
 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ  ʫʢʨʘʾʥʠ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʫʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉ̔ ʢʦʨʩʴʢʦʛʦè 

 

 

ɸ. ʆ. ʅʦʚʘʮʴʢʠʡ 
 

 

 

 

 

 

 

ʂʦʤʧôʁ ʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ 
 

 

ʇʽʜʨʫʯʥʠʢ 

 
ɿʘʪʚʝʨʜʞʝʥʦ ɺʯʝʥʦʶ ʨʘʜʦʶ ʂʇɯ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

ʷʢ ʧ̔ ʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ  

126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè,  

ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ çɯʥʪʝʛʨʦʚʘʥʽ ʽʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè 

 

 

 
 
 
 
 
 
 
 
 
 

ʂʠʾʚ  

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

2018 
 



 

 

 

 

 
ʈʝʮʝʥʟʝʥʪʠ:  ɼʦʨʦʰʝʥʢʦ ɸʥʘʪʦʣʽʡ ʖʭʠʤʦʚʠʯ, ʜʦʢʪʦʨ ʬ̔ ʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʟʘʚ. ʚʽʜʜʽʣʦʤ ɯʥʩʪʠʪʫʪʫ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

ʏʝʤʝʨʠʩ ʆʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʩʪ.ʥ.ʩ.,  

ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ  ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽʤ. ɻ.ɭ. ʇʫʭʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ  

ʨʝʜʘʢʪʦʨ:      ʖʨʯʫʢ ʃʝʦʥʽʜ ʖʨʽʡʦʚʠʯ, ʢʘʥʜʠʜʘʪ  ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʇɯ 

        ̔ ʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ 
ʩʠʩʪʝʤʘʭ 

 
ɻʨʠʬ ʥʘʜʘʥʦ ɺʯʝʥʦʶ ʨʘʜʦʶ ʂʇɯ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (ʧʨʦʪʦʢʦʣ ˉ 10 ʚʽʜ 12.11.2018 ʨ.) 

 

ɽʣʝʢʪʨʦʥʥʝ ʤʝʨʝʞʥʝ ʥʘʚʯʘʣʴʥʝ ʚʠʜʘʥʥʷ 

 

ʅʦʚʘʮʴʢʠʡ ɸʥʘʪʦʣʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

 ʂʦʤʧóʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ 
ʂʦʤʧôʁ ʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜ. 

ʩʧʝʮ̔ʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè, ʩʧʝʮʽʘʣʽʟʘʮʽʾ çɯʥʪʝʛʨʦʚʘʥʽ 

ʥ̔ʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè /  ɸ.ʆ. ʅʦʚʘʮʴʢʠʡ ; ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ï ɽʣʝʢʪʨʦʥʥʽ 

ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 80.9 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2018. ï 468 ʩ. 

ʉʪʠʩʣʦ ʚʠʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʬʽʟʠʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʧʨʠʥʮʠʧʠ ʜʽʾ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

ʪʘ ʩʭʝʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ; ʚʠʜʠ ʟʚʦʨʦʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʛʝʥʝʨʘʪʦʨʽʚ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ. ʅʘʚʝʜʝʥʦ ʤʘʪʝʨʽʘʣ ʧʨʦ ʦʩʥʦʚʥʽ ʽʤʧʫʣʴʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ: ʬʦʨʤʫʚʘʯʽ 

ʽʤʧʫʣʴʩʽʚ, ʛʝʥʝʨʘʪʦʨʠ, ʪʨʠʛʝʨʠ, ʢʦʤʧʘʨʘʪʦʨʠ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ, 

ʩʠʥʪʝʟʫ ʪʘ ʧʦʙʫʜʦʚʽ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʪʘ ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʦ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʪʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʟ ʘʥʘʣʦʛʦʚʠʤʠ ʦʙô̒ ʢʪʘʤʠ ʢʝʨʫʚʘʥʥʷ. 

ʇʽʜʨʫʯʥʠʢ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʪʫʜʝʥʪʘʤʠ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʫʨʩʫ çʂʦʤʧȭʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘè, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʪʘ 
ʙʘʢʘʣʘʚʨʩʴʢʠʭ ʧʨʦʝʢʪʽʚ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ 

ʧʨʠʩʪʨʦʾ. 

 

 

 

 
   

É ɸ.ʆ.ʅʦʚʘʮʴʢʠʡ, 2018 

É ʂʇɯ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2018 



 

3 

ɿʄɯʉʊ 

ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʢʦʨʦʯʝʥʴ ........................................................................ 10 

ɺʩʪʫʧ ....................................................................................................................... 14 

1. ɽʃɽʂʊʈʆʅʅɯ ɽʃɽʄɽʅʊʀ ʊɸ ʌɯɿʀʏʅɯ ʆʉʅʆɺʀ ɰʍ ʈʆɹʆʊʀ ..... 17 

1.1. ɽʣʝʢʪʨʦʬʽʟʠʯʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ .................................... 17 

1.1.1. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʫ ʘʪʦʤʽ ................................................ 17 

1.1.2. ɽʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ................................. 17 

1.1.3. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ .......................................................... 19 

1.1.4. ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʢʚʘʥʪʦʚʠʤʠ ʩʪʘʥʘʤʠ.................................... 20 

1.1.5. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ .............................................. 21 

1.1.6. ɺʣʘʩʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ............................................... 21 

1.1.7. ɼʦʤʽʰʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ........................................ 23 

1.2. ɽʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʡ ʧʝʨʝʭʽʜ ............................................................... 26 

1.2.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ............. 26 

1.2.2. ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ......................................................................................... 26 

1.2.3. ɽʬʝʢʪ ʚʠʧʨʷʤʣʝʥʥʷ ʫ p-n-ʧʝʨʝʭʦʜʽ ................................................... 29 

1.2.4. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ p-n-ʧʝʨʝʭʦʜʫ .................................. 31 

1.2.5. ʇʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ ........................................................................... 32 

1.2.6. ʊʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ........................................... 33 

1.2.7. ʏʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ................................................... 34 

1.3. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʜʽʦʜʠ ....................................................................... 35 

1.3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ ..................... 35 

1.3.2. ɺʠʧʨʷʤʥʽ ʜʽʦʜʠ .................................................................................... 36 

1.3.3. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʽ ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʽʦʜʠ ...................................... 39 

1.3.4. ɯʤʧʫʣʴʩʥʽ ʜʽʦʜʠ .................................................................................... 40 

1.3.5. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʘʙʽʣʽʪʨʦʥʠ (ʦʧʦʨʥʽ ʜʽʦʜʠ) .............................. 40 

1.3.6. ʊʫʥʝʣʴʥʽ ʜʽʦʜʠ ..................................................................................... 41 

1.3.7. ɺʘʨʠʢʘʧʠ .............................................................................................. 43 

1.3.8. ɻʝʪʝʨʦʧʝʨʝʭʽʜ ...................................................................................... 44 

1.3.9. ʇʝʨʝʭʽʜ ʐʦʪʪʢʽ .................................................................................... 44 

1.3.10. ʉʪʘʙʽʩʪʦʨʠ .......................................................................................... 44 

1.3.11. ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ .................................................................... 44 

1.4. ɹʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ........................................................................... 45 

1.4.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ......................... 45 

1.4.2. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ............................................................ 46 

1.4.3. ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ .................................... 50 

1.4.4. ʉʪʘʪʠʯʥʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʪʨʘʥʟʠʩʪʦʨʘ ................... 50 



 

4 

1.4.5. ʈʦʙʦʪʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ............................................... 51 

1.4.6. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ .............................................................. 53 

1.4.7. ʉʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ........................................................................ 54 

1.5. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ .............................................................................. 55 

1.5.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ............................ 55 

1.5.2. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ p-n-ʧʝʨʝʭʦʜʫ .............. 56 

1.5.3. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ .................................. 58 

1.5.4. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ........ 61 

1.6. ʊʠʨʠʩʪʦʨʠ ............................................................................................... 62 

1.6.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʨʠʩʪʦʨʽʚ ................................................ 62 

1.6.2. ʅʝʢʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ (ʜʠʥʽʩʪʦʨ) ..................................................... 63 

1.6.3. ʂʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ (ʪʨʠʥʽʩʪʦʨ) ....................................................... 65 

1.6.4. ʂʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ, ʷʢʠʡ ʟʘʤʠʢʘʻʪʴʩʷ ............................................ 67 

1.6.5. ʉʠʤʝʪʨʠʯʥʠʡ ʪʠʨʠʩʪʦʨ (ʩʠʤʽʩʪʦʨ) .................................................... 68 

1.7. ʆʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ ....................................................................... 69 

1.7.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ..................... 69 

1.7.2. ʉʚʽʪʣʦʜʽʦʜʠ .......................................................................................... 70 

1.7.3. ʇʨʠʡʤʘʯʽ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫............................................. 72 

1.7.4. ʆʧʪʨʦʥʠ ................................................................................................ 77 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ .............................................................. 80 

2. ɽʃɽʂʊʈʆʅʅɯ ʇɯɼʉʀʃʖɺɸʏɯ.................................................................. 82 

2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ82 

2.2. ɺʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ......................................... 86 

2.3. ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ...................................... 87 

2.4. ɿʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ .......................................................... 88 

2.4.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ ............... 88 

2.4.2. ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʟʘ ʥʘʧʨʫʛʦʶ ......................................................... 90 

2.4.3. ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʟʘ ʩʪʨʫʤʦʤ ........................................................... 90 

2.4.4. ʂʦʤʙʽʥʦʚʘʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ...................................................... 90 

2.4.5. ʇʦʩʣʽʜʦʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ......................................................... 91 

2.4.6. ʇʘʨʘʣʝʣʴʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ........................................................ 91 

2.4.7. ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ .......................................................... 92 

2.4.8. ɺʧʣʠʚ ʚʽʜôʻʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʶʚʘʯʘ ....................................................................... 92 

2.5. ʇʽʜʩʠʣʶʚʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ............................................................... 94 

2.5.1. ʆʜʥʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʽʟ 

ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ ......................................................................................... 94 

2.5.2. ʈʝʞʠʤʠ (ʢʣʘʩʠ) ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯʽʚ ............................................... 96 



 

5 

2.5.3. ʆʜʥʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʽʟ 

ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ (ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ) ......................................... 98 

2.5.4. ʇʽʜʩʠʣʶʚʘʯ ʥʘ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʟ n-p-ʧʝʨʝʭʦʜʘʤʠ .............. 99 

2.5.5. ʉʭʝʤʘ ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʩʪʨʫʤʦʤ ʙʘʟʠ ................................................. 102 

2.5.6. ʉʭʝʤʘ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʙʘʟʦʚʦʶ ʥʘʧʨʫʛʦʶ ........................................ 103 

2.5.7. ʉʭʝʤʘ ʽʟ ʢʦʣʝʢʪʦʨʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ............................................... 104 

2.5.8. ʌʘʟʦ-ʽʥʚʝʨʩʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ............................................................. 104 

2.5.9. ʇʽʜʩʠʣʶʚʘʯ ʥʘʧʨʫʛʠ ʥʘ ʤʝʪʘʣïʦʢʩʠʜïʥʘʧʽʚʧʨʦʚʽʜʥʠʢïʧʦʣʴʦʚʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʽ ................................................................................................... 105 

2.5.10. ɽʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ ʥʘ ʩʢʣʘʜʝʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ .................... 106 

2.5.11. ʇʽʜʩʠʣʶʚʘʯ ʽʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʽʜʩʠʣʝʥʥʷ ........... 107 

2.6. ʇʽʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ......................................................... 110 

2.6.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ............... 110 

2.6.2. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ........................ 112 

2.6.3. ʇʽʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʫ ʟʤʽʥʥʠʡ (ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʥʝʩʫʯʽʡ ʯʘʩʪʦʪʽ) 117 

2.7. ʆʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ...................................................................... 118 

2.7.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ .................... 118 

2.7.2. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ............................. 125 

2.7.3. ʈʝʞʠʤ ʧʽʜʩʫʤʦʚʫʶʯʦʾ ʪʦʯʢʠ ............................................................ 127 

2.7.4. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ ...................................... 127 

2.7.5. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʽʥʚʝʨʪʫʻ ........................................... 129 

2.7.6. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ................................... 131 

2.7.7. ʇʽʜʩʫʤʦʚʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʽʥʚʝʨʪʫʻ ............... 132 

2.7.8. ʇʽʜʩʫʤʦʚʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ .......... 134 

2.7.9. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʻ ................................... 135 

2.7.10. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʽʥʪʝʛʨʫʻ ......................................... 137 

2.7.11. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʣʦʛʘʨʠʬʤʫʻ ................................... 138 

2.7.12. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʘʥʪʠʣʦʛʘʨʠʬʤʫʻ ........................... 140 

2.8. ʇʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ..................................................................... 141 

2.8.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ...................... 141 

2.8.2. ɹʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ............................... 142 

2.8.3. ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ .................................... 145 

2.9. ɽʣʝʢʪʨʠʯʥʽ ʬʽʣʴʪʨʠ .............................................................................. 148 

2.9.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʠʯʥʠʭ ʬʽʣʴʪʨʽʚ ............................ 148 

2.9.2. ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ....................................................... 148 

2.9.3. ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ ...................................................... 151 

2.9.4. ɸʢʪʠʚʥʽ ʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ (ʩʝʣʝʢʪʠʚʥʽ ʧʽʜʩʠʣʶʚʘʯʽ) ...................... 152 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 155 



 

6 

3. ɻɽʅɽʈɸʊʆʈʀ ɻɸʈʄʆʅɯʁʅʀʍ ʉʀʅʋʉʆɰɼɸʃʔʅʀʍ ʂʆʃʀɺɸʅʔ

 ........................................................................................................................... 158 

3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʝʨʘʪʦʨʽʚ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ....................................................................................................... 158 

3.2. RC-ʛʝʥʝʨʘʪʦʨʠ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ......................................... 158 

3.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ RC-ʛʝʥʝʨʘʪʦʨʠ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ158 

3.2.2. ʏʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ .................................. 160 

3.2.3. RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʽʟ ʧʦʚʦʨʦʪʦʤ ʬʘʟʠ ............................................ 165 

3.2.4. RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʙʝʟ ʧʦʚʦʨʦʪʫ ʬʘʟʠ ........................................... 167 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 169 

4. ɼɾɽʈɽʃɸ ɾʀɺʃɽʅʅʗ ɽʃɽʂʊʈʆʅʅʀʍ ʉʍɽʄ ............................... 170 

4.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ........ 170 

4.2. ɹʘʪʘʨʝʡʢʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ................................................................... 170 

4.3. ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ............................... 171 

4.3.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ........................................................................................................... 171 

4.3.2. ɹʝʟʧʝʨʝʨʚʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ....................................................... 171 

4.3.4. ʂʦʤʧʝʥʩʘʮʽʡʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ........................... 181 

4.3.5. ɯʤʧʫʣʴʩʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ........................................................... 182 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 182 

5. ʌʆʈʄʋɺɸʏɯ ɯʄʇʋʃʔʉɯɺ ........................................................................ 183 

5.1. ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ...................................................................................................... 183 

5.2. ɼʠʬʝʨʝʥʮʽʶʶʯʽ ʢʦʣʘ ........................................................................... 188 

5.3. ɯʥʪʝʛʨʫʶʯʽ ʢʦʣʘ .................................................................................... 199 

5.4. ʇʨʠʩʪʨʦʾ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ ............................................................... 208 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 212 

6. ɽʃɽʂʊʈʆʅʅɯ ʂʃʖʏɯ ................................................................................ 213 

6.1. ɼʽʦʜʥʽ ʢʣʶʯʽ .......................................................................................... 213 

6.1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʽʦʜʥʽ ʢʣʶʯʽ ............................................... 213 

6.1.2. ʇʦʩʣʽʜʦʚʥʽ ʜʽʦʜʥʽ ʢʣʶʯʽ ................................................................... 213 

6.1.3. ʇʘʨʘʣʝʣʴʥʽ ʜʽʦʜʥʽ ʢʣʶʯʽ ................................................................... 217 

6.1.4. ɼʽʦʜʥʽ ʦʙʤʝʞʫʚʘʯʽ ʘʤʧʣʽʪʫʜʠ .......................................................... 220 

6.2. ʊʠʨʠʩʪʦʨʥʽ ʢʣʶʯʽ ................................................................................. 225 

6.2.1. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʚ ʢʣʶʯʘʭ225 

6.2.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘ ʚ ʢʝʨʦʚʘʥʦʤʫ ʚʠʧʨʷʤʣʷʯʽ ....................... 226 

6.2.3. ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘ ʪʠʨʠʩʪʦʨʘʭ ....................... 229 

6.3. ʊʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ .............................................................................. 231 

6.3.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ .................................... 231 



 

7 

6.3.2. ʊʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ......................... 231 

6.3.3. ʂʣʶʯʽ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ .................................................... 247 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 248 

7. ɯʄʇʋʃʔʉʅɯ ʊʈʀɻɽʈʀ .............................................................................. 250 

7.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʨʠʛʝʨʠ........................................................... 250 

7.2. ʉʠʤʝʪʨʠʯʥʽ ʪʨʠʛʝʨʠ ............................................................................. 252 

7.3. ʅʝʩʠʤʝʪʨʠʯʥʽ ʪʨʠʛʝʨʠ (ʪʨʠʛʝʨʠ ʐʤiʪʪʘ) .......................................... 257 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 263 

8. ɸʅɸʃʆɻʆɺɯ ʂʆʄʇɸʈɸʊʆʈʀ ................................................................ 265 

8.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʤʧʘʨʘʪʦʨʠ .................................................. 265 

8.2. ɸʥʘʣʦʛʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʜʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ ʥʘ 

ʽʥʪʝʛʨʘʣʴʥʽʡ ʤʽʢʨʦʩʭʝʤʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ............................... 266 

8.3. ɸʥʘʣʦʛʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨiʟʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ ̎́ 

ʽʥʪʝʛʨʘʣʴʥʽʡ ʤʽʢʨʦʩʭʝʤʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ............................... 267 

8.4. ʈʝʛʝʥʝʨʘʪʠʚʥʠʡ ʢʦʤʧʘʨʘʪʦʨ ............................................................... 269 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 272 

9. ɻɽʅɽʈɸʊʆʈʀ ɯʄʇʋʃʔʉɯɺ ...................................................................... 273 

9.1. ɻʝʥʝʨʘʪʦʨʠ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ................................................... 273 

9.1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʛʝʥʝʨʘʪʦʨʠ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ......... 273 

9.1.2. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʄɺ ....................................................................... 274 

9.1.3. ʄʫʣʴʪʠʚʽʙʨʘʪʦʨ, ʱʦ ʯʝʢʘʻ ............................................................... 281 

9.2. ɻʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ .................................... 285 

9.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʛʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ  

 ....................................................................................................................... 285 

9.2.2. ɻʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ, ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʽ ................................................................................................... 286 

9.2.3. ɻʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ    

 .............................................................................................................           288 

9.2.4. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ .... 293 

9.2.5. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ......... 297 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 298 

10. ʄɸʊɽʄɸʊʀʏʅʀʁ ɸʇɸʈɸʊ ʎʀʌʈʆɺʆɰ ɽʃɽʂʊʈʆʅɯʂʀ ........... 299 

10.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʟʘʜʘʯʽ ʮʠʬʨʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ............................... 299 

10.2. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ..................................................... 300 

10.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ...... 300 

10.2.2. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ .................................................................... 301 

10.2.3. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ..................................................................... 302 

10.2.4. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʽ ʟʘ ʯʘʩʦʤ .................................................. 302 



 

8 

10.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ (ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ) ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʽ 

ʩʠʥʪʝʟʫ ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ................................................... 304 

10.3.1. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ............................................ 304 

10.3.2. ʉʧʦʩʦʙʠ ʦʧʠʩʫ ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ...................................... 304 

10.3.3. ʇʝʨʝʤʠʢʘʣʴʥʽ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ............................................ 305 

10.3.4. ʇʝʨʝʤʠʢʘʣʴʥʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ............................................. 306 

10.3.5. ɹʘʟʠʩʥʽ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ................................................................... 306 

10.3.6. ʇʨʠʥʮʠʧ ʜʚʦʾʩʪʦʩʪʽ ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ ............................................. 307 

10.3.7. ʆʩʥʦʚʥʽ ʟʘʢʦʥʠ ʪʘ ʪʝʦʨʝʤʠ ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ ................................ 307 

10.3.8. ɼʦʩʢʦʥʘʣʘ ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʙʫʣʝʚʠʭ 

ʚʠʨʘʟʽʚ .......................................................................................................... 308 

10.3.9. ɼʦʩʢʦʥʘʣʘ ʢʦʥôʶʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʙʫʣʝʚʠʭ ʚʠʨʘʟʽʚ 309 

10.3.10. ʄʽʥʽʤʽʟʘʮʽʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ..................................................... 310 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 317 

11. ʈɽɸʃɯɿɸʎɯʗ ʃʆɻɯʏʅʀʍ ʌʋʅʂʎɯʁ ................................................... 318 

11.1. ʆʩʥʦʚʥʽ ʪʠʧʠ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ..................................................... 318 

11.2. ʈʝʘʣʽʟʘʮʽʷ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʫ ʨʽʟʥʠʭ ʙʘʟʠʩʘʭ ................................ 331 

11.3. ʊʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ......................................... 336 

11.4. ʇʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ ......... 344 

11.5. ɻʝʥʝʨʘʪʦʨʠ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ..................... 349 

11.5.1. ɻʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ  ʥʘ ʜʚʦʭ ʽʥʚʝʨʪʦʨʘʭ ..................... 349 

11.5.2. ɻʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ ʪʨʴʦʭ ʽʥʚʝʨʪʦʨʘʭ .................... 351 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 352 

12. ʂʆʄɹɯʅɸʎɯʁʅɯ ʎʀʌʈʆɺɯ ʇʈʀʉʊʈʆɰ ............................................. 354 

12.1. ɸʥʘʣʽʟ ʽ ʩʠʥʪʝʟ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ .......................... 354 

12.1.1. ɸʥʘʣʽʟ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ................................. 354 

12.1.2. ʉʠʥʪʝʟ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ................................ 354 

12.2. ʊʠʧʦʚʽ ʢʦʤʙʽʥʘʮʽʡʥʽ ʮʠʬʨʦʚʽ ʧʨʠʩʪʨʦʾ ................................................ 356 

12.2.1. ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʽʚ .. 356 

12.2.2. ʐʠʬʨʘʪʦʨʠ ʪʘ ʜʝʰʠʬʨʘʪʦʨʠ ......................................................... 357 

12.2.3. ʄʫʣʴʪʠʧʣʝʢʩʦʨʠ .............................................................................. 368 

12.2.4. ɼʝʤʫʣʴʪʠʧʣʝʢʩʦʨʠ .......................................................................... 370 

12.2.5. ʄʫʣʴʪʠʧʣʝʢʩʦʨʠïʩʝʣʝʢʪʦʨʠ (ʤʫʣʴʪʠʧʣʝʢʩʦʨʠï

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʠ) ...................................................................................... 371 

12.2.6. ʉʫʤʘʪʦʨʠ ʽ ʥʘʧʽʚʩʫʤʘʪʦʨʠ .............................................................. 372 

12.2.7. ʇʨʠʩʪʨʦʾ ʢʦʥʪʨʦʣʶ ʧʘʨʥʦʩʪʽ ......................................................... 376 

12.2.8. ʎʠʬʨʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ ..................................................................... 377 

12.2.9. ʇʦʙʫʜʦʚʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ ......................................................................................... 379 



 

9 

12.2.10. ʇʦʙʫʜʦʚʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ 

ʜʝʰʠʬʨʘʪʦʨʘʭ .............................................................................................. 381 

12.2.11. ʇʦʙʫʜʦʚʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʧʦʩʪʽʡʥʦʤʫ 

ʟʘʧʘʤôʷʪʦʚʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ ....................................................................... 382 

12.2.12. ʇʦʙʫʜʦʚʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ 

ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ ........................................ 383 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ................................................................ 386 

13. ʇʆʉʃɯɼʆɺʅɯ ʎʀʌʈʆɺɯ ɽʃɽʂʊʈʆʅʅɯ ʇʈʀʉʊʈʆɰ ....................... 387 

13.1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ............. 387 

13.2. ʊʨʠʛʝʨʠ ................................................................................................ 387 

13.3. ʈʝʛʽʩʪʨʠ ............................................................................................... 398 

13.4. ʃʽʯʠʣʴʥʠʢʠ .......................................................................................... 406 

13.5. ʇʦʜʽʣʴʥʠʢʠ ʯʘʩʪʦʪʠ ........................................................................... 418 

13.6. ʈʦʟʧʦʜʽʣʶʚʘʯʽ ..................................................................................... 420 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 421 

14. ʎʀʌʈʆ-ɸʅɸʃʆɻʆɺɯ ʇɽʈɽʊɺʆʈʖɺɸʏɯ .......................................... 423 

14.1. ʉʪʨʫʢʪʫʨʘ ʪʠʧʦʚʦʾ ʣʦʢʘʣʴʥʦʾ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ423 

14.2. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ...... 425 

14.3. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘ ʤʘʪʨʠʮʽ Rï2R ʟ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʩʪʨʫʤʽʚ ........................................................................... 425 

14.4. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘ ʤʘʪʨʠʮʽ Rï2R  ʟ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʥʘʧʨʫʛ ............................................................................ 429 

14.5. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ ʂ572 ʇɸ1 432 

14.6. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ MAX506 .. 435 

14.7. ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʱʦ 

ʧʝʨʝʢʣʶʯʘʶʪʴʩʷ .......................................................................................... 439 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 443 

15. ɸʅɸʃʆɻʆ-ʎʀʌʈʆɺI ʇɽʈɽʊɺʆʈʖɺɸʏI .......................................... 445 

15.1. ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʜʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ............. 445 

15.2. ʈʦʟʨʘʭʫʥʦʢ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ............................. 445 

15.3. ʇʨʠʩʪʨiʡ ʚʠʙiʨʢʠ i ʟʙʝʨiʛʘʥʥʷ .......................................................... 447 

15.4. ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʦʩʣiʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ........ 449 

15.5. ʇʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ......... 454 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ............................................................ 463 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ ............................................................................................... 464 

ʇʨʝʜʤʝʪʥʠʡ ʧʦʢʘʞʯʠʢ ........................................................................................ 467 



 

10 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ʉʂʆʈʆʏɽʅʔ 

ɸ ï ʘʥʦʜ 

ɸɽ ï ʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ  

ɸɽʇ ï ʘʥʘʣʦʛʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ɸɯ ï ʘʢʪʠʚʥʠʡ ʽʥʪʝʛʨʘʪʦʨ 

ɸɯʄ ï ʘʤʧʣʽʪʫʜʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ 

ɸʂ ï ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ɸʈʇ ï ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ 

ɸʌ ï ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ɸʏʍ ï ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɹ ï ʙʘʟʘ 

ɹɼɾ ï ʙʝʟʧʝʨʝʨʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ɹɿɿ ï ʙʘʛʘʪʦʧʝʪʣʝʚʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 

ɹʊ ï ʙʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ɺ ï ʚʠʪʦʢ 

ɺɸʂ ï ʚʣʘʩʥʝ ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ɺɸʍ ï ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺɼ ï ʚʠʧʨʷʤʥʠʡ ʜʽʦʜ 

ɺɯʉ ï ʚʝʣʠʢʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ 

ɺɿɿ ï ʚʽʜôʻʤʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 

ɺʏ ï ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ 

ɻɻʉʂ ï ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʥʫʩʦʾʜʥʠʭ ʢʦʣʠʚʘʥʴ 

ɻʅɿʃ ï ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ 

ɻʇʅ ï ʛʝʥʝʨʘʪʦʨ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ 

ɻʉʂ ï ʛʝʥʝʨʘʪʦʨ ʩʠʥʫʩʦʾʜʥʠʭ ʢʦʣʠʚʘʥʴ 

ɻʊɯ ï ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ 

ɼɺʂ ï ʜʚʽʡʢʦʚʠʡ ʢʦʜ 

ɼɼʅʌ ï ʜʦʩʢʦʥʘʣʘ ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ  

ɼɽʇ ï ʜʠʩʢʨʝʪʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ɼɾ ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ɼɿɿ ï ʜʦʜʘʪʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ 

ɼʂ ï ʜʠʬʝʨʝʥʮʽʶʶʯʝ ʢʦʣʦ 

ɼʂʃ ï ʜʽʦʜʥʠʡ ʢʣʶʯ 

ɼʅʌ ï ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ 

ɼʅʂʅ ï ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʥʘʧʨʫʛʦʶ 

ɼʆʅ ï ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

ɼʇ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 
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ɼʇʇʉ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʇʉ ï ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʊ ï ʜʝʪʝʢʪʦʨ 

ɽ ï ʝʤʽʪʝʨ 

ɽʄʇ ï ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ 

ɽʇ ï ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ɽʈʉ ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ 

ɿ ï ʟʘʪʚʦʨ 

ɿɻ ï ʟʘʜʘʶʯʠʡ ʛʝʥʝʨʘʪʦʨ 

ɿɿ ï ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ 

ɿʇ ï ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ɿʌ ï ʟʘʛʦʨʦʜʞʫʶʯʠʡ ʬʽʣʴʪʨ 

ɯ ï ʽʥʚʝʨʪʫʶʯʠʡ 

ɯɼ ï ʽʤʧʫʣʴʩʥʠʡ ʜʽʦʜ 

ɯɼɾ ï ʽʤʧʫʣʴʩʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ɯɽʇ ï ʽʤʧʫʣʴʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ɯʂ ï ʽʥʪʝʛʨʫʶʯʝ ʢʦʣʦ 

ɯʄʉ ï ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ 

ɯʄʉ ʆʇ ï ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ɯʉ ï ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ 

ɯʉʇ ï ʽʥʪʝʛʨʘʪʦʨ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ 

ɯʏ ï ʽʥʬʨʘʯʝʨʚʦʥʠʡ 

ʂ ï ʢʦʣʝʢʪʦʨ 

ʂɽ ï ʢʝʨʫʚʘʣʴʥʠʡ ʝʣʝʢʪʨʦʜ 

ʂɿ ï ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʂʅʇ ï ʢʝʨʦʚʘʥʠʡ ʥʘʧʨʫʛʦʶ ʧʽʜʩʠʣʶʚʘʯ 

ʂʄʆʅ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʡ ʤʝʪʘʣ ʦʢʠʩʝʣ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʂʎʇ ï ʢʦʤʙʽʥʘʮʽʡʥʠʡ ʮʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ 

ʂʅʌ ï ʢʦʥôʶʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ 

ʃɼ ï ʣʘʟʝʨʥʠʡ ʜʽʦʜ 

ʃɽ ï ʣʦʛʽʯʥʠʡ ʝʣʝʤʝʥʪ 

ʃʄʇʉʂ ï ʣʦʢʘʣʴʥʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʃʉʅ ï ʣʽʥʽʷ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʄɺ ï ʤʫʣʴʪʠʚʽʙʨʘʪʦʨ 

ʄɼʄ ï ʤʦʜʫʣʷʪʦʨ-ʜʝʤʦʜʫʣʷʪʦʨ 

ʄɼʅ ï ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʦʜʥʠʢ 

ʄɿʈ ï ʤʦʣʦʜʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ 

ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 
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ʄʆʅ ï ʤʝʪʘʣïʦʢʠʩʝʣïʥʘʧʽʚʧʨʦʚʦʜʥʠʢ 

ʄʇʉ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ 

ʄʇʉʂ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʄʉ ï ʤʽʢʨʦʩʭʝʤʘ  

ʅ ï ʥʝʽʥʚʝʨʪʫʶʯʠʡ 

ʅɺɯʉ ï ʥʘʜʚʝʣʠʢʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ 

ʅɺʏ ï ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ 

ʅɼ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʽʦʜ 

ʅʇ ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʧʨʷʤʘ 

ʅʉ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʩʪʘʙʽʣʽʪʨʦʥ 

ʅʏ ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ 

ʆɺ ï ʦʜʥʦʚʽʙʨʘʪʦʨ 

ʆʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʆʉ ï ʦʧʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʆʊ ï ʦʜʥʦʧʝʨʝʭʽʜʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʇ ï ʧʽʜʩʠʣʶʚʘʯ 

ʇɺɿ ï ʧʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠïʟʙʝʨʽʛʘʥʥʷ 

ʇɺʏ ï ʧʽʜʩʠʣʶʚʘʯ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ 

ʇɼɿʂɼ ï ʧʦʜʽʣʴʥʠʢʠ ʟʽ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʽʣʝʥʥʷ 

ʇɿʉ ï ʧʽʜʩʠʣʶʚʘʯ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʇɿʇ ï ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʇɯ ï ʧʽʜʩʠʣʶʚʘʯʽï̔ ʥʚʝʨʪʦʨʠ 

ʇʃɯʉ ï ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ 

ʇʅʏ ï ʧʽʜʩʠʣʶʚʘʯ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ 

ʇʇ ï ʧʽʜʩʠʣʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ 

ʇʇɽ ï ʧʦʨʽʚʥʷʣʴʥʠʡ ̔ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʇʇʉ ï ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʇʈ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʨʽʚʥʷ 

ʇʊ ï ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʇʌ ï ʧʝʨʝʤʠʢʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ʇʎɽʇ ï ʧʦʩʣʽʜʦʚʥʠʡ ʮʠʬʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ʇʎʇ ï ʧʦʩʣʽʜʦʚʥʠʡ ʮʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ 

ʈɽ ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʈʄ ï ʨʝʟʠʩʪʠʚʥʘ ʤʘʪʨʠʮʷ 

ʈʇʅ ï ʨʝʛʽʩʪʨ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ 

ʉ ï ʩʪʽʢ 

ʉɸ ï ʩʧʽʣʴʥʠʡ ʘʥʦʜ 

ʉɹ ï ʩʧʽʣʴʥʘ ʙʘʟʘ  

ʉɺ ï ʩʧʽʣʴʥʠʡ ʚʠʪʽʢ 
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ʉɼ ï ʩʚʽʪʣʦʜʽʦʜ 

ʉɽ ï ʩʧʽʣʴʥʠʡ ʝʤʽʪʝʨ 

ʉɿ ï ʩʧʽʣʴʥʠʡ ʟʘʪʚʦʨ 

ʉʂ ï ʩʧʽʣʴʥʠʡ ʢʦʣʝʢʪʦʨ 

ʉʇ ï ʩʭʝʤʘ ʧʦʨʽʚʥʷʥʥʷ 

ʉʇʈ ï ʩʠʥʭʨʦʥʽʟʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 

ʉʈʉ ï ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ʩʪʫʜʝʥʪʽʚ 

ʉʉ ï ʩʧʽʣʴʥʠʡ ʩʪʽʢ 

ʉʊʂ ï ʩʪʫʤʦʚʠʡ ʢʣʶʯ 

ʉʌ ï ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ 

ʉʌʈ ï ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ 

ʉʏ ï ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʠʡ 

ʊ ï ʪʨʘʥʟʠʩʪʦʨ 

ʊɼ ï ʪʫʥʝʣʴʥʠʡ ʜʽʦʜ 

ʊʂ ï ʪʨʘʥʟʠʩʪʦʨʥʠʡ ʢʣʶʯ  

ʊʂʅ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʨʫʛʠ 

ʊʐ ï ʪʨʠʛʝʨ ʐʤʽʪʪʘ 

ʋʇʉ ï ʫʩʪʘʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ 

ʌɺʏ ï ʬʽʣʴʪʨ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ 

ʌɼ ï ʬʦʪʦʜʽʦʜ 

ʌɯ ï ʬʘʨʤʫʚʘʯ ʽʤʧʫʣʴʩʽʚ 

ʌʅʏ ï ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ 

ʌʈ ï ʬʦʪʦʨʝʟʠʩʪʦʨ 

ʌʊ ï ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ 

ʌʊʈ ï ʬʦʪʦʪʠʨʠʩʪʦʨ 

ʌʏʍ ï ʬʘʟʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʎɸʇ ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʎɽʇ ï ʮʠʬʨʦʚʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ʎɯʄʉ ï ʮʠʬʨʦʚʘ ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ 

ʎʂ ï ʮʠʬʨʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ʎʆʄ ï ʮʠʬʨʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ 

ʏɯʄ ï ʯʘʩʪʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ 

ʏʉʏ ï ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ 

ʐɯʇ ï ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʐʌ ï ʰʠʥʥʠʡ ʬʦʨʤʫʚʘʯ 
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ɺʉʊʋʇ 

ʋ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʾʭ ʦʙʨʦʙʣʝʥʥʷ, ʧʨʦʩʪʦʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʰʠʨʦʢʠʡ 

ʜʽʘʧʘʟʦʥ ʩʪʨʫʤʽʚ  ̔ʥʘʧʨʫʛ (ʚʽʜ ʯʘʩʪʦʢ ʤʽʢʨʦʘʤʧʝʨʽʚ ʽ ʤʽʢʨʦʚʦʣʴʪʽʚ ʜʦ ʪʠʩʷʯ 

ʘʤʧʝʨʽʚ ʽ ʩʦʪʝʥʴ ʢʽʣʦʚʦʣʴʪʽʚ), ʧʨʦʩʪʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʽʥʰʽ ʚʠʜʠ (ʪʝʧʣʦʚʫ, ʤʝʭʘʥʽʯʥʫ, ʩʚʽʪʣʦʚʫ) ʽ ʪ. ʽʥ. 

ɿʤʽʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʩʠʛʥʘʣʽʚ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ (ʤʦʜʫʣʶʻʪʴʩʷ ʘʙʦ ʢʦʜʫʻʪʴʩʷ) ʚ ʾʭ ʝʣʝʢʪʨʠʯʥʽ ʘʙʦ ʯʘʩʦʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʘ ʧʦʪʽʤ ʜʝʤʦʜʫʣʶʻʪʴʩʷ ʘʙʦ ʜʝʢʦʜʫʻʪʴʩʷ, ʪʦʙʪʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʬʟ̔ʠʯʥʽ ʚʧʣʠʚʠ ʥʘ ʦʙôʻʢʪʠ ʢʝʨʫʚʘʥʥʷ (ʥʘʛʨʽʚ, ʧʝʨʝʩʫʚʘʥʥʷ, ʦʙʝʨʪʘʥʥʷ) ʘʙʦ ʚ 

ʟʨʫʯʥʽ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʬʦʨʤʠ (ʧʝʨʝʩʫʚʘʥʥʷ ʩʪʨʽʣʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʮʠʬʨʠ ʽ ʩʠʤʚʦʣʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘʙʣʦ). 

ʋ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ 

ʧʽʜʣʷʛʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ: ʧʽʜʩʠʣʝʥʥʶ, ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ  ̔ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʚʘʜ, ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʬʦʨʤʦʶ, ʘʤʧʣʽʪʫʜʦʶ 

ʘʙʦ ʪʨʠʚʘʣʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ  ̔ ʧʘʩʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ 

(ʨʝʟʠʩʪʦʨʽʚ, ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ), ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʟʚôʷʟʢʫ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʚʠʢʦʥʫʶʪ ɹʩʘʤʦʩʪʽʡʥʽ ʬʫʥʢʮʽʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ ʾʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʘʚʜʷʢʠ ʾʭ ʫʥʽʢʘʣʴʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ  

ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʯʘʩʪʦʪʦʶ ʫ ʜʝʩʷʪʢʠ ʪʘ ʩʦʪʥʽ ʤʝʛʘʛʝʨʮ, ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʤʦʞʝ 

ʙʫʪʠ ʧʽʜʩʠʣʝʥʦ ʚʽʜ ʯʘʩʪʢʠ ʤʽʢʨʦʚʦʣʴʪʘ ʜʦ ʩʦʪʝʥʴ ʚʦʣʴʪ, ʘ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ï 

ʚʽʜ ʯʘʩʪʢʠ ʥʘʥʦʚʘʪ ʜʦ ʩʦʪʝʥʴ ʢʽʣʦʚʘʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʮʠʬʨʦʚʠʭ ʽ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʜ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʘʨʠʬʤʝʪʠʯʥʽ ʽ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʦʧʝʨʘʮʽʾ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʘ ʙʫʜʴ-ʷʢʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʘʢʦʥʦʤ. 

ʈʦʣʴ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʩʦʙʣʠʚʦ ʟʨʦʩʪʘʻ ʩʴʦʛʦʜʥʽ ʫ ʟʚôʷʟʢʫ ʟ 

ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ  ̔ ʩʠʣʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɽʣʝʢʪʨʦʥʥʽ ʝʣʝʤʝʥʪʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʧʫʩʢʘʶʪʴ 

ʜʚʦʭ ʚʠʜʽʚ: 

- ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʜʽʦʜʽʚ, ʪʨʘʥʟʠʩʪʦʨʽʚ, 

ʪʠʨʠʩʪʦʨʽʚ ʽ ʪ. ʽʥ.); 
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- ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʩʭʝʤ (ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ɯʉ)), ʚ ʷʢʠʭ ʚ ʦʜʥʦʤʫ 

ʢʦʨʧʫʩʽ ʚ ʦʜʠʥ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʚʫʟʦʣ ʦʙôʻʜʥʘʥʦ ʥʠʟʢʫ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʧʦʚʥʝʥʽ, ʟʘʟʚʠʯʘʡ, ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ɽʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʚʠʜʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʜʫʩʽʤ ʫ ʩʠʣʦʚʠʭ ʣʘʥʮʶʛʘʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʥʘʡʤʝʥʰ ʩʢʣʘʜʥʽ ʟʘ ʩʭʝʤʦʪʝʭʥʽʢʦʶ, ʨʦʟʩʽʶʶʪʴ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʤʘʶʪʴ ʙʽʣʴʰʽ ʛʘʙʘʨʠʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʪʘʢʦʞ ʫ 

ʩʣʘʙʦʪʦʯʥʠʭ ʣʘʥʮʶʛʘʭ ʜʣʷ ʧʦʛʦʜʞʝʥʥʷ  ʦʢʨʝʤʠʭ ʤʽʢʨʦʩʭʝʤ, ʢʦʨʠʛʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʷʢʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤ 

ʟ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ ʥʝʜʦʮʽʣʴʥʝ. 

ʉʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʚʠʜʫ ʙʝʟʟʫʧʠʥʥʦ 

ʨʦʟʰʠʨʶʪʁʴʩʷ. ɺʦʥʠ ʚʠʢʦʥʫʶʪʴ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʽ ʬʫʥʢʮʽʾ, ʚʤʽʱʫʶʪʴ ʚʩʝ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʝʨʰʠʥʦʶ ʩʫʯʘʩʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ (ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ) 

ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʥʘʙʦʨʽʚ ʽ 

ʤʽʢʨʦɽʆʄ (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ (ʄʂ)), ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʽʜʢʨʠʚʘʻ ʥʦʚʠʡ 

ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʚʩʽʭ ʛʘʣʫʟʝʡ ʪʝʭʥʽʢʠ, ʦʩʦʙʣʠʚʦ ʘʚʪʦʤʘʪʠʢʠ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥ ̫ʩʢʣʘʜʥʦʩʪʽ ʤʽʢʨʦʩʭʝʤ  ̔ʯʠʩʣʝʥʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʚʦʥʠ ʨʝʘʣʽʟʫʶʪʴ, ʦʩʥʦʚʫ ʾʭ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʘʶʪʴ ʝʣʝʤʝʥʪʘʨʥʽ ʩʭʝʤʠ, ʬʽʟʠʯʥʽ 

ʧʨʠʥʮʠʧʠ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʷʢʠʭ ʧʨʦʩʪʽʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʷʚʣʷʶʪʴʩʷ 

ʧ̔ ʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʩʧʨʠʷʻ ʛʣʠʙʰʦʤʫ ʩʧʨʠʡʥʷʪʪʶ 

ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥ ̫ ʩʢʣʘʜʥʦʩʪʽ, 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʽʰʝ ʽ ʧʦʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢʦʩʪʽ, ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʧʦʰʫʢ  ʥʝʩʧʨʘʚʥʦʩʪʝʡ.  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʰʠʨʦʢʦʶ 

ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʧʝʮʽʘʣʽʩʪʠ ʨʽʟʥʦʛʦ ʧʨʦʬʽʣʶ ʥʝ ʤʦʞʫʪʴ ʘʢʪʠʚʥʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʙʝʟ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʦʩʥʦʚ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʘʥʘʣʦʛʦʚʦʾ ʪʘ 

ʮʠʬʨʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ, ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʘʥʘʣʦʛʦʚʽ (ʙʝʟʧʝʨʝʨʚʥʽ) ʪʘ 

ʜʠʩʢʨʝʪʥʽ (ʧʝʨʝʨʠʚʯʘʩʪʽ), ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʜʽʣʷʶʪʴ ʥʘ ʽʤʧʫʣʴʩʥʽ ʪʘ 

ʮʠʬʨʦʚʽ. 

ʉʴʦʛʦʜʥʽ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ  ̔ʩʠʩʪʝʤ 

ʟʘʡʤʘʻ ʮʠʬʨʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ. 
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ʆʜʥʘʢ ʧʦʚʥʽʩʪʶ ʚʠʪʽʩʥʠʪʠ ʘʥʘʣʦʛʦʚʫ ʪʝʭʥʽʢʫ ʮʠʬʨʦʚʘ ʥʝ ʟʤʦʞʝ. 

ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʚʽʜ ʷʢʠʭ ʝʣʝʢʪʨʦʥʥʘ ʧʽʜʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʪʘ 

ʷʢʠʤʠ ʢʝʨʫʻ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ ʽ ʢʝʨʫʚʘʥʥʷ, ʤʘʶʪʴ ʘʥʘʣʦʛʦʚʫ ʧʨʠʨʦʜʫ, 

ʪʦʤʫ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʥʝʦʙʭʽʜʥʽ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ (ɸʎʇ) ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʎɸʇ). 

ʅʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʨʫʯʥʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧô̫ ʪʥʘʜʮʷʪʠ ʨʦʟʜʽʣʽʚ. 

ʋ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʩʘʤʦʢʦʥʪʨʦʣʶ. 

ʋ ʧʽʜʨʫʯʥʠʢʫ ʚ ʩʪʠʩʣʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʜʦʩʪʫʧʥʽʡ ʬʦʨʤʽ ʚʠʢʣʘʜʝʥʦ ʚʩʽ 

ʨʦʟʜʽʣʠ ʧʨʦʛʨʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ  ̔ ʤʘʛʽʩʪʨʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʩʧʝʮʽʘʣʽʟʘʮʽʾ çɯʥʪʝʛʨʦʚʘʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʋʢʨʘʾʥʠ. ʎʝ 

ʧʽʜʚʠʱʠʪ ɹʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝ ʣʠʰʝ ʘʫʜʠʪʦʨʥʠʭ ʟʘʥʷʪʴ, ʘ ʡ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪʽʚ. ʄʘʪʝʨʽʘʣ ʩʢʦʤʧʦʥʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʨʦʟʜʽʣ ʻ 

ʣʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʢʫʨʩʫ ʩʪʫʜʝʥʪʠ ʟʘʩʚʦʶʁ ʪʴ ʧʨʠʥʮʠʧʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʚʠʙʦʨʫ, ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ  ̔ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʝʪʦʜʠ ʾʭ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʟʘʜʘʥʠʤʠ ʩʪʘʪʠʯʥʠʤʠ ʡ ʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʪʫʜʝʥʪ ʤʘʻ ʟʥʘʪʠ: 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʘʥʘʣʦʛʦʚʦʾ ʽ ʮʠʬʨʦʚʦʾ 

ʩʭʝʤʦʪʝʭʥʽʢʠ; ʧʨʠʥʮʠʧʠ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʫʤʽʪʠ: ʨʦʟʨʘʭʫʚʘʪʠ ʪʘ 

ʤʦʜʝʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʣʘʥʢʠ; ʫʟʘʛʘʣʴʥʠʪʠ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

ʨʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ. 

ʇʽʜʨʫʯʥʠʢ ʥʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥ ʟʛʽʜʥʦ ʟ 

ʧʨʦʛʨʘʤʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ, ʽʥʞʝʥʝʨʽʚ  ̔ʤʘʛʽʩʪʨʽʚ ʥʘʧʨʷʤʫ çʉʠʩʪʝʤʥʘ 

ʽʥʞʝʥʝʨʽʷè ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. 

ʂʫʨʩ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ: ʤʘʪʝʤʘʪʠʢʘ, ʬʽʟʠʢʘ, 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ.  

ɿʽ ʩʚʦʛʦ ʙʦʢʫ ʢʫʨʩ ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʙʽʣʴʰʦʩʪʽ 

ʥʘʩʪʫʧʥʠʭ ʜʠʩʮʠʧʣʽʥ ʙʘʢʘʣʘʚʨʘʪʫ, ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʩʠʩʪʝʤ.  
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1. ɽʃɽʂʊʈʆʅʅɯ ɽʃɽʄɽʅʊʀ ʊɸ ʌɯɿʀʏʅɯ ʆʉʅʆɺʀ ɰʍ ʈʆɹʆʊʀ 

1.1. ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʜ̔ʥʠʢʽʚ 

1.1.1. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʫ ʘʪʦʤʽ 

ɿʛʽʜʥʦ ʟ ʢʚʘʥʪʦʚʦ ʁ ʪʝʦʨʽʻ  ʁ ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʤʘʪʠ ʮʽʣʢʦʤ ʧʝʚʥʽ 

(ʜʠʩʢʨʝʪʥʽ ʘʙʦ ʢʚʘʥʪʦʚʽ) ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʦʨʙʽʪʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʪʦʤʫ ʝʣʝʢʪʨʦʥ ʥʘʚʢʦʣʦ ʷʜʨʘ ʤʦʞʝ ʨʫʭʘʪʠʩʷ ʪʽʣʴʢʠ ʟʘ ʧʝʚʥʠʤʠ 

ʦʨʙʽʪʘʤʠ. ʂʦʞʥʽʡ ʦʨʙʽʪʽ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʷ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʨʽʚʝʥʴ. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʦʢʨʝʤʣʝʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʟʘʙʦʨʦʥʝʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ, ʡ ʝʣʝʢʪʨʦʥʠ ʥʝ ʤʦʞʫʪʴ ʧʝʨʝʭʦʜʠʪʠ ʟ ʦʜʥʽʻʾ 

ʦʨʙʽʪʠ ʥʘ ʽʥʰʫ. ʉʫʢʫʧʥʽʩʪʴ ʨʽʚʥʽʚ ʫʪʚʦʨʶʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ 

ʘʪʦʤʽ. ɻʨʘʬʽʯʥʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʢʨʝʤʦʤʫ ʘʪʦʤʽ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʚʠʤʽʨʥʦʾ ʜʽʘʛʨʘʤʠ, ʜʝ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʧʦʢʘʟʘʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ (ʨʠʩ. 1.1). 

 
ʈʠʩ. 1.1. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ ʘʪʦʤʽ 

ʋ ʥʝ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʝʣʝʢʪʨʦʥʠ ʚ ʘʪʦʤʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʥʘʡʙʣʠʞʯʠʭ ʜʦ 

ʷʜʨʘ ʦʨʙʽʪʘʭ. ʅʝ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʦʶ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʟʦʚʥʽʰʥʷ ʦʨʙʽʪʘ. ʇʽʜ 

ʯʘʩ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʘʪʦʤʦʤ ʷʢʠʡʩʴ ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʧʝʨʝʡʪʠ ʥʘ ʦʜʠʥ ʟ 

ʚʠʱʠʭ ʚʽʣʴʥʠʭ ʨʽʚʥʽʚ (ʫʪʚʦʨʶʻʪʴʩʷ ʟʙʫʜʞʝʥʠʡ ʘʪʦʤ) ʘʙʦ ʟʦʚʩʽʤ ʟʘʣʠʰʠʪʠ 

ʘʪʦʤ (ʫʪʚʦʨʶʻʪʴʩʷ ʽʦʥ). 

1.1.2. ɽʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ɺʟʘʻʤʦʜʽʷ ʙʘʛʘʪʴʦʭ ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʚʠʢʣʠʢʘʻ ʟʩʫʚ ʽ 

ʨʦʟʱʝʧʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʽʚ. ʇʽʜ ʯʘʩ ʦʙô̒ ʜʥʘʥʥʷ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ N ʦʜʥʘʢʦʚʠʭ ʘʪʦʤʽʚ ʢʦʞʝʥ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ N 
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ʙʣʠʟʴʢʦ ʨʦʟʤʽʱʝʥʠʭ ʦʜʥʠʡ ʜʦ ʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʜʦʟʚʦʣʝʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʟʦʥʫ. ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʝʥʝʨ- 

ʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ 
1E  ʽ 

2E  ʝʣʝʢʪʨʦʥʽʚ ʫ ʦʜʠʥʦʯʥʦʤʫ ʘʪʦʤʽ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʟ ʰʝʩʪʠ ʦʜʥʘʢʦʚʠʭ ʘʪʦʤʽʚ (N = 6 ); rï ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ. 

ʗʢʱʦ r >> r 2, ʘʪʦʤʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʠʡ. ʋ ʨʘʟʽ ʟʙʣʠʞʝʥʥʽ 

ʘʪʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʴ r < r 2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʱʝʧʣʝʥʥʷ ʨʽʚʥʷ 
2E  ʥʘ h̔ ʩʪʴ 

ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ. ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ r < r 1 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʦʟʱʝʧʣʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ 
1E . ʗʢʱʦ r = r 0, ʫ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʜʚʽ ʩʫʢʫʧʥʦʩʪʽ ʜʠʩʢʨʝʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ ʽʥʪʝʨʚʘʣʘʭ 
1ED  ʽ 

2ED , ʭ̔ ʥʘʟʠʚʘʶʪʴ ʜʦʟʚʦʣʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʦʥʘʤʠ. ɿʦʥʠ 
1ED  ʽ 

2ED  ʟʘ r = 

r0 ʨʦʟʜʽʣʝʥʽ ʧʨʦʤʽʞʢʦʤ æɽ3, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ. ʊʘʢʠʡ 

ʧʨʦʤʽʞʦʢ ʥʘʟʠʚʘʶʪʴ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. 

 
ʈʠʩ. 1.2. ʈʦʟʱʝʧʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ɿʘʙʦʨʦʥʝʥʽ ʟʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ, ʷʢʽ ʝʣʝʢʪʨʦʥ 

ʤʘʪʠ ʥʝ ʤʦʞʝ. ɿ ʧʦʜʘʣʴʰʠʤ ʟʙʣʠʞʝʥʥʷʤ ʘʪʦʤʽʚ r ¢ r3 ʟʦʥʠ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

1ED   ̔ 2ED , ʪʦʙʪʦ ʟʘʧʦʚʥʶʻʪʴʩʷ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ æɽ3. ʅʘ ʨʠʩ. 1.3 ʛʨʘʬʽʯʥʦ 

ʧʦʢʘʟʘʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

ʈʽʚʥʽ ʝʥʝʨʛʽʾ, ʟʘʡʥʷʪʽ ʝʣʝʢʪʨʦʥʘʤʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0 ʂ, ʢʦʣʠ ʥʝʤʘʻ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʫʪʚʦʨʶʶʪʴ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʟʘʧʦʚʥʝʥʫ ʟʦʥʫ. ʉʫʢʫʧʥʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫʪʚʦʨʶʻ ʚʘʣʝʥʪʥʫ ʟʦʥʫ (ʚʝʨʭʥʷ 

ʯʘʩʪʠʥʘ ʟʘʧʦʚʥʝʥʦʾ ʟʦʥʠ). 

ɼʦʟʚʦʣʝʥʽ ʨʽʚʥʽ ʝʥʝʨʛʽʾ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʘʡʥʷʪʠʤʠ ʟʘ ʊ = 0 ʂ, 

ʫʪʚʦʨʶʶʪʴ ʚʽʣʴʥʫ ʟʦʥʫ. ʅʠʞʥʶ ʯʘʩʪʠʥʫ ʚʽʣʴʥʦʾ ʟʦʥʠ ʥʘʟʠʚʘʶʪʴ ʟʦʥʦʶ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʨʽʚʥʽ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʥʝʾ, ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ, ʱʦ ʦʪʨʠʤʘʣʠ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ ʟʟʦʚʥʽ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʽʣʴʢʠ 

ʝʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ, ʘ ʥʝ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ. 
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E [ʝɺ]

ɺ̔ʣɹʥʘ  ʟʦʥʘ

ɿʦʥʘ ʧʨʦʚ̔ʜʥʦʩʪ̔

ɿʘʙʦʨʦʥʝʥʘ ʟʦʥʘ

ɺʘʣʝʥʪʥʘ ʟʦʥʘ

ɿʘʧʦʚʥʝʥʘ ʟʦʥʘ

}}
}
}}

 

ʈʠʩ. 1.3. ɽʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

1.1.3. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʤʽʞ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʽ ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʻʶ ʝʥʝʨʛʽʻʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʚʘʣʝʥʪʥʠʤ ʝʣʝʢʪʨʦʥʘʤ, 

ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʧʝʨʝʡʪʠ ʥʘ ʚʠʱʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʦʥʠ ʚʪʨʘʯʘʶʪʴ ʟʚô̫ ʟʦʢ ʟ ʷʜʨʦʤ ʽ ʩʪʘʶʪʴ 

ʚʽʣʴʥʠʤʠ. 

ʅʘ ʨʠʩ. 1.4 ʧʦʢʘʟʘʥʦ ʜʽʘʛʨʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʜʣʷ ʧʨʦʚʽʜʥʠʢʘ, 

ʜʽʝʣʝʢʪʨʠʢʘ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʋ ʧʨʦʚʽʜʥʠʢʘ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

(ʟʘʙʦʨʦʥʝʥʦ ʾ ʟʦʥʠ ʥʝʤʘʻ) ʽ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪʴ ʫ ʟʦʥʫ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʋ ʜʽʝʣʝʢʪʨʠʢʽʚ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʝʣʠʢʘ. ɼʣʷ ʧʝʨʝʭʦʜʫ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʾʤ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʚʘʪʠ ʟʥʘʯʥʫ 

ʝʥʝʨʛʽʶ (ʥʝ ʤʝʥʰʝ 3 ʝɺ). ɼʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʘ (ʧʨʠʙʣʠʟʥʦ 0,5ï2 ʝɺ). 

ʅʘ ʨʠʩ. 1.4, ʚ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʠʞʥʡ̔ ʤʝʞʽ (ʜʥʫ) 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʦʟʥʘʯʝʥʠʡ ʇE , ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʭʥʽʡ 

ʤʝʞʽ (ʩʪʝʣʽ) ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ï ɺE . 

 



 

20 

 
ʈʠʩ. 1.4. ɼʽʘʛʨʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ: ʘ ï ʧʨʦʚʽʜʥʠʢ; ʙ ï ʜʽʝʣʝʢʪʨʠʢ; 

ʚ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

1.1.4. ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʢʚʘʥʪʦʚʠʤʠ ʩʪʘʥʘʤʠ 

ʇʨʦʮʝʩ ʟʘʥʷʪʪʷ ʝʣʝʢʪʨʦʥʘʤʠ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʤʘʻ 

ʤ̔ʦʚʽʨʥʩ̔ʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ [3; 20] 

1

1
)()(

+

==
-

kT

EEnn
F

e

EPEf ,       

ʜʝ )(Efn
 ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ; )(EPn

ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʟ ʝʥʝʨʛʽʻʶ ɽ ʟʘʡʥʷʪʠʡ ʝʣʝʢʪʨʦʥʦʤ;              
FE  

ï ʨʽʚʝʥʴ ʌʝʨʤʽ ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʬʫʥʢʮʽʷ ʌʝʨʤʽ ʷʢʦʛʦ ʨʽʚʥʘ 0,5 ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ; T  ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ; k  ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʟ ʝʥʝʨʛʽʻʶ E  ʚʽʣʴʥʠʡ ʚʽʜ 

ʝʣʝʢʪʨʦʥʘ, ʪʦʙʪʦ ʟʘʡʥʷʪʠʡ ʜʽʨʢʦʶ 
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=

+

.      

ʅʘ ʨʠʩ. 1.5 ʟʦʙʨʘʞʝʥʘ ʬʫʥʢʮʽʷ )(Efn
 ʜʣʷ T  = 0 ʂ ʽ T  > 0 ʂ. 

ʋ ʯʠʩʪʦʤʫ (ʚʣʘʩʥʦʤʫ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʌʝʨʤʽ 

IFE  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

.
2 2I

ɿ ɿ
F ɺ ʇ

E E
E E E

D D
= + = - ,     

ʪʦʙʪʦ ʨʽʚʝʥʴ ʌʝʨʤʽ ʫ ʙʝʟʜʦʤʽʰʢʦʚʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʟʘ ʙʫʜʴ-ʷʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʩʝʨʝʜʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 
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ʈʠʩ. 1.5. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ 

1.1.5. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ: Ge ï ʛʝʨʤʘʥʽʡ, Si ï 

ʢʨʝʤʥʽʡ, Se ï ʩʝʣʝʥ, GaAs ï ʘʨʩʝʥʽʜ ʛʘʣʽʶ, GaP ï ʬʦʩʬʽʜ ʛʘʣʽʶ, SiC ï ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ ʽ ʥʠʟʢʘ ʽʥʰʠʭ, ʤʘʶʪʴ ʧʠʪʦʤʠʡ ʦʧʽʨ 104 10...10-=r
 
ʆʤÖʩʤ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʧʠʪʦʤʠʡ ʦʧʽʨ ʧʨʦʚʽʜʥʠʢʽʚ 46 10...10 --=r  ʆʤÖʩʤ, ʘ ʜʽʝʣʝʢʪʨʠʢʽʚ ï 

1510 10...10=r  ʆʤÖʩʤ [20; 22]. 

ʆʪʞʝ, ʟʘ ʩʚʦʾʤ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʫ 

ʦʙʣʘʩʪʴ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ ʽ ʜʽʝʣʝʢʪʨʠʢʘʤʠ. ɻʨʘʥʠʮʽ ʤʽʞ ʥʠʤʠ ʜʦʩʠʪʴ ʫʤʦʚʥʽ, 

ʦʩʢʽʣʴʢʠ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʽʝʣʝʢʪʨʠʢ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʷʢ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʘ ʷʢʠʡʩʴ ʯʠʩʪʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟʘ ʜʦʩʠʪʴ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʽʙʥʠʡ ʜʦ ʜʽʝʣʝʢʪʨʠʢʘ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʻ ʩʠʣʴʥʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʦʤ ʘʙʦ 

ʽʦʥʽʟʦʚʘʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʜʦʤʽʰʢʠ ʘʙʦ ʧʽʜ ʯʘʩ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. 

1.1.6. ɺʣʘʩʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ɼʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʨʦʟʛʣʷʥʝʤʦ 

ʜʝʷʢʠʡ ʦʙô̒ ʤ ʽʜʝʘʣʴʥʠʭ (ʽʟ ʩʪʨʦʛʦ ʚʧʦʨʷʜʢʦʚʘʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʪʦʤʽʚ ʫ 

ʚʫʟʣʘʭ ʨʝʰʽʪʢʠ) ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ ʛʝʨʤʘʥʽʶ ï ʝʣʝʤʝʥʪʘ IV ʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ ʄʝʥʜʝʣʻʻʚʘ. ʅʘ ʨʠʩ. 1.6 ʦʙô̒ ʤʥ̔ ʢʨʠʩʪʘʣʽʯʥ ̔ ˇʨʘʪʠ 

ʛʝʨʤʘʥʽʶ, ʝʣʝʤʝʥʪʘʨʥʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʽʛʫʨʦʶ ʷʢʦʾ ʻ ʪʝʪʨʘʝʜʨ, ʟʦʙʨʘʞʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʧʣʦʱʠʥʥʠʭ ˇʨʘʪ. 
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ɸʪʦʤʠ ʛʝʨʤʘʥʽʶ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ ˇʨʘʪ ʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʽʥʰʠʤʠ 

ʘʪʦʤʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ʇʦʜʚʽʡʥʽ ʣʽʥʽʾ ʤʽʞ 

ʚʫʟʣʘʤʠ ˇʨʘʪ ʫʤʦʚʥʦ ʟʦʙʨʘʞʘʶʪʴ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʚʦʤ ʨʽʟʥʠʤ ʘʪʦʤʘʤ. ʋ ʽʜʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ 

ʛʝʨʤʘʥʽʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ T  = 0 ʂ ʚʩʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ 

ʟʘʧʦʚʥʝʥʽ ʽ ʢʦʞʝʥ ʘʪʦʤ ʤʘʻ ʜʦʙʫʜʦʚʘʥʫ ʦʙʦʣʦʥʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʩʴʤʠ 

ʝʣʝʢʪʨʦʥʽʚ. ɺʘʣʝʥʪʥʘ ʟʦʥʘ ʧʦʚʥʽʩʪʶ ʟʘʡʥʷʪʘ ʝʣʝʢʪʨʦʥʘʤʠ, ʘ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʨʦʞʥʷ. 

ɼʣʷ ʛʝʨʤʘʥʽʶ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʦʨʽʚʥʶʻ 0,72 ʝɺ. ʊʦʤʫ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ 

ʝʥʝʨʛʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. ʊʘʢʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʪʝʧʣʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣ̫ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʥʽʚ ʨʦʟʨʠʚʘʻ ʢʦʚʘʣʝʥʪʥʽ 

ʟʚô̫ ʟʢʠ ʽ ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʟʚʽʣʴʥʷʶʯʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʫ 

ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ. ɺʘʢʘʥʪʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʥʘʟʠʚʘʶʪʴ 

ʜʽʨʢʦʶ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ ʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʽ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʷʭ ʧʦʚʦʜʠʪʴʩʷ, ʷʢ 

ʯʘʩʪʠʥʢʘ ʽʟ ʜʦʜʘʪʥʠʤ ʟʘʨʷʜʦʤ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʘʨ 

ʝʣʝʢʪʨʦʥ-ʧʨʦʚʽʜʥʦʩʪʽ, ʜʽʨʢʘ-ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʟʠʚʘʪʁʴ ʛʝʥʝʨʘʮʽʻʶ ʧʘʨ 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ (ʨʠʩ. 1.7). 

ʇʽʩʣʷ ʩʚʦʻʾ ʧʦʷʚʠ ʜʽʨʢʠ-ʧʨʦʚʽʜʥʦʩʪʽ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʟʜʽʡʩʥʶʪʁʴ ʭʘʦʪʠʯʥʠʡ ʨʫʭ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʝʣʝʢʪʨʦʥʠ ʫ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʜʽʨʢʘʤʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

ʇʨʦʮʝʩ ʟʥʠʢʥʝʥʥʷ ʧʘʨ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ ʥʘʟʠʚʘʪʁʴ ʨʝʢʦʤʙʽʥʘʮʽʻʶ. ʎʝʡ 

ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʝʥʝʨʛʽʾ, ʷʢʘ ʥʘʛʨʽʚʘ ̒ʢʨʠʩʪʘʣʽʯʥ ̔ˇʨʘʪʠ ʽ 

ʯʘʩʪʢʦʚʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʗʢʱʦ ʜʦ ʢʨʠʩʪʘʣʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠʢʣʘʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʪʦ ʨʫʭ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʥʘʙʫʚʘʻ ʜʝʷʢʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʟʘ ʘʙʩʦʣʶʪʥʠʡ ʥʫʣʴ ʢʨʠʩʪʘʣ ʥʘʙʫʚʘʻ ʟʜʘʪʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. 

ʁʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʽʥʪʝʥʩʠʚʥʽʰʝ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʧʘʨ 

ʝʣʝʢʪʨʦʥïʜʽʨʢʘ. ʇʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʫʭʦʤ ʦʙʦʭ ʚʠʜʽʚ ʥʦʩʽʾʚ ï 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. ɿʘʛʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [6; 20] 

ppnn pqnq mms ÖÖ+ÖÖ= ,     

ʜʝ s ï ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ; n  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ;             p  ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ; 
nm  ï ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ; pm  ï ʨʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ; 

nq  i 

pq  ï ʟʘʨʷʜʠ ʝʣʝʢʪʨʦʥʘ ʽ ʜʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 1.6. ʆʙô̒ ʤʥ̔ ʢʨʠʩʪʘʣʽʯʥ ̔ˇʨʘʪʠ 
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ʈʠʩ. 1.7. ɻʝʥʝʨʘʮʽʷ ʧʘʨ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ 

 

ʊʘʢʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʟʠʚʘʪʁʴ ʚʣʘʩʥʦʶ, ʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ï ʚʣʘʩʥʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ʎʷ ʧʨʦʚʽʜʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʘ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɽʣʝʢʪʨʦʥʥʘ ʽ ʜʽʨʢʦʚʘ ʧʨʦʚʽʜʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʨʫʭʦʤ ʝʣʝʢʪʨʦʥʽʚ. ʇʨʦʪʝ 

ʫ ʨʘʟʽ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʨʫʭʘʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʫ 

ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʋ ʨʘʟʽ ʜʽʨʢʦʚʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʨʫʭʘʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʟʘʧʦʚʥʶʶʯʠ ʚʘʢʘʥʪʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ (ʜʽʨʢʠ), ʫ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʜʽʨʦʢ. 

ɺʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʜʦʩʠʪʴ ʜʣʷ ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ 

ʧʝʨʝʚʝʩʪʠ ʝʣʝʢʪʨʦʥ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʙʪʦ ʧʦʜʦʣʘʪʠ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ. 

1.1.7. ɼʦʤʽʰʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʗʢʱʦ ʫ ʢʨʠʩʪʘʣ ʛʝʨʤʘʥʽʶ ʘʙʦ ʢʨʝʤʥʽʶ ʜʦʜʘʪʠ ʜʦʤʽʰʢʠ ʝʣʝʤʝʥʪʽʚ III 

ʘʙʦ V ʛʨʫʧʠ ʪʘʙʣʠʮʽ ʄʝʥʜʝʣʻʻʚʘ, ʪʦ ʪʘʢʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʥʘʟʠʚʘʪʁʴ 

ʜʦʤʽʰʢʦʚʠʤ. 

ɼʦʤʽʰʢʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʽʟ ʚʣʘʩʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. 

ɼʦʤʽʰʢʠ ʙʫʚʘʶʪʴ ʜʦʥʦʨʥʽ ʽ ʘʢʮʝʧʪʦʨʥʽ. ɼʦʥʦʨʥʽ ʜʦʤʽʰʢʠ ʚʽʜʜʘʶʪʴ 

ʩʚʦʾ ʝʣʝʢʪʨʦʥʠ, ʩʪʚʦʨʶʶʯʠ ʫ ʢʨʠʩʪʘʣʽ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʘʢʮʝʧʪʦʨʥʽ ï 

ʟʘʭʦʧʣʶʶʪʴ ʝʣʝʢʪʨʦʥʠ ʟ ˇʨʘʪ ʦʩʥʦʚʥʦʛʦ ʢʨʠʩʪʘʣʫ, ʩʪʚʦʨʶʶʯʠ ʜʽʨʢʦʚʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʜʦʤʽʰʢʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʽ ʜʽʨʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʦʤʽʰʢʦʚʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 
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ʇ̔ ʜ ʯʘʩ ʚʥʝʩʝʥʥʷ ʜʦ ʟʘʟʜʘʣʝʛʽʜʴ ʦʯʠʱʝʥʦʛʦ ʛʝʨʤʘʥʽʶ ʜʦʤʽʰʢʠ 

ʧô̫ ʪʠʚʘʣʝʥʪʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʥʘʧʨʠʢʣʘʜ, ʤʠʰô̫ ʢʫ ï As) ʘʪʦʤʠ ʜʦʤʽʰʢʠ 

ʟʘʤʽʱʘʶʪʴ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ ʘʪʦʤʠ ʛʝʨʤʘʥʽʶ, ʧʨʠ ʮʴʦʤʫ ʯʦʪʠʨʠ ʟ 

ʧô̫ ʪʠ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʤʠʰô̫ ʢʫ ʫʪʚʦʨʶʶʪʴ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ ʟ 

ʯʦʪʠʨʤʘ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʛʝʨʤʘʥʽʶ ʧʦʜʽʙʥʦ ʜʦ ʟʚô̫ ʟʢʽʚ ʫ ʚʣʘʩʥʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. ʇô̫ ʪʠʡ ʝʣʝʢʪʨʦʥ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʜʣʠʰʢʦʚʠʤ (ʨʠʩ. 1.8). 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ɼE  ʣʝʞʠʪʴ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ 

ʧʦʙʣʠʟʫ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʤʫ ʚʞʝ ʟʘ ʢʽʤʥʘʪʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʜʣʠʰʢʦʚʽ ʝʣʝʢʪʨʦʥʠ ʤʠʰô̫ ʢʫ ʥʘʙʫʚʘʶʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʫʞʝ 

ʥʝʚʝʣʠʢʽʡ ʝʥʝʨʛʽʾ ʾʭ ʟʚô̫ ʟʢʫ ʟ ʘʪʦʤʘʤʠ ʜʦʤʽʰʢʠ (ɼ ʇ ɼE E ED = -), ʽ ʧʝʨʝʭʦʜʷʪʴ ʫ 

ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʋ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ ʛʝʨʤʘʥʽʶ, ʱʦ ʟʘʡʥʷʪʽ ʘʪʦʤʘʤʠ ʜʦʤʽʰʢʠ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʥʦ ʟʘʨʷʜʞʝʥʽ ʽʦʥʠ (ʥʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʢʚʘʜʨʘʪʠʢʽʚ), ʘ ʚ ʦʙô̒ ʤʽ ʢʨʠʩʪʘʣʫ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʥʘʜʣʠʰʢʦʚʽ ʝʣʝʢʪʨʦʥʠ, ʱʦ 

ʤʘʶʪʴ ʝʥʝʨʛʽʶ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ɿɼ EE D<<D , ʪʦ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʝʨʝʭʦʜʷʪʴ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʜʦʤʽʰʢʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ɼE , ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, 

ʱʦ ʧʝʨʝʭʦʜʷʪʴ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʫ ʧʨʦʮʝʩʽ ʛʝʥʝʨʘʮʽʾ ʧʘʨ 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ. ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʨʠʩʪʘʣʽ ʧʽʜ ʯʘʩ ʚʥʝʩʝʥʥʷ 

ʧô̫ ʪʠʚʘʣʝʥʪʥʦʾ ʜʦʤʽʰʢʠ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ. ʊʘʢʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʤʘʻ, ʧʝʨʝʚʘʞʥʦ, ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘʙʦ ʧʨʦʚʽʜʥʽʩʪʴ  n-ʪʠʧʫ (n-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ), ʘ ʜʦʤʽʰʢʘ, ʟʜʘʪʥʘ ʚʽʜʜʘʚʘʪʠ ʝʣʝʢʪʨʦʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʦʥʦʨʥʦʶ. ʆʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ       n-ʪʠʧʫ ʻ 

ʝʣʝʢʪʨʦʥʠ, ʘ ʥʝʦʩʥʦʚʥʠʤʠ ï ʜʽʨʢʠ. 

ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ n-ʪʠʧʫ: 

 )ln(
I

n
FF

n

n
kTEE

In
Ö+= ,     

ʜʝ k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; nI ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʙʝʟʜʦʤʽʰʢʦʚʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ; nn ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, 

ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ n-ʪʠʧʫ. 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʭʦʜʠʪʴ, ʱʦ ʨʽʚʝʥʴ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ      n-

ʪʠʧʫ ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠʯʦʤʫ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʚʠʱʝ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ. 

ʇ̔ ʜ ʯʘʩ ʜʦʜʘʚʘʥʥ ̫ʫ ʢʨʠʩʪʘʣ ʛʝʨʤʘʥʽʶ ʜʦʤʽʰʢʠ ʝʣʝʤʝʥʪʽʚ III ʛʨʫʧʠ 

(ʥʘʧʨʠʢʣʘʜ, ʽʥʜʽʶ ï In) ʘʪʦʤʠ ʽʥʜʽ ʁʟʘʤʽʱʘʶʪʴ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ 

ʘʪʦʤʠ ʛʝʨʤʘʥʽʶ. ʇʨʦʪʝ ʫ ʮʴʦʤʫ ʨʘʟʽ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ 
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ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʥʝ ʚʠʩʪʘʯʘʻ, ʦʩʢʽʣʴʢʠ ʘʪʦʤʠ ʥ̔ʜʽʶ ʤʘʶʪʴ ʣʠʰʝ ʪʨʠ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ (ʨʠʩ. 1.10). 
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 ʈʠʩ. 1.8. ʋʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʦʤʽʰʢʦʚʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ

  

 

 

ʈʠʩ. 1.9. ɽʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʜʦʤʽʰʢʦʚʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ n-ʪʠʧʫ
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ʈʠʩ. 1.10. ʋʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʜʽʨʦʢ ʫ ʜʦʤʽʰʢʦʚʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ 

ʆʩʢʽʣʴʢʠ ʜʦʤʽʰʢʦʚʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʽʥʜʽʶ 
ɸE  ʣʝʞʠʪʴ ʫ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʧʦʙʣʠʟʫ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ Ge, ʪʦ ʜʦʩʠʪʴ ʜʫʞʝ ʥʝʚʝʣʠʢʦʾ 

ʝʥʝʨʛʽʾ 3EEEE Bɸɸ D<<-=D  (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ), ʱʦʙ ʝʣʝʢʪʨʦʥʠ ʽʟ ʚʝʨʭʥʽʭ ʨʽʚʥʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʧʝʨʝʤʽʩʪʠʣʠʩʷ 

ʥʘ ʨʽʚʝʥʴ ʜʦʤʽʰʢʠ, ʫʪʚʦʨʠʚʰʠ ʧʦʪʨʽʙʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʜʣʠʰʢʦʚʽ ʚʘʢʘʥʪʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ (ʜʽʨʢʠ), ʘ ʘʪʦʤʠ ʥ̔ʜʽʶ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʚʽʜô̒ʤʥʽ ʽʦʥʠ (ʥʘ 

ʨʠʩ. 1.11 ʧʦʢʘʟʘʥʦ ʪʨʠ ʚʽʜô̒ ʤʥʠʭ ʽʦʥʠ ʜʦʤʽʰʢʠ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʠʢʽʚ). 

ʂ̔ ʣʴʢʽʩʪʴ ʜʽʨʦʢ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʧʽʜ ʯʘʩ ʚʥʝʩʝʥʥʷ ʪʨʠʚʘʣʝʥʪʥʦʾ ʜʦʤʽʰʢʠ 

ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ (3EEɸ D<<D ). ʊʘʢʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʤʘʻ 

ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʘʙʦ ʧʨʦʚʽʜʥʽʩʪʴ ʪʠʧʫ p (p-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ). 
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ʈʠʩ. 1.11. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʜʦʤʽʰʢʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ p-ʪʠʧʫ 

ɼʦʤʽʰʢʫ, ʚʚʝʜʝʥʥʷ ʷʢʦʾ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʜʽʨʦʢ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ, 

ʥʘʟʠʚʘʪʁʴ ʘʢʮʝʧʪʦʨʥʦʶ. ʋ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʪʠʧʫ p ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʻ 

ʜʽʨʢʠ, ʘ ʥʝʦʩʥʦʚʥʠʤʠ ï ʝʣʝʢʪʨʦʥʠ. 

ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʨ-ʪʠʧʫ 
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ʜʝ pp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ, ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ p-ʪʠʧʫ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʨʽʚʝʥʴ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ p-ʪʠʧʫ 

ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ pp. 

1.2. ɽʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʡ ʧʝʨʝʭʽʜ 

1.2.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʆʙʣʘʩʪʴ, ʱʦ ʨʦʟʜʽʣʷʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʟ ʨʽʟʥʦʪʠʧʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ, ʥʘʟʠʚʘʪʁʴ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʘʙʦ p-n-ʧʝʨʝʭʦʜʦʤ. 

ɺʽʥ ʻ ʦʩʥʦʚʦʶ ʙʽʣʴʰʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ. 

1.2.2. ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʇ̔ ʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥ ̫ p-n-ʧʝʨʝʭʦʜʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ ʜʦʥʦʨʥʦʾ 

ʜʦʤʽʰʢʠ ʫ n-ʦʙʣʘʩʪʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1510=ɼN
 
ʩʤ
ï3
, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ 

ʘʢʮʝʧʪʦʨʥʦʾ ʜʦʤʽʰʢʠ ʫ ʨ-ʦʙʣʘʩʪʽ ï ʙʣʠʟʴʢʦ 1810=ɸN
 
ʩʤ
ï3 

(ʨʠʩ. 1.12). 



 

27 

 

Iɼʈ

Iɼʀʌ

n p

űʂ0

Nɼ<<Nɸ(űʂ0=űʨ-űn)

E

 
 

ʈʠʩ. 1.12. ʇʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʫ ʨʘʟʽ ʚʜ̔ʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ ʫʤʦʚʠ, ʱʦ: 

1. ʅʘ ʤʝʞʽ ʨʦʟʜʽʣʫ p- ʽ n-ʦʙʣʘʩʪʝʡ ʚʽʜʩʫʪʥʽ ʤʝʭʘʥʽʯʥʽ ʜʝʬʝʢʪʠ ʽ 

ʚʢʣʶʯʝʥʥʷ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

2. ɿʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʚʩʽ ʘʪʦʤʠ ʜʦʤʽʰʢʠ ʽʦʥʽʟʦʚʘʥʽ, ʪʦʙʪʦ 

p ɸ

n ɼ

p N

n N

= ûî
ü

= îý,          

ʜʝ pp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ, ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ p-ʪʠʧʫ, 

nn ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ n-ʪʠʧʫ.  

3. ʅʘ ʤʝʞʽ p- ʪʘ n-ʦʙʣʘʩʪʝʡ p-n-ʧʝʨʝʭʦʜʫ ʪʠʧ ʜʦʤʽʰʢʠ ʨʽʟʢʦ 

ʟʤʽʥʶʻʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʚ n-ʦʙʣʘʩʪʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʚ p-ʦʙʣʘʩʪʽ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ ʫ p-ʦʙʣʘʩʪʽ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʨʦʢ ʚ n-ʦʙʣʘʩʪʽ 

n P

p n

n n

p p

>> ûî
ü

>> îý
,        

ʪʦ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʠʥʠʢʘʻ ʛʨʘʜʽʻʥʪ (ʧʝʨʝʧʘʜ) ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʫʭʦʤʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ (ʜʽʨʦʢ ʽ ʝʣʝʢʪʨʦʥʽʚ) 

; .
dp dn

dx dx
         

ʇʽʜ ʜʽʻʶ ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʷʜʠ ʜʠʬʫʥʜʫʚʘʪʠʤʫʪʴ ʽʟ ʦʙʣʘʩʪʽ ʟ 

ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʦʙʣʘʩʪʴ ʽʟ ʟʥʠʞʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʪʦʙʪʦ 

ʝʣʝʢʪʨʦʥʠ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʽʟ n-ʦʙʣʘʩʪʽ ʫ p-ʦʙʣʘʩʪʴ, ʘ ʜʽʨʢʠ ï ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 
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ʥʘʧʨʷʤʢʫ. ʎʝ ʨʫʭ ʟʘʨʷʜʽʚ (ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ) ʫʪʚʦʨʶʻ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ  

p-n-ʧʝʨʝʭʦʜʫ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʽ ʩʢʣʘʜʦʚʽ: 
ɼʀʌnI  ï ʝʣʝʢʪʨʦʥʥʫ ʽ ʨɼʀʌI  ï ʜʽʨʢʦʚʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ ʛʨʘʥʠʯʥʠʡ ʰʘʨ 

ʟʙʽʜʥʶ̒ ʪʴʩʷ ʨʫʭʦʤʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ. ʋ ʧʨʠʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ n-ʪʠʧʫ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʥʝ ʩʢʦʤʧʝʥʩʦʚʘʥʠʡ ʜʦʜʘʪʥʠʡ ʟʘʨʷʜ ʟʘ ʨʘʭʫʥʦʢ ʽʦʥʽʚ ʜʦʥʦʨʥʦʾ 

ʜʦʤʽʰʢʠ, ʘ ʚ ʦʙʣʘʩʪʽ p-ʪʠʧʫ ï ʚʽʜô̒ ʤʥʠʡ ʟʘʨʷʜ ʟʘ ʨʘʭʫʥʦʢ ʽʦʥʽʚ ʘʢʮʝʧʪʦʨʥʦʾ 

ʜʦʤʽʰʢʠ. ʅʘ ʨʠʩ. 1.12 ʮʽ ʽʦʥʠ ʧʦʟʥʘʯʝʥʽ ʚʽʜʧʦʚʽʜʥʦ: ʊɸ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʤʝʞʽ p- ʽ n-ʦʙʣʘʩʪʝʡ ʚʠʥʠʢʘʻ ʧʦʜʚʽʡʥʠʡ ʰʘʨ 

ʦʙô̒ ʤʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʥʘʷʚʥʽʩʪʴ ʷʢʦʛʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ E. 

ʎʝ ʧʦʣʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʭʦʜʞʝʥʥʶ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ 

(ʩʪʨʫʤʫ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ). ɿʙʽʜʥʝʥʠʡ ʰʘʨ ʤʘʻ ʤʘʣʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʨʫʭʦʤʽ ʥʦʩʽʾ ʟʘʨʷʜʫ. ʊʦʤʫ ʡʦʛʦ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʟʘʧʽʨʥʠʤ ʰʘʨʦʤ. ʅʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʰʘʨʫ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʫ 

p-n-ʧʝʨʝʭʦʜʽ ʢʦʥʪʘʢʪʥʦʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʟʘʟʥʘʻ ʥʘʡʙʽʣʴʰʫ ʟʤʽʥʫ ʥʘ 

ʤʝʞʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n- ʽ p-ʪʠʧʽʚ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʝʥʮʽʡʥʠʤ ʙʘʨô̒ ʨʦʤ 
ʂ0j . 

ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ   

K0 p nj j j= -        

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʦʢ ʫ n- ʽ p-ʦʙʣʘʩʪʷʭ ʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

(0,3é0,8) ɺ. 

ʆʢʨʽʤ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ n- ʽ p-ʪʠʧʫ  ̒ʥʝʦʩʥʦʚʥʽ ʥʦʩʽʾ 

ï ʜʽʨʢʠ ʡ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ, ʟʜʽʡʩʥʶʶʯʠ ʭʘʦʪʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʨʫʭ (ʜʨʝʡʬʫʶʯʠ), 

ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʫ ʟʦʥʫ ʜʽʾ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ p-n-ʧʝʨʝʭʦʜʫ. ʇʦʣʝ p-n-

ʧʝʨʝʭʦʜʫ ʙʫʜʝ ʜʣʷ ʥʠʭ ʧʨʠʩʢʦʨʶʶʯʠʤ. ʅʝʦʩʥʦʚʥʽ ʥʦʩʽʾ ï ʝʣʝʢʪʨʦʥʠ p-ʦʙʣʘʩʪʽ 

ʜʨʝʡʬʫʚʘʪʠʤʫʪʴ ʫ n-ʦʙʣʘʩʪʴ, ʘ ʜʽʨʢʠ n-ʦʙʣʘʩʪʽ ï ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʈʫʭ 

ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʫʪʚʦʨʶʻ ʜʨʝʡʬʦʚʠʡ ʩʪʨʫʤ p-n-ʧʝʨʝʭʦʜʫ, ʷʢʠʡ ʪʘʢʦʞ ʤʘʻ 

ʩʢʣʘʜʦʚʽ: 
ɼʈnI  ï ʝʣʝʢʪʨʦʥʥʫ ʽ 

ɼʈʨI  ï ʜʽʨʢʦʚʫ. 

ɿʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʘʻ 

ʝʥʝʨʛʽʶ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ, ʪʦʙʪʦ ʧʨʦʭʦʜʠʪʴ 

ʥʝʟʥʘʯʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ. ʎʝʡ ʩʪʨʫʤ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʜʨʝʡʬʦʚʠʤ 

ʩʪʨʫʤʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ ʫ p-n-ʧʝʨʝʭʦʜʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʩʪʨʫʤʽʚ, ʢʦʣʠ ʜʠʬʫʟʽʡʥʠʡ ʽ 

ʜʨʝʡʬʦʚʠʡ ʩʪʨʫʤʠ ʢʦʤʧʝʥʩʫʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ 

.0=- ɼʈɼʀʌ II        
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1.2.3. ɽʬʝʢʪ ʚʠʧʨʷʤʣʝʥʥʷ ʫ p-n-ʧʝʨʝʭʦʜ ̔

ʇ̔ ʜ ʯʘʩ ʧʽʜʢʣʶʯʝʥʥ ̫ʜʦ p-n-ʧʝʨʝʭʦʜʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʩʪʨʫʤʽʚ ʧʦʨʫʰʫʻʪʴʩʷ. ʇʦʚʝʜʽʥʢʘ p-n-ʧʝʨʝʭʦʜʫ ʧʨʠ 

ʮʴʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʧʨʷʤʝ ʽ ʟʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. 

ɿʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. ɿʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ  

p-n-ʧʝʨʝʭʦʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.13, ʛ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ 

ʧʦʣʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʝʤ p-n-ʧʝʨʝʭʦʜʫ. ʇʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ p-n-ʧʝʨʝʭʦʜʫ 

ʟʨʦʩʪʘʻ (ʨʠʩ. 1.13, ʜ) 

.K1 K0 ɿɺʈUj j= +        

ʇʽʜ ʜʽʻʶ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʙʫʜʫʪʴ ʥʝʥʘʯʝ  

ʚʽʜʰʪʦʚʭʫʚʘʪʠʩʴ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʽ ʜʨʝʡʬʫʚʘʪʠʤʫʪʴ ʫ ʛʣʠʙʠʥʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʧʨʠ ʮʴʦʤʫ ʰʠʨʠʥʘ ʰʘʨʫ, ʟʙʽʜʥʝʥʦʛʦ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ. ʆʧʽʨ p-n-ʧʝʨʝʭʦʜʫ ʜʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʪʨʫʤʽʚ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ. 

ɼʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʫ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ. 

ɼʣʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʚʽʜʩʫʪʥʽʡ, ʽ ʚʦʥʠ ʙʫʜʫʪʴ 

ʚʪʷʛʫʚʘʪʠʩʷ ʫ p-n-ʧʝʨʝʭʽʜ ʧʦʣʝʤ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʦʚʥʽʰʥʴʦʶ ʥʘʧʨʫʛʦʶ U
ɿɺʈ

, 

ʽ ʙʫʜʫʪʴ ʚʠʚʦʜʠʪʠʩʷ ʯʝʨʝʟ ʥʴʦʛʦ ʫ ʦʙʣʘʩʪʴ, ʜʝ ʚʦʥʠ ʻ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʥʘʟʠʚʘʪʁʴ ʝʢʩʪʨʘʢʮʽʻʶ. 

ʇ̔ ʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥ ̫ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʜʨʝʡʬʦʚʠʡ 

ʩʪʨʫʤ, ʷʢʠʡ ʤʘʻ ʥʝʚʝʣʠʢʫ ʚʝʣʠʯʠʥʫ (ʩʪʨʫʤ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ). ʎʝʡ ʩʪʨʫʤ 

ʥʘʟʠʚʘʶʪʴ ʟʚʦʨʦʪʥʠʤ ʩʪʨʫʤʦʤ ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ ʽ ʧʦʟʥʘʯʘʶʪʴ ɯ0. 
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ʈʠʩ. 1.13. ʇʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ: ʘ, ʙ, ʚ ï ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ; ʛ, ʜ, ʝ ï ʟʘ 

ɿɺʈUU = ; ʞ, ʟ, ʠ ï ʟʘ ʇʈUU =  

ʇʨʷʤʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. ʇʨʷʤʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.13, ʞ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʘʧʨʷʤʦʢ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ 

ʧʨʦʪʠʣʝʞʥʠʡ ʜʽʾ ʧʦʣʷ p-n-ʧʝʨʝʭʦʜʫ. ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ 

ʟʤʝʥʰʫʻʪʴʩʷ 

K2 K0 ʇʈUj j= -
.
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ʆʩʥʦʚʥʽ ʥʦʩʽʾ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʢʦʥʪʘʢʪʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n- ʽ p-ʪʠʧʫ, 

ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʶʯʠ ʦʙô̒ ʤʥʽ ʧʨʦʩʪʦʨʦʚʽ ʟʘʨʷʜʠ. ʐʠʨʠʥʘ ʟʙʽʜʥʝʥʦʛʦ ʰʘʨʫ 

p-n-ʧʝʨʝʭʦʜʫ ʽ ʡʦʛʦ ʦʧʽʨ ʧʨʦʭʦʜʞʝʥʥʶ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɼʠʬʫʟʽʡʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʜʨʝʡʬʦʚʘ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦʙʣʠʟʫ p-n-ʧʝʨʝʭʦʜʫ ʟô̫ ʚʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ. ʇʨʦʮʝʩ ʚʚʝʜʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʫ ʦʙʣʘʩʪʴ, ʜʝ ʚʦʥʠ ʻ 

ʥʝʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ, ʧʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʞʝʢʮʽʻʶ, ʧʨʠ ʮʴʦʤʫ ʟ n-ʦʙʣʘʩʪʽ ʚ p-ʦʙʣʘʩʪʴ ʽʥʞʝʢʪʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʥʠ, ʘ ʟ p-ʦʙʣʘʩʪʽ ʫ n-ʦʙʣʘʩʪʴ ï ʜʽʨʢʠ. ʆʩʢʽʣʴʢʠ, ʷʢ ʥʘʛʦʣʦʰʫʚʘʣʦʩʷ 

ʚʠʱʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʮʝʧʪʦʨʥʦʾ ʜʦʤʽʰʢʠ ʫ p-ʦʙʣʘʩʪʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ʫ n-ʦʙʣʘʩʪʽ, ʦʙʣʘʩʪʴ p ʙʫʜʝ ʙʽʣʴʰ 

ʥʠʟʴʢʦʦʤʥʦʶ ï ʾʾ ʥʘʟʠʚʘʶʪʴ ʝʤʽʪʝʨʦʤ, ʘ ʦʙʣʘʩʪʴ n ï ʙʽʣʴʰ ʚʠʩʦʢʦʦʤʥʦʶ ï ʾʾ 

ʥʘʟʠʚʘʶʪʴ ʙʘʟʦʶ. 

ʇ̔ ʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ )1( BUU ʇʈʇʈ >  ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʫ p-n-ʧʝʨʝʭʦʜʽ 

ʟʥʠʢʘʻ, ʜʨʝʡʬʦʚʠʡ ʩʪʨʫʤ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʽ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ 

ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ (ʩʪʨʫʤ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ).  

ʅʝʦʩʥʦʚʥʽ ʥʦʩʽʾ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ 

ʽʥʞʝʢʮʽʾ, ʯʘʩʪʢʦʚʦ ʨʝʢʦʤʙʽʥʫʶʪʴ ʟ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʝʡ. 

ʅʘ ʨʠʩ. 1.13 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʙ, ʜ, ʟ) 

ʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ (ʚ, ʝ, ʻ) ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜʧʦʚʽʜʥʦ ʟʘ 

ʥʫʣʴʦʚʦ,ʾ ʟʚʦʨʦʪʥʦ ʾʪʘ ʧʨʷʤʦ ʾʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ. 

1.2.4. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ p-n-ʧʝʨʝʭʦʜʫ 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) p-n-ʧʝʨʝʭʦʜʫ ï ʮʝ ʟʘʣʝʞʥʽʩʪʴ 

ʩʪʨʫʤʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽ ʧʦʣʷʨʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ. 

ɸʥʘʣʽʪʠʯʥʦ ɺɸʍ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚʠʨʘʟʦʤ  

0 ( 1),T

U

I I e
j

= Ö -       

ʜʝ 0I  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ (ʟʘ ʥʝʟʤʽʥʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘʪʁʴ ʬʽʟʠʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ); U  ï 

ʥʘʧʨʫʛʘ, ʱʦ ʧʨʠʢʣʘʜʝʥʘ ʜʦ p-n-ʧʝʨʝʭʦʜʫ; Tj  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ: 

T

k T

q
j

Ö
=  ,        

ʜʝ k  ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ p-n-ʧʝʨʝʭʦʜʫ;            

q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ. 

ɯʥʦʜʽ ɺɸʍ ʥʘʚʦʜʷʪʴ ʫ ʚʠʛʣʷʜʽ [1; 20; 22] 
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ɺɸʍ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.14. 
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ʈʠʩ. 1.14. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ p-n-ʧʝʨʝʭʦʜʫ 

ʅʘʚʝʜʝʥʘ ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ, 

ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ. ʇʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʽʜ ʤʘʻ ʤʘʣʠʡ ʦʧʽʨ ʽ 

ʯʝʨʝʟ ʥʴʦʛʦ ʧʨʦʭʦʜʠʪʴ ʟʥʘʯʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʪʦʯʢʠ 1, ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʟʥʠʢʘʻ, ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ    

p-n-ʧʝʨʝʭʦʜʫ ʻ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʥʘʭʠʣ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʦʨʫ ʦʩʥʦʚʥʦ ʾ

ʦʙʣʘʩʪʽ. 

ʋ ʨʘʟʽ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʦʧʽʨ p-n-ʧʝʨʝʭʦʜʫ ʜʫʞʝ ʚʝʣʠʢʠʡ ʽ ʯʝʨʝʟ 

ʥʴʦʛʦ ʧʨʦʭʦʜʠʪʴ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ ʩʪʨʫʤ 0I  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ. 

ʋ ʪʦʯʮʽ 2 ʟʘ 
ʇʈʆɹɿɺʈ UU =  ʥʘʩʪʘʻ ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ. ɸʥʘʣʽʟ ɺɸʍ 

p-n-ʧʝʨʝʭʦʜʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

p-n-ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ ʛʦʣʦʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ p-n-ʧʝʨʝʭʦʜʫ ï 

ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

1.2.5. ʇʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ 

ʈʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʧ̔ʜ ʯʘʩ 

ʜʦʩʷʛʥʝʥʥʷ ʟʚʦʨʦʪʥʦʶ ʥʘʧʨʫʛʦʶ ʜʝʷʢʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʨʦʙʦʻʤ p-n-ʧʝʨʝʭʦʜʫ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ (ʦʙʦʨʦʪʥʠʡ) ʽ ʥʝʝʣʝʢʪʨʠʯʥʠʡ (ʥʝʦʙʦʨʦʪʥʠʡ) 

ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ. 

ɽʣʝʢʪʨʠʯʥʠʡ (ʦʙʦʨʦʪʥʠʡ) ʧʨʦʙʽʡ. ɽʣʝʢʪʨʠʯʥʠʡ ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ 

ʙʫʚʘʻ ʜʚʦʭ ʚʠʜʽʚ: 
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- ʣʘʚʠʥʥʠʡ; 

- ʪʫʥʝʣʴʥʠʡ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʣʘʚʠʥʥʠʡ ʧʨʦʙʽʡ ʚʠʥʠʢʘʻ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʝʤʽʩʽʾ ʝʣʝʢʪʨʦʥʽʚ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ ʘʪʦʤʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʊʫʥʝʣʴʥʠʡ ʧʨʦʙʽʡ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ ʪʫʥʝʣʴʥʦʛʦ ʝʬʝʢʪʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʫ ʪʫʥʝʣʴʥʠʭ ʜʽʦʜʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ 

ʧʨʦʙʽʛʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʩʪʘʻ ʙʽʣʴʰʝ ʰʠʨʠʥʠ p-n-ʧʝʨʝʭʦʜʫ ʽ ʫʜʘʨʥʘ ʽʦʥʽʟʘʮʽʷ ʧʨʠ 

ʮʴʦʤʫ ʥʝʤʦʞʣʠʚʘ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʧʨʦʙʽʡ ʻ ʦʙʦʨʦʪʥʠʤ, ʦʩʢʽʣʴʢʠ p-n-ʧʝʨʝʭʽʜ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʝʞʠʤʽ ʧʨʦʙʦʶ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʝʦʙʦʨʦʪʥʠʡ ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ. ʅʝʦʙʦʨʦʪʥʠʡ ʧʨʦʙʽʡ ʙʫʚʘʻ ʜʚʦʭ 

ʚʠʜʽʚ: 

- ʪʝʧʣʦʚʠʡ; 

- ʧʦʚʝʨʭʥʝʚʠʡ. 

ʊʝʧʣʦʚʠʡ ʧʨʦʙʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʘʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. 

ʅʘʛʨʽʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʙʽʣʴʰʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ, ʘʙʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ɺ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ p-n-ʧʝʨʝʭʽʜ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʛʝʥʝʨʘʮʽʷ ʧʘʨ 

ʝʣʝʢʪʨʦʥïʜʨ̔ʢʘ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ  ʟʙʽʣʴʰʫʻ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ. ʇʨʦʚʽʜʥʽʩʪʴ  

p-n-ʧʝʨʝʭʦʜʫ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʅʘʩʪʘʻ ʪʝʧʣʦʚʠʡ (ʥʝʦʙʦʨʦʪʥʠʡ) ʧʨʦʙʽʡ  

p-n-ʧʝʨʝʭʦʜʫ, ʷʢʠʡ ʚʠʚʦʜʠʪʴ ʡʦʛʦ ʟ ʣʘʜʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʙʽʡ ʤʦʞʝ ʪʘʢʦʞ ʧʝʨʝʡʪʠ ʚ 

ʥʝʦʙʦʨʦʪʥʠʡ ʪʝʧʣʦʚʠʡ ʧʨʦʙʽʡ, ʷʢʱʦ ʥʝ ʦʙʤʝʞʠʪʠ ʚʝʣʠʯʠʥʫ ʟʚʦʨʦʪʥʦʛʦ 

ʩʪʨʫʤʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ. ʇʦʚʝʨʭʥʝʚʠʡ ʧʨʦʙʽʡ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʫʧʯʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʨʷʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɼʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʨʦʙʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʦʢʨʠʪʪʷ. 

1.2.6. ʊʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ 

ɺʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʽʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʩʠʣʶʻʪʴʩʷ 

ʛʝʥʝʨʘʮʽʷ ʧʘʨ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʽ 

ʚʣʘʩʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʅʘ ʨʠʩ. 1.15 ʟʦʙʨʘʞʝʥʦ ʪʨʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ p-n-ʧʝʨʝʭʦʜʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (T1 > T2 > T3). 
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ʇ̔ ʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʟʨʦʩʪʘʻ, ʽ p-n-

ʧʝʨʝʭʽʜ ʚʪʨʘʯʘʻ ʩʚʦʶ ʦʩʥʦʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʷʤʠʡ ʩʪʨʫʤ p-n-ʧʝʨʝʭʦʜʫ ʫ ʨʘʟʽ ʥʘʛʨʽʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ 

ʪʘʢ ʩʠʣʴʥʦ, ʷʢ ʟʚʦʨʦʪʥʠʡ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ 

ʟʘʣʝʞʠʪʴ ʧʝʨʝʚʘʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. 
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ʈʠʩ. 1.15. ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

1.2.7. ʏʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ 

ɺʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʟʘʣʝʞʘʪʴ ʪʘʢʦʞ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠʢʣʘ-       

ʜʝʥʦʾ ʥʘʧʨʫʛʠ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʣʘʩʥʦʾ ʻʤʥʦʩʪʽ ʤʽʞ ʰʘʨʘʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʇ̔ ʜ ʯʘʩ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʢʣʘʜʝʥʘ ʜʦ p-n-ʧʝʨʝʭʦʜʫ, ʥʦʩʽʾ 

ʟʘʨʷʜʫ ʦʙʦʭ ʟʥʘʢʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʧʝʨʝʭʦʜʫ, ʘ ʫ ʩʘʤʦʤʫ ʧʝʨʝʭʦʜʽ 

ʾʭ ʜʫʞʝ ʤʘʣʦ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ p-n-ʧʝʨʝʭʽʜ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʻʤʥʽʩʪʴ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʙô̒ ʤʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ 

ʧʝʨʝʭʦʜʫ, ʪʦʙʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʦʱʽ ʧʝʨʝʭʦʜʫ, ʡʦʛʦ ʰʠʨʠʥʠ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʎʶ ʻʤʥʽʩʪʴ ʥʘʟʠʚʘʶʪʴ ʙʘʨô̒ ʨʥʦʶ 
ɹɸʈC . ʇ̔ʜ ʯʘʩ 

ʤʘʣʦʾ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʥʦʩʽʾ ʟʘʨʷʜʽʚ ʧʨʦʪʠʣʝʞʥʠʭ ʟʥʘʢʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ 

ʚʝʣʠʢʘ (ʰʠʨʠʥʘ p-n-ʧʝʨʝʭʦʜʫ ʤʘʣʘ). ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʾ 

ʥʘʧʨʫʛʠ ʰʠʨʠʥʘ p-n-ʧʝʨʝʭʦʜʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʙʘʨô̒ ʨʥʘ ʻʤʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʭʽʜ, ʷʢ ʻʤʥʽʩʪʴ, ʢʝʨʦʚʘʥʫ 

ʚʝʣʠʯʠʥʦʶ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ. ʅʘʷʚʥʽʩʪʴ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ 

ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʻʤʥʽʩʥʠʡ ʦʧʽʨ ʧʝʨʝʭʦʜʫ  
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ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʰʫʥʪʫʻ ʚʠʩʦʢʠʡ ʦʧʽʨ ʟʚʦʨʦʪʥʦ ʚʢʣʶʯʝʥʦʛʦ p-n-ʧʝʨʝʭʦʜʫ. 

ʇʝʨʝʭʽʜ ʧʨʠ ʮʴʦʤʫ ʚʪʨʘʯʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

        ʆʢʨʽʤ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ p-n-ʧʝʨʝʭʽʜ ʤʘʻ ʪʘʢ ʟʚʘʥʫ ʜʠʬʫʟʽʡʥʫ ʻʤʥʽʩʪʴ. ʎʷ 

ʻʤʥʽʩʪʴ ʟô̫ ʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ ʟʘ ʨʘʭʫʥʦʢ 

ʷʚʠʱʘ ʽʥʞʝʢʮʽʾ. ɺʦʥʘ ʥʝ ʤʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʪʫ p-n-ʧʝʨʝʭʦʜʫ, 

ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʟʘʰʫʥʪʦʚʘʥʘ ʤʘʣʠʤ ʧʨʷʤʠʤ ʦʧʦʨʦʤ p-n-ʧʝʨʝʭʦʜʫ. 

1.3. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʜʽʦʜʠ 

 1.3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʜʽʦʜʦʤ (ʅɼ) ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʣʘʜ ʟ 

ʜʽʨʢʦʚʦ-ʝʣʝʢʪʨʦʥʥʠʤ p-n-ʧʝʨʝʭʦʜʦʤ, ʱʦ ʤʘʻ ʜʚʘ ʚʠʚʦʜʠ. 

ʐʠʨʦʢʦ ʅɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʄʘʣʽ ʛʘʙʘʨʠʪʥʽ 

ʨʦʟʤʽʨʠ ʽ ʤʘʩʘ, ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ ʽ ʥʘʜʽʡʥʽʩʪʴ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʧʨʘʢʪʠʯʥʦ ʫ ʙʫʜʴ-ʷʢʠʭ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʘʭ. 

ʂʣʘʩʠʬʽʢʫʶʪʴ ʅɼ ʟʘ ʥʠʟʢʦʶ ʦʟʥʘʢ, ʥʘʡʚʘʞʣʠʚʽʰʽ ʟ ʷʢʠʭ: 

ʧʨʠʟʥʘʯʝʥʥʷ; ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ; ʚʠʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʅɼ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʚʠʧʨʷʤʥʽ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʽ 

ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ (ɺʏ- ʽ ʅɺʏ-ʜʽʦʜʠ), ʽʤʧʫʣʴʩʥʽ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʩʪʘʙʽʣʽʪʨʦʥʠ (ʦʧʦʨʥʽ), ʪʫʥʝʣʴʥʽ, ʚʘʨʠʢʘʧʠ, ʬʦʪʦʜʽʦʜʠ, ʩʚʽʪʣʦʜʽʦʜʠ ʪʘ ʽʥʰʽ; ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ï ʥʘ ʧʣʦʱʠʥʥʽ ʽ ʪʦʯʢʦʚʽ; ʟʘ 

ʪʠʧʦʤ ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʥʘ ʛʝʨʤʘʥʽʻʚʽ, ʢʨʝʤʥʽʻʚʽ, ʩʝʣʝʥʦʚʽ, ʘʨʩʝʥʽʜ-

ʛʘʣʽʻʚʽ, ʢʘʨʙʽʜ-ʢʨʝʤʥʽʻʚʽ, ʘʥʪʠʤʦʥʽʜ-ʽʥʜʽʻʚʽ ʪʘ ʽʥʰʽ. 

ʅʘ ʨʠʩ. 1.16 ʧʦʢʘʟʘʥʽ ʫʤʦʚʥʽ ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʽʦʜʽʚ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ: ʘ ï ʚʠʧʨʷʤʥʠʭ, ʽʤʧʫʣʴʩʥʠʭ, ɺʏ- ʽ ʅɺʏ- ʜʽʦʜʽʚ; ʙ ï 

ʩʪʘʙʽʣʽʪʨʦʥʽʚ; ʚ ï ʜʚʦʩʪʦʨʦʥʥʽʭ ʩʪʘʙʽʣʽʪʨʦʥʽʚ; ʛ ï ʪʫʥʝʣʴʥʠʭ ʜʽʦʜʽʚ; ʜ ï 

ʦʙʝʨʥʝʥʠʭ ʜʽʦʜʽʚ; ʝ ï ʚʘʨʠʢʘʧʽʚ; ʞ ï ʬʦʪʦʜʽʦʜʽʚ; ʟ ï ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 
ʈʠʩ. 1.16. ʇʦʟʥʘʯʝʥʥʷ ʅɼ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 
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ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ (ʤʘʨʢʫʚʘʥʥʷ) ʜʽʦʜʽʚ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʝʣʝʤʝʥʪʠ: 

ʧʝʨʰʠʡ ï (ʮʠʬʨʘ ʘʙʦ ʙʫʢʚʘ) ʧʦʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ: 

1 ʘʙʦ ɻ ï ɻʝʨʤʘʥʽʡ, 2 ʘʙʦ ʂ ï ʂʨʝʤʥʽʡ; 3 ʘʙʦ ɸ ï ɸʨʩʝʥʽʜ ʛʘʣʽʶ ʽ ʪ. ʽʥ.; ʜʨʫʛʠʡ 

(ʙʫʢʚʘ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʣʘʩ ʘʙʦ ʛʨʫʧʫ ʜʽʦʜʽʚ: ɼ ï ʚʠʧʨʷʤʥʽ, ʫʥʽʚʝʨʩʘʣʴʥʽ 

(ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ) ʡ ʽʤʧʫʣʴʩʥʽ, ɸ ï ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ, ɿ ï ʩʪʘʙʽʣʽʪʨʦʥʠ,          

ɺ ï ʚʘʨʠʢʘʧʠ, ɯ ï ʪʫʥʝʣʴʥʽ, ʎ ï ʚʠʧʨʷʤʥʽ ʩʪʦʚʧʠ ʽ ʙʣʦʢʠ, ʌ ï ʬʦʪʦʜʽʦʜʠ,        

ʃ ï ʩʚʽʪʣʦʜʽʦʜʠ; ʪʨʝʪʽʡ (ʪʨʠʟʥʘʯʥʠʡ ʥʦʤʝʨ) ï ʫʢʘʟʫʻ ʥʘ ʛʨʫʧʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

(ʚʠʙʠʨʘʶʪʴ ʟʘ ʜʦʚʽʜʥʠʢʦʤ); ʯʝʪʚʝʨʪʠʡ ʝʣʝʤʝʥʪ ï ʚʝʣʠʢʽ ʣʽʪʝʨʠ ʘʣʬʘʚʽʪʫ ɸ, ɹ, 

ɺ ʽ ʪ. ʽʥ. (ʜʦ ʚʩʽʭ ʜʽʦʜʽʚ) ï ʫʢʘʟʫʻ ʥʘ ʨʽʟʥʦʚʠʜ ʜʽʦʜʘ ʮʴʦʛʦ ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, 

ʂʉ147ɸ ï ʢʨʝʤʥʽʻʚʠʡ ʩʪʘʙʽʣʽʪʨʦʥ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʨʽʟʥʦʚʠʜ ʪʠʧʫ ɸ. 

ʋ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʦ ɺɸʍ, ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʽ ʛʨʘʥʠʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʝʞʠʤʠ ʅɼ [20]. 

ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʅɼ. 

1.3.2. ɺʠʧʨʷʤʥʽ ʜʽʦʜʠ 

ɺʠʧʨʷʤʥʽ ʜʽʦʜʠ (ɺɼ) ï ʮʝ ʅɼ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʫ ʧʦʩʪʽʡʥʠʡ ʫ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ                         

(50 ɻʮ...100 ʢɻʮ). 

ʂʨʽʤ ʪʦʛʦ, ɺɼ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʭʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʽ 

ʢʦʤʫʪʘʮʽʾ, ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʘʨʘʟʠʪʥʠʭ ʚʠʢʠʜʽʚ ʥʘʧʨʫʛʠ ʫ ʣʘʥʮʶʛʘʭ ʟ 

ʽʥʜʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢ ʝʣʝʤʝʥʪʠ ʨʦʟʚô̫ ʟʢʠ ʫ ʝʣʝʢʪʨʠʯʥʠʭ       

ʣʘʥʮʶʛʘʭ ʽ ʪ. ʽʥ. 

ʋ ʥʘʰ ʯʘʩ ʚ ʷʢʦʩʪʽ ɺɼ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʝʤʥʽʻʚʽ ʧʣʦʱʠʥʥʽ 

ʜʽʦʜʠ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʚʦʨʦʪʥʽ ʩʪʨʫʤʠ ʽ ʚʝʣʠʢʫ ʟʚʦʨʦʪʥʫ ʥʘʧʨʫʛʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʛʝʨʤʘʥʽʻʚʠʤʠ. ʅʝʜʦʣʽʢ ʢʨʝʤʥʽʻʚʠʭ ʜʽʦʜʽʚ ï ʜʝʢʽʣʴʢʘ ʙʽʣʴʰʝ 

ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʯʠʤ ʥʘ ʛʝʨʤʘʥʽʻʚʠʭ. 

ɺʠʧʨʷʤʥʠʡ ʜʽʦʜ ʚʠʢʦʥʫʪ̒ʴʩʷ ʥʘ ʦʩʥʦʚʽ p-n-ʧʝʨʝʭʦʜʫ ʽ ʤʘʻ ʜʚʽ ʦʙʣʘʩʪʽ. 

ʆʜʥʘ ʟ ʥʠʭ ï ʙʽʣʴʰ ʥʠʟʴʢʦʦʤʥʘ (ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ ï 

ʟʘʟʚʠʯʘʡ ʦʙʣʘʩʪʴ ʟ ʧʨʦʚʽʜʥʽʩʪʶ p-ʪʠʧʫ) ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʝʤʽʪʝʨʦʤ (ʜʦ ʥʝʾ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʚʽʜ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʘʥʦʜʦʤ). ɯʥʰʘ ʦʙʣʘʩʪʴ ï ʙʽʣʴʰ 

ʚʠʩʦʢʦʦʤʥʘ (ʤʽʩʪʠʪʴ ʤʝʥʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ ï ʟʘʟʚʠʯʘʡ ʦʙʣʘʩʪʴ ʟ 

ʧʨʦʚʽʜʥʽʩʪʶ n-ʪʠʧʫ) ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʦʶ (ʜʦ ʥʝʾ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʚʽʜ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʪʦʜʦʤ) (ʨʠʩ. 1.17). 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ɺɼ ʣʝʞʠʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ  

p-n-ʧʝʨʝʭʦʜʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʦʩʪʘʥʥʽʡ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ (ʤʘʻ 

ʤʘʣʠʡ ʦʧʽʨ) ʟʘ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ (ʤʘʻ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʦʧʽʨ) ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 
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ʈʠʩ. 1.17. ɺʠʧʨʷʤʥʠʡ ʜʽʦʜ: ʘ ï ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ; ʙ ï ʧʦʟʥʘʯʝʥʥʷ                ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 

ʉʢʘʟʘʥʝ ʚʽʜʦʙʨʘʞʘʻ ɺɸʍ ʽʜʝʘʣʴʥʦʛʦ ʚʠʧʨʷʤʥʦʛʦ ʜʽʦʜʘ (p-n-ʧʝʨʝʭʦʜʫ), 

ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.18, ʘ.  

ʗʢ ʚʠʜʥʦ ʟ ʮʴʦʛʦ ʨʠʩʫʥʢʫ ʪʘʢʠʡ ʜʽʦʜ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ 

ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʥʫʣʴʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ (ʥʝʩʢʽʥʯʝʥʥʠʡ ʦʧʽʨ) ï ʫ ʟʚʦʨʦʪʥʦʤʫ. 

ɺɸʍ ʨʝʘʣʴʥʦʛʦ ʜʽʦʜʘ (p-n-ʧʝʨʝʭʦʜʫ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.18, ʙ. 

 

ʇʨʷʤʘ ʛʽʣʢʘ ɺɸʍ ɺɼ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [20]: 

0 ( 1)
ʇʈ ʇʈ ɹ

T

U I r

ʇʈI I e
j

- Ö

= Ö -,       

ʜʝ 
ʇʈI , 

ʇʈU  ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʷʤʠʡ ʩʪʨʫʤ ʽ ʧʨʷʤʘ ʥʘʧʨʫʛʘ; I0ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ 

ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ; rɹ ï ʦʧʽʨ ʙʘʟʦʚʦ ʾʦʙʣʘʩʪʽ (ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽïʜʝʩʷʪʢʠ 

ʆʤ); 
q

kT
ʊ=j  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ; k  ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ;                       

T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ. 

 
ʈʠʩ. 1.18. ɺɸʍ ɺɼ: ʘ ï ʽʜʝʘʣʴʥʦʛʦ; ʙ ï ʨʝʘʣʴʥʦʛʦ 
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ʅʘ ʨʠʩ. 1.19, ʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʽ ʧʨʷʤʽ ʛʽʣʢʠ ɺɸʍ ʨʝʘʣʴʥʦʛʦ 

ɺɼ ʽ p-n-ʧʝʨʝʭʦʜʫ. 

ɸʥʘʣʽʟ ʨʠʩ. 1.19, ʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʨʝʘʣʴʥʠʡ ɺɼ 

ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ ʪʽʻʾ ʞ ʚʝʣʠʯʠʥʠ, ʱʦ ʽ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ, ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ 

ʪʨʦʭʠ ʙʽʣʴʰʫ ʧʨʷʤʫ ʥʘʧʨʫʛʫ ʟʘ ʨʘʭʫʥʦʢ ʧʘʜʽʥʥʷ ʯʘʩʪʠʥʠ ʾʾ ʥʘ ʦʧʦʨʽ ʙʘʟʦʚʦʾ 

ʦʙʣʘʩʪʽ rɹ.  

ɺ ʦʙʣʘʩʪʽ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ɺɸʍ ʨʝʘʣʴʥʠʭ ɺɼ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ (ʨʠʩ. 1.19, ʙ). 

ʋ ʨʝʘʣʴʥʠʭ ʜʽʦʜʘʭ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʤʘʻ ʪʨʠ ʩʢʣʘʜʦʚʽ: 

0 ,ɿɺʈ ɺ ʊI ɯ ɯ ɯ= + +       

ʜʝ 
0I  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ; 

ɺI  ï ʩʪʨʫʤ ʚʠʪʦʢʫ ʥʘ 

ʧʦʚʝʨʭʥʽ p-n-ʧʝʨʝʭʦʜʫ; 
ʊI  ï ʩʪʨʫʤ ʪʝʨʤʦʛʝʥʝʨʘʮʽʾ ʚ ʦʙô̒ ʤʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

 

 
ʈʠʩ. 1.19. ɺɸʍ ɺɼ ʪʘ p-n-ʧʝʨʝʭʦʜʫ: ʘ ï ʧ̔ ʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥ̫;           ʙ ï ʧ̔ ʜ 

ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ʈʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ɺɸʍ ɺɼ ʻ ʣʽʥʽʡʥʘ (ʦʤʽʯʥʘ) ʜʽʣʷʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧ̔ ʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥ ̫(ʨʠʩ. 1.18, ʙ, ʜʽʣʷʥʢʘ 2é3). 

ʅʘʭʠʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʦʨʦʤ ʙʘʟʦʚʦ ʾ

ʦʙʣʘʩʪʽ rɹ, ʦʩʢʽʣʴʢʠ p-n-ʧʝʨʝʭʽʜ ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʘʻ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʷʤʫ ʛʽʣʢʫ ɺɸʍ ʨʝʘʣʴʥʦʛʦ ɺɼ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʣʘʤʘʥʦʶ ʣʽʥʽʻʶ (ʨʠʩ. 1.18, ʙ, ʜʽʣʷʥʢʠ 0...1, 1é3):  
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ʜʝ (0,5...0,7)ʇʈ K0E jº Ö ; 
K0j  ï ʚʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ p-n-ʧʝʨʝʭʦʜʫ 

(ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 9,0...3,0  ɺ); 
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ɿʘʣʝʞʘʪʴ ɺɸʍ ɺɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɯʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʶʪʴ ʧʨʷʤʠʡ ʽ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤʠ ʜʽʦʜʘ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʧʨʫʛʘ ʣʘʚʠʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʶ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʧʨʫʛʘ 

ʪʫʥʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʶ.  

ʉʭʝʤʫ ʚʢʣʶʯʝʥʥʷ ɺɼ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.20. 

 

ʈʠʩ. 1.20. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ɺɼ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ 

1.3.3. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʽ ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʽʦʜʠ  

ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʽʦʜʠ ʻ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʥʽʞ ʚʠʧʨʷʤʥʽ, ʪʦʤʫ ʾʭ 

ʥʘʟʠʚʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʚʠʧʨʷʤʣʷʯʘʭ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʫ ʤʦʜʫʣʷʪʦʨʘʭ, ʜʝʪʝʢʪʦʨʘʭ, ʨʽʟʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (ʜʦ ʩʦʪʝʥʴ ʤʝʛʘʛʝʨʮʽʚ). ɰʭ 

ʥʝʜʦʣʽʢʦʤ ʧʦʨʽʚʥʷʥʦ ʟ ɺɼ ʻ ʥʠʞʯʘ ʟʜʘʪʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʦʪʫʞʥʽʩʪʴ). ɺʏ 

ʜʽʦʜʠ ʨʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʤʽʩʪʷʪʴ ʪʦʯʢʦʚʠʡ p-n-ʧʝʨʝʭʽʜ ʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʪʦʯʢʦʚʠʤʠ. ʋ ʥʘʰ ʯʘʩ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʢʨʦʩʧʣʘʚʥʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʅɼ 

ʟ ʧʣʦʱʠʥʥʠʤʠ p-n-ʧʝʨʝʭʦʜʘʤʠ ʜʫʞʝ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. ʇʦʨʽʚʥʷʥʦ ʟ ʪʦʯʢʦʚʠʤʠ, 

ʪʘʢʽ ɺʏ ʜʽʦʜʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʜʦʧʫʩʪʠʤʽ ʩʪʨʫʤʠ, ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜ ʯʘʩ 

ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. ʅʘ ʨʠʩ. 1.21 ʟʦʙʨʘʞʝʥʘ ɺɸʍ ɺʏ ʜʽʦʜʘ. 
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ʈʠʩ. 1.21. ɺɸʍ ɺʏ ʜʽʦʜʘ 
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ʇʨʷʤʘ ʛʽʣʢʘ ɺɸʍ ʪʘʢʠʭ ʜʽʦʜʽʚ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ɺɸʍ ʚʠʧʨʷʤʥʠʭ 

ʜʽʦʜʽʚ. ʋ ʟʚʦʨʦʪʥʽʡ ʦʙʣʘʩʪʽ ʻ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ. ɿʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʤʘʻ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ, ʥʽʞ ʫ ɺɼ ʯʝʨʝʟ ʤʘʣʫ ʧʣʦʱʫ p-n-ʧʝʨʝʭʦʜʫ, ʘʣʝ ʦʩʢʽʣʴʢʠ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ ʜʽʣʷʥʢʘ ʥʘʩʠʯʝʥʥʷ, ʪʦ ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʤʽʚ ʪʝʨʤʦʛʝʥʝʨʘʮʽʾ ʽ ʚʠʪʦʢʫ 

ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʨʽʚʥʦʤʽʨʥʦ ʟʨʦʩʪʘʻ.  

1.3.4. ɯʤʧʫʣʴʩʥʽ ʜʽʦʜʠ  

ɯʤʧʫʣʴʩʥʽ ʜʽʦʜʠ (ɯɼ) ï ʨʽʟʥʦʚʠʜ ɺʏ ʜʽʦʜʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʫ ʰʚʠʜʢʦʜʽʶʯʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʭʝʤʘʭ ʽʟ 

ʯʘʩʦʤ ʧʝʨʝʢʣʶʯʝʥʥʷ Ò 1 ʤʩ. ɰʭ ʢʦʥʩʪʨʫʢʮʽʷ, ɺɸʍ, ʩʪʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʚʢʣʶʯʘʶʯʠ ɼC  ʪʘʢʽ ʞ, ʷʢ ʽ ʫ ɺʏ- ʽ ʅɺʏ-ʜʽʦʜʽʚ [3; 20]. ʋ ʥʠʭ ʚʞʠʪʽ ʩʧʝʮʽʘʣʴʥʽ 

ʟʘʭʦʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ 
ɹɸʈʉ  ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ.  

ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʜʠʥʘʤʽʮʽ ʨʦʙʦʪʠ ɯɼ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʯʘʩ ʜʽʾ 

ʽʤʧʫʣʴʩʽʚ ʤʘʣʦʾ ʜʦʚʞʠʥʠ ʽ ʧʦʚʠʥʥʽ ʜʦʙʨʝ ʟʙʝʨʽʛʘʪʠ ʾʭ ʬʦʨʤʫ. 

1.3.5. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʘʙʽʣʽʪʨʦʥʠ (ʦʧʦʨʥʽ ʜʽʦʜʠ) 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʩʪʘʙʽʣʽʪʨʦʥʦʤ (ʅʉ) ʥʘʟʠʚʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜ-

ʥʠʢʦʚʠʡ ʜʽʦʜ, ʥʘʧʨʫʛʘ ʥʘ ʷʢʦʤʫ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ ʤʘʣʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ. ʈʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ɺɸʍ ʅʉ ʻ ʦʙʣʘʩʪʴ ʧʨʦʙʦʶ  

p-n-ʧʝʨʝʭʦʜʫ (ʨʠʩ. 1.22). 
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ʇ̔ ʜ ʯʘʩ ʦʙʤʝʞʝʥʥʷ ʨʝʟʠʩʪʦʨʦʤ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʥ 

ʧʨʦʙʦʶ ʫ ʩʪʘʙʽʣʽʪʨʦʥʽ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʽ ʚʽʜʪʚʦʨʶʚʘʪʠʩʷ ʧʨʦʪʷʛʦʤ 

ʜʝʩʷʪʢʽʚ ï ʩʦʪʝʥʴ ʪʠʩ̫ʯ ʛʦʜʠʥ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʭʽʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʇ̔ʜ 

ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʝʤʥʽʡ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, 

ʱʦ ʟʚʦʨʦʪʥʽ ʩʪʨʫʤʠ p-n-ʧʝʨʝʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʥʝʚʝʣʠʢʽ ʽ ʤʘʣʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʪʞʝ, ʚ ʥʠʭ ʤʝʥʰʝ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʟʚʦʨʦʪʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʶ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʽ 

ʩʘʤʦʨʦʟʽʛʨʽʚʫ p-n-ʧʝʨʝʭʦʜʫ.  

ʅʘ ʨʠʩ. 1.23 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʚʢʣʶʯʝʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʘ ʫ ʝʣʝʢʪʨʠʯʥʠʡ 

ʣʘʥʮʶʛ. 
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ʈʠʩ. 1.23. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʅʉ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ 

 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʨʦʙʦʯʠʤ ʻ ʟʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ 

ʩʪʘʙʽʣʽʪʨʦʥʘ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ.  

ʉʪʘʙʽʣʽʪʨʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ ̫ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʽʢʩʘʮʽʾ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʫ ʩʭʝʤʘʭ (ʪʦʤʫ ʜʨʫʛʘ ʥʘʟʚʘ 

ʩʪʘʙʽʣʽʪʨʦʥʽʚ ï ʦʧʦʨʥʽ ʜʽʦʜʠ). 

ʉʪʘʙʽʣʽʟʘʮʽʶ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʥʘʧʨʫʛʠ ʫ ʤʝʞʘʭ 0,3...1 ɺ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʷʤʦʾ ʛʽʣʢʠ ɺɸʍ ʢʨʝʤʥʽʻʚʠʭ ʜʽʦʜʽʚï

ʩʪʘʙʽʩʪʦʨʽʚ. 

ɭ ʪʘʢʦʞ ʜʚʦʩʪʦʨʦʥʥʽ (ʩʠʤʝʪʨʠʯʥʽ) ʩʪʘʙʽʣʽʪʨʦʥʠ, ʱʦ ʤʘʶʪʴ 

ʩʠʤʝʪʨʠʯʥʫ ɺɸʍ ʱʦʜʦ ʚʽʩʽ ʩʪʨʫʤʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʜ 

ʯʘʩ ʧʨʷʤʦʤʦʛʦ ʟʩʫʚʫ ʜʦʨʽʚʥʶʻ ʥʘʧʨʫʟʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʟʩʫʚʫ. 

1.3.6. ʊʫʥʝʣʴʥʽ ʜʽʦʜʠ  

ʊʫʥʝʣʴʥʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʅɼ, ʫ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʫʥʝʣʴʥʠʡ 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʥʝʩʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʽ ʫ ɺɸʍ ʷʢʦʛʦ ʻ ʜʽʣʷʥʢʘ 

ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ (ʨʠʩ. 1.24, ʜʽʣʷʥʢʘ 1ï2).  



 

42 

 

Uʇʈ

Iʇʈ

0

31

2

Uʇ Uʈ

Iʇ

Iɺ 

4

Iɿɺʈ

Uɿɺʈ Uɺ

 
ʈʠʩ. 1.24. ɺɸʍ ʪʫʥʝʣʴʥʦʛʦ ʜʽʦʜʘ 

ʊʫʥʝʣʴʥʽ ʜʽʦʜʠ (ʊɼ) ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʛʝʨʤʘʥʽʶ ʽ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʽʟ 

ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ (ʚʠʨʦʜʞʝʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʜʫʞʝ ʚʫʟʴʢʠʡ p-n-ʧʝʨʝʭʽʜ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʜʽʦʜʽʚ 

ʫ ʪʘʢʠʭ ʧʝʨʝʭʦʜʘʭ ʚʠʥʠʢʘʶʪʴ ʫʤʦʚʠ ʜʣʷ ʚʽʣʴʥʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ (ʪʫʥʝʣʴʥʠʡ ʝʬʝʢʪ).  

ʊʫʥʝʣʴʥʠʡ ʝʬʝʢʪ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘ ʧʨʷʤʽʡ ʛʽʣʮʽ ɺɸʍ ʜʽʦʜʘ 

ʧʘʜʘʶʯʦʾ ʜʽʣʷʥʢʠ ʟ ʚʽʜô̒ ʤʥʠʤ ʦʧʦʨʦʤ (ʨʠʩ. 1.24, ʜʽʣʷʥʢʘ 1ï2). ʆʩʢʽʣʴʢʠ 

ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ ʥʝ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʠʬʫʟʽʾ ʽ 

ʜʨʝʡʬʫ ʝʣʝʢʪʨʦʥʽʚ, ʊɼ ʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟʽʥʝʨʮʽʡʥʠʤʠ ʧʨʠʣʘʜʘʤʠ. ɼʦ ʧʝʨʝʚʘʛ 

ʊɼ ʥʘʣʝʞʠʪʴ: ʰʠʨʦʢʠʡ ʽʥʪʝʨʚʘʣ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʽ ʪʝʤʧʝʨʘʪʫʨ; ʤʘʣʫ 

ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ; ʚʠʩʦʢʠʡ ʜʦʧʫʩʪʠʤʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʅʝʜʦʣʽʢ ʊɼ ï ʥʠʟʴʢʠʡ 

ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʥʘʧʨʫʛ ʽ ʩʪʨʫʤʽʚ. 

ʊɼ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʝʨʝʤʠʢʘʯʘʭ (ʧʝʨʝʤʠʢʘʣʴʥʽ); 

ʧʽʜʩʠʣʶʚʘʯʘʭ (ʧʽʜʩʠʣʶʚʘʣʴʥʽ) ʽ ʛʝʥʝʨʘʪʦʨʘʭ (ʛʝʥʝʨʘʪʦʨʥʽ) ʩʭʝʤʘʭ. 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʊɼ ʧʨʘʮʶʶʪʴ ʟʘ ʥʠʟʴʢʦʾ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ, ʚʦʥʠ 

ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʠʭ ʜʞʝʨʝʣ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. 

ʈʽʟʥʦʚʠʜʦʤ ʊɼ ʻ ʦʙʝʨʥʝʥʽ ʜʽʦʜʠ ï ʊɼ, ʫ ʷʢʠʭ ʤʘʢʩʠʤʫʤ ʩʪʨʫʤʫ ʥʘ 

ʧʨʷʤʽʡ ʛʽʣʮʽ ɺɸʍ ʘʙʦ ʥʝʟʥʘʯʥʠʡ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽʡ. ʋ ʪʘʢʠʭ ʜʽʦʜʘʭ ʧʧʽʜ 

ʯʘʩ ʧʨʷʤʦʛʦ ʟʩʫʚʫ p-n-ʧʝʨʝʭʦʜʫ ʧʨʦʭʦʜʠʪʴ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ, ʷʢ ʫ 

ʟʚʠʯʘʡʥʦʤʫ ʜʽʦʜʽ, ʘ ʫ ʨʘʟʽ ʟʚʦʨʦʪʥʦʛʦ ï ʪʫʥʝʣʴʥʠʡ. 

ɺɸʍ ʦʙʝʨʥʝʥʦʛʦ ʜʽʦʜʘ (ʨʠʩ. 1.25) ʻ ʦʙʝʨʥʝʥʦʶ ɺɸʍ ʟʚʠʯʘʡʥʦʛʦ ɺɼ. 

ʇʨʦʚʽʜʥʽʩʪʴ ʦʙʝʨʥʝʥʠʭ ʜʽʦʜʽʚ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦ ʾʥʘʧʨʫʛʠ ʚʠʱʘ, ʥʽʞ ʫ ʨʘʟʽ 

ʧʨʷʤʦ ʾ(ʫ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʥʘʧʨʫʛ: 0,3é0,5 ɺ). 
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ʈʠʩ. 1.25. ɺɸʍ ʦʙʝʨʥʝʥʦʛʦ ʜʽʦʜʘ 

1.3.7. ɺʘʨʠʢʘʧʠ 

ɺʘʨʠʢʘʧʘʤʠ ʥʘʟʠʚʘʶʪʴ ʅɼ, ʨʦʙʦʪʘ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʢʣʘʜʝʥʦʾ 

ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟʤʽʥʥʦʾ ʻʤʥʦʩʪʽ, ʻʤʥʽʩʪʶ 

ʚʘʨʠʢʘʧʽʚ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦ, ʟʤʽʥʶʶʯʠ ʟʚʦʨʦʪʥʫ ʥʘʧʨʫʛʫ ʥʘ p-n-

ʧʝʨʝʭʦʜʽ. ɺʘʨʠʢʘʧʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʚʠʩʦʢʫ ʜʦʙʨʦʪʥʽʩʪʴ, ʥʠʟʴʢʠʡ 

ʨ̔ ʚʝʥʴ ʰʫʤʽʚ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʤʘʣʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʭʦʨʦʰʫ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ. 

ɺʦʣʴʪ-ʬʘʨʘʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʘʨʠʢʘʧʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.26. 
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ʈʠʩ. 1.26. ɺʦʣʴʪ-ʬʘʨʘʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʨʠʢʘʧʘ 

ʄʽʥʽʤʘʣʴʥʘ ʻʤʥʽʩʪʴ minC  ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ 

ʟʚʦʨʦʪʥʦʶ ʥʘʧʨʫʛʦʶ, ʷʢʘ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʦʙʦʶ p-n-ʧʝʨʝʭʦʜʫ. ɺʝʣʠʯʠʥʘ 

maxC  ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʜʘʥʦʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʘʨʠʢʘʧʽ 
min.. ɿɺʈʇʆʏɿɺʈ UU = . 
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1.3.8. ɻʝʪʝʨʦʧʝʨʝʭʽʜ 

ɻʝʪʝʨʦʧʝʨʝʭʽʜ ï ʮʝ p-n-ʧʝʨʝʭʽʜ, ʱʦ ʩʪʚʦʨʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʽʟ ʨʽʟʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʛʦʤʦʧʝʨʝʭʦʜʫ ï ʩʪʚʦʨʝʥʦʛʦ ʢʦʥʪʘʢʪʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʦʜʥʘʢʦʚʦʶ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ). 

ɻʝʪʝʨʦʧʝʨʝʭʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ 

(ʩʚʽʪʣʦʜʽʦʜʠ, ʬʦʪʦʜʽʦʜʠ). 

1.3.9. ʇʝʨʝʭʽʜ ʐʦʪʪʢ ̔

ʇ̔ ʜ ʯʘʩ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ n-ʪʠʧʫ ʟô̫ ʚʣʷʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʐʦʪʪʢ.̔ ʁʦʛʦ ʦʩʦʙʣʠʚʽʩʪʴ ï ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʇʝʨʝʭʽʜ ʐʦʪʪʢ ̔ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʥʠʭ ʥʦʩʽʷʭ (ʝʣʝʢʪʨʦʥʘʭ). ʋ ʧʝʨʝʭʦʜʽ 

ʐʦʪʪʢ ̔ ʚʽʜʩʫʪʥʷ ʜʠʬʫʟʽʡʥʘ ʻʤʥʽʩʪʴ, ʧʦʚô̫ ʟʘʥʘ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʘ 

ʨʦʟʩʤʦʢʪʫʚʘʥʥʷʤ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʪʦʤʫ ʩʠʣʴʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ 

ʧʝʨʝʢʣʶʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʝʨʝʭʦʜʽ ʐʦʪʪʢ ̔ʟʥʘʯʥʦ ʤʝʥʰʝ, 

ʥʽʞ ʥʘ ʟʚʠʯʘʡʥʦʤʫ p-n-ʧʝʨʝʭʦʜʽ (0,1 ɺ) [6]. 

1.3.10. ʉʪʘʙʽʩʪʦʨʠ 

ʉʪʘʙʽʩʪʦʨ ʮʝ ʅɼ, ʚ ʷʢʦʤʫ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʷʤʘ ʛʽʣʢʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʦʙʪʦ ʚ ʦʙʣʘʩʪʽ ʧʨʷʤʦʛʦ ʟʩʫʚʫ 

ʥʘʧʨʫʛʘ ʥʘ ʩʪʘʙʽʩʪʦʨʽ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ). ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʩʪʘʙʽʩʪʦʨʚ̔ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ ʻ ʤʝʥʰʘ ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʷʢʘ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0,7 ɺ.  

1.3.11. ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ 

ʇʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ ʜʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ 

ʤʘʶʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʫ ʨʝʛʣʘʤʝʥʪʦʚʘʥʫ ʥʘʧʨʫʛʫ ʧʨʦʙʦʶ (ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ) ʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʶ ʥʘʧʨʫʛʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ ʫ ʨʘʟʽ 

ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ. 

ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʶ ʽ ʦʙʤʝʞʝʥʥʷ 

ʜʚʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ. ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ (ʜʽʦʜʠ ɿʝʥʝʨʘ) ʤʘʶʪʴ 

ʩʠʤʝʪʨʠʯʥʫ ɺɸʍ (ʨʠʩ. 1.27). 
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ʈʠʩ. 1.27. ɺɸʍ ʜʚʦʭʘʥʦʜʥʦʛʦ ʩʪʘʙʽʣʽʪʨʦʥʘ 

1.4. ɹ̔ ʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ 

1.4.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙ̔ ʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʊʨʘʥʟʠʩʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʙʽʧʦʣʷʨʥʽ ʪʘ ʧʦʣʴʦʚʽ. 

ɹʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ (ɹʊ) ï ʮʝ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʤʘʻ ʜʚʘ p-n-ʧʝʨʝʭʦʜʠ ʽ ʪʨʠ ʚʠʚʦʜʠ. ʋ ʧʝʨʰʽ ʨʦʢʠ ʧʽʩʣʷ ʾʭ ʚʠʥʘʭʦʜʫ 

ʪʨʘʥʟʠʩʪʦʨʠ ʥʘʟʠʚʘʣʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʪʨʽʦʜʘʤʠ. 

ʊʨʘʥʟʠʩʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯ- 

ʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʋ ʨʦʙʦʪʽ ʪʨʘʥʟʠʩʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʩʽʾ ʟʘʨʷʜʫ ʦʙʦʭ 

ʧʦʣʷʨʥʦʩʪʝʡ (ʝʣʝʢʪʨʦʥʠ ʪʘ ʜʽʨʢʠ), ʪʦʤʫ ʚʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʙʽʧʦʣʷʨʥʠʤʠ. 

ɿʘ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʨʘʥʟʠʩʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʛʝʨʤʘʥʽʻʚʽ; 

- ʢʨʝʤʥʽʻʚʽ. 

ɹ̔ ʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ (ɹʊ) ʻ ʩʪʨʫʢʪʫʨʦʶ p-n-ʨ- ʘʙʦ n-p-n-ʪʠʧʫ, ʱʦ 

ʦʪʨʠʤʘʥʘ ʚ ʦʜʥʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ (ʨʠʩ. 1.28). 

 
ʈʠʩ. 1.28. ʉʪʨʫʢʪʫʨʘ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ɺʥʫʪʨʽʰʥʷ ʦʙʣʘʩʪʴ, ʱʦ ʨʦʟʜʽʣʷʻ p-n-ʧʝʨʝʭʦʜʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʦʶ (ɹ). 

ɿʦʚʥʽʰʥʽʡ ʰʘʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʽʥʞʝʢʪʫʚʘʥʥʷ ʥʦʩʽʾʚ ʫ ʙʘʟʫ, ʥʘʟʠʚʘʻʪʴʩʷ 
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ʝʤʽʪʝʨʦʤ (ɽ), ʘ p-n-ʧʝʨʝʭʽʜ ʇ1, ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ ʝʤʽʪʝʨʘ, ï ʝʤʽʪʝʨʥʠʤ. ɯʥʰʠʡ 

ʟʦʚʥʽʰʥʽʡ ʰʘʨ, ʝʢʩʪʨʘʢʪʫʶʯʠʡ (ʪʦʡ, ʱʦ ʚʠʪʷʛʫʻ) ʥʦʩʽʾ ʽʟ ʙʘʟʠ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʣʝʢʪʦʨʦʤ (ʂ), ʘ p-n-ʧʝʨʝʭʽʜ ʇ2 ï ʢʦʣʝʢʪʦʨʥʠʤ.  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʝʤʥʽʡ  ̔ʛʝʨʤʘʥʽʡ, ʦʙʨʦʙʣʝʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ: 

ʩʧʣʘʚʥʦʶ; ʜʠʬʫʟʽʡʥʦʶ; ʚʠʨʦʱʝʥʦʶ, ʝʧʽʪʘʢʩʽʘʣʴʥʦʶ; ʧʣʘʥʘʨʥʦʶ ʽ ʪ. ʽʥ. 

ʇʝʨʰʽ ʪʨʘʥʟʠʩʪʦʨʠ ʙʫʣʠ ʪʦʯʢʦʚʠʤʠ, ʘʣʝ ʚʦʥʠ ʧʨʘʮʶʚʘʣʠ ʥʝʩʪʽʡʢʦ. ɿʘʨʘʟ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʣʦʱʠʥʥʽ ʪʨʘʥʟʠʩʪʦʨʠ. 

ʋʤʦʚʥʽ ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ɹʊ ʥʘ ʩʭʝʤʘʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.29. 

 
ʈʠʩ. 1.29. ʇʦʟʥʘʯʝʥʥʷ ɹʊ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 

ʂʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʧʠʩʘʥʦ ʚ [20; 22]. ʆʩʥʦʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ȭȾ ̒ ʪʝ, ʱʦ ʙʘʟʘ ʩʪʚʦʨʶʻʪʴʩʷ ʜʫʞʝ ʚʫʟʴʢʦʶ 

(ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ); ʝʤʽʪʝʨ ʤʽʩʪʠʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ, 

ʥʽʞ ʙʘʟʘ; ʧʣʦʱʘ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʙʽʣʴʰʘ, ʥʽʞ ʝʤʽʪʝʨʥʦʛʦ. 

1.4.2. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ɹʊ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʫ ʜʝʢʽʣʴʢʦʭ ʨʝʞʠʤʘʭ: ʪʦʡ, ʱʦ ʧʽʜʩʠʣʶʻ, 

ʽʤʧʫʣʴʩʥʦʤʫ, ʢʣʶʯʦʚʦʤʫ ʽ ʪ. ʽʥ. ʋ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ɹʊ, ʱʦ ʧʽʜʩʠʣʶʻ, ʡʦʛʦ 

ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʟʤʽʱʫʶʪʴ ʫ ʧʨʷʤʦʤʫ, ʘ ʢʦʣʝʢʪʦʨʥʠʡ ï ʫ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʘʭ (ʨʠʩ. 1.30, ʘ). 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʛ (ɽɹ ʂɹU =U =0) ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ p-n-

ʧʝʨʝʭʦʜʽʚ ʩʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ ʦʙô̒ ʤʥʠʤʠ ʟʘʨʷʜʘʤʠ ʽʦʥʽʚ ʜʦʤʽʰʦʢ ʽ ʧʦʪʝʥʮʽʡʥʽ 

ʙʘʨô̒ ʨʠ ʦʙʦʭ ʧʝʨʝʭʦʜʽʚ (
000 ʂʂʂɽʂ jjj == ) ʧʽʜʪʨʠʤʫʶʪʴ ʨʽʚʥʦʚʘʛʫ ʫ 

ʪʨʘʥʟʠʩʪʦʨʽ (ʨʠʩ. 1.30, ʙ).  

ʉʫʤʘʨʥʽ ʩʪʨʫʤʠ ʯʝʨʝʟ p-n-ʧʝʨʝʭʦʜʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʧʨʠ ʮʴʦʤʫ ʫ 

ʙʝʟʜʨʝʡʬʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ) ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʫ 

ʙʘʟʽ ʨʽʚʥʦʤʽʨʥʘ ʟʘ ʚʩʽʻʶ ʪʦʚʱʠʥʦʶ ʽ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʫ ʙʘʟʽ ʚʽʜʩʫʪʥʻ. 

ʇʦʪʝʥʮʽʘʣ ʙʘʟʠ ʧʦʩʪʽʡʥʠʡ ʟʘ ʚʩʽʻʶ ʪʦʚʱʠʥʦʶ (constɹ=j , ʨʠʩ. 1.30, ʙ). 
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ʈʠʩ. 1.30. ɹʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; 

ʙ ï ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʫ ʩʪʨʫʢʪʫʨʽ; 

ʚ, ʛ ï ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ 

ʅʘ ʨʠʩ. 1.30, ʚ ʧʦʢʘʟʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʥʘʧʨʫʛʠ 
ɽɹU  ʽ 

ʂɹU , ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ɽE  ʽ ʂE , ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʭʦʜʽʚ ʽ ʟʤʽʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. 

ʅʘʧʨʫʛʫ 
ɽɹU  ʧʨʠʢʣʘʜʝʥʦ ʜʦ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʂɹU  

ʜʦ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ï ʫ ʟʚʦʨʦʪʥʦʤʫ. ʆʧʽʨ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʤʘʣʠʡ ʽ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʫ ʮʴʦʤʫ ʧʝʨʝʭʦʜʽ ʜʦʩʪʘʪʥʴʦ ʥʘʧʨʫʛʠ 
ɽɹU  

ʫ ʜʝʩʷʪʽ ʜʦʣʽ ʚʦʣʴʪʘ. 
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ʆʧʽʨ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʝʣʠʢʠʡ, ʽ ʥʘʧʨʫʛʘ 
ʂɹU  ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ ï 

ʜʝʩʷʪʢʠ ʚʦʣʴʪ. ʋ ʝʤʽʪʝʨʥʦʤʫ ʧʝʨʝʭʦʜʽ ʚʠʥʠʢʘʻ ʷʚʠʱʝ ʽʥʞʝʢʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ ʫ ʝʤʽʪʝʨʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʢʪʨʦʥʽʚ ʫ ʙʘʟʽ (
ɹɽ np >> ), ʧʦʪʽʢ ʜʽʨʦʢ ʽʟ ʝʤʽʪʝʨʘ ʫ ʙʘʟʫ 

ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ ʧʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʯʝʨʝʟ ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ 

ɽnɽpɽ III += , ʜʝ ɽpI , 
ɽnI  ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʨʢʦʚʘ ʽ ʝʣʝʢʪʨʦʥʥʘ ʩʢʣʘʜʦʚʽ. 

ʏʠʤ ʤʝʥʰʝ 
ɽnI , ʪʠʤ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʙʦʪʘ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʦʤʫ ʚʚʝʜʝʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ g, ʱʦ ʦʮʽʥʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʤʽʪʝʨʘ ʩʪʘʥʦʚʠʪʴ:  
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ɺ ʽʜʝʘʣʴʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 0=ɽnI , 1=g . ɯʥʞʝʢʪʦʚʘʥʽ ʜʽʨʢʠ ʧʨʦʥʠʢʘʶʪʴ 

ʫ ʛʣʠʙʠʥʫ ʙʘʟʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʧʨʦʭʦʜʞʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ 

ʦʙʣʘʩʪʴ ʙʘʟʠ ʨʦʟʨʽʟʥʷʶʪʴ ʙʝʟʜʨʝʡʬʦʚʽ ʽ ʜʨʝʡʬʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ [6; 20]. ʅʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʮʶ ʚʽʜʤʽʥʥʽʩʪʴ, ʜʽʨʢʠ, ʧʦʪʨʘʧʠʚʰʠ ʫ ʙʘʟʫ, ʜʣʷ ʷʢʦʾ ʚʦʥʠ ʻ 

ʥʝʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ, ʧʦʯʠʥʘʶʪʴ ʨʝʢʦʤʙʽʥʫʚʘʪʠ ʽʟ ʝʣʝʢʪʨʦʥʘʤʠ ʙʘʟʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʝ ʧʨʠʙʫʪʪʷ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʫ 

ʙʘʟʦʚʫ ʦʙʣʘʩʪʴ, ʪʦʙʪʦ ʟô̫ ʚʣʷʻʪʴʩʷ ʙʘʟʦʚʠʡ ʩʪʨʫʤ 
ɹI . 

ʇʨʦʮʝʩ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʤʠʪʪʻʚʦ ʽ ʧʦʚô̫ ʟʘʥʠʡ ʽʟ ʯʘʩʦʤ 

ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ (ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ ʟʤʝʥʰʫʻʪʴʩʷ ʚ e ʨʘʟ̔ʚ). ʊʦʚʱʠʥʘ ʙʘʟʠ ʜʫʞʝ ʤʘʣʘ (ʦʜʠʥʠʮʽ ʤʽʢʨʦʥ). 

ʊʦʤʫ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʙʽʛʫ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ ʙʘʟʫ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʯʘʩʫ ʾʭ ʞʠʪʪʷ, ʪʦʙʪʦ ʚʝʣʠʢʘ ʯʘʩʪʢʘ ʜʽʨʦʢ ʜʦʭʦʜʠʪʴ ʜʦ ʢʦʣʝʢʪʦʨʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʦʧʠʩʘʥʦʛʦ ʧʨʦʮʝʩʫ ʚʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʦʩʽʾʚ ʫ ʙʘʟʽ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʽʨʦʢ): 
ɽp

ɹp

p
I

I
=b , ʜʝ ɹpI  ï ʜʽʨʢʦʚʘ 

ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʙʘʟʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʜʽʨʦʢ, ʱʦ ʜʽʡʰʣʠ ʜʦ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ (ɽpɹp II < , 1<b ). 

ʋ ʢʦʣʝʢʪʦʨʥʦʤʫ ʧʝʨʝʭʦʜʽ, ʚʢʣʶʯʝʥʦʤʫ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʚʠʱʝ ʝʢʩʪʨʘʢʮʽʾ. ʇʣʦʱʘ ʮʴʦʛʦ ʧʝʨʝʭʦʜʫ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʧʣʦʱʽ 

ʝʤʽʪʝʨʥʦʛʦ, ʪʦʤʫ ʤʘʡʞʝ ʚʩʽ ʜʽʨʢʠ ʚʠʚʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʢʦʣʝʢʪʦʨʘ. 

ɿô̫ ʚʣʷʻʪʴʩʷ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ ʂI . ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ 0ʂʂʨʂ III += , ʜʝ ʂʨI  ï ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʫ 

ʣʘʥʮʶʟʽ ʢʦʣʝʢʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ ʧʨʦʮʝʩʽʚ; 
0ʂI  ï ʟʚʦʨʦʪʥʠʡ 

ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʟʚʦʨʦʪʥʦ ʚʢʣʶʯʝʥʦʛʦ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʆʜʥʠʤ ʽʟ 
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ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʟʠʩʪʦʨʘ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʝʤʽʪʝʨʘ: 

ɽ

ʂ

I

I
=a . ʆʩʢʽʣʴʢʠ 

0ʂI  ʜʫʞʝ ʤʘʣʠʡ, ʟʘʟʚʠʯʘʡ ʟʘʧʠʩʫʶʪʴ: 

ɽ

ʂp

I

I
=a  (a = ( 0,95é0,99);  

ɹI  = ( 0,05é0,01 ) 
ɽIÖ ;  

ʂI  = ( 0,95é0,99 ) 
ɽIÖ ). 

ʇʦʚʥʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ 
0ʂɽʂ III +Ö=a . ʆʩʢʽʣʴʢʠ 00 ºʂI , ʧʝʨʝʚʘʞʥʦ 

ʚʚʘʞʘʶʪʴ, ʱʦ 
ɽʂ II Ö=a . ʉʪʨʫʤ ʙʘʟʠ 

0(1 )ɹ ɽ ʂ ɽ ʂI I I I Ia= - = - -. ʗʢʱʦ 0=ɽI , 

0ʂɹ II -= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʪʨʘʥʟʠʩʪʦʨʽ, ʚʢʣʶʯʝʥʦʤʫ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.30, 

ʯʝʨʝʟ ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʧʨʦʭʦʜʠʪʴ ʚʭʽʜʥʠʡ ʩʪʨʫʤ 
ɽI  ï ʷʢʠʡ ʢʝʨʫʻ, ʘ ʯʝʨʝʟ 

ʢʦʣʝʢʪʦʨʥʠʡ ʧʝʨʝʭʽʜ ï ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ 
ʂI , ʷʢʠʤ ʢʝʨʫʶʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, 

ʪʨʘʥʟʠʩʪʦʨ ï ʧʨʠʣʘʜ, ʫ ʷʢʦʛʦ ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʢʝʨʫʻ ʚʠʭʽʜʥʠʤ. 

ʆʩʢʽʣʴʢʠ ʝʤʽʪʝʨʥʠʡ p-n-ʧʝʨʝʭʽʜ ʚʢʣʶʯʝʥʠʡ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ 

ʢʦʣʝʢʪʦʨʥʠʡ ï ʫ ʟʚʦʨʦʪʥʦʤʫ, ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʧʣʠʚʘʻ ʥʘ ʢʦʣʝʢʪʦʨʥʠʡ ʩʪʨʫʤ 

ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʝ, ʥʽʞ ʚʠʭʽʜʥʘ. ʅʘ ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʟʘʩʥʦʚʘʥʘ ʧʽʜʩʠʣʶʶʯʘ ʜʽʷ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʗʢʱʦ ʥʘʧʨʫʛʘ, ʘ ʦʪʞʝ, ʽ ʩʪʨʫʤ ʫ ʣʘʥʮʶʟʽ ʝʤʽʪʝʨʘ ʟʤʽʥʶʚʘʪʠ ʫ 

ʯʘʩʽ ʟʘ ʟʘʢʦʥʦʤ ʜʞʝʨʝʣʘ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ 
CU  (ʨʠʩ. 1.30, ʘ), ʪʦ ʟʘ ʮʠʤ ʞʝ 

ʟʘʢʦʥʦʤ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʩʪʨʫʤ 
ʂI , ʘ ʦʪʞʝ ʽ ʥʘʧʨʫʛʘ ʥʘ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂR . ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ (ɽʂ II <  ʥʘ ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʫ ʙʘʟʠ) 

ʨʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʧʽʜʩʠʣʶʻ ʥʘʧʨʫʛʫ (ʚʭʽʜʥʠʡ ʦʧʽʨ ʤʘʣʠʡ, ʚʠʭʽʜʥʠʡ ï ʚʝʣʠʢʠʡ, 

ʘ ʩʪʨʫʤʠ ɽʂ II º , ʦʩʢʽʣʴʢʠ 0ºɹI ). 

ɿʚô̫ ʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ ʚʠʨʘʞʘʻʪʴʩʷ 

ʦʯʝʚʠʜʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ɺʍɽɺʍ RɯU = ; ɽɽʂʂɺʀʍ RIRɯU a==  (
ɺʍR  ï ʚʭʽʜʥʠʡ 

ʦʧʽʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ï ʩʢʣʘʜʘʻ ʜʝʩʷʪʢʠ ʆʤ; 
ʂR  ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ ï ʩʢʣʘʜʘʻ ʪʠʩʷʯʽ ʆʤ; ɺʍʂ RR >> , ʪʦʤʫ ɺʍɺʀʍ UU >> ). 

ʊʨʘʥʟʠʩʪʦʨ ï ʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ (ɸɽ), ʱʦ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʪʠ 

ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ɿʤʽʥʶʶʯʠ ʩʪʨʫʤ ʫ ʚʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ ʟʘ 

ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʽʜʩʠʣʝʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʪʽʻʾ ʞ ʬʦʨʤʠ. 

ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ p-n-p-ʪʠʧʫ. ɺʩʽ 

ʦʧʠʩʘʥʽ ʧʨʦʮʝʩʠ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʥʽ ʽ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ n-

p-n-ʪʠʧʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦʣʷʨʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʟ ʝʤʽʪʝʨʘ ʽʥʞʝʢʪʫʶʪʴʩʷ ʫ ʙʘʟʫ, ʘ ʧʦʪʽʤ 

ʚʠʚʦʜʷʪʴʩʷ ʚ ʢʦʣʝʢʪʦʨ ʥʝ ʜʽʨʢʠ, ʘ ʝʣʝʢʪʨʦʥʠ. ʉʴʦʛʦʜʥʽ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʘʤʝ ʪʨʘʥʟʠʩʪʦʨʠ n-ʨ-n-ʪʠʧʫ. 
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1.4.3. ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʋ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʪʨʘʥʟʠʩʪʦʨ ʚʢʣʶʯʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʜʠʥ 

ʽʟ ʡʦʛʦ ʝʣʝʢʪʨʦʜʽʚ ʻ ʚʭʽʜʥʠʤ, ʚ ʽʥʰʽʡ ï ʚʠʭʽʜʥʠʤ. ʊʨʝʪʽʡ ʝʣʝʢʪʨʦʜ ï ʩʧʽʣʴʥʠʡ 

ʱʦʜʦ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ. ʋ ʣʘʥʮʶʛ ʚʭʽʜʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚʢʣʶʯʘʶʪʴ ʜʞʝʨʝʣʦ 

ʚʭʽʜʥʦʛʦ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʚ ʣʘʥʮʶʛ ʚʠʭʽʜʥʦʛʦ ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ.    

ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʝʣʝʢʪʨʦʜ ʻ ʩʧʽʣʴʥʠʤ, ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʩʭʝʤʠ 

ʚʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ: ʽʟ ʩʧʽʣʴʥʦʶ ʙʘʟʦʶ (ʉɹ), ʽʟ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ (ʉɽ) ʽ 

ʽʟ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ (ʉʂ). ʎʽ ʩʭʝʤʠ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ p-n-p-ʪʠʧʫ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.31. 

ɼʣʷ ʪʨʘʥʟʠʩʪʦʨʘ n-p-n-ʪʠʧʫ ʫ ʩʭʝʤʘʭ ʚʢʣʶʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʣʠʰʝ 

ʧʦʣʷʨʥʽʩʪʴ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ ʽ ʥʘʧʨʷʤʢʠ ʩʪʨʫʤʽʚ. 

ʉʣʽʜ ʧʘʤô̫ ʪʘʪʠ, ʱʦ ʫ ʧʽʜʩʠʣʶʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ʡʦʛʦ ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʚʢʣʶʯʝʥʠʡ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʢʦʣʝʢʪʦʨʥʠʡ ï ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ. 

 

ʈʠʩ. 1.31. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ɹʊ: ʘ ï ʉɹ; ʙ ï ʉɽ; ʚ ï ʉʂ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʻ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʽʟ ʉɽ (ʨʠʩ. 1.31, ʙ), ʱʦ ʤʘʻ 

ʥʘʡʙʽʣʴʰʝ ʧʽʜʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

1.4.4. ʉʪʘʪʠʯʥʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʪʨʘʥʟʠʩʪʦʨʘ 

ʂʦʞʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʪʠʨʤʘ ʩʽʤô̫ ʤʠ ɺɸʍ:       

ʘ ï ʚʠʭʽʜʥʠʤʠ; ʙ ï ʚʭʽʜʥʠʤʠ; ʚ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʜʘʯʽ ʟʘ ʩʪʨʫʤʦʤ;         

ʛ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ (ɿɿ) ʟʘ ʥʘʧʨʫʛʦʶ. ʇʝʨʰʽ ʜʚʽ ʟ ʥʠʭ ʻ 

ʦʩʥʦʚʥʠʤʠ. 

ʅʘ ʨʠʩ. 1.32, ʨʠʩ. 1.33 ʧʦʢʘʟʘʥʽ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ʩʪʘʪʠʯʥʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤ ʽʟ ʉɹ ʽ ʉɽ ʪʨʘʥʟʠʩʪʦʨʘ n-p-n-ʪʠʧʫ. 
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ʈʠʩ. 1.33. ʉʪʘʪʠʯʥʽ ɺɸʍ ʩʭʝʤʠ ʽʟ ʉɽ: ʘ ï ʚʭʽʜʥʽ; ʙ ï ʚʠʭʽʜʥʽ 

1.4.5. ʈʦʙʦʪʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʉʪʘʪʠʯʥʽ ɺɸʍ (ʨʠʩ. 1.32, ʨʠʩ. 1.33) ʟʥʽʤʘʶʪʴʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʧʦʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ.  

ʋ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʭʽʜʥʠʡ ʣʘʥʮʶʛ ʤʽʩʪʠʪʴ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂR  (ʜʣʷ ʩʭʝʤʠ ʽʟ ʉɽ). ʋ ʮʴʦʤʫ ʨʘʟʽ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʈʦʟʛʣʷʥʝʤʦ ʜʠʥʘʤʽʢʫ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ n-p-n-ʪʠʧʫ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʭʝʤʠ ʽʟ ʉɽ (ʨʠʩ. 1.34, ʘ). 

ʋ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʟʤʽʥʠ ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʪʨʫʤʫ ʟʘ constEʂ=  ʽ 

constRʂ=  ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʟʤʽʥʠ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ, ʘʣʝ ʽ ʚʽʜ ʟʤʽʥʠ ʥʘʧʨʫʛʠ 

ʥʘ ʢʦʣʝʢʪʦʨʽ ( ),( ʂɽɹʂ UIfI = ). ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʛʣʜ̫ 
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KKKK RIEU Ö-= .     (1.1) 

 

ʈʠʩ. 1.34. ɹʊ ʽʟ ʉɽ: ʘ ï ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ʚʠʭʽʜʥʽ ʩʪʘʪʠʯʥʽ ɺɸʍ ʪʘ 

ʜʠʥʘʤʯ̔ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘʧʨʫʛʘ ʂɽU , ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʘʤʠ ʷʢ ʙʘʟʦʚʦʛʦ, ʪʘʢ ʽ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʪʨʫʤʽʚ, ʪʦʙʪʦ ʫ ʜʠʥʘʤʽʮʽ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ ʩʪʨʫʤʠ ʽ 

ʥʘʧʨʫʛʠ ʫ ʪʨʘʥʟʠʩʪʦʨʽ ( ®®¬¬ ʂʂɽʂɹ IUII ). 

ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʩʪʨʫʤʘʤʠ ʽ ʥʘʧʨʫʛʘʤʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʧʦʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʂR , ï ʜʠʥʘʤʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʫʜʫʻʪʴʩʷ ʥʘ ʩʽʤô̫ ʭ ʩʪʘʪʠʯʥʠʭ ɺɸʍ ʟʘ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥ ɹ ʂE  ʽ ʂR  (ʨʠʩ. 1.34, ʙ). 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʦʾ ʚʠʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤʠ ʽʟ ʉɽ 

ʚʠʢʦʨʠʩʪʘʥʝ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ (1.1), ʷʢʝ ʻ ʨʽʚʥʷʥʥʷʤ ʧʨʷʤʦʾ 

ʣʽʥʽʾ. ʎʝ ʦʯʝʚʠʜʥʦ, ʷʢʱʦ ʧʨʝʜʩʪʘʚʠʪʠ (1.1) ʫ ʚʠʛʣʷʜʽ 
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öö
÷

õ
ææ
ç

å
=

ʂR
arctg

1
j  ï ʢʫʪ ʥʘʭʠʣʫ ʧʨʷʤʦʾ ʜʦ ʦʩʽ ʘʙʩʮʠʩ.     

ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʠʥʘʤʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʷʤʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟ 

ʦʜʥʽʻʶ ʽʟ ʩʪʘʪʠʯʥʠʭ ɺɸʍ ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʙʦʯʦʶ ʪʦʯʢʦʶ ʪʨʘʥʟʠʩʪʦʨʘ (P ). 

ɿʤʽʥʶʶʯʠ ɹI , ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʨʦʙʦʯʫ ʪʦʯʢʫ ʧʦ ʧʨʷʤʽʡ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʟʤʽʥʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘʟʠʚʘʶʪʴ ʪʦʯʢʦʶ ʩʧʦʢʦʶ CP  ( 0P  ). 

1.4.6. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ, ʻ ʪʨʠ ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʪʨʘʥʟʠʩʪʦʨʘ: ʘʢʪʠʚʥʠʡ (ʣʽʥʽʡʥʠʡ, ʧʽʜʩʠʣʶʶʯʠʡ), ʥʘʩʠʯʝʥʥʷ ʽ ʚʽʜʩʽʯʝʥʥʷ. 

ʇʦʥʷʪʪʷ ʨʝʞʠʤʫ ʧʦʚô̫ ʟʘʥʝ ʽʟ ʥʘʷʚʥʽʩʪʶ ʪʨʴʦʭ ʦʙʣʘʩʪʝʡ ʫ ʪʨʘʥʟʠʩʪʦʨʘ: 

ʘʢʪʠʚʥʦʾ, ʥʘʩʠʯʝʥʥʷ ʽ ʚʽʜʩʽʯʝʥʥʷ. 

ʅʘ ʨʠʩ. 1.35 ʥʘʚʝʜʝʥʦ ʪʨʠ ʦʙʣʘʩʪʽ ʪʨʘʥʟʠʩʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ I, ɯɯ ʽ ɯɯɯ. 

ʆʙʣʘʩʪʴ ʚʽʜʩʽʯʝʥʥʷ ʦʙʤʝʞʝʥʘ ʟʚʝʨʭʫ ɺɸʍ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 0ʂɹ II -=   

(ʦʙʠʜʚʘ ʨ-n-ʧʝʨʝʭʦʜʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʢʨʠʪʽ). ʆʙʣʘʩʪʴ ʥʘʩʠʯʝʥʥʷ ʦʙʤʝʞʝʥʘ 

ʩʧʨʘʚʘ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʟ ʷʢʦʾ ʚʠʭʦʜʷʪʴ ʩʪʘʪʠʯʥʽ ɺɸʍ (ʦʙʠʜʚʘ p-n-ʧʝʨʝʭʦʜʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜʢʨʠʪʽ). ɸʢʪʠʚʥʘ ʦʙʣʘʩʪʴ ʣʝʞʠʪʴ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʚʽʜʩʽʯʝʥʥʷ ʽ 

ʥʘʩʠʯʝʥʥʷ (ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜʢʨʠʪʠʡ, ʘ ʢʦʣʝʢʪʦʨʥʠʡ ï ʟʘʢʨʠʪʠʡ). 
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ʈʠʩ. 1.35. ʈʝʞʠʤʠ (ʦʙʣʘʩʪʽ) ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 
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ʋ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʪʦʯʢʘ ʩʧʦʢʦʶ CP  ʪʨʘʥʟʠʩʪʦʨʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʧʦʩʝʨʝʜʠʥʽ ʜʽʣʷʥʢʠ ʧʨʷʤʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ CF (ʨʠʩ. 1.35), ʘ ʨʦʙʦʯʘ 

ʪʦʯʢʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʽʣʷʥʢʠ CF. ʋ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʨʦʙʦʯʘ ʪʦʯʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ, ʘ ʫ ʨʝʞʠʤʽ ʚʽʜʩʽʯʝʥʥʷ ï ʚʽʜʧʦʚʽʜʥʦ ʫ 

ʦʙʣʘʩʪʽ ʚʽʜʩʽʯʝʥʥʷ. 

ɸʢʪʠʚʥʠʡ ʨʝʞʠʤ ʻ ʦʩʥʦʚʥʠʤ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʪ. ʽʥ. ʈʝʞʠʤʠ ʚʽʜʩʽʯʝʥʥʷ ʪʘ ʥʘʩʠʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʽʤʧʫʣʴʩʥʦʾ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʽʤʧʫʣʴʩʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʘʤʧʝʨʝʜ ʟʙʽʣʴʰʫʻ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ (ʧʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ). 

ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʦʤʫ ʩʭʝʤʠ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ [6; 20]. ʇʽʜ ʯʘʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʭʝʤ (ʦʩʦʙʣʠʚʦ ʧʦʪʫʞʥʠʭ) 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʪʨʘʥʟʠʩʪʦʨʘ.  

1.4.7. ʉʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʉʭʝʤʫ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.36. ʋ ʮʽʡ ʩʭʝʤʽ 

ʝʤʽʪʝʨʥʠʡ ʩʪʨʫʤ ʧʝʨʰʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʻ ʙʘʟʦʚʠʤ ʩʪʨʫʤʦʤ ʜʨʫʛʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷʤ ʩʪʨʫʤʫ ʫ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ɓ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʢʦʞʥʦʛʦ ʽʟ ʜʚʦʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ: 21 bbb Ö=   ̔  ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ. 
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ʈʠʩ. 1.36. ʉʭʝʤʘ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

VT2 ʦʙʠʨʘʶʪʴ ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ, ʥʽʞ VT1, ʪʦʤʫ ʱʦ ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʠʡ 

ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʥʦʤʽʥʘʣʴʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʩʪʨʫʤʫ VT1. 
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ʉʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʇɯɼʉK  ʟʘ ʩʪʨʫʤʦʤ 

ʪʘ ʥʘʧʨʫʛʦʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʛʦ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ 

ʢʘʩʢʘʜʫ, ʱʦ ʧʽʜʩʠʣʶʻ. 

1.5. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ 

1.5.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʇʦʣʴʦʚʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ (ʇʊ) ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʡ 

ʪʨʠʝʣʝʢʪʨʦʜʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʧʨʠʣʘʜ, ʫ ʷʢʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ 

ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʧʽʜ ʜʽʻʶ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʘ 

ʢʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, 

ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʱʦ ʢʝʨʫʻ. ʇʊ ï ʫʥʽʧʦʣʷʨʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʙʦʪʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʜʨʝʡʬʽ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʦʜʥʦʛʦ ʟʥʘʢʫ ʫ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʯʝʨʝʟ ʢʘʥʘʣ n- ʘʙʦ 

p-ʪʠʧʫ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ. ʂʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʯʝʨʝʟ ʢʘʥʘʣ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, ʘ ʥʝ ʩʪʨʫʤʦʤ, ʷʢ ʫ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʇʊ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ɹ ʩʷ ʢʨʝʤʥʽʡ 

(Si), ʱʦ ʤʘʻ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ, ʯʠʤ ʛʝʨʤʘʥʽʡ. ʅʘ 

ʨʠʩ. 1.37 ʟʦʙʨʘʞʝʥʽ ʫʤʦʚʥʽ ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ʇʊ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʘʭ. ʂʦʥʩʪʨʫʢʮʽʾ ʇʊ ʥʘʚʝʜʝʥʦ ʫ [20; 22], ʘ ʾʭ ʤʘʨʢʫʚʘʥʥʷ 

ʘʥʘʣʦʛʽʯʥʝ ʤʘʨʢʫʚʘʥʥʶ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ 

ʜʨʫʛʠʡ ʝʣʝʤʝʥʪ ʤʘʨʢʫʚʘʥʥʷ ʤʘʻ ʙʫʢʚʫ ʇ ï ʧʦʣʴʦʚʠʡ. 

 
ʈʠʩ. 1.37. ʇʦʟʥʘʯʝʥʥʷ ʇʊ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʘʭ: ʘ, ʙ ï ʟ ʨ-n-

ʧʝʨʝʭʜʘʤʠ; ʚ, ʛ, ʜ, ʝ ï ʄʆʅ-ʪʠʧʫ 

ʇʨʠʥʮʠʧ ʜʽʾ ʇʊ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʟʤʽʥʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʤʽʥʶʻ ʧʨʦʚʽʜʥʽʩʪʴ ʢʘʥʘʣʫ, ʧʦ ʷʢʦʤʫ 

ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ ʚʠʭʽʜʥʦʛʦ ʣʘʥʮʶʛʘ. 

ʋ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ʇʊ: 

ï ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ; 

ï ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ (ʄɼʅ- ʘʙʦ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʠ).  
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ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ 

ʇʊ ʽʟ ʢʘʥʘʣʦʤ p- ʘʙʦ n-ʪʠʧʫ. ʂʘʥʘʣ p-ʪʠʧʫ ʤʘʻ ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ                    

n-ʪʠʧʫ ï ʝʣʝʢʪʨʦʥʥʫ. 

 

1.5.2. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ p-n-ʧʝʨʝʭʦʜʫ 

ʅʘ ʨʠʩ. 1.38 ʟʦʙʨʘʞʝʥʽ ʩʪʨʫʢʪʫʨʘ ʽ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʇʊ ̔ʟ ʟʘʪʚʦʨʦʤ ʫ 

ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ ʽ ʢʘʥʘʣʦʤ n-ʪʠʧʫ. ʇʨʠʣʘʜ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʣʘʩʪʠʥʠ 

ʢʨʝʤʥʽʶ ʽʟ ʧʨʦʚʽʜʥʽʩʪʶ n-ʪʠʧʫ, ʱʦ ʻ ʢʘʥʘʣʦʤ, ʜʦ ʪʦʨʮʽʚ ʷʢʦʾ ʧʽʜô̒ ʜʥʘʥʽ ʜʚʘ 

ʤʝʪʘʣʝʚʽ ʢʦʥʪʘʢʪʠ, ʷʢʽ ʟʚʫʪʴʩʷ ʚʠʪʦʢʦʤ (ɺ) ʽ ʩʪʦʢʦʤ (ʉ). ʄʽʞ ʩʪʦʢʦʤ ʽ 

ʚʠʪʦʢʦʤ ʧʽʜʢʣʶʯʝʥʦ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 
ʉɺE  ʽ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

CR . 

 
ʈʠʩ. 1.38. ʇʊ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ: ʘ ï ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ;                  

ʙ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʅʘʧʨʫʛʘ 
ʉɺE  ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʪʘʢʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʱʦʙ ʩʪʨʫʤ ʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ (ʫ ʢʘʥʘʣʽ n-ʪʠʧʫ ï ʝʣʝʢʪʨʦʥʠ) ʧʨʦʭʦʜʠʚ ʚʽʜ ʚʠʪʦʢʫ ʜʦ ʩʪʦʢʫ. 

ʋ ʧʨʦʪʠʣʝʞʥʽ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʛʨʘʥʽ ʧʣʘʩʪʠʥʠ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧ̔ʚʧʨʦʚʽʜʥʠʢʘ ʚʚʝʜʝʥʽ ʘʢʮʝʧʪʦʨʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʧʝʨʝʪʚʦʨʠʣʠ ʾʾ ʧʦʚʝʨʭʥʝʚʽ 
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ʰʘʨʠ ʚ ʦʙʣʘʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ p-ʪʠʧʫ. ʎʽ ʦʙʣʘʩʪʽ ʟô̒ ʜʥʘʥʥʽ ʨʘʟʦʤ ʽ 

ʫʪʚʦʨʶʶʪʴ ʻʜʠʥʠʡ ʝʣʝʢʪʨʦʜ, ʷʢʠʡ ʟʚʝʪʴʩʷ ʟʘʪʚʦʨʦʤ (ɿ). ʄʽʞ ʢʘʥʘʣʦʤ ʽ 

ʟʘʪʚʦʨʦʤ ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʘ ʨ-n-ʧʝʨʝʭʦʜʠ. ʅʘ ʟʘʪʚʦʨ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ 
ɿɺU , 

ʧʦʣʷʨʥʽʩʪʴ ʷʢʦʾ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʧʨʦʚʽʜʥʽʩʪʶ ʢʘʥʘʣʫ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜô̒ ʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ). 

ʈʦʙʦʪʘ ʇʊ (ʨʠʩ. 1.38, ʘ) ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʤʽʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ ʧʽʜ ʜʽʻʶ 

ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ. ʇ̔ ʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʤʦʜʫʣʷ ʮʽʻʾ ʥʘʧʨʫʛʠ ʨ-n-

ʧʝʨʝʭʦʜʠ ʟʤʽʱʫʶʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʰʠʨʠʥʘ ʰʘʨʽʚ, ʟʙʽʜʥʝʥʠʭ 

ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ, ʨ-n-ʧʝʨʝʭʦʜʠ ʨʦʟʰʠʨʶʶʪʴʩʷ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʫ ʟʘʪʚʦʨʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʢʘʥʘʣʽ, ʪʦʙʪʦ 

ʟʘʪʚʦʨ ʙʽʣʴʰ ʥʠʟʴʢʦʦʤʥʠʡ, ʥʽʞ ʢʘʥʘʣ.  

ʊʦʤʫ ʨʦʟʰʠʨʝʥʥʷ ʨ-n-ʧʝʨʝʭʦʜʽʚ ʧ̔ ʜ ʯʘʩ ʧʦʜʘʯʽ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʢʘʥʘʣʫ. ʇʨʦʚʽʜʥʽʩʪʴ ʢʘʥʘʣʫ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʡ ʧʣʦʱʽ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ. 

ʇ̔ ʜ ʯʘʩ ʨʦʟʰʠʨʝʥʥ ̫ ʨ-n-ʧʝʨʝʭʦʜʽʚ (ʟʙʽʣʴʰʝʥʥʽ ʟʚʦʨʦʪʥʦʾ ʜʣʷ                    

ʨ-n-ʧʝʨʝʭʦʜʫ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ, ʱʦ ʟʘʢʨʠʚʘʻ ʇʊ), ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʦʚʽʜʥʽʩʪʴ ʢʘʥʘʣʫ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʎʽ ʧʨʦʮʝʩʠ ʽʣʶʩʪʨʫʻ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʘ (ʚʭʽʜʥʘ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-

ʪʠʧʫ (ʨʠʩ. 1.39, ʘ). 

 

 

ʈʠʩ. 1.39. ʉʪʘʪʠʯʥʽ ɺɸʍ ʇʊ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ ʽ ʢʘʥʘʣʦʤ n-ʪʠʧʫ: ʘ ï 

ʚʭʽʜʥʘ ɺɸʍ; ʙ ï ʚʠʭʽʜʥʽ ɺɸʍ 
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ʅʘ ʨʠʩ. 1.39, ʙ ʥʘʚʝʜʝʥʽ ʩʪʦʢʦʚʽ (ʚʠʭʽʜʥʽ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʊ ʽʟ 

ʢʘʥʘʣʦʤ n-ʪʠʧʫ. ʉʪʦʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʜʽʣʷʥʢʫ 

ʥʘʩʠʯʝʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʫ ʢʘʥʘʣʽ, 

ʷʢʠʡ ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘ ̒ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥ ̫
CɺE , ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʘʜʽʥʥʷ  ʥʘʧʨʫʛʠ ʫ 

ʢʘʥʘʣʽ. ʎʝ ʧʘʜʽʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʪʦʢʫ ʤʘʻ ʜʦʜʘʪʥʠʡ ʟʥʘʢ, ʪʦʤʫ ʟʤʽʱʫʻ ʨ-n-

ʧʝʨʝʭʦʜʠ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʝʨʝʪʠʥ ʢʘʥʘʣʫ ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ (ʩʧʦʯʘʪʢʫ ʚ ʦʙʣʘʩʪʽ ʩʪʦʢʫ, ʘ ʧʦʪʽʤ ʚʦʥʦ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫʛʣʠʙ ʜʦ ʚʠʪʦʢʫ). ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʩʪʨʫʤʫ 
CI  ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

CɺU . ʄʝʞʝʶ ʦʙʣʘʩʪʽ 

ʥʘʩʠʯʝʥʥʷ ʻ (ʨʠʩ. 1.39, ʙ) 
. 0 .Cɺ ʅɸʉ ɿɺ ɺɯɼʉU U= , 

ʅɸʉCC II .= , ʟʘ 0=ɿɺU ; 

. .ʉɺ ʅɸʉ ɿɺ ɺɯɼʉU U= . ʉʪʨʫʤ 
ʅɸʉCI .

 ï ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ .0>ɿɺU  

ʋ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʦʛʽ ʜʽʣʷʥʢʠ ʚʠʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʊ. ʇ̔ ʜ ʯʘʩ ʚʝʣʠʢʦ ʾʥʘʧʨʫʛʠ ʥʘ ʩʪʦʮʽ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʧʨʦʙʽʡ 

ʩʪʨʫʢʪʫʨʠ ʇʊ. ʊʦʤʫ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

max.ʉɺU  ʥʝʧʨʠʧʫʩʪʠʤʦ. 

1.5.3. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ  

ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʇʊ ʽʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ 

ʪʘʢʦʞ ʄɼʅ (ʤʝʪʘʣïʜʽʝʣʝʢʪʨʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ) ʘʙʦ ʄʆʅ (ʤʝʪʘʣïʦʢʠʩʝʣï

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ) ʪʨʘʥʟʠʩʪʦʨʠ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʫ ʥʠʭ ʤʽʞ ʤʝʪʘʣʝʚʠʤ 

ʟʘʪʚʦʨʦʤ ʽ ʦʙʣʘʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ, ʚ ʷʢʦʩʪʽ 

ʷʢʦʛʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʠʩʣʠ. 

ɭ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ʄɼʅ (ʄʆʅ) ʇʊ: ʽʟ ʢʘʥʘʣʦʤ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ, ʽ 

ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ. 

ʄʝʪʘʣïʦʢʠʩʝʣïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄʆʅ) ʇʊ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ. 

ʉʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʫ ʄɼʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.40. ɺʦʥʘ ʤʽʩʪʠʪʴ ʧʽʜʢʣʘʜʢʫ (ʩʣʘʙʦʣʝʛʦʚʘʥʫ ʜʦʤʽʰʢʦʶ ʢʨʝʤʥʽʻʚʫ 

ʧʣʘʩʪʠʥʢʫ ʽʟ ʧʨʦʚʽʜʥʽʩʪʶ p-ʪʠʧʫ). ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʽʜʢʣʘʜʢʠ ʩʪʚʦʨʶʻʪʴʩʷ 

ʩʣʘʙʦʣʝʛʦʚʘʥʠʡ ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʧʨʦʪʠʣʝʞʥʘ 

ʧʨʦʚʽʜʥʦʩʪʽ ʧʽʜʢʣʘʜʢʠ. ʎʝʡ ʰʘʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʢʘʥʘʣʫ. 

ʋ ʧʨʦʮʝʩʽ ʦʢʠʩʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʥʘʜ ʢʘʥʘʣʦʤ ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʦʥʢʠʡ (0,2...0,3 ʤʢʤ) ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ (ʜʚʦʦʢʠʩʫ ʢʨʝʤʥʽʶ SiO2). 

ʏʝʨʝʟ ʚʠʢʦʥʘʥʽ ʫ ʜʽʝʣʝʢʪʨʠʢʫ ʦʪʚʦʨʠ ʫ ʪʽʣʽ ʧʽʜʢʣʘʜʢʠ ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʽ 

ʩʠʣʴʥʦʣʝʛʦʚʘʥʽ ʦʙʣʘʩʪʽ: n
+
, ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟ̔ ʪʠʧʦʤ 

ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ. ʎʽ ʦʙʣʘʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʚʠʚʦʜʘʤʠ ʽ 
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ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʚʠʪʦʢʫ (ɺ) ʽ ʩʪʦʢʫ (ʉ). ʅʘʜ ʰʘʨʦʤ ʜʚʦʦʢʠʩʫ ʢʨʝʤʥʽʶ ʤʽʞ 

ʚʠʪʦʢʦʤ ʽ ʩʪʦʢʦʤ ʥʘʥʦʩʷʪʴ ʤʝʪʘʣʝʚʠʡ ʰʘʨ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʚʽʜ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʪʚʦʨ. ʇʽʜʢʣʘʜʢʘ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʤʘʻ ʚʠʚʽʜ, 

ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʟô̒ ʜʥʫʻʪʴʩʷ ɱʟ ʚʠʪʦʢʦʤ.  

 

 

ʈʠʩ. 1.40. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʄɼʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ 

ʅʘʷʚʥʽʩʪʴ ʰʘʨʫ ʜʽʝʣʝʢʪʨʠʢʘ ʜʦʟʚʦʣʷʻ ʫ ʄʆʅ (ʄɼʅ) ʇʊ ʽʟ ʢʘʥʘʣʦʤ, 

ʱʦ ʚʙʫʜʦʚʘʥʠʡ, ʧʦʜʘʚʘʪʠ ʥʘ ʟʘʪʚʦʨ ʥʘʧʨʫʛʫ, ʱʦ ʢʝʨʫʻ, ʦʙʦʭ ʧʦʣʷʨʥʦʩʪʝʡ. ʇ̔ ʜ 

ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʄʆʅ ʇʊ ʽʟ n-ʢʘʥʘʣʦʤ ʜʦʜʘʪʥʦʾ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ, ʷʢʝ ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ, ʜʽʨʢʠ ʽʟ ʢʘʥʘʣʫ ʚʠʰʪʦʚʭʫʚʘʪʠʤʫʪʴʩʷ ʫ 

ʧʽʜʢʣʘʜʢʫ, ʘ ʝʣʝʢʪʨʦʥʠ ʙʫʜʫʪʴ ʚʠʪʷʛʫʚʘʪʠʩʷ ʽʟ ʧʽʜʢʣʘʜʢʠ ʫ ʢʘʥʘʣ. ʂʘʥʘʣ 

ʟʙʘʛʘʯʫʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ï ʝʣʝʢʪʨʦʥʘʤʠ, ʡʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝʡ ʨʝʞʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʞʠʤʦʤ ʟʙʘʛʘʯʝʥʥʷ (ʨʠʩ. 1.41, ʘ).  

ʇʨʠ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʄʆʅ ʇʊ ʟ n-ʢʘʥʘʣʦʤ ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ 

ʝʣʝʢʪʨʦʥʠ ʽʟ ʢʘʥʘʣʫ ʚʠʰʪʦʚʭʫʶʪʴʩʷ ʫ ʧʽʜʢʣʘʜʢʫ, ʘ ʜʽʨʢʠ ʚʠʪʷʛʫʶʪʴʩʷ ʽʟ 

ʧʽʜʢʣʘʜʢʠ ʫ ʢʘʥʘʣ. ʂʘʥʘʣ ʟʙʽʜʥʶʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʽ ʡʦʛʦ 

ʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʠʡ ʨʝʞʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʞʠʤʦʤ ʟʙʽʜʥʝʥʥʷ    

(ʨʠʩ. 1.41, ʘ). 

ʄʝʪʘʣïʜʽʝʣʝʢʪʨʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄɼʅ) ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʽʟ 

ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ. ʋ ʄʆʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʇʊ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʠʧʫ ʢʘʥʘʣ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʚʠʪʦʢʫ ʽ ʩʪʦʢʫ ʧʽʜ ʯʘʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝ ʩʪʚʦʨʶʻʪʴʩʷ (ʚʽʜʩʫʪʥʽʡ)           

(ʨʠʩ. 1.42). 
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ʈʠʩ. 1.41. ʉʪʘʪʠʯʥʽ ɺɸʍ ʇʊ ʄʆʅ-ʪʠʧʫ ʽʟ n-ʢʘʥʘʣʦʤ, ʱʦ 

ʚʙʫʜʦʚʘʥʠʡ: ʘ ï ʚʭʽʜʥʘ; ʙ ï ʚʠʭʽʜʥʽ 

ʂʘʥʘʣ n-ʪʠʧʫ ʽʥʜʫʢʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ ʽʥʚʝʨʩʽʾ, ʷʢʝ ʚʠʥʠʢʘʻ ʫ 

ʩʠʩʪʝʤʽ ʤʝʪʘʣïʜʽʻʣʝʢʪʨʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʇʽʜ ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʥʘʧʨʫʛʠ 

ʜʦʜʘʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʽʥʜʫʢʫʻʪʴʩʷ ʢʘʥʘʣ n-ʪʠʧʫ, ʚʽʜô̒ ʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ï p-ʪʠʧʫ. 

ʊʦʤʫ ȸȺȹ ʇʊ ʽʟ ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ, ʢʝʨʫʻʪʴʩʷ ʥʘʧʨʫʛʦʶ 

ʟʘʪʚʦʨʫ ʣʠʰʝ ʦʜʥʦʛʦ ʟʥʘʢʫ. ʅʘ ʨʠʩ. 1.42 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʄʆʅ ʇʊ ʽʟ 

ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ n-ʪʠʧʫ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ ʜʦʜʘʪʥʦʶ ʥʘʧʨʫʛʦʶ ʥʘ 

ʟʘʪʚʦʨʽ. ʅʘ ʨʠʩ. 1.43 ʟʦʙʨʘʞʝʥʽ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʘ ʽ ʩʪʦʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʘʢʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 

 

ʈʠʩ. 1.42. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʄɼʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ 



 

61 

 

       
ʈʠʩ. 1.43. ʉʪʘʪʠʯʥʽ ɺɸʍ ʄʆʅ ʇʊ ʽʟ n-ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ:  

ʘ ï ʚʭʽʜʥʽ; ʙ ï ʚʠʭʽʜʥʽ 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʇʊ: ʢʨʫʪʠʟʥʘ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ɿɺ

C

U

I
SBmA
D

D
º:/  ʟʘ constUCɺ=  ï ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʽʜʩʠʣʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇʊ; 

ʚʥʫʪʨʽʰʥʽʡ (ʚʠʭʽʜʥʠʡ) ʦʧʽʨ: 
C

CB
i

I

U
R

D

D
= , ʟʘ constUɿɺ=  (ʥʘ ʨʦʙʦʯʽʡ (ʣʽʥʽʡʥʽʡ) 

ʜʽʣʷʥʮʽ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʘʻ ʩʦʪʥʽ ʢʽʣʦʦʤ); ʚʭʽʜʥʠʡ ʦʧʽʨ 
ɺXR  

(ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʽʨ p-n-ʧʝʨʝʭʦʜʽʚ, ʷʢʽ ʟʤʽʱʝʥʽ ʟʚʦʨʦʪʥʦ), ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ 

ï ʜʝʩʷʪʢʠ ʤʝʛʘʦʤ ʜʣʷ ʇʊ ʽʟ p-n-ɛɑɜɑɡɚɐʘʤʠ ʽ ʩʦʪʥʽ ï ʪʠʩʷʯʽ ʤʝʛʘʦʤ ʜʣʷ ʄʆʅ 

ʇʊ; ʻʤʥʦʩʪʽ ʇʊ: ʉɿɺ  ð ʚʭʽʜʥʘ (ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ ʧʽʢʦʬʘʨʘʜ); ʉɿC  ð ʧʨʦʭʽʜʥʘ 

(ʤʘʻ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ, ʯʠʤ ʉɿɺ ); ʉCɺ  ï ʚʠʭʽʜʥʘ (ʥʘʡʤʝʥʰʘ ʽʟ ʻʤʥʦʩʪʝʡ ʇʊ ʟʘ 

ʚʝʣʠʯʠʥʦʶ). ʅʘʷʚʥʽʩʪʴ ʻʤʥʦʩʪʝʡ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇʊ. 

ʇʦʜʽʙʥʦ ʜʦ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʇʊ ʤʦʞʥʘ ʚʢʣʶʯʘʪʠ ʫ 

ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʟʘ ʦʜʥʽʻʶ ʟ ʪʨʴʦʭ ʩʭʝʤ: ʉɺ ï ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ; ʉɿ ï 

ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ ʽ ʉʉ ï ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ. ʅʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʭʝʤʘ 

ʚʢʣʶʯʝʥʥʷ ʇʊ ʽʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ (ʨʠʩ. 1.38, ʙ). 

1.5.4. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇʊ: ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʣʘʩʥʠʭ ʰʫʤʽʚ (ʫʥʽʧʦʣʷʨʥʽ ï 

ʚʽʜʩʫʪʥʽʡ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʡ ʬʣʫʢʪʫʘʮʽʡʥʠʡ ʰʫʤ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ); ʚʠʩʦʢʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ (ʫ ʄʆʅ ʇʊ ʩʢʣʘʜʘʻ ʪʠʩʷʯʽ ʤʝʛʘʦʤ); 

ʚʠʩʦʢʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ (ʢʝʨʫʶʪʴʩʷ ʥʝ ʩʪʨʫʤʦʤ, ʷʢ ɹʊ, ʘ ʥʘʧʨʫʛʦʶ 

(ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ)) ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ 

ʚʠʩʦʢʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ; ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʆʅ ʇʊ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʚʠʩʦʢʦʝʢʦʥʦʤʽʯʥʠʭ ɯʉ ʽʟ ʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʽʥʪʝʛʨʘʮʽʾ; ʜʝʷʢʘ ʟʘʣʝʞʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʨʦʪʝ ʤʝʥʰʘ, ʥʽʞ ʫ ɹʊ); ʄʆʅ ʇʊ ʚʠʭʦʜʷʪʴ ʽʟ 
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ʣʘʜʫ ʫ ʨʘʟʽ ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʥʠʢʥʝʥʥ ̫ ʥʘ ʟʘʪʚʦʨʽ ʩʪʘʪʠʯʥʠʭ ʝʣʝʢʪʨʠʯ-            

ʥʠʭ ʟʘʨʷʜʽʚ. 

ʇʊ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʧʽʜʩʠʣʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʷʢʠʭ ʤʘʻ ʚʝʣʠʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ; ʫ ʧʨʠʩʪʨʦʷʭ, 

ʷʢʽ ʧʝʨʝʢʣʶʯʘʶʪʴʩʷ; ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʱʦ ʟʘʧʘʤô̫ ʪʦʚʫʶʪʴ, ʽ 

ʪ. ʽʥ. ɿʘʚʜʷʢʠ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ ʽ ʥʝʚʝʣʠʢʽʡ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ, ʥʘ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʘʭ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ 

ʜʝʰʝʚʽ ɯʉ ʽʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʽʥʪʝʛʨʘʮʽʾ ʽ ʤʘʣʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 

1.6. ʊʠʨʠʩʪʦʨʠ 

1.6.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʨʠʩʪʦʨʽʚ 

ʊʠʨʠʩʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʧʝʨʝʪʚʦʨʶʶʯʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ 

ʧʨʠʣʘʜ, ʱʦ ʤʽʩʪʠʪʴ ʪʨʠ ʽ ʙʽʣʴʰ p-n-ʧʝʨʝʭʦʜʠ, ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʷʢʦʛʦ ʤʘʻ ʜʽʣʷʥʢʫ ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ. ʗʢʱʦ ʪʘʢʠʡ ʧʨʠʣʘʜ 

ʚʢʣʶʯʠʪʠ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʪʦ ʚʽʥ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

(ʚʢʣʶʯʘʻʪʴʩʷ), ʧʨʦʧʫʩʢʘʶʯʠ ʩʪʨʫʤ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʤʫ ʜʦʩʷʛʘʻ ʚʠʟʥʘʯʝʥʦʛʦ ʨʽʚʥʷ ʘʙʦ ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʚʽʜʢʨʠʚʘʶʯʦʾ 

ʥʘʧʨʫʛʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ ʢʝʨʫʶʯʠʡ ʝʣʝʢʪʨʦʜ. 

ʊʠʨʠʩʪʦʨʠ ʻ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʤʦʞʫʪʴ 

ʧʝʨʝʙʫʚʘʪʠ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ: ʫʚʽʤʢʥʝʥʦʤʫ ʽ ʚʠʤʢʥʝʥʦʤʫ. 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʜʽʚ ʚʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʦʝʣʝʢʪʨʦʜʥʽ 

(ʥʝʢʝʨʦʚʘʥʽ) ï ʜʽʦʜʥʽ ʪʠʨʠʩʪʦʨʠ (ʜʠʥʽʩʪʦʨʠ) ʽ ʪʨʠʝʣʝʢʪʨʦʜʥʽ (ʢʝʨʦʚʘʥʽ) ï 

ʪʨʽʦʜʥʽ ʪʠʨʠʩʪʦʨʠ (ʪʨʠʥʽʩʪʦʨʠ). 

ʅʘ ʨʠʩ. 1.44 ʥʘʚʝʜʝʥʽ ʧʦʟʥʘʯʝʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ: 

- ʥʝʢʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ (ʜʠʥʽʩʪʦʨ), ʨʠʩ. 1.44, ʘ; 

- ʢʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ, ʷʢʠʡ ʥʝ ʟʘʧʠʨʘʻʪʴʩʷ, ʨʠʩ. 1.44, ʙ, ʚ; 

- ʢʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ, ʷʢʠʡ ʟʘʧʠʨʘʻʪʴʩʷ, ʨʠʩ. 1.44, ʛ, ʜ; 

- ʩʠʤʝʪʨʠʯʥʠʡ ʪʠʨʠʩʪʦʨ (ʩʠʤʽʩʪʝʨ), ʨʠʩ. 1.44, ʝ. 

 
ʘ  ʙ  ʚ  ʛ  ʜ  ʝ 
ʈʠʩ. 1.44. ʇʦʟʥʘʯʝʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 
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ʄʘʨʢʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʘʥʘʣʦʛʽʯʥʝ ʪʦʤʫ, ʷʢʝ ʚʞʠʚʘʻʪʴʩʷ ʜʣʷ ʅɼ ʽ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ɺʽʜʤʽʥʥʩ̔ʪʴ ʫ ʪʦʤʫ, ʱʦ ʜʨʫʛʠʡ ʝʣʝʤʝʥʪ ʧʦʟʥʘʯʝʥʥʷ ʤʘʻ ʙʫʢʚʫ ʊ 

ʟ ʮʠʬʨʦʶ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʠʧ ʪʠʨʠʩʪʦʨʘ. 

1.6.2. ʅʝʢʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ (ʜʠʥʽʩʪʦʨ) 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʪʠʨʠʩʪʦʨïʜʠʥʽʩʪʦʨ  ̒ ʯʦʪʠʨʠʰʘʨʦʚʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʧʨʠʣʘʜʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʯʦʪʠʨʴʦʭ ʦʙʣʘʩʪʝʡ ʽʟ 

ʧʨʦʚʽʜʥʽʩʪʶ p- ʽ n-ʪʠʧʫ, ʷʢʽ ʧʦʩʣʽʜʦʚʥʦ ʯʝʨʛʫʶʪʴʩʷ (ʨʠʩ. 1.45).  

 

 

ʈʠʩ. 1.45. ʉʪʨʫʢʪʫʨʘ ʜʠʥʽʩʪʦʨʘ 

ʂʨʘʡʥʽ ʦʙʣʘʩʪʽ p1 ʽ n2 ʥʘʟʠʚʘʶʪʴʩʷ ʝʤʽʪʝʨʘʤʠ, ʘ ʩʝʨʝʜʥʽ n1 ʽ p2 ï 

ʙʘʟʘʤʠ, p-n-ʧʝʨʝʭʦʜʠ ʇ1 ʽ ʇ3 ï ʝʤʽʪʝʨʥʽ, ʘ ʇ2 ï ʢʦʣʝʢʪʦʨʥʠʡ. ɼʦ ʦʙʣʘʩʪʝʡ p1 

ʽ n2 ʧʽʜʚʦʜʷʪʴʩʷ ʤʝʪʘʣʝʚʽ ʢʦʥʪʘʢʪʠ ɸ ʽ ʂ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʘʥʦʜʦʤ ʽ ʢʘʪʦʜʦʤ. 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʠʥʮʠʧʫ ʜʽʾ ʜʠʥʽʩʪʦʨʘ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʡʦʛʦ ʩʭʝʤʦʶ 

ʚʢʣʶʯʝʥʥʷ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ (ʨʠʩ. 1.46) ʽ ɺɸʍ (ʨʠʩ. 1.47). 
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ʈʠʩ. 1.46. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʜʠʥʽʩʪʦʨʘ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ 

ʇ̔ ʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ (Eɸ = 0) ʫ p-n-ʧʝʨʝʭʦʜʘʭ 

ʜʠʥʽʩʪʦʨʘ ʚʠʥʠʢʘʶʪʴ ʧʦʪʝʥʮʽʡʥʽ ʙʘʨô̒ ʨʠ Djʂ01, Djʂ02, Djʂ03 (ʨʠʩ. 1.46). 

ʉʪʨʫʢʪʫʨʘ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʉʪʨʫʤʠ, ʱʦ 
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ʧʨʦʭʦʜʷʪʴ ʫ ʥʽʡ, ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ ʽ ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ          

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 
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ʈʠʩ. 1.47. ɺɸʍ ʜʠʥʽʩʪʦʨʘ 

ʗʢʱʦ ʜʦ ʜʠʥʽʩʪʦʨʘ ʧʨʠʢʣʘʩʪʠ ʧʨʷʤʫ ʥʘʧʨʫʛʫ Uɸ.ʇʈ < Uɸ.ɺʄ  (ʨʠʩ. 1.47) 

ʧʦʣʷʨʥʦʩʪʽ, ʱʦ ʚʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.46, ʪʦ ʧʝʨʝʭʦʜʠ ʇ1 ʽ ʇ3 ʟʤʽʱʫʶʪʴʩʷ ʫ 

ʧʨʷʤʦʤʫ, ʘ ʇ2 ï ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʙʘʨô̒ ʨʽʚ ʇ1 ʽ 

ʇ3 ʟʤʝʥʰʫʻʪʴʩʷ. ɼʽʨʢʠ ʽʥʞʝʢʪʫʶʪʴʩʷ ʽʟ ʝʤʽʪʝʨʘ p1 ʫ ʙʘʟʫ n1, ʘ ʝʣʝʢʪʨʦʥʠ ï ʟ 

ʝʤʽʪʝʨʘ n2 ʫ ʙʘʟʫ p2. ʇʦʣʝʤ ʟʚʦʨʦʪʥʦ ʟʤʽʱʝʥʦʛʦ ʧʝʨʝʭʦʜʫ ʇ2 ʜʽʨʢʠ ʟ ʙʘʟʠ n1 

ʚʠʚʦʜʷʪʴʩʷ ʫ ʙʘʟʫ p2, ʘ ʝʣʝʢʪʨʦʥʠ ï ʟ ʙʘʟʠ p2 ʫ ʙʘʟʫ n1 (ʷʚʠʱʝ ʝʢʩʪʨʘʢʮʽʾ). 

ʇʦʷʚʘ ʫ ʙʘʟʘʭ n1 ʽ p2 ʜʦʜʘʪʢʦʚʠʭ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ ʱʝ ʙʽʣʴʰʝ ʟʤʝʥʰʫʻ 

ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʡʥʠʭ ʙʘʨô̒ ʨʽʚ ʧʝʨʝʭʦʜʽʚ ʇ1 ʽ ʇ3. ʎʝ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʫ 

ʽʥʞʝʢʮʽʶ ʜʽʨʦʢ ʽ ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʧʝʨʝʭʦʜʠ ʇ1 ʽ ʇ3. ɼʘʣʽ ʦʧʠʩʘʥʽ ʧʨʦʮʝʩʠ 

ʧʦʚʪʦʨʶʶʪʴʩʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʷʤʦʾ ʥʘʧʨʫʛʠ Uɸ.ʇʈ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ 

ʥʘʩʠʯʝʥʥʷ ʙʘʟ n1 ʽ p2 ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʦʧʦʨʫ. ʇʽʜ 

ʯʘʩ ʚʠʟʥʘʯʝʥʦʛʦ ʟʥʘʯʝʥʥ ̫ Uɸ.ʇʈ ² Uɸ.ɺʄ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʨʠʡʤʘʻ 

ʣʘʚʠʥʦʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ (ʫ ʩʪʨʫʢʪʫʨʽ ʜʽʻ ʚʥʫʪʨʽʰʥʽʡ ʜʦʜʘʪʥʠʡ ʟʚʦʨʦʪʥʽʡ 

ʟʚôʷʟʦʢ (ɼɿɿ)). ʈʽʟʢʦ ʟʤʝʥʰʫʶʪʴʩʷ ʦʧʦʨʠ ʦʙʣʘʩʪʝʡ p2, n1 ʽ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʇ2. ʉʪʨʫʤ Iɸ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʥʘʧʨʫʛʘ Uɸ ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ɺɸʍ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʜʽʣʷʥʢʘ ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ ï ʜʽʣʷʥʢʘ 1ï2 (ʨʠʩ. 

1.47). ɼʠʥʽʩʪʦʨ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ï ʧʝʨʝʭʦʜʠʪʴ ʽʟ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ (ʜʽʣʷʥʢʘ 0ï1) ʫ 

ʚʽʜʢʨʠʪʠʡ (ʜʽʣʷʥʢʘ 2ï3). ɿʘʢʨʠʪʦʤʫ ʩʪʘʥʫ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʠʡ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʽʨ, ʘ ʚʽʜʢʨʠʪʦʤʫ ï ʤʘʣʠʡ. ʋʤʦʚʘ ʚʤʠʢʘʥʥʷ ʜʠʥʽʩʪʦʨʘ: 
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ɸ.ʇʈ ɸ.ɺʄ

ɸ ɸ.ɺʀʄ

U >U ,

I >I ,
       

ʜʝ Iɸ.ɺʀʄ ï ʩʪʨʫʤ ʚʠʤʠʢʘʥʥʷ ï ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʱʦ ʧʽʜʪʨʠʤʫʻ 

ʪʠʨʠʩʪʦʨ ʫ ʚʚʽʤʢʥʫʪʦʤʫ ʩʪʘʥʽ (ʧʨʦʮʝʩ ʚʤʠʢʘʥʥʷ). 

ɼʣʷ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ ʜʠʥʽʩʪʦʨʘ ʩʪʨʫʤ Iɸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʨʝʟʠʩʪʦʨʘ Rɸ, ʪʦʤʫ ʱʦ ʦʧʽʨ ʪʠʨʠʩʪʦʨʘ ʜʫʞʝ ʤʘʣʠʡ; ʧʨʠ ʮʴʦʤʫ ʤʘʡʞʝ ʚʩʷ 

ʥʘʧʨʫʛʘ Eɸ ʧʘʜʘʻ  ʥʘ Rɸ. 

ɼʣʷ ʚʠʤʠʢʘʥʥʷ ʜʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʧʨʷʤʠʡ 

ʩʪʨʫʤ ʜʦ ʟʥʘʯʝʥʥʷ: 

ɸ ɸ.ʋʊI <I ,          

ʜʝ Iɸ.ʋʊ ï ʩʪʨʫʤ ʫʪʨʠʤʘʥʥʷ ï ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʟʘ ʷʢʦʛʦ ʪʠʨʠʩʪʦʨ ʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʚʚʽʤʢʥʫʪʦʤʫ ʩʪʘʥʽ (ʧʨʦʮʝʩ ʚʠʤʠʢʘʥʥʷ), ʯʠ ʧʦʜʘʪʠ ʥʘ ʧʨʠʣʘʜ 

ʥʘʧʨʫʛʫ ʽʥʰʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

1.6.3. ʂʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ (ʪʨʠʥʽʩʪʦʨ) 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ (ʜʠʥʽʩʪʦʨʘ), ʪʨʽʦʜʥʠʡ ʪʠʨʠʩʪʦʨ 

ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʢʪʨʦʜ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʢʝʨʫʚʘʣʴʥʠʤ (ʂɽ)                

(ʨʠʩ. 1.48, ʘ).  

ɺʽʜ ʜʦʜʘʪʢʦʚʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ɽʂɽʈ ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʤʫ 

ʢʝʨʫʚʘʥʥʷ Iʂɽʈ ʯʝʨʝʟ ʂɽ ʫ ʙʘʟʫ p2 ʚʚʦʜʠʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ ï ʜʽʨʦʢ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʚʽʤʢʥʫʪʠ ʪʨʽʦʜʥʠʡ ʪʠʨʠʩʪʦʨ ʟʘ ʤʝʥhʦʛʦ 

ʟʥʘʯʝʥʥʷ Uɸ.ɺʄ, ʥʽʞ ʜʠʥʽʩʪʦʨ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ ʢʝʨʫʚʘʥʥʷ Uɸ.ɺʄ 

ʟʤʝʥʰʫʻʪʴʩʷ. ɿʘ Iʂɽʈ = Iʂɽʈ.ʉ (ʩʪʨʫʤ ʩʧʨʷʤʣʝʥʥʷ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʨʷʤʣʝʥʥʷ 

ɺɸʍ ʪʨʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ       

ʟʚʠʯʘʡʥʦʛʦ ʜʽʦʜʘ. 

ʋʤʦʚʘ ʚʤʠʢʘʥʥʷ ʪʨʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ  

ɸ.ʇʈ ɸ.ɺʄU U ,²  ʢʦʣʠ ʂɽʈI =const,     

ɸ ɸ.ɺʀʄI I ,²         

ʜʝ Iɸ.ɺʀʄ ï ʩʪʨʫʤ ʚʠʤʠʢʘʥʥʷ ï ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʱʦ ʧʽʜʪʨʠʤʫʻ 

ʪʠʨʠʩʪʦʨ ʚ ʫʚʽʤʢʥʫʪʦʤʫ ʩʪʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʡʦʛʦ ʚʤʠʢʘʥʥʷ ʽ        

ʟʥʷʪʪʷ ʢʝʨʫʚʘʥʥʷ. 
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ʈʠʩ. 1.48. ʊʨʠʥʽʩʪʦʨʠ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ɺɸʍ ʪʨʠʥʽʩʪʦʨʘ 

ɼʣʷ ʚʠʤʠʢʘʥʥʷ ʪʨʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ ʥʝʦʙʭʽʜʥʦ: ʟʤʝʥʰʠʪʠ ʧʨʷʤʠʡ 

ʩʪʨʫʤ ʜʦ ʟʥʘʯʝʥʥʷ 

ɸ ɸ.ʋʊI <I ,        

ʜʝ Iɸ.ʋʊ ï ʩʪʨʫʤ ʫʪʨʠʤʘʥʥʷ ï ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʱʦ ʥʝ ʚʠʤʠʢʘʻ 

ʪʠʨʠʩʪʦʨ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʥʴʦʛʦ ʧʨʠ ʨʦʟʽʤʢʥʫʪʦʤʫ ʣʘʥʮʶʟʽ ʢʝʨʫʚʘʥʥʷ; ʘʙʦ 

ʧʦʜʘʪʠ ʥʘ ʧʨʠʣʘʜ ʥʘʧʨʫʛʫ ʟʚʦʨʦʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʠʨʠʩʪʦʨʘ (ʨʠʩ. 1.48, ʙ): 

Uɸ.ɺʄ ï ʥʘʧʨʫʛʘ ʚʤʠʢʘʥʥʷ,  ̒ʥʘʡʤʝʥʰʦʶ ʧʨʷʤʦʶ ʥʘʧʨʫʛʦʶ, ʷʢʘ ʧʝʨʝʤʠʢʘʻ 

ʪʠʨʠʩʪʦʨ ʽʟ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ ʫ ʚʽʜʢʨʠʪʠʡ; 

Iɸ.ɺʄ ï ʩʪʨʫʤ ʚʤʠʢʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ Uɸ.ʇʈ = Uɸ.ɺʄ; 
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Iɸ.ʅ ï ʥʦʤʽʥʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʧʫʩʪʠʤʝ ʥʘʛʨʽʚʘʥʥʷ 

ʧʨʠʣʘʜʫ ʟʘ ʥʦʤʽʥʘʣʴʥʠʭ ʫʤʦʚ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ; 

Uɸ.ʅ ï ʥʦʤʽʥʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʧʘʜ ʥʘʧʨʫʛʠ, ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʪʠʨʠʩʪʦʨʽ ʟʘ  

Iɸ = Iɸ.ʅ;  

Iɸ.ɺʀʄ ï ʩʪʨʫʤ ʚʠʤʠʢʘʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʪʠʨʠʩʪʦʨ 

ʚ ʫʚʽʤʢʥʫʪʦʤʫ ʩʪʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʡʦʛʦ ʚʤʠʢʘʥʥʷ; 

Iɸ.ʋʊ ï ʩʪʨʫʤ ʫʪʨʠʤʘʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ, ʷʢʠʡ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ 

ʪʠʨʠʩʪʦʨ, ʥʝ ʚʠʤʠʢʘʻ ʡʦʛʦ; 

Iɸ.ɺʀʊ ï ʩʪʨʫʤ ʚʠʪʦʢʫ, Iɸ.ʇʈ = Iɸ.ɺʀʊ, ʟʘ Uɸ.ʇʈ = 0,5 Uɸ.ɺʄ; 

Uɸ.ɿɺ.max ï ʤʘʢʩʠʤʘʣʴʥʘ ʟʚʦʨʦʪʥʘ ʥʘʧʨʫʛʘ; 

Uɸ.ɿɺ.max = 0,5 Uɸ.ɿɺ.ʇʈʆɹ, ʜʝ Uɸ.ɿɺ.ʇʈʆɹ ï ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ; 

Iɸ.ɿɺ ʟʘ Uɸ.ɿɺ = Uɸ.ɿɺ.max; 

Iʂɽʈ ï ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʨʫʤ ʢʝʨʫʚʘʥʥʷ, ʟʘ ʷʢʦʛʦ ʚʤʠʢʘʻʪʴʩʷ ʪʨʠʥʽʩʪʦʨ, 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʦʤʫ Uɸ.ɺʄ; 

tɺʄ ï ʯʘʩ ʚʤʠʢʘʥʥʷ, ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʽʜ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʚʤʠʢʘʻ, 

ʜʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʥʘ ʪʠʨʠʩʪʦʨʽ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʨʽʚʥʷ Uɸ.ʇʈ = Uɸ.ʅ; 

tɺʀʄ ï ʯʘʩ ʚʠʤʠʢʘʥʥʷ. 

ʆʢʨʽʤ ʥʘʟʚʘʥʠʭ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʠʨʠʩʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ: Uɸ.ɿɺ.max, Uɸ.ɿɺ.ʇʈʆɹ, 

Iɸ.ʇʈ.max, Tmax, Pʈʆɿʉ.max. 

1.6.4. ʂʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ, ʷʢʠʡ ʟʘʤʠʢʘ̒ʪʴʩʷ 

ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʪʠʨʠʩʪʦʨʠ, ʱʦ ʟʘʤʠʢʘ-             

ʶʪʴʩʷ   (ʨʠʩ. 1.49). 

 

ʈʠʩ. 1.49. ʇʦʟʥʘʯʝʥʥʷ ʪʠʨʠʩʪʦʨʽʚ, ʷʢʽ ʟʘʤʠʢʘʶʪʴʩʷ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʪʠʨʠʩʪʦʨʽʚ, ʷʢʽ ʥʝ ʟʘʤʠʢʘʶʪʴʩʷ (ʜʣʷ 

ʟʘʤʠʢʘʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʨʚʘʪʠ ʩʪʨʫʤ ʯʝʨʝʟ ʪʠʨʠʩʪʦʨ), ʜʣʷ ʾʭ 

ʚʠʤʠʢʘʥʥʷ ʧʦʪʨʽʙʥʦ ʧʦʜʘʪʠ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ ʥʘ ʂɽʈ (ʚʽʜô̒ ʤʥʠʡ ï ʜʣʷ 
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ʢʝʨʫʚʘʥʥʷ ʟʘ ʢʘʪʦʜʦʤ (ʨʠʩ. 1.49, ʙ), ʜʦʜʘʪʥʠʡ ï ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʟʘ ʘʥʦʜʦʤ  

(ʨʠʩ. 1.49, ʘ)). 

1.6.5. ʉʠʤʝʪʨʠʯʥʠʡ ʪʠʨʠʩʪʦʨ (ʩʠʤʽʩʪʦʨ) 

ʉʠʤʽʩʪʦʨʠ ʩʧʨʦʤʦʞʥʽ ʚʽʜʢʨʠʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʦʙʦʭ ʧʦʣʷʨʥʦʩʪʝʡ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʫ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʉʠʤʽʩʪʦʨʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʚʦʤ ʟʫʩʪʨʽʯʥʦ (ʧʘʨʘʣʝʣʴʥʦ) ʚʢʣʶʯʝʥʠʤ 

ʪʠʨʠʩʪʦʨʘʤ (ʨʠʩ. 1.50). 

 

 

ʈʠʩ. 1.50. ʇʦʟʥʘʯʝʥʥʷ ʩʠʤʽʩʪʦʨʘ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ 

ɺɸʍ ʩʠʤʽʩʪʦʨʘ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ʉʠʤʽʩʪʦʨʠ ʽʩʥʫʶʪʴ ʫ ʯʦʪʠʨʴʦʭ ʚʘʨʽʘʥʪʘʭ: 

1. ʂʝʨʦʚʘʥʽ ʩʪʨʫʤʦʤ ʦʜʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʜʘʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

2. ʂʝʨʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʦʤ ʜʦʜʘʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʘ ʚ 

ʽʥʰʦʤʫ ï ʩʪʨʫʤʦʤ ʚʽʜô̒ ʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

3. ʂʝʨʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʘ 

ʚ ʽʥʰʦʤʫ ï ʩʪʨʫʤʦʤ ʙʫʜʴ-ʷʢʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

4. ʂʝʨʦʚʘʥʽ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ ʩʪʨʫʤʦʤ ʙʫʜʴ-ʷʢʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

ʊʠʨʠʩʪʦʨʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ. ʋ ʥʘʰ ʯʘʩ ʩʪʚʦʨʝʥʽ 

ʢʨʝʤʥʽʻʚʽ ʪʠʨʠʩʪʦʨʠ ʥʘ ʩʪʨʫʤʠ ʚʽʜ ʦʜʠʥʠʮʴ ʤʽʣʽʘʤʧʝʨ ʜʦ ʜʝʩʷʪʢʽʚ ʢʽʣʦʘʤʧʝʨ ʽ 

ʥʘʧʨʫʛʦʶ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʚʦʣʴʪ ʜʦ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʚʦʣʴʪ. ʐʚʠʜʢʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ 

ʩʪʨʫʤʫ ʫ ʥʠʭ ʩʢʣʘʜʘʻ ʜʦ 10
9
 ɸ/ʩ. ʏʘʩ ʚʤʠʢʘʥʥʷ ʚʽʜ ʩʦʪʠʭ ʯʘʩʪʦʢ ʜʦ ʜʝʩʷʪʢʽʚ 

ʤʽʢʨʦʩʝʢʫʥʜ, ʯʘʩ ʚʠʤʠʢʘʥʥʷ ï ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʩʦʪʝʥʴ ʤʽʢʨʦʩʝʢʫʥʜ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʦʙʫʤʦʚʣʝʥʝ ʧʝʨʝʚʘʞʥʦ ʜʚʦʤʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

1 ï ʥʘʷʚʥʽʩʪʶ ʜʽʣʷʥʢʠ ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ; 2 ï ʥʘʷʚʥʽʩʪʶ 

ʜʚʦʭ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ. ʇʝʨʰʘ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʠʨʠʩʪʦʨʠ 

ʫ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʽ ʛʝʥʝʨʘʪʦʨʥʠʭ ʩʭʝʤʘʭ, ʘ ʜʨʫʛʘ ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʫ 

ʢʣʶʯʦʚʠʭ ʽ ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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1.7. ʆʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ 

1.7.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ 

ʆʧʪʦʝʣʝʢʪʨʦʥʽʢʘ ï ʮʝ ʛʘʣʫʟʴ ʝʣʝʢʪʨʦʥʽʢʠ, ʚ ʷʢʽʡ ʚ ʷʢʦʩʪʽ ʥʦʩʽʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

(ʜʦʚʞʠʥʘ ʭʚʠʣʽ 83 1010 --·=l ʤ, ʘ ʯʘʩʪʦʪʘ 1611 103103 Ö·Ö=f  ɻʮ). 

ɺʫʟʴʢʘ ʯʘʩʪʠʥʘ ʜʽʘʧʘʟʦʥʫ: 66 104,0107,0 -- Ö·Ö ʤ ï ʚʠʜʠʤʝ ʩʚʽʪʣʦ, 

86 10104,0 -- ·Ö ʤ ï ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦ,   63 107,010 -- Ö· ʤ ï ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʩʚʽʪʣʦ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʦʚʞʠʥʫ ʭʚʠʣʽ l. 

ɺ ʦʧʪʠʯʥʠʭ ʢʦʣʘʭ ʥʦʩʽʷʤʠ ʩʠʛʥʘʣʽʚ ʻ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʽ ʬʦʪʦʥʠ, 

ʪʦʤʫ ʱʦ ʚʦʥʠ ʥʝ ʯʫʪʣʠʚʽ ʜʦ ʜʽʾ ʝʣʝʢʪʨʠʯʥʠʭ  ̔ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʻ 

ʟʘʭʠʱʝʥʠʤʠ ʚʽʜ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʧʦʚʥʫ 

ʝʣʝʢʪʨʠʯʥʫ ʨʦʟʚô̫ ʟʢʫ ʚʭʽʜʥʠʭ  ̔ ʚʠʭʽʜʥʠʭ ʢʽʣ ʦʧʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ, 

ʫʟʛʦʜʞʫʚʘʪʠ ʧʨʠʩʪʨʦʾ ʽʟ ʨʽʟʥʠʤʠ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʦʧʦʨʘʤʠ, 

ʟʥʝʰʢʦʜʞʫʚʘʪʠ ʧʘʨʘʟʠʪʥʽ ɿɿ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ, 

ʯʘʩʪʦʪʘ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʬʘʟʘ, ʧʦʣʷʨʠʟʘʮʽʷ, ʩʪʫʧʽʥʴ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʽ ʪʘ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʥʘʧʨʘʚʣʝʥʽʩʪʴ. ʂʦʞʝʥ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ: ʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʠʩʢʫ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ  ̔ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, g 

ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ, ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʪ. ʽʥ. 

ʋ ʧʨʠʩʪʨʦʷʭ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ 

ʧʨʠʡʤʘʯʘ ʚʠʢʦʥʫʻʪʴʩʷ ʯʝʨʝʟ ʩʚʽʪʣʦʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʧʦʚʽʪʨʷ, ʚʘʢʫʫʤ) 

ʘʙʦ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʩʚʽʪʣʦʧʨʦʚʦʜʠ (ʦʧʪʠʯʥʽ ʚʦʣʦʢʥʘ, ʧʣʘʥʘʨʥʽ ʭʚʠʣʝʚʦʜʠ). 

ʉʚʽʪʣʦʧʨʦʚʦʜʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ (ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʢʘʥʘʣʘʤʠ ʟʚô̫ ʟʢʫ). ɺ ʦʜʥʦʤʫ ʩʚʽʪʣʦʧʨʦʚʦʜʽ ʣʝʛʢʦ ʦʙô̒ ʜʥʘʪʠ 

ʜʝʢʽʣʴʢʘ ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ (ʦʩʢʽʣʴʢʠ ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʝʛʢʦ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʟʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ). ɿʘʛʘʣʴʥʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʤʘʻ: 

ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʚʽʪʣʦʧʨʦʚʽʜ  ̔ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʥʘʚʧʘʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʦʜʫʣʷʪʦʨʠ ʪʘ ʜʝʤʦʜʫʣʷʪʦʨʠ. ʇʽʜ ʯʘʩ ʧʝʨʝʜʘʯ ̔ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʨʝʪʨʘʥʩʣʷʪʦʨʠ (ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ Ą ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ Ą ʧʽʜʩʠʣʶʚʘʯ Ą ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ Ą ʦʧʪʠʯʥʠʡ 

ʩʠʛʥʘʣ). ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʦʧʪʠʯʥʽ ʨʦʟʛʘʣʫʞʫʚʘʯʽ, ʨʦʟô̒ ʤʠ ʪʘ 
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ʧʝʨʝʤʠʢʘʯʽ. ɺʩʽ ʚʠʱʝʟʛʘʜʘʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ 

ʽʥʪʝʛʨʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʆʧʪʠʯʥʽ ɯʉ ʧʦʨʽʚʥʷʥʦ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ɯʉ  ̔

ʟʚʠʯʘʡʥʠʤʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʥʘʜʽʡʥʽʩʪʴ, 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʤʘʣʽ ʚʪʨʘʪʠ, ʤʝʥʰʫ ʤʘʩʫ ʪʘ ʛʘʙʘʨʠʪʠ, ʤʝʥʰʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʩʧʦʞʠʚʘʻʪʴʩʷ.  

ʆʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ (ʝʣʝʤʝʥʪʠ) ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʦʧʪʠʯʥʽ ʽ ʥʘʚʧʘʢʠ. ʎʽ ʝʣʝʤʝʥʪʠ  ̒ʪʚʝʨʜʦʪʽʣʠʤʠ ʽ ʜʣʷ 

ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ. ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ 

ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ: 

ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʩʚʽʪʣʦʚʫ ï ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ; 

ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ ï ʧʨʠʡʤʘʯʽ ʩʚʽʪʣʘ. 

ʗʢ ʜʞʝʨʝʣʘ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʜʽʦʜʠ (ʩʚʽʪʣʦʜʽʦʜʠ), ʘ ʷʢ ʧʨʠʡʤʘʯʽ ï ʬʦʪʦʨʝʟʠʩʪʦʨʠ, 

ʬʦʪʦʜʽʦʜʠ, ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʠ ʪʘ ʬʦʪʦʪʠʨʠʩʪʦʨʠ. ɭ ʧʨʠʣʘʜʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ 

ʦʧʪʨʦʥʘʤʠ, ʚ ʷʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙô̒ ʜʥʘʥʽ ʜʞʝʨʝʣʦ ʽ ʧʨʠʡʤʘʯ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʚô̫ ʟʘʥʽ ʧʦʤʽʞ ʩʦʙʦʶ ʦʧʪʠʯʥʠʤ ʟʚô̫ ʟʢʦʤ. ʇʦʟʥʘʯʝʥʥʷ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʩʭʝʤʘʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʥʮʠʧʦʚʠʭ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.51. 

 

 

ʈʠʩ. 1.51. ʇʦʟʥʘʯʝʥʥʷ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʩʭʝʤʘʭ 

1.7.2. ʉʚʽʪʣʦʜʽʦʜʠ 

ʎʽ ʜʽʦʜʠ (ʨʠʩ. 1.51, ʘ) ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʽʥʞʝʢʮʽʡʥʠʤʠ ʩʚʽʪʣʦʜʽʦʜʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʚ ʦʩʥʦʚʽ ʾʭ ʨʦʙʦʪʠ ʣʝʞʠʪʴ ʷʚʠʱʝ ʽʥʞʝʢʮʽʡʥʦʾ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ. 

ʆʩʥʦʚʦʶ ʩʚʽʪʣʦʜʽʦʜʘ ʻ p-n-ʧʝʨʝʭʽʜ, ʟʤʽʱʝʥʠʡ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ. ʇ̔ʜ ʯʘʩ 

ʪʘʢʦʛʦ ʟʩʫʚʫ ʚ ʜʽʦʜʽ ʚʠʥʠʢʘʻ ʷʚʠʱʝ ʽʥʞʝʢʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟ ʝʤʽʪʝʨʘ ʚ ʙʘʟʫ. 

ɯʥʞʝʢʪʦʚʘʥʽ ʥʝʦʩʥʦʚʥʽ ʥʦʩʽʾ ʨʝʢʦʤʙʽʥʫʶʪʴ ʫ ʙʘʟʽ ʟ ʾʾ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ. ɺ 
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ʧʨʦʮʝʩʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥʠ ʧʝʨʝʭʦʜʷʪʴ ʟ ʚʠʱʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʥʠʞʯʽ ʨʽʚʥʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʧʨʠ ʮʴʦʤʫ ʚʠʜʽʣʷʻʪʴʩʷ ʝʥʝʨʛʽʷ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 
ɿWD . ɼʦʚʞʠʥʘ 

ʭʚʠʣʽ ʩʚʽʪʣʘ ʚ ʤʽʢʨʦʤʝʪʨʘʭ l, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ, ʧʦʚô̫ ʟʘʥʘ ʟ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 
ɿWD ʚ ʝʣʝʢʪʨʦʥ-ʚʦʣʴʪʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

1,23
.
ɿW

l=
D

      (1.2) 

ɿ (1.2) ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʽʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚʽʜ 0,4 ʜʦ 0,78 ʤʢʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʧʦʚʠʥʝʥ ʤʘʪʠ 
ɿWD  > 1,6 

ʝɺ. ɻʝʨʤʘʥʽʡ ʽ ʢʨʝʤʥʽʡ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʰʠʨʠʥʘ ʾʭ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʫʞʝ ʤʘʣʘ. ɼʣʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚʠʜʠʤʦʛʦ ʩʚʽʪʽʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʬʦʩʬʽʜ ʛʘʣʽ ʁGaP ʽ ʢʘʨʙʽʜ ʢʨʝʤʥʽ ʁSiC. ɺʥʝʩʝʥʥʷ 

ʜʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʜʝʷʢʠʭ ʜʦʤʽʰʦʢ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʩʚʽʪʽʥʥʷ ʨʽʟʥʦʛʦ 

ʢʦʣʴʦʨʫ. ʆʢʨʽʤ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʱʦ ʜʘʶʪʴ ʚʠʜʠʤʝ ʩʚʽʪʽʥʥʷ, ʚʠʧʫʩʢʘʶʪʴʩʷ 

ʩʚʽʪʣʦʜʽʦʜʠ ʽʟ ʘʨʩʝʥʽʜʫ ʛʘʣʽ ʁ GaAs, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʠʭ ʣʝʞʠʪʴ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʘ ʨʠʩ. 1.52 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ (ʘ) ʽ 

ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʽʪʣʦʜʽʦʜʘ: ɺɸʍ, Iʇʈ = f (Uʇʈ) (ʙ), ʷʩʢʨʘʚʽʩʥʘ B = f 

(Iʇʈ) (ʚ), ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʷʤʦʛʦ 

ʩʪʨʫʤʫ Pɺʀʇʈ= f (Iʇʈ) (ʛ). 

 

 

ʈʠʩ. 1.52. ʉʚʽʪʣʦʜʽʦʜ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ, ʚ, ʛ ï ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʜ ï 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʥʜʠʢʘʪʦʨʽ 

ʉʚʽʪʣʦʜʽʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʮʠʬʨʦʚʠʭ ʩʭʝʤʘʭ ʜʣʷ ʽʥʜʠʢʘʮʽʾ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʪʘʥʫ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʝʣʝʤʝʥʪʫ; ʫ ʧʨʠʩʪʨʦʷʭ ʚʠʚʝʜʝʥʥʷ ʮʠʬʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ; ʷʢ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʦʧʪʨʦʥʘʭ; ʫ ʮʠʬʨʦ-ʙʫʢʚʝʥʠʭ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʽʥʜʠʢʘʪʦʨʘʭ; ʣʽʥʽʡʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʰʢʘʣʘʭ ʽ ʪ. ʽʥ. 
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ʃʽʥʽʡʥʘ ʩʚʽʪʣʦʜʽʦʜʥʘ ʰʢʘʣʘ ʻ ʽʥʪʝʛʨʘʣʴʥʦʶ ʤʽʢʨʦʩʭʝʤʦʶ (ɯʄʉ), ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʤʽʱʝʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʩʪʨʫʢʪʫʨ (ʩʝʛʤʝʥʪʽʚ). 

ʊʘʢʽ ʰʢʘʣʠ ʩʣʫʞʘʪʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʙʝʟʧʝʨʝʨʚʥʦ 

ʟʤʽʥʶʻʪʴʩʷ. ʎʠʬʨʦ-ʙʫʢʚʝʥʠʡ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʽʥʜʠʢʘʪʦʨ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ɯʄʉ ʽʟ ʜʝʢʽʣʴʢʦʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʩʝʛʤʝʥʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʪʘʢ, ʱʦʙ ʫ ʨʘʟʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʩʝʛʤʝʥʪʽʚ, ʱʦ ʩʚʽʪʷʪʴʩʷ, ʚʠʭʦʜʠʣʦ ʟʦʙʨʘʞʝʥʥʷ ʮʠʬʨʠ 

ʘʙʦ ʙʫʢʚʠ. ʆʜʥʦʨʦʟʨʷʜʥʽ ʽʥʜʠʢʘʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʪʚʦʨʶʚʘʪʠ ʦʜʥʫ ʮʠʬʨʫ 

ʚʽʜ 0 ʜʦ 9 ʘʙʦ ʜʝʷʢʽ ʙʫʢʚʠ (ʨʠʩ. 1.52, ʜ). ɹʘʛʘʪʦʨʦʟʨʷʜʥʽ ʽʥʜʠʢʘʪʦʨʠ 

ʚʽʜʪʚʦʨʶʶʪʴ ʙʫʜʴ-ʷʢʫ ʮʠʬʨʫ, ʙʫʢʚʫ ʘʙʦ ʢʦʤʙʽʥʘʮʽʶ ʙʫʢʚ. 

1.7.3. ʇʨʠʡʤʘʯʽ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʡʤʘʯʽʚ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʠʡʤʘʯʽ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʬʦʪʦʧʨʠʡʤʘʯʽ) ʟʜʽʡʩʥʶʶʪʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ ʝʣʝʢʪʨʠʯʥʽ. 

ʗʢ ʧʨʠʡʤʘʯʽ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʢ̔ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ: 

ï ʬʦʪʦʨʝʟʠʩʪʦʨʠ (ʨʠʩ. 1.51, ʙ); 

ï ʬʦʪʦʜʽʦʜʠ (ʨʠʩ. 1.51, ʚ); 

ï ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʠ (ʨʠʩ. 1.51, ʛ, ʜ, ʝ, ʟ); 

ï ʬʦʪʦʪʠʨʠʩʪʦʨʠ (ʨʠʩ. 1.51, ʞ, ʽ). 

ɰʭ ʨʦʙʦʪʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʚʠʱʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʦʪʦʝʬʝʢʪʫ: 

ʛʝʥʝʨʘʮʽʾ ʧʘʨ ʝʣʝʢʪʨʦʥïʜʽʨʢʘ ʧʽʜ ʜʽʻʶ ʢʚʘʥʪʽʚ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ. ʎʽ ʥʦʩʽʾ 

ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʶ. 

ʌʦʪʦʨʝʟʠʩʪʦʨʠ 

ʌʦʪʦʨʝʟʠʩʪʦʨʠ (ʌʈ) (ʨʠʩ. 1.51, ʙ) ï ʮʝ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʨʝʟʠʩʪʦʨʠ, 

ʦʧʦʨʠ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʘʜʘʶʯʦʛʦ ʥʘ ʥʠʭ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʅʘ ʨʠʩ. 1.53 ʧʦʢʘʟʘʥʽ: ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʌʈ (ʘ); ʡʦʛʦ ɺɸʍ (ʙ) ʽ  

ʝʥʝʨʛʝʪʠʯʥ ̔(ʚ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʌʈ ʤʘʶʪʴ ʣʽʥʽʡʥʫ ɺɸʍ ʽ ʥʝʣʽʥʽʡʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ɿʘ  

ʌ = 0 ʌʈ ʤʘʻ ʚʝʣʠʢʠʡ ʪʝʤʥʦʚʠʡ ʦʧʽʨ RT ʧʦʨʷʜʢʫ (104é107 ) ʆʤ. ɺʽʜʧʦʚʽʜʥʦ 

ʥʝʚʝʣʠʢʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ʌʈ ʟʘ Rʌʈ = RT ʥʘʟʠʚʘʶʪʴ ʪʝʤʥʦʚʠʤ IT: 

T

T H

E
I = .

R +R
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ʈʠʩ. 1.53. ʌʦʪʦʨʝʟʠʩʪʦʨʠ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ, ʚ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʘ ʌ > 0 ʦʧʽʨ ʌʈ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ ʩʚʽʪʣʦʚʦʛʦ ʦʧʦʨʫ Rʉɺ, ʟʘ 

ʷʢʦʛʦ ʩʚʽʪʣʦʚʠʡ ʩʪʨʫʤ  

ʉB

CB H

E
I = .

R +R
       

ʈʽʟʥʠʮʷ ʩʪʨʫʤʽʚ (Iʉɺ ï Iʊ) ʩʢʣʘʜʘʻ ʬʦʪʦʩʪʨʫʤ Iʌʈ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʬʦʪʦʨʝʟʠʩʪʦʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʽʨʯʠʩʪʠʡ ʩʚʠʥʝʮʴ PbS 

ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʜʦ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʧʨʦʤʝʥʽʚ, ʘ ʩʽʨʯʠʩʪʠʡ ʢʘʜʤʽʡ CdS ï ʜʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʆʩʥʦʚʥʠʡ ʧʘʨʘʤʝʪʨ ʌʈ ï ʧʠʪʦʤʘ 

ʯʫʪʣʠʚʽʩʪʴ 
ʌʈ

ʇʀʊ

ʌʈ

K
K =

U , ʜʝ 
ʌʈ

ʌʈ

I
K =

ʌ
 ï ʽʥʪʝʛʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʌʈ, ʘ Uʌʈ ï 

ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʌʈ. ɯʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ʌʈ ʻ ʟʘʣʝʞʥʽʩʪʴ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʦʥʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʜʘʪʯʠʢʠ 

ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʙʦ ʷʢ ʧʨʠʡʤʘʯʘ ʩʚʽʪʣʘ ʫ ʦʧʪʨʦʥʘʭ. 

ʌʦʪʦʜʽʦʜʠ. ʌʦʪʦʜʽʦʜʦʤ (ʌɼ) (ʨʠʩ. 1.51, ʚ) ʥʘʟʠʚʘʶʪʴ ʅɼ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ. ʈʦʙʦʪʘ ʌɼ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʷʚʠʱʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʦʪʦʝʬʝʢʪʫ. ʌɼ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ 

ʦʜʥʦʤʫ ʽʟ ʜʚʦʭ ʨʝʞʠʤʽʚ: ʚʝʥʪʠʣʴʥʦʤʫ (ʬʦʪʦʛʝʥʝʨʘʪʦʨʥʦʤʫ) ʽ ʬʦʪʦʜʽʦʜʥʦʤʫ 

(ʬʦʪʦʧʝʨʝʪʚʦʨʶʶʯʦʤʫ). 

ʌɼ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʝʥʪʠʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʥʘʟʠʚʘʶʪʴ ʚʝʥʪʠʣʴʥʠʤʠ, 

ʬʦʪʦʛʝʥʝʨʘʪʦʨʥʠʤʠ ʘʙʦ ʬʦʪʦʛʘʣʴʚʘʥʽʯʥʠʤʠ. ʇʽʜ ʜʽʻʶ ʩʚʽʪʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ ʥʘ ʩʚʦʻʤʫ ʚʠʭʦʜʽ ʬʦʪʦ ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ 

ʩʠʣʫ (ɽʈʉ). ʅʘ ʨʠʩ. 1.54 ʟʦʙʨʘʞʝʥʽ: ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʚʝʥʪʠʣʴʥʦʛʦ    

ʬʦʪʦʜʽʦʜʘ (ʘ) ʽ ʟʘʣʝʞʥʽʩʪʴ ʬʦʪʦ-ɽʈʉ ɽʌ ʚʽʜ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʌ (ʙ).  
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ʈʠʩ. 1.54. ɺʝʥʪʠʣʴʥʠʡ ʩʚʽʪʣʦʜʽʦʜ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ʩʚʽʪʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʝʣʠʯʠʥʘ ɽʌ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʌ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʥʝʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʽ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʠʭ ʜʦʣʝʡ ʚʦʣʴʪʘ. ʇ̔ʜ ʯʘʩ ʚʢʣʶʯʝʥʥʷ 

ʚʝʥʪʠʣʴʥʦʛʦ ʌɼ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʻ ʬʦʪʦʩʪʨʫʤ: 

ʌ
ʌɼ

H BH

E
I = ,

R +R
 

ʜʝ Rɺʅ ï ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʌɼ. ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʝʥʪʠʣʴʥʦʛʦ ʌɼ ʻ 

ʽʥʪʝʛʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ.  

ɼʦ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʣʽʢʫ ʚʝʥʪʠʣʴʥʦʛʦ ʌɼ ʥʘʣʝʞʠʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʥʘʰ ʯʘʩ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʢʨʝʤʥʽʻʚʽ ʚʝʥʪʠʣʴʥʽ ʌɼ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ɰʭ ʬʦʪʦ-ɽʈʉ 

ʜʦʩʷʛʘʻ ʯʘʩʪʠʥ ʚʦʣʴʪʘ. ʐʣʷʭʦʤ ʧʝʚʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʌɼ ʩʪʚʦʨʶʶʪʴ ʩʦʥʷʯʥʽ 

ʙʘʪʘʨʝʾ, ʷʢʽ ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʜʦ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʚʘʪ. ʊʘʢʽ ʙʘʪʘʨʝʾ ʻ 

ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʢʦʩʤʽʯʥʠʭ ʢʦʨʘʙʣʽʚ, 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ ʽ ʪ. ʽʥ.  

ʌ
ʌɼ

E
K = .

ʌ  
ʋ ʬʦʪʦʜʽʦʜʥʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʦʚʥʽʰʥʻ ʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ, ʷʢʝ ʧʽʜʢʣʶʯʝʥʝ ʜʦ ʌɼ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʈʦʙʦʪʘ ʪʘʢʦʛʦ 

ʜʽʦʜʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʡʦʛʦ ʟʚʦʨʦʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (ʟʚʦʨʦʪʥʦʛʦ ʦʧʦʨʫ) 

ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʌ. ʇʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʌ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʦʪʦʝʬʝʢʪʫ ʟʚʦʨʦʪʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʌɼ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʟʚʦʨʦʪʥʠʡ 

ʦʧʽʨ ʟʤʝʥʰʫʻʪʴʩʷ). ʅʘ ʨʠʩ. 1.55 ʧʦʢʘʟʘʥʽ: ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʬʦʪʦʧʝʨʝʪʚʦʨʶʶʯʦʛʦ ʌɼ (ʘ); ʡʦʛʦ ɺɸʍ (Iʌɼ = f (Uʌɼ )) ʽ                   

ʩʚʽʪʣʦʚʘ (Iʌɼ = f(ʌ))  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʈʠʩ. 1.55. ʌʦʪʦʧʝʨʝʪʚʦʨʶʶʯʠʡ ʌɼ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ;  

ʙ, ʚ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺɸʍ (ʨʠʩ. 1.55, ʙ) ʟʘ ʌ = const ʥʘʛʘʜʫʶʪʴ ʚʠʭʽʜʥʽ ɺɸʍ ʙʽʧʦʣʷʨʥʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʽʟ ʩʧʽʣʴʥʦʶ ʙʘʟʦʶ. ɿʘ ʌ = 0 ʯʝʨʝʟ ʌɼ 

ʧʨʦʭʦʜʠʪʴ ʪʝʤʥʦʚʠʡ ʩʪʨʫʤ IT, ʱʦ ʜʦʨʽʚʥʶʻ ʟʚʦʨʦʪʥʦʤʫ ʩʪʨʫʤʫ ʟʚʠʯʘʡʥʦʛʦ 

ʜʽʦʜʘ. ʇʽʜ ʯʘʩ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʧʨʦʙʽʡ         

p-n-ʧʝʨʝʭʦʜʫ ʌɼ. ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʣʽʥʽʡʥʠʤʠ ʟʘ Uʌɼ = const ʽ 

ʤʘʣʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʮʽʻʾ ʥʘʧʨʫʛʠ (ʌ3 > ʌ2 > ʌ1 > ʌ0). ʆʩʥʦʚʥʠʡ 

ʧʘʨʘʤʝʪʨ ʜʽʦʜʘ ï ʽʥʪʝʛʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ Kʌɼ = ɯʌɼ/ʌ (ʩʢʣʘʜʘʻ ʜʝʩʷʪʢʠ 

ʤʽʣʽʘʤʧʝʨ ʥʘ ʣʶʤʝʥ). ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ ʽ 

ʤʘʻ ʤʘʢʩʠʤʫʤ ʜʣʷ ʜʝʷʢʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʨʽʟʥʦʾ ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʌʦʪʦʧʝʨʝʪʚʦʨʶʶʯʽ ʌɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʜʘʪʯʠʢʠ ʩʚʽʪʣʦʚʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢ ʧʨʠʡʤʘʯʽ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʧʪʨʦʥʘʭ ʽ ʪ. ʽʥ. 

ʌʦʪʦʪʨʘʥʟʠʩʪʦʨʠ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʦʪʦʜʽʦʜʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ (ʌʊ) ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʪʚʦʨʶʻ 

ʩʚʽʪʣʦʚʫ ʝʥʝʨʛʽʶ ʚ ʝʣʝʢʪʨʠʯʥʫ, ʘʣʝ ʽ ʧʽʜʩʠʣʶʻ ʬʦʪʦʩʪʨʫʤ. ʊʦʤʫ ʌʊ ʤʘʻ ʚʠʱʫ 

ʽʥʪʝʛʨʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ, ʥʽʞ ʌɼ. ɭ ʙʽʧʦʣʷʨʥʽ ʽ ʧʦʣʴʦʚʽ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʠ. 

ɹʽʧʦʣʷʨʥʠʡ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ (ʨʠʩ. 1.51, ʛ) ʻ ʟʚʠʯʘʡʥʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ, ʫ 

ʢʦʨʧʫʩʽ ʷʢʦʛʦ ʚʠʢʦʥʘʥʝ ʧʨʦʟʦʨʝ çʚʽʢʥʦè, ʯʝʨʝʟ ʷʢʝ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʦʙʣʘʩʪʴ ʙʘʟʠ. ʅʘ ʨʠʩ. 1.56 ʟʦʙʨʘʞʝʥʽ: ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʌʊ ʽʟ 

çʚʽʣʴʥʦʶè (ʥʽʢʫʜʠ ʥʝ ʧʽʜʢʣʶʯʝʥʦʶ Iɹ = 0) ʙʘʟʦʶ (ʘ) ʽ  ʡʦʛʦ ɺɸʍ (ʙ).  
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ʈʠʩ. 1.56. ʌʦʪʦʪʨʘʥʟʠʩʪʦʨʠ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ɺɸʍ 

ɿʘ ʌ = 0 ʯʝʨʝʟ ʌʊ ʧʨʦʭʦʜʠʪʴ ʜʫʞʝ ʤʘʣʠʡ ʪʝʤʥʦʚʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ 

ɯʂʊ, ʱʦ ʜʦʨʽʚʥʶʻ ʟʚʦʨʦʪʥʦʤʫ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ 

ʩʭʝʤʦʶ ʽʟ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ. ɿʘ ʌ > 0 ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʣʘʥʮʶʟʽ ʧʨʦʭʦʜʠʪʴ 

ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ 

ʂ KT KCB

KCB ʌ 21E

I =I +I ,

I =I (1+h ),        

ʜʝ Iʌ ï ʬʦʪʦʩʪʨʫʤ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʙʘʟʽ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʬʦʪʦʝʬʝʢʪʫ; h21E ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʚ ʩʭʝʤʽ ʽʟ ʩʧʽʣʴʥʠʤ 

ʝʤʽʪʝʨʦʤ. ɯʥʪʝʛʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʌʊ ʫ (1 + h21E ) ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʫ 

ʬʦʪʦʜʽʦʜʘ. ɺ ʧʦʣʴʦʚʠʭ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘʭ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ p-n-ʧʝʨʝʭʦʜʫ             

(ʨʠʩ. 1.51, ʜ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʩʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʘ. ɯʟ 

ʟʨʦʩʪʘʥʥʷʤ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʌ ʩʪʨʫʤ ʩʪʦʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʋ ʄɼʅ- 

ʧʦʣʴʦʚʠʭ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘʭ ʽʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 1.51, ʝ) ʚʝʣʠʯʠʥʦʶ 

ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʦʨʦʛʦʚʫ ʥʘʧʨʫʛʫ, ʟʘ ʷʢʦʾ ʚʠʥʠʢʘʻ 

ʽʥʜʫʢʦʚʘʥʠʡ ʢʘʥʘʣ. 

ʑʝ ʦʜʥʠʤ ʨʽʟʥʦʚʠʜʦʤ ʌʊ ʻ ʦʜʥʦʧʝʨʝʭʽʜʥʽ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʠ            

(ʨʠʩ. 1.51, ʟ), ʚ ʷʢʠʭ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʌ ʟʤʽʥʶʻ ʥʘʧʨʫʛʫ ʚʤʠʢʘʥʥʷ Uɺʄ (ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʌ Uɺʄ ʟʤʝʥʰʫʻʪʴʩʷ). 

ɸʥʘʣʦʛʽʯʥʦ ʬʦʪʦʜʽʦʜʘʤ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʩʚʽʪʣʦʚʠʭ ʩʠʛʥʘʣʽʚ. 
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ʌʦʪʦʪʠʨʠʩʪʦʨʠ 

ʌʦʪʦʪʠʨʠʩʪʦʨʠ (ʌTP) (ʨʠʩ. 1.51, ʞ, ʽ) ʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠʩʷ ʩʚʽʪʣʦʚʠʤ 

ʧʦʪʦʢʦʤ ʘʥʘʣʦʛʽʯʥʦ ʪʨʽʦʜʥʠʤ ʪʠʨʠʩʪʦʨʘʤ, ʢʝʨʦʚʘʥʠʭ ʩʪʨʫʤʦʤ. ɭ ʜʽʦʜʥʽ (ʨʠʩ. 

1.51, ʞ) ʽ ʪʨʽʦʜʥʽ (ʨʠʩ. 1.51, ʽ) ʌʊʈ. ʅʘ ʨʠʩ. 1.57 ʧʦʢʘʟʘʥʽ: ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʜʽʦʜʥʦʛʦ ʬʦʪʦʪʠʨʠʩʪʦʨʘ (ʘ) ʽ ʡʦʛʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʙ). 

 
ʈʠʩ. 1.57. ʌʦʪʦʪʠʨʠʩʪʦʨʠ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ɺɸʍ ʬʦʪʦʪʠʨʠʩʪʦʨʘ 

ʏʠʤ ʙʽʣʴʰʝ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʜʽʻ ʥʘ ʪʠʨʠʩʪʦʨ, ʪʠʤ ʟʘ ʤʝʥʦh ʾ

ʥʘʧʨʫʛʠ ʚʢʣʶʯʘʻʪʴʩʷ ʪʠʨʠʩʪʦʨ. ʋ ʪʨʽʦʜʥʦʤʫ ʬʦʪʦʪʠʨʠʩʪʦʨʽ ʥʘ ʝʣʝʢʪʨʦʜ, ʱʦ 

ʢʝʨʫʻ, ʜʦʜʘʪʢʦʚʦ ʧʦʜʘʻʪʴʩʷ ʢʝʨʫʚʘʣʴʥʠʡ ʩʪʨʫʤ. ɺʤʠʢʘʥʥʷ ʪʠʨʠʩʪʦʨʘ ʷʢ ʽ 

ʨʘʥʽʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘʣʝ ʚʞʝ ʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʚʤʠʢʘʥʥʷ ʌʊʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʽʚ ʘʙʦ ʩʚʽʪʣʦʜʽʦʜʠ. 

ʌʦʪʦʪʠʨʠʩʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʽʟʦʣʷʮʽʶ (ʛʘʣʴʚʘʥʽʯʥʫ ʨʦʟʚô̫ ʟʢʫ) 

ʤʽʞ ʢʝʨʫʚʘʣʴʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʚʠʢʦʥʘʚʯʠʤ ʩʠʣʦʚʠʤ ʝʣʝʤʝʥʪʦʤ. 

1.7.4. ʆʧʪʨʦʥʠ 

ʆʧʪʨʦʥ ï ʮʝ ʧʨʠʣʘʜ, ʚ ʷʢʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙô̒ ʜʥʘʥʽ ʜʞʝʨʝʣʦ ʽ 

ʧʨʠʡʤʘʯ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʚô̫ ʟʘʥʽ ʦʧʪʠʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʆʉ). 

ʇʨʠʣʘʜ, ʱʦ ʤʽʩʪʠʪʴ ʦʜʠʥ ʚʠʧʨʦʤʽʥʶʚʘʯ ʽ ʦʜʠʥ ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʥʘʟʠʚʘʶʪʴ ʦʧʪʦʧʘʨʦʶ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʠʤ ʦʧʪʨʦʥʦʤ. ʅʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʦʧʪʨʦʥʘ 

ʻ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʘ ʟʚô̫ ʟʦʢ ʚʭʦʜʫ ʽʟ ʚʠʭʦʜʦʤ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʜʽʡʩʥʝʥʥʷʤ ʾʭ 

ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʟʜʽʡʩʥʶʶʪʴ ʩʚʽʪʣʦʚʽ ʩʠʛʥʘʣʠ. ʃʘʥʮʶʛ ʚʠʧʨʦʤʽʥʶʚʘʯʘ 

 ̒ʢʝʨʫʚʘʣʴʥʠʤ, ʘ ʣʘʥʮʶʛ ʬʦʪʦʧʨʠʡʤʘʯʘ ï ʢʝʨʦʚʘʥʠʤ. ʅʘʡʚʘʞʣʠʚʽʰʽ ʧʝʨʝʚʘʛʠ 

ʦʧʪʨʦʥʽʚ: ʚʽʜʩʫʪʥʽʩʪʴ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ ʽ ɿɿ ʤʽʞ 

ʬʦʪʦʧʨʠʡʤʘʯʝʤ ʽ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ (ʦʧʽʨ ʽʟʦʣʷʮʽʾ Rɯɿ ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ 

ʜʦʩʷʛʘʻ 10
12
é10

14
 ʆʤ, ʘ ʧʨʦʭʽʜʥʘ ʻʤʥʽʩʪʴ ʩʢʣʘʜʘʻ ʯʘʩʪʢʫ ï ʦʜʠʥʠʮʽ 
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ʧʽʢʦʬʘʨʘʜ); ʰʠʨʦʢʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʯʘʩʪʦʪ (ȹfʇʈ = 0é10
14

 ɻʮ); 

ʥʝʩʭʠʣʴʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ ʜʦ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ         

ʽ ʪ. ʽʥ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʚ ʦʧʪʨʦʥʘʭ ʚʠʧʨʦʤʽʥʶʚʘʯ ʽ ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʤʽʱʘʶʪʴʩʷ ʚ ʢʦʨʧʫʩ ʽ ʟʘʣʠʚʘʶʪʴʩʷ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʠʤ ʢʣʝʻʤ. 

ɯʩʥʫʶʯʽ ʦʧʪʨʦʥʠ (ʦʧʪʦʧʘʨʠ) ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʧʝʨʝʚʘʞʥʦ  

ʚʠʜʦʤ ʬʦʪʦʧʨʠʡʤʘʯʘ (ʨʠʩ. 1.58).  

 

ʈʠʩ. 1.58. ɺʠʜʠ ʦʧʪʨʦʥʽʚ  

ʅʘ ʨʠʩ. 1.58, ʘ ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʨʝʟʠʩʪʦʨʥʦʾ ʦʧʪʦʧʘʨʠ (ʩʚʽʪʣʦʜʽʦʜ ʽ 

ʬʦʪʦʨʝʟʠʩʪʦʨ), ʫ ʷʢʦʾ ʚʠʭʽʜʥʠʡ ʣʘʥʮʶʛ ʞʠʚʠʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʾ ʘʙʦ 

ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ɽɼɾ ʽ ʤʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ RH. ʇʨʷʤʘ ʥʘʧʨʫʛʘ Uʂɽʈ, ʱʦ ʢʝʨʫʻ, 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜ ʽ ʢʝʨʫʻ ʩʪʨʫʤʦʤ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʆʩʢʽʣʴʢʠ ʣʘʥʮʶʛ 

ʢʝʨʫʚʘʥʥʷ ʜʦʙʨʝ ʽʟʦʣʴʦʚʘʥʠʡ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʬʦʪʦʨʝʟʠʩʪʦʨ ʤʦʞʝ ʙʫʪʠ 

ʚʢʣʶʯʝʥʠʡ ʫ ʣʘʥʮʶʛ ʜʦʩʠʪʴ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ.  

ɼʽʦʜʥʽ ʦʧʪʦʧʘʨʠ (ʨʠʩ. 1.58, ʙ) ʫ ʨʦʣʽ ʬʦʪʦʧʨʠʡʤʘʯʘ ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ 

ʢʨʝʤʥʽʻʚʠʡ ʬʦʪʦʜʽʦʜ, ʱʦ ʧʨʘʮʶʻ ʫ ʚʝʥʪʠʣʴʥʦʤʫ ʘʙʦ ʫ ʬʦʪʦʜʽʦʜʥʦʤʫ ʨʝʞʠʤʽ, 

ʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʘʨʩʝʥʽʜ-ʛʘʣʽʻʚʠʡ ʩʚʽʪʣʦʜʽʦʜ.  

ɼʽʦʜʥʠʡ ʦʧʪʨʦʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʡ ʽʤʧʫʣʴʩʥʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ; ʜʣʷ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʘʧʘʨʘʪʫʨʠ; ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʤʽʞ ɽʆʄ ʽ ʧʝʨʠʬʝʨʽʡʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ; ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʨʦʙʦʪʦʶ ʨʽʟʥʠʭ ʤʽʢʨʦʩʭʝʤ, ʦʩʦʙʣʠʚʦ ʥʘ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʘʭ, ʱʦ ʤʘʶʪʴ ʤʘʣʠʡ 

ʚʭʽʜʥʠʡ ʩʪʨʫʤ. ʈʽʟʥʦʚʠʜʦʤ ʜʽʦʜʥʠʭ ʦʧʪʦʧʘʨ ʻ ʧʘʨʠ, ʚ ʷʢʠʭ ʬʦʪʦʧʨʠʡʤʘʯ ï 

ʚʘʨʠʢʘʧ (ʨʠʩ. 1.58, ʚ). 

ʊʨʘʥʟʠʩʪʦʨʥʽ ʦʧʪʦʧʘʨʠ (ʨʠʩ. 1.58, ʛ) ʤʘʶʪʴ ʟʘʟʚʠʯʘʡ ʷʢ ʚʠʧʨʦʤʽʥʶʚʘʯ 

ʘʨʩʝʥʽʜ-ʛʘʣʽʻʚʠʡ ʩʚʽʪʣʦʜʽʦʜ, ʘ ʷʢ ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʙʽʧʦʣʷʨʥʠʡ 

ʢʨʝʤʥʽʻʚʠʡ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ ʪʠʧʫ n-p-n. ɼʽʦʜ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʩʚʽʪʣʘ ʧʨʷʤʫʻ ʥʘ ʙʘʟʦʚʫ ʦʙʣʘʩʪʴ 
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ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ. ɺʠʧʨʦʤʽʥʶʚʘʯ ʽ ʧʨʠʡʤʘʯ ʽʟʦʣʴʦʚʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʣʘʥʮʶʟʽ ʢʦʣʝʢʪʦʨʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ, 

ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʽʟ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ, ʧʨʦʭʦʜʠʪʴ ʟʚʦʨʦʪʥʠʡ 

(ʪʝʤʥʦʚʠʡ) ʩʪʨʫʤ, ʷʢ ʫ ʟʚʠʯʘʡʥʠʭ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʁʦʛʦ ʟʥʘʯʝʥʥʷ 

ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʜ ʯʘʩ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʙʘʟʠ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʢʦʣʝʢʪʦʨʥʠʡ ʩʪʨʫʤ ʦʪʨʠʤʫʻ ʜʦʜʘʪʢʦʚʫ ʩʢʣʘʜʦʚʫ: ɯʂ.ʉɺ = 

ɯʌ.ɹ(1 + h21E), ʜʝ Iʌ.ɹ ï ʬʦʪʦʩʪʨʫʤ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʫ ʙʘʟʽ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʧʽʜ 

ʜʽʻʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ; h21E ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʙʘʟʠ ʫ ʩʭʝʤʽ ʽʟ 

ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ. ʊʦʙʪʦ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ ʚʠʢʦʥʫʻ ʚʥʫʪʨʽʰʥʻ ʧʽʜʩʠʣʝʥʥʷ 

ʬʦʪʦʩʪʨʫʤʫ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʭʽʜʥʦʛʦ ʣʘʥʮʶʛʘ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʦʧʪʦʧʘʨʠ 

ʘʥʘʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʘʤ ʜʽʦʜʥʠʭ ʦʧʪʦʧʘʨ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʭʦʞʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ. 

ʊʨʘʥʟʠʩʪʦʨʥ ̔ ʦʧʪʦʧʘʨʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʥʘʣʦʛʦʚʠʭ ʽ 

ʢʣʶʯʦʚʠʭ ʢʦʤʫʪʘʪʦʨʘʭ ʩʠʛʥʘʣʽʚ, ʩʭʝʤʘʭ ʫʟʛʦʜʞʝʥʥʷ ʜʘʪʯʠʢʽʚ ʽʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ, ʜʣʷ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʫ ʣʽʥʽʷʭ ʟʚô̫ ʟʢʫ, 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʨʝʣʝ, ʱʦ ʢʦʤʫʪʫʶʪʴ ʚʝʣʠʢʽ ʩʪʨʫʤʠ,  ̔ʪ. ʽʥ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʦʧʪʦʧʘʨʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʩʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ (ʨʠʩ. 1.58, ʜ) ʘʙʦ ʬʦʪʦʜʽʦʜ ʽʟ ʪʨʘʥʟʠʩʪʦʨʦʤ              

(ʨʠʩ. 1.58, ʝ). ʆʧʪʨʦʥʠ ʽʟ ʩʢʣʘʜʝʥʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ, ʘʣʝ ʤʘʣʫ ʰʚʠʜʢʦʜʽʶ. ɺʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ ʟʘ 

ʜʝʢʽʣʴʢʘ ʤʝʥʰʦʛʦ ʧʽʜʩʠʣʝʥʥ ̫ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʜʽʦʜʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʦʧʪʦʧʘʨ. 

ʈʽʟʥʦʚʠʜʦʤ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʦʧʪʦʧʘʨ ʻ ʦʧʪʨʦʥʠ ʽʟ ʧʦʣʴʦʚʠʤ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʤ (ʨʠʩ. 1.58, ʞ). ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʭʦʨʦʰʦʶ ʣʽʥʽʡʥʽʩʪʶ 

ʚʠʭʽʜʥʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛ ʽ 

ʩʪʨʫʤʽʚ ʽ ʪʦʤʫ ʟʨʫʯʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʥʘʣʦʛʦʚʠʭ ʩʭʝʤʘʭ. 

ʗʢ ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʧʪʦʧʘʨʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ 

ʦʜʥʦʧʝʨʝʭʽʜʥʽ ʪʨʘʥʟʠʩʪʦʨʠ (ʨʠʩ. 1.58, ʟ). ʊʘʢʽ ʦʧʪʦʧʘʨʠ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʩʭʝʤ, ʥʘʧʨʠʢʣʘʜ, ʢʝʨʦʚʘʥʠʭ 

ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʽʤʧʫʣʴʩʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. 

ʆʜʥʦʧʝʨʝʭʽʜʥʠʡ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ ʻ ʫ ʜʝʷʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤ: ʡʦʛʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʬʦʪʦʨʝʟʠʩʪʦʨ, ʷʢʱʦ ʥʝ ʚʢʣʶʯʝʥʠʡ ʝʤʽʪʝʨʥʠʡ 

ʧʝʨʝʭʽʜ, ʘʙʦ ʷʢ ʬʦʪʦʜʽʦʜ, ʷʢʱʦ ʚʢʣʶʯʝʥʠʡ ʪʽʣʴʢʠ ʦʜʠʥ ʮʝʡ ʧʝʨʝʭʽʜ. 

ʊʠʨʠʩʪʦʨʥʽ ʦʧʪʨʦʥʠ ʤʽʩʪʷʪʴ ʷʢ ʬʦʪʦʧʨʠʡʤʘʯ ʢʨʝʤʥʽʻʚʠʡ 

ʬʦʪʦʪʠʨʠʩʪʦʨ (ʨʠʩ. 1.58, )̔ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʫ ʢʣʶʯʦʚʠʭ ʨʝʞʠʤʘʭ. 

ʌʦʪʦʪʠʨʠʩʪʦʨ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ, ʤʘʻ ʚʝʣʠʢʝ ʚʥʫʪʨʽʰʥʻ 

ʧʽʜʩʠʣʝʥʥʷ ʬʦʪʦʩʪʨʫʤʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʚʢʣʶʯʝʥʠʡ ʩʪʘʥ 
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ʬʦʪʦʪʠʨʠʩʪʦʨʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʫ ʨʘʟʽ ʧʨʠʧʠʥʝʥʥ ̫ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʭʽʜʥʦʛʦ 

ʜʽʦʜʘ. ʊʦʤʫ ʩʠʛʥʘʣ, ʱʦ ʢʝʨʫʻ, ʥʘ ʦʧʪʦʧʘʨʫ ʪʠʨʠʩʪʦʨʘ ʤʦʞʝ ʧʦʜʘʚʘʪʠʩʷ 

ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʽʜʢʨʠʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘ. 

ʎʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʣʘʥʮʶʛʦʤ 

ʢʝʨʫʚʘʥʥʷ ʦʧʪʨʦʥʘ.  

ʆʧʪʨʦʥʠ ʪʠʨʠʩʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚô̫ ʟʢʠ 

ʚʭʽʜʥʠʭ ʣʘʥʮʶʛʽʚ ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ʣʘʥʮʶʛʽʚ, ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʠʤʠ ʪʠʨʠʩʪʦʨʘʤʠ, ʜʣʷ ʢʦʤʫʪʘʮʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʫ ʧʨʠʩʪʨʦʷʭ ʟʘʭʠʩʪʫ ʚʪʦʨʠʥʥʠʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʪ. ʽʥ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʶ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʡ ʧʝʨʝʭʽʜ. 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n-ʪʠʧʫ ʪʘ ʨ-ʪʠʧʫ. 

3. ʗʢʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ? ʆʧʠʰʽʪʴ ʟʚʦʨʦʪʥʝ ʽ ʧʨʷʤʝ ʚʢʣʶʯʝʥʥʷ p-

n-ʧʝʨʝʭʦʜʫ. 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ. 

5. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʅɼ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ. ɺʠʜʠ ʽ ʪʠʧʠ ʅɼ. 

6. ʑʦ ʩʧʽʣʴʥʦʛʦ ʽ ʯʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ɺɸʍ ɺɼ ʪʘ p-n-ʧʝʨʝʭʽʜ? 

7. ʅʘʚʝʜʽʪʴ ʩʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ: ʯʠʩʪʦʛʦ; n- 

ʪʠʧʫ ʪʘ ʨ-ʪʠʧʫ. 

8. ʆʧʠʰʽʪʴ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʧʘʨ ʝʣʝʢʪʨʦʥïʜʽʨʢʘ. 

9. ʆʧʠʰʽʪʴ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʢʚʘʥʪʦʚʠʤʠ ʩʪʘʥʘʤʠ. 

10.  ʗʢʽ ʧʨʦʮʝʩʠ ʥʘʟʠʚʘʶʪʴ: ʨʝʢʦʤʙʽʥʘʮʽʻʶ, ʽʥʞʝʢʮʽʻʶ ʪʘ ʝʢʩʪʨʘʢʮʽʻʶ? 

11.  ʗʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʚʣʘʩʥʦʶ ʪʘ ʜʦʤʽʰʢʦʚʦʶ? 

12.  ʗʢʽ ʻʤʥʦʩʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʫ p-n-ʧʝʨʝʭʦʜʽ ʧʽʜ ʯʘʩ ʡʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʪʘ 

ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥ?̫ 

13.  ʆʧʠʰʽʪʴ ʪʫʥʝʣʴʥʠʡ ʝʬʝʢʪ ʫ p-n-ʧʝʨʝʭʦʜʽ. ʆʧʠʰʽʪʴ ʪʫʥʝʣʴʥʽ ʜʽʦʜʠ. 

14.  ʇʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧ ʜʽʾ ʩʪʘʙʽʣʽʪʨʦʥʫ. 

15.  ʅʘʟʚʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʚʘʨʠʢʘʧʫ.  

16.  ʅʘʚʝʜʽʪʴ ʩʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ: ʯʠʩʪʦʛʦ; n- 

ʪʠʧʫ ʪʘ ʨ-ʪʠʧʫ. 

17.  ʗʢʠʡ ʚʠʛʣʷʜ ʤʘʶʪʴ ʢʨʠʩʪʘʣʽʯʥ ̔ ʨ̌ʘʪʠ ʯʠʩʪʦʛʦ ʢʨʝʤʥʽʶ? 

18.  ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʚʠʛʣʷʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨ̌ʘʪ ʢʨʝʤʥʽʶ ʫ ʨʘʟʽ ʜʦʜʘʚʘʥʥ ̫

ʜʦʥʦʨʥʦʾ ʪʘ ʘʢʮʝʧʪʦʨʥʦʾ ʜʦʤʽʰʦʢ? 

19.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ. 
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20.  ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʽʧʦʣʷʨʥʽ ʡ ʫʥʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ? 

21.  ʅʘʚʝʜʽʪʴ ʧʦʟʥʘʯʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ  ̔ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ. 

22.  ʉʢʽʣʴʢʠ ʨ-n-ʧʝʨʝʭʦʜʽʚ ʤʘʶʪʴ ɹʊ ʽ ʷʢ ʮʽ ʧʝʨʝʭʦʜʠ ʥʘʟʠʚʘʶʪʴʩʷ? 

23.  ʅʘʟʚʽʪʴ  ̔ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪ ɹʊ. 

24.  ʇʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ɹʊ ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

25.  ʑʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʪʠʯʥʽ ɺɸʍ ɹʊ? 

26.  ʗʢ ʚʧʣʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʥʘ ʨʦʙʦʪʫ ɹʊ? 

27.  ʇʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧ ʜʽʾ ʇʊ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ ʪʘ 

ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ. 

28.  ʅʘʚʝʜʽʪʴ  ̔ʧʦʷʩʥʽʪʴ ʩʪʘʪʠʯʥʽ ɺɸʍ ʇʊ. 

29.  ʅʘʟʚʽʪʴ  ̔ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʇʊ. 

30.  ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʇʊ. 

31.  ʆʧʠʰʽʪʴ ʰʫʤʠ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

32.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʶ ʪʠʨʠʩʪʦʨ. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

33.  ʉʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘʤʠ. 

34.  ʅʘʚʝʜʽʪʴ  ̔ʧʦʨʽʚʥʷʡʪʝ ɺɸʍ ʜʠʥʽʩʪʦʨʘ ʪʘ ʪʨʠʥʽʩʪʦʨʘ. 

35.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʶ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ. ɿʘʛʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

36.  ʇʨʠʥʮʠʧ ʜʽʾ ʜʞʝʨʝʣʘ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɰʭ ʚʠʜʠ ʽ ʪʠʧʠ. 

37.  ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʠʡʤʘʯʘ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɰʭ ʚʠʜʠ ʽ ʪʠʧʠ. 

38.  ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʥʪʠʣʴʥʠʡ ʪʘ ʬʦʪʦʜʽʦʜʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʬʦʪʦʜʽʦʜʘ. 

39.  ʇʨʠʥʮʠʧ ʜʽʾ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ. 

40.  ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʨʦʥʽʚ. 
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 2. ɽʃɽʂʊʈʆʅʅɯ ʇɯɼʉʀʃʖɺɸʏɯ 

2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʇʽʜʩʠʣʶʚʘʯʝʤ ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʽʜʩʠʣʝʥʥʷ (ʧʽʜʚʠʱʝʥʥʷ) ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʽʜʩʠʣʶʚʘʯ ʷʢ ʘʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ  ̔ ʥʘʚʝʜʝʤʦ 

ʩʪʨʫʢʪʫʨʠ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʚʠʭʦʜʦʤ ʫ ʚʠʛʣʷʜʽ ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ɽ            

(ʨʠʩ. 2.1, ʘ) ʪʘ ʽʟ ʚʠʭʦʜʦʤ ʫ ʚʠʛʣʷʜʽ ʛʝʥʝʨʘʪʦʨʘ ʩʪʨʫʤʫ ɯ (ʨʠʩ. 2.1, ʙ). 

 

 
ʈʠʩ. 2.1. ʇʽʜʩʠʣʶʚʘʯ ʷʢ ʘʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʣʘʩʥʦʛʦ ʦʧʦʨʫ Rɻ ʜʞʝʨʝʣʘ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ Eɻ, ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ Rɺʍ, ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ 

Rɺʀʍ ʪʘ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʅ ʧʽʜʩʠʣʶʚʘʯʽ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʧʽʜʩʠʣʶʚʘʯʽ ʥʘʧʨʫʛʠ, ʷʢʱʦ Rɺʍ >> Rɻ; Rʅ >> Rɺʀʍ; 

- ʧʽʜʩʠʣʶʚʘʯʽ ʩʪʨʫʤʫ, ʷʢʱʦ Rɺʍ << Rɻ; Rʅ << Rɺʀʍ; 

- ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʱʦ Rɺʍ å Rɻ; Rʅ å Rɺʀʍ. 

ʅʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʦ ʧʽʜʩʠʣʶʚʘʯ ʩʪʨʫʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʘʢʪʠʚʥʠʡ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ. 
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Rɻ Rɺʍ Rɺʀʍ
Uɺʀʍ

ɯɺʀʍ=ɯʅ

Rʅɯ

ɯ

ɯ

ɯɻ

 

ʈʠʩ. 2.2. ʇʽʜʩʠʣʶʚʘʯ ʩʪʨʫʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʘʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ 

ʗʢʱʦ Rɺʍ << Rɻ, ʪʦ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʩʪʨʫʤ ʚʽʜ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ Iɻ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ Rɺʍ, ʪʦʙʪʦ Iɺʍ å Iɻ. ʊʘʢʦʞ, ʷʢʱʦ Rʅ << Rɺʀʍ, ʪʦ ʚʝʩʴ ʚʠʭʽʜʥʠʡ 

ʩʪʨʫʤ I ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ Rʅ, ʪʦʙʪʦ Iʅ å I. 

ʅʘʚʘʥʪʘʞʝʥʥʷʤ ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʝ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʩʧʦʞʠʚʘʯ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘʣʝ ʪʘʢʦʞ ʚʭʽʜ ʽʥʰʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ (ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʡ 

ʧʽʜʩʠʣʶʚʘʯ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ  ̒

ʣʘʥʮʶʞʢʦʤ ʢʘʩʢʘʜʽʚ (ʨʠʩ. 2.3), ʥʘ ʚʭʦʜʽ ʷʢʦʛʦ ʜʽʻ ʜʞʝʨʝʣʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ 

ʧʽʜʩʠʣʶʻʪʴʩʷ, ʘ ʜʦ ʚʠʭʦʜʫ ʧʽʜʢʣʶʯʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇ̔ ʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʠʡ ʩʢʣʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ 

ʢʘʩʢʘʜʠ ʘʙʦ ʩʪʫʧʝʥʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʢʘʩʢʘʜʽʚ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʦʜʥʦʢʘʩʢʘʜʥʽ; 

- ʙʘʛʘʪʦʢʘʩʢʘʜʥʽ. 

 

Rɻ

Uɺʀʍ Rʅɽɻ

 
ʈʠʩ. 2.3. ʉʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ɼʣʷ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʝʨʰʠʡ ʢʘʩʢʘʜ ʥʘʟʠʚʘʶʪʴ ʚʭʽʜʥʠʤ, 

ʧʝʨʝʜʦʩʪʘʥʥʽʡ ʢʘʩʢʘʜ ï ʧʝʨʝʜʚʠʭʽʜʥʠʤ, ʦʩʪʘʥʥʽʡ ʢʘʩʢʘʜ ï ʚʠʭʽʜʥʠʤ ʘʙʦ 

ʢʽʥʮʝʚʠʤ, ʘ ʢʘʩʢʘʜʠ ʤʽʞ ʚʭʽʜʥʠʤ  ̔ʧʝʨʝʜʚʠʭʽʜʥʠʤ ï ʧʨʦʤʽʞʥʠʤʠ. 

ʋ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ ʟʚô̫ ʟʦʢ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʤʦʞʝ ʙʫʪʠ: 

- ʻʤʥʽʩʥʠʡ (RC); 

- ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʡ; 
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- ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʘʙʦ ʛʘʣʴʚʘʥʽʯʥʠʡ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʽʜʩʠʣʶʶʪʴʩʷ, ʧʽʜʩʠʣʶʚʘʯʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ; 

- ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

- ʽʤʧʫʣʴʩʥʽ. 

ʇʽʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʇʇʉ) ʧʽʜʩʠʣʶʶʪʴ ʩʠʛʥʘʣʠ, 

ʧʦʯʠʥʘʶʯʠ ʽʟ ʥʫʣʴʦʚʦʾ ʯʘʩʪʦʪʠ. 

ʇʽʜʩʠʣʶʚʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʧʽʜʩʠʣʶʚʘʯʽ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ (ʇʅʏ); 

- ʧʽʜʩʠʣʶʚʘʯʽ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ʇɺʏ). 

ɿʘ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʩʝʣʝʢʪʠʚʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʱʦ ʧʽʜʩʠʣʶʶʪʴ ʩʠʛʥʘʣ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 

ʫ ʚʫʟʴʢʦʤʫ ʩʧʝʢʪʨʽ ʯʘʩʪʦʪ, ʫ ʷʢʠʭ fɺ / fʅ å 1, ʜʝ fɺ ï ʚʝʨʭʥʷ ʛʨʘʥʠʯʥʘ 

ʯʘʩʪʦʪʘ ʧʨʦʧʫʩʢʘʥʥʷ, fʅ ï ʥʠʞʥʷ ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʧʨʦʧʫʩʢʘʥʥʷ; 

- ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʧʽʜʩʠʣʶʚʘʯʽ: fɺ / fʅ >> 1 (ʨʠʩ. 2.4). 

ʇʇʉ ʪʘ ʽʤʧʫʣʴʩʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʻ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ. 

ʇʽʜ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʨʦʟʫʤʽʶʪʴ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ, ʫ ʤʝʞʘʭ 

ʷʢʦʛʦ ʨʽʚʝʥʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ ʻ ʥʠʞʯʠʤ ʟʘ 0,707 ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ 
max

ɺʀʍ

U
U

2

å õ
²æ ö

ç ÷
. 

 
ʈʠʩ. 2.4. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʧʽʜʩʠʣʶʚʘʯʘ 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʜʩʠʣʶʚʘʯʽʚ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

Kʇɯɼʉ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʽʣʴʰʝ ʚʭʽʜʥʦʛʦ. 
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Kʇɯɼʉ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ : 

- Kʇɯɼʉ ʟʘ ʥʘʧʨʫʛʦʶ ï KU ; 

- Kʇɯɼʉ ʟʘ ʩʪʨʫʤʦʤ ï KI ; 

- Kʇɯɼʉ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ï KP. 

ɺʀʍɺʀʍ ɺʀʍ
U I P

ɺʍ ɺʍ ɺʍ

IU P
K = ; K = ; K = .

U I P
     

ɼʣʷ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʂʇɯɼʉ: 1 2 3 ... NK K K K Kä= Ö Ö Ö Ö,  

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʢʘʩʢʘʜʽʚ. 

Kʧʽʜʩ ʯʘʩʪʦ ʚʠʨʘʞʘʶʪʴ ʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʦʜʠʥʠʮʷʭ (ʜʝʮʠʙʝʣʘʭ): 

U U I I P PK [ʜɹ]=20lgK ; K[ʜɹ]=20lgK; K [ʜɹ]=10lgK, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ 
1 2 3 ... NK K K K Kä= + + + +. 

ɺʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʬʦʨʤʠ ʚʭʽʜʥʦʛʦ ʥʘʟʠʚʘʶʪʴ 

ʩʧʦʪʚʦʨʝʥʥʷʤ. ʉʧʦʪʚʦʨʝʥʥʷ ʙʫʚʘʶʪʴ ʜʚʦʭ ʚʠʜʽʚ: ʥʝʣʽʥʽʡʥʽ ʪʘ ʣʽʥʽʡʥʽ. 

ʅʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʽʩʪʴ ɺɸʍ.  

ʃʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʟʩʫʚʫ ʬʘʟ ʤʽʞ ʚʠʭʽʜʥʠʤ ʽ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʘʤʠ. ʎʶ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ɸʏʍ ʪʘ ʬʘʟʦ-ʯʘʩʪʦʪʥʘ (ʌʏʍ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.5). 

ɿʘ ʚʠʜʦʤ ɸʏʍ ʦʮʽʥʶʶʪʴ ʯʘʩʪʦʪʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ, ʘ ʟʘ 

ʚʠʜʦʤ ʌʏʍ ï ʬʘʟʦʚʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ). ʈʦʟʨʽʟʥʷʶʪʴ ʧʦʚʥʠʡ ʂʂɼ ʪʘ ʝʣʝʢʪʨʠʯʥʠʡ ʂʂɼ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʂʂɼ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 
ʅ

ɽ

ɼɾ

P
= ,

P
h         

ʜʝ PH ï ʢʦʨʠʩʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ; Pɼɾ ï ʧʦʪʫʞʥʽʩʪʴ, 

ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʽʜʩʠʣʶʶʯʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ (ʜʣʷ 

ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʢʦʣʝʢʪʦʨʥʠʤ ʘʙʦ 

ʩʪʦʢʦʚʠʤ ʢʦʣʦʤ). 

ʇʦʚʥʠʡ ʂʂɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʚʠʨʘʟʫ 

 
ʅ

ʇ

ɿɸɻ

P
= ,

P
h         

ʜʝ Pɿɸɻ ï ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯʝʤ ʫʩʽʤʘ ʢʦʣʘʤʠ ʚʽʜ ʚʩʽʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. 
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ʈʠʩ. 2.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʶʚʘʯʘ: ʘ ï ɸʏʍ; ʙ ï ʌʏʍ 

2.2. ɺʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.6. 

 

Rɻ

R

Rɺʍ

Uɺʍ

ɯɺʍʉʈ

ɽɻ

 
ʈʠʩ. 2.6. ʉʭʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ 
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ʅʘ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢ̔ ʧʦʟʥʘʯʝʥʥʷ: 

Eɻ ï ʟʚʫʢʦʚʠʡ ʛʝʥʝʨʘʪʦʨ (ɿɻ); Rɻ ï ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ɿɻ; R ï ʟʤʽʥʥʠʡ 

ʚʽʜʛʨʘʜʫʡʦʚʘʥʠʡ ʦʧʽʨ; ʉʈ ï ʨʦʟʜʽʣʴʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʘ ʚʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ; 

Rɺʍ ï ʚʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ; Iɺʍ ï ʚʭʽʜʥʠʡ 

ʩʪʨʫʤ; Vï ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʚʦʣʴʪʤʝʪʨ, Uɺʍ ï ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ. 

ɺʭʽʜʥʠʡ ʩʪʨʫʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʚʠʨʘʟʫ 

ɻ
ɺʍ

ɻ ɺʍ

ʈ

E
I = ,

1
R + +R+R

ʉw

       

ʜʝ Eɻ ï ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ɿɻ; ɤ ï ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ɿɻ. 

ʋ ʩʭʝʤʽ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ: 

ɺʍ ɺʍ ɻ

ʈ

1
R >> ; R >>R .

ʉw
      

ʊʦʤʫ 

ɻ ɻ ɺʍ
ɺʍ ɺʍ

ɺʍ ɺʍ

E E R
I ; U = .

R +R R+R

Ö
º      

ʗʢʱʦ R = 0, ʪʦ Uɺʍ = Eɻ. 

ʗʢʱʦ R = Rɺʍ, ʪʦ Uɺʍ = 0,5 Eɻ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʽʨʶʚʘʥʥʷ Rɺʍ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʧʽʨ R = 0 ʽ ʚʦʣʴʪʤʝʪʨʦʤ ʬʽʢʩʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ Uɺʍ = Eɻ. 

2. ɿʤʽʥʶʻʪʴʩʷ ʦʧʽʨ ʨʝʟʠʩʪʦʨʘ R ʜʦ ʟʥʘʯʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʞʝ     

Uɺʍ = 0,5 Eɻ. 

3. ʆʪʨʠʤʘʥʠʡ ʦʧʽʨ R = Rɺʍ. 

2.3. ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.7. 

ʅʘ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʉʈ ï ʨʦʟʜʽʣʴʥʠʡ 

ʢʦʥʜʝʥʩʘʪʦʨ; Rʅ ï ʟʤʽʥʥʠʡ ʚʽʜʛʨʘʜʫʡʦʚʘʥʠʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ; Iɺʀʍ ï 

ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ; Uʅ ï ʥʘʧʨʫʛʘ ʥʘ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; Uɺʀʍ ï ʥʘʧʨʫʛʘ ʥʘ 

ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ; Rɺʀʍ ï ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ. 

ʅʘʧʨʫʛʫ Uʅ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʚʠʨʘʟʫ 
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.
1

ɺʀʍ ʅ
ʅ ɺʀʍ ʅ

ɺʀʍ ʅ

ʈ

U R
U I R

R R
ʉw

Ö
= Ö =

+ +
     

Rɺʀʍ

Uɺʀʍ

Rʅ

ɯʅ=ɯɺʀʍʉʈ

Uʅ

 
ʈʠʩ. 2.7. ʉʭʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ɺʀʍ

ʈ

1
R >>

ʉw
, ʘ Rʅ >> Rɺʀʍ, ʪʦ 

 
ɺʀʍ ʅ

ʅ

ɺʀʍ ʅ

U R
U = .

R +R

Ö
       

ʗʢʱʦ Rʅ Ÿ Ð, ʪʦ Uʅ = Uɺʀʍ. 

ʗʢʱʦ Rʅ = Rɺʀʍ, ʪʦ Uʅ = 0,5 Uɺʀʍ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʽʨʶʚʘʥʥʷ Rɺʀʍ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ: 

1. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ Rʅ = Ð ʽ ʚʦʣʴʪʤʝʪʨʦʤ ʬʽʢʩʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ Uʅ = Uɺʀʍ. 

2. ɿʤʽʥʶʻʪʴʩʷ ʦʧʽʨ ʨʝʟʠʩʪʦʨʘ Rʅ ʜʦ ʟʥʘʯʝʥʥʷ, ʟʘ ʷʢʦʤʫ ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʞʝ 

Uʅ = 0,5 Uɺʀʍ. 

3. ʆʪʨʠʤʘʥʠʡ ʦʧʽʨ Rʅ = Rɺʀʍ. 

2.4. ɿʚʦʨʦʪʥʽ ʟʚô̫ ʟʢʠ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ 

2.4.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʚʦʨʦʪʥʽ ʟʚô̫ ʟʢʠ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ 

ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʘ: ʚʭʽʜʥʠʡ ʪʘ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, 

ʨʽʚʝʥʴ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ, ʟʘʩʪʦʩʦʚʫʶʪʴ ɿɿ. 

ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ï ʮʝ ʧʝʨʝʜʘʯʘ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʝʥʝʨʛʽʾ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘ ʚʭʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʢʦʣʘ ɿɿ. ʗʢ ʢʦʣʘ ɿɿ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʩʠʚʥʽ ʢʦʣʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʢʽʣ (ɸʏʍ, ʌʏʍ) ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʘ. 
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ʉʭʝʤʫ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɿɿ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8. 

Uɺʍ,Iɺʍ

Uɿɿ,Iɿɿ

U×,I×

×

Uɺʀʍ,Iɺʀʍ

ɓ

 
ʈʠʩ. 2.8. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɿɿ 

ʉʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʚʠʨʘʟʽʚ: 

ɺʍ ɿɿU =U ±U ;
ä

       

ɺʍ ɿɿI =I ±I .
ä

       

ɿɿ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘ ʥʘʧʨʫʛʦʶ ʯʠ ʟʘ ʩʪʨʫʤʦʤ, ʘ ʪʘʢʦʞ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

(ʟʘ ʥʘʧʨʫʛʦʶ ʪʘ ʩʪʨʫʤʦʤ ʚʦʜʥʦʯʘʩ). 

ɿɿ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʪʥʠʤʠ (ɼɿɿ) ʪʘ ʚʽʜô̒ ʤʥʠʤʠ (ɺɿɿ). ʇʽʜ ʯʘʩ ɼɿɿ 

ʩʠʛʥʘʣ ɿɿ ʟʙʽʛʘʻʪʴʩʷ ʟʘ ʬʘʟʦʶ ʽʟ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ. ʇʽʜ ʯʘʩ ɺɿɿ ʩʠʛʥʘʣ ɿɿ 

ʟʥʘʭʦʜʠʪʴʩʷ  ʫ ʧʨʦʪʠʬʘʟʽ ʜʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʋ ʧʽʜʩʠʣʶʚʘʯʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ɺɿɿ. 

ʇʝʪʣʝʶ ɿɿ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʣʦ ɿɿ ʽ 

ʯʘʩʪʠʥʫ ʧʽʜʩʠʣʶʚʘʯʘ ʤʽʞ ʪʦʯʢʘʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ɿɿ. ʈʦʟʨʽʟʥʷʶʪʴ ʤʽʩʮʝʚʠʡ ʽ 

ʟʘʛʘʣʴʥʠʡ ɿɿ. ʄʽʩʮʝʚʠʡ ɿɿ ʦʭʦʧʣʶʻ ʦʢʨʝʤʽ ʢʘʩʢʘʜʠ ʘʙʦ ʯʘʩʪʠʥʫ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɿʘʛʘʣʴʥʠʡ ɿɿ ʦʭʦʧʣʶʻ ʚʝʩʴ ʧʽʜʩʠʣʶʚʘʯ. 

ɿɿ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʘʙʦ ʚʽʜ 

ʟʤʽʥʥʦʛʦ ʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʦʜʥʦʯʘʩ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʟʥʷʪʪʷ ʩʠʛʥʘʣʫ ɿɿ ʽʟ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ 

ʨʦʟʨʽʟʥʷʶʪʴ:  

- ɿɿ ʟʘ ʥʘʧʨʫʛʦʶ; 

- ɿɿ ʟʘ ʩʪʨʫʤʦʤ; 

- ʢʦʤʙʽʥʦʚʘʥʠʡ ɿɿ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʚʚʝʜʝʥʥʷ ʩʠʛʥʘʣʫ ɿɿ ʫ ʚʭʽʜʥʝ ʢʦʣʦ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʧʦʩʣʽʜʦʚʥʠʡ ɿɿ; 

- ʧʘʨʘʣʝʣʴʥʠʡ ɿɿ; 

- ʟʤʽʰʘʥʠʡ ɿɿ. 
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2.4.2. ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟʘ ʥʘʧʨʫʛʦʶ 

ʉʠʛʥʘʣ ɿɿ Uɿɿ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʠʭʽʜʥʽʡ ʥʘʧʨʫʟʽ Uɺʀʍ (ʨʠʩ. 2.9) ʪʘ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʟ ʚʠʨʘʟʫ 

ɺʀʍ
ɿɿ

U
U = R2.

R1+R2
Ö       

R1
Uɺʍ

R2

RʅUɺʀʍ

Uɿɿ

 
ʈʠʩ. 2.9. ʉʭʝʤʘ ʟʽ ɿɿ ʟʘ ʥʘʧʨʫʛʦʶ 

 

ɿɿ ʜʽʻ ʪʘʢʦʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ Rʅ (ʪʦʙʪʦ ʟʘ Rʅ = Ð). 

2.4.3. ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟʘ ʩʪʨʫʤʦʤ  

ʉʠʛʥʘʣ ɿɿ Uɿɿ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʠʭʽʜʥʦʤʫ ʩʪʨʫʤʫ Iɺʀʍ (ʨʠʩ. 2.10) ʪʘ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʟ ʚʠʨʘʟʫ: 

ɿɿ ɺʀʍ ɿɿU =I R .Ö         

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ Rʅ ɿɿ ʥʝ ʜʽʻ. 

Uɺʍ

Rʅ
Uɺʀʍ

Uɿɿ

ɯɺʀʍ

Rɿɿ

 
ʈʠʩ. 2.10. ʉʭʝʤʘ ʟʽ ɿɿ ʟʘ ʩʪʨʫʤʦʤ 

2.4.4. ʂʦʤʙʽʥʦʚʘʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ  

ʉʠʛʥʘʣ ɿɿ Uɿɿ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʠʭʽʜʥʽʡ ʥʘʧʨʫʟʽ Uɺʀʍ (ʨʠʩ. 2.11), 

ʚʠʭ̔ʜʥʦʤʫ ʩʪʨʫʤʫ Iɺʀʍ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʟ ʚʠʨʘʟʫ: 
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ɺʀʍ
ɿɿ ɺʀʍ

U
U = R2+I R3,

R1+R2
Ö Ö       

ʜʝ 3 2, 3 1.R R R R<< << 

 

R1
Uɺʍ

R2

RʅUɺʀʍ

Uɿɿ

ɯɺʀʍ

R3

 
ʈʠʩ. 2.11. ʉʭʝʤʘ ʽʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ɿɿ 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʚʚʝʜʝʥʥʷ ʩʠʛʥʘʣʫ ɿɿ ʫ ʚʭʽʜʥʝ ʢʦʣʦ ʨʦʟʨʽʟʥʷʶʪ ɹ

ʧʦʩʣʽʜʦʚʥʠʡ, ʧʘʨʘʣʝʣʴʥʠʡ ʽ ʟʤʽʰʘʥʠʡ ɿɿ. 

2.4.5. ʇʦʩʣʽʜʦʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ  

ʉʠʛʥʘʣ ɿɿ Uɿɿ ʧʦʜʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʽʟ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ Uɺʍ               

(ʨʠʩ. 2.12). 

Uɺʍ UɺʀʍU×

Uɿɿ
 

 

ʈʠʩ. 2.12. ʉʭʝʤʘ ʽʟ ʧʦʩʣʽʜʦʚʥʠʤ ɿɿ 

ʇ̔ ʜ ʯʘʩ ʧʦʩʣʽʜʦʚʥʦʛʦ ɺɿɿ  

ɺʍ ɿɿU =U -Uä .       

2.4.6. ʇʘʨʘʣʝʣʴʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 

ʉʠʛʥʘʣ ɿɿ Uɿɿ ʧʦʜʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ                   

Uɺʍ    (ʨʠʩ. 2.13). 
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Uɺʍ Uɺʀʍ

ɯ×

Uɿɿ

ɯɿɿ

ɯɺʍ

 
ʈʠʩ. 2.13. ʉʭʝʤʘ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤ ɿɿ 

ʇ̔ ʜ ʯʘʩ ʧʘʨʘʣʝʣʴʥʦʛʦ ɺɿɿ 

ɺʍ ɿɿI =I -I .ä        

ʋ ʨʘʟʽ ʟʤʽʰʘʥʦʛʦ ɿɿ ʟ̔ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʥʽʤʘʶʪʴʩʷ ʷʢ ʥʘʧʨʫʛʘ Uɿɿ 

ʪʘʢ ʽ ʩʪʨʫʤ ɯɿɿ [ 20; 22].  

2.4.7. ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ɿɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ɿɿ: 

ɓɿɿ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʷʢʘ ʯʘʩʪʠʥʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ 

ʧʽʜʩʠʣʶʚʘʯʘ: 

U

ɿɿ
ɿɿ

ɺʀʍ

U
=

U
b ;       

I

ɿɿ
ɿɿ

ɺʀʍ

I
=

I
b .       

2.4.8. ɺʧʣʠʚ ʚʽʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʥʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʶʚʘʯʘ 

ʋ ʧʽʜʩʠʣʶʚʘʯʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɺɿɿ. ʎʝ ʧʽʜʚʠʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʗʢʱʦ ʚʽʜʥʦʩʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ  

 K

K
= ,

K
d
D

         

ʜʝ ȹʂ ï ʘʙʩʦʣʶʪʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʙʝʟ ɺɿɿ, ʪʦ 

ʚʽʜʥʦʩʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ, ʷʢʠʡ 

ʦʭʦʧʣʝʥʠʡ ɺɿɿ, ʩʪʘʥʦʚʠʪʴ 
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ɿɿ

ɿɿ K
K

ɿɿ

K
= = ,

K 1+K ɿɿ

d
d

b

D

Ö       

ʜʝ ȹʂɿɿ ï ʘʙʩʦʣʶʪʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɺɿɿ; ʂɿɿ ï ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɺɿɿ; ɓ33 ï ʢʦʝʬʽʮʽʻʥʪ ɿɿ. 

ʆʪʞʝ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʚʁʘʯʘ ʽʟ ɺɿɿ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ (1 + ʂɓ33) ʨʘʟʽʚ.  

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɿɿ: 

- ʽʟ ɺɿɿ:  ɺɿɿ

ɿɿ

K
K = ;

1+K bÖ        

- ʽʟ ɼɿɿ:   ɼɿɿ

ɿɿ

K
K = ,

1-K bÖ       

ʪʦʙʪʦ ɺɿɿ ʟʤʝʥʰʫʻ ʂʇɯɼʉ, ʘ ɼɿɿ ʟʙʽʣʴʰʫʻ ʂʇɯɼʉ. 

ʗʢʱʦ ʂɓɿɿ >> 1, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ  

ɺɿɿ

ɿɿ

1
K = ,

b         

ʪʦʙʪʦ ʧʽʜʩʠʣʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʩʠʣʶʚʘʯʘ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʘ ɺɿɿ. 

ʇʦʩʣʽʜʦʚʥʠʡ ɺɿɿ ʟʙʽʣʴʰʫʻ ʚʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ (Zɺʍ ï ʚʭʽʜʥʠʡ 

ʦʧʽʨ ʙʝʟ ɺɿɿ, K ï ʂʇɯɼʉ ʙʝʟ ɺɿɿ): 

ɿɿɺʍ ɺʍ ɿɿZ =Z (1+K ).bÖ Ö       

ʇʘʨʘʣʝʣʴʥʠʡ ɺɿɿ ʟʤʝʥʰʫʻ ʚʭʽʜʥʠʡ ʦʧʽʨ: 

ɺʍ
ɺʍ.ɿɿ

ɿɿ

Z
Z = .

1+K bÖ        

ɺɿɿ ʟʘ ʥʘʧʨʫʛʦʶ ʟʤʝʥʰʫʻ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ: 

U

ɺʀʍ
ɺʀʍ.ɿɿ

ɿɿ

Z
Z = .

1+K bÖ        

ɺɿɿ ʟʘ ʩʪʨʫʤʦʤ ʟʙʽʣʴʰʫʻ ʚʠʭʽʜʥʠʡ ʦʧʽʨ: 

( )
I. ɺʀʍ ɿɿZ =Z 1+K .ɺʀʍ ɿɿ bÖ       

ɿɿ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʥʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ȹf ʧʽʜʩʠʣʶʚʘʯʘ (ʨʠʩ. 2.14). 
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ʂʇɯɼʉ

ʟ ɼɿɿ

ʙʝʟ ɿɿ

ʟ ɺɿɿ

ȹfɼɿɿ

ȹf

ȹfɺɿɿ

f

 
ʈʠʩ. 2.14. ɺʧʣʠʚ ɿɿ ʥʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ 

ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʫ ʨʘʟʽ ɺɿɿ ï ʨʦʟʰʠʨʶʻʪʴʩʷ, ʫ ʨʘʟʽ ɼɿɿ ï 

ʟʚʫʞʫʻʪʴʩʷ. 

ɼʝʷʢʝ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ɺɿɿ ʤʦʞʝ 

ʙʫʪʠ ʩʢʦʤʧʝʥʩʦʚʘʥʝ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʢʘʩʢʘʜʫ, ʱʦ ʧʽʜʩʠʣʶʻ. 

ʋʚʝʜʝʥʥʷ ɺɿɿ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʟʙʽʣʴʰʠʪʠ ʚʭʽʜʥʠʡ ʽ 

ʟʤʝʥʰʠʪʠ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ (ʧʦʩʣʽʜʦʚʥʠʡ ɺɿɿ ʟʘ ʥʘʧʨʫʛʦʶ U); 

ʟʤʝʥʰʠʪʠ ʚʭʽʜʥʠʡ ʽ ʟʙʽʣʴʰʠʪʠ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ (ʧʘʨʘʣʝʣʴʥʠʡ ɺɿɿ 

ʟʘ ʩʪʨʫʤʦʤ I); ʨʦʟʰʠʨʠʪʠ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʋ ʧʽʜʩʠʣʶʚʘʯʘʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʘʨʘʟʠʪʥʽ ɼɿɿ, ʱʦ ʧʦʛʽʨʰʫʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʘ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ 

ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ (ʘʚʪʦʛʝʥʝʨʘʮʽʾ). 

2.5. ʇ̔ ʜʩʠʣʶʚʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

2.5.1. ʆʜʥʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ʽʟ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʢʘʩʢʘʜʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ɹʊ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ɹʊ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʭʝʤʠ: ʽʟ ʉɽ, 

ʉɹ ʽ ʉʂ. ɽʣʝʢʪʨʠʯʥʽ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʮʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʽ ʚʠʨʘʟʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʝʜʝʥʽ ʫ [3; 12; 20]. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʢʘʩʢʘʜʫ ʥʘ ɹʊ ʽʟ ʉɽ, ʥʘʚʝʜʝʥʫ     

ʥʘ ʨʠʩ. 2.15. 
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ʈʠʩ. 2.15. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʝʤʽʪʝʨʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʧʦʣʦʞʝʥʥʷ  

ʨʦʙʦʯʦʾ ʪʦʯʢʠ 

ʇʨʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ: 

- ʉ1, ʉ2 ï ʨʦʟʜʽʣʴʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʷʢʽ ʚʽʜʜʽʣʷʶʪʴ ʩʭʝʤʫ ʚʽʜ ʜʞʝʨʝʣʘ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɽɼɾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʅ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ; 

- R1, R2 ï ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ɽʂ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ (ʬʽʢʩʫʻ) ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ (ʬʽʢʩʫʻ ʥʘʧʨʫʛʫ Uɹɽʈ); 

- Rʂ ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʨʝʟʠʩʪʦʨ ʪʨʘʥʟʠʩʪʦʨʘ VT1; 

- VT1 ï ʙʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʪʠʧʫ n-p-n, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ 

ʽʟ ʉɽ; 

- Rɽ ï ʝʤʽʪʝʨʥʠʡ ʨʝʟʠʩʪʦʨ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ɺɿɿ ʟʘ ʧʦʩʪʽʡʥʠʤ 

ʩʪʨʫʤʦʤ, ʪʦʤʫ ʱʦ ʟʤʽʥʥʫ ʩʢʣʘʜʦʚʫ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʰʫʥʪʫʻ 

ʢʦʥʜʝʥʩʘʪʦʨ ʉɽ; 

- ʉɽ ï ʢʦʥʜʝʥʩʘʪʦʨ, ʷʢʠʡ ʰʫʥʪʫʻ ʨʝʟʠʩʪʦʨ Rɽ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ; 

- Rʅ ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʨʝʟʠʩʪʦʨ; 

- ɽɼɾ ï ʜʞʝʨʝʣʦ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 

- Rɼɾ ï ʚʣʘʩʥʠʡ ʦʧʽʨ ʜʞʝʨʝʣʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 

- ɽʂ ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʋ ʩʭʝʤʽ ʜʽʻ ʧʦʩʣʽʜʦʚʥʠʡ (Uɹɽ = Uɹ ï 
E

RU ) ɺɿɿ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ 

(
E

RU  = Iɽ Rɽ = IʂRɽ, ʦʩʢʽʣʴʢʠ Iʂ å ɯɽ, Iɹ å 0), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ.  

ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʭʝʤʠ, ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽʡ ʢʦʥʜʝʥʩʘʪʦʨ ʉɽ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʩʭʝʤʽ ʜʽ̒  ɺɿɿ ʪʘʢʦʞ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ, ʧʨʠ ʮʴʦʤʫ, ʷʢ ʙʫʣʦ 
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ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʽʟ ɿɿ ɿɿ

ɿɿ

1
K = .

b
 ʆʩʢʽʣʴʢʠ Iʂ å ɯɽ, ʪʦ 

ɽ
ɿɿ

ʂ

R
=

R
b , ʪʦʜʽ ʂ

ɿɿ

ɽ

R
K =

R
. ɺʧʣʠʚ ɺɿɿ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʘ ʦʧʠʩʘʥʠʡ ʚʠʱʝ. 

ʇ̔ ʜ ʯʘʩ ʚʠʙʦʨʫ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʉ1, ʉ2 ʪʘ ʉɽ ʚʨʘʭʦʚʫʶʪʴ ʪʝ, ʱʦ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʻʤʥʦʩʪʽ ʥʝ ʚʧʣʠʚʘʣʠ ʫ ʩʤʫʟʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʥʘ ʨʦʙʦʪʫ ʧʽʜʩʠʣʶʚʘʯʘ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʾʭ ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʍʉ = 1/2ˊfʉ ʙʫʚ ʤʘʣʠʤ. 

ʎʷ ʫʥʽʚʝʨʩʘʣʴʥʘ ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʙʝʟ ʟʤʽʥʠ ʝʣʝʤʝʥʪʽʚ ʫ 

ʩʭʝʤʽ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʉʂ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ Rʂ ʟʘʢʦʨʦʯʫʻʪʴʩʷ, ʘ ʩʠʛʥʘʣ 

ʟʥʽʤʘʻʪʴʩʷ ʯʝʨʝʟ ʉɽ. ʊʘʢʦʞ ʮʷ ʩʭʝʤʘ ʜʦʩʠʪʴ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʘ ʫ 

ʩʭʝʤʫ ʽʟ ʉɹ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʉ1 ʟʘʟʝʤʣʶʻʪʴʩʷ, ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʉɽ ʽ 

ʟʥʽʤʘʻʪʴʩʷ ʯʝʨʝʟ ʉ2. ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Rɽ. 

2.5.2. ʈʝʞʠʤʠ (ʢʣʘʩʠ) ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʈʦʙʦʯʦʶ ʪʦʯʢʦʶ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʟʠʚʘʶʪʴ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʜʠʥʘʤʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʷʤʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʽʟ ʦʜʥʽʻʶ ʽʟ ʩʪʘʪʠʯʥʠʭ ɺɸʍ           

(ʨʠʩ. 2.16). 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʽ ʘʤʧʣʽʪʫʜʠ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢ̔ ʨʝʞʠʤʠ (ʢʣʘʩʠ) ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯʽʚ: ɸ, ɺ, 

ʉ, ɸɺ [3; 12; 20]. 

ʇʨʠʥʘʣʝʞʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʚʽʜʩʽʯʝʥʥʷ ʩʪʨʫʤʫ (ʢʫʪʘ ʚʽʜʩʽʯʝʥʥʷ) ɗ. 

ʇʽʜ ʢʫʪʦʤ ʚʽʜʩʽʯʝʥʥʷ ʨʦʟʫʤʽʶʪʴ ʧʦʣʦʚʠʥʫ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʯʝʨʝʟ 

ʪʨʘʥʟʠʩʪʦʨ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ. 

ɼʣʷ ʢʣʘʩʫ ɸ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʦʙʠʨʘʶʪʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʪʨʘʥʟʠʩʪʦʨ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʟʤʽʥʠ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (t = 2ˊ), ʪʦʙʪʦ ʢʫʪ ʚʽʜʩʽʯʝʥʥ ̫ɗ = 2ˊ/2 = ˊ. ʈʦʙʦʯʘ ʪʦʯʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʧʦʩʝʨʝʜʝʥʽ ʚʽʜʨʽʟʢʫ ɸɺ (ʨʠʩ. 2.16). 
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ʈʠʩ. 2.16. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʘ ï ʚʠʭʽʜʥʠʤʠ; ʙ ï ʚʭʽʜʥʽʡ 

ʋ ʢʣʘʩʽ ɺ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʦʙʠʨʘʶʪʴ ʥʘ ʛʨʘʥʠʮʽ 

ʦʙʣʘʩʪʽ ʚʽʜʩʽʯʝʥʥʷ ʽ ʪʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʪʠʡ ʣʠʰʝ ʧʦʣʦʚʠʥʫ ʧʝʨʽʦʜʫ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʧʨʘʮʶʻ ʽʟ ʚʽʜʩʽʯʝʥʥʷʤ ʩʪʨʫʤʫ, ʧʨʠ ʮʴʦʤʫ ʢʫʪ ʚʽʜʩʽʯʝʥʥʷ 

ɗ = ˊ/2 = 90Á 

ʋ ʢʣʘʩʽ ʉ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ 

ʚʽʜʩʽʯʝʥʥʷ ʽ ʪʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʪʠʡ ʤʝʥʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʥʽʞ ʧʦʣʦʚʠʥʘ 

ʧʝʨʽʦʜʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʨʠ ʮʴʦʤʫ ʢʫʪ ʚʽʜʩʽʯʝʥʥʷ ɗ < 90Á. 

ʋ ʢʣʘʩʽ ɸɺ ʨʦʙʦʯʘ ʪʦʯʢʘ ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʢʣʘʩʘʤʠ ɸ ʽ 

ɺ, ʧʨʠ ʮʴʦʤʫ ʢʫʪ ʚʽʜʩʽʯʝʥʥʷ ʩʢʣʘʜʘʻ 120Áé130Á. 

ɻʨʘʥʠʯʥʽ ʟʤʽʥʠ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʙʘʟʠ ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦʙ ʨʦʙʦʯʘ 

ʪʦʯʢʘ ʥʝ ʚʠʭʦʜʠʣʘ ʟʘ ʤʝʞʽ ʚʽʜʨʽʟʢʫ ɸɺ. ʇʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʝʟʠʩʪʦʨʽʚ R1 ʽ R2 

(ʨʠʩ. 2.15), ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 

ʇ ɹʈ

E -U -U
R1= ,

I +I

EK ɹEP R

                

ʇ

U +U
R2= ,

I

EɹEP R

       

ʜʝ ï Iʇ = (2é5) Iɹʈ ï ʩʪʨʫʤ ʫ ʣʘʥʮʶʟʽ ʧʦʜʽʣʴʥʠʢʘ. 
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ʇ̔ ʜ ʯʘʩ ʟʘʙʝʟʧʝʯʝʥʥ ̫ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ (ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ). ɯʟ ʮʽʻʶ ʤʝʪʦʶ ʫ 

ʝʤʽʪʝʨʥʠʡ ʣʘʥʮʶʛ ʚʚʝʜʝʥʠʡ ʨʝʟʠʩʪʦʨ Rɽ, ʥʘ ʷʢʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ɺɿɿ 

ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ 
E

RU  (ʨʠʩ. 2.15). ɼʣʷ ʫʩʫʥʝʥʥʷ ɺɿɿ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ 

(ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ) ʨʝʟʠʩʪʦʨ Rɽ ʰʫʥʪʫʶʪʴ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉɽ, ʦʧʽʨ ʷʢʦʛʦ ʥʘ ʯʘʩʪʦʪʽ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ, ʤʘʻ ʙʫʪʠ 

ʥʝʟʥʘʯʥʠʤ. 

2.5.3. ʆʜʥʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ʽʟ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ (ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ) 

ɽʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ (ɽʄʇ) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʽʜʩʠʣʶʚʘʯ ʩʪʨʫʤʫ 

ʽ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʟʘ ʩʭʝʤʦʶ ʽʟ ʩʧʽʣʴʥʠʤ 

ʢʦʣʝʢʪʦʨʦʤ (ʨʠʩ. 2.17). 

~

+-

Rɼɾ

Eɼɾ
Uɺʍ

ʉ1

R1

Eʂ

R2 Rɽ

C2

VT1

RH

Uɺʀʍ

Iɽ
Iʇ

Iʂ
ɯɹ+Iʇ Iɹ

 
ʈʠʩ. 2.17. ɽʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɽʄʇ 

ʆʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʣʶʯʘʻʪʴʩʷ ʫ ʝʤʽʪʝʨʥʠʡ ʣʘʥʮʶʛ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɽʄʇ ʤʘʻ ʚʠʩʦʢʠʡ ʚʭʽʜʥʠʡ ʽ ʤʘʣʠʡ ʚʠʭʽʜʥʠʡ ʦʧʦʨʠ. 

ʁʦʛʦ ʚʭʽʜʥʘ ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʙʽʛʘʶʪʴʩ ̫ ʟʘ ʬʘʟʦʶ ʽ ʪʨʦʭʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ (ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʪʨʦʭʠ ʤʝʥʰʝ ʚʭʽʜʥʦʾ). 

ɺʽʜʤʽʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɽʄʇ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ 
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ʫʟʛʦʜʞʝʥʥʷ (ʨʦʟʜʽʣʝʥʥʷ) ʚʠʩʦʢʦʦʤʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʽ ʥʠʟʴʢʦʦʤʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

2.5.4. ʇʽʜʩʠʣʶʚʘʯ ʥʘ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʟ n-p-ʧʝʨʝʭʦʜʘʤʠ 

ʇʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʤʦʞʥʘ ʚʢʣʶʯʘʪʠ ʚ ʧʽʜʩʠʣʶʚʘʣʴʥʫ ʩʭʝʤʫ ʪʨʴʦʤʘ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʽʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ (ʉɺ), ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ (ʉʉ) ʽ 

ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ (ʉɿ). ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʪʁʴ ʩʭʝʤʫ ʽʟ ʉɺ (ʨʠʩ. 

2.18), ʘʥʘʣʦʛʽʯʥʫ ʜʦ ʩʭʝʤʠ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʽʟ ʉɽ. 

ʇʦʯʘʪʢʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 2.19) 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ Iʉʈ ʽ ʚʽʜʧʦʚʽʜʥʦʶ ʡʦʤʫ ʧʦʩʪʽʡʥʦʶ 

ʥʘʧʨʫʛʦʶ ʥʘ ʩʪʦʮʽ Uʉɺʈ (ʜʣʷ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ Iʂʈ ʽ Uʂɽʈ). 
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ʈʠʩ. 2.18. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʽʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ 

ʉʪʨʫʤ Iʉʈ ʫ ʚʠʭʽʜʥʦʤʫ (ʩʪʽʯʥʦʤʫ) ʣʘʥʮʶʟʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ɽʉ ʽ ʧʦʯʘʪʢʦʚʦʾ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʥʘ ʟʘʪʚʦʨʽ Uɿɺʈ 

ʚʽʜô̒ ʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ (ʜʣʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʽʟ p-ʢʘʥʘʣʦʤ ï ʜʦʜʘʪʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ). ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ ʟʘʪʚʦʨʘ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʜʫʞʝ ʤʘʣʠʡ 

(ʚʭʽʜʥʠʡ ʦʧʽʨ ʇʊ ʜʫʞʝ ʚʠʩʦʢʠʡ), ʥʘʧʨʫʛʘ Uɿɺʈ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ 

ʞ ʩʘʤʦʛʦ ʩʪʨʫʤʫ Iʉʈ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʫ ʣʘʥʮʶʟʽ ʚʠʪʦʢʫ Rɺ, ʪʦʙʪʦ 

Uɿɺʈ = ïIʉʈ Rɺ. 
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ɯʉ

Uɿɺ

UCB=const

0

-Uɿɺ

-Uɿɺʈ

ɯʉʈ

 
ʈʠʩ. 2.19. ʉʪʦʢʦ-ʟʘʪʚʦʨʥʘ ɺɸʍ ʇʊ ʽʟ p-n-ʧʝʨʝʭʦʜʘʤʠ ʽ ʢʘʥʘʣʦʤ n-ʪʠʧʫ 

ʎʷ ʥʘʧʨʫʛʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ Rɿ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʟʘʪʚʦʨʘ ʽʟ ʚʽʜô̒ ʤʥʦʶ 

ʧʦʣʷʨʥʽʩʪʶ. ɿʤʽʥʶʶʯʠ Rɺ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʫʛʫ Uɿɺʈ, ʽ ʷʢ ʮʝ ʚʠʜʥʦ ʽʟ 

ʩʪʦʢʦ-ʟʘʪʚʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.19), ʟʤʽʥʶʚʘʪʠ ʩʪʨʫʤ ʩʪʦʢʫ Iʉʈ, 

ʚʩʪʘʥʦʚʣʶʶʯʠ ʥʝʦʙʭʽʜʥʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʈʝʟʠʩʪʦʨ Rɺ, ʦʢʨʽʤ ʬʫʥʢʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʩʫʚʫ ʥʘ ʟʘʪʚʦʨ, ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘ ʧʦʩʪʽʡʥʠʤ 

ʩʪʨʫʤʦʤ, ʩʪʘʙʽʣʽʟʫʶʯʠ Iʉʈ.  

ʅʘ ʨʝʟʠʩʪʦʨʽ Rɺ ʚʠʨʦʙʣʷʻʪʴʩʷ ʩʠʛʥʘʣ ɺɿɿ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ 

BR ʉ ɺU =I R .Ö         

ɺɿɿ ̒ ʧʦʩʣʽʜʦʚʥʠʤ, ʪʦʤʫ ʱʦ ʩʠʛʥʘʣ ɺɿɿ ʚʽʜʥʽʤʘʻʪʴʩʷ ʚʽʜ          

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

Bɿɺ ɿ RU =U -U .       

ʑʦʙ ʥʘ ʦʧʦʨʽ Rɺ ʥʝ ʚʠʜʽʣʷʣʘʩʷ ʥʘʧʨʫʛʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʩʪʨʫʤʫ ʩʪʦʢʫ Iʉ~ (ʮʝ ʧʨʠʚʝʣʦ ʙ ʜʦ ɺɿɿ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ), ʡʦʛʦ ʰʫʥʪʫʶʪʴ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉɺ, ʻʤʥʽʩʪʴ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʫʤʦʚʠ ʉɺ >> 1/ɤRɺ, ʜʝ ɤ ï 

ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ. 

ʈʝʟʠʩʪʦʨ Rɿ, ʱʦ ʚʢʣʶʯʝʥʠʡ ʧʘʨʘʣʝʣʴʥʦ ʚʭʽʜʥʦʤʫ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʷʢʠʡ ʜʫʞʝ ʚʝʣʠʢʠʡ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʩʫʤʽʩʥʠʡ ʽʟ ʥʠʤ ʦʧʽʨ. 

ɼʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʨʝʟʠʩʪʦʨʦʤ ʫ ʣʘʥʮʶʟʽ ʩʪʦʢʫ Rʉ, ʟ ʷʢʦʛʦ ʟʥʽʤʘʻʪʴʩʷ ʟʤʽʥʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ Rʉ << Rɿ; Rɿ å Rɺʍ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʢʘʩʢʘʜʫ ʥʘ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʚ 

ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʯʘʩʪʦʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ [3; 12; 20]: 

U C~
K =-SR ,      (2.1) 
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ʜʝ S ï ʩʪʘʪʠʯʥʘ ʢʨʫʪʠʟʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ 

ʉ ʅ
C

ʉ ʅ
~

R R
R = .

R +R

Ö
        

ɿʥʘʢ çïè ʫ ʚʠʨʘʟʽ (2.1) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʢʘʩʢʘʜ ʽʟ ʉɺ 

ʟʤʽʥʶʻ ʬʘʟʫ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ ʥʘ 180Á (ʷʢ ʫ ʧʽʜʩʠʣʶʚʘʣʴʥʦʤʫ 

ʢʘʩʢʘʜʽ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ). 

ʅʘ ʨʠʩ. 2.20 ʥʘʚʝʜʝʥʦ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʫ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʧʦʢʘʟʘʥʦ 

ʚʧʣʠʚ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ. 

t

t

-Uɿɺ

-Uɿɺ

U0ɿɺ

ɯʉ ɯʉ

ɯ0C

  
ʈʠʩ. 2.20. ɺʧʣʠʚ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ 

ʗʢ ʚʠʜʥʦ ʽʟ ʥʘʚʝʜʝʥʦʛʦ ʨʠʩʫʥʢʘ, ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʚʽʜô̒ ʤʥʦʛʦ 

ʧʽʚʧʝʨʽʦʜʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʨʫʤ ʩʪʦʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʟʤʝʥʰʫʻʪʴʩʷ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ IʉR, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʜʘʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚʠʭʦʜʽ 

ʩʭʝʤʠ, ʪʦʙʪʦ ʪʘʢʘ ʩʭʝʤʘ ʽʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ ʽʥʚʝʨʪʫʻ ʬʘʟʫ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

ʇʽʜʩʠʣʶʚʘʯʽ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʟʘʚʜʷʢʠ ʾʭ ʚʝʣʠʢʦʤʫ ʚʭʽʜʥʦʤʫ 

ʦʧʦʨʫ (ʜʝʢʽʣʴʢʘ ʄʆʤ) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʢʘʩʢʘʜʠ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʜʞʝʨʝʣʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʷʢʠʭ ʤʘʻ ʚʝʣʠʢʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ. 
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2.5.5. ʉʭʝʤʘ ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʩʪʨʫʤʦʤ ʙʘʟʠ 

ʗʢ ʟʘʟʥʘʯʘʣʦʩ ̫ʫ 2.5.1, 2.5.2, ʨʦʙʦʪʘ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. ʎʝ ʧʦʣʦʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʫ 

ʚʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʦʜʥʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ 

ɹʊ, ʱʦ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ, ʚ ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ ʙʘʟʠ I0ɹ (ʨʠʩ. 2.21). 

+ -Eʂ

Rɹ

Cʈ1

Cʈ2

Rʢ

VT1

RHU0ʂ Uɺʀʍ
Uɺʍ

I0ɹ

U0ɹ

 
ʈʠʩ. 2.21. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʩʪʨʫʤʦʤ ʙʘʟʠ 

ʇʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ ʙʘʟʠ I0ɹ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ɽʂ ʽ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʤ ʦʧʦʨʦʤ Rɹ 

0

0

ɽ -U
R = ,

ɯ

ʂ ɹ
ɹ

ɹ

        

ʜʝ U0ɹ ï ʧʦʯʘʪʢʦʚʝ ʟʤʽʱʝʥʥʷ ʥʘ ʙʘʟʽ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ U0ɹ << ɽʂ, ʪʦ ʚʝʣʠʯʠʥʘ I0ɹ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

ʂ
0ɹ

ɹ

E
ɯ .

R
º          

ʇʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ  

0ʂ 0ɹɯ = I ,bÖ          

ʜʝ ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ. 

ɿʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ Rʂ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦ ʁ

ʂ 0ʂ
ʂ

0ʂ

ɽ -U
R = ,

ɯ
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ʜʝ U0ʂ ï ʥʘʧʨʫʛʘ ʥʘ ʢʦʣʝʢʪʦʨʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʶ 

ʨʦʙʦʯʦʾ ʪʦʯʢʠ. 

ʈʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʘ, ʘʣʝ ʤʘʻ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ [20]: 

- ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ; 

- ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʦʟʢʠʜʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

2.5.6. ʉʭʝʤʘ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʙʘʟʦʚʦʶ ʥʘʧʨʫʛʦʶ 

ʉʭʝʤʘ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʙʘʟʦʚʦʶ ʥʘʧʨʫʛʦʶ (ʨʠʩ. 2.22) ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʭʝʤʦʶ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʙʘʟʦʚʠʤ ʩʪʨʫʤʦʤ ʤʝʥʰ ʯʫʪʣʠʚʘ ʜʦ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ. 

+ -Eʂ

R1

Cʈ1

Cʈ2
Rʂ

VT1

RHU0ʂɽ Uɺʀʍ
Uɺʍ

Iʇ+I0ɹ

U0ɹɽ R2

ɯʇ

ɯ0ɹ

ɯ0ɽ

ɯ0ʂ

 
ʈʠʩ. 2.22. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʙʘʟʦʚʦʶ ʥʘʧʨʫʛʦʶ 

ʅʘ ʩʭʝʤʽ ʧʨʠʡʥʷʪʽ ʪʘʢ̔ ʧʦʟʥʘʯʝʥʥʷ: 

- Iʇ ï ʩʪʨʫʤ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ +ɽʂ, ʫʪʚʦʨʝʥʠʡ ʨʝʟʠʩʪʦʨʘʤʠ R1, R2; 

- I0ɹ ï ʩʪʨʫʤ ʙʘʟʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʶ ʨʦʙʦʯʦʾ 

ʪʦʯʢʠ; 

- U0ɹɽ ï ʥʘʧʨʫʛʘ ʙʘʟʘïʝʤʽʪʝʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʶ 

ʨʦʙʦʯʦʾ ʪʦʯʢʠ; 

- I0ʂ, I0ɽ ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʩʪʽʡʥʽ ʩʢʣʘʜʦʚʽ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʽ ʩʪʨʫʤʫ 

ʝʤʽʪʝʨʘ; 

- U0ʂ ï ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʥʘʧʨʫʛʠ ʢʦʣʝʢʪʦʨïʝʤʽʪʝʨ. 

ʉʪʨʫʤ ʧʦʜʽʣʴʥʠʢʘ ʦʙʠʨʘʻʪʴʩʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

( )ʇ 0ɹɯ = 2...5 I .Ö          

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ʂ 0ɹɽ

ʇ 0ɹ

ɽ -U
R1= .

ɯ +ɯ
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0ɹɽ

ʇ

U
R2= .

ɯ
         

ʂ 0ʂ
ʂ

0ʂ

ɽ -U
R = .

ɯ
         

0ʂ 0ɹɯ =I .bÖ         

2.5.7. ʉʭʝʤʘ ʽʟ ʢʦʣʝʢʪʦʨʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ 

ʉʭʝʤʘ ʽʟ ʢʦʣʝʢʪʦʨʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ (ʨʠʩ. 2.23) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʭʝʤʠ 

ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʩʪʨʫʤʦʤ ʙʘʟʠ ʪʠʤ, ʱʦ ʨʝʟʠʩʪʦʨ Rɹ ʧʽʜʢʣʶʯʝʥʠʡ ʥʝ ʜʦ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ, ʘ ʜʦ ʢʦʣʝʢʪʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ. 
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ʈʠʩ. 2.23. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʢʦʣʝʢʪʦʨʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ 

ʋ ʩʭʝʤʽ ʜʽʻ ʧʘʨʘʣʝʣʴʥʠʡ ɺɿɿ ʟʘ ʥʘʧʨʫʛʦʶ: Iɹ = (Iɺʍ ï Iɿɿ), Iɿɿ = f(Uʂɽ), 

ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ. ʗʢʱʦ 

ʯʝʨʝʟ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, Iʂ, ʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʧʘʜ 

ʥʘʧʨʫʛʠ ʥʘ Rʂ, ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʧʨʫʛʘ Uʂɹ, ʽ ʩʪʨʫʤ ʙʘʟʠ Iɹ. ɿʤʝʥʰʝʥʥʷ ʩʪʨʫʤʫ 

Iɹ ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ Iʂ (Iʂ = ɓIɹ), ʷʢʠʡ ʧʨʷʤʫʻ ʜʦ ʩʚʦʛʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ I0ʂ ʽ U0ʂ ʟʤʽʥʶʶʪʴʩʷ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʦ. 

2.5.8. ʌʘʟʦ-ʽʥʚʝʨʩʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʌʘʟʦ-ʽʥʚʝʨʩʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ʨʠʩ. 2.24) ʬʦʨʤʫʻ ʜʚʽ ʥʘʧʨʫʛʠ ʨʽʚʥʽ ʟʘ 

ʚʝʣʠʯʠʥʦʶ, ʘʣʝ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʬʘʟʦʶ. 
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ʈʠʩ. 2.24. ʉʭʝʤʘ ʬʘʟʦ-ʽʥʚʝʨʩʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ Uɺʀʍ1, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʢʦʣʝʢʪʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ VT1, 

ʤʘʻ ʧʦʣʷʨʥʽʩʪʴ, ʧʨʦʪʠʣʝʞʥʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ Uɺʍ ʽ ʚʠʭʽʜʥʽʡ ʥʘʧʨʫʟʽ Uɺʀʍ2, 

ʷʢʘ ʟʥʽʤʘʻʪʴʩʷ ʟ ʝʤʽʪʝʨʘ ʪʨʘʥʟʠʩʪʦʨʘ VT1. 

2.5.9. ʇʽʜʩʠʣʶʚʘʯ ʥʘʧʨʫʛʠ ʥʘ ʤʝʪʘʣïʦʢʩʠʜïʥʘʧʽʚʧʨʦʚʽʜʥʠʢïʧʦʣʴʦʚʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʽ 

ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʧʨʫʛʠ ʥʘ ʄʆʅ-ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʽʟ 

ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ n-ʪʠʧʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.25. 
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ʈʠʩ. 2.25. ʇʽʜʩʠʣʶʚʘʯ ʥʘʧʨʫʛʠ ʥʘ ʄʆʅ-ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ʇʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ɽʉ, ʚʠʢʦʥʘʥʠʡ ʥʘ ʨʝʟʠʩʪʦʨʘʭ R1, R2, ʟʘʜʘʻ 

ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ U0ɿɺ, ʪʦʙʪʦ ʬʽʢʩʫʻ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʧʦʩʪʽʡʥʠʤ 

ʩʪʨʫʤʦʤ (ʨʠʩ. 2.26). 
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ʈʠʩ. 2.26. ɺʧʣʠʚ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ 

 

ɼʘʥʘ ʩʭʝʤʘ ʽʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ ʽʥʚʝʨʪʫʻ ʬʘʟʫ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

2.5.10. ɽʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ ʥʘ ʩʢʣʘʜʝʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ʉʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʙʘʟʠ [3; 11]. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ, ʟô̒ ʜʥʘʥʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 2.27). 
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ʈʠʩ. 2.27. ʉʭʝʤʘ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

 

ʂʦʣʝʢʪʦʨʠ ʜʚʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʽ VT2 ʩʧʦʣʫʯʝʥʽ ʨʘʟʦʤ ʽ ʫʪʚʦʨʶʶʪʴ 

ʢʦʣʝʢʪʦʨ (ʂ) ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʦ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʘ VT2 ʧʨʠʻʜʥʘʥʠʡ 

ʝʤʽʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ VT1. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ʽ ʝʤʽʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ VT2 ʻ 

ʚʽʜʧʦʚʽʜʥʦ ʩʧʽʣʴʥʦʶ ʙʘʟʦʶ (ɹ) ʽ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ (ɽ) ʩʢʣʘʜʝʥʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ. 

ɼʣʷ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʩʧʨʘʚʝʜʣʠʚʽ ʪʘʢ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʂ1 1 ɹ1I = IbÖ ,         

1 ɹ2 1I =I Iɽ ʂº ,      (2.2) 

2 2 2 2 1 2 ʂ1 1 2 1I = I = I = I = I .ʂ ɹ ɽ ɹb b b b bÖ Ö Ö Ö Ö      

ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʙʘʟʠ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʂ2 1 2 ɹ1
1 2

ɹ1 ɹ1

I I
= = = ,

I I

b b
b b b

Ö Ö
Ö       

ʪʦʙʪʦ ʨʽʚʥʠʡ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʦʢʨʝʤʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

VT1 ʽ VT2. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ (2.2), ʪʨʘʥʟʠʩʪʦʨ VT2 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʪʫʞʥʽʰʠʤ. 

ʅʘ ʨʠʩ. 2.28 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ɼʘʨʣʽʥʛʪʦʥʘ, ʚ ʷʢʽʡ ʷʢ ʙʽʧʦʣʷʨʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʝʤʽʪʝʨʥʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ ʟʘʩʪʦʩʦʚʘʥʠʡ ʩʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ. 
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ʈʠʩ. 2.28. ʉʭʝʤʘ ʝʤʽʪʝʨʥʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘ ʩʢʣʘʜʝʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʮʽʡ ʩʭʝʤʽ ʜʘʻ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʽ ʟʙʽʣʴʰʫʻ ʚʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ. 

2.5.11. ʇ̔ ʜʩʠʣʶʚʘʯ ʽʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʽʜʩʠʣʝʥʥʷ  

ʇʽʜʩʠʣʶʚʘʯ ʽʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʽʜʩʠʣʝʥʥʷ (ɸʈʇ)       

(ʨʠʩ. 2.29) ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʻ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʘʢ, ʱʦʙ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. 
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ʅʘ ʨʠʩ. 2.29 ʧʨʠʡʥʷʪʽ ʪʘʢ̔ ʧʦʟʥʘʯʝʥʥʷ: 

- Uɽʊ ï ʝʪʘʣʦʥʥʘ (ʟʨʘʟʢʦʚʘ) ʧʦʩʪʽʡʥʘ ʥʘʧʨʫʛʘ; 

- ~Uɺʍ; ~Uɺʀʍ ï ʚʽʜʧʦʚʽʜʥʦ ʚʭʽʜʥʘ ʽ ʚʠʭʽʜʥʘ ʟʤʽʥʥʘ ʥʘʧʨʫʛʠ; 

- ʂʅʇ ï ʢʝʨʦʚʘʥʠʡ ʥʘʧʨʫʛʦʶ ʧʽʜʩʠʣʶʚʘʯ; 

- ɼʊ ï ʜʝʪʝʢʪʦʨ (ʚʠʧʨʷʤʣʷʯ) ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ; 

- ɯʉʇ ï ʽʥʪʝʛʨʘʪʦʨ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ. 
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ʈʠʩ. 2.29. ʉʪʨʫʢʪʫʨʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɸʈʇ 

ʗʢʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʤʠʣʢʦʚʽ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʱʦʜʦ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʪʦ ʟʤʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʜʝʪʝʢʪʦʨʘ 

(ʚʠʧʨʷʤʣʷʯʘ). ʎʷ ʥʘʧʨʫʛʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʝʪʘʣʦʥʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚ ɯʉʇ, ʷʢʠʡ 

ʚʠʨʦʙʣʷʻ ʢʝʨʫʚʘʣʴʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʂʅʇ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ, ʧʨʠ 

ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʂʅʇ ʜʦʪʠ, ʧʦʢʠ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʫ ʧʦʩʪʽʡʥʠʡ ʥʝ ʩʪʘʥʝ ʨʽʚʥʦʶ ʟʘʜʘʥʦʤʫ 

ʝʪʘʣʦʥʥʦʤʫ ʟʥʘʯʝʥʥʶ. 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʯʘʩ ʨʝʘʢʮʽʾ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɸʈʇ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, 

ʚʘʨʽʶʶʯʠ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʽʥʪʝʛʨʘʪʦʨʘ. ɿʘʪʨʠʤʢʘ ɸʈʇ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʦʶ, ʱʦʙ ʥʝ ʚʠʢʣʠʢʘʪʠ ʥʝʧʦʪʨʽʙʥʫ ʨʝʘʢʮʽʶ ʥʘ ʢʦʨʦʪʢʦʯʘʩʥʽ ʚʠʧʘʜʢʦʚʽ 

ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʯʘʩ ʨʝʘʢʮʽʾ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʫʞʝ 

ʚʝʣʠʢʠʤ, ʱʦʙ ʥʝ ʚʠʢʣʠʢʘʪʠ ʥʘʜʤʽʨʥʽ ʟʘʪʨʠʤʢʠ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʩʭʝʤʠ ʽʟ ɸʈʇ (ʨʠʩ. 2.30). 
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ʈʠʩ. 2.30. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɸʈʇ 

ɼʽʦʜ VD1 ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʧʨʦʩʪʦʛʦ ʦʜʥʦʥʘʧʽʚʧʝʨʽʦʜʥʦʛʦ 

ʚʠʧʨʷʤʣʷʯʘ (ʜʝʪʝʢʪʦʨʘ) ʽ ʧʨʦʧʫʩʢʘʻ ʚʽʜô̒ ʤʥʽ ʥʘʧʽʚʧʝʨʽʦʜʠ ʚʠʭʽʜʥʦʾ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. ʉʪʘʙʽʣʽʪʨʦʥ VD2 ʟʘʜʘʻ ʨʽʚʝʥʴ ʝʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʷʢʝ ʜʦʨʽʚʥʶʻ ʡʦʛʦ ʥʘʧʨʫʟʽ ʧʨʦʙʦʶ. ʇʽʜ ʯʘʩ ʧʝʨʝʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʧʨʦʙʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ, 

ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʘʙʽʣʽʪʨʦʥ. ʂʦʥʜʝʥʩʘʪʦʨ ʉ1 ʨʘʟʦʤ ʽʟ ʨʝʟʠʩʪʦʨʘʤʠ R3, 

R4 ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʽʥʪʝʛʨʘʪʦʨʘ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ. 

ʗʢ ʂʅʇ ʚ ʮ̔ ʡ ʩʭʝʤʽ ʟʘʩʪʦʩʦʚʘʥʠʡ ʥʝʽʥʚʝʨʪʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ 

ʧʽʜʩʠʣʶʚʘʯ (ʆʇ), ʨʦʙʦʪʘ ʷʢʦʛʦ ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʚ ʧ̔ ʜʨʦʟʜ. 2.7.5. ʂʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʮʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

2
(1 )ʂʅʇ

ʉɺ

R
K

R
= + ,     (2.3) 

ʜʝ Rʉɺ ï ʦʧʽʨ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ʽʟ p-n-ʧʝʨʝʭʦʜʘʤʠ ʽ ʢʘʥʘʣʦʤ n-ʪʠʧʫ. 

ʂʝʨʫʚʘʣʴʥʘ ʚʽʜô̒ ʤʥʘ ʥʘʧʨʫʛʘ Uʂɽʈ ʽʟ ʻʤʥʦʩʪʽ ʉ1 ʧʦʜʘʻʪʴʩʷ ʥʘ ʟʘʪʚʦʨ 

VT1. ʇʽʜ ʯʘʩ ʟʤʽʥʠ Uʂɽʈ ʟʤʽʥʶʻʪʴʩʷ ʰʠʨʠʥʘ ʢʘʥʘʣʫ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʡʦʛʦ ʦʧʽʨ ʩʪʽʢïʚʠʪʽʢ Rʉɺ, ʽ ʦʪʞʝ ʟʤʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ (2.3). ʑʦʙ ʫʥʠʢʥʫʪʠ ʩʧʦʪʚʦʨʝʥʴ, ʧʦʣʴʦʚʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʥʘ ʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ ɺɸʍ. 

ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʨʽʚʝʥʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʙʽʣʴʰʠʪʴʩʷ ʽ ʧʝʨʝʚʠʱʠʪʴ 

ʥʘʧʨʫʛʫ ʧʨʦʙʦʶ VD2, ʪʦ ʥʘ ʟʘʪʚʦʨʽ Vʊ1 ʬʦʨʤʫʻʪʴʩʷ ʚʽʜô̒ ʤʥʘ ʥʘʧʨʫʛʘ Uʂɽʈ, 
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ʷʢʘ ʟʙʽʣʴʰʫʻ Rʉɺ; ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʂʂʅʇ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʚʝʜʝ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

2.6. ʇ̔ ʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

2.6.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧ̔ ʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʇʇʉ) ʚʽʜ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʠʞʥʷ ʤʝʞʘ ʾʭ ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥʷ fʅ.ɻʈ ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ʨʠʩ. 2.31). 

K

K0

0.707K0

0 fʅ.ɻʈ=0 fɺ.ɻʈ f
 

ʈʠʩ. 2.31. ɸʏʍ ʇʇʉ 

ʊʦʤʫ ʇʇʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʧʦʩʪʽʡʥʠʭ ʟʘ ʨʽʚʥʝʤ, ʘʙʦ ʪʘʢʠʭ, ʱʦ ʧʦʚʦʣʽ ʟʤʽʥʶʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ ʚ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʆʇ. 

ʇ̔ ʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʇʇʉ ʻʤʥʽʩʥʠʡ ʘʙʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʡ ʟʚô̫ ʟʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʤʦʞʥʘ. ɼʣʷ ʟô̒ ʜʥʘʥʥʷ 

ʦʢʨʝʤʠʭ ʢʘʩʢʘʜʽʚ ʧʽʜʩʠʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʛʘʣʴʚʘʥʽʯʥʠʡ ʟʚô̫ ʟʦʢ, 

ʪʦʤʫ ʇʇʉ ʱʝ ʥʘʟʠʚʘʶʪʴ ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʽʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʟʚô̫ ʟʢʦʤ; ʧʨʠ 

ʮʴʦʤʫ ʚʠʭʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʘʩʢʘʜʫ ʦʤʽʯʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʽʟ ʚʭʦʜʦʤ ʥʘʩʪʫʧʥʦʛʦ. 

ʆʩʢʽʣʴʢʠ ʚ ʣʘʥʮʶʛʘʭ ʟʚô̫ ʟʢʫ ʇʇʉ ʚʽʜʩʫʪʥʽ ʨʝʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ (ʥʘʧʨʠʢʣʘʜ, 

ʨʦʟʜʽʣʴʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ ʽʟ ʨʝʦʩʪʘʪʥʦ-ʻʤʥʽʩʥʠʤ ʟʚô̫ ʟʢʦʤ), ʪʦ 

ʯʝʨʝʟ ʧʽʜʩʠʣʶʚʘʯ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ, ʱʦ 

ʧʽʜʩʠʣʶʻʪʴʩʷ, ʽ ʩʠʛʥʘʣ ʟʘʚʘʜʠ. ʎʝʡ ʩʠʛʥʘʣ ʤʦʞʝ ʟô̫ ʚʠʪʠʩʷ ʥʘ ʚʭʦʜʽ ʧʽʜ 



 

111 

 

ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʯʠʥʥʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʱʦ. ʂʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʽ ʩʠʛʥʘʣ ʟʘʚʘʜʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʦʜʥʘʢʦʚʠʡ ʘʙʦ ʙʣʠʟʴʢʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʫ ʯʘʩʽ. 

ʅʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʪʘʢʽ ʩʠʛʥʘʣʠ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʽ ʨʦʟʨʽʟʥʠʪʠ ʾʭ 

ʥʝʤʦʞʣʠʚʦ, ʱʦ ʩʪʚʦʨʶʻ ʧʦʤʠʣʢʦʚʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʽʡʩʥʠʡ ʧʽʜʩʠʣʝʥʠʡ 

ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ. 

ɼʦʚʽʣʴʥʽ ʟʤʽʥʠ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ, ʥʝ ʧʦʚô̫ ʟʘʥʽ ʟʽ ʟʤʽʥʘʤʠ 

ʚʭʽʜʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʦʙʫʤʦʚʣʝʥʽ ʚʥʫʪʨʽʰʥʽʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʜʨʝʡʬʦʤ ʥʫʣʷ ʇʇʉ. 

ɿʥʘʯʝʥʥʷ ʜʨʝʡʬʫ ʦʮʽʥʶʶʪʴ ʟʘ ʟʤʽʥʦʶ ʨʽʚʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʨʝʡʬʫ 

ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ɼʈ ɼʈmax ɼʈminU =U -U       

ʧ̔ ʜ ʯʘʩ ʥʝʟʤʽʥʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (Uɺʍ = const). 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥ ̫ ʨʽʟʥʠʭ ʇʇʉ ʟʘ ʟʥʘʯʝʥʥʷʤ ʜʨʝʡʬʫ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʷʪʪʷʤ ʜʨʝʡʬʫ ʥʫʣʷ, ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʚʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ, 

ɼʈmax ɼʈmin

U

U -U
d= ,

K
        

ʜʝ KU ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʇʇʉ ʟʘ ʥʘʧʨʫʛʦʶ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʭʦʜʘʤʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʨʝʡʬʫ ʥʫʣʷ ʻ: ʞʦʨʩʪʢʘ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɿɿ; ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʣʘʥʩʥʠʭ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʩʭʝʤ ʇʇʉ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽʟ ʥʝʣʽʥʽʡʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʜʨʝʡʬʫ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʇʉ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʟʤʽʥʥʠʡ, 

ʪʦʱʦ. 

ʅʘʡʚʘʞʣʠʚʽʰʽ ʧʘʨʘʤʝʪʨʠ ʇʇʉ: ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʚʭʽʜʥʠʡ ʽ 

ʚʠʭʽʜʥʠʡ ʦʧʦʨʠ, ʜʨʝʡʬ ʥʫʣʴʦʚʦʛʦ (ʧʦʯʘʪʢʦʚʦʛʦ) ʨʽʚʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ, ʪʦʱʦ. ɺʝʨʭʥʷ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʇʇʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʝʟ ʚʞʠʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ. 

ʇʇʉ ʙʫʜʫʶʪʴ ʟʘ ʜʚʦʤʘ ʧʨʠʥʮʠʧʘʤʠ: 

ï  ʇʇʉ ʽʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʟʚô̫ ʟʢʘʤʠ (ʧʨʷʤʦʛʦ ʧʽʜʩʠʣʝʥʥʷ); 

ï  ʇʇʉ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʟʤʽʥʥʠʡ (ʇʇʉ ʥʘ ʥʝʩʫʯʽʡ 

ʯʘʩʪʦʪʽ). 

ʇ̔ ʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽʟ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʟʚô̫ ʟʢʘʤʠ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʫʚʘʪʠ ʪʨʠ ʧʠʪʘʥʥʷ, ʙʝʨʫʯʠ ʟʘ 

ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ ʇʇʉ ʢʘʩʢʘʜʠ ʚʽʜʦʤʠʭ RC-ʧʽʜʩʠʣʶʚʘʯʽʚ: 
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- ʷʢ ʧʦʛʦʜʠʪʠ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʚʭʦʜʦʤ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʱʦʙ ʥʝ ʟʤʽʥʠʪʠ ʡʦʛʦ ʨʝʞʠʤ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ; 

- ʷʢ ʫʟʛʦʜʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʚʠʭʦʜʦʤ ʧʽʜʩʠʣʶʚʘʯʘ; 

- ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚô̫ ʟʘʪʠ ʢʘʩʢʘʜʠ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ʎ ̔ ʧʨʦʙʣʝʤʠ ʚʠʨʽʰʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʇʇʉ. 

2.6.2. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʢʘʩʢʘʜʠ ʚʽʜʥʦʩʷʪʴ ʜʦ ʙʘʣʘʥʩʥʠʭ (ʤʦʩʪʦʚʠʭ) ʩʭʝʤ 

ʇʇʉ, ʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʫ [3; 11; 20]. ʎʽ ʩʭʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʜʨʝʡʬʫ ʥʫʣʷ, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ ʟʤʽʥʦʶ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʢʘʩʢʘʜʠ (ʨʠʩ. 2.32) ʤʘʶʪʴ ʜʚʘ 

ʚʭʦʜʠ ʽ ʜʚʘ ʚʠʭʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʧʽʜʩʠʣʶʚʘʯʽ, ʱʦ ʽʥʚʝʨʪʫʶʪʴ ʘʙʦ 

ʥʝ ʽʥʚʝʨʪʫʶʪʴ. 

+ɽʂ

ɽɺʍ1 ɽɺʍ2

ɯɽ1 ɯɽ2

ɯʂ1 ɯʂ2
ɺʍ1 ɺʍ 2

Rʂ1 Rʂ2

Rɺʅ1 Rɺʅ2

Rɺʅ

Rɽ

ɯɽ

VT1 VT2

-ɽɽ

Uɺʀʍ2Uɺʀʍ1

ɽɺʍ(+)

(-) (+)

(-)

Rʥ

ʈʠʩ. 2.32. ʉʭʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʇʇʉ  

ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʇʇʉ (ɼʇʇʉ) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʘʣʘʥʩʥʠʡ ʇʇʉ ʽʟ 

ʜʞʝʨʝʣʦʤ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʨʫʤʫ ʫ ʣʘʥʮʶʛʫ ʝʤʽʪʝʨʘ (Iɽ), ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ (ïɽɽ) ʽ ʨʝʟʠʩʪʦʨʦʤ ʚ 

ʝʤʽʪʝʨʥʦʤʫ ʣʘʥʮʶʟʽ Rɽ. 

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʧʨʫʛʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ 

ʣʠʰʝ ʥʘ ʦʜʠʥ ʚʭʽʜ (ɽɺʍ1 = 0 ʘʙʦ ɽɺʍ2 = 0). ʅʘʧʨʫʛʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʟʥʽʤʘʻʪʴʩʷ ʘʙʦ ʤʽʞ ʢʦʣʝʢʪʦʨʘʤʠ ʪʨʘʥʟʠʩʪʦʨʽʚ (ʩʠʤʝʪʨʠʯʥʠʡ ʚʠʭʽʜ), ʘʙʦ ʽʟ 

ʢʦʣʝʢʪʦʨʘ ʦʜʥʦʛʦ ʽʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʽʜʥʦʩʥʦ ʩʧʽʣʴʥʦʛʦ ʜʨʦʪʫ      

(ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʚʠʭʽʜ). 
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ʆʧʽʨ Rɽ ʤʘʻ ʙʫʪʠ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤ ʽ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʠʭʽʜʥʠʡ 

ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ɼʇʇʉ  ̒ ʟʜʘʪʥʽʩʪʴ ʚʠʩʦʢʦʛʦ ʧʽʜʩʠʣʝʥʥʷ 

ʨʽʟʥʠʮʝʚʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɽɺʍ1 ï ɽɺʍ2 (ʢʦʣʠ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʧʨʦʪʠʬʘʟʥʽ 

(ʨʽʟʥʦʧʦʣʨ̫ʥʽ) ʘʙʦ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ); ʧʨʠ ʮʴʦʤʫ ʧʽʜʩʠʣʶʚʘʯ ʟʥʘʯʥʦ 

ʧʦʩʣʘʙʣʶʻ ʦʜʥʘʢʦʚʠʡ (ʩʠʥʬʘʟʥʠʡ) ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʤ ʯʘʩʪʦ  ̒ ʨʽʟʥʦ-   

ʤʘʥʽʪʥʽ ʟʘʚʘʜʠ. 

ʋ ʨʘʟʽ ʩʠʤʝʪʨʠʯʥʠʭ ʧʣʝʯʝʡ ʩʭʝʤʠ (ʪʨʘʥʟʠʩʪʦʨʠ ʽʜʝʥʪʠʯʥʽ, Rʂ1 = Rʂ2 = 

Rʂ) ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ɽɺʍ1 = ɽɺʍ2 = 0 ɼʇʇʉ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʽ 

ʥʘʧʨʫʛʘ ʤʽʞ ʢʦʣʝʢʪʦʨʘʤʠ (ʥʘ ʚʠʭʦʜʽ) ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʚ ʨʝʞʠʤʽ ʩʧʦʢʦʶ ʥʘʧʨʫʛʘ ʝʤʽʪʝʨʽʚ ʫ ʩʪʘʥʽ                

ʩʧʦʢʦʶ ʩʪʘʥʦʚʠʪʴ 

Uɽʉ1 = Uɽʉ2 = ( ïɽɽ + ( Iɽʉ1 + Iɽʉ2 ) Rɽ ) < 0; Iɽʉ1 = Iɽʉ2; Iʂʉ1 = Iʂʉ2; Uʂʉ1= Uʂʉ2; 

Uɺʀʍ = Uʂʉ2 ï Uʂʉ1 = 0. 

ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʦ Iɽʉ1, Iɽʉ2 ʟʨʦʩʪʘʶʪʴ, ʥʘʧʨʫʛʠ 

Uɽʉ1, Uɽʉ2 ʩʪʘʶʪʴ ʤʝʥʰ ʚʽʜô̒ ʤʥʠʤʠ (ʙʽʣʴʰ ʜʦʜʘʪʥʠʤʠ), ʪʨʘʥʟʠʩʪʦʨʠ VT1, 

VT2 ʟʘʢʨʠʚʘʶʪʴʩʷ, ʩʪʨʫʤʠ Iʂ1, Iʂ2 ʟʤʝʥʰʫʶʪʴʩʷ. ʉʪʨʫʤ ʝʤʽʪʝʨʘ Iɽʉ = (Iɽʉ1 + 

Iɽʉ2) ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ (Rɽ ï ʚʝʣʠʢʝ). ɹʫʜʴ-ʷʢʽ ʩʠʤʝʪʨʠʯʥʽ ʟʤʽʥʠ ʫ ʩʭʝʤʽ 

ʟʚʦʜʷʪʴ ʜʨʝʡʬ ʥʫʣʷ ʜʦ ʥʫʣʷ. ʇʦʨʽʚʥʷʥʦ ʽʟ ʟʚʠʯʘʡʥʠʤ ʇʇʉ ʜʨʝʡʬ ʥʫʣʷ 

ʟʥʠʞʫʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʩʠʣʶʚʘʪʠ ʤʝʥʰʽ ʨʽʚʥʽ 

ʚʭʽʜʥʠʭ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ Iɽʉ ʨʦʟʜʽʣʷʻʪʴʩʷ ʤʽʞ ʧʣʝʯʠʤʘ ɼʇʇʉ ʥʘʚʧʽʣ, ʪʦ 

ʧʦʪʝʥʮʽʘʣʠ ʢʦʣʝʢʪʦʨʽʚ ʦʙʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʜʥʘʢʦʚʽ ʽ ʨʽʚʥʽ (ʨʠʩ. 2.33) 

( )ʂ ɽʉ ʂ

ʂC ɺʀʍ1 ɺʀʍ2

ɽ - I R
U =U =U = .

2

Ö
      

ʗʢʱʦ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t1 ʥʘ ʚʭʽʜ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ʧʦʩʪʫʧʠʚ ʜʦʜʘʪʥʠʡ 

ʩʠʛʥʘʣ ɽɺʍ1 > 0 ʟʘ ɽɺʍ2 = 0, ʪʦ ʥʘ ʚʠʭʦʜʽ ʣʽʚʦʛʦ ʧʣʝʯʘ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ̒ 

ʧʽʜʩʠʣʶʚʘʣʴʥʠʤ ʢʘʩʢʘʜʦʤ ʥʘ ɹʊ ʪʠʧʫ n-p-n ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ, ʟô̫ ʚʠʪʴʩʷ 

ʧʨʠʨʽʩʪ ʧʽʜʩʠʣʝʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ Uɺʀʍ1 ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʣʷʨʥʦʩʪʽ: ï

ȹUɺʀʍ1 (ʽʥʚʝʨʪʦʚʘʥʠʡ ʩʠʛʥʘʣ, ʷʢ ʫ ʩʭʝʤʽ ʽʟ ʉɽ). 

ʆʜʥʦʯʘʩʥʦ ʥʘ ʝʤʽʪʝʨʥʦʤʫ ʨʝʟʠʩʪʦʨʽ Rɽ ʟô̫ ʚʣʷʻʪʴʩʷ ʜʦʜʘʪʥʠʡ ʧʨʠʨʽʩʪ 

ȹURE, ʨʽʚʥʠʡ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʨʠʨʦʩʪʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɽɺʍ1. ʎʝʡ ʧʨʠʨʽʩʪ 

ʧʦʩʪʫʧʘʻ ʥʘ ʝʤʽʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ VT2, ʧʨʠʟʘʢʨʠʚʘʻ ʡʦʛʦ, ʽ ʚʠʟʠʚʘʻ ʧʦʷʚʫ ʥʘ 

ʢʦʣʝʢʪʦʨʽ VT2 ʧʨʠʨʽʩʪ ʧʽʜʩʠʣʝʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʜʘʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ 

(+ȹUɺʀʍ2). ɿʤʽʥʘ Uɺʀʍ2 ʩʠʥʬʘʟʥʘ ʟʽ ʟʤʽʥʦʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɽɺʍ1, ʧʨʠ ʮʴʦʤʫ 

ʧʨʠʨʽʩʪ Uɺʀʍ2 ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʧʨʠʨʦʩʪʫ Uɺʍ1. 
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ʇ̔ ʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ɽɺʍ1 ʩʪʨʫʤ Iʂ1 ʟʙʽʣʴʰʫʻʪʴʩʷ, Uʂ1 = Uɺʀʍ1 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ, ʥʘʚʧʘʢʠ, ʩʪʨʫʤ ɯʂ2 ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʥʘʧʨʫʛʘ Uʂ2 = Uɺʀʍ2 

ʟʙʽʣʴʰʫʻʪʴʩʷ (ʜʽʣʷʥʢʘ t1é t2 ʥʘ ʨʠʩ. 2.33). ʋ ʤʦʤʝʥʪ t2 ʩʪʨʫʤ ʪʨʘʥʟʠʩʪʦʨʘ 

VT1 ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ɯɽmax, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʞʝʨʝʣʦʤ ɽɽ ʽ ʦʧʦʨʦʤ Rɽ (ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ), ʘ ʩʪʨʫʤ ʪʨʘʥʟʠʩʪʦʨʘ VT2 = 0. 

ʅʘʧʨʫʛʘ Uɺʀʍ2 = Uɺʀʍ2max = ɽʂ, ʥʘʧʨʫʛʘ Uɺʀʍ1 = Uɺʀʍ1mʽn = ɽʂ ï Iɽmax RK, ʘ 

ʨʽʟʥʠʮʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ Uɺʀʍ2 ï Uɺʀʍ1 = Iɽmax RK. 
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ʈʠʩ. 2.33. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ʨʦʙʦʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʇʇʉ 

ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʥʘ ʦʙʠʜʚʘ ʚʭʦʜʠ, 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʽʞ ʚʭʦʜʘʤʠ ʧʦʚʠʥʥʽ ʧʨʠʢʣʘʜʘʪʠʩʷ ʨʽʟʥʦʧʦʣʷʨʥʽ ʩʠʛʥʘʣʠ (ʘʙʦ 

ʩʠʛʥʘʣʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ). ʇʨʠ ʮʴʦʤʫ ʩʭʝʤʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʟʥʽʤʘʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʽʟ ʚʠʭʦʜʫ ʪʨʘʥʟʠʩʪʦʨʘ VT2, ʘ 

ʥʘ ʚʭʦʜʠ ʙʫʜʫʪʴ ʧʦʜʘʚʘʪʠʩʷ ʨʽʟʥʦʧʦʣʷʨʥʽ (ʨʽʟʥʦʨʽʚʥʝʚʽ) ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ. ʊʦʜʽ 

ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ, ʪʦʤʫ ʪʘʢʠʡ 

ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʢʘʩʢʘʜ ʥʘʟʠʚʘʶʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ. 

ʗʢʱʦ Uɺʍ2 ʙʽʣʴʰ ʜʦʜʘʪʥʘ, ʥʽʞ Uɺʍ1, ʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʽʜô̒ ʤʥʠʡ, ʘ 

ʷʢʱʦ Uɺʍ2 ʙʽʣʴʰ ʚʽʜô̒ ʤʥʘ, ʥʽʞ Uɺʍ1, ʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʦʜʘʪʥʠʡ. ʊʦʤʫ ʫ 

ʨʘʟʽ ʟʥʷʪʪ ̫ Uɺʀʍ ʽʟ VT2 ʚʭʽʜ Uɺʍ2 ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʚʝʨʪʫʶʯʠʤ, ʘ ʚʭʽʜ Uɺʍ1 ï 

ʥʝʽʥʚʝʨʪʫʶʯʠʤ. 

ʇ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʦʙʠʜʚʘ ʚʭʦʜʠ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘʚʘʜʠ) ʫ ʚʠʧʘʜʫ ʽʜʝʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ɽɽ (Rɽ Ÿ Ð) ʩʠʛʥʘʣ 
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ʥʘ ʚʠʭʦʜʽ ʚʽʜʩʫʪʥʽʡ. ʆʩʢʽʣʴʢʠ ʫ ʨʝʘʣʴʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʨʝʟʠʩʪʦʨ ʤʘʻ ʢʽʥʮʝʚʝ 

ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ (ʭʦʯʘ ʽ ʚʝʣʠʢʝ), ʪʦ ʧ̔ʜ ʯʘʩ ʜʽʾ ʥʘ ʚʭʦʜʘʭ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ 

ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʟô̫ ʚʠʪʴʩʷ ʥʝʚʝʣʠʢʘ ʥʘʧʨʫʛʘ ʨʦʟʙʘʣʘʥʩʫ ȹɽʉʌ, ʷʢʘ 

ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʽʟ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ, ʩʧʦʪʚʦʨʶʶʯʠ ʦʩʪʘʥʥʽʡ. ʊʦʤʫ ɼʇʇʉ 

ʪʠʤ ʷʢʽʩʥʽʰʠʡ, ʯʠʤ ʤʝʥʰʠʡ ʨʽʟʥʠʮʝʚʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʽʥ ʤʦʞʝ ʨʦʟʨʽʟʥʷʪʠ 

ʥʘ ʬʦʥʽ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʛʦ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʚʠʟʠʚʘʻʪʴʩʷ ʚʧʣʠʚʦʤ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ. 

ʋ ʩʫʯʘʩʥʠʭ ɼʇʇʉ ʷʢ ʜʞʝʨʝʣʘ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʨʫʤʫ ɯɽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʥʟʠʩʪʦʨ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ (ʨʠʩ. 2.34). 
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Uɺʀʍ2Uɺʀʍ1

 
ʈʠʩ. 2.34. ʉʭʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʇʇʉ ʽʟ ɹʊ, ʷʢ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʊʨʘʥʟʠʩʪʦʨ, ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ,  ̒ ʭʦʨʦʰʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʩʪʨʫʤʫ, ʦʩʢʽʣʴʢʠ ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʩʢʣʘʜʘʻ ʩʦʪʥʽ ʢʽʣʦʦʤ. 

ʇʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʝʟʠʩʪʦʨʽʚ R2, R3 ʽ ʜʽʦʜʘ VD1, 

ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʘ VT3, ʷʢʠʡ ʥʘ 1 ɺ ʚʠʱʝ ʧʦʪʝʥʮʽʘʣʫ ʣʽʥʽʾ 

ʚʽʜô̒ ʤʥʦʛʦ ʞʠʚʣʝʥʥʷ (ïɽɽ). 

ɺʽʜʥʽʤʘʶʯʠ 0,6 ɺ, ʷʢʽ ʧʨʠʙʣʠʟʥʦ ʧʦʚʠʥʥʽ ʩʧʘʜʘʪʠ ʥʘ ʧʝʨʝʭʦʜʽ ʙʘʟʘï

ʝʤʽʪʝʨ VT3, ʦʪʨʠʤʫʻʤʦ, ʱʦ ʥʘ ʝʤʽʪʝʨʥʦʤʫ ʨʝʟʠʩʪʦʨʽ R1 ʚʝʣʠʯʠʥʦʶ, 

ʥʘʧʨʠʢʣʘʜ, 200 ʆʤ ʧʦʚʠʥʥʘ ʩʧʘʜʘʪʠ ʥʘʧʨʫʛʘ 0,4 ɺ. ɽʤʽʪʝʨʥʠʡ ʩʪʨʫʤ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 0,4/220 å 2 ʤɸ. ʊʦʤʫ ʚ ʣʘʥʮʶʟʽ ʝʤʽʪʝʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʽ VT2 

ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ ɯɽ, ʱʦ ʜʦʨʽʚʥʶʻ 2 ʤɸ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʽʦʜʘ VD1 ʚ ʦʜʥʦʤʫ ʽʟ 

ʧʣʝʯʝʡ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʟʘʙʝʟʧʝʯʫʻ ʪʝʤʧʝʨʘʪʫʨʥʫ ʢʦʤʧʝʥʩʘʮʽʶ. ʈʽʟʥʠʮʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʜʽʦʜʽ, ʱʦ ʚʢʣʶʯʝʥʠʡ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʩʧʘʜʘ ̒ ʟ̔ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʯʥʦ ʪʘʢ, ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʽʟ ʨʽʟʥʠʮʝʶ ʧʦʪʝʥʮʽʘʣʽʚ 

ʤʽʞ ʙʘʟʦʶ ʪʘ ʝʤʽʪʝʨʦʤ ʪʨʘʥʟʠʩʪʦʨʘ VT3. ʊʦʤʫ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʙʘʟʠ ʥʘʧʨʫʛʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʪʽʻʶ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ 

ʪʨʘʥʟʠʩʪʦʨʫ VT3 ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʨʫʤʫ ʝʤʽʪʝʨʘ, ʱʦ ʜʦʨʽʚʥʶʻ 2 ʤɸ. ɺ ɯʄʉ 

ʨʦʣʴ ʜʽʦʜʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʢʨʠʪʠʡ ʧʝʨʝʭʽʜ ʙʘʟʘïʝʤʽʪʝʨ ʜʦʜʘʪʢʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʣʝʢʪʦʨ ʽ ʙʘʟʘ ʷʢʦʛʦ ʟô̒ ʜʥʘʥʽ ʥʘʢʦʨʦʪʢʦ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʂʦʣʠ ʚ ʝʤʽʪʝʨʥʦʤʫ ʣʘʥʮʶʟʽ ɼʇʇʉ ʚʢʣʶʯʝʥʠʡ ʛʝʥʝʨʘʪʦʨ ʩʪʘʙʽʣʴʥʦʛʦ 

ʩʪʨʫʤʫ, ʤʦʞʥʘ ʢʨʘʱʝ ʧʦʷʩʥʠʪʠ ʨʦʙʦʪʫ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʮʽʣʦʤʫ. 

ɺʭʽʜʥʽ ʩʠʛʥʘʣʠ ʥʝ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ ɯʝ, ʚʦʥʠ ʤʦʞʫʪʴ 

ʣʠʰʝ ʧʦ ʨʽʟʥʦʤʫ ʨʦʟʧʦʜʽʣʷʪʠ ʡʦʛʦ ʤʽʞ ʪʨʘʥʟʠʩʪʦʨʘʤʠ VT1 ʽ VT2. 

ɿʘ ʦʜʥʘʢʦʚʠʭ Uɺʍ1 ̔ Uɺʍ2 (ʩʠʥʬʘʟʥʠʡ ʩʠʛʥʘʣ) ʞʦʜʝʥ ʽʟ ʢʦʣʝʢʪʦʨʥʠʭ 

ʩʪʨʫʤʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʝ ʚʠʥʠʢʘʻ. ʉʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ Uɺʍ1 ̔ Uɺʍ2 ʨʽʟʥʽ: ʧʨʠ ʮʴʦʤʫ ʚ ʦʜʠʥ ʽʟ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʙʫʜʝ ʚʽʜʚʦʜʠʪʠʩʷ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʫʤʘʨʥʦʛʦ ʩʪʨʫʤʫ ʝʤʽʪʝʨʽʚ, 

ʥʽʞ ʫ ʜʨʫʛʠʡ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ Uɺʍ1 ʙʽʣʴʰ ʜʦʜʘʪʥʠʡ, ʥʽʞ Uɺʍ2, ʪʦ 

ʢʦʣʝʢʪʦʨʥʠʡ ʩʪʨʫʤ VT1 ʩʪʘʥʝ ʙʽʣʴʰʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʦʣʝʢʪʦʨʥʦʛʦ 

ʩʪʨʫʤʫ VT2 ʽ, ʷʢʱʦ Uɺʀʍ ʟʥʽʤʘʻʪʴʩʷ ʽʟ ʢʦʣʝʢʪʦʨʘ VT1, ʚʽʜʙʫʜʝʪʴʩʷ 

ʚʽʜʭʠʣʝʥʥʷ Uɺʀʍ  ʫ ʚʽʜô̒ ʤʥʠʡ ʙʽʢ. 

ʇ̔ ʜ ʯʘʩ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʭʦʜʫ, ʢʦʣʠ Rʅ ʚʢʣʶʯʝʥʠʡ ʤʽʞ Uɺʀʍ1 ̔ Uɺʀʍ2, 

ʧʨʠʜʫʰʝʥʥʷ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʩʪʫʧʝʥʝʤ ʩʠʤʝʪʨʽʾ ʤʽʞ 

ʧʣʝʯʠʤʘ ʧʽʜʩʠʣʶʚʘʯʘ. ʗʢʱʦ ʚʦʥʠ ʩʠʤʝʪʨʠʯʥʽ, ʪʦ ʧʽʜʩʠʣʝʥʥʷ ʩʠʥʬʘʟʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʽʜʩʫʪʥʻ ʚʟʘʛʘʣʽ. ʉʠʤʝʪʨʠʯʥʠʡ ʚʠʭʽʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʟʘʟʝʤʣʝʥʝ, ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʢʦʣʝʢʪʦʨʘʤʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʤʦʞʥʘ 

ʚʢʣʶʯʠʪʠ ʚʦʣʴʪʤʝʪʨ ʽ ʫʪʚʦʨʠʪʴʩʷ ʧʨʦʩʪʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʣʽʚʦʣʴʪʤʝʪʨ ʽʟ 

ʜʫʞʝ ʤʘʣʠʤ ʜʨʝʡʬʦʤ ʥʫʣʷ. ʉʠʛʥʘʣ ʽʟ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʭʦʜʫ ɼʇʇʉ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʥʘ ʚʭʦʜʠ ʜʨʫʛʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʩʢʘʜʫ, ʫ ʷʢʦʛʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʚʞʝ ʟʥʽʤʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ. ʋ ʪʘʢʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʩʣʘʙʣʝʥʥʷ 

ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ ʜʫʞʝ ʚʝʣʠʢʝ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʽʥ ʤʘʻ ʟʨʫʯʥʠʡ 

ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʚʠʭʽʜ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʥʘʚʝʜʝʤʦ ʜʝʢʽʣʴʢʘ ʢʦʨʠʩʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ [5]. 

ʗʢʱʦ ʚ ʩʭʝʤʽ ɼʇʇʉ, ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 2.34, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʚʠʭʽʜ Uɺʀʍ1, ʪʦ ʧʽʜ ʯʘʩ ʧʦʜʘʚʘʥʥʷ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ  

ʉʌ

K1
U

ɽ

R
K =- .

2 RÖ
      (2.4) 

ɿʥʘʢ çïè ʫ ʚʠʨʘʟʽ (2.4) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ Uʚʠʭ1 ʧʨʦʪʠʬʘʟʥʘ Uʚʭ1. 
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ʗʢʱʦ Rʂ1 = Rɽ, ʪʦ ʂUʉʌ = ïİ. ʏʠʤ ʙʽʣʴʰʠʡ Rɽ ʚʽʜʥʦʩʥʦ Rʂ1, ʪʠʤ 

ʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʇ̔ ʜ ʯʘʩ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʢʦʣʠ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ 1 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ 2, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴ-

ʥʦʛʦ ʩʠʛʥʘʣʫ 

ɼU ɽ ʂ1K =-10 I R .Ö Ö        

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ɯɽ = 20 ʤɸ, Rʂ1 = Rʂ2 = 5 ʢʆʤ, ʪʦ 

ɼ

-3 3

UK =-10 20 10 5 10 =-1000.Ö Ö Ö Ö  

ʇ̔ ʜ ʯʘʩ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʭʦʜʫ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚʜʚʽʯʽ ʙʽʣʴʰʠʡ:  

ɼU ɽ ʂ1K =-20 I RÖ Ö .      

2.6.3. ʇ̔ ʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʫ ʟʤʽʥʥʠʡ (ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʥʝʩʫʯʽʡ ʯʘʩʪʦʪʽ) 

ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʇʇʉ ʥʝʤʦʞʣʠʚʦ ʜʦʙʠʪʠʩʷ ʽʜʝʘʣʴʥʦʾ 

ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʚʭʽʜ ʇʇʉ ʽʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʟʚô̫ ʟʢʦʤ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʧʨʦʭʦʜʷʪʴ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʟʘʚʘʜʠ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʧʽʜʩʠʣʝʥʥʷ 

ʤʘʣʠʭ ʩʠʛʥʘʣʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜʩʠʣʶʚʘʯʽ ʽʟ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʟʤʽʥʥʠʡ, ʷʢʽ ʤʘʶʪʴ ʤʘʣʠʡ ʜʨʝʡʬ ʥʫʣʷ ʽ 

ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. 

ʅʘ ʨʠʩ. 2.35 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʫ ʧʦʜʽʙʥʦʛʦ ʇʇʉ. 

Uɺʍ Uʄ Uɺʀʍ

ɤʅ ɤʅ

 

ʈʠʩ. 2.35. ʉʪʨʫʢʪʫʨʘ ʇʇʉ ʥʘ ʥʝʩʫʯʽʡ ʯʘʩʪʦʪʽ 

ɺʭʽʜʥʘ ʧʦʩʪʽʡʥʘ, ʘʙʦ ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʥʘʧʨʫʛʘ Uɺʍ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷʪʦʨʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʩʠʛʥʘʣ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ. 2.36). 
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ɻʝʥʝʨʘʪʦʨ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ ï ʮʝ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟʤʽʥʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʯʘʩʪʦʪʦʶ ʚ ʩʦʪʥʽ ï ʪʠʩʷʯʽ ʨʘʟʽʚ ʙʽʣʴʰʦʶ, ʥʽʞ ʯʘʩʪʦʪʘ Uɺʍ, ʱʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʽʣʴʥʦ. 

ʋ ʤʦʜʫʣʷʪʦʨʽ ʘʤʧʣʽʪʫʜʘ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

ʟʤ̔ʥʠ Uɺʍ (ʨʠʩ. 2.36). 

 

ʈʠʩ. 2.36. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʤʦʜʫʣʷʪʦʨʘ 

ʇʨʦʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʽʜʩʠʣʶʻʪʴʩʷ RC-ʧʽʜʩʠʣʶʚʘʯʝʤ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʜʝʤʦʜʫʣʷʪʦʨʘ, ʷʢʠʡ ʚʠʨʽʰʫʻ ʟʘʜʘʯʫ 

ʟʚʦʨʦʪʥʫ ʤʦʜʫʣʷʪʦʨʫ: ʽʟ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʽʜʩʠʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʜʽʣʷʻ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ, ʱʦ ʦʛʠʥʘʻ, ʽ ʬʦʨʤʫʻ ʢʦʨʠʩʥʠʡ ʧʽʜʩʠʣʝʥʠʡ      

ʩʠʛʥʘʣ Uɺʀʍ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʇʇʉ ʤʘʻ ʜʫʞʝ ʤʘʣʠʡ ʜʨʝʡʬ ʥʫʣʷ ʽ ʟʘ Uɺʍ = 0, Uɺʀʍ ʪʘʢʦʞ 

ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʦʩʢʽʣʴʢʠ ʧʽʜʩʠʣʶʚʘʯ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʝ ʤʘʻ 

ʜʨʝʡʬʫ (ʡʦʛʦ ʥʠʞʥʷ ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʙʽʣʴʰʝ ʥʫʣʷ). 

2.7. ʆʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

2.7.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʊʝʨʤʽʥ çʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯè ʚʧʝʨʰʝ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ, ʜʝ ʚʽʥ ʦʪʦʪʦʞʥʶʚʘʚʩʷ ʽʟ ʧʦʥʷʪʪʷʤ çʨʦʟʚô̫ ʟʫʶʯʠʡ 

ʧʽʜʩʠʣʶʚʘʯè. ɯʟ ʮʠʤ ʪʝʨʤʽʥʦʤ ʥʝʟʤʽʥʥʦ ʧʦʚô̫ ʟʫʚʘʣʘʩʴ ʙʫʜʴ-ʷʢʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʦʧʝʨʘʮʽʷ: ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ ʪ. ʽʥ., ʷʢʫ 

ʧʽʜʩʠʣʶʚʘʯ ʤʽʛ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ɺɿɿ ʧʝʚʥʦʛʦ ʚʠʛʣʷʜʫ. ʋ ʥʘʰ 

ʯʘʩ ʟʤʽʩʪ ʮʴʦʛʦ ʪʝʨʤʽʥʫ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʚʩʷ ʽ ʜʝʱʦ ʟʤʽʥʠʚʩʷ. ʇʽʜ ʆʇ 

ʧʨʠʡʥʷʪʦ ʨʦʟʫʤʽʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʷʢʠʡ ʤʦʞʝ 
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ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʽ ʜʦʟʚʦʣʷʻ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʚʚʦʜʠʪʠ ɿɿ ʨʽʟʥʦʛʦ ʪʠʧʫ [23]. ʎʝʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʤʘʻ ʚʠʛʣʷʜ 

ʦʢʨʝʤʦʾ ɯʄʉ ʆʇ ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʠʥʦʶ ɯʄʉ. ʅʘ ʨʠʩ. 2.37 ʥʘʚʝʜʝʥʽ ʜʚʘ 

ʚʘʨʽʘʥʪʠ ʧʦʟʥʘʯʝʥʥʷ ɯʄʉ ʆʇ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ. 

 

 

ʈʠʩ. 2.37. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ɯʄʉ ʆʇ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 

ʋ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʆʇ ʧʦʟʥʘʯʘʶʪʴ ʧʨʷʤʦʢʫʪʥʠʢʦʤ, ʫ ʷʢʦʛʦ 

ʚʭʽʜ, ʷʢʠʡ ʽʥʚʝʨʪʫʻ, ʧʦʟʥʘʯʘʶʪʴ ʤʘʣʝʥʴʢʠʤ ʢʦʣʦʤ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʆʇ 

ʩʭʦʞʠʡ ʽʟ ʟʚʠʯʘʡʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ. ʗʢ ʽ ʟʚʠʯʘʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʚʽʥ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ʘʙʦ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʜʽ 

ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʧʘʨʘʤʝʪʨʠ ʟʚʠʯʘʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʽ ʡʦʛʦ 

ʩʭʝʤʦʶ, ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʧʘʨʘʤʝʪʨʠ ʆʇ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʘʨʘʤʝʪʨʘʤʠ 

ʣʘʥʮʶʛʘ ɿɿ. ʆʇ ʚʠʢʦʥʫʶʪʴ ʟʘ ʩʭʝʤʦʶ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽʟ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʟʚô̫ ʟʢʦʤ ʤʽʞ ʦʢʨʝʤʠʤʠ ʢʘʩʢʘʜʘʤʠ ʽʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʚʭʦʜʦʤ 

ʽ ʙʽʧʦʣʷʨʥʠʤ ʚʽʜʥʦʩʥʦ ʘʤʧʣʽʪʫʜʠ ʧʽʜʩʠʣʶʚʘʣɹʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʭʦʜʦʤ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʫʣʴʦʚʽ ʧʦʪʝʥʮʽʘʣʠ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʆʇ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʛʥʘʣʽʚ, 

ʱʦ ʢʝʨʫʶʪʴ. ʆʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ, 

ʚʠʩʦʢʠʤ ʚʭʽʜʥʠʤ ʽ ʥʠʟʴʢʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʘʤʠ. ʋ ʥʘʰ ʯʘʩ ʆʇ ʚʠʢʦʥʫʶʪʴʩʷ, 

ʟʘʟʚʠʯʘʡ, ʫ ʚʠʛʣʷʜʽ ʤʦʥʦʣʽʪʥʠʭ ɯʄʉ, ʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʮʽʥʦʶ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɿʘʚʜʷʢʠ ʧʨʘʢʪʠʯʥʦ ʽʜʝʘʣʴʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʆʇ ʨʝʘʣʽʟʘʮʽʷ ʨʽʟʥʠʭ ʩʭʝʤ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ 

ʧʨʦʩʪʽʰʦʶ, ʥʽʞ ʥʘ ʦʢʨʝʤʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʊʦʤʫ ʆʇ ʚʠʪʽʩʥʷʶʪʴ ʦʢʨʝʤʽ 

ʪʨʘʥʟʠʩʪʦʨʠ ʷʢ ʝʣʝʤʝʥʪʠ ʩʭʝʤ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʣʽʥʽʡʥʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ. 

ɹʽʣʴʰʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʠʭ ʆʇ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʦʜʠʥ ʚʠʭʽʜ (ʨʠʩ. 2.37). 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ɺʀʍU  ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʘʟʽ ʽʟ ʥʘʧʨʫʛʦʶ 2ɺʍU  ʽ 

ʧʨʦʪʠʬʘʟʽ ʜʦ ʥʘʧʨʫʛʠ 1ɺʍU . ʅʘʧʨʫʛʘ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʢʣʘʜʝʥʘ ʤʽʞ 

ʚʭʦʜʘʤʠ, ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʥʘʧʨʫʛ 1ɺʍU  ʽ 2ɺʍU . ʎʷ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, 
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ʷʢʱʦ 
1ɺʍU  ʽ 

2ɺʍU  ʤʘʶʪʴ ʥʘʚʽʪʴ ʟʥʘʯʥʽ, ʘʣʝ ʨʽʚʥʽ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʥʘʧʨʫʛʠ 
1ɺʍU  ʽ 

2ɺʍU  ʚʽʜʥʦʩʥʦ ʩʧʽʣʴʥʦʾ ʪʦʯʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʥʘʧʨʫʛʦʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ, ʘ ʾʭ 

ʨʽʟʥʠʮʷ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ. 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʆʇ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

.ɺʀʍ U ɯʄʉʆʇU U K=D Ö ,        

ʜʝ UD  ï ʨʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʚʭʦʜʘʤʠ, ʷʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ 

,' 2ɺʍ1 UUU ɺʍ-=D         

ʘʙʦ 

," 1ɺʍ2ɺʍ UUU -=D        

.U ɯʄʉʆʇK  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ɯʄʉ ʆʇ.  

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ɯʄʉ ʆʇ ʻ ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.38. 

æU1 æU2

Uɺʀʍ

æU

-Uʅɸʉ

Uʅɸʉ

-

+

 
ʈʠʩ. 2.38. ʇʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɯʄʉ ʆʇ 

ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʩʫʤʽʱʝʥʽ ʜʚʽ ʧʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʽʻʾ ʞ ʩʘʤʦʾ 

ɯʄʉ ʆʇ, ʚʠʛʣʷʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢ ʦʙʯʠʩʣʶʻʪʴʩʷ UD : 

HI UUU -=D ' , 

IH UUU -=D " . 

ʅʘ ʨʠʩ. 2.39 ʮʽ ʜʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʽ ʦʢʨʝʤʦ. ʅʘʚʝʜʝʥʽ ʥʘ  

ʨʠʩ. 2.38, 2.39 ʧʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ ʤʘʶʪʴ ʪʨʠ            

ʭʘʨʘʢʪʝʨʥʽ ʜʽʣʷʥʢʠ: 

- ʣʽʥʽʡʥʘ (ɺʀʍU  ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ UD ); 

- ʥʘʩʠʯʝʥʥʷ ʧʣʶʩ (+
+= ʅɸʉɺʀʍ UU ); 

- ʥʘʩʠʯʝʥʥʷ ʤʽʥʫʩ (-
-= ʅɸʉɺʀʍ UU ).  
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ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʛ 
1 2U UD ºD, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʮʷʤ ʣʽʥʽʡʥʦʾ 

ʜʽʣʷʥʢʠ, ʜʫʞʝ ʤʘʣʽ 

- 
1 2

.

ʅɸʉ

U ɯʄʉʆʇ

U
U U

K

+

D =D = .      

 

 

 
ʈʠʩ. 2.39. ʇʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ ʟʘ: 

ʘ ï 
HI UUU -=D ' ; ʙ ï 

IH UUU -=D "  

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ. 2.39: 
+

ɺʀʍU  ï ʥʘʧʨʫʛʘ ʥʘʩʠʯʝʥʥʷ ʧʣʶʩ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ 

ʞʠʚʣʝʥʥʷ ɯʄʉ ʆʇ (ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʽʢʨʦʩʭʝʤʘ ʞʠʚʝʪʴʩʷ ʥʘʧʨʫʛʘʤʠ 

ɺEɾ 151 += , ɺEɾ 152 -= , ʪʦ ɺUʅɸʉ 11+=
+ , ʘ ï ɺUʅɸʉ 11-=

- ); 

.U ɯʄʉʆʇK  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ɯʄʉ ʆʇ (ʜʦʨʽʚʥʶʻ 

ʜʝʩʷʪʢʘʤéʩʦʪʥʷʤ ʪʠʩʷʯ). ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ɺUʅɸʉ 11=
+ , ʘ 10000. =ɯʄʉʆʇUK , ʪʦ .1.1101.1

10000

11 3

1 ʤɺBU =Ö==D -  
 

ʃʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʧʽʜʩʠʣʶʚʘʯʘʭ, ʘ ʥʝʣʽʥʽʡʥʽ ʚʽʜʨʽʟʢʠ ï ʚ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʷʭ (ʢʦʤʧʘʨʘʪʦʨʘʭ, 

ʪʨʠʛʝʨʘʭ ʐʤʽʪʪʘ, ʛʝʥʝʨʘʪʦʨʘʭ ʽ ʪ. ʽʥ.). 

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʄʉ ʆʇ ʚ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʚʭʦʜʽʚ: ɯ ï ʽʥʚʝʨʪʫʶʯʦʛʦ ʥʘ 

ʅ ï ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ. 

ʗʢʱʦ ʧʦʪʝʥʮʽʘʣ ʚʭʦʜʫ çɯè ʙʽʣʴʰ ʜʦʜʘʪʥʠʡ (ʤʝʥʰ ʚʽʜô̒ ʤʥʠʡ) ʚʽʜʥʦʩʥʦ 

ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚʭʦʜʽ çʅè ʽ ʨʽʟʥʠʮʷ )()( 21 UUUUU HI =>-=D , ʪʦ ɺʀʍ ʅɸʉU U -=- . 

ʅʘʧʨʠʢʣʘʜ, 
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ɺU I 4= , ɺUH 2= , ʪʦ ɺʀʍ ʅɸʉU U -=- ; ɺU I 4-= , ɺUH 2-= , ʪʦ +
+= ʅɸʉɺʀʍ UU . 

ɿʘʟʚʠʯʘʡ 
-+

-=+ ʅɸʉɺʀʍ UU ,       

ʪʦʤʫ ʧ̔ ʜ ʯʘʩ ʧʦʩʠʣʘʥʥ ̫ʥʘ ʥʘʧʨʫʛʠ ʥʘʩʠʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦ 
ʅɸʉU+ , 

ʘʙʦ ( )ʅɸʉU- . ɯʄʉ ʆʇ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʤʘʶʪʴ: ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘʧʨʫʛʠ 

(ʜʝʩʷʪʢʠéʩʦʪʥʽ ʪʠʩʷʯ); ʚʝʣʠʢʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ (ʩʦʪʥʽéʪʠʩʷʯʽ ʢʆʤ); ʤʘʣʠʡ 

ʚʠʭʽʜʥʠʡ ʦʧʽʨ (ʜʦʣʽéʦʜʠʥʠʮʽ ʆʤ); ʰʠʨʦʢʫ ʩʤʫʛʫ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʥʷ 

(ʤʝʛʘʛʝʨʮʠ); ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʜʫʰʝʥʥʷ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ [23]. ʇ̔ ʜ 

ʯʘʩ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʥʘ ɯʄʉ ʆʇ ʦʩʪʘʥʥʶ ʚʚʘʞʘʶʪʴ     ʽʜʝʘʣʴʥʦʶ, 

ʷʢʱʦ: 

. ;

;

0;

.

U ɯʄʉʆʇ

ɺʍ

ɺʀʍ

ʇʈʆʇʋʉʂɸʅʅʗ

K

R

R

f

- ­¤ û
î

- ­¤ î
ü

- ­ î
î-D ­¤ý

       

ʅʘ ʨʠʩ. 2.40 ʥʘʚʝʜʝʥʦ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ɯʄʉ ʆʇ. ʅʘ        

ʨʠʩ. 2.41 ʥʘʚʝʜʝʥʦ ʩʧʨʦʱʝʥʫ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ɯʄʉ ʆʇ [23]. 

 

ɼʠʬʝʨʝʥʮ̔ʘʣɹʥʠʡ 

ʢʘʩʢʘʜ(ʩʠʤʝʪʨʠʯʥʠʡ)

ʇʨʦʤ̔ʞʥ̔ ʢʘʩʢʘʜʠ 

ʧ̔ʜʩʠʣʝʥʥ̫

(ʥʝʩʠʤʝʪʨʠʯʥ̔)

ʂ̔ʥʮʝʚʠʡ ʚʠʭ̔ʜʥʠʡ 

ʢʘʩʢʘʜ ʟ ʥʠʟɹʢʠʤ 

Zɺʀʍ

ɺʠʭ̔ʜ

ɯʥʚʝʨʪʫʁʯʠʡ 

ʚʭ̔ʜ

ʅʝ̔ʥʚʝʨʪʫʁʯʠʡ 

ʚʭ̔ʜ

 

ʈʠʩ. 2.40. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ɯʄʉ ʆʇ 

ɽɾ1

ɯʥʚʝʨʪʫʁ ʯʠʡ 

ʚʭ̔ʜ

ʅʝ̔ʥʚʝʨʪʫʁ ʯʠʡ 

ʚʭ̔ʜ

ɽɾ2

+

-

ɺʠʭ̔ʜ

ʏʘʩʪʦʪʥʘ 

ʢʦʨʝʢʮ̔ʷ

VT1
VT4

VT3

VT2

VT8
VT6

VT5

VT7

VD2

VD1

R1

R7

R6

R5

R4R3

R2

R14

R12

R11

R9

R8

R13

R10

 
ʈʠʩ. 2.41. ʉʧʨʦʱʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɯʄʉ ʆʇ 
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ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.41 ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʢʘʩʢʘʜʽʚ: 

- ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʚʭʽʜʥʠʡ ʢʘʩʢʘʜ ʽʟ ʜʞʝʨʝʣʦʤ ʩʪʘʙʽʣʴʥʦʛʦ 

ʩʪʨʫʤʫ, ʚʠʢʦʥʘʥʠʡ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ VT1éVT3; 

- ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʧʨʦʤʽʞʥʠʡ ʢʘʩʢʘʜ, ʚʠʢʦʥʘʥʠʡ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ 

VT4éVT6; 

- ʢʽʥʮʝʚʠʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʡ ʚʠʭʽʜʥʠʡ ʢʘʩʢʘʜ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ VT7, VT8  ̔ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʝʤʽʪʝʨʥʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ 

(ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ). ʅʘ ʨʠʩ. 2.42 ʥʘʚʝʜʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ 

ʩʭʝʤʫ ʟʘʤ̔ɦ ʝʥʥʷ ɯʄʉ ʆʇ. 

+

-

R2

R1

Zɺʍ

Zɺʀʍ

Uɺʍ1

Uɺʍ2

Uɺʀʍ

Uɺʀʍ=ɸ(Uʅ-Uɯ)

Zɺʍ Ÿ Ð;

Zɺʀʍ Ÿ 0;

ɸ=KU.ɯʄʉʆʇŸ Ð;

Uɺʀʍ Ÿ 0, ʢʦʣʠ Uɯ=Uʅ;

æfʇʈʆʇʋʉʂɸʅʅʗ ŸÐ.

 

ʈʠʩ. 2.42. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ɯʄʉ ʆʇ 

 

ʇʝʨʰʠʡ ʢʘʩʢʘʜ ʆʇ ï ʮʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʤʘʻ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʨʽʟʥʠʮʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʜʥʘʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʦʜʠ ʦʜʥʦʯʘʩʥʦ (ʩʠʥʬʘʟʥʽ ʩʠʛʥʘʣʠ). 

ʉʠʥʬʘʟʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʧʦʜʘʥʽ ʦʜʥʦʯʘʩʥʦ ʥʘ ʦʙʠʜʚʘ 

ʚʭʦʜʠ ʩʠʛʥʘʣʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʬʘʟʦʶ ʽ ʘʤʧʣʽʪʫʜʦʶ. 

ʂʨʽʤ ʪʦʛʦ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʤʘʻ ʚʠʩʦʢʠʡ ʧʦʚʥʠʡ ʚʭʽʜʥʠʡ 

ʦʧʽʨ ʚʽʜʥʦʩʥʦ ʙʫʜʴ-ʷʢʠʭ ʧʦʜʘʥʠʭ ʥʘ ʡʦʛʦ ʚʭʦʜʠ ʩʠʛʥʘʣʽʚ. 

ɺʭʽʜʥʠʡ ʢʘʩʢʘʜ ʆʇ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʟʘʚʜʷʢʠ ʡʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʚʥʦʛʦ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʽ ʚ ʥʴʦʤʫ ʤʽʥʽʤʽʟʫʶʪʴʩʷ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʠʥʬʘʟʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʥʘʧʨʫʛʠ ʟʩʫʚʫ. 

ʅʘʧʨʫʛʠ ʟʩʫʚʫ 
ɿʉɺU  ï ʮʝ ʥʝʚʝʣʠʢʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʥʝʙʘʞʘʥʽ ʩʠʛʥʘʣʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚʩʝʨʝʜʠʥʽ ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʧʝʚʥʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʡʦʛʦ ʚʭʦʜʽ ʫ ʨʘʟʽ ʥʫʣʴʦʚʠʭ ʥʘʧʨʫʛ ʥʘ ʦʙʦʭ ʚʭʦʜʘʭ. ʇʨʠʯʠʥʦʶ ʾʭ ʧʦʷʚʠ ʻ 

ʥʝʪʦʯʥʝ ʫʟʛʦʜʞʝʥʥʷ ʥʘʧʨʫʛ ʝʤʽʪʝʨïʙʘʟʘ ʚʭʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. 
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ʉʣʽʜ ʟʨʦʙʠʪʠ ʱʝ ʜʝʢʽʣʴʢʘ ʟʘʫʚʘʞʝʥʴ ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʦʛʦ ʢʘʩʢʘʜʫ. 

ʆʧʦʨʠ ʚ ʣʘʥʮʶʛʘʭ ʝʤʽʪʝʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʪʘ VT2 ʧʽʜʚʠʱʫʶʪʴ ʧʦʚʥʠʡ 

ʚʭʽʜʥʠʡ ʦʧʽʨ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ. ʉʪʨʫʤʠ ʢʦʣʝʢʪʦʨʽʚ ʫ ʚʭʽʜʥʦʤʫ ʢʘʩʢʘʜʽ 

ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʽ, ʪʘʢ ʱʦ ʧʝʨʝʭʦʜʠ ʝʤʽʪʝʨïʙʘʟʘ ʚʭʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʤʘʶʪʴ 

ʚʠʩʦʢʠʡ ʦʧʽʨ ʜʦ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʽ ʩʭʝʤʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʧʽʜ ʯʘʩ ʤʘʣʠʭ 

ʚʭʽʜʥʠʭ ʩʪʨʫʤʽʚ. ɿʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʚ ʧʝʨʰʦʤʫ 

ʢʘʩʢʘʜʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʝ ʫ ʧʨʦʤʽʞʥʠʭ ʢʘʩʢʘʜʘʭ. ɼʣʷ 

ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʭʝʤʠ ʜʦ ʩʠʥʬʘʟʥʠʭ ʩʠʛʥʘʣʽʚ ʩʪʨʫʤ ʝʤʽʪʝʨʘ ʧʝʨʰʦʛʦ 

ʢʘʩʢʘʜʫ ʟʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʏʝʨʝʟ ʪʝ, ʱʦ 

ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʻ ʚʠʩʦʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ 
ɺʀʍR , ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʽʜʥʦʩʥʦ ʩʠʥʬʘʟʥʠʭ ʩʠʛʥʘʣʽʚ 
CʌA  

ʚʠʭʦʜʠʪʴ ʜʫʞʝ ʥʠʟʴʢʠʤ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʚʭʽʜʥʠʡ ʩʪʨʫʤ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʟʙʫʜʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʽ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʚʭʽʜʥʠʡ ʦʧʽʨ ʷʢ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ VT1 ʪʘ VT2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʠ ɼʘʨʣʽʥʛʪʦʥʘ 

ʯʠ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ (ʽʟ p-n-

ʧʝʨʝʭʦʜʦʤ ʯʠ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ) ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʚʭʽʜʥʦʛʦ 

ʦʧʦʨʫ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʤʘʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʚʭʽʜʥʫ ʥʘʧʨʫʛʫ ʟʩʫʚʫ 
ɿʉɺU , ʷʢʘ ʙʽʣʴʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʽʞ 

ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʦʜʥʘʢ ʮʽ ʚʘʜʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʚʝʜʝʥʽ ʜʦ ʤʽʥʽʤʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʣʘʥʮʶʛʽʚ ɿɿ ʚ ʩʝʨʝʜʠʥʽ 

ʧʽʜʩʠʣʶʚʘʯʘ. ɭ ɯʉ ʆʇ, ʚ ʷʢʠʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʥʦʛʦ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʥʘ 

ʚʭʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ, ʘ ʚ ʽʥʰʠʭ ʣʘʥʮʶʛʘʭ ʧʽʜʩʠʣʶʚʘʯʘ 

ï ʙʽʧʦʣʷʨʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʷʢ VT1 ʪʘ VT2 ʧʘʨ ɼʘʨʣʽʥʛʪʦʥʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ 
ɿʉɺU  ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʡʦʛʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɿʘ ʚʭʽʜʥʠʤ ʢʘʩʢʘʜʦʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.40, ʩʣʽʜʫʶʪʴ ʦʜʠʥ ʯʠ 

ʜʝʢʽʣʴʢʘ ʧʨʦʤʽʞʥʠʭ ʢʘʩʢʘʜ̔ ʚ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʩʧʦʢʦʶ 

ʥʘ ʚʠʭʦʜʽ ʜʦ ʙʣʠʟʴʢʦʾ ʜʦ ʥʫʣʷ ʚʝʣʠʯʠʥʠ ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ ʽ ʟʘ 

ʩʪʨʫʤʦʤ. ʇ̔ ʜʩʠʣʝʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʛʦ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ, ʘ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ ï 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʫʤʫ, ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʨʦʙʦʪʠ ʢʽʥʮʝʚʦʛʦ ʢʘʩʢʘʜʫ ʙʝʟ ʪʦʛʦ, 

ʱʦʙ ʥʘʚʘʥʪʘʞʫʚʘʪʠ ʚʭʽʜʥʠʡ ʢʘʩʢʘʜ. ʋ ʧʨʦʤʽʞʥʠʭ ʢʘʩʢʘʜʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ, ʪʘʢ ʽ ʦʜʥʦʩʤʫʛʦʚʽ ʩʭʝʤʠ. ʂʽʥʮʝʚʠʡ ʢʘʩʢʘʜ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʠʟʴʢʠʡ ʧʦʚʥʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʆʇ ʽ ʩʪʨʫʤ, ʜʦʩʪʘʪʥʽʡ ʜʣʷ 

ʦʯʽʢʫʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʢʘʩʢʘʜ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʠʡ ʧʦʚʥʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ, ʱʦʙ ʥʝ ʥʘʚʘʥʪʘʞʫʚʘʪʠ ʦʩʪʘʥʥʽʡ ʽʟ ʧʨʦʤʽʞʥʠʭ 

ʢʘʩʢʘʜʽʚ. ʋ ʨʦʣʽ ʢʽʥʮʝʚʦʛʦ ʢʘʩʢʘʜʫ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʩʪʠʡ ʯʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʡ ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ. 
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ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ ʜʦʨʽʚʥʶʻ 10 (ɸ1 = 10) ʜʣʷ 

ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ, 100 (ɸ2 = 100) ʜʣʷ ʜʨʫʛʦʛʦ ʢʘʩʢʘʜʫ ʽ 20 (ɸ3 = 20) ʜʣʷ 

ʪʨʝʪʴʦʛʦ ʢʘʩʢʘʜʫ, ʪʦ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɸ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʥʦʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʦʢʨʝʤʠʭ ʢʘʩʢʘʜʽʚ: 

.200002010010321 =ÖÖ=ÖÖ= AAAA  

2.7.2. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʙʝʟ ɿɿ KU.ɯʄʉ ʆʇ (ɸ). ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʘ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ɿɿ, ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʤ ʜʝʩʷʪʢʘʤ ʪʠʩʷʯ. 

ɺʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ ʧʦʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ. 

ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʩʫʚʫ Uɿʉɺ. ʅʝʚʝʣʠʢʽ ʥʝʙʘʞʘʥʽ ʥʘʧʨʫʛʠ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʽʜʩʠʣʶʚʘʯʘ, ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʥʘ ʚʠʭʦʜʽ 

ʜʝʷʢʦʾ ʥʝʥʫʣʴʦʚʦʾ ʥʘʧʨʫʛʠ ʧʽʜ ʯʘʩ ʥʫʣʴʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ ʦʙʦʭ ʚʭʦʜʘʭ. ʎʝ ʻ 

ʥʘʩʣʽʜʢʦʤ ʥʝʪʦʯʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʥʘʧʨʫʛ ʝʤʽʪʝʨïʙʘʟʘ ʚʭʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

ɿʘʟʚʠʯʘʡ 
ɿʉɺU  ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʤ ʤʽʣʽʚʦʣʴʪʘʤ. ʅʘʧʨʫʛʫ 

ɿʉɺU  ʥʘʟʠʚʘʶʪʴ 

ʚʭʽʜʥʦʶ, ʪʦʤʫ ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʯʝʨʝʟ ʥʘʧʨʫʛʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʥʘ ʚʭʽʜ, 

ʱʦʙ ʥʘ ʚʠʭʦʜʽ ʚʩʪʘʥʦʚʠʣʘʩʷ ʥʘʧʨʫʛʘ 0 ɺ. 

ɺʭʽʜʥʠʡ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ Iʟʤ. ʉʪʨʫʤ ʥʘ ʚʭʦʜʘʭ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʚʭʽʜʥʦʛʦ ʢʘʩʢʘʜʫ ʆʇ (ʩʪʨʫʤ ʙʘʟʠ, ʷʢʠʡ ʤʘʻ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʠʡ ʜʣʷ ʚʭʽʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ). 

ɺʭʽʜʥʠʡ ʩʪʨʫʤ ʟʩʫʚʫ ɯʟʩʚ. ʈʽʟʥʠʮʷ ʩʪʨʫʤʽʚ ʟʤʽʱʝʥʥʷ ʜʣʷ ʜʚʦʭ ʚʭʽʜʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʆʇ ʟô̫ ʚʣʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʝʪʦʯʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ (b) ʚʭʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʗʢʱʦ 
1ɿʄI ï ʩʪʨʫʤ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʞʠʚʣʝʥʥʷ ʙʘʟʠ ʚʭʽʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʽʥʚʝʨʪʫʶʯʦʤʫ ʚʭʦʜʽ, 

ʘ 
2ɿʄI ï ʩʪʨʫʤ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʞʠʚʣʝʥʥʷ ʙʘʟʠ ʚʭʽʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ 

ʥʝʽʥʚʝʨʪʫʶʯʦʤʫ ʚʭʦʜʽ, ʪʦ 
21 ɿʄɿʄɿʉɺ III -= . ɺʭʽʜʥʠʡ ʩʪʨʫʤ ʟʩʫʚʫ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʪʘʢ, ʷʢ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ, ʪʦʤʫ ʩʪʨʫʤ ʟʩʫʚʫ ʻ ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

ɿʘʟʚʠʯʘʡ 
ɿʉɺI  ʧʝʨʝʙʫʚʘʻ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʢʽʣʴʢʦʭ ʦʜʠʥʠʮʴ ʜʦ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ 

ʥʘʥʦʘʤʧʝʨ. 

ɺʭʽʜʥʠʡ ʦʧʽʨ Rɺʍ. ʆʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɿʘʟʚʠʯʘʡ, ɺʍR  ʧʝʨʝʚʠʱʫʻ ʦʜʠʥ ʤʝʛʘʆʤ, ʘʣʝ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʽ ʢʽʣʴʢʦʭ        

ʩʦʪʝʥʴ ʄʆʤ.  

ʇʦʪʨʽʙʥʦ ʨʦʟʨʽʟʥʷʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ, ʪʦʙʪʦ ʦʧʽʨ ʤʽʞ 

ʦʙʦʤʘ ʚʭʽʜʥʠʤʠ ʚʠʚʦʜʘʤʠ, ʪʘ ʩʠʥʬʘʟʥʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ, ʪʦʙʪʦ ʦʧʽʨ ʤʽʞ 
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ʦʙô̒ ʜʥʘʥʠʤʠ ʦʙʦʤʘ ʚʠʚʦʜʘʤʠ ʚʭʦʜʽʚ  ̔ʟʝʤʣʝʶ. ɺ ʦʧʠʩʘʭ ʤʽʢʨʦʩʭʝʤ ʟʘʟʚʠʯʘʡ 

ʥʝ ʚʢʘʟʫʻʪʴʩʷ, ʷʢʠʡ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ, ʽ ʧʠʰʫʪʴ 
ɺʍR . 

ɺʠʭʽʜʥʠʡ ʦʧʽʨ Rɺʀʍ. ɺʥʫʪʨʽʰʥʡ̔ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʥʘʧʨʫʛʫ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ. ɿʘʟʚʠʯʘʡ 
ɺʀʍR  ʥʝ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʆʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʩʣʘʙʣʝʥʥʷ ʩʠʥʬʘʟʥʠʭ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ. ʍʘʨʘʢʪʝʨʠʟʫʻ 

ʟʜʘʪʥʽʩʪʴ ʦʩʣʘʙʣʷʪʠ (ʥʝ ʧʽʜʩʠʣʶʚʘʪʠ) ʦʜʥʘʢʦʚʽ ʩʠʛʥʘʣʠ, ʱʦ ʧʨʠʢʣʘʜʝʥʽ ʜʦ 

ʦʙʦʭ ʚʭʦʜʽʚ ʦʜʥʦʯʘʩʥʦ. 

ʂʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʥʘ ʚʠʭʽʜʥʫ 

ʥʘʧʨʫʛʫ. ʇʦʢʘʟʫʻ ʟʤʽʥʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

(
1ɾE+  ʪʘ 

2ɾE-  ʦʜʥʦʯʘʩʥʦ) ʥʘ 1 ɺ. ɿʘʟʚʠʯʘʡ ʜʘʻʪʴʩʷ ʫ ʤʽʢʨʦʚʦʣʴʪʘʭ ʥʘ ʚʦʣʴʪ. 

ɺʭʽʜʥʘ ʻʤʥʽʩʪʴ (Cɺʍ ). ɺʭʽʜʥʘ ʻʤʥʽʩʪʴ (ɺʍʉ ) ʻ ʻʤʥʽʩʪʶ ʤʽʞ ʚʭʽʜʥʠʤʠ 

ʚʠʚʦʜʘʤʠ ʽ ʟʝʤʣʝʶ. 

ʉʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ. ʉʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ ʮʝ ʩʪʨʫʤ ʩʧʦʢʦʶ (ʙʝʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷ), ʱʦ ʩʧʦʞʠʚʘʻ ʆʇ. 

ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ. ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʮʝ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʨʦʟʩʽʶʻʪʴʩʷ ʆʇ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʮʝ ʤʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʜʘʻʪʴʩ̫ ʫ ʚʦʣʴʪʘʭ ʥʘ ʤʽʢʨʦʩʝʢʫʥʜʫ. 

ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʆʇ ʧ̔ ʜ ʯʘʩ ʧʦʜʘʚʘʥʥʷ ʥʘ ʡʦʛʦ ʚʭʽʜ ʩʭʦʜʠʥʢʠ ʥʘʧʨʫʛʠ. ʏʘʩ 

ʥʘʨʦʩʪʘʥʥʷ ʪʘ ʚʝʣʠʯʠʥʘ ʚʠʢʠʜʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʘʶʪʴʩʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʾ 

ʟʤʽʥʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. ʉʶʜʠ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ, ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʘ ʨʽʟʥʠʮʷ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ (ʤʽʞ 

ʽʥʚʝʨʪʫʶʯʠʤ ʽ ʥʝʽʥʚʝʨʪʫʶʯʠʤ ʚʭʦʜʘʤʠ), ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʩʠʥʬʘʟʥʠʭ 

ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʟʙʝʨʽʛʘʥʥʷ. ʇʝʨʝʚʠʱʝʥʥʷ ʮʠʭ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʆʇ. 

ʅʠʟʢʘ ʚʠʨʦʙʥʠʢʽʚ ʚʢʣʶʯʘʻ ʫ ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʚʦʾʭ ʆʇ ʛʨʘʬʽʢʠ ʙʘʛʘʪʴʦʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʉʶʜʠ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʟʘʣʝʞʥʦʩʪʽ 
ʄɸʂʉɺʀʍU .

 ʚʽʜ ʅR , 
ʄɸʂʉɺʀʍU .

 ʚʽʜ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, 
ɿʉɺU  ʪʘ 

ɿʄI  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʋʚʘʞʥʝ ʚʠʚʯʝʥʥʷ 

ʩʧʝʮʠʬʽʢʘʮʽʡ ʆʇ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʾʭ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʩʫʪʪʻʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ 
ɿʉɺU  ʪʘ A, ʟʘʟʚʠʯʘʡ ʜʘʶʪʴʩʷ ʫ ʨʘʟʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ. 
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2.7.3. ʈʝʞʠʤ ʧʽʜʩʫʤʦʚʫʶʯʦʾ ʪʦʯʢʠ 

ɼʚʘ ʚʭʦʜʠ ʧʽʜʩʠʣʶʚʘʯʘ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʪʦʯʢʦʶ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ [23]. 

ʈʝʞʠʤ ʮʠʭ ʜʚʦʭ ʚʭʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʣʠʤʠ ʩʪʨʫʤʘʤʠ ʟʩʫʚʫ ʽ ʨʽʟʥʠʮʝʶ 

ʥʘʧʨʫʛ ʤʽʞ ʚʭʦʜʘʤʠ, ʜʫʞʝ ʤʘʣʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʧʨʫʛʦʶ ʫ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ 

ʪʦʯʢʘʭ ʩʭʝʤʠ, ʢʦʣʠ ʧʽʜʩʠʣʶʚʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʭʝʤʽ ʟʽ ɿɿ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʆʇ ʧʽʜ ʯʘʩ ʨʦʟʽʤʢʥʝʥʦʛʦ 

ʣʘʥʮʶʛʘ ɿɿ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʚʠʭʽʜʥʦ ʾ ʥʘʧʨʫʛʠ 15 ɺ ʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʙʝʟ ɿɿ 10 000 ʥʘʧʨʫʛʘ ʤʽʞ ʚʭʽʜʥʠʤʠ ʚʠʚʦʜʘʤʠ (ɼU  ʥʘ ʨʠʩ. 2.43) 

ʜʦʨʽʚʥʶʻ .ɺʀʍ U ɯʄʉʆʇU K , ʪʦʙʪʦ 15 ɺ/10000, ʯʠ 1,5 ʤɺ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʤʘʣʦʶ ʥʘʧʨʫʛʦʶ ʤʽʞ ʚʭʽʜʥʠʤʠ ʚʠʚʦʜʘʤʠ 

(ʽ ʥʽʯʠʤ ʽʥʰʠʤ). ʆʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʆʇ ʙʝʟ ɿɿ ʜʫʞʝ ʚʝʣʠʢʠʡ, ʮʷ 

ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʤʘʻ ʙʫʪʠ ʜʫʞʝ ʤʘʣʦʶ. 

 
ʈʠʩ. 2.43. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʭʽʜïʚʠʭʽʜ ʚ ɯʄʉ ʆʇ 

2.7.4. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ 

ʉʭʝʤʫ ʆʇ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.44. 
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ʈʠʩ. 2.44. ʉʭʝʤʘ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ 
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ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʮʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ, 

ʚʠʚʝʜʝʥʥʷ ʷʢʦʛʦ ʥʘʜʘʥʦ ʥʠʞʯʝ. 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ɯʄʉ ʆʇ (DA1) ʙʣʠʟʴʢʘ ʜʦ ʽʜʝʘʣʴʥʦʾ. ʊʦʜʽ: 

.U ɯʄʉʆʇK ­¤;    (2.5) 

¤­ɺʍR ;     (2.6) 

0­ɺʀʍR .       

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

ɺʍɿɿɺʍɿɿɺʀʍ UURIUUUU +D+Ö=+D+= 2 .   (2.7) 

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ (2.5) ʪʘ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʽʜʩʠʣʶʚʘʯ ʧʨʘʮʶʻ ʫ 

ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ, 0­DU , ʪʦʜʽ (2.7) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

ɺʍɿɿɺʍɿɿɺʀʍ URIUUU +Ö=+= 2 .   (2.8) 

 

ʆʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (2.6),ʩʪʨʫʤ 0­II , ʪʦ 
1Rɿɿ II ­ . 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʩʪʘʥʥʽʡ ʚ (2.8), ʦʪʨʠʤʘʻʤʦ  

ɺʍRɺʀʍ URIU +Ö= 21
.     (2.9) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 
1RI  ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ, ʱʦ ʧʦʚô̫ ʟʫʻ                

ɺʍU , UD , 
1RU  : 

111 RIUUUU RRɺʍ Ö+D=+D= .      

ʆʩʪʘʥʥʻ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.5) ʪʘ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʽʜʩʠʣʶʚʘʯ ʧʨʘʮʶʻ ʫ 

ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ, 0­DU , ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

1 1.ɺʍ RU I R= Ö        

ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ 
1

1
R

U
I ɺʍ

R = . ʇʽʜʩʪʘʚʣʷʶʯʠ ʡʦʛʦ ʫ (2.9), ʟʘʧʠʰʝʤʦ: 

)
1

2
1(2

1 R

R
UUR

R

U
U ɺʍɺʍ

ɺʍ
ɺʀʍ +=+Ö= .     

ɿʚʽʜʩʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ: 

1

2
1

R

R

U

U
K

ɺʍ

ɺʀʍ
U +== .    (2.10) 

ʗʢʱʦ 02=R , a ¤=1R , ʪʦ 1=UK . ʋ ʮʴʦʤʫ ʨʘʟʽ ʩʭʝʤʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʤʘʻ ʚʠʛʣʷʜ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.45, ʪʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʧʦʚʪʦʨʶʚʘʯʘ 

ʥʘʧʨʫʛʠ, ʢʦʣʠ ɺʍɺʀʍ UU = . 
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ʈʠʩ. 2.45. ʉʭʝʤʘ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ 

ʋ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ 3R  ʨʦʟʨʘʭʦʚʫʪʁʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

21

21
3

RR

RR
R

+

Ö
= .       

ɿʘʜʘʶʯʠ ʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ 1R , ʽʟ ʬʦʨʤʫʣʠ (2.10) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 2R  ʟʘ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 
UK : 

1)1(2 RKR U -= .       

2.7.5. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʽʥʚʝʨʪʫʻ 

ʉʭʝʤʘ ʆʇ, ʱʦ ʽʥʚʝʨʪʫʻ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.46. 

ʗʢʱʦ ɯʄʉ ʆʇ ʚʚʘʞʘʪʠ ʽʜʝʘʣʴʥʦʶ ,0,,. ­¤­¤­ ɺʀʍɺʍɯʄʉʆʇU RRK  ʪʦ ʧʽʜ 

ʯʘʩ ʨʦʙʦʪʠ ʫ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʡʦʛʦ ʚʭʦʜʘʤʠ 

(ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ) ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ: 

0
.

21 º=-=D
ɯʄʉʆʇU

ɺʀʍ
ɺʍɺʍ

K

U
UUU .     

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.46, ʚʭʽʜ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ, 

ʟô̒ ʜʥʘʥʠʡ ʽʟ ʩʧʽʣʴʥʦʶ ʰʠʥʦʶ (ʟʝʤʣʝʶ). ʊʦʤʫ ʧʦʪʝʥʮʽʘʣ ʽʥʚʝʨʪʫʶʯʦʛʦ ʚʭʦʜʫ 

ʪʘʢʦʞ ʙʣʠʟʴʢʠʡ ʜʦ ʧʦʪʝʥʮʽʘʣʫ ʩʧʽʣʴʥʦʾ (ʥʫʣʴʦʚʦʾ) ʰʠʥʠ. ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ 
ɺʍU  

ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʻʜʥʘʥʘ ʽʟ ʥʘʧʨʫʛʘʤʠ 
1RU  ʪʘ UD  ʚʠʨʘʟʦʤ 

UUU Rɺʍ D+= 1 . 

ʆʩʢʽʣʴʢʠ ʟʘ 0,. ­D¤­ UK ɯʄʉʆʇU
, ʪʦʜʽ 

1Rɺʍ UU = .       

ʅʘʧʨʫʛʘ 1RU  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

111 RIU RR Ö= .        

ʋ ʩʚʦʶ ʯʝʨʛʫ  

ɯɿɿR III +=1
.       
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DA1

Uɺʀʍ

Uɺʍ

Uɺʍ2

Uɺʍ1

Uɿɿ

æU

R2

R3

R1

UR1

Iɿɿ

ɯIIR1

 
ʈʠʩ. 2.46. ʉʭʝʤʘ ʆʇ, ʱʦ ʽʥʚʝʨʪʫʻ 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ 
ɺʍR  ɯʄʉ ʆʇ ʜʫʞʝ ʚʝʣʠʢʠʡ (¤­ɺʍR  ), 0ºɯI , ʪʦ 

ɿɿR II =1
;  11 RIU ɿɿR Ö= ; 

1RIU ɿɿɺʍ Ö= ;  
2R

U
I ɿɿ
ɿɿ= ;      

2

1

R

RU
U ɿɿ
ɺʍ

Ö
= .      

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ɿɿ Uɿɿ ʟʘʧʠʰʝʤʦ 

ɺʀʍɿɿ UUU +=D .       

ɿʘ ʫʤʦʚʠ, ʱʦ 0ºDU  ( ¤­ɯʄʉʆʇUK .
), ʦʪʨʠʤʘʻʤʦ 

ɺʀʍɿɿ UU -= ;       

2

1

R

RU
U ɺʀʍ
ɺʍ

Ö
-= ;       

ɺʍU
ɺʍ

ɺʀʍ UK
R

RU
U Ö=

Ö
-=

1

2
,      

ʜʝ 
1

2

R

R
KU -= . 

ɿʥʘʢ çʤʽʥʫʩè ʫ ʥʘʚʝʜʝʥʽʡ ʬʦʨʤʫʣʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ  

ɺʀʍU  ʧʝʨʝʙʫʚʘʻ ʫ ʧʨʦʪʠʬʘʟʽ ʜʦ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɺʍU . ʗʢʱʦ 12 RR = , ʪʦʜʽ 

1-=UK , ʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.46 ʩʭʝʤʘ ʩʪʘʻ ʧʦʚʪʦʨʶʚʘʯʝʤ ʥʘʧʨʫʛʠ, ʱʦ 

ʽʥʚʝʨʪʫʻʪʴʩʷ. 
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2.7.6. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʉʭʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʆʇ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.47. 

ʅʘʚʝʜʝʥʘ ʩʭʝʤʘ  ̒ʩʧʦʣʫʯʝʥʥʷʤ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʆʇ (ʪʦʛʦ, ʱʦ ʥʝ 

ʽʥʚʝʨʪʫʻ (ʧʽʜʨʦʟʜ. 2.7.4), ʪʘ ʪʦʛʦ, ʱʦ ʽʥʚʝʨʪʫʻ (ʧʽʜʨʦʟʜ. 2.7.5)) ʪʘ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʨʽʟʥʠʮʽ ʥʘʧʨʫʛ: 
12 ɺʍɺʍ UU - . 

DA1

Uɺʀʍ

Uɺʍ2

Uɺʍ1

UR2

æU

R2

R4

R1

UR1

IR2

ɯI

IR1

R3

UR4

ɯR3

ɯR4

ɯʅ

 
ʈʠʩ. 2.47. ʉʭʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʆʇ 

 

ʅʘʚʝʜʝʤʦ ʣʦʛʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʦʨʤʫʣ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʦʪʨʠʤʘʻʤʦ ʦʩʪʘʪʦʯʥʠʡ ʚʠʨʘʟ, ʷʢʠʡ ʧʦʚ`ʷʟʫʻ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ 
ɺʀʍU  ʽʟ ʨʽʟʥʠʮʝʶ 

ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ɯʄʉ ʆʇ ʽʜʝʘʣʴʥʘ, ʪʦʙʪʦ 

0;;. ­¤­¤­ ɺʀʍɺʍɯʄʉʆʇU RRK . 

ʊʦʜʽ: 

,0(221 ­º+= ɯRɯRR IIIII  ʷʢʱʦ )¤­ɺʍR ;   

,0(443 ­º+= HRHRR IIIII  ʷʢʱʦ )¤­ɺʍR ;   

1
1

1

R
R

U
I

R
= ;     

 ,0(41411 ­D+=+D+= UUUUUUU RRRRɺʍ  ʷʢʱʦ ¤­ɯʄʉʆʇUK .
);   

411 RɺʍR UUU -= ;      

1

41
1

R

UU
I Rɺʍ

R

-
= ;      
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2

2
2

R

U
I R

R = ;       

,0(224 ­D+=++D= UUUUUUU ɺʀʍRɺʀʍRR
 ʷʢʱʦ ¤­ɯʄʉʆʇUK .

);            

 
2 4R R ɺʀʍU U U= - ;      

2

4
2

R

UU
I ɺʀʍR

R

-
= ;      

21 RR II = ;  

21

441

R

UU

R

UU ɺʀʍRRɺʍ -
=

-
;     

)(1)(2 441 ɺʀʍRRɺʍ UURUUR -Ö=-Ö ;     

144 2211 ɺʍRRɺʀʍ URURURUR Ö-Ö+Ö=Ö ;    

14
1

2

1

21
ɺʍRɺʀʍ U

R

R

R

RR
UU Ö-ö

÷

õ
æ
ç

å +
= ;     

43

42
4

RR

RU
U ɺʍ

R
+

Ö
= ;      

 1
2

1

2

1

21

43

4
ɺʍ

ɺʍ
ɺʀʍ U

R

R

R

RR

RR

RU
U Ö-ö

÷

õ
æ
ç

å +

+

Ö
= .          

ʗʢʱʦ 31 RR = ; 42 RR = , ʪʦʜʽ 

=Ö-Ö=Ö-ö
÷

õ
æ
ç

å +

+

Ö
=

1

2

1

2

1

2

1

21

21

2
121

2

R

R
U

R

R
UU

R

R

R

RR

RR

RU
U ɺʍɺʍɺʍ

ɺʍ
ɺʀʍ  

)()(
1

2
1212 ɺʍɺʍUɺʍɺʍ UUKUU

R

R
-=-= ,      

ʜʝ 
1

2

R

R
KU = . 

ʗʢʱʦ 
12 ɺʍɺʍ UU > , ʪʦʜʽ 0>ɺʀʍU , 

12 ɺʍɺʍ UU < , ʪʦʜʽ 0<ɺʀʍU . 

ɿʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʽʚ 1R , 3R  ï ʜʝʩʷʪʢʠ ʢʆʤ, ʨʝʟʠʩʪʦʨʽʚ 2R , 4R  ï      

ʩʦʪʥʽ ʢʆʤ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 2031 ==RR ʢʆʤ; 10042 ==RR ʢʆʤ, ʪʦʜʽ 

5
20

100

1

2
===

R

R
KU . 

2.7.7. ʇ̔ ʜʩʫʤʦʚʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʽʥʚʝʨʪʫ ̒

ʉʭʝʤʫ ʆʇ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʩʫʤʘʪʦʨʘ, ʱʦ ʽʥʚʝʨʪʫʻ, ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 2.48. ɺʠʨʘʟ, ʷʢʠʡ ʧʦʚô̫ ʟʫʻ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ɺʀʍU  ʽʟ ʚʭʽʜʥʠʤʠ ʥʘʧʨʫʛʘʤʠ 

1ɺʍU  ʪʘ 2ɺʍU , ʦʪʨʠʤʘʻʤʦ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʦʧʠʩʘʥʘ ʧʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʩʭʝʤ ʆʇ, 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ. 
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ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ: .U ɯʄʉʆʇK ­¤; ¤­ɺʍR ; 

0­ɺʀʍR , ʪʦʜʽ: 

,0(3321 ­=+=+ IRIRRR IIIIII  ʷʢʱʦ )¤­ɺʍR ; 

1

1
1

R

U
I R

R = ; 

,0(111 ­D=D-= UUUUU ɺʍɺʍR
 ʷʢʱʦ .U ɯʄʉʆʇK ­¤); 

2

2
2

R

U
I R

R = ; 

,0(222 ­D=D-= UUUUU ɺʍɺʍR
 ʷʢʱʦ ¤­ɯʄʉʆʇUK .

); 

1

1
1

R

U
I ɺʍ

R = ; 
2

2
2

R

U
I ɺʍ

R = ; 

ɺʀʍR UUU +=D 3
; ,0(3 ­D-= UUU ɺʀʍR .U ɯʄʉʆʇK ­¤); 

33

3
3

R

U

R

U
I ɺʀʍR

R -== ; 

321

21

R

U

R

U

R

U ɺʀʍɺʍɺʍ -=+ .       

ʗʢʱʦ RRR == 21 , ʪʦʜʽ 

)()(
3

2121 ɺʍɺʍUɺʍɺʍɺʀʍ UUKUU
R

R
U +=+-= , ʜʝ .

3

R

R
KU -=    

ʗʢʱʦ RRRR === 213 , ʪʦʜʽ  

)( 21 ɺʍɺʍɺʀʍ UUU +-= .       

DA1

Uɺʀʍ

Uɺʍ2

Uɺʍ1

UR3

æU

R3

R4
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ɯIIR2
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ʈʠʩ. 2.48. ʉʭʝʤʘ ʩʫʤʘʪʦʨʘ, ʱʦ ʽʥʚʝʨʪʫʻ 
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ʑʦʙ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ 1>UK , ʨʝʟʠʩʪʦʨʠ 21 RR =  ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʜʝʩʷʪʢʠ ʢʆʤ, ʘ 3R  ï ʩʦʪʥʽ ʢʆʤ. 

ɿʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ 4R  ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

21

21
3

21

21
3

4

RR

RR
R

RR

RR
R

R

+

Ö
+

+

Ö
Ö

= .       

ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʭʝʤʘ ʚʠʢʦʥʫʚʘʣʘ ʬʫʥʢʮʽʶ ʫʩʝʨʝʜʥʝʥʥʷ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʤʦʚʫ 

îý

î
ü
û

=

===

n

R
R

RnRR
1

3

...21
,       

ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ. 

ʊʦʜʽ 

n

UUU
U ɺʍnɺʍɺʍ
ɺʀʍ

)...( 21 +++
-= .       

2.7.8. ʇ̔ ʜʩʫʤʦʚʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʥʝ ʽʥʚʝʨʪʫ ̒

ʉʭʝʤʫ ʆʇ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʩʫʤʘʪʦʨʘ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ, ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 2.49.  

 

DA1
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U2
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æU

Rɿɿ=R
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R
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ʈʠʩ. 2.49. ʉʭʝʤʘ ʆʇ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʩʫʤʘʪʦʨʘ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ 

ɺʠʨʘʟ, ʷʢʠʡ ʧʦʚô̫ ʟʫʻ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ɺʀʍU  ʽʟ ʚʭʽʜʥʠʤʠ ʥʘʧʨʫʛʘʤʠ 1U  

ʪʘ 2U , ʦʪʨʠʤʘʻʤʦ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʦʧʠʩʘʥʘ ʧʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʩʭʝʤ ʆʇ, 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ. 
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ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ, ʪʦʜʽ:  

¤­ɯʄʉʆʇUK .
; ¤­ɺʍR ; 0­ɺʀʍR , ʦʪʞʝ: 

III =+ 21
; 

R

UU
I H-
= 1

1 ; 
R

UU
I H-
= 2

2 ;    

R

U
I H= ; 

R

U

R

UU

R

UU HHH =
-

+
- 21 ;    

HUUU Ö=+ 321
. 

      

ɯH UU = , ʷʢʱʦ 0­DU , ʟʘ ʫʤʦʚʠ, ʱʦ .U ɯʄʉʆʇK ­¤; 

2
2

R
IU RH Ö= ;       

,0(
2

­= ɯɿɿR III  ʷʢʱʦ )¤­ɺʍR ;     

R

U

R
R

U
I ɺʀʍɺʀʍ
ɿɿ

Ö

Ö
=

+

=
3

2

2

;     

323

2 ɺʀʍɺʀʍ
ɯ

UR

R

U
U =Ö

Ö

Ö
= ;     

ɺʀʍ
ɺʀʍ U

U
UU =Ö=+

3
321 .      

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ ʜʦʨʽʚʥʶʻ n, ʪʦʜʽ 

1
ɿɿR R

R
n n

= = , ʘ      

)...( 21 nɺʀʍ UUUU +++= .      

2.7.9. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʻ 

ʉʭʝʤʫ ʆʇ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʻ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.50. 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ɯʄʉ ʆʇ ʻ ʽʜʝʘʣʴʥʦʶ: 

¤­- ɯʄʉʆʇUK .
;       

¤­- ɺʍR ;       

0­- ɺʀʍR .   
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ʈʠʩ. 2.50. ʉʭʝʤʘ ʆʇ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʻ 

 

ʈʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʽʥʚʝʨʪʫʶʯʠʤ (ɯ) ʪʘ ʥʝʽʥʚʝʨʪʫʶʯʠʤ (ʅ) ʚʭʦʜʦʤ 

ɯʄʉʆʇUɺʀʍKUU .=D  ʧ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (2.5) ʫ ʤʝʞʘʭ ʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ 

ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʉʪʨʫʤ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ɯʄʉ ʆʇ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʟʘ ʫʤʦʚʠ, ʱʦ 

¤­ɺʍR . 

ʉʪʨʫʤ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʩʢʨʽʟʴ ʢʦʥʜʝʥʩʘʪʦʨ 

dt

dU
CI ʉ

ʉ Ö= .        

ʅʘʧʨʫʛʠ UD , 
RU ʪʘ ɺʀʍU  ʧʦʚô̫ ʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ɺʀʍR UUU +=D . 

ʗʢʱʦ 0=DU )( . ¤­ɯʄʉʆʇUK , 

ɺʀʍ RU U=- . 

ʋ ʩʚʦʶ ʯʝʨʛʫ 

RIU RR Ö= ; 

0( ­= ɯCR III , ʢʦʣʠ )¤­ɺʍR ; 

dt

dU
CRRIU C

CR Ö=Ö= ; 

,C C ɺʍ
ɺʀʍ ɼʀʌ ɼʀʌ

dU dU dU
U RC

dt dt dt
t t=- =- =-    (2.11) 

ʜʝ RCɼʀʌ=t  ï ʩʪʘʣʘ ʯʘʩʫ; 
ɺʍ CU U= ( 0=DU )( . ¤­ɯʄʉʆʇUK ). 

ʆʪʞʝ, ʷʢʱʦ ɯʄʉ ʆʇ ʻ ʽʜʝʘʣʴʥʦʶ, ʪʦ ʨʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʚʠʢʦʥʫʻ ʪʦʯʥʝ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɿʥʘʢ çʤʽʥʫʩè ʫ ʚʠʨʘʟʽ (2.11) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʦʪʠʬʘʟʥʘ ʚʭʽʜʥʽʡ. 
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2.7.10. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʽʥʪʝʛʨʫʻ 

ʗʢ ɸɽ ʽʥʪʝʛʨʫʶʯʠʭ ʢʽʣ (ɯʂ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɯʄʉ ʆʇ. 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʘʢʪʠʚʥʦʛʦ ɯʂ ʥʘ ɯʄʉ ʆʇ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.51. ɹʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ɯʄʉ ʆʇ ʻ ʽʜʝʘʣʴʥʦʶ: 

¤­- ɯʄʉʆʇUK .
;      

¤­- ɺʍR ;       

0­- ɺʀʍR .       

ʈʽʟʥʠʮʷ ʤʽʞ ʽʥʚʝʨʪʫʶʯʠʤ (ɯ) ʪʘ ʥʝʽʥʚʝʨʪʫʶʯʠʤ (ʅ) ʚʭʦʜʘʤʠ 

ɯʄʉʆʇU

ɺʀʍ

K

U
U

.

=D  ʧ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (2.5) ʫ ʤʝʞʘʭ ʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ 

ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʉʪʨʫʤ, ʷʢʠʡ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ɯʄʉ ʆʇ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʟʘ ʫʤʦʚʠ, ʱʦ 

¤­ɺʍR . ʅʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ  

    ñ=

t

CC dtI
C

U
0

1
.       

 

DA1

UɺʀʍUɺʍ

æU

R

IC

ɯɯ

ʉ

UR

UC

Iɺʍ
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ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ 
Cɺʍ II = , ʘ ʪʘʢʦʞ 

R

U

R

UU
I ɺʍɺʍ
ɺʍ =

D-
= , ʪʦ 
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0

1 1
.

t

ɺʍ
C ɺʍ

U
U dt U dt

C R RC
= =ñ ñ      

ʆʩʢʽʣʴʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 0ºDU  ʪʘ UUU ɺʀʍC D=+ , ʪʦ ʦʜʝʨʞʠʤʦ  

ññ -=-=-=

t

ɺʍ

ɯʅʊ

t

ɺʍCɺʀʍ dtUdtU
RC

UU
00

11

t
,  (2.12) 

ʜʝ RCɯʅʊ=t  ï ʩʪʘʣʘ ʯʘʩʫ. 

ʆʪʞʝ, ʷʢʱʦ ɯʄʉ ʆʇ ʚʚʘʞʘʪʠ ʽʜʝʘʣʴʥʦʶ, ʪʦ ɯʂ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʚʠʢʦʥʫʻ 

ʪʦʯʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʥʘʢ çʤʽʥʫʩè 

ʫ ʚʠʨʘʟʽ (2.12) ʚʢʘʟʫʻ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʦʪʠʬʘʟʥʘ ʚʭʽʜʥʽʡ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʚʭʽʜ ɯʄʉ ʆʇ, ʱʦ ʽʥʚʝʨʪʫʻ. 

2.7.11. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʣʦʛʘʨʠʬʤʫʻ 

ɯʜʝʷ ʧʦʙʫʜʦʚʠ ʆʇ, ʱʦ ʣʦʛʘʨʠʬʤʫʻ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʣʘʥʮʶʛ ɺɿɿ 

ʚʢʣʶʯʘʶʪʴ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʘʧʨʠʢʣʘʜ, ʅɼ 

ʘʙʦ ʙʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɹ. ʉʭʝʤʫ 

ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.52. 
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ɼʣʷ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ʽʟ ʉɹ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [23] 

kT

qU

EK

ɹɽ

eII Ö= 0
,     (2.13) 

ʜʝ 
KI  ï ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ; 

0EI  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʝʤʽʪʝʨʥʦʛʦ 

ʧʝʨʝʭʦʜʫ; q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ 19106.1( -Ö ʂʣ) ; k  ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ 
231038.1( -Ö ɼʞ/ʂ) ; T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʛʨʘʜʫʩʘʭ ʂʝʣʴʚʽʥʘ;               

ɹɽU  ï ʥʘʧʨʫʛʘ ʙʘʟʘ-ʝʤʽʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ . 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ɯʄʉ ʆʇ ʽʜʝʘʣʴʥʘ, ʪʦ: 

¤­ɯʄʉʆʇUK .
; 

¤­ɺʍR ; 

0­ɺʀʍR . 

 

ɼʣʷ ʩʭʝʤʠ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʪʘʢ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

0(1 º= IRK III , ʪʦʤʫ ʱʦ ¤­ɺʍR ); 

1

1
1

R

U
I R

R = ; 

)0(11 ­D=D+= UUUUU RRɺʍ
; 

1
1

R

U
I ɺʍ

R = ; 

.
1R

U
I ɺʍ
ʂ=  

ʇʽʜʩʪʘʚʠʤʦ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʂI  ʚ (2.13) ʪʘ ʦʪʨʠʤʘʻʤʦ 

kT

qU

E
ɺʍ

ɹɽ

eI
R

U
Ö= 0

1
.      

ʇʝʨʝʥʝʩʝʤʦ 
0EI  ʫ ʣʽʚʫ ʯʘʩʪʠʥʫ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ 

kT

qU

E

ɺʍ
ɹɽ

e
IR

U
=

Ö 01
.       

ʇʨʦʣʦʛʘʨʠʬʤʫʻʤʦ ʣʽʚʫ ʪʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ  

kT

qU

IR

U ɹɽ

E

ɺʍ =
Ö 01

ln .      

ɯʟ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ 

01
ln

E

ɺʍ
ɹɽ

IR

U

q

kT
U

Ö
Ö= .                    

ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʩʭʝʤʽ 

01
ln

E

ɺʍ
ɹɽɺʀʍ

IR

U

q

kT
UU

Ö
Ö== .     
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ɺʠʢʦʥʘʻʤʦ ʧʝʨʝʭʽʜ ʚʽʜ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʫ xln  ʜʦ ʜʝʩʷʪʢʦʚʦʛʦ 

x10log , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 

exx 1010 loglnlog Ö= ,           

ʦʪʨʠʤʘʻʤʦ ʦʩʪʘʪʦʯʥʠʡ ʚʠʨʘʟ 

10

0

10

log
1

log

ɺʍ

E
ɺʀʍ

U

R IkT
U

q e

Ö
= Ö .      

ɿʘʤʽʩʪʴ VT1 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʅɼ, ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

kT

qU

ɼ

ɼ

eII Ö= 0
.       

ʃʦʛʘʨʠʬʤʽʯʥʽ ʆʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ, ʫ 

ʟʚʫʢʦʪʝʭʥʽʮʽ ʽ ʪ. ʽʥ., ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʢʘʣʘ ʫ ʜʝʢʘʜʘʭ. 

2.7.12. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʘʥʪʠʣʦʛʘʨʠʬʤʫ ̒

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʪʝʨʤʽʥʫ çʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʘʥʪʠʣʦʛʘʨʠʬʤʫʻè ʥʘʚʝʜʝʤʦ 

ʜʝʢʽʣʴʢʘ ʚʽʜʦʤʠʭ ʟ ʤʘʪʝʤʘʪʠʢʠ ʬʦʨʤʫʣ: 

ln x =K,            

e 
K  

= x,         

e 
ln x  

= x,             

ʪʦʜʽ ʘʥʪʠʣʦʛʘʨʠʬʤ ʚ̔ ʜ K ʜʘʻ x: 

ʘntiln K = x = e 
K  

.           

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʘʣʽ ʧʽʜ ʯʘʩ ʦʪʨʠʤʘʥʥ ̫ʚʠʨʘʟʫ, 

ʷʢʠʡ ʦʧʠʩʫʻ ʨʦʙʦʪʫ ʆʇ, ʷʢʠʡ ʘʥʪʠʣʦʛʘʨʠʬʤʫʻ [23]. 

ʉʭʝʤʫ ʘʥʪʠʣʦʛʘʨʠʬʤʫʶʯʦʛʦ ʆʇ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.53. 
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ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ɯʄʉ ʆʇ ʽʜʝʘʣʴʥʘ, ʪʦʙʪʦ .U ɯʄʉʆʇK ­¤; ¤­ɺʍR ; 

0­ɺʀʍR . 

ʊʦʜʽ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʪʘʢ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

;ɿɿ ɺʀʍU U UD = +  );0( ­DÖ-=-= URIUU ɿɿɿɿɿɿɺʀʍ
 

 ( 0)ʂ ɿɿ ɯ ɿɿ ɯI I I I I= + = ­;     

kT

qU

ɽʂ

ɹɽ

eII Ö= 0
,      

ʜʝ 
ʂI ï ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ VT1; 

0ɽI  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ 

ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ; q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ )106.1( 19ʂʣ-Ö ; k  ï ʧʦʩʪʽʡʥʘ 

ɹʦʣʴʮʤʘʥʘ )/1038.1( 23 ʂɼʞ-Ö ; T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʛʨʘʜʫʩʘʭ 

ʂʝʣʴʚʽʥʘ; 
ɹɽU  ï ʥʘʧʨʫʛʘ ʙʘʟʘ-ʝʤʽʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ VT1; 

kT

qU

ɽɿɿɺʀʍ

ɹɽ

eIRU ÖÖ-= 0
;     

ɺʍɹɽ UU = ;       

kT

qU

ɽɿɿɺʀʍ

ɺʍ

eIRU ÖÖ-= 0
;     

ö
÷

õ
æ
ç

å
ÖÖ-=

kT

qU
antiIRU ɺʍ

ɽɿɿɺʀʍ ln0 .      

ɿʘʤʽʩʪʴ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʅɼ VD1, 

ʧʽʜʢʣʶʯʝʥʥʷ ʷʢʦʛʦ ʥʘ ʨʠʩ. 2.53 ʟʦʙʨʘʞʝʥʝ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. 

2.8. ʇʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ 

2.8.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧ̔ ʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ 

ʇʽʜʩʠʣʶʚʘʯʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ ʚʠʭʽʜʥʽ (ʢʽʥʮʝʚʽ) ʧʽʜʩʠʣʶʚʘʣʴʥʽ 

ʢʘʩʢʘʜʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʧʦʞʠʚʘʯʝʚʽ ʟʘʜʘʥʦʾ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʚʠʩʦʢʦʛʦ ʂʂɼ ʽ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʷʭ ʯʘʩʪʦʪʥʠʭ ʽ 

ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ɺʠʭʽʜʥʽ ʢʘʩʢʘʜʠ, ʟʘʟʚʠʯʘʡ, ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ 

ʧʽʜʩʠʣʝʥʥʷ ʚʝʣʠʢʠʭ ʩʠʛʥʘʣʽʚ ʽ ʾʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻ: 

ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ), ʂʂɼ, ʨʽʚʝʥʴ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʈʽʚʝʥʴ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʽ ʂʂɼ ʧʽʜʩʠʣʶʚʘʯʘ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ, ʩʪʨʦʛʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʧʦʩʪʽʡʥʠʤ 

ʩʪʨʫʤʦʤ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʨʝʞʠʤʽ 

ʚʝʣʠʢʦʛʦ ʩʠʛʥʘʣʫ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽʩʪʶ ʚʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʣʝ ʡ ʥʝʣʽʥʽʡʥʽʩʪʶ ʚʠʭʽʜʥʠʭ. ʄʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ 
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ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʫ ʨʝʞʠʤʽ ʢʣʘʩʫ ɸ, ʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʠʡ ʂʂɼ ï ʫ ʨʝʞʠʤʽ ɺ ʘʙʦ ɸɺ. 

ʈʽʚʝʥʴ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ ʚʠʭʽʜʥʠʤ ʧʽʜʩʠʣʶʚʘʣʴʥʠʤ ʢʘʩʢʘʜʦʤ 

ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ʽ 

ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʠʭʦʜʠʪʴ ʟʘ 

ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʥʘʟʚʘʥʠʭ ʦʧʦʨʽʚ. ʇʨʦʪʝ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʝ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʶ ʩʫʧʝʨʝʯʥʽʩʪʴ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ,                

ʱʦ ʧʦʛʦʜʞʫʻ. 

ɺʠʭʽʜʥʽ ʢʘʩʢʘʜʠ ʧʨʦʝʢʪʫʶʪʴ ʚ ʦʜʥʦ- ʽ ʜʚʦʪʘʢʪʥʦʤʫ ʚʠʢʦʥʘʥʥʽ. 

ʆʜʥʦʪʘʢʪʥʽ ʢʘʩʢʘʜʠ ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ʢʣʘʩʫ ɸ, ʜʚʦʪʘʢʪʥʽ ï ʚ 

ʨʝʞʠʤʽ ʢʣʘʩʫ ɺ ʘʙʦ ɸɺ. ɿʽ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʜʚʦʪʘʢʪʥʘ ʩʭʝʤʘ ʚ ʨʝʞʠʤʽ ʢʣʘʩʫ ɺ 

ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʘ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʨʽʚʥʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʆʜʥʦʪʘʢʪʥʘ ʩʭʝʤʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʩʠʪʴ ʤʘʣʠʭ ʚʠʭʽʜʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ. ɭ ʙʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʇʇ [5; 12; 20]. 

2.8.2. ɹʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ 

ʊʝʥʜʝʥʮʽʷ ʜʦ ʤʽʢʨʦʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

ʧʨʠʟʚʝʣʘ ʜʦ ʨʦʟʨʦʙʢʠ ʜʚʦʪʘʢʪʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʽʟ 

ʙʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʤ ʚʠʭʦʜʦʤ. ʆʩʦʙʣʠʚʦ ʥʝʙʘʞʘʥʦ, ʘ ʚ ʜʝʷʢʠʭ ʪʠʧʘʭ ʩʭʝʤ 

ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʚʠʭʽʜʥʠʭ ʢʘʩʢʘʜʽʚ ʚ 

ʽʥʪʝʛʨʘʣʴʥʽʡ ʩʭʝʤʦʪʝʭʥʽʮʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʣʘʥʮʶʛʘʭ ʟʚô̫ ʟʢʫ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʛʣʠʙʦʢʽ ʩʧʽʣʴʥʽ ɺɿɿ ʷʢ ʟʘ 

ʟʤʽʥʥʠʤ, ʪʘʢ ʽ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʱʦ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʩʴʦʛʦ ʧʨʠʩʪʨʦʶ. ɹʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʦʪʫʞʥʽ ʚʠʭʽʜʥʽ ʢʘʩʢʘʜʠ ʚʠʢʦʥʫʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʟʘ ʜʚʦʪʘʢʪʥʠʤʠ ʩʭʝʤʘʤʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ 

ɺ ʘʙʦ ɸɺ ʽ ʚʢʣʶʯʝʥʽ ʟʘ ʩʭʝʤʘʤʠ ʽʟ ʉɽ ʽ ʉʂ. ʋ ʮʠʭ ʩʭʝʤʘʭ ʤʦʞʣʠʚʝ ʧʦʻʜʥʘʥʥʷ 

ʚ ʦʜʥʦʤʫ ʢʘʩʢʘʜʽ ʘʙʦ ʦʜʥʘʢʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʘʙʦ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʨʽʟʥʠʤ 

ʪʠʧʦʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʂʘʩʢʘʜʠ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʨʽʟʥʠʤ 

ʪʠʧʦʤ ʝʣʝʢʪʨʦʧʨʦʚʜ̔ʥʦʩʪʽ p-n-p  ̔n-p-n, ʥʦʩʷʪʴ ʥʘʟʚʫ ʢʘʩʢʘʜʽʚ ʽʟ ʜʦʜʘʪʢʦʚʦʶ 

ʩʠʤʝʪʨʽʻʶ. ʆʜʥʫ ʽʟ ʤʦʞʣʠʚʠʭ ʩʭʝʤ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʢʘʩʢʘʜʫ ʽʟ ʜʦʜʘʪʢʦʚʦʶ 

ʩʠʤʝʪʨʽʻʶ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.54. 
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ʈʠʩ. 2.54. ʉʭʝʤʘ ʜʚʦʪʘʢʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʽʟ ʜʦʜʘʪʢʦʚʦʶ ʩʠʤʝʪʨʽʻʶ 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʨʫʤ ʚ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
HR  

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ, ʦʩʢʽʣʴʢʠ ʥʝʚʝʣʠʢʽ ʧʦʯʘʪʢʦʚʽ ʩʪʨʫʤʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨʠ VT1 ʽ VT2, ʫ ʥʴʦʤʫ ʚʟʘʻʤʥʦ ʚʽʜʥʽʤʘʶʪʴʩʷ. ʎʽ ʩʪʨʫʤʠ 

ʦʙʫʤʦʚʣʝʥʽ ʟʤʽʱʝʥʥʷʤ, ʩʪʚʦʨʝʥʠʤ ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ 2R : 

22 RIU ʇR Ö= ;       

321

2

RRR

E
I K
ʇ

++

Ö
= ,       

ʜʝ 
ʇI  ï ʩʪʨʫʤ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ, ʷʢʠʡ ʫʪʚʦʨʶʶʪʴ ʨʝʟʠʩʪʦʨʠ 1... 3R R .  

ʗʢʱʦ ʪʨʘʥʟʠʩʪʦʨʠ VT1 ʽ VT2 ʽʜʝʥʪʠʯʥʽ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ ʧʦʪʝʥʮʽʘʣʠ 

ʪʦʯʦʢ ɸ ʽ ɹ ʱʦʜʦ ʝʤʽʪʝʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ (ʪʦʯʢʘ ɺ) ʜʦʨʽʚʥʶʶʪʴ 
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ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨʠ ʧʨʦʭʦʜʠʪʴ ʦʜʥʘʢʦʚʠʡ ʩʪʨʫʤ, ʘ ʚ 

ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʨʫʤ ʚʽʜʩʫʪʥʽʡ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʽ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʪʠʩʷ ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ 
0KI  ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʽ 

VT2. ʎʴʦʤʫ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʡ ʩʪʨʫʤ ʙʘʟʠ 
0ɹI  ʽ ʥʘʧʨʫʛʘ 

0ɹɽU . ʉʪʨʫʤ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʚʠʙʠʨʘʶʪʴ ʫ 5...10 ʨʘʟʽʚ ʙʽʣʴʰʝ ʧʦʯʘʪʢʦʚʠʭ 

ʙʘʟʦʚʠʭ ʩʪʨʫʤʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʽ VT2. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʤʘʣʫ ʟʤʽʥʫ 

ʧʦʪʝʥʮʽʘʣʽʚ ʙʘʟ ʫ ʨʘʟʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ ʾʭ ʩʪʨʫʤʽʚ. 

ɿʘ ʚʠʙʨʘʥʠʤ ʩʪʨʫʤʦʤ ʧʦʜʽʣʴʥʠʢʘ ʚʠʟʥʘʯʘʶʪʴ ʦʧʦʨʠ 1R , 2R , 3R : 
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ʆʩʢʽʣʴʢʠ 2R  ʤʘʻ ʥʝʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʙʘʟʠ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ 2R  ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʚʦʥʦ ʤʦʞʝ ʙʫʪʠ ʰʫʥʪʦʚʘʥʝ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ʇʽʜ ʯʘʩ ʧʦʜʘʯʽ ʚʭʽʜʥʦʛʦ ʟʤʽʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʣʥɹʦʛʦ ʩʠʛʥʘʣʫ 

ʦʜʠʥ ʽʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʬʘʟʠ ʩʠʛʥʘʣʫ ʟʘʢʨʠʚʘʻʪʴʩʷ, ʘ ʚʽʜʢʨʠʪʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʧʨʘʮʶʻ ʷʢ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʢʘʩʢʘʜ, ʟʽʙʨʘʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉʂ, 

ʪʦʙʪʦ ʷʢ ʟʚʠʯʘʡʥʠʡ ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ. ʇʽʜ ʯʘʩ ʽʥʰʦʛʦ ʧʽʚʧʝʨʽʦʜʫ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʢʨʠʪʠʡ ʽ ʟʘʢʨʠʪʠʡ ʪʨʘʥʟʠʩʪʦʨʠ ʤʽʥʷʶʪʴʩʷ ʤʽʩʮʷʤʠ. 

ɺʠʭʽʜʥʠʡ ʦʧʽʨ ʝʤʽʪʝʨʥʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ ʤʘʣʠʡ, ʱʦ ʧʦʣʝʛʰʫʻ ʫʟʛʦʜʞʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʥʠʟʴʢʦʦʤʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʽ ʂʂɼ ʩʭʝʤʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʤ. ʆʩʢʽʣʴʢʠ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʭʝʤʠ ʽʟ ʉʂ ʤʘʡʞʝ ʜʦʨʽʚʥʶʻ ʚʭʽʜʥʽʡ, 

ʧʽʜʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʘʢʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʧʽʜʩʠʣʝʥʥʶ ʩʪʨʫʤʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʘʢʦʚʦʛʦ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʚ ʨʽʟʥʽ 

ʧʽʚʧʝʨʽʦʜʠ ʽ ʦʜʥʘʢʦʚʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʪʨʘʥʟʠʩʪʦʨʠ ʧʽʜʩʠʣʶʚʘʯʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʽʜʙʠʨʘʪʠ ʽʜʝʥʪʠʯʥʠʤʠ. ʄʦʞʣʠʚʽ ʡ ʽʥʰʽ ʩʭʝʤʠ ʧʦʙʫʜʦʚʠ 

ʙʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʚʠʭʽʜʥʠʭ ʢʘʩʢʘʜʽʚ [5; 13]. ʅʘ ʨʠʩ. 2.55  

ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ ʥʘ ʧʨʘʢʪʠʮʽ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ VT1 ʽ VT2 ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʩʠʛʥʘʣ ʟʙʫʜʞʝʥʥʷ ʥʘ ʷʢʠʡ 

ʧʦʩʪʫʧʘʻ ʟ ʚʠʭʦʜʫ ʆʇ DA1.  
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ʢʝʨʦʚʘʥʦʛʦ ʆʇ 
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ʇʽʜʩʠʣʶʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʽʣʴʥʠʢʘ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʥʘ ʨʝʟʠʩʪʦʨʘʭ 

3R  ʽ 4R , ʦʭʦʧʣʝʥʠʡ ɺɿɿ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʩʭʝʤʘ ʥʘʩʪʽʣʴʢʠ ʣʽʥʽʡʥʘ, ʱʦ ʥʝ 

ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʣʘʥʮʶʛʽʚ ʟʩʫʚʫ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʢʽʥʮʝʚʦʛʦ ʢʘʩʢʘʜʫ. 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʫʛʘ ʥʘ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ɺʀʍU  ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʘʧʨʫʟʽ ʥʘ 

ʚʠʭʦʜʽ ʆʇ, ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  

ʅ

ɺʀʍ
ɺʀʍ

R

U
P

2

= ,        

ʦʙʤʝʞʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʮʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

2.8.3. ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ 

ʇʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʟʘʟʚʠʯʘʡ, ʻ ʢʽʥʮʝʚʠʤʠ ʢʘʩʢʘʜʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʯʠ ʥʝʦʙʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ɺ ʮʠʭ 

ʢʘʩʢʘʜʘʭ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʚʠʩʦʢʦʛʦ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʥʠʟʴʢʠʤ 

ʦʧʦʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʭʽʜʥʽ (ʧʦʛʦʜʞʫʚʘʣʴʥʽ) 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʦʜʥʦ- ʘʙʦ ʜʚʦʪʘʢʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ. ɼʚʦʪʘʢʪʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘ ʚʝʣʠʢʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ (1...3ʅP > ɺʪ). 

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʦʜʥʦʪʘʢʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʝʜʝʥʦ  

ʥʘ ʨʠʩ. 2.56. 

 

TP1

Uɺʍ

VT1

C2

C1

R1

R2
R3

Rʅ Uɺʀʍ

-EK

+EK

 
ʈʠʩ. 2.56. ʉʭʝʤʘ ʦʜʥʦʪʘʢʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ 
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ʧʦʪʫʞʥʦʩʪʽ ʘʥʘʣʦʛʽʯʥʠʡ ʨʦʟʛʣʷʥʫʪʦʤʫ ʨʘʥʽʰʝ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ              



 

146 

 

RC-ʧʽʜʩʠʣʶʚʘʯʽʚ ʥʘʧʨʫʛʠ. ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʟʘʤʽʩʪʴ 

ʨʝʟʠʩʪʦʨʘ 
KR  ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʈ1, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʫʟʛʦʜʞʝʥʥʷ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʭʽʜʥʠʤ ʦʧʦʨʦʤ ʧʽʜʩʠʣʶʚʘʯʘ. ɿʘʟʚʠʯʘʡ, 

ʦʜʥʦʪʘʢʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ɸ [1; 5; 12]. 

ʈʝʞʠʤ ʢʣʘʩʫ ɸ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʢʨʽʟʴ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʩʪʨʫʤ ʧʨʦʭʦʜʠʪʴ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ. ɼʣʷ ʘʥʘʣʽʟʫ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʢʘʩʢʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʪʠʯʥʽ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʘʥʟʠʩʪʦʨʘ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʢʘʩʢʘʜʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʶ ʨʦʙʦʯʫ ʜʽʣʷʥʢʫ ʣʽʥʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ 

ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʪʦʯʢʠ ʩʧʦʢʦʶ ʧʦʩʝʨʝʜʠʥʽ 

ʚʽʜʨʽʟʢʘ ʧʨʷʤʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʘʢʪʠʚʥʽʡ ʦʙʣʘʩʪʽ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʯʘ (ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) 

2
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= Ö = ,      
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KI  ʪʘ ,Km KmU I  ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʶʯʽ ʡ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʢʦʣʝʢʪʦʨʥʠʭ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ. 

ʆʜʥʦʪʘʢʪʥʠʡ ʚʠʭʽʜʥʠʡ ʢʘʩʢʘʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʚ 

ʨʝʞʠʤʽ ʢʣʘʩʫ ɸ. ʂʘʩʢʘʜ ʤʘʻ ʤʘʣʠʡ ʂʂɼ. ɼʣʷ ʥʴʦʛʦ ʧʦʪʨʽʙʥʝ ʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʝ ʤʘʻ ʤʘʣʽ ʧʫʣʴʩʘʮʽʾ ʚʠʧʨʷʤʣʝʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʘʷʚʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʚʠʭʽʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʈʘʟʦʤ ʽʟ 

ʪʠʤ ʪʨʝʙʘ ʚʽʜʤʽʪʠʪʠ ʪʘʢ̔ ʧʝʨʝʚʘʛʠ ʦʜʥʦʪʘʢʪʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʢʘʩʢʘʜʫ: ʧʦʪʨʽʙʝʥ 

ʣʠʰʝ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ, ʥʝ ʧʦʪʨʽʙʝʥ ʧʦʧʝʨʝʜʥʽʡ ʢʘʩʢʘʜ, ʚʠʢʦʥʘʥʠʡ ʟʘ ʬʘʟʦ-

ʽʥʚʝʨʩʥʦʶ ʩʭʝʤʦʶ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘʢʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʚʝʜʝʥʦ ʫ 

[1; 8; 12]. ʂʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ, 

ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʜʚʦʪʘʢʪʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 2.57). 

ɿʘʟʚʠʯʘʡ, ʜʚʦʪʘʢʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʧʨʘʮʶʶʪʴ ʫ ʢʣʘʩʘʭ ɸɺ ʯʠ 

ɺ. ʋ ʮʽʡ ʩʭʝʤʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨ TP1 ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ 

ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʘ ʧʨʦʪʠʣʝʞʥʠʭ ʟʘ ʬʘʟʦʶ ʥʘʧʨʫʛ, ʷʢʽ ʢʝʨʫʶʪʴ ʨʦʙʦʪʦʶ 

ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʪʘ VT2. ʈʝʟʠʩʪʦʨʠ 1R  ʪʘ 2R  ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʧʽʜʩʠʣʶʚʘʯʘ ʫ ʢʣʘʩʘʭ ɸɺ ʯʠ ɺ. ʈʝʞʠʤ ʢʣʘʩʫ ɺ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʪʦʯʢʘ ʩʧʦʢʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʢʦʣʝʢʪʦʨʥʠʭ ʩʪʨʫʤʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʥʫʣʷ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʨʘʟʽ ʧʦʷʚʠ ʥʘ ʙʘʟʽ ʚʽʜôʻʤʥʦʾ ʧʽʚʭʚʠʣʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʪʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʪʠʡ; ʫ ʨʘʟʽ ʜʦʜʘʪʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʣʶʩʫ ʥʘ ʙʘʟʽ 

ʚʽʜʥʦʩʥʦ ʝʤʽʪʝʨʘ, ï ʪʨʘʥʟʠʩʪʦʨ ʟʘʢʨʠʪʠʡ. ʋ ʨʝʞʠʤʽ ʢʣʘʩʫ ɺ ʩʪʨʫʤ ʢʨʽʟʴ 

ʪʨʘʥʟʠʩʪʦʨ ʧʨʦʭʦʜʠʪʴ ʧʨʦʪʷʛʦʤ ʧʽʚʧʝʨʽʦʜʫ. ʈʝʞʠʤ ʢʣʘʩʫ ɸɺ ʻ ʧʨʦʤʽʞʥʠʤ 
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ʤʽʞ ʨʝʞʠʤʘʤʠ ʢʣʘʩʽʚ ɸ ʪʘ ɺ, ʦʜʥʘʢ ʙʣʠʞʯʝ ʜʦ ʨʝʞʠʤʫ ʢʣʘʩʫ ɺ. ʏʘʩ 

ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʙʽʣʴʰʝ p ʽ ʤʝʥʰʝ p2 . ʈʝʞʠʤʠ 

ʢʣʘʩʽʚ ɺ ʪʘ ɸɺ ʚ ʦʜʥʦʪʘʢʪʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʝ 

ʤʦʞʫʪʴ, ʯʝʨʝʟ ʪʝ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʢʨʠʚʽʡ ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʪʨʫʤʫ 
KI  

ʤʘʶʪʴ ʤʽʩʮʝ ʩʫʪʪʻʚʽ ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

 

TP1 TP2

Eɼɾ

Rɼɾ

VT1

VT2

RH

ɽK

+-

R2

R1

Uɺʍ1

Uɺʍ2

UK1

Uʂ2

Iʂ2

Iʂ1

IH

ɤ1'

ɤ1'ô
ɤ3

ʈʠʩ. 2.57. ʉʭʝʤʘ ʜʚʦʪʘʢʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽ ʨʝʞʠʤʠ ʟʥʘʭʦʜʷʪʴ ʫ ʜʚʦʪʘʢʪʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ ʧʦʪʫʞʥʦʩʪʽ, ʜʝ ʩʪʨʫʤ ʫ ʣʘʥʮʶʟʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʫʤʦʶ ʩʪʨʫʤʽʚ ʦʙʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʋ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʫ ʨʘʟʽ ʚʜ̔ʩʫʪʥʦʩʪʽ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ 021 == ɹɽɹɽ UU , ʽ ʦʙʠʜʚʘ ʪʨʘʥʟʠʩʪʦʨʠ ʟʘʢʨʠʪʽ. 

ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʘ ʙʘʟʠ ʦʙʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʦʜʘʻʪʴʩʷ ʫ ʧʨʦʪʠʬʘʟʽ, ʪʦʤʫ ʚ 

ʨʝʞʠʤʽ ʢʣʘʩʫ ɺ ʢʦʞʥʠʡ ʽʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʽʜʢʨʠʪʠʡ ʧʨʦʪʷʛʦʤ ʧʽʚʧʝʨʽʦʜʫ, ʢʦʣʠ 

ʧʦʪʝʥʮʽʘʣ ʙʘʟʠ ʩʪʘʻ ʚʽʜô̒ ʤʥʠʤ ʚʽʜʥʦʩʥʦ ʝʤʽʪʝʨʘ. ʉʪʨʫʤʠ ʫ ʧʝʨʚʠʥʥʠʭ 

ʦʙʤʦʪʢʘʭ ʚʠʭʽʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʙʦʭ ʧʽʚʧʝʨʽʦʜʘʭ ʩʧʨʷʤʦʚʘʥʽ 

ʟʫʩʪʨʽʯʥʦ, ʽ ʯʝʨʝʟ ʪʝ, ʱʦ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʾʭ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ, ʩʪʨʫʤ ʅI  ʫ ʚʪʦʨʠʥʥʽʡ ʦʙʤʦʪʮʽ ʙʫʜʝ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ. ʇʫʣʴʩʫʶʯʽ 

ʩʪʨʫʤʠ 
1ʂ

I  ʽ 
2ʂ

I , ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥʦ ʢʨʽʟʴ ʦʙʤʦʪʢʠ '1w  ʪʘ "1w , ʤʘʶʪʴ 

ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʘʣʝ ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʮʠʭ ʩʪʨʫʤʽʚ ʨʽʚʥʽ, ʘ ʥʘʧʨʷʤʦʢ 

ʧʨʦʪʠʣʝʞʥʠʡ, ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʫ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʽ 

ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ ʦʩʝʨʜʷ ʚʽʜʩʫʪʥʻ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʽʚ ʢʣʘʩʽʚ ɺ ʪʘ ɸɺ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ʩʭʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 
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ʧʦʪʫʞʥʦʩʪʽ ʫ ʪʨʘʥʟʠʩʪʦʨʘʭ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʙʦʪʘ ʜʚʦʪʘʢʪʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʧʦʪʫʞʥʦʩʪʽ ʦʧʠʩʘʥʘ ʫ [12; 20]. 

2.9. ɽʣʝʢʪʨʠʯʥʽ ʬʽʣʴʪʨʠ 

2.9.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʠʯʥʠʭ ʬʽʣʴʪʨʽʚ 

ɽʣʝʢʪʨʠʯʥʠʤ ʬʽʣʴʪʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʩʪʨʽʡ, ʱʦ ʧʨʦʧʫʩʢʘʻ 

ʝʣʝʢʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʦʜʥʠʭ ʯʘʩʪʦʪ ʽ ʱʦ ʟʘʪʨʠʤʫʻ ʢʦʣʠʚʘʥʥʷ ʽʥʰʠʭ. 

ɽʣʝʢʪʨʠʯʥʽ ʬʽʣʴʪʨʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʧʨʦʩʪʦ ʬʽʣʴʪʨʘʤʠ, ʤʘʶʪʴ ʚʠʙʽʨʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʧʘʩʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʚʝʣʠʯʠʥʠ 

ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ. ɺ ʜʽʘʧʘʟʦʥʽ ʥʠʟʴʢʠʭ, ʦʩʦʙʣʠʚʦ ʟʚʫʢʦʚʠʭ 

(300é3400 ɻʮ), ʽ ʽʥʬʨʘʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (< 300 ɻʮ) ʷʢ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ 

ʝʣʝʤʝʥʪʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ RC-ʣʘʥʮʶʛʠ. ʇʨʦʪʝ ʧʘʩʠʚʥʽ RC-

ʣʘʥʮʶʛʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʚʣʘʩʥʽ ʚʪʨʘʪʠ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤʠ 

ʩʝʣʝʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʮʽ ʣʘʥʮʶʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ 

ʢʦʤʧʝʥʩʫʶʯʠʤʠ ʚʪʨʘʪʠ ɸɽ (ʧʽʜʩʠʣʶʚʘʯʘʤʠ). ʊʘʢʽ ʩʝʣʝʢʪʠʚʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

ʥʘʟʠʚʘʶʪʴ ʘʢʪʠʚʥʠʤʠ RC-ʬʽʣʴʪʨʘʤʠ. ʗʢ ʧʽʜʩʠʣʶʚʘʯʽ ʚ ʮʠʭ ʬʽʣʴʪʨʘʭ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʆʇ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ɯʄʉ ʆʇ. ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ 

(ɸʌ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ ʽ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʫ ʯʘʩʪʠʥʫ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʧʨʦʧʫʩʢʘʻ ɸʌ, ʨʦʟʨʽʟʥʷʶʪʴ ʬʽʣʴʪʨʠ: 

- ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ); 

- ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ (ʌɺʏ); 

- ʩʤʫʛʦʚʦ-ʧʨʦʧʫʩʢʥʽ (ʩʤʫʛʦʚʽ) (ʉʌ); 

- ʩʤʫʛʦʚʦ-ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʽ (ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʽ) (ɿʌ). 

2.9.2. ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ  

ʇ̔ ʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʥʽʤʘʶʪʴʩʷ ʟ ʜʘʪʯʠʢʽʚ ʫ ʚʠʛʣʷʜʽ 

ʘʥʘʣʦʛʦʚʠʭ ʥʘʧʨʫʛ, ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʘʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ɺʏ ʟʘʚʘʜ ʥʘ 

ʚʭʽʜ ɸʎʇ, ʱʦ ʬʦʨʤʫʻ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʜʣʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʪʠʚʥʽ ʌʅʏ. 

ʅʘ ʨʠʩ. 2.58 ʥʘʚʝʜʝʥʦ ɸʏʍ ʽʜʝʘʣʴʥʦʛʦ ʽ ʨʝʘʣʴʥʦʛʦ ʌʅʏ. 
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A0

A1

A2

A, ʜɹ

ɤɿ ɤ1

ɤ, 

ʨʘʜ/ʩ

ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥ̫ ʧʝʨʝʭ̔ʜʥʘ 

ʦʙʣʘʩʪɹ

ʩʤʫʛʘ ʟʘʪʨʠʤʢʠ

ɸʏʍ ̔ʜʝʘʣɹʥʦʛʦ ʌʅʏ

ɸʏʍ ʨʝʘʣɹʥʦʛʦ ʌʅʏ

 
ʈʠʩ. 2.58. ɸʏʍ ʽʜʝʘʣʴʥʦʛʦ ʪʘ ʨʝʘʣʴʥʦʛʦ ʌʅʏ 

ɼʽʘʧʘʟʦʥ ʘʙʦ ʩʤʫʛʘ ʯʘʩʪʦʪ, ʚ ʷʢʠʭ ʩʠʛʥʘʣʠ ʧʨʦʭʦʜʷʪʴ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʟʘʛʘʩʘʥʥʷʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ, ʘ ʜʽʘʧʘʟʦʥ, ʚ ʷʢʦʤʫ ʩʠʛʥʘʣʠ 

ʧʨʠʜʫʰʫʶʪʴʩʷ, ʫʪʚʦʨʶʶʪʴ ʩʤʫʛʫ ʟʘʪʨʠʤʢʠ. ɹʽʣʴʰ ʪʦʥʢʦʶ ʣʽʥʽʻʶ ʥʘ ʨʠʩ. 2.58 

ʧʦʢʘʟʘʥʘ ʣʦʛʘʨʠʬʤʽʯʥʘ ɸʏʍ ʽʜʝʘʣʴʥʦʛʦ ʌʅʏ ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 

0¢ɤ¢ɤɿ ʽ ʩʤʫʛʦʶ ʟʘʪʨʠʤʫʚʘʥʥʷ ɤ > ɤɿ . ʏʘʩʪʦʪʘ ɤɿ ʤʽʞ ʮʠʤʠ ʩʤʫʛʘʤʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ. ɿʥʘʯʝʥʥʷ ɸ, ʜɹ, ʽʜʝʘʣʴʥʦʛʦ ʌʅʏ ʫ ʩʤʫʟʽ 

ʧʨʦʧʫʩʢʘʥʥʷ ʜʦʨʽʚʥʶʻ ɸ0, ʘ ʚ ʩʤʫʟʽ ʟʘʪʨʠʤʢʠ ï ʥʫʣʶ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʮʶ ʽʜʝʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʦʩʢʽʣʴʢʠ ʙʫʜʝ ʧʦʪʨʽʙʥʦ 

ʩʬʦʨʤʫʚʘʪʠ ʜʫʞʝ ʚʫʟʴʢʫ ʧʝʨʝʭʽʜʥʫ ʦʙʣʘʩʪʴ. 

ɸʏʍ ʨʝʘʣʴʥʠʭ ɸʌ ʙʣʠʞʯʝ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʽʜʝʘʣʴʥʦʛʦ ʜʣʷ ʬʽʣʴʪʨʽʚ 

ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ. ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʷʜʢʫ ʟʚô̫ ʟʘʥʝ ʽʟ 

ʫʩʢʣʘʜʥʝʥʥʷʤ ʩʭʝʤ ʽ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ. 

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʣʴʪʨʘ ʧʦʣʷʛʘʻ ʫ ʥʘʙʣʠʞʝʥʥʽ 

ʨʝʘʣʴʥʦʾ ɸʏʍ ʽʟ ʟʘʜʘʥʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʜʦ ʽʜʝʘʣʴʥʦʾ ʟʘ ʥʘʡʤʝʥʰʠʭ 

ʚʠʪʨʘʪ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʨʝʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.58 ʙʽʣʴʰ 

ʪʦʚʩʪʦʶ ʣʽʥʽʻʶ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʤʘʶʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʽ ʯʽʪʢʦ ʨʦʟʤʝʞʦʚʘʥʽ ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʟʘʪʨʠʤʢʠ. ɿʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʚʠʙʠʨʘʪʁʴ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʜʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʜʝʷʢʦʤʫ, ʟʘʟʜʘʣʝʛʽʜʴ 

ʦʙʨʘʥʦʤʫ ʯʠʩʣʫ, ʧʦʟʥʘʯʝʥʦʤʫ ɸ1, ʘ ʩʤʫʛʫ ʟʘʪʨʠʤʢʠ ʫʪʚʦʨʶ ̒ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, 

ʚ ʷʢʦʤʫ ʘʤʧʣʽʪʫʜʘ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʚʠʟʥʘʯʝʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʥʘʧʨʠʢʣʘʜ, 

ɸ2. ɯʥʪʝʨʚʘʣ ʯʘʩʪʦʪ, ʫ ʷʢʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʩʪʽʡʥʦ ʩʧʘʜʘʻ, ʧʝʨʝʭʦʜʷʯʠ ʚʽʜ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʜʦ ʩʤʫʛʠ ʟʘʪʨʠʤʢʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜʥʦʶ ʦʙʣʘʩʪʶ. 

ɿʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.58 ɸʏʍ ʨʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ ʤʘʻ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʫ 
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ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 0 Ò ɤ Ò ɤɿ, ʩʤʫʛʫ ʟʘʪʨʠʤʢʠ ʚ ʜʽʘʧʘʟʦʥʽ ɤ Ó ɤ1 ʽ ʧʝʨʝʭʽʜʥʫ 

ʦʙʣʘʩʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ɤɿ < ɤ < ɤ1. 

ʆʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ, ʱʦ ʨʦʟʚô̫ ʟʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ɸʌ, ʻ 

ʧʦʰʫʢ ʘʥʘʣʽʪʠʯʥʦʾ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʽʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ 

ʚʽʜʪʚʦʨʶʻ ʟʘʜʘʥʫ ʟʘ ʫʤʦʚʘʤʠ ɸʏʍ. 

ɭ ʢʽʣʴʢʘ ʪʠʧʽʚ ʩʪʘʥʜʘʨʪʥʠʭ ʬʽʣʴʪʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʜʘʥʠʭ ɸʏʍ ʧʨʦʝʢʪʦʚʘʥʠʭ ɸʌ: ʬʽʣʴʪʨʠ ɹʘʪʝʨʚʦʨʪʘ, 

ʏʝʙʠʰʝʚʘ, ʽʥʚʝʨʩʥʽ ʏʝʙʠʰʝʚʘ ʡ ʝʣʽʧʪʠʯʥʽ [30]. 

ʌʽʣʴʪʨʠ ɹʘʪʝʨʚʦʨʪʘ ʤʘʶʪʴ ʤʦʥʦʪʦʥʥʫ (ʤʘʢʩʠʤʘʣʴʥʦ ʧʣʦʩʢʫ) ɸʏʍ; 

ɸʏʍ ʬʽʣʴʪʨʘ ʏʝʙʠʰʝʚʘ ʤʘʻ ʧʫʣʴʩʘʮʽʾ (ʢʦʣʠʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ) ʫ 

ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʤʦʥʦʪʦʥʥʘ ʫ ʩʤʫʟʽ ʟʘʪʨʠʤʢʠ; ɸʏʍ ʽʥʚʝʨʩʥʦʛʦ ʬʽʣʴʪʨʘ 

ʏʝʙʠʰʝʚʘ ʤʦʥʦʪʦʥʥʘ ʫ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʤʘʻ ʧʫʣʴʩʘʮʽʾ ʫ ʩʤʫʟʽ ʟʘʪʨʠʤʢʠ, ʘ 

ɸʏʍ ʝʣʽʧʪʠʯʥʦʛʦ ʬʽʣʴʪʨʘ ʤʘʻ ʧʫʣʴʩʘʮʽʾ ʷʢ ʫ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ , ʪʘʢ ʽ ʫ ʩʤʫʟʽ 

ʟʘʪʨʠʤʢʠ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ɸʌ, ʚ ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ 

n > 2, ʻ ʢʘʩʢʘʜʥʝ ʟô̒ ʜʥʘʥʥʷ ʣʘʥʦʢ 1-ʛʦ ʽ 2-ʛʦ ʧʦʨʷʜʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ 

ʬʽʣʴʪʨ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ [30]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.59 ʢʘʩʢʘʜʥʝ ʟô̒ ʜʥʘʥʥʷ ʬʽʣʴʪʨʽʚ 1-ʛʦ ʽ 2-ʛʦ ʧʦʨʷʜʢʽʚ 

ʜʘʻ ʬʽʣʴʪʨ 3-ʛʦ ʧʦʨʷʜʢʫ, ʢʘʩʢʘʜʥʝ ʟô̒ ʜʥʘʥʥʷ ʜʚʦʭ ʬʽʣʴʪʨʽʚ 2-ʛʦ ʧʦʨʷʜʢʫ ʜʘʻ 

ʬʽʣʴʪʨ 4-ʛʦ ʧʦʨʷʜʢʫ ʽ ʪ. ʽʥ. ɿʙʽʣʴʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ 1-ʛʦ ʽ 2-ʛʦ 

ʧʦʨʷʜʢʽʚ, ʱʦ ʟô̒ ʜʥʫʶʪʴʩʷ, ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʬʽʣʴʪʨ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʪʨʽʙʥʦʛʦ 

ʥʘʤ ʧʦʨʷʜʢʫ. 

ʌʽʣʴʪʨʠ ʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ ʙʫʜʫʶʪʴʩʷ ʽʟ n/2 ʢʘʩʢʘʜʽʚ 2-ʛʦ ʧʦʨʷʜʢʫ, ʜʝ n-

ʧʦʨʷʜʦʢ ʬʽʣʴʪʨʘ. ʉʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ɸʌ, ʧʦʙʫʜʦʚʘʥʦʛʦ 

ʢʘʩʢʘʜʥʠʤ ʟô̒ ʜʥʘʥʥʷʤ ʬʽʣʴʪʨʽʚ 1-ʛʦ ʽ 2-ʛʦ ʧʦʨʷʜʢʽʚ, ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʯ ̔ʚʠʭʽʜʥʠʭ ʣʘʥʦʢ. ɭ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʩʭʝʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ɸʌ: ʽʟ ʙʘʛʘʪʦʧʝʪʣʝʚʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ (ɹɿɿ), ʽʟ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ, ʱʦ 

ʢʝʨʫʻʪʴʩʷ ʥʘʧʨʫʛʦʶ (ɼʅʂʅ); ʙʽʢʚʘʜʨʘʪʥʠʡ ʬʽʣʴʪʨ ʪʘ ʽʥ. 

ʆʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ ʩʭʝʤ ɸʌ, ʱʦ ʨʝʘʣʽʟʫʻ ʥʝʦʙʭʽʜʥʽ 

ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʬʽʣʴʪʨʘ, ʻ ʩʭʝʤʘ ʽʟ ɹɿɿ (ʨʠʩ. 2.60). 

ʉʭʝʤʘ ʤʘʻ ʪʘʢʫ ʥʘʟʚʫ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʤʽʩʪʠʪʴ ʜʚʘ ʰʣʷʭʠ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʠʛʥʘʣʫ ɿɿ: ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʽ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ. 

ʌʽʣʴʪʨ ʽʟ ɹɿɿ ʤʘʻ ʛʘʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʠʟʴʢʠʡ ʚʭʽʜʥʠʡ 

ʦʧʽʨ ʽ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ, 

ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 10. 

ʅʘ ʢʘʬʝʜʨʽ ɸʋʊʉ ʨʦʟʨʦʙʣʝʥʠʡ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ɸʌ.  
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ʇô̫ʪʠʡ ʧʦʨ̫ʜʦʢ

 

ʏʝʪʚʝʨʪʠʡ ʧʦʨ̫ʜʦʢ

 

ʊʨʝʪ̔ʡ ʧʦʨ̫ʜʦʢ

 

 1 ï ʬ̔ʣɹʪʨ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ 

     
1

 

     
2

 

2

     

2

 

     
1

 

    
2

 

2

 

2

      

2

 

2

 

 2 ï ʬ̔ʣɹʪʨ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ 

 
ʌʽʣʴʪʨʠ ʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ ʙʫʜʫʶʪʴʩʷ ʽʟ n/2 ʢʘʩʢʘʜʽʚ 2ïʛʦ ʧʦʨʷʜʢʫ, ʜʝ  

 

 
ʈʠʩ. 2.60. ʉʭʝʤʘ ʬʽʣʴʪʨʘ ʽʟ ɹɿɿ 

2.9.3. ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ  

ʌɺʏ ï ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʧʨʦʧʫʩʢʘʻ ʩʠʛʥʘʣʠ ʚʠʩʦʢʠʭ ʽ ʧʨʠʜʫʰʫʻ 

ʩʠʛʥʘʣʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. ʅʘ ʨʠʩ. 2.61 ʟʦʙʨʘʞʝʥʽ ɸʏʍ ʽʜʝʘʣʴʥʦʛʦ ʽ ʨʝʘʣʴʥʦʛʦ 

ʌɺʏ, ʜʝ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʧʘʜʢʫ ʧʦʟʥʘʯʝʥʽ: ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ( ),ɿw w²  

ʈʠʩ. 2.59. ʂʘʩʢʘʜʥʝ ʟô̒ ʜʥʘʥʥʷ ʬʽʣʴʪʨʽʚ 1-ʛʦ ʽ 2-ʛʦ ʧʦʨʷʜʢʽʚ 
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ʩʤʫʛʘ  ʟʘʪʨʠʤʢʠ ï ),0( 1ww¢¢  ʧʝʨʝʭʽʜʥʘ ʦʙʣʘʩʪʴ ï 
1( )ɿw w w< < ,    ʯʘʩʪʦʪʘ 

ʟʨʽʟʫ ï 
ɿw  [ʨʘʜ/ʩ], ʘʙʦ / 2ɿ ɿf w p=  [ɻʮ]. 

ɸ0

ɸ1

ɸ2

ɸ, ʜɹ

ɤ1 ɤɿ ɤ

ʜ̔ʝʘʣɹʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʌɺʏ

ʨʝʘʣɹʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʌɺʏ

 
ʈʠʩ. 2.61. ɯʜʝʘʣʴʥʘ ʽ ʨʝʘʣʴʥʘ ɸʏʍ ʌɺʏ 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʌɺʏ ʨʦʟʛʣʷʥʫʪʽ ʫ [30]. 

 

2.9.4. ɸʢʪʠʚʥʽ ʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ (ʩʝʣʝʢʪʠʚʥʽ ʧʽʜʩʠʣʶʚʘʯʽ) 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʢʪʠʚʥʽ ʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ. ʉʝʣʝʢʪʠʚʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʽʟ ʩʫʢʫʧʥʦʩʪʽ 

ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʚʠʜʽʣʠʪʠ ʛʨʫʧʫ ʩʠʛʥʘʣʽʚ 

ʙʣʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʱʦ ʥʝʩʫʪʴ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʤʘʻ ʚʠʛʣʷʜ, 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.62.  

 
ʈʠʩ. 2.62. ɸʏʍ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

 

ʇʽʜʩʠʣʶʚʘʯ ʤʘʻ ʜʫʞʝ ʚʫʟʴʢʫ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ 

ɺɻʈ ʅɻʈf f fD = - ,       

ʧʦʟʘ ʤʝʞʘʤʠ ʷʢʦʾ ʧʽʜʩʠʣʝʥʥʷ ʥʘʙʘʛʘʪʦ ʩʣʘʙʢʽʰʝ. 
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ʉʝʣʝʢʪʠʚʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

- ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʣʝʣʴʥʦʛʦ LC-ʢʦʥʪʫʨʫ ʽʟ ʯʘʩʪʦʪʥʦ-

ʩʝʣʝʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʨʝʟʦʥʘʥʩʥʽ); 

- ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʛʦ ɺɿɿ (ʧʽʜʩʠʣʶʚʘʯ ̔ʽʟ 

ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤ ɺɿɿ). 

 

ɺ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (ʜʝʩʷʪʢʠ ï ʪʠʩʷʯʽ ʛʝʨʮ) ʧʝʨʝʚʘʞʥʽʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʽʟ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤ ɺɿɿ. 

ʉʝʣʝʢʪʠʚʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʽʟ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤ ɺɿɿ. ʅʘ ʨʠʩ. 2.63 

ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʣʘʥʮʶʞʢʦʤ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʛʦ 

ɺɿɿ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʊ-ʧʦʜʽʙʥʦʛʦ ʤʦʩʪʫ (2ʊ-ʤʦʩʪʫ). 

ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 2ʊ-ʤʦʩʪʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.64 

(ʢʨʠʚʘ 1). 
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ʈʠʩ. 2.63. ʉʭʝʤʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤ ɺɿɿ 

 
ʈʠʩ. 2.64. ɸʏʍ: 1 ï 2ʊ-ʤʦʩʪʫ;  

2 ï ʧʽʜʩʠʣʶʚʘʯʘ ʙʝʟ ɺɿɿ; 3 ï ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜʩʠʣʶʚʘʯʘ ʙʝʟ ɺɿɿ ʤʘʻ ʚʠʛʣʜ̫ 

ʢʨʠʚʦʾ 2 (ʨʠʩ. 2.64). 
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ʆʩʢʽʣʴʢʠ ʪʨʘʥʟʠʩʪʦʨ, ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ, ʟʩʫʚʘʻ ʬʘʟʫ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 180Á, ʩʝʣʝʢʪʠʚʥʠʡ 2ʊ-ʤʽʩʪ ʚʢʣʶʯʘʻʪʴʩʷ ʫ ʣʘʥʮʶʛ ɺɿɿ ʽ 

ʟʘʛʘʣʴʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʟʘ ʟʘʤʢʥʫʪʦʶ ʧʝʪʣʝʶ: ʧʽʜʩʠʣʶʚʘʯ ï 2ʊ-ʤʽʩʪ, 

ʜʦʨʽʚʥʶʻ 180Á. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.64 (ʢʨʠʚʘ 1), ʥʘ ʯʘʩʪʦʪʽ ʢʚʘʟʽʨʝʟʦʥʘʥʩʫ ɤ0 (f0) 

ʚʽʜʩʫʪʥʽʡ ɺɿɿ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʠʡ 

ʯʘʩʪʦʪʽ ʤʘʢʩʠʤʘʣʴʥʠʡ (ʨʠʩ. 2.64, ʢʨʠʚʘ 3). ʋ ʨʘʟʽ ʯʘʩʪʦʪ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ f0, ʥʘ 

ʨʦʙʦʪʫ ʧʽʜʩʠʣʶʚʘʯʘ ʚʧʣʠʚʘʻ ɺɿɿ ʽ ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʂʚʘʟʽʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
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ɿʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʽʚ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʢʘʩʢʘʜʫ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 2ʊ-ʤʦʩʪʫ, ʩʧʦʪʚʦʨʶʶʯʠ ʡʦʛʦ ʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʨʦʟʰʠʨʶʶʯʠ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ʽ ʧʦʛʽʨʰʫʶʯʠ ʡʦʛʦ ʩʝʣʝʢʪʠʚʥʽʩʪʴ. 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʧʽʜʩʠʣʶʚʘʯʘ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ɸɽ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʢʘʩʢʘʜ ʽʟ ʚʠʩʦʢʠʤ KU ʚʝʣʠʢʠʤ ʚʭʽʜʥʠʤ ʽ ʤʘʣʠʤ  

ʚʠʭʽʜʥʠʤ ʦʧʦʨʘʤʠ. 

ʇʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʽʟ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤ ɺɿɿ ʜʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ̫ʢʦʩʪʽ ʧʽʜʩʠʣʶʚʘʯʘ ɯʄʉ ʆʇ. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʟʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ 

ʩʘʤʠʤ, ʷʢ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʭʝʤʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʷʢʫ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ. 

ʅʘ ʨʠʩ. 2.65 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ɯʄʉ ʆʇ. 



 

155 

 

 

ʈʠʩ. 2.65. ʉʭʝʤʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ɯʄʉ ʆʇ 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʶ çʧʽʜʩʠʣʶʚʘʯ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚè. 

2.  ɿʘ ʨʘʭʫʥʦʢ ʯʦʛʦ  ʧʽʜʩʠʣʶʶʪʴʩʷ ʩʪʨʫʤ, ʥʘʧʨʫʛʘ ʘʙʦ ʧʦʪʫʞʥʽʩʪʴ? 

3.  ʅʘʟʚʽʪʴ ʚʠʜʠ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

4.  ʇʦʷʩʥʽʪʴ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʜʞʝʨʝʣʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ. 

5.  ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

6.  ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ɸʏʍ ʪʘ ʌʏʍ ʪʠʧʦʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

7.  ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʚʠʜʠ ʩʧʦʪʚʦʨʝʥʴ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ. 

8.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ɿɿ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ.  

9.  ʗʢ ʚʧʣʠʚʘʶʪʴ ɿɿ ʥʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʽʚ? 

10. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʪʨʫʢʪʫʨʫ ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ɿɿ. 

11. ʗʢʽ ʚʠʜʠ ɿɿ ʻ ʜʣʷ ʧʽʜʩʠʣʶʚʘʯʽʚ ʢʦʨʠʩʥʠʤʠ, ʘ ʷʢʽ ʧʘʨʘʟʠʪʥʠʤʠ? 

12. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ɿɿ ʟʘ ʪʠʧʦʤ ʧʨʠʻʜʥʘʥʥʷ ʢʦʣʘ ɿɿ ʜʦ 

ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʢʽʣ ʧʽʜʩʠʣʶʚʘʯʘ. 

13. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʪʠʧʠ ʢʽʣ ɿɿ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ. 

14. ʅʘʟʚʽʪʴ ʩʧʦʩʦʙʠ ʫʩʫʥʝʥʥʷ ʧʘʨʘʟʠʪʥʠʭ ɿɿ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ. 

15. ʗʢʠʡ ʪʠʧ ɿɿ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʛʦ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʽʚ ʧʽʜʩʠʣʶʚʘʯʘ? 

16. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʘ ʟʽ ʉɽ ʟʘ ʟʤʽʥʥʠʤ 

ʩʪʨʫʤʦʤ? 

17. ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʬʘʟʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʫ ʧʽʜʩʠʣʶʚʘʯʽ ʟʽ ʉʂ? 

18. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʩʠʣʶʚʘʯʘ ʟʽ ʉʂ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

19. ʇʦʨʽʚʥʷʡʪʝ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʽ ʉɽ, ʉʂ ʪʘ ʉɹ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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20. ʅʘʟʚʽʪʴ ʝʣʝʤʝʥʪʠ ʩʭʝʤ ʦʜʥʦʢʘʩʢʘʜʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. 

21. ʇʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʴʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʫ ʧʽʜʩʠʣʶʚʘʯʘʭ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

22. ʗʢ ʧʦʙʫʜʫʚʘʪʠ ʣʽʥʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ɹʊ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ 

ʽʟ ʉɽ? 

23. ʑʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʬʘʟʦʶ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ɹʊ, ʷʢʠʡ 

ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ? ɺʽʜʧʦʚʽʜʴ ʧʦʷʩʥʽʪʴ. 

24. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʬʽʢʩʦʚʘʥʠʤ 

ʩʪʨʫʤʦʤ ʙʘʟʠ. 

25. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʨʘʥʟʠʩʪʦʨʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʧʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ʝʣʝʤʝʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ. 

26. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʆʇ ʪʘ ʦʧʠʰʪ̔ʴ ʡʦʛʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ. 

27. ʅʘʚʝʜʽʪʴ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʆʇ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ. 

28. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʪʨʫʢʪʫʨʫ ʆʇ. 

29. ʗʢ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʜʦ ʆʇ? 

30. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʧʝʨʝʜʘʪʥʫ (ʘʤʧʣʽʪʫʜʥʫ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʆʇ. 

31. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʭʝʤʫ ʟʘʤʽʱʝʥʥʷ ʚʭʽʜʥʦʛʦ ʢʦʣʘ ʆʇ. 

32. ʅʘʟʚʽʪʴ ʪʘ ʦʧʠʰʽʪʴ ʪʠʧʠ ʆʇ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

33. ʗʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʻ ʆʇ, ʷʢʠʡ ʦʭʦʧʣʝʥʠʡ ɺɿɿ? 

34. ʇʦʷʩʥʽʪʴ ʩʭʝʤʫ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʚʝʨʪʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ ɯʄʉ ʆʇ. 

35.  ʇʦʷʩʥʽʪʴ ʩʭʝʤʫ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ ɯʄʉ ʆʇ. 

36.  ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʭʝʤʠ ʧʦʚʪʦʨʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ɯʄʉ ʆʇ. 

37.  ʇʦʷʩʥʽʪʴ ʩʭʝʤʫ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ ɯʄʉ ʆʇ. 

38.  ʇʦʷʩʥʽʪʴ ʩʭʝʤʫ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʬʝʨʝʥʮʽʘʪʦʨʘ ʪʘ ʽʥʪʝʛʨʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʽ ɯʄʉ ʆʇ. 

39.  ʇʦʷʩʥʽʪʴ ʩʭʝʤʫ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʣʦʛʘʨʠʬʤʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ ɯʄʉ ʆʇ 

40.  ʇʦʷʩʥʽʪʴ ʩʭʝʤʫ, ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʘʥʪʠʣʦʛʘʨʠʬʤʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ʥʘ ʦʩʥʦʚʽ ɯʄʉ ʆʇ. 

41.  ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʇʇ. 

42.  ʇʦʷʩʥʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʙʝʟʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʇʇ. 

43.  ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʢʣʘʩʠ ʨʦʙʦʪʠ ʇʇ. 
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44.  ʅʘʚʝʜʽʪʴ ʩʭʝʤʫ ʪʘ ʧʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ʦʜʥʦʪʘʢʪʥʦʛʦ ʇʇ ʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʤ ʚʠʭʦʜʦʤ. 

45.  ʗʢʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫ ʇʇ? 

46.  ʗʢʽ ʧʝʨʝʚʘʛʠ ʤʘʶʪʴ ʜʚʦʪʘʢʪʥʽ ʇʇ ʱʦʜʦ ʦʜʥʦʪʘʢʪʥʠʭ? 

47.  ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʇʇ. 

48. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʤʫ ʬʽʣʴʪʨʫ. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɺʠʜʠ ʽ ʪʠʧʠ. 

49. ɿʦʙʨʘʟʽʪʴ ʛʨʘʬʽʯʥʦ ɸʏʍ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ. ʇʦʷʩʥʽʪʴ 

ʦʪʨʠʤʘʥʥʽ ʛʨʘʬʽʢʠ.   
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 3. ɻɽʅɽʈɸʊʆʈʀ ɻɸʈʄʆʅɯʁʅʀʍ ʉʀʅʋʉʆɰɼɸʃʔʅʀʍ ʂʆʃʀɺɸʅʔ 

3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʝʨʘʪʦʨʽʚ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ 

ɽʣʝʢʪʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʩʣʫʞʘʪʴ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʝʥʝʨʛʽʶ ʥʝʟʛʘʩʘʶʯʠʭ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʦʥʠ ʤʽʩʪʷʪʴ ɸɽ ʽ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʫ ʩʭʝʤʫ 

(ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ). ʗʢ ɸɽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʽʦʜʠ, ʱʦ ʤʘʶʪʴ ʜʽʣʷʥʢʫ 

ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ ʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ, 

ʪʨʘʥʟʠʩʪʦʨʠ ʡ ʽʥʪʝʛʨʘʣʴʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʦʩʦʙʣʠʚʦ ʦʧʝʨʘʮʽʡʥʽ, ʘ ʷʢ ʯʘʩʪʦʪʥʦ-

ʩʝʣʝʢʪʠʚʥʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ (ʏʉʏ) ï ʨʝʟʦʥʘʥʩʥʽ LC-ʢʦʥʪʫʨʠ, ʢʚʘʨʮʦʚʽ 

ʨʝʟʦʥʘʪʦʨʠ, RC-, RL- ʽ RLM-ʣʘʥʮʶʛʠ. ɿʘ ʪʠʧʦʤ ʏʉʏ ʛʝʥʝʨʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ LC-, RC-, RL- ʪʘ RLM-ʛʝʥʝʨʘʪʦʨʠ [5; 12; 20]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ, ʛʝʥʝʨʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʚʠʩʦʢʦ-, ʥʠʟʴʢʦ- ʽ ʽʥʬʨʘʥʠʟʴʢʦʯʘʩʪʦʪʥʽ. ʇʝʨʰʽ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʘʭ 

ʧʨʠʙʣʠʟʥʦ ʚʽʜ 100 ʄʛʮ ʜʦ 100 ʢɻʮ, ʜʨʫʛʽ ï ʚʽʜ 100 ʢɻʮ ʜʦ 10 ɻʮ, ʘ ʪʨʝʪʽ ï ʚʽʜ 

10 ɻʮ ʽ ʥʠʞʯʝ. ɯʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʽʨʢʫʚʘʥʴ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʝʨʝʚʘʞʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ LC-ʛʝʥʝʨʘʪʦʨʠ, ʥʘ ʥʠʟʴʢʠʭ ʫ ʨʘʟʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʧʦʨʷʜʢʫ 

4 ɺ ʽ ʚʠʱʝ ï RC-ʛʝʥʝʨʘʪʦʨʠ, ʘ ʥʘ ʥʠʟʴʢʠʭ ʽ ʽʥʬʨʘʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʫ ʨʘʟʽ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʙʽʣʷ 1 ɺ ʝʬʝʢʪʠʚʥʽʰʽ RL- ʽ RLM-ʛʝʥʝʨʘʪʦʨʠ.  

ɿʘ ʧʨʠʥʮʠʧʦʤ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʠʚʘʥʴ ʨʦʟʨʽʟʥʷʶʪʴ ʛʝʥʝʨʘʪʦʨʠ ʽʟ 

ʟʦʚʥʽʰʥʽʤ (ʥʝʟʘʣʝʞʥʠʤ) ʟʙʫʜʞʝʥʥʷʤ (ʟʘʟʚʠʯʘʡ, LC-ʛʝʥʝʨʘʪʦʨʠ) ʽ ʛʝʥʝʨʘʪʦʨʠ 

ʽʟ ʩʘʤʦʟʙʫʜʞʝʥʥʷʤ (ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ). 

ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʣʘʚʥʦʛʦ ʧʝʨʝʩʪʨʦʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʛʝʥʝʨʘʪʦʨʠ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʧʝʨʝʩʪʨʦʶʚʘʥʽ (ʜʽʘʧʘʟʦʥʥʽ) ʽ ʬʽʢʩʦʚʘʥʦʾ ʯʘʩʪʦʪʠ. 

ʅʘ ʨʠʩ. 3.1 ʧʦʢʘʟʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʦʩʪʦʛʦ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʽ ʛʝʥʝʨʘʪʦʨʠ ʙʫʜʫʶʪʴʩʷ ʟʘ ʢʽʣʴʮʝʚʦʶ ʩʭʝʤʦʶ, ʚ ʷʢʽʡ ʜʽʻ ɼɿɿ. 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʝʥʝʨʘʪʦʨʘ ʻ ɸɽ (ʧʽʜʩʠʣʶʚʘʯ) ï ɸɽ (ʇ) ʽ ʏʉʏ. 

3.2. RC-ʛʝʥʝʨʘʪʦʨʠ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

3.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ RC-ʛʝʥʝʨʘʪʦʨʠ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ɼʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ RC-ʛʝʥʝʨʘʪʦʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʏʉʏ ʥʘ R ʪʘ C ʝʣʝʤʝʥʪʘʭ ʽ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʚʦʨʶʚʘʥʦʛʦ ʥʠʤʠ ʟʩʫʚʫ ʬʘʟʠ ʥʘ ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ, 

ʽʥʚʝʨʪʫʶʯʠʡ ʘʙʦ ʥʝʽʥʚʝʨʪʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ. 
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ʈʠʩ. 3.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʏʘʩʪʦʪʘ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ RC-ʛʝʥʝʨʘʪʦʨʦʤ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʦʶ, ʦʩʢʽʣʴʢʠ ʏʉʏ ʥʘ RC-ʝʣʝʤʝʥʪʘʭ ʥʝ ʤʘʻ ʨʝʟʦʥʘʥʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ, ʥʘʧʨʠʢʣʘʜ LC-ʢʦʥʪʫʨ. 

ɺ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʭ RC-ʛʝʥʝʨʘʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯʽ, 

ʱʦ ʦʭʦʧʣʝʥʽ ɼɿɿ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ, ʦʭʦʧʣʝʥʦʛʦ ɼɿɿ,  

ʇ
ɼɿɿ

ʇ ʏʉʏ

K
K =

1-K KÖ ,      

ʜʝ Kʇ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʙʝʟ ɿɿ; Kʏʉʏ ï ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʜʘʯʽ ʏʉʏ. 

ʋʤʦʚʠ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ: 

ʇ ʏʉʏK K 1Ö ²;       

2ʇ ʏʉʏ nj j pD +D = ,      

ʜʝ n = 0, 1, 2, 3é 

ɼʨʫʛʘ ʽʟ ʮʠʭ ʫʤʦʚ ʻ ʥʝʦʙʭʽʜʥʦʶ ʽ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʩʭʝʤʽ ʛʝʥʝʨʘʪʦʨʘ ʜʽʻ 

ɼɿɿ. ʇʝʨʰʘ ʫʤʦʚʘ ʻ ʜʦʩʪʘʪʥʴʦʶ ʪʘ ʦʟʥʘʯʘʻ, ʱʦ ʧʽʜʩʠʣʝʥʥʷ ɸɽ ʛʝʥʝʨʘʪʦʨʘ 

ʙʽʣʴʰʝ (ʘʙʦ ʜʦʨʽʚʥʶʻ) ʟʘʛʘʩʘʥʥʶ, ʷʢʝ ʚʥʦʩʠʪʴ ʏʉʏ. 

RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

1) ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʽʟ ʧʦʚʦʨʦʪʦʤ ʬʘʟʠ ʩʠʛʥʘʣʫ ʫ ʣʘʥʮʶʟʽ ɼɿɿ ʥʘ 

ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ɤ0  ʥʘ + 180Á; 

2) ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʙʝʟ ʧʦʚʦʨʦʪʫ ʬʘʟʠ, ʚ ʷʢʠʭ ʬʘʟʦʚʠʡ ʟʩʫʚ ʩʠʛʥʘʣʫ ʫ 

ʣʘʥʮʶʟʽ ɼɿɿ ʥʘ ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ɤ0 ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 
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3.2.2. ʏʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ 

ʆʩʥʦʚʥʽ ʩʭʝʤʠ ʮʠʭ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ 

ʢʚʘʟʽʨʝʟʦʥʘʥʩʫ ɤ0 ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ ɔ0 (ʟʚʦʨʦʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʝʨʝʜʘʯʽ) ʥʘ ʯʘʩʪʦʪʽ ʢʚʘʟʽʨʝʟʦʥʘʥʩʫ ʜʣʷ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ RC-

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘʭ ʦʜʥʘʢʦʚʠʭ ʦʧʦʨʽʚ ʨʝʟʠʩʪʦʨʽʚ R ʽ ʻʤʥʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

C ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.1. ʎʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʽ, ʱʦ ʬʘʟʫʶʪʴ 

ʥʘʧʨʫʛʫ ʪʘ ʪʽ, ʱʦ ʬʘʟʫʶʪʴ ʩʪʨʫʤ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘʭ, ʱʦ ʬʘʟʫʶʪʴ 

ʥʘʧʨʫʛʫ, ʧʦʪʨʽʙʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʽʟ ʚʝʣʠʢʠʤ ʚʭʽʜʥʠʤ ʽ ʤʘʣʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʘʤʠ, 

ʘ ʜʣʷ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘʭ, ʱʦ ʬʘʟʫʶʪʴ ʩʪʨʫʤ, ï 

ʧʽʜʩʠʣʶʚʘʯʽ ʽʟ ʤʘʣʠʤ ʚʭʽʜʥʠʤ ʽ ʚʝʣʠʢʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʘʤʠ. 

ʏʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʽʟ ʟʩʫʚʦʤ ʬʘʟʠ ʥʘ + 180Á ʻ 

ʣʘʥʮʶʛʦʚʠʤʠ (ʩʭʦʜʦʚʠʤʠ), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʢʘʩʢʘʜʥʦ (ʧʦʩʣʽʜʦʚʥʦ) 

ʚʢʣʶʯʝʥʠʭ ɻ-ʧʦʜʽʙʥʠʭ ʣʘʥʦʢ ʽʟ ʨʝʟʠʩʪʦʨʘʤʠ R ʚ ʦʜʥʠʭ ʦʜʥʦʡʤʝʥʥʠʭ ʧʣʝʯʘʭ 

ʣʘʥʦʢ ʽ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ C ʚ ʽʥʰʠʭ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʣʘʥʮʶʛʦʚʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ 

ʽʟ ʢʽʣʴʢʽʩʪʶ ʣʘʥʦʢ, ʱʦ ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ ʘʙʦ ʯʦʪʠʨʴʦʤ, ʦʩʢʽʣʴʢʠ ʧʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʘʥʦʢ ʥʝ ʜʘʻ ʽʩʪʦʪʥʠʭ ʧʝʨʝʚʘʛ, ʫʩʢʣʘʜʥʶʶʯʠ ʩʭʝʤʫ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʽ ʧʽʜʙʽʨ R ʽ C. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʽ ʬʘʟʦ-ʯʘʩʪʦʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.2. 

ʏʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʽʟ ʥʫʣʴʦʚʠʤ ʟʩʫʚʦʤ ʬʘʟʠ 

ʥʘ ʢʚʘʟʽʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʦʜʠʥʘʨʥʽ              

ɻ- ʧʦʜʽʙʥʽ (ʤʽʩʪ ɺʽʥʘ) ʽ ʧʦʜʚʽʡʥʽ  (ɻ-ʧʦʜʽʙʥʽ ʪʘ ʣʘʥʮʶʛʦʚʽ (ʩʭʦʜʦʚʽ)). 

ʆʜʠʥʘʨʥʽ ɻ-ʧʦʜʽʙʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʻ ɻ-ʧʦʜʽʙʥʦʶ ʣʘʥʢʦʶ, ʱʦ 

ʤʽʩʪʠʪʴ ʫ ʦʜʥʦʤʫ ʧʣʝʯʽ ʧʦʩʣʽʜʦʚʥʝ ʟô̒ ʜʥʘʥʥʷ ʨʝʟʠʩʪʦʨʘ R ʽ ʢʦʥʜʝʥʩʘʪʦʨʘ C, ʫ 

ʽʥʰʦʤʫ ï ʧʘʨʘʣʝʣʴʥʝ ʟô̒ ʜʥʘʥʥʷ R ʽ C (ʤʽʩʪ ɺʽʥʘ). 
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ʊʘʙʣʠʮʷ 3.1. ʉʭʝʤʘ ʽ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʭ  

RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ 

ʏʘʩʪʦʪʥʽ ʩʝʣʝʢʪʠʚʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ 

ʑʦ ʬʘʟʫʶʪʴ ʥʘʧʨʫʛʫ ʑʦ ʬʘʟʫʶʪʴ ʩʪʨʫʤ 

ʃʘʥʮʶʛʦʚʽ ʟʽ ʟʩʫʚʦʤ ʬʘʟʠ 180
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.1. 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣʠʮʽ 3.1. 

ʇʦʜʚʽʡʥʽ ɻ-ʧʦʜʽʙʥʽ ʟʽ ʟʩʫʚʦʤ ʬʘʟʠ ʥʘ 0
o
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o
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ʈʠʩ. 3.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʥʮʶʛʦʚʦʛʦ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ: 

ʘ ï ʯʘʩʪʦʪʥʘ; ʙ ï ʬʘʟʦʚʘ 

ʇʦʜʚʽʡʥʽ ɻ-ʧʦʜʽʙʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʜʚʦʭ  

ɻ-ʧʦʜʽʙʥʠʭ ʣʘʥʦʢ RC ʽ CR ʘʙʦ CR ʽ RC, ʱʦ ʚʢʣʶʯʝʥʽ ʢʘʩʢʘʜʥʦ. ʏʘʩʪʦʪʥʘ ʽ 

ʬʘʟʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʠʥʘʨʥʦʛʦ ʽ ʧʦʜʚʽʡʥʦʛʦ ɻ-ʧʦʜʽʙʥʠʭ                         

RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.3. 

ʃʘʥʮʶʛʦʚʽ ɻ-ʧʦʜʽʙʥʽ RC-ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʽʟ ʥʫʣʴʦʚʠʤ ʟʩʫʚʦʤ ʬʘʟʠ ʻ 

ʦʩʦʙʣʠʚʦʶ ʛʨʫʧʦʶ, ʷʢʘ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʥʘʧʨʫʛʠ (ʩʪʨʫʤʫ) ʤʝʥʰʝ 

ʦʜʠʥʠʮʽ (ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ). 

ʎʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʧʦʚʪʦʨʶʚʘʯʘʭ, ʥʘʧʨʠʢʣʘʜ ʝʤʽʪʝʨʥʠʭ, ʷʢʽ ʤʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʜʘʯʽ ʥʘʧʨʫʛʠ ʤʝʥʰʝ ʦʜʠʥʠʮʽ, ʪʦʙʪʦ ʙʘʣʘʥʩ ʘʤʧʣʽʪʫʜ ʫ ʪʘʢʠʭ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. 

 

 
ʈʠʩ. 3.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻ-ʧʦʜʽʙʥʠʭ RC: ʘ ï ʯʘʩʪʦʪʥʘ; ʙ ï ʬʘʟʦʚʘ 
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3.2.3. RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʽʟ ʧʦʚʦʨʦʪʦʤ ʬʘʟʠ 

ʆʜʠʥ ʽʟ ʧʨʦʩʪʠʭ ʚʘʨʽʘʥʪʽʚ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʽʟ ʪʨʴʦʭʣʘʥʢʦʚʠʤ 

ʣʘʥʮʶʛʦʚʠʤ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʦʤ, ʱʦ ʬʘʟʫʻ ʥʘʧʨʫʛʫ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.4. 

C C C

R R R2 RE CE

- +

R1 Rʂ

VT1 Uɺʀʍ

Eʂ

 
ʈʠʩ. 3.4. ʉʭʝʤʘ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʽʟ ʪʨʴʦʭʣʘʥʢʦʚʠʤ ʣʘʥʮʶʛʦʚʠʤ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʦʤ 

ʆʩʢʽʣʴʢʠ ʏʉʏ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʮʡ̔ ʩʭʝʤʽ, ʟʩʫʚʘʻ ʬʘʟʫ ʥʘ 180Á, 

ʛʝʥʝʨʘʪʦʨ ʤʽʩʪʠʪʴ ʦʜʥʦʢʘʩʢʘʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ, ʱʦ ʚʢʣʶʯʝʥʠʡ 

ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ. ɼʘʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʪʘʢʦʞ ʟʩʫʚʘʻ ʬʘʟʫ 

ʩʠʛʥʘʣʫ ʥʘ 180Á. ɺʠʭʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʏʉʏ ʩʧʦʣʫʯʝʥʠʡ ʽʟ 

ʚʭʦʜʦʤ, ʫʪʚʦʨʶʶʯʠ ʢʽʣʴʮʝʚʫ ʩʭʝʤʫ ʽʟ ɼɿɿ. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʦʜʽʣʴʥʠʢʦʤ R1, R2 ʽ ʨʝʟʠʩʪʦʨʦʤ RE ʚ ʝʤʽʪʝʨʥʦʤʫ ʣʘʥʮʶʟʽ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʆʜʥʦʯʘʩʥʦ ʧʘʨʘʣʝʣʴʥʦ ʚʢʣʶʯʝʥʽ ʟʘ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʨʝʟʠʩʪʦʨʠ R1, R2 , 

ʫʪʚʦʨʶʶʪʴ ʪʨʝʪʽʡ ʦʧʽʨ ʣʘʥʮʶʛʦʚʦʛʦ ʏʉʏ, ʪʦʙʪʦ 
1 2

1 2

R R
R

R R

Ö
=

+
. 

ʇ̔ ʜ ʯʘʩ ʟʘʙʝʟʧʝʯʝʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ KU > 29 

ʚʪʨʘʪʠ ʚ ʣʘʥʮʶʛʦʚʦʤʫ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʫ ʢʦʤʧʝʥʩʫʶʪʴʩʷ, ʩʭʝʤʘ 

ʩʘʤʦʟʙʫʜʞʫʻʪʴʩʷ ʽ ʛʝʥʝʨʫʻ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʽʟ ʯʘʩʪʦʪʦʶ 

ɻ

1

6 2
f

RCp
=

Ö Ö
 .      

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʮ̔ ʡ ʩʭʝʤʽ, ʚ ʩʭʝʤʫ ʛʝʥʝʨʘʪʦʨʘ ʚʢʣʶʯʘʶʪʴ ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ, ʷʢʠʡ 

ʧʦʤʽʱʘʶʪʴ ʤʽʞ ʏʉʏ ʽ ʧʽʜʩʠʣʶʚʘʯʝʤ. ʆʩʢʽʣʴʢʠ ʬʘʟʦʚʠʡ ʟʩʫʚ, ʱʦ ʚʥʦʩʠʪʴ 

ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʫʤʦʚʘ ʙʘʣʘʥʩʫ ʬʘʟ ʧʨʠ ʮʴʦʤʫ ʥʝ 
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ʧʦʨʫʰʫʻʪʴʩʷ. ɼʝʷʢʝ ʟʘʛʘʩʘʥʥʷ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʝʤʽʪʝʨʥʠʤ ʧʦʚʪʦʨʶʚʘʯʝʤ, 

ʧʦʚʠʥʥʝ ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ ʧʽʜʩʠʣʶʚʘʯʝʤ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʷ ʫʤʦʚʘ        

ʙʘʣʘʥʩʫ ʘʤʧʣʽʪʫʜ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɯʄʉ 

ʆʇ. ʆʜʥʘ ʽʟ ʩʭʝʤ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ɯʄʉ ʆʇ ʽʟ ʣʘʥʮʶʛʦʚʠʤ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʦʤ, ʱʦ ʬʘʟʫʻ ʥʘʧʨʫʛʫ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.5. 

 
ʈʠʩ. 3.5. ʉʭʝʤʘ ʣʘʥʮʶʛʦʚʦʛʦ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ɯʄʉ ʆʇ 

ʆʩʢʽʣʴʢʠ ʫ ʮ̔ ʡ ʩʭʝʤʽ ʏʉʏ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʝʟʠʩʪʦʨʽʚ R1, R2 ʽ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʉ1, ʉ2, ʉ3, ʧʽʜʩʠʣʶʚʘʯ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʘʣʽ ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ 

ʦʧʦʨʠ ʽ ʩʪʚʦʨʶʚʘʪʠ ʟʩʫʚ ʬʘʟʠ ʥʘ 180Á. ɼʣʷ ʮʴʦʛʦ ɯʄʉ ʆʇ ʦʭʦʧʣʝʥʘ ʯʘʩʪʦʪʥʦ-

ʥʝʟʘʣʝʞʥʠʤ ɺɿɿ, ʷʢʠʡ ʚʚʝʜʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʟʠʩʪʦʨʘ R3. 

ʎʝʡ ʣʘʥʮʶʛ ʥʘʩʪʽʣʴʢʠ ʟʤʝʥʰʫʻ ʚʭʽʜʥʠʡ ʦʧʽʨ ɯʄʉ ʆʇ, ʱʦ ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʬʘʟʦʟʩʫʚʥʠʡ ʣʘʥʮʶʛ ʧʨʘʮʶʻ ʥʘ ʥʫʣʴʦʚʠʡ 

ʚʭʽʜʥʠʡ ʦʧʽʨ. ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʛʦ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ: 

ɻ

1

2 1 2 ( 1 2 1 3 2 3)
f

R R C C C C C Cp
=

Ö Ö Ö + Ö + Ö
.     

ɼʣʷ ʚʠʥʠʢʥʝʥʥʷ ʩʪʽʡʢʠʭ ʘʚʪʦʢʦʣʠʚʘʥʴ ʧʽʜ ʯʘʩ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

1>ÖgUK ,        

ʜʝ KU ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɯʄʉ ʆʇ; ɔ ï ʟʘʛʘʩʘʥʥʷ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʏʉʏ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʦʪʨʽʙʥʦ, ʱʦʙ 

1ºÖgUK .        
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʩʫʧʝʨʝʯʥʦʩʪʽ ʚ ʩʭʝʤʽ ʩʪʚʦʨʝʥʠʡ ʥʝʣʽʥʽʡʥʠʡ ɺɿɿ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʽʦʜʽʚ VD1 ʽ VD2, ʷʢʽ ʧʦʯʠʥʘʶʪʴ ʚʽʜʢʨʠʚʘʪʠʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʪʦʛʦ, 

ʷʢ ʘʤʧʣʽʪʫʜʘ ʘʚʪʦʢʦʣʠʚʘʥʴ ʧʝʨʝʚʠʱʠʪʴ ʧʦʩʪʽʡʥʫ ʟʘʢʨʠʚʘʶʯʫ ʥʘʧʨʫʛʫ 

ʟʤʽʰʝʥʥʷ, ʷʢʘ ʟʘʢʨʠʚʘʻ ʜʽʦʜʠ ʪʘ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʟʠʩʪʦʨʽʚ 

R4éR7. ʋ ʨʘʟʽ ʚʽʜʢʨʠʚʘʥʥʷ ʜʽʦʜʽʚ ʛʣʠʙʠʥʘ ɺɿɿ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ (ʧʦʯʠʥʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ 1ºÖgUK ). ʎʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʤʧʣʽʪʫʜʠ ʘʚʪʦʢʦʣʠʚʘʥʴ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟʩʫʚʫ 

ʜʽʦʜʽʚ VD1 ʽ VD2 ʟʘʟʚʠʯʘʡ ʧʽʜʙʠʨʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʭʝʤʠ. 

ʇʝʨʝʙʫʜʦʚʘ ʯʘʩʪʦʪʠ ʘʚʪʦʢʦʣʠʚʘʥʴ ʣʘʥʮʶʛʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ 

ʫʩʢʣʘʜʥʝʥʘ, ʪʦʤʫ ʾʭ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʜʣʷ ʨʦʙʦʪʠ ʥʘ 

ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ. 

3.2.4. RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʠ ʙʝʟ ʧʦʚʦʨʦʪʫ ʬʘʟʠ 

ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʽʟ ɻ-ʧʦʜʽʙʥʠʤ ʏʉʏ, ʱʦ ʬʘʟʫʻ 

ʥʘʧʨʫʛʫ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.6. 

C

C

R

R

ʏʉʏ
ɽʤ̔ʪʝʨʥʠʡ 

ʧʦʚʪʦʨʁ ʚʘʯ
ʇ̔ʜʩʠʣʁ ʚʘʯ

R1 R2 R3 R4 R5

R6 R7 R8 R9 R10

R11
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- +

ʉP1

ʉP2

ʉP3
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ʈʠʩ. 3.6. ʉʭʝʤʘ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʽʟ ʤʦʩʪʦʤ ɺʽʥʘ ʚ ʷʢʦʩʪʽ ʏʉʏ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʬʘʟ ʘʚʪʦʛʝʥʝʨʘʪʦʨ ʚʠʢʦʥʘʥʠʡ ʥʘ 

ʜʚʦʢʘʩʢʘʜʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʚʢʣʶʯʝʥʠʭ ʟʘ ʩʭʝʤʦʶ ʽʟ ʉɽ 

(ʢʦʞʝʥ ʢʘʩʢʘʜ ʩʪʚʦʨʶʻ ʟʩʫʚ ʬʘʟʠ ʥʘ 180Á). ʋʤʦʚʘ ʙʘʣʘʥʩʫ ʘʤʧʣʽʪʫʜ 

ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʟʘʧʘʩʦʤ, ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʜʚʦʢʘʩʢʘʜʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʽʟ ʉɽ ʟʘʚʞʜʠ ʙʽʣʴʰʝ ʪʨʴʦʭ. ʊʦʤʫ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʬʦʨʤʠ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽ ʟʘʩʪʦʩʦʚʘʥʠʡ 
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ʣʘʥʮʶʛ ʥʝʣʽʥʽʡʥʦʛʦ ɺɿɿ, ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʨʦʙʦʪʫ ʚʩʽʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚ ʣʽʥʽʡʥʦʤʫ 

ʨʝʞʠʤʽ. 

ʎʝʡ ʣʘʥʮʶʛ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉʨ5, ʨʝʟʠʩʪʦʨʘ R11 ʽ 

ʧʘʨʘʣʝʣʴʥʦ ʚʢʣʶʯʝʥʠʭ ʜʽʦʜʽʚ VD1 ʽ VD2. ʆʩʦʙʣʠʚʽʩʪʴ ʮʴʦʛʦ ʣʘʥʮʶʛʘ ʚ ʪʦʤʫ, 

ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʚʘʥʥʷ ʣʘʥʮʶʛʘ ɺɿɿ ʟʨʦʩʪʘʻ ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ 

ʚʠʭʽʜʥʠʭ ʢʦʣʠʚʘʥʴ, ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʦʧʽʨ ʜʽʦʜʽʚ ʽ ʟʨʦʩʪʘʻ ʩʠʛʥʘʣ ɺɿɿ 

ʥʘ ʚʭʦʜʽ ʣʘʥʮʶʛʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ ʯʘʩ ʚʢʣʶʯʝʥʥ ̫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ɺɿɿ, ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʟʤʝʥʰʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ. 

ʎʝʡ ʨʽʚʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʦʨʦʤ ʨʝʟʠʩʪʦʨʘ R11. ʂʦʥʜʝʥʩʘʪʦʨ ʉʨ5 ʩʣʫʞʠʪʴ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ɺɿɿ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʣʘʥʮʶʛʘʤʠ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. 

ʑʦʙ ʥʝ ʧʦʨʫʰʫʚʘʪʠ ʩʠʤʝʪʨʽʶ ʤʦʩʪʘ ɺʽʥʘ (ʨʽʚʥʽʩʪʴ ʘʢʪʠʚʥʠʭ ʦʧʦʨʽʚ 

ʨʝʟʠʩʪʦʨʽʚ ʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʽ ʧʘʨʘʣʝʣʴʥʦʤʫ ʣʘʥʮʶʞʢʘʭ), 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʄʇ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ VT1. ʌʘʟʦʚʠʡ ʟʩʫʚ, ʱʦ 

ʚʥʦʩʠʪʴʩʷ ɽʄʇ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʽ ʟʘʛʘʣʴʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʚʭʽʜʥʦʾ ʽ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦʨʽʚʥʶʻ 2p, ʷʢ ʮʴʦʛʦ ʚʠʤʘʛʘʻ ʫʤʦʚʘ ʙʘʣʘʥʩʫ ʬʘʟ. 

ʆʜʥʘ ʟ ʤʦʞʣʠʚʠʭ ʩʭʝʤ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʧʦʚʦʨʦʪʫ 

ʬʘʟʠ ʥʘ ɯʄʉ ʆʇ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.7. 

 
ʈʠʩ. 3.7. ʉʭʝʤʘ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ Rʉ-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʥʘ  

ɯʄʉ ʆʇ ʽʟ ʤʦʩʪʦʤ ɺʽʥʘ ʷʢ ʏʉʏ 

ʊʘʢʘ ʩʭʝʤʘ ʩʧʨʦʱʝʥʘ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʘʥʽʰʝ ʨʦʟʛʣʷʥʫʪʦʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ɸɽ ɯʄʉ ʆʇ. ʅʘ ʩʭʝʤʽ ʚʽʜʩʫʪʥʽʡ ʣʘʥʮʶʛ ɺɿɿ, ʷʢʠʡ ʤʦʞʥʘ 

ʚʚʦʜʠʪʠ ʘʥʘʣʦʛʽʯʥʦ ʩʭʝʤʽ, ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 3.6. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʥʫʩʦʾʜʥʠʭ 

ʢʦʣʠʚʘʥʴ (ɻɻʉʂ). 

2. ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʫʤʦʚʠ ʟʙʫʜʞʝʥʥʷ RC-ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ. 

3. ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʭʝʤʠ RC-ʣʘʥʮʶʛʽʚ ɻɻʉʂ. 

4. ʗʢ ʧʦʚô̫ ʟʘʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʥʘ ʚʠʭʦʜʽ ɻɻʉʂ ʟ ʧʘʨʘʤʝʪʨʘʤʠ                 

RC-ʣʘʥʮʶʛʘ? 

5. ʅʘʚʝʜʽʪʴ ʩʭʝʤʫ ʪʘ ʧʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ɻɻʉʂ ʥʘ ʦʩʥʦʚʽ ʆʇ ʪʘ ʤʦʩʪʘ ɺʽʥʘ. 
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4. ɼɾɽʈɽʃɸ ɾʀɺʃɽʅʅʗ ɽʃɽʂʊʈʆʅʅʀʍ ʉʍɽʄ 

4.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʧʦʪʨʝʙʫʶʪʴ 

ʥʘʷʚʥʦʩʪʽ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ (ɼɾ), ʷʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

- ʙʘʪʘʨʝʡʢʠ ʘʙʦ ʘʢʫʤʫʣʷʪʦʨʠ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ 

ʘʚʪʦʥʦʤʥʠʭ (ʧʦʨʪʘʪʠʚʥʠʭ) ʧʨʠʩʪʨʦʷʭ); 

- ɼɾ, ʷʢʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ [3; 5; 12]. 

4.2. ɹʘʪʘʨʝʡʢʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ 

ʇʝʨʝʚʘʛʦʶ ʙʘʪʘʨʝʡ ʻ ʾʭ ʧʦʨʪʘʪʠʚʥʽʩʪʴ ʽ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʤʽʥʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʥʘ ʾʭʥʴʦʤʫ ʚʠʭʦʜʽ. ʆʜʥʘʢ ʻ ʥʝʙʝʟʧʝʢʘ ʧʨʦʪʽʢʘʥʥʷ, ʷʢʱʦ 

ʨʦʟʨʷʜʞʝʥʽʡ ʙʘʪʘʨʝʾ ʚʠʧʘʜʢʦʚʦ ʜʦʟʚʦʣʠʣʠ ʟʘʥʘʜʪʦ ʜʦʚʛʦ ʟʘʣʠʰʘʪʠʩʷ ʚ 

ʧʨʠʣʘʜʽ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʫʰʢʦʜʞʝʥʥʷ ʩʭʝʤ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʢʦʨʦʟʽʾ. 

ʇʨʦʪʷʛʦʤ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʙʘʪʘʨʝʾ ʾʾ ʥʘʧʨʫʛʘ ʟʚʠʯʘʡʥʦ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ. ʎʝ ʥʘʣʝʞʠʪʴ ʜʦ ʜʝʰʝʚʠʭ ʮʠʥʢʦʚʠʭ ʽ ʣʫʞʥʠʭ ʙʘʪʘʨʝʡ, ʚ ʷʢʠʭ ʟʘ 

ʯʘʩ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʨʫʛʘ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʧʘʜʘʻ ʚʽʜ 1,6 ɺ ʜʦ 1,3 ɺ. 

ʈʪʫʪʥʦ-ʮʠʥʢʦʚʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʢʨʘʱʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʾʭ ɽʈʉ 

ʟʙʝʨʽʛʘʻ ʚʝʣʠʯʠʥʫ 1,3 ɺ ʧʨʘʢʪʠʯʥʦ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʘ ʧʦʪʽʤ 

ʰʚʠʜʢʦ ʩʧʘʜʘʻ, ʪʘʢ ʱʦ ʥʝ ʚʠʥʠʢʘʻ ʩʫʤʥʽʚʽʚ, ʢʦʣʠ ʚʦʥʠ ʚʠʷʚʣʷʶʪʴʩʷ ʧʦʚʥʽʩʪʶ 

ʨʦʟʨʷʜʞʝʥʠʤʠ. ʆʜʥʘʢ ʚʦʥʠ ʜʦʨʦʛʽ. ɸʥʘʣʦʛʽʯʥʫ ʧʦʩʪʽʡʥʫ ɽʈʉ, ʱʦ ʜʦʨʽʚʥʶʻ 

1,55 ɺ, ʤʘʶʪʴ ʩʨʽʙʥʦ-ʮʠʥʢʦʚʽ ʝʣʝʤʝʥʪʠ. 

ʅʽʢʝʣʴ-ʢʘʜʤʽʻʚʽ ʝʣʝʤʝʥʪʠ (ʘʢʫʤʫʣʷʪʦʨʠ Niʉd), ʱʦ ʧʝʨʝʟʘʨʷʜʞʘʶʪʴʩʷ, 

ʤʘʶʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʨʦʟʤʽʨʠ, ʚʽʜ ʤʘʣʝʥʴʢʠʭ çʢʥʦʧʦʢè ʜʦ ʚʝʣʠʢʠʭ 

ʙʘʪʘʨʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʢʘʨʘʭ. ɸʢʫʤʫʣʷʪʦʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ 

ʚʠʧʫʩʢʘʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʛʝʨʤʝʪʠʯʥʠʤʠ, ʪʘʢ ʱʦ ʚʽʜʩʫʪʥʽʡ ʨʠʟʠʢ ʚʠʪʦʢʫ ʪʘ 

ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʚʠʪʷʛʘʪʠ. ʅʽʢʝʣʴ-ʢʘʜʤʽʻʚʽ ʘʢʫʤʫʣʷʪʦʨʠ ʪʘ ʙʽʣʴʰ ʥʦʚʽ 

ʝʣʝʤʝʥʪʠ ʪʠʧʫ ʥʽʢʝʣʴïʤʝʪʘʣïʛʽʜʨʠʜ (NiMH)  ̒ ʜʦʩʠʪʴ ʜʦʙʨʽ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʜʣʷ ʧʦʨʪʘʪʠʚʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ɿʘʨʷʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʚʢʣʶʯʠʪʠ 

ʜʦ ʩʢʣʘʜʫ ʧʨʠʣʘʜʫ, ʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʚʽʜ ʤʝʨʝʞʽ ʘʙʦ ʚʽʜ 

ʘʢʫʤʫʣʷʪʦʨʘ. ɽʈʉ ʥʽʢʝʣʴ-ʢʘʜʤʽʻʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʩʧʘʜʘ ̒ʚʽʜ 1,3 ɺ ʜʦ 1,1 ɺ ʜʦ 

ʢʽʥʮʷ ʮʠʢʣʫ ʨʦʟʨʷʜʢʠ. 
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4.3. ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

4.3.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʦʜʽʣʷʶʪʴʩʷ               

ʥʘ ʜʚʽ ʛʨʫʧʠ: 

- ʙʝʟʧʝʨʝʨʚʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ (ɹɼɾ); 

- ʽʤʧʫʣʴʩʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ (ɯɼɾ). 

4.3.2. ɹʝʟʧʝʨʝʨʚʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ  

ʉʪʨʫʢʪʫʨʫ ɹɼɾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.1. 

 

ʊʨʘʥʩʬʦ-

ʨʤʘʪʦʨ

ɼ̔ʦʜʥʘ 

ʩʭʝʤʘ

ʌ̔ʣɹʪʨ, ʦɦ 

ʟʛʣʘʜʞʫ̒
ʉʪʘʙ̔ʣ̔ʟʘʪʦʨ

ʅʘʚʘʥʪʘʞʝʥʥ̫

ɺʠʧʨ̫ʤʣ̫ʯ

~Uɺʍ ~UT

UD Uʌ
Uʉʊ+

-

+

-

 
ʈʠʩ. 4.1. ʉʭʝʤʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʅʘ ʚʭʦʜʽ ɹɼɾ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʧʨʷʤʣʷʯ, ʥʘ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʚʽʜ 

ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ (~Uɺʍ). 

ɺʠʧʨʷʤʣʷʯ ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʜʞʝʨʝʣʘ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʚ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ: ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʷʢʠʡ 

ʟʤʽʥʶʻ (ʟʥʠʞʫʻ) ʥʘʧʨʫʛʫ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ; ʜʽʦʜʥʦʾ ʩʭʝʤʠ, ʥʘ ʚʠʭʦʜʽ 

ʷʢʦʾ ʫʪʚʦʨʶʻʪʴʩʷ ʧʫʣʴʩʫʶʯʘ ʥʘʧʨʫʛʘ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʜʽʦʜʽʚ. 

ʌʽʣʴʪʨ, ʱʦ ʟʛʣʘʜʞʫʻ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʫʣʴʩʘʮʽʡ 

ʚʠʧʨʷʤʣʝʥʦʾ ʥʘʧʨʫʛʠ. 

ʉʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ ʧʽʜʪʨʠʤʫʻ ʥʝʟʤʽʥʥʦʶ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʠʚʘʥʴ ʩʪʨʫʤʫ ʚ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʘ ʪʘʢʦʞ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ ʚ 

ʞʠʚʣʷʯʽʡ ʩʠʣʦʚʽʡ ʤʝʨʝʞʽ. 

ɺʠʧʨʷʤʣʷʯʽ 

ɺʠʧʨʷʤʣʷʯʽ ʧʦʪʫʞʥʽʩʪʶ ʜʦ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʚʘʪ ʥʘʟʠʚʘʶʪʴʩʷ 

ʤʘʣʦʧʦʪʫʞʥʠʤʠ. ɺʦʥʠ ʙʫʜʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʬʘʟʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ. 

ʆʜʥʦʬʘʟʥʽ ʚʠʧʨʷʤʣʷʯʽ ʤʦʞʫʪʴ ʙʫʪʠ: 

- ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʽ; 

- ʜʚʦʧʽʚʧʝʨʽʦʜʥʽ; 

- ʤʦʩʪʦʚʽ; 
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- ʽʟ ʧʦʤʥʦʞʝʥʥʷʤ ʥʘʧʨʫʛʠ. 

ʆʜʥʦʧʽʚʧʝʨʽʦʜʥʠʡ ʚʠʧʨʷʤʣʷʯ 

ʉʭʝʤʫ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.2, ʘ ʡʦʛʦ 

ɺɸʍ ʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ï ʥʘ ʨʠʩ. 4.3, 4.4. 

ʉʪʨʫʤ ʯʝʨʝʟ ʜʽʦʜ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʚ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʚ ʪʦʯʮʽ ɸ 

ʙʫʜʝ ʜʦʜʘʪʥʦʶ, ʽ ʣʘʥʮʶʛ ʨʦʟʤʠʢʘʻʪʴʩʷ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʚ ʪʦʯʮʽ ɸ ʩʪʘʥʝ 

ʚʽʜô̒ ʤʥʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟô̫ ʚʠʪʴʩʷ ʦʜʥʦʧʦʣʷʨʥʘ ʥʘʧʨʫʛʘ, 

ʬʦʨʤʘ ʷʢʦʾ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.3. 

ʊʈ

~ U1 ~ U2

VD1

Rʅ

Iɺʀʇʈ

+

-

ɸI1

 
ʈʠʩ. 4.2. ʉʭʝʤʘ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʛʦ ʚʠʧʨʷʤʣʷʯʘ 

 

 

 
ʈʠʩ. 4.3. ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʚ ʩʭʝʤʽ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ: 

ʘ ï ʚʭʽʜʥʘ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ; ʙ ï ʚʠʧʨʷʤʣʝʥʘ ʦʜʥʦʧʦʣʷʨʥʘ ʥʘʧʨʫʛʘ 
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ʅʘ ʨʠʩ. 4.4 ʥʘʚʝʜʝʥʽ ɺɸʍ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ. 

  

U2m

U2

Uɿɺʈ Uʇʈ

Iɺʀʇʈ Iɺʀʇʈ

ʊ

090q=

tw

tw
 

ʈʠʩ. 4.4. ɺɸʍ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ 

ʅʘ ʨʠʩ. 4.3 ʪʘ ʨʠʩ. 4.4 ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢ̔ ʧʦʟʥʘʯʝʥʥʷ: 

U0 ï ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʫʣʴʩʫʶʯʦʾ ʥʘʧʨʫʛʠ: 

0 2 2 2

0

1 1
sin( ) ( ) 0.318 0.45

2
m m m ɼU U t d t U U U

p

w w
p p

= = = =ñ ; 

U2mï ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

2 0 03.14mU U Up= = ; 

ɼU -ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ; 

ɼI -ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ; 

2

2

m
ɼ

U
U = ; 

I0 ï ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʫ; 

0
0 2

1
m

ʥ

U
I I

R p
= = ; 
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ʇ̔ ʜ ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ ̫ ʢʫʪ ʚʽʜʩʽʯʢʠ 090q= . ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʻʤʥʽʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ: 0

1

2
I

p
= . 

ʄʦʩʪʦʚʠʡ ʚʠʧʨʷʤʣʷʯ 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʦ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʫ ʩʭʝʤʫ ʚʠʧʨʷʤʣʷʯʘ, ʚ ʷʢʽʡ ʟʤʽʥʥʘ 

ʥʘʧʨʫʛʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ. ʎʷ ʩʭʝʤʘ ʙʽʣʴʰ ʚʽʜʦʤʘ, ʷʢ 

ʜʚʦʧʽʚʧʝʨʽʦʜʥʠʡ ʤʦʩʪʦʚʠʡ ʚʠʧʨʷʤʣʷʯ. ʆʩʢʽʣʴʢʠ ʜʽʦʜʥʘ ʩʭʝʤʘ ʤʘʻ ʬʦʨʤʫ 

ʨʦʤʙʘ ʽ ʥʘʛʘʜʫʻ ʤʽʩʪ ʋʽʪʩʦʥʘ, ʪʘʢʫ ʩʭʝʤʫ ʱʝ ʥʘʟʠʚʘʶʪʴ ʤʦʩʪʦʚʠʤ 

ʚʠʧʨʷʤʣʷʯʝʤ. 

  

ʅʘʚʘʥʪʘʞʝʥʥ̫
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~
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ʈʠʩ. 4.5. ɼʚʦʧʽʚʧʝʨʽʦʜʥʠʡ ʤʦʩʪʦʚʠʡ ʚʠʧʨʷʤʣʷʯ 

ʄʠ ʤʦʞʝʤʦ ʣʝʛʢʦ ʨʦʟʜʽʣʠʪʠ ʡʦʛʦ ʨʦʙʦʪʫ ʥʘ ʦʢʨʝʤʽ ʝʪʘʧʠ, 

ʨʦʟʛʣʷʜʘʶʯʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʜʘʪʥʠʭ ʽ ʚʽʜô̒ ʤʥʠʭ ʧʽʚʧʝʨʽʦʜʽʚ 

ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʦʣʠ ʥʘʧʨʫʛʘ ʚ ʪʦʯʮʽ ɸ ʜʦʜʘʪʥʘ, ʜʽʦʜ 

VD1 ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ, ʽ ʥʘʧʨʫʛʘ ʥʘ ʚʝʨʭʥʴʦʤʫ ʢʽʥʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʥʘ; ʚ 

ʪʦʡ ʞʝ ʯʘʩ ʥʘʧʨʫʛʘ ʚ ʪʦʯʮʽ ɺ ʚʽʜô̒ ʤʥʘ ʽ ʜʽʦʜ VD3, ʧʨʦʧʫʩʢʘʻ ʾʾ ʜʦ ʥʠʞʥʴʦʛʦ 

ʢʽʥʮʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʥʘʩʪʫʧʥʦʤʫ ʧʽʚʧʝʨʽʦʜʽ ʥʘʧʨʫʛʘ ɺ ʪʦʯʮʽ ɸ ʚʽʜô̒ ʤʥʘ, ʘ ɺ 

ʪʦʯʮʽ ɺ ʜʦʜʘʪʥʘ, ʪʘʢ ʱʦ ʜʽʦʜ VD2 ʧʨʦʚʦʜʠʪʴ ʚʽʜ ʪʦʯʢʠ ɺ ʜʦ ʚʝʨʭʥʴʦʛʦ ʢʽʥʮʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʜʽʦʜ VD4 ʧʨʦʚʦʜʠʪʴ ʚʽʜ ʪʦʯʢʠ ɸ ʜʦ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʫʶʯʫ ʬʦʨʤʫ ʩʠʛʥʘʣʫ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘʚʝʜʝʥʦ ʥʘ   

ʨʠʩ. 4.6. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʝʥʥʷ ʥʘʧʨʫʛʘ ʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʘʻ ʤʝʥʰ ʧʝʨʝʨʠʚʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ, ʥʽʞ ʫ ʨʘʟʽ 

ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʝʥʥʷ. 

ʇʦʤʽʪʠʤʦ, ʱʦ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʧʽʜ ʯʘʩ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʝʥʥ ̫

ʜʦʨʽʚʥʶʻ ʧʦʜʚʦʻʥʽʡ ʯʘʩʪʦʪʽ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. ɺʽʜô̒ ʤʥʘ ʧʽʚʭʚʠʣʷ 
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ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʽʥʚʝʨʪʫʻʪʴʩʷ ʪʘ ʚʩʪʘʚʣʷʻʪʴʩʷ  ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʜʦʜʘʪʥʠʤʠ ʧʽʚʧʝʨʽʦʜʘʤʠ. 

 
ʈʠʩ. 4.6. ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʚ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʤʫ ʚʠʧʨʷʤʣʷʯʽ:  

ʘ ï ʚʭʽʜʥʘ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ; ʙ ï ʚʠʧʨʷʤʣʝʥʘ ʦʜʥʦʧʦʣʷʨʥʘ ʥʘʧʨʫʛʘ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʌʽʣʴʪʨ, ʱʦ ʟʛʣʘʜʞʫʻ 

ʍʦʯʘ ʩʠʛʥʘʣʠ, ʬʦʨʤʫ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.3, 4.6, ʻ ʦʜʥʦʧʦʣʷʨʥʠʤʠ, 

ʧʨʦ ʥʠʭ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʦʥʠ ʻ ʙʝʟʧʝʨʝʨʚʥʦʶ ʧʦʩʪʽʡʥʦʶ ʥʘʧʨʫʛʦʶ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʩʝ ʱʝ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʟʤʽʥʥʫ ʩʢʣʘʜʦʚʫ. ʎʷ ʥʘʧʨʫʛʘ ʧʨʠʜʘʪʥʘ 

ʜʣʷ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʘ, ʧʨʠʯʦʤʫ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʛʦ 

ʚʠʧʨʷʤʣʷʯʘ ʢʨʘʱʘ, ʦʩʢʽʣʴʢʠ ʫ ʥʴʦʛʦ ʙʽʣʴʰʠʡ ʩʝʨʝʜʥʽʡ ʩʪʨʫʤ, ʘʣʝ ʡʦʛʦ ʥʝ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʘʢʦʤʫ ʥʝʦʙʨʦʙʣʝʥʦʤʫ ʚʠʛʣʷʜʽ ʷʢ ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʑʦʙ ʟʛʣʘʜʠʪʠ ʧʫʣʴʩʫʶʯʫ ʥʘʧʨʫʛʫ, ʜʦ ʚʠʭʦʜʫ ʚʠʧʨʷʤʣʷʯʘ 

ʧʽʜʢʣʶʯʘʶʪʴ ʢʦʥʜʝʥʩʘʪʦʨ, ʱʦ ʥʘʢʦʧʠʯʫʻ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.7. 

~Uɺʍ ʅʘʚʘʥʪʘʞʝʥʥ̫
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ʈʠʩ. 4.7. ʌʽʣʴʪʨ, ʱʦ ʟʛʣʘʜʞʫʻ 

ʊʠʧʦʚʘ ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ ʜʣʷ ʤʝʨʝʞʽ ʽʟ ʯʘʩʪʦʪʦʶ 50 ɻʝʨʮ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 100 ʤʢʌ ʜʦ 30000 ʤʢʌ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʩʪʫʧʝʥʽ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

ɽʬʝʢʪ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʶʯʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ, 

ʨʦʟʛʣʷʜʘʶʯʠ ʽʥʪʝʨʚʘʣʠ ʟʘʨʷʜʫ ʽ ʨʦʟʨʷʜʫ ʚ ʩʠʛʥʘʣʽ, ʬʦʨʤʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ 
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ʨʠʩ. 4.8. ɼʽʡʩʥʘ ʬʦʨʤʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʦʢʘʟʘʥʘ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ, ʘ ʡʦʛʦ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ Uʉɽʈ (U0) ʧʦʟʥʘʯʝʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. 

ʇʫʥʢʪʠʨʦʤ ʧʦʟʥʘʯʝʥʦ ʪʘʢʦʞ ʧʽʚʧʝʨʽʦʜʠ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʜʽʦʜ 

(ʫ ʩʭʝʤʽ ʙʝʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ) ʧʨʦʚʦʜʠʪʴ. 

ʂʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʞʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʧʽʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʽʚʧʝʨʽʦʜʫ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʽ ʧʦʪʽʤ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʯʘʩʪʠʥʠ ʧʝʨʽʦʜʫ, ʱʦ ʟʘʣʠʰʠʣʘʩʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʩʪʨʫʤ ʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʘ ʚʠʧʨʷʤʣʷʯ 

ʧʨʦʩʪʦ çʧʦʧʦʚʥʶʻè ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʙʣʠʟʫ ʧʽʢʽʚ ʫ ʢʦʞʥʦʤʫ ʧʽʚʧʝʨʽʦʜʽ. 

t

U(ɺʦʣɹʪʠ)

ʏʘʩ(ʩʝʢʫʥʜʠ)
ʇʝʨ̔ʦʜ ʊ

ʇʫʣɹʩʘʮ̔ʾ

 ʥʘʧʨʫʛʠ UDʏʘʩ ʨʦʟʨ̫ʜʫ
ʏʘʩ ʟʘʨ̫ʜʫ

ʇ̔ʢʦʚʝ

ʟʥʘʯʝʥʥ̫ Uʇ

ʉʝʨʝʜʥ̒

ʟʥʘʯʝʥʥ̫ Uʉɽʈ

 
ʈʠʩ. 4.8. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʟ ʥʘʢʦʧʠʯʫʶʯʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

ʗʢʱʦ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʢʦʥʜʝʥʩʘʪʦʨ ʧʨʦʩʪʦ 

ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʟʘʨʷʜʞʝʥʠʤ ʜʦ ʧʽʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ  

Uʇ , ʷʢʝ ʜʦʨʽʚʥʶʻ: 2 *  ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

ʂʽʥʮʝʚʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ Iʅ ʚʠʢʣʠʢʘʻ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʽ ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ UD  ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ 

ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. 

ʈʝʟʫʣʴʪʫʶʯʘ çʰʦʨʩʪʢʽʩʪʴè, ʚʠʢʣʠʢʘʥʘ ʧʫʣʴʩʘʮʽʷʤʠ ʧʦʩʪʽʡʥʦʾ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ ʧʨʠʙʣʠʟʥʦ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʥʘʢʣʘʜʝʥʦʾ ʥʘ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ, ʱʦ ʫʩʪʘʥʦʚʠʣʘʩʴ. ʈʦʟʤʘʭ ʧʫʣʴʩʘʮʽʡ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʩʧʘʜʫ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ UD  ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ, ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ, ʨʦʟʛʣʷʜʘʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʷʜʫ. 

ɯʟ ʮʽʻʶ ʤʝʪʦʶ ʤʠ ʥʝʭʪʫʚʘʪʠʤʝʤʦ ʯʘʩʦʤ ʟʘʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ 

ʜʦʧʫʩʪʠʤʦ, ʱʦ ʨʦʟʨʷʜ ʟʘʡʤʘʻ ʯʘʩ ʊ, ʪʦʙʪʦ ʚʝʩʴ ʧʝʨʽʦʜ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. ʎʝ 

ʨʦʟʫʤʥʦ, ʷʢʱʦ ʧʫʣʴʩʘʮʽʾ ʤʘʣʽ ʧʦʨʚ̔ʥʷʥʦ ʽʟ ʧʦʩʪʽʡʥʦʶ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ. 

ɿʘʨʷʜ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ ʥʘʢʦʧʠʯʫʶʯʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉ ʧʨʦʪʷʛʦʤ 

ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ, ʩʪʘʥʦʚʠʪʴ  

ʅQ=I TD  ʢʫʣʦʥ,       
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ʜʝ 
ʅI ï ʩʝʨʝʜʥʽʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʤʘʭ ʧʫʣʴʩʘʮʽʡ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ:  

ʅI TQ
U= =

C C

D
D ,       

ʜʝ 
ʅI ï ʩʪʨʫʤ ʚ ʘʤʧʝʨʘʭ; ʊ ï ʯʘʩ ʫ ʩʝʢʫʥʜʘʭ; ʉ ï ʻʤʥʽʩʪʴ ʫ ʌʘʨʘʜʘʭ. 

ɸʙʦ 

ʅIU=
Cf

D ,        

ʜʝ f ï ʯʘʩʪʦʪʘ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʫ ʛʝʨʮʘʭ. 

ʅʘʷʚʥʽʩʪʴ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʫ ʩʝʨʝʜʥʶ 

ʥʘʧʨʫʛʫ, ʚʠʢʣʠʢʘʻ ʩʧʘʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Uʉɽʈ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. Uʇ ï ʧʽʢʦʚʘ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ 

ʤʘʡʞʝ ʜʦʨʽʚʥʶʻ ʘʤʧʣʽʪʫʜʽ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ, ʘʣʝ, ʟʘʟʚʠʯʘʡ, ʤʝʥʰʝ ʥʘ 

1 ɺ ʯʝʨʝʟ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʜʽʦʜʽ. ʈʽʟʥʠʮʷ ʤʽʞ Uʇ ̔  Uʉɽʈ ʻ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

ʧʫʣʴʩʘʮʽʡ, ʷʢʝ, ʧʽʜ ʯʘʩ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʧʦʚʥʦʛʦ 

ʨʦʟʤʘʭʫ 
1

2
UD . 

ʎʝ ʦʟʥʘʯʘʻ ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʩʪʘʥʦʚʠʪʴ 

Uʉɽʈ ʅ
ʇ

I
U -

2Cf
º .       

ɺʠʢʦʥʘʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʚʽʜʥʦʩʠʣʠʩʷ ʜʦ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ, 

ʚ ʷʢʦʤʫ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ ʪʘ ʞ, ʱʦ ʽ ʯʘʩʪʦʪʘ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. ʋ ʨʘʟʽ 

ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʝʥʥʷ (ʨʠʩ. 4.9) ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ ʜʦʨʽʚʥʶʻ 

ʧʦʜʚʦʻʥʽʡ ʯʘʩʪʦʪʽ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʤʫ ʚʠʧʨʷʤʣʷʯʝʚʽ ʧʦʚʥʠʡ ʨʦʟʤʘʭ 

ʧʫʣʴʩʘʮʽʡ ʩʪʘʥʦʚʠʪʴ 

ʅIU=
2Cf

D ,        

ʜʝ f ï ʯʘʩʪʦʪʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ.  
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t

U(ʚʦʣɹʪʠ)

ʏʘʩ(ʩʝʢʫʥʜʠ) ʇʝʨ̔ʦʜ ʊ/2

ʇ̔ʢʦʚʝ

ʟʥʘʯʝʥʥ̫ Uʇ
ʉʝʨʝʜʥ̒

ʟʥʘʯʝʥʥ̫ Uʉɽʈ

ʇʫʣɹʩʘʮ̔ʾ

 ʥʘʧʨʫʛʠ ȹU

 
ʈʠʩ. 4.9. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʽʟ ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ: 

Uʉɽʈ ʅ
ʇ

I
U -

4Cf
º .        

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʫ ʜʚʦʧʽʚʧʝʨʽʦʜʥʦʤʫ ʚʠʧʨʷʤʣʷʯʝʚʽ ʧʫʣʴʩʘʮʽʾ 

ʫʜʚʽʯʽ ʤʝʥʰʽ, ʥʽʞ ʚ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʤʫ ʚʠʧʨʷʤʣʷʯʝʚʽ. ʊʦʤʫ ʟʤʝʥʰʝʥʥʷ 

ʥʘʧʨʫʛʠ ʟʘ ʨʘʭʫʥʦʢ ʧʫʣʴʩʘʮʽʡ ʧʽʜ ʯʘʩ ʚʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʮʦɹʤʫ 

ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʫ ʨʘʟʽ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʦʛʦ 

ʚʠʧʨʷʤʣʷʯʘ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʜʚʦʧʽʚʧʝʨʽʦʜʥʠʡ ʚʠʧʨʷʤʣʷʯ ʻ ʦʩʥʦʚʥʠʤ ʪʠʧʦʤ 

ʚʠʧʨʷʤʣʷʯʘ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʉʪʘʙʽʣʽʟʘʪʦʨʠ ʥʘʧʨʫʛʠ 

ʉʭʝʤʠ, ʱʦ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʨʘʥʽʰʝ, ʤʘʶʪʴ ʦʜʠʥ ʩʧʽʣʴʥʠʡ ʥʝʜʦʣʽʢ. 

ɯʩʥʫʻ ʤʝʞʘ ʜʦʩʷʞʥʦʾ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ ʩʭʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʜʽʦʜʘ, ʽ 

ʻʤʥʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʜʴ-ʷʢʘ ʬʣʫʢʪʫʘʮʽʷ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʙʫʜʝ ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʥʘ ʚʠʭʽʜ, ʪʘʢ ʱʦ ʥʘʚʽʪʴ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ. ʎʽ ʥʝʜʦʣʽʢʠ 

ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʩʭʝʤʘʭ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʥʘʧʨʫʛʠ. 

ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ 

ʋ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʅʉ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʚ ʦʙʣʘʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ. 

ʅʘ ʨʠʩ. 4.10 ʧʦʢʘʟʘʥʘ ʪʠʧʦʚʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʪʘʙʽʣʽʪʨʦʥʘ, ʫ ʷʢʦʛʦ ʧʨʦʙʽʡ ʥʘʩʪʘʻ ʟʘ ʥʘʧʨʫʛʠ 5 ɺ. 
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ʈʠʩ. 4.10. ʊʠʧʦʚʘ ɺɸʍ ʩʪʘʙʽʣʽʪʨʦʥʘ 

 

ʋ ʨʝʞʠʤ ̔ʧʨʦʙʦʶ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʜʽʦʜʽ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ 

ʧʦʩʪʽʡʥʦʶ ʫ ʨʘʟʽ ʟʤʽʥʠ ʩʪʨʫʤʫ ʚ hʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʎ  ̫ ʚʣʘʩʪʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʥʘʡʧʨʦʩʪʽʰʽʡ ʩʭʝʤʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʥʘʧʨʫʛʠ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ 

ʨʠʩ. 4.11. ʊʫʪ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʜʽʦʜʽ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦ  ʁʫ ʨʘʟʽ ʟʤʽʥʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʥʘʡʤʥʽ ʥʘ ʜʚʘ ʘʙʦ ʪʨʠ 

ʚʦʣʴʪʠ ʚʠʱʝ, ʥʽʞ ʥʝʦʙʭʽʜʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ, ʱʦʙ ʟʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʩʪʨʫʤ 

ʯʝʨʝʟ ʩʪʘʙʽʣʽʪʨʦʥ, ʟʘ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʡʦʛʦ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʽ ʧʨʦʙʦʶ. 

ʉʪʫʧʽʥʴ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʘ ʩʭʝʤʘ, ʤʦʞʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʟʤʽʥʠ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʚʠʢʣʠʢʘʥʦʶ ʥʝʶ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʫ 

ʚʽʜʩʦʪʢʘʭ. ʆʪʞʝ, 

ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ 
%ʟʤʽʥʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ

=
%ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ

. 
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Uɺʍ
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ʈʠʩ. 4.11. ʉʭʝʤʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʥʘʧʨʫʛʠ 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʟʽ ʩʪʘʙʽʣʽʪʨʦʥʦʤ, ʧʦʜʽʙʥʠʡ ʜʦ ʟʦʙʨʘʞʝʥʦʛʦ 

ʥʘ ʨʠʩ. 4.11, ʜʘʻ ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʽʞ 5 ʽ 20, ʫ ʪʦʡ ʯʘʩ ʷʢ ʜʝʷʢʽ ʙʽʣʴʰ 

ʩʢʣʘʜʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʝʛʫʣʷʪʦʨʠ ʜʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʽʟʘʮʽʾ ʙʽʣʴʰʝ 1000. 

ɯʥʰʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʩʪʘʙʽʣʽʟʘʮʽʾ,  ̒ ʥʘʩʢʨʽʟʥʘ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʘʩʢʨʽʟʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʧʦ-ʨʽʟʥʦʤʫ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʝ ʚʽʜʥʦʰʝʥʥʷ: 

ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 
ʟʤʽʥʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ

= *100%.
ʟʤʽʥʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝ ʚʨʘʭʦʚʫʻ, ʱʦ 

ʚʭʽʜʥʘ ʡ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʠ, ʤʦʞʣʠʚʦ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ 

25 ɺ ʤʦʞʝ ʜʘʚʘʪʠ ʥʘ ʚʠʭʦʜʽ 15 ɺ. ʆʜʥʘʢ ʮ ̫ʽʩʪʦʪʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʥʽʷʢ ʥʝ 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʽ. ʊʦʤʫ ʧʦʜʽʙʥʝ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʽ ʟʤʽʥʦʶ ʥʘʧʨʫʛʠ ʚ ʤʝʨʝʞʽ ʚʚʦʜʠʪʴ ʚ ʦʤʘʥʫ: ʪʘʢ ʤʦʞʥʘ 

ʧʦʤʠʣʢʦʚʦ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʧʦʥʠʞʫʶʯʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʘʤ ʧʦ ʩʦʙʽ 

ʚʠʷʚʣʷʻ ʟʥʘʯʥʫ ʩʪʘʙʽʣʽʟʫʶʯʫ ʜʽ.ʁ ʊʠʧʦʚʘ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʜʣʷ ʜʦʙʨʝ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʩʪʘʥʦʚʠʪʴ 0,01 %. ɿʛʽʜʥʦ ʟ 

ʽʥʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʥʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ 

ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʟʘʜʘʥʦʾ ʫ ʚʽʜʩʦʪʢʘʭ ʟʤʽʥʠ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ. ʗʢʱʦ ʮʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʟʤʽʥʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʩʪʘʥʦʚʠʪʴ 10 %, ʷʢ ʮʝ ʟʘʟʚʠʯʘʡ ʙʫʚʘʻ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

10
ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ= %

ʂʉ
. 

ʇʦʨʽʚʥʶʶʯʠ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, 

ʚʘʞʣʠʚʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʩʧʦʩʽʙ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʘʞʝʥʥʷ 

ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʚʠʨʦʙʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʤʝʪʦʜʠ, ʪʘʢ ʱʦ ʨʝʟʫʣʴʪʘʪʠ, ʚʽʜʚʝʨʪʦ ʢʘʞʫʯʠ, ʥʝ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ. 
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ɿʚʠʯʘʡʥʦ, ʩʪʘʙʽʣʽʪʨʦʥ ʥʝ  ̒ ʙʝʟʜʦʛʘʥʥʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ. ʗʢʱʦ ʤʠ 

ʫʚʘʞʥʦ ʨʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʙʦʶ, ʪʦ ʧʦʙʘʯʠʤʦ, ʱʦ ʚʦʥʘ ʤʘʻ 

ʢʽʥʮʝʚʠʡ ʥʘʭʠʣ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.10. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʨʽʟʥʠʮʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʪʨʦʭʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʜʽʦʜ. ʎʝʡ ʝʬʝʢʪ ʜʫʞʝ ʧʦʤʽʪʥʠʡ ʧ̔ ʜ ʯʘʩ ʤʘʣʠʭ ʩʪʨʫʤʽʚ, ʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʩʪʘʙʽʣʽʪʨʦʥʽʚ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʭ, 

ʙʫʚ ʧʨʠʥʘʡʤʥʽ ʨʽʚʥʠʡ 5 ʤɸ, ʘ ʧʝʨʝʚʘʞʥʽʰʝ 20 ʤɸ. ʊʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʭʦʜʠʪʴ ʥʘʡʢʨʘʱʘ ʩʪʘʙʽʣʽʟʘʮʽʷ.  

ʉʪʘʙʽʣʽʟʘʪʦʨʠ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʽ 

ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʜʣʷ ʨʷʜʫ ʬʽʢʩʦʚʘʥʠʭ ʚʠʭʽʜʥʠʭ 

ʥʘʧʨʫʛ, ʥʘʧʨʠʢʣʘʜ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʟ ʥʘʧʨʫʛʦʶ 5 ɺ ʜʣʷ ʣʦʛʽʯʥʠʭ ʩʭʝʤ ʘʙʦ 15 ɺ 

ʜʣʷ ʆʇ. ʅʘ ʨʠʩ. 4.12 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ, ʚ ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʽʢʨʦʩʭʝʤʘ ɯʉ 

7805 (ʘʥʘʣʦʛ ʂ142ɽʅ5ɸ). ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ ʧôʷʪʠʚʦʣʴʪʦʚʝ 

ʞʠʚʣʝʥʥʷ, ʷʢʝ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʣʦʛʽʯʥʠʭ ʩʭʝʤ. 
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ʈʠʩ. 4.12. ʉʪʘʙʽʣʽʟʦʚʘʥʝ ʧôʷʪʠʚʦʣʴʪʦʚʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʚ 

ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʽ 

4.3.4. ʂʦʤʧʝʥʩʘʮʽʡʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ 

ʋ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʘʭ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʥʘʨʫʛʠ ʽʟ ʾʾ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽ ʟʥʘʢʘ ʨʽʟʥʠʮʽ ʤʽʞ ʥʠʤʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʤʝʥʪʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʱʦ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʮʽʻʾ ʨʽʟʥʠʮʽ.   

ʂʦʤʧʝʥʩʘʮʽʡʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ  ̒ ʩʠʩʪʝʤʦ  ʁ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘʢʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʻ: 

- ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ (ɼʆʅ); 

- ʧʦʨʽʚʥʣ̫ʴʥʠʡ ̔ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ (ʇʇɽ); 

- ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ (ʈɽ). 
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ɿ ʦʧʦʨʥʦʶ ʧʦʨʽʚʥʶʻʪʴʩʷ ʬʘʢʪʠʯʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʘʙʦ 

ʾʾ ʯʘʩʪʠʥʘ. ʗʢ ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠʯʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ, ʽʥʢʦʣʠ ï ʛʘʣʴʚʘʥʽʯʥʽ ʙʘʪʘʨʝʾ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʙʽʣʴʰʽ ʛʘʙʘʨʠʪʠ, ʚʘʛʫ ʽ ʥʝʚʝʣʠʢʠʡ ʯʘʩ ʩʣʫʞʙʠ. ʇʇɽ 

ʧʦʨʽʚʥʶʻ ʪʘ ʧʽʜʩʠʣʶʻ ʨʽʟʥʠʮʶ ʤʽʞ ʦʧʦʨʥʦʶ ʽ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʜʦ 

ʚʝʣʠʯʠʥʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʈɽ ï ʧʦʪʫʞʥʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ. ɿʘ 

ʩʧʦʩʦʙʦʤ ʚʢʣʶʯʝʥʥʷ ʈɽ ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʪʠʧʫ. 

ʇʨʠʢʣʘʜʠ ʩʭʝʤ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʥʘʚʝʜʝʥʽ ʫ [20]. 

4.3.5. ɯʤʧʫʣʴʩʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ  

ʈʦʟʛʣʷʥʫʪʽ ʥʝʧʝʨʝʨʚʥʽ ɼɾ ʤʘʶʪʴ ʂʂɼ ¢ 75 %, ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ 

ʛʘʙʘʨʠʪʠ ʽ ʚʘʛʫ. ʇʝʨʝʜʫʩʽʤ, ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʘ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ɯɼɾ ʤʘʶʪʴ ʂʂɼ ʜʦ 90 % ʽ ʚʠʱʝ, ʤʝʥʰʫ ʚʘʛʫ, ʛʘʙʘʨʠʪʠ. ɺ 

ɯɼɾ ʥʘ ʚʭʦʜʽ ʥʝʤʘʻ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ɯɼɾ ʤʽʩʪʠʪʴ ʚʠʧʨʷʤʣʷʯ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʟʽ ʟʛʣʘʜʞʫʚʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ, 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʚ ʽʤʧʫʣʴʩʥʠʡ ʩʠʛʥʘʣ (ʜʝʩʷʪʢʠ ï ʩʦʪʥʽ ʢɻʮ), 

ʽʤʧʫʣʴʩʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ, ʧʦʥʠʞʫʶʯʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʚʠʧʨʷʤʣʷʯ 

(ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ). 

ɯʤʧʫʣʴʩʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʨʦʙʣʷʪʴ ʽʟ ʬʝʨʠʪʦʚʠʭ ʦʩʝʨʜʴ, ʪʦʤʫ ʚʽʥ 

ʣʝʛʢʠʡ  ̔ʩʪʘʙʽʣʴʥʠʡ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘʤ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ. ɰʭ ʚʠʜʠ. 

2. ʆʧʠʰʽʪʴ ɹɼɾ. 

3. ʆʧʠʰʽʪʴ ʩʭʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ.  

4. ʅʘʟʚʽʪʴ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ɯɼɾ. 
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5. ʌʆʈʄʋɺɸʏɯ ɯʄʇʋʃʔʉɯɺ 

5.1. ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ  

ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ɽʇ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ        

(ʨʠʩ. 5.1): 

ï  ʘʥʘʣʦʛʦʚʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ (ɸɽʇ); 

ï  ʜʠʩʢʨʝʪʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ (ɼɽʇ). 

 
ʈʠʩ. 5.1. ɺʠʜʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ɼʦ ʘʥʘʣʦʛʦʚʠʭ ʥʘʣʝʞʘʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʘʥʘʣʦʛʦʚʽ 

(ʥʝʧʝʨʝʨʚʥʽ) ʩʠʛʥʘʣʠ, ʥʘʧʨʠʢʣʘʜ, ʛʘʨʤʦʥʽʡʥʽ (ʩʠʥʫʩʦʾʜʘʣʴʥʽ). ʎʝʡ ʢʣʘʩ 

ʧʨʠʩʪʨʦʾʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʧʝʨʰʠʭ ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʘʭ ʮʽʻʾ ʜʠʩʮʠʧʣʽʥʠ. 

ɼʦ ʜʠʩʢʨʝʪʥʠʭ ʥʘʣʝʞʘʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʜʠʩʢʨʝʪʥʽ 

ʩʠʛʥʘʣʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʩʪʨʠʙʢʘʤʠ (ʫʨʠʚʯʘʩʪʦ), ʥʘʧʨʠʢʣʘʜ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ ɼɽʇ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ: 

ï  ʽʤʧʫʣʴʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ (ɯɽʇ); 

ï  ʮʠʬʨʦʚʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ (ʎɽʇ). 

ɼʦ ʽʤʧʫʣʴʩʥʠʭ ʥʘʣʝʞʘʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʽʤʧʫʣʴʩʥʽ 

ʩʠʛʥʘʣʠ (ʽʤʧʫʣʴʩʠ). ʇʽʜ ʽʤʧʫʣʴʩʦʤ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʢʦʨʦʪʢʦʯʘʩʥʫ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʯʘʩʦʤ ʘʥʘʣʽʟʫ, ʟʤʽʥʫ ʥʘʧʨʫʛʠ (ʩʪʨʫʤʫ) ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ ʚʽʜ ʥʫʣʷ ʯʠ 

ʜʝʷʢʦʛʦ ʧʦʩʪʽʡʥʦʛʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 
0 0
( )U I , ʜʦ ʧʝʚʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 
m m
( )U I .  

ɼʦ ʮʠʬʨʦʚʠʭ ʥʘʣʝʞʘʪ ɹʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʮʠʬʨʦʚʽ 

ʩʠʛʥʘʣʠ, ʱʦ ʤʘʶʪʴ ʜʚʘ ʬʽʢʩʦʚʘʥʽ ʨʽʚʥʽ ʥʘʧʨʫʛʠ: ʚʠʩʦʢʠʡ ʪʘ ʥʠʟʴʢʠʡ. ɺʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʥʘʟʠʚʘʶʪʴ ʣʦʛʽʯʥʦʶ ʦʜʠʥʠʮʝʶ (ʦʜʠʥʠʮʝʶ), ʘ ʥʠʟʴʢʠʡ ï ʣʦʛʽʯʥʠʤ 

ʥʫʣʝʤ (ʥʫʣʝʤ). ʎʠʬʨʦʚʽ ʩʠʛʥʘʣʠ ʻ ʧʝʨʝʥʦʩʥʠʢʦʤ ʜʚʽʡʢʦʚʠʭ ʢʦʜʽʚ. ʎʠʬʨʦʚʠʡ 

ʩʠʛʥʘʣ ï ʮʝ ʧʦʦʜʠʥʦʢʠʡ ʚʠʧʘʜʦʢ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʱʦ ʚʚʘʞʘʪʠ ʥʫʣʴʦʚʝ 
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(ʧʦʯʘʪʢʦʚʝ) ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʫ ï ʥʫʣʝʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʝ 

(ʘʤʧʣʽʪʫʜʥʝ) ʟʥʘʯʝʥʥʷ ï ʦʜʠʥʠʮʝʶ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʬʦʨʤʫ: 

ʧʨʷʤʦʢʫʪʥʫ, ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʫ, ʪʨʠʢʫʪʥʫ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʽ ʪ. ʽʥ., ʮʠʬʨʦʚʽ 

ʩʠʛʥʘʣʠ ʤʘʶʪʴ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ. 

ʉʫʯʘʩʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʅʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʠ ʚ ʪʘʢʠʭ ʧʨʠʩʪʨʦʷʭ ʤʘʶʪʴ 

ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʥʝʨʽʜʢʦ ʽʤʧʫʣʴʩʠ ʚʽʜʜʽʣʝʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʜʦʩʠʪʴ 

ʪʨʠʚʘʣʠʤ ʽʥʪʝʨʚʘʣʦʤ ʧʘʫʟʠ. ʄʦʞʥʘ ʥʘʟʚʘʪʠ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ, ʱʦ ʩʧʨʠʯʠʥʠʣʠ 

ʨʦʟʚʠʪʦʢ ʽʤʧʫʣʴʩʥʦʾ ʪʝʭʥʽʢʠ. 

ʇʦ-ʧʝʨʰʝ, ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʤʘʶʪʴ ʽʤʧʫʣʴʩʥʠʡ 

ʭʘʨʘʢʪʝʨ: ʧʫʩʢ ʪʘ ʟʫʧʠʥʢʘ ʘʛʨʝʛʘʪʽʚ, ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ, 

ʩʢʠʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʭʠʩʪʫ, ʪʦʱʦ. ɹʽʣʴʰʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʥʠʟʢʫ ʦʧʝʨʘʮʽʡ (çʪʘʢʪʽʚè), ʽ ʾʭ ʟʤʽʥʘ 

ʪʘʢʦʞ ʟʫʤʦʚʣʶʻ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ 

ʘʛʨʝʛʘʪʽʚ ʟ ʽʤʧʫʣʴʩʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʝʥʥʷ 

ʩʧʝʮʠʬʽʯʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʽʚ. 

ʇʦ-ʜʨʫʛʝ, ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʽʤʧʫʣʴʩʽʚ, ʨʦʟʜʽʣʝʥʠʭ 

ʧʘʫʟʘʤʠ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʫ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, 

ʧ̔ ʜ ʯʘʩ ʟʙʝʨʝʞʝʥʥ ̫ʜʦʩʪʘʪʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽʤʧʫʣʴʩʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ 

ʧ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʜʞʝʨʝʣ ʦʙʤʝʞʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʙʘʪʘʨʝʾ, ʘʢʫʤʫʣʷʪʦʨʠ), 

ʥʘʧʨʠʢʣʘʜ ʥʘ ʧʝʨʝʩʫʚʥʠʭ (ʟʦʢʨʝʤʘ ʢʦʩʤʽʯʥʠʭ) ʦʙô̒ ʢʪʘʭ. 

ʇʦ-ʪʨʝʪʻ, ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʽʤʧʫʣʴʩʽʚ ʜʦʟʚʦʣʷʻ 

ʩʫʪʪʻʚʦ ʨʦʟʚʘʥʪʘʞʠʪʠ ʢʘʥʘʣʠ ʟʚô̫ ʟʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʧʽʨ ɻɽʉ ʫ ʚʠʛʣʷʜʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʦʩʢʽʣʴʢʠ ʥʘʧʽʨ ʟʤʽʥʶʻʪʴʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ. ʇʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʚʽʜʣʽʢʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʞʝ ʢʘʥʘʣ ʟʚô̫ ʟʢʫ 

ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʥʰʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ. 

ʇʦ-ʯʝʪʚʝʨʪʝ, ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʤʧʫʣʴʩʥʽʡ ʬʦʨʤʽ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ  ̔ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʇʽʜ ʯʘʩ ʧʝʨʝʜʘʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʪʦʯʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ 

ʯʝʨʝʟ ʥʘ̫ʚʥʽʩʪʴ ʜʨʝʡʬʫ ʥʫʣʷ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʚʧʣʠʚʫ ʟʤʽʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʫʣʷ, 

ʚʭʽʜʥʠʭ ʩʪʨʫʤʽʚ  ̔ʨʽʟʥʠʭ ʟʘʚʘʜ. 

ɭ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 5.2, ʘ) ʫ 

ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ (ʨʠʩ. 5.2, ʙ...ʛ). 

ʇ̔ ʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥ ̫ʘʤʧʣʽʪʫʜʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ɸɯʄ) ʘʤʧʣʽʪʫʜʘ 

ʽʤʧʫʣʴʩʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ (ʨʠʩ. 5.2, ʙ). ʋ ʮɹ ʦʤʫ ʩʧʦʩʦʙ̔ 
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ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʜʨʝʡʬʫ ʥʫʣʷ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ 

ʽʥʰʠʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʦʯʥʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ. ʇʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ) ʘʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ 

ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʧʦʩʪʽʡʥʽ, ʘʣʝ ʰʠʨʠʥʘ ʽʤʧʫʣʴʩʽʚ tʽʤ ʧʨʦʧʦʨʮʽʡʥʘ 

ʧʦʪʦʯʥʦʤʫ ʟʥʘʯʝʥʥʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 5.2, ʚ). ʇʽʜ ʯʘʩ ʯʘʩʪʦʪʥʦ-

ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʏɯʄ) (ʨʠʩ. 5.2, ʛ) ʧʝʨʽʦʜ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻ 

ʯʘʩʪʦʪʫ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʦʩʪʽʡʥʫ ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʘʤʧʣʽʪʫʜʫ. 

ʇ̔ ʜ ʯʘʩ ʐɯʄ ʪʘ ʏɯʄ ʜʨʝʡʬ ʥʫʣʷ ʧʽʜʩʠʣʶʚʘʯʽʚ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʢʦʪʨʘ ʚ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʪʦʯʥʦʩʪʽ ʬʽʢʩʘʮʽʾ ʯʘʩʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ. ʅʘʡʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʪʘ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʯʠʩʣʦ-ʽʤʧʫʣʴʩʥʽ ʤʝʪʦʜʠ: ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʘ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʡ ʥʘʙʽʨ ʽʤʧʫʣʴʩʽʚ (ʢʦʜʫ), 

ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʠʤ ʻ ʪʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʽʤʧʫʣʴʩʫ. 

 
ʈʠʩ. 5.2. ʉʧʦʩʦʙʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʽʚ 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ 

ɺ ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʽʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʤʧʫʣʴʩʠ, ʬʦʨʤʘ 

ʷʢʠʭ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ. ʅʘ ʨʠʩ. 5.3, ʘ ʥʘʚʝʜʝʥʦ ʧʝʨʽʦʜʠʯʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɯʤʧʫʣʴʩʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

- mU ï ʘʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʫ; 

- ʽʤt ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ; 

- ʧt  ï ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ; 

- ʽʤ ʽʤʧT t t= + ï ʧʝʨʽʦʜ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ; 

- 
ʽʤ

1/f T=  ï ʯʘʩʪʦʪʘ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ; 
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- /
ʽʤ ʽʤ ʽʤ

Q T t=  ï ʰʧʘʨʫʚʘʪʽʩʪʴ ʽʤʧʫʣʴʩʽʚ; 

- 
0 ʩʝʨ

U U=  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ) ʽʤʧʫʣʴʩʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

 

 

 
ʈʠʩ. 5.3. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʋ ʩʧʨʘʚʞʥʽʭ ʧʨʠʩʪʨʦʷʭ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ ʤʘʶʪʴ ʧʝʚʥʫ ʪʨʠʚʘʣʽʩʪʴ 

ʬʨʦʥʪʫ 
ʬ

t  ʪʘ ʟʨʽʟʫ ʟʨt  (ʨʠʩ. 5.3, ʙ). ʟʘʟʚʠʯʘʡ, ʬʨʦʥʪ ʪʘ ʟʨʽʟ ʽʤʧʫʣʴʩʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ (ʯʠ ʩʧʘʜʫ) ʥʘʧʨʫʛʠ ʚʽʜ 
m

0,1U  ʜʦ 

m
0,9U . ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ 
ʬ ʽʤ

t t<<  ʪʘ 
ʽʤʟʨt t<<, ʽʥʘʢʰʝ ʯʘʩʦʚʝ ʧʦʣʦʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʥʝ ʙʫʜʝ 

ʟʘʬʽʢʩʦʚʘʥʝ ʟ ʧʦʪʨʽʙʥʦʶ ʪʦʯʥʽʩʪʶ. ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ 
ʬ

t  ʪʘ ʟʨt  ʟʥʘʯʥʦ ʤʝʥʰʝ 1 ʤʢʩ, ʽ ʯʝʨʝʟ ʮʝ ʯʘʩʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 

ʬ
t

 
ʪʘ 0ʟʨt ­ . 

ʇʦʨʷʜ ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʽʮʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʤʧʫʣʴʩʠ ʧʠʣʢʦʧʦʜʽʙʥʦʾ (ʨʠʩ. 5.4, ʘ), ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ 

(ʨʠʩ. 5.4, ʙ) ʪʘ ʜʟʚʦʥʦʧʦʜʽʙʥʦʾ (ʨʠʩ. 5.4, ʚ) ʬʦʨʤʠ. 
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ʈʠʩ. 5.4. ʌʦʨʤʠ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ 

ɺʠʜʠ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ɯʤʧʫʣʴʩʥʽ ʧʨʠʩʪʨʦʾ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʥʫʚʘʥʠʭ ʬʫʥʢʮʽʡ ʤʦʞʥʘ ʫʤʦʚʥʦ 

ʧʦʜʽʣʠʪʠ ʥʘ ʪʘʢ̔ ʛʨʫʧʠ: 

ïʬʦʨʤʫʚʘʯʽ ʽʤʧʫʣʴʩʽʚ; 

ïʝʣʝʢʪʨʦʥʥʽ ʢʣʶʯʽ; 

ïʪʨʠʛʝʨʠ; 

ïʢʦʤʧʘʨʘʪʦʨʠ; 

ï ʛʝʥʝʨʘʪʦʨʠ ʽʤʧʫʣʴʩʽʚ. 

ɺ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʣʘ, 

ʷʢʽ ʬʦʨʤʫʶʪʴ ʥʘʧʨʫʛʫ ʦʜʥʽʻʾ ʬʦʨʤʠ ʟ ʥʘʧʨʫʛʠ ʽʥʰʦʾ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʥʘʧʨʠʢʣʘʜ, ʦʧʦʨʠ, ʻʤʥʦʩʪʽ, 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʪʘ ʥʘʧʨʷʤʢʽʚ ʩʪʨʫʤʽʚ, 

ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʠʭ, ʪʘ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʧʨʫʛ. ʉʪʨʫʤ ʫ ʪʘʢʠʭ ʝʣʝʤʝʥʪʘʭ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʭʽʜʥʽʡ ʥʘʧʨʫʟʽ, ʦʪʞʝ ʾʭ ɺɸʍ ï ʣʽʥʽʡʥʘ. ʂʦʣʘ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʟʠʚʘʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ. 

ʇ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ʥʘ ʚʭʽʜ ʣʽʥʽʡʥʦʛʦ ʢʦʣʘ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

ʥʘ ʚʩʽʭ ʾʾ ʝʣʝʤʝʥʪʘʭ ʪʘʢʦʞ ʙʫʜʝ ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʥʘʧʨʫʛʘ. ʗʢʱʦ ʥʘ ʚʭʦʜʽ 

ʣʽʥʽʡʥʦʛʦ ʢʦʣʘ, ʱʦ ʤʽʩʪʠʪʴ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʝʣʝʤʝʥʪʠ (ʢʦʥʜʝʥʩʘʪʦʨ, 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ), ʜʽʻ ʥʘʧʨʫʛʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʫʤʫ ʛʘʨʤʦʥʽʢ ʨʽʟʥʠʭ ʯʘʩʪʦʪ, ʪʦ 

ʬʦʨʤʘ ʥʘʧʨʫʛʠ ʥʘ ʾʾ ʝʣʝʤʝʥʪʘʭ ʚʽʜʨʽʟʥʷʪʴʩʷ ʚʽʜ ʬʦʨʤʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʛʘʨʤʦʥʽʢʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʦ-ʨʽʟʥʦʤʫ ʧʨʦʧʫʩʢʘʶʪʴʩʷ  

ʮʠʤ ʢʦʣʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʘ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ. 
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ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʽʡʥʠʭ ʢʽʣ (ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ). 

ʆʧʠʩʘʥʽ ʧʨʦʮʝʩʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʠʬʝʨʝʥʮʽʶʶʯʠʭ ʪʘ ɯʂ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʤʧʫʣʴʩʥʽʡ ʪʝʭʥʽʮʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ. 

5.2. ɼʠʬʝʨʝʥʮʽʶʶʯʽ ʢʦʣʘ  

ɼʠʬʝʨʝʥʮʽʶʶʯʝ ʢʦʣʦ (ɼʂ) ʚʠʢʦʥʫʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʡʦʛʦ ʚʭʽʜ, ʪʘ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʢʦʨʦʪʢʠʭ 

ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʨʦʥʪʫ ʪʘ ʟʨʽʟʫ ʜʦʚʰʠʭ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ. ɼʂ 

ʚʠʢʦʥʫʻ ʬʽʢʩʘʮʽʶ ʤʦʤʝʥʪʽʚ ʬʨʦʥʪʫ ʪʘ ʟʨʽʟʫ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʡʦʛʦ 

ʚʭʽʜ.  

ɺʠʢʦʥʫʶʪʴʩʷ ɼʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʣʴʢʠ ʧʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʧʘʩʠʚʥʽ 

ɼʂ) ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʩʠʚʥʠʭ ʪʘ ɸɽ (ʘʢʪʠʚʥʽ ɼʂ). ʗʢ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ 

ʝʣʝʤʝʥʪʠ ʚ ʥʠʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʢʦʥʜʝʥʩʘʪʦʨʠ ʯʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

ʅʠʞʯʝ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ɼʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʷʢ ʙʽʣʴʰ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʽʞ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

ʇʘʩʠʚʥʽ ɼʂ  

ʉʭʝʤʫ ʧʘʩʠʚʥʦʛʦ ɼʂ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.5. 

Uʚʭ

IR

Ic

Uc

C

+ -

R Uʚʠʭ

 
ʈʠʩ. 5.5. ʉʭʝʤʘ ʧʘʩʠʚʥʦʛʦ ɼʂ 

ʉʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʥʘʧʨʫʛʦʶ ʥʘ 

ʥʴʦʤʫ ʟʘʣʝʞʥʽʩʪʶ:  

.C

C

dU
I C

dt

å õ
= æ ö
ç ÷       

ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʩʭʝʤʠ: 

C C

ɺʀʍ R C ʜʠʬ

dU dU
U I R I R RC

dt dt
t

å õ å õ
= Ö = Ö = =æ ö æ ö

ç ÷ ç ÷,    
 

ʜʝ 
ʜʠʬ

RCt =  ï ʩʪʘʣʘ ʯʘʩʫ ʢʦʣʘ.  
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ʆʩʢʽʣʴʢʠ 
C ɺʍ ɺʀʍ

U U U= - , ʪʦ  

 
ɺʍ ɺʀʍ ɺʍ ɺʀʍ

ɺʀʍ

( )
.C

ʜʠʬ ʜʠʬ ʜʠʬ ʜʠʬ

dU d U U dU dU
U

dt dt dt dt
t t t t

-
= = = -

  (5.1)
 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʠʨʘʟʫ (5.1) ï ʨʝʟʫʣʴʪʘʪ ʽʜʝʘʣʴʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʜʨʫʛʠʡ ï ʧʦʭʠʙʢʘ, ʷʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ 
ʜʠʬ
t , 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʦʜʥʦʯʘʩʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʡ ʢʦʨʠʩʥʘ ʩʢʣʘʜʦʚʘ                 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʅʘ ʨʠʩ. 5.6 ʧʦʢʘʟʘʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʘʩʠʚʥʦʛʦ ɼʂ. 

Uʚʠʭ

Uʚʭ

Uʩ

Um

0

t1 t2t iʤ

t 1'

t 1'

Um

Um

-Um

0

0

-Uʩ

t

t

t

m

/

(1 )
C

t
ʜʠʬ

U U e

t-
= Ö -

m

/

C

t
ʜʠʬ

U U e
t-

= Ö

mʚʠʭ

t / Ű
ʜʠʬ

U U e
-

= Ö

m

/

ʚʠʭ
e

t
ʜʠʬ

U U

t-
=- Öë

ì
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t1

 

ʈʠʩ. 5.6. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʘʩʠʚʥʦʛʦ ɼʂ 

ʇ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ʥʘ ʡʦʛʦ ʚʭʽʜ ʽʜʝʘʣʴʥʦʛʦ (ʟ ʢʨʫʪʠʤʠ ʬʨʦʥʪʘʤʠ) 

ʦʜʠʥʦʯʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ. ɺ ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʫ 

ʻʤʥʽʩʪʴ ʨʦʟʨʷʜʞʝʥʘ, ʾʾ ʦʧʽʨ ()1 0CX t =  ʽ ʬʨʦʥʪ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʧʝʨʝʜʘʻʪʴʩʷ 

ʥʘ ʚʠʭʽʜ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʟʤʽʥ. ʇʦʪʽʤ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʞʘʻʪʴʩʷ ʟʘ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ:  
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.ɿɸʈ m 1 ʜʠʬ

C

t
U U e

t-å õ
= Ö -æ öæ ö

ç ÷
,           

ʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʪʠʤ ʩʘʤʠʤ ʟʘʢʦʥʦʤ: 

ɺʀʍ m
( ) ʜʠʬ

t
U t U e

t-
= Ö .

    
 (5.2) 

ʏʝʨʝʟ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 3
ʜʠʬ

t t²
 
ʻʤʥʽʩʪʴ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʠʪʴʩʷ,  

mC
U Uº , ʘ 0

ɺʀʍ
U = . ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʽʜʝʘʣʴʥʦʤʫ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʶ ʧʦʩʪʽʡʥʦʾ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 
mɺʍ

U U= . ʅʘʷʚʥʽʩʪʴ ʛʦʩʪʨʦʢʽʥʮʝʚʦʛʦ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʧʦʚô̫ ʟʘʥʘ ʟ ʧʦʭʠʙʢʦʶ ʨʝʘʣʴʥʦʛʦ ɼʂ. 

ʅʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ( )0ɺʍ
U =

 

ʥʘʧʨʫʛʘ ʥʘ ʻʤʥʦʩʪʽ ʥʝ ʤʦʞʝ ʟʥʠʢʥʫʪʠ ʤʠʪʪʻʚʦ, ʽ ʮʝ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʥʘ ʚʠʭʦʜʽ 

ʩʪʨʠʙʢʘ ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ, ʘʤʧʣʽʪʫʜʦʶ 
mɺʀʍ C

U U U= = . ʇʦʪʽʤ ʢʦʥʜʝʥʩʘʪʦʨ 

ʨʦʟʨʷʜʞʘʻʪʴʩʷ, ʥʘʧʨʫʛʘ ʥʘ ʥʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟ ʚʠʨʘʟʦʤ 

.ʈʆɿʈ mC

ʜʠʬ

t

U U e
t-

= Ö , ʘ ʦʪʞʝ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ. 

ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ɼʂ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʽʤt  ʪʘ ʩʪʘʣʦʾ ʯʘʩʫ ɼʂ ʜʠʬt . ʅʘ ʨʠʩ. 5.7 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ 

ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɼʂ ʜʣʷ ʯʦʪʠʨʴʦʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽʤt   ̔ ʜʠʬt : 

1. 
ʽʤʜʠʬ
tt >>  ( ʨʠʩ. 5.7, ʘ);     3. /3

ʽʤʜʠʬ
tt =  ( ʨʠʩ. 5.7, ʚ); 

2. 3
ʽʤʜʠʬ
tt =   ( ʨʠʩ. 5.7, ʙ);     4. 

ʽʤʜʠʬ
tt <<  ( ʨʠʩ. 5.7, ʛ). 

ʇʦʨʽʚʥʶʶʯʠ ʮʽ ʜʽʘʛʨʘʤʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʣʦ ʻ ʧʝʨʝʭʽʜʥʠʤ ʽ ʬʦʨʤʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʬʦʨʤʠ ʚʭʽʜʥʦʛʦ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ 
ʜʠʬ
t  ʟʘ 

ʽʤ
t const=

 
ʩʭʝʤʘ ʙʫʜʝ ʥʘʙʣʠʞʘʪʠʩʷ 

ʜʦ ʜʠʬʝʨʝʥʮʽʶʶʯʦʾ, ʽ ʫ ʨʘʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʜʠʬ ʽʤ
tt <<

    
   

ʢʦʣʦ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʝ ʧʝʨʝʜ ʥʠʤ ʟʘʚʜʘʥʥʷ ï ʟʘʛʦʩʪʨʝʥʥʷ 

(ʩʢʦʨʦʯʝʥʥʷ) ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ.  
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ʈʠʩ. 5.7. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɼʂ ʜʣʷ ʯʦʪʠʨʴʦʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ tʽʤ, Űʜʠʬ: 

ʘ ï Űʜʠʬ >>tʽʤ;  ʙ ï Űʜʠʬ=tʽʤ/3;  

ʚ ï  Űʜʠʬ=3tʽʤ;           ʛ ï Űʜʠʬ <<t ʤ̔; 
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ʈʦʟʨʘʭʫʥʦʢ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʽ ʧʘʩʠʚʥʦʛʦ ɼʂ 

ɸʢʪʠʚʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʽ ɼʂ, ʷʢʫ ʚʠʨʘʭʫʚʘʥʦ ʥʘ ʨʽʚʥʽ 

m0,5 UÖ  (ʨʠʩ. 5.8), ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ  

. .
ln2

ʽʤʚʠʭʘʜʠʬ
t t= Ö .       

ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʚʦʜʠʪʴʩʷ ʟ ʚʠʨʘʟʫ (5.2) ʧʽʜ ʯʘʩ          

ʧʽʜʩʪʘʚʣʝʥʥʷ ʫ ʥʴʦʛʦ 

m( ) 0,5
ɺʀʍ

U t U= Ö , ʟʘ 
. .ʽʤʚʠʭʘ

t t= . 

ʏʠʤ ʤʝʥʰʘ ʩʪʘʣʘ ʯʘʩʫ 
ʜʠʬ
t , ʪʠʤ ʰʚʠʜʰʝ ʟʘʨʷʜʞʘʻʪʴʩʷ ʽ 

ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʪʦʨ, ʪʠʤ ʤʝʥʰʫ ʪʨʠʚʘʣʽʩʪʴ ʤʘʶʪʴ ʚʠʭʽʜʥʽ ʽʤʧʫʣʴʩʠ, 

ʦʪʞʝ ʪʠʤ ʙʽʣʴʰ ʛʦʩʪʨʦʢʽʥʮʝʚʠʤʠ ʚʦʥʠ ʻ. ʆʜʥʘʢ 
ʜʠʬ
t  ʤʦʞʣʠʚʦ ʟʤʝʥʰʫʚʘʪʠ 

ʣʠʰʝ ʜʦ ʧʝʚʥʦʾ ʤʝʞʽ. 

 tiʤ.ʚʠʭ.a

Uʚʠʭ

Um

0,5Um

 t

 
ʈʠʩ. 5.8. ɺʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ɼʂ 

ʈʦʙʦʪʘ ʧʘʩʠʚʥʦʛʦ ɼʂ ʧʽʜ ʯʘʩ ʧʦʜʘʥʥ ̫ʥʘ ʡʦʛʦ ʚʭʽʜ ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʭ 

ʤ̔ʧʫʣʴʩʽʚ 

ʇʨʠʚʝʜʝʥʠʡ ʚʠʱʝ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ɼʂ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘ 

ʡʦʛʦ ʚʭʽʜ ʥʘʜʭʦʜʷʪʴ ʽʜʝʘʣʴʥʽ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ ʟ ʢʨʫʪʠʤʠ ʬʨʦʥʪʘʤʠ, ʱʦ 

ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʫ ʜʦʚʞʠʥʫ.  

ʇʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʬʨʦʥʪʠ ʜʽʡʩʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʤʘʶʪʴ 

ʢʽʥʮʝʚʫ ʪʨʠʚʘʣʽʩʪʴ, ʘ ʩʘʤʽ ʨʝʘʣʴʥʽ ʽʤʧʫʣʴʩʠ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʪʨʘʧʝʮʽʻʶ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ɼʂ ʥʘ ʨʝʘʣʴʥʽ ʪʨʘʧʝʮʝʾʜʘʣʴʥʽ ʽʤʧʫʣʴʩʠ ʨʦʟʛʣʷʥʝʤʦ 

ʷʢʠʡ ʚʧʣʠʚ ʩʧʨʘʚʣʷʻ ɼʂ ʥʘ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʬʨʦʥʪʠ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʟʘ 
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ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. ʅʘ ʨʠʩ. 5.9 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʨʦʟô̫ ʩʥʶʶʪʴ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʽʤʧʫʣʴʩʫ ʟ ʬʨʦʥʪʦʤ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ, ʜʣʷ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ 
ʜʠʬ
t   ̔ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʫ 

ʬ
t : 

ï 
ʜʠʬ ʬ

tt <<  (ʨʠʩ. 5.9, ʘ); 

ï Űʜʠʬ  >> tʬ (ʨʠʩ. 5.9, ʙ). 

 
ʈʠʩ. 5.9. ɼʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ:  

ʘ ï Űʜʠʬ << tʬ ;  ʙ ï Űʜʠʬ  >> tʬ. 

ʋ ʨʘʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫
ʜʠʬ ʬ

tt <<  ʢʦʣʦ ʚʠʢʦʥʫʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 

ʬʨʦʥʪʫ ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʥʝʚʝʣʠʢʘ, ʘ ʟʘ 
ʜʠʬ ʬ

tt >> ʨʦʟʛʣʷʥʫʪʝ ʢʦʣʦ ʜʣʷ 

ʬʨʦʥʪʫ ʻ ʧʨʦʭʽʜʥʠʤ (ʧʝʨʝʭʽʜʥʠʤ) ʽ ʬʨʦʥʪ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʚʠʭʽʜ ʟ ʥʝʚʝʣʠʢʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ, ʚʠʢʣʠʢʘʥʠʤʠ ʟʘʨʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ɺʧʣʠʚ ɼʂ ʥʘ ʨʝʘʣʴʥʠʡ (ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʡ) ʽʤʧʫʣʴʩ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
ʜʠʬ
t , 

ʬ
t ,

 
 

 ʟʨt  ʪʘ ̔
ʤ

t .  

ʅʘ ʨʠʩ. 5.10 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɼʂ ʜʣʷ ʜʚʦʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ 
ʜʠʬ
t , 

ʬ
t

 
( 

 ʟʨt )  ʪʘ ̔
ʤ

t : 
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ï 
ʬ ʜʠʬ ʽʤ

t tt<< << (ʨʠʩ. 5.10, ʘ); 

ï 
ʬ ʜʠʬ ʽʤ

t tt>> << (ʨʠʩ. 5.10, ʙ). 

 
ʈʠʩ. 5.10. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɼʂ ʧʽʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ʥʘ ʡʦʛʦ ʚʭʽʜ ʨʝʘʣʴʥʦʛʦ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Űʜʠʬ,  tʬ ʪʘ tʽʤ: 

ʘ ï tʬ << Űʜʠʬ << tʽʤ ; ʙ ï tʬ >> Űʜʠʬ << tʽʤ. 

ʇʽʜ ʯʘʩ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫
ʬ ʜʠʬ ʽʤ

t tt<< << ʢʦʣʦ ʻ ʧʝʨʝʭʽʜʥʠʤ ʜʣʷ 

ʬʨʦʥʪʽʚ  ̔ʜʠʬʝʨʝʥʮʽʶʶʯʠʤ ʜʣʷ ʧʣʦʩʢʦʾ ʚʝʨʰʠʥʠ, ʘ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʩʭʝʤʘ 

ʜʠʬʝʨʝʥʮʽʶʻ ʬʨʦʥʪʠ ʪʘ ʧʣʦʩʢʫ ʚʝʨʰʠʥʫ, ʪʦʤʫ ʥʘ ʚʠʭʦʜʽ ʥʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʛʦʩʪʨʦʢʽʥʮʝʚʠʭ ʽʤʧʫʣʴʩʽʚ ʽ ʩʭʝʤʘ ʥʝ ʚʠʢʦʥʫʻ ʩʚʦʻ ʟʘʚʜʘʥʥʷ ï ʦʪʨʠʤʘʥʥʷ 

ʢʦʨʦʪʢʠʭ ʛʦʩʪʨʦʢʽʥʮʝʚʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʩʪʘʪʥʴʦʾ ʘʤʧʣʽʪʫʜʠ. 

ɺʧʣʠʚ ʦʧʦʨʫ ʜʞʝʨʝʣʘ ʪʘ ʻʤʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʦʨʤʫ ʚʠʭʽʜʥʦʛʦ 

ʽʤʧʫʣʴʩʫ 

ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʨʦʟʛʣʷʜʘʣʦʩʴ ʽʜʝʘʣʽʟʦʚʘʥʝ ɼʂ, ʜʝ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩ ̫

ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ R
ɺʅ

 ʪʘ ʧʘʨʘʟʠʪʥʦʾ ʻʤʥʦʩʪʽ 

0
C , ʢʦʪʨʘ ʰʫʥʪʫʻ ʚʠʭʽʜ (ʨʠʩ. 5.11, ʘ). ʌʦʨʤʫ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʽ 

ʨʝʘʣʴʥʦʛʦ ɼʂ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.11, ʙ. 
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ʈʠʩ. 5.11. ɼʂ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ Rʚʥ ʪʘ ʉʦ: 

ʘ ï cʭʝʤʘ; ʙ ï ʬʦʨʤʘ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ  

ʅʘʷʚʥʽʩʪʴ R
ɺʅ

 ʪʘ 
0

C  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʠʭʽʜʥʦʛʦ 

ʽʤʧʫʣʴʩʫ, ʟʘʪʷʛʫʚʘʥʥʶ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʽʚ ʚ ʮʽʣʦʤʫ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ R
ɺʅ

 ʪʘ 
0

C  ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʦʙʠʨʘʶʪʴ ʪʘʢ, ʱʦʙ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʝʨʽʚʥʦʩʪʽ: R
ɺʅ

R>> ,
0

C C>> . 

ʇʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ C  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ R, 

ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʤʦʚʫ 
ʜʠʬ ʽʤ

RC tt = <<, ʘ ʟʤʝʥʰʝʥʥʷ R 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ 

ʙʝʨʫʪʴ 
0

(2...3)C C= . 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʩʠʚʥʦʛʦ ɼʂ 

ʅʘ ʚʭʽʜ ʨʝʘʣʴʥʦʛʦ ɼʂ (ʨʠʩ. 5.11, ʘ) ʥʘʜʭʦʜʠʪʴ ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʡ 

ʽʤʧʫʣʴʩ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: 
ʟʨʬ

t t=  = 0.1 ʤʢʩ; 
ʽʤ
t  = 10 ʤʢʩ. ɺʥʫʪʨʽʰʥʽʡ ʦʧʽʨ 

ʜʞʝʨʝʣʘ R
ɺʅ

 = 50 ʆʤ. ɭʤʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʘʨʘʟʠʪʥʘ ʻʤʥʽʩʪʴ) 
0

C  = 20 ʧʌ. 

ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ɼʂ: R ʪʘ C . 

ʈʦʟʤʽʨ ʻʤʥʦʩʪʽ ʦʙʠʨʘʻʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
0

3C C= Ö = 60 ʧʌ. 

ʇʨʠʡʤʘʻʤʦ C  = 62 ʧʌ. 

ɺʝʣʠʯʠʥʘ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ R ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: /
ʜʠʬ

R Ct= . 

ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʯʘʩʫ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 
ʜʠʬ
t . 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʭʝʤʘ ʚʠʢʦʥʫʚʘʣʘ ʩʚʦʶ ʬʫʥʢʮʽʶ ï ʦʪʨʠʤʘʥʥʷ ʥʘ ʚʠʭʦʜʽ 

ʛʦʩʪʨʦʢʽʥʮʝʚʠʭ ʽʤʧʫʣʴʩʽʚ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʬ ʜʠʬ ʽʤ
t tt<< << (ʨʠʩ. 5.10, ʘ). ʇʨʠʡʤʝʤʦ 0,1 0,1 10ʤʢʩ 1ʤʢʩ

ʜʠʬ ʽʤ
tt = Ö = Ö =. 

ʇʝʨʝʚʽʨʷʻʤʦ, ʱʦ ( 0,1ʤʢʩ) ( 1ʤʢʩ) ( 10ʤʢʩ)
ʬ ʜʠʬ ʽʤ
t tt= << = << =. ɿʘ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥ ̫
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ʜʠʬ
t  ʝʬʝʢʪʠʚʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 

. . . .
ln2 0,1 ln2 /14

ʽʤʚʠʭʘʜʠʬ ʽʤʚʭ ʽʤʚʭ
t t tt= Ö = Ö º , ʦʪʞʝ ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʘʻʤʦ ʢʦʨʦʪʢʠʡ 

ʽʤʧʫʣʴʩ, ʪʨʠʚʘʣʽʩʪʶ ʫ 14 ʨʘʟʽʚ ʢʦʨʦʪʰʝ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʥʘ ʚʠʭʦʜʽ ɼʂ ʟʘ ʯʘʩ 3 0,3
ʜʠʬ ʽʤ

t tt= =  ʜʦʨʽʚʥʶʻ 3 /

m m
0,05ʜʠʬ ʜʠʬ

ɺʀʍ
U U e U

t t-
= Ö º , ʦʪʞʝ 

ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʬʘʢʪʠʯʥʦ ʟʘʢʽʥʯʠʚʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʨʝʟʠʩʪʦʨʘ 6 12/ 1 10 /62 10 16ʢʆʤ.
ʜʠʬ

R Ct - -= = Ö Ö º  

ʇʨʠʡʤʘʻʤʦ 16R ʢʆʤ= . ʇʝʨʝʚʽʨʷʻʤʦ ʚʠʢʦʥʘʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ:
 

;
ɺʅ

R R>> 3

0
;1,6 10ʆʤ 50ʆʤ;62ʧʌ 20ʧʌC C>> Ö >> >>. 

ɸʢʪʠʚʥʽ ɼʂ  

ʗʢ ɸɽ ɼʂ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɯʄʉ ʆʇ.  

ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ɼʂ ʥʘ ɯʄʉ ʆʇ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 5.12. 

  ʉʧʦʯʘʪʢʫ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ɯʄʉ ʆʇ ʻ ʽʜʝʘʣʴʥʦʶ:  

.U ɯʄʉʆʇ
K ­¤,     (5.3) 

R
ɺʍ
­¤,       

 R 0
ɺʀʍ
­ .   

Uʚʠʭ

Ic
C

æU

R

DA1

IR

II

Uʚʭ

UR

UC

 
 

ʈʠʩ. 5.12. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ɼʂ ʥʘ ɯʄʉ ʆʇ 

ʈʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʽʥʚʝʨʪʫʶʯʠʤ (ɯ) ʚʭʦʜʦʤ ʪʘ ʥʝʽʥʚʝʨʪʫʶʯʠʤ (ʅ) 

ʚʭʦʜʦʤ 
.

/
ɺʀʍ U ɯʄʉʆʇ

U U KD =  ʫ ʨʘʟʽ ʚʠʢʦʥʘʥʥ ̫ʫʤʦʚʠ (5.3) ʫ ʤʝʞʘʭ ʣʽʥʽʡʥʦʾ 

ʜʽʣʷʥʢʠ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʉʪʨʫʤ 
I

I  , ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ɯʄʉ ʆʇ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʟʘ 

ʫʤʦʚʠ, ʱʦ Rɺʍ
­¤. 
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ʉʪʨʫʤ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ C

C

dU
I C

dt
= .

 

ʆʩʢʽʣʴʢʠ 
R ɺʀʍ

U U UD = + , ʪʦ ʟʘ  0UD =  ɺʀʍ R
U U=- . 

ʋ ʩʚʦʶ ʯʝʨʛʫ 
R R

U I R= , 
R C

I I=  ʩʪʨʫʤ 0
I

I ­  (ʢʦʣʠ R
ɺʍ
­¤), 

ʦʪʞʝ C

R C

dU
U I R RC

dt
= = , 

ɺʍC C

ɺʀʍ ʜʠʬ ʜʠʬ

dU dU dU
U RC

dt dt dt
t t=- =- =- ,   (5.4) 

ʜʝ 
ʜʠʬ

RCt =  ï ʩʪʘʣʘ ʯʘʩʫ. 

ʆʪʞʝ, ʷʢʱʦ ɯʄʉ ʆʇ ʻ ʽʜʝʘʣʴʥʦʶ, ʪʦ ɼʂ ʥʘ ʾʾ ʦʩʥʦʚʽ ʚʠʢʦʥʫʻ ʪʦʯʥʝ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʥʘʢ çïè ʫ 

ʚʠʨʘʟʽ (5.4) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʦʪʠʬʘʟʥʘ ʚʭʽʜʥʽʡ. ʇʦʨʽʚʥʶʶʯʠ 

ʚʠʨʘʟʠ (5.4) ʪʘ (5.1) ʙʘʯʠʤʦ, ʱʦ ʮʷ ʩʭʝʤʘ ʭʦʯʘ ʡ ʥʘʟʠʚʘʻʪʴʩʷ ʘʢʪʠʚʥʦʶ, ʘʣʝ ʥʝ 

ʧʽʜʩʠʣʶʻ ʚʭʽʜʥʫ ʥʘʧʨʫʛʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʩʠʚʥʠʤ ɼʂ. ɺʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ɯʄʉ ʆʇ ʪʘ ʥʘʷʚʥʽʩʪʴ ɺɿɿ ʜʦʟʚʦʣʷʻ ʟʘ ʦʜʥʘʢʦʚʦ ʾʟ ʧʘʩʠʚʥʠʤ ɼʂ 

ʚʠʭʽʜʥʦ ʾʥʘʧʨʫʛʠ ʟʚʝʩʪʠ ʜʦ ʥʫʣʷ ʧʦʭʠʙʢʫ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. ʈʝʘʣʴʥʽ ɯʄʉ ʆʇ 

ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʾʭ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʥʘʧʨʫʛʦʶ ʤʘʻ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʯʠʤ ʙʽʣʴʰʝ 
.U ɯʄʉʆʇ

K , 

ʪʠʤ ʤʝʥʰʝ UD  ʽ ʪʠʤ ʙʽʣʴʰʝ ʩʪʨʫʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʭʽʜʥʽʡ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ. ʇʦʨʷʜ ʟ ʮʠʤ, ʟʙʽʣʴʰʝʥʥʷ 
.U ɯʄʉʆʇ

K  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʟʥʠʞʝʥʥʷ ʧʦʭʠʙʢʠ, ʦʩʢʽʣʴʢʠ ʥʘʧʨʫʛʘ 
R

U  ʚʩʝ ʤʝʥʰ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ     

ʥʘʧʨʫʛʠ 
ɺʀʍ

U . 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʚʠʢʣʠʢʘʥʦʾ ʢʽʥʮʝʚʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ 
.U ɯʄʉʆʇ

K , ʟʘʤʽʥʠʤʦ ʧʦʯʘʪʢʦʚʫ ʩʭʝʤʫ 

ʘʢʪʠʚʥʦʛʦ ɼʂ (ʨʠʩ. 5.12) ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʾʡ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʩʭʝʤʦʶ (ʨʠʩ. 5.13).  

ʉʪʨʫʤ ʟʘʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʫ ʚʠʭʽʜʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 5.12) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʟ ʚʠʨʘʟʫ (ʟʥʘʢʠ ʩʪʨʫʤʽʚ 
C

I  ʪʘ 
R

I  ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ):   

.U ɯʄʉʆʇR ɺʀʍ

C R

U KU U
I I

R R R

D Ö
= = = = ,     

ʘ ʩʪʨʫʤ ʟʘʨʷʜʫ ʚ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ  

  '

' '

' '

R

C R

U U
I I

R R

D
= = = .      
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ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʴ ʨʽʚʥʽʩʪʴ ʩʪʨʫʤʽʚ ʟʘʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ 

ʝʢʚʽʚʘʣʝʥʪʥʽʡ  ̔ʚʠʭʽʜʥʽʡ ʩʭʝʤʘʭ 
'C C

I I=
 
ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

.

'
U ɯʄʉʆʇ

R
R

K
= . 

 

 

C

æUR'

DA1

II'

UR'Uʚʭ Uʚʠʭ

Ic'

 
ʈʠʩ. 5.13. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ɼʂ  

ɼʣʷ ʨʽʚʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ ʩʭʝʤ ʥʘʧʨʫʛʘ 

'R
U  ʧʽʜʩʠʣʶʻʪʴʩʷ ɯʄʉ ʆʇ ʫ 

.U ɯʄʉʆʇ
K  ʨʘʟʽʚ. ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʧʘʩʠʚʥʦʛʦ ɼʂ 

ï , 'C R  ʩʪʘʥʦʚʠʪʴ  

ɺʀʍ

'

ɺʍ ɺʀʍ

. . .

' '

1
.

ɺʍ

R

U ɯʄʉʆʇ U ɯʄʉʆʇ U ɯʄʉʆʇ

dU dU
U R C R C

dt dt

RC dU RC dU

K dt K K dt

å õ å õ
= Ö - Ö =æ ö æ ö

ç ÷ ç ÷

å õ å õ
= -æ ö æ ö

ç ÷ ç ÷

  
   

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʆʇ  

ɺʍ ɺʀʍ

ɺʀʍ ' .

.

R U ɯʄʉʆʇ

U ɯʄʉʆʇ

dU RC dU
U U K RC

dt K dt

å õ å õ
= Ö = -æ ö æ ö

ç ÷ ç ÷
 .  (5.5) 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (5.5) ʪʘ (5.1) ʙʘʯʠʤʦ, ʱʦ ʧʦʭʠʙʢʘ ɼʂ ʥʘ ɯʄʉ ʆʇ 

ʫ 
.U ɯʄʉʆʇ

K  ʨʘʟʽʚ ʤʝʥʰʘ, ʥʽʞ ʧʦʭʠʙʢʘ ʧʘʩʠʚʥʦʛʦ ɼʂ ʟʘ ʦʜʥʘʢʦʚʦʛʦ ʟʥʘʯʝʥʥ ̫

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɺʍ
dU

RC
dt

å õ
æ ö
ç ÷

. 

ɽʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ (ʨʠʩ. 5.13) ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ 

ʧʨʘʢʪʠʮʽ. ʇʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ɼʂ (ʨʠʩ. 5.12) ʤʘʻ ʥʠʟʴʢʫ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʪʘ ʩʭʠʣʴʥʘ ʜʦ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʩʭʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʠʬʽʢʦʚʘʥʝ 

ʘʢʪʠʚʥʝ ɼʂ, ʩʭʝʤʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.14 . 
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Uʚʠʭ
æU

R2

DA1

C2

R1
C1

Uʚʭ

 
ʈʠʩ. 5.14. ʉʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ɼʂ 

5.3. ɯʥʪʝʛʨʫʶʯʽ ʢʦʣʘ 

ɯʥʪʝʛʨʫʶʯʽ ʢʦʣʘ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ: 

ï ʧʘʩʠʚʥʽ ɯʂ; 

ï ʘʢʪʠʚʥʽ ɯʂ. 

ɯʂ ʻ ʣ̔ʥʽʡʥʠʤ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʦʤ, ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʦʧʦʨʮʽʡʥʦ ʽʥʪʝʛʨʘʣʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʩʘʤʝ  

ɺʍ
0

t

ɺʀʍ
U k U dt= Öñ .        

ɯʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʭʝʤʘʭ ʬʦʨʤʫʚʘʥʥʷ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ; 

ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʭʽʜʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ; ʜʣʷ 

ʩʝʣʝʢʮʽʾ ʽʤʧʫʣʴʩʽʚ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʽ ʪ. ʽʥ. 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʪʘ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤ ʻ ʧʘʩʠʚʥʝ ɯʂ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʘ 

ʝʣʝʤʝʥʪʠ: ʨʝʟʠʩʪʦʨ R ʪʘ ʢʦʥʜʝʥʩʘʪʦʨ ʉ (ʨʠʩ. 5.15). 

 

 
ʈʠʩ. 5.15. ʇʘʩʠʚʥʝ ʽʥʪʝʛʨʫʶʯʝ RC-ʢʦʣʦ 
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ɸʥʘʣʽʟ ʧʘʩʠʚʥʦʛʦ ɯʂ 

ʅʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʉ ʧʦʚô̫ ʟʘʥʘ ʟ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʪʘ 

ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ, ʟʘʣʝʞʥʽʩʪʶ   

ɺ
0

1 t

ʀʍ C C
U U I dt

C
= = Öñ ,     (5.6) 

ʜʝ 

ɺʍ ɺʀʍ

R C

U U
I I

R

-
= = .    (5.7) 

ʇʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ 
C

I  (5.7) ʫ (5.6) ʽ ʦʪʨʠʤʘʻʤʦ 

ɺʍ ɺʀʍ
0 0

1 1
( )

t t

ɺʀʍ
U t U dt U dt

RC RC
= Ö - Öñ ñ .    (5.8) 

ʇʝʨʰʘ ʩʢʣʘʜʦʚʘ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʽʜʝʘʣʴʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʘ ʜʨʫʛʘ ï ʧʦʭʠʙʢʦʶ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʩʪʘʣʫ ʯʘʩʫ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʽʥʪ
RCt = , ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ. ʆʪʞʝ, ʩʪʘʣʘ 

ʯʘʩʫ ɯʂ ʤʘʻ ʙʫʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʘ, ʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ, 
ɺʀʍ ɺʍ

U U<< . 

ɸʥʘʣʽʟʫʚʘʥʥʷ ʨʦʙʦʪʠ ʧʘʩʠʚʥʦʛʦ ɯʂ ʟʘ ʯʘʩʦʚʠʤʠ ʜʽʘʛʨʘʤʘʤʠ 

ʈʦʟʛʣʷʥʝʤʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɯʂ, ʷʢʱʦ ʥʘ ʡʦʛʦ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ 

ʩʪʨʠʙʦʢ ʥʘʧʨʫʛʠ, ʘʤʧʣʽʪʫʜʦʶ 
mU  (ʨʠʩ. 5.16). 

 
ʈʠʩ. 5.16. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɯʂ 

ʈʝʟʫʣʴʪʘʪʦʤ ʽʜʝʘʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʪʨʠʙʢʘ ʥʘʧʨʫʛʠ ʻ 
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0

m m
m

1
( )

t

ɺʀʍ

ʽʥʪ

U t U t
U t U dt

RC RC t

Ö Ö
= = =ñ .    (5.9) 

ɺʠʨʘʟʫ (5.9) ʚʽʜʧʦʚʽʜʘʻ ʧʨʷʤʘ ʣʽʥʽʷ, ʷʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.16 

ʧʫʥʢʪʠʨʦʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʻ  

m( ) 1 ʽʥʪ

ɺʀʍ

t
U t U e

t-å õ
= Ö -æ ö

ç ÷

,     (5.10) 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʨʷʜʞʝʥʥʶ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ. 

ʈʽʟʥʠʮʷ ʤʽʞ ʧʨʷʤʦʶ ʣʽʥʽʻʶ ʡ ʝʢʩʧʦʥʝʥʪʦʶ ʻ ʧʦʭʠʙʢʦʶ ʽʥʪʝʛʨʫʚʘʥʥʷ, 

ʢʦʪʨʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʷʢʱʦ ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʽʥʪ ʽʥʪ
t t<< .      (5.11) 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʟʤʝʥʰʫʻʪʴʩʷ ʘʤʧʣʽʪʫʜʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ  ɺʍɺʀʍ
U U<< . 

ʗʢʱʦ 
ʽʥʪ

constt = , ʪʦ ʧʦʭʠʙʢʫ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʷʢʱʦ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʽʥʪʝʛʨʫʚʘʥʥʷ 
ʽʥʪ

t . 

ʗʢʱʦ 
ʽʥʪ
t const= , ʪʦ ʧʦʭʠʙʢʫ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʙʽʣʴʰʫʶʯʠ     

ʩʪʘʣʫ ʯʘʩʫ 
ʽʥʪ
t . 

ɺʠʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʪʘ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ɼʣʷ ʚʠʧʘʜʢʫ, ʨʦʟʛʣʷʥʫʪʦʛʦ ʥʘ ʨʠʩ. 5.16, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ (5.10). 

ʈʦʟʢʣʘʜʘʶʯʠ ʽʥʪ

t
e
t-

 ʫ ʨʷʜ ʊʝʡʣʦʨʘ ʟʘ ʩʪʝʧʝʥʷʤʠʽʥʪ

tt-
, ʦʪʨʠʤʘʻʤʦ 

( ) ( )
2 31 1

1 / / / ...
2 6

ʽʥʪ

ʽʥʪ ʽʥʪ ʽʥʪ

t
e t t t
t

t t t
-

= - + Ö - Ö +.   (5.12) 

ʅʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5.11) ʦʙʤʝʞʠʤʦʩʷ ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ 

ʯʣʝʥʘʤʠ ʨʷʜʫ, ʽ ʧʽʜʩʪʘʚʠʤʦ (5.12) ʫ (5.10). ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ 

ɺʀʍ

m m m1
( ) 1 .

2 2
ʽʥʪ ʽʥʪ ʽʥʪ ʽʥʪ ʽʥʪ

U t t U t U t t
U t

t t t t t

å õÖ Ö Ö
= - = - Öæ ö

Öç ÷

  (5.13) 

ʇʝʨʰʠʡ ʯʣʝʥ ʚʠʨʘʟʫ (5.13) ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʫ ʽʜʝʘʣʴʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʪʨʠʙʢʘ, ʘ ʜʨʫʛʠʡ ʻ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ ɯʂ: 

m .
2

ʘʙʩ

ʽʥʪ ʽʥʪ

U t t
d

t t

Ö
= Ö

Ö
        

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ 
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ʂʆʈʀʉʅɽ

m

2
100% 100% 50%ʘʙʩ ʽʥʪ ʽʥʪ

ʚʽʜʥ
m ʽʥʪ

ʽʥʪ

U t t

t

U tU

d t t
d

t

t

Ö
Ö
Ö

= Ö = Ö = Ö
Ö

.   

ʗʢʱʦ ʟʘʜʘʥʽ 
.maxʚʽʜʥ

d  ʪʘ ̔
ʥʪ

t , ʪʦ ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ  

.max

.max
.

50

ʽʥʪʚʽʜʥ

ʽʥʪ
t

d tÖ
=        

ʗʢʱʦ ʟʘʜʘʥʽ 
.maxʚʽʜʥ

d
 
ʽ ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʽʥʪ
t , ʪʦ ʤʽʥʽʤʘʣʴʥʘ ʩʪʘʣʘ  

ʯʘʩʫ ɯʂ 

.min

.max

50
.ʽʥʪ

ʽʥʪ

ʚʽʜʥ

t
t

d

Ö
=

 

     (5.14) 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʩʠʚʥʦʛʦ ʽʥʪʝʛʨʫʶʯʦʛʦ RC-ʢʦʣʘ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: 

ï  ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʽʥʪʝʛʨʫʚʘʥʥʷ 1%
ʚʽʜʥ
d ¢ ;  

ï  ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 
.

5ɺ
ɺʍm

U = ; 

ï  ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ 10
ʽʥʪ
t ʤʢʩ¢ ; 

ï  ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʚʽʜʜʘʻ ʜʞʝʨʝʣʦ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ,  
max

5 .I ʤA=  

ɿ ʚʠʨʘʟʫ (5.14) ʚʠʟʥʘʯʘʻʤʦ  
5

.min
50 10 /1 500ʤʢʩ.

ʽʥʪ
t -= Ö =  

ʇʨʠʡʤʘʻʤʦ 500ʤʢʩ
ʽʥʪ
t = . 

ʅʘʡʙʽʣʴʰʠʡ ʩʪʨʫʤ ʫ ʢʦʣʽ ʧʨʦʭʦʜʠʪʴ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʢʦʥʜʝʥʩʘʪʦʨ C  ʨʦʟʨʷʜʞʝʥʠʡ ʽ ʡʦʛʦ ʦʧʽʨ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɺʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʚ 

ʮʝʡ ʯʘʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ R, ʷʢʠʡ ʦʙʠʨʘʻʤʦ ʟ ʫʤʦʚʠ 
3

m max/ 5/5 10 1R U I ʢʆʤ-² ² Ö ² . 

ɺʠʙʠʨʘʻʤʦ 1,2 .R ʢʆʤ=  

ɿʥʘʯʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ C  ʚʠʟʥʘʯʘʻʤʦ ʟ ʚʠʨʘʟʫ 
6

3

500 10
/ 0,4ʤʢʌ

1,2 10
ʽʥʪ

C Rt
-Ö

= = =
Ö

. 

ʇʨʠʡʤʘʻʤʦ 0,5C ʤʢʌ= .  

ɺʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʘ ʯʘʩ 10ʤʢʩ.
ʽʥʪ
t =  
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5

6

m 5 10
0,1B.

500 10
ɺʀʍ

ʽʥʪ

ʽʥʪ

U t
U

t

-

-

Ö Ö
= = =

Ö
 

ɿʘʢʦʥ ʟʤʽʥʠ 
ɺʀʍ

U  ʧʨʦʪʷʛʦʤ ʚʢʘʟʘʥʦʛʦ ʽʥʪ
t  ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʣʽʥʽʡʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (5.11). ɺʝʣʠʯʠʥʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʩʢʣʘʜʘʻ 2 % 

ʚʽʜ 
.max

5B
ɺʍ

U = . 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʦʜʠʥʦʯʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʈʝʘʢʮʽʶ ɯʂ (ʨʠʩ. 5.15) ʥʘ ʚʭʽʜʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ ʧʦʢʘʟʘʥʦ       

ʥʘ ʨʠʩ. 5.17. 

ʂʦʥʜʝʥʩʘʪʦʨ C  ʥʝ ʤʦʞʝ ʤʠʪʪʻʚʦ ʟʘʨʷʜʠʪʠʩʷ, ʪʦʤʫ ʚ ʤʦʤʝʥʪ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʚʭʽʜ ʩʭʝʤʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚʩʷ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʨʝʟʠʩʪʦʨʽ R, ʘ 0
ɺʀʍ C

U U= =. ɿʘ ʯʘʩ ʜʽʾ ʽʤʧʫʣʴʩʫ ʢʦʥʜʝʥʩʘʪʦʨ 

ʧʦʚʽʣʴʥʦ ʟʘʨʷʜʞʘʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ: 

.ɿɸʈ ɺʍm .
1 .ʽʥʪ

C ɺʀʍ

t
U U U e

t-å õ
= = Ö -æ ö

ç ÷

 

 

t ʤ̔.ʚʭ

t ʤ̔.ʚʠʭ

 
 

ʈʠʩ. 5.17. ʈʝʘʢʮʽʷ ɯʂ ʥʘ ʚʭʽʜʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ 

ʅʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ (t = t2) ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ 

ʜʦʩʷʛʥʝ ʟʥʘʯʝʥʥʷ 

.ɺʍ

ɺʀʍ ɺʍm . m .
1 .

ʽʤ

ʽʥʪ

t

U U e
t

-å õ
æ ö= Ö -
æ ö
ç ÷
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ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʚʽʣʴʥʦ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R ʽ 

ɺʀʍ
U  ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ  

.ʈʆɿʈ ɺʀʍ.m
( ) ( ) ʽʥʪ

ɺʀʍ C

t
U t U t U e

t-
= = Ö . 

ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʘ ʯʘʩ 3
ʽʥʪ ʽʥʪ
t t=  ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʢʦʥʜʝʥʩʘʪʦʨ C  ʧʨʘʢʪʠʯʥʦ ʨʦʟʨʷʜʠʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ, ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 

.ʚʠʭ .
3 .
ʽʥʪʽʤ ʽʤʚʭ

t t t= +  

ʆʩʢʽʣʴʢʠ 
.ʽʥʪ ʽʤʚʭ

tt >> , ʪʦ  

.
3
ʽʥʪʽʤʚʭ

t tº . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ 
.ʽʥʪ ʽʤʚʭ

tt >>  ʥʘ ʚʠʭʦʜʽ ʢʦʣʘ ʬʦʨʤʫʻʪʴʩʷ 

ʧʠʣʢʦʧʦʜʽʙʥʠʡ ʽʤʧʫʣʴʩ ʟ ʘʤʧʣʽʪʫʜʦʶ 
ɺʀʍ. .m ɺʍm

U U<  ʪʘ ʪʨʠʚʘʣʽʩʪʶ 

.ʚʠʭ .ʽʤ ʽʤʚʭ
t t>> . ʊʦʤʫ ɯʂ ʥʘʟʠʚʘʶʪʴ ʧʦʜʦʚʞʫʶʯʠʤ ʯʠ ʟʛʣʘʜʞʫʶʯʠʤ. 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʈʝʘʢʮʽʶ ɯʂ (ʨʠʩ. 5.15) ʥʘ ʚʭʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.18. 

 

t ʤ̔.ɺʍ
 

 
tʧ.ɺʍ

 

Uɺʍ.m

 

t
 U0

 
ʈʠʩ. 5.18. ʈʝʘʢʮʽʷ ɯʂ ʥʘ ʚʭʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʅʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ, ʜʦʢʠ ʥʝ ʜʦʩʷʛʥʝ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ (ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ) ʚʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 
0

U . 

ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʨʷʜ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʢʦʥʜʝʥʩʘʪʦʨ ʧʽʜ ʯʘʩ ʜʽʾ ʯʝʨʛʦʚʦʛʦ 

ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʻ ʨʽʚʥʠʤ ʟʘʨʷʜʫ, ʷʢʠʡ ʚʪʨʘʯʘʻ ʻʤʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʯʝʨʛʦʚʦʾ 

ʧʘʫʟʠ ( ).ɿɸʈ .ʈʆɿʈ
( ) ( )

C C ʧʽʤ
U t U tD ºD  ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʥʝʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ 

(ʧʫʣʴʩʫʻ) ʙʣʠʟʴʢʦ 
0

U , ʪʘʢ, ʱʦ 
ɺʀʍ 0

U U constº = . 
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ʇ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ ʧʝʨʰʦʛʦ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʢʦʥʜʝʥʩʘʪʦʨ 

ʟʘʨʷʜʞʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʚʥʦʾ ʥʘʧʨʫʛʠ 
.ɺʍm

U . ʅʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʮʴʦʛʦ 

ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʥʘʨʦʩʪʘʻ ʜʦ ʟʥʘʯʝʥʥʷ 

ɺʀʍ1 .

.ʚʭ/(1 )
ɺʍ

ʽʤ ʽʥʪ

m

t
U U e

t-
= Ö - .    

ʇʽʜ ʯʘʩ ʧʝʨʰʦʾ ʧʘʫʟʠ ʻʤʥʽʩʪʴ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʽ ʥʘʧʨʫʛʘ ʥʘ ʥʽʡ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ 
1ɺʀʍ

U . ʅʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʰʦʾ ʧʘʫʟʠ   

ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ 

ɺʀʍ 1 ɺʀʍ1

.ʚʭ/

ɿɸʃ

ʧ ʽʥʪt
U U U e

t-
= = Ö .    

ʇʽʜ ʜʽʻʶ ʜʨʫʛʦʛʦ ʽʤʧʫʣʴʩʫ ʢʦʥʜʝʥʩʘʪʦʨ ʟʥʦʚʫ ʟʘʨʷʜʞʘʻʪʴʩʷ, ʘʣʝ ʪʝʧʝʨ 

ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʥʘʧʨʫʛ ( ). ɿɸʃ1ɺʍm
U U- , ʢʦʪʨʘ ʤʝʥʰʘ, ʥʽʞ 

.ɺʍm
U . ʅʘ ʤʦʤʝʥʪ 

ʟʘʢʽʥʯʝʥʥʷ ʜʨʫʛʦʛʦ ʽʤʧʫʣʴʩʫ 

( )ɺʀʍ2 1 ɺʍ. ɿɸʃ1

.ʚʭ

m

/
(1 )

ɿɸʃ

ʽʤ ʽʥʪt
U U U U e

t-
= + - Ö - .    

ʆʩʢʽʣʴʢʠ 
2 ɺʀʍ1ɺʀʍ

U U> , ʪʦ ʧʽʜ ʯʘʩ ʜʨʫʛʦʾ ʧʘʫʟʠ ʨʦʟʨʷʜ ʻʤʥʦʩʪʽ 

ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ, ʥʽʞ ʧʽʜ ʯʘʩ ʧʝʨʰʦʾ. ʈʦʟʤʽʨʢʦʚʫʶʯʠ ʘʥʘʣʦʛʽʯʥʦ, 

ʚʽʜʤʽʪʠʤʦ, ʱʦ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʽʤʧʫʣʴʩ ʥʘʜʘʻ ʢʦʥʜʝʥʩʘʪʦʨʫ ʚʩʝ ʤʝʥʰʠʡ 

ʜʦʜʘʪʢʦʚʠʡ ʟʘʨʷʜ, ʥʽʞ ʧʦʧʝʨʝʜʥʽʡ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʘ ʢʦʞʥʫ ʥʘʩʪʫʧʥʫ ʧʘʫʟʫ 

ʻʤʥʽʩʪʴ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʥʘ ʚʩʝ ʙʽʣʴʰʫ ʚʝʣʠʯʠʥʫ, ʥʽʞ ʟʘ ʧʦʧʝʨʝʜʥʶ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʦʯʠʥʘʻ ʢʦʣʠʚʘʪʠʩʷ 

ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʣʝʛʢʦ ʧʦʷʩʥʠʪʠ ʬʽʟʠʯʥʦ. ʂʦʥʜʝʥʩʘʪʦʨ ʥʝ ʧʨʦʧʫʩʢʘʻ 

ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, ʪʦʤʫ ʥʘ ʨʝʟʠʩʪʦʨʽ R ʥʝ ʤʦʞʝ ʚʠʜʽʣʠʪʴʩʷ 

ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ( )R R
U I R= Ö, ʘ ʦʩʢʽʣʴʢʠ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʤʽʩʪʠʪʴ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ 
0

U , ʪʦ ʚʦʥʘ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ. ʆʧʠʩʘʥʽ 

ʷʚʠʱʘ ʤʘʪʠʤʫʪʴ ʤʽʩʮʝ ʫ ʨʘʟʽ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 
ʽʤʽʥʪ
tt >>. ɯʥʘʢʰʝ RC-ʢʦʣʦ 

ʥʝ ʻ ʽʥʪʝʛʨʫʶʯʠʤ. 

 

ɸʢʪʠʚʥʽ ɯʂ  

ʗʢ ɸɽ ɯʂ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɯʄʉ ʆʇ. ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ 

ʘʢʪʠʚʥʦʛʦ ɯʂ ʥʘ ɯʄʉ ʆʇ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.19.  
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Uʚʠʭ

IR

æU

DA1

IC

II

Uʚʭ

UC

C

R

 
ʈʠʩ. 5.19. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ɯʂ ʥʘ ɯʄʉ ʆʇ 

ʉʧʦʯʘʪʢʫ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ɯʄʉ ʆʇ ʻ ʽʜʝʘʣʴʥʦʶ: 

ï 
.U ɯʄʉʆʇ

K ­¤, 

ï  Rɺʍ  Ą Ð, 

ï  Rɺʀʍ Ą 0. 

ʈʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʽʥʚʝʨʪʫʶʯʠʤ (ɯ) ʪʘ ʥʝʽʥʚʝʨʪʫʶʯʠʤ (ʅ) ʚʭʦʜʘʤʠ 

.

ɺʀʍ

U ɯʄʉʆʇ

U
U

K
D =

 
ʧ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 

.U ɯʄʉʆʇ
K ­¤ ʫ ʤʝʞʘʭ ʣʽʥʽʡʥʦʾ 

ʜʽʣʷʥʢʠ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʉʪʨʫʤ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ, ʱʦ ʽʥʚʝʨʪʫʻ, ɯʄʉ ʆʇ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʟʘ 

ʫʤʦʚʠ, ʱʦ R
ɺʍ
­¤.  

ʅʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ 
0

1 t

C C
U I dt

C
= ñ . 

ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ 
R C

I I= , ʘ ʪʘʢʦʞ 
ɺʍɺʍ

R

U U U
I

R R

-D
= = , ʪʦ 

ɺʍ
0 0

1 1t t

ɺʍ

C

U
U dt U dt

C R RC
= =ñ ñ . 

ʆʩʢʽʣʴʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 0UD º, ʪʘ ( ) ( )
C ɺʀʍ

U t U t U+ =D, ʪʦ 

ʦʜʝʨʞʠʤʦ   

ɺʍ ɺʍ
0 0

1 1t t

ɺʀʍ

ʽʥʪ

U U dt U dt
RC t

=- =-ñ ñ .   (5.15) 

ʆʪʞʝ, ʷʢʱʦ ɯʄʉ ʆʇ ʚʚʘʞʘʪʠ ʽʜʝʘʣʴʥʦʶ, ʪʦ ɯʂ ʥʘ ʾʾ ʦʩʥʦʚʽ ʚʠʢʦʥʫʻ 

ʪʦʯʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʥʘʢ çïè ʫ 
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ʚʠʨʘʟʽ (5.15) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʦʪʠʬʘʟʥʘ ʚʭʽʜʥʽʡ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ɯʄʉ ʆʇ. 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟ (5.15) ʟ (5.8) ʙʘʯʠʤʦ, ʱʦ ʩʭʝʤʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʭʦʯʘ ʡ ʥʘʟʠʚʘʻʪʴʩʷ ʘʢʪʠʚʥʦʶ, ʘʣʝ ʥʝ ʧʽʜʩʠʣʶʻ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʘʩʠʚʥʠʤ ɯʂ. ɺʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɯʄʉ ʆʇ ʪʘ ʥʘʷʚʥʽʩʪʴ ɺɿɿ 

ʜʦʟʚʦʣʷʻ ʟʘ ʦʜʥʘʢʦʚʦʾ ʟ ʧʘʩʠʚʥʠʤ ɯʂ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʚʝʩʪʠ ʜʦ ʥʫʣʷ 

ʧʦʭʠʙʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʈʝʘʣʴʥʽ ɯʄʉ ʆʇ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʆʮʽʥʠʤʦ 

ʧʦʭʠʙʢʫ, ʟʫʤʦʚʣʝʥʫ ʢʽʥʮʝʚʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ
.U ɯʄʉʆʇ

K . 

ɺʠʭʽʜʥʫ ʩʭʝʤʫ ʘʢʪʠʚʥʦʛʦ ɯʂ (ʨʠʩ. 5.19) ʟʘʤʽʥʠʤʦ ʝʢʚʽʚʘʣʝʥʪʥʦʶ 

ʩʭʝʤʦʶ (ʨʠʩ. 5.20). 

II

 
ʈʠʩ. 5.20. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ɯʂ 

ʆʩʪʘʥʥʷ ʩʭʝʤʘ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʦʯʘʪʢʦʚʽʡ. 

ɼʦʚʝʜʝʤʦ ʮʝ. ʋ ʚʠʭʽʜʥʽʡ ʩʭʝʤʽ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ 

( )

( ) ( )
ɺʀʍ ɺʀʍ .

. . .
1 1 .

C U ɯʄʉʆʇ

U ɯʄʉʆʇ U ɯʄʉʆʇ U ɯʄʉʆʇ

U U U U U U U K

U K U K K

=D - - =D + =D +D Ö =

=D Ö + =D Ö >>
 

ɺ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ ʥʘʧʨʫʛʘ ʥʘ ʻʤʥʦʩʪʽ 'C  ʜʦʨʽʚʥʶʻ 
'C

U U=D , 

ʦʪʞʝ ʫ 
.U ɯʄʉʆʇ

K  ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ C
U  ʫ ʚʠʭʽʜʥʽʡ ʩʭʝʤʽ. ʉʪʨʫʤʠ ʟʘʨʷʜʽʚ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʫ ʚʠʭʽʜʥʽʡ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʘʭ 

C

C

dU
I C

dt
=   ̔

'

'
' C

C

dU
I C

dt
= . 

ʉʪʨʫʤ ʟʘʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ 

C
U  ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 

.U ɯʄʉʆʇ
K  ʨʘʟʽʚ. ʑʦʙ ʚʽʥ ʟʘʣʠʰʠʚʩʷ ʥʝʟʤʽʥʥʠʤ 

( )'C C
I I=

,
 ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ 

.
'

U ɯʄʉʆʇ
C K C= Ö. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʦʯʘʪʢʦʚʦʾ 

ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤ ʦʜʥʘʢʦʚʘ ʽ ʜʦʨʽʚʥʶʻ
.

.
ɺʀʍ U ɯʄʉʆʇ

U U K=D Ö  
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ʗʢʱʦ ʥʘ ʚʭʽʜ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʧʦʜʘʪʠ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ 

ʘʤʧʣʽʪʫʜʦʶ 
mU , ʪʦ ʥʘʧʨʫʛʘ ʥʘ ʻʤʥʦʩʪʽ 'C  ʜʦʨʽʚʥʶʻ 

( ) ( )'

'

.

m m m1 1 1 .
t RCʽʥʪ

C

t RCK
U ɯʄʉʆʇ

t
U U e U e U e

t - -
-å õ

= Ö - = Ö - = Ö -æ ö
ç ÷

 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

( )ɺʀʍ ' . .

.

m 1
C U ɯʄʉʆʇ U ɯʄʉʆʇ

t RCK
U ɯʄʉʆʇU U K U K e

-

= Ö = Ö Ö - .  (5.16) 

ʈʦʟʢʣʘʜʝʤʦ  .
t RCK

U ɯʄʉʆʇe
-

 ʫ ʨʷʜ ʊʝʡʣʦʨʘ 
2

. .

. 1
1 ...

2
U ɯʄʉʆʇ U ɯʄʉʆʇ

t RCK
U ɯʄʉʆʇ t t

e
RCK RCK

- å õ
= - + -æ öæ ö

ç ÷
  (5.17) 

ʇʽʜʩʪʘʚʠʤʦ (5.17) ʫ (5.16) ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5.11) ʦʙʤʝʞʠʤʦʩʷ 

ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ ʯʣʝʥʘʤʠ ʨʷʜʫ. ʆʜʝʨʞʠʤʦ 

ɺʀʍ

.

m( ) 1
2

U ɯʄʉʆʇ

U t t
U t

CR CR K

å õÖ
= Ö -æ öæ öÖ Öç ÷

.     (5.18) 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (5.18) ʽ (5.13) ʙʘʯʠʤʦ, ʱʦ ʧʦʭʠʙʢʘ ɯʂ ʥʘ ɯʄʉ ʆʇ 

ʫ 
.U ɯʄʉʆʇ

K  ʨʘʟʽʚ ʤʝʥʰʘ, ʥʽʞ ʧʦʭʠʙʢʘ ʧʘʩʠʚʥʦʛʦ ɯʂ ʟʘ ʦʜʥʘʢʦʚʦʛʦ ʟʥʘʯʝʥʥ ̫

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʦʜʥʘʢʦʚʦʛʦ ʯʘʩʫ ʽʥʪʝʛʨʫʚʘʥʥʷ.  

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʨʦʙʦʯʫ, ʦʩʢʽʣʴʢʠ ʚʘʞʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜʩʠʣʝʥʥʷ ʙʝʟ ɺɿɿ, ʘ ʪʘʢʦʞ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ 
.

'
U ɯʄʉʆʇ

C C K= Ö . 

5.4. ʇʨʠʩʪʨʦʾ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ 

ʈʽʚʥʽ ʥʘʧʨʫʛ, ʱʦ ʟô̫ ʚʣʷʶʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ (ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ ʥʫʣʶ) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ: ɺʀʍ.maxU . ɿ ʚʠʭʦʜʫ ʽʤʧʫʣʴʩʥʠʭ ʩʭʝʤ, ʚʠʢʦʥʘʥʠʭ ʥʘ ɯʄʉ ʆʇ, 

ʟʥʽʤʘʶʪʴʩʷ ʥʘʧʨʫʛʠ, ʱʦ ʥʘʙʫʚʘʶʪʴ ʦʜʥʝ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ: ʅɸʉU+ ; ʅɸʉU- . 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʥʘʧʨʫʛʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ 15 ,ɺ°  ʪʦʜʽ 

,11ʅɸʉ ɺU +=+  ʘ ( ) 11 .
ʅɸʉ

U ɺ- =-  

ɺʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʟʚʠʯʘʡ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʮʠʬʨʦʚʠʤʠ ʊʊʃʐ/ʂʄʆʅ-ʩʭʝʤʘʤʠ, ʫ ʷʢʠʭ ʜʽʶʪʴ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ (ʨʽʚʥʷ) 

ʩʠʛʥʘʣʽʚ (ʥʘʧʨʫʛ), ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ: 

ï ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ (ʧʝʨʝʚʘʞʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ); 
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ï ʣʦʛʽʯʥʠʡ ʥʫʣʴ (ʷʢ ʧʨʘʚʠʣʦ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ). 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ (ʣʦʛʽʯʥʠʡ ʥʫʣʴ): ʥʝ ʙʽʣʴʰ 0,4...0,5 ɺ; 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ (ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ): ʥʝ ʤʝʥʰ 2,4 ɺ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʷ: .5ɾʀɺ ɺɽ =  

ɺʠʥʠʢʘʻ ʟʘʜʘʯʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʟô̫ ʚʣʷʶʪʴʩʷ ʥʘ 

ʚʠʭʦʜʽ ʽʤʧʫʣʴʩʥʠʭ ʩʭʝʤ, ʫ ʨʽʚʥʽ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʽʶʪʴ ʫ ʮʠʬʨʦʚʠʭ 

ʧʨʠʩʪʨʦʷʭ. 

ʎʶ ʟʘʜʘʯʫ ʚʠʨʽʰʫʶʪʴ ʧʨʠʩʪʨʦʾ/ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ (ʧʝʨʝʪʚʦʨʝʥʥʷ) 

ʨʽʚʥʽʚ (ʇʌʈ/ʉʌʈ). ɭ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʇʌʈ. ʈʦʟʛʣʷʥʝʤʦ 

ʜʝʷʢʽ ʟ ʥʠʭ. 

ʇʨʠʢʣʘʜ 5.1. ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʨʽʚʥʽʚ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ʜʽʦʜʥʦʤʫ ʢʣʶʯʽ (ɼʂʃ) (ʨʠʩ. 5.21, ʘ), ʱʦ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʦʙʤʝʞʥʠʢʘ ʥʘʧʨʫʛʠ ʟʥʠʟʫ ʥʘ ʨʽʚʥʽ ɺU 5,0ʆɹʄº  (ʩʭʝʤʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʦʪʨʠʤʘʥʽ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʽ Microcap). 

 

 
ʈʠʩ. 5.21. ʅʘʡʧʨʦʩʪʽʰʠʡ ʇʈʌ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ɼʂʃ: ʘ ï ʩʭʝʤʘ;  

ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʚ ï ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣʠ 

ɺʠʱʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʦ:  

ï  ʩʭʝʤʫ (ʨʠʩ. 5.21, ʘ); 

ï  ʧʝʨʝʜʘʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʨʠʩ. 5.21, ʙ); 

ï  ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ (ʨʠʩ. 5.21, ʚ) ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ MICRO-CAP V. 
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ʇʨʠʢʣʘʜ 5.2. ʗʢ ʧʝʨʝʪʚʦʨʶʚʘʯi ʨʽʚʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ ̔

ʜʚʦʩʪʦʨʦʥʥʽ ʜʽʦʜʥi ʦʙʤʝʞʥʠʢʠ, ʷʢʽ ʚʠʢʦʥʘʥʦ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ʘʙʦ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ɼʂʃ (ʨʠʩ. 5.22, 5.23). ʉʭʝʤʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʽ Microcap. 

ʇʨʠʢʣʘʜ 5.3. ʊʫʪ ʥʘʚʝʜʝʥʦ ʇʌʈ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʧʘʨʘʣʝʣʴʥʦʤʫ 

ɼʂʃ (ʨʠʩ. 5.24). ʎʝʡ ʧʨʠʩʪʨʽʡ ʧʝʨʝʪʚʦʨʶʻ:  

ï ʥʘʧʨʫʛʫ 
ɺʍ ʅɸʉ

U U=+  ʫ ʥʘʧʨʫʛʫ 
;ʧʨ ɽʊVD1.

1

ɺʀʍ ɽUUU +==  

ï ʥʘʧʨʫʛʫ 
ɺʍ ʅɸʉ

U U=-  ʫ ʥʘʧʨʫʛʫ 
0

ɺʀʍ VD2.ʧʨ.U U U= =-  

 

 
ʈʠʩ. 5.22. ʇʈʌ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʜʽʦʜʥʦʤʫ ʦʙʤʝʞʥʠʢʫ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʚ ï ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣʠ ʩʭʝʤʠ 

ʇʨʠʢʣʘʜ 5.4. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʨʦʟʛʣʷʥʫʪʦ ʇʌʈ, ʷʢʠʡ ʚʠʢʦʥʘʥʦ ʥʘ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ɼʂʃ (ʨʠʩ. 5.25). ʎʝʡ ʧʨʠʩʪʨʽʡ ʧʝʨʝʪʚʦʨʶʻ: 

ï ʥʘʧʨʫʛʫ 
ɺʍ ʅɸʉ

U U=+  ʫ ʥʘʧʨʫʛʫ ;ɽʊʇʈ.2

1

ɺʀʍ ɽUUU VD +==  

ï ʥʘʧʨʫʛʫ 
ɺʍ ʅɸʉ

U U=-  ʫ ʥʘʧʨʫʛʫ ,HK0.VD2

0

ɺʀʍ RɯUU Ö==  

ʜʝ K0.VD2ɯ  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʟʘʢʨʠʪʦʛʦ ʜʽʦʜʘ VD2. 
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ʈʠʩ. 5.23. ʇʈʌ ʥʘ ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʜʽʦʜʥʦʤʫ ʦʙʤʝʞʥʠʢʫ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ;  

ʚ ï ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣʠ ʩʭʝʤʠ 

 
ʈʠʩ. 5.24. ʇʌʈ ʥʘ ʧʘʨʘʣʝʣʴʥʦʤʫ ɼʂʃ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 
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ʈʠʩ. 5.25. ʇʌʈ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ɼʂʃ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɼʂ? 

2. ʇʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ʧʘʩʠʚʥʦʛʦ ɼʂ ʪʘ ɯʂ ʟʘ ʯʘʩʦʚʠʤʠ ʜʽʘʛʨʘʤʘʤʠ. 

3. ʗʢʽ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽʜʝʘʣʴʥʦʾ ɯʄʉ ʆʇ: KU, Rɺʍ ʪʘ 

Rɺʀʍ? 

4. ʗʢʠʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʪʘʣʦʶ ʯʘʩʫ ʪʘ ʪʨʠʚʘʣʽʩʪʶ 

ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʣʷ ɼʂ ʪʘ ɯʂ? 

5. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɯʂ? 

6. ʗʢ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʭʠʙʢʠ ʧʘʩʠʚʥʦʛʦ ʪʘ ʘʢʪʠʚʥʦʛʦ ɼʂ ʪʘ ɯʂ? ɺʽʜʧʦʚʽʜʴ 

ʧʦʷʩʥʽʪʴ. 

7. ɼʦ ʯʦʛʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʘʩʠʚʥʦʛʦ ɯʂ, ʷʢʱʦ ʥʘ 

ʡʦʛʦ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ? 

8. ʗʢ ʚʧʣʠʚʘʻ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʜʞʝʨʝʣʘ ʪʘ ʻʤʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʦʨʤʫ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ɼʂ? 

9. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʽʤʧʫʣʴʩʥʠʤʠ ʪʘ ʮʠʬʨʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ? 

10.  ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘʢ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽʤʧʫʣʴʩʥʽ 

ʧʨʠʩʪʨʦʾ. 

11.  ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ. 

12.  ʗʢ ʚʧʣʠʚʘʻ ʟʥʘʯʝʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ ʥʘ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ? 

13.  ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ ʪʘ ʟʨʽʟʫ ʽʤʧʫʣʴʩʫ? 

14.  ʅʘʟʚʽʪʴ ʚʠʜʠ ʽʤʧʫʣʴʩʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

15.  ʗʢʫ ʟʘʜʘʯʫ ʚʠʨʽʰʫʶʪʴ ʧʨʠʩʪʨʦʾ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ? 

16.  ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʧʨʠʥʮʠʧʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʧʨʠʩʪʨʦʾʚ 

ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ ʪʘ ʧʦʷʩʥʽʪʴ ʾʭ ʨʦʙʦʪʫ.  
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6. ɽʃɽʂʊʈʆʅʅɯ ʂʃʖʏɯ 

6.1. ɼʽʦʜʥʽ ʢʣʶʯʽ 

6.1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʽʦʜʥʽ ʢʣʶʯʽ 

ʂʦʤʫʪʫʶʯʘ ʜʽʶ ɼʂʃ ʦʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʣʽʥʽʡʥʠʭ 

(ʚʝʥʪʠʣʴʥʠʭ) ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʽʦʜʽʚ. ɼʣʷ ʧʦʙʫʜʦʚʠ ɼʂʃ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʅɼ, ʱʦ ʤʘʶʪʴ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ ʜʫʞʝ ʤʘʣʠʡ ʦʧʽʨ 

.
( 0)

VD ʇʈ
R º , ʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ï ʜʫʞʝ ʚʝʣʠʢʠʡ 

.
( )

VD ɿɺʈ
R ­¤ . ɿʘʣʝʞʥʦ ʚʽʜ 

ʩʧʦʩʦʙʫ ʚʢʣʶʯʝʥʥʷ ʜʽʦʜʘ ʚʽʜʥʦʩʥʦ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ɼʂʃ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʧʦʩʣʽʜʦʚʥʽ ʽ ʧʘʨʘʣʝʣʴʥʽ. 

6.1.2. ʇʦʩʣʽʜʦʚʥʽ ʜʽʦʜʥʽ ʢʣʶʯʽ  

ʋ ʩʭʝʤʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ (ʨʠʩ. 6.1, ʘ) ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʣʶʯʝʥʦ 

ʧʦʩʣʽʜʦʚʥʦ ʟ ʜʽʦʜʦʤ. 

ʇ̔ ʜ ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ʢʣʶʯʘ ʜʦʜʘʪʥʦʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʽʦʜ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʽ, ʷʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʤʘʣʠʤ ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ 

ʜʽʦʜʽ, ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʩʪʘʥʝ ʨʽʚʥʦʶ ʥʘʧʨʫʟʽ ʥʘ ʚʭʦʜʽ. ʇʽʜ ʯʘʩ ʜʽʾ ʥʘ ʚʭʦʜʽ 

ʢʣʶʯʘ ʚʽʜô̒ ʤʥʦʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʽʦʜ ʟʘʢʨʠʚʘʻʪʴʩʷ ʽ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ 

ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ (ʨʠʩ. 6.1, ʙ). 

 
ʈʠʩ. 6.1. ʇʦʩʣʽʜʦʚʥʠʡ ɼʂʃ: 

ʘ ï ʩʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʧʨʷʤʠʡ ʦʧʽʨ ʜʽʦʜʘ 0R
ʇʈ.VD º ; ʟʚʦʨʦʪʥʠʡ ʦʧʽʨ ʜʽʦʜʘ 

¤º
ɿɺʈ.VDR ; ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ¤ºʅR , ʘ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʜʞʝʨʝʣʘ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ .0Rɺʅ=  

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʚô̫ ʟʘʥʘ ʟ ʚʭʽʜʥʦʶ ʷʢ 
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ɿʥʘʯʝʥʥʷ a ï ʢʫʪʘ ʥʘʭʠʣʫ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʶʯʘ ʜʦ ʚʩ̔ʽ 

ʘʙʩʮʠʩ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʜʽʦʜʘ. 

ʗʢʱʦ VD ï ʚʽʜʢʨʠʪʠʡ, ʪʦ ʡʦʛʦ ʦʧʽʨ ,0R
ʇʈ.VD = 1=atg , ʘ 45 .a=  

ʗʢʱʦ VD ï ʟʘʢʨʠʪʠʡ, ʪʦ ʡʦʛʦ ʦʧʽʨ ,R
ɿɺʈ.VD ¤­ 0=atg , ʘ 0 .a=  

ʗʢʱʦ ʟʤʽʥʠʪʠ ʧʦʣʷʨʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʜʽʦʜʘ (ʨʠʩ. 6.2, ʘ), ʪʦ ʛʨʘʬʽʢ 

ʬʫʥʢʮʽʾ )( ɺʍɺʀʍ UfU =  ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ 180 ̄(ʨʠʩ. 6.2, ʙ). 

ʅʘʧʨʫʛʘ, ʟʘ ʷʢʦ ʾʢʣʶʯ ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʦʛʦʚʦʶ ʇʆʈU . ʋ 

ʨʦʟʛʣʷʥʫʪʠʭ ʩʭʝʤʘʭ ʮʷ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

 
ʈʠʩ. 6.2. ʇʦʩʣʽʜʦʚʥʠʡ ɼʂʃ: 

ʘ ï  ʩʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɼʣʷ ʟʤʽʥʠ ʥʫʣʴʦʚʦʛʦ ʧʦʨʦʛʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚ ʩʭʝʤʫ ʚʚʦʜʷʪʴ 

ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ɿʉɽ  (ʨʠʩ. 6.3). ɺʝʣʠʯʠʥʘ ʽ ʧʦʣʷʨʥʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʮʽʻʾ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʶʪʴ ʤʦʤʝʥʪʠ ʚʽʜʢʨʠʚʘʥʥʷ ʜʽʦʜʘ, ʘ ʦʪʞʝ, ʚʠʜ 

ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʶʯʘ. ʅʘ ʨʠʩ. 6.3 ʥʘʚʝʜʝʥʦ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʚʢʣʶʯʝʥʥʷ ʜʽʦʜʘ ʪʘ ɿʉɽ  ʚ ʩʭʝʤʘʭ ʧʦʩʣʽʜʦʚʥʠʭ ɼʂʃ ʽ ʾʭ ʧʝʨʝʜʘʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʮʠʭ ʩʭʝʤ ʧʦʪʨʽʙʥʦ ʱʦʙ  

ʚʠʢʦʥʫʚʘʣʠʩʷ ʫʤʦʚʠ: 

.0R;0RR;RR;R;RR ɺʅ.ɿʉɺʅ.ɺʍɿɺʈ.VDʅʇʈ.VD ºº>>>>>>
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ʈʠʩ. 6.3. ʉʭʝʤʠ ʧʦʩʣʽʜʦʚʥʠʭ ɼʂʃ ʪʘ ʾʭ ʧʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʆʮʽʥʁʚʘʥʥʷ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘʧʨʫʛ Uɺʍ ̔ ɽɿʉ ʥʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʨʠʩ. 6.4. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘʧʨʫʛ ɺʍU  ʽ ɿʉɽ  ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʥʮʶʛʽʚ. ʍʦʯʘ ʅɼ ʻ ʥʝʣʽʥʽʡʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʘʣʝ ʚ ʩʪʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʡʦʛʦ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʢʪʠʚʥʠʤʠ ʦʧʦʨʘʤʠ RVD.ʇʈ ̔ RVD.ʍɺʈ, ʱʦ 

ʤʘʶʪʴ ʜʫʞʝ ʤʘʣʝ 0R
ʇʈ.VD º  (VD ï ʚʽʜʢʨʠʪʠʡ) ʽ ʜʫʞʝ ʚʝʣʠʢʝ ¤­

ɿɺʈ.VDR  

(VD ï ʟʘʢʨʠʪʠʡ) ʟʥʘʯʝʥʥʷ. 
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ʈʠʩ. 6.4. ʉʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ ʪʘ ʡʦʛʦ ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ, ʨʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʨʦʙʦʪʫ 

ʩʭʝʤʠ ʟʘ 0ɺʍ¸U , ʘ .0ɿʉ=ɽ
. ʂʣʶʯ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ     

ʩʭʝʤʦʶ (ʨʠʩ. 6.5). 

Uʚʭ

Uʚʠʭ
Rʅ

Rʚʥ.ʟʩRRVDRʚʥ.ʚʭ

 

ʈʠʩ. 6.5. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ɼʂʃ ʟʘ 0ɿʉ=ɽ  

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʣʷ ʜʘʥʦʾ ʩʭʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

.
RRR+R

R+R

ɺʅ.ɿʉVDɺʅ.ɺʍ

ɺʅ.ɿʉ
ɺʍɺʀʍ

++
Ö=UU

   
  

ʋ ʬʦʨʤʫʣʽ ʚʽʜʩʫʪʥʻ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʅR , ʪʦʤʫ ʱʦ 

.
( )

ʅ ɺʅ ɿʉ
R R R>> + . 

ʗʢʱʦ VD ï ʚʽʜʢʨʠʪʠʡ, ʡʦʛʦ ʦʧʽʨ 0R
ʇʈ.VD º . ʋ ʩʭʝʤʽ ʧʦʚʠʥʥʘ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝʨʽʚʥʽʩʪʴ 

    .RR+RR ɺʅ.ɿʉʇʈ.VDɺʅ.ɺʍ +>>
  

(6.1) 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʚʭʽʜʥʽʡ 

( )
ɺʀʍ ɺʍ

U U= . 

ʗʢʱʦ VD ï ʟʘʢʨʠʪʠʡ, ʡʦʛʦ ʦʧʽʨ ¤º
ɿɺʈ.VDR . ʋ ʩʭʝʤʽ ʧʦʚʠʥʥʦ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ   
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.RR
ɿɺʈ.VD<<

    (6.2) 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ .0ɺʀʍºU  

 

ʊʝʧʝʨ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ,0ɿʉ̧ɽ  ʘ 0ɺʍ=U . ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʢʣʶʯʘ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ (ʨʠʩ. 6.6) ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

.
RRR+R

R+R
ɽU

ɺʅ.ɿʉVDɺʅ.ɺʍ

ɺʅ.ɺʍVD
ɿʉɺʀʍ

++
Ö-=

 
   

Uʚʠʭ

Rʅ

Rʚʥ.ʟʩ R RVD Rʚʥ.ʚʭ

ɽʟʩ
-

+

 

ʈʠʩ. 6.6. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ɼʂʃ ʟʘ 0ɺʍ=U  

ʗʢʱʦ VD ï ʚʽʜʢʨʠʪʠʡ, ʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʦʥʘʥʥʷ (6.1) 0ɺʀʍ=U . 

ʗʢʱʦ VD ï ʟʘʢʨʠʪʠʡ, ʪʦ ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ (6.2) ɿʉɺʀʍ ɽU -= . 

ʇʽʜ ʯʘʩ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ɺʀʍU  ʽ ɿʉɽ  ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ 

  ɺʍɺʀʍ UU = , ʷʢʱʦ VD ï ʚʽʜʢʨʠʪʠʡ, 

  ɿʉɺʍ ɽU -= , ʷʢʱʦ VD ï ʟʘʢʨʠʪʠʡ. 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʜ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʣʶʯʘ (ʨʠʩ. 6.4, ʙ). 

ɸʥʘʣʦʛʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʫʛʫ ʥʘ ʚʠʭʦʜʽ ʢʦʞʥʦʾ ʟʽ 

ʩʭʝʤ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 6.3. 

6.1.3. ʇʘʨʘʣʝʣʴʥʽ ʜʽʦʜʥʽ ʢʣʶʯʽ  

ʋ ʩʭʝʤʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ɼʂʃ (ʨʠʩ. 6.7, ʘ) ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʢʣʶʯʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟ ʜʽʦʜʦʤ.  

ɺʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʜʞʝʨʝʣʘ ɺʅR  ʽ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʅR  ʥʘ ʨʠʩ. 6.7 ʥʝ 

ʧʦʢʘʟʘʥʦ, ʪʦʤʫ ʱʦ ʚʚʘʞʘʻʤʦ, ʱʦ .0R;R ɺʅʅ =¤º  
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ʈʠʩ. 6.7. ʇʘʨʘʣʝʣʴʥʠʡ ɼʂʃ: 

ʘ ï ʩʭʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ɼʂʃ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʇ̔  ʯʘʩ ʧʦʜʘʚʘʥʥʷ ʥʘ ʚʭʽʜ ʢʣʶʯʘ ʜʦʜʘʪʥʦʾ ʥʘʧʨʫʛʠ ( 0)
ɺʍ

U >  ʜʽʦʜ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʽ ʥʘʧʨʫʛʘ ʥʘ ʥʴʦʤʫ, ʘ ʦʪʞʝ, ʥʘ ʚʠʭʦʜʽ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ. 

ʇʨʠʨʽʩʪ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʩʪʨʫʤʫ ʫ ʚʭʽʜʥʦʤʫ 

ʣʘʥʮʶʟʽ, ʧʘʜʘʻ ʥʘ ʙʘʣʘʩʪʥʦʤʫ ʦʧʦʨʽ ɹɸʃR . ʇ̔ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜô̒ ʤʥʦʾ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ  ( 0)
ɺʍ

U <  ʜʽʦʜ ʟʘʢʨʠʚʘʻʪʴʩʷ ʽ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʩʪʘʻ ʨʽʚʥʦʶ 

ʥʘʧʨʫʟʽ ʥʘ ʚʭʦʜʽ (ʨʠʩ. 6.7, ʙ). 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʢʣʶʯʘ ʟʚô̫ ʟʘʥʘ ʟ ʚʭʽʜʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

 

1
,

1

VD

ɺʀʍ ɺʍ ɺʍ

ɹɸʃɹɸʃ VD

VD

R
U U U

RR R

R

= Ö = Ö
+

+
 

   

ʜʝ 1 1
, .

1 1ɹɸʃ ɹɸʃ

VD VD

tg arctg
R R

R R

a a= =

+ +

 

ɿʥʘʯʝʥʥʷ a ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʜʽʦʜʘ. ʗʢʱʦ VD ï ʚʽʜʢʨʠʪʠʡ 

.
( 0)

VD ʇʈ
R = , ʪʦ 0a= . ʗʢʱʦ VD ï ʟʘʢʨʠʪʠʡ ,R

ɿɺʈ.VD ¤= 1=atg , ʘ 45a= . 

ʇ̔ ʜ ʯʘʩ ʟʤʽʥʠ ʧʦʣʷʨʥʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʜʽʦʜʘ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ  

( )
ɺʀʍ ɺʍ

U f U=  ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ 180 ̄(ʨʠʩ. 6.8). 

ʋ ʩʭʝʤʘʭ ʧʘʨʘʣʝʣʴʥʠʭ ʢʣʶʯʽʚ (ʨʠʩ. 6.7, 6.8) ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ 

0ʇʆʈ=U . ʅʘ ʨʠʩ. 6.9 ʧʦʢʘʟʘʥʦ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʚʢʣʶʯʝʥʥʷ ʜʽʦʜʘ ʽ ʜʞʝʨʝʣʘ 

ʟʩʫʚʫ ɿʉɽ , ʱʦ ʟʤʽʥʶʻ ʧʦʨʦʛʦʚʫ ʥʘʧʨʫʛʫ ʚ ʧʘʨʘʣʝʣʴʥʠʭ ɼʂʃ, ʽ ʾʭ ʧʝʨʝʜʘʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʈʠʩ. 6.8. ʇʘʨʘʣʝʣʴʥʠʡ ɼʂʃ: 

ʘ ï ʩʭʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ɼʂʃ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 
ʈʠʩ. 6.9. ʉʭʝʤʠ ʧʘʨʘʣʝʣʴʥʠʭ ɼʂ ʪʘ ʾʭ ʧʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʩʭʝʤ (ʨʠʩ. 6.9) ʧʦʚʠʥʥʦ ʚʠʢʦʥʫʚʘʪʠʩʷ  

ʥʘʩʪʫʧʥʝ:  
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.0R;0R;RR;RR;RR ɺʅ.ɿʉɺʅ.ɺʍɹɸʃɿɺʈ.VDɹɸʃʅʇʈ.VDɹɸʃ ºº>>>>>>  

ɺʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʧʘʨʘʣʝʣʴʥʠʭ ʢʣʶʯʽʚ (ʨʠʩ. 6.9) 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʘʥʘʣʦʛʽʯʥʦ ʧʨʠʢʣʘʜʫ, ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʱʝ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ (ʨʠʩ. 6.1, ʘ) ʯʠ ʧʘʨʘʣʝʣʴʥʦʛʦ ɼʂʃ         

(ʨʠʩ. 6.8, ʘ) ʽʣʶʩʪʨʫʻ ʨʠʩ. 6.10. 

 

Uʚʠʭ

45Á

0

0

t

Uʚʭ

Uʚʭ

Uʚʠʭ

t

 
ʈʠʩ. 6.10. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ɼʂʃ 

 

ɼʘʥʠʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʫʻ ʦʜʥʝ ʟ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ɼʂʃ ï ʧʝʨʝʜʘʯʫ 

ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʜʦʜʘʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʽ ʙʣʦʢʫʚʘʥʥʷ ʚʽʜô̒ ʤʥʦʛʦ. 

ɼʽʦʜʥʽ ʢʣʶʯʽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʙʤʝʞʫʚʘʯʘʭ ʘʤʧʣʽʪʫʜʠ 

ʽʤʧʫʣʴʩʽʚ (ʜʠʚ. ʧʽʜʨʦʟʜ. 6.1.4). 

6.1.4. ɼʽʦʜʥʽ ʦʙʤʝʞʫʚʘʯʽ ʘʤʧʣʽʪʫʜʠ  

ɸʤʧʣʽʪʫʜʥʠʤʠ ʦʙʤʝʞʫʚʘʯʘʤʠ, ʯʠ ʧʨʦʩʪʦ ʦʙʤʝʞʫʚʘʯʘʤʠ ʥʘʟʠʚʘʶʪʴ 

ʥʝʣʽʥʽʡʥʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʷʢʠʭ ʟʘ ʬʦʨʤʦʶ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʥʘʟʠʚʘʁʪ ɹ ʨʽʚʥʝʤ 

ʦʙʤʝʞʝʥʥʷ. 

ʅʘ ʨʠʩ. 6.11 ʥʘʚʝʜʝʥʦ ʧʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʤʝʞʫʚʘʯʽʚ    

ʨʽʟʥʦʛʦ ʪʠʧʫ: 

ʘ ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʤʘʢʩʠʤʫʤʦʤ (ʟʚʝʨʭʫ); 

ʙ ï ʦʙʤʝʞʝʥʥʷ ʟʘ ʤʽʥʽʤʫʤʦʤ (ʟʥʠʟʫ); 

ʚ ï ʜʚʦʩʪʦʨʦʥʥʻ ʦʙʤʝʞʝʥʥʷ (ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ). 
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ʈʠʩ. 6.11. ʇʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʤʝʞʫʚʘʯʽʚ ʘʤʧʣʽʪʫʜʠ 

ʗʢ ʥʝʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ ʚ ʦʙʤʝʞʫʚʘʯʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʅɼ, 

ʪʨʘʥʟʠʩʪʦʨʠ ʡ ʆʇ. 

ʌʫʥʢʮʽʶ ʜʽʦʜʥʦʛʦ ʦʙʤʝʞʫʚʘʯʘ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ɼʂʃ, ʷʢʽ 

ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ. 

ʆʙʤʝʞʫʚʘʯʽ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʜʽʦʜʘ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʧʦʩʣʽʜʦʚʥʽ) ʤʦʞʫʪʴ ʦʙʤʝʞʫʚʘʪʠ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʥʠʟʫ (ʨʠʩ. 6.12, ʘ), ʟʚʝʨʭʫ    

(ʨʠʩ. 6.12, ʙ) ʯʠ ʟʜʽʡʩʥʶʚʘʪʠ ʜʚʦʩʪʦʨʦʥʥʻ ʦʙʤʝʞʝʥʥʷ (ʨʠʩ. 6.12, ʚ, ʛ).  

 
ʈʠʩ. 6.12. ʉʭʝʤʠ ʧʦʩʣʽʜʦʚʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ: 

ʘ ï ʟʥʠʟʫ; ʙ ï ʟʚʝʨʭʫ; ʚ, ʛ ï ʜʚʦʩʪʦʨʦʥʥʽʭ 
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ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʥʘʚʝʜʝʥʠʭ ʩʭʝʤ ʻ ʪʝ, ʱʦ ʚʠʭʽʜ ʟʚô̫ ʟʘʥʠʡ ʽʟ ʜʞʝʨʝʣʦʤ 

ʚʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʢʨʠʪʦ ʜʽʦʜ ʚ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʦʙʤʝʞʥʠʢʫ ʘʙʦ ʚʽʜʢʨʠʪʦ ʦʙʠʜʚʘ ʜʽʦʜʠ ʚ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ. ʋ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ɺʍU , ʘ ʜʦ 

ʥʝʾ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ɽ, ɽ1 ʯʠ ɽ2. ʌʦʨʤʘ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʥʘʟʚʘʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʚʢʣʶʯʝʥʥʷ ʜʽʦʜʽʚ, 

ʧʦʣʷʨʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ  ɽ, ɽ1 ʽ ɽ2, ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

mɺʍ.U
 ʽ ɽ ʚ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʫʚʘʯʘʭ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ mɺʍ.U , ɽ1, ɽ2 ʫ 

ʜʚʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʫʚʘʯʘʭ.  

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʧʨʠʢʣʘʜ, ʨʦʙʦʪʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ 

ʦʙʤʝʞʫʚʘʯʘ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 6.13 (ʩʭʝʤʘ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʤʝʞʫʚʘʯʘ ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʽ Microcap). ʗʢʱʦ ɺʍU  > V2, 

ʪʦ D1 ï ʟʘʢʨʠʪʠʡ. 

ʆʩʢʽʣʴʢʠ V3 > V2, ʪʦ D2 ï ʚʽʜʢʨʠʪʠʡ, ʧʨʠ ʮʴʦʤʫ ɺʀʍU  º V2. ʗʢʱʦ ɺʍU  

> V2; ɺʍU  < V3, ʪʦ D1 ʽ D2 ï ʚʽʜʢʨʠʪʽ, ɺʍɺʀʍ UU º . ʗʢʱʦ ɺʍU  >  V2; ɺʍU  > 

V3, ʪʦ D1 ï  ʚʽʜʢʨʠʪʠʡ, D2ï ʟʘʢʨʠʪʠʡ, ɺʀʍU º V3. ʗʢʱʦ ɺʀʍU > V2, ɺʍU  < V3, 

ʪʦ ʦʙʠʜʚʘ ʜʽʦʜʠ ʚʽʜʢʨʠʪʽ ʽ  ɺʍɺʀʍ UU º . 

 
ʈʠʩ. 6.13. ʇʦʩʣʽʜʦʚʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ ʦʙʤʝʞʫʚʘʯ: ʘ ï ʩʭʝʤʘ; 

ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʚ ï ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣʠ 
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ʋ ʩʭʝʤʘʭ ʥʘʟʚʘʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ: R1 >> 
ʇʈ..VDR ; R2 >> R1; R3 >> R2;   ʅR  >> R3; 

ɿɺʈ.VDR >> R3;  0Rɺʅ.ɺʍ­ ; 0R V3V2,ɺʅ.V1,­ ; V3 > V2. 

ʆʙʤʝʞʥʠʢʠ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʜʽʦʜʘ ʡ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʧʘʨʘʣʝʣʴʥʽ) ʪʘʢ ʩʘʤʦ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʟʥʠʟʫ (ʨʠʩ. 6.14, ʘ), 

ʟʚʝʨʭʫ (ʨʠʩ. 6.14, ʙ) ʽ ʜʚʦʩʪʦʨʦʥʥʻ (ʨʠʩ. 6.14, ʚ, ʛ). ʋ ʮʠʭ ʩʭʝʤʘʭ ʦʙʤʝʞʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʽ ʤʦʤʝʥʪʠ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʠʡ ʜʽʦʜ ʚʽʜʢʨʠʪʠʡ.  

ʇʨʷʤʠʡ ʦʧʽʨ ʜʽʦʜʘ ʽ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʤʫ ʤʘʣʽ ʽ ʧʦʜʘʣʴʰʽ ʟʤʽʥʠ 

ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʥʠʭ ʥʝ ʚʧʣʠʚʘʶʪʴ. ʋ ʮʴʦʤʫ ʨʘʟʽ ɽU ºɺʀʍ , ʘ ʚʩʝ 

ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʾ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʩʪʨʫʤʫ ʫ 

ʚʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ, ʩʧʘʜʘʻ ʥʘ ʙʘʣʘʩʪʥʦʤʫ ʦʧʦʨʽ R1. ʁʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʙʠʨʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ: R1 >> 
ʇʈ.VDR ; ʅR  >> R1.  

ʌʦʨʤʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʧʨʫʛʠ ʚʤʠʢʘʥʥʷ ʜʽʦʜʽʚ, ʧʦʣʷʨʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ 

ɽ, ɽ1, ɽ2, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ɺʍ.mU
 ʽ ɽ ʚ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʫʚʘʯʘʭ ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʟʥʘʯʝʥʴ ɺʍ.mU , ɽ1, ɽ2 ʫ ʜʚʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʫʚʘʯʘʭ.  
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ʈʠʩ. 6.14. ʉʭʝʤʠ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ: 

ʘ ï ʟʥʠʟʫ; ʙ ï ʟʚʝʨʭʫ; ʚ, ʛ ï ʜʚʦʩʪʦʨʦʥʥʽʭ 
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ʈʦʟʛʣʷʥʝʤʦ ʷʢ ʧʨʠʢʣʘʜ ʨʦʙʦʪʫ ʧʘʨʘʣʝʣʴʥʦʛʦ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ 

ʦʙʤʝʞʫʚʘʯʘ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 6.15 (ʩʭʝʤʘ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʤʝʞʫʚʘʯʘ ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʽ Microcap). 

ʗʢʱʦ ɺʍU  < V1, ʪʦ D1 ï ʚʽʜʢʨʠʪʠʡ; ʪʦʤʫ ʱʦ V2 > V1, ʪʦ D2 ï 

ʟʘʢʨʠʪʠʡ; ɺʀʍU º V1. ʗʢʱʦ ɺʍU  > V1, ɺʍU < V2, ʪʦ ʦʙʠʜʚʘ ʜʽʦʜʠ ʟʘʢʨʠʪʽ; 

ɺʍɺʀʍ UU º . ʗʢʱʦ ɺʍU > V1, ɺʍU  > V2, ʪʦ D1 ï ʟʘʢʨʠʪʠʡ, D2 ï ʚʽʜʢʨʠʪʠʡ; 

ɺʀʍU  º V2. ʗʢʱʦ ɺʍU  > V1, ɺʍU  < V2, ʪʦ ʦʙʠʜʚʘ ʜʽʦʜʠ ʟʘʢʨʠʪʽ; ɺʍɺʀʍ UU º . 

ʗʢʱʦ ɺʍU  < V1, ʪʦ D1 ï ʚʽʜʢʨʠʪʠʡ; V1 < V2, ʪʦ D2 ï ʟʘʢʨʠʪʠʡ; ɺʀʍU  º V1. 

ɼʘʣʽ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ʋ ʩʭʝʤʘʭ ʥʘʟʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ: R1 >> 
ʇʈ.VDR ; ʅR  >> R1; 

ɿɺʈ.VDR  >> R1; V2 > V1; 

Rɺʅ.ɺʍ Ą 0;  Rɺʅ.V1,V2. Ą 0. 

 

 
ʈʠʩ. 6.15. ʇʘʨʘʣʝʣʴʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ ʦʙʤʝʞʫʚʘʯ: ʘ ï ʩʭʝʤʘ; 

ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʚ ï ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣʠ ʩʭʝʤʠ 
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6.2. ʊʠʨʠʩʪʦʨʥʽ ʢʣʶʯʽ  

6.2.1. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʚ ʢʣʶʯʘʭ 

ʊʠʨʠʩʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʧʝʨʝʪʚʦʨʶʶʯʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ 

ʧʨʠʣʘʜ, ʱʦ ʤʽʩʪʠʪʴ ʪʨʠ ʽ ʙʽʣʴʰ p-n-ʧʝʨʝʭʦʜʠ, ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʷʢʦʛʦ ʤʘʻ ʜʽʣʷʥʢʫ ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ. 

ʗʢʱʦ ʪʘʢʠʡ ʧʨʠʣʘʜ ʚʢʣʶʯʠʪʠ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, 

ʪʦ ʚʽʥ ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʧʨʦʧʫʩʢʘʶʯʠ ʩʪʨʫʤ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʤʠʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʤʫ ʜʦʩʷʛʘʻ ʚʠʟʥʘʯʝʥʦʛʦ ʨʽʚʥʷ ʘʙʦ ʧʽʜ ʯʘʩ ʧʦʜʘʥʥ ̫

ʚʽʜʤʠʢʘʶʯʦʾ ʥʘʧʨʫʛʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ ʂɽ. ʊʠʨʠʩʪʦʨʠ ʻ ʢʣʶʯʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʩʪʽʡʢʠʭ 

ʩʪʘʥʽʚ: ʚʚʽʤʢʥʝʥʦʤʫ ʽ ʚʠʤʢʥʝʥʦʤʫ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʜʽʚ ʚʦʥʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʦʝʣʝʢʪʨʦʜʥʽ (ʥʝʢʝʨʦʚʘʥʽ) ï ʜʽʦʜʥʽ ʪʠʨʠʩʪʦʨʠ (ʜʠʥʠʩʪʦʨʠ) ʽ 

ʪʨʠʝʣʝʢʪʨʦʜʥʽ (ʢʝʨʦʚʘʥʽ) ï ʪʨʽʦʜʥʽ ʪʠʨʠʩʪʦʨʠ (ʜʠʚ. ʧʽʜʨʦʟʜ. 1.6). 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʪʠʨʠʩʪʦʨ (ʜʽʦʜʥʠʡ) ʻ ʯʦʪʠʨʠʰʘʨʦʚʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʧʨʠʣʘʜʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʧʦʩʣʽʜʦʚʥʦ 

ʧʦʯʝʨʛʦʚʠʭ ʦʙʣʘʩʪʝʡ ʽʟ ʧʨʦʚʽʜʥʦʩʪʷʤʠ p- ʽ n-ʪʠʧʫ (ʜʠʚ. ʧʽʜʨʦʟʜ. 1.6.2). 

ʇʦʨʽʚʥʷʥʦ ʟ ʜʽʦʜʥʠʤ ʪʠʨʠʩʪʦʨʦʤ ʪʨʽʦʜʥʠʡ ʪʠʨʠʩʪʦʨ ʤʽʩʪʠʪʴ 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʢʪʨʦʜ, ʱʦ ʥʘʟʠʚʘʶʪʴ ʢʝʨʫʚʘʣʴʥʠʤ (ʂɽ). ɺʽʜ ʜʦʜʘʪʢʦʚʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʂɽʈɽ  ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʤʫ ʢʝʨʫʚʘʥʥʷ ʂɽʈI  ʯʝʨʝʟ ʂɽ ʚ 

ʙʘʟʫ, ʥʘʧʨʠʢʣʘʜ, ʈ2 ʚʚʦʜʠʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ï ʜʽʨʦʢ 

(ʨʠʩ. 6.16, ʘ). 

ʎʝ ʜʦʟʚʦʣʷʻ ʚʚʽʤʢʥʫʪʠ ʪʨʽʦʜʥʠʡ ʪʠʨʠʩʪʦʨ ʫ ʨʘʟʽ ʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ 

ɸ.ɺʄU , ʥʽʞ ʜʽʦʜʥʠʡ. ɿ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ ʢʝʨʫʚʘʥʥʷ ɸ.ɺʄU
 ʟʤʝʥʰʫʻʪʴʩʷ. 

ɿʘ ʂɽʈ.ʉʂɽʈ II =  (ʩʪʨʫʤ ʩʧʨʷʤʣʝʥʥʷ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʨʷʤʣʝʥʥʷ ɺɸʍ ʪʨʽʦʜʥʦʛʦ 

ʪʠʨʠʩʪʦʨʘ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʚʠʯʘʡʥʦʛʦ ʜʽʦʜʘ. 

ʋʤʦʚʘ ʚʤʠʢʘʥʥʷ ʪʨʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ ɸ.ɺʄɸ.ʇʈUU ²  ʟʘ 

,; ɸ.ɺʀʄɸ.ʇʈʂɽʈ IIconstI ²=  ʜʝ ɸ.ɺʀʄI
 ï ʩʪʨʫʤ ʚʠʤʠʢʘʥʥʷ ï ʤʽʥʽʤʘʣʴʥʠʡ 

ʧʨʷʤʠʡ ʩʪʨʫʤ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʪʠʨʠʩʪʦʨ ʫ ʚʚʽʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʩʣʷ ʡʦʛʦ ʚʤʠʢʘʥʥʷ ʽ ʟʥʷʪʪʷ ʢʝʨʫʚʘʥʥʷ. 

ɼʣʷ ʚʠʤʠʢʘʥʥʷ ʪʨʽʦʜʥʦʛʦ ʪʠʨʠʩʪʦʨʘ ʥʝʦʙʭʽʜʥʦ: ʟʤʝʥʰʠʪʠ ʧʨʷʤʠʡ 

ʩʪʨʫʤ ʜʦ ʟʥʘʯʝʥʥʷ: ɸ.ʋʊɸ.ʇʈII < , ʜʝ ɸ.ʋʊI
 
ï ʩʪʨʫʤ ʫʪʨʠʤʘʥʥʷ ï ʤʽʥ̔ʤʘʣʴʥʠʡ 

ʧʨʷʤʠʡ ʩʪʨʫʤ, ʱʦ ʥʝ ʚʠʤʠʢʘʻ ʪʠʨʠʩʪʦʨ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʥʴʦʛʦ ʫ ʨʘʟʽ 

ʨʦʟʽʤʢʥʫʪʦʛʦ ʣʘʥʮʶʛʘ ʢʝʨʫʚʘʥʥʷ, ʘʙʦ ʧʦʜʘʪʠ ʥʘ ʧʨʠʣʘʜ ʥʘʧʨʫʛʫ ʟʚʦʨʦʪʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ. 
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ʈʠʩ. 6.16. ʂʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ɺɸʍ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʚʘʞʥʦ ʜʚʦʤʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ:  

ï ʥʘʷʚʥʽʩʪʶ ʜʽʣʷʥʢʠ ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ;  

ï ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ. 

ʇʝʨʰʘ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʠʨʠʩʪʦʨʠ ʚ 

ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʽ ʛʝʥʝʨʘʪʦʨʥʠʭ ʩʭʝʤʘʭ, ʘ ʜʨʫʛʘ ï ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʫ 

ʢʣʶʯʦʚʠʭ ʽ ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

6.2.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘ ʚ ʢʝʨʦʚʘʥʦʤʫ ʚʠʧʨʷʤʣʷʯʽ 

ʋ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʝʥʪʠʣʴʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ: ʚʠʧʨʷʤʣʷʯʽ, ʽʥʚʝʨʪʦʨʠ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ. ʈʦʟʛʣʷʥʫʪʽ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʢʝʨʦʚʘʥʽ ʚʝʥʪʠʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʷʢʽʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʽ 

ʻ ʢʝʨʦʚʘʥʠʤʠ ʚʠʧʨʷʤʣʷʯʘʤʠ. ɼʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʻ ʤʝʨʝʞʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ʇʨʠʥʮʠʧ ʢʝʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʜʦʜʘʪʥʠʡ ʥʘʧʽʚʧʝʨʽʦʜ ʚʝʥʪʠʣʴ 

ʧʦʜʽʙʥʦ ʢʣʶʯʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʽ ʧʦʜʘʻ ʥʘʧʨʫʛʫ ʜʦ ʷʢʦʨʷ ʣʠʰʝ ʯʘʩʪʠʥʫ ʮʴʦʛʦ 

ʥʘʧʽʚʧʝʨʽʦʜʫ. ʅʘʧʨʫʛʘ ʽ ʩʪʨʫʤ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʤʽʩʪʷʪʴ 

ʧʦʩʪʽʡʥʽ ʽ ʟʤʽʥʥʽ ʩʢʣʘʜʦʚʽ. ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʩʪʽʡʥʽ ʩʢʣʘʜʦʚʽ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʠʭ ʚʝʣʠʯʠʥ ʟʘ ʧʝʨʽʦʜ ʟʤʽʥʠ ʥʘʧʨʫʛʠ 

ʤʝʨʝʞʽ. ɿʤʽʥʶʶʯʠ ʤʦʤʝʥʪ (ʬʘʟʫ) ʚʽʜʢʨʠʪʪʷ ʚʝʥʪʠʣʷ, ʟʤʽʥʶʶʪʴ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʷʢʦʨʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʶʪʴ ʜʚʠʛʫʥʦʤ. 
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ʗʢ ʚʝʥʪʠʣʽ, ʤʦʤʝʥʪ ʚʽʜʤʠʢʘʥʥʷ ʷʢʠʭ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʝʨʦʚʘʥʽ ʚʝʥʪʠʣʽ ï ʪʠʨʠʩʪʦʨʠ. 

ɭ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʩʭʝʤ ʢʝʨʦʚʘʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ. ɿʘ ʧʨʠʥʮʠʧʦʤ 

ʜʽʾ ʽ ʧʦʙʫʜʦʚʠ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʦʜʥʦʥʘʧʽʚʧʝʨʽʦʜʥʽ 

(ʩʭʝʤʠ ʟ ʥʫʣʴʦʚʠʤ ʧʨʦʚʦʜʦʤ), ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʦʜʥʫ 

ʥʘʧʽʚʭʚʠʣʶ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ, ʽ ʜʚʦʥʘʧʽʚʧʝʨʽʦʜʥʽ (ʤʦʩʪʦʚʽ ʩʭʝʤʠ), ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʠʜʚʽ ʥʘʧʽʚʭʚʠʣʽ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ. 

ʈʦʙʦʪʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ʦʜʥʦʥʘʧʽʚʧʝʨʽʦʜʥʦʾ ʩʭʝʤʠ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 6.17, ʘ.  

 
ʈʠʩ. 6.17. ʅʘʡʧʨʦʩʪʽʰʠʡ ʦʜʥʦʥʘʧʽʚʧʝʨʽʦʜʥʠʡ ʢʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨʥʠʡ ʚʠʧʨʷʤʣʷʯ: ʘ ï 

ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ɼʦ ʜʞʝʨʝʣʘ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ~U  ʟ ʘʤʧʣʽʪʫʜʦʶ mU  

ʧʽʜʢʣʶʯʝʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʅR  ʽ ʪʠʨʠʩʪʦʨ VD, ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʦʜʘʯʝʶ ʥʘ 

ʂɽ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʚʽʜ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʷʢʠʡ ʦʙʫʤʦʚʣʝʥʦ 

ʢʫʪʦʤ ʚʽʜʤʠʢʘʥʥʷ ɸ
ʦ
. 

ʆʩʢʽʣʴʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʟʠʩʪʠʚʥʝ, ʢʨʠʚʘ ʩʪʨʫʤʫ (ʨʠʩ. 6.17, ʙ) 

ʧʦʚʪʦʨʶʻ ʢʨʠʚʫ ʥʘʧʨʫʛʠ. ɺ ʤʦʤʝʥʪ ʯʘʩʫ ɤt = 180
ʦ
 ʩʪʨʫʤ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ 

ʽ ʪʠʨʠʩʪʦʨ ʟʘʢʨʠʚʘʻʪʴʩʷ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʢʦʞʝʥ ʜʦʜʘʪʥʠʡ 

ʥʘʧʽʚʧʝʨʽʦʜ (ʫ ʚʽʜô̒ ʤʥʠʡ ʥʘʧʽʚʧʝʨʽʦʜ ʪʠʨʠʩʪʦʨ ʚʠʤʢʥʫʪʦ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ). 

ʂʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʦʤ ʙʘʞʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʽʤʧʫʣʴʩʦʤ ʤʘʣʦʾ 

ʪʨʠʚʘʣʦʩʪʽ (ʪʦʤʫ ʱʦ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚô̫ ʟʘʥʝ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʩʭʝʤʠ 

ʢʝʨʫʚʘʥʥʷ), ʘʣʝ ʜʝʱʦ ʧʝʨʝʚʠʱʫʶʯʦʾ ʯʘʩ ʚʤʠʢʘʥʥʷ ʪʠʨʠʩʪʦʨʘ, ʪʦʙʪʦ ʯʘʩ ʡʦʛʦ 

ʧʝʨʝʭʦʜʫ ʟ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ ʫ ʚʽʜʢʨʠʪʠʡ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʠʪʴ ʢʨʫʪʠʡ ʧʝʨʝʜʥʽʡ ʬʨʦʥʪ 

ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ ʟʤʝʥʰʠʪʴ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʠʨʠʩʪʦʨʽ ʧʽʜ ʯʘʩ 

ʚʤʠʢʘʥʥ̫, ʘ ʦʪʞʝ, ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ.  

ɺ ʽʥʪʝʨʚʘʣʽ ɸ
ʦ
 é180

ʦ
 ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʚʦʜʠʪʠʩʷ ʥʘʧʨʫʛʘ  
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ʅ
.sinm tU U w=     (6.3) 

ʈʦʟʛʣʷʥʫʪʠʡ ʬʘʟʦʚʠʡ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʘʟʦʟʩʫʚʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ, ʦʜʥʠʤ ʽʟ ʷʢʠʭ ʻ çʚʝʨʪʠʢʘʣʴʥʠʡè ʩʧʦʩʽʙ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʦʩʥʦʚʘʥʠʡ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʆʇU  (ʟʘʟʚʠʯʘʡ 

ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ï ɻʅɿʃU ) ʽ ʧʦʩʪʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʂɽʈU           

(ʨʠʩ. 6.18, ʙ).  

 

 
ʈʠʩ. 6.18. ʂʝʨʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨʥʠʡ ʚʠʧʨʷʤʣʷʯ: 

ʘ ï ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 
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ʈʽʚʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʮʠʭ ʥʘʧʨʫʛ ʚʠʟʥʘʯʘʻ ʬʘʟʫ ɸ
ʦ
, ʟʘ ʷʢʦ ʾʩʭʝʤʘ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʨʦʙʣʷʻ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʧʦʪʽʤ ʧʽʜʩʠʣʶʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʂɽ 

ʪʠʨʠʩʪʦʨʘ. ɿʤʽʥʘ ʬʘʟʠ ɸ
ʦ
 ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʽʥʦʶ ʨʽʚʥʷ 

ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʂɽʈU . ʉʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 6.18, ʘ. 

ʆʧʦʨʥʘ ʥʘʧʨʫʛʘ, ʷʢʫ ʚʠʨʦʙʣʷʻ ʛʝʥʝʨʘʪʦʨ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ 

(ɻʇʅ) ʽ ʷʢʫ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦ ʟ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʥʭʨʦʥʽʟʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʉʇʈ), ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʭʝʤʫ ʧʦʨʽʚʥʷʥʥʷ (ʉʇ), ʥʘ 

ʷʢʫ ʦʜʥʦʯʘʩʥʦ ʥʘʜʭʦʜʠʪʴ ʽ ʥʘʧʨʫʛʘ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʂɽʈU . ʉʠʛʥʘʣ ʟʽ ʩʭʝʤʠ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘʜʭʦʜʠʪʴ ʥʘ ʬʦʨʤʫʚʘʯ ʽʤʧʫʣʴʩʽʚ ʌɯ, ʟʚʽʜʢʽʣʴ ʫ ʚʠʛʣʷʜʽ 

ʧʦʪʫʞʥʦʛʦ ʟ ʢʨʫʪʠʤ ʬʨʦʥʪʦʤ ʽʤʧʫʣʴʩʫ ʌɯU , ʷʢʠʡ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘ ʬʘʟʦʶ, 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʂɽ ʪʠʨʠʩʪʦʨʘ. 

ɯʥʪʝʛʨʫʶʯʠ (6.3) ʥʘ ʽʥʪʝʨʚʘʣʽ ɸ...ˊ, ʚʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʻ ʟʘ ʧʝʨʽʦʜ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ: 

( )
1

1sin cosʥ ʩʝʨ
2 2

U mt dtU AU U m
A

p
w

p p
= = = +ñ

.   
  

6.2.3. ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘ ʪʠʨʠʩʪʦʨʘʭ  

ɼʣʷ ʽʤʧʫʣʴʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʐɯʇ), ʷʢʽ ʚʠʢʦʥʘʥʦ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʯʠ ʪʠʨʠʩʪʦʨʥʠʭ ʢʣʶʯʘʭ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ ʜʦʟʚʦʣʷʻ 

ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʅʘ ʨʠʩ. 6.19 ʥʘʚʝʜʝʥʦ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʟʜʽʡʩʥʶʶʪʴ çʚʝʨʪʠʢʘʣʴʥʠʡè 

ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʤʠ ʐɯʇ, ʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʡʦʛʦ ʨʦʙʦʪʠ.  

ʊʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʮt  ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʟʘʜʘʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

(ɿɻ), ʽʤʧʫʣʴʩʠ (ɿɻU ) ʷʢʦʛʦ ʧʦʜʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʾ 

ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ (ɻʇʅ, ʥʘ ʨʠʩ. 6.19 ï ɻʅɿʃ) ʽ ʬʦʨʤʫʚʘʯ ʽʤʧʫʣʴʩʽʚ ʌɯ1. 

ɺʤʠʢʘʥʥʷ ʪʠʨʠʩʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʤʧʫʣʴʩʘʤʠ ʂɽʈ1I , ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ 

ʬʦʨʤʫʚʘʯʘ ʌɯ1.  

ʉʭʝʤʘ ʉʇ ʧʦʨʽʚʥʶʻ ʦʧʦʨʥʫ ʧʠʣʢʦʧʦʜʽʙʥʫ ʥʘʧʨʫʛʫ ʟ ʥʘʧʨʫʛʦʶ 

ʢʝʨʫʚʘʥʥʷ ʂɽʈU  ʽ ʚ ʤʦʤʝʥʪ ʾʭ ʨʽʚʥʦʩʪʽ ʧʦʩʠʣʘʻ ʩʠʛʥʘʣ ʫ ʬʦʨʤʫʚʘʯ ʽʤʧʫʣʴʩʽʚ 

ʌɯ2, ʱʦ ʬʦʨʤʫʻ ʽ ʧʦʜʘʻ ʚʽʜô̒ ʤʥʽ ʽʤʧʫʣʴʩʠ ʂɽʈ2I , ʱʦ ʟʜʽʡʩʥʶʶʪʴ      

ʚʠʤʠʢʘʥʥʷ ʪʠʨʠʩʪʦʨʘ.  
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ʈʠʩ. 6.19. ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʪʠʨʠʩʪʦʨʽ: 

ʘ ï ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʷʢʽʨʥʫ ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ɼʇʉ), ʥʘʜʭʦʜʠʪʴ ʥʘʧʨʫʛʘ ʅU  ʽʤʧʫʣʴʩʥʦʾ ʬʦʨʤʠ, ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʪʠʨʠʩʪʦʨʘ U  ʽ ʰʧʘʨʫʚʘʪʦʩʪʽ 

ʽʤʧʫʣʴʩʽʚ Q : 

.

.

ʮ

.
ʅ ʉɽʈ

ʽʤ ʷU t
U U

Q t
= = Ö       
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʶʶʯʠ ʚʝʣʠʯʠʥʫ ʂɽʈU , ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ tʽʤ.,̫ ʘ ʦʪʞʝ, ʟʤʽʥʶʚʘʪʠ UU ʗ.ʉɽʈʅ.ʉɽʈ
= , ʪʦʙʪʦ ʟʤʽʥʶʚʘʪʠ 

ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ɼʇʉ. 

ʇʦʤʽʪʠʤʦ, ʱʦ ʐɯʇ ʤʦʞʥʘ ʩʧʨʦʝʢʪʫʚʘʪʠ ʥʘ ʜʚʦʦʧʝʨʘʮʽʡʥʠʭ, ʪʦʙʪʦ 

ʮʽʣʢʦʤ ʢʝʨʦʚʘʥʠʭ ʪʠʨʠʩʪʦʨʘʭ, ʟʘʧʠʨʘʥʥʷ ʷʢʠʭ ʨʦʙʣʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʜʘʚʘʥʥʷ ʚ̔ ʜô̒ ʤʥʦʛʦ ʽʤʧʫʣʴʩʫ ʂɽʈ2I  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʾʭʥʽʡ ʂɽ. ʇʦʪʫʞʥʽʩʪʴ 

ʪʘʢʠʭ ʐɯʇ, ʦʜʥʘʢ, ʥʝ ʧʝʨʝʚʠʱʫʻ 1...2 ʢɺʪ. 

6.3. ʊʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ 

6.3.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ 

ʗʢ ʝʣʝʢʪʨʦʥʥʽ ʢʣʶʯʽ ʚ ʽʤʧʫʣʴʩʥʽʡ ʪʝʭʥʽʮʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʪʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ (ʊʂ) ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʽ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ɼʽʷ ʊʂ 

ʦʩʥʦʚʘʥʘ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʥʟʠʩʪʦʨʘ ʤʘʪʠ ʤʘʣʠʡ ʦʧʽʨ ʚ ʫʚʽʤʢʥʫʪʦʤʫ ʩʪʘʥʽ ʽ 

ʚʝʣʠʢʠʡ ï ʫ ʚʠʤʢʥʫʪʦʤʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʧʽʜʩʠʣʶʚʘʯʘʭ, ʪʨʘʥʟʠʩʪʦʨ ʫ ʊʂ ʧʨʘʮʶʻ ʚ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʨʘʥʟʠʩʪʦʨ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʤʫʪʫʶʯʦʶ ʜʽʣʷʥʢʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʣʘʥʮʶʛʘ 

ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ ʾʡ.  

6.3.2. ʊʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ  

ʆʩʥʦʚʦʶ ʊʂ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʻ ʩʭʝʤʘ ʟ ʉɽ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 6.20, ʘ.  

 
ʈʠʩ. 6.20. ʊʂ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʚʠʭʽʜʥʽ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʜʠʥʘʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʅʘ ʨʠʩ. 6.20, ʙ ʥʘʚʝʜʝʥʦ ʩʪʘʪʠʯʥʽ ʚʠʭʽʜʥʽ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ ʽ 

ʜʠʥʘʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʧʨʷʤʘ), ʱʦ ʧʝʨʝʪʠʥʘʻ ʚʩ̔ʽ 

ʢʦʦʨʜʠʥʘʪ ʫ ʪʦʯʢʘʭ 
ʂɽ

( , 0)
ʂ ʂ

ɸ U E I= =   ̔
ʂɽ ʂ ʂ ʂ

B( 0, / )U I E R= = . 

ʇ̔ ʜ ʯʘʩ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʊʂ ʨʦʟʛʣʷʜʘʶʪʴ ʩʪʘʪʠʯʥʠʡ (ʩʪʘʮʽʦʥʘʨʥʠʡ) ʽ 

ʜʠʥʘʤʽʯʥʠʡ (ʧʝʨʝʭʽʜʥʠʡ) ʨʝʞʠʤʠ. 

ʉʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʘ ʩʪʘʥʠ ʊʂ: 

ï  ʚʠʤʢʥʫʪʠʡ (ʢʣʶʯ ʟʘʢʨʠʪʠʡ). 

ï  ʫʚʤ̔ʢʥʫʪʠʡ (ʢʣʶʯ ʚʽʜʢʨʠʪʠʡ). 

ʇʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʭʦʜʽ ʩʭʝʤʠ ʟ ʦʜʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʩʪʘʥʫ ʚ ʽʥʰʠʡ. 

ɺʠʤʢʥʫʪʠʡ (ʟʘʢʨʠʪʠʡ) ʩʪʘʥ ʊʂ 

ʗʢʱʦ ʥʘ ʚʭʽʜ ʊʂ, ʚʠʢʦʥʘʥʦʛʦ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʪʠʧʫ n-p-n, ʧʦʜʘʪʠ 

ʚʽʜô̒ ʤʥʠʡ ʽʤʧʫʣʴʩ (ʨʠʩ. 6.21), ʪʦ VT1 ʟʘʢʨʠʪʠʡ ʽ ʡʦʛʦ ʨʦʙʦʯʘ ʪʦʯʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʚʽʜʩʽʯʝʥʥʷ.  

 

Uʂɽʈ<0

Rɹ Iɹ Uʂɽ.ɿ å Eʂ

Iɽ

Rʅ

Iʂ

VT1

Iʂ0

+

ï 

Uɹʂ.ɿ

Uɹɽ.ɿ

+
Eʂ

-

 
ʈʠʩ. 6.21. ɺʠʤʢʥʫʪʠʡ (ʟʘʢʨʠʪʠʡ) ʩʪʘʥ ʊʂ 

 

ʆʙʠʜʚʘ ʧʝʨʝʭʦʜʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟʤʽʱʝʥʽ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʫʤʦʚʘ 

ʚʽʜʩʽʯʝʥʥʷ ʤʘʻ ʚʠʛʣʜ̫  

. .
0, 0

ɹɽ ɿ ɹʂ ɿ
U U¢ ¢.     (6.4) 

 

ʆʩʢʽʣʴʢʠ ʟʩʫʚ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ 
ʂ

E+ , ʪʦ ʫʤʦʚʫ (6.4) ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ: 

.
0

ɹɽ ɿ
U ¢ .      (6.5) 

 

ʋ ʨʝʞʠʤʽ ʚʽʜʩʽʯʝʥʥʷ ʨʦʙʦʯʘ ʪʦʯʢʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ N 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʧʨʷʤʦʾ (ʨʠʩ. 6.20, ʙ). ʏʝʨʝʟ ʢʦʣʝʢʪʦʨʥʠʡ ʧʝʨʝʭʽʜ ʧʨʦʭʦʜʠʪʴ 
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ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ (ʩʪʨʫʤ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ) 
0ʂ

I . ʉʪʨʫʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ʟʚô̫ ʟʘʥʽ ʚʠʨʘʟʘʤʠ: 

0 0
, , 0

ʂ ʂ ɹ ʂ ɽ ʂ ɹ
I I I I I I I= =- = + =.      

ʅʘʧʨʫʛʘ ʥʘ ʙʘʟʽ ʟʘʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 
. 0

.
ɹɽ ɿ ʂɽʈ ʂ ɹ

U U I R=- +  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʽʜʩʽʯʝʥʥʷ ʢʣʶʯʘ (6.5) ʘʤʧʣʽʪʫʜʫ ʚʭʽʜʥʦʾ 

ʢʝʨʫʚʘʣʴʥʦ ʾʥʘʧʨʫʛʠ ʪʨʝʙʘ ʚʠʙʠʨʘʪʠ ʟ ʚʠʨʘʟʫ 

0ʂɽʈ ʂ ɹ
U I R² .        

ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʟʘʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

. 0
.

ʂɽ ɿ ʂ ʂ ʂ ʂ
U E I R E= - º        

ʋʚʽʤʢʥʫʪʠʡ (ʚʽʜʢʨʠʪʠʡ) ʩʪʘʥ ʢʣʶʯʘ 

ʗʢʱʦ ʥʘ ʚʭʽʜ ʢʣʶʯʘ ʧʦʜʘʥʦ ʜʦʜʘʪʥʠʡ ʽʤʧʫʣʴʩ (ʨʠʩ. 6.22), ʪʦ 

ʪʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʪʦ ʽ ʡʦʛʦ ʨʦʙʦʯʘ ʪʦʯʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ.  

 

Uʂɽʈ>0

Rɹ Iɹ Uʂɽ = Uʂɽ.ʅ

+

Iɽ

Rʥ

Iʂ

VT1+

Uɹʂ.ʅ

Uɹɽ.ʅ

Rʂ

Eʂ
-

 
ʈʠʩ. 6.22. ʋʚʽʤʢʥʫʪʠʡ (ʚʽʜʢʨʠʪʠʡ) ʩʪʘʥ ʢʣʶʯʘ 

 

ʆʙʠʜʚʘ ʧʝʨʝʭʦʜʠ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜʢʨʠʪʦ, ʽ ʫʤʦʚʘ ʥʘʩʠʯʝʥʥʷ ʤʘʻ ʚʠʛʣʜ̫  

. .
0, 0

ɹɽ ʅ ɹʂ ʅ
U U> >.       

ɺʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʙʘʟʠ, ʷʢʫ ʦʙʫʤʦʚʣʝʥʦ ʚʭʽʜʥʦʶ ʜʦʜʘʪʥʦʶ ʥʘʧʨʫʛʦʶ, 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʥʝʨʽʚʥʦʩʪʽ 

.ɹ ɹ ʅ
I I² ,       

ʜʝ 
.ɹ ʅ

I  ï ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʙʘʟʠ, ʟʘ ʷʢʦʛʦ ʨʦʙʦʯʘ ʪʦʯʢʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʨʘʥʠʮʽ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ ʡ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ (ʪʦʯʢʘ ʄ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʧʨʷʤʦʾ (ʨʠʩ. 6.20, ʙ)). 

ɺʝʣʠʯʠʥʘ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ 

.

.

ʂ ʅ

ɹ ʅ

I
I

b
= ,      
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ʜʝ 
.ʂ ʅ

I  ï ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ 

ʥʘʩʠʯʝʥʥʷ; b ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ (ʧʽʜʩʠʣʝʥʥʷ) ʩʪʨʫʤʫ ʚ ʩʭʝʤʽ ʟʽ ʉɽ. 

ɿʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʚʽʜʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʦʙʤʝʞʝʥʦ 

ʨʝʟʠʩʪʦʨʦʤ 
ʂ

R  ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʬʦʨʤʫʣʠ 

. .
( ) /

ʂ ʅ ʂ ʂɽ ʅ ʂ
I E U R= - ,      

ʜʝ 
.ʂɽ ʅ

U  ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ (ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʫʚʽʤʢʥʫʪʦʛʦ ʢʣʶʯʘ). 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 6.20, ʙ, ʚʝʣʠʯʠʥʘ 
.ʂɽ ʅ

U  ʤʘʣʘ 
.

( 0)
ʂɽ ʅ

U º . ʊʦʤʫ 

ʫʤʦʚʫ ʥʘʩʠʯʝʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

.

.

.

,ʂ
ʂ ʅ

ʂ

ʂ ʅ ʂ

ɹ ɹ ʅ

ʂ

E
I

R

I E
I I

Rb b

=

² = =
. 

     (6.6) 

ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʫʤʦʚʘ (6.6) 

ʚʠʢʦʥʫʚʘʣʘʩʷ ʟʘ 
min

b b= . 

ɺʝʣʠʯʠʥʘ  

. .

ʂ ɹ

ʂ ʅ ɹ ʅ

I I
S

I I
= =      (6.7) 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ (ʩʪʫʧʝʥʝʤ) ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʗʢʱʦ ʨʦʙʦʯʘ ʪʦʯʢʘ VT1 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ ʄ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ 

ʧʨʷʤʦʾ (ʨʠʩ. 6.20, ʙ), ʪʦ 
.

, 1.
ɹ ɹ ʅ

I I S= = 

ʇʝʨʝʭʽʜʥʠʡ (ʜʠʥʘʤʽʯʥʠʡ) ʨʝʞʠʤ ʨʦʙʦʪʠ ʢʣʶʯʘ 

ʇʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʚʤʠʢʘʥʥʷ ʽ ʚʠʤʠʢʘʥʥʷ ʢʣʶʯʘ ʽ 

ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʰʚʠʜʢʦʜʽʶ. 

ʇʨʦʮʝʩ ʫʚʽʤʢʥʝʥʥʷ ʢʣʶʯʘ ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʪʨʠ ʝʪʘʧʠ: 

ʟʘʪʨʠʤʢʘ ʬʨʦʥʪʫ, ʬʦʨʤʫʚʘʥʥʷ ʬʨʦʥʪʫ ʧʽʜ ʯʘʩ ʚʽʜʤʠʢʘʥʥ ̫ ʪʨʘʥʟʠʩʪʦʨʘ ʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʙʘʟʽ ʪʨʘʥʟʠʩʪʦʨʘ. ɿʘʪʨʠʤʢʘ ʬʨʦʥʪʫ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʢʣʶʯʘ ʚʽʜʥʦʩʥʦ ʤʦʤʝʥʪʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʚʤʠʢʘʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʟʚô̫ ʟʘʥʘ ʟ ʧʝʨʝʟʘʨʷʜʦʤ ʙʘʨô̒ ʨʥʠʭ ʻʤʥʦʩʪʝʡ 

ʪʨʘʥʟʠʩʪʦʨʘ 
ʂ

C  ʽ 
E

C . 

ɺʝʣʠʯʠʥʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʥʝʚʝʣʠʢʘ ʽ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ 

ʫʚʽʤʢʥʝʥʥʷ ʢʣʶʯʘ ʾʾ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʊʂ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.23. 
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ʈʠʩ. 6.23. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʊʂ 

ʅʝʭʘʡ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 
1

0t =  ʥʘ ʚʭʽʜ ʢʣʶʯʘ ʧʦʜʘʥʦ ʜʦʜʘʪʥʠʡ ʩʪʨʠʙʦʢ 

ʥʘʧʨʫʛʠ 
1ʂɽʈ

U , ʱʦ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʥʠʡ ʩʪʨʠʙʦʢ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ 

ʚʽʜʤʠʢʘʻ ʪʨʘʥʟʠʩʪʦʨ, 

1

1 .

ʂɽʈ

ɹ ɹ ʅ

ɹ

U
I I

R
º > .      

ɿ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʧʦʯʠʥʘʻʪʴʩʷ ʝʪʘʧ ʬʦʨʤʫʚʘʥʥʷ ʬʨʦʥʪʫ, ʷʢʠʡ 

ʦʙʫʤʦʚʣʝʥʦ ʥʘʨʦʩʪʘʥʥʷʤ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ 
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/
(1 )

ʂ ɹ

t t
I I ʝ bb

-
= Ö - ,      

ʜʝ 
1 1

2 f
b

b b

t
w p
= =  ï ʩʪʘʣʘ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʪʨʘʥʟʠʩʪʦʨʽ, ʷʢʠʡ 

ʚʢʣʶʯʝʥʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʉɽ; /f fab
b=  ï ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʚ ʩʭʝʤʽ ʟʽ ʉɽ; fa 

ï ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʚ ʩʭʝʤʽ ʟʽ ʉɹ; bï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʚ      

ʩʭʝʤʽ  ʟʽ ʉɽ. 

ʂʦʣʝʢʪʦʨʥʠʡ ʩʪʨʫʤ ʧʨʘʛʥʝ ʜʦ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ 

1 . 1 .ʂ ʂ ʉʊ ɹ ʂ ʅ
I I I Ib= = > ,      

  ( )1 . .
/

ɹ ɹ ʅ ʂ ʅ
I I I b> = . 

ʆʜʥʘʢ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 2t  ʧʽʜ ʯʘʩ ʩʪʨʫʤʫ 
. .ʂ ʂ ʅ ɹ ʅ

I I I b= = Ö 
ʪʨʘʥʟʠʩʪʦʨ ʧʦʪʨʘʧʣʷʻ ʚ ʨʝʞʠʤ ʥʘʩʠʯʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʪʨʫʤʫ 

ʦʙʤʝʞʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 
.

/
ʂ ʅ ʂ ʂ

I E Rº . ʅʘ ʮʴʦʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ ʝʪʘʧ ʬʦʨʤʫʚʘʥʥʷ 

ʬʨʦʥʪʫ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʝʪʘʧ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʙʘʟʽ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʌʽʟʠʯʥʦ ʮʝʡ ʧʨʦʮʝʩ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʚ ʙʘʟʫ ʚʽʜ ʜʞʝʨʝʣʘ 

ʢʝʨʫʚʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʥʘʜʣʠʰʢʦʚʠʭ ʜʽʨʦʢ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ çʫʜʘʚʘʥʫè ʟʤʽʥʫ 

ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʜʦ ʚʝʣʠʯʠʥʠ 
1 . 1ʂ ʂ ʉʊ ɹ

I I I b= = Ö, ʭʦʯʘ ʨʝʘʣʴʥʦ ʮʝʡ ʩʪʨʫʤ 

ʜʦʨʽʚʥʶʻ 
.ʂ ʅ

I . ɻʨʘʬʽʯʥʦ çʫʜʘʚʘʥʝè ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʥʘ ʨʠʩ. 6.23 

ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʦʶ ʢʨʠʚʦʶ. ʏʝʨʝʟ ʯʘʩ 3t
b
t=  çʫʜʘʚʘʥʠʡè ʩʪʨʫʤ ʜʦʩʷʛʘʻ 

ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ 
.ʂ ʉʊ

I , ʪʦʤʫ ʱʦ ʥʘ ʨʠʩ. 6.23 ʪʨʠʚʘʣʽʩʪʴ ʚʭʽʜʥʦʛʦ 

ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ 
.ʽʤ ɺʍ

t  ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 3
b
t. 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʫ ʫʚʽʤʢʥʝʥʥʷ ʊʂ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ 
2 1ʬ

t t t= - ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʙʽʣʴʰʫʶʯʠ ʚʽʜʤʠʢʘʶʯʠʡ 

ʩʪʨʫʤ ʙʘʟʠ 
1ɹ

I . ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʥʦʩʽʾʚ ʫ 

ʙʘʟʽ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʤʝʥʰʫʶʯʠ ʩʪʨʫʤ ʙʘʟʠ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ ʫʤʦʚʠ 

1 .
( 1)

ɹ ɹ ʅ
I I S= = ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʙʘʟʽ ʚʽʜʩʫʪʥʻ. 

ʋ ʤʦʤʝʥʪ 
3

t  ʥʘ ʚʭʽʜ ʢʣʶʯʘ ʧʦʜʘʥʦ ʚʽʜô̒ ʤʥʠʡ ʩʪʨʠʙʦʢ ʥʘʧʨʫʛʠ 
2ʂɽʈ

U , 

ʱʦ ʟʘʢʨʠʚʘʻ ʪʨʘʥʟʠʩʪʦʨ. ʇʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʚʠʤʠʢʘʥʥʷ ʢʣʶʯʘ, ʷʢʠʡ ʤʦʞʥʘ 

ʨʦʟʙʠʪʠ ʥʘ ʜʚʘ ʝʪʘʧʠ: ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʙʘʟʽ 

ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʨʽʟʫ ʧʽʜ ʯʘʩ ʟʘʧʠʨʘʥʥ ̫ʪʨʘʥʟʠʩʪʦʨʘ. 
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ɺʽʜô̒ ʤʥʠʡ ʩʪʨʠʙʦʢ ʢʝʨʫʚʘʣʴʥʦ ʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 
2ʂɽʈ

U  ʚʠʢʣʠʢʘʻ 

ʚʽʜô̒ ʤʥʠʡ ʩʪʨʠʙʦʢ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ: 
2 2

/
ɹ ʂɽʈ ɹ

I U R- =- , ʱʦ ʧʨʦʭʦʜʠʪʴ ʫ 

ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʧʝʨʚʽʩʥʦʤʫ ʩʪʨʫʤʫ ʙʘʟʠ 
1ɹ

I . 

ʅʘʜʣʠʰʢʦʚʠʡ ʟʘʨʷʜ ʫ ʙʘʟʽ ʩʪʨʠʙʢʦʤ ʟʤʽʥʠʪʠʩʷ ʥʝ ʤʦʞʝ, ʪʦʤʫ ʧʦʯʠʥʘʻ 

ʟʤʝʥʰʫʚʘʪʠʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ ʪʽʻʶ ʞ ʩʪʘʣʦʶ ʯʘʩʫ, ʱʦ ʽ ʧʽ ʜ 

ʯʘʩ ʫʚʽʤʢʥʝʥʥ ̫ ʢʣʶʯʘ. ɿʤʽʥʘ ʩʪʨʫʤʫ ʙʘʟʠ ʧʦʚʠʥʥʘ ʚʠʢʣʠʢʘʪʠ ʟʤʝʥʰʝʥʥʷ 

ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʚʽʜ çʫʜʘʚʘʥʦʛʦè ʟʥʘʯʝʥʥʷ 
.ʂ ʉʊ

I  ʜʦ 
2 2ʂ ɹ

I I b= Ö. ʆʜʥʘʢ ʜʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ 
4

t  ʫ ʙʘʟʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘʜʣʠʰʢʦʚʠʡ ʟʘʨʷʜ ʽ ʥʽʷʢʽ ʟʤʽʥʠ ʩʪʨʫʤʫ 

ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ. ʈʦʙʦʯʘ ʪʦʯʢʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ. ɺʠʥʠʢʘʻ ʟʘʪʨʠʤʢʘ ʬʨʦʥʪʫ (ʟʨʽʟʫ) ʚʠʭʽʜʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʚʽʜʥʦʩʥʦ ʤʦʤʝʥʪʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʠʢʘʶʯʦʾ ʥʘʧʨʫʛʠ: 
2ʂɽʈ

U- . 

ʊʨʠʚʘʣʽʩʪʴ ʮʽʻʾ ʟʘʪʨʠʤʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʯʘʩ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ 
4 3ʨt t t= -.  

ʊʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʙʽʣʴʰʫʶʯʠ 

ʚʽʜô̒ ʤʥʠʡ ʩʪʨʫʤ ʙʘʟʠ: 
2ɹ

I-  ʽ ʟʤʝʥʰʫʶʯʠ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ S, ʘ ʦʪʞʝ ʽ 

ʚʽʜʤʠʢʘʶʯʠʡ ʩʪʨʫʤ ʙʘʟʠ 
1ɹ

I . 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
4

t  ʧʽʩʣʷ ʚʠʭʦʜʫ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʦʙʣʘʩʪʽ 

ʥʘʩʠʯʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʝʪʘʧ ʬʦʨʤʫʚʘʥʥʷ ʟʨʽʟʫ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ. ʇʨʦʪʷʛʦʤ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ 
54

...t t  ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ ʜʦ ʚʝʣʠʯʠʥʠ 
0ʂ

I , ʧʽʩʣʷ ʯʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʥʘ ʜʘʥʦʤʫ ʨʽʚʥʽ. 

ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʜʦ ʚʝʣʠʯʠʥʠ: 
2 2ʂ ɹ

I I b- =- Ö ʻ 

çʫʜʘʚʘʥʠʤè ʽ ʥʘ ʨʠʩ. 6.23 ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. ʏʘʩ ʟʨʽʟʫ 
5 4ʟʨt t t= - 

ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʙʽʣʴʰʫʶʯʠ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʙʘʟʠ 
1ɹ

I  ʽ 
2ɹ

I . 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʢʣʶʯʘ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʤʠʢʘʥʥʷ 

ɺʄ ʬ
t t=  ʽ ʚʠʤʠʢʘʥʥʷ 

ɺʀʄ ʨ ʟʨt t t= + . ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʩʫʧʝʨʝʯʣʠʚʽ ʚʠʤʦʛʠ: ʜʣʷ ʟʤʝʥʰʝʥʥʷ ,
ʬ ʨʟt t

 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 
ʨt  - 

ʟʤʝʥʰʫʚʘʪʠ. ʆʧʪʠʤʘʣʴʥʫ ʬʦʨʤʫ ʚʭʽʜʥʦʛʦ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʊʂ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʮʝ ʧʨʦʪʠʨʽʯʯʷ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.24. 
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Iɹ1

-Iɹ2

Iɹ.ʅ

t

 
ʈʠʩ. 6.24. ʆʧʪʠʤʘʣʴʥʘ ʬʦʨʤʘ ʚʭʽʜʥʦʛʦ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʊʂ 

ʈʦʟʛʣʷʥʫʪʠʡ ʢʣʶʯ ʢʝʨʫʻʪʴʩʷ ʨʽʟʥʦʧʦʣʷʨʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʽ ʩʪʘʥ ʩʭʝʤʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢʦʤ ʽ ʨʽʚʥʝʤ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʣʶʯʽ, ʷʢʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟʘʢʨʠʪʽ ʯʠ ʚʽʜʢʨʠʪʽ. 

ʇʝʨʝʢʣʶʯʝʥʥʷ ʢʣʶʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʦʜʥʦʧʦʣʷʨʥʠʭ ʚʭʽʜʥʠʭ 

ʢʝʨʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʫʚʽʤʢʥʝʥʥʷ ʟʘʢʨʠʪʦʛʦ ʢʣʶʯʘ ʘʙʦ 

ʚʠʤʠʢʘʥʥʷ ʚʽʜʢʨʠʪʦʛʦ.  

ʊʨʘʥʟʠʩʪʦʨʥʠʡ ʢʣʶʯ, ʟʘʢʨʠʪʠʡ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 

ʈʦʟʛʣʷʥʝʤʦ ʊʂ, ʟʘʢʨʠʪʠʡ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 6.25). 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 0
ʂɽʈ

U = , ʊʂ ï ʟʘʢʨʠʪʠʡ, 

. 0
.

ɺʀʍ ʂɽ ɿ ʂ ʂ ʂ ʂ
U U E I R Eº = - Ö º 

 

 
ʈʠʩ. 6.25. ʊʂ, ʟʘʢʨʠʪʠʡ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ 

ʇ̔ ʜ ʯʘʩ ʧʦʜʘʚʘʥʥʷ ʥʘ ʚʭʽʜ ʩʭʝʤʠ ʚ ʤʦʤʝʥʪ 
1

t t=  ʜʦʜʘʪʥʦʛʦ 

ʚʽʜʤʠʢʘʶʯʦʛʦ ʽʤʧʫʣʴʩʫ, ʊʂ ʚʽʜʢʨʠʚʘʻʪʴʩʷ. ɯʟ ʟʘʪʨʠʤʢʦʶ 
2 1ʬ

t t t= - ʚʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 
.

0.
ʂɽ ʅ

U º  
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ʋ ʤʦʤʝʥʪ 
3

t t=  ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʟʥʽʤʘʻʪʴʩʷ. ɿ ʟʘʪʨʠʤʢʦʶ 

ɺʀʄ ʨ ʟʨt t t= +, ʜʝ 
4 3ʨt t t= -, ʘ 

5 4ʟʨt t t= -, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

ʚʝʣʠʯʠʥʠ 
.ʂɽ ɿ

U , ʪʦʤʫ ʱʦ ʢʣʶʯ ʟʥʦʚʫ ʟʘʢʨʠʚʘʻʪʴʩʷ. 

ʊʨʘʥʟʠʩʪʦʨʥʠʡ ʢʣʶʯ, ʚʽʜʢʨʠʪʠʡ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 

ʈʦʟʛʣʷʥʝʤʦ ʊʂ, ʚʽʜʢʨʠʪʠʡ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 6.26). 

 
ʈʠʩ. 6.26. ʊʂ, ʚʽʜʢʨʠʪʠʡ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ 0
ʂɽʈ

U = . ɼʦʜʘʪʥʦʶ ʥʘʧʨʫʛʦʶ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ 

ʥʠʞʥʴʦʛʦ ʧʣʝʯʘ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ 
ʂ

E+  (ʨʝʟʠʩʪʦʨʠ 
1 2
,

ɹ ɹ
R R ), ʪʨʘʥʟʠʩʪʦʨ ʽ 

ʢʣʶʯ ʫ ʮʽʣʦʤʫ ʚʽʜʢʨʠʪʠʡ. ɿ ʚʠʭʦʜʫ ʟʥʽʤʘʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʥʘʧʨʫʛʘ 
.ʂɽ ʅ

U . 

ʋ ʤʦʤʝʥʪ 
1

t t=  ʥʘ ʚʭʽʜ ʩʭʝʤʠ ʥʘʜʭʦʜʠʪʴ ʚʽʜô̒ ʤʥʠʡ ʽʤʧʫʣʴʩ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʟʘʢʨʠʚʘʥʥʷ ʊʂ. ɿ ʟʘʪʨʠʤʢʦʶ 
ɺʀʄ ʨ ʬ

t t t= +, ʜʝ 
2 1ʨt t t= -, ʘ 

3 2ʌ
t t t= - ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 

.ʂɽ ɿ
U . 

ʋ ʤʦʤʝʥʪ 
4

t t=  ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʟʘʢʽʥʯʫʻʪʴʩʷ. ʊʂ ʟʥʦʚʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʽ ʯʝʨʝʟ 
5 4ɺʄ ʟʨt t t t= = - ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʟʥʦʚʫ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 

.ʂɽ ʅ
U . 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʊʂ ʫ ʩʭʝʤʫ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʚʝʩʪʠ  

ʢʦʥʜʝʥʩʘʪʦʨ, ʱʦ ʧʨʠʩʢʦʨʶʻ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʠʡ ɺɿɿ.  

ʂʣʶʯ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʤʽʱʝʥʥʷʤ ʽ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʱʦ ʧʨʠʩʢʦʨʶʻ 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʪʘʢʠʡ ʢʣʶʯ (ʨʠʩ. 6.27, ʘ) ʟʘʢʨʠʪʠʡ ʜʞʝʨʝʣʦʤ 

ʟʤʽʱʝʥʥʷ: 
ɹ

E- , ʘ ʫ ʚʽʜʢʨʠʪʠʡ ʩʪʘʥ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʜʦʜʘʪʥʠʤ       

ʢʝʨʫʚʘʣʴʥʠʤ ʽʤʧʫʣʴʩʦʤ. 
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ʈʠʩ. 6.27. ʂʣʶʯ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʤʽʱʝʥʥʷʤ ʽ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʱʦ ʧʨʠʩʢʦʨʶʻ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 

ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʊʂ 

ʟʤʝʥʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʫʚʽʤʢʥʝʥʥʷ, ʘʣʝ ʦʜʥʦʯʘʩʥʦ ʟʨʦʩʪʘʻ ʯʘʩ ʚʠʤʠʢʘʥʥʷ, 

ʫʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʙʘʟʽ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʊʂ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʦʨʤʫ ʚʭʽʜʥʦʛʦ 

ʢʝʨʫʚʘʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ (ʨʠʩ. 6.24). 

ʌʦʨʤʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʽʜʤʠʢʘʶʯʦʛʦ ʩʪʨʫʤʫ ʙʘʟʠ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʶʯʦʤʫ ʩʪʨʫʤ ʙʘʟʠ ʥʘʩʠʯʝʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʥʦʩʽʾʚ ʧʽʜ 

ʯʘʩ ʩʪʨʫʤʫ ʙʘʟʠ, ʥʝʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʯʦʤʫ ʩʪʨʫʤ ʙʘʟʠ ʥʘʩʠʯʝʥʥʷ, ʘ 

ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʨʽʟʫ ʧʨʦʭʦʜʷʪʴ ʧʽʜ ʯʘʩ ʟʥʘʯʥʦʛʦ ʟʘʢʨʠʚʘʶʯʦʛʦ 

ʩʪʨʫʤʫ ʙʘʟʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ ʨʦʙʦʪʠ (ʨʠʩ. 6.27, ʙ), ʩʭʝʤʘ ʟ 

ʧʨʠʩʢʦʨʶʶʯʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ, ʙʣʠʟʴʢʫ 

ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ. 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʢʣʶʯ ʟʘʢʨʠʪʠʡ ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʉʧ ʨʦʟʨʷʜʞʝʥʠʡ. ʋ 

ʤʦʤʝʥʪ ʯʘʩʫ 
1
t  ʥʘ ʚʭʽʜ ʥʘʜʭʦʜʠʪʴ ʜʦʜʘʪʥʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʚʽʜʤʠʢʘʻ 

ʪʨʘʥʟʠʩʪʦʨ. ɺʽʜʤʠʢʘʶʯʠʡ ʩʪʨʫʤ ʙʘʟʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 
1

'
ɹ

R  ʽ 

ʢʦʥʜʝʥʩʘʪʦʨ ʉʧ, ʷʢʠʡ ʰʫʥʪʫʻ 
1

''
ɹ

R . ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʩʪʨʫʤʫ ʤʘʻ ʟʥʘʯʝʥʥʷ 
1ɹ

I , 

ʷʢʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʝʣʠʯʠʥʫ 
.ɹ ʅ

I . ʇʽʜ ʯʘʩ ʟʘʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʯʝʨʝʟ 

ʚʽʜʢʨʠʪʠʡ ʪʨʘʥʟʠʩʪʦʨ VT1 ʩʪʨʫʤ ʙʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʪʦʶ ʜʦ 

ʚʝʣʠʯʠʥʠ 
1

'
ɹ

I , ʷʢʘ ʥʝʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ 
.ɹ ʅ

I . 

ʇ̔ ʜ ʯʘʩ ʟʘʢʽʥʯʝʥʥ ̫ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʢʣʶʯ ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʚʽʜô̒ ʤʥʦʛʦ ʟʤʽʱʝʥʥʷ: 
ɹ

E-  ʽ ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʧʨʠʩʢʦʨʶʶʯʦʤʫ 

ʢʦʥʜʝʥʩʘʪʦʨʽ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʟʘʢʨʠʪʪʷ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ ʙʘʟʠ 
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ʧ̔ ʜ ʯʘʩ ʚʠʤʠʢʘʥʥʷ ʊʂ, 
2ɹ

I  ʙʽʣʴʰʝ, ʥʽʞ ʫ ʩʭʝʤʽ ʙʝʟ ʧʨʠʩʢʦʨʶʶʯʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ʆʩʢʽʣʴʢʠ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʤʘʣʠʡ, ʘ ʚʠʤʠʢʘʶʯʠʡ 

ʩʪʨʫʤ ʙʘʟʠ ʚʝʣʠʢʠʡ, ʪʦ ʯʘʩ ʚʠʤʠʢʘʥʥʷ ʊʂ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɭʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉʧ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʦʶ, ʪʦʤʫ ʱʦ ʟʘ ʤʘʣʦʛʦ 

ʟʥʘʯʝʥʥ ̫ʻʤʥʦʩʪʽ ʩʪʨʠʙʢʠ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʪʨʠʚʘʣʽʩʪʴ, ʘ ʫ 

ʨʘʟʽ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥ ̫ʉʧ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠʩʷ. 

ʅʝʥʘʩʠʯʝʥʽ ʢʣʶʯʽ  

ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʧʦʚô̫ ʟʘʥʦ ʟ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷʤ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʟʘʨʷʜʫ ʚ ʙʘʟʽ, ʨʦʙʠʪʴ ʚʘʞʯʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʢʣʶʯʽʚ ʫ 

ʰʚʠʜʢʦʜʽʶʯʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʭʝʤʘʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʊʂ ʚʽʜʢʨʠʪʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʥʝ ʚʚʦʜʷʪʴ ʫ ʩʪʘʥ ʥʘʩʠʯʝʥʥʷ. ʊʘʢʽ ʢʣʶʯʽ ʥʘʟʠʚʘʶʪʴ 

ʥʝʥʘʩʠʯʝʥʠʤʠ. 

ʋ ʥʠʭ ʪʨʘʥʟʠʩʪʦʨ ʧʨʘʮʶʻ ʥʘ ʛʨʘʥʠʮʽ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʡʦʛʦ ʥʘʩʠʯʝʥʥʷ ʚʚʦʜʷʪʴ, ʥʘʧʨʠʢʣʘʜ, ʥʝʣʽʥʽʡʥʠʡ ɺɿɿ, ʥʘʧʨʠʢʣʘʜ 

ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.28. 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚʚʝʜʝʥʥʷ ɺɿɿ, ʨʦʣʴ ʷʢʦʛʦ ʚʠʢʦʥʫʻ ʅɼ VD1, 

ʩʢʣʘʜʘʻʪʴʩʷ ʫ ʬʽʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʢʦʣʝʢʪʦʨʘ ʱʦʜʦ ʧʦʪʝʥʮʽʘʣʫ ʙʘʟʠ. ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦʙ ʮʝʡ ʧʦʪʝʥʮʽʘʣ ʟʘʚʞʜʠ ʙʫʚ ʙʽʣʴʰ 

ʜʦʜʘʪʥʠʤ ʚʽʜʥʦʩʥʦ ʙʘʟʠ ( 0)
ʂɹ

U > , ʪʦʙʪʦ ʨʦʙʦʯʘ ʪʦʯʢʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ, ʘʣʝ ʢʦʣʝʢʪʦʨʥʠʡ ʧʝʨʝʭʽʜ ʥʝ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ. ʋ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʥʠʭ ʢʝʨʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʨʘʥʟʠʩʪʦʨ VT1 

ʽ ʜʽʦʜ VD1 ʟʘʢʨʠʪʽ ʽ ɺɿɿ ʚʽʜʩʫʪʥʽʡ. 

Uʂɽʈ

RΩɹ1
Uɺʀʍ

Rʂ

Eʂ

Rɹ2

VT1+

ï 

Eɹ
+

ï 

RΩΩɹ1IΩɹɸ IΩΩɹɹ

VD1 IVD1.ʇʈ

ʂ

+ ï 

Iʂ0
Iʂ

IE

 
ʈʠʩ. 6.28. ʅʝʥʘʩʠʯʝʥʠʡ ʊʂ ʽʟ ʥʝʣʽʥʽʡʥʠʤ ɺɿɿ 
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ʇ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ ʜʦʜʘʪʥʦʛʦ ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʨʘʥʟʠʩʪʦʨ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʢʦʣʝʢʪʦʨʥʠʡ ʩʪʨʫʤ 
ʂ

I  ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʦʪʝʥʮʽʘʣ ʢʦʣʝʢʪʦʨʘ 

ʂ ʂ ʂ ʂ
U E I R= -  ʟʤʝʥʰʫʻʪʴʩʷ. ʂʦʣʠ ʧʦʪʝʥʮʽʘʣ ʪʦʯʢʠ ɸ ʩʪʘʥʝ ʙʽʣʴʰʝ 

ʧʦʪʝʥʮʽʘʣʫ ʢʦʣʝʢʪʦʨʘ ʥʘ ʚʝʣʠʯʠʥʫ 
1.VD ʇʈ

U , VD1 ʚʽʜʢʨʠʻʪʴʩʷ ʽ ʧʦʯʠʥʘʻ ʜʽʷʪʠ 

ɺɿɿ, ʱʦ ʟʤʽʥʶʻ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʽʚ ʫ ʢʣʶʯʽ. ʉʪʨʫʤ ʙʘʟʠ ''
ɹ

I ʪʨʘʥʟʠʩʪʦʨʘ 

ʦʙʤʝʞʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ 
.ɹ ʅ

I , ʭʦʯʘ ʚʭʽʜʥʠʡ 

ʩʪʨʫʤ '
ɹ

I  ʟʙʽʣʴʰʫʻʪʴʩʷ. ʉʪʨʫʤ ʢʦʣʝʢʪʦʨʘ ʽ ʥʘʧʨʫʛʘ ʂɽ
U  ʪʘʢʦʞ ʦʙʤʝʞʫʶʪʴʩʷ, 

ʪʦʤʫ ʱʦ ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 
ʂ

R , ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ 

(ʧʦʪʝʥʮʽʘʣʠ 
ʂ

E  ʽ 
ʂ

U  ʡʦʛʦ ʚʠʚʦʜʽʚ ʧʦʩʪʽʡʥʽ). ɼʦʜʘʪʢʦʚʠʡ ʚʭʽʜʥʠʡ ʩʪʨʫʤ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ ʜʽʦʜ ʽ ʟʘʤʠʢʘʻʪʴʩʷ ʥʘ çʟʝʤʣʶè ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʽ ʣʘʥʮʶʛʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʢʦʣʝʢʪʦʨʘ. ʋ ʩʭʝʤʽ 

ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ ʫʤʦʚʫ: 

1'' 1 .
'' ''

ɹR ɹ ɹ VD ʇʈ
U I R U= Ö > ,      

ʪʦʜʽ ʧʦʪʝʥʮʽʘʣ ʢʦʣʝʢʪʦʨʘ ʟʘʚʞʜʠ ʙʽʣʴʰ ʜʦʜʘʪʥʠʡ, ʥʽʞ ʧʦʪʝʥʮʽʘʣ ʙʘʟʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ, ʷʢʽ ʧʦʩʪʘʚʣʝʥʦ ʜʦ ʮʽʻʾ ʩʭʝʤʠ. 

ʅʝʜʦʣʽʢʦʤ ʩʭʝʤʠ ʻ ʪʝ, ʱʦ ʚ ʩʘʤʦʤʫ ʜʽʦʜʽ ʧ̔ ʜ ʯʘʩ ʡʦʛʦ ʧʨʷʤʦʛʦ 

ʫʚʽʤʢʥʝʥʥ ̫ʤʘʻ ʤʽʩʮʝ ʝʬʝʢʪ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʫ 

ʙʘʟʽ (ʷʚʠʱʝ ʽʥʞʝʢʮʽʾ). ʎʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʢʣʶʯʘ ʫ ʨʘʟʽ ʡʦʛʦ 

ʟʘʧʠʨʘʥʥ.̫ ɯʩʪʦʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʚʽʜ ʜʘʥʦʾ ʩʭʝʤʠ ʤʦʞʥʘ 

ʜʦʤʦʛʪʠʩʷ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦ̔ʜʽʚ ʟ ʤʘʣʠʤ ʯʘʩʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʫ 

ʨʘʟʽ ʟʘʧʠʨʘʥʥ,̫ ʪʦʙʪʦ ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʽʦʜʠ ʐʦʪʪʢʠ (ʨʠʩ. 6.29). ɺʦʥʠ ʤʘʶʪʴ 

ʤʘʣʠʡ ʯʘʩ ʧʝʨʝʢʣʶʯʝʥʥʷ (ʥʝ ʙʽʣʴʰ 0,1 ʥʩ), ʥʠʟʴʢʫ ʥʘʧʨʫʛʫ ʚʽʜʤʠʢʘʥʥʷ 

(ʙʣʠʟʴʢʦ 0,25 ɺ) ʽ ʤʘʣʠʡ ʦʧʽʨ ʫ ʚʽʜʢʨʠʪʦʤʫ ʩʪʘʥʽ. 

Uʂɽʈ
+

ï 

Rɹ
Uɺʀʍ

Rʂ

Eʂ

VT1
ɹ

VD1

ʂ

+ ï 

ɸ

ʊʨʘʥʟʠʩʪʦʨ 

ʐʦʪʪʢʠ

 
ʈʠʩ. 6.29. ʉʭʝʤʘ ʊʂ ʽʟ ʜʽʦʜʦʤ ʐʦʪʪʢʠ 

ʋ ʧʨʦʮʝʩʽ ʫʚʽʤʢʥʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ʜʽʦʜ ʐʦʪʪʢʠ (VD1) 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ. ʍʦʯʘ ʚ ʮ̔ ʡ ʩʭʝʤʽ ʥʘʧʨʫʛʘ 0
ʂɹ

U < , ʘʣʝ ʚʦʥʘ ʤʝʥʰʝ ʪʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʢʦʣʝʢʪʦʨʥʦ-ʙʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʪʨʘʥʟʠʩʪʦʨʘ ʟʤʽʱʫʻʪʴʩʷ ʚ 
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ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʜʽʦʜ ʐʦʪʪʢʠ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʨʘʥʽʰ, ʥʽʞ 

ʢʦʣʝʢʪʦʨʥʦ-ʙʘʟʦʚʠʡ ʧʝʨʝʭʽʜ, ʽ ʥʝ ʜʦʧʫʩʢʘʻ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɺ ɯʄʉ ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʟʠʩʪʦʨïʜʽʦʜ ʐʦʪʪʢʠ ʟʘʤʽʥʷʻʪʴʩʷ ʦʜʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ï ʪʨʘʥʟʠʩʪʦʨʦʤ ʐʦʪʪʢʠ (ʨʠʩ. 6.29).  

ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʊʂ 

ʗʢ ʧʨʠʢʣʘʜ ʟʨʦʙʠʤʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʊʂ ʽʟ ʧʨʠʩʢʦʨʶʶʯʠʤ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ. 

ɼʘʥʦ: ʘʤʧʣʽʪʫʜʘ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 
.

4
ɺʀʍ m

U B= ; 

ʘʤʧʣʽʪʫʜʘ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 
.

2
ɺʍ m

U B= ; 

ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 50
ʬ

t ʥʩ¢ ; 

ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 15é35 Üʉ. 

ɺʠʙʠʨʘʻʤʦ ʩʭʝʤʫ ʢʣʶʯʘ ʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʱʦ ʧʨʠʩʢʦʨʶʻ, ʪʦʤʫ ʱʦ 

ʥʝʦʙʭʽʜʥʘ ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʧʦʨʽʚʥʷʥʦ ʤʘʣʘ. 

ʅʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

.
(1,1...1,3) 1,25 4 5

ʂ ɺʀʍ m
E U B= = Ö =. 
ʆʙʠʨʘʻʤʦ ʪʨʘʥʟʠʩʪʦʨ ʟ ʫʤʦʚ [6; 12]: 

9

1 1
3.2

2 6,28 50 10
ʬ

f ʄɻʮ
t

a

p -
² = =

Ö Ö ;    
 

.
5

ʂ ɼʆʇ ʂ
U E ɺ² = .     

ʎʠʤ ʜʘʥʠʤ ʟʘʜʦʚʦʣʴʥʷʻ ʪʨʘʥʟʠʩʪʦʨ ʂʊ315ɽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: 

.

0.max .

50...350; 30 ; 100 ;

5 ; 100 .

ʂ ɼʆʇ

ʂ ʂ ɼʆʇ

U ɺ f ʄɻʮ

I ʤʢɸ I ʤɸ

a
b= = =

= =  

ʆʧʽʨ ʨʝʟʠʩʪʦʨʘ ʚ ʢʦʣʝʢʪʦʨʥʦʤʫ ʣʘʥʮʶʟʽ ʚʠʟʥʘʯʘʻʤʦ ʟ ʚʠʨʘʟʫ 

.

.ʂ

ʂ

ʂ ʅ

E
R

I
=        

ʆʙʠʨʘʻʤʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʢʦʣʝʢʪʦʨʘ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ 
.ʂ ʅ

I  ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʩʪʨʫʤʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʦʚô̫ ʟʢʦʚʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʥʝʨʽʚʥʦʩʪʽ 
. .ʂ ʅ ʂ ɼʆʇ

I I< . ɿʘ ʚʝʣʠʢʦʛʦ 
.ʂ ʅ

I  ʧʦʣ̔ʧʰʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʰʚʠʜʢʦʜʽʷ ʢʣʶʯʘ.  

ʇʨʠʡʤʝʤʦ 
.

50 .
ʂ ʅ

I ʤɸ=  

ʆʧʽʨ 
3

5
100 .

50 10
ʂ

R ʆʤ
-

= =
Ö
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ʇʨʠʡʤʝʤʦ 100 .
ʂ

R ʆʤ=  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʝʟʠʩʪʦʨʘ 
2ɹ

R  ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ 

ʟʘʤʽʱʝʥʥʷ ʊʂ ʫ ʨʝʞʠʤʽ ʚʽʜʩʽʯʝʥʥʷ (ʨʠʩ. 6.30, ʘ). 

 
ʈʠʩ. 6.30. ɽʢʚʽʚʘʣʝʥʪʥʽ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʊʂ: 

ʘ ï ʨʝʞʠʤ ʚʽʜʩʽʯʝʥʥʷ; ʙ ï ʨʝʞʠʤ ʥʘʩʠʯʝʥʥʷ 

ʅʘʧʨʫʛʘ 
ɹɽ

U  ʩʪʚʦʨʶʻʪʴʩʷ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ: ʜʞʝʨʝʣʦʤ ʙʘʟʦʚʦʾ 

ʥʘʧʨʫʛʠ ʟʩʫʚʫ 
ɹ

E  ʽ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ 
0ʂ

I . 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ ʽ ʟʥʘʡʜʝʤʦ 

1 2 1 1 2

0 0

1 2 1 2 1 2 2

.ɹ ɹ ɹ ɹ ɹ ɹ

ɹɽ ʂ ɹ ʂ

ɹ ɹ ɹ ɹ ɹ ɹ ɹ

R R R R R E
U I E I

R R R R R R R

å õ
= - = -æ ö

+ + +ç ÷  

(6.8) 

ɼʣʷ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ ʢʣʶʯʘ ʥʘʧʨʫʛʘ 0.
ɹɽ

U ¢  ʊʦʜʽ ʚʠʨʘʟ (6.8) 

ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 

0

2

0ɹ

ʂ

ɹ

E
I

R

å õ
- ¢æ ö

ç ÷
.     

ɿʚʽʜʩʠ ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 
2ɹ

R : 

2

0.max

ɹ

ɹ

ʂ

E
R

I
¢ ,       

ʜʝ 
0.max

0
ʂ

I ¢  ï ʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɿʥʘʭʦʜʠʤʦ ʥʘʧʨʫʛʫ ʟʩʫʚʫ: 0,2 0,2 5 1 .ɹ ʂɽ ɽ ɺº = Ö = 

ɺʠʟʥʘʯʠʤʦ 2 6

0.max

1
200 .

5 10

ɹ

ɹ

ʂ

E
R ʢʆʤ

I -
¢ = =

Ö  

ʇʨʠʡʤʝʤʦ 
2

100 .
ɹ

R ʢʆʤ=  
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʝʟʠʩʪʦʨʘ 
1 1 1

' ''
ɹ ɹ ɹ

R R R= +  ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ ʟʘʤʽʱʝʥʥʷ ʊʂ ʫ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ. ʉʪʨʫʤ ʙʘʟʠ 

ʩʪʚʦʨʶʶʪʴ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ 
ʂɽʈ

U  ʽ 
ɹ

E . ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ 

ʽ ʟʥʘʡʜʝʤʦ 

1 2

1 2

.ʂɽʈ ɹ

ɹ ɹ ɹ

ɹ ɹ

U E
I I I

R R
= + = -        

ʋʤʦʚʘ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ (6.7) ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

1 2

.ʂɽʈ ɹ ʂ

ɹ

ɹ ɹ ʂ

U E E
I

R R R b
= - ²

Ö
       

ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥ ̫

1

2

.ʂɽʈ

ɹ

ʂ ɹ

ʂ ɹ

U
R

E E

R Rb

¢

+
Ö

      (6.9) 

ɿʥʘʭʦʜʠʤʦ 
1

3

2
1980 .

5 1

100 50 100 10

ɹ
R ʆʤ

-

¢ º

+
Ö Ö

  

ʆʪʨʠʤʘʻʤʦ 
1

1,5 .
ɹ

R ʢʆʤ=  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʨʝʟʠʩʪʦʨʽʚ 
1

'
ɹ

R  ʽ 
1

''
ɹ

R  ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʤʽʨʢʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʧʽʜ ʯʘʩ ʦʧʠʩʫ ʨʦʙʦʪʠ ʊʂ. ɸʤʧʣʽʪʫʜʘ ʩʪʨʫʤʫ ʙʘʟʠ  

1ɹ
I , ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʟʠʩʪʦʨʦʤ 

1
'
ɹ

R , ʪʦʤʫ ʱʦ 
1

''
ɹ

R  ʰʫʥʪʫʻʪʴʩʷ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ʉʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ S ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ. ʊʦʤʫ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

1
'
ɹ

R  ʦʜʝʨʞʠʤʦ ʟ (6.9), ʚʚʽʚʰʠ ʚ ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ S: 

1

2

' .ʂɽʈ

ɹ

ʂ ɹ

ʂ ɹ

U
R

E S E

R Rb

¢
Ö
+

Ö

     (6.10) 

ʋ ʚʠʨʘʟʽ (6.10) ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ S. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʬʨʦʥʪʫ [8; 11]: 

ln( ),
1

ʬ

S
t

S
b
t=

-
    (6.11) 
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ʜʝ 
2 f

b

a

b
t

p
=  ï ʩʪʘʣʘ ʯʘʩʫ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɼʣʷ ʥʘʰʦʛʦ ʧʨʠʢʣʘʜʫ 
6

50
80 .

2 3,14 100 10
ʥʩ

b
t

-
= º
Ö Ö Ö

 
 

ɿʘʜʘʶʯʠ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ S ʟ ʚʠʨʘʟʫ (6.11), ʚʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ 
ʬ

t  

ʽ ʧʦʨʽʚʥʶʻʤʦ ʡʦʛʦ ʟ ʟʘʜʘʥʠʤ. ɺʠʙʠʨʘʻʤʦ ʟʥʘʯʝʥʥʷ S, ʟʘ ʷʢʦʛʦ ʦʪʨʠʤʘʥʝ 
ʬ

t  

ʤʝʥʰʝ ʟʘʜʘʥʦʛʦ ʡ ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʨʽʚʥʦʛʦ 50 ʥʩ. ʅʘʧʨʠʢʣʘʜ, ʟʘ S = 3 

3
80ln( ) 80 0,4 32 50 ,

3 1
ʬ

t ʥʩ ʥʩ= = Ö = <
-

 ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʟʥʘʯʝʥʽʡ 

ʚʠʤʦʟʽ. ɿʥʘʭʦʜʠʤʦ 
1

3

2
' 665 .

5 3 1

100 50 100 10

ɹ
R ʆʤ

-

¢ =
Ö
+

Ö Ö

 

ʇʨʠʡʤʘʻʤʦ 
1

' 630 .
ɹ

R ʆʤ=  

ɺʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ  

1 1 1
'' ' 1500 630 870
ɹ ɹ ɹ

R R R ʆʤ= - = - = . 

ɭʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʱʦ ʧʨʠʩʢʦʨʶʻ, ʟʥʘʭʦʜʠʤʦ ʟ ʚʠʨʘʟʫ [6; 12]: 

9

1

70 10
80 .

'' 870
ʇ

ɹ

C ʧʌ
R

b
t -Ö

= = º
 

ʇʦʩʣʽʜʦʚʥʽ ʊʂ  

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʩʭʝʤʠ (ʨʠʩ. 6.20ï6.30) ʻ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʣʶʯʘʤʠ, 

ʪʦʤʫ ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʣʶʯʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʝʭʦʜʫ ʢʦʣʝʢʪʦʨ-ʝʤʽʪʝʨ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʅʘ ʨʠʩ. 6.31 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʣʶʯʘ ʥʘ 

ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ. 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʢʣʶʯʘ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʷ 

ʫʤʦʚʘ: 0
ɺʍ

U > . ʇ̔ʜ ʯʘʩ ʫʚʽʤʢʥʫʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ( 0)
ʂɽʈ

U >
 
ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʥʘʧʨʫʛʠ 
ɺʍ

U , ʘ ʫ ʨʘʟʽ ʚʠʤʢʥʫʪʦʛʦ ( 0)
ʂɽʈ

U <  ï ʮʝʡ ʟʚô̫ ʟʦʢ 

ʦʙʨʠʚʘʻʪʴʩʷ. 
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Uɺʍ>0 Uɺʀʍ

Rɹ

VT1

Uʂɽʈ
+

ï 
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Rʅ=Rɽ

IE

(+)

(ï)

ɯɹ

 

ʈʠʩ. 6.31. ʉʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʣʶʯʘ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

6.3.3. ʂʣʶʯʽ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ  

ʗʢ ɸɽ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʢʣʶʯʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʴʦʚʽ 

ʪʨʘʥʟʠʩʪʦʨʠ. ɰʭʥʽʤʠ ʽʩʪʦʪʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʧʝʨʝʜ ʊʂ ʥʘ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʻ: 

ï  ʚʠʩʦʢʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ ʽ, ʦʪʞʝ, ʤʘʣʠʡ ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ ʫ ʥʝʧʨʦʚʽʜʥʦʤʫ 

ʩʪʘʥʽ; 

ï  ʤʘʣʘ ʟʘʣʠʰʢʦʚʘ ʥʘʧʨʫʛʘ ʥʘ ʢʣʶʯʽ ʚ ʧʨʦʚʽʜʥʦʤʫ ʩʪʘʥʽ; 

ï  ʛʘʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʨʦʟʚô̫ ʟʢʘ ʤʽʞ ʢʝʨʫʚʘʣʴʥʠʤ ʽ ʚʠʢʦʥʘʚʯʠʤ ʣʘʥʮʶʛʦʤ; 

ï  ʤʘʣʘ ʧʣʦʱʘ, ʷʢʫ ʟʘʡʤʘʻ ʪʨʘʥʟʠʩʪʦʨ ʥʘ ʧʽʜʢʣʘʜʮʽ ʫ ʨʘʟʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʚʠʢʦʥʘʥʥ ̫ʽ ʪ. ʽʥ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚ ʪʘʢʠʭ ʢʣʶʯʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʴʦʚʽ ʄɼʅ-

ʪʨʘʥʟʠʩʪʦʨʠ. ʂʦʣʠ ʬʫʥʢʮʽʶ ʜʽʝʣʝʢʪʨʠʢʘ ʚʠʢʦʥʫʻ ʦʢʠʩ (ʜʚʦʦʢʠʩ ʢʨʝʤʥʽʶ), ʪʦ 

ʾʭ ʥʘʟʠʚʘʶʪʴ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʘʤʠ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʘʨʘʣʝʣʴʥʠʡ ʢʣʶʯ ʥʘ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽ ʟ ʽʥʜʫʢʦʚʘʥʠʤ 

ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʡʦʛʦ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʫ ɺɸʍ, ʚʠʭʽʜʥʽ ʩʪʘʪʠʯʥʽ ɺɸʍ ʽ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʧʨʷʤʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 6.32. 

 
ʈʠʩ. 6.32. ʊʂ ʥʘ ʄʆʅʄ-ʪʨʘʥʟʠʩʪʦʨʽ: ʘ ï ʩʭʝʤʘ ʢʣʶʯʘ; ʙ ï ʩʪʦʢʦ-ʟʘʪʚʦʨʥʘ ɺɸʍ; ʚ ï ʚʠʭʽʜʥʽ 

ʩʪʘʪʠʯʥʽ ɺɸʍ ʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʧʨʷʤʘ 
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ʆʧʽʨ ʨʝʟʠʩʪʦʨʘ CR  ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʝʩʷʪʢʠ ʢʽʣʦʦʤ. ʗʢʱʦ ʚʭʽʜʥʘ 

ʥʘʧʨʫʛʘ,  ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʤʽʞ ʟʘʪʚʦʨʦʤ ʽ ʚʠʪʦʢʦʤ ʪʨʘʥʟʠʩʪʦʨʘ ʤʝʥʰʝ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 
ʇʆʈ

U , ʪʦ ʢʘʥʘʣ ʤʽʞ ʩʪʦʢʦʤ ʽ ʚʠʪʦʢʦʤ ʚʽʜʩʫʪʥʽʡ ʽ ʩʪʨʫʤ 

0
C ʅ

I I= =. ʊʨʘʥʟʠʩʪʦʨ ʟʘʢʨʠʪʠʡ ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ɺʀʍ Cɺ ʉ C C C
U U E I R E= = - =. ʗʢʱʦ ʥʘ ʚʭʽʜ ʥʘʜʭʦʜʠʪʴ ʚʭʽʜʥʠʡ ʜʦʜʘʪʥʠʡ 

ʽʤʧʫʣʴʩ ʘʤʧʣʽʪʫʜʦʶ ʙʽʣʴʰʦʾ, ʥʽʞ 
ʇʆʈ

U , ʪʦ ʤʽʞ ʩʪʦʢʦʤ ʽ ʚʠʪʦʢʦʤ ʽʥʜʫʢʫʻʪʴʩʷ 

ʢʘʥʘʣ ʪʠʧʫ n ʽ ʟô̫ ʚʣʷʻʪʴʩʷ ʩʪʨʫʤ 
C

I , ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʥʘʨʦʩʪʘʥʥʽ ɺʍ
U . 

ʊʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʽ ʟ ʚʠʭʦʜʫ ʟʥʽʤʘʻʪʴʩʷ ʟʘʣʠʰʢʦʚʘ ʥʘʧʨʫʛʘ 

.
0

Cɺ ɿɸʃ
U º . 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ? ʗʢʽ ʜʽʦʜʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ɼʂʃ? 

2. ʅʘʚʝʜʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ ʪʘ ʧʦʷʩʥʽʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʧʝʨʝʜʘʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

3. ʗʢʘ ʥʘʧʨʫʛʘ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʦʛʦʚʦʶ? ɼʣʷ ʯʦʛʦ ʚ ʩʭʝʤʫ ɼʂʃ ʚʚʦʜʠʪʴʩʷ 

ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ɽɿʉ?  

4. ʗʢ ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʧʦʩʣʽʜʦʚʥʦʛʦ ɼʂʃ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘʧʨʫʛ 

Uɺʍ ʪʘ ɽɿʉ ? 

5. ʗʢʽ ʚʠʤʦʛʠ ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʟʠʩʪʦʨʽʚ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ɼʂʃ? 

6. ʅʘʚʝʜʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʧʘʨʘʣʝʣʴʥʦʛʦ ɼʂʃ ʪʘ ʧʦʷʩʥʽʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʧʝʨʝʜʘʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

7. ʗʢʽ ʚʠʤʦʛʠ ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʟʠʩʪʦʨʽʚ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ɼʂʃ? 

8. ʑʦ ʪʘʢʝ ʦʙʤʝʞʫʚʘʯ ʘʤʧʣʽʪʫʜʠ? ʗʢʽ ʚʠʜʠ ʦʙʤʝʞʫʚʘʯʽʚ ʘʤʧʣʽʪʫʜʠ ʚʠ 

ʟʥʘʻʪʝ? 

9. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʜʚʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʫʚʘʯʽʚ ʥʘʧʨʫʛʠ ʥʘ ɼʂʃ. ʇʦʷʩʥʽʪʴ 

ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ. 

10. ʗʢʠʡ ʧʨʠʩʪʨʽʡ ʥʘʟʠʚʘʻʪʴʩʷ ʪʠʨʠʩʪʦʨʦʤ? ɼʣʷ ʯʦʛʦ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ? 

11. ʆʧʠʰʽʪʴ  ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʫ ʪʠʨʠʩʪʦʨʽ ʧ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ 

ʥʴʦʛʦ ʧʨʷʤʦʾ ʥʘʧʨʫʛʠ (Uɸ.ʇʈ):  

ʘ) Uɸ.ʇʈ < Uɺʄʀʂɸʅʅʗ; 

ʙ) Uɸ.ʇʈ Ó Uɺʄʀʂɸʅʅʗ.. 
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12. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʨʽʦʜʥʠʡ ʪʠʨʠʩʪʦʨ ʚʽʜ ʜʽʦʜʥʦʛʦ? ʗʢʽ ʫʤʦʚʠ ʡʦʛʦ 

ʚʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ? 

13. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʪʠʨʠʩʪʦʨʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ. 

14. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʐɯʄ-ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ 

ʪʠʨʠʩʪʦʨʽ. 

15. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʊʂ? 

16. ʅʘʟʚʽʪʴ ʩʪʘʥʠ, ʚ ʷʢʠʭ ʧʝʨʝʙʫʚʘʶʪʴ ʊʂ? ʏʠʤ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ? 

17. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʢʣʶʯʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜ 

ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ? 

18. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʚʽʜʩʽʯʝʥʥʷ ʜʣʷ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ ʊʂ. ʗʢʠʤ ʯʠʥʦʤ ʾʾ 

ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ? 

19. ɿʘʧʠʰʽʪʴ ʫʤʦʚʠ ʥʘʩʠʯʝʥʥʷ ʊʂ. ʗʢʠʤ ʯʠʥʦʤ ʾʾ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ? 

20. ʑʦ ʪʘʢʝ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ ʊʂ? 

21. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʥʘʯʝʥʥʷʤ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ 

ʜʣʷ ʟʘʢʨʠʪʦʛʦ ʪʘ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʽʚ ʊʂ. 

22. ʇʦʷʩʥʽʪʴ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʊʂ. 

23. ʗʢ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ ʨʦʙʦʪʠ ʊʂ? ɿʦʙʨʘʟʽʪʴ ʦʧʪʠʤʘʣʴʥʫ 

ʬʦʨʤʫ ʚʭʽʜʥʦʛʦ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʊʂ. 

24. ʗʢʠʤ ʯʠʥʦʤ ʢʦʥʜʝʥʩʘʪʦʨ, ʱʦ ʧʨʠʩʢʦʨʶʻ, ʟʤʽʥʶʻ ʬʦʨʤʫ ʙʘʟʦʚʦʛʦ 

ʩʪʨʫʤʫ?  

25. ʅʘʟʚʽʪʴ ʧʝʨʝʚʘʛʠ ʢʣʶʯʽʚ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. 

26. ʑʦ ʪʘʢʝ ʜʽʦʜ ʪʘ ʪʨʘʥʟʠʩʪʦʨ ʐʦʪʪʢʠ? 

27. ʗʢʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʜʘʻ ʚʚʝʜʝʥʥʷ ʫ ʩʭʝʤʫ ʊʂ ʜʽʦʜʘ ʫ ʨʦʣʽ ɺɿɿ? 

28. ʆʧʠʰʽʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʊʂ ʽʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʱʦ 

ʧʨʠʩʢʦʨʶʻ. 
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 7. ɯʄʇʋʃʔʉʅɯ ʊʈʀɻɽʈʀ 

7.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʨʠʛʝʨʠ 

ʊʨʠʛʝʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʤʘʻ ʜʚʘ ʩʪʽʡʢʠʭ 

ʩʪʘʥʠ ʨʽʚʥʦʚʘʛʠ ʽ ʟʜʘʪʥʠʡ ʧʽʜ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʩʪʨʠʙʢʦʤ ʧʝʨʝʭʦʜʠʪʠ ʟ 

ʦʜʥʦʛʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ. ɿʚʠʯʘʡʥʦ ʪʨʠʛʝʨ ʤʽʩʪʠʪʴ ʜʚʘ ʚʠʭʦʜʠ ʽ 

ʜʝʢʽʣʴʢʘ ʢʝʨʫʶʯʠʭ ʚʭʦʜʽʚ. ʅʘ ʨʠʩ. 7.1 ʥʘʚʝʜʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʪʨʠʛʝʨʘ, ʷʢʠʡ ʤʘʻ ʜʚʘ ʚʠʭʦʜʠ ʽ ʪʨʠ ʢʝʨʫʶʯʽ ʚʭʦʜʠ. 

Q - ʆʜʠʥʠʯʥʠʡ ʚʠʭ̔ʜ

Q - ʥʫʣɹʦʚʠʡ ʚʠʭ̔ʜ 

ɺʭ̔ʜ ʩʢʠʜʘʥʥ̫ ʚ 0

ʃ̔ʯʠʣɹʥʠʡ ʚʭ̔ʜ

ɺʭ̔ʜ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʚ 1

1

S

T

R

TT

0

 
ʈʠʩ. 7.1. ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʪʨʠʛʝʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 

ʉʠʛʥʘʣʠ ʥʘ ʚʠʭʦʜʽ ʪʨʠʛʝʨʘ, ʦʜʠʥ ʽʟ ʷʢʠʭ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʠʤ 

(ʦʜʠʥʠʯʥʠʤ) ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ Q, ʘ ʽʥʰʠʡ ï ʽʥʚʝʨʩʥʠʤ (ʥʫʣʴʦʚʠʤ) ï Q , 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ. 

ʉʪʽʡʢʽ ʩʪʘʥʠ ʨʽʚʥʦʚʘʛʠ, ʚ ʷʢʠʭ ʪʨʠʛʝʨ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ 

ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʷʢ ʟʘʚʛʦʜʥʦ ʜʦʚʛʦ, ʥʘʟʠʚʘʶʪʴ ʦʜʠʥʠʯʥʠʤ ʽ 

ʥʫʣʴʦʚʠʤ. ʗʢʱʦ ʪʨʠʛʝʨ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʫʣʴʦʚʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʪʦ ʥʘ 

ʚʠʭʦʜʽ Q, ʧʨʠʩʫʪʥʽʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ, ʘ ʥʘ ʚʠʭʦʜʽ Q ï ʥʠʟʴʢʠʡ. ʗʢʱʦ 

ʞ ʪʨʠʛʝʨ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʧʨʦʪʠʣʝʞʥʠʡ ʦʜʠʥʠʯʥʠʡ ʩʪʘʥ, ʪʦ ʟ ʚʠʭʦʜʫ Q  

ʟʥʽʤʘʻʪʴʩʷ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, ʘ ʟ ʚʠʭʦʜʫ Q ï ʚʠʩʦʢʠʡ. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʪʨʠʛʝʨʘ ʚ ʦʜʠʥ ʟ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʭʽʜʥʠʤʠ ʢʝʨʫʚʘʣʴʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ S (ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʠʛʝʨʘ ʚ ʦʜʠʥʠʯʥʠʡ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ) ʯʠ ʥʘ R (ʩʢʠʜʘʥʥʷ ʚ ʥʫʣʴʦʚʠʡ). ɺʭʦʜʠ S ʽ R ʻ ʩʪʘʪʠʯʥʠʤʠ, 

ʪʦʤʫ ʱʦ ʢʝʨʫʚʘʣʴʥʠʡ ʚʧʣʠʚ ʧʦʜʘʻʪʴʩʷ ʥʘ ʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʛʦ ʧʦʩʪʽʡʥʦʛʦ 

ʨʽʚʥʷ ʥʘʧʨʫʛʠ. ʊʨʠʛʝʨ ʤʦʞʝ ʤʘʪʠ ʪʘʢʦʞ ʜʠʥʘʤʽʯʥʠʡ ʚʭʽʜ, ʥʘʧʨʠʢʣʘʜ ʊ (ʢʦʣʠ 

ʟʤʽʥʘ ʩʪʘʥʫ ʪʨʠʛʝʨʘ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ (ʧʝʨʝʢʣʶʯʝʥʥʷ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʝʨʝʭʦʜʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʥʘ ʚʠʩʦʢʠʡ (ʨʠʩ. 7.1), ʘʙʦ 

ʥʘʚʧʘʢʠ ï ʟ ʚʠʩʦʢʦʛʦ ʥʘ ʥʠʟʴʢʠʡ).  
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ʇʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʪʨʠʛʝʨ ʟʘʡʤʘʻ ʚʠʧʘʜʢʦʚʠʡ ʩʪʘʥ (ʥʫʣʴʦʚʠʡ 

ʯʠ ʦʜʠʥʠʯʥʠʡ), ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤʘʭ, ʜʝ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʩʭʝʤʠ ʤʘʻ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʪʨʠʛʝʨʘ ʫ ʧʦʯʘʪʢʦʚʠʡ 

ʩʪʘʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʭʦʜʠ S ʽ R.  

ɿʘ ʩʧʦʩʦʙʦʤ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʠ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

ï ʘʩʠʥʭʨʦʥʥʽ;  

ï ʩʠʥʭʨʦʥʥʽ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʪʨʠʛʝʨ ʟ ʣʽʯʠʣʴʥʠʤ ʚʭʦʜʦʤ (ʨʠʩ. 7.1) ʤʘʻ ʜʚʘ ʚʭʦʜʠ:    

S ï set ʽ R ï reset ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ/ʩʢʠʜʘʥʥʷ ʪʨʠʛʝʨʘ ʥʘ    

ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ. 

ʉʠʥʭʨʦʥʥʠʡ RS-ʪʨʠʛʝʨ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʠʡ ʩʠʥʭʨʦʚʭiʜ ʉ. ʇ̔ʜ ʯʘʩ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʮʝʡ ʚʭʽʜ ʩʠʥʭʨʦʩʠʛʥʘʣy ʪʨʠʛʝʨ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʚ ʩʪʘʥ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʩʠʛʥʘʣʘʤʠ ʥʘ ʚʭʦʜʘʭ S ʽ R. ɺʧʣʠʚ ʢʝʨʫʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʩʪʘʥ 

ʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 7.1. 

ʊʨʠʛʝʨʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ: ʷʢ ʝʣʝʤʝʥʪʠ ʧʘʤô̫ ʪʽ, ʷʢʽ ʟʜʘʪʥʽ 

ʟʙʝʨʽʛʘʪʠ 1 ʙʽʪ ʜʚʽʡʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʫ ʧʦʜʽʣʴʥʠʢʘʭ ʯʘʩʪʦʪʠ; ʣʽʯʠʣʴʥʠʢʘʭ 

ʽʤʧʫʣʴʩʽʚ; ʫ ʬʦʨʤʫʚʘʯʘʭ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽʟ ʩʠʛʥʘʣʽʚ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ  

ʽ ʪ. ʽʥ.  

ʅʘ ʨʠʩ. 7.2 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ ʟ ʣʽʯʠʣʴʥʠʤ 

ʚʭʦʜʦʤ (ʨʠʩ. 7.1), ʱʦ ʧʦʷʩʥʶʶʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʦʜʽʣʴʥʠʢʘ ʯʘʩʪʦʪʠ 

ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ ʜʚʘ. 

ʏʦʪʠʨʴʦʤ ʽʤʧʫʣʴʩʘʤ ʥʘ ʢʝʨʫʚʘʣʴʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʚʭʦʜʽ ʊ (ʨʠʩ. 7.1) 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʘ ʽʤʧʫʣʴʩʠ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʘʙʦ ʥʫʣʴʦʚʦʤʫ ʚʠʭʦʜʘʭ ʪʨʠʛʝʨʘ. 

ɹʫʜʴ-ʷʢʠʡ ʪʨʠʛʝʨ ʻ ʨʝʛʝʥʝʨʘʪʠʚʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʚ ʷʢʦʤʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ: ʙʘʣʘʥʩ ʘʤʧʣʽʪʫʜ ʽ ʙʘʣʘʥʩ ʬʘʟ, ʧʽʜ 

ʜʽʻʶ ʷʢʦʾ ʧ̔ʜ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʩʭʝʤʘ ʜʫʞʝ 

ʰʚʠʜʢʦ (ʣʘʚʠʥʦʧʦʜiʙʥʦ) ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʥʘ ʚʠʭʦʜʘʭ ʪʨʠʛʝʨʘ ʬʦʨʤʫʶʪʴʩʷ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ ʟ 

ʢʨʫʪʠʤʠ ʬʨʦʥʪʘʤʠ. 

ɭ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʪʨʠʛʝʨʽʚ:  

ï ʥʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ (ʃɽ);  

ï ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ ʪʘ ɯʄʉ ʆʇ;  

ï ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʄʉ. 

ʊʨʠʛʝʨʠ ʥʘ ʃɽ ʽ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʥʠʞʯʝ 

ʧ̔ ʜ ʯʘʩ ʚʠʚʯʝʥʥ ̫ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʅʠʞʯʝ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʦʙʦʪʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʤʧʫʣʴʩʥʠʭ 

ʪʨʠʛʝʨʽʚ ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ (ʪʨʘʥʟʠʩʪʦʨʘʭ ʪʘ ɯʄʉ ʆʇ). 
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ʊʘʙʣʠʮʷ 7.1. ɺʧʣʠʚ ʢʝʨʫʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʩʪʘʥ ʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʝʨʘ 

ʉʠʛʥʘʣʠ ʥʘ ʢʝʨʫʚʘʣʴʥʠʭ ʚʭʦʜʘʭ ʪʨʠʛʝʨʘ 
ʉʪʘʥ ʪʨʠʛʝʨʘ ʧʽʩʣʷ   

ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʘ  Q
t+1 S R     ʉʠʥʭʨʦʚʭʽʜ ʉ 

ɺʠʩʦʢʠʡ  ʅʠʟʴʢʠʡ  

 

1 

(ʦʜʠʥʠʯʥʠʡ) 

ʅʠʟʴʢʠʡ ɺʠʩʦʢʠʡ 

 

0 

(ʥʫʣʴʦʚʠʡ) 

ʅʠʟʴʢʠʡ ʅʠʟʴʢʠʡ 

 

Q
t
 ï ʩʪʘʥ ʜʦ 

ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʘ 

 

ɺʠʩʦʢʠʡ ɺʠʩʦʢʠʡ 

 

ʂʦʤʙʽʥʘʮʽʷ ʩʠʛʥʘʣʽʚ 

ʟʘʙʦʨʦʥʝʥʘ 

 

ɼʦ ʦʩʥʦʚʥʠʭ ʩʭʝʤ ʪʨʠʛʝʨʽʚ ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʥʘʣʝʞʘʪʴ: 

ï ʩʠʤʝʪʨʠʯʥʽ ʪʨʠʛʝʨʠ; 

ï ʥʝʩʠʤʝʪʨʠʯʥʽ ʪʨʠʛʝʨʠ. 

7.2. ʉʠʤʝʪʨʠʯʥʽ ʪʨʠʛʝʨʠ  

ɭ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ʩʠʤʝʪʨʠʯʥʠʭ ʪʨʠʛʝʨʽʚ: 

ï ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʤʽʱʝʥʥʷʤ; 

ï ʽʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʟʤʽʱʝʥʥʷʤ. 

ʉʭʝʤʘ ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʨʠʛʝʨʘ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʤʽʱʝʥʥʷʤ 

(ʨʠʩ. 7.3) ʤʽʩʪʠʪʴ ʜʚʘ ʊʂ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʷʢʽ 

ʚʢʣʶʯʝʥʦ ʟʘ ʩʭʝʤʦʶ ʟ ʉɽ. 
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ɺʠʩʦʢʠʡ ʨ̔ʚʝʥɹ

ʅʠʟɹʢʠʡ ʨ̔ʚʝʥɹ

ɺʠʩʦʢʠʡ ʨ̔ʚʝʥɹ

ʅʠʟɹʢʠʡ ʨ̔ʚʝʥɹ

 
ʈʠʩ. 7.2. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ ʟ ʣiʯʠʣʴʥʠʤ ʚʭʦʜʦʤ 

Uɺʀʍ1

R1

C1

R2

C2

Eʂ
+ ï 

Eɹ
+

ï 

C3 C4

Uʂɽʈ1

+
(R)

+
(S)

(Cʈ2)(Cʈ1)

Rɹ1 Rɹ2

VT2

VT1

(Q) (Q)

Rʂ1 Rʂ2

ïȹU +ȹU

+ȹU ïȹU

Uɺʀʍ2

Uʂɽʈ2

 
ʈʠʩ. 7.3. ʉʭʝʤʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʨʠʛʝʨʘ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʤʽʱʝʥʥʷʤ 

ɺʠʭʽʜ ʢʦʞʥʦʛʦ ʢʣʶʯʘ ʟʚô̫ ʟʘʥʠʡ ʽʟ ʚʭʦʜʦʤ ʽʥʰʦʛʦ. ʇʨʠʟʥʘʯʝʥʥʷ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʊʂ ʘʥʘʣʦʛʽʯʥʝ ʩʭʝʤʽ ʢʣʶʯʘ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʤʽʱʝʥʥʷʤ, 

ʷʢʠʡ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʟʜʽʣʽ 5: K1R , K2R  ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʝʟʠʩʪʦʨʠ 
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ʪʨʘʥʟʠʩʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʧʨʷʤʦʾ ʥʘ 

ʚʠʭʽʜʥʠʭ ʩʪʘʪʠʯʥʠʭ ɺɸʍ ʽ ʟʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʂ.ʅI . ʈʝʟʠʩʪʦʨʠ ɹ1R , ɹ2R  ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʢʨʠʚʘʥʥʷ ʦʜʥʦʛʦ ʟ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʟʤʽʱʝʥʥʷ: ɹɽ- . 

ʈʝʟʠʩʪʦʨʠ R1 ʽ R2 ʟʜʽʡʩʥʶʶʪʴ ʟʚô̫ ʟʦʢ ʤʽʞ ʢʣʶʯʘʤʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʽʜʢʨʠʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʽ ʩʪʫʧʝʥʝʤ ʥʘʩʠʯʝʥʥʷ S, ʙʣʠʟʴʢʠʤ ʜʦ 

ʦʜʠʥʠʮʽ. C1, C2 ï ʢʦʥʜʝʥʩʘʪʦʨʠ, ʷʢʽ ʧʨʠʩʢʦʨʶʶʪʴ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ. ɭʤʥʦʩʪʽ ʉ3, ʉ4 ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʜʘʯʫ ʥʘ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʢʝʨʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ 

ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʽʚ. ʉʠʤʝʪʨʠʯʥʠʤ ʜʘʥʠʡ ʪʨʠʛʝʨ ʙʫʜʝ ʪʦʜʽ, ʢʦʣʠ ʝʣʝʤʝʥʪʠ 

ʩʭʝʤʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʞʥʦʛʦ ʢʣʶʯʘ, ʦʜʥʘʢʦʚʽ: 

ï C1 = C2 = C;  

ï KK2K1 RRR == ;  

ï C3 = C4; R1 = R2 = R;  

ï VT1 ʽ VT2 ï ʦʜʥʦʛʦ ʪʠʧʫ. 

ʃʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʚ ʜʘʥʽʡ ʩʭʝʤʽ ʻ ɼɿɿ, ʪʦʙʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʰʘ 

ʫʤʦʚʘ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ ï ʙʘʣʘʥʩ ʬʘʟ. ʂʦʣʠ ʨʦʙʦʯʽ ʪʦʯʢʠ ʦʙʦʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʘʢʪʠʚʥʽʡ ʦʙʣʘʩʪʽ, ʫ ʪʨʠʛʝʨʽ ʚʠʢʦʥʫʻʪʴʩʷ ʜʨʫʛʘ 

ʫʤʦʚʘ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ ï ʙʘʣʘʥʩ ʘʤʧʣʽʪʫʜ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʩʫʤʘʨʥʝ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʣʘʥʮʶʛʘ ɼɿɿ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʟʘʛʘʩʘʥʥʷ ʡ ʾʭʥʽʡ 

ʜʦʙʫʪʦʢ ʙʽʣʴʰʠʡ ʦʜʠʥʠʮʽ. 

ʉʭʝʤʘ ʤʘʻ ʜʚʘ ʩʪʘʥʠ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ: 

1-ʡ ʩʪʘʥ (ʥʫʣʴʦʚʠʡ) ï VT1 ï ʥʘʩʠʯʝʥʠʡ (ʚʽʜʢʨʠʪʠʡ); VT2 ï ʟʘʢʨʠʪʠʡ; 

2-ʡ ʩʪʘʥ (ʦʜʠʥʠʯʥʠʡ) ï VT1 ï ʟʘʢʨʠʪʠʡ, VT2 ï ʚʽʜʢʨʠʪʠʡ (ʥʘʩʠʯʝʥʠʡ). 

ʏʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʥʝʚʝʣʠʢʦʾ ʘʩʠʤʝʪʨʽʾ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʻ ʥʘʚʽʪʴ ʟʘ 

ʦʜʥʘʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʢʣʶʯʽʚ, ʦʜʠʥ ʟ ʪʘʢʠʭ ʩʪʘʥʽʚ ʚʠʧʘʜʢʦʚʦ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʽʩʣʷ ʚʤʠʢʘʥʥʷ ʞʠʚʣʝʥʥʷ ʩʭʝʤʠ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʩʭʝʤʘ 

ʟʘʡʥʷʣʘ 1-ʡ ʩʪʘʥ ï VT1 ʚʽʜʢʨʠʪʠʡ, VT2 ʟʘʢʨʠʪʠʡ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʟʥʘʯʝʥʴ, 

ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 7.3, ʜʘʥʠʡ ʩʪʘʥ ʪʨʠʛʝʨʘ ʻ ʥʫʣʴʦʚʠʤ, ʘ ʧʨʦʪʠʣʝʞʥʠʡ ʡʦʤʫ, 

2-ʡ ʩʪʘʥ ï ʦʜʠʥʠʯʥʠʤ. 

ʅʘ ʢʦʣʝʢʪʦʨʽ ʧʨʘʚʦʛʦ ʟʘʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʷʚʥʘ ʥʘʧʨʫʛʘ 

ʂɺʀʍ2 ɽU º , ʘ ʥʘ ʢʦʣʝʢʪʦʨʽ ʣʽʚʦʛʦ ʚʽʜʢʨʠʪʦʛʦ: ɺʀʍ1 ʂ.ʅ0U U= º. ʅʘʧʨʫʛʘ 

ʚʠʭ2
U  ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2 ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʙʘʟʠ VT1, ʟʘʙʝʟʧʝʯʫʶʯʠ ʡʦʛʦ 

ʥʘʩʠʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ 0ɺʀʍ1ºU , ʪʦ ʧʨʘʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʥʘʜʽʡʥʦ ʟʘʢʨʠʪʠʡ ʚʽʜ 

ʜʞʝʨʝʣʘ ʟʤʽʱʝʥʥʷ (ɽɹ). ʊʘʢʠʡ ʩʪʘʥ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʚʘʣʴʥʠʭ ʚʭʽʜʥʠʭ 
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ʩʠʛʥʘʣʽʚ ʻ ʩʪʽʡʢʠʤ ʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʞʠʚʣʝʥʥʷ ʩʭʝʤʠ ʤʦʞʝ ʪʨʠʚʘʪʠ ʷʢ ʟʘʚʛʦʜʥʦ 

ʜʦʚʛʦ. 

ɼʣʷ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʘ ʚ ʧʨʦʪʠʣʝʞʥʠʡ ʦʜʠʥʠʯʥʠʡ ʩʪʘʥ ʥʝʦʙʭʽʜʥʦ 

ʧʦʜʘʪʠ ʥʘ ʚʭʽʜ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʦʜʠʥʠʮʶ: S (ʥʘ ʙʘʟʫ ʧʨʘʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ) 

ʜʦʜʘʪʥʠʡ ʢʝʨʫʚʘʣʴʥʠʡ ʽʤʧʫʣʴʩ. ʇʨʘʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʥʘ ʡʦʛʦ 

ʢʦʣʝʢʪʦʨʽ ʟô̫ ʚʣʷʻʪʴʩʷ ʚʽʜô̒ ʤʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ 

C2, ʷʢʠʡ ʟʘʰʫʥʪʦʚʫʻ ʨʝʟʠʩʪʦʨ R2, ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʙʘʟʫ ʣʽʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʇʽʜ ʜʽʻʶ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʣʽʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʧʦʯʠʥʘʻ ʟʘʢʨʠʚʘʪʠʩʷ, ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʜʦʜʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʯʝʨʝʟ C1 ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʘʟʫ VT2. 

ʆʧʠʩʘʥʝ ʷʚʠʱʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ɼɿɿ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʨʦʙʦʯʽ ʪʦʯʢʠ ʦʙʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʧʠʥʷʪʴʩʷ ʚ ʘʢʪʠʚʥʽʡ ʦʙʣʘʩʪʽ. ʋ ʩʭʝʤʽ 

ʧʦʯʠʥʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ ʽ ʪʨʠʛʝʨ ʰʚʠʜʢʦ ʟʤʽʥʶʻ 

ʩʚʽʡ ʩʪʘʥ (ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ). ʉʭʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʨʫʛʠʡ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ï 

ʦʜʠʥʠʯʥʠʡ: VT1 ï ʟʘʢʨʠʪʠʡ; VT2 ï ʚʽʜʢʨʠʪʠʡ. ɼʣʷ ʧʦʚʝʨʥʝʥʥʷ ʪʨʠʛʝʨʘ ʚ 

ʥʫʣʴʦʚʠʡ ʩʪʘʥ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʜʦʜʘʪʥʠʡ ʢʝʨʫʚʘʣʴʥʠʡ ʽʤʧʫʣʴʩ ʥʘ ʚʭʽʜ 

ʩʢʠʜʘʥʥʷ ʚ ʥʫʣʴ: R (ʙʘʟʫ ʣʽʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ). ʋ ʮʴʦʤʫ ʨʘʟʽ ʚ ʩʭʝʤʽ ʟʥʦʚʫ 

ʚʠʥʠʢʘʻ ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚʠʱʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʭʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ 

ʾʾ ʚʭʦʜʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ. ɺ ʽʥʰʠʡ ʯʘʩ ʩʭʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʩʪʘʥʽ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ. 

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʪʨʠʛʝʨʽʚ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʱʦ 

ʧʝʨʝʢʣʶʯʘʶʪʴʩʷ, ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʾʭʥʷ ʰʚʠʜʢʦʜʽʷ, ʦʙʫʤʦʚʣʝʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ  ʁ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʢʣʶʯʝʥʴ, ʱʦ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 

ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ɿʚʠʯʘʡʥʦ ʰʚʠʜʢʦʜʽʷ ʚʠʤʽʨʷʻʪʴʩʷ ʚ ʛʝʨʮʘʭ ʯʠ 

ʤʝʛʘʛʝʨʮʘʭ. ʐʚʠʜʢʦʜʽʷ ʪʨʠʛʝʨʘ ʚʧʣʠʚʘʻ ʥʘ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʽʥʪʝʨʚʘʣ 

ʤʽʞ ʜʚʦʤʘ ʢʝʨʫʚʘʣʴʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ. ʎʝʡ ʽʥʪʝʨʚʘʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʧʝʨʝʭʦʜʫ ʪʨʠʛʝʨʘ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ. ʇʨʦʮʝʩ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʘ 

ʫʤʦʚʥʦ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʝʪʘʧʠ:  

1) ʧʽʜʛʦʪʦʚʢʠ; 

2) ʣʘʚʠʥʦʧʦʜiʙʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ; 

3) ʚʽʜʥʦʚʣʝʥʥʷ. 

ʅʘ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʨʦʙʦʯʘ ʪʦʯʢʘ ʚʽʜʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʟ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ ʚ ʘʢʪʠʚʥʫ ʦʙʣʘʩʪʴ, ʘ ʨʦʙʦʯʘ ʪʦʯʢʘ 

ʟʘʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ï ʟ ʦʙʣʘʩʪʽ ʚʽʜʩʽʯʝʥʥʷ ʚ ʘʢʪʠʚʥʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʚ ʧʨʦʮʝʩʽ 

ʣʘʚʠʥʦʧʦʜiʙʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʭʝʤʘ ʰʚʠʜʢʦ ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ. ʏʘʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʦʶ ʯʘʩʪʠʥʦʶ ʧʝʨʝʭʦʜʫ ʪʨʠʛʝʨʘ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ 

ʚ ʽʥʰʠʡ. ɺʽʥ ʧʝʨʝʜʫʩʽʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʟʘʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʷʢʠʡ 
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ʧʨʠʩʢʦʨʶʻ, ʯʝʨʝʟ ʢʦʣʝʢʪʦʨʥʠʡ ʨʝʟʠʩʪʦʨ ʟʘʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʣʝʢʪʦʨʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʷʢʽ ʧʨʠʩʢʦʨʶʶʪʴ. ʂʨʽʤ ʪʦʛʦ, ʥʘ 

ʝʪʘʧʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʪʨʽʙʝʥ ʯʘʩ ʜʣʷ ʨʦʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʷʢʠʡ ʧʨʠʻʜʥʘʥʦ ʜʦ 

ʢʦʣʝʢʪʦʨʘ ʚʽʜʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʅʘʷʚʥʽʩʪʴ ʩʪʘʜʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʪʦʛʦ, ʱʦ ʧʝʨʽʦʜ ʥʘʜʭʦʜʞʝʥʥʷ ʢʝʨʫʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʤʘʻ ʙʫʪʠ ʪʘʢʠʤ, ʱʦʙ 

ʜʦ ʧʨʠʭʦʜʫ ʯʝʨʛʦʚʦʛʦ ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʚʞʝ 

ʫʩʪʘʥʦʚʠʣʠʩʷ. ɿʘʨʷʜʞʝʥʥʷ ʽ ʨʦʟʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʷʢʽ ʧʨʠʩʢʦʨʶʶʪʴ, 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʘʪʷʛʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽ ʜʦ 

ʩʧʦʪʚʦʨʝʥʥʷ ʟʘʜʥʴʦʛʦ. 

ʐʚʠʜʢʦʜʽʷ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʪʨʠʛʝʨʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʷʢʱʦ ʚ ʥʠʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝʥʘʩʠʯʝʥʽ ʊʂ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʠʡ ɺɿɿ, 

ʨʝʘʣʽʟʦʚʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʅɼ (ʜʠʚ. ʧ. 6.3.2). ʋ ʪʘʢʠʭ ʢʣʶʯʘʭ 

ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʥʘʢʦʧʠʯʝʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʙʘʟʽ, ʘ, ʦʪʞʝ, ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʫ ʨʘʟʽ 

ʚʠʤʠʢʘʥʥʷ ʢʣʶʯʘ. 

ʉʧʦʩʦʙʠ ʟʘʧʫʩʢʫ ʩʠʤʝʪʨʠʯʥʠʭ ʪʨʠʛʝʨʽʚ 

ɭ ʜʚʘ ʚʠʜʠ ʟʘʧʫʩʢʫ (ʧʝʨʝʢʣʶʯʝʥʥʷ) ʪʨʠʛʝʨʽʚ: ʨʦʟʜʽʣʴʥʠʡ ʽ ʨʘʭʫʥʢʦʚʠʡ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʝʨʫʚʘʣʴʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ʥʘ ʙʘʟʫ 

ʢʦʞʥʦʛʦ ʟ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʯʠ ʽʤʧʫʣʴʩʘʤʠ ʧʦʣʷʨʥʦʩʪʽ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʽ ʜʽʶʪʴ 

ʥʘ ʙʘʟʽ ʦʜʥʦʛʦ ʟ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʽʤʧʫʣʴʩʠ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ, ʷʢʽ ʧʝʨʝʢʣʶʯʘʶʪʴ, 

ʯʝʨʝʟ ʣʘʥʮʶʛ ʟʘʧʫʩʢʫ ʧʦʜʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʙʘʟʠ (ʯʠ ʢʦʣʝʢʪʦʨʠ) ʦʙʦʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ (ʨʠʩ. 7.4). ɯʤʧʫʣʴʩʠ, ʷʢʽ ʧʝʨʝʢʣʶʯʘʶʪʴ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʨʦʪʢʠʤʠ 

ʟ ʚʝʣʠʢʦʶ ʢʨʫʪʽʩʪʶ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ. ʗʢ ʝʣʝʤʝʥʪʠ ʣʘʥʮʶʛʽʚ ʟʘʧʫʩʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʜʽʣʴʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʜʽʦʜʠ ʽ, ʷʢʱʦ ʪʨʠʚʘʣʽʩʪʴ 

ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʚʝʣʠʢʘ, ʜʠʬʝʨʝʥʮʽʶʶʯʽ ʣʘʥʮʶʛʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʽʚ 

(ʨʠʩ. 7.4). ʇʨʠʧʫʩʪʠʤʦ, ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ VT1 ï ʚʽʜʢʨʠʪʠʡ, ʘ VT2 ï ʟʘʢʨʠʪʠʡ. 

ʂʦʥʜʝʥʩʘʪʦʨ ɿ.1ʉ  ʨʦʟʨʷʜʞʝʥʠʡ, ʘ ɿ.2ʉ  ï ʟʘʨʷʜʞʝʥʠʡ ʜʦ ʥʘʧʨʫʛʠ, ʙʣʠʟʴʢʦʾ ʜʦ 

+ ʂɽ. ʇʝʨʰʠʡ ʚʽʜô̒ ʤʥʠʡ ʽʤʧʫʣʴʩ ɿɸʇU  ʯʝʨʝʟ ʨʦʟʨʷʜʞʝʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ɿ.1ʉ  ʽ 

ʚʽʜʢʨʠʪʠʡ ʜʽʦʜ VD1 (VD2 ï ʟʘʢʨʠʪʠʡ, ʪʦʤʫ ʱʦ ɿ.2ʉ  ï ʟʘʨʷʜʞʝʥʠʡ ʽ ʥʝ 

ʧʨʦʧʫʩʢʘʻ ʚʽʜô̒ ʤʥʠʡ ʽʤʧʫʣʴʩ) ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʘʟʫ ʚʽʜʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

VT1. ʏʝʨʝʟ ʚʠʢʦʥʘʥʥʷ ʚ ʩʭʝʤʽ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ (ʙʘʣʘʥʩ ʬʘʟ ʽ 

ʙʘʣʘʥʩ ʘʤʧʣʽʪʫʜ) ʪʨʠʛʝʨ ʰʚʠʜʢʦ (ʣʘʚʠʥʦʧʦʜiʙʥʦ) ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʚ 
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ʧʨʦʪʠʣʝʞʥʠʡ ʩʪʘʥ: VT1 ï ʟʘʢʨʠʪʠʡ, VT2 ï ʚʽʜʢʨʠʪʠʡ. ʂʦʥʜʝʥʩʘʪʦʨ ɿ.2ʉ  ʥʝ 

ʚʩʪʠʛʘʻ ʰʚʠʜʢʦ ʨʦʟʨʷʜʠʪʠʩʷ, ʧʦʢʠ ʜʽʻ ʧʝʨʰʠʡ ʢʝʨʫʚʘʣʴʥʠʡ ʽʤʧʫʣʴʩ, ʪʦʤʫ 

ʧʦʚʪʦʨʥʝ ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʭʝʤʠ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɼʦ ʧʨʠʭʦʜʫ ʥʘʩʪʫʧʥʦʛʦ 

ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ ʢʦʥʜʝʥʩʘʪʦʨ ɿ.2ʉ
 ʨʦʟʨʷʜʞʘʻʪʴʩʷ, ʘ ɿ.1ʉ  ï 

ʟʘʨʷʜʞʘʻʪʴʩʷ. ʅʘʩʪʫʧʥʠʡ ʽʤʧʫʣʴʩ ʟʥʦʚʫ ʧʝʨʝʢʣʶʯʠʪʴ ʪʨʠʛʝʨ ʫ ʧʨʦʪʠʣʝʞʥʠʡ 

ʩʪʘʥ ʽ ʪ.ʜ.  

Uɺʀʍ1

ʜʦ R1C1 ʜʦ R2 C2

+

ï 

Uʚʠʭ2

Cɿ.2Cɿ.1

ʜʦ Rɹ1 ʜʦ Rɹ2

VT2VT1

ʜʦ Rʢ1 ʜʦ Rʢ2

Rɿ2Rɿ1

+

ï 

(+)

(ï) 
Uɿɸʇ

Uɿɸʇ
t

VD2VD1

 
ʈʠʩ. 7.4. ʇʨʠʢʣʘʜ ʨʘʭʫʥʢʦʚʦʛʦ ʟʘʧʫʩʢʫ (ʧʝʨʝʢʣʶʯʝʥʥʷ) ʪʨʠʛʝʨʘ 

7.3. ʅʝʩʠʤʝʪʨʠʯʥʽ ʪʨʠʛʝʨʠ (ʪʨʠʛʝʨʠ ʐʤiʪʪʘ) 

ʊʨʠʛʝʨʠ ʐʤʽʪʪʘ (ʊʐ) ʤʘʶʪʴ ʧʦʯʘʪʢʦʚʫ ʩʭʝʤʥʫ ʘʩʠʤʝʪʨʽʶ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ: 

ï ʧʦʨʦʛʦʚʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʥʘʧʨʫʛʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʉʇʈU  ʙʽʣʴʰʘ ʟʘ 

ʥʘʧʨʫʛʫ ʚʽʜʧʫʩʢʘʥʥʷ ɺɯɼʇU ; 

ï ʬʦʨʤʫʚʘʯʽ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽʟ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ. 

ɭ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʪʨʠʛʝʨʽʚ:  

ï ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ;  

ï   ʥʘ ɯʄʉ ʆʇ;  

 ï ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʄʉ. 

ʋʤʦʚʥʦ ʊʐ ʥʘ ɯʄʉ ʆʇ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

ï  ʊʐ, ʱʦ ʥʝ ʤʘʶʪʴ ʧʘʤô̫ ʪʽ; 

ï  ʊʐ, ʱʦ ʤʘʶʪʴ ʧʘʤô̫ ʪʴ. 
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ʊʨʠʛʝʨʠ ʐʤʽʪʪʘ, ʱʦ ʥʝ ʤʘʶʪʴ ʧʘʤô̫ ʪi 

ʅʘ ʨʠʩ. 7.5 ʟʦʙʨʘʞʝʥʦ ʊʐ, ʱʦ ʥʝ ʤʘʻ ʧʘʤô̫ ʪʽ, ʥʘ ɯʄʉ ʆʇ: 

ʘ ï ʩʭʝʤʘ ʊʐ;  

ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʐ, ʷʢʱʦ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ;  

ʚ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʘʣʴʥʦʾ ɯʄʉ ʆʇ;  

ʛ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʜʝʘʣʴʥʦʾ ɯʄʉ ʆʇ;  

ʜ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʐ, ʷʢʱʦ ɯʄʉ ʆʇ ï ʨʝʘʣʴʥʘ. 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʪʨʠʛʝʨʘ ʻ ʤʽʢʨʦʩʭʝʤʘ ʆʇ (ɯʄʉ ʆʇ), ʱʦ 

ʦʭʦʧʣʝʥʠʡ ɼɿɿ (ʨʠʩ. 7.5, ʘ). 

ʈʠʩ. 7.5. ʊʐ, ʱʦ ʥʝ ʤʘʻ ʧʘʤô̫ ʪʽ, ʥʘ ɯʄʉ ʆʇ 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʪʨʠʛʝʨʘ ʟʘ ʫʤʦʚʠ, ʱʦ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ 1 2 0U UD =D º
 ʽ ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɯʄʉ ʆʇ ʤʘʻ ʚʠʛʣʷʜ, ʷʢʠʡ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.5, ʛ. 
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ɼʣʷ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʩʭʝʤʠ ɺʍ ɺʀʍ ʅɸʉ0, .U U U= =+  ʅʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ 

ɯʄʉ ʆʇ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʥʘʧʨʫʛʘʤʠ: ʆʇU  ʪʘ ɺʀʍU . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ ʦʜʝʨʞʠʤʦ:  

  .
32

2

32

3
ʉʇʈ

ʅɸʉʆʇ
ʅ1 U

RR

RU

RR

RU
U =

+

Ö
+

+

Ö
=    (7.1) 

 

ʂʦʣʠ ʥʘ ʚʭʽʜ ʪʨʠʛʝʨʘ ʧʦʜʘʻʪʴʩʷ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ɺʍU  ʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʝʥʰʝ ʟʘ ʉʇʈU , ʩʪʘʥ ʊʐ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʗʢʱʦ ʉʇʈɺʍ UU ² , ʩʭʝʤʘ ʰʚʠʜʢʦ (ʣʘʚʠʥʦʧʦʜʽʙʥʦ) ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʚ 

ʜʨʫʛʠʡ ʩʪʘʥ, ʘ ʥʘʧʨʫʛʘ .ʅɸʉɺʀʍ

--= UU  

ʅʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ, ʧʨʠ ʮʴʦʤʫ ʜʦʨʽʚʥʶʻ:  

  .
32

2

32

3
ɺɯɼʇ

ʅɸʉʆʇ
ʅ2 U

RR

RU

RR

RU
U =

+

Ö
-

+

Ö
=    (7.2) 

ʇʦʢʠ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʽʣʴʰʠʡ ʟʘ ʥʘʧʨʫʛʫ ʚʽʜʧʫʩʢʘʥʥʷ ( )
ɺʍ ɺɯɼʇ

U U> , 

ʩʪʘʥ ʊʐ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʗʢʱʦ ɺɯɼʇɺʍ UU ¢ , ʪʦ ʪʨʠʛʝʨ ʰʚʠʜʢʦ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʫ          

ʚʠʭʽʜʥʠʡ ʩʪʘʥ. 

( )
ʉʇʈ ɺɯɼʇ ʉʇʈ ɺɯɼʇ

U U U U¸ >
 
ʽ ʚ ʩʭʝʤʽ ʻ ʛʽʩʪʝʨʝʟʠʩ. ʅʘʧʨʫʛʘ 

ʛʽʩʪʝʨʝʟʠʩʫ  

  
2

2 ,
2 3

ʅɸʉ
ɻ ʉʇʈ ɺɯɼʇ

U R
U U U

R R

Ö
D = - = Ö

+
  (7.3) 

ʷʢʱʦ ʅɸʉ ʅɸʉ ʅɸʉU U U+ -+ = - = . 

 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʪʨʠʛʝʨʘ ʟʘ ʫʤʦʚʠ, ʱʦ ɯʄʉ ʆʇ ï ʨʝʘʣʴʥʘ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ 1 20; 0U UD ¸ D ¸
 ʽ ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɯʄʉ ʆʇ ʤʘʻ ʚʠʛʣʷʜ, 

ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.5, ʚ. 

ɺʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 1UD  ʽ 2UD  ʤʘʶʪʴ ʚʠʛʣʜ̫: 

.  

1 ,ʅɸʉ

U ɯʄʉ ʆʇ

U
U

ʂ
D =    (7.4) 
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.  

| |
2 ʅɸʉ

U ɯʄʉ ʆʇ

U
U

ʂ

-
D = .              (7.5) 

ʆʩʪʘʥʥʻ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʬʦʨʤʽ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʐ, ʷʢʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.5, ʜ. ʇʫʥʢʪʠʨʦʤ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʦ ʧʝʨʝʜʘʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʨʠʛʝʨʘ, ʷʢʱʦ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʨʠʛʝʨ ʩʧʨʘʮʴʦʚʫʻ ʨʘʥʽʰʝ  ̔

,1ʉʇʈʉʇʈ UUU D-¡=     (7.6) 

ʜʝ ʉʇʈU¡
 ï ʥʘʧʨʫʛʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚ ʊʐ ʟ ʽʜʝʘʣʴʥʦʶ ɯʄʉ ʆʇ. 

ɿ ̔ʟʤʝʥʰʝʥʥʷʤ ɺʍU  ʪʨʠʛʝʨ ʚʽʜʧʫʩʢʘʻ ʪʘʢʦʞ ʨʘʥʽʰʝ  ̔

,2ɺɯɼʇɺɯɼʇ UUU D+¡=          (7.7) 

ʜʝ ɺɯɼʇU¡ ï ʥʘʧʨʫʛʘ ʚʽʜʧʫʩʢʘʥʥʷ ʚ ʊʐ ʟ ʽʜʝʘʣʴʥʦʶ ɯʄʉ ʆʇ. 

ɺʝʣʠʯʠʥʘ ʛʽʩʪʝʨʝʟʠʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʜʦʨʽʚʥʶʻ  

ʅɸʉ
ɻ ɻ

.ɯʄʉ   ʆʇ

2
U

U
U U

ʂ
¡D =D - Ö ,     (7.8) 

ʜʝ ɻU¡D  ï ʚʝʣʠʯʠʥʘ ʛʽʩʪʝʨʝʟʠʩʫ ʫ ʊʐ ʟ ʽʜʝʘʣʴʥʦʶ ɯʄʉ ʆʇ; 

   ʅɸʉʅɸʉʅɸʉ UUU =-=+ -+

. 

ʈʦʟʛʣʷʥʫʪʠʡ ʪʨʠʛʝʨ ʫ ʨʘʟʽ ʟʥʷʪʪʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ 

ʚʠʭʽʜʥʠʡ ʩʪʘʥ, ʪʦʙʪʦ ʥʝ ʤʘʻ ʧʘʤô̫ ʪʽ. 

ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʘʢʠʡ ʊʐ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʧʦʨʦʛʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʘʣʝ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʦʞ ʷʢ ʬʦʨʤʫʚʘʯ ʽʤʧʫʣʴʩʽʚ ʽʟ ʩʠʛʥʘʣʫ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ, ʪʨʠʢʫʪʥʦʾ (ʨʠʩ. 7.6). 

ʊʨʠʛʝʨʠ ʐʤʽʪʪʘ, ʱʦ ʤʘʶʪʴ ʧʘʤô̫ ʪʴ 

ʅʘ ʨʠʩ. 7.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʊʐ ʥʘ ɯʄʉ ʆʇ, ʱʦ ʤʘʻ ʧʘʤô̫ ʪʴ, ʪʘ ʡʦʛʦ 

ʧʝʨʝʜʘʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʽʜʤʽʥʥʽʩʪʴ ʮʦɹʛʦ ʊʐ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ, ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ, ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ 0ʆʇ=U  (ʨʠʩ. 7.7, ʘ). ʎʝ ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʨʦʙʦʪʫ ʪʨʠʛʝʨʘ 

(ʨʠʩ. 7.7, ʙ, ʚ). 
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ʈʠʩ. 7.6. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʐ ʥʘ ɯʄʉ ʆʇ, ʱʦ ʥʝ ʤʘʻ ʧʘʤô̫ ʪʽ, ʫ ʨʦʣʽ ʬʦʨʤʫʚʘʯʘ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟ ʩʠʛʥʘʣʫ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ 

ʆʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʟ ʚʠʨʘʟʽʚ 7.1é7.8 ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʥʠʭ  0ʆʇ=U : 

;
32

2ʅɸʉ
ʉʇʈ

RR

RU
U

+

Ö
+=¡

      

;
32

2ʅɸʉ
ɺɯɼʇ

RR

RU
U

+

Ö
-=¡

       

;
32

2
2 ʅɸʉ

ɺɯɼʇʉʇʈ
RR

RU
UUUɻ

+

Ö
Ö=¡-¡=¡D

               

;
32

2

ʄʉʆʇ.

ʅɸʉʅɸʉ

ʉʇʈ

ɯUʂ

U

RR

RU
U -

+

Ö
=

    

 
;

32

2

ɯʄʉʆʇ.

ʅɸʉʅɸʉ
ɺɯɼʇ

Uʂ

U

RR

RU
U

-
+

+

Ö
-=

     

ɯʄʉʆʇ.
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ʈʠʩ. 7.7. ʊʐ ʥʘ ɯʄʉ ʆʇ, ʱʦ ʤʘʻ ʧʘʤô̫ ʪʴ,: ʘ ï ʩʭʝʤʘ; 

ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʐ, ʷʢʱʦ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ; 

ʚ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʐ, ʷʢʱʦ ɯʄʉ ʆʇ ï ʨʝʘʣʴʥʘ 

ʋ ʨʘʟʽ ʚʜ̔ʩʫʪʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (Uɺʍ = 0) ʪʨʠʛʝʨ ʟʘʡʤʘʻ ʜʦʚʽʣʴʥʠʡ 

ʚʠʭʽʜʥʠʡ ʩʪʘʥ: Uɺʀʍ = +U+ʅɸʉ ʯʠ Uɺʀʍ = ï Uïʅɸʉ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʯʘʪʢʦʚʦʶ ʘʩʠʤʝʪʨʽʻʶ ʩʭʝʤʠ. 

ʑʦʙ ʫʚʽʤʢʥʫʪʠ ʚʠʤʢʥʝʥʠʡ ʪʨʠʛʝʨ (Uɺʀʍ = + Uʅɸʉ), ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ 

ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ
 
Uɺʍ Ó Uʉʇʈ. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʩʭʝʤʘ ʰʚʠʜʢʦ ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ ʽ 
--= ʅɸʉɺʀʍ UU . 

ʑʦʙ ʚʠʤʢʥʫʪʠ ʚʚʽʤʢʥʝʥʠʡ ʪʨʠʛʝʨ, ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ɺɯɼʇɺʍ UU -²-
. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʦɹʛʦ ʪʨʠʛʝʨʘ ʻ ʪʝ, ʱʦ ʧʽʩʣʷ ʟʥʷʪʪʷ ʢʝʨʫʚʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ( 0)
ɺʍ

U =  ʩʭʝʤʘ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʚʚʽʤʢʥʝʥʦʤʫ ʯʠ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ, 

ʪʦʙʪʦ ʤʘʻ ʧʘʤô̫ ʪʴ. 

ʊʨʠʛʝʨ ʤʦʞʝ ʚʤʠʢʘʪʠʩʷ ʜʦʜʘʪʥʠʤ ʽʤʧʫʣʴʩʦʤ, ʘ ʚʠʤʠʢʘʪʠʩʷ ï 

ʚʽʜô̒ ʤʥʠʤ.
 

ʅʘ ʨʠʩ. 7.8 ʧʦʢʘʟʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʪʨʠʛʝʨʘ ʷʢ ʬʦʨʤʫʚʘʯʘ 

ʨʽʟʥʦʧʦʣʷʨʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽʟ ʚʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. 
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ʈʠʩ. 7.8. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʐ ʥʘ ɯʄʉ ʆʇ, ʱʦ ʤʘʻ ʧʘʤô̫ ʪʴ, ʷʢ ʬʦʨʤʫʚʘʯʘ 

ʨʽʟʥʦʧʦʣʷʨʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ  

ʟ ʚʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʗʢʠʡ ʧʨʠʣʘʜ ʥʘʟʠʚʘʪʁʴ ʪʨʠʛʝʨʦʤ? ʋ ʷʢʠʭ ʩʪʘʥʘʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ 

ʪʨʠʛʝʨ? ʅʘʟʚʽʪʴ ʩʧʦʩʦʙʠ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʘ. 

2. ʇʦʷʩʥʽʪʴ ʧʨʦʮʝʩ ʧʝʨʝʢʣʶʯʝʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʨʠʛʝʨʘ  

ʥʘ ʩʭʝʤʽ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7.3. 

3. ʅʘ ʷʢʽ ʪʨʠ ʝʪʘʧʠ ʫʤʦʚʥʦ ʨʦʟʜʽʣʷʶʪʴ ʧʨʦʮʝʩ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʘ? 

4. ʆʧʠʰʽʪʴ ʜʚʘ ʚʠʜʠ ʟʘʧʫʩʢʫ (ʧʝʨʝʢʣʶʯʝʥʥʷ) ʩʠʤʝʪʨʠʯʥʠʭ ʪʨʠʛʝʨʽʚ. 

5. ʋ ʷʢʠʡ ʩʪʘʥ ʚʩʪʘʥʦʚʠʪʴʩʷ ʪʨʠʛʝʨ ʧʽʜ ʯʘʩ ʧʽʜʢʣʶʯʝʥʥ ̫ ʜʦ ʥʴʦʛʦ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ? 

6. ʗʢ ʟʤʽʥʶʻʪʴʩʷ ʯʘʩʪʦʪʘ ʽʤʧʫʣʴʩʽʚ ʥʘ ʚʠʭʦʜʽ ʪʨʠʛʝʨʘ ʽʟ ʨʘʭʫʥʢʦʚʠʤ 

ʚʭʦʜʦʤ? 

7. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʠʥʭʨʦʥʥʠʡ ʪʘ ʘʩʠʥʭʨʦʥʥʠʡ RS-ʪʨʠʛʝʨʠ? 

8. ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʫʤʦʚʫ ʰʚʠʜʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʨʠʛʝʨʘ ʧʽʜ ʜʽʻʶ 

ʢʝʨʫʚʘʣʴʥʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 

9. ʗʢʠʡ ʪʨʠʛʝʨ ʥʘʟʠʚʘʻʪʴʩʷ ʪʨʠʛʝʨʦʤ ʐʤʽʪʪʘ?  ʅʘʟʚʽʪʴ ʜʚʽ ʛʨʫʧʠ, ʥʘ ʷʢʽ 

ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʊʐ ʥʘ ɯʄʉ ʆʇ. 
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10.  ɿʦʙʨʘʟʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʊʐ ʥʘ ɯʄʉ ʆʇ, 

ʘ ʪʘʢʦʞ ʨʝʘʣʴʥʽ ʪʘ ʽʜʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʇ ʪʘ ʩʘʤʦʛʦ ʪʨʠʛʝʨʘ. 

11. ʉʢʽʣʴʢʠ ʙʽʪ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʴ ʫ ʪʨʠʛʝʨʽ? 

12. ʇʦʷʩʥʽʪʴ ʫʤʦʚʫ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ ʫ ʪʨʠʛʝʨʽ. 

13. ʑʦ ʦʟʥʘʯʘʻ ʙʘʣʘʥʩ ʬʘʟ ʪʘ ʙʘʣʘʥʩ ʘʤʧʣʽʪʫʜ? 

14. ʅʘʟʚʽʪʴ ʚʘʨʽʘʥʪʠ ʩʭʝʤʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʨʠʛʝʨʽʚ. 
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8. ɸʅɸʃʆɻʆɺɯ ʂʆʄʇɸʈɸʊʆʈʀ 

8.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʤʧʘʨʘʪʦʨʠ 

ʂʦʤʧʘʨʘʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʩʠʛʥʘʣʽʚ (ʥʘʧʨʫʛ). ɿʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʧʦʨʽʚʥʶʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʢʦʤʧʘʨʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

ï ʘʥʘʣʦʛʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ (ɸʂ); 

ï ʮʠʬʨʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ (ʎʂ). 

ʅʠʞʯʝ ʦʧʠʩʘʥʦ ɸʂ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʘʥʘʣʦʛʦʚʠʭ 

ʥʘʧʨʫʛ, ʦʜʥʘ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʝʪʘʣʦʥʥʦʾ ɽʊU , ʘ ʽʥʰʘ, ʍU  

ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʝʪʘʣʦʥʥʦʶ. 

ɿʚʠʯʘʡʥʦ ɸʂ ʚʢʣʶʯʘʻ ʚʣʘʩʥʝ ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ (ɺɸʂ) ʽ ʩʭʝʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ (ʉʌʈ) (ʨʠʩ. 8.1). 

ɺɸʂ ʚʠʢʦʥʫʻ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʥʘʧʨʫʛ: ɽʊU  ʽ  ʍU  ʽ ʬʦʨʤʫʻ ʥʘ ʚʠʭʦʜʽ 

ʜʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʧʨʠʡʤʘʻ ʦʜʥʝ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ: ʅɸʉU+ ʘʙʦ ʅɸʉU- . 

 
ʈʠʩ. 8.1. ʉʪʨʫʢʪʫʨʘ ɸʂ 

ʉʌʈ ʧʝʨʝʪʚʦʨʶʻ ʟʥʘʯʝʥʥʷ: ʅɸʉU+ ; ʅɸʉU-
 ʫ ʨʽʚʥʽ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʊʊʃʐ/ʂʄʆʅ-ʩʭʝʤ (ʊʊʃʐ ï ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʘ ʣʦʛʽʢʘ ʟ ʜʽʦʜʘʤʠ 

ʐʦʪʪʢʠ, ʂʄʆʅ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʡ ʤʝʪʘʣïʦʢʩʠʜïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ). 

ɿʚʠʯʘʡʥʦ ʟʥʘʯʝʥʥʷ ʅɸʉU+  ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʽʚʝʥʴ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ 

(1), ʘ ʟʥʘʯʝʥʥʷ ( )
ʅɸʉ

U-  ï ʫ ʨʽʚʝʥʴ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ (0). 
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ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ ʩʭʝʤʥʦʛʦ       

ʚʠʢʦʥʘʥʥʷ ɸʂ: 

ï ʥʘ ɯʄʉ ʆʇ; 

ï ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʤʽʢʨʦʩʭʝʤʽ ɸʂ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ɸʂ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʥʘ ɯʄʉ ʆʇ ʙʝʟ ɿɿ. ɺʠʛʣʷʜ 

ʡʦʛʦ ʩʭʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʷʨʥʽʩʪʶ ʧʦʨʽʚʥʶʚʘʥʠʭ ʥʘʧʨʫʛ. 

8.2. ɸʥʘʣʦʛʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʜʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ ʥʘ 

ʽʥʪʝʛʨʘʣʴʥʽʡ ʤʽʢʨʦʩʭʝʤʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ  

ʉʭʝʤʫ ɸʂ, ʱʦ ʚʠʢʦʥʫʻ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʜʦʜʘʪʥʠʭ ʥʘʧʨʫʛ, ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 8.2, ʘ. ʆʜʥʘ ʥʘʧʨʫʛʘ ʻ ʝʪʘʣʦʥʥʦʶ (UET = const), ʘ ʜʨʫʛʘ (UX) ï ʧʦʚʽʣʴʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʪʨʠʢʫʪʥʠʤ ʟʘʢʦʥʦʤ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 8.2, ʚ. 

 
ʈʠʩ. 8.2. ɸʂ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʜʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ: ʘ ï cʭʝʤʘ;  

ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʚ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 

ɼʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 
1

t t=
 ʥʘʧʨʫʛʘ ɽʊʍ UU < . ʇʦʪʝʥʮʽʘʣ ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ 

ʚʭʦʜʫ ɯʄʉ ʆʇ ʙʽʣʴʰ ʜʦʜʘʪʥʠʡ, ʥʽʞ ʧʦʪʝʥʮʽʘʣ ʽʥʚʝʨʪʫʶʯʦʛʦ ʚʭʦʜʫ.    

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʚʭʦʜʘʤʠ I ʪʘ H 
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1
( ) .

ɯ ʅ
U U U U¡-D = - > -D       

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯʄʉ ʆʇ (ʨʠʩ. 8.2, ʙ) ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʅɸʉɺʀʍ UU += . ʇʽʩʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 1t t=
 ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ɽʊʍ UU ² . ɿô̫ ʚʣʷʻʪʴʩʷ ʨʽʟʥʠʮʷ ʥʘʧʨʫʛ ʤʽʞ ʚʭʦʜʘʤʠ 

2
( )

ɯ ʅ
U U U U¡¡D = - >D

 .     

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ɯʄʉ ʆʇ  (ʨʠʩ. 8.2, ʙ) ʫ 

ʮɹ ʦʤʫ ʚʠʧʘʜʢʫ ʅɸʉɺʀʍ UU -= . 

ʅʘ ʨʠʩ. 8.2, ʚ ʧʝʨʝʢʣʶʯʝʥʥʷ ɸʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʦ, ʱʦ ʻ ʽʜʝʘʣʴʥʠʤ 

ʚʠʧʘʜʢʦʤ. ʈʝʘʣʴʥʦ ʤʘʻ ʤʽʩʮʝ ʥʝʚʝʣʠʢʘ ʟʘʪʨʠʤʢʘ ʤʽʞ ʤʦʤʝʥʪʦʤ ʜʦʩʷʛʥʝʥʥʷ 

ʨʽʚʥʦʩʪʽ ʜʚʦʭ ʩʠʛʥʘʣʽʚ: ʍU  ʽ ɽʊU  ʽ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ɺʀʍU  

ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ. ʂʨʽʤ ʪʦʛʦ, ʣʽʥʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʝʥʰʝʥʥʷ ɺʀʍU , ʡʜʝ 

ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʽ ʯʘʩʫ, ʘ ʧʽʜ ʥʝʚʝʣʠʢʠʤ ʥʘʭʠʣʦʤ. 

ʇʽʩʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 2
t t=  ʥʘʧʨʫʛʘ ɽʊU  ʟʥʦʚʫ ʩʪʘʻ ʙʽʣʴʰʦʶ ʥʽʞ ʍU , 

ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʽʥʶʻʪʴʩʷ ʽ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ: ʅɸʉU+ . 

8.3. ɸʥʘʣʦʛʦʚʽ ʢʦʤʧʘʨʘʪʦʨʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨiʟʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ ̎ ́ 

ʽʥʪʝʛʨʘʣʴʥʽʡ ʤʽʢʨʦʩʭʝʤʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ  

ʉʭʝʤʫ ɸʂ, ʱʦ ʚʠʢʦʥʫʻ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ, ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 8.3, ʘ. ʆʜʥʘ ʥʘʧʨʫʛʘ (UET = const) ʻ ʜʦʜʘʪʥʦʶ, ʘ ʜʨʫʛʘ ( ʍU  ï ʚʽʜô̒ ʤʥʘ ) ï 

ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʪʨʠʢʫʪʥʠʤ ʟʘʢʦʥʦʤ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 8.3, ʙ. 

 
ʈʠʩ. 8.3. ɸʂ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ: ʘ ï  ʩʭʝʤʘ; 

ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 
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1 2 ; 3 .
2

R
R R R R= = =      

ɼʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 1t t=  (ʨʠʩ. 8.3, ʙ) ʍɽʊ UU -> , ʪʦʤʫ ʧʦʪʝʥʮʽʘʣ 

ʽʥʚʝʨʪʫʶʯʦʛʦ ʚʭʦʜʫ ɯʄʉ ʆʇ (æU
``
>æU2, ʨʠʩ. 8.2, ʙ) ï ʜʦʜʘʪʥʠʡ, ʘ 

ɺʀʍ ʅɸʉ
.U U=-   

ʂʦʣʠ 1t t²  (ʨʠʩ. 8.3, ʙ), ʪʦ 
ɽʊʍ UU >- . ʇʦʪʝʥʮʽʘʣ ʚʭʦʜʫ, ʱʦ ʽʥʚʝʨʪʫʻ, 

ɯʄʉ ʆʇ ʩʪʘʻ ʚʽʜô̒ ʤʥʠʤ 1( )U U¡-D > -D, ʘ ʅɸʉɺʀʍ UU +=  (ʨʠʩ. 8.2, ʙ). ʗʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʢʣʶʯʝʥʥʷ ɸʂ (ʟʤʽʥʘ 
ɺʀʍU ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʥʝʚʝʣʠʢʦʶ ʟʘʪʨʠʤʢʦʶ ʱʦʜʦ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʢʦʣʠ ʍU  ʜʦʨʽʚʥʶʻ ɽʊU , ʘ ʪʘʢʦʞ 

ʟʤʽʥʘ ɺʀʍU  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ  ʥʝʚʝʣʠʢʠʤ ʥʘʭʠʣʦʤ ʜʦ ʦʩʽ  ʯʘʩʫ (ʥʘ ʨʠʩʫʥʢʘʭ ʮʝ 

ʥʝ ʧʦʢʘʟʘʥʦ). 

ʗʢʱʦ ʚ ʩʭʝʤʘʭ ʥʘ ʨʠʩ. 8.2, 8.3 UET = 0, ʪʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ɸʂ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 0ʍºU , ʘ ʪʘʢʠʡ ʢʦʤʧʘʨʘʪʦʨ ʥʘʟʠʚʘʶʪʴ ʜʝʪʝʢʪʦʨʦʤ  

ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʛʣʷʥʫʪʠʭ ʩʭʝʤ ɸʂ (ʨʠʩ. 8.2, 8.3) ʻ ʚʽʜʩʫʪʥʽʩʪʴ ɿɿ. ɺɿɿ 

ʫ ʢʦʤʧʘʨʘʪʦʨʠ ʥʝ ʚʚʦʜʷʪʴ, ʪʦʤʫ ʱʦ ʚʽʥ ʙʫʜʝ ʛʘʣʴʤʫʚʘʪʠ ʧʨʦʮʝʩ 

ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʭʝʤʠ. 

ɺʽʜʩʫʪʥʽʩʪʴ ɼɿɿ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʩʧʨʦʱʫʻ ʩʭʝʤʫ ɸʂ, ʘ ʟ ʽʥʰʦʛʦ: 

ï  ʧʦ-ʧʝʨʰʝ, ʟʙʽʣʴʰʫʻ ʯʘʩ ʧʝʨʝʢʣʶʯʝʥʥʷ ʩʭʝʤʠ; 

ï  ʧʦ-ʜʨʫʛʝ, ʫ ʩʭʝʤʽ ɸʂ ʙʝʟ ɼɿɿ ʥʘʧʨʫʛʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʉʇʈU  ʜʦʨʽʚʥʶʻ 

ʥʘʧʨʫʟʽ ʚʽʜʧʫʩʢʘʥʥʷ ɺɯɼʇU , ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʷʢʱʦ ʥʘ ʚʭʽʜ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʩʠʛʥʘʣ, ʷʢʠʡ 

ʩʧʦʪʚʦʨʝʥʦ ʟʘʚʘʜʦʶ ( )
ɺʍ ʍ ɿɸɺ

U U U= + . 

ʋ ʨʘʟʽ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ɺʍU , ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.4, ʯʝʨʝʟ 

ʚʧʣʠʚ ʟʘʚʘʜʠ ( )
ɿɸɺ

U
 ʧ̔ ʜ ʯʘʩ ʟʨʦʩʪʘʥʥ ̫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ 

ʧʨʘʚʠʣʴʥʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ( )5t t=
 
ʚʠʥʠʢʘʶʪʴ ʜʚʘ ʧʦʤʠʣʢʦʚʠʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ( )1 3;t t t t= =
 
ʽ ʜʚʘ ʧʦʤʠʣʢʦʚʠʭ ʚʽʜʧʫʩʢʘʥʥʷ ( )2 4;t t t t= = . ʋ 

ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ ʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʧʫʩʢʘʥʥʷ 

( )10t t= ʚʠʥʠʢʘʶʪʴ ʜʚʘ ʧʦʤʠʣʢʦʚʠʭ ʚʽʜʧʫʩʢʘʥʥʷ ( )6 8;t t t t= =  ʽ ʜʚʘ ʧʦʤʠʣʢʦʚʠʭ  

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ( )7 9;t t t t= = . 
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Uʚʠʭ

Uʭ+Uʟʘʚ

Uʝʪ

  

ʈʠʩ. 8.4. ʇʦʤʠʣʢʦʚʽ ʧʝʨʝʢʣʶʯʝʥʥʷ ɸʂ ʯʝʨʝʟ ʜʽʶ ʟʘʚʘʜ 

ʇʦʤʠʣʢʦʚʽ ʧʝʨʝʢʣʶʯʝʥʥʷ ʥʝʙʝʟʧʝʯʥʽ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ɸʂ ʦʙʨʦʙʣʷʻʪʴʩʷ ʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ, ʱʦ ʬʽʢʩʫʻ ʢʽʣʴʢʽʩʪʴ 

ʩʧʨʘʮʴʦʚʫʚʘʥʴ ʽ ʚʽʜʧʫʩʢʘʥʴ ʢʦʤʧʘʨʘʪʦʨʘ. ʆʪʞʝ, ʧʦʤʠʣʢʦʚʽ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ʙʫʜʫʪʴ ʬʽʢʩʫʚʘʪʠʩʷ ʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ ʽ ʩʧʦʪʚʦʨʶʚʘʪʠ ʨʦʙʦʪʫ ʣʦʛʽʯʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʣʝʥʥʷ. 

ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʟʘʚʘʜʘʤʠ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ɸʂ ʟ ɼɿɿ 

(ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʢʦʤʧʘʨʘʪʦʨ). 

8.4. ʈʝʛʝʥʝʨʘʪʠʚʥʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ɸʂ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʩʠʛʥʘʣ ʍU  
ʟʤʽʥʶʻʪʴʩʷ ʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ, ʫ ʩʭʝʤʫ ɸʂ ʚʚʦʜʷʪʴ ɼɿɿ (ʨʠʩ. 8.5, 8.6). 

ɽʣʝʤʝʥʪʘʤʠ ɼɿɿ ʻ ʨʝʟʠʩʪʦʨʠ R2, R3. ʊʘʢʠʡ ɸʂ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʛʝʥʝʨʘʪʠʚʥʠʤ, 

ʘ ʡʦʛʦ ʩʭʝʤʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʊʐ, ʱʦ ʥʝ ʤʘʻ ʧʘʤô̫ ʪʽ (ʜʠʚ. ʨʠʩ. 7.3).  

ʆʩʦʙʣʠʚʽʩʪʶ ʦʩʪʘʥʥʴʦʾ ʩʭʝʤʠ ʻ ʪʝ, ʱʦ ʚ ʥʽʡ ʻ: ʥʘʧʨʫʛʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

(Uʉʇʈ), ʽ ʥʘʧʨʫʛʘ ʚʽʜʧʫʩʢʘʥʥʷ (Uɺɯɼʇ), ʨʽʟʥʠʮʷ ʤʽʞ ʷʢʠʤʠ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʘʧʨʫʛʦʶ ʛʽʩʪʝʨʝʟʠʩʫ 
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.ɺɯɼʇʉʇʈɻ UUU -=D      

 

Uɺʍ=Uʍ+Uɿɸɺ

R1

Uɺʀʍ

R2

Uʆʇ
+

ï 

R3

H

I

DA1

 
ʈʠʩ. 8.5. ʈʝʛʝʥʝʨʘʪʠʚʥʠʡ ɸʂ ʽʟ ɼɿɿ 

Uʭ+Uʟʘʚ

Uôʝʪ

Uʩʧʨ

Uʚ̔ʜʧ

Uʚʠʭ

2 t2tô2

 
ʈʠʩ. 8.6. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ɸʂ 

 

ʂʦʤʧʘʨʘʪʦʨ ʩʧʨʘʮʴʦʚʫʻ, ʢʦʣʠ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ: ɿɸɺʍɺʍ UUU +=  ʩʪʘʥʝ 

ʙʽʣʴʰʠʡ ʥʽʞ ʉʇʈU , ʽ ʚʽʜʧʫʩʢʘʻ (ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ), ʢʦʣʠ 

ʚʭU  ʩʪʘʥʝ ʤʝʥʰʝ ɺɯɼʇU . 
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ʗʢʱʦ ʚ ʩʭʝʤʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ  

,ɿɸɺUUɻ>D        

ʪʦ ʧʦʤʠʣʢʦʚʠʭ ʧʝʨʝʢʣʶʯʝʥʴ ʫ ʢʦʤʧʘʨʘʪʦʨʽ ʥʝ ʚʠʥʠʢʘʻ. 

ʅʝʜʦʣʽʢʦʤ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʧʦʨʽʚʥʷʥʦ ʟ ɸʂ ʙʝʟ ɼɿɿ ʻ ʪʝ, 

ʱʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʧʦʨʽʚʥʷʥʥʷ. ʊʘʢ, ʷʢʱʦ ʧʦʨʽʚʥʷʪʠ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 

ʨʦʙʦʪʠ ʜʚʦʭ ʢʦʤʧʘʨʘʪʦʨʽʚ (ʨʠʩ. 8.4 ʽ 8.6), ʪʦ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʟʘ 

ʦʜʥʘʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʧʦʨʽʚʥʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʍU  ʽ ʟʘʚʘʜʠ ɿɸɺU  

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʽ ʚʽʜʧʫʩʢʘʥʥʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʪʨʦʰʢʠ ʧʽʟʥʽʰʝ (ʫ ʤʦʤʝʥʪʠ: 1t ʟʘʤʽʩʪʴ 
'

1t  ʽ 2t  ʟʘʤʽʩʪʴ 
'

2t ), ʪʦʙʪʦ ʪʨʦʭʠ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʧʦʨʽʚʥʷʥʥʷ. 

ɺʠʚʝʜʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ 

ʋ ʩʭʝʤʽ ɸʂ (ʨʠʩ. 8.5) ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ɺʍU  ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʥʘʧʨʫʛʦʶ 

ʥʘ ʚʭʦʜʽ Uʅ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ. ʎʷ ʥʘʧʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʜʚʦʭ 

ʥʘʧʨʫʛ: Uʆʇ 

 ̔Uɺʀʍ, ʽ ʨʝʟʠʩʪʦʨʽʚ: R2, R3. 

ʗʢʱʦ Uɺʀʍ = + Uʅɸʉ, ʪʦ 

.
32

2

32

3
ʉʇʈ

ʅɸʉʆʇ
1ʅ U

RR

RU

RR

RU
U =

+

Ö
+

+

Ö
=

 
   

ʗʢʱʦ Uɺʀʍ = - Uʅɸʉ, ʪʦ  

      (8.7) 

ʊʚʝʨʜʞʝʥʥʷ, ʱʦ Uʅ1 = Uʉʇʈ, ʘ Uʅ2 = Uɺɯɼʇ ʩʧʨʘʚʝʜʣʠʚʽ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ɯʄʉ ʆʇ ï ʽʜʝʘʣʴʥʘ, ʽ ʚʝʣʠʯʠʥʠ  1 2 0U UD =D º (ʨʠʩ. 7.5, ʛ). ʋ 

ʮʴʦʤʫ ʨʘʟʽ ʧʝʨʝʢʣʶʯʝʥʥʷ ɸʂ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ, ʱʦ 

ʽʥʚʝʨʪʫʻ (Uɯ), ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʘʧʨʫʟʽ ʥʘ ʚʭʦʜʽ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ(Uʅ), 

ʪʦʙʪʦ ȹU= Uɯ - Uʅ . 

.
32

22 ʅɸʉ
ɺɯɼʇʉʇʈɻ

RR

RU
UUU

+

Ö
=-=D      

ʈʦʟʛʣʷʥʫʪʽ ɸʂ ʥʝ ʤʘʶʪʴ ʧʘʤô̫ ʪʽ ʽ ʧʨʘʮʶʶʪʴ ʷʢ ʧʦʨʦʛʦʚʽ ʧʨʠʩʪʨʦʾ, 

ʪʦʙʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʜʠʩʢʨʝʪʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʚʽʜʦʙʨʘʞʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʽʚ ʧʦʨʽʚʥʶʚʘʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʟʘʜʘʥʦʛʦ 

ʝʪʘʣʦʥʥʦʛʦ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʗʢʠʡ ʧʨʠʩʪʨʽʡ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʤʧʘʨʘʪʦʨʦʤ? ʅʘʟʚʽʪʴ ʜʚʘ ʚʠʜʠ 

ʢʦʤʧʘʨʘʪʦʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ. 

2. ʆʧʠʰʽʪʴ ʩʪʨʫʢʪʫʨʫ ɸʂ. 

3. ʅʘʚʝʜʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ɸʂ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʦʜʥʦ- ʯʠ ʜʚʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ. 

4. ʗʢʘ ʧʨʠʯʠʥʘ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʶʚʘʥʴ ɸʂ ʪʘ ʷʢ ʟ ʥʠʤʠ ʙʦʨʦʪʠʩʷ? 

5. ʅʘʚʝʜʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ɸʂ ʪʘ 

ʥʘʟʚʽʪʴ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 
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9. ɻɽʅɽʈɸʊʆʈʀ ɯʄʇʋʃʔʉɯɺ 

9.1. ɻʝʥʝʨʘʪʦʨʠ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 

9.1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʛʝʥʝʨʘʪʦʨʠ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ɺ ʽʤʧʫʣʴʩʥʽʡ ʪʝʭʥʽʮʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʝʥʝʨʘʪʦʨʠ ʧʨʷʤʦʢʫʪʥʠʭ 

ʽʤʧʫʣʴʩʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ʂʦʣʠʚʘʥʥʷ, ʚ 

ʷʢʠʭ ʧʦʚʽʣʴʥʽ ʟʤʽʥʠ ʯʝʨʛʫʶʪʴʩʷ ʟʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʤʠ, ʥʘʟʠʚʘʶʪʴ 

ʨʝʣʘʢʩʘʮʽʡʥʠʤʠ. ʊʘʢʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ,̒ ʟʦʢʨʝʤʘ, ʧʨʷʤʦʢʫʪʥʽ ʽ    

ʧʠʣʢʦʧʦʜʽʙʥʽ ʽʤʧʫʣʴʩʠ. 

ʇʦʜʽʙʥʦ ʛʝʥʝʨʘʪʦʨʘʤ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ (ʛʘʨʤʦʥʽʡʥʠʭ) ʥʘʧʨʫʛ, 

ʨʝʣʘʢʩʘʮʽʡʥʽ ʛʝʥʝʨʘʪʦʨʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʝʥʝʨʛʽʶ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʇʽʜʩʠʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʧʨʘʮʶʻ ʚ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʚ ʢʣʶʯʦʚʦʤʫ 

ʨʝʞʠʤʽ, ʧʝʨʝʢʣʶʯʘʶʯʠ ʢʦʥʜʝʥʩʘʪʦʨ ʽʟ ʟʘʨʷʜʞʝʥʥʷ ʥʘ ʨʦʟʨʷʜʞʝʥʥʷ ʽ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʈʝʣʘʢʩʘʮʽʡʥʽ ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ 

ʨʝʞʠʤʽ ʪʘ ʫ ʨʝʞʠʤʽ ʦʯʽʢʫʚʘʥʥʷ. 

ɻʝʥʝʨʘʪʦʨ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ 

ʛʝʥʝʨʫʻ ʢʦʣʠʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦ (ʨʠʩ. 9.1, ʘ).  

ɻʝʥʝʨʘʪʦʨ, ʱʦ ʯʝʢʘʻ (ʟʘʛʘʣʴʤʦʚʘʥʠʡ, ʦʜʥʦʚʽʙʨʘʪʦʨ (ʆɺ)), ʬʦʨʤʫʻ ʥʘ 

ʚʠʭʦʜʽ ʦʜʠʥʦʯʥʠʡ ʽʤʧʫʣʴʩ ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ 

ʢʦʨʦʪʢʦʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ ʟʘʧʫʩʢʘʻ (ʨʠʩ. 9.1, ʙ, ʚ). 

ɻʝʥʝʨʘʪʦʨ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ 

ʤʫʣʴʪʠʚʽʙʨʘʪʦʨʦʤ (ʄɺ), ʪʦʤʫ ʱʦ ʩʧʝʢʪʨ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ 

ʛʘʨʤʦʥʽʢ. ʄɺ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʠʥʦʯʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʽ ʷʢ ʛʝʥʝʨʘʪʦʨʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʣʷ 

ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ɭ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʄɺ: 

ï  ʥʘ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʘʭ; 

ï  ʥʘ ʃɽ; 

ï  ʥʘ ɯʄʉ ʆʇ; 

ï  ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʄʉ. 

ʅʠʞʯʝ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʄɺ, ʷʢʽ ʚʠʢʦʥʘʥʦ ʥʘ ɯʄʉ ʆʇ. 
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ʈʠʩ. 9.1. ʄɺ: ʘ ï ɸɺʄ (ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ); 

ʙ ï ʆɺ; ʚ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʆɺ 

ʈʦʙʦʪʫ ʥʘʡʧʨʦʩʪʽʰʠʭ ʄɺ ʥʘ ɯʄʉ ʆʇ ʟʘʩʥʦʚʘʥʦ ʥʘ ʩʧʽʣʴʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ɼɿɿ ʽ ɺɿɿ, ʧʨʠ ʮʴʦʤʫ ɼɿɿ ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰ ʩʠʣʴʥʠʤ 

(ʛʣʠʙʦʢʠʤ), ʥʽʞ ɺɿɿ. ʃʘʥʮʶʛ ɼɿɿ ʟʘʙʝʟʧʝʯʫʻ ʣʘʚʠʥʦʧʦʜʽʙʥʠʡ ʧʝʨʝʭʽʜ ʄɺ ʟ 

ʦʜʥʦʛʦ ʩʪʘʥʫ ʢʚʘʟʽʨʽʚʥʦʚʘʛʠ ʫ ʜʨʫʛʠʡ, ʘ ʣʘʥʮʶʛ ɺɿɿ ï ʜʣʷ ʟʘʜʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʢʚʘʟʽʩʪʽʡʢʠʭ ʩʪʘʥʽʚ (ʪʨʠʚʘʣʦʩʪʽ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ). ʅʘ ɯʄʉ ʆʇ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʘʚʪʦʢʦʣʠʚʘʣʴʥʽ ʪʘ ʄɺ, ʷʢʽ ʦʯʽʢʫʶʪʴ. 

9.1.2. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʄɺ  

ʄɺ (ʨʠʩ. 9.2) ʻ ʘʚʪʦʛʝʥʝʨʘʪʦʨʦʤ ʽ ʧʨʘʮʶʻ ʙʝʟ ʧʦʜʘʯʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʂʦʥʜʝʥʩʘʪʦʨ ʉ1  ̔ ʨʝʟʠʩʪʦʨʠ R1, R2 ʻ ɺɿɿ  ʽ ʫʪʚʦʨʶʶʪʴ ʽʥʪʝʛʨʫʶʯʠʡ  

RC-ʣʘʥʮʶʛ, ʜʞʝʨʝʣʦʤ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʷʢʦʛʦ ʻ ʥʘʧʨʫʛʘ 
ɺʀʍ

U  ɯʄʉ ʆʇ. ʋ 

ʮ̔ ʡ ʩʭʝʤʽ ʆʇ ʧʨʘʮʶʻ ʫ ʥʝʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ ʽ ʡʦʛʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʠʡʤʘʻ 

ʦʜʥʝ ʟ ʜʚʦʭ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ: 
ʅɸʉ

U+ ʯʠ     ( )ʅɸʉ
U- , ʨʠʩ. 9.2, ʙ.  
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ʈʠʩ. 9.2. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʄɺ ʥʘ ɯʄʉ ʆʇ: ʘ ï ʩʭʝʤʘ; ʙ ï ʧʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɯʄʉ 

ʆʇ; ʚ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʗʢʱʦ 
ɺʀʍ ʅɸʉ

U U=+ , ʚʽʜʢʨʠʪʦ VD1 ʽ ʢʦʥʜʝʥʩʘʪʦʨ C1 ʟʘʨʷʜʞʘʻʪʴʩʷ 

ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R1. ɿʘ 
ɺʀʍ ʅɸʉ

U U=-  ʚʽʜʢʨʠʪʦ VD2 ʽ ʢʦʥʜʝʥʩʘʪʦʨ C1 

ʧʝʨʝʟʘʨʷʜʞʘʻʪʴʩʷ ʯʝʨʝʟ R2. ʅʘ ʧʨʷʤʠʡ ʚʭʽʜ ɯʄʉ ʆʇ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ, 

ʥʘʜʭʦʜʠʪʴ ʥʘʧʨʫʛʘ ɼɿɿ ( )
ʇʈ ʅ

U U , ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʧʦʜʽʣʴʥʠʢʘ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ, ʷʢʠʡ ʚʠʢʦʥʘʥʦ ʥʘ ʨʝʟʠʩʪʦʨʘʭ R3, R4. 
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ɿʘʣʝʞʥʦʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɯʄʉ ʆʇ, ʥʘʧʨʫʛʘ ( )
ʇʈ ʅ

U U  

ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 

1 1

4
,

3 4

ʅɸʉ

ʅ ʇʈ

U R
U U

R R

+ Ö
= =

+
      

ʷʢʱʦ 
ɺʀʍ ʅɸʉ

U U=+ ; 

2 2

4
,

3 4

ʅɸʉ

ʅ ʇʈ

U R
U U

R R

- Ö
= =

+
      

ʷʢʱʦ 
ɺʀʍ ʅɸʉ

U U=- . 

ʋ ʨʘʟʽ ʚʠʩʦʢʦʛʦ ʟʥʘʯʝʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ɯʄʉ ʆʇ 

( ).U ɯʄʉʆʇ
K  ʚʝʣʠʯʠʥʠ 

1
UD , 

2
UD (ʨʠʩ. 9.2, ʙ) ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʥʫʣʷ. 

ʊʦʤʫ ʟʘ ʥ 0
I

U U UD = - º ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʠʙʢʽʚ: ʙʘʣʘʥʩʫ ʬʘʟ (ɼɿɿ) ʽ ʙʘʣʘʥʩʫ ʘʤʧʣʽʪʫʜ 

ʰʚʠʜʢʦ (ʣʘʚʠʥʦʧʦʜʽʙʥʦ) ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 
ʅɸʉ

U+  ʜʦ ʅɸʉU-  ʽ ʥʘʚʧʘʢʠ. 

ʆʪʞʝ, ɯʄʉ ʆʇ ʧʦʨʽʚʥʶʻ ʥʘʧʨʫʛʠ ʥʘ ʚʭʦʜʽ, ʱʦ ʽʥʚʝʨʪʫʻ (I), ʪʘ ʥʘ ʚʭʦʜʽ, ʱʦ ʥʝ 

ʽʥʚʝʨʪʫʻ (ʅ), ʽ ʫ ʨʘʟʽ ʾʭ ʧʨʠʙʣʠʟʥʦ ʾʨʽʚʥʦʩʪʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʻ ʩʚʦʻ 

ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ʄɺ. ʋ ʨʘʟʽ ʚʽʜʢʣʶʯʝʥʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʘ ʢʦʥʜʝʥʩʘʪʦʨ ʉ1 ʨʦʟʨʷʜʞʝʥʠʡ. ʋ ʨʘʟʽ ʚʢʣʶʯʝʥʦʾ ʥʘʧʨʫʛʠ ɯʄʉ 

ʆʇ ( )1t t=  ʟʘ ʨʘʭʫʥʦʢ ʘʩʠʤʝʪʨʽʾ ʩʭʝʤʠ ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʥʘʷʚʥʦʩʪʽ ɼɿɿ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʥʘ ʚʠʭʦʜʽ ʚʩʪʘʥʦʚʠʪʴʩʷ ʟʥʘʯʝʥʥʷ 
ʅɸʉ

U+ ʯʠ 
ʅɸʉ

U- . 

ʇʨʠʧʫʩʪʠʤʦ, 
ɺʀʍ ʅɸʉ

U U=+ . ɼʽʦʜ VD1 ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʘ VD2 ï ʟʘʢʨʠʪʠʡ. 

ʂʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʞʘʻʪʴʩʷ ʮʽʻʶ ʥʘʧʨʫʛʦʶ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R1. ʅʘʨʦʩʪʘʶʯʘ ʟʘ 

ʝʢʩʧʦʥʝʥʪʦʶ ʥʘʧʨʫʛʘ 
1C

U  ʟʽ ʩʪʘʣʦʶ ʯʘʩʫ 1 1ʟʘʨ R ʉt Ö=  ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ɯʄʉ 

ʆʇ, ʱʦ ʽʥʚʝʨʪʫʻ. ʏʝʨʝʟ ʣʘʥʮʶʛ R3, R4 ʥʘ ʚʭʽʜ, ʱʦ ʥʝ ʽʥʚʝʨʪʫʻ, ʧʦʜʘʻʪʴʩʷ 

ʥʘʧʨʫʛʘ 
1ʅ

U . ʋ ʤʦʤʝʥʪ 
2

t t=  ʥʘʧʨʫʛʘ 
1 1C ʅ

U U= , ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ 
ɺʀʍ ʅɸʉ

U U=- . ɼʽʦʜ 

VD2 ï ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʘ VD1 ï ʟʘʢʨʠʚʘʻʪʴʩʷ. ʏʝʨʝʟ ʨʝʟʠʩʪʦʨ R2 ʢʦʥʜʝʥʩʘʪʦʨ 

ʉ1 ʧʝʨʝʟʘʨʷʜʞʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ: 
ʅɸʉ

U-  ʟʽ ʩʪʘʣʦʶ ʯʘʩʫ 2 1ʧʝʨ R ʉt Ö= .  

ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
3

t t=  ʤʦʜʫʣʴ ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ 
1C

U  ʜʦʨʽʚʥʶʻ ʤʦʜʫʣʶ 

ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ 
2ʅ

U . ʇʽʜʩʠʣʶʚʘʯ ʟʥʦʚʫ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʽ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ 
ʅɸʉ

U+ . ɼʘʣʽ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ. 
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ɯʥʪʝʨʚʘʣ 
3 4
...t t  ʚʠʟʥʘʯʘʻ ʪʨʠʚʘʣʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʄɺ (

ʽʤ
t ), ʘ 

ʽʥʪʝʨʚʘʣ 
54

...t t
 
ï ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ (

ʧ
t ). 

ɺʠʚʝʜʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʽʤt  

ʪʘ ʧʘʫʟʠ ʧt  ʄɺ 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʚʽʜʦʤʦʩʪʷʤʠ ʟ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʨʦʙʦʪʫ ʧʘʩʠʚʥʦʛʦ RC-ʣʘʥʮʶʛʘ (ʨʠʩ. 9.3) : 

 

ɯʉ1

R1

C1 Uɺʀʍ=UC1

 
ʈʠʩ. 9.3. ʇʘʩʠʚʥʠʡ RC-ʣʘʥʮʶʛ 

1

1

1

1

1 ,

1 1 .

C

C

C

C

dU
I C

dt

dU
R C U E

dt

= Ö

Ö Ö + =

       

ʈʦʟʚô̫ ʟʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ  

[ ]1 1

/
( ) (0)

C C

ʽʥʪt
U t E E U e

t-
= - - ,     (9.1) 

ʜʝ 1 1
ʽʥʪ

R Ct = Ö ï ʩʪʘʣʘ ʯʘʩʫ ʽʥʪʝʛʨʫʶʯʦʛʦ ʣʘʥʮʶʛʘ; (0)
C

U  ï ʧʦʯʘʪʢʦʚʘ 

ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʫ ʤʦʤʝʥʪ ʟʘʤʠʢʘʥʥʷ ʢʣʶʯʘ SA1. 

ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʚʠʱʝ ʩʭʝʤʽ ʄɺ (ʨʠʩ. 9.2) ʫ ʤʦʤʝʥʪ 
3

t t=  (ʧʦʯʘʪʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʫ): 

1 1 23

4
(0) ( ) ,

3 4

, 1 1.

ʅɸʉ

C C ʅ

ʅɸʉ ʽʥʪ

U R
U U t U

R R

E U R Ct

- Ö
= =- =

+

=+ = Ö

      (9.2) 

ʋ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʫ 4
( )t t=  
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1 14

4
( ) .

3 4

ʅɸʉ

C ʅ

U R
U t U

R R

Ö
= =

+
      (9.3) 

ʗʢʱʦ ʚ ʨʽʚʥʷʥʥʷ (9.1) ʟʘʤʽʩʪʴ t  ʧʽʜʩʪʘʚʠʪʠ 
4 3

,
ʽʤ

t t t t= - =  ʪʦ 

1 1
( ) ,

C ʅʽʤ
U t U=  ʘ (9.1) ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

[ ]1 1 2

/
( ) ( )

C ʅ ʅɸʉ ʅɸʉ ʅ

ʽʤ ʽʥʪt

ʽʤ
U t U U U U ʝ

t-
= = - - -

.
   (9.4) 

ʇʽʜʩʪʘʚʠʤʦ ʚ (9.4) ʟʥʘʯʝʥʥʷ 1HU  ʽ 2HU  ʟ (9.2), (9.3) ʦʪʨʠʤʘʻʤʦ 

/4 4
( )

3 4 3 4

ʅɸʉ ʅɸʉ

ʅɸʉ ʅɸʉ

ʽʤ ʽʥʪtU R U R
U U ʝ

R R R R

t-Ö Ö
= - +

+ +
.  (9.5)  

ʈʦʟʜʽʣʠʚʰʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.5) ʥʘ 
ʅɸʉ

U , ʟʘʧʠʰʝʤʦ 

/

/

/

/

/

4 4
1 (1 ) ;

3 4 3 4

3 3 2 4
;

3 4 3 4

3 ( 3 2 4) ;

2 4
1 (1 ) ;

3

2 4 1
1 (1 ) ;

3

ʽʤ ʽʥʪ

ʽʤ ʽʥʪ

ʽʤ ʽʥʪ

ʽʤ ʽʥʪ

ʽʤ ʽʥʪ

t

t

t

t

t

R R
ʝ

R R R R

R R R
ʝ

R R R R

R R R ʝ

R
ʝ

R

R

R ʝ

t

t

t

t

t

-

-

-

-

= - + Ö
+ +

+å õ
- =- Öæ ö

+ +ç ÷

= + Ö

= + Ö

= + Ö

 
/

(1 2 4 / 3).ʽʤ ʽʥʪt
ʝ R R
t
= +           (9.6) 

ʃʦʛʘʨʠʬʤʫʶʯʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.6) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ  

2 4 2 4
ln(1 ) 1 1 ln(1 ).

3 3
ʽʥʪʽʤ

R R
t R C

R R
t= Ö + = Ö Ö +

   (9.7)
 

ɸʥʘʣʦʛʽʯʥʦ ʚʠʚʝʜʝʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ 

5 4
.ʧt t t= -  

ʋ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʬʦʨʤʫʚʘʥʥʷ ʧʘʫʟʠ 
4

( )t t=  

1 1 14

4
(0) ( ) ,

3 4

, 2 1.

ʅɸʉ

C C ʅ

ʅɸʉ ʽʥʪ

U R
U U t U

R R

E U R Ct

Ö
= = =

+

=- = Ö   

  (9.8) 

ʋ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʧʘʫʟʠ 
5

( )t t=  



 

279 

 

1 25

4
( ) .

3 4

ʅɸʉ

C ʅ

U R
U t U

R R

Ö
=- =-

+
      (9.9) 

ʗʢʱʦ ʚ ʨʽʚʥʷʥʥʷ (9.1) ʟʘʤʽʩʪʴ t  ʧʽʜʩʪʘʚʠʪʠ 
5 4

,ʧt t t t= - = ʪʦ 

1 2
( ) ,

C ʧ ʥ
U t U=-  ʘ (9.1) ʧʨʠʡʤʝ ʚʠʛʣʜ̫ 

1 2 1

/
( ) ( ) .

C ʅ ʅɸʉ ʅɸʉ ʅ

ʧ ʽʥʪt

ʧU t U U U U e
t-

=- =- - - - Ö   (9.10) 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ (9.10) ʟʥʘʯʝʥʥʷ 1HU  ʽ 2HU
 ʟ (9.8) ʽ (9.9), ʦʪʨʠʤʘʻʤʦ 

/4 4
( ) .

3 4 3 4

ʅɸʉ ʅɸʉ

ʅɸʉ ʅɸʉ

ʧ ʽʥʪtU R U R
U U e

R R R R

t-Ö Ö
- =- - - - Ö

+ +  
 (9.11) 

ʈʦʟʜʽʣʠʚʰʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.11) ʥʘ HACU , ʟʘʧʠʰʝʤʦ 

/4 4
1 ( 1 ) ;

3 4 3 4

ʧ ʽʥʪtR R
e

R R R R

t-
- =- - - - Ö

+ +
 

/4 4
1 (1 ) ;

3 4 3 4

ʧ ʽʥʪtR R
e

R R R R

t-
- =- + + Ö

+ +
 

/4 3 2 4
1 ( ) ;

3 4 3 4

ʧ ʽʥʪtR R R
e

R R R R

t-+
- =- + Ö

+ +
 

/4 3 2 4
1 ( ) ;

3 4 3 4

ʧ ʽʥʪtR R R
e

R R R R

t-+
- = Ö

+ +
 

/3 3 2 4
( ) ;

3 4 3 4

ʧ ʽʥʪtR R R
e

R R R R

t-+
= Ö

+ +
 

/2 4
1 (1 ) ;

3

ʧ ʽʥʪtR
e

R

t-
= + Ö  

/ 2 4
(1 ).

3

ʧ ʽʥʪt R
e

R

t
= +

        
(9.12) 

ʃʦʛʘʨʠʬʤʫʶʯʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.12), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ: 

2 4 2 4
ln(1 ) 2 1 ln(1 ).

3 3
ʧ ʽʥʪ

R R
t R C

R R
t= Ö + = Ö Ö +    (9.13) 

ʇʝʨʽʦʜ ʩʣʽʜʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ 

2 4
( 1 2) 1 ln(1 ),

3
ʧʽʤ

R
T t t R R C

R
= + = + Ö Ö +

  
  (9.14) 

ʘ ʰʧʘʨʫʚʘʪʽʩʪʴ  
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1 2
.

1
ʽʤ

T R R
Q

t R

+
= =         (9.15) 

ɿ ʚʠʨʘʟʽʚ (9.7, 9.13ï9.15) ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ , , ,ʧʽʤ
t t T Q ʥʝ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ɯʄʉ ʆʇ, ʷʢʱʦ ʦʩʪʘʥʥʷ ʙʣʠʟʴʢʘ ʜʦ ʽʜʝʘʣʴʥʦʾ. 

ʆʪʞʝ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ¥ ʽ ʰʧʘʨʫʚʘʪʦʩʪʽ Q ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʄɺ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʨʝʟʠʩʪʦʨʽʚ ʽ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʋ ʨʝʘʣʴʥʠʭ ʩʭʝʤʘʭ ʄɺ ʥʘ ɯʄʉ ʆʇ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝ, ʱʦ 

;
ʅɸʉ ʅɸʉ

U U+ ¸ -  ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʻ ʥʘʧʨʫʛʘ ʟʩʫʚʫ ʥʫʣʷ; 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟʘ ʥʫʣʴʦʚʦʾ ʨʽʟʥʠʮʽ 

ʥʘʧʨʫʛ ʤʽʞ ʚʭʦʜʘʤʠ ɯʄʉ ʆʇ, ʘ ʪʨʦʰʢʠ ʨʘʥʽʰʝ ʽ ʪ. ʽʥ. 

ʋʩʝ ʮʝ ʜʝʱʦ ʟʥʠʞʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ 

ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʣʽʜʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʘ ʥʝʟʤʽʥʥʦ ʾ

ʰʧʘʨʫʚʘʪʦʩʪʽ ʚʘʨʪʦ ʟʤʽʥʶʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʟʠʩʪʦʨʽʚ R3, R4. ʅʘʧʨʠʢʣʘʜ, 

ʷʢʱʦ R3 = const, ʘ R4 ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦ ʯʘʩʪʦʪʘ ¥ ʟʤʝʥʰʫʻʪʴʩʷ (ʜʠʚ. (9.14)).  

ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʽʜ ʯʘʩ ʥʝʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ 

ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʭʝʤʦʶ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 9.4, ʘ. 

 
ʈʠʩ. 9.4. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʄɺ ʥʘ ɯʄʉ ʆʇ: ʘ ï ʟ ʨʝʟʠʩʪʦʨʦʤ 

ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʧʘʨʫʚʘʪʦʩʪʽ; ʙ ï ʟʽ ʰʧʘʨʫʚʘʪʽʩʪʶ Q = 2 

ʇʝʨʝʩʫʚʘʥʥʷʤ ʧʦʚʟʫʥʘ ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R ʟʤʽʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʨʝʟʠʩʪʦʨʘ R1, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʰʧʘʨʫʚʘʪʽʩʪʴ Q, ʘ ʩʫʤʘ R1 + R2 = R = const, 

ʪʦʙʪʦ ʧʝʨʽʦʜ ʊ ʽ ʯʘʩʪʦʪʘ ʥʝ ʟʤʽʥʶʶʪʴʩʷ (ʜʠʚ. (9.14), (9.15)). 

ɼʣ̫ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʄɺ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ 

ʟʽ ʰʧʘʨʫʚʘʪʽʩʪʶ Q = 2 ʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʽʚ ʫ ʣʘʥʮʶʟʽ ɺɿɿ ʧʦʚʠʥʥʽ ʙʫʪʠ 
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ʦʜʥʘʢʦʚʽ (R1 = R2). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʽʦʜʠ VD1, VD2 ʥʝ ʧʦʪʨʽʙʥʽ ʽ ʩʭʝʤʘ ʄɺ 

ʤʘʻ ʚʠʛʣʜ̫, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.3, ʙ.  

9.1.3. ʄʫʣʴʪʠʚʽʙʨʘʪʦʨ, ʱʦ ʯʝʢʘʻ 

ʄɺ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.5, ʘ, ʥʘʟʠʚʘʶʪʴ ʪʘʢʠʤ, ʱʦ ʯʝʢʘʻ. ɺʽʥ 

ʬʦʨʤʫʻ ʥʘ ʚʠʭʦʜʽ ʦʜʠʥʦʯʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʽʤʧʫʣʴʩ ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʽʜ ʯʘʩ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʚʭʽʜ ʢʦʨʦʪʢʦʛʦ ʽʤʧʫʣʴʩʫ, ʷʢʠʡ ʡʦʛʦ ʟʘʧʫʩʢʘʻ. 

ʇ̔ ʜ ʯʘʩ ʚʢʣʶʯʝʥʥ ̫ʥʘʧʨʫʛʠ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʷʢʠʡ  

ʟʘʧʫʩʢʘʻ, ʥʘ ʚʠʭʦʜʽ ʩʭʝʤʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ 
ɺʀʍ ʅɸʉ

U U=- . ɼʽʦʜ VD1 ï 

ʚʽʜʢʨʠʪʠʡ ʽ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ 
1 1.C VD ʇʈ

U U=- . 

ʊʘʢʠʡ ʩʪʘʥ ʩʭʝʤʠ ʻ ʩʪʽʡʢʠʤ. ʅʘ ʨʠʩ. 9.5, ʙ ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 

ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʽʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ ʥʘ ʡʦʛʦ ʚʭʽʜ ʽʤʧʫʣʴʩʽʚ, ʱʦ 

ʟʘʧʫʩʢʘʶʪʴ. 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 
1. 1

0; ; .
ɿɸʇ ɺʀʍ ʅɸʉ I VD ʇʈ C

U U U U U U= =- =- =- 

VD2 ï ʚʽʜʢʨʠʪʠʡ, ʪʦʤʫ ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ, ʷʢʠʡ ʥʝ ʽʥʚʝʨʪʫʻ: 

2 2

2 3

2 3 .
2 3

4
2 3

ʅ ʇʈ ʅɸʉ

R R

R RU U U
R R

R
R R

Ö

+= =- Ö
Ö

+
+

       

ʇ̔ ʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʜʦʜʘʪʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ ʟʘʧʫʩʢʘʻ, 

ʘʤʧʣʽʪʫʜʦʶ 
2.ɿɸʇ m ʇʈ

U U>  ʧʦʪʝʥʮʽʘʣ ʚʭʦʜʫ ɯʄʉ ʆʇ, ʷʢʠʡ ʥʝ ʽʥʚʝʨʪʫʻ, ʩʪʘʻ 

ʜʦʜʘʪʥʠʤ. ɿʘ ʨʘʭʫʥʦʢ ʜʽʾ ɼɿɿ (ʨʝʟʠʩʪʦʨʠ R3, R4) ʩʭʝʤʘ ʰʚʠʜʢʦ 

(ʣʘʚʠʥʦʧʦʜʽʙʥʦ) ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʪʘʻ ʨʽʚʥʦʶ 
ʅɸʉ

U+ . 

ɼʽʦʜ VD2 ʟʘʢʨʠʪʠʡ, ʘ ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ, ʷʢʠʡ ʥʝ ʽʥʚʝʨʪʫʻ: 

1 1

3
.

3 4
ʅ ʇʈ ʅɸʉ

R
U U U

R R
= = Ö

+
      (9.16) 

 

ɭʤʥʽʩʪʴ ʉ1 ʧʝʨʝʟʘʨʷʜʞʘʻʪʴʩʷ. ʂʦʣʠ ʚʽʜô̒ ʤʥʘ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ 

ʟʘ ʤʦʜʫʣʝʤ ʩʪʘʻ ʙʽʣʴʰʝ, ʥʽʞ 
1.VD ʇʈ

U , ʜʽʦʜ VD1 ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʟʘʰʫʥʪʦʚʫʻ ʉ1 

ʽ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ. ʅʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ 

ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 
1 .C VD ʇʈ

U U=-  (ʯʘʩʪʢʠ ʚʦʣʴʪʘ). 
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ʈʠʩ. 9.5. ʄɺ, ʱʦ ʯʝʢʘʻ, ʥʘ ɯʄʉ ʆʇ (ʆɺ): 

ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʦʜʘʯʫ ʚʭʽʜʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ 

ʟʘʧʫʩʢʘʻ, ʥʘ ʚʠʭʦʜʽ ʄɺ ʬʦʨʤʫʻʪʴʩʷ ʦʜʠʥʦʯʥʠʡ ʽʤʧʫʣʴʩ ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

2 1ʽʤ
t t t= -. 

ʏʘʩ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʻʤʥʦʩʪʽ ʉ1 ʚʽʜ ʚʝʣʠʯʠʥʠ 
1ʅ

U+  ʜʦ 1.VD ʇʈ
U-  

ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʦʤ ʚʽʜʥʦʚʣʝʥʥʷ 
3 2ʚʽʜ

t t t= -. 

ʃʘʥʮʶʞʦʢ ʉ2, R2 (ʨʠʩ. 9.5, ʘ) ʻ ʜʠʬʝʨʝʥʮʽʶʶʯʠʤ. ɼʽʦʜ VD2 ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʚʝʥʪʠʣʷ, ʧʨʦʧʫʩʢʘʻ ʪʽʣʴʢʠ ʜʦʜʘʪʥʽ ʽʤʧʫʣʴʩʠ. 

ʇʝʨʽʦʜ ʟʦʚʥʽʰʥʽʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʟʘʧʫʩʢʘʶʪʴ, 
ɿɸʇ

T  ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʝ 

( )ʽʤ ʚʽʜ
t t+ : ( ).ɿɸʇ ʽʤ ʚʽʜ

T t t² +  

ɺʠʚʝʜʝʥʥʷ ʚʠʨʘʟʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 
ʽʤ
t  

ʽ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ 
ʚʽʜ

t  ʄɺ, ʱʦ ʯʝʢʘʶʪʴ 

ʇ̔ ʜ ʯʘʩ ʚʠʚʝʜʝʥʥ ̫ʚʠʨʘʟʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʽʤ
t  ʪʘ 

ʚʽʜ
t  ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʚʽʜʦʤʦʩʪʷʤʠ ʟ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚʠʱʝ (ʨʠʩ. 9.3). 

ɺʠʟʥʘʯʝʥʥʷ 
ʽʤ
t  

ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
1

t t=  (ʧʦʯʘʪʦʢ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ) 

ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ  

 

1 1 1.1
; (0) ( ) 0; 1 1.

ɺʀʍ ʅɸʉ C C VD ʇʈ ʽʥʪ
U E U U U t U R Ct= =+ = =- º = Ö  

 

ʋ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ( )2
t t=   

1 2

4
( ) .

3 4

ʅɸʉ

C

U R
U t

R R

+ Ö
=

+
 

ʗʢʱʦ ʚ ʨʽʚʥʷʥʥʷ (9.1) ʟʘʤʽʩʪʴ t  ʧʽʜʩʪʘʚʠʪʠ 
2 1

,
ʽʤ

t t t t= - =ʪʦ ʮʝ 

ʨʽʚʥʷʥʥʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

1 1

/
( ) ( 0)

C ʅ ʅɸʉ ʅɸʉ

ʽʤ ʽʥʪt

ʽʤ
U t U U U ʝ

t-
= = - - Ö .   (9.17) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ (9.17) ʟʥʘʯʝʥʥʷ 
1ʅ

U  ʟ (9.16), ʦʪʨʠʤʘʻʤʦ 

 

/3
( 0)

3 4

ʅɸʉ

ʅɸʉ ʅɸʉ

ʽʤ ʽʥʪtU R
U U ʝ

R R

t-Ö
= - - Ö

+ .    
(9.18) 
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ʈʦʟʜʽʣʠʚʰʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.18) ʥʘ HACU , ʟʘʧʠʰʝʤʦ  

 

/

/

3
1 ;

3 4

3 4
1 ;

3 4 3 4

ʽʤ ʽʥʪ

ʽʤ ʽʥʪ

t

t

R
ʝ

R R

R R
ʝ

R R R R

t

t

-

-

= -
+

= - =
+ +  

/ 3 4 3
1 .

4 4
ʽʤ ʽʥʪt R R R
ʝ

R R

t +
= = +       (9.19) 

ʃʦʛʘʨʠʬʤʫʶʯʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.19), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ 

 

3 3
ln(1 ) 1 1 ln(1 ).

4 4
ʽʥʪʽʤ

R R
t R C

R R
t= Ö + = Ö Ö +     

ɺʠʟʥʘʯʝʥʥʷ 
ʚʽʜ

t  

ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
2

t t=  (ʧʦʯʘʪʦʢ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ) 

1 1

3
; (0) ; 1 1.

3 4

ʅɸʉ

ɺʀʍ ʅɸʉ C ʅ ʽʥʪ

U R
U E U U U R C

R R
t

Ö
= =- = = = Ö

+
  

 ʅʘʧʨʠʢʽʥʮʽ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ( )3t t=  ʥʘʧʨʫʛʘ ʥʘ ʻʤʥʦʩʪʽ 

1 1.3
( ) 0

C VD ʇʈ
U t U=- º. 

ʗʢʱʦ ʚ ʨʽʚʥʷʥʥʷ (9.1) ʟʘʤʽʩʪʴ t  ʧʽʜʩʪʘʚʠʪʠ 
3 2 ʚʽʜ

t t t t= - =, ʪʦ ʮʝ 

ʨʽʚʥʷʥʥʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

1

/3
( ) 0 .

3 4

ʅɸʉ

C ʅɸʉ ʅɸʉ

ʽʥʪʚʽʜt

ʚʽʜ

U R
U t U U ʝ

R R

t-Öè ø
= =- - - - Öé ù+ê ú

  (9.20) 

ʈʦʟʜʽʣʠʚʰʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.20) ʥʘ HACU , ʟʘʧʠʰʝʤʦ 

/

/

3
0 1 1 ;

3 4

2 3 4
1 ;

3 4

ʽʥʪʚʽʜ

ʽʥʪʚʽʜ

t

t

R
ʝ

R R

R R
ʝ

R R

t

t

-

-

è ø
=- + + Öé ù+ê ú

+å õ
= Öæ ö
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/ 2 3 4
;

3 4

ʽʥʪʚʽʜt R R
ʝ

R R

t +å õ
=æ ö

+ç ÷
       (9.21) 

ʃʦʛʘʨʠʬʤʫʶʯʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ (9.21), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ 

2 3 4
1 1 ln .

3 4
ʚʽʜ

R R
t R C

R R

+å õ
= Ö Öæ ö

+ç ÷
        

ʈʝʛʫʣʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʆɺ tʽʤ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʘʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

ï ʟʤʽʥʝʥʥʷʤ R1 ʯʠ ʉ1 (ʦʩʪʘʥʥʻ ʟʚʠʯʘʡʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʽ ʟʤʽʥʥʦʶ ʻʤʥʽʩʪʶ ʤʘʻ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʫ), ʧʨʠ 

ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʟʘʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1;  

ï ʟʤʽʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ R3/R4, ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʫʛʘ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʦʤʧʘʨʘʪʦʨʘ 
1ʅ

U , ʘ ʨʘʟʦʤ ʟ ʥʠʤ ʽ ʯʘʩ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ 

ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʥʘʨʦʩʪʘʻ ʜʦ ʚʝʣʠʯʠʥʠ 
1ʅ

U . 

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʆɺ ʥʝ ʩʣʽʜ ʟʘʙʫʚʘʪʠ, ʱʦ ʩʭʝʤʠ ʟ ɼɿɿ ʤʘʶʪʴ 

ʥʠʟʴʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʥʘʧʨʫʛʘ ʥʘ ʧʨʷʤʦʤʫ ʚʭʦʜʽ ɯʄʉ ʆʇ 

2ʇʈ ʅ
U U=  ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʨʽʚʥʷ ʟʘʚʘʜ. ʇʨʠʨʦʜʥʦ, ʱʦ ʡ 

ʘʤʧʣʽʪʫʜʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʝʣʠʢʦʶ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʢʣʶʯʝʥʥʷ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘ ʧʦʯʘʪʢʫ ʩʪʘʜʽʾ ʬʦʨʤʫ-            

ʚʘʥʥʷ ʽʤʧʫʣʴʩʫ.  

9.2. ɻʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ 

9.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʛʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ 

ɻʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ (ɻʅɿʃ), ʬʦʨʤʫʶʪʴ ʥʘ 

ʚʠʭʦʜʽ ʥʘʧʨʫʛʫ, ʬʦʨʤʘ ʷʢʦʾ ʥʘʛʘʜʫʻ ʟʫʙʠ ʧʠʣʠ (ʨʠʩ. 9.6). ʊʦʤʫ ʮʽ ʛʝʥʝʨʘʪʦʨʠ 

ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʛʝʥʝʨʘʪʦʨʘʤʠ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ (ɻʇʅ). ʌʨʦʥʪ ʽ ʟʨʽʟ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɻʅɿʃ (ɻʇʅ) ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ, ʙʣʠʟʴʢʠʤ                  

ʜʦ ʣʽʥʽʡʥʦʛʦ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʣʽʥʽʡʥʦʾ (ʯʠ ʙʣʠʟʴʢʦʾ ʜʦ ʣʽʥʽʡʥʦʾ) ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛʠ 

ʚʽʜ ʯʘʩʫ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʨʷʜʞʝʥʥʷ (ʯʠ ʨʦʟʨʷʜʞʝʥʥʷ) 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. ʅʘʡʧʨʦʩʪʽʰʫ ʩʭʝʤʫ ɻʅɿʃ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

9.7, ʘ, ʯʘʩʦʚʫ ʜʽʘʛʨʘʤʫ ï ʥʘ ʨʠʩ. 9.7, ʙ. 
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ɻʅɿʃ

 
ʈʠʩ. 9.6. ʉʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ɻʅɿʃ 

 

 

ʘ ʙ

UC

 
ʈʠʩ. 9.7. ʅʘʡʧʨʦʩʪʽʰʘ ʩʭʝʤʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ 

ʇ̔ ʜ ʯʘʩ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʣʶʯʘ ʂʣ ʢʦʥʜʝʥʩʘʪʦʨ C ʟʘʨʷʜʞʘʻʪʴʩʷ ʚʽʜ 

ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ I  ʽ ʥʘʧʨʫʛʘ ʥʘ ʥʴʦʤʫ ʥʘʨʦʩʪʘʻ ʣʽʥʽʡʥʦ:  

0

1
(0) (0),

t

C C C

I t
U Idt U U

C C
= + = +ñ  

ʜʝ 0t=  ï ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʟʘʨʷʜʞʝʥʥʷ. 

ʋ ʤʦʤʝʥʪ 
1

t t= ʟʘʤʠʢʘʻʪʴʩʷ ʢʣʶʯ ʂʣ ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ 

ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʯʝʨʝʟ ʢʣʶʯ ʽ ʨʝʟʠʩʪʦʨ R, ʷʢʠʡ ʚʚʝʜʝʥʦ ʫ ʩʭʝʤʫ ʜʣʷ ʦʙʤʝʞʝʥʥʷ 

ʨʦʟʨʷʜʥʦʛʦ ʩʪʨʫʤʫ. ʇʽʩʣʷ ʨʦʟʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦ ʥʘʧʨʫʛʠ (0) 0
C

U =
 

ʢʣʶʯ ʂʣ ʤʦʞʝ ʙʫʪʠ ʨʦʟʽʤʢʥʫʪʠʤ, ʪʦʜʽ ʧʦʯʥʝʪʴʩʷ ʟʥʦʚʫ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʧʨʫʛʠ, ʱʦ ʣʽʥʽʡʥʦ ʥʘʨʦʩʪʘʻ.  

ɺʽʜʦʤʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʠ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.7, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʘʤʠ ʧʦʙʫʜʦʚʠ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ I  ʪʘ ʢʣʶʯʦʚʦʛʦ  

ʝʣʝʤʝʥʪʘ [13; 22]. 

9.2.2. ɻʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ, ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʽ 

ʅʘ ʨʠʩ. 9.8 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʥʘʡʧʨʦʩʪʽʰʦʛʦ 

ɻʅɿʃ ʥʘ ɹʊ. 
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ʈʠʩ. 9.8. ʅʘʡʧʨʦʩʪʽʰʠʡ ɻʅɿʃ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ ʥʘ ɹʊ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 0
ʂɽʈ

U = . ɼʦʜʘʪʥʦʶ ʥʘʧʨʫʛʦʶ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ 

ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ 
1 2

( , )
ʂ ɹ ɹ

E R R+ , ʪʨʘʥʟʠʩʪʦʨ VT1  ʚʽʜʢʨʠʪʠʡ. 

ʂʦʥʜʝʥʩʘʪʦʨ C1 ʤʘʡʞʝ ʮʽʣʢʦʤ ʨʦʟʨʷʜʞʝʥʠʡ, ʘ ʟ ʚʠʭʦʜʫ ʩʭʝʤʠ 

ʟʥʽʤʘʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʥʘʧʨʫʛʘ  
1 .

.
C ɺʀʍ ʂɽ ʅ

U U U= =  

ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
1

t t=  ʥʘ ʚʭʽʜ ʩʭʝʤʠ ʧʦʜʘʻʪʴʩʷ ʚʽʜô̒ ʤʥʠʡ ʽʤʧʫʣʴʩ, ʱʦ 

ʟʘʢʨʠʚʘʻ ʪʨʘʥʟʠʩʪʦʨ VT1. ʂʦʥʜʝʥʩʘʪʦʨ C1 ʟʘʨʷʜʞʘʻʪʴʩʷ ʟʘ 

ʣʘʥʮʶʞʢʦʤ:; ; 1;
ʂ ʂ

E R C GND+
 
(ʟʝʤʣʷ). 
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ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
2

t t=  ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʟʥʦʚʫ 0
ʂɽP

U =  ʽ 

VT1 ï ʚʽʜʢʨʠʚʘʻʪʴʩʷ. ʂʦʥʜʝʥʩʘʪʦʨ ʉ1 ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʜʦ ʥʘʧʨʫʛʠ 
.ʂɽ H

U , ʟʘ ʚʝʣʠʯʠʥʦʶ ʙʣʠʟʴʢʦʶ ʜʦ ʥʫʣʷ.  

ɿ ʚʠʭʦʜʫ ʟʥʽʤʘʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʽʤʧʫʣʴʩ, ʱʦ ʣʠʰʝ ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʣʽʥʽʡʥʠʤ. ʊʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ ʮʴʦʛʦ ʽʤʧʫʣʴʩʫ 

ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʪʨʠʚʘʣʦʩʪʽ ʟʨʽʟʫ ( )ʬ ʟʨt t>> , ʪʦʤʫ ʱʦ ʩʪʘʣʘ ʟʘʨʷʜʞʝʥʥʷ ʉ1 

ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʩʪʘʣʦʾ ʨʦʟʨʷʜʞʝʥʥʷ ( )ʟʘʨ ʨʦʟʨt t>> . 

ɹʽʣʴʰʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʤʘʶʪʴ ʩʭʝʤʠ ɻʅɿʃ, ʷʢʽ 

ʧʦʙʫʜʦʚʘʥʦ ʥʘ ɯʄʉ. ʉʝʨʝʜ ʥʠʭ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʠ ʩʭʝʤʠ ʥʘ 

ɯʄʉ ʆʇ. 

ɻʅɿʃ ʥʘ ɯʄʉ ʆʇ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʚʠʜʠ:  

ï ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ;  

ï ʘʚʪʦʢʦʣʠʚʘʣʴʥʽ. 

9.2.3. ɻʝʥʝʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ 

ʉʭʝʤʘ ɻʅɿʃ ʥʘ ɯʄʉ ʆʇ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ (ʨʠʩ. 9.9, ʘ) ʤʽʩʪʠʪʴ 

ɸʂ ʽ ʘʢʪʠʚʥʠʡ ʽʥʪʝʛʨʘʪʦʨ (ɸɯ). 

ɿʦʚʥʽʰʥʽ ʽʤʧʫʣʴʩʠ, ʱʦ ʟʘʧʫʩʢʘʶʪʴ, ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ɸʂ, ʷʢʠʡ ʥʝ 

ʽʥʚʝʨʪʫʻ, ʪʘ ʷʢʠʡ ʚʠʢʦʥʘʥʦ ʥʘ ɯʄʉ ʆʇ (DA1). ʅʘ ʚʭʦʜʽ ɸʂ, ʱʦ ʽʥʚʝʨʪʫʻ, 

ʧʦʩʪʽʡʥʦ ʧʨʠʩʫʪʥʷ ʜʦʜʘʪʥʘ (ʝʪʘʣʦʥʥʘ) ʥʘʧʨʫʛʘ 
ɽʊ

E const+ = . 

ʂʦʣʠ ʽʤʧʫʣʴʩ, ʱʦ ʟʘʧʫʩʢʘʻ, ʚʽʜʩʫʪʥʽʡ, ʪʦ 
ɸʂ ʅɸʉ

U U=- . ʇ̔ʜ ʯʘʩ 

ʥʘʜʭʦʜʞʝʥʥ ̫ ʥʘ ʚʭʽʜ ʢʦʤʧʘʨʘʪʦʨʘ ʢʝʨʫʚʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟ ʘʤʧʣʽʪʫʜʦʶ 

.ʂɽʈ ɽʊm
U U>  ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ɸʂ ʩʪʨʠʙʢʦʤ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʽ ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ 
ɸʂ ʅɸʉ

U U=+ .  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʭʽʜ ɸɯ, ʷʢʠʡ ʚʠʢʦʥʘʥʦ ʥʘ ɯʄʉ ʆʇ (DA2), ʥʘʜʭʦʜʷʪʴ 

ʨʽʟʥʦʧʦʣʷʨʥʽ ʽʤʧʫʣʴʩʠ, ʱʦ ʟʥʽʤʘʶʪʴʩʷ ʟ ʚʠʭʦʜʫ ɸʂ.  

ʂʦʣʠ 
ɸʂ ʅɸʉ

U U=+ , ʪʦ ʜʽʦʜ VD1 ï ʚʽʜʢʨʠʪʠʡ, ʘ VD2 ï ʟʘʢʨʠʪʠʡ ʽ 

ʽʥʪʝʛʨʫʚʘʣʴʥʠʡ ʣʘʥʮʶʛ ʫʪʚʦʨʶʶʪʴ ʨʝʟʠʩʪʦʨ R1  ̔ ʢʦʥʜʝʥʩʘʪʦʨ C1, ʷʢʠʡ 

ʚʢʣʶʯʝʥʦ ʫ ʣʘʥʮʶʛ ɺɿɿ ʤʽʢʨʦʩʭʝʤʠ Dɸ2. 
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ʈʠʩ. 9.9. ɻʅɿʃ, ʷʢʠʡ ʯʝʢʘʻ: ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʗʢʱʦ 
ɸʂ ʅɸʉ

U U=- , ʪʦ VD1 ï ʟʘʢʨʠʪʠʡ, VD2 ï ʚʽʜʢʨʠʪʠʡ ʽ ʜʦ 

ʽʥʪʝʛʨʫʚʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʚʭʦʜʷʪʴ ʨʝʟʠʩʪʦʨ R2 ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʉ1. 

ɺʽʜʦʤʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ɸɯ ʩʪʨʠʙʢʘ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʡʦʛʦ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ ʣʽʥʽʡʥʦʛʦ:  

0

1
(0) (0),

t

ɺʍ

ɺʀʍ ɺʍ ɺʀʍ ɺʀʍ

U t
U U dt U U

RC RC

Ö
=- + =- +ñ    

ʜʝ 
ʽʥʪ

RC t=
 
ï ʩʪʘʣʘ ʯʘʩʫ ɸɯ; 

ɺʍ
U

 
ï ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 

(0)
ɺʀʍ

U  ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʤʦʤʝʥʪ ʧʦʜʘʯʽ 

ʩʪʨʠʙʢʘ ʥʘ ʚʭʦʜʽ. 
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ɺʠʚʝʜʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 0; ; ,
ʂɽʈ ɸʂ ʅɸʉ ɺʀʍ ɻʅɿʃ ʅɸʉ

U U U U U U= =- = =+ 
ʢʦʥʜʝʥʩʘʪʦʨ ʉ1 ʟʘʨʷʜʞʝʥʠʡ ʟʘ ʣʘʥʮʶʞʢʦʤ: 

; 1; 2; 2; .
ɺʀʍ ʅɸʉ

U U C R VD GND=+  

ʗʢʱʦ 
1

0; ; 0
ʂɽʈ ʂɽʈ

U t t U¸ = > (ʥʘ ʚʭʦʜʽ ï ʽʤʧʫʣʴʩ), ʪʦ 
ɸʂ ʅɸʉ

U U=+ . 

ʂʦʥʜʝʥʩʘʪʦʨ ʉ1 ʧʝʨʝʟʘʨʷʜʞʘʻʪʴʩʷ (ʨʦʟʨʷʜʞʘʻʪʴʩʷ) ʟʘ ʣʘʥʮʶʞʢʦʤ: 

; 1; 1; 1; .
ʅɸʉ

U VD R C GND+  ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ:  

0

1
(0),

1 1

t

ɻʅɿʃ ʅɸʉ ɺʀʍ
U U dt U

R C
=- +

Ö
ñ       

ʜʝ (0)
ɺʀʍ ʅɸʉ

U U=+ . ʊʦʜʽ  

0
,

1 1

ʅɸʉ

ɻʅɿʃ ʅɸʉ

ʽʤ
U t

U U U
R C

Ö
=- + =

Ö  

     (9.22) 

ʜʝ 
0

U  ï ʥʘʧʨʫʛʘ, ʜʦ ʷʢʦʾ ʻʤʥʽʩʪʴ ʉ1 ʧʝʨʝʟʘʨʷʜʠʪʴʩʷ ʟʘ ʯʘʩ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʽʤt
 (ʨʠʩ. 9.9, ʙ).  

ʗʢʱʦ 
2

0( )
ʂɽʈ

U t t= = , ʪʦ 
ɸʂ ʅɸʉ

U U=- . ʂʦʥʜʝʥʩʘʪʦʨ ʉ1 

ʟʘʨʷʜʞʘʻʪʴʩʷ ʟʘ ʣʘʥʮʶʞʢʦʤ: ; 1; 2; 2; .
ɺʀʍ

U C R VD GND  

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ:  

0

1
(0),

2 1

t

ɻʅɿʃ ʅɸʉ ɺʀʍ
U U dt U

R C
= +

Ö
ñ        

ʜʝ 
0

(0)
ɺʀʍ

U U= . ʊʦʜʽ  

0
.

2 1

ʅɸʉ

ɻʅɿʃ

ʧU t
U U

R C

Ö
= +

Ö
       (9.23) 

ʋʤʦʚʘ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʩʭʝʤʠ 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʽʻʾ ʩʭʝʤʠ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʟʤʽʥʘ 

ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ (ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ) ʟʘ ʯʘʩ ʚʭʽʜʥʦʛʦ ʢʝʨʫʚʘʣʴʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ( ).C ʨʦʟʨ
UD  ʜʦʨʽʚʥʶʚʘʣʘ ʟʤʽʥʽ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ (ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ) ʟʘ ʯʘʩ ʧʘʫʟʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ( ).C ʟʘʨ
UD . 

( ) ( ). .C ʨʦʟʨ C ʟʘʨ ʧʽʤ
U t t U t tD D = =D D =.    (9.24) 

ʗʢʱʦ ʚʚʝʩʪʠ ʧʦʥʷʪʪʷ ʢʨʫʪʠʟʥʠ (ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ) ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ  
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ɻʅɿʃ
dU

S
dt

=  ,         

ʪʦ ʚʠʨʘʟ (9.24) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʜ̫ʽ  

;

.
1 1 2 1

ʽʤ ʩʧʘʜ ʧ ʥʘʨ

ʅɸʉ ʅɸʉ

ʽʤ ʧ

R C R C

t S t S

U U
t t

Ö = Ö û
î
üå õ

- = Öæ ö îÖ Öç ÷ ý

-

-
      

ɿʚʽʜʢʽʣʷ ʦʪʨʠʤʘʻʤʦ ʫʤʦʚʫ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʭʝʤʠ  

1
.

2

ʽʤ

ʧ

t R

t R
=

 

      (9.25) 

ɼʚʘ ʦʩʥʦʚʥʠʭ ʚʘʨʽʘʥʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʽ ʚʭʽʜʥʠʭ 

ʢʝʨʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ 

1. ʗʢʱʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ  

1 1; 2 1,ʧʽʤ
t R C t R C= Ö = Ö       

ʪʦ ʟ ʚʠʨʘʟʫ (9.22) ʦʜʝʨʞʠʤʦ  

0

1 1
0.

1 1

ʅɸʉ

ɻʅɿʃ ʅɸʉ

U R C
U U U

R C

Ö Ö
=- + = =

Ö
      

ʇʽʜʩʪʘʚʠʚʰʠ 2 1ʧt R C= Öʽ 
0

0U =  ʫ (9.32), ʦʜʝʨʞʠʤʦ 

2 1
0 .

2 1

ʅɸʉ

ɻʅɿʃ ʅɸʉ

U R C
U U

R C

Ö Ö
= + =

Ö
        

ʌʦʨʤʫ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʦ                  

ʥʘ ʨʠʩ. 9.10. 

 

 

 

+Uʅɸʉ

Uɻʅɿʃ

 

tɿɺʈ tʇʈ  
ʈʠʩ. 9.10. ʌʦʨʤʘ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʅʘ ʨʠʩ. 9.10 ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʝʥʥʷ: 

ʧʨ
t  ï ʪʨʠʚʘʣʽʩʪʴ ʥʘʨʦʩʪʘʶʯʦʾ ʜʽʣʷʥʢʠ ʧʠʣʠ (ʧʨʷʤʦʛʦ ʭʦʜʫ); 

ʟʚʨ
t ï ʪʨʠʚʘʣʽʩʪʴ ʩʧʘʜʘʶʯʦʾ ʜʽʣʷʥʢʠ ʧʠʣʠ (ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ). 

ʗʢʱʦ ,
ʧʨ ʧt t=  ʘ 

ʟʚʨ ʽʤ
t t= , ʪʦ 2 1R R> , ʪʦʤʫ ʱʦ () ()ʽʤʧʨ ʧ ʟʚʨt t t t> . 
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2. ʗʢʱʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ  

 
,122;112 CRtCRt ʧʽʤ Ö=Ö=
       

ʪʦ ʟ ʚʠʨʘʟʫ (9.22) ʦʪʨʠʤʘʻʤʦ  

0

2 1 1

1 1

ʅɸʉ

ɻʅɿʃ ʅɸʉ ʅɸʉ

U R C
U U U U

R C

Ö Ö
=- + =- =

Ö
.     

ʇʽʜʩʪʘʚʠʚʰʠ  2 2 1
ʧ

t R C= Ö ʽ 0 ʅɸʉ
U U=-  ʫ (9.23), ʦʪʨʠʤʘʻʤʦ  

2 2 1
.

2 1

ʅɸʉ

ɻʅɿʃ ʅɸʉ ʅɸʉ

U R C
U U U

R C

Ö Ö
= - =

Ö
      

ʌʦʨʤʫ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʦ                  

ʥʘ ʨʠʩ. 9.11. 

+Uʅɸʉ

-Uʅɸʉ

Uɻʅɿʃ

t

 
ʈʠʩ. 9.11. ʌʦʨʤʘ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ɻʝʥʝʨʘʪʦʨʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ ʽ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ 

ʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ 

ɿ ʦʛʣʷʜʫ ʥʘ ʤʦʞʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʨʫʪʠʟʥʠ ʽ ʪʨʠʚʘʣʦʩʪʽ 
ʽʤ
t  ʽ ʧt , 

ʦʨʽ̒ʥʪʫʚʘʪʠʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (9.25) ʫ ʩʭʝʤʽ  (ʨʠʩ. 9.9, ʘ) ʥʝ ʨʝʘʣʴʥʦ. ʋ 

ʧʨʘʢʪʠʯʥʠʭ ʩʭʝʤʘʭ ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ 
ɻʅɿʃ

U  

ʦʙʤʝʞʫʶʪʴʩʷ. ʋ ʩʭʝʤʽ ʥʘ ʨʠʩ. 9.12, ʘ ʜʣʷ ʦʙʤʝʞʝʥʥʷ 
ɻʅɿʃ

U  ʚʚʝʜʝʥʦ 

ʩʪʘʙʽʣʽʪʨʦʥʠ VD3 ʽ VD4.  

ʗʢ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʥʘʧʨʫʛʘ ʤʽʞ ʚʭʦʜʘʤʠ ʆʇ ʽʥʪʝʛʨʘʪʦʨʘ 0UD º. 

ʗʢʱʦ 
+

0
ɻʅɿʃ

U U< < , ʥʘ ʩʪʘʙʽʣʽʪʨʦʥʽ VD4 ʜʽʻ ʧʨʷʤʘ ʥʘʧʨʫʛʘ ( )4
0

VD
U > , ʘ 

ʩʪʘʙʽʣʽʪʨʦʥ VD3 ʟʤʽʱʝʥʦ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʯʝʨʝʟ ʣʘʥʮʶʛ ʩʪʘʙʽʣʽʪʨʦʥʽʚ 

ʧʨʦʭʦʜʠʪʴ ʤʘʣʠʡ ʩʪʨʫʤ 
0

0I º . ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʙʽʣʽʪʨʦʥʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʟʘʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʋ ʨʘʟʽ 

ʜʦʩʷʛʥʝʥʥ ̫
. 3ɻʅɿʃ ʉʊ VD

U U U
+

= =  (
. 3ʉʊ VD

U  ï ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ VD3, ʷʢʘ 

ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ), ʟʘʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʽ ʩʪʨʫʤ '/ 2
ɿɿ

I U R=  ʧʝʨʝʭʦʜʠʪʴ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʣʘʥʮʶʞʦʢ 
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ʩʪʘʙʽʣʽʪʨʦʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʫʛʫ 
ɻʅɿʃ

U  ʟʚʝʨʭʫ ʦʙʤʝʞʝʥʦ ʟʥʘʯʝʥʥʷʤ 
+

U . 

ɸʥʘʣʦʛʽʯʥʦ ʟʥʠʟʫ ʥʘʧʨʫʛʫ 
ɻʅɿʃ

U  ʦʙʤʝʞʝʥʦ ʟʥʘʯʝʥʥʷʤ  . 4ʉʊ VD
U U
-
= , ʜʝ 

. 4ʉʊ VD
U  ï ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ VD4. 

 
ʈʠʩ. 9.12. ɻʅɿʃ ʟ̔ ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ ʽ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ ʚ ʣʘʥʮʶʟʽ ɺɿɿ: 

ʘ ï ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʅʘ ʨʠʩ. 9.12, ʙ ʧʦʢʘʟʘʥʦ ʨʦʙʦʪʫ ʦʙʤʝʞʫʚʘʯʘ ʥʘ ʩʪʘʙʽʣʽʪʨʦʥʘʭ ʫ ʤʦʤʝʥʪ 

5
t . ɯʥʪʝʨʚʘʣ ʧʘʫʟʠ 

4 6
...t t  ʟʘʜʘʥʦ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤ ( )'ʧ ʧt t> , ʪʦʤʫ ʚ ʤʦʤʝʥʪ 

5
t ʥʘʧʨʫʛʘ ɻʅɿʃ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 

+
U  ʽ ʜʦ ʤʦʤʝʥʪʫ 6

t t=  ʫʪʨʠʤʫʻʪʴʩʷ ʥʘ 

ʮʴʦʤʫ ʨʽʚʥʽ. ɿ ʧʨʠʭʦʜʦʤ ʯʝʨʛʦʚʦʛʦ ʽʤʧʫʣʴʩʫ 
ʂɽʈ

U  ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʩʧʘʜʫ 
ɻʅɿʃ

U .  

9.2.4. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ 

ʂʨʽʤ ɻʅɿʃ ʽʟ ʟʦʚʥʽʰʥʽʤ ʢʝʨʫʚʘʥʥʷʤ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ɻʅɿʃ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ (ʨʝʞʠʤʽ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ), ʪʦʙʪʦ ʙʝʟ 

ʢʝʨʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 9.13).  

ʎʷ ʩʭʝʤʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ɻʅɿʃ, ʷʢʠʡ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ (ʨʠʩ. 9.9), 

ʥʘʷʚʥʽʩʪʶ ʣʘʥʮʶʛʘ ɿɿ, ʱʦ ʟʚô̫ ʟʫʻ ʧʨʷʤʠʡ ʚʭʽʜ ʢʦʤʧʘʨʘʪʦʨʘ ʟ ʚʠʭʦʜʘʤʠ 

ʢʦʤʧʘʨʘʪʦʨʘ ʪʘ ʽʥʪʝʛʨʘʪʦʨʘ. 

ʅʘʧʨʫʛʘ ɿɿ 
ɿɿ

U  ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʝʪʘʣʦʥʥʦʶ ʥʘʧʨʫʛʦʶ 
ɽʊ

E , ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ɸʂ, ʷʢʠʡ ʽʥʚʝʨʪʫʻ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʦʤʧʘʨʘʪʦʨʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ 
ɿɿ ɽʊ

U Eº  (ʨʠʩ. 9.13, ʙ). ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʘ ʚʠʭʦʜʽ ɸʂ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʩʪʨʠʙʦʢ ʥʘʧʨʫʛʠ, ʨʽʚʥʠʡ 2
ʅɸʉ

U , ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʨʠʙʢʘ 

ʥʘʧʨʫʛʠ ʥʘ ʧʨʷʤʦʤʫ ʚʭʦʜʽ ɸʂ 
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2 3
.

3 4

ʅɸʉ

ɿɿ

U R
U

R R

Ö
=

+
         

 

 
ʈʠʩ. 9.13. ɸʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ɻʅɿʃ: ʘ ï ʩʭʝʤʘ; 

ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʫʛʘ 
ɿɿ

U  ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ ʩʠʛʥʘʣʽʚ: ɸʂ
U  ʽ 

ɺʀʍ ɻʅɿʃ
U U= , 

ʪʦ ʾʾ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟʘ ʤʝʪʦʜʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ (ʥʘʢʣʘʜʝʥʥʷ)  

34
.

3 4 3 4

ɻʅɿʃɸʂ

ɿɿ

U RU R
U

R R R R

ÖÖ
= +

+ +      (9.26) 
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ɺʠʚʝʜʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʉʭʝʤʫ ʪʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.13. ʋ ʤʦʤʝʥʪ ʯʘʩʫ 

2
t t=  ʥʘʧʨʠʢʽʥʮʽ ʟʘʨʷʜʞʝʥʥʷ ʉ1 ʜʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʢʦʤʧʘʨʘʪʦʨʘ 

,
AK ʅɸʉ

U U=-  ʘ 
ɻʅɿʃ

U U += . ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚ ʤʦʤʝʥʪ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ɿɿ ɽʊ
U Eº , ʘ ʪʘʢʦʞ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʚʠʨʘʟʦʤ (9.26) ʟʘʧʠʰʝʤʦ 

2

4 3
( ) .

3 4 3 4

ʅɸʉ

ɿɿ ɽʊ

U R R
U t U E

R R R R

+Ö
=- + Ö =

+ +
   (9.27) 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ 
3

t t=  ʥʘʧʨʠʢʽʥʮʽ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ ʉ1 ʜʦ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ʢʦʤʧʘʨʘʪʦʨʘ ,
AK ʅɸʉ ɻʅɿʃ

U U U U -=+ =-. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚ ʤʦʤʝʥʪ 

ʧʝʨʝʢʣʶʯʝʥʥʷ 
ɿɿ ɽʊ

U Eº , ʘ ʪʘʢʦʞ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʚʠʨʘʟʦʤ (9.26) ʟʘʧʠʰʝʤʦ 

3

4 3
( ) .

3 4 3 4

ʅɸʉ

ɿɿ ɽʊ

U R R
U t U E

R R R R

-Ö
= - Ö =

+ +
   (9.28) 

ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʥʘ ʬʦʨʤʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʟʘ ʬʦʨʤʦʶ, 

ʷʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 9.14. ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʛʦ ɻʅɿʃ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

0U -=  ʜʦ ʅɸʉU U+=+ . 

+Uʅɸʉ=U+

U-=0

Uɻʅɿʃ

t0 tʧʨ tʟʚʨ
 

ʈʠʩ. 9.14. ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ɻʅɿʃ, ʫ ʷʢʦʛʦ 0U -= , ʘ U
+
= +Uʥʘʩ 

ʗʢʱʦ ʫ ʚʠʨʘʟ (9.28) ʧʽʜʩʪʘʚʠʪʠ 0U -= , ʪʦ ʦʪʨʠʤʘʻʤʦ 

4
.

3 4

ʅɸʉ

ɽʊ

U R
E

R R

Ö
=

+
      (9.29) 

ʗʢʱʦ ʫ ʚʠʨʘʟ (9.27) ʧʽʜʩʪʘʚʠʪʠ ɽʊE  ʟ (9.29), ʪʦ ʦʪʨʠʤʘʻʤʦ  

4 4 3
,

3 4 3 4 3 4

ʅɸʉ ʅɸʉ
U R U R U R

R R R R R R

+Ö Ö Ö
=- +

+ + +
     

ʟʚʽʜʢʠ 

2 4
.

3

ʅɸʉ
U R

U
R

+ Ö
=        
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ʗʢʱʦ R3=2R4, ʪʦ 
ʅɸʉ

U U+= , ʘ 0U -= , ʪʦʙʪʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʤʘʻ 

ʚʠʛʣʜ̫, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 9.14. 

ɿʚô̫ ʟʦʢ ʧʘʨʘʤʝʪʨʽʚ: tʧʨ, tʟʚʨ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʫʛʠ, ʱʦ 

ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ, ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʨʝʟʠʩʪʦʨʽʚ R1, R2 

ɸʥʘʣʦʛʽʯʥʦ ɻʅɿʃ, ʷʢʠʡ ʯʝʢʘʻ, ʪʘ ʷʢʠʡ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ, ʚʝʣʠʯʠʥʘ 

ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʷʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ɻʅɿʃ (ʨʠʩ. 9.13) ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʟʤʽʥʽ ɻʅɿʃU  ʫ 

ʧʨʦʮʝʩʽ ʟʘʨʷʜʞʝʥʥʷ ʉ1 

ʩʧʘʜʫ ʥʘʨ ʧʨʟʚʨS t S tÖ = Ö-  .      (9.30) 

ʇʽʜ ʯʘʩ ʨʦʟʨʷʜʞʝʥʥ ̫ʉ1 ʥʘ ʚʭʽʜ ɸɯ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ HACU+ . ʊʦʜʽ  

0

1

1 1

t

ɻʅɿʃ ʅɸʉ
dt

R C
U U U

+
=- +

Ö ñ . 

ʂʨʫʪʠʟʥʘ ʥʘ ʧʘʜʘʶʯʽʡ ʜʽʣʷʥʮʽ 

1 1

ɻʅɿʃ ʅɸʉ
ʩʧʘʜʫ R C

dU U
S

dt
= =-

Ö
 .   (9.31) 

ʇʽʜ ʯʘʩ ʟʘʨʷʜʞʝʥʥ ̫ʉ1 ʥʘ ʚʭʽʜ ɸɯ ʥʘʜʭʦʜʠʪʴ ʥʘʧʨʫʛʘ: HACU- .  

ʊʦʜʽ  
0

1
( )

2 1

t

ɻʅɿʃ ʅɸʉ
dt

R C
U U U

-
=- -

Ö
-ñ . 

ʂʨʫʪʠʟʥʘ ʥʘ ʥʘʨʦʩʪʘʶʯʽʡ ʜʽʣʷʥʮʽ  

12

ʅɸʉɻʅɿʃ

CR

U
dt

dU
Sʥʘʨ Ö

==  .   (9.32) 

ʇʽʜʩʪʘʚʠʚʰʠ (9.30), (9.31) ʫ (9.32), ʦʪʨʠʤʘʻʤʦ  

t
U

t
U

CRCR ʇʈ

ʅɸʉ

ɿɺʈ

ʅɸʉ

1211
Ö

Ö
=Ö

ö
ö

÷

õ

æ
æ

ç

å

Ö
-- ,      

ʟʚʽʜʢʠ 

1

2

ɿɺʈ

ʇʈ

R

R

t
t
=  .        
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9.2.5. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ  

ʉʭʝʤʫ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.12, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʦʞ ʽ ʷʢ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʄɺ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʥʽʤʘʻʪʴʩʷ ʟ ʚʠʭʦʜʫ 

ʢʦʤʧʘʨʘʪʦʨʘ. 

ɻʅɿʃ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʽʮʽ. ʅʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʙʫʜʫʶʪʴʩʷ 

ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʢʠ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʦʢ. ɻʅɿʃ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʭ ʪʠʨʠʩʪʦʨʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽ ʪ. ʽʥ. ɼʫʞʝ ʚʝʣʠʢʫ ʨʦʣʴ 

ʫ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ʚʽʜʽʛʨʘʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚ 

ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʧʨʫʛʠ ʚ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ, ʫ 

ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ, ʫ ʟʩʫʚ ʟʘ ʬʘʟʦʶ.  

ʗʢ ʧʨʠʢʣʘʜ ʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʦʟʛʣʷʥʝʤʦ ʽʤʧʫʣʴʩʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.15, ʘ; ʘ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 9.15, ʙ. ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ɻʅɿʃ, ʷʢʠʡ ʟʚô̫ ʟʘʥʦ ʟ 

ʚʭʦʜʦʤ ʢʦʤʧʘʨʘʪʦʨʘ ɸʂ, ʷʢʠʡ ʽʥʚʝʨʪʫʻ. ʅʘ ʜʨʫʛʠʡ ʚʭʽʜ ɸʂ ʧʦʜʘʻʪʴʩʷ 

ʚʭʽʜʥʠʡ (ʧʝʨʝʪʚʦʨʶʚʘʥʠʡ) ʩʠʛʥʘʣ 
ɺʍ

U . ʂʦʤʧʘʨʘʪʦʨ ʯʝʨʝʟ ʜʽʦʜ VD1 ʟʚô̫ ʟʘʥʦ ʟ 

ʧʝʨʰʠʤ ʚʠʭʦʜʦʤ ʩʭʝʤʠ ( )1ʅR  ʽ ʟ ʢʝʨʫʚʘʣʴʥʠʤ ʣʘʥʮʶʛʦʤ ʢʣʶʯʘ ʂʣ, ʱʦ 

ʧʽʜʢʣʶʯʘʻ ʄɺ ʜʦ ʜʨʫʛʦʛʦ ʚʠʭʦʜʫ (
2ʅ

R ). 

ʂʦʤʧʘʨʘʪʦʨ ɸʂ ʬʽʢʩʫʻ ʨʽʚʥʽʩʪʴ ( ) ( )
ɻʅɿʃ ɺʍ

U t U t= . ʋ ʤʦʤʝʥʪ 
2

t   

(ʨʠʩ. 9.15, ʙ) 
2 1

( )
ɻʅɿʃ H ɺʍ

U S t t U= - = , ʜʝ 
2 1

( ) ,
Hʽʤ

t t t S- =
 
ï ʢʨʫʪʽʩʪʴ 

ʥʘʨʦʩʪʘʶʯʦʾ ʜʽʣʷʥʢʠ 
ɻʅɿʃ

U , ʟʚʽʜʩʠ  

/
ɺʍ Hʽʤ

t U S= .         

 
ʈʠʩ. 9.15. ʇʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʚ ʰʠʨʠʥʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ: 

ʘ ï ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ; ʙ ï ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ 

ʇʽʜ ʯʘʩ ʧʝʨʝʢʣʶʯʝʥʥʷ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʬʦʨʤʫʶʪʴʩʷ 

ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʧʦʪʦʯʥʦʤʫ 
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ʟʥʘʯʝʥʥʶ 
ɺʍ

U  (9.55). ɿʘ 
1

0
ɺʀʍ

U >  ʟʘʤʠʢʘʻʪʴʩʷ ʢʣʶʯ ʂʣ ʽ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 
2ʅ

R  

ʥʘʜʭʦʜʠʪʴ ʧʘʯʢʘ ʽʤʧʫʣʴʩʽʚ ʟ ʚʠʭʦʜʫ ʄɺ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ 

ʪʨʠʚʘʣʦʩʪʽ 
ʽʤ

t  ʽ, ʦʪʞʝ, ʥʘʧʨʫʟʽ 
ɺʍ

U . ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʩʪʨʽʡ ʻ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ 

ʥʘʧʨʫʛʠ ʚ ʰʠʨʠʥʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʄɺ. 

2. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ɸʄɺ  ̔ʄɺ, ʱʦ ʯʝʢʘʻ, ʥʘ ɯʄʉ ʆʇ. 

3. ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʄɺ ʥʘ ɯʄʉ 

ʆʇ? 

4. ʋ ʯʦʤʫ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʄɺ, ʱʦ ʯʝʢʘʻ, ʥʘ ɯʄʉ ʆʇ? 

5. ʗʢ ʟʤʽʥʠʪʴʩʷ ʩʭʝʤʘ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʄɺ ʥʘ ɯʄʉ ʆʇ, ʷʢʱʦ ʰʧʘʨʫʚʘʪʽʩʪʴ 

Q=2? 

6. ʅʘʚʝʜʽʪʴ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʪʘ ʧʘʫʟʠ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ʄɺ. 

7. ʅʘʟʚʽʪʴ ʩʧʦʩʦʙʠ ʟʤʽʥʠ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʆɺ. 

8. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɻʅɿʃ ʥʘ ɯʄʉ ʆʇ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʟʘʧʫʩʢʦʤ. 

9. ʇʦʷʩʥʽʪʴ ʫʤʦʚʫ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻʅɿʃ, ʱʦ ʯʝʢʘʻ, ʪʘ 

ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ɻʅɿʃ. 

10. ʇʦʷʩʥʽʪʴ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ɻʅɿʃ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ. 

11. ʗʢ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ɻʅɿʃ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ? 

12. ʇʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ɻʅɿʃ ʽʟ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ ʫ ʣʘʥʮʶʟʽ ɺɿɿ. 

13. ʅʘʚʝʜʽʪʴ ʩʭʝʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʚ ʰʠʨʠʥʫ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʽʤʧʫʣʴʩʽʚ, ʪʘ ʧʦʷʩʥʽʪʴ ʾʾ ʨʦʙʦʪʫ.  

14. ʅʘʚʝʜʽʪʴ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʘ ʯʘʩʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʄɺ, ʱʦ ʯʝʢʘʻ. 

15. ʗʢʽ ʚʠʤʦʛʠ ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ ʜʦ ʧʝʨʽʦʜʫ ʟʦʚʥʽʰʥʽʭ ʽʤʧʫʣʴʩʽʚ ʟʘʧʫʩʢʫ 

ʄɺ, ʱʦ ʯʝʢʘʻ? 

16. ʗʢʽ ʚʫʟʣʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ɻʅɿʃ ʥʘ ɯʄʉ ʆʇ? 

17. ʇʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ. 

18. ʇʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ɻʅɿʃ, ʱʦ ʯʝʢʘʻ, ʪʘ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ ɻʅɿʃ? 
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10. ʄɸʊɽʄɸʊʀʏʅʀʁ ɸʇɸʈɸʊ ʎʀʌʈʆɺʆɰ ɽʃɽʂʊʈʆʅɯʂʀ 

10.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʟʘʜʘʯʽ ʮʠʬʨʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

ʆʜʥʽʻʶ ʟ ʟʘʜʘʯ ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʧʝʨʝʜʘʯʘ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɻʦʣʦʚʥʘ ʣʘʥʢʘ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ï 

ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʜ ʷʢʦʛʦ ʥʘʜʭʦʜʷʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ 

ʦʙô̒ ʢʪ (ʽʥʬʦʨʤʘʮʽʷ). ʆʩʪʘʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ 

ʧʦʜʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʯʠʩʝʣ ʫ ʪʽʡ ʘʙʦ ʽʥʰʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ. ʊʘʢʠʡ 

ʧʨʦʮʝʩ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʜʫʚʘʥʥʷʤ, ʘ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʧʦʜʘʥʽ ʪʠʤ ʘʙʦ ʽʥʰʠʤ ʢʦʜʦʤ, ʥʘʟʠʚʘʶʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ 

ʢʦʤʧôʁ ʪʝʨ (ʤʽʢʨʦʧʨʦʮʝʩʦʨ, ʄʂ, ʧʝʨʩʦʥʘʣʴʥʘ ɽʆʄ), ʪʦ ʦʙʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚʝʜʝʪʴʩʷ ʫ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ ʽ ʜʠʩʢʨʝʪʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʚʠʯʘʡʥʦ 

ʧʦʜʘʶʪʴʩʷ ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ (ɼɺʂ). ʂʦʜ ï ʮʝ ʧʨʘʚʠʣʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ 

ʜʠʩʢʨʝʪʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʯʠʩʝʣ ʫ ʚʠʟʥʘʯʝʥʽʡ ʩʠʩʪʝʤʽ 

ʯʠʩʣʝʥʥʷ. ʋ ʮʠʬʨʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʢʨʽʤ ɼɺʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʩʷʪʢʦʚʽ, 

ʚʽʩʽʤʢʦʚʽ ʽ ʰʽʩʪʥʘʜʮʷʪʢʦʚʽ ʢʦʜʠ. 

ʅʘʟʚʘ ʢʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʯʠʩʣʝʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ. ɼʦʢʣʘʜʥʦ ʦʩʥʦʚʥʽ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʮʠʬʨʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽʡ ʪʝʭʥʽʮʽ, 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ [2; 4; 18]. ʅʠʞʯʝ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʜʝʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ 

ʪʝʨʤʽʥʘʭ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘʤʠ ʥʘʜʘʣʽ. 

ʉʠʩʪʝʤʘ ʯʠʩʣʝʥʥʷ (ʉʏ) ï ʩʧʦʩʽʙ ʟʘʧʠʩʫ ʯʠʩʝʣ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʢʽʚ, ʯʘʩʪʽʰʝ ʫʩʴʦʛʦ ʘʨʘʙʩʴʢʠʭ ʮʠʬʨ, ʘʣʝ ʽʥʦʜʽ ʽ ʣʘʪʠʥʩʴʢʠʭ 

ʣʽʪʝʨ, ʥʘʧʨʠʢʣʘʜ, ʰʽʩʪʥʘʜʮʷʪʢʦʚʘ ʩʠʩʪʝʤʘ ʯʠʩʣʝʥʥʷ. 

ʆʩʥʦʚʘ ʉʏ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʩʠʤʚʦʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʚʽʡʢʦʚʘ ʩʠʩʪʝʤʘ ʯʠʩʣʝʥʥʷ ʤʘʻ ʦʩʥʦʚʫ ʜʚʘ, 

ʜʝʩʷʪʢʦʚʘ ï ʜʝʩʷʪʴ ʽ ʪ.ʜ. 

ʈʦʟʨʷʜʥʽʩʪʴ ʯʠʩʝʣ. ʂʦʞʥʝ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʨʦʟʨʷʜʽʚ. ʈʦʟʨʷʜ ï ʮʝ ʤʽʩʮʝ, ʱʦ ʟʘʡʤʘʻ ʮʠʬʨʘ (ʣʽʪʝʨʘ) ʫ ʯʠʩʣʽ. ʂʨʘʡʥʽʡ 

ʧʨʘʚʠʡ ʨʦʟʨʷʜ ʫ ʯʠʩʣʽ ʥʘʟʠʚʘʶʪʴ ʥʫʣʴʦʚʠʤ (ʧʦʯʘʪʢʦʚʠʤ, ʤʦʣʦʜʰʠʤ ʘʙʦ 

ʤʦʣʦʜʰʠʤ ʟʥʘʯʫʱʠʤ ʨʦʟʨʷʜʦʤ (ʄɿʈ)). ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ ʜʦʨʽʚʥʶʻ N, 

ʪʦ ʢʨʘʡʥʽʡ ʣʽʚʠʡ ʨʦʟʨʷʜ ʥʘʟʠʚʘʶʪʴ (N ï 1)-ʤ (ʩʪʘʨʰʠʤ ʘʙʦ ʩʪʘʨʰʠʤ 

ʟʥʘʯʫʱʠʤ ʨʦʟʨʷʜʦʤ (ʉɿʈ)). 
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ɺʘʛʘ ʨʦʟʨʷʜʫ ï ʜʦʨʽʚʥʶʻ ʦʩʥʦʚʽ ʉʏ, ʟʚʝʜʝʥʽʡ ʫ ʩʪʝʧʽʥʴ, ʨʽʚʥʠʡ 

ʥʦʤʝʨʘʤ ʨʦʟʨʷʜʽʚ, ʱʦ ʥʫʤʝʨʫʶʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ (N ï 1). ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʨʦʟʛʣʷʥʫʪʠ ʪʨʠʨʦʟʨʷʜʥʝ ʜʝʩʷʪʢʦʚʝ ʯʠʩʣʦ, ʪʦ ʚʘʛʠ ʡʦʛʦ ʨʦʟʨʷʜʽʚ ʩʢʣʘʜʘʶʪʴ: 

ï  ʥʫʣʴʦʚʦʛʦ ï 10
0 
= 1; 

ï  ʧʝʨʰʦʛʦ ï 10
1 
= 10; 

ï  ʜʨʫʛʦʛʦ ï 10
2 
= 100. 

ɸʥʘʣʦʛʽʯʥʦ ʚʘʛʠ ʪʨʠʨʦʟʨʷʜʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʯʠʩʣʘ ʩʢʣʘʜʘʶʪʴ: 

ï  ʥʫʣʴʦʚʦʛʦ ï 2
0 
= 1; 

ï  ʧʝʨʰʦʛʦ ï 2
1 
= 2; 

ï  ʜʨʫʛʦʛʦ ï 2
2 
= 4. 

ɺʘʛʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʩʷʪʢʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ 

ʯʠʩʝʣ. ʅʘʧʨʠʢʣʘʜ, ʜʝʩʷʪʢʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʜʚʽʡʢʦʚʦʛʦ ʯʠʩʣʘ 1 0 1 1 0 

ʜʦʨʽʚʥʶʻ:  

1* 2
4
 + 0*2

3
 + 1* 2

2
 + 1* 2

1
 + 0* 2

0
 = 22. 

ʏʠʩʣʘ, ʧʦʜʘʥʽ ʚ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ (ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ) 

ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʩʧʨʘʚʘ ʚʽʜ ʄɿʈ ʣʘʪʠʥʩʴʢʫ ʣʽʪʝʨʫ ɺ, ʫ ʜʝʩʷʪʢʦʚʽʡ ʩʠʩʪʝʤʽ ï D, 

ʰʽʩʪʥʘʜʮʷʪʢʦʚʽʡ ï H. ʗʢʱʦ ʣʽʪʝʨʘ ʚʽʜʩʫʪʥʷ, ʪʦ ʟʘ ʟʘʤʦʚʯʫʥʥʷʤ ʢʦʤʧôʁ ʪʝʨ 

(ʤʽʢʨʦʧʨʦʮʝʩʦʨ, ʄʂ) ʚʚʘʞʘʻ ʯʠʩʣʦ ʧʦʜʘʥʠʤ ʫ ʜʝʩʷʪʢʦʚʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ. 

ɼʣʷ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʟʥʘʯʝʥʽ ʬʽʟʠʯʥʽ 

ʧʨʦʮʝʩʠ (ʩʠʛʥʘʣʠ), ʱʦ ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʨʝʜʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. ʋ ʮʠʬʨʦʚʽʡ (ʢʦʤʧôʁ ʪʝʨʥʽʡ) ʝʣʝʢʪʨʦʥʽʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ, ʱʦ ʥʘʙʫʚʘʶʪʴ ʦʜʠʥ ʽʟ ʜʚʦʭ ʨʽʚʥʽʚ (ʟʥʘʯʝʥʴ): ʥʠʟʴʢʠʡ ʽ 

ʚʠʩʦʢʠʡ. ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʘʟʠʚʘʶʪʴ ʥʫʣʴʦʚʠʤ (ʥʫʣʝʤ), ʘ ʚʠʩʦʢʠʡ ï 

ʦʜʠʥʠʯʥʠʤ (ʦʜʠʥʠʮʝʶ). ʊʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʤʘʻ ʤʽʩʮʝ ʚ çʜʦʜʘʪʥʽʡ 

ʣʦʛʽʮʽè. ʈʘʥʽʰʝ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ çʚʽʜô̒ ʤʥʘ ʣʦʛʽʢʘè, ʫ ʷʢʦʾ ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʘʟʠʚʘʶʪʴ ʦʜʠʥʠʮʝʶ, ʘ ʚʠʩʦʢʠʡ ï ʥʫʣʝʤ. 

10.2. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ 

10.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʠʩʢʨʝʪʠʟʘʮʽ ʁʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʋ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ 

ʦʙʨʦʙʣʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢʽ ʟʥ̔ʤʘʶʪʴʩʷ ʟ ʘʥʘʣʦʛʦʚʠʭ ʜʘʪʯʠʢʽʚ. 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧôʁ ʪʝʨ/ʤʽʢʨʦʧʨʦʮʝʩʦʨ/ʄʂ, ʱʦ ʚʝʜʫʪʴ 

ʦʙʨʦʙʣʝʥʥʷ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʠʩʢʨʝʪʠʟʘʮʽʷ (ʢʚʘʥʪʫʚʘʥʥʷ) 

ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʚʠʜʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ:  

- ʟʘ ʨʽʚʥʝʤ; 



 

301 

 

- ʟʘ ʯʘʩʦʤ; 

- ʟʘ ʨʽʚʥʝʤ ʽ ʯʘʩʦʤ (ʢʦʤʙʽʥʦʚʘʥʘ). 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʥʠʡ ʟ ʥʘʟʚʘʥʠʭ ʚʠʜʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. 

10.2.2. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʘʥʘʣʦʛʦʚʦʶ 

(ʙʝʟʧʝʨʝʨʚʥʦʶ) ʥʘʧʨʫʛʦʶ U(t), ʱʦ ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ, ʷʢʠʡ 

ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 10.1.  

 
ʈʠʩ. 10.1. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ 

ʄʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʥʘʧʨʫʛʠ ʣʝʞʘʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ((UMIN=0)...UMAX )). 

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ʦʧʝʨʘʮʽʾ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʟʥʘʯʝʥʴ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʚʝʣʠʯʠʥʠ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʥʠʟʢʫ ʨʽʚʥʽʚ NP, ʚʢʣʶʯʘʶʯʠ 

ʥʫʣʴʦʚʠʡ. ʏʠʩʣʦ NP ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ 

( )MAX MIN

P

-
N = +1

U

U U
D

,       

ʜʝ DU ï ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ. ʆʩʪʘʥʥʷ ʻ ʧʦʩʪʽʡʥʦʶ 

ʚʝʣʠʯʠʥʦʶ (DU = const), ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʧʦʭʠʙʢʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

ʋ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ NP = 5. ʂʦʞʥʠʡ ʨʽʚʝʥʴ ʧʨʦʥʫʤʝʨʦʚʘʥʠʡ ʫ ʜʝʩʷʪʢʦʚʽʡ 

ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ. ʈʦʙʦʪʘ ʢʚʘʥʪʫʚʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ: ʚʽʥ ʚʠʟʥʘʯʘʻ 

ʤʦʤʝʥʪʠ ʯʘʩʫ, ʢʦʣʠ ʚʭʽʜʥʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʜʦʩʷʛʘʻ ʯʝʨʛʦʚʦʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʨʽʚʥʷ. ʎʽ ʤʦʤʝʥʪʠ ʧʦʟʥʘʯʝʥʽ t1, t2, t3, ... ʆʯʝʚʠʜʥʦ, ʱʦ ʧ̔ʜ ʯʘʩ 

ʥʝʣʽʥʽʡʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽʥʪʝʨʚʘʣ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʯʘʩʦʚʠʤʠ ʚʽʜʣʽʢʘʤʠ ʻ 

ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ (Dt = var). ʇʨʠʢʣʘʜʦʤ ʧʨʠʩʪʨʦʾʚ, ʫ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʻ ʨʝʣʝʡʥʽ (ʧʦʨʦʛʦʚʽ) ʧʨʠʩʪʨʦʾ. 
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10.2.3. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ  

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ ʦʧʝʨʘʮʽʾ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ (ʨʠʩ. 10.2) 

ʘʥʘʣʦʛʦʚʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʘʤʽʥʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʚʠʭʦʜʫ 

ʢʚʘʥʪʫʚʘʯʘ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ t1, t2, t3, ...  

 
 

ʈʠʩ. 10.2. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ 

ɯʥʪʝʨʚʘʣ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ Dt = t1 ï t0 = t2 ï t1 = ... = const. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʨʽʟʥʠʮʷ ʩʫʩʽʜʥʽʭ ʟʥʘʯʝʥʴ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʽʜ ʯʘʩ ʥʝʣʽʥʽʡʥʦʛʦ 

ʟʘʢʦʥʫ ʟʤʽʥʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʻ ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ (DU = var).  

ʇʨʠʢʣʘʜʦʤ ʧʨʠʩʪʨʦʾʚ, ʫ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʻ 

ʽʤʧʫʣʴʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

10.2.4. ʂʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʽ ʟʘ ʯʘʩʦʤ  

ʈʦʙʦʪʘ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʨʠʩ. 10.3) ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʟ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʽʦʜʠʯʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʙʽʨʢʠ ʤʠʪʪʻʚʠʭ 

ʟʥʘʯʝʥʴ. ʏʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʠʙʽʨʢʘʤʠ Dt = const. ʂʦʞʥʘ ʚʠʙʽʨʢʘ 

ʦʢʨʫʛʣʷʻʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʨʽʚʥʷ ʢʚʘʥʪʫʚʘʥʥʷ, 

ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʨʽʚʥʝʤ. ɯʥʪʝʨʚʘʣ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʨʽʚʥʷʤʠ 

DU=const. ɿʥʘʯʝʥʥʷ ʨʽʚʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚ ʜʝʩʷʪʢʦʚʽʡ ʘʙʦ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ 

ʯʠʩʣʝʥʥʷ (ʜʝʩʷʪʢʦʚʠʤ ʘʙʦ ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ). 

ʂʦʜ ʨʽʚʥʷ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʮʠʬʨʦʚʠʤ ʩʠʛʥʘʣʦʤ. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʤʘʻ ʩʭʽʜʯʘʩʪʫ ʬʦʨʤʫ ʽ ʟ ʚʠʟʥʘʯʝʥʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʪʚʦʨʶʚʘʥʽʡ ʘʥʘʣʦʛʦʚʽʡ ʥʘʧʨʫʟʽ. ɿʘ ʪʘʢʠʤ ʧʨʠʥʮʠʧʦʤ 

ʧʨʘʮʶʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ɸʎʇ [14; 17; 34]. 












































































































































































































































































































































