʦʜʩʴʢʠʡ ʉ.ɸ., ʪʘ ʽʥ] // ʇʨʦʤʠʩʣʦʚʘ 

ʛʽʜʨʘʚʣʽʢʘ ʽ ʧʥʝʚʤʘʪʠʢʘ. ï 2016. ï ˉ4(50). ï ʉ. 64-70. 

 

 

 

mailto:mosgv@ukr.net


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

21 

ʉɽʂʎɯʗ 1  

çʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʄɸʐʀʅʆɹʋɼɯɺʅʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸè 
 

UDK 621.9.02 

Radzevich S.P. , Dr .(Eng)Sc. , Professor 

RICARDO, Inc., USA, radzevich@usa.com 

THREE FUNDAMENTAL LA WS OF GEARING: FOR GEAR DESIGN AND GEAR 

PRODUCTION 

Production of gears is tightly associated with the gear design. When gears are cutting on the 

gear generators, the kinematics of the gear machining operation, as well as the geometry of the 

gear-cutting tool, both must obey ñthree fundamental laws of gearingò.  Immediately below, 

these laws of gearing are briefly outlined with respect to Ca ï gearings (that is, with respect to 

crossed-axes gearings).  The case of Ca ï gearings is the most general one. Thus, Ia ï gearings 

(that is, intersected-axes gearings), and Pa ï 
gearings (that is, parallel-axes gearings) are also 

covered in this consideration. 

The first fundamental law of gearing. This law of gearing requires a proper contact of a 

gear tooth flank, G, and a mating pinion tooth flank, P. The ñShishkov equation of contactò: 

 0Vng  (1) 

is commonly used to describe analytically this law of gearing (Prof. V.A. Shishkov, 1948 [1], 

[2]). Here is designated: ng is the unit vector of a common perpendicular at a point of contact of 

the tooth flanks, G and P, and V  is the linear velocity vector of the resultant relative motion of 

the tooth flanks, G and P. The ñShishkov equation of contact, 0gn V ò, is known at list since 

1948, therefore there is no need to discuss this equation here in more detail. 

The second fundamental law of gearing. To fulfill this law of gearing, at every point of the 

line of contact, a straight line along the common perpendicular vector, ng, must intersect the axis 

of instant rotation, lnP , of the tooth flanks, G and P. The ñequation of conjugacyò: 

 0ln m gp V n  (2) 

is proposed by Prof. S.P. Radzevich (2017) to describe analytically this law of gearing. Here is 

designated (Fig. 1): pln is the unit vector along the axis of instant rotation, Pln (as the angular 

velocity vector, ɤpl, is also along the axis of instant rotation, the unit vector, pln, can be 

substituted with the vector, ɤpl), Vm is the linear velocity vector along an instant line of action, 

instLA , through the point of interest, m. In addition, the condition 0pl gn n  must be fulfilled 

(here, pln  is the unit normal vector to the axis of instant rotation, Pln; the vector, pln , is entirely 

located within the plane of action, PA, of the gear pair). 

In the simplest case of perfect aP gearing, second fundamental law of gearing reduces to 

ñWillis theorem of parallel-axes gearingò (the term ñWillis theoremò is an obsolete one; 

nowadays ñWillis theoremò is referred to as ñCES theorem of parallel-axes gearingò, that 

stands for ñCamus-Euler-Savary theorem of parallel-axes gearingò). 

The third fundamental law of gearing. In order to meet this law of gearing, angular base 

pitch of a gear, .b g , must be equal to operating base pitch of the gear pair, .b op, and angular 

base pitch of a mating pinion, .b p , also must be equal to operating base pitch of the gear pair, 
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.b op (Prof. S.P. Radzevich, 2008, [3]). The third fundamental law of gearing is analytically 

expressed by a set of two equations (Fig. 1): 

 
. .

. .

b g b op

b p b op

 (3) 

or simply as . . .b g b p b op. 

 
Around 2008, the concept of the ñoperating base pitch, .b op, of a gear pairò was introduced 

by Prof. S.P. Radzevich [3].  The proposed concept is specified for all three possible kinds of 

gearings, that is, for: (a) aP gearings, (b) aI gearings, and (c) aC gearings. 

Conclusion: The briefly discussed set of ñthree fundamental laws of gearingò is of critical 

importance for both, for the gear designers [3], as well as for the gear manufacturers [4]. 
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Fig. 1 ï Condition of conjugacy of a gear, G and a mating pinion, P, tooth flanks in crossed-

axes gearing. 
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ʋʇʈɸɺʃɽʅʀɽ ʉɺʆʁʉʊɺɸʄʀ  ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉʃʆɽɺ ɼɽʊɸʃɽʁ 

ʄɸʐʀʅ ʇʈʀ ʌʀʅʀʐʅʆʁ ʆɹʈɸɹʆʊʂɽ 

ɺʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ [1-3]: 1) ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ; 2) ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʳʝ, ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ; 3) ʬʠʥʠʰʥʳʝ ʤʝʪʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʦʨʦʛʦʚʠʟʥʘ ʠ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʜʝʣʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʠʥʠʰʥʳʝ ʤʝʪʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʜʝʪʘʣʝʡ ʧʘʨ ʪʨʝʥʠʷ. ʈʦʣʴ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ (ʉʆʊʉ) ʚ 

ʧʨʦʮʝʩʩʘʭ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʜʝʪʘʣʝʡ ʠ ʧʦʚʳʰʝʥʠʠ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʠʩʘʥʘ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦ.  

ʃʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʉʆʊʉ, ʩʫʱʝʩʪʚʝʥʥʦ, 

ʜʘʞʝ ʚ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʠʟʤʝʥʷʶʪ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʞʝʣʝʟʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʣʦʠ ʥʘʯʠʥʘʶʪ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʦʨʛʘʥʠʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʲʝʤʦʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʢʦʪʦʨʳʝ 

ʚʦ ʚʨʝʤʷ ʜʝʬʦʨʤʘʮʠʠ ʚʣʠʷʶʪ ʥʘ ʫʧʨʦʯʥʝʥʠʝ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʢʨʦʦʙʲʝʤʦʚ ʩʪʘʣʠ [4]. ɺʦʪ ʧʦʯʝʤʫ ʉʆʊʉ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʟʣʠʯʥʳʝ 

ʪʦʣʱʠʥʳ ʥʘʫʛʣʝʨʦʞʝʥʥʳʭ ʠ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʩʪʘʣʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʀʉʄ ʅɸʅ ʋʢʨʘʠʥʳ ʠ ʋʢʨʅʀʀʅʇ "ʄɸʉʄɸ" 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʠʢʨʦʵʤʫʣʴʩʠʦʥʥʘʷ ʉʆʊʉ "ʊʈʀɹʆʃ" [5]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʉʆʊʉ ʧʨʦʰʣʘ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ, ʙʘʢʪʝʨʠʮʠʜʥʫʶ, 

ʘʥʪʠʧʝʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʪʘ ʠ 3-6%-ʥʦʛʦ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠ ʧʨʠʟʥʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʝʡʩʪʚʫʶʱʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʧʘʨ ʪʨʝʥʠʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʦʜʘʤʠ ʭʦʥʠʥʛʦʚʘʥʠʷ ʠʣʠ 

ʩʫʧʝʨʬʠʥʠʰʠʨʦʚʘʥʠʷ [6] ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʚʦʜʢʘ ʧʘʩʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʠʣʠ 

ʘʣʤʘʟʥʳʭ ʤʠʢʨʦʧʦʨʦʰʢʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʷʝʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʆʊʉ "ʊʈʀɹʆʃ" ʚ ʜʦʚʦʜʦʯʥʳʭ ʩʦʩʪʘʚʘʭ. ɼʣʷ ʜʦʚʦʜʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʞʠʨʦʚʳʝ ʧʘʩʪʳ ʟʝʨʥʠʩʪʦʩʪʴʶ 10/7 ʠ 5/3. ʉ 

ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʧʘʨ 

mailto:torsion.rue@gmail.com
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ʪʨʝʥʠʷ ʧʦʩʣʝ ʜʦʚʦʜʢʠ ʚ ʞʠʨʦʚʫʶ ʘʣʤʘʟʥʫʶ ʧʘʩʪʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʉʄ ʅɸʅ ʋʢʨʘʠʥʳ 

ʟʝʨʥʠʩʪʦʩʪʴʶ ɸʉʄ 10/7 ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 6% ʢʦʥʮʝʥʪʨʘʪʘ ʉʆʊʉ "ʊʈʀɹʆʃ". ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʘʣʠ ʐʍ 15 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʧʨʠ ʩʫʭʦʤ ʪʨʝʥʠʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʉʆʊʉ "ʊʈʀɹʆʃ" 

ʚ ʩʦʩʪʘʚʝ ʞʠʨʦʚʦʡ ʘʣʤʘʟʥʦʡ ʧʘʩʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʜʦʚʦʜʢʝ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ f, ʥʘʛʨʫʟʢʘ ʩʚʘʨʠʚʘʥʠʷ Pʩʚ). ʇʨʠ ʨʘʙʦʪʝ ʚ ʩʨʝʜʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

(ɼʊ) ʪʝ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʈ) ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ (). ʉʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʚ ʩʨʝʜʝ ɼʊ ʥʘ 30% ʠ ʧʦʚʳʰʝʥʠʝ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 30-35% ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʘʨ ʪʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ, ʬʦʨʩʫʥʦʢ ʠ ʪ.ʜ.). 

ʊʘʙʣʠʮʘ 1.  ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ ʐʍ15 ʥʘ ʤʘʰʠʥʘʭ ʪʨʝʥʠʷ 

ʧʦʩʣʝ ʜʦʚʦʜʢʠ ʧʘʩʪʘʤʠ 

ɸʣʤʘʟʥʘʷ ʧʘʩʪʘ 

ʞʠʨʦʚʘʷ 

ʉʫʭʦʝ ʪʨʝʥʠʝ (Optimol SRV) ʊʨʝʥʠʝ ʚ ɼʊ (ʤʠʢʨʦʪʨʠʙʦʤʝʪʨ) 

f ʈʩʚ, ʅ/ʤʤ
2
  ʈ, ʄʅ/ʤ

2
 

ɸʉʄ 10/7 0,43 107 0,0042 520 

ɸʉʄ 10/7 + 6% 

ʉʆʊʉ "ʊʨʠʙʦʣ" 
0,42 110 0,0031 800 

ʅʘʨʷʜʫ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʣʠʷʥʠʷ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʆʊʉ "ʊʈʀɹʆʃ" ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʷʭ 

ʬʠʥʠʰʥʦʡ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʧʨʦʩʪʦʪʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʉʆʊʉ "ʊʈʀɹʆʃ", 

ʠʭ ʢʦʥʪʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʝʣʠʯʠʥʳ ʨʅ ʠ ʪ.ʜ.). 

ʂʦʨʨʦʟʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʉʆʊʉ "ʊʈʀɹʆʃ" ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ï ʟʘʜʘʥʥʫʶ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʣʫʯʰʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʤʝʶʪ 

ʧʦʚʳʰʝʥʥʳʝ ʘʥʪʠʟʘʜʠʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, info@zmok.kiev.ua 

ʂʆʄɹɯʅɸʊʆʈʅʀʁ ʇɯɼʍɯɼ ɼʆ ʉʀʅʊɽɿʋ ʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ ʅɸ ʇʈʀʂʃɸɼɯ 

ɿɸʊʀʉʂʅʀʍ ʄɽʍɸʅɯɿʄɯɺ 

ʆʜʥ̔̒ ʶ ʽʟ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʽ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ, ʟʦʢʨʝʤʘ, 

ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʠʢʣʠʢʫ ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ çɯʥʜʫʩʪʨʽʷ 4.0è, ʻ 

ʧʨʘʛʥʝʥʥʷ ʜʦ ʧʨʝʮʠʟʽʡʥʦʾ (High Precision Cutting) ʽ ʫʣʴʪʨʘ ʧʨʝʮʠʟʽʡʥʦʾ ʦʙʨʦʙʢʠ 

(ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʩʫʙʤʽʢʨʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ), ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʚʠʨʦʙʽʚ ʜʦ 0,01 ʤʢʤ ʽ ʦʪʨʠʤʘʪʠ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʦ 0,001 ʤʢʤ (1 ʥʘʥʦʤʝʪʨʘ) [2, 4]. ʇʨʠ 

ʮʴʦʤʫ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʽ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ (High Speed 

Cutting) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʣʝʟʚʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʤʽʣʢʦʟʝʨʥʠʩʪʦʛʦ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ, ʩʠʥʪʝʪʠʯʥʦʛʦ ʘʣʤʘʟʫ) ʥʘ 

ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ ʜʦ 30 ʤ/ʩ ʽ ʚʠʩʦʢʦ ʦʙʝʨʪʦʚʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ (ʐɺ). 

ɽʚʦʣʶʮʽʷ ʨʦʟʚʠʪʢʫ ʧʨʠʚʦʜʽʚ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ, ʨʦʙʦʯʠʭ ʧʦʜʘʯ ʽ ʜʦʧʦʤʽʞʥʠʭ ʨʫʭʽʚ 

ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʽʚ 

ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʢʽʥʮʝʚʠʭ ʣʘʥʮʶʛʘʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʤʽʥʥʦʶ ʥʘʥʦʩʪʫʢʪʫʨʦʶ, ʪʦʱʦ [3, 7]. 

ɺ ʧʨʠʚʦʜʘʭ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʜʦʚʛʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ (ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ (ɼɽ) ï ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ (ʇɽ) 

ʫ ʚʠʛʣʷʜʽ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ï ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʨʫʭʫ (ʇʈ) ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʙʦʢ 

ʰʚʠʜʢʦʩʪʝʡ ï ʨʦʙʦʯʠʡ ʦʨʛʘʥ (ʈʆ) ʫ ʚʠʛʣʷʜʽ ʐɺ ï ʦʙôʻʢʪ ʦʙʨʦʙʢʠ (ʟʘʛʦʪʦʚʢʠ ʘʙʦ ʜʝʪʘʣʽ)) 

ʩʢʦʨʦʪʠʚʩʷ ʜʦ ɼɽ ï ʐɺ ï ʦʙôʻʢʪ ʦʙʨʦʙʢʠ, ʜʝ ʟʥʠʢʣʠ ʇɽ, ʇʈ, ʘ ʐɺ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʝʣʝʢʪʨʦʰʧʠʥʜʝʣʷ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʤʦʪʦʨ-ʰʧʠʥʜʝʣʷ (ʄ-ʐ). 

ɺ ʧʨʠʚʦʜʘʭ ʨʦʙʦʯʠʭ ʧʦʜʘʯ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʜʦʚʛʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ 

(ɼɽ ï ʇɽ ʫ ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʤʦʤʝʥʪʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʢʦʨʦʙʢʠ ʧʦʜʘʯ ï ʇʈ ʟ ʦʙʝʨʪʦʚʦʛʦ 

ʚ ʧʦʩʪʫʧʘʣʴʥʠʡ ï ʈʆ ʫ ʚʠʛʣʷʜʽ ʩʫʧʦʨʪʘ ï ʨʽʞʫʯʠʡ ʽʥʩʪʨʫʤʝʥʪ (ʈɯ) ʩʢʦʨʦʪʠʚʩʷ ʜʦ ɼɽ ï ʈʆ 

ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʜʝ ʩʪʘʪʦʨ ʻ ʥʘʧʨʷʤʥʠʤʠ, ʘ ʨʦʪʦʨ ï ʩʫʧʦʨʪ ʟ ʈɯ. 

ʊʘʢʘ ʞ ʩʘʤʘ ʝʚʦʣʶʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʚ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʘʭ (ɿʄ), ʜʣʷ ʷʢʠʭ ʥʦʚʽ 

ʧʨʠʥʮʠʧʠ ʟʘʪʠʩʢʫ, ʾʭ ʩʪʨʫʢʪʫʨʠ, ʩʧʦʩʦʙʠ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʠʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʝʥʝʪʠʢʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʢʦʤʙʽʥʘʪʦʨʠʢʫ ʽ ʪʝʦʨʽʶ 

ʤʥʦʞʠʥ [1, 4, 5].  

ʄʝʪʦʶ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʛʝʥʝʪʠʯʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ɿʄ ʫ 

ʩʢʣʘʜʽ ʄ-ʐ ʟ ʩʫʪʪʻʚʠʤʠ ʩʢʦʨʦʯʝʥʥʷʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʤʙʽʥʘʪʦʨʥʽ ʦʙʯʠʩʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʚʽʡʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʥʘʷʚʥʦʩʪʽ (ʢʦʜ 1) ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ (ʢʦʜ 0) ʝʣʝʤʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ ɿʄ, ʱʦ ʫʜʦʩʢʦʥʘʣʶʻʪʴʩʷ 

(ʩʠʥʪʝʟʫʻʪʴʩʷ). 

ʇʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʠʭ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ɿʄ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʦʢʘʨʥʠʭ, ʩʚʝʨʜʣʠʣʴʥʠʭ, ʬʨʝʟʝʨʥʠʭ, ʰʣʽʬʫʚʘʣʴʥʠʭ ʽ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʧʨʠʩʫʪʥʽ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ (ʨʠʩ.1): ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ (ɼɽ) , 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ (ʇɽ), ʧʨʠʚʦʜ ʟʘʪʠʩʢʫ (ʇɿ), ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ (ɿʇ), ʦʙôʻʢʪ ʟʘʪʠʩʢʫ 

(ʆɿ). ʆʩʪʘʥʥʽʡ ʤʦʞʝ ʙʫʪʠ ʰʪʫʯʥʦʶ, ʧʨʫʪʢʦʚʦʶ, ʪʨʫʙʥʦʶ ʯʠ ʽʥʰʦʶ ʟʘʛʦʪʦʚʢʦʶ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʦʾ ʜʝʪʘʣʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʩʚʝʨʜʣʦʤ, 

ʬʨʝʟʦʶ, ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ, ʪʦʱʦ). 
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ʈʠʩ. 1  ɽʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ɿʄ ʽ ʟʚô̫ ʟʢʠ ʤʽʞ ʥʠʤʠ 

ɺ ʙʫʜʴ-ʷʢʽʡ ʩʠʩʪʝʤʽ ɿʄ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʭʽʜ (ɼɽ - ʚʘʛʘ 1) ʽ ʚʠʭʽʜ (ʆɿ - ʚʘʛʘ 1). 

ɺʩʽ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʣʘʥʮʶʛʫ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ʇɽ, ʇɿ, 

ɿʇ) ʚ ʧʨʠʥʮʠʧʽ ʟʛʽʜʥʦ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽ ʥʝ ʙʫʪʠ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ 

ʩʧʨʦʱʝʥʥʷ ʽ ʩʢʦʨʦʯʝʥʥʷ ʣʘʥʮʶʛʫ. 

ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʝʚʦʣʶʮʽʡʥʦʛʦ ʽ ʛʝʥʝʪʠʯʥʦʛʦ ʩʠʥʪʝʟʫ [6] ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ 100% 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ɿʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʟ ʟʘʜʘʥʦʶ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ, ʱʦ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ 

ʧʦʙʫʜʦʚʦʶ ʤʦʜʝʣʝʡ ʤʽʢʨʦ ʽ ʤʘʢʨʦʝʚʦʣʶʮʽʡ, ʘ ʪʘʢʦʞ ʥʘʧʠʩʘʥʥʷʤ ʛʨʦʤʽʟʜʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʛʝʥʝʪʠʯʥʠʭ ʬʦʨʤʫʣ. 

ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʨʦʱʝʥʠʡ ʩʠʩʪʝʤʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʟ 

ʧʦʙʫʜʦʚʦʶ ʮʠʬʨʦʚʦʾ ʤʘʪʨʠʮʽ ʽ ʧʦʩʪʫʧʦʚʠʤ ʚʠʣʫʯʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʧʨʠ ʜʚʽʡʢʦʚʦʤʫ 

ʢʦʜʫʚʘʥʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʝʚʦʣʶʮʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ɿʄ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʚʽʜ ʤʠʥʫʣʦʛʦ 

ʯʝʨʝʟ ʩʫʯʘʩʥʝ ʜʦ ʤʘʡʙʫʪʥʴʦʛʦ ʧʨʠ ʧʝʨʝʙʦʨʽ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʣʠʰʝ 7 ʢʦʤʙʽʥʘʪʦʨʥʠʭ 

ʩʧʦʣʫʯʝʥʴ ʟ ʥʘʩʪʫʧʥʠʤʠ ʢʦʜʘʤʠ: ɿʄ1-11111, ɿʄ2-10111, ɿʄ3-11011, ɿʄ4-11101, ɿʄ5-

10011, ɿʄ6-11001, ɿʄ7-10001 (ʨʠʩ.2). ɼʦ ʩʠʭ ʧʽʨ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ɿʄ1-ɿʄ3, ʯʘʩʪʢʦʚʦ ɿʄ4. ʂʦʞʥʠʡ ʢʦʜ ʜʘʻ ʧʦʰʪʦʚʭ ʜʣʷ 

ʧʦʰʫʢʫ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

 
ʈʠʩ. 2  ɼʚʽʡʢʦʚʘ ʤʦʨʬʦʣʦʛʽʯʥʘ ʤʘʪʨʠʮʷ ʝʚʦʣʶʮʽʾ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ɿʄ 

ʈʝʘʣʽʟʘʮʽʷ ʢʦʜʽʚ ɿʄ6-11001 ʽ ɿʄ7-10001ʚʠʤʘʛʘʶʪʴ ʥʦʚʠʭ ʟʥʘʥʴ, ʥʦʚʠʭ ʬʽʟʠʯʥʠʭ ʪʘ 

ʽʥʰʠʭ ʝʬʝʢʪʽʚ ʽ ʥʘʚʽʪʴ ʥʘʫʢʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ [2, 5, 7]. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʚʯʝʥʠʭ 

ʩʚʽʪʫ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʪʨʘʥʩʤʫʪʘʮʽʾ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʠʭ ʨʝʯʦʚʠʥ ʚ ʽʥʰʽ. ɿ 
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ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ʜʝʷʢʽ ʤʘʪʝʨʽʘʣʠ (ʟʦʣʦʪʦ, ʩʨʽʙʣʦ, ʪʠʪʘʥ) ʤʘʶʪʴ 

ʛʽʙʨʠʜʥʫ ʥʘʥʦʩʪʨʫʢʪʫʨʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʽʮʥʦʾ ʤʝʪʘʣʝʚʦʾ ʦʩʥʦʚʠ ʽ ʝʣʝʢʪʨʦʣʽʪʫ (ʚ ʷʢʦʩʪʽ 

ʜʨʫʛʦʛʦ ʝʣʝʤʝʥʪʫ). ɼʣʷ ʟʤʽʥʠ ʚʠʱʝʚʢʘʟʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʨʽʙʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʨʽʙ 

ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʧʝʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʫ ʩʪʘʚʘʪʠ ʙʽʣʴʰ ʤ'ʷʢʠʤ, 

ʧʽʩʣʷ ʯʦʛʦ ʚʽʥ ʟʥʦʚʫ ʩʪʘʻ ʪʚʝʨʜʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʞʝ ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʷʚʫ 

ʩʠʩʪʝʤʠ ɿʄ5-10011 ʙʝʟ ʇɽ ʽ ʇɿ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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ɿɹɯʃʔʐɽʅʅʗ ʄɽʍɸʅɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɿɸɻʆʊʆɺʆʂ ɯɿ 

ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺʋ ɺʊ22 ɼʃʗ ʇʆɼɸʃʔʐʆɻʆ ɺʀɻʆʊʆɺʃɽʅʅʗ 

ʃʆʇɸʊʆʂ ɻɸɿʆʊʋʈɹɯʅʅʆɻʆ ɼɺʀɻʋʅɸ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʫʢʦʻʤʥʦʾ ʪʝʭʥʽʢʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ 

ʥʘʜʽʡʥʽʩʪʶ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʛʚʠʥʪʦʚʦʛʦ ʫʰʠʨʷʶʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ [1]. ʊʘʢʝ ʧʨʝʩʫʚʘʥʥʷ 

ʩʪʚʦʨʶʻ ʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʤʝʪʘʣʽʚ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʚʝʣʠʢʽ 

ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʮʽʻʾ 

ʟʘʛʦʪʦʚʢʠ, ʻ ʨʽʚʥʦʢʘʥʘʣʴʥʝ ʢʫʪʦʚʝ ʧʨʝʩʫʚʘʥʥʷ (ʈʂʋ) [2,3], ʛʚʠʥʪʦʚʘ ʝʢʩʪʨʫʟʽʷ [4], ʽʥʰʽ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ɻʊɼ. 

https://www.nature.com/
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ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʤʘʪʨʠʮʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʜʝʬʦʨʤʘʮʽʶ 

ʟʘʛʦʪʦʚʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʧʨʦʛʨʘʤʽ QForm. ʄʦʜʝʣʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʚʦʜʠʣʦʩʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʨʫʞʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ï ʩʧʣʘʚ ɺʊ22 (ʩʠʩʪʝʤʘ 

Ti-ɸ1-Mo-V). ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ ï 930 
0
ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʽʥʩʪʨʫʤʝʥʪʘ ï 300 

0
ʉ. 

ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʝʩ ʪʘ ʛʚʠʥʪʦʚʠʡ ʧʨʝʩ. ɿʤʘʱʝʥʥʷ ï ʛʨʘʬʽʪ 

+ ʤʽʥʝʨʘʣʴʥʝ ʤʘʩʪʠʣʦ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʜʚʦʤʘ ʟʘʛʦʪʦʚʢʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʠʪʠʩʢʫ. ʈʝʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʜʝʬʦʨʤʘʮʽʾ, ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʜʝʬʦʨʤʫʚʘʥʥʽ ʥʘ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʫʩʠʣʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʊʦʤʫ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦʚʦʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʛʚʠʥʪʦʚʦʤʫ ʧʨʝʩʽ. ʄʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ 

ʤʘʪʨʠʮʽ ʜʣʷ ʛʚʠʥʪʦʚʦʛʦ ʫʰʠʨʷʶʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ 

çʢʨʫʛ-ʝʣʽʧʩ-ʢʨʫʛè. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʛʚʠʥʪʦʚʦʤʫ ʬʨʠʢʮʽʡʥʦʤʫ ʧʨʝʩ-ʤʦʣʦʪʽ 

ʟʫʩʠʣʣʷʤ ʈ-160ʪʩ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʤʘʪʨʠʮʷ ʜʣʷ ʛʚʠʥʪʦʚʦʛʦ ʫʰʠʨʷʶʯʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ çʢʨʫʛ-ʝʣʽʧʩ-ʢʨʫʛè. ɿʨʘʟʢʠ ʚʠʢʦʥʘʥʽ ʽʟ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ22. ʈʦʟʤʽʨʠ ʚʠʭʽʜʥʦʾ ʟʘʛʦʪʦʚʢʠ: ʜʽʘʤʝʪʨ 29,5 ʤʤ, ʚʠʩʦʪʘ 50ʤʤ. 

ʇʝʨʝʜ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ. ɿʘʛʦʪʦʚʢʠ ʥʘʛʨʽʚʘʣʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 930ʉ, ʦʩʥʘʱʝʥʥʷ ʥʘʛʨʽʚʘʣʠ ʛʘʟʦʚʦʶ ʛʦʨʽʣʢʦʶ ʜʦ 300 ʉ. ʐʚʠʜʢʽʩʪʴ 

ʧʨʝʩʫʚʘʥʥʷ ʩʢʣʘʣʘ 0,7ï1,0 ʤ/ʩ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦ ʤʽʨʽ ʨʫʭʫ 

ʟʘʛʦʪʦʚʢʠ ʧʦʟʜʦʚʞ ʢʘʥʘʣʫ ʤʘʪʨʠʮʽ ʥʘ 15-20%. ɺ ʥʘʧʨʷʤʢʫ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʚʝʣʠʯʠʥʘ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʮʝʥʪʨʫ ʜʦ ʧʝʨʠʬʝʨʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʝʨʠʬʝʨʽʾ 

ʟʘʛʦʪʦʚʢʠ ʚʝʣʠʯʠʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦʚʞʠʥʽ ʥʘʧʽʚʦʩʝʡ ʝʣʽʧʩʫ. 
ʅʘʢʦʧʠʯʝʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʚʠʥʪʦʚʦʾ ʫʰʠʨʷʶʯʦʾ ʝʢʩʪʨʫʟʽʾ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ 

ʧʝʨʝʨʽʟʫ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ, ʥʽʞ ʧʨʠ ʢʣʘʩʠʯʥʽʡ ʨʽʚʥʦ ʢʘʥʘʣʴʥʽʡ ʛʚʠʥʪʦʚʽʡ ʝʢʩʪʨʫʟʽʾ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʨʽʚʥʦʢʘʥʘʣʴʥʦʤʫ 

ʧʨʝʩʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʘʻ ʦʩʽ ʟʘʛʦʪʦʚʢʠ (ʦʩʽ ʢʘʥʘʣʫ ʤʘʪʨʠʮʽ). ɺʟʜʦʚʞ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʚʽʜ 

ʮʝʥʪʨʫ ʜʦ ʧʝʨʠʬʝʨʽʾ ʩʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ ʜʝʢʽʣʴʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ ʚʝʣʠʯʽʥʽ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʝʜʫʢʫʚʘʥʥʷ ʚ 1,5-1,7 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʙʝʟ ʧʨʦʪʠʪʠʩʢʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʥʘʢʦʧʠʯʝʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ ʟʜʝʬʦʨʤʦʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ 

ʩʢʣʘʜʘʻ 0,7-0,8. ʊʘʢʘ ʚʝʣʠʯʠʥʘ ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʩʢʣʘʜʘʻ 74-85 % ʚʽʜ 

ʪʝʦʨʝʪʠʯʥʦʾ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮʽ) ʚ ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ 

ʤʝʭʘʥʽʟʤʫ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʢʦʧʠʯʝʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʦʚʢʫ ʧʦʪʨʽʙʥʦ ʦʙʨʦʙʣʷʶʪʴ ʟʘ ʜʝʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ 

ʚʠʢʣʠʢʘʻ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ɺʝʣʠʯʠʥʘ ʥʘʢʦʧʠʯʝʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʚʟʜʦʚʞ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʚʽʜ ʮʝʥʪʨʫ ʜʦ ʢʨʘʶ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʩʧʽʚʧʘʜʘʻ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʤʝʭʘʥʽʯʥʠʭ ʜʦʩʣʽʜʽʚ ʥʘ ʩʪʠʩʢʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʧʽʩʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʧʽʜʚʠʱʫʶʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 10-12%. 

ɺʠʩʥʦʚʢʠ 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚ 

ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ ʟʜʝʬʦʨʤʦʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʩʢʣʘʜʘʻ 0,7-0,8. 

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ 

ʚʠʢʣʠʢʘʻ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. 

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʚʠʥʪʦʚʠʤ ʫʰʠʨʷʶʯʠʤ ʧʨʝʩʫʚʘʥʥʷʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʧʽʜʚʠʱʫʶʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 10-12%. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʉʇʃʋɸʊɸʎɯɰ ʐʃɯʌʋɺɸʃʔʅʀʍ ʂʈʋɻɯɺ  

ʊʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʛʣʷʜʘʪʠ ʡʦʛʦ ʷʢ ʦʜʠʥ ʟ 

ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʯʦʨʥʦʚʠʭ ʪʘ ʯʠʩʪʦʚʠʭ ʦʧʝʨʘʮʽʷʭ ʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʨʦʙʢʠ. ʇʝʨʝʚʘʛʠ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʾ ʪʦʯʥʦʩʪʽ, 

ʧʦʨʷʜʢʫ 2 ï 4 ʤʢʤ, ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ  Ra = 1,25 é 0,32 ʤʢʤ.  

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʦʙʤʝʞʫʶʯʦʶ ʫʤʦʚʦʶ ʯʘʩʫ ʾʭ ʨʦʙʦʪʠ ʻ ʨʦʟʤʽʨʥʘ 

ʩʪʽʡʢʽʩʪʴ, ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʦʾ ʧʦʪʨʝʙʫʻ ʧʝʨʽʦʜʠʯʥʦʾ ʧʨʠʤʫʩʦʚʦʾ ʦʙʨʦʙʢʠ ʾʭ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, 

ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʨʘʚʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1 ï 3] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʞʠʤ ʧʨʘʚʢʠ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʣʴʻʬ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʽ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ. ʋʧʨʘʚʣʽʥʥʷ ʰʦʨʩʪʢʽʩʪʶ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ 

ʜʦʩʷʛʥʫʪʠ ʷʢ ʨʝʞʠʤʘʤʠ ʰʣʽʬʫʚʘʥʥʷ, ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʷʤ ʚʠʩʦʪʠ ʪʘ ʢʨʦʢʫ ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ 

ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʚ ʧʨʦʮʝʩʽ ʧʨʘʚʢʠ ʪʘ ʽʽ ʩʪʘʪʠʩʪʠʯʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʶ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ. 

ʉʧʨʘʮʶʚʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ ʚ ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʯʠʩʪʦʚʠʭ ʦʧʝʨʘʮʽʷʭ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,02 ʤʤ. ʉʪʘʪʠʩʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʣʴʻʬʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʙʫʜʝ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʪʦʚʱʠʥʠ ʚʠʜʘʣʝʥʦʛʦ ʰʘʨʫ ʚ ʧʨʦʮʝʩʽ ʧʨʘʚʢʠ ʪʘ 

ʨʦʟʤʽʨʽʚ ʢʦʥʪʘʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʨʫʡʥʫʚʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʨʫʡʥʦʚʘʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʶ ʨʦʙʦʪʠ 

[2] ʧʨʠʡʥʷʪʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʾʭ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ʗʢʱʦ ʥʘ 

ʦʜʠʥʠʮʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʨʦʟʪʘʰʦʚʘʥʦ Zʦ ʟʝʨʝʥ, ʪʦ ʥʘ ʚʽʜʩʪʘʥʽ hʟ ʚʽʜ 

ʚʝʨʰʠʥʠ ʥʘʡʙʽʣʴʰ ʚʠʩʪʫʧʘʶʯʠʭ ʟʝʨʝʥ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ Zh , ʪʦʙʪʦ 

  (1) 

ʜʝ F(h) ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʝʨʰʠʥ ʟʝʨʝʥ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ h.  

ɼʣʷ ʪʘʢʠʭ ʫʤʦʚ ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ F(h) ʟʝʨʝʥ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ h/r1, ʜʝ r1 ï ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʡ ʨʘʜʽʫʩ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ. ɻʨʘʬʽʢ ʤʘʻ 

ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʘʧʨʦʢʩʠʤʫʶʯʠʤ ʨʽʚʥʷʥʥʷʤ ʫ ʚʠʛʣʷʜʽ: 

hFZZ oh
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 (2) 

ʈʽʚʥʷʥʥʷ (2) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʠʭ 

ʢʨʫʛʽʚ ʟʘ ʚʠʩʦʪʦʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ. ɿʚʠʯʘʡʥʦ ʧʨʘʚʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦ ʫʩʪʘʣʝʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʧʦʜʘʣʴʰʝ ʚʠʜʘʣʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʰʘʨʫ ʧʨʠ 

ʥʝʟʤʽʥʥʠʭ ʫʤʦʚʘʭ ʥʝ ʙʫʜʝ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʫ ʩʪʘʥʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ, ʷʢʘ ʧʽʜʜʘʻʪʴʩʷ ʤʘʢʨʦʨʫʡʥʫʚʘʥʥʶ ʚʽʜ ʧʨʦʭʦʜʫ ʜʦ ʧʨʦʭʦʜʫ 

ʟʘʣʠʰʠʣʘʩʴ ʥʝʟʤʽʥʥʦʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʟ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʘʙʨʘʟʠʚʥʦʛʦ 

ʰʘʨʫ ʟ ʛʣʠʙʠʥʦʶ ʧʨʘʚʢʠ (tʢ), ʯʘʩʪʠʥʘ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ (Zʘ), ʷʢʘ ʧʽʜʜʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʶ ʽʟ 

ʟʘʛʘʣʴʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʘʣʤʘʟʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʙʫʜʝ ʩʢʣʘʜʘʪʠ: 

 ,  (3) 

ʜʝ hc ï ʨʽʚʝʥʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʰʠʥ ʚʠʩʪʫʧʘʶʯʠʭ ʟʝʨʝʥ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʚʠʨʘʟʦʤ (3), ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʷʢʘ ʧʽʜʜʘʻʪʴʩʷ 

ʤʘʢʨʦʨʫʡʥʫʚʘʥʥʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʛʣʠʙʠʥʠ ʧʨʘʚʢʠ ʪʘ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʘ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʩʧʨʘʮʶʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʚ ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 

0,02 ʤʤ [2], ʦʯʝʚʠʜʥʦ ʛʣʠʙʠʥʫ ʧʨʘʚʢʠ ʩʣʽʜ ʦʙʤʝʞʠʪʠ ʫ ʤʝʞʘʭ ʜʦ 0,025 ʤʤ. ʗʢ ʧʦʢʘʟʘʣʠ 

ʨʦʟʨʘʭʫʥʢʠ, ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʤʘʢʨʦʨʫʡʥʫʚʘʥʥʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ  ʛʣʠʙʠʥʠ ʚʟʘʻʤʦʜʽʾ (hk) ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽ 

ʢʨʠʩʪʘʣʘ ʘʣʤʘʟʫ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʤʘʢʨʦʨʫʡʥʫʚʘʥʥʷ (ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ) ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ. 

ʇʨʠ ʨʘʜʽʫʩʽ ʚʝʨʰʠʥʠ ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʫ 0,1 ʤʤ: ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 16 ï hk = 0,025 ʤʤ; ʜʣʷ 

ʟʝʨʥʠʩʪʦʩʪʽ 25 ï hk = 0,03 ʤʤ; ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 40 ï hk = 0,04 ʤʤ. ʇʨʠ ʨʘʜʽʫʩʽ ʚʝʨʰʠʥʠ 

ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʘ 0,25 ʤʤ: ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 16 ï hk = 0,019 ʤʤ; ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 25 ï hk = 0,021 

ʤʤ; ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 40 ï hk = 0,025 ʤʤ. ʇʨʠ ʨʘʜʽʫʩʽ ʚʝʨʰʠʥʽ ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʘ 0,5 ʤʤ: ʜʣʷ 

ʟʝʨʥʠʩʪʦʩʪʽ 16 ï hk = 0,016 ʤʤ; ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 25 ï hk = 0,018 ʤʤ; ʜʣʷ ʟʝʨʥʠʩʪʦʩʪʽ 40 ï hk = 

0,02 ʤʤ.  

ɿʘʙʝʟʧʝʯʝʥʥʷ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʥʘ ʨʦʙʦʯʽʡ 

ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʘʚʢʠ ʚ ʨʝʞʠʤʽ ʤʽʢʨʦʨʫʡʥʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ 

ʟʝʨʝʥ. ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʘʢʦʛʦ ʨʝʣʴʻʬʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʨʠ ʧʨʘʚʮʽ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʨʘʜʽʫʩʦʤ ʧʨʠ ʚʝʨʰʠʥʽ ʢʨʠʩʪʘʣʘ ʘʣʤʘʟʫ ʥʝ ʙʽʣʴʰʝ 0,1 

ʤʤ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 20% ʚʽʜʭʠʣʝʥʥʷ. ʇʨʠ ʧʨʘʚʮʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʙʽʣʴʰʠʤʠ ʨʦʟʤʽʨʘʤʠ 

ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʘ ʚʠʜʘʣʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʰʘʨʫ ʟ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ 

ʨʝʞʠʤʽ ʤʘʢʨʦʨʫʡʥʫʚʘʥʥʷ ʟʝʨʝʥ, ʱʦ ʚʠʢʣʠʢʘʻ ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʚʠʪʨʘʪʠ ʢʨʫʛʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʤʝʪʦʜʠʢʦʶ [4] ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʟʝʨʝʥ ʪʘ ʾʭ ʚʽʜʩʪʘʥʷʤʠ ʥʘ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ, ʤʦʞʥʘ ʜʘʪʠ ʧʦʷʩʥʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʟʤʽʥʠ ʰʦʨʩʪʢʦʩʪʽ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʧʨʘʚʢʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ʗʢ 

ʧʦʢʘʟʘʣʠ ʨʦʟʨʘʭʫʥʢʠ ʩʝʨʝʜʥʴʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ (l=2/n
1/2
, ʤʤ; n ï 

ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʥʘ 1 ʩʤ
2
), ʧʽʜʚʠʱʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʘʚʢʠ ʘʙʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʫ 

ʘʣʤʘʟʘ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʡʥʦʚʘʥʠʭ ʟʝʨʝʥ (Za) ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʩʝʨʝʜʥʴʦʾ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ, ʱʦ ʧʦʛʽʨʰʫʻ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ.  

ɿʘ ʧʨʠʡʥʷʪʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʽ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʚʠʪʨʘʪʠ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʚ ʧʨʦʮʝʩʽ ʧʨʘʚʢʠ ʧʨʠ 30 ï 50% ʟʙʝʨʝʞʝʥʥʽ ʟʝʨʝʥ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʦʨʦʯʝʥʽ ʫ ʤʝʞʘʭ ʜʦ 10 ... 20%, ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʘ ʘʣʤʘʟʫ, 

ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ. 
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ɯʥʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʘʜʽʫʩʘ 

ʧʨʠ ʚʝʨʰʠʥʽ ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʘ ʧʨʘʚʢʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʟ ʙʽʣʴʰʠʤʠ 

ʛʣʠʙʠʥʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʪʘ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʨʘʚʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʧʨʘʚʢʠ 

ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʷʭ ʰʣʽʬʫʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʧʽʩʣʷ ʧʨʘʚʢʠ ʤʝʪʦʜʦʤ ʪʦʯʽʥʥʷ 

ʘʣʤʘʟʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ ʽ ʰʦʨʩʪʢʦʩʪʽ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ɿʘ ʧʨʠʡʥʷʪʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʽ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʚʠʪʨʘʪʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʚ ʧʨʦʮʝʩʽ ʧʨʘʚʢʠ ʧʨʠ 30 ï 50% ʟʙʝʨʝʞʝʥʥʽ 

ʟʝʨʝʥ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʦʨʦʯʝʥʽ ʫ ʤʝʞʘʭ ʜʦ 10 ... 20%, ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ 

ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʫ ʘʣʤʘʟʘ ʧʨʘʚʣʷʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 
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ɻʨʠʮʘʡ ɯ. ɭ., ʜʦʢʪ. ʪʝʥʭ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, i.gryc@i.ua 

ʈʆɿɺʀʊʆʂ ɿʋɹʏɸʉʊʀʍ ʇɽʈɽɼɸʏ ʊɸ ɰʍ ʊɽʍʅʆʃʆɻɯʁ ʅɸ ʆʉʅʆɺɯ 

ʈɸɼɯɸʃʔʅʆ-ʂʆʃʆɺʆɻʆ ʉʇʆʉʆɹʋ ɿʋɹʆʅɸʈɯɿɸʅʅʗ 

ɿʫʙʯʘʪʽ ʢʦʣʝʩʘ ʽ ʧʝʨʝʜʘʯʽ ʷʢ ʦʩʥʦʚʥʠʡ ʟʘʩʽʙ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʫʭʫ ʻ 

ʦʙʦʚôʷʟʢʦʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʙʽʣʴʰʦʩʪʽ ʤʘʰʠʥ. ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʪʘ ʟʥʘʯʥʽ ʦʙʩʷʛʠ 

ʚʠʧʫʩʢʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ ʪʠʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʫʤʦʚʣʶʶʪʴ ʧʦʩʪʽʡʥʽ ʧʦʰʫʢʠ ʡ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʦʶ ʷʢʠʭ ʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʫʙʯʘʩʪʠʭ 

ʟʘʯʝʧʣʝʥʴ ʪʘ ʧʨʠʚʦʜʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʟʨʦʩʪʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʯ, ʘ ʟ ʽʥʰʦʛʦ - ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʨʽʰʠʪʠ ʦʜʥʦʯʘʩʥʦ ʦʙʠʜʚʽ 

ʟʘʜʘʯʽ. ʋ ʧʝʨʰʦʤʫ ʥʘʧʨʷʤʢʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʝʚʦʣʴʚʝʥʪʥʠʤ. ʅʘ ʪʝʦʨʝʪʠʯʥʦʤʫ ʽ  ʧʨʘʢʪʠʯʥʦʤʫ ʨʽʚʥʷʭ ʜʦʚʝʜʝʥʦ, 

ʱʦ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʟʫʙʮʽ ʚʦʣʦʜʽʶʪʴ ʧʽʜʚʠʱʝʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʤʘʶʪʴ ʙʽʣʴʰʫ ʟʛʠʥʥʫ ʽ 

ʢʦʥʪʘʢʪʥʫ ʤʽʮʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʣʷʥʦʢ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʚ ʦʩʥʦʚʽ ʟʫʙʮʽʚ, ʤʝʥʰʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʜʘʨʫ ʚ ʟʘʯʝʧʣʝʥʥʽ, ʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʧʝʨʝʜʘʯʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʦʶ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, 

ʥʠʞʯʠʤ ʨʽʚʥʝʤ ʰʫʤʫ, ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʨʝʩʫʨʩ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʤʝʥʰʝʥʥʷ ʜʦ 40% 

ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʜʫʢʪʦʨʽʚ ʧʨʠ ʪʠʭ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʝʨʝʜʘʯ. ɿʘʛʘʣʦʤ, 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʧʝʨʝʜʘʯʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʽʣʠʣʴʥʽ, ʷʢ ʰʚʠʜʢʽʩʥʽ, ʘ ʪʘʢʦʞ, ʷʢ 

ʩʠʣʦʚʽ. 
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ʇʝʨʝʰʢʦʜʦʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʧʝʨʝʜʘʯ ʽ ʢʦʣʽʩ ʙʫʣʘ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʧʝʨʝʰʣʽʬʫʚʘʥʥʷ ʯʝʨʚôʷʯʥʠʭ ʬʨʝʟ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʷʢʽ ʙʘʟʫʚʘʣʠʩʷ ʥʘ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ ʢʦʥʪʫʨʽ. ʇʨʦʪʝ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʦʛʦ ʩʧʦʩʦʙʫ 

(ʈʂʉ) ʟʫʙʦʥʘʨʽʟʘʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʧʦʜʦʣʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʽ ʦʜʥʦʯʘʩʥʦ ʚʠʨʽʰʠʪʠ 

ʜʨʫʛʫ ʟʘʜʘʯʫ ï ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʟʫʙʦʥʘʨʽʟʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʨʦʙʥʠʯʽ 

ʚʠʪʨʘʪʠ. 

ʈʂʉ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʦʙʢʦʯʫʚʘʣʴʥʦʤʫ ʟʫʙʦʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ 

ʟʘʤʽʥʦʶ ʯʝʨʚʷʯʥʦʾ ʬʨʝʟʠ ʪʦʥʢʦʶ ʜʠʩʢʦʚʦʶ ʬʨʝʟʦʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʰʠʨʰʦʶ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ, ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʟʫʙʯʘʩʪʠʭ ʧʦʚʝʨʭʦʥʴ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ 

ʈʂʉ ʚʚʝʜʝʥʥʷʤ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʤʽʞ ʦʩʷʤʠ ʰʧʠʥʜʝʣʷ ʽ ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ ʜʘʣʦ ʟʤʦʛʫ 

ʟʤʽʥʠʪʠ ʢʽʥʝʤʘʪʠʢʫ ʧʨʦʮʝʩʫ, ʘ ʦʩʥʘʱʝʥʥʷ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ 

ʣʽʥʽʡʥʠʤ ʩʝʨʚʦʜʚʠʛʫʥʦʤ, ʢʝʨʦʚʘʥʠʤ ʩʠʩʪʝʤʦʶ ʏʇʂ, ʘʙʦ ʦʢʨʝʤʠʤ ʢʦʤʧôʶʪʝʨʦʤ ʜʦʟʚʦʣʷʻ 

ʥʘʨʽʟʘʪʠ ʙʫʜʴ-ʷʢʽ ʟ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʪʘ ʚʠʜʽʚ ʢʦʣʽʩ ï ʝʚʦʣʴʚʝʥʪʥʠʭ,  ʢʨʫʛʦʚʠʭ, ʘʨʢʦʚʠʭ ʪʦʱʦ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʟʘ ʫʤʦʚʠ ʢʝʨʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ, ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʥʘ ʥʘʨʽʟʘʪʠ ʷʢ 

ʢʦʣʝʩʘ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ, ʪʘʢ ʽ ʨʽʟʥʦʛʦ ʚʠʜʫ ʟʫʙʮʽʚ ʽ ʧʨʦʬʽʣʽʚ ï ʧʨʷʤʦ- ʽ ʢʦʩʦʟʫʙʽ, ʟ 

ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ, ʘʙʦ ʛʚʠʥʪʦʚʠʤʠ ʟʫʙʮʷʤʠ, ʮʠʣʽʥʜʨʠʯʥʽ, ʢʦʥʽʯʥʽ ʪʘ ʯʝʨʚôʷʯʥʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʈʂ-ʩʧʦʩʦʙʫ ʜʘʣʦ ʟʤʦʛʫ ʨʦʟʰʠʨʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʽʡʥʠʭ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʫʙʦʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʚʠʜʽʚ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʪʘ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʫ 

ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʘʭ.  

1. ʈʂʉ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʜʣʷ ʥʘʨʽʟʘʥʥʷ, ʘʣʝ ʡ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ ʧʽʩʣʷ ʾʭ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘʤʽʩʪʴ ʩʢʣʘʜʥʠʭ ʽ  ʜʦʨʦʛʠʭ ʤʝʪʦʜʽʚ (ʟʫʙʦʰʣʽʬʫʚʘʥʥʷ ʪʘ 

ʭʦʥʽʥʛʫʚʘʥʥʷ) ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ (ʭʦʥʽʚ, ʯʝʨʚôʷʯʥʠʭ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʢʽʥʯʫʚʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʣʫʞʠʪʴ ʪʦʥʢʠʡ ʚʽʜʨʽʟʥʠʡ ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʟ ʦʢʨʝʤʠʤ 

ʧʨʠʚʦʜʦʤ ʚʽʜ ʰʚʠʜʢʽʩʥʦʛʦ ʩʝʨʚʦʜʚʠʛʫʥʘ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʝʩʘ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʧʘʨʽ ʟ ʝʚʦʣʴʚʝʥʪʥʠʤʠ 

ʢʦʣʝʩʘʤʠ, ʘ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʛʘʣʫʟʽ ʨʝʤʦʥʪʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ 

ʢʦʥʽʯʥʠʭ ʨʝʜʫʢʪʦʨʽʚ ʪʘ ʧʝʨʝʜʘʯ. ɿ ʜʦʧʦʤʦʛʦʶ ʛʽʙʨʠʜʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʤʦʥʪʫʚʘʪʠ ʨʝʜʫʢʪʦʨʠ ʽ ʧʨʠʚʦʜʠ ʛʽʨʥʠʯʦʾ ʪʘ ʥʘʬʪʦʚʠʜʦʙʫʚʥʦʾ ʛʘʣʫʟʝʡ, ʜʝ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʝ ʫ ʉʐɸ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʦʨʦʙʦʢ 

ʰʚʠʜʢʦʩʪʝʡ ʘʚʪʦ, ʚʠʧʫʱʝʥʠʭ ʫ ʉʐɸ. ɰʭ ʧʝʨʝʜʘʯʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʽʪʯʝʚʽʡ ʩʠʩʪʝʤʽ, ʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʢʦʣʽʩ ʜʣʷ ʟʘʤʽʥʠ ʩʧʨʘʮʴʦʚʘʥʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ. ʈʂ-

ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʥʘʨʽʟʘʪʠ ʢʦʣʝʩʘ ʟ ʙʫʜʴ-ʷʢʠʤ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʤʦʜʫʣʝʤ, ʟʘʙʝʟʧʝʯʠʚʰʠ 

ʥʝʦʙʭʽʜʥʫ ʤʽʞʮʝʥʪʨʦʚʫ ʚʽʜʜʘʣʴ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ 

ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ ʟ ʥʝʦʙʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ.  

3. ʈʂ-ʩʧʦʩʽʙ ʜʘʻ ʟʤʦʛʫ ʥʘʨʽʟʘʪʠ ʷʢʽʩʥʽ ʛʣʦʙʦʾʜʘʣʴʥʽ ʢʦʣʝʩʘ, ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʠʡ 

ʜʣʷ ʨʝʤʦʥʪʫ ʣʽʬʪʦʚʠʭ ʨʝʜʫʢʪʦʨʽʚ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʛʣʦʙʦʾʜʘʣʴʥʽ ʯʝʨʚʷʯʥʽ 

ʨʝʜʫʢʪʦʨʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʪʘ  ʽʥʩʪʨʫʤʝʥʪʘʭ ï ʩʢʣʘʜʥʠʭ 

ʽ ʜʦʨʦʛʠʭ ʟʫʙʦʥʘʨʽʟʥʠʭ ʚʝʨʩʪʘʪʽʚ ʽ ʛʣʦʙʦʾʜʥʠʭ ʯʝʨʚʷʯʥʠʭ ʬʨʝʟ, ʘ ʚʝʩʴ ʧʨʦʮʝʩ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʟʫʙʦʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ. 

4. ɿʥʘʯʥʘ ʝʢʦʥʦʤʽʷ ʤʦʞʣʠʚʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʈʂ-ʩʧʦʩʦʙʫ ʜʣʷ ʥʘʨʽʟʘʥʥʷ 

ʚʝʣʠʢʦʤʦʜʫʣʴʥʠʭ ʢʦʣʽʩ ʤʦʜʫʣʝʤ 20-40 ʤʤ ʚ ʪʷʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʘ ʙʘʟʽ ʪʷʞʢʦʛʦ ʧʦʨʪʘʣʴʥʦʛʦ ʢʘʨʫʩʝʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʩʧʝʮʽʘʣʴʥʠʡ 

ʟʫʙʦʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ, ʷʢʠʡ ʧʨʘʮʶʻ ʜʠʩʢʦʚʦʶ ʬʨʝʟʦʶ ʟ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ ʛʦʣʦʚʥʦʛʦ ʪʘ 

ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʬʨʝʟʠ.  

5. ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʣʝʩʘ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʧʨʦʬʽʣʷʤʠ ʟʫʙʮʽʚ. ʊʘʢʽ ʢʦʣʝʩʘ ʤʘʶʪʴ ʚʠʱʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, 

ʧʨʦʪʝ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʜʦʨʦʛʽ ʯʝʨʚôʷʯʥʽ ʬʨʝʟʠ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʧʦʯʘʪʢʦʚʠʤ ʢʦʥʪʫʨʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʈʂ-ʩʧʦʩʦʙʫ ʜʘʻ ʟʤʦʛʫ ʥʘʨʽʟʘʪʠ ʪʘʢʽ ʢʦʣʝʩʘ ʣʠʰʝ 

ʟʘʚʜʷʢʠ ʦʩʴʦʚʦʤʫ ʟʤʽʱʝʥʥʶ ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʘʜʘʥʫ ʘʩʠʤʝʪʨʽʶ 

ʾʭ ʧʨʦʬʽʣʽʚ. 
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6. ɺʠʢʣʶʯʥʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʨʽʟʘʪʠ ʈʂ-ʩʧʦʩʦʙʦʤ ʥʝʢʨʫʛʣʽ ʢʦʣʝʩʘ ʟ ʙʫʜʴ-ʷʢʦʶ 

ʬʦʨʤʦʶ ʜʽʣʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʽʜʤʽʥʥʦʾ ʚʽʜ ʢʦʣʦʚʦʾ. ʋ ʥʘʰ ʯʘʩ ʥʝʢʨʫʛʣʽ ʢʦʣʝʩʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʜʝʷʢʠʭ ʤʝʭʘʥʽʟʤʘʭ, ʭʚʠʣʴʦʚʠʭ ʧʝʨʝʜʘʯʘʭ, ʧʨʠʚʦʜʘʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥ, 

ʧʦʤʧʘʭ. ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʪʘʢʽ ʢʦʣʝʩʘ ʦʪʨʠʤʫʚʘʣʠ ʣʠʰʝ ʪʦʯʥʠʤ ʣʠʪʚʦʤ, ʘʙʦ ʚʠʨʽʟʘʣʠ ʥʘ 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʭ ʚʝʨʩʪʘʪʘʭ, ʦʩʥʘʱʝʥʠʭ ʏʇʂ. ʈʂ-ʩʧʦʩʽʙ ʜʘʻ ʟʤʦʛʫ ʚʠʛʦʪʦʚʣʷʪʠ ʥʝʢʨʫʛʣʽ 

ʢʦʣʝʩʘ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʥʪʫʨʫ ʤʝʪʦʜʘʤʠ ʨʽʟʘʥʥʷ, ʥʘʜʘʥʥʷʤ ʢʝʨʦʚʘʥʦʛʦ ʨʫʭʫ ʩʪʦʣʫ ʚʝʨʩʪʘʪʘ, 

ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʚʰʠ ʪʘ ʟʜʝʰʝʚʠʚʰʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʆʪʞʝ, ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʶʻ ʫʤʦʚʠ 

ʜʣʷ ʟʘʤʽʥʠ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʪʨʠʚʽʘʣʴʥʽ ʟʘʢʦʥʠ ʨʫʭʫ 

ʢʽʥʮʝʚʦʾ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʫ ʧʘʨʦʶ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʫ ʞ ʬʫʥʢʮʽʶ. 
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ʋʊʀʃɯɿɸʎɯʗ ʆʂɸʃʀʅʀ ʂʋɺɸʃʔʅʆ-ʐʊɸʄʇʋɺɸʃʔʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

ʋʪʠʣʽʟʘʮʽʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘʡʤʘʻ ʚʘʛʦʤʝ ʤʽʩʮʝ ʧʨʠ ʚʠʙʦʨʽ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [1] ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʥʘʢʦʧʠʯʝʥʦ 

752,5 ʤʣʥ. ʪ. ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʚʽʜʭʦʜʽʚ, ʦɦʨʽʯʥʝ ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʩʢʣʘʜʘʻ 70 ʤʣʥ. ʪ. ʥʘ ʨʽʢ., 10-

12% ʷʢʠʭ ʧʨʠʧʘʜʘʻ ʥʘ ʦʢʘʣʠʥʫ ʧʨʦʢʘʪʥʦʛʦ ʪʘ ʰʪʘʤʧʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚ. ʆʢʘʣʠʥʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʛʘʨʷʯʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʽ ʪʘ, ʷʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ 

FeO (ʚʶʩʪʠʪ), Fe2O3 (ʛʝʤʘʪʠʪ), Fe3O4 (ʤʘʛʥʝʪʠʪ) ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʷʢʠʭ ʩʢʣʘʜʘʻ 65-75% [2]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʫʪʠʣʽʟʘʮʽʾ ʦʢʘʣʠʥʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʦʢʘʣʠʥʫ ʩʪʘʣʽ 

18ʍ2ʅ4ʄɸ ʢʫʚʘʣʴʥʦ-ʰʪʘʤʧʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɽʢʟʦʪʝʨʤʽʯʥʘ ʩʫʤʽʰ ʛʦʪʫʚʘʣʘʩʴ ʟ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʦʨʦʰʢʽʚ ʦʢʘʣʠʥʠ, ʘʣʶʤʽʥʽʶ, ʤʽʜʽ, ʩʝʣʽʪʨʠ ʢʘʣʽʻʚʦʾ ʪʘ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʬʝʨʦʤʘʨʛʘʥʮʶ ʪʘ ʬʝʨʦʩʠʣʽʮʽʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʧʘʣʶʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʰʠʭʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʣʠʪʢʠ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʟʘʣʽʟʘ ʚ ʷʢʠʭ 56-58%. ɿ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ʈʠʩ. 1 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ (ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ) ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1. ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ  

ɿʦʥʘ ʟʥʷʪʪʷ 

ʧʨʦʙʠ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ, % 

C Si Cr Fe Mo Mn Ni  V 

1 0,43 0,21 0,22 98,79 0,07 0,17 0,05 0,3 
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ʅʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʧʦʚʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʤʝʪʘʣʫ ʪʘ 

ʰʣʘʢʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ɿʦʩʝʨʝʜʞʝʥʥʷ ʘʣʶʤʽʥʽʶ ʧʝʨʝʚʘʞʘʻ ʧʦ 

ʢʨʘʷʭ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɯʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʚʘʥʘʜʽʡ ʽʤʦʚʽʨʥʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʪʘʢ ʷʢ ʚʽʥ ʛʝʦʭʽʤʽʯʥʦ 

ʥʘʙʣʠʞʝʥʠʡ ʜʦ Fe, Mn, Cr, Al, Ti. ʇʨʠʩʫʪʥʽʩʪʴ ʚʘʥʘʜʽʶ ʫ ʢʽʣʴʢʦʩʪʽ 0,2 % ʪʘ ʙʽʣʴʰʝ 

ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ ʚʽʜʧʫʩʢʫ. ɺʘʥʘʜʽʻʚʽ ʩʪʘʣʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ ʚ ʥʘʛʨʽʪʦʤʫ ʩʪʘʥʽ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʂʦʧʘʯ ʇ.ɯ. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚʽʜʭʦʜʦʫʪʚʦʨʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 
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ʊʈʀɹʆʊɽʍʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɼɽʊɸʃɽʁ ʊɽʈʊʗ ɼʃʗ ʉɽʈɽɼʅʔʆɺɸɾʂʀʍ 

ʋʄʆɺ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʩʠʥʪʝʟʫ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ ʪʝʨʪʷ ʥʘ ʦʩʥʦʚʽ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʽʜʭʦʜʽʚ 

ʢʫʣʴʢʦʧʽʜʰʠʧʥʠʢʦʚʦʾ ʩʪʘʣʽ ʐʍ15ʉɻ ʟ ʜʦʜʘʚʘʥʥʷʤ ʪʚʝʨʜʦʛʦ ʤʘʩʪʠʣʘ CaF2 ʜʣʷ 

ʩʝʨʝʜʥʴʦʚʘʞʢʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʝʪʘʣʽ ʪʝʨʪʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʩʪʘʣʽ ʐʍ15ʉ ʦʜʝʨʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ 

ʤʝʪʘʣʫʨʛʽʾ ʰʣʷʭʦʤ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʩʧʽʢʘʥʥʷ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʦʪʨʠʤʘʣʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʘ ʚʠʩʦʢʠʡ ʢʦʤʧʣʝʢʩ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [1, 2]. 

ʃʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ Si, Mn ʪʘ Cr, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ, ʟʜʽʡʩʥʶʶʪʴ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʝʚʦʾ ʤʘʪʨʠʮʽ ʽ ʚʩʴʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟ 

CaF2 ʫ ʮʽʣʦʤʫ, ʱʦ ʚʠʜʥʦ ʟ ʪʘʙʣ. ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 1 ʤ/c ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (2ī8 ʄʇʘ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 400ʉ 

ʫ ʧʘʨʽ ʟ ʢʦʥʪʨʪʽʣʦʤ ʽʟ ʩʪʘʣʽ ʈ18 ʟ ʪʚʝʨʜʽʩʪʶ 50ī52 HRCʝ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ɺʄʊī1 ʟʘ ʩʭʝʤʦʶ ʪʦʨʮʝʚʦʛʦ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ. 

ʊʘʙʣʠʮʷ 1  ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʩʪʘʣʽ ʐʍ15ʉɻ+CaF2 
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ʐʍ15ʉɻ+(4ī7)CaF2 

 

660ī 

720 

540ī600 420ī460 8,0 28ī 

31 

27ī 

29 

43ī 

46 

0,14ī 

0,16 

0,12ī 

0,14 

0,14ī 

0,17 

ɾɻʨ3ʄ15 [2, 6] 700 80ī94 290ī410 3,0 84 212 470 0,22 0,26 0,29 

ɼʘʥʽ ʪʘʙʣʠʮʽ 1 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʽʜʭʦʜʽʚ ʩʪʘʣʽ ʐʍ15ʉɻ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʟʠʪʠʚʥʦʾ ʜʽʾ ʜʦʜʘʪʢʦʚʦ ʧʨʠʩʫʪʥʽʭ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ. ʂʨʝʤʥʽʡ ʟʙʽʣʴʰʫʻ ʤʽʮʥʽʩʪʴ ʬʝʨʠʪʫ, ʩʧʨʠʷʶʯʠ ʟʨʦʩʪʘʥʥʶ 

ʪʚʝʨʜʦʩʪʽ, ʪʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʞʘʨʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʦʧʦʨʫ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʝʥʥʶ ʫ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ 

mailto:iuvitsiuk@gmail.com


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

35 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ 

ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʛʨʽʚʽ ʧʘʨʠ ʪʝʨʪʷ [2]. 

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ ʩʧʽʢʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʛʦʤʦʛʝʥʽʟʫʶʯʦʛʦ ʚʽʜʧʘʣʫ, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʧʦʚʥʝ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʽʚ ʽ 

ʟʤʝʥʰʝʥʥʷ ʢʘʨʙʽʜʥʦʾ ʩʤʫʛʘʩʪʦʩʪʽ ʥʘ ʤʽʢʨʦʨʽʚʥʽ, ʢʨʝʤʥʽʡ, ʫʪʨʫʜʥʶʶʯʠ ʩʘʤʦʜʠʬʫʟʽʶ, 

ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ ʜʨʽʙʥʦʛʦ ʟʝʨʥʘ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʘʨʛʘʥʝʮʴ ʟʤʽʮʥʶʻ ʬʝʨʠʪ ʪʘ ʧʽʜʚʠʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʘʨʙʽʜʽʚ ʪʠʧʫ ʄʝ3ʉ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ 

ʨʦʟʯʠʥʝʥʥʷ (ʷʢ ʽ ʭʨʦʤʫ) ʚ ʮʝʤʝʥʪʠʪʽ. ʄʘʨʛʘʥʝʮʴ ʟʘʤʽʱʘʻ ʟʘʣʽʟʦ ʥʝʦʙʤʝʞʝʥʦ ī ʚʽʜ 

(Fe,Mn)3C ʜʦ Mn3C, ʘ ʪʘʢʦʞ ʧʦʣʝʛʰʫʻ ʨʦʟʯʠʥʝʥʥʷ ʪʘ ʢʦʘʛʫʣʷʮʽʶ ʢʘʨʙʽʜʫ [3]. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʜʠʚ. ʪʘʙʣ.1). 

ʂʨʽʤ ʟʨʦʩʪʘʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʩʫʪʥʽʩʪʴ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣ.1, ʩʧʨʠʯʠʥʶʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 400ʉ ʥʘ ʧʦʚʽʪʨʽ ʪʘ ʧʽʜʚʠʱʫʻ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ [2]. 

ɺʧʣʠʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʧʦʚôʷʟʘʥʠʡ ʟʽ ʩʧʦʩʦʙʦʤ ʾʭ 

ʚʚʝʜʝʥʥʷ ʫ ʤʘʪʝʨʽʘʣ. ʊʘʢ, ʭʨʦʤ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʧʦ-ʨʽʟʥʦʤʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʚʚʝʜʝʥʥʷ: 

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʫ ʚʠʛʣʷʜʽ ʯʠʩʪʦʛʦ ʧʦʨʦʰʢʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʧʝʯʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ Cr 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʪʦ ʛʝʪʝʨʦʛʝʥʥʦʾ ʛʨʫʙʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʫʧʦʚʽʣʴʥʶʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʭʨʦʤʫ ʫ ʟʘʣʽʟʥʽʡ ʦʩʥʦʚʽ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʚʠʩʦʢʦʾ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʦʢʠʩʣʝʥʥʷ ʪʘ ʢʘʨʙʽʜʦʫʪʚʦʨʝʥʥʷ. ʇʨʦʪʝ, ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʣʝʛʦʚʘʥʠʭ 

ʧʦʨʦʰʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɿʘ ʜʘʥʠʤʠ [3] ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʭʨʦʤʠʩʪʠʭ ʩʪʘʣʝʡ ʟ ʣʝʛʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ ʚʠʱʝ, ʥʽʞ ʫ ʩʪʘʣʝʡ, ʦʜʝʨʞʘʥʠʭ 

ʤʝʭʘʥʽʯʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ: ʧʣʘʩʪʠʯʥʽʩʪʴ ʩʪʘʣʝʡ ʟ ʣʝʛʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ ʫ 3ī4 

ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ʫ ʩʪʘʣʝʡ ʽʟ ʩʫʤʽʰʽ ʧʦʨʦʰʢʽʚ, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ. 

ʂʨʽʤ ʮʴʦʛʦ ʯʠʩʪʠʡ ʧʦʨʦʰʦʢ Cr (ʦʩʦʙʣʠʚʦ ʡʦʛʦ ʧʽʜʚʠʱʝʥʘ ʢʽʣʴʢʽʩʪʴ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

Ăʨʦʩʪʫò ʟʨʘʟʢʽʚ ʫ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʦʢʠʩʣʝʥʥʷ ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ 

ʜʦ ʢʠʩʥʶ [2, 3]. 

ʎʽ ʦʙʩʪʘʚʠʥʠ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʨʦʰʢʘʤʠ 

ʭʨʦʤʫ - ʧʦʪʨʽʙʥʽ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʜʣʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʦʢʠʩʣʝʥʥʷ ʪʘ 

ʢʘʨʙʽʜʠʟʘʮʽʾ (ʡʜʝʪʴʩʷ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʜʦʛʘʟʫ ʧʨʠ ʩʧʽʢʘʥʥʽ), 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʱʦ ʧʽʜʜʘʣʠʩʴ ʟʙʽʣʴʰʝʥʥʶ 

ʨʦʟʤʽʨʽʚ ʪʦʱʦ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʶ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʧʦʪʨʽʙʥʦʤʫ ʥʘʧʨʷʤʢʫ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʚʠʭʽʜʥʠʭ ʣʝʛʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ-

ʚʽʜʭʦʜʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʘʪʨʠʯʥʦʾ ʦʩʥʦʚʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʽʣʴʢʽʩʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ 

CaF2 ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʨʦʙʽʪ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʱʦ ʦʙʽʮʷʻ ʟʥʘʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʝʬʝʢʪʠ. ʆʩʦʙʣʠʚʫ ʟʥʘʯʠʤʽʩʪʴ ʪʝʤʘʪʠʢʘ ʦʪʨʠʤʫʻ ʫ ʟʚôʷʟʢʫ ʟ 

ʥʝʜʦʩʪʘʯʝʶ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ 

ʚʫʟʣʽʚ ʪʝʨʪʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʠʨʽʰʝʥʥʷʤ ʟʘʚʜʘʥʴ 

ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʇʆʉʆɹʋ ʈʆʊɸʎɯʁʅʆɻʆ ɺʀɼɸɺʃʖɺɸʅʅʗ ɿʆɺʅɯʐʅɯʍ 

ʇʈʆʌɯʃʔʅʀʍ ʇʆɺɽʈʍʆʅʔ 

ʇʨʦʬʽʣʴʥʽ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʟʦʚʥʽʰʥʽʭ ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʥʝ ʢʘʞʫʯʠ ʧʨʦ 

ʰʝʩʪʠʛʨʘʥʥʽ ʧʦʚʝʨʭʥʽ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʦʣʪʦʚʠʭ ʟôʻʜʥʘʥʥʷʭ 

ʨʽʟʴʙʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʠ ʨʝʤʦʥʪʽ ʽʥʢʦʣʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚʠʛʦʪʦʚʠʪʠ ʥʦʚʫ ʜʝʪʘʣʴ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʰʝʩʪʠʢʫʪʥʠʢʦʤ ï ʟʽʨʦʯʢʦʶ (Torx). ʎʝ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʬʨʝʟʝʨʫʚʘʥʥʷ ʽ ʟʚʠʯʘʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʮʝ ʥʝʤʦʞʣʠʚʦ. ʂʨʽʤ 

ʪʦʛʦ, ʽʩʥʫʻ ʙʝʟʣʽʯ ʬʦʨʤ ʨʽʟʥʦʚʠʜʽʚ ʟʘʛʣʠʙʣʝʥʴ ʥʘ ʛʚʠʥʪʠ ʘʙʦ ʙʦʣʪʠ, ʱʦ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɺʽʜʦʤʠʡ ʧʨʠʩʪʨʽʡ [1], ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʚ ʜʝʪʘʣʷʭ ʥʘ ʩʚʝʨʜʣʠʣʴʥʠʭ ʽ 

ʬʨʝʟʝʨʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʱʦ ʤʘʶʪʴ ʦʙʝʨʪʘʣʴʥʽ ʽ ʧʦʩʪʫʧʘʣʴʥʽ ʨʫʭʠ ʰʧʠʥʜʝʣʷ, ʘʙʦ ʦʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭ ʰʧʠʥʜʝʣʷ ʽ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ. ɿʘ ʚʢʘʟʘʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ 

ʩʪʚʦʨʝʥʽ ʛʦʣʦʚʢʠ ʜʣʷ ʧʨʦʰʠʚʘʥʥʷ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ɺrighetti Meccanica, Slater 

Tools [2] ʪʘ ʽʥ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʨʦʪʘʮʽʡʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʦʬʽʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ (ʨʠʩ.1, ʘ) ʰʣʷʭʦʤ ʨʦʪʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ. ʋ ʷʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ, ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʥʘʢʠʜʥʽ 

ʛʦʣʦʚʢʠ, ʨʦʙʦʯʠʡ ʧʨʦʬʽʣʴ ʷʢʠʭ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʪʨʽʙʥʠʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʨʠʩ.1, ʙ). 

       
ʘ) ʙ) ʚ) 

ʈʠʩ.1 ï ʈʦʪʘʮʽʡʥʝ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʦʬʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ: 

ʘ ï ʧʨʦʮʝʩ ʚʠʜʘʚʣʶʚʘʥʥʷ; ʙ ï ʚʠʛʣʷʜ ʧʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ï ʬʨʘʛʤʝʥʪ ʢʨʠʚʦʾ ʟʤʽʥʠ ʚ 

ʯʘʩʽ ʧʨʠʩʢʦʨʝʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ 

ʇʨʦʚʝʜʝʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʜʘʚʣʶʚʘʥʥʷ. ɸʥʘʣʽʟ ʢʨʠʚʦʾ ʟʤʽʥʠ ʚ 

ʯʘʩʽ ʧʨʠʩʢʦʨʝʥʴ ʽʥʩʪʨʫʤʝʥʪʘ (ʨʠʩ.1, ʚ) ʜʦʟʚʦʣʠʚ ʩʫʪʪʻʚʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʡʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɸʣʙʘʥʩʢʠʡ ʇ.ʇ. ʀʥʩʪʨʫʤʝʥʪ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʘʩʪʢʘ ʜʣʷ ʩʣʝʩʘʨʝʡ / ʇ.ʇ. ɸʣʙʘʥʩʢʠʡ, 

ɹ.ɺ. ʂʦʣʦʤʠʥʦʚ, ɺ.ɸ. ʂʫʟʴʤʠʥ, ɺ.ʀ. ʄʫʨʘʚʴʝʚ, ʀ.ʀ. ʈʦʜʠʥ, ɸ.ʄ. ʉʳʩʦʝʚ, ʂ.ʉ. ʍʘʨʯʝʥʢʦ ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1969. ï 200 ʩ. 

2. Vasilyev ɸ. Improvement the method of rotational broaching in the production of profile openings 

on the lathes of turning group/ ɸ. Vasilyev, S. Popov, E. Vasilyev, A. Pavelieva // Eastern-European 

Journal of Enterprise Technologies. ï 2017. ï ˉ1/1 (85). ï P. 4ï9. 
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ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ ʽ ʛʘʟʫ, vov.v1956@gmail.com 

ʄʘʣʶʰʠʮʴʢʠʡ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ 

malush.alexander@gmail.com 

ʈʆɿʐʀʈɽʅʅʗ ɼɯɸʇɸɿʆʅʋ ɺʀʄɯʈʖɺɸʅʔ ʅɸ ʉʊɽʅɼɯ ɼʃʗ 

ɼʆʉʃɯɼɾɽʅʅʗ ɿʋʉʀʃʔ ʈɯɿɸʅʅʗ ʇʈʀ ʉɺɽʈɼʃɯʅʅɯ  

ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʪʝʭʥʽʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʡ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʻ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʰʚʠʜʢʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʜʝʪʘʣʷʭ ʤʘʰʠʥ 

ʽ ʤʘʪʝʨʽʘʣʘʭ [1]. ɺʢʘʟʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʤʘh ʠʥ ʽ 

ʦʮʽʥʮʽ ʷʢʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʤʝʭʘʥʽʯʥʠʭ ʩʠʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʟ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʘʙʦ ʟ 

ʧʨʦʤʽʞʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ. ʇʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʜʝʬʦʨʤʘʮʽʡ ʥʘʡʯʘʩʪʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ [2]. 

ʈʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʝʥʜʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʧʨʠ ʩʚʝʨʜʣʽʥʥʽ ʟ 

ʨʦʟʰʠʨʝʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʴ (ʨʠʩ.1 ʘ), ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʴʦʚʦʛʦ 

ʟʫʩʠʣʣʷ ʪʘ ʦʙʝʨʪʦʚʦʛʦ ʤʦʤʝʥʪʫ. ʋ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ. ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʝʥʜʫ ʧʨʠʪʘʤʘʥʥʘ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʫ ʨʦʟʰʠʨʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʧʦʟʘ ʤʝʞʘʤʠ 

ʥʦʨʤʦʚʘʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʚ ʨʦʟʰʠʨʝʥʽʡ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʚʧʣʠʚʫ ʥʘʚʘʥʪʘʞʝʥʴ 

(ʨʠʩ.1, ʙ).  

   
      ʘ)                          ʙ) 

ʈʠʩ. 1  ʄʦʜʝʣʴ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʧʨʠ ʩʚʝʨʜʣʽʥʥʽ  ʘ) ʟʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʙ) ʩʧʦʩʙ̔ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʴ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʰʣʷʭʦʤ ʢʦʥʩʦʣʴʥʦʛʦ ʧʽʜʪʠʩʢʘʥʥʷ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʚʩʪʘʥʦʚʠʚʰʠ 

ʜʦʜʘʪʢʦʚʽ ʧʣʘʩʪʠʥʠ ʞʦʨʩʪʢʦʩʪʽ ʧʝʚʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʪʝʥʟʦʜʘʪʯʠʢ, ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ 

ʟʤʽʥʶʚʘʪʠ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʅʘʛʦʨʥʷʢ ʉ.ɻ., ʆʙʨʘʙʦʪʢʘ ʦʪʚʝʨʩʪʠʡ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩ ʘʜʘʧʪʠʚʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʩʢʦʡ ʩʚʷʟʲʶ / ʉ.ɻ. ʅʘʛʦʨʥʷʢ, ʀ.ɺ. ʃʫʮʠʚ // ʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ï 

1987. ï  ̄4. ï ʉ. 27ï29. 

2. ʗʱʝʨʠʮʳʥ ʇ.ʀ. ʆʩʥʦʚʳ ʨʝʟʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ / ʇ.ʀ. ʗʱʝʨʠʮʳʥ, ʃ.ʄ. 

ɽʨʝʤʝʥʢʦ, ʅ.ʀ. ɾʠʛʘʣʢʦ. ï ʄʥ. : ɺʳʱ. ʰʢʦʣʘ, 1981. ï 560 ʩ. 
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ʄʘʨʯʫʢ ɺ.ɯ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʄʘʨʯʫʢ ɯ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, marchukv@bigmir.net, marchelka@i.ua 

ʊɽʍʅʆʃʆɻɯʏʅɽ ʂɽʈʋɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʆʖ ɹɽɿʎɽʅʊʈʆɺʆɻʆ 

ʐʃɯʌʋɺɸʅʅʗ ʂɯʃɽʎʔ ʈʆʃʀʂʆʇɯɼʐʀʇʅʀʂɯɺ 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʝʢʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʰʣʽʬʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʷʭ ʦʙʨʦʙʣʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʢʽʣʝʮʴ ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʽʚ ʥʝ ʪʽʣʴʢʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ, ʪʘʢʽ ʷʢ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʙʘʟʫʚʘʥʥʷ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, ʘ ʡ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʜʘʣʴʰʽ ʦʧʝʨʘʮʽʾ 

ʰʣʽʬʫʚʘʥʥʷ ʜʦʨʽʞʢʠ ʢʦʯʝʥʥʷ ʢʽʣʴʮʷ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʠʥʮʠʧʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʧʘʜʢʦʚʦʩʪʽ 

ʜʝʬʝʢʪʽʚ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ. 

ʇʽʜ ʯʘʩ ʰʣʽʬʫʚʘʥʥʷ ʜʦʨʽʞʢʠ ʢʦʯʝʥʥʷ ʢʽʣʴʮʷ ʧʽʜʰʠʧʥʠʢʘ ʟʘʛʦʪʦʚʢʘ ʥʘ ʙʝʟʝʥʪʨʦʚʦ-

ʰʣʽʬʫʚʘʣʴʥʽʡ ʦʧʝʨʘʮʽʾ ʥʘ ʚʝʨʩʪʘʪʽ SASL5AD ʙʘʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʦʙʣʝʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦʤʫ ʥʝʪʦʯʥʦʩʪʽ ʙʘʟʫʚʘʥʥʷ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ 

ʥʝʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʜʦʨʽʞʢʠ ʢʦʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ (ʨʠʩ.1.). 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʰʣʽʬʫʚʘʥʥʷ ʜʦʨʽʞʢʠ ʢʦʯʝʥʥʷ ʢʽʣʴʮʷ ʟʦʚʥʽʰʥʴʦʛʦ:  

1 ï ʟʘʛʦʪʦʚʢʘ ʢʽʣʴʮʷ; 2 ï ʛʦʣʦʚʢʘ ʰʣʽʬʫʚʘʣʴʥʘ; 3 ï ʦʧʦʨʠ 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʚʣʘʩʪʠʚʽ ʜʣʷ ʧʝʨʝʨʠʚʯʘʩʪʠʭ 

ʢʨʫʛʽʚ ʽ ʪʠʤ ʩʘʤʠʤ ʨʦʟʰʠʨʠʪʠ ʾʭʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʥʘ ʱʦ ʽ ʩʧʨʷʤʦʚʘʥʘ ʜʘʥʘ 

ʨʦʙʦʪʘ. ʈʦʟʨʘʭʫʥʦʢ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʘʭ ɸ.ɺ. ʗʢʽʤʦʚʘ [1, 2], ʚ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ 

ʚʠʩʪʫʧʽʚ ʽ ʚʧʘʜʠʥ. ɼʦʚʞʠʥʘ ʚʧʘʜʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʫʤʦʚʽ ʨʽʜʠʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 22

36ʉV
l

ʢʨ
 (1) 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʗʢʠʤʦʚ ɸ.ɺ. ʇʨʝʨʳʚʠʩʪʦʝ ʰʣʠʬʦʚʘʥʠʝ / ɸ.ɺ. ʗʢʠʤʦʚ, ʖ.ɸ. ɹʦʷʨʰʠʥʦʚ ʠ ʜʨ. // ɺʝʩʪʥʠʢ 
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ʄ.ɺ. ʆʣʝʢʩʠʥ, ɸ.ʄ. ɽʰʪʝʽʚʽ // ñʇʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʠʣʘʜʠò. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. 

ɺʠʧʫʩʢ 10(1). ʤ. ʃʫʮʴʢ, ʯʝʨʚʝʥʴ 2017 ʨ. ï ʃʫʮʴʢ: ʃʫʮʴʢʠʡ ʅʊʋ, 2017. ï ʉ. 133ï138.  
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3. ʄʘʨʯʫʢ ɺ.ʀ. ʋʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʮ ʢʦʥʠʯʝʩʢʠʭ 
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ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ: ʪʨʫʜʳ 5-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʍʘʨʴʢʦʚ: 

ʍʅʇʂ ʌʕɼ, 2002. ï ʉ. 127ï130. 
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ɻʘʣʴʯʫʢ ʊ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, galchuk_tania@rambler.ru 

ʆɹʈʆɹʂɸ ʉʊɸʊʀʉʊʀʏʅʀʍ ɼɸʅʀʍ ʂʆʅʊʈʆʃʖ ʊʆʏʅʆʉʊɯ ɺʀʈʆɹɯɺ 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ʇʈʆɻʈɸʄʅʆɻʆ ʇʈʆɼʋʂʊʋ 

MINITAB  

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʥʘ ʰʣʷʭʫ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʚʩʽʭ ʧʨʦʮʝʩʽʚ 

ʤʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʝʜʝʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʘʢʝʪʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ [1]. ʅʘʙʽʨ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʜʫʞʝ ʚʝʣʠʢʠʡ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʡ. ʋ 

ʨʘʤʢʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʦʥʜ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʬʦʨʤʽ ʙʘʟ ʜʘʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʚ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʅʘʡʙʽʣʴʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʚ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ, ʱʦ ʤʘʻ ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʪʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ. ʁʦʛʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʝʨʽʡʥʦʤʫ ʽ ʤʘʩʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʘʭ [2]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʛʨʘʤʠ: Statistica; SPSS; SAS; Statgraphics+; Minitab; Systat; Stadia; Excel, 

ʪʦʱʦ. ʅʘʡʙʽʣʴʰ ʢʨʘʱʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ ʻ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ Minitab [3]. ʂʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʠ: 

- ʧʨʦʩʪʘ ʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ, ʄʘʩʪʝʨ Minitab Assistant ʜʦʧʦʤʘʛʘʻ 

ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʜʘʥʽ;  

- ʥʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʾ ʜʣʷ ʦʧʠʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ, ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʪʘ 

ʢʨʠʪʝʨʽʾʚ ʥʦʨʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ; 

- ʚʠʷʚʣʝʥʥʷ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ;  

- ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʽʚ ʚʠʙʽʨʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ. 
Minitab ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʫʜʴ-

ʷʢʠʭ ʥʝʦʙʭʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʠʭ, ʷʢ ʩʪʚʦʨʝʥʥʷ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʛʦ ʛʨʘʬʽʢʘ, 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʡʦʛʦ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʘʚʪʦʤʘʪʠʯʥʝ 

ʦʥʦʚʣʝʥʥʷ ʛʨʘʬʽʢʽʚ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʜʘʥʠʭ.  

ʄʝʪʘ ʨʦʙʦʪʠ: ʘʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥ ̔ʚʠʨʦʙʽʚ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʢʽʣʝʮʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Minitab ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʛʽʜʥʦ ʟ ʽʥʩʪʨʫʢʮʽʻʶ ʧʽʜʧʨʠʻʤʩʪʚʘ ɸʊ 

çʉʂʌ ʋʢʨʘʾʥʘè (ʧʫʙʣʽʯʥʝ) ʧʦ ʦʮʽʥʶʚʘʥʥʶ ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ. ɿʙʽʨ 

ʜʘʥʠʭ ʧʨʦʚʦʜʠʚʩʷ ʚ ʧʦʨʷʜʢʫ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʚ ʧʨʦʮʝʩ. ɺʠʙʽʨʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʣʽʜʦʚʥʦ, ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʜʝʪʘʣʝʡ, ʟ 

ʦʭʦʧʣʝʥʥʷʤ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʦʙʣʠʚʠʭ ʧʨʠʯʠʥ ʤʽʥʣʠʚʦʩʪʽ. ɺʠʤʽʨʶʚʘʣʴʥʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʘʤʽʨʽʚ, ʙʫʣʘ ʧʨʠʡʥʷʪʥʦʶ. ɺʩʽ ʜʝʪʘʣʽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʝʨʽʛʘʣʠʩʷ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ. ʌʘʢʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʙʣʠʞʝʥʽ ʜʦ ʩʝʨʝʜʠʥʠ ʧʦʣʷ ʜʦʧʫʩʢʫ. ʆʜʥʘʢ ʻ ʚʠʧʘʜʢʠ ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʦʾ ʧʦʚʝʜʽʥʢʠ 
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ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʢʨʠʪʝʨʽʷʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʥʝʢʝʨʦʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʦʢ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʚʠʤʦʛʘʤ, ʪʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʯʠʥʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʪʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧʣʘʥ ʨʝʘʛʫʚʘʥʥʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ, ʚ ʷʢʦʤʫ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʽ ʚʢʘʟʫʶʪʴʩʷ ʟʘʩʦʙʠ ʫʩʫʥʝʥʥʷ 

ʦʩʦʙʣʠʚʠʭ ʧʨʠʯʠʥ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʘ ʪʘʢʦʞ ʜʞʝʨʝʣʦ ʤʽʥʣʠʚʦʩʪʽ. 
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ɺɯʈʊʋɸʃʔʅɸ ʈʆɿʈʆɹʂɸ ʄʆɼʋʃʔʅʀʍ ʉʂʃɸɼɸʃʔʅʀʍ ʇʈʆʎɽʉɯɺ 

ʂʦʥʮʝʧʮʽʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʴʥʠʭ ʩʢʣʘʜʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʷʪʠʤʫʪʴʩʷ ʚ ʪʘʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʧʦʣʷʛʘʻ 

ʚ ʦʜʝʨʞʘʥʥʽ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙʨʘʟʫ ʥʘ ʢʦʤʧôʶʪʝʨʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʽʟʥʽ ʟʘʩʦʙʠ, ʘ ʪʘʢʦʞ 

ʤʦʜʝʣʶʶʯʽ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥ ̔ʨʝʩʫʨʩʠ.  

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʨʦʟʨʦʙʦʢ ʚʠʨʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʦʩʥʘʱʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʩʫʙôʻʢʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʚʽʨʪʫʘʣʴʥʠʭ ʬʦʨʤ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʚʩʪʘʻ ʚʽʨʪʫʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʨʦʙʫ, 

ʢʦʪʨʘ ʧʨʦʝʢʪʫʻʪʴʩʷ ʯʠ ʧʨʦʮʝʩ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. ʇʦʜʽʙʥʦ ʧʨʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʦʟʨʦʙʦʢ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʩʫʙôʻʢʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʚʽʨʪʫʘʣʴʥʠʤʠ ʚʟʘʻʤʦʟʚôʷʟʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʚʽʨʪʫʘʣʴʥʠʤ ʩʫʙôʻʢʪʦʤ ʨʦʟʫʤʽʻʪʴʩʷ 

ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ, ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ ʚ ʧʝʨʽʦʜ ʡʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʻ ʦʙôʻʜʥʘʥʠʤʠ ʚ ʮʽʣʽʩʥʫ ʩʪʨʫʢʪʫʨʫ. ʇʨʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʚôʷʟʢʠ ʤʘʶʪʴ ʙʫʪʠ ʛʥʫʯʢʠʤʠ, ʘ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʘʣʴʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʩʢʣʘʜʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ɺ ʤʦʜʝʣʴ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʘʢʣʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʘ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʪʘʢ ʽ ʤʦʜʫʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘʩʦʙʦʤ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʻ ʚʝʨʩʽʷ 5.10 ʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ ʪʨʠʤʽʨʥʦʛʦ ʪʚʝʨʜʦʪʽʣʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʾʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʩʢʣʘʜʘʥʥʷ ʂʆʄʇɸʉ-3D ʬʽʨʤʠ Askon. 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʚʠʜʢʦʛʦ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

(Rapid Prototyping), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ. ɺ ʦʩʥʦʚʽ ʮʠʭ ʤʝʪʦʜʽʚ ʣʝʞʘʪʴ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ ʪʨʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʥʘ 

ʙʘʟʽ ʦʙôʻʤʥʦʛʦ ʧʨʦʝʢʪʫ ʚʠʨʦʙʫ ʚ CAD-ʩʠʩʪʝʤʽ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʧʨʦʪʦʪʠʧʫ 3D-
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ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʪʝʨʝʣʽʪʦʛʨʘʬʽʾ SLS, FDM, LOM ʪʘ ʽʥʰʠʭ, ʷʢʽ ʩʢʦʨʦʯʫʶʪʴ 

ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʘʣʴʥʠʭ ʚʟʽʨʮʽʚ ʥʘ 30% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʘʢ 

ʫʩʪʘʥʦʚʢʘ SLɸ 500 (ʉʐɸ) ʟʘʙʝʟʧʝʯʫʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʟ ʚʝʣʠʢʠʤʠ ʛʘʙʘʨʠʪʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʾʭ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʤʦʜʝʣʽ, 

ʧʨʦʚʦʜʠʪʠ ʾʭ ʘʥʘʣʽʟ, ʧʝʨʝʚʽʨʷʪʠ ʽ ʧʦʢʨʘʱʫʚʘʪʠ ʤʦʜʫʣʴʥʝ ʩʢʣʘʜʘʥʥʷ.  

ɺʽʨʪʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʤʘʪʠʤʝ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʉɯʄ ʦʩʢʽʣʴʢʠ ʚ ʢʦʤʧôʶʪʝʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʥʘ ʰʚʠʜʢʦ ʟʨʦʙʠʪʠ ʢʨʝʩʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʦʟʨʦʙʠʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ. ɸʣʝ ʛʦʣʦʚʥʠʤ ʧʨʠ ʮʴʦʤʫ ʻ ʪʝ, ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʥʘ 

ʢʦʤʧôʶʪʝʨʽ ʚʘʨʽʘʥʪʽʚ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʟ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʻʶ. ʉʪʚʦʨʶʻʪʴʩʷ 

ʤʘʡʞʝ ʽʜʝʘʣʴʥʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʾʭ ʚʽʨʪʫʘʣʴʥʠʤʠ ʧʨʦʪʦʪʠʧʘʤʠ. ʆʩʦʙʣʠʚʦ ʮʽʥʥʦ ʪʝ, ʱʦ 

ʥʘ ʧʽʜʩʪʘʚʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʷʢʦʩʪʽ ʤʦʞʥʘ ʚʚʝʩʪʠ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʷʢ ʚ ʚʽʨʪʫʘʣʴʥʫ ʪʘʢ ʽ ʨʝʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʦʙôʻʢʪʽʚ. ʅʽ ʦʜʥʘ ʟ ʚʽʜʦʤʠʭ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʠʢ ʥʝ ʟʘʙʝʟʧʝʯʠʪʴ ʪʘʢʽ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʊʝʭʥʦʣʦʛʽʷ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʢʦʤʧôʶʪʝʨʥʝ ʘʜʝʢʚʘʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ. ɽʣʝʤʝʥʪʘʤʠ ʪʘʢʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʪʫʧʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ: ʩʢʣʘʜʘʣʴʥʦʛʦ ʚʠʨʦʙʫ, ʡʦʛʦ 

ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ, ʤʦʜʫʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʦʜʝʨʞʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʨʦʙʫ ʪʘ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʥʘʱʝʥʥʷ, 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʨʦʙʫ ʪʘ ʡʦʛʦ ʤʦʜʫʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʥʥʷ, 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʚʥʝʩʝʥʥʷ ʧʦʢʨʘʱʫʚʘʣʴʥʠʭ ʟʤʽʥ ʚ ʚʽʨʪʫʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʶ 

ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ. 

ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʫʣʴʥʦʾ ʩʢʣʘʜʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ: ʧʽʜʛʦʪʦʚʯʠʡ, 

ʥʘ ʷʢʦʤʫ ʚʚʦʜʷʪʴʩʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʧʨʦʛʨʘʤʠ, ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʦʪʨʽʙʥʽ 

ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʨʽ ʙʫʜʫʪʴ ʙʘʟʦʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ, 

ʨʦʟʨʦʙʢʘ ʚʘʨʽʘʥʪʫ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ, ʧʦʩʣʽʜʫʶʯʦʛʦ ʢʦʨʝʢʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʟʘ ʚʠʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʢʦʨʝʢʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʟʘ ʦʜʝʨʞʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʚʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʨʘʱʫʚʘʣʴʥʠʭ ʟʤʽʥ ʚ ʤʦʜʫʣʴʥʠʡ ʩʢʣʘʜʘʣʴʥʠʡ 

ʧʨʦʮʝʩ, ʧʝʨʝʚʽʨʢʘ ʨʝʘʣʽʟʘʮʽʾ ʦʜʝʨʞʘʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʡʦʛʦ ʚʠʜʨʫʢ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʨʪʫʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʤʦʞʥʘ ʪʘʢʦʞ ʧʦʢʨʘʱʫʚʘʪʠ ʚʘʨʽʘʥʪ ʤʦʜʫʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ.  

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ ʽ ʧʣʽʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʴʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʩʢʣʘʜʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ ʧʝʨʝʚʽʨʢʘ ʷʢ ʚʽʨʪʫʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʣʘʜʝʥʦʛʦ ʚʠʨʦʙʫ, ʪʘʢ ʽ ʭʦʜʫ ʧʨʦʪʽʢʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʦʢʨʘʱʝʥʴ ʚ ʚʽʨʪʫʘʣʴʥʽ ʤʦʜʫʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʽʚ, ʤʦʜʫʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʩʢʣʘʜʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʨʝʘʣʽʟʘʮʽʷ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ: 

ʝʢʩʧʣʫʘʪʘʮʽʷ - ʢʦʥʩʪʨʫʢʮʽʷ - ʪʝʭʥʦʣʦʛʽʷ. ʇʨʠ ʟʥʘʯʥʠʭ ʟʤʽʥʘʭ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚ ʧʦʚʪʦʨʝʥʥʽ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʫʣʴʥʦʾ ʩʢʣʘʜʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʇʨʠ 

ʘʜʝʢʚʘʪʥʽʡ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʫ ʯʠ ʧʝʨʝʙʽʛʫ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʨʪʫʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʟʥʘʯʠʪʠ 

ʢʦʥʢʨʝʪʥʽ ʟʘʭʦʜʠ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʣʘʥʽʚ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ. 

ʅʘ ʚʽʨʪʫʘʣʴʥʦ ʟʘʧʨʦʝʢʪʦʚʘʥʠʡ ʟʛʽʜʥʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʩʢʣʘʜʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʨʽʙ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʠʤʘʛʘʻ ʷʢ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʬʽʟʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ 
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ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʪʝʭʥʦʣʦʛʽʻʶ, ʪʦʙʪʦ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʠʨʦʙʫ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ. ɺ ʟʘʛʘʣʴʥʦʤʫ, ʤʦʞʥʘ 

ʚʽʜʤʽʪʠʪʠ ʜʝʷʢʫ ʤʥʦʞʠʥʫ ʚʘʨʽʘʥʪʽʚ ʨʦʙʦʪʠ ʚʠʨʦʙʫ, ʢʦʪʨʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʘʜʘʥʠʤ 

ʦʙʤʝʞʝʥʥʷʤ ʽ ʧʦʢʘʟʥʠʢʘʤ ʷʢʦʩʪʽ, ʱʦ ʾʭ ʟʘʙʝʟʧʝʯʫʶʪʴ. ɸ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʘʢʠʭ ʚʘʨʽʘʥʪʽʚ, ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʾʭ ʯʠʩʝʣʴʥʦʾ ʦʮʽʥʢʠ ʪʦʱʦ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʚʽʜʦʤʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʦʰʫʢ ʙʝʟ ʘʥʘʣʽʪʠʯʥʦ 

ʚʠʨʘʞʝʥʦʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʾ ʤʝʪʠ. 

ʇʨʠ ʚʽʨʪʫʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʦʚʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ. ʎʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʪʦʩʫʻʪʴʩʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, ʘʜʘʧʪʠʚʥʠʭ, ʧʨʦʛʨʘʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽ ʽʥʰʠʭ ʩʠʩʪʝʤ. ɿʘʩʣʫʛʦʚʫʶʪʴ 

ʫʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ Internet-ʩʠʩʪʝʤ ʚ WEB-ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʩʢʣʘʜʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʅʘ 

ʦʩʥʦʚʽ Internet ʚ ʩʝʨʝʜʦʚʠʱʽ CALS-ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CASE-ʟʘʩʦʙʽʚ ʤʦʞʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʘʧʘʨʘʪʥʫ ʢʦʤʧʣʝʢʪʘʮʽʶ. 
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ʊʝʧʣʦʟʘʱʠʪʥʳʝ ʧʣʠʪʦʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʞʘʨʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ). ɺ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ, ʞʘʨʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʠʪʦʢ ʪʝʧʣʦʟʘʱʠʪʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʞʘʨʦʩʪʦʡʢʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʢʝʨʘʤʠʢʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʘʤʳʝ ʣʫʯʰʠʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʣʠʪʢʠ ʩ ʢʦʨʧʫʩʦʤ ʠʟ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʣʠʪʢʠ ʩ ʥʘʨʫʞʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʩʦʪʦʚʦʡ 

ʧʘʥʝʣʴʶ ʠʟ ʞʘʨʦʩʪʦʡʢʦʛʦ ʩʧʣʘʚʘ. 

ɻʝʨʤʝʪʠʟʘʮʠʷ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʧʣʠʪʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʦʡ ʧʘʡʢʦʡ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʪʳʢʦʚ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʘ ʩʪʳʢʘʭ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʞʠʨʦʚʳʭ ʧʷʪʝʥ, 

ʵʤʫʣʴʩʠʡ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʧʘʡʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʦʩʦʙʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʢʦʪʦʨʦʛʦ 

ʫʯʠʪʳʚʘʶʪ: ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʘʟʘ; ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʦʚ; ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ; ʩʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʘ; ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʚʝʣʠʯʠʥʫ 

ʟʝʨʥʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʩʪʝʧʝʥʴ ʠ ʚʠʜ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʩʢʘʞʝʥʥʦʩʪʴ ʨʝʰʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʞʘʨʦʧʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʝʥʷʶʪ ʧʦʢʨʳʪʠʝ ʠʟ 

ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Ni-Cr, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʥʦʛʦʨʘʟʦʚʳʭ ʂɸ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʳʢʦʚ ʜʦ Ra 0.8 ʠʩʧʦʣʴʟʫʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʧʘʡʢʫ. 
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ʇʦʢʨʳʪʠʝ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Ni-Cr ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʚʝʨʜʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 50 HRC. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʝʨʘʮʠʠ ʧʦ 

ʦʯʠʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʧʘʡʢʝ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʩʦʜʝʨʞʘʱʝʛʦ ʘʙʨʘʟʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ ʚʘʢʫʫʤʥʦʡ 

ʧʘʡʢʦʡ ʷʚʣʷʶʪʩʷ ʣʝʧʝʩʪʢʦʚʳʝ ʘʙʨʘʟʠʚʥʳʝ ʢʨʫʛʠ ʥʘ ʥʝʧʣʦʪʥʦʡ ʚʦʡʣʦʯʥʦʡ ʦʩʥʦʚʝ. ʂ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʪʥʦʩʠʪʩʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʜʝʬʝʢʪʥʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʨʦʩʪʦʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ; ʤʘʣʳʡ ʩʥʠʤʘʝʤʳʡ ʧʨʠʧʫʩʢ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. 

ɸʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʧʝʩʪʢʦʚʳʡ ʢʨʫʛ ʃʂ 125ʭ30ʭʄ14 

ʟʝʨʥʠʩʪʦʩʪʴʶ ʈ240 ʥʘ ʚʦʡʣʦʯʥʳʡ ʦʩʥʦʚʝ ʉʢʦʪʯ-ʙʨʘʡʪ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʠʨʦʚʘʥʠʷ 

ʠʟʜʝʣʠʡ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ ʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʤʘʰʠʥʢʘʭ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ʜʦ 3000 ʤʠʥ
-1
. ɺ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʨʫʛʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ ʠ ʵʣʝʢʪʨʦʢʦʨʫʥʜ. ʆʩʥʦʚʘ ʢʨʫʛʘ ʠʟ ʥʝʪʢʘʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ NPA 400. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʬʠʣʷ ʧʦʜ ʦʙʨʘʙʦʪʢʫ U-ʦʙʨʘʟʥʳʭ ʩʪʳʢʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʧʫʪʝʤ ʧʨʘʚʢʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʢʨʫʛʘ (ʨʠʩ. 1, ʘ) ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʘʙʨʘʟʠʚʥʦʡ 

ʨʝʡʢʦʡ (ʨʠʩ. 1, ʙ). ʈʘʟʤʝʨ ʧʘʟʘ ʚ ʧʨʘʚʷʱʝʡ ʨʝʡʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʘʤ U-ʦʙʨʘʟʥʦʛʦ 

ʩʪʳʢʘ ʫʢʘʟʘʥʥʦʛʦ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ. ʇʨʘʚʢʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʩ ʯʘʩʪʦʪʦʡ ʦʙʦʨʦʪʦʚ ï 1500 ʤʠʥ
-1
. ʌʦʨʤʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʧʨʘʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʚ. 

 
  

ʘ) ʙ) ʚ) 

ʈʠc. 1 ï ʂʨʫʛ ʂʃ125ʭ30ʭʄ14-ʈ240 (ʘ), ʚʠʜ ʧʨʘʚʷʱʝʡ ʘʙʨʘʟʠʚʥʦʡ ʨʝʡʢʠ (ʙ) ʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʩʣʝ ʧʨʘʚʢʠ (ʚ) 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʌʊ11 ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 40ʍ13 ʠ ʩ ʧʦʢʨʳʪʠʝʤ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ï 2000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʩ 30 ʜʦ 180 ʩ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʠʩʭʦʜʥʦʡ ʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʤʝʪʨʘ ʊR110 (ʄʠʢʨʦʪʝʭ). ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʠʟ ʩʪʘʣʠ 40ʍ13 ʩ ʧʦʢʨʳʪʠʝʤ 

ɺʠʜ ʦʙʨʘʙʦʪʢʠ  ʈʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʦʣʠʨʦʚʘʥʠʝ 

ʣʝʧʝʩʪʢʦʚʳʤ 

ʢʨʫʛʦʤ  

ʉʢʦʪʯ-ʙʨʘʡʪ 

125ʭ30ïʈ240 

n, ʤʠʥ
-1 

T, ʩ Raʠʩʭ, ʤʢʤ Raʦʙʨ, ʤʢʤ 

2000 

30 

1,62 

1,25 

60 0,95 

120 0,87 

180 0,81 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʚ ʧʝʨʚʳʝ 30 ʩ ʦʙʨʘʙʦʪʢʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 120ï180 ʩ. 
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ʋɼʂ 621.9.025.7 

ʂʣʠʤʝʥʢʦ ʉ.ɸ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ., ʧʨʦʬʝʩʦʨ 

ʂʣʠʤʝʥʢʦ ʉ.ɸʥ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʦʧʻʡʢʽʥʘ ʄ.ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩ.ʥ.ʩ.  
ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ, atmu@meta.ua 

ʍʝʡʬʝʮ ʄ.ʃ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ., ʧʨʦʬʝʩʦʨ 
ɼɼɺʆ çʎʝʥʪʨè ʅɸʅ ɹʽʣʦʨʫʩʽ 

ʂʆʅʊɸʂʊʋɺɸʅʅʗ ʉʊʈʋɾʂʀ ɯɿ ʇɽʈɽɼʅʔʆʖ ʇʆɺɽʈʍʅɽʖ 

ɯʅʉʊʈʋʄɽʅʊɯɺ, ʆʉʅɸʑɽʅʀʍ ʂʆʄʇʆɿʀʊɸʄʀ ʩBN-S3̔N4 (3 ʦʙ.%), ʩBN-

TʽC (45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%) 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʩʪʨʫʞʢʠ ʟ ʧʝʨʝʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ 

ʇʅʊʄ ʥʘ ʦʩʥʦʚʽ cBN ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʜʘʥʘ ʚʝʣʠʯʠʥʘ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʮʽʥʢʫ ʩʠʣʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʦʢʨʽʤ ʪʦʛʦ, ʡʦʛʦ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ 

ʨʦʣʴ ʧʨʠ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʦʩʥʘʱʝʥʽ 

ʧʣʘʩʪʠʥʘʤʠ RNMN 0700 ʟ ʢʦʤʧʦʟʠʪʽʚ ʩBN-S3̔N4 (3 ʦʙ.%) ʽ ʩBN-TʽC (45 ʦʙ.%)ï

S3̔N4 (3 ʦʙ.%). ɼʣʷ ʯʽʪʢʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ ʥʘ ʨʽʟʘʣʴʥʽ ʧʣʘʩʪʠʥʠ ʥʘʥʦʩʠʚʩʷ 

ʰʘʨ ʘʣʶʤʽʥʽʶ ʪʦʚʱʠʥʦʶ 2 ʤʢʤ. ɺʧʣʠʚ ʪʘʢʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʤʽʥʽʤʘʣʴʥʠʡ, ʦʩʢʽʣʴʢʠ ʫ ʧʝʨʰʠʡ ʤʦʤʝʥʪ ʪʦʯʽʥʥʷ ʚʦʥʦ ʚʠʥʦʩʠʪʴʩʷ ʽʟ ʟʦʥʠ ʨʽʟʘʥʥʷ ʽ ʚʠʢʦʥʫʻ 

ʣʠʰʝ ʽʥʬʦʨʤʘʮʽʡʥʫ ʬʫʥʢʮʽʶ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʧʨʠ ʪʦʯʽʥʥʽ (t = 0,2 ʤʤ) 

ʩʪʘʣʽ ʍɺɻ (62ï64 HRC), ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1, 2. 

   
ʘ) ʙ) ʚ) 

  
 

ʛ) ʜ) ʝ) 

ʈʠʩ. 1 ï ʂʦʥʪʘʢʪʥʽ ʜʽʣʷʥʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʢʦʤʧʦʟʠʪʽʚ ʩBN-S3̔N4 (3 ʦʙ.%) (ʘ, ʙ),  

ʩBN-TʽC (45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%) (ʚïʝ): ʘ, ʙ) ï 90 ʤ/ʭʚ.; ʚ, ʛ) ï v = 100 ʤ/ʭʚ.;  

ʜ, ʝ) ï v = 200 ʤ/ʭʚ.; ʘ, ʚ, ʜ) ï S = 0,1 ʤʤ/ʦʙ; ʙ, ʛ, ʝ)  ï S = 0,19 ʤʤ/ʦʙ 

mailto:atmu@meta.ua


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

45 

      
ʘ) ʙ) 

 

 

 

 

 

ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʢʦʥʪʘʢʪʫ 

ʩʪʨʫʞʢʠ ʽʟ ʧʝʨʝʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ 

ʽʥʩʪʨʫʤʝʥʪʽʚ (1), ʢʦʝʬʽʮʽʻʥʪʫ ʫʩʘʜʢʠ 

ʩʪʨʫʞʢʠ (2) ʚʽʜ ʧʦʜʘʯʽ ʧʨʠ ʪʦʯʽʥʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟ ʢʦʤʧʦʟʠʪʽʚ ʩBN-

S3̔N4 (3 ʦʙ.%) (ʘ), ʩBN-TʽC 

(45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%) (ʙ, ʚ) 

ʚ) 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʧʦʜʘʯʽ ʥʘ ʚʝʣʠʯʠʥʫ ʫʩʘʜʢʠ ʩʪʨʫʞʢʠ ʧʨʠ ʪʦʯʽʥʥʽ 

ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʍɺɻ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 

ï ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʢʦʤʧʦʟʠʪʫ ʩBN-S3̔N4 (3 ʦʙ.%) (v = 90 ʤ/ʭʚ.) 

05,825,625,187)( 2 SSS  (ʧʨʠ v = 1,5 ʤ/ʩ);    (1) 

ï ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʢʦʤʧʦʟʠʪʫ ʩBN-TʽC (45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%) (v = 100 ʤ/ʭʚ.) 

62,496,1374,13)( 2 SSS .     (2) 

ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʜʘʯʽ, ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʇʅʊʄ ʟ ʢʦʤʧʦʟʠʪʦʤ ʩBN-S3̔N4 (3 ʦʙ.%), ʪʘʢ ʽ ʟ ʢʦʤʧʦʟʠʪʦʤ ʩBN-TʽC 

(45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%), ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʥʪʘʢʪʫ ʩʪʨʫʞʢʠ ʟ ʾʭʥʴʦʶ 

ʧʝʨʝʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʟʨʽʟʫ, ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʫʩʘʜʢʠ ʩʪʨʫʞʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʢʦʤʧʦʟʠʪʦʤ ʩBN-TʽC (45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%), ʷʢʠʡ 

ʧʨʘʮʶʻ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʝʞʠʤʘʭ ʨʽʟʘʥʥʷ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ 

ʢʦʥʪʘʢʪʫ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʧʦʜʘʯʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʢʦʤʧʦʟʠʪʦʤ ʩBNïS3̔N4 

(3 ʦʙ.%), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦʶ ʟʤʽʥʦʶ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʘ ʩʘʤʝ: 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ ʪʘ ʟʤʽʥʦʶ ʫʤʦʚ ʪʝʨʪʷ ʥʘ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʢʘʭ ʽʥʩʪʨʫʤʝʥʪʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʫʩʘʜʢʠ ʩʪʨʫʞʢʠ (ɝ), ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʰʚʠʜʢʦʩʪʷʭ 90ï100 ʤ/ʭʚ. ʫ ʜʚʦʭ ʪʠʧʘʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʝʬʽʮʽʻʥʪ ʫʩʘʜʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

ʚ ʦʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʡ ʩʪʫʧʽʥʴ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʜʦ 200 ʤ/ʭʚ. ʢʦʝʬʽʮʽʻʥʪ ʫʩʘʜʢʠ ʩʪʨʫʞʢʠ ʜʣʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʢʦʤʧʦʟʠʪʦʤ ʩBN-TʽC (45 ʦʙ.%)ïS3̔N4 (3 ʦʙ.%) ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʢʘʟʫʻ ʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ï ʟʤʝʥʰʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʷʭ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʩʭʦʜʫ ʩʪʨʫʞʢʠ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʘ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʚʠʪʨʘʯʘʶʪʴʩʷ ʤʝʥʰʽ ʟʫʩʠʣʣʷ.  
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ʋɼʂ 664.002.5 

ɯʚʘʥʝʥʢʦ ɭ.ɺ., ʩʪʫʜʝʥʪ 

ʇʘʱʝʥʢʦ ɹ.ʉ., ʘʩʠʩʪʝʥʪ 

ɹʦʡʢʦ ʖ. ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʠʪʚʠʥʝʥʢʦ ʆ. ɸ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ, hoykke@gmail.com 

ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ ʇʈʆɽʂʊʋɺɸʅʅʗ ʋ ɺʀʈʆɹʅʀʎʊɺɯ 

ʐɺʀɼʂʆɿʅʆʐʋɺɸʅʀʍ ɼɽʊɸʃɽʁ ʆɹʃɸɼʅɸʅʅʗ 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʙʘʟʽ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʝʨʩʪʘʪʽʚ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʏʇʂ) ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ ʚʠʨʦʙʽʚ, ʷʢʝ ʨʘʥʽʰʝ ʙʫʣʦ ʫʩʢʣʘʜʥʝʥʝ. ʅʘ ʞʘʣʴ, ʚ 

ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʧʦʚʽʣʴʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʾʾ ʨʦʟʚʠʪʢʫ. 

ɺ ʫʤʦʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʢʦʣʠ ʤʘʰʠʥʠ ʪʘ ʘʛʨʝʛʘʪʠ 

ʟʘʟʥʘʶʪʴ ʥʘʡʙʽʣʴʰʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʘʤʦʚʣʝʥʥʷ, ʜʦʩʪʘʚʢʘ ʽ ʟʘʤʽʥʘ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ 

ʚʠʤʘʛʘʻ ʯʘʩʫ, ʱʦ ʟʘʪʨʠʤʫʻ ʧʨʦʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʪʦʶ 

ʪʝʭʥʽʢʠ. ʆʯʝʚʠʜʥʦ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʧʝʚʥʠʡ ʟʘʧʘʩ ʰʚʠʜʢʦʟʥʦʰʫʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ, ʷʢʽ ʜʦʮʽʣʴʥʦ ʟʘʤʦʚʣʷʪʠ ʥʘ ʩʫʯʘʩʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʚ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʤʢʥʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ ʚʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʛʦʪʦʚʢʠ ʜʦ ʛʦʪʦʚʦʾ ʜʝʪʘʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʫ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʡʦʛʦ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʦʜʥʦʯʘʩ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʚʠʨʦʙʽʚ, 

ʟʘʙʝʟʧʝʯʝʥʽ ʩʫʯʘʩʥʠʤʠ ʧʨʠʢʣʘʜʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʨʦʙʽʚ 

ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ Fusion 360. ʎʝ ʢʦʤʧʣʝʢʩʥʠʡ 

CAD / CAE / CAM ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʜʠʟʘʡʥʫ ʽ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʽʥ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʥʘʡʢʨʘʱʝ ʚʽʜ Inventor, Alias, Simulation ʪʘ ʽʥʰʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Autodesk, ʱʦʙ ʩʪʚʦʨʠʪʠ ʫʥʽʢʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʚʠʨʦʙʽʚ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʨʦʙʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʪʚʝʨʜʦʪʽʣʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ 

ʧʽʜʪʨʠʤʫʻ ʽʤʧʦʨʪ ʧʦʥʘʜ 50 ʬʦʨʤʘʪʽʚ ʬʘʡʣʽʚ (ʨʠʩ. 1). 

 

ʈʠʩ.1 ï ɻʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʰʚʠʜʢʦʟʥʦʰʫʚʘʥʦʾ ʜʝʪʘʣʽ (ʢʦʨʧʫʩ ʧʽʜʰʠʧʥʠʢʘ) 

mailto:hoykke@gmail.com
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ʇʨʠ CAM ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʚʦʨʶʻʪʴʩʷ ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʨʦʙʫ. ʅʘ 

ʨʠʩ. 2. ʧʦʢʘʟʘʥʦ ʪʨʠ ʚʽʩʽ ʢʦʦʨʜʠʥʘʪ XYZ, ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʜʘʻʪʴʩʷ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʜʝʪʘʣʽ, ʪʘʢ ʷʢ ʦʙʨʦʙʢʘ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟʚʝʨʭʫ-

ʚʥʠʟ. ɺʽʩʴ Z ʟʘʚʞʜʠ ʻ ʚʽʩʩʶ ʽʥʩʪʨʫʤʝʥʪʫ. 

 
ʈʠʩ. 2 ï ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʘ 

ɼʘʥʘ CAM ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ ʚʝʨʩʪʘʪʘ. ʅʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʮʝʥʪʨʘ HERMLE C800 V ʟ ʏʇʂ (ʨʠʩ. 3). 

 

ʈʠʩ.3 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 3-ʦʩʴʦʚʦʛʦ ʮʝʥʪʨʘ HERMLE C800 V ʟ ʏʇʂ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʙʦʨʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʥʘ ʾʾ ʤʦʞʣʠʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʚ ʩʠʩʪʝʤʽ 

Fusion 360 ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʧʦʚʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ ɹ ʧʽʜʚʠʱʝʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʤʘʰʠʥʥʠʡ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠɦʠʪʠ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʫʭʝʥʢʦ ʖ. ɻ. ʅʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʽ ʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ: 

ʧʽʜʨʫʯʥʠʢ / ʖ. ɻ. ʉʫʭʝʥʢʦ, ʆ. ɸ. ʃʠʪʚʠʥʝʥʢʦ, ɺ. ʖ. ʉʫʭʝʥʢʦ. ï ʂ.:ʅʋʍʊ, 2010. ï 547 ʩ. 

2. Fusion 360: Product development has changed. So should the tools. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

https://www.autodesk.com/products/fusion-360/free-trial. 
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ɼʷʜʷ ʉ. ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʐʪʘʥʢʝʚʠʯ ɺ. ʉ., ʘʩʧʽʨʘʥʪ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, vitavs2007@gmail.com 

ɺʀɿʅɸʏɽʅʅʗ ʇʆɼɸʏɯ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʈɯɺʅʆʄɯʈʅʆɻʆ ʈɯɿɸʅʅʗ 

ʗʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʣʠʤ ʨʷʜʦʤ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʥʦʚʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʨʝʞʠʤʠ 

ʨʽʟʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʅʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ , ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ, ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʽʘʤʝʪʨʫ ʬʨʝʟʠ ʪʘ ʧʦʜʘʯʽ ʥʘ ʟʫʙ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [1], ʤʤ: 

  (1) 

ʜʝ ï ʧʦʜʘʯʘ ʥʘ ʟʫʙ ʬʨʝʟʠ, ʤʤ/ʟʫʙ; 

 ï ʜʽʘʤʝʪʨ ʬʨʝʟʠ, ʤʤ. 

ɿʛʽʜʥʦ ʟ ʥʝʶ, ʟʤʝʥʰʝʥʥʷ ʧʦʜʘʯʽ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ.  

ɸʣʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʈʦʟʝʥʙʝʨʛʦʤ ʖ.ɸ. [2], ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʪʦʚʱʠʥʽ 

ʟʨʽʟʘʻʤʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʤʝʥʰʽʡ ʘʙʦ ʨʽʚʥʽʡ 0,02 ʤʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʽʩʢʦʙʣʶʚʘʥʥʷ, 

ʘ ʥʝ ʨʽʟʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ, ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʘ ʧʦ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʪʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ 

ʪʦʚʱʠʥʘ ʟʨʽʟʘʻʤʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʜʘʯʽ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ, ʟʘ ʷʢʠʤ ʤʦʞʣʠʚʝ ʨʽʟʘʥʥʷ. 

ʊʦʚʱʠʥʘ ʟʨʽʟʘʻʤʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʜʣʷ 

ʙʫʜʴ ʷʢʦʛʦ ʯʘʩʫ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [3], ʤʤ : 

  (2) 

ʜʝ ï ʧʦʜʘʯʘ ʥʘ ʟʫʙ ʬʨʝʟʠ, ʤʤ/ʟʫʙ; 

 ï ʢʫʪ ʢʦʥʪʘʢʪʫ. 

ʂʫʪ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [3]: 

  (3) 

ʜʝ  ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʤʤ; 

ï ʨʘʜʽʫʩ ʬʨʝʟʠ, ʤʤ. 

ɿʥʘʶʯʠ ʮʽ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʧʨʦʚʽʚʰʠ ʜʝʷʢʽ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʜʘʯʽ ʥʘ ʟʫʙ, ʤʤ/ʟʫʙ: 

  (4) 

ʜʝ  ï ʤʥ̔ʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʨʽʟʘʻʤʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ, ʤʤ. 

ɿʘ ʬʦʨʤʫʣʦʶ (4) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʜʘʯʽ ʥʘ ʟʫʙ ʬʨʝʟʠ, ʟʘ ʷʢʦʾ 

ʛʘʨʘʥʪʦʚʘʥʦ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɻʨʘʥʦʚʩʢʠʡ ɻ.ʀ. ʈʝʟʘʥʠʝ ʤʝʪʘʣʣʦʚ [ʊʝʢʩʪ]: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ ɻ.ʀ. ɻʨʘʥʦʚʩʢʠʡ, 

ɺ.ɻ.ɻʨʘʥʦʚʩʢʠʡ. ï ʄʦʩʢʚʘ: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1985. ï 304 ʩ.: ʠʣ. 

2. ʈʦʟʝʥʙʝʨʛ ʖ. ɸ. ʉʠʣʳ ʨʝʟʘʥʠʷ ʠ ʤʝʪʦʜʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ [ʊʝʢʩʪ]: ɺ  2  ʯ. / ʖ. ɸ. ʈʦʟʝʥʙʝʨʛ, 

ʉ. ʀ. ʊʘʭʤʘʥ : ʂʫʨʛ. ʤʘʰʠʥʦʩʪʨʦʠʪ. ʠʥ-ʪ. ï ʂʫʨʛʘʥ : ʂʄʀ, 1995. ï 103 ʩ. 
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ʆ. ʀ. ɼʨʘʯʸʚ. ï ʉʪʘʨʳʡ ʆʩʢʦʣ: ʊʅʊ, 2011. ï 240 ʩ. 

 

ʋɼʂ 519.248:621.923.9 

ɻʦʥʯʘʨ ʅ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʪʝʧʘʥʦʚ ɼ.ʅ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʄʝʨʣʽʢʦʚʘ ʖ. ʈ., ʤʘʛʠʩʪʨ 

ɿʘʧʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, gonchar@zntu.edu.ua 

ʇʈʀʄɽʅɽʅʀɽ ʎɽʅʊʈɸʃʔʅʆɻʆ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ɸʅɸʃʀɿɸ ɼʃʗ 

ʆʇʈɽɼɽʃɽʅʀʗ ʈɸʎʀʆʅɸʃʔʅʓʍ ʈɽɾʀʄʆɺ ʇʆʃʀʈʆɺɸʅʀʗ ɼʀʉʂʆɺʓʄʀ 

ʇʆʃʀʄɽʈʅʆ-ɸɹʈɸɿʀɺʅʓʄʀ ʑɽʊʂɸʄʀ  

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 2
k
 ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʳʪʦʚ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠ ʙʣʠʟʢʦʤ ʢ ʣʠʥʝʡʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʪʠʤʫʤʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʙʫʜʝʪ ʥʝʦʧʨʘʚʜʘʥʥʦ ʥʠʟʢʠʡ. 

ʀ ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 3
k
, ʘ ʠʥʦʛʜʘ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʜʥʦʬʘʢʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʳʛʦʜʥʦ ʠʣʠ ʜʘʞʝ ʚʦʟʤʦʞʥʦ. ɼʣʷ ʪʘʢʠʭ 

ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ 

ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʧʣʠʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʠ çʟʚʝʟʜʥʳʭè ʪʦʯʝʢ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʳʭ ʦʧʪʠʤʫʤʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʧʦʣʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦ-

ʘʙʨʘʟʠʚʥʳʤʠ ʱʝʪʢʘʤʠ (ʇɸʑ) ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇɸʑ ï ʱʝʪʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʪʫʧʠʮʝ ʧʦʣʠʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʳʝ ʚʦʣʦʢʥʘ (ʦʩʥʦʚʘ ʢʦʪʦʨʳʭ ʧʦʣʠʤʝʨ; ʧʦ 

ʝʛʦ ʦʙʲʝʤʫ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʘʙʨʘʟʠʚʥʳʝ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ). 

ʆʙʨʘʙʘʪʳʚʘʝʤʳʝ ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ 3 ʠʤʝʣʠ ʨʘʟʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʣʫʯʰʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʟʥʘʯʝʥʠʡ Ra ʜʦ ʠ ʧʦʩʣʝ ʧʦʣʠʨʦʚʘʥʠʷ 

ʱʝʪʢʠ: Ra=Ra ʠʩʭ/Ra ʧʦʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ Ra, ʪʝʤ ʣʫʯʰʝ ʢʘʯʝʩʪʚʦ 

ʧʦʣʠʨʦʚʘʥʠʷ ʇɸʑ. 

ʀʟʫʯʘʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʙʳʣʠ ʚʟʷʪʳ ʧʨʦʜʦʣʴʥʘʷ ʧʦʜʘʯʘ S=1é8 ʤ/ʤʠʥ ʠ 

ʥʘʪʷʛ i=1é3 ʤʤ (ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʝʧʝʥʴ ʧʨʠʞʘʪʠʷ ʱʝʪʢʠ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ). ʇʦʩʪʦʷʥʥʳʝ ʬʘʢʪʦʨʳ: ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ V=17 ʤ/ʩ, ʢʦʣʠʯʝʩʪʚʦ ʜʚʦʡʥʳʭ 

ʭʦʜʦʚ N=5 ʜʚ.ʭ. ʠ ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ: ʜʠʘʤʝʪʨ ʚʦʣʦʢʦʥ dʚ=21 ʤʤ, ʟʝʨʥʠʩʪʦʩʪʴ F180, 

ʤʘʪʝʨʠʘʣ ʘʙʨʘʟʠʚʘ 63ʉ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʣʥʳʡ ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ 

ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ i ʠ S (ʪʘʙʣ. 1). ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ, ʠʤʝʶʱʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

R=1, ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʧʦʢʘʟʘʣʘ ʥʠʟʢʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʦʰʠʙʢʘ ʧʨʝʚʳʰʘʣʘ 40%). ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ 5 ʨʝʧʣʠʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʠ 4 

çʟʚʝʟʜʥʳʝè ʪʦʯʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ [-1; +1], ʪ.ʝ. ʝʱʝ 9 ʦʧʳʪʦʚ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ˉ ʦʧʳʪʘ 
ʌʘʢʪʦʨ 1 ʌʘʢʪʦʨ 2 

Ra ʍ1 i, ʤʤ ʍ2 S, ʤ/ʤʠʥ 

1 -1 1 -1 1 3,28 

2 -1 1 +1 8 1,94 

3 +1 3 -1 1 2,41 

4 +1 3 +1 8 1,58 
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ʊʘʙʣʠʮʘ 2 ï ʈʝʧʣʠʢʠ ʠ çʟʚʝʟʜʥʳʝè ʪʦʯʢʠ 

ˉ ʪʦʯʝʢ ʅʘʪʷʛ i, ʤʤ ʇʦʜʘʯʘ S, ʤʤ 
Ra 

1 

ʨʝʧʣʠʢʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ 

ʪʦʯʢʝ 

2 4,5 2,27 

2 2 4,5 2,33 

3 2 4,5 2,35 

4 2 4,5 2,24 

5 2 4,5 2,41 

1 

çʟʚʝʟʜʥʳʝè 

ʪʦʯʢʠ 

0,5 4,5 1,96 

2 3,5 4,5 1,73 

3 2 0,5 3,62 

4 2 8,5 1,58 

 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ çStatisticaè. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʨʠ ʜʠʩʧʝʨʩʥʦʤ ʘʥʘʣʠʟʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (ʨʠʩ. 1, ʘ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʠʥʝʡʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ i ʠ ʢʚʘʜʨʘʪʠʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ S ʠʤʝʶʪ ʥʝʚʳʩʦʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʪʢʣʠʢ 

ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʠʭ ʠʟ ʤʦʜʝʣʠ ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʱʘʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʤʦʜʝʣʴ ʙʳʣʘ ʦʩʪʘʚʣʝʥʘ ʚ ʧʦʣʥʦʤ ʚʠʜʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,92): 

Ra =3,372+0,5i-0,215i
2
-0,417S+0,017S

2
+0,036i S   (1) 

ʇʦʣʫʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 1, ʙ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʦʧʪʠʤʫʤʘ ʠ ʥʝʣʠʥʝʡʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʬʘʢʪʦʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʧʦʢʘʟʘʣʘ ʚrʩʦʢʫʶ 

ʩʭʦʜʠʤʦʩʪʴ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɹʳʣ ʦʧʨʝʜʝʣʝʥ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ: i=1,27 ʤʤ, 

S=0,5 ʤ/ʤʠʥ ( Ra=3,49). ʆʜʥʘʢʦ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʜʘʯʠ ʙʳʣʘ 

ʧʨʠʥʷʪʘ S=1 ʤ/ʤʠʥ (ʥʘ ʤʝʥʴʰʝʡ ʧʦʜʘʯʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʉʆʊʉ ʚʦʟʤʦʞʝʥ ʧʝʨʝʛʨʝʚ ʱʝʪʢʠ); 

ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ i=1,23 ʤʤ ( Ra=3,32). ʈʘʮʠʦʥʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘʪʷʛʘ i 

ʟʘʜʘʝʤ ʜʠʘʧʘʟʦʥʦʤ 1é1,5 ʤʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʥʘʩʪʨʦʡʢʠ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

 
ʘ) ʙ) 

ʈʠʩ. 1  ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʤʦʜʝʣʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʧʨʦʚʝʜʷ ʮʝʥʪʨʘʣʴʥʳʡ 

ʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʪ.ʝ. ʜʦʙʘʚʠʚ ʢ ʧʦʣʥʦʤʫ ʜʚʫʭʫʨʦʚʥʝʚʦʤʫ ʬʘʢʪʦʨʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ 

ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ, ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʬʘʢʪʦʨʳ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʥʝʣʠʥʝʡʥʦ, ʠ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ 

ʪʘʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʥʦ-

ʘʙʨʘʟʠʚʥʳʤʠ ʱʝʪʢʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. 
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ʋɼʂ 621.785 

ʄʘʥʴʢʦ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʪʝʮʴʢʦ ɸ.ɭ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ, ʤ. ʃʴʚʽʚ, oleksiymanko@gmail.com 

ʆʉʆɹʃʀɺʆʉʊɯ ʇʈʆʊɯʂɸʅʅʗ ɼʀʌʋɿɯɰ ɺ ʇʈʆʎɽʉɯ ʌʆʈʄʋɺɸʅʅʗ 

ʇʆʂʈʀʊʊʗ ʇɯɼ ʏɸʉ ʂʆʄʇʃɽʂʉʅʆɰ ɿʄɯʎʅʖɺɸʃʔʅʆɰ ʆɹʈʆɹʂʀ 

ʇʨʦʙʣʝʤʘ ʟʙʝʨʝʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ 

ʤʘʪʝʨʽʘʣʠ ʟʤʫʰʫʻ ʥʘʩ ʟʚʝʨʪʘʪʠ ʧʦʛʣʷʜ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ 

ʩʪʘʣʝʡ ʭʨʦʤʦʤ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʽʢʝʣʴʢʦʙʘʣʴʪʬʦʩʬʦʨʥʦʛʦ (Ni-Co-ʈ) ʭʽʤʽʯʥʦʛʦ 

ʧʦʢʨʠʪʪʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ ʯʽʪʢʦʾ ʙʫʜʦʚʠ (ʨʠʩ.1), ʘ ʩʘʤʝ: 

ʢʦʤʧʦʟʠʪʥʘ ʟʦʥʘ 1, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʣʦʥʽʾ ʩʪʦʚʧʯʘʩʪʠʭ ʟʝʨʝʥ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ Cr7C3 ʪʘ 

Cr23C6 ʚ ʤʘʪʨʠʮʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʭʨʦʤʫ ʚ Ŭ-ʟʘʣʽʟʽ ʪʦʚʱʠʥʦʶ ʜʦ 70 ʤʢʤ; ʟʦʥʘ 2 ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʭʨʦʤʫ ʚ Ŭ-ʟʘʣʽʟʽ ʪʦʚʱʠʥʦʶ ʜʦ 25 ʤʢʤ; ʝʚʪʝʢʪʦʾʜʥʘ ʟʦʥʘ 3 ʪʦʚʱʠʥʦʶ ʜʦ 15 ʤʢʤ, 

ʟʥʝʚʫʛʣʝʮʴʦʚʘʥʘ ʟʦʥʘ 4 ʪʦʚʱʠʥʦʶ ʜʦ 160 ʤʢʤ ʽ ʜʘʣʽ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ. 

 
ʈʠʩ.1 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 45 ʧʽʩʣʷ ʭʨʦʤʫʚʘʥʥʷ ʟ ʧʦʧʝʨʝʜʥʽʤ 

NiïCoïP ʧʦʢʨʠʪʪʷʤ. ʈʝʞʠʤ: ʊ=1050Üʉ, ʪʨʠʚʘʣʽʩʪʴ ʥʘʩʠʯʝʥʥʷ Ű =7 ʛʦʜ, 600
ʭ
 

ɿ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [1] ʟʨʦʟʫʤʽʣʦ, ʱʦ ʫʪʚʦʨʝʥʥʶ ʪʘʢʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʩʧʨʠʷʻ 

ʪ.ʟʚ. ʝʬʝʢʪ çʨʽʜʢʦʤʝʪʘʣʝʚʦʾ ʬʘʟʠè. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ ʭʽʤʽʯʥʝ ʧʦʢʨʠʪʪʷ Ni-

Co-P, ʱʦ ʨʽʟʢʦ ʧʨʠʰʚʠʜʰʫʻ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʘʪʦʤʘʨʥʦʛʦ ʭʨʦʤʫ ʚ 

ʛʣʠʙʠʥʫ ʟʨʘʟʢʘ.  

ʏʽʪʢʘ ʩʪʨʫʢʪʫʨʘ ʟʝʨʝʥ ʢʘʨʙʽʜʥʦʾ ʢʦʣʦʥʽʾ, ʾʭ ʧʘʨʘʣʝʣʴʥʽʩʪʴ ʥʘʰʪʦʚʭʫʶʪʴ ʥʘ ʜʫʤʢʫ ʧʨʦ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʟʦʥʠ, ʘ ʩʘʤʝ ʧʨʦ 

ʨʦʟʚʠʥʫʪʫ ʧʦʨʠʩʪʽʩʪʴ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʤʘʪʨʠʮʽ. ʆʩʪʘʥʥʻ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠʩʴ ʟʦʥʘʤ 

ʧʽʜʚʠʱʝʥʦʾ ʜʝʬʝʢʪʥʦʩʪʽ ʧʦ ʥʘʡʢʦʨʦʪʰʠʭ ʪʨʘʻʢʪʦʨʽʷʭ, ʟʦʨʽʻʥʪʦʚʘʥʠʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠʩʴ ʩʪʦʚʧʯʘʩʪʽʡ ʢʦʣʦʥʽʾ 

ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ. 

ɿ ʤʝʪʦʶ ʛʣʠʙʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʥʘʩʠʯʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʜʠʬʫʟʽʡʥʦʤʫ ʰʘʨʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʽ 

çComebaxè ʬʽʨʤʠ çCamekaè ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʾ ʥʠʟʢʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʚʚʝʜʝʥʥʷʤ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ Űʽʟ.=1 ʛʦʜ. ʧʨʠ ʊ= 700Áʉ ʽ 800Áʉ ʪʘ ʧʦʚʥʦʾ ʚʠʪʨʠʤʢʠ ʥʘʩʠʯʝʥʥʷ 6 ʽ 

7 ʛʦʜ ʜʣʷ ʩʪʘʣʝʡ 45 ʪʘ ʋ10 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʩʠʯʝʥʥʷ ʊ = 1050Áʉ. 

ʂʨʠʰʪʘʣ ʪʘ ʽʥʰʽ ʘʚʪʦʨʠ [2] ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ: Fe-Ni, Fe-Co, Fe-

Cr, Fe-Cu, Cu-Ni ʪʘ Mo-W. ɺʣʘʩʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʠʩʪʝʤ Fe-Ni ʽ Fe-Co ʝʬʝʢʪ ʌʨʝʥʢʝʣʷ 

ʢʦʥʢʫʨʫʻ ʟ ʝʬʝʢʪʦʤ ʂʽʨʢʝʥʜʘʣʣʘ. ʋ ʪʦʡ ʯʘʩ, ʷʢ ʚʟʘʻʤʦʜʽʷ ʚʘʢʘʥʩʽʡ ʟ ʜʠʩʣʦʢʘʮʽʷʤʠ ʥʘ 

ʩʪʦʨʦʥʽ ʰʚʠʜʢʦ ʜʠʬʫʥʜʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʘʜʞʝʥʥʥʷ ʟʨʘʟʢʘ ʟʘ ʨʘʭʫʥʦʢ 
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ʟʥʠʢʥʝʥʥʷ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ, ʫʪʚʦʨʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʩʪʚʦʨʶʻ ʟʘʣʠʰʢʦʚʝ ʚʠʜʦʚʞʝʥʥʷ. ʇʽʩʣʷ 

ʜʠʬʫʟʽʾ Ni ʽ Co, ʢʦʪʨʽ ʜʠʬʫʥʜʫʶʪʴ  ʧʝʨʰʦʶ ʭʚʠʣʝʶ, ʩʪʚʦʨʶʶʪʴʩʷ ʩʧʨʷʤʦʚʘʥʽ ʟʦʥʠ 

ʧʽʜʚʠʱʝʥʦʾ ʜʝʬʝʢʪʥʦʩʪʽ (ʚ ʪ.ʯ. ʧʦʨʠʩʪʽʩʪʴ), ʯʝʨʝʟ ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʠʬʫʥʜʫʻ ʘʪʦʤʘʨʥʠʡ 

ʭʨʦʤ (ʨʠʩ. 2). 

 
ʈʠʩ. 2 ï ʈʦʟʧʦʜʽʣ Cr, Ni ʪʘ Co ʫ ʜʠʬʫʟʽʡʥʦʤʫ ʰʘʨʽ ʧʽʩʣʷ ʭʨʦʤʫʚʘʥʥʷ, Ű = 5 ʛʦʜ, 

ʊ = 1050Üʉ. ɹʝʟʧʝʨʝʨʚʥʠʡ ʥʘʛʨʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ. 

ʇʦʢʘʟʘʥʦ ʯʽʪʢʫ ʟʘʣʝʞʥʽʩʪʴ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʝ ʘʪʦʤʘʨʥʠʡ ʭʨʦʤ ʷʢ ʥʘ ʧʝʨʰʠʭ 

ʝʪʘʧʘʭ, ʪʘʢ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʪʽʩʥʷʻ ʚʛʣʠʙ ʥʽʢʝʣʴ ʽ ʢʦʙʘʣʴʪ, ʧʨʦʪʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ 

ʬʦʩʬʦʨʫ. ʅʽʢʝʣʴ ʽ ʢʦʙʘʣʴʪ ʚ ʦʩʥʦʚʥʦʤʫ ʙʫʜʫʪʴ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʴ ʫ ʛʦʤʦʛʝʥʥʽʡ ʟʦʥʽ 2 

(ʥʘʧʨʠʢʣʘʜ ʨʠʩ. 3).  

 
ʈʠʩ. 3 ï ʈʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ Cr, Ni, Co ʧʽʩʣʷ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʩʪʘʣʽ 

ʋ10 ʟ ʽʟʦʪʝʨʤʽʯʥʦʶ ʚʠʪʨʠʤʢʦʶ Ű = 1 ʛʦʜ. ʧʨʠ ʊ = 800Üʉ ʪʘ ʚʠʪʨʠʤʮʽ ʥʘʩʠʯʝʥʥʷ 

Ű = 7 ʛʦʜ ʽ ʊ=1050 Üʉ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʜʠʬʫʟʽʾ 

ʩʧʨʷʤʦʚʘʥʠʭ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʜʝʬʝʢʪʥʦʩʪʽ, ʯʝʨʝʟ ʷʢʽ ʧʦʩʠʣʝʥʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʤʝʪʴʩʷ 
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ʘʪʦʤʘʨʥʠʡ ʭʨʦʤ, ʱʦ ʚ ʥʘʜʘʣʽ ʧʨʠʟʚʝʜʝ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʨʝʛʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʚʥʽʰʥʴʦʾ 

ʢʦʤʧʦʟʠʪʥʦʾ ʟʦʥʠ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʄʘʥʴʢʦ ʆ. ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʭʨʦʤʫʚʘʥʥʷ ʟ ʧʦʧʝʨʝʜʥʽʤ Ni-
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ɸʅɸʃɯɿ ɸɼɽʂɺɸʊʅʆʉʊɯ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʊɽʇʃʆɺʆɰ 

ʅɸʇʈʋɾɽʅʆʉʊɯ ʊʆʈʎɽɺʆɻʆ ʐʃɯʌʋɺɸʅʅʗ 

ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʦʙʨʦʙʢʠ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʪʦʨʮʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ, ʧʦʢʠ ʱʦ ʥʝ ʚʠʨʽʰʝʥʦʶ, ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ. ɯʩʥʫʶʯʽ ʩʫʯʘʩʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ ʤʦʜʝʣʽ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʫʶʪʴ ʩʢʣʘʜʥʫ ʢʽʥʝʤʘʪʠʢʫ, ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ 

ʢʨʦʤʦʢ, ʩʪʘʥ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʝʨʥʠʩʪʦʩʪʽ ʪʘ ʨʷʜʫ ʽʥʰʠʭ ʨʝʞʠʤʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʈʽʜʢʦ ʚʨʘʭʦʚʫʶʪʴ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ ʜʽʾ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ, ʥʝ ʫʪʦʯʥʝʥʘ ʾʭ 

ʯʘʩʪʢʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʜʝʪʘʣʽ, ʦʜʥʦʯʘʩʥʫ ʟʤʽʥʫ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ 

ʟʘʛʦʪʦʚʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʷ ʟʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʾʾ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʾ ʟʫʩʪʨʽʯʥʦʾ ʪʘ ʧʦʧʫʪʥʦʾ 

ʦʙʨʦʙʢʠ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʜʣʷ ʥʦʚʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ. ʎʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ ʧʽʜʚʠʱʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʦʨʮʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʧʝʨʠʬʝʨʽʻʶ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʥʦʚʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ.  

ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʦʙʦʪʠ ʧʦ 

ʟʥʘʭʦʜʞʝʥʥʶ ʪʦʚʱʠʥʠ ʟʨʽʟʫ [1], ʜʝ ʚʨʘʭʦʚʘʥʽ ʫʩʽ ʢʽʥʝʤʘʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʨʫʭʫ, ʩʪʘʥ ʈʇʂ ʪʘ 

ʜʠʥʘʤʽʢʫ ʡʦʛʦ ʟʤʽʥʠ, ʫʤʦʚʠ ʧʝʨʝʭʦʜʫ ʢʨʦʤʢʠ ʚʽʜ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʫ ʜʦ ʨʽʟʘʥʥʷ. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʟʥʘʭʦʜʠʪʠ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʢʨʦʤʦʢ: ʨʽʟʘʥʥʷ ʘʙʦ ʪʽʣʴʢʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʾʭ 

ʯʘʩʪʢʫ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʪʘ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʦ 

ʚʽʜ ʥʘʧʨʷʤʢʽʚ ʰʚʠʜʢʦʩʪʝʡ ʨʽʟʘʥʥʷ ʪʘ ʢʨʫʛʦʚʦʾ ʧʦʜʘʯʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʝʬʦʨʤʫʶʯʠʤʠ 

ʪʘ ʨʽʟʘʣʴʥʠʤʠ ʢʨʦʤʢʘʤʠ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ, ʱʦ ʚʨʝʰʪʽ ʽ ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʚʫ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʰʣʽʬʫʚʘʥʥʷ. ʉʣʽʜ ʧʦʜʽʣʠʪʠ ʢʨʦʤʢʠ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʥʘ ʪʽ, ʱʦ ʣʠʰʝ ʜʝʬʦʨʤʫʶʪʴ ʤʝʪʘʣ ʪʘ 

ʨʽʟʘʣʴʥʽ. ɿʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʨʦʙʦʪʠ ʦʙʫʤʦʚʣʝʥʘ ʚʠʢʦʥʘʥʥʷʤ ʫʤʦʚ ʨʽʟʘʥʥʷ. 

ɸʚʪʦʨʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʪʝʧʣʦ ʜʦ ʜʝʪʘʣʽ ʧʝʨʝʜʘʻʪʴʩʷ ʥʝ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ, ʘ ʩʫʢʫʧʥʽʩʪʶ 

ʜʽʾ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ ï ʢʨʦʤʦʢ, ʯʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʪʫʞʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʜʞʝʨʝʣ-ʢʨʦʤʦʢ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦʶ 

ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʯʝʨʝʟ ʟʘʛʘʣʴʥʫ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʨʦʤʦʢ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ʪʘ, ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʯʝʨʝʟ ʦʙôʻʤ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʦʜʠʥʠʯʥʦʛʦ ʟʨʽʟʫ. ɼʣʷ ʨʽʟʘʣʴʥʠʭ 

ʢʨʦʤʦʢ ʮʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʪʨʘʯʘʻʪʴʩʷ ʫ ʟʦʥʽ ʩʪʨʫʞʢʦ ʫʪʚʦʨʝʥʥʷ ʪʘ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʚʽʜʚʦʜʠʪʴʩʷ ʟʽ ʩʪʨʫʞʢʦʶ, ʜʣʷ ʜʝʬʦʨʤʫʶʯʠʭ ʚʦʥʘ ʦʙʫʤʦʚʣʝʥʘ ʪʝʨʪʷʤ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ 
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ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʜʝʪʘʣʽ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʦʮʽʥʝʥʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤ 

ʩʧʦʩʦʙʦʤ ʜʣʷ ʣʝʟʚʽʡʥʦʾ ʦʙʨʦʙʢʠ. 

ʉʪʚʦʨʝʥʽ ʘʣʛʦʨʠʪʤ ʪʘ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʾʾ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ [2] ʙʫʚ ʥʘʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʪʦʨʮʝʚʦʾ ʦʙʨʦʙʢʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʙʘʟʽ 

ʜʚʦʭʩʪʦʨʦʥʥʴʦʛʦ ʪʦʨʮʝʚʦ-ʰʣʽʬʫʚʘʣʴʥʦʛʦ  ʚʝʨʩʪʘʪʫ 3342 ɸɼʆ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʧʨʦʚʝʜʝʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʽʟʦʨʘ. ɺ ʾʭ ʨʝʟʫʣʴʪʘʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʦʪʫʞʥʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ: ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʙʘʨʘʙʘʥʫ 

ʧʦʜʘʯʽ ʟʘʛʦʪʦʚʦʢ, ʧʨʠʧʫʩʢʫ, ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʙʘʙʢʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʘʭ .  

ʇʨʦʚʝʜʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʰʣʽʬʫʚʘʥʥʷ 

ʪʦʨʮʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʟʘʛʦʪʦʚʢʠ, ʩʢʣʘʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʧʫʩʢʫ t, 

ʯʘʩʫ Ű ʧʦʚʥʦʛʦ ʧʦʚʦʨʦʪʫ ʙʘʨʘʙʘʥʫ ʧʦʜʘʯʽ ʟʘʛʦʪʦʚʦʢ ʪʘ ʢʫʪʘ ɜ ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʦʾ 

ʙʘʙʢʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɺ ʥʘʪʫʨʘʣʴʥʠʭ ʚʝʣʠʯʠʥʘʭ ʮʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

1866.1554415637.8),,( ttt   (1) 

tttN 6.154.08.692,301,68),,(  (2) 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʽ [3], ʜʝ ʜʣʷ ʫʤʦʚ 

ʧʣʦʩʢʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʧʨʠ ʧʦʧʫʪʥʽʡ ʦʙʨʦʙʮʽ 

ʧʦʢʘʟʘʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʰʣʽʬʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʽʟ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ ʜʽʘʤʝʪʨʦʤ 406 ʤʤ ʪʘ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ 58 ʤ/ʩ. 

ɼʦʩʣʽʜʠ ʧʨʦʚʝʜʝʥʽ ʽʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʰʪʫʯʥʦʾ ʪʘ ʧʨʠʨʦʜʥʦʾ 

ʪʝʨʤʦʧʘʨ ʪʘ, ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʜʘʪʯʠʢʦʤ. ʋʩʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʘ ʜʦʚʦʜʷʪʴ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ, ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʪʘ 

ʽʥʪʝʨʚʘʣʠ ʜʽʾ, ʚʠʟʥʘʯʝʥʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʥʝ ʦʙˇʨʫʥʪʦʚʘʥʽ ʧʨʠʯʠʥʠ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʧʽʢʠ ʪʘ ʩʪʨʽʤʢʝ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʰʣʽʬʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ [4] ʝʬʝʢʪ 

ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʦʥʪʘʢʪʫ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʬʫʥʢʮʽʡ ʜʽʣʷʥʦʢ ʧʨʦʬʽʣʶ ʽʥʩʪʨʫʤʝʥʪʘ ʫ ʤʽʨʫ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʬʦʨʤʦʫʪʚʦʨʁʁ ʯʦʾ ʧʦʚʠʥʝʥ 

ʧʦʩʠʣʶʚʘʪʠʩʴ.  

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥ ̔ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʩʫʧʝʨʝʯʘʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ. 

ɿʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʚʠʪʨʘʯʝʥʫ 

ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷ, ʘʙʦ ʪʽʻʾ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʢʨʝʤʫ ʨʽʟʘʣʴʥʫ ʢʨʦʤʢʫ, ʘʙʦ ʪʫ, 

ʷʢʘ ʣʠʰʝ ʜʝʬʦʨʤʫʻ ʤʝʪʘʣ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʦʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʬʘʢʪʦʨʽʚ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʉɽʈɽɼʆɺʀʑ ʇʈʀ 

ʐʃɯʌʋɺɸʅʅɯ ʂʈʀʍʂʀʍ ʅɽʄɽʊɸʃɽɺʀʍ ʄɸʊɽʈɯɸʃɯɺ  

ɺ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʚʠʨʦʙʠ ʟ ʢʨʠʭʢʠʭ ʥʝʤʝʪʘʣʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʂʅʄ), ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʭʥʽʯʥʝ ʩʢʣʦ, ʨʽʟʥʽ ʚʠʜʠ ʪʝʭʥʽʯʥʦʾ ʢʝʨʘʤʽʢʠ, ʷʢʽ 

ʫʩʧʽʰʥʦ ʟʘʤʽʥʶʶʪʴ ʤʝʪʘʣʠ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɰʤ ʧʨʠʪʘʤʘʥʥʽ ʪʘʢʽ ʚʘʞʣʠʚʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʚʠʩʦʢʽ ʪʚʝʨʜʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʥʝʥʥʷ, ʢʦʨʦʟʽʡʥʘ, 

ʭʽʤʽʯʥʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʽʡʢʦʩʪʽ, ʨʘʜʽʦʧʨʦʟʦʨʽʩʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʯʦʛʦ ʂʅʄ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʨʘʢʝʪʦ-ʽ ʘʚʽʘʙʫʜʫʚʘʥʥʷ, 

ʝʥʝʨʛʦʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʪʦʱʦ. 

ʆʜʥʘʢ ʽʟ-ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʚʝʨʜʦʩʪʽ ʪʘ ʭʨʫʧʢʦʩʪʽ ʮʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ 

ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʟʜʽʡʩʥʠʪʠ ʾʭ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʧʝʨʝʚʘʞʥʦ 

ʘʣʤʘʟʥʠʤ ʰʣʽʬʫʚʘʥʥʷʤ. ʇʨʠʯʦʤʫ ʚ ʷʢʦʩʪʽ ʥʝʛʘʪʠʚʥʦʛʦ ʬʘʢʪʦʨʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ 

ʧʦʷʚʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʜʝʬʝʢʪʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʻ ʥʘʩʣʽʜʢʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ ʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʽʚ ʽʟ ʂʅʄ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ [1], ʱʦ ʨʦʟʚʠʪʦʢ ʜʝʬʝʢʪʥʦʛʦ ʰʘʨʫ, 

ʚʠʢʣʠʢʘʥʦʛʦ ʦʙʨʦʙʢʦʶ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʪʚʝʨʜʦʩʪʽ, ʤʽʮʥʦʩʪʽ, ʢʨʠʭʢʦʩʪʽ, ʧʦʭʽʜʥʦʾ ʜʝʬʝʢʪʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʚʽʜ ʨʽʚʥʷ 

ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʬʦʨʤʦʚʘʥʫ ʧʦʚʝʨʭʥʶ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʰʣʽʬʫʚʘʥʥʷ ʂʅʄ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ [2], ʨʽʚʥʝʤ ʩʠʣʦʚʦʾ ʜʽʾ 

ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ.1).  

ʈʠʩ. 1 - ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ 

ʢʨʠʭʢʠʭ ʥʝʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʩʠʪʫʘʮʽʶ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ (ʜʠʚ. ʨʠʩ. 1), ʻ ʤʘʩʪʠʣʴʥʦ-

ʦʭʦʣʦʜʞʫʶʯʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʝʨʝʜʦʚʠʱʘ (ʄʆʊʉ), ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʠ 
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˿ͻ͔ͣ͊ ΄ͯ͜͡ͅ ͍͊ͤͤΎ
˨͙ͤ͊ͣ͜;ͤ͜ 

ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ́˿
͔́ͻ͎ͤͦͦ͜͡;͔ͤ 
͔͔͍͙ͫͪ͒ͦ΅͔ 
˾͔͙͗ͣ ͪ͊ͤͤ͘͜Ύ

(΄͍͙͒ͫͭ͟͜Έ, ͨ ͦ͒͊;͊, 
͎͙͋͡ ͙ͤ͊ ͪ͊ͤͤ͘͜Ύ)
͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ 
͔ͤͫͭͪͯͣͤͭ͜ ͯ

(͔ͣ͊ͭͪ͊͜͡ ͜ ͣ ͜ͼͤͫͭ͜Έ  
͔͔ͪͤ͘, ͘ ͔͙ͪͤͫͭͫͭ͜Έ, 
͘'͍Ύ͊͘͟, ͟ ͦͤͼ͔ͤͭͪ͊ͼΎ͜, 
ͪ˱ ͗ͯ;͜ ͍͙͍͊ͫͭͦͫͭ͜͡)

(1) ˽ ͪͦͼ͔ͫ ͪ͊ͤͤ͘͜Ύ

˿͍͔ͭͪͯ͗ͦͯͭͦͪͤͤ͟Ύ
 / ͔͒ͺ͍ͦͪͣͯ͊ͤͤΎ,  
͔ͤ͊ͨͪͯ͗ͤͤΎ;
˭͙ͯͫ͡͡Ύ ͪ͘͜ ͊ͤͤΎ;
͔͔́ͣͨͪ͊ͭͯͪ͊;
˾͍͔ͤ͜Έ ͍͋ͪ͊͜ͼ͚͜

(2) ˿ ͭ͊ͤ ͔ͤͫͭͪͯͣͤͭͯ͜ 

˭ͤ ͦͫ;
ˤ˱ ͍͔͒ͤͦͤͤ͡Ύ  
ͪ͗͜ ;͙ͯͻ 

͍͙͍͔͚͊ͫͭͦͫͭ͡
(͍͙͒ ͍ͨͪ͊͟)͙ 

(4) ˾ ͔͊͊͘͜͡ͼ͜Ύ 
ͨͪͦͼ͔ͫͯ ͪ͊ͤͤ͘͜Ύ

ˤ͙͋ͪ͜ :
)͊ ͫ ͻ͔͙ͣ ͪ͊ͤͤ͘͜Ύ;
)͋ ͔ͤͫͭͪͯͣͤͭ͜,ͯ 
ͫͨͦͫͦ͋ ͯͨ ͍͙ͪ͊͟;

)͍ ͭ ͙ͨͯ 
͔ͭͻ͎ͤͦͦ͡;ͤ͜ ͎ͦͦ  
͔͔͍ͫͪ͒ͦ ͙΅͊ ;

)͎ ͪ ͔͙͗ͣ ͯͪ ͊ͤͤ͘͜Ύ

(3) ̒ ͫͭ͟͜Έ ͙ͦ͋ͪͦ͋͟

́ͦ;ͤͫͭ͜Έ;
̊ͦͪͫͭͫͭ͟͜Έ ͨ ͍͔ͦͪͻͤ;͜
˨͔ͺ͔ͭͤͫͭ͟͜Έ 

͍͔ͨͦͪͻ͔͍͎ͤͦͦ ΄͊ͪͯ

mailto:pk04nov@mail.ru
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ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ ʂʅʄ, ʦʩʦʙʣʠʚʦ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘ. ʅʘʚʽʪʴ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʽʭ 

ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʦʙʨʦʙʮʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʄʆʊʉ ʟʽ ʩʧʨʷʤʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʟʚʦʣʠʪʴ ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʆʄ) ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ. 

ʇʽʜ ʩʠʣʦʚʠʤ ʚʧʣʠʚʦʤ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʚʧʣʠʚʦʤ ʄʆʊʉ ʟʤʽʥʶʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʆʄ. ʂʨʽʤ 

ʪʦʛʦ, ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. ʋ ʩʫʢʫʧʥʦʩʪʽ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʨʽʚʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ (ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʨʽʟʘʥʥʷ), ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ, ʟʦʢʨʝʤʘ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʂʅʄ ʟʚ'ʷʟʘʥʠʤ ʘʙʦ ʚʽʣʴʥʠʤ ʘʙʨʘʟʠʚʦʤ ʻ ʦʜʥʦʯʘʩʥʠʤ ʤʥʦʞʠʥʥʠʤ 

ʚʧʣʠʚʦʤ ʟʦʩʝʨʝʜʞʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʟʝʨʝʥ - 

çʤʽʢʨʦʽʥʜʝʥʪʦʨʽʚè. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʙʽʣʴʰ ʤ'ʷʢʦʛʦ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 

ʩʠʣʠ ʨʽʟʘʥʥʷ-ʪʝʨʪʷ ʈ  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʩʢʣʘʜʦʚʦʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʩʫʚʫ, ʽ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ:  

ʜʝʬPSAP , 

ʜʝ ɸ ï ʨʝʘʣʴʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʆʄ; 

S ï ʤʽʮʥʽʩʪʴ ʥʘ ʟʩʫʚ ʫ ʢʦʥʪʘʢʪʥʦʤʫ ʰʘʨʽ  

ʈʜʝʬ ï ʜʝʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ. 

ʄʝʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʄʆʊʉ - ʟʥʠʞʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʈŰ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿ ʘʥʘʣʽʟʫ ʩʢʣʘʜʦʚʠʭ ʫ 

ʚʠʨʘʟʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʈŰ ʚʠʜʥʦ, ʱʦ ʟʘʟʥʘʯʝʥʘ ʤʝʪʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʠʥʠ ʟ ʤʘʣʠʤ ʦʧʦʨʦʤ ʥʘ ʟʩʫʚ ʫʪʚʦʨʝʥʦʶ ʥʝʶ ʛʨʘʥʠʯʥʦʾ ʧʣʽʚʢʠ (ʤʽʥʽʤʫʤ S) 

ʽ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʯʦʶ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʥʘʧʨʷʤʢʫ 

ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ (ʤʽʥʽʤʫʤ ʈʜʝʬ). ʂʨʽʤ ʧʦʣʝʛʰʝʥʥʷ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʆʄ 

ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʈŰ ʟʤʝʥʰʫʻ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʟ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʩʫ 

ʘʣʤʘʟʘ ʽ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʘ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʤʦʛ ʜʦ ʄʆʊʉ - ʝʬʝʢʪʠʚʥʝ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʽʟ 

ʟʦʥʠ ʨʽʟʘʥʥʷ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ. ɿʤʘʱʫʚʘʥʥʷ ʽ ʪʝʧʣʦʚʽʜʚʽʜ ʚʘʞʣʠʚʽ ʥʝ ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʘʣʝ ʽ ʷʢ ʟʘʩʽʙ ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʂʅʄ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʝʢʪʽʚ. 

ʈʝʘʣʽʟʫʚʘʪʠ ʮʽ ʚʠʤʦʛʠ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʂʅʄ, ʦʩʦʙʣʠʚʦ ʪʝʭʥʽʯʥʠʭ ʩʪʝʢʦʣ ʪʘ ʩʠʪʘʣʽʚ ï 

ʨʽʟʥʦʚʠʜʫ ʩʢʣʦʢʝʨʘʤʽʢʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧʠ ʛʽʜʨʦʬʽʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʻ ʚʦʜʘ ʪʘ ʚʦʜʷʥʽ ʨʦʟʯʠʥʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ [1, 3]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ [1, 2], ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʧʨʠ ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ ʂʅʄ ʜʦʟʚʦʣʷʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʦʜʦʶ, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʜʦ 40%. ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʩʧʨʠʷʪʣʠʚʦ ʟʤʽʥʶʻ ʛʣʠʙʠʥʫ ʽ ʩʪʨʫʢʪʫʨʫ ʚʠʥʠʢʘʶʯʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ 

ʜʝʬʝʢʪʥʦʛʦ ʰʘʨʫ. ɿʘʛʘʣʴʥʘ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ (ʧʨʠ ʦʙʨʦʙʮʽ ʪʝʭʥʽʯʥʠʭ ʩʪʝʢʦʣ ʽ 

ʩʠʪʘʣʽʚ) ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʜʚʽʯʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʦʜʠʥʠʯʥʠʭ ʜʝʬʝʢʪʽʚ 

ʚ 1,6 - 2,2 ʨʘʟʠ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʚʠʨʦʙʽʚ. 
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ʉʇɽʎɯɸʃʔʅɽ ɯʅʉʊʈʋʄɽʅʊɸʃʔʅɽ ʆʉʅɸʑɽʅʅʗ ɼʃʗ ʈʆɿʐʀʈɽʅʅʗ 

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʄʆɾʃʀɺʆʉʊɽʁ ʊʆʂɸʈʅʀʍ ɺɽʈʉʊɸʊɯɺ 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ 

ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ɹʝʟʧʝʨʝʨʚʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʤʘʣʠʭ ʧʝʨʝʤʽʱʝʥʴ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʦʢ ʚʝʨʩʪʘʪʽʚ, ʷʢʽ ʯʘʩʪʦ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ɼʣʷ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚ ʤʽʢʨʦʤʝʪʨʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚ 

ʧʨʠʚʦʜʘʭ ʚʝʨʩʪʘʪʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʧʨʫʞʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʥʘʧʨʷʤʥʠʭ ʪʘ ʚʠʢʣʶʯʘʶʪʴ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚ ʦʩʪʘʥʥʽʡ 

ʧʝʨʝʜʘʯʽ ʧʨʠʚʦʜʫ ʥʘ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʦʤʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʤʝʭʘʥʽʟʤʘʤʠ 

ʤʽʢʨʦʨʝʛʫʣʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʪʘ ʪʠʧʦʚʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʥʠʭ [1], 

ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʩʘʤʝ:  

- ʥʘʡʙʽʣʴʰʠʡ ʭʽʜ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 0,25 õ 0,3 ʤʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʟʥʦʩʫ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ ʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʨʽʟʮʽʚ ʧʨʠ ʯʠʩʪʦʚʠʭ ʦʧʝʨʘʮʽʷʭ 

ʧʨʠʡʤʘʻʪʴʩʷ hʟ = 0,2 õ 0,25 ʤʤ;  

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʚʝʨʰʠʥʠ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʧʦʟʠʮʽʶʚʘʥʥʽ ʜʦ 0,5 

ʤʢʤ;  

- ʢʨʦʢ ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1,0 õ 5,0 ʤʢʤ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤʫ ʧʦʟʠʮʽʶʚʘʥʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʜʦ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʽʟ ʨʦʟʨʘʭʫʥʢʫ ı ʯʘʩʪʠʥʠ 

ʧʦʣʷ ʜʦʧʫʩʢʫ ʥʘ ʨʦʟʤʽʨ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ; 

- ʞʦʨʩʪʢʽʩʪʴ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʜʽʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʝ ʥʠʞʯʝ 10 õ 20 ʅ/ʤʢʤ; 

- ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʝʨʝʤʽʱʝʥʥʷʤ ʚʝʨʰʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘ (ʨʽʟʮʷ) ʪʘ ʚʭʽʜʥʦʶ ʜʽʻʶ ʚ 

ʧʨʠʚʦʜʽ ʧʨʠ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʘʭ ʜʦ ʜʝʪʘʣʽ ʪʘ ʚʽʜ ʜʝʪʘʣʽ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʢʘʟʘʥʠʭ ʚʠʤʦʛ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʮʝʪʨʠʤʘʯʽʚ ʜʣʷ 

ʚʝʨʩʪʘʪʽʚ ʪʦʢʘʨʥʦʾ ʛʨʫʧʠ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʚʠʩʦʢʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ ʽ ʨʷʜ ʩʧʣʘʚʽʚ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʣʠʚʥʦʾ ʩʪʨʫʞʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʘʤʠʭ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʥʘʧʨʷʤʢʘʭ, 

ʫʪʨʫʜʥʷʻʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ, ʘ ʩʘʤʘ ʩʪʨʫʞʢʘ ʻ ʧʦʪʝʥʮʽʡʥʠʤ ʜʞʝʨʝʣʦʤ 

ʚʘʞʢʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ. ʅʘʡʙʽʣʴʰʦʾ ʫʚʘʛʠ ʩʝʨʝʜ ʩʧʦʩʦʙʽʚ ʚʠʜʘʣʝʥʥʷ ʩʪʨʫʞʢʠ ʟʘʩʣʫʛʦʚʫʶʪʴ 

ʩʧʦʩʦʙʠ ʾʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʜʨʦʙʣʝʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʥʘʜʽʡʥʽʩʪʶ ʚʠʨʽʟʥʷʻʪʴʩʷ 

ʚʽʙʨʘʮʽʡʥʝ ʨʽʟʘʥʥʷ. 

ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʧʨʠʡʥʷʪʫ ʜʣʷ ʜʘʥʦʾ 

ʦʧʝʨʘʮʽʾ ʢʽʥʝʤʘʪʠʯʥʫ ʩʭʝʤʫ ʥʘʢʣʘʜʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʥʘʧʨʘʚʣʝʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʨʫʭ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜʥʦʩʥʦ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʽ ʥʘʧʨʷʤʢʫ ʢʦʣʠʚʘʥʴ, ʾʭ ʯʘʩʪʦʪʠ 

ʪʘ ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʘʮʽʡʥʝ ʨʽʟʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʘʜʽʡʥʦ ʽ ʝʬʝʢʪʠʚʥʦ ʜʨʦʙʠʪʠ ʩʪʨʫʞʢʫ. ʉʫʪʪʻʚʠʤ 

ʨʝʟʝʨʚʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʜʨʦʙʣʝʥʥʷ ʩʪʨʫʞʢʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟ ʧʨʫʞʥʠʤʠ ʥʘʧʨʷʤʥʠʤʠ ʜʣʷ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ [2]. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʽʟʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʚʘʞʢʦ 

ʧʽʜʜʘʶʪʴʩʷ ʦʙʨʦʙʮʽ ʽ ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʚʘʪʠ ʩʫʪʪʻʚʦ ʚʠʱʫ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʆʜʥʘʢ ʟʥʘʯʥʠʡ ʨʦʟʽʛʨʽʚ ʨʽʟʮʷ ʧʨʠ ʨʽʟʘʥʥʽ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʪʘ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʧʣʘʚʽʚ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʝʤʫʣʴʩʽʷʤʠ ʻ ʧʨʦʙʣʝʤʘʤʠ, ʱʦ ʩʫʪʪʻʚʦ 

ʟʜʦʨʦʞʫʶʪʴ ʪʘ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ. ɽʬʝʢʪʠʚʥʠʤ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʽʟʘʥʥʷ . ʋʣʴʪʨʘʟʚʫʢʦʚʝ ʨʽʟʘʥʥʷ, ʮʝ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ 

ʨʽʟʮʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʝʨʝʜʘʶʪʴʩʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ (ʫʣʴʪʨʘʟʚʫʢʦʚʽ) 

ʢʦʣʠʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʚʽʙʨʘʮʽʡʥʠʭ 

ʧʨʠʚʦʜʽʚ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʪʘ 

ʝʣʝʢʪʨʦ(ʤʘʛʥʽʪʦ)ʩʪʨʠʢʮʽʡʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ 

ʦʩʥʘʱʝʥʥʽ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʨʝʘʣʽʟʫʻ ʧʝʨʝʚʘʛʠ ʩʧʦʩʦʙʫ ʪʦʯʽʥʥʷ ʟ ʫʣʴʪʨʘʟʚʫʢʦʤ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʨʽʟʮʝʪʨʠʤʘʯʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʞʠʤʘʭ ʽʟ ʟʥʘʯʥʠʤʠ ʩʠʣʘʤʠ ʨʽʟʘʥʥʷ [3]. 

ʆʜʥʠʤ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʻ ʦʙʨʦʙʢʘ ʢʦʥʩʦʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʦʩʥʘʱʝʥʥʷʤ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʘʪʴ ʦʧʨʘʚʢʠ, ʨʽʟʮʝʪʨʠʤʘʯʽ, ʙʦʨʰʪʘʥʛʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʦʙʨʦʙʢʠ ʢʦʥʩʦʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʙʨʘʮʽʡ ʧʨʠ ʨʽʟʘʥʥʽ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ, ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, 

ʦʙʤʝʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʝʨʩʪʘʪʽʚ. 

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʪʦʯʫʚʘʥʥʷ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʜʝʤʧʬʽʨʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʦʨʰʪʘʥʛ. ʆʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ ʙʦʨʰʪʘʥʛ ʟ ʜʝʤʧʬʝʨʦʤ 

ʻ ʾʭ ʥʠʟʴʢʘ ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʚ ʪʦʯʮʽ ʨʦʟʤʽʱʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʚʥʘʩʣʽʜʦʢ 

ʥʘʷʚʥʦʩʪʽ ʧʦʨʦʞʥʠʥʠ ʟʥʘʯʥʦʛʦ ʜʽʘʤʝʪʨʫ ʚ ʢʦʨʧʫʩʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʜʝʤʧʬʽʨʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʪʦʯʮʽ ʨʽʟʘʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʙʦʨʰʪʘʥʛʠ ʟ ʧʦʨʦʞʥʠʥʦʶ ʥʘ ʨʽʚʥʽ ʞʦʨʩʪʢʦʩʪʽ ʩʫʮʽʣʴʥʦʛʦ ʪʽʣʘ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʘʪʠ ʫʤʦʚʫ, ʱʦʙ ʜʽʘʤʝʪʨ ʧʦʨʦʞʥʠʥʠ d ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ ʧʦʣʦʚʠʥʠ ʜʽʘʤʝʪʨʘ 

D ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʙʦʨʰʪʘʥʛʠ, ʘ ʩʘʤʝ: d/D Ò 0,5 ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʫʤʦʚʠ 

ʚʪʨʘʯʘʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 3õ5 % ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ ʙʦʨʰʪʘʥʛʠ ʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʤʧʬʝʨʫ ʚ ʾʾ ʧʦʟʜʦʚʞʥʽʡ ʧʦʨʦʞʥʠʥʽ. ʂʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʤʦʚ ʚʽʙʨʦʩʪʽʡʢʦʾ ʦʙʨʦʙʢʠ ʢʦʥʩʦʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʰʣʷʭʦʤ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʩʥʘʱʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʚʠʙʦʨʦʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

ʦʩʥʘʱʝʥʥʷ ʟʘ ʛʦʣʦʚʥʠʤʠ ʦʩʷʤʠ ʞʦʨʩʪʢʦʩʪʽ [4]. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʦʚʽ ʝʬʝʢʪʠʚʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʝʮʽʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʤʽʢʨʦʨʝʛʫʣʶʚʘʥʥʷ ʨʽʟʮʷ, 

ʝʬʝʢʪʠʚʥʦʛʦ ʜʨʦʙʣʝʥʥʷ ʩʪʨʫʞʢʠ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ, ʚʽʙʨʦʩʪʽʡʢʦʛʦ 

ʪʦʯʽʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʮʴʦʛʦ ʦʩʥʘʱʝʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ. 
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ɿɸɹɽɿʇɽʏɽʅʅʗ ʊʆʏʅʆʉʊɯ ʆɹʈʆɹʂʀ ʊɸ ʉʊɯʁʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʆɰ 

ʉʀʉʊɽʄʀ ʊʆʂɸʈʅʆɻʆ ɺɽʈʉʊɸʊɸ ʇʈʀ ʈʆɿʊʆʏʋɺɸʅʅɯ 

ɼʣʷ ʧʨʦʮʝʩʫ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʣʠʪʠʭ ʪʘ ʰʪʘʤʧʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʥʽ 

ʢʦʣʠʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʪʘ ʪʚʝʨʜʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʭʠʙʢʠ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʻ ʧʨʠʯʠʥʘʤʠ ʥʠʟʴʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʭʠʙʦʢ ʦʪʚʦʨʽʚ ʚ ʪʘʢʠʭ ʟʘʛʦʪʦʚʢʘʭ ʻ ʨʦʟʪʦʯʫʚʘʥʥʷ 

ʦʜʥʦʣʝʟʦʚʠʤ ʨʽʟʮʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʚ ʨʦʟʪʦʯʫʚʘʣʴʥʽʡ ʦʧʨʘʚʮʽ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʨʦʟʪʦʯʫʚʘʣʴʥʠʤʠ ʦʧʨʘʚʢʘʤʠ ʨʽʚʝʥʴ ʢʦʣʠʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʞʦʨʩʪʢʽʩʪʶ ʪʘ ʢʦʣʠʚʘʥʥʷʤʠ ʩʘʤʦʾ ʦʧʨʘʚʢʠ, ʘ ʚʪʨʘʪʘ ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ ʚʠʥʠʢʘʻ ʚ ʦʩʥʦʚʥʦʤʫ 

ʥʘ ʬʦʨʤʽ ʾʾ ʢʦʣʠʚʘʥʴ. ʇʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʫ ʦʙʨʦʙʢʠ, 

ʘ ʜʦʚʞʠʥʘ ʯʠ ʛʣʠʙʠʥʘ ʦʪʚʦʨʫ ʚʠʟʥʘʯʘʻ ʚʠʣʽʪ ʢʦʥʩʦʣʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʣʽʪ ʢʦʥʩʦʣʽ 

ʚʠʙʠʨʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ, ʘ ʜʽʘʤʝʪʨ ʟʘ ʤʦʞʣʠʚʽʩʪʶ ʤʘʢʩʠʤʘʣʴʥʠʤ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ 

ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʰʢʦʜʥʝ 

ʚʽʜʚʝʜʝʥʥʷ ʩʪʨʫʞʢʠ ʪʘ ʜʦʩʪʘʪʥʽʡ ʨʘʜʽʘʣʴʥʠʡ ʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʢʘʟʘʥʽ ʦʙʤʝʞʝʥʥʷ 

ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ 

ʦʧʨʘʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

ʊʠʧʦʚʠʡ ʨʦʟʪʦʯʫʚʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʠʭ ʚʝʨʩʪʘʪʽʚ ʪʨʘʜʠʮʽʡʥʦʾ 

ʢʦʤʧʦʥʦʚʢʠ ʥʝ ʤʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʠʭ ʦʩʝʡ ʥʘʡʙʽʣʴʰʦʾ ʽ ʥʘʡʤʝʥʰʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚ ʧʣʦʱʠʥʽ, 

ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʩʽ ʦʧʨʘʚʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜ ʘʚʪʦʢʦʣʠʚʘʥʴ ʦʧʨʘʚʢʠ ʧʨʠ ʨʽʟʘʥʥʽ [1]. 

ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʥʩʦʣʴʥʠʤʠ 

ʙʦʨʰʪʘʥʛʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʜʦʤʽʥʫʶʯʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʮʝʩʫ 

ʨʦʟʪʦʯʫʚʘʥʥʷ ʥʘ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ ʪʨʘʜʠʮʽʡʥʦʾ ʢʦʤʧʦʥʦʚʢʠ (ʨʠʩ. 1,ʘ) ʪʘ 

ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. 

 
ʘ)      ʙ) 

ʈʠʩ. 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʨʦʟʪʦʯʫʚʘʥʥʷ ʥʘ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ 

(ʘ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ (ʙ) 
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ʄʦʜʝʣʴ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʩʠʩʪʝʤʘ ʟ ʪʨʴʦʤʘ ʩʪʝʧʝʥʷʤʠ 

ʚʽʣʴʥʦʩʪʽ. ɿʘ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʧʨʠʡʥʷʪʦ ʚʝʨʰʠʥʫ ʨʽʟʮʷ (ʪ. ʆ). ɺʽʩʴ ʆy ʥʘʧʨʘʚʣʝʥʦ ʧʦ 

ʥʦʨʤʘʣʽ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʚʽʩʴ ʆz ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʝʾ. ʉʠʣʘ ʨʽʟʘʥʥʷ ʈ(t) 

ʧʨʠʢʣʘʜʝʥʘ ʧʽʜ ʢʫʪʦʤ Ŭ ʜʦ ʦʩʽ ʆz, ʘ ʛʦʣʦʚʥʽ ʢʦʦʨʜʠʥʘʪʠ Oɖ1  ̔ʆɖ2 ʨʦʟʚʝʨʥʫʪʽ ʧʽʜ ʢʫʪʦʤ ɓ 

ʜʦ ʜʦʚʽʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ ʆy ̔ ʆz . ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [2] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʽ ʩʪʘʣʠʤʠ ʧʨʠ ʨʽʟʘʥʥʽ ʻ ʧʨʫʞʥʽ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʫ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

ɓ=Ŭ/2 ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʨʠʚʝʜʝʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʚ ʥʘʧʨʷʤʢʘʭ ʛʦʣʦʚʥʠʭ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ ʩmin/ʩmax å 0,7. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ɸʌʏʍ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʽʤʢʥʫʪʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʅʘʡʢʚʽʩʪʘ ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ ʙʦʨʰʪʘʥʛʠ ʥʘ ʟʘʧʘʩ ʩʪʘʣʦʩʪʽ ʧʦ ʘʤʧʣʽʪʫʜʽ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʩʪʘʣʠʤʠ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʻ ʧʨʫʞʥʽ ʩʠʩʪʝʤʠ 

ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʚʝʜʝʥʘ ʚʠʱʝ ʫʤʦʚʘ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʝʞʠʤʽʚ ʚʽʙʨʦʩʪʽʡʢʦʛʦ ʨʦʟʪʦʯʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ (ʨʠʩ. 1, ʙ) ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰʝ 100 ʤʤ ʥʘ 

ʚʘʞʢʦʤʫ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜʝʣʽ 1ʄ63. ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʧʨʘʚʢʠ, ʱʦ ʤʘʻ ʜʦʚʞʠʥʫ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ 250 ʤʤ ʪʘ ʜʽʘʤʝʪʨ 85 ʤʤ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʥʘʩʪʫʧʥʝ:  

- ʧʽʜʚʠʱʝʥʘ ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ; 

- ʨʘʮʽʦʥʘʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʞʦʨʩʪʢʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫

ʞʦʨʩʪʢʦʩʪʝʡ ʟʘ ʮʠʤʠ ʦʩʷʤʠ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʤʧʬʝʨʘ ʚ ʢʦʥʩʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʦʧʨʘʚʢʠ; 

- ʧʽʜʚʠʱʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʦʧʨʘʚʢʠ ʚ ʟʦʥʽ ʢʨʽʧʣʝʥʥʷ ʥʘ ʨʽʟʮʝʪʨʠʤʘʯʽ. 

ʈʦʟʨʘʭʫʥʢʠ ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ ʦʧʨʘʚʦʢ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʦʚʝʜʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

 - ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ ʚ ʥʘʧʨʷʤʢʫ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʟʙʽʣʴʰʝʥʘ ʚʜʚʽʯʽ ʜʦ 120 ʅ/ʤʢʤ; 

- ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʝʡ ʟʘ ʛʦʣʦʚʥʠʤʠ ʦʩʷʤʠ 

ʞʦʨʩʪʢʦʩʪʽ ʥʘʙʣʠʞʝʥʦ ʜʦ 0,7, ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʨʽʚʝʥʴ 

ʢʦʣʠʚʘʥʴ ʦʧʨʘʚʢʠ ʧʨʠ ʨʽʟʘʥʥʽ; 

- ʢʫʪ ʨʦʟʚʦʨʦʪʫ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʞʦʨʩʪʢʦʩʪʽ ʦʧʨʘʚʢʠ ~ 20
0
 ʚ ʪʦʯʮʽ ʨʽʟʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʠʢʣʠʢʘʻ ʚʽʜʪʠʩʢ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʜʝʪʘʣʽ;  

- ʚ ʢʦʥʩʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʦʧʨʘʚʢʠ ʚʠʢʦʥʘʥʦ ʦʪʚʽʨ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʤʧʬʝʨʘ, ʧʨʠ ʮʴʦʤʫ 

ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʣʦʚʠʥʠ ʜʽʘʤʝʪʨʫ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ ʦʧʨʘʚʢʠ [3]. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ 

ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʘʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʦʩʥʦʚʥʽ (ʥʠʞʥʽ) ʯʘʩʪʦʪʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 337 ɻʮ ʚ ʥʘʧʨʷʤʢʫ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ 348 ɻʮ ʚ 

ʥʘʧʨʷʤʢʫ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʏʘʩ ʟʘʪʫʭʘʥʥʷ ʢʦʣʠʚʘʥʴ ʢʦʥʩʦʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʦʧʨʘʚʢʠ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʤʧʬʝʨʘ ʩʢʦʨʦʯʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 30% , ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ ʩʘʤʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʧʨʘʚʢʠ ʟʘʨʝʻʩʪʨʫʚʘʣʠ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜ ʥʘ 2 ʪʘ 3 ʧʘʨʥʠʭ ʛʘʨʤʦʥʽʢʘʭ ʢʦʣʠʚʘʥʴ. ʇʨʦʚʝʜʝʥʽ ʪʝʩʪʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʨʽʟʘʥʥʽ 

ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʦʧʨʘʚʢʠ. 
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ʂʠʾʚ, 2009. ï ʩ. 16ï23. 
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ʇʝʨʤʷʢʦʚ ʆ.ɸ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʐʝʧʝʣʝʚ ɼ.ʂ., ʤʘʛʽʩʪʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, perm_a@i.ua 

ɯʱʝʥʢʦ ʄ.ɻ., ʛʦʣʦʚʥʠʡ ʪʝʭʥʦʣʦʛ 

ʇɸʊ çʊʫʨʙʦʘʪʦʤè, ʛ.ʍʘʨʴʢʦʚ, mikelmik@i.ua 

ʉʀʉʊɽʄɸʊʀɿɸʎɯʗ ʂʆʄʇʆʅʋɺɸʅʔ ʄʆɹɯʃʔʅʆɻʆ ʇʆʈʊɸʊʀɺʅʆɻʆ 

ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

ɸʢʪʫʘʣʴʥʠʤ ʚʠʨʦʙʥʠʯʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʚʦʜʫ çʊʫʨʙʦʘʪʦʤè ʻ ʨʝʤʦʥʪ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ 

ʪʫʨʙʦʘʛʨʝʛʘʪʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʢʦʨʜʦʥʦʤ. ʅʝʜʦʮʽʣʴʥʽʩʪʴ, ʘ ʽʥʦʜʽ ʽ 

ʪʝʭʥʽʯʥʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʝʤʦʥʪʘʞʫ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʭ ʧʦʪʦʯʥʠʡ 

ʨʝʤʦʥʪ ʚ ʫʤʦʚʘʭ ʟʘʚʦʜʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʠʤ ʽ ʻʜʠʥʦ ʤʦʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʙʽʣʴʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʥʦʚʣʝʥʠʭ 

ʽ ʧʨʠʻʜʥʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʜʝʤʦʥʪʫʻʤʠʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ 

ʪʫʨʙʦʘʛʨʝʛʘʪʽʚ. 

ʇʦʥʷʪʪʷ ʧʨʦ ʙʣʦʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʚʝʨʩʪʘʪʘ ʽ ʩʧʦʩʦʙʠ ʩʧʦʣʫʯʝʥʥʷ ʙʣʦʢʽʚ ʜʦʟʚʦʣʷʻ 

ʧʦʟʥʘʯʘʪʠ ʙʫʜʴ-ʷʢʫ ʢʦʤʧʦʥʦʚʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʥʠʭ ʬʦʨʤʫʣ (ʧʦ ʖ.ɼ.ɺʨʘʛʦʚʫ). 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʤʧʦʥʫʚʘʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʬʦʨʤʫʣʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ ʧʦʟʥʘʯʝʥʴ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ɯʉʆ. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʢʦʤʧʦʥʫʚʘʥʥʷ - ʮʝ ʧʝʚʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʤʚʦʣʽʚ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʙʣʦʢʠ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʷʢʘ ʨʦʟʢʨʠʚʘʻ ʢʦʦʨʜʠʥʘʪʥʫ 

ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʽ ʩʧʦʩʽʙ ʩʧʦʣʫʯʝʥʥʷ ʙʣʦʢʽʚ. ʆʯʝʚʠʜʥʦ ʜʘʥʠʡ ʧʦʭʽʜ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʢʦʤʧʦʥʦʚʦʢ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʤʦʥʪʫ 

ʥʝʜʝʤʦʥʪʫʻʤʠʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʪʫʨʙʦʘʛʨʝʛʘʪʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ 

ʚʝʨʩʪʘʪʽʚ ʻ ʤʦʙʽʣʴʥʽʩʪʴ ʘʙʦ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʤʽʩʮʝʤ ʩʣʫʞʙʠ ʨʝʤʦʥʪʦʚʘʥʦʾ 

ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʨʦʣʴ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʙʣʦʢʫ (ʩʪʘʥʠʥʠ) ʚʝʨʩʪʘʪʘ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʩʘʤʘ 

ʜʝʪʘʣʴ, ʱʦ ʨʝʤʦʥʪʫʻʪʴʩʷ. 

ɺʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʢʦʤʧʦʥʦʚʦʢ ʤʦʙʽʣʴʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʟʘ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʟ ʤʝʪʦʶ 

ʪʠʧʽʟʘʮʽʾ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʽ ʫʥʽʬʽʢʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʚʝʨʩʪʘʪʽʚ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʥʝʜʝʤʦʥʪʫʻʤʠʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʪʫʨʙʦʘʛʨʝʛʘʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʟʘʚʦʜʽ çʊʫʨʙʦʘʪʦʤè ʢʦʤʧʦʥʦʚʦʢ ʤʦʙʽʣʴʥʦʛʦ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʥʦʚʣʝʥʠʭ ʽ 

ʧʨʠʻʜʥʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʜʝʤʦʥʪʫʻʤʠʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ 

ʪʫʨʙʦʘʛʨʝʛʘʪʽʚ: ʨʦʟʪʦʯʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʜʣʷ ʩʧʽʣʴʥʦʾ ʦʙʨʦʙʢʠ ʦʩʴʦʚʠʭ ʦʪʚʦʨʽʚ ʫ 

ʬʣʘʥʮʝʚʦʤʫ ʟ'ʻʜʥʘʥʥʽ ʚʘʣʫ ʛʝʥʝʨʘʪʦʨʘ ʽ ʚʘʣʫ ʪʫʨʙʽʥʠ ʛʽʜʨʦʘʛʨʝʛʘʪʘ ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʦʾ 

ɻɽʉ; ʜʨʠʣʷ ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʚ ʮʠʣʽʥʜʨʽ ʽ ʢʦʨʧʫʩʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʃɸʈɼɾɯ ɻɽʉ 

(ɯʥʜʽʷ); ʚʝʨʩʪʘʪʘ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʘʟʘ ʧʽʜ ʰʥʫʨ ʫʱʽʣʴʥʶʚʘʯʘ ʚ ʥʠʞʥʴʦʤʫ ʢʽʣʴʮʽ 

ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʘʧʘʨʘʪʫ ʛʽʜʨʦʪʫʨʙʽʥʠ ʂʨʝʤʝʥʯʫʮʴʢʦʾ ɻɽʉ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʢʦʤʧʦʥʫʚʘʥʴ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʆʣʽʡʥʠʢ ʉ.ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, dgma.tm.su.oleynik@gmail.com 

ʇɯɼɺʀʑɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɸʅʊʀʌʈʀʂʎɯʁʅʆɰ 

ʇʆɺɽʈʍʅɯ ʇɯɼʐʀʇʅʀʂɯɺ ʈɯɼʀʅʅʆɻʆ ʊɽʈʊʗ ɿ ɹɸɹɯʊʋ ɹ83 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ 

ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ (ʜʽʘʤʝʪʨ ʚʠʱʝ 500 ʤʤ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʚ ʷʢʦʩʪʽ ʦʧʦʨʠ ʚʘʣʢʽʚ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʽ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʤ. ɺʠʩʦʢʽ ʚʠʤʦʛʠ 

ʜʦ ʢ̫ʦʩʪʽ ʧʦʚʝʨʭʥʽ ʦʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʚʘʞʢʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʚ 

ʤʘʰʠʥʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʯʥʦʩʪʽ, 

ʰʦʨʩʪʢʦʩʪʽ, ʬʦʨʤʠ ʥʝʦʙʭʽʜʥʦ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʰʘʨʫ ʧʨʦʚʦʜʠʪʠ ʡʦʛʦ 

ʜʦʜʘʪʢʦʚʫ ʦʧʦʨʷʜʞʫʚʘʣʴʥʫ ʦʙʨʦʙʢʫ. ʉʝʨʝʜ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʻ: ʤʝʪʦʜʠ ʧʦʚʝʨʭʥʝʚʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʇʇɼ). ʂʨʽʤ ʪʦʛʦ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʚ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʣʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ (ʇʈʊ) [1, 2], ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ ʇʇɼ, ʱʦ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʝʩʫʯʘ ʜʽʷ ʤʘʩʣʷʥʦʛʦ ʢʣʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʨʪʷ ʤʽʞ ʚʪʫʣʢʦʶ ʪʘ ʮʘʧʬʦʶ, ʘʣʝ 

ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ, ʨʝʚʝʨʩʫ ʤʘʰʠʥʠ ʪʘ ʚʧʨʦʜʦʚʞ ʝʪʘʧʫ ʧʨʠʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʷʢʠʡ ʤʘʻ 

ʛʦʩʪʨʦʢʫʪʢʦʚʫ ʚʝʣʠʢʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʠʭ ʚʢʣʶʯʝʥʴ ʰʚʠʜʢʦ ʨʫʡʥʫʻʪʴʩʷ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʪʝʨʪʷ ʤʽʞ ʚʪʫʣʢʦʶ ʪʘ ʮʘʧʬʦʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʜʦʧʫʩʢʫ 

ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʪʘ ʰʦʨʩʪʢʦʩʪʽ, ʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʪʨʫʜʦʤʽʩʪʢʠʡ ʧʨʦʮʝʩ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʨʦʟʢʦʯʫʚʘʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʢʣʘʜʠʰʽʚ ʧʽʜʰʠʧʥʠʢʽʚ 

ʢʦʚʟʘʥʥʷ [3] ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ 

ʨʦʟʢʦʯʫʚʘʥʥʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʥʘ ʝʪʘʧʽ ʦʩʪʘʪʦʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ 

ʬʦʨʤʠ ʪʘ ʪʦʯʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, 

ʧʦʜʨʽʙʥʝʥʥʷ ʡʦʛʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʧʝʨʝʥʦʩʫ ʧʦʭʠʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʧʦʚʝʨʭʥʶ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ. ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʦʟʢʦʯʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʚʦʤʘ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ï ʢʫʣʴʢʦʚʠʤʠ ʨʦʟʢʘʪʢʘʤʠ. ʈʦʟʢʘʪʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜ ʟʘʜʘʥʠʤ ʢʫʪʦʤ 

ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʨʦʟʢʦʯʫʚʘʥʥʷ. ʇʝʨʰʘ ʨʦʟʢʘʪʢʘ ʫ ʩʢʣʘʜʽ 

ʤʘʻ ʜʘʪʯʠʢ ʪʠʩʢʫ - ʚʽʥ ʚʠʢʦʥʫʻ ʨʦʣʴ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ ʚʠʷʚʣʷʻ ʧʦʭʠʙʢʫ. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ 

ʧʨʘʮʶʻ ʟʘ çʧʨʫʞʥʦʶè ʩʭʝʤʦʶ. ɯʥʰʘ ʨʦʟʢʘʪʢʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʢʘʣʽʙʨʫʻ ʪʘ 

ʧʨʘʮʶʻ ʟʘ çʞʦʨʩʪʢʦʶè ʩʭʝʤʦʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʧʦʭʠʙʢʫ ʬʦʨʤʠ ʜʝʪʘʣʽ, ʷʢ ʚ 

ʧʦʚʟʜʦʚʞʥʴʦʤʫ, ʪʘʢ ʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʪʠʥʽ ʜʦ ʟʘʷʚʣʝʥʦʾ ʪʦʯʥʦʩʪʽ ʟʘ ʢʨʝʩʣʝʥʠʢʦʤ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʭʠʙʢʠ ʬʦʨʤʠ, ʚʠʢʣʶʯʠʪʠ ʧʝʨʝʥʦʩ ʧʦʭʠʙʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʦʚʝʨʭʥʶ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ, ʟʤʝʥʰʠʪʠ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʧʦʜʨʽʙʥʠʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 
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ʇɯɼɺʀʑɽʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉʋ ʃɸɿɽʈʅʆɻʆ ʉʇʃɸɺʃɽʅʅʗ 

ʇʆʈʆʐʂʆɺʆɻʆ ʄɸʊɽʈɯɸʃʋ ʂɽʈʋɺɸʅʅʗʄ ʌʆʈʄʆʖ 

ɻɸɿʆʇʆʈʆʐʂʆɺʆɻʆ ʉʊʈʋʄɽʅʗ 

ʊʝʭʥʦʣʦʛʽʷ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʪʘʪʥʴʦ 

ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [1, 2] ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʥʘ 

ʧʨʦʮʝʩ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʻ: ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʨʦʰʢʫ, ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʟʘʩʦʙʫ ʜʦʩʪʘʚʢʠ 

ʧʦʨʦʰʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚ ʟʦʥʫ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʢʣʘʜʢʠ. 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʻ ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʟʘʩʦʙʫ ʜʦʩʪʘʚʢʠ ʧʦʨʦʰʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʫ ʟʦʥʫ 

ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʩʦʧʣʘ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ) [3]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʇɻʉʈ-3 ʙʫʚ ʦʙʨʘʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʢʚʘʟʽ-D-ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʇʽʩʦʯʠʥʩʴʢʦʛʦ ʜʣʷ 3-ʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʘʻ ʭʦʨʦʰʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (1) [4]. 

 
2

0

1 1

ʽ k i k i k

i i ij i j ii i

ʽ i j ii

y b b x b x x b x   (1) 

ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ; 

b0, bi, bij, bii  ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ; 

i, j ï ʽʥʜʝʢʩʠ. 

ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ 

ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ (ʊ). ɺ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʫ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ 

ʧʦʨʦʰʢʫ (ʭ1), ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʢʣʘʜʢʠ (ʭ2), ʛʝʦʤʝʪʨʽʷ ʢʫʪʽʚ ʫʪʚʦʨʶʶʯʠʭ ʩʦʧʣʘ 

(ʭ3). ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ b0, bi, bij, bii-ʤʦʜʝʣʽ (1) ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ [4]. ʈʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (xi) ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [5] (ʪʘʙʣ.1). 

ʉʪʫʧʽʥʴ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʇɻʉʈ-3, ʘ ʪʘʢʦʞ ʚʧʣʠʚ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʩʦʧʣʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ 

ʩʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʫ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʘʥʛʦʚʽʡ ʜʽʘʛʨʘʤʽ (ʨʠʩ. 1, ʘ) ʽ (ʨʠʩ. 1, ʙ) ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʘʙʣʠʮʷ 1 ï ʈʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʈʽʚʥʽ ʚʘʨʽʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ 

ʅʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ 

ʭ1 ʭ2 ʭ3 

ʈʦʟʤʽʨʥʽʩʪʴ ʛ/ʩ ʤʤ/ʩ ʛʨʘʜ. 

ʆʩʥʦʚʥʠʡ ʨʽʚʝʥʴ 0,3 2,0 40 

ɯʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ 0,1 1,0 10 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ 0,4 3,0 50 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ 0,2 1,0 30 
 

  
ʘ) ʙ) 

ʈʠʩ. 1 ï ʈʘʥʛʦʚʘ ʜʽʘʛʨʘʤʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʬʫʥʢʮʽʶ ʚʽʜʛʫʢʫ (ʊ) (ʘ) ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʧʣʘʚʣʝʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʊ) ʚʽʜ 

ʛʝʦʤʝʪʨʽʾ ʢʫʪʽʚ ʫʪʚʦʨʶʶʯʠʭ ʩʦʧʣʘ (ɸ) ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʽʜʢʣʘʜʢʠ (V) ʟ ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ ʧʦʨʦʰʢʫ 0,3 ʛ/ʩ. 
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ʈʆɿʊʀʉʂʅɯ ʆʇʈɸɺʂʀ ɯɿ ʉɽɻʄɽʅʊʅʀʄʀ ʎɸʅɻɸʄʀ ʊɸ ʂʆʅɯʏʅʀʄʀ 

ɹɸɻɸʊʆʇʈʆʌɯʃʔʅʀʄʀ ʇʆɺɽʈʍʅʗʄʀ ɿ ʈɯɺʅʆɺɯʉʅʀʄ ʂʆʅʊʋʈʆʄ 

ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʧʨʦʛʥʦʟʽʚ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʷ, ʘ ʩʘʤʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʦʪʦʨ-ʰʧʠʥʜʝʣʽʚ, 

ʰʚʠʜʢʦʜʽʶʯʠʭ ʧʨʠʚʦʜʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ, ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʢʦʤʧʦʥʦʚʦʢ 

ʚʝʨʩʪʘʪʽʚ ʟ ʤʝʭʘʪʨʦʥʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʽʥ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʚʫʟʣʽʚ ʚʝʨʩʪʘʪʘ ʻ ʟʘʪʠʩʢʥʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ, ʪʦʯʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʽ ʪ.ʜ. ʐʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʝʨʝʜ ʟʘʪʠʩʢʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʟʘʪʠʩʢʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʘʣʠ ʨʦʟʪʠʩʢʥʽ ʦʧʨʘʚʢʠ. ɺʦʥʠ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʪʦʢʘʨʥʽʡ, ʬʨʝʟʝʨʥʽʡ ʦʙʨʦʙʮʽ, ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʠʭ 

ʦʧʝʨʘʮʽʷʭ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʧʨʘʚʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʞʦʨʩʪʢʽ ʪʘ ʨʦʟʪʠʩʢʥʽ. ɾʦʨʩʪʢʽ ʦʧʨʘʚʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʥʽʯʥʠʤʠ ʽ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʜʣʷ ʧʦʩʘʜʢʠ ʟʘʛʦʪʦʚʦʢ ʟ ʛʘʨʘʥʪʦʚʘʥʠʤ ʥʘʪʷʛʦʤ 

ʯʠ ʟʘʟʦʨʦʤ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʨʦʟʪʠʩʢʥʠʭ ʦʧʨʘʚʦʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʣʠ ʮʘʥʛʦʚʽ ʨʦʟʪʠʩʢʥʽ ʦʧʨʘʚʢʠ ʟʘʚʜʷʢʠ 

ʧʨʦʩʪʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʦʞʣʠʚʦʩʪʽ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʦʢ ʽʟ ʟʥʘʯʥʠʤʠ ʜʦʧʫʩʢʘʤʠ ʥʘ ʦʪʚʽʨ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʠʯʥʦʩʪʽ ʧʨʠ ʟʘʪʠʩʢʫ [1]. ʉʝʨʝʜ ʮʘʥʛʦʚʠʭ ʨʦʟʪʠʩʢʥʠʭ 

ʦʧʨʘʚʦʢ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʾ ʦʧʨʘʚʦʢ ʽʟ ʩʝʛʤʝʥʪʥʠʤʠ ʨʦʟʪʠʩʢʥʠʤʠ 

ʮʘʥʛʘʤʠ ʪʘ ʢʦʥʫʩʥʠʤʠ ʧʝʨʝʜʘʚʘʣʴʥʦ-ʧʽʜʩʠʣʶʚʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʪʠʧʫ MANDO 

ʬʽʨʤʠ Hainbuch, ABSIS ʬʽʨʤʠ Roehm ʪʘ ʽʥ. ʊʘʢʽ ʦʧʨʘʚʢʠ ʤʘʶʪʴ ʚʟʘʻʤʥʦ ʨʫʭʦʤʽ ʟʘʪʠʩʢʥʽ 

ʧʦʚʝʨʭʥʽ, ʨʦʟʤʽʱʝʥʽ ʥʘ ʩʝʛʤʝʥʪʘʭ ʨʦʟʪʠʩʢʥʦʾ ʮʘʥʛʠ, ʷʢʽ ʧʨʠ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʢʠ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʦʩʽ ʦʧʨʘʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʮʘʥʛʠ 

ʚʟʜʦʚʞ ʢʦʥʫʩʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʪʘʢʦʶ ʦʧʨʘʚʢʦʶ 

ʟʘʛʦʪʦʚʮʽ, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʤʽʞ ʢʦʥʽʯʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʢʦʨʧʫʩʘ ʪʘ ʩʝʛʤʝʥʪʘʤʠ ʮʘʥʛʠ, ʘ ʪʘʢʦʞ ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ ʮʘʥʛʠ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ, ʧʦ ʷʢʽʡ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʪʠʩʢ. ʊʦʤʫ ʧʦʢʨʘʱʝʥʥʷ ʩʠʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʘʥʛʦʚʠʭ ʨʦʟʪʠʩʢʥʠʭ ʦʧʨʘʚʦʢ ʽʟ ʩʝʛʤʝʥʪʥʠʤʠ ʮʘʥʛʘʤʠ ʪʘ ʫʥʠʢʥʝʥʥʷ 

ʚʠʩʦʢʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ 

ʟʘʜʘʯʝʶ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧ ʟʘʤʽʥʠ ʢʦʥʫʩʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ, 

ʧʦ ʷʢʦʤʫ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʩʝʛʤʝʥʪʥʘ ʮʘʥʛʘ ʧʨʠ ʟʘʪʠʩʢʫ, ʥʘ ʢʦʥʽʯʥʽ ʙʘʛʘʪʦʧʨʦʬʽʣʴʥʽ 

ʧʦʚʝʨʭʥʽ ʟ ʨʽʚʥʦʚʽʩʥʠʤ ʢʦʥʪʫʨʦʤ (N-ʛʨʘʥʥʽ ʧʽʨʘʤʽʜʘʣʴʥʽ ʪʘ ʈʂ-ʧʨʦʬʽʣʴʥʽ ʧʦʚʝʨʭʥʽ). 

ɿʘʚʜʷʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʙʽʣʴʰʠʭ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ (ʧʨʠ 

ʪʠʭ ʩʘʤʠʭ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʘʭ ʦʧʨʘʚʢʠ), ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʘʯʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʯʝʧʣʝʥʥʷ, ʘ ʥʝ ʪʝʨʪʷ. ʆʧʨʘʚʢʠ ʟ ʪʘʢʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʤʘʶʪʴ ʽ ʽʥʰʽ 

ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ ʚʠʫɦ ʞʦʨʩʪʢʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʾ ʜʦʚʞʠʥʠ ʪʘ ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʥʮʠʧʫ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʮʘʥʛʦʚʦʾ ʨʦʟʪʠʩʢʥʦʾ 

ʦʧʨʘʚʢʠ ʽʟ ʩʝʛʤʝʥʪʥʦʶ ʮʘʥʛʦʶ ʪʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʧʽʨʘʤʽʜʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʅʘ ʦʩʥʦʚʽ 

ʨʦʟʛʣʷʜʫ ʩʭʝʤʫ ʜʽʾ ʩʠʣ ʚ ʩʪʘʪʠʮʽ ʥʘ ʟʘʪʠʩʢʥʠʡ ʩʝʛʤʝʥʪ ʨʦʟʪʠʩʢʥʦʾ ʮʘʥʛʠ ʧʽʩʣʷ ʚʠʙʽʨʢʠ 

mailto:voloshyn@tk.te.ua
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ʟʘʟʦʨʫ ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ ʨʦʟʪʠʩʢʥʦʾ ʮʘʥʛʠ ʪʘ ʟʘʛʦʪʦʚʢʦʶ (ʨʠʩ.1) ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ 

ʧʝʨʝʜʘʯʽ ʩʠʣ ʫ ʩʪʘʪʠʮʽ. 

 
ʈʠʩ. 1  ʉʭʝʤʘ ʧʝʨʝʜʘʯʽ ʩʠʣ ʧʨʠ ʟʘʪʠʩʢʫ ʫ ʮʘʥʛʦʚʽʡ ʨʦʟʪʠʩʢʥʽʡ ʦʧʨʘʚʮʽ  

ʈʘʜʽʘʣʴʥʘ ʩʠʣʘ ʟʘʪʠʩʢʫ ʦʜʥʠʤ ʩʝʛʤʝʥʪʦʤ ʮʘʥʛʦʚʦʾ ʨʦʟʪʠʩʢʥʦ ʾʦʧʨʘʚʢʠ: 

sincoscoscosfsin

cosfsinsincoscos
ST

2

1
,
    (1) 

ʜʝ S  ʦʩʴʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʩʝʛʤʝʥʪ ʮʘʥʛʠ; 

ɛ1, ɛ2, f  ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ; 

Ŭ  ʢʫʪ ʥʘʭʠʣʫ ʛʨʘʥʽ ʦʧʨʘʚʢʠ;  

ɓ  ʢʫʪ ʤʽʞ ʚʝʨʪʠʢʘʣʣʶ ʪʘ ʣʽʥʽʻʶ ʜʽʾ ʨʘʜʽʘʣʴʥʦʾ ʩʠʣʠ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʢʠ ʩʝʛʤʝʥʪʦʤ 

ʟʘʪʠʩʢʥʦʾ ʮʘʥʛʠ. 

ʆʪʨʠʤʘʥ ̔ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʫʤʘʨʥʦʾ 

ʩʪʘʪʠʯʥʦʾ ʨʘʜʽʘʣʴʥʦʾ ʩʠʣʠ ʟʘʪʠʩʢʫ ʚʽʜ 

ʦʩʴʦʚʦʾ ʩʠʣʠ ʧʨʠʚʦʜʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 

(ʱʝʧʣʝʥʥʷ) ʤʽʞ ʩʝʛʤʝʥʪʦʤ ʨʦʟʪʠʩʢʥʦʾ 

ʮʘʥʛʠ ʽ ʟʘʛʦʪʦʚʢʦʶ (ʨʠʩ.2), ʘ ʪʘʢʦʞ ʚʽʜ 

ʢʫʪʘ ʥʘʭʠʣʫ ʛʨʘʥʽ ʢʦʨʧʫʩʘ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ Õ2 ʚʽʜ 0,1 ʜʦ 0,25 ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʩʫʤʘʨʥʦʾ ʩʠʣʠ ʟʘʪʠʩʢʫ ʫ 1,46 

ʨʘʟʠ ʧʨʠ Ŭ=3 ʛʨʘʜ. ʪʘ ʫ 1,26 ʨʘʟʠ ʧʨʠ Ŭ=5 

ʛʨʘʜ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ Ŭ ʚʽʜ 3 ʜʦ 5 ʛʨʘʜ. ʊɆ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ 1,18 ʨʘʟ ʧʨʠ Õ2=0,15 ʪʘ ʫ 

1,16 ʨʘʟ ʧʨʠ Õ2=0,2. 

ɯʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ 

ʢʦʥʫʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʽ ʟʤʝʥʰʫʻ ʦʩʴʦʚʽ 

ʨʫʰʽʡʥʽ ʩʠʣʠ, ʦʜʥʘʢ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʠʥʘ ʻ ʟʤʝʥʰʝʥʥʷ ʪʝʨʪʷ 

ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʩʝʛʤʝʥʪʽʚ ʮʘʥʛʠ ʽ ʧʦʚʝʨʭʥʷʤʠ ʧʽʨʘʤʽʜʠ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʪʷ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʩʝʛʤʝʥʪʽʚ ʮʘʥʛʠ ʪʘ ʟʘʛʦʪʦʚʢʦʶ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɿʘʞʠʤʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ: 

ʤʦʥʦʛʨʘʬʠʷ/ [ʂʫʟʥʝʮʦʚ ʖ.ʅ., ɺʦʣʦʰʠʥ ɺ.ʅ., ʅʝʜʝʣʯʝʚʘ ʇ.ʄ., ʕʣʴ-ɼʘʭʘʙʠ ʌ.ɺ.] ï ɻʘʙʨʦʚʦ: 

çɺʘʩʠʣ ɸʧʨʠʣʦʚè, 2010. ï 724 ʩ. 

 
ʈʠʩ. 2. ï ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʘʪʠʯʥʦʾ 

ʩʫʤʘʨʥʦʾ ʨʘʜʽʘʣʴʥʦʾ ʩʠʣʠ ʟʘʪʠʩʢʫ  ʊɆ  

ʚʽʜ SɆ  ʪʘ Õ2 
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Ŭ=3 ʛʨʘʜ 

Õ1=0,1 

f=0,1 
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ʋɼʂ 669.018.25  

ʂʦʚʘʣʴʦʚ ɺ. ɼ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ  

ɺʘʩʠʣʴʯʝʥʢʦ
 
ʗ. ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʐʘʧʦʚʘʣʦʚ ʄ. ɺ. ʘʩʠʩʪʝʥʪ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ.ʂʨʘʤʘʪʦʨʩʴʢ, harleymax1979@gmail.com 

ɿʄɯʎʅɽʅʅʗ ʊɺɽʈɼʆʉʇʃɸɺʅʆɻʆ ʈɯɿɸʃʔʅʆɻʆ ɯʅʉʊʈʋʄɽʅʊʋ ɼʃʗ 

ɺɸɾʂʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ʆɹʈʆɹʂʀ ɯʄʇʋʃʔʉʅʀʄ 

ʄɸɻʅɯʊʅʀʄ ʇʆʃɽʄ 

ʇʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʾ ʚʘʨʪʦʩʪʽ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʧʨʦʩʪʦʶ ʧʨʠ ʟʘʤʽʥʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʚʝʣʠʢʦʶ ʚʘʨʪʽʩʪʶ ʩʘʤʦʛʦ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ɸʥʘʣʽʟ ʚʽʜʤʦʚ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ [1] ʧʦʢʘʟʫʻ, ʱʦ 

ʧʦʨʷʜ ʟ ʚʠʭʦʜʦʤ ʟ ʣʘʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʚʥʘʩʣʽʜʦʢ ʟʥʦʩʫ, ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ ʚʽʜʤʦʚ 

ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʢʨʠʭʢʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʧʣʘʩʪʠʥʠ, ʷʢʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʚʠʢʨʠʰʫʚʘʥʥʽ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ ʪʘ ʩʢʦʣʶʚʘʥʥʽ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʟʨʽʟʫ ʦʙʫʤʦʚʣʶʶʪʴ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʽ ʟʦʥʠ ʜʽʾ 

ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ [2]. ʐʣʷʭʘʤʠ ʦʪʨʠʤʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ 

ʚʝʨʩʪʘʪʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʽʜ ʚʚʘʞʘʪʠ ʦʙôʻʤʥʫ ʤʦʜʠʬʽʢʘʮʽʶ [3]. ʉʝʨʝʜ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʦʙôʻʤʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜ 

ʦʙʨʦʙʢʠ ʽʤʧʫʣʴʩʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ (ʆɯʄʇ). ɽʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʆɯʄʇ ʚ 

ʟʘʚʦʜʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʩʪʨʠʤʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʜʘʥʠʭ ʱʦʜʦ ʚʧʣʠʚʫ ʮʽʻʾ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʆɯʄʇ ʥʘ ʟʤʽʥʠ ʢʦʤʧʣʝʢʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʧʣʘʩʪʠʥʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [2] ʚ ʫʤʦʚʘʭ ʨʽʟʘʥʥʷ ʥʘ ʚʘʞʢʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʢʦʣʠ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʟʥʘʯʥʘ ʟʦʥʘ ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʜʽʾ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ, ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʻ ʤʽʮʥʽʩʪʴ ʚ ʫʤʦʚʘʭ 

ʨʦʟʪʷʛʫ ʘʙʦ ʟʛʠʥʫ.  

ʉʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʥʘ ʟʛʠʥ ʪʘ ʽʥʰʽ ʚʠʜʠ ʪʝʩʪʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʫ 

ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʫ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʾ, ʬʘʢʪʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʘ ʛʝʦʤʝʪʨʽʾ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ. ʉʧʽʣʴʥʦ ʟ ɯʇʄʽʮ ʽʤ. ɻ.ʉ.ʇʠʩʘʨʝʥʢʦ 

ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʣʘʩʪʠʥ ʥʘ ʪʨʴʦʭʪʦʯʢʦʚʠʡ ʟʛʠʥ. ʇʦʚʝʨʭʥʶ ʟ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ 

ʪʘ ʧʦʢʨʠʪʪʷʤ ʨʦʟʪʘʰʦʚʫʚʘʣʠ ʫ ʟʦʥʽ ʜʽʾ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ. ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʛʽʜʨʘʚʣʽʯʥʽʡ ʤʘʰʠʥʽ ZD-4 ʟ ʰʚʠʜʢʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 6,5é10 ʄʇʘ/ʩ (ʨʠʩ.1). ɺʠʧʨʦʙʫʚʘʣʠ 

ʪʨʠ ʧʘʨʪʽʾ ʧʣʘʩʪʠʥ ʢʽʣʴʢʽʩʪʶ ʧʦ 5 ʰʪ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʪʨʴʦʭʪʦʯʢʦʚʦʤʫ ʟʛʠʥʽ 

ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʟʤʽʥʥʠʭ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʫ ʬʦʨʤʽ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʢʫʪʥʠʢʘ 

(ʣʘʤʘʥʠʡ ʪʨʠʢʫʪʥʠʢ) ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ15ʂ6 ʙʝʟ ʧʦʢʨʠʪʪʷ ʟ ʨʦʟʤʽʨʘʤʠ  ʪʦʚʱʠʥʦʶ 

4,76ʤʤ. ɼʚʽ ʧʘʨʪʽʾ ʧʣʘʩʪʠʥ ʢʽʣʴʢʽʩʪʶ ʧʦ 6 ʰʪ. ʪʝʩʪʫʚʘʣʠʩʴ ʥʘ ʛʽʜʨʘʚʣʽʯʥʽʡ ʤʘʰʠʥʽ ZD-40 ʟ 

ʰʚʠʜʢʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 20é22 ʄʇʘ/ʩ (ʨʠʩ.2). ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʽʟ ʩʧʣʘʚʽʚ ʊ5ʂ10 ʪʘ ʊ15ʂ6 ʧʦʢʘʟʫʻ, ʱʦ 

ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʘ 

ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʥʽʞ ʤʽʮʥʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʠʟʤʘʪʠʯʥʠʭ ʟʨʘʟʢʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʣʝʥʥʷ ʪʘ 

ʫʤʦʚ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʤʽʮʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʥʘ 

10é50% ʚʽʜʥʦʩʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʥʘ 

ʟʛʠʥ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʦʢ ʡʦʛʦ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʨʽʟʘʥʥʷ. 
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ʈʠʩ. 1 ï ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʟʛʠʥ ʟʤʽʥʥʦʾ 

ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʊ5ʂ10  

ʈʠʩ. 2 ï ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʟʛʠʥ ʟʤʽʥʥʦʾ 

ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʊ15ʂ6  

ɼʣʷ ʧʣʘʩʪʠʥ ʟ ʊ15ʂ6 ʜʣʷ ʟʨʘʟʢʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʦʪʨʠʤʘʥʦ ʪʘʢʦʞ, ʱʦ ʟʥʘʯʝʥʥʷ ůʟʛ ʧʣ. 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʘ ʧʦʚʝʨʭʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʨʦʟʪʷʛʫ: ʧʨʠ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ʚ ʟʦʥʽ ʨʦʟʪʷʛʫ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ůʟʛ ʧʣ. ʩʪʘʥʦʚʠʪʴ 799 ʄʇʘ 

(ůʟʛ ʧʣ. ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʚ ʟʦʥʽ ʨʦʟʪʷʛʫ ʧʦʚʝʨʭʥʽ ʟ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ ï 642 ʄʇʘ). 

ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʩʧʦʩʽʙ ʤʦʜʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ5ʂ10 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ ʧʣʘʩʪʠʥʠ ʟ ʮʴʦʛʦ ʩʧʣʘʚʫ ʥʘ 16...27 % ʟʘʣʝʞʥʦ 

ʚʽʜ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ, ʘ ʦʙʨʦʙʢʘ ʆɯʄʇ ʟʘ ʜʨʫʛʠʤ ʨʝʞʠʤʦʤ ʧʽʜʚʠʱʠʣʘ ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ 

ʧʣʘʩʪʠʥʠ ʽʟ ʊ15ʂ6 ʥʘ 14%. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʧʽʩʣʷ ʆɯʄʇ ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʢʠʜ 

ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʆɯʄʇ ʧʦʚôʷʟʘʥʦ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ ʚ ʢʦʙʘʣʴʪʦʚʽʡ ʬʘʟʽ, ʯʪʦ 

ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ ʨʷʜʫ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ 

ʛʨʘʥʠʮʝʶ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʮʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʠʪʘʥʦʢʦʙʘʣʴʪʦʚʠʭ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʚʽʜʥʫʣʴʦʚʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ 

ʮʠʢʣʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʝʣʠʯʠʥʘ ʛʨʘʥʠʮʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ 

ʪʠʪʘʥʦʢʦʙʘʣʴʪʦʚʦʾ ʛʨʫʧʠ ʩʪʘʥʦʚʠʪʴ 60...75% ʚʽʜ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ [4]. ʎʝ ʜʘʻ 

ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʽʩʣʷ ʆɯʄʇ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʦʚʠʥʥʦ ʧʽʜʚʠʱʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [5]. ʇʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʨʽʟʮʽʚ, 

ʦʩʥʘʱʝʥʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʟ ʊ15ʂ6 ʙʝʟ ʧʦʢʨʠʪʪʷ ʤʝʪʦʜʦʤ çʨʫʡʥʫʶʯʦʾ 

ʧʦʜʘʯʽè [6].  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʂʣʠʤʝʥʢʦ ɻ.ʇ. ʆʩʥʦʚʳ ʨʘʮʠʦʥʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / ɻ.ʇ. ʂʣʠʤʝʥʢʦ. ï 

ʂʨʘʤʘʪʦʨʩʴʢ: ɼɻʄɸ,2006.ï 200 ʩ. 

2. ʃʦʣʘʜʟʝ ʊ.ʅ. ʇʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / ʊ. ʅ. ʃʦʣʘʜʟʝ. ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1982. ï 320ʩ. 

3. ʅʦʚʠʢʦʚ ʅ.ɺ. ʄʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʜʝʪʘʣʝʡ / ʅ. ɺ. 

ʅʦʚʠʢʦʚ, ɸ.ɸ.ɹʠʜʥʳʡ, ɹ.ɸ.ʃʷʰʝʥʢʦ ʠ ʜʨ. ï ʂʠʝʚ: ʀʉʄ ɸʅ ʋʉʉʈ, 1989. ï112 ʩ. 

4. ʃʦʰʘʢ ʄ.ɻ. ʇʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ / ʄ.ɻ.ʃʦʰʘʢ. ï ʂʠʝʚ : ʅʘʫʢ. ɼʫʤʢʘ, 

1984. ï 328 ʩ. 

5. ʈʦʜʽʯʝʚ ʖ.ʄ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ, ʦʙʨʦʙʣʝʥʠʭ ʽʤʧʫʣʴʩʥʠʤ 

ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ / ʈʦʜʽʯʝʚ ʖ.ʄ,.ʉʦʨʦʢʘ ʆ.ɹ., ʂʦʚʘʣʴʦʚ ɺ.ɼ., ɺʘʩʠʣʴʯʝʥʢʦ ʗ.ɺ. // ʅʘʜʽʡʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʂʨʘʤʘʪʦʨʩʴʢ-ʂʠʾʚ, 

2013. ï ɺʠʧ.31. ï ʉ.274-279. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

69 

ʋɼʂ 681.789 

ɹʦʥʜʘʨʝʥʢʦ ʄ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʝʣʴʥʠʢ ɯ.ɺ., ʧʨʦʚʽʜʥʠʡ ʩʧʝʮʽʘʣʽʩʪ ʅɼɯ 

ʍʘʥʜʶʢ ʄ.ɺ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ɹʦʥʜʘʨʝʥʢʦ ʖ.ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, maxxium23@gmail.com 

ʇɯɼɺʀʑɽʅʅʗ ɿʅʆʉʆʉʊɯʁʂʆʉʊɯ ʇʈɽʎʀɿɯʁʅʀʍ ɼɽʊɸʃɽʁ 

ʄɯʂʈʆʇʈʀʉʊʈʆɰɺ 

ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʝʮʠʟʽʡʥʠʭ ʜʝʪʘʣʝʡ ʤʽʢʨʦʧʨʠʩʪʨʦʾʚ (ʤʽʢʨʦʜʦʟʘ-

ʪʦʨʽʚ, ʥʘʩʦʩʽʚ, ʛʽʨʦʩʢʦʧʽʚ, ʪʦʱʦ), ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʙʘʟʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ 

ʜʝʪʘʣʝʡ ʫ ʧʨʠʣʘʜʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʚʠʩʦʢʠʭ ʘʙʦ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʠʩʢʽʚ, ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʧʠʣʫʚʘʪʦʩʪʽ, ʪʦʱʦ), ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʨʤʽʥʫ ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʾʭ ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ 

ʥʘʥʝʩʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʦʢʩʠʜʥʦʛʦ ʧʦʢʨʠʪʪʷ ʻ ʢʦʤʙʽʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʝʨʤʽʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʧʦʚʝʨʭʥʝʚʦʶ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʶ ʦʙʨʦʙʢʦʶ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʻ ʥʘʥʝʩʝʥʥʷ ʪʨʴʦʭʰʘʨʦʚʦʛʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʧʦʢʨʠʪʪʷ Al2O3, 

SiO2, TiO2, ʱʦ ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʛʽʜʨʦʬʦʙʥʽʩʪʴ, ʽ, ʨʘʟʦʤ ʟ ʪʠʤ, ʥʝ 

ʟʤʝʥʰʫʻ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʠʭ ʜʝʪʘʣʝʡ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʝʮʠʟʽʡʥʠʭ ʜʝʪʘʣʝʡ ʤʽʢʨʦʧʨʠʩʪʨʦʾʚ 

ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʪʝʨʤʦʚʘʢʫʫʤʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʧʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ 

ʧʦʢʨʠʪʪʽʚ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʦʢʨʠʪʪʷ Al2O3, SiO2 ʪʘ TiO2 ʪʦʚʱʠʥʦʶ 8-20 ʥʤ ʥʘʥʦʩʠʣʦʩʷ 

ʥʘ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʽ ʧʣʘʩʪʠʥʠ ʢʨʫʛʣʦʾ ʬʦʨʤʠ (ʜʽʘʤʝʪʨʦʤ 20 ʤʤ ʪʘ ʪʦʚʱʠʥʦʶ 1 ʤʤ) ʽʟ 

ʢʨʝʤʥʽʶ ʂʨ0 ʰʣʷʭʦʤ ʾʭ ʨʝʟʠʩʪʠʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʟ ʧʦʜʘʣʴʰʦʶ ʧʦʚʝʨʭʥʝʚʦʶ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʶ ʦʙʨʦʙʢʦʶ ʚ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ.  

ʅʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʪʘ ʝʣʝʢʪʨʦʥʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ 

ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʎʝʥʪʨ çʄʽʢʨʦʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷè, ʤ.ʏʝʨʢʘʩʠ), ʱʦ ʤʽʩʪʠʪʴ ʨʝʟʠʩʪʠʚʥʠʡ ʚʠʧʘʨʥʠʢ ʪʘ ʝʣʝʢʪʨʦʥʥʫ ʛʘʨʤʘʪʫ ʇʽʨʩʘ.  

ʇʣʘʩʪʠʥʘ ʟ ʢʨʝʤʥʽʶ (ʦʩʥʦʚʘ), ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʥʘʛʨʽʚʘʣʘʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 840 ʂ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʷ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʥʘʜ 

ʙʣʦʢʦʤ ʚʠʧʘʨʥʠʢʘ, ʜʝ ʥʘ ʧʨʦʪʷʟʽ 5é8 ʩʝʢ ʧʨʦʚʦʜʠʣʦʩʷ ʦʩʘʜʞʝʥʥʷ ʧʦʨʦʰʢʽʚ ʦʢʩʠʜʽʚ ʥʘ 

ʧʦʚʝʨʭʥʶ ʦʩʥʦʚʠ ʟʘ ʪʘʢʠʭ ʨʝʞʠʤʽʚ: ʩʪʨʫʤ ʨʦʟʽʛʨʽʚʫ ʚʠʧʘʨʥʠʢʘ ɯ = 185...305 ɸ; ʥʘʧʨʫʛʘ ʥʘ 

ʚʠʧʘʨʥʠʢʫ U = 20...26 ɺ; ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʠʧʘʨʥʠʢʘ ʜʦ ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ h = 120 ʤʤ; ʯʘʩ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 3...8 ʩ. ʆʩʘʜʞʝʥʥʷ ʦʢʩʠʜʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

SiO2 Ÿ Al2O3 Ÿ TiO2. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʦʩʥʦʚʘ ʙʝʟ ʟʫʧʠʥʢʠ ʧʝʨʝʤʽʱʘʣʘʩʷ ʥʘʜ 

ʝʣʝʢʪʨʦʥʥʦʶ ʛʘʨʤʘʪʦʶ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʦʚʝʨʭʥʶ ʜʽʷʚ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ 

ʧʦʪʽʢ ʩʪʨʽʯʢʦʚʦʾ ʬʦʨʤʠ (ʰʠʨʠʥʘ 3,0 ʤʤ, ʜʦʚʞʠʥʘ 60,0 ʤʤ). ɽʣʝʢʪʨʦʥʥʘ ʦʙʨʦʙʢʘ 

ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʪʘʢʠʭ ʨʝʞʠʤʽʚ: ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʈʧʠʪ = 3,5
.
10

3
 ɺʪ/ʤ

2
; ʩʪʨʫʤ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʫ ɯf = 36 ʤɸ, ʯʘʩ ʝʣʝʢʪʨʦʥʥʦʾ ʜʽʾ t = 1,2
.
10

-6
 ʩ; ʦʙʨʦʙʢʘ ʦʜʥʦʧʨʦʭʽʜʥʘ. ʊʘʢʘ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʦʙʨʦʙʢʘ ʜʦʟʚʦʣʷʻ ʚʧʣʘʚʣʶʚʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʦʢʩʠʜʥʽ ʰʘʨʠ ʚ ʤʘʪʝʨʽʘʣ 

ʦʩʥʦʚʠ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ ʾʭ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ. 
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ʄʽʢʨʦʛʝʦʤʝʪʨʽʷ ʧʦʚʝʨʭʥʽ ʥʘʥʝʩʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʧʨʠʣʘʜʽ çNT-206è (ʚʠʨʦʙʥʠʢ: ʊɼɺ çʄʠʢʨʦʪʝʩʪʤʘʰʠʥʳè, ɹʽʣʦʨʫʩʴ) ʟ 

ʢʨʝʤʥʽʻʚʠʤʠ ʟʦʥʜʘʤʠ çUltrasharp CSC38è. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʴʦʭʰʘʨʦʚʝ ʦʢʩʠʜʥʝ ʧʦʢʨʠʪʪʷ (ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ 40 ʥʤ) ʦʪʨʠʤʘʥʝ 

ʰʣʷʭʦʤ ʪʝʨʤʦʚʘʢʫʫʤʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʽ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʦʨʫʚʘʪʽʩʪʴ ʪʘ 

ʤʽʩʪʷʪʴ ʤʽʢʨʦʜʝʬʝʢʪʠ ʧʦʚʝʨʭʥʽ (ʪʨʽʱʠʥʠ, ʪʦʯʢʠ ʪʦʱʦ).  

ʇʨʠ ʮʴʦʤʫ, ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʘ ʤʽʢʨʦʥʝʨʽʚʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʩʢʣʘʜʘʻ 

6,7é14,3 ʥʤ. ʄʽʮʥʽʩʪʴ ʘʜʛʝʟʽʾ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ ʦʩʥʦʚʠ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʤʝʪʦʜʦʤ ʣʠʧʢʦʾ 

ʩʪʨʽʯʢʠ ʽ ʩʢʣʘʜʘʣʘ 1é2 ʢʣʘʩ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ 

ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʩʪʨʽʯʢʦʚʦʾ ʬʦʨʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʱʦ ʜʝʱʦ 

ʟʤʝʥʰʫʻ ʟʘʣʠʰʢʦʚʽ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʽ ʟ 3,6 ʥʤ ʜʦ 11,1 ʥʤ ʪʘ ʯʘʩʪʢʦʚʦ ʚʧʣʘʚʣʷʻ ʡʦʛʦ ʚ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʩʥʦʚʠ, ʯʠʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʜʦ 4é5 ʢʣʘʩʫ, ʨʠʩ.1. 

1 

 

2 

 
ʘ) 

 
ʙ) 

ʈʠʩ.1 ï ʄʽʢʨʦʨʝʣʴʻʬ (ʘ) ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ (SiO2-Al 2O3-TiO2) ʥʘ ʜʽʣʷʥʮʽ 1313 

ʤʢʤ ʢʨʝʤʥʽʾ ʂʨ0 ʪʘ ʧʨʦʬʽʣʴ ʧʦ ʮʽʡ ʜʽʣʷʥʮʽ ʧʦʚʝʨʭʥʽ (ʙ) ʜʦ (1) ʪʘ ʧʽʩʣʷ (2) ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʤʝʪʦʜʦʤ ʩʢʣʝʨʦʤʝʪʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʩʪʘʥʦʚʠʣʠ 18,3é24,2 ʫ.ʦ. ʜʣʷ ʥʝ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʧʦʢʨʠʪʪʽʚ, 28,6é31,9 ʫ.ʦ. ʜʣʷ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʙʫʣʠ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʢʨʝʤʥʽʡ ʂʨ0) ʩʪʘʥʦʚʠʣʘ 25,7 ʫ.ʦ. (ʪʘʢ, ʟʘ 100 ʫ.ʦ. ʧʨʠʡʤʘʣʘʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʘʣʤʘʟʫ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ 

ʢʨʝʤʥʽʶ ʂʨ0 ʟ ʥʘʥʝʩʝʥʠʤ ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʦʢʩʠʜʥʠʤ ʧʦʢʨʠʪʪʷʤ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤ 

ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʩʪʨʽʯʢʦʚʦʾ ʬʦʨʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ 1,8-3,4 

ʨʘʟʠ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʨʦʙʢʠ ʤʘʻ 

ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʟʙʘʚʣʝʥʘ ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʢʨʠʪʪʷʤ ʙʝʟ 

ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʨʦʙʢʠ. 

ʄʝʪʦʜʦʤ ʩʢʣʝʨʦʤʝʪʨʽʾ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʨʴʦʭʰʘʨʦʚʦʛʦ ʦʢʩʠʜʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʽʩʣʷ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 1,3é1,5 ʨʘʟʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʢʨʠʪʪʷʤ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʠʤ 

ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʪʘ ʫ 1,1é1,25 ʨʘʟʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʢʨʝʤʥʽʡ 

ʂʨ0), ʱʦ ʜʦʚʦʜʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʢʦʤʙʽʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘʥʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʫ ʚʘʢʫʫʤʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʧʨʝʮʠʟʽʡʥʠʭ ʜʝʪʘʣʝʡ ʤʽʢʨʦʧʨʠʩʪʨʦʾʚ. 
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ɸʉʇɽʂʊʀ ʊɸ ʂʈʀʊɽʈɯɰ ɺʀɹʆʈʋ ʇʈʀɺʆɼʅʆɰ ʉʀʉʊɽʄʀ ʋʉʊɸʅʆɺʆʂ 

ɺɯɹʈɸʎɯʁʅʆɰ ʆɹʈʆɹʂʀ ɼɽʊɸʃɽʁ  

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʨʧʫʩʥʠʭ ʣʠʪʠʭ ʽ ʟʚʘʨʥʠʭ ʜʝʪʘʣʝʡ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʯʝʨʝʟ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʽ ʨʝʣʘʢʩʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ 

ʧʦʨʫʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʦʨʤ ʽ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʫ [1, 2]. 

ʗʢʽʩʪʴ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʙʽʨ ʪʘ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  ɺʽʜʦʤʦ, ʱʦ 

ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷʤ ʩʪʚʦʨʶʻ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʦʣʝ ʟʘʣʠʰʢʦʚʠʭ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʷʢʽ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʥʠʭ ʚʢʨʘʡ ʥʝʨʽʚʥʦʤʽʨʥʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʚʘʨʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  ʇʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʛ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʬʦʨʤʦʟʤʽʥʠ, ʪʦʙʪʦ ʢʦʥʩʪʨʫʢʮʽʷ ʟʤʽʥʶʻ ʩʚʦʶ ʬʦʨʤʫ ʽ ʤʦʞʝ 

ʚʠʡʪʠ ʟ ʧʦʣʷ ʜʦʧʫʩʢʽʚ [3, 4]. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʟʦʥʽ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʽ 

ʜʝʬʝʢʪʘʤʠ ʻ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʣʷ ʛʘʙʘʨʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ ʥʝ ʥʘʜʘʻ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʦʤ, ʚʠʩʪʫʧʘʶʯʠ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʠʤ 

ʤʝʪʦʜʦʤ, ʪʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʥʦʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʤʽʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʝʪʘʣʝʡ ʥʘ ʬʦʥʽ ʧʦʰʫʢʫ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʽ ʤʝʥʰ 

ʝʥʝʨʛʦʻʤʥʠʭ ʤʝʪʦʜʽʚ ʩʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ  ʚʽʙʨʘʮʽʡʥʫ ʦʙʨʦʙʢʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ, ʜʦʟʚʦʣʷʶʯʠ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ [1]. 

ɸʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʚʠʙʦʨʫ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʚʽʙʨʘʪʦʨʘ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʟʛʽʜʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʽʥʝʨʮʽʡʥʽ, ʝʢʩʮʝʥʪʨʠʢʦʚʽ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʧʥʝʚʤʘʪʠʯʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ, ʛʽʜʨʦʽʤʧʫʣʴʩʥʽ ʚʽʙʨʘʪʦʨʠ, ʽʥʝʨʮʽʡʥʦ-ʽʤʧʫʣʴʩʥʽ 

ʤʝʭʘʥʽʟʤʠ. ʉʠʩʪʝʤʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ, ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʪʠʧʦʤ 

ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʚʽʙʨʦʟʙʫʜʥʠʢʘ, ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʢʦʛʦ ʻ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ.  

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ [2]: 

 ʜʝʙʘʣʘʥʩʥʠʡ ʯʘʩʪʦʪʦʶ ʚʽʜ 5 ʜʦ 200 ɻʮ; 

 ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʯʘʩʪʦʪʦʶ ʚʽʜ 20 ʜʦ 1000 ɻʮ; 

 ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʯʘʩʪʦʪʦʶ ʚʽʜ 5  ʜʦ 5000 ɻʮ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʽʙʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʦʪʨʠʤʘʣʠ 

ʽʥʝʨʮʽʡʥʽ (ʜʝʙʘʣʘʥʩʥʽ) ʚʽʙʨʦʟʙʫʜʥʠʢʠ. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʠ 

ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʠʤʠ: 

 ʝʥʝʨʛʝʪʠʯʥʠʤ (ʟʘ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʧʝʨʝʜʘʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʶ); 

 ʘʤʧʣʽʪʫʜʥʠʤ (ʟʘ ʟʤʽʱʝʥʥʷʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʢʫ); 

 ʬʘʟʦʚʠʤ (ʟʘ ʟʤʽʥʦʶ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʤʽʞ ʚʠʤʫʰʝʥʦʶ ʩʠʣʦʶ ʽ ʚʠʤʫʰʝʥʠʤʠ 

ʢʦʣʠʚʘʥʥʷʤʠ).   

ɺ ʨʝʞʠʤʽ ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʚ ʢʦʣʠʚʘʣʴʥʠʭ ʨʝʞʠʤʘʭ, 

ʢʦʣʠ ʧʨʠʩʫʪʥʽʡ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʚ ʾʭ ʧʽʜʩʠʩʪʝʤʘʭ, ʪʦʤʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ 
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ʚʽʙʨʦʦʙʨʦʙʢʠ ʟ ʜʚʠʛʫʥʦʤ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʝʭʘʥʽʯʥʦʾ 

ʧʽʜʩʠʩʪʝʤ ʟ ʧʦʩʪʽʡʥʠʤ ʦʙʤʽʥʦʤ ʝʥʝʨʛʽʾ [5]. ɹʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʶ 

ʦʙʨʦʙʢʦʶ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʩʘʤʝ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʢʫ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚ 

ʜʝʪʘʣʴ. ʊʦʙʪʦ, ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʽʙʨʦʦʙʨʦʙʢʠ ʟ ʤʘʣʦʶ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʧʨʫʞʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʱʦ ʚʥʦʩʠʪʴ 

ʜʦʜʘʪʢʦʚʽ ʟʤʽʥʠ ʚ ʟʘʢʦʥ ʨʫʭʫ ʦʙʝʨʪʦʚʦʾ ʤʘʩʠ. ʂʨʽʤ ʪʦʛʦ ʧʨʫʞʥʽ ʣʘʥʢʠ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʧʨʠ ʢʨʫʪʠʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ, ʷʢʫ ʚ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʥʘ ʥʘʧʨʘʚʠʪʠ ʥʘ ʝʥʝʨʛʽʶ ʢʦʣʠʚʘʥʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʧʽʜʚʠʱʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʠʩʪʝʤʠ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʚ 

ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯʘʭ ʧʨʫʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʣʘʥʦʢ ʚʠʥʠʢʘʶʪʴ ʧʨʫʞʥʽ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʟʥʦʩʫ, ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʘ ʮʝ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ.  

ɿ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʤʘʩʠ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʧʨʫʞʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ, 

ʽʩʥʫʻ ʨʷʜ ʩʧʦʩʦʙʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʝʤʧʬʽʨʫʶʯʦʤʫ ʝʬʝʢʪʽ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʽʜʯʘʩ ʦʙʤʽʥʫ 

ʝʥʝʨʛʽʻʶ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ ʧʦʚʠʥʝʥ ʧʨʝʜʩʪʘʚʣʷʪʠʩʷ ʢʦʣʠʚʘʣʴʥʦʶ ʣʘʥʢʦʶ. ʇʨʠ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʦʩʦʙʽ ʢʝʨʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ 

ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʚʠʪʨʘʯʝʥʦʾ ʥʘ ʨʝʣʘʢʩʘʮʽʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ 

ʚʨʘʭʫʚʘʥʥʷ ʜʝʤʧʬʽʨʫʶʯʦʛʦ ʝʬʝʢʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʥʽʤʫʤʫ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʚʽʙʨʦʟʙʫʜʥʠʢʘ ʽ ʤʘʢʩʠʤʫʤʫ ʜʠʩʠʧʘʮʽʾ ʚʩʝʨʝʜʠʥʽ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʱʦ ʛʘʨʘʥʪʫʻ ʙʽʣʴʰʽ ʤʽʢʨʦʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʢʦʤʧʝʥʩʘʮʽʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [6].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ  

ʚʽʙʨʦʢʦʤʧʣʝʢʩʽʚ ʩʪʘʻ ʘʥʘʣʽʟ ʽ ʩʠʥʪʝʟ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʟʜʘʪʥʦʾ ʩʧʽʣʴʥʦ ʟ 

ʤʝʭʘʥʽʯʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʧʝʨʝʜʘʪʠ ʤʘʢʩʠʤʫʤ ʝʥʝʨʛʽʾ ʚ ʜʝʪʘʣʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʥʝʨʛʽʶ 

ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ. ʇʨʠ ʚʠʙʦʨʽ ʚʽʙʨʦʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʙʨʦʟʙʫʜʥʠʢ ʜʝʙʘʣʘʥʩʥʦʛʦ ʪʠʧʫ,  ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʷʢʠʤ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʜʚʠʛʫʥʘ ɝɼ = 0,5; ʢʦʣʠʚʘʣʴʥʽʩʪʴ  ʚʘʨʽʶʻʪʴʩʷ  ʚʽʜ 2 ʜʦ 3; ʩʪʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʩʢʣʘʜʘʻ 0%; 

ʜʠʥʘʤʽʯʥʘ ʧʦʤʠʣʢʘ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 2 ʜʦ 4 %) ʪʘ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʤʽʞ ʜʚʠʛʫʥʦʤ ʽ ʜʝʪʘʣʣʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʧʽʜʩʠʩʪʝʤ, ʷʢʠʡ ʩʧʨʠʷʻ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʛʦ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ. 
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ʉʈɸɺʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʁ ʀɿɻʆʊʆɺʃɽʅʀʗ ʉʊɸʃʔʅʆɻʆ ɼʀʉʂɸ ʂʆʃɽʉɸ 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʠʩʢʘ ʢʦʣʝʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ: 1 ï ʦʪʨʝʟʥʘʷ (ʨʘʩʢʨʦʡ ʣʠʩʪʘ ʥʘ 

ʢʘʨʪʳ); 2 - ʚr ʨʫʙʢʘ (ʚʳʨʫʙʢʘ ʟʘʛʦʪʦʚʢʠ ʜʠʩʢʘ ʠʟ ʢʘʨʪʳ); 3 ï ʨʘʩʢʘʪʢʘ (ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ 

ʥʘ ʨʘʩʢʘʪʥʳʭ ʤʘʰʠʥʘʭ); ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ï 3 ï ʚr ʪʷʞʢʘ (ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʣʦʩʢʦʡ 

ʟʘʛʦʪʦʚʢʠ ʜʦ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʜʠʩʢʘ ʚ ʰʪʘʤʧʘʭ ʥʘ ʧʨʝʩʩʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ); 4 ï ʪʦʢʘʨʥʘʷ 

(ʧʨʦʪʘʯʠʚʘʥʠʝ ʪʦʨʮʘ ʜʠʩʢʘ ʜʦ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ); 5 ï ʧʨʦʙʠʚʢʘ ʚʝʥʪʠʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ; 6 ï 

ʯʝʢʘʥʢʘ ʟʘʫʩʝʥʠʮ ʚʝʥʪʠʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ; 7 ï ʧʨʦʙʠʚʢʘ ʢʨʝʧʝʞʥʳʭ ʦʪʚʝʨʩʪʠʡ; 8 ï ʧʨʦʙʠʚʢʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ; 9 ï ʧʨʘʚʢʘ ʜʠʩʢʘ ʚ ʰʪʘʤʧʝ; 10 ï ʪʦʢʘʨʥʘʷ ʧʦ ʨʘʩʪʦʯʢʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠ ʩʥʷʪʠʷ ʬʘʩʢʠ; 11 ï ʩʚʝʨʣʠʣʴʥʘʷ (ʩʥʷʪʠʝ ʬʘʩʢʠ ʢʨʝʧʝʞʥʳʭ 

ʦʪʚʝʨʩʪʠʡ). ʊ.ʝ. ʪʝʭʥʦʣʦʛʠʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʦʧʝʨʘʮʠʝʡ ˉ 3 ï ʩʧʦʩʦʙʦʤ ʧʨʠʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʠʟʥʘʯʘʣʴʥʦ ʧʣʦʩʢʦʡ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʚ 

ʜʠʩʢ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ. 

ʆʙʘ ʚʘʨʠʘʥʪʘ ʬʦʨʤʦʚʢʠ ʜʠʩʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. 

ʆʜʥʘʢʦ, ʥʝʠʟʙʝʞʥʦʝ ʫʪʦʥʝʥʠʝ ʜʝʪʘʣʠ ʚ ʦʧʘʩʥʦʤ ʩʝʯʝʥʠʠ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʣʝʛʯʠʪʴ 

ʜʠʩʢ ʢʦʣʝʩʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʥʘʯʘʣʴʥʦʡ ʟʘʛʦʪʦʚʢʠ. ʊʘʢ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ɸʆ çʂʨʝʤʝʥʯʫʛʩʢʠʡ ʢʦʣʝʩʥʳʡ ʟʘʚʦʜè, ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʦʧʝʨʘʮʠʷ çʨʘʩʢʘʪʥʘʷè ʥʘ ʨʘʩʢʘʪʥʳʭ ʤʘʰʠʥʘʭ ï ʟʘʛʦʪʦʚʢʘ ʪʦʣʱʠʥʦʡ 

13 ʤʤ ï ʪʦʣʱʠʥʘ ʦʢʦʣʦ ʪʦʨʮʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʦ 6,0Ñ0,1 ʤʤ, ʪʦʣʱʠʥʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚ 

ʦʧʘʩʥʦʤ ʩʝʯʝʥʠʠ ʜʦ 9,5Ñ0,1 ʤʤ; ʦʧʝʨʘʮʠʷ çʚʳʪʷʞʢʘè ʥʘ ʢʨʠʚʦʰʠʧʥʳʭ ʧʨʝʩʩʘʭ ï 

ʥʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʟʘʛʦʪʦʚʢʠ 14 ʤʤ ï ʪʦʣʱʠʥʘ ʦʢʦʣʦ ʪʦʨʮʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʦ 6,5Ñ0,1 ʤʤ, 

ʪʦʣʱʠʥʘ ʚ ʦʧʘʩʥʦʤ ʩʝʯʝʥʠʠ ʜʦ 9Ñ0,1 ʤʤ. ʈʘʟʤʝʨ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣ ʥʝ ʤʝʥʝʝ 25 ʰʪ. ʧʦ 

ʢʘʞʜʦʤʫ ʚʘʨʠʘʥʪʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ 

Ŭ=0,05. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʱʠʥʘ ʟʘʛʦʪʦʚʢʠ ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʘ 27 %, ʚʦ 

ʚʪʦʨʦʤ ï ʥʘ 36 %.  

ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʢʘʪʢʠ ʜʠʩʢʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠ ʚʳʛʣʷʜʠʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʝʨʝʜ ʚʳʪʷʞʢʦʡ, ʪʘʢ ʢʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʷ ʤʝʪʘʣʣʘ, ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʘʝʪʩʷ ʚʝʩ ʢʦʣʝʩʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ [1, 3]. ʅʦ, ʪʘʢ ʢʘʢ ʪʠʧ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʠʡʥʳʡ, ʪʦ ʨʘʩʢʘʪʥʦʡ ʩʪʘʥʦʢ 

ʠʣʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʘʥʦʚʷʪʩʷ çʫʟʢʠʤ ʤʝʩʪʦʤè ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʛʦ ʜʠʩʢʘ ʥʘ ʨʘʩʢʘʪʥʦʤ ʩʪʘʥʢʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 

ʊh ʪ = 9 ʤʠʥ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʨʝʩʩʝ ʊʰʪ = 0,34 ʤʠʥ., ʦʪʩʶʜʘ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʪʘʥʦʚʢʝ ʥʝʩʢʦʣʴʢʠʭ, ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʨʘʩʢʘʪʥʳʭ ʤʘʰʠʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʦʠʤʦʩʪʴ ʜʘʚʠʣʴʥʦʡ ʤʘʰʠʥʳ ʚ 10 ï 15 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʢʨʠʚʦʰʠʧʥʦʛʦ ʧʨʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʦʧʝʨʘʮʠʡ. ʉʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ʉ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʩʦʢʨʘʱʘʶʪʩʷ 

ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ [2]. 
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ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʩʪʘʣʴʥʦʛʦ ʜʠʩʢʘ ʢʦʣʝʩʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʞʜʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʧʨʠʤʝʥʷʝʤʦʤʫ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ɯʅɾɽʅɽʈɯʗ ʇʆɺɽʈʍʅɯ ɼɽʊɸʃɽʁ ʇɯʉʃʗ ʌʈʀʂʎɯʁʅʆɻʆ 

ɽʃɽʂʊʈʆɯʄʇʋʃʔʉʅʆɻʆ ɺʀɻʃɸɼɾʋɺɸʅʅʗ ɿ ʄʆɼʀʌɯʂʋɺɸʅʅʗʄ 

ɼʀʉʋʃʔʌɯɼʆʄ ʄʆʃɯɹɼɽʅʋ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʬʦʨʤʫʚʘʚʩʷ ʥʦʚʠʡ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤʦʢ, ʘ ʩʘʤʝ ʽʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ [1]. ɺ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʟʤʽʮʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʷʢʠʭ ʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʽʚ. ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙ̔ ʚ ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ  ̒

ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʦʥʴ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʝʪʘʣʣʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʟʤʽʮʥʝʥʠʭ ʬʨʘʛʤʝʥʪʽʚ [2]. 

ɺ.ʈ. ɽʜʽʛʘʨʦʚʠʤ [3] ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʨʠʢʮʽʡʥʦ-ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ. ɺʽʜʧʦʚʽʜʥʦ ʟ ʮʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ 

ʥʘʥʦʩʠʪʴʩʷ ʜʠʩʧʝʨʩʥʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʟ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ ʟ ʥʘʩʪʫʧʥʦʶ 

ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʧʦʚʝʨʭʦʥʴ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʟʤʽʥʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʝʪʘʣʣʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ 

ʟ ʥʘʥʝʩʝʥʥʷʤ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʫ ʟ ʥʘʩʪʫʧʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ 

ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʝʪʘʣʣʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ 

ʥʘ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜ. 1ʂ625. ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟ ʢʨʫʛʣʦʛʦ 

ʧʨʦʢʘʪʫ ʟʽ ʩʪʘʣʽ 40ʍʅ ɻʆʉʊ 4543-71 ʫ ʥʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ. 

ɿʘʛʦʪʦʚʢʠ ʫʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʥʘ ʦʧʨʘʚʮʽ ʪʘ ʟʘʢʨʽʧʣʶʚʘʣʠʩʴ ʚ ʪʨʠʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ. 

ʇʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ 

ʦʙʨʦʙʣʷʣʠʩʴ ʯʠʩʪʦʚʠʤ ʪʦʯʽʥʥʷʤ ʜʦ Rʘ = 2,5 ʤʢʤ. 

ɼʣʷ ʣʦʢʘʣʴʥʦʛʦ ʨʦʟʽʛʨʽʚʫ ʟʦʥʠ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʪʨʫʤʫ (ʨʠʩ.1, ʘ). ɯʥʜʝʥʪʦʨ ʚʠʛʣʘʜʞʫʚʘʯʘ ʚʠʢʦʥʘʥʠʡ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ15ʂ6 (ʨʠʩ. 1,ʙ). 

ɺʠʛʣʘʜʞʫʚʘʯ ʽʟʦʣʴʦʚʘʥʠʡ ʪʝʢʩʪʦʣʽʪʦʚʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ ʚʽʜ ʨʽʟʮʝʪʨʠʤʘʯʘ ʚʝʨʩʪʘʪʘ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟ ʥʘʥʝʩʝʥʥʷʤ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʠʧʫ 2
3
. 

ʊʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʦʙʨʦʙʮʽ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍʅ ʙʫʣʠ: ʩʠʣʘ ʩʪʨʫʤʫ X1(I): çïè 

ï 100ɸ, ç+è ï 200ɸ; ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʘʥʥʷ ʧʣʘʩʪʠʥʠ X2(ʈ): çïè ï 250ʅ, ç+è ï 500ʅ; 

ʧʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ X3(s): çïè ï 0,14 ʤʤ/ʦʙ, ç+è ï 0,23 ʤʤ/ʦʙ.  ɯʥʰʽ ʫʤʦʚʠ ʚʠʛʣʘʜʞʫʚʘʥʥʷ: 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʟʘʛʦʪʦʚʢʠ n=40 ʭʚ
-1
, ʯʘʩʪʦʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ 20 ɻʮ, ʰʧʘʨʫʚʘʪʽʩʪʴ ï 

2, ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 3é9 ɺ.  

ʗʢ ʤʦʜʠʬʽʢʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʫ (MoS2). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 400-

600 
0
ʉ ʚʽʥ ʦʢʠʩʣʶʻʪʴʩʷ ʥʘ ʧʦʚʽʪʨʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʤʦʣʽʙʜʝʥʫ (Moʆ3). ʊʦʙʪʦ, ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʟʤʽʮʥʝʥʽ ʬʨʘʛʤʝʥʪʠ 

ʜʠʩʫʣʴʬʽʜʦʤ ʤʦʣʽʙʜʝʥʫ, ʪʘʢ ʡ ʬʨʘʛʤʝʥʪʠ ʟ ʦʢʩʠʜʦʤ ʤʦʣʽʙʜʝʥʫ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʟʤʽʮʥʝʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʨʝʞʠʤʽʚ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷ [4]. 

       
ʘ)       ʙ) 

ʈʠʩ.1 ï ʆʩʥʘʱʝʥʥʷ ʜʣʷ ʚʠʛʣʘʜʞʫʚʘʥʥʷ: ʘ) ʛʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʙ) ʚʠʛʣʘʜʞʫʚʘʯ 

ɺʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʠʢʦʥʫʚʘʣʦʩʴ ʧʨʦʬʽʣʦʤʝʪʨʦʤ-ʧʨʦʬʽʣʦʛʨʘʬʦʤ ʤʦʜ. 

TR200. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ 

   0,7529 0,3388 0,0021 0,2079Ra I P S   (1) 

ʜʝ Ra ï ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʤʢʤ; 

I ï ʩʠʣʘ ʩʪʨʫʤʫ, ɸ; 

ʈ ï ʟʫʩʠʣʣʷ ʧʨʠʪʠʩʢʘʥʥʷ ʧʣʘʩʪʠʥʠ, ʅ; 

S ï ʧʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ ʽʥʩʪʨʫʤʝʥʪʘ, ʤʤ/ʦʙ. 

ʈʽʚʝʥʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ ʇʄʊ-3 ʤʝʪʦʜʦʤ 

ʈʦʢʚʝʣʣʘ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 100 ʛ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʙʫʣʘ ʚ ʤʝʞʘʭ 3,5é7,7 ɻʇʘ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ, ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 2é2,12 ɻʇʘ. ʐʘʨ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʛʣʠʙʠʥʽ ʚʽʜ 0,03 ʜʦ 0,15 ʤʤ ʤʘʚ ʥʘʡʙʽʣʴʰʫ ʪʚʝʨʜʽʩʪʴ, ʜʦʩʷʛʘʶʯʠ 6,0é7,7 

ɻʇʘ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. 

ɺʠʢʦʥʘʥʦ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʜʠʩʫʣʴʬʽʜʫ ʤʦʣʽʙʜʝʥʫ, ʘ ʪʘʢʦʞ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʦʪʨʠʤʘʥʘ ʚʥʘʩʣʽʜʦʢ 

ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. 
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ʂɯʅɽʄɸʊʀʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʉʂʃɸɼʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ɿ ʇʃʆʉʂʀʄʀ 

ʉʊʈʋʂʊʋʈʅʀʄʀ ɻʈʋʇɸʄʀ ɺʀʑʆɻʆ ʂʃɸʉʋ 

ɼʦ ʚʠʤʦʛ, ʟʘ ʷʢʠʤʠ ʧʦʚʠʥʥʦ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ ʽʩʥʫʶʯʝ ʘʙʦ ʧʨʦʝʢʪʫʚʘʪʠʩʴ ʥʦʚʝ 

ʦʙʣʘʜʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ: ʨʦʟʰʠʨʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʤʘʰʠʥ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʣʘʜʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʪʝʭʥʦʣʦʛʦʫʪʚʦʨʶʶʯʠʭ ʦʨʛʘʥʽʚ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ ʟʘʢʦʥʽʚ ʨʫʭʫ. ʉʢʣʘʜʥʽʩʪʴ ʟʘʢʦʥʽʚ ʪʘ ʨʫʭʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʥʘʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʩʭʝʤʘʭ ʤʝʭʘʥʽʟʤʽʚ ʤʘʰʠʥ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʣʘʥʦʢ. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʰʠʥ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʩʢʦʥʘʣʽʩʪʶ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ 

ʣʘʥʦʢ ʧʣʦʩʢʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟ ʷʢʠʭ ʦʩʪʘʥʥʽ ʩʢʣʘʜʘʶʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʨʦʟʨʦʙʣʝʥʠʤʠ ʻ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʘʜ ʘʙʦ ʜʚʦʧʦʚʦʜʢʦʚʠʭ ʛʨʫʧ.  

ɿʥʘʡʜʝʥʽ ʪʘ ʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ, ʜʦ ʷʢʠʭ ʥʘʜʭʦʜʠʪʴ 

ʯʦʪʠʨʠ ʣʘʥʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʛʨʫʧʠ 3 ʢʣʘʩʫ 3 ʧʦʨʷʜʢʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʩʪʨʫʢʪʫʨʥʦ 

ʩʠʥʪʝʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ. 

ʉʪʨʫʢʪʫʨʥʽ ʛʨʫʧʠ ʯʝʪʚʝʨʪʦʛʦ ʪʘ ʙʽʣʴʰʝ ʢʣʘʩʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʥʘʜʭʦʜʷʪʴ ʯʦʪʠʨʠ ʘʙʦ 

ʙʽʣʴʰʝ ʣʘʥʦʢ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʙʦ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʭʘʥʽʟʤʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟ ʽʥʰʦʛʦ ï ʥʝ 

ʤʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʚôʷʟʘʥʦ ʪʘʢʝ ʟ 

ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʫʪʚʦʨʝʥʽ ʯʦʪʠʨʤʘ, ʰʽʩʪʴʤʘ ʽ ʙʽʣʴʰʝ 

ʣʘʥʢʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ.  

ʅʝʜʦʩʪʘʪʥʷ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʻ ʬʘʢʪʦʨʦʤ ʩʪʨʠʤʫʚʘʥʥʷ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʠʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚ, 

ʟʦʢʨʝʤʘ, ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʠʪʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ, ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʦʩʢʠʭ 

ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʯʝʪʚʝʨʪʦʛʦ ʪʘ ʚʠʱʝ ʢʣʘʩʽʚ ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ. 

ʇʠʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʟʤʽʚ ʚʠʱʦʛʦ ʢʣʘʩʫ ʧʨʠʩʚʷʯʫʻʪʴʩʷ ʨʷʜ ʨʦʙʽʪ [1, 2, 3], 

ʟʦʢʨʝʤʘ ʤʝʭʘʥʽʟʤʽʚ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [4, 5].  

ɿʘʜʘʯʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʣʦʩʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʣʠʰʘʶʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤʠ ʪʦʤʫ, ʱʦ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʱʦʛʦ 

ʢʣʘʩʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʙʠʨʘʪʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʦʨʠʛʽʥʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ 

ʦʜʥʦʯʘʩʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʩʧʦʩʦʙʽʚ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʯʝʪʚʝʨʪʦʛʦ ʪʘ ʚʠʱʝ ʢʣʘʩʽʚ 

ʥʘʞʘʣʴ ʥʘ ʩʫʯʘʩʥʠʡ ʤʦʤʝʥʪ ʥʝ ʽʩʥʫʻ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʦʢ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʠʱʦʛʦ ʢʣʘʩʫ 
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ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʦʩʦʙʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʪʘ 

ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ ɸʩʩʫʨʘ ʽ ʧʦʣʦʞʝʥʴ ʢʫʨʩʫ 

ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʧʨʦ ʤʠʪʪʻʚʽ ʮʝʥʪʨʠ ʰʚʠʜʢʦʩʪʝʡ (ʄ.ʎ.ʐ.) ʽ ʧʨʠʩʢʦʨʝʥʴ (ʄ.ʎ.ʇ.).  

ɺʠʟʥʘʯʘʻʤʦ ʧʦʣʦʞʝʥʥʷ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ ɸʩʩʫʨʘ ʩʢʣʘʜʥʦʾ ʣʘʥʢʠ ʥʘ ʧʣʘʥʘʭ ʧʦʣʦʞʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʰʚʠʜʢʦʩʪʝʡ ʽ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʇʦʣʦʞʝʥʥʷ ʄ.ʎ.ʐ. ʦʜʥʽʻʾ ʟ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʮʽʻʾ ʣʘʥʢʠ, ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʽʥʰʠʭ ʣʘʥʦʢ, ʜʣʷ ʷʢʠʭ ʻ ʤʦʞʣʠʚʠʤ ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʝʡ ʮʠʭ 

ʪʦʯʦʢ ʟʘ ʚʝʣʠʯʠʥʦʶ ʽ ʥʘʧʨʷʤʢʦʤ ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ, ʷʢʠʤʠ ʟôʻʜʥʘʥʽ 

ʰʘʪʫʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʚ ʩʢʣʘʜʥʦʤʫ ʤʝʭʘʥʽʟʤʽ. 

 ɿʘ ʧʦʣʦʞʝʥʥʷʤʠ ʄ.ʎ.ʐ. ʥʘ ʧʣʘʥʽ ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʪʘ ʧʦʣʶʩʦʤ ʧʣʘʥʫ ʰʚʠʜʢʦʩʪʝʡ 

ʤʦʞʥʘ ʟʘ ʫʤʦʚ ʦʙʨʘʥʦʾ ʧʦʤʠʣʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʰʘʪʫʥʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ  

ʜʽʡʩʥʠʡ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʰʘʪʫʥʘ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʧʣʘʥ ʰʚʠʜʢʦʩʪʝʡ ʤʝʭʘʥʽʟʤʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ ʩʢʣʘʜʘʻʤʦ ʚʝʢʪʦʨʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʽʥʰʦʾ ʪʦʯʢʠ ʮʽʻʾ ʣʘʥʢʠ, ʦʜʥʘʢ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʣʘʥʢʠ ʻ ʥʝʚʽʜʦʤʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʚʠʟʥʘʯʠʪʠ ʜʽʡʩʥʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʧʣʘʥʽ ʧʨʠʩʢʦʨʝʥʴ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. 

 ɿʘʜʘʻʤʦʩʷ ʭʠʙʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʪʦʯʢʠ ʥʘ ʣʽʥʽʾ ʾʾ ʤʦʞʣʠʚʠʭ ʧʦʣʦʞʝʥʴ ʥʘ ʧʣʘʥʽ 

ʧʨʠʩʢʦʨʝʥʴ. ɿʘ ʧʦʜʽʙʥʽʩʪʶ ʚʠʟʥʘʯʘʻʤʦ ʤʦʞʣʠʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʄ.ʎ.ʇ. ʣʘʥʢʠ ʥʘ ʧʣʘʥʽ 

ʧʦʣʦʞʝʥʥʷ (ʥʘ ʧʣʘʥʽ ʧʨʠʩʢʦʨʝʥʴ ʪʦʯʢʘ ʄ.ʎ.ʇ. ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʶʩʦʤ ʧʣʘʥʫ). 

 ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʟʥʘʡʜʝʥʝ ʧʦʣʦʞʝʥʥʷ ʄ.ʎ.ʇ. ʥʘ ʧʣʘʥʽ ʧʦʣʦʞʝʥʴ ʤʝʭʘʥʽʟʤʫ ʪʘ 

ʧʦʚʪʦʨʶʻʤʦ ʧʦʙʫʜʦʚʫ ʥʘ ʧʣʘʥʽ ʧʨʠʩʢʦʨʝʥʴ ʜʣʷ ʦʙʨʘʥʦʾ ʪʦʯʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʚʝʢʪʦʨ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʠʩʢʦʨʝʥʥʷ ʜʘʥʦʾ ʪʦʯʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʣʦʞʝʥʥʷ 

ʄ.ʎ.ʇ., ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʤʠʣʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʶ ʦʙʨʘʥʦʾ ʪʦʯʢʠ ʥʘ ʧʣʘʥʽ ʧʨʠʩʢʦʨʝʥʴ. 

ɸʥʘʣʦʛʽʯʥʝ ʧʦʚʪʦʨʝʥʥʷ ʚʠʢʣʘʜʝʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʽʡʩʥʝ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʰʘʪʫʥʘ ʥʘ ʧʣʘʥʽ ʧʨʠʩʢʦʨʝʥʴ ʽ ʟʜʽʡʩʥʠʪʠ ʢʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʥʦʛʦ 

ʧʣʦʩʢʦʛʦ ʤʝʭʘʥʽʟʤʫ.  

ʇʝʨʝʚʘʛʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄ.ʎ.ʐ. ʪʘ ʄ.ʎ.ʇ. ʧʦʣʷʛʘʻ ʚ ʟʤʝʥʰʝʥʥʽ ʦʙôʻʤʽʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʧʦʙʫʜʦʚ, ʪʦʤʫ ʱʦ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʠʭ ʚʝʣʠʯʠʥ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ʰʘʪʫʥʘ ʤʝʭʘʥʽʟʤʫ ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ ʨʫʭʦʤʽ ʣʘʥʢʠ ʩʪʨʫʢʪʫʨʥʦʾ ʛʨʫʧʠ. 

ɺʠʢʣʘʜʝʥʠʡ ʚʠʱʝ ʩʧʦʩʽʙ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʧʣʦʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʛʨʫʧʘʤʠ ʚʠʱʦʛʦ ʢʣʘʩʫ ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʪʘ ʽʥʰʠʭ ʘʥʘʣʦʛʽʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʚʠʱʠʭ ʢʣʘʩʽʚ. 
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ʆʉʆɹɽʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ʈɽʄʆʅʊʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ - ʫʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʝ ʨʘʟʨʘʙʦʪʘʥʘ ʝʜʠʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʙʘʟʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʅʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʫʪʠ ʠ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ, ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʤʦʥʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʡ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʨʝʤʦʥʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʫʯʥʫʶ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʜʛʦʪʦʚʢʠ ʨʝʤʦʥʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ. ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʯʝʥʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʩʨʦʢ ʨʘʟʨʫʰʝʥʠʷ ʜʝʪʘʣʝʡ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʦʡ ʟʘʤʝʥʦʡ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ɼʊʉ) ʜʦʣʞʝʥ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ 

ʛʠʙʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʙʘʟʠʨʦʚʘʥʠʝ ʥʘ ʩʪʘʨʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʕɹʊʆ) [1].   

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʘʨʘʞʥʦʛʦ ʠ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʥʠʬʠʢʘʮʠʶ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʜʝʪʘʣʝʡ, ʩʙʦʨʦʯʥʳʭ 

ʝʜʠʥʠʮ, ʙʣʦʢʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ ʚ ʮʝʣʦʤ. ʋʥʠʬʠʢʘʮʠʷ ɻʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʠʚʝʜʝʥʠʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʯʘʩʪʠʯʥʘʷ, ʢʦʤʧʣʝʢʩʥʘʷ ʠ ʦʧʝʨʝʞʘʶʱʘʷ ʫʥʠʬʠʢʘʮʠʷ. ʏʘʩʪʠʯʥʘʷ ʫʥʠʬʠʢʘʮʠʷ ɻʆ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʱʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʦʙʱʥʦʩʪʠ ʧʦ ʨʘʟʤʝʨʥʳʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ 

ʯʘʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ɻʆ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ɻʆ, ʵʪʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʫʥʠʬʠʢʘʮʠʶ... ʄʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɻʆ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʙʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʦʪʜʝʣʴʥʳʭ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʤʦʜʫʣʝʡ, ʘ ʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʝʜʠʥʠʮ ɻʆ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʦ ʊʆ ʠ ʈ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʤʦʥʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʪʫʝʪʩʷ ʤʘʛʘʟʠʥʦʤ ʦʪʜʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʦʜʫʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʨʘʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʫʩʢʦʨʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɻʆ 

ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʠʩʢʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [2]. ʇʦʠʩʢ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥ, ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʩʠʥʪʝʟʦʤ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ.  
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʁʄʆɺɯʈʅɯʉʅʆ-ʉʊɸʊʀʉʊʀʏʅʀʍ ʄɽʊʆɼɯɺ ʆʎɯʅʂʀ 

ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʊʆʏʅʆʉʊɯ 

ʈʆɿʄɯʈɯɺ ɼɽʊɸʃɽʁ ʇʈʀ ʆɹʈʆɹʎɯ ʈɯɿɸʅʅʗʄ 

ɺ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʨʽʟʘʥʥʷʤ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʽ ʪʘ ʚʠʧʘʜʢʦʚʽ 

ʧʦʭʠʙʢʠ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʨʦʟʤʽʨʥʠʡ ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʧʨʦʛʠʥʘʥʥʷ ʜʝʪʘʣʽ ʧʽʜ ʚʧʣʠʚʦʤ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʽʥʰʝ ʤʦʞʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʜʙʘʯʠʪʠ ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ ʾʭ ʫʩʫʥʫʪʠ ʘʙʦ ʟʤʝʥʰʠʪʠ. ɸʣʝ 

ʽʩʥʫʶʪʴ ʡ ʚʠʧʘʜʢʦʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʦʛʨʽʰʥʦʩʪʽ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ɯʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ 
ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʤʝʪʦʶ ʡʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʡʤʦʚʽʨʥʦʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʘ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʷʢʽʩʪʴ ʚʠʨʦʙʫ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʧʨʠ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʽ. ʉʫʯʘʩʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʪʦʯʥʦʩʪʽ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠ 

ʟʘʢʦʥʠ ʾʭʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʨʽʟʥʠʭ ʢʚʘʣʽʪʝʪʽʚ ʪʦʯʥʦʩʪʽ: ɻʘʫʩʘ, ʉʽʤʧʩʦʥʘ ʪʘ ʨʽʚʥʦʤʽʨʥʠʡ 

[1]. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʣʢʦʤ ʜʦʮʽʣʴʥʝ, ʘʣʝ ʽʩʥʫʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ 

ʨʝʟʫʣʴʪʘʪʠ ʤʘʩʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ 

ʨʦʟʤʽʨʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʥʦʚʽʡ ʤʦʜʝʣʽ ʨʦʟʧʦʜʽʣʫ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ, 

ʦɦ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʨʽʟʘʥʥʷʤ,  ʥʘ ʙʘʟʽ ʷʢʦʾ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ  

ʚ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ï ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺ ʨʦʙʦʪʘʭ [2, 3, 4] ʥʘʜʘʥʦ ʥʦʚʫ ʤʦʜʝʣʴ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ X  - 

ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʮʽʥʢʠ ʾʾ ʧʘʨʘʤʝʪʨʽʚ: 

 

1

1

0 ( , ),

1
( ) 1 [ , ],

1
1 ( , ],

k

k

ʧʨʠ x b c

k x a
f x ʧʨʠ x b a

c b b a

k x a
ʧʨʠ x a c

c b c a

 (1) 

ʜʝ a  ʤʦʜʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ,  

b  ʥʠʞʥʷ  ʛʨʘʥʠʮʷ ʨʦʟʤʽʨʫ,  

c  ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʨʦʟʤʽʨʫ,  

k  ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʤʦʜʝʣʽ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ [5] ʥʘʜʘʥʠʭ ʬʦʨʤʫʣʘʭ 

ʨʦʟʨʘʭʫʥʢʫ ʤʝʜʽʘʥʥʦʾ ʚʝʣʠʯʠʥʠ:  

 

1

( ) 1 / ( ) 0,5
k

med
med med

x a
x b k x a c b

b a
ʧʨʠ medb x a   (2) 
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ʘʙʦ 

 

1

( ) 1 / ( ) 0,5
k

med
med med

x a
x b k x a c b

c a
ʧʨʠ meda x c. (3) 

ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʭʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ (ʨʠʩ. 1) ʪʘ ʤʝʪʦʜʠʢʘ ʥʘʩʪʨʦʶʚʘʥʥʷ ʚʝʨʩʪʘʪʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʭʦʜʫ 

ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ ʟʘ ʧʦʣʝ ʜʦʧʫʩʢʫ: 

1. ʅʘʩʪʨʦʶʻʤʦ ʚʝʨʩʪʘʪ ʥʘ ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʟʤʽʨ ʜʝʪʘʣʽ. 

2. ɺʠʨʦʙʣʷʻʤʦ ʙʽʣʴʰ ʥʽʞ 5 ʚʠʨʦʙʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʚʝʣʠʯʠʥʽ ʨʦʟʤʽʨʫ. 

3. ɿʥʘʭʦʜʠʤʦ ʥʠʞʥʶ ʛʨʘʥʠʮʶ ʨʦʟʤʽʨʫ, ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʷʢʽʩʪʴ. 

4. ɺʠʟʥʘʯʘʻʤʦ ʚʝʣʠʯʠʥʫ ʨʽʟʥʠʮʽ ɗ ʤʽʞ ʥʠʞʥʴʦʶ ʛʨʘʥʠʮʝʶ ʧʦʣʷ ʜʦʧʫʩʢʫ ʪʘ ʥʠʞʥʴʦʶ 

ʛʨʘʥʠʮʝʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʷʢʦʩʪʽ. 

5. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʶʻʤʦ ʤʝʜʽʘʥʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʦʛʦ ʨʦʟʤʽʨʫ ʚʠʨʦʙʫ. 

6. ɿʥʘʭʦʜʠʤʦ ʚʝʣʠʯʠʥʫ ʥʘʩʪʨʦʶʚʘʥʥʷ ʚʝʨʩʪʘʪʫ, ʚʠʟʥʘʯʘʶʯʠ ʩʫʤʫ ʤʝʜʽʘʥʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʪʘ ʚʝʣʠʯʠʥʠ ɗ. 

 
ʈʠʩ  1. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʫ ʥʘʩʪʨʦʡʢʠ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʫ ʜʝʪʘʣʝʡ 

ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʙʨʘʢʫ.  

 
ʈʠʩ. 2  ʉʭʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʫ ʜʝʪʘʣʝʡ 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʄʘʪʘʣʠʥ ɸ.ɸ. ʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ: ʋʯʝʙʥʠʢ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʊʝʭʥʦʣʦʛʠʷ, ʤʝʪʘʣʣʦʨʝʞʫʱʠʝ ʩʪʘʥʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳè [ʊʝʢʩʪ] / ɸ.ɸ. ʄʘʪʘʣʠʥ. ï 

ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʃʝʥʠʥʛʨ. ʦʪʜ-ʥʠʝ, 1985. ï 496ʩ. 

2. ʃʘʤʥʘʫʵʨ ʅ.ʖ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʜʟʝʣʠʡ [ʊʝʢʩʪ] / ʅ.ʖ. ʃʘʤʥʘʫʵʨ // 

ɺʠʩʦʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ: ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʍʘʨʢʽʚ, ʅʊʋ çʍʇɯè, 2012. ï

ɺʠʧ.1(22). ï ʉ.177-181. 

3. ʃʘʤʥʘʫʵʨ ʅ.ʖ. ʄʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠʟʜʝʣʠʡ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ [ʊʝʢʩʪ] / ʅ.ʖ. ʃʘʤʥʘʫʵʨ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ ʚʠʧʫʩʢ: ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚ ʪʝʭʥʽʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2012. ï ˉ27.ï ʉ. 98-107. 

4. ʃʘʤʥʘʫʝʨ ʅ.ʖ. ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ [ʊʝʢʩʪ] / ʅ.ʖ. ʃʘʤʥʘʫʝʨ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɹʨʘʢ ʟʘ 

ʪʦʯʥʩ̔ʪʁ  

ʨʦʟʤ̔ʨʫ 

ʜʝʪʘʣʝʡ 

ɿʘ ʚʠʙʽʨʢʦʶ 

ʨʦʟʤʽʨʽʚ 

ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʮʽʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ (1) 

ɺʠʟʥʘʯʝʥʥʷ  

ʚʝʣʠʯʠʥʠ  

ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʩʪʘʥʢʘ 

  

ʉʪʘʪʠʯʥʘ 

ʥʘʩʪʨʦʡʢʘ 

ʩʪʘʥʢʘ ʥʘ  

ʫʩʪʘʥʦʚʦʯʥʠʡ 

ʨʦʟʤ̔ʨ 

ɼʝʪʘʣʽ ʟ 

ʟʘʜʘʥʦʶ 

ʪʦʯʥʽʩʪʶ 

ʨʦʟʤʽʨʫ 

  

ʆʙʝʩʧʝʯʝʥʠʝ  
ʪʨʝʙʫʝʤʦʡ 
ʪʦʯʥʦʩʪʠ 
ʣʠʥʝʡʥʦʛʦ 
ʨʘʟʤʝʨʘ  
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çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ ʚʠʧʫʩʢ: ʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʝʭʥʽʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2013. ï ̄ 54(1027).ï ʉ.134-143. 
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ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʏɽʉʊɺɸ ʐʃʀʌʆɺɸʅʀʗ ɿʋɹʏɸʊʓʍ ʂʆʃɽʉ ʂʈʋɻɸʄʀ ʀɿ 

ʂʋɹʀʏɽʉʂʆɻʆ ʅʀʊʈʀɼɸ ɹʆʈɸ  

ʐʣʠʬʦʚʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʦʙʢʘʪʘ ʥʘ 

ʟʫʙʦʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʜʚʫʤʷ ʘʙʨʘʟʠʚʥʳʤʠ ʢʨʫʛʘʤʠ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʨʫʛʦʚ ʠʟ 

ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ (ʂʅɹ) [1].  

ʐʣʠʬʦʚʘʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ, ʩʦʟʜʘʥʥʦʤ ʥʘ ʙʘʟʝ 

ʟʫʙʦʰʣʠʬʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ ʤʦʜʝʣʠ 5891 [2]. ʉʢʦʨʦʩʪʴ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ï vʢ = 27 ʤ/ʩ, 

ʛʣʫʙʠʥʘ ʰʣʠʬʦʚʘʥʠʷ ï t = 0,01ï0,1 ʤʤ, ʚʨʝʤʷ ʦʙʢʘʪʘ ʥʘ ʦʜʥʦʤ ʟʫʙʝ ï  = 3ï12 ʩ. ʇʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʫʛʠ ʪʠʧʘ 12ɸ2 - 20Á 225ʭ3ʭ3ʭ40 ʂʈ 125/100 ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

(ɺ2-08), ʢʝʨʘʤʠʯʝʩʢʦʡ (ʉ10) ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ (ʄ2-09) ʩʚʷʟʢʘʭ. ʐʣʠʬʦʚʘʣʠ ʟʫʙʯʘʪʳʝ 

ʢʦʣʝʩʘ ʠʟ ʩʪʘʣʠ ʍɺɻ (60 HRC) ʤʦʜʫʣʴ m = 6 ʤʤ, ʯʠʩʣʦ ʟʫʙʴʝʚ z = 21 ʟʫʙ. ʂʘʯʝʩʪʚʦ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʰʣʠʬʦʚʘʥʠʷ ʢʨʫʛʘʤʠ ʠʟ ʙʝʣʦʛʦ ʠ ʭʨʦʤʠʩʪʦʛʦ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ɺ2-08 ʧʨʠ ʯʝʨʥʦʚʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ 

ʜʦʩʪʠʛʘʝʪ Ra 1,50ï1,70, ʘ ʧʨʠ ʬʠʥʠʰʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ Ra 1,00ï1,10. ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʨʫʧʥʳʭ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ 

ʂʅɹ ʩ ʧʦʢʨʳʪʠʝʤ ʩʪʝʢʣʦʤ ʨʘʟʤʝʨʦʤ ʜʦ 0,5ï1 ʤʤ.  

ʐʣʠʬʦʚʘʥʠʝ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʉ10 ʩʥʠʞʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʵʚʦʣʴʚʝʥʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʜʦ 30 % ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ Ra 0,60ï0,70 ʥʘ 

ʬʠʥʠʰʥʳʭ ʨʝʞʠʤʘʭ.  

ɸʥʘʣʦʛʠʯʥʦʝ ʩʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʥʘ ʬʠʥʠʰʥʳʭ ʨʝʞʠʤʘʭ Ra 0,65ï0,75. ʇʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʟʝʨʥʠʩʪʦʩʪʠ ʂʅɹ 125/100, ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʥʴʰʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʯʝʤ ʢʨʫʛʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. ʇʨʠʤʝʥʝʥʠʝ 

ʭʨʦʤʠʩʪʦʛʦ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʧʦʚʳʰʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʵʚʦʣʴʚʝʥʪʥʦʛʦ ʧʨʦʬʠʣʷ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ ʜʦ 10 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʦʤ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ. ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʥʘ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʥʝ ʦʢʘʟʳʚʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʍʦʪʷ ʪʝʥʜʝʥʮʠʷ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ, ʧʨʠʯʝʤ ʜʣʷ ʢʨʫʛʦʚ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʦʣʝʝ ʟʘʤʝʪʥʦ.  

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʣʠʬʦʚʘʥʠʝ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʧʨʠ t = 0,01 ʤʤ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʫʙʴʝʚ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʥʝ 
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ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ. ʇʨʠ ʧʦʩʣʦʡʥʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʚ ʞʝʣʝʟʥʦʤ ʠ ʤʝʜʥʦʤ ʠʟʣʫʯʝʥʠʠ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ ʠ ʰʠ-

ʨʠʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʬʠʥʠʰʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʢʨʫʛʦʤ ʠʟ ʂʅɹ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʦʯʢʠ ɸ1ʩ 

ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʜʦ 0,1 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʷ 

ʚʪʦʨʠʯʥʦʡ ʟʘʢʘʣʢʠ, ʯʪʦ ʷʩʥʦ ʚʠʜʥʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ (ʚ ʞʝʣʝʟʥʦʤ 

ʠʟʣʫʯʝʥʠʠ) ʠ ʧʦʷʚʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʣʦʷ ʚʪʦʨʠʯʥʦʡ ʟʘʢʘʣʢʠ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʞʝʣʝʟʥʦʤ ʠʟʣʫʯʝʥʠʠ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʢʨʫʛʦʤ ʠʟ ʂʅɹ 

ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ ʜʦ 0,03 ʤʤ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʥʪʛʝʥʦʛʨʘʤʤ, 

ʩʥʷʪʳʭ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʭʣʘʞʜʝʥʠʝʤ. ʊʦʣʴʢʦ ʚ ʤʝʜʥʦʤ ʠʟʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ, ʘ ʥʘ ʤʠʢʨʦʰʣʠʬʘʭ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʩ t = 

0,05 ʤʤ ʚʠʜʥʳ ʩʣʝʜʳ ʚʪʦʨʠʯʥʦʡ ʟʘʢʘʣʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʢʨʫʛʘʤʠ ʠʟ ʙʝʣʦʛʦ 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʚʳʰʝ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ t = 0,01 ʤʤ ʚ 

ʞʝʣʝʟʥʦʤ ʠʟʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʫʞʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ ʠ 

ʧʦʚʳʰʝʥʠʝ ʜʦ 25 % ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʛʣʫʙʠʥʳ 

ʨʝʟʘʥʠʷ ʜʦ 0,1 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʷ ʚʪʦʨʠʯʥʦʡ ʟʘʢʘʣʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʣʠʬʦʚʘʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʨʝʟʘʥʠʷ t = 

0,1 ʤʤ ʠ ʙʦʣʝʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʛʣʫʙʠʥʘ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ ʧʨʝʚʳʰʘʝʪ ʧʨʠʧʫʩʢ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʠ ʩʦʩʪʘʚʣʷʝʪ 200 ʤʢʤ, ʢʦʪʦʨʳʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʪʘʢʘʷ 

ʚʝʣʠʯʠʥʘ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ ʚʦʟʥʠʢʘʝʪ ʫʞʝ ʧʨʠ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ ʙʦʣʝʝ 0,05 ʤʤ. ʇʦʵʪʦʤʫ 

ʯʝʨʥʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠʟ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʩ t = 

0,05 ʤʤ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʚʚʠʜʫ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ, ʥʝ 

ʫʜʘʣʷʝʤʦʛʦ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʦʙʨʘʙʦʪʢʠ. ʏʝʨʥʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ t = 0,05 ʤʤ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʚʦʟʤʦʞʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʜʝʬʝʢʪʥʳʡ ʩʣʦʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 20ï30 ʤʢʤ, ʢʦʪʦʨʳʡ ʚʧʦʣʥʝ ʤʦʞʥʦ 

ʫʜʘʣʠʪʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʟʫʙʦʰʣʠʬʦʚʘʥʠʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʠʟʫʯʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʇʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʚ ʪʦʥʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (1ï5 ʤʢʤ) ʚʦʟʥʠʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʦʥʠ 

ʜʦʩʪʠʛʘʶʪ 30010 ʄʇʘ, ʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʨʫʛʦʚ ʂʅɹ ï 1000 10 ʄʇʘ.  

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʟʫʙʦʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ. 

ʇʨʠ ʟʫʙʦʰʣʠʬʦʚʘʥʠʠ ʥʘ ʬʠʥʠʰʥʳʭ ʨʝʞʠʤʘʭ, ʧʨʠ t = 0,01 ʤʤ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʚʝʣʠʯʠʥʦʡ ʜʦ 20010 ʄʇʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʞʠʤʘʭ 

ʦʙʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ 

ʦʙʢʘʪʘ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ 

ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʥʘ 20% ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʣʠʬʦʚʘʥʠʝʤ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʬʠʥʠʰʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʘʤʠ ʠʟ ʂʅɹ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʟʫʙʴʝʚ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʥʝ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ, ʘ ʯʝʨʥʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʛʣʫʙʠʥʦʡ ʨʝʟʘʥʠʷ ʙʦʣʝʝ t = 0,05 ʤʤ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʚʚʠʜʫ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ. ʇʨʠ ʟʫʙʦʰʣʠʬʦʚʘʥʠʠ ʚ ʪʦʥʢʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (1ï5 ʤʢʤ) ʟʫʙʘ ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ, 
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ʢʦʪʦʨʳʝ ʥʘ ʛʣʫʙʠʥʝ 5ï8 ʤʢʤ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ʥʘ ʛʣʫʙʠʥʝ 20 ʤʢʤ 

100ï400 10 ʄʇʘ.  
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ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʅɸɿɽʄʅʀʍ ʈʆɹʆʊʀɿʆɺɸʅʀʍ ʂʆʄʇʃɽʂʉɯɺ ʅɸ 

ʆʉʅʆɺɯ ʈɸʎɯʆʅɸʃʔʅʀʍ ʉʇɯɺɺɯɼʅʆʐɽʅʔ ʐɺʀɼʂʀʍ ʇɽʈɽʄɯʑɽʅʔ 

ɺʀʂʆʅɸɺʏʆɻʆ ʆʈɻɸʅʋ ʊɸ ʁʆɻʆ ʊʆʏʅʀʍ ʄɯʂʈʆʇɽʈɽʄɯʑɽʅʔ 

ʅʘʟʝʤʥʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʪʝʣʝʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ. ʆʧʝʨʘʪʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʥʘʯʥʽʡ 

ʚʽʜʩʪʘʥʽ ʽ ʤʘʻ ʦʙʤʝʞʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɺʽʜʝʦʩʫʧʨʦʚʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʣʠʞʝʥʦ ʦʮʽʥʠʪʠ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʟʘʻʤʦʜʽʾ 

ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʢʦʤʧʣʝʢʩʫ (ʤʘʥʽʧʫʣʷʪʦʨʘ) ʪʘ ʥʝʙʝʟʧʝʯʥʦʛʦ ʦʙôʻʢʪʘ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʧʣʝʢʩʫ ʘʙʦ ʜʦ ʩʫʪʪʻʚʠʭ ʧʦʭʠʙʦʢ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ 

ʢʝʨʫʚʘʥʥʷ ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʘʮʽʦʥʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʠʢʦʥʘʚʯʦʛʦ 

ʦʨʛʘʥʫ ʪʘ ʪʦʯʥʠʭ ʤʽʢʨʦʧʝʨʝʤʽʱʝʥʴ. ʄʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʚʚʝʜʝʥʥʷʤ ʟʚʦʨʦʪʥʽʭ ʟʚôʷʟʢʽʚ ʧʦ ʢʽʥʝʤʘʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɼʣʷ ʚʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʽʭ ʟʚôʷʟʢʽʚ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʤʽʨʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ. ʆʧʠʩ ʰʚʠʜʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʢʪʦʨʥʦʾ ʚʝʣʠʯʠʥʠ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʶʩʘ ʪʘ  ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʤʠʪʪʻʚʦʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ʈʘʮʽʦʥʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʶʩʘ ʻ ʡʦʛʦ ʨʫʭ ʚʟʜʦʚʞ ʤʠʪʪʻʚʦʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ɿ 

ʤʝʪʦʶ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʚʚʦʜʷʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʛʚʠʥʪʘ ʫ ʚʠʛʣʷʜʽ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʣʶʩʘ ʪʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʥʘʚʢʦʣʦ 

ʤʠʪʪʻʚʦʾ ʦʩʽ. ɼʘʥʽ ʦʙʤʝʞʝʥʥʷ ʩʪʘʶʪʴ ʙʽʣʴʰ ʞʦʨʩʪʢʠʤʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ 

ʚʽʜʩʪʘʥʽ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʥʝʙʝʟʧʝʯʥʦʛʦ ʦʙôʻʢʪʘ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʚʠʜʢʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʠʢʦʥʘʚʯʦʛʦ 

ʦʨʛʘʥʫ ʪʘ ʪʦʯʥʠʭ ʤʽʢʨʦʧʝʨʝʤʽʱʝʥʴ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʥʽʧʫʣʷʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʤʘʥʽʧʫʣʷʪʦʨʘ 

ʚʽʜ ʟʤʽʥ ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʄʽʢʨʦʧʝʨʝʤʽʱʝʥʥʷ ʚʨʘʭʦʚʘʥʽ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ 

ʗʢʦʙʽ, ʱʦ ʧʦʚôʷʟʫʻ ʧʨʦʩʪʦʨʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʽʟ ʤʘʣʠʤʠ ʧʨʠʨʦʩʪʘʤʠ 

ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʤʽʥ ʚʟʘʻʤʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʦʙôʻʢʪʘ. 

ʂʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʤʘʥʽʧʫʣʷʪʦʨʘ ʽ ʦʙôʻʢʪʘ ʥʘʜʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʫ ʫ 

ʚʽʟʫʘʣʽʟʦʚʘʥʽʡ ʬʦʨʤʽ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ. 

ʆʜʥʦʯʘʩʥʦ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʚʚʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʽʭ ʟʚôʷʟʢʽʚ 
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ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦʩʪʽ, ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʨʠʚʦʜʽʚ ʤʘʥʽʧʫʣʷʪʦʨʘ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʘʟʝʤʥʦʛʦ 

ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʋɼʂ 621.9.06 

ʉʪʨʫʪʠʥʩʴʢʠʡ ɺ.ɹ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɹʦʥʜʘʨʝʥʢʦ ʅ.ɹ., ʩʪʫʜʝʥʪ 

ʂʝʣʘʚʝʮʴ ʖ.ʈ., ʩʪʫʜʝʥʪ 
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ɺʀɿʅɸʏɽʅʅʗ ʅɽʃɯʅɯʁʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɽʌʆʈʄɸʊʀɺʅʆʉʊɯ 

ʄʆɹɯʃʔʅʆɻʆ ʈʆɹʆʊɸ ʇʆɹʋɼʆɺɸʅʆɻʆ ʅɸ ʆʉʅʆɺɯ ʄɽʍɸʅɯɿʄɯɺ ɯɿ 

ʇɸʈɸʃɽʃʔʅʀʄʀ ʂɯʅɽʄɸʊʀʏʅʀʄʀ ɿɺôʗɿʂɸʄʀ 

ʄʦʙʽʣʴʥʽ ʨʦʙʦʪʦʤʝʭʘʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʘʶʪʴ 

ʨʷʜ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ  ʨʦʙʦʪʘʤʠ ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʫ. ɼʦ ʪʘʢʠʭ 

ʧʝʨʝʚʘʛ ʚʽʜʥʦʩʷʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʧʦʚʥʦʛʦ ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʤʘʥʽʧʫʣʷʪʦʨʘ, 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʨʫʭʽʚ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʽʥʰʽ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʝʭʘʥʽʟʤʽʚ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʷ ʞʦʨʩʪʢʽʩʪʴ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʘʷʚʥʽʩʪʴ  ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ ʰʘʨʥʽʨʥʠʭ ʟôʻʜʥʘʥʴ. 

ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʘ. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʚʝʣʠʯʠʥʫ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʜʽʡʩʥʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʘ ʥʘ 

ʜʝʬʦʨʤʘʪʠʚʥʽ ʪʘ ʜʠʩʠʧʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡʦʛʦ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ. ʇʦʙʫʜʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʤʦʜʝʣʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʣʽʥʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʪʘ ʩʧʝʮʽʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʧʝʮʽʘʣʴʥʘ ʤʝʪʦʜʠʢʘ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʥʘʙʣʠʞʝʥʫ ʦʮʽʥʢʫ 

ʥʝʣʽʥʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʦʙʦʪʘ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʚʘʟʽʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ. ʇʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʦʾ 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʦʙʦʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʟʘʧʠʩʘʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʡʦʛʦ ʚʠʢʦʥʘʚʯʦʛʦ 

ʦʨʛʘʥʫ. ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʯʘʩʪʦʪʠ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʾʭ 

ʚʟʘʻʤʦʜʽʷ. ɼʘʻʪʴʩʷ ʦʮʽʥʢʘ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʞʦʨʩʪʢʽʩʥʠʭ ʪʘ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʣʝʢʩ ʚʠʤʽʨʽʚ ʫʪʦʯʥʝʥʠʭ 

ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʪʘ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʛʽʩʪʝʨʝʟʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʫʞʥʦ-

ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʨʦʙʦʪʘ, ʟʦʢʨʝʤʘ ʧʘʨʘʤʝʪʨʠ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʟʤʽʥʘʭ 

ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ ʥʝʣʽʥʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʝʨʞʘʥʽ 

ʜʘʥʽ ʫʪʦʯʥʶʶʪʴʩʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʣʽʥʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ. ɿʥʘʭʦʜʠʪʴʩʷ ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʴ ʥʝʣʽʥʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʩʪʦʭʘʩʪʠʯʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʾ ʪʘ ʜʦʚʽʨʯʽ 

ʽʥʪʝʨʚʘʣʠ ʜʽʣʷʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʽʚʥʶʶʪʴʩʷ ʽʟ ʜʘʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʝʡ 

ʪʘ ʟʘʩʦʙʠ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ. 

ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʘ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʨʦʙʦʪʘ ʷʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. 
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ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ. 
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ɼʀʅɸʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʅɺɽʁɽʈʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ʅɸʅɽʉɽʅʅʗ 

ʈɯɼʂʀʍ ʇʆʂʈʀʊʊɯɺ ʅɸ ʇʆɺɽʈʍʅʖ ɺʀʈʆɹɯɺ 

ʈʦʟʨʦʙʣʝʥʘ ʝʬʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʾʭ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʘʥʫʨʝʥʥʷ ʫ ʚʘʥʥʫ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʨʦʟʯʠʥʦʤ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ 

ʨʦʟʨʦʙʣʝʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʽ ʣʘʥʮʶʛʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʫʩʪʘʥʦʚʢʠ ʻ 

ʨʝʘʣʽʟʘʮʽʷ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʘʥʫʨʝʥʥʷ ʚʠʨʦʙʽʚ ʫ ʚʘʥʥʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʣʘʥʮʶʛʦʚʦʛʦ 

ʢʦʥʚʝʡʝʨʘ ʷʢʠʡ ʤʘʻ ʟʥʘʯʥʽ ʛʘʙʘʨʠʪʠ. ʈʦʙʦʪʘ ʣʘʥʮʶʛʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʥʠʢʥʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʠʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʢʦʥʚʝʡʝʨʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʦʷʚʫ ʽʥʪʝʥʩʠʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺʠʟʥʘʯʝʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʣʘʥʮʶʛʦʚʽʡ ʢʦʥʚʝʡʝʨʥʽʡ ʩʠʩʪʝʤʽ. ɯʤʧʫʣʴʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʧʨʦʢʩʠʤʦʚʘʥʽ 

ʧʨʷʤʦʢʫʪʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʽʟ ʚʠʧʘʜʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽʾ ʽʤʧʫʣʴʩʽʚ. ɺʠʜʽʣʝʥʘ 

ʮʝʥʪʨʦʚʘ ʥʘ ʩʢʣʘʜʦʚʘ ʚʠʧʘʜʢʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿʜʽʡʩʥʝʥʦ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʦʚʠʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʥʘʡʜʝʥʦ ʾʭ 

ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʝʣʽʥʽʡʥʽ  ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʾʭ ʦʧʠʩʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʘʥʮʶʛʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʥʘ 

ʚʠʜ ʽ ʚʝʣʠʯʠʥʫ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʚʠʧʘʜʢʦʚʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʽʨʦʯʢʫ ʟ ʙʦʢʫ ʨʦʣʠʢʘ 

ʣʘʥʮʶʛʘ ʢʦʥʚʝʡʝʨʘ. ɺʠʟʥʘʯʝʥʦ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʪʘ ʛʦʣʦʚʥʦʛʦ ʤʦʤʝʥʪʘ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʫʜʘʨʥʽʡ ʚʟʘʻʤʦʜʽʾ ʨʦʣʠʢʘ ʣʘʥʮʶʛʘ ʽ ʟʽʨʦʯʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʷʚʠʱ ʫ ʣʘʥʮʶʛʦʚʦʤʫ ʢʦʥʚʝʡʝʨʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʭʚʠʣʴ, ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʪʘ 

ʢʫʤʫʣʷʮʽʾ. ɼʦʩʣʽʜʞʝʥʦ ʯʘʩʪʦʪʥʽ ʩʧʝʢʪʨʠ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʣʠʚʘʥʴ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ 

ʣʘʥʮʶʛʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ. ɺʩʪʘʥʦʚʣʝʥʦ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʡʝʨʘ ʪʘ ʾʭ ʤʦʞʣʠʚʠʡ ʟʚ'ʷʟʦʢ ʽʟ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʨʝʟʦʥʘʥʩʘʤʠ ʚ 

ʣʘʥʮʶʛʦʚʦʤʫ ʢʦʥʚʝʡʝʨʽ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʽʥʝʨʮʽʡʥʽ ʜʝʤʧʬʝʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʷʭ ʢʦʥʚʝʡʝʨʥʦʾ 

ʩʠʩʪʝʤʠ. ɯʥʝʨʮʽʡʥʽ ʜʝʤʧʬʝʨʠ ʤʘʶʪʴ ʤʘʩʠʚʥʽ ʢʫʣʽ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʩʬʝʨʠʯʥʠʭ ʧʦʨʦʞʥʠʥʘʭ 

ʟʘʧʦʚʥʝʥʠʭ ʬʝʨʦʤʘʛʥʽʪʥʦʶ ʨʽʜʠʥʦʶ. ʇʦ ʧʝʨʠʬʝʨʽʾ ʢʦʨʧʫʩʘ ʜʝʤʧʬʝʨʘ ʨʦʟʤʽʱʝʥʽ ʧʦʩʪʽʡʥʽ 

ʤʘʛʥʽʪʠ. ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʢʫʣʴ ʤʘʻ ʤʽʩʮʝ ʽʥʪʝʥʩʠʚʥʠʡ ʨʫʭ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʨʽʜʠʥʠ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʤʧʬʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ. 

ʇʘʨʘʤʝʪʨʠ ʜʝʤʧʬʝʨʽʚ ʚʠʙʨʘʥʽ ʽʟ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʨʫʭʫ ʢʦʥʚʝʡʝʨʘ ʧʨʠ 

ʦʧʫʩʢʘʥʥʽ ʪʘ ʧʽʜʥʽʤʘʥʥʽ ʚʠʨʦʙʽʚ ʽʟ ʚʘʥʥʠ ʽʟ ʨʦʟʯʠʥʦʤ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʝʤʧʬʝʨʽʚ ʟʥʘʯʥʦ ʧʦʣʽʧʰʫʻ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ. ɿʥʠʞʝʥʥʷ 

ʢʦʣʠʚʘʣʴʥʦʩʪʽ ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʩʷʛʘʻ 10..25%. ʈʝʟʦʥʘʥʩʥʽ ʦʙʣʘʩʪʽ ʟʤʽʱʫʶʪʴʩʷ ʚ 

ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʜʝ ʤʘʶʪʴ ʤʽʩʮʝ ʚʣʘʩʥʽ ʜʠʩʠʧʘʪʠʚʥʽ ʧʨʦʮʝʩʠ ʚ ʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʘʮʽʦʥʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʥʚʝʡʝʨʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʨʽʜʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʽʚ. 

mailto:strutynskyi@gmail.com
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʍʀɹʆʂ ʊʆʂɸʈʅʆɻʆ ʆɹʈʆɹʃɽʅʅʗ ɺʅɸʉʃɯɼʆʂ 

ʇʈʋɾʅʀʍ ɼɽʌʆʈʄɸʎɯʁ ʉʀʉʊɽʄʀ çʐʇʀʅɼɽʃʔ-ɿɸɻʆʊʆɺʂɸè 

ʊʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʥʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʟʘʻʤʥʠʤ ʧʦʣʦʞʝʥʥʷʤ 

ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʾʭ 

ʧʨʫʞʥʠʭ ʟʤʽʱʝʥʴ. 

ʅʘʡʙʽʣʴʰʽ ʧʨʫʞʥʽ ʟʤʽʱʝʥʥʷ ʧʨʠ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʦʯʽʥʥʽ ʚʠʥʠʢʘʶʪʴ ʚ ʩʠʩʪʝʤʽ 

çʰʧʠʥʜʝʣʴ-ʟʘʛʦʪʦʚʢʘè. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʷ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʧʨʫʞʥʦ ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʽʜʩʠʩʪʝʤ ʽ ʩʧʨʠʡʤʘʻ ʜʽʶ ʟʙʫʨʝʥʴ ʷʢ ʟʦʚʥʽʰʥʴʦʛʦ 

(ʚʽʜ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʽ ʧʨʠʚʦʜʫ), ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ (ʚʽʜ ʧʽʜʰʠʧʥʠʢʽʚ ʦʧʦʨ ʰʧʠʥʜʝʣʷ) 

ʭʘʨʘʢʪʝʨʫ. 

ɿʘʟʚʠʯʘʡ ʚ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʷʭ ʩʠʩʪʝʤʠ çʰʧʠʥʜʝʣʴ-ʟʘʛʦʪʦʚʢʘè ʚʨʘʭʦʚʫʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʰʧʠʥʜʝʣʷ ʥʘ ʦʧʦʨʘʭ, ʢʦʨʧʫʩʘ ʪʘ ʟʘʢʨʽʧʣʝʥʦʛʦ ʚ ʰʧʠʥʜʝʣʽ ʽʥʩʪʨʫʤʝʥʪʫ 

(ʟʘʛʦʪʦʚʢʠ) [1]. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) [1], [2] ʘʙʦ ʤʝʪʦʜ ʧʝʨʝʭʽʜʥʠʭ ʤʘʪʨʠʮʴ (ʄʇʄ) [3], [4], [5]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʄʇʄ ʧʦʨʽʚʥʷʥʦ ʟ ʄʉɽ ʻ ʧʨʦʩʪʦʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʰʧʠʥʜʝʣʴ-ʟʘʛʦʪʦʚʢʘè, ʧʦʙʫʜʦʚʘʥʘ 

ʟʘ ʤʝʪʦʜʠʢʘʤʠ [4], [5] ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʇʄ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʶʚʘʪʠ ʩʪʘʪʠʯʥʽ [5] 

ʽ ʜʠʥʘʤʽʯʥʽ [4] ʧʨʫʞʥʽ ʟʤʽʱʝʥʥʷ ʦʩʽ ʢʦʥʩʦʣʴʥʦ-ʟʘʢʨʽʧʣʝʥʦʾ ʚ ʰʧʠʥʜʝʣʽ ʟʘʛʦʪʦʚʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʾʾ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 

ʨʽʟʘʥʥʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʽ. ɺʽʙʨʘʮʽʡʥʽ ʟʙʫʨʝʥʥʷ ʦʧʦʨ ʰʧʠʥʜʝʣʷ, ʩʧʨʠʯʠʥʝʥʽ ʧʦʭʠʙʢʘʤʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ ʽ ʩʢʣʘʜʘʥʥʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ, ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʤʝʪʦʜʠʢʦʶ [6]. ɺ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ çʰʧʠʥʜʝʣʴ-ʟʘʛʦʪʦʚʢʘè ʮʽ 

ʟʙʫʨʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʤʽʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʦʧʦʨ ʜʣʷ ʜʠʩʢʨʝʪʥʠʭ 

ʧʦʣʦʞʝʥʴ ʰʧʠʥʜʝʣʷ ʟʘ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ. ʆʙʯʠʩʣʝʥʥʷ ʟʤʽʥʥʦʛʦ ʧʨʠʧʫʩʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʤʝʪʦʜʠʢʦʶ [7]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʥʷ ʧʨʫʞʥʠʭ ʟʤʽʱʝʥʴ ʦʩʽ ʟʘʛʦʪʦʚʢʠ ʚ ʪʦʯʢʘʭ 

ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ 3D ʤʦʜʝʣʴ ʧʦʭʠʙʢʠ ʦʙʨʦʙʣʝʥʥʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʗʂʆʉʊɯ ʆɹʈʆɹʃɽʅʅʗ ɼʀʉʂʆɺʀʄʀ ɺɯɼʈɯɿʅʀʄʀ ʌʈɽɿɸʄʀ 

ɿ ʈɯɿʅʆʅɸʇʈɸɺʃɽʅʀʄʀ ɿʋɹʎʗʄʀ 

ɼʠʩʢʦʚʽ ʚʽʜʨʽʟʥʽ ʬʨʝʟʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʚʽʜʨʽʟʘʥʥʽ ʪʘ 

ʨʦʟʨʽʟʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʫʚʘʻ ʙʽʣʴʰ ʞʦʨʩʪʢʽ 

ʫʤʦʚʠ ʜʦ ʜʝʪʘʣʝʡ ʪʘ ʟʘʛʦʪʦʚʦʢ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʦ ʾʭ ʷʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʜʦ 

ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʘ ʟʘʜʠʨʦʢ. ɼʠʩʢʦʚʽ ʚʽʜʨʽʟʥʽ ʬʨʝʟʠ ʧʨʘʮʶʶʪʴ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘ, ʚ 

ʫʤʦʚʘʭ ʩʢʦʚʘʥʦʛʦ ʨʽʟʘʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤʠ ʟʤʽʥʘʤʠ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ, 

ʚʽʙʨʘʮʽʷʤʠ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ. ʊʦʤʫ ʟʘʜʘʯʘ 

ʨʦʟʨʦʙʢʠ ʜʠʩʢʦʚʠʭ ʚʽʜʨʽʟʥʠʭ ʬʨʝʟ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʻ ʘʢʪʫʘʣʴʥʦʶ.  

ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʨʦʙʦʪʠ ʚʽʜʨʽʟʥʠʭ ʬʨʝʟ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʢʨʦʢʦʤ ʟʫʙʮʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʪʘ ʚʽʙʨʘʮʽʾ, ʱʦ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ [1-3].  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʤʦʚ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʟʤʽʥʘ ʩʭʝʤʠ 

ʟʨʽʟʘʥʥʷ ʧʨʠʧʫʩʢʫ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʫʙʮʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ 

ʟʤʝʥʰʠʪʴ ʢʦʣʠʚʘʥʥʷ ʟʫʙʮʽʚ ʪʘ ʜʠʩʢʫ ʬʨʝʟʠ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ 

ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʜʠʩʢʦʚʦʾ ʚʽʜʨʽʟʥʦʾ ʬʨʝʟʠ ʟ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʤʠ ʟʫʙʮʷʤʠ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ 

ʧʨʦʛʨʝʩʠʚʥʦʶ ʩʭʝʤʦʶ ʟʨʽʟʘʥʥʷ ʧʨʠʧʫʩʢʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʣʽʧʰʫʻ 

ʫʤʦʚʠ ʦʙʨʦʙʣʝʥʥʷ, ʟʥʠʞʫʶʯʠ ʥʝ ʪʽʣʴʢʠ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ 

ʽʥʩʪʨʫʤʝʥʪʫ [4-6]. ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʤʠ ʬʨʝʟʘʤʠ ʧʦʢʘʟʘʣʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʩʪʘʣʝʚʠʭ ʟʘʛʦʪʦʚʦʢ, ʘ 

ʩʘʤʝ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ.  

ɺ ʨʦʙʦʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ, ʘ ʩʘʤʝ, 

ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʚʝʣʠʯʠʥʘ ʟʘʜʠʨʦʢ, ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʧʨʠ ʚʽʜʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʤʠ ʚʽʜʨʽʟʥʠʤʠ ʬʨʝʟʘʤʠ ʟ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʤʠ 

ʟʫʙʮʷʤʠ, ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ï ʤʝʪʦʜʦʤ ʛʨʫʧʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ (ʄɻɺɸ). ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ 

ʜʠʩʢʦʚʠʭ ʚʽʜʨʽʟʥʠʭ ʬʨʝʟ ʟ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʠʤʠ ʟʫʙʮʷʤʠ, ʚ ʷʢʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ. 
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ɹɸɿʋɺɸʅʅʗ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍ ʆɹʈʆɹʃɽʅʅʗ ʈɯɿɸʅʅʗʄ  

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʪʝʥʜʝʥʮʽʡ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ  ʧʽʜʛʦʪʦʚʣʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʤʘʰʠʥ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʪʘ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ. ʇʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʪʘ ʾʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʩʬʦʨʤʫʚʘʣʠ ʫʤʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡ 

ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ. 

ɿʘ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ 

ʜʝʪʘʣʝʡ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʣʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʭʝʤʠ ʙʘʟʫʚʘʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ. ʇʨʠ 

ʦʙʨʦʙʣʝʥʥʽ ʪʘʢʠʭ ʟʘʛʦʪʦʚʦʢ ʚʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʦʩʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʟʘ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʫʩʪʘʥʦʚʦʢ. ʆʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʘ ʦʜʥʫ ʫʩʪʘʥʦʚʢʫ ʤʦʞʣʠʚʝ ʟʘ 

ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

- ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʨʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʫʩʪʘʥʦʚʠʪʠ  ʟʘʛʦʪʦʚʢʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ; 

- ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʝʨʩʪʘʪʫ ʤʦʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʚʩʽ ʚʠʜʠ ʦʙʨʦʙʣʝʥʥʷ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʫ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʛʦʪʦʚʢʠ, ʷʢʽ ʥʝ ʩʪʚʦʨʶʶʪʴ ʟʥʘʯʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʘʛʦʪʦʚʢʠ. 

ɿʘ ʫʤʦʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʪʘ ʣʠʪʪʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʷʪʠ ʚ ʯʘʩʽ ʥʘ ʧʦʩʣʽʜʦʚʥʽ ʝʪʘʧʠ ʯʦʨʥʦʚʦʛʦ 

ʪʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʣʝʥʥʷ. ʊʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʧʦʜʘʣʴʰʽ ʤʦʞʣʠʚʽ ʧʨʦʩʪʦʨʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ ʦʙʨʦʙʣʝʥʦʾ ʟʘʛʦʪʦʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʩʘʤʦʜʦʚʽʣʴʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʚ ʥʽʡ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʪʘʧʦʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ. ʆʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʩʭʝʤʠ ʙʘʟʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʣʝʥʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ, ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʩʪʘʥʦʚʦʢ 

ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʾʾ ʧʦʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʚʝʨʩʪʘʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʘ ʪʠʤ ʩʘʤʠʤ ʽ ʚʠʪʨʘʪʠ ʥʘ ʚʝʨʩʪʘʪʥʽ ʧʨʠʩʪʨʦʾ. ɺʠʟʥʘʯʝʥʥʷ ʩʭʝʤ ʙʘʟʫʚʘʥʥʷ ʜʣʷ 

ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʡʦʛʦ ʥʝʜʦʩʪʘʪʥʶ ʬʦʨʤʘʣʽʟʘʮʽʶ ʪʘ ʩʢʣʘʜʥʦʱʽ ʡʦʛʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʈʽʚʝʥʴ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ  

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʚʝʨʩʪʘʪʘʤʠ. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʙʘʟʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʣʝʥʥʷ 
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ʨʽʟʘʥʥʷʤ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʜʘʻ ʟʤʦʛʫ ʨʦʟʜʽʣʠʪʠ ʾʾ ʥʘ ʜʚʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʯʘʩʪʠʥʠ, ʘ ʩʘʤʝ: 

ʪʝʦʨʽʶ ʢʦʥʪʘʢʪʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʪʘ ʪʝʦʨʽʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ.  

ʊʝʦʨʽʷ ʢʦʥʪʘʢʪʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʦʨʽʻʥʪʫʚʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ 

ʚ̔ ʜʥʦʩʥʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʝʨʩʪʘʪʫ ʟʘ ʨʘʭʫʥʦʢ ʧʝʚʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʩʭʝʤʠ ʙʘʟʫʚʘʥʥʷ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʾʾ ʨʝʘʣʽʟʫʻ. ʅʝʟʤʽʥʥʝ ʧʦʣʦʞʝʥʥʷ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʝʨʩʪʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʠʰʝʥʥʷʤ 

ʰʝʩʪʠ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʪʨʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ 

OX, OY, OZ ʪʘ ʪʨʠ ʧʦʚʦʨʦʪʠ ʚʽʜʥʦʩʥʦ ʮʠʭ ʦʩʝʡ. 

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʪʘ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʦʙʨʦʙʣʝʥʥʷ 

ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʜʣʷ ʧʝʨʰʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ. 

ɺʠʭʽʜʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʜʣʷ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʜʣʷ ʧʝʨʰʠʭ ʦʧʝʨʘʮʽʡ ʻ ʢʨʝʩʣʝʥʠʢ 

ʟʘʛʦʪʦʚʢʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʠʤʦʛ ʢʨʝʩʣʝʥʠʢʘ ʜʝʪʘʣʽ, ʟʘ ʷʢʠʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙʨʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʘʛʦʪʦʚʢʠ ʚʽʜʥʦʩʥʦ ʥʝʦʙʨʦʙʥʠʭ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʦʙʨʦʙʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʽ, ʱʦ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʦ ʢʦʤʧʝʥʩʘʮʽʻʶ ʧʦʭʠʙʢʠ ʙʘʟʫʚʘʥʥʷ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʜʘʣʝʥʥʷ ʨʽʚʥʦʤʽʨʥʠʭ ʧʨʠʧʫʩʢʽʚ ʥʘ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʘʭ ʦʙʨʦʙʣʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʽ ʚʽʜʥʦʩʥʦ ʧʦʟʜʦʚʞʥʴʦʾ ʚʽʩʽ; 

- ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʩʪʘʥʦʚʦʢ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʾʾ ʧʦʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ 

ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʘ ʦʜʥʫ ʫʩʪʘʥʦʚʢʫ. 

ɿʘ ʧʝʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʽ 

ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʩʭʝʤʠ ʙʘʟʫʚʘʥʥʷ. ɿʘ ʫʤʦʚ 

ʢʦʥʪʘʢʪʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʧʨʠʡʥʷʪʘ ʩʭʝʤʘ ʙʘʟʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʥʝ 

ʚʠʟʥʘʯʝʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʚʜʘʥʥʷ, ʘ ʚʩʽ ʽʥʰʽ ʟʘʚʜʘʥʥʷ ʙʫʜʫʪʴ ʤʘʪʠ ʧʝʚʥʫ ʧʦʭʠʙʢʫ, ʷʢʘ ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʠʙʨʘʥʦʾ ʩʭʝʤʠ ʙʘʟʫʚʘʥʥʷ. ʇʝʚʥʝ ʢʦʤʧʨʦʤʽʩʥʝ ʦʜʥʦʯʘʩʥʝ ʚʠʨʽʰʝʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʨʦʟʤʽʪʢʠ. 

ʇʨʘʢʪʠʯʥʦ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʚʽʜʢʨʠʚʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʷʢʝ ʻ 

ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ. ʊʘʢʝ ʦʙʨʦʙʣʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ, ʷʢʽ ʤʘʶʪʴ 5 ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʚʝʨʩʪʘʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʩʥʘʱʝʥʠʡ OMV-ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ  

(On-Machine Verification-ʢʦʪʨʦʣʴ ʥʘ ʚʝʨʩʪʘʪʽ), ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʥʪʘʢʪʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʜʘʪʯʠʢ, ʥʘʧʨʠʢʣʘʜ, ʪʝʥʟʦʜʘʪʯʠʢ ʤʦʜʝʣʽ ʆʄʈ400 ʘʙʦ ʆʄʈ700 ʢʦʤʧʘʥʽʾ Renishaw, 

ʧʨʠʡʤʘʯʝʤ ʩʠʛʥʘʣʫ ʪʘ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʟʚôʷʟʢʫ ʟ ʩʠʩʪʝʤʦʶ ʏʇʋ ʚʝʨʩʪʘʪʫ. ɼʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʪʘʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʩʥʘʱʝʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ CAI-ʩʠʩʪʝʤʦʶ (CAI, Computer Aided Inspection), ʥʘʧʨʠʢʣʘʜ 

PowerINSPECT OMV ʬʽʨʤʠ Delcam, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʱʫʧʫ. ʊʘʢʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʜʽʡʩʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟʘʜʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʢʠ, ʧʝʨʝʜʘʯʫ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʚʝʨʩʪʘʪʫ, ʷʢʘ ʟʘ ʾʭ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʚ ʫʧʨʘʚʣʷʶʯʫ ʧʨʦʛʨʘʤʫ ʦʙʨʦʙʣʝʥʥʷ ʟʘʜʘʥʦʾ 

ʜʝʪʘʣʽ. ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʤʽʞʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʦʛʦ 

ʝʪʘʧʫ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʥʦʩʠʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʨʝʢʪʠʚʠ ʚ ʥʘʩʪʫʧʥʽ 

ʝʪʘʧʠ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʝ ʤʝʭʘʥʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ 

ʨʽʟʘʥʥʷʤ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 
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ʇʈʆɽʂʊʋɺɸʅʅʗ ɽʌɽʂʊʀɺʅʀʍ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʆɹʈʆɹʃɽʅʅʗ 

ʈɯɿɸʅʅʗʄ 

ʉʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʽʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʝʨʝʚʘʞʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʝʨʩʪʘʪʽʚ 

ʟ ʏʇʋ ʪʘ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʂʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʚʝʨʩʪʘʪʽʚ, ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʣʷʶʯʦʾ ʩʠʩʪʝʤʠ (ʊʆʉ) ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʦʙʨʦʙʣʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʟʘ 

ʩʢʣʘʜʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʥʦʚʠʭ 

ʩʫʯʘʩʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʙʨʦʙʣʝʥʥʷ.  

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʦʛʦ ʚʝʨʩʪʘʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ, 

ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʇʨʦʝʢʪʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʽ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ: 

- ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʤʽʩʪʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ); 

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʨʠʧʫʩʢʽʚ ʜʣʷ ʢʦʞʥʦʾ ʦʙʨʦʙʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʫʩʢʽʚ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʦʙʨʦʙʣʝʥʥʷ ʚʩʽʭ ʦʙʨʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʽ; 

- ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʂʦʞʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʘʙʦ ʝʪʘʧ ʦʙʨʦʙʣʝʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʧʝʚʥʽʡ ʊʆʉ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ, ʪʦʯʥʦʩʪʽ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ, 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʩʪʫʧʽʥʴ ʟʤʽʥʠ ʷʢʠʭ 

ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʝʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʫʪʦʯʥʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʨʦʙʥʠʯʦʛʦ ʜʦʩʚʽʜʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʩʪʘʥʦʚʣʝʥʽ  ʪʘʢʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʪʦʯʥʝʥʥʷ: ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʯʦʨʥʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ Ky =(5-7), ʱʦ 

ʙʫʜʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʜʽʘʧʘʟʦʥʽ 

(ɯʊ14-ɯʊ12); ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʽʚʯʠʩʪʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ Ky = (3-4), ʚʽʜʧʦʚʽʜʥʦ, ʪʦʯʥʽʩʪʴ 

ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ (ɯʊ11-ɯʊ10); ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ Ky = (2-3), ʚʽʜʧʦʚʽʜʥʦ, 

ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ (ɯʊ9-ɯʊ8); ʜʣʷ ʟʘʚʝʨʰʘʣʴʥʦʛʦ (ʚʠʢʽʥʯʫʚʘʣʴʥʦʛʦ) 

ʦʙʨʦʙʣʝʥʥʷ Ky = (1,5-2,0), ʚʽʜʧʦʚʽʜʥʦ, ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ (ɯʊ6-ɯʊ7).  

ʌʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʣʷʶʯʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʻ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʝʙʫʻ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʴ, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴʩʷ, ʟʘ ʧʝʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʦʩʥʦʚʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʾ ʧʨʘʢʪʠʯʥʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʽ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʣʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 

ʥʘ ʨʽʟʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ 30% ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʣʝʥʥʷ ʣʠʰʝ ʥʘ 1%.  ʇʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ 50% ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʣʝʥʥʷ ʪʘʢʦʞ ʥʘ 1%. ɸ 

ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʥʘ 20% (ʟʤʝʥʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ) 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʨʦʙʣʝʥʥʷ ʥʘ 15%.  

ʊʦʤʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʻ 

ʥʘʡʙʽʣʴʰʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʤ ʦʧʪʠʤʘʣʴʥʠʭ 
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ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ: ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ h, ʤʤ, ʧʦʜʘʯʽ ʽʥʩʪʨʫʤʝʥʪʘ S0 ʘʙʦ  ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ  ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʜʚʠʛʫʥʘ 

ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʫ .  

ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʧʦʪʨʝʙʫʻ ʘʥʘʣʽʟʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʜʫ ʦʙʨʦʙʣʝʥʥʷ ʨʽʟʘʥʥʷʤ ʪʘ ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ. ɼʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ 

ʦʙʨʦʙʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʠʩʪʝʤʫ ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ, ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʚʝʨʩʪʘʪʫ. ɿʘ ʪʘʢʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʛʨʘʥʠʯʥʦʾ ʛʦʣʦʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ , ʱʦ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ ʊʆʉ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ. ɻʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʜʣʷ 

ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʧʫʩʢʽʚ 

ʜʣʷ ʜʘʥʦʛʦ ʝʪʘʧʫ ʦʙʨʦʙʣʝʥʥʷ. ɻʦʣʦʚʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ Pz ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʝʨʝʨʽʟʦʤ ʰʘʨʫ, ʱʦ 

ʟʨʽʟʫʻʪʴʩʷ ʪʘ ʾʾ ʚʝʣʠʯʠʥʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

oz ShpbapfpP  (1) 

ʜʝ ʨ ï ʧʠʪʦʤʘ ʩʠʣʘ ʨʽʟʘʥʥʷ, ʄʇʘ;  

ʘ ï ʪʦʚʱʠʥʘ ʰʘʨʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʤʤ/ʦʙ; 

b ï ʰʠʨʠʥʘ ʰʘʨʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʤʤ, 

hï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʤʤ;  

S0  ï ʧʦʜʘʯʘ, ʤʤ/ʦʙ. 

ʇʠʪʦʤʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 (2) 

ʜʝ ɔ ï ʧʝʨʝʜʥʽʡ ʢʫʪ ʽʥʩʪʨʫʤʝʥʪʫ, ʛʨʘʜ; 

ʨʩ ï ʦʜʠʥʠʯʥʘ ʧʠʪʦʤʘ ʩʠʣʘ ʜʣʷ ʜʘʥʦʾ ʛʨʫʧʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʄʇʘ; 

ʘ ï ʪʦʚʱʠʥʘ ʰʘʨʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ, ʤ. 

ɺʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʦʙʤʝʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

, ʤʤ/ʦʙ (3) 

ɿʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ 

ʏʇʋ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ. 

ɽʬʝʢʪʠʚʥʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

ʚp NN  (4) 

ʜʝ Np ï ʧʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ, ɺʪ; 

Nʚ ï ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʫ, ɺʪ. 

ʇʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

VPN zp      MNp  (5) 

ʜʝ Pz ï ʛʦʣʦʚʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʅ; 

V ï ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʤ/ʩ; 

M ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʅĀʤ; 

ʖ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʨʘʜ/ʩ. 
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ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (4) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʷʢʘ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʜʚʠʛʫʥʦʤ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʫ ʟʘ ʬʦʨʤʫʣʦ :ʁ 

z

nʜ
ʚ

P

KnN
V

310

, 
ʤ/ʩ     (6) 

ʜʝ Nz ï ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʚʝʨʩʪʘʪʫ, ʂɺʪ; 

n ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʣʘʥʢʠ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʨʽʟʘʥʥʷ;  

Kn ï ʢʦʝʬʽʮʽʻʥʪ, ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ; 

Pz ï ʛʦʣʦʚʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʅ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʷʢʘ 

ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦʶ ʜʦ ʚʠʟʥʘʯʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 0,1
i

ʚ

V
V

k . 

 

ɺʦʣʦʭ ɺ.ʀ., ʘʩʧʠʨʘʥʪ 

ɹʫʨʷ ɸ. ʀ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʤʝʥʩʢʦʝ, aliha2004@ukr.net 

ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʄɸɻʅʀʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʉʊɸʃɽʁ 

ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʥʘʛʨʝʚʝ ʩʪʘʣʝʡ) ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʝʥʥʝʝ ʠʟʤʝʥʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʪʘʣʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʜʝʣʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʪʨʘʞʘʝʪ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʮʝʣʴ 

ʨʘʙʦʪr ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʝʡ 3ʧʩ; St37; 09ɻ2ʉ ʥʘ ʠʭ ʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʅʩ, ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʫʛʦʣʢʘ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 

90 ʭ 40 ʭ 5 ʤʤ ʠʟ ʩʪʘʣʝʡ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1  ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʘʣʝʡ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 
ʉ ʄn Si S P Cr Ni Cu Al  

09ɻ2ʉ 0,08 1,58 0,63 0,018 0,028 0,04 0,03 0,04 0,018 

St37 0,17 0,53 0,19 0,016 0,030 0,05 0,03 0,06 0,023 

3ʧʩ 0,15 0,47 0,21 0,018 0,010 0,04 0,02 0,01 0,034 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʳ ʩʪʘʣʝʡ ʥʘʛʨʝʚʘʣʠ ʜʦ 750Áʉ, ʚʳʜʝʨʞʠʚʘʣʠ 1 ʠ 5 

ʯʘʩʦʚ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʘʛʨʝʚʘ ʦʭʣʘʞʜʘʣʠ 

ʚ ʚʦʜʝ. ʀʟʤʝʨʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʩ ʠ ʪʚʝʨʜʦʩʪʠ ʅɺ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʦʙʨʘʟʮʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 

ʊʘʙʣʠʮʘ 2  ʉʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʥʘʛʨʝʚʘ, ʧʨʠ ʨʘʟʥʦʡ ʚʳʜʝʨʞʢʝ  

 ̄

ʧ/ʧ 
ɼʦ ʥʘʛʨʝʚʘ 

ʅʘʛʨʝʚ ʧʨʠ 750Áʉ, 

ʚʳʜʝʨʞʢʘ 1 ʯʘʩ ʚʳʜʝʨʞʢʘ 5 ʯʘʩʦʚ 

ʅʩ ʅɺ ʅʩ ʅɺ ʅʩ ʅɺ 

ʉʪʘʣʴ3ʧʩ 3,5 125 4,71 166,85 4,0 140,3 

St37 3,42 100,71 5,01 143,5 4,57 137,4 

09ɻ2ʉ 3,45 121,37 6,86 166 6,61 136,33 
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ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʥʘʠʣʫʯʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʪʘʣʴ 3ʧʩ ʚʳʜʝʨʞʘʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ ʚ 

ʪʝʯʝʥʠʠ 1 ʯʘʩʘ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʧʨʦʯʥʦʩʪʴ ʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʟʮʦʚ 

ʠʟʤʝʥʷʶʪʩʷ ʩʠʤʙʘʪʥʦ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʝʡ, ʪʦ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʣʠ 3ʧʩ 

(ʨʠʩ. 1), ʠʩʭʦʜʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʬʝʨʨʠʪʦ-

ʧʝʨʣʠʪʥʫʶ ʩʤʝʩʴ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʝʨʨʠʪ/ʧʝʨʣʠʪ ~ 80/20% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ 

ʠʟʤʝʥʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʬʝʨʨʠʪ - ʧʝʨʣʠʪ ʜʦ ~ 75/15% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 4 

ʜʦ 5. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʧʨʠ ʚʳʜʝʨʞʢʝ 1 ʪʘʢ ʠ 5 ʯʘʩʦʚ. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʬʝʨʦʠʜʠʟʘʮʠʠ 

ʧʝʨʣʠʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪ ʛʨʘʥʠʮ ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʥʘʯʠʥʘʶʪ ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʧʝʨʣʠʪʥʳʝ ʢʦʣʦʥʠʠ ʩ ʙʦʣʴʰʠʤ ʧʨʦʨʘʩʪʘʥʠʝʤ ʚ ʟʝʨʥʘ ʬʝʨʨʠʪʘ.  

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ.1  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 3ʧʩ: 

ʘ) ʜʦ ʥʘʛʨʝʚʘ 

ʙ) ʥʘʛʨʝʚ 750Áʉ ʚʳʜʝʨʞʢʘ 1 ʯʘʩ 

ʚ) ʥʘʛʨʝʚ 750Áʉ  ʚʳʜʝʨʞʢʘ 5 ʯʘʩʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʚ 

ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʥʘʜʢʨʠʪʠʯʝʩʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 750Áʉ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʘ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʤʝʪʘʣʣʫʨʛʠʠ: 

ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʢʨʘʥʳ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʞʠʜʢʠʡ ʤʝʪʘʣʣ. 
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ɹʫʨʷ ɸ. ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʊʦʤʠʥʘ ɸ. ï ʄ. ɺ., ʘʩʧʠʨʘʥʪ 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʤʝʥʩʢʦʝ, ol.burya@gmail.com 

ʊʝʨʝʥʠʥ ɺ. ʀ., ʩʪ. ʥʘʫʯ. ʩʦʪʨʫʜʥʠʢ 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ 

ɺʃʀʗʅʀɽ ʊɽʈʄʆʉʊʆʁʂʆɻʆ ɺʆʃʆʂʅɸ ʃʆʃɸ ʅɸ ʇʈʆʏʅʆʉʊʅʓɽ 

ʉɺʆʁʉʊɺɸ ʆʈɻɸʅʆʇʃɸʉʊʀʂʆɺ 

ɺʦʣʦʢʥʠʩʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ɺʇʂʄ) ʫʧʨʦʯʥʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ (ʍɺ), ʨʝʰʘʶʪ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ [1], ʧʨʝʚʦʩʭʦʜʷ 

ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

(ʮʚʝʪʥʳʝ ʤʝʪʘʣʣ,r ʩʪʘʣ,ɹ ʙʨʦʥʟʫ, ʘʣʶʤʠʥʠʡ ʠ ʪʠʪʘʥ) [2]. ʇʦʩʢʦʣʴʢʫ ʍɺ ʭʘʨʘʢʪʝʨʥʘ 

ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʤʥʦʛʦʢʨʘʪʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʜʝʡʩʪʚʠʶ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ [3]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ɺʇʂʄ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʨʠʮ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʘʤʠʜʘ ʬʝʥʠʣʦʥ ʉï1 ʧʨʝʚʦʩʭʦʜʷʱʝʛʦ ʧʦ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʫ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʣʴʰʠʥʩʪʚʦ ʧʣʘʩʪʤʘʩʩ [4]. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ (ʆʇ) ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʦʥʘ ʉï1 ʩʦʜʝʨʞʘʱʝʛʦ 10 ï 

20 ʤʘʩʩ. % ʜʠʩʢʨʝʪʥʦʛʦ (3 ʤʤ) ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʚʦʣʦʢʥʘ ʣʦʣʘ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʩʫʭʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (0,12 ʊʣ) ʩ 

ʧʦʤʦʱʴʶ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʚʣʝʢʘʝʤʳʭ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦʡ 

ʩʝʧʘʨʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʝʨʝʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ (ʨʘʩʯʝʪʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ) ʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʆʇ ïʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊʘʤ ʜʣʷ ʧʣʘʩʪʤʘʩʩ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ: ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ (ů) ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ (Ů). ʂʨʠʚʳʝ 1 ï 4 (ʬʝʥʠʣʦʥ ʉ-1 ʠ ʦʨʛʘʥʦʧʣʘʩʪʠʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʩʦʜʝʨʞʘʱʠʝ 

10 ï 20 ʤʘʩʩ. % ʚʦʣʦʢʥʘ), ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʍʝʨʮʙʝʨʛʘ [5] ʦʪʥʦʩʷʪʩʷ ʢ V ʪʠʧʫ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʧʨʫʛʦʝ ʛʝʪʝʨʦʛʝʥʥʦ ï ʧʣʘʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ.1 ï ʂʨʠʚʳʝ ů-Ů ʬʝʥʠʣʦʥʘ ʉ-1 (1), ʠ 

ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ 10(2); 15(3); 20(4) 

ʤʘʩʩ. % ʚʦʣʦʢʥʘ 

ʈʠʩ. 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ: 

15(ʘ) ʠ 20%(ʙ) ʤʘʩʩ. % ʚʦʣʦʢʥʘ 

(Ĭ200) 

mailto:ol.burya@gmail.com
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ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʚʦʣʦʢʥʘ ʣʦʣʘ ʥʘ ʩʚʦʡʩʪʚʘ ʬʝʥʠʣʦʥʘ ʉ ï 1 

ʇʦʢʘʟʘʪʝʣʴ 
ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʘ, ʤʘʩʩ. % 

0 10 15 20 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɽ ʄʇʘ 2754 3130 3246 2985 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ůʪ ʄʇʘ 206 237 242 240 

ʈʘʩʯʝʪʥʘʷ ʧʣʦʪʥʦʩʪʴ, ɟʨʘʩʯ ʛ/ʩʤ
3 

1,35 1,3548 1,3573 1,3597 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ɟɻʢʩʧ ʛ/ʩʤ
3
 1,35 1,3603 1,3636 1,3685 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ  

çʧʦʣʠʤʝʨ-ʚʦʣʦʢʥʦè, HV 
- 31,98 32,18 31,34 

ʀʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.1 ʚʠʜʥʦ, ʯʪʦ, ʘʨʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 10 ï 

15 ʤʘʩʩ. % ʚʦʣʦʢʥʘ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ: ʧʦʚʳʰʘʝʪ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʥʘ 8-15 ʠ 13-15% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʣʦʢʥʘ ʚ ʧʦʣʠʤʝʨʥʦʤ ʩʚʷʟʫʶʱʝʤ ʜʦ 20 ʤʘʩʩ. %, 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʙʲʷʩʥʷʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʝʢʪʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ çʧʦʣʠʤʝʨ-ʚʦʣʦʢʥʦè ʨʘʟʨʳʭʣʝʥʠʝ ʥʘʯʠʥʘʝʪ 

ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʥʘʜ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʚʷʟʫʶʱʝʛʦ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʥʘ ʚʩʝ ʪʨʫʜʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʠʩ.2. ʇʦʵʪʦʤʫ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʫʪ ʪʦʣʴʢʦ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ (15 ʤʘʩʩ. %) ʥʘʧʦʣʥʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʩʥʠʞʘʶʪʩʷ. ɼʘʥʥʳʝ ʚʳʚʦʜʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ çʧʦʣʠʤʝʨ-ʚʦʣʦʢʥʦè, ʠ ʪʝʤ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 10-15 ʤʘʩʩ. % ʚʦʣʦʢʥʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʨʘʩʯʝʪʥʘʷ, ʠ ʪʦʣʴʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 20 ʤʘʩʩ. % ʣʦʣʘ ʦʥʘ ʥʠʞʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ. 
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ʉʠʨʦʤʷʪʥʽʢʦʚ ʇ.ʉ., ʜʦʮʝʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ. ʇʝʪʨʘ 
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ʃʆɻɯʉʊʀʏʅɸ ʉʀʉʊɽʄɸ ɺʅʋʊʈɯʐʅʔʆɺʀʈʆɹʅʀʏʆɻʆ ʋʇʈɸɺʃɯʅʅʗ 

ʄɸʊɽʈɯɸʃʔʅʀʄʀ ʇʆʊʆʂɸʄʀ ʇʈʆʄʀʉʃʆɺʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʤ ʨʽʚʥʝʤ 

ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʣ̫ʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʽʚʥʠʮʪʚʦ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʟ ʙʝʟʣʽʯʯʶ ʧʝʨʝʰʢʦʜ, ʪʘʢʠʭ ʷʢ: ʛʦʩʪʨʘ ʥʝʩʪʘʯʘ ʢʘʧʽʪʘʣʫ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʦʚʽ ʨʠʥʢʠ ʪʘ ʪʽ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ; ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʙʘʯʝʥʥʷ 

ʢʦʤʧʘʥʽʾ; ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ; ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʮʽʥʘʭ ʧʨʦʜʫʢʮʽʾ ʦʙʨʦʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʨʝʘʣʴʥʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʘ ʪʘʢʦʞ ʧʨʦʙʣʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʦʩʪʽ 
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ʧʨʦʜʫʢʮʽʾ, ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʥʝʤʦʞʣʠʚʦ ʙʝʟ 

ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ [1]. 

B ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ 

ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʣʶʯʦʚʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʧʘʥʽʾ: ʚʽʜ ʘʥʘʣʽʟʫ ʡ ʨʦʟʨʦʙʢʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʪʫ ʢʽʥʮʝʚʦʤʫ 

ʩʧʦʞʠʚʘʯʝʚʽ. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʣʘʥʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʛʨʘʥʠʯʥʠʭ ʩʪʨʦʢʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʭʦʧʠʪʠ ʡ ʚʠʚʯʠʪʠ 

ʨʽʟʥʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. Hʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʨʷʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ, 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʩʠʩʪʝʤ, ʷʢʽ ʫʩʧʽʰʥʦ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʥʘ ʧʨʘʢʪʠʮʽ [2]. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ  ̒

ʢʦʥʪʨʦʣʴ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʦʪʦʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʃʦʛʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʚʠʥʝʥ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʫʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʡ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʟʘ 

ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʡ ʘʢʪʠʚʽʟʫʚʘʪʠ ʡʦʛʦ ʚʥʫʪʨʽʰʥʽ ʨʝʟʝʨʚʠ [3]. 

ʗʢ ʚʽʜʟʥʘʯʘʶʪʴ ʜʝʷʢʽ ʚʯʝʥʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʮʽʡ ʦʙʣʘʩʪʽ, ʧʽʜʩʠʩʪʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʽʟʘʮʽʶ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʡ ʩʢʦʨʦʯʝʥʥʶ ʟʘʧʘʩʽʚ. ʇʨʠʤʽʨʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

çʂʘʥʙʘʥè ʨʷʜ ʷʧʦʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʙʝʟʟʫʧʠʥʥʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʧʨʠ 

ʥʫʣʴʦʚʠʭ ʟʘʧʘʩʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʉʊʈʋʂʊʋʈʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʉʂʃɸɼʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ɿ ʇʃʆʉʂʀʄʀ 

ʉʊʈʋʂʊʋʈʅʀʄʀ ɻʈʋʇɸʄʀ ɺʀʑʆɻʆ ʂʃɸʉʋ 

ʉʢʣʘʜʥʽ ʤʝʭʘʥʽʟʤʠ ʟ ʧʣʦʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʛʨʫʧʘʤʠ ʯʝʪʚʝʨʪʦʛʦ ʪʘ ʚʠʱʝ ʢʣʘʩʽʚ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʪʨʝʪʴʦʛʦ ʪʘ ʥʠʞʯʝ - ʧʦʪʝʥʮʽʡʥʦ ʤʘʶʪʴ ʙʽʣʴʰʽ ʢʽʥʝʤʘʪʠʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʨʫʭʫ ʾʭ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʚ ʥʝʦʙʭʽʜʥʽ ʨʫʭʠ 

ʚʝʜʝʥʠʭ ʣʘʥʦʢ ʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʱʦ ʟʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʡʙʫʪʥʴʦʛʦ. 

ʅʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʤʝʭʘʥʽʟʤʽʚ ʜʨʫʛʦʛʦ ʢʣʘʩʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʥʘʜʭʦʜʷʪʴ ʛʨʫʧʠ ʪʘʢʦʛʦ ʞ 

ʢʣʘʩʫ ʧôʷʪʠ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʤʝʭʘʥʽʟʤʠ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʥʘ ʙʘʟʽ ʛʨʫʧ ʣʘʥʦʢ 4-ʛʦ ʢʣʘʩʫ 3-ʛʦ 

ʧʦʨʷʜʢʫ ʥʝ ʤʘʶʪʴ ʧʝʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʾʭ ʚʠʜʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʱʽʚ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʘʩʪʫʧʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʪʘ ʧʦʜʘʣʴʰʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʤʝʭʘʥʽʟʤʽʚ [1-3]. 
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ʗʢʱʦ ʫʨʘʭʫʚʘʪʠ ʪʝ, ʱʦ ʢʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʪʨʝʪʴʦʛʦ ʪʘ ʚʠʱʝ 

ʢʣʘʩʽʚ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ , ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ 

ʧʨʘʛʥʝʥʥʷ ʜʦʩʣʽʜʥʠʢʽʚ ʩʧʨʦʩʪʠʪʠ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʤʽʥʠ 

ʤʝʭʘʥʽʟʤʽʚ ʚʠʱʠʭ ʢʣʘʩʽʚ ʢʽʥʝʤʘʪʠʯʥʦ-ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʥʠʞʯʠʭ ʢʣʘʩʽʚ. ɺ 

ʬʦʨʤʫʣʘʭ ʙʫʜʦʚ ʟʘʟʥʘʯʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʩʫʪʥʽ ʩʪʨʫʢʪʫʨʥʽ ʛʨʫʧʠ ʜʨʫʛʦʛʦ ʢʣʘʩʫ, ʩʪʝʧʽʥʴ 

ʚʽʣʴʥʦʩʪʽ ʪʘ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʦʯʦʢ ʣʘʥʦʢ ʤʝʭʘʥʽʟʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʊʘʢʝ 

ʩʪʘʻ ʤʦʞʣʠʚʠʤ, ʷʢʱʦ ʚ ʤʝʭʘʥʽʟʤʽ ʚʠʱʦʛʦ ʢʣʘʩʫ ʟʽ ʩʪʝʧʝʥʝʤ ʚʽʣʴʥʦʩʪʽ ʦʜʠʥʠʮʷ ʫʤʦʚʥʦ 

ʟʤʽʥʠʪʠ ʚʝʜʫʯʫ ʣʘʥʢʫ ʤʝʭʘʥʽʟʤʫ [4]. 

ʈʦʙʦʪʠ, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ ʧʣʦʩʢʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤʠ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟôʷʩʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʩʧʨʦʩʪʠʪʠ ʾʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʨʫʢʪʫʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʟ ʨʫʭʦʤʠʤ 

ʟʘʤʢʥʝʥʠʤ ʢʦʥʪʫʨʦʤ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʣʘʥʦʢ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʛʨʫʧʫ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʰʝʩʪʠ ʨʫʭʦʤʠʭ ʣʘʥʦʢ (2-7) ʪʘ ʟ ʜʝʚôʷʪʠ ʦʙʝʨʪʘʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ ɸ1 ï ɸ9 (ʨʠʩ. 1 ) ʪʘ 

ʾʾ ʤʦʜʠʬʽʢʘʮʽʾ (ʨʠʩ. 2-6 ). 

 
ʈʠʩ. 1. ï ʉʪʨʫʢʪʫʨʥʘ ʛʨʫʧʘ ʯʝʪʚʝʨʪʦʛʦ 

ʢʣʘʩʫ ʟ ʜʝʚôʷʪʴʤʘ ʦʙʝʨʪʘʣʴʥʠʤʠ ʧʘʨʘʤʠ 

 
ʈʠʩ. 2. ï ʉʪʨʫʢʪʫʨʥʘ ʛʨʫʧʘ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʪʘ 

ʦʜʥʽʻʶ ʧʦʩʪʫʧʘʣʴʥʦʶ ʧʘʨʘʤʠ 

 
 

ʈʠʩ. 3 ï ʉʪʨʫʢʪʫʨʥʘ ʛʨʫʧʘ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ 

ʪʘ ʜʚʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʧʘʨʘʤʠ 

 
ʈʠʩ. 4 ï ʉʪʨʫʢʪʫʨʥʘ ʛʨʫʧʘ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʪʘ 

ʪʨʴʦʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʧʘʨʘʤʠ 

 

 
ʈʠʩ. 5 ï ʉʪʨʫʢʪʫʨʥʘ ʛʨʫʧʘ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ 

ʪʘ ʯʦʪʠʨʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʧʘʨʘʤʠ 

 

ʈʠʩ. 6 ï ʉʪʨʫʢʪʫʨʥʘ ʛʨʫʧʘ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʪʘ 

ʯʦʪʠʨʤʘ ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʧʘʨʘʤʠ 
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ɯʥʰʽ ʚʠʜʠ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʷʢʱʦ 

ʚ ʧʦʢʘʟʘʥʠʭ ʚʠʱʝ ʚʘʨʽʘʥʪʘʭ ʟʘʤʽʥʠʪʠ ʦʙʝʨʪʘʣʴʥʽ ʽ ʧʦʩʪʫʧʘʣʴʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʦʩʪʫʧʘʣʴʥʠʤʠ ʽ ʦʙʝʨʪʘʣʴʥʠʤʠ ʧʘʨʘʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʟʛʽʜʥʦ ʟ ʫʤʦʚʥʦʶ ʟʘʤʽʥʦʶ 

ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʽʡʩʥʘ ʚʝʜʫʯʘ ʣʘʥʢʘ 1 ʤʝʭʘʥʽʟʤʫ (ʢʨʠʚʦʰʠʧ) ʫʪʚʦʨʶʻ ʟ 

ʣʘʥʢʦʶ 2 ʛʨʫʧʠ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ ɸ1, ʘ ʜʚʽ ʽʥʰʽ ʟʦʚʥʽʰʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ɸ7, ɸ9 

ʫʪʚʦʨʝʥʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʣʘʥʢʘʤʠ 5, 7 ʛʨʫʧʠ ʪʘ ʩʪʦʷʢʦʤ 0. 

ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʙʫʜʦʚ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʻ ʢʽʥʝʤʘʪʠʯʥʦ-ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤ 

ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʤʘʶʪʴ ʚʘʨʽʘʥʪʠ, ʚ ʷʢʠʭ ʫʤʦʚʥʦ ʽʥʰʦʶ ʤʦʞʣʠʚʦʶ ʚʝʜʫʯʦʶ ʣʘʥʢʦʶ ʻ 

ʣʘʥʢʘ 7. 

ɸʥʘʣʽʟ ʬʦʨʤʫʣ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʝʭʘʥʽʟʤ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ ʟ ʟʘʤʢʥʝʥʠʤ 

ʢʦʥʪʫʨʦʤ ʫʪʚʦʨʝʥʠʤ ʯʦʪʠʨʤʘ ʰʘʪʫʥʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʢʽʥʝʤʘʪʠʯʥʦ ʜʦʩʣʽʜʠʪʠ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ 

ʬʦʨʤʫʣʦʶ ʙʫʜʦʚʠ ʫʤʦʚʥʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦ-ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʨʝʪʴʦʛʦ ʢʣʘʩʫ. 
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ɺʃʀʗʅʀɽ ʈɽɾʀʄʆɺ ʆɹʈɸɹʆʊʂʀ ʅɸ ʀɿʅʆʉ ɼʀʉʂʆɺʆʁ ʇʆʃʀʄɽʈʅʆ-

ɸɹʈɸɿʀɺʅʆʁ ʑɽʊʂʀ 

ʀʟʥʦʩ ʜʠʩʢʦʚʳʭ ʧʦʣʠʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʳʭ ʱʝʪʦʢ (ʇɸʑ) ï ʷʚʣʝʥʠʝ ʥʝʠʟʙʝʞʥʦʝ, ʥʦ 

ʧʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ ʠ ʩʫʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʜʙʦʨ ʧʨʘʚʠʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʦʤʦʛʫʪ ʩʥʠʟʠʪʴ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʅʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʥʦʨʤʘʣʴʥʦʤʫ ʠʟʥʦʩʫ, 

ʢʦʪʦʨʳʡ ʧʦʜʜʘʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ, ʠ ʠʟʙʝʛʘʪʴ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʥʦʩ ʢʘʪʘʩʪʨʦʬʠʯʝʥ. ʇʦʜʙʠʨʘʷ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʠʩʢʦʚʳʭ ʇɸʑ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʜʠʩʢʦʚʦʡ ʇɸʑ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʜʠʩʢʦʚʘʷ ʇɸʑ ʬʠʨʤʳ ñOsbornò ʩ ʘʙʨʘʟʠʚʦʤ (ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ) 

ʨʘʟʤʝʨʦʤ 90é75 ʤʢʤ. ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʱʝʪʢʠ 150 ʤʤ, ʰʠʨʠʥʘ 15 ʤʤ, ʚʳʣʝʪ ʚʦʣʦʢʦʥ 30 

ʤʤ, ʜʠʘʤʝʪʨ ʚʦʣʦʢʥʘ 1,2 ʤʤ. ɼʣʷ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ: 

ʩʪʘʣʴ 20, ʘʣʶʤʠʥʠʡ ɸʄɻ3, ʣʘʪʫʥʴ ʃ63, ʤʝʜʴ ʄ2, ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ8-ʄ, ʥʠʢʝʣʝʚʳʡ 

ʩʧʣʘʚ ʍʅ45ʄɺʊʖɹʈ. ʊʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 60é300 ʅɺ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʯʠʩʪʦʚʦʤʫ ʬʨʝʟʝʨʦʚʘʥʠʶ (Ra3,2). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʦʩʘ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʠʣʠ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʪʠʧʘ 3
k
.  
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ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʬʘʢʪʦʨʦʚ) ʚʳʙʨʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʩ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʚʘʨʠʘʮʠʝʡ: ʥʘʪʷʛ (i=1é2 ʤʤ), ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

(V=5,9é21,2 ʤ/ʩ). ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʥʦʩ ʱʝʪʢʠ, ʦʥʘ 

ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʠʟʥʦʩ ʠ ʚʣʠʷʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʥʝʛʦ, ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʉʆʊʉ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʙʳʣ 

ʚʳʙʨʘʥ ʤʘʩʩʦʚʳʡ ʠʟʥʦʩ ʚʦʣʦʢʦʥ ʱʝʪʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʫʪʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʱʝʪʢʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ. ɽʛʦ ʬʠʢʩʠʨʦʚʘʣʠ 

ʯʝʨʝʟ ʢʘʞʜʳʡ ʯʘʩ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ, ʟʘʪʝʤ ʥʘʭʦʜʠʣʠ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʧʝʨʝʚʦʜʠʣʠ ʚ ʠʟʥʦʩ ʜʣʠʥʳ ʚʦʣʦʢʥʘ ʱʝʪʢʠ (æl).  

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʪ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʥʝʣʠʥʝʡʥʦʡ, ʫʯʠʪʳʚʘʣʠʩʴ ʚʦʟʤʦʞʥʳʝ ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ ʚ ʬʦʨʤʫʣʫ 

ʚʢʣʶʯʠʣʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ æl=f(i,V): 

    (1) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (a0, a1, a2, a3, a4, a5) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ çStatisticaè. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ æl  ɻʠ 

ʨʘʩʯʝʪʥʦʛʦ ælʨ ʠʟʥʦʩʘ, ʚ ʪʘʙʣʠʮʝ 2 ï ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʜʣʷ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 20 

i, 

ʤʤ 

V, 

ʤ/ʩ 

æl ,ɻ 

ʤʤ/ʯ 

ælʨ, 

ʤʤ/ʯ 

ʇʦʛʨʝʰ-

ʥʦʩʪʴ, % 

 

1,0 5,9 0,006 0,006299 4,98 

1,0 11,8 0,014 0,013919 0,57 

1,0 21,2 0,032 0,031526 1,48 

1,5 5,9 0,010 0,009224 5,87 

1,5 11,8 0,020 0,019915 0,42 

1,5 21,2 0,042 0,042414 0,98 

2,0 5,9 0,012 0,012249 2,07 

2,0 11,8 0,026 0,026011   0,042 

2,0 21,2 0,054 0,053403 0,92 

 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʝ (1) 

ʄʘʪʝʨʠʘʣ 
ʂʦʵʬʬʠʮʠʝʥʪʳ 

a0 a1 a2 a3 a4 a5 

ɸʣʶʤʠʥʠʡ -0,07042 0,054925 0,002667 0,007634 -0,0002 -0,000997 

ʃʘʪʫʥʴ 0,001656 0,00517 -0,002667 -0,001529 0,000067 0,001966 

ʄʝʜʴ 0,104889 -0,113305 0,0280 -0,006955 0,000167 0,005345 

ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ 0,2692293 -0,322455 0,0880 -0,01428 0,000607 0,011243 

ʅʠʢʝʣʝʚʳʡ ʩʧʣʘʚ 0,002012 -0,00055 -0,000667 -0,000209 0,000027 0,001096 

ʉʪʘʣʴ 0,001916 -0,00079 0,0002 -0,00042 0,000038 0,001041 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʦʩʘ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʳʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʪ 5,9 ʜʦ 21,2 ʤ/ʩ ʠʟʥʦʩ ʚʦʟʨʘʩʪʘʝʪ ʚ 4é5 ʨʘʟ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʥʘʪʷʛʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʪʷʛʘ ʦʪ 1 ʜʦ 2 ʤʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʠʟʥʦʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,7é2 ʨʘʟʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 
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ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʥʦʩ ʤʠʥʠʤʘʣʝʥ (V= 5,9é11,8 ʤ/ʩ, i=1 

ʤʤ). ʉʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʥʦʩʘ 

ï 2é10 %, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ï 0,977é0,999. 

 

ʋɼʂ 621.74 

ʏʝʨʥʝʪʘ ʆ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʫʨʷ ʆ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʙʝʨʝʞʥʘ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ, ocherneta@gmail.com 

ɺʦʣʦʱʫʢ ʈ.ɻ., ʩʫʤʽʩʥʠʢ 

ʇɸʊ çɼʥʽʧʨʦ-ɸʟʦʪè 

ʊɽʍʅʆʃʆɻɯʗ ɺɯɼʅʆɺʃɽʅʅʗ ɯ ɿʄɯʎʅɽʅʅʗ ʇʆɺɽʈʍʅɽɺʆɻʆ ʐɸʈʋ 

ɼɽʊɸʃɽʁ ɸɺʊʆʄʆɹɯʃʗ 

ʈʝʩʫʨʩ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʽʚ ʽ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ ʦʙʤʝʞʝʥʠʡ ʧʨʦʮʝʩʘʤʠ ʪʝʨʪʷ ʥʘ ʜʦʣʶ 

ʷʢʦʛʦ ʧʨʠʧʘʜʘʻ ʜʦ 70% ʟʘʛʘʣʴʥʦʾ ʨʫʡʥʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ. ʊʘʢ, ʧʦʨʫʰʝʥʥʷ 

ʛʝʦʤʝʪʨʽʾ ʽ ʟʥʦʩʫ ʧʨʦʬʽʣʶ ʢʫʣʘʯʢʘ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʫ ʥʘ 60-100 ʤʢʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʧʦʚʥʦʛʦ ʭʦʜʫ, ʥʝ ʱʽʣʴʥʦʩʪʽ ʧʨʠʪʠʩʢʘʥʥʷ ʢʣʘʧʘʥʽʚ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ ï ʚʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ, ʧʨʦʨʠʚʠ ʛʘʟʽʚ, ʥʝʧʦʚʥʦʪʘ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ 

ʽ ʨʫʡʥʘʮʽʷ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʥʝʡ. 

ʊʨʘʜʠʮʽʡʥʦ ʚʽʜʥʦʚʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʟʥʦʰʝʥʦʾ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʥʘʧʣʘʚʣʝʥʥʷ ʰʘʨʫ ʤʝʪʘʣʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʫ ʧʦʚʝʨʭʥʶ.  

ʆʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʻ ʤʽʮʥʽʩʪʴ ʫʪʨʠʤʘʥʥʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʟ 

ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʧʽʜʣʦʞʢʦʶ, ʫʥʠʢʥʝʥʥʷ ʩʢʦʣʽʚ ʽ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʪʝʧʣʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʝʨʝʭʽʜʥʠʭ ʟʦʥʘʭ, 

ʥʘʜʘʥʥʷ ʚʠʩʦʢʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʟʤʽʮʥʶʶʯʠʭ 

ʦʙʨʦʙʦʢ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʚʠʙʦʨʫ ʥʘʧʣʘʚʦʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʫʣʘʯʢʽʚ ʩ ʩʪʘʣʽ 45 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʜʠ 

ʆɿʐ-3 ʟ ʥʘʩʪʫʧʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ  (ʉ - 0,4%; Mn ï 0,5%; Si ï 1,9%; Cr ï 9,9%; S ï 

0,013%; P ï 0,021%) [1, 2]. 

ʅʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʽ ʬʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ ʩʝʢʪʦʨʘ ʢʫʣʘʯʢʘ. 

 

ʈʠʩ. 1 ï ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʩʝʢʪʦʨʘ ʢʫʣʘʯʢʘ (ʘ(820), ʙ(819), ʚ(818) ʩʝʨʝʜʠʥʠ), 

ʙ(813), ʛ(819) ʧʝʨʝʭʽʜʥʦʾ, ʧʽʜʰʘʨʦʚʦʾ ʽ ʢʨʘʡʥʴʦʾ ʟʦʥ 

ʙ(817

) 

ʚ(818

) 

ʛ(819

) ɼʨʽʙʥʽ ʟʝʨʥʘ ʬʝʨʠʪʫ 

ʆʩʥʦʚʥʠʡ 

ʤʝʪʘʣ 

ʇʝʨʝʭʽʜʥʘ ʟʦʥʘ 

(ʟʘʩʪʠʛʘʥʥʷ ʽ ʜʠʬʫʟʽʾ) 

ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʥʘ 

ʧʦʚʝʨʭʥ ̔(15-20 ʤʢʤ) 

ʇʝʨʝʭʜ̔ʥʘ 

ʜʠʬʫʟʡ̔ʥʘ ʟʦʥʘ 

150-180 ʤʢʤ 

 

ʘ(820) 

mailto:ocherneta@gmail.com
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ʆʪʞʝ, ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ʟʘʣʠʰʢʦʚʠʡ ʘʫʩʪʝʥʽʪ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʬʝʨʠʪ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʜʚʦʭ ʬʘʟ: ʯʘʩʪʦʢ ʬʝʨʠʪʫ (ʪʝʤʥʽ ʢʘʩʢʘʜʠ) ʽ ʬʘʟʠ çʙʦʨ + ʚʫʛʣʝʮʴè - ʢʘʨʙʽʜ ʙʦʨʫ (ʙʽʣʽ 

ʚʢʨʘʧʣʝʥʥʷ) ʨʠʩ.1ʚ (814) - ʬʨʘʛʤʝʥʪ ʟʦʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭ3000 ʢʨʘʪ, 

ʛ(815) ï ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʭ1000 ʢʨʘʪ.  

ʅʘ ʨʠʩ.2 ʥʘʜʘʥʘ ʩʭʝʤʘ ʚʠʤʽʨʽʚ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ ʚʽʜʥʦʚʣʝʥʦʛʦ ʽ 

ʟʤʽʮʥʝʥʦʛʦ ʣʘʟʝʨʥʠʤ ʙʦʨʫʚʘʥʥʷʤ ʢʫʣʘʯʢʘ.  

 
ʈʠʩ.2 ï ʉʭʝʤʘ ʚʠʤʽʨʽʚ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ ʚʽʜʥʦʚʣʝʥʦʛʦ ʽ ʟʤʽʮʥʝʥʦʛʦ ʣʘʟʝʨʥʠʤ 

ʙʦʨʫʚʘʥʥʷʤ ʢʫʣʘʯʢʘ. 

ʆʪʞʝ, ʷʢ ʥʘʦʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2 ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ ʟʙʽʣʴʰʠʣʘʩʷ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʠ (Hɛ3500-4200) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʢʫʣʘʯʢʘ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʫ (Hɛ1800-2600), ʱʦ ʜʦʚʦʜʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʢʦʨʥʷʢʦʚ ɽ.ʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ. / ʉʢʦʨʥʷʢʦʚ ɽ.ʉ., ʏʝʨʥʝʪʘ ʆ.ɻ., ɺʦʣʦʱʫʢ ʈ.ɻ. // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

çʇʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʠʣʘʜʠè. ï ʤ. ʃʫʮʴʢ ʣʠʩʪʦʧʘʜ 2014 ʨ. ï ʃʫʮʴʢ: ʃʅʊʋ, ï ɺʠʧ.7(2) ï 

2015. ï ʉ113-116. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ʩʪʘʣʽ 45 ʧʨʠ ʚʽʜʥʦʚʣʝʥʽ ʽ 

ʙʘʛʘʪʦʢʨʘʪʥʽʡ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. / [ʏʝʨʥʝʪʘ ʆ.ɻ., ʉʫʭʦʤʣʽʥ ɺ.ɯ., ɺʦʣʦʱʫʢ ʈ.ɻ., ʉʝʨʝʜʘ ɹ.ʇ.] // 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʠʣʘʜʠ. ʤ. ʃʫʮʴʢ ʯʝʨʚʝʥʴ 2017 ʨ. ïʃʅʊʋ, ï ɺʠʧ.10(1) ï 2017. ï ʉ.212-217. 
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ʅʘʧʨʷʤ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ 
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ʋɼʂ 621.773.9 

ʇʨʠʭʦʜʴʢʦ ɺ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, privas@bigmir.net 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʌʆʈʄʋɺɸʅʅʗ ʊɸ ʈʆɿʄɯʈʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʄɸʈʐʈʋʊɯɺ ʆɹʈʆɹʃɽʅʅʗ ʆʊɺʆʈɯɺ  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʊʇ) ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʫ ʚʩʴʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʨʦʙʽʪ ʟʥʘʯʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʨʦʟʤʽʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʩʥʦʚʥʠʭ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ï ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʡʥʠʭ ʨʦʟʤʽʨʽʚ, 

ʧʨʠʧʫʩʢʽʚ, ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʦʢ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ.  

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʤʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʊʇ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. ʈʦʟʨʦʙʢʘ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ (ʈʄɸ ʊʇ) ʜʦʟʚʦʣʷʻ ʧʝʨʝʥʝʩʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʟ ʝʪʘʧʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʇ ʥʘ ʝʪʘʧ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʜʝ ʧʦʰʫʢ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʥʝ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʚʝʣʠʢʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚʠʢʦʨʠʩʪʘʥʥʷ ñʨʫʯʥʠʭò ʘʙʦ ʟ 

ʯʘʩʪʢʦʚʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʯʠ ʜʝʪʘʣʝʡ ʟʥʠʞʫʻ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʨʠʤʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʻ 

ʩʪʠʤʫʣʦʤ ʽ ʧʦʪʨʝʙʦʶ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʜʫʨ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʊʇ.  

ʈʦʟʨʦʙʣʝʥʥʷ ʽ ʨʦʟʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʢʦʨʧʫʩʥʠʭ 

ʜʝʪʘʣʝʡ, ʚʥʘʩʣʽʜʦʢ ʩʢʣʘʜʥʦʩʪʽ ʾʭ ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ, ʻ ʧʨʠʢʣʘʜʦʤ ʧʨʦʙʣʝʤʠ, ʷʢʽʩʥʝ 

ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ 

ʩʢʦʨʦʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʪʨʘʪ ʻ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʨʦʟʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʨʧʫʩʥʠʭ 

ʜʝʪʘʣʝʡ ʻ ʪʦʯʥʽ ʦʪʚʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʽʜʰʠʧʥʠʢʽʚ ʪʘ 

ʽʥʰʠʭ ʜʝʪʘʣʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʥʠʭ ʧʦʩʘʜʦʢ. ʄʘʨʰʨʫʪʠ ʦʙʨʦʙʣʝʥʥʷ ʪʘʢʠʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ, ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʧʦʪʨʝʙʫʻ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʧʫʩʢʘʤʠ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʧʫʩʢʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʩʽʭ ʧʝʨʝʭʦʜʽʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʤʦʛ ʪʘ ʟʘʚʜʘʥʴ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʣʝʥʥʷ ʪʦʯʥʠʭ ʦʪʚʦʨʽʚ. 

ʇʨʦʛʨʘʤʘ ʤʽʩʪʠʪʴ ʙʘʟʠ ʜʘʥʠʭ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʰʦʨʩʪʢʦʩʪʽ, ʛʣʠʙʠʥʠ ʜʝʬʝʢʪʥʠʭ ʰʘʨʽʚ ʪʘ ʽʥʰʽ). 

ɺʦʥʘ ʚʢʣʶʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ:  

1) ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʣʝʥʥʷ ʦʪʚʦʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʟʘʜʘʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʤ 

ʪʦʯʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʠ ʜʽʘʤʝʪʨʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ, ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʦʪʚʦʨʫ ʚ ʟʘʛʦʪʦʚʮʽ; 

2) ʨʦʟʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ï ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʨʦʟʨʘʭʫʥʦʢ ʦʧʝʨʘʮʽʡʥʠʭ ʨʦʟʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʛʥʦʟʥʠʭ ʚʝʣʠʯʠʥ ʧʦʣʽʚ 

ʨʦʟʩʽʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʟʤʽʨʽʚ (ʨʘʜʽʫʩʽʚ, ʜʽʘʤʝʪʨʽʚ), ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʧʘʩʫ ʪʦʯʥʦʩʪʽ 

ʜʣʷ ʦʮʽʥʢʠ ʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʘʨʰʨʫʪʫ ʦʙʨʦʙʣʝʥʥʷ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ, 

ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʤʽʨʽʚ ʪʘ ʧʨʠʧʫʩʢʽʚ ʜʣʷ ʚʩʽʭ ʧʝʨʝʭʦʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʟʘʻʤʦʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʦʢ.  

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʩʝʨʽʡʥʦʤʫ ʽ ʢʨʫʧʥʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘʭ, ʷʢ ʩʘʤʦʩʪʽʡʥʦ ʪʘʢ ʽ ʫ ʩʢʣʘʜʽ 

ʽʥʪʝʛʨʦʚʘʥʠʭ CAD/CAM-ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ. 
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ʄʠʨʦʥʝʥʢʦ ɭ.ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʇʦʣʫʧʘʥ ɯ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʚʠʢʣʘʜʘʯ, 

ʄʽʨʘʥʮʦʚ ʉ.ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, evgeny.mironenko@dgma.donetsk.ua 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉʋ ɺɯɼʅʆɺʃɽʅʅʗ ʂʆʃɯʉʅʀʍ ʇɸʈ 

ʅɸ ʂʆʃɯʉʆʊʆʂɸʈʅʀʍ ɺɽʈʉʊɸʊɸʍ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʽʩʪʴ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʙʘʛʘʪʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 
ʷʢʦʩʪʽ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʥʦʚʥʘ 

ʯʘʩʪʢʘ ʟʘʪʨʘʪ ʥʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʧʦʚôʷʟʘʥʘ ʽʟ ʚʘʨʪʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ʄʝʪʦʜʠ ʢʦʣʝʩʦʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʩʝʨʝʜ ʤʝʪʦʜʽʚ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʢʘʪʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ: 

ï ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʟʥʘʯʥʠʭ 

ʢʦʣʠʚʘʥʥʷʭ ʧʝʨʝʨʽʟʫ ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʶʚʘʥʥʽ ʧʨʦʬʽʣʶ ʥʦʚʦʛʦ ʢʦʣʝʩʘ ʪʘ 

ʜʠʥʘʤʽʯʥʠʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʧʨʠ 

ʚʽʜʥʦʚʣʝʥʥʽ ʧʨʦʬʽʣʶ ʢʦʣʽʩʥʦʾ ʧʘʨʠ, ʱʦ ʙʫʣʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ï ʟʘʛʘʣʴʥʘ ʜʠʥʘʤʽʯʥʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ ʥʝ 

ʜʦʟʚʦʣʷʻ ʧʨʠ ʽʩʥʫʶʯʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʽʮʥʦʩʪʽ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʙʽʣʴʰ ʥʽʞ 80 ʤ/ʭʚ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʥʘ ʢʦʣʝʩʦ 

ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟʘ ʨʘʭʫʥʦʢ ʧʦʣʽʧʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʙʽʨʥʠʭ ʨʽʟʮʽʚ ʜʣʷ 

ʢʦʣʝʩʦʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ. 

ɼʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʥʘ 

ʚʘʞʢʠʭ ʢʦʣʝʩʦʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʪʨʫʢʪʫʨʥʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʧʦʙʫʜʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʪʘ ʤʦʜʝʣ ̔ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠʢʠ [2, 3] ʪʘ 

ʜʦʧʫʱʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʚʪʦʨʘʤʠ ʨʦʙ̔ʪ [4, 5, 6]. 

ʉʫʯʘʩʥʠʡ ʟʙʽʨʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʤʘʩʦʚʫ, 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʨʽʟʘʣʴʥʘ ʧʣʘʩʪʠʥʘ ʨʽʟʮʷ, ʦʧʦʨʥʘ 

ʧʣʘʩʪʠʥʘ ʪʘ ʝʣʝʤʝʥʪʠ ʤʝʭʘʥʽʯʥʦʛʦ ʢʨʽʧʣʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʣʘʩʥʦʶ ʤʘʩʦʶ, 

ʞʦʨʩʪʢʽʩʪʶ ʢʨʽʧʣʝʥʥʷ. ʊʦʤʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʧʨʠ ʨʽʟʘʥʥʽ ʚ 

ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʪʘʢʦʞ ʽ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ 

ʽʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʙʽʨʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʷʢ ʦʢʨʝʤʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʧʨʫʞʥʫ 

ʩʠʩʪʝʤʫ ʽʥʩʪʨʫʤʝʥʪʘ, ʚʢʣʶʯʝʥʫ ʧʘʨʘʣʝʣʴʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʧʨʫʞʥʽʡ ʩʠʩʪʝʤʽ (ɽʇʉ) 

ʚʝʨʩʪʘʪʘ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ, ʨʫʭ ʝʣʝʤʝʥʪʽʚ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ (ɽʇʉ) ʪʘ ʧʽʜʩʠʩʪʝʤʠ ʟʙʽʨʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʨʦʮʝʩʽ 

ʢʦʣʠʚʘʥʴ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʨʫʭ ʝʣʝʤʝʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʘʞʢʦʛʦ ʢʦʣʝʩʦʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʘʞʢʦʛʦ ʢʦʣʝʩʦʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ 

ʚʠʢʦʥʘʥʘ ʚ ʧʘʢʝʪʽ Simulink MATLAB.  

ɼʽʘʧʘʟʦʥ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʟʙʽʨʥʦʛʦ ʨʽʟʮʷ ʚ ʙʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,15Ā10
-7

 ʜʦ 1,3Ā10
-7
, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï 
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ʚʽʜ 0,1Ā10
-7

 ʜʦ 0,72Ā10
-7
 (ʟʤʝʥʰʝʥʥʷ ʚʽʜ 1,5 ʜʦ 1,8 ʨʘʟʠ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʫʜʦʩʢʦʥʘʣʝʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʨʽʟʮʽʚ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ ʨʽʟʮʽʚ ʧʦʢʘʟʘʚ 

ʟʘʣʝʞʥʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ ʨʽʟʮʽʚ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʫ 

ʨʽʟʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʘʭ ʥʠʟʴʢʠʭ (0é1000 ɻʮ) ʽ ʚʠʩʦʢʠʭ (1é10 ʢɻʮ) ʯʘʩʪʦʪ. 

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ 

ʨʽʟʮʽʚ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʟʙʽʨʥʠʭ 

ʯʘʰʢʦʚʠʭ ʨʽʟʮʽʚ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʧʦʜʘʯʽ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʜʣʷ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ 

ʨʽʟʮʽʚ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʦʧʠʩʫʻ ʢʦʣʠʚʘʥʥʷ ʟʙʽʨʥʠʭ 

ʯʘʰʢʦʚʠʭ ʨʽʟʮʽʚ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʚʠʢʦʥʫʚʘʣʦʩʴ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ, ʦʪʨʠʤʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʣʘʜʥʦʛʦ ʧʘʢʝʪʘ MATLAB, ʽ ʟʘʣʝʞʥʦʩʪʝʡ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʙʽʨʥʦʛʦ ʯʘʰʢʦʚʦʛʦ ʨʽʟʮʷ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʬʽʣʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʧʦʢʘʟʘʚ, ʱʦ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʟʘʣʴʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟʤʝʥʰʠʣʘʩʴ ʚ 1,5-1,8 ʨʘʟʠ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʧʦʜʘʯʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ 

ʨʽʟʮʽʚ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʜʘʯʽ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʫ 

ʤʦʥʦʪʦʥʥʦ ʟʥʠʞʫʻʪʴʩʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʤʝʥʪʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʯʠʥʷʪʴ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʯʘʩʪʦʪʫ 

ʢʦʣʠʚʘʥʴ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ ʨʽʟʮʽʚ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʘʩʘʤʠ ʪʘ ʞʦʨʩʪʢʽʩʪʶ ʟʙʽʨʥʠʭ ʯʘʰʢʦʚʠʭ ʨʽʟʮʽʚ, ʞʦʨʩʪʢʽʩʪʶ ʜʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʞʦʨʩʪʢʽʩʪʶ 

ʚʫʟʣʽʚ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʟʙʽʨʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʙʨʦʙʢʠ 

ʢʦʣʽʩʥʠʭ ʧʘʨ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʢʦʣʠʚʘʥʴ ʚʢʘʟʘʥʠʭ ʨʽʟʮʽʚ ʚ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʬʽʣʶ ʢʦʣʽʩʥʠʭ ʧʘʨ. ʈʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 10%. 
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ʉʀʉʊɽʄʀ ʏʀʉʃʆɺʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ï ɺʀʄʆɻɸ 

ʉʋʏɸʉʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

ɺʞʝ ʜʘʚʥʦ ʣʶʜʩʪʚʦ ʟʙʘʛʥʫʣʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʠ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ (ʜʘʣʽ ʏʇʂ) ʚ ʚʠʨʦʙʥʠʮʪʚʽ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʦʜʫʢʮʽʶ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʜʦʩʷʛʪʠ 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʙʝʟʣʶʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʪʘ ʦʜʥʦʯʘʩʥʦ 

ʩʫʪʪʚ̒ʦ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʂʫʧʽʚʣʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʥʘʱʝʥʦʛʦ ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʏʇʂ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʢʦʰʪʽʚ. ʊʦʤʫ ʯʘʩʪʦ ʥʘ ʜʽʶʯʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʚʞʝ ʥʘʷʚʥʦʛʦ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʥʘ ʥʴʦʛʦ ʩʠʩʪʝʤʠ ʏʇʂ ʪʘ 

ʩʫʧʫʪʥʻ ʦʙʣʘʜʥʘʥʥʷ. 

ʗʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʤʝʪʘʣʦʦʙʨʦʙʢʫ, ʪʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʩʬʦʨʤʫʚʘʣʘʩʷ ʰʝʩʪʽʨʢʘ ʩʚʽʪʦʚʠʭ 

ʣʽʜʝʨʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʩʪʝʤ ʏʇʂ: ʢʦʤʧʘʥʽʾ FANUC, Siemens, Heidenhain, Fagor 

Automation, Bosch Rexroth, Mitsubishi Electric. ʇʨʠʯʦʤʫ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʨʦʟʚʠʪʢʫ ʮʠʭ ʚʠʨʦʙʥʠʮʪʚ ʻ ʨʦʟʚʠʪʦʢ ʨʘʥʽʰʝ ʩʪʚʦʨʝʥʠʭ ʩʠʩʪʝʤ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ/ ʘʙʦ ʟʤʽʥʘ ʷʜʨʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʾʭ ʪʝʭʥʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʦʙʪʦ ʥʘ ʨʠʥʢʫ ʩʠʩʪʝʤ ʏʇʂ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʝ ʟËʷʚʣʷʶʪʴʩʷ çʥʦʚʘʯʢʠè, ʘ 

ʝʚʦʣʶʮʽʦʥʫʶʪʴ ʩʪʘʨʽ [1]. 

ɺʠʱʝʥʘʟʚʘʥʽ ʢʦʤʧʘʥʽʾ ʜʣʷ ʩʚʦʾʭ ʩʠʩʪʝʤ ʚ ʙʽʣʴʰʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʾ: 

ʙʘʛʘʪʦʢʦʦʨʜʠʥʘʪʥʫ ʦʙʨʦʙʢʫ, ʙʘʛʘʪʦʢʘʥʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ, ʢʦʤʧʝʥʩʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʘ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʫ ʪʘ 

ʚʠʩʦʢʦʪʦʯʥʫ ʦʙʨʦʙʢʫ, ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ, ʢʦʥʪʨʦʣʴ ʟʽʪʢʥʝʥʴ, ʮʝʭʦʚʝ 

ʢʝʨʫʚʘʥʥʷ, ʚʽʜʜʘʣʝʥʝ ʢʝʨʫʚʘʥʥʷ, ʜʽʘʛʥʦʩʪʠʢʫ ʪʘ ʢʦʥʪʨʦʣʴ ʪʘ ʽʥʰʽ [2]. ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ 

ʤʦʞʣʠʚʝ ʚʨʫʯʥʫ ʥʘ ʇʂ, ʥʘ ʩʪʽʡʮʽ ʏʇʂ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ CAD-CAM ʩʠʩʪʝʤ. 

ʅʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʦʜʫʢʮʽʷ ʢʦʤʧʘʥʽʾ Heidenhain, ʷʢʘ ʦʭʦʧʣʶʻ ʥʝ ʪʽʣʴʢʠ 

ʚʣʘʩʥʝ ʩʘʤʽ ʩʠʩʪʝʤʠ ʏʇʂ, ʘ ʡ ʧʨʝʮʠʟʽʡʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʜʘʪʯʠʢʘʤʠ ʣʽʥʽʡʥʦʛʦ ʪʘ ʢʫʪʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʜʘʪʯʠʢʘʤʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʧʨʠʩʪʨʦʷʤʠ 

ʮʠʬʨʦʚʦʾ ʽʥʜʠʢʘʮʽʾ.  

ʃʽʥʽʡʢʘ ʩʠʩʪʝʤ ʏʇʂ Heidenhain ʦʭʦʧʣʶʻ ʷʢ ʧʨʦʩʪʫ ʢʦʤʧʘʢʪʥʫ ʩʠʩʪʝʤʫ TNC 128 

(ʪʨʠʦʩʴʦʚʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʢʝʨʫʚʘʥʥʷ), ʪʘʢ ʽ ʢʦʥʪʫʨʥʫ TNC 640 (ʜʦ 18 ʦʩʝʡ ʽ ʰʧʠʥʜʝʣʴ), 

ʧʨʠʯʦʤʫ ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ, ʥʘʧʠʩʘʥʽ ʚ ʩʪʘʨʠʭ TNC ʩʫʤʽʩʥʽ ʟ çʧʨʦʜʚʠʥʫʪʠʤʠè ʩʠʩʪʝʤʘʤʠ 

ʏʇʂ. ʄʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ TNC 640 ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʩʚʝʨʜʣʠʣʴʥʦ-ʬʨʝʟʝʨʥʦʾ, ʘ ʡ 

ʦʭʦʧʣʶʶʪʴ ʽ ʪʦʢʘʨʥʫ ʦʙʨʦʙʢʫ [3]. ɼʦ ʪʦʛʦ ʞ ʚ ʷʢʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʤʘʭʦʚʠʯʢʠ, ʷʢʽ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʶʪʴ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ ʚ 

ʧʣʘʥʽ ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʦʤ, ʪʘ ʧʨʦʛʨʘʤʥʽ ʩʪʘʥʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʜʘʣʝʥʝ ʢʝʨʫʚʘʥʥʷ. 
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1. ɸʆ ʂʦʉʇɸʉ  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://kospas.ru/sistemy-cnc (ʜʘʪʘ ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 19.04.2018). 

2. Martinov G.M., Ljubinov A.B., Martinova L.I., Grigoriev A.S. Remote machine tool control and 

diagnostic based on web technologies. Proc. of COMA 13, International Conference on Competitive 

Manufacturing, Stellenbosch (South Africa), 2013: ISBN: 978-0-7972-1405-7, pp. 351-356  

3. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ Heidenhain [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  http://www.heidenhain.ru 

(ʜʘʪʘ ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.04.2018). 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʀʃ ʈɯɿɸʅʅʗ ɸɹʈɸɿʀɺʅʆɻʆ ɿɽʈʅɸ ʇɯɼ ʏɸʉ ʇʈʆʎɽʉʋ 

ʐʃɯʌʋɺɸʅʅʗ 

ʋ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʪʦʯʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ. ʗʢʽʩʪʴ ʜʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʮʽʷʤʠ ʰʣʽʬʫʚʘʥʥʷ.  

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʧʦ 

ʷʢʦʩʪʽ, ʱʦ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʈʘʟʦʤ ʟ ʮʠʤ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ.  

ʇʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʬʽʥʽʰʥʽ ʦʧʝʨʘʮʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ, 

ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʡ ʧʨʦʮʝʩ.  

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʚʦʣʽ 

ʜʦʚʛʦʪʨʠʚʘʣʝ ʢʦʚʟʘʥʥʷ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʚ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ. ʎʝ ʢʦʚʟʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʤʝʪʘʣʫ. ɯʥʰʽ ʨʽʟʘʣʴʥ ̔ʢʨʦʤʢʠ ʚ ʮʝʡ ʯʘʩ, ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʪʝʨʪʷ 

ʽ ʧʨʫʞʥʦʾ ʪʘ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʟʥʷʪʪʷ ʩʪʨʫʞʢʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʫ, ʢʦʣʠ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟʥʷʪʪʷ ʩʪʨʫʞʢʠ, ʽʩʥʫʻ 

ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʷʚʣʷʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʚʨʽʟʘʥʥʷ ʜʦ ʨʘʜʽʫʩʫ ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʝʨʰʠʥʠ 

ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ (ʘz /ʨ).  

ɿʛʽʜʥʦ ʟ [1] ʨʦʙʦʪʘ ʢʦʞʥʦʾ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ, ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ, ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʥʘ ʧʣʘʩʪʠʯʥʝ ʽ ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʪʝʨʪʷ ʤʽʞ ʘʙʨʘʟʠʚʥʠʤ ʟʝʨʥʦʤ ʪʘ ʤʘʪʝʨʽʘʣʦʤ ʜʝʪʘʣʽ ʽ 

ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʞʢʠ. ʋ ʨʦʙʦʪʽ [2] 

ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʞʢʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ (ʨʠʩ 1). 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʞʢʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ: ɓ ï ʢʫʪ ʟʩʫʚʫ; ɔï ʧʝʨʝʜʥʽʡ ʢʫʪ 

ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ; ʘʩ ï ʪʦʚʱʠʥʘ ʩʪʨʫʞʢʠ; ʘz ï ʛʣʠʙʠʥʘ ʚʨʽʟʘʥʥʷ; V ï ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ; 

ȹS ï ʪʦʚʱʠʥʘ ʟʦʥʠ ʟʩʫʚʫ 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ [2] ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʷʢʘ ʜʽʻ ʥʘ ʢʦʞʥʝ 

ʘʙʨʘʟʠʚʥʝ ʟʝʨʥʦ, ʟʘʟʚʠʯʘʡ ʨʦʟʛʣʷʜʘʶʪʴ ʚʨʽʚʥʦʚʘʞʝʥʠʡ ʩʪʘʥ ʾʾ ʩʢʣʘʜʦʚʠʭ, ʚʨʘʭʦʚʫʶʯʠ 

ʚʧʣʠʚ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ ʟʥʷʪʪʷ ʩʪʨʫʞʢʠ ʚʝʨʰʠʥʦʶ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ, ʜʽʶʪʴ ʩʠʣʠ ʩʪʠʩʥʝʥʥʷ ʽ ʟʩʫʚʫ ʚ ʧʣʦʱʠʥʽ ʟʩʫʚʫ, ʪʝʨʪʷ ʽ ʥʦʨʤʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʪʘ ʽʥʝʨʮʽʡʥʘ ʩʠʣʘ ʩʪʨʫʞʢʠ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʦʙʨʦʙʦʢ ʜʝʪʘʣʝʡ ʻ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [3].  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʽ ʨʽʟʘʥʥʷ ʦʜʠʥʠʯʥʠʤ ʘʙʨʘʟʠʚʥʠʤ ʟʝʨʥʦʤ (ʨʠʩ. 2, ʘ), ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [4]. 
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ʋ ʨʦʙʦʪʽ ʌʽʣʽʤʦʥʦʚʘ ʃ.ʅ. [2] ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʨʠʩʢʠ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʤʽʢʨʦʨʽʟʘʥʥʷʤ 

ʟʘʛʦʪʦʚʢʠ ʟʽ ʩʪʘʣʽ ʈ18 (ʨʠʩ. 2, ʙ). 

 
 ʘ) ʙ) 

ʈʠʩ. 2 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʦʜʠʥʠʯʥʠʤ ʘʙʨʘʟʠʚʥʠʤ 

ʟʝʨʥʦʤ ʪʘ ʩʪʚʦʨʝʥʦʾ 3D ʤʦʜʝʣʽ 

ʋ ʨʦʙʦʪʘʭ [1, 5] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʠʣʫ ʨʽʟʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʭ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ. 

ʉʫʤʘʨʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ ʨʽʞʫʯʠʭ ʪʘ ʜʝʬʦʨʤʫʶʯʠʭ ʢʨʦʤʦʢ, ʷʢʽ ʧʝʨʝʥʝʩʝʥʽ ʥʘ ʧʨʦʬʽʣʴ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3 ï ʉʫʤʘʨʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ ʨʽʞʫʯʠʭ ʪʘ ʜʝʬʦʨʤʫʶʯʠʭ ʢʨʦʤʦʢ ʚʟʜʦʚʞ ʧʨʦʬʽʣʶ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ. 
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ʩʫʯʘʩʥʠʭ ʤʘʥʽʧʫʣʷʪʦʨʽʚ);  

- ʢʽʥʝʤʘʪʠʯʥʽ ʣʘʥʮʶʛʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʽ ʣʘʥʢʠ;  

- ʢʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʟ ʢʝʨʦʚʘʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ. 

ɼʦ ʟʘʭʚʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʚʠʤʦʛʠ ʟʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʩʧʝʮʽʘʣʴʥʽ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ [1-3]. ɼʦ ʯʠʩʣʘ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʚʠʤʦʛ ʚʽʜʥʦʩʷʪʴʩʷ: 

Å ʥʘʜʽʡʥʽʩʪʴ ʟʘʭʦʧʣʶʚʘʥʥʷ ʡ ʫʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʘ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ 

ʨʫʭʦʤʠʭ ʚʫʟʣʽʚ ʨʦʙʦʪʘ, 

Å ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʙʘʟʫʚʘʥʥʷ, 

Å ʥʝʧʨʠʧʫʩʪʠʤʽʩʪʴ ʧʦʰʢʦʜʞʝʥʴ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʩʠʣʠ ʟʘʭʦʧʣʝʥʥʷ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ; 

Å ʩʪʚʦʨʝʥʥʷ, ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʜʦʜʘʪʢʦʚʠʭ ʨʫʭʽʚ. 

ɼʣʷ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʫʤʦʚʘʭ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʨʠʟʠʢʽʚ, ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ [1-3]: 

Å ʰʠʨʦʢʦʜʽʘʧʘʟʦʥʥʽ (ʤʦʞʣʠʚʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʽ ʙʘʟʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʤʘʩʠ, ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ), 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʦʧʣʝʥʥʷ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʜʝʪʘʣʝʡ, 

Å ʣʝʛʢʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʟʘʤʽʥʠ (ʘʞ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʾ). 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʚʩʽ ʟʘʭʚʘʪʥʽ ʧʨʠʩʪʨʦʾ ʧʨʠʡʥʷʪʦ ʫʢʨʫʧʥʝʥʦ ʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

ʤʝʭʘʥʽʯʥʽ; ʚʘʢʫʫʤʥʽ; ʤʘʛʥʽʪʥʽ, ʟ ʝʣʘʩʪʠʯʥʦʩʪʽ ʢʘʤʝʨʘʤʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴ ʜʦ ʛʨʫʧʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʭʦʧʣʝʥʴ, ʽ ʽʥʰʽ ʟʘʭʚʘʪʥʽ ʧʨʠʩʪʨʦʾ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʢʦʥʪʘʢʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʪʨʫʤʝʥʝʚʽ ʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʟʘʭʚʘʪʠ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʭʚʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʽʚ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ, ʘ ʩʘʤʝ  ʟʘ ʩʧʦʩʦʙʦʤ ʫʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʘ, ʥʘʩʪʫʧʥʘ: 

Å ʟʘʭʚʘʪʥʽ ʧʨʠʩʪʨʦʾ ʫʪʨʠʤʫʶʪʴ ʦʙ'ʻʢʪ ʟʘʚʜʷʢʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʛʫʙʦʢ, ʧʘʣʴʮʽʚ, ʢʣʽʱʽʚ) 

Å ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣ ʪʝʨʪʷ ʘʙʦ ʢʦʤʙʽʥʘʮʽʾ ʩʠʣ ʪʝʨʪʷ ʽ ʟʘʤʠʢʘʶʯʠʭ ʟʫʩʠʣʴ. 

ʄʦʙʽʣʴʥʽ ʨʦʙʦʪʠ ʟʘʟʚʠʯʘʡ ʢʦʤʧʣʝʢʪʫʶʪʴ ʥʘʙʦʨʦʤ ʪʠʧʦʚʠʭ ʟʘʭʚʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʏʘʩʪʦ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʤʘʥʽʧʫʣʷʮʽʶ ʽʥʰʠʤ ʦʙôʻʢʪʦʤ ʟʤʽʥʶʶʪʴ ʥʝ ʩʘʤ ʟʘʭʚʘʪʥʠʡ ʧʨʠʩʪʨʽʡ, ʘ ʡʦʛʦ 

ʟʤʽʥʥʽ ʨʦʙʦʯʽ ʝʣʝʤʝʥʪʠ. ʑʦʙ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʜʽʶ ʽ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʨʽʟʥʠʭ ʟʘʭʚʘʪʥʠʭ ʩʠʩʪʝʤ 

ʨʦʙʦʪʽʚ-ʤʘʥʽʧʫʣʷʪʦʨʽʚ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʨʦʟʨʦʙʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʤʦʜʫʣʴʥʠʡ ʢʦʤʧʣʝʢʪ ʜʣʷ 
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ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʘʭʚʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʰʝ ʡʦʛʦ 

ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʪʘ ʦʙôʻʢʪʽʚ. 

ʅʘ ʢʘʬʝʜʨʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʪʘ ʤʘʰʠʥ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʨʦʙʦʪʘ 

ʤʘʥʽʧʫʣʷʪʦʨʘ (ʨʠʩ.1). 

 

ʈʠʩ. 1  ɿʘʭʚʘʪ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʇʨʠʩʪʨʽʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʽ. ɿʘʭʚʘʪʥʝ ʟʫʩʠʣʣʷ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʨʫʞʥʦʶ ʪʨʫʙʢʦʶ 1 ʚ ʷʢʫ ʥʘʛʥʽʪʘʻʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ. ʇʝʨʝʤʽʱʝʥʥʷ ʟʘʪʠʩʢʥʠʭ 

ʝʣʝʤʝʥʪʽʚ 3 ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʰʘʨʥʽʨʽʚ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʫʞʥʦʾ ʪʨʫʙʢʠ 1. ʉʪʚʦʨʝʥʽ 3-D ʤʦʜʝʣʽ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʨʠʩʪʨʦʶ. 

ɺʠʢʦʥʘʥʦ ʢʽʥʝʤʘʪʠʯʥʝ ʪʘ ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʪʠʩʢʫ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ 

ʪʘ ʨʦʟʤʽʨʽʚ. ɺʠʟʥʘʯʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʝʪʘʣʝʡ ʧʨʠʩʪʨʦʶ.  

ɿʘʨʘʟ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠʩʪʨʦʶ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. The Robitics Institute Intelligent Workcell project website: 

https://www.ri.cmu.edu/research_project_detail.html?type=description&pro ject_id=824&menu_id=261 

2. Y. Karayiannidis, C. Smith, and D. Kragic, ñMapping human intentions to robot motions via 

physical interaction through a jointly-held object,ò Proceedings - IEEE International Workshop on Robot 

and Human Interactiv 

3. E. A. Mielke, E. C. Townsend, and M. D. Killpack, ñAnalysis of Rigid Extended Object Co-

Manipulation by Human Dyads: Lateral Movement Characterization,ò 2017. [Online]. Available: 

ization,ò 2017. http://arxiv.org/abs/1702.00733. 

1 

2 

3 

http://arxiv.org/abs/1702.00733


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

110 

ʋɼʂ 621.941 

ʃʠʪʚʠʥ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʗʱʫʢ ɯ.ʈ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, litvinkpi@gmail.com 

ʉʊʈʋʂʊʋʈʅʆ - ʄʆʈʌʆʃʆɻɯʏʅʀʁ ʉʀʅʊɽɿ ɿɸʊʀʉʂʅʀʍ ʇɸʊʈʆʅɯɺ 

ʊʆʂɸʈʅʀʍ ɺɽʈʉʊɸʊɯɺ 

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ (ɿʇ) ʟʙʝʨʽʛʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʥʝ 

ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʧʨʦʮʝʩʫ ʟʘʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʽ ʫ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʘʭ. ʎʝ 

ʩʪʨʠʤʫʻ ʨʦʟʚʠʪʦʢ ʩʪʨʫʢʪʫʨʠ ʚʝʨʩʪʘʪʘ ʚ ʮʽʣʦʤʫ.  

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ɿʇ ʻ ʘʢʪʫʘʣʴʥʦʶ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʨʦʛʨʝʩʠʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʨʦʙʠʪʴ ʚʝʨʩʪʘʪʠ ʥʝ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʠʤʠ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ, 

ʦʙʤʝʞʫʶʯʠ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʪʦʯʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʰʚʠʜʢʦʾ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʦʩʪʽ ʚ 

ʫʤʦʚʘʭ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʽ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿ ʣʽʪʝʨʘʪʫʨʠ [1], ʚʽʜʦʤʦ, ʱʦ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢ 

ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ, ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. ɺ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʦʧʠʩ ʥʘ ʦʩʥʦʚʽ ʦʧʠʩʫ ʚʩʽʭ ʩʫʪʪʻʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʚʠʛʣʷʜʽ 

ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʦʟʥʘʢ. ɼʝʨʝʚʦ ʻ ʪʠʧʦʚʦʶ ʬʦʨʤʦʶ 

ʦʧʠʩʫ ʩʢʣʘʜʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʘʢʦʛʦ ʷʢ ɿʇ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ 

ʽʻʨʘʨʭʽʯʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʦʟʥʘʢ: ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʟ ʥʘʩʪʫʧʥʠʤ 

ʫʪʦʯʥʝʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʷʭʦʤ 

ʧʨʠʻʜʥʘʥʥʷ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʭ [3]. ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ɿʇ, ʻ ʩʪʨʫʢʪʫʨʥʦ - ʤʦʨʬʦʣʦʛʽʯʥʠʡ  ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ 

ʚʩʽʻʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ɿʇ ʪʘ ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʟʘʢʦʥʽʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, 

ʧʦʙʫʜʦʚʠ ʪʘ ʾʭ ʨʦʟʚʠʪʢʫ, ʷʢ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [1], ʜʣʷ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨʠ ɿʇ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʥʷʪʪʷ ʩʠʣʦʚʠʡ (ʝʥʝʨʛʝʪʠʯʥʠʡ) ʧʦʪʽʢ, ʚʨʘʭʦʚʫʶʯʠ ʱʦ:  

- ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʣʠ ʟʘʪʠʩʢʫ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʽʢ ʚ ɿʇ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʤʘʛʥʽʪʥʠʭ ʽ ʽʥ. ʧʦʣʽʚ; 

- ʩʠʣʦʚʽ ʧʦʪʦʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʽ ʟ ʚʥʫʪʨʽʰʥʽʤ;  

- ʟôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʩʣʽʜʦʚʥʠʤ, ʧʘʨʘʣʝʣʴʥʠʤ, 

ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʤ;  

- ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʫ ɿʇ ʻ ʨʽʟʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʥʘʧʨʠʢʣʘʜ, ʜʦ 

ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʚʘʞʽʣʴʥʽ, ʢʣʠʥʦʚʽ, ʧʣʫʥʞʝʨʥʽ, ʩʧʽʨʘʣʴʥʽ, 

ʟʫʙʯʘʩʪʽ, ʛʚʠʥʪʦʚʽ, ʧʨʫʞʥʽ)ʪʘ ʤʦʞʣʠʚʘ ʾʭ ʢʦʤʙʽʥʘʮʽʷ.  

ɺ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʤʝʪʫ: ʨʦʟʨʦʙʢʘ ʧʝʨʝʜʫʤʦʚ ʜʦ ʦʧʠʩʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʧʨʠʥʮʠʧʦʚʠʭ ʩʪʨʫʢʪʫʨ ɿʇ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ. ʆʙôʻʢʪʦʤ ʩʠʥʪʝʟʫ ʦʙʨʘʥʦ 

ʧʣʫʥʞʝʨʥʠʡ ʧʘʪʨʦʥ, ʷʢʠʡ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʇɸʊ 

çɺʝʨʢʦʥè (ʨʠʩ.1). 

ɹʝʟʣʽʯ ʨʽʰʝʥʴ ɿʇ ʦʜʥʦʛʦ ʢʣʘʩʫ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʫʧʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʜʝʨʝʚ [3]. ʇʝʚʥʝ ʧʦʻʜʥʘʥʥʷ ʾʭ ʛʽʣʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʙʫʜʦʚʠ ʜʝʨʝʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʘʧʘʨʘʪʫʨʥʠʭ ʦʟʥʘʢ ɿʇ ʧʝʨʝʜʫʻ ʨʦʟʨʦʙʢʘ 

ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʟʥʘʢ ʜʝʨʝʚʘ ɿʇ (ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʝʨʝʚʘ). ɸʥʘʣʽʟʫʶʯʠ ʮʶ 

ʩʪʨʫʢʪʫʨʫ, ʙʫʜʫʶʪʴ ʜʝʨʝʚʘ ʦʩʥʦʚʥʦʛʦ ʽ ʜʦʧʦʤʽʞʥʦʛʦ ɿʇ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ 

ʷʢ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʭ, ʪʘʢ ʽ ʥʦʚʠʭ ʦʟʥʘʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʠʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʽ ʩʫʯʘʩʥʦʤʫ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ.  

ɼʣʷ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʣʫʥʞʝʨʥʠʭ ɿʇ ʧʦʙʫʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ (ʨʠʩ.1), 

ʦʧʠʩʘʥʘ ʧʦʟʥʘʯʝʥʥʷʤ ʪʠʧʫ s

kNʂ j

iJ  [2 ,4]. ʉʭʝʤʘ ʝʣʝʤʝʥʪʽʚ ɿʇ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 
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ɿʛʽʜʥʦ ʤʝʪʦʜʫ ʫʥʽʬʽʢʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ 

ʩʪʨʫʢʪʫʨʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʘʨʦʶ 

ʩʠʤʚʦʣʽʚ: ʧʝʨʰʠʡ ʝʣʝʤʝʥʪ ʪʘʢʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʦʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʥʠʡ 

ʝʣʝʤʝʥʪ, ʘ ʜʨʫʛʠʡ ï ʽʻʨʘʨʭʽʯʥʫ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʫ ʚ 

ʽʻʨʘʨʭʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟ ʦʩʥʦʚʥʠʭ ʧôʷʪʠ 

ʝʣʝʤʝʥʪʽʚ: 1) ʙʣʦʢ ʢʦʨʧʫʩʫ 1 1̔ʦ, 2) 

ʧʝʨʝʜʘʚʘʣʴʥʦ ï ʧʽʜʩʠʣʶʶʯʠʡ ʤʝʭʘʥʽʟʤ 

21̔ʦ, 3) ʧʨʠʚʦʜ ʟʘʪʠʩʢʫ 31̔ʦ, 

4) ʫʩʪʘʥʦʚʦʯʥʽ ʝʣʝʤʝʥʪʠ 41̔ʦ, 5) ʟʘʪʠʩʢʥʽ 

ʝʣʝʤʝʥʪʠ 51̔ʦ. ʂʦʜʦʚʝ ʧʦʟʥʘʯʝʥʥʷ 

ʝʣʝʤʝʥʪʘ J =  1én ï ʥʦʤʝʨ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʨʽʚʥʷ ʝʣʝʤʝʥʪʘ ʚ ʽʻʨʘʨʭʽʯʥʽʡ ʩʫʢʫʧʥʦʩʪʽ 

ʨʽʚʥʽʚ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ; i ʪʘ s ï  

ʧʦʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʚʘʨʽʘʥʪʘ ʚʠʢʦʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʝʣʝʤʝʥʪʘ ʪʘ ʩʫʢʫʧʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ (s=0 - ʦʜʥʦʯʘʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʥʘʢ ʪʘ s=1 ʘʣʴʪʝʨʥʘʪʠʚʥʽʩʪʴ ʦʟʥʘʢ ʽʟ ʯʠʩʣʘ 

ʤʦʞʣʠʚʠʭ); N = 1é5 ï ʥʦʤʝʨ ʽʻʨʘʨʭʽʯʥʦʛʦ ʨʽʚʥʷ ʩʫʢʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʫ ʩʢʣʘʜ ʷʢʦʛʦ 

ʚʭʦʜʠʪʴ ʜʘʥʠʡ ʝʣʝʤʝʥʪ; j ʪʘ k ï ʚʽʜʧʦʚʽʜʥʦ ʥʦʤʝʨʠ ʛʨʫʧ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ, ʫ ʷʢʠʭ 

ʨʦʟʤʽʱʝʥʽ ʝʣʝʤʝʥʪ ʽ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʾ. 

ʂʦʜʦʚʽ ʧʦʟʥʘʯʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ ʝʣʝʤʝʥʪʽʚ ʧʣʫʥʞʝʨʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 1. ɸʣʴʪʝʨʥʘʪʠʚʠ ʢʦʥʩʪʨʫʢʮʽʾ ɿʇ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʨʦʟʛʦʨʥʫʪʦʾ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʤʘʪʨʠʮʽ 

ʊʘʙʣʠʮʷ 1 ï ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɿʇ 
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ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ ʻ ʨʦʟʚʠʪʢʦʤ ʚʽʜʦʤʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ: ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʦʩʪʽ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʪʘ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʟʘʪʨʘʪʠ ʧʨʠ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ɿʇ ʪʘ ʝʬʝʢʪʠʚʥʦ ʛʝʥʝʨʫʚʘʪʠ ʤʦʨʬʦʣʦʛʽʯʥʫ ʤʥʦʞʠʥʫ.  
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ɺʇʃʀɺ ɾʆʈʉʊʂʆʉʊɯ ɿɸʊʀʉʂʅʆɻʆ ʇɸʊʈʆʅɸ ʅɸ ʊʆʏʅɯʉʊʔ ʆɹʈʆɹʂʀ 

ɾʦʨʩʪʢʽʩʪʴ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʥʘ ʜʠʥʘʤʽʯʥʫ 

ʢʘʨʪʠʥʫ ʟʘʪʠʩʢʥʠʭ ʟʫʩʠʣʴ, ʟʛʠʥʘʣʴʥʠʭ  ̔ʧʝʨʝʢʠʜʥʠʭ ʤʦʤʝʥʪʽʚ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ  ̔ʧʨʦʮʝʩʽʚ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʘʪʠ  ̔ʚʠʟʥʘʯʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ, ʤʘʻ ʚʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ. ɼʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʘ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʦʚʥʽʩʪʶ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʜʝʚ'ʷʪʴʤʘ ʞʦʨʩʪʢʦʩʪʷʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʽ ʜʝʚ'ʷʪʴʤʘ ʢʫʪʦʚʠʤʠ ʞʦʨʩʪʢʦʩʪʷʤʠ (ʨʠʩ. 1). 

 
 

ʈʠʩ.1 ï ʉʠʩʪʝʤʘ ʞʦʨʩʪʢʦʩʪʝʡ 

ʰʝʩʪʠʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʘ  

ʈʠʩ. 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣ ʚ 

ʧʘʪʨʦʥʽ ʧʨʠ ʦʙʨʦʙʮʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʘʣʴʥʦʾ ʪʘ 

ʢʫʪʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʉʝʨʝʜ ʮʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʨʘʜʽʘʣʴʥʘ ʪʘ ʢʫʪʦʚʘ ʧʨʠ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʜʠʥʘʤʽʯʥʫ ʟʤʽʥʫ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ. ʇʨʠ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʢʠ ʟ ʧʝʚʥʦʶ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʪʠʩʢʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʧʨʦʮʝʩʽ ʟʘʪʠʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʥʘʧʨʷʤʢʦʤ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʜʝʪʘʣʝʡ ʽ 

ʚʫʟʣʽʚ ʪʘ ʾʭ ʟ'ʻʜʥʘʥʥʷʤ, ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʽ ʯʦʪʠʨʠ ʧʽʜʛʨʫʧʠ: ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʢʫʣʘʯʢʘ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʶ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʟʫʩʠʣʣʷ (ʧʝʨʝʜʘʚʘʣʴʥʦ-

ʧʽʜʩʠʣʶʶʯʦʾ ʣʘʥʢʠ) ʪʘ ʾʾ ʟʚ'ʷʟʢʫ ʟ ʟʘʪʠʩʢʥʠʤ ʢʫʣʘʯʢʦʤ ʽ ʥʘʭʠʣʦʤ ʢʫʣʘʯʢʘ ʚʽʜʥʦʩʥʦ ʢʦʨʧʫʩʫ 

ʧʘʪʨʦʥʘ, ʚʣʘʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ʦʩʥʦʚʥʦʛʦ ʢʫʣʘʯʢʘ, ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʪʠʩʢʥʦʛʦ ʢʫʣʘʯʢʘ ʯʝʨʝʟ 

ʟ'ʻʜʥʘʥʥʷ ʟ ʦʩʥʦʚʥʠʤ ʢʫʣʘʯʢʦʤ, ʚʣʘʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟʘʪʠʩʢʥʦʛʦ ʢʫʣʘʯʢʘ [1]. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʟʘʪʠʩʢʥʽ ʧʘʪʨʦʥʠ ʜʘʶʪʴ ʧʦʭʠʙʢʫ ʚ ʚʠʛʣʷʜʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʽʜ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʛʝʥʝʨʦʚʘʥʽ ʥʘʧʨʫʛʦʶ ʚʠʛʠʥʫ ʚ ʟʘʛʦʪʦʚʮʽ, ʪʘ ʚʽʜ ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʘ ʢʨʘʶ ʟʦʥʠ ʟʘʪʠʩʢʫ, ʽ ʮʽ ʧʦʭʠʙʢʠ ʥʘʢʣʘʜʘʶʪʴʩʷ. ʎʷ ʧʦʭʠʙʢʘ ʚʠʱʝ, ʢʦʣʠ ʨʘʜʽʘʣʴʥʘ ʩʠʣʘ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʽʞ ʟʘʪʠʩʢʥʠʤʠ ʢʫʣʘʯʢʘʤʠ, ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʢʦʣʠ ʨʘʜʽʘʣʴʥʘ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʟʘʪʠʩʢʥʠʡ ʢʫʣʘʯʦʢ. ʂʨʽʤ ʪʦʛʦ, ʘʥʘʣʽʟ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʢʘʟʫʻ ʥʘ ʢʦʣʠʚʘʥʥʷ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ ʰʧʠʥʜʝʣʴ 

- ʧʘʪʨʦʥ ʟʘ ʦʜʠʥ ʦʙʝʨʪ. ʎʝʡ ʬʘʢʪʦʨ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʢʫʪʦʚʫ ʦʨʽʻʥʪʦʚʘʥʫ ʞʦʨʩʪʢʽʩʪʴ, ʷʢʘ 

ʚʧʣʠʚʘʻ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʫ ʚʽʙʨʘʮʽʶ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟʘʢʨʽʧʣʝʥʦʾ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜ ʟʘʪʠʩʢʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʙʽʣʴʰʝ, ʥʽʞ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʽ. ʇʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 
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ʩʪʚʦʨʶʻʪʴʩʷ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʘ ʽʥʰʘ ʧʦʚʝʨʭʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʨʦʟʪʷʛʫʶʯʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʟʘʛʦʪʦʚʮʽ ʥʘ ʧʝʚʥʫ ʚʝʣʠʯʠʥʫ. ʎʷ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ (ʨʦʙʦʪʘ), ʱʦ 

ʚʝʜʫʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʢʨʫʛʣʦʩʪʽ (ʧʦʭʠʙʢʠ), ʚʠʢʣʠʢʘʥʘ ʚʠʢʣʶʯʥʦ  ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ 

ʟʘʛʦʪʦʚʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʢʽʣʴʮʷ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ ʥʝʢʨʫʛʣʽʩʪʴ, ʪʘ 

ʯʘʩʪʢʘ ʟʘʛʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʬʦʨʤʠ ʪʦʯʥʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ. ɺ ʷʢʦʩʪʽ ʤʽʨʠ ʚʧʣʠʚʫ ʘʤʧʣʽʪʫʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. ʈʦʟʨʘʭʫʥʢʠ 

ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʪʨʴʦʭʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʫ (3 ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣʠ) ʧʦʚʠʥʥʽ ʙʫʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʨʝʪʽʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʌʫʨ'ʻ.  

ʋ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʥʘ ʜʝʪʘʣʴ ʜʽʻ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʈ (ʜʠʚ. ʨʠʩ. 2), 

ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʜʽʾ ʷʢʦʾ ʥʘʧʨʷʤʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʩʠʣ ʟʘʪʠʩʢʫ ʚʽʜ 

ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʪʨʦʥʘ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʅʘʧʨʷʤʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʘʜʽʘʣʴʥʠʭ ʩʠʣ ʟʘʪʠʩʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʫʪʦʤ Ŭ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʰʧʠʥʜʝʣʷ. ɿʘʪʠʩʢʥʽ 

ʝʣʝʤʝʥʪʠ ʚ ʢʽʣʴʢʦʩʪʽ z ʩʪʚʦʨʶʶʪʴ ʩʠʣʠ ʟʘʪʠʩʢʫ, ʨʦʟʤʽʱʝʥʽ ʜʦ ʜʝʪʘʣʽ ʧʽʜ ʢʫʪʘʤʠ 2ˊ/z (ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦ ʢʦʣʫ). ɿʤʽʥʥʘ ʩʢʣʘʜʦʚʘ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʠʥʠʢʘʻ, 

ʢʨʽʤ ʪʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʢʨʫʪʠʣʴʥʽʡ ʧʦʜʘʪʣʠʚʦʩʪʽ ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʤʽʥʠ ʫʤʦʚ ʾʭ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʟ ʰʧʠʥʜʝʣʝʤ ʽ ʜʝʪʘʣʣʶ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ.  

ʂʦʣʠ ʩʠʣʘ ʧʨʠʢʣʘʜʝʥʘ ʥʘ ʢʫʣʘʯʦʢ, ʪʦ ʫʤʦʚʘ ʨʽʚʥʦʚʘʛʠ ʚʩʽʭ ʩʠʣ ʚ ʧʨʦʝʢʮʽʾ ʥʘ ʚʽʩʴ ʫ: 

)
2

1
(cos)

2

1
(cos 22 yCyʉF ʂʂ ,    (1) 

ʜʝ ʉʢ- ʦʨʽʻʥʪʦʚʘʥʘ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʘʣʴʥʘ) ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʧʘʪʨʦʥʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ, ʫ ï ʧʦʪʦʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʪʦʯʮʽ,  ɓ - ʢʫʪ ʜʫʛʠ ʟʘʛʦʪʦʚʢʠ, ʷʢʘ 

ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ  ʚ ʢʦʥʪʘʢʪʽ ʟ ʢʫʣʘʯʢʘʤʠ. 

ʇʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʫʣʘʯʦʢ ʞʦʨʩʪʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ: 

)
2

1
(cos)

2

1
(cos 22

kʉʉ
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ʈ
.    (2) 

ɺʟʷʚʰʠ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʚʽʜ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʨʘʟʫ, ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ 

ʥʘʧʨʘʚʣʝʥʦʾ ʦʨʽʻʥʪʦʚʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʘʪʨʦʥʫ ʧʦ ʢʫʪʫ (ʘʙʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʜʘʪʣʠʚʦʩʪʽ 

ʜʝʪʘʣʽ ʧʦ ʢʫʪʫ):   

)cossin
2

1
cossincos

2

1
(sin4 22

kʉ
d

dʉ
.  (3) 

ɺʟʷʚʰʠ ʜʨʫʛʫ ʧʦʭʽʜʥʫ, ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʢʫ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ 

ʚʠʨʘʟʫ, ʪʦʙʪʦ ʨʦʟʪʷʛʥʝʥʥʷ ʘʙʦ ʩʪʠʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ:  

cos2cos4
2

2

kʉ
d

ʉd
.     (4) 

ʎʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʪʘʢʦʞ ʜʦ ʧʝʨʝʥʦʩʫ ʚʽʜʭʠʣʝʥʴ ʬʦʨʤʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʢʽʣʴʮʝʚʦʾ ʜʝʪʘʣʽ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ. ʊʦʤʫ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʚ ʰʧʠʥʜʝʣʴ ʚʝʨʩʪʘʪʘ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ 

ʦʩʪʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʦʨʽʻʥʪʫʚʘʪʠ ʧʦ ʢʫʪʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘʧʨʷʤʢʠ 

ʥʘʡʙʽʣʴʰʦʶ ʧʦʜʘʪʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ çʧʘʪʨʦʥ-ʜʝʪʘʣʴè ʥʝ ʟʙʽʛʘʣʠʩʷ ʟ ʪʘʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚ 

ʩʠʩʪʝʤʽ çʰʧʠʥʜʝʣʴ-ʦʧʦʨʠè, ʘ ʩʫʤʘʨʥʽ ʚʽʜʪʠʩʢʘʥʥʷ ʩʠʩʪʝʤʠ çʰʧʠʥʜʝʣʴ - ʧʘʪʨʦʥ - ʜʝʪʘʣʴè 

ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ. 

ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ, ʧʽʜʙʽʨ ʾʭ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʚʽʜʭʠʣʝʥʴ ʬʦʨʤʠ ʥʘ ʦʙʨʦʙʣʝʥʽʡ ʜʝʪʘʣʽ. 
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ʊɽʍʅʆʃʆɻɯʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɻʅʋʊʀʍ ɹɯʄɽʊɸʃɯɺ ʇʈʀ ɿôɭɼʅɸʅʅɯ 

ʇʃɸʉʊʀʅ ɿɸ ɼʆʇʆʄʆɻʆʖ ʇʆʊʋɾʅʆɻʆ ɼɾɽʈɽʃɸ ɽʅɽʈɻɯɰ 

ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʽʤʝʪʘʣʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʚʦʭ 

ʤʝʪʘʣʽʚ: ʟʚʠʯʘʡʥʠʭ ʩʪʘʣʝʡ ʦʩʥʦʚʠ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ. ɺ ʦʩʥʦʚʥʦʤʫ ʙʽʤʝʪʘʣʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚ ʚʠʛʣʷʜʽ ʣʠʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʟ ʙʽʤʝʪʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʻ ʧʦʪʨʝʙʘ 

ʚ ʛʥʫʪʠʭ ʙʽʤʝʪʘʣʘʭ, ʱʦ ʩʧʨʦʱʫʻ ʾʭ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʪʘʢʠʭ ʚʠʨʦʙʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʤʝʪʘʣʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʟô̒ ʜʥʘʥʥʷ ʡʦʛʦ ʧʣʘʩʪʠʥ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʆʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ï ʟʯʝʧʣʝʥʥʷ ʾʭ ʧʣʘʩʪʠʥ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ. ɺ 

ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʜʞʝʨʝʣʘ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ, ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥ.  

ɺ ʦʩʥʦʚʫ ʥʘʰʦʾ ʨʦʟʨʦʙʢʠ ʧʦʢʣʘʜʝʥʦ ʟʘʜʘʯʫ ʚʜʦʩʢʦʥʘʣʠʪʠ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʪʠʭ 

ʙʽʤʝʪʘʣʽʚ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʫ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʧʨʠ ʟʥʘʯʥʦʤʫ ʟʜʝʰʝʚʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 

ʪʘʢʠʭ ʙʽʤʝʪʘʣʽʚ. 

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʛʥʫʪʠʭ ʙʽʤʝʪʘʣʽʚ ʟôʻʜʥʘʥʥʷ 

ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ ʪʘ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʾ ʝʥʝʨʛʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ. ɼʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʚ 

ʤʽʩʮʝ ʾʭ ʢʦʥʪʘʢʪʫ ʟʘʟʜʘʣʝʛʽʜʴ ʚ ʧʣʘʩʪʠʥʽ ʦʩʥʦʚʠ 1 ʚ ʧʦʪʨʽʙʥʠʭ ʤʽʩʮʷʭ ʚʠʢʦʥʫʶʪʴ ʥʘʩʢʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ 2. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ 2 ʨʦʟʤʽʱʫʶʪʴ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʩʠʤʝʪʨʠʯʥʦ 

ʚʽʜʥʦʩʥʦ ʣʽʥʽʾ ʟʛʠʥʘʥʥʷ 3 ʙʽʤʝʪʘʣʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʩʪʠʥʫ ʦʩʥʦʚʠ 1 ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ 

ʨʦʙʦʯʫ ʧʣʘʩʪʠʥʫ 4 ʙʽʤʝʪʘʣʫ (ʈʠʩ. 1). ʇʨʠ ʮʴʦʤʫ ʨʦʙʦʯʘ ʧʣʘʩʪʠʥʘ 4 ʚ ʥʘʧʨʷʤʢʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʣʽʥʽʾ ʟʛʠʥʘʥʥʷ 3 ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʝʱʦ ʜʦʚʰʦʶ ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ 1 ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʘʦʢʨʫʛʣʝʥʥʷ ʮʠʭ ʧʣʘʩʪʠʥ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʾʭ ʟʛʠʥʘʥʥʽ. 

ʈʽʟʥʠʮʷ ʚ ʜʦʚʞʠʥʽ ʮʠʭ ʧʣʘʩʪʠʥ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʨʦʟʨʘʭʦʚʘʥʘ.  
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ʈʠʩ. 1  ɿʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʥʘ ʦʜʥʦʤʫ ʟ ʡʦʛʦ ʢʨʘʾʚ (ʜʦ ʣʽʥʽʾ ʟʛʠʥʘʥʥʷ) ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʧʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʤʽʞ ʚʩʪʘʚʣʝʥʠʤ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʪʚʽʨ ʧʣʘʩʪʠʥʠ 

ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʨʦʙʦʯʦʶ ʧʣʘʩʪʠʥʦʶ ʙʽʤʝʪʘʣʫ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜ 5 ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʯʝʨʛʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʪʚʽʨ 

2 ʜʦ ʢʦʥʪʘʢʪʫ ʟ ʨʦʙʦʯʦʶ ʧʣʘʩʪʠʥʦʶ 4. ɺʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʤʽʞ 
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ʝʣʝʢʪʨʦʜʦʤ 5 ʪʘ ʧʣʘʩʪʠʥʦʶ 4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʣʠʚʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʶʻʪʴʩʷ ʚʘʥʥʘ 6 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʷʢʘ ʯʘʩʪʢʦʚʦ ʧʽʜʧʣʘʚʣʷʻ ʧʦʚʝʨʭʥʶ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ 4 ʪʘ ʙʦʢʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʚʦʨʫ 2. ʇʽʩʣʷ ʟʘʧʣʘʚʣʝʥʥʷ ʚʩʴʦʛʦ ʦʪʚʦʨʫ 2 ʪʘ ʟʘʪʚʝʨʜʽʥʥʷ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʦʪʨʠʤʫʻʤʦ ʟʚʘʨʥʠʡ ʰʦʚ 7, ʷʢʠʡ ʥʘʜʽʡʥʦ ʩʢʨʽʧʣʶʻ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ 1 ʪʘ 

4. ʊʘʢʝ ʟôʻʜʥʘʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʚʠʢʦʥʫʶʪʴ ʪʽʣʴʢʠ ʟ ʦʜʥʦʛʦ ʢʨʘʶ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ, 

ʣʠʰʝ ʜʦ ʣʽʥʽʾ ʡʦʛʦ ʟʛʠʥʘʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʮʝʩʽ ʟʛʠʥʘʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ 4 ʚʽʜʥʦʩʥʦ ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ 1 ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʨʘʜʽʫʩʽʚ 

ʟʘʦʢʨʫʛʣʝʥʥʷ ʮʠʭ ʧʣʘʩʪʠʥ ʧʨʠ ʟʛʠʥʘʥʥʽ. ʗʢʱʦ ʞ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ ʙʫʣʠ ʙ ʩʢʨʽʧʣʝʥʽ 

ʧʦʚʥʽʩʪʶ, ʪʦ ʧʨʠ ʟʛʠʥʘʥʥʽ ʮʝ ʧʨʠʟʚʝʣʦ ʙ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʤʽʩʮʴ ʩʢʨʽʧʣʝʥʥʷ.  

ʇʨʦʮʝʩ ʟʛʠʥʘʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʧʨʠ ʾʭ ʩʢʨʽʧʣʝʥʥʽ ʧʦ ʦʜʥʽʡ ʩʪʦʨʦʥʽ ʥʘ ʟʛʠʥʘʣʴʥʦʤʫ  

ʧʨʝʩʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ 4 ʚʽʜʥʦʩʥʦ 

ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ 1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʦ ʜʨʫʛʽʡ (ʥʝʟʘʢʨʽʧʣʝʥʽʡ) ʩʪʦʨʦʥʽ ʙʽʤʝʪʘʣʫ (ʧʦ 

ʩʪʨʽʣʮʽ 8).  

8

 

ʈʠʩ. 2  ʇʨʦʮʝʩ ʟʛʠʥʘʥʥʷ ʙʽʤʝʪʘʣʫ ʧʦ ʣʽʥʽʾ ʟʛʠʥʘʥʥʷ ʧʨʠ ʟʤʽʱʝʥʥʽ ʨʦʙʦʯʦʾ ʧʣʘʪʠʥʠ 

ʚʽʜʥʦʩʥʦ ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ ʥʘ ʥʝ ʩʢʨʽʧʣʝʥʦʤʫ ʢʨʘʾ ʙʽʤʝʪʘʣʫ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʛʠʥʘʥʥʷ ʥʘ ʧʦʪʨʽʙʥʠʡ ʢʫʪ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ ʟʥʦʚʫ ʪʠʤʯʘʩʦʚʦ 

ʩʢʨʽʧʣʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʤʝʭʘʥʽʯʥʠʤʠ ʟʘʪʠʩʢʘʯʘʤʠ, ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟôʻʜʥʘʥʥʷ ʜʨʫʛʦʾ 

ʩʪʦʨʦʥʠ ʙʽʤʝʪʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ (ʈʠʩ. 3). ɺ ʢʽʥʮʽ ʙʘʞʘʥʦ 

ʧʦʚʝʨʭʥʶ ʟʚʘʨʥʠʭ ʰʚʽʚ 7 ʧʨʦʰʣʽʬʫʚʘʪʠ ʫʨʽʚʝʥʴ ʟ ʧʦʚʝʨʭʥʝʶ ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ 1. 

 

ʈʠʩ. 3  ɿʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʟʽʛʥʫʪʦʾ ʟʘʛʦʪʦʚʢʠ ʟ ʙʽʤʝʪʘʣʫ ʥʘ ʜʨʫʛʦʤʫ ʡʦʛʦ ʢʨʘʾ. 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʛʠʥʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʧʣʘʩʪʠʥʘ ʦʩʥʦʚʠ 

ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʴ ʙʠ ʟʟʦʚʥʽ ʟʽʛʥʫʪʦʛʦ ʙʽʤʝʪʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʦʚʞʠʥʘ 

ʚʞʝ ʮʽʻʾ ʧʣʘʩʪʠʥʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʦʶ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ. 

ʄʦʞʣʠʚʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ ʚ ʷʢʦʩʪʽ ʧʦʪʫʞʥʦʛʦ ʜʞʝʨʝʣʘ 

(ʥʘʧʨʠʢʣʘʜ, ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʧʨʠ ʡʦʛʦ ʧʦʜʘʯ ̔ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ ʚ 

ʤ̔ ʩʮʝ ʢʦʥʪʘʢʪʫ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʪʠʭ ʙʽʤʝʪʘʣʽʚ ʧʨʠ ʟôʻʜʥʘʥʥʽ ʡʦʛʦ ʧʣʘʩʪʠʥ ʧʦʪʫʞʥʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʩʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʦʱʝʥʥʷ 
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ʽ ʟʜʝʰʝʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʙʽʤʝʪʘʣʫ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʟôʻʜʥʘʥʥʷ ʡʦʛʦ 

ʧʣʘʩʪʠʥ. 
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ʈʦʤʘʥʝʥʢʦ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, romvvv@gmail.com 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɸʃɯɿɸʎɯɰ ʊɽʍʅʆʃʆɻɯɰ ɺʀʈʆɹʅʀʎʊɺɸ  

ɸʃʖʄʆ-ʉʊɸʃɽɺʀʍ ɹɯʄɽʊɸʃɯɺ ʇʈʀ ɿôɭɼʅɸʅʅɯ ʇʃɸʉʊʀʅ ʇʆʊʋɾʅʀʄ 

ɼɾɽʈɽʃʆʄ ɽʅɽʈɻɯɰ 

ɹ̔ ʤʝʪʘʣʠ - ʮʝ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʧʨʠ ʥʘʜʽʡʥʦʤʫ ʟô̒ ʜʥʘʥʥʽ ʜʚʦʭ ʤʝʪʘʣʽʚ, ʽ 

ʧʦʻʜʥʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʚʠʯʘʡʥʠʭ ʩʪʘʣʝʡ (ʦʩʥʦʚʠ) ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ 

ʧʦʢʨʠʪʪʷ (ʨʦʙʦʯʦʛʦ ʰʘʨʫ). ɹʽʤʝʪʘʣʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʤʝʪʘʣʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ 

ʟô̒ ʜʥʘʥʥʷ ʡʦʛʦ ʧʣʘʩʪʠʥ ʧʦʪʫʞʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʜʞʝʨʝʣʘ ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʘʙʦ ʽʥʰʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʜʝʷʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʘʣʶʤʦ-

ʩʪʘʣʝʚʠʭ ʙʽʤʝʪʘʣʽʚ, ʚ ʷʢʠʭ ʧʘʨʘʤʝʪʨʠ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʷʢ ʦʩʥʦʚʠ ʧʦʻʜʥʫʶʪʴʩʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʦʙʦʯʦʛʦ ʰʘʨʫ ï ʘʣʶʤʽʥʽʶ. 

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʘʣʶʤʦ-ʩʪʘʣʝʚʠʭ 

ʙʽʤʝʪʘʣʽʚ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʝʥʝʨʛʽʶ ʧʦʪʫʞʥʦʛʦ ʜʞʝʨʝʣʘ ʧʦʜʘʪʁɹ 

ʚ ʟʦʥʫ ʟôʻʜʥʘʥʥʷ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ ʚ ʧʣʘʩʪʠʥʽ ʦʩʥʦʚʠ ʙʽʤʝʪʘʣʫ. ɼʣʷ ʮʴʦʛʦ ʚ 

ʧʣʘʩʪʠʥʽ ʩʪʘʣʴʥʦʾ ʦʩʥʦʚʠ 1 ʚ ʧʦʪʨʽʙʥʠʭ ʤʽʩʮʷʭ ʚʠʢʦʥʫʶʪʴ ʥʘʩʢʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ 2 

ʜʽʘʤʝʪʨʦʤ D  (ʈʠʩ.1).  

3

4

1h
1

h
2

h
3

6 7

8

9

102

5
D

 
ʘ)                                      ʙ)                                       ʚ) 

ʈʠʩ. 1  ɿʘʧʘʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʤʽʞ ʚʩʪʘʚʣʝʥʠʤ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʪʚʽʨ ʝʣʝʢʪʨʦʜʦʤ 

ʪʘ ʩʪʘʣʴʥʦʶ ʟʘʛʣʫʰʢʦʶ ʘ), ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʘʥʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ  

ʦʪʚʦʨʽ ʙ) ʪʘ ʧʝʨʝʪʠʥ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʚʘʨʥʦʛʦ ʰʚʘ ʟʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ ʚ) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ 

2 ʧʽʜʙʠʨʘʶʪʴ ʜʝʢʽʣʴʢʘ ʙʽʣʴʰʠʤ ʜʽʘʤʝʪʨʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʪʘʢ, ʱʦʙ ʦʩʪʘʥʥʽʡ 

ʚʽʣʴʥʦ ʟʘʭʦʜʠʚ ʚ ʮʝʡ ʦʪʚʽʨ.  

ɺ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʪʚʽʨ 2 ʧʣʘʩʪʠʥʠ 1 (ʚ ʨʽʚʝʥʴ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʾʾ ʢʨʘʻʤ) ʚʩʪʘʚʣʷʶʪʴ 

ʧʝʨʰʫ ʟʘʛʣʫʰʢʫ 3 ʽʟ ʣʘʪʫʥʽ ʯʠ ʙʨʦʥʟʠ. ʇʨʠ ʮʴʦʤʫ ʜʽʘʤʝʪʨ ʮʽʻʾ ʟʘʛʣʫʰʢʠ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʾ ʚʭʦʜʞʝʥʥʷ ʚ ʦʪʚʽʨ 2 ʟ ʜʝʷʢʠʤ ʥʘʪʷʛʦʤ, ʱʦʙ ʚʦʥʘ ʤʽʮʥʦ ʪʨʠʤʘʚʩʷ ʚ ʦʪʚʦʨʽ. 

ʅʘʜ ʟʘʛʣʫʰʢʦʶ 3 ʬʽʢʩʫʶʪʴ ʜʨʫʛʫ, ʩʪʘʣʴʥʫ, ʟʘʛʣʫʰʢʫ 4 ʚ ʢʦʥʪʘʢʪʽ ʟ ʧʝʨʰʦʶ.  

ʊʦʚʱʠʥʫ ʩʪʘʣʴʥʦʾ ʟʘʛʣʫʰʢʠ 4 ʧʽʜʙʠʨʘʶʪʴ ʪʘʢʦʶ, ʱʦʙ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʚʝʨʭʥʽʡ ʾʾ 

ʧʦʚʝʨʭʥʽ, ʨʽʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʟʦʥʽ ʜʽʾ ʧʦʪʫʞʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʠʯʥʦʾ 
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ʜʫʛʠ (ʧʨʠʙʣʠʟʥʦ, ʊʜʫʛ2500 C), ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʾʾ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʚʽʜʧʦʚʽʜʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʘʚʣʝʥʥʷ ʊʧʣ.1 ʾʾ ʤʘʪʝʨʽʘʣʫ (ʩʪʘʣʽ) (ʧʨʠʙʣʠʟʥʦ, ʊʧʣ.11500 C). ʎʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʚʥʝ ʧʨʦʧʣʘʚʣʝʥʥʷ ʮʽʻʾ ʩʪʘʣʴʥʦʾ ʟʘʛʣʫʰʢʠ ʚ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ. ʊʦʚʱʠʥʘ 

ʟʘʛʣʫʰʢʠ 4 h1 ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ, ʧʦ ʬʦʨʤʫʣʽ (1). ʄʘʪʝʨʽʘʣ ʞʝ ʟʘʛʣʫʰʢʠ 3 

(ʥʘʧʨʠʢʣʘʜ, ʣʘʪʫʥʴ ʯʠ ʙʨʦʥʟʘ) ʚʠʙʠʨʘʶʪʴ ʟ ʪʠʭ ʤʽʨʢʫʚʘʥʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 

ʚʠʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʊʧʣ.2 (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʊʧʣ.2 1000 C) ʙʫʣʘ ʚ ʜʽʘʧʘʟʦʥʽ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ ʩʪʘʣʽ (å1500 C) ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ 

ʙʽʤʝʪʘʣʫ ʽʟ ʘʣʶʤʽʥʽʶ (650 C). ʇʨʠ ʮʴʦʤʫ ʪʦʚʱʠʥʘ ʟʘʛʣʫʰʢʠ 3 h2 ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʚʥʝ ʾʾ ʧʣʘʚʣʝʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ, ʧʦ ʬʦʨʤʫʣʽ (2): 

                              
))(4( .1.1..1 ʜʫʛʧʣʧʣʜʫʛ TTTTDh
;                                      (1) 

                              
))(4( 1.2.2.1.2 ʧʣʧʣʧʣʧʣ TTTTDh
.                                      (2) 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʣʴʥʫ ʧʣʘʩʪʠʥʫ ʦʩʥʦʚʠ 1 ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʘʣʶʤʽʥʽʻʚʫ ʨʦʙʦʯʫ 

ʧʣʘʩʪʠʥʫ 5 ʙʽʤʝʪʘʣʫ, ʦʨʽʻʥʪʫʶʯʠ ʾʾ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʛʣʫʰʢʘ 3 ʚʠʷʚʠʣʘʩʷ ʟʽ ʩʪʦʨʦʥʠ 

ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ (ʨʠʩ. 1, ʘ). ʇʣʘʩʪʠʥʠ 1 ʪʘ 5 ʪʠʤʯʘʩʦʚʦ ʩʢʨʽʧʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʤʝʭʘʥʽʯʥʽ ʟʘʪʠʩʢʘʯʽ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜ 6 ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʯʝʨʛʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʪʚʽʨ 2 

ʜʦ ʢʦʥʪʘʢʪʫ ʟ ʟʘʛʣʫʰʢʦʶ 4. ɺʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ 

6 ʪʘ ʟʘʛʣʫʰʢʦʶ 4 (ʨʠʩ. 1, ʙ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ 6 ʪʘ ʟʘʛʣʫʰʢʠ 4 ʨʦʟʽʛʨʽʪʠʡ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʩʪʘʣʽ (1500
0
ʉ) ʨʽʜʢʠʡ ʤʝʪʘʣ ʨʦʟʽʛʨʽʚʘʻ (ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʽʟʤʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ) ʨʦʟʤʽʱʝʥʫ ʥʠʞʯʝ ʟʘʛʣʫʰʢʫ 3 ʟ ʣʘʪʫʥʽ ʯʠ ʙʨʦʥʟʠ, ʧʨʠʟʚʦʜʷʯʠ ʪʝʞ ʜʦ ʾʾ 

ʧʣʘʚʣʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʨʘʭʫʥʦʢ ʣʠʚʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʽ ʚʘʥʥʠ 7 ʪʘ 8 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʚ ʷʢʠʭ ʩʪʘʣʴʥʘ ʪʘ ʣʘʪʫʥʥʘ (ʯʠ ʙʨʦʥʟʦʚʘ) ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ. ɺʘʥʥʘ 8 ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʯʘʩʪʢʦʚʦ ʧʽʜʧʣʘʚʣʷʻ ʧʦʚʝʨʭʥʶ ʘʣʶʤʽʥʽʻʚʦʾ 

ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ 5, ʩʪʚʦʨʶʶʯʠ ʚʘʥʥʫ ʨʦʟʧʣʘʚʫ 9, ʘ ʚʘʥʥʘ 7 ï ʧʦʚʝʨʭʥʶ ʙʦʢʦʚʠʭ ʩʪʦʨʽʥ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʚʦʨʫ 2. ɻʣʠʙʠʥʘ ʧʽʜʧʣʘʚʣʝʥʥʷ h3 ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ 5 ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʬʦʨʤʫʣʽ: 

                                    
))(4( 2.3.3.2.3 ʧʣʧʣʧʣʧʣ TTTTDh
,                                            (3) 

ʜʝ ʊʧʣ.3 - ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʘʣʶʤʽʥʽʻʚʦʾ ʨʦʙʦʯʦʾ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʚ ʘʣʶʤʽʥʽʻʚʽʡ ʨʦʙʦʯʽʡ ʧʣʘʩʪʠʥʽ 

ʩʢʣʘʜʘʻ ʟʥʘʯʝʥʥʷ h3 = 0,88é1,75 ʤʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʟʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ. 

ʇʽʩʣʷ ʟʘʧʣʘʚʣʝʥʥʷ ʚʩʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʪʚʦʨʫ 2 ʪʘ ʟʘʪʚʝʨʜʽʥʥʷ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 7, 8 ʪʘ 9 ʦʪʨʠʤʫʻʤʦ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʟʚʘʨʥʠʡ ʰʦʚ 10, ʷʢʠʡ ʥʘʜʽʡʥʦ 

ʩʢʨʽʧʣʶʻ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ 1 ʪʘ 5 (ʨʠʩ. 1, ʚ). ɿʘʛʘʣʴʥʘ ʞ ʢʽʣʴʢʽʩʪʴ ʟʚʘʨʥʠʭ ʰʚʽʚ 10 ʽ 

ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʣʘʩʪʠʥ ʙʽʤʝʪʘʣʫ.  

ɺ ʢʽʥʮʽ ʙʘʞʘʥʦ ʧʦʚʝʨʭʥʶ ʟʚʘʨʥʠʭ ʰʚʽʚ 10 ʧʨʦʰʣʽʬʫʚʘʪʠ ʫʨʽʚʝʥʴ ʟ ʩʪʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʧʣʘʩʪʠʥʠ ʦʩʥʦʚʠ 1. 

ɺ ʷʢʦʩʪʽ ʧʦʪʫʞʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʦʞʣʠʚʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʦʜʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʧʣʘʩʪʠʥ 

ʙʽʤʝʪʘʣʫ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ 2 ʚ ʧʣʘʩʪʠʥʽ ʦʩʥʦʚʠ 1 

ʧʨʠ ʢʦʥʮʝʥʪʨʫʚʘʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʛʣʫʰʢʠ 4. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʣʶʤʦ-ʩʪʘʣʝʚʠʭ ʙʽʤʝʪʘʣʽʚ ʽʩʪʦʪʥʦ 

ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʩʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʦʱʝʥʥʷ ʽ ʟʜʝʰʝʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʦʪʨʠʤʘʥʥʷ ʙʽʤʝʪʘʣʫ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʟôʻʜʥʘʥʥʷ ʡʦʛʦ ʧʣʘʩʪʠʥ. 
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ɻʦʣʦʚʢʦ ʃ.ʌ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʣʦʱʠʮʠʥ ʄ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʘʣʽʡ ʉ.ʉ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, leongolovko@gmail.com 

ʃɸɿɽʈʅʆ ï ʃʀɺɸʈʅɯ ʇʈʆʎɽʉʀ ɺʀɻʆʊʆɺʃɽʅʅʗ ɹɯʄɽʊɸʃɯɺ 

ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, 

ʚʠʤʘʛʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ ʙʽʤʝʪʘʣʽʚ. ɹʽʤʝʪʘʣʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʘʰʠʥʦ- ʪʘ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʦʙʣʘʜʥʘʥʥʷ ʦʙʦʨʦʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʝʥʝʨʛʝʪʠʮʽ ʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʮʽ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʙʫʪʦʚʠʭ ʪʦʚʘʨʽʚ.  

ɼʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ: ʪʠʩʢʦʤ, ʣʠʪʪʷ, 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ, ʣʘʟʝʨʥʝ, ʝʣʝʢʪʨʦʜʫʛʦʚʝ ʡ ʧʣʘʟʤʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ (ʚʠʛʦʪʦʚʣʝʥʥʷ 

SWIP ʣʠʩʪʽʚ), ʝʣʝʢʪʨʦʰʣʘʢʦʚʠʡ ʧʝʨʝʧʣʘʚ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʚʠʙʫʭʦʤ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʮʠʭ 

ʩʧʦʩʦʙʽʚ - ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʮʥʽʩʪʶ 

ʦʜʥʦʛʦ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟ'ʻʜʥʫʶʪʴʩʷ, ʽ ʪʝ, ʱʦ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʧʨʦʮʝʩʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʙʽʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʥʘʜʘʶʯʠ ʾʤ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʤʝʪʘʣʽʚ ʚʠʙʫʭʦʤ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʰʠʨʦʢʦʶ 

ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʙʽʤʝʪʘʣʽʚ, ʧʨʦʩʪʦʪʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʚʽʥ ʤʘʻ ʽ ʨʷʜ 

ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ, ʷʢ ʥʠʟʴʢʘ ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʦʤ, ʥʝʚʠʩʦʢʘ ʷʢʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟ'ʻʜʥʫʶʪʴʩʷ, ʚʝʣʠʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʽ ʚʽʙʨʘʮʽʡ, 

ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʧʣʘʟʤʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʬʽʨʤʠ "Steel Work" (ʋʢʨʘʾʥʘ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠ ʙʽʤʝʪʘʣʽʯʥʽ SWIP ʣʠʩʪʠ (Steel Work Innovation Plate) ʽ ʚʠʨʦʙʠ ʟ ʥʠʭ. ɺʦʥʠ 

ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʫʪʝʨʦʚʦʢ ʚ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʛʽʜʨʦ, ʛʘʟʦ- ʽ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 

ɺʽʜʟʥʘʯʘʶʯʠ ʜʦʩʷʛʥʫʪʽ ʫʩʧʽʭʠ ʚ ʨʦʟʨʦʙʮʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ 

ʙʽʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʨʘʢʪʠʮʽ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʩʪʦʪʥʘ 

ʨʦʣʴ ʧʦʢʠ ʥʘʣʝʞʠʪʴ ʽʥʪʫʾʪʠʚʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʧʽʜʭʦʜʘʤ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʫʞʝ 

ʦʙʤʝʞʝʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ. ʂʨʽʤ ʪʦʛʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʤʝʪʘʣʽʚ ʤʘʶʪʴ 

ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʾʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʦʛʦ ʽ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʦʙʤʝʞʝʥʦʩʪʽ ʫ ʚʠʙʦʨʽ ʩʢʣʘʜʦʚʠʭ ʙʽʤʝʪʘʣʽʚ. ʅʘʚʝʜʝʥʠʡ 

ʚʠʱʝ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʽʤʝʪʘʣʽʚ ʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʰʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ ʾʭ ʧʦʚʝʨʭʦʥʴ, ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ ʩʢʣʘʜʦʚʠʭ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʙʽʤʝʪʘʣʽʚ ʜʘʻ ʧʽʜʩʪʘʚʫ ʚʚʘʞʘʪʠ, ʱʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʷʢʽʩʪʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʚʰʠ ʚʝʩʴ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʜʚʘ 

ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʩʪʦʩʫʚʘʚʰʠ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʣʘʟʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʬʦʢʫʩʦʚʘʥʝ ʫ ʚʽʜʨʽʟʦʢ ʣʽʥʽʾ ʟ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʠʧʫ ʊop-Hat 

ʘʙʦ ʨʦʟʛʦʨʥʫʪʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʫ ʚʽʜʨʽʟʦʢ ʣʽʥʽʾ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʜʥʽʻʾ ʟʽ ʩʢʣʘʜʦʚʦʾ ʙʽʤʝʪʘʣʫ ʥʘ ʛʣʠʙʠʥʫ 30-

50 ʤʢʤ. ʆʜʥʦʯʘʩʥʦ ʟ ʧʦʯʘʪʢʦʤ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʨʦʟʧʣʘʚʣʝʥʫ ʧʦʚʝʨʭʥʶ ʟʽ ʩʧʝʮʽʘʣʴʥʦʾ 

ʬʫʨʤʠ ʟ ʟʘʜʘʥʦʶ ʚʠʪʨʘʪʦʶ ʧʦʜʘʻʪʴʩʷ ʨʦʟʧʣʘʚ ʜʨʫʛʦʾ ʩʢʣʘʜʦʚʦʾ ʙʽʤʝʪʘʣʫ. 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʽʤʝʪʘʣʫ ʪʘ ʡʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ɻʦʣʦʚʢʦ ʃ.ʌ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʣʦʱʠʮʠʥ ʄ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʘʣʽʡ ʉ.ʉ., ʘʩʧʽʨʘʥʪ 

ʉʚʽʯʢʘʨ ɯ.ɺ. ʩʪʫʜʝʥʪʢʘ 

ʂʽʨôʷʥʦʚʘ ʂ.ʆ. ʩʪʫʜʝʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, leongolovko@gmail.com 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɯʅɼʋʂʎɯʁʅʆɻʆ ʅɸɻʈɯɺɸʅʅʗ ʇʈʀ ʃɸɿɽʈʅʆ-ʃʀɺɸʈʅɯʁ 

ʊɽʍʅʆʃʆɻɯɰ ɺʀʈʆɹʅʀʎʊɺɸ ɹɯʄɽʊɸʃɯɺ 

ɿʥʘʯʥʘ ʯʘʩʪʢʘ ʚʽʜʤʦʚ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʜʽʾ ʘʙʨʘʟʠʚʥʠʭ ʽ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʽʚ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʥʦʰʫʚʘʥʥʷʤ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʚʪʨʘʪʦʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ. ɼʦ ʪʘʢʠʭ 

ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʣʦʧʘʪʢʠ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʡ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʦʢ, ʧʽʜʧ'ʷʪʥʠʢʠ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ, 

ʮʘʧʬʠ ʙʫʨʦʚʠʭ ʜʦʣʽʪ, ʢʦʣʽʥʯʘʩʪʽ ʡ ʨʦʟʧʦʜʽʣʴʥʽ ʚʘʣʠ ʜʚʠʛʫʥʽʚ ʡ ʪʘʢʝ ʽʥhʝ. 

ʆʙʣʘʩʪʶ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʻ ʟʤʽʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʚʽʜʥʦʚʣʝʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ, ʘʣʝ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʩʪʦʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʤʝʞʫʻ ʦʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ. ɺʠʢʦʥʫʶʪʴʩʷ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʰʫʢ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʜʝʰʝʚʠʭ ʜʦʧʦʤʽʞʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɼʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʜʫʢʮʽʡʥʠʡ ʩʧʦʩʽʙ ʥʘʛʨʽʚʘʥʥʷ, ʱʦ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʚʦʭ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʘʭ: ʟʘʢʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʌʘʨʘʜʝʷ-

ʄʘʢʩʚʝʣʣʘ ʪʘ ʟʘʢʦʥʽ ɼʞʦʫʣʷ-ʃʝʥʮʘ ʻ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ. ʊʦʤʫ ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʘ ʡ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʩʪ-

ʧʽʜʽʛʨʽʚ ʥʘʧʣʘʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʨʦʙʦʯʠʭ 

ʰʘʨʘʭ ʜʝʪʘʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʚ ʧʨʦʮʝʩ ʣʘʟʝʨʥʦ-ʣʠʚʘʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʜʫʢʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ, ʧʨʠ ʮʴʦʤʫ ʬʫʥʢʮʽʾ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ 

ʯʘʩ ʜʽʾ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʯʽʪʢʦ ʨʦʟʤʝʞʦʚʘʥʽ. ʃʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʨʦʟʧʣʘʚʣʷʻ ʥʝʦʙʭʽʜʥʦ-ʟʘʜʘʥʠʡ 

ʦʙôʻʤ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ, ʧʽʜʽʛʨʽʪʠʡ ʽʥʜʫʢʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʤʘʪʝʨʽʘʣ ʜʣʷ 

ʥʘʧʣʘʚʣʝʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʫ ʟʦʥʫ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ, 

ʩʪʚʦʨʶʶʯʠ ʩʧʽʣʴʥʫ ʚʘʥʥʫ ʨʦʟʧʣʘʚʫ, ʪʠʤ ʩʘʤʠʤ ʛʘʨʘʥʪʫʶʯʠ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʜʚʦʤʘ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʦʱʘʜʣʠʚʦʛʦ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʠʭ ʽ ʜʝʬʽʮʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʝʩʫʨʩʦ - ʽ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʚʢʣʘʜ ʝʥʝʨʛʽʾ ʚ ʦʩʥʦʚʫ ʜʝʪʘʣʽ, ʥʘ ʷʢʫ ʧʨʦʚʦʜʠʪʴʩʷ 

ʥʘʧʣʘʚʣʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʄʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʦʜʥʦʯʘʩʥʫ ʧʦʜʘʯʫ ʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʯʠ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʇʦʚʽʜʦʤʣʷʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʣʘʟʝʨʥʦ-ʣʠʚʘʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ. ʅʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʟʚ'ʷʟʦʢ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʟ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʣʘʟʝʨʥʦʛʦ ʜʞʝʨʝʣʘ, ʢʦʥʬʽʛʫʨʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʽʥʜʫʢʪʦʨʽʚ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʽʚ; ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ 

ʨʦʟʧʣʘʚʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʦʙʦʯʫ ʟʦʥʫ, ʫʤʦʚʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ. 
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ɺʇʃʀɺ ɿʄɸʑʋɺɸʃʔʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɸʉʊʀʃʔʅʆ-ʍʆʃʆɼʀʃʔʅʀʍ 

ʈɯɼʀʅ ʅɸ ɰʍ ʊɽʍʅʆʃʆɻɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ  

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷʤ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʨʦʟʚʠʪʦʢ ʷʢʦʛʦ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ 

ʤʘʩʪʠʣʴʥʦ-ʭʦʣʦʜʠʣʴʥʠʭ ʨʽʜʠʥ (ʄʍʈ). ʈʘʮʽʦʥʘʣʴʥʠʡ ʧʽʜʙʽʨ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʄʍʈ ʪʘ 

ʫʩʧʽʰʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʣʠʚʽ ʧʨʠ ʚʩʝʙʽʯʥʦʤʫ ʚʠʚʯʝʥʥʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ ʄʍʈ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ  ʫʤʦʚʘʭ 

ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ ʽ ʟʘʢʣʘʜʘʶʪʴʩʷ ʚ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʥʘ ʧʨʦʜʫʢʪ ʷʢ ʦʙʦʚôʷʟʢʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʡʦʛʦ ʷʢʦʩʪʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʍʈ ʧʨʦʮʝʩ ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ ʧʦʪʨʝʙʫʻ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʄʍʈ ʙʝʟ ʧʝʨʝʚʽʨʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʝʜʝ ʟʘ ʩʦʙʦʶ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʚʠʪʨʘʪʠ ʄʍʈ, ʥʠʟʴʢʫ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʟʘʢʫʧʽʚʣʶ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ  ʽ 

ʪ.ʜ. ʊʦʤʫ, ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʦʾ ʄʍʈ ʥʝʦʙʭʽʜʥʦ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʦʜʠʪʠ 

ʦʮʽʥʢʫ ʾʭ ʟʤʘʱʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʚʠʟʥʘʯʠʪʠ ʧʨʦʪʠʟʘʜʠʨʥ,̔ ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ ʪʘ 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ  ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʟʤʘʱʫʚʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʍʈ ʥʝ ʻ ʦʜʥʦʟʥʘʯʥʘ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ ʥʘ ʦʧʝʨʘʮʽʷʭ ʪʦʯʽʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʟʤʘʱʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʍʈ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ: ʩʪʘʙʽʣʽʟʫʻ 

ʫʪʚʦʨʝʥʥʷ ʥʘʨʦʩʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚ 

ʟʦʥʽ ʥʠʟʴʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʽʟʘʥʥʷ, ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʥʘʨʦʩʪʫ, ʤʽʮʥʽʩʪʴ ʽ ʩʠʣʫ ʟʯʝʧʣʝʥʥʷ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʰʘʨʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʥʘʨʦʩʪʽʚ ʾʭ ʯʘʩʪʠʥʢʠ ʧʝʨʽʦʜʠʯʥʦ 

ʟʨʠʚʘʶʪʴʩʷ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʽʜʚʠʱʫʶʪʴ 

ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ ʝʬʝʢʪʠʚʥʽ ʄʍʈ ʟʤʝʥʰʫʶʪʴ  

ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʩʪʨʫʞʢʠ ʟ ʧʝʨʝʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʨʽʟʮʷ, ʟʥʠʞʫʶʪʴ ʩʠʣʫ ʪʝʨʪʷ ʽ ʘʜʛʝʟʽʶ, ʘ 

ʥʝʝʬʝʢʪʠʚʥʽ - ʤʦʞʫʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ.  

ʆʜʥʘʢ, ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʟʤʘʱʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʍʈ ʤʦʞʝ ʤʘʪʠ ʽ ʥʝʛʘʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʟʦʢʨʝʤʘ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʘʨʦʩʪʠ ʚʽʜʽʛʨʘʶʪʴ ʟʘʭʠʩʥʫ ʬʫʥʢʮʽʶ (ʧʨʠ 

ʦʙʨʦʙʮʽ ʩʪʘʣʽ ʥʘ ʥʝʚʠʩʦʢʠʭ ʨʝʞʠʤʘʭ ʨʽʟʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʽʟ ʰʚʠʜʢʦʨʽʞʫʯʦʾ ʩʪʘʣʽ).  

ʇʽʜʚʠʱʝʥʥʷ ʟʤʘʱʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ 

ʢʨʫʛʚ̔, ʟʘʧʦʙʽʛʪʠ ʾʭ ʥʘʣʠʧʘʥʥʶ, ʩʢʦʨʦʪʠʪʠ ʮʠʢʣ ʦʙʨʦʙʢʠ, ʫʩʫʥʫʪʠ ʟʘʜʠʨʠ ʥʘ ʙʘʟʦʚʠʭ 

ʧʦʚʝʨʭʥʷʭ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʥʘ ʞʦʨʩʪʢʠʭ ʦʧʦʨʘʭ. ʇʦʢʨʘʱʘʥʥʷ ʟʤʘʱʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʣʦʢʘʣʽʟʫʻ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ, ʟʤʝʥʰʫʻ ʚʝʣʠʯʠʥʫ ʽ  ʛʣʠʙʠʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʟʥʠʞʫʻ ʧʦʪʫʞʥʽʩʪʴ ʽ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʠʩʦʢʽ ʟʤʘʱʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ. ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʥʘ ʧʣʦʩʢʦʰʣʽʬʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ ʟ ʤʘʛʥʽʪʥʠʤ ʩʪʦʣʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʍʈ ʟ ʚʠʩʦʢʠʤʠ ʟʤʘʱʫʚʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʩʫʚ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʚʠʩʦʢʽʡ ʩʠʣʽ ʨʽʟʘʥʥʷ ʽ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʽʡ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʩʪʦʣʘ ʽʟ ʟʘʛʦʪʦʚʢʦʶ.  

ɺ ʽʥʩʪʠʪʫʪʽ ʥʘ ʧʨʠʢʣʘʜʽ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʚʦʜʦʟʤʽʰʫʚʘʥʠʭ ʄʍʈ, ʷʢʽ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʧʝʨʘʮʽʷʭ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʤʽʞ ʧʨʦʪʠʟʘʜʠʨʥʠʤʠ, ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʠʤʠ, ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʢʠ (ʪʦʯʥʽʩʪʶ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, 

ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʛʦ ʰʘʨʫ, ʩʪʽʡʢʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ). ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 
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ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʩʧʨʷʤʦʚʘʥʦ ʚʝʩʪʠ ʨʦʟʨʦʙʢʫ ʪʘ ʚʠʙʽʨ ʤʘʩʪʠʣʴʥʦ-ʭʦʣʦʜʠʣʴʥʠʭ ʨʽʜʠʥ ʜʣʷ 

ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ.  

ɺʠʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʯʦʪʠʨʠʢʫʣɹʢʦʚʦʤʫ ʧʨʠʩʪʨʦʾ ʪʝʨʪʷ 

ʤʘʨʢʠ ʏʄʊ-1. ɺʠʟʥʘʯʘʣʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ. 

1) ʂʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈʢ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘʧʦʙʽʛʘʪʠ ʰʚʠʜʢʦʤʫ ʟʥʦʰʫʚʘʥʥʶ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ. ʇʨʠ ʪʘʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʩʣʽʜʫ ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʥʠʞʥʽʭ ʢʫʣʷʭ (ʥʘ ʚʝʣʠʯʠʥʫ 

ʙʣ̔ʴʰʝ 0,1 ʤʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ).  

2) ʅʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʈʟ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʨʘʥʠʯʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʥʘʡʤʝʥʰʝ ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʟʫʧʠʥʢʫ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʧʨʠʩʪʨʦʶ ʪʝʨʪʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʤʦʤʝʥʪʫ ʪʝʨʪʷ 1200 ʢɻʩĀʩʤ ʘʙʦ ʟʘ 

ʫʤʦʚʠ ʟʚʘʨʶʚʘʥʥʷ ʨʫʭʦʤʦʾ ʪʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʫʣʴ ʯʦʪʠʨʠʢʫʣʴʢʦʚʦʾ ʧʘʨʠ. 

3) ɯʥʜʝʢʩ ʟʘʜʠʨʫ ɯʟ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʥʦʰʫʚʘʥʥʷ ʢʫʣʴ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ. 

4) ɼʽʘʤʝʪʨ ʟʥʦʰʫʚʘʥʥʷ ɼʟ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʜʽʘʤʝʪʨʫ ʩʣʽʜʫ 

ʟʥʦʰʫʚʘʥʥʷ ʥʠʞʥʽʭ ʢʫʣʴ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʤʝʥʰʠʤ ʚʽʜ ʢʨʠʪʠʯʥʦʛʦ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʟʷʪʽ ʚʦʜʦʟʤʽʰʫʚʘʥʽ ʄʍʈ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ ʟʘʢʦʨʜʦʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ (ʄʍʈ ʜʝʷʢʠʭ ʚʠʨʦʙʥʠʢʽʚ ʈʌ, ʘ ʪʘʢʦʞ ʬʽʨʤ ɹʣʘʟʝʨ, ʂʘʩʪʨʦʣ, ʐʝʣʣ ʪʘ ʽʥ.). 

ɺʩʴʦʛʦ ʚ ʢʽʣʴʢʦʩʪʽ ʙʽʣʷ 32 ʦʜ. ɺʠʧʨʦʙʫʚʘʣʠ 3% ʚʦʜʥʽ ʝʤʫʣʴʩʽʾ (ʤʽʢʨʦʝʤʫʣʴʩʽʾ, ʨʦʟʯʠʥʠ). ɺ 

ʪʘʙʣ. 1 ʥʘʚʦʜʷʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʥʠʟʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ 

ʚʦʜʦʟʤʽʰʫʚʘʥʠʭ ʄʍʈ, ʦʮʽʥʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʟʘ ʚʠʱʝʚʢʘʟʘʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʦʤʫ ʧʨʠʩʪʨʦʾ ʪʝʨʪʷ. 

ʊʘʙʣʠʮʷ 1  ʇʨʦʪʠʟʘʜʠʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʟʤʘʱʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʽʙʨʘʥʠʭ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 3 % ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ (ʝʤʫʣʴʩʽʡ) ʄʍʈ 

ʊʠʧ ʪʘ  

ʧʨʠʟʥʘʯʝʥʥʷ ʄʍʈ 
ʈʢ, ʅ ʈʟ, ʅ ɯʟ, ʅ 

ɼʟ, ʤʤ 

(20 ʢɻʩ) 

ʄʍʈ ʫʥʽʚʝʨʩʘʣʴʥʽ  (ʜʣʷ 

ʣʝʟʦʚʦʾ ʪʘ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ 

ʤʝʪʘʣʽʚ)   

1- ʝʤʫʣʴʩʽʡʥʽ 

2- ʤʽʢʨʦʝʤʫʣʴʩʽʡʥʽ 

 

 

 

900-1600 

690- 1190 

 

 

 

1000-1600 

1040-1350 

 

 

 

440-600 

340-470 

 

 

 

0.60-0,95 

0.65-0.90 

ʄʍʈ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ  ʤʝʪʘʣʽʚ 

380-500 2800- 3500 415-500 1.5-1.8 

ɸʥʘʣʽʟ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʟʘʩʚʽʜʯʠʚ, ʱʦ ʨʽʟʥʠʤ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʄʍʈ ʚʽʜʧʦʚʽʜʘʶʪʴ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʨʽʟʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʪʠʟʘʜʠʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʍʦʯʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʚʘʨʶʚʘʥʥʷ (ʧʦʢʘʟʥʠʢ ʈʟ) ʪʝʦʨʝʪʠʯʥʦ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ, ʘʣʝ ʚʠʩʦʢʘ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʜʠʥ ʥʝ ʧʦʚʠʥʥʘ ʘʩʦʮʽʶʚʘʪʠʩʷ ʟ ʽʜʝʘʣʴʥʠʤʠ ʟʤʘʱʫʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ 

ʨʽʟʥʦʛʦ ʪʠʧʫ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʄʍʈ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʦʢʘʟʥʠʢ ʈʢ), ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʈʢ/ʈʟ ʪʘ çʩʝʨʝʜʥʽʤè ʨʽʚʥʝʤ ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʘʱʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʍʈ, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʤʝʪʘʣʦʦʙʨʦʙʣʝʥʥʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ /ʇʦʜ 

ʨʝʜ. ʧʨʦʬ. ʉ.ɻ. ʕʥʪʝʣʠʩʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʕ.ʄ. ɹʝʨʣʠʥʝʨʘ ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1995. ï 286 ʩ. 
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ʋɼʂ 621.891, 620.194 
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ʄɸʉʊʀʃʔʅɯ ʉʀʅʊɽɿ-ʄɸʊɽʈɯɸʃʀ ɼʃʗ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʇʆʂʈʀʊʊɯɺ  

ʇʽʜ ʯʘʩ ʪʝʨʪʷ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʟʦʥʘʭ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ 

ʤʘʩʪʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʫʤʦʚʣʶʻ ʩʧʝʮʠʬʽʯʥʠʡ ʧʝʨʝʙʽʛ ʤʝʭʘʥʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ 

ʪʝʨʪʴʦʚʠʭ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʤʘʶʪʴ, ʟʘʛʘʣʦʤ, ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʏʠ ʤʦʞʣʠʚʝ ʚʽʜʪʚʦʨʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʦʾ ʙʫʜʦʚʠ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʣʘʩʪʠʚʦʾ ʮʠʤ 

ʩʪʨʫʢʪʫʨʘʤ, ʧʦʟʘ ʫʤʦʚʘʤʠ ʪʝʨʪʷ?  

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʘʤʠ ʚ 

ʧʨʦʮʝʩʘʭ ʝʣʝʢʪʨʦʽʩʢʨʦʚʦʛʦ ʨʦʟʨʷʜʫ ʚ ʷʢʦʩʪʽ ʩʠʥʪʝʟ-ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʥʘʨʦʱʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʧʦʢʨʠʪʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʚʤʽʱʫʶʪʴ 

ʢʦʛʝʟʽʡʥʦ ʟʯʝʧʣʝʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʪʘ ʧʝʨʝʭʽʜʥʠʡ 

ʛʨʘʜʽʻʥʪʥʠʡ ʧʽʜʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʠʬʫʟʽʡʥʦʛʦ ʪʠʧʫ. ʆʙˇʨʫʥʪʫʚʘʥʥʶ ʧʽʜʣʷʛʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʦʛʦ ʢʣʘʩʫ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ ʻ ʢʦʤʧʣʝʢʩʥʦʶ, ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʧʝʨʝʜʥʽʭ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1] ʪʘ ʦʭʦʧʣʶʻ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ.  

1. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʨʪʴʦʚʠʭ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ (ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ, ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʠʭ ʪʦʱʦ), ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ ʫ ʟʦʥʘʭ ʢʦʥʪʘʢʪʫ.  

2. ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʪʝʭʥʦʣʦʛʽʡ ʤʘʱʝʥʥʷ) 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʩʠʥʪʝʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ.  

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʤʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʘʥʪʠʬʨʠʢʮʽʡʥʠʤ ʤʘʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʪʝʨʪʴʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʘʨ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʦ 

ʧʦʩʠʣʶʻʪʴʩʷ ʨʦʣʴ ʪʝʭʥʦʣʦʛʽʾ ʤʘʱʝʥʥʷ (ʩʧʦʩʦʙʫ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ).  

ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʦʚʠʭ (ʧʣʘʩʪʠʯʥʠʭ) ʤʘʩʪʠʣ ʩʫʪʪʻʚʦʶ ʻ ʨʦʣʴ ʧʦʣʽʤʦʨʬʽʟʤʫ 

ʩʪʨʫʢʪʫʨʠ ʤʠʣʘ [2, 3]. ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘʛʨʽʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʭʘʨʘʢʪʝʨʥʦ ʚʽʜʜʟʝʨʢʘʣʶʻʪʴʩʷ ʥʘ 

ʩʪʨʫʢʪʫʨʽ ʢʘʣʴʮʽʡʦʚʠʭ ʤʠʣ (ʨʠʩ. 1). ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʤ ʻ ʚʚʝʜʝʥʥʷ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʧʣʽʚʢʫ ʢʘʣʴʮʽʡʦʚʦʛʦ ʤʘʩʪʠʣʘ ʟ 

ʧʦʣʽʤʦʨʬʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊ2. 

 
ʈʠʩ. 1  ʈʝʥʪʛʝʥʦʛʨʘʤʠ 20 % ʩʫʩʧʝʥʟʽʾ ʉʘSt2 ʫ ʚʘʟʝʣʽʥʦʚʽʡ ʦʣʠʚʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ: ʊ1<ʊ2 <ʊ3 

(ʣʽʥʽʾ ʥʦʨʤʦʚʘʥʦ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʬʦʥʦʚʦʛʦ ʨʦʟʩʽʷʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʚʽʜʥʽʤʘʥʥʷʤ ʡʦʛʦ ʨʽʚʥʷ) 
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3. ʄʦʜʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʫ ʚ ʫʤʦʚʘʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ.  

ɽʣʝʢʪʨʦʽʩʢʨʦʚʠʡ ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʟʘ ʚʧʣʠʚʦʤ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨ̔ʚ ʤʝʪʘʣʽʚ. ɿ ʧʦʛʣʷʜʫ ʥʘ ʧʝʨʝʙʽʛ ʪʚʝʨʜʦʬʘʟʥʠʭ ʨʝʘʢʮʽʡ ʢʣʶʯʦʚʠʤʠ ʻ 

ʚʧʣʠʚʠ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʇɸʈ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʢʽʥʝʪʠʢʫ 

ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ-ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʽʚ [4]. ɺʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 

ʆʞʝ-ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [5].  

 
ʘ)       ʙ)  

ʈʠʩ. 2  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʦʥʴ (ʭ3000) ʪʘ ʧʨʦʬʽʣʽ ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

ʩʪʘʣʽ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʨʦʟʨʷʜʥʠʤ ʤʝʪʦʜʦʤ ʫ ʩʝʨʝʜʦʚʠʱʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ɿʨʘʟʦʢ (ʧʦʚʝʨʭʥʷ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʫ - ʚʩʪʘʚʢʘ ʟʚʝʨʭʫ) ʧʽʜʢʣʶʯʝʥʦ: ʘ) ʷʢ ʢʘʪʦʜ ʪʘ ʙ) ʷʢ ʘʥʦʜ.  

ʈʠʩ. 2 ʽʣʶʩʪʨʫʻ, ʱʦ ʚ ʩʝʨʝʜʦʚʠʱʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʨʦʟʨʷʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟʦʤʦʨʬʥʝ ʱʦʜʦ ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʥʘʚʫʛʣʝʮʶʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʪʦʚʩʪʦʛʦ 

(ʟʘ ʛʣʠʙʠʥʦʶ h) ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʪʘʣʽ, ʷʢʱʦ ʟʨʘʟʦʢ ʧʽʜʢʣʶʯʝʥʦ ʷʢ ʘʥʦʜ (ʨʠʩ. 2,ʙ).  

4. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʚʦʨʶʚʘʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʪʽʣʴʢʠ ʚ ʪʝʨʪʴʦʚʠʭ ʟʦʥʘʭ ʢʦʥʪʘʢʪʫ, ʘʣʝ ʡ ʟʘ ʫʤʦʚ 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʦʛʦ ʨʦʟʨʷʜʫ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʨʦʰʘʨʢʽʚ ʘʜʛʝʟʽʡʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʍʘʨʘʢʪʝʨ ʪʚʝʨʜʦʬʘʟʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʤʝʪʘʣʫ ʪʘ ʪʦʚʱʠʥʠ ʥʦʚʦʫʪʚʦʨʶʚʘʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʽʟʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʝʪʘʣ, ʘʣʝ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʩʪʨʫʢʪʫʨʘ ʦʙʫʤʦʚʣʝʥʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʪʠʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟ ʷʢʠʤ ʢʦʥʪʘʢʪʫʻ ʤʝʪʘʣʝʚʘ ʧʦʚʝʨʭʥʷ.  

ʆʪʞʝ, ʩʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʦʢʨʝʤʦʛʦ ʢʣʘʩʫ 

ʤʘʩʪʠʣʴʥʠʭ ʩʠʥʪʝʟ-ʤʘʪʝʨʽʘʣʽʚ - ʷʢ ʧʨʦʩʪʠʭ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ (ʤʝʪʦʜʦʤ ʥʘʤʘʱʫʚʘʥʥʷ) 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʣʝʢʪʠʚʥʝ ʥʘʚʫʛʣʝʮʶʚʘʥʥʷ ʪʘ ʣʝʛʫʚʘʥʥʷ 

ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʪʘ ʾʭ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʘʙʦ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʂɺɸʅʊʆɺʆ-ʈʆɿʄɯʈʅɯ ʈɽʃɸʂʉɸʎɯʁʅɯ ɽʌɽʂʊʀ ʉʊʈʋʂʊʋʈʅʀʍ 

ʇɽʈɽʊɺʆʈɽʅʔ ʊɽʈʊʔʆɺʆɰ ʂʆʅʊɸʂʊʅʆɰ ɿʆʅʀ  

ʗʢ ʚʽʜʦʤʦ, ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ ʪʝʨʪʷ ʪʚʝʨʜʠʭ ʪʽʣ, ʟʦʢʨʝʤʘ ʙʘʛʘʪʦʨʘʟʦʚʦ 

ʧʦʚʪʦʨʶʚʘʥʽ ʣʦʢʘʣʴʥʽ çʽʤʧʫʣʴʩʥʽè ʩʪʠʩʢʫʚʘʥʥʷ ʥʘ ʤʽʢʨʦʢʦʥʪʘʢʪʘʭ ʘʢʪʠʚʫʶʪʴ 

ʤʝʭʘʥʦʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʨʘʟʦʤ ʟ ʘʜʩʦʨʙʦʚʘʥʠʤʠ ʧʣʽʚʢʘʤʠ 

ʤʦʣʝʢʫʣ, ʦʙʫʤʦʚʣʶʶʯʠ ʣʝʛʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦ ʟʨʫʡʥʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ 

ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʘʩʪʠʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʨʝʰʪʽ ʨʝʰʪ, ʧʽʩʣʷ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʫʤʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ ʜʣʷ ʚʠʧʘʜʢʫ 

ʤʝʪʘʣʽʚ ʚʠʥʠʢʘʻ ʚʽʜʪʚʦʨʶʚʘʥʘ ʚ ʯʘʩʽ ʢʦʤʧʣʝʢʩʥʘ ʪʦʥʢʦʧʣʽʚʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʪʝʨʪʴʦʚʦʾ 

ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ [1], ʷʢʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʩʽ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʨʪʴʦʚʦʾ ʧʘʨʠ.  

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʻ ʫʪʚʦʨʝʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1,ʘ - ʧʦʚʝʨʭʥʝʚʽ ʧʣʽʚʢʠ ʟ çʚʠʛʣʘʜʞʝʥʦʶè 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʩʽʨʦʛʦ ʚʽʜʪʽʥʢʫ) ʧʽʜ ʯʘʩ ʪʝʨʪʷ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ.  

    
ʘ) ʙ) 

ʈʠʩ. 1  ɽʣʝʢʪʨʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ (SEI) ʭʘʨʘʢʪʝʨʥʠʭ ʤʽʢʨʦʜʽʣʷʥʦʢ ʪʝʨʪʴʦʚʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ 

ʐʍ15 ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʫʣʴ ʯʦʪʠʨʠʢʫʣʴʢʦʚʦʾ ʧʘʨʠ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʧʨʦʙʫʚʘʥʥʷ 

(390 ʅ; 1200 ʭʚ.
-1

): ʘ) 75 Üʉ - ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʧʣʽʚʦʢ ʩʫʙʤʽʢʨʦʥʥʦʾ 

ʪʦʚʱʠʥʠ; ʙ) 110 Üʉ - ʟʥʠʢʥʝʥʥʷ ʚʢʘʟʘʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ; ʾʾ ʟʘʣʠʰʢʦʚʘ ʩʤʫʛʘ ʚ 

ʮʝʥʪʨʽ. ʉʪʨʽʣʢʠ ʚʢʘʟʫʶʪʴ ʥʘʧʨʷʤʦʢ ʜʽʾ ʩʠʣʠ ʪʝʨʪʷ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʣʶʩʪʨʘʮʽʷ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ, ʟʜʘʪʥʠʭ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʪʘ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʢʽʥʝʪʠʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɼʦʩʣʽʜʞʫʚʘʣʠ 

ʪʽʣʴʢʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ ʤʽʢʨʦʜʽʣʷʥʢʠ ʧʦʚʝʨʭʦʥʴ 

ʩʪʘʣʝʚʠʭ ʧʘʨ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʥʘʥʦʩʢʦʧʽʯʥʦʛʦ 

ʡʦʥʥʦʛʦ ʨʦʟʧʦʨʦʰʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʆʞʝ-ʤʽʢʨʦʟʦʥʜʫ.  

ɻʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʚʫʛʣʝʮʶ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʪʘʣʽ ʧʽʜ ʯʘʩ ʪʝʨʪʷ ʻ 

ʚʫʛʣʝʚʦʜʥʝʚʝ ʩʝʨʝʜʦʚʠʱʝ. ɸʣʝ ʨʽʟʥʦʙʽʯʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘʩʚʽʜʯʠʚ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʚʠʥʠʢʥʝʥʥʷʤ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1,ʘ) ʪʘ ʤʝʭʘʥʽʟʤʘʤʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʧʫʩʢʫ ʤʘʨʪʝʥʩʠʪʫ ʚ ʩʪʘʣʷʭ. ɿʦʢʨʝʤʘ, ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʟʘ ʦʜʥʘʢʦʚʠʭ ʽʥʰʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʱʝ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ (80-

100 Üʉ), ʟ ʷʢʦʛʦ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʟʚʠʯʘʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ ʤʘʨʪʝʥʩʠʪʫ, ʨʽʟʢʦ 

ʧʨʠʛʥʽʯʫʻ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʚʢʘʟʘʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʦʙʫʤʦʚʣʶʻ ʾʭ ʟʥʠʢʥʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʫ (ʨʠʩ. 1,ʙ). ʅʦʚʽ ʧʣʽʚʢʠ ʤʘʶʪʴ ʫ ʨʘʟʠ ʤʝʥʰʽ ʪʦʚʱʠʥʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʫʛʣʝʮʶ.  

ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʥʠʞʯʠʭ ʟʘ ʚʢʘʟʘʥʽ ʢʨʠʪʠʯʥʽ, ʤʘʪʝʨʠʥʩʴʢʦʶ ʜʣʷ ʥʘʩʪʫʧʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʩʪʘʻ ʚʞʝ ʨʝʣʘʢʩʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʽʚʢʠ ʧʝʨʝʭʽʜʥʠʭ ʢʘʨʙʽʜʥʠʭ 

ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʚ ʷʢʽʡ (ʷʢ ʥʘʩʣʽʜʦʢ ʾʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ) ʟʘʜʘʥʘ ʚʽʜʧʦʚʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʫ, ʘ ʚʫʛʣʝʮʴ ʟʘʤʽʱʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʨʠʩ. 2). ʇʦʜʽʙʥʘ 

ʩʪʨʫʢʪʫʨʘ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ ʚ ʜʦʚʦʣʽ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʩʪʘʣʝʚʦʾ ʧʘʨʠ, ʭʦʯʘ ʡ ʟ ʧʦʩʠʣʝʥʥʷʤ ʩʪʫʧʝʥʶ ʾʾ ʦʢʠʩʥʝʥʥʷ.  

   
ʘ) ʙ) 

ʈʠʩ. 2  ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʥʦʰʘʨʽʚ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ 

ʧʣʽʚʦʢ (ʨʠʩ. 1,ʘ). ʇʨʦʬʽʣʽ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘ ʛʣʠʙʠʥʦʶ h: ʘ) ʘʪʦʤʘʨʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ (0Òʉ̔(h)Ò1) ʟʘʣʽʟʘ, ʢʠʩʥʶ ʽ ʚʫʛʣʝʮʶ ʪʘ ʙ) ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥ ʉh(h) ʪʘ 

ɟȹ(h) (ʧʨʦʬʽʣʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʦʙʦʭ ʯʘʩʪʠʥʘʭ ʘ) ʪʘ ʙ) ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʧʦʚʪʦʨʶʻʪʴʩʷ). 

ʄʽʢʨʦʢʦʥʪʘʢʪ ʟʽ ʩʧʨʷʞʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʢʦʥʪʨʟʨʘʟʢʘ ʪʝʨʪʴʦʚʦʾ ʧʘʨʠ ʚʽʜʙʫʚʘʚʩʷ ʚ ʪʦʯʮʽ h=0. 

ʇʦʟʥʘʯʝʥʥʷ: 1 - ʽʣʶʩʪʨʫʻ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʫʛʣʝʮʶ ʚ ʦʙôʻʤʥʽʡ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ ʩʪʘʣʽ 

ʐʍ15; 2 - ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʩʪʨʫʢʪʫʨʽ ʢʘʨʙʽʜʫ ʧʝʨʝʭʽʜʥʦʛʦ ʪʠʧʫ (Ů-ʢʘʨʙʽʜʽ); 3 - 

ʧʨʦʬʽʣʴ ʝʣʝʤʝʥʪʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʥʦʰʘʨʽʚ ʉh(h) [1]; 4 - ʧʨʦʬʽʣʴ 

ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʟʘʨʷʜʫ ʘʪʦʤʘʨʥʦ-ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʰʘʨʢʽʚ 

ɟȹ(h)/ʝ [2-4], ʜʝ ʝ - ʝʣʝʤʝʥʪʘʨʥʠʡ ʟʘʨʷʜ; ɸ, ɹ ʪʘ ɺ - ʚʠʷʚʣʝʥʽ ʥʘʥʦʬʘʟʥʽ ʛʨʘʥʠʮʽ; h1 - 

ʽʣʶʩʪʨʫʻ çʚʝʨʰʠʥʫè ʫʱʽʣʴʥʝʥʦʛʦ ʥʘʥʦʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʩʫʙʤʽʢʨʦʥʥʦʾ ʧʣʽʚʢʠ.  

ɺ ʤʝʞʘʭ ʜʘʥʦʛʦ ʨʝʣʘʢʩʘʮʽʡʥʦʛʦ ʩʫʙʤʽʢʨʦʥʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ ʚʠʥʠʢʘʻ 

ʢʦʤʧʣʝʢʩʥʘ ʪʦʥʢʦʧʣʽʚʢʦʚʘ ʩʠʩʪʝʤʘ: ʩʪʘʣʴ Ÿ ʚʫʛʣʝʮʝʚʤʽʩʥʘ ʚʪʦʨʠʥʥʘ ʩʪʨʫʢʪʫʨʘ Ÿ 

ʥʘʥʦʟʝʨʝʥʥʠʡ ʰʘʨ h1 Ÿ ʥʘʥʦʰʘʨ ʦʢʩʦʢʘʨʙʽʜʽʚ ʟʘʣʽʟʘ ɸɹ (ʨʠʩ. 2) Ÿ ʘʪʦʤʘʨʥʦ-ʪʦʥʢʠʡ 

ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (rGO). ʂʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʽ ʨʝʣʘʢʩʘʮʽʡʥʽ ʝʬʝʢʪʠ, ʷʢ ʡ ʩʝʣʝʢʪʠʚʥʽ 

ʱʦʜʦ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʝʤʙʨʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚôʷʟʘʥʽ ʟ ʜʠʥʘʤʽʯʥʠʤ ʚʽʜʪʚʦʨʝʥʥʷʤ 

ʧʣʽʚʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʪʘ ʥʘʥʦʰʘʨʫ ɸɹ [2, 3].  

ʇʦʜʽʙʥʽ ʞ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʝʬʝʢʪʠ ʚʠʷʚʣʝʥʦ ʜʣʷ ʧʘʨʠ 

ʙʨʦʥʟʘ-ʩʪʘʣʴ [1, 5], ʚ ʷʢʽʡ, ʟʦʢʨʝʤʘ, ʟ ʙʦʢʫ ʧʦʚʝʨʭʥʽ ʙʨʦʥʟʠ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʽʜʽ (çʩʝʨʚʦʚʠʪʥʘè ʧʣʽʚʢʘ).  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʄʽʱʫʢ ʆ.ʆ. ʊʦʥʢʦʧʣʽʚʢʦʚʽ ʘʩʧʝʢʪʠ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʝʨʪʴʦʚʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ: 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [ʊʝʢʩʪ] / ʆ.ʆ. ʄʽʱʫʢ / ʄʘʪʝʨʽʘʣʠ III ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ-2017è, ʤ. ʍʝʨʩʦʥ, 12-

17 ʚʝʨʝʩʥʷ 2017 ʨ. ï ʍʝʨʩʦʥ: ʍʅʊʋ, 2017. ï ʉ. 176ï180. - 

http://kntu.net.ua/index.php/ukr/content/download/51657/304791  
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ʆʇʊʀʄɯɿɸʎɯʗ ʇʈʆʎɽʉʋ ɺʀʂʆʅɸʅʅʗ ɿɸʊʀʉʂʋ ʊɸ ʈʆɿʊʀʉʂʋ 

ɻɯɼʈʆʄɽʍɸʅɯʏʅʆɻʆ ʊʈʀʂɸʄɽʈʅʆɻʆ ɿɸʊʀʉʂʅʆɻʆ ʇɸʊʈʆʅɸ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʪʠʩʢʫ ʽ ʨʦʟʪʠʩʢʘʥʥʷ ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ 

ʪʨʠʢʘʤʝʨʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ. ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʠʩʢ ʞʠʚʣʝʥʥʷ 

ʧʦʜʘʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʦʜʥʦʯʘʩʥʦ ʚ ʪʨʠ ʢʘʤʝʨʠ, ʘ ʧʦʪʽʤ ʚ ʜʚʽ (ʦʜʥʘ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʦʶ) 

ʷʢ ʧʨʠ ʟʘʪʠʩʢʫ ʪʘʢ ʽ ʧʨʠ ʨʦʟʪʠʩʢʘʥʥʽ . 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʦ ʩʭʝʤʘ ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʨʠʢʘʤʝʨʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ [1]. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʛʽʜʨʦʤʝʭʘʥʽʯʥʦʛʦ ʪʨʠʢʘʤʝʨʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ 

ɻʽʜʨʦʤʝʭʘʥʽʯʥʠʡ ʪʨʠʢʘʤʝʨʥʠʡ ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʫʭʦʤʦʾ ʚʪʫʣʢʠ 1 ʟ 

ʢʘʥʘʣʘʤʠ ʞʠʚʣʝʥʥʷ 2, 3, 4 ʽ ʢʣʘʧʘʥʘ çɸʙʦè 5. ʈʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʩʧʨʷʞʝʥʘ ʧʦ ʢʦʥʽʯʥʽʡ 

ʧʦʚʝʨʭʥʽ ʟ ʟʘʪʠʩʢʥʦʶ ʚʪʫʣʢʦʶ 6, ʷʢʘ ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ ʭʚʦʩʪʦʚʠʢʘ ʧʘʪʨʦʥʘ 7. ʈʫʭʦʤʘ ʚʪʫʣʢʘ 

1, ʟʘʪʠʩʢʥʘ ʚʪʫʣʢʘ 6 ʽ ʭʚʦʩʪʦʚʠʢ 7 ʫʪʚʦʨʶʶʪʴ ʛʝʨʤʝʪʠʯʥʽ ʨʦʙʦʯʽ ʢʘʤʝʨʠ: ʘ ï ʢʘʤʝʨʘ 

ʨʦʟʪʠʩʢʘʥʥʷ; b ï ʢʘʤʝʨʘ ʟʘʪʠʩʢʫ ʽ ʩ ï ʢʘʤʝʨʘ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʪʠʩʢʘʥʥʷ. ɺ ʮʠʣʽʥʜʨʠʯʥʦʤʫ 

ʦʪʚʦʨʽ ʟʘʪʠʩʢʥʦʾ ʚʪʫʣʢʠ 6 ʨʦʟʤʽʱʝʥʠʡ ʭʚʦʩʪʦʚʠʢ ʽʥʩʪʨʫʤʝʥʪʘ (ʩʚʝʨʜʣʘ ʘʙʦ ʬʨʝʟʠ) 8. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

127 

ʈʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʽ ʟʘʪʠʩʢʥʘ ʚʪʫʣʢʘ 6 ʩʧʨʷʞʝʥʽ ʧʦ ʢʦʥʽʯʥʠʤ ʧʦʚʝʨʭʥʷʤ ʟ ʢʫʪʦʤ ʢʦʥʫʩʥʦʩʪʽ 

, ʷʢʠʡ ʤʝʥʰʠʡ ʚʽʜ ʢʫʪʘ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ. ʊʠʩʢ ʞʠʚʣʝʥʥʷ ʜʦ ʢʘʥʘʣʽʚ 2, 3, 4 ʽ ʜʦ ʚʭʽʜʥʠʭ 

ʢʘʥʘʣʽʚ ʢʣʘʧʘʥʘ çɸʙʦè 5 ʧʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ 9 ʽ 10. 

ʇʨʦʮʝʩ ʟʘʪʠʩʢʫ-ʨʦʟʪʠʩʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʋ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʝʤ1 ʽ ʝʤ2 ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ 10 ʽ 9 ʟʥʝʩʪʨʫʤʣʝʥʽ. ʇʨʠ ʮʴʦʤʫ ʢʘʤʝʨʠ a, b, c 

ʟôʻʜʥʘʥʽ ʟ ʘʪʤʦʩʬʝʨʦʶ, ʨʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʨʘʡʥʴʦʤʫ ʧʨʘʚʦʤʫ ʧʦʣʦʞʝʥʥʽ (ʟʘ 

ʢʨʝʩʣʝʥʥʷʤ) ʽ ʪʠʩʥʝ ʥʘ ʟʘʪʠʩʢʥʫ ʚʪʫʣʢʫ 6 ʥʝʟʥʘʯʥʠʤ ʨʘʜʽʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ. ɺ ʪʘʢʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʦʾ ʚʪʫʣʢʠ 1 ʚ ʦʪʚʽʨ ʟʘʪʠʩʢʥʦʾ ʚʪʫʣʢʠ 6 ʨʦʟʤʽʱʫʻʪʴʩʷ ʭʚʦʩʪʦʚʠʢ 

ʽʥʩʪʨʫʤʝʥʪʘ 8 (ʘʙʦ ʜʝʪʘʣʴ). ʇʽʩʣʷ ʨʦʟʤʽʱʝʥʥʷ ʭʚʦʩʪʦʚʠʢʘ ʽʥʩʪʨʫʤʝʥʪʘ 8 ʚ ʦʪʚʦʨʽ ʟʘʪʠʩʢʥʦʾ 

ʚʪʫʣʢʠ 6 ʧʦʜʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘʧʨʫʛʘ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʝʤ1 ʽ ʝʤ2 ʧʨʠ ʮʴʦʤʫ 

ʨʦʟʧʦʜʽʣʴʥʠʢʠ 10 ʽ 9 ʧʝʨʝʤʠʢʘʶʪʴʩʷ ʣʽʚʦʨʫʯ (ʟʘ ʢʨʝʩʣʝʥʥʷʤ) ʽ ʪʠʩʢ ʞʠʚʣʝʥʥʷ ʦʜʥʦʯʘʩʥʦ 

ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʢʘʤʝʨ a, b  ̔ c. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʨʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʚʽʜʪʠʩʢʫʻʪʴʩʷ ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʟʘʪʠʩʢʥʦʾ ʚʪʫʣʢʠ 6. ʇʽʩʣʷ ʮʴʦʛʦ ʟʥʝʩʪʨʫʤʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪ 

ʝʤ2, ʨʦʟʧʦʜʽʣʴʥʠʢ 9 ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʧʨʘʚʦʨʫʯ ʽ ʟôʻʜʥʫʻ ʢʘʤʝʨʫ ʘ ʟ ʘʪʤʦʩʬʝʨʦʶ (ʟʣʠʚʦʤ). 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʨʫʭʦʤʫ ʚʪʫʣʢʫ 1 ʜʽʻ ʪʠʩʢ ʞʠʚʣʝʥʥʷ, ʷʢʠʡ ʧʽʜʚʝʜʝʥʠʡ ʜʦ ʢʘʤʝʨ ʩ ʽ b. ʇʽʜ ʜʽʻʶ 

ʪʠʩʢʫ ʚ ʢʘʤʝʨʘʭ ʩ ʽ b ʨʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʚʽʜʪʠʩʢʫʻʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʟʘʪʠʩʢʥʦʾ 

ʚʪʫʣʢʠ 6, ʘ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʚ ʢʘʤʝʨʽ b, ʱʦ ʜʽʻ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ʪʦʨʮʝʚʫ ʢʽʣʴʮʝʚʫ 

ʧʦʚʝʨʭʥʶ ʨʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʟʤʽʱʘʻʪʴʩʷ ʚ ʣʽʚʦʨʫʯ ʚʽʜʥʦʩʥʦ ʟʘʪʠʩʢʥʦʾ ʚʪʫʣʢʠ 6 ʽ ʥʘʚʘʥʪʘʞʫʻ 

ʾʾ ʨʘʜʽʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ. ʇʨʠ ʮʴʦʤʫ, ʟʘʪʠʩʢʥʘ ʚʪʫʣʢʘ 6 ʜʝʬʦʨʤʫʻʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʽ ʩʪʠʩʢʫʻ ʭʚʦʩʪʦʚʠʢ ʽʥʩʪʨʫʤʝʥʪʘ 8. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʦʤʦʾ ʚʪʫʣʢʠ 

1 ʣʽʚʦʨʫʯ ʧʦʜʘʻʪʴʩʷ ʢʦʤʘʥʜʘ ʥʘ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʝʤ 1, ʧʨʠ ʮʴʦʤʫ 

ʨʦʟʧʦʜʽʣʴʥʠʢ 10 ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʧʨʘʚʦʨʫʯ ʽ ʟôʻʜʥʫʻ ʢʘʤʝʨʠ b ʽ c ʟ ʘʪʤʦʩʬʝʨʦʶ (ʟʣʠʚʦʤ). 

ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘʪʠʩʢʥʘ ʚʪʫʣʢʘ 6 ʜʦʜʘʪʢʦʚʦ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʨʫʞʥʠʤ ʨʘʜʽʘʣʴʥʠʤ 

ʟʫʩʠʣʣʷʤ ʚʽʜ ʚʪʫʣʢʠ 1, ʧʨʠ ʮʴʦʤʫ ʭʚʦʩʪʦʚʠʢ ʽʥʩʪʨʫʤʝʥʪʘ 8 ʪʝʞ ʜʦʜʘʪʢʦʚʦ ʩʪʠʩʢʫʻʪʴʩʷ 

ʟʘʪʠʩʢʥʦʶ ʚʪʫʣʢʦʶ 6. 

ʈʦʟʪʠʩʢʘʥʥʷ ʭʚʦʩʪʦʚʠʢʘ ʽʥʩʪʨʫʤʝʥʪʘ 8 ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʟʘʪʠʩʢʫ. ʉʧʦʯʘʪʢʫ 

ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʦʜʥʦʯʘʩʥʦ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʝʤ1 ʽ ʝʤ2 ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ 10 ʽ 9, ʷʢʽ 

ʧʝʨʝʤʠʢʘʶʪʴʩʷ ʣʽʚʦʨʫʯ ʽ ʪʠʩʢ ʞʠʚʣʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʧʦʩʪʫʧʘʻ ʚ ʢʘʤʝʨʠ ʘ, b ʽ ʩ. ʇʽʜ ʜʽʻʶ 

ʪʠʩʢʫ ʚ ʢʘʤʝʨʘʭ ʘ, b ʽ ʩ ʨʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʚʽʜʪʠʩʢʫʻʪʴʩʷ ʚʽʜ ʟʘʪʠʩʢʥʦʾ ʚʪʫʣʢʠ 6 ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʽʩʣʷ ʯʦʛʦ ʟʥʝʩʪʨʫʤʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʝʤ1, ʨʦʟʧʦʜʽʣʴʥʠʢ 10 

ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʣʽʚʦʨʫʯ ʽ ʟôʻʜʥʫʻ ʢʘʤʝʨʫ ʟ ʘʪʤʦʩʬʝʨʦʶ (ʟʣʠʚʦʤ), ʘ ʨʫʭʦʤʘ ʚʪʫʣʢʘ 1 ʧʽʜ ʜʽʻʶ 

ʪʠʩʢʫ ʚ ʢʘʤʝʨʽ ʘ ʨʫʭʘʻʪʴʩʷ ʧʨʘʚʦʨʫʯ, ʘ ʧʽʜ ʜʽʻʶ ʪʠʩʢʽʚ ʚ ʢʘʤʝʨʘʭ a ʽ ʩ ʚʽʜʪʠʩʢʫʻʪʴʩʷ ʚʽʜ 

ʟʘʪʠʩʢʥʦʾ ʚʪʫʣʢʠ ʚʪʫʣʢʠ 6, ʱʦ ʚʝʜʝ ʜʦ ʨʦʟʪʠʩʢʫ ʭʚʦʩʪʦʚʠʢʘ ʽʥʩʪʨʫʤʝʥʪʘ 8. ʇʽʩʣʷ ʨʦʟ 

ʪʠʩʢʘʥʥʷ ʟʥʝʩʪʨʫʤʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʝʤ2, ʨʦʟʧʦʜʽʣʴʥʠʢ 9 ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʧʨʘʚʦʨʫʯ ʽ 

ʟôʻʜʥʫʻ ʢʘʤʝʨʠ ʘ ʽ ʩ ʟ ʘʪʤʦʩʬʝʨʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʦʯʘʩʥʘ ʧʦʜʘʯʘ ʪʠʩʢʫ ʞʠʚʣʝʥʥʷ ʚ ʢʘʤʝʨʠ ʘ, b ʽ ʩ ʷʢ ʧʨʠ ʟʘʪʠʩʢʫ, ʪʘʢ ʽ 

ʧʨʠ ʨʦʟʪʠʩʢʫ ʧʘʪʨʦʥʘ ʦʙʫʤʦʚʣʶʻ ʟʤʝʥʰʝʥʥʷ ʟʫʩʠʣʣʷ ʪʝʨʪʷ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʚʪʫʣʢʠ 1 ʽ 

ʦʙʫʤʦʚʣʶʻ ʜʦʜʘʪʢʦʚʝ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʊʝʦʨʝʪʠʯʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʪʠʩʢʫ-ʨʦʟʪʠʩʢʫ ʪʨʠʢʘʤʝʨʥʦʛʦ 

ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʛʣʷʥʫʪʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʘʪʠʩʢʫ-ʨʦʟʪʠʩʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʮʝʩʦʤ ʟʘʪʠʩʢʫ-ʨʦʟʪʠʩʢʫ, ʢʦʣʠ ʪʠʩʢ ʧʦʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʦʜʥʫ ʨʦʙʦʯʫ ʢʘʤʝʨʫ, ʪʠʩʢ ʞʠʚʣʝʥʥʷ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʠʭ ʟʫʩʠʣʴ 

ʟʘʪʠʩʢʫ-ʨʦʟʪʠʩʢʫ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ109332 ʄʇʂ ɺ23ɺ31/30 (2006.01). ɻʽʜʨʦʤʝʭʘʥʽʯʥʠʡ ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ / 

ʅʦʚʽʢ ʄ.ɸ., ʄʫʟʠʯʝʥʢʦ ɺ.ɺ., ʚʣʘʩʥʠʢʠ: ʅʦʚʽʢ ʄ.ɸ., ʄʫʟʠʯʝʥʢʦ ɺ.ɺ., ɹʶʣ. ˉ15 ʚʽʜ 10.08.2015 ʨ. 
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ʊ̔ ʛʘʨʻʚ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɻʦʥʯʘʨʝʥʢʦ ɸ.ʆ., ʩʪʫʜʝʥʪ 

ʄʝʜʚʝʜʻʚ ɸ.ɸ., ʩʪʫʜʝʥʪ 
ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, volodymyr_t@ukr.net 

ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʉʊɺʆʈɽʅʅʗ ʊɸ ɸʅɸʃɯɿʋ ʇɸʈɸʄɽʊʈʀʏʅʆɰ 

ʄʆɼɽʃɯ ʈɸʄʀ ɽʃɽʂʊʈʆʉʂʋʊɽʈɸ 

ʐʘʩʽ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʜʚʦʭ ʢʦʣʽʩ ʫ ʩʪʨʫʢʪʫʨʫ ʟ ʞʦʨʩʪʢʽʩʪʶ 

ʥʘ ʟʛʠʥ ʪʘ ʢʨʫʯʝʥʥʷ, ʪʦʙʪʦ ʪʘʢʫ, ʷʢʘ ʥʝ ʙʫʜʝ ʥʽ ʧʨʦʛʠʥʘʪʠʩʷ, ʥʽ ʚʠʢʨʫʯʫʚʘʪʠʩʷ. ɺʦʥʦ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʜʘʪʥʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʽ ʧʘʩʘʞʠʨʽʚ, ʘ ʪʘʢʦʞ ʚʙʠʨʘʪʠ ʚ ʩʝʙʝ ʚʩʽ 

ʧʦʜʘʥʽ ʥʘ ʥʝʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʥʘʜʤʽʨʥʠʭ ʚʽʜʭʠʣʝʥʴ. ʐʘʩʽ ʻ ʟʘʩʦʙʦʤ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʴ ʯʘʩ, ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ, ʩʪʚʦʨʠʪʠ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʨʘʤ ʤʦʞʣʠʚʦ ʫ ʨʽʟʥʠʭ CAD 

ʩʠʩʪʝʤʘʭ. ʇʨʠʢʣʘʜʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʨʘʤʠ ʘʚʪʦʤʦʙʽʣʷ ʥʘʚʝʜʝʥʦ ʫ [1-4]. ʇʦʜʽʙʥʠʤ 

ʯʠʥʦʤ ʤʦʞʣʠʚʦ ʩʪʚʦʨʠʪʠ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣ ɹ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ. ɼʘʥʫ ʟʘʜʘʯʫ 

ʟʨʫʯʥʽʰʝ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ Autodesk Inventor Professional, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʧʨʦʩʪʦʨʦʚʦʾ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ ʚ ʨʦʟʜʽʣʽ 

çʇʨʦʝʢʪʫʚʘʥʥʷ ʨʘʤè. ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʬʽʣʽʚ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ.   

ʇʦʙʫʜʦʚʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʘʤʠ ʤʘʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʥʠʤʠ ʟʙʽʨʢʘʤʠ, 

ʟʽʙʨʘʥʠʤʠ ʟʽ ʟʚʠʯʥʠʭ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʪʦʛʦ ʥʝʦʙʭʽʜʥʦ ʱʦʙ ʤʦʜʝʣʴ ʤʦʞʥʘ ʙʫʣʦ 

ʪʝʩʪʫʚʘʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ çɸʥʘʣʟ̔ ʨʘʤè, ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʟʽ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʦʬʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʩʪʫʧʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʬʽʣʶ ʥʝʦʙʭʽʜʥʠʡ 

ʧʦʧʝʨʝʜʥʴʦ ʩʪʚʦʨʝʥʠʡ ʝʩʢʽʟ, ʚʚʝʜʝʥʠʡ ʚ ʩʝʨʝʜʦʚʠʱʝ ʟʙʽʨʢʠ ʫ ʷʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʫ (ʧʨʦʬʽʣʴ 

ʟʘʜʘʻʪʴʩʷ ʣʠʰʝ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʙʽʨʢʠ). ɻʦʣʦʚʥʝ ʪʝ, ʱʦ ʜʣʷ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʜʝʢʽʣʴʢʦʭ ʧʽʜʨʽʚʥʽʚ ʜʝʪʘʣʽʟʘʮʽʾ (ʟʙʽʨʢʠ ʚ ʟʙʽʨʢʘʭ), ʮʝ ʥʘʜʘ ̒ʧʝʚʥʫ ʩʚʦʙʦʜʫ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʨʽʚʥʷʤʠ ʜʝʪʘʣʽʟʘʮʽʾ. ɹʣʦʢ ʩʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʦʾ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1 ï ɹʣʦʢ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ 

ʉʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʨʘʤʠ 

ʇʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʠ ʨʘʤʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ çɸʥʘʣʟ̔ ʨʘʤè 

ʉʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʽ  ʨʘʤʠ 

ʈʦʟʨʦʙʢʘ ʧʽʜʧʨʦʛʨʘʤʠ ʚʘʨʽʘʥʪʥʦʛʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʦ ʙʣʦʢ ʩʭʝʤʫ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ 

Autodesk Inventor Professional ʩʪʚʦʨʶʻʤʦ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʢʘʨʢʘʩʥʦ-ʚʝʢʪʦʨʥʦʾ 

ʤʦʜʝʣʽ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʚ ʩʪʚʦʨʝʥʫ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʨʦʙʠʤʦ ʧʽʜʧʨʦʛʨʘʤʫ 

ʚʘʨʽʘʥʪʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʧʨʦʛʨʘʤʠ ʫ ʉɸʇʈ 

Autodesk Inventor Professional ʻ ʚʙʫʜʦʚʘʥʠʡ ʤʦʜʫʣʴ ILogic. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʧʨʦʛʨʘʤʫ 

ʧʨʦʚʝʜʝʤʦ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʨʽʘʥʪʽʚ ʤʦʜʝʣʠ ʨʘʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ çɸʥʘʣʟ̔ ʨʘʤè. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʷʻʤʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʨʘʤʠ 

ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ. 

ʉʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦ ʾʪʨʠʚʠʤʽʨʥʦ ʾʤʦʜʝʣ ̔ʧʨʦʩʪʦʨʦʚʦʾ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ ʤʘʻ 

ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʩʪʚʦʨʶʻʤʦ ʪʨʠʚʠʤʽʨʥʫ ʢʘʨʢʘʩʥʦ-ʚʝʢʪʦʨʥʦʾ ʤʦʜʝʣʴ ʨʘʤʠ, ʷʢʘ 

ʩʪʚʦʨʝʥʘ ʟ ʝʩʢʽʟʽʚ ʤʦʜʝʣʽ ʦʩʥʦʚʠ ʨʘʤʠ, ʝʩʢʽʟʽʚ ʧʦʧʝʨʝʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ ʪʘ ʝʣʝʤʝʥʪʽʚ 

ʞʦʨʩʪʢʦʩʪʽ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʤʦ ʧʨʦʬʽʣʶʚʘʥʥʷ ʦʩʥʦʚʠ ʪʘ ʧʦʧʝʨʝʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ ʪʘ 

ʧʨʦʬʽʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʤʦ ʧʽʜôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʘʨʘʤʝʪʨʠʯʥʫ ʪʨʠʚʠʤʽʨʥʫ 

ʤʦʜʝʣʴ ʧʨʦʩʪʦʨʦʚʦʾ ʨʘʤʠ. 

 
ʈʠʩ. 2 ï ʆʩʪʘʪʦʯʥʠʡ ʚʠʛʣʷʜ ʨʘʤʠs 

ʊʝʩʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦ ʾ ʪʨʠʚʠʤʽʨʥʦ ʾ ʤʦʜʝʣ ̔ ʧʨʦʩʪʦʨʦʚʦʾ ʨʘʤʠ ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ 

ʧʨʦʚʦʜʠʤʦ ʫ ʩʝʨʝʜʦʚʠʱʝ çɸʥʘʣʽʟ ʨʘʤè. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʪʴ ʩʧʨʦʝʢʪʫʚʘʪʠ ʨʘʤʫ 

ʝʣʝʢʪʨʦʩʢʫʪʝʨʘ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. 
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ʇʆʂʈɸʑɽʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ɺʀʈʆɹʅʀʎʊɺɸ ɿɸ ʈɸʍʋʅʆʂ ʉʋʏɸʉʅʆɰ 

ʄɽʊʆɼʆʃʆɻɯɰ DESIGN FOR ASSEMBLY 

ɽʪʘʧ ʧʨʦʝʢʪʫʚʘʥʥʷ - ʪʨʠʚʘʣʠʡ ʪʘ ʽʪʝʨʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʝʚʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɺʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ/ʩʢʣʘʜʘʥʥʷ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʚʝʨʩʪʘʪʽʚ ʪʘ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ. Design for assembly (DfA) - ʮʝ ʤʝʪʦʜʦʣʦʛʽʷ, ʷʢʘ 

ʜʘʻ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʫ ʽʥʩʪʨʫʢʮʽʶ, ʱʦʙ ʧʨʦʜʫʢʪ ʤʽʛ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʷʢʠʡ 

ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ [1]. DfA ʦʟʥʘʯʘʻ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʘʚʠʣʴʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʽ, ʦʪʞʝ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ. ʎʝ ʜʦʜʘʪʢʦʚʦ ʦʟʥʘʯʘʻ 

ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʯʝʥʠʭ ʜʘʨʝʤʥʦ ʯʘʩʪʠʥ, ʙʽʣʴʰ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ, ʘ 

ʪʘʢʦʞ ʢʨʘʱʠʡ ʬʽʥʘʥʩʦʚʠʡ ʧʨʠʙʫʪʦʢ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʘʥʥʷ ʜʝʪʘʣʝʡ ʧʦʚʠʥʥʘ ʧʦʯʠʥʘʪʠʩʷ ʟ 

ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ, ʧʨʦʭʦʜʠʪʠ ʜʠʟʘʡʥ ʧʨʦʜʫʢʪʫ ʽ ʟʘʢʽʥʯʫʚʘʪʠʩʷ ʚʠʨʦʙʥʠʮʪʚʦʤ [2]. ʆʩʴ ʜʝʷʢʽ ʟ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʨʦʟʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʪʽʣʝʥʥʽ ʽʜʝʾ ʚ ʨʝʘʣʴʥʽʩʪʴ: 

- ʄʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʢʽʣʴʢʦʭ ʬʫʥʢʮʽʡ ʚ ʦʜʥʽʡ 

ʯʘʩʪʠʥʽ. 

- ʄʦʜʫʣʶʚʘʪʠ ʢʽʣʴʢʘ ʯʘʩʪʠʥ ʚ ʦʜʥʫ ʧʽʜʩʙʽʨʢʫ. 

- ɿʙʠʨʘʪʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʥʝ ʚ ʟʘʤʢʥʫʪʠʭ ʧʨʦʩʪʦʨʘʭ; ʥʝ ʭʦʚʘʪʠ ʚʘʞʣʠʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

- ɺʠʛʦʪʦʚʣʷʪʠ ʪʘʢʽ ʜʝʪʘʣʽ, ʷʢʽ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʜʣʷ 

ʚʩʪʘʚʢʠ. 

- ɺʽʜʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʩʘʤʦʩʪʽʡʥʦʤʫ ʧʦʰʫʢʫ ʟʘʧʯʘʩʪʠʥ. 

- ʉʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʯʘʩʪʠʥʫ ʨʽʟʥʠʭ ʜʝʪʘʣʝʡ. 

- ɿʙʽʣʴʰʠʪʠ ʯʘʩʪʠʥʫ ʩʠʤʝʪʨʽʾ. 

- ʋʩʫʥʫʪʠ ʩʢʣʘʜʥʽ ʯʘʩʪʠʥʠ. 

- ɿʘʧʦʙʽʛʪʠ ʨʦʟʢʨʦʶ ʜʝʪʘʣʝʡ. 

- ɿʘʙʝʟʧʝʯʠʪʠ ʦʨʽʻʥʪʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʥʝ ʩʠʤʝʪʨʽʾ. 

- ʉʪʚʦʨʽʪʴ ʩʫʧʨʦʚʽʜʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʟʨʫʯʥʦʾ ʚʩʪʘʚʢʠ. 

- ɿʘʙʝʟʧʝʯʠʪʠ ʬʫʥʢʮʽʾ ʚʠʨʽʚʥʶʚʘʥʥʷ.  

- ɺʩʪʘʚʣʷʪʠ ʥʦʚʽ ʜʝʪʘʣʽ ʚ ʟʙʽʨʢʫ ʟʛʦʨʠ. 

- ʋʩʫʥʫʪʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʜʝʪʘʣʝʡ ʽ ʩʢʣʘʜʘʣʴʥʠʭ ʯʘʩʪʠʥ. 

- ʋʩʫʥʫʪʠ ʢʨʽʧʣʝʥʥʷ. 

- ʄʽʩʮʝ ʢʨʽʧʣʝʥʥʷ ʙʝʟ ʧʝʨʝʰʢʦʜ. 

- ɻʣʠʙʦʢʽ ʢʘʥʘʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʤʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʜʦ ʢʨʽʧʣʝʥʥʷ. 

- ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʝʛʢʦ ʦʙʨʦʙʣʶʚʘʣʴʥʽ ʜʝʪʘʣʽ.  

ɼʞʝʨʝʣʦʤ ʫʩʧʽʭʫ DFMA ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʞʝ ʥʘ 

ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʜʦ ʪʦʛʦ, ʷʢ ʚʠʟʥʘʯʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʨʦʙʠ [3]. ʗʢ 

ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʢʨʽʤ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʾ DFMA ʚʥʦʩʠʪʴ ʪʘʢʦʞ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʽ ʚ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʨʦʙʫ ʥʘ ʨʠʥʦʢ. 
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ɿʄɽʅʐɽʅʅʗ ʁʄʆɺɯʈʅʆʉʊɯ ʈʋʁʅʋɺɸʅʅʗ ʈɯɿɸʃʔʅʀʍ ʇʃɸʉʊʀʅ ɿ ʂʅɹ ɿɸ 

ʈɸʍʋʅʆʂ ɿɹɯʃʔʐɽʅʅʗ ɼɽʄʇʌʋʖʏʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɼɽʈɾɸɺʂʀ ʈɯɿʎʗ 

ʇʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʥʘʜʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʨʽʟʘʣʴʥʠʭ ʯʘʩʪʠʥ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʥʘʨʷʜʫ ʟ ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ 30-50% ʨʽʟʮʽʚ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʦʤʦʢ. ɼʦ 60% 

ʚʠʧʘʜʢʽʚ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ 

ʩʧʨʠʯʠʥʝʥʦ ʨʫʡʥʫʚʘʥʥʷʤ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʨʠʪʝʨʽʾ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʦʮʽʥʶʶʪʴ ʩʪʽʡʢʽʩʪʴ, ʪʦʙʪʦ ʯʘʩ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʢʨʠʪʠʯʥʦʛʦ 

ʟʥʦʩʫ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ [1]. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʷʪʴ ʪʨʠʚʘʣʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʨʽʟʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʴ (ʯʘʩ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʟʮʷ ʜʦ ʧʦʚʥʦʛʦ ʡʦʛʦ ʟʥʦʩʫ). 

ʂʨʽʤ ʪʦʛʦ, ʦʮʽʥʶʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʮʠʭ ʞʝ ʨʝʞʠʤʘʭ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠʢʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʪʦʭʘʩʪʠʯʥʫ ʧʨʠʨʦʜʫ ʤʽʮʥʦʩʪʽ ʽ 

ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦ 

ʛʘʤʤʘ-ʚʽʜʩʦʪʢʦʚʠʡ ʨʝʩʫʨʩ, ʘʙʦ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʢʦʥʢʨʝʪʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ 

ʽ ʛʝʦʤʝʪʨʽʾ ʽʥʩʪʨʫʤʝʥʪʫ [2, 3]. 

ʆʙʠʜʚʘ ʮʠʭ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʽʟʮʽʚ ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʦʩʢʽʣʴʢʠ 

ʩʪʽʡʢʽʩʪʴ ʽ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʽ 

ʚʭʦʜʷʪʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʚ ʧʦʥʷʪʪʷ çʥʘʜʽʡʥʽʩʪʴè ʟʛʽʜʥʦ ɻʆʉʊ 27.002ï89. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʽ ʧʦ ʟʘʪʨʘʪʘʤ ʯʘʩʫ ʽ ʨʦʟʭʦʜʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʫ. ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ ʩʪʽʡʢʽʩʪʴ ʚʠʤʽʨʶʶʪʴ 

ʪʚʝʨʜʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦ ʥʽʡ ʧʨʦʚʦʜʷʪʴ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʾʭ ʚʠʙʦʨʽ ʟ ʽʩʥʫʶʯʠʭ ʘʙʦ ʦʧʪʠʤʽʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘʞʘʣʴ, ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʣʝʟʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʚʝʨʜʽʩʪʴ ʥʝ 

ʧʽʜʭʦʜʠʪʴ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʯʘʩʪʦ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʽ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ (ʪʦʙʪʦ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʭʢʦʩʪʽ) ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ 

ʨʽʟʮʷ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʫʤʦʚ ʦʙʨʦʙʢʠ, ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʽ 

ʭʘʨʘʢʪʝʨ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʙʠʪʪʷ, ʢʦʣʠʚʘʥʥʷ ʧʨʠʧʫʩʢʫ ʥʘ ʦʙʨʦʙʢʫ ʪʘ ʽʥʰʝ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʟʥʘʥʥʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ 

ʥʘ ʛʨʘʥʷʭ ʨʽʟʮʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʦʨʠʛʽʥʘʣʴʥʠʡ ʤʝʪʦʜ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʨʦʟʪʷʛʫ Sʨ ʪʘ ʩʪʠʩʢʫ Sʩ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʚ ʥʝʙʝʟʧʝʯʥʠʭ ʪʦʯʢʘʭ ʥʘ ʧʝʨʝʜʥʽʡ (SRʇ) ʽ ʟʘʜʥʽʡ (SRɿ) ʛʨʘʥʷʭ ʨʽʟʮʷ [4]. ɼʣʷ 

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Geoffrey+Boothroyd&search-alias=books&field-author=Geoffrey+Boothroyd&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Peter+Dewhurst&search-alias=books&field-author=Peter+Dewhurst&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=Winston+A.+Knight&search-alias=books&field-author=Winston+A.+Knight&sort=relevancerank
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ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʚ ʬʦʨʤʽ ʢʨʫʛʣʠʭ ʧʣʘʩʪʠʥ, ʷʢʽ ʧʦ ʬʦʨʤʽ ʽ ʨʦʟʤʽʨʘʤ 

ʚʽʜʧʦʚʽʜʘʣʠ ʨʝʘʣʴʥʠʤ ʨʽʟʘʣʴʥʠʤ ʧʣʘʩʪʠʥʘʤ. 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʨʽʟʮʷ, ʷʢʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʨʽʟʮʷ ʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʚʝʜʝʥʠʡ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ 

ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʇʅʊʄ, ʢʦʣʠ ʧʨʠ ʤʘʣʽʡ ʪʦʚʱʠʥʽ ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʧʣʦʱʠʥʠ ʟʥʦʩʫ ʨʽʟʮʷ ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ. 

ʇʦ ʤʽʨʽ ʟʥʦʩʫ ʨʽʟʮʷ ʽ ʟʤʽʥʠ ʪʚʝʨʜʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʮʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʤʽʥʠ 

ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ, ʘ ʽʥʦʜʽ ʽ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʥʘʢʫ ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ. ɼʣʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʇʅʊʄ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʘʙʦ ʟʥʘʯʥʠʭ ʧʦ ʚʝʣʠʯʠʥʽ ʩʪʠʩʢʘʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ï ʥʘ ʧʝʨʝʜʥʽʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʧʣʠʚʫ ʜʝʤʧʬʫʚʘʥʥʷ ʨʽʟʮʷ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʘʣʴʥʠʭ 

ʧʣʘʩʪʠʥ ʟ ʂʅɹ ʧʨʦʚʝʣʠ ʧʨʠ ʯʠʩʪʦʚʦʤʫ ʪʦʯʽʥʥʽ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʍɺɻ ʪʚʝʨʜʽʩʪʶ 58é62 

HRC. ɺ ʷʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʝʮʴ ʦʨʠʛʽʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʱʦ ʤʘʻ ʝʣʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʜʝʤʧʬʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ [5]. ɺ ʷʢʦʩʪʽ ʜʝʤʧʬʫʶʯʠʭ ʚʩʪʘʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʷʜ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤʠ ʜʝʤʧʬʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʩʪʘʣʴ 40ʍ, 

ʪʚʝʨʜʠʡ ʩʧʣʘʚ ɺʂ8, ʩʽʨʠʡ ʯʘʚʫʥ ʉʏ15, ʥʽʢʝʣʽʜʠ ʪʠʪʘʥʫ TiNi  (ʣʠʪʠʡ ʪʘ çʘʚʽʙʨʠʪè), 

ʪʨʴʦʭʬʘʟʥʫ ʢʝʨʘʤʽʢʫ Ti-Al-C, Ti-Si-C [6]. ɼʝʤʧʬʫʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʦʨʠʛʽʥʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ [7]. ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʝʨʝʜʥʽʡ 

ʪʘ ʟʘʜʥʽʡ ʛʨʘʥʷʭ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʮʷ ʟ ʂʅɹ 

ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʤʝʪʦʜʠʢʦʶ [4]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟ ʪʚʝʨʜʽʩʪʶ 58é62 HRC ʪʘ ʧʨʠ 

ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ ʙʽʣʴʰʝ 2 ʤ/ʩ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʤʧʬʫʶʯʽ ʚʩʪʘʚʢʠ ʟ 

ʪʨʴʦʭʬʘʟʥʠʭ ʢʝʨʘʤʽʢ Ti-Al-C ʪʘ Ti-Si-C, ʷʢʽ ʥʝ ʚʪʨʘʯʘʶʪʴ ʜʝʤʧʬʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʩʪʘʚʦʢ ʟ TiNi . 

ɺʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʂʅɹ ʜʣʷ ʨʽʟʮʽʚ ʽʟ ʜʝʤʧʬʫʶʯʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʟ TiNi. ʊʘʢʽ ʨʝʞʠʤʠ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ ʩʪʘʥʦʚʣʷʪʴ v = 1 ï 2 ʤ/ʩ, S = 0,08 ï 

0,2 ʤʤ/ʦʙ. 
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ɺʇʃʀɺ ɼɽʄʇʌʋɺɸʅʅʗ ʈɯɿɸʃʔʅʆɰ ʇʃɸʉʊʀʅʀ ɿ ʂʅɹ ʅɸ ʐʆʈʉʊʂɯʉʊʔ 

ʆɹʈʆɹʃɽʅʆɰ ʇʆɺɽʈʍʅɯ 

ʋ ʩʫʯʘʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʻ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʦʩʥʘʱʝʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʥʘʜʪʚʝʨʜʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ʇʅʊʄ) ʥʘ ʦʩʥʦʚʽ 

ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ (ʂʅɹ). ʏʠʩʪʦʚʘ ʪʦʢʘʨʥʘ ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʽʟ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʂʅɹ ʜʦʟʚʦʣʷʻ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʰʣʽʬʫʚʘʥʥʷ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ [1]. ʂʦʣʠʚʘʥʥʷ 

ʧʨʠ ʨʽʟʘʥʥʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ, 

ʪʦʤʫ ʙʦʨʦʪʴʙʘ ʟ ʰʢʽʜʣʠʚʠʤʠ ʚʽʙʨʘʮʽʷʤʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʜʣʷ ʧʨʦʮʝʩʽʚ ʯʠʩʪʦʚʦʛʦ 

ʪʦʯʽʥʥʷ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʟʤʝʥʰʠʪʠ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʨʠ ʯʠʩʪʦʚʦʤʫ ʪʦʯʽʥʥʽ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʂʅɹ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʘʥʥʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ 

ʜʝʤʧʬʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʜʝʤʧʬʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʤʽʩʪʠʚ ʝʣʝʤʝʥʪʠ ʟ 

ʚʠʩʦʢʦʜʝʤʧʬʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ [1, 2]. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʣʠ ʧʨʠ ʪʦʯʽʥʥʽ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʍɺɻ ʪʚʝʨʜʽʩʪʶ 58 ... 62 HRC ʥʘ 

ʚʝʨʩʪʘʪʽ ʊʇʂ-125ɺʄ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʩʪʨʫʤʝʥʪʫ: ɔ = - 10 Á, Ŭ = 10 Á, ű = 45 Á, ű1 

= 45 Á. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʞʫʯʽ ʧʣʘʩʪʠʥʠ ʟ ʢʠʙʦʨʠʪʘ ʪʠʧʦʨʦʟʤʽʨʫ SNMN-060312-M. ʗʢ 

ʜʝʤʧʬʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʩʪʘʚʢʠ ʟ TiNi. ʇʦʨʽʚʥʶʚʘʣʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʧʽʜʢʣʘʜʢʦʶ. ʈʝʞʠʤʠ ʨʽʟʘʥʥʷ: v = 2 ʤ / ʩ; S = 0,15 ʤʤ / ʦʙ .; t 

= 0,1 ʤʤ. ʐʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʽʣʦʤʝʪʨʘ 

Surtronic 3 ʘʥʛʣʽʡʩʴʢʦʾ ʬʽʨʤʠ Renk Taylor-Hobson. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʩʪʘʚʦʢ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʥʦʚʠʣʘ 

Ra = 1,11 - 1,68 ʤʢʤ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʤʧʬʫʶʯʠʭ ʚʩʪʘʚʦʢ ʟ TiNi - Ra = 0,62 - 1,23 ʤʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʜʝʤʧʬʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʮʷ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʰʦʨʩʪʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ Ra ʥʘ 35 - 45% ʢʨʘʱʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ 

ʯʽʪʢʦ ʢʦʨʝʣʶʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠ ʪʦʯʽʥʥʽ. ʊʘʢ, ʚ ʧʝʨʽʦʜ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ (ʜʦ ʟʥʦʩʫ hʟ = 0,1 ʤʤ), ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʚʝʣʠʯʠʥʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʟʤʝʥʰʫʚʘʣʘʩʷ. ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʟʥʦʩʫ ʧʦ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ hʟ = 0,1-0,25 ʤʤ (ʧʝʨʽʦʜ ʥʦʨʤʘʣʴʥʦʛʦ ʟʥʦʩʫ) ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʘʮʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʽ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʫ (hʟ> 0,25 

ʤʤ) ʧʨʠʟʚʝʣʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʘʮʽʡ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʨʦʩʪʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ. 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʦʪʠʜʽʻʶ ʜʚʦʭ ʬʘʢʪʦʨʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʩʪʨʽʯʢʘ ʟʥʦʩʫ ʟ 

ʟʘʜʥʽʤ ʢʫʪʦʤ Ŭ = 0Á ʧʨʦʪʠʜʽʻ ʟʘʛʣʠʙʣʝʥʥʶ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʦʚʝʨʭʥʶ ʨʽʟʘʥʥʷ ʧʨʠ ʚʽʙʨʘʮʽʷʭ ʽ 

ʟʙʽʣʴʰʫʻ ʜʝʤʧʬʫʚʘʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ 

ʨʽʟʘʥʥʷ ʽ ʪʝʨʪʷ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʍɸʅɯʏʅʆɰ ʉʇɽʂʊʈʆʉʂʆʇɯɰ ʇʈʀ ʆʎɯʅʖɺɸʅʅɯ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʆɺɽʈʍʅɽɺʆɻʆ ʇʃɸʉʊʀʏʅʆɻʆ ɼɽʌʆʈʄʋɺɸʅʅʗ 

ɸʃʄɸɿʅʀʄ ɺʀɻʃɸɼɾʋɺɸʅʅʗʄ  

ʉʫʯʘʩʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʦʪʨʝʙʫʻ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʜʽʚ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ, ʧʦʣʽʧʰʝʥʥʷ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʮʝ ʻ ʚ ʘʚʽʘʙʫʜʫʚʘʥʥʽ. ɺʠʨʽʰʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʙʣʝʤ 

ʤʦʞʣʠʚʝ ʧʨʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʽ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʦʙʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʟʥʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʢʽʥʝʪʠʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʽ 

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʥʠʭ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʩʪʘʥʘʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ.  

ʅʘʨʷʜʫ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ, ʥʘʜʽʡʥʦʩʪʽ ʽ ʨʝʩʫʨʩʫ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʤʝʭʘʥʽʯʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘʥʘʣʽʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʷʢʦʛʦ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʙʫʜʦʚʠ ʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʄʝʭʘʥʽʯʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʷʢ ʤʝʪʦʜ ʧʨʫʞʥʠʭ ʽ ʥʝʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʩʽʶʚʘʪʠ ʝʥʝʨʛʽʶ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. ʌʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʢʦʨʝʣʶʶʪʴ ʟ ʧʦʰʢʦʜʞʝʥʽʩʪʶ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʘʣʠ, ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʟʘʟʥʘʣʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟʤʽʮʥʶʻ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ɻʣʠʙʠʥʘ ʟʤʽʮʥʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʽ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʠ ʚʝʣʠʯʠʥʠ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ.  

ʈʦʟʛʣʷʥʝʤʦ ʪʦʥʢʦʩʪʽʥʥʠʡ ʚʘʣ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʦʢʘʟʫʻ, ʱʦ ʝʬʝʢʪʠʚʥʦʶ ʬʽʥʽʰʥʦʶ ʦʧʝʨʘʮʽʻʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʘʣʽʚ ʻ ʧʦʚʝʨʭʥʝʚʝ ʧʣʘʩʪʠʯʥʝ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ï ʘʣʤʘʟʥʝ ʚʠʛʣʘʜʞʫʚʘʥʥʷ [1].   

ʋ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʪʽʥʢʫ ʪʘʢʦʛʦ ʚʘʣʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʠʩʪʝʤʫ ʟ ʦʜʥʦʨʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʠ ʙʫʣʠ 

ʚʠʨʽʟʘʥʽ ʽʟ ʩʪʽʥʦʢ ʚʟʜʦʚʞ ʦʩʽ ʚʘʣʫ, ʷʢʠʡ ʧʨʦʰʦʚ ʧʦʚʥʠʡ ʮʠʢʣ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟ ʨʽʟʥʠʤʠ 

ʨʝʞʠʤʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʣʤʘʟʥʠʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ (ʩʠʣʘ 

ʧʨʠʪʠʩʢʫ ʘʣʤʘʟʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʜʦ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 50 ʅ ʜʦ 300 ʅ). 

ɺʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʘʣʘ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʛʣʠʙʠʥʫ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʜʦ ʩʝʨʝʜʠʥʠ, ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʩʪʝʨʞʥʷʤʠ ʟ 

ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʞʥʦʛʦ ʰʘʨʫ. ʆʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʮʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʟʘ ʚʽʜʢʣʠʢʦʤ ʥʘ 

ʤʝʭʘʥʽʯʥʫ ʜʽʶ ʚ ʽʥʬʨʘʟʚʫʢʦʚʦʤʫ ʪʘ ʟʚʫʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ, ʚʠʭʦʜʷʯʠ ʽʟ ʥʝʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʷʢʘ ʦʧʠʩʫʻ ʨʦʟʩʽʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʟʩʽʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʜʘʻ 

ʟʤʦʛʫ ʚʠʨʽʰʠʪʠ ʧʨʷʤʫ ʟʘʜʘʯʫ ï ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʠʚʥʠʭ ʩʠʩʪʝʤ ʧʨʠ 

ʟʘʜʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʽ ʜʝʢʨʝʤʝʥʪʠ ʤʘʪʝʨʽʘʣʫ ʰʘʨʽʚ, 
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ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʠ Mathcad. 

ʈʽʰʝʥʥʷ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʜʘʣʦ ʟʤʦʛʫ ʨʦʟʚôʷʟʘʪʠ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫ, ʧʨʠ  ʚʠʨʽʰʝʥʥʽ ʷʢʦʾ 

ʟʘʜʘʶʪʴʩʷ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʧʪʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʩʪʝʨʞʥʷ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʝʨʞʝʥʴ ʨʦʟʛʣʷʜʘʣʠ ʷʢ ʪʨʴʦʭʰʘʨʦʚʠʡ: ʜʚʘ 

ʟʦʚʥʽʰʥʽʭ ʰʘʨʠ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʽ ʩʝʨʝʜʥʽʡ ʰʘʨ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ. ʄʦʜʝʣʴ ʪʨʠʰʘʨʦʚʦʛʦ ʩʪʝʨʞʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʽ 

ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʬʦʨʤʫʣʶʚʘʥʥʷʭ [2]. ʈʝʟʫʣʴʪʘʪʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʙʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʩʽʷʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʚʽʜʦʤʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʛʝʦʤʝʪʨʠʯʥʠʤ ʨʦʟʤʽʨʘʤʠ ʟʨʘʟʢʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʑʦ ʜʘʣʦ ʟʤʦʛʫ ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʣʘʩʥʠʭ 

ʟʥʘʯʝʥʴ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʟʚôʷʟʥʦʾ ʩʠʩʪʝʤʠ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ, ʷʢʘ ʧʨʠʡʥʷʪʘ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʨʠʮʽ ʤʘʩ, ʞʦʨʩʪʢʦʩʪʽ, ʤʦʜʫʣʽʚ ʖʥʛʘ, ʜʝʢʨʝʤʝʥʪʽʚ 

ʟʘʪʫʭʘʥʥʷ ʢʦʞʥʦʛʦ ʰʘʨʫ, ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʤʦʜʝʣʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʫʩʢʣʘʜʥʝʥʥʷ ʟʚôʷʟʥʦʾ ʩʠʩʪʝʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ, ʷʢ ʽ ʨʷʜʫ ʽʥʰʠʭ 

ʤʦʜʝʣʝʡ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʠ ʞʦʨʩʪʢʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʥʘʙʣʠʞʝʥʠʭ ʨʽʰʝʥʴ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʽ ʛʽʧʝʨʙʦʣʽʯʥʽ ʤʥʦʛʦʯʣʝʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʦʚʥʠʡ 

ʙʘʟʠʩ, ʘ ʦʪʞʝ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʰʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʧʨʘʚʠʭ ʯʘʩʪʠʥ 

ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ (ɺʊ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʝʨʥʝʥʦʤʫ ʢʨʫʪʠʣʴʥʦʤʫ 

ʤʘʷʪʥʠʢʫ. ɸʤʧʣʽʪʫʜʘ ʟʩʫʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʢʨʫʯʝʥʽ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 5
. 
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ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ - 1,5 ɻʮ. ʈʝʻʩʪʨʘʮʽʶ ʘʤʧʣʽʪʫʜʠ ʧʨʦʚʦʜʠʣʠ ʦʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʽ ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʘʪʝʨʽʘʣʽ ʚ ʧʨʦʮʝʩʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ 

ɺʊ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʧʽʢʠ ʽ ʧʝʨʝʛʠʥʠ ʷʢ ʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʪʘʢ ʽ ʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʷʭ. ʎʽ ʝʬʝʢʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʦʤʦʶ ʨʝʣʘʢʩʘʮʽʻʶ ʉʥʫʢʘ ï 

ʂʝʩʪʝʨʘ (423-523 ʂ). ɺʝʣʠʯʠʥʘ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʧʣʠʚʘʻ ʥʘ ʥʘʭʠʣ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʨʠʚʦʾ ɺʊ ʜʦ ʰʢʘʣʠ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʥʘ ʚʝʣʠʯʠʥʫ ʬʦʥʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ɺʊ ʚʢʘʟʫʻ ʥʘ ʩʪʘʜʽʡʥʽʩʪʴ ʨʦʟʚʠʪʢʫ 

ʤʽʢʨʦʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʘʥʦʾ ʩʪʘʣʽ. ʅʘ ʟʘʣʝʞʥʦʩʪʷʭ ɺʊ ʚʽʜ ʘʤʧʣʽʪʫʜʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʧʨʷʤʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ ʘʤʧʣʽʪʫʜʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʽ ʘʤʧʣʽʪʫʜʥʦ-

ʟʘʣʝʞʥʦʛʦ ɺʊ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʪʠʩʢʫ ʘʣʤʘʟʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʜʦ ʧʦʚʝʨʭʥʽ 

ʚʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʥʘʭʠʣ ʜʽʣʷʥʦʢ ʚ ʘʤʧʣʽʪʫʜʥʦ-ʟʘʣʝʞʥʽʡ ʦʙʣʘʩʪʽ ʜʦ ʦʩʽ ʘʤʧʣʽʪʫʜʠ 

ʜʝʬʦʨʤʘʮʽʾ. ɺʠʷʚʣʝʥʦ ʥʝʧʦʛʘʥʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʞʝʶ ʚʠʪʨʠʚʘʣʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʦʙʦʪʽ ʤʝʪʦʜʫ ʤʝʭʘʥʽʯʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚ ʽʥʬʨʘ- ʪʘ ʟʚʫʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ʯʘʩʪʦʪ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ, ʘʣʤʘʟʥʠʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ,  ʧʦʯʘʪʢʦʚʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʜʽʡʥʽʩʪʴ ʽ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ ʪʘ ʘʛʨʝʛʘʪʽʚ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʙʫʜʦʚʫ, ʛʝʦʤʝʪʨʠʯʥʽ 

ʪʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʤʘʪʝʨʽʘʣʘʭ. 
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ɹʫʭʦʚʝʮʴ ɺ.ʄ., ʘʩʠʩʪʝʥʪ 
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ɿɸɹɽɿʇɽʏɽʅʅʗ ʈɸɼɯɸʃʔʅʆɰ ʊʆʏʅʆʉʊɯ ʆɹʈʆɹʂʀ ʂʆʅʉʊʈʋʂʊʆʈʉʔʂʆ-

ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ʄɽʊʆɼɸʄʀ ʅɸ ʊʆʂɸʈʅʀʍ ɺɽʈʉʊɸʊɸʍ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʠʨʦʢʦʜʽʘʧʘʟʦʥʥʠʭ ʮʘʥʛʦʚʠʭ ʧʘʪʨʦʥʽʚ ʜʣʷ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʦʢ ʟ 

ʚʽʜʭʠʣʝʥʥʷʤʠ ʜʽʘʤʝʪʨʘ ʜʦ 2-3 ʤʤ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʝʩʣʝʥʴ ʜʝʪʘʣʝʡ. ɼʣʷ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʰʠʨʦʢʦʜʽʘʧʘʟʦʥʥʠʭ ʮʘʥʛʦʚʠʭ ʧʘʪʨʦʥʽʚ ʟ ʦʜʠʥʘʨʥʦʶ ʪʘ ʧʦʜʚʽʡʥʦʶ ʤʫʣʴʪʠʧʣʽʢʘʮʽʻʶ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʙʝʟ ʟʘʤʽʥʠ ʮʘʥʛʦʚʦʛʦ ʧʘʪʨʦʥʘ ʟʘʪʠʩʢʫʚʘʪʠ ʟʘʛʦʪʦʚʢʠ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʜʽʘʤʝʪʨʘ 

ʧʨʫʪʢʘ ʜʦ 2-3 ʤʤ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ. ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚ ʮʘʥʛʦʚʦʤʫ ʧʘʪʨʦʥʽ ʟ ʧʦʜʚʽʡʥʦʶ ʤʫʣʴʪʠʧʣʽʢʘʮʽʻʶ ʥʝʨʫʭʦʤʦʾ ʚ ʦʩʴʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʮʘʥʛʠ, ʞʦʨʩʪʢʦ ʟʚóʷʟʘʥʦʾ ʟ ʪʦʨʮʝʤ ʰʧʠʥʜʝʣʷ ʽ ʥʝʨʫʭʦʤʦʾ ʚ 

ʦʩʴʦʚʦʛʤʫ ʥʘʧʨʷʤʢʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʪʠʩʢʫʚʘʥʥʷ ʧʨʫʪʢʘ ʚʽʜ ʫʧʦʨʘ, ʘ ʦʩʴʦʚʘ ʪʦʯʥʽʩʪʴ 

ʟʨʦʩʪʘʻ ʚ 1,8-2,1 ʨʘʟʠ. 

ʇʨʠ ʦʙʨʦʙʣʝʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʟʘʪʠʩʥʫʪʠʭ ʚ ʮʘʥʛʦʚʠʭ ʧʘʪʨʦʥʘʭ ʟ 

ʧʦʧʝʨʝʯʥʠʤ ʩʘʤʦʥʘʣʘʛʦʜʞʫʚʘʥʥʷʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʽ 

ʪʦʯʥʦʩʪʽ ʟʘʪʠʩʢʫ ʪʘ ʘʜʘʧʪʘʮʽʷ ʧʘʪʨʦʥʘ ʜʦ ʟʘʪʠʩʢʫ ʥʝʢʘʣʽʙʨʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ 

ʚʽʜʭʠʣʝʥʥʷʤʠ ʜʽʘʤʝʪʨʘ ʜʦ 2 ʤʤ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʨʘʜʽʘʣʴʥʠʭ ʨʦʟʨʽʟʘʭ ʟʘʪʠʩʢʥʦʾ 

ʮʘʥʛʠ ʨʷʜʫ ʧʽʜʧʨʫʞʠʥʝʥʠʭ ʢʫʣʘʯʢʽʚ. 

ɿʘʪʠʩʢʥʽ ʮʘʥʛʠ ʽʟ ʟʘʭʠʩʥʠʤʠ ʢʨʠʰʢʘʤʠ ʥʘ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʤʘʶʪʴ ʚʠʛʥʫʪʫ ʘʙʦ 

ʚʛʥʫʪʫ ʬʦʨʤʫ ʽ ʥʘ ʷʢʠʭ ʥʘʥʝʩʝʥʦ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ, ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʚʦʜʠʪʠ ʩʪʨʫʞʢʫ 

ʚʽʜ ʧʦʚʝʨʭʥʽ ʮʘʥʛʠ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʟʘʣʠʧʘʥʥʷ ʮʘʥʛʠ, ʽ ʢʝʨʫʚʘʪʠ ʧʦʧʘʜʘʥʥʷʤ ɿʆʈ ʚ 

ʟʦʥʫ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʠʰʢʠ. 

ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʪʠʩʢʥʠʭ ʮʘʥʛʦʚʠʭ ʧʘʪʨʦʥʽʚ ʟʘ ʤʝʪʦʜʦʤ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʦʜʠ ʪʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ. ʈʷʜ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʨʦʡʰʣʠ ʣʘʙʦʨʘʪʦʨʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʜʽʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʩʪʝʥʜʘ ʥʘ ʙʘʟʽ ʪʦʢʘʨʥʦʛʦ ʙʘʛʘʪʦʰʧʠʥʜʝʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʫ ʚʠʧʨʦʙʫʚʘʥʴ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. ɺ ʷʢʦʩʪʽ ʦʧʨʘʚʢʠ ʜʣʷ ʟʘʤʽʨʫ 

ʨʘʜʽʘʣʴʥʦʛʦ ʽ ʦʩʴʦʚʦʛʦ ʙʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʛʘʨʪʦʚʘʥʽ ʰʣʽʬʦʚʘʥʽ ʦʧʨʘʚʢʠ ʟʽ ʩʪʘʣʽ 45. 

ɿʘʤʽʨʠ ʤʦʤʝʥʪʫ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʽ ʤʦʤʝʥʪʫ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʝʮʽʘʣʴʥʽ  

ʧʨʦʪʘʨʦʚʘʥʽ ʜʠʥʘʤʦʤʝʪʨʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʪʝʦʨʝʪʠʯʥʽ ʚʠʢʣʘʜʢʠ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʚʥʝʩʝʥʦ ʨʷʜ ʧʦʟʠʪʠʚʥʠʭ ʟʤʽʥ ʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʷʜʫ ʟʘʪʠʩʢʥʠʭ ʮʘʥʛʦʚʠʭ ʧʘʪʨʦʥʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʷʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ  ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʪʠʩʢʥʠʭ ʮʘʥʛʦʚʠʭ 

ʧʘʪʨʦʥʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʘʜʽʘʣʴʥʘ ʽ ʦʩʴʦʚʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʽ, ʚ 

ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ï ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʪʨʦʥʽʚ ʟ ʨʷʜʥʦʶ ʤʫʣʴʪʠʧʣʽʢʘʮʽʻʶ ʥʘ ʝʪʘʧʽ ʚʠʙʦʨʢʠ ʟʘʟʦʨʽʚ ʤʽʞ 

ʦʩʥʦʚʥʠʤʠ ʽ ʜʦʧʦʤʽʞʥʠʤʠ ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʘʜʽʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʟʘʪʠʩʢʫ ʟʨʦʩʪʘʻ ʚ 

1,35-1,47 ʨʘʟʠ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʐʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʝ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʞʠʤʥʳʝ ʤʝʭʘʥʠʟʤʳ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ: 

ʄʦʥʦʛʨʘʬʠʷ / [ʖ.ʅ. ʂʫʟʥʝʮʦʚ, ɺ.ɻ. ʂʫʰʠʢ ʠ ʜʨ.] ï ʂ.: ʆʆʆ çɿʄʆʂè - ʆʆʆ çɻʅʆɿʀʉè, 2011. ï 424 ʩ. 
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ʋɼʂ 621.923 

ʊʘʨʛʘʥ ɼ.ɺ., ʘʩʧʽʨʘʥʪ 

ʄʘʡʙʦʨʦʜʘ ɺ.ʉ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, tarakan.com@ukr.net 

ɺʇʃʀɺ ʈʆɿʊɸʐʋɺɸʅʅʗ ʄɯʊʏʀʂɯɺ ɺ ʈʆɹʆʏɯʁ ɿʆʅɯ ɺɽʈʉʊɸʊʋ 

ʅɸ ʇɸʈɸʄɽʊʈʀ ʗʂʆʉʊɯ ɰʍ ʈʆɹʆʏʀʍ ʇʆɺɽʈʍʆʅʔ ʇʈʀ 

ʄɸɻʅɯʊʅʆ-ɸɹʈɸɿʀɺʅʆʄʋ ʆɹʈʆɹʃɽʅʅɯ 

ɺ ʜʦʩʣʽʜʞʝʥʥʽ [1] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʧʣʠʚʫ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʤʘʛʥʽʪʥʦ-

ʘʙʨʘʟʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ (ʄɸʆ) ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ (ʈʂ) ʤʽʪʯʠʢʽʚ ʟ ʢʫʪʦʤ ʧʨʦʬʽʣʶ ʨʽʟʴʙʠ 60Á. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʤʽʪʯʠʢʽʚ ʧʽʜ ʢʫʪʘʤʠ ʨ = 20-60Á ʜʦ ʧʣʦʱʠʥʠ ʨʦʙʦʯʦʾ ʟʦʥʠ ʥʝ ʚʩʽ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʄɸɯ). ɽʬʝʢʪʠʚʥʝ ʄɸʆ ʤʽʪʯʠʢʽʚ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʫʤʦʚ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ 60-90Á ʜʦ ʧʣʦʱʠʥʠ ʨʦʙʦʯʦʾ ʟʦʥʠ. 

ʊʦʤʫ, ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ 

ʄɸʆ ʤʽʪʯʠʢʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʽ ʨʦʟʨʦʙʣʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʛʦ ʄɸʆ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʧʦʪʨʝʙʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʽʪʯʠʢʘʭ ʄ10 ʦʜʥʽʻʾ ʧʘʨʪʽʾ ʪʨʴʦʭ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ ʈ6ʄ5. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʫʤʦʚʥʦ ʧʦʟʥʘʯʠʤʦ ʧʘʨʪʽʾ: 

ɺʠʨʦʙʥʠʢ 1; ɺʠʨʦʙʥʠʢ 2; ɺʠʨʦʙʥʠʢ 3. 

ʆʙʨʦʙʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ ʇʦʣʽʤʘʤ-ʊ ʟ 

ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 400/315 ʤʢʤ. ʄʽʪʯʠʢʠ ʦʙʨʦʙʣʷʣʠ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʥʘʭʠʣʫ ʜʦ ʧʣʦʱʠʥʠ 

ʨʦʙʦʯʦʾ ʟʦʥʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʟʫʥʢʽʚ ʚ [1] ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʢʫʪʠ ʨ = 30Á 

ʪʘ ʨ = 70Á. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʽʪʯʠʢʽʚ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʜʦ ʪʘ 

ʧʽʩʣʷ ʄɸʆ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

  

 
ʈʠʩ. 1 ï ɿʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʥʘ ʟʘʜʥʽʡ ʪʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʷʭ ʤʽʪʯʠʢʽʚ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʜʦ 

ʪʘ ʧʽʩʣʷ ʄɸʆ  

mailto:tarakan.com@ukr.net
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ʅʘʡʙʽʣʴʰʫ ʰʦʨʩʪʢʽʩʪʴ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ Ra = 1,2 ʤʢʤ ʬʽʢʩʫʚʘʣʠ ʥʘ ʤʽʪʯʠʢʘʭ 1-ʛʦ 

ʚʠʨʦʙʥʠʢʘ. ʐʦʨʩʪʢʽʩʪʴ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʤʽʪʯʠʢʽʚ 2-ʛʦ ʪʘ 3-ʛʦ ʚʠʨʦʙʥʠʢʘ ʩʢʣʘʣʘ 

Ra = 0,65-0,7 ʤʢʤ. ʇʨʠ ʦʜʥʘʢʦʚʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʣʝʥʥʷ ʧʨʠ ʨ = 30Á, ʰʦʨʩʪʢʽʩʪʴ ʥʘ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʤʽʪʯʠʢʽʚ ʚʠʨʦʙʥʠʢʘ ˉ1 ʟʤʝʥʰʠʣʘʩʷ ʜʦ Ra = 0,79 ʤʢʤ, ʚʠʨʦʙʥʠʢʘ ˉ2 ï ʜʦ 

Ra = 0,4 ʤʢʤ, ʚʠʨʦʙʥʠʢʘ ˉ3 ï ʜʦ Ra = 0,49 ʤʢʤ. ʋ ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, 

ʰʦʨʩʪʢʽʩʪʴ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʤʽʪʯʠʢʽʚ ʚʩʽʭ ʚʠʨʦʙʥʠʢʽʚ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 35%. ʇʽʩʣʷ ʄɸʆ 

ʧʨʠ ʨ = 70Á ʰʦʨʩʪʢʽʩʪʴ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʤʽʪʯʠʢʽʚ ʚʠʨʦʙʥʠʢʘ ˉ1 ʟʤʝʥʰʠʣʘʩʷ ʜʦ 

Ra = 0,85 ʤʢʤ, ʚʠʨʦʙʥʠʢʘ ˉ2 ï ʜʦ Ra = 0,58 ʤʢʤ, ʚʠʨʦʙʥʠʢʘ ˉ3 ï ʜʦ Ra = 0,56 ʤʢʤ, 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ 29%, 11% ʪʘ 22%. ʊʘʢʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ ʧʘʨʘʤʝʪʨʫ ʰʦʨʩʪʢʦʩʪʽ ʥʘ 

ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʽʟʥʠʢ ʢʫʪʘʭ ʙʘʟʫʚʘʥʥʷ ʤʽʪʯʠʢʽʚ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ ʚʝʨʩʪʘʪʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʥʘ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ ʽʥʪʝʛʨʘʣʴʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʰʚʠʜʢʦʩʪʝʡ 

ʘʢʪʠʚʥʦʛʦ ʨʫʭʫ ʄɸʇ ʚʽʜʥʦʩʥʦ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ [1]. 

ʐʦʨʩʪʢʽʩʪʴ ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʫ ʤʽʪʯʠʢʘʭ ʚʠʨʦʙʥʠʢʘ ˉ1 ï 

Ra = 0,64 ʤʢʤ, ʚʠʨʦʙʥʠʢʘ ˉ2 ï Ra = 0,62 ʤʢʤ, ʚʠʨʦʙʥʠʢʘ ˉ3 ï Ra = 0,3 ʤʢʤ. ʇʽʩʣʷ ʄɸʆ 

ʰʦʨʩʪʢʽʩʪʴ ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʫʩʽʭ ʤʽʪʯʠʢʘʭ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʨ, ʩʪʘʥʦʚʠʪʴ 

Ra = 0,3-0,35 ʤʢʤ. ɼʣʷ ʤʽʪʯʠʢʽʚ 1-ʛʦ ʪʘ 2-ʛʦ ʚʠʨʦʙʥʠʢʘ ʮʝ ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʚ 2 ʨʘʟʠ 

ʤʝʥʰʝ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ. ʋ ʚʠʧʘʜʢʫ ʽʟ ʤʽʪʯʠʢʘʤʠ 3-ʛʦ ʚʠʨʦʙʥʠʢʘ, ʰʦʨʩʪʢʽʩʪʴ ʥʘ ʧʝʨʝʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʜʝʱʦ ʟʙʽʣʴʰʠʣʘʩʴ.ɿʤʽʥʘ ʰʦʨʩʪʢʦʩʪʽ ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʤʽʪʯʠʢʽʚ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ. ʄɸɯ ʧʦʩʪʽʡʥʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʩʪʨʫʞʢʦʚʽʡ ʢʘʥʘʚʮʽ ʤʽʪʯʠʢʘ ʪʘ 

ʬʨʠʢʮʽʡʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʚʝʨʭʥʝʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʤʽʪʯʠʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ 

ʄɸʆ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤʠ ʥʘ ʨʠʩ. 2. 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʧʦʚʝʨʭʥʝʚʘ ʪʚʝʨʜʽʩʪʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʤʽʪʯʠʢʽʚ 1-ʛʦ ʚʠʨʦʙʥʠʢʘ ʙʫʣʘ 

ʥʘʡʤʝʥʰʦʶ ï HV = 8 ɻʇʘ, 2-ʛʦ ʪʘ 3-ʛʦ ʚʠʨʦʙʥʠʢʘ ï ʥʘ ʨʽʚʥʽ HV = 9,8-10 ɻʇʘ. ʇʽʩʣʷ ʄɸʆ 

ʧʨʠ ʨ = 30Á ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʤʽʪʯʠʢʽʚ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 10%: ʚʠʨʦʙʥʠʢʘ ˉ1 ï ʜʦ 

HV = 8,8 ɻʇʘ, ʚʠʨʦʙʥʠʢʘ ˉ2 ʪʘ ˉ3 ï ʜʦ HV = 10,5 ɻʇʘ. ʇʽʩʣʷ ʄɸʆ ʧʨʠ ʨ = 70Á 

ʧʦʚʝʨʭʥʝʚʘ ʪʚʝʨʜʽʩʪʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʤʽʪʯʠʢʽʚ ʚʩʽʭ ʚʠʨʦʙʥʠʢʽʚ ʟʤʝʥʰʠʣʘʩʴ: ʚʠʨʦʙʥʠʢʘ 

ˉ1 ï ʜʦ HV = 7,5 ɻʇʘ, ʚʠʨʦʙʥʠʢʘ ˉ2 ï ʜʦ HV = 8,9 ɻʇʘ, ʚʠʨʦʙʥʠʢʘ ˉ3 ï ʜʦ HV = 9,8 ɻʇʘ, 

ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʭʦʜʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʚ ʧʨʦʮʝʩʽ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ 

ʤʘʪʝʨʽʘʣʫ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘ ʥʝʚʝʣʠʢʠʤ ʚʽʜʪʠʩʥʝʥʥʷʤ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 

ʢʘʨʙʽʜʽʚ ʚʛʣʠʙ ʤʘʪʝʨʽʘʣʫ.  

 

ʈʠʩ. 2 ï ʇʦʚʝʨʭʥʝʚʘ ʪʚʝʨʜʽʩʪʴ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʤʽʪʯʠʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʄɸʆ 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʊʘʨʛʘʥ ɼ.ɺ. ɸʥʘʣʽʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʤʽʪʯʠʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ / ɼ.ɺ. ʊʘʨʛʘʥ, ɺ.ʉ. ʄʘʡʙʦʨʦʜʘ, ɼ.ʖ. ɼʞʫʣʽʡ // ɺʽʩʥʠʢ ʂʨʅʋ 

ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. ï 2017. ï ɺʠʧ. ˉ5(106) ï ʉ. 82-88. 
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ʄʘʡʙʦʨʦʜʘ ɺ.ʉ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ɼʞʫʣʽʡ ɼ.ʖ., ʢʘʥʜ. ʪʝʭʥ.ʥʘʫʢ, ʘʩʠʩʪʝʥʪ, 

ʉʣʦʙʦʜʷʥʶʢ ɯ.ɺ., ʢʘʥʜ. ʪʝʭʥ.ʥʘʫʢ, ʘʩʠʩʪʝʥʪ, 

ʂʦʮʫʥ ʖ.ɺ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, maiborodavs@gmail.com 

ɺʇʃʀɺ ʈɽɾʀʄɯɺ ʄɸɻʅɯʊʅʆ-ɸɹʈɸɿʀɺʅʆɻʆ ʆɹʈʆɹʃɽʅʅʗ ʅɸ 

ʐʆʈʉʊʂɯʉʊʔ ʇʃʆʉʂʀʍ ʇʆɺɽʈʍʆʅʔ 

ʄʝʪʦʜ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ (ʄɸʆ) ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ ʽʥʜʫʢʪʦʨʘʤʠ ʥʘ 

ʙʘʟʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʦʙʨʦʙʣʝʥʥʽ ʜʝʪʘʣʝʡ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʫʤʦʚʠ ʦʙʨʦʙʣʝʥʥʷ, ʘ ʩʘʤʝ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʪʘ ʧʦʜʘʯʫ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʧʣʦʩʢʽʡ ʜʝʪʘʣʽ ʟʽ ʩʪʘʣʽ 45 ʧʽʩʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ. ʅʘ ʚʠʭʽʜʥʽʡ ʧʦʚʝʨʭʥʽ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʨʠʩʢʠ, ʥʘʧʨʷʤʦʢ ʷʢʠʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ. ʄʘʛʥʽʪʥʦ-

ʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ (ʄɸɯ) ʬʦʨʤʫʚʘʣʠ ʟ ʧʦʨʦʰʢʫ ʌʝʨʦʤʘʧ ʟʝʨʥʠʩʪʽʩʪʶ 630/400 ʤʢʤ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʤʘʩʪʠʣʘ ɸʩʬʦʣ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʢʠ ʪʘ ʾʾ ʧʦʜʘʯʽ 

ʚʽʜʥʦʩʥʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʰʦʨʩʪʢʽʩʪʴ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʝʣʠʯʠʥʘ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʩʢʣʘʜʘʣʘ 4,6 ʤʤ, ʧʦʜʘʯʘ 10 ʤʤ/ʭʚ, ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʢʠ n ʟʤʽʥʶʚʘʣʠ ʚʽʜ 580 ʜʦ 1400 ʦʙ/ʭʚ. ʅʘʡʤʝʥʰʫ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʘ 

ʰʦʨʩʪʢʦʩʪʽ Ra ʦʪʨʠʤʘʥʦ ʧʨʠ n = 900 ʦʙ/ʭʚ (ʨʠʩ. 1), ʷʢʠʡ ʻ ʦʜʥʘʢʦʚʠʤ ʚʟʜʦʚʞ ʪʘ ʧʦʧʝʨʝʢ 

ʜʝʪʘʣʽ ʪʘ ʨʽʚʥʠʡ 0,043 ʪʘ 0,04 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʧʦʚʥʽʩʪʶ ʚʠʜʘʣʷʻʪʴʩʷ ʩʧʘʜʢʦʚʽʩʪʴ ʚʽʜ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʫʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʨʠʩʢʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʄɸɯ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ. 1). ʇʨʠ ʽʥʰʠʭ ʟʥʘʯʝʥʥʷʭ n ʧʘʨʘʤʝʪʨ Ra ʚʟʜʦʚʞ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ 2 ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʥʽʞ ʧʦʧʝʨʝʢ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʠʭ ʫʤʦʚʘʭ ʩʧʘʜʢʦʚʽʩʪʴ 

ʥʝ ʙʫʣʘ ʚʠʜʘʣʝʥʘ ʚ ʧʦʚʥʽʡ ʤʽʨʽ. 

 

 

 

 

ʈʠʩ. 1  ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʢʠ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ 

ɺ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʛʣʘʜʞʫʚʘʥʥʷ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʟ ʘʢʪʠʚʥʠʤ ʟʨʽʟʫʚʘʥʥʷʤ ʚʝʨʰʠʥʦʢ. ʅʘ ʢʨʠʚʽʡ tp ʚʽʜ ʨʽʚʥʷ p (ʨʠʩ. 2) ʜʣʷ 

n = 900 ʭʚ
-1

 ʚʽʜʩʫʪʥʷ ʧʝʨʰʘ ʜʽʣʷʥʢʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʘʥ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʥʘʡʙʽʣʴʰ 

ʚʠʩʪʫʧʘʶʯʠʭ ʯʘʩʪʠʥ ʤʽʢʨʦʧʨʦʬʽʣʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦ ʟʤʽʥʽ 

ʰʦʨʩʪʢʦʩʪʽ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʚʠʩʪʫʧʽʚ. ɼʣʷ n = 1400 ʭʚ
-1
 

ʥʘʚʧʘʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʝ ʨʦʟʧʦʣʽʨʫʚʘʥʥʷ ʚʧʘʜʠʥ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʛʨʘʥʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʄɸʆ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ p = 50% 

ʜʣʷ n = 900 ʭʚ
-1

 tp = 1%, ʜʣʷ n = 1400 ʭʚ
-1

 tp = 77,4% ʧʨʠ ʚʠʭʽʜʥʽʡ ʚʝʣʠʯʠʥʽ tp = 58,9%. 
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ʈʠʩ. 2  ɺʝʣʠʯʠʥʘ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʜʦʚʞʠʥʠ ʧʨʦʬʽʣʶ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʰʧʠʥʜʝʣʷ ʧʨʠ ʚʝʣʠʯʠʥʽ ʧʦʜʘʯʽ 10 ʤʤ/ʭʚ 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʝʣʠʯʠʥʘ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʩʢʣʘʜʘʣʘ 4 ʤʤ, n = 900 ʭʚ
-1
, ʧʦʜʘʯʫ 

ʟʤʽʥʶʚʘʣʠ ʚʽʜ 10 ʤʤ/ʭʚ ʜʦ 50 ʤʤ/ʭʚ ʧʨʠ ʚʩʽʭ ʽʥʰʠʭ ʫʤʦʚʘʭ ʦʙʨʦʙʣʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ 

ʧʦʧʝʨʝʜʥʽʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3). ʅʘʡʤʝʥʰʫ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʫ ʰʦʨʩʪʢʦʩʪʽ Ra ʨʽʚʥʫ  0,047 ʤʢʤ ʪʘ 

0,063 ʤʢʤ ʦʪʨʠʤʘʥʦ ʧʨʠ ʧʦʜʘʯʽ 10 ʤʤ/ʭʚ, ʧʨʠ ʚʠʭʽʜʥʽʡ 1,03 ʤʢʤ ʪʘ 1,41 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʧʝʨʝʢ ʪʘ ʚʟʜʦʚʞ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʜʘʯʽ ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʚ ʨʝʟʫʣʴʪʘʪʽ ʄɸʆ ʙʽʣʴʰʦ ʾ

ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʘ Ra ʚʟʜʦʚʞ ʜʝʪʘʣʽ ʜʦ 0,4 ʤʢʤ ʜʣʷ 20 ʤʤ/ʭʚ ʪʘ ʜʦ 0,5 ʤʢʤ ï 0,52 ʤʢʤ 

ʜʣʷ ʧʦʜʘʯ 30 ï 50 ʤʤ/ʭʚ. ɸ ʰʦʨʩʪʢʽʩʪʴ ʧʦʧʝʨʝʢ ʜʣʷ ʧʦʜʘʯ 20 ï 40 ʤʤ/ʭʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

ʚʝʣʠʯʠʥ 0,11 ï 0,13 ʤʢʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 50 ʤʤ/ʭʚ Ra = 0,23 ʤʢʤ. ʊʦʤʫ ʦʙʨʦʙʣʝʥʥʷ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʜʘʯ, ʘʣʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚʥʫ 

ʩʧʘʜʢʦʚʽʩʪʴ ʤʽʢʨʦʨʝʣʴʬʫ ʧʦʚʝʨʭʥʽ ʪʘ ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʛʦ ʟʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ ʱʦʙ ʥʝ 

ʧʦʛʽʨʰʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 
ʈʠʩ. 3  ɺʧʣʠʚ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ ʛʦʣʦʚʢʠ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ 

ɺʠʩʥʦʚʦʢ. ʄʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʝ ʦʙʨʦʙʣʝʥʥʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ 

ʰʦʨʩʪʢʦʩʪʽ ʜʦ ʚʝʣʠʯʠʥʠ Ra 0,04 ʤʢʤ ʧʨʠ ʚʠʭʽʜʥʦʤʫ ʟʥʘʯʝʥʥʽ 0,46 ï 0,55 ʤʢʤ ʧʨʠ 

n = 900 ʭʚ
-1
, ʚʠʛʣʘʜʞʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʽʢʨʦʧʨʦʬʽʣʴ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʜʘʣʝʥʥʷʤ ʩʧʘʜʢʦʚʦʩʪʽ 

ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʅʘʡʤʝʥʰʫ ʚʝʣʠʯʠʥʫ ʰʦʨʩʪʢʽʩʪʴ ʦʪʨʠʤʘʥʦ ʜʣʷ ʧʦʜʘʯʽ 
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10 ʤʤ/ʭʚ ʨʽʚʥʫ 0,047 ʤʢʤ ʪʘ 0,063 ʤʢʤ ʧʨʠ ʚʠʭʽʜʥʽʡ 1,03 ʤʢʤ ʪʘ 1,41 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʧʝʨʝʢ ʪʘ ʚʟʜʦʚʞ ʜʝʪʘʣʽ. 
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ɼʆʎɯʃʔʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺ ʇʈʀɺʆɼɯ ʂʈʋɻʃʆɺôʗɿɸʃʔʅʆɰ ʄɸʐʀʅʀ 

ɺɯɼʎɽʅʊʈʆɺʆɰ ʌʈʀʂʎɯʁʅʆɰ ʄʋʌʊʀ ɿ ʈɽɻʋʃʔʆɺɸʅʀʄ ʂʈʋʊʅʀʄ 

ʄʆʄɽʅʊʆʄ 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʘʰʠʥ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢ 

ʚʽʜʦʤʦ [1-4], ʻ ʟʥʘʯʥʽ ʧʫʩʢʦʚʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ 

ʟʥʠʞʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʽʶʯʠʭ ʟʘʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʧʨʠʚʦʜʘʭ ʤʘʰʠʥ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʩʚʦʻʯʘʩʥʦʶ [5]. ɽʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʝʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʟʘʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠʚʦʜʽʚ ʤʘʰʠʥ, ʟʦʢʨʝʤʘ ʤʫʬʪ, ʥʝʤʦʞʣʠʚʝ. 

ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʘʰʠʥ ʟʘ ʨʘʭʫʥʦʢ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟʥʠʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ 

ʚʠʛʣʷʜʽ ʤʫʬʪ [5], ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʮʝʥʪʨʦʚʦʾ 

ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʪʘ ʤʝʪʦʜʫ ʚʠʙʦʨʫ ʾʾ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ [6], 

ʜʦʜʘʪʢʦʚʦ ʦʙʣʘʜʥʘʥʦʾ ʜʚʦʧʣʝʯʠʤʠ ʚʘʞʝʣʷʤʠ ʪʘ ʧʨʦʪʠʚʘʛʘʤʠ, ʧʨʠʯʦʤʫ ʚ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʽʟ 

ʧʣʽʯ ʢʦʞʥʦʛʦ ʚʘʞʝʣʷ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʝʨʞʝʥʴ ʟ ʨʽʟʴʙʦʶ, ʥʘ ʷʢʽʡ ʥʘʛʚʠʥʯʝʥʘ ʧʨʦʪʠʚʘʛʘ.  

ʆʙʣʘʜʥʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʧʨʦʪʠʚʘʛʘʤʠ, ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʦʜʥʦʛʦ ʽʟ ʧʣʽʯ ʚʘʞʝʣʷ ʩʪʝʨʞʥʷ ʟ ʨʽʟʴʙʦʶ, ʥʘ ʷʢʽʡ ʥʘʛʚʠʥʯʝʥʘ ʧʨʦʪʠʚʘʛʘ, ʜʦʟʚʦʣʷʻ, ʰʣʷʭʦʤ 

ʟʥʠʞʝʥʥʷ ʧʫʩʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʤʫʬʪʠ, ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚʽʜʮʝʥʪʨʦʚʘ ʬʨʠʢʮʽʡʥʘ ʤʫʬʪʘ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ 

(ʨʠʩ. 1) ʤʽʩʪʠʪʴ ʚʝʜʫʯʫ ʧʽʚʤʫʬʪʫ 1, ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʫ ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ 2, ʚʝʜʝʥʫ 

ʧʽʚʤʫʬʪʫ 3, ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʫ ʥʘ ʚʝʜʝʥʦʤʫ ʚʘʣʫ 4, ʢʦʣʦʜʢʠ 5, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʚʝʜʫʯʽʡ 

ʧʽʚʤʫʬʪʽ 1, ʧʨʦʪʠʚʘʛʠ 6 ʪʘ ʜʚʦʧʣʝʯʽ ʚʘʞʝʣʽ 7, ʰʘʨʥʽʨʥʦ ʟôʻʜʥʘʥʽ ʟ ʚʝʜʫʯʦʶ ʧʽʚʤʫʬʪʦʶ 1. 

ʇʣʝʯʝ 8 ʢʦʞʥʦʛʦ ʜʚʦʧʣʝʯʦʛʦ ʚʘʞʝʣʷ 7 ʰʘʨʥʽʨʥʦ ʟôʻʜʥʘʥʝ ʟ ʢʦʣʦʜʢʦʶ 5, ʘ ʜʨʫʛʝ ʧʣʝʯʝ 9 

ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʩʪʝʨʞʥʷ ʟ ʨʽʟʴʙʦʶ 10, ʥʘ ʷʢʫ ʥʘʛʚʠʥʯʝʥʦ ʧʨʦʪʠʚʘʛʫ 6. 

 

ʈʠʩ. 1 ï ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ 

mailto:nikolayrubanka@ukr.net
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ɺʽʜʮʝʥʪʨʦʚʘ ʬʨʠʢʮʽʡʥʘ ʤʫʬʪʘ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. ʇʨʠ ʚʤʠʢʘʥʥʽ ʤʘʰʠʥʠ ʚʝʜʫʯʠʡ ʚʘʣ 

2 ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʝʜʫʯʘ ʧʽʚʤʫʬʪʘ 1, ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ 

2, ʨʘʟʦʤ ʟ ʢʦʣʦʜʢʘʤʠ 5 ʪʘ ʧʨʦʪʠʚʘʛʘʤʠ 6 ʪʘʢʦʞ  ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ. ɺʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʘʜʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʦʣʦʜʦʢ 5 ʽ ʧʨʠʪʠʩʢʫʶʪʴ ʾʭ 

ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚʝʜʝʥʦʾ ʥʘʧʽʚʤʫʬʪʠ 3. ʉʠʣʠ ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʤʽʞ 

ʢʦʣʦʜʢʘʤʠ 5 ʪʘ ʚʝʜʝʥʦʶ ʧʽʚʤʫʬʪʦʶ 3 ʧʨʠʚʦʜʷʪʴ ʾʾ ʚ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʘ ʨʘʟʦʤ ʟ ʥʝʶ ʽ 

ʚʝʜʝʥʠʡ ʚʘʣ 4, ʥʘ ʷʢʦʤʫ ʚʦʥʘ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʘ. ɺʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʮʝʡ ʞʝ ʯʘʩ 

ʥʘ ʧʨʦʪʠʚʘʛʠ 6, ʟʘʚʜʷʢʠ ʜʚʦʧʣʝʯʠʭ ʚʘʞʝʣʽʚ 7 ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʶʪʴ ʩʠʣʫ ʧʨʠʪʠʩʢʫ 

ʢʦʣʦʜʦʢ 5 ʜʦ ʚʝʜʝʥʦʾ ʧʽʚʤʫʬʪʠ 3. ʈʽʟʥʠʮʷ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʢʦʣʦʜʦʢ 5 ʪʘ ʧʨʦʪʠʚʘʛ 6 

ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ. ʇʨʠ ʧʝʨʝʤʠʢʘʥʥʽ 

ʤʘʰʠʥʠ ʥʘ ʽʥʰʫ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʢʦʣʦʜʦʢ 5, ʱʦ ʤʦʛʣʦ ʙ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʤʫʬʪʠ. ɸʣʝ ʦʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʧʨʦʪʠʚʘʛ 6, ʷʢʘ, ʪʠʩʥʫʯʠ ʥʘ ʧʣʝʯʝ 9 ʜʚʦʧʣʝʯʦʛʦ ʚʘʞʝʣʷ 7, ʟʤʽʥʶʻ ʩʠʣʫ 

ʪʠʩʢʫ ʢʦʣʦʜʦʢ 5 ʥʘ ʚʝʜʝʥʫ ʧʽʚʤʫʬʪʫ 3, ʩʪʘʙʽʣʽʟʫʶʯʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʤʫʬʪʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʤʫʬʪʠ 

ʽ ʤʘʰʠʥʠ ʚ ʮʽʣʦʤʫ, ʚ ʧʨʠʚʦʜʽ ʷʢʦʾ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ.  

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ, ʟʫʤʦʚʣʝʥʫ 

ʟʤʽʥʦʶ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʠʚʦʜʘ ʤʘʰʠʥʠ, ʜʝ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙʠ ʟʤʝʥʰʠʪʠ ʘʙʦ ʟʙʽʣʴʰʠʪʠ ʤʦʤʝʥʪ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ, 

ʧʦʚʦʨʦʪʦʤ ʧʨʦʪʠʚʘʛ 6 ʟʤʽʥʠʪʠ ʨʦʙʦʯʫ ʜʦʚʞʠʥʫ ʧʣʽʯ 9 ʜʚʦʧʣʝʯʠʭ ʚʘʞʝʣʽʚ 7. ɿʤʽʥʘ ʨʦʙʦʯʦʾ 

ʜʦʚʞʠʥʠ ʧʣʽʯ 9 ʜʚʦʧʣʝʯʠʭ ʚʘʞʝʣʽʚ 7 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʩʠʣʠ ʧʨʦʪʠʚʘʛ, ʱʦ ʯʘʩʪʢʦʚʦ 

ʢʦʤʧʝʥʩʫʻ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ ʢʦʣʦʜʦʢ 5, ʟʤʽʥʶʶʯʠ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʧʨʠʪʠʩʢʫ ʾʭ ʜʦ ʚʝʜʝʥʦʾ 

ʧʽʚʤʫʬʪʠ 3 ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʦʤʝʥʪ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʨʠʚʦʜʘ ʤʘʰʠʥʠ, ʜʝ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ ʤʫʬʪʠ. 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʝ: 

- ʚʩʪʘʥʦʚʣʝʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʠʚʦʜʽ ʤʘʰʠʥ ʚʽʜʮʝʥʪʨʦʚʦʾ ʬʨʠʢʮʽʡʥʦʾ 

ʤʫʬʪʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ;  

- ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚʽʜʮʝʥʪʨʦʚʘ ʬʨʠʢʮʽʡʥʘ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ, ʦʙʣʘʜʥʘʥʘ 

ʜʚʦʧʣʝʯʠʤʠ ʚʘʞʝʣʷʤʠ ʪʘ ʧʨʦʪʠʚʘʛʘʤʠ, ʟʜʘʪʥʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʘʰʠʥ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʧʨʠʚʦʜʽ; 

- ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʜʽʶʯʠʭ ʪʘ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʠʧʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʬʨʠʢʮʽʡʥʠʭ ʤʫʬʪ. 
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ʇʈʀʅʎʀʇ ʈʆɹʆʊʀ ʊɸ ʆʉʅʆɺʅɯ ʇʈʀʉʊʈʆɰ ʉɸʄʆʍɯɼʅʆɰ ʂʆʉɸʈʂʀ-

ʇʃʖʑʀʃʂʀ ʅɸ ʇʈʀʂʃɸɼɯ ʂʇʉ-5ɹ 

ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʧʽʜ ʯʘʩ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ (ʩʽʥʘ, ʩʽʥʘʞʫ, ʩʠʣʦʩʫ) ʻ 

ʩʢʦʰʫʚʘʥʥʷ ʪʨʘʚ ʫ ʧʦʢʦʩʠ ʯʠ ʨʦʟʰʠʨʝʥʽ ʚʘʣʢʠ (ʟ ʧʣʶʱʝʥʥʷʤ ʯʠ ʙʝʟ ʥʴʦʛʦ), ʟʛʨʽʙʘʥʥʷ, 

ʧʝʨʝʚʝʨʪʘʥʥʷ ʚʘʣʢʽʚ, ʧʽʜʙʠʨʘʥʥʷ ʩʽʥʘ ʟ ʚʘʣʢʽʚ ʟ ʧʨʝʩʫʚʘʥʥʷʤ ʫ ʪʶʢʠ ʯʠ ʨʫʣʦʥʠ, ʧʽʜʙʠʨʘʥʥʷ 

ʚʘʣʢʽʚ ʧʨʦʚ'ʷʣʝʥʦʾ ʪʨʘʚʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʧʽʜ ʯʘʩ ʟʘʛʦʪʽʚʣʽ ʩʽʥʘʞʫ, ʩʢʦʰʫʚʘʥʥʷ 

ʨʦʩʣʠʥ ʟ ʧʦʜʨʽʙʥʝʥʥʷʤ ʧʽʜ ʯʘʩ ʟʘʛʦʪʽʚʣʽ ʩʠʣʦʩʫ. ʇʨʠ ʮʴʦʤʫ, ʨʦʙʦʪʠ ʧʦ ʟʙʠʨʘʥʥʶ ʚʨʦʞʘʶ ʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʦ ʪʘʢʦʛʦ 

ʚʠʜʫ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʘʤʦʭʽʜʥʽ ʢʦʩʘʨʢʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʘʢʠʭ ʚʠʜʽʚ ʨʦʙʽʪ, ʷʢ 

ʢʦʩʦʚʠʮʷ, ʧʣʶʱʝʥʥʷ ʽ ʫʢʣʘʜʘʥʥʷ ʩʥʦʧʽʚ ʩʢʦʰʝʥʠʭ ʨʦʩʣʠʥ ʫ ʚʘʣʢʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʩʢʦʰʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ ʻ ʝʥʝʨʛʦʻʤʥʦʶ ʦʧʝʨʘʮʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʛʦʪʽʚʣʽ 

ʩʫʭʠʭ ʢʦʨʤʽʚ ʯʠ ʢʦʨʤʽʚ ʥʘ ʦʩʥʦʚʽ ʟʝʣʝʥʦʾ ʤʘʩʠ, ʪʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʩʘʨʦʢ 

ʩʢʦʨʦʪʠʪʴ ʪʝʨʤʽʥʠ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ. ɺʠʚʯʝʥʥʷ ʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʝʥʝʨʛʦʟʘʩʦʙʽʚ ʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʧʨʦʚʽʜʥʠʭ ʬʽʨʤ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʫʯʘʩʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʾʭʥʴʦʛʦ 

ʨʦʟʚʠʪʢʫ ʻ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʷʢʽʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, 

ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ. 

ʉʘʤʦʭʽʜʥʘ ʢʦʩʘʨʢʘ-ʧʣʶʱʠʣʢʘ ʂʇʉ-5ɹ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʢʦʰʫʚʘʥʥʷ ʩʽʷʥʠʭ ʪʨʘʚ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʧʣʶʱʝʥʥʷʤ ʩʪʝʙʝʣ ʩʢʦʰʝʥʠʭ ʨʦʩʣʠʥ ʽ ʫʢʣʘʜʘʥʥʷʤ ʾʭ ʥʘ ʩʪʝʨʥʽ ʫ ʚʘʣʦʢ. ɹʝʟ 

ʧʣʶʱʠʣʴʥʠʭ ʚʘʣʴʮʽʚ ʢʦʩʘʨʢʫ-ʧʣʶʱʠʣʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʚʘʣʢʦʚʫ ʞʘʪʢʫ ʜʣʷ 

ʩʢʦʰʫʚʘʥʥʷ ʪʨʘʚ ʽ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ. 

ʂʇʉ-5ɹ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʘʤʦʭʽʜʥʦʛʦ ʰʘʩʽ 6 (ʨʠʩ. 1), ʞʘʪʢʠ 3, ʧʣʶʱʠʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 8 ʽ 

ʚʘʣʢʦʫʪʚʦʨʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 7. ɼʣʷ ʧʨʠʚʦʜʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʜʠʟʝʣʴʥʠʡ 

ʜʚʠʛʫʥ ɼ-240 ʧʦʪʫʞʥʽʩʪʶ 59 ʢɺʪ. ʐʘʩʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʝʥʝʨʛʦʟʘʩʽʙ ʜʣʷ ʨʦʙʦʪʠ 

ʽʟ ʟʝʨʥʦʚʠʤʠ ʚʘʣʢʦʚʠʤʠ ʞʘʪʢʘʤʠ ɾɺʅ-6ɸ-01, ɾʉ-6, ɾɺʈ-10-03 ʪʘ ʟʝʨʥʦʙʦʙʦʚʦʶ ʞʘʪʢʦʶ 

ɾɹʂ-4,2. 

ɾʘʪʢʘ 3 ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ˇʨʫʥʪ ʙʘʰʤʘʢʘʤʠ. ɼʦ ʰʘʩʽ ʚʦʥʘ ʧʨʠʻʜʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ ʧʽʜʡʦʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʛʽʜʨʦʮʠʣʽʥʜʨʽʚ ʜʣʷ ʧʽʜʡʦʤʫ ʽ 

ʦʧʫʩʢʘʥʥʷ ʞʘʪʢʠ, ʢʝʨʦʚʘʥʠʤʠ ʟ ʢʘʙʽʥʠ. ʇʨʠ ʜʘʣʝʢʠʭ ʧʝʨʝʾʟʜʘʭ ʞʘʪʢʫ ʚʽʜ'ʻʜʥʫʶʪʴ ʚʽʜ ʰʘʩʽ 

ʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʚʽʟʦʢ, ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʩʘʤʦʭʽʜʥʦʾ ʯʘʩʪʠʥʠ. ʅʘ ʢʦʨʧʫʩʽ ʞʘʪʢʠ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʟʘʣʴʥʠʡ ʘʧʘʨʘʪ 10, ʤʦʪʦʚʠʣʦ 1, ʰʥʝʢ 4 ʽ ʧʦʜʽʣʴʥʠʢʠ 11. 

ʉʝʛʤʝʥʪʥʦ-ʧʘʣʴʮʝʚʠʡ ʨʽʞʫʯʠʡ ʘʧʘʨʘʪ 10 ʩʢʣʘʜʝʥʠʡ ʟ ʜʚʦʭ ʧʘʣʴʮʝʚʠʭ ʙʨʫʩʽʚ, ʥʦʞʽ ʷʢʠʭ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʚ ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ. ɼʦ ʩʧʠʥʦʢ ʥʦʞʽʚ ʧʨʠʢʣʝʧʘʥʽ ʩʝʛʤʝʥʪʠ ʟ 

ʥʘʩʽʯʝʥʠʤʠ ʨʽʞʫʯʠʤʠ ʢʨʦʤʢʘʤʠ. ʂʦʞʝʥ ʥʽʞ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʰʘʡʙʠ. ɼʦ 

ʚʘʣʫ ʤʦʪʦʚʠʣʘ ʧʨʠʢʨʽʧʣʝʥʽ ʭʨʝʩʪʦʚʠʥʠ, ʘ ʜʦ ʾʭ ʢʽʥʮʽʚ - ʧʣʘʥʢʠ ʽ ʪʨʫʙʯʘʩʪʽ ʛʨʘʙʣʠʥʠ ʟ 

ʧʨʫʞʠʥʥʠʤʠ ʟʫʙʘʤʠ. ʅʘ ʣʽʚʠʭ ʢʽʥʮʷʭ ʛʨʘʙʣʠʥ ʚʩʪʘʥʦʚʣʝʥʽ ʢʨʦʥʰʪʝʡʥʠ ʟ ʰʠʧʘʤʠ ʜʣʷ 

ʦʙʝʨʪʦʚʠʭ ʨʦʣʠʢʽʚ. ʃʽʚʘ ʙʦʢʦʚʠʥʘ ʞʘʪʢʠ (ʧʦ ʭʦʜʫ) ʤʘʻ ʧʨʦʬʽʣʴʥʫ ʜʦʨʽʞʢʫ, ʧʦ ʷʢʽʡ 

ʨʫʭʘʶʪʴʩʷ ʨʦʣʠʢʠ, ʟʤʽʥʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʢʫʪ ʥʘʭʠʣʫ ʧʨʫʞʠʥʥʠʭ ʟʫʙʽʚ. 

ʐʥʝʢ 4 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʨʫʙʫ ʟ ʧʨʘʚʠʤʠ ʽ ʣʽʚʠʤʠ ʚʠʪʢʘʤʠ-ʩʪʨʽʯʢʘʤʠ, ʷʢʽ ʟʨʫʰʫʶʪʴ 

ʩʢʦʰʝʥʫ ʤʘʩʫ ʜʦ ʩʝʨʝʜʠʥʠ ʞʘʪʢʠ ʽ ʧʦʜʘʶʪʴ ʾʾ ʜʦ ʧʣʶʱʠʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. ʇʝʨʝʤʽʱʘʶʯʠ 

ʰʥʝʢ ʧʦ ʚʠʩʦʪʽ, ʟʤʽʥʶʶʪʴ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʪʢʘʤʠ ʽ ʜʥʦʤ ʞʘʪʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʨʦʞʘʡʥʦʩʪʽ ʟʙʠʨʘʥʠʭ ʪʨʘʚ. 

ʇʣʶʱʠʣʴʥʠʡ ʘʧʘʨʘʪ 8 ʤʘʻ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʨʝʙʨʠʩʪʽ ʚʘʣʴʮʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, ʱʦ ʨʝʙʨʘ 

ʦʜʥʦʛʦ ʚʘʣʴʮʷ ʚʭʦʜʷʪʴ ʧʦʩʝʨʝʜʠʥʽ ʤʽʞ ʨʝʙʨʘʤʠ ʽʥʰʦʛʦ. ɺʘʣʢʦʫʪʚʦʨʶʶʯʠʡ ʧʨʠʩʪʨʽʡ 7 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʰʘʨʥʽʨʥʦ ʟʘʢʨʽʧʣʝʥʠʭ ʱʠʪʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʣʠʩʪʦʚʦʛʦ 
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ʤʝʪʘʣʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʱʠʪʢʽʚ ʧʨʦʧʣʶʱʝʥʫ ʪʨʘʚʫ ʚʢʣʘʜʘʶʪʴ ʟʘ ʤʘʰʠʥʦʶ 

ʚ ʚʘʣʦʢ ʘʙʦ ʨʦʟʩʪʠʣ 

 
ʈʠʩ.1 ï ʉʭʝʤʘ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʢʦʩʘʨʢʠ-ʧʣʶʱʠʣʢʠ ʂʇʉ-5ɹ: 1 ï ʤʦʪʦʚʠʣʦ; 2 ï ʦʧʦʨʘ 

ʤʦʪʦʚʠʣʘ; 3 ï ʞʘʪʢʘ; 4 ï ʰʥʝʢ; 5,9 ï ʦʯʠʩʥʠʢʠ; 6 ï ʩʘʤʦʭʽʜʥʝ ʰʘʩʽ; 7 ï ʚʘʣʢʦʫʪʚʦʨʶʶʯʠʡ 

ʧʨʠʩʪʨʽʡ; 8 ï ʧʣʶʱʠʣʴʥʠʡ ʘʧʘʨʘʪ; 10 ï ʨʽʞʫʯʠʡ ʘʧʘʨʘʪ; 11 ï ʧʦʣʴʦʚʠʡ ʜʽʣʠʣʴʥʠʢ 

ʇʨʠ ʨʫʩʽ ʤʘʰʠʥʠ ʨʦʩʣʠʥʥʘ ʤʘʩʘ ʥʘʭʠʣʷʻʪʴʩʷ ʟʘʣʘʤʫʶʯʠʤ ʙʨʫʩʦʤ ʞʘʪʢʠ. ʄʦʪʦʚʠʣʦ 1 

ʧʽʜʚʦʜʠʪʴ ʨʦʩʣʠʥʠ ʜʦ ʨʽʞʫʯʦʛʦ ʘʧʘʨʘʪʫ 10, ʫʪʨʠʤʫʻ ʾʭ ʫ ʤʦʤʝʥʪ ʟʨʽʟʫ ʽ ʧʦʜʘʻ ʩʢʦʰʝʥʫ 

ʤʘʩʫ ʜʦ ʰʥʝʢʘ 4. ɺʽʥ ʟʚʫʞʫʻ ʧʦʪʽʢ ʩʪʝʙʝʣ ʜʦ ʰʠʨʠʥʠ ʧʣʶʱʠʣʴʥʠʭ ʚʘʣʴʮʽʚ, ʷʢʽ 

ʨʦʟʧʣʶʱʫʶʪʴ ʽ ʥʘʜʣʘʤʫʶʪʴ ʩʪʝʙʣʘ, ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʚʘʣʢʦʫʪʚʦʨʶʶʯʠʡ 

ʧʨʠʩʪʨʽʡ 7 ʽ ʫʢʣʘʜʘʶʪʴʩʷ ʥʘ ˇʨʫʥʪ ʚ ʚʘʣʦʢ. 

ʉʠʣʫ ʚʧʣʠʚʫ ʙʘʰʤʘʢʽʚ ʥʘ ʛʨʫʥʪ ʨʝʛʫʣʶʶʪʴ, ʟʤʽʥʶʶʯʠ ʥʘʪʷʛ ʚʨʽʚʥʦʚʘʞʫʶʯʠʭ ʧʨʫʞʠʥ: 

ʥʘ ʣʝʛʢʠʭ ˇʨʫʥʪʘʭ ʚʦʥʘ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 900...1200 ʅ, ʥʘ ʪʚʝʨʜʠʭ ï 1200...1500 ʅ. ɿ 

ʤʝʪʦʶ ʮʝʥʪʨʫʚʘʥʥʷ ʥʦʞʘ ʧʝʨʝʤʽʱʫʶʪʴ ʚ ʧʦʚʟʜʦʚʞʥʽʭ ʦʪʚʦʨʘʭ ʦʧʦʨʠ ʚʘʣʫ ʤʝʭʘʥʽʟʤʫ 

ʰʘʡʙʠ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ. 

ʅʘʭʠʣ ʨʽʞʫʯʦʛʦ ʘʧʘʨʘʪʫ ʨʝʛʫʣʶʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ˇʨʫʥʪʫ ʽ ʢʫʣʴʪʫʨʠ, ʱʦ 

ʟʙʠʨʘʻʪʴʩʷ: ʥʘ ʦʨʘʥʦʤʫ ʧʦʣʽ ʟ ʧʨʷʤʦʩʪʦʷʯʠʤ ʪʨʘʚʦʩʪʦʻʤ ʧʘʣʴʮʽ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʥʘ ʪʚʝʨʜʦʤʫ ˇʨʫʥʪʽ ʧʨʠ ʧʦʣʝʛʣʠʭ ʨʦʩʣʠʥʘʭ ʥʦʩʢʠ ʧʘʣʴʮʽʚ ʦʧʫʩʢʘʶʪʴ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʥʠʞʥʽʤʠ ʚʘʞʝʣʷʤʠ ʤʝʭʘʥʽʟʤʫ ʧʽʜʡʦʤʫ ʞʘʪʢʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʭʠʣʫ ʾʭ ʚʢʦʨʦʯʫʶʪʴ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ - ʧʦʜʦʚʞʫʶʪʴ. ʇʽʩʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʚʞʠʥʘ ʚʘʞʝʣʽʚ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʜʥʘʢʦʚʦʶ. ɺʠʩʦʪʫ ʟʨʽʟʫ ʨʝʛʫʣʶʶʪʴ, ʧʝʨʝʩʪʘʚʣʷʶʯʠ ʙʘʰʤʘʢʠ. ʇʨʠ ʨʦʙʦʪʽ 

ʥʘ ʛʨʫʜʢʫʚʘʪʠʭ ʽ ʢʘʤ'ʷʥʠʩʪʠʭ ˇʨʫʥʪʘʭ ʚʠʩʦʪʫ ʟʨʽʟʫ ʟʙʽʣʴʰʫʶʪʴ. 

ʄʦʪʦʚʠʣʦ ʽ ʰʥʝʢ ʨʦʟʪʘʰʦʚʫʶʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʨʦʞʘʡʥʦʩʪʽ ʪʨʘʚ. ʂʫʪ ʥʘʭʠʣʫ ʟʫʙʽʚ 

ʤʦʪʦʚʠʣʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʢʠʤ, ʱʦʙ ʩʢʦʰʝʥʘ ʤʘʩʘ ʨʽʚʥʦʤʽʨʥʦ ʧʦʜʘʚʘʣʘʩʷ ʜʦ ʰʥʝʢʫ ʽ ʥʝ 

ʧʝʨʝʢʠʜʘʣʘʩʷ ʯʝʨʝʟ ʤʦʪʦʚʠʣʦ. ʇʨʠ ʚʠʩʦʢʽʡ ʚʨʦʞʘʡʥʦʩʪʽ ʟʫʙʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʦ 

ʘʙʦ ʥʘʭʠʣʷʶʪʴ ʥʘʟʘʜ, ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ - ʚʧʝʨʝʜ.  

ʇʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʧʨʦʬʽʣʴʥʫ ʜʦʨʽʞʢʫ ʧʦʚʝʨʪʘʶʪʴ ʥʘʚʢʦʣʦ ʦʩʽ ʚʘʣʫ ʤʦʪʦʚʠʣʘ. 

ʉʠʣʫ ʩʪʠʩʥʝʥʥʷ ʩʪʝʙʝʣ ʚ ʧʣʶʱʠʣʴʥʦʤʫ ʘʧʘʨʘʪʽ ʨʝʛʫʣʶʶʪʴ ʧʨʫʞʠʥʘʤʠ, ʷʢʠʤʠ ʚʝʨʭʥʽʡ 

ʚʘʣʝʮʴ ʧʽʜʞʠʤʘʻʪʴʩʷ ʜʦ ʥʠʞʥʴʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʫ ʟʙʠʨʘʥʠʭ ʨʦʩʣʠʥ ʽ ʢʽʣʴʢʦʩʪʽ ʤʘʩʠ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʘʧʘʨʘʪ. ʅʘ ʪʨʘʚʘʭ ʟ ʪʦʚʩʪʠʤʠ ʛʨʫʙʠʤʠ ʩʪʝʙʣʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ 

ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʫʞʠʥʠ ʨʦʟʪʷʛʫʶʪʴ (ʩʠʣʘ ʩʪʠʩʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ). ʄʘʢʩʠʤʘʣʴʥʝ ʾʾ 

ʟʥʘʯʝʥʥʷ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 100 ʅ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʙʽʣʴʰʽʩʪʴ 

ʩʪʝʙʝʣ ʚ ʦʙʨʦʙʣʝʥʽʡ ʪʨʘʚʽ ʤʘʻ ʙʫʪʠ ʥʘʜʣʦʤʣʝʥʦ ʧʦ ʜʦʚʞʠʥʽ ʯʝʨʝʟ 70...100 ʤʤ ʽ 

ʨʦʟʧʣʶʱʝʥʦ, ʘ ʣʠʩʪʷ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʽʨʚʘʥʽ ʚʽʜ ʩʪʝʙʝʣ. 
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ʐʠʨʠʥʫ ʚʘʣʢʘ (ʚʽʜ 1,2 ʜʦ 1,8 ʤ) ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʚʨʦʞʘʡʥʦʩʪʽ ʪʨʘʚ, ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ ʽ ʩʧʦʩʦʙʫ ʧʦʜʘʣʴʰʦʛʦ ʟʙʦʨʫ. ɺʘʣʦʢ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʠʨʠʥʠ ʬʦʨʤʫʶʪʴ ʧʨʠ ʬʽʢʩʘʮʽʾ 

ʙʦʢʦʚʠʥ ʚ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʥʷʭ. 
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SIMULATION OF THE SPATIAL STIFFNESS OF TECHNOLOGICAL ROBOTS BY 

PARTS 

In modern automated production processes industrial robots are often used in technological 

processes for the machining operations with machine tools (Fig. 1). In this case, the accuracy of 

processing depends on the properties of the elastic system (ES) work, in particular on the 

characteristics of rigidity in the cutting zone. The static rigidity of the ES along the X axis is 

defined as JX = PX / ȹX. On other axes - similar. In [1,2], it was shown that the spatial rigidity of 

a ES of a robot is geometrically represented as an ellipsoid with a center in the cutting zone. In 

dynamic operating modes, the ellipsoid changes its size depending on the frequency of the active 

force. 

The presence of unified elements, complete nodes, mechatronic modules allows you to create 

a variety of layouts of robots with a minimum number of original elements (Fig. 2). This makes 

it possible to increase their flexibility, repairability, ease of modernization, significantly shorten 

the design and production lines, and reduce the cost of the machine. 

The designer needs to know the characteristics of individual elements, which in designing can 

evaluate the characteristics of the robot as a whole. 

 
 

Fig. 1 ï The elastic properties of a robot 

machining: PX - cutting force, ȹX - 

deformation 

Fig. 2 ï Modular Robot Scheme: 

1 ï base, 2 ï knee, 3 ï shoulder, 4 ï joint, 

5 ï hand, 6 ï working body 

https://studopedia.su/14_79361_budova-kosarok-i-kosarok-plyushchilok.html
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Dynamic model of elastic system "one-armed" robot (Fig. 3) is a chain system of n elements. 

It can be conventionally divided into two enlarged subsystems - ES1 and ES2 (Fig. 4). When 

dividing the system (Fig. 4a) at the junction of elements (elastic-damping stitching), the 

uncertainty of the unshielded ES1 (Fig. 4b) overcomes its fixation to the "ground". As a result, 

we obtain two partial subsystems that can be investigated independently (Fig. 4c,d). Subsystem 

PS2 can be divided in a similar way (etc.). 

Fig. 3 ï Dynamic model of elastic 

robot system 
Fig. 4 ï A consolidated dynamic model  

  (composed of two subsystems - ES1 and ES2) 

To determine the static and dynamic characteristics, it is expedient to describe the elastic 

properties of the system by transfer functions (TF) of the form )(1

1
pW

q

ʈ , )(1

2
pW

q

q , and their 

frequency analogs )(1

1
iW

q

ʈ , )(1

2
iW

q

q  [3]. 

In this model (Fig. 4), the TF ES1 can be found in the complete system as 
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ʈ WWWW  .     (1) 

TF of the complete system can be determined by the TF of its subsystems as 
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ʈ WCWCWEWEW  .   (2) 

These expressions show both in the complete system to determine the TF of isolated 

subsystems ES1 ( 1

1

Ĕq

FW  ʽ 1

2

Ĕq

qW ) and ES2 (
2

2

Ĕq

QW ), as well as with known complex ligaments 

Ci = ci + jĀhi (blocks C21 and C22 of matrix C), it is possible to switch from TF isolated 

subsystems ES1 and ES2 to the TF of the complete elastic system. 

The developed theory of modeling of the dynamics of chain systems should be used in the 

simulation of "one-armed" robots in parts (nodes). Also, the theory should be used in the analysis 

and synthesis of their characteristics. It allows to determine the dynamic spatial stiffness of the 

robot design, choose rational modes of processing and predict the accuracy of the machined 

parts. 
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ɹʘʣʴ ʆ. ɼ. ʩʪʫʜʝʥʪ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, dmitr_da@ukr.net 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɹɸɻɸʊʆʂʆʆʈɼʀʅɸʊʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ɺ ʗʂʆʉʊɯ 

ɺʀʇʈʆɹʋɺɸʃʔʅʀʍ ʉʊɽʅɼɯɺ ʐʀʅ ɸɺʊʆʊʈɸʅʉʇʆʈʊʋ 

ɸʚʪʦʤʦʙʽʣʴʥʘ ʰʠʥʘ - ʜʫʞʝ ʩʢʣʘʜʥʘ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ. ɺʽʜ ʰʠʥʠ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʧʨʦʭʽʜʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ, ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ, ʰʫʤ ʽ 

ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʫ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʙʝʟʧʝʢʘ ʧʽʜ ʯʘʩ ʨʫʭʫ. ʂʨʽʤ ʮʴʦʛʦ, ʰʠʥʘ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʘʜʘʥʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ [1] . ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ, 

ʷʢʠʭ ʩʘʤʝ ʧʦʢʘʟʥʠʢʽʚ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʚʽʜ ʰʠʥ. ʊʝʩʪʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʘʙʦʨʽ ʚʘʞʣʠʚʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʰʠʥ, ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʜʝ ʧʦʨʽʚʥʶʶʪʴ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ ʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ [2] . ʅʘ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʘʭ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʤʽʮʥʽʩʪʴ ʰʠʥ, ʷʢʽʩʪʴ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ, ʦʜʥʦʨʽʜʥʽʩʪʴ, 

ʞʦʨʩʪʢʽʩʥʽ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʠʥ ʽ ʽʥ. 

ɯʩʪʦʨʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʦʨʜʠʥʘʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʰʠʥ 

ʧʦʯʠʥʘʻʪʴʩʷ ʫ 1947 ʨ. ʧʨʦʧʦʟʠʮʽʻʶ ɻʦʬʘ 6-ʪʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʧʘʨʘʣʝʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʰʪʘʥʛʘʭ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ [3] (ʈʠʩ. 1, ʘ) 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 1 ï ʇʨʠʢʣʘʜʠ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʰʠʥ : ʘ), ʙ), ʚ)ï ʥʘ ʦʩʥʦʚʽ  ʤʝʭʘʥʽʟʤʽʚ ʧʘʨʘʣʝʣʴʥʦ ʾ

ʩʪʨʫʢʪʫʨʠ [3, 4]; ʛ) ʥʘ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʽʚ ʧʦʩʣʽʜʦʚʥʦʾ 

ʩʪʨʫʢʪʫʨʠ [5] 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʽ ʩʪʝʥʜʠ ʧʣʘʪʬʦʨʤʘ ɻʦʬʘ, ʷʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʢʦʤʧʘʥʽʾ Dunlop Tyres ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʩʪʘʚʮʽ ʚ ɹʨʠʪʘʥʩʴʢʦʤʫ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʤʫʟʝʾ ʥʘʫʢʠ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʜʠʚ. ʨʠʩ. 1, ʙ) 
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ʇʣʘʪʬʦʨʤʘ ɻʦʬʘ - ʮʝ ʨʫʭʦʤʘ ʧʣʘʪʬʦʨʤʘ, ʜʦ ʷʢʦʾ ʧʨʠʢʨʽʧʣʝʥʘ ʰʠʥʘ, ʤʘʻ ʢʽʥʝʤʘʪʠʯʥʠʡ 

ʟʚôʷʟʦʢ ʽʟ ʦʩʥʦʚʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 6-ʪʠ ʰʪʘʥʛ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ. ʅʘ ʢʽʥʮʷʭ ʰʪʘʥʛ 

ʚʩʪʘʥʦʚʣʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʽ ʰʘʨʥʽʨʠ, ʢʫʣʴʢʦʚʦ-ʨʦʟ'ʻʤʥʝ ʟ'ʻʜʥʘʥʥʷ ʥʘ ʽʥʰʦʤʫ. ɿʤʽʥʘ ʜʦʚʞʠʥʠ 

ʰʪʘʥʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʨʫʭʦʤʦʾ ʧʣʘʪʬʦʨʤʠ ʟ ʢʦʣʝʩʦʤ. ʂʦʣʝʩʦ 

ʦʙʝʨʪʘʻʪʴʩʷ ʢʦʥʚʝʻʨʥʠʤ ʨʝʤʝʥʝʤ, ʘ ʤʝʭʘʥʽʟʤ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʥʦʩʫ ʰʠʥ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ . 

ɺʠʧʨʦʙʫʚʘʣʴʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ: 

- ʚʠʧʨʦʙʫʚʘʪʠ ʰʠʥʫ ʥʘ ʨʽʟʥʠʭ ʧʦʢʨʠʪʪʷʭ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʥʘ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʘʙʦ ʢʨʫʛʦʚʠʭ ʪʨʘʻʢʪʦʨʽʷʭ; 

- ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʯʝʥʥʷ ʰʠʥʠ ʥʘ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʪʨʘʻʢʪʦʨʽʾ; 

- ʧʨʠʢʣʘʜʘʪʠ ʥʘ ʰʠʥʫ ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʧʨʠʢʣʘʜʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʢʦʥʢʨʝʪʥʠʤ ʪʠʧʦʤ ʰʠʥʠ ʽ ʤʦʞʝ ʙʫʪʠ 

ʦʙʤʝʞʝʥʦ ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʧʝʨʝʚʠʱʫʻ 30 ʢʤ / ʛʦʜ, ʽ ʜʣʷ ʢʨʫʛʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ; 

- ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʫʪ ʟʘʥʦʩʫ ʰʠʥʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʨʘʻʢʪʦʨʽ;ʾ  

- ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʫʪ ʨʦʟʚʘʣʫ / ʩʭʦʜʞʝʥʥʷ ʜʣʷ ʰʠʥʠ ʜʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ;  

- ʚʠʧʨʦʙʫʚʘʪʠ ʘʚʪʦʤʦʙʽʣʴʥʫ ʰʠʥʫ, ʚʩʪʘʥʦʚʣʝʥʫ ʥʝʨʫʭʦʤʦ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʥʝʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʟ ʧʘʨʘʣʝʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽʟ ʯʦʪʠʨʤʘ 

ʰʪʘʥʛʘʤʠ ʧʦʩʪʽʡʥʦʾ ʜʦʚʞʠʥʠ, ʷʢʽ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʨʫʭʫ ʢʘʨʝʪʢʘʤʠ ʥʘ ʥʘʧʨʷʤʥʠʭ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʧʽʨʘʤʽʜʘʣʴʥʫ ʢʘʨʢʘʩʥʫ ʢʦʤʧʦʥʦʚʢʫ (ʨʠʩ. 2) .  
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ʈʠʩ.2 ï ʉʭʝʤʘ ʯʦʪʠʨʠʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʰʠʥ: 8 ïʝʣʝʢʪʨʦʜʚʠʛʫʥ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ; 7 ï ʚʘʣ ʧʨʠʚʦʜʫ ʙʘʨʘʙʘʥʫ ʰʨʫc; 5 ï ʢʦʣʝʩʦ ʽʟ ʰʠʥʦʶ ʥʘ ʙʘʨʘʙʘʥʽ; 

9,10,11,12 ï ʢʘʨʝʪʢʠ ʥʘʧʨʷʤʥʽ,ʰʘʨʥʽʨʠ ʤʝʭʘʥʽʟʤʫ ʧʘʨʘʣʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʽʜʧʦʚʽʜʥʦ  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʪʝʥʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʰʠʥʠ, ʟʘʣʝʞʥʽʩʪʴ ʡʦʛʦ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʘʜʽʫʩʘ ʰʠʥʠ ʪʘ ʰʣʷʭʫ ʧʨʦʡʜʝʥʦʛʦ ʰʠʥʦʶ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. 

ɺʠʧʨʦʙʫʚʘʣʴʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʠʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʥʘʡʙʽʣʴʰ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʫʪʘ ʟʘʥʦʩʫ ʽ ʰʚʠʜʢʦʩʪʽ. 
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ɺʇʃʀɺ ʉɸʄʆʌʃʖʉʋʖʏʆɻʆ ʉʇʃɸɺʋ ʅɸ ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ 

ʄɽʊɸʃʆʇʆʃɯʄɽʈɯɺ 

ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʽʞ ʫ ʚʠʭʽʜʥʠʭ ʧʣʘʩʪʤʘʩ. ɺʣʘʩʪʠʚʦʩʪʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʧʽʜʙʠʨʘʶʯʠ ʢʦʤʧʦʥʝʥʪʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥ ̫

ʩʠʩʪʝʤ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠʢʣʘʜʦʤ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 

ʧʦʣʽʤʝʨʠ, ʥʘʧʦʚʥʝʥʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʢʘʤʠ ʤʝʪʘʣʽʚ, ʷʢʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʧʨʠʚʝʨʪʘʶʪʴ ʜʦ ʩʝʙʝ ʚʩʝ ʙʽʣʴʰʫ ʫʚʘʛʫ ʪʘ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʮʽʥʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [1], ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʚ ʷʢʦʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʦʙʢʠ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʝʪʘʣʦʧʦʣʽʤʝʨʠ (ʄʇ) ʜʣʷ ʚʫʟʣʽʚ ʪʝʨʪʷ, ʧʨʘʮʝʟʜʘʪʥʽ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʆʜʥʘʢ, ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʾ ʘʜʛʝʟʽʾ, 

ʝʬʝʢʪʠʚʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʄʇ ʩʪʘʥʦʚʠʪʴ 15 ʤʘʩ.%, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʾʭ ʚ ʪʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʚʘʞʣʠʚʽ ʧʽʜʚʠʱʝʥʽ ʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʄʇ ʻ ʘʤʦʨʬʥʽ, ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʩʧʣʘʚʠ, ʷʢʽ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʤʘʛʥʽʪʥʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʩʪʨʫʢʪʫʨʦʶ. ʎʽ ʮʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʫʤʦʚʣʶʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʧʣʘʚʽʚ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʜʝ ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ ʚʠʷʚʣʷʶʪʴʩʷ 

ʥʝʧʨʘʮʝʟʜʘʪʥʠʤʠ. ʊʘʢʦʞ ʜʦ ʧʝʨʝʚʘʛ ʘʤʦʨʬʥʠʭ, ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʧʨʦʩʪʫ ʩʭʝʤʫ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ï ʚʦʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʚʠʧʣʘʚʢʠ ʩʧʣʘʚʫ 

ʽ ʨʦʟʣʠʚʫ ʥʘ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʠʣʦ ʘʤʦʨʬʥʠʤ ʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʤ ʩʧʣʘʚʘʤ 

ʚʠʡʪʠ ʥʘ ʝʪʘʧ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʘʡʥʷʪʠ ʩʚʦʻ ʤʽʩʮʝ ʥʘ ʨʠʥʢʫ ʟʙʫʪʫ [2, 3]. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʚʠʢʣʘʜʝʥʠʤ ʚʠʱʝ, ʤʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʚ ʨʦʟʨʦʙʮʽ ʄʇ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʘʜʛʝʟʽʻʶ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʤʝʪʘʣʦʧʦʣʽʤʝʨʥʦʾ ʧʘʨʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʦʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʩʪʽʡʢʦʛʦ ʘʨʦʤʘʪʠʯʥʦʛʦ ʧʦʣʽʘʤʽʜʫ 

ʬʝʥ̔ʣʦʥ ʉ2 (ʊʋ 6ï05ï221ï226ï72) ʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʫ (40 ï 100 ʤʢʤ) 

ʩʘʤʦʬʣʶʩʫʶʯʠʭ ʩʧʣʘʚʽʚ ʇʈ-ʅ65ʍ25ʉ3ʈ3 (ʊʋ 14-22-33-90, ʚʠʨʦʙʥʠʮʪʚʦ çʊʫʣʘʯʝʨʤʝʪè). 

ʅʘʧʦʚʥʝʥʽ ʢʦʤʧʦʟʠʮʽʾ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʧʦʣʽʤʝʨʫ ʽ ʩʧʣʘʚʫ ʚ 

ʚʠʭʨʦʚʦʤʫ ʟʤʽʰʫʚʘʯʽ. ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʛʦʪʦʚʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʽʡʥʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 593 ʂ ʽ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 40 ʄʇʘ, ʚʠʪʨʠʤʢʘ ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʘʥʦʚʠʣʘ 10 ʭʚʠʣʠʥ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦhʫʚʘʥʥʷ (Ih) ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (f) 

ʢʦʤʧʦʟʠʪʽʚ ʚ ʨʝʞʠʤʽ ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʜʠʩʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ, 

ʢʦʥʪʨʪʽʣʦ ï ʩʪʘʣʴ 45 (ɻʆʉʊ 1050-74), ʪʝʨʤʦʦʙʨʦʙʣʝʥʘ ʜʦ ʪʚʝʨʜʦʩʪʽ 45-48 HRC, ʟ ʯʠʩʪʦʪʦʶ 

ʧʦʚʝʨʭʥʽ Rʘ = 0,16 ï 0,32 ʤʢʤ. ʇʦʚʝʨʭʥʽ ʪʝʨʪʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ 

ɹʽʦʣʘʤ-ʄ ʫ ʩʚʽʪʣʦʤʫ ʧʦʣʽ ʚʽʜʙʠʪʦʛʦ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ. ʊʚʝʨʜʽʩʪʴ ʚʠʤʽʨʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ 2074 ʊʇʈ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 23677-79. 

ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 1, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʦʧʦʣʽʤʝʨʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʪʫʧʝʥʝʤ ʥʘʧʦʚʥʝʥʥʷ, ʘ ʩʘʤʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
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ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ  ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʩʷʛʘʶʪʴ ʩʚʦʛʦ ʤʽʥʽʤʫʤʫ ʧʨʠ ʚʤʽʩʪʽ 20 

ʤʘʩ.% ʥʘʧʦʚʥʶʚʘʯʘ, ʧʽʜʢʦʨʶʶʯʠʩʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʈʘʪʥʝʨʘ, ʷʢʘ ʧʦʚôʷʟʫʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʪʘ ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʷʚʘ ʜʠʩʧʝʨʩʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʫ 

ʧʦʣʽʘʤʽʜʥʽʡ ʤʘʪʨʠʮʽ ʟʤʽʮʥʶʻ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʛʘʣʴʤʫʻ ʨʦʟʚʠʪʦʢ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʤʘʪʨʠʮʽ ʧʨʠ ʩʪʠʨʘʥʥʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʝʪʘʣʦʧʦʣʽʤʝʨʽʚ. ɿ ʽʥʰʦʾ 

ʩʪʦʨʦʥʠ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʤʝʪʘʣʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʄʇ ï ʢʦʥʪʨʪʽʣʦ (ʜʠʚ. ʪʘʙʣ. 1), ʱʦ ʛʘʣʴʤʫʻ ʨʦʟʚʠʪʦʢ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʦʚʥʝʥʠʭ ʩʠʩʪʝʤ. 

ʊʘʙʣʠʮʷ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ 

ɺʣʘʩʪʠʚʦʩʪʽ ʉ-2 
ʉ-2+10% 

ʇʈʅ 

ʉ-2+20% 

ʇʈʅ 

ʉ-2+30% 

ʇʈʅ 

ʉ-2+40% 

ʇʈʅ 

ʊʝʨʪʷ ʧʦ ʧʣʽʚʮʽ ʧʝʨʝʥʝʩʝʥʥʷ 

IhĀ10
-8

 3,43 0,49 0,34 0,66 1,11 

f 0,49 0,57 0,61 0,66 0,67 

T, ʂ  393 374 366 332 320 

ʊʝʨʪʷ ʧʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ 

IhĀ10
-8

 3,91 0,79 0,78 0,87 0,93 

f 0,52 0,54 0,56 0,61 0,63 

T, K 403 389 381 339 322 

ʊʚʝʨʜʽʩʪʴ  

HRE, ʄʇʘ 88 97,9 99,9 89,5 88,4 

ʇʨʠʤʽʪʢʘ: ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ï 1 ʤ/ʩ; ʥʘʚʘʥʪʘʞʝʥʥʷ ï 0,6 ʄʇʘ; ʰʣʷʭ ʪʝʨʪʷ ï 1000 ʤ. 
 

    
ʘ ʙ ʚ ʛ 

ʈʠʩ. 1 ï ʇʦʚʝʨʭʥʽ ʪʝʨʪʷ ʤʝʪʘʣʦʧʦʣʽʤʝʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ: ʘ ï 10, ʙ ï 20, ʚ ï 30, ʛ ï 40 ʤʘʩ.% 

ʥʘʧʦʚʥʶʚʘʯʘ. ɿʙʽʣʴʰʝʥʥʷ ʭ100 

ʅʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʄʇ (ʜʠʚ. ʨʠʩ. 1) ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʢʨʦʪʨʽʱʠʥ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʣʘʩʪʠʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʘʣʝ ʻ ʩʣʽʜʠ ʩʭʦʧʣʶʚʘʥʥʷ ʟ 

ʢʦʥʪʨʪʽʣʦʤ ʫ ʚʠʛʣʷʜʽ ʦʙʣʘʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʟʤʽʱʝʥʠʭ ʫ ʥʘʧʨʷʤʢʫ ʪʝʨʪʷ. ʇʨʠ ʮʴʦʤʫ, ʯʠʤ 

ʚʠʱʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ, ʪʠʤ ʨʽʜʰʝ ʚʦʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ. 
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ʽʤ. ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ondi2008@rambler.ru 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʉʇɽʎɯɸʃʔʅʆɰ ʆʇʈɸɺʂʀ ɿ ʊʆʈʎɽɺʆʖ ʌʈɽɿʆʖ-

ʇʈʆʊʗɾʂʆʖ, ʗʂɸ ʇʈɸʎʖɭ ɿɸ ʉʍɽʄʆʖ ʇʈʆɻʈɽʉʀɺʅʆɻʆ 

ʌʈɽɿɽʈʋɺɸʅʅʗ 

ʌʨʝʟʝʨʫʚʘʥʥʷ ʥʘ ʚʠʣʠʚʢʘʭ ʧʣʦʱʠʥʠ ʜʝʪʘʣʽ "ʧʣʠʪʘ", ʘʙʦ"ʢʦʨʧʫʩ " ʟ ʧʨʠʧʫʩʢʦʤ ʚʽʜ 10 ʜʦ 

30 ʤʤ, ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʻ ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ ʱʦʜʦ ʝʢʦʥʦʤʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ. 

ʇʨʠ ʟʥʽʤʘʥʥʽ ʚʝʣʠʯʠʥʠ ʧʨʠʧʫʩʢʫ ʜʦ 30 ʤʤ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ 10 ʧʨʦʭʦʜʽʚ, 

ʱʦ ʜʘʻ ʚʝʣʠʢʽ ʟʘʪʨʘʪʠ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ. 

 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʽʤʘʥʥʷ ʟʙʽʣʴʰʝʥʦʛʦ ʧʨʠʧʫʩʢʫ ʤʝʪʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʫʧʽʥʯʘʩʪʽ 

ʩʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʥʦʞʽʚ (ʜʠʚ. ʨʠʩ. 1, ʘ-ʚ). ʅʦʞʽ ʧʨʠ ʮʴʦʤʫ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʨʷʜʽʚ 

(ʜʠʚ. ʨʠʩ. 1, ʘ),(ű1=ű2=ű3), ʢʦʞʝʥ ʨʷʜ ʥʘ ʩʚʦʻʤʫ ʜʽʘʤʝʪʨʽ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʽʘʤʝʪʨʘ 
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ʜʨʫʛʦʛʦ ʨʷʜʫ ʥʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʦʜʚʦʻʥʫ ʧʦʜʘʯʫ ʥʘ ʦʙʝʨʪ ʯʠʩʣʘ ʟʫʙʮʽʚ ʨʷʜʫ ʽ ʥʘ 

ʨʽʟʥʽʡ ʚʠʩʦʪʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʧʦʜʽʣ ʧʨʠʧʫʩʢʫ ʥʘ ʦʙʨʦʙʢʫ ʤʽʞ ʨʷʜʘʤʠ ʚ ʧʦʪʨʽʙʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. ɯʥʢʦʣʠ ʥʦʞʽ ʢʦʞʥʦʛʦ ʨʷʜʫ ʤʘʶʪʴ ʨʽʟʥʽ ʢʫʪʠ ʚ ʧʣʘʥʽ, (ű1<ű2<ű3); ʥʦʞʽ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʯʦʨʥʦʚʫ ʦʙʨʦʙʢʫ ʟ ʢʫʪʦʤ, ʧʨʠʙʣʠʞʝʥʠʤ ʜʦ ű=90Á, ʥʦʞʽ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ 

ʜʨʫʛʠʭ ʨʽʚʥʷʭ-ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ű. 

ʇʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʧʣʦʱʠʥʠ ʜʝʪʘʣʽ ʟʘ ʩʭʝʤʦʶ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʪʦʨʮʝʚʘ 

ʩʪʘʥʜʘʨʪʥʘ ʬʨʝʟʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʫ ʦʧʨʘʚʢʫ, ʷʢʘ ʤʘʻ ʪʘʢʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʇʦʩʘʜʦʯʥʘ ʰʠʡʢʘ ʟ ʪʦʨʮʝʤ ʦʧʨʘʚʢʠ ʧʽʜ ʬʨʝʟʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ Ŭ = 3é9Á ʜʦ 

ʦʩʽ ʭʚʦʩʪʦʚʠʢʘ, ʷʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ. ʂʫʪʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʧʫʩʘ ʬʨʝʟʠ 

ʟʘʙʝʟʧʝʯʫʻ ʨʽʟʥʠʡ ʪʦʨʮʝʚʠʡ ʚʠʣʽʪ ʨʽʟʘʣʴʥʠʭ ʥʦʞʽʚ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʬʨʝʟʝʨʫʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ, ʢʦʞʥʠʡ ʥʽʞ ʧʨʘʮʶʻ ʚ ʩʚʦʾʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʘʨʘʣʝʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʬʨʝʟʝʨʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰʫ ʨʽʟʥʠʮʶ ʧʦ ʚʠʩʦʪʽ ʤʘʶʪʴ ʜʽʘʤʝʪʨʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʟʫʙʮʽ. ɺ 

ʧʨʦʮʝʩʽ ʦʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʟʫʙ ʚʨʽʟʘʻʪʴʩʷ ʚ ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʥʘ ʙʽʣʴʰʫ ʛʣʠʙʠʥʫ, ʷʢ ʧʦʧʝʨʝʜʥʽʡ, ʪʦʙʪʦ, ʰʘʨ ʤʝʪʘʣʫ, ʱʦ ʟʨʽʟʫʻʪʴʩʷ ʟʘ ʦʜʠʥ ʦʙʝʨʪ 

ʽʥʩʪʨʫʤʝʥʪʘ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʫʩʽʤʘ ʨʽʟʘʣʴʥʠʤʠ ʟʫʙʮʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʟʘʣʴʥʽ ʟʫʙʮʽ 

ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʯʘʩʪʠʥʦʶ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʱʦ ʧʦʣʽʧʰʫʻ ʫʤʦʚʠ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ 

ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʩʪʽʡʢʽʩʪʴ. ʋʤʦʚʠ ʨʦʙʦʪʠ ʟʫʙʮʽʚ, ʪʝʞ ʧʦʣʽʧʰʫʶʪʴʩʷ ʽʟ-ʟʘ ʾʭ ʨʽʟʥʦʛʦ ʥʘʭʠʣʫ. 

ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʫʚʘʪʠ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʬʨʝʟʝʨʫʚʘʥʥʷ ʜʦ 50%. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʨʝʟʠ ʪʦʨʮʝʚʦʾ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʣʦʱʠʥʠ ʜʝʪʘʣʽ ʰʠʨʠʥʦʶ 

200 ʤʤ ʥʘ ʛʣʠʙʠʥʫ 20 ʤʤ. ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ: ʯʘʚʫʥ ʉʏ 25 ʅɺ = 197é217. ʌʨʝʟʝʨʫʚʘʥʥʷ 

ʧʣʦʱʠʥʠ ʜʝʪʘʣʽ ʙʫʜʝʤʦ ʚʠʢʦʥʫʚʘʪʠ ʪʦʨʮʝʚʦʶ ʬʨʝʟʦʶ Ï200 ʤʤ ʟ ʥʘʩʘʜʥʠʤʠ ʥʦʞʘʤʠ ʽʟ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ɺʂ8 ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʩʧʝʮʽʘʣʴʥʫ ʦʧʨʘʚʢʫ ʜʣʷ ʧʨʦʛʨʝʩʠʚʥʦʛʦ 

ʬʨʝʟʝʨʫʚʘʥʥʷ (ʨʠʩ. 2, 3). 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʬʨʝʟʠ-ʧʨʦʪʷʞʢʠ: 

ï ʧʝʨʝʜʥʽʡ ʢʫʪ ɔ = 15Á; 

ï ʚʝʣʠʯʠʥʘ ʛʦʣʦʚʥʦʛʦ ʟʘʜʥʴʦʛʦ ʢʫʪʘ ʚ ʧʝʨʝʪʠʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʽ ʬʨʝʟʠ Ŭ = 12Á; 

ï ʜʦʧʦʤʽʞʥʠʡ ʟʘʜʥʽʡ ʢʫʪ Ŭ1 = 8Á; 

ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ ű = 45Á; 

ï ʜʦʧʦʤʽʞʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ ű1= 2ę. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʬʨʝʟʠ-ʧʨʦʪʷʞʢʠ: 

ï ʜ̔ ʘʤʝʪʨ ʢʦʨʧʫʩʘ ʬʨʝʟʠ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 1,5é2,0 ʤʤ ʤʝʥʰʝ ʟʘ ʜʽʘʤʝʪʨ ʬʨʝʟʠ; 

ï ʯʠʩʣʦ ʟʫʙʮʽʚ ʬʨʝʟʠ ʜʣʷ ʦʙʨʦʙʢʠ ʯʘʚʫʥʫ: Z = 0,04 Ĭ ɼ + 2 = 0,04 Ĭ 200 + 2 = 10 ʰʪ. 

ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʥʘʩʪʫʧʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʩʧʝʮʽʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʜʣʷ ʬʨʝʟʠ-

ʧʨʦʪʷʞʢʠ. ʈʦʟʨʘʭʫʥʦʢ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʩʘʜʦʯʥʦʾ ʧʽʜ ʦʪʚʽʨ ʬʨʝʟʠ-ʧʨʦʪʷʞʢʠ ʰʠʡʢʠ ʦʧʨʘʚʢʠ 

ʜʦ ʦʩʽ ʭʚʦʩʪʦʚʠʢʘ ʦʧʨʘʚʢʠ ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʧʨʠʧʫʩʢʦʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʫʙʮʽ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʧʣʦʱʠʥʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ ʨʦʙʦʪʽ, ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʨʠʧʫʩʢ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʤʝʥʰʠʤ ʥʘ ʚʝʣʠʯʠʥʫ ʫʩʝʨʝʜʥʶʚʘʣʴʥʦʛʦ ʧʨʠʧʫʩʢʫ ʥʘ 1 ʟʫʙ ʟʘ ʛʣʠʙʠʥʦʶ, ʪʦʙʪʦ: 

 ;
Z

t

ʬʨ

min
minttʨʦʟʨ  (1) 

ʜʝ t min ï ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʠʧʫʩʢ ʨʽʚʥʠʡ 20ʤʤ; 

Zʬʨ ï ʯʠʩʣʦ ʟʫʙʮʽʚ ʬʨʝʟʠ =10 ʰʪ. 

ʤʤtʨʦʟʨ 18
10

20
20  

ʊʦʜʽ ʢʫʪ ʥʘʭʠʣʫ ʢʦʨʧʫʩʘ ʬʨʝʟʠ Ŭ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

0,09
200

18

ɼ

t
arcsinŬ

ʬʨʝʟ

ʨʦʟʨ ;   Ŭ = 5ę12Ë; 

ʊʘʢ, ʷʢ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʦʨʮʝʚʽ ʩʪʘʥʜʘʨʪʥʽ ʬʨʝʟʠ, ʪʦ ʧʨʠ ʫʩʪʘʥʦʚʮʽ 
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153 

ʾʭ ʥʘ ʟʤʽʱʝʥʫ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ, ʦʧʨʘʚʢʫ, ʜʽʡʩʥʽ ʛʦʣʦʚʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʢʫʪʠ ʚ ʧʣʘʥʽ 

ʢʦʞʥʦʛʦ ʥʦʞʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʫʪʽʚ ʚ ʧʣʘʥʽ ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʟʘʪʦʯʮʽ, ʘ ʪʘʢʦʞ ʦʜʠʥ ʚʽʜ 

ʜʨʫʛʦʛʦ. 

ʅʽʞ, ʱʦ ʧʨʘʮʶʻ ʚ ʥʠʞʥʽʡ ʧʣʦʱʠʥʽ ʤʘʻ ʛʦʣʦʚʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ: 

űʥ = ű ï Ŭ = 45 ï 12 = 33ę 

ʜʦʧʦʤʽʞʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ: 

űËʥ= űË + Ŭ = 2 + 12 = 14ę 

ʅʽʞ, ʱʦ ʧʨʘʮʶʻ ʫ ʚʝʨʭʥʽʡ ʧʣʦʱʠʥʽ  ʤʘʻ ʛʦʣʦʚʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ: 

űʚ = ű + Ŭ = 45 + 12 = 57ę 

ʜʦʧʦʤʽʞʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ: 

űËʚ= űË - Ŭ = 2 - 12 = -10ę 

ʊʘʢ, ʷʢ ʜʦʧʦʤʽʞʥʽ ʢʫʪʠ ʚ ʧʣʘʥʽ ʤʘʣʽ ʟʘ ʚʝʣʠʯʠʥʦʶ, ʪʦ ʟʘʪʦʯʢʫ ʜʦʧʦʤʽʞʥʠʭ ʢʫʪʽʚ ʚ ʧʣʘʥʽ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʽʜ ʢʫʪʦʤ: 

űËʟʘʪ= űË + Ŭ = 2 + 12 = 14ę 

          

ʈʠʩ. 2 ï ʉʭʝʤʘ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʬʨʝʟʝʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ ʝʩʢʽʟ ʩʧʝʮʽʘʣʴʥʦʾ 

ʦʧʨʘʚʢʠ ʜʣʷ ʬʨʝʟʠ-ʧʨʦʪʷʞʢʠ 

ʄʦʜʝʨʥʽʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʝʮʽʘʣʴʥʦʾ ʦʧʨʘʚʢʠ ʟʽ ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʦʤ ʦʙʝʨʪʘʥʥʷ ʬʨʝʟʠ 

ʜʣʷ ʬʨʝʟʠ-ʧʨʦʪʷʞʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʩʪʽʡʢʽʩʪʴ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʬʨʝʟʠ-

ʧʨʦʪʷʞʢʠ ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ ʽ ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʚ 4é5 

ʨʘʟ,ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʧʫʩʢʫ ʚʠʨʦʙʽʚ. 
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