
1 

 



2 

 

 



3 

 

ʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁʊɽʍʅʀʏɽʉʂʀʁ 

ʋʅʀɺɽʈʉʀʊɽʊ ɻʈɸɾɼɸʅʉʂʆʁ ɸɺʀɸʎʀʀ 

ʂɸʌɽɼʈɸ 

çʊɽʍʅʀʏɽʉʂʆʁ ʕʂʉʇʃʋɸʊɸʎʀʀ ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʆɻʆ 

ʆɹʆʈʋɼʆɺɸʅʀʗ ɺʆɿɼʋʐʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸè 

 

 

ʂʦʟʣʦʚ ɸ.ʀ., ɿʘʪʫʯʥʳʡ ɼ.ɸ. 

 

 

 

çɸɺʀɸʀʅɾɽʅɽʈ ɹʋɼʋʑɽɻʆ: 

ʈɸɼʀʆʊɽʍʅʀʂɸ ʀ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂɸè 

 

 

 

ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ 

ʜʣʷ ʫʯʠʪʝʣʝʡ ʠʥʞʝʥʝʨʥʳʭ ʢʣʘʩʩʦʚ ʤʦʩʢʦʚʩʢʠʭ ʰʢʦʣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʄʦʩʢʚʘ 2016 ʛ. 



4 

 

ʈʝʮʝʥʟʝʥʪʳ: ʜ.ʪ.ʥ., ʧʨʦʬ. ʃʫʪʠʥ ʕ.ɸ. (ʄɻʊʋ ɻɸ)  

ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʘʨʳʯʝʚ ɺ.ɸ. (ɿɸʆ çʈʘʜʘʨ-ʄʄʉè)  

 

ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʫʯʠʪʝʣʝʡ ʠʥʞʝʥʝʨʥʳʭ ʢʣʘʩʩʦʚ ʤʦʩʢʦʚʩʢʠʭ ʰʢʦʣ  

 

 

ɺ ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʦʩʦʙʠʠ ʠʟʣʘʛʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʦʡ 

ʩʫʱʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, 

ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɸʚʪʦʨʘʤʠ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʚʠʛʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʩʥʘʙʞʝʥʦ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʨʦʙʥʦʛʦ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʦ ʫʯʘʱʠʤʩʷ ʠʥʞʝʥʝʨʥʳʭ ʢʣʘʩʩʦʚ ʠ ʫʯʠʪʝʣʷʤ, ʚʝʜʫʱʠʤ ʚ ʥʠʭ ʟʘʥʷʪʠʷ.  

ɼʘʥʥʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʥʘʧʠʩʘʥʦ ʚ ʨʘʤʢʘʭ ʉʦʛʣʘʰʝʥʠʷ ɼʝʧʘʨʪʘʤʝʥʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛ. ʄʦʩʢʚʳ ʩ ʄɻʊʋ ɻɸ. ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ çʊʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 18.11.2016 ʛ. ʧʨʦʪʦʢʦʣ ˉ4. 
 



5 

 

 



6 

 

 

ʆɻʃɸɺʃɽʅʀɽ 

ʏʘʩʪʴ 1.   

ʅɸʏɸʃɸ ʈɸɼʀʆʃʆʂɸʎʀʀ 

 

ɺʚʝʜʝʥʠʝ 3 

1.ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʢʨʫʛ ʥʘʩ ééééééééééééééééééé. 4 

2. ʂʘʢ ʦʧʠʩʳʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ééééééééé................................. 6 

3. ʏʪʦ ʪʘʢʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ éééééééééééééééééé... 13 

4. ʂʘʢʠʝ ʟʘʜʘʯʠ ʨʝʰʘʝʪ ʨʘʜʠʦʣʦʢʘʮʠʷ ééééééééééééééééééé 19 

5. ʂʘʢʠʝ ʩʠʛʥʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ éééééééééééééé. 21 

6. ʏʪʦ ʥʝʩʝʪ ʚ ʩʝʙʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ééééééééééééé. 22 

7. ʏʪʦ ʪʘʢʦʝ ʵʣʝʤʝʥʪ ʨʘʟʨʝʰʝʥʠʷ ééééééééééééééééééééé. 24 

8. ʂʘʢ ʫʣʫʯʰʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ éééééééééé.. 26 

9. ʂʘʢʠʝ ʩʠʛʥʘʣʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʚʭʦʜ ʈʃʉ éééééééééééééééé 29 

10. ʂʘʢ ʚʳʜʝʣʷʪʴ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʥʘ ʬʦʥʝ ʰʫʤʘ ééééééééééééé... 32 

11. ʂʘʢ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ééééééé. 34 

12. ʂʘʢʠʝ ʦʰʠʙʢʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ éééééééééééé. 35 

13. ʂʦʛʜʘ ʠ ʧʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ éééééééééééé 37 

14. ʋʨʘʚʥʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ééééééééééééééééééééééééé 39 

15. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʢʘʢ ʝʝ ʧʦʚʳʩʠʪʴ ééééééééé... 44 

16. ʂʘʢʠʝ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʜʳ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ééééééééé.. 45 

17. ɻʜʝ ʩʝʛʦʜʥʷ ʥʝ ʦʙʦʡʪʠʩʴ ʙʝʟ ʨʘʜʠʦʣʦʢʘʮʠʠ ééééééééééééééé.. 46 

ɿʘʢʣʁʯʝʥʠʝ éééééééééééééééééééééééééééééé... 47 

ʏʘʩʪʴ 2.   

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʈɸɼʀʆɺʆʃʅ 

 

1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ééééééééééé. 48 

1.1. ʉʨʝʜʘ ʙʝʟ ʧʦʪʝʨʴ ééééééééééééééééééééééééé 48 

1.2. ʉʨʝʜʘ ʩ ʧʦʪʝʨʷʤʠ éééééééééééééééééééééééé... 52 

1.3. ɼʘʣʴʥʦʩʪʴ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ééééééééééééééééééé.. 55 

2. ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ éééééééééééééééééé. 56 

2.1. ʇʦʯʚʘ ééééééééééééééééééééééééééééé.. 57 

2.2. ʊʨʦʧʦʩʬʝʨʘ ééééééééééééééééééééééééééé. 57 

2.3. ʉʪʨʘʪʦʩʬʝʨʘ éééééééééééééééééééééééééé... 59 

2.4. ʀʦʥʦʩʬʝʨʘ. ééééééééééééééééééééééééééé. 60 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʪʨʦʧʦʩʬʝʨʝ éééééééééé. 63 

4. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ éééééééééé... 66 

5. ʆʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ééé 69 

6. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʜʠʦʚʦʣʥ ééééééééééééééééééééééé 73 

7. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ééééé... 78 

7.1 ʉʚʝʨʭʜʣʠʥʥʳʝ ʠ ʜʣʠʥʥʳʝ ʚʦʣʥʳ éééééééééééééééééé.. 79 

7.2. ʉʨʝʜʥʠʝ ʚʦʣʥʳ ééééééééééééééééééééééééé... 80 

7.3. ʂʦʨʦʪʢʠʝ ʚʦʣʥʳ ééééééééééééééééééééééééé. 82 

7.4. ʋʣʴʪʨʘʢʦʨʦʪʢʠʝ ʚʦʣʥʳ éééééééééééééééééééééé.. 84 

7.5. ɼʝʮʠʤʝʪʨʦʚʳʝ, ʩʘʥʪʠʤʝʪʨʦʚʳʝ ʠ ʤʠʣʣʠʤʝʪʨʦʚʳʝ ʚʦʣʥʳ éééééééé. 86 

7.6. ɺʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ééééééééééééééééééé. 88 

ɿʘʢʣʶʯʝʥʠʝ éééééééééééééééééééééééééééééé... 89 

 

 



7 

 

 

ʏɸʉʊʔ 1 

 

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʈɸɼʀʆʃʆʂɸʎʀʀ 

 

ɺɺɽɼɽʅʀɽ 

ɻʜʝ-ʪʦ ʚ ʧʷʪʠʜʝʩʷʪʳʝ ʛʦʜʳ ʙʦʣʴʰʠʥʩʪʚʦ ʞʠʪʝʣʝʡ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚʧʝʨʚʳʝ 

ʫʩʣʳʰʘʣʠ ʩʣʦʚʦ "ʨʘʜʠʦʣʦʢʘʮʠʷ". ʆʥʦ ʧʨʦʠʟʥʦʩʠʣʦʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʠʭʠʤ 

ʛʦʣʦʩʦʤ, ʩ ʙʦʣʴʰʠʤ ʧʦʯʪʝʥʠʝʤ ʠ ʫʚʘʞʝʥʠʝʤ ʢ ʵʪʦʤʫ ʩʣʦʚʫ ʠ ʥʝʩʣʦ ʚ ʩʝʙʝ 

ʵʣʝʤʝʥʪ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʥʦʩʠʚʰʠʡ ʵʪʦ ʩʣʦʚʦ ʧʨʠʯʘʩʪʝʥ ʢ ʢʘʢʠʤ-ʪʦ ʚʳʩʰʠʤ 

ʣʠʙʦ ʚʦʝʥʥʳʤ, ʣʠʙʦ ʥʘʫʯʥʳʤ ʩʝʢʨʝʪʘʤ. ʄʘʩʩʦʚʳʝ ʧʦʧʫʣʷʨʥʳʝ ʧʫʙʣʠʢʘʮʠʠ 

ʪʦʛʦ ʚʨʝʤʝʥʠ ʚ ʛʘʟʝʪʘʭ ʠ ʞʫʨʥʘʣʘʭ, ʜʝʪʝʢʪʠʚʥʳʝ ʧʦʚʝʩʪʠ ʠ ʬʠʣʴʤʳ ʫʙʝʞʜʘʣʠ 

ʯʠʪʘʪʝʣʝʡ ʠ ʟʨʠʪʝʣʝʡ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʯʝʥʴ ʩʣʦʞʥʦʛʦ, ʩʧʦʩʦʙʥʦʛʦ ʩʦʪʚʦʨʠʪʴ 

ʯʫʜʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʟʘʱʠʪʠʪʴ ʥʘʰʝ ʥʝʙʦ ʦʪ ʥʝʧʨʦʰʝʥʥʳʭ ʛʦʩʪʝʡ, 

ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʣʝʪʘʤ ʣʝʪʘʪʴ ʚ ʣʶʙʫʶ ʧʦʛʦʜʫ, ʧʨʠ ʣʶʙʦʡ ʚʠʜʠʤʦʩʪʠ ʠ 

ʚʠʜʝʪʴ ʚʩʝ, ʯʪʦ ʪʚʦʨʠʪʩʷ ʚ ʥʝʙʝʩʘʭ, ʥʘ ʟʝʤʣʝ ʠ ʥʘ ʤʦʨʝ. ʅʦ ʰʣʦ ʚʨʝʤʷ ʠ, ʢʘʢ 

ʵʪʦ ʚʩʝʛʜʘ ʙʳʚʘʝʪ, ʤʘʩʩʦʚʳʡ ʠʥʪʝʨʝʩ ʢ ʨʘʜʠʦʣʦʢʘʮʠʠ ʫʛʘʩ, ʝʛʦ ʚʳʪʝʩʥʠʣʠ 

ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʧʝʭʠ, ʘ ʩʘʤʘ ʨʘʜʠʦʣʦʢʘʮʠʷ ʩʪʘʣʘ ʦʬʦʨʤʣʷʪʴʩʷ 

ʚ ʩʪʨʦʛʫʶ ʥʘʫʯʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʩ ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʝʛʦʜʥʷ ʤʳ ʠʤʝʝʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʣʘʩʩʠʯʝʩʢʫʶ ʫʯʝʙʥʦ-ʥʘʫʯʥʫʶ 

ʜʠʩʮʠʧʣʠʥʫ, ʚʦʰʝʜʰʫʶ ʚ ʦʙʷʟʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, - ʫʜʠʚʠʪʝʣʴʥʳʝ ʧʦ ʩʚʦʠʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʨʘʟʣʠʯʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʧʦʩʦʙʥʳʝ ʩʦʚʝʨʰʠʪʴ ʥʝʚʦʟʤʦʞʥʦʝ ʠ "ʫʚʠʜʝʪʴ" ʪʦ, 

ʯʪʦ ʚ ʞʠʪʝʡʩʢʦʤ ʧʣʘʥʝ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʦ "ʫʚʠʜʝʪʴ". 

ʌʘʥʪʘʩʪʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʠʟʦʰʝʜʰʠʡ 

ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ, ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʜʠʦʤʠʨ ʚʦʰʝʣ ʚ ʞʠʟʥʴ ʢʘʞʜʦʛʦ ʠʟ 

ʥʘʩ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʡ ʘʪʨʠʙʫʪ ʥʘʰʝʡ ʞʠʟʥʠ. ʀʥʪʝʨʥʝʪ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʠ 

ʘʡʬʦʥʳ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʢʦʤʧʣʝʢʩʳ, ʮʠʬʨʦʚʦʝ ʪʝʣʝʚʠʜʝʥʠʝ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʥʘʚʠʛʘʪʦʨʳ ʩʪʘʣʠ ʥʘʩʪʦʣʴʢʦ çʩʚʦʠʤʠè, ʯʪʦ ʩʪʘʣʦ ʪʨʫʜʥʦ 
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ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʞʝ ʤʳ ʞʠʣʠ ʨʘʥʴʰʝ ʙʝʟ ʥʠʭ. ʅʫ ʠ ʚʝʨʰʠʥʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ï 

ʣʫʥʦʭʦʜʳ ʠ ʤʘʨʩʦʭʦʜʳ, ʣʶʜʠ ʥʘ ʃʫʥʝ, ʨʘʜʠʦʣʦʢʘʮʠʷ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʜʘʣʴʥʠʭ ʧʣʘʥʝʪ ʠ ʠʭ ʩʧʫʪʥʠʢʦʚ, ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʘʞʝ 

ʨʘʟʛʣʷʜʳʚʘʪʴ ʢʘʤʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʇʣʫʪʦʥʘ. 

ɺʩʝ ʵʪʠ ʜʦʩʪʠʞʝʥʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʟʥʘʥʠʝ ʟʘʢʦʥʦʚ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ, 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʧʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʨʦʞʜʘʶʪʩʷ 

ʯʫʜʝʩʘ ʨʘʜʠʦʤʠʨʘ ʠ ʧʦʨʦʞʜʝʥʥʳʝ ʠʤ ʯʫʜʝʩʘ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʠ 

ʨʘʜʠʦʩʚʷʟʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʧʳʪʘʝʤʩʷ ʩ ʩʘʤʳʭ ʦʙʱʠʭ ʧʦʟʠʮʠʡ ʧʦʜʦʡʪʠ ʢ 

ʧʦʥʷʪʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫.  

 

1.ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʢʨʫʛ ʥʘʩ 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʟʘʢʦʥʦʚ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʥʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʡ ʬʘʢʪ, ʥʘ ʢʦʪʦʨʳʡ, ʢʘʢ-ʪʦ ʥʝ ʦʙʨʘʱʘʶʪ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʚ ʩʠʣʫ ʝʛʦ ʢʘʞʫʱʝʡʩʷ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ. 

ʀʪʘʢ, ʫʚʘʞʘʝʤʳʡ ʯʠʪʘʪʝʣʴ, ʧʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʚʳ ʩʠʜʠʪʝ ʫ ʪʝʣʝʚʠʟʦʨʘ ʠ ʩ 

ʣʝʛʢʦʩʪʴʶ ʧʝʨʝʢʣʶʯʘʝʪʝ ʝʛʦ ʢʘʥʘʣʳ -1, 2, 3, 4 ʠ ʪ.ʜ. ʠ ʚʠʜʠʪʝ ʤʝʥʷʶʱʠʝʩʷ 

ʢʘʨʪʠʥʢʠ. ʅʝ ʚʩʪʘʚʘʷ ʩʦ ʩʚʦʝʛʦ ʤʝʩʪʘ, ʚʳ ʙʝʨʝʪʝ ʨʘʜʠʦʧʨʠʝʤʥʠʢ ʠ ʩ ʪʘʢʦʡ ʞʝ 

ʣʝʛʢʦʩʪʴʶ, ʧʨʦʢʨʫʯʠʚʘʷ ʨʫʯʢʫ ʥʘʩʪʨʦʡʢʠ ʧʨʠʝʤʥʠʢʘ, ʩʣʳʰʠʪʝ ʛʦʣʦʩʘ ʠʟ 

ʄʦʩʢʚʳ ʠ ʇʝʢʠʥʘ, ʃʦʥʜʦʥʘ ʠ ʈʠʤʘ ʠ ʪ.ʜ. ʏʪʦ ʞʝ ʷʚʠʣʦʩʴ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʣʫʯʘʝʤʦʡ ʚʘʤʠ ʠʥʬʦʨʤʘʮʠʠ? ʆʪʚʝʪ ʧʨʦʩʪʦʡ ï ʪʦʢʠ, ʥʘʚʦʜʠʤʳʝ ʚ ʘʥʪʝʥʥʝ 

ʚʘʰʠʭ ʫʩʪʨʦʡʩʪʚ. ʅʦ ʘʥʪʝʥʥʘ ʧʨʠ ʚʘʰʠʭ ʥʘʩʪʨʦʡʢʘʭ ʥʝ ʠʟʤʝʥʷʣʘ ʥʠ ʩʚʦʝʛʦ 

ʚʠʜ, ʥʠ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʥʘʯʠʪ ʪʘʤ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ 

ʘʥʪʝʥʥʘ, çʠʤʝʝʪʩʷè ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ (!!!) ʠʩʪʦʯʥʠʢʘʭ ʨʘʜʠʦʚʦʣʥ, ʛʜʝ ʙʳ ʦʥʠ 

ʥʠ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ 

ʣʶʙʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʘʥʪʝʥʥʳ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʢʫʨʩʘ ʬʠʟʠʢʠ, ʚʩʷʢʦʝ ʪʝʣʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʦʪʣʠʯʥʦʡ ʦʪ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ (-273̄ʉ), ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ çʧʝʨʝʥʦʩʠʪʩʷè ʯʝʨʝʟ ʣʶʙʦʡ ʤʘʣʳʡ ʦʙʲʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʪ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʘʰʘ ʘʥʪʝʥʥʘ, ʠ ʥʝʩʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʤ ʠʩʪʦʯʥʠʢʝ. 
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʚʝʟʜʘʤ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʦʙʱʝʥʠʶ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠ ̫ ʥʘ ʚʩʶ ɺʩʝʣʝʥʥʫʶ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʟʚʫʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʏʝʨʝʟ ʣʶʙʦʡ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ (ʘ ʩʤʝʣʝʝ, 

ʣʶʙʫʶ ʪʦʯʢʫ!)  ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʝʥʦʩʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ɿʝʤʣʝ ʠ ʚʦ ʚʩʝʡ ɺʩʝʣʝʥʥʦʡ (!)è. ʅʘ ʨʠʩ. 1 ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥ ʧʦʪʦʢʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʜʠʦʩʪʘʥʮʠʠ, ʯʝʣʦʚʝʢʘ, ʜʝʨʝʚʘ, ʧʣʘʥʝʪʳ ʠ 

ʟʚʝʟʜʳ, ʩʪʝʢʘʶʱʠʝʩʷ ʚ ʤʘʣʳʡ ʦʙʲʝʤ (ʪʦʯʢʫ) ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

 

 

ʈʠʩ. 1. ʀʣʣʶʩʪʨʘʮʠʷ çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʝʜʠʥʩʪʚʘ ʤʠʨʘè 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʥʝ ʜʦʣʞʥʘ ʩʤʫʱʘʪʴ ʥʠʯʪʦʞʥʘʷ ʤʦʱʥʦʩʪʴ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʝʡ. ɺʦʧʨʦʩ ʠʜʝʪ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʪʦʨʦʥʝ ʚʦʧʨʦʩʘ, ʘ ʥʝ ʦ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ, ʩʚʦʝʛʦ ʨʦʜʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ çʝʜʠʥʩʪʚʝè ʧʨʠʨʦʜʳ ʠ ʯʝʣʦʚʝʢʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʥʠʯʪʦʞʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʦ 

ʫʚʘʞʘʝʤʳʡ ʯʠʪʘʪʝʣʴ, ʧʨʠʢʠʥʴʪʝ, ʢʘʢʦʚʘ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ 

ɿʝʤʣʶ ʩ ʦʨʙʠʪʳ ʇʣʫʪʦʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʣʨʜ ʢʤ ʧʨʠ 

ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʚʩʝʛʦ ʚ 60 ɺʪ. ʀ ʪʘʢʦʡ ʩʠʛʥʘʣ ʙʳʣ ʚʳʜʝʣʝʥ! ʆ 

çʢʘʯʝʩʪʚʝè ʪʘʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʛʦʚʦʨʠʪ ʨʠʩ. 2. ʅʝ ʫʩʪʫʧʘʶʪ ʧʦ ʢʘʯʝʩʪʚʫ ʠ 

ʬʦʪʦʛʨʬʠʠ ʤʘʨʠʩʘʥʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʝʝ ʣʝʛʥʜʘʨʥʳʤʠ ʩʬʠʥʢʩʘʤʠ (ʨʠʩ. 3). 

ǝǫǶǫǭ ǑǤǇǔǏ ǧǫǷǰǴǳǫǽǳǴ 
ǲǦǱȁǯ ǔǇǠƸǒ ǵǶǴǷǸǶǦǳǷǸǨǦ 

ǵǫǶǫǳǴǷǮǸǷȅ ǈǗǥ 
ǮǳǺǴǶǲǦǼǮȅ, ǵǴǶǴǬǪǦǫǲǦȅ 
ǈǗǋǒǎ ǫǷǸǫǷǸǨǫǳǳȁǲǮ Ǯ 
ǮǷǰǹǷǷǸǨǫǳǳȁǲǮ 
ǎǗǘǔǝǓǎǐǆǒǎ 
ǶǦǪǮǴǮǭǱǹǽǫǳǮȅ 

ǈǗǋǑǋǓǓǔǏ!!!  
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ʈʠʩ. 2. ʌʦʪʦ ʇʣʫʪʦʥʘ ʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

 

 

ʈʠʩ. 3. ʌʦʪʦ ʄʘʨʩʘ ʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʥʠ ʫ ʢʦʛʦ ʥʝ ʜʦʣʞʥʳ ʦʩʪʘʚʠʪʴ ʩʦʤʥʝʥʠʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʚʳʜʝʣʝʥʠʷ ʩʘʤʳʭ ʥʠʯʪʦʞʥʝʡʰʠʭ ʩʣʝʜʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. 

2. ʂʘʢ ʦʧʠʩʳʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʵʪʦ ʥʝ ʩʠʥʦʥʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠʣʠ 

ʨʘʜʠʦʚʦʣʥ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʪʦʣʴʢʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɸʚʪʦʨʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ï çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʵʪʦ ʥʝʢʦʪʦʨʘʷ ʬʦʨʤʘ 

ʄɸʈʉ 
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ʩʫɦ ʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ, ʩʧʦʩʦʙʥʘʷ ʧʝʨʝʥʦʩʠʪʴ ʵʥʝʨʛʠʶ ʠ ʠʥʬʦʨʤʘʮʠʶè. ʀ 

ʥʠʯʝʛʦ ʙʦʣʝʝ.  

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, ʝʩʣʠ ʥʝ ʚʪʦʨʛʘʪʴʩʷ ʚ 

ʦʙʣʘʩʪʠ ʤʠʢʦʤʠʨʘ ʠ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʟʚʘʥʥʦʡ 

ʬʦʨʤʳ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ (!) ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (!) 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 52 (!) ʯʠʩʣʘ. 

ʇʦʥʘʜʦʙʠʣʠʩʴ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʩʠʣʠʡ ʛʝʥʠʝʚ ʨʘʟʥʳʭ ʩʪʨʘʥ ɸʤʧʝʨʘ, 

ɺʦʣʴʪʘ, ɻʘʫʩʩʘ, ɻʝʨʮʘ, ɼʞʦʫʣʷ, ʂʠʨʭʛʦʬʘ, ʃʝʥʮʘ, ʃʦʨʝʥʮʘ, ʄʘʢʩʚʝʣʣʘ, ʆʤʘ, 

ʌʘʨʘʜʝʷ, ʕʨʩʪʝʜʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ, ʯʪʦʙʳ ʩʫʤʝʪʴ ʫʚʠʜʝʪʴ, ʯʪʦ ʵʪʦ ʠʤʝʥʥʦ 52 

ʯʠʩʣʘ.  

ʄʳ ʧʨʠʚʦʜʠʤ ʬʦʪʦʛʨʘʬʠʠ ʵʪʠʭ ʛʝʥʠʘʣʴʥʳʭ ʫʯʝʥʳʭ, ʫʩʠʣʠʷʤʠ ʢʦʪʦʨʳʭ 

ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʝʨʝʰʣʦ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʦʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʩʚʦʝʡ 

ʮʠʚʠʣʠʟʘʮʠʠ (ʨʠʩ.3). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʧʦʥʷʪʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ 4 ʚʝʢʪʦʨʘ ï ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ E (3 ʯʠʩʣʘ) 

ʠ ʤʘʛʥʠʪʥʦʛʦ H (3 ʯʠʩʣʘ) ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ D (3 ʯʠʩʣʘ) ʠ 

ʤʘʛʥʠʪʥʦʡ B (3 ʯʠʩʣʘ) ʠʥʜʫʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ Q ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y, z).  

 ʕʪʠ ʚʝʢʪʦʨʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ 4 ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠ,̫ ʠʟ ʢʦʪʦʨʳʭ ʜʚʘ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʝʢʪʦʨʥʦʡ, ʘ ʜʚʘ ï ʚ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʘʭ, ʪ.ʝ. ʨʝʯʴ ʠʜʝʪ ʦ 8 

ʩʢʘʣʷʨʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʬʠʛʫʨʠʨʫʶʪ 

ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʦʚ E, H, D, ɺ ʧʦ ʚʨʝʤʝʥʠ t, ʪ.ʝ. 

ʩʢʦʨʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʷ (ʚʩʝʛʦ 3³4=12 ʯʠʩʝʣ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʚʥʦʧʨʘʚʥʳʤʠ 

ʯʣʝʥʘʤʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪ 

ʧʦ ʢʘʞʜʦʡ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ x, y, z, ʪ.ʝ. ʝʱʝ 9³4=36 ʯʠʩʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʯʴ ʠʜʝʪ ʦ 12+12+36=60 ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥʘʭ, ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ 8 ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ ʦ 60-
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8=52 ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʯʠʩʣʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʚ ʪʦʯʢʝ Q(x, y, z) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

 ɿʜʝʩʴ ʚʧʦʣʥʝ ʫʤʝʩʪʝʥ ʚʦʧʨʦʩ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. 

ʀʪʘʢ, ʄʘʢʩʚʝʣʣ ʦʧʠʩʳʚʘʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʝʢʪʦʨʘ E, H, 

D, ɺ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʩʝʤ 4 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʉ 

ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 8 

ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ 52 ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥ. ɸ ʯʪʦ ʥʝʣʴʟʷ 

ʣʠ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʜʨʫʛʫʶ ʢʦʤʙʠʥʘʮʠʶ ʠʟ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʪʘʢʞʝ ʩʚʷʟʘʪʴ 

ʠʭ ʜʨʫʛʠʤʠ ʢʘʢʠʤʠ-ʪʦ ʫʨʘʚʥʝʥʠʷʤʠ? ʆʪʚʝʪ ʟʜʝʩʴ ʦʜʥʦʟʥʘʯʝʥ: çʂʦʥʝʯʥʦ, 

ʤʦʞʥʦè. ɼʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʷʜʝ ʟʘʜʘʯ ʛʦʨʘʟʜʦ 

ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʚʝʢʪʦʨʥʳʡ ɸ ʠ ʩʢʘʣʷʨʥʳʡ ű ʧʦʪʝʥʮʠʘʣʳ, ʚʝʢʪʦʨ ɻʝʨʮʘ ʇ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʝʢʪʦʨʘ E, H, D, ɺ. 

ʊʘʢ ʧʦʯʝʤʫ ʞʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʥʦ ʚʝʢʪʦʨʘʤ E, H, D, ɺ ʠ ʯʪʦ ʝʩʪʴ ʚ 

ʧʨʠʨʦʜʝ? ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʪʦʯʥʝʝ 

ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ, ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʛʦ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʜʣʷ ʯʝʛʦ ʫʜʦʙʥʦ ʙʳʣʦ ʚʚʝʩʪʠ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʢʪʦʨ), ʢʘʢ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʝʜʠʥʠʯʥʳʡ ʟʘʨʷʜ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʪʦʨʦʡ ʯʘʩʪʠ ʚʦʧʨʦʩʘ: çʊʘʢ ʯʪʦ ʞʝ ʝʩʪʴ ʚ 

ʧʨʠʨʦʜʝ?è. ʄʦʞʥʦ ʦʪʚʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʥʝʪ ʥʠ E, ʥʠ ɸ, ʥʠ ʇ. ɽʩʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ɽ, ɸ ʠ ʇ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʛʦ 

ʩʚʦʡʩʪʚ. 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟ ʚʝʢʪʦʨʘ E, H, D, ɺ.  

 ʆʯʝʥʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʢʦʥʩʪʘʪʠʨʫʶʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʣʶʙʘʷ (!) ʩʨʝʜʘ ʚ ʨʘʤʢʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʝʦʨʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʚʩʝʛʦ 3 (!) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ - e, 

ʧʨʦʚʦʜʠʤʦʩʪʠ - s ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ - m (ʩʢʘʟʘʥʥʦʝ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠ- ʠ ʤʘʛʥʠʪʦ- ʘʥʠʟʦʪʨʦʧʥʳʝ ʩʨʝʜʳ). 
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 ɼʣʷ ʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ ʚʝʢʪʦʨʘ D, ɺ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʦʩʪʘʣʴʥʳʝ ʜʚʘ 

ʚʝʢʪʦʨʘ E, H ʧʨʠ ʧʦʤʦʱʠ ʨʘʚʝʥʩʪʚ: D=ee0ɽ ʠ ɺ=mm0ʅ, ʛʜʝ e0=8,85Ö10-12 ʌ/ʤ ʠ 

m0=4pÖ10-7 ɻʥ/ʤ- ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 ʀʪʘʢ, ʧʫʩʪʴ çʥʘʙʣʶʜʘʪʝʣʴè ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ Q ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x,y,z), ʘ 

ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ 

ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʢʪʦʨʦʚ E ʠ H ʚ ʪʦʯʢʝ Q ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʩʣʝʜʫʝʪ ʧʨʝʜʩʪʘʚʠʪʴ E ʠ H ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ ʯʝʪʳʨʝʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʪ.ʝ. ʥʘʡʪʠ E(x,y,z,t) ʠ ʅ(x,y,z,t). ʀʤʝʥʥʦ ʪʘʢʫʶ ʟʘʜʘʯʫ ʨʝʰʘʶʪ 

ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʧʦ ʩʫʱʝʩʪʚʫ ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ 

ʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ  

E(x,y,z,t) ʠ ʅ(x,y,z,t) ʧʦ ʚʩʝʤ ʯʝʪʳʨʝʤ ʧʝʨʝʤʝʥʥʳʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ-ʩʣʘʛʘʝʤʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʣʠʥʝʡʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ, ʚʳʩʪʫʧʘʶʪ ʪʦʣʴʢʦ e,e0 ʠ m0. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ  

( )tzt
y

t
xt EEE #### ,,=E  - ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ɽ ʧʦ ʚʨʝʤʝʥʠ, 

ʧ
mɽ
# - ʧʨʦʠʟʚʦʜʥʘʷ m-ʢʦʤʧʦʥʝʥʪʘ (m=x,y,z) ʚʝʢʪʦʨʘ ɽ ʧʦ ʦʜʥʦʡ ʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʝ ʧ= x,y,z. 

ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʷʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʅ. 

 ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 6 ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 2 ʚʝʢʪʦʨʥʳʭ ʨʘʚʝʥʩʪʚ1: 
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ʛʜʝ Iʩʪ ï ʧʣʦʪʥʦʩʪʴ ʩʪʦʨʦʥʥʝʛʦ ʪʦʢʘ. 

 ʆʩʪʘʚʰʠʝʩʷ 2 ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ ʨʘʚʝʥʩʪʚ2 
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1 ɺʝʢʪʦʨʘ FE ʠ FH ʷʚʣʷʶʪʩʷ ʨʘʟʚʝʨʥʫʪʦʡ ʟʘʧʠʩʴʶ ʦʧʝʨʘʪʦʨʘ çʨʦʪʦʨè, ʪ.ʝ. FE=rotE, a FH=rotH.  
2 ɺʳʨʘʞʝʥʠʷ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ ï ʨʘʟʚʝʨʥʫʪʘʷ ʟʘʧʠʩʴ ʦʧʝʨʘʪʦʨʘ çʜʠʚʝʨʛʝʥʮʠʷè, ʪ.ʝ. divE=r/ee0, a divH=0. 
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ʛʜʝ r- ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ. 

 ʂʘʢ ʚʠʜʥʦ, ʣʝʚʳʝ ʯʘʩʪʠ ʚʩʝʭ ʫʨʘʚʥʝʥʠʡ ʘʙʩʦʣʶʪʥʦ ʠʜʝʥʪʠʯʥʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʘʤ ɽ ʠ ʅ. ʈʘʟʣʠʯʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ 

ʫʨʘʚʥʝʥʠʡ.  

 ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3) ʬʠʛʫʨʠʨʫʝʪ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ r, 

ʘ ʩʪʘʣʦ ʙʳʪʴ, ʫʨʘʚʥʝʥʠʝ (3) ʢʦʥʩʪʘʪʠʨʫʝʪ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. 

ʅʦʣʴ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (4) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʥʘʧʨʦʪʠʚ, ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ. ʀʪʘʢ, ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ.  

ʋʨʘʚʥʝʥʠʝ (1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʝʩʣʠ ʚʝʢʪʦʨ ʅ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʪ.ʝ. 0¹tH# , ʪʦ, ʩʪʘʣʦ ʙʳʪʴ, ʪʘʢʠʤ ʞʝ ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʝʪ ʚʝʢʪʦʨ ɽ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʜʝʣʴʥʦ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʅʫ, ʘ ʯʪʦ ʞʝ ʧʦʨʦʞʜʘʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ? ʏʪʦʙʳ ʥʘʡʪʠ ʦʪʚʝʪ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ (2).  

 ʇʫʩʪʴ ʪʝʧʝʨʴ, ʥʘʦʙʦʨʦʪ, ʚʝʢʪʦʨ ɽ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. 0¹tɽ
# , 

ʪʦʛʜʘ ( ) ʩʪx
y

y
x

z
x

x
z

y
z

z
yH HHHHHH IF =--- ###### ,, . ʂʘʢ ʚʠʜʥʦ ʠʩʪʦʯʥʠʢʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.  

ʏʪʦ ʞʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʢʘʢ ʝʛʦ ʤʦʞʥʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʪʴ?  

ʅʘʣʠʯʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠʚʝʜʝʪ, ʢ ʠʟʤʝʥʝʥʠʶ ʚʦ ʚʨʝʤʝʥʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʷʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʪ.ʜ., ʘ ʵʪʦ ʫʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʚʦʨʠʪʴ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʟʥʠʢʘʝʪ ʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ r, ʪ.ʝ ʚʦʟʥʠʢʘʝʪ 

ʧʝʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʚʣʝʢʫʱʠʡ ʟʘ ʩʦʙʦʡ ʮʝʧʦʯʢʫ ʧʝʨʝʤʝʥʥʳʡ 

ʚʝʢʪʦʨ ɽ ï ʧʝʨʝʤʝʥʥʳʡ ʚʝʢʪʦʨ ʅ ʠ ʪ.ʜ.  
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ʅʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʘʭ. ɺ ʨʘʤʢʘʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʷʩʥʷʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʦʥ. 

ʆʜʥʘʢʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʪʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʝ ʩʣʝʜʫʝʪ. ɺ ʥʠʭ 

ʬʠʛʫʨʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʠ - ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʟʘʨʷʜʘ r. ʆʥʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʘʢʠʝ ʪʦʯʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ çʟʘʨʷʜʘè ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʠ ʥʝ 

ʙʦʣʝʝ ʪʦʛʦ. ɿʜʝʩʴ ʧʦʜ ʟʘʨʷʜʦʤ ʧʦʥʠʤʘʝʪʩʷ ʦʧʷʪʴ-ʪʘʢʠ ʬʦʨʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʘʪʝʨʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. ɼʣʷ ʚʩʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ 

ʚʩʝʡ ʨʘʜʠʦʪʝʭʥʠʢʠ ʵʣʝʢʪʨʦʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦʡ, ʘ ʧʦʪʦʤʫ 

ʦʙʱʝʧʨʠʥʷʪʦʡ. ɺ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʪʘʢʘʷ ʤʦʜʝʣʴ ʟʘʨʷʜʘ, ʫʚʳ, ʥʠʢʘʢ 

ʥʝ ʧʨʠʝʤʣʝʤʘ, ʘ ʧʦʵʪʦʤʫ ʪʘʤ ʧʦʜʭʦʜʳ ʩʦʚʩʝʤ ʠʥʳʝ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʠ ʚ ʨʘʤʢʘʭ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʦʜʝʣʝʡ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ 

ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ ʪʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʦʢʘ ʚ ʧʨʠʥʮʠʧʝ ʥʝ 

ʧʨʠʝʤʣʝʤʘ. ʏʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʦʢʘ ʥʘ ʫʯʘʩʪʢʝ 

ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ çʪʦʢʘ ʩʤʝʱʝʥʠʷè, ʨʘʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʡ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʨʝʤʝʥʠ - tH#, 

ʢʦʪʦʨʳʡ, ʢʘʢ ʨʘʟ, ʦʢʘʟʳʚʘʝʪʩʷ ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʤ ʪʦʢʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦ 

ʚʥʝʰʥʝʡ ʮʝʧʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʅʘʭʦʜʷʩʴ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ ʪʦʢʘ ʢʘʢ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʤʳ ʜʦʣʞʥʳ ʥʘ ʚʦʧʨʦʩ, ʯʪʦ ʞʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʦʪʚʝʪʠʪʴ: çɺʉɪ!è. ʇʦʩʢʦʣʴʢʫ, ʚ ʨʘʤʢʘʭ ʧʨʠʥʠʤʘʝʤʦʡ ʥʘʤʠ 

çʵʣʝʢʪʨʦʥʥʦʡè ʤʦʜʝʣʠ, ʚʩʝ ʘʪʦʤʳ ʩʦʜʝʨʞʘʪ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʚʩʝ (!) ʤʘʪʝʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ 

ʦʪʣʠʯʥʘ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ, ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʪ.ʝ. ʢʘʞʜʳʡ ʠʟ ʥʘʩ ʥʝʧʨʝʨʳʚʥʦ ʧʦʨʦʞʜʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ʕʪʠʤ ʞʝ ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʶʪ ʚʩʷ ʥʘʭʦʜʷʱʘʷʩʷ ʚʦʢʨʫʛ ʥʘʩ ʤʝʙʝʣʴ, ʩʪʝʥʳ ʠ ʧʦʣ, 
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ʩʪʦʣʳ ʠ ʩʪʫʣʴʷ, ʜʚʝʨʠ ʠ ʦʢʥʘ. ʂʦʥʝʯʥʦ, ʤʦʱʥʦʩʪʴ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʯʝʥʴ ʤʘʣʘ, 

ʥʦ ʚ ʨʘʤʢʘʭ ʥʘʰʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʵʪʦ ʩʦʚʩʝʤ ʥʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ. ʉʘʤʳʤ 

ʤʦʱʥʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʉʦʣʥʮʝ. ʄʦʱʥʳʤ 

ʠʟʣʫʯʘʪʝʣʝʤ ʷʚʣʷʶʪʩʷ ʛʨʦʟʦʚʳʝ ʤʦʣʥʠʠ. ʅʘʢʦʥʝʮ, ʥʘʜʦ ʩʢʘʟʘʪʴ ʦ ʢʦʩʤʠʯʝʩʢʦʤ 

ʠʟʣʫʯʝʥʠʠ, ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʥʘʰʫ ʧʣʘʥʝʪʫ. 

ʊʦ, ʦ ʯʝʤ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʥʝʧʨʝʨʳʚʥʦ 

ʨʘʙʦʪʘʶʱʠʝ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʝʤʥʦʛʦ 

ʞʠʪʝʣʷ ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʬʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʝʱʝ ʥʘ ʦʜʥʦʤ ʤʦʤʝʥʪʝ. 

ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʦʧʠʩʳʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʣʶʙʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ Q(x,y,z) ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʇʫʩʪʴ ʠʩʪʦʯʥʠʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʈ ʠ ʧʫʩʪʴ ʚ ʪʦʯʢʝ Q, ʛʜʝ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘʙʣʶʜʝʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ ʠ ʨʘʚʥʘ 

s. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʝʥʩʪʚʦ ʚ ʫʨʘʚʥʝʥʠʠ (2), ʥʝʦʙʭʦʜʠʤʦ 

ʙʫʜʝʪ ʫʯʝʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʪʦʢʘ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʨʘʚʥʘ ɽI s=ʠʥʜ . ʕʪʦʪ ʪʦʢ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʨʘʩʩʝʷʥʥʦʛʦ ʧʦʣʷ, ʘ, ʝʩʣʠ ʦʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʯʢʝ ʈ, ʪʦ ï ʦʪʨʘʞʝʥʥʦʛʦ ʧʦʣʷ.. 

ʇʨʠʥʠʤʘʷ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʟʘ çʠʩʪʠʥʫè, ʵʣʝʤʝʥʪʘʨʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʬʘʢʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʥʦʚʘʥʠʝ ʜʣʷ 

ʪʘʢʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʣʝ ʧʨʠ ʧʦʤʦʱʠ ʵʪʠʭ ʬʦʨʤʫʣ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʗʩʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʠʥʘ 

ʚʝʢʪʦʨʦʚ ɽ ʠ ʅ, ʪ.ʝ. ʠʭ ʤʦʜʫʣʠ ʅɽʠ , ʜʦʣʞʥʳ ʫʤʝʥʴʰʘʪʴʩʷ. ɺʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦ ʟʘʢʦʥʘʭ ʪʘʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ. ʀʟ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ, ʧʝʨʝʥʦʩʠʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
2
ɽ, ʘ 

ʦʪʥʦʰʝʥʠʝ p=120/ʅɽ . 
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ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 
2
ɽ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ R 

ʫʙʳʚʘʝʪ ʧʦ ʟʘʢʦʥʫ 
nR

a
=

2
ɽ , ʛʜʝ a - ʥʝʢʦʪʦʨʳʡ ʥʝ ʠʛʨʘʶʱʠʡ ʜʣʷ ʜʘʥʥʦʡ ʨʦʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʘ ʧ ï ʧʘʨʘʤʝʪʨ, ʧʦʜʣʝʞʘʱʠʡ ʦʧʨʝʜʝʣʝʥʠʶ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʵʥʝʨʛʠʷ, ʧʝʨʝʥʦʩʠʤʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʯʝʨʝʟ 

ʣʁ ʙʫʶ ʩʬʝʨʫ, ʦʢʨʫʞʘʶʱʫʶ ʩʬʝʨʫ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʫʩʣʦʚʠʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪ.ʝ. 

constRR
R

S n

nʬʝʨʳc =pa=pÖ
a

=Ö -222
44ɽ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧ=2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʟʘʚʠʩʠʤʦʩʪʠ 
2

2 1
~

R
ɽ  

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
R

1
~ɽ . 

3. ʏʪʦ ʪʘʢʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ 

ʀʪʘʢ, ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ Q ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )000 ,, zyx  ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʩʪʫʧʘʝʪ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʚʦ ʚʨʝʤʝʥʠ ʚʝʢʪʦʨ ɽ( )tzyx ;,, 000 , ʠʤʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ çʯʠʪʘʪʴè ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ I  ʚ 

ʠʩʪʦʯʥʠʢʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʝʣʶ,  

ʅʘʙʣʶʜʘʪʝʣʴ, ʞʝʣʘʷ ʠʟʚʣʝʯʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʝʤʫ ʠʥʬʦʨʤʘʮʠʶ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʘʢʦʡ-ʪʦ ʠʟʤʝʨʝʥʥʳʡ ʠʤ ʧʘʨʘʤʝʪʨ S(t) ʠ ʠʟʫʯʘʝʪ 

ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ, ʘ, ʝʩʣʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚʝʢʪʦʨʥʳʡ S(t), ʪʦ ʠ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ. 

ʀʪʘʢ, ʥʘʙʣʶʜʘʪʝʣʴ ʠʤʝʝʪ ʜʝʣʦ ʩ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ S(t). ɺʝʣʠʢʘʷ 

ʪʝʦʨʝʤʘ ʚʝʣʠʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ɾ. ʌʫʨʴʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʣʶʙʫʶ ʬʠʟʠʯʝʩʢʠ 

ʨʝʘʣʠʟʫʝʤʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ w ʦʪ ʥʫʣʝʚʦʡ ʜʦ ʙʝʩʢʦʥʝʯʥʦʡ (ʨʠʩ. 4ʘ), ʪ.ʝ. 

() ( ) ( ) ( )...sinsinsin 3332221110 +j+w+j+w+j+w+= tAtAtAAtS , 
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ʛʜʝ ʢʘʞʜʦʝ ʩʣʘʛʘʝʤʦʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ (ʩʧʝʢʪʨʘʣʴʥʦʡ) 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʣʠ ʧʨʦʩʪʦ ʛʘʨʤʦʥʠʢʠ.  

ʢʦʵʬʬʠʮʠʝʥʪʳ ɸʧ (ʧ=0,1, 2, é.) ʘʤʧʣʠʪʫʜʳ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

wʧ ï ʯʘʩʪʦʪʘ ʧ-ʦʡ ʛʘʨʤʦʥʠʢʠ, 

űʧ  - ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʧ-ʦʡ ʛʘʨʤʦʥʠʢʠ. 

ʏʘʩʪʦ ʚʤʝʩʪʦ ʯʘʩʪʦʪʳ w, ʠʟʤʝʨʷʝʤʦʡ ʚ ʨʘʜ/ʩ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʦʪʘ 

f=w/2p, ʠʟʤʝʨʷʝʤʘʷ ʚ ɻʮ. 

ɺʝʩʴ ʥʘʙʦʨ ʯʘʩʪʦʪ ʥʘʟʳʚʘʝʪʩʷ ʩʧʝʢʪʨʦʤ, ʘ ʨʘʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪ - ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ - Df. ʇʨʠ ʵʪʦʤ ʧʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʘʤʠ ʧʦʥʠʤʘʶʪ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ, ʘʤʧʣʠʪʫʜʘ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ) ʢʦʪʦʨʳʭ ʧʨʝʚʦʩʭʦʜʠʪ ʥʝʢʦʪʦʨʳʡ ʫʩʣʦʚʥʦ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ, 

ʥʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ 0,1 ʠʣʠ 0,2 ʠ ʪ.ʧ., ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʝʪ ʦʜʥʘ ʠʟ ʛʘʨʤʦʥʠʢ (ʨʠʩ. 4ʙ). 

ɿʥʘʯʝʥʠʷ ɸʧ, wʧ, űʧ ʠ ʧ ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤ ʚʠʜʦʤ ʬʫʥʢʮʠʠ S(t). 

 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 4. ʂ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ 

ɽʩʣʠ ʧʝʨʝʡʪʠ ʢ ʜʨʫʛʦʡ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ S(t) ʩʣʝʜʫʝʪ 

ʟʘʧʠʩʘʪʴ ʪʦʯʥʦ ʚ ʪʘʢʦʡ ʞʝ ʬʦʨʤʝ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʫʪʘʥʠʮʳ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

çʩʠʥʭʨʦʥʠʟʦʚʘʪʴè ʵʪʠ ʚʳʨʘʞʝʥʠʷ, ʪ.ʝ ʫʯʝʩʪʴ ʥʘʙʝʛ ʬʘʟ Dɣ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ 

ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ ʥʝʛʦ: 
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ʛʜʝ ʩ=3Ö108 ʤ/ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ,  

l - ʜʣʠʥʘ ʚʦʣʥʳ, 

l

p
=

2
k  - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʟʘʧʠʩʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ S(t) ʧʨʠʤʝʪ ʚʠʜ: 
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ʂʘʢ ʚʠʜʥʦ, ʠʩʢʦʤʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʫʤʤʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ (ʚʦʣʥʦʚʳʭ) ʧʨʦʮʝʩʩʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ. ʇʨʠ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʜʝʣʦ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʯʘʩʪʦʪʳ.  

ʏʠʩʣʦ ʩʣʘʛʘʝʤʳʭ ʚ ʥʘʧʠʩʘʥʥʦʡ ʩʫʤʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʪʣʠʯʠʷ 

ʬʫʥʢʮʠʠ S(t) ʦʪ ʩʠʥʫʩʦʠʜʳ. ʏʝʤ ʙʦʣʴʰʝ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʩʢʘʯʢʦʚ ʠʤʝʝʪ 

ʬʫʥʢʮʠʷ S(t), ʪʝʤ ʙʦʣʴʰʝ ʪʨʝʙʫʝʪʩʷ ʩʣʘʛʘʝʤʳʭ, ʪʝʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ ʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʵʪʦ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ I(t), ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʘʙʦʨʘ 

ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʪʝʭ ʞʝ ʯʘʩʪʦʪ: 

() ( ) ( )...sinsin 2221110 +b+w+b+w+= tBtBɺtI  

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʩʢʘʟʘʥʥʦʝ. 

ʇʫʩʪʴ ʚ ʪʦʯʢʝ ʄ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )MMM zyx ,,  ʨʘʩʧʦʣʦʞʝʥ ʠʩʪʦʯʥʠʢ, 

ʧʦʨʦʞʜʘʶʱʠʡ ʨʘʜʠʦʚʦʣʥʫ ʥʘ ʯʘʩʪʦʪʝ w0: 

() ( ).sin 00 j+w= tBtɽ  
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ʅʘ ʨʘʩʩʪʦʷʥʠʠ R ʚ ʪʦʯʢʝ Q ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʵʪʦʡ 

ʨʘʜʠʦʚʦʣʥʳ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʛʥʘʣʘ ʪʦʡ ʞʝ 

ʯʘʩʪʦʪʳ: 
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ʛʜʝ a - ʥʝʢʦʪʦʨʳʡ ʥʝ ʠʛʨʘʶʱʠʡ ʥʠʢʘʢʦʡ ʨʦʣʠ ʜʣʷ ʧʨʦʚʦʜʠʤʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ 

ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ. 

ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʥʘʙʣʶʜʘʪʝʣʴ, 

ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʢʦʥʩʪʘʪʘʮʠʠ ʬʘʢʪʘ ʥʘʣʠʯʠʷ ʨʘʜʠʦʚʦʣʥʳ ʯʘʩʪʦʪʳ w0, ʪ.ʝ. ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʡ ʝʤʫ ʬʫʥʢʮʠʠ S0(t). 

ɽʩʣʠ ʥʘʙʣʶʜʘʪʝʣʝʤ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʜʨʫʛʘʷ ʬʫʥʢʮʠʷ S1(t), ʪʦ ʜʣʷ ʥʝʛʦ ʵʪʦ 

ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʷʚʣʝʥʠʠ ʢʘʢʦʡ-ʪʦ ʥʝʠʟʚʝʩʪʥʦʡ ʝʤʫ ʠʥʬʦʨʤʘʮʠʠ.  

ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, çʠʩʢʘʞʝʥʠʝè, ʚʥʝʩʝʥʥʦʝ ʚ ʬʫʥʢʮʠʶ S0(t), ʠ ʝʩʪʴ 

ʧʝʨʝʜʘʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ.  

ʏʪʦʙʳ ʠʟʤʝʥʠʪʴ S0(t), ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʦʢʘ I, ʯʪʦ ʧʦʚʣʝʯʝʪ ʠʟʤʝʥʝʥʠʝ ʚ ʬʫʥʢʮʠʠ () ( ).sin 00 j+w= tBtɽ  

ʀʟʤʝʥʝʥʠʶ ʤʦʞʝʪ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʘʤʧʣʠʪʫʜʘ ï ɺ (ʘʤʧʣʠʪʫʜʥʘʷ 

ʤʦʜʫʣʷʮʠʷ ïɸʄ), ʯʘʩʪʦʪʘ - w0 (ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ ïʏʄ), ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ï 

ű0. ʅʘʢʦʥʝʮ, ʤʦʞʥʦ ʚʥʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ, ʤʝʥʷʶʱʫʶʩʷ ʚʦ ʚʨʝʤʝʥʠ ʬʘʟʫ ï 

ɣ(t) (ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ -ʌʄ). 

ɼʣʷ ɽ(t) ʟʘʧʠʰʝʤ ʥʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

() () () ()[ ].)(sin 00 ttttBtɽ j+y+w=  

ʇʦʣʫʯʝʥʥʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʚ ʨʷʜ ʌʫʨʴʝ, ʪ.ʝ. 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʠʥʫʩʦʠʜ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ Q ʬʫʥʢʮʠʷ S(t), ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʘʥʘʣʦʛʠʯʥʫʶ ʩʫʤʤʫ. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʨʘʚʥʘ 

ʰʠʨʠʥʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʘʝʤʦʛʦ (ʦ ʩʧʝʮʠʘʣʴʥʦʤ ʩʣʫʯʘʝ, ʩʚʷʟʘʥʥʦʤ ʩ ʵʬʬʝʢʪʦʤ 

ɼʦʧʣʝʨʘ ʨʘʟʛʦʚʦʨ ʙʫʜʝʪ ʥʠʞʝ). 
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ʉʠʪʫʘʮʠʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʪʠʧʠʯʥʘ 

ʜʣʷ ʨʘʜʠʦʩʚʷʟʠ, ʪʝʣʝʚʠʜʝʥʠʷ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʣʷ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ɸʄ. ʇʫʩʪʴ ʨʝʯʴ ʠʜʝʪ ʦ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʳ W ʧʨʠ ʧʦʤʦʱʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʯʘʩʪʦʪʳ w0 (ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

() ( )[ ]00 sin1 g+W+= tmBtB , ʛʜʝ ʪ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʠʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ 
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ʪ.ʝ. ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʛʘʨʤʦʥʠʢ ʥʘ ʯʘʩʪʦʪʘʭ ( ) ( ),ʠ 00 W+wW-w  ʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 2W. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ W - ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚ ʩʧʝʢʪʨʝ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʗʩʥʦ, ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʜʘʯʫ 

ʜʨʫʛʦʡ ʘʥʘʣʦʛʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ w1 ʜʦʣʞʥʘ ʦʪʩʪʦʷʪʴ ʦʪ 

ʯʘʩʪʦʪʳ w0, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʴʰʫʶ, ʯʝʤ 2W, ʪ.ʝ. w1>w0+2W 

ʠʣʠ w1<w0+2W. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʟʥʘʯʝʥʠʝ 2W ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 20 ʢɻʮ, ʘ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 6,5 ʄɻʮ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʠ. 

ʅʘ ʨʠʩ. 5-7 ʧʦʢʘʟʘʥʳ ʩʠʛʥʘʣʳ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ɸʄ), 

ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʏʄ) ʠ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ. 

 

ʈʠʩ. 5.  
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ʉʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

 

 

 

ʈʠʩ. 6.  

ʉʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

 

 

 

ʈʠʩ. 7.  

ʉʠʛʥʘʣ ʩ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʨʘʜʠʦʣʦʢʘʮʠʠ. ɿʜʝʩʴ ʠʟʣʫʯʝʥʠʝ ʠ 

ʧʨʠʝʤ ʨʘʜʠʦʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ. 

ʀʟʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʤʝʝʪ ʚʠʜ () () [ ].sin 00 j+w= ttBtɽ  ɺʦʣʥʘ, 

ʜʦʩʪʠʛʥʫʚ ʥʝʧʦʜʚʠʞʥʦʡ ʮʝʣʠ, ʠʥʜʫʮʠʨʫʝʪ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢ I, ʧʦʨʦʞʜʘʶʱʠʡ 

ʥʦʚʫʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ ʪʦʡ ʞʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ w ʩ 

ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ű1. ɼʦʩʪʠʛʥʫʚ ʪʦʯʢʠ ʧʨʠʝʤʘ, ʩʠʛʥʘʣ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʛʜʝ a1 - ʥʝʢʦʪʦʨʳʡ ʥʝ ʠʛʨʘʶʱʠʡ ʥʠʢʘʢʦʡ ʨʦʣʠ ʜʣʷ ʧʨʦʚʦʜʠʤʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ 

ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ, 

s - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ, ʦʥ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʦʧʝʨʝʯʥʠʢ (ʧʣʦʱʘʜʴ) ʨʘʩʩʝʷʥʠʷ (ʕʇʈ) ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʪʨʘʞʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʕʆʇ), ʨʘʟʤʝʨʥʦʩʪʴ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʤ2. 

¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 
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ʂʘʢʫʶ ʞʝ ʠʥʬʦʨʤʘʮʠʶ ʥʝʩʝʪ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ? ɺʦ-ʧʝʨʚʳʭ, ʥʘʣʠʯʠʝ 

ʵʪʦʡ ʚʦʣʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʘʤʦʤ ʬʘʢʪʝ ʥʘʣʠʯʠʷ ʮʝʣʠ. ɺʦ-ʚʪʦʨʳʭ, 

ʧʦʷʚʣʝʥʠʝ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʩʧʫʩʪʷ ʚʨʝʤʷ 2R/c, ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʮʝʣʠ. ʅʘʢʦʥʝʮ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʧʨʠ ʥʘʣʠʯʠʠ 

ʢʘʢʠʭ-ʪʦ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʦʮʝʥʦʢ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʕʇʈ 

ʮʝʣʠ - s, ʪ.ʝ. ʚʳʥʦʩʠʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʠʧʝ ʮʝʣʠ. 

ʕʇʈ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʮʝʣʠ ʠ ʜʘʞʝ 

ʥʝʙʦʣʴʰʦʡ ʝʝ ʧʦʚʦʨʦʪ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ s, ʘ ʧʦʵʪʦʤʫ, 

ʯʘʱʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʩʨʝʜʥʝʝ ʠ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʮʝʣʴ ʜʚʠʞʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʝʝ ʩʢʦʨʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘ ʪʦʯʢʫ ʧʝʨʝʜʘʯʠ-ʧʨʠʝʤʘ vR ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʪʦ ʯʘʩʪʦʪʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ, ʜʦʧʧʣʝʨʦʚʩʢʦʡ 

ʯʘʩʪʦʪʳ lp=w /2 Rʜʦʧ v , ʪ.ʝ. ʚʤʝʩʪʦ 0w ʩʣʝʜʫʝʪ ʧʠʩʘʪʴ (ʜʦʧw°w0 ), ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ, ʥʘʭʦʜʷʩʴ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ, ʦʮʝʥʠʚʘʪʴ ʨʘʜʠʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʮʝʣʠ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʘʭ, ʥʘ ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʝʝ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤ,r ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʥʝʡ 

ʢʘʢ ʥʘʫʢʦʡ, ʘ ʪʘʢʞʝ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʥʝʢʦʪʦʨʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʨʷʜʦʤ ʧʨʠʤʝʨʦʚ. 

4. ʂʘʢʠʝ ʟʘʜʘʯʠ ʨʝʰʘʝʪ ʨʘʜʠʦʣʦʢʘʮʠʷ 

 ʈʘʩʩʤʦʪʨʝʥʠʝ ʥʘʯʥʝʤ ʩ ʧʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʕʪʫ 

ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ʇʫʩʪʴ ʥʘʙʣʶʜʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ 0, ʦʥ ʭʦʯʝʪ ʫʟʥʘʪʴ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ 

ʚ ʥʝʢʦʪʦʨʦʡ ʜʨʫʛʦʡ ʪʦʯʢʝ 1 ʠ ʢʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ "ʵʪʦ" ʦʙʣʘʜʘʝʪ. ʏʝʤ ʨʘʩʧʦʣʘʛʘʝʪ ʥʘʙʣʶʜʘʪʝʣʴ? ʆʥ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʣʫʯʘʪʴ ʨʘʜʠʦʚʦʣʥʳ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʘʥʪʝʥʥʳ 

ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʠʟʣʫʯʘʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

(ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʤʦʤʝʥʪ: ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ 

ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʵʥʝʨʛʠʷ ʠʟʣʫʯʘʝʪʩʷ ʧʦ 

ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ). ʅʘʙʣʶʜʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʧʨʠʥʠʤʘʪʴ ʦʪʨʘʞʝʥʥʳʝ ʨʘʜʠʦʚʦʣʥʳ ʩ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

(ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʤʦʤʝʥʪ: ʧʨʠʝʤ ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʚʦʣʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ). ʅʘʙʣʶʜʘʪʝʣʴ ʪʘʢʞʝ ʤʦʞʝʪ 

ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦʙ ʦʙʲʝʢʪʝ ʥʘʙʣʶʜʝʥʠʷ 

(ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʮʝʣʴ) ʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʉʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʶ ʢ ʢʣʘʩʩʫ ʟʘʜʘʯ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʠ ʫʟʣʦʚʳʭ ʟʘʜʘʯ 

ʨʘʜʠʦʣʦʢʘʮʠʠ: 

1. ʆʙʥʘʨʫʞʠʪʴ ʮʝʣʴ. 

2. ʀʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ ʮʝʣʠ, ʘ ʠʤʝʥʥʦ ï ʜʘʣʴʥʦʩʪʴ ʜʦ ʮʝʣʠ, ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʮʝʣʠ, ʩʢʦʨʦʩʪʴ ʮʝʣʠ. 

3. ʇʨʦʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʮʝʣʠ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ, ʢʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʀʪʘʢ, ʥʘʙʣʶʜʘʪʝʣʴ ʠʟʣʫʯʘʝʪ ʨʘʜʠʦʚʦʣʥʫ, ʢʦʪʦʨʘʷ, ʩʧʫʩʪʷ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ, 

ʜʦʩʪʠʛʘʝʪ ʪʦʯʢʠ 1, ʛʜʝ ʥʘʚʦʜʠʪ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʤʘʛʥʠʪʥʳʝ ʪʦʢʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʨʦʞʜʘʶʪ ʨʘʜʠʦʚʦʣʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 

ʪʦʯʢʫ 0. ʆʪʨʘʞʝʥʥʘʷ ʨʘʜʠʦʚʦʣʥʘ ʜʦʩʪʠʛʘʝʪ ʪʦʯʢʠ 0, ʛʜʝ ʚ ʧʨʠʝʤʥʠʢʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

(ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ). ʗʩʥʦ, ʯʪʦ ʚʩʷ ʧʦʣʫʯʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʘ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ, ʬʘʟʳ ʠ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʥʦʡ ʚʦʣʥʳ, ʪ.ʝ. ʝʝ ʠʩʢʘʞʝʥʠʝ) ʦ 

ʥʘʙʣʶʜʘʝʤʦʡ ʮʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʠʟ ʩʨʘʚʥʝʥʠʷ, ʠʟʣʫʯʝʥʥʦʛʦ ʠ 
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ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʦʚ. ɹʫʜʫʯʠ ʠʟʚʣʝʯʝʥʥʦʡ, ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ 

ʥʘ ʷʟʳʢʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʥʝ ʥʘ ʷʟʳʢʝ ʢʘʢʠʭ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʭ ʠʣʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʠ. ʇʝʨʝʚʦʜ ʩ ʦʜʥʦʛʦ ʷʟʳʢʘ ʥʘ ʜʨʫʛʦʡ - ʵʪʦ 

ʜʨʫʛʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʟʘʜʘʯʘ. 

5. ʂʘʢʠʝ ʩʠʛʥʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ 

 ɺ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʦʚʦʣʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, 

ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʳʡ (ʨʝʞʝ ʜʝʮʠʤʝʪʨʦʚʳʡ) ʠ ʤʠʣʣʠʤʝʪʨʦʚʳʡ 

ʜʠʘʧʘʟʦʥʳ. ʉʘʤ ʞʝ ʚʠʜ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʨʦʪʢʠʭ ʚʦ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʦʚ, 

ʩʣʝʜʫʶʱʠʭ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ ʯʝʨʝʟ ʚʨʝʤʷ, ʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʵʪʠʭ ʠʤʧʫʣʴʩʦʚ. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ Df ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 

ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ f0, ʪʦ ʝʩʪʴ ʫ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʩʦʙʳʭ ʩʣʫʯʘʝʚ) ʦʪʥʦʰʝʥʠʝ Df/f0<<1.  

 ɼʣʷ ʬʫʥʢʮʠʡ U(t), ʦʙʣʘʜʘʶʱʠʭ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ (ʫʟʢʦʧʦʣʦʩʥʳʝ 

ʩʠʛʥʘʣʳ), ʢʘʢ ʵʪʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣ ɻʠʣʴʙʝʨʪ, ʜʦʧʫʩʪʠʤʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

U(t)=A(t)cos(2pf0t+j(t)), ʛʜʝ A(t) ʠ j(t) - ʤʝʜʣʝʥʥʦ ʟʘ ʧʝʨʠʦʜ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ʊ=2p/f0 ʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʠ. 

 ʆʢʘʟʳʚʘʝʪʩʷ, ʪʘʢʦʝ ʥʘ ʚʠʜ ʧʨʦʩʪʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝ (1), ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ, ʧʨʝʚʨʘʱʘʶʱʫʶ 

ʨʘʜʠʦʣʦʢʘʮʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʝʥʠʷ ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʥʝʡ ʟʘʜʘʯ ʚ ʢʣʘʩʩ 

ʦʩʦʙʳʭ ʥʘʫʢ, ʯʪʦ ʢʨʘʡʥʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ. 

 ɺʳʰʝ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ ʢʦʛʜʘ ʚʦʣʥʘ, ʠʟʣʫʯʝʥʥʘʷ ʠʩʪʦʯʥʠʢʦʤ, 

ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʪʦʯʢʝ ɸ, ʜʦʩʪʠʛʘʝʪ ʢʘʢʫʶ-ʪʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, 

ʥʘ ʧʦʩʣʝʜʥʝʡ ʠʥʜʫʮʠʨʫʶʪʩʷ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʨʘʜʠʦʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʠʩʪʦʯʥʠʢ ɸ. ʕʪʘ ʚʦʣʥʫ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʦʪʨʘʞʝʥʥʦʡ 

ʚʦʣʥʳè, ʠʤʝʥʥʦ ʦʥʘ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 
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 ʆʪʨʘʞʝʥʥʘʷ ʨʘʜʠʦʚʦʣʥʘ, ʝʩʪʝʩʪʚʝʥʥʦ, ʪʘʢʞʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʨʘʚʝʥʩʪʚʦʤ (1). ɽʩʣʠ ʮʝʣʴ ʥʝʧʦʜʚʠʞʥʘ, ʪʦ ʯʘʩʪʦʪʘ ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʘ ʠʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʷʪ ʣʠʰʴ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. 

 ʆʙʣʫʯʝʥʠʶ ʧʦʜʚʝʨʛʥʫʪʩʷ ʪʘʢʞʝ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʮʝʣʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝ ʠʟ 

ʥʠʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʘʥʮʠʠ (ʥʘʟʦʚʝʤ ʵʪʠ ʮʝʣʠ, ʥʘʧʨʠʤʝʨ, 2 ʠ 3), ʯʪʦ ʠ ʠʩʩʣʝʜʫʝʤʘʷ ʮʝʣʴ 1. 

 ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʨʘʜʠʦʚʦʣʥʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʮʝʣʝʡ 1, 2 ʠ 3, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʥʫʪ ʪʦʯʢʠ 0, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ ʚ ʪʦʯʢʝ 0 ʥʘʡʜʝʪʩʷ ʧʨʦʩʪʳʤ ʩʣʦʞʝʥʠʝʤ ʪʨʝʭ ʩʠʛʥʘʣʦʚ 

ʪʠʧʘ ʪʦʛʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʦ ʨʘʚʝʥʩʪʚʦʤ (1). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʠ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ 

ʙʫʜʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (1), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʮʝʣʴ. 

 ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʠʪʫʘʮʠʠ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʮʝʣʠ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʚʭʦʜʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʠʛʥʘʣ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ - ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ. 

6. ʏʪʦ ʥʝʩʝʪ ʚ ʩʝʙʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

 ʉʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʘ ʯʪʦ 

ʚʦʦʙʱʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʪʦ ʝʩʪʴ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʘ 

ʯʪʦ ʚʦʦʙʱʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʦʪʚʣʝʯʝʤʩʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭ ʠ ʚʣʠʷʥʠʷ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. ʏʪʦʙʳ ʪʘʢʘʷ ʢʘʨʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʨʝʘʣʴʥʦʡ, 

ʤʦʞʥʦ ʧʨʦʩʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʣʥʳ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ 

ʮʝʣʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʧʦʤʝʭʦʚʦʛʦ 

ʩʠʛʥʘʣʘ. 

ʀʪʘʢ, ʧʨʠʩʪʫʧʠʤ ʢ ʧʦʠʩʢʫ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʙʝʨʝʤ ʥʝʢʦʪʦʨʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (x,y), ʚ 

ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʥʘʯʘʣʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʣʫʯʘʝʪʩʷ ʨʘʜʠʦʚʦʣʥʘ, ʫ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʚʝʢʪʦʨ Eʠʟʣ ʠʤʝʝʪ ʪʦʣʴʢʦ ʭ-ʢʦʤʧʦʥʝʥʪʫ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ). ɽʩʣʠ ʥʝ 

ʥʘʢʣʘʜʳʚʘʪʴ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʢʪʦʨ 
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ʦʪʨʘʞʝʥʥʦʡ ʨʘʜʠʦʚʦʣʥʳ Eʦʪʨ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʠʥʫʶ, ʯʝʤ ʚʝʢʪʦʨ 

Eʠʟʣ, ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʧʦʣʝ Eʦʪʨ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ (Eʭ)ʦʪʨ ʠ (Ey)ʦʪʨ . ʗʩʥʦ ʪʘʢʞʝ, 

ʯʪʦ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʦʪʨʘʞʝʥʥʦʡ ʠ ʠʟʣʫʯʝʥʥʦʡ ʨʘʜʠʦʚʦʣʥ (ʘ ʩʪʘʣʦ 

ʙʳʪʴ, ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʚʝʢʪʦʨʦʚ Eʦʪʨ ʠ Eʠʟʣ) ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʷʤʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ (Ex)ʦʪʨ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

(Ex)ʠʟʣ, ʧʨʷʤʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʙʫʜʝʪ ʪʘʢʞʝ ʤʝʞʜʫ (Ey)ʦʪʨ ʠ (Ex)ʠʟʣ . 

ʆʙʦʟʥʘʯʠʤ ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Sxx ʠ Sxy, ʪʦ ʝʩʪʴ 

(Ex)ʦʪʨ=Sxx (Ex)ʠʟʣ, 

(Ey)ʦʪʨ=Sxy (Ex)ʠʟʣ. 

ɽʩʣʠ ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ 

ʚʳʨʘʞʝʥʠʷ (1), ʪʦ ʫ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʨʘʞʝʥʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʮʝʣʠ ʧʦʷʚʠʪʩʷ ʥʝʢʠʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʠʟʣʫʯʝʥʥʦʡ ʨʘʜʠʦʚʦʣʥʝ. 

ɿʘʧʠʰʝʤ ʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ʦʪʨʘʞʝʥʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʚ ʩʣʝʜʫʁ ʱʝʤ ʚʠʜʝ: 

(Ex(t))ʦʪʨ=SxxA(t)cos(2pf0t+j(t)+ʌxx), 

(Ey(t))ʦʪʨ=SxyA(t)cos(2pf0t+j(t)+ ʌxy). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (3), ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʮʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʨʘʜʠʦʚʦʣʥʦʡ ʦʪʨʘʞʝʥʥʘʷ ʨʘʜʠʦʚʦʣʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʢʦʪʦʨʳʤʠ ʯʝʪʳʨʴʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʁ ʱʠʤʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʁ  

ʮʝʣʴ: Sxx, Sxy, ʌxx, ʌxy . 

ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʤʳ ʧʨʠʜʝʤ, ʝʩʣʠ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʨʘʜʠʦʚʦʣʥʫ, ʠʤʝʶʱʫʁ  ʣʠʰʴ ʦʜʥʫ y-ʢʦʤʧʦʥʝʥʪʫ (ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ 

ʨʘʜʠʦʚʦʣʥʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʚʳʡʜʝʤ ʥʘ ʜʨʫʛʠʝ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ: Syy, Syx, ʌyy, ʌyx . 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʣʫʯʝʥʥʘʷ ʨʘʜʠʦʚʦʣʥʘ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʫʁ  

ʧʦʣʷʨʠʟʘʮʠʶ, ʪʦ ʝʩʪʴ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ (Ex)ʠʟʣ ʠ (Ey)ʠʟʣ, 
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ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʚʦʩʴʤʠ ʯʠʩʝʣ. 

ʆʜʥʘʢʦ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʧʝʨʝʢʨʝʩʪʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʧʝʨʝʯʠʩʣʝʥʥʦʤ ʧʝʨʝʯʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ, ʪʦ ʝʩʪʴ Sxy=Syx 

ʠ ʌxy=ʌyx . ʉʢʘʟʘʥʥʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʮʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝ ʚʦʩʴʤʴʶ, ʘ ʰʝʩʪʴʶ 

ʯʠʩʣʘʤʠ. ɽʩʣʠ ʦʧʠʨʘʪʴʩʷ ʥʘ ʨʝʘʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʩʦʤʥʠʪʝʣʴʥʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʨʝʯʴ, ʢʦʥʝʯʥʦ, ʤʦʞʝʪ ʠʜʪʠ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ, ʘ ʩʪʘʣʦ 

ʙʳʪʴ, ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʇʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʁ  ʮʝʣʴ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ ʯʝʪʳʨʝʭ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ, ʥʘʧʨʠʤʝʨ, ʚʳʩʪʫʧʘʪʴ 

ʩʣʝʜʫʁ ʱʠʝ: Sxx/Syy, Sxy/Syy, ʌxx - ʌyy, ʌxy - ʌyy. 
 

7. ʏʪʦ ʪʘʢʦʝ ʵʣʝʤʝʥʪ ʨʘʟʨʝʰʝʥʠʷ 

ʂʘʟʘʣʦʩʴ ʙʳ, ʤʳ ʠʤʝʝʤ ʜʘʞʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʠʤʫɦ ʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʘʙʣʶʜʝʥʠʝʤ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʦʙʲʝʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ 

ʯʠʩʣʘʤʠ: ʷʨʢʦʩʪʴʶ (ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ) ʠ ʮʚʝʪʦʤ (ʢʘʢʘʷ-ʣʠʙʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʚʝʪʘ). ʆʜʥʘʢʦ ʜʝʣʦ ʦʙʩʪʦʠʪ ʜʘʣʝʢʦ ʥʝ ʪʘʢ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ) ʠʟʤʝʨʷʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ 

ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʯʠʩʣʦ - ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ 

ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɻʣʘʚʥʦʝ ʞʝ 

ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʁ ʱʝʤ. 

ɺ ʣʶʙʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʫʁ ʪʩʷ ʩʠʛʥʘʣʳ, ʧʦʨʦʞʜʝʥʥʳʝ ʨʘʜʠʦʚʦʣʥʘʤʠ, ʦʪʨʘʞʝʥʥʳʤʠ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ ʪʦʯʢʠ 

ʧʨʠʝʤʘ. ʇʨʠʝʤ ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʚʦʣʥ ʘʥʪʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʦʛʦ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ DW, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʣʦʩʢʠʭ ʫʛʣʘ Da ʠ Db ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʩʝʯʝʥʠʷʭ ʵʪʦʛʦ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ. (ɺʝʣʠʯʠʥʘ ʢʘʞʜʦʛʦ ʠʟ ʫʛʣʦʚ 
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Da ʠ Db ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ l/d ʜʣʠʥʳ ʚʦʣʥʳ l ʢ ʣʠʥʝʡʥʦʤʫ ʨʘʟʤʝʨʫ 

ʘʥʪʝʥʥʳ d ʚ ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʠʭ ʩʝʯʝʥʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚʦʟʥʠʢʘʶʪ ʪʦʢʠ, 

ʦʙʷʟʘʥʥʳʝ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʪʦʢʘʤ, 

ʚʦʟʙʫʞʜʝʥʥʳʤ ʧʘʜʘʶʱʝʡ ʚʦʣʥʦʡ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʩ ʣʠʥʝʡʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ RDa ʠ RDb, ʥʘʭʦʜʷʱʝʡʩʷ ʦʪ ʘʥʪʝʥʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʧʪʠʢʠ ʦʪ ʨʘʜʠʦʣʦʢʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ 

ʵʪʦʡ ʧʣʦʱʘʜʢʠ. ɼʣʷ ʙʦʣʴʰʠʭ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʫʛʣʳ Da ʠ 

Db ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʫʛʣʦʚʳʭ ʤʠʥʫʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʶ l/d 

ʧʦʨʷʜʢʘ (3 - 5) " 10- 3. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 50 ʢʤ ʦʪ ʘʥʪʝʥʥʳ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʧʣʦʱʘʜʢʠ ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 400 - 600 ʤ. ɺ ʜʘʥʥʦʤ 

ʧʨʠʤʝʨʝ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʠ ʚʝʩʴʤʘ ʨʝʜʢʠʭ ʘʥʪʝʥʥʘʭ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʞʝ ʘʥʪʝʥʥ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʥʦʰʝʥʠʝ l/d ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʦ 0,03 - 0,05, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʭʫʞʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʨʠʤʝʨʘ. ɼʣʷ ʦʧʪʠʢʠ ʧʨʠ 

ʜʠʘʤʝʪʨʝ ʘʥʪʝʥʥʳ ʚʩʝʛʦ ʣʠʰʴ ʚ 1 ʩʤ ʠʩʢʦʤʦʝ ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʳ 

ʧʦʨʷʜʢʘ 10- 5, ʘ ʧʦʵʪʦʤʫ ʨʘʟʤʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ ʦʧʪʠʢʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʤʠ. 

ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʧʦʜʨʦʙʥʦʩʪʠ, ʘ ʩʦʩʣʘʚʰʠʩʴ ʣʠʰʴ ʥʘ ʘʚʪʦʨʠʪʝʪ ʚʝʣʠʢʦʛʦ 

ʈʵʣʝʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʦʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʘʣʴʥʦʩʪʠ, ʨʘʚʥʦʡ ct/2, ʙʫʜʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ 

ʥʘʙʣʶʜʘʪʝʣʝʤ ʢʘʢ ʦʜʠʥ ʦʙʲʝʢʪ (ʟʜʝʩʴ ʩ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, t - ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʟʦʥʜʠʨʫʁ ʱʝʛʦ ʠʤʧʫʣʴʩʘ). ɼʣʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʧʨʦʚʝʜʝʤ ʦʮʝʥʦʯʥʳʡ ʨʘʩʯʝʪ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ "ʦʙʳʯʥʳʡ" ʨʘʜʠʦʣʦʢʘʪʦʨ, ʪʦ ʜʣʷ ʥʝʛʦ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ ʥʘ ʫʨʦʚʥʝ 1 ʤʢʩ; ʵʪʦ ʜʣʷ 

ʠʩʢʦʤʦʛʦ ʨʘʟʤʝʨʘ ʜʘʩʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 150 ʤ, ʯʪʦ ʚʝʩʴʤʘ ʩʫɦ ʝʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ 

ʨʘʟʤʝʨʘʤʠ RDa ʠ RDb ʠ ct/2 (ʵʪʦʪ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʨʘʟʨʝʰʘʝʤʦʛʦ ʦʙʲʝʤʘ, ʠʣʠ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ) ʙʫʜʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ 

ʦʜʥʘ ʮʝʣʴ. 
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ʀʟ ʧʨʦʙʣʝʤʳ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʦʙʲʝʤʘ ʚʳʪʝʢʘʶʪ ʧʦʯʪʠ ʚʩʝ ʧʨʦʙʣʝʤʳ 

ʨʘʜʠʦʣʦʢʘʮʠʠ. 

 

 

8. ʂʘʢ ʫʣʫʯʰʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ 

ɼʘʞʝ ʚ ʨʘʤʢʘʭ ʥʝʠʟʤʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ ʠʤʝʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʭʦʜʷʱʠʭʩʷ ʪʘʤ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ. ʂ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʀʭ ʩʫʪʴ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʁ ʱʝʤʫ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʚʠʜʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʘʝʤʦʡ ʨʘʜʠʦʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʦʡ ʨʘʜʠʦʚʦʣʥʳ. ʗʩʥʦ, ʯʪʦ ʚʩʝʛʜʘ ʥʘʡʜʝʪʩʷ ʪʘʢʦʡ ʚʠʜ ʧʦʣʷʨʠʟʘʮʠʠ 

ʟʦʥʜʠʨʫʁ ʱʝʡ ʨʘʜʠʦʚʦʣʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʨʘʜʠʦʚʦʣʥ, 

ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʮʝʣʠ ʠ ʬʦʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʵʣʝʤʝʥʪʝ ʨʘʟʨʝʰʝʥʠʷ, ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʠʯʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 5 - 8 ʜʝʮʠʙʝʣ, ʜʦʩʪʠʛʘʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 20 ʜʝʮʠʙʝʣ ʠ ʙʦʣʝʝ. 

ʉʫɦ ʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʢʦʥʪʨʘʩʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʦʪʥʦʩʠʪʴ ʠʟʤʝʨʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʴʶ. 

ɼʦ ʩʠʭ ʧʦʨ ʨʝʯʴ ʰʣʘ ʦ ʥʝʧʦʜʚʠʞʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʘʥʮʠʠ ʮʝʣʷʭ. ɺ ʩʣʫʯʘʝ ʠʭ ʜʚʠʞʝʥʠʷ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ (ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ) 

ʠʤʝʝʪ ʜʨʫʛʫʁ  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ ʯʘʩʪʦʪʫ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʁ  ʦʪʥʦʰʝʥʠʶ ʨʘʜʠʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʮʝʣʠ ʢ ʜʣʠʥʝ ʚʦʣʥʳ. ɽʩʣʠ ʚ ʵʣʝʤʝʥʪʝ ʨʘʟʨʝʰʝʥʠʷ 

ʜʚʠʞʫɦ ʝʡʩʷ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʠʩʩʣʝʜʫʝʤʘʷ ʮʝʣʴ, ʪʦ, ʦʩʫɦ ʝʩʪʚʣʷʷ ʧʨʠʝʤ 

ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʚʦʣʥ ʥʘ ʯʘʩʪʦʪʘʭ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʯʘʩʪʦʪʦʡ 

ʟʦʥʜʠʨʫʁ ʱʝʛʦ ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʩʠʛʥʘʣʳ, ʠʜʫɦ ʠʝ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ 

ʮʝʣʠ ʠ ʦʪ ʦʢʨʫʞʘʶʱʝʛʦ ʝʛʦ ʬʦʥʘ. (ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʥʘʟʚʘʥʠʝ ʩʝʣʝʢʮʠʠ ʜʚʠʞʫɦ ʠʭʩʷ ʮʝʣʝʡ (ʉɼʎ). ʉʠʩʪʝʤʘʤʠ ʉɼʎ ʩʥʘʙʞʝʥʳ 

ʦʯʝʥʴ ʤʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ (ʈʃʉ).) 
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ʅʘʢʦʥʝʮ ʝʩʪʴ ʝʱʝ ʦʜʠʥ, ʭʦʪʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʵʢʟʦʪʠʯʝʩʢʠʡ, ʤʝʪʦʜ 

ʧʦʚʳʰʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʈʝʯʴ ʠʜʝʪ ʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʮʝʣʷʭ, ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ ʦʪ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʯʘʩʪʦʪʳ, ʢʨʘʪʥʳʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʯʘʩʪʦʪʝ ʟʦʥʜʠʨʫʁ ʱʝʛʦ ʩʠʛʥʘʣʘ - 2f0, 3f0 ʠ ʪ.ʜ. ʊʘʢʠʤ ʩʚʦʡʩʪʚʦʤ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʪ ʦʙʲʝʢʪʳ, ʠʤʝʶʱʠʝ ʨʞʘʚʯʠʥʫ, ʪʨʫɦ ʠʝʩʷ ʵʣʝʤʝʥʪʳ, 

ʢʦʥʪʘʢʪʳ ʠ ʪ.ʧ. ɽʩʣʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʪʘʢʠʤʠ ʵʢʟʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝ 

ʦʙʣʘʜʘʶʪ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʠʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥ ʥʘ ʜʝʩʷʪʢʠ ʜʝʮʠʙʝʣ. 

ɺʥʦʚɹ ʚʝʨʥʝʤʩʷ ʢ ʵʣʝʤʝʥʪʫ ʨʘʟʨʝʰʝʥʠʷ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʦʚ 

ʧʦ ʜʘʣʴʥʦʩʪʠ ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʧʫʪʴ: ʫʤʝʥʴʰʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʦʥʜʠʨʫʁ ʱʝʛʦ 

ʩʠʛʥʘʣʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʈʃʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʠʤʧʫʣʴʩʳ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʧʦ 

ʜʘʣʴʥʦʩʪʠ ʜʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ. ɽʩʣʠ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʦʚ ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʪʦ 

ʧʨʦʙʣʝʤʘ ʫʤʝʥʴʰʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ 

ʨʘʟʨʝʰʝʥʠʷ, ʪʦ ʝʩʪʴ ʫʛʣʦʚ Da ʠ Db, ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʪʝʤ, ʯʪʦ ʫʛʣʳ Da ʠ Db ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʦʪʥʦʰʝʥʠʶ l/d. ʇʝʨʝʭʦʜ 

ʦʪ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʢ ʤʠʣʣʠʤʝʪʨʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ ʚʦʣʥ ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʢʨʘʪʠʪʴ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ ʚ 3 - 5 ʨʘʟ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʝʤ ʩʨʘʚʥʝʥʠʠ ʩ ʩʘʥʪʠʤʝʪʨʦʚʳʤ ʜʠʘʧʘʟʦʥʦʤ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʧʨʦʙʣʝʤʫ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʪʨʘʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʨʦʩʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʤʝʪʝʦʦʙʨʘʟʦʚʘʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʧʨʦʙʣʝʤʳ ʟʘʞʠʛʘʶʪ 

ʢʨʘʩʥʳʡ ʩʚʝʪ ʧʝʨʝʜ ʚʦʣʥʘʤʠ ʢʦʨʦʯʝ 1 ʤʤ. 

ɺʪʦʨʦʡ ʧʫʪʴ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ l/d, ʩʚʷʟʘʥ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʘʥʪʝʥʥʳ. "ʃʦʙʦʚʘʷ" ʘʪʘʢʘ ʥʘ ʵʪʠ ʨʘʟʤʝʨʳ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʚʩʷ "ʠʛʨʘ" ʠʜʝʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʬʘʟʘʤʠ ʪʦʢʘ ʚ 
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ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʘʥʪʝʥʥʳ, ʘ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʠ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ 

ʬʘʟʝ ʚ 90 ̄ʩʦʦʪʚʝʪʩʪʚʫʁ ʪ ʨʘʩʩʪʦʷʥʠʷ, ʠʟʤʝʨʷʝʤʳʝ ʤʠʣʣʠʤʝʪʨʘʤʠ ʠ ʠʭ ʜʦʣʷʤʠ, 

ʧʨʦʙʣʝʤʘ ʶʩʪʠʨʦʚʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʭ ʟʘʱʠʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʚʝʪʨʦʚʦʛʦ ʠ ʜʦʞʜʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʣʝʙʘʥʠʡ ʧʦʯʚʳ ʠ ʪ.ʧ. ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʁ  ʧʨʦʙʣʝʤʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʉʢʘʟʘʥʥʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʫʥʠʢʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʘʥʪʝʥʥ ʠ ʠʭ ʩʚʝʨʭʜʦʨʦʛʫʁ  

ʩʪʦʠʤʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʠʝ ʘʥʪʝʥʥʳ 

ʩʫɦ ʝʩʪʚʫʁ ʪ, ʥʦ ʠʭ ʯʠʩʣʦ ʚ ʤʠʨʝ ʠʩʯʠʩʣʷʝʪʩʷ ʝʜʠʥʠʮʘʤʠ. ɸʥʪʝʥʥʳ ʙʦʣʝʝ 

ʩʢʨʦʤʥʳʭ ʨʘʟʤʝʨʦʚ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʟʝʤʣʝ ʠʣʠ ʥʘ ʧʝʨʝʜʚʠʞʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

ʆʜʥʘʢʦ ʚʧʦʣʥʝ ʧʦʥʷʪʥʦ, ʯʪʦ ʧʦʣʫʯʠʪʴ ʫ ʪʘʢʠʭ ʘʥʪʝʥʥ ʦʪʥʦʰʝʥʠʝ l/d ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʠʤ (ʩʚʳʰʝ 150 - 200) ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ. 

ɼʣʷ ʘʥʪʝʥʥ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʙʦʨʪʫ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʵʪʠ 

ʨʘʟʤʝʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʦʩʠʪʝʣʝʡ. ʇʦʧʳʪʢʘ 

ʫʤʝʥʴʰʠʪʴ ʫʛʦʣ Da ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʚʜʦʣʴʬʶʟʝʣʷʞʥʳʭ ʘʥʪʝʥʥ. 

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʠʤ ʠʩʯʝʨʧʳʚʘʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ. 

ʇʨʦʨʳʚ ʧʨʦʠʟʦʰʝʣ ʚ ʥʘʯʘʣʝ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʚʧʝʨʚʳʝ ʙʳʣʦ 

ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʚ ʘʥʪʝʥʥʝ ʧʦ ʩʫɦ ʝʩʪʚʫ 

ʩʚʦʜʠʪʩʷ ʢ ʩʣʦʞʝʥʠʶ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʝʝ ʫʯʘʩʪʢʦʚ ʩ ʫʯʝʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʝʛʦ ʥʘʙʝʛʘ ʬʘʟʳ, ʚʳʟʚʘʥʥʦʛʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʤʝʪʨʠʠ 

ʘʥʪʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʤʳʩʣʠ, ʯʪʦ ʪʘʢʫʁ  ʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʨʘʟʥʳʭ 

ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʟʘʧʦʤʥʠʪʴ ʵʪʠ ʟʥʘʯʝʥʠʷ, ʘ ʟʘʪʝʤ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʠʭ ʩʣʦʞʠʪʴ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʡ ʠʜʝʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʪʴ ʘʥʪʝʥʥʫ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʧʦʩʣʝʜʥʠʤ ʟʘʤʝʨʘʤʠ, ʪʦ ʝʩʪʴ ʚ ʧʨʠʥʮʠʧʝ ʪʘʢʘʷ ʘʥʪʝʥʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʛʨʘʥʠʯʥʦʡ. 
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ɿʜʝʩʴ ʤʳ ʥʝ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʪʝʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ 

ʪʨʫʜʥʦʩʪʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʦʧʨʷʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʡ ʠʜʝʠ. ɻʣʘʚʥʦʝ - ʵʪʦ ʪʦ, ʯʪʦ 

ʥʘʟʚʘʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʝʦʜʦʣʝʥʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʘʥʪʝʥʥ - ʘʥʪʝʥʥ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʪʘʢʠʤʠ ʘʥʪʝʥʥʘʤʠ, ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ ʈʃʉ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (ʈʉɸ). ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʈʉɸ 

ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʦʪʥʦʰʝʥʠʝ d/l, ʠʩʯʠʩʣʷʝʤʦʝ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʪʥʷʤʠ, ʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʪʳʩʷʯʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʈʉɸ ʧʨʠʚʝʣʦ ʢ ʪʘʢʦʤʫ 

ʩʦʢʨʘʱʝʥʠʶ ʵʣʝʤʝʥʪʘ ʨʘʟʨʝʰʝʥʠʷ, ʯʪʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʘʣʦ 

ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤʫ (ʚ ʬʦʪʦʛʨʘʬʠʠ "ʪʦʯʢʘ ʧʝʨʝʚʦʜʠʪʩʷ ʚ 

ʪʦʯʢʫ", ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ "ʵʣʝʤʝʥʪ ʨʘʟʨʝʰʝʥʠʷ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʪʦʯʢʫ"). 

ʉʝʛʦʜʥʷʰʥʠʡ ʫʨʦʚʝʥʴ ʈʉɸ - ʵʪʦ ʤʥʦʛʦʯʘʩʪʦʪʥʘʷ ʈʃʉ ʩ ʫʧʨʘʚʣʷʝʤʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʠʟʣʫʯʘʝʤʦʡ ʚʦʣʥʳ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

9. ʂʘʢʠʝ ʩʠʛʥʘʣʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʚʭʦʜ ʈʃʉ 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʠʥʷʪʳʤ ʩʠʛʥʘʣʦʤ ʘʥʪʝʥʥʳʭ ʪʨʘʢʪʦʚ ʠ ʧʦʩʪʫʧʣʝʥʠʝʤ ʝʛʦ ʥʘ 

ʚʭʦʜ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʈʃʉ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʦʯʝʥʴ ʤʘʣʳʤʠ 

ʩʠʛʥʘʣʘʤʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʠʟʤʝʨʠʤʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʩʘʤʦʛʦ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʈʃʉ (ʯʘʩʪʦ ʧʦʣʝʟʥʳʡ 

ʩʠʛʥʘʣ ʜʘʞʝ ʤʥʦʛʦ ʤʝʥʴʰʝ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʘ), ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ 

ʚʭʦʜ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦʩʪʦʷʥʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʰʫʤʦʚʦʡ ʩʠʛʥʘʣ, 

ʢʦʪʦʨʳʡ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʦʙʱʝʡ ʪʝʦʨʠʠ, ʪʘʢʞʝ ʠʤʝʝʪ ʚʠʜ 

ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʚʝʥʩʪʚʦʤ (1). ʇʨʠ ʵʪʦʤ ʝʛʦ 

ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʮʝʣʠ, ʠ ʜʘʞʝ ʚ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘ ʚʭʦʜ 

ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʈʃʉ ʚʩʝʛʜʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ 

ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʚʠʜʘ (1) ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ ʬʘʟʦʡ. 
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ʇʨʝʜʩʪʘʚʠʤ ʩʠʛʥʘʣ, ʚʦʟʜʝʡʩʪʚʫʁ ʱʠʡ ʥʘ ʚʭʦʜ ʈʃʉ, ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʣʘʛʘʝʤʳʭ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʥʘʨʫʞʠʚʘʝʤʦʤʫ ʩʠʛʥʘʣʫ, ʘ ʚʪʦʨʦʝ 

ʢʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʰʫʤʦʚʦʤʫ ʩʠʛʥʘʣʫ: 

Uʚʭ(t)=nA1(t)cos(2pf0t+j1(t))+AS(t)cos(2pf0t+jS(t)). 

ɺ ʨʘʚʝʥʩʪʚʦ (4) ʚʚʝʜʝʥ ʧʘʨʘʤʝʪʨ n, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʮʝʣʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1 (n=1), ʘ ʚ ʩʣʫʯʘʝ ʝʝ ʦʪʩʫʪʩʪʚʠʷ - ʨʘʚʥʳʤ ʥʫʣʶ (n=0). 

ʈʘʚʝʥʩʪʚʦ (4) ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʫʁ  ʟʘʜʘʯʫ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʝʝ ʩʣʝʜʫʁ ʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʫʨʘʚʥʝʥʠʠ (4) ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ n ʠ, ʝʩʣʠ n=1, ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʡ A1(t) ʠ j1(t). ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʝʥʠʶ ʧʦʜʜʘʝʪʩʷ ʪʦʣʴʢʦ ʬʫʥʢʮʠʷ Uʚʭ(t). 

ʀʟʚʝʩʪʥʳʤʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʠʚʘʝʤʦʡ 

ʮʝʣʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʡ A1(t) ʠ j1(t). 

ʉʣʘʛʘʝʤʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʰʫʤʦʚʦʡ ʯʘʩʪʴʶ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʠʟʚʝʩʪʥʦ, ʪʘʢ ʢʘʢ ʥʦʩʠʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʷ Uʚʭ(t) 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. 

ɺʳʰʝ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ ʚʩʷʢʦʝ ʥʘʛʨʝʪʦʝ ʪʝʣʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʣʘ, 

ʦʙʣʘʜʘʶʱʠʝ ʢʦʥʝʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʥʠʢʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʟʠʩʪʦʨʳ, ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʪʦʢʘ I (ht), ʧʦʨʦʞʜʘʝʤʦʛʦ ʭʘʦʪʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʣʫʯʘʡʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʨʝʟʠʩʪʦʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R, 

ʨʘʚʥʦʛʦ U (ht)=I (ht)R. ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʰʫʤʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʢ ï ʰʫʤʦʚʦʛʦ ʪʦʢʘ. 

ɿʜʝʩʴ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʜʚʘ ʤʦʤʝʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ 1 ʆʤ ʦʯʝʥʴ ʤʘʣʦ, ʦʥʦ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʧʦʨʷʜʢʘ 10-14 - 10-12 ɺ. ɺʪʦʨʦʡ ʤʦʤʝʥʪ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ U (ht) ʠʤʝʝʪ 

ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯ 

ʨʘʜʠʦʪʝʭʥʠʢʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʨʘʚʥʦʤʝʨʥʳʤ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʊʘʢʦʡ ʰʫʤ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʙʝʣʦʛʦ 

ʰʫʤʘè, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʰʫʤʘ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʩʧʝʢʪʨʦʤ, 

ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ çʩʝʨʳʤ ʰʫʤʦʤè.  
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ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʝʣʦʛʦ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʰʫʤʘ N0, ʪ.ʝ. ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʰʫʤʘ ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 1 ɻʮ, ʝʝ 

ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ N0=4Ö10-21 [ɺʪ/ɻʮ=ɺʪ/ʩī1=ɼʞ] ʠ ʜʣʷ ʩʨʝʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʊ0=300 ʂ) ʠʤʝʝʤ N0=4Ö10-21 ɼʞ. ʂʘʢ ʚʠʜʥʦ, ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʰʫʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ T0 ʨʝʟʠʩʪʦʨʘ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ k, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʳ. 

ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʰʫʤʘ (çʰʫʤʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘè), ʦʯʝʚʠʜʥʦ ʦʧʨʝʜʝʣʠʪʩʷ 

ʬʦʨʤʫʣʦʡ P =h N0Df ɺʪ. 

ʐʠʨʦʢʦʧʦʣʦʩʥʦʩʪʴ ʰʫʤʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢ ʢʘʞʜʦʡ ʧʨʠʥʠʤʘʝʤʦʡ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʦʙʘʚʣʷʝʪʩʷ ʰʫʤʦʚʘʷ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʚʩʝʤ ʮʝʧʷʤ ʠ ʫʩʪʨʦʡʩʪʚʘʤ 

ʧʨʠʝʤʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʫʪ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʪʦʢʠ ʪʦʡ ʞʝ 

ʯʘʩʪʦʪʳ, ʪ.ʝ. ʢʘʞʜʘʷ ʩʫʤʤʘʨʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ 

ʥʝʨʘʟʣʠʯʠʤʫʶ ʤʝʞʜʫ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʙʣʶʜʘʝʤʦʤ ʠ ʰʫʤʦʚʦʤ 

ʩʠʛʥʘʣʘʭ, ʪ.ʝ.  
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a=0 ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ (ʩʣʫʯʘʡ ʯʠʩʪʦʛʦ ʰʫʤʘ), 

a=1 ʧʨʠ ʥʘʣʠʯʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ (ʩʣʫʯʘʡ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʯʠʩʪʦʛʦ ʰʫʤʘ) 

ʀʤʝʥʥʦ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʙʦ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʮʝʣʠ, ʧʦ 

ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ ʠʤʝʝʪ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ ʠ ʜʘʞʝ ʤʝʥʴʰʝ, ʯʪʦ ʠ ʤʦʱʥʦʩʪʴ 

ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʧʨʠʝʤʥʠʢʘ. ʈʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʥʦʩʷʱʝʡ ʥʘʟʚʘʥʠʝ 

çʚʳʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʬʦʥʝ ʰʫʤʘè, ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʦʥʦʛʨʘʬʠʡ, ʜʝʩʷʪʢʠ, ʝʩʣʠ ʥʝ ʩʦʪʥʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʪʨʷʩʘʶʪ ʚʦʦʙʨʘʞʝʥʠʝ. ʏʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ, ʦ 
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ʢʘʢʠʭ ʥʠʯʪʦʞʥʳʭ ʤʦʱʥʦʩʪʷʭ ʠʜʝʪ ʨʝʯʴ, ʦʮʝʥʠʤ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, 

ʧʦʩʣʘʥʥʦʛʦ ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʪʘʥʮʠʝʡ New Horizons ʩ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʣʘʥʝʪʳ 

ʇʣʫʪʦʥ, ʨʘʩʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦ ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ R~5 ʤʣʨʜ 

ʢʤ=5Ö1012 ʤ. ʄʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʥʘ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ ʈ=60 ɺʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʈɿʝʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɿʝʤʣʠ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʢʘʢ ʈɿʝʤ~ʈ/R
2=60Ö0,04Ö10-24=2,4Ö10-24 ɺʪ/ʤ2. ɽʩʣʠ ʩʯʠʪʘʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʧʣʦʱʘʜʴ ʘʥʪʝʥʥʳ ʧʦʨʷʜʢʘ Sɻ ʬʬ~1000, ʪʦ ʤʦʱʥʦʩʪʴ ʠʩʢʦʤʦʛʦ 

ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩʦʩʪʘʚʠʪ ʈɿʝʤÖSɻ ʬʬ~10-21 ɺʪ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʧʦʨʷʜʢʘ Df~1 ʄɻʮ=106 ɻʮ 

ʤʦʱʥʦʩʪʴ ʰʫʤʦʚ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʙʫʜʝʪ ʨʘʚʥʘ ʈhʫʤ=N0ÖDf=4Ö10-21Ö106=4Ö10-

15 ɺʪ, ʪ.ʝ. ʚ ʤʠʣʣʠʦʥʳ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʩʠʛʥʘʣ, ʧʨʠʭʦʜʷʱʠʡ ʩʦ ʩʪʘʥʮʠʠ. ʀ 

ʪʘʢʦʡ ʩʠʛʥʘʣ ʫʩʧʝʰʥʦ ʚʳʜʝʣʷʝʪʩʷ! ʅʘ ʩʥʠʤʢʘʭ ʧʨʝʢʨʘʩʥʦ ʚʠʜʝʥ ʨʝʣʴʝʬ 

ʧʣʘʥʝʪʳ ʠ ʜʘʞʝ ʙʦʣʴʰʠʝ ʢʘʤʥʠ. ʈʘʟʚʝ ʵʪʦ ʥʝ ʯʫʜʦ! 

10. ʂʘʢ ʚʳʜʝʣʷʪʴ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʥʘ ʬʦʥʝ ʰʫʤʘ 

ʈʘʩʩʤʦʪʨʠʤ, ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʥʮʠʧ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚʳʜʝʣʝʥʠʷ 

ʩʣʘʙʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʰʫʤʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʵʪʦʪ ʩʠʛʥʘʣ. 

ʇʫʩʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠʤʝʝʪ ʚʠʜ () ( )cʩʩʠʛʥ tUtU 000 sin j+w= . ɺʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʰʫʤʘ 

ʦʙʦʟʥʘʯʠʤ, ʢʘʢ () ()( )tttNtn ʰʰʰʫʤ 000 sin)( j+w= . ʂʦʨʝʥʥʦʝ ʦʪʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ 

ʚʳʨʘʞʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʧʫʩʪʷ ʚʨʝʤʷ T=2p/w, ʚʝʣʠʯʠʥʘ ʩʠʛʥU  ʧʦʚʪʦʨʠʪ 

ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʪ.ʝ. () ( ) ( ) ( )mʊtUʊtUʊtUtU ʩʠʛʥʩʠʛʥʩʠʛʥʩʠʛʥ +==+=+= ...2 , ʛʜʝ 

ʪ=1,2, é . ʏʪʦ ʢʘʩʘʝʪʩʷ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʚ ʩʠʣʫ ʩʣʫʯʘʡʥʦʛʦ ʭʘʦʪʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ () ()ttN ʰʰ 00 ʠj , ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʪ, ʪ.ʝ. 

() ( ) ( ) ( )mʊtnʊtnʊtntn ʰʫʤʰʫʤʰʫʤʰʫʤ +¸¸+¸+¸ ...2 . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʷ ʟʘʜʝʨʞʢʫ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʊ, 2ʊ, 

3ʊ, é, ʪʊ ʠ ʦʩʫʱʝʩʪʚʣʷʷ ʩʣʦʞʝʥʠʝ ʟʘʜʝʨʞʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʯʝʨʝʟ ʚʨʝʤʷ ʪʊ 

ʧʦʣʫʯʠʤ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʫʚʝʣʠʯʝʥʥʦʡ ʚ ʪ ʨʘʟ, ʪ.ʝ. ʚʤʝʩʪʦ 

ʩU0  ʘʤʧʣʠʪʫʜʘ ʩʪʘʥʝʪ ʨʘʚʥʦʡ ʩmU0 . ʇʨʦʠʩʭʦʜʠʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʦʮʝʩʩ 
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ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʰʫʤʘ, ʪʦ ʚ ʩʠʣʫ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ()tʰ0j  

ʪʘʢʦʛʦ çʠʜʝʘʣʴʥʦʛʦè ʩʣʦʞʝʥʠʷ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʠ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʦʢʦʣʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ. çʉʪʦʠʤʦʩʪʴè ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʚʳʜʝʣʝʥʠʷ 

ʩʠʛʥʘʣ ï ʵʪʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʙʠʣʴʥʳ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʜʘʪʯʠʢʘ, ʪ.ʝ. ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʥʝ ʜʦʣʞʥʘ 

çʧʣʘʚʘʪʴè. 

ɿʥʘʥʠʝ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʡ ʤʝʪʦʜ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʥʘ ʬʦʥʝ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ 

ʧʨʠʝʤʥʠʢʘ. ɿʥʘʥʠʝ ʩʠʛʥʘʣʘ S(t) ʦʟʥʘʯʘʝʪ ʟʥʘʥʠʝ ʝʛʦ ʩʧʝʢʪʨʘ G(f) ʠ ʥʘʯʘʣʴʥʳʭ 

ʬʘʟ ű0(f) ʢʘʞʜʦʡ ʠʟ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʨʘʥʝʝ 

ʤʝʪʦʜʝ ʚʳʠʛʨʳʰ ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʡ ʞʝ ʦʧʝʨʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʰʫʤʘ, ʯʪʦ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʤʝʪʥʦʤʫ ʚʳʠʛʨʳʰʫ ʚ 

ʦʪʥʦʰʝʥʠʠ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʢ ʵʥʝʨʛʠʠ ʰʫʤʘ ʠʣʠ, ʢʘʢ ʧʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ, ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ/ʰʫʤ.  

ʊʘʢʦʡ ʞʝ çʩʙʦʨè ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘ ʩʯʝʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ɼʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʝʤʥʠʢ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʠʝʤ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ  ʩʠʛʥʘʣʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ, ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʝʤʥʠʢʘ ɸ(f), ʜʦʣʞʥʘ ʚ ʪʦʯʥʦʩʪʠ 

ʩʦʚʧʘʜʘʪʴ ʩʦ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣ, ʪ.ʝ. ɸ(f)=G(f).  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥʘ ʧʦ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʘʤʠ ʠʭ ʘʤʧʣʠʪʫʜ. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʢʩʠʤʫʤʳ ʢʘʞʜʦʡ ʠʟ ʛʘʨʤʦʥʠʢ 

ʩʦʚʧʘʣʠ ʙʳ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʦʤʫ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʠʟ ʛʘʨʤʦʥʠʢ 

ʩʜʚʠʥʫʪʴ ʬʘʟʫ ʥʘ ʚʝʣʠʯʠʥʫ (-ű0(f)). ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʜʦʣʞʥʦ ʧʨʦʠʟʦʡʪʠ ʚ 

ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 
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ʊʘʢʦʡ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʰʫʤʘ ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ (ʦʧʪʠʤʘʣʴʥʦʡ) ʬʠʣʴʪʨʘʮʠʝʡ, ʘ ʩʘʤʦ ʫʩʪʨʦʡʩʪʚʦ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ (ʦʧʪʠʤʘʣʴʥʦʛʦ) ʬʠʣʴʪʨʘ. 

11. ʂʘʢ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʷʩʥʦ, ʯʪʦ ʩʪʨʦʛʦ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʁ  ʟʘʜʘʯʫ, ʪʦ ʝʩʪʴ 

ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (4), ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʝʤ ʙʦʣʝʝ ʧʦ ʨʝʟʫʣɹ ʪʘʪʘʤ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʨʘʟʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʢʦʡ-ʪʦ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=t1 

. 

ʋʨʘʚʥʝʥʠʝ (4) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʝʱʝ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʳʚʦʜʦʚ ʠ 

ʟʘʢʣʶʯʝʥʠʡ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʙʝʟʦʰʠʙʦʯʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʯʝʤʫ ʨʘʚʝʥ 

ʧʘʨʘʤʝʪʨ n, ʪʦ ʝʩʪʴ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʝʩʪʴ ʠʣʠ ʥʝʪ ʚ ʨʘʟʨʝʰʘʝʤʦʤ ʵʣʝʤʝʥʪʝ 

ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʮʝʣʴ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦʪ ʦʪʚʝʪ ʤʦʞʝʪ ʥʦʩʠʪʴ 

ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢʠʝ-ʪʦ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʜʝʢʚʘʪʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʟʘʜʘʯ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʜʘ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ɺʪʦʨʦʡ ʚʳʚʦʜ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4), ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʢʣʶʯʝʥʠʷ ʦ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ n ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, 

ʫʚʝʣʠʯʠʚʘʷ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʠʚʘʷ ʦʪʨʝʟʦʢ ʬʫʥʢʮʠʠ Uʚʭ(t), 

ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ ʘʥʘʣʠʟʫ. 

ʅʘʢʦʥʝʮ ʝʱʝ ʦʜʠʥ ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʘʥʘʣʠʟʠʨʫ̫  ʩ ʦʙʱʠʭ 

ʧʦʟʠʮʠʡ ʫʨʘʚʥʝʥʠʝ (4), ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ Uʚʭ(t) ʧʨʠ 

ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, 

ʢʦʪʦʨʳʤ ʧʦʜʯʠʥʷʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ Uʚʭ(t). 

ʇʦʧʳʪʘʝʤʩʷ ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʧʨʠʥʮʠʧʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʣʦʞʠʪʴ ʚ ʧʨʦʮʝʩʩ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦʙʳ ʩʦʚʝʨʰʘʝʤʳʝ ʧʨʠ ʵʪʦʤ ʦʰʠʙʢʠ ʚ ʦʪʚʝʪʝ 

ʥʘ ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʠ ʙʳʣʠ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ 

ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ, ʘ ʜʣʷ ʵʪʦʛʦ ʧʦʧʳʪʘʝʤʩʷ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʪʝʭ ʪʠʧʘʭ ʦʰʠʙʦʢ, 
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ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʠ. 

12. ʂʘʢʠʝ ʦʰʠʙʢʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ 

ʏʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʚʦʟʥʠʢʘʶʱʠʭ ʪʠʧʘʭ ʦʰʠʙʦʢ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʫʁ  

ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʬʦʥʦʚʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʁ ʪ ʠʣʠ ʠʤʠ ʧʨʦʩʪʦ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʇʫʩʪʴ ʨʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʈʃʉ ʧʨʦʠʟʚʦʜʠʪ ʢʘʢʫʁ -ʪʦ ʦʙʨʘʙʦʪʢʫ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʚʳʭʦʜʝ ʵʪʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʛʥʘʣ, ʷʚʣʷʶʱʠʡʩʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ ʦʪ ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ ʧʨʠʥʷʪʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʁ ʱʝʤ ʚʠʜʝ: 

UoUt(t)=f (Un (t)+nUs (t)). 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ Un (t) - ʩʦʙʩʪʚʝʥʥʳʡ ʰʫʤ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʁ ʱʠʡ ʚ ʩʤʝʩʠ ʠ ʚʩʝʛʜʘ ʚʦʟʜʝʡʩʪʚʫʁ ʱʠʡ ʥʘ ʚʭʦʜ ʵʪʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ; Us (t) - ʩʠʛʥʘʣ, ʚʳʟʚʘʥʥʳʡ ʦʪʨʘʞʝʥʠʝʤ ʦʪ ʦʙʥʘʨʫʞʠʚʘʝʤʦʡ ʮʝʣʠ, 

ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʘʟʚʘʥʥʦʡ ʩʤʝʩʠ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʮʝʣʠ (n=1) ʚ 

ʥʘʙʣʶʜʘʝʤʦʤ ʵʣʝʤʝʥʪʝ ʨʘʟʨʝʰʝʥʠʷ. 

ʂʘʢʦʚʘ ʙʳ ʥʠ ʙʳʣʘ ʬʫʥʢʮʠʷ f(z), ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʠ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʚ ʢʘʢʦʡ-ʪʦ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t=t1, ʪʦ ʝʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʪʦʨʦʛʦ ʨʘʟʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ. ɼʘʪʴ ʞʝ 

ʩʪʨʦʛʠʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʯʝʤʫ ʨʘʚʝʥ ʢʦʵʬʬʠʮʠʝʥʪ n, ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʪ. ʂʘʢ ʞʝ ʙʳʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ? ʂʘʢʦʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʰʘʶʱʝʝ 

ʧʨʘʚʠʣʦ? ʂʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʦʪʚʝʪ ʥʘ ʚʪʦʨʦʡ ʚʦʧʨʦʩ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ (ʚʠʜʘ ʬʫʥʢʮʠʠ f(z)) ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ 

ʦʯʝʚʠʜʝʥ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʨʝʰʘʶʱʠʤ ʧʨʘʚʠʣʦʤ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʪʦʣʴʢʦ ʧʦʨʦʛʦʚʦʝ ʧʨʘʚʠʣʦ. ʆʥʦ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʝʩʣʠ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

Uʚʭ(t) ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ (ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ) U0, ʪʦ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʮʝʣʴ ʝʩʪʴ; ʝʩʣʠ ʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʪʦ ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ, ʯʪʦ ʮʝʣʠ ʥʝʪ. 
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ʈʘʟʦʙʨʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʧʨʘʚʠʣʝ, ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʰʠʙʢʘʤʠ ʜʚʫʭ ʪʠʧʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʦʰʠʙʢʠ. 

ʇʨʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʚʦʟʤʦʞʥʳ ʜʚʝ ʩʠʪʫʘʮʠʠ: ʧʝʨʚʘʷ - ʚ 

ʵʣʝʤʝʥʪʝ ʨʘʟʨʝʰʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʮʝʣʴ (ʩʠʪʫʘʮʠʷ ɸ), ʚʪʦʨʘʷ - ʚ ʵʣʝʤʝʥʪʝ 

ʨʘʟʨʝʰʝʥʠʷ ʮʝʣʠ ʥʝʪ (ʩʠʪʫʘʮʠʷ ɺ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʭ̫ ʥʘʙʣʶʜʘʪʝʣʴ ʤʦʞʝʪ 

ʧʨʠʥʷʪʴ ʦʜʥʦ ʠʟ ʜʚʫʭ ʨʝʰʝʥʠʡ: ʣʠʙʦ ʮʝʣʴ ʝʩʪʴ (ʨʝʰʝʥʠʝ 1), ʣʠʙʦ ʝʝ ʥʝʪ 

(ʨʝʰʝʥʠʝ 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʳ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ 

ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʪʘʢ: ɸ1, ɸ2, ɺ1, ɺ2. ʇʨʠ ʵʪʦʤ ʜʚʘ ʨʝʰʝʥʠʷ - ɸ1 ʠ ɺ2 - ʷʚʣʷʶʪʩʷ 

ʠʩʪʠʥʥʳʤʠ, ʘ ʜʚʘ ʜʨʫʛʠʭ - ɸ2 ʠ ɺ1 - ʣʦʞʥʳʤʠ. 

ʀʪʘʢ, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʦʰʠʙʦʯʥʳʭ ʨʝʰʝʥʠʡ: 1) ʃʦʞʥʘʷ 

ʪʨʝʚʦʛʘ, ʢʦʛʜʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʵʣʝʤʝʥʪʝ ʨʘʟʨʝʰʝʥʠʷ ʮʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʝʰʝʥʠʝ ʦ ʝʝ ʥʘʣʠʯʠʠ (ʚʘʨʠʘʥʪ ɺ1; ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, ʦʥʘ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ F). 2) 

ʇʨʦʧʫʩʢ ʮʝʣʠ, ʢʦʛʜʘ ʧʨʠ ʥʘʣʠʯʠʠ ʮʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʝʝ ʦʪʩʫʪʩʪʚʠʠ 

(ʚʘʨʠʘʥʪ ɸ2; ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦʧʫʩʢʘ 

ʮʝʣʠ, ʦʥʘ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʨʘʟʥʦʩʪʴʶ 1-D). 

ɼʚʘ ʜʨʫʛʠʭ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʪʠʥʥʳʤʠ. 1) ʇʨʘʚʠʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ, 

ʢʦʛʜʘ ʧʨʠ ʥʘʣʠʯʠʠ ʮʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʝʝ ʥʘʣʠʯʠʠ (ʚʘʨʠʘʥʪ ɸ1; 

ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʦʥʘ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ D). 2) ʇʨʘʚʠʣʴʥʦʝ 

ʥʝʦʙʥʘʨʫʞʝʥʠʝ, ʢʦʛʜʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ ʝʝ 

ʦʪʩʫʪʩʪʚʠʠ (ʚʘʨʠʘʥʪ ɺ2; ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʘʚʠʣʴʥʦʛʦ ʥʝʦʙʥʘʨʫʞʝʥʠʷ, ʦʥʘ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʨʘʟʥʦʩʪʴʶ 1-F). 

ʂʘʢʠʝ ʙʳ ʟʘʜʘʯʠ ʠ ʮʝʣʠ ʥʠ ʩʪʦʷʣʠ ʧʝʨʝʜ ʈʃʉ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʭ̫ 

ʞʝʣʘʪʝʣʴʥʦ ʢʘʢ ʤʦʞʥʦ ʨʝʞʝ ʧʨʠʥʠʤʘʪʴ ʦʰʠʙʦʯʥʳʝ ʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ 

ʧʦʨʦʛʦʚʦʤ ʨʝʰʘʶʱʝʤ ʧʨʘʚʠʣʝ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʘʙʣʶʜʘʪʝʣʷ ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʥʘ-

ʝʜʠʥʩʪʚʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ "ʚʦʟʜʝʡʩʪʚʠʷ" ʥʘ ʩʠʪʫʘʮʠʶ: ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ 
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ʧʦʨʦʛʘ U0 . ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʚʝʣʠʯʠʥʘ U0 ʚʣʠʷʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʳʭ 

ʨʝʰʝʥʠʡ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ. 

ʈʦʩʪ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ U0 ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ, ʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ 

ʮʝʣʠ. ʅʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ U0 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ ʮʝʣʠ, ʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ. 

 

13. ʂʦʛʜʘ ʠ ʧʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ 

ʆʪ ʯʝʛʦ ʞʝ ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʧʦʨʦʛʘ ʠ ʢʝʤ, ʠ ʯʝʤ ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ? ʋʨʦʚʝʥʴ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʦʞʥʳʭ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʈʃʉ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʳʭ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ ʦʧʨʝʜʝʣʷʝʪ ʩʘʤ ʧʦʪʨʝʙʠʪʝʣʴ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʤʠ 

ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʦʞʥʳʭ ʨʝʰʝʥʠʡ ʦʪʢʨʳʚʘʝʪ 

ʧʫʪʴ ʢ ʙʝʩʢʦʥʝʯʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʨʘʜʠʦʧʨʠʝʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʈʃʉ, ʪʦ ʝʩʪʴ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ f (z) ʚ ʬʦʨʤʫʣʝ (4). ɺ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠʥʷʪ ʢʨʠʪʝʨʠʡ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. ɿʘʜʘʯʘ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʚʦʜʠʪʩʷ ʧʦʵʪʦʤʫ ʢ ʚʳʙʦʨʫ ʪʘʢʦʡ ʬʫʥʢʮʠʠ f (z), ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʨʘʤʢʘʭ 

ʥʘʟʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʤʘʢʩʠʤʠʟʠʨʫʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʈʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʁ  

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ, ʥʘʟʳʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʢʨʠʪʝʨʠʶ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ. 

ɺ ʧʨʝʜʳʜʫɦ ʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ ʦʪʢʨʳʪʳʤ ʦʩʪʘʣʩʷ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t1 ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ ʝʩʪʴ ʜʚʘ 
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ʭʘʨʘʢʪʝʨʥʳʭ ʤʦʤʝʥʪʘ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ts ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ, ʢʦʛʜʘ 

ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʮʝʣʠ ʩʠʛʥʘʣ ʥʘʯʘʣ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʚʭʦʜ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʠ ʚʪʦʨʦʡ ʤʦʤʝʥʪ tf - ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʗʩʥʦ, ʯʪʦ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʨʘʥʝʝ ʚʨʝʤʝʥʠ tf, ʪʦ ʝʩʪʴ ʧʨʠ t=t1 < tf, 

ʥʝʨʘʟʫʤʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʛʥʘʣʝ ʟʘ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʦʪ t1 ʜʦ tf . ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʧʦʩʣʝ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ tf ʪʘʢʞʝ 

ʥʝʨʘʟʫʤʥʦ, ʪʘʢ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʪʫʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʤʝʥʪʦʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʦʣʞʥʦ ʚʳʩʪʫʧʘʪʴ ʚʨʝʤʷ tf, ʪʦ ʝʩʪʴ t1=tf . 

ʉʣʝʜʫʁ ʱʠʡ ʚʦʧʨʦʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʨʘʙʦʪʢʝ ʢʘʢʠʭ-ʪʦ ʧʦʜʭʦʜʦʚ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʘʣʛʦʨʠʪʤʘ f (z).  

ʗʩʥʦ, ʯʪʦ ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʧʨʘʚʠʣʝ ʣʠʥʝʡʥʳʤ ʘʣʛʦʨʠʪʤ f (z) ʙʳʪʴ ʥʠʢʘʢ ʥʝ 

ʤʦʞʝʪ. ʊʨʝʙʦʚʘʥʠʝ ʝʛʦ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʳʚʦʜʠʪ ʥʘ ʢʚʘʜʨʘʪʠʯʥʫʁ  ʦʙʨʘʙʦʪʢʫ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʝʩʪʴ ʥʘ ʫʨʦʚʝʥʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ. ʂ ʪʘʢʦʤʫ ʞʝ 

ʚʳʚʦʜʫ ʤʦʞʥʦ ʧʨʠʡʪʠ, ʝʩʣʠ ʨʘʩʩʫʞʜʘʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʯʠʩʪʦ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ ʩʚʦʜʠʪʴʩʷ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʪʘʢʦʛʦ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴ 

ʵʥʝʨʛʠʶ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩ t=ts ʜʦ 

t=tf . ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʠ ʵʥʝʨʛʠʷ ʰʫʤʦʚʦʛʦ 

ʩʠʛʥʘʣʘ, ʘ ʧʦʵʪʦʤʫ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʁ  ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚ ʵʪʦʡ ʧʨʦʮʝʜʫʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʧʨʝʞʜʘʶʱʫʁ  

ʨʦʣʴ ʧʝʨʚʦʛʦ ʠʟ ʥʘʟʚʘʥʥʳʭ ʥʘʢʦʧʣʝʥʠʡ. ʌʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʘʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʪʦʣʴʢʦ ʢʘʢʠʝ-ʪʦ ʘʧʨʠʦʨʥʳʝ ʟʥʘʥʠʷ ʦʙ 

ʠʩʩʣʝʜʫʝʤʦʤ ʩʠʛʥʘʣʝ. 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʪʝʢʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʣʶʙʦʡ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʤʘʣʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʰʫʤʘʤ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʠʟ ʝʛʦ ʩʤʝʩʠ ʩ ʵʪʠʤ ʰʫʤʦʤ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʨʦʮʝʩʩʦʤ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʘʢʦʛʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʚʳʚʦʜʘ ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ 
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ʉʦʣʥʮʘ, ʖʧʠʪʝʨʘ, ɺʝʥʝʨʳ, ʄʝʨʢʫʨʠʷ ʠ ʄʘʨʩʘ, ʦʩʫɦ ʝʩʪʚʣʝʥʥʦʝ ʨʦʩʩʠʡʩʢʠʤʠ 

ʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʆʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ ʙʳʣ ʚ 

ʪʳʩʷʯʠ, ʝʩʣʠ ʥʝ ʚ ʤʠʣʣʠʦʥʳ ʨʘʟ ʤʝʥʴʰʝ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʨʘʜʠʦʧʨʠʝʤʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʈʃʉ. 

ʇʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʥʘʧʨʷʤʫʁ  ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʤʝʩʠ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʬʦʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʏʝʤ ʙʦʣʝʝ ʧʦʣʥʳʤʠ ʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʟʥʘʥʠʷʤʠ ʨʘʩʧʦʣʘʛʘʝʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʙʦʪʘʝʪ ʘʣʛʦʨʠʪʤ, ʪʝʤ ʤʝʥʴʰʠʤʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʳʭ ʨʝʰʝʥʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʘʢ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

14. ʋʨʘʚʥʝʥʠʝ ʜʘʣʴʥʦʩʪʠ 

ʋʟʣʦʚʦʡ ʚʦʧʨʦʩ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʥʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʮʝʣʴ, ʦʪʯʝʛʦ ʵʪʦ ʟʘʚʠʩʠʪ ʠ 

ʥʘʩʢʦʣʴʢʦ ʜʦʩʪʦʚʝʨʝʥ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ.  

ʈʘʩʩʤʦʪʨʠʤ ʵʪʫ ʟʘʜʘʯʫ ʧʦʜʨʦʙʥʝʝ.  

ʇʫʩʪʴ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ (ʈʃʉ) ʨʘʚʥʘ 

ʈS, ʠʟʣʫʯʝʥʠʝ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ (ʙʝʟʨʘʟʣʠʯʥʦ ʢʘʢʦʡ ʬʦʨʤʳ ʠʤʧʫʣʴʩʥʦʡ 

ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʡ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ w.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʇS ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ 

ʧʝʨʝʜʘʪʯʠʢʘ ʙʫʜʝʪ ʨʘʚʥʘ 
24 R
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ɺ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʪʝʥʥʳ, ʩʦʟʜʘʶʱʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣ ̫ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʪʝʧʝʥʴ ʵʪʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʩʬʝʨʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(q,j), ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʅɼ) ʘʥʪʝʥʥʳ ï D(q,j). 
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ɽʩʣʠ ʫʯʝʩʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʥʘʚʝʜʝʥʠʷ ʪʦʢʘ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʘʥʪʝʥʥʳ, ʪʦ ʩʣʝʜʫʝʪ ʛʦʚʦʨʠʪʴ ʦ ʂʇɼ ʘʥʪʝʥʥʳ - 

h, ʧʦʢʘʟʳʚʘʶʱʝʤ, ʢʘʢʘʷ ʜʦʣʷ ʤʦʱʥʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʘʝʤʦʛʦ 

ʧʦʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ (ʂʋ) 

ʘʥʪʝʥʥʳ G(q,j) ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R 

ʦʪ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ ʈʃʉ ʚ ʥʘʧʨʘʚʣʝʥʠʠ (q,j) ʙʫʜʝʪ ʨʘʚʥʘ 
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ʆʯʝʥʴ ʯʘʩʪʦ, ʢʦʛʜʘ ʛʦʚʦʨʷʪ ʦ ʂʅɼ ʠ ʂʋ ʘʥʪʝʥʥʳ, ʠʤʝʶʪ ʚ ʚʠʜʫ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʥʦʩʷʪ ʩ ʥʫʣʝʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʬʝʨʠʯʝʩʢʠʭ ʫʛʣʦʚ, ʪ.ʝ. q=j=0, ʘ ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʪʦ ʧʠʩʘʪʴ D ʠ G. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ h, ʪʦ ʜʣʷ ʘʥʪʝʥʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ ʦʥ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ 

0,8-0,85. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʜʦʩʪʠʛʥʫʚ ʮʝʣʠ, ʥʘʚʦʜʠʪ ʥʘ ʥʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʪʦʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊʦʪ ʧʦʪʦʢ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʫ ʈʃʉ, ʢʘʢ ʫʞʝ 

ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʴʰʝ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʘ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʚ 

ʦʩʪʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʩʩʝʷʥʥʳʤ ʧʦʣʝʤ. 

ʗʩʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʈʦʪʨ, ʙʫʜʝʪ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʦʙʣʫʯʘʶʱʝʡ ʚʦʣʥʳ ʇS, ʧʨʠ ʵʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʧʣʦʱʘʜʠ (ʤ2) ʠ 

ʟʘʚʠʩʝʪʴ ʦʪ ʩʬʝʨʠʯʝʩʢʠʭ ʫʛʣʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʮʝʣʴ (q,j), ʠ 

ʫʛʣʘʤʠ (q1,j1) ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʫ ʈʃʉ, ʝʩʣʠ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʩʪʦʤ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ (ʩʣʫʯʘʡ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ, ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ). ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʨʘʩʩʝʷʥʠʷ (ʕʇʈ), ʠʥʦʛʜʘ ʝʛʦ ʥʘʟʳʚʘʶʪ 
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ʵʬʬʝʢʪʠʚʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʕʆʇ), ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʧʝʨʝʯʥʠʢʦʤ 

ʨʘʩʩʝʷʥʠʷ (ʕʇʈ). ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʝʛʦ ʙʫʢʚʦʡ s(q,j; q1,j2). ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʨʝʯʴ ʙʫʜʝʪ ʠʜʪʠ ʦʙ ʦʜʥʦʧʦʟʠʮʠʦʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʢʦʛʜʘ ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʝʩʪʘ ʧʨʠ 

ʧʦʤʦʱʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʘʥʪʝʥʥʳ), ʘ ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʕʇʈ ʙʫʜʝʤ ʧʨʦʩʪʦ 

ʧʠʩʘʪʴ s. 

ʀʪʘʢ, ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʫ ʠʟʣʫʯʘʝʪʩʷ ʩʠʛʥʘʣ 

ʤʦʱʥʦʩʪʴʶ  
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ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ 

ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ: 
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ʈʘʩʩʫʞʜʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʚʝʜʝʥʥʳʝ ʚʳʰʝ, ʧʨʠʚʝʜʫʪ ʥʘʩ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ, ʪ.ʝ. ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʈʃʉ, ʩʠʛʥʘʣ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʇʦʪʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʠʤʝʶʱʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʧʣʦʱʘʜʴ (ʤ2). ɺ ʢʘʯʝʩʪʚ ʪʘʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʩʪʫʧʘʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ Sɻ ʬʬ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ G ʘʥʪʝʥʥʳ ʧʨʠ ʧʦʤʦʱʠ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʈʃʉ ʩʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ 

ʤʦʱʥʦʩʪʴʶ 
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ɺʩʝ ʧʨʦʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʘʩʩʫʞʜʝʥʠʷ ʥʠʢʘʢ ʥʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʦʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ, - ʩ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʰʫʤʘʤʠ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʢʣʘʜʳʚʘʶʱʠʤʠ ʙʝʩʧʦʱʘʜʥʳʝ 
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ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʷʪʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʘ.  

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, çʛʘʨʘʥʪʠʨʫʶʱʝʡè 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʝʥʠʷ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ 

ʧʨʠʝʤʥʠʢʘ, ʷʚʣʷʝʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ, çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴè ʧʨʠʝʤʥʠʢʘ ïʈmin. 

ʉʤʳʩʣ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ 

ʚʳʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʛʦʚʦʨʠʪʴ ʦ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʤʦʞʥʦ ʪʦʣʴʢʦ ʫʩʣʦʚʥʦ, ʧʦʥʠʤʘʷ ʧʦʜ ʵʪʠʤ ʬʘʢʪ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʀʪʘʢ, ʫʩʣʦʚʠʝ ʦʙʥʘʨʫʞʝʥʠʝ ʮʝʣʠ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʥʝʨʘʚʝʥʩʪʚʘ 

ʈʚʭ²ʈmin, ʘ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ Rmax ʥʘʭʦʜʠʪʩʷ ʠʟ 

ʨʘʚʝʥʩʪʚʘ ʈʚʭ=ʈmin, ʯʪʦ ʩ ʫʯʝʪʦʤ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʳʚʦʜʠʪ ʥʘ 

ʠʩʢʦʤʦʝ ʚʳʨʘʞʝʥʠʝ: 
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ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ, ʩʚʷʟʳʚʘʶʱʘʷ 

ʂʅɼ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʧʣʦʱʘʜʴ ʘʥʪʝʥʥʳ. 

ʅʘʡʜʝʥʥʦʝ ʧʦ ʵʪʠʤ ʬʦʨʤʫʣʘʤ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ 

ʛʦʚʦʨʠʪ ʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥ ʥʘ ʬʦʥʝ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʧʨʠʝʤʥʠʢʘ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʩ ʪʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʠʝʤʥʠʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ ʠ ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʮʝʣʴ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪ.ʝ. ʚ ʩʨʝʜʝ ʙʝʟ ʧʦʪʝʨʴ. ʆʜʥʘʢʦ ʘʪʤʦʩʬʝʨʘ, ʘ ʪʦʯʥʝʝ ʚʣʘʛʘ ʠ 

ʨʘʟʣʠʯʥʳʝ ʛʠʜʨʦʤʝʪʝʦʨʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʡ, ʦʢʘʟʳʚʘʶʪ ʩʘʤʦʝ 
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ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʘʣʴʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʮʝʣʴ.  

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʟʘʪʫʭʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʳʩʪʫʧʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ a, ʘ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʦʩʠʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ 
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RP a-0~ , ʘ ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ 
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ʂʘʢ ʚʠʜʥʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʨʝʰʘʝʤʦʤ 

ʛʨʘʬʠʯʝʩʢʠ. 

ʆʜʥʘ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʩʦʩʪʦʠʪ ʚ ʩʣʘʙʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ 

ʦʪ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ. ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʘʣʴʥʦʩʪʴ ʚ 2 ʨʘʟʘ, 

ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʚ 24=16 (!) ʨʘʟ.   

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʟʝʤʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʩʝʙʷ ʧʨʦʷʚʣʷʝʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʥʠʟʢʦ ʣʝʪʷʱʠʭ ʮʝʣʝʡ. 

ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʤʠʤʦ ʧʨʷʤʦʛʦ ʣʫʯʘ ʥʘ ʮʝʣʴ ʧʦʧʘʜʘʝʪ 

ʣʫʯ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʦʪʠʚʦʬʘʟʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʷʤʦʤʫ ʣʫʯʫ.  

ʅʠʞʝ ʙʝʟ ʚʳʚʦʜʘ ʧʨʠʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʜʣʷ 

ʵʪʦʛʦ ʩʣʫʯʘʷ: 
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ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ ʬʠʛʫʨʠʨʫʶʪ ʚʳʩʦʪʘ h ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ ʠ 

ʚʳʩʦʪʘ ʅ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʦʙʥʘʨʫʞʠʚʘʝʤʦʡ ʮʝʣʠ.  
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ʂʘʢ ʚʠʜʥʦ, ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ 

ʧʝʨʝʜʘʪʯʠʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʝʱʝ ʙʦʣʝʝ ʩʣʘʙʦʡ. ʊʝʧʝʨʴ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ 

ʜʘʣʴʥʦʩʪʴ ʚ 2 ʨʘʟʘ, ʤʦʱʥʦʩʪʴ ʥʘʜʦ ʫʚʝʣʠʯʠʪʴ ʚ 28=256 (!) ʨʘʟ. 

15. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʢʘʢ ʝʝ ʧʦʚʳʩʠʪʴ 

ʉʣʝʜʫʁ ʱʝʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʨʘʜʠʦʣʦʢʘʮʠʝʡ, ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʢʦʨʦʩʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʵʪʦʡ 

ʮʝʣʠ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʟʘʚʠʩʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʵʥʝʨʛʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʚʠʜʘ ʠ 

ʬʦʨʤʳ. ʊʦʯʥʦʩʪʴ ʞʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʥʠʤʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʦʪ ʬʦʨʤʳ ʟʦʥʜʠʨʫʁ ʱʝʛʦ 

ʩʠʛʥʘʣʘ. ʀʟ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʦʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ, 

ʠʟʣʫʯʘʝʤʳʡ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʫʁ  ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ. (ʇʦʩʣʝʜʥʝʝ ʦʟʥʘʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʝ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʳ ʩʠʛʥʘʣʘ, ʝʛʦ ʢʘʢ ʙʳ ʥʘʠʙʦʣʴʰʝʝ ʦʪʣʠʯʠʝ ʦʪ 

ʩʘʤʦʛʦ ʧʨʦʩʪʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʘʷ 

ʩʠʥʫʩʦʠʜʘ.) ʊʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʣʦʞʥʳʝ 

ʩʠʛʥʘʣʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʣʠʥʝʡʥʦ-ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ, 

ʩʠʛʥʘʣʳ ʩ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ, ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ ʠ ʨʷʜ ʜʨʫʛʠʭ. 

ʌʦʨʤʠʨʦʚʘʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʧʦʩʚʷʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʨʘʟʜʝʣʳ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʣʦʞʝʥʠʷ ʚʩʝʭ ʧʨʦʙʣʝʤ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʚ ʦʜʥʦʡ ʩʪʘʪʴʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʵʪʦʤ ʚʦʧʨʦʩʝ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤ ʧʦ ʢʨʠʪʝʨʠʶ ʪʦʯʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʜʦ 

ʮʝʣʠ ʠ ʝʝ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʡ ʰʫʤʦʚʦʡ ʩʠʛʥʘʣ. 

16. ʂʘʢʠʝ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ʚʠʜʳ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ 
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ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʦʯʝʥʴ ʢʨʘʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʜʘʭ ʨʘʜʠʦʣʦʢʘʮʠʠ. 

ʈʘʥʝʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʦ ʥʝʣʠʥʝʡʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʝʩʴʤʘ ʩʣʘʙʳʝ ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʘʜʠʦʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʜʝʣʘʝʪ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ, ʘ ʟʘʯʘʩʪʫʁ  

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʧʦʜʚʠʞʥʳʭ, ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʭ 

ʮʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʁ ʱʠʤ ʵʬʬʝʢʪʦʤ, ʥʘ ʬʦʥʝ ʤʦʱʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʦʪ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʢʨʦʚʦʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠ ʟʘʤʝʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ 

ʜʚʫʭʧʦʟʠʮʠʦʥʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʣʫʯʝʥʠʝ ʮʝʣʠ ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ 

ʠʟ ʦʜʥʦʛʦ ʧʫʥʢʪʘ, ʘ ʧʨʠʝʤ ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʚʦʣʥ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʨʫʛʠʭ 

ʧʫʥʢʪʘʭ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʫʁ  ʥʘʚʠʛʘʮʠʦʥʥʫʁ  ʧʨʠʚʷʟʢʫ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ. 

ʀʣʣʶʩʪʨʘʮʠʝʡ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʰʘ 

ʧʦʚʩʝʜʥʝʚʥʘʷ ʞʠʟʥʴ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢʦʤ ʦʩʚʝʱʝʥʠʷ ʩʣʫʞʠʪ ʉʦʣʥʮʝ, ʤʳ ʞʝ 

ʚʦʩʧʨʠʥʠʤʘʝʤ ʨʘʩʩʝʷʥʥʳʡ ʦʢʨʫʞʘʶʱʠʤʠ ʧʨʝʜʤʝʪʘʤʠ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ. 

ɺ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʢ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʁ  ʚʪʦʨʠʯʥʫʁ  ʨʘʜʠʦʣʦʢʘʮʠʶ, ʥʘʰʝʜʰʫʁ  ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ. ɽʝ ʩʫʪʴ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʟʝʤʥʳʡ 

ʨʘʜʠʦʣʦʢʘʪʦʨ, ʦʙʣʫʯʘʷ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʚʢʣʶʯʘʝʪ ʙʦʨʪʦʚʫʁ  ʈʃʉ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʜʘʝʪ ʩʧʝʮʠʘʣʴʥʫʁ  ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʝʪʝ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʩʠʩʪʝʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʷʢʦʝ ʥʘʛʨʝʪʦʝ ʪʝʣʦ ʠʟʣʫʯʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ. ʄʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 300 - 350 ʂ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ 

ʚʦʣʥ. ʉʫɦ ʝʩʪʚʫʁ ʪ ʠ ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʁ ʪ ʈʃʉ, 

ʦʩʫɦ ʝʩʪʚʣʷʶʱʠʝ ʧʨʠʝʤ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʀʂ-ʨʘʜʠʦʣʦʢʘʮʠʠ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʀʂ-ʨʘʜʠʦʣʦʢʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʩʢʨʳʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʈʃʉ, 
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ʚ ʪʨʫʜʥʦʩʪʷʭ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ ʝʝ ʜʝʡʩʪʚʠʶ, ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʩʢʠʨʦʚʢʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʝʜʦʩʪʘʪʢʠ ʩʚʷʟʘʥʳ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʩʫɦ ʝʩʪʚʣʝʥʠʷ ʩʝʣʝʢʮʠʠ ʧʦ ʜʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩ ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʩʦʩʪʦʷʥʠʷ 

ʘʪʤʦʩʬʝʨʳ. ʉʚʦʙʦʜʥʳʤʠ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʥʝʜʦʩʪʘʪʢʘ ʦʢʘʟʘʣʠʩʴ ʈʃʉ, 

ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʥʦ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʠ ʯʘʩʪʠʯʥʦ ʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ. ʉʘʤ ʩʠʛʥʘʣ ʟʜʝʩʴ ʩʫɦ ʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʈʃʉ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʧʘʩʩʠʚʥʦʡ ʪʝʧʣʦʚʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʠ. 

ʈʘʟʚʠʪʠʝ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ - 

ʦʧʪʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ. 

17. ɻʜʝ ʩʝʛʦʜʥʷ ʥʝ ʦʙʦʡʪʠʩʴ ʙʝʟ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʅʝʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʈʃʉ ʤʦʞʝʪ ʜʘʪʴ 

ʧʨʠʚʦʜʠʤʳʡ ʥʠʞʝ ʧʝʨʝʯʝʥʴ. 

1. ʉʝʣʴʩʢʦʝ ʠ ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʣʫʛʦʚ ʠ ʧʦʣʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ 

ʧʦʯʚ, ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʠʨʨʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʞʘʨʦʚ. 

2. ɻʝʦʬʠʟʠʢʘ ʠ ʛʝʦʛʨʘʬʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʦʧʦʛʨʘʬʠʷ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʩʪʨʘʪʠʛʨʘʬʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʧʦʠʩʢ 

ʤʠʥʝʨʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʨʘʙʦʪʢʘ ʪʝʭʥʠʢʠ ʨʘʟʚʝʜʢʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. 

3. ɻʠʜʨʦʣʦʛʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠ ʠʥʬʠʣʴʪʨʘʮʠʷ ʦʩʘʜʢʦʚ, ʠʟʫʯʝʥʠʝ ʩʪʦʢʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʩʥʝʛʦʚʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ, 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ ʛʣʘʚʥʳʭ ʨʝʢ. 
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4. ʆʢʝʘʥʦʛʨʘʬʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʣʴʝʬʘ ʚʦʣʥʫʁ ʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʠʝ ʣʝʜʦʚʦʡ ʨʘʟʚʝʜʢʠ. 

5. ɺʦʝʥʥʦʝ ʜʝʣʦ, ʛʨʘʞʜʘʥʩʢʘʷ ʘʚʠʘʮʠʷ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʝʪʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫh ʥʳʤ ʜʚʠʞʝʥʠʝʤ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʣʠʞʥʝʡ ʠ ʜʘʣʴʥʝʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʩʘʜʢʠ ʚʦʟʜʫh ʥʳʭ ʩʫʜʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʘʣʴʥʝʛʦ ʠ ʙʣʠʞʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʜʫh ʥʳʭ ʮʝʣʝʡ ʠ ʥʘʚʝʜʝʥʠʷ ʥʘ ʥʠʭ 

ʧʝʨʝʭʚʘʪʯʠʢʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʭʚʘʪʘ ʚʦʟʜʫh ʥʳʭ ʮʝʣʝʡ ʠ ʧʨʠʮʝʣʠʚʘʥʠʷ, 

ʧʘʥʦʨʘʤʥʳʡ ʦʙʟʦʨ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʚʦʟʜʫh ʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʳ ʣʠʰʴ ʩʣʝʛʢʘ ʟʘʛʣʷʥʫʣʠ ʚ ʫʜʠʚʠʪʝʣʴʥʳʡ ʤʠʨ, ʢʦʪʦʨʳʡ ʜʘʣʘ ʥʘʤ 

ʨʘʜʠʦʣʦʢʘʮʠʷ. ɿʜʝʩʴ ʝʩʪʴ ʤʝʩʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ ʠ ʛʣʫʙʦʢʦʡ ʪʝʦʨʠʠ, 

ʫʥʠʢʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ, ʚʦʠʩʪʠʥʫ ʚʦʣʰʝʙʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʠ 

ʧʨʠʢʣʘʜʥʳʤ ʧʨʠʤʝʥʝʥʠʷʤ. 
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ʏɸʉʊʔ 2 

1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

1.1. ʉʨʝʜʘ ʙʝʟ ʧʦʪʝʨʴ 

1.2. ʉʨʝʜʘ ʩ ʧʦʪʝʨʷʤʠ 

1.3. ɼʘʣʴʥʦʩʪʴ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ 

2. ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ 

2.1. ʊʨʦʧʦʩʬʝʨʘ 

2.2. ʉʪʨʘʪʦʩʬʝʨʘ 

2.3. ʀʦʥʦʩʬʝʨʘ.  

3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʪʨʦʧʦʩʬʝʨʝ 

4. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ  

5. ʆʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ  

6. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʜʠʦʚʦʣʥ 

7. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ 

 

 

 ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʈɸɼʀʆɺʆʃʅ 

1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

1.1. ʉʨʝʜʘ ʙʝʟ ʧʦʪʝʨʴ 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ï ʵʪʦ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʀʤʝʥʥʦ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪ ʨʘʜʠʦʩʚʷʟʴ, ʨʘʜʠʦʣʦʢʘʮʠʷ ʠ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʷ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ.1.  

 

 

 

ʈʠʩ.1. ʉʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʜʠʦʚʦʣʥ 

 

ʀʩʪʦʯʥʠʢ 
ʨʘʜʠʦʚʦʣʥ 

ʇʨʠʝʤʥʠʢ 

ʨʘʜʠʦʚʦʣʥ 

ʉʨʝʜʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ 
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ʈʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ʨʘʜʠʦʚʦʣʥ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ (ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ) ʩʨʝʜʘʭ 

ï ʘʪʤʦʩʬʝʨʝ, ʧʦʯʚʝ, ʠʦʥʦʩʬʝʨʝ, ʚʦʜʥʦʡ ʩʨʝʜʝ, ʣʝʩʥʳʭ ʤʘʩʩʠʚʘʭ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ 

ʚ ʚ ʢʘʞʜʦʡ ʠʭ ʵʪʠʭ ʩʨʝʜ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ʨʘʜʠʦʚʦʣʥ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʣʶʙʘʷ ʪʦʯʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ (x0,y0,z0), ʛʜʝ 

ʧʨʦʪʝʢʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʝʩʣʠ ʥʝ ʩʯʠʪʘʪʴ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ m, ʜʚʫʤʷ ʯʠʩʣʘʤʠ: ʙʝʟʨʘʟʤʝʨʥʳʤ ʯʠʩʣʦʤ 

eʘʙʩ(x0,y0,z0) ïʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ s(x0,y0,z0) - ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʠʤʝʶʱʝʡ ʨʘʟʤʝʨʥʦʩʪʴ ʉʤ/ʤ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ï ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʘʞʥʦʩʪʠ, ʩʦʣʝʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʨ., ʪʘʢ ʠ ʦʪ 

ʯʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʠʟʤʝʨʝʥʠʝ. 

ɸʙʩʦʣʶʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ eʘʙʩ(x0,y0,z0) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

eʦʪʥ(x0,y0,z0) ʥʘ ɻʣʝʢʪʨʠʯʝʩʢʫ  ʁ ʧʦʩʪʦʷʥʥʫʶ Ů0å8.85Ŀ10
ī12 ʌ/ʤ, ʪ.ʝ. 

eʘʙʩ(x0,y0,z0)=Ů0eʦʪʥ(x0,y0,z0). ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʚʦʜʠʤʳʭ ʬʦʨʤʫʣ 

ʙʫʜʝʪ ʬʠʛʫʨʠʨʦʚʘʪʴ eʦʪʥ(x0,y0,z0), ʚʤʝʩʪʦ ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʧʨʦʩʪʦ ʧʠʩʘʪʴ e.  

ɼʣʷ ʚʘʢʫʫʤʘ e=1 ʠ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʨʝʜ 

e>1. ʆʜʥʘʢʦ ʚ ʩʨʝʜʘʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, 

ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʥʘʨʫʰʘʝʪʩʷ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʭ ʯʘʩʪʠʮ e 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 1, ʨʘʚʥʦʡ 0 ʠ ʜʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ (ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʨʝʜʘʭ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ) ʚʤʝʩʪʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʡ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ e=n . 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʜʠʦʚʦʣʥʳ, ʝʝ ʦʧʠʩʳʚʘʶʱʠʤʠ, ʷʚʣʷʶʪʩʷ 

ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ɽ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʢʪʦʨ) ʠ ʤʘʛʥʠʪʥʦʡ ʅ (ʤʘʛʥʠʪʥʳʡ 

ʚʝʢʪʦʨ) ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ. ɺ ʨʘʤʢʘʭ ʧʦʩʣʝʜʫʶʱʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʪ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʦ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ɽ ʠ ʅ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ɽ=120pʅ/ e.   

ʅʘʡʜʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ɽ ʨʘʜʠʦʚʦʣʥʳ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

R ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ Q ʤʦʱʥʦʩʪʴʶ ʈS. 

ʇʨʦʚʝʜʝʤ ʩʬʝʨʫ ʨʘʜʠʫʩʘ R ʩ ʮʝʥʪʨʦʤ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʇ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʬʝʨʳ ʙʫʜʝʪ ʨʘʚʥʘ 
24 R

ʈ

S

ʈ
ʇ

ʩʬʝʨʳp
== SS . ʀʟ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʘ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ʜʣʠʥʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʝʢʪʦʨʘ ʋʤʦʚʘ-

ʇʦʡʥʪʠʥʛʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥ 

ʚʝʢʪʦʨʦʚ ɽ ʠ ʅ, ʪ.ʝ. 
p

=Ö=
120

2ɽ
ʅɽʇ , ʦʪʢʫʜʘ ʵʣʝʤʝʥʪʘʨʥʦ ʩʣʝʜʫʝʪ  

R

P
E SÖ=

30
.         (1) 

ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʘʥʪʝʥʥʘ ʦʙʣʘʜʘʝʪ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ 

ʵʪʦ ʤʦʞʥʦ ʣʝʛʢʦ ʫʯʝʩʪʴ, ʚʚʝʜʷ ʚ ʬʦʨʤʫʣʫ ʥʝʢʠʡ ʧʘʨʘʤʝʪʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʪʠ 

ʩʚʦʡʩʪʚʘ. ʊʘʢʦʡ ʧʘʨʘʤʝʪʨ G ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʘʥʪʝʥʥʳï ʂʅɼ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ, 

ʠʟʣʫʯʘʝʤʦʡ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ.  

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʬʦʨʤʫʣʘ (1) ʧʨʠʤʝʪ ʚʠʜ 
R

DP
E SÖ=

30
.  

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʬʦʨʤʫʣʳ ʠʜʝʘʣʴʥʦʡ ʨʘʜʠʦʧʝʨʝʜʘʯʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦ ʩʫʱʝʩʪʚʫ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ (e ʠ m ʧʦʩʪʦʷʥʥʳ, s=0), ʢ ʢʘʢʦʚʳʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: ʢʦʩʤʦʩ, ʘʪʤʦʩʬʝʨʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʟʘʧʠʰʝʤ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʭ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʯʘʩʪʦʪʳ w: 
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( )000000 sinsinsin j+-w=ö
÷

õ
æ
ç

å
j+

w
-w=ù

ú

ø
é
ê

è
j+ö

÷

õ
æ
ç

å
-w= kxtEx

c
tE

c

x
tEE ,   (2), 

ʛʜʝ ɽ0 ï ʘʤʧʣʠʪʫʜʘ, ű0 ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, k=w/ʩ=2p/l ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, l ï 

ʜʣʠʥʘ ʚʦʣʥʳ, ʩ=3Ö108 ʤ/ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʬʦʨʤʫʣʦʡ (1), ʩʚʷʟʘʥʦ ʩ ʝʝ ʘʤʧʣʠʪʫʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ɽʪ ʧʨʠ ʧʦʤʦʱʠ 

ʩʦʦʪʥʦʰʝʥʠʷ EEm 2= . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ (2) ʧʨʠʤʝʪ ʚʠʜ: 

( )0sin
60

j+-w= S kxt
x

P
E .       (3) 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʤ, ʛʜʝ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʥʝ ʠʛʨʘʶʪ ʦʩʦʙʦʡ ʨʦʣʠ, ʯʪʦʙʳ ʥʝ 

ʟʘʛʨʦʤʦʞʜʘʪʴ ʬʦʨʤʫʣʳ, ʦʥʠ ʙʫʜʫʪ ʦʧʫʩʢʘʪʴʩʷ, ʠ ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (3) ʙʫʜʝʤ 

ʧʠʩʘʪʴ:  

)sin()sin( 00 ʭ
ʩ

tEkʭtEE
w
-w=-w= .     (4) 

ɽʩʣʠ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e, ʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

)
/

sin()sin()sin( 000 ʭ
ʩ

tEʭktEʭktEE
e

w
-w=e-w=e-w= , (5) 

ʪ.ʝ. ʜʠʵʣʝʢʪʨʠʢ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʫ ʚʦʣʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ e ʨʘʟ. ɺʝʣʠʯʠʥʘ e=ʧ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. 

 ɿʜʝʩʴ ʚʧʦʣʥʝ ʫʤʝʩʪʝʥ ʚʦʧʨʦʩ: çɸ ʟʘʚʠʩʠʪ ʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ e ʦʪ ʯʘʩʪʦʪʳ w?è. ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʫʪʚʝʨʜʠʪʝʣʴʥʳʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʨʘʚʦʯʥʳʝ ʪʘʙʣʠʮʳ, ʦʪʨʘʞʘʶʱʠʝ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ. ʅʠʞʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʧʦ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ. 

 ʇʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʪʦʨʦʡ 

ʧʘʨʘʤʝʪʨ ʩʨʝʜʳ ï ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʴ s ʙʳʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʪ.ʝ. s=0.  
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ɽʩʣʠ ʫʯʝʩʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʈʈɺ, ʪʦ ʬʦʨʤʫʣʘ ʪʨʝʙʫʝʪ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʯʪʦ ʩ ʫʩʧʝʭʦʤ ʚʳʧʦʣʥʷʝʪ ʤʥʦʞʠʪʝʣʴ ʦʩʣʘʙʣʝʥʠʷ ï V(w, R, d, e, m), ʧʨʠʚʦʜʷʱʠʡ 

ʢ ʩʦʦʪʥʦʰʝʥʠʶ 
R

DP
E SÖ=

30
ï V(w, R, d, e, m) 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʨʘʜʠʦʚʦʣʥ ʩʚʦʜʷʪʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʤʥʦʞʠʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ, ʢʦʪʦʨʳʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

1.2. ʉʨʝʜʘ ʩ ʧʦʪʝʨʷʤʠ 

 ʉʠʪʫʘʮʠʷ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʜʣʷ ʩʣʫʯʘʷ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ s, ʯʪʦ 

ʚʳʟʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʦʤʠʯʝʩʢʠʭ, ʪ.ʝ. ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ.  

 ɺʤʝʩʪʦ ʟʘʚʠʩʠʤʦʩʪʠ (2) ʪʝʧʝʨʴ ʙʫʜʝʤ ʠʤʝʪʴ: 

( ) ( )kxtEkxtEE kxkx b-wÖ=b-wÖ= a-a- cos10cosʝ 434,0
00 ,   (6) 

ʛʜʝ  ( )( )e-e+ls=a 22
60

2

1
,        (7) 

 ( )( )e+e+ls=b 22
60

2

1
.       (8) 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʬʦʨʤʫʣʳ (6) ʦʪ ʬʦʨʤʫʣʳ (5) ʩʦʩʪʦʠʪ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, ʥʦʩʷʱʝʡ ʫʙʳʚʘʶʱʠʡ 

ʭʘʨʘʢʪʝʨ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ (ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ) ʟʘʢʦʥʫ.  

ɺʪʦʨʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʙʘ ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʘ a ʠ b 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ (ʯʘʩʪʦʪʳ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʫʩʣʦʚʥʦ a ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʟʘʪʫʭʘʥʠʷ, ʘ ʧʘʨʘʤʝʪʨ b - ʬʘʟʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʘ ʧʦʵʪʦʤʫ ʥʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ ʠ 

ʘʪʤʦʩʬʝʨʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟ r 
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ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʨʘʜʠʦʚʦʣʥʳ ʚʦʣʥʳ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʢʘʢ 1/R, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ, ʚʦ ʚʪʦʨʳʭ, ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʘʤʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʵʪʠ ʧʦʪʝʨʠ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʩʨʝʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ - l (ʯʘʩʪʦʪʳ - w) 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʨʘʜʠʦʚʦʣʥʳ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʢʦʛʜʘ ʜʣʠʥʘ ʚʦʣʥʳ l 

ʜʦʩʪʘʪʦʯʥʘ ʚʝʣʠʢʘ, ʠʤʝʝʤ 60ls>>e, ʘ ʧʦʵʪʦʤʫ ʩʨʝʜʘ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʜʝʪ 

ʩʝʙʷ ʢʘʢ ʧʨʦʚʦʜʥʠʢ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʜʣʠʥʥʳʭ ʠ ʩʚʝʨʭʜʣʠʥʥʳʭ 

ʨʘʜʠʦʚʦʣʥʘʭ ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʧʨʦʚʦʜʥʠʢ. 

ʅʘʧʨʦʪʠʚ, ʝʩʣʠ 60ls<<e, ʪʦ ʩʨʝʜʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʜʠʵʣʝʢʪʨʠʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʨʝʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

(ʯʘʩʪʦʪʳ) ʨʘʜʠʦʚʦʣʥʳ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʚʝʱʝʩʪʚʦ, ʙʣʠʟʢʦʝ ʢ ʧʨʦʚʦʜʥʠʢʫ ʥʘ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ (ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ), ʠʣʠ ʢʘʢ ʚʝʱʝʩʪʚʦ, ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ 

ʙʣʠʟʢʦʝ ʢ ʜʠʵʣʝʢʪʨʠʢʫ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ɺʳʧʠʰʝʤ ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʩʣʘʙʦ ʠ ʩʠʣʴʥʦ ʧʨʦʚʦʜʷʱʠʭ ʩʨʝʜ. 

1. ʍʦʨʦʰʦ ʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘ. 

 ɺ ʵʪʦʤ ʩʣʫʯʘʝ 60ls>>e, ʪʦʛʜʘ a ʠ b ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʤʠ: 
l

s
pºbºa

30
2 .  

 ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʙʫʜʝʪ ʨʘʚʥʘ: 
ls

º
30

ʩ
Vʬ , ʘ ʜʣʠʥʘ ʚʦʣʥʳ ʚ 

ʩʨʝʜʝ:
s

l
@=l

30
0

f

Vʬ
ʩʨ , ʟʜʝʩʴ ʩ- ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

 2. ʇʣʦʭʦ ʧʦʚʦʜʷʱʘʷ ʩʨʝʜʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ 60ls<<e, ʪʦʛʜʘ 
e

ps
ºa

60
, ʘ e=b k .  

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ:
e

º
ʩ

Vʬ , ʘ ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʨʝʜʝ: 
e

l
=l 0

ʩʨ , 

ʟʜʝʩʴ ʩ- ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 
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ɺ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ, ʵʪʦ ʷʚʣʝʥʠʝ ʚ 

ʬʠʟʠʢʝ ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ. ʂʦʛʜʘ ʚ ʪʘʢʦʡ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʤʧʫʣʴʩ 

ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ, ʪʦ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʪʦʛʦ ʠʤʧʫʣʴʩʘ 

ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʩ ʨʘʟʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʩʠʛʥʘʣʘ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʛʫʪ ʠʤʝʪʴ ʟʘʤʝʪʥʫʶ ʨʘʟʥʠʮʫ ʚ ʩʢʦʨʦʩʪʷʭ.  

ʉʢʦʨʦʩʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʧʦ ʬʨʦʥʪʫ 

ʠʤʧʫʣʴʩʘ, ʘ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ ʬʦʨʤʫ ʦʛʠʙʘʶʱʝʡ, ʪ.ʝ. ʥʘ 

ʧʣʦʩʢʫʶ ʯʘʩʪʴ ʠʤʧʫʣʴʩʘ.  

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚʳʰʝ ʟʘʢʣʶʯʝʥʠʷ ʦʧʠʨʘʣʠʩʴ ʥʘ ʫʟʣʦʚʫʶ ʛʠʧʦʪʝʟʫ, 

ʯʪʦ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ e0, ʪʘʢ ʠ ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʴ s 

ʟʘʚʠʩʪ̫ ʦʪ ʯʘʩʪʦʪʳ ʪʦʣʴʢʦ ʯʝʨʝʟ l, ʪ.ʝ. e(l)=e0=const ʠ s(l)=60ls0. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʘʤʠ e0 ʠ s0 ʦʪ ʯʘʩʪʦʪʳ ʥʝ ʟʘʚʠʩʷʪ. 

ʆʜʥʘʢʦ, ʚ ʨʝʘʣʴʥʳʭ ʩʨʝʜʘʭ ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʪʘʢ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʜʳ  

 

 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ  ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e ʠ  

ʬʘʟʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ b ʜʣʷ ʚʦʜʳ.  

 

ɽʩʣʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʜʳ e=81, ʪʦ ʩ 

ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʝʝ ʟʥʘʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ 

l~2 ʩʤ ʠʤʝʝʪ ʤʝʩʪʦ ʪʨʝʭʢʨʘʪʥʦʝ ʧʘʜʝʥʠʝ ʝʝ ʟʥʘʯʝʥʠʷ ʜʦ ʚʝʣʠʯʠʥʳ eº27~30. 
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ɼʘʣʴʥʦʩʪʴ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. 

ʉʬʝʨʠʯʥʦʩʪʴ ɿʝʤʣʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʧʦʥʷʪʠʷ ï 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ - Rʇɺ, ʪ.ʝ., ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, çʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʛʦʨʠʟʦʥʪʘè, ʢʦʪʦʨʦʝ ʠʛʨʘʝʪ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʧʨʠ ʦʮʝʥʢʝ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʜʘʣʴʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʮʝʣʝʡ. 

ʇʦʥʷʪʠʝ ʪʘʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʘʯʘʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. 

ʇʫʩʪʴ ʠʩʪʦʯʥʠʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ ɸ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʚʳʩʦʪʝ h1 ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʘ ʧʨʠʝʤ ʨʘʜʠʦʚʦʣʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʦʯʢʝ ɺ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʳʩʦʪʝ h2. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ Rʇɺ, ʥʘ 

ʢʦʪʦʨʦʤ ʠʟ ʪʦʯʢʠ ɸ ʙʫʜʝʪ ʚʠʜʥʘ ʪʦʯʢʘ ɺ (ʨʠʩ. 3).   

 

 

ʈʠʩ. 3. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ 

ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʆʉɸ ʚʳʪʝʢʘʝʪ, ʯʪʦ ( ) 22

1
22 RhRʆʉɸʆɸʉ -+=-= , 

ʘʥʘʣʦʛʠʯʥʦ ( ) 22

2 RhRBʉ -+= , ʛʜʝ R=6400 ʢʤ - ʨʘʜʠʫʩ ɿʝʤʣʠ 

ʀʩʢʦʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʨʘʚʥʦ 

Rʇɺ=ɸʉ+ɺʉ. 

ʇʨʦʚʝʜʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ, ʯʪʦ Rh <<1 , ʧʦʣʫʯʠʤ 

h1 

h2 

C 

O 

A 

B 

Rʇɺ 
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å
+=-+=  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

Rhɺʉ 22º , ʪ.ʝ. ʠʩʢʦʤʦʝ Rʇɺ= ( )212 hhR + . 

 ɽʩʣʠ 1h  ʠ 2h  ʚʳʨʘʞʘʪʴ ʚ ʤʝʪʨʘʭ, ʪʦ ʜʣʷ Rʇɺ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʢʤ, ʧʦʣʫʯʠʤ 

ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ Rʇɺ= ( )2157,3 hh + . ɽʩʣʠ ʫʯʝʩʪʴ ʪʨʦʧʦʩʬʝʨʥʫʶ ʨʝʬʨʘʢʮʠʶ, 

ʪʦ ʠʩʢʦʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

Rʇɺ= ( )2112,4 hh + . ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʩ ʚʳʩʦʪʦʡ 

ʫʙʳʚʘʝʪ, ʪʦ ʜʘʣʴʥʦʩʪʴ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ  ʧʨʠʤʝʨʥʦ ʥʘ 15%. 

 

2. ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ 

 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ (ʈʈɺ) ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʦʢʨʫʞʘʶʱʝʝ ɿʝʤʣʶ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʟʦʥʳ ʘʪʤʦʩʬʝʨʘ ï ʠʦʥʦʩʬʝʨʘ -

ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩ (ʨʠʩ. 4), ʧʨʠ ʵʪʦʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʪʤʦʩʬʝʨʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ 

ʥʘ ʪʨʦʧʦʩʬʝʨʫ (ʜʦ ʚʳʩʦʪ 12-13 ʢʤ) ʠ ʩʪʨʘʪʦʩʬʝʨʫ (ʜʦ ʚʳʩʦʪ 15-60 ʢʤ). 

 

 

 

ʈʠʩ.4. ʉʭʝʤʘ ʩʪʨʦʝʥʠʝ ʘʪʤʦʩʬʝʨʳ 

 

 

ʀ ʦ ʥ ʦ ʩ ʬ ʝ ʨ ʘ 

ʇ ʦ ʯ ʚ ʘ 

ʊ ʨ ʦ ʧ ʦ ʩ ʬ ʝ ʨ ʘ 

ʉ ʪ ʨ ʘ ʪ ʦ ʩ ʬ ʝ ʨ ʘ 

ʆ ʪ ʢ ʨ ʳ ʪ ʳ ʡ 

ʢ ʦ ʩ ʤ ʦ ʩ 

15-60 ʢʤ 

12-15 ʢʤ 

450-500 ʢʤ 
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2.1. ʇʦʯʚʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ ʚ ʨʘʤʢʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʦʙ ʵʪʦʤ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʚʫʤʷ ʯʠʩʣʘʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e ʠ ʧʨʦʚʦʜʠʤʦʩʪʴʶ s.  

ɺ ʊʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ e ʠ s ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʧʦʯʚ ʢʘʢ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ 

 

ʊʘʙʣʠʮʘ 2.1 

ɼʠɻ ʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ  

ʜʝʣʴʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ 

ʊʠʧʳ ʧʦʯʚ e - ʧʨʦʥʠʮʘʝʤʦʩʪʴ s[ʉʤ/ʤ] - ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʤʦʨʩʢʘʷ ʚʦʜʘ 80 4 

ʧʨʝʩʥʘʷ ʚʦʜʘ 80 10-4 

ʚʣʘʞʥʘʷ ʧʦʯʚʘ 10 10-2 

ʫʤʝʨʝʥʥʦ ʚʣʘʞʥʘʷ ʧʦʯʚʘ 4õ6 10-3 

ʩʫʭʘʷ ʧʦʯʚʘ 3õ4 10-4 

 

ɺ ʊʘʙʣʠʮʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʜʝʣʴʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ s ʚ ʉʤ/ʤ 

ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20ÁC ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʥʦʤ ʧʦʣʝ (ʥʫʣʝʚʘ ̫

ʯʘʩʪʦʪʘ) 

 

ʊʘʙʣʠʮʘ 2.2. 

ʋʜʝʣʴʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ 

ʉʨʝʜʘ s[ʉʤ/ʤ] ʉʨʝʜʘ s[ʉʤ/ʤ] ʉʨʝʜʘ s[ʉʤ/ʤ] 

ʚʦʜʘ ʜʠʩʪʠʣ. 10ī4 ʟʝʤʣʷ ʚʣʘʞ. 10ī2 ʩʪʝʢʣʦ ʢʚʘʨʮ. 10ī16 

ʚʦʜʘ ʤʦʨʩʢʘʷ 4 ʤʨʘʤʦʨ 10ī8 ʬʘʨʬʦʨ 10ī14 

ʛʨʘʬʠʪ 125 000 ʩʪʝʢʣʦ 10ī11 ʷʥʪʘʨʴ 10ī18 

 

2.2. ʊʨʦʧʦʩʬʝʨʘ 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʪʨʦʧʦʩʬʝʨʳ ʧʦʩʪʦʷʥʩʪʚʦ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʝʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʊe, ʪʦ ʝʝ ʟʥʘʯʝʥʠʝ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʜʘʚʣʝʥʠʷ - ʨ, ʪʝʤʧʝʨʘʪʫʨʳ ï ʊ ʠ 

ʚʣʘʞʥʦʩʪʠ ʝ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ïh, 

ʪ.ʝ. ( )heTpʊʊ ;,,e=e . 
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ɺ ʠʜʝʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʨʦʧʦʩʬʝʨʳ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʚʳʩʦʪʦʡ. 

ʆʙʱʠʡ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʥʘʟʚʘʥʥʳʭ ʚʳʰʝ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʦʧʦʩʬʝʨʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʊe ʩ ʚʳʩʦʪʦʡ ʠʤʝʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʤʝʥʴʰʝʥʠʶ (ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʝʛʦ ʣʦʢʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ) ʩʚʦʝʛʦ ʟʥʘʯʝʥʠʷ 

ʚʧʣʦʪʴ ʜʦ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ ʊe=1, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ 

ʪʨʦʧʦʩʬʝʨʳ. 

ɼʘʞʝ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʪʨʦʧʦʩʬʝʨʳ ʟʥʘʯʝʥʠʝ e ʤʘʣʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ 1, ʘ ʧʦʵʪʦʤʫ ʚʤʝʩʪʦ e ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʝʣʦʤʣʝʥʠʷ e=n  ʠ ʠʥʜʝʢʩʘ ʧʨʝʣʦʤʣʝʥʠʷ ( ) 6101Ö-=nN . 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ 328ºʊN , ʝʛʦ ʟʥʘʯʝʥʠʝ ʩ ʚʳʩʦʪʦʡ ʫʙʳʚʘʝʪ ʜʦ 

ʥʫʣʝʚʦʡ ʚʝʣʠʯʠʥʳ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʪʨʦʧʦʩʬʝʨʳ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʥʘ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʣʘʜʳʚʘʪʁʩʷ ʪʘʢʞʝ ʭʘʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠ,̫ ʚʳʟʚʘʥʥʳʝ 

ʣʦʢʘʣʴʥʳʤʠ ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚʦʟʜʫʭʘ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ, ʯʘʱʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ e, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʵʪʦʡ ʩʨʝʜʳ e=ʧ , ʘ 

ʪʘʢʞʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʣʠʯʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʭʘ ʦʪ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʘʡʥʝ ʤʘʣʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʠʥʜʝʢʩ 

ʧʨʝʣʦʤʣʝʥʠʷ: ( ) 6101Ö-=nNʧʨ ,  

ɺ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʨʦʧʦʩʬʝʨʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʜʝʢʩʘ ʧʨʝʣʦʤʣʝʥʠʷ ʩ 

ʚʳʩʦʪʦʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʥʘ ʚʳʩʦʪʝ 7,5-8 ʢʤ ʦʥ ʜʦʣʞʝʥ ʦʙʨʘʪʠʪʴʩʷ ʚ 

ʥʫʣʴ, ʯʪʦ ʦʜʥʘʢʦ ʥʝ ʥʘʭʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʈʝʘʣʴʥʦ ʵʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʚʠʭʨʝʚʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʠʩʢʦʤʫʶ ʬʫʥʢʮʠʶ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʬʣʫʢʪʫʘʮʠʠ,. 

ʅʘ ʨʠʩ. 5  ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʝʢʩʘ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʚʳʩʦʪʳ. ʆʜʥʘ 

ʢʨʠʚʘʷ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʨʝʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠʥʜʝʢʩʘ, 

ʜʨʫʛʘʷ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʨʝʜʥʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʇʨʷʤʘʷ 
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ʣʠʥʠʷ ʦʪʨʘʞʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʠʥʜʝʢʩʘ ʧʨʝʣʦʤʣʝʥʠʷ ʚ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ. 

   

ʧʨ N 

h 
ʈʝʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪ  ɹ

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʨʝʜʥʝʥʥʘʷ 

ʨʝʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʄʦʜʝʣʴ  

ʟʘʚʠʩʠʤʦʩʪʠ 

 

ʈʠʩ. 5 ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʜʝʢʩʘ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʚʳʩʦʪʳ 

 

2.2. ʉʪʨʘʪʦʩʬʝʨʘ 

ʆʙʣʘʩʪʴ ʚʳʩʦʪ, ʢʦʪʦʨʫʶ ʟʘʥʠʤʘʝʪ ʩʪʨʘʪʦʩʬʝʨʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

15 ʜʦ 60 ʢʤ. 

ɺʥʫʪʨʠ ʪʨʦʧʦʩʬʝʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩ ʚʳʩʦʪʦʡ ʫʙʳʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ, ʦʜʥʘʢʦ ʟʘʪʝʤ ʫʞʝ ʚ ʟʦʥʝ ʩʪʨʘʪʦʩʬʝʨʳ ʦʥʘ ʥʘʯʠʥʘʝʪ 

ʚʦʟʨʘʩʪʘʪʴ ʠ ʥʘ ʚʳʩʦʪʝ 20-25 ʢʤ ʠʤʝʝʪ ʤʝʩʪʦ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʳʡ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʟʦʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʝ ʧʦʩʣʝ 

ʥʝʙʦʣʴʰʦʛʦ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ (ʨʠʩ. 6).  

 

 

 

ʈʠʩ.6.  ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʘʨʪʦʩʬʝʨʝ. 

 

 

20- 25 

h, ʢʤ 

300 ʊ 

} ʩʪʨʘʪʦʩʬʝʨʘ 
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2.3. ʀʦʥʦʩʬʝʨʘ.  

ʀʦʥʦʩʬʝʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʦʪ ɿʝʤʣʠ, ʘ ʚʣʠʷʥʠʝ ʉʦʣʥʮʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʦʥʠʟʘʮʠʠ ʩʨʝʜʳ, ʪ.ʝ. ʫʩʣʦʚʠʷ ʜʣʷ ʦʪʨʳʚʘ 

ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʘʪʦʤʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʣʝʢʫʣʳ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʠʦʥʳ ʠ ʚ 

ʵʣʝʢʪʨʦʥʳ. ɺ ʠʪʦʛʝ, ʯʪʦ ʢʨʘʡʥʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ, ʥʝʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʭ, ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʚ 

ʥʝʤ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʥʘʯʠʥʘʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʧʨʦʚʦʜʷʱʝʡ!  

ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʠʦʥʠʟʘʮʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï 

ʨʝʢʦʤʙʠʥʘʮʠʷ, ʪ.ʝ. ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʛʘʟʘ. 

ʊʘʢʘʷ ʩʨʝʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ (ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ) - Ne ʠ ʯʠʩʣʦʤ ʩʦʫʜʘʨʝʥʠʡ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ - n. ʀʭ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ (ʨʠʩ. 4) 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʜʝʡʩʪʚʫʶʪ çʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫè. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ - ʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʩʠʣʴʥʝʝ, ʘ ʧʦʵʪʦʤʫ ʥʘ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʝ ʜʦʣʞʝʥ 

ʥʘʙʣʶʜʘʪʴʩʷ ʤʘʢʩʠʤʫʤ. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 

ʚʳʩʦʪʳ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʨʦʩʪʦʛʦ ʩʣʦʷ (ʨʠʩ. 7).  

 

 

ʈʠʩ.7. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʳʩʦʪʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʚʨʝʤʷ ʩʫʪʦʢ. 

ʅʦʯʴʶ ʠʦʥʠʟʘʮʠʷ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʝʝ, ʯʝʤ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘ ʢʘʨʪʠʥʫ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʚʳʩʦʪʦʡ. ʇʦʵʪʦʤʫ 

ʠʦʥʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ.  

  
ʧʨʦʩʪʦʡ ʩʣʦʡ 

e N 

h, ʢʤ 
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ɺ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʚ ʠʦʥʦʩʬʝʨʝ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʩʣʦʷ: 

ï ʩʣʦʡ D (ʚʳʩʦʪʘ 70 ʢʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ), 

ï ʩʣʦʡ E (ʚʳʩʦʪʘ 100õ120 ʢʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ - 43 1010 · ), 

ï ʩʣʦʡ F (ʚʳʩʦʪʘ 300õ400 ʢʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ - 65 1010 · ). ɺ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʵʪʦʪ ʩʣʦʡ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʧʦʜʩʣʦʷ F1 ʠ F2. 

ɺ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʩʣʘʙʝʚʘʝʪ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʩʣʦʡ D 

ʠʩʯʝʟʘʝʪ ʚʦʦʙʱʝ, ʘ ʦʩʪʘʣʴʥʳʝ ʩʣʦʠ ʦʧʫʩʢʘʶʪʩʷ ʥʠʞʝ, ʙʣʠʞʝ ʢ ɿʝʤʣʝ. 

ʉʢʘʟʘʥʥʦʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩ. 8. 

ʋʟʣʦʚʳʤ ʚʦʧʨʦʩʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʜʠʦʚʦʣʥ ʩ 

ʠʦʥʦʩʬʝʨʦʡ, ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʦʩʬʝʨʳ. 

ʕʪʘ ʟʘʜʘʯʘ ʧʦʜʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʤʫ ʧʨʷʤʫʶ ʩʚʷʟʴ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʦʥʦʩʬʝʨʳ - ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e, ʧʨʦʚʦʜʠʤʦʩʪʠ s, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ a ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ Vʬ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʦʥʦʩʬʝʨʳ ï ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ 

(ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ) - Ne ʠ ʯʠʩʣʦʤ ʩʦʫʜʘʨʝʥʠʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ - n. ɺ 

ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʨʘʚʥʦʧʨʘʚʥʦʛʦ çʧʘʨʪʥʝʨʘè ʬʠʛʫʨʠʨʫʝʪ ʪʘʢʞʝ 

ʯʘʩʪʦʪʘ ʨʘʜʠʦʚʦʣʥʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʘʷ ʦ ʞʝʩʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʠʦʥʦʬʝʨʳ ʦʪ ʯʘʩʪʦʪʳ.  

 

ʈʠʩ. 8. ʀʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʚʳʩʦʪʦʡ. 
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ʌʦʨʤʫʣʳ, ʦ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪʩʷ ʚʳʰʝ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.9, ʛʜʝ ʪʘʢʞʝ 

ʜʘʥʦ ʠʭ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ.   

 

 

ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʦʩʬʝʨʳ ʦʪ ʯʘʩʪʦʪʳ 

ɿʜʝʩʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ 

ʧʦʩʪʦʷʥʥʳʭ (!) ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʦʥʦʩʬʝʨʳ ʝʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ e ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ s ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e ʤʦʞʝʪ ʦʙʨʘʪʠʪʴʩʷ ʚ 

ʥʫʣʴ ʠ ʜʘʞʝ ʩʪʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʀʤʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʠʦʥʦʩʬʝʨʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪ ʝʝ ʦʪ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʠʩʫʥʢʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʩʢʘʟʘʥʥʦʝ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʢʦʛʜʘ w ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ e ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʠ, ʥʘʧʨʦʪʠʚ, ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ e ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ (ʢ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʠʦʥʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʫ ʙʣʠʟʢʫʶ ʢ ʚʘʢʫʫʤʫ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʘʣʳʭ ʢ ʙʦʣʴʰʠʤ ʯʘʩʪʦʪʘʤ ʢʨʠʚʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ ʘʙʩʮʠʩʩ ʥʘ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ f0, ʥʦʩʷʱʝʡ 
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ʥʘʟʚʘʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪ.r ʏʪʦʙʳ ʝʝ ʥʘʡʪʠ, ʥʘʜʦ ʧʨʠʨʘʚʥʷʪʴ ʢ ʝʜʠʥʠʮʝ 

ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʠʤ [ ] ùú

ø
éê

è
Öº

30 9
ʩʤ

ʵʣ
Neʂɻʮf . 

ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʦʥʦʩʬʝʨʳ s ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ, ʘ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʝʝ ʟʥʘʯʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ 

ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʦʩʬʝʨʘ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʥʝ ʟʘʤʝʯʘʝʪ ʥʘʣʠʯʠʷ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
ʘ

ʬ

ʩ
V

e
= . ʅʘ ʯʘʩʪʦʪʘʭ 

ʤʝʥʴʰʝ, ʯʝʤ 0w, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪ.ʝ. ʬʘʟʦʚʘ ̫

ʩʢʦʨʦʩʪ ɹʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʨʘʚʥʘ 0. ʅʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʬV  ʩʪʨʝʤʠʪʩʷ ʢ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʨʦʚʦʜʠʤʦʩʪʴ s ʠʦʥʦʩʬʝʨʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʘʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʦʥʦʩʬʝʨʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʙʫʜʝʪ 
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ʄʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʙʫʜʝʪ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʅʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʦʛʣʦʱʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʠʦʥʦʩʬʝʨʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ 

ʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘ, ʘ ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ  - ʢʘʢ ʜʠʵʣʝʢʪʨʠʢ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʪʨʦʧʦʩʬʝʨʝ  

ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ɿʝʤʣʶ ʧʣʦʩʢʦʡ. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʩ  

ʨʦʩʪʦʤ ʚʳʩʦʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʦʧʦʩʬʝʨʳ ʫʙʳʚʘʝʪ. 

ʈʘʟʦʙʴʝʤ ʪʨʦʧʦʩʬʝʨʫ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʝ ʩʣʦʠ. ʇʫʩʪʴ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ 

ʧʘʜʘʝʪ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʚ ʪʘʢʦʡ ʩʨʝʜʝ, ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʨʝʜʳ ʙʦʣʝʝ ʧʣʦʪʥʦʡ 

(ʚ ʦʧʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ) ʚ ʩʨʝʜʫ ʤʝʥʝʝ ʧʣʦʪʥʫʶ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮʳ 
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ʨʘʟʜʝʣʘ ʪʨʘʝʢʪʦʨʠʷ ʚʦʣʥʳ ʤʝʥʷʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʥʘʢʣʦʥ ʚ ʩʪʦʨʦʥʫ ʛʨʘʥʠʮʳ 

ʨʘʟʨʳʚʘ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʨʘʝʢʪʦʨʠʷ ʚʦʣʥʳ 

ʩʪʘʥʝʪ ʧʘʨʘʣʣʝʣʴʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʣʥʘ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ 

ʠʟ ʤʝʥʝʝ ʧʣʦʪʥʦʡ ʚ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʩʨʝʜʫ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʦʣʥʘ ʚʳʡʜʝʪ ʠʟ 

ʪʨʦʧʦʩʬʝʨʳ ʧʦʜ ʪʝʤ ʞʝ ʫʛʣʦʤ, ʧʦʜ ʢʦʪʦʨʳʤ ʚʦʰʣʘ ʚ ʥʝʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʨʝʬʨʘʢʮʠʠ ʚ ʪʨʦʧʦʩʬʝʨʝ (ʨʠʩ. 10). 

 

 

' 

j0 

e1 
r 

e2<e1 

 

 

ʈʠʩ. 10. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʚ ʪʨʦʧʦʩʬʝʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

 ʆʩʦʙʝʥʥʦʩʪʴ ʪʨʦʧʦʩʬʝʨʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʘʩʳʱʝʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʛʠʜʨʦʤʝʪʝʦʨʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʚʦʜʷʥʦʡ ʧʘʨ, ʢʘʧʣʠ ʜʦʞʜʷ, ʩʥʝʛ, ʛʨʘʜ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʧʨʦʭʦʜʷ ʪʘʢʫʶ ʩʨʝʜʫ, ʠʥʜʫʮʠʨʫʝʪ ʚ ʛʠʜʨʦʤʝʪʝʦʨʘʭ 

ʪʦʢʠ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʜʚʘ ʤʦʤʝʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʪʨʘʪʠʪʩʷ ʥʘ ʦʤʠʯʝʩʢʠʝ (ʪʝʧʣʦʚʳʝ) ʧʦʪʝʨʠ, ʘ ʚʦ-

ʚʪʦʨʳʭ,  ʵʪʠ ʪʦʢʠ ʩʪʘʥʦʚʷʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 ɺʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʦʯʝʥʴ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦ ʯʘʩʪʦʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʘʢʫʶ ʩʨʝʜʫ. 

ʅʘ ʨʠʩ. 11, ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʘʪʤʦʩʬʝʨʳ a, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʫʣʦʡ (6), ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. 
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ʈʠʩ. 11. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʘʪʤʦʩʬʝʨʳ a ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ l 

 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʚʦʣʥʳ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ, ʯʝʤ 20-30 

ʩʤ ʪ.ʝ., (l>20-30 ʩʤ), ʪʨʦʧʦʩʬʝʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʨʘʜʠʦʚʦʣʥ ʥʠʢʘʢ 

ʩʝʙʷ ʥʝ ʧʨʦʷʚʣʷʝʪ, ʪ.ʝ. ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʚ ʪʨʦʧʦʩʬʝʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ.  

ʇʦʛʣʦʱʝʥʠʝ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʥʘ ʚʦʣʥʘʭ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ 20 

ʩʤ.  

ʂʘʞʜʘʷ ʢʘʧʣʷ, ʢʘʢ ʪʦʣʴʢʦ ʚ ʥʝʡ ʧʦʷʚʣʷʝʪʩʷ ʪʦʢ, ʩʪʘʥʦʚʠʪʩʷ ʚʪʦʨʠʯʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦʯʢʫ ʧʨʠʝʤʘ ʧʨʠʭʦʜʠʪ ʚʦʣʥʘ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʝʡ ʦʪ ʦʪʜʝʣʴʥʳʭ 

ʢʘʧʝʣʴ. ɺ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 2 ʜʦ 20 ʩʤ, ʧʦʛʣʦʱʝʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ (ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ) ʙʫʜʝʪ ʨʘʩʪʠ. ʇʦʛʣʦʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʪʦʣʴ ʙʦʣʴʰʠʤ (ʚʦ ʚʨʝʤʷ ʪʫʤʘʥʘ), ʯʪʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʪʝʨʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ, ʪ.ʝ. ʜʘʣʴʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ ʫʭʫʜʰʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ 

ʮʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʠʜʥʳ, ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʚʠʜʠʤʳʤʠ. ʇʦʛʣʦʱʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʳʩʷʯʫ ʠ ʙʦʣʝʝ ʨʘʟ. 

ʅʘ ʜʣʠʥʘʭ ʚʦʣʥ, ʢʦʨʦʯʝ ʧʦʣʫʪʦʨʘ ʩʘʥʪʠʤʝʪʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʪʝʤ, ʯʪʦ ʜʣʠʥʳ ʚʦʣʥ ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʯʘʩʪʦʪʘʤʠ 

ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʛʘʟʦʚ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ, ʥʘ ʜʨʫʛʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,35 ʩʤ ʠʤʝʝʪ ʤʝʩʪʴ 

ʧʦʚrh ʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʦʜʷʥʦʤ ʧʘʨʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʚʦʜʷʥʦʤ ʧʘʨʝ (ʅ2ʆ) ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʚʦʜʦʨʦʜʘ, ʚʦʟʙʫʞʜʘʷʩʴ ʧʨʠʭʦʜʷʱʝʡ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ, ʧʨʠʦʙʨʝʪʘʶʪ ʵʥʝʨʛʠʶ, ʜʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 9, ʥʘ ʨʘʜʠʦʚʦʣʥʘʭ ʩ ʜʣʠʥʦʡ ʩʚʳʰʝ 20 ʩʤ ʧʦʛʣʦʱʝʥʠʷ 

ʥʝʪ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʛʠʜʨʦʤʝʪʝʦʨʘʭ ʠʥʜʫʮʠʨʫʶʪʩʷ ʪʦʢʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʨʘʜʠʦʚʦʣʥʳ, 

ʜʦʩʪʠʛʘʶʱʠʡ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚ 1,5 ʩʤ, ʯʪʦ ʚʳʟʚʘʥʦ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʷʚʣʝʥʠʷʤʠ (ʨʝʟʦʥʘʥʩʥʳʡ ʧʠʢ) ʚ ʤʦʣʝʢʫʣʘʭ ʧʘʨʦʚ ʚʦʜʳ, ʥʦ 

ʧʦʩʢʦʣʴʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ ʨʘʟʥʳʭ ʛʘʟʦʚ (ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, 

ʢʠʩʣʦʨʦʜ, ʘʟʦʪ), ʪʦ ʪʘʢʠʭ ʜʣʠʥ ʚʦʣʥ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʦʥʘʥʩʥʳʝ ʧʠʢʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. ʅʘ ʜʣʠʥʘʭ ʚʦʣʥ, ʣʝʞʘʱʠʭ ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ 

ʧʠʢʘʤʠ, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʤʠʥʠʤʘʣʴʥʳ. ʊʘʢʠʝ ʟʦʥʳ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ çʦʢʦʥ 

ʧʨʦʟʨʘʯʥʦʩʪʠè. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʘʤ ʚʦʣʥ ʚ 3 ʠ 8 ʤʤ. 

4. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ 

ɺʦʟʴʤʝʤ ʥʝʢʦʪʦʨʳʡ ʩʣʦʡ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ (ʨʠʩ. 12), ʧʦʥʷʪʠʝ 

ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʧ. 2.3, ʠ ʨʘʟʜʝʣʠʤ ʝʛʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʣʦʝʚ. ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʤʳ ʥʘʭʦʜʠʤʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʣʦʷ, ʩ ʚʳʩʦʪʦʡ ʵʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʦʵʪʦʤʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʫʜʝʪ 

ʫʙʳʚʘʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʘʜʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʘ ʥʠʞʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʦʡ ʩʨʝʜʳ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ ʪʦʥʢʠʡ ʩʣʦʡ 

ʚʦʣʥʘ ʙʫʜʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ, ʪ.ʢ. ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝʨʝʭʦʜ ʠʟ ʦʧʪʠʯʝʩʢʦʡ ʙʦʣʝʝ ʧʣʦʪʥʦʡ  ʚ ʤʝʥʝʝ ʧʣʦʪʥʫʶ ʩʨʝʜʫ.  
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ʈʠʩ.12. ʉʣʦʡ ɽ ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʣʦʝʚ. 

ɽʩʣʠ ʚʦʣʥʘ ʧʘʜʘʝʪ ʥʘ ʩʣʦʡ ʧʦʜ ʫʛʣʦʤ 0j, ʪʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʦʷʭ ʦʥʘ 

ʙʫʜʝʪ ʦʪʢʣʦʥʷʪʩɹʷ ʚʧʨʘʚʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʦʡʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʛʨʘʥʠʮʝ 

ʩʣʦʷ. ɿʘʪʝʤ ʦʥʘ ʚʦʣʥʘ ʥʘʯʥʝʪ ʟʘʛʠʙʘʪʴʩʷ ʚʥʠʟ ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʚʳʡʜʝʪ ʠʟ 

ʩʣʦʷ ʧʦʜ ʪʝʤ ʞʝ ʫʛʣʦʤ 0j. ɿʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʥʘʷ ʘʥʘʣʦʛʠʷ ʩ ʷʚʣʝʥʠʝʤ 

ʨʝʬʨʘʢʮʠʠ ʚ ʪʨʦʧʦʩʬʝʨʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʮʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʠʦʥʦʩʬʝʨʝ. ʕʪʦ 

ʨʘʟʣʠʯʠʝ ʧʨʦʠʩʪʝʢʘʝʪ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʦʥʦʩʬʝʨʳ ʟʘʚʠʩʷʪ, ʘ ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʯʘʩʪʦʪʦʡ ʨʘʜʠʦʚʦʣʥʳ. ɺ 

ʪʨʦʧʦʩʬʝʨʝ ʪʘʢʦʡ ʩʚʷʟʠ ʥʝʪ. 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʢʘʨʪʠʥʘ, ʧʦʜʦʙʥʘʷ ʪʨʦʧʦʩʬʝʨʥʦʡ ʨʝʬʨʘʢʮʠʠ,  

ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʠʦʥʦʩʬʝʨʘ ʧʦ ʩʚʦʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʚʦʙʦʜʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʘ ̫ ʚʣʝʥʠʝ 

ʧʨʝʣʦʤʣʝʥʠʷ (ʨʝʬʨʘʢʮʠʷ), ʙʫʜʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʚʩʝ ʤʝʥʴʰʝ ʠ ʤʝʥʴʰʝ ʠ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʠ ʙʫʜʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʴʰʝ, ʯʝʤ 

ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʣʥʘ ʧʦʡʜʝʪ ʚʳʰʝ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠʦʥʦʩʬʝʨʳ ʚʩʝ ʙʣʠʞʝ 

ʙʫʜʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʟʥʘʯʝʥʠʶ, ʨʘʚʥʦʤʫ 1, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʫʜʝʪ. ɺʦʣʥʘ ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ.   
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ʗʩʥʦ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ const=j0 , ʚʩʝʛʜʘ ʥʘʡʜʝʪʩʷ ʥʝʢʦʪʦʨʘʷ 

ʯʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʠʝ ʥʝ ʙʫʜʝʪ. ʊʘʢʘʷ ʯʘʩʪʦʪʘ ʥʘʟʳʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʤʝʥʠʤʦʡ ʯʘʩʪʦʪʦʡ (fʄʇʏ). 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʫʶ ʩʠʪʫʘʮʠʶ. ɿʘʬʠʢʩʠʨʫʝʤ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʦʪʫ f ʠ 

ʙʫʜʝʤ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʧʘʜʝʥʠʷ. ʏʝʤ ʚʳʰʝ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ʪʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʫʛʣʝ ʧʘʜʝʥʠʷ ʚʩʝ ʚʳʰʝ ʥʫʞʥʦ ʧʦʜʥʷʪʴʩʷ, ʯʪʦʙʳ ʥʘʡʪʠ ʪʦʪ ʩʣʦʡ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʨʘʞʝʥʠʝ ʠ ʥʘʦʙʦʨʦʪ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ, ʥʘʡʜʝʪʩʷ ʪʘʢʘʷ ʯʘʩʪʦʪʘ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʚʦʣʥʘ ʙʫʜʝʪ 

ʫʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʠʦʥʦʩʬʝʨʳ. 

 

 

ʈʠʩ.13. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ. 

ɽʩʣʠ 00=j , ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʦʣʥʝ ʯʘʩʪʦʪʘ, ʢʦʪʦʨʘʷ ʝʱʝ ʦʪʨʘʞʘʝʪʩʷ 

ʦʪ ʠʦʥʦʩʬʝʨʳ, ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ. ɽʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ eʢʨ Nf Ö@ 8.80 . ʇʨʠ ʯʘʩʪʦʪʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʫʩʣʦʚʠʝ ʦʪʨʘʞʝʥʠʷ 

ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʠ ʚʦʣʥʘ ʧʨʦʭʦʜʠʪ ʠʦʥʦʩʬʝʨʫ ʥʘʩʢʚʦʟʴ. ʅʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʦʪʨʘʞʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʤʝʥʴʰʠʭ ʚʳʩʦʪʘʭ (ʨʠʩ. 13). 

ɿʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʥʳʭ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʊʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 4.1 

ʉʣʦʡ Ne fʢʨ, ʂɻʮ fʢʨ, ʩ ʫʯʝʪʦʤ ʩʬʝʨʠʯʥʦʩʪʠ 

D 102 90 270 ʂɻʮ 

E 104 900 3 ʄɻʮ 

F 0,5Ö106 6Ö103 20 ʄɻʮ 

 

  f > fʢʨ 

f = fʢʨ 
ű0 
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ʀʟ ʊʘʙʣʠʮʳ 4.1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʯʘʩʪʦʪʘʭ ʤʝʥʴʰʝ 270 ʂɻʮ, 

ʚʦʣʥʘ ʚʳʰʝ ʩʣʦʷ D ʧʨʦʡʪʠ ʥʝ ʩʤʦʞʝʪ, ʦʥʘ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʩʣʦʷ D. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ, ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʝ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʩʣʦʡ ɽ. ɽʩʣʠ ʯʘʩʪʦʪʫ 

ʩʜʝʣʘʪʴ ʚʳʰʝ 3 ʄɻʮ, ʪʦ ʦʪʨʘʞʝʥʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʞʝ ʦʪ ʩʣʦʷ F. 

5. ʆʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ 

ʕʥʝʨʛʠʷ, ʠʟʣʫʯʘʝʤʘʷ, ʪʦʯʝʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʦʚʦʣʥ, ʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʚʦʣʥ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʣʫʯʝʚʘʷ ʪʨʘʢʪʦʚʢʘ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʠʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ ɺ, ʧʨʠ ʢʦʪʦʨʦʡ ʣʫʯ ʩʯʠʪʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʥʢʠʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʯʪʦ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʦʪ ʦʧʪʠʢʠ ʧʝʨʝʡʪʠ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʤ. 

ʇʫʩʪʴ ʚ ʪʦʯʢʝ ɸ ʥʘʭʦʜʠʪʩʷ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʜʣʠʥʦʡ l, 

ʧʨʠʝʤ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʚ ʪʦʯʢʝ ɺ. ʇʨʦʚʝʜʝʤ 

ʧʣʦʩʢʦʩʪʴ ʄN, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʧʨʷʤʦʡ ʆɺ (ʨʠʩ. 15).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ɻʶʡʛʝʥʩʘ ï ʌʨʝʥʝʣʷ ʢʘʞʜʫʶ ʪʦʯʢʫ ʵʪʦʡ 

ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ. ʅʘʙʣʶʜʘʪʝʣʴ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʦʯʢʝ ɺ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ: ʠʟʣʫʯʘʪʝʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʪʦʯʢʝ ɺ, 

ʠʟʣʫʯʘʶʱʠʡ ʚʦʣʥʫ ʯʘʩʪʦʪʦʡ w ʩ ʘʤʧʣʠʪʫʜʦʡ ɸ0 ʠ ʢʘʢʦʡ-ʪʦ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ 

ű0, ʪ.ʝ. () ( )00sin j+w= tAtS , ʠʣʠ ʥʘʙʦʨ ʪʦʯʝʯʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ Q, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ʄN, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ɸ0/|ʆQ|, ʘ ʬʘʟʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ ʥʘ 2pÖ|ʆQ|/l, ʪ.ʝ. 

() ö
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p
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tSQ = () ( )ʆQsin
ʆQ

0
0 kt

A
tSQ -j+w= . ɺ ʬʦʨʤʫʣʝ 

ʚʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʜʣʷ , ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ 

lp= /2k  
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ʈʠʩ. 15. ʂ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʣʘʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʝ ʚ ʪʦʯʢʝ ɺ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʫʤʤʫ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʚʩʝʤʠ ʪʦʯʢʘʤʠ Q, ʥʘʭʦʜʷʱʠʤʠʩʷ 

ʥʘ ʧʣʦʩʢʦʩʪʠ MN, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 

() ( )( )ɺkt
ɺ

A
tSʆQɺ QʆQsin

QʆQ
0

0 +-j+w
Ö

= . ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚʳʰʝ ʧʨʠʥʮʠʧʦʤ ɻʶʡʛʝʥʩʘ ʩʫʤʤʘ ʚʩʝʭ ()tSʆQɺ  ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʪʦʯʢʠ Q ʟʘʥʠʤʘʶʪ ʚʩʶ ʧʨʷʤʫʶ ʦʪ -¤ ʜʦ +¤, ʦʯʝʚʠʜʥʦ ʙʫʜʝ ʨʘʚʥʘ 

() ( )kRt
R

A
tSɺ -j+w= 0

0 sin .  

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ɺ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʠʣʫ ʪʦʛʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʢʘʤʠ ʆ ʠ ɺ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʟʦʥʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ Q, ʘʤʧʣʠʪʫʜʫ S0=
ɺ

A

QʆQ
0

Ö
 ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʷ ʚ ʪʦʯʢʝ ɺ ʥʘʯʥʝʤ ʩʦ ʩʣʦʞʝʥʠʷ ʧʦʣʝʡ, ʧʦʨʦʞʜʘʝʤʳʭ 

ʚ ʪʦʯʢʘʭ ʄ ʠ Q:  

() ( )( ) ( )( )[ ]

( ) ( )( )[ ]=+++-j+w+-j+w=

=+-j+w++-j+w=
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʵʪʦʛʦ ʩʫʤʤʘʨʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʢʦʧʝʨʝʤʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ:  

. 

ɽʩʣʠ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʙʦʣʴʰʝ 0, ʪʦ ʝʛʦ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʩʫʤʤʫ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʩʫʤʤʘʨʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʪʦʛʦʚʘʷ ʩʫʤʤʘ ʙʫʜʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ. ɻʨʘʥʠʮʘ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʨʘʚʝʥʩʪʚʦʤ: , 

ʪ.ʝ. . 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ :  

, ʘʥʘʣʦʛʠʯʥʦ . 

ʋʯʠʪʳʚʘʷ, ʯʪʦ , ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ = Rʌ1. ʕʪʘ 

ʚʝʣʠʯʠʥʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʨʘʜʠʫʩʘ ʧʝʨʚʦʡ ʟʦʥʳ ʌʨʝʥʝʣʷ.  

ʀʩʪʦʯʥʠʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʳʰʝ ʪʦʯʢʠ ʉ, ʫʤʝʥʴʰʘʶʪ (!) ʘʤʧʣʠʪʫʜʫ 

ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ɺ, ʪʘʢʦʡ ʵʬʬʝʢʪ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ 

ʨʘʟʥʦʩʪʴ ʬʘʟ ʥʝ ʜʦʩʪʠʛʥʝʪ ʚʝʣʠʯʠʥʳ p, ʧʦʩʣʝ ʯʝʛʦ ʩʫʤʤʘʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʥʦʚʴ 

ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʘʢʠʝ ʛʨʘʥʠʮʳ ʥʦʩʷʪ ʥʘʟʚʘʥʠʷ ʛʨʘʥʠʮ ʟʦʥʳ ʌʨʝʥʝʣʷ. 

ʈʘʜʠʫʩ n-ʦʡ ʟʦʥʳ ʌʨʝʥʝʣʷ ʙʫʜʫʪ ʨʘʚʥʳ . 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ, ʥʘʜʦ ʩʦʚʝʨʰʠʪʴ ʦʙʦʨʦʪ 

ʨʠʩʫʥʢʘ ʚʦʢʨʫʛ ʣʠʥʠʠ ʆɺ.  


