
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò 

ʌɸʂʋʃʔʊɽʊ ɽʃɽʂʊʈʆʅɯʂʀ 

 

 

 

 

ʢʘʬʝʜʨʘ 

ɽʃɽʂʊʈʆʅʅʀʍ ʇʈʀʃɸɼɯɺ ʊɸ ʇʈʀʉʊʈʆɰɺ 

X-ʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ñʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʂʀ ʉʋʏɸʉʅʆɰ 

ɽʃɽʂʊʈʆʅɯʂʀò 

 
 

 

7-8 ʢʚʽʪʥʷ 2016 ʨʦʢʫ 
 

 

ʄ ɸ ʊ ɽ ʈ ɯ ɸ ʃ ʀ 

ʂ ʆ ʅ ʌ ɽ ʈ ɽ ʅ ʎ ɯ ɰ  
 

 

 

 

 

 

 

 

 

 
ʂʠʾʚ 2016 
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ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 

 
ɻʦʣʦʚʘ 

ʆʨʛʢʦʤʽʪʝʪʫ: 

ʃ.ɼ.ʇʠʩʘʨʝʥʢʦ 

 ɿʘʚ. ʢʘʬ. ɽʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ; ʅʊʋʋ Ăʂʇɯò. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 
  

ʏʣʝʥʠ ʆʨʛʢʦʤʽʪʝʪʫ: ʉ.ɺ. ɼʝʥʙʥʦʚʝʮʴʢʠʡ 

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ɽʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʣʘʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʅʊʋʋ Ăʂʇɯò 
  

 ʆ.ɺ. ʊʝʨʣʝʮʴʢʠʡ 
 ʢ.ʪ.ʥ. ʜʦʮ. ʢʘʬʝʜʨʠ ɽʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ, ʅʊʋʋ Ăʂʇɯò 
  

 ʉ.ʈ. ʄʠʭʘʡʣʦʚ 
 ʢ.ʪ.ʥ., ʜʦʮ. ʢʘʬʝʜʨʠ ɽʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ, ʅʊʋʋ Ăʂʇɯò 
  

 ɸ.ɯ. ʂʫʟʴʤʠʯ̒ʚ 

 ʢ.ʪ.ʥ.. ʜʦʮ. ʢʘʬʝʜʨʠ ɽʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ, ʅʊʋʋ Ăʂʇɯò 
  

 ʄ.ʌ. ʂʘʨʫʰʢʽʥ 

 ʢ.ʪ.ʥ., ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʽʥʩʪʠʪʫʪ çʆʨʽʦʥè 
  

 ʉ.ɸ. ɺʦʨʦʥʦʚ 

 ʜ.ʪ.ʥ. ʧʨʦʬ. ʟʘʚ. ʢʘʬ. ʇʨʠʢʣʘʜʥʦʾ ʬʽʟʠʢʠ, 

ʌʽʟʠʢʦ-ʊʝʭʥʽʯʥʦʛʦ ɯʥʩʪʠʪʫʪʫ. 
  

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ 

ʆʨʛʢʦʤʽʪʝʪʫ: ʆ.ʄ. ɹʝʚʟʘ 

 ʩʪ. ʚʠʢʣ. ʢʘʬʝʜʨʠ ɽʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʧʨʠʩʪʨʦʾʚ, ʅʊʋʋ Ăʂʇɯò 

 
  



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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ɻʈɸʌɯʂ ʈʆɹʆʊʀ ʂʆʅʌɽʈɽʅʎɯɰ 

 

7 ʢʚʽʪʥʷ 

10:00, ʢʦʨʧ. ˉ12 ʅʊʋʋ Ăʂʇɯò, ʘʫʜ. 412. 

 

10:00 ï 11:00 ʨʝʻʩʪʨʘʮʽʷ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ 

11:00 ï 11:30 ʚʽʜʢʨʠʪʪʷ ʢʦʥʬʝʨʝʥʮʽʾ 

11:30 ï 14:00 ʩʣʫʭʘʥʥʷ ʜʦʧʦʚʽʜʝʡ 

14:30 ï 19:00 ʩʣʫʭʘʥʥʷ ʜʦʧʦʚʽʜʝʡ 

 

8 ʢʚʽʪʥʷ 

10:00, ʢʦʨʧ. ˉ12 ʅʊʋʋ Ăʂʇɯò, ʘʫʜ. 412. 

 

10:00 ï 11:00 ʨʝʻʩʪʨʘʮʽʷ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ 

11:00 ï 15:00 ʩʣʫʭʘʥʥʷ ʜʦʧʦʚʽʜʝʡ 

15:00 ʧʽʜʚʝʜʝʥʥʷ ʧʽʜʩʫʤʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ 

 
  



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠè, ʅʊʋʋ ʂʇɯ, ʌɽʃ, 7-8 ʢʚʽʪʥʷ 2016 ʨ. 
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ʇʈʆɻʈɸʄɸ ʂʆʅʌɽʈɽʅʎɯɰ 
 

7 ʢʚʽʪʥʷ 

11:00, ʢʦʨʧ. ˉ12 ʅʊʋʋ Ăʂʇɯò, ʘʫʜ. 412. 
 

ɺʽʜʢʨʠʪʪʷ ʢʦʥʬʝʨʝʥʮʽʾ: 

1.  ɺʩʪʫʧʥʝ ʩʣʦʚʦ ʜʝʢʘʥʘ 

ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʥʽʢʠ ï ʧʨʦʬ. ɺ.ʗ. ɾʫʡʢʦʚ 

2.  ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʥʘ 

ʢʘʬʝʜʨʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʣʘʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ. 

ï ʧʨʦʬ. ʃ.ɼ. ʇʠʩʘʨʝʥʢʦ 

ʇʣʝʥʘʨʥʝ ʟʘʩʽʜʘʥʥʷ 

ʂʝʨʽʚʥʠʢ ʩʝʢʮʽʾ: 

ʢ.ʪ.ʥ.. ʜʦʮ. ʢʘʬʝʜʨʠ ɽʇ ʪʘ ʇ, ʅʊʋʋ Ăʂʇɯò 

ʊʝʨʣʝʮʴʢʠʡ ʆ.ɺ. 

ʈʝʛʣʘʤʝʥʪ ʨʦʙʦʪʠ: 

ɼʦʧʦʚʽʜʴ ï ʧʦ 15 ʭʚ. 

 

ɼʆʇʆɺɯɼɯ 

 
1. ʄʝʣʴʥʠʢ ɯʛʦʨ ɺʽʪʘʣʽʡʦʚʠʯ 

ʂʣʦʜ ʐʝʥʥʦʥ ʪʘ ʡʦʛʦ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ 

2. ʎʠʙʫʣʴʩʢʠʡ ʃʝʦʥʠʜ ʖʨɹʝʚʠʯ 

ʋʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʵʥʝʨʛʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ 

ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʜʠʨʠʞʘʙʣʷ 

3. ɻʦʨʙʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʽʡʦʚʠʯ 

ʆʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʩʽʪʨʦʥʽʚ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʽʤʧʫʣʴʩʥʠʭ ʧʣʘʟʤʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

4. ɻʨʘʤʘʨʯʫʢ ʖʨʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

Cʦʚʨʝʤʝʥʥʳʝ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʩʠʥʪʝʟʘʪʦʨʳ ʯʘʩʪʦʪʳ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ 

5. ʄʘʡ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʨʠʝʤʥʠʢ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ 

6. ʇʝʨʝʚʝʨʪʘʡʣʦ ɺʦʣʦʜʠʤʠʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʣʘʟʤʦʚʠʭ ʜʞʝʨʝʣ ʰʚʠʜʢʠʭ ʥʝʡʪʨʘʣʽʚ 

7. ɸʨʪʶʭʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ɺʠʪʘʣʠʝʚʥʘ 

ɸʥʘʣʠʟ ʤʦʜʝʣʝʡ ʤʝʤʨʠʩʪʦʨʘ 

 

 

  



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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14:30, ʢʦʨʧ. ˉ12 ʅʊʋʋ Ăʂʇɯò, ʘʫʜ. 412. 

ʉʝʢʮʽʷ: çɽʣʝʢʪʨʦʥʽʢʘ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤè 

ʂʝʨʽʚʥʠʢ ʩʝʢʮʽʾ 

ʢ.ʪ.ʥ.. ʜʦʮ. ʢʘʬʝʜʨʠ ɽʇ ʪʘ ʇ, ʅʊʋʋ Ăʂʇɯò 

ɸ.ɯ. ʂʫʟʴʤʠʯʝʚ 

ʈʝʛʣʘʤʝʥʪ ʨʦʙʦʪʠ: 

ɼʦʧʦʚʽʜʴ ï ʧʦ 7 ʭʚ. 

ɼʆʇʆɺɯɼɯ 

8. ɸʥʜʨ̫̔ ʥʦʚ ɺʣʘʜʠʩʣʘʚ ʖʨʽʡʦʚʠʯ 

ʇʦʟʠʮʽʶʚʘʥʥʷ ʤʽʢʨʦ-ʦʙ'ʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

9. ɹʘʥʜʫʨʘ ɺʽʢʪʦʨ ɸʥʘʪʦʣʽʡʦʚʠʯ 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʟ 

ʥʠʟʴʢʦʛʦ ʚ ʚʠʩʦʢʠʡ ʚʘʢʫʫʤ ʚ ʝʢʚʽʧʦʪʝʥʮʽʡʥʦʤʫ ʢʘʥʘʣʽ 

10. ɹʽʪʦʚ ʄʠʨʦʩʣʘʚ ɺʘʣʝʨʽʡʦʚʠʯ 

ʉʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟ ʙʝʟʧʨʦʚʽʜʥʠʤʠ ʧʘʩʠʚʥʠʤʠ ʨʘʜʽʦʤʽʪʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʝʚʠʭ 

ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʷʭ 

11. ɺʦʣʢʦʚ ʉʝʨʛʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ɽʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʦʦʧʦʨʫ ʚ 

ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ 

12. ɿʘʢʦʥʦʚ ɭʚʛʝʥʽʡ ʉʝʨʛʽʡʦʚʠʯ 

ɺʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʛʝʥʝʨʘʪʦʨ ʥʘ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʷʭ 

13. ɿʽʤʦʚʝʮʴ ɯʛʦʨ ʆʣʝʢʩʽʡʦʚʠʯ 

ʇʦʟʠʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʘ 

14. ʂʣʝʙʘʥ ʗʨʦʩʣʘʚ ɺʦʣʦʜʠʤʠʨʦʚʠʯ 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʧʪʦʚʦʣʦʢʥʘ ʷʢ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

15. ʂʦʤʧʝʣʴ ʄʘʨʠʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

ʄʦʜʝʣʶʚʘʥʥʷ ʄɽʄʉ-ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

16. ʂʦʨʦʪʢʦʚ ʄʘʢʩʠʤ ɯʚʘʥʦʚʠʯ 

ʎʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʶ ʛʘʨʤʘʪʦʶ 

17. ʂʩʝʥʦʬʦʥʪʦʚʘ ɸʥʘʩʪʘʩʽʷ ɸʥʜʨʽʾʚʥʘ 

ɻʨʘʬʝʥʦʚʽ ʙʽʦʩʝʥʩʦʨʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

18. ʂʫʪʠʯʝʥʢʦ ʗʨʦʩʣʘʚ ɺʣʘʜʠʩʣʘʚʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʥʜʫʣʷʪʦʨʦʚ ʚ ʣʘʟʝʨʘʭ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ 

19. ʂʫʰʥʘʨʸʚ ʄʠʭʘʠʣ ʈʦʤʘʥʦʚʠʯ 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʦʙʠʨʘʶʱʠʭ ʣʠʥʟ 

20. ʇʣʝʰʢʘ ʊʝʪʷʥʘ ɭʚʛʝʥʽʾʚʥʘ 

ʇôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʭʚʠʣʝʚʦʜʠ ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘ ʧʦʚʝʨʭʥʝʚʠʭ 

ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʷʭ 

21. ʇʦʟʜʥʷʢʦʚ ɼʤʠʪʨʽʡ ʉʝʨʛʽʡʦʚʠʯ 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʤʽʢʨʦ-ʦʙ'ʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

22. ʈʝʜʴʢʦ ʉʝʨʛʽʡ ʆʣʝʛʦʚʠʯ 

ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ ʥʘ ʧʘʨʘʤʝʪʨʠ ʢʦʨʦʪʢʦ ʢʘʥʘʣʴʥʦʛʦ ʄʆʅ ʪʨʘʥʟʠʩʪʦʨʘ 

23. ʈʦʤʘʜʠʥ ʃʝʚ ɺʠʢʪʦʨʦʚʠʯ 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʥʘ ʵʣʝʤʝʥʪʝ ʇʝʣʴʪʴʝ 

24. ʉʢʦʯʦʢ ɼʝʥʠʩ ɺʘʩʠʣʴʦʚʠʯ 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʘʢʫʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʟʙʫʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ 



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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25. ʊʠʭʘʥʦʚʩʴʢʠʡ ʄʠʨʦʩʣʘʚ ʉʝʨʛʽʡʦʚʠʯ 

ʄʫʣʴʪʠ ʢʘʪʦʜʥʘ ʤʘʛʥʝʪʨʦʥʥʘ ʩʠʩʪʝʤ 

26. ʏʝʨʥʷʪʠʥʩʴʢʠʡ ɯʛʦʨ ʉʝʨʛʽʡʦʚʠʯ 

ɽʣʝʢʪʨʦʥʥʘ ʛʘʨʤʘʪʘ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʽʚ 

 

8 ʢʚʽʪʥʷ 

11:00, ʢʦʨʧ. ˉ12 ʅʊʋʋ Ăʂʇɯò, ʘʫʜ. 412. 

ʉʝʢʮʽʷ: çɽʣʝʢʪʨʦʥʽʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤè 

ʂʝʨʽʚʥʠʢ ʩʝʢʮʽʾ: 

ʢ.ʪ.ʥ.. ʜʦʮ. ʢʘʬʝʜʨʠ ɽʇ ʪʘ ʇ, ʅʊʋʋ Ăʂʇɯò 

ʉ.ʈ. ʄʠʭʘʡʣʦʚ 

ʈʝʛʣʘʤʝʥʪ ʨʦʙʦʪʠ: 

ɼʦʧʦʚʽʜʴ ï ʧʦ 7 ʭʚ. 

ɼʆʇʆɺɯɼɯ 

27. ɹʦʡʢʦ ʈʫʩʣʘʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʉʠʩʪʝʤʘ ʧʘʨʘʤʝʪʨʽʚ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʩʪʘʥʜʘʨʪʫ GSM-1900 ʜʣʷ ʤʽʩʴʢʠʭ ʫʤʦʚ 

28. ɺʽʣʽʥʩʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʊʝʨʤʦʝʣʝʢʪʨʦʥʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

29. ɺʦʣʦʱʝʥʢʦ ɺʦʣʦʜʠʤʠʨ ɺʽʢʪʦʨʦʚʠʯ 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʽʜʝʦʧʨʦʮʝʩʩʦʨʦʤ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʽ STM-32 

30. ɻʘʞʫʨ ɸʥʜʨʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʆʩʦʙʣʠʚʦʩʪʽ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

31. ɻʦʚʦʨʫʥ ʄʘʢʩʠʤ ɺʽʢʪʦʨʦʚʠʯ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

32. ɻʦʨʦʜʝʮʴʢʠʡ ɹʦʛʜʘʥ ʄʠʢʦʣʘʡʦʚʠʯ 

ʎʠʬʨʦʚʠʡ ʩʠʛʥʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʥʘ ʧʨʦʛʨʘʤʦʚʘʥʽʡ ʣʦʛʽʯʥʽʡ ʽʥʪʝʛʨʘʣʴʥʽʡ ʩʭʝʤʽ 

33. ɼʟʝʢʘʥʶʢ ʆʣʝʛ ɺʘʩʠʣʴʦʚʠʯ 

ʇʨʽʦʨʠʪʝʪʥʘ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ 

34. ʂʘʟʴʤʽʨʫʢ ɻʣʽʙ ʉʝʨʛʽʡʦʚʠʯ 

ʄʦʙʽʣʴʥʠʡ ʧʨʠʣʘʜ ʟ ʟʘʨʷʜʦʚʠʤ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ 

35. ʂʠʨʠʯʝʥʢʦ ʈʦʤʘʥ ʄʠʭʘʡʣʦʚʠʯ 

ʉʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʨʽʦʨʠʪʝʪʦʤ 

36. ʇʰʪʠʢʘ ʉʝʨʛʽʡ ʄʠʢʦʣʘʡʦʚʠʯ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʡ ʧʨʠʣʘʜ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

37. ʉʠʜʦʨʝʥʢʦ ʗʨʦʩʣʘʚ ʉʝʨʛʽʡʦʚʠʯ 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʨʦʟʤʽʨʥʦʩʪʽ ʝʥʪʨʦʧʽʾ ʜʠʩʢʨʝʪʥʦʛʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ 

38. ʐʤʠʛʦʚʩʴʢʠʡ ɸʥʜʨʽʡ ʃʝʦʥʽʜʦʚʠʯ 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ʧʣʘʟʤʦʥʥʦʾ ʯʘʩʪʠʥʢʠ ʨʽʟʥʠʭ ʝʣʽʧʩʦʾʜʥʠʭ ʬʦʨʤ 

39. ʑʝʨʙʽʥʘ ɺʣʘʜʠʩʣʘʚ ʉʝʨʛʽʡʦʚʠʯ 

ʃʦʢʘʮʽʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʷʢ ʟʘʩʽʙ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

 

ʇʽʜʚʝʜʝʥʥʷ ʧʽʜʩʫʤʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ 

ʜʦʮ. ʊʝʨʣʝʮʴʢʠʡ ʆ.ɺ.  



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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ʄɸʊɽʈɯɸʃʀ ʂʆʅʌɽʈɽʅʎɯɰ 
 

 

 

ʋɼʂ 519.72 

ʂʣʦʜ ʐʝʥʥʦʥ ʪʘ ʡʦʛʦ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ 
 

ʜ.ʪ.ʥ., ʜʦʮ. ʄʝʣʴʥʠʢ ɯ.ɺ. 

 

ʂʣʦʜ ʐʝʥʥʦʥ 

(1916 ï 2001) 

ɺʠʜʘʪʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʠʡ 

ʚʯʝʥʠʡ, ʤʘʪʝʤʘʪʠʢ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʢ 

ʂʣʦʜ ɽʣʚʫʜ ʐʝʥʥʦʥ ʚʚʘʞʘʻʪʴʩʷ 

ʦʜʥʠʤ ʽʟ ʟʘʩʥʦʚʥʠʢʽʚ ʩʫʯʘʩʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ. ɹʝʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʘʮʴ ʂʣʦʜʘ 

ʐʝʥʥʦʥʘ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʪʝʦʨʽʾ ʟʚôʷʟʢʫ ʥʝʤʦʞʣʠʚʠʡ ʙʫʚ ʙʠ 

ʩʫʯʘʩʥʠʡ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 

ʝʣʝʢʪʨʦʥʽʢʠ ʚʩʽʭ ʚʠʜʽʚ ʟʚôʷʟʢʫ, 

ʟʦʢʨʝʤʘ ʨʘʜʽʦʤʦʚʣʝʥʥʷ, ʪʝʣʝʬʦʥʽʾ, 

ʪʝʣʝʙʘʯʝʥʥʷ, ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʪʘ 

ɯʥʪʝʨʥʝʪ. ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʡʦʛʦ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʙʫʣʠ ʦʨʛʘʥʽʯʥʠʡ 

ʩʠʥʪʝʟ ʪʘ ʪʽʩʥʝ ʧʦʻʜʥʘʥʥʷ ʮʽʢʘʚʠʭ 

ʘʙʩʪʨʘʢʪʥʠʭ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʜʝʡ ʽʟ 

ʘʥʘʣʽʟʦʤ ʢʦʥʢʨʝʪʥʠʭ, ʩʢʣʘʜʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʝʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ [1].  

ʂʣʦʜ ʐʝʥʥʦʥ ʥʘʨʦʜʠʚʩʷ 30 

ʢʚʽʪʥʷ 1916 ʨ. ʫ ʤʽʩʪʽ ʇʝʪʦʮʢʽ, ʰʪʘʪ 

ʄʽʯʠʛʘʥ, ʉʐɸ. ʁʦʛʦ ʙʘʪʴʢʠ ʤʘʣʠ 

ʛʫʤʘʥʽʪʘʨʥʫ ʦʩʚʽʪʫ: ʙʘʪʴʢʦ ʟʘ ʬʘʭʦʤ 

ʙʫʚ ʘʜʚʦʢʘʪʦʤ, ʟʛʦʜʦʤ ʩʪʘʚ ʩʫʜʜʝʶ, ʘ 

ʤʘʪʠ ï ʚʯʠʪʝʣʴʢʦʶ ʽʥʦʟʝʤʥʠʭ ʤʦʚ, ʘ 

ʧʦʪʽʤ ʜʠʨʝʢʪʦʨʦʤ ʰʢʦʣʠ ʫ ɻʝʡʣʦʨʜʽ. 

ɺ ʶʥʦʩʪʽ ʂʣʦʜ ʐʝʥʥʦʥ ʧʨʘʮʶʚʘʚ 

ʧʦʰʪʦʚʠʤ ʢʫʨôʻʨʦʤ ʚ ʩʠʩʪʝʤʽ Western 

Union, ʘ ʚ 1923 ʨ. ʧʦʩʪʫʧʠʚ ʚʯʠʪʠʩʷ ʜʦ 

ʄʽʯʠʛʘʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʊʘʤ ʚʽʥ 

ʩʣʫʭʘʚ ʥʘʚʯʘʣʴʥʠʡ ʢʫʨʩ, ʫ ʷʢʦʤʫ 

ʚʠʢʣʘʜʘʯʽ ʟʥʘʡʦʤʠʣʠ ʤʘʡʙʫʪʥʽʭ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʽʚ ʽʟ ʦʩʥʦʚʘʤʠ ʜʚʽʡʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ ʪʘ ʘʣʛʝʙʨʦʶ ɹʫʣʷ [1, 

2]. ʐʝʥʥʦʥ ʱʝ ʫ ʩʪʫʜʝʥʪʩʴʢʽ ʨʦʢʠ 

ʨʘʟʦʤ ʽʟ ʩʚʦʾʤ ʢʝʨʽʚʥʠʢʦʤ ɺʘʥʥʝʚʘʨʦʤ 

ɹʫʰʝʤ ʧʨʘʮʶʚʘʚ ʥʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ, ʷʢʠʡ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʦʪʦʪʠʧʦʤ 

ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧôʶʪʝʨʘ. ʉʘʤʝ ʪʦʜʽ 

ʶʥʠʡ ʩʪʫʜʝʥʪ ʐʝʥʥʦʥ ʧʦʙʘʯʠʚ, ʱʦ 
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ʘʣʛʝʙʨʘ ɹʫʣʷ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʪʘ 

ʜʦʩʢʦʥʘʣʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʋ 1937 ʨʦʮʽ ʫ 

ʞʫʨʥʘʣʽ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʽʥʞʝʥʝʨʽʚ-ʝʣʝʢʪʨʠʢʽʚ ʚʽʥ ʧʫʙʣʽʢʫʻ 

ʩʚʦʶ ʧʝʨʰʫ ʥʘʫʢʦʚʫ ʨʦʙʦʪʫ 

çʉʠʤʚʦʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʣʝ ʪʘ 

ʢʦʤʫʪʘʪʦʨʽʚè. ʎʷ ʨʦʙʦʪʘ ʚʽʜʨʘʟʫ ʙʫʣʘ 

ʧʦʤʽʯʝʥʘ ʥʘʫʢʦʚʦʶ ʩʧʽʣʴʥʦʪʦʶ ʉʐɸ ʽ 

ʾʾ ʧʦʣʦʞʝʥʥʷ ʩʢʣʘʣʠ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ʇʦʜʘʣʴʰʘ 

ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ ʂʣʦʜʘ ʐʝʥʥʦʥʘ ʪʘ 

ʡʦʛʦ ʜʠʩʝʨʪʘʮʽʷ ʥʘ ʩʪʫʧʽʥʴ ʜʦʢʪʦʨʘ 

ʥʘʫʢ, ʷʢʫ ʚʽʥ ʚʠʢʦʥʫʚʘʚ ʫ 

ʄʽʯʠʛʘʥʩʴʢʦʤʫ ʊʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ɯʥʩʪʠʪʫʪʽ ʟ 1936 ʧʦ 1941 ʨʽʢ, ʙʫʣʠ 

ʧʦʚôʷʟʘʥʽ ʽʟ ʧʨʦʙʣʝʤʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʙʽʦʣʦʛʽʾ ʪʘ ʛʝʥʝʪʠʢʠ.  

ɿ 1941 ʧʦ 1956 ʨʽʢ ʂʣʦʜ ʐʝʥʥʦʥ 

ʧʨʘʮʶʻ ʚ ʢʦʤʧʘʥʽʾ Bell Laboratories ʽ 

ʟʘ ʩʫʤʽʩʥʠʮʪʚʦʤ ʚʠʢʣʘʜʘʻ ʚ 

ʄʽʯʠʛʘʥʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ [1]. ɺʽʥ 

ʧʨʦʜʦʚʞʫʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʠʥʮʠʧʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʣʝʡʥʠʭ 

ʢʦʤʫʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʫʙʣʽʢʫʻ 

ʩʚʦʶ ʧʨʘʮʶ çʆʨʛʘʥʽʟʘʮʽʷ 

ʜʚʦʧʦʣʶʩʥʠʭ ʣʘʥʮʶʛʽʚ 

ʧʝʨʝʤʠʢʘʥʥʷè, ʷʢʘ, ʨʘʟʦʤ ʽʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʧʨʘʮʷʤʠ ʐʝʥʥʦʥʘ, 

ʩʪʘʣʘ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʬʦʥ ʅʝʡʤʘʥʦʤ ʧʨʠʥʮʠʧʽʚ 

ʨʦʙʦʪʠ ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʥʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ [2].  

ʋ ʨʦʢʠ ʜʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ 

ʂʣʦʜ ʐʝʥʥʦʥ ʟʘʡʤʘʚʩʷ ʩʝʢʨʝʪʥʠʤʠ 

ʨʦʙʦʪʘʤʠ ʟ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʷʚ ʜʣʷ ʘʨʤʽʾ ʪʘ ʜʣʷ ʫʨʷʜʫ 

ʉʐɸ ʥʘʜʽʡʥʽ ʪʘ ʟʘʭʠʱʝʥʽ ʩʠʩʪʝʤʠ 

ʧʨʦʚʦʜʦʚʦʛʦ ʪʝʣʝʬʦʥʥʦʛʦ ʟʚôʷʟʢʫ. 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʂʣʦʜʘ 

ʐʝʥʥʦʥʘ ʚ ʦʙʣʘʩʪʽ ʜʚʽʡʢʦʚʦʾ ʘʣʛʝʙʨʠ, 

ʩʠʩʪʝʤ ʢʦʤʫʪʘʮʽʾ ʪʘ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ, 

ʷʢʠ ʚʽʥ ʟʨʦʙʠʚ ʫ 30 ï 40-ʭ ʨʦʢʘʭ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʠʤ ʫ 1945 ï 1948 ʨʦʢʘʭ 

ʟʘʛʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʠʩʪʝʤ 

ʟʚôʷʟʢʫ. ʎʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽʜʝʾ ʚʽʥ 

ʦʧʨʠʣʶʜʥʠʚ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ çʊʝʦʨʽʷ 

ʟʚôʷʟʢʫ ʫ ʩʝʢʨʝʪʥʠʭ ʩʠʩʪʝʤʘʭè (1945) 

ʪʘ çʄʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʪʝʦʨʽʾ 

ʟʚôʷʟʢʫè (1948) [3]. ʎʽ ʨʦʙʦʪʠ 

ʐʝʥʥʦʥʘ ʮʽʣʢʦʤ ʟʤʽʥʠʣʠ ʧʦʛʣʷʜʠ, ʷʢʽ 

ʤʘʣʠ ʚʯʝʥʽ ʪʘ ʽʥʞʝʥʝʨʠ ʥʘ 

ʦʨʛʘʥʽʟʘʮʽʶ ʩʠʩʪʝʤ ʥʘʜʽʡʥʦʛʦ ʟʚôʷʟʢʫ, 

ʽ ʧʽʩʣʷ ʾʭ ʧʫʙʣʽʢʘʮʽʾ ʚʽʥ ʜʽʡʩʥʦ ʩʪʘʻ 

ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʠʤ ʚʯʝʥʠʤ. 

ʊʝʦʨʝʪʠʯʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʮʠʭ ʨʦʙʽʪ 

ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ, 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʥʷʪʪʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘ ʪʘʢʦʞ ʧʦʥʷʪʪʷ 

ʝʥʪʨʦʧʽʾ, ʷʢʝ ʙʫʣʦ ʟʘʧʦʟʠʯʝʥʝ ʽʟ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ [4]. 

ɺʽʜʦʤʦ, ʱʦ ʢʨʠʧʪʦʛʨʘʬʽʯʥʝ 

ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʱʝ ʟ ʩʪʘʨʦʜʘʚʥʽʭ 

ʯʘʩʽʚ, ʽ ʟʘʚʞʜʠ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʙʫʜʴ-ʷʢʠʡ 

ʥʘʡʩʢʣʘʜʥʽʰʠʡ ʰʠʬʨ ʟʘ ʧʝʚʥʠʡ ʯʘʩ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʨʠʪʠʤ [5]. ʋ ʨʦʙʦʪʽ 

çʊʝʦʨʽʷ ʟʚôʷʟʢʫ ʫ ʩʝʢʨʝʪʥʠʭ ʩʠʩʪʝʤʘʭè 

ʐʝʥʥʦʥ ʚʧʝʨʰʝ ʤʘʪʝʤʘʪʠʯʥʦ ʜʦʚʽʚ, ʱʦ 

ʤʦʞʣʠʚʝ ʽʩʥʫʚʘʥʥʷ ʪʘʢʠʭ ʰʠʬʨʽʚ, ʷʢʽ 

ʚʟʘʛʘʣʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʢʨʠʪʠʤ ʙʝʟ 

ʟʥʘʥʥʷ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ. ʎʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʨʦʙʦʪʘ ʂʣʦʜʘ ʐʝʥʥʦʥʘ 

ʩʪʘʣʘ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʢʦʤʧôʶʪʝʨʥʽʡ ʪʝʭʥʽʮʽ ʪʘ ʫ ʩʠʩʪʝʤʘʭ 

ʟʚôʷʟʢʫ [5]. ʊʦʙʪʦ, ʐʝʥʥʦʥ ʟʘʢʣʘʚ 



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʦʩʥʦʚʠ ʩʫʯʘʩʥʦʾ 

ʢʨʠʧʪʦʛʨʘʬʽʾ ʷʢ ʥʘʫʢʠ. 

ʋ ʨʦʙʦʪʽ çʄʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ 

ʪʝʦʨʽʾ ʟʚôʷʟʢʫè ʐʝʥʥʦʥ ʫʟʘʛʘʣʴʥʶʻ 

ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʝ ʙʫʣʦ 

ʚʚʝʜʝʥʝ ʈ. ʍʘʨʪʣʽ ʜʣʷ 

ʨ̔ ʚʥʦʽʤʦʚʽʨʥʠʭ ʩʠʤʚʦʣʽʚ, ʜʣʷ 

ʚʠʧʘʜʢʫ ʥʝʨʽʚʥʦʽʤʦʚʽʨʥʠʭ ʩʠʤʚʦʣʽʚ. 

ʐʝʥʥʦʥ ʚʠʟʥʘʯʠʚ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ 

ʬʦʨʤʫʻ ʜʞʝʨʝʣʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʟ 

ʘʙʝʪʢʦʶ X, ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [3, 4]: 

2

1

( ) ( ) log ( ( )).
N

i i

i

I X p x p x  (1) 

ʜʝ ( )ip x  ï ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ 

ʩʠʤʚʦʣʫ ix. ɻʦʣʦʚʥʘ ʟʘʩʣʫʛʘ ʐʝʥʥʦʥʘ, 

ʷʢ ʚʯʝʥʦʛʦ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʽʥ 

ʚʧʝʨʰʝ ʩʪʘʚ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʨʠʩʥʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʪʘʢ ʽ ʰʫʤʠ ʫ ʩʠʩʪʝʤʘʭ 

ʟʚôʷʟʢʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʚʽʥ ʧʨʠʩʪʦʩʫʚʘʚ 

ʜʣʷ ʘʥʘʣʽʟʫ ʷʢ ʜʠʩʢʨʝʪʥʠʭ, ʪʘʢ ʽ ʥʝ 

ʧʝʨʝʨʚʥʠʭ ʫ ʯʘʩʽ ʧʦʚʽʜʦʤʣʝʥʴ. ʐʝʥʥʦʥ 

ʪʘʢʦʞ ʚʧʝʨʰʝ ʩʪʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʦʥʷʪʪʷ 

ʝʥʪʨʦʧʽʾ. ɺʽʥ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʚ, 

ʱʦ ʝʥʪʨʦʧʽʷ ʥʝʚʠʟʥʘʯʝʥʦʾ ʩʠʩʪʝʤʠ ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ï ʮʝ ʽ ʻ 

ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʜʦʩʣʽʜʥʠʢ 

ʦʪʨʠʤʫʻ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʫ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʘ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʐʝʥʥʦʥʦʤ, ʻ ʪʝʦʨʝʤʠ ʧʨʦ 

ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ʙʝʟ ʟʘʚʘʜ ʪʘ ʽʟ 

ʟʘʚʘʜʘʤʠ [4, 6]. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʪʝʦʨʽʷ ʐʝʥʥʦʥʘ ʜʦʧʦʤʦʛʣʘ 

ʫʩʫʥʫʪʠ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ 

ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʩʦʙʽʚ ʾʭ ʢʦʜʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫ 

ʪʝʣʝʚʽʟʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʘʚʘʪʠ ʜʦ ʰʝʩʪʠ ʧʨʦʛʨʘʤ 

ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʚ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʷʢʠʡ ʟʘʡʤʘʻ 

ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʦʜʥʽʻʾ 

ʪʝʣʝʚʽʟʽʡʥʦʾ ʧʨʦʛʨʘʤʠ [1]. ʆʩʥʦʚʫ 

ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʜʽʚ ʫ 

ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ ʙʝʟ ʟʘʚʘʜ ʩʪʘʥʦʚʠʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʫʧ ʩʠʤʚʦʣʽʚ ʽʟ 

ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ 

ʾʭ ʧʦʷʚʠ. ʆʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʢʦʜʽʚ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʜʦʤ ʐʝʥʥʦʥʘ ï ʌʘʥʦ 

[4].  

ʂʣʦʜ ʐʝʥʥʦʥ ʫ ʩʚʦʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʚʧʝʨʰʝ 

ʩʪʘʚ ʨʦʟʛʣʷʜʘʪʠ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ ʽʟ 

ʰʫʤʘʤʠ. ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʫ ʨʘʟʽ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ cP, ʧʦʪʫʞʥʦʩʪʽ 

ʟʘʚʘʜʠ P  ʪʘ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʩʠʛʥʘʣʫ cF , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʤʫʟʽ 

ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ 

ʩʪʘʥʦʚʠʪʴ 

P

P
FC c

2cʢ 1log  (2) 

ʽ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʩʠʛʥʘʣ ʙʫʜʝ 

ʧʝʨʝʜʘʥʠʡ ʯʝʨʝʟ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʙʝʟ 

ʩʧʦʪʚʦʨʝʥʴ [5, 6]. 

ɻʦʣʦʚʥʠʤ ʚʘʞʣʠʚʠʤ ʧʨʘʢʪʠʯʥʠʤ 

ʚʠʩʥʦʚʢʦʤ ʽʟ ʪʝʦʨʝʤʠ ʐʝʥʥʦʥʘ ʧʨʦ 

ʢʘʥʘʣ ʟʚôʷʟʢʫ ʽʟ ʟʘʚʘʜʘʤʠ ʻ ʪʝ, ʱʦ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ 

ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʰʫʤʽʚ ʻ ʤʦʞʣʠʚʠʤ, 

ʷʢʱʦ ʚʽʨʥʦ ʧʽʜʽʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. ɼʦ ʨʦʙʽʪ ʐʝʥʥʦʥʘ 

ʚʚʘʞʘʣʦʩʷ, ʱʦ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʫ 

ʢʘʥʘʣʽ ʟʚôʷʟʢʫ ʽʟ ʟʘʚʘʜʘʤʠ ʟʘʚʞʜʠ ʙʫʜʝ 

ʩʧʦʪʚʦʨʶʚʘʪʠʩʴ ʽ ʱʦ ʙʫʜʴ-ʷʢʽ ʟʘʚʘʜʠ 
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ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪ ʢʦʨʠʩʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʐʝʥʥʦʥ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ 

ʫʤʦʚʠ ʚʽʨʥʦʛʦ ʧʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʪʘ ʡʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʽʤʦʚʽʨʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʫ 

ʢʘʥʘʣʽ ʟʚôʷʟʢʫ ʽʟ ʟʘʚʘʜʘʤʠ ʤʦʞʝ ʙʫʪʠ 

ʜʫʞʝ ʤʘʣʦʶ. ʇʨʦʪʝ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʤʘʻ ʙʫʪʠ 

ʤʝʥʰʦʶ, ʥʽʞ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʢʘʥʘʣʫ ʟʘ ʯʘʩʪʦʪʦʶ [3 ï 6]. ʎʽ 

ʪʝʦʨʝʪʠʯʥʽ ʤʽʨʢʫʚʘʥʥʷ, ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʐʝʥʥʦʥʦʤ, ʟʘʨʘʟ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ [4, 5].  

ʉʪʘʪʪʷ ʐʝʥʥʦʥʘ çʄʘʪʝʤʘʪʠʯʥʽ 

ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʟʚôʷʟʢʫè ʜʘʣʘ ʧʦʰʪʦʚʢ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʦʙʦʪʘʭ ʪʘʢʠʭ ʚʠʜʘʪʥʠʭ 

ʚʯʝʥʠʭ, ʷʢ ʅ. ɺʽʥʝʨ, ɸ.ʗ. ʍʽʥʯʽʥ, ɺ.ʆ. 

ʂʦʪʝʣʴʥʽʢʦʚ, ɸ.ʄ. ʂʦʣʤʦʛʦʨʦʚ, ɺ.ʄ. 

ɻʣʫʰʢʦʚ ʪʘ ʽʥʰʠʭ.  

ɺʩʽ ʩʫʯʘʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ 

ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ ʧʨʦʝʢʪʫʶʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʨʠʥʮʠʧʽʚ ʪʘ ʟʘʢʦʥʽʚ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʐʝʥʥʦʥʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ 

ʧʨʠʥʮʠʧʽʚ ʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 3 ʝʪʘʧʠ [4 ï 6]. 

1. ʋʩʫʚʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

2. ɯʥʬʦʨʤʘʮʽʷ ʢʦʜʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ 

ʢʦʜʽʚ. 

3. ʇʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ ʪʘ ʩʠʩʪʝʤʠ 

ʟʚôʷʟʢʫ ʧʦʛʦʜʞʫʶʪʴʩʷ ʫ 

ʯʘʩʪʦʪʥʦʤʫ, ʯʘʩʦʚʦʤʫ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ.  

ʉʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʚʜʘʻʪʴʩʷ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʪʝʢʩʪʦʚʠʭ, 

ʛʨʘʬʽʯʥʠʭ, ʟʚʫʢʦʚʠʭ, ʪʝʣʝʚʽʟʽʡʥʠʭ ʪʘ 

ʽʥʰʠʭ ʪʠʧʽʚ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ.  

ʇʦʯʠʥʘʶʯʠ ʟ 1966 ʨʦʢʫ ʂʣʦʜ 

ʐʝʥʥʦʥ ʥʘʫʢʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ ʤʘʡʞʝ 

ʥʝ ʟʘʡʤʘʚʩʷ, ʧʨʦʪʝ ʚʩʝ ʞʠʪʪʷ ʚʽʥ 

ʘʢʪʠʚʥʦ ʧʨʘʮʶʚʘʚ ʷʢ ʢʦʥʩʫʣʴʪʘʥʪ 

ʢʦʤʧʘʥʽʾ Bell Laboratories ʟ ʧʠʪʘʥʴ 

ʟʚôʷʟʢʫ. ʊʘʢʦʞ ʚʽʥ ʨʦʟʚʠʚʘʚ ʪʝʦʨʽʶ 

ʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʦʩʥʦʚʘʥʫ ʥʘ ʤʦʜʝʣʷʭ 

ʊʶʨʽʥʛʘ ʪʘ ʬʦʥ ʅʝʡʤʘʥʘ [2], ʽ ʪʝʦʨʽʶ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ. 

ʅʠʤ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʰʘʭʦʚʠʡ ʘʚʪʦʤʘʪ, 

ʤʘʰʠʥʘ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʰʣʷʭʫ ʟ ʣʘʙʽʨʠʥʪʫ ʪʘ ʘʚʪʦʤʘʪ ʜʣʷ 

ʟʙʠʨʘʥʥʷ ʢʫʙʠʢʘ ʈʫʙʽʢʘ. 

ʆʩʪʘʥʥʽʡ ʨʘʟ ʂʣʦʜ ʐʝʥʥʦʥ 

ʘʢʪʠʚʥʦ ʩʧʽʣʢʫʚʘʚʩʷ ʽʟ ʥʘʫʢʦʚʦʶ 

ʩʧʽʣʴʥʦʪʦʶ ʫ 1985 ʨʦʮʽ ʥʘ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ɹʨʘʡʪʦʥʽ. ʊʘʤ ʡʦʛʦ ʚʩʽ ʜʫʞʝ ʪʝʧʣʦ 

ʟʫʩʪʨʽʯʘʣʠ ʚʞʝ ʷʢ çʞʠʚʦʛʦ ʢʣʘʩʠʢʘè 

ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʇʦʤʝʨ ʂʣʦʜ ʐʝʥʥʦʥ 24 ʣʶʪʦʛʦ 

2001 ʨʦʢʫ ʫ ʤʽʩʪʽ ʄʝʜʬʦʨʜ, ʰʪʘʪ 

ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ [1]. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʂʣʦʜʘ ʐʝʥʥʦʥʘ ʪʘ ʡʦʛʦ ʬʽʣʦʩʦʬʩʴʢʽ 

ʧʦʛʣʷʜʠ ʥʘ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ 

ʘʢʪʫʘʣʴʥʽ ʽ ʚʘʞʣʠʚʽ ʽ ʩʴʦʛʦʜʥʽ, ʫ 

ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʩʫʩʧʽʣʴʩʪʚʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʐʝʥʥʦʥ ʦʜʥʠʤ ʽʟ ʧʝʨʰʠʭ ʩʪʘʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʢʦʥʠ ʪʝʦʨʽʾ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʚʽʥ ʥʽʢʦʣʠ ʥʝ 

ʜʦʪʨʠʤʫʚʘʚʩʷ ʪʘʢʦʾ ʜʫʤʢʠ, ʱʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʴ-

ʷʢʠʭ ʩʠʩʪʝʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 
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ʧʨʠʨʦʜʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʋ ʦʜʥʽʡ ʽʟ ʩʚʦʾʭ 

ʨʦʙʽʪ çɹʘʥʜʚʘʛʦʥè, ʘʥʘʣʽʟʫʶʯʠ 

ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʽʥ ʦʙʝʨʝʞʥʦ ʧʦʧʝʨʝʜʞʘʻ 

ʚʯʝʥʠʭ, ʱʦ ʥʝ ʪʨʝʙʘ ʟʘʙʫʚʘʪʠ ʧʨʦ ʪʝ, 

ʱʦ ʮʝ ʣʠʰʝ ʜʝʜʫʢʪʠʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ, ʽ ʭʦʯʘ ʚʦʥʠ ʫ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ 

ʷʢ ʤʦʜʝʣʽ ʜʣʷ ʨʽʟʥʠʭ ʨʝʘʣʴʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʾʭ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ [3]. ʅʘʚʧʘʢʠ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʚʞʜʠ ʨʝʪʝʣʴʥʦ 

ʧʝʨʝʚʽʨʷʪʠ ʾʭ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ʐʝʥʥʦʥ, 

ʚʠʜʘʪʥʠʡ ʤʘʪʝʤʘʪʠʢ, ʟʘʩʥʦʚʥʠʢ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʨʘʜʠʪʴ ʥʘʤ ʧʣʽʜʥʦ ʪʘ 

ʥʘʧʦʣʝʛʣʠʚʦ ʧʨʘʮʶʚʘʪʠ, ʘ ʥʝ 

ʟʘʩʧʦʢʦʶʚʘʪʠʩʴ ʽ ʥʝ ʚʽʜʧʦʯʠʚʘʪʠ ʥʘ 

ʣʘʚʨʘʭ. ɯ ʤʠ, ʪʽ, ʭʪʦ ʞʠʚʝ ʪʘ ʧʨʘʮʶʻ ʫ 

ʛʣʦʙʘʣʴʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʩʫʩʧʽʣʴʩʪʚʽ ʍʍɯ ʩʪʦʣʽʪʪʷ, ʥʝ ʧʦʚʠʥʥʽ 

ʟʘʙʫʚʘʪʠ ʧʨʦ ʮʽ ʱʽʨʽ ʧʦʨʘʜʠ ʪʘ ʧʨʦ 

ʟʘʩʪʝʨʝʞʝʥʥʷ ʚʠʜʘʪʥʦʛʦ 

ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʚʯʝʥʦʛʦ, ʤʘʪʝʤʘʪʠʢʘ 

ʪʘ ʽʥʞʝʥʝʨʘ. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʠʢʣʘʜʥʘʷ 

ʘʣʛʝʙʨʘ. ï ʄ.: ʄʠʨ, 1976. ï 400 

ʩ. 

3. ʐʝʥʥʦʥ ʂ. ʈʘʙʦʪʳ ʧʦ ʪʝʦʨʠʠ 
ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʠʙʝʨʥʝʪʠʢʝ. ï 

ʄ.: ʀʟʜʘʪʝʣʴʩʪʪʚʦʚʦ 

ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1963. 

ï 830 ʩ. 

4. ʂʫʟʴʤʠʥ ʀ.ɺ., ʂʝʜʨʫʩ ɺ.ɸ. 

ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʢʦʜʠʨʦʚʘʥʠʷ. ï ʂ.: ɺʠʱʘ 

ʰʢʦʣʘ, 1977. ï 238 ʩ. 

5. ʉʦʣʦʚʴʸʚʘ ʌ.ʀ. ɺʚʝʜʝʥʠʝ ʚ 

ʪʝʦʨʠʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. 

ï ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ, 2006. ï 127 ʩ. 

6. ɼʝʥʙʥʦʚʝʮʴʢʠʡ ʉ.ɺ., ʃʝʱʠʰʠʥ 
ʆ.ɺ. ɽʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ: 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʂ.: 

ʅʊʋʋ Ăʂʇɯò, 2011. ï 288 ʩ. 
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ʋɼʂ 629.733.53.01 

ʋʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʵʥʝʨʛʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʜʠʨʠʞʘʙʣʷ 
 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʠʩʘʨʝʥʢʦ ʃ.ɼ., ʢ.ʪ.ʥ., ʜʦʮ.. ʎʠʙʫʣʴʩʢʠʡ ʃ.ʖ. 

 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʟʤʝʱʝʥʠʝ ʩʦʟʜʘʶʱʠʭ ʠ ʧʨʠʸʤʦ-

ʧʝʨʝʜʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʚ 

ʩʪʨʘʪʦʩʬʝʨʝ. ʅʝʩʫʱʝʡ ʧʣʘʪʬʦʨʤʦʡ 

ʜʣʷ ʥʠʭ ʜʦʣʞʥʳ ʩʪʘʪʴ ʙʝʩʧʠʣʦʪʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ), 

ʧʦʣʫʯʘʶʱʠʝ ʵʥʝʨʛʠʶ ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʘʩʧʨʦʩʪʨʘʥʠʣʦʩʴ 

ʤʥʝʥʠʝ, ʯʪʦ ʵʪʠ ɹʇʃɸ ï ʚʠʥʪʦʚʳʝ 

ʩʘʤʦʣʸʪʳ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ [1]. 

ʕʪʦ ʟʘʙʣʫʞʜʝʥʠʝ ʩʦʟʜʘʥʦ 

ʞʫʨʥʘʣʠʩʪʘʤʠ. ɸ ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʛʘʟʦʚ 

ʦʧʝʨʠʨʫʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ɹʦʣʴʮʤʘʥʘ [2], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʘʜʘʝʪ ʚ 10 ʨʘʟ ʯʝʨʝʟ 

ʢʘʞʜʳʝ 15 ʢʤ. ʈʝʘʣʴʥʦ ʧʘʨʘʤʝʪʨʳ 

ʘʪʤʦʩʬʝʨʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʶʪʩʷ 

ʠ ʧʦʜʚʝʨʞʝʥʳ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʚʩʧʣʝʩʢʘʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʉʦʣʥʮʘ ʠ 

ʢʦʩʤʦʩʘ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʦʜʥʦʟʥʘʯʥʦʤʫ ʚʳʚʦʜʫ, ʯʪʦ ɹʇʃɸ ʚ 

ʩʪʨʘʪʦʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʝ ʛʘʟʦʚʦʛʦ ʜʠʨʠʞʘʙʣʷ.  

 ʋʯʸʥʳʤʠ [3], ʠ ʣʶʙʠʪʝʣʷʤʠ [4] 

ʟʘʧʫʩʢʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʟʦʥʜʦʚ (ʰʘʨ 

ʥʘʧʦʣʥʝʥʥʳʡ ʛʝʣʠʝʤ) ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʘʪʦʩʬʝʨʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʠʭ ʛʝʣʠʝʚʳʭ ʰʘʨʦʚ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʘʙʦʪʦʢ 

ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʟʜʘʥʠʝ 

ɹʇʃɸ ʥʘ ʦʩʥʦʚʝ ʜʠʨʠʞʘʙʣʷ ʩʪʘʣʦ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʧʣʸʥʦʢ ʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʙʦʣʦʯʢʠ ʛʘʟʦʚʦʛʦ ʙʘʣʣʦʥʘ. 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʴ ʚ 6 

ʨʘʟ ʠ ʣʝʛʯʝ ʘʣʶʤʠʥʠʷ [5]. ʈʘʟʚʠʪʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ 

ʦʙʝʩʧʝʯʠʣʦ ʧʨʦʛʨʝʩʩ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ʆʩʪʘʸʪʩʷ ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ 

ʠʥʞʝʥʝʨʦʚ ʚ ʦʜʠʥ ʧʨʦʝʢʪ. ʅʝ 

ʤʘʣʦʚʘʞʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʩʪʨʘʪʦʩʬʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʝʨʢʘʣʴʥʳʤʠ 

ʧʣʸʥʢʘʤʠ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ 

ʵʬʬʝʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ.  

ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʜʠʨʠʞʘʙʣʝʡ 

ʦʯʝʚʠʜʥʘ ʠʟ ʩʨʘʚʥʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ [6], ʩʪʦʠʤʦʩʪʴ ʧʦʯʘʩʦʚʦʡ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ: ʜʣʷ ʩʧʫʪʥʠʢʦʚ ï 

$1000-4000, ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʩʠʩʪʝʤ (ʪʠʧʘ HAWK) ï $300-

1000, ʜʣʷ ʩʪʨʘʪʦʩʬʝʨʥʳʭ 

ʜʠʨʠʞʘʙʣʝʡ ï $2-5. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʟʘ 10-15 

ʣʝʪ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʦʨʙʠʪʘʣʴʥʳʡ 

ʩʧʫʪʥʠʢ ʥʝʩʝʪ ʩʚʦʶ ʚʘʭʪʫ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʝʨʴʝʟʥʦ 

ʫʩʪʘʨʝʚʘʝʪ. ɺ ʩʣʫʯʘʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʠʣʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʩʧʫʪʥʠʢʘ ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ ʨʝʤʦʥʪ 

ʠʣʠ ʟʘʤʝʥʫ ʥʝʚʦʟʤʦʞʥʦ. 

ʉʪʨʘʪʦʩʬʝʨʥʳʡ ʜʠʨʠʞʘʙʣʴ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʚʘʭʪʳ ʤʦʞʝʪ 

ʧʨʠʟʝʤʣʷʪʴʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʨʝʤʦʥʪʘ, ʠʟʤʝʥʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʵʪʦ ʚʨʝʤʷ ʥʘ 

ʜʝʞʫʨʩʪʚʦ ʟʘʩʪʫʧʘʝʪ ʜʠʨʠʞʘʙʣʴ-

ʜʫʙʣʝʨ. 

ʇʦʜʛʦʪʦʚʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʜʦ ʚʳʚʦʜʘ ʥʘ ʦʨʙʠʪʫ 

ʟʘʥʠʤʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦ ʧʦʣʫʪʦʨʘ 

ʣʝʪ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦ ʦʪʣʘʞʝʥʥʦʡ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ. 

ɻʝʦʩʪʘʮʠʦʥʘʨʥʘʷ ʩʪʨʘʪʦʩʬʝʨʥʘʷ 

ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʙʳʩʪʨʦ ʚʭʦʜʠʪʴ ʚ 

ʨʝʞʠʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʙʦʥʝʥʪʦʚ ʚ 

ʨʘʜʠʫʩʝ ʩʚʦʝʛʦ "ʧʷʪʥʘ", ʥʝ 

ʜʦʞʠʜʘʷʩʴ ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʘʪʦʩʬʝʨʥʳʡ 

ʜʠʨʠʞʘʙʣʴ ʤʦʞʝʪ ʣʝʛʢʦ ʧʦʤʝʥʷʪʴ 

ʨʘʩʧʦʣʦʞʝʥʠʝ, ʘ ʜʣʷ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ ʪʘʢʘʷ 

ʧʨʦʮʝʜʫʨʘ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʘ.  

ʆʪʩʣʫʞʠʚʰʠʝ ʩʧʫʪʥʠʢʠ 

ʩʪʘʥʦʚʷʪʩʷ "ʢʦʩʤʠʯʝʩʢʠʤ ʤʫʩʦʨʦʤ", 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʠʩʪʦʯʥʠʢ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʘʢ ʜʣʷ 

ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢ ʠ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʘʜʝʥʠʠ ʥʘ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʣʶʜʝʡ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʩʪʘʪʢʘʤʠ ʩʪʫʧʝʥʝʡ 

ʨʘʢʝʪ ʠ ʠʥʳʤ ʤʫʩʦʨʦʤ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʚʦ ʚʨʝʤʷ ʚʳʚʝʜʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʨʙʠʪʳ ʜʦʩʪʠʛʣʦ ʪʘʢʠʭ 

ʤʘʩʰʪʘʙʦʚ, ʯʪʦ ʢ ʩʝʨʝʜʠʥʝ ʚʝʢʘ 

ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʨʙʠʪ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʦʚʩʝʤ 

ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʠʟ-ʟʘ 

ʫʛʨʦʟʳ ʧʦʚʨʝʞʜʝʥʠʷ ʘʧʧʘʨʘʪʦʚ 

ʯʘʩʪʠʯʢʘʤʠ ʤʫʩʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʜʠʨʠʞʘʙʣʝʡ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ 

ʢʦʩʤʦʩʘ. 

ʆʜʥʠʤ ʠʟ ʩʝʨʴʝʟʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʨʘʪʦʩʬʝʨʥʳʭ 

ʜʠʨʠʞʘʙʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ. ʇʨʠ ʟʘʧʫʩʢʝ 

ʠ ʚʳʚʦʜʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ 

ʦʨʙʠʪʫ ʩʞʠʛʘʶʪʩʷ ʜʝʩʷʪʢʠ ʪʦʥʥ 

ʪʦʢʩʠʯʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʦʟʦʥʦʚʳʡ ʩʣʦʡ 

ʘʪʤʦʩʬʝʨʳ. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʣʘʪʬʦʨʤ (ɻʉʇ) ʥʘ ʙʘʟʝ 

ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʜʠʨʠʞʘʙʣʝʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʵʥʝʨʛʠʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʙʝʟʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʅʘ ʨʠʩ.1. ʧʨʠʚʝʜʝʥʘ ʧʨʠʤʝʨʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʠʨʠʞʘʙʣʷ ʩ 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʆʙʦʣʦʯʢʘ ʛʘʟʦʚʦʛʦ ʙʘʣʣʦʥʘ 1 

ʩʘʤʳʡ ʚʘʞʥʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ, ʧʦʜʚʝʨʞʝʥʥʳʡ ʧʦʩʪʦʷʥʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʥʘʛʨʫʟʢʘʤ, ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ, 
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ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ ʠ ʤʝʪʝʦʨʠʪʘʤ. 

ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʦʣʦʯʢʠ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ. ʆʯʝʥʴ 

ʚʘʞʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʥʘʛʨʫʟʢʫ ʥʘ ʦʙʦʣʦʯʢʫ ʠ ʟʘʱʠʪʠʪʴ ʝʸ 

ʦʪ ʪʝʨʤʦʫʜʘʨʘ. ʉʣʝʜʫʶʱʝʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʠʨʠʞʘʙʣʷ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʭʦʞʜʝʥʠʝ ʜʠʨʠʞʘʙʣʷ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʜʘʥʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʢʦʦʨʜʠʥʘʪʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ 

ʣʠʙʦ ʜʚʠʛʘʪʝʣʠ 5, ʧʦʥʷʪʥʦ ʪʦʣʴʢʦ 

ʨʝʘʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʦ ʪʦʛʜʘ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʪʦʧʣʠʚʘ. ʃʠʙʦ 

ʜʠʨʠʞʘʙʣʴ ʟʘʢʨʝʧʣʷʝʪʩʷ ʪʨʦʩʦʤ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʯʪʦ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʨʷʜʘ ʩʣʦʞʥʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. ʀ, ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ, ʥʘ ʙʦʨʪʫ ʜʠʨʠʞʘʙʣʷ 

ʥʝʦʙʭʦʜʠʤʳ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʣʝʟʥʘʷ 

ʥʘʛʨʫʟʢʘ ʠ ʚʩʝ ʦʥʠ ʫʧʨʘʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʠʩʪʦʯʥʠʢ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

 

ʈʠʩ.1. ʂʦʥʩʪʨʫʢʮʠʷ ʜʠʨʠʞʘʙʣʷ:  

1 ï ʦʙʦʣʦʯʢʘ, 2 ï ʢʘʨʢʘʩ, 3 ï 

ʨʦʙʦʪ, 4 ï ʫʧʨʦʯʥʷʶʱʠʡ ʵʣʝʤʝʥʪ, 5 

ï ʜʚʠʛʘʪʝʣʠ, 6 ï ʢʦʥʮʝʥʪʨʘʪʦʨ 

ʚʦʟʜʫʭʘ, 7 ï ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ  

ʀ ʦʪʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʜʦʙʳʯʘ ʠ ʧʝʨʝʜʘʯʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʥʘ 

ɿʝʤʣʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʣʷ ʯʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʫʶ 

ʩʭʝʤʫ ʫʪʠʣʠʟʘʮʠʠ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʚ 

ʩʪʨʘʪʦʩʬʝʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʣʘʢʘ ʠ 

ʧʳʣʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ 2 

ʨʘʟʘ ʚʳʰʝ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʫʪʦʢ 

ʙʦʣʴʰʝ.  

ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʚʩʝʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ 

ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʨʦʝʢʪʘ, ʛʜʝ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʇʨʦʝʢʪ ʩʦʟʜʘʥʠʷ 

ʵʥʝʨʛʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʘ ʙʘʟʝ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʜʠʨʠʞʘʙʣʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ 8 ʧʨʦʙʣʝʤ: 

1. ʂʦʥʩʪʨʫʢʮʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʜʠʨʠʞʘʙʣʷ 

(ɹʉɼ).  

2. ʆʛʨʘʥʠʯʝʥʠʝ ʨʘʡʦʥʘ 

ʙʘʨʨʘʞʠʨʦʚʘʥʠʷ (ʥʘʭʦʞʜʝʥʠʝ ʚ 

ʟʘʜʘʥʥʳʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ). 

3. ʅʘʜʸʞʥʦʩʪʴ. 

4. ʕʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ. 

5. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. 

6. ʀʟʛʦʪʦʚʣʝʥʠʝ. 

7. ʇʝʨʝʤʝʱʝʥʠʝ ʚ ʨʘʡʦʥ 

ʙʘʨʨʘʞʠʨʦʚʘʥʠʷ. 

8. ʕʢʩʧʣʫʘʪʘʮʠʷ. 

ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʧʨʦʙʣʝʤʳ 

ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʤʧʣʝʢʩʘ ʠ 

ʩʦʩʪʦʷʪ ʠʟ ʟʘʜʘʯ (ʧʨʠʤʝʨʥʳʡ 

ʧʝʨʝʯʝʥʴ) ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ 
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ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʫʶ 

ʪʘʙʣʠʮʫ:  

 

ɿʘʜʘʯʠ ʇʘʨʘʤʝʪʨʳ 

1. ʂʦʥʩʪʨʫʢʮʠʷ ɹʉɼ 

ï ʬʦʨʤʘ ʛʝʣʠʝʚʳʭ ʙʘʣʣʦʥʦʚ;  ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʦʙʦʣʦʯʢʝ ʙʘʣʣʦʥʘ; ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʸʥʢʠ ʚ ʦʙʦʣʦʯʢʝ; ʥʘʜʸʞʥʦʩʪʴ ʦʙʦʣʦʯʢʠ 

ï ʤʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ ʠ ʘʨʤʠʨʫʶʱʠʭ ʣʝʥʪ; ʚʝʩ ʦʙʦʣʦʯʢʠ 

ï ʨʘʩʢʨʦʡ, ʘʨʤʠʨʦʚʘʥʠʝ ʦʙʦʣʦʯʢʠ ʠ ʝʸ 

ʢʨʝʧʣʝʥʠʝ ʢ ʢʘʨʢʘʩʫ; 

ʥʘʜʸʞʥʦʩʪʴ ʢʨʝʧʣʝʥʠʷ 

ʦʙʦʣʦʯʢʠ 

ï ʛʝʨʤʝʪʠʟʘʮʠʷ ʙʘʣʣʦʥʘ;  

ï ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʨʢʘʩʘ ʥʘʜʸʞʥʦʩʪʴ ʦʙʦʣʦʯʢʠ 

ï ʙʘʣʘʥʩ ʚʩʝʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʙʣʝʤ. ʥʘʜʸʞʥʦʩʪʴ ʢʘʨʢʘʩʘ 

2. ʆʛʨʘʥʠʯʝʥʠʝ ʨʘʡʦʥʘ ʙʘʨʨʘʞʠʨʦʚʘʥʠʷ 

ï ʜʚʠʛʘʪʝʣʠ; ʤʦʱʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʚʝʩ 

ï ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʢʠ ʜʘʚʣʝʥʠʷ ʚ ʛʘʟʦʚʳʭ 

ʙʘʣʣʦʥʘʭ ɹʉɼ; 

ʚʝʩ ʙʘʣʣʦʥʦʚ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʥʘʜʸʞʥʦʩʪʴ 

ï ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʚʝʩ, ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ï ʩʠʩʪʝʤʘ ʞʸʩʪʢʦʛʦ ʢʨʝʧʣʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ (ʷʢʦʨʶ). 

ʚʝʩ, ʥʘʜʸʞʥʦʩʪʴ ʢʨʝʧʣʝʥʠʷ 

ʢ "ʷʢʦʨʶ" 

3. ʅʘʜʸʞʥʦʩʪʴ 

ï ʢʦʥʩʪʨʫʢʮʠʷ; ʚʝʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ï ʩʠʩʪʝʤʘ ʧʦʧʦʣʥʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʨʝʩʫʨʩʦʚ;  

ï ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ɹʉɼ;  

ï ʩʠʩʪʝʤʘ ʘʚʘʨʠʡʥʳʭ ʠ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ;  

ï ʩʠʩʪʝʤʘ ʩʪʳʢʦʚʢʠ ʩ ʣʝʪʘʪʝʣʴʥʳʤʠ 

ʘʧʧʘʨʘʪʘʤʠ; 

 

ï ʩʠʩʪʝʤʘ ʧʦʩʘʜʢʠ ɹʉɼ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ï ʟʘʱʠʪʘ ʦʪ ʤʝʪʝʦʨʠʪʦʚ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʫʩʦʨʘ; 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ï ʟʘʱʠʪʘ ʦʪ ʚʘʥʜʘʣʦʚ:  

4. ʕʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ 

ï ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʧʦʣʠʤʝʨʥʳʭ 

ʧʣʸʥʢʘʭ (ʩʦʣʥʝʯʥʳʡ ʧʘʨʫʩ); 

ʢ.ʧ.ʜ., ʚʝʩ, ʥʘʜʸʞʥʦʩʪʴ 

ï ʥʘʢʦʧʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʘʢʢʫʤʫʣʷʪʦʨʳ, 

ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʦʧʣʠʚʥʳʝ ʩʤʝʩʠ; 

ʚʝʩ, ʸʤʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 
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ɺ ʠʪʦʛʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝ ʛʨʫʧʧʳ:  

1. ɼʠʨʠʞʘʙʣʴ ï ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ, 

ʚʝʩ, ʥʘʜʸʞʥʦʩʪʴ. 

2. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 

ʚʝʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ. 

3. ʉʠʩʪʝʤʳ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

(ʢ.ʧ.ʜ.), ʥʘʜʸʞʥʦʩʪʴ, ʚʝʩ. 

4. ʇʨʦʝʢʪʳ ï ʬɻʬʝʢʪʠʚʥʦʩʪʴ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. 

ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʥʘʜʸʞʥʦʩʪʴ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʦʙʣʝʤʘ ʧʨʦʝʢʪʘ ʠ 

ʩʘʤʳʤ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. ʕʪʦ 

ʚʳʟʚʘʥʦ ʫʩʣʦʚʠʷʤʠ ʠ ʪʨʝʙʦʚʘʥʠʝʤ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʛʨʦʤʦʟʜʢʦʩʪʴʶ ʜʠʨʠʞʘʙʣʷ ʠ 

ʤʥʦʞʝʩʪʚʦʤ ʩʠʩʪʝʤ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʃʠʪʝʨʘʪʫʨʘ 

1. NASA Armstrong Fact Sheet: 

Pathfinder Solar-Powered 

Aircraft (ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʙʶʣʣʝʪʝʥʴ ʮʝʥʪʨʘ ɸʨʤʩʪʨʦʥʛʘ 

ʅɸʉɸ: ʉʣʝʜʦʧʳʪ - ʩʘʤʦʣʝʪ ʥʘ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ). URL: 

http://www.nasa.gov/centers/ar

mstrong/news/FactSheets/FS-

034-DFRC.html (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 28.02.2014). 

2. ʈʦʟʘʥʦʚ ʃ. ʅ. ɺʘʢʫʫʤʥʘʷ 

ʪʝʭʥʠʢʘ: ʋʯʝʙ. ʜʣʷ ʚʫʟʦʚ ʧʦ 

ʩʧʝʮ. çɺʘʢʫʫʤʥʘʷ ʪʝʭʥʠʢʘè. ï 

ʄ.: ɺʳʩʰ. ʰʢ. 1990. ï 320 ʩ. 

3. NASA Scientific Balloon Team 

Hopes to Break Flight Duration 

Record with New Zealand 

Launch (ɽʦʤʘʥʜʘ ʅɸʉɸ 

ʥʘʜʝʝʪʩʷ ʟʘʧʫʩʪʠʪʴ ʚ ʅʦʚʦʡ 

ɿʝʣʘʥʜʠʠ ʥʘʫʯʥʳʡ ʰʘʨ ʜʣʷ 

ʜʣʠʪʝʣʴʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʦʣʸʪʘ). URL: 

http://sites.wff.nasa.gov/code82

0/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

03.03.2016). 

4. First Coors Light in Space! 

(ɺʝʨʚʳʝ Coors Light ʚ 

ʢʦʩʤʦʩʝ!). URL: 

https://www.youtube.com/watch

?v=BzF6scSZo40 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 1.03.2013). 

ï ʦʪʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʤʝʤʙʨʘʥʘʤʠ, 

ʨʝʢʪʠʬʠʢʘʮʠʝʡ, ʩʦʨʙʮʠʝʡ (ʢ.ʧ.ʜ. 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʵʥʝʨʛʠʶ ʚʳʰʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʢ.ʧ.ʜ. ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠ ʚʝʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ); 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ï ʭʨʘʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʙʘʣʣʦʥʘʭ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠʣʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʛʦʨʶʯʠʭ ʩʤʝʩʝʡ; 

ʚʝʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ï ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ (ʭʦʣʦʜʥʳʡ ʷʜʝʨʥʳʡ 

ʩʠʥʪʝʟ); 

ʚʝʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ï ʩʙʦʨ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʠ ʩʪʘʷʚʰʝʡ ʚʦʜʳ; ʚʝʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ï ʩʠʩʪʝʤʘ ʵʥʝʨʛʦʦʙʤʝʥʘ ʩ ʥʘʟʝʤʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. 

ʚʝʩ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

http://www.nasa.gov/centers/armstrong/news/FactSheets/FS-034-DFRC.html
http://www.nasa.gov/centers/armstrong/news/FactSheets/FS-034-DFRC.html
http://www.nasa.gov/centers/armstrong/news/FactSheets/FS-034-DFRC.html
http://sites.wff.nasa.gov/code820/
http://sites.wff.nasa.gov/code820/
https://www.youtube.com/watch?v=BzF6scSZo40
https://www.youtube.com/watch?v=BzF6scSZo40
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5. ʂʝʚʣʘʨ ʠ ʠʟʜʝʣʠʷ ʠʟ ʥʝʛʦ. 

URL: 

http://mastermodel.ru/articles/ke

vlar-i-izdeliya-iz-nego, (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 12.12.2015). 

6. ʇʦʣʠʥʠʪ: Futterʦʚʢʘ. 

ʅʝʤʝʮʢʦʝ ʥʘʯʘʣʦ, ʨʫʩʩʢʘʷ 

ʦʢʦʥʮʦʚʢʘ. URL: 

http://futterovka.ru/contacts/ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.04.2016). 

7. ʇʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʪʥʳʭ 

ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ 

ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʪʝʣʝʨʘʜʠʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ 

ʠ ʤʦʥʠʪʦʨʠʥʛʦʚʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ / ʉʙ. ʥʘʫʯ. ʪʨ. 

ʧʦʜ ʨʝʜ. ʏʝʨʥʳʰʝʚʘ ʉ.ʃ. ï 

ʎɸɻʀ. ʊʨʫʜʳ. ï ɺʳʧ. 2682. ï 

2009. ï 58 ʩ. 

 

 

  

http://futterovka.ru/contacts/


ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠè, ʅʊʋʋ ʂʇɯ, ʌɽʃ, 7-8 ʢʚʽʪʥʷ 2016 ʨ. 

 

 18 

 

ʋɼʂ 621.387.132.222 

ʆʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʩʽʪʨʦʥʽʚ ʚ 
ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʧʣʘʟʤʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ 
 

ɻʦʨʙʝʥʢʦ ʆ.ɸ., ʄʫʤʣʘʜʟʝ ɸ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ. ʂʫʟʴʤʠʯʻʚ ɸ.ɯ. 

 

ʈʦʟʚʠʪʦʢ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ 

ʪʝʭʥʽʢʠ ʧʨʠʟʚʽʚ ʜʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʫʪʫʶʯʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ 

ʤʦʜʫʣʷʪʦʨʥʠʭ ʣʘʤʧ, ʘʣʝ ʤʘʶʪʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʠʤʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʂʂɼ. ʋ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ 

ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʛʘʟʦʨʦʟʨʷʜʥʽ ʧʨʠʣʘʜʠ ʟʘʤʽʩʪʴ 

ʚʘʢʫʫʤʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʤʧ ʘʙʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʪʘʢ ʷʢ 

ʥʝʚʝʣʠʢʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʧʨʠ 

ʛʘʟʦʚʦʤʫ ʨʦʟʨʷʜʽ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʢʦʤʫʪʘʮʽʶ ʧʨʠ ʥʝʟʥʘʯʥʠʭ 

ʚʪʨʘʪʘʭ ʝʥʝʨʛʽʾ [1]. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʨʦʟʤʠʢʘʯʽʚ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ, ʚ 

ʜʽʘʧʘʟʦʥʽ ʩʪʨʫʤʽʚ ʜʦ 1 ʢɸ ʽ ʥʘʧʨʫʛʠ 

ʙʣʠʟʴʢʦ 100 ʢɺ, ʻ ʛʘʟʦʨʦʟʨʷʜʥʽ 

ʢʦʤʫʪʘʪʦʨʠ ʩʪʨʫʤʫ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʦʚʪʦʨʶʚʘʥʽ ʽʤʧʫʣʴʩʠ 

ʟʽ ʩʪʘʙʽʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʠʪʴ ʧʨʦʩʪʫ ʟʤʽʥʫ 

ʝʥʝʨʛʽʾ ʚ ʽʤʧʫʣʴʩʽ, ʛʝʥʝʨʫʚʘʪʠ 

ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʽʤʧʫʣʴʩʠ ʚʽʜ 

ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʛʘʟʦʨʦʟʨʷʜʥʽ ʢʦʤʫʪʘʪʦʨʠ 

ʟʜʘʪʥʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʚ ʧʦʚʥʦʤʫ 

ʦʙʩʷʟʽ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʩʣʷ ʟʨʠʚʽʚ ʚ 

ʨʦʙʦʪʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʨʠʪʠʯʥʠʭ 

ʨʝʞʠʤʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʊʚʝʨʜʦʪʽʣʴʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʢʣʶʯʽ ʚʝʣʴʤʠ ʧʨʠʚʘʙʣʠʚʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʤʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ʞʠʚʣʝʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʦ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʟ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, 

ʚʝʣʠʢʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ, ʥʠʟʴʢʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ 

ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ (ʚʽʜʩʫʪʥʽʩʪʴ 

ʨʪʫʪʽ ʽ ʩʚʠʥʮʶ). ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʢʣʶʯʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʘʧʘʨʘʪʫʨʽ 

ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʫʩʪʘʥʦʚʢʠ 

ʷʢ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ, 

ʪʘʢ ʽ ʨʫʭʦʤʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ. ʊʦʤʫ ʪʘʢʽ ʢʣʶʯʽ ʚʩʝ 

ʯʘʩʪʽʰʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʟʘʤʽʥʘ 

ʛʘʟʦʨʦʟʨʷʜʥʠʤ ʧʨʠʣʘʜʘʤ - 

ʪʠʨʘʪʨʦʥʘʤ, ʪʘʩʽʪʨʦʥʘʤ ʽ ʚʘʢʫʫʤʥʠʤ 

ʨʦʟʨʷʜʥʠʢʘʤ. 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʢʣʶʯʘʤʠ ʻ 

ʪʠʨʠʩʪʦʨʠ (SCR). ɺʦʥʠ ʤʘʶʪʴ ʤʘʣʝ 

ʧʨʷʤʝ ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ ʫ 

ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʫ 

ʧʝʨʝʟʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʶ ʧʦ 

ʪʦʢʫ ʽ ʟʘʚʜʷʢʠ ʧʨʦʩʪʽʡ ʙʽʧʦʣʷʨʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ. ɸʣʝ ʧʦʨʷʜ ʟ 
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ʜʦʩʪʦʾʥʩʪʚʘʤʠ, ʪʠʨʠʩʪʦʨʠ ʤʘʶʪʴ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ 

ʢʦʤʫʪʘʮʽʾ ʢʦʨʦʪʢʠʭ ʽ ʜʫʞʝ ʚʝʣʠʢʠʭ 

ʧʦ ʘʤʧʣʽʪʫʜʽ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ. ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʠʤ 

ʧʨʦʮʝʩʦʤ ʧʦʰʠʨʝʥʥʷ ʚʢʣʶʯʝʥʦʛʦ 

ʩʪʘʥʫ ʚʽʜ ʢʝʨʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʤʝʞʽ p-n-ʧʝʨʝʭʦʜʫ ʧʽʩʣʷ 

ʧʦʜʘʯʽ ʽʤʧʫʣʴʩʫ ʢʝʨʫʚʘʥʥʷ. ʊʘʢʘ 

ʦʩʦʙʣʠʚʽʩʪʴ SCR ʚʠʟʥʘʯʠʣʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʽʣʽʩʝʢʫʥʜʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʢʦʤʫʪʘʮʽʾ ʩʪʨʫʤʽʚ [10]. 

ʍʦʨʦʰʽ ʢʦʤʫʪʫʶʯʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʯʘʩʪʦʪʥʦʤʫ 

ʨʝʞʠʤʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ SIT-

ʪʠʨʠʩʪʦʨʠ ʽ ʙʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟ 

ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ [6, 7]. ʆʜʥʘʢ 

ʧʨʠʣʘʜʠ ʪʘʢʦʛʦ ʪʠʧʫ ʥʝ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʘʭ ʢʦʤʫʪʘʮʽʾ 

ʚʝʣʠʢʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʪʨʫʤʽʚ 

(ʜʝʩʷʪʢʠ ʽ ʙʽʣʴʰ ʢʽʣʦʘʤʧʝʨ) ʯʝʨʝʟ 

ʚʽʜʦʤʽ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ 

(ʥʠʟʴʢʦʣʝʛʦʚʘʥʽ ʝʤʽʪʝʨʠ, ʢʦʨʦʪʢʠʡ 

ʯʘʩ ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, 

ʤʘʣʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ʽ ʽʥ.) [10]. 

ɺ ʧʨʠʩʪʨʦʷʭ, ʜʝ ʚʝʣʠʢʽ ʨʽʚʥʽ 

ʢʦʤʫʪʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʚʠʤʦʛʘʤʠ ʚʠʩʦʢʦʾ 

ʰʚʠʜʢʦʩʪʽ ʢʦʤʫʪʘʮʽʾ, ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʪʝʭʥʽʮʽ 

ʪʠʨʘʪʨʦʥʠ, ʘ ʪʘʢ ʩʘʤʦ ʽʥʰʽ ʪʠʧʠ 

ʢʝʨʦʚʘʥʠʭ ʛʘʟʦʨʦʟʨʷʜʥʠʭ ʚʝʥʪʠʣʽʚ ʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ, ʥʝ 

ʤʦʞʫʪʴ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʚʘʢʫʫʤʥʠʤʠ ʣʘʤʧʘʤʠ. 

ʊʦʤʫ ʨʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʙʠʣʠ 

ʩʧʨʦʙʠ ʩʪʚʦʨʠʪʠ ʪʘʢʠʡ 

ʛʘʟʦʨʦʟʨʷʜʥʠʡ ʧʨʠʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʷʢ ʚʢʣʶʯʘʪʠ, ʪʘʢ ʽ 

ʚʽʜʢʣʶʯʘʪʠ ʝʣʝʢʪʨʠʯʥʽ ʣʘʥʮʶʛʠ ʚʽʜ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʰʚʠʜʢʽʩʪʶ. ʉʘʤʝ ʪʘʢʠʤ ʧʨʠʣʘʜʦʤ ʻ 

ʪʘʩʽʪʨʦʥ [1]. 

ʊʘʩʽʪʨʦʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʠʡ ʧʨʠʣʘʜ, 

ʥʘʧʦʚʥʝʥʠʡ ʚʦʜʥʝʤ. ʂʝʨʫʶʯʠʡ 

ʝʣʝʢʪʨʦʜ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʜʨʽʙʥʦʩʪʨʫʢʪʫʨʥʦʡ ʩʽʪʢʠ, ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʢʨʠʚʘʻ ʨʦʟʨʷʜʥʠʡ ʧʨʦʤʽʞʦʢ ʤʽʞ 

ʘʥʦʜʦʤ ʽ ʢʘʪʦʜʦʤ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʚ 

ʧʨʠʣʘʜʽ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ ʚʦʜʥʶ 

ʩʣʫʞʠʪʴ ʚʦʜʥʝʚʠʡ ʛʝʥʝʨʘʪʦʨ. ʂʘʪʦʜ 

ʪʘʩʽʪʨʦʥʫ - ʧʽʜʽʛʨʽʚʥʠʡ, 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʡ, ʥʝʝʢʨʘʥʦʚʘʥʠʡ. 

ʊʘʩʽʪʨʦʥ ʚʦʣʦʜʽʻ ʫʥʽʢʘʣʴʥʦʶ 

ʜʣʷ ʧʦʪʫʞʥʠʭ ʛʘʟʦʨʦʟʨʷʜʥʠʭ 

ʧʨʠʣʘʜʽʚ ʟʜʘʪʥʽʩʪʶ - ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʽʪʢʠ ʧʝʨʝʨʠʚʘʻ ʩʪʨʫʤ ʘʥʦʜʘ ʙʝʟ 

ʟʥʷʪʪʷ ʘʥʦʜʥʦʾ ʥʘʧʨʫʛʠ, ʚ ʯʦʤʫ ʚʽʥ 

ʧʦʜʽʙʥʠʡ ʜʦ ʚʘʢʫʫʤʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʣʘʤʧ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʘʩʽʪʨʦʥ 

ʚʦʣʦʜʽʻ ʛʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʛʘʟʦʨʦʟʨʷʜʥʠʭ ʧʨʠʣʘʜʽʚ - ʤʘʻ 

ʚʠʩʦʢʠʡ ʂʂɼ ʧʦ ʘʥʦʜʥʦʤʫ ʢʦʣʫ ʽ ʧʦ 

ʨʷʜʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʪʠʨʘʪʨʦʥ ʟ 

ʜʨʽʙʥʦʩʪʨʫʢʪʫʨʥʦʡ ʩʽʪʢʦʶ [2]. 

ʊʘʢ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʩʽʪʨʦʥʫ ʚ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʽʤʧʫʣʴʩʥʠʭ ʧʣʘʟʤʦʚʠʭ ʧʨʠʣʘʜʘʭ 

ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʂʂɼ ʻ ʜʦʮʽʣʴʥʠʤ, 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘʩʽʪʨʦʥʽʚ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʪʘʩʽʪʨʦʥʫ ʚ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʷʭ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1 [1], ʘ ʦʩʮʠʣʦʛʨʘʤʠ 

ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛʠ ʥʘ ʘʥʦʜʽ ʽ 

ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ ʪʘʩʽʪʨʦʥʫ ʚʽʜ ʯʘʩʫ ʚ 

ʧʨʦʮʝʩʽ ʽʤʧʫʣʴʩʥʦʾ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ 

ʥʘ ʨʠʩ. 2 [1]. ʋ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʽ 

ʛʘʩʽʥʥʷ ʨʦʟʨʷʜʫ ʚ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ 

1 2t t  ʽ 3 4t t  ʢʘʪʦʜ ʽ ʩʽʪʢʘ ʪʘʩʽʪʨʦʥʫ 
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ʧʽʜʜʘʶʪʴʩʷ ʙʦʤʙʘʨʜʫʚʘʥʥʶ ʽʦʥʘʤʠ, 

ʱʦ ʟʜʦʙʫʚʘʶʪʴ ʚʝʣʠʢʽ ʝʥʝʨʛʽʾ ʧʽʜ 

ʚʧʣʠʚʦʤ ʘʥʦʜʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʤʘʻ 

ʚʠʩʦʢʽ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʣʘʟʤʠ, 

ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʙʦ ʨʦʟʧʘʜʘʻʪʴʩʷ 

[1]. 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʚʢʣʶʯʝʥʥʷ ʪʘʩʽʪʨʦʥʫ [1] 

 

 

ʈʠʩ. 2. ʆʩʮʠʣʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ 

ʥʘʧʨʫʛʠ ʥʘ ʘʥʦʜʽ ʽ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ 

ʪʘʩʽʪʨʦʥʫ ʚʽʜ ʯʘʩʫ [1] 

ʏʘʩ ʨʦʟʚʠʪʢʫ ʨʦʟʨʷʜʫ ʚ 

ʪʘʩʽʪʨʦʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ 

ʜʦʙʦʚʦʾ ʥʘʧʨʫʛʠ ʚʢʣʶʯʝʥʥʷ, 

ʚʝʣʠʯʠʥʠ ʩʽʪʢʦʚʦʛʦ ʩʪʨʫʤʫ, 

ʧʨʦʥʠʢʥʦʩʪʽ ʩʽʪʢʠ ʽ ʩʪʫʧʝʥʷ 

ʝʢʨʘʥʫʚʘʥʥʷ ʢʘʪʦʜʘ [2]. 

ʏʘʩ ʛʘʩʽʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ 

ʟʩʫʚʫ ʥʘ ʩʽʪʮʽ 0gE , ʦʧʽʨ ʚ ʣʘʥʮʶʟʽ 

ʩʽʪʢʠ gR , ʘ ʪʘʢʦʞ ʚʽʜ ʛʝʦʤʝʪʨʽʾ 

ʨʦʟʨʷʜʥʦʛʦ ʧʨʦʤʽʞʢʫ, ʚʠʜʫ ʽ ʪʠʩʢʫ 

ʛʘʟʫ, ʱʦ ʥʘʧʦʚʥʶʻ ʧʨʠʣʘʜ [1]. 

ɿʘʚʜʷʢʠ ʥʝʚʝʣʠʢʠʤ ʨʦʟʤʽʨʘʤ 

ʚʘʛʘ ʪʘʩʽʪʨʦʥʫ ʚ 3 - 5 ʨʘʟʽʚ ʤʝʥʰʝ, 

ʥʽʞ ʚʘʛʘ ʚʘʢʫʫʤʥʠʭ ʤʦʜʫʣʷʪʦʨʥʠʭ 

ʣʘʤʧ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʽʤʧʫʣʴʩʥʠʭ ʨʝʞʠʤʘʭ ʟ ʤʘʣʦʶ 

ʰʧʘʨʫʚʘʪʽʩʪʶ ʧʨʠ ʪʠʭ ʞʝ ʩʝʨʝʜʥʽʭ 

ʧʦʪʫʞʥʦʩʪʷʭ [1]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʩʽʪʨʦʥʫ ʤʦʞʥʘ 

ʬʦʨʤʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ, 

ʜʦʚʽʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʯʘʩʽ, ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʧʦʨʷʜʢʫ 0,3 

ʤʢʩ [1]. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʤʫʪʦʚʘʥʦʾ 

ʪʘʩʽʪʨʦʥʦʤ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʤʝʪʦʜ 

ʘʥʦʜʥʦ-ʩʽʪʢʦʚʦʾ ʤʦʜʫʣʷʮʽʾ. ɻʘʩʽʥʥʷ 

ʨʦʟʨʷʜʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʪʽʢʘʻ ʚ 

ʜʚʘ ʝʪʘʧʠ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʽ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ ʧʨʦʮʝʩʽʚ - 

ʯʘʩʪʢʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʘʥʦʜʥʦʛʦ 

ʩʪʨʫʤʫ ʽ ʧʦʜʘʯʽ ʥʝʛʘʪʠʚʥʦʾ ʥʘʧʨʫʛʠ 

ʥʘ ʩʽʪʢʫ [2]. 

ɺ ʨʦʙʦʪʘʭ [3, 4] ʧʨʦʚʝʜʝʥʦ 

ʪʝʦʨʝʪʠʯʥʝ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʩʽʪʨʦʥʽʚ ʚ 

ʛʝʥʝʨʘʪʦʨʘʭ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. ɺ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ ʟ 

ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʥʘ ʯʘʩʪʦʪʽ 

10 ʢɻʮ ʪʘʩʽʪʨʦʥ ʧʨʘʮʶʚʘʚ ʧʨʠ ʂʂɼ 

ʧʦ ʘʥʦʜʥʦʤʫ ʣʘʥʮʶʟʽ 94% ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ ʙʣʠʟʴʢʦ 70. 

ɺ ʨʦʙʦʪʽ [5] ʦʧʠʩʘʥʠʡ ʙʣʦʢʽʥʛ- 

ʛʝʥʝʨʘʪʦʨ ʥʘ ʪʘʩʽʪʨʦʥʽ ʽ ʧʨʦʚʦʜʠʪʠʩʷ 
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ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ 

ʮʴʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘʩʽʪʨʦʥʽʚ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ [2]: 

 ɿʘʧʘʣʶʚʘʥʥʷ ʨʦʟʨʷʜʫ ʚ ʪʘʩʽʪʨʦʥʽ 
ʚʠʥʠʢʘʻ ʩʧʦʯʘʪʢʫ ʚ ʘʥʦʜʥʦʤʫ 

ʣʘʥʮʶʟʽ, ʘ ʧʦʪʽʤ ʚ ʦʙʣʘʩʪʽ ʩʽʪʢʘ-

ʢʘʪʦʜ. 

 ʏʘʩ ʟʘʧʽʟʥʶʚʘʥʥʷ ʟʘʧʘʣʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʢʨʫʪʠʟʥʠ 

ʬʨʦʥʪʫ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʩʽʪʢʠ. 

 ʇʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʚ ʧʦʪʫʞʥʠʭ 
ʪʘʩʽʪʨʦʥʘʭ ʻ ʧʘʨʘʤʝʪʨʦʤ ʢʦʣʘ 

ʩʽʪʢʠ. ɯʩʥʫʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʩʪʨʫʤʫ ʩʽʪʢʠ, ʧʨʠ ʷʢʦʤʫ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʪʘʩʽʪʨʦʥʽ ʤʽʥʽʤʘʣʴʥʦ. 

 ɻʘʩʽʥʥʷ ʪʘʩʽʪʨʦʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 
ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʡʦʛʦ ʩʽʪʢʫ 

ʥʝʛʘʪʠʚʥʦʾ ʥʘʧʨʫʛʠ ʟʩʫʚʫ, ʷʢʠʡ 

ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʱʽʣʴʥʠʭ 

ʽʦʥʥʠʭ ʦʙʦʣʦʥʦʢ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ ʤʽʞ 

ʩʽʪʢʦʶ ʽ ʢʘʪʦʜʦʤ. 
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ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ (ʉʏ) ʚʳʜʝʣʷʝʪ 

ʦʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉʏ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ, ʪʘʢ ʢʘʢ ʠʭ 

ʛʣʦʙʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʪʘʣʢʠʚʘʝʪ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʘʩʰʠʨʝʥʠʶ ʬʫʥʢʮʠʡ ʫʩʪʨʦʡʩʪʚ, 

ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʦ - ʛʘʙʘʨʠʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʠ 

ʚ ʠʪʦʛʝ, ʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʛʦ ʪʦʚʘʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʉʏ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʠ 

ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʠ ʫʨʦʚʥʷ 

ʬʘʟʦʚʦʛʦ ʰʫʤʘ, ʦʜʥʘʢʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ 

ʟʘʪʨʫʜʥʝʥʠʷ
1
.  

1. ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʠʥʪʝʟʘʪʦʨʦʚ 

ʯʘʩʪʦʪ ʦʪʣʠʯʘʶʪʩʷ, ʥʦ ʚ ʉɺʏ ï 

ʜʠʘʧʘʟʦʥʝ ʦʥʠ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʫʧʨʘʚʣʷʝʤʳʭ ʧʦ ʯʘʩʪʦʪʝ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʦʚ, ʦʭʚʘʯʝʥʥʳʭ ʮʝʧʴʶ 

ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

(ʌɸʇʏ). ɺʳʭʦʜʥʘʷ ʯʘʩʪʦʪʘ 

ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ ʪʘʢʦʛʦ ʪʠʧʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ, 

ʫʧʨʘʚʣʷʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ (ɻʋʅ), ʘ 

ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ï 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʠʥʪʝʟʘʪʦʨʦʚ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʥʘʙʦʨ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ 

ʚʳʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

ʊʘʙʣ. 1. ʇʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʘʪʦʨʘ 

ʯʘʩʪʦʪʳ 

ʇʘʨʘʤ

ʝʪʨ 

ʆʙʦʟʥʘʯʝʥʠʝ 

 

 

ɼʠʘʧʘʟʦʥ ʛʝʥʝʨʠʨʫʝʤʳʭ ʯʘʩʪʦʪ 

 ʐʘʛ ʜʠʩʢʨʝʪʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ 

ʯʘʩʪʦʪ 

 ʄʦʱʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʢʦʣʝʙʘʥʠʡ 

 ʆʪʥʦʩʠʪʝʣʴʥʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʯʘʩʪʦʪʳ 

 ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʰʫʤʘ 

ʚʳʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

 ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʰʫʤʘ 

ʧʦʙʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

2. ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʆʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʨʝʥʪʘʙʝʣʴʥʳʭ 

ʮʝʥʘʭ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʠ 

ʢʦʤʧʘʢʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ 

ʠʩʧʦʣʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ (ʪ.ʝ 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ 

ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʠ ʦʧʪʠʤʘʣʴʥʦʝ 
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ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ). ʎʝʣʴʶ 

ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʫʩʪʨʦʡʩʪʚ 

ʯʘʩʪʦʪʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʙʦʪʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʩʚʝʨʭʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪ, ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʫʟʣʦʚ 

ʩʠʥʪʝʟʘʪʦʨʘ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʉʏ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ.  

ʂʨʦʤʝ ʪʦʛʦ ʢ ʩʠʥʪʝʟʘʪʦʨʘʤ, ʢʘʢ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ 

ʯʘʩʪʦʪ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʩʦʩʪʘʚʫ ʢʦʣʝʙʘʥʠʡ, ʫʨʦʚʥʶ ʬʘʟʦʚʦʛʦ 

ʰʫʤʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

3. ɸʢʪʫʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʉɺʏ ʉʏ 

ʇʨʝʜʩʪʘʚʠʤ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʧʨʠʩʫʱʠʝ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤ 

ʩʠʥʪʝʟʘʪʦʨʘʤ ʯʘʩʪʦʪʳ ʉɺʏ ʜʠʘʧʘʟʦʥʘ. 

ʂʨʫʧʥʝʡʰʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʉʏ ʧʨʠʤʝʥʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ: 

1. ɾʀɻ (YIG ï Yttrium-iron garnet) ï 

ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦ-

ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ;  

2. ɻʋʅ (VCO ï voltage-controlled 

oscillator) ï ʛʝʥʝʨʘʪʦʨʳ, 

ʫʧʨʘʚʣʷʝʤʳʝ ʥʘʧʨʷʞʝʥʠʝʤ; 

ɾʀɻ ʚʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥ ʜʦʨʦʛʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʤʝʥʝʝ 

ʧʦʧʫʣʷʨʥʳʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʝʜʫʱʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ 

ʚʪʦʨʦʡ ʤʝʪʦʜ ʯʘʩʪʦʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 

(ɻʋʅ). ʀ ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʩʚʦʡʩʪʚʝʥʥʳ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ: 

1. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʳʭʦʜʥʳʭ 

ʯʘʩʪʦʪ; 

2. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʬʘʟʦʚʦʛʦ ʰʫʤʘ; 

3. ʄʘʣʳʡ ʰʘʛ ʧʝʨʝʩʪʨʦʡʢʠ; 

4. ʄʠʥʠʤʘʣʴʥʳʝ ʟʘʜʝʨʞʢʠ 

ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʝʜʠʥʠʮʳ ʤʩ 

ʠ ʤʝʥʝʝ)
2
  

ɺʳʭʦʜʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ 

ʩ ʩʦʚʤʝʱʝʥʠʝʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ï ʉʏ 

ʥʘ ɻʋʅʘʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʯʘʩʪʦʪʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʨʦʙʥʳʭ ʜʝʣʠʪʝʣʝʡ 

ʯʘʩʪʦʪʳ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦ 

ʬʘʟʦʚʦʤʫ ʰʫʤʫ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʉʏ ʩ 

ʌɸʇʏ. ɼʣʷ ʦʮʝʥʢʠ ʬʘʟʦʚʦʛʦ ʰʫʤʘ ʚ 

ʧʦʣʦʩʝ ʌɸʇʏ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʯʘʩʪʦʪʝ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

 
(1), 

ʛʜʝ  ï ʯʘʩʪʦʪʘ ʧʝʨʝʩʯʝʪʘ ʰʫʤʘ,  

 ï ʫʨʦʚʝʥʴ ʬʘʟʦʚʦʛʦ ʰʫʤʘ ʥʘ 

ʯʘʩʪʦʪʝ 1 ɻɻʮ. ʆʧʪʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ 

ʌʐ ʩʠʥʪʝʟʘʪʦʨʘ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, 

ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ 

 ʥʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ  

ʧʨʠ ʦʪʩʪʨʦʡʢʝ . ʇʦʛʨʝʰʥʦʩʪʴ ʞʝ 

ʬʦʨʤʫʣʳ (1) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʉʏ. 
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4. ʉʦʚʤʝʱʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʯʘʩʪʦʪʥʦʡ ʩʝʪʢʠ 

ɺ ʮʝʣʷʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʦʜʝʣʠ, ʘ ʠʤʝʥʥʦ ʧʦʚʳʰʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʳʭʦʜʥʦʡ ʯʘʩʪʦʪʳ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʦʜʝʣʴ, ʜʦʧʦʣʥʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʦʤ, 

ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʜʝʣʠʪʝʣʷ ʌɸʇʏ.  

 

ʈʠʩ. 1. ɻʠʙʨʠʜʥʳʡ ʉʏ ʩ DDS ʚ 

ʢʦʥʪʫʨʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʇʨʠ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ɻʋʅ 

ʩʧʦʩʦʙʝʥ ʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʦʪʳ 

ʚr ʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʢʪʘʚʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʘ ʙʦʣʝʝ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ 

ʬʦʨʤʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʜʝʣʠʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʚʳʭʦʜʝ ʩ 

ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ. ɺ 

ʪʘʢʦʡ ʩʭʝʤʝ, ʚʳʭʦʜʥʘʷ ʯʘʩʪʦʪʘ DDS 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ.  

ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʢʘʢ 

ʤʘʣʳʡ ʰʘʛ ʫʩʪʘʥʦʚʢʠ ʚʳʭʦʜʥʦʡ 

ʯʘʩʪʦʪʳ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʦ ʯʘʩʪʦʪʝ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʩʨʘʚʥʝʥʠʷ. ɼʣʷ 

ʪʘʢʦʡ ʩʭʝʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʯʘʩʪʦʪʥʦʡ ʩʝʪʢʠ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ: 

 (2), 

ʛʜʝ ʚʳʭʦʜʥʦʡ ʜʝʣʠʪʝʣʴ  

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ;  

ʟʘʜʘʚʘʝʤʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʩ 

ʛʨʘʥʠʮʘʤʠ 

;  

 ï ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ.  

ʆʜʥʘʢʦ, ʢʨʦʤʝ ʧʨʝʠʤʫʱʝʩʪʚ 

ʪʘʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʚʘʞʥʝʡʰʠʡ ʥʝʜʦʩʪʘʪʦʢ ʩʦʚʤʝʱʝʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʥʪʝʟʘʪʦʨʘ 

ʯʘʩʪʦʪʳ, ʘ ʠʤʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʤʝʥʷʪʴ ʜʚʦʠʯʥʫʶ ʜʝʩʷʪʠʯʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ DDS ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʯʘʩʪʦʪʥʦʡ ʩʝʪʢʠ ʟʘ ʩʯʝʪ 

ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʚʳʭʦʜʥʦʡ ʠ 

ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʩʨʘʚʥʝʥʠʷ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʥʝʣʴʟʷ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

çʦʰʠʙʦʯʥʦʡè ʢʨʘʪʥʦʩʪʠ ʯʘʩʪʦʪ ʠ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

5. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʀʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʥʪʝʟʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʠ ʤʝʪʦʜ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʩʠʥʪʝʟʘ.  

ʅʝʢʦʛʝʨʝʥʪʥʳʡ ʩʠʥʪʝʟ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʢʦʤʙʠʥʘʮʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʚʳʭʦʜʥʳʭ ʯʘʩʪʦʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʨʝʟʦʥʘʪʦʨʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʥʝʩʣʦʞʥʦʝ ʠʩʧʦʣʥʝʥʠʝ, ʦʜʥʘʢʦ 

ʰʠʨʦʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʟʘʪʨʫʜʥʝʥʦ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʯʘʩʪʦʪʳ 

ʠ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʬʘʟʦʚʦʛʦ 

ʰʫʤʘ.  

ʇʨʠ ʢʦʛʝʨʝʥʪʥʦʤ ʩʠʥʪʝʟʝ ʚʩʝ 

ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʯʘʩʪʦʪ 

ʩʠʥʪʝʟʘʪʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʦʧʦʨʥʦʡ 

ʯʘʩʪʦʪʳ ʦʜʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ 
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ʛʝʥʝʨʘʪʦʨʘ, ʪʘʢ ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʣʶʙʦʡ ʠʟ ʯʘʩʪʦʪ 

ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʪʦʯʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʦʧʦʨʥʦʡ 

ʯʘʩʪʦʪʳ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʦʙʫʩʣʦʚʠʣʦ ʥʝʟʘʤʝʥʠʤʦʩʪʴ ʩʠʩʪʝʤ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: ʩʠʩʪʝʤʳ 

ʧʨʷʤʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ, 

ʩʠʩʪʝʤʳ ʢʦʩʚʝʥʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʩʠʥʪʝʟʘ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ 

ʤʝʪʦʜʳ.  

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʠʤʝʝʪ ʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʩʪʝʤ ʢʦʩʚʝʥʥʦʛʦ 

ʩʠʥʪʝʟʘ, ʪ. ʢ. ʧʨʠ ʵʪʦʤ ʧʨʠʨʘʱʝʥʠʝ 

ʯʘʩʪʦʪʳ ʧʦʣʫʯʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʢʘʢ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʨʘʥʝʝ, ʉʏ ʩ ʌɸʇʏ). 

6. ʇʘʨʘʤʝʪʨʳ ʉɺʏ ʩʠʥʪʝʟʘʪʦʨʘ 

ʯʘʩʪʦʪʳ 

ʇʨʠ ʯʘʩʪʦʪʥʦʤ ʧʦʩʪʨʦʝʥʠʝ 

ʚʘʞʥʝʡʰʠʤ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʨʷʜʘ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ: 

 ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʩʪʴ; 

 ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʬʘʟʦʚʳʭ 

ʰʫʤʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; 

 ʙʳʩʪʨʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʤʝʞʜʫ 

ʯʘʩʪʦʪʘʤʠ; 

 ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʳʭ 

ʯʘʩʪʦʪ; 

 ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʘʷ ʇʏ. 

ʂʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, 

ʢʨʦʤʝ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʟʘʜʘʥʥʦʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ ʰʫʤʘ 

ʩʠʥʪʝʟʘʪʦʨʘ, ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʣʴʮʘ ʌɸʇʏ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʣʠʪʝʣʷ ʚ ʮʝʧʠ ʆʉ. 

7. ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʦʪʥʦʰʝʥʠʝ ʪʝʤʳ ʯʘʩʪʦʪʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʉɺʏ ʩʠʥʪʝʟʘʪʦʨʘ ʚ ʮʝʣʷʭ 

ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʨʘʟʜʝʣ VI), ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʢʦʩʚʝʥʥʦʛʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪ (ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʧʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ). 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʯʝʪʝ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ 

ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʨʠ 

ʧʦʤʦʱʠ ʩʚʸʨʪʦʯʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ 

ʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʫʨʦʚʥʠ ʬʘʟʦʚʳʭ 

ʰʫʤʦʚ ʠ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʧʦʙʦʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʪʦʙʳ ʚ 

ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

çʦʯʠʱʝʥʥʳʡè ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʯʪʦ 

ʚʘʞʥʦ ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʙʟʦʨʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ ʩʠʥʪʝʟʘʪʦʨʦʚ ʯʘʩʪʦʪ 

ʩ ʌɸʇʏ (ʂʫʟʴʤʝʥʢʦʚ ɸ. ʉ., 

ʇʦʣʷʢʦʚ ɸ. ɽ., ʉʪʨʳʛʠʥ ʃ. ɺ., 

ʊʨʫʜʳ ʄʌʊʀ ï 2013 ʛ., ʪ. 5, ˉ 

3). 

2. ʈʦʤʘʥʶʢ ɺ. ɸ., ʉʠʥʪʝʟʘʪʦʨʳ 

ʯʘʩʪʦʪʳ ʥʘ ʦʩʥʦʚʝ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʦʚ ʩ ʌɸʇʏ, ʄ: 

2005 ʛ., ʩ. 14. 
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ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

ʜʠʘʧʘʟʦʥʘ 0,3-1,0 ʊɻʮ. ʇʨʠʚʝʜʝʥ 

ʥʦʚʳʡ ʪʠʧ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʠʤʙʠʦʟ 

ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʩʚʝʨʭʨʘʟʤʝʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ 

ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʦʚ. 

ʇʦʢʘʟʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚ ʪʝʦʨʠʠ. 

ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʩʚʷʟʠ, 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʜʠʦʤʝʪʨʠʠ ʜʠʘʧʘʟʦʥʘ 

0,3-1,0 ʊɻʮ ʢʘʢ ʛʨʘʞʜʘʥʩʢʦʛʦ, ʪʘʢ ʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʜʝʪ ʧʦ ʧʫʪʠ 

ʦʩʚʦʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʠʘʧʘʟʦʥʦʚ 

ʯʘʩʪʦʪ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʟʘʢʦʥʘʤʠ ʤʦʜʫʣʷʮʠʠ, 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʥʦʚʴ 

ʩʦʟʜʘʚʘʝʤʦʡ ʘʧʧʘʨʘʪʫʨʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʪʘʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʢ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ (ʜʦʣʛʦʪʘ, ʰʠʨʦʪʘ), ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. 

ʆʩʚʦʝʥʠʝ ʜʠʘʧʘʟʦʥʘ 0,3-1,0 ʊɻʮ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʜʘʪʯʠʢʦʚ ʠ 

ʛʝʪʝʨʦʜʠʥʦʚ ʧʨʠʝʤʥʠʢʦʚ, ʧʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʦʙʣʘʜʘʶʱʝʡ 

ʚʳʩʦʢʠʤʠ ʩʪʘʙʠʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ. 

ɺr ʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʪʝʨʦʜʠʥʘ 

ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

(ʫʨʦʚʝʥʴ 10
-5 
é10

-6
) ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʤʝʥʷʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʠʝʤʥʠʢ ʚ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʠ 

ʨʘʜʠʦʣʦʢʘʮʠʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʠʝʤʥʠʢʦʚ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

*ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʰʫʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ.1. 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʤ ʨʠʩʫʥʢʝ 

ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʙʘʣʘʥʩʥʳʡ ʩʤʝʩʠʪʝʣʴ; 

2 ï ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʡ ʛʝʪʝʨʦʜʠʥ; 3 ï 

ʤʘʣʦʰʫʤʷʱʠʡ ʫʩʠʣʠʪʝʣʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ; 4 ï ʧʦʣʦʩʥʦ-

ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ; 5 ï 

ʤʘʣʦʰʫʤʷʱʠʡ ʫʧʨʘʚʣʷʝʤʳʡ 

ʫʩʠʣʠʪʝʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ; 6 

ï ʙʘʣʘʥʩʥʳʡ ʩʤʝʩʠʪʝʣʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ; 7 ï 
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ʫʧʨʘʚʣʷʝʤʳʡ ʩʠʥʪʝʟʘʪʦʨ; 8 ï ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ. 

ɼʣʷ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʮʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤ LMX  

2492, ADF 4159, HMC 624LP4E ʠ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ. 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʪʠʧ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʤʙʠʦʟ 

ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʩʚʝʨʭʨʘʟʤʝʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ 

ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʦʚ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʭʝʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ 

ʧʦʣʫʯʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ (ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ) ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ 

ʧʨʠʙʦʨʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʘʟʦʚʳʤ ʵʣʝʤʝʥʪʘʤ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ. 

ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʤʝʥʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ 

ʙʘʟʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ 0,3é1,0 ʊɻʮ. 

ʊʘʙʣ. 1. ʉʠʩʪʝʤʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʏʘʩʪʦʪʘ, ɻɻʮ 

ʄʦʱʥʦʩʪʴ 

ʛʝʪʝʨʦʜʠʥʘ, 

ʤʢɺʪ 

ʇʦʣʦʩʘ ʇʏ, 

ɻɻʮ 

ʊʝʤʧʝʨʘʪʫʨʘ ʰʫʤʘ (DSB), 
0
K 

ʇʨʠʤʝʯʘʥʠʝ 
ʐʦʪʪʢʠ SiS 

290-310 2000/4000 5-15 980  [5] 

874 3000 0-10 3500  [6] 

1130 40/80 0-10 - 650 [6] 

300-340 2000/3000 1-15 1200*   

 

 

ʈʠʩ.1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʨʠʝʤʥʠʢʘ ʚ ʮʝʣʦʤ. 

ʂʚʘʟʠʦʧʪʠʯʝʩʢʠʡ ʛʝʪʝʨʦʜʠʥ. 

ʊʝʦʨʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ. 

1 

2 

3 4 5 6 7 

8 
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ʂʦʤʧʦʥʝʥʪʳ ʧʦʣʷ TEmn-ʚʦʣʥ ʚ 

ʧʦʣʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʝʡ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʠʦʜʦʚ ʚ ʆʈ, 

ʦʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʥʠʷ ʊɽʄ10q (ʚ ʬʫʥʢʮʠʷʭ 

ʕʨʤʠʪʘ-ɻʘʫʩʩʘ) ʚ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʤ 

ʨʝʟʦʥʘʪʦʨʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩʝʯʝʥʠʝʤ 

ba , ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʚʦʣʥʘ TE20. 

 

ʈʠʩ. 2. ʇʦʣʫʩʬʝʨʠʯʝʩʢʠʡ ʆʈ ʩ 

ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʚʦʣʥʦʚʦʜʘ. 

ɺʳʙʦʨ ʨʝʟʦʥʘʪʦʨʘ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʆʈ ʩʦ 

ʩʬʝʨʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʙʘʥʠʷ 

ʥʝʚʦʟʤʦʞʥʦ [1]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚ 

ʨʘʩʢʨʳʚʝ ʚʦʣʥʦʚʦʜʘ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʚ ʥʝʤ ʚʦʣʥʳ, ʨʘʚʥʳʡ ʨʘʜʠʫʩʫ 

ʢʨʠʚʠʟʥʳ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ 

ʨʝʟʦʥʘʪʦʨʘ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ 

ʚʳʧʦʣʥʝʥ ʪʘʢʦʡ ʵʣʝʤʝʥʪ ʩʚʷʟʠ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʚ ʨʘʩʢʨʳʚʝ ʚʦʣʥʦʚʦʜʘ ʬʘʟʦʚʦʛʦ 

ʬʨʦʥʪʘ ʙʣʠʟʢʦʛʦ ʢ ʧʣʦʩʢʦʤʫ ʬʨʦʥʪʫ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʙʘʥʠʷ ʨʝʟʦʥʘʪʦʨʘ ʚʙʣʠʟʠ 

ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ 

ʆʈ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʊɽʄ10q ʚ 

ʨʝʟʦʥʘʪʦʨʝ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʳ ʊɽ20 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ʛʜʝ 0
~ waa , 

0
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wbb , ( 2)ʌ b  - 

ʠʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ, 

( ) ( 2)g a j a , ( )W g  - ʠʥʪʝʛʨʘʣ 

ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʨʛʫʤʝʥʪʘ. 

ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

)
~

,~( ba , ʨʘʩʩʯʠʪʘʥʥʘʷ ʯʠʩʣʝʥʥʦ ʧʦ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʧʦʧʝʨʝʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦʣʥʘ 

ʊɽ20, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʥʠʷ ʊɽʄ10q ʚ ʆʈ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ =0,867 ʧʨʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʵʣʝʤʝʥʪʘ 

ʩʚʷʟʠ a~=3,338 ʠ b
~
=1,980. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʦʨʷʜʢʘ 87% ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ 
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ʧʦ ʚʦʣʥʦʚʦʜʫ ʢ ʨʝʟʦʥʘʪʦʨʫ, ʠʜʝʪ ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʢʦʣʝʙʘʥʠʷ. ʕʪʦ ʬʘʢʪʠʯʝʩʢʠ ʠ ʝʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʪʘʢʦʡ 

ʩʭʝʤʳ. 

ɽʩʣʠ ʚ ʧʣʦʩʢʦʩʪʠ zy0  ʚ 

ʚʦʟʙʫʞʜʘʶʱʝʤ ʚʦʣʥʦʚʦʜʝ (ʩʤ. ʨʠʩ.2) 

ʨʘʩʧʦʣʦʞʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʜʚʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʘ, ʚ ʢʘʞʜʦʤ 

ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ 

ʦʩʥʦʚʥʘʷ ʚʦʣʥʦʚʦʜʥʘʷ ʚʦʣʥʘ ʊɽ10. ʇʨʠ 

ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʊɽʄ10q ʚ ʆʈ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʨʘʩʢʨʳʚʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ba
~~

1,669Ĭ1,98 (ʩʤ. ʨʠʩ.2) ʩ ʫʯʝʪʦʤ 

ʧʨʦʪʠʚʦʬʘʟʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʘʞʜʦʛʦ 

ʠʟ ʧʷʪʝʥ ʧʦʣʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʙʘʥʠʷ ʥʝ 

ʠʟʤʝʥʠʪʩʷ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʯʝʪʳʨʝʭʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʚʷʟʢʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨʘʩʢʨʳʚʘʤʠ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ 6,9Ĭ9,6 ʤʤ ʧʦʨʷʜʢʘ -30 ʜɹ 

[2]. ɽʩʣʠ ʪʝʧʝʨʴ ʚ ʢʘʞʜʦʤ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʣʘʚʥʦ 

ʧʝʨʝʭʦʜʷʱʝʤ ʚ ʠʟʣʫʯʘʪʝʣʴ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʨʘʟʤʝʨʦʚ, ʨʘʩʧʦʣʦʞʠʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʛʝʥʝʨʘʪʦʨ, ʪʦ ʤʳ 

ʧʦʣʫʯʠʤ ʩʫʤʤʘʪʦʨ ʤʦʱʥʦʩʪʠ ʥʘ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʤ ʆʈ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʘʟʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ 

ʠʩʪʦʯʥʠʢʦʚ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ 

ʚʦʣʥʦʡ ʊɽ20, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ 

ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ 

ʆʈ, ʧʦʩʣʝʜʥʠʡ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ 

ʦʜʥʦʯʘʩʪʦʪʥʳʤ ʦʪʢʣʠʢʦʤ ʚ ʰʠʨʦʢʦʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʫʤʤʘʪʦʨʦʚ ʤʦʱʥʦʩʪʠ ʥʘ 

ʙʘʟʝ ʦʪʢʨʳʪʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʊɽʄ10q ʚ ʆʈ 

ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʳ ʊɽ20 ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʨʘʟʤʝʨʦʚ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʚʷʟʠ. 

ʂʚʘʟʠʦʧʪʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ. 

ʂʚʘʟʠʦʧʪʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʨʝʘʣʠʟʦʚʘʥ 

ʥʘ ʥʦʚʦʤ ʪʠʧʝ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʤʙʠʦʟ 

ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ [4], 

ʩʚʝʨʭʨʘʟʤʝʨʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ 

ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʦʚ 

(ʩʤ. ʨʠʩ.4). 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʜʠʘʧʘʟʦʥʘ 

0,3-1,0 ʊɻʮ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʯʘʩʪʝʡ: 

ʚʭʦʜʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ï 

ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ 
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ʩʝʯʝʥʠʝʤ 10ʭ10ʤʤ
2
 (1); ʤʠʢʨʦʩʙʦʨʢʠ 

ʧʣʘʥʘʨʥʦʡ ʘʥʪʝʥʥʳ, ʙʘʣʘʥʩʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ, ʫʩʠʣʠʪʝʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ (2), ʩʚʝʨʭʨʘʟʤʝʨʥʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ (3) ʠ 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʛʦ ʛʝʪʝʨʦʜʠʥʘ ʥʘ 

ʦʩʥʦʚʝ InP ʠʣʠ AlInAs (GaInAs) HEMT 

MMIC ʛʝʥʝʨʘʪʦʨʦʚ. 

 

ʈʠʩ. 4. ʂʚʘʟʠʦʧʪʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ. 

ʄʠʢʨʦʩʙʦʨʢʘ MMIC ʛʝʥʝʨʘʪʦʨʦʚ 

(ʈ1éʈ6) ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʤ ʦʙʲʝʤʥʦʤ 

ʨʝʟʦʥʘʪʦʨʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʯʘʩʪʦʪʳ ʛʝʪʝʨʦʜʠʥʘ ʠ ʩʣʦʞʝʥʠʝ 

ʤʦʱʥʦʩʪʝʡ MMIC ʛʝʥʝʨʘʪʦʨʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʙʘʣʘʥʩʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ (ɹʉ) ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʧʝʨʝʯʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʪʠʧʫ. 

ɺ ʪʘʢʦʤ ʪʠʧʝ ʩʤʝʩʠʪʝʣʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚʦʣʥʦʚʦʜʘ ʦʙʣʫʯʘʝʪ ʜʠʦʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʥʦʚʦʜʫ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʥʠʠ 

ʧʝʨʝʜʘʯʠ. 

ʌʨʘʛʤʝʥʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʪʘʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.5.  

 

 

ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʙʘʣʘʥʩʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ. 

1 ï ʧʣʘʥʘʨʥʘʷ ʘʥʪʝʥʥʘ; 2 ï 

ʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ; 3 ï 

ʜʠʦʜʳ ʩ ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ. 

ʇʣʘʥʘʨʥʘʷ ʘʥʪʝʥʥʘ, ʧʦʣʦʩʢʦʚʘʷ 

ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ 

ʧʦʜʣʦʞʢʝ ʠʟ ʜʶʨʦʠʜʘ 5820 (ʪʦʣʱʠʥʘ 

0,127ʤʤ, Ů=2,2). ɼʠʦʜʳ ʩ ʙʘʨʴʝʨʦʤ 

ʐʦʪʪʢʠ ʤʦʥʪʠʨʫʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ ʧʣʘʥʘʨʥʦʡ ʘʥʪʝʥʥʳ. 

ʅʘ ʵʪʦʡ ʧʦʜʣʦʞʢʝ ʤʦʥʪʠʨʫʝʪʩʷ 

MMIC ʤʘʣʦʰʫʤʷʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʇʏ 

(ʥʘ ʨʠʩ.5 ʥʝ ʧʦʢʘʟʘʥʦ). 

ɺʳʚʦʜʳ. 

1.ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

ʜʠʘʧʘʟʦʥʘ 0,3-1,0 ʊɻʮ. 

2.ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʪʠʧ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʡ ʨʝʟʦʥʘʥʩʥʦʡ 

1 

1 

3 

2 

4 3 2 1 
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ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʩʠʤʙʠʦʟ ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʚʝʨʭʨʘʟʤʝʨʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ 

ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʦʚ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʥʦʚʠʟʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ. 
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ʇʝʨʝʚʝʨʪʘʡʣʦ ɺ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ. ʂʫʟʴʤʠʯʚ̒ ɸ.ɯ. 

 

ɺʧʣʠʚ ʧʨʠʩʢʦʨʝʥʠʤʠ ʽʦʥʘʤʠ ʥʘ 

ʪʚʝʨʜʝ ʪʽʣʦ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʚʠʨʦʙʠ ʚ ʦʧʪʠʯʥʽʡ ʪʘ ʝʣʝʢʪʨʦʥʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʷʭ, ʘ ʪʘʢʦʞ ʚ ʪʝʭʥʽʮʽ 

ʛʝʥʝʨʘʮʽʾ ʧʫʯʢʽʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʦʢ [1-4]. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʦʥʥʝ 

ʨʦʟʧʠʣʝʥʥʷ ʪʚʝʨʜʦʾ ʤʽʰʝʥʽ, ʷʢ 

ʜʞʝʨʝʣʘ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʦʢʨʠʪʪʷ. ɼʣʷ 

ʮʴʦʛʦ ʥʘ ʤʽʰʝʥʴ ʥʘʧʨʘʚʣʷʶʪʴ 

ʧʨʠʩʢʦʨʝʥʽ ʽʦʥʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ 

ʧʣʘʟʤʽ ʛʘʟʦʚʦʛʦ ʨʦʟʨʷʜʫ, 

ʩʪʚʦʨʶʚʘʥʦʛʦ ʧʦʙʣʠʟʫ ʤʽʰʝʥʽ, ʘʙʦ ʚ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ ï ʽʦʥʥʽʡ 

ʛʘʨʤʘʪʽ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʽʦʥʠ ʘʨʛʦʥʫ Ar
+
. ʆʩʢʽʣʴʢʠ ʦʧʪʠʯʥʽ 

ʧʦʢʨʠʪʪʷ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʧʦʣʫʢʠ ʢʨʝʤʥʽʶ ʽ ʤʝʪʘʣʽʚ ʟ ʢʠʩʥʝʤ 

[3], ʡʦʛʦ ʚʚʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʘʤʝʨ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. 

ʊʦʤʫ ʤʽʰʝʥʴ ʤʦʞʝ ʙʦʤʙʘʨʜʫʚʘʪʠʩʴ ʥʝ 

ʪʽʣʴʢʠ ʽʦʥʘʤʠ Ar
+
, ʘʣʝ ʡ ʽʦʥʘʤʠ ʢʠʩʥʶ. 

ɯʥʦʜʽ ʪʽʣʴʢʠ ʮʽ ʽʦʥʠ (ʙʝʟ Ar
+
) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ, ʱʦʙ 

ʚʠʢʣʶʯʠʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʘʨʛʦʥʫ ʚ 

ʧʦʢʨʠʪʪʷ. ɹʦʤʙʘʨʜʫʚʘʥʥʷ ʽʦʥʘʤʠ 

ʚʠʢʣʠʢʘʻ ʨʷʜ ʝʬʝʢʪʽʚ [1]; ʦʜʠʥ ʟ ʥʠʭ ï 

ʨʦʟʧʠʣʝʥʥʷ ʘʪʦʤʽʚ ʤʽʰʝʥʽ ʟ 

ʧʦʜʘʣʴʰʠʤ ʾʭ ʦʩʘʜʞʝʥʥʷʤ ʥʘ 

ʧʽʜʢʣʘʜʢʫ ʫ ʚʠʛʣʷʜʽ ʧʦʢʨʠʪʪʷ; ʟ ʽʥʰʠʭ 

ʟʘʟʥʘʯʠʤʦ ʚʽʜʙʠʪʪʷ (ʟʚʦʨʦʪʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ) ʚʽʜ ʤʽʰʝʥʽ ʩʘʤʠʭ 

ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ. ɹʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʜʣʷ 

ʟʘʟʥʘʯʝʥʠʭ ʽʦʥʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

ʜʝʩʷʪʢʽʚ ʚʽʜʩʦʪʢʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʧʦʭʠʣʦʤʫ ʧʘʜʽʥʥʽ [5]. ʈʦʟʩʽʷʥʽ 

ʯʘʩʪʠʥʢʠ (ʘ ʮʝ ʚ ʙʽʣʴʰʦʩʪʽ ʩʚʦʾʡ 

ʥʝʡʪʨʘʣʽʟʦʚʘʥʽ ʽʦʥʠ, ʪʦʙʪʦ ʥʝʡʪʨʘʣʠ, 

ʧʨʠʯʦʤʫ ʘʪʦʤʘʨʥʽ, ʦʩʢʽʣʴʢʠ 

ʤʦʣʝʢʫʣʷʨʥʽ ʽʦʥʠ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ 

ʦʢʨʝʤʽ ʘʪʦʤʠ) ʤʘʶʪʴ ʟʥʘʯʥʫ ʝʥʝʨʛʽʶ, 

ʱʦ ʜʦʩʷʛʘʻ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ 

ʯʘʩʪʠʥʦʢ. ʈʦʟʩʽʷʥʽ ʘʪʦʤʠ ʧʦʪʨʘʧʣʷʶʪʴ 

ʥʘ ʧʽʜʢʣʘʜʢʫ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʚʦʨʶʚʘʥʝ ʧʦʢʨʠʪʪʷ: ʧʨʦʥʠʢʘʶʪʴ ʫ 

ʥʴʦʛʦ, ʫʪʚʦʨʶʶʪʴ ʜʝʬʝʢʪʠ ʨʦʩʪʫ, 

ʥʘʛʨʽʚʘʶʪʴ. ɽʬʝʢʪʠ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʪʘ 

ʚʽʜʙʠʪʪʷ ʽʦʥʽʚ ʧʦʚʝʨʭʥʝʶ ʤʝʪʘʣʝʚʦʾ 

ʤʽʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʧʫʯʢʽʚ ʥʝʡʪʨʘʣʴʥʠʭ ʘʪʦʤʽʚ 

[4]. 

ʄʝʪʘ ʥʘʰʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ 

ʩʪʚʦʨʝʥʥʽ ʧʣʘʟʤʦʚʦʛʦ ʜʞʝʨʝʣʘ 

ʰʚʠʜʢʠʭ ʥʝʡʪʨʘʣʽʚ ʤʝʪʦʜʦʤ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʙʠʪʠʭ 

ʧʦʪʦʢʽʚ ʘʪʦʤʽʚ Ar ʽ O, ʱʦ ʤʘʻ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʦʧʪʠʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʽ ʜʞʝʨʝʣ ʰʚʠʜʢʠʭ 

ʥʝʡʪʨʘʣʽʚ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʽʜʙʠʪʪʷ 

ʣʝʛʢʠʭ ʘʪʦʤʽʚ H ʽ He ʨʦʟʛʣʷʜʘʣʦʩʴ ʫ 

[6]. 

ʄʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ, ʷʢʽ ʤʦʜʝʣʶʚʘʣʠʩʴ 

ʦʢʨʝʤʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʇʝʨʰʘ ï ʮʝ 

ʅɺʏ ʛʝʥʝʨʘʪʦʨ ʧʣʘʟʤʠ (ʨʠʩ. 1), ʷʢʠʡ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʩʫʤʽʩʥʦ ʥʝ 
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ʣʠʰʝ ʟ ʥʝʡʪʨʘʣʽʟʘʪʦʨʦʤ ʽʦʥʽʚ, ʘʣʝ ʡ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʤʘʛʥʝʪʨʦʥʥʠʤ 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʜʨʫʛʘ ï 

ʥʝʡʪʨʘʣʽʟʘʪʦʨ ʽʦʥʽʚ (ʨʠʩ. 2). ʇʨʠ 

ʮʴʦʤʫ ʪʘʢʝ ʥʝʟʘʣʝʞʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʠʣʦ ʥʘ ʦʩʥʦʚʽ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʧʦʙʫʜʫʚʘʪʠ ʨʝʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʦʩʢʽʣʴʢʠ ʤʠ ʚʞʝ ʟʥʘʣʠ, ʷʢʽ ʨʦʟʤʽʨʠ ʪʘ 

ʤʘʪʝʨʽʘʣʠ ʥʘʤ ʟʘʙʝʟʧʝʯʘʪʴ ʙʘʞʘʥʽ 

ʧʘʨʘʤʝʪʨʠ. 

 

ʈʠʩ. 1. ʂʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʠ 

 

 

ʈʠʩ. 1. ʆʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʥʝʡʪʨʘʣʽʟʘʪʦʨʘ ʽʦʥʽʚ 

 

ɺʠʙʽʨ ʛʝʦʤʝʪʨʽʾ ʪʘ ʨʦʟʤʽʨʽʚ ʅɺʏ 

ʝʣʝʤʝʥʪʽʚ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʬʽʟʠʢʦ-ʽʥʞʝʥʝʨʥʦʛʦ 

ʧʘʢʝʪʘ Comsol Multiphysics. ʋ 

ʛʝʥʝʨʘʪʦʨʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʨʝʟʦʥʘʪʦʨʥʠʡ ʨʝʞʠʤ ʩ ʧʝʨʝʜʘʯʝʶ 

ʅɺʏ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʤʘʛʥʝʪʨʦʥʘ 
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ʧʣʘʟʤʦʚʦʤʫ ʨʦʟʨʷʜʫ ʫ ʨʦʟʨʷʜʥʽʡ 

ʢʘʤʝʨʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʙʦʨʽ 

ʛʝʦʤʝʪʨʽʾ ʭʚʠʣʝʚʦʜʥʦ-ʨʝʟʦʥʘʪʦʨʥʦʛʦ 

ʚʫʟʣʘ, ʷʢʠʡ ʨʘʟʦʤ ʟ ʢʘʨʪʠʥʦʶ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1. 

ʈʦʟʨʘʭʫʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʽʜʙʠʪʠʭ ʧʦʪʦʢʽʚ ʘʪʦʤʽʚ Ar ʽ O 

ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

TRIM (TRansport of Ions in Matter) 

[7,8]. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʽ ʄʦʥʪʝ-

ʂʘʨʣʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʙʣʫʢʘʥʴ 99500 ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʤʽʰʝʥʽ ʫ 

ʥʘʙʣʠʞʝʥʥʽ ʧʘʨʥʠʭ ʟʽʪʢʥʝʥʴ ʯʘʩʪʠʥʦʢ 

ʟ ʘʪʦʤʘʤʠ ʤʽʰʝʥʽ. ʎʝʡ ʤʝʪʦʜ 

ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʜʽʙʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʙʦ ʧʨʦʮʝʩ ʫʧʦʚʽʣʴʥʝʥʥʷ 

(ʛʘʣʴʤʫʚʘʥʥʷ) ʘʪʦʤʥʠʭ ʯʘʩʪʠʥʦʢ 

ʥʦʩʠʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʦʩʢʽʣʴʢʠ ʦʢʨʝʤʽ ʘʪʦʤʠ ʟʘʟʥʘʶʪʴ 

ʥʝʦʜʥʘʢʦʚʦʛʦ ʯʠʩʣʘ ʟʽʪʢʥʝʥʴ ʽ 

ʚʪʨʘʯʘʶʪʴ ʨʽʟʥʫ ʝʥʝʨʛʽʶ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʽʦʥʠ, ʱʦ ʙʦʤʙʘʨʜʫʶʪʴ, 

ʧʨʦʭʦʜʷʪʴ ʨʽʟʥʽ ʪʨʘʻʢʪʦʨʽʾ ʽ ʜʦʚʞʠʥʠ 

ʧʨʦʙʽʛʽʚ ʜʦ ʟʫʧʠʥʢʠ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ. 

ʇʨʦʥʠʢʥʝʥʥʷ ʰʚʠʜʢʠʭ ʽʦʥʽʚ ʫ 

ʪʚʝʨʜʝ ʪʽʣʦ ʘʙʦ ʩʢʣʘʜʥʠʡ ʟʘ ʩʢʣʘʜʦʤ 

ʤʘʪʝʨʽʘʣ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʻʶ 

ʾʭ ʟ ʷʜʨʘʤʠ ʘʪʦʤʽʚ ʪʘ ʝʣʝʢʪʨʦʥʘʤʠ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ɯʦʥ ʧʨʠ ʧʝʨʰʦʤʫ 

ʟʽʪʢʥʝʥʥʽ ʟ ʘʪʦʤʦʤ ʤʘʪʝʨʽʘʣʫ ʧʝʨʝʜʘʻ 

ʡʦʤʫ ʯʘʩʪʠʥʫ ʩʚʦʻʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʩʪʚʦʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʝʨʚʠʥʥʦ 

ʚʠʙʠʪʠʡ ʘʪʦʤ, ʷʢʠʡ ʚʠʙʠʚʘʻ 

ʚʪʦʨʠʥʥʠʡ, ʽ ʪ.ʜ. ʊʨʘʻʢʪʦʨʽʾ ʢʦʞʥʦʾ 

ʯʘʩʪʠʥʢʠ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʜʦ ʪʦʛʦ ʯʘʩʫ, 

ʧʦʢʠ ʚʦʥʘ ʥʝ ʚʪʨʘʪʠʪʴ ʩʚʦʶ ʝʥʝʨʛʽʶ. 

ɿʽʪʢʥʝʥʥʷ ʘʪʦʤʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʭʘʦʪʠʯʥʦ ʽ ʚʦʥʠ ʨʦʟʩʽʶʶʪʴʩʷ ʧʽʜ 

ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʽʦʥʽʚ. ɼʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʯʘʩʪʠʥʦʢ RN ʽ 

ʝʥʝʨʛʽʾ RE. ʂʦʝʬʽʮʽʻʥʪ RN ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʙʠʪʠʭ 

ʘʪʦʤʽʚ N ʜʦ ʢʽʣʴʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʯʘʩʪʠʥʦʢ N0 (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʘʪʦʤʠ), 

ʱʦ ʙʦʤʙʘʨʜʫʶʪʴ ʤʽʰʝʥʴ. RE 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ ʧʦʯʘʪʢʦʚʦʾ 

ʝʥʝʨʛʽʾ E0, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚʽʜʙʠʪʠʤ 

ʘʪʦʤʦʤ. RN ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʯʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʤʽʰʝʥʽ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʘʙʦ ʘʪʦʤʘʨʥʠʤ ʽʦʥʦʤ, 

ʷʢʱʦ ʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʝʨʝʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʥʘ ʦʜʥʫ ʘʪʦʤʥʫ 

ʯʘʩʪʢʫ. ʊʘʢʦʞ ʥʝ ʚʧʣʠʚʘʻ ʥʘ RN 

ʥʘʷʚʥʽʩʪʴ ʟʘʨʷʜʫ ʫ ʙʦʤʙʘʨʜʫʚʘʣʴʥʦʾ 

ʯʘʩʪʠʥʢʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʩʽʶʚʘʥʥʷ ʽʦʥʽʚ ʢʠʩʥʶ 

ʟʘʜʘʻʤʦ ʝʥʝʨʛʽʶ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʥʫ 

ʙʦʤʙʘʨʜʫʚʘʣʴʥʫ ʘʪʦʤʥʫ ʯʘʩʪʢʫ, ʽ 

ʚʚʘʞʘʻʤʦ ʦʜʠʥ ʤʦʣʝʢʫʣʷʨʥʠʡ ʽʦʥ ʷʢ 

ʜʚ̔ ʥʝʟʘʣʝʞʥʽ ʘʪʦʤʥʽ ʯʘʩʪʠʥʢʠ. ɺ ʪʘʙʣ. 

1 ʽ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ RN ʽ RE, ʜʝ E0 ï ʧʦʯʘʪʢʦʚʘ 

ʝʥʝʨʛʽʷ ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʘʪʦʤʠ. 

 

 

ʊʘʙʣ. 1. ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʯʘʩʪʠʥʦʢ ʪʘ ʝʥʝʨʛʽʾ ʜʣʷ ʽʦʥʽʚ ʢʠʩʥʶ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʘʜʽʥʥʽ 

E0, ʢʝɺ 

ʂʦʝʬʽʮʽʻ

ʥʪ 

ʚʽʜʙʠʪʪʷ 

ʄʘʪʝʨʽʘʣ ʽ ʘʪʦʤʥʘ ʤʘʩʘ ʤʽʰʝʥʽ 

Al  

26,98 

Ti 

47,90 

Zn 

65,38 

Zr 

91,22 

Nb 

92,91 

Ta 

180,95 

0,5 RN 0,0502 0,1282 0,2065 0,2217 0,2353 0,3653 



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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RE 0,0041 0,0214 0,0518 0,0610 0,0665 0,1555 

1,0 
RN 0,0398 0,1143 0,1885 0,2015 0,2124 0,3545 

RE 0,0033 0,0199 0,0474 0,0558 0,0598 0,1481 

5,0 
RN 0,0244 0,0774 0,1436 0,1622 0,1650 0,3106 

RE 0,0021 0,0133 0,0365 0,0435 0,0455 0,1282 

 

ʊʘʙʣ. 2. ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʯʘʩʪʠʥʦʢ ʪʘ ʝʥʝʨʛʽʾ ʜʣʷ ʽʦʥʽʚ ʘʨʛʦʥʫ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʘʜʽʥʥʽ 

E0, ʢʝɺ 

ʂʦʝʬʽʮʽʻ

ʥʪ 

ʚʽʜʙʠʪʪʷ 

ʄʘʪʝʨʽʘʣ ʽ ʘʪʦʤʥʘ ʤʘʩʘ ʤʽʰʝʥʽ 

Al  

26,98 

Ti 

47,90 

Zn 

65,38 

Zr 

91,22 

Nb 

92,91 

Ta 

180,95 

0,5 

RN 
0,00083

4 
0,0290 0,0925 0,1273 0,1353 0,2840 

RE 
0,00001

4 
0,0012 0,0074 0,0157 0,0179 0,0798 

1,0 

RN 
0,00072

4 
0,0266 0,0791 0,1152 0,1241 0,2687 

RE 
0,00001

0 
0,0011 0,0060 0,0145 0,0165 0,0728 

5,0 

RN 
0,00067

3 
0,0175 0,0507 0,0877 0,0925 0,2208 

RE 
0,00001

0 
0,0008 0,0044 0,0112 0,0123 0,0615 

 

 

 ʘ)  ʙ) 



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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 ʚ)  ʛ) 

ʈʠʩ. 3. ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ RN ʚʽʜ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ 

ʽʦʥʽʚ Eʽʦʥ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʘʜʽʥʥʽ (ʘ-ʚ) ʪʘ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʧʨʠ ʝʥʝʨʛʽʾ ʽʦʥʽʚ 0,5 

ʪʘ 0,2 ʢʝɺ (ʛ). ɺʠʜ ʽʦʥ-ʫʪʚʦʨʶʚʘʣʴʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʤʘʪʝʨʽʘʣ ʤʽʰʝʥʽ 

ʚʢʘʟʘʥʽ ʥʘ ʬʦʥʽ ʛʨʘʬʽʢʽʚ. ɺʝʣʠʯʠʥʠ RN ʪʘ E ʦ̔ʥ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘ ʦʜʠʥ ʘʪʦʤ 

ʙʦʤʙʘʨʜʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʢʠ, ʪʦʙʪʦ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭʘʪʦʤʥʦʛʦ ʽʦʥʘ (O
+2

 ʘʙʦ N
+2

) 

ʟʘʟʥʘʯʝʥʽ ʝʥʝʨʛʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʽʟ ʘʪʦʤʽʚ ʽʦʥʘ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʴ 1 ʽ 2, ʘ ʪʘʢʦʞ 

ʟ ʨʠʩ. 3, RN ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ-ʜʝʩʷʪʢʠ 

ʚʽʜʩʦʪʢʽʚ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʤʽʰʝʥʽ), ʱʦ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʏʠʤ ʣʝʛʰʝ 

ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʡ ʽʦʥ, ʤʝʥʰʝ ʡʦʛʦ 

ʝʥʝʨʛʽʷ ʽ ʚʘʞʯʝ ʘʪʦʤʠ ʤʽʰʝʥʽ, ʪʠʤ 

ʙʽʣʴʰʝ RN (ʥʘʧʨʠʢʣʘʜ, ʚʟʷʪʠ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʘʣʶʤʽʥʽʶ 

ʽ ʪʘʥʪʘʣʫ). ʈʦʟʩʽʷʥʥʷ ʚʽʜ ʢʨʝʤʥʽʻʚʦʾ 

ʤʽʰʝʥʽ ʤʠ ʦʪʨʠʤʘʣʠ ʥʘʡʤʝʥʰʫ (ʚ 

ʪʘʙʣʠʮʽ ʥʝ ʥʘʚʝʜʝʥʦ). ʂʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʪʪʷ ʝʥʝʨʛʽʾ RE ʪʘʢʦʞ ʜʦʩʷʛʘʻ 

ʦʜʠʥʠʮʴ-ʜʝʩʷʪʢʽʚ ʚʽʜʩʦʪʢʽʚ, ʘʣʝ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ 

RN. ɿʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʧʘʜʽʥʥʷ ʽʦʥʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

RN (ʜʠʚ. ʨʠʩ. 3, ʛ), ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʠʪʽ 

ʯʘʩʪʢʠ ʥʝʩʫʪʴ ʝʥʝʨʛʽʶ, ʷʢʘ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʘʜʽʥʥʽ. 

ʎʝ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʠʩ. 4 ʽ 

ʨʠʩ. 5, ʥʘ ʷʢʠʭ ʧʦʢʘʟʘʥʽ ʨʦʟʧʦʜʽʣʠ ʧʦ 

ʚʽʜʥʦʩʥʽʡ ʝʥʝʨʛʽʾ ʘʪʦʤʽʚ ʢʠʩʥʶ, 

ʚʽʜʙʠʪʠʭ (ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʠʭ) ʚʽʜ 

ʤʽʰʝʥʽ ʟ ʪʠʪʘʥʫ ʽ ʪʘʥʪʘʣʫ. 

 

 

 



ʄʘʪʝʨʽʘʣʠ X-ʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  
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ʈʠʩ. 4. ʈʦʟʧʦʜʽʣ ʧʦ ʝʥʝʨʛʽʾ 

ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʠʭ ʚʽʜ ʪʠʪʘʥʫ ʘʪʦʤʽʚ 

ʢʠʩʥʶ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʧʘʜʽʥʥʷ. E = 

E/E0 

 

ʅʘ ʨʠʩ. 4 ʽ ʨʠʩ. 5 ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʽʚ ʧʦ 

ʝʥʝʨʛʽʾ ʚʽʜʙʠʪʠʭ ʯʘʩʪʠʥʦʢ ʜʣʷ ʪʨʴʦʭ 

ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ ʽʦʥʽʚ 

(0,5 ʢʝɺ, 1 ʢʝɺ ʽ 5 ʢʝɺ) ʽ ʪʨʴʦʭ ʟʥʘʯʝʥʴ 

ʢʫʪʘ ʧʘʜʽʥʥʷ (0, 45 ʽ 75 ʛʨʘʜʫʩʽʚ). 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʧʦʣʽʛʦʥʫ. ʊʫʪ E = E/E0 ï ʚʽʜʥʦʩʥʘ 

ʝʥʝʨʛʽʷ ʚʽʜʙʠʪʠʭ ʘʪʦʤʽʚ, ʘ F 

ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʤʘʶʪʴ ʝʥʝʨʛʽʶ ʫ 

ʜʽʘʧʘʟʦʥʽ [Eï 0,05, E], ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʙʠʪʠʭ ʘʪʦʤʽʚ N, ʧʨʠ 

ʮʴʦʤʫ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʝʥʝʨʛʽʡ 

ʙʫʚ ʨʦʟʙʠʪʠʡ ʥʘ 20 ʯʘʩʪʠʥ; ʪʘʢʠʤ 

ʯʠʥʦʤ, ʩʫʤʘ 20 ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ F 

ʜʦʨʽʚʥʶʻ 1. 

ʗʢ ʚʠʜʥʦ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʚʽʜʙʠʪʠʭ ʘʪʦʤʽʚ ʧʦ 

ʚʽʜʥʦʩʥʽʡ ʝʥʝʨʛʽʾ ʥʝ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʯʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ 

ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʜʽʘʧʘʟʦʥʽ 

0,5é5,0 ʢʝɺ, ʘʣʝ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ 

ʧʘʜʽʥʥʷ  ʟʜʽʡʩʥʶʻ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ. ʗʢʱʦ ʧʨʠ 

 = 0  ʨʦʟʧʦʜʽʣ ʤʘʻ ʇ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ, 

ʪʦ ʧʨʠ  = 75  ʚʽʥ ʥʘʙʫʚʘʻ ʪʨʠʢʫʪʥʦʾ 

ʬʦʨʤʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʯʘʩʪʠʥʦʢ ʟ 

ɽ ~ 0,7é1,0. ʇʦʪʦʢʠ ʘʪʦʤʽʚ, ʚʽʜʙʠʪʠʭ 

ʚʽʜ ʤʽʰʝʥʝʡ ʟ ʚʝʣʠʢʦʶ ʘʪʦʤʥʦʶ 

ʤʘʩʦʶ, ʤʽʩʪʷʪʴ ʙʽʣʴʰʝ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʆʩʪʘʥʥʻ ʦʩʦʙʣʠʚʦ ʮʽʥʥʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʪʦʢʽʚ ʰʚʠʜʢʠʭ 

ʥʝʡʪʨʘʣʴʥʠʭ ʘʪʦʤʽʚ ʟ ʽʦʥʥʠʭ ʧʫʯʢʽʚ 

ʰʣʷʭʦʤ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʽʦʥʽʚ ʥʘ 

ʤʝʪʘʣʝʚʽʡ ʧʦʚʝʨʭʥʽ [4]. 

 

 

 

ʈʠʩ. 5. ʈʦʟʧʦʜʽʣ ʧʦ ʝʥʝʨʛʽʾ 

ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʠʭ ʚʽʜ ʪʘʥʪʘʣʫ ʘʪʦʤʽʚ 

ʢʠʩʥʶ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʧʘʜʽʥʥʷ. E = 

E/E0 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ 

ʧʨʦʮʝʩʘʭ ʽʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʦʥʽʚ ʘʨʛʦʥʫ ʽ ʙʽʣʴʰ 

ʣʝʛʢʦʛʦ ʢʠʩʥʶ ʛʝʥʝʨʫʶʪʴʩʷ ʟʥʘʯʥʽ 

ʧʦʪʦʢʠ ʚʽʜʙʠʪʠʭ (ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʠʭ) 

ʚʽʜ ʤʽʰʝʥʽ ʰʚʠʜʢʠʭ ʘʪʦʤʽʚ Ar ʽ O. 

ɽʥʝʨʛʽʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʚʝʨʭʥʽ 

ʧʽʜʢʣʘʜʢʠ ʮʠʤʠ ʯʘʩʪʢʘʤʠ, ʤʦʞʝ 

ʩʪʚʦʨʠʪʠ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ˇʨʘʜʽʻʥʪʥʠʭ ʧʦʢʨʠʪʪʽʚ; ʟʦʢʨʝʤʘ, ʮʝ 

ʤʦʞʝ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ ʦʜʝʨʞʘʥʥʽ 

ˇʨʘʜʽʻʥʪʥʠʭ ʦʧʪʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʟʘʜʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʣʦʤʣʝʥʥʷ ʧʦ ʛʣʠʙʠʥʽ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʙʠʪʪʷ 

ʰʚʠʜʢʠʭ ʘʪʦʤʽʚ (ʦʩʦʙʣʠʚʦ, ʢʠʩʥʶ!) 

ʧʨʠ ʘʥʘʣʽʟʽ ʫʤʦʚ ʦʩʘʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ 

ʜʘʥʽ ʧʦ ʚʽʜʙʠʪʪʶ ʛʘʟʦʚʠʭ ʯʘʩʪʠʥʦʢ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʧʫʯʢʽʚ ʥʝʡʪʨʘʣʴʥʠʭ 

ʯʘʩʪʠʥʦʢ ʟ ʥʝʡʪʨʘʣʽʟʘʮʽʻʶ ʧʝʨʚʠʥʥʦʛʦ 

ʽʦʥʥʦʛʦ ʧʫʯʢʘ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʦʚʝʨʭʥʽ. 

ɺ ʩʠʣʫ ʩʧʨʦʱʝʥʥʷ ʙʫʣʦ 

ʚʠʢʣʶʯʝʥʦ ʚʝʥʪʠʣʴ ʽʟ ʢʦʥʩʪʨʫʢʮʽʾ 

ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʥʠʭ ʨʦʟʤʽʨʘʭ 

ʧʨʠʩʪʨʦʶ ʪʘ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʟʤʽʥʠ ʫʤʦʚ ʢʘʤʝʨʠ ʪʘ 

ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ ʚ ʫʤʦʚʘʭ ʦʧʪʠʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʣʘʜʫ ʫʤʦʚʘ 

ʫʟʛʦʜʞʝʥʥʷ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ 

ʧʣʘʟʤʠ ʧʦʢʠ ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʙʝʟ 

ʥʝʡʪʨʘʣʽʟʘʪʦʨʘ ʽʦʥʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʪʚʝʨʜʠʣʠ 

ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʥʘ ʢʦʣʝʢʪʦʨ, ʷʢʠʡ ʙʫʚ ʚʽʜʜʘʣʝʥʠʡ ʚʽʜ 

ʚʠʭʽʜʥʦʾ ʩʽʪʢʠ ʥʘ 10 ʩʤ, ʙʫʣʘ ʨʽʚʥʦʶ 

ʜʝʢʽʣʴʢʘ ʤʽʣʽʘʤʧʝʨ ʥʘ ʢʚʘʜʨʘʪʥʠʡ 

ʩʘʥʪʠʤʝʪʨ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʛʘʟʫ ʢʠʩʥʶ, ʘʟʦʪʫ ʪʘ ʧʦʚʽʪʨʷ 

ʧʨʠ ʪʠʩʢʫ 0,1 ï 1,5 ʇʘ. ʈʝʛʫʣʶʚʘʥʥʷ 

ʽʦʥʥʦʛʦ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʩʪʨʫʤʫ ʩʦʣʝʥʦʾʜʘ. 

ɿʤʽʥʘ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʘʢʫʫʤʥʦʛʦ 

ʤʘʛʥʝʪʨʦʥʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʤʦʜʝʣʴʦʚʘʥʠʡ ʅɺʏ ʛʝʥʝʨʘʪʦʨ 

ʧʣʘʟʤʠ ʩʫʤʽʩʥʦ ʟ ʥʝʡʪʨʘʣʽʟʘʪʦʨʦʤ 

ʽʦʥʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʣʘʟʤʦʚʝ 

ʜʞʝʨʝʣʦ ʰʚʠʜʢʠʭ ʥʝʡʪʨʘʣʽʚ, ʷʢʝ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʪʝʭʥʦʣʦʛʽʾ 

ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʫʙʤʽʢʨʦʥʥʠʭ ʚʝʣʠʢʠʭ ʪʘ ʥʘʜʚʝʣʠʢʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʪʘ ʧʨʠʣʘʜʽʚ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʥʘʩʘʤʧʝʨʝʜ ʪʠʤ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʚʥʝʩʝʥʠʭ ʦʙʨʦʙʢʦʶ ʜʝʬʝʢʪʽʚ ʤʝʥʰʘ, 

ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʽʥʜʫʢʪʠʚʥʦ-ʟʚôʷʟʘʥʦʾ ʧʣʘʟʤʠ, ʢʨʽʤ 

ʪʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ 

ʰʠʨʦʢʦʟʦʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʘ 

ʜʽʝʣʝʢʪʨʠʢʽʚ! 
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