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ɼʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 
ʠʟ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʜʣʷ ʤʘʛʠʩʪʨʘʥʪʦʚ ʬʘʢʫʣʴʪʝʪʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ 
ʠʥʬʦʨʤʘʪʠʢʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 
ʦʩʚʘʠʚʘʶʱʠʭ ʢʫʨʩ ñʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡò, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʨʠʪʠʯʝʩʢʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʥʦʞʝʩʪʚʘ 
ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʦʨʦʢ 
ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʧʦʥʠʤʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

 

 
ʈʫʢʦʚʦʜʩʪʚʦ ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʚ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩ ʚʦʧʨʦʩʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʤʝʪʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʠ ʪʝʥʜʝʥʮʠʡ ʦʢʨʫʞʘʶʱʝʡ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  
ɺ ʨʫʢʦʚʦʜʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 
ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʠ ʢʨʠʪʝʨʠʠ ʪʠʧʘ ɢ2. ʋʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʠ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ. 
ʇʨʠʚʦʜʷʪʩʷ ʪʘʙʣʠʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʠ ʤʦʜʝʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 
ʢʨʠʪʝʨʠʝʚ. 
ʉʣʝʜʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʦʙʝʩʧʝʯʠʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ.  
ʈʫʢʦʚʦʜʩʪʚʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʠʥʞʝʥʝʨʘʤ, ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʘʤ, 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ (ʤʝʜʠʢʘʤ, ʙʠʦʣʦʛʘʤ, ʩʦʮʠʦʣʦʛʘʤ, 
ʵʢʦʥʦʤʠʩʪʘʤ, ʠ ʜʨ.), ʩʪʘʣʢʠʚʘʶʱʠʤʩʷ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʫʢʦʚʦʜʩʪʚʦ ʙʫʜʝʪ 
ʧʦʣʝʟʥʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʚʫʟʦʚ, ʘʩʧʠʨʘʥʪʘʤ ʠ ʩʪʫʜʝʥʪʘʤ. 

 
 
 
 
 
 
 
 

ʋɼʂ 519.23 

       É ʃʝʤʝʰʢʦ ɹ.ʖ., 2014 
É ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2014 



 3 

 

 

 

ʆʛʣʘʚʣʝʥʠʝ 

 
ʇʨʝʜʠʩʣʦʚʠʝ ................................................................................................ 5 
ɺʚʝʜʝʥʠʝ ...................................................................................................... 7 
1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ................................................................................. 11 

1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʚʝʨʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ .......... 11 
1.2. ʂʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʦʪʝʟʳ ...................................................... 18 

2. ʂʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ  ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ......................................................................................................... 21 
2.1. ʂʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ................................ 21 
2.2. ʂʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʵʢʩʮʝʩʩ ............................................... 23 
2.3. ʂʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ ....................................................... 26 
2.4. ʂʨʠʪʝʨʠʡ ʕʧʧʩʘïʇʘʣʣʠ ........................................................... 31 
2.5. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ  ʐʘʧʠʨʦïʋʠʣʢʘ ................... 36 
2.6. ʉʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ 

ʥʫʣʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ ........................................................... 39 
2.7. ʄʦʜʠʬʠʢʘʮʠʷ ɼôɸʛʦʩʪʠʥʦ ʢʨʠʪʝʨʠʷ  ʧʨʦʚʝʨʢʠ ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ..................................................................................... 41 
2.8. ʄʦʜʠʬʠʢʘʮʠʷ ɼôɸʛʦʩʪʠʥʦ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ  ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʵʢʩʮʝʩʩʘ.................................................. 43 
2.9. ʉʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ  ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ 

ʥʫʣʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ ɼôɸʛʦʩʪʠʥʦ ...................................... 47 
2.10. ʂʨʠʪʝʨʠʡ ʌʨʦʩʠʥʠ ................................................................. 51 
2.11. ʂʨʠʪʝʨʠʠ ʍʝʛʘʟʠïɻʨʠʥʘ ........................................................ 55 
2.12. ʂʨʠʪʝʨʠʡ ɻʠʨʠ ....................................................................... 60 
2.13. ʂʨʠʪʝʨʠʡ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ..................................... 65 
2.14. ʂʨʠʪʝʨʠʡ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ .................................................. 69 
2.15. ʂʨʠʪʝʨʠʡ ʈʦʡʩʪʦʥʘ ................................................................ 74 
2.16. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ............................................. 79 

3. ʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ  ʧʨʠ ʧʨʦʚʝʨʢʝ  

ʥʦʨʤʘʣʴʥʦʩʪʠ ............................................................................................. 88 
3.1. ʂʨʠʪʝʨʠʡ ʂʦʣʤʦʛʦʨʦʚʘ............................................................ 88 
3.2. ʂʨʠʪʝʨʠʡ ʂʫʧʝʨʘ ...................................................................... 92 
3.3. ʂʨʠʪʝʨʠʡ ʂʨʘʤʝʨʘïʄʠʟʝʩʘïʉʤʠʨʥʦʚʘ .................................. 95 
3.4. ʂʨʠʪʝʨʠʡ ɺʘʪʩʦʥʘ .................................................................... 98 



 4 

3.5. ʂʨʠʪʝʨʠʡ ɸʥʜʝʨʩʦʥʘïɼʘʨʣʠʥʛʘ ........................................... 101 
3.6. ʂʨʠʪʝʨʠʠ ɾʘʥʛʘ ..................................................................... 104 
3.7. ʆ ʧʨʠʤʝʥʝʥʠʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ .... 113 

4. ʂʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʪʠʧʘ ʭʠ-ʢʚʘʜʨʘʪ ʧʨʠ ʧʨʦʚʝʨʢʝ ʥʦʨʤʘʣʴʥʦʩʪʠ . 116 
4.1. ʂʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ɢ

2
 ʇʠʨʩʦʥʘ ............................................. 116 

4.2. ʂʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ʅʠʢʫʣʠʥʘïʈʘʦïʈʦʙʩʦʥʘ ....................... 127 
4.3. ʆ ʧʨʠʤʝʥʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʪʠʧʘ c

2
 ......................... 133 

5. ɸʥʘʣʠʟ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ . 136 
5.1. ʆ ʨʦʣʠ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ............................................ 136 
5.2. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ............................................. 138 
5.3. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʨʠʪʝʨʠʠ ʥʦʨʤʘʣʴʥʦʩʪʠ .......................... 140 
5.4. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʚʳʙʦʨʦʢ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ............................................................ 143 
5.5. ʆ ʚʳʯʠʩʣʝʥʠʠ ʜʦʩʪʠʛʥʫʪʳʭ ʫʨʦʚʥʝʡ ʟʥʘʯʠʤʦʩʪʠ .............. 146 
5.6. ʂʦʥʢʫʨʠʨʫʶʱʠʝ ʟʘʢʦʥʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ .................................... 148 
5.7. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ...................... 153 
5.8. ɺʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ........................................... 161 

6. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ................. 165 
6.1. ʀʟʤʝʥʝʥʠʝ ʨʦʣʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ........................................................ 165 
6.1. ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʯʠʩʣʝʥʠʶ p-value ................... 166 

7. ɿʘʢʣʶʯʝʥʠʝ .......................................................................................... 170 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ................................................................... 171 
ʇʨʠʣʦʞʝʥʠʝ A. ʊʘʙʣʠʮʳ ʜʣʷ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ..... 178 



 5 

ʇʨʝʜʠʩʣʦʚʠʝ 

ʅʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʚ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ ʦʙʦʩʥʦʚʳʚʘʝʪ ʨʷʜ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʪʝʦʨʝʤ, 

ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʫʤʤʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʟʘʚʠʩʠʤʳʭ (ʩʣʘʙʦ ʟʘʚʠʩʠʤʳʭ) ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩ ʢʦʥʝʯʥʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ ʠ (ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ) ʜʠʩʧʝʨ-

ʩʠʷʤʠ ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʣʠʟʢʦʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ. ʊʘʢ ʢʘʢ ʤʥʦʛʠʝ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʩʣʘʙʦ ʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ (ʦʢʘʟʘʪʴʩʷ) ʧʨʠʙʣʠʞʝʥʥʦ ʥʦʨʤʘʣʴ-

ʥʳʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ñʦʪʣʘʞʝʥ-

ʥʫʶò ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʤʦʛʫʪ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʪʩɹʷ ʥʦʨʤʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ. ʆʪʢʣʦʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʦʪʣʘʞʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳʚʘʪʴʩʷ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʧʦʩʳʣʢʦʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʂʦʨʨʝʢʪ-

ʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʊʦ ʝʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʨʠ-

ʪʝʨʠʡ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʚʦʜʫ ʤʦʞʥʦ ʜʦʚʝʨʷʪʴ, ʝʩʣʠ 

ʥʝ ʦʪʢʣʦʥʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʚʳʙʦʨʢʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɺ 2002 ʛ. ʙʳʣ ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ɻʆʉʊ ʈ ʀʉʆ 5479ï2002 [67], 

ʧʦʩʚʷʱʝʥʥʳʡ ʧʨʦʚʝʨʢʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. ʉʨʘʟʫ ʙʳʣʦ ʚʠʜʥʦ, ʯʪʦ ʦʥ ʥʝ ʧʦʤʦʛʘʝʪ ʧʨʘʢʪʠʢʘʤ 

ʚ ʨʝʰʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ ʠ ʥʝ ʦʪʚʝʯʘʝʪ ʥʘ ʠʤʝʶʱʠʝʩʷ 

ʚʦʧʨʦʩʳ. ʇʦʯʝʤʫ ʚʳʙʨʘʥ ʪʘʢʦʡ ʢʨʘʪʢʠʡ ʧʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ? ʇʦʯʝʤʫ 

ʦʪʦʙʨʘʥʳ ʠʤʝʥʥʦ ʵʪʠ ʢʨʠʪʝʨʠʠ? ɺ ʯʸʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦ? ɽʩʪʴ ʣʠ 
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ʥʝʜʦʩʪʘʪʢʠ? ʇʦʯʝʤʫ ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʠʪʩʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ? ʆ 

ʢʨʠʪʝʨʠʷʭ ʪʠʧʘ 2c ? 

ʂʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʦʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʤʥʦʛʦ. ʆʜʥʘʢʦ ʥʝ ʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʥʝ ʭʚʘʪʘʝʪ 

ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʨʠʪʝʨʠʝʚ, ʠʭ 

ʜʦʩʪʦʠʥʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ. ʄʦʞʥʦ ʥʘʪʦʣʢʥʫʪʴʩʷ ʥʘ ʘʚʪʦʨʠʪʝʪʥʳʝ 

ʤʥʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʨʠʪʝʨʠʝʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʢʨʝʧʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʥʝ 

ʚʩʝʛʜʘ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʨʠ ʧʨʦʚʝʨʢʝ. 

ʉʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʚ ʩʚʦʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩ ʧʨʦʙʣʝʤʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʠʣʠ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ, ʠʥʪʝʨʝʩʫʝʪ, ʢʘʢʠʝ ʢʨʠʪʝʨʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ 

ʧʦʯʝʤʫ. ʂʘʢʠʝ ʢʨʠʪʝʨʠʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ? ʂʘʢʠʝ 

ʩʫʱʝʩʪʚʫʶʪ ñʧʦʜʚʦʜʥʳʝ ʢʘʤʥʠò, ʦʪʨʘʞʘʶʱʠʝʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʘʥʘʣʠʟʘ? 

ɼʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʥʘ ʙʘʟʝ ʥʘʰʠʭ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʦʧʦʪʣʠʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʩʣʝ ʚʳʭʦʜʘ ʩʪʘʥʜʘʨʪʘ 

[67]. ʆʥʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʱʥʦʩʪʠ 

ʢʨʠʪʝʨʠʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʦʢʘʟʘʣʠ ʥʝʜʦʩʪʘʪʢʠ 

ʥʝʢʦʪʦʨʳʭ ʧʦʧʫʣʷʨʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʄʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʥʘʩʪʦʷʱʘ ̫

ʢʥʠʛʘ, ʢʘʢ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʩʦʛʣʘʩʠʷ 

[95], ʦʢʘʞʝʪ ʨʝʘʣʴʥʫʶ ʧʦʤʦʱʴ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʚ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʗ ʦʯʝʥʴ ʧʨʠʟʥʘʪʝʣʝʥ ʩʚʦʠʤ ʫʯʝʥʠʢʘʤ ʠ ʢʦʣʣʝʛʘʤ ʃʝʤʝʰʢʦ ʉ.ɹ. ʠ 

ʈʦʛʦʞʥʠʢʦʚʫ ɸ.ʇ., ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʥʦʛʦ ʩʜʝʣʘʚʰʠʤ ʜʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢ ʠ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘʙʣʶ-

ʜʝʥʠʡ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɹ.ʖ. ʃʝʤʝʰʢʦ 

ʀʶʣɹ 2014 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʟʘʜʘʯʘʭ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʨʢʘ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʡ ʧʨʦʮʝʜʫʨʦʡ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, 

ʢʦʥʪʨʦʣʷ ʠ ʠʩʧʳʪʘʥʠʡ, ʠʤʝʶʱʝʡ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʜʘʣʝʢʦ ʥʝ 

ʚʩʝʛʜʘ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʙʦʨʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ, ʠʣʠ ʦʰʠʙʢʠ ʥʘʙʣʶʜʝʥʠʡ ʥʝʢʦ-

ʪʦʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

[99]. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʧʠʨʘ-

ʶʱʝʛʦʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʚʝʨʥʳʤ ʚʳʚʦʜʘʤ. 

ɺ 2002 ʛ. ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ ʈ ʀʉʆ 

5479ï2002 çʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʦʚʝʨʢʘ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷè [67], 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʫʪʝʥʪʠʯʥʳʡ ʪʝʢʩʪ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ISO 5479ï97. ɺ ʩʪʘʥʜʘʨʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʙʫʤʘʛʠ, ʢʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ ʥʘ ʟʥʘʯʝʥʠʝ ʵʢʩʮʝʩʩʘ, 

ʩʪʘʪʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʢʮʠʠ ʦʪ ʦʮʝʥʦʢ ʤʦʤʝʥʪʦʚ 

ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʨʠʪʝʨʠʠ ʐʘʧʠʨʦïʋʠʣʢʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ, ʢʨʠʪʝʨʠʡ ʕʧʧʩʘïʇʘʣʣʠ, 

ʩʪʘʪʠʩʪʠʢʘ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʝʪ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʳʙʦʨʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ.  

ʇʦ ʩʫʱʝʩʪʚʫ, ʩʪʘʥʜʘʨʪ ʦʭʚʘʪʳʚʘʝʪ ʣʠʰʴ ʤʘʣʫ  ʁ ʯʘʩʪʴ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʧʝʮʠʘʣʴʥʦ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ (ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ) ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. ɺ 
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ʩʪʘʥʜʘʨʪʝ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʚ ʪʠʧʘ 2c  ʠ ʥʝ 

ʫʧʦʤʠʥʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʪʘʥʜʘʨʪʘ [67] ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʝʨʝʯʥ ̫ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʥʝʛʦ ʢʨʠʪʝʨʠʝʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ 

ʪʦʤ, ʢʘʢʦʡ ʠʟ ʢʨʠʪʝʨʠʝʚ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʘʢʦʡ ʠʟ ʢʨʠʪʝʨʠʝʚ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤ ʠ ʧʨʦʪʠʚ ʢʘʢʠʭ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ? ʇʨʠ ʢʘʢʠʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʢʦʥʢʨʝʪʥʳʡ 

ʢʨʠʪʝʨʠʡ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʣʠ ʥʘʦʙʦʨʦʪ? ʂʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʫ 

ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʪʝʨʠʝʚ? 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʧʨʦʚʝʨʢʦʡ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, ʥʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʶ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ, 

ʫʜʝʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʚʥʠʤʘʥʠʷ [71, 64]. ʅʘʧʨʦʪʠʚ, ʚ ʟʘʨʫʙʝʞʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ. ʋʜʝʣʝʥʦ 

ʚʥʠʤʘʥʠʝ ʠ ʘʥʘʣʠʟʫ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʧʨʦʚʝʨʢʝ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʘʤ 

[49, 44]. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ 

ʚʳʙʦʨʦʢ ʧʨʦʠʛʨʳʚʘʶʪ ʧʦ ʤʦʱʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʳʤ ʢʨʠʪʝʨʠʷʤ 

ʧʨʦʚʝʨʢʠ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʘʣʴʥʦʩʪʠ [49] ʠ ʧʨʝʜʧʦʯʪʝʥʠʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʪʜʘʝʪʩʷ ʢʨʠʪʝʨʠʶ ʐʘʧʠʨʦïʋʠʣʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʪʦʛʦ, ʢʦʛʜʘ ʠ ʢʘʢʠʤ ʢʨʠʪʝʨʠʝʤ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʝʡ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʚʝʨʢʝ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ.   

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʪʦʯʥʦ 

ʟʥʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʢʨʠʪʝʨʠʝʚ ʚ ʩʪʘʥʜʘʨʪʝ, ʢʘʢʦʚʳ ʠʭ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢʦʚʘ ʠʭ ʤʦʱʥʦʩʪʴ, ʢʘʢ ʤʝʥʷʶʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʢʨʠʪʝʨʠʝʚ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ ʚʳʙʦʨʦʢ. ɺʩʝʛʜʘ 

ʣʠ, ʥʘʧʨʠʤʝʨ, ʢʨʠʪʝʨʠʠ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ ʧʦ ʤʦʱʥʦʩʪʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ?  

ʇʦʩʣʝ ʚʳʭʦʜʘ ʩʪʘʥʜʘʨʪʘ [67] ʚ ʨʘʙʦʪʝ [84] ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʷʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʪ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʦʱʥʦʩʪʴ ʠ 

ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʦʪʜʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʨʘʥʝʝ ʥʝ ʫʧʦʤʠʥʘʝʤʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ [84], ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʧʫʣʷʨʥʳʝ ʢʨʠʪʝʨʠʠ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ, ʨʝʢʦʤʝʥʜʫʝʤʳʝ 
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ʩʪʘʥʜʘʨʪʦʤ [67], ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʠ ʤʘʣʳʭ ʫʨʦʚʥʷʭ ʟʥʘ-

ʯʠʤʦʩʪʠ a (ʚʝʨʦʷʪʥʦʩʪʷʭ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ) ʷʚʣʷʶʪʩʷ ʩʤʝʱʝʥ-

ʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʳʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ (ʤʦʱʥʦʩʪʴ 

ʢʨʠʪʝʨʠʝʚ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ). 

ɺ [88] ʙʳʣ ʧʨʦʜʦʣʞʝʥ ʘʥʘʣʠʟ ʢʨʠʪʝʨʠʝʚ ʥʦʨʤʘʣʴʥʦʩʪʠ. ʇʝʨʝʯʝʥʴ 

ʢʨʠʪʝʨʠʝʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ [84], ʙʳʣ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʝʪ ʢʨʠʪʝʨʠʝʚ 

ʌʨʦʩʠʥʠ [18, 19], ʍʝʛʘʟʠïɻʨʠʥʘ [24], ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ [51], ɻʠʨʠ 

[20] ʠ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ [12]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʝʨʴʝʟʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʦʙʣʘʜʘʶʪ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʢʨʠ-

ʪʝʨʠʠ. 

ɺ [91] ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʨʦ-

ʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʷʜʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʟʘʢʦʥʦʚ, 

ʩʨʘʚʥʠʚʘʣʘʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʠʟʤʝʨʝʥʠʶ ʢʦʥʩʪʘʥʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʣʴʢʦ 

ʥʘ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 2. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʂʦʣʤʦʛʦ-

ʨʦʚʘ, ʂʨʘʤʝʨʘ-ʄʠʟʝʩʘ-ʉʤʠʨʥʦʚʘ, ɸʥʜʝʨʩʦʥʘ-ɼʘʨʣʠʥʛʘ, ʂʫʧʝʨʘ, 

ɺʘʪʩʦʥʘ ʠ ʢʨʠʪʝʨʠʠ ɾʘʥʛʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʦʩʪʳʭ 

ʛʠʧʦʪʝʟ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʦʨʢʠ ʧʦʣʥʦʩʪʴʶ ʠʟʚʝʩʪʥʦʤʫ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɺ ʩʠʪʫʘʮʠʠ ʧʨʦ-

ʚʝʨʢʠ ʩʣʦʞʥʳʭ ʛʠʧʦʪʝʟ, ʢʦʛʜʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʟʘʢʦʥʘ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʵʪʦʡ ʞʝ ʚʳʙʦʨʢʝ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ, ʦʢʘʟʳʚʘʶʪʩʷ ʙʝʩʧʦʣʝʟʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦ-

ʪʝʟʳ ʩʪʘʥʦʚʷʪʩʷ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʠʜʘ ʛʠʧʦʪʝʟʳ. ɺʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʣʦʞʝʥʳ ʚ [95, 

103]. ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂʦʣʤʦʛʦʨʦʚʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴ-

ʥʦʩʪʠ ʚʧʝʨʚʳʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ [41], ʢʨʠʪʝʨʠʝʚ ʂʨʘʤʝʨʘ-ʄʠʟʝʩʘ-

ʉʤʠʨʥʦʚʘ ʠ ɸʥʜʝʨʩʦʥʘ-ɼʘʨʣʠʥʛʘ ʚ ʵʪʠʭ ʞʝ ʮʝʣʷʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ [96], ʂʫʧʝʨʘ ʠ ɺʘʪʩʦʥʘ ï ʚ [92, 93, 38, 39, 94, 40], 

ʢʨʠʪʝʨʠʝʚ ɾʘʥʛʘ ï ʚ ʨʘʙʦʪʝ [59]. ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 3. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʡ ʚʳʙʦʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʠʪʝʨʠʠ 

ʩʦʛʣʘʩʠʷ ʪʠʧʘ 2c . ʇʨʠʤʝʥʝʥʠʝ (ʢʣʘʩʩʠʯʝʩʢʦʛʦ) ʢʨʠʪʝʨʠʷ 2c  ʇʠʨʩʦʥʘ 
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ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʮʝʥʠʚʘʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʘ ʧʦ ʛʨʫʧʧʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʥʝʛʨʫʧʧʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢʨʠʪʝʨʠʷ ʅʠʢʫʣʠʥʘ-ʈʘʦ-ʈʦʙʩʦʥʘ [97, 98, 45]. ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʪʠʧʘ 2c  ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 4. 

ɺ ʨʘʟʜʝʣʝ 5 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʚʝʨʢʘ ʥʦʨʤʘʣʴʥʦʩʪʠ ʧʦʛʨʝʰ-

ʥʦʩʪʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɺ ʨʘʟʜʝʣʝ 6 ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʚ ñʥʝʩʪʘʥʜʘʨʪʥʳʭò ʩʠʪʫʘʮʠʷʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʙʣʠʮ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ (ʢʚʘʥʪʠʣʝʡ), ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤʫ ʢʨʠʪʝʨʠʶ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʩʪʘʚʣʝʥʳ ʚ ʧʘʨʘʛʨʘʬʳ ʩ 

ʦʧʠʩʘʥʠʝʤ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʪʘʙʣʠʮʳ ʩ 

ʦʮʝʥʢʘʤʠ ʤʦʱʥʦʩʪʠ. ɺ ʧʨʠʣʦʞʝʥʠʝ ʚʳʥʝʩʝʥʳ ʣʠʰʴ ʥʘʠʙʦʣʝʝ 

ʛʨʦʤʦʟʜʢʠʝ ʪʘʙʣʠʮʳ. 
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1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʚʝʨʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ ʦ ʚʠʜʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪ 

ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʛʠʧʦʪʝʟʳ. ʇʨʦʩʪʘʷ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʠʤʝʝʪ ʚʠʜ 

0H : ( ) ( , )F x F x= q, ʛʜʝ ( , )F xq ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪ-

ʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʚʝʨʷʶʪ ʩʦʛʣʘʩʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʠ 1X , 2X , 

é, nX  ʦʙʲʸʤʦʤ n , ʘ q ï ʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ (ʩʢʘʣʷʨʥʦʛʦ 

ʠʣʠ ʚʝʢʪʦʨʥʦʛʦ). 

ʉʣʦʞʥʘʷ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʠʤʝʝʪ ʚʠʜ 0H : { }( ) ( , ), ,F x F xÍ q qÍQ 

ʛʜʝ Q ï ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ q. 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʚʳʙʦʨʢʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʠʤʝʝʪ ʚʠʜ 0H : 

{ }( ) ( , , ), (0, ), (0, ) ,F x F xÍ ms mÍ ¤ s ¤ ʛʜʝ 
2

( )

2
1

( , , )
2

x
x

F x e dx

- -m

s

-¤

m s =
s p

ñ  

ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʤʝʥʥʦ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʠ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʪʠʧʘ 2c . 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʚʝʨʷʝʪʩʷ ʩʣʦʞʥʘʷ ʛʠʧʦʪʝʟʘ ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʝʥ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ, ʪʘʢ ʢʘʢ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʵʪʠʭ 

ʢʨʠʪʝʨʠʝʚ, ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʧʨʠ ʧʨʦʚʝʨʢʝ ʧʨʦʩʪʳʭ ʛʠʧʦʪʝʟ [95]. ʉʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʠ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ 

ʪʠʧʘ 2c .  

ʉ ʢʘʞʜʳʤ ʠʟ ʢʨʠʪʝʨʠʝʚ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ 0H , 

ʩʚʷʟʘʥʘ ʥʝʢʦʪʦʨʘʷ ʩʪʘʪʠʩʪʠʢʘ S, ʠʟʤʝʨʷʶʱʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʝʢʦʪʦʨʦʡ ʤʝʨʦʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʚʳʙʦʨʢʦʡ. ɺ ʩʠʣʫ ʩʣʫʯʘʡʥʦʩʪʠ ʠʟʚʣʝʢʘʝʤʳʭ ʚʳʙʦʨʦʢ ʩʣʫʯʘʡʥʳʤʠ 

ʦʢʘʟʳʚʘʪʁʩʷ ʠ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ S, ʚʳʯʠʩʣʷʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʵʪʠʤʠ ʚʳʙʦʨʢʘʤʠ. ʇʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦʪʝʟʳ 0H  

ʩʪʘʪʠʩʪʠʢʘ S ʧʦʜʯʠʥʷʝʪʩʷ ʥʝʢʦʪʦʨʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 0( )G S H . 

ʉʭʝʤʘ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʆʙʣʘʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʦʜʥʦ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ, ʠ ʧʦʧʘʜʘʥʠʝ ʚ 

ʢʦʪʦʨʫʶ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 0H  ʤʘʣʦʚʝʨʦʷʪʥʦ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ ʚʳʙʦʨʢʝ ʟʥʘʯʝʥʠʷ *S ʩʪʘʪʠʩʪʠʢʠ S ʚ ʢʨʠʪʠʯʝʩʢʫʶ 

ʦʙʣʘʩʪʴ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ 0H  ʦʪʢʣʦʥʷʝʪʩʷ (ʦʪʚʝʨʛʘʝʪʩʷ). ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʛʠʧʦʪʝʟʳ 0H .   

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝʦʪʢʣʦʥʝʥʠʝ ʛʠʧʦʪʝʟʳ 0H  ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʨʢʠ ʥʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʧʨʘʚʝʜʣʠʚʘ. ʀʩʪʠʥʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʦʩʪʘʝʪʩʷ ʚʩʝʛʜʘ ʥʝʠʟʚʝʩʪʥʳʤ. ʈʝʟʫʣʴʪʘʪ 

ʧʨʦʚʝʨʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʣʠʰʴ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʟʘʢʦʥ, ʚʦʟʤʦʞʥʦ, ʥʝ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʦʥʝʥʘ ʠ ʩʧʨʘʚʝʜʣʠʚʘʷ ʛʠʧʦʪʝʟʘ 

0H  ʠ ʵʪʠ ʩʘʤʳʤ ʩʦʚʝʨʰʝʥʘ ʦʰʠʙʢʘ 1-ʛʦ ʨʦʜʘ. ʇʨʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ 1-ʛʦ ʨʦʜʘ a (ʫʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ), ʜʦʧʫʩʢʘʷ ʪʝʤ ʩʘʤʳʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ 0H  ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʦʰʠʙʢʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʩʪʨʝʤʷʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʦʜʥʦʤʝʨʥʳʭ ʩʪʘʪʠʩʪʠʢ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʘʚʦʩʪʦʨʦʥʥʠʤʠ, 

ʣʝʚʦʩʪʦʨʦʥʥʠʤʠ ʠ ʜʚʫʩʪʦʨʦʥʥʠʤʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɺʩʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʠ ʢʨʠʪʝʨʠʠ ʪʠʧʘ 2c  ï 

ʧʨʘʚʦʩʪʦʨʦʥʥʠʝ, ʠ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ 0H  ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ. ʉʨʝʜʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʘʚʦʩʪʦʨʦʥʥʠʭ ʠ ʜʚʫʩʪʦʨʦʥʥʠʭ, ʥʦ ʝʩʪʴ ʠ 

ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʢʨʠʪʝʨʠʡ (ʐʘʧʠʨʦ-ʋʠʣʢʘ). 

ɺ ʩʣʫʯʘʝ ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ ʛʨʘʥʠʮʘ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ) 1S-a, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

 

1

0 1 0( ) 1 ( )
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¤

-aa= = -ñ , (1.1) 



 

 

13 

ʛʜʝ 0( )g s H  ī ʫʩʣʦʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 0H . ɼʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʢʨʠʪʝʨʠʝʚ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ (ʧʨʝʜʝʣʴʥʳʝ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ 0( )G S H  ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʠʩʪʠʢ ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʪʠʥʥʦʩʪʠ ʛʠʧʦʪʝʟʳ 0H , ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʟʚʝʩʪʥʳ. ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 1S-a ʦʙʳʯʥʦ ʙʝʨʫʪ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ (ʢʚʘʥʪʠʣʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 0( )G S H ) ʠʣʠ ʚʳʯʠʩʣʷʶʪ.  

ɺ ʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʳʯʥʦ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ 
*S  ʩʨʘʚʥʠʚʘʶʪ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 1S-a 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ a. ʇʨʦʚʝʨʷʝʤʫʶ ʛʠʧʦʪʝʟʫ 0H  

ʦʪʢʣʦʥʷʶʪ, ʝʩʣʠ *
1S S-a>  (ʨʠʩ. 1.1).  

 

 
ʈʠʩ. 1.1. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʛʠʧʦʪʝʟ r 0H  ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ
 

 

ɹʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʠʷ ʤʦʞʥʦ ʧʦʯʝʨʧʥʫʪʴ ʠʟ 

çʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠè: ʚʝʣʠʯʠʥʳ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ (p-value) 
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¤

> = = -ñ .  (1.2) 

ʀʤʝʥʥʦ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ 

ʚʳʙʦʨʢʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʧʦ 

ʩʫʱʝʩʪʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʪʠʥʥʦʩʪʠ ʥʫʣʝʚʦʡ 

ʛʠʧʦʪʝʟʳ (ʨʠʩ. 1.2). ɻʠʧʦʪʝʟʫ ʦ ʩʦʛʣʘʩʠʠ ʥʝ ʦʪʚʝʨʛʘʶʪ, ʝʩʣʠ 
*{ }P S S> >a.   

 

 
ʈʠʩ. 1.2. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʛʠʧʦʪʝʟ r 0H  ʠ ʜʦʩʪʠʛʥʫʪrʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ 

 

ɺ ʩʣʫʯʘʝ ʣʝʚʦʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ ʛʨʘʥʠʮʘ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

Sa, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

 0 0( ) ( )

S

g s H ds G S H
a

a

-¤

a= =ñ . (1.3) 

ʇʨʦʚʝʨʷʝʤʫʶ ʛʠʧʦʪʝʟʫ 0H  ʦʪʢʣʦʥʷʶʪ, ʝʩʣʠ *S Sa<  (ʨʠʩ. 1.3). 

ɼʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (p-value) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 
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-¤

< = =ñ .  (1.4) 

 

 
ʈʠʩ. 1.3. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ 

0H  ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʣʝʚʦʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ 

 

ɺ ʩʣʫʯʘʝ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ ʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʯʘʩʪʝʡ. ʀ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ 0H  ʦʪʢʣʦʥʷʝʪʩʷ, ʝʩʣʠ *
/2S Sa<  

ʠʣʠ * 1 /2S S-a> . ɸ ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (p-value) ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 { }* *
0 02min ( ), 1 ( )valuep G S H G S H= - .  (1.5) 

ɿʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʚʙrʦʨʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʉʣʫʯʘʡʥʦʩʪʴ ʩʘʤʦʡ ʚʳ-

ʙʦʨʢʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʠ ʦʰʠʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ. ʉ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʩʚʷʟʳʚʘʶʪ 

ʦʰʠʙʢʠ ʜʚʫʭ ʚʠʜʦʚ: ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʦʪʢʣʦʥʷʶʪ ʛʠʧʦʪʝʟʫ 0H , ʢʦʛʜʘ ʦʥʘ ʚʝʨʥʘ; ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʥʠʤʘʶʪ (ʥʝ ʦʪʢʣʦʥʷʶʪ) ʛʠʧʦʪʝʟʫ 0H , ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʧʨʘʚʝʜʣʠʚʘ ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʛʠʧʦʪʝʟʘ 1H . ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ a 
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ʟʘʜʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʆʙʳʯʥʦ, ʠʩʧʦʣʴʟʫʷ  

ʢʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʦʥʢʨʝʪʥʫʶ 

ʢʦʥʢʫʨʠʨʫʶʱʫʶ ʛʠʧʦʪʝʟʫ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ ʦ 

ʚʠʜʝ ʟʘʢʦʥʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʛʠʧʦʪʝʟʘ ʠʤʝʝʪ ʚʠʜ 

1 :H  0( ) ( , )F x F x¸ q.  

ɽʩʣʠ ʞʝ ʛʠʧʦʪʝʟʘ 1H  ʟʘʜʘʥʘ ʠ ʠʤʝʝʪ, ʥʘʧʨʠʤʝʨ, ʚʠʜ 1 :H  

1( ) ( , )F x F x= q, ʪʦ ʟʘʜʘʥʠʝ ʚʝʣʠʯʠʥʳ a ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʨʠʪʝʨʠʷ 

ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦʧʨʝʜʝʣʷʝʪ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ b. 

ʆʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʦʪʢʣʦʥʷʝʪʩʷ ʛʠʧʦʪʝʟʘ 

0H , ʢʦʛʜʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʧʨʘʚʝʜʣʠʚʘ ʛʠʧʦʪʝʟʘ 1H .  

ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ b ʜʣʷ ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ 

ʢʨʠʪʝʨʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 
1

1( )

S

g s H ds
-a

-¤

b=ñ ,  (1.6) 

ʜʣʷ ʣʝʚʦʩʪʦʨʦʥʥʝʛʦ ï ʚʳʨʘʞʝʥʠʝʤ 

 1( )

S

g s H ds

a

¤

b=ñ ,  (1.7) 

ʘ ʜʣʷ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ï ʩʦʦʪʥʦʰʝʥʠʝʤ 

 
1 /2

/2

1( )

S

S

g s H ds
-a

a

b=ñ .  (1.8) 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ 0H  ʠ 1H  ʟʘʜʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ 1-ʛʦ ʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ 2-ʛʦ ʨʦʜʘ. ʈʠʩ. 1.4 

ʧʦʷʩʥʷʝʪ ʵʪʦ ʜʣʷ ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ. ʅʘ ʨʠʩ. 1.4 0( | )g s H  

ʦʪʦʙʨʘʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ S ʧʨʠ ʩʧʨʘ-

ʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ 0H , ʘ 1( | )g s H  ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 1H .  

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʫ 1-b. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʯʝʤ ʚʳʰʝ ʤʦʱʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ a, ʪʝʤ ʣʫʯʰʝ ʦʥ ʨʘʟʣʠʯʘʝʪ ʛʠʧʦʪʝʟʳ 0H  ʠ 1H . ʆʩʦʙʝʥʥʦ 
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ʚʘʞʥʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʨʠʪʝʨʠʡ ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʣ ʙʣʠʟʢʠʝ 

ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʦʪʝʟʳ. ɻʨʘʬʠʯʝʩʢʠ ʪʨʝʙʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʨʠʩ. 1.4 ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʩʪʘʪʠʩʪʠʢʠ ( )0|g s H  ʠ ( )1|g s H  ʜʦʣʞʥʳ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

çʨʘʟʜʚʠʥʫʪʳè. 
 

 
ʈʠʩ. 1.4. ʇʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʠʧʦʪʝʟ 0H  ʠ 1H ʚ ʩʣʫʯʘʝ ʧʨʘʚʦʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʷ 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʣʝʚʦʩʪʦʨʦʥʥʝʛʦ ʠ 

ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʢʨʠʪʝʨʠʝʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʨʢʝ ʣʶʙʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ 

ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʡ ʢʨʠʪʝʨʠʡ, ʢʦʪʦʨʳʡ ʜʣʷ 

ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠ-

ʤʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʡ 

ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʳ 1H . ɽʱʸ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʡ ʢʨʠʪʝʨʠʡ, ʢʦʪʦʨʳʡ ʜʣʷ ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ a 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ b. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʥʢʨʝʪʥʦʡ ʛʠʧʦʪʝʟʳ 0H  ʷʚʣʷʝʪʩʷ 

ʨʝʜʯʘʡʰʠʤ ʠʩʢʣʶʯʝʥʠʝʤ. ʅʝʪ ʪʘʢʦʛʦ ʠ ʩʨʝʜʠ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 
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1.2. ʂʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʦʪʝʟ r

ɺ ʜʘʥʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢ 

ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦʪʝʟʝ 0H  ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

 
2

0
2

1 1

( )1
( ) exp

2 2

x
f x

ë û-qî î
= -ì ü
q p qî îí ý

.  (1.9) 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢ ʦʪ ʚʠʜʘ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʣʦʩʴ ʮʝʣʦʝ ʤʥʦʞʝʩʪʚʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʅʦ ʚ 

ʨʘʟʜʝʣʘʭ 2-4 ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʪʝʨʠʝʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʘʣʪɹʝʨʥʘʪʠʚʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʢʘʟʘʪʴ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʘ, ʪʘʢ ʠ 

ʥʝʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʦʪʜʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʚʳʙʦʨʢʠ ʩʣʝʜʫʶʱʠʤ ʟʘʢʦʥʘʤ: ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʛʠʧʦʪʝʟʘ 1H  ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʙʦʙʱʸʥʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (ʩʝʤʝʡʩʪʚʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ) ʩ 

ʧʣʦʪʥʦʩʪʴʶ 

 

2
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1 2 1

( ) exp
2 (1/ )

x
f x

që ûå õ-qq î î
= -æ öì ü
qG q qç ÷î îí ý

  (1.10) 

ʠ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʳ 2 4q =; ʛʠʧʦʪʝʟʘ 2H  ï ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʃʘʧʣʘʩʘ ʩ 

ʧʣʦʪʥʦʩʪʴʶ 

 { }0 1
1

1
( ) exp /

2
f x x= - -q q

q
, (1.11) 

ʛʠʧʦʪʝʟʘ 3H  ï ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩ ʧʣʦʪʥʦʩʪʴʶ  
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,  (1.12) 
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ʦʯʝʥʴ ʙʣʠʟʢʦʤʫ ʢ ʥʦʨʤʘʣʴʥʦʤʫ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʵʪʦ ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʙʦʨʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʤʘʩʰʪʘʙʘ 1 1q = ʠ ʧʘʨʘʤʝʪʨʦʤ ʩʜʚʠʛʘ 0 0q =. ʅʘ ʨʠʩ. 1.5 

ʧʦʢʘʟʘʥʳ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  1H , 

2H , 3H , ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʰʪʘʙʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥʠ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʊʘʢʦʡ ʚʳʙʦʨ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ (ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʟʘʢʦʥʦʚ) 

ʠʤʝʝʪ ʧʦʜ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ. ɻʠʧʦʪʝʟʘ 2H , ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʃʘʧʣʘʩʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʘʣʝʢʦʡ ʦʪ 0H . 

ʇʨʠ ʨʘʟʣʠʯʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʛʠʧʦʪʝʟ ʧʨʦʙʣʝʤ ʦʙʳʯʥʦ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʃʦʛʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʥʢʫʨʠʨʫʶʱʝʡ 

ʛʠʧʦʪʝʟʝ 3H , ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʯʝʥʴ ʙʣʠʟʢʦʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʀ ʵʪʠ ʜʚʘ ʟʘʢʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʫʜʥʦ ʨʘʟʣʠʯʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ. 

 

 

ʈʠʩ. 1.5. ʇʣʦʪʥʦʩʪʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠ,̫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

                            ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʛʠʧʦʪʝʟʘʤ iH  
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ʂʦʥʢʫʨʠʨʫʶʱʘʷ ʛʠʧʦʪʝʟʘ 1H , ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʙʱʸʥʥʳʡ 

ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʩ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʳ 2 4q =, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ñʣʘʢʤʫʩʦʚʫ  ʁ ʙʫʤʘʛʫò, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʷʚʠʣʠʩʴ ʩʢʨʳʪʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʦʪʜʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʈ̫ ʜ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʝ̡ʤʘʭ ʚʳʙʦʨʦʢ n  

ʥʝʩʧʦʩʦʙʝʥ ʦʪʣʠʯʘʪʴ ʟʘʢʦʥʳ, ʙʣʠʟʢʠʝ ʢ ʪʘʢʦʤʫ, ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ 1-b ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H  ʧʨʠ ʤʘʣʳʭ 

ʟʘʜʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʷʭ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʨʦʜʘ a ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 

(ʤʘʣʳʭ) n  ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʢʨʠʪʝʨʠʝʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʫ, 

ʤʝʥʴʰʫʶ a. ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ñʩ ʧʦʟʠʮʠʠ ʢʨʠʪʝʨʠʷò ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʟʘʢʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 1H , ʷʚʣʷʝʪʩʷ ñʙʦʣʝʝ ʥʦʨʤʘʣʴʥʳʤ, ʯʝʤ 

ʥʦʨʤʘʣʴʥʳʡò. ɸ ʩʘʤ ʵʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʱʝʥʥʦʩʪʠ 

ʢʨʠʪʝʨʠʷ. 

ʆʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ 1H , 2H  

ʠ 3H , ʧʨʠʚʦʜʠʤʳʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʪ, ʩʨʘʚʥʠʚʘʷ ʠʭ, 

ʦʮʝʥʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʠ ʧʦʜ-

ʩʢʘʟʘʪʴ, ʧʨʠʤʝʥʝʥʠʝ ʢʘʢʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʚ ʠʤʝʶʱʝʡʩʷ 

ʩʠʪʫʘʮʠʠ. 
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2. ʂʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ  

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

2.1. ʂʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ [10, 5] ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦ ʩʠʤ-

ʤʝʪʨʠʯʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ (ʧʨʦʪʠʚ ʥʘʣʠʯʠʷ ʘʩʠʤʤʝʪʨʠʠ) ʧʨʠ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʢʠ 8 5000n¢ ¢ . ʉʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ  

 3
1 3

ĔĔ

Ĕ

m
b =

s
,  (2.1) 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʪʦʨʦʡ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 

( )( 2 2Xè ø-m =s
é ùê ú
ʚ ʪʦʤ ʯʠʩʣʝ ( ) )2 2

2 E Xè øm = -m =s
é ùê ú

 ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʚʳʙʦʨʢʝ 1X , 

2X , é, nX  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 ( )
1

1
Ĕ

n j
j i

i

X X
n =

m = -ä , (2.2) 

ʛʜʝ 

1

1 n

i
i

X X
n =
= ä . 

ʂʨʠʪʝʨʠʡ ʜʚʫʩʪʦʨʦʥʥʠʡ: ʧʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ 0H : 1b = 0 ʧʨʠ 

ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʝ ʦ ʥʘʣʠʯʠʠ ʘʩʠʤʤʝʪʨʠʠ 1b > 0 

(ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʩʠʤʤʝʪʨʠʷ) ʠʣʠ 1b < 0 (ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʩʠʤʤʝʪʨʠʷ). 

ɺ ʩʪʘʥʜʘʨʪʝ [67] ʠ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʭ [10, 5] ʧʨʠʚʦʜʷʪʩʷ ʪʦʣʴʢʦ 

ʪʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ (ʪʘʙʣ. A.1, ʧʨʠʣʦʞʝʥʠʝ A). ʅʠʯʝʛʦ ʥʝ 

ʛʦʚʦʨʠʪʩʷ ʦ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ (2.1) ʚ 

ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʯʠʩʣʘ ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 2.1). ɺ [64] ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʪʠʩʪʠʢʠ (2.1) ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʩ 

ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ 

6( 2) / [( 1)( 3)]n n n- + +. 
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G  S  H ( )

n = 10

n = 02
n = 03

S =   bÕ 1

n = 04 n = 05
n = 010
n = 015

ï1.65
0.00
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0.50
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0.75
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1.00

ï2.20 ï1.10ï0.550.00 0.55 1.10 1.65 2.20  

ʈʠʩ. 2.1. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.1) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲ-

ʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠ n = 10, 20, 40, 30, 50, 100, 150 ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴ- 

                                             ʥʦʛʦ ʟʘʢʦʥʘ 

 

ʂʨʠʪʝʨʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʪʘʪʠʩʪʠʢʫ (2.1), ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ 

ʧʨʦʚʝʨʢʠ ʪʦʣʴʢʦ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʝʟʥʦ ʧʨʠ 

ʧʨʦʚʝʨʢʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, ʥʦ ʥʝʦʪʢʣʦʥʝʥʠʝ 

ʛʠʧʦʪʝʟʳ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʟʘʢʦʥʘ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʥʦʨʤʘʣʴʥʦʩʪʠ (ʫʩʣʦʚʠʝ ʥʝʦʙʭʦʜʠʤʦʝ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ), ʪʘʢ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ (2.1) ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ 

(ʨʠʩ. 2.2).  

ʅʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʤʦʞʝʪ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʠ ʦʪʢʣʦʥʷʪʴʩʷ, ʠ ʥʝ ʦʪʢʣʦʥʷʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʚ 

ʩʣʫʯʘʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʳʙʦʨʦʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʩʝʤʝʡʩʪʚʘ (2.2) ʩ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʳ 2 4q = (ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 1H ) 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ (2.1), ʧʦʩʪʨʦʝʥʥʳʭ 

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʟʘʢʦʥʘ, ʛʠʧʦʪʝʟʘ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʥʝ 

ʙʫʜʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʩ ʙɧʣʴʰʠʤ ʜʦʩʪʠʛʘʝʤʳʤ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ. 

ʉʪʘʪʠʩʪʠʢʫ (2.1) ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʪʘʪʠʩʪʠʢʦʡ (2.3) ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʥʘ ʵʢʩʮʝʩʩ. ɺ ʩʪʘʥʜʘʨʪʝ [67] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ ʩ ʪʘʢʦʡ ʜʚʫʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʦʡ 

(ʩʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʚ ʨʘʟʜʝʣʝ 2.3), ʦʜʥʘʢʦ ʢʨʠʪʝʨʠʡ ʥʝʩʢʦʣʴʢʦ 
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ʥʝʫʜʦʙʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

 

G   S  H  ( )

S =   bÕ 1
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ʈʠʩ. 2.2. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʧʦʪʝʟ iH  ʧʨʠ ʦʙʲʝʤʝ  

                                      ʚʳʙʦʨʦʢ n = 10 

 
ʉʦʚʤʝʩʪʥʦ ʵʪʠ ʩʪʘʪʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʚ ʢʨʠʪʝʨʠʠ, 

ʠʟʣʦʞʝʥʥʦʤ ʚ ʨʘʟʜʝʣʝ 2.6, ʠ ʚ ʢʨʠʪʝʨʠʠ ɼ`ɸʛʦʩʪʠʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ 
ʨʘʟʜʝʣʝ 2.8.  

2.2. ʂʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʵʢʩʮʝʩʩ 

ɺ ʩʪʘʥʜʘʨʪʝ [67] ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ 

ʥʘ ʵʢʩʮʝʩʩ [5, 11] ʧʨʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 8 5000n¢ ¢ . ʉʪʘʪʠʩʪʠʢʘ 

ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʥʘ ʟʥʘʯʝʥʠʝ ʵʢʩʮʝʩʩʘ ʠʤʝʝʪ ʚʠʜ  

 4
2 4

ĔĔ

Ĕ

m
b =

s
.  (2.3) 

ʂʨʠʪʝʨʠʡ ʜʚʫʩʪʦʨʦʥʥʠʡ: ʧʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʚʠʜʘ 0H : 2b  = 3 

ʧʨʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟʘʭ 2b  > 3 (ʙʦʣʴʰʠʡ ʵʢʩʮʝʩʩ) ʠʣʠ 2b  < 3 

(ʤʝʥʴʰʠʡ ʵʢʩʮʝʩʩ). 
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ɺ ʩʪʘʥʜʘʨʪʝ [67] ʠ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʭ [5, 11] ʧʨʠʚʦʜʷʪʩʷ ʣʠʰʴ 
ʪʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ (ʪʘʙʣ. A.2, ʧʨʠʣʦʞʝʥʠʝ A). ʈʘʩʧʨʝʜʝʣʝʥʠʝ 
ʩʪʘʪʠʩʪʠʢʠ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʳʙʦʨʦʢ. ɺ [64] 
ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ (2.3) ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ 
ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ n  ʦʢʘʟʳʚʘʝʪʩʷ ʜʘʣʝʢʠʤ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. ɺ ʵʪʦʤ 

ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʧʦʩʤʦʪʨʝʚ ʥʘ ʨʠʩ. 2.3, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 
ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ 
ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʥʘ ʵʢʩʮʝʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ n.  
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ʈʠʩ. 2.3. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ 

ʥʘ ʵʢʩʮʝʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠ n  = 10, 20, 40,  

                                            30, 50, 100, 150 

 
ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.3) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʟʘʢʦʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ 

ʛʠʧʦʪʝʟʘʤ iH . ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʥʘ ʵʢʩʮʝʩʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʭ 
ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ.  
ɽʩʪʝʩʪʚʝʥʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.3) ʟʘʚʠʩʷʪ ʦʪ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ. ʅʘ ʨʠʩ. 2.4 ʠ 2.5 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.3) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ 

ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ iH  ʠ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ n  = 10 ʠ n  = 50. 
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ʈʠʩ. 2.4. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.3) ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ  

ʥʘ ʵʢʩʮʝʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪ- 

     ʩʪʚʫʶʱʝʛʦ ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 10 
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ʈʠʩ. 2.5. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (3) ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ  
ʥʘ ʵʢʩʮʝʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪ- 

                        ʩʪʚʫʶʱʝʛʦ ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 50 

ɺʤʝʩʪʝ ʩ ʢʨʠʪʝʨʠʝʤ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʧʦʟʚʦʣʷʝʪ 
ʩʫʜʠʪʴ ʦ ʩʪʝʧʝʥʠ ʦʪʢʣʦʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʠ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 
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ʟʘʢʦʥʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʢʨʠʪʝʨʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.3) ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʦʢ. 

ʉʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ ʥʫʣʝʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ [8] ʚ ʩʪʘʥʜʘʨʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ ʦʙʲʝʤʘʭ 

ʚʳʙʦʨʦʢ 20 ¢ n  ¢ 1000 (ʪʘʤ ʦʥ ʥʘʟʚʘʥ ʤʥʦʛʦʥʘʧʨʘʚʣʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ). 

ʇʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʠʤʝʝʪ ʚʠʜ 0H : 1b  = 0 ʠ 2b  = 3 ʧʨʠ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟʘʭ 1b  Í 0 ʠ (ʠʣʠ) 2b  Í 3. ɺ ʩʪʘʥʜʘʨʪʝ 

ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʨʠʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʫʨʦʚʥʝ 

ʟʥʘʯʠʤʦʩʪʠ 0.05a=  ʠ 0.01a= . 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʪʘʢʦʡ ʩʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ 

ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʨʠʪʝʨʠʝʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ (ʩʦʚʤʝʩʪʥʦʛʦ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʘʪʠʩʪʠʢ (2.1) ʠ (2.3), ʠ ʥʝ ʚʦʰʝʜʰʠʭ ʚ ʩʪʘʥʜʘʨʪ, ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ ʚ 

ʨʘʟʜʝʣʘʭ 2.6 ʠ 2.8.  

2.3. ʂʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ 

ʂʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ [48, 50], ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʥʦʩʪʝʡ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ. ɺ ʩʪʘʥʜʘʨʪʝ [67] 

ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 8 ¢ n  ¢ 50. 

ʉʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-
ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ʜʦʢʫʤʝʥʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʠ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 51 ¢ n  ¢ 99 ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʪʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ 

ʪʦʯʝʢ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [50]. ɺ ʩʪʘʥʜʘʨʪʝ ʢʨʠʪʝʨʠʡ ʨʝʢʦʤʝʥʜʫʶʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʠʧʝ 

ʚʦʟʤʦʞʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʩʪʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ 
ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʛʠʧʦʪʝʟʫ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

ʧʨʠʤʝʨʥʦ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ 1b  < 1/2 ʠ 2b  < 3 ʠʣʠ 

ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʥʘʧʨʠʤʝʨ, 1b  > 1/2). ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʨʝʢʦʤʝʥʜʫʶʪ ʢʨʠʪʝʨʠʡ ʕʧʧʩʘïʇʘʣʣʠ. ɼʘʥʥʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ 
ʥʝʦʯʝʚʠʜʥʘ ʠ ʪʨʝʙʫʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ (1) (2)X X¢ ¢ 

( )... nX¢ ¢ , ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʝ 1 2, ,..., nX X X , 

ʚʳʯʠʩʣʷʶʪ ʚʝʣʠʯʠʥʫ  
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( 1 ) ( )k n k k
k

S a X X+ -è ø= -ê úä , 

ʛʜʝ ʠʥʜʝʢʩ k  ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ / 2n  ʠʣʠ ʦʪ 1 ʜʦ ( 1) / 2n-  ʧʨʠ 

ʯʝʪʥʦʤ ʠ ʥʝʯʝʪʥʦʤ n  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ ka  ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʪʘʥʜʘʨʪʝ ʠ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʭ [48, 50] (ʪʘʙʣ. A.3, ʧʨʠʣʦʞʝʥʠʝ A). 

ʉʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ ʠʤʝʝʪ ʚʠʜ  

 ( )
22

1

n

i
i

W S X X
-

= -ä .  (2.4) 

ʂʨʠʪʝʨʠʡ ʣʝʚʦʩʪʦʨʦʥʥʠʡ: ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʦʪʚʝʨʛʘʝʪʩʷ ʧʨʠ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ .W  ɺ ʩʪʘʥʜʘʨʪʝ ʠ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ, 

ʧʨʠʚʦʜʷʪʩʷ ʣʠʰʴ ʧʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ (ʪʘʙʣ. A.4, ʧʨʠʣʦʞʝʥʠʝ A). 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.4) 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 2.6 

ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣ-

ʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ.  
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ʈʠʩ. 2.6. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦï

ʋʠʣʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠ n  = 10, 20, 40, 30, 50 
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ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.4) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʙʣʶʜʘʝʤʳʭ ʟʘʢʦʥʘʭ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʪʘʢʞʝ ʤʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦʪʝʟʳ 0H  ʨʘʩʩʤʦʪʨʝʥ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʦʤ ʤʘʩʰʪʘʙʘ, ʨʘʚʥʳʤ 1, ʠ ʧʘʨʘʤʝʪʨʦʤ ʩʜʚʠʛʘ, 

ʨʘʚʥʳʤ 0. ɺ ʢʘʯʝʩʪʚʝ ʙʣʠʟʢʠʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ ʨʘʩʩʤʦʪʨʝʥʳ 

ʛʠʧʦʪʝʟʳ: 1H  ï ʚʳʙʦʨʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʤʝʡʩʪʚʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (1.10) 

ʩ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʳ, ʨʘʚʥʳʤ 4, 2H  ï ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʃʘʧʣʘʩʘ (1.11) ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ (0,1), 3H  ï ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (1.12) ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ (0,1).  

ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 2.7 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʫʩʣʦʚʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.4) ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 

0H , 1H , 2H , 3H  ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n  = 10.  
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ʈʠʩ. 2.7. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.4)  

        ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ  ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 10 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 

(10é20 ʥʘʙʣʶʜʝʥʠʡ) ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ ʥʝ ʩʧʦʩʦʙʝʥ ʨʘʟʣʠʯʘʪʴ 

ʛʠʧʦʪʝʟʳ 0H  ʠ 1H . ɽʱʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʢʨʠʪʝʨʠʡ ʟʘʤʝʯʘʝʪ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʩʝʤʝʡʩʪʚʘ (1.10) ʩ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʳ 2 3q =. ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʦʪʥʦʰʝʥʠʶ 
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ʢ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʝ 1H  ʢʨʠʪʝʨʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʤʝʱʝʥʥʳʤ. ʅʦ ʩ 

ʨʦʩʪʦʤ ʯʠʩʣʘ ʥʘʙʣʶʜʝʥʠʡ ʤʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ 

ʛʠʧʦʪʝʟ 0H  ʠ 1H  ʨʘʩʪʝʪ.  

ʅʘ ʨʠʩ. 2.8 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ (2.4) ʧʨʠ n  = 50. 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʛʠʧʦʪʝʟʘʤ 1H , 2H , 3H  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ a (ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ) ʧʨʠʚʝʜʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʘʙʣ. 2.1ï2.3. 
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ʈʠʩ. 2.8. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.4)  

        ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 50 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʱʥʦʩʪʴ 

ʢʨʠʪʝʨʠʝʚ, ʩʧʝʮʠʘʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ, ʥʘ ʦʙʲʝʤʘʭ 

ʚʳʙʦʨʦʢ n  Ò 50 ʚʳʰʝ ʤʦʱʥʦʩʪʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ 

ʩʦʛʣʘʩʠʷ ʪʠʧʘ ʂʦʣʤʦʛʦʨʦʚʘ, ʪʠʧʘ 2w  ʂʨʘʤʝʨʘïʄʠʟʝʩʘïʉʤʠʨʥʦʚʘ ʠ 

ʪʠʧʘ 2W  ɸʥʜʝʨʩʦʥʘïɼʘʨʣʠʥʛʘ ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʣʦʞʥʳʭ ʛʠʧʦʪʝʟ [101], 

ʢʦʪʦʨʳʝ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʦʱʥʝʝ ʢʨʠʪʝʨʠʝʚ ʪʠʧʘ 
2c [102].  
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ʊʘʙʣʠʮʘ 2 . 1  

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʝʤʝʡʩʪʚʘ (1.10) ʩ ʧʘʨʘʤʝʪʨʦʤ 2 4q =) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.165 0.105 0.047 0.020 0.006 

20 0.206 0.135 0.060 0.024 0.007 

30 0.289 0.201 0.101 0.046 0.014 

40 0.395 0.294 0.167 0.087 0.033 

50 0.495 0.389 0.242 0.140 0.061 

ʊʘʙʣʠʮʘ 2.2 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 2H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʃʘʧʣʘʩʘ) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.284 0.225 0.154 0.105 0.062 

20 0.411 0.348 0.262 0.197 0.135 

30 0.486 0.422 0.333 0.262 0.191 

40 0.529 0.467 0.378 0.305 0.230 

50 0.564 0.502 0.414 0.341 0.264 

ʊʘʙʣʠʮʘ 2 . 3  

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 3H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.192 0.139 0.082 0.048 0.024 

20 0.236 0.182 0.117 0.077 0.044 

30 0.256 0.201 0.135 0.093 0.057 

40 0.257 0.203 0.140 0.098 0.063 

50 0.256 0.203 0.141 0.101 0.066 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ ʧʨʠ ʤʘʣʳʭ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʚʦʦʙʱʝ ʪʨʫʜʥʦ ʨʘʟʣʠʯʘʪʴ ʙʣʠʟʢʠʝ ʟʘʢʦʥʳ. ʆʜʥʘʢʦ, 

ʥʘʧʨʠʤʝʨ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʂʦʣʤʦʛʦʨʦʚʘ, ʪʠʧʘ 
2w  ʂʨʘʤʝʨʘïʄʠʟʝʩʘïʉʤʠʨʥʦʚʘ ʠ ʪʠʧʘ 2W  ɸʥʜʝʨʩʦʥʘïɼʘʨʣʠʥʛʘ, 

ʂʫʧʝʨʘ ʠ ɺʘʪʩʦʥʘ ʥʝ ʠʤʝʶʪ ʚʳʷʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [84] ʥʝʜʦʩʪʘʪʢʘ, 

ʧʨʠʩʫʱʝʛʦ ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ: ʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʦʪʣʠʯʘʪʴ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʝʡʩʪʚʘ (1.10) ʩ 

ʙʦʣʝʝ ʧʣʦʩʢʠʤʠ ʧʣʦʪʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʩ 2b  < 3). 

2.4. ʂʨʠʪʝʨʠʡ ʕʧʧʩʘïʇʘʣʣʠ 

ʕʪʦʪ ʢʨʠʪʝʨʠʡ [4, 3, 17, 25] ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ɺ ʩʪʘʥʜʘʨʪʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 8 ¢ n  ¢ 200. ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʚ 

ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʥʳ ʩ ʧʨʦʧʫʩʢʘʤʠ (ʪʘʙʣ. A.5, ʧʨʠʣʦʞʝʥʠʝ A). 

ʉʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʥʘʙʣʶʜʘʝʤʦʡ ʚʳʙʦʨʢʝ 

1 2, ,..., nX X X , ʠʤʝʝʪ ʚʠʜ  

EP 1
3

n
T = + + 
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m = -ä . ɺʳʙʦʨʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ 

ʫʧʦʨʷʜʦʯʝʥʘ, ʧʦʨʷʜʦʢ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʠʟʚʦʣʝʥ, ʥʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝʠʟʤʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ ʧʨʦʚʦʜʠʤʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɻʠʧʦʪʝʟʫ ʦ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʦʪʚʝʨʛʘʶʪ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.5) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩ-

ʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 2.9 ʧʦʢʘʟʘʥ r ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʦʢ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʅʘ ʨʠʩʫʥʢʝ ʥʘʙʣʶʜʘʝʪʩʷ 

çʧʫʯʦʢè ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʢʨʠʪʝʨʠʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʪʩʷ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ ʚʳʙʦʨʦʢ n  (ʚ ʦʪʣʠʯʠʝ ʦʪ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʨʫʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʜʝʩʴ ʩʪʘʪʠʩʪʠʢ) ʧʨʠ ʥʦʨ-

ʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʉ ʨʦʩʪʦʤ n  

ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʧʨʝʜʝʣʴʥʦʤʫ.  

 

 

ʈʠʩ. 2.9. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘï

ʇʘʣʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠ n = 10, 20, 40, 30,  

                                             50, 100, 150 

 

ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ (2.5) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʦʪʣʠʯʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ, ʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʚʠʜʘ 

{ }*
EP EPP T T> , ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʩʪʘʪʠʩʪʠʢʠ (2.5) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ n, ʛʜʝ *
EPT  ï ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʚʳʙʦʨʢʝ, 

ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ n  ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʙʝʪʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ III  ʨʦʜʘ ʩ ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ 

( )

( )

( )

0 10

0 1
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2

0 1 2

1
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, 1 1

t t
f x

B t

q q -q -

q +q

q -
=
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, 



 

 

33 

ʛʜʝ ( ) [ ]4 3 0,1t x= -q q Í. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʪʘʪʠʩʪʠʢʠ 

(2.5) ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ n, ʪʦ ʧʨʠ 15 50n< <  ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʜʦʩʪʠʛʘʝʤʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ { }*
EP EPP T T>  ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʪʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ III  ʨʦʜʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 0q  = 1.8645, 

1q = 2.5155, 2q  = 5.8256, 3q  = 0.9216, 4q  = 0.0008. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʩʨʝʜʥʶʶ ʜʣʷ  

çʧʫʯʢʘè ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2.9.  

ʇʨʠ 50n²  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʦʩʪʠʛʘʝʤʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 

{ }*
EP EPP T T>  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʨʠʙʣʠ-

ʞʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʙʝʪʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ III  ʨʦʜʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ 0q  = 1.7669, 1q = 2.1668, 2q  = 6.7594, 3q  = 0.91, 4q

 = 0.0016. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ 

ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ 1H , 2H , 3H  ʠ ʦʮʝʥʢʘ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʥʥʳʤ ʛʠʧʦʪʝʟʘʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʨʠʪʝʨʠʡ ʠʤʝʝʪ ʪʦʪ ʞʝ ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ ʠ ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ: ʦʥ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʤʝʱʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭ ʞʝ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʛʠʧʦʪʝʟ.  

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʢʘʨʪʠʥʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2.10, 

ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  

ʩʪʘʪʠʩʪʠʢʠ (2.5) ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 3H  ʠ 

ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 10. 

ʇʨʠ n = 10 ʤʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʠʧʦʪʝʟʝ 1H  ʤʝʥʴʰʝ (!) ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ (ʧʨʠ 0.1a¢ ). ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʚʝʨʥʦʡ ʛʠʧʦʪʝʟʝ 1H  ʧʨʠ ʧʨʦʚʝʨʢʝ ʥʦʨʤʘʣʴʥʦʩʪʠ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʪʜʘʚʘʪʴʩʷ ʛʠʧʦʪʝʟʝ 0H . ʇʨʠ n = 20 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 20 0( )G S H  ʠ 20 1( )G S H  ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʙʦʣʴʰʠʭ 0.95, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʣʠʯʠʤʳ, ʘ ʧʨʠ n = 50 

ʢʨʠʪʝʨʠʡ ʫʞʝ ʩʧʦʩʦʙʝʥ ʨʘʟʣʠʯʘʪʴ ʛʠʧʦʪʝʟʳ 0H  ʠ 1H  (ʨʠʩ. 2.11). 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤ 1H , 2H , 3H , ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʩʦʦʪ-
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ʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣʢʘ, ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 2.4 ï 2.6.  
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ʈʠʩ. 2.10. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.5)  

          ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ  ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 10 
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ʈʠʩ 2.11. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.5)  

     ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 50 
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ʊʘʙʣʠʮʘ 2.4 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʛʠʧʦʪʝʟʳ 1H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʝʤʝʡʩʪʚʘ (1.10) ʩ ʧʘʨʘʤʝʪʨʦʤ 2 4q =)
 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.149 0.090 0.038 0.016 0.005 

20 0.198 0.124 0.053 0.021 0.007 

30 0.257 0.169 0.076 0.032 0.010 

40 0.320 0.221 0.107 0.048 0.015 

50 0.383 0.275 0.143 0.068 0.022 

100 0.658 0.545 0.366 0.223 0.101 

150 0.835 0.752 0.592 0.426 0.244 

200 0.928 0.880 0.765 0.622 0.425 

300 0.989 0.977 0.940 0.977 0.748 

 

ʊʘʙʣʠʮʘ 2.5 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 2H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʃʘʧʣʘʩʘ) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.300 0.240 0.164 0.111 0.064 

20 0.422 0.355 0.263 0.194 0.127 

30 0.525 0.454 0.352 0.271 0.187 

40 0.614 0.544 0.438 0.347 0.248 

50 0.690 0.623 0.516 0.422 0.315 

100 0.906 0.870 0.801 0.724 0.619 

150 0.975 0.961 0.931 0.889 0.821 

200 0.994 0.990 0.978 0.961 0.927 

300 1 0.999 0.998 0.996 0.991 
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ʊʘʙʣʠʮʘ 2.6 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʕʧʧʩʘïʇʘʣʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 3H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.199 0.145 0.085 0.050 0.025 

20 0.236 0.178 0.112 0.070 0.038 

30 0.265 0.204 0.131 0.084 0.047 

40 0.290 0.227 0.148 0.097 0.055 

50 0.317 0.249 0.166 0.110 0.063 

100 0.429 0.353 0.250 0.175 0.108 

150 0.529 0.449 0.335 0.244 0.157 

200 0.616 0.537 0.418 0.316 0.213 

300 0.750 0.682 0.566 0.460 0.337 

 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʝ 3H  (ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ) ʥʘ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ n  Ò 50 ʢʨʠʪʝʨʠʡ ʕʧʧʩʘïʇʘʣʣʠ ʤʦʱʥʝʝ 

ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦïʋʠʣʢʘ ʧʨʠ ʙʦʣʴʰʠʭ ʫʨʦʚʥʷʭ ʟʥʘʯʠʤʦʩʪʠ (0.1a= ) ʠ 

ʫʩʪʫʧʘʝʪ ʢʨʠʪʝʨʠʶ ʐʘʧʠʨʦïʋʠʣʢʘ ʧʦ ʤʦʱʥʦʩʪʠ ʧʨʠ ʤʘʣʳʭ ʫʨʦʚʥʷʭ 

ʟʥʘʯʠʤʦʩʪʠ (0.01a= ). 

 

2.5. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ  

ʐʘʧʠʨʦïʋʠʣʢʘ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ 

ʚʦʟʥʠʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. ʕʪʦ ʙʳʚʘʝʪ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʘʞʜʘʷ 

ʦʪʜʝʣʴʥʘʷ ʚʳʙʦʨʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʟʥʘʯʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ ʧʨʠ ʚʳʙʦʨʢʘʭ ʦʜʠʥʘʢʦʚʦʛʦ ʦʙʲʝʤʘ 8n>  ʩʪʘʥʜʘʨʪ [67] 

ʨʝʢʦʤʝʥʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʚʳʙʦʨʦʢ.  
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ʇʨʠ ʧʨʦʚʝʨʢʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ h  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʚʳʙʦʨʦʢ ʦʙʲʝʤʦʤ n, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ( 1, )jW j h=  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

( )
22

1

n

j j i
i

W S X X
-

= -ä . 

ɿʥʘʯʝʥʠʷ ( 1 ) ( )j k n k k
k

S a X X+ -è ø= -ê úä  ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳʙʦʨ-

ʢʝ ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʠ ʚ ʢʨʠʪʝʨʠʠ ʐʘʧʠʨʦïʋʠʣʢʘ, ʛʜʝ ʠʥʜʝʢʩ k  

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ / 2n  ʠʣʠ ʦʪ 1 ʜʦ ( 1) / 2n-  ʧʨʠ ʯʝʪʥʦʤ ʠ ʥʝʯʝʪʥʦʤ 

n  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ ka  ʧʨʠʚʝʜʝʥʳ ʚ ʩʪʘʥʜʘʨʪʝ ʠ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʭ [10, 5] (ʪʘʙʣ. A.3, ʧʨʠʣʦʞʝʥʠʝ A).  

ɼʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʯʠʩʣʷʶʪ ʟʥʘʯʝʥʠʷ jC  ʧʦ ʬʦʨʤʫʣʝ 

( ) ( )j jC n n=g +d n, 

ʛʜʝ 
( )

ln
1

j
j

j

W E n

W

ë û-î î
n =ì ü

-î îí ý

. ʂʦʵʬʬʠʮʠʝʥʪʳ ( )ng , ( )nd  ʠ ( )E n  ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ jW  ʠ jC  ʪʘʙʫʣʠʨʦʚʘʥʳ [67, 6] ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʜʘʥʥʦʤ 

ʨʫʢʦʚʦʜʩʪʚʝ (ʪʘʙʣ. A.6, ʧʨʠʣʦʞʝʥʠʝ A). 
ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʦʩʥʦʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʦʨ-

ʤʘʣʴʥʦʝ, ʪʦ ʚʝʣʠʯʠʥʳ jC  ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʉʪʘʪʠʩʪʠʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʠʤʝʝʪ ʚʠʜ 

 MS h C= Ö,  (2.6) 

ʛʜʝ 
1

1 h

j
j

C C
h =

= ä , ʠ ʜʦʣʞʥʘ ʧʦʜʯʠʥʷʪʴʩʷ ʩʪʘʥʜʘʨʪʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ. 
ʇʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʦʨʦʢ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘ-

ʢʦʥʫ ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ a, ʝʩʣʠ MS ua< , ʛʜʝ ua ï 

a-ʢʚʘʥʪʠʣʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʣʝʚʦʩʪʦʨʦʥʥʠʡ 

ʢʨʠʪʝʨʠʡ). ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʪʘʥʜʘʨʪʝ [67] ʚ ʬʦʨʤʫʣʝ (19) ï ʦʰʠʙʢʘ! 
ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʪʠʩʪʠʢʠ (2.6) ʣʠʰʴ ʦʯʝʥʴ ʧʨʠʙʣʠʞʝʥʥʦ ʧʦʜʯʠʥʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʤʫ 
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ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʠ ʟʘʚʠʩʠʪ ʦʪ n  ʠ h. ʇʨʠ ʢʦʥʢʨʝʪʥʳʭ 

ʢʦʤʙʠʥʘʮʠʷʭ n  ʠ h  ʫʩʣʦʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ( )0n h MG S HÖ  

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, 
ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʨʠʪʝʨʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 
ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʜʚʠʥʫʪʦʡ ʚʣʝʚʦ ʦʪ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʨʝʰʝʥʠʝ 
ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ MS ua< , ʤʳ ʤʦʞʝʤ ʥʝʩʧʨʘʚʝʜʣʠʚʦ ʦʪʢʣʦʥʠʪʴ ʚʝʨʥʫʶ 

ʛʠʧʦʪʝʟʫ 0H , ʪ. ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ ʟʘʜʘʚʘʝʤʦʛʦ a. ʅʘ ʨʠʩ. 2.12 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ( )0n h MG S HÖ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʙʠʥʘʮʠʷʭ n  ʠ h. ɿʜʝʩʴ ʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. 

 

ʅʦʨʤʘʣʴʥʦʝ

G     S    H ( )n h · M 0

G       S H ( )10·30 0

G       S H ( )10· 0 5 0

G       S H ( )5 10 · 0 0

G       S H ( )3 10 · 0 0
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ʈʠʩ. 2.12. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )0n h MG S HÖ  ʩʪʘʪʠʩʪʠʢʠ  

                 (2.6) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ n  ʠ h  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ 

ʐʘʧʠʨʦïʋʠʣʢʘ, ʢʘʢ ʠ ʜʨʫʛʠʝ, ʧʨʠ ʤʘʣʳʭ n Ŀ h (20é30 ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ) ʥʝ ʩʧʦʩʦʙʝʥ ʨʘʟʣʠʯʠʪʴ ʛʠʧʦʪʝʟʳ 0H  ʠ 1H  (ʦʪʣʠʯʠʪʴ 

ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ ʩʝʤʝʡʩʪʚʘ (1.10) ʩ ʧʘʨʘʤʝʪʨʦʤ 2 4q =). ʂʨʦʤʝ 
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ʪʦʛʦ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦïʋʠʣʢʘ ʧʨʠ ʤʘʣʳʭ 

n Ŀ h < 100 ʫʩʪʫʧʘʝʪ ʧʦ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷʤ ʕʧʧʩʘïʇʘʣʣʠ ʠ ʐʘʧʠʨʦï

ʋʠʣʢʘ, ʫʩʪʫʧʘʝʪ ʦʥ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʩʦʛʣʘʩʠʷ. ʅʘ ʨʠʩ. 
2.13 ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.6) ʧʨʠ n Ŀ h = 10 Ŀ 10 ʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ Hi. 
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S   h · C= ÕM

0.00 0.60 1.20 1.80 2.40 3.00ï0.60ï1.20ï1.80ï2.40ï3.00

G     S    H ( )n h · M i

ʅʦʨʤʘʣʴʥʦʝ

G       S H ( )1 10 · 0 0

G       S H ( )1 10 · 0 3

G       S H ( )1 10 · 0 1

G       S H ( )1 10 · 0 2

 

ʈʠʩ. 2.13. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )n h M iG S HÖ  ʩʪʘʪʠʩʪʠʢʠ  

        (2.6) ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ iH  ʧʨʠ nĀh = 10Ŀ10 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʥʝʜʦʩʪʘʪʢʦʚ ʢʨʠʪʝʨʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʝʛʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ. 

 

2.6. ʉʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ʠ ʥʫʣʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʢ 

ʩʪʘʥʜʘʨʪʫ [67], ʩʪʘʪʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 
ʥʦʨʤʘʣʴʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʢʣʦʥʝʥʠʡ ʩʪʘʪʠʩʪʠʢ 

(2.1) ʠ (2.3) ʦʪ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ɺ [8] 

ʠ [15], ʛʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʣʝʟʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʷʜʝ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ 
ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʦʤʝʨʥʘʷ 

ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʙʘʟʝ ʩʪʘʪʠʩʪʠʢ (2.1) ʠ (2.3)  
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( ) ( )

2 2
2 3 42

3 41 2

Ĕ Ĕ
Ĕ 3Ĕ 3 Ĕ Ĕ

6 24 6 24

a
p

n nn n
E

m må õ å õ
-b æ ö æ öb -

s sç ÷ ç ÷
= + = + ,  (2.7) 

ʢʦʪʦʨʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʦʜʯʠʥʷʝʪʩʷ 2
2c -ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʦʨʤʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʥʝʡ ʚʟʷʪʳ ʧʝʨʚʳʝ ʯʣʝʥʳ ʘʩʠʤʧ-
ʪʦʪʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʠʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʩʪʘʪʠʩʪʠʢ (2.1) ʠ (2.3) [64]. ɺ [26, 27] ʛʦʚʦʨʠʪʩʷ ʦʙ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 
ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʧʨʠ ʧʨʦʚʝʨʢʝ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʦʩʪʘʪʢʦʚ. ʂʨʠʪʝʨʠʡ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.7) ʦʯʝʥʴ ʯʘʩʪʦ ʚ ʠʩʪʦʯʥʠʢʘʭ 
ʫʧʦʤʠʥʘʝʪʩʷ ʧʦʜ ʠʤʝʥʝʤ ʘʚʪʦʨʦʚ ʨʘʙʦʪ [26, 27]. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ (2.7) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʥʘʩʪʦʣʴʢʦ ʧʣʦʭʦ ʩʭʦʜʷʪʩʷ ʢ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤʫ ʧʨʝʜʝʣʴʥʦʤʫ 2
2c -ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʯʪʦ ʧʦʩʣʝʜʥʠʤ 

ʦʙʦʩʥʦʚʘʥʥʦ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʣʠʰʴ ʧʨʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʥʘʙʣʶʜʝʥʠʡ. ʈʠʩ. 2.14 ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʩʭʦʜʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.7) ʢ ʧʨʝʜʝʣʴʥʦʤʫ 2
2c -ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʦʢ n  ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ (ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 0H ). 
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ʈʠʩ. 2.14. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.7) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲ- 

 ʝʤʘʭ ʚʳʙʦʨʦʢ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʝʜʝʣʴʥʦʝ 2
2c -ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ɸ ʨʠʩ. 2.15 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ ʧʨʠ ʦʙʲʝʤʝ 

ʚʳʙʦʨʦʢ n = 10. 
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ʈʠʩ. 2.15. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.7) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 10 

 

2.7. ʄʦʜʠʬʠʢʘʮʠʷ ɼôɸʛʦʩʪʠʥʦ ʢʨʠʪʝʨʠʷ  

ʧʨʦʚʝʨʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ɺ ʨʘʙʦʪʝ [11] ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ. ɺ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʘʪʠʩʪʠʢʘ (2.1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʪʘʪʠʩʪʠʢʫ 1z , 

ʧʨʠʙʣʠʞʝʥʥʦ ʧʦʜʯʠʥʷʶʱʫʶʩʷ ʩʪʘʥʜʘʨʪʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ:  

23( 27 70)( 1)( 3)

( 2)( 5)( 7)( 9)

n n n n
b

n n n n

+ - + +
=

- + + +
,   { }

1/22 1 2( 1)bw =- + - , 
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{ }
1/2

2

1

log( )

d=

w

,   

1/2
2

1
1 ( 1)( 3)Ĕ

2 6( 2)

n n
y

n

ë ûw - + +î î
= bì ü

-î îí ý

, 

 { }2 1/2
1 log ( 1)z y y=d + + .  (2.8) 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ (2.8) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. 

ʅʘ ʨʠʩ. 2.16, 2.17 ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.8) ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 

3H  ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 10 ʠ  n = 100.  

ʇʦ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʡ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.8) ʠʜʝʥʪʠʯʝʥ ʢʨʠʪʝʨʠʶ 

ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.1), ʥʦ ʦʥ ʫʜʦʙʥʝʡ, ʪʘʢ ʢʘʢ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ 

ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 
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ʈʠʩ. 2.16. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.8)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  

 ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 10 
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ʈʠʩ. 2.17. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.8)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  

                                ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 100 

 

2.8. ʄʦʜʠʬʠʢʘʮʠʷ ɼôɸʛʦʩʪʠʥʦ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ  

ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʵʢʩʮʝʩʩʘ 

ɺ ʨʘʙʦʪʝ [10] ʧʨʝʜʣʦʞʝʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʢ (2.3) ʠ (2.1) ʢ 

ʩʪʘʪʠʩʪʠʢʝ 2z , ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ:  

2( 3)( 1)( 15 4),n n n nd= - + + -  

2( 2)( 5)( 7)( 27 70)

6

n n n n n
a

- + + + -
=

d
, 

2( 7)( 5)( 7)( 2 5)

6

n n n n n
c

- + + + -
=

d
,  
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3 2( 5)( 7)( 37 11 313)
,

12

n n n n n
k

+ + + + -
=

d
 

1 ,a ca= +b ( )2 1
Ĕ Ĕ1 2 ,kc= b - -b 

 

1/3
1/2

2
1

1 (9 )
2 9

z
ë ûcî îå õ
= - + aì üæ ö

a aç ÷î îí ý

.  (2.9) 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ (2.9) ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʡ 

ʛʠʧʦʪʝʟʝ 0H  ʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʧʦʢʘʟʘʣʠ, ʯʪʦ 2 0( )nG z H  

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 

(ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ, ʯʝʤ 1z , ʥʦ ʭʦʨʦʰʦ).  

ʂʨʠʪʝʨʠʡ ʜʚʫʩʪʦʨʦʥʥʠʡ: ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ 0H  ʦʪʢʣʦʥʷʝʪʩʷ, 

ʝʩʣʠ 2z ua<  ʠʣʠ 2 1z u-a> .  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.9) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʛʠʧʦʪʝʟʘʤ 1H , 2H , 3H  (ʠ ʨʷʜʫ ʜʨʫʛʠʭ) 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝ ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʦʤ, ʩʚʦʡ-

ʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠ ʕʧʧʩʘ-ʇʘʣʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʝ 1H . ʇʦ ʦʮʝʥʢʘʤ ʤʦʱʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʠʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ ʧʨʠ ʤʘʣʳʭ ʦʙʲy ʤʘʭ ʚʳʙʦʨʦʢ ʦʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʝʪ ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠ ʕʧʧʩʘ-ʇʘʣʣʠ.  

ʅʘ ʨʠʩ. 2.18 ʠ 2.19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

( )n iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.9) ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 

3H  ʧʨʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ n = 10 ʠ n = 100. ʈʠʩʫʥʢʠ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.9).  

ʆʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟ 1H , 2H , 3H  ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.7ï2.9. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʢʨʠʪʝʨʠʷ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.9) ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʡ 

ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ. ʉʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ ʫʯʠʪʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʠ ʦʪ ʵʢʩʮʝʩʩʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
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ʈʠʩ. 2.18. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.9)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  

                                 ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 10 

S z= 2

0.00 0.74 1.48 2.22 2.96 3.70ï0.74ï1.48ï2.22ï2.96ï3.70
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ʈʠʩ. 2.19. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.9)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  

                                 ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 100 
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ʊʘʙʣʠʮʘ 2.7 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ 2z ʦʪʥʦʩʠʪʝʣʴʥʦ  ʛʠʧʦʪʝʟʳ 1H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʝʤʝʡʩʪʚʘ (1.10) ʩ ʧʘʨʘʤʝʪʨʦʤ 2 4q =) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.175 0.120 0.062 0.32 0.013 

20 0.248 0.180 0.103 0.057 0.026 

30 0.341 0.260 0.158 0.093 0.045 

40 0.433 0.343 0.223 0.140 0.071 

50 0.521 0.428 0.292 0.192 0.103 

100 0.830 0.763 0.635 0.503 0.349 

150 0.952 0.922 0.850 0.758 0.619 

200 0.988 0.978 0.948 0.902 0.812 

300 0.999 0.999 0.996 0.989 0.970 

 

ʊʘʙʣʠʮʘ 2.8 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ 2z  ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 2H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʃʘʧʣʘʩʘ) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.213 0.156 0.092 0.055 0.027 

20 0.326 0.259 0.176 0.118 0.071 

30 0.415 0.345 0.250 0.181 0.117 

40 0.493 0.421 0.319 0.240 0.164 

50 0.560 0.489 0.385 0.299 0.210 

100 0.796 0.745 0.654 0.565 0.455 

150 0.910 0.881 0.824 0.757 0.661 

200 0.961 0.947 0.915 0.873 0.805 

300 0.993 0.990 0.982 0.971 0.947 
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ʊʘʙʣʠʮʘ 2.9 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ 2z  ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 3H  

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ) 

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.164 0.112 0.058 0.031 0.013 

20 0.203 0.145 0.083 0.048 0.023 

30 0.238 0.178 0.109 0.067 0.035 

40 0.273 0.210 0.134 0.086 0.048 

50 0.307 0.241 0.160 0.106 0.061 

100 0.459 0.387 0.286 0.212 0.140 

150 0.585 0.513 0.407 0.316 0.223 

200 0.683 0.617 0.511 0.414 0.308 

300 0.820 0.770 0.679 0.588 0.475 

 

ʇʨʠ ʤʘʣʳʭ n  ʠ ʙʣʠʟʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʘʭ ʢʨʠʪʝʨʠʡ ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʢʨʠʪʝʨʠʝʚ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʩʧʦʩʦʙʝʥ 

ʫʩʧʝʰʥʦ ʦʪʣʠʯʘʪʴ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʝʡʩʪʚʘ 
(1.10) ʩ ʙʦʣʝʝ ʧʣʦʩʢʦʚʝʨʰʠʥʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 

ʧʣʦʪʥʦʩʪʷʤʠ.  

 

2.9. ʉʦʚʤʝʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ  

ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ ʥʫʣʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʮʝʩʩʘ ɼôɸʛʦʩʪʠʥʦ  

ɺ [10] ʥʘ ʙʘʟʝ ʩʪʘʪʠʩʪʠʢ 1z  ʠ 2z  ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʦʤʝʨʥʘʷ 

ʩʪʘʪʠʩʪʠʢʘ ʚʠʜʘ  

 2 2
1 2pE z z= + ,  (2.10) 

ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʢʘʢ 2
2c -ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʂʨʠʪʝʨʠʡ 

ʧʨʘʚʦʩʪʦʨʦʥʥʠʡ: ʧʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʦʪʢʣʦʥʷʝʪʩʷ 
ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ (2.10).  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʩʪʠʢʠ (2.7) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ (2.10) ʦʯʝʥʴ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 2
2c -ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʞʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ 

n .  

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟ 1H , 2H , 3H  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.10ï2.12. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʛʠʧʦʪʝʟʘʤ 2H  ʠ 3H  ʢʨʠʪʝʨʠʡ 

ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ. 

ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ, ʫ ʥʝʛʦ 

ʚʳʨʘʞʝʥ ʜʘʞʝ ʙʦʣʝʝ ʷʨʢʦ: ʧʨʠ ʤʘʣʳʭ n  ʚʩʣʝʜʩʪʚʠʝ ʩʤʝʱʝʥʥʦʩʪʠ 

ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʨʘʟʣʠʯʘʪʴ ʛʠʧʦʪʝʟʳ 1H  ʠ 0H  

(ʩʤ. ʨʠʩ. 2.20, 2.21 ʠ ʪʘʙʣ. 2.10). 
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ʈʠʩ. 2.20. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.10)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  

                                ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 10 

ʅʘ ʨʠʩ. 2.20 ʠ ʧʦ ʪʘʙʣ. 2.10 ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ, ʯʪʦ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʠʧʦʪʝʟʝ 1H , ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ 
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10n=  ʜʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʙʫʜʝʪ ʧʨʠʟʥʘʥ çʙʦʣʝʝ ʥʦʨʤʘʣʴʥʳʤè, ʯʝʤ 

ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ. 
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ʈʠʩ. 2.21. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )iG S H  ʩʪʘʪʠʩʪʠʢʠ (2.10)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʘʢʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  

                                  ʨʘʟʣʠʯʥʳʤ iH , ʧʨʠ n = 50 

ʊʘʙʣʠʮʘ 2.10 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.119 0.076 0.036 0.018 0.008 

20 0.122 0.072 0.028 0.011 0.003 

30 0.156 0.093 0.035 0.012 0.003 

40 0.203 0.124 0.048 0.016 0.004 

50 0.258 0.164 0.067 0.023 0.05 

100 0.572 0.436 0.239 0.109 0.028 

150 0.809 0.704 0.495 0.294 0.110 

200 0.929 0.872 0.723 0.528 0.271 

300 0.993 0.984 0.948 0.869 0.686 



 

 

50 

 

ʊʘʙʣʠʮʘ 2.11 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 2H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.342 0.271 0.179 0.114 0.061 

20 0.495 0.421 0.315 0.233 0.153 

30 0.595 0.523 0.414 0.322 0.227 

40 0.673 0.605 0.496 0.400 0.295 

50 0.732 0.671 0.568 0.471 0.358 

100 0.905 0.871 0.805 0.732 0.627 

150 0.968 0.952 0.919 0.875 0.805 

200 0.989 0.983 0.968 0.946 0.905 

300 0.999 0.998 0.996 0.991 0.982 

 

ʊʘʙʣʠʮʘ 2.12 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 3H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.218 0.158 0.090 0.050 0.023 

20 0.288 0.224 0.145 0.093 0.051 

30 0.339 0.272 0.186 0.126 0.075 

40 0.381 0.312 0.222 0.156 0.098 

50 0.417 0.347 0.254 0.184 0.118 

100 0.554 0.485 0.384 0.302 0.216 

150 0.656 0.592 0.492 0.405 0.308 

200 0.733 0.676 0.583 0.496 0.393 

300 0.842 0.800 0.725 0.648 0.550 
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2.10. ʂʨʠʪʝʨʠʡ ʌʨʦʩʠʥʠ 

ʉʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ [18, 19] ʠʤʝʝʪ ʚʠʜ 

 ()
1

1 0.5
,

n

n i
i

i
B z

nn =

-
= F -ä   (2.11)  

ʛʜʝ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ ix , 1,i n= , ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ; 

i
i

x x
z

s

-
= ;  

1

1 n

i
i

x x
n =
= ä ;  ( )

22

1

1 n

i
i

s x x
n =
= -ä ; 

()izF  ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

(0,1)N . 

ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʩʢʦʣʴʢʦ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 0( )nG B H  ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ ʧʨʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦʪʝʟʳ 0H  ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʝʤʦʚ 

ʚʳʙʦʨʦʢ n . ʍʘʨʘʢʪʝʨ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.22.  
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ʈʠʩ. 2.22. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )0|nG B H  ʩʪʘʪʠʩʪʠʢʠ  

                                    nB  ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ 
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ʉ ʨʦʩʪʦʤ n  ʨʘʩʧʨʝʜʝʣʝʥʠʷ 0( )nG B H  ʩʪʘʪʠʩʪʠʢʠ ʩʤʝʱʘʶʪʩʷ 

ʚʧʨʘʚʦ, ʦʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʩʭʦʜʷʪʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʧʨʝʜʝʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʇʨʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 100n>  ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ ʫʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʶʪʩʷ.  

ʇʦʣʫʯʝʥʥʘʷ ʚ [19] ʪʘʙʣʠʮʘ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʩʪʘʪʠʩʪʠʢʠ ʌʨʦʩʠʥʠ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʘ ʚ [72]. ʂʨʠʪʝʨʠʡ 

ʧʨʘʚʦʩʪʦʨʦʥʥʠʡ: ʛʠʧʦʪʝʟʘ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʦʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ. ɺ ʪʘʙʣ. 2.13 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ 

ʌʨʦʩʠʥʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [88] ʠ ʨʘʩʰʠʨʷʶʱʠʝ ʪʘʙʣʠʮʳ, 

ʧʨʠʚʦʜʠʤʳʝ ʚ [19, 72], ʥʘ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʙʦʨʦʢ  n.  

ʊʘʙʣʠʮʘ 2.13 

ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʢ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ 

n 
1p= -a 

0.85 0.9 0.95 0.975 0.99 

10 0.233 0.250 0.277 0.302 0.332 

20 0.237 0.255 0.283 0.308 0.338 

30 0.239 0.257 0.284 0.310 0.342 

40 0.239 0.257 0.285 0.310 0.342 

50 0.240 0.258 0.285 0.312 0.342 

60 0.241 0.258 0.286 0.312 0.343 

80 0.241 0.258 0.286 0.312 0.344 

100 0.241 0.258 0.286 0.312 0.344 

150 0.241 0.259 0.287 0.313 0.345 

200 0.241 0.259 0.287 0.313 0.345 

300 0.242 0.259 0.288 0.314 0.345 

1000 0.242 0.260 0.2875 0.313 0.345 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʧʨʝʜʝʣʴʥʦʛʦ ʟʘʢʦʥʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ ʌʨʦʩʠʥʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʪʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ III  ʨʦʜʘ 

ʩ ʧʣʦʪʥʦʩʪʴʶ 

( )

( )

( )
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ʛʜʝ ( ) [ ]4 3 0,1t x= -q q Í, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 0q  = 4.923, 1q

 = 13.2152, 2q  = 3.0715, 3q  = 1, 4q  = 0.076. ʆʪʣʠʯʠʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ (2.11) ʦʪ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʝʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʤʦʞʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ 50n> .  

ʅʘ ʨʠʩ. 2.23 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ nB  ʧʨʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ  

ʟʘʢʦʥʘʭ) ʜʣʷ ʦʙʲʝʤʦʚ ʚʳʙʦʨʦʢ 10n= , ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʛʠʧʦʪʝʟ. ʆʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʳ 1H  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.14, ʘ ʤʦʱʥʦʩʪʠ 

ʢʨʠʪʝʨʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʠʧʦʪʝʟʘʤ 2H  ʠ 3H  ï ʚ ʪʘʙʣ. 2.15 ʠ 2.16 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʧʨʠ  

ʤʘʣʳʭ n  (n Ò 20) ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʝ 1H  [84].  
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ʈʠʩ. 2.23. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )|n iG B H  ʩʪʘʪʠʩʪʠʢʠ nB   

                                 ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ n = 10 
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ʊʘʙʣʠʮʘ 2.14 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.175 0.116 0.057 0.027 0.010 

20 0.222 0.155 0.080 0.040 0.015 

30 0.272 0.196 0.108 0.057 0.024 

40 0.324 0.240 0.139 0.077 0.033 

50 0.374 0.285 0.173 0.100 0.046 

100 0.601 0.505 0.360 0.243 0.138 

150 0.767 0.687 0.546 0.416 0.270 

200 0.874 0.816 0.701 0.576 0.418 

300 0.968 0.946 0.892 0.817 0.694 

ʊʘʙʣʠʮʘ 2.15 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 2H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.278 0.216 0.141 0.093 0.053 

20 0.406 0.336 0.242 0.175 0.113 

30 0.515 0.443 0.340 0.259 0.179 

40 0.610 0.539 0.432 0.341 0.247 

50 0.689 0.623 0.518 0.424 0.319 

100 0.910 0.878 0.816 0.744 0.648 

150 0.978 0.967 0.941 0.908 0.850 

200 0.995 0.992 0.983 0.970 0.945 

300 1.000 1.000 0.999 0.998 0.995 
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ʊʘʙʣʠʮʘ 2 .1 6  

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʌʨʦʩʠʥʠ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 3H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.183 0.129 0.073 0.041 0.020 

20 0.211 0.154 0.091 0.055 0.028 

30 0.235 0.175 0.107 0.066 0.035 

40 0.256 0.194 0.121 0.075 0.041 

50 0.277 0.212 0.135 0.086 0.048 

100 0.374 0.300 0.205 0.139 0.083 

150 0.461 0.384 0.276 0.197 0.123 

200 0.542 0.463 0.348 0.257 0.168 

300 0.675 0.601 0.483 0.381 0.271 
 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʪʝʨʠʡ ʌʨʦʩʠʥʠ ʦʙʣʘʜʘʝʪ ʥʝ 

ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʫʧʘʝʪ ʧʦ ʤʦʱʥʦʩʪʠ 

ʢʨʠʪʝʨʠʷʤ ʩʦʛʣʘʩʠʷ ɸʥʜʝʨʩʦʥʘïɼʘʨʣʠʥʛʘ ʠ ʪʠʧʘ 2c  ʅʠʢʫʣʠʥʘ. 

 

2.11. ʂʨʠʪʝʨʠʠ ʍʝʛʘʟʠïɻʨʠʥʘ 

ʍʝʛʘʟʠ ʠ ɻʨʠʥ ʚ [24] ʧʨʝʜʣʦʞʠʣʠ ʢʨʠʪʝʨʠʠ ʩʦ ʩʪʘʪʠʩʪʠʢʘʤʠ 
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ʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

1

1
i

i

n

-å õ
h =Fæ ö

+ç ÷
. ʇʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʩʪʘʪʠʩʪʠʢʝ ʜʦʣʞʥʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʝʥʥʦ ʥʝʩʤʝʱʝʥʥʘʷ ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ, ʵʪʦ ʥʝ ʫʯʪʝʥʦ 

ʚ [72]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʩʪʘʪʠʩʪʠʢ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʝʤʘ 

ʚʳʙʦʨʢʠ. ʅʘʧʨʠʤʝʨ, ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʣʦʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 1 0( )G T H  

ʩʪʘʪʠʩʪʠʢʠ 1T  ʦʪ n  ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.24.  
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ʈʠʩ. 2.24. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ 1T  ʦʪ ʦʙʲʝʤʘ  

                                                ʚʳʙʦʨʢʠ 

ʊʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʧʨʠʚʦʜʷʪʩʷ ʚ [24, 72].  

ɺ ʪʘʙʣ. 2.17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʢ 1T  ʠ 2T  

ʢʨʠʪʝʨʠʷ ʍʝʛʘʟʠïɻʨʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [88] ʠ ʨʘʩʰʠʨʷʶʱʠʝ 

ʪʘʙʣʠʮʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [24, 72]. 

ʅʘ ʨʠʩ. 2.25 ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )1 | iG T H  

ʩʪʘʪʠʩʪʠʢʠ 1T  ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 3H  ʧʨʠ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 10n= . ʇʨʠ 10n=  ʠ 20n=  ʢʨʠʪʝʨʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʨʘʟʣʠʯʘʝʪ ʛʠʧʦʪʝʟʳ 0H  ʠ 1H  (ʘʥʘʣʦʛʠʯʥʦ ʢʨʠʪʝʨʠʷʤ ʐʘʧʠʨʦïʋʠʣʢʘ 

ʠ ʕʧʧʩʘïʇʘʣʣʠ ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʩʤʝʱʝʥʥʳʤ). ʅʦ ʫʞʝ ʧʨʠ 30n²  ʜʣʷ 

ʚʩʝʭ ʟʘʜʘʚʘʝʤʳʭ ʫʨʦʚʥʝʡ ʟʥʘʯʠʤʦʩʪʠ a ʢʨʠʪʝʨʠʡ ʩʧʦʩʦʙʝʥ ʨʘʟʣʠʯʘʪʴ 

ʵʪʠ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʦʪʝʟʳ.  

ʅʘ ʨʠʩ. 2.26 ʧʨʠʚʝʜʝʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )2 | iG T H  

ʩʪʘʪʠʩʪʠʢʠ 2T  ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 3H  ʠ ʦʙʲ-

ʝʤʘʭ ʚʳʙʦʨʦʢ 10n= . ʂʘʢ ʚʠʜʠʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ 

ʛʠʧʦʪʝʟʳ 1H  ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪʩʷ ʩʤʝʱʝʥʥʳʤ. ʈʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ( )2 1|G T H  ʩʤʝʱʝʥʦ ʚʣʝʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

( )2 0|G T H  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 1H  ʢʨʠʪʝʨʠʡ ʩ 

ʙʦʣʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʨʠʟʥʘʝʪ ʠʩʪʠʥʥʦʩʪʴ 0H .  

ʊʘʙʣʠʮʘ 2.17 

ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʢ 1T  ʠ 2T  ʢʨʠʪʝʨʠʷ ʍʝʛʘʟʠïɻʨʠʥʘ 

n  

1-a 

1T  2T  

0.85 0.9 0.95 0.975 0.99 0.85 0.9 0.95 0.975 0.99 

10 0.268 0.285 0.312 0.338 0.370 0.112 0.127 0.153 0.180 0.216 

20 0.205 0.218 0.239 0.259 0.284 0.072 0.082 0.100 0.118 0.143 

30 0.172 0.183 0.201 0.218 0.239 0.054 0.061 0.074 0.088 0.107 

40 0.151 0.161 0.177 0.191 0.210 0.043 0.049 0.060 0.070 0.085 

50 0.136 0.146 0.160 0.173 0.190 0.036 0.041 0.050 0.059 0.071 

60 0.126 0.134 0.147 0.159 0.174 0.031 0.035 0.043 0.050 0.061 

80 0.110 0.117 0.128 0.139 0.152 0.024 0.028 0.033 0.039 0.047 

100 0.099 0.105 0.115 0.125 0.137 0.020 0.023 0.028 0.032 0.039 

150 0.082 0.087 0.095 0.103 0.113 0.014 0.016 0.019 0.023 0.027 

200 0.071 0.075 0.083 0.090 0.098 0.011 0.012 0.015 0.017 0.021 

300 0.058 0.062 0.068 0.073 0.080 0.008 0.009 0.010 0.012 0.014 

 
ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʍʝʛʘʟʠïɻʨʠʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ 1H , 2H , 3H  

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.18ï2.120. 
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ʈʠʩ. 2.25. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )1 |n iG T H  ʩʪʘʪʠʩʪʠʢʠ 1T   

        ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ 10n=  
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ʈʠʩ. 2.26. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )2 |n iG T H  ʩʪʘʪʠʩʪʠʢʠ 2T   

          ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ 10n=  
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ʊʘʙʣʠʮʘ 2.18 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʍʝʛʘʟʠïɻʨʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H   

n  

a 

1T  2T  

0.15 0.10 0.05 0.025 0.01 0.15 0.10 0.05 0.025 0.01 

10 0.148 0.095 0.043 0.019 0.007 0.110 0.067 0.028 0.012 0.004 

20 0.172 0.112 0.052 0.023 0.008 0.085 0.046 0.016 0.006 0.001 

30 0.209 0.140 0.068 0.032 0.011 0.084 0.044 0.014 0.004 0.001 

40 0.253 0.176 0.090 0.044 0.016 0.095 0.050 0.016 0.005 0.001 

50 0.302 0.218 0.118 0.060 0.023 0.113 0.061 0.020 0.006 0.001 

60 0.352 0.261 0.148 0.079 0.032 0.137 0.077 0.026 0.008 0.001 

80 0.455 0.356 0.221 0.129 0.058 0.198 0.119 0.045 0.015 0.003 

100 0.552 0.450 0.302 0.191 0.096 0.271 0.175 0.075 0.028 0.006 

150 0.751 0.665 0.517 0.378 0.229 0.484 0.360 0.195 0.094 0.030 

200 0.877 0.818 0.700 0.570 0.402 0.680 0.562 0.370 0.219 0.093 

300 0.976 0.959 0.912 0.843 0.723 0.913 0.854 0.720 0.561 0.352 
 

ʊʘʙʣʠʮʘ 2.19 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʍʝʛʘʟʠïɻʨʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 

2H   

n  

a 

1T  2T  

0.15 0.10 0.05 0.025 0.01 0.15 0.10 0.05 0.025 0.01 

10 0.307 0.242 0.161 0.106 0.060 0.347 0.277 0.185 0.123 0.071 

20 0.454 0.382 0.282 0.207 0.135 0.517 0.441 0.332 0.247 0.165 

30 0.569 0.496 0.390 0.302 0.213 0.632 0.559 0.447 0.350 0.251 

40 0.661 0.594 0.486 0.392 0.290 0.718 0.651 0.542 0.443 0.332 

50 0.736 0.674 0.572 0.478 0.368 0.782 0.723 0.622 0.525 0.410 

60 0.793 0.740 0.646 0.554 0.441 0.832 0.781 0.688 0.596 0.480 

80 0.877 0.838 0.764 0.685 0.580 0.900 0.863 0.791 0.712 0.605 

100 0.928 0.901 0.846 0.783 0.693 0.941 0.915 0.862 0.799 0.705 

150 0.983 0.974 0.953 0.924 0.875 0.985 0.976 0.954 0.923 0.870 

200 0.996 0.994 0.987 0.976 0.955 0.996 0.993 0.986 0.973 0.948 

300 1.000 1.000 0.999 0.998 0.996 1.000 1.000 0.999 0.997 0.993 
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ʊʘʙʣʠʮʘ 2.20 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʍʝʛʘʟʠïɻʨʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 

3H   

n  

a 

1T  2T  

0.15 0.10 0.05 0.025 0.01 0.15 0.10 0.05 0.025 0.01 

10 0.197 0.141 0.081 0.047 0.022 0.219 0.160 0.093 0.055 0.027 

20 0.241 0.180 0.111 0.068 0.036 0.291 0.225 0.146 0.095 0.053 

30 0.277  0.212 0.136 0.087 0.048 0.346 0.277 0.189 0.128 0.077 

40 0.307 0.240 0.158 0.103 0.059 0.393 0.321 0.225 0.158 0.099 

50 0.336 0.267 0.179 0.120 0.070 0.433 0.359 0.260 0.187 0.121 

60 0.362 0.291 0.198 0.135 0.081 0.469 0.394 0.290 0.213 0.140 

80 0.411 0.337 0.238 0.167 0.104 0.530 0.455 0.347 0.262 0.181 

100 0.456 0.380 0.275 0.198 0.127 0.581 0.508 0.399 0.310 0.218 

150 0.554 0.478 0.366 0.276 0.185 0.685 0.917 0.509 0.423 0.310 

200 0.638 0.564 0.451 0.352 0.249 0.760 0.699 0.598 0.504 0.394 

300 0.765 0.703 0.597 0.497 0.380 0.861 0.817 0.736 0.653 0.544 

 

ʆʙʘ ʢʨʠʪʝʨʠʷ ʍʝʛʘʟʠïɻʨʠʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʤʦʱʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʪʝʨʠʷʤʠ ʐʘʧʠʨʦïʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ 2H  ʠ 3H . ʆʜʥʘʢʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʠʧʦʪʝʟʘʤ ʪʠʧʘ 1H  ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ ʦʙʘ 

ʢʨʠʪʝʨʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪʩʷ ʩʤʝʱʝʥʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʢʨʠʪʝʨʠʡ ʩʦ 

ʩʪʘʪʠʩʪʠʢʦʡ 2T  (ʩʤʝʱʝʥʠʝ ʜʘʞʝ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʢʨʠʪʝʨʠʝʚ ʐʘʧʠʨʦï

ʋʠʣʢʘ ʠ ʕʧʧʩʘïʇʘʣʣʠ). 

 

2.12. ʂʨʠʪʝʨʠʡ ɻʠʨʠ 

ɻʠʨʠ ʚ ʨʘʙʦʪʘʭ [20, 21, 22] ʨʘʩʩʤʦʪʨʝʣ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʘʪʠʩʪʠʢʝ 

 
1

1
,

n

i
i

d x x
ns =
= -ä   (2.14) 
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ʛʜʝ 
1

1 n

i
i

x x
n =
= ä , ( )

22

1

1 n

i
i

s x x
n =
= -ä .  

ʂʨʠʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʠʤ, ʠ ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʥʝ 

ʦʪʢʣʦʥʷʝʪʩʷ, ʝʩʣʠ /2 1 /2d d da -a¢ ¢ .  

ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʣʦʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 0( )G d H  ʩʪʘʪʠʩʪʠʢʠ (2.14) 

ʦʪ n  ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.27. 

 
G  d  H ( )

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

d

n = 0 2 0

n = 10 0

n = 80 

n = 10 

n = 20 

n = 40 

n = 60 

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00  

ʈʠʩ. 2.27. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ d   

ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ 

ɸʚʪʦʨ ʢʨʠʪʝʨʠʷ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ ʢʨʠʪʝʨʠʷ ʧʨʠ 50n²  

ʨʘʩʧʨʝʜʝʣʝʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦ. ɺʳʨʘʞʝʥʠʷ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ [72]. ʆʜʥʘʢʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ ʘʩʠʤʤʝʪʨʠʯʥʳ ʠ ʧʣʦʭʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ, ʪʝʤ ʙʦʣʝʝ, ʩ ʫʢʘʟʘʥʥʳʤʠ ʚ [72] ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʤʦʚ ʚʳʙʦʨʦʢ 

ʧʨʠʚʦʜʷʪʩʷ ʚ [21].  

ɺ ʪʘʙʣ. 2.21 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ /2da  ʠ 1 /2d-a  

ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ɻʠʨʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [88]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʰʠʨʷʶʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʷ. 
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ʅʘ ʨʠʩ. 2.28 ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )| iG d H  

ʩʪʘʪʠʩʪʠʢʠ d  ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 3H  ʧʨʠ 

ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ 10n= . ʇʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʥʴʰʠʭ /2da  ʠ ʙʦʣʴʰʠʭ 1 /2d-a .  

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ ʤʦʱʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ 1H , 2H , 3H  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.22ï2.24. 

ʂʨʠʪʝʨʠʡ ɻʠʨʠ ʩ ʧʨʦʩʪʦʡ ʩʪʘʪʠʩʪʠʢʦʡ (2.14) ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʤʦʱʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʛʠʧʦʪʝʟʘʤ. 

ʊʘʙʣʠʮʘ 2 .21 

ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ d  ʢʨʠʪʝʨʠʷ ɻʠʨʠ 

n  

a 

0.15 0.10 0.05 0.025 0.01 

Ŭ/2 1 ï Ŭ/2 Ŭ/2 1 ï Ŭ/2 Ŭ/2 1 ï Ŭ/2 Ŭ/2 1 ï Ŭ/2 Ŭ/2 1 ï Ŭ/2 

10 0.729 0.902 0.715 0.911 0.691 0.924 0.670 0.935 0.644 0.948 

20 0.741 0.870 0.730 0.878 0.713 0.889 0.697 0.899 0.678 0.910 

30 0.749 0.857 0.740 0.863 0.726 0.873 0.713 0.881 0.697 0.891 

40 0.754 0.848 0.747 0.854 0.735 0.863 0.724 0.871 0.710 0.879 

50 0.758 0.843 0.752 0.848 0.741 0.856 0.731 0.863 0.719 0.871 

60 0.761 0.839 0.755 0.844 0.746 0.851 0.737 0.858 0.726 0.865 

80 0.766 0.833 0.761 0.838 0.752 0.844 0.745 0.850 0.736 0.857 

100 0.769 0.829 0.764 0.833 0.757 0.839 0.750 0.845 0.742 0.851 

150 0.774 0.824 0.770 0.827 0.764 0.832 0.759 0.836 0.753 0.841 

200 0.777 0.820 0.774 0.823 0.769 0.827 0.764 0.831 0.759 0.836 

300 0.781 0.816 0.778 0.818 0.774 0.822 0.770 0.825 0.766 0.829 
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d
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ʈʠʩ. 2.28. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )|n iG d H  ʩʪʘʪʠʩʪʠʢʠ d  

ʢʨʠʪʝʨʠʷ ɻʠʨʠ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ ʠ ʦʙʲʝʤʝ  

                                           ʚʳʙʦʨʦʢ 10n=  

 

ʊʘʙʣʠʮʘ 2.22 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ɻʠʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ  

ʛʠʧʦʪʝʟʳ 1H   

n  
a 

0.15 0.10 0.05 0.025 0.01 

10 0.174 0.120 0.064 0.034 0.014 

20 0.247 0.181 0.105 0.061 0.029 

30 0.329 0.253 0.158 0.097 0.050 

40 0.409 0.326 0.215 0.138 0.075 

50 0.480 0.394 0.273 0.182 0.103 

60 0.546 0.457 0.328 0.228 0.136 

80 0.662 0.577 0.441 0.328 0.211 

100 0.750 0.674 0.544 0.424 0.294 

150 0.888 0.840 0.742 0.635 0.496 

200 0.953 0.927 0.866 0.790 0.669 

300 0.992 0.987 0.969 0.941 0.885 
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ʊʘʙʣʠʮʘ 2.23 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ɻʠʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ  

ʛʠʧʦʪʝʟʳ 2H  

n  
a 

0.15 0.10 0.05 0.025 0.01 

10 0.267 0.204 0.130 0.082 0.043 

20 0.442 0.371 0.274 0.201 0.132 

30 0.583 0.513 0.408 0.321 0.229 

40 0.694 0.630 0.528 0.435 0.330 

50 0.776 0.722 0.628 0.535 0.425 

60 0.838 0.792 0.709 0.625 0.519 

80 0.917 0.888 0.829 0.764 0.671 

100 0.958 0.940 0.902 0.855 0.784 

150 0.993 0.988 0.978 0.963 0.934 

200 0.999 0.998 0.996 0.992 0.983 

300 1 1 1 1 0.999 
 

ʊʘʙʣʠʮʘ 2 .2 4 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ɻʠʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ  

ʛʠʧʦʪʝʟʳ 3H   

n  
a 

0.15 0.10 0.05 0.025 0.01 

10 0.182 0.127 0.069 0.038 0.017 

20 0.227 0.169 0.103 0.063 0.033 

30 0.267 0.205 0.132 0.086 0.049 

40 0.305 0.240 0.161 0.108 0.064 

50 0.338 0.272 0.188 0.129 0.79 

60 0.372 0.303 0.214 0.151 0.096 

80 0.431 0.361 0.266 0.195 0.128 

100 0.486 0.415 0.313 0.235 0.160 

150 0.602 0.532 0.426 0.337 0.243 

200 0.695 0.631 0.527 0.433 0.329 

300 0.822 0.773 0.684 0.598 0.486 

 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ɻʠʨʠ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʠʨʘʪʴʩʷ ʥʘ ʪʘʙʣʠʮʳ ʧʨʦʮʝʥʪʥʳʭ 

ʪʦʯʝʢ. 
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2.13. ʂʨʠʪʝʨʠʡ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ 

ɺ ʢʨʠʪʝʨʠʠ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ [12] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʥʦ-

ʰʝʥʠʝ ʨʘʟʤʘʭʘ ʚʳʙʦʨʢʠ ʢ ʚʳʙʦʨʦʯʥʦʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ, ʠ 

ʝʛʦ ʩʪʘʪʠʩʪʠʢʘ ʠʤʝʝʪ ʚʠʜ 

 
R

U
s
= ,  (2.15) 

ʛʜʝ max minR x x= -  ï ʨʘʟʤʘʭ ʚʳʙʦʨʢʠ; ( )
22

1

1

1

n

i
i

s x x
n =

= -
-
ä  ï 

ʥʝʩʤʝʱʝʥʥʘʷ ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ. 

ʈʠʩ. 2.29 ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ U  

ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦʪʝʟʳ.  
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ʈʠʩ. 2.29. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ U  ʦʪ ʦʙʲʝʤʘ  

                                                ʚʳʙʦʨʢʠ 

ʂʨʠʪʝʨʠʡ ʜʚʫʩʪʦʨʦʥʥʠʡ: ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪʚʝʨʛʘʝʪʩʷ, ʝʩʣʠ /2U Ua<  ʠʣʠ 1 /2U U -a> . ɺ ʪʘʙʣ. 2.25 ʧʨʠʚʝʜʝʥʳ 

ʧʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʢʨʠʪʝʨʠʷ.  

ʅʘ ʨʠʩ. 2.30 ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )| iG U H  

ʩʪʘʪʠʩʪʠʢʠ U  ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 3H  ʠ 

ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 10n= .  
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ʊʘʙʣʠʮʘ 2.25 

ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ U  ʢʨʠʪʝʨʠʷ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ 

n  
0.15 0.1 0.05 0.025 0.01 

Ŭ/2 1 ï Ŭ /2 Ŭ /2 1 ï Ŭ /2 Ŭ /2 1 ï Ŭ /2 Ŭ /2 1 ï Ŭ /2 Ŭ /2 1 ï Ŭ /2 

10 2.723 3.624 2.670 3.686 2.593 3.778 2.530 3.854 2.458 3.936 

20 3.240 4.392 3.178 4.488 3.087 4.633 3.012 4.763 2.927 4.915 

30 3.535 4.787 3.469 4.896 3.374 5.066 3.293 5.217 3.203 5.400 

40 3.741 5.046 3.674 5.162 3.574 5.345 3.493 5.507 3.401 5.708 

50 3.900 5.236 3.831 5.356 3.729 5.546 3.644 5.720 3.550 5.929 

60 4.028 5.384 3.958 5.508 3.856 5.704 3.769 5.886 3.674 6.106 

80 4.230 5.607 4.158 5.735 4.054 5.937 3.967 6.124 3.870 6.354 

100 4.382 5.774 4.311 5.905 4.206 6.112 4.117 6.302 4.018 6.536 

150 4.656 6.059 4.583 6.191 4.477 6.405 4.388 6.600 4.288 6.838 

200 4.847 6.255 4.774 6.388 4.668 6.600 4.578 6.799 4.474 7.044 

300 5.111 6.512 5.037 6.645 4.931 6.858 4.841 7.056 4.741 7.303 
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1.00

G   U  H ( )

U

G   U  H ( )

G   U  H ( )

G   U  H ( )

G   U  H ( )

2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50  

ʈʠʩ. 2.30. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )| iG U H  ʩʪʘʪʠʩʪʠʢʠ U  

ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ ʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ  

                                                   10n=  
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ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʢʫʨʠ-

ʨʫʶʱʠʭ ʛʠʧʦʪʝʟ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.26ï2.28. ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 1H  ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʱʥʦʩʪʴʶ ʢʨʠʪʝʨʠʷ ɻʠʨʠ, 

ʦʜʥʘʢʦ ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʝʪ ʧʦʩʣʝʜʥʝʤʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʛʠʧʦʪʝʟʘʤ 2H  ʠ 3H . 

 

ʊʘʙʣʠʮʘ 2.26 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʳ 1H  

n  
Ŭ 

0.15 0.10 0.05 0.025 0.01 

10 0.176 0.121 0.064 0.034 0.014 

20 0.251 0.185 0.107 0.061 0.028 

30 0.338 0.259 0.162 0.098 0.049 

40 0.417 0.332 0.217 0.140 0.075 

50 0.488 0.400 0.273 0.181 0.101 

60 0.552 0.461 0.327 0.224 0.132 

80 0.658 0.569 0.428 0.314 0.199 

100 0.734 0.655 0.519 0.396 0.264 

150 0.856 0.798 0.685 0.569 0424 

200 0.919 0.878 0.793 0.694 0.554 

300 0.971 0.952 0.906 0.844 0.744 

 

ʊʘʙʣʠʮʘ 2.27 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʳ 2H   

n  
Ŭ 

0.15 0.10 0.05 0.025 0.01 

10 0.218 0.157 0.091 0.052 0.026 

20 0.357 0.289 0.199 0.134 0.078 
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30 0.444 0.375 0.278 0.205 0.135 

40 0.513 0.443 0.342 0.263 0.183 

50 0.568 0.499 0.396 0.310 0.224 

60 0.615 0.546 0.441 0.352 0.259 

80 0.688 0.623 0.518 0.427 0.325 

100 0.741 0.680 0.579 0.486 0.380 

150 0.832 0.781 0.690 0.601 0.493 

200 0.884 0.842 0.764 0.682 0.574 

300 0.940 0.913 0.857 0.790 0.695 

 

 

ʊʘʙʣʠʮʘ 2.28 

ɿʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ɼʵʚʠʜʘïʍʘʨʪʣʠïʇʠʨʩʦʥʘ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʳ 3H   

n  
Ŭ 

0.15 0.10 0.05 0.025 0.01 

10 0.168 0.114 0.059 0.031 0.013 

20 0.220 0.161 0.094 0.054 0.026 

30 0.258 0.197 0.124 0.079 0.043 

40 0.291 0.228 0.150 0.101 0.059 

50 0.319 0.255 0.174 0.119 0.73 

60 0.345 0.279 0.194 0.135 0.084 

80 0.391 0.322 0.232 0.167 0.108 

100 0.429 0.359 0.264 0.195 0.130 

150 0.508 0.436 0.334 0.255 0.178 

200 0.566 0.494 0.390 0.304 0.217 

300 0.656 0.587 0.479 0.387 0.287 

 

ɺ ʮʝʣʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʦʱʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʛʠʧʦʪʝʟ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʢʨʠʪʝʨʠʡ ɼʵʚʠʜʘ-

ʍʘʨʪʣʠ-ʇʠʨʩʦʥʘ ʧʦ ʦʮʝʥʢʘʤ ʤʦʱʥʦʩʪʠ ʫʩʪʫʧʘʝʪ ʦʩʪʘʣʴʥʳʤ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ [88] ʢʨʠʪʝʨʠʷʤ. 
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2.14. ʂʨʠʪʝʨʠʡ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ 

ʉʪʘʪʠʩʪʠʢʘ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ [51] ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʤʙʠʥʘʮʠʠ 

ʩʪʘʪʠʩʪʠʢ ʢʨʠʪʝʨʠʝʚ ɻʠʨʠ [20] ʠ ɼʵʚʠʜʘ, ʍʘʨʪʣʠ ʠ ʇʠʨʩʦʥʘ [12] ʠ 

ʠʤʝʝʪ ʚʠʜ 

 ( )( ) ( ){ }
1

1 1 1n n n
nT C U g
- - - - -¡= + ,   (2.16) 

ʛʜʝ ()
1

1
1

!
2

nnC n
n

-= ; U  ï ʩʪʘʪʠʩʪʠʢʘ (2.15) ʢʨʠʪʝʨʠʷ ɼʵʚʠʜʘïʍʘʨʪʣʠï

ʇʠʨʩʦʥʘ; 
( )1 /

d
g

n n
=

-
; d  ï ʩʪʘʪʠʩʪʠʢʘ (2.14) ʢʨʠʪʝʨʠʷ ɻʠʨʠ. 

ʇʨʦʚʝʨʷʝʤʘʷ ʛʠʧʦʪʝʟʘ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʚʳʙʦʨʢʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʧʦ ʢʨʠʪʝʨʠʶ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʩʪʘʪʠʩʪʠʢʠ T¡.  

ɿʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʥʳʭ ʪʦʯʝʢ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ T¡ ʢʨʠʪʝʨʠʷ ʐʧʠ-

ʛʝʣʴʭʘʣʴʪʝʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ  

ʚ ʪʘʙʣ. 2.29.  

ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ T¡ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʚ 

ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʦʚʝʨʷʝʤʦʡ ʛʠʧʦʪʝʟʳ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.31.  

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʠʤʝʝʪ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: 

ʢʨʠʪʝʨʠʡ ʩʦ ʩʪʘʪʠʩʪʠʢʦʡ (2.16) ʩʧʦʩʦʙʝʥ ʦʪʣʠʯʠʪʴ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʛʠʧʦʪʝʟʳ 1H .  

ʄʦʱʥʦʩʪʴ ʣʶʙʦʛʦ ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʨʦʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʦʣʞʥʘ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʨʦʩʪʦʤ n. ɺ ʧʨʠʥʮʠʧʝ, ʪʘʢ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʦʱʥʦʩʪʴʶ 

ʢʨʠʪʝʨʠʷ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʫʨʠʨʫʶʱʠʤ 

ʛʠʧʦʪʝʟʘʤ 2H  ʠ 3H .  

ʉʦʚʩʝʤ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H . 

ʅʘ ʨʠʩ. 2.32ï2.34 ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

( )| iG T H¡  ʩʪʘʪʠʩʪʠʢʠ T¡ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ 0H , 1H , 2H , 

3H  ʠ ʦʙʲʝʤʘʭ ʚʳʙʦʨʦʢ 10, 50, 300n= . 
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ʊʘʙʣʠʮʘ 2.29 

ʇʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ ¡T  ʢʨʠʪʝʨʠʷ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ 

n  
a 

0.85 0.9 0.95 0.975 0.99 

10 1.323 1.344 1.380 1.416 1.460 

20 1.311 1.331 1.365 1.396 1.435 

30 1.301 1.318 1.346 1.373 1.407 

40 1.293 1.308 1.332 1.355 1.383 

50 1.288 1.302 1.323 1.342 1.366 

60 1.285 1.297 1.316 1.334 1.355 

80 1.281 1.292 1.308 1.322 1.340 

100 1.279 1.288 1.302 1.314 1.329 

150 1.275 1.283 1.294 1.304 1.315 

200 1.273 1.279 1.289 1.297 1.308 

300 1.270 1.275 1.283 1.290 1.298 
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ʈʠʩ. 2.31. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ T¡ ʦʪ ʦʙʲʝʤʘ  

                       ʚʳʙʦʨʢʠ ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 
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ʈʠʩ. 2.32. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )| iG T H¡  ʩʪʘʪʠʩʪʠʢʠ T¡  

                                ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ 10n=  
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ʈʠʩ. 2.33. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )| iG S H  ʩʪʘʪʠʩʪʠʢʠ T¡  

                                ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ 50n=  
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T ¡
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ʈʠʩ. 2.34. ʋʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )| iG S H  ʩʪʘʪʠʩʪʠʢʠ T¡  

                               ʧʨʠ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ 200n=  

 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ñʩʧʝʮʠʬʠʯʥʦʛʦò ʧʦʚʝʜʝʥʠʷ ʫʩʣʦʚ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )1|G T H¡  ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʚʳʙʦʨʦʢ ʤʦʱʥʦʩʪʴ 

ʢʨʠʪʝʨʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʠʧʦʪʝʟʝ 1H  ʧʨʠ 50n²  ʥʘʯʠʥʘʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ. ɼʘʣʝʝ ʩ ʨʦʩʪʦʤ n  ʢʨʠʪʝʨʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʤʝʱʝʥʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H  ʠ ʚʦʚʩʝ ʥʝ ʩʧʦʩʦʙʝʥ ʨʘʟʣʠʯʘʪʴ ʛʠʧʦʪʝʟʳ 

0H  ʠ 1H . 

ʆʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʠʧʦʪʝʟʝ 1H  ʧʨʠʚʝʜʝʥ r ʚ ʪʘʙʣ. 2.30, ʘ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʠʧʦʪʝʟʘʤ 2H  ʠ 3H  ï ʚ ʪʘʙʣ. 2.31 ʠ 2.32 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪɹ , ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʛʠʧʦʪʝʟʘʤ 

2H  ʠ 3H  ʢʨʠʪʝʨʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ ʤʦʱʥʦʩʪʴ, ʚʳʰʝ ʯʝʤ ʫ 

ʢʨʠʪʝʨʠʝʚ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠ ʕʧʧʩʘ-ʇʘʣʣʠ ʠʣʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʥʦʨʤʘʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʩʠʪʫʘʮʠʷ ʩ ʥʝʦʙʳʯʥʳʤ ʧʦʚʝʜʝʥʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )1|G T H¡  ʟʘʩʪʘʚʣʷʝʪ ʙʳʪʴ ʦʩʪʦʨʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʜʘʞʝ 
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ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʚʳʙʦʨʦʢ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʚʝʨʥʦʤʫ ʚʳʚʦʜʫ. 
 

ʊʘʙʣʠʮʘ 2.30 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 1H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.183 0.125 0.064 0.031 0.011 

20 0.231 0.172 0.103 0.060 0.028 

30 0.256 0.202 0.133 0.086 0.046 

40 0.262 0.213 0.149 0.103 0.060 

50 0.256 0.211 0.153 0.110 0.068 

100 0.182 0.154 0.117 0.089 0.062 

150 0.118 0.099 0.075 0.057 0.040 

200 0.075 0.063 0.047 0.036 0.025 

300 0.030 0.025 0.018 0.013 0.010 

 

ʊʘʙʣʠʮʘ 2.31 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 2H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.264 0.202 0.131 0.087 0.051 

20 0.466 0.388 0.282 0.204 0.134 

30 0.639 0.559 0.439 0.339 0.236 

40 0.763 0.696 0.581 0.476 0.355 

50 0.845 0.790 0.693 0.594 0.468 

100 0.980 0.968 0.939 0.900 0.836 

150 0.997 0.995 0.988 0.978 0.956 

200 1.000 0.999 0.998 0.996 0.990 

300 1.000 1.000 1.000 1.000 1.000 
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ʊʘʙʣʠʮʘ 2.32 

ʄʦʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʧʦʪʝʟʳ 3H  

n  
Ŭ 

0.15 0.1 0.05 0.025 0.01 

10 0.179 0.126 0.070 0.040 0.019 

20 0.239 0.176 0.106 0.064 0.034 

30 0.305 0.233 0.148 0.094 0.051 

40 0.369 0.291 0.193 0.127 0.072 

50 0.424 0.343 0.237 0.162 0.096 

100 0.613 0.530 0.408 0.308 0.211 

150 0.725 0.650 0.530 0.425 0.311 

200 0.802 0.739 0.630 0.527 0.405 

300 0.898 0.855 0.773 0.684 0.571 

 

ʇʦʵʪʦʤʫ, ʧʨʠʤʝʥʷʷ ʢʨʠʪʝʨʠʡ ʐʧʠʛʝʣʴʭʘʣʴʪʝʨʘ, ʞʝʣʘʪʝʣʴʥʦ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠ ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ ʞʝ ʚʳʚʦʜʫ 

ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ0H . 

2.15. ʂʨʠʪʝʨʠʡ ʈʦʡʩʪʦʥʘ 

ʂʨʠʪʝʨʠʡ ʐʘʧʠʨʦ-ʋʠʣʢʘ [48] ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʧʦʨʷʜʢʦʚʳʭ 

ʩʪʘʪʠʩʪʠʢ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʪʠʩʪʠʢʠ ʢʨʠʪʝʨʠʷ ʚʳʯʠʩʣʷʶʪ ʚʝʣʠʯʠʥʫ 

() ( )
2

2

1 1

n n

i ii
j j

W a X X X
= =

å õ
æ ö= -
æ ö
ç ÷
ä ä . 

ɺ ʩʪʘʥʜʘʨʪʝ [67] ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʠ 

8 50n¢ ¢  ʠ ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ia . 

ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʢʨʠʪʝʨʠ̫ ʧʨʠ ʙʦӢʣɹ ʠhʭ n  ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʠʩʪʦʯʥʠʢʘʭ. ʀ ʭʦʪʷ ʧʨʠʙʣʠʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʢʨʠʪʝʨʠʷ 

ʐʘʧʠʨʦ-ʋʠʣʢʘ ʜʣʷ 51 100n¢ ¢  ʧʨʠʚʦʜʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ [50], 

ʪʘʙʫʣʠʨʦʚʘʥʠʝ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ia  ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʥʝ 

ʧʦʣʫʯʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʡ (ʩʤ. ʢʨʠʪʝʨʠʡ ʈʦʡʩʪʦʥʘ). 

ɺ [46] ʧʦʣʫʯʝʥ r ʧʨʠʙʣʠʞʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʚʳʯʠʩʣʷʪʴ ʩʪʘʪʠʩʪʠʢʫ W  ʧʨʠ 4 2000n¢ ¢  ʠ ʥʝ ʪʨʝʙʫʶɦ ʠʝ ʩʣʦʞʥʳʭ 
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ʚʳʯʠʩʣʝʥʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʢʨʠʪʠʯʝʩʢʠʤʠ ʪʦʯʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʪʦʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ia . 

ʆʙʦʟʥʘʯʠʤ ( )
1 2

T
i ic m

-
=m m , ( )( ){ }1 3 8 1 4im i n-=F - + , ʛʜʝ 

()F Ö ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 1i n ia a -+=- , ʧʨʠʙʣʠʞʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ia  

ʦʧʨʝʜʝʣʷʶʪ, ʥʘʯʠʥʘʷ ʩ ʚʳʯʠʩʣʝʥʠʷ na  ʠ 1na - ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
2 3

4 5

0.221157 0.147981 2.071190

4.434685 2.706056 ,

n na c x x x

x x

= + - - +

+ -
 

2 3
1 1

4 5

0.042981 0.293762 1.752461

5.682633 3.582663 .

n na c x x x

x x

- -= + - - +

+ -
 

ʛʜʝ 
1 2x n-= . 

ɿʘʪʝʤ, ʚʳʯʠʩʣʷʷ ʥʦʨʤʘʣʠʟʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ im  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

( )( )

( )( )

2 2

2 2 2 2
1 1

2 1 2 , 5,

2 2 1 2 2 , 5,

T
n n

T
n n n n

m a n

m m a a n- -

ë - - ¢
î

f=ì
î - - - - >
í

m m

m m

 

ʧʦʣʫʯʘʶʪ ʦʩʪʘʣʴʥʳʝ 

1 2
i ia m-=f , 

ʜʣʷ 2,..., 1i n= - ( )5n¢  ʠʣʠ 3,..., 2i n= - ( )5n> . 

ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʣʝʜʫʶʱʝʛʦ ʥʦʨʤʘʣʠʟʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [46]. 

ɼʣʷ 4 11n¢ ¢  ʚʳʯʠʩʣʷʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

( )( )ln ln 1w W=- g- -, 

2.273 0.459ng=- + , 
















































































































































































































