
 

 

 

 

 

 

 

 

 

 

 

 

HAHOEʃEʂTPOHIʂA 

˗̃́̎̓̏̃̏-̨̨̖̘̍̆́̎̎ ̈́̒́̅̉ȟ 
̒̓̑̔̋̓̔̑̉ȟ ̨̨̘̈̉̎̕ ̃ ̨̌́̒̓̉̃̏̒̓ 

 

˝̆̋̏̍̆̎̅̏̃́̎̏ ̇ ̨̨̎̒̓̆̑̒̓̃̏̍ ̏ ̨̒̃̓̉ i ̎ ́̔̋̉ȟ ̍ ̨̏̌̏̅ ̓  ́cnopmy ɣ ̋̑́Ȱ̩̎̎ 

̠̋ ̘̝̎́̃́̌̎̉̊ ̨̐̏̒̂̎̉̋ ̠̅̌ ̨̒̓̔̅̆̎̓̃ ̖̃̉̉̚ ̘̝̖̎́̃́̌̎̉ ̈ ̨́̋̌́̅̃ 

̈́ ̠̎́̐̑̍̏̍ ̨̐̅̄̏̓̏̃̋̉ Ⱥ˙̨̋̑̏- ̓ ́ ̨̎́̎̏̆̌̆̋̓̑̏̎̋́Ȼ 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʂʠʾʚ 

çʂʘʬʝʜʨʘè 
2013 



ʋɼʂ 621.38-022.513.2(075.8) 

ɹɹʂ 32.85ʷ73 
ʅ25 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ i ʥʘʫʢʠ, ʤʦʣʦʜʘ ʪʘ cnopmy ʋʢʨʘôʽôʥʠ 

ʷʢ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ 
ʟʘ ʥʘʧʨʷʤʦʤ ʧʦʜʛʦʪʦʚʢʠ çʄʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʘè 

(ʣʠʩʪ No 1/11-16500 ʚʽʜ 23.10.12 ʨ.) 

 
ʈ ʝ ʮ ʝ ʥ ʟ ʝ ʥ ʪ ʠ: 
ɺ. ɻ. ɹʘʨôʷʭʪʘʨ, ʜʽʡʩʥʠʡ ʯʣʝʥ HAH ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

(ɯʥʩʪʠʪʫʪ ʤʘʛʥʝʪʠʟʤʫ HAH i ʄʆʅʤʦʣʦʜʴʩʧʦʨʪʫ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ); 
ɺ. ɯ. ɹʦʡʢʦ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ). 

 

 
ʅɸʅʆɽʃɽʂʊʈʆʅɯʂɸ. ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʽ ʟʘʩʘʜʠ, ʩʪʨʫʢʪʫʨʠ, ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

ʅ25 ʥʘʚʯ. ʧʦʩʽʙ. / ɼ. ʄ. ɿʘʷʯʫʢ, ʖ. ɯ. ʗʢʠʤʝʥʢʦ, ɺ. ʄ. ʉʧʽʚʘʢ, ʆ. ɺ. ɹʦʛʜʘʥ, ɸ. ʊ. ʆʨʣʦʚ, 
ɺ. ʄ. ʂʦʚʘʣʴ. ð ʂ.: ʂʘʬʝʜʨʘ, 2013. ð 428 ʩ., ʽʣ. 

ISBN 978-966-2705-52-2 

 
 

ɺʠʩʚʽʪʣʝʥʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʽ ʟʘʩʘʜʠ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ, ʧʠʪʘʥʠʷ ii  ʙʘʟʦʚʠʭ ʥʘʧʽʚ- 

ʧʨʦʚʽʜʥʠʢʦʚʠʭ i ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ 

ʩʪʨʫʢʪʫʨ. ʈʦʟʛʣʷʥʫʪʦ ʧʦʚʝʜʽʥʢʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ̫ ʤʘʭ ʨʽʟʥʦʾ ʬʦʨʤʠ i ʚʠʤʽʨʥʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʢʨʽʟʴ 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʙʘʨôʝʨʠ ʪʫʥʝʣʴʥʠʭ i ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʟʤʽʥ ʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʽ ʝʣʝʢʪʨʦ- 

ʥʽʚ ʪʘ ʧʨʠ ʥʘʢʣʘʜʘʥʥʽ ʩʠʣʴʥʠʭ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʦʜʘʥʦ ʦʩʥʦʚʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʜʚʦʚʠʤʽʨʥʽ ʢʨʠʩʪʘʣʠ, ʩʪʨʫʢʪʫʨʠ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʾ ʭʥʽ ʢʦʤʧʦʟʠʮʽʾ: 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʜʛʨʘʪʢʠ, ʦʜʥʦʚʠʤʽʨʥʽ ʢʨʠʩʪʘʣʠ, ʥʠʟʴʢʦʨʦʟʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʶ ð 

ʛʨʘʬʝʥ, ʬʫʣʝʨʝʥʠ, ʥʘʥʦʪʨʫʙʢʠ. ɺʠʩʚʽʪʣʝʥʦ ʩʧʝʮʠʬʽʯʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʦ- , ʦʜʥʦ- 

ʥʫʣʴʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ i ʥʘʜʛʨʘʪʦʢ, ʩʧʨʠʯʠʥʝʥʽ ʾ ʭʥʴʦʶ ʚʠʤʽʨʥʽʩʪʶ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦ- 

ʩʪʦʨʦʚʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʘʭʽʚʮʽʚ, ɦ ʦ ʟʘʡʤʘʶʪʴʩʷ 

ʨʦʟʨʦʙʢʦʶ ʥʘʥʦʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ. 

ISBN 978-966-2705-52-2 

ʋɼʂ 621.38-022.513.2(075.8) 

ɹɹʂ 32.85ʷ73 

 
fi ɼ. ʄ. ɿʘʷʯʫʢ, ʖ. ɯ. ʗʢʠʤʝʥʢʦ, ɺ. ʄ. ʉʧʽʚʘʢ, 
ʆ. ɺ. ɹʦʛʜʘʥ, ɸ. ʊ. ʆʨʣʦʚ, ɺ. ʄ. ʂʦʚʘʣʴ, 2013 



ɿʤʽʩʪ 

ɺʩʪʫʧ............................................................................. 8 

ʏʘʩʪʠʥʘ 1. ʂɺɸʅʊʆɺʆ-ʄɽʍɸʅɯʏʅɯ ɿɸʉɸɼʀ 

ʅɸʅʆɽʃɽʂʊʈʆʅɯʂʀ 

ʈʦʟʜʽʣ 1. ʇʆʊɽʅʎɯɸʃʔʅɸ ʗʄɸ. ........................................... 10 

1.1. ʇʨʦʩʪʦʨʦʚʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. .......................................... 10 

1.2. ʍʘʨʘʢʪʝʨ pyxy ʢʣʘʩʠʯʥʠʭ i ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ. ....... 12 

1.3. ʂʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʯʘʩʪʠʥʢʠ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ. ......................... 14 

1.4. ʌʦʨʤʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ i ʭʘʨʘʢʪʝʨ 

ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ. .............. 22 

1.5. ɿʘʭʦʧʣʝʥʥʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ 

ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ̫ ʤʘʤʠ ʨʽʟʥʦʾ ʚʠʤʽʨʥʦʩʪʽ. ....... 24 

1.6. ʇʦʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ. ........ 25 

ʂʦʥʪʨʦʣʴʥʽ  ʟʘʧʠʪʘʥʥʷ i  ʟʘʚʜʘʥʥʷ...................... 28 

ʈʦʟʜʽʣ 2. ʇʆʊɽʅʎɯɸʃʔʅʀʁ ɹɸʈôʉʈ. ................................... 30 

2.1. ʊʫʥʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ 

ʢʨʽʟʴ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ. ........................... 30 

2.2. ʈʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʽ ʩʪʨʫʢʪʫʨʠ. ..................... 36 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ. ........................... 40 

ʈʦʟʜʽʣ 3. ɺʀʄɯʈʅɯʉʊʔ ʉʀʉʊɽʄʀ I ɻʋʉʊʀʅɸ CTAHIB 

ɺɯʃʔʅʀʍ ɽʃɽʂʊʈʆʅɯɺ. .......................................... 42 

3.1. ɺʠʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ i ñk-ʦʙôʩʤò ʦʜʥʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ  ʩʪʘʥʫ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. ........... 42 

3.2. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ. ....................................................... 45 

3.3. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ i  ʢʚʘʜʨʘʪʠʯʥʠʡ  ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʽʾ. ......................................................... 46 

3.4. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ i ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ. ........ 53 
 
 
 

 



3.5. ɼʝʷʢʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ 0D ʩʠʩʪʝʤʠééééé. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷ ééééééé.. 

ʈʦʟʜʽʣ 4. ɽʅɽʈɻɽʊʀʏʅʀʁ ʉʇɽʂʊʈ ɽʃɽʂʊʈʆʅɯɺ ʋ 

ʉʀʃʔʅʆʄʋ ʄɸɻʅɯʊʅʆʄʋ ʇʆʃɯ. ʈɯɺʅɯ ʃɸʅɼɸʋéé 

4.1. ʊʨʠʚʠʤʽʨʥʽ ʩʠʩʪʝʤʠéééééééééééé 

4.2. ɼʚʦʚʠʤʽʨʥʽ ʩʠʩʪʝʤʠééééééééééé... 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷéééééééé 

ʏʘʩʪʠʥʘ ɯɯ. ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʆɺɯ ʉʊʈʋʂʊʋʈʀ 

ʅɸʅʆɽʃɽʂʊʈʆʅɯʂʀ 

ʈʦʟʜʽʣ 5. ɼɺʆɺʀʄɯʈʅɯ ʉʊʈʋʂʊʋʈʀéééééééééé 

5.1. ɼʚʦʚʠʤʽʨʥʽ ʢʨʠʩʪʘʣʠééééééééééé.. 

5.2. ɼʚʦʚʠʤʽʨʥʽ ʩʠʩʪʝʤʠ: ʜʘʣʴʥʽʡ ʧʦʨʷʜʦʢ ʽ 

ʪʝʧʣʦʚʽ ʬʣʫʢʪʫʘʮʽʾéééééééééééé. 

5.3. ʉʪʨʫʢʪʫʨʠ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ: 

ʜʚʦʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʥʘ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽéééééééééééééé. 

5.4. ʉʪʨʫʢʪʫʨʠ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ: 

ʜʚʦʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʫ 

ʢʚʘʥʪʦʚʽʡ ʷʤʽé................................................... 

5.5. ʉʪʨʫʢʪʫʨʠ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ: 

ʜʚʦʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʚ ʽʥʚʝʨʩʽʡʥʠʭ 

ʰʘʨʘʭ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚééééééé.. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷéééééééé 

ʈʦʟʜʽʣ 6. ʂʆʄʇʆɿʀʎɯɰ ɼɺʆɺʀʄɯʈʅʀʍ ʉʊʈʋʂʊʋʈ: 

ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʆɺɯ ʅɸɼˆʈɸʊʂʀéééééé 

6.1. ʇʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʥʘʜˇʨʘʪʦʢéééééé 

6.2. ʃʝʛʦʚʘʥʽ ʥʘʜˇʨʘʪʢʠéééééééééééé. 

6.3. ʂʦʤʧʦʟʠʮʽʡʥʽ ʣʝʛʦʚʘʥʽ ʥʘʜˇʨʘʪʢʠéééééé 

6.4. ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʜˇʨʘʪʦʢ ééééé. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷéééééééé 

ʈʦʟʜʽʣ 7. ʆɼʅʆɺʀʄɯʈʅɯ ʉʊʈʋʂʊʋʈʀ: 

ʂɺɸʅʊʆɺɯ ʅʀʊʂʀéééééééééééééé 

7.1. ʆʜʥʦʚʠʤʽʨʥʽ ʢʨʠʩʪʘʣʠ. ʇʝʨʝʭʽʜ ʇʘʡʻʨʣʩʘéé 

57 

60 

 
63 

63 

68 

71 

 

 
73 

74 

 
80 

 

 
82 

 

 
92 

 

 
96 

99 

 
101 

104 

108 

113 

116 

130 

 
132 

132 
 

 
4 



7.2. ʅʝʤʦʞʣʠʚʽʩʪʴ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʬʘʟ ʚ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ............................. 

7.3. ʇʨʠʨʦʜʥʽ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʽ ʝʣʝʢʪʨʦʥʥʽ 

ʩʠʩʪʝʤʠ.................................................... 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ........................ 

ʏʘʩʪʠʥʘ III. ɺʋɻʃɽʎɽɺɯ ʉʊʈʋʂʊʋʈʀ 

ʅɸʅʆɽʃɽʂʊʈʆʅɯʂʀ 

ʈʦʟʜʽʣ 8. ɼɽʗʂɯ BCTʋʇHI ɺɯɼʆʄʆʉʊɯ ʇʈʆ ɺʋɻʃɽʎʔ 

i ʠʦʛʦ ʷʣʦʪʈʦʧʥʽ ʤʦʜʠʝʽʶʮʽʽ................... 
8.1. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ i ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ............ 

8.2. ɸʣʤʘʟ....................................................... 

8.3. ɻʨʘʬʽʪ....................................................... 

8.4. ʃʽʥʽʡʥʽ ʬʦʨʤʫʚʘʥʥʷ i ʤʦʥʦʮʠʢʣʽʯʥʽ ʢʽʣʴʮʷ....... 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ  i ʟʘʚʜʘʥʥʷ........................ 

ʈʦʟʜʽʣ    9.   ʌʋʃɽʈɽʅʀ................................................... 

9.1. ɯʩʪʦʨʽʷ  ʚʽʜʢʨʠʪʪʷ ʬʫʣʝʨʝʥʽʚ......................... 

9.2.   ʉʪʨʫʢʪʫʨʘ  ʬʫʣʝʨʝʥʽʚ.................................. 

9.3.  ʉʪʘʙʽʣʴʥʽʩʪʴ  ʬʫʣʝʨʝʥʽʚ............................... 

9.4.  ɯʜʝʥʪʠʬʽʢʘʮʽʷ  ʬʫʣʝʨʝʥʽʚ.............................. 

9.5.   ʇʦʭʽʜʥʽ  ʬʫʣʝʨʝʥʽʚ....................................... 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ  i ʟʘʚʜʘʥʥʷ........................ 

ʈʦʟʜʽʣ 10. ɺʋɻʃɽʎɽɺɯ ʅɸʅʆʊʈʋɹʂʀ.................. 

10.1. ɯʩʪʦʨʽʷ ʚʽʜʢʨʠʪʪʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ...... 

10.2. ʇʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ........................................................ 

10.3. ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ.............................................. 

10.4. ɼʝʬʝʢʪʠ ʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ............. 

10.5. ʄʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ............... 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ..................... 

ʈʦʟʜʽʣ   11.  ɻʈɸʌɽʅ................................................... 

11.1. ʉʪʨʫʢʪʫʨʘ i ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʨʘʬʝʥʫ................ 

 
136 

 
138 

139 

 
 

 
141 

141 

147 

149 

151 

152 

154 

154 

160 

167 

171 

185 

199 

201 

201 

 
204 

 
220 

240 

 
249 

264 

266 

267 
 

* 5 ò' 



6  

11.2. ʆʪʨʠʤʘʥʥʷ ʛʨʘʬʝʥʫ.................................. 

11.3. ʅʝʟʚʠʯʘʡʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʫ...... 

11.4. ɽʣʝʢʪʨʦʥʽʢʘ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʝʥʫ................... 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ........................ 

ʏʘʩʪʠʥʘ IV. ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʅɸʅʆɽʃɽʂʊʈʆʅʅʀʍ CTPʋKTʋP 

ʈʦʟʜʽʣ 12. ɺʃɸʉʊʀɺʆʉʊɯ ʉʀʉʊɽʄ 3 ɼɺʆɺʀʄɯʈʅʀʄʀ 

ɽʃɽʂʊʈʆʅɸʄʀ............................................ 

12.1.  ʂʚʘʥʪʦʚʠʡ  ʝʬʝʢʪ ʍʦʣʣʘ............................. 

12.2. ʎʽʣʦʯʠʩʣʦʚʠʡ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ......... 

12.3. ʄʝʪʨʦʣʦʛʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʥʪʦʚʦʛʦ 

ʝʬʝʢʪʫ ʍʦʣʣʘ........................................ 

12.4. ɼʨʦʙʦʚʠʡ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ............... 

12.5. ɹʘʣʽʩʪʠʯʥʽ 2D-ʢʦʥʪʘʢʪʠ i ʢʚʘʥʪʫʚʘʥʥʷ ʾ ʭʥʴʦʾ 

ʇ|ʕʆɺɯɼʅʆʉʊɯ .............................................. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ  i ʟʘʚʜʘʥʥʷ........................ 

ʈʦʟʜʽʣ 13. ɺʃɸʉʊʀɺʆʉʊɯ ʅɸɼɭʈɸʊʆʂ........................... 

13.1. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʥʘʜ ɻʨʘʪʢʘʭ........................ 

13.2. ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʥʘʜɻʨʘʪʢʘʭ............................................... 

13.3. ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʜɻʨʘʪʦʢ.................... 

13.4. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʜɻʨʘʪʦʢ..................... 

13.5. ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜɻʨʘʪʦʢ..... 

13.6. ɺʠʩʦʢʦʯʘʩʪʦʪʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʜɻʨʘʪʦʢ ʫ 

ʩʠʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʇʽʜʩʠʣʝʥʥʷ i 

ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ.................. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ........................ 

ʈʦʟʜʽʣ 14. ɺʃɸʉʊʀɺʆʉʊɯ ʆɼʅʆɺʀʄɯʈʅʀʍ CTPʋKTʋP... 

14.1. ʆʜʥʦʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ i 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ...................... 

14.2. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ.............................................. 

268 

270 

281 

284 

 
 
 

286 

286 

299 

 
309 

311 

 
322 

329 

332 

332 

 
338 

343 

357 

361 

 
 

370 

375 

377 

 
 

377 

 
378 



7  

14.3. ɸʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ. ............. 385 

14.4. ɽʤʽʩʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ..................... 394 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ. ........................... 401 

ʈʦʟʜʽʣ    15.    ɺʃɸʉʊʀɺʆʉʊɯ    ʅʋʃʔɺʀʄɯʈʅʀʍ 

CTPʋKTʋP. ........................................................... 403 

15.1. ʇʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ  ʥʫʣʴʚʠʤʽʨʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. .................................................... 403 

15.2. ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ i ʙʘʨôʩʨʥʽ ʩʪʨʫʢʪʫʨʠ. 

ʂʫʣʦʥʽʚʩʴʢʘ ʙʣʦʢʘʜʘ. ...................................... 412 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ. ........................... 422 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. .................................................... 427 



8  

ɺʉʊʋʇ 

 

ʆʩʥʦʚʫ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʬʦʨʤʫʶʪʴ ʩʪʨʫʢʪʫʨʠ, ʢʚʘʥʪʦʚʦ 

ʦʙʤʝʞʝʥʽ ʚ ʦʜʥʦʤʫ, ʜʚʦʭ ʯʠ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ. 

ʂʚʘʥʪʦʚʝ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ ʩʪʨʫʢʪʫʨʠ ʦʟʥʘʯʘʻ, ʱʦ ʮʝʡ ʨʦʟʤʽʨ 

ʩʪʘʻ ʩʫʤʽʨʥʠʤ ʘʙʦ ʤʝʥʰʠʤ ʟʘ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ ʚʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ɚ = h / P (h ï ʩʪʘʣʘ ʇʣʘʥʢʘ, ʈ ï ʽʤʧʫʣʴʩ ʝʣʝʢʪʨʦʥʘ), ʪʦʙʪʦ 

ʤʝʥʰʠʤ ʟʘ ʛʨʘʥʠʯʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʽʜʜʽʣʷʻ 

ʨʦʟʤʽʨʠ ʩʠʩʪʝʤ, ʟʘ ʷʢʠʭ ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʥʘ ʚ ʥʠʭ ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ 

ʟʘʢʦʥʘʤʠ ʢʣʘʩʠʯʥʦʾ ʬʽʟʠʢʠ, ʚʽʜ ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤ, ʜʝ ʟʘʢʦʥʠ ʢʣʘʩʠʯʥʦʾ 

ʬʽʟʠʢʠ ʥʝ ʟʘʩʪʦʩʦʚʥʽ ʚ ʧʨʠʥʮʠʧʽ, ʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʘʢʦʥʠ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ. 

ʗʢʱʦ ʢʚʘʥʪʦʚʝ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦ ʚʠʥʠʢʘʻ ʩʪʨʫʢʪʫʨʘ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ 2D 

ʩʪʨʫʢʪʫʨʦʶ ʘʙʦ ʢʚʘʥʪʦʚʠʤ ʰʘʨʦʤ. ɯʥʰʘ ʧʦʰʠʨʝʥʘ ʾʾ ʥʘʟʚʘ ï 

ʢʚʘʥʪʦʚʘ ʷʤʘ. ʆʩʥʦʚʥʘ ʦʟʥʘʢʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʢʚʘʥʪʦʚʦʛʦ 

ʰʘʨʫ ï ʡʦʛʦ ʨʦʟʤʽʨʥʝ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʥʘʧʨʷʤʢʫ 

ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ) ʽ ʥʝʧʝʨʝʨʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʥʦʩʽʷ ʟʘʨʷʜʫ ʚʽʜ 

ʡʦʛʦ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʚ ʜʚʦʭ ʽʥʰʠʭ ʥʘʧʨʷʤʢʘʭ (ʚ ʧʣʦʱʠʥʽ ʰʘʨʫ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʜʣʷ 2D ʩʪʨʫʢʪʫʨ ʬʽʟʠʯʥʽ ʷʚʠʱʘ ï ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ 

ʍʦʣʣʘ ʽ ʢʚʘʥʪʫʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʣʽʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ. ʆʩʥʦʚʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 2D ʩʪʨʫʢʪʫʨ ï 

ʝʧʽʪʘʢʩʽʷ ʟ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ ʪʘ ʝʧʽʪʘʢʩʽʷ ʟ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʽ ʛʽʜʨʠʜʽʚ. ʆʩʦʙʣʠʚʠʤ ʚʠʜʦʤ 2D ʩʪʨʫʢʪʫʨ ʻ ʛʨʘʬʝʥ. 

ɿʘ ʢʚʘʥʪʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ ʩʠʩʪʝʤʠ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ 

ʦʪʨʠʤʫʶʪʴ ʪʘʢ ʟʚʘʥʽ 1D ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ (ʜʨʦʪʠ, 

ʧʨʦʚʦʜʠ). ʆʩʥʦʚʥʘ ʦʟʥʘʢʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʢʚʘʥʪʦʚʦʾ ʥʠʪʢʠ ï 

ʡʦʛʦ ʨʦʟʤʽʨʥʝ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ ʥʠʪʢʠ 

ʽ ʥʝʧʝʨʝʨʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʥʦʩʽʷ ʟʘʨʷʜʫ ʚʽʜ ʡʦʛʦ ʢʚʘʟʽʽʤʧʫʣʴʩʫ 

ʜʣʷ ʥʘʧʨʷʤʢʫ ʚʟʜʦʚʞ ʮʽʻʾ ʦʩʽ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʜʣʷ 1D ʩʪʨʫʢʪʫʨ 

ʬʽʟʠʯʥʽ ʷʚʠʱʘ ï ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʇʘʡʻʨʣʩʘ ñʤʝʪʘʣ ï ʜʽʝʣʝʢʪʨʠʢò ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ 1D ʢʨʠʩʪʘʣʫ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʧʨʠʜʫʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʆʩʥʦʚʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 1D ʩʪʨʫʢʪʫʨ ï 

ʧʦʻʜʥʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ ʡ ʝʣʝʢʪʨʦʥʥʦʾ ʯʠ 

ʣʘʟʝʨʥʦʾ ʣʽʪʦʛʨʘʬʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 
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ʧʨʠ ʝʧʽʪʘʢʩʽʡʥʦʤʫ ʥʘʨʦʱʫʚʘʥʥʽ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʚʽʮʠʥʘʣʴʥʠʭ ʧʦʚʝʨʭʥʷʭ. ʆʩʦʙʣʠʚʠʤ ʚʠʜʦʤ 1D ʩʪʨʫʢʪʫʨ ʻ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʚ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ ʦʪʨʠʤʫʶʪʴ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ 0D 

ʩʪʨʫʢʪʫʨʘʤʠ ʘʙʦ ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ. ʆʩʥʦʚʥʘ ʦʟʥʘʢʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ï ʡʦʛʦ ʧʦʚʥʝ ʨʦʟʤʽʨʥʝ 

ʢʚʘʥʪʫʚʘʥʥʷ, ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʫʩʽʭ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʜʣʷ 0D ʩʪʨʫʢʪʫʨ ʬʽʟʠʯʥʽ ʷʚʠʱʘ ï ʢʫʣʦʥʽʚʩʴʢʘ ʙʣʦʢʘʜʘ ʽ 

ʦʜʥʦʝʣʝʢʪʨʦʥʥʽ ʧʨʦʮʝʩʠ. ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʦʚʘʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ 0D ʩʪʨʫʢʪʫʨ ï ʧʦʻʜʥʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʯʠ 

ʄʆʉ ʛʽʜʨʠʜʥʦʾ ʝʧʽʪʘʢʩʽʾ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʯʠ ʣʘʟʝʨʥʦʶ ʣʽʪʦʛʨʘʬʽʻʶ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠ ʝʧʽʪʘʢʩʽʡʥʦʤʫ 

ʥʘʨʦʱʫʚʘʥʥʽ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʢʨʠʩʪʘʣʽʯʥʦ ʥʝʫʟʛʦʜʞʝʥʫ ʟ 

ʥʘʨʦʱʫʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʽʜʢʣʘʜʢʫ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ. 

ʆʩʦʙʣʠʚʠʤ ʚʠʜʦʤ 0D ʩʪʨʫʢʪʫʨ ʻ ʬʫʣʝʨʝʥʠ. 

ʇʦʻʜʥʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʚʘʥʪʦʚʠʭ ʰʘʨʽʚ ʫ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʟ ʦʜʥʦʚʠʤʽʨʥʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʷʤʘʤʠ ʽ 

ʪʫʥʝʣʴʥʦ-ʧʨʦʟʦʨʠʤʠ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʙʘʨôʻʨʘʤʠ, ʚ ʷʢʠʭ ʥʘ ʜʦʜʘʯʫ ʜʦ 

ʧʨʠʨʦʜʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ˇʨʘʪʦʢ ʰʘʨʽʚ ʚʠʥʠʢʘʻ ʰʪʫʯʥʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʚʝʜʝ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴ ʥʘʜˇʨʘʪʢʘʤʠ. ʆʩʥʦʚʥʘ ʦʟʥʘʢʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ 

ʥʘʜˇʨʘʪʢʠ ï ʡʦʛʦ ʤʽʥʽʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʜʣʷ 

ʥʘʜˇʨʘʪʦʢ ʬʽʟʠʯʥʽ ʷʚʠʱʘ ï ʥʘʷʚʥʽʩʪʴ ʧʘʜʘʶʯʠʭ ʜʽʣʷʥʦʢ ʟ ʚʽʜôʻʤʥʠʤ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ ʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, 

ʨʝʟʦʥʘʥʩʥʝ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ, ʧʽʜʩʠʣʝʥʥʷ ʽ ʛʝʥʝʨʘʮʽʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʢʝʨʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʥʘʜˇʨʘʪʦʢ ï ʝʧʽʪʘʢʩʽʷ ʟ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ 

ʘʙʦ ʝʧʽʪʘʢʩʽʷ ʟ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʛʽʜʨʠʜʽʚ. 



10  

ʏʘʩʪʠʥʘ 1. ʂɺɸʅʊʆɺʆ-ʄɽʍɸʅɯʏʅɯ 

ɿɸʉɸɼʀ ʅɸʅʆɽʃɽʂʊʈʆʅɯʂʀ 

ʈʆɿɼɯʃ 1 

ʇʆʊɽʅʎɯɸʃʔʅɸ ʗʄɸ 

 
ʂʘʞʫʪʴ, ʱʦ ʯʘʩʪʠʥʢʘ ʧʝʨʝʙʫʚʘʩ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʷʢʱʦ ʚʦʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ, ʚ ̫ ʢʽʡ ʧʦʪʝʥʮʽʘʣʴʥʝ ʧʦʣʝ U(R) 

ʤʘʩ ʤʽʥʽʤʫʤ. 

 
1.1.  ǕPOCTOPOBI ǘǆ ǋǓǋǖǉǋǘǎǝǓƽ ǛǆǖǆǐǘǋǖǎǗǘǎǐǎ 

ǕǔǘǋǓǜȋǦǱȂǳǴȌ ȅǲǮ 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʩʪʦʨʦʚʠʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ iµ ʚʧʣʠʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʢʚʘʟʽ- 

ʯʘʩʪʠʥʦʢ, ʩ ʛʣʠʙʠʥʘ, ʤʽʨʥʽʩʪʴ, ʬʦʨʤʘ ʷʤʠ, ʘ ʪʘʢʦʞ ʰʠʨʠʥʘ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ, ʷʢʠʡ ʦʪʦʯʫʩ ʷʤʫ. 

ʐʠʨʠʥʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʩʢʽʥʯʝʥʥʦʾ ʚʠʩʦʪʠ ʚʘʞʣʠʚʘ ʟ 

ʪʦʛʦ ʧʦʛʣʷʜʫ, ʱʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʾ, ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʟ 

ʨʽʟʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʤʝʞʘʭ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 

ʗʢʱʦ ʙʘʨôʩʨ ʥʝʩʢʽʥʯʝʥʥʦ h ʠʨʦʢʠʡ, ʪʦ ʯʘʩʪʠʥʢʘ ʥʽʢʦʣʠ ʥʝ ʧʦʢʠʥʝ ̫ ʤʫ, 

ʷʢʦɦ ii ʝʥʝʨʛʽʷ ʤʝʥʰʘ ʟʘ ʛʣʠʙʠʥʫ ʮʽʩʾ ʷʤʠ (ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨôʩʨʘ). ʗʢʱʦ ʰʠʨʠʥʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʩʢʽʥʯʝʥʥʘ, ʪʦ ʽʩʥʫʩ 

ʩʢʽʥʯʝʥʥʘ, ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʡʪʠ ʯʘʩʪʠʥʢʫ ʟʘ ʤʝʞʘʤʠ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʥʘʚʽʪʴ ʷʢʱʦ iµ ʝʥʝʨʛʽʷ ʤʝʥʰʘ ʟʘ ʚʠʩʦʪʫ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ, i ʮʷ ʡʤʦʚʽʨʥʽʩʪʴ ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʚʫʞʯʠʡ 

ʙʘʨôʩʨ ʟʘ ʟʘʜʘʥʦʾ ʡʦʛʦ ʚʠʩʦʪʠ. 
 
 

 
ʈʠʩ. 1.1. ʇʨʠʢʣʘʜʠ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʦʜʥʘʢʦʚʦñʽñʛʣʠʙʠʥʠ !-!ʪax !ò l3HOñiô ʬʦʨʤʠ 

ʪʘ ʰʠʨʠʥʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ 
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ʅʘ ʨʠʩ. 1.1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʜʚʦʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ̫ ʤ ʦʜʥʘʢʦʚʦʾ 

ʛʣʠʙʠʥʠ, ʘʣʝ ʨʽʟʥʦʾ ʬʦʨʤʠ i h ʠʨʠʥʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ. ɺʧʣʠʚ 

ʪʘʢʠʭ ʷʤ ʥʘ ʧʦʚʝʜʽʥʢʫ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʙʫʜʝ 

ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʤ. ʗʢʱʦ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ɽ ʙʫʜʝ ʤʝʥʰʦʶ ʟʘ 
ɻʣʠʙʀʅ   ʗʄʀ    ʪaxÅ  ʊʆ ʚʦʥʘ  ʥʽʢʦʣʠ  ʥʝ ʧʦʢʠʥʝ  ʷʤʠ,  ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 1.1, ʘ,  ʘʣʝ  ʟ  ʧʝʚʥʦʶ   ʡʤʦʚʽʨʥʽʩʪʴ   ʤʦʞʝ  ʧʦʢʠʥʫʪʠ   ʷʤʫ, ʱʦ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.1, 6, ʪʫʥʝʣʶʶʯʠ ʢʨʽʟʴ ʙʘʨôʩʨ. 

ʇʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʚʚʘʞʘʩʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʶ, ʷʢʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ, ʱʦ ʦʪʦʯʫʩ ʷʤʫ, ʩ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʤ. ʇʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʚʚʘʞʘʩʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ 

ʰʠʨʦʢʠʤ, ʷʢʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ 

ʜʦʩʷʛʘʩʪʴʩʷ ʥʘ ʙʝʟʤʝʞʥʦʩʪʽ. 

ɻʦʚʦʨʷʯʠ ʧʨʦ ʚʠʤʽʨʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʽʣʴʢʦʭ ʽʟ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʍ, ʋ, Z ʫ 

ʧʦʪʝʥʮʽʘʣʴʥʦʤʫ ʧʦʣʽ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʤʽʥʽʤʫʤ. ʗʤʘ ʙʫʜʝ 

ʦʜʥʦʚʠʤʽʨʥʦʶ, ʷʢʱʦ ʧʦʪʝʥʮʽʘʣʴʥʝ ʧʦʣʝ ʤʘʩ ʤʽʥʽʤʫʤ ʥʘ ʟʘʣʝʞʥʦʩʪʽ 

ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʽʩʾ ʽʟ ʢʦʦʨʜʠʥʘʪ i ʟʘ iµ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ ʽʥʰʠʭ ʢʦʦʨʜʠʥʘʪ. ʆʪʞʝ, pyx ʯʘʩʪʠʥʢʠ ʚ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʦʧʠʩʫʩ i-i ʧʦʚʝʜʽʥʢʫ ʚ ʜʚʦʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ. ɺʽʜʧʦʚʽʜʥʦ, ʧʦʚʝʜʽʥʢʘ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ð ʮʝ ʾ ʭʥʷ ʧʦʚʝʜʽʥʢʘ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ̫ ʤʘʭ, ʘ ʫ 

ʥʫʣʴʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ð ʮʝ ʧʦʚʝʜʽʥʢʘ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʪʨʠʚʠʤʽʨʥʠʭ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ. 

ʇʨʠʢʣʘʜ ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦ ʰʠʨʦʢʠʤ 

ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʙʘʨôʩʨʦʤ ʫ ʥʘʧʨʷʤʢʫ oci ʆʍ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.2. ʗʢ 

ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʤʘʩʪʴʩʷ ʥʘ ʫʚʘʟʽ, ɦ ʦ ʚʽʜ ʜʚʦʭ ̔ ʥʰʠʭ ʢʦʦʨʜʠʥʘʪ ʫ i z 

ʟʘ ʬʽʢʩʦʚʘʥʦʛʦ ʭ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ð ʫ ʮʠʭ ʜʚʦʭ 

ʥʘʧʨʷʤʢʘʭ pyx ʯʘʩʪʠʥʢʠ ʩ ʚʽʣʴʥʠʤ, ʪʦʙʪʦ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ xð"ʍʫ U y,z) 

ðð const. 
 
 

 
ʈʠʩ. 1.2. ʆʜʥʦʚʠʤʽʨʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ 

ɿ ʥʝʩʢʽʥʯʝʥʥʦ ʰʠʨʦʢʠʤ ʧʦʪʝʥʮʽʘʣʴʥʠʤ  ʙʘʨôʩʨʦʤ 



12  

ʌʦʨʤʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʚʠʟʥʘʯʘʩ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ U(r). ʆʩʢʽʣʴʢʠ, 

ʚ ʧʨʠʥʮʠʧʽ, ʮ ̫ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʦʶ, ʪʦ i ʬʦʨʤʠ ʨʝʘʣʴʥʠʭ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʤʠ. ʅʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʥʘ ʧʨʘʢʪʠʮʽ ʬʦʨʤʘʤʠ ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʩ 

ʧʨʷʤʦʢʫʪʥʘ, ʪʨʠʢʫʪʥʘ i ʧʘʨʘʙʦʣʽʯʥʘ ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ. 

 
 
 

1.2. XAPAKTEP PYXY ʂʃɸʉʀʏʅʀʍ I ʂɺɸʅʊʆɺʆ- 

ʄɽʍɸʅɯʏʅʀʍ ʏɸʉʊʀʅʆʂ ʋ ʇʆʊɽʅʎɯɸʃʔʅɯʁ ʗʄɯ 

 
ʍʘʨʘʢʪʝʨ pyxy ʯʘʩʪʠʥʢʠ ʫ ʧʦʪʝʥʮʽʘʣʴʥʦʤʫ ʧʦʣʽ, ʱʦ ʚʦʣʦʜʽʩ 

ʤʽʥʽʤʫʤʦʤ, ʧʨʠʥʮʠʧʦʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʥʦʾ (ʩʫʤʠ ʢʽʥʝʪʠʯʥʦʾ i 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ) ʝʥʝʨʛʽʾ, ʷʢʦʶ ʚʦʣʦʜʽʩ ʯʘʩʪʠʥʢʘ. 

ɼʣʷ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 1.2, ʷʢʱʦ 

ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ɽ > 0, ʥʝʤʘʩ ʧʨʠʥʮʠʧʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ 

ʧʦʚʝʜʽʥʮʽ ʢʚʘʥʪʦʚʠʭ i ʢʣʘʩʠʯʥʠʭ ʯʘʩʪʠʥʦʢ. Pyx i ʪʠʭ, ʡ ʽʥʰʠʭ ʙʫʜʝ 

ʥʝʩʢʽʥʯʝʥʥʠʤ, ̔ ʥʬʽʥʽʪʥʠʤ. ʎʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʪʘʢʘ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʚʽʣʴʥʦ 

ʧʦʢʠʥʫʪʠ ʦʢʽʣ ʷʤʠ i ʧʝʨʝʤʽʩʪʠʪʠʩʴ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ. ʅʘʷʚʥʽʩʪʴ ʞʝ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ ʧʨʠʟʚʦʜʠʪʴ ʪʽʣʴʢʠ ʜʦ ʟʙʫʨʝʥʥʷ pyxy ʯʘʩʪʠʥʢʠ, ʜʦ ii 

ʨʦʟʩʽʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʠʣʘ F, ̫ ʢʘ ʜʽʩ ʥʘ ʯʘʩʪʠʥʢʫ ʚ ʦʢʦʣʽ ʷʤʠ F ðð ð 

dU(r)/dr, ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʚʥʘʩʣʽʜʦʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨ- 

ʛʽʾ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ. 

ʗʢʱʦ ʞ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ʤʝʥʰʘ ʟʘ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨôʩʨʘ (ɽ < 0 ʥʘ ʨʠʩ. 1.2), ʷʤʘ ʟʘʭʦʧʣʶʩ ʯʘʩʪʠʥʢʫ, ʣʦʢʘʣʽʟʫʶʯʠ iµ ʚ 

ʩʦʙʽ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ pyx ʷʢ ʢʣʘʩʠʯʥʦʾ, ʪʘʢ i ʢʚʘʥʪʦʚʦʾ ʯʘʩʪʠʥʦʢ ʩʪʘʩ 

ʦʙʤʝʞʝʥʠʤ ð ʬʽʥʽʪʥʠʤ. ɸʣʝ, ʥʘ ʧʨʦʪʠʚʘʛʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʫ 

ʧʦʚʝʜʽʥʮʽ ʢʣʘʩʠʯʥʦʾ i ʢʚʘʥʪʦʚʦʾ ʯʘʩʪʠʥʦʢ ʚʠʥʠʢʘʶʪʴ ʧʨʠʥʮʠʧʦʚʽ 

ʚʽʜʤʽʥʥʦʩʪʽ. ɺʦʥʠ ʧʦʣʷʛʘʶʪʴ ʫ ʪʘʢʦʤʫ: 

1. ʗʢʱʦ ʢʣʘʩʠʯʥʘ ʯʘʩʪʠʥʢʘ, ʱʦ ʨʫʭʘʩʪʴʩʷ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, 

ʤʦʞʝ ʚʦʣʦʜʽʪʠ ʙʫʜʴ-ʷʢʦʶ ʝʥʝʨʛʽʩʶ, ʟʦʢʨʝʤʘ ʪʘʢʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʩ 

ʜʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʪʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʥʽʢʦʣʠ ʥʝ 

ʦʧʫʩʢʘʩʪʴʩʷ ʥʘ ʜʥʦ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 

2. ʉʧʝʢʪʨ ʝʥʝʨʛʽʾ ʬʽʥʽʪʥʦʛʦ pyxy ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʫ ʥʘʧʨʷʤʢʫ 

oci ʆʍ (ʟʘʣʝʞʥʽʩʪʴ ɽ(P,)) ʩ ʥʝʧʝʨʝʨʚʥʠʤ, ʘ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ ð ʜʠʩʢʨʝʪʥʠʤ. ʍʘʨʘʢʪʝʨ ʜʠʩʢʨʝʪʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚʠʟʥʘʯʘʩʪʴʩʷ ʬʦʨʤʦʶ ʷʤʠ, iµ ʨʦʟʤʽʨʘʤʠ ʪʘ ʛʣʠʙʠʥʦʶ. 
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3. ʋ ʤʝʞʘʭ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʢʣʘʩʠʯʥʘ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʨʫʭʘʪʠʩʴ 

ʪʽʣʴʢʠ ʚʽʜ ʩʪʽʥʢʠ ʜʦ ʩʪʽʥʢʠ ʷʤʠ (ʤʽʞ ʪʦʯʢʘʤʠ x1 i x2 ʟʘ ʝʥʝʨʛʽʾ ɽô, 

ʚʽʜʟʥʘʯʝʥʦʾ ʥʘ ʨʠʩ. 1.2) i ʚ ʧʨʠʥʮʠʧʽ ʥʝ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʚ ʪʫ ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʦʨʫ, ʜʝ L/ > ɽ (ʪʦʙʪʦ ʟʘ ʝʥʝʨʛʽʾ ɽô ʚ ʦʙʣʘʩʪʽ, ʜʝ x2 < ʭ < ʣ1). 
ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ, ʟʜʽʡʩʥʶʶʯʠ ʬʽʥʽʪʥʠʡ pyx, ʤʦʞʝ 

ʧʨʦʥʠʢʘʪʠ ʟʘ ʩʪʽʥʢʠ ʷʤʠ, ʪʦʙʪʦ ʚ ʪʫ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʫ, ʜʝ L/ > ɽ. 

ɿʚʠʯʘʡʥʦ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʟʘ ʩʪʽʥʢʠ ʷʤʠ ʜʫʞʝ ʰʚʠʜʢʦ 

ʧʨʷʤʫʩ ʜʦ ʥʫʣʷ ʟ ʚʽʜʜʘʣʣʶ. ɸʣʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʢʽʥʯʝʥʥʦʾ ʚʽʜʜʘʣʽ 

ʚʦʥʘ ʟʘʚʞʜʠ ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ. 

ʇʝʨʰʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʢʣʘʩʠʯʥʦʾ i ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʦʢ ʟʫʤʦʚʣʝʥʘ ʪʘʢʠʤ. ɹʫʜʴ-ʷʢʠʡ ʩʪʘʠ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ 

ʦʧʠʩʫʩʪʴʩʷ ʤʠʪʪʩʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʽʥʝʪʠʯʥʦʾ ʊ i ʧʦʪʝʥʮʽʘʣʴʥʦʾ L/ 

ʝʥʝʨʛʽʡ, ʪʦʙʪʦ ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʧʦʚʥʘ ʝʥʝʨʛʽʷ 

ɽ ðð ʊ + U. (1.1) 

ʄʠʪʪʩʚʝ ʟʥʘʯʝʥʠʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʤʦʞʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ɺʥʘʩʣʽʜʦʢ  ʮʴʦʛʦ ʤʠʪʪʩʚʝ ʟʥʘʯʝʥʠʷ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ 
ɽ ʤʦʞʝ ʜʦʨʽʚʥʶʚʘʪʠ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ ʥʘ ʜʥʽ ʷʤʠ Umin 

ʦʩʢʽʣʴʢʠ  ʪʦʜʽ ʝʥʝʨʛʽʷ  Emin  0 min  min-  je  ʦʟʥʘʯʘʩ,  ʱʦ ʢʣʘʩʠʯʥʘ 

ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʦʧʫʩʢʘʪʠʩʷ ʥʘ ʜʥʦ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 

ʉʪʘʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʦʧʠʩʫʩʪʴʩʷ ʩʝʨʝʜʥʽʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽʾ: 

ʾ ðð ʽ+ in . (1.2) 

ʆʩʢʽʣʴʢʠ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ʩ ʬʫʥʢʮʽʩʶ ʢʦʦʨʜʠʥʘʪʠ, 

ʪʦ ʩʝʨʝʜʥʩ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʘʚʞʜʠ ʙʽʣʴʰʝ ʟʘ i-i 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʠʷ, ʪʦʙʪʦ 

U > Ă . (1.3) 

ʆʩʢʽʣʴʢʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʟʘʚʞʜʠ ʜʦʜʘʪʥʘ, ʪʦ ʜʣʷ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ > ʦ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʩʝʨʝʜʥʩ ʟʥʘʯʝʥʠʷ ii ʧʦʚʥʦʾ 

ʝʥʝʨʛʽʾ 

ɽ > Ă . (1.4) 

ʆʩʢʽʣʴʢʠ ʮʷ ʥʝʨʽʚʥʽʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʘʥʫ, ʪʦ 

ʚʦʥʘ ʩʧʨʘʚʝʜʣʠʚʘ i ʜʣʷ ʚʩʽʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽɰ En ʏʘʩʪʠʥʢʠ ʚ 
ʷʤʽ, ʪʦʙʪʦ 

ɽ, > Ă . (1.5) 

ʆʩʪʘʥʥʩ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʚʦʜʠʪʴ, ʱʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ 

ʯʘʩʪʠʥʢʘ ʥʽʢʦʣʠ ʥʝ ʧʦʧʘʜʘʩ ʥʘ ʜʥʦ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 
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ɼʨʫʛʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʢʣʘʩʠʯʥʦʾ i ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʦʢ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʙʫʜʴ-ʷʢʝ ʦʙʤʝʞʝʥʥʷ pyxy ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʩʧʨʠʯʠʥʷʩ ʢʚʘʥʪʫʚʘʥʥʷ iµ ʝʥʝʨʛʽʾ. 

ʊʨʝʪʷ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʢʣʘʩʠʯʥʦʾ i ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʦʢ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʧʨʠ ɽ < L/ ʟʘ ʤʝʞʘʤʠ ʷʤʠ ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʊ = ɽ ð L/ ʙʫʣʘ ʙʠ ʚʽʜôʩʤʥʦʶ, ʘ ʰʚʠʜʢʽʩʪʴ 

ii pyx v= ɽ U)! ð ʢʦʤʧʣʝʢʩʥʦʶ, ʱʦ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʢʣʘʩʠʯʥʘ 

ʯʘʩʪʠʥʢʘ ʟʘ ʤʝʞʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʫ ʧʨʠʥʮʠʧʽ ʧʨʦʥʠʢʥʫʪʠ ʥʝ ʤʦʞʝ. 

ʗʢ i ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ, ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʢʚʘʥʪʦʚʦʾ 

ʯʘʩʪʠʥʢʠ ʪʝʞ ʧʨʠʥʮʠʧʦʚʦ ʜʦʜʘʪʥʘ. ɸʣʝ ʧʨʦʥʠʢʥʝʥʥʷ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʟʘ ʤʝʞʽ ʷʤʠ ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʠʥʮʠʧʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ. 

ʗʢʱʦ ʤʠ ʛʦʚʦʨʠʤʦ, ɦ ʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʧʝʨʝʙʫʚʘʩ 

ʚ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʦʶ xĂ ʪʦ ʤʠ ʷʢʙʠ ʣʦʢʘʣʽʟʫʩʤʦ iµ ʫ ʮʽʡ ʪʦʯʮʽ, ʘ, 

ʦʪʞʝ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʠ ɸ ʧʨʷʤʫʩ ʜʦ ʥʫʣʷ. ʎʝ ʚʝʜʝ ʜʦ 

ʪʦʛʦ, ʱʦ ʥʽʯʦʛʦ ʧʝʚʥʦʛʦ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʽʤʧʫʣʴʩ ʯʘʩʪʠʥʢʠ, 

ʦʩʢʽʣʴʢʠ 

1h, (1.6) 

ʪʦʙʪʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽʤʧʫʣʴʩʫ ʩʪʘʩ ʜʫʞʝ ʚʝʣʠʢʦʶ. ɸ ʦʩʢʽʣʴʢʠ 

ʽʤʧʫʣʴʩ ʧʦʚôʷʟʘʥʠʡ ʟ ʝʥʝʨʛʽʩʶ, ʪʦ ʚʝʣʠʢʦʶ ʩʪʘʩ i ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ -(ʘ ʣ)2 /2 , ʱʦ i ʚʠʨʽʰʫʩ ʩʫʧʝʨʝʯʥʽʩʪʴ ʱʦʜʦ ʟʥʘʢʘ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʢʚʘʥʪʦʚʦʾ ʯʘʩʪʠʥʢʠ. 

ɺʦʜʥʦʯʘʩ ʟʛʽʜʥʦ ʟ ʽʥʰʠʤ ʽʟ ʧʨʠʥʮʠʧʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɻʝʡʟʝʥʙʝʨʛʘ mʟ > , ʪʦʙʪʦ ʩʪʘʠ ʟ ʚʝʣʠʢʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʝʥʝʨʛʽʾ 

ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʪʠʤ ʤʝʥʰʝ, ʯʠʤ ʙʽʣʴʰʦʶ ʩ ʮ ̫ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. ʌʽʟʠʯʥʦ 

ʮʝ i ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʡʪʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʫ 

ʯʘʩʪʠʥʢʫ ʟʘ ʤʝʞʘʤʠ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʭʦʯʘ ʟʘʛʘʣʦʤ i ʥʝ ʩ ʥʫʣʴʦʚʦʶ, 

ʘʣʝ ʰʚʠʜʢʦ ʟʤʝʥʰʫʩʪʴʩʷ ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʷʤʠ. 

 
 
 

1.3. ʂɺɸʅʊʋɺɸʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɻʆ CʇEKTPA 

ʏɸʉʊʀʅʂʀ ʋ ʇʆʊɽʅʎɯɸʃʔʅɯʁ ʗʄɯ 

 
ʄʘʪʝʤʘʪʠʯʥʦ ʧʦʚʝʜʽʥʢʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʦʧʠʩʫʩʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʐʨʝʜʽʥʛʝʨʘ: 

ʁ ʫ ðð ɽʫ , (1.7) 
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ʜʝ ʦʧʝʨʘʪʦʨ ʥ ʩ ʦʧʝʨʘʪʦʨʦʤ ɻʘʤʽʣʴʪʦʥʘ, ʷʢʠʡ ʜʣʷ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ 

ʜʣʷ ʥʘʩ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

ʁ ðð ðð + U(x) . (1.8) 
2m 

ʗʢʱʦ ʤʠ ʨʦʟʛʣʷʜʘʩʤʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʫ ʯʘʩʪʠʥʢʫ ʚ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʪʦ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ, ʪʦʙʪʦ ʚʠʛʣʷʜ 

ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ( ) , ʙʫʜʝ ʨʽʟʥʠʤ ʫ ʤʝʞʘʭ i ʧʦʟʘ ʤʝʞʘʤʠ ʷʤʠ. 

ɺʦʜʥʦʯʘʩ ʥʘ ʛʨʘʥʠʮʽ ̫ ʤʠ ʮ ̔ʜʚʘ ʨʦʟʚôʷʟʢʠ ʧʦʚʠʥʥʽ ñʟʰʠʚʘʪʠʩʷò, ʪʦʙʪʦ 

ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ i iµ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʧʦ ʢʦʦʨʜʠʥʘʪʽ ʥʘ ʛʨʘʥʠʮʽ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʥʝʧʝʨʝʨʚʥʠʤʠ. ʍʘʨʘʢʪʝʨ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʱʦʜʦ i ʫô ʫ 

ʧʦʩʜʥʘʥʥʽ ʟ ʬʦʨʤʦʶ i ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, 

ʪʦʙʪʦ ʢʦʥʢʨʝʪʥʠʤ ʚʠʛʣʷʜʦʤ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ, ʚʠʟʥʘʯʘʶʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʯʘʩʪʠʥʢʠ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ. 

ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤʠ ʫ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ ʩ ʧʨʷʤʦʢʫʪʥʘ, 

ʧʘʨʘʙʦʣʽʯʥʘ, ʪʨʠʢʫʪʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʠ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ 

ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʠʧʫ. ʇʝʨʰʽ ʪʨʠ, ʢʨʽʤ ʪʦʛʦ, ʙʫʜʫʪʴ ʜʣʷ ʥʘʩ ʥʘʜʘʣʽ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ. 

ʇʨʷʤʦʢʫʪʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ  ʛʣʠʙʠʥʦʶ Up i  ʰʠʨʠʥʦʶ 

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.3. ʅʘʛʘʜʘʩʤʦ ʢʦʨʦʪʢʦ ʥʘ ii ʧʨʠʢʣʘʜʽ ʚ 

ʥʘʙʣʠʞʝʥʥʽ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʾ ʷʤʠ ʘʣʛʦʨʠʪʤ  ʟʥʘʭʦʜʞʝʥʥʷ 

ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ i ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʯʘʩʪʠʥʦʢ ʚ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʷʤʘʭ ʟʘʛʘʣʦʤ. 

ɸʥʘʣʽʪʠʯʥʦ ʧʨʷʤʦʢʫʪʥʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ʷʤʫ ʛʣʠʙʠʥʦʶ Up i ʰʠʨʠʥʦʶ 

o ʟʘʜʘʶʪʴ ʷʢ 
 

U(x) ðð 0 , ʷʢʑʆ 0 cx <ʘ 

U(x) ðð Up , ʷʢʑʆ 0 ʭ ʘ 
(1.9) 

 
 
 

 

 
 

ʈʠʩ. 1.3. ʇʨʷʤʦʢʫʪʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʛʣʠʙʠʥʠ Up i ʰʠʨʠʥʠ ʦ 

Uʥ 
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8 

ɺ ʦʙʣʘʩʪʽ ʷʤʠ 0 <ʭ <ʘ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʤʘʩ ʚʠʛʣʷʜ 
 

= 0 . (1.10) 
 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʫ 

ʧʨʷʤʦʢʫʪʥʽʡ ʷʤʽ ʚʠʟʥʘʯʘʩʪʴʩʷ iµ ʛʣʠʙʠʥʦʶ (ʚʠʩʦʪʦʶ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨôʩʨʘ) Up, ʷʢʘ, ʩʚʦʩʶ ʯʝʨʛʦʶ, ʚʠʟʥʘʯʘʩ ʭʘʨʘʢʪʝʨ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʜʣʷ ʫ i ʫô. ʗʢʱʦ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʩ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʶ, ʪʦʙʪʦ 

ʢʦʣʠ Up ʯʘʩʪʠʥʢʘ ʚ ʧʨʠʥʮʠʧʽ ʥʝ ʤʦʞʝ ʧʨʦʥʠʢʥʫʪʠ ʟʘ ii ʤʝʞʽ, 

ʦʩʢ̔ʣʴʢʠ ʥʘ ʮʽʡ ʤʝʞʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʝʥʝʨʛʽʾ -U0 ð E ʩʪʘʩ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʦʶ, ʘ ʦʪʞʝ, ʯʘʩ ʤʦʞʣʠʚʦʛʦ ̔ ʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʪʘʥʫ 

ʴi-hero. ʊʦʤʫ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʬʦʨʤʫʣʶʶʪʴʩʷ ʪʘʢ: 

y(0) = ʫ(ʘ) ðð 0 . (1.11) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ (1.11) ʬʽʟʠʯʥʦ ʦʟʥʘʯʘʶʪʴ, ɦ ʦ, ʥʘʙʣʠʟʠʚʰʠʩʴ ʜʦ 

ʙʘʨôʩʨʘ, ʯʘʩʪʠʥʢʘ ʚʽʜʙʠʚʘʩʪʴʩʷ ʚʽʜ ʥʴʦʛʦ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ii 

ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʩ ʩʫʧʝʨʧʦʟʠʮʽʩʶ ʭʚʠʣʽ, ɦ ʦ ʧʘʜʘʩ, i ʚʽʜʙʠʪʦʾ, ʪʦʙʪʦ 

ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʚʦʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʠʛʣʷʜ 

ʩʪʦʷʯʦʾ ʭʚʠʣʽ ʟ ʚʫʟʣʘʤʠ ʥʘ ʢʨʘʷʭ ʷʤʠ. ɿʘʛʘʣʦʤ ʩʪʦʷʯʘ ʭʚʠʣʷ ʙʫʜʴ- 

ʷʢʦʾ ʢʦʣʠʚʥʦʾ ʚʝʣʠʯʠʥʠ t ʟ ʮʠʢʣʽʯʥʦʶ ʯʘʩʪʦʪʦʶ i  ʭʚʠʣʴʦʚʠʤ 

ʯʠʩʣʦʤ k ʤʘʩ ʚʠʛʣʷʜ 

{(x,f)  = sin(let + 6)sinm/  . (1 . 1 2) 

ʊʦʤʫ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʯʘʩʫ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.10) ʰʫʢʘʩʤʦ ʫ 

ʚʠʛʣʷʜʽ ʘʤʧʣʽʪʫʜʠ ʩʪʦʷʯʦʾ ʭʚʠʣʽ: 

ʫ(ʭ) = ʃsʽʧ(/ʩʛ + 6) . (1 .1 3) 

ɿʘʜʘʯʘ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʟʘ 

ʷʢʠʭ ʟʥʘʯʝʥʴ k ʩʪʦʷʯʘ ʭʚʠʣʷ (1.13) ʙʫʜʝ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (1.10). 

ʇʽʜʩʪʘʚʠʚʰʠ (1.13) ʫ (1.10) i ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʶʶʯʠ ʧʦ ʢʦʦʨʜʠʥʘʪʽ, 

ʦʪʨʠʤʘʩʤʦ, ɦ ʦ ʭʚʠʣʷ (1.13) ʩʧʨʘʚʜʽ ʙʫʜʝ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (1.10), 

ʗʂʑʆ 

(1.14) 
 

ɿʥʘʯʝʥʠʷ, ʷʢʠʭ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ k ʩʪʦʷʯʦʾ ʭʚʠʣʽ 

(1.13) ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʠʷ 

ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ ʟ ʟʥʘʡʜʝʤʦ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (1.11). 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʫ ʦ) - ʦ ʟʘʜʦʚʦʣʴʥʷʩʪʴʩʷ, ʷʢʱʦʟ ʦ. 
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ʋʤʦʚʘ ʫ(ʦ) ðð0 ʦʟʥʘʯʘʩ, ɦ ʦ ʲ -ʦ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʩ, ʱʦ 

ka ðð ʧ + l)z ʇ ðð 0, 1, 2. . .. (1.15) 

ʇʽʜʩʪʘʚʣʷʶʯʠ k ʟ (1.15) ʫ (1.14), ʦʪʨʠʤʫʩʤʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʤʘʩʦʶ ʪ ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ 

ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʰʠʨʠʥʦʶ ʘ: 

r  
2 

h 
2 

(  +i) 2 , n ðð 0, 1, 2. ... (1.16) 
2ma2 

ʑʦʙ ʟʥʘʡʪʠ ʢʽʥʮʝʚʠʡ ʚʠʛʣʷʜ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (1.13), ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʩʥʪ ɸ. ʁʦʛʦ ʟʥʘʭʦʜʷʪʴ ʟ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ 

ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

  (1.17) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (1.17) ʬʫʥʢʮʽʶ (1.13) i ʚʨʘʭʦʚʫʶʯʠ ʫʤʦʚʠ (1.15) 

ʪʘ ʟ -ʦ, ʟʥʘʭʦʜʠʤʦ, ʑʆ ɸ ðð , ʘ ʦʪʞʝ, ʥʦʨʤʦʚʘʥʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʯʘʩʪʠʥʢʠ ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʦʪʝʥʮʽʘʣʴ- 

ʥʽʡ ʷʤʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʘ ʘ 

1
)* ;  n ðð 0, 1, 2.... (1.18) 

ʗʢ ʙʘʯʠʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.18), ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʫ,( ) 

ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ pyxy ʣ ʨʘʟʽʚ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ ʥʫʣʴ (ʤʘʩ ʣ 

ʚʫʟʣʽʚ), ʪʦʙʪʦ ʟʘʜʦʚʦʣʴʥʷʩ ʦʩʮʠʣʷʮʽʡʥʫ ʪʝʦʨʝʤʫ. ʉʘʤʽ ʛʨʘʥʠʮʽ ʮʽʩʾ 

ʦʙʣʘʩʪʽ ð ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʢʠ ʟ ʭ ðð 0 ʡ ʭ ðð ʘ ð ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʩʮʠʣʷʮʽʡʥʦʾ ʪʝʦʨʝʤʠ ʟ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʥʫʣʽʚ ʚʠʢʣʶʯʘʶʪʴʩʷ. 

ʍʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫg o( ) ʥʘ ʧʨʦʤʽʞʢʫ 0 < ʭ < ʘ ʥʝ ʤʘʩ 

ʚʫʟʣʽʚ, ʚʦʥʘ ʩ ʜʽʡʩʥʦʶ i ʜʦʜʘʪʥʦʶ. ɺʦʥʘ ʤʘʩ ʤʘʢʩʠʤʫʤ ʧʨʠ ʭ = o/2, 

ʪʦʙʪʦ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʥʘʡʙʽʣʴʰʝ 

ʯʘʩʫ ʧʨʦʚʦʜʠʪʴ ʧʦʩʝʨʝʜʠʥʽ ʤʽʞ ii ʩʪʽʥʢʘʤʠ. ʅʘʩʪʫʧʥʘ ʬʫʥʢʮʽʷ   ,( ) , 

ʱʦ ʦʧʠʩʫʩ ʧʝʨʰʠʡ ʟʙʫʜʞʝʥʠʡ ʩʪʘʠ, ʤʘʩ ʦʜʠʥ ʚʫʟʦʣ ʧʨʠ ʭ ðð o/2, ʪʦʙʪʦ 

ʚ ʧʝʨʰʦʤʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʡʪʠ ʯʘʩʪʠʥʢʫ ʧʦʩʝʨʝʜʠʥʽ 

ʤʽʞ ʩʪʽʥʢʘʤʠ ʷʤʠ ʜʦʨʽʚʥʶʩ ʥʫʣʶ. ɺʽʜʧʦʚʽʜʥʦ ʫ ʜʨʫʛʦʤʫ ʟʙʫʜʞʝʥʦʤʫ 

ʩʪʘʥʽ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʩ ʥʫʣʴʦʚʦʶ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʩʪʽʥʦʢ ʫ ʪʨʝʪʠʥʫ ʰʠʨʠʥʠ ʷʤʠ i ʪ. ʜ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ 

ʷʤʽ ʰʠʨʠʥʦʶ ʦ i ii ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʥʘ ʥʠʞʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʷʭ 

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.4. 
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8 

ɺ ʦʙʣʘʩʪʽ ʧʦʟʘ ʤʝʞʘʤʠ ̫ ʤʠ 0 > ʭ > ʘ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʠʩʘʥʝ ʷʢ 
ʊ"_ zT = 0 ü

 

ʜʝ ʯʝʨʝʟ ʥ ʧʦʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʫ 

(1.19) 

 
 

 
(1.20) 

 

 

 

 

ʈʠʩ. 1.4. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ i ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽòʽòʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦôʽò ʯʘʩʪʠʥʢʠ 

ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ 

ɾʦʜʥʘ ʯʘʩʪʠʥʢʘ ʥʝ ʤʦʞʝ ʧʝʨʝʤʽʩʪʠʪʠʩʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ ʟʘ 

ʩʢʽʥʯʝʥʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʊʦʤʫ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.19) ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ ʥʫʣʴ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 

ʊʘʢʦʶ ʬʫʥʢʮʽʩʶ ʩ ʩʧʘʜʥʘ ʝʢʩʧʦʥʝʥʪʘ 

= cons-t exp(T  z) , (1.21) 
 

ʜʝ ʟʥʘʢʠ ñðò i ñ+ò ʫ ʧʦʢʘʟʥʠʢʫ ʝʢʩʧʦʥʝʥʪʠ ʩʪʦʩʫʶʪʴʩʷ ʦʙʣʘʩʪʝʡ ʭ > ʦ i 

ʭ < 0 ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢʱʦ ʷʤʘ ʩ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʶ, ʪʦ ʢ = ʦʩʢʽʣʴʢʠ ʨʝʘʣʴʥʘ 

ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ʟʘʚʞʜʠ ʩʢʽʥʯʝʥʥʘ, i ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʪʦʪʦʞʥʦ 

ʜʦʨʽʚʥʶʩ ʥʫʣʶ ʟʘ ʤʝʞʘʤʠ ̫ ʤʠ. ʗʢʱʦ ʞ ʛʣʠʙʠʥʘ ̫ ʤʠ Up ʩ ʩʢʽʥʯʝʥʥʦʶ, 

ʪʦ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʥʝ ʦʙʨʠʚʘʩʪʴʩʷ ʥʘ ʤʝʞʽ ʥʝʜʦʩʪʫʧʥʦʾ ʜʣʷ 

ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ, ʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʩʧʘʜʘʩ ʜʦ 

ʥʫʣʷ ʧʽʜ ʯʘʩ ʟʘʛʣʠʙʣʝʥʥʷ ʚ ʥʝʾ. ʐʚʠʜʢʽʩʪʴ ʪʘʢʦʛʦ ʩʧʘʜʘʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʥʝʨʛʽʩʶ ʯʘʩʪʠʥʢʠ i ʛʣʠʙʠʥʦʶ ʷʤʠ i ʩ ʪʠʤ 

ʙʽʣʴʰʦʶ, ʯʠʤ ʤʝʥʰʦʶ ʩ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ʱʦʜʦ ʛʣʠʙʠʥʠ ʷʤʠ, ʪʦʙʪʦ 

ʯʠʤ ʙʽʣʴʰʦʶ ʩ ʨʽʟʥʠʮʷ Up ð ɽ. 

ʅʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʯʘʩʪʠʥʢʠ ʫ ʧʨʷʤʦʢʫʪʥʽʡ ʷʤʽ ʜʦʚʽʣʴʥʦʾ 

ʛʣʠʙʠʥʠ ʤʠ ʥʝ ʟʫʧʠʥʷʩʤʦʩʷ, ʘ ʧʨʦʧʦʥʫʩʤʦ ʟʥʘʡʪʠ ʡʦʛʦ ʩʘʤʦʩʪʽʡʥʦ. 

ʊʫʪ ʣʠʰʝ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ 
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ʧ (J) 

ʐʨʝʜʽʥʛʝʨʘ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʟʘʤʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ i i-i 

ʧʦʭʽʜʥʦʾ ʥʘ ʤʝʞʽ ̫ ʤʠ ʟʨʫʯʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʤʦʛʫ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʫ 

i iµ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʧʦʭʽʜʥʦʾ ô/ . ʆʩʢʽʣʴʢʠ ʚʠʛʣʷʜ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘ 

ʤʝʞʘʤʠ ʷʤʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ii ʛʣʠʙʠʥʠ, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (1.21) 

ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ, ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʧʦʭʽʜʥʦʾ, ʥʘʙʫʚʘʩ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ð ʷʢʱʦ ʭ = 0 i ʭ = ʘ, ʪʦ 
 

  (1.22) 
 

ʧʨʠʯʦʤʫ ʫʤʦʚʫ (1.22) ʥʘ ʛʨʘʥʠʮʷʭ ʷʤʠ ʦʜʥʦʯʘʩʥʦ ʟʘʜʦʚʦʣʴʥʷʩ i 

ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʯʘʩʪʠʥʢʠ ʚ ʷʤʽ. 

ʇʨʷʤʦʢʫʪʥʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ ʩ ʜʦʙʨʠʤ ʤʦʜʝʣʴʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ h ʪʫʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, 

ʷʢ ʪʦʥʢʽ ʧʣʽʚʢʠ, ʧʦʜʚʽʡʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʰʠʨʦʢʦʱʽʣʠʥʥʠʡ/ 

ʚʫʟʴʢʦʱʽʣʠʥʥʠʡ/ʰʠʨʦʢʦʱʽʣʠʥʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʥʘʜɻʨʘʪʢʠ ʪʦʱʦ. 

ʆʜʥʦʚʠʤʽʨʥʘ ʧʘʨʘʙʦʣʽʯʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʟ ʢʦʝʬʽʮʽʩʥʪʦʤ 

ʞʦʨʩʪʢʦʩʪʽ ʟʚôʷʟʢʫ k ʘʥʘʣʽʪʠʯʥʦ ʟʘʜʘʩʪʴʩʷ ʷʢ 

U(x) ðð   (1.23) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʯʘʩʪʠʥʢʠ ʫ 

ʧʘʨʘʙʦʣʽʯʥʽʡ ʷʤʽ ʤʘʩ ʚʠʛʣʷʜ 

d 2'P (x) 2m 
(ɽ ð 

 

(1.24) 
 

ʁʦʛʦ ʨʦʟʚôʷʟʦʢ ʜʘʩ ʪʘʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʯʘʩʪʠʥʢʠ: 
 

hm ,ò ðð , nðð0, 1,2... (1.25) 
 

i ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʚ ʥʦʨʤʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ 

ʟʘʧʠʩʫʶʪʴʩʷ ʷʢ: 
 

  1 
ʝ"! / (Ä)  ;  ʇ ðð 0, 1, 2..., (1.26) 

 

ʜʝ  t  ð ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ t Uy ; /, - 0/ ð ʭʘʨʘʢʪʝʨʥʠʡ ʤʘʩʰʪʘʙ 

ɼʆɺɾʀʅʀ; Nn(t) ð ʧʦʣʽʥʦʤʠ ɽʨʤʽʪʘ ʣ-ʛʦ ʧʦʨʷʜʢʫ 
 

ʅ ' (ð1) 
f7 
ʝ 

2

 (1.27) 
 

ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʪʘʢʽ ʧʨʦʩʪʽ ʨʝʢʫʨʝʥʪʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

k 

   

ʪ 

   

ʃ 
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d 'P(  ) 2 

h 

d 

dQ (1.28) 
 

ʗʚʥʠʡ ʚʠʛʣʷʜ ʧʝʨʰʠʭ ʧʦʣʽʥʦʤʽʚ ɽʨʤʽʪʘ ʩ ʪʘʢʠʤ: 

ʅ  ({) - 1 ; Hf(   ) - 2J ; H z(\) - 432 2 ; ʅ ɻ (\) ' ɱ 
ɿ 12{ . (1 .29) 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʫ 

ʧʘʨʘʙʦʣʽʯʥʽʡ ʷʤʽ ʡ iµ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʥʘ ʥʠʞʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʷʭ 

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.5. 

 

 
ʧ-2 

 

 

 
ʧ'0 

 
 

 
ʈʠʩ. 1.5. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ i ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʡòʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦôʽô ʯʘʩʪʠʥʢʠ 

ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʘʨʘʙʦʣʽʯʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ 

ʄʦʜʝʣʴ ʧʘʨʘʙʦʣʽʯʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʜʦʙʨʝ ʦʧʠʩʫʩ, 

ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʨʝʘʣʴʥʽ ʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ, ̫ ʢ ʘʪʦʤ ʫ ʚʫʟʣʽ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ɻʨʘʪʢʠ ʯʠ ʙʫʜʴ-ʷʢʠʡ ̔ ʥʰʠʡ ʣʽʥʽʡʥʠʡ ʛʘʨʤʦʥʽʡʥʠʡ ʦʩʮʠʣʷʪʦʨ, ʘ ʪʘʢʦʞ ʩ 

ʜʦʙʨʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʣʝʛʦʚʘʥʠʭ ʥʘʜɻʨʘʪʦʢ. 

ʎʽʢʘʚʫ ʫ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʘʭ ʪʨʠʢʫʪʥʫ ʧʦʪʝʥʮʽʘʣʴʥʫ 

ʷʤʫ ʤʦʞʥʘ ʧʦʜʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢ: 
 

ʭ ç 0 

ʭ > 0 

 

(1.30) 

 

ʜʝ F ð ʜʝʷʢʘ ʧʦʩʪʽʡʥʘ ʩʠʣʘ, ʩʧʨʷʤʦʚʘʥʘ ʚʟʜʦʚʞ oci ʆʍ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.30) ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʷʤʠ 

ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ ʟʘʧʠʩʫʩʪʴʩʷ ʷʢ 

2 

2     +    h2   
(ɽ  ð Nx)'P(x) = 0 . (1.31) 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦʾ ʯʘʩʪʠʥʢʠ ʫ ʪʨʠʢʫʪʥʽʡ ʷʤʽ (1.30) 

ʤʘʩ ʚʠʛʣʷʜ 
2 

Ep ðð ʘʨ ( *) , ʇ  ðð 0, 1, 2..., (1.32) 
2m 
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ʜʝ ʢʦʝʬʽʮʽʩʥʪ ʘʧ ʥʘʙʣʠʞʝʥʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ̫ ʢ  
 

(1.33) 
 

ʅʝʥʦʨʤʦʚʘʥʘ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʢʚʘʥʪʦʚʦʾ ʯʘʩʪʠʥʢʠ ,( ) ʫ 

ʪʨʠʢʫʪʥʽʡ ʷʤʽ ʚʠʨʘʞʘʩʪʴʩʷ ʯʝʨʝʟ ʪʘʢ ʟʚʘʥʫ ʬʫʥʢʮʽʶ ɽʡʨʽ ʝ(/) 
 

 
 

i ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ̫ ʢ 

 

 
ɖɗ 

 
 
 
 
 
 

 
ɽ0 ðð 

 

 
 

Fx ð E 
I'l ),

 
3 0 

(1.34) 

 

 
(1.35) 

 

 
(1.36) 

 

ʉʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ i ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʚ ʥʘʚʝʜʝʥʽʡ ʪʨʠʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʤʦʞʥʘ 

ʟʦʙʨʘʟʠʪʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.6. 
 

 
ʈʠʩ. 1.6. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ i ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽòʽòʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦôʽô ʯʘʩʪʠʥʢʠ 

ʫ ʪʨʠʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ 

ʊʨʠʢʫʪʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʪʠʧʫ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 1.6, ʩ 

ʜʦʙʨʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʣʷ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʥʘ ʛʨʘʥʠʮʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʚ ʽʥʚʝʨʩʽʡʥʦʤʫ ʰʘʨʽ 

ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ ʪʘʢʦʞ ʧʦʚʝʜʽʥʢʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʧʦʤʽʱʝʥʦʤʫ ʚ ʩʠʣʴʥʝ ʦʜʥʦʨʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ. 

ɻʽʧʝʨʙʦʣʽʯʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʜʦʙʨʝ ʦʧʠʩʫʩ pyx ʯʘʩʪʠʥʢʠ ʚ 

ʩʠʣʦʚʦʤʫ ʮʝʥʪʨʘʣʴʥʦʩʠʤʝʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʢʦʣʠ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʤʦʜʫʣʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ r ðð Irl i ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʡʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʧʨʦʩʪʦʨʽ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʥʘ ʚ 

ʢʫʣʦʥʽʚʩʴʢʦʤʫ ʧʦʣʽ ʷʜʨʘ. ʗʢʱʦ ʟʘʨʷʜ ʦʩʪʘʥʥʴʦʛʦ ʜʦʨʽʚʥʶʩ ZIeI, ʪʦ 

F2h 
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U(ʛ) ðð ð 
Zeô 

 (1.37) 
 

 
 

ʗʢʱʦ Z = 1, ʦʪʨʠʤʘʩʤʦ ʤʦʜʝʣʴ ʘʪʦʤʘ ʚʦʜʥʶ. ɽʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ ʘʪʦʤʽ ʚʦʜʥʶ ʤʘʩ ʚʠʛʣʷʜ 

 ˒
ʪʝ

4
 

" 26 
2    + 2 

, nðð0,1, 2... (1.38) 
 

ʉʭʝʤʘʪʠʯʥʦ ʚʽʥ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.7. 
 

 
ʈʠʩ. 1.7. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦôʽô ʯʘʩʪʠʥʢʠ 

ʫ ʛʽʧʝʨʙʦʣʽʯʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ 

ʗʢ ʙʘʯʠʤʦ, ʫ ʙʫʜʴ-ʷʢʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʝʥʝʨʛʽʷ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʟʘʚʞʜʠ ʢʚʘʥʪʫʩʪʴʩʷ. ʗʢʱʦ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ 

ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʘ, ʪʦ i ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ ʫ ʷʤʽ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ. ɺ ʷʤʽ ʩʢʽʥʯʝʥʥʦʾ ʛʣʠʙʠʥʠ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʙʫʜʝ 

ʩʢʽʥʯʝʥʥʦʶ. 

3 (1.16), (1.25), (1.32), (1.38) ʚʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʩʪʘʠ ʩʠʩʪʝʤʠ 

(ʩʪʘʠ ʟ ʥʘʡʥʠʞʯʦʶ ʝʥʝʨʛʽʩʶ, ʟ ʷʢʦʛʦ ʢʚʘʟʽʯʘʩʪʠʥʢʘ ʩʧʦʥʪʘʥʥʦ ʥʝ 

ʤʦʞʝ ʥʽʢʫʜʠ ʧʝʨʝʡʪʠ), ʷʢʠʡ ʨʝʘʣʽʟʫʩʪʴʩʷ, ʢʦʣʠ ʣ = 0, ʥʽʢʦʣʠ ʥʝ 

ʚʽʜʧʦʚʽʜʘʩ ʜʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ. ʎʝ ʤʘʪʝʤʘʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʫʩ ʪʦʡ 

ʚʠʩʥʦʚʦʢ, ʷʢʠʡ ʤʠ ʦʪʨʠʤʘʣʠ ʚʠʱʝ ʽʟ ʟʘʛʘʣʴʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʱʦ 

ʢʚʘʥʪʦʚʘ ʯʘʩʪʠʥʢʘ ʥʽʢʦʣʠ ʥʝ ʧʦʪʨʘʧʣʷʩ ʥʘ ʜʥʦ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 

 

1.4.  ǚǔǖǒǆ ǕǔǘǋǓǜȋǦǱȂǳǴȌ ȅǲǮ i XAPAKTEP 

ǐǈǆǓǘǙǈǆǓǓǥ  ǋǓǋǖǉǋǘǎǝǓǔǉǔ CǕEKTPA 

 
3 ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.16), (1.25), (1.32), (1.38) ʥʘʦʯʥʦ 

ʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʪʦʙʪʦ ʚʟʘʩʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ 

ʨʽʚʥʽʚ µf ʝʥʝʨʛʽʾ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʧʨʠʥʮʠʧʦʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ 

ʷʤʠ. ʑʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ ʫ ʮʴʦʤʫ, ʟʥʘʡʜʝʤʦ ʨʽʟʥʠʮʶ ʤʽʞ ʝʥʝʨʛʽʷʤʠ 

ʩʫʩʽʜʥʽʭ ʨʽʚʥʽʚ ʣ i n+1 ʷʢ ʬʫʥʢʮʽʶ ʾʭʥʴʦʛʦ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ. 
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ɼʣʷ ʧʨʷʤʦʢʫʪʥʦʾ ̫ ʤʠ 

 

ɼʣʷ ʧʘʨʘʙʦʣʽʯʥʦʾ ̫ ʤʠ 

ɼʣʷ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʷʤʠ 

 
 

ʣ+1,ʣ ' 2 
(2ʧ + 3) 

2 /tta 

 

 

 
 

_ _ ʰʝ
4 

2ʧ + 3 
f7   1 ʇ 2 2 2 
+  ô 23 + (ʧ + 1) ô 

 
(1.39) 

 
(1.40) 

 

(1.41) 

ʆʜʝʨʞʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʷʤʽ ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʪʠʧʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʨʽʚʥʷʤʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʨʽʚʥʷ, ʪʦʙʪʦ ʚ ʧʘʨʘʙʦʣʽʯʥʽʡ ̫ ʤʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ 
ʝʢʚʽʜʠʩʪʘʥʪʥʽ. ɺ ʷʤʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʠʧʫ ʝʥʝʨʛʝʪʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʟʙʽʣʴʰʫʩʪʴʩʷ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʨʽʚʥʷ. ɺ ̫ ʤʽ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʠʧʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 
ʣ ʚʽʜʜʘʣʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʟʤʝʥʰʫʩʪʴʩʷ, ʪʦʙʪʦ 

ʯʠʤ ʚʠʱʝ ʨʽʚʥʽ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʾ, ʪʠʤ ʱʽʣʴʥʽʰʝ ʚʦʥʠ ʡʜʫʪʴ. 

ɼʣʷ ʪʨʠʢʫʪʥʦʾ ʷʤʠ ʚ ʦʜʠʥʀʮʷʍ (9n 2862 

ʝʥʝʨʛʽʷʤʠ ʩʫʩʽʜʥʽʭ ʨʽʚʥʽʚ 

2/2w) /4 ʨʽʟʥʠʮʷ ʤʽʞ 

ʇ+ôô. = (4ʧ + 7)
2

*  ð (4ʧ + 3) 
2   

. (1.42) 

ʆʩʢʽʣʴʢʠ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʨʽʚʥʷ ʣ ʚʽʜʥʦʩʥʠʡ 

ʚʥʝʩʦʢ ʧʦʩʪʽʡʥʠʭ ʜʦʜʘʥʢʽʚ ʫ ʟʥʘʯʝʥʠʷ ʚʠʨʘʟʽʚ ʫ ʧʝʨʰʽʡ i ʜʨʫʛʽʡ 

ʜʫʞʢʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.42) ʟʤʝʥʰʫʩʪʴʩʷ, ʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ, ʘ 

ʚʽʜʧʦʚʽʜʥʦ ʡ ʨʽʟʥʠʮʷ ʝʥʝʨʛʽʡ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʨʽʚʥʷʤʠ, ʷʢ i ʜʣʷ 

ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʷʤʠ, ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʣ ʟʤʝʥʰʫʩʪʴʩʷ ʪʘʢʦʞ. 

ʎʽʢʘʚʦ ʧʦʨʽʚʥʷʪʠ ʚʧʣʠʚ h ʠʨʠʥʠ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ 

ʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʜʠʩʢʨʝʪʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ 

ʢʚʘʥʪʦʚʦʾ ʯʘʩʪʠʥʢʠ ʚ ʷʤʽ ʟʽ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʧʨʷʤʦʢʫʪʥʦʾ ʜʦ ʪʨʠʢʫʪʥʦʾ ʯʠ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʷʤ. ʋ 

ʧʨʷʤʦʢʫʪʥʽʡ ʷʤʽ ʮʷ ʚʽʜʩʪʘʥʴ ʟʤʝʥʰʫʩʪʴʩʷ, ʪʦʙʪʦ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ 

ʟʛʫʱʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ii ʰʠʨʠʥʠ ʘ. ɸʥʘʣʦʛʽʯʥʝ ʟʛʫʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʨʘʟʽ ʪʨʠʢʫʪʥʦʾ ʯʠ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʷʤ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʜʥʘ ʷʤʠ ʜʦ iµ ʚʝʨʭʫ, ʪʦʙʪʦ ʫ ʪʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʚ ʷʢʦʤʫ ʰʠʨʠʥʘ ʷʢ ʪʨʠʢʫʪʥʦʾ, ʪʘʢ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʷʤ 

ʟʨʦʩʪʘʶʪʴ. ʆʪʞʝ, ʤʦʞʥʘ ʜʽʡʪʠ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʘʤʝ 

ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʷʤʠ ʟʥʠʟʫ ʚʚʝʨʭ ʫ ʮʠʭ ʷʤʘʭ ʩ ʧʨʠʯʠʥʦʶ ʪʘʢʦʛʦ 

ʟʛʫʱʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ. ɸ ʧʘʨʘʙʦʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʨʦʩʪʘʥʥʷ 

ʰʠʨʠʥʠ ʷʤʠ ʩ ʪʽʩʶ ʛʨʘʥʠʮʝʶ ʤʽʞ ʷʤʘʤʠ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʜʝ ʭʘʨʘʢʪʝʨ 
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ʩʣʽʜʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʟʘʟʥʘʩ ʽʥʚʝʨʩʽʾ ð ʚʽʜ 

ʨʦʟʨʽʜʞʝʥʥʷ ʜʦ ʟʛʫʱʝʥʥʷ. 

ɺʠʩʥʦʚʦʢ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʯʘʩʪʠʥʢʠ ʫ 

ʢʚʘʥʪʦʚʽʡ ̫ ʤʽ ʚʽʜ iµ ʬʦʨʤʠ i ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩ ʜʫʞʝ ʚʘʞʣʠʚʠʤ 

ʥʝ ʪʽʣʴʢʠ ʫ ʩʫʪʦ ʬʽʟʠʯʥʦʤʫ ʩʝʥʩʽ. ɺʽʥ ʪʘʢʦʞ ʚʘʞʣʠʚʠʡ ʫ ʧʨʠʢʣʘʜʥʦʤʫ 

ʘʩʧʝʢʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʫʩ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʽʩʥʫʩ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʤʽʥʶʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʤʽʥʶʶʯʠ ʬʦʨʤʫ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ. ʋ ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ̫ ʤʠ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʯʘʩʪʠʥʢʠ ʚ ʷʤʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʩʪʨʫʢʪʫʨʥʽ 

ʧʘʨʘʤʝʪʨʠ ʷʤʠ, ʥʘʧʨʠʢʣʘʜ i-i ʰʠʨʠʥʫ (ʬʦʨʤʫʣʘ (1.16)), ʞʦʨʩʪʢʽʩʪʴ 

ʟʚôʷʟʢʫ (ʬʦʨʤʫʣʘ (1.25)) ʯʠ ʢʨʫʪʠʟʥʫ ʪʨʠʢʫʪʥʦʾ ̫ ʤʠ (ʬʦʨʤʫʣʘ (1.31)). 

 

 
1.5. ɿɸʍʆʇʃɽʅʅʗ   ʂɺɸʅʊʆɺʆ-ʄɽʍɸʅɯʏʅʀʍ  ʏɸʉʊʀʅʆʂ 

ʇʆʊɽʅʎɯɸʃʔʅʀʄʀ  ʗʄɸʄʀ  tÅʽʟʥʦʾ ʚʠʤʽʨʥʦʩʪʽ 
 

ʋ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʥʽʡ ʟʤʝʥʰʫʩʪʴʩʷ. ʗʢʱʦ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʩ 

ʦʜʥʦ- ʯʠ ʜʚʦʚʠʤʽʨʥʦʶ, ʪʦ ʷʢʦʶ ʙ ʤʽʣʢʦʶ ʚʦʥʘ ʥʝ ʙʫʣʘ, ʚ ʥʽʡ 

ʦʙʦʚôʷʟʢʦʚʦ ʙʫʜʝ ʽʩʥʫʚʘʪʠ ʭʦʯʘ ʙʠ ʦʜʠʥ ʜʠʩʢʨʝʪʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʨʽʚʝʥʴ, ʚʦʥʘ ʦʙʦʚôʷʟʢʦʚʦ ʟʚôʷʟʫʚʘʪʠʤʝ ʯʘʩʪʠʥʢʫ, ʷʢʘ ʧʦʪʨʘʧʣʷʩ ʚ ʷʤʫ. 

ɼʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʷʤʠ ʮʝ ʥʝʩʧʨʘʚʝʜʣʠʚʦ. 

ʊʨʠʚʠʤʽʨʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʦʟʥʘʯʘʩ, ʱʦ ʯʘʩʪʠʥʢʘ ʩʠʣʴʥʦ 

ʣʦʢʘʣʽʟʦʚʘʥʘ ʫ ʧʨʦʩʪʦʨʽ ʫ ʚʩʽʭ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ. ʗʢ ʥʘʩʣʽʜʦʢ, ʫ ʚʩʽʭ 

ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ ʩʪʘʩ ʚʝʣʠʢʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ̔ ʤʧʫʣʴʩʫ ʯʘʩʪʠʥʢʠ, ʘ 

ʚʽʜʪʘʢ i iµ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʷʤʽ ʜʠʩʢʨʝʪʥʽ ʨʽʚʥʽ ʚʠʥʠʢʘʶʪʴ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʘ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʘ ð ʥʘʩʪʽʣʴʢʠ, ʱʦʙ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ ʚ ʷʤʽ ʙʫʣʘ ʤʝʥʰʦʶ ʟʘ iµ ʛʣʠʙʠʥʫ. 

ʗʢʱʦ ʛʣʠʙʠʥʘ ʪʨʠʚʠʤʽʨʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʷʤʠ ʪʘʢʘ, ʱʦ ʚʠʢʦʥʫʩʪʴʩʷ 

ʥʝʨʽʚʥʽʩʪʴ 

U   <<  b 2 / ma 2 (1.43) 

ʪʦ ʜʠʩʢʨʝʪʥʽ ʨʽʚʥʽ ʚ ʷʤʽ ʥʝ ʚʠʥʠʢʘʶʪʴ. ʌʽʟʠʯʥʦ ʥʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʷʤʠ 

ʧʨʠʟʚʦʜʠʪʴ ʪʽʣʴʢʠ ʜʦ ʨʦʟʩʽʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʨʫʭʘʶʪʴʩʷ. 

ʅʝʟʜʘʪʥʽʩʪʴ ʪʨʠʚʠʤʽʨʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʟʘ ʛʣʠʙʠʥʠ, ʤʝʥʰʦʾ 

ʚʽʜ ʜʝʷʢʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʭʦʧʣʶʚʘʪʠ ʯʘʩʪʠʥʢʫ ʩ ʩʫʪʦ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʤ ʝʬʝʢʪʦʤ. ʋ ʢʣʘʩʠʯʥʽʡ ʤʝʭʘʥʽʮʽ ʯʘʩʪʠʥʢʘ ʙʫʜʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʬʽʥʽʪʥʠʡ pyx ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʙʫʜʴ-ʷʢʦʾ ʛʣʠʙʠʥʠ, 
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ʷʢʱʦ ʪʽʣʴʢʠ ii ʝʥʝʨʛʽʷ ʤʝʥʰʘ ʟʘ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ, ʱʦ 

ʆʊʆʏ ʉ ʗʄ . 

ʇʨʦʙʣʝʤʘ ʟʘʭʦʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʨʠʚʠʤʽʨʥʠʤʠ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ 

ʷʤʘʤʠ ʤʘʩ ʦʜʠʥ ʮʽʢʘʚʠʡ ʬʽʟʠʯʥʠʡ ʘʩʧʝʢʪ, ʧʦʚôʷʟʘʥʠʡ ʟ ʽʩʥʫʚʘʥʥʷʤ 

ʜʦʤʽʰʢʦʚʠʭ ʩʪʘʥʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. ɼʦʤʽʰʢʘ ʫ ʢʨʠʩʪʘʣʽ ʩʪʚʦʨʶʩ 

ʪʨʠʚʠʤʽʨʥʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ̫ ʤʫ. ʇʨʦʪʝ ̫ ʢʱʦ ʧʦʪʝʥʮʽʘʣ ʧʨʠʪʷʛʘʥʥʷ ʮʽʩʾ 

ʜʦʤʽʰʢʠ ʜʫʞʝ ʤʘʣʠʡ, ʪʦ ʚʦʥʘ ʥʝ ʤʦʞʝ ʟʘʭʦʧʠʪʠ ʝʣʝʢʪʨʦʥ, ʪʦʙʪʦ ʪʘʢʘ 

ʜʦʤʽʰʢʘ ʥʝ ʩʪʚʦʨʶʩ ʜʠʩʢʨʝʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʥʘ ʬʦʥʽ ʝʥʝʨʛʽʡ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɸʣʝ ʚʠʷʚʣʷʩʪʴʩʷ, ʱʦ ʥʘ ʪʘʢʽʡ 

ʜʦʤʽʰʮʽ ʝʣʝʢʪʨʦʥ ʤʦʞʥʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʰʪʫʯʥʦ, ʥʘʢʣʘʜʘʶʯʠ ʥʘ 

ʢʨʠʩʪʘʣ ʩʠʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ʋ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʝʣʝʢʪʨʦʥ ʨʫʭʘʩʪʴʩʷ ʧʦ ʩʧʽʨʘʣʽ, 

ʟʘʢʨʫʯʝʥʽʡ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʠʭ ʩʠʣʦʚʠʭ ʣʽʥʽʡ. ʏʠʤ ʩʠʣʴʥʽʰʝ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʪʠʤ ʤʝʥʰʠʡ ʨʘʜʽʫʩ ʩʧʽʨʘʣʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʜʦʩʪʘʪʥʴʦ 

ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ pyx ʝʣʝʢʪʨʦʥʘ ʩʪʘʣ ʧʨʘʢʪʠʯʥʦ 

ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʤ. ʆʪʞʝ, ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ, ʷʢʘ ʩʪʚʦʨʶʩʪʴʩʷ 

ʜʦʤʽʰʢʦʶ ʚ ʢʨʠʩʪʘʣʽ, ʫ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʟ 

ʪʨʠʚʠʤʽʨʥʦʾ ʥʘ ʦʜʥʦʚʠʤʽʨʥʫ. ɸ ʦʩʢʽʣʴʢʠ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ 

ʷʤʽ ʟʚôʷʟʘʥʽ ʩʪʘʥʠ ʽʩʥʫʶʪʴ ʟʘʚʞʜʠ, ʪʦ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʜʦʤʽʰʢʘ 

ʧʦʯʠʥʘʩ ʟʘʭʦʧʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥ, ʥʘʚʽʪʴ ʷʢʱʦ ʙʝʟ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʣʦʢʘʣʽʟʘʮʽʷ ʝʣʝʢʪʨʦʥʘ ʥʘ ʜʦʤʽʰʮʽ ʥʝʤʦʞʣʠʚʘ. ʗʢ ʥʘʩʣʽʜʦʢ, ʫ ʢʨʠʩʪʘʣʽ 

ʚʠʥʠʢʘʶʪʴ ʟʚôʷʟʘʥʽ ʩʪʘʥʠ, ̫ ʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʤʘʛʥʽʪʦʜʦʤʽʰʢʦʚʠʭ. 

 

 
1.6. ʇʆɺʅʀʁ ɽʅɽʈɻɽʊʀʏʅʀʁ CʇEKTP ʂɺɸʅʊʆɺʆ- 

ʄɽʍɸʅʽʯʥʦʾ ʯɸʩʊʠʥʢʠ ɺ ʧʆʊɽʅʎlɸʃʔʅɯʁ ʗʄɯ 
 

ɺʽʣʴʥʘ ʯʘʩʪʠʥʢʘ ʤʘʩ ʥʝʧʝʨʝʨʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ, ʷʢʠʡ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 
 

ɽ(k) ðð ɽ(kq,kp,k ) ðð  
2m 2m 2m 

(1.44) 

ʋ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ iµ ʩʪʽʥʦʢ, 

ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ʢʚʘʥʪʫʩʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ, ʫ ʟʘʢʦʥʽ ʜʠʩʧʝʨʩʽʾ (1.44) 

ʟʘʣʠʰʘʩʪʴʩʷ ʩʪʽʣʴʢʠ ʥʝʧʝʨʝʨʚʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʩʪʽʣʴʢʠ ʜʦʜʘʥʢʽʚ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʚʽʣʴʥʠʡ pyx ʯʘʩʪʠʥʢʠ), ʩʢʽʣʴʢʠ ʟʘʣʠʰʘʩʪʴʩʷ ʥʘʧʨʷʤʢʽʚ, ʫ 

ʷʢʠʭ ʮʝʡ pyx ʧʨʦʜʦʚʞʫʩ ʙʫʪʠ ʚʽʣʴʥʠʤ. ɯʥʰʽ ʩʢʣʘʜʦʚʽ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ 

(1.44) ʧʝʨʝʭʦʜʷʪʴ ʫ ʜʦʜʘʥʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʠʩʢʨʝʪʥʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ   ʩʧʝʢʪʨʫ,   ʚʠʛʣʷʜ   ʷʢʠʭ   ʚʠʟʥʘʯʘʩʪʴʩʷ   ʬʦʨʤʦʶ i 
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ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʥʘʧʨʷʤʢʽʚ ʦʙʤʝʞʝʥʥʷ 

ʚʽʣʴʥʦʛʦ pyxy. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʯʘʩʪʠʥʢʠ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ (ʥʘʧʨʠʢʣʘʜ, 

ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʰʠʨʠʥʦʶ ʘʫ ʫ ʥʘʧʨʷʤʢʫ oci ʆɼ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ ʩʫʤʘʨʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ: 
 

ɽ(ʧ,k ,k,) ðð (1.45) 
 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.45) ʚʽʜʦʙʨʘʞʘʩ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʦʞʥʦʤʫ 

ʜʠʩʢʨʝʪʥʦʤʫ ʨʽʚʥʖ En ʋ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʚʽʜʧʦʚʽʜʘʩ ʮʽʣʠʡ ʥʘʙʽʨ 

ʤʦʞʣʠʚʠʭ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ, ̫ ʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʭʚʠʣʴʦʚʠʤʠ ʯʠʩʣʘʤʠ k 
i k ʯʠ ʢʚʘʟʽʽʤʧʫʣʴʩʘʤʠ ð -ky I ð ʤ, . ʇʨʠ ʮʴʦʤʫ ʟʘʟʚʠʯʘʡ ʛʦʚʦʨʷʪʴ 

ʥʝ ʧʨʦ ʨʽʚʝʥʴ, ʘ ʧʨʦ ʧʽʜʟʦʥʫ ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʟ ʥʦʤʝʨʦʤ ʣ. 

ɼʣʷ ʯʘʩʪʠʥʢʠ ʚ ʘʥʘʣʦʛʽʯʥʽʡ ʜʚʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ 

ʰʠʨʠʥʦʶ of i ʘʫ ʚ ʥʘʧʨʷʤʢʘʭ ʆʍ i ʆʋ ʚʽʜʧʦʚʽʜʥʦ ʩʫʤʘʨʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʙʫʜʝ: 

 
ɽ(ʧ,k,) ðð 

hôñk 2 

2m 

 

(1.46) 

 

ɼʚʦʚʠʤʽʨʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ̫ ʤʘ, ̫ ʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʦʧʠʩʫʩ ʢʚʘʥʪʦʚʫ 

ʥʠʪʢʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ (1.46) ʢʦʞʥʦʤʫ ʜʠʩʢʨʝʪʥʦʤʫ ʨʽʚʥʶ E ʫ ʢʚʘʥʪʦʚʽʡ 

ʥʠʪʮʽ ʚʽʜʧʦʚʽʜʘʩ ʥʘʙʽʨ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ 

ʦʜʥʽʩʶ ʢʦʤʧʦʥʝʥʪʦʶ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k, ʯʠ ʢʚʘʟʽʽʤʧʫʣʴʩʫ P, ðð hk, . 

ʉʧʝʢʪʨ ʯʘʩʪʠʥʢʠ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʷʢʘ ʦʧʠʩʫʩ 

ʢʚʘʥʪʦʚʫ ʪʦʯʢʫ, ʚʪʨʘʯʘʩ ʥʝʧʝʨʝʨʚʥʽ ʢʦʤʧʦʥʝʥʪʠ i ʩʪʘʩ ʧʦʚʥʽʩʪʶ 

ʢʚʘʥʪʦʚʠʤ: 

ɽ(ʧ) ðð 
2mn 

(ʧ +1)  + 2 (1.47) 

ʗʢʱʦ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʟʠʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʘʢʦʥʽʚ 

ʜʠʩʧʝʨʩʽʾ E(k) ʜʣʷ ʚʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ i ʯʘʩʪʠʥʢʠ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ 

ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʪʦ ʦʪʨʠʤʘʩʤʦ ʢʘʨʪʠʥʫ, ʧʦʢʘʟʘʥʫ ʥʘ 

ʨʠʩ. 1.8. ʅʘʦʯʥʦ ʧʦʢʘʟʘʥʦ, ɦ ʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʚʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ 

ʩ ʽʟʦʪʨʦʧʥʠʤ, ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʥʘʧʨʷʤʢʫ, ʘ ʜʣʷ ʯʘʩʪʠʥʢʠ ʚ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ð ʧʨʠʥʮʠʧʦʚʦ ʘʥʽʟʦʪʨʦʧʥʠʤ. 

ɺʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʜʠʩʢʨʝʪʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʯʘʩʪʠʥʢʠ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ ʥʝ ʦʟʥʘʯʘʩ ʘʚʪʦʤʘʪʠʯʥʦ ʥʝʜʦʩʪʫʧʥʽʩʪʴ 

ʜʣʷ ʥʝʾ ʙʽʣʴʰʦʩʪʽ ʽʟ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ. ʗʢ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.45), ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʠʷ ʝʥʝʨʛʽʾ 

ʯʘʩʪʠʥʢʠ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʚʽʜʧʦʚʽʜʘʩ ʫʤʦʚʽ ʣ = 0, k ðð k ðð 0. ʎʝ 

2h2  

 

2ma, 

 

2ma 
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0 k 

ʦʟʥʘʯʘʩ, ʱʦ ʟʥʘʯʝʥʠʷ ʝʥʝʨʛʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʪʝʨʚʘʣʫ ʚʽʜ ʜʥʘ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʗ ʃ ðð 232 /2mo2 , ʉ 

ʟʘʙʦʨʦʥʝʥʠʤʠ ʜʣʷ ʯʘʩʪʠʥʢʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʧʨʷʤʢʫ ʟʙʫʜʞʝʥʥʷ 

(ʧʨʠʛʘʜʫʩʤʦ ð ʢʚʘʥʪʦʚʘ ʯʘʩʪʠʥʢʘ ʥʽʢʦʣʠ ʥʝ ʧʘʜʘʩ ʥʘ ʜʥʦ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ). 
 
 

ʘ 6 

ʈʠʩ. 1.8. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʚʽʣʴʥʦʾò ʯʘʩʪʠʥʢʠ (ʦ) i ʯʘʩʪʠʥʢʠ 

ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ (6) 

 

Bci ʽʥʰʽ ʟʥʘʯʝʥʠʷ ʝʥʝʨʛʽʾ, ʙʽʣʴʰʽ ʟʘ Eo ʩ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ 

ʯʘʩʪʠʥʢʠ, ʘʣʝ ʥʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʧʨʷʤʢʫ i-i ʟʙʫʜʞʝʥʥʷ ʚ ̫ ʤʽ i ʥʝ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʽʜʟʦʥʠ, ʚ ʷʢʽʡ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ. ʊʘʢ, ʙʫʜʴ- 

ʷʢʝ ʟʥʘʯʝʥʠʷ ʝʥʝʨʛʽʾ ʟ ̔ ʥʪʝʨʚʘʣʫ ɽ, > ɽ > Eo ʜʦʩʪʫʧʥʝ ʜʣʷ ʯʘʩʪʠʥʦʢ, ʘʣʝ 

ʪʽʣʴʢʠ ʜʣʷ ʪʠʭ, ̫ ʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʥʘʡʥʠʞʯʽʡ (ʦʩʥʦʚʥʽʡ) ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʧʽʜʟʦʥʽ ʚ ʷʤʽ ʡ ʤʘʶʪʴ ʥʘʣʝʞʥʽ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʠ ʭʚʠʣʴʦʚʦʛʦ 

ʯʠʩʣʘ  k   ,  ʧʘʨʘʣʝʣʴʥʦ ʾ ʜʦ  ʩʪʽʥʦʢ  ʷʤʠ.  ɽʥʝʨʛʽ ʾ ʟ  ʽʥʪʝʨʚʘʣʫ   E2 > ɽ > Ee 

ʜʦʩʪʫʧʥʽ ʚʞʝ ʜʣʷ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʩʥʦʚʥʽʡ i ʧʝʨʰʽʡ 

ʟʙʫʜʞʝʥʽʡ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʟʦʥʘʭ ʚ ʷʤʽ. ɿʦʢʨʝʤʘ, ʚʢʘʟʘʥʫ ʥʘ ʨʠʩ. 1.8 

ʝʥʝʨʛʽʶ ɽô ʤʦʞʝ ʤʘʪʠ ʯʘʩʪʠʥʢʘ ʚ ʦʩʥʦʚʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʧʽʜʟʦʥʽ El, 

ʷʢʱʦ ʚʦʥʘ ʤʘʪʠʤʝ ʭʚʠʣʴʦʚʝ ʯʠʩʃʆ in . ʘʙʦ ʯʘʩʪʠʥʢʘ ʫ ʤʝʞʘʭ ʧʝʨʰʦʾ 

ʟʙʫʜʞʝʥʦʾ ʧʽʜʟʦʥʠ E1, ʗʢʱʦ ii ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʛ . ɸʣʝ 

ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʟʙʫʜʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʆʍ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʩʪʽʥʦʢ 

ʧʨʷʤʦʢʫʪʥʦʾ ʷʤʠ) ʯʘʩʪʠʥʢʘ ʥʝ ʤʦʞʝ ʤʘʪʠ ʝʥʝʨʛʽʶ ʚʝʣʠʯʠʥʦʶ ɽô. 

ʌʽʟʠʯʥʦ ʮʝ ʦʟʥʘʯʘʩ, ʱʦ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʙʫʜʴ-ʷʢʦʾ 

ʬʦʨʤʠ ʯʘʩʪʠʥʢʠ ʚʝʜʫʪʴ ʩʝʙʝ ̫ ʢ ʜʚʦʚʠʤʽʨʥʠʡ ʛʘʟ ð ʛʘʟ, ʯʘʩʪʠʥʢʠ ʷʢʦʛʦ 

ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʨʫʭʘʪʠʩʷ ʪʽʣʴʢʠ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ ʥʘʧʨʷʤʢʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʣʦʱʠʥʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ oci ʚʽʜ 

ʙʘʨôʩʨʘ ʜʦ ʙʘʨôʩʨʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷ 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʾʾ ʛʣʠʙʠʥʠ, ʚʠʤʽʨʥʦʩʪʽ ̔  

ʬʦʨʤʠ. 

2. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ʽ ʩʫʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʚ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʢʣʘʩʠʯʥʠʭ ʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ. 

3. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʤʦʞʣʠʚʦʩʪʽ ʽ ʥʘʧʨʷʤʢʠ ʤʦʜʠʬʽʢʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʚʧʣʠʚʦʤ ʥʘ ʾ ʾ 

ʬʦʨʤʫ ʽ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ. 

4. ʏʦʤʫ, ʥʘ ʚʘʰʫ ʜʫʤʢʫ, ʬʦʨʤʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʚʧʣʠʚʘʻ ʥʘ 

ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ ʚ ʷʤʽ? 

5. ʆʙˇʨʫʥʪʫʡʪʝ ʽ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʧʦʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʚʘʥʪʫʚʘʥʥʷ ʽ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʽʚ ʚ 2D ̔  

1D ʩʪʨʫʢʪʫʨʘʭ. 

6. ʉʬʦʨʤʫʣʶʡʪʝ ʩʫʪʴ ʽ ʧʦʷʩʥʽʪʴ ʥʘʩʣʽʜʢʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ 

ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ. 

7. ʇʦʷʩʥʽʪʴ ʭʘʨʘʢʪʝʨ ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʫ 

ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʧʨʷʤʦʢʫʪʥʽʡ, 

ʪʨʠʢʫʪʥʽʡ, ʧʘʨʘʙʦʣʽʯʥʽʡ ʽ ʛʽʧʝʨʙʦʣʽʯʥʽʡ ʷʤʘʭ. 

8. ʆʧʠʰʽʪʴ ʩʧʽʣʴʥʽ ʽ ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʘʨʘʙʦʣʽʯʥʽʡ ʽ ʛʽʧʝʨʙʦʣʽʯʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ̫ ʤʘʭ. 

9. ʆʧʠʰʽʪʴ ʩʧʽʣʴʥʽ ʽ ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʨʷʤʦʢʫʪʥʽʡ ʽ ʪʨʠʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ. 

10. ɺʠʟʥʘʯʪʝ ʨʽʚʥʽ ʝʥʝʨʛʽʾ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʚ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʩʢʽʥʯʝʥʥʦʾ ʛʣʠʙʠʥʠ U o ʽ 

ʰʠʨʠʥʠ ʘ. 

11. ʇʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ ʩʢʽʥʯʝʥʥʦʾ ʽ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʛʣʠʙʠʥʠ. 

12. ɼʦʚʝʜʽʪʴ, ʱʦ ʫ ʙʫʜʴ-ʷʢʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʥʽʢʦʣʠ ʥʝ ʧʘʜʘʻ ʥʘ ʾʾ ʜʥʦ. 

13. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʚʠʤʽʨʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʚʧʣʠʚʘʻ ʥʘ 

ʾʾ ʟʜʘʪʥʽʩʪʴ ʣʦʢʘʣʽʟʫʚʘʪʠ ʫ ʧʨʦʩʪʦʨʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʫ ʯʘʩʪʠʥʢʫ. 

14. ʇʦʷʩʥʽʪʴ ʩʫʪʴ, ʫʤʦʚʠ ʽ ʤʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʤʘʛʥʽʪʦ- 

ʜʦʤʽʰʢʦʚʠʭ ʩʪʘʥʽʚ ʫ ʢʨʠʩʪʘʣʘʭ. 

15. ɿʘʧʠʰʽʪʴ ʧʦʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ, ʜʚʦʚʠʤʽʨʥʽʡ ʽ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 
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ʷʤʘʭ ʽ ʩʬʦʨʤʫʣʶʡʪʝ ʥʘʩʣʽʜʢʠ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʟ ʥʴʦʛʦ ʱʦʜʦ 

ʤʦʞʣʠʚʦʾ ʧʦʚʝʜʽʥʢʠ ʯʘʩʪʠʥʢʠ ʚ ʪʘʢʽʡ ʷʤʽ. 

16. ɽʥʝʨʛʝʪʠʯʥʘ ʚʽʜʜʘʣʴ ʤʽʞ ʦʩʥʦʚʥʠʤ ʽ ʧʝʨʰʠʤ ʟʙʫʜʞʝʥʠʤ 

ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ 

ʪʠʧʫ ʩʪʘʥʦʚʠʪʴ 0,75 ʝɺ. ɿʘʧʠʰʽʪʴ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʧʝʨʰʠʭ ʧôʷʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘ ʚ ʷʤʽ. 

17. ɽʥʝʨʛʝʪʠʯʥʘ ʚʽʜʜʘʣʴ ʤʽʞ ʦʩʥʦʚʥʠʤ ʽ ʧʝʨʰʠʤ ʟʙʫʜʞʝʥʠʤ 

ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʪʠʧʫ ʩʪʘʥʦʚʠʪʴ 0,5 ʝɺ. ɿʘʧʠʰʽʪʴ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʧʝʨʰʠʭ ʧôʷʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘ ʚ ʷʤʽ. 

18. ɽʥʝʨʛʝʪʠʯʥʘ ʚʽʜʜʘʣʴ ʤʽʞ ʦʩʥʦʚʥʠʤ ʽ ʧʝʨʰʠʤ ʟʙʫʜʞʝʥʠʤ 

ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʨʷʤʦʢʫʪʥʽʡ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʩʪʘʥʦʚʠʪʴ 0,3 ʝɺ. ɿʘʧʠʰʽʪʴ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ 

ʧʝʨʰʠʭ ʧôʷʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘ ʚ ʷʤʽ. 

19. ɽʥʝʨʛʝʪʠʯʥʘ ʚʽʜʜʘʣʴ ʤʽʞ ʦʩʥʦʚʥʠʤ ʽ ʧʝʨʰʠʤ ʟʙʫʜʞʝʥʠʤ 

ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ 

ʪʠʧʫ ʩʪʘʥʦʚʠʪʴ 1,5 ʝɺ. ɿʥʘʡʜʽʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʚʽʜʜʘʣʴ ʤʽʞ ʜʨʫʛʠʤ ʽ 

ʪʨʝʪʽʤ ʟʙʫʜʞʝʥʠʤʠ ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʷʤʽ. 

20. ɽʥʝʨʛʝʪʠʯʥʘ ʚʽʜʜʘʣʴ ʤʽʞ ʦʩʥʦʚʥʠʤ ʽ ʧʝʨʰʠʤ ʟʙʫʜʞʝʥʠʤ 

ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʽʡ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʨʷʤʦʢʫʪʥʽʡ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʩʪʘʥʦʚʠʪʴ 0,6 ʝɺ. ɿʥʘʡʜʽʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʚʽʜʜʘʣʴ 

ʤʽʞ ʪʨʝʪʽʤ ʽ ʯʝʪʚʝʨʪʠʤ ʟʙʫʜʞʝʥʠʤʠ ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʚ ʷʤʽ. 
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ʈʆɿɼɯʃ 2 
 

ʇʆʊɽʅʎɯɸʃʔʅʀʁ ɹɸʈôʉʈ 

 
ʇʦʪʝʥʮʽʘʣʴʥʠʤ ʙʘʨôʩʨʦʤ ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʫ, ʷʢʘ ʦʪʦʯʫʩ 

ʧʦʪʝʥʮʽʘʣʴʥʫ ʷʤʫ. 

 

2.1. ʊʋʅɽʃʖɺɸʅʅʗ   ʂɺɸʅʊʆɺʆ-ʄɽʍɸʅʽʯʥʦʾ 

ʏɸʉʊʀʅʂʀ ʂʈɯɿʔ ʇʆʊɽʅʎɯɸʃʔʅʀʁ ɹɸʈôʉʈ 

 
ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʟʜʘʪʥʘ 

ʟʘʛʣʠʙʣʶʚʘʪʠʩʷ ʫ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ, ʪʦʙʪʦ ʚ ʪʫ ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʦʨʫ, ʜʝ iµ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ɽ ʤʝʥʰʘ ʟʘ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ L/, 

ʷʢʱʦ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʚ ʪʦʯʮʽ ʟʘʛʣʠʙʣʝʥʥʷ ʥʝ ʩ ʥʝʩʢʽʥʯʝʥʥʦ 

ʚʠʩʦʢʠʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʟʘʚʞʜʠ ʽʩʥʫʩ ʧʝʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʡʪʠ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʫ ʯʘʩʪʠʥʢʫ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʩʢʽʥʯʝʥʥʽʡ ʚʽʜʩʪʘʥʽ ʚ ʪʦʚʱʽ 

ʙʘʨôʩʨʘ, ʭʦʯʘ ʮʷ ʡʤʦʚʽʨʥʽʩʪʴ ʜʫʞʝ ʰʚʠʜʢʦ ʧʨʷʤʫʩ ʜʦ ʥʫʣʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʩ, ʱʦ ʷʢʱʦ 

ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʤʘʩ ʥʝ ʪʽʣʴʢʠ ʩʢʽʥʯʝʥʥʫ ʚʠʩʦʪʫ, ʘʣʝ ʡ ʩʢʽʥʯʝʥʥʫ 

ʪʦʚʱʠʥʫ, ʪʦ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʧʨʦʥʠʢʥʫʪʠ ʢʨʽʟʴ ʪʘʢʠʡ ʙʘʨôʩʨ, ʥʘʚʽʪʴ ʥʝ 

ʤʘʶʯʠ ʜʦʩʪʘʪʥʴʦʾ ʝʥʝʨʛʽʾ, ʱʦʙ ʧʝʨʝʩʪʨʠʙʥʫʪʠ ʯʝʨʝʟ ʥʴʦʛʦ ð ʚʦʥʘ 

ʤʦʞʝ ʪʫʥʝʣʶʚʘʪʠ ʢʨʽʟʴ ʙʘʨôʩʨ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ ʯʘʩʪʠʥʢʠ, ʷʢʘ, ʚʦʣʦʜʽʶʯʠ ʝʥʝʨʛʽʩʶ ɽ, 

ʧʘʜʘʩ ʥʘ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʰʠʨʠʥʠ ʘ i 

ʚʠʩʦʪʠ L/. ɸʥʘʣʽʪʠʯʥʦ ʪʘʢʠʡ ʙʘʨôʩʨ ʤʦʞʥʘ ʧʦʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
 
 
 
 

 

U(x)ð < ʘ (2.1) 
 
 
 
 

ʘ ʛʨʘʬʽʯʥʦ ð ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1. 

 

 
U ð const, 0 < ʭ 
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʪʫʥʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦôʽô ʯʘʩʪʠʥʢʠ ʟ 

ʝʥʝʨʛʽʩʶ ɽ ʢʨʽʟʴ ʧʨʷʤʦʢʫʪʥʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʚʠʩʦʪʠ U i 

ʰʠʨʠʥʠ ʘ. 31,2,3(x ) ð ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽñʽñ ʯʘʩʪʠʥʢʠ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ 

ʇ|ʕʆʉʪʦʨʫ , j1,2,3 ð ʚʽʜʧʦʚʽʜʥʽ òit ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ. 

 
ɼʣʷ ʥʘʰʠʭ ʤʘʡʙʫʪʥʽʭ ʟʘʜʘʯ ʚʘʞʣʠʚʠʤ ʩ ʧʠʪʘʥʠʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʘʩʪʠʥʢʠ ʢʨʽʟʴ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ, ʘʙʦ, ʽʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʧʠʪʘʥʠʷ ʧʨʦʟʦʨʦʩʪʽ ʙʘʨôʩʨʘ ʜʣʷ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʚʦʣʦʜʽʩ 

ʜʦʚʽʣʴʥʦʶ ʝʥʝʨʛʽʩʶ, ʤʝʥʰʦʶ ʟʘ ʡʦʛʦ ʚʠʩʦʪʫ. ɿʘ ʦʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʩʥʪ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ D ʚʠʟʥʘʯʘʶʪʴ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ, ʟ ʷʢʦʶ ʯʘʩʪʠʥʢʘ ʧʦʢʠʜʘʩ 

ʙʘʨôʩʨ, ʜʦ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ, ʟ ʷʢʦʶ ʯʘʩʪʠʥʢʘ ʧʘʜʘʩ ʥʘ 

ʙʘʨôʩʨ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʟʥʘʯʝʥʴ ʨʠʩ. 2.1 ʚʝʣʠʯʠʥʫ D ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ: 

6 ð ?ʟ '?-i (2.2) 

ʇʦʷʚʘ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʟʫʤʦʚʣʶʩʪʴʩʷ ʟʤʽʥʦʶ ʟ ʯʘʩʦʤ 

ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʯʘʩʪʠʥʽ 

ʧʨʦʩʪʦʨʫ. ɻʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʨ(ʭ) ʧʝʨʝʙʫʚʘʥʥʷ ʯʘʩʪʠʥʢʠ ʚ 

ʦʜʠʥʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʦʩʪʦʨʫ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʦʶ ʭ 
ʟʘʜʘʩʪʴʩʷ, ʷʢ ʚʽʜʦʤʦ, ʢʚʘʜʨʘʪʦʤ ʤʦʜʫʣʷ ii ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ: 

  (2.3) 

ɺʦʥʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ, ʘʣʝ ʯʘʩʦʚʽ ʟʤʽʥʠ ʨ(ʭ) ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʥʝʧʝʨʝʨʚʥʠʤʠ. ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʨ(ʭ) i 

ʩʧʨʠʯʠʥʶʚʘʥʘ ʮʠʤʠ ʟʤʽʥʘʤʠ ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ /(ʭ) ʧʦʚôʷʟʘʥʽ 

ʤʽʞ ʩʦʙʦʶ ʨʽʚʥʷʥʥʷʤ ʥʝʧʝʨʝʨʚʥʦʩʪʽ, ʷʢʝ ʦʧʠʩʫʩ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ 

ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ: 

ʜt 
+ divj ðð 0 . (2.4) 

ʗʚʥʠʡ ʚʠʛʣʷʜ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ / ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 
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i ʚʠʨʘʟʫ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ɻʘʤʽʣʴʪʦʥʘ 
 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (2.5) i (2.6) 
 
 

ò 

 
 
 
 
 

U(ʛ) . 

(2.5) 

 

 
(2.6) 

 

 
(2.7) 

ʇʦʨʽʚʥʶʶʯʠ (2.4) i (2.7), ʙʘʯʠʤʦ, ʱʦ pyx ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʩʪʴʩʷ ʪʘʢʦʶ ʛʫʩʪʠʥʦʶ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ: 
 

ʿ(ʛ) ðð 
2.   !   

ʫ ʛ ʫ(ʛ) ð ʫ(ʛ)W ʫ (ʛ)) , 

ʘʙʦ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ 

(2.8) 

 
 

(2.9) 
 

ʗʢ ʙʘʯʠʤʦ, ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʪʽʣʴʢʠ ʪʦʜʽ ʙʫʜʝ 

ʥʝʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʩʶ ʢʦʦʨʜʠʥʘʪʠ, ̫ ʢʱʦ ʥʝʧʝʨʝʨʚʥʠʤʠ ʫ ʙʫʜʴ-ʷʢʽʡ 

ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʙʫʜʫʪʴ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʯʘʩʪʠʥʢʠ i iµ ʧʝʨʰʘ ʧʦʭʽʜʥʘ 

ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʩʥʪʘ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴ- 

ʥʦʛʦ ʙʘʨôʩʨʘ ʡ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ, 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ D ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ ʯʘʩʪʠʥʢʠ ʯ1(ʭ) 
ʣʽʚʦʨʫʯ ʚʽʜ ʙʘʨôʩʨʘ (ʭ < 0), w2(x ) ʚʩʝʨʝʜʠʥʽ ʙʘʨôʩʨʘ (0   ʭ   ʘ) ʪʘ (ʭ) 

ʧʨʘʚʦʨʫʯ ʚʽʜ ʙʘʨôʩʨʘ (ʭ > ʘ). 

ɺʚʘʞʘʪʠʤʝʤʦ, ɦ ʦ ʯʘʩʪʠʥʢʘ ʟ ʧʝʚʥʦʶ ʝʥʝʨʛʽʩʶ ɽ i ʚʽʜʧʦʚʽʜʥʠʤ ʾ ʡ 

ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ k : 

(2.10) 
 

ʧʨʠʭʦʜʠʪʴ ʟ ʦʙʣʘʩʪʽ ʚʽʜôʩʤʥʠʭ ʟʥʘʯʝʥʴ ʭ, ʧʘʜʘʶʯʠ ʥʘ ʧʦʪʝʥʮʽʘʣʴʥʠʡ 

ʙʘʨôʩʨ ʟʣʽʚʘ, ̫ ʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1. ɺ ʮʽʡ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʨʽʚʥʷʥʥʷ 

ʐʨʝʜʽʥʛʝʨʘ ʩ: 

(2.11) 

ʘ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʯʘʩʪʠʥʢʠ ʯ (Å) ʬʦʨʤʫʩʪʴʩʷ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʷ ʜʚʦʭ 

ʭʚʠʣʴ ð ʪʽʩʾ, ɦ ʦ ʧʘʜʘʩ ʥʘ ʙʘʨôʩʨ (ʧʦʟʥʘʯʠʤʦ i-i ʘʤʧʣʽʪʫʜʫ ʯʝʨʝʟ A1) , i 

ʪʽʩʾ, ɦ ʦ ʚʽʜʙʠʚʘʩʪʴʩʷ ʚʽʜ ʥʴʦʛʦ (iµ ʘʤʧʣʽʪʫʜʫ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ A2)- 

ʜt 

 iti     
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3
2 

d 
2 

y 2 (ʭ) 

y   (ʭ)  -  A e'
k
Áó  + ʃ  ʝ*' *ó . (2.12) 

l l 2 

ʋ ʤʝʞʘʭ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ (0 ʡ ʍ ʡ ʘ) ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ʯ2(Å ʩ ʨʦʟʚ ʷʟʢʦʤ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 

_ (2.13) 

ʊʫʪ ʚʦʥʘ ʩ ʩʫʧʝʨʧʦʟʠʮʽʩʶ ʜʚʦʭ ʟʘʪʫʭʘʶʯʠʭ ʭʚʠʣʴ, ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ 

ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ʙʘʨ cpa ʜʦ ʟʘʜʥʴʦʾ t l e ó** i ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ɺ2ʝ ñ : 

y   2 (ʭ) = ByeÁ" + Bze' , (2.14) 

ʰʚʠʜʢʽʩʪʴ  ʟʘʪʫʭʘʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʩʪʴʩʷ ʨʽʟʥʠʮʝʶ ʝʥʝʨʛʽʡ ʯʘʩʪʠʥʢʠ ɽ, 

ʱʦ ʧʘʜʘʩ, i ʚʠʩʦʪʠ ʙʘʨôʩʨʘ L/ ð ʚʝʣʠʯʠʥʦʶʥ : 

ʨ   m(U ð ɽ) (2.15) 

ʇʨʘʚʦʨʫʯ ʚʽʜ ʙʘʨôʩʨʘ (ʭ ʘ) iCH ʶʪʴ ʪʽʣʴʢʠ ʯʘʩʪʠʥʢʠ, ʷʢʽ 

ʚʽʜʜʘʣʷʶʪʴʩʷ ʚʽʜ ʥʴʦʛʦ, ʪʦʤʫ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʧʨʦʩʪʦʨʫ ʨʽʚʥʷʥʥʷ 
ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʯʘʩʪʠʥʢʠ ʤʘʩ ʚʠʛʣʷʜ 

 

 

ʘ ii ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ 

(2.16) 

 

v ) '*1 e**Á* . (2.17) 

ʉʭʝʤʘʪʠʯʥʦ ʥʘʚʝʜʝʥʽ ʨʦʟʚôʷʟʢʠ i ʚʽʜʧʦʚʽʜʥʘ ʜʦ ʥʠʭ ʧʦʚʝʜʽʥʢʘ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ, ʱʦ ʧʘʜʘʩ ʟʣʽʚʘ ʥʘ ʧʦʪʝʥʮʽʘʣʴʥʠʡ 

ʙʘʨôʩʨ ʚʠʩʦʪʠ L/, ʜʣʷ ʡʦʛʦ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʦʾ i ʩʢʽʥʯʝʥʥʦʾ h ʠʨʠʥʠ ʦ 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.2. ʇʦʚʝʜʽʥʢʘ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʯʘʩʪʠʥʢʠ ʥʘ 

ʛʨʘʥʠʮʷʭ ʙʘʨôʩʨʽʚ ʚʽʜʧʦʚʽʜʘʩ ʫʤʦʚʽ ʾʭʥʴʦʾ ʥʝʧʝʨʝʨʚʥʦʩʪʽ i 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʾʭʥʽʭ ʧʝʨʰʠʭ ʧʦʭʽʜʥʠʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (2.9), (2.12) i (2.17) ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ 

ʡʤʦʚʽʨʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ i 

ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʥʴʦʛʦ, ʩʪʘʥʦʚʠʪʠʤʝ: 

hk 

m 

hk 

m 

ʘ ʢʦʝʬʽʮʽʩʥʪ ʧʨʦʟʦʨʦʩʪʽ: 

(2.18) 
 

(2.19) 

 

 
(2.20) 
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ʈʠʩ. 2.2. lʣʶʩʪʨʘʮʽʷ ʧʦʚʝʜʽʥʢʠ ʢʚʘʥʪʦʚʦòʽò ʯʘʩʪʠʥʢʠ, ɦ ʦ ʩʪʠʢʘʩʪʴʩʷ 

ʟ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʙʘʨôʩʨʦʤ ʚʠʩʦʪʠ U, ʘʣʝ ʨʽʟʥʦòʽòʪʦʚʱʠʥʠ: ʘ ð ʙʘʨôʩʨ 

ʥʝʩʢʽʥʯʝʥʥʦ ʰʠʨʦʢʠʡ; ʙ ð ʙʘʨôʩʨ ʩʢʽʥʯʝʥʥʦñʽñʪʦʚʱʠʥʠ ʘ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ̫ ʚʥʠʡ ʚʠʛʣʷʜ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ (2.12), (2.14) i 

(2.17), ʘ ʪʘʢʦʞ ʫʤʦʚʠ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʮʠʭ ʬʫʥʢʮʽʡ ʪʘ ʾʭʥʽʭ ʧʝʨʰʠʭ 

ʧʦʭʽʜʥʠʭ ʥʘ ʤʝʞʘʭ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʫ ʪʦʯʢʘʭ ʭ = 0 i ʭ = ʦ: 

(0) - 32 (0) 
 

(2.21) 
 

ʟʥʘʭʦʜʠʤʦ ʚʠʨʘʟ ʢʦʝʬʽʮʽʩʥʪʘ ʧʨʦʟʦʨʦʩʪʽ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ (2.1): 

D ðð (2.22) 

 
 

ʇʨʠʨʦʜʥʦ, ʱʦ ʢʦʝʬʽʮʽʩʥʪ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʩ 

ʪʠʤ ʤʝʥʰʠʤ, ʯʠʤ ʙʽʣʴʰʘ ʡʦʛʦ ʰʠʨʠʥʘ, i ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʥʝʨʛʽʩʶ ʯʘʩʪʠʥʢʠ ɽ, ɦʦ ʪʫʥʝʣʶʩ, i ʚʠʩʦʪʦʶ 

ʙʘʨôʩʨʘ L/, ʢʨʽʟʴ ʷʢʠʡ ʚʽʜʙʫʚʘʩʪʴʩʷ ʪʫʥʝʣʶʚʘʥʥʷ. ɺʧʣʠʚ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʫʥʝʣʶʚʘʥʥʷ ʯʘʩʪʠʥʢʠ ʢʨʽʟʴ ʙʘʨôʩʨ 

ʽʣʶʩʪʨʫʩ ʨʠʩ. 2.3. 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 2.3, ʟʘ ʙʫʜʴ-ʷʢʠʭ ʰʠʨʠʥʠ i ʚʠʩʦʪʠ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʡʦʛʦ ʧʨʦʟʦʨʽʩʪʴ ʜʣʷ ʯʘʩʪʠʥʢʠ ʧʨʷʤʫʩ ʜʦ 

ʥʫʣʷ, ʷʢʱʦ iµ ʝʥʝʨʛʽʷ ʧʨʷʤʫʩ ʜʦ ʥʫʣʷ. ɸʥʘʣʽʪʠʯʥʦ ʢʦʝʬʽʮʽʩʥʪ 

ʧʨʦʟʦʨʦʩʪʽ ʙʘʨôʩʨʘ ʜʣʷ ʯʘʩʪʠʥʦʢ ʟ ʜʫʞʝ ʤʘʣʦʶ ʝʥʝʨʛʽʩʶ ʤʘʩ ʚʠʛʣʷʜ 

D ðð (2.23) 
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ʈʠʩ. 2.3. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʩʥʪʘ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨôʩʨʘ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽôʽô ʯʘʩʪʠʥʢʠ ʜʦ ʚʠʩʦʪʠ ʙʘʨôʩʨʘ E/U: 

ʘ ð ʟʘ ʧʦʩʪʽʡʥʦñʽñʰʠʨʠʥʠ ʙʘʨôʩʨʘ ʘ ðð 10 ʥʤ, ʘʣʝ ʨʽʟʥʦòʽòʡʦʛʦ ʚʠʩʦʪʠ 

L/ = 0,1 (1), 0,25 (2) i 1,0 eB (3); ʙ ð ʟʘ ʧʦʩʪʽʡʥʦñʽñʚʠʩʦʪʠ ʙʘʨôʩʨʘ 

L/ = 0,1 eB, ʘʣʝ ʨʽʟʥʦôʽôʡʦʛʦ ʰʠʨʠʥʠ ʘ ðð 10 (1), 25 (2) i 100 ʥʤ (3) 

 
 

ʗʢʱʦ ʞ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ, ʱʦ ʥʘʣʽʪʘʩ ʥʘ ʙʘʨôʩʨ, ʧʨʷʤʫʩ ʜʦ 

ʚʠʩʦʪʠ ʮʴʦʛʦ ʙʘʨôʩʨʘ, ʪʦ ʡʦʛʦ ʢʦʝʬʽʮʽʩʥʪ ʧʨʦʟʦʨʦʩʪʽ ʧʨʷʤʫʩ ʜʦ 

ʟʥʘʯʝʥʠʷ 

D ðð (2.24) 
 

 

ʗʢ ʙʘʯʠʤʦ, ʷʢʱʦ ʙʘʨôʩʨ ʧʨʠʩʫʪʥʽʡ, ʪʦʙʪʦ V ʡ 0 ʏʀ ʘ / 0, ʢʦʝʬʽʮʽʩʥʪ 

ʡʦʛʦ ʧʨʦʟʦʨʦʩʪʽ D ʟʘʚʞʜʠ ʤʝʥʰʠʡ ʟʘ ʦʜʠʥʠʮʶ i ʪʠʤ ʤʝʥʰʠʡ, ʯʠʤ 

ʙʽʣʴʰʘ ʚʠʩʦʪʘ ʙʘʨôʩʨʘ i ʙʽʣʴʰʘ ʡʦʛʦ ʰʠʨʠʥʘ, ʱʦ ʪʘʢʦʞ ʜʦʙʨʝ ʚʠʜʥʦ ʟ 

ʨʠʩ. 2.3. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʜʣʷ 

ʯʘʩʪʠʥʢʠ ʟʘ ʟʤʽʥʠ ʡʦʛʦ ʪʦʚʱʠʥʠ i ʚʠʩʦʪʠ, ʢʦʣʠ ʯʘʩʪʠʥʢʘ ʬʘʢʪʠʯʥʦ ʥʝ 

ʤʘʩ ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʽʾ, ʱʦʙ ʧʦʜʦʣʘʪʠ ʙʘʨôʩʨ, ʤʦʞʝ ʟʜʘʪʠʩʷ ʥʘ ʧʝʨʰʠʡ 

ʧʦʛʣʷʜ ʜʦʚʦʣʽ ʜʠʚʥʦʶ. ɸʜʞʝ ʩʧʨʘʚʜʽ, ʷʢʝ, ʟʜʘʚʘʣʦʩʴ ʙʠ, ʤʘʩ ʟʥʘʯʝʥʠʷ 

ʚʠʩʦʪʘ ʯʠ ʰʠʨʠʥʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʡʦʛʦ 

ʯʘʩʪʠʥʢʦʶ, ʱʦ ʧʘʜʘʩ, ʷʢʱʦ iµ ʝʥʝʨʛʽʷ ʪʘʢʘ ʩʘʤʘ, ʷʢ ʮʷ ʚʠʩʦʪʘ. 

ʇʦʷʩʥʠʪʠ ʮʝ ʤʦʞʥʘ ʪʠʤ, ʱʦ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʽʜʙʠʚʘʩ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʫ ʯʘʩʪʠʥʢʫ 

ʟʘ ʙʫʜʴ-ʷʢʦʾ ii ʝʥʝʨʛʽʾ ð ʤʝʥʰʦʾ ʯʠ ʙʽʣʴʰʦʾ ʟʘ ʚʠʩʦʪʫ ʙʘʨôʩʨʘ. ʉʘʤʝ ʮʝ i 

ʟʫʤʦʚʣʶʩ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʚʽʜ ʡʦʛʦ 

ʚʠʩʦʪʠ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ, ʱʦ ʧʘʜʘʩ, ʥʘʚʽʪʴ ʢʦʣʠ ʚʦʥʘ 

ʚʞʝ ʥʝ ʤʘʩ ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʽʾ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʙʘʨôʩʨʘ. 

i + 
U

 

4 

    3  

2ma2 

2 



36  

ʗʢʱʦ ʙʘʨ cp ʤʘʩ ʟʥʘʯʥʽ ʚʠʩʦʪʫ i ʰʠʨʠʥʫ, ʢʆʊ\ʀ ha >1, shNo eó*o /2 ɰ ʉ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ. ɿʚʘʞʘʶʯʠ ʪʘʢʦʞ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʯʘʩʪʠʥʦʢ ʟ 

ʝʥʝʨʛʽʩʶ, ʤʝʥʰʦʶ ʟʘ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ, E/U < 1, ʫ 

ʟʥʘʤʝʥʥʠʢʫ ʬʦʨʤʫʣʠ (2.69) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʦʜʠʥʠʮʝʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʨʫʛʠʤ ʜʦʜʘʥʢʦʤ. ʊʦʜʽ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ 

ʤʥʦʞʥʠʢʘ ʦʪʨʠʤʫʩʤʦ 

 
  (2.25) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.25) ʧʦʢʘʟʫʩ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʪʫʥʝʣʶʚʘʥʥʷ 

ʯʘʩʪʠʥʢʠ ʢʨʽʟʴ ʧʨʷʤʦʢʫʪʥʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ ʥʠʟʴʢʦʾ ʧʨʦʟʦʨʦʩʪʽ 

ʟʤʝʥʰʫʩʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ i ʚʠʩʦʪʠ 

ʙʘʨôʩʨʘ. ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʱʝ i ʥʘ ʪʝ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʪʫʥʝʣʶʚʘʥʥʷ 

ʯʘʩʪʠʥʢʠ ʢʨʽʟʴ ʙʘʨôʩʨ ʟʤʝʥʰʫʩʪʴʩʷ ʪʘʢʦʞ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ iµ ʤʘʩʠ. 

ʂʦʥʢʨʝʪʥʘ ʬʦʨʤʘ ʙʘʨôʩʨʘ, ʷʢʠʡ ʨʝʘʣʴʥʦ ʥʽʢʦʣʠ ʥʝ ʙʫʚʘʩ 

ʧʨʷʤʦʢʫʪʥʠʤ, ʟʤʽʥʶʩ ʢʽʣʴʢʽʩʥʦ ʟʥʘʯʝʥʠʷ ʢʦʝʬʽʮʽʩʥʪʽʚ ʡʦʛʦ ʧʨʦʟʦʨʦʩʪʽ 

ʚʽʜʥʦʩʥʦ ʦʜʝʨʞʘʥʠʭ, ʘʣʝ ʥʝ ʟʤʽʥʶʩ ʧʨʠʥʮʠʧʦʚʠʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʪʫʥʝʣʶʚʘʪʠ ʢʨʽʟʴ 

ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ, ʚʠʩʦʪʘ ʷʢʦʛʦ ʙʽʣʴʰʘ ʟʘ iµ ʝʥʝʨʛʽʶ. 

 
 

2.2. ʈɽɿʆʅɸʅʉʅʆ-ʊʋʅɽʃʔʅɯ ʉʊʈʋʂʊʋʈʀ 

 
ʎʽʢʘʚʠʡ ʨʽʟʥʦʚʠʜ ʙʘʨôʩʨʥʠʭ ʩʪʨʫʢʪʫʨ ʚʠʥʠʢʘʩ, ʷʢʱʦ ʫ 

ʧʦʪʝʥʮʽʘʣʴʥʦʤʫ ʙʘʨôʩʨʽ, ʷʢʠʡ ʨʦʟʜʽʣʷʩ ʜʚʘ ʧʨʦʚʽʜʥʠʢʠ, ʩʪʚʦʨʠʪʠ 

ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ʷʤʫ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʙʘʨôʩʨʘ 

ʤʦʞʝ ʙʫʪʠ ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ, ʨʦʟʜʽʣʝʥʠʡ ʧʨʦʰʘʨʢʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ɹʘʨôʩʨʥʽ ʩʪʨʫʢʪʫʨʠ ʦʟʥʘʯʝʥʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʶʪʴ ʨʝʟʦʥʘʥʩʥʦ- 

ʪʫʥʝʣʴʥʠʤʠ. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʽʘʛʨʘʤ 

ʟʚʠʯʘʡʥʦʾ ʪʫʥʝʣʴʥʦʾ i ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨ ʩʭʝʤʘʪʠʯʥʦ 

ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.4. ʉʪʨʽʣʢʘʤʠ ʥʘ ʜʽʘʛʨʘʤʘʭ ʫʤʦʚʥʦ ʧʦʢʘʟʘʥʦ 

ʝʣʝʢʪʨʦʥʠ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʙʘʨôʩʨ i ʪʫʥʝʣʶʶʪʴ ʢʨʽʟʴ ʥʴʦʛʦ. ɼʦʚʞʠʥʠ 

ʩʪʨʽʣʦʢ ʩʠʤʚʦʣʽʟʫʶʪʴ ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʽʚ. 

ɼʣʷ ñʩʫʮʽʣʴʥʦʛʦò ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʫ ʧʨʦʩʪʦʨʦʚʦʤʫ 

ʧʨʦʤʽʞʢʫ (0, d) ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʥʝʤʘʩ ʜʦʟʚʦʣʝʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ (ʨʠʩ. 2.4, ʘ). ,ɪtʣʷ ʙʽʣʴʰʦʩʪʽ ʝʥʝʨʛʽʡ ʝʣʝʢʪʨʦʥʘ ʪʘʢʠʭ 

ʩʪʘʥʽʚ ʥʝʤʘʩ i ʚ ʩʪʨʫʢʪʫʨʽ ʙʘʨôʩʨʘ ʟ ̫ ʤʦʶ (ʨʠʩ. 2.4, 6). ɺʽʜʧʦʚʽʜʥʦ ʟʘ 

ʪʘʢʠʭ ʝʥʝʨʛʽʡ ʫʤʦʚʠ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʘ ʢʨʽʟʴ ʙʘʨôʩʨ ʧʨʘʢʪʠʯʥʦ 
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ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʷʚʫ ʚ ʙʘʨôʩʨʽ ʢʚʘʥʪʦʚʦʾ ʷʤʠ. 

ʉʭʝʤʘʪʠʯʥʦ ʮʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʥʽ ʜʦʚʞʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʨʽʣʦʢ ʥʘ 

ʨʠʩ. 2.4, ʘ, 6 ʧʨʘʚʦʨʫʯ ʚʽʜ ʙʘʨôʩʨʽʚ. 
 
 
 

ʈʠʩ. 2.4. ʇʨʦʩʪʦʨʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ ʪʫʥʝʣʴʥʦñʽñ (ʦ) i 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʽò (ʙ) ʩʪʨʫʢʪʫʨ. ɿʘʪʫʰʦʚʘʥʽ ʦʙʣʘʩʪʽ ð 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʙʘʨôʩʨʠ. ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʝʣʝʢʪʨʦʥʠ, ɦ ʦ ʧʘʜʘʶʪʴ 

ʥʘ ʙʘʨôʩʨ ʟʣʽʚʘ i ʪʫʥʝʣʶʶʪʴ ʢʨʽʟʴ ʥʴʦʛʦ. ɼʦʚʞʠʥʠ ʩʪʨʽʣʦʢ ʫʤʦʚʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʽʚ 

 

 
ɿʦʚʩʽʤ ̔ ʥʰʦʶ ʩ ʩʠʪʫʘʮʽʷ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ, ̫ ʢʽ ʧʘʜʘʶʪʴ ʥʘ ʙʘʨôʩʨ ʟ 

ʢʚʘʥʪʦʚʦʶ ʷʤʦʶ, ʤʘʶʯʠ ʝʥʝʨʛʽʶ, ʷʢʘ ʧʝʨʝʙʫʚʘʩ ʚ ʨʝʟʦʥʘʥʩʽ ʟ 

ʝʥʝʨʛʽʩʶ ʜʠʩʢʨʝʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘ  ʚ  ʷʤʽ  (ʥʘ 

ʨʠʩ. 2.4, 6 ʟʦʙʨʘʞʝʥʦ ʜʚʘ ʪʘʢʽ ʨʽʚʥʽ E1 i El). ʅʘʷʚʥʽʩʪʴ ʨʝʟʦʥʘʥʩʥʠʭ 

ʩʪʘʥʽʚ ʫ ̫ ʤʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ̔ ʤʦʚʽʨʥʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʘ ʚ ʮʽ ʩʪʘʥʠ, ʘ ʧʦʪʽʤ ʜʘʣʽ, ʢʨʽʟʴ ʜʨʫʛʫ ʯʘʩʪʠʥʫ ʙʘʨôʩʨʘ ʟʘ 

ʡʦʛʦ ʤʝʞʽ. 

ʉʧʝʮʠʬʽʢʘ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʢʨʽʟʴ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ ʚʝʜʝ ʜʦ ʜʫʞʝ ʮʽʢʘʚʠʭ i ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʫ 

ʨʘʟʽ, ̫ ʢʱʦ µx ʫʚʽʤʢʥʫʪʠ ʚ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʦʥʘʥʩʥʦ- 

ʪʫʥʝʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʽʡ ʜʚʘ ʤʘʩʠʚʥʽ ʧʨʦʚʽʜʥʠʢʠ ʟ ʚʠʨʦʜʞʝʥʠʤʠ 

ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʨʦʟʜʽʣʝʥʽ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʙʘʨôʩʨʦʤ ʟ ʢʚʘʥʪʦʚʦʶ ʷʤʦʶ. 

ɼʣʷ ʧʨʦʩʪʦʪʠ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚ ʷʤʽ ʩ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʨʽʚʝʥʴ ʟ 

ʝʥʝʨʛʽʩʶ E1, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʢʪʫʨʠ ʙʣʠʟʴʢʘ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. 

ɿʦʥʥʘ ʜʽʘʛʨʘʤʘ ʪʘʢʦʾ ʧʨʦʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.5, ʘ. 

ʗʢʱʦ ʥʘʚʝʜʝʥʫ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʫʚʽʤʢʥʫʪʠ ʚ 

ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ, ʩʪʚʦʨʠʚʰʠ ʤʽʞ ʤʘʩʠʚʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʜʝʷʢʫ 

ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ, ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʧʦʪʝʯʝ ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ. ʗʢʠʤ 

ʚʽʥ ʙʫʜʝ, ʟʘʣʝʞʘʪʠʤʝ ʷʢ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʛʦ ʙʘʨôʩʨʘ, ʪʘʢ i ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʚ ʙʘʨôʩʨʽ. 
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ʈʠʩ. 2.5. ɿʦʥʥʘ ʜʽʘʛʨʘʤʘ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦñʽòʩʪʨʫʢʪʫʨʠ ʟʘ ʥʫʣʴʦʚʦʛʦ 

ʟʤʽʱʝʥʥʷ ʥʘ ʙʘʨôʩʨʽ (ʦ) i ʟʤʽʱʝʥʥʷ Vç:û (ʙ) 

 

ʗʢʙʠ ʷʤʫ ʚ ʙʘʨôʩʨʽ ʬʦʨʤʫʚʘʚ ʤʘʩʠʚʥʠʡ ʧʨʦʚʽʜʥʠʢ, ʪʦ ʚʦʥʘ 
ʚʦʣʦʜʽʣʘ ʙʠ ʥʝʧʝʨʝʨʚʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʧʝʢʪʨʦʤ i ʩʪʨʫʤ ʯʝʨʝʟ 
ʟʘʛʘʣʴʥʠʡ ʙʘʨôʩʨ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʚ ʙʠ ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʥʴʦʤʫ. ɼʠʩʢʨʝʪʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʚ  ʷʤʽ  ʢʘʨʜʠʥʘʣʴʥʦ 
ʟʤʽʥʶʩ ʩʠʪʫʘʮʽʶ. ʊʫʥʝʣʶʚʘʥʥʷ ʢʨʽʟʴ ʣʽʚʠʡ ʙʘʨôʩʨ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʫ ʷʤʽ E1 ʟʙʽʛʘʩʪʴʩʷ ʟʘ ʝʥʝʨʛʽʩʶ ʟ 

ʷʢʠʤʦʩʴ ʽʟ ʟʘʧʦʚʥʝʥʠʭ ʩʪʘʥʽʚ ʣʽʚʦʨʫʯ ʚʽʜ ʙʘʨôʩʨʘ. ʊʘʢʫ ʨʝʟʦʥʘʥʩʥʫ 
ʩʠʪʫʘʮʽʶ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ, ʧʦʜʘʶʯʠ ʥʘ ʣʽʚʠʡ ʢʦʥʪʘʢʪ ʥʝʛʘʪʠʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʽʘʣʫ m/ʣ ʟʘ ʷʢʦʛʦ 

ʫʤʦʞʣʠʚʠʪʴʩʷ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʢʨʽʟʴ ʣʽʚʫ ʯʘʩʪʠʥʫ 
ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ, ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʫʤʦʚʽ ʧʽʜʚʠʱʝʥʥʷ  ʾʭʥʴʦʾ 

ʝʥʝʨʛʽʾ ʫ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʣʽʚʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘ ʚʝʣʠʯʠʥʫ eVçè ðð E1" Ef 
(ʨʠʩ. 2.5, 6). ʊʫʥʝʣʶʚʘʥʥʷ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʫʥʝʤʦʞʣʠʚʠʪʴʩʷ, ʷʢʱʦ ʧʽʜ 
ʚʧʣʠʚʦʤ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʢʦʥʪʘʢʪʫ 

ʧʽʜʥʽʤʝʪʴʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʨʽʚʝʥʴ E1 ʚʠʷʚʠʪʴʩʷ ʥʠʞʯʠʤ ʚʽʜ iµ  ʜʥʘ. 

ʊʦʤʫ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʪʫʥʝʣʴʥʦʛʦ ʩʪʨʫʤʫ ʢʨʽʟʴ ʣʽʚʫ ʯʘʩʪʠʥʫ ʙʘʨôʩʨʘ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʽʘʣʫ Vmaxü ʑʆ ʧʦʜʘʩʪʴʩʷ ʥʘ ʣʽʚʠʡ 

ʢʦʥʪʘʢʪ, ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʀ Vmax E1 / ʝ. ʋ ʧʨʘʚʦʤʫ ʢʦʥʪʘʢʪʽ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʨʦʟʛʣʷʜʘʩʪʴʩʷ, ʟʘ ʫʤʦʚʠ V?  (E1ð 
El  ) I ʝ   ʟʘʚʞʜʠ   ʩ   ʚʽʣʴʥ ̔   ʢʚʘʥʪʦʚ ̔   ʩʪʘʥʠ   ʜʣ̫   ʪʫʥʝʣʶʚʘʥʥʷ 
ʝʣʝʢʪʨʦʥʽʚ ʟ ʨʽʚʥʷ E1 ʷʤʠ. ʊʦʤʫ ʚ ʽʥʪʝʨʚʘʣʽ ʥʘʧʨʫʛ ʚʽʜ Vmin ɼʆ Vmax 

ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ ʧʨʦʪʽʢʘʪʠʤʝ ʢʨʽʟʴ ʪʘʢʫ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟʘʛʘʣʦʤ, ʘ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ  ʨʽʟʥʠʮʽ 

ʤʽʞ ʧʨʠʢʣʘʜʝʥʦʶ V i ʤʽʥʽʤʘʣʴʥʦʶ Vmin ʥʘʧʨʫʛʘʤʠ: 
 

I (V - ɽ j + ɽ )/ʝ 

(ɽ j ð ɽ )/ʝ ʡ V ʡ ɽ j/ʝ 
(2.26) 
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ʗʢʱʦ V >ɽ / ʝ, ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʢʨʽʟʴ ʣʽʚʫ ʯʘʩʪʠʥʫ 

ʙʘʨôʩʨʘ ʩʪʘʩ ʥʝʤʦʞʣʠʚʠʤ, ʘ, ʦʪʞʝ, ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ ʢʨʽʟʴ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘʛʘʣʦʤ ʟʥʠʢʘʩ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʥʘ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛ 

ʟôʷʚʣʷʪʠʤʝʪʴʩʷ ʩʧʘʜʥʘ ʜʽʣʷʥʢʘ ð ʥʘʧʨʫʛʘ ʥʘ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʤʫ 

ʧʝʨʝʭʦʜʽ ʟʨʦʩʪʘʪʠʤʝ, ʘ ʩʪʨʫʤ ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʧʘʜʘʪʠʤʝ, ʷʢ 

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6. 

ʅʘʷʚʥʽʩʪʴ ʩʧʘʜʥʠʭ ʜʽʣʷʥʦʢ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ 

ʚʽʜ ʩʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ ʣd ðð dʢldI ɺʠʢʣʠʢʘʩ ʚʝʣʠʢʠʡ 

ʽʥʪʝʨʝʩ ʜʦ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʠʭ ʩʪʨʫʢʪʫʨ i ʤʠ ʧʝʨʝʢʦʥʘʩʤʦʩʷ ʚ 

ʾʭʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʧʠʪʘʥʠʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʥʘʜɻʨʘʪʦʢ. ʈʝʘʣʴʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʦʥʘʥʩʥʦ- 

ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝ ʤʘʪʠʤʝ ʪʘʢʦʾ ̔ ʜʝʘʣʽʟʦʚʘʥʦʾ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʷʢ ʧʦʢʘʟʘʥʦ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʩʶ ʥʘ ʨʠʩ. 2.6, ʘ ʙʫʜʝ ʨʦʟʤʠʪʦʶ. 
 
 
 
 
 

(6, -ɽ)/ʝ Ei/e V 

 
ʈʠʩ. 2.6. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦñʽñ 

ʩʪʨʫʢʪʫʨʠ ʫ ʥʘʙʣʠʞʝʥʥʽ ʜʠʩʢʨʝʪʥʦʛʦ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ) 

i ʨʦʟʰʠʨʝʥʦʛʦ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʢʚʘʥʪʦʚʦʛʦ ʨʽʚʥʷ E1 ʚ ̫ ʤʽ 

 

li ʨʦʟʤʠʪʪʷ ʩʧʨʠʯʠʥʷʩʪʴʩʷ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʥʝʚʠʟʥʘʯʝʥʽʩʊʶ ʗ/û ʝʥʝʨʛʽʾ ʨʽʚʥʷ E1 ʚʥʘʩʣʽʜʦʢ ʩʢʽʥʯʝʥʥʦʩʪʽ ʯʘʩʫ 

ʞʠʪʪʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʥʴʦʤʫ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʷʢ ʾʭʥʽʤ ʨʦʟʩʽʶʚʘʥʥʷʤ, 

ʪʘʢ i ʧʦʢʠʜʘʥʥʷʤ ʝʣʝʢʪʨʦʥʘʤʠ ʷʤʠ. ʂʨʽʤ ʪʦʛʦ, ʨʝʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ 

ʟʘʚʞʜʠ ʧʨʘʮʶʶʪʴ ʟʘ ʩʢʽʥʯʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʚʝʜʝ ʜʦ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʤʠʪʪʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ ð ɼʽʨʘʢʘ. ɺʩʝ ʮʝ ʚʝʜʝ ʜʦ ʪʦʛʦ, ɦ ʦ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʨʦʟʤʠʚʘʩʪʴʩʷ i ʚʦʥʘ ʥʘʙʫʚʘʩ ʧʣʘʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ 

ʨʠʩ. 2.6 ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʩʶ. ʆʜʥʘʢ ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ i ʨʦʟʤʠʪʪʷ 

ʢʚʘʥʪʦʚʠʭ ʨʽʚʥʽʚ ʥʝ ʥʘʜʪʦ ʚʝʣʠʢʽ, ʪʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʪʨʫʢʪʫʨʠ ʟʙʝʨʽʛʘʩ ʩʧʘʜʥʫ ʜʽʣʷʥʢʫ ʟ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʘʤʧʣʽʪʫʜʦʶ. 

ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ ʯʘʩʠ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ, ʮʷ 

ʜʽʣʷʥʢʘ ʟʙʝʨʽʛʘʩʪʴʩʷ i ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʘʞ ʜʦ ʜʦʚʦʣʽ ʚʠʩʦʢʠʭ ʾ ʭʥʽʭ 
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ʯʘʩʪʦʪ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʷʚʣʷʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ i ʛʝʥʝʨʘʮʽʾ ʅɺʏ ʩʠʛʥʘʣʽʚ ʘʞ ʜʦ 

ʩʫʙʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

 
 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 

 
21. ʇʦʷʩʥʽʪʴ ʩʫʪʴ, ʧʨʠʯʠʥʠ i ʤʦʞʣʠʚʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʢʨʽʟʴ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ. 

22. ʇʨʦʽʣʶʩʪʨʫʡʪʝ ʟʚôʷʟʦʢ ʤʽʞ ʧʨʦʮʝʩʦʤ ʪʫʥʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʢʠ ʢʨʽʟʴ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ i ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ ʝʥʝʨʛʽʾ. 

23. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ ʚ ʧʨʠʥʮʠʧʽ ʥʝ 

ʤʦʞʝ ʪʫʥʝʣʶʚʘʪʠ ʢʨʽʟʴ ʥʝʩʢʽʥʯʝʥʥʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ. 

24. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʡ ʷʢ ʚʦʥʘ 

ʧʦʚôʷʟʘʥʘ ʽʟ ʨʦʟʨʘʭʫʥʢʦʤ ʢʦʝʬʽʮʽʩʥʪʘ ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨôʩʨʘ. 

25. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ i iµ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʥʘ ʤʝʞʽ ʤʽʞ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʷʤʦʶ i 

ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʙʘʨôʩʨʦʤ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝʧʝʨʝʨʚʥʠʤʠ. 

26. ʈʦʟʨʘʭʫʡʪʝ ʢʦʝʬʽʮʽʩʥʪ ʧʨʦʟʦʨʦʩʪʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʴ- 

ʥʦʛʦ ʙʘʨôʩʨʘ ʚʠʩʦʪʦʖ ʦ i ʰʠʨʠʥʦʶ ʘ. 

27. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ i ʧʦʷʩʥʽʪʴ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʩʥʪʘ 
ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʚʽʜ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ð ʰʠʨʠʥʠ i 

ʚʀʩʦʪʀ. 

28. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ i ʧʦʷʩʥʽʪʴ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʩʥʪʘ 

ʧʨʦʟʦʨʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʚʽʜ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ, ɦ ʦ ʧʘʜʘʩ ʥʘ 

ʙʘʨôʩʨ. 

29. ʈʦʟʨʘʭʫʡʪʝ ʢʦʝʬʽʮʽʩʥʪ ʚʽʜʙʠʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ ʚʽʜ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʚʠʩʦʪʦʶ L/ i 

ʰʠʨʠʥʦʶ ʦ. 

30. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʡ 

ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʦʙʣʠʚʦʩʪʽ ʪʫʥʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʢʨʽʟʴ ʥʠʭ. 

31. ʇʦʙʫʜʫʡʪʝ i ʧʦʨʽʚʥʷʡʪʝ ʧʨʦʩʪʦʨʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ 

ʪʫʥʝʣʴʥʦʾ i ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨ. 

32. ʇʦʙʫʜʫʡʪʝ i ʦʙʛ'ʨʫʥʪʫʡʪʝ ʟʦʥʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ ʥʫʣʴʦʚʦʛʦ i ʩʢʽʥʯʝʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʥʘ ʙʘʨôʩʨʽ. 



 

33. ʅʘʨʠʩʫʡʪʝ ʩʭʝʤʘʪʠʯʥʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʜʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʨʽʚʥʷ ʚ ʷʤʽ. 

34. ʇʦʢʘʞʽʪʴ ʽ ʦʙˇʨʫʥʪʫʡʪʝ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʚʦʣʴʪ- 

ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʨʝʟʦʥʘʥʩʥʠʭ ʨʽʚʥʽʚ ʫ ʷʤʽ. 

35. ʇʦʷʩʥʽʪʴ, ʟʘ ʷʢʠʭ ʫʤʦʚ ʽ ʯʦʤʫ ʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʚʠʥʠʢʘʶʪʴ ʩʧʘʜʥʽ 

ʜʽʣʷʥʢʠ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ. 
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ʈʆɿɼɯʃ 3 
 

ɺʀʄɯʈʅɯʉʊʔ ʉʀʉʊɽʄʀ 

I ɻʋʉʊʀʅɸ CTAHIB ɺɯʃʔʅʀʍ ɽʃɽʂʊʈʆʅɯɺ 

 
ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʠʷ ʫ ʬʦʨʤʫʚʘʥʥʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ, ʷʢ i ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʨʝʘʣʴʥʠʭ ʦʙôʩʢʪʽʚ, 

ʤʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ i ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʪʘʢʦʞ ʪʝ, ʷʢ ʜʦʟʚʦʣʝʥʽ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ ʚʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʰʢʘʣʦʶ ʝʥʝʨʛʽʡ. ʗʢʱʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʡʥʷʪʠ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʢʚʘʥʪʦʚʠʡ ʩʪʘʠ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ ʜʣʷ ʝʣʝʢʪʨʦʥʘ, ʷʢ ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʘ ʛʨʫʧʠ 

ʬʝʨʤʽʦʥʽʚ, ʚʠʟʥʘʯʘʩʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʇʘʫʣʽ, ʪʦ ʨʦʟʧʦʜʽʣ ʜʦʟʚʦʣʝʥʠʭ 

ʜʣʷ ʥʴʦʛʦ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʥʘʚʢʦʣʦ ʜʝʷʢʦʛʦ ʚʠʙʨʘʥʦʛʦ ʩʪʘʥʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʩʪʴʩʷ ʝʥʝʨʛʽʩʶ ɽ, ʚʠʟʥʘʯʘʩʪʴʩʷ ʚʠʤʽʨʥʽʩʪʶ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

 

3.1. ɺʀʄɯʈʅɯʉʊʔ ʉʀʉʊɽʄʀ I ñk-OɹôCMò ʆɼʅʆɻʆ 

ʂɺɸʅʊʆɺʆɻʆ CTAHʋ ɺɯʃʔʅʆɻʆ ɽʃɽʂʊʈʆʅɸ 

 
ʂʚʘʥʪʦʚʠʡ ʩʪʘʠ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʟʘʜʘʩʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʡʦʛʦ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʘʙʦ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʣ - fik . ʉʢʽʣʴʢʠ ʪʘʢʠʭ ʢʚʘʥʪʦʚʠʭ 

ʩʪʘʥʽʚ ʧʨʠʧʘʜʘʪʠʤʝ ʥʘ ʚʠʙʨʘʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʽʥʪʝʨʚʘʣ ʝʥʝʨʛʽʾ, 

ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʧʝʨʝʙʫʚʘʩ ʝʣʝʢʪʨʦʥ, iµ 

ʧʨʦʪʷʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʥʝʨʛʽʩʶ 

ʝʣʝʢʪʨʦʥʘ i ʡʦʛʦ ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ, ʪʦʙʪʦ ʚʽʜ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ. 

ʋ ʩʠʩʪʝʤʽ ʥʝʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʘ 

ʟʤʽʥʶʩʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʩʢʽʥʯʝʥʥʠʡ 

ʽʥʪʝʨʚʘʣ ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʩ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʟʚʦʣʝʥʠʭ 

ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʘ, ʘ ʦʪʞʝ, ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʡʦʛʦ ʜʦʟʚʦʣʝʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ. 

ʈʝʘʣʴʥʽ ʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ ʟʘʚʞʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ k ʝʣʝʢʪʨʦʥʘ 

ʟʤʽʥʶʩʪʴʩʷ ʜʠʩʢʨʝʪʥʦ. ɼʠʩʢʨʝʪʥʽʩʪʴ ʟʤʽʥʠ k ʦʟʥʘʯʘʩ, ʱʦ ʫ 

ʩʢʽʥʯʝʥʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʽʣʴʢʽʩʪʴ ʜʦʟʚʦʣʝʥʠʭ ʢʚʘʥʪʦʚʠʭ 
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ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ ʫ ʩʠʩʪʝʤʽ ʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ ʪʝʞ ʙʫʜʝ ʩʢʽʥʯʝʥʥʦʶ. 

ɼʦʟʚʦʣʝʥʽ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʘ ʫ ʧʝʚʥʠʡ ʩʧʦʩʽʙ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ 

ʰʢʘʣʦʶ ʝʥʝʨʛʽʾ. ɼʣ ̫ʪʦʛʦ, ʱʦʙ ʦʧʠʩʘʪʠ ʮʝʡ ʨʦʟʧʦʜʽʣ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʦʥʷʪʪʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ð ʮʝ ʢʽʣʴʢʽʩʪʴ ʜʦʟʚʦʣʝʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥʠʯʥʠʡ 

ʽʥʪʝʨʚʘʣ ʝʥʝʨʛʽʾ ʚ ʦʢʦʣʽ ʙʫʜʴ-ʷʢʦʛʦ ii ʟʥʘʯʝʥʠʷ ɽ ʫ ʩʠʩʪʝʤʽ ʦʜʠʥʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ. ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʠ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʧʨʠʥʮʠʧʫ ʇʘʫʣʽ ð 

ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʠ ð ʦʜʠʥ ʝʣʝʢʪʨʦʥ, ð ʪʦ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʠʟʥʘʯʘʩ ʪʫ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʘ ʤʦʞʝ ʨʦʟʤʽʩʪʠʪʠʩʷ ʚ 

ʦʟʥʘʯʝʥʦʤʫ ʦʜʠʥʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʾʭʥʽʭ ʝʥʝʨʛʽʡ ʚ ʦʢʦʣʽ ʜʦʚʽʣʴʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ɽ. 

ʗʢ ʤʠ ʚʞʝ ʟʛʘʜʫʚʘʣʠ, ʜʠʩʢʨʝʪʥʽʩʪʴ ʢʚʘʟʽʽʤʧʫʣʴʩʫ bP, ʩʧʨʠʯʠʥʝʥʘ 

ʦʙʤʝʞʝʥʽʩʪʶ ʨʦʟʤʽʨʽʚ L ʩʠʩʪʝʤʠ, ʩʪʘʥʦʚʠʪʴ ʴʣ- h!L . ɺɰɼʇʆɺɰɼʅʆ 

ʚʝʣʠʯʠʥʘ ʜʠʩʢʨʝʪʥʦʩʪʽ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k, ʪʦʙʪʦ ʽʥʪʝʨʚʘʣ ʡʦʛʦ 

ʟʘʙʦʨʦʥʝʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʟʥʘʯʝʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʜʦʟʚʦʣʝʥʠʤʠ, ʜʦʨʽʚʥʶʩ = -*.+ ð k, ðð2rlL. ʗʢʱʦ ʟʦʙʨʘʟʠʪʠ ʩʭʝʤʘʪʠʯʥʦ 

ǳǦǧȋǶ   ǪǴǭǨǴǱǫǳǮǻ   ǭǳǦǽǫǳȂ   k, ττ         ,( = 0,11,12...)    ǛǨǮǱȂǴǨǴǩǴ ǽǮǷǱǦ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽʡ oci, ʪʦ ʦʪʨʠʤʘʩʤʦ ʢʘʨʪʠʥʫ, 

ʧʦʜʽʙʥʫ ʜʦ ʪʽʩʾ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.1. 
 
 
 
 

 

 
ʈʠʩ. 3.1. ʂʚʘʥʪʫʚʘʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʫ ʥʘʧʨʷʤʢʫ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʩʠʩʪʝʤʠ ʚʝʣʠʯʠʥʦʶ L. ɿʘʰʪʨʠʭʦʚʘʥʽ ʩʤʫʞʢʠ ð ̔ ʥʪʝʨʚʘʣʠ ʟʘʙʦʨʦʥʝʥʠʭ ʟʥʘʯʝʥʴ 

k, ʷʢʽ ʫʤʦʚʥʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʘʢʠʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʤʫ ʡʦʛʦ 

ʜʦʟʚʦʣʝʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʪʦʙʪʦ ʦʜʥʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʘ 

 
ʉ ʚʩʽ ʧʽʜʩʪʘʚʠ ʚʚʘʞʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʩʪʘʥʫ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʩʪʴʩʷ ʪʠʤ ʯʠ ʽʥʰʠʤ 

ʜʦʟʚʦʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ k, ʥʘʣʝʞʠʪʴ ʧʦʣʦʚʠʥʘ ʽʟ ʟʘʙʦʨʦʥʝʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʡʦʛʦ ʟʥʘʯʝʥʴ, ʱʦ ʣʝʞʠʪʴ ʧʨʘʚʦʨʫʯ i ʣʽʚʦʨʫʯ ʚʽʜ ʜʦʟʚʦʣʝʥʦʾ 

ʚʝʣʠʯʠʥʠ. ʉʢʽʥʯʝʥʥʠʡ, ʥʝʥʫʣʴʦʚʠʡ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʳ, ʷʢʠʡ 

ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʠ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥʠʯʥʠʡ 

ʽʥʪʝʨʚʘʣ ʝʥʝʨʛʽʡ ʫ ʩʠʩʪʝʤʽ ʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ, ʪʝʞ ʙʫʜʝ ʩʢʽʥʯʝʥʥʦʶ. 
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ǍǶǴǭǹǲȋǱǴ, ǿǴ ǽǦǷǸǰǦ k-ǵǶǴǷǸǴǶǹ, ȅǰǦ ǵǶǮǵǦǪǦǷ ǳǦ ǴǪǮǳ 

ǰǨǦǳǸǴǨǮǯ ǷǸǦǮ ǨȋǱȂǳǴǩǴ ǫǱǫǰǸǶǴǳǦ, ǭǦǱǫǬǦǸǮǲǫ ǨȋǪ ǨǮǲȋǶǳǴǷǸȋ 

ǷǮǷǸǫǲǮ. ǥǰǿǴ ǷǮǷǸǫǲǦ Ƿ ǴǪǳǴǨǮǲȋǶǳǴȄ, ǸǴ ǳǦ ǴǪǮǳ ǰǨǦǳǸǴǨǮǯ ǷǸǦǮ 

ǫǱǫǰǸǶǴǳǦ Ǩ k-ǵǶǴǷǸǴǶȋ ǸǦǰǴȌ ǷǮǷǸǫǲǮ ǵǶǴǸȅǬǳȋǷǸȄ L ǵǶǮǵǦǪǦǷ 

ȋǳǸǫǶǨǦǱ ǭǳǦǽǫǳȂ k, ǿǴ ǪǴǶȋǨǳȄǷ (2 /1)1, Ǧ ǭǦ ǴǪǮǳǮǽǳǮǻ ǶǴǭǲȋǶȋǨ 

ǷǮǷǸǫǲǮ ñ(2 )ƽ .  

ʗʢʱʦ ʤʠ ʚʽʟʴʤʝʤʦ ʜʚʦʚʠʤʽʨʥʫ ʩʠʩʪʝʤʫ ʨʦʟʤʽʨʽʚ ʊ ʭ L , ʢʦʃʀ ʛ 

ʤʦʞʝ ʥʝʟʘʣʝʞʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʜʚʦʭ ʚʟʘʩʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʥʘʧʨʷʤʢʘʭ, ʪʦ ʽʥʪʝʨʚʘʣ ʪ 2 iL ʧʨʠʧʘʜʘʪʠʤʝ ʥʘ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ  

ʩʪʘʠ ʫ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʥʘʧʨʷʤʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʠ 

ʪʘʢʦʾ ʜʚʦʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʧʘʜʘʩ ʚʞʝ ʧʣʦʱʘ S1 ʜʚʦʚʠʤʽʨʥʦʛʦ k- 

ʧʨʦʩʪʦʨʫ ʨʦʟʤʽʨʽʚ  2ʷ/1ʭ 2ʷ/1, ʊʦʙʪʦ  So -  (2  /1)2  (ʨʠʩ. 3.2, ʦ). ɼʣ̫ ʩʠʩʪʝʤʠ 

ʦʜʠʥʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʮʷ ʧʣʦʱʘ ʩʪʘʥʦʚʠʪʠʤʝ (2 )2 . 

 
 
 
 

2r/L  
 
 

ʘ 
 

ʈʠʩ. 3.2. lʣʶʩʪʨʘʮʽʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʢʠ k ʧpocʪopy, ʷʢʘ ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ 

ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʝʣʝʢʪʨʦʥʘ ʫ ʜʚʦʚʠʤʽʨʥʽʡ (ʘ) i ʪʨʠʚʠʤʽʨʥʽʡ (ʙ) ʩʠʩʪʝʤʘʭ 

 
 

ǊǱȅ ǸǶǮǨǮǲȋǶǳǴȌ ǷǮǷǸǫǲǮ ǳǦ ǴǪǮǳ ǰǨǦǳǸǴǨǮǯ ǷǸǦǮ ǫǱǫǰǸǶǴǳǦ 

ǵǶǮǵǦǪǦǷ,  ǨȋǪǵǴǨȋǪǳǴ,  ǨǬǫ  ǴǧõǷǲ   k-ǵǶǴǷǸǴǶǹ,   ǿǴ   ǪǴǶȋǨǳȄǷ 

2ǵ/Ǒǻ 2 /1Å 2 /Ǒ (ǶǮǷ. 3.2,  6), ǸǔǧǸǴ ǰȋ (2s/1)  ,  Ǧ ǪǱȅ ǷǮǷǸǫǲǮ ǴǪǮǳǮǽǳǮǻ 

ǶǴǭǲȋǶȋǨ ñ (2 ) .  

ǥǰ ǧǦǽǮǲǴ, ǽǦǷǸǰǦ k -ǵǶǴǷǸǴǶǹ, ȅǰǦ ǵǶǮǵǦǪǦǷ ǳǦ ǴǪǮǳ ǰǨǦǳǸǴǨǮǯ 

ǷǸǦǮ ǫǱǫǰǸǶǴǳǦ Ǩ ǷǮǷǸǫǲȋ, ǭǦǱǫǬǮǸȂ ǨȋǪ ii ǨǮǲȋǶǳǴǷǸȋ i ǶǴǭǲȋǶȋǨ. ǍǦ 

ǴǪǮǳǮǽǳǮǻ ǶǴǭǲȋǶȋǨ ǷǮǷǸǫǲǮ ǨǴǳǦ ǷǸǦǳǴǨǮǘǢ 2 , ǵȋǪǳǫǷǫǳǫ ǪǴ 

ǷǸǫǵǫǳȅ, ȅǰǮǯ ǭǧȋǩǦǷǸȂǷȅ ǭ ǵǴǶȅǪǰǴǲ ǨǮǲȋǶǳǴǷǸȋ ǷǮǷǸǫǲǮ. ǥǰǿǴ 

ǹǭǦǩǦǱȂǳǮǸǮ Ǽǫǯ ǶǫǭǹǱȂǸǦǸ ǳǦ ǨǮǵǦǪǴǰ ǪǴǨȋǱȂǳǴǩǴ Ǳ-ǨǮǲȋǶǳǴǩǴ 

ǵǶǴǷǸǴǶǹ, ǸǴ ǴǪǳǴǲǹ ǰǨǦǳǸǴǨǴǲǹ ǷǸǦǳǹ ǨȋǱȂǳǴǩǴ ǫǱǫǰǸǶǴǳǦ ǹ Ǳ- 

ǨǮǲȋǶǳȋǯ ǷǮǷǸǫǲȋ ǴǪǮǳǮǽǳǮǻ ǶǴǭǲȋǶȋǨ ǨȋǪǵǴǨȋǪǦǸǮǲǫ ǴǧõǷǲ k-ǵǶǴǷǸǴǶǹ 

ǨǫǱǮǽǮǳǴȄ (23)/4  . 

S i ʧÚƳȩ 
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3.2. ɸʃɻʆʈʀʊʄ ʈʆɿʈɸʍʋʅʂʋ ɻʋʉʊʀʅʀ CTAHIB 

ɺɯʃʔʅʀʍ ɽʃɽʂʊʈʆʅɯɺ 

 
ɿʥʘʶʯʠ ʦʙôʉʄ k -ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʫ ʩʠʩʪʝʤʽ ʜʦʚʽʣʴʥʦʾ ʚʠʤʽʨʥʦʩʪʽ, ʥʝʚʘʞʢʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ̫ ʢ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʪʘʢ i iµ ʝʥʝʨʛʝʪʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʮʝ ʟʨʦʙʠʪʠ, ʪʦʙʪʦ ʱʦʙ ʟʥʘʡʪʠ ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʥʽʚ, ̫ ʢʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥʠʯʥʠʡ ̔ ʥʪʝʨʚʘʣ ʝʥʝʨʛʽʡ ʚ ʦʢʦʣʽ ʝʥʝʨʛʽʾ 

ɽ, ʧʦʪʨʽʙʥʦ: 

Å ʟʥʘʡʪʠ ñʦʙôʩʤò k-ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʣʝʞʠʪʴ ʤʽʞ ñʧʦʚʝʨʭʥʷʤʠò 

ʧʦʩʪʽʡʥʠʭ ʝʥʝʨʛʽʡ ɽ i E+dE, 

Å ʧʦʜʽʣʠʪʠ ʮʝʡ ʦʙôʩʤ ʥʘ ʦʙôʩʤ k-ʧʨʦʩʪʦʨʫ, ɦ ʦ ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ 

ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ; 

Å ʚʨʘʭʫʚʘʪʠ ʜʚʦʢʨʘʪʥʝ ʚʠʨʦʜʞʝʥʥʷ ʟʘ ʩʧʽʥʦʤ; 

Å ʟʚʝʩʪʠ ʦʜʝʨʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦ ʦʜʠʥʠʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʝʥʝʨʛʽʾ, 

ʪʦʙʪʦ ʧʦʜʽʣʠʪʠ ʡʦʛʦ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʠʨʦʩʪʫ ʝʥʝʨʛʽʾ dE. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʘʟʥʘʯʝʥʠʡ ñʦʙôʩʤò ʙʫʜʝ ʚʣʘʩʥʝ ʦʙôʩʤʦʤ ʫ 

ʪʨʘʜʠʮʽʡʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʮʴʦʛʦ ʩʣʦʚʘ ʪʽʣʴʢʠ ʜʣʷ 3D ʩʠʩʪʝʤ. ɼʣʷ 2D 

ʩʠʩʪʝʤ ʚʽʥ ʥʘʩʧʨʘʚʜʽ ʙʫʜʝ ʧʣʦʱʝʶ ʧʣʦʩʢʦʾ ʜʽʣʷʥʢʠ k,0k , ɦ ʦ ʣʝʞʠʪʴ 

ʤʽʞ ʣʽʥʽʷʤʠ ʧʦʩʪʽʡʥʦʾ ʝʥʝʨʛʽʾ ɽ i E+dE, ʘ ʜʣʷ 1D ʩʠʩʪʝʤ ð ʧʨʦʪʷʞʥʽʩʪʶ 

ʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ oci Ok , ʱʦ ʣʝʞʠʪʴ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ k, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʥʝʨʛʽʷʤ ɽ i E+dE. ʇʦʪʨʽʙʥʦ ʪʘʢʦʞ ʧʘʤôʷʪʘʪʠ, ʱʦ ̫ ʢʱʦ 

ʦʙôʩʤ k-ʧʨʦʩʪʦʨʫ, ̫ ʢʠʡ ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʝʣʝʢʪʨʦʥʘ ʫ 

ʙʫʜʴ-ʷʢʽʡ ʩʠʩʪʝʤʽ, ʚʠʟʥʘʯʘʩʪʴʩʷ ʪʽʣʴʢʠ i ʚʠʢʣʶʯʥʦ iµ ʚʠʤʽʨʥʽʩʪʶ i 

ʨʦʟʤʽʨʘʤʠ, ʪʦ ʨʦʟʧʦʜʽʣ ʮʠʭ ʩʪʘʥʽʚ ʰʢʘʣʦʶ ʝʥʝʨʛʽʾ, ʽʭʥʷ ʛʫʩʪʠʥʘ 

ʧʨʠʥʮʠʧʦʚʦ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ɦ ʝ i ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

E(k). ʆʩʪʘʥʥʩ ʩ ʥʘʩʣʽʜʢʦʤ ʪʦʛʦ, ʱʦ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʥʦʨʤʫʩʪʴʩʷ ʥʘ 

ʦʜʠʥʠʯʥʠʡ ʽʥʪʝʨʚʘʣ ʝʥʝʨʛʽʾ, ʘ ʷʢʠʡ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʠʭ 

ʯʠʩʝʣ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʦʜʠʥʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʫ ʝʥʝʨʛʽʾ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ, ʷʢʨʘʟ i ʚʠʟʥʘʯʘʩʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ E(k). 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ, ʷʢʠʡ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʩ 

ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʩ ʧʘʨʘʙʦʣʽʯʥʠʡ ʽʟʦʪʨʦʧʥʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ: 

˒ɉËɊ ɂɂ (3.1) 

 
ʜʝ /ʛ2 - /ʛ2     +r2  +r2  , r 2 - r2 + /ʛ2 ɰ k2 - k2 ɼʃʷ 3D, 2D i 1D ʩʠʩʪʝʤ, ʚʽʜʧʦʚʽʜʥʦ. 

ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʩ ʚʠʧʘʜʦʢ ʙʝʟʱʽʣʠʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʘʙʦ, 

ʱʦ ʪʝ ʩʘʤʝ, ð ʥʘʧʽʚʤʝʪʘʣʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʨʝʯʦʚʠʥʠ, ʚ ̫ ʢʠʭ 
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ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʚʠʷʚʣʷʩʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶʩ ʥʫʣʶ. ʎʝ 

ʚʽʜʙʫʚʘʩʪʴʩʷ ʘʙʦ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʨʦʜʞʝʥʥʷ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ i ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʘʙʦ ʚʥʘʩʣʽʜʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʤʝʪʨʽʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ɻʨʘʪʢʠ. ʆʩʪʘʥʥʩ, ʟʦʢʨʝʤʘ, ʩʪʦʩʫʩʪʴʩʷ ʛʨʘʬʽʪʫ, ʷʢʠʡ ʩ 

ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤ ʜʣʷ ʥʘʩ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʽʥ ʩ ñʙʘʟʦʚʠʤò 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʚʘʞʣʠʚʦʛʦ ʢʣʘʩʫ ʥʘʥʦʩʪʨʫʢʪʫʨ, ̫ ʢ 

ʛʨʘʬʝʥ, ʬʫʣʝʨʝʥʠ i ʥʘʥʦʪʨʫʙʢʠ, ʧʨʦ ʷʢʽ ʜʝʪʘʣʴʥʦ ʡʪʠʤʝʪʴʩʷ ʫ 

ʏʘʩʪʠʥʽ III. 

ɼʣʷ ʙʝʟʱʽʣʠʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʚʠʨʦʜʞʝʥʥʷ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʩ ʣʽʥʽʡʥʦʶ i ʜʝʷʢʦʶ ʤʽʨʦʶ 

ʧʦʜʽʙʥʦ ʜʦ (3.1) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ 

 
˒ɉËɊ 

hk (3.2) 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʩʢʘʟʘʥʝ, ʨʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʦ ʢʚʘʜʨʘʪʠʯʥʠʡ i 

ʣʽʥʽʡʥʠʡ ʟʘʢʦʥʠ ʜʠʩʧʝʨʩʽʾ, ʘ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ð ʩʠʩʪʝʤʠ ʨʽʟʥʦʾ 

ʚʠʤʽʨʥʦʩʪʽ, ʚʽʜ ʪʨʴʦʭ ʜʦ ʦʜʥʦʛʦ. 

 
 

3.3. FʋCTʀHA CTAHIB 

I ʂɺɸɼʈɸʊʀʏʅʀʁ ɿɸʂʆʅ ɼʀʉʇɽʈʉɯɰ 

 
ʈʦʟʛʣʷʜ ʧʠʪʘʥʠʷ ʱʦʜʦ ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʘʟʽʚ ʜʣʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʨʦʟʧʦʯʥʝʤʦ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʫ ʧʨʠʨʦʜʽ 3D 

ʩʠʩʪʝʤ. 

ʗʢʱʦ ʟʚôʷʟʦʢ ʤʽʞ ɽ i k ʟʘʜʘʩʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(3.1), ʪʦ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ ɽ ʚ k-ʧʨʦʩʪʦʨʽ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʚʝʨʭʥʷ ʟ ʧʦʩʪʽʡʥʠʤ ʟʘ ʤʦʜʫʣʝʤ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ k. 

ʊʘʢʦʶ ʧʦʚʝʨʭʥʝʶ ʩ ʩʬʝʨʘ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʦʙôʩʤ k-ʧʨʦʩʪʦʨʫ Vk, ̫ ʢʠʡ 

ʣʝʞʠʪʴ ʤʽʞ ʜʚʦʤʘ ʽʟʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ɽ i E+dE, 

ʥʘʡʧʨʦʩʪʽʰʝ ʟʥʘʡʪʠ ʧʣʦʱʫ ʩʬʝʨʠ S(k,E), ɦ ʦ ʚʽʜʧʦʚʽʜʘʩ ʚ k-ʧʨʦʩʪʦʨʽ 

ʝʥʝʨʛʽʾ ɽ, i ʧʦʤʥʦʞʠʪʠ iµ ʥʘ ʧʨʠʨʽʩʪ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ dk, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʩ ʧʨʠʨʦʩʪʫ ʝʥʝʨʛʽʾ ʥʘ ʚʝʣʠʯʠʥʫ dE. ɿʘʟʥʘʯʝʥʫ ʧʨʦʮʝʜʫʨʫ 

ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʩ ʨʠʩ. 3.3. 
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ʈʠʩ.  3.3.  lʣʶʩʪʨʘʮʽʷ  |0ʆɿʨʘʍʫʅʂ' KIʃLüKOCfTIl ClTtaHi8 

ʫ ʩʤʫʟʽ ʪʨʠʚʠʤʽʨʅʆʛʆ k-ʧpocʪopy, ʱʦ ʣʝʞʠʪʴ 

ʄʽʞ ʧʦʚʝʨʭʅʷʄʠ ʧʦʩʪʽʡʅʆñʽñeHepʛiiò ɽ i E+dE 

 
 

 

ʆʩʢʽʣʴʢʠ 

 
ɒ 

 
S(k,ɽ) ðð 4nk

2 
, 

 

Vk ðð S(k,ɽ)dk(ɽ) , 

 
(3.3) 

 
(3.4) 

ʊʦ ʟʛʽʜʅʆ 3 ɿʘʢʦʅʆʄ ʜʠʩʧʝʨʩʽʾ (3.1) 

 

 
ɒ 

 
 
dE ʡ

2
k 

dk ʪ ' 

 

 
(3.5) 

 

 
 

I TO,C|,i 

dk ðð 
2J 

dE , (3.6) 

 
 

ʆʩʢʽʣʴʢʠ 

Vk ðð 4ʷk 
2
 

 

dE ðð kdE (3.7) 

 
 

(3.8) 
 

ʊʆ 

 
ôk ð 

 

 
2 EdE . 

 
(3.9) 

 

ʂʽʃʔʂʽʉʊʔ CTaHiB ɺ ʝʅʝʨʛʝʊʠʯʅʦʄʫ ʽʥʊʝʨɺʘʣʽ dE ʥʘ piBʥl ɽ ʫ ʉʠʩʊʝʄʽ 

ʨʦʟʄʽʨʽɺ L ɺʀɿʅʘʏʘʉʊʔʉʷ ʷʢ rycTʠHa CTaHiB  E) ,  ʇʆʄʅʦʞʝʅʘ  ʅʘ 

ɺʝʣʠʯʠʅʫ ʝʅʝʨʛʝʊʠʯʥʦʛʦ ʽʅʊʝʨɺʘʣʫ dE. ʆʊʞʝ, 

 
 

p L (ɽ)dE ðð 
(2m)

3
ô 

2
 

2 EdE . (3.10) 
2 6 

+dk 

E+dE 



48  

k+dk 

(2m)
3 / 2

 

ɼʚʽʡʢʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʨʘʭʦʚʫʩ ʜʚʦʢʨʘʪʥʝ 

ʚʠʨʦʜʞʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ ʟʘ ʩʧʽʥʦʤ. ʉʢʦʨʦʪʠʚʰʠ 

ʧʨʘʚʫ i ʣʽʚʫ ʯʘʩʪʠʥʠ ʥʘ dE, ʦʜʝʨʞʫʩʤʦ 
 

ʨ (ɽ) ðð 

 

ɼʣ ̫ʩʠʩʪʝʤʠ ʦʜʠʥʠʯʥʠʭ ʨʦʟʤʽʨʽʚ (L ðð l ) 

 
ʨ(ɽ) ðð 

233
 

2rt 

(3.11) 

 
 

(3.12) 

ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚ 3D ʩʠʩʪʝʤʘʭ ʚʠʟʥʘʯʘʩ ʦʙôʩʤʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ii ʨʦʟʤʽʨʥʽʩʪʴ ð eB- ʩʤ-*. 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.12) ʚʠʧʣʠʚʘʩ, ʱʦ ʫ ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʩ ʩʪʝʧʝʥʝʚʦʶ ʬʫʥʢʮʽʩʶ 

ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʾʭʥʴʦʾ ʝʥʝʨʛʽʾ i ʟʨʦʩʪʘʩ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʦʩʪʘʥʥʽʭ ʟʘ ʟʘʢʦʥʦʤ ʨ - ʪò* E1ô*. ɻʨʘʬʽʯʥʦ ʝʥʝʨʛʝʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʤʘʩ 

ʚʠʛʣʷʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.4. 

 
 
 
 
 
 
 

E+dE 
 

ʈʠʩ. 3.4. ɽʥʝʨʛʝʪʠʯʥʘ ʈʠʩ. 3.5. lʣʶʩʪʨʘʮʽʷ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ  ʢʽʣʴʢʦʩʪʽ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʫ ʩʤʫʞʮʽ k- 

ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ  ʧʨʦʩʪʦʨʫ ʰʠʨʠʥʦʶ dk 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽñʽñ 

 
ʊʝ, ʱʦ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ 3D ʝʣʝʢʪʨʦʥʽʚ ʟʨʦʩʪʘʩ ʟ ʝʥʝʨʛʽʩʶ, ʩ 

ʥʘʩʣʽʜʢʦʤ ʪʨʠʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʘ ʪʝ, ʱʦ ʚʦʥʘ ʟʨʦʩʪʘʩ ʟʘ ʟʘʢʦʥʦʤ 

E1ô*, ʩ ʥʘʩʣʽʜʢʦʤ ʚʠʙʨʘʥʦʛʦ ʥʘʤʠ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ 

ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ. ɼʣʷ ʽʥʰʠʭ ʟʘʢʦʥʽʚ ʜʠʩʧʝʨʩʽʾ ʟʘʢʦʥ ʟʨʦʩʪʘʥʥʷ ɽ) 

ʙʫʜʝ ʽʥʰʠʤ. 

ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (3.12) ʟʘ ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʝʥʝʨʛʽʾ ʚʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ʧʨʠʡʥʷʪʦ iµ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʠʷ. ɿʘʛʘʣʦʤ, ʷʢʱʦ ʝʥʝʨʛʽʷ 
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h2 ' 

ʚʽʜʨʘʭʦʚʫʩʪʴʩʷ ʚʽʜ ̫ ʢʦʛʦʩʴ ʜʦʚʽʣʴʥʦʛʦ ʨʽʚʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ Ee. ʬʦʨʤʫʣʘ (3.12) ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ: 

(23 
) 3/ 2 

ʨ(ú) ðð 
23 

2
0 

3 
ɽ ð ɽ (3.13) 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʜʚʦʚʠʤʽʨʥʫ ʩʠʩʪʝʤʫ. ʋ 2D ʩʠʩʪʝʤʽ ʚʽʣʴʥʠʡ pyx 

ʝʣʝʢʪʨʦʥʘ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʫ ʧʣʦʱʠʥʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʘʭʫʚʘʪʠ 

ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʧʣʦʱʫ k-ʧʨʦʩʪʦʨʫ sk ʤʽʞ 

ʜʚʦʤʘ ʢʦʣʘʤʠ ʨʘʜʽʫʩʫ k i k+dk (ʨʠʩ. 3.5) i ʧʦʜʽʣʠʪʠ i-i ʥʘ ʧʣʦʱʫ, ʱʦ 

ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ s,. 

ʗʢʱʦ ʜʦʚʞʠʥʫ ʢʦʣʘ ʨʘʜʽʫʩʘ k ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ ûk . ʪʦ 
 

Sk ð lk dk ðð 2nkdk ðð 2nk 

 

ʊʦʜʽ ʜʣʷ ʩʠʩʪʝʤʠ ʨʦʟʤʽʨʽɺ L L 

dE ðð 
2nm 

dE . (3.14) 

p2 (ɽ)dE ðð 
S   k   -  2 = 

2nm 
2L

2
dú ðð 3 

2 mdE
 (3.15) 

2 
2 

L 

 

 

pL (ɽ) ðð L
2
 

 
 

h2 ' 
(3.16) 

 

ʇʝʨʝʭʦʜʷʯʠ ʜʦ ʩʠʩʪʝʤʠ ʦʜʠʥʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʟʥʘʭʦʜʠʤʦ ʛʫʩʪʠʥʫ 

ʩʪʘʥʽʚ 

ʨ(ɽ) ðð
 ʪ 

 (3.17) 
 

ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚ 2D ʩʠʩʪʝʤʘʭ ʚʠʟʥʘʯʘʩ ʧʦʚʝʨʭʥʝʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ċµ ʨʦʟʤʽʨʥʽʩʪʴ ð ʝɺ-1ʩʤ-2. 

3 (3.17) ʙʘʯʠʤʦ, ʱʦ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʧʘʨʘʙʦʣʽʯʥʠʤ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ ɽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʥʝ ʟʘʣʝʞʠʪʴ i 

ʚʠʟʥʘʯʘʩʪʴʩʷ ʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ ʝʣʝʢʪʨʦʥʘ ð ɽ) - ʃ . 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.17) ʚʠʟʥʘʯʘʩ, ʘ ʨʠʩ. 3.6 ʽʣʶʩʪʨʫʩ ʛʫʩʪʠʥʫ 

ʩʪʘʥʽʚ ʦʜʥʽʩʾ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʧʘʨʘʙʦʣʽʯʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 2D ʟʦʥʠ. ɼʣʷ 

ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʮʝ ʚʽʜʧʦʚʽʜʘʩ ʪʽʡ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʟʤʽʥʶʩʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ ʝʥʝʨʛʽʾ ʦʩʥʦʚʥʦʛʦ ʜʦ ʝʥʝʨʛʽʾ 

ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʽʚ, ʪʦʙʪʦ ʚʽʜ Eo ʜʦ E1 (ʨʠʩ. 1.8). 
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ʂʦʣʠ ʝʥʝʨʛʽʷ ʥʦʩʽʷ ʧʝʨʝʚʠʱʫʩ ʨʽʚʝʥʴ E1, ʩʫʤʘʨʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʧʦʯʠʥʘʶʪʴ ʬʦʨʤʫʚʘʪʠ ʦʩʥʦʚʥʘ i ʧʝʨʰʘ ʟʙʫʜʞʝʥʘ 

2D ʟʦʥʠ. ɺʽʜʧʦʚʽʜʥʦ ʟʘ ʝʥʝʨʛʽʾ E1 ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʟʨʦʩʪʘʩ ʩʪʨʠʙʢʦʤ ʥʘ 

ʚʝʣʠʯʠʥʫ 2 . ʊʘʢ ʙʫʜʝ ʱʦʨʘʟ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʥʦʩʽʷ ʧʝʨʝʪʠʥʘʪʠʤʝ ʜʥʦ 

ʥʘʩʪʫʧʥʦʾ ʟʙʫʜʞʝʥʦʾ 2D ʟʦʥʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʤʦʞʝʤʦ ʫʟʘʛʘʣʴʥʠʪʠ 

(3.17) ʥʘ ʚʠʧʘʜʦʢ ʙʫʜʴ-ʷʢʦʾ ʝʥʝʨʛʽʾ ɽ i ʚʽʜʧʦʚʽʜʥʦʾ ʾʡ ʢʽʣʴʢʦʩʪʽ ʣ ʟʘʜʽʷʥʠʭ 

ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʧʽʜʟʦʥ: 
 

ʨ(ɽ) ðð 

 

ɖɗ 

2 Z m,O-(E (3.18) 
*  i-0 

O-(E ð EE  ) = (3.19) 
 

ʦʜʠʥʠʯʥʘ ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʘ, ʘ ʪ, ð ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ 2D ʝʣʝʢʪʨʦʥʽʚ ʚ 

/-ʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʧʽʜʟʦʥʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʩʫʤʘʨʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʥʘʙʫʚʘʩ ʩʭʽʜʯʘʩʪʦʛʦ ʚʠʛʣʷʜʫ (ʨʠʩ. 3.7). 

 
 

ʨ(ɽ) ʨ(ɽ) 

 

 

 

 
0 ʃ ɽ, ʃz ɽ ɽ 

ʈʠʩ. 3.6. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ  ʈʠʩ. 3.7. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʝʣʝʢʪʨʦʥʽʚ ʫ 2D ʩʠʩʪʝʤʘʭ ʟ  ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʾʽò ʚʝʣʠʢʦʡòʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 2D ʟʦʥ 

 

ʊʫʪ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʜʚʘ ʚʘʞʣʠʚʽ ʟʘʩʪʝʨʝʞʝʥʥʷ ʱʦʜʦ ʚʠʩʦʪʠ 

ʩʭʦʜʠʥʦʢ ʪʘ ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.18) 

ʚʠʩʦʪʘ ʢʦʞʥʦʾ ʥʘʩʪʫʧʥʦʾ ʩʭʦʜʠʥʢʠ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ 2D ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʩʪʴʩʷ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʯʝʨʛʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʧʽʜʟʦʥʽ, ʘ ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʚ ʨʽʟʥʠʭ 

ʧʽʜʟʦʥʘʭ ʟʘʛʘʣʦʤ ʪʝʞ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(1.39) ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʩʭʦʜʠʥʦʢ ʫ ʧʝʚʥʦʤʫ ʟʘʜʘʥʦʤʫ ̔ ʥʪʝʨʚʘʣʽ ʝʥʝʨʛʽʡ 

ɽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʰʠʨʠʥʦʶ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. ʊʦʤʫ ʣʠʰʝ ʜʣʷ 2D 

ʩʠʩʪʝʤʠ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʅʀ ʘ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʙʫʜʝ ʩʭʽʜʯʘʩʪʦʶ. ʋ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʩʢʽʥʯʝʥʥʦ ʚʫʟʴʢʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʀ (ʘ ð+ 0) ʛʫʩʪʠʥʘ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 2D 
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(2m)ô 1/ 2 

ʝʣʝʢʪʨʦʥʽʚ ʩ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚ ʫʩʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʦʜʥʦʚʠʤʽʨʥʠʡ ʢʨʠʩʪʘʣ, ʢʦʣʠ ʚʽʣʴʥʠʡ pyx 

ʝʣʝʢʪʨʦʥʘ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʚʟʜʦʚʞ ʦʜʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʥʘʧʨʠʢʣʘʜ ʆʍ. 

ʊʦʜʽ r 2 - /r2 , ʘ ʣʽʥʽʡʥʠʡ ʽʥʪʝʨʚʘʣ k-ʧpocʪo pY Ik. ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʩ 

ʽʥʪʝʨʚʘʣʫ ʝʥʝʨʛʽʾ ʚʽʜ ɽ ʜʦ E+dE, ʩʪʘʥʦʚʠʪʴ 

 

 
ʊʦʤʫ 

lk ðð 2d/r . 

 

 

 
2 = L 

 

 

 

 

 
  2m  

2 

 

 

 

 

 

 
dE ðð L 

 

 

 
2m)' 

2
 
ɽ 

 

 

 
 

I 2dE 

(3.20) 

 

 

(3.21) 
h  k z ʧ/ʽ ô 

 

ʘ ʦʪʞʝ 
 

 

pt (ʃ) ðð L 

 
 
(23)3 

2
 

ô ʃ 

 

 

 
1/ 2 

 

 
(3.22) 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʦʜʠʥʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʜʣʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʦʪʨʠʤʫʩʤʦ 

2 

ʨ(ɽ) ðð ú* (3.23) 
 

ʈʦʟʤʽʨʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚ 1D ʩʠʩʪʝʤʘʭ, ʜʝ ʚʦʥʘ ʚʠʟʥʘʯʘʩ 

ʣʽʥʽʡʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, eB- ʩʤ-1. 

ɿʘʛʘʣʦʤ, ʢʦʣʠ ʚʽʜʣʽʢ ʝʥʝʨʛʽʾ ʚʝʜʝʪʴʩʷ ʥʝ ʚʽʜ ʥʫʣʷ, ʘ ʚʽʜ ʜʝʷʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʝʥʝʨʛʽʾ E 

ʨ(ɽ) ðð  
(2m)" 

2 

(ɽ ð ɽ  ) ò 
2 

. (3.24) 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.23) i (3.24) ʚʠʧʣʠʚʘʩ, ʱʦ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʯʠʤ ʚʠʱʘ ʝʥʝʨʛʽʷ ʨʽʚʥʷ, ʪʠʤ ʤʝʥʰʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ. ʗʢʱʦ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʜʣʷ 

ʥʘʧʨʷʤʢʫ ʚʽʣʴʥʦʛʦ pyxy ʧʘʨʘʙʦʣʽʯʥʠʡ, ʪʦ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʟʤʝʥʰʫʩʪʴʩʷ 

ʟ ʝʥʝʨʛʽʩʶ ʟʘ ʟʘʢʦʥʦʤ ʢʦʨʝʥʝʚʦʾ ʧʘʨʘʙʦʣʀ ʃði z (ʨʠʩ. 3.8) i ʟʨʦʩʪʘʩ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ  ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʘ ʟʘʢʦʥʦʤ    2 , ʪʦʙʪʦ 

ʨ(ɸ) mò 
2 
ú " 

2 
. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.24) ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʦʜʥʽʩʾ ʦʢʨʝʤʦ ʚʟʷʪʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ 1D ʟʦʥʠ. ʂʦʣʠ ʝʥʝʨʛʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʙʫʜʝ ʟʨʦʩʪʘʪʠ, ʪʦ 

ʟʘ iµ ʟʥʘʯʝʥʴ E1, E 2, ɽ ʟ ʪʦʱʦ, ɦ ʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʥʫ ʢʦʞʥʦʾ ʥʘʩʪʫʧʥʦʾ 

ʦʜʥʦʚʠʤʽʨʥʦʾ ʟʦʥʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʚʘʥʪʦʚʦʾ ʥʠʪʢʠ, ʦʩʪʘʥʥʽ 

ʧʦʯʥʫʪʴ ʜʘʚʘʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʩʫʤʘʨʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 1D 

'k- 
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8 ʝʣʝʢʪʨʦʥʽʚ.  ʆʩʢʽʣʴʢʠ ʧʨʠ E-En    0 ʨ(ɽ) ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʩʪʨʠʙʢʽʚ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʨ(ɽ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʦʥʘ ʤʘʪʠʤʝ 

ʩʧʝʮʠʬʽʯʥʠʡ ʦʩʮʠʣʶʶʯʠʡ ʚʠʛʣʷʜ. ɸʥʘʣʽʪʠʯʥʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʥʝʩʢʫ 

ʚʩʽʭ ʟʦʥ, ʩʫʤʘʨʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ 

ʨ(ɽ) ðð (2 ,
) 1 / 2 O-(E ð ɽ;) 

 (3.25) 
ʽ=0 (ɽ ð ɽ;)' 

2
 

ɻʨʘʬʽʯʥʦ ʟʘʣʝʞʥʽʩʪʴ (3.25) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.9. ɺʦʥʘ ʤʘʩ 

ʦʩʦʙʣʠʚʦʩʪʽ ð ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ ʟʘ ʝʥʝʨʛʽʡ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʥʝʨʛʽʷʤ ʢʚʘʥʪʦʚʠʭ ʨʽʚʥʽʚ ʫ ʢʚʘʥʪʦʚʽʡ ʥʠʪʮʽ. 

ʗʢ i ʜʣʷ 2D ʩʠʩʪʝʤ, ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʫʚʘʞʝʥʥʷ 

ʱʦʜʦ ñʢʽʣʴʢʦʩʪʽ ʡ ʷʢʦʩʪʽò ʩʫʤʘʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʨ(ɽ) ð ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʩʧʘʜʥʠʭ ʜʽʣʷʥʦʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ (ʯʝʨʝʟ ʪʦʚʱʠʥʫ i ʰʠʨʠʥʫ 2D ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ) i ʜʦ ʾʭʥʴʦʾ 

ʢʨʫʪʠʟʥʠ (ʯʝʨʝʟ ʝʬʝʢʪʠʚʥʫ ʤʘʩʫ 1D ʝʣʝʢʪʨʦʥʽʚ ʫ ʨʽʟʥʠʭ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥʘʭ). 
 
 

ʨ{ɽ) 

ʨ(ɽ) 

 

 

 

 

 

 
 

 

ʈʠʩ. 3.8. ɽʥʝʨʛʝʪʠʯʥʘ  ʈʠʩ. 3.9. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ  ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʽʜʟʦʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦñʽñʢʽʣʴʢʦʩʪʽ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽòʽò ʝʥʝʨʛʝʪʠʯʥʠʭ 1D ʟʦʥ 

 

 

3.4. ɻʋʉʊʀʅɸ CTAHIB 

l ʃɯʅɯʁʅʀʁ ɿɸʂʆʅ ɼʀʉʇɽʈʉɯɰ 

 
ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ i iµ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʥʽʯʠʤ ʥʝ 

ʚʽʜʨʽʟʥʷʩʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʾ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʟʘʢʦʥʫ 

ʜʠʩʧʝʨʩʽʾ. ʗʢʱʦ ʟʚôʷʟʦʢ ʤʽʞ ɽ i k ʟʘʜʘʩʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.2), ʪʦ, ̫ ʢ i ʨʘʥʽʰʝ, ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʝʥʝʨʛʽʾ 
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4ʧ 2 

ʝʣʝʢʪʨʦʥʘ ɽ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ k-ʧʨʦʩʪʦʨʽ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʬʝʨʘ, ʫ 

ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ð ʢʦʣʦ, ʘ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ð ʜʚʽ ʬʽʢʩʦʚʘʥʽ 

ʪʦʯʢʠ ʥʘ oci Ok,. ɿʚʠʯʘʡʥʦ, ʜʣʷ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʠʷ ɽ ʨʘʜʽʫʩ 

ʩʬʝʨʠ ʯʠ ʢʦʣʘ, ʘ ʪʘʢʦʞ ʚʽʜʩʪʘʥʴ ʟʘʟʥʘʯʝʥʠʭ ʪʦʯʦʢ ʚʽʜ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ 

ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ ʙʫʜʫʪʴ ʽʥʰʠʤʠ, ʥʽʞ ʟʘ ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ, ̫ ʢ ʡ ̔ ʥʰʠʤʠ ʙʫʜʫʪʴ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʽʚ k-ʧʨʦʩʪʦʨʫ, 

ʱʦ ʣʝʞʘʪʴ ʤʽʞ ʜʦʚʽʣʴʥʠʤʠ ʜʚʦʤʘ ñʧʦʚʝʨʭʥʷʤʠ" ʧʦʩʪʽʡʥʦʾ ʝʥʝʨʛʽʾ. 

ɼʣʷ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ (3.2) 
 

(3.26) 
 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ 3D ʝʣʝʢʪʨʦʥʽʚ ʦʙôʩʤ k-ʧʨʦʩʪʦʨʫ, ʱʦ ʣʝʞʠʪʴ ʤʽʞ 

ʜʚʦʤʘ ʧʦʚʝʨʭʥʷʤʠ ʧʦʩʪʽʡʥʦʾ ʝʥʝʨʛʽʾ ɽ i E+dE, ʙʫʜʝ 

3 

ôk ð E  dE , (3.27) 
 

ʘ ʚʽʜʪʘʢ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ 
 

ʨ(ɽ) ðð (3.28) 
 

ɻʨʘʬʽʯʥʦ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 3D ʝʣʝʢʪʨʦʥʽʚ ʟ 

ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.10. 

 
ʨ(ɽ) 

 
 
 
 
 
 

 
0 ɽ 

 
ʈʠʩ. 3.10. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʪʨʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽôʽô. 

 
ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.28) i (3.12), ʪʦ ʧʦʙʘʯʠʤʦ, ʱʦ 

ʧʝʨʝʭʽʜ ʚʽʜ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʜʦ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʽʩʪʦʪʥʦ 

ʧʦʩʠʣʠʚ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ð 

ʚʽʜ ʟʘʣʝʞʥʦʩʪʽ - E1ô 2 ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʨ E2. ʊʘʢʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ ʜʘʪʠ ʮʽʣʢʦʤ ʣʦʛʽʯʥʝ ʬʽʟʠʯʥʝ ʧʦʷʩʥʝʥʥʷ. 
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ɿʘʢʦʥ ʜʠʩʧʝʨʩʽʾ (3.1) ʭʘʨʘʢʪʝʨʠʟʫʩʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʥʝ ʟʘʣʝʞʥʦʶ 

ʥʽ ʚʽʜ ʝʥʝʨʛʽʾ, ʥʽ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ m. ɽʬʝʢʪʠʚʥʫ ʤʘʩʫ ʥʦʩʽʾʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ (3.2), ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʠʧʦʚʦʛʦ ii 

ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʥʝʧʘʨʘʙʦʣʽʯʥʠʭ ʟʘʢʦʥʽʚ ʜʠʩʧʝʨʩʽʾ ʯʝʨʝʟ ʧʝʨʰʫ 

ʧʦʭʽʜʥʫ ʚʽʜ ʝʥʝʨʛʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘ ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ 
 

 
1 1  dE 

ʪ fi 2k dk 

 

 
ʇʽʜʩʪʘʚʣʷʶʯʠ (3.2) ʫ (3.29), ʦʪʨʠʤʘʩʤʦ 

 
 

 
(3.29) 

 

 

 
 

(3.30) 
 

ʗʢ ʙʘʯʠʤʦ, ʤʘʩʤʦ ʪʠʧʦʚʫ ʜʣʷ ʙʝʟʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʥʫʣʴʦʚʫ ʝʬʝʢʪʠʚʥʫ ʤʘʩʫ ʥʦʩʽʾʚ ʫ ʪʦʯʮʽ ʝʢʩʪʨʝʤʫʤʫ ʟʦʥʠ ʜʦʟʚʦʣʝʥʠʭ 

ʝʥʝʨʛʽʡ k ðð 0, ʘ ʪʘʢʦʞ ʪʠʧʦʚʫ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʧʘʨʘʙʦʣʽʯʥʠʤ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʩʠʪʫʘʮʽʶ ð ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚʽʜ ʾ ʭʥʴʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ. Maca ʥʝ ʩ ʧʘʨʘʤʝʪʨʦʤ ʟʘʢʦʥʫ 

ʜʠʩʧʝʨʩʽʾ, ʘ ʩ ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦ 

ʟʙʽʣʴʰʫʩʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʚʽʣʴʥʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ. 

ʗʢʱʦ ʪʝʧʝʨ ʚʨʘʭʫʚʘʪʠ, ɦ ʦ ʟʘ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʛʫʩʪʠʥʘ 

ʩʪʘʥʽʚ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟʨʦʩʪʘʩ ʥʝ ʪʽʣʴʢʠ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʝʥʝʨʛʽʾ ʟʘ ʟʘʢʦʥʦʤ - E1ô*, ʘ ʡ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭʥʴʦʾ  ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʩʠ ʟʘ ʟʘʢʦʥʦʤ - ʪ*ô2, i ʧʽʜʩʪʘʚʠʪʠ ʪ - ɽ, ʪʦ ʡ ʦʪʨʠʤʫʩʤʦ 

ʟʘʣʝʞʥʽʩʪʴ ɽ*, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ. 

ɼʣʷ 2D ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ (3.2), 

ʧʣʦʱʘ k-ʧʨʦʩʪʦʨʫ, ʱʦ ʣʝʞʠʪʴ ʤʽʞ ʢʦʣʘʤʠ ʧʦʩʪʽʡʥʦʾ ʝʥʝʨʛʽʾ ɽ i E+dE, 

ʩʪʘʥʦʚʠʪʠʤʝ 
2ç 

2
 

S k ðð EdE , 

 

ʱʦ ʜʘʩ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ: 

ʘ 
2 
ɽ 

(3.31) 

ʨ(ɽ) ðð 
 

 

h2 ' 
(3.32) 

 

ʆʪʞʝ, ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ 2D ʝʣʝʢʪʨʦʥʽʚ ʟ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ 

ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʩ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʾʭʥʴʦʾ ʝʥʝʨʛʽʾ ɽ. ʉʭʝʤʘʪʠʯʥʦ ʮʷ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.11. 
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ʨ(ɽ) 
 
 
 
 
 
 

 

0 ɽ 

ʈʠʩ. 3.11. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ 2D ʝʣʝʢʪʨʦʥʽʚ ʟ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽôʽô 

 

 
ʃʽʥʽʡʥʝ ʥʘʙʣʠʞʝʥʥʷ (3.2) ʜʣʷ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʩʧʨʘʚʝʜʣʠʚʝ 

ʪʽʣʴʢʠ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʚʠʨʦʜʞʝʥʥʷ ʉ i V ʟʦʥ. ɿʘ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ʙʫʜʝ ʧʝʨʝʭʦʜʠʪʠ ʚ 

ʜʠʩʧʝʨʩʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʙʣʠʟʴʢʫ ʜʦ ʧʘʨʘʙʦʣʽʯʥʦʾ. ʊʦʤʫ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ k ʟʘʣʝʞʥʽʩʪʴ ʪʠʧʫ (3.32) ʧʝʨʝʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʪʠʧʫ (3.17). 3 ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʨʦʜʞʝʥʠʤʠ ʚ ʪʦʯʮʽ k ðð 0 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʥʘʡʥʠʞʯʘ ʜʚʦʚʠʤʽʨʥʘ ʉ-ʟʦʥʘ i ʥʘʡʚʠʱʘ 

ʜʚʦʚʠʤʽʨʥʘ ʋ-ʟʦʥʘ. ɿʙʫʜʞʝʥʽ ʜʚʦʚʠʤʽʨʥʽ ʟʦʥʠ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʙʫʜʫʪʴ ʧʘʨʘʙʦʣʽʯʥʠʤʠ, ʪʦʤʫ ʜʣʷ ʥʠʭ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʙʫʜʝ ʟʘʜʘʚʘʪʠʩʷ 

ʦʪʨʠʤʘʥʠʤ ʨʘʥʽʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.17). ʎʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʚʥʝʩʢʠ ʫ 

ʩʫʤʘʨʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʚʽʜ ʟʙʫʜʞʝʥʠʭ ʟʦʥ ʙʫʜʫʪʴ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ 

ʝʥʝʨʛʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʘʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʚʦʚʠʤʽʨʥʠʭ ʟʦʥ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.12. 
 

 

0 E1 Eg ˩͘ 

ʈʠʩ. 3.12. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʦʜʞʝʥʥʷ ʉ i V ʟʦʥʠ i ʚʝʣʠʢʦôʽôʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ 2D ʟʦʥ 
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ʋ ʨʘʟʽ 1D ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ (3.2), 

ʚʝʣʠʯʠʥʘ 
 

2út 
dE

 
(3.33) 

 

ʪʦʤʫ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ  

ʨ(ɽ) ðð 
2ʧ

 

 

 
(3.34) 

 

ʆʪʞʝ, ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ i ʛʨʘʬʽʯʥʦ ʤʘʩ ʚʠʛʣʷʜ, 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.13. 

 

 
ʨ(ɽ) 

 

 

 

 

 
 ̨  ˒

ʈʠʩ. 3.13. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ 1D ʝʣʝʢʪʨʦʥʽʚ ʟ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽñʽô 

 
 
 

ʨ(ɽ) 

 

 

 

 

 

 

 

 

 

 

0 E1 óz ɽ/ 4 ɽ 

ʈʠʩ. 3.14. ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʦʜʞʝʥʥʷ ʉ i 

V ʟʦʥʠ ʪʘ ʚʝʣʠʢʦôʽôʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 1D ʟʦʥ i ʟʘ ʧʨʠʧʫʱʝʥʥʷ 

ʣʽʥʽʡʥʦʩʪʽ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽñʽñʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʝʥʝʨʛʽʡ ʚʽʜ 0 ʜʦ E1 
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3 ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʱʦʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʟʘʢʦʥʫ 

ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʨʘʟʽ ʟʥʘʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʟ ʪʦʯʢʠ 

ʚʠʨʦʜʞʝʥʥʷ ʉ i V ʟʦʥ ʪʘ ʽʩʥʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʙʫʜʞʝʥʠʭ 1D 

ʟʦʥ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʩʫʤʘʨʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 1D ʩʠʩʪʝʤʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ, ʩʭʝʤʘʪʠʯʥʦ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.14. 

3 ʥʘʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʚʠʧʣʠʚʘʩ, ʱʦ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʟʘ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ, ʥʝʦʙʭʽʜʥʦ 

ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʜʣʷ ʷʢʠʭ ʥʠʟʴʢʦʚʠʤʽʨʥʠʭ ʧʽʜʟʦʥ ʝʥʝʨʛʽʾ ʚʽʥ ʤʦʞʝ 

ʨʝʘʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠʩʷ. ʅʘʩʧʨʘʚʜʽ ʚ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ ʤʠ, 

ʚʦʯʝʚʠʜʴ, ʤʘʩʤʦ ʧʦʩʜʥʘʥʥʷ ʙʣʠʟʴʢʠʭ ʜʦ ʣʽʥʽʡʥʦʛʦ i ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʟʘʢʦʥʽʚ ʜʠʩʧʝʨʩʽʾ ʫ ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʟʦʥʘʭ i ʨʽʟʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ̔ ʥʪʝʨʚʘʣʘʭ i ʮʝ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʥʢʨʝʪʥʠʭ ʩʠʩʪʝʤ i ʩʪʨʫʢʪʫʨ. 

 

3.5. ɼɽʗʂɯ ʋɿɸɻɸʃʔʅɽʅʅʗ I ʆʆ ʉʀʉʊɽʄʀ 

 
ɺʠʱʝ ʤʠ ʦʪʨʠʤʘʣʠ ʚʠʨʘʟʠ ʜʣʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʜʣʷ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʚʠʤʽʨʥʦʩʪʽ ð 3D, 2D i 1D ð ʟʘ ʨʽʟʥʠʭ ʟʘʢʦʥʽʚ 

ʜʠʩʧʝʨʩʽʾ: ʧʘʨʘʙʦʣʽʯʥʦʛʦ i ʣʽʥʽʡʥʦʛʦ. ʗʢ ʤʠ ʧʝʨʝʢʦʥʘʣʠʩʷ, i ʪʝ, ʡ ̔ ʥʰʝ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʩ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʜʝʨʞʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ ʪʘʢʝ. 

ʗʢʱʦ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʘʩ ʩʪʝʧʝʥʝʚʠʡ ʭʘʨʘʢʪʝʨ 

ʪʠʧʫ ɽ - m" /|3, ʪʦ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʤʦʞʝ ʙʫʪʠ 

ʫʟʘʛʘʣʴʥʝʥʘ ʩʜʠʥʦʶ ʜʣʷ ycix ʩʪʝʧʝʥʝʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʯʝʨʝʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ (D ðð 3, 2 ʘʙʦ 1), ʩʪʫʧʽʥʴ 

ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʥʦʩʽʷ ʟʘʨʷʜʫ ɽ ʚʽʜ ʡʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k (ʣ = 2 

ʘʙʦ 1) i ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ɼ, ̫ ʢʠʡ ʤʘʪʠʤʝ 

ʩʤʠʩʣ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪ ʜʣʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʟʘʢʦʥʫ 

ʜʠʩʧʝʨʩʽʾ (3.1) i ʩʤʠʩʣ ʧʘʨʘʤʝʪʨʘ ʦ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ 

(3.2): 
 

ʨ(ɽ) n ɽ ʧ (3.35) 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.35) ʥʘʦʯʥʦ ʙʘʯʠʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ D ʧʦʩʠʣʶʩ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʧʦʩʠʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ (ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʪʝʧʝʥʷ ʣ) i-f 

ʧʦʩʣʘʙʣʶʩ. 
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ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ð ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ð 

ʚʠʟʥʘʯʘʩ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ i, 

ʥʘʩʘʤʧʝʨʝʜ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ N: 
 

 
ômax 

N ðð ʨ(ɽ) f (ɽ)dE , 

*man 

(3.36) 

 

ʜʝ fo( E) ð ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʘ ʝʥʝʨʛʽʷʤʠ, ʘ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʫ ʤʝʞʘʭ ʟʦʥʠ ʜʦʟʚʦʣʝʥʠʭ ʜʣʷ ʚʽʣʴʥʦʛʦ ʥʦʩʽʷ 

ʟʘʨʷʜʫ ʝʥʝʨʛʽʡ ʚʽʜ ɽ in ɼO E max. ɿʘʟʚʠʯʘʡ Eʱʸ, ʩʫʤʽʱʘʶʪʴ ʟ ʢʨʘʩʤ 

ʚʽʜʧʦʚʽʜʥʦʾ ʟʦʥʠ ð ʜʥʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 
ʝʣʝʢʪʨʦʥʽʚ ʘʙʦ ʚʝʨʰʠʥʦʶ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʨʦʢ. ʊʦʜʽ ʫ ʬʦʨʤʫʣʽ (3.36) Emin 0. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʡ 

ʫʥʽʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʜʨʫʛʫ ʤʝʞʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (3.36) ʟʘʤʽʥʷʶʪʴ ʥʘ 

ʙʝʟʤʝʞʥʽʩʊʴ; Emax' . ʊʘʢʘ ʟʘʤʽʥʘ ʥʝ ʚʥʦʩʠʪʴ ʧʦʤʠʣʢʠ ʫ ʨʦʟʨʘʭʫʥʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʱʝ ʟʘʜʦʚʛʦ ʜʦ ʪʦʛʦ, ʷʢ ʝʥʝʨʛʽʷ 

ʚʽʣʴʥʦʛʦ ʥʦʩʽʷ ʜʦʩʷʛʘʩ ʟʥʘʯʝʥʥʗ Emax ʅʢʮʽʷ ʨʦʟʧʦʜʽʣʫ  f (ɽ) 

ʧʨʘʢʪʠʯʥʦ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ ʥʫʣʴ, ʘ ʦʪʞʝ ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ 
ʥʝ ʜʘʩ ʚʢʣʘʜʫ ʫ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʠʷ ʽʥʪʝʛʨʘʣʫ (3.36). 
ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʧʠʪʘʥʠʷ ʧʨʦ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʥʫʣʴʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʪʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʜʣʷ 3D, 2D i 1D, ʜʣʷ 0D ʩʠʩʪʝʤ ʩ ʥʝʧʨʠʜʘʪʥʠʤʠ ð ʧʨʦ ʚʽʣʴʥʽ 

ʝʣʝʢʪʨʦʥʠ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʡʜʝʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʽʣʴʥʠʡ pyx ʫ 0D 

ʩʠʩʪʝʤʘʭ ʥʝʤʦʞʣʠʚʠʡ. ʇʨʦʪʝ, ʧʨʦʜʦʚʞʫʶʯʠ ʣʦʛʽʯʥʠʡ ʨʷʜ ʟʥʠʞʝʥʥʷ 

ʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ D, ʛʦʚʦʨʷʪʴ ʧʨʦ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʡ ʫ 0D 

ʩʠʩʪʝʤʘʭ. ʇʨʦ ʱʦ ʞ ʽʜʝʪʴʩʷ ʫ ʪʘʢʦʤʫ ʨʘʟʽ? 

ʂʦʣʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʫʣʴʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʡʜʝʪʴʩʷ ʧʨʦ ʤʦʞʣʠʚʫ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʥʘ 

ʪʦʤʫ ʯʠ ̔ ʥʰʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ ʫ ʩʠʩʪʝʤʽ ʢʚʘʥʪʦʚʦʾ 

ʪʦʯʢʠ ʯʠ ʤʘʩʠʚʫ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. ʄʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʘ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʥʫ 

ʝʣʝʢʪʨʦʥʘ i ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʇʘʫʣʽ ʜʦʨʽʚʥʶʩ ʜʚʦʤ. ɺʘʞʣʠʚʦ 

ʪʽʣʴʢʠ, ʜʦʩʪʫʧʥʠʡ ʯʠ ʥʽ ʚ ʢʦʥʢʨʝʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʘʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʨʽʚʝʥʴ ʜʣʷ ʝʣʝʢʪʨʦʥʘ. ʗʢʱʦ ʪʘʢʦʶ ʢʦʥʢʨʝʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩ 

ʢʚʘʥʪʦʚʘ ʪʦʯʢʘ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʷʢʦʾ ʧʦʚʥʽʩʪʶ ʢʚʘʥʪʦʚʘʥʠʡ, ʪʦ 

ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ 0D ʝʣʝʢʪʨʦʥʽʚ ʨ(ɽ) ʜʦʨʽʚʥʶʩ ʥʫʣʶ ʫ ʧʨʦʤʽʞʢʘʭ ʝʥʝʨʛʽʡ 

ʤʽʞ ʜʠʩʢʨʝʪʥʠʤʠ ʨʽʚʥʷʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ i 
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ʩʪʨʠʙʢʦʤ ʟʨʦʩʪʘʩ ʥʘ ʜʚʘ ʢʦʞʝʥ ʨʘʟ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʟʨʽʚʥʶʩʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʤ ʢʚʘʥʪʦʚʠʤ ʨʽʚʥʝʤ. ʋ ʩʠʤʝʪʨʠʯʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ 

ʢʚʘʥʪʦʚʽ ʨʽʚʥʽ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʦʜʞʝʥʠʤʠ, ʪʦʙʪʦ 

ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ ʟʥʘʯʝʥʥʶ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʜʝʢʽʣʴʢʘ 

ʨʽʟʥʠʭ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʘ. ʊʦʜʽ ʚʝʣʠʯʠʥʘ ʩʪʨʠʙʢʘ ʨ(ɽ) 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʝ ʜʚʦʤ, ʘ ʧʦʜʚʦʩʥʽʡ ʢʨʘʪʥʦʩʪʽ ʚʠʨʦʜʞʝʥʥʷ 

ʢʚʘʥʪʦʚʦʛʦ ʨʽʚʥʷ. 

ɼʣ ̫ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʨ(ɽ) ʫ ʨʘʟʽ 0D ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʶ ɼʽʨʘʢʘ ʙ((ʭ). ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʚʦʥʘ 

ʜʦʨʽʚʥʶʩ ʥʫʣʶ, ʢʦʣʠ ʭ f 0, ʘ ʧʨʠ ʭ = 0 ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ 

ʙʝʟʤʝʞʥʽʩʪʴ ʪʘʢ, ʱʦ tʟ( )ʳxi ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʽʥʪʝʛʨʫʚʘʥʥʷ, 

ʷʢʠʡ ʟʘʭʦʧʣʶʩ ʪʦʯʢʫ ʭ = 0. ɹʝʟ ʫʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʛʦ ʚʠʨʦʜʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʩʠʤʝʪʨʽʩʶ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ, 
 
 

 
 

ʨ(ɽ) ðð 2Z ! (ɽ ð Ee) 
ʽ=0 

(3.37) 

 

ɿʘʣʝʞʥʽʩʪʴ ʨ(ɽ), ʱʦ ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.37), ʩ 

ʥʘʙʦʨʦʤ ʜʠʩʢʨʝʪʥʠʭ ʥʝʩʢʽʥʯʝʥʥʦ ʚʫʟʴʢʠʭ i ʥʝʩʢʽʥʯʝʥʥʦ ʚʠʩʦʢʠʭ ʧʽʢʽʚ 

ʟʘ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʡ ɽ ðð ɽ,. ʊʘʢʘ ʢʘʨʪʠʥʘ ʩ ̔ ʜʝʘʣʽʟʦʚʘʥʦʶ. ʅʘʩʧʨʘʚʜʽ 

ʜʠʩʢʨʝʪʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ ʫ ʨʝʘʣʴʥʠʭ ʢʚʘʥʪʦʚʠʭ 

ʪʦʯʢʘʭ ʨʦʟʤʠʚʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʧʽʢʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ (3.37) ʚ 0D ʩʠʩʪʝʤʘʭ ʥʘʙʫʚʘʶʪʴ ʩʢʽʥʯʝʥʥʦʾ 

ʰʠʨʠʥʠ i ʚʠʩʦʪʠ, ʘʣʝ ʟʘʣʠʰʘʶʪʴʩʷ d-ʧʦʜʽʙʥʠʤʠ, ʪʘʢʠʤʠ, ʱʦ ʧʣʦʱʘ 

ʧʽʜ ʢʨʠʚʦʶ ʧʽʢʘ ʜʦʨʽʚʥʶʩ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʨʦʟʤʽʩʪʠʪʠʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʦʟʰʠʨʝʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʨʽʚʥʽ. ɻʨʘʬʽʯʥʦ ʟʘʣʝʞʥʽʩʪʴ ʨ(ɽ) ʜʣʷ ʥʫʣʴʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.15. 

ɺʩʝ ʩʢʘʟʘʥʝ ʩʪʦʩʫʩʪʴʩʷ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ. ʗʢʱʦ ʞ 

ʤʠ ʤʘʩʤʦ ʤʘʩʠʚ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ, ʱʦ ʥʝ ʚʟʘʩʤʦʜʽʶʪʴ, ʪʦ ʛʫʩʪʠʥʘ 

ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʥʠʭ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʯʥʠʡ 

ʽʥʪʝʨʚʘʣ ʧʨʦʩʪʦʨʫ (ʦʙôʩʤʫ, ʧʣʦʱʽ ʯʠ ʜʦʚʞʠʥʠ), ʚ ̫ ʢʦʤʫ ʩʬʦʨʤʦʚʘʥʦ 

ʮʝʡ ʤʘʩʠʚ, ʧʽʜʩʫʤʦʚʫʚʘʪʠʤʝʪʴʩʷ ʧʦ ʚʩʽʭ ʪʦʯʢʘʭ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ 

ʮʴʦʤʫ ʦʜʠʥʠʯʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʜʣʷ ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʟʚʝʜʝʤʦ ʚʦʩʜʠʥʦ ʦʩʥʦʚʥʽ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʛʫʩʪʠʥʠ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʾ ʚʠʤʽʨʥʦʩʪʽ (ʨʠʩ. 3.15). 
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ʈʠʩ. 3.15. ʉʭʝʤʘʪʠʯʥʘ ̔ ʣʶʩʪʨʘʮʽʷ ʟʤʽʥ ʝʥʝʨʛʝʪʠʯʥʦôʽôʟʘʣʝʞʥʦʩʪʽ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ, ʚʠʢʣʠʢʘʥʠʭ ʟʤʽʥʦʶ ʚʠʤʽʨʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʚʽʜ ʦʙôʩʤʥʦ'ʽ'3D ʯʝʨʝʟ ʧʣʦʩʢʫ 2D, ʣʽʥʽʡʥʫ 1D ʜʦ ʪʦʯʢʦʚʦ'ʽ' 

0D. ɿʘ ʥʘʷʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪ ʚʽʣʴʥʦʛʦ pyxy ʝʣʝʢʪʨʦʥʽʚ ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʽôʽòʜʣʷ ʥʠʭ ʚʚʘʞʘʩʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʠʤ 

 
 
 
 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 
 

1. ʏʠʤ ʚʠʟʥʘʯʘʩʪʴʩʷ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ? 

2. ʏʠʤ i ʷʢ ʚʠʟʥʘʯʘʩʪʴʩʷ ʦʙôʩʤ k-ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʧʨʠʧʘʜʘʩ ʥʘ 

ʦʜʠʥ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ? 

3. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. 

4. ʗʢʫ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʩ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʫ 

ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʾ ʚʠʤʽʨʥʦʩʪʽ? 

ɽ ðð 
h 2 (k 



 

5. ʉʬʦʨʤʫʣʶʡʪʝ ʡ ʦʙˇʨʫʥʪʫʡʪʝ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝ- 

ʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 

6. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʨʘʟʽ ʟʤʽʥʠ 

ʚʠʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʫ ʩʠʩʪʝʤʘʭ ʟ ʬʽʢʩʦʚʘʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ. 

7. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʨʘʟʽ ʟʤʽʥʠ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫ ʩʠʩʪʝʤʘʭ ʬʽʢʩʦʚʘʥʦʾ ʚʠʤʽʨʥʦʩʪʽ. 

8. ʇʦʢʘʞʽʪʴ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚʽʜ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʽ ʦʙˇʨʫʥʪʫʡʪʝ ʬʽʟʠʯʥʽ ʟʘʩʘʜʠ ʽ ʧʨʠʯʠʥʠ ʪʘʢʦʾ 

ʟʘʣʝʞʥʦʩʪʽ. 

9. ɿʘʧʠʰʽʪʴ ʽ ʧʦʨʽʚʥʷʡʪʝ ʚʠʨʘʟʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 3D, 2D  ̔ 1D ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʩʠʩʪʝʤ ʟ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʽ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʘʤʠ ʜʠʩʧʝʨʩʽʾ. 

10. ʇʦʷʩʥʽʪʴ ʩʧʝʮʠʬʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤ ʟ ʚʽʣʴʥʠʤʠ 2D ʝʣʝʢʪʨʦʥʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʾʭʥʽʭ ʜʚʦʚʠʤʽʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. 

11. ʇʦʷʩʥʽʪʴ ʩʧʝʮʠʬʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤ ʟ ʚʽʣʴʥʠʤʠ 1D ʝʣʝʢʪʨʦʥʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʾʭʥʽʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. 

12. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʜʣʷ 0D ʝʣʝʢʪʨʦʥʽʚ ʽ 

ʟʘʧʠʰʽʪʴ ʾʾ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ. 

13. ɿʦʙʨʘʟʽʪʴ ʛʨʘʬʽʯʥʦ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ʚʽʜ ʝʥʝʨʛʽʾ ʜʣʷ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʚʠʤʽʨʥʦʩʪʽ ʟ ʨʽʟʥʠʤʠ 

ʟʘʢʦʥʘʤʠ ʜʠʩʧʝʨʩʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ 

ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ. 

14. ɿʥʘʡʜʽʪʴ ʧʦʚʥʫ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʫ ʢʨʠʩʪʘʣʽ ʦʜʠʥʠʯʥʦʛʦ ʦʙôʻʤʫ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʩʤʫʟʽ ʰʠʨʠʥʦʶ 0,1 ʝɺ ʥʘʜ: (ʘ) ʝʢʩʪʨʝʤʫʤʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ; (ʙ) 

ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ 0,1 ʝɺ. ɿʥʘʡʜʽʪʴ ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʯʠʩʝʣ. ɽʬʝʢʪʠʚʥʘ 

ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ m = 0,1 mo. ɿʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ï ʧʘʨʘʙʦʣʽʯʥʠʡ. 

15. ɿʥʘʡʜʽʪʴ ʧʦʚʥʫ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ ʢʚʘʥʪʦʚʦʤʫ ʰʘʨʽ ʦʜʠʥʠʯʥʦʾ ʧʣʦʱʽ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʤʫʟʽ ʰʠʨʠʥʦʶ 0,1 ʝɺ ʥʘʜ: (ʘ) ʝʢʩʪʨʝʤʫʤʦʤ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ; (ʙ) ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ 0,1 ʝɺ. ɿʥʘʡʜʽʪʴ ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ 

ʯʠʩʝʣ. ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ m = 0,1 m o. ɿʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ï 

ʧʘʨʘʙʦʣʽʯʥʠʡ. 

16. ɿʥʘʡʜʽʪʴ ʧʦʚʥʫ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʦʛʦ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ ʢʚʘʥʪʦʚʽʡ ʥʠʪʮʽ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ ʚ 
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ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʤʫʟʽ ʰʠʨʠʥʦʶ 0,1 eB ʥʘʜ: (ʘ) ʝʢʩʪʨʝʤʫʤʦʤ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ; (6) ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ 0,1 eB. ɿʥʘʡʜʽʪʴ ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ 

ʯʠʩʝʣ. ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ ʪ ðð 0,1 ʪʫ. ɿʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ð 

ʧʘʨʘʙʦʣʽʯʥʠʡ. 

17. ʇʝʨʰʽ ʪʨʠ ʧʽʢʠ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 
ʝʣʝʢʪʨʦʥʽʚ ʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʝʥʝʨʛʽʾ ʨ(ɽ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘ 

ʝʥʝʨʛʽʡ Eo 0ʫ01ʫ E1 "ð 0,1, El ðð 0,26 eB. ɿʥʘʡʜʽʪʴ ʚʽʜʥʦʰʝʥʥʷ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʟʣʽʚʘ ʜʦ ʝʥʝʨʛʽʾ El ʜʦ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʧʨʠ 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʝʥʝʨʛʽʾ E1. 
18. ʇʦʨʽʚʥʷʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ 2D ʝʣʝʢʪʨʦʥʽʚ ʧʨʠ 0 ʂ ʫ ʢʚʘʥʪʦʚʠʭ 

ʰʘʨʘʭ ʪʦʚʱʠʥʦʶ 4, 10 i 20 ʠʤ, ʷʢʱʦ ʝʥʝʨʛʽʷ ʌʝʨʤʽ ʚ ycix ʚʠʧʘʜʢʘʭ 

ʜʦʨʽʚʥʶʩ 0,1 eB. ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ 0,5 ʦÅ ʈʝʟʫʣʴʪʘʪ 
ʇʆʗʉʅ iTb. 

19. ʇʦʙʫʜʫʡʪʝ i ʧʦʷʩʥʽʪʴ ʢʨʠʚʫ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʥʪʦʚʦʤʫ ʰʘʨʽ ʪʦʚʱʠʥʦʶ 5 ʠʤ ʚʽʜ ʝʥʝʨʛʽʾ ʌʝʨʤʽ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 0,3 eB ʧʨʠ 0 ʂ. ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ 0,5m . 

20. ɺʠʢʦʥʘʡʪʝ ʟʘʚʜʘʥʥʷ 15 i 16 ʜʣʷ ʢʚʘʥʪʦʚʠʭ ʥʠʪʦʢ, ʚʚʘʞʘʶʯʠ 

ʾʭʥʽ ʪʦʚʱʠʥʫ i ʰʠʨʠʥʫ ʦʜʥʘʢʦʚʦʶ. 
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ʈʆɿɼɯʃ 4 

 
ɽʅɽʈɻɽʊʀʏʅʀʁ CʇEKTP ɽʃɽʂʊʈʆʅɯɺ ʋ 

ʉʀʃʔʅʆʄʋ ʄɸɻʅɯʊʅʆʄʋ ʇʆʃɯ. 

PIBHI ʃɸʅɼɸʋ 

 
ʉʧʝʮʠʬʽʯʥʝ ʦʙʤʝʞʝʥʥʷ ʚʽʣʴʥʦʛʦ pyxy ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʚʠʥʠʢʘʩ, ʷʢʱʦ ʥʘ ʩʠʩʪʝʤʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘʢʣʘʜʘʶʪʴ ʩʠʣʴʥʝ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ. ʊʘʢʽ ʦʙʤʝʞʝʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴ ʽʩʪʦʪʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʷʢ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʦʩʽʾʚ, ʪʘʢ i ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʾʭʥʴʦʾ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʧʠʪʘʥʠʷ ʜʝʪʘʣʴʥʽʰʝ. 

 
 
 

4.1. ʊʈʀɺʀʄɯʈʅɯ ʉʀʉʊɽʄʀ 

 
ʅʘ ʝʣʝʢʪʨʦʥ, ʱʦ ʧʝʨʝʤʽʱʘʩʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ v ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʟ ʽʥʜʫʢʮʽʩʶ ɺ, ʜʽʩ ʩʠʣʘ ʃʦʨʝʥʮʘ F ðð e[ʤx ɺ\ , ʩʧʨʷʤʦʚʘʥʘ ʧʝʨʧʝʥ- 

ʜʠʢʫʣʷʨʥʦ  ʷʢ  ʜʦ ʥʘʧʨʷʤʢʫ  ʚʝʢʪʦʨʘ  ʰʚʠʜʢʦʩʪʽ  ʝʣʝʢʪʨʦʥʘ,  ʪʘʢ  i ʜʦ 

ʥʘʧʨʷʤʢʫ   ʚʝʢʪʦʨʘ   ʽʥʜʫʢʮʽʾ  ʤʘʛʥʽʪʥʦʛʦ   ʧʦʣʷ.  ɺʥʘʩʣʽʜʦʢ  ʮʴʦʛʦ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʝʣʝʢʪʨʦʥ ʨʫʭʘʩʪʴʩʷ ʧʦ ʩʧʽʨʘʣʽ ʚʟʜʦʚʞ ʤʘʛʥʽʪʥʠʭ 

ʩʠʣʦʚʠʭ ʣʽʥʽʡ. Pyx ʝʣʝʢʪʨʦʥʘ ʧʦ ʩʧʽʨʘʣʽ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʜʚʽ 

ʩʢʣʘʜʦʚʽ: ʧʦʩʪʫʧʘʣʴʥʠʡ pyx ʟ ʧʦʩʪʽʡʥʦʶ (ʷʢʱʦ ʝʣʝʢʪʨʦʥ ʥʝ 

ʧʨʠʩʢʦʨʶʩʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ) ʰʚʠʜʢʽʩʪʶ v, ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʦ,ʦ,ʚ,) ʡ ʦʙʝʨʪʘʣʴʥʠʡ pyx ʫ ʧʣʦʱʠʥʽ ʍʆʋ ʟ ʪʘʢ 

ʟʚʘʥʦʶ ʮʠʢʣʦʪʨʦʥʥʦʶ ʯʘʩʪʦʪʦʶ 

ʪ, ðð eB ʪ . (4.1) 

ʉʬʦʨʤʫʩʪʴʩʷ ʩʧʽʨʘʣʴʥʘ ʦʨʙʽʪʘ pyxy ʝʣʝʢʪʨʦʥʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʯʠ ʥʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʡʦʛʦ ʮʠʢʣʦʪʨʦʥʥʠʤ ʧʝʨʽʦʜʦʤ 

ʦʙʝʨʪʘʥʥʷ ʊ, ðð ʽ| (v, =m,/2 ) i ʯʘʩʦʤ ʨʝʣʘʢʩʘʮʽʾ û , ʱʦ ʚʠʟʥʘʯʘʩʪʴʩʷ 

ʧʨʦʮʝʩʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʷ ʟʘʨʷʜʫ. ʗʢʱʦ << ʊ, , ʪʦ ʟʘ ʦʜʠʥ ʧʝʨʽʦʜ 

ʦʙʝʨʪʘʥʥʷ ʥʦʩʽʡ ʟʘʨʷʜʫ ʚʩʪʠʛʥʝ ʙʘʛʘʪʦ ʨʘʟʽʚ ʨʦʟʩʽʷʪʠʩʷ, ʡʦʛʦ 

ʮʠʢʣʦʪʨʦʥʥʘ ʦʨʙʽʪʘ ʥʝ ʩʬʦʨʤʫʩʪʴʩʷ ʡ ʦʙʤʝʞʝʥʥʷ ʚʽʣʴʥʦʛʦ pyxy 

ʝʣʝʢʪʨʦʥʘ ʚ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ 
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ʧʦʣʷ, ʷʢ i ʚʟʜʦʚʞ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ, ʬʦʨʤʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʮʝʩʘʤʠ 
ʨʦʟʩʽʶʚʘʥʥʷ. ʎʝ ʚʠʧʘʜʦʢ ʪʘʢ ʟʚʘʥʠʭ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, 
ʤʘʪʝʤʘʪʠʯʥʫ ʫʤʦʚʫ ʷʢʠʭ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ ,û<< ʽ. 

ʗʢʱʦ ʞ, ʥʘʚʧʘʢʠ, û>>ʊ,, ʪʦ ʚ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ʚʽʜ ʟʽʪʢʥʝʥʥʷ ʜʦ 

ʟʽʪʢʥʝʥʥʷ ʟ ʮʝʥʪʨʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʡ ʝʣʝʢʪʨʦʥ ʚʩʪʠʛʥʝ ʟʨʦʙʠʪʠ 

ʜʝʢʽʣʴʢʘ ʧʦʚʥʠʭ ʦʙʝʨʪʽʚ ʧʦ ʩʧʽʨʘʣʽ. ʌʽʟʠʯʥʦ ʮʝ ʦʟʥʘʯʘʩ, ʱʦ ʪʝʧʝʨ 

ʧʨʠʨʦʜʘ ʦʙʤʝʞʝʥʥʷ ʚʽʣʴʥʦʛʦ pyxy ʝʣʝʢʪʨʦʥʘ ʫ ʥʘʧʨʷʤʢʘʭ ʚʟʜʦʚʞ i 

ʧʦʧʝʨʝʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩʪʘʣ ʨʽʟʥʦʶ. ɺʟʜʦʚʞ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 
ʚʽʣʴʥʠʡ pyx ʝʣʝʢʪʨʦʥʘ, ʷʢ i ʨʘʥʽʰʝ, ʣʽʤʽʪʫʩʪʴʩʷ ʡʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷʤ, 

ʧʦʧʝʨʝʢ ð ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʎʝ ʩʠʪʫʘʮʽʷ ʪʘʢ ʟʚʘʥʦʛʦ 
ʢʣʘʩʠʯʥʦ ʩʠʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʫʤʦʚʫ ̫ ʢʦʛʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ̫ ʢ 
ʪʫʪ >> 1. 

ʎʠʢʣʦʪʨʦʥʥʘ ʯʘʩʪʦʪʘ, ʷʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ h ʚʠʜʢʦʩʪʽ pyxy ʝʣʝʢʪʨʦʥʘ, ʪʦʙʪʦ ʚʩʽ 

ʝʣʝʢʪʨʦʥʠ ʫ ʢʣʘʩʠʯʥʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʦʙʝʨʪʘʶʪʴʩʷ ʟ 

ʦʜʥʘʢʦʚʦʶ ʯʘʩʪʦʪʦʶ. ʐʚʠʜʢʽʩʪʴ pyxy ʝʣʝʢʪʨʦʥʘ ʚʠʟʥʘʯʘʪʠʤʝ ʨʘʜʽʫʩ 

ʡʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʾ ʦʨʙʽʪʠ: ʝʣʝʢʪʨʦʥʠ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʦʙʝʨʪʘʶʪʴʩʷ ʧʦ ʦʨʙʽʪʽ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʘ, ʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ð ʧʦ 

ʦʨʙʽʪʽ ʤʘʣʦʛʦ ʨʘʜʽʫʩʘ. ʗʢʱʦ ʞ ʬʽʢʩʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʩ ʰʚʠʜʢʽʩʪʴ 

pyxy ʝʣʝʢʪʨʦʥʘ, ʘ ʥʝ ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʦ ʨʘʜʽʫʩ ʡʦʛʦ 

ʮʠʢʣʦʪʨʦʥʥʦʾ ʦʨʙʽʪʠ ʙʫʜʝ ʪʠʤ ʤʝʥʰʠʤ, ʯʠʤ ʩʠʣʴʥʽʰʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʩ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ pyx 

ʝʣʝʢʪʨʦʥʘ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʟ ʪʨʠʚʠʤʽʨʥʦʛʦ ʥʘ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʡ ʟ 

ʫʩʽʤʘ ʥʘʩʣʽʜʢʘʤʠ, ʷʢʽ ʟ ʮʴʦʛʦ ʚʠʧʣʠʚʘʶʪʴ, ʥʘʩʘʤʧʝʨʝʜ ð 

ʢʚʘʥʪʫʚʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨ- 

ʥʦʤʫ ʜʦ ʚʝʢʪʦʨʘ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʆʙʝʨʪʘʥʥʷ ʟ ʧʦʩʪʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʤʦʞʥʘ ʧʦʜʘʪʠ ̫ ʢ ʩʫʧʝʨʧʦʟʠʮʽʶ 

ʜʚʦʭ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʚʟʘʩʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ, 

ʷʢʽ ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʽ ʦʙʝʨʪʘʥʥʷ. ɻʘʨʤʦʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ, ʷʢ ʚʽʜʦʤʦ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ pyxy ʯʘʩʪʠʥʢʠ ʚ ʧʘʨʘʙʦʣʽʯʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʤʠ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʘ ʫ ʢʣʘʩʠʯʥʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ̫ ʢ ʩʧʝʢʪʨ ʢʚʘʥʪʦʚʦʾ 

ʯʘʩʪʢʠ ʫ ʜʚʦʚʠʤʽʨʥʽʡ ʧʘʨʘʙʦʣʽʯʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʷʢʠʡ, ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʩʧʽʥʦʚʦʛʦ ʚʠʨʦʜʞʝʥʥʷ, ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ 

(4.2) 
 

ɻʨʘʬʽʯʥʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʘ ʚ 

ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ, ̫ ʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.1. 
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ʈʠʩ. 4.1. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ (ʣʽʚʦʨʫʯ) 

ʪʘ ʝʣʝʢʪʨʦʥʘ ʫ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ (ʧʨʘʚʦʨʫʯ) 

 
 

ʗʢ ʙʘʯʠʤʦ, ʽʟʦʪʨʦʧʥʘ ʪʨʠʚʠʤʽʨʥʘ ʚ k-ʧʨʦʩʪʦʨʽ ʟʦʥʘ ʜʦʟʚʦʣʝʥʠʭ 

ʝʥʝʨʛʽʡ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʟ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʫ ʢʣʘʩʠʯʥʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʨʦʟʧʘʜʘʩʪʴʩʷ ʥʘ ʜʠʩʢʨʝʪʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʜʣʷ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʜʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʂʦʞʥʦʤʫ ʽʟ ʮʠʭ ʨʽʚʥʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʦʛʦ pyxy ʝʣʝʢʪʨʦʥʘ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ 

ʚʝʢʪʦʨʘ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʚʽʜʧʦʚʽʜʘʩ ʦʜʥʦʚʠʤʽʨʥʘ ʝʥʝʨʛʝʪʠʯʥʘ 

ʧʽʜʟʦʥʘ ʟ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʠʤ ʩʧʝʢʪʨʦʤ. 

ʂʚʘʥʪʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʩʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʥʘʟʠʚʘʶʪʴ 

ʨʽʚʥʷʤʠ ʃʘʥʜʘʫ. 

ʂʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʷʚʣʷʩ ʩʝʙʝ ʚ ʨʝʘʣʴʥʠʭ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʩʠʩʪʝʤʠ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʝʥʝʨʛʝʪʠʯʥʘ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʚʘʥʪʦʚʠʤʠ ʨʽʚʥʷʤʠ ʧʝʨʝʚʠʱʫʩ ʾʭʥʩ ʪʝʧʣʦʚʝ ʨʦʟʤʠʪʪʷ, 

ʪʦʙʪʦ ʢʦʣʠ ʚʠʢʦʥʫʩʪʴʩʷ ʫʤʦʚʘ: 

hʳ, >>/ʛ,ɻ . (4.3) 

ʉʠʣʴʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ (4.3), 

ʥʘʟʠʚʘʶʪʴʩʷ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ. ʉʘʤʝ ʚ 

ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʨʝʘʣʴʥʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʟ ʪʨʠʚʠʤʽʨʥʠʭ ʚ ʦʜʥʦʚʠʤʽʨʥʽ. 
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ɿʨʦʟʫʤʽʣʦ, ɦ ʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʝ ʟʥʠʱʫʩ i ʥʝ ʧʦʨʦʜʞʫʩ ʜʦʟʚʦʣʝʥʽ 

ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʘ, ʚʦʥʦ ʪʽʣʴʢʠ ʪʨʘʥʩʬʦʨʤʫʩ ʾʭʥʽʡ ʭʘʨʘʢʪʝʨ. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ 

ʟʘʜʘʩʪʴʩʷ ʡʦʛʦ ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ k: ʛ'- r2 +k +k2 . ʉʀʃʔʅʆʄ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʦ oci 0Z, ʚʽʥ ʟʘʜʘʩʪʴʩʷ ʥʘʙʦʨʦʤ 

ʚʝʣʠʯʠʥ ʣ (ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʢʚʘʥʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ), ʩ 
(ʮʠʢʣʦʪʨʦʥʥʘ ʯʘʩʪʦʪʘ), s (ʧʨʦʝʢʮʽʷ ʩʧʽʥʫ ʥʘ ʥʘʧʨʷʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 
0Z) i k (ʢʦʤʧʦʥʝʥʪʘ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʫ ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

0Z). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.2) ʬʘʢʪʠʯʥʦ ʦʟʥʘʯʘʩ, ɦ ʦ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ, ̫ ʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʣʴʥʦʤʫ pyxy ʝʣʝʢʪʨʦʥʘ ʫ ʥʘʧʨʷʤʢʘʭ k, i k , ʩʪʷʛʫʶʪʴʩʷ 

ʚ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚ ʨʷʜ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ. ʉʭʝʤʘʪʠʯʥʦ ʮʝ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.2. 
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ʈʠʩ. 4.2. ʉʪʷʛʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʩʠʩʪʝʤʫ ʢʚʘʥʪʦʚʠʭ ʨʽʚʥʽʚ ʃʘʥdʘʫ i 

ʽòʭʥʩ ʨʦʟʱʝʧʣʝʥʥʷ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʩʧʽʥʫ 

 
ʉʪʷʛʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 3D ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʜʦ ʥʘʢʣʘʜʘʥʥʷ 

ʥʘ ʩʠʩʪʝʤʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʦʟʤʽʱʘʣʠʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʤʫʟʽ 

ʟʘʚʰʠʨʰʢʠ , ʚ ʦʜʠʥ ʨʽʚʝʥʴ ʃʘʥʜʘʫ ʦʟʥʘʯʘʩ, ʱʦ ʨʽʚʥʽ ʃʘʥʜʘʫ ʩ 

ʩʠʣʴʥʦ ʚʠʨʦʜʞʝʥʠʤʠ ð ʢʦʞʥʦʤʫ ʽʟ ʥʠʭ, ʪʦʙʪʦ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʝʥʝʨʛʽʾ ( +1/2)A , ʚʽʜʧʦʚʽʜʘʩ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʘ, ʩʪʘʥʽʚ, ̫ ʢʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʥʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʧʨʦʝʢʮʽʾ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʘ ʥʘ ʥʘʧʨʷʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ k . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ pyxy ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʚʽʜ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʦ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʪʨʘʥʩʬʦʨʤʫʩʪʴʩʷ ʡ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʾʭʥʴʦʾ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʜ ʢʦʨʝʥʝʚʦʾ  ʧʘʨʘʙʦʣʠ  ʪʠʧʫ  /(Ã) - ʃ Á!2   ʜʦ ʦʙʝʨʥʝʥʦʾ 

ʢʦʨʝʥʝʚʦʾ ʧʘʨʘʙʦʣʠ ʫ(ɽ) - E"'!2 . ʂʨʽʤ ʪʦʛʦ, ʧʦʪʨʽʙʥʦ ʥʝ ʟʘʙʫʚʘʪʠ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚʽʜʙʫʚʘʩʪʴʩʷ ʚʽʜ ʦʜʥʽʩʾ ʪʨʠʚʠʤʽʨʥʦʾ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʽʜʟʦʥ, ʝʥʝʨʛʝʪʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 
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ʷʢʠʤʠ ʜʣʷ ʟʘʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟʘʜʘʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ) i 

ɯʭʥʷ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʜʫʢʮʽʩʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʜ ʝʥʝʨʛʽʾ, 

ʥʝʦʙʭʽʜʥʝ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʘ ʚʩʽʤʘ ʨʽʚʥʷʤʠ ʃʘʥʜʘʫ. ʊʦʯʥʠʡ i ʜʦʚʦʣʽ 

ʛʨʦʤʽʟʜʢʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʫʩ, ʱʦ ʩʫʤʘʨʥʘ ʛʫʩʪʠʥʘ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʘ ʚ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʨʦʜʞʝʥʥʷ 

ʟʘ ʩʧʽʥʦʤ ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ 
 

 

ʨ(ɽ) ðð 
1 

(4.4) 
2 

 

ɿʛʽʜʥʦ ʟ ʦʩʪʘʥʥʽʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʚʽʜ 0 ɼʆ //ʰ /2  ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʜʦʨʽʚʥʶʩ ʥʫʣʶ, ʦʩʢʽʣʴʢʠ ʫ ʮʴʦʤʫ 

ʧʨʦʤʽʞʢʫ ʜʦʟʚʦʣʝʥʠʭ ʩʪʘʥʽʚ ʥʝʤʘʩ (ʢʚʘʥʪʦʚʘ ʯʘʩʪʢʘ ʥʽʢʦʣʠ ʥʘ ʧʘʜʘʩ 

ʥʘ ʜʥʦ ʧʦʪʝʥʮʽʘʣʴʥʦʾ  ʷʤʠ). ɺ ʝʥʝʨʛʝʪʠʯʥʦʤʫ   ʽʥʪʝʨʚʘʣʽ ʚʽʜ  /2 ɼʆ 

3//m,/2 ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʠʟʥʘʯʘʩʪʴʩʷ ʚʥʝʩʢʦʤ ʪʽʣʴʢʠ ʥʘʡʥʠʞʯʦʛʦ, 

ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷ ʃʘʥʜʘʫ ʣ = 0. ʋ ʧʨʦʤʽʞʢʫ ʚʽɼ 3//w /2 ɼʆ Sʗm,/2 ɻ ʉʊʀʅ 

ʩʪʘʥʽʚ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʥʠʡ i ʧʝʨʰʠʡ ʟʙʫʜʞʝʥʠʡ ʨʽʚʥʽ ʃʘʥʜʘʫ i ʪ. ʜ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʥʦʪʦʥʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʪʠʧʫ y(E)- Eñ i! z ʪʨʘʥʩ- 

ʬʦʨʤʫʩʪʴʩʷ ʚ ʦʩʮʠʣʶʚʘʣʴʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʟ ʨʽʟʢʠʤʠ ʩʪʨʠʙʢʘʤʠ ii 

ʟʥʘʯʝʥʴ ʫ ʨʘʟʽ ʧʝʨʝʪʠʥʫ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʽʚʥʝʤ ʝʣʝʢʪʨʦʥʘ ʢʦʞʥʦʛʦ 

ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ ʃʘʥʜʘʫ (ʨʠʩ. 4.3). 

 

ʨ{ɽ) 

 

 

 

 

 

 

 
1 3 5 7 
2 2 2 2 

9 ɽ / hʪ 
2 

 

ʈʠʩ. 4.3. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ʐʪʨʠʭʦʚʘ ʣʽʥʽʷ ð 

ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

 
ʆʢʨʽʤ ñʩʪʷʛʫʚʘʥʥʷò ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʚʽʣʴʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʥʪʦʚʽ ʨʽʚʥʽ ʃʘʥʜʘʫ, ʩʠʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʩʧʨʠʯʠʥʷʩ 

ʪʘʢʦʞ ʨʦʟʱʝʧʣʝʥʥʷ ʮʠʭ ʨʽʚʥʽʚ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʚ ʝʣʝʢʪʨʦʥʘ ʩʧʽʥʫ. 

ɽʣʝʢʪʨʦʥ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟ ʽʥʜʫʢʮʽʩʶ ɺ ʤʘʩ ʝʥʝʨʛʽʶ, ʷʢʫ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʷʢ +1/2gHʚ// , ʜʝ g ð ʬʘʢʪʦʨ ʃʘʥʜʝ, ʘ ʯʚ ð ʤʘʛʥʝʪʦʥ ɹʦʨʘ. 3 

n=0 
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ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʚ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

(4.2) ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʪʘʢ: 

ɽ ð 
62#z 1 

 

2mó+ 
ʇ 

+ 2)= ð 
1 ' 2g  ʚ ɺ- (4.5) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (4.5) ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʨʽʚʥʽʚ ʃʘʥʜʘʫ, ʷʢʽ 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʽʜʨʽʚʥʷʤʠ ʃʘʥʜʘʫ, ʧʦʜʚʦʶʩʪʴʩʷ. ʇʦʜʚʦʶʩʪʴʩʷ i 

ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʥʢʽʚ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʣʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ (4.4), ʚʠʨʘʟ 

ʗʂʆɰ ɿʄʽʅʖʉʊʔʉʗ: 

 
ʨ(ɽ) ðð ([ɽ ð(ʧ +ð

1  1
 

2 2 

(4.6) 

 
ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʱʝ ʥʘ ʜʚʽ ʚʘʞʣʠʚʽ ʦʙʩʪʘʚʠʥʠ. ʇʝʨʰʘ ʽʟ ʥʠʭ 

ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ʱʦ ʭʦʯʘ pyx ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʥʪʦʚʦ 

ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘʙʫʚʘʩ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʛʦ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʨʦʟʤʽʨʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʱʦ ʦʧʠʩʫʩ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʴʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ pyxy i ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(4.4), ʚʽʜʧʦʚʽʜʘʩ ʨʦʟʤʽʨʥʦʩʪʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ð 

ʝɺ-1ʩʤ- (ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʮʷ ʨʦʟʤʽʨʥʽʩʪʴ, ʥʘʛʘʜʘʩʤʦ, ʩ  

eB- ʩʤ-1 ). ʋ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʭʪʦʚʥʦ ʤʘʣʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ Bð+0 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.4) ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʥʦʞʥʠʢʘ 2, ʷʢʠʡ ʚʨʘʭʦʚʫʩ 

ʚʠʨʦʜʞʝʥʥʷ ʟʘ ʩʧʽʥʦʤ, ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5.13). ɯʥʰʦʶ 

ʚʘʞʣʠʚʦʶ ʦʙʩʪʘʚʠʥʦʶ ʩ ʪʝ, ʱʦ ʛʫʩʪʠʥʘ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʪʨʠʚʠʤʽʨʥʠʭ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʟʘ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʠʷ ʾʭʥʴʦʾ ʝʥʝʨʛʽʾ ʡ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩ 

ʨʽʟʥʦʶ ʚ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ð ʢʨʽʤ ʟʘʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ i ʥʘʙʦʨʫ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʩʪʘʣʠʭ, ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʷʢʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

 
4.2. ɼɺʆɺʀʄɯʈʅɯ ʉʀʉʊɽʄʀ 

 
ʍʘʨʘʢʪʝʨ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ i ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ̔ ʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʦʛʦ, ʷʢ ʦʨʽʩʥʪʦʚʘʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʽʜʥʦʩʥʦ 2D ʢʘʥʘʣʫ. ʗʢʱʦ 

ʧʦʣʝ ʧʘʨʘʣʝʣʴʥʝ ʜʦ ʧʣʦʱʠʥʠ ʢʘʥʘʣʫ, ʪʦ ʜʣʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʟʘʣʠʰʘʩʪʴʩʷ 1D ʢʘʥʘʣ ʜʣʷ ʚʽʣʴʥʦʛʦ pyxy ʚʟʜʦʚʞ ʤʘʛʥʽʪʥʠʭ ʩʠʣʦʚʠʭ 

 
Z 
ʧ=0 
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ʣʽʥʽʡ. ɺʣʘʩʥʝ ʯʝʨʝʟ ʟʙʝʨʽʛʘʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʚʽʣʴʥʦʛʦ pyxy, ʘ ʚʽʜʪʘʢ 

ʥʝʧʝʨʝʨʚʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʮʝʡ ʚʠʧʘʜʦʢ ʥʝ 

ʩʪʘʥʦʚʠʪʴ ʷʢʦʛʦʩʴ ʦʩʦʙʣʠʚʦʛʦ ʽʥʪʝʨʝʩʫ. 

ʇʨʠʥʮʠʧʦʚʦ ʽʥʰʦʶ ʩ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʩʧʨʷʤʦʚʘʥʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ 2D ʢʘʥʘʣʫ. ʋ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ pyx 2D 

ʝʣʝʢʪʨʦʥʽʚ ʦʙʤʝʞʫʩʪʴʩʷ ʛʨʘʥʠʮʷʤʠ ʜʚʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʅʘʢʣʘʜʘʥʥʷ ʩʠʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ɺ ʦʙʤʝʞʫʩ pyx 2D ʝʣʝʢʪʨʦʥʘ ʡ ʫ ʧʣʦʱʠʥʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʰʘʨʫ i, ʦʪʞʝ, 

2D ʝʣʝʢʪʨʦʥ ʚʪʨʘʯʘʩ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʚʽʣʴʥʦʛʦ pyxy. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʜʚʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘʙʫʚʘʩ ʩʫʪʦ ʢʚʘʥʪʦʚʦʛʦ 

ʚʠʛʣʷʜʫ. ɹʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʧʽʥʦʚʦʛʦ i ʜʦʣʠʥʥʦʛʦ ʚʠʨʦʜʞʝʥʥʷ ʡʦʛʦ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

 ˒ɂɂ ˒  + ɉ ̐+ ρȾςɊˬ̟ȟ , (4. 7) 

ʜʝ Ec ð ʝʥʝʨʛʽʷ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ;  

hm, ðð heB, lm ð ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʽʚʥʷʤʠ ʃʘʥʜʘʫ ʟ ʢʚʘʥʪʦʚʠʤʠ ʯʠʩʣʘʤʠ ʣ i 

ʣ+1. 

ɼʠʩʢʨʝʪʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, 

ʦʧʠʩʫʶʪʴʩʷ ʟ -ʧʦʜʽʙʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ɼʣʷ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʾʭʥʷ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʪʘʢʦʞ 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʨʦʟʰʠʨʝʥʠʭ ʟ -ʬʫʥʢʮʽʡ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʟʘ ʝʥʝʨʛʽʡ, ̫ ʢʽ 

ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʽʚʥʷʤʠ ʃʘʥʜʘʫ. ʂʚʘʥʪʦʚʦ ʩʠʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʨʦʙʠʪʴ 

ʧʝʨʝʢʨʠʪʪʷ ʮʠʭ ʬʫʥʢʮʽʡ ʥʝʭʪʦʚʥʦ ʤʘʣʠʤ. ɹʽʣʴʰʝ ʪʦʛʦ, i ɦ ʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ, ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ, ʷʢ ʧʦʢʘʟʫʩ 

ʨʦʟʨʘʭʫʥʦʢ, ʨʝʟʫʣʴʪʫʶʯʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ 

ʃʘʥʜʘʫ ʩʠʩʪʝʤʠ 2D ʝʣʝʢʪʨʦʥʽʚ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʩʪʘʣʠʭ ð ʟʘʨʷʜʫ 

ʝʣʝʢʪʨʦʥʘ i ʩʪʘʣʦʾ ʇʣʘʥʢʘ. Hi ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ, ʚ 

ʷʢʽʡ ʨʝʘʣʽʟʦʚʘʥʦ ʜʚʦʚʠʤʽʨʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ, ʥʽ ʝʥʝʨʛʽʷ ʦʩʪʘʥʥʽʭ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ, ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ 

ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʽʚʥʷʭ ʃʘʥʜʘʫ 2D ʩʠʩʪʝʤ. ɸʥʘʣʽʪʠʯʥʦ ʦʩʪʘʥʥʷ 

ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʨ(ɽ) ðð N    (4.8) 

ʉʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʚʦʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʜʦ ʧʣʦʱʠʥʠ 2D ʩʠʩʪʝʤʠ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.4. ʊʘʤ ʩʘʤʦ ʩʭʝʤʘʪʠʯʥʦ 

ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʩʶ ʧʦʢʘʟʘʥʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʠʭʽʜʥʠʭ 2D ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 
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ʑʦʧʨʘʚʜʘ, ʪʨʝʙʘ ʧʘʤôʷʪʘʪʠ, ʱʦ ʪʘʢʝ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʦʜʥʦʤʫ ʛʨʘʬʽʢʫ 

ʜʦʚʦʣʽ ʫʤʦʚʥʝ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʠ NL ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʽʚʥʷʭ 

ʃʘʥʜʘʫ i /(ɽ) ɼʃ ̫2D ʝʣʝʢʪʨʦʥʽʚ ʤʘʶʪʴ ʨʽʟʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ð ʚʽʜʧʦʚʽʜʥʦ 

ʩʤ-2 i ʝɺ-1ʩʤ-2 (ʩʪʫʧʽʥʴ ʚʠʨʦʜʞʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʥʝ ʥʦʨʤʫʩʪʴʩʷ ʥʘ ʦʜʠʥʠʯʥʠʡ ̔ ʥʪʝʨʚʘʣ ʝʥʝʨʛʽʾ, ʘ ʪʽʣʴʢʠ ʥʘ ʦʜʠʥʠʯʥʠʡ 

ʨʦʟʤʽʨ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ð ʧʣʦʱʫ ʩʠʩʪʝʤʠ). 

 
ʨ(ɽ) 

 

 

 

 

 

 

0 1 3 5 ʃ 
2 2 2 /ʽʰʨ 

 
ʈʠʩ. 4.4. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 2D ʝʣʝʢʪʨʦʥʽʚ 

ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ʐʪʨʠʭʦʚʘ ʣʽʥʽʷ ð 

ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

 
ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʩʧʽʥʦʚʝ i ʜʦʣʠʥʥʝ ʚʠʨʦʜʞʝʥʥʷ, ʪʦ ʢʦʞʝʥ ʨʽʚʝʥʴ 

ʃʘʥʜʘʫ ʨʦʟʱʝʧʣʶʩʪʴʩʷ ʥʘ ʧʽʜʨʽʚʥʽ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʘ 

ʪʨʘʥʩʬʦʨʤʫʩʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

                                      (4.9) 

ʜʝ   s ð+  1    (ʩʧʽʥʦʚʝ   ʢʚʘʥʪʦʚʝ   ʯʠʩʣʦ);   v ðð+  1    (ʜʦʣʠʥʥʝ   ʢʚʘʥʪʦʚʝ 

ʯʠʩʣʦ); Ev ð ʜʦʣʠʥʥʝ ʨʦʟʱʝʧʣʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʛʫʩʪʠʥʘ ñʧʽʢʽʚò ʥʘ 

ʨʠʩ. 4.4 ʟʨʦʩʪʝ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʟʤʝʥʰʠʪʴʩʷ, ʘʣʝ ʚʠʩʦʪʘ ʢʦʞʥʦʛʦ 
ʧʽʢʘ (ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʥʘ ʧʽʜʨʽʚʥʽ) ʟʘʣʠʰʠʪʴʩʷ ʥʝʟʤʽʥʥʦʶ i 
ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʚʩʝ ʪʦʤʫ ʩʘʤʦʤʫ ʟʥʘʯʝʥʥʖ eBih . 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʱʽʣʠʥʘ ʤʽʞ ʨʽʚʥʷʤʠ 

ʃʘʥʜʘʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʜʦ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺĂ ʪʦʜʽ ʷʢ ʩʧʽʥʦʚʝ ʨʦʟʱʝʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ. ʎʝ ʜʘʩ ʟʤʦʛʫ ʥʝʟʘʣʝʞʥʦ ʟʤʽʥʶʚʘʪʠ ʮʽ 

ʝʥʝʨʛʽʾ, ʟʤʽʥʶʶʯʠ ʦʨʽʩʥʪʘʮʽʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʱʦʜʦ ʥʦʨʤʘʣʽ ʜʦ 

ʧʦʚʝʨʭʥʽ 2D ʩʠʩʪʝʤʠ. 

ʂʦʨʠʩʥʦ ʧʦʛʣʷʥʫʪʠ ʥʘ ʚʠʨʘʟ ʜʣʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʚʦʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʽʜ ʽʥʰʠʤ ʢʫʪʦʤ ʟʦʨʫ. 

ʇʝʨʝʧʠʰʝʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.8) ʫ ʚʠʛʣʷʜʽ 

ʨ(ɽ) ðð ɺ/(h/ ʝ) . (4.10) 
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ɺʝʣʠʯʠʥʘ h/e ʤʘʩ ʨʦʟʤʽʨʥʽʩʪʴ ɺ ʩ, ʪʦʙʪʦ ʚʝʙʝʨ ð ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʦʪʦʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. li ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʚʘʥʪ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ. ɿʚʠʯʘʡʥʦ, ʩʘʤʝ ʧʦ ʩʦʙʽ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʝ ʢʚʘʥʪʫʩʪʴʩʷ, ʘʣʝ 

ʡʦʛʦ ʧʦʪʽʢ ʽʥʦʜʽ ʟʨʫʯʥʦ ʨʦʟʛʣʷʜʘʪʠ ʩʘʤʝ ʚ ʦʜʠʥʠʮʷʭ ʪʘʢʦʛʦ ñʢʚʘʥʪʘò. 

ɼʣʷ ʦʜʠʥʠʯʥʦʾ ʧʣʦʱʽ, ʜʣʷ ʷʢʦʾ ʨʦʟʨʘʭʦʚʫʩʪʴʩʷ ʛʫʩʪʠʥʘ ʢʚʘʥʪʦʚʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ ʚʠʟʥʘʯʘʩ ʚʝʣʠʯʠʥʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʌððɺɮ, ʷʢʠʡ ʧʨʦʥʠʟʫʩ ʮ  ʁʦʜʠʥʠʯʥʫ ʧʣʦʱʫ. ʊʦʤʫ 

ʚʽʜʥʦʰʝʥʥʷ ɺ ʜʦ (h/e) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʽʚ ʧʦʪʦʢʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ̫ ʢʝ ʧʨʦʥʠʟʫʩ ʜʚʦʚʠʤʽʨʥʫ ʩʠʩʪʝʤʫ ʦʜʠʥʠʯʥʦʾ ʧʣʦʱʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ i-i ʧʦʚʝʨʭʥʽ. ʆʪʞʝ, ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘ ʨʽʚʥʽ ʃʘʥʜʘʫ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʠʥʠʢʘʩ 

ʩʪʽʣʴʢʠ ʜʦʟʚʦʣʝʥʠʭ ʩʪʘʥʽʚ, ʩʢʽʣʴʢʠ ʢʚʘʥʪʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ h/e 

ʧʨʦʥʠʟʫʩ ʜʚʦʚʠʤʽʨʥʠʡ ʰʘʨ ð ʦʜʠʥ ʜʦʟʚʦʣʝʥʠʡ ʩʪʘʥ ʥʘ ʦʜʠʥ ʢʚʘʥʪ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʚʦʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʧʝʨʝʯʥʠʭ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʙʫʜʝ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʥʘʩ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʢʦʥʮʝʧʮʽʾ ʢʦʤʧʦʟʠʪʥʠʭ 

ʯʘʩʪʦʢ ʟ ʜʨʦʙʦʚʠʤ ʟʘʨʷʜʦʤ, ʧʨʦ ʷʢʽ ʡʪʠʤʝʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ 

ʜʨʦʙʦʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ. 

 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʮʠʢʣʦʪʨʦʥʥʦʾ ʯʘʩʪʦʪʠ i ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ, 

ʚʽʜ ʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʦʥʘ ʟʘʣʝʞʠʪʴ. 

2. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʪʨʘʩʢʪʦʨʽʾ pyxy ʝʣʝʢʪʨʦʥʽʚ ʫ ʩʣʘʙʢʠʭ i 

ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ. 

3. ʇʦʷʩʥʽʪʴ, ̫ ʢ ʨʘʜʽʫʩ ʮʠʢʣʦʪʨʦʥʥʦʾ ʦʨʙʽʪʠ ʝʣʝʢʪʨʦʥʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ̔ ʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, i ʜʦ ̫ ʢʠʭ ʥʘʩʣʽʜʢʽʚ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ 

ʧʨʠʚʦʜʠʪʠ. 

4. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʩʣʘʙʢʠʭ, ʢʣʘʩʠʯʥʦ ʩʠʣʴʥʠʭ i ʢʚʘʥʪʦʚʦ 

ʉʀʃʔʅʀʍ ʄÃɯɻʅ ʽʊʅʀʍ ʇʆʃiB. 

5. ʇʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ i ʩʬʦʨʤʫʣʶʡʪʝ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʢʚʘʥʪʦʚʦ 

ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 

6. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʧʨʠʢʣʘʜʝʥʝ 

ʧʘʨʘʣʝʣʴʥʦ i ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ 2D ʢʘʥʘʣʫ, ʧʦ-ʨʽʟʥʦʤʫ 

ʚʧʣʠʚʘʩ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 2D ʝʣʝʢʪʨʦʥʽʚ. ʉʬʦʨʤʫʣʶʡʪʝ 

ʦʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʮʴʦʛʦ ʚʧʣʠʚʫ. 

7. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʃʘʥʜʘʫ, ʧʦʷʩʥʽʪʴ, ʷʢ ʚʦʥʠ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ i ʷʢʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʠʟʥʘʯʘʩʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ. 
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8. ʇʦʷʩʥʽʪʴ, ʷʢ i ʯʦʤʫ ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʘ ʟʤʽʥʶʩ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ. 

9. ʇʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ i ʩʬʦʨʤʫʣʶʡʪʝ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʢʚʘʥʪʦʚʦ 

ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 

10. ʇʨʦʘʥʘʣʽʟʫʡʪʝ ʟ ʧʦʛʣʷʜʫ ʩʧʽʣʴʥʠʭ i ʚʽʜʤʽʥʥʠʭ ʨʠʩ ʚʧʣʠʚ 

ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ 3D i 2D ʩʠʩʪʝʤʘʭ. 

11. ɿʦʙʨʘʟʽʪʴ ʛʨʘʬʽʯʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 3D i 2D ʩʠʩʪʝʤʘʭ ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʇʦʣʗʭ. 

12. ɿʥʘʡʜʽʪʴ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚʠʨʦʜʞʝʥʥʷ ʟʘ ʩʧʽʥʦʤ ʤʦʞʫʪʴ ʨʦʟʤʽʩʪʠʪʠʩʷ ʥʘ ʧʝʨʰʦʤʫ i ʜʨʫʛʦʤʫ 

ʨʽʚʥʷʭ ʃʘʥʜʘʫ, ʷʢʱʦ ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʃʘʥʜʘʫ ʟʘʣʠʰʘʩʪʴʩʷ ʚʽʣʴʥʠʤ. ʊʝ 

ʩʘʤʝ ʜʣʷ ʧʝʨʰʦʛʦ i ʪʨʝʪʴʦʛʦ, ʪʘ ʜʨʫʛʦʛʦ i ʪʨʝʪʴʦʛʦ ʨʽʚʥʽʚ ʃʘʥʜʘʫ, 

ʷʢʱʦ ʯʝʪʚʝʨʪʠʡ ʨʽʚʝʥʴ ʃʘʥʜʘʫ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʣʴʥʠʤ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʡʪʝ i ʧʦʷʩʥʽʪʴ. 
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ʏʘʩʪʠʥʘ ll. ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʆɺɯ ʉʊʈʋʂʊʋʈʀ 

ʅɸʅʆɽʃɽʂʊʈʆʅɯʂʀ 

 
ʈʆɿɼɯʃ 5 

ɼɺʆɺʀʄɯʈʅɯ ʉʊʈʋʂʊʋʈʀ 

 
ʗʢ ʫʞʝ ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʟʥʘʯʘʣʦʩʷ, ʜʚʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ð ʮʝ 

ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʠʭ ʥʦʩʽʾ ʟʘʨʷʜʫ ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʨʫʭʘʪʠʩʷ ʫ ʜʚʦʭ 

ʥʘʧʨʷʤʢʘʭ, ʘ ʚ ʪʨʝʪʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʮʠʭ ʜʚʦʭ, 

µx pyx ʩʫʪʪʩʚʦ ʦʙʤʝʞʝʥʠʡ. 

ʅʘʡʧʨʦʩʪʽʰʦʶ ʩʠʩʪʝʤʦʶ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, 

ʥʘʙʣʠʞʝʥʦʶ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦ ʜʚʦʚʠʤʽʨʥʦʾ, ʤʦʛʣʘ ʙʠ ʙʫʪʠ 

ʥʘʨʦʱʝʥʘ ʥʘ ʧʽʜʢʣʘʜʢʫ ʪʦʥʢʘ ʝʧʽʪʘʢʩʽʡʥʘ ʧʣʽʚʢʘ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʚʱʠʥʠ. 

ʊʠʤ ʙʽʣʴʰʝ, ʱʦ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʶʪʴ ʟʤʦʛʫ ʥʘʨʦʱʫʚʘʪʠ ʪʦʥʢʽ 

ʝʧʽʪʘʢʩʽʡʥʽ ʰʘʨʠ ʙʫʜʴ-ʷʢʦʾ ʪʦʚʱʠʥʠ, ʘʞ ʜʦ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʩ ʫʤʦʚʫ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤʠ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʜʝ 

ɹʨʦʡʣʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʮʽʣʢʦʤ ʜʦʩʪʫʧʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʘʢ 

ʚʽʜʢʨʠʪʘ ʝʧʽʪʘʢʩʽʡʥʘ ʧʣʽʚʢʘ ʥʝ ʩ ʜʦʙʨʦʶ ʜʚʦʚʠʤʽʨʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʩʠʩʪʝʤʦʶ. ʇʦ-ʧʝʨʰʝ, ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʜʝʬʝʢʪʠ ʨʦʩʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʯʫʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ, ʘ ʚʽʜʪʘʢ ð ʜʦ ʟʥʠʞʝʥʥʷ ʾʭʥʴʦʾ ʨʫʭʣʠʚʦʩʪʽ. ʇʦ-ʜʨʫʛʝ, ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚʽʜʢʨʠʪʦʾ ʧʦʚʝʨʭʥʽ ʝʧʽʪʘʢʩʽʡʥʦʾ ʧʣʽʚʢʠ ʚʠʥʠʢʘʶʪʴ ʥʝʨʽʚʥʦʩʪʽ 

iµ ʪʦʚʱʠʥʠ. ʎʝ ʚʝʜʝ ʜʦ ʨʦʟʤʠʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʪʦʙʪʦ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʾ ʨʠʩʠ 

ʩʪʨʫʢʪʫʨ, ʨʦʟʤʽʨʥʽʩʪʴ ʷʢʠʭ ʩ ʥʠʞʯʦʶ ʟʘ ʪʨʠ. 

ɺʠʭʽʜ ʽʟ ʦʧʠʩʘʥʦʾ ʩʠʪʫʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʜʚʦʷʢʠʤ. ʅʘ ʪʦʥʢʫ 

ʝʧʽʪʘʢʩʽʡʥʫ ʧʣʽʚʢʫ ʚ ʥʝʧʝʨʝʨʚʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʥʘ 

ʥʘʨʦʩʪʠʪʠ ʜʦʜʘʪʢʦʚʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ, ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ, ʥʘ ʷʢʽʡ ʮʷ ʧʣʽʚʢʘ ʩʬʦʨʤʦʚʘʥʘ. ʊʘʢ 

ʩʪʚʦʨʶʶʪʴ 2D ʩʪʨʫʢʪʫʨʫ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ 

ʪʠʧʫ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʦʛʦ ʰʘʨʫ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʤʽʞ 

ʰʘʨʘʤʠ h ʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɼʚʦʚʠʤʽʨʥʠʡ ʧʨʦʚʽʜʥʠʡ 

ʢʘʥʘʣ ʤʦʞʥʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ i ʚ ʽʥʰʠʡ ʩʧʦʩʽʙ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ 

pyxy ʚʽʣʴʥʠʭ ʥʦʩʽʚ ʟʘʨʷʜʫ ʥʝ ʚʩ ʁʪʦʚʱʠʥʫ ʝʧʽʪʘʢʩʽʡʥʦ ʥʘʨʦʱʫʚʘʥʦʛʦ 

ʪʦʥʢʦʛʦ h ʘʨʫ, ʘ ʪʽʣʴʢʠ ʚʫʟʴʢʫ ʡʦʛʦ ʦʙʣʘʩʪʴ ʥʘ ʧʣʦʩʢʽʡ ʤʝʞʽ ʢʦʥʪʘʢʪʫ ʟ 
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ʧʽʜʢʣʘʜʢʦʶ ʯʠ ̔ ʥʰʠʤ ʪʦʥʢʠʤ ʰʘʨʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʩʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ i ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʉʘʤʝ ʫ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ̫ ʚʠʱʘ, ʩʧʨʠʯʠʥʝʥʽ 

ʜʚʦʚʠʤʽʨʥʽʩʪʶ ʩʠʩʪʝʤʠ: ʨʦʟʤʽʨʥʝ ʢʚʘʥʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ  ʩʧʝʢʪʨʘ 

ʫ ʥʘʧʨʷʤʢʫ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤʠ, ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ, 

ʢʚʘʥʪʫʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʣʽʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟʘ ʟʤʽʥʠ ʡʦʛʦ 

ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʚʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ. 

ɺʽʜʥʝʜʘʚʥʘ, ʢʦʣʠ ʚʜʘʣʦʩʷ ʟʥʘʡʪʠ ʧʨʦʩʪʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʨʘʬʝʥʫ, ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʩʪʘʣʠ ʧʨʠʜʽʣʷʪʠ i 2D 

ʩʠʩʪʝʤʘʤ ʫ ʚʠʛʣʷʜʽ ñʽʩʪʠʥʥʦò ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ, ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ 

ʧʠʪʘʥʠʷ 2D ʩʠʩʪʝʤ ʚ ʢʦʥʪʝʢʩʪʽ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʩʪʨʫʢʪʫʨ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʜʚʦʚʠʤʽʨʥʽ ʢʘʥʘʣʠ pyxy 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

5.1. ɼɺʆɺʀʄɯʈʅɯ ʂʈʀʉʊɸʃʀ 
 

ʇʨʦʙʣʝʤʘ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ ʦʭʦʧʣʶʩ ʜʚʘ ʚʟʘʩʤʦʟʚôʷʟʘʥʽ 

ʧʨʠʥʮʠʧʦʚʽ ʧʠʪʘʥʠʷ: 

Å ʷʢʽ ʜʚʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʜʘʣʴʥʽʤ ʧʦʨʷʜʢʦʤ ʤʦʞʫʪʴ ̔ ʩʥʫʚʘʪʠ ʟ 

ʧʦʛʣʷʜʫ ʩʠʤʝʪʨʽʾ? 

Å ʯʠ ʤʦʞʣʠʚʝ ʽʩʥʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʜʘʣʴʥʽʤ 

ʧʦʨʷʜʢʦʤ ʟ ʧʦʛʣʷʜʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ? 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʧʠʪʘʥʠʷ ʧʨʦ ʤʦʞʣʠʚʫ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ 

ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʦʟʥʘʢʦʶ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ 

ʨʝʯʦʚʠʥʠ ʩ ʽʩʥʫʚʘʥʥʷ ʜʘʣʴʥʴʦʛʦ ʧʦʨʷʜʢʫ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʧʽʜ ʯʘʩ 

ʟʤʽʱʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʘʩ ʜʘʣʴʥʽʡ ʧʦʨʷʜʦʢ, ʥʘ ʜʝʷʢʠʡ ʚʝʢʪʦʨ, ̫ ʢʠʡ 

ʥʘʟʠʚʘʩʪʴʩʷ ʚʝʢʪʦʨʦʤ ʪʨʘʥʩʣʷʮʽʾ, ʩʠʩʪʝʤʘ ʩʫʤʽʱʘʩʪʴʩʷ ʩʘʤʘ ʟ 

ʩʦʙʦʶ. 

ʆʩʥʦʚʥʠʤ ʧʦʥʷʪʪʷʤ, ʷʢʝ ʜʘʩ ʟʤʦʛʫ ʦʧʠʩʘʪʠ ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʽʣʘ, ʩ ʪʘʢ ʟʚʘʥʘ ʛ'ʨʘʪʢʘ ɹʨʘʚʝ. 

ɪʨʘʪʢʘ ɹʨʘʚʝ ð ʮʝ ʥʝʩʢʽʥʯʝʥʥʘ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ 

ʫʪʚʦʨʝʥʘ ʜʠʩʢʨʝʪʥʠʤʠ ʪʦʯʢʘʤʠ i ʤʘʩ ʘʙʩʦʣʶʪʥʦ ʦʜʥʘʢʦʚʠʡ ʧʨʦʩʪʦ- 

ʨʦʚʠʡ ʧʦʨʷʜʦʢ ʪʘ ʦʨʽʩʥʪʘʮʽʶ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʫ ʪʦʯʢʫ ʮʽʩʾ 

ʩʪʨʫʢʪʫʨʠ ʤʠ ʚʠʙʠʨʘʩʤʦ ʟʘ ʧʦʯʘʪʢʦʚʫ. 

ʇʨʠʢʣʘʜ ʜʚʦʚʠʤʽʨʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʩ ɻʨʘʪʢʦʶ 

ɹʨʘʚʝ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.1, ʦ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʟʘʙʫʜʦʚʘʥʘ ʟʘ 
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ɸ ɺ 

ɸ ɺ ɸ ɺ 

ʜʦʧʦʤʦʛʦʶ ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʪʠʧʥʠʭ ʦʧʝʨʘʮʽʡ, ʧʦʯʠʥʘʶʯʠ ʟʘʙʫʜʦʚʫ ʟ 

ʙʫʜʴ-ʷʢʦʾ ʚʠʭʽʜʥʦʾ ʪʦʯʢʠ ɻʨʘʪʢʠ. 

ɿʚʽʩʥʦ, ʥʝ ʚʩʽ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʩ ɻʨʘʪʢʘʤʠ ɹʨʘʚʝ. ɸʣʝ ʙʫʜʴ- 

ʷʢʫ ʽʟ ʥʠʭ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ɻʨʘʪʢʫ ɹʨʘʚʝ, ʟ ʚʫʟʣʘʤʠ ʷʢʦʾ ʟʚôʷʟʘʥʽ 

ʧʝʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʨʝʘʣʴʥʦʾ ɻʨʘʪʢʠ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ 

ʙʘʟʠʩʦʤ. ʊʦʤʫ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ɻʨʘʪʢʠ ɹʨʘʚʝ ʤʘʶʪʴ ʧʨʦʩʪʠʡ ʙʘʟʠʩ 

(ʦʜʠʥ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ ɻʨʘʪʢʠ), ʘ ʚʩʽ ʽʥʰʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ 

ɻʨʘʪʢʦʶ ɹʨʘʚʝ ʟʽ ʩʢʣʘʜʥʠʤ ʙʘʟʠʩʦʤ, ʢʦʣʠ ʟ ʚʫʟʣʦʤ ɻʨʘʪʢʠ ʟʚôʷʟʫ- 

ʩʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ. 
 

 
ʈʠʩ. 5.1. ʘ ð ʜʚʦʚʠʤʽʨʥʘ ʛʨʘʪʢʘ ɹʨʘʚʝ; ʙ ð ʜʚʦʚʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʪʠʧʫ ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ i ñʽñʽñʧʦʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʪʢʠ ɺʨʘʚʝ 

 

ʉʢʘʟʘʥʝ ʽʣʶʩʪʨʫʩ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.1, 6 ʜʚʦʚʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʪʠʧʫ ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ, ʷʢʘ, ʭʦʯʘ i ʩ ʽʜʝʘʣʴʥʦ ʧʨʘʚʠʣʴʥʦʶ 

ʧʝʨʽʦʜʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʨʦʪʝ ʥʝ ʩ ɻʨʘʪʢʦʶ ɹʨʘʚʝ. ʎʝ ʚʠʧʣʠʚʘʩ ʟ 

ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʟʘʙʫʜʦʚʘ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʟʜʽʡʩʥʶʩʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, 

ʷʢʱʦ i-i ʨʦʟʧʦʯʠʥʘʪʠ ʟ ʪʦʯʦʢ ʪʠʧʫ ɸ ʯʠ ʟ ʪʦʯʦʢ ʪʠʧʫ ɺ. ɺʦʜʥʦʯʘʩ ii 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʢʦʩʦʢʫʪʥʦʾ ɻʨʘʪʢʠ ɹʨʘʚʝ ʟ ʙʘʟʠʩʦʤ ʫ ʚʠʛʣʷʜʽ 

ʚʠʜʽʣʝʥʦʾ ʬʽʛʫʨʠ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʤʝʞʘʭ ʧʘʨʘʣʝʣʦʛʨʘʤʘ, 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ at I o2 ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.1, 6. 

ʄʘʪʝʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʫ ɻʨʘʪʢʠ ɹʨʘʚʝ, ʪʦʙʪʦ ʢʦʦʨʜʠʥʘʪʠ ʙʫʜʴ- 

ʷʢʦʾ iµ ʪʦʯʢʠ, ʤʦʞʥʘ ʟʘʜʘʪʠ ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

(5.1) 

ʜʝ ʘ, i a2 ð ʜʦʚʽʣʴʥʽ ʚʝʢʪʦʨʠ, ʷʢʽ ʥʝ ʣʝʞʘʪʴ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ; ʃf i ʣt ð 

ʜʦʚʽʣʴʥʽ ʮʽʣʽ ʯʠʩʣʘ, ʘ ʧʦʙʫʜʦʚʘ ʚʝʢʪʦʨʘ ʣ ʚʝʜʝʪʴʩʷ ʚʽʜ ʜʝʷʢʦʾ ʪʦʯʢʠ, 

ʷʢʫ ʫʤʦʚʥʦ ʚʠʙʨʘʥʦ ʟʘ ʚʠʭʽʜʥʫ. 

ʇʨʠʢʣʘʜ ʜʚʦʚʠʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(5.1), ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.2. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 5.2, ʪʘ ʩʘʤʘ 

ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʟʘʙʫʜʦʚʘʥʘ i ʥʘ ʦʩʥʦʚʽ ̔ ʥʰʠʭ ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥ- 
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ʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ, ʥʘʧʨʠʢʣʘʜ,  ⱪ  i Ḓ  ʯʠ cc  i ʩ  , ʷʢ̔ ʪʘʢ ʩʘʤʦ ʥʝ ʣʝʞʘʪʴ 

ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ: 

  (5.2) 

ʜʝ ʪ1, ʪ2, k1, k2 ð ʮʽʣʽ ʯʠʩʣʘ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʜʦʚʞʠʥʠ ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʎɰʁ of ʘ ʪʘ 

ʢʫʪ ʫ ʤʽʞ ʥʠʤʠ ʥʝ ʥʘʢʣʘʜʘʩʪʴʩʷ ʥʽʷʢʠʭ ʦʙʤʝʞʝʥʴ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʥʝʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʜʚʦʚʠʤʽʨʥʠʭ ʛôʨʘʪʦʢ ɹʨʘʚʝ. 

ɹʫʜʴ-ʷʢʘ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʩ ʛ'ʨʘʪʢʦʶ ɹʨʘʚʝ i ʤʘʪʝʤʘ- 

ʪʠʯʥʦ ʦʧʠʩʫʩʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (5.1), ʤʦʞʝ ʙʫʪʠ ʟʘʙʫʜʦʚʘʥʘ ʟʘ ʜʦʧʦ- 

ʤʦʛʦʶ ʧʘʨʘʣʝʣʦʛʨʘʤʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʘʥʩʣʷʮʽʡ Å1 Å2 ʇʘʨʘʣʝʣʦʛʨʘʤ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥ- 

ʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ, ʥʘʟʠʚʘʩʪʴʩʷ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ ɻʨʘʪʢʠ 

ɹʨʘʚʝ. 

ʗʢ ʤʠ ɦ ʦʡʥʦ ʙʘʯʠʣʠ, ʜʣʷ ʦʜʥʽʩʾ i ʪʽʩʾ ʩʘʤʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫ- 

ʨʠ ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʙʨʘʥʽ ʫ ʜʦʚʽʣʴ- 

ʥʠʡ ʩʧʦʩʽʙ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʘ 

ʥʝʾ ʤʦʞʝ ʧʨʠʧʘʜʘʪʠ ʦʜʥʘ (ʢʦʤʽʨʢʠ 1, 2, ʨʠʩ. 5.2) ʘʙʦ ʙʽʣʴʰʝ (ʢʦʤʽʨʢʠ 

3, 4, ʨʠʩ. 5.2) ʪʦʯʦʢ ʛôʨʘʪʢʠ ɹʨʘʚʝ. ʗʢʱʦ ʥʘ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ 

ʧʨʠʧʘʜʘʩ ʦʜʥʘ ʪʦʯʢʘ ʛôʨʘʪʢʠ ɹʨʘʚʝ, ʪʦ ʪʘʢʘ ʢʦʤʽʨʢʘ ʥʘʟʠʚʘʩʪʴʩʷ 

ʧʨʠʤʽʪʠʚʥʦʶ. Yci ʽʥʰʽ ʝʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ð ʥʝʧʨʠʤʽʪʠʚʥʽ. 
 
 
 

ʈʠʩ. 5.2. ɼʚʦʚʠʤʽʨʥʘ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ i ̔ òʽ ʧʦʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ 

 

ʆʩʢʽʣʴʢʠ ʚʠʙʽʨ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʝʦʜʥʦʟʥʘʯʥʠʡ, ʪʦ, ʧʦʜʽʣʷʶʯʠ ʦʩʪʘʥʥʶ ʥʘ ʢʦʤʽʨʢʠ, 

ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʤʽʨʢʫʚʘʥʥʷ. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʟʘ ʟʤʦʛʦʶ 

ʧʦʚʠʥʥʘ ʟʙʝʨʽʛʘʪʠ yci ʝʣʝʤʝʥʪʠ ʪʦʯʢʦʚʦʾ ʩʠʤʝʪʨʽʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ɻʨʘʪʢʠ 

ʟʘʛʘʣʦʤ, ʘʣʝ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʧʣʦʱʫ (ʜʚʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ) ʯʠ ʦʙôʩʤ 

(ʪʨʠʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ) i ʷʢʥʘʡʤʝʥʰʝ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʽʜʝʘʣʴʥʦ ð ʦʜʠʥ, ʪʦʙʪʦ ʙʫʪʠ ʧʨʠʤʽʪʠʚʥʦʶ). ɹʘʞʘʥʦ ʪʘʢʦʞ, ʱʦʙ 

ʢʽʣʴʢʽʩʪʴ ʧʨʷʤʠʭ ʢʫʪʽʚ ʫ ʪʘʢʽʡ ʢʦʤʽʨʮʽ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ. 
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ɿʘʛʘʣʦʤ ʜʚʦʚʠʤʽʨʥʘ ɻʨʘʪʢʘ ɹʨʘʚʝ ʩ ʢʦʩʦʢʫʪʥʦʶ, ʘ ii ʝʣʝʤʝʥ- 

ʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ ʩ ʧʘʨʘʣʝʣʦʛʨʘʤ (ʨʠʩ. 5.3). ɼʚʦʚʠʤʽʨʥʘ ʢʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟ ʢʦʩʦʢʫʪʥʦʶ ɻʨʘʪʢʦʶ ʚ ʮʽʣʦʤʫ, ̫ ʢ i ʧʘʨʘʣʝʣʦʛʨʘʤ ʟʦʢʨʝʤʘ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʱʝʥʽ ʩʘʤʽ ʟ ʩʦʙʦʶ ʧʦʚʦʨʦʪʦʤ ʥʘʚʢʦʣʦ oci, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ µx ʧʣʦʱʠʥʠ, ʥʘ ʢʫʪ 360Á ʯʠ 180Á. ʎʝ ʦʟʥʘʯʘʩ, 

ʱʦ ʢʦʩʦʢʫʪʥʘ ɻʨʘʪʢʘ ʚʦʣʦʜʽʩ ʪʘʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʤʝʪʨʽʾ, ʷʢ oci 

ʧʦʚʦʨʦʪʫ 1-ʛʦ i 2-ʛʦ ʧʦʨʷʜʢʽʚ, ʪʦʙʪʦ ʩ ʥʝʟʤʽʥʥʦʶ (ʽʥʚʘʨʽʘʥʪʥʘ) ʱʦʜʦ 

ʧʦʚʦʨʦʪʽʚ ʥʘ ʢʫʪ 2 /ɯ (ʧʦʚʦʨʦʪʥʘ ʚʽʩʴ 1-ʛʦ ʧʦʨʷʜʢʫ) i 2 /2 (ʧʦʚʦʨʦʪʥʘ 

ʚʽʩʴ 2-ʛʦ ʧʦʨʷʜʢʫ). ɼʣ ̫ʥʝʾ ʚʩʽ ʧʨʠʤʽʪʠʚʥʽ ʢʦʤʽʨʢʠ (ʧʘʨʘʣʝʣʦʛʨʘʤʠ) ʟ 

ʧʦʛʣʷʜʫ ʩʠʤʝʪʨʽʾ ʝʢʚʽʚʘʣʝʥʪʥʽ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʧʦ ʦʜʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʝʣʝʤʝʥʪʫ ɻʨʘʪʢʠ, ʤʘʶʪʴ ʦʜʥʽ i ʪʽ ʩʘʤʽ ʝʣʝʤʝʥʪʠ ʪʦʯʢʦʚʦʾ ʩʠʤʝʪʨʽʾ i ʜʦ 

ʪʦʛʦ ʞ yci ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʧʣʦʱʫ. 
 
 
 
 

 
 

ʈʠʩ. 5.3. ʂʦʩʦʢʫʪʥʘ  ʛʨʘʪʢʘ ɹʨʘʚʝ:   l / ɼʘʣ ̔ ʧ 

ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð ʧʘʨʘʣʝʣʦʛʨʘʤ 

 

ʈʝʘʣʴʥʽ ʧʝʨʽʦʜʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʤʘʪʠ i ʧʦʚʦʨʦʪʥʽ oci ʚʠʱʠʭ 

ʧʦʨʷʜʢʽʚ ð 3-ʛʦ, 4-ʛʦ i 6-ʛʦ, ʦʩʢʽʣʴʢʠ ʧʣʦʱʠʥʘ ʤʦʞʝ ʙʫʪʠ ʟʘʙʫʜʦʚʘʥʘ 

ʙʝʟ ʧʨʦʤʽʞʢʽʚ ʥʝ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʚʧʣʦʱʠʥ, ʘʣʝ ʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʯʦʪʠʨʠʢʫʪʥʠʢʽʚ i h ʝʩʪʠʢʫʪʥʠʢʽʚ. ɼʣ ̫ʪʦʛʦ, 

ʱʦʙ ʜʚʦʚʠʤʽʨʥʘ ɻʨʘʪʢʘ ʙʫʣʘ ʽʥʚʘʨʽʘʥʪʥʦʶ ʱʦʜʦ ʧʦʚʦʨʦʪʽʚ ʥʘ 120Á 

(2 /ʟð ʧʦʚʦʨʦʪʥʘ ʚʽʩʴ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ), 90o (2 /4ð ʇʦʚʦʨʦʪʥʘ ʚʽʩʴ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ) i ʥʘ 60Á (2 /ʴð ʧʦʚʦʨʦʪʥʘ ʚʽʩʴ ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʫ), 

ʘ ʪʘʢʦʞ ʤʦʛʣʘ ʙʫʪʠ ʩʫʤʽʱʝʥʘ ʩʘʤʘ ʟ ʩʦʙʦʶ ʜʟʝʨʢʘʣʴʥʠʤ ʚʽʜʙʠʪʪʷʤ ʚ 

ʧʝʚʥʠʭ ʧʣʦʱʠʥʘʭ, ʥʘ ʚʝʢʪʦʨʠ ^ o2 ʪʘ ʢʫʪʠ ʤʽʞ ʥʠʤʠ ʚʞʝ ʧʦʪʨʽʙʥʦ 

ʥʘʢʣʘʜʘʪʠ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʮʠʭ ʦʙʤʝʞʝʥʴ ʚʠʥʠʢʘʶʪʴ 

ʟʘʛʘʣʦʤ ʧôʷʪʴ ʪʠʧʽʚ ʜʚʦʚʠʤʽʨʥʠʭ ʙʨʘʪʦʢ ɹʨʘʚʝ: ʢʦʩʦʢʫʪʥʘ, ʧʨʦ ̫ ʢʫ ʤʠ 

ʚʞʝ ʟʛʘʜʫʚʘʣʠ, i ʯʦʪʠʨʠ ʪʠʧʠ ʩʧʝʮʽʘʣʴʥʠʭ ʙʨʘʪʦʢ. 

ɼʚʽ ʟʽ ʩʧʝʮʽʘʣʴʥʠʭ ʙʨʘʪʦʢ ð ʢʚʘʜʨʘʪʥʘ, ʷʢʘ ʚʠʥʠʢʘʩ ʚʥʘʩʣʽʜʦʢ 

ʚʠʤʦʛʠ ʽʩʥʫʚʘʥʥʷ ʧʦʚʦʨʦʪʥʦʾ oci 4-ʛʦ ʧʦʨʷʜʢʫ, i ʛʝʢʩʘʛʦʥʘʣʴʥʘ, ʷʢʘ 

ʚʠʥʠʢʘʩ ʚʥʘʩʣʽʜʦʢ ʚʠʤʦʛʠ ʽʩʥʫʚʘʥʥʷ ʧʦʚʦʨʦʪʥʠʭ ʦʩʝʡ 3-ʛʦ i 6-ʛʦ 

ʧʦʨʷʜʢʽʚ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.4 i 5.5. ɻʝʢʩʘʛʦʥʘʣʴʥʘ ɻʨʘʪʢʘ ɹʨʘʚʝ 

ʧʦʪʨʝʙʫʩ ʜʝʪʘʣʴʥʽʰʦʛʦ ʧʦʷʩʥʝʥʥʷ. ʗʢ ʙʘʯʠʤʦ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ 
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ʟʘʙʫʜʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʦ 60-ʛʨʘʜʫʩʥʠʭ ʨʦʤʙʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʎɰʁ of Á2. ʘʙʦ 120- 

ʛʨʘʜʫʩʥʠʭ, ʧʦʙʫʜʦʚʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʝʢʪʦʨʘʭ ʫ, ̄ 2 **ʢ i ʙʫʜʴ-ʷʢʠʡ 

ʧʘʨʘʣʝʣʦʛʨʘʤ, ʢʦʞʝʥ ʟ ʪʘʢʠʭ ʨʦʤʙʽʚ ʤʘʩ ʧʦʚʦʨʦʪʥʽ oci ʪʽʣʴʢʠ 1-ʛʦ ʪʘ 
2-ʛʦ ʧʦʨʷʜʢʽʚ. ʉʪʚʦʨʝʥʘ ʞ ʾʭʥʴʦʶ ʪʨʘʥʩʣʷʮʽʩʶ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʤʘʩ ʧʦʚʦʨʦʪʥʽ oci ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ð 3-ʛʦ i 6-ʛʦ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʙʫʪʠ 

ʩʫʤʽʱʝʥʘ ʩʘʤʘ ʟ ʩʦʙʦʶ ʟʘ ʧʦʚʦʨʦʪʫ ʥʘ ʢʫʪ 120Á i 60O ʥʘʚʢʦʣʦ oci, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʠʡ ʚʫʟʦʣ ɻʨʘʪʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ iµ 

ʧʣʦʱʠʥʠ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʛʘʣʦʤ ʤʘʩ ʚʠʱʫ 

ʩʠʤʝʪʨʽʶ, ʥʽʞ ʙʫʜʴ-ʷʢʘ ʤʦʞʣʠʚʘ iµ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ. 
 

 

 

ʈʠʩ. 5.4. ʂʚʘʜʨʘʪʥʘ ʛʨʘʪʢʘ ʈʠʩ. 5.5. ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʛʨʘʪʢʘ ɹʨʘʚʝ: 

ɹʨʘʚʝ:  |  , = a2   , ʨ' 90  . ʘʿʩ a2   , ʨ' 60Á ʘʙʦ 120 Á. 

ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð 

ʢʚʘʜʨʘʪ  60Á ʘʙʦ 120Áʨʦʤʙ 

 
ʋʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʧʣʦʱʠʥ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚʠʥʠʢʘʶʪʴ 

ʱʝ ʜʚʽ ʜʚʦʚʠʤʽʨʥʽ ɻʨʘʪʢʠ ɹʨʘʚʝ. ʆʜʥʘ ʟ ʥʠʭ, ʧʨʷʤʦʢʫʪʥʘ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 5.6. 
 
 
 
 

 

 
ʈʠʩ. 5.6. ʇʨʷʤʦʢʫʪʥʘ ʋʨʘʪʢʘ ɺʨʘʚʝ: )o1 )o2 , ûpð"IQñ. 

ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð ʧʨʷʤʦʢʫʪʥʠʢ 
 

ʇʨʠʥʮʠʧʦʚʦʾ ʩʠʤʝʪʨʽʡʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʧʦʚʦʨʦʪʥʠʭ ʦʩʝʡ 

ʤʽʞ ʧʨʷʤʦʢʫʪʥʠʢʦʤ i ʧʘʨʘʣʝʣʦʛʨʘʤʦʤ ʥʝʤʘʩ ð ʦʙʠʜʚʘ ʤʘʶʪʴ 

ʧʦʚʦʨʦʪʥʽ oci ʪʽʣʴʢʠ 1-ʛʦ i 2-ʛʦ ʧʦʨʷʜʢʽʚ. ɸʣʝ ʧʨʷʤʦʢʫʪʥʠʢ ʤʘʩ 
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ʜʟʝʨʢʘʣʴʥʽ ʧʣʦʱʠʥʠ ʚʽʜʙʠʪʪʷ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʝʨʝʜʠʥʠ ʡʦʛʦ 

ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʽʥ, ʯʦʛʦ ʥʝʤʘʩ ʚ ʧʘʨʘʣʝʣʦʛʨʘʤʘ. ʊʦʤʫ ʟʘʛʘʣʦʤ 

ʩʠʤʝʪʨʽʷ ʧʨʷʤʦʢʫʪʥʦʾ ɻʨʘʪʢʠ ʚʠʱʘ ʟʘ ʩʠʤʝʪʨʽʶ ʢʦʩʦʢʫʪʥʦʾ. 
 
 
 
 

 
ʈʠʩ. 5.7. ʇʨʷʤʦʢʫʪʥʘ ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ ɹʨʘʚʝ: |a1| ʭ |¯ 2 |, ûðð90 . 

ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð ʮʝʥʪʨʦʚʘʥʠʡ ʧʨʷʤʦʢʫʪʥʠʢ 

 
ʄʦʞʝ ̔ ʩʥʫʚʘʪʠ ʱʝ ʦʜʥʘ ɻʨʘʪʢʘ ɹʨʘʚʝ, ̫ ʢʘ ʤʘʪʠʤʝ ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʪʦʯʢʦʚʦʾ ʩʠʤʝʪʨʽʾ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʘʣʝ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʷʤʦʢʫʪʥʠʢʘʭ. ʎʝ ʪʘʢ ʟʚʘʥʘ ʧʨʷʤʦʢʫʪʥʘ ʮʝʥʪʨʦʚʘʥʘ 

ɻʨʘʪʢʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.7. ċµ ʧʨʠʤʽʪʠʚʥʘ ʢʦʤʽʨʢʘ   ð ʧʘʨʘʣʝʣʦʛʨʘʤ. 

ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʘʥʩʣʷʮʽʡ ʴ, ,  ⱪ-  ɸʣʝ ʮʷ ʢʦʤʽʨʢʘ ʥʝ ʚʦʣʦʜʽʩ ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ 

ʩʠʤʝʪʨʽʾ ɻʨʘʪʢʠ ʟʘʛʘʣʦʤ ð ʚʦʥʘ ʥʝ ʤʘʩ ʜʟʝʨʢʘʣʴʥʠʭ ʧʣʦʱʠʥ ʚʽʜʙʠʪʪʷ. 

ʄʦʞʝ ʙʫʪʠ  ʧʦʙʫʜʦʚʘʥʦ  ʡ ̔ ʥʰʠʡ ʧʘʨʘʣʝʣʦʛʨʘʤ,  ̫ ʢʠʡ ʚʦʣʦʜʽʩ 

ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ ʩʠʤʝʪʨʽʾ ɻʨʘʪʢʠ ð ʨʦʤʙ ʥʘ ʚʝʢʪʦʨʘʭ ʪʨʘʥʩʣʷʮʽʡ, 

ʥʘʧʨʠʢʣʘʜ,   Å  ʅʝʟʨʫʯʥʽʩʪʴ ʪʘʢʦʾ ʢʦʤʽʨʢʠ ð  ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ  ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʘʤʠ  ʝʣʝʤʝʥʪʘʨʥʠʭ   ʪʨʘʥʩʣʷʮʽʡ, ʷʢʠʡ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʜʦ ʩʪʨʫʢʪʫʨʠ ʟʘ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʪʦʤʘʤʠ ʫ ʣʘʥʮʶʞʢʘʭ ʪʘ ʤʽʞ ʣʘʥʮʶʞʢʘʤʠ. 

ɺʦʜʥʦʯʘʩ ʽʩʥʫʩ ʢʦʤʽʨʢʘ, ʷʢʘ ʤʘʩ yci ʝʣʝʤʝʥʪʠ ʪʦʯʢʦʚʦʾ ʩʠʤʝʪʨʽʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ɻʨʘʪʢʠ ʟʘʛʘʣʦʤ i ʚʠʟʥʘʯʝʥʠʡ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ð ʧʨʷʤʠʡ. ʎʷ ʢʦʤʽʨʢʘ ð ʮʝʥʪʨʦʚʘʥʠʡ 

ʧʨʷʤʦʢʫʪʥʠʢ, ʧʦʙʫʜʦʚʘʥʠʡ, ʟʦʢʨʝʤʘ, ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʘʥʩʣʷʎʽʁ of Å2 ɹʘʟʠʩ ʪʘʢʦʾ ʢʦʤʽʨʢʠ ʤʽʩʪʠʪʴ ʜʚʘ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝ- 

ʤʝʥʪʠ ɻʨʘʪʢʠ ð ʪʦʯʢʠ ʫ ʚʝʨʰʠʥʽ ʧʨʷʤʦʢʫʪʥʠʢʘ i ʡʦʛʦ ʮʝʥʪʨʽ, ʪʦʙʪʦ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʷʢʘ ʟʙʝʨʽʛʘʩ ʩʠʤʝʪʨʽʶ 

ʧʨʦʩʪʦʨʦʚʦʾ ɻʨʘʪʢʠ, ʩ ʥʝʧʨʠʤʽʪʠʚʥʦʶ. ʊʘ ʧʦʧʨʠ ʪʝ ʚʦʥʘ ʟʘʜʦʚʦʣʴʥʷʩ 

ʽʥʰʫ ʟʘʟʥʘʯʝʥʫ ʚʠʱʝ ʚʠʤʦʛʫ ʜʦ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ð ʥʘʷʚʥʦʩʪʽ ʫ 

iµ ʩʪʨʫʢʪʫʨʽ ʧʨʷʤʦʛʦ ʢʫʪʘ. 
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Yci ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʜʚʦʚʠʤʽʨʥʠʭ ʛ'ʨʘʪʦʢ ɹʨʘʚʝ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʩʽʤôʶ ʜʚʦʚʠʤʽʨʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʜʘʣʴʥʽʤ ʧʦʨʷʜʢʦʤ i 

ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʛʨʫʧʠ ʪʦʯʢʦʚʦʾ ʩʠʤʝʪʨʽʾ, ʧʽʜʩʫʤʦʚʘʥʽ ʚ ʪʘʙʣ. 5.1. 
 

ʊʘʙʣʠʮʷ 5.1 

ɼʚʦʚʠʤʽʨʥʽ  ɻʨʘʪʢʠ ɹʨʘʚʝ 
 

 
ɪʨʘʪʢʘ 

 
ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ 

ʊʦʯʢʦʚʘ 

ʛʨʫʧʘ 

ʩʠʤʝʪʨʽʾ 

ʂʦʩʦʢʫʪʥʘ 
ʇʘʨʘʣʝʣʦʛʨʘʤ,  )ʦ !Å2! 

gx90Á 

 

ʂʚʘʜʨʘʪʥʘ ˗̃́̅̑́̓ȟ  ȿ́  - Ɇς -̕ωπЈ 4 mm 

ɻʝʢʩʘʛʦʥʘʣʴʥʘ 
φπЈ ̘̉ ρςπ

O 
̑̏̍̂ȟ Ìȶ 1 - la2 

' 
ûp=60Á ʯʠ 120Á 

6 mm 

ʇʨʷʤʦʢʫʪʥʘ ʇʨʷʤʦʢʫʪʅʀʂ, |ʘ I Å Ia2I . p=90Á 2 mm 

ʇʨʷʤʦʢʫʪʥʘ 

ʮʝʥʪʨʦʚʘʥʘ 
ʇʨʷʤʦʢʫʪʥʠʢ, |çɯ Åɯ 2I . g=90Á 2 mm 

ʇʨʠʤʽʪʢʘ. ʎʠʬʨʘ ʚ ʦʩʪʘʥʥʽʡ ʢʦʣʦʥʮʽ ʪʘʙʣʠʮʽ ʧʦʢʘʟʫʩ ʥʘʡʚʠʱʠʡ 

ʧʦʨʷʜʦʢ ʧʦʚʦʨʦʪʥʦʾ oci ʩʠʤʝʪʨʽʾ, ʙʫʢʚʘ m ʦʟʥʘʯʘʩ ʥʘʷʚʥʽʩʪʴ 

ʜʟʝʨʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʚʽʜʙʠʚʘʥʥʷ. 

 
 
 

5.2. ɼɺʆɺʀʄɯʈʅɯ ʉʀʉʊɽʄʀ: 

ɼɸʃʔʅɯʁ ʇʆʈʗɼʆʂ I ʊɽʇʃʆɺɯ ʌʃʋʂʊʋɸʎɰɰ 

 
3 ʧʦʛʣʷʜʫ ʩʠʤʝʪʨʽʾ, ʷʢ ʤʠ ʚʩʪʘʥʦʚʠʣʠ, ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʜʚʦ- 

ʚʠʤʽʨʥʽ ʧʝʨʽʦʜʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʜʘʣʴʥʽʤ ʧʦʨʷʜʢʦʤ ʧôʷʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. 

ɸʣʝ, ʢʨʽʤ ʦʙʤʝʞʝʥʴ, ̫ ʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ̔ ʩʥʫʚʘʥʥʷ ʙʫʜʴ- 

ʷʢʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʤʝʪʨʽʩʶ, ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʨʝʘʣʴʥʦʾ ʬʽʟʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʦʜʠʥʘʤʽʢʦʶ, 

ʟʦʢʨʝʤʘ ʦʙʤʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʪʝʧʣʦʚʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ. ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ʥʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʨʦʟʨʽʟʥʷʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʘʙʩʪʨʘʢʮʽʾ i 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʢ ʬʽʟʠʯʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ʱʦ ʨʝʘʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ    ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ   ʚʧʣʠʚʫ    ʬʽʟʠʯʥʠʭ    ʯʠʥʥʠʢʽʚ,  ʷʢʽ 



81  

ʟʫʤʦʚʣʶʶʪʴ ʾʭʥʩ ʽʩʥʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ, ʷʢʽ ʷʢ ʧʝʨʰʦʧʨʠʯʠʥʘ 

ʽʩʥʫʶʪʴ ʟʘʚʞʜʠ, ʩ ʚʟʘʩʤʦʜʽʷ, ʷʢʘ ʥʘʤʘʛʘʩʪʴʩʷ ʚ ʫʩʴʦʤʫ ʚʩʪʘʥʦʚʠʪʠ 

ʧʝʚʥʽ ʢʦʨʝʣʷʮʽʾ, ʟʫʤʦʚʠʪʠ ʧʦʨʷʜʦʢ i ʪʝʧʣʦʚʠʡ pyx, ʷʢʠʡ ʟʘʚʞʜʠ 

ʥʘʤʘʛʘʩʪʴʩʷ ʪʘʢʠʡ ʧʦʨʷʜʦʢ ʟʨʫʡʥʫʚʘʪʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ i ʚʠʥʠʢʘʩ 

ʧʨʦʙʣʝʤʘ ̔ ʩʥʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʨʝʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʧʦʚôʷʟʘʥʘ ʟ ʪʝʧʣʦʚʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ. 

ʗʢ ʚʽʜʦʤʦ, ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʚʥʦʚʘʞʥʝ 

ʤʘʢʨʦʩʢʦʧʽʯʥʝ ʪʽʣʦ, ʬʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʜʦʨʽʚ- 

ʥʶʶʪʴ ʩʚʦʾʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ. ʇʨʦʪʝ ʥʘʩʢʽʣʴʢʠ ʤʘʣʠʤʠ ʥʝ ʩ 

ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚʽʜ ʾʭʥʽʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, 

ʚʦʥʠ ʚʩʝ ʞ ̔ ʩʥʫʶʪʴ. ʉʘʤʝ ʮ ̔ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ ʚʽʜ ʾ ʭʥʽʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʫ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

i ʥʘʟʠʚʘʶʪʴ ʬʣʫʢʪʫʘʮʽʷʤʠ. 

ʆʩʢʽʣʴʢʠ ʡʜʝʪʴʩʷ ʧʨʦ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʪʦ ʤʦʞʣʠʚʽʩʪʴ 

ʯʠ ʥʝʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʚ ʩʠʩʪʝʤʽ 

ʧʝʚʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʪʠʤ, ʟʘʣʝʞʘʪʴ ʯʠ ʥʝ ʟʘʣʝʞʘʪʴ 

ʬʣʫʢʪʫʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ, ʾʭʥʴʦʾ ʛʫʩʪʠʥʠ ʪʦʱʦ) ʚʽʜ 

ʟʘʛʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʮʽʩʾ ʩʠʩʪʝʤʠ. ɿʨʦʟʫʤʽʣʦ, ɦ ʦ ʙʫʜʫʪʴ ̔ ʩʥʫʚʘʪʠ ʣʠʰʝ 

ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ, ʜʣʷ ʷʢʠʭ ʩʝʨʝʜʥʩ ʟʤʽʱʝʥʥʷ, ʟʫʤʦʚʣʝʥʝ ʬʣʫʢʪʫʘʮʽʷʤʠ, 

ʟʘʣʠʰʘʩʪʴʩʷ ʩʢʽʥʯʝʥʥʠʤ ʟʘ ʷʢ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʞ ʪʘʢʽ ʟʤʽʱʝʥʥʷ ʙʫʜʫʪʴ ʥʝʦʙʤʝʞʝʥʦ ʟʨʦʩʪʘʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤʠ, ʪʦ ʮʝ ʪʠʤ ʩʘʤʠʤ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʨʦʟʤʠʚʘʥʥʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʧʦʨʷʜʢʫ, ʪʦʙʪʦ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʽʨʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ɼʣʷ ʩʪʨʫʢʪʫʨ ʟ ʪʨʠʚʠʤʽʨʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʩʝʨʝʜʥʩ ʟʥʘ- 

ʯʝʥʠʷ ʢʚʘʜʨʘʪʘ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ ʩ ʩʢʽʥʯʝʥʥʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʩʤʫ ʪʽʣʘ. ʊʦʤʫ ʬʘʢʪʠʯʥʦ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʽ 

ʪʨʠʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʜʘʣʴʥʽʤ ʧʦʨʷʜʢʦʤ ʩ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʨʽʚʥʦ- 

ʚʘʞʥʠʤʠ, ʦʪʞʝ, ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ. 

ʋ ʨʘʟʽ ʜʚʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʩʠʪʫʘʮʽʷ ʙʫʜʝ ʟʦʚʩʽʤ ʽʥʰʦʶ. 

ʋ ʢʫʨʩʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʟʠʢʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʩʝʨʝʜʥʩ ʟʥʘʯʝʥʠʷ 

ʜʦʙʫʪʢʫ ʢʦʤʧʦʥʝʥʪ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ L/ ʫ ʧʣʦʱʠʥʽ (ʍʆʑ 

ʚʠʟʥʘʯʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(UĂU (5.3) 
 

ʜʝ ʊ ð ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ɸ ð ʜʝʷʢʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʥʘʯʝʥʠʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k, ʘ ʪʽʣʴʢʠ ʚʽʜ ʡʦʛʦ ʥʘʧʨʷʤʢʫ. 
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ʗʢ ʟʨʦʟʫʤʽʣʦ ʟ (5.3), ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ <UĂU ʚʠʟʥʘʯʘʩʪʴʩʷ 

ʤʦʞʣʠʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʾ 

ʩʠʩʪʝʤʠ. ʗʢʱʦ ʨʦʟʤʽʨ ʩʠʩʪʝʤʠ d, ʪʦ ʥʘʡʜʦʚʰʘ ʭʚʠʣʷ, ʷʢʘ ʤʦʞʝ 
ʽʩʥʫʚʘʪʠ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ, ʤʘʪʠʤʝ ʜʦʚʞʠʥʫ - d . ʆʉʂɰʃʔʂʀ k ðð 2ʪʛ|7 , ʊʆ 

ʭʚʠʣʴʦʚʝ ʯʠʩʃʆ k i ʃʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʩʠʩʪʝʤʠ d , ʱʦ ʟʘʟʥʘʩ 

ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʟʤʽʱʝʥʴ, ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ð k - 1/d. ʄʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʠʷ kmin ʜʦʨʽʚʥʶʩ 1/d. ɿʘ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ 

(ʧʣʦʱʽ) ʩʠʩʪʝʤʠ d . ɸ ʮʝ ʦʟʥʘʯʘʩ, ʱʦ kmin 0. ʊʦʤʫ ʟʘ ʙʫʜʴ-ʷʢʦʾ 

ʩʢʽʥʯʝʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʟʘ ʥʝʦʙʤʝʞʝʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ 

ʜʚʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣ (5.3) ʨʦʟʭʦʜʠʪʠʤʝʪʴʩʷ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ 

ʩʝʨʝʜʥʩ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʫ ʜʚʦʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ 

ʙʝʟʤʝʞʥʦ ʟʨʦʩʪʘʩ ʟʘ ʟʨʦʩʪʘʥʥʷ iµ ʨʦʟʤʽʨʽʚ, ʪʦʤʫ ʙʝʟʤʝʞʥʦ ʚʝʣʠʢʘ 

ʜʚʦʚʠʤʽʨʥʘ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʽʩʥʫʚʘʪʠ ʥʝ ʤʦʞʝ. ʊʝʧʣʦʚʽ 

ʬʣʫʢʪʫʘʮʽʾ ʟʘ ʜʦʚʽʣʴʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ii 

ʨʦʟʤʠʚʘʪʠ. 

ɺʥʘʩʣʽʜʦʢ ʧʦʚʽʣʴʥʦʛʦ (ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ) ʭʘʨʘʢʪʝʨʫ ʨʦʟʙʽʞʥʦʩʪʽ 

ʽʥʪʝʛʨʘʣʘ (5.3) ʨʦʟʤʽʨʠ ʜʚʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʷʢʠʭ ʬʣʫʢʪʫʘʮʽʾ 

ʟʘʣʠʰʘʶʪʴʩʷ ʱʝ ʤʘʣʠʤʠ, ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʜʦʚʦʣʽ ʚʝʣʠʢʠʤʠ. ʋ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʚʦʚʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ ʤʦʞʝ 

ʧʨʘʢʪʠʯʥʦ ʧʨʦʷʚʣʷʪʠ ʢʨʠʩʪʘʣʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ i ʜʣʷ ʥʝʾ ʤʦʞʥʘ 

ʥʘʙʣʠʞʝʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʜʚʦʚʠʤʽʨʥʫ ʛôʨʘʪʢʫ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʦ- 

ʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʱʝ ʧʦʩʠʣʶʶʪʴʩʷ ʟʘ ʟʥʠʞʝʥʥʷ  ʪʝʤʧʝʨʘʪʫʨʠ.  ɿʘ 

ʊ = 0 ʂ ʜʚʦʚʠʤʽʨʥʘ ʛ'ʨʘʪʢʘ ʮʽʣʢʦʤ ʤʦʛʣʘ ʙ ʽʩʥʫʚʘʪʠ ʟʘ ʙʫʜʴ-ʷʢʠʭ 

ʨʦʟʤʽʨʽʚ: ʨʦʟʙʽʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʘ (5.3) ʧʦʚôʷʟʘʥʘ ʩʘʤʝ ʟ ʪʝʧʣʦʚʠʤʠ 

(ʊ ʭ 0 ʂ) ʬʣʫʢʪʫʘʮʽʷʤʠ. 

 

5.3. ʉʊʈʋʂʊʋʈʀ 3 ɼɺʆɺʀʄɯʈʅʀʄʀ ɽʃɽʂʊʈʆʅɸʄʀ: 

ɼɺʆɺʀʄɯʈʅʀʁ ɽʃɽʂʊʈʆʅʅʀʁ ɻɸɿ ʅɸ 

ɻɽʊɽʈʆʇɽʈɽʍʆɼɯ 

 
3 ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʽʢʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ i 

ʚʠʥʘʭʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʫ 1979 ʨ. ʚʧʝʨʰʝ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʨʝʘʣʽʟʫʚʘʣʘ 2D ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ. ʎʝ ʙʫʣʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʤʽʞ ʚʣʘʩʥʠʤ ʘʨʩʝʥʽʜʦʤ ʛʘʣʽʶ i-GaAs i 

ʣʝʛʦʚʘʥʠʤ ʜʦʥʦʨʘʤʠ (ʢʨʝʤʥʽʩʤ) ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ n-Al,Ga1-, As. ʗʢ 

ʤʘʪʨʠʮʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʽʜʢʣʘʜʢʫ GaAs ʟʘʚʪʦʚʰʢʠ 0,5 ʤʤ, ʷʢʘ, ʢʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʫʚʘʣʘ 



 

ʤʝʭʘʥʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʢʽʥʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʉʧʦʯʘʪʢʫ ʥʘ ʪʘʢʫ 

ʧʽʜʢʣʘʜʢʫ ʥʘʨʦʱʫʚʘʣʠ ʰʘʨ -̔GaAs ʟʘʚʪʦʚʰʢʠ ʫ ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ, 

ʥʘ ʷʢʠʡ ʥʘʜʘʣʽ ʥʘʥʦʩʠʣʠ ʰʘʨ Al xGa1-xAs ʟʘʚʪʦʚʰʢʠ ʧʨʠʙʣʠʟʥʦ 

0,5 ʤʢʤ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʜʜʘʣʽ ʚ 0,1 ʤʢʤ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ GaAs / Al xGa1-xAs, ʰʘʨ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʣʝʛʫʚʘʣʠ 

ʜʦʤʽʰʢʦʶ ʢʨʝʤʥʽʶ. ɸʪʦʤ ʢʨʝʤʥʽʶ ʧʦʨʽʚʥʷʥʦ ʟ ʘʪʦʤʘʤʠ ʛʘʣʽʶ ʯʠ 

ʘʣʶʤʽʥʽʶ, ʷʢʽ ʚʽʥ ʟʘʤʽʱʘʻ, ʤʘʻ ʥʘ ʟʦʚʥʽʰʥʽʡ ʦʙʦʣʦʥʮʽ ʥʘ ʦʜʠʥ 

ʝʣʝʢʪʨʦʥ ʙʽʣʴʰʝ. ʆʪʞʝ, ʢʨʝʤʥʽʡ ʩʪʘʚʘʚ ʜʞʝʨʝʣʦʤ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʫ ʩʠʩʪʝʤʽ. ɿʘʚʜʷʢʠ ʮʠʤ ʝʣʝʢʪʨʦʥʘʤ ʥʘ ʧʣʦʩʢʽʡ ʧʦʚʝʨʭʥʽ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʜʚʦʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʙʦʢʫ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʚ ʰʠʨʠʥʘʭ 

ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ï Eg(GaAs) < Eg(AlxGa1-xAs) 

ï ʫʪʚʦʨʶʚʘʚʩʷ ʜʚʦʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ. ɿʘ ʨʘʭʫʥʦʢ ̔ ʜʝʥʪʠʯʥʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ Al xGa1-xAs ʽ GaAs ʪʘ ʚʠʩʦʢʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʾʭʥʽʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʥʘ ʤʝʞʽ ʧʝʨʝʭʦʜʫ ʜʦʩʷʛʘʣʦʩʷ 

ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʝʬʝʢʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʪʽʻʶ ʾʭʥʴʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ 

ʝʧʽʪʘʢʩʽʡʥʦʛʦ ʰʘʨʫ. 

ɺʠʥʠʢʥʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʛʝʪʝʨʦʤʝʞʽ 

ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʽ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʥʘ 

ʟʨʦʟʫʤʽʪʠ, ʨʦʟʛʣʷʥʫʚʰʠ ʟʦʥʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ ʪʘʢʦʛʦ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ. ʑʦʙ ʟʦʙʨʘʟʠʪʠ ʮʶ ʜʽʘʛʨʘʤʫ, ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ̒ ʜʠʥʫ 

ʜʣʷ ʫʩʽʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʦʯʢʫ ʚʽʜʣʽʢʫ ʝʥʝʨʛʽʾ. ɿʘ ʪʘʢʫ ʪʦʯʢʫ 

ʧʨʠʡʥʷʪʦ ʚʠʙʠʨʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʥʘ ʫ ʚʘʢʫʫʤʽ. ɿʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʱʦʜʦ ʮʴʦʛʦ ʨʽʚʥʷ, ʷʢʘ 

ʧʦʢʘʟʫʻ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʨʽʟʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʜʦ ʧʨʠʚʝʜʝʥʥʷ ʦʩʪʘʥʥʽʭ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʘ ü. 

ʉʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʝʣʝʢʪʨʦʥʘ ʥʘʟʠʚʘʶʪʴ ʝʥʝʨʛʽʶ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʥʘʜʘʪʠ ʝʣʝʢʪʨʦʥʫ, ʱʦʙ ʧʝʨʝʚʝʩʪʠ ʡʦʛʦ ʟ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʥʘ ʫ ʚʘʢʫʫʤʽ. 

ʉʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʘ ʫ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʨʽʟʥʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʥʘ ʻʜʠʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʨʽʟʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʥʠʞʯʝ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʣʝʞʠʪʴ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʪʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʘ ʫ ʷʢʦʛʦ ʙʽʣʴʰʘ 

(ʨʠʩ. 5.8). ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʥʘ ʻʜʠʥʽʡ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʞʝ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ï 

ʾʭʥʴʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʝʣʝʢʪʨʦʥʘ ʽ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 

ʄʦʞʣʠʚʽ ʪʨʠ ʨʽʟʥʽ ʩʠʪʫʘʮʽʾ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ 

ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.8 
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ɽ1 

ʧʨʘʚʦʨʫʯ ʨʽʟʥʠʤʠ ʣʽʥʽʷʤʠ ð ʩʫʮʽʣʴʥʦʶ, h ʪʨʠʭʦʚʦʶ i ʧʫʥʢʪʠʨʥʦʶ: E2ô 

ʨʦʟʪʘʰʦʚʫʩʪʴʩʷ ʥʠʞʯʝ ʟʘ Ãt ; ʃ2ò ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʠʱʝ ʟʘ Ãt, ʘʣʝ 

ʥʠʞʯʝ  ʟʘ       f 2    ɢɠəɤɒɪɠɔɥɣɤɮɣɱ ɔɚɫɗ əɒ ɕɥ ʟʨʦʟʫʤʽʣʦ, ʟʘ ɽ' . 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʟʘʙʦʨʦʥʝʥʽ ʟʦʥʠ ʨʽʟʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʛʝʪʝʨʦʧʝʨʝʭʽʜ, ʤʦʞʫʪʴ ʘʙʦ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʦʜʥʘ ʥʘ ʬʦʥʽ ʽʥʰʦʾ, ʘʙʦ ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘʪʠʩʷ, 

ʫʪʚʦʨʶʶʯʠ ʩʭʽʜʯʘʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʘʙʦ ʥʝ ʧʝʨʝʢʨʠʚʘʪʠʩʷ ʟʦʚʩʽʤ. 

ɻʝʪʝʨʦʧʝʨʝʭʽʜ GaAs / Al,Ga, 1- As ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ. 
 

ʈʽʚʝʥʴ ʚʘʢ .ʷ 
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ʈʠʩ. 5.8. ʉʭʝʤʘ ʤʦʞʣʠʚʦʛʦ ʚʟʘʩʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ 

ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

 
ʋ ʧʘʨʽ GaAs ʡ AI Ga .,As ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʘ ʚ ʘʨʩʝʥʽʜʫ 

ʛʘʣʽʶ ʙʽʣʴʰʘ ʟʘ ʪʘʢʫ ʜʣʷ ʡʦʛʦ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟ ʘʨʩʝʥʽʜʦʤ 

ʘʣʶʤʽʥʽʶ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʰʠʨʠʥ ʾʭʥʽʭ 

ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʜʘʩ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʰʘʨʘʤʠ ʮʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʫ ʚʠʛʣʷʜʽ, 

ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʨʠʩ. 5.9, . 

 

 
ʈʠʩ. 5.9. ɿʦʥʥʘ ʜʽʘʛʨʘʤʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n-Al,Gai.,As:Si ʪʘ i-GaAs ʜʦ 

(ʘ) i ʧʽʩʣʷ (ʙ) ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤʠ. ʊʝʤʥʠʤʠ 

ʢʽʣʴʮʷʤʠ ʫʤʦʚʥʦ ʧʦʢʘʟʘʥʦ ʥʝʽʦʥʽʟʦʚʘʥʽ, ʩʚʽʪʣʠʤʠ ð ʽʦʥʽʟʦʚʘʥʽ ʜʦʥʦʨʥʽ 

ʮʝʥʪʨʠ. ɿʘʰʪʨʠʭʦʚʘʥʘ ʧʨʘʚʦʨʫʯ ʚʽʜ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʚʫʟʴʢʘ ʩʤʫʞʢʘ ð 
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ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʾ ʜʽʘʛʨʘʤʠ, ʥʘ ʛʨʘʥʠʮʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ 

ʽʩʥʫʶʪʴ ʨʦʟʨʠʚʠ ʫ ʧʦʣʦʞʝʥʥʽ ʢʨʘʾʚ ʉ i V ʟʦʥ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʢʦʥʪʘʢʪʫʶʪʴ. ʈʦʟʨʠʚ ʧʦʣʦʞʝʥʠʷ ʢʨʘʾʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ɸ,  ðð 

ʃ  ð ʃ1   c xi  ðx2.     ʘ     ʢʨʘʾʚ     ʚʘʣʝʥʪʥʦ ʾ    ʟʦʥʠ     ð     ,    - E2   ð E,'  ðð 

ðy2 "  ɽ )    XI ð ɽ ) ' g  j  ɼʝ     g     ɽ  ð ɽ  . ɼʣʷ ʧʘʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, 

ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʝʣʠʯʠʥʘʤʀ  g ʪʘʢʝ, 

ʱʦ ʨʦʟʨʠʚ ʫ ʧʦʣʦʞʝʥʥʽ ʢʨʘʾʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʤʘʩ ʧʨʦʪʠʣʝʞʥʠʡ ʟʥʘʢ 

ʜʦ ʨʦʟʨʠʚʫ ʚ ʧʦʣʦʞʝʥʥʽ ʢʨʘʾʚ ʾʭʥʴʦʾ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ   ʜʦ   ʟʦʥʥʦʾ   ʝʥʝʨʛʝʪʠʯʥʦʾ   ʜʽʘʛʨʘʤʠ   i   ʜʥʦ  ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ Al Ga, 1- As, i ʜʦʥʦʨʥʠʡ ʨʽʚʝʥʴ ʢʨʝʤʥʽʶ ʚ ʥʴʦʤʫ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʠʱʝ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʟʘ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

GaAs. ʊʦʤʫ ̫ ʢʱʦ ʮ ̔ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʧʨʠʚʝʩʪʠ ʫ ʬʽʟʠʯʥʠʡ ʢʦʥʪʘʢʪ, ʪʦ 

ʝʣʝʢʪʨʦʥʠ ʷʢ ʟ ʉ ʟʦʥʠ AI,Ga l- As, ʪʘʢ i ʟ ʜʦʥʦʨʥʦʛʦ ʨʽʚʥʷ ʧʦʯʥʫʪʴ 

ʧʝʨʝʪʽʢʘʪʠ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ  ʟ  ʙʦʢʫ ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ A!xGa, 1- As ʚʠʥʠʢʥʝ ʰʘʨ, 

ʟʙʽʜʥʝʥʠʡ ʥʘ ʝʣʝʢʪʨʦʥʠ, ʘ ʟ ʙʦʢʫ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ GaAs ð ʰʘʨ, 

ʟʙʘʛʘʯʝʥʠʡ ʥʘ ʥʠʭ. 

ɿʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʷʢʦʛʦʩʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʝʣʝʢʪʨʦʥʦʤ ʫ ʧʝʚʥʽʡ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʱʦʜʦ ʪʘʢʦʾ ʚ ʽʥʰʽʡ ʦʙʣʘʩʪʽ 

ʦʟʥʘʯʘʩ, ʱʦ ʪʘʢʠʡ ʨʽʚʝʥʴ ʚ ʦʙʣʘʩʪʽ ʟʙʘʛʘʯʝʥʥʷ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ 

ʦʧʫʩʢʘʩʪʴʩʷ ʚʥʠʟ ʥʘ h ʢʘʣʽ ʝʥʝʨʛʽʡ ɦ ʦʜʦ ʨʽʚʥʷ ʌʝʨʤʽ i ʥʘʚʧʘʢʠ. ʉʘʤʝ 

ʚʜ̔ʥʦʩʥʦ ʦʩʪʘʥʥʴʦʛʦ ʟʨʫʯʥʦ ʙʫʜʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʜʚʦʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʫʤʦʚʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘʢʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʩ ʨʽʚʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ. ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʧʨʠʚʝʜʝʥʠʭ ʚ ʢʦʥʪʘʢʪ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ i-GaAs i n-AI,Ga l- As ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.9, 6. 
ʋ ʨʘʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ i-GaAs ʡ ʣ- 

Al,Ga1-, As ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʜʦ ʪʦʛʦ ʣʦʢʘʣʽʟʫʚʘʣʠʩʷ ʥʘ ʜʦʥʦʨʥʠʭ 

ʜʦʤʽʰʢʘʭ ʢʨʝʤʥʽʶ ʫ ʰʠʨʦʢʦʱʽʣʠʥʥʦʤʫ Al Ga1-x As:Si (ʜʣʷ ʧʨʦʩʪʦʪʠ ʤʠ 

ʨʦʟʛʣʷʜʘʩʤʦ ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦʙ ʥʝ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʨʦʮʝʩʠ 
ʪʝʨʤʽʯʥʦʾ ʽʦʥʽʟʘʮʽʾ ʜʦʤʽʰʦʢ), ʜʠʬʫʥʜʫʶʪʴ ʫ ʚʫʟʴʢʦʱʽʣʠʥʥʠʡ GaAs. ʋ 
ʧʨʦʮʝʩʽ ʪʘʢʦʛʦ ʧʝʨʝʪʽʢʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʽʞ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ 

ʽʦʥʘʤʠ ʢʨʝʤʥʽʶ, ̫ ʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚ AI,Ga j-xAs:Si, ʡ ʝʣʝʢʪʨʦʥʘʤʠ, ̫ ʢʽ, 

ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ GaAs, ʩʪʘʶʪʴ ʚʽʣʴʥʠʤʠ, ʚʠʥʠʢʘʶʪʴ 

ʩʠʣʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ. ʎʽ ʩʠʣʠ ʧʨʠʪʠʩʢʘʶʪʴ ʚʽʣʴʥʽ 

ʝʣʝʢʪʨʦʥʠ ʜʦ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ    ʦʩʪʘʥʥʽʭ    ʚʩʪʘʥʦʚʠʪʴʩʷ    ʥʘ    ʛʝʪʝʨʦʤʝʞʽ    ʟ ʙʦʢʫ 



 

ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʠ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘʡʤʘʶʪʴ ʟʘʟʚʠʯʘʡ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ ʥʠʞʯʝ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ 

ʽ ʪʘʢʠʭ ʟʘʡʥʷʪʠʭ ʩʪʘʥʽʚ ʧʦʚʠʥʥʦ ʙʫʪʠ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʥʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ 

ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ GaAs ʫ ʧʨʠʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ 

ʦʧʫʩʢʘʻʪʴʩʷ ʚʥʠʟ ʥʠʞʯʝ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ. ʏʠʤ ʙʣʠʞʯʝ ʜʦ ʛʝʪʝʨʦʤʝʞʽ, 

ʪʠʤ ʮʝ ʦʧʫʩʢʘʥʥʷ ʩʠʣʴʥʽʰʝ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʪʫʪ 

ʚʠʱʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʧʝʨʝʡʰʣʠ ʫ ʚʫʟʴʢʦʱʽʣʠʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ʷʤʫ. ʎʷ ʷʤʘ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʟ ʙʦʢʫ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʦʙʤʝʞʝʥʘ ʧʨʦʩʪʦʨʦʚʠʤ 

ʟʛʠʥʦʤ ʧʦʣʦʞʝʥʥʷ ʜʥʘ ʡʦʛʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʟ ʙʦʢʫ 

ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ï ʨʦʟʨʠʚʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, 

ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ. ɿʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʣʝʛʫʚʘʥʥʷ ʽ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʛʝʪʝʨʦʤʝʞʽ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʚ GaAs ʫ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ 

ʧʨʠʙʣʠʟʥʦ ʪʘʢʠʤ ʩʘʤʠʤ ʘʙʦ ʤʝʥʰʠʤ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʦʩʦʙʣʠʚʦ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʟʘ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʣʦʱʠʥʠ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʟʘʟʥʘʻ ʢʚʘʥʪʫʚʘʥʥʷ. 

ʇʘʨʘʣʝʣʴʥʦ ʜʦ ʧʣʦʱʠʥʠ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʨʫʭ ʝʣʝʢʪʨʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʽʣʴʥʠʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ ʚʠʥʠʢʘʻ ʢʘʥʘʣ ʟʽ 

ʟʙʘʛʘʯʝʥʦʶ ʱʦʜʦ ʦʙôʻʤʫ GaAs ʧʨʦʚʽʜʥʽʩʪʶ, ʷʢʠʤ ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ 

ʨʫʭʘʪʠʩʷ ʷʢ ʛʘʟ ʜʚʦʚʠʤʽʨʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʇʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʦʶ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ ʮʷ ʩʠʩʪʝʤʘ ʟ 

ʜʚʦʚʠʤʽʨʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʚʦʣʦʜʽʻ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʦʚʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ: 

¶ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ (ʧʦʚʝʨʭʥʝʚʠʭ ʜʝʬʝʢʪʽʚ) 

ʟʘʚʜʷʢʠ ʜʦʙʨʦʤʫ ʫʟʛʦʜʞʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʦʢ ʰʘʨʽʚ, ʱʦ 

ʢʦʥʪʘʢʪʫʶʪʴ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʟʥʘʯʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ ʛʨʘʥʠʮʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ; 

¶ ʧʦʩʣʘʙʣʝʥʠʤ ʜʦʤʽʰʢʦʚʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ. 

ʇʦʩʣʘʙʣʝʥʥʷ ʜʦʤʽʰʢʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ 

ʜʚʦʚʠʤʽʨʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʤʽʩʪʷʪʴʩʷ ʚ ʢʘʥʘʣʽ ʫ ʚʫʟʴʢʦʱʽʣʠʥʥʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʘ ʜʦʤʽʰʢʦʚʽ ʮʝʥʪʨʠ, ʷʢʽ ʾʭ ʧʦʨʦʜʠʣʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ʛʝʪʝʨʦʤʝʞʽ ʫ ʰʠʨʦʢʦʱʽʣʠʥʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. ɿʘ 

ʪʘʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʜʦʤʽʰʢʦʚʠʭ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʽ ʥʦʩʽʾʚ 

ʜʦʤʽʰʢʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʩʣʘʙʣʶʻʪʴʩʷ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʛʦ ʩʧʘʜʘʥʥʷ ʟ ʚʽʜʩʪʘʥʥʶ ʢʫʣʦʥʽʚʩʴʢʠʭ 
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ʧʦʣʽʚ, ʟ ʽʥʰʦʛʦ ð ʟʘ ʨʘʭʫʥʦʢ ʦʩʣʘʙʣʝʥʥʷ ʫ ʨʘʟʽ ʚʽʜʜʘʣʷʥʥʷ ʚʽʜ 

ʘʥʩʘʤʙʣʶ ʜʦʤʽʰʦʢ ʩʧʨʠʯʠʥʝʥʠʭ ʥʠʤʠ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ 

ʧʦʪʝʥʮʽʘʣʫ. ʆʙʠʜʚʘ ʮʽ ʯʠʥʥʠʢʠ ʩ ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʦʤʽʰʢʦʚʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʟ ʜʦʚʦʣʽ ʨʽʟʢʦʶ i ʜʦʩʢʦʥʘʣʦʶ ʤʝʞʝʶ 

ʨʦʟʜʽʣʫ ʩʣʘʙʢʝ ʨʦʟʩʽʶʚʘʥʥ ̫ʚ ʧʦʩʜʥʘʥʥʽ ʟ ʤʘʣʦʶ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʫʞʝ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʥʥʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʚ ʢʘʥʘʣʽ ʚʟʜʦʚʞ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʦʩʦʙʣʠʚʦ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʨʫʭʣʠʚʦʩʪʽ ʚʠʨʦʜʞʝʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟ 

ʧʦʚʝʨʭʥʝʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʩʶ ʣ (ʩʤ-*), ʱʦ ʚʽʜʜʘʣʝʥʽ ʥʘ ʝʬʝʢʪʠʚʥʫ 

ʚʽʜʩʪʘʥʔ deff ɺɰɼ ɼɺʦʚʠʤʽʨʥʦʛʦ ʰʘʨʫ ̔ ʦʥʽʚ ʜʦʤʽʰʦʢ ʟ ʢʦʥʮʝʥʪʨʘʮʽʩʶ ʧʸ 

(ʩʤ-*) ʟʘ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʮʠʭ ʜʦʤʽʰʢʘʭ ʨʦʟʨʘʭʫʥʦʢ ʜʘʩ ʪʘʢʠʡ ʧʨʦʩʪʠʡ 

ʚʠʨʘʟ: 
 

(5.4) 
 

ʗʢ ʙʘʯʠʤʦ, ʜʣʷ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʪʦʙʪʦ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʟʘʣʝʛʦʚʘʥʦ ʪʽʣʴʢʠ ʦʜʥʫ ʢʦʤʧʦʥʝʥʪʫ 

ʛʝʪʝʨʦʧʘʨʠ, ʪʝʦʨʽʷ ʧʝʨʝʜʙʘʯʘʩ ʟʨʦʩʪʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʢʫʙʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ 2D ʥʦʩʽʾʚ ʡ ʽʦʥʽʟʦʚʘʥʠʭ 

ʜʦʤʽʰʦʢ, ʱʦ µx ʧʦʨʦʜʠʣʠ. ɺʽʜʜʘʣʴ ʤʽʞ ʨʫʭʣʠʚʠʤʠ 2D ʥʦʩʽʷʤʠ ʫ 

ʧʨʦʚʽʜʥʠʭ ʢʘʥʘʣʘʭ ʡ ʽʦʥʽʟʦʚʘʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʫ ʙʘʨôʩʨʘʭ ʩʪʨʫʢʪʫʨ ʟ 

ʤʦʜʫʣʴʦʚʘʥʠʤ ʣʝʛʫʚʘʥʥʷʤ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʚʚʦʜʷʯʠ ʚ ʙʘʨôʩʨʠ ʥʘ 

ʛʝʪʝʨʦʤʝʞʽ ʥʝʣʝʛʦʚʘʥʽ ʧʨʦʰʘʨʢʠ, ʪʘʢ ʟʚʘʥʽ ʩʧʝʡʩʝʨʠ, ɦ ʦ ʨʦʟʜʽʣʷʶʪʴ 

ʥʦʩʽʾ ʪʘ ʽʦʥʽʟʦʚʘʥʽ ʜʦʤʽʰʢʠ. ʅʘ ʧʨʠʢʣʘʜʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ GaAs/ 

AIGaAs ʟʘʣʝʞʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʨʫʭʣʠʚʦʩʪʽ 

2D ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʪʦʚʱʠʥʠ ʩʧʝʡʩʝʨʘ, ʪʦʙʪʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʘʨʘʤʠ 2D 

ʥʦʩʽʾʚ ʡ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.10. 

ʗʢ ʚʠʧʣʠʚʘʩ ʟ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 5.10 ʜʘʥʠʭ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʦʚʱʠʥʠ ʥʝʣʝʛʦʚʘʥʦʛʦ ʧʨʦʰʘʨʢʫ ʚʽʜ 0 ʜʦ 150 ɸ ʨʫʭʣʠʚʽʩʪʴ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʩʪʴʩʷ, ʪʦʙʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʦʯʽʢʫʚʘʥʥʷʤʠ 

ʧʦʩʣʘʙʣʝʥʥʷ ʜʦʤʽʰʢʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ 

ʤʽʞ 2D ʝʣʝʢʪʨʦʥʘʤʠ i ʜʦʤʽʰʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ, ɦ ʦ µx ʧʦʨʦʜʠʣʠ. ʉʘʤʘ 

ʟʘʣʝʞʥʽʩʪʴ p(d) ʩʣʘʙʰʘ ʟʘ ʢʫʙʽʯʥʫ ʪʠʧʫ d*, ʱʦ ʧʨʠʨʦʜʥʦ, ʦʩʢʽʣʴʢʠ 

ʪʦʚʱʠʥʘ ʩʧʝʡʩʝʨʘ d ʡ ʝʬʝʢʪʠʚʥʘ ʚʽʜʜʘʣʴ ʤʽʞ 2D ʝʣʝʢʪʨʦʥʘʤʠ ʪʘ 

ʽʦʥʘʤʠ ʜʦʄʽʇɱʆ deff ð ʮʝ ʥʝ ʦʜʥʝ i ʪʝ ʩʘʤʝ. ʂʨʽʤ ʪʦʛʦ, ʚ ʜʦʩʣʽʜʞʝʥʠʭ 

ʟʨʘʟʢʘʭ ʧʨʠ d > 150 6 ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ, ʦʯʝʚʠʜʥʦ, ʩ ʥʘʷʚʥʽʩʪʴ 



88  

E
 

ʽʥʰʠʭ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ. ɼʦʜʘʪʢʦʚʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠʩʷ ʷʢ ʥʘʷʚʥʽʩʪʶ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʜʦʤʽʰʦʢ, ʪʘʢ i ʟʘʣʠʰʢʦʚʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ ʛʝʪʝʨʦʤʝʞʽ i ʤʦʞʝ 

ʜʦʤʽʥʫʚʘʪʠ ʥʘʜ ʨʦʟʩʽʶʚʘʥʥʷʤ ʣʝʛʫʚʘʣʴʥʠʤʠ ʽʦʥʽʟʦʚʘʥʠʤʠ ʜʦʤʽʰʢʘʤʠ 

ʟʘ ʚʝʣʠʢʠʭ d. ɯʥʰʦʶ ʧʨʠʯʠʥʦʶ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʦʩʽʾʚ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʢʘʥʘʣʽ ʥʘ ʛʝʪʝʨʦʤʝʞʽ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʥʝʣʝʛʦʚʘʥʦʛʦ ʧʨʦʰʘʨʢʫ ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʛʝʪʝʨʦʧʘʨʠ. 
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ʈʠʩ. 5.10. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ 

ʜʣʷ ʥʠʟʢʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʤʦʜʫʣʴʦʚʘʥʠʤ ʣʝʛʫʚʘʥʥʷʤ, ʱʦ 

ʤʘʣʠ ʨʽʟʥʫ ʪʦʚʱʠʥʫ d ʥʝʣʝʛʦʚʘʥʦʛʦ ʧʨʦʰʘʨʢʫ AlGaAs ʤʽʞ ʢʘʥʘʣʦʤ 

GaAs i ʣʝʛʦʚʘʥʦʶ ʦʙʣʘʩʪʶ AlGaAs. ʇʦʢʘʟʘʥʘ ʪʘʢʦʞ ʬʦʨʤʘ 

ʭʦʣʣʽʚʩʴʢʦʛʦ ʤʽʩʪʢʘ. (ɿʛʽʜʥʦ ʟ Stòormer H.L., Pinczuk ɸ., Gossard ɸ.ʉ., 

Wiegmann W. Appl. Phys. Lett. 38 (1981) 691) 

 
ʂʨʽʤ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʣʠʚʦʩʪʽ 2D ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʜʚʦʚʠʤʽʨʥʠʤ ʢʘʥʘʣʦʤ ʪʘ ʽʦʥʽʟʦʚʘʥʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʚʘʞʣʠʚʦ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʫ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ, ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  (5.4)  ʚʦʥʦ 

ʥʽʞ  ʧʝʨʝʢʨʠʚʘʩ ʟʚʠʯʘʡʥʝ ʧʘʜʽʥʥʷ  ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʪ ʟʘ ʦʜʥʦʨʽʜʥʦʛʦ ʣʝʛʫʚʘʥʥʷ, ʢʦʣʠ 

ʣ = ʣt. ʇʽʜʚʠʱʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʾ ʭʥʴʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʨʠʯʠʥʷʩʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʬʝʨʤʽʩʚʩʴʢʦʛʦ ʭʚʠʣʴʦʚʦʛʦ 

ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʽʚ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʣ. ɼʣ ̫ʚʝʣʠʢʠʭ ʬʝʨʤʽʩʚʩʴʢʠʭ ʭʚʠʣʴʦ- 

ʚʠʭ ʚʝʢʪʦʨʽʚ ʧʨʫʞʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʘʭ ʜʦʤʽʰʦʢ ʩʪʘʩ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʨʝʣʘʢʩʘʮʽʾ ʽʤʧʫʣʴʩʫ, ʦʩʢʽʣʴʢʠ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ 

150 



89  

- i ʨʝʣʘʢʩʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʪʨʠʚʘʶʪʴ ʪʠʤ ʜʦʚʰʝ, ʯʠʤ ʙʽʣʴʰʝ 

ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʥʦʩʽʷ ʟʘʨʷʜʫ. 

ɼʣʷ ʩʬʦʨʤʦʚʘʥʦʾ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷ 2D ʥʦʩʽʾʚ ʟʘ 

ʬʽʢʩʦʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʩʪʴʩʷ ʨʽʚʥʝʤ i ʪʠʧʦʤ ʣʝʛʫʚʘʥʥʷ. ɸʣʝ 

iµ ʪʘʢʦʞ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʬʝʢʪʫ ʧʦʣʷ, ʽʥʜʫʢʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ʥʘ 

ʟʘʪʚʦʨʥʠʭ ʝʣʝʢʪʨʦʜʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ ʢʘʥʘʣʫ. ʄʦʞʣʠʚʫ 

ʩʭʝʤʫ ʪʘʢʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʦʪʨʠʤʘʥʽ ʟʘ ʾʭʥʴʦʶ 

ʜʦʧʦʤʦʛʦʶ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.11. 

 

ʈʠʩ. 5.11.  ɻʝʦʤʝʪʨʽʷ  ʟʨʘʟʢʘ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ' 

ʥʘʨʫʛʦʶ ʟʤʽʱʝʥʅʗ Vg  ʇʘʨʘʤʝʪʨʘʤʠ 2D 

ʢʘʥʘʣʫ  ʚ  ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦʚʘʥʽʡ ʛʝʪʝʨʦ- 

ʩʪʨʫʢʪʫʨʽ GaAs / AIGaAs (1 ðGaAs, 20 ʥʤ; 2 

ðAlGaAs:Si, 600 ʥʤ; 3 ð i-AIGaAs, 10 ʥʤ; 4 ð 

GaAs, 1 ʤʢʤ; 5 - ʧʽʜʢʣʘʜʢʘ GaAs:Cr; 6 ð ʤʽʜʥʘ 

ʧʣʘʩʪʠʥʢʘ; 7 ð ʢʦʥʪʘʢʪʠ in) ʪʘ ʟʘʣʝʞʥʽʩʪʴ 

pyxʣʠ8OClTii (ʘ), ʧʦʚʝʨʭʥʝʚʦʽò ʢʦʥʮʝʥʪʨʘʮʽñʽñ 

ʥʦʩʽñʽñʚ (ʙ) i ʧʨʦʚʽʜʥʦʩʪʽ (ʚ) ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʤʽʱʝʥʥʷ. ʊ ðð 4,2 ʂ. (ɿʛʽʜʥʦ ʟ Stormer H.L., 

Gossard ɸ.ʉ., Wiegmann W., Appl. Phys. Lett. 

39 (1981) 493) 

 
ʗʢ ʙʘʯʠʤʦ ʥʘ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʾ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʢʘʥʘʣʽ ʥʘ ʛʝʪʝʨʦʤʝʞʽ GaAs /AlGaAs ʧʨʠʙʣʠʟʥʦ ʫ 5 ʨʘʟʽʚ, ʾʭʥʴʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ð ʚ 50 ʨʘʟʽʚ, ʘ ʧʨʦʚʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ð ʫ 250 ʨʘʟʽʚ. ɿʽ 

ʟʨʦʩʪʘʥʥʷʤ ʧʦʟʠʪʠʚʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ ʨʫʭʣʠʚʽʩʪʴ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʩʪʨʫʢʪʫʨʽ ʟʨʦʩʪʘʣʘ ʧʨʠʙʣʠʟʥʦ ʟʘ ʟʘʢʦʥʦʤ - ʣ5ó2, ʪʦʙʪʦ ʥʘʚʽʪʴ 

ʩʠʣʴʥʽʰʝ, ʥʽʞ ʟʨʦʩʪʘʥʥʷ -  ʣ"*,  ʱʦ  ʧʝʨʝʜʙʘʯʘʩ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(5.4). ʇʦʩʠʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ 

ʚʽʜʥʦʩʥʦ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʪʝʦʨʽʩʶ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʚʧʣʠʚʦʤ ʜʚʦʭ 

ʯʠʥʥʠʢʽʚ. ʇʝʨʰʠʡ ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 
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ʝʣʝʢʪʨʦʥʽʚ ʧʦʩʠʣʶʩ ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʣʽʚ ̔ ʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ, ʘ ʚʽʜʪʘʢ 

ʧʦʩʣʘʙʣʶʩ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʨʦʟʩʽʶʚʘʪʠ ʥʦʩʽʾ ʟʘʨʷʜʫ. ɼʨʫʛʠʡ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʪʦʛʦ, ʱʦ ʧʦʟʠʪʠʚʥʝ ʟʤʽʱʝʥʥʷ, ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʪʠʣʴʥʦʛʦ ʙʦʢʫ 

ʧʽʜʢʣʘʜʢʠ, ʚʽʜʪʷʛʫʩ ʝʣʝʢʪʨʦʥʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜ ʤʝʞʽ ʨʦʟʜʽʣʫ 

GaAs /AIGaAs, ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʶʯʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʥʘʤʠ ʫ 

ʢʘʥʘʣʽ ʚ GaAs i ʜʦʤʽʰʢʘʤʠ ʚ ʙʘʨôʩʨʽ AIGaAs. ɺʽʜʪʘʢ ʦʙʠʜʚʘ ʟʘʟʥʘʯʝʥʽ 

ʤʝʭʘʥʽʟʤʠ ʟʙʽʣʴʰʫʶʪʴ ʨʫʭʣʠʚʽʩʪʴ 2D ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʧʦʟʠʪʠʚʥʠʭ 

ʟʤʽʱʝʥʴ ʥʘ ʧʽʜʢʣʘʜʮʽ i ʟʤʝʥʰʫʶʪʴ iµ ʟʘ ʥʝʛʘʪʠʚʥʠʭ. 

ɿʨʦʩʪʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʜʚʦʚʠʤʽʨʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʾʭʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʜʦʚʞʫʩʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʫʤʦʞʣʠʚʠʪʴʩʷ 

ʟʘʧʦʚʥʝʥʥʷ ʜʨʫʛʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʦʥʠ 2D ʝʣʝʢʪʨʦʥʽʚ. ʎʷ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʚʽʜʧʦʚʽʜʘʩ ʝʥʝʨʛʽʾ ʌʝʨʤʽ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʘ ʜʦʨʽʚʥʶʩ ʨʽʟʥʠʮʽ ʝʥʝʨʛʽʡ 

ʦʩʥʦʚʥʦʛʦ i ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʢʚʘʥʪʦʚʠʭ ʨʽʚʥʽʚ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ. 

ɿʘʣʫʯʝʥʥʷ ʜʨʫʛʦʾ ʜʚʦʚʠʤʽʨʥʦʾ ʟʦʥʠ ʚ ʧʨʦʮʝʩ ʧʨʦʚʽʜʥʦʩʪʽ ʟʤʝʥʰʫʩ 

ʩʫʤʘʨʥʫ ʨʫʭʣʠʚʽʩʪʴ 2D ʥʦʩʽʾʚ ʟʘʨʷʜʫ (ʨʠʩ. 5.12). ʊʘʢʝ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʙʫʚʘʩʪʴʩʷ ʟ ʜʚʦʭ ʧʨʠʯʠʥ. ʇʦ-ʧʝʨʰʝ, ʩʪʚʦʨʶʩʪʴʩʷ ʥʦʚʠʡ ʢʘʥʘʣ, 

ʥʦʚʠʡ ʤʝʭʘʥʽʟʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʾ ʭʥʷ ʨʫʭʣʠʚʽʩʪʴ 

ʚ ʦʩʥʦʚʥʽʡ 2D ʟʦʥʽ ʟʤʝʥʰʫʩʪʴʩʷ. ʇʦ-ʜʨʫʛʝ, ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ, ʷʢʽ 

ʧʦʯʠʥʘʶʪʴ ʟʘʧʦʚʥʶʚʘʪʠ ʧʝʨʰʫ ʟʙʫʜʞʝʥʫ 2D ʟʦʥʫ, ʩ ʥʠʞʯʦʶ, ʥʽʞ ʾ ʭʥʷ 

ʨʫʭʣʠʚʽʩʪʴ ʚ ʦʩʥʦʚʥʽʡ ʟʦʥʽ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʠʷ ʾ ʭʥʴʦʛʦ ʬʝʨʤʽʩʚʩʴʢʦʛʦ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʩ ʤʝʥʰʠʤ. 

 

 

 

 
ʈʠʩ. 5.12. ɿʘʣʝʞʥʽʩʪʴ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʟʤʽʱʝʥʥʷ Vy ʥʘ ʧʽʜʢʣʘʜʮʽ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ GaAs /AIGaAs. lʥʜʝʢʩʠ 0 i 1 ʩʪʦʩʫʶʪʴʩʷ ʦʩʥʦʚʥʦñʽñi ʧʝʨʰʦñʽñ 

ʟʙʫʜʞʝʥʦñʽñ 2D ʟʦʥ. ʉʪʨʠʙʦʢ ʨʫʭʣʠʚʦʩʪʽ Af!ʥ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 1,3 104 ʩʤ2/ɺ ʩ. 

(ɿʛʽʜʥʦ ʟ Stormer H.L., Gossard ɸ.ʉ., Wiegmann W., Solid State Coʪʪ., 

41 (1982) L122) 
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦʚʘʥʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ i ʩʪʚʦʨʝʥʥʷ ʩʧʝʡʩʝʨʽʚ ʜʘʣʦ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʽʩʾ 

ʪʝʟʠ ʥʘ ʨʠʩ. 5.13 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʠʭ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ GaAs Al,Ga1-, As, i ʭʨʦʥʦʣʦʛʽʷ ʮʴʦʛʦ ʧʨʦʛʨʝʩʫ. ʗʢ 

ʤʦʞʥʘ ʙʘʯʠʪʠ, ʟ ʤʦʤʝʥʪʫ ʚʠʥʘʭʦʜʫ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʣʝʛʫʚʘʥʥʷ 

ʨʫʭʣʠʚʽʩʪʴ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʝ ʚʦʥʘ 

ʦʙʤʝʞʫʩʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʜʦʤʽʰʢʘʭ i ʜʝʬʝʢʪʘʭ 

ʤʘʪʝʨʽʘʣʫ, ʚʠʨʦʩʣʘ ʙʽʣʴʰʝ ʥʽʞ ʫ 1000 ʨʘʟʽʚ. ʑʦ ʞ ʜʦ ʧʝʨʝʚʘʛʠ 

ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʥʘʜ ʨʫʭʣʠʚʽʩʪʶ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʪʦ 

ʚʦʥʘ ʩ ʱʝ ʙʽʣʴʰ ʚʨʘʞʘʶʯʦʶ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʛʥʫʪʠʡ ʥʠʥʽ ʨʝʟʫʣʴʪʘʪ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʢʦʛʦ ʛʝʣʽʶ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 107 ʩʤ2/ɺ ʩ, ʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʤʝʥʰʠʭ ʟʘ 1 ʂ ð 2 107 ʩʤ2/ɺ ʩ. ʆʩʪʘʥʥʩ ʟʥʘʯʝʥʠʷ 

ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʥʘʜʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʟʥʘʯʘʩ, ʱʦ ʟʘ 

ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʣʝʢʪʨʦʥ ʧʨʦʙʽʛʘʩ ʯʝʨʝʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʚʽʜ 

ʟʽʪʢʥʝʥʥʷ ʜʦ ʟʽʪʢʥʝʥʥʷ ʙʝʟ ʨʦʟʩʽʶʚʘʥʥʷ ʚʝʣʠʯʝʟʥʫ ʚʽʜʩʪʘʥʴ ð 

ʧʨʠʙʣʠʟʥʦ 200 ʤʢʤ. 
 
 

Te.vnepamʫʨʘ, ʂ 

 

ʈʠʩ. 5.13. ʇpoʛpec, ʜʦʩʷʛʥʫʪʠʡ ʟ ʯʘʩʫ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽòʽòʚʠʨʦʱʫʚʘʥʥʷ 

ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ GaAs/AI, Ga, 1- As ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ. (ɿʛʽʜʥʦ ʟ ʍ. ʐʪʝʨʤʝʨ, ʋʌʅ, 170 (2000) 304) 
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ʈʽʚʝʥʴ ʚʘʢʫʫʤʫ 

AIGaAs GaAs AIGaAs 

ɺʠʩʦʢʽ ʟʥʘʯʝʥʠʷ ʨʫʭʣʠʚʦʩʪʽ ʦʩʦʙʣʠʚʦ ʧʨʠʚʘʙʣʠʚʽ ʚ ʧʨʠʢʣʘʜʥʦʤʫ 

ʘʩʧʝʢʪʽ. ʉʴʦʛʦʜʥʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

GaAs AI,Ga l- As ʫʞʝ ʩʪʚʦʨʝʥʽ ʪʘʢ ʟʚʘʥʽ HEMT (high electron mobility 

transistors) ð ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ 

ʰʫʤʦʤ i ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʦʜʽʩʶ, ʪʘ ʣʦʛʽʯʥʽ ʩʭʝʤʠ, ʟʜʘʪʥʽ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʢʫʨʫʚʘʪʠ ʟʽ ʩʭʝʤʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʞʝʟʝʬʩʦʥʽʚʩʴʢʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʘʣʝ ʪʘʢʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴʢʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʨʽʜʢʦʛʦ ʘʟʦʪʫ 77 ʂ. 

 

 
5.4. ʉʊʈʋʂʊʋʈʀ 3 ɼɺʆɺʀʄɯʈʅʀʄʀ ɽʃɽʂʊʈʆʅɸʄʀ: 

ɼɺʆɺʀʄɯʈʅʀʁ ɽʃɽʂʊʈʆʅʅʀʁ ɻɸɿ ʋ ʂɺɸʅʊʆɺɯʁ ʗʄɯ 

 
ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʚʦʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʩʪʚʦʨʶʶʪʴ ʟʘ 

ʩʭʝʤʦʶ, ʧʦʜʽʙʥʦʶ ʜʦ ʩʭʝʤʠ ʦʢʨʝʤʦʛʦ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʘʣʝ ʚ ʥʽʡ h ʘʨ 

ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʦʥʢʠʤ ʫ ʢʚʘʥʪʦʚʦ- 

ʨʦʟʤʽʨʥʦʤʫ ʩʤʠʩʣʽ i ʟ ʦʙʦʭ ʙʦʢʽʚ ʦʙʤʝʞʫʶʪʴ ʰʘʨʘʤʠ ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʇʝʨʝʚʘʛʘ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʦʶ 

ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ɦ ʦ ʟ ʦʙʦʭ ʙʦʢʽʚ h ʘʨ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʤʘʩ ʜʦʩʢʦʥʘʣʫ, ʨʽʟʢʫ, ʤʘʣʦʜʝʬʝʢʪʥʫ ʛʝʪʝʨʦʤʝʞʫ, ʘ 

ʦʪʞʝ, ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʫ ʪʦʚʱʠʥʫ i ʥʝʟʥʘʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ 2D ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʝʚʠʤʠ  ʜʝʬʝʢʪʘʤʠ.  ʅʘ ʨʠʩ. 5.14 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʘ 

ʢʚʘʥʪʦʚʘ ʷʤʘ Al,Ga1-, As / GaAs / AI,Ga, 1- As. ʋ ʪʘʢʽʡ ʦʜʥʦʚʠʤʽʨʥʽʡ 

ʢʚʘʥʪʦʚʽʡ ʷʤʽ ʟʘʣʝʞʥʦ ʚʽʜ iµ ʰʠʨʠʥʠ, ʪʦʙʪʦ ʪʦʚʱʠʥʠ ʰʘʨʫ ʚʫʟʴʢʦ- 

ʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ GaAs, ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ 

ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʩʪʽʥʢʠ ʜʦ 

ʩʪʽʥʢʠ ̫ ʤʠ i ʚʽʜʧʦʚʽʜʥʽ ʜʚʦʚʠʤʽʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʽʥʽʟʦʥʠ ʜʣʷ ʥʘʧʨʷʤʢʽʚ, 

ʧʘʨʘʣʝʣʴʥʠʭ ʜʦ ʩʪʽʥʦʢ ʷʤʠ. 
 

 

ʈʠʩ. 5.14. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʦñʽôʷʤʠ ʟ ʜʚʦʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ 

GaAs/Al Ga1-, As 



 

ʑʦʙ ʪʘʢʘ ʩʠʩʪʝʤʘ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʤʦʛʣʘ ʙʫʪʠ 

ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʘʥʘ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʷʤʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʡ ʩʪʘʥ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʷʢ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʟʘ ʨʘʭʫʥʦʢ 

ʣʝʛʫʚʘʥʥʷ. ʇʨʦʪʝ ʥʘʷʚʥʽʩʪʴ ʢʚʘʥʪʦʚʦʾ ʷʤʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʷʻ ʤʦʞʣʠʚʽ 

ʚʘʨʽʘʥʪʠ ʚʧʣʠʚʫ, ʦʩʢʽʣʴʢʠ ʫ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʝ ʦʜʥʦʨʽʜʥʝ ʣʝʛʫʚʘʥʥʷ, ʷʢ ʟʘʟʚʠʯʘʡ ʫ ʤʘʩʠʚʥʠʭ 

ʢʨʠʩʪʘʣʘʭ, ʪʦʙʪʦ ʣʝʛʫʚʘʪʠ ʷʢ ʚʫʟʴʢʦʱʽʣʠʥʥʠʡ, ʪʘʢ ʽ ʰʠʨʦʢʦʱʽʣʠʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʘ ʽ ʤʦʜʫʣʴʦʚʘʥʝ ʣʝʛʫʚʘʥʥʷ, ʷʢ ʜʣʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, 

ʱʦ ʨʦʟʛʣʷʜʘʚʩʷ ʚʠʱʝ, ʢʦʣʠ ʣʝʛʫʶʪʴ ʪʽʣʴʢʠ ʰʠʨʦʢʦʱʽʣʠʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʫ ʮʴʦʤʫ ʨʘʟʽ ï AlxGa1-xAs. 

ʆʜʥʦʨʽʜʥʝ ʣʝʛʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ 

ʩʪʚʦʨʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʚʘʥʪʦʚʠʭ ʷʤ. ʇʨʦʪʝ 

ʥʝʚʘʞʢʦ ʙʘʯʠʪʠ, ʱʦ ʚʦʥʦ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʢʚʘʥʪʦʚʽʡ ʷʤʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʘ ʱʝ ʡ ʪʘʢʠʭ, ʷʢʽ ʚʦʣʦʜʽʣʠ ʙʠ 

ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ. ʅʘ ʪʝ ʻ, ʱʦʥʘʡʤʝʥʰʝ, ʜʚʽ ʧʨʠʯʠʥʠ ʧʨʠʥʮʠʧʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. 

ʇʝʨʰ ʟʘ ʚʩʝ, ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʚʝ ʟʙʫʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʟ ʜʦʥʦʨʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ, 

ʚ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʻ ʥʝʭʪʦʚʥʦ ʤʘʣʠʤ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʠʭ 3D 

ʢʨʠʩʪʘʣʽʚ. ʋ ʢʚʘʥʪʦʚʽʡ ʷʤʽ ʚʦʥʦ ʩʪʘʻ ʱʝ ʩʣʘʙʰʠʤ, ʦʩʢʽʣʴʢʠ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʢʚʘʥʪʫʻʪʴʩʷ. 

ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘʚʞʜʠ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 

ʚʠʱʝ ʚʽʜ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʨʝʟʫʣʴʪʘʪʦʤ ʢʚʘʥʪʫʚʘʥʥʷ ʻ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʟʦʨʫ 

ʤʽʞ ʜʦʥʦʨʥʠʤ ʽ ʮʠʤ ʥʘʡʥʠʞʯʠʤ ʽʟ ʜʦʟʚʦʣʝʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ ʨʽʚʥʷʤʠ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʨʦʩʪʘʻ ʚʠʩʦʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʨôʻʨʘ, ʷʢʠʡ ʝʣʝʢʪʨʦʥʫ ʧʦʪʨʽʙʥʦ ʧʦʜʦʣʘʪʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʽʨʚʘʪʠʩʷ 

ʚʽʜ ʩʚʦʛʦ ʜʦʥʦʨʥʦʛʦ ʮʝʥʪʨʘ ʽ ʩʪʘʪʠ ʚʽʣʴʥʠʤ. 

ɼʨʫʛʠʡ ʯʠʥʥʠʢ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʮʝʩʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʧʦʚôʷʟʘʥʦʾ ʟ 

ʥʠʤʠ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɹʫʜʴ-ʷʢʽ ʜʦʤʽʰʢʠ ʟʙʫʨʶʶʪʴ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʨʠʮʽ, ʚ ʷʢʫ ʚʦʥʠ ʚʧʨʦʚʘʜʞʝʥʽ. ʗʢ ʨʝʟʫʣʴʪʘʪ, 

ʚʦʥʠ ʨʦʟʩʽʶʶʪʴ ʚʽʣʴʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ. ʈʦʟʩʽʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʧʝʨʝʙʫʚʘʶʪʴ ʜʦʤʽʰʢʠ ï 

ʽʦʥʽʟʦʚʘʥʦʤʫ ʯʠ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʤʫ. ɺʽʜ ʮʴʦʛʦ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ. ʅʘʩʣʽʜʢʦʤ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʣʠ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʜʦʤʽʰʢʘʭ ʽ ʜʝʬʝʢʪʘʭ ʻ ʜʦʤʽʥʫʶʯʠʤ. 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʦʥʽʟʦʚʘʥʽ ʜʦʤʽʰʢʠ ʷʢʥʘʡʩʣʘʙʰʝ ʚʧʣʠʚʘʣʠ ʥʘ 

ʨʫʭʣʠʚʽʩʪʴ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ̫ ʤʽ, ʜʦʮʽʣʴʥʠʤ ʩ 

ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʜʽʣʝʥʥʷ ʦʜʥʠʭ i ʜʨʫʛʠʭ. ʉʪʨʫʢʪʫʨʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ 

ʜʘʩ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʮʝ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʫʣʴʦʚʘʥʝ ʣʝʛʫʚʘʥʥʷ, ʢʦʣʠ ʣʝʛʫʶʪʴ ʪʽʣʴʢʠ 

ʰʠʨʦʢʦʱʽʣʠʥʥʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʙʘʨôʩʨʠ. ʇʨʷʤʫʶʯʠ ʜʦ ʩʪʘʥʫ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʝʥʝʨʛʽʩʶ, ʝʣʝʢʪʨʦʥʠ ʟ ʜʦʥʦʨʥʠʭ ʨʽʚʥʽʚ ʫ ʰʠʨʦ- 

ʢʦʱʽʣʠʥʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʧʝʨʝʪʽʢʘʶʪʴ ʫ ʜʦʟʚʦʣʝʥʽ ʜʚʦʚʠʤʽʨʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʬʦʨʤʫʩ 

ʧʦʪʝʥʮʽʘʣʴʥʫ ʷʤʫ, ʷʢʽ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʟʥʘʭʦʜʷʪʴʩʷ ʥʠʞʯʝ. ɺ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʽʦʥʽʟʦʚʘʥʽ ʜʦʤʽʰʢʠ ʡ ʧʦʨʦʜʞʝʥʽ ʥʠʤʠ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ, ̫ ʢ i ʟʘ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʦʜʠʥʘʨʥʦʾ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ. 

ʗʢ ʡ ʫ ʚʠʧʘʜʢʫ ʦʜʠʥʘʨʥʦʾ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ ʣʝʛʦʚʘʥʠʤ ʜʦʥʦʨʘʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʙʘʨôʩʨʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʽʟʘʮʽʾ ʜʦʤʽʰʦʢ i ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʽʞ ʰʘʨʘʤʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʬʽʟʠʯʥʦʤʫ 

ʢʦʥʪʘʢʪʽ, ʜʝʱʦ ʚʠʜʦʟʤʽʥʶʩʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʢʚʘʥʪʦʚʦʾ ̫ ʤʠ 

ʚʽʜʥʦʩʥʦ ʪʽʩʾ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.14. ɺʦʥʘ ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ, 

ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 5.15 ð ʚʠʛʣʷʜʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʽʘʛʨʘʤʠ ʜʚʦʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ (ʨʠʩ. 5.9, ʙ), ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ. 
 
 
 
 
 
 

 
ʈʠʩ. 5.15. ɽʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʦʜʥʦʨʽʜʥʦ(ʣʽʚʦʨʫʯ) i ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦʚʘʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʷʤ. ð ʨʽʚʥʽ ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʚ ʉ i V ʟʦʥʘʭ 

ʚʽʜʧʦʚʽʜʥʦ. ʌ ð ʽʦʥʽʟʦʚʘʥʽ ʜʦʥʦʨʠ, ʆ ð ʥʝʽʦʥʽʟʦʚʘʥʽ ʜʦʥʦʨʠ 

 
ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ɦ ʦ ̫ ʢʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ 

ʥʝʣʝʛʦʚʘʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ ʧʨʠ ʊ ð+ 0 ʂ ʚ ̔ ʜʝʘʣʽ ʤʘʩ ʧʨʷʤʦʢʫʪʥʫ 
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ʬʦʨʤʫ, ʪʦ ʬʦʨʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʽʘʛʨʘʤ ʣʝʛʦʚʘʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ 

ʥʝ ʩ ʧʨʷʤʦʢʫʪʥʦʶ. ɿʘ ʨʫʭʣʠʚʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʫ ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦʚʘʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʪʘʢʠʭ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ. 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʣʝʛʫʚʘʥʥʷ 

ð ʪʘʢ ʟʚʘʥʝ ʜʝʣʴʪʘ-ʣʝʛʫʚʘʥʥʷ, ʪʦʙʪʦ ʛʨʘʥʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʝ ʣʝʛʫʚʘʥʥʷ, 

ʟʘ ʷʢʦʛʦ ʣʝʛʫʚʘʣʴʥʘ ʜʦʤʽʰʢʘ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʫ ʜʫʞʝ ʚʫʟʴʢʦʤʫ 

ʧʨʦʤʽʞʢʫ, ʚ ̔ ʜʝʘʣʽ ð ʫ ʤʦʥʦʰʘʨʽ. ʅʘʟʚʘ ñʜʝʣʴʪʘ-ʰʘʨò ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, 

ʱʦ ʧʨʦʬʽʣʴ ʨʦʟʧʦʜʽʣʫ ʣʝʛʫʚʘʣʴʥʦʾ ʜʦʤʽʰʢʠ ʫ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʥʘʛʘʜʫʩ 

ʙ-ʬʫʥʢʮʽʶ ɼʽʨʘʢʘ. ʎʝ ʜʘʩ ʟʤʦʛʫ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʚ ʧʨʦʩʪʦʨʽ 

ʽʦʥʽʟʦʚʘʥʽ ʜʦʤʽʰʢʠ i ʧʦʨʦʜʞʝʥʽ ʥʠʤʠ 2D ʝʣʝʢʪʨʦʥʠ, ʘ, ʦʪʞʝ, 

ʟʙʽʣʴʰʠʪʠ ʨʫʭʣʠʚʽʩʪʴ ʦʩʪʘʥʥʽʭ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʩ iµ ʰʠʨʠʥʘ. 

ɿʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʶ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʩʧʝʢʪʨʠ 

ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ i ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʷʢʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʨʽʚʥʽ ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʉʧʨʘʚʜʽ, 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʘ ʫ ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ 

ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (4.16). ʅʝʭʘʡ ʚ ʦʜʥʽʡ ʩʪʨʫʢʪʫʨʽ ʰʠʨʠʥʘ 
ʢʚʘʥʪʦʚʦʾ ʷʤʠ ʜʦʨʽʚʥʶʉ ʘ, ʘ ʚ ʽʥʰʽʡ ð ʘ + ʙʘ. ʊʆɼʽ ɿʉ ɺ ʆʉʅʆɺʅʆɻʆ 

ʢʚʘʥʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʫ ʮʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʪʘʥʦʚʠʪʠʤʝ: 
 

 

ʒɽ 0 ðð  
2m ʘô 

(5.5) 

 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ  (5.5)  ʩ  ʩʧʨʘʚʝʜʣʠʚʠʤ ʟʘ  ʫʤʦʚʠ, ʱʦ ʙʦ << ʘ. 

ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʙʫʜʝ: 

 

(5.6) 

 
ʗʢʱʦ ʢʚʘʥʪʦʚʽ ʷʤʠ ʜʦʩʪʘʪʥʴʦ ʚʫʟʴʢʽ, ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ, ʥʘʚʽʪʴ ʢʦʣʠ ʙʘ ʜʦʨʽʚʥʶʩ ʦʜʥʽʡ-ʜʚʦʤ ʤʽʞʘʪʦʤʥʠʤ 

ʚʽʜʜʘʣʷʤ. ʆʪʞʝ, ʟôʷʚʣʷʩʪʴʩʷ ʜʦʚʦʣʽ ʜʦʩʪʫʧʥʘ i ʨʝʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʪʠ ʪʦʚʱʠʥʠ, ʽʩʪʦʪʥʽ ʤʝʥʰʽ ʟʘ ʜʦʚʞʠʥʫ 

ʭʚʠʣʽ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. 

2h2 
 

2ʐ ʘô (ʘ + ʜʘ) 
2
 



96  

5.5. ʉʊʈʋʂʊʋʈʀ 3 ɼɺʆɺʀʄɯʈʅʀʄʀ ɽʃɽʂʊʈʆʅɸʄʀ: 

ɼɺʆɺʀʄɯʈʅʀʁ  ɽʃɽʂʊʈʆʅʅʀʁ ɻɸɿ 

ɺ ɯʅɺɽʈʉɯʁʅʀʍ  ʐɸʈɸʍ ʇʆʃʔʆɺʀʍ ʊʈɸʅɿʀʉʊʆʈɯɺ 

 
ʋ ʩʪʨʫʢʪʫʨʘʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʯʠ ʢʚʘʥʪʦʚʦʾ ʷʤʠ ʦʩʥʦʚʥʠʤ 

ʯʠʥʥʠʢʦʤ ʩʪʚʦʨʝʥʥʷ ʢʘʥʘʣʽʚ 2D ʝʣʝʢʪʨʦʥʽʚ ʩ ʢʦʤʧʦʟʠʮʽʡʥʽ ʟʤʽʥʠ ʫ 

ʰʘʨʘʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ð ʟʤʽʥʠ ʩʢʣʘʜʫ ʰʘʨʽʚ, ʪʠʧʫ, 

ʩʧʦʩʦʙʫ i ʩʪʫʧʝʥʷ ʾʭʥʴʦʛʦ ʣʝʛʫʚʘʥʥʷ. ʋ ʩʠʩʪʝʤʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʢʘʥʘʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʫ ʩ ʜʽʷ ʜʦʩʪʘʪʥʴʦ ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʅʘʛʘʜʘʩʤʦ, ʱʦ ʧʦʣʴʦʚʠʤ ʥʘʟʠʚʘʶʪʴ ʪʨʘʥʟʠʩʪʦʨ, ʩʪʨʫʤ ʚ ̫ ʢʦʤʫ 

ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʝʨʧʝʥʜʠ- 

ʢʫʣʷʨʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ, ʩʪʚʦʨʝʥʦʛʦ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ. 

ʇʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ ʚ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʟʫʤʦʚʣʝʥʦ 

ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʟʥʘʢʘ (ʝʣʝʢʪʨʦʥʘʤʠ ʘʙʦ ʜʽʨʢʘʤʠ), ʪʦʤʫ 

ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ð ʮʝ ʪʨʘʥʟʠʩʪʦʨʠ ʫʥʽʧʦʣʷʨʥʽ. ʈʫʭʦʤ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʢʘʥʘʣʦʤ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʶ 

ʢʝʨʦʚʘʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʚʽʜ ʚʠʪʦʢʫ (ʦʙʣʘʩʪʽ, ʱʦ ʩ ʜʞʝʨʝʣʦʤ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ) ʜʦ ʩʪʦʢʫ (ʦʙʣʘʩʪʽ, ʜʝ ʟʙʠʨʘʶʪʴʩʷ ʮʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʟ ʢʘʥʘʣʫ) 

ʢʝʨʫʩ ʟʘʪʚʦʨ. ɺʠʪʽʢ, ʩʪʽʢ i ʟʘʪʚʦʨ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʝʤʽʪʝʨʫ, ʢʦʣʝʢʪʦʨʫ i ʙʘʟʽ ʫ ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ. 

ʉʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠʩ. 5.16 ʧʦʢʘʟʘʥʦ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ, 

ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʜʽʨʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ɽʣʝʢʪʨʠʯʥʝ 

ʢʦʣʦ ʪʨʘʥʟʠʩʪʦʨʘ ʤʽʩʪʠʪʴ ʜʚʘ ʨ-ʣðʧʝʨʝʭʦʜʠ, ʫʚʽʤʢʥʝʥʽ ʦʜʠʥ ʥʘʟʫʩʪʨʽʯ 

ʽʥʰʦʤʫ. ɼʣ ̫ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʫ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʧʨʫʛʘ ʧʦʜʘʩʪʴʩʷ ʥʘ 

ʝʣʝʢʪʨʦʜʠ ñʚʠʪʽʢò ð ñʩʪʽʢò. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʠʥ ʽʟ ʨ-ʣðʧʝʨʝʭʦʜʽʚ 

ʟʤʽʱʫʩʪʴʩʷ ʚ ʧʨʷʤʦʤʫ, ʽʥʰʠʡ ð ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʽ. 

ʅʘ ʝʣʝʢʪʨʦʜ ñʟʘʪʚʦʨò, ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʚʽʜ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ p- 

Si h ʘʨʦʤ ʜʽʝʣʝʢʪʨʠʢʘ ð ʦʢʩʠʜʫ SiO (ʢʚʘʨʮʫ), ʧʦʜʘʩʪʴʩʷ ʧʦʟʠʪʠʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ. ʎʝʡ ʧʦʪʝʥʮʽʘʣ, ʚʽʜʰʪʦʚʭʫʶʯʠ ʜʽʨʢʠ, ʥʘʚʦʜʠʪʴ ʥʘ ʤʝʞʽ ʤʽʞ 

ʽʟʦʣʷʪʦʨʦʤ i ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʚʽʜôʩʤʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʣʝʛʦʚʘʥʠʡ ʘʢʮʝʧʪʦʨʘʤʠ, ʥʘ ʤʝʞʽ 

ʨʦʟʜʽʣʫ ʟ h ʘʨʦʤ ʦʢʩʠʜʫ ʥʘʙʫʚʘʩ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʆʪʞʝ, ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʘʪʚʦʨʘ ʤʽʞ ʚʠʪʦʢʦʤ i ʩʪʦʢʦʤ 

ʫʪʚʦʨʶʩʪʴʩʷ ʜʫʞʝ ʚʫʟʴʢʠʡ ʢʘʥʘʣ, ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʩʪʴʩʷ 

ʝʣʝʢʪʨʦʥʘʤʠ. ʉʬʦʨʤʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʪʝʯʝ ʩʠʣʴʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ, ʷʢʠʤ ʢʝʨʫʩ ʧʦʪʝʥʮʽʘʣ ʟʘʪʚʦʨʘ. 
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eV,  

ȣƚ 

 
 

 

ʈʠʩ. 5.16. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʽʥʚʝʨʩʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʽʶ: 

o ð 1,3 ð ʥʠʟʴʢʦʦʤʥʽ ʝʣʝʢʪʨʦʜʠ ñʩʪʽʢòi ñʚʠʪʽʢò; 2 ð ʟʘʪʚʦʨ; 4 ð ̔ ʥʚʝʨʩʽʡʥʠʡ 

ʧ-ʢʘʥʘʣ; ʙ ð ʩʭʝʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʧʦʙʣʠʟʫ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ Si/ SiO2 

(ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ð ʜʽʝʣʝʢʪʨʠʢ); Vg ʇʆʪʝʥʮʽʘʣ ʥʘ ʟʘʪʚʦʨʽ; Zd ð ʦʙʣʘʩʪʴ 

ʟʙʽʜʥʝʥʥʷ 

 

 
ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫ ʧʽʜʟʘʪʚʦʨʥʽʡ ʦʙʣʘʩʪʽ ʤʽʛ ʚʠʥʠʢʥʫʪʠ ̔ ʥʚʝʨʩʽʡʥʠʡ 

ʢʘʥʘʣ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, ʧʦʪʝʥʮʽʘʣ ʟʘʪʚʦʨʘ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʧʽʜʙʠʨʘʶʪʴ ʪʘʢʠʤ, ʟʘ ̫ ʢʦʛʦ ʟʛʠʥʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʫ ʮʽʡ 

ʦʙʣʘʩʪʽ ʩʪʘʶʪʴ ʜʦʚʦʣʽ ̔ ʩʪʦʪʥʠʤʠ ð ʥʘʩʪʽʣʴʢʠ ̔ ʩʪʦʪʥʠʤʠ, ɦ ʦ ʜʥʦ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʦʧʫʩʢʘʩʪʴʩʷ ʥʠʞʯʝ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʥʠʞʯʝ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ ʟʘʡʤʘʶʪʴʩʷ ʝʣʝʢʪʨʦʥʘʤʠ. ɸ 

ʮʝ ʦʟʥʘʯʘʩ, ʱʦ ʚ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʷʢʘ ʚʠʥʠʢʣʘ ʡ ʦʙʤʝʞʝʥʘ ʟ ʙʦʢʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʠʛʠʥʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʟ ʙʦʢʫ ʜʽʝʣʝʢʪʨʠʢʘ ð 

ʨʦʟʨʠʚʦʤ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʜʥʘ ʉ ʟʦʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ i ʜʽʝʣʝʢʪʨʠʢʘ, 

ʟôʷʚʣʷʶʪʴʩʷ ʥʝʦʩʥʦʚʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ. ʂʦʣʠ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ 

ʝʣʝʢʪʨʦʥʽʚ ʧʦʯʠʥʘʩ ʧʝʨʝʚʠʱʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʽʨʦʢ, ʚʽʜʙʫʚʘʩʪʴʩʷ 

ʽʥʚʝʨʩʽʷ ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟ ʜʽʨʢʦʚʦʛʦ ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ. ʐʘʨ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʫʪʚʦʨʶʩʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʥʘʟʠʚʘʶʪʴ 

ʽʥʚʝʨʩʽʡʥʠʤ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʧʨʠʢʣʘʜ ð ʮʝ ʚʠʧʘʜʦʢ ʪʘʢ ʟʚʘʥʦʛʦ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ (IGFET ð isolated gate field-effect 

transistor). ʋ ʜʦʙʨʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʩʠʩʪʝʤʫ ñʟʘʪʚʦʨ ð ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ 

SiO2 ð ʢʘʥʘʣ 2D ʝʣʝʢʪʨʦʥʽʚò ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ̫ ʢ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, 

ʚ ̫ ʢʦʤʫ ʟʘʪʚʦʨ i ʢʘʥʘʣ 2D ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʡʦʛʦ ʧʣʘʩʪʠʥ. 

Si - ʨ ʪʠʣʫ 
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ʊʦʜʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʣs ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʬʦʨʤʫʣʦʶ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

(5.7) 

 
 
ʜʝ ʉ ð ʛʝʦʤʝʪʨʠʯʥʘ ʩʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ; ʝ ð 

ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ; Vg ʇʦʪʝʥʮʽʘʣ ʥʘ ʟʘʪʚʦʨʽ; V ð ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ 

(ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨʽ, ʟʘ ʷʢʦʾ ʚʽʜʢʨʠʚʘʩʪʴʩʷ ʢʘʥʘʣ ʢʝʨʦʚʘʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ). 

ʗʢ ʙʘʯʠʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5.7), ʢʦʥʮʝʥʪʨʘʮʽʩʶ 2D ʝʣʝʢʪʨʦʥʽʚ 

ʫ ʢʘʥʘʣʽ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʥʘʧʨʫɻ Vg ʅʘ ʟʘʪʚʦʨʽ. 

ʄʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʫ h ʠʨʦʢʠʭ ʤʝʞʘʭ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʚʦʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʦʜʥʽʡ i ʪʽʡ ʞʝ ʩʪʨʫʢʪʫʨʽ ʧʨʦʩʪʦʶ ʟʤʽʥʦʶ ʥʘʧʨʫʛʠ ʥʘ 

ʟʘʪʚʦʨʽ ʩ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʷʢ 

ʩʠʩʪʝʤ ʟ 2D ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʧʨʦʙʦʶ ʢʚʘʨʮʫ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 107 ɺ/ʩʤ. ʎʝ ʦʟʥʘʯʘʩ, ɦ ʦ 

ʟʘ ʪʠʭ ʤʽʢʨʦʥʥʠʭ ʪʦʚʱʠʥ ʰʘʨʫ ʜʽʝʣʝʢʪʨʠʢʘ SiO ʥʘ ʢʨʝʤʥʽʡ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʥʘʧʨʫʛʫ ʥʘ ʟʘʪʚʦʨʽ ʤʦʞʥʘ ʧʽʜʥʽʤʘʪʠ ʚʽʜ 

ʥʫʣʷ ʜʦ ʙʣʠʟʴʢʦ 1000 ɺ, ʪʦʙʪʦ ʟʤʽʥʶʚʘʪʠ i-i ʚ ʤʝʞʘʭ ʪʨʴʦʭ ʧʦʨʷʜʢʽʚ. 

ʎʝ ʜʦʚʦʣʽ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ɿʘʚʜʷʢʠ ʡʦʤʫ ʤʦʞʥʘ ʜʦʩʷʛʘʪʠ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʾ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʧʨʦʚʽʜʥʦʤʫ ʢʘʥʘʣʽ ʪʨʘʥʟʠʩʪʦʨʘ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʘʢʽ 

ʟʤʽʥʠ ʩʷʛʘʶʪʴ ʜʚʦʭ ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥʠ ð ʚʽʜ 1011 ʜʦ 1013 ʩʤ-2. ɺʝʨʭʥʷ 

ʤʝʞʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʟʥʘʯʘʩʪʴʩʷ ʥʘʧʨʫʛʦʶ ʧʨʦʙʦʶ ʜʽʝʣʝʢʪʨʠʢʘ, 

ʥʠʞʥʷ ð ʥʝʜʦʩʢʦʥʘʣʦʩʪʷʤʠ ʤʝʞʽ ʨʦʟʜʽʣʫ ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. 

ʅʝʜʦʩʢʦʥʘʣʦʩʪʽ ʤʝʞʽ ʬʦʨʤʫʶʪʴ iµ ʥʝʦʜʥʦʨʽʜʥʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ 

ʨʝʣʴʩʬ ʎ ̔ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʩʚʦʩʶ ʯʝʨʛʦʶ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ɦ ʦ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ 2D ʝʣʝʢʪʨʦʥʽʚ, ʤʝʥʰʠʭ ʟʘ ʜʝʷʢʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʠʷ, 

ʷʢʝ ʷʢʨʘʟ i ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 1011 ʩʤ-2, ʥʦʩʽʾ ʟʘʨʷʜʫ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʘʭ ʨʝʣʴʩʬʫ ʧʦʪʝʥʮʽʘʣʴ- 

ʥʦʛʦ ʧʦʣʷ i ʧʽʜ ʟʘʪʚʦʨʦʤ ʥʝ ʚʠʥʠʢʘʩ ʩʫʮʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ. 

ʊʦʚʱʠʥʘ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʽʥʚʝʨʩʥʦʛʦ ʢʘʥʘʣʫ ʢʝʨʦʚʘʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʩ, ʟʘʟʚʠʯʘʡ, ʧʨʠʙʣʠʟʥʦ 3ð5 ʠʤ. ʎʝ ʤʝʥʰʝ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʦʚʝʨʭʥʽ ʟʘʪʚʦʨʘ, ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʢʚʘʥʪʫʩʪʴʩʷ. ʋ ʧʣʦʱʠʥʽ, ʧʘʨʘʣʝʣʴʥʽʡ ʜʦ ʧʦʚʝʨʭʥʽ 

ʟʘʪʚʦʨʘ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʟʘʣʠʰʘʩʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʤ. 
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ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʝʣʝʢʪʨʦʥʠ ʫ ʧʽʜʟʘʪʚʦʨʥʦʤʫ ʢʘʥʘʣʽ ʩ ʜʚʦʚʠʤʽʨʥʠʤʠ 

ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ. 

ʋ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʜʚʦʚʠʤʽʨʥʠʡ ʢʘʥʘʣ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʚʽʜʜʽʣʝʥʠʡ ʚʽʜ ʦʙôʩʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʦʙʣʘʩʪʶ ʟʽ ʟʥʠʞʝʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʩʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.16. ʎʶ ʦʙʣʘʩʪʴ 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʟʙʽʜʥʝʥʠʤ ʰʘʨʦʤ. ʊʠʧʦʚʦ ʟʘ ʨʝʘʣʽʟʘʮʽʾ ʨʝʞʠʤʫ 

2D ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʢʘʥʘʣʽ ʪʦʚʱʠʥʘ ʟʙʽʜʥʝʥʦʛʦ h ʘʨʫ çd ʩʷʛʘʩ ʚʝʣʠʯʠʥʠ 

ʧʦʨʷʜʢʫ ʤʽʢʨʦʥʘ ʘʙʦ ʤʝʥʰʝ. 

ʋ ʧʦʣʴʦʚʠʭ ʢʨʝʤʥʽʩʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʥʘ ʤʝʞʽ ñʥʘʧʽʚʧʨʦʚʽʜʥʠʢ Si 

ð ʜʽʝʣʝʢʪʨʠʢ SiO2ò ʥʝ ʚʜʘʩʪʴʩʷ ʜʦʩʷʛʪʠ ʪʘʢʦʛʦ ʨʽʚʥʷ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʛʝʪʝʨʦʤʝʞʽ GaAs/AIGaAs. ʇʨʠʯʠʥʦʶ ʪʦʤʫ ʩ 

ʚʽʜʤʽʥʥʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʝʤʥʽʶ i ʡʦʛʦ ʜʠʦʢʩʠʜʫ, ʘ ʪʘʢʦʞ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʦʢʠʩʥʠʭ h ʘʨʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʚʠʧʘʜʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ, ʚʠʢʣʠʢʘʥʠʡ ʥʘʷʚʥʽʩʪʶ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʟʘʨʷʜʞʝʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʤʝʞʽ ʨʦʟʜʽʣʫ, 

ʦʙʤʝʞʫʩ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ̔ ʥʚʝʨʩʽʡʥʠʭ h ʘʨʘʭ. ʄʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʠʷ ʨʫʭʣʠʚʦʩʪʽ ʜʣʷ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʥʘ 

ʢʨʝʤʥʽʡ, ̫ ʢʠʭ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ 5 104 ʩʤ2/ɺ ʩ. ʎʝ 

ʧʨʠʙʣʠʟʥʦ ʫ 400 ʨʘʟʽʚ ʤʝʥʰʝ ʟʘ ʨʫʭʣʠʚʽʩʪʴ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʽ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ, 

ʷʢʽ ʜʦʩʷʛʥʫʪʦ ʩʴʦʛʦʜʥʽ i ʧʨʦ ʷʢʽ ʤʠ ʟʛʘʜʫʚʘʣʠ ʚʠʱʝ. 

 

 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 

 
1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ 

ʜʚʦʚʠʤʽʨʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ i ʤʘʪʝʤʘʪʠʯʥʝ ʧʦʜʘʥʥʷ ʛôʨʘʪʢʠ ɹʨʘʚʝ. 

3. ʆʙʛôʨʫʥʪʫʡʪʝ, ʩʢʽʣʴʢʠ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʨʽʟʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ 

ʙʨʘʪʦʢ ɹʨʘʚʝ, ʧʦʷʩʥʽʪʴ, ʯʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 2D i ʷʢʫ 

ʩʪʘʥʦʚʣʷʪʴ ʮʽʥʥʽʩʪʴ, ʷʢʱʦ ʥʝ ʙʫʜʴ-ʷʢʘ ʜʚʦʚʠʤʽʨʥʘ ʧʝʨʽʦʜʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩ ʛôʨʘʪʢʦʶ ɹʨʘʚʝ. 

4. ʇʦʢʘʞʽʪʴ, ʷʢʠʤ ʯʠʥʦʤ 2D ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ 

ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ ʜʚʦʭ 

ʢʦʩʦʢʫʪʥʠʭ ʛôʨʘʪʦʢ ɹʨʘʚʝ. 

5. ɺʠʢʦʥʘʡʪʝ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʠʤʝʪʨʽʾ i 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʟ ʜʘʣʴʥʽʤ 

ʧʦʨʷʜʢʦʤ. 



 

6. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ 

ʩʪʨʫʢʪʫʨ ʟ ʜʘʣʴʥʽʤ ʧʦʨʷʜʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

7. ʉʬʦʨʤʫʣʶʡʪʝ ʥʘʡʧʨʦʩʪʽʰʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʯʠ ʢʚʘʥʪʦʚʦʛʦ 

ʰʘʨʫ, ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʾʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. 

8. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʘ ʽ h ʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ 

ʧʨʦʩʪʦʨʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʽʘʛʨʘʤ ʾʭ ʛʝʪʝʨʦʧʘʨ. 

9. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ ʦʜʠʥʠʯʥʠʭ ʛʝʪʝʨʦ- 

ʩʪʨʫʢʪʫʨ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʥʢʨʝʪʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʧʘʨ. 

10. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ ʪʘ ʧʨʦʘʥʘʣʽʟʫʡʪʝ ʤʦʞʣʠʚʦʩʪʽ 

ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

11. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʽ ʧʝʨʝʚʘʛʠ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʽ ʨʫʭʣʠʚʽʩʪʶ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 2D 

ʢʘʥʘʣʘʭ ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʭ ʫ ʚ ʢʚʘʥʪʦʚʠʭ ʷʤʘʭ. 

12. ʇʦʷʩʥʽʪʴ ʧʨʠʨʦʜʫ, ʩʫʪʴ ʧʝʨʝʚʘʛ ʽ ʾʭ ʥʘʩʣʽʜʢʠ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʩʠʩʪʝʤʠ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʛʝʪʝʨʦʢʦʥʪʘʢʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʪʘʢʦʾ ʫ ʟʚʠʯʘʡʥʽʡ ʢʚʘʥʪʦʚʦ ʪʦʥʢʽʡ ʧʣʽʚʮʽ. 

13. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ ʧʦʜʚʽʡʥʦʾ ʛʝʪʝʨʦ- 

ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʧʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ ʽ 

ʥʘʩʣʽʜʢʠ ʾʾ ʟʤʽʥ ʧʽʜ ʚʧʣʠʚʦʤ ʦʜʥʦʨʽʜʥʦʛʦ ʽ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʣʝʛʫʚʘʥʥʷ 

ʛʝʪʝʨʦʰʘʨʽʚ. 

14. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʚ ʢʚʘʥʪʦʚʽʡ ʷʤʽ ʪʘ ʧʨʦʘʥʘʣʽʟʫʡʪʝ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʫʭʣʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʠʭ. 

15. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ 

ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ ʪʘ ʾʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʦʪʝʥʮʽʘʣʫ ʟʘʪʚʦʨʘ. 

16. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 2D ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ 

ʚ ʽʥʚʝʨʩʽʡʥʦʤʫ ʢʘʥʘʣʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʧʨʦʘʥʘʣʽʟʫʡʪʝ 

ʤʦʞʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʚʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʴʦʤʫ. 

17. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʩʠʩʪʝʤʫ ñʟʘʪʚʦʨ ï ʧʽʜʟʘʪʚʦʨʥʠʡ ʰʘʨ SiO 2 

ï ʢʘʥʘʣ 2D ʝʣʝʢʪʨʦʥʽʚò ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʽ 

ʷʢʫ ʬʫʥʢʮʽʶ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʘʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʽʜʽʛʨʘʻ ʢʦʞʝʥ ʽʟ 

ʟʘʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʟʠʩʪʦʨʘ. 

18. ɿʨʦʙʽʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 2D 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ, ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ 

ʷʤʽ ʪʘ ʚ ʽʥʚʝʨʩʽʡʥʦʤʫ ʢʘʥʘʣʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 
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ǐǔǒǕǔǍǎǜƾƾ ǊǈǔǈǎǒƽǖǓǎǛ CTPǙKTǙP: 

ǓǆǕƽǈǕǖǔǈƽǊǓǎǐǔǈƽ ǓǆǊf ǖǆǘǐǎ 

 
ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʧʠʪʘʥʠʷ ʦʢʨʝʤʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ð ʢʚʘʥʪʦʚʠʭ ʰʘʨʽʚ. ʊʝʧʝʨ 

ʧʝʨʝʡʜʝʤʦ ʜʦ ʧʠʪʘʥʠʷ ʧʨʦ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʢʦʤʙʽʥʘʮʽʩʶ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʚʘʥʪʦʚʠʭ ʰʘʨʽʚ, ʧʦʩʣʽʜʦʚʥʦ ʥʘʨʦʱʝʥʠʭ ʦʜʠʥ ʥʘ 

ʦʜʥʦʛʦ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʾʭʥʴʦʾ ʧʣʦʱʠʥʠ, ð ʜʦ 

ʧʠʪʘʥʠʷ ʧʨʦ ʪʘʢ ʟʚʘʥʠʭ ʥʘʜʛôʨʘʪʦʢ. 

ʉʪʨʫʢʪʫʨʘ ʪʠʧʫ ʥʘʜʛôʨʘʪʢʠ ð ʮʝ ʰʪʫʯʥʝ ʫʪʚʦʨʝʥʥʷ. li ̔ ʩʥʫʚʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʩ ʽʩʥʫʚʘʥʥʷ ʱʦʥʘʡʤʝʥʰʝ ʜʚʦʭ ʦʙʦʚôʷʟʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ð 

ʧʨʠʨʦʜʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛôʨʘʪʢʠ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ h ʘʨʫ 

ʥʘʜʛ'ʨʘʪʢʠ i ʰʪʫʯʥʦʾ ʥʘʜʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʬʦʨʤʫʩʪʴʩʷ ʧʝʚʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʨʽʟʥʠʭ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ h ʘʨʽʚ ʥʘʜʛ'ʨʘʪʢʠ ʡ ʦʩʥʦʚʥʦʶ 

ʚʠʤʦʛʦʶ ʜʦ ʷʢʦʾ ʩ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʰʪʫʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ 

ʬʦʨʤʫʩʪʴʩʷ ʮʠʤʠ ʰʘʨʘʤʠ. ʄʽʞ ʧʨʠʨʦʜʥʠʤ ʧʝʨʽʦʜʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʛôʨʘʪʦʢ ʰʘʨʽʚ (ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʥʘʜʛôʨʘʪʢʠ) i h ʪʫʯʥʠʤ 

ʧʝʨʽʦʜʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʥʘʜʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʬʦʨʤʫʩ ʥʘʜʛ'ʨʘʪʢʫ, ʩ ʜʚʽ 

ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ: ʧʝʨʰʠʡ ʩ ʪʨʠʚʠʤʽʨʥʠʤ, ʦʩʪʘʥʥʽʡ ð 

ʦʜʥʦʚʠʤʽʨʥʠʤ; ʚʝʣʠʯʠʥʘ ʧʝʨʽʦʜʫ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛ'ʨʘʪʢʠ ʩ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʶ (ʦʜʠʥʠʮʽ ʘʥʛʩʪʨʝʤʽʚ), ʧʝʨʽʦʜ ʰʪʫʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʥʘʜʛ'ʨʘʪʢʠ ð ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ (ʩʦʪʥʽ ð ʪʠʩʷʯʽ ʘʥʛʩʪʨʝʤʽʚ). 

ʉʭʝʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʘ, ̫ ʢʫ ʥʘʟʠʚʘʶʪʴ ʥʘʜʛôʨʘʪʢʦʶ, ʧʦʢʘʟʘʥʘ ʥʘ 
ʨʠʩ. 6.1. ʋ ʥʘʜʛôʨʘʪʢʘʭ, ʷʢʽ ʥʠʥʽ ʚʠʨʦʱʫʶʪʴ, ʨʝʘʣʴʥʦ ʢʽʣʴʢʽʩʪʴ ʾʭʥʽʭ 

ʰʘʨʽʚ ʩʪʘʥʦʚʠʪʴ ɦ ʦʥʘʡʤʝʥʰʝ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ. ʊʦʚʱʠʥʠ h ʘʨʽʚ ɸ dA i 

ɺ dʚü ʱʦ ʬʦʨʤʫʶʪʴ ʥʘʜʛôʨʘʪʢʫ, ʷʢ ʧʨʘʚʠʣʦ, ʨʽʟʥʽ. ɸʣʝ ʫ ʜʦʙʨʠʭ 
ʥʘʜʛ'ʨʘʪʢʘʭ ʪʦʚʱʠʥʠ ʦʜʥʦʪʠʧʥʠʭ ʰʘʨʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ. 

ʈʦʟʢʠʜ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʤʝʞʘʭ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ h ʘʨʫ ʥʘʜʛôʨʘʪʢʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʢʚʘʥʪʫʩʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʱʦ ʟʘ ʽʩʪʦʪʥʦʛʦ ʨʦʟʢʠʜʫ ʾʭʥʽʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʜʛôʨʘʪʢʘ ʧʨʦʩʪʦ 

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʥʘ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʽʡ ʚʽʣʴʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʫ ʧʝʚʥʠʭ ʰʘʨʘʭ, ʚ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʥʘʡʛʣʠʙʰʽ 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ. 
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ʈʠʩ. 6.1. ʅʘʜʛʨʘʪʢʘ AB: d ðð dA +dB ð ʧʝʨʽʦʜ ʥʘʜʛʨʘʪʢʠ; 

dA ,dB ð ʪʦʚʱʠʥʠ ʰʘʨʽʚ ɸ i ɺ ʚʽʜʧʦʚʽʜʥʦ 

ʗʢ ʥʝʚʘʞʢʦ ʟʨʦʟʫʤʽʪʠ ʟ ʨʠʩ. 6.1, ʧʦʷʚʘ h ʪʫʯʥʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʥʘʜʛôʨʘʪʢʠ ʩʧʨʠʯʠʥʷʩʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʘʤʝ ʧʝʨʽʦʜʠʯʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʪʠʧʥʠʭ ʰʘʨʽʚ ʥʘʜʛôʨʘʪʢʠ. 

ʌʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʠ ʨʦʟʛʣʷʥʝʤʦ 

ʥʠʞʯʝ ð ʚʽʥ ʚʠʟʥʘʯʘʩʪʴʩʷ ʧʨʠʨʦʜʦʶ ʰʘʨʽʚ ʥʘʜʛôʨʘʪʢʠ. ɸ ʪʝʧʝʨ 

ʘʢʮʝʥʪʫʩʤʦ ʫʚʘʛʫ ʦʩʴ ʥʘ ʯʦʤʫ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʙʫʜʴ-ʷʢʘ ʧʝʨʽʦʜʠʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ 

ʪʦʥʢʠʭ h ʘʨʽʚ ʩʪʚʦʨʶʚʘʪʠʤʝ ʜʦʜʘʪʢʦʚʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ. ɸʣʝ ʪʘʢ ʩʘʤʦ ʟʨʦʟʫʤʽʣʦ, ɦ ʦ ʥʝ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʰʘʨʽʚ ʧʦʷʚʘ ʪʘʢʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟʫʤʦʚʣʶʚʘʪʠʤʝ ʧʦʷʚʫ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʢʦʨʠʩʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ iµ ʩʢʣʘʜʦʚʠʭ. 

ɺʽʜʦʤʦ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʥʝʧʝʨʝʨʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʨʦʟʢʣʘʜʘ- 

ʩʪʴʩʷ ʥʘ ʟʦʥʥʠʡ (ʽʥʰʘ ʨʽʯ, ʱʦ ʟʘ ʪʠʭ ʯʠ ʽʥʰʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢ- 

ʪʝʨʠʩʪʠʢ ʧʝʨʽʦʜʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ 

ʨʦʟʜʽʣʷʩʪʴʩʷ ʥʘ ʩʤʫʛʠ ʜʦʟʚʦʣʝʥʠʭ i ʟʘʙʦʨʦʥʝʥʠʭ ʝʥʝʨʛʽʡ). ʉʪʦʩʦʚʥʦ 

ʥʘʜʛ'ʨʘʪʢʠ ʮʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʧʽʜ ʚʧʣʠʚʦʤ iµ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʫ ʜʦʜʘʪʢʦʚʠʡ ʟʦʥʥʠʡ ʩʧʝʢʪʨ ʨʦʟʢʣʘʜʘʪʠʤʝʪʴʩʷ 

ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʡ 

ʜʽʨʦʢ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʚʠʭʽʜʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʛôʨʘʪʢʠ ʢʨʠʩʪʘʣʽʚ. 

ɿʚʠʯʘʡʥʦ, ʮʝ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʽʣʴʢʠ ʜʣʷ ʪʦʛʦ ʥʘʧʨʷʤʢʫ, ʜʣʷ ̫ ʢʦʛʦ 

ʟôʷʚʣʷʩʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʪʦʙʪʦ ʜʣʷ ʥʘʧʨʷʤʢʫ 

ʚʟʜʦʚʞ oci ʨʦʩʪʫ ʥʘʜʛ'ʨʘʪʢʠ. ʂʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʩʤʫʛ ʜʦʟʚʦʣʝʥʠʭ i 

ʟʘʙʦʨʦʥʝʥʠʭ ʝʥʝʨʛʽʡ ʫ ʤʝʞʘʭ ʉ i V ʟʦʥ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʚʽʜʪʘʢ i 

ʾʭʥʷ ʰʠʨʠʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʝʨʽʦʜʦʤ ʥʘʜʛ'ʨʘʪʢʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʩ ʨʦʟʤʽʨʠ iµ ʤʽʥʽʟʦʥ ɹʨʽʣʣʶʝʥʘ, i 



 

/ 

ʧʝʨʽʦʜʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʟʦʥ ɹʨʽʣʣʶʝʥʘ 

ʚʠʭʽʜʥʦʛʦ ʢʨʠʩʪʘʣʘ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʽʜʦʤʦ, ʱʦ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʽʣʴʥʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ ʫ 

ʢʨʠʩʪʘʣʽ ʚʠʥʠʢʘʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʡʦʛʦ ʝʥʝʨʛʽʾ, ʟʫʤʦʚʣʝʥʘ ʩʢʽʥʯʝʥʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ  ü  ʫ ʧʨʦʮʝʩʘʭ ʨʦʟʩ̔ʁ ʚʘʥʥ̫ ï /Eü. ʗüʢɦ ʦü 

ʮʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʟʘʟʦʨ ʤʽʞ ʤʽʥʽʟʦʥʘʤʠ ʜʦʟʚʦʣʝʥʠʭ 

ʝʥʝʨʛʽʡ, ʥʦʩʽʡ ʟʘʨʷʜʫ ʥʝ ʣʦʢʘʣʽʟʫʚʘʪʠʤʝʪʴʩʷ ʚ ʤʝʞʘʭ ʦʢʨʝʤʦ ʚʟʷʪʦʾ 

ʤʽʥʽʟʦʥʠ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʧʦʷʚʘ ʧʝʨʽʦʜʠʯʥʦʾ ʥʘʜʙʫʜʦʚʠ ʥʝ ʧʨʠʚʝʜʝ ʜʦ 

ʧʦʷʚʠ ʥʦʚʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʪʫʯʥʦʾ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʘ ʦʪʞʝ, ʥʝ ʙʫʜʝ ʧʽʜʩʪʘʚ ʛʦʚʦʨʠʪʠ ʧʨʦ ʥʘʜˇʨʘʪʢʫ. ʎʝ 

ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʟʚʝʨʭʫ ʥʘ ʪʦʚʱʠʥʫ ʰʘʨʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʥʘʜˇʨʘʪʢʫ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʦʙʤʝʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʝ 

ʥʘʦʯʥʽʰʝ ʪʘʢ: ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʷʚʣʷʚʩʷ ʤʽʥʽʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜˇʨʘʪʦʢ, ʧʝʨʽʦʜ ʥʘʜˇʨʘʪʢʠ d ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʤʝʥʰʠʤ ʟʘ ʜʦʚʞʠʥʫ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ l. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘʜˇʨʘʪʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ, ʷʢʱʦ ʚ 

ʤʝʞʘʭ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʰʘʨʫ ʥʝ ʩʬʦʨʤʦʚʘʥʘ ʡʦʛʦ ʪʨʠʚʠʤʽʨʥʘ 

ʢʨʠʩʪʘʣʽʯʥʘ ˇʨʘʪʢʘ. ʎʝ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʦʚʱʠʥʫ ʰʘʨʽʚ 

ʥʘʜˇʨʘʪʢʠ ʟʥʠʟʫ ï ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ ʟʘ ʧʝʨʽʦʜ ˇʨʘʪʢʠ a 

ʢʨʠʩʪʘʣʽʚ ʪʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʥʘʜˇʨʘʪʢʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʜʘʪʠ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜˇʨʘʪ- 

ʢʠ: ʥʘʜˇʨʘʪʢʘ ï ʮʝ ʧʝʨʽʦʜʠʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʰʘʨʽʚ ʨʽʟʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʥʘʨʦʱʝʥʠʭ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠ- 

ʢʫʣʷʨʥʦʤʫ ʜʦ ʧʣʦʱʠʥʠ ʰʘʨʽʚ, ʪʦʚʱʠʥʘ ʷʢʠʭ ʙʽʣʴʰʘ ʟʘ ʧʝʨʽʦʜ ʾʭʥʴʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʘʣʝ ʤʝʥʰʘ ʟʘ ʜʦʚʞʠʥʫ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ. 

ʐʘʨʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʥʘʜˇʨʘʪʢʫ, ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʘʙʦ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʘʙʦ ʭʘʨʘʢʪʝʨʦʤ ʣʝʛʫʚʘʥʥʷ (ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ), 

ʘʙʦ ʪʠʤ ʪʘ ʽʥʰʠʤ ʦʜʥʦʯʘʩʥʦ. 

ʅʘʜˇʨʘʪʢʠ, ʫʪʚʦʨʝʥʽ ʧʝʨʽʦʜʠʯʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʜʚʦʭ ʥʘʧʽʚ- 

ʧʨʦʚʽʜʥʠʢʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʥʘʟʠʚʘʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ 

ʥʘʜˇʨʘʪʢʘʤʠ, ʘʙʦ ʥʘʜˇʨʘʪʢʘʤʠ ʟ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤʠ. 

ʅʘʜˇʨʘʪʢʠ, ʫʪʚʦʨʝʥʽ ʧʝʨʽʦʜʠʯʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʰʘʨʽʚ ʦʜʥʦʛʦ ʽ 

ʪʦʛʦ ʞ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ n- i p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʦʪʨʠʤʘʥʠʭ ʣʝʛʫʚʘʥʥʷʤ 

ʨ̔ ʟʥʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʟ ʤʦʞʣʠʚʠʤʠ ʙʝʟʜʦʤʽʰʢʦʚʠʤʠ ()̔ ʧʨʦʰʘʨʢʘʤʠ 

ʤʽʞ ʥʠʤʠ, ʥʘʟʠʚʘʶʪʴ ʣʝʛʦʚʘʥʠʤʠ ʥʘʜˇʨʘʪʢʘʤʠ, ʘʙʦ nipi-ʩʪʨʫʢʪʫʨʘʤʠ. 

ʂʦʤʙʽʥʫʶʯʠ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʰʘʨʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʤʽʞ 

ʩʦʙʦʶ, ʽ ʾʭʥʻ ʣʝʛʫʚʘʥʥʷ, ʦʪʨʠʤʫʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʣʝʛʦʚʘʥʽ ʥʘʜˇʨʘʪʢʠ. 
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ɼʦʜʘʶʯʠ ʜʦ ʜʚʦʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʨʝʪʽʡ, ʯʝʪʚʝʨʪʠʡ ʯʠ ʙʽʣʴʰʝ i 

ʥʘʨʦʱʫʶʯʠ µx ʰʘʨʠ ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʦʜʝʨʞʫʶʪʴ ʪʘʢ ʟʚʘʥʽ 

ʧʦʣʽʪʠʧʥʽ ʥʘʜʛôʨʘʪʢʠ. 

ʄʦʞʣʠʚʽ ʡ ʽʥʰʽ ʪʠʧʠ ʥʘʜʛôʨʘʪʦʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘʜʛ'ʨʘʪʢʠ ʟ 

ʥʘʧʨʫʞʝʥʠʤʠ ʰʘʨʘʤʠ, ʥʘʧʽʚʤʘʛʥʽʪʥʽ ʥʘʜʛôʨʘʪʢʠ ʪʦʱʦ. 

 
 

6.1.  ǕPOCTOPOBA CTPǙKTǙPA ǓǆǊƸǖǆǘǔǐ 

 
ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʦʟʥʘʢʦʶ ʥʘʜʛôʨʘʪʢʠ ʷʢ ʩʪʨʫʢʪʫʨʠ ʩ ʥʘʷʚʥʽʩʪʴ 

ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʊʦʤʫ 

ʥʘʡʧʝʨʰʠʤ ʧʠʪʘʥʥʷʤ, ʷʢʝ ʚʠʤʘʛʘʩ ʚʽʜʧʦʚʽʜʽ ʧʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ 

ʥʘʜʛ'ʨʘʪʦʢ, ʩ ʧʠʪʘʥʠʷ ʧʨʦ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

ʂʦʣʠ ʥʘʜʛ'ʨʘʪʢʘ ʬʦʨʤʫʩʪʴʩʷ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ, ʪʦʙʪʦ ʟʘ 

ʨʘʭʫʥʦʢ ʢʚʘʥʪʦʚʠʭ ʰʘʨʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʪʦ ʟ ʧʦʛʣʷʜʫ 

ʤʦʞʣʠʚʦʩʪʽ ʚʽʣʴʥʦʛʦ pyxy ʝʣʝʢʪʨʦʥʘ ʪʘʢʽ ʰʘʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘ- 

ʯʝʥʥʷʤʠ ʟʘʙʦʨʦʥʝʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʩʤʫʛ ʝʥʝʨʛʽʡ ʫ ʨʽʟʥʠʭ ʥʘʧʽʚ- 

ʧʨʦʚʽʜʥʠʢʘʭ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘ ʢʦʞʥʦʤʫ ʛʝʪʝʨʦʢʦʥʪʘʢʪʽ ʚʠʥʠʢʘʶʪʴ 

ʨʦʟʨʠʚʠ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ycix ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʥʘ ʧʨʦʩʪʦʨʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʥʘʜʛôʨʘʪʢʠ. 

ʆʩʢʽʣʴʢʠ ʮʽ ʨʦʟʨʠʚʠ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʚʦʥʠ i ʬʦʨʤʫʶʪʴ 

ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘʜʛôʨʘʪʢʠ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ ʧ. 5.3, ʚʟʘʩʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʟʦʥ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʦʜʥʠʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ̔ ʥʰʠʭ ʥʘ h ʢʘʣʽ 

ʝʥʝʨʛʽʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ  ʜʦ 

ʝʣʝʢʪʨʦʥʘ x- ɺʥʘʩʣʽʜʦʢ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʘ i 

ʰʠʨʠʥʽ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʥʘ ʛʝʪʝʨʦʤʝʞʘʭ, ʱʦ 
ʬʦʨʤʫʶʪʴ ʥʘʜʛ'ʨʘʪʢʫ, ʚʠʥʠʢʘʶʪʴ ʨʦʟʨʠʚʠ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʡ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʰʘʨʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ. 

ɺʝʣʠʯʠʥʫ    ʮʠʭ    ʨʦʟʨʠʚʽʚ    ʤʦʞʥʘ    ʚʠʨʘʟʠʪʠ    ʪʘʢ:    ʉ    ʟʦʥʘ ð 

ʮʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʭ , x2 ɰ ʃ , Ã2 ð ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʘ i 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʰʘʨʽʚ 1 i 2, ʑʦ ʢʦʥʪʘʢʪʫʶʪʴ, ɽ' , ʃ , Ã1 , Ã2 ð 

ʝʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʠʷ ʢʨʘʾʚ µx ʉ i V ʟʦʥ, g ɽ ɽ 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʧʘʨʘ- 

ʤʝʪʨʘʤʠ h ʘʨʽʚ ʥʘʜɻʨʘʪʢʠ DE c û ME, ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʠʥ i ʪʦʡ ʩʘʤʠʡ ʘʙʦ 

ʨʽʟʥʽ ʟʥʘʢʠ. ʗʢʱʦ ʨʦʟʨʠʚʠ DE c û Ev ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʟʥʘʢʠ, ʪʦʙʪʦ 

ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʦʚʥʽʩʪʶ 
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ʨʦʟʤʽʱʝʥʘ ʥʘ ʬʦʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ h ʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜ- 

ʥʠʢʘ, ʪʦ ʪʘʢʽ ʥʘʜɻʨʘʪʢʠ ʥʘʟʠʚʘʶʪʴ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʠʤʠ, ʘʙʦ ʥʘʜ- 

ɻʨʘʪʢʘʤʠ I ʪʠʧʫ. ʉʭʝʤʘʪʠʯʥʦ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʘ ʥʘʜɻʨʘʪʢʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 6.2. 

 
 

 

                                       Et 

 

 
ʈʠʩ. 6.2. ʂʦʥʪʨʘʚʘʨʽʘʥʪʥʘ ʥʘʜʛʨʘʪʢʘ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʨʘñʽñʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i 

ʚʘʣʝʥʪʥʦôʽôʟʦʥʠ ɦ ʦʜʦ ʨʽʚʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʚʘʢʫʫʤʽ ʫ ʤʘʪʝʨʽʘʣʘʭ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʽʟʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤʠ (ʣʽʚʦʨʫʯ) i ʚ ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʽʡ 

ʥʘʜʛʨʘʪʮʽ (ʧʨʘʚʦʨʫʯ). ʇʦʷʩʥʝʥʥʷ ʧʦʟʥʘʯʝʥʴ ð ʫ ʪʝʢʩʪʽ 

 
 

ʗʢʱʦ ʫ ʤʝʞʘʭ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ h ʘʨʫ ʥʘʜʛôʨʘʪʢʠ ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʪʦ ʥʘ ʧʨʦʩʪʦʨʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʜʽʘʛʨʘʤʽ ʥʘʜʛôʨʘʪʢʠ ʮʝ ʚʽʜʧʦʚʽʜʘʩ ʥʝʟʘʣʝʞʥʦʤʫ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ 

ʧʦʣʦʞʝʥʠʶ ʘʙʩʦʣʶʪʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜ- 

ʥʦʩʪʽ. ʗʢʱʦ ʛʝʪʝʨʦʢʦʥʪʘʢʪ ʩ ʨʽʟʢʠʤ, ʪʦ ʥʘ ʮʽʡ ʩʘʤʽʡ ʜʽʘʛʨʘʤʽ ʧʝʨʝʭʽʜ 

ʤʽʞ ʰʘʨʘʤʠ ʟʜʽʡʩʥʶʩʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʚʝʨʪʠ- 

ʢʘʣʴʥʠʤ ʜʽʣʷʥʢʘʤ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘʜʛôʨʘʪʢʠ ʜʦʙʨʝ 

ʘʧʨʦʢʩʠʤʫʩʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʧʨʷʤʦʢʫʪʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ i 

ʙʘʨôʩʨʽʚ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʝʥʝʨʛʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʨʽʟʥʦʛʦ 

ʟʥʘʢʘ ʚʽʜʨʘʭʦʚʫʩʪʴʩʷ ʫ ʚʟʘʩʤʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ð ʝʣʝʢʪʨʦʥʽʚ 

ʟʥʠʟʫ ʚʚʝʨʭ, ʘ ʜʽʨʦʢ ʟʚʝʨʭʫ ʚʥʠʟ, ð ʪʦ ʰʘʨʠ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʫ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʽʡ ʥʘʜʛôʨʘʪʮʽ ʩ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ 

ʷʤʘʤʠ ̫ ʢ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ, ʪʘʢ i ʜʣʷ ʜʽʨʦʢ. ɺʽʜʧʦʚʽʜʥʦ h ʠʨʦʢʦʱʽʣʠʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʚʽʜʽʛʨʘʩ ʨʦʣʴ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʜʣʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʦʙʦʭ ʟʥʘʢʽʚ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʫ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʽʡ ʥʘʜʛôʨʘʪʮʽ 

ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ i ʜʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦ ʩʫʤʽʱʝʥʽ ʚ ʰʘʨʘʭ ʚʫʟʴʢʦ- 

ʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 
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ʗʢʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʝʡ ʜʦ ʝʣʝʢʪʨʦʥʘ i ʰʠʨʠʥ 

ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ h ʘʨʽʚ ʥʘʜɻʨʘʪʢʠ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ʪʘʢʝ, ɦ ʦ ʢʨʘʾ ʉ i 

ʋ ʟʦʥ ʦʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʨʦʟʤʽʱʝʥʽ ʚʠʱʝ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ 

ʩʪʦʩʦʚʥʦ ʘʥʘʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʫʛʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʪʦ 

ʨʦʟʨʠʚʠ DE c i Ev ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, 

ʤʘʶʪʴ ʦʜʠʥ i ʪʦʡ ʩʘʤʠʡ ʟʥʘʢ. ʊʘʢʽ ʥʘʜɻʨʘʪʢʠ ʥʘʟʠʚʘʶʪʴ ʢʦʚʘʨʽʘʥʪʥʠʤʠ, 

ʘʙʦ ʥʘʜɻʨʘʪʢʘʤʠ II ʪʠʧʫ. ʋ ʮʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʣʠʚʽ ʜʚʘ ʨʽʟʥʽ ʚʠʧʘʜʢʠ. 

ɺ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ 

ʤʝʥʰʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʝʣʝʢʪʨʦʥʘ ʨʦʟʪʘʰʦʚʫʩʪʴʩʷ ʥʘ ʬʦʥʽ ʟʘʙʦ- 

ʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʙʽʣʴʰʦʶ -ʭ ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʟʘʙʦ- 

ʨʦʥʝʥʽ ʟʦʥʠ h ʘʨʽʚ ʥʘʜɻʨʘʪʢʠ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘ- 

ʶʪʴʩʷ. ʉʭʝʤʘʪʠʯʥʦ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʢʦʚʘʨʽʘʥʪʥʦʾ ʥʘʜɻʨʘʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 6.3. 
 
 

 
ʈʠʩ. 6.3. ʂʦʚʘʨʽʘʥʪʥʘ ʥʘʜʛʨʘʪʢʘ ʟ ʯʘʩʪʢʦʚʠʤ ʧʝʨʝʢʨʠʪʪʷʤ 

ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʰʘʨʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ 

ɺ ʽʥʰʦʤʫ ʨʘʟʽ ʚʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ 

ʤʝʥʰʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʝʣʝʢʪʨʦʥʘ ʨʦʟʪʘʰʦʚʫʩʪʴʩʷ ʥʘ ʬʦʥʽ 

ʝʥʝʨʛʽʡ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʙʽʣʴʰʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ 

ʝʣʝʢʪʨʦʥʘ. ʊʦʜʽ ʟʘʙʦʨʦʥʝʥʽ ʟʦʥʠ ʰʘʨʽʚ ʥʘʜɻʨʘʪʢʠ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, 

ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʟʦʚʩʽʤ. ʉʭʝʤʘʪʠʯʥʦ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʢʦʚʘʨʽʘʥʪʥʦʾ 

ʥʘʜɻʨʘʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.4. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘʜɻʨʘʪʢʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 6.3 i 6.4, 

ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ, ʤʽʞ ʥʠʤʠ ʩ ʧʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ. ɺʦʥʘ 

ʩʪʦʩʫʩʪʴʩʷ ʨʽʚʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʥʘʜɻʨʘʪʢʘʭ. ʋ 

ʥʘʜɻʨʘʪʮʽ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 6.3, ʝʥʝʨʛʽʷ ʜʦʟʚʦʣʝʥʠʭ ʩʪʘʥʽʚ ʟʦʥʠ ʧʨʦ- 

ʚʽʜʥʦʩʪʽ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ ʩʪʘʥʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʫ 

ʪʘʢʽʡ ʥʘʜɻʨʘʪʮʽ ʧʝʨʝʭʽʜ ʝʣʝʢʪʨʦʥʘ ̔ ʟ ʟʚôʷʟʘʥʦʛʦ ʩʪʘʥʫ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ 

ʙʫʜʴ-ʷʢʦʛʦ h ʘʨʫ ʫ ʚʽʣʴʥʠʡ ʩʪʘʥ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ (ʚʠʤʘʛʘʩ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ). ʂʨʽʤ ʪʦʛʦ, 
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ʷʢʱʦ ʪʘʢʠʡ ʧʝʨʝʭʽʜ ʟʜʽʡʩʥʶʩʪʴʩʷ ʤʽʞ ʘʙʩʦʣʶʪʥʠʤ ʤʘʢʩʠʤʫʤʦʤ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʘ ʘʙʩʦʣʶʪʥʠʤ ʤʽʥʽʤʫʤʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʰʘʨʽʚ 

ʥʘʜʛ'ʨʘʪʢʠ, ʚʽʥ ʜʦʜʘʪʢʦʚʦ ʧʦʚʠʥʝʥ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʱʝ ʡ ʪʫʥʝʣʶ- 

ʚʘʥʥʷʤ ʝʣʝʢʪʨʦʥʘ, ʦʩʢʽʣʴʢʠ ʫ ʢʦʚʘʨʽʘʥʪʥʠʭ ʥʘʜʛôʨʘʪʢʘʭ ʮʽ ʘʙʩʦʣʶʪʥʽ 

ʝʢʩʪʨʝʤʫʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ɦ ʦ ʢʦʥʪʘʢʪʫʶʪʴ, 

ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʘ ʊ ðÅ 0 ʂ ʢʦʥʮʝʥʪʨʘʮʽʷ i 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, i ʚʽʣʴʥʠʭ ʜʽʨʦʢ ʫ ʪʘʢʠʭ ʥʘʜʛ'ʨʘʪʢʘʭ ʪʝʞ 

ʧʨʷʤʫʚʘʪʠʤʝ ʜʦ ʥʫʣʷ. ʉʪʘʥ ʟ ʥʫʣʴʦʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʩʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʟʘ ʥʫʣʴʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, 

ʪʦʤʫ ʪʘʢʽ ʢʦʚʘʨʽʘʥʪʥʽ ʥʘʜʛ'ʨʘʪʢʠ ʥʘʟʠʚʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ. 
 

11ʿʵ cmoPOʚo ʢ Pʜʠʥama 

 

ʈʠʩ. 6.4. ʂʦʚʘʨʽʘʥʪʥʘ ʥʘʜʛʨʘʪʢʘ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʢʨʠʪʪʷ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ 

ʰʘʨʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ 

 
ʋ ʥʘʜɻʨʘʪʮʽ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 6.4, ʩʠʪʫʘʮʽʷ ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʘ. 

ɽʥʝʨʛʽʷ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʧʦʙʣʠʟʫ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʰʘʨʽʚ 2 

ʥʘʜɻʨʘʪʢʠ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʧʦʙʣʠʟʫ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʰʘʨʽʚ 1. ɺʽʜʧʦʚʽʜʥʦ ʩʪʘʥ ʥʘʜɻʨʘʪʢʠ, ʢʦʣʠ iµ ʚʘʣʝʥʪʥʘ 

ʟʦʥʘ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʘ, ʘ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʦʞʥʷ, ʙʫʜʝ ʝʥʝʨʛʝ- 

ʪʠʯʥʦ ʥʝʚʠʛʽʜʥʠʤ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʟʚôʷʟʘʥʠʭ 

ʩʪʘʥʽʚ V ʟʦʥʠ ʰʘʨʽʚ 2, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʚʠʩʦʢʦ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ, 

ʙʝʟʘʢʪʠʚʘʮʽʡʥʦ (ʙʝʟ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ) ʧʝʨʝʭʦʜʠʪʠʤʝ ʫ ʚʽʣʴʥʽ ʢʚʘʥʪʦʚʽ 

ʩʪʘʥʠ ʉ ʟʦʥʠ ʰʘʨʽʚ 1, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ ʥʘ ʮʽʡ ʰʢʘʣʽ. ʋ ʨʝ- 

ʟʫʣʴʪʘʪʽ ʫ ʪʘʢʽʡ ʥʘʜɻʨʘʪʮʽ ʥʘʚʽʪʴ ʟʘ 0 ʂ ʚʠʥʠʢʘʪʠʤʝ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ, ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʠʭ ʤʽʞ 

ʨʽʟʥʠʤʠ ʰʘʨʘʤʠ ʥʘʜɻʨʘʪʢʠ. ɺʦʥʘ ʙʫʜʝ ʙʽʣʴʰʦʶ, ʥʽʞ ʫ ʪʠʧʦʚʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʘʣʝ ʤʝʥʰʦʶ, ʥʽʞ ʫ ʪʠʧʦʚʠʭ ʤʝʪʘʣʘʭ. ʊʦʤʫ ʪʘʢʽ 

ʥʘʜɻʨʘʪʢʠ ʥʘʟʠʚʘʶʪʴ ʥʘʧʽʚʤʝʪʘʣʝʚʠʤʠ ʢʦʚʘʨʽʘʥʪʥʠʤʠ ʥʘʜɻʨʘʪʢʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʫ ʢʦʚʘʨʽʘʥʪʥʽʡ ʥʘʜɻʨʘʪʮʽ ʨʦʟʨʠʚʠ ʉ i V ʟʦʥ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʠʡ ʟʥʘʢ, ʪʦ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʷʤʘʤʠ i ʙʘʨôʩʨʘʤʠ ʜʣʷ ʚʽʣʴʥʠʭ 
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ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʚ ʥʽʡ ʩ ʰʘʨʠ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʎʝ ʦʟʥʘʯʘʩ, 

ʱʦ ʫ ʪʘʢʠʭ ʥʘʜɻʨʘʪʢʘʭ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ i ʜʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ 

ʤʽʞ ʨʽʟʥʠʤʠ h ʘʨʘʤʠ ʥʘʜɻʨʘʪʢʠ. ʌʦʨʤʘ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ i ʙʘʨôʩʨʽʚ, 

ʷʢ i ʜʣʷ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʠʭ ʥʘʜɻʨʘʪʦʢ, ʫ ʢʦʚʘʨʽʘʥʪʥʠʭ ʥʘʜɻʨʘʪʢʘʭ ʟʘ 

ʚʠʱʝʦʧʠʩʘʥʠʭ ʫʤʦʚ ʙʣʠʟʴʢʘ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ. 
 

ʈʠʩ. 6.5. ʇʦʣʽʪʠʧʥʘ ʪʨʠʢʦʤʧʦʥʝʥʪʥʘ ʥʘʜʋʨʘʪʢʘ 

 
ʇʦʩʜʥʘʥʥʷ ʢʦʚʘʨʽʘʥʪʥʠʭ i ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʠʭ ʥʘʜɻʨʘʪʦʢ ʜʘʩ 

ʧʦʣʽʪʠʧʥʽ ʥʘʜɻʨʘʪʢʠ. ʇʦʣʽʪʠʧʥʘ ʥʘʜɻʨʘʪʢʘ ʩ, ɦ ʦʥʘʡʤʝʥʰʝ, ʪʨʠʢʦʤ- 

ʧʦʥʝʥʪʥʦʶ ʩʠʩʪʝʤʦʶ, ʫ ̫ ʢʽʡ h ʘʨʠ, ɦ ʦ ʫʪʚʦʨʶʶʪʴ ʥʘʜɻʨʘʪʢʫ II ʪʠʧʫ, 

ʜʦʧʦʚʥʶʶʪʴʩʷ ʰʠʨʦʢʦʱʽʣʠʥʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ, ̫ ʢʠʡ ʟ ʢʦʞʥʠʤ ̔ ʟ 

ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʰʘʨʽʚ ʫʪʚʦʨʶʩ ʥʘʜɻʨʘʪʢʫ I ʪʠʧʫ. ʉʭʝʤʘʪʠʯʥʦ 

ʧʦʣʽʪʠʧʥʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʫ ʥʘʜɻʨʘʪʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.5. ʗʢ i ʫ 

ʧʦʧʝʨʝʜʥʽʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜɻʨʘʪʢʘʭ, ʫ ʧʦʣʽʪʠʧʥʠʭ ʥʘʜɻʨʘʪʢʘʭ 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ i ʙʘʨôʩʨʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʷʤʦʢʫʪʥʠʤʠ. 

 

6.2. ʃɽɻʆɺɸʅɯ ʅɸɼɪʈɸʊʂʀ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ, ʣʝʛʦʚʘʥʽ ʥʘʜɻʨʘʪʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʥʘ ʙʘʟʽ ʬʽʢʩʦʚʘʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʦʯʝʨʛʦʚʠʤ ʣʝʛʫʚʘʥʥʷʤ ʧʽʜ ʯʘʩ 

ʥʘʨʦʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʜʦʥʦʨʥʠʤʠ ʪʘ ʘʢʮʝʧʪʦʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʩʝʨʝʜ ʷʢʠʭ i ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ, ʟʘ ʥʠʟʴʢʠʭ ʨʽʚʥʽʚ 

ʣʝʛʫʚʘʥʥʷ ʥʝ ʟʤʽʥʶʶʪʴ ʩʚʦʾʭ ʟʥʘʯʝʥʴ. ʊʦʤʫ ʬʦʨʤʫʚʘʥʥʷ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʣʝʛʦʚʘʥʦʾ ʥʘʜɻʨʘʪʢʠ ʥʝ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʽʥʦʶ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʷʢ ʫ ʨʘʟʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜɻʨʘʪʦʢ. ʇʝʨʰʦʧʨʠʯʠʥʦʶ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩ 

ʢʫʣʦʥʽʚʩʴʢʠʡ ʧʦʪʝʥʮʽʘʣ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ. 
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ʑʦʙ ʟôʷʩʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ 
ʧʦʪʝʥʮʽʘʣʫ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ, ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʦʨʦʚʫ ʝʥʝʨʛʝʪʠʯʥʫ 
ʜʽʘʛʨʘʤʫ ʣʝʛʦʚʘʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ h ʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʆʅ Eg 

(ʨʠʩ. 6.6). ʅʘ ʮʽʡ ʜʽʘʛʨʘʤʽ ʜʦʥʦʨʥʽ ʨʽʚʥʽ ʜʦʤʽʰʦʢ Ed ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʧʽʜ ʜʥʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ Ec (ʨʠʩ. 6.6, ʘ), ʘ ʘʢʮʝʧʪʦʨʥʽ E, ð ʥʘʜ 

ʚʝʨʰʠʥʦʶ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ E, (ʨʠʩ. 6.6, ʙ). 
 
 

ʂʦʦʨʜʠʥʘʪʘ 

 
ʈʠʩ. 6.6. ʇʨʦʩʪʦʨʦʚʘ ʝʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, 

ʣʝʛʦʚʘʥʦʛʦ ʜʦʥʦʨʥʠʤʠ (ʦ) ʡ ʘʢʮʝʧʪʦʨʥʠʤʠ (ʙ) ʜʦʤʽʰʢʘʤʠ 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʝʣʝʢʪʨʦʥ ʫ ʣʝʛʦʚʘʥʦʤʫ 

ʜʦʥʦʨʘʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʤʦʞʝ ʘʙʦ ʤʽʩʪʠʪʠʩʷ ʥʘ ʜʦʥʦʨʥʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʘʙʦ ʪʝʨʤʽʯʥʦ ʟʙʫʜʞʫʚʘʪʠʩʷ ʚ ʜʦʟʚʦʣʝʥʽ ʩʪʘʥʠ 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʫ ʣʝʛʦʚʘʥʦʤʫ ʘʢʮʝʧʪʦʨʘʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʘʙʦ ʫ ʟʚôʷʟʘʥʦʤʫ ʩʪʘʥʽ ʫ 

ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ, ʘʙʦ ʪʝʨʤʽʯʥʦ ʟʙʫʜʞʫʚʘʪʠʩʷ ʥʘ ʘʢʮʝʧʪʦʨʥʽ ʨʽʚʥʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0 ʂ yci ʜʦʥʦʨʥʽ ʨʽʚʥʽ ʟʘʡʥʷʪʽ 

ʝʣʝʢʪʨʦʥʘʤʠ, ʘ ʚʩʽ ʘʢʮʝʧʪʦʨʥʽ ʨʽʚʥʽ ʚʽʣʴʥʽ. 

ʉʠʪʫʘʮʽʷ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʶʪʴʩʷ, ʢʦʣʠ ʣʝʛʦʚʘʥʽ ʜʦʥʦʨʘʤʠ ʡ 

ʘʢʮʝʧʪʦʨʘʤʠ h ʘʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠʚʝʩʪʠ ʫ ʬʽʟʠʯʥʠʡ ʢʦʥʪʘʢʪ. ʅʘ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʰʢʘʣʽ ʜʦʥʦʨʥʽ ʨʽʚʥʽ ʣʝʛʫʚʘʣʴʥʠʭ ʜʦʤʽʰʦʢ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʠʱʝ ʚʽʜ ʘʢʮʝʧʪʦʨʥʠʭ. ʆʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʘ ʩʠʩʪʝʤʘ 

ʟʘʚʞʜʠ ʧʨʷʤʫʩ ʜʦ ʩʪʘʥʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʝʥʝʨʛʽʩʶ, ʪʦ ʝʣʝʢʪʨʦʥʠ 

ʙʝʟʘʢʪʠʚʘʮʽʡʥʦ, ʙʝʟ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ, ʧʝʨʝʭʦʜʠʪʠʤʫʪʴ ʟ ʜʦʥʦʨʥʠʭ 

ʮʝʥʪʨʽʚ ʥʘ ʘʢʮʝʧʪʦʨʥʽ ʚ ʩʫʩʽʜʥʽʭ ʰʘʨʘʭ ʥʘʜʛôʨʘʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ 

ʣʝʛʦʚʘʥʽʡ ʥʘʜʛ'ʨʘʪʮʽ ʚʠʥʠʢʘʶʪʴ ʰʘʨʠ ʟ ʧʦʟʠʪʠʚʥʦ i ʥʝʛʘʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʠʤʠ ʜʦʤʽʰʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ, ̫ ʢʽ ʧʝʨʽʦʜʠʯʥʦ ʯʝʨʛʫʶʪʴʩʷ. 

ʇʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʡ ʜʦʥʦʨ ʧʨʠʪʷʛʫʩ ʝʣʝʢʪʨʦʥ, ʘ ʪʦʤʫ ʝʥʝʨʛʽʷ, 

ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʪʠʪʠ, ʱʦʙ ʧʝʨʝʚʝʩʪʠ ʝʣʝʢʪʨʦʥ ʟ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʣʝʛʦʚʘʥʦʛʦ ʜʦʥʦʨʘʤʠ ʰʘʨʫ ʥʘʜʛ'ʨʘʪʢʠ, ʥʘ ʨʽʚʝʥʴ 

ʚʘʢʫʫʤʫ, ʟʨʦʩʪʝ ʱʦʜʦ ʥʝʣʝʛʦʚʘʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ 

ʚ ʣʝʛʦʚʘʥʠʭ ʜʦʥʦʨʘʤʠ h ʘʨʘʭ ʥʘʜʛ'ʨʘʪʢʠ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʜʦ 

ʝʣʝʢʪʨʦʥʘ ʭ ʟʨʦʩʪʘʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘʢʠʭ 
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ʰʘʨʽʚ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʥʘʜʛôʨʘʪʢʠ ʦʧʫʩʢʘʩʪʴʩʷ ʚʥʠʟ ʚʽʜʥʦʩʥʦ 

ʨʽʚʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʩ ʥʝʣʝʛʦʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʫ. 

ʋ ʣʝʛʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʘʤʠ ʰʘʨʘʭ ʥʘʜʛôʨʘʪʢʠ ʩʠʪʫʘʮʽʷ ʟʚʦʨʦʪʥʘ. 

lʦʥʽʟʦʚʘʥʠʡ ʘʢʮʝʧʪʦʨ ʤʘʩ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʪʦʙʪʦ ʚʽʜʰʪʦʚʭʫʩ 

ʝʣʝʢʪʨʦʥ. ʎʝ ʩʧʨʠʯʠʥʷʩ ʟʤʝʥʰʝʥʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʘ ʫ 

ʰʘʨʘʭ ʥʘʜʛôʨʘʪʢʠ, ʣʝʛʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʘʤʠ, ʘ ʦʪʞʝ, ʧʽʜʥʷʪʪʷ ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ. 

ʇʦʯʝʨʛʦʚʘ ʟʤʽʥʘ ʰʘʨʽʚ, ʣʝʛʦʚʘʥʠʭ ʪʦ ʜʦʥʦʨʘʤʠ, ʪʦ ʘʢʮʝʧʪʦʨʘʤʠ, 

ʧʨʠʚʦʜʠʪʠʤʝ ʜʦ ʧʦʯʝʨʛʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜ ʜʽʩʶ ʢʫʣʦʥʽʚʩʴʢʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʧʦʣʦʞʝʥʠʷ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʥʘ ʧʨʦʩʪʦʨʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʥʘʜʛôʨʘʪʢʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʢʦʞʥʽʡ ʣʦʢʘʣʴʥʽʡ ʪʦʯʮʽ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʦʜʥʘ i ʪʘ ʩʘʤʘ, ʪʦ ʚ ʪʘʢʪ ʟʤʽʥʘʤ ʧʦʣʦʞʝʥʠʷ ʢʨʘʶ 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ i ʧʦʣʦʞʝʥʠʷ ʢʨʘʶ 

ʡʦʛʦ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ʉʫʤʘʨʥʦ ʮʝ i ʬʦʨʤʫʚʘʪʠʤʝ ʦʩʪʘʪʦʯʥʠʡ ʚʠʛʣʷʜ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʣʝʛʦʚʘʥʦʾ 

ʥʘʜʛ'ʨʘʪʢʠ, ʧʝʨʰʦʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʷʢʦʛʦ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʩ 

ʢʫʣʦʥʽʚʩʴʢʠʡ ʧʦʪʝʥʮʽʘʣ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ. 

ɺ ̔ ʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ (ʢʨʽʤ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʜʽʚ ʣʝʛʫʚʘʥʥʷ) ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʢʦʞʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʰʘʨ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ 

ʣʝʛʦʚʘʥʠʡ ʨʽʚʥʦʤʽʨʥʦ, ʘ ʧʝʨʝʭʽʜ ʚʽʜ h ʘʨʫ ʜʦ h ʘʨʫ ʥʘʜʛôʨʘʪʢʠ ʩ ʜʦʚʦʣʽ 

ʨʽʟʢʠʤ. ʗʢʠʡ ʚʠʛʣʷʜ ʤʘʪʠʤʝ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʪʘʢʦʾ ʥʘʜʛôʨʘʪʢʠ? 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʧʦʣʷ, ̫ ʢʝ ʜʽʩ ʟ ʙʦʢʫ 

ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʦʚʠʭ ʮʝʥʪʨʽʚ ʥʘ ʝʣʝʢʪʨʦʥ, ʪʦ ʧʨʠʪʷʛʘʥʥʷ 

ʦʩʪʘʥʥʴʦʛʦ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ ʫ ʮʝʥʪʨʽ ʰʘʨʫ, ʣʝʛʦʚʘʥʦʛʦ ʜʦʥʦʨʘʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʫ ʮʝʥʪʨʽ ʰʘʨʫ, ʣʝʛʦʚʘʥʦʛʦ ʘʢʮʝʧʪʦʨʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʙʫʜʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʘ. ʅʘ ʛʨʘʥʠʮʽ ʰʘʨʽʚ ʚʧʣʠʚ ʜʦʥʦʨʽʚ ʪʘ 

ʘʢʮʝʧʪʦʨʽʚ ʥʘ ʝʣʝʢʪʨʦʥ ʚʟʘʩʤʥʦ ʢʦʤʧʝʥʩʫʩʪʴʩʷ, ʪʦʤʫ ʪʫʪ ʩʠʪʫʘʮʽʷ 

ʙʫʜʝ ʬʘʢʪʠʯʥʦ ʪʘʢʦʶ ʩʘʤʦʶ, ʷʢ ʫ ʥʝʣʝʛʦʚʘʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. 

ʅʘʚʝʜʝʥʽ ʷʢʽʩʥʽ ʤʽʨʢʫʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜʛôʨʘʪʦʢ, ʣʝʛʦʚʘʥʽ ʥʘʜʛôʨʘʪʢʠ ʥʝ ʤʦʞʫʪʴ ʭʘʨʘʢ- 

ʪʝʨʠʟʫʚʘʪʠʩʷ ʦʜʥʦʚʠʤʽʨʥʠʤ ʧʝʨʽʦʜʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʷʤʦʢʫʪʥʠʭ ʷʤ i ʙʘʨôʩʨʽʚ. 

ɺʠʛʣʷʜ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʝʣʴʩʬʫ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛ'ʨʘʪʢʠ, ʷʢʠʡ 

ʩʪʚʦʨʶʩʪʴʩʷ ʽʦʥʽʟʦʚʘʥʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʤʦʞʥʘ ʟʥʘʡʪʠ, ʨʦʟʚôʷʟʘʚʰʠ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ: 

[Nd (z) ð N ʨ(z)] , (6.1) 
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ʜʝ U(z) ð ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʚ ʥʘʜʛôʨʘʪʮʽ, Nd( ) Na(Z) 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʥʦʨʽʚ ʪʘ ʘʢʮʝʧʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ oci ʥʘʜʛ'ʨʘʪʢʠ ʧʣʦʱʠʥʽ ʟ ʢʦʦʨʜʠʥʘʪʦʶ z,ò ʝ ð 

ʩʪʘʪʠʯʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʘʜʛôʨʘʪʢʠ. 

ʑʦʙ ʨʦʟʚôʷʟʘʪʠ ʨʽʚʥʷʥʥʷ (6.1), ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝʩʢʘʟʘʥʦʛʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢ: 

ʧʦʩʝʨʝʜʠʥʽ ʣʝʛʦʚʘʥʠʭ ʜʦʥʦʨʘʤʠ ʯʠ ʘʢʮʝʧʪʦʨʘʤʠ ʰʘʨʽʚ ʦʜʥʦʚʠʤʽʨʥʝ 

ʧʦʪʝʥʮʽʘʣʴʥʝ ʧʦʣʝ ʥʘʜʛ'ʨʘʪʢʠ ʧʦʚʠʥʥʦ ʤʘʪʠ ʝʢʩʪʨʝʤʫʤʠ. 

ɺʠʙʝʨʝʤʦ ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʢʦʦʨʜʠʥʘʪʠ ʚʟʜʦʚʞ oci ʥʘʜʛôʨʘʪʢʠ 

ʧʝʨʽʦʜʫ d ʧʦʩʝʨʝʜʠʥʽ ʰʘʨʫ ʣ-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʜʽ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʚ ʤʝʞʘʭ ʮʴʦʛʦ ʰʘʨʫ ʥʘʙʫʚʘʩ 
ɺʠʛʣʗʜʫ 

dU(z) 
= 0

 

dz ,_ 

 
 

ʘ ʫ ʤʝʞʘʭ ʰʘʨʫ ʥʘʜʛôʨʘʪʢʠ, ʣʝʛʦʚʘʥʦʛʦ ʘʢʮʝʧʪʦʨʘʤʠ ð ʚʠʛʣʷʜʫ 

dU(z) 

dz .ððd / 2 

(6.2) 

 

 

 
(6.3) 

 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʠʜ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ ð ʮʝ ʚʠʜ ʦʜʥʦʨʽʜʥʦ 
ʣʝʛʦʚʘʥʠʭ  ʰʘʨʽʚ,  ʢʦʣʠ  ʚ  ʤʝʞʘʭ  ʰʘʨʫ,   ʣʝʛʦʚʘʥʦʛʦ   ʜʦʥʦʨʘʤʠ, 
Nd(è) ðð const, ʘ ʫ ʤʝʞʘʭ h ʘʨʫ, ʣʝʛʦʚʘʥʦʛʦ ʘʢʮʝʧʪʦʨʘʤʀ, Na( ) " COʇS . 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ (6.1) ʜʘʩ ʢʚʘʜʨʘʪʠʯʥʠʡ 

ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʣʝʛʦʚʘʥʦʛʦ ʰʘʨʫ ʨʦʟʚôʷʟʦʢ U(z): 
 
 

 

(6.4) 

 

 

ʜʝ  dn ð ʪʦʚʱʠʥʘ ʰʘʨʫ ʥʘʜʛôʨʘʪʢʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ; dp 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʜʽʨʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ; d ð dn ò dp ð ʧʝʨʽʦʜ ʥʘʜʛôʨʘʪʢʠ. 
Up ʫ ʨʦʟʚôʷʟʢʫ (6.4) ð ʮʝ ʘʤʧʣʽʪʫʜʘ U(z): 

2 

(N d d   + Nqd   ) . (6.5) 
4c 

ʆʪʞʝ, ʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʚʠʧʣʠʚʘʩ, ʱʦ ʜʦʙʨʠʤ 

ʥʘʙʣʠʞʝʥʥʷʤ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʣʝʛʦʚʘʥʦʾ 

ʥʘʜɻʨʘʪʢʠ ʩ ʥʘʙʣʠʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ i ʙʘʨôʩʨʽʚ, ʷʢʽ ʚ ʦʢʦʣʽ 

    d d 

ʪʛʝ 
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 ˴
I 
I 

I 
I 

ˍ i 
I  ̱  ̱  ̱

 ˴
 ˑ

 ˴ I 

I  ˴ I 

I 
I i 

I 
i i 

ʤʘʢʩʠʤʫʤʽʚ i ʤʽʥʽʤʫʤʽʚ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʝʣʴʩʬʫ ʤʘʶʪʴ ʧʘʨʘʙʦʣʽʯʥʫ 

ʬʦʨʤʫ i ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʷʪʴ ʦʜʠʥ ʚ ̔ ʥʰʠʡ ʥʘ ʤʝʞʽ ʣʝʛʦʚʘʥʠʭ h ʘʨʽʚ. 
 

 

ʇʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʘ 

 

ʈʠʩ. 6.7. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʬʽʣʴ ʣʝʛʦʚʘʥʦôʽôʥʘʜfʨʘʪʢʠ: 

ɸ ð ʰʘʨʠ, ʣʝʛʦʚʘʥʽ ʘʢʮʝʧʪʦʨʘʤʠ; ɼ ð ʰʘʨʠ, ʣʝʛʦʚʘʥʽ ʜʦʥʦʨʘʤʠ; ñðòð 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʽʦʥʽʟʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʽʚ; ñ+ò ð ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʽʦʥʽʟʦʚʘʥʠʭ 

ʜʦʥʦʨʽʚ; E ð ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ; Ev ð ɺʝʨʰʠʥʘ ʚʘʣʝʥʪʥʦñʽñʟʦʥʠ 

 
ʉʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ, ʷʢʘ 

ʚʠʟʥʘʯʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (6.4), ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6.7. ʗʢ 

ʙʘʯʠʤʦ, ʘʙʩʦʣʶʪʥʽ ʝʢʩʪʨʝʤʫʤʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʣʝʛʦʚʘʥʦʾ ʥʘʜʛ'ʨʘʪʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʦʪʠʧʥʠʤ iµ ʰʘʨʘʤ, ʪʦʙʪʦ 

ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ ʩ ʥʝʧʨʷʤʦʶ ʫ ʨʝʘʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ. ʎʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʫ ʣʝʛʦʚʘʥʠʭ ʥʘʜʛôʨʘʪʢʘʭ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ i 

ʚʽʣʴʥʽ ʜʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ ʤʽʞ ʨʽʟʥʦʪʠʧʥʠʤʠ ʰʘʨʘʤʠ 

ʥʘʜʛ'ʨʘʪʢʠ ð ʝʣʝʢʪʨʦʥʠ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʫ ʰʘʨʘʭ, ʣʝʛʦʚʘʥʠʭ ʜʦʥʦʨʘʤʠ, 

ʜʽʨʢʠ ð ʫ ʰʘʨʘʭ, ʣʝʛʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʘʤʠ. ʋ ʮʴʦʤʫ ʧʣʘʥʽ ʣʝʛʦʚʘʥʽ 

ʥʘʜʛ'ʨʘʪʢʠ ʧʦʜʽʙʥʽ ʜʦ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʦʚʘʨʽʘʥʪʥʠʭ ʥʘʜʛôʨʘʪʦʢ. 

ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʣʝʛʦʚʘʥʠʭ ʥʘʜʛôʨʘʪʦʢ ʩ ʪʝ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʘʙʩʦʣʶʪʥʠʭ ʤʽʥʽʤʫʤʽʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʘʙʩʦʣʶʪʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘʜʛôʨʘʪʢʠ ʥʘ ʧʨʦʩʪʦʨʦʚʽʡ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʩ ʤʝʥʰʦʶ ʟʘ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʙʘʟʦʚʦʛʦ ʥʝʣʝʛʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɹʽʣʴʰʝ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʠʷ 

ʤʦʜʫʣʶʶʯʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʨʽʚʝʥʴ ʣʝʛʫʚʘʥʥʷ ʰʘʨʽʚ ʪʘ ʾʭʥʶ ʪʦʚʱʠʥʫ, ʪʦ, 

ʟʘʜʘʶʯʠ ʪʽ ʯʠ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʥʘʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ i ʾʭʥʴʦʛʦ 

ʣʝʛʫʚʘʥʥʷ, ʤʦʞʥʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʤʽʥʶʚʘʪʠ ʨʦʟʤʽʨ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʱʽʣʠʥʠ ʣʝʛʦʚʘʥʦʾ ʥʘʜʛôʨʘʪʢʠ ʘʞ ʜʦ ʥʫʣʴʦʚʦʛʦ i ʥʘʚʽʪʴ ʚʽʜôʩʤʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. 
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6.3. ʂʆʄʇʆɿʀʎɯʁʅɯ ʃɽɻʆɺɸʅɯ ʅɸɼɪʈɸʊʂʀ 

 
ɼʦ ʜʫʞʝ ʮʽʢʘʚʠʭ ʬʽʟʠʯʥʦ i ʚʘʞʣʠʚʠʭ ʧʨʘʢʪʠʯʥʦ ʥʘʩʣʽʜʢʽʚ 

ʧʨʠʚʦʜʠʪʴ ʧʦʩʜʥʘʥʥʷ ʫ ʤʝʞʘʭ ʦʜʥʽʩʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ i 

ʣʝʛʦʚʘʥʠʭ ʥʘʜʛ'ʨʘʪʦʢ. ʃʝʛʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʚʦʷʢʠʤ: ʦʜʥʦʨʽʜʥʠʤ, 

ʢʦʣʠ ʣʝʛʫʶʪʴʩʷ i ʰʠʨʦʢʦʱʽʣʠʥʥʠʡ, i ʚʫʟʴʢʦʱʽʣʠʥʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, 

ʘʙʦ ʤʦʜʫʣʴʦʚʘʥʠʤ, ʢʦʣʠ ʣʝʛʫʩʪʴʩʷ ʪʽʣʴʢʠ ʰʠʨʦʢʦʱʽʣʠʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ð ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʷʢʠʡ ʩʪʚʦʨʶʩ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʩʨ 

ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʑʦ ʮʽʢʘʚʦʛʦ ʚʽʜʙʫʚʘʩʪʴʩʷ ʫ ʪʘʢʦʤʫ ʨʘʟʽ i ʯʦʤʫ? 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʣʝʛʦʚʘʥʠʡ ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ. ʋ 

ʪʘʢʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʟʘ ʩʢʽʥʯʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʥʦʨʥʽ ʮʝʥʪʨʠ 

ʧʦʩʪʘʯʘʪʠʤʫʪʴ ʪʫ ʯʠ ʽʥʰʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʡ ʽʦʥʽʟʦʚʘʥʽ ʮʝʥʪʨʠ, ʷʢʽ µx ʧʦʨʦʜʠʣʠ, 

ʨʦʟʤʽʱʫʚʘʪʠʤʫʪʴʩʷ ʚ ʦʜʥʽʡ i ʪʽʡ ʩʘʤʽʡ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʧʝʨʰʽ ʧʽʜ ʯʘʩ ʩʚʦʛʦ pyxy ʝʬʝʢʪʠʚʥʦ (ʦʩʦʙʣʠʚʦ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ) ʨʦʟʩʽʶʶʪʴʩʷ ʥʘ ʦʩʪʘʥʥʽʭ, ɦ ʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 

ʉʠʪʫʘʮʽʷ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ, ʷʢʱʦ ʦʜʠʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʙʫʜʝ 

ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ̔ ʥʰʠʤ. Yce ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʚʟʘʩʤʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʥʦʨʥʦʛʦ ʨʽʚʥʷ ʫ ʧʝʨʰʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ i ʜʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʫ ʜʨʫʛʦʤʫ. ʗʢʱʦ ʜʥʦ ʥʘ h ʢʘʣʽ ʝʥʝʨʛʽʡ ʚʠʷʚʠʪʴʩʷ ʥʠʞʯʠʤ 

ʟʘ ʨʽʚʝʥʴ, ʪʦ ʝʣʝʢʪʨʦʥʠ ʟ ʜʦʥʦʨʥʠʭ ʩʪʘʥʽʚ ʚ ʧʝʨʰʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ 

ʧʝʨʝʪʽʢʘʪʠʤʫʪʴ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʜʨʫʛʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʧʝʨʰʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟʙʽʜʥʶʩʪʴʩʷ ʥʘ ʚʽʣʴʥʽ ʥʦʩʽʾ, ʘ ʜʨʫʛʠʡ ð 

ʟʙʘʛʘʯʫʩʪʴʩʷ. ɯʦʥʽʟʦʚʘʥʽ ʜʦʥʦʨʥʽ ʮʝʥʪʨʠ i ʧʦʨʦʜʞʝʥʽ ʥʠʤʠ ʚʽʣʴʥʽ 

ʝʣʝʢʪʨʦʥʠ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʷʶʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʢʘʭ ʟʥʘʯʥʦ ʟʤʝʥʰʫʩʪʴʩʷ. 

ʎʝ ʟʫʤʦʚʣʶʩ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʪʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ i ʪʝʤʧʝʨʘʪʫʨ, ʜʝ ʤʝʭʘʥʽʟʤ ʜʦʤʽʰʢʦʚʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʤʽʥʫʩ. 

ʉʘʤʝ ʟʘʟʥʘʯʝʥʽ ʧʦʟʠʪʠʚʥʽ ʤʦʤʝʥʪʠ ʫ ʧʦʚʝʜʽʥʮʽ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʰʘʨʘʭ ʨʽʟʥʠʭ ʣʝʛʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʥʪʘʢʪʫʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʣʝʛʦʚʘʥʠʭ ʥʘʜʛôʨʘʪʦʢ. ɺʦʥʠ ʧʨʦʷʚʣʷʶʪʴ ʩʝʙʝ i ʚ ʦʜʥʦʨʽʜʥʦ ʣʝʛʦʚʘʥʠʭ 

ʥʘʜʛ'ʨʘʪʢʘʭ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ h ʘʨʘʭ, ʜʝ 

ʦʩʪʘʥʥʽ ʣʦʢʘʣʽʟʫʶʪʴʩʷ, ʧʝʨʝʚʠʱʫʩ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʤʽʰʦʢ 

ʫ ʮʠʭ ʩʘʤʠʭ ʰʘʨʘʭ, i ʚ ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦʚʘʥʠʭ ʥʘʜʛ'ʨʘʪʢʘʭ, ʜʝ 

ʜʦʤʽʰʢʠ i ʧʦʨʦʜʞʫʚʘʥʽ ʥʠʤʠ ʥʦʩʽʾ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ, ʘʣʝ ʫ ʨʘʟʽ 



 

ʦʩʪʘʥʥʽʭ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʥʘʙʘʛʘʪʦ ʩʠʣʴʥʽʰʠʡ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʫ ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦ- 

ʚʘʥʠʭ ʥʘʜˇʨʘʪʢʘʭ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʚʠʩʦʢʫ ʛʫʩʪʠʥʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʢʚʘʥʪʦʚʠʭ ʷʤʘʭ, ʥʝ ʬʦʨʤʫʶʯʠ ʪʘʤ ʜʦʥʦʨʥʠʭ ʮʝʥʪʨʽʚ ï 

ʮʝʥʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʨʝʣʴʻʬ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʣʝʛʦʚʘʥʦʾ 

ʥʘʜˇʨʘʪʢʠ ʧʦʚʠʥʝʥ ʧʦʻʜʥʫʚʘʪʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʦʚʽ ʨʠʩʠ ʷʢ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘʜˇʨʘʪʢʠ 

(ʪʦʙʪʦ ʨʦʟʨʠʚʠ ʚ ʧʦʣʦʞʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʥʘ ʛʝʪʝʨʦʤʝʞʘʭ), ʪʘʢ ʽ 

ʚʠʛʠʥʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʧʨʦʬʽʣʽʚ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʝʨʰʠʥʠ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʫ ʤʝʞʘʭ ʰʘʨʽʚ, ʷʢ ʫ ʣʝʛʦʚʘʥʠʭ ʥʘʜˇʨʘʪʢʘʭ. ʆʩʢʽʣʴʢʠ 

ʭʘʨʘʢʪʝʨ ʚʠʢʨʠʚʣʝʥʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʣʦʞʝʥʴ 

ʘʙʩʦʣʶʪʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʉ ̔ V ʟʦʥ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʣʝʛʦʚʘʥʦʾ ʥʘʜˇʨʘʪʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʘʤʠ ʢʫʣʦʥʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ 

ʟʘʨʷʜʫ ʡ ʽʦʥʽʟʦʚʘʥʠʤʠ ʜʦʤʽʰʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʪʘ ʝʢʨʘʥʫʚʘʥʥʷʤ 

ʢʫʣʦʥʽʚʩʴʢʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢ  ̔ʫ ʨʘʟʽ ʣʝʛʦʚʘʥʠʭ ʥʘʜˇʨʘʪʦʢ, ʚʽʥ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʪʘʢʠʤ, ʱʦʙ ʚʽʜʪʚʦʨʠʪʠ ʟʦʥʥʫ ʜʽʘʛʨʘʤʫ ʣʝʛʦʚʘʥʦʾ ʥʘʜˇʨʘʪʢʠ, 

ʷʢʱʦ ʣʽʢʚʽʜʫʚʘʪʠ ʨʦʟʨʠʚʠ, ʚʠʢʣʠʢʘʥʽ ʟʤʽʥʦʶ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʰʘʨʽʚ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʣʝʛʦʚʘʥʠʭ ʥʘʜˇʨʘʪʦʢ 

ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 6.8 ʽ 6.9. 

ʗʢ ʙʘʯʠʤʦ, ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʨʘʾʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʥʘ 

ʧʨʦʩʪʦʨʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʥʘʜˇʨʘʪʦʢ ʫ ʤʝʞʘʭ ʰʘʨʽʚ 

ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʽ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ʟ ʪʠʭ ʩʘʤʠʭ 

ʧʨʠʯʠʥ, ʱʦ ʡ ʫ ʨʘʟʽ ʣʝʛʦʚʘʥʠʭ ʥʘʜˇʨʘʪʦʢ ʽ ʤʦʜʫʣʴʦʚʘʥʦ ʣʝʛʦʚʘʥʠʭ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ) ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʥʘʧʨʷʤʢʠ ï ʢʨʘʡ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʫ ʮʝʥʪʨʽ ʰʘʨʫ ʰʠʨʦʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʧʨʦʛʠʥʘʻʪʴʩʷ ʚʥʠʟ, ʘ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ï ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʚʝʨʭ. ɺʠʛʠʥʠ 

ʢʨʘʾʚ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʰʘʨʫ ʤʘʶʪʴ 

ʘʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ, ʷʢ ʚʞʝ ʥʘʛʦʣʦʰʫʚʘʣʦʩʴ, ʣʝʛʫʚʘʥʥʷ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʠʢʨʠʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ, ʘʣʝ ʥʝ ʟʤʽʥʫ 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʇʝʨʝʜʫʩʽʤ ʤʘʻʪʴʩʷ ʥʘ 

ʫʚʘʟʽ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʻ ʩʣʘʙʢʠʤ ʽ ʥʝ ʟʫʤʦʚʣʶʻ ʧʦʷʚʠ ʜʦʤʽʰʢʦʚʠʭ ʟʦʥ, 

ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʢʨʠʚʘʪʠʩʷ ʽʟ ʟʦʥʘʤʠ ʜʦʟʚʦʣʝʥʠʭ ʝʥʝʨʛʽʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʯʠ ʭʚʦʩʪʽʚ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʣʝʛʦʚʘʥʽ 

ʥʘʜˇʨʘʪʢʠ ï ʮʝ ʥʘʜˇʨʘʪʢʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʧʝʨʝʚʘʛʠ ʥʘʜˇʨʘʪʦʢ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʽ ʣʝʛʦʚʘʥʠʭ. ɺʽʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜˇʨʘʪʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʥʘʩʘʤʧʝʨʝʜ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʢʦʾ ʘʪʦʤʘʨʥʦ ʛʣʘʜʢʦʾ ʛʨʘʥʠʮʽ 

ʤʽʞ ʰʘʨʘʤʠ, ʚʽʜ ʣʝʛʦʚʘʥʠʭ ʥʘʜˇʨʘʪʦʢ ï ʤʦʞʣʠʚʽʩʪʴ ʫ ʜʦʚʦʣʽ h ʠʨʦʢʠʭ 
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ʤʝʞʘʭ ʟʤʽʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʟʘ 

ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʛʦ ʩʧʦʩʦʙʫ ʣʝʛʫʚʘʥʥʷ ʱʝ ʡ ʟʙʽʣʴʰʫʚʘʪʠ ʾʭʥʶ 

ʨʫʭʣʠʚʽʩʪʴ. 

 
 
 
 
 
 
 
 

ʇʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʘ 

 
ʈʠʩ. 6.8. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʬʽʣʴ ʢʦʤʧʦʟʠʮʽʡʥʦòʽò 

ʦʜʥʦʨʽʜʥʦ ʣʝʛʦʚʘʥʦʾòʥʘʜʛʨʘʪʢʠ. E i E ð ʝʢʩʪʨʝʤʫʤʠ ʉ i V ʟʦʥ 

ʧʝʨʰʦʛʦ (1) i ʜʨʫʛʦʛʦ (2) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦ. ɽʥʝʨʛʝʪʠʯʥʽ 

ʨʽʚʥʽ ʜʦʥʦʨʽʚ: ñ+òð ʽʦʥʽʟʦʚʘʥʠʭ; ʯʠʩʪʝ ʢʦʣʦ ð ʥʝʽʦʥʽʟʦʚʘʥʠʭ 
 
 

 

ʇʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʘ 

 
ʈʠʩ. 6.9. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʬʽʣʴ ʢʦʤʧʦʟʠʮʽʡʥʦòʽò 

ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʦʾôʥʘʜfʨʘʪʢʠ. 

ʇʦʟʥʘʯʝʥʥʷ mi ʩʘʤʽ, ʱʦ ʥʘ ʨʠʩ. 6.8 

 
 

ʆʩʪʘʥʥʩ ʤʦʞʥʘ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʟʘʙʝʟʧʝʯʠʪʠ, ʷʢʱʦ 

ʣʝʛʫʚʘʪʠ ʥʝ ʚʩʽ ʰʘʨʠ ʥʘʜʛ'ʨʘʪʢʠ, ʘ ʪʽʣʴʢʠ ʪʽ, ʷʢʽ ʩ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ 

ʙʘʨôʩʨʘʤʠ ʜʣʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʪʦʙʪʦ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢ ʟʚʘʥʝ 

ʤʦʜʫʣʴʦʚʘʥʝ ʣʝʛʫʚʘʥʥʷ. ʉʠʪʫʘʮʽʷ, ʢʦʣʠ ʦʜʠʥ i ʪʦʡ ʩʘʤʠʡ ʪʠʧ ʰʘʨʽʚ 

ʥʘʜʛ'ʨʘʪʢʠ ʩ ʦʜʥʦʯʘʩʥʦ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʙʘʨôʩʨʦʤ i ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ, i 

ʜʣʷ ʜʽʨʦʢ, ʨʝʘʣʽʟʫʩʪʴʩʷ ʫ ʨʘʟʽ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʥʘʜʛ'ʨʘʪʦʢ, ʪʦʤʫ ʩʘʤʝ ʪʘʢʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʧʦʩʜʥʫʚʘʪʠ ʟ 

ʣʝʛʫʚʘʥʥʷʤ. 
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6.4. ɽʅɽʈɻɽʊʀʏʅɸ CTPʋKTʋPA ʅɸɼɪʈɸʊʆʂ 

 
ʌʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜʛ'ʨʘʪʦʢ, ʷʢ i ʬʦʨʤʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʘ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʫ ʜʚʦʭ ʨʽʟʥʠʭ 

ʘʩʧʝʢʪʘʭ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʚʠʙʨʘʪʠ ̫ ʢ ʥʫʣʴʦʚʝ. ʗʢʱʦ ʟʘ ʥʫʣʴʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʚʠʙʨʘʪʠ ʝʣʝʢʪʨʦʥ 

ʫ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ, ʽʟ ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʥʘʜʛôʨʘʪʢʠ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʥʘʣʦʛ ʪʝʦʨʽʾ ʩʠʣʴʥʦ 

ʟʚôʷʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʥʘʜʛ'ʨʘʪʢʠ. ʗʢʱʦ ʞ ʟʘ 

ʥʫʣʴʦʚʝ ʚʠʙʨʘʪʠ ʥʘʙʣʠʞʝʥʥʷ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʨʦʟʛʣʷʜʘʶʯʠ ʦʜʥʦʚʠʤʽʨʥʝ ʧʝʨʽʦʜʠʯʥʝ ʧʦʣʝ ʥʘʜʛôʨʘʪʢʠ ʷʢ ʟʙʫʨʝʥʥʷ, 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʘʥʘʣʦʛ ʪʝʦʨʽʾ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʜʣʷ 

ʥʘʜʛ'ʨʘʪʢʠ. I ʪʝ, ʡ ʽʥʰʝ ʥʘʙʣʠʞʝʥʥʷ ʚʝʜʫʪʴ ʜʦ ʦʜʥʦʛʦ i ʪʦʛʦ ʩʘʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ð ʤʽʥʽʟʦʥʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜʛôʨʘʪʦʢ. 

 
 

ʄʽʥʽʟʦʥʥʠʡ ʝʣʝʨzʝʪʤʯʣʤʡ ʩʧʝʢʪʨ ʥʘʜʛóʨʘʪʦʢ 

 
ʇʨʦʘʥʘʣʽʟʫʩʤʦ ʩʧʦʯʘʪʢʫ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʜʛôʨʘʪʢʘʭ ʧʽʜ ʢʫʪʦʤ ʟʦʨʫ ʥʘʙʣʠʞʝʥʥʷ ʩʠʣʴʥʦ 

ʟʚôʷʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʦʩʢʽʣʴʢʠ ʮʝ ʥʘʙʣʠʞʝʥʥʷ ʩ ʦʩʦʙʣʠʚʦ ʥʘʦʯʥʠʤ. 

ʋ ʮʴʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʫ ʨʘʟʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ 

ʝʣʝʢʪʨʦʥʘ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ, ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʟʜʦʚʞ oci 0Z ʥʘʜʛ'ʨʘʪʢʠ, 

ʧʦʣʽ U(z) ʟ ʧʝʨʽʦʜʦʤ d 

 
ʅ y(z) ðð ɽ y(z) 

fi
2 

6 
2

 

ʅ = ðð 
2ʐ 63 

U(z) ðð U(z + d) 

+ U(z) (6.6) 

 

ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʚʚʘʞʘʩʪʴʩʷ 

ɺʽʜʦʤʦ, ʱʦ ʚ ʦʢʨʝʤʦ ʚʟʷʪʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʨʷʤʢʫ ʦʙʤʝʞʝʥʥʷ ʾʭʥʴʦʛʦ ʚʽʣʴʥʦʛʦ pyxy ʩ 

ʜʠʩʢʨʝʪʥʠʤ. ʄʠ ʟʥʘʩʤʦ ʪʘʢʦʞ, ɦ ʦ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʝʣʝʢʪʨʦʥʘ ʚ ̫ ʤʽ 

(ʷʢʱʦ ʷʤʘ ʥʝ ʩ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʶ) ʥʝ ʦʙʨʠʚʘʩʪʴʩʷ ʥʘ ʢʨʘʶ, ʘ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʩʧʘʜʘʩ ʟ ʚʽʜʩʪʘʥʥʶ z ʚʽʜ ʩʪʽʥʦʢ ʷʤʠ ʟʘ ʟʘʢʦʥʦʤ 

 
(6.7) 

2 



117  

E
 

O
 

ʜʝ 

ȳ  ˮ (6.8) 
 

ɽ ð ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ; Up ð ʛʣʠʙʠʥʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ. 

ɽʢʩʧʦʥʝʥʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʩʧʘʜʘʥʥʷ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʝʜʝ ʜʦ 

ʪʦʛʦ, ɦ ʦ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʢʚʘʥʪʦʚʠʭ ʷʤ ʦʜʥʘ ʜʦ ʦʜʥʦʾ 

ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʝʣʝʢʪʨʦʥʘ ʦʜʥʽʩʾ ʷʤʠ ʧʦʯʠʥʘʩ ʟʘʭʦʧʣʶʚʘʪʠ ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʦʨʫ, ʱʦ ʚʞʝ ʥʘʣʝʞʠʪʴ ʩʫʩʽʜʥʽʡ ʷʤʽ. ʆʩʢʽʣʴʢʠ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʘʨʠ ʷʤ, ʪʦ ʟʚʽʜʩʠ ʚʠʧʣʠʚʘʩ, ʱʦ ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʠʡ ʟ ʜʝʷʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʫ ʙʫʜʴ-ʷʢʽʡ ̫ ʤʽ ð ̫ ʤʠ ʦʙʤʽʥʶʶʪʴʩʷ 

ʝʣʝʢʪʨʦʥʘʤʠ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʦʙʤʽʥ ʧʝʨʝʚʘʞʥʦ ʚʽʜʙʫʚʘʩʪʴʩʷ ʪʽʣʴʢʠ 

ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʜʚʽ ʙʫʜʴ-ʷʢʽ ʷʤʠ 

ʦʙʤʽʥʶʶʪʴʩʷ ʝʣʝʢʪʨʦʥʘʤʠ ʟʘʚʜʷʢʠ ʧʦʩʣʽʜʦʚʥʠʤ ʦʙʤʽʥʘʤ ʩʫʩʽʜʥʽʭ ʷʤ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʛôʨʘʪʢʠ ʝʣʝʢʪʨʦʥʠ ʥʝ ʣʦʢʘʣʽʟʫ- 

ʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʢʚʘʥʪʦʚʠʭ ̫ ʤʘʭ, ʘ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ 

ʧʦ ʥʘʜʛôʨʘʪʮʽ ʚʽʜ ʷʤʠ ʜʦ ʷʤʠ ʟʘʚʜʷʢʠ ʦʙʤʽʥʥʦʤʫ ʝʬʝʢʪʫ. 

ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʇʘʫʣʽ ʚ ʦʜʥʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʩʪʘʥʽ ʙʫʜʴ-ʷʢʦʾ 

ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʚʽʜ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. ʇʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥ ̫ʥʘʜʛ'ʨʘʪʢʠ ʮ ̫ʟʘʙʦʨʦʥʘ ʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʝʬʝʢʪ ʦʙʤʽʥʫ 

ʝʣʝʢʪʨʦʥʘʤʠ ʤʽʞ ʢʚʘʥʪʦʚʠʤʠ ʷʤʘʤʠ ʟʫʤʦʚʣʶʩ ʨʦʟʱʝʧʣʝʥʥʷ 

ʜʠʩʢʨʝʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʦʢʨʝʤʠʭ ʢʚʘʥʪʦʚʠʭ ʷʤ ʫ 

ʚʫʟʴʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʤʫʛʠ. ʎʽ ʩʤʫʛʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʥʦʩʽʾʚ 

ʟʨʷʜʫ ʚ ʥʘʜʛôʨʘʪʢʘʭ ʥʘʟʠʚʘʶʪʴ ʜʦʟʚʦʣʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʤʽʥʽʟʦʥʘʤʠ ʥʘʜʛôʨʘʪʦʢ. ʆʩʢʽʣʴʢʠ ʥʘʜʛ'ʨʘʪʢʘ ʩ ʩʪʘʙʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ i 

ʧʦʚʠʥʥʘ ʚʦʣʦʜʽʪʠ ʤʝʥʰʦʶ ʝʥʝʨʛʽʩʶ, ʥʽʞ ʪʘʢʘ ʩʘʤʘ ʢʽʣʴʢʽʩʪʴ 

ʽʟʦʣʴʦʚʘʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ, ʪʦ ʢʚʘʥʪʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʫ 

ʤʽʥʽʟʦʥʠ ʨʦʟʱʝʧʣʶʶʪʴʩʷ ʪʘʢ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʚ 

ʩʤʫʟʽ ʩ ʤʝʥʰʦʶ ʟʘ ʝʥʝʨʛʽʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʽʚʥʷ ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ. 

ɺʝʣʠʯʠʥʘ  ʨʦʟʱʝʧʣʝʥʥʷ ʢʚʘʥʪʦʚʦʛʦ  ʨʽʚʥʷ ʝʣʝʢʪʨʦʥʘ ʚ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʤʽʥʽʟʦʥʫ ʥʘʜʛôʨʘʪʢʠ ʙʫʜʝ ʪʠʤ ʙʽʣʴ- 

ʯʠʤ ʩʠʣʴʥʽʰʠʤ ʙʫʜʝ ʧʝʨʝʢʨʠʪʪʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʽʚ 

ʩʫʩʽʜʥʽʭ ʷʤ. ʆʩʢʽʣʴʢʠ ʭʚʠʣʴʦʚʽ  ʬʫʥʢʮʽʾ ʝʣʝʢʪʨʦʥʽʚ  ʟ ʚʽʜʩʪʘʥʥʶ 

ʩʧʘʜʘʶʪʴ ʪʠʤ ʧʦʚʽʣʴʥʽʰʝ, ʯʠʤ ʤʝʥʰʦʶ ʩ ʚʝʣʠʯʠʥʘ ʱ, ʪʦʙʪʦ ʯʠʤ 

ʙʽʣʴʰʠʤ ʩ ʟʥʘʯʝʥʠʷ ʝʥʝʨʛʽʾ ʨʽʚʥʷ ɽ ʚ ̫ ʤʽ ʟʘʚʛʣʠʙʰʢʠ Up, ʪʦ h ʠʨʠʥʘ 

ʜʦʟʚʦʣʝʥʦʾ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʤʽʥʽʟʦʥʠ ʚʠʷʚʣʷʩʪʴʩʷ ʪʠʤ ʤʝʥʰʦʶ, ʯʠʤ 

ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʘ ʚʦʥʘ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ. 

ʉʢʘʟʘʥʝ ʱʦʜʦ ʝʣʝʢʪʨʦʥʽʚ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʠʤ i ʜʣʷ ʜʽʨʦʢ. ʊʦʤʫ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʚʟʘʩʤʦʜʽʩʶ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʤʽʥʽʟʦʥʥʠʡ 
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ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʥʘʜɻʨʘʪʢʠ ʷʢ ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʮʠʭ ̫ ʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ɦ ʦ ʥʘ ʩʜʠʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʰʢʘʣʽ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʚʽʜʨʘʭʦʚʫʩʪʴʩʷ ʫ ʧʨʦʪʠʣʝʞʥʠʭ 

ʥʘʧʨʷʤʢʘʭ, ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ, ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 6.10. 
 
 
 
 

 
 
 

 
 

 

 
 

ʇʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʘ 

 
ʈʠʩ. 6.10. ɽʥʝʨʛʝʪʠʯʥʠʡ ʤʽʥʽʟʦʥʥʠʡ ʩʧʝʢʪʨ ʥʘʜʛʨʘʪʢʠ: 

1 ð ʤʽʥʽʟʦʥʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʉ; 2 ð ʤʽʥʽʟʦʥʠ ʚʘʣʝʥʪʥʦòʽòʟʦʥʠ V; 

Ã1 i Ã2 ð ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʚʠʭʽʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

 
ʗʢ ʤʠ ʚʞʝ ʟʘʟʥʘʯʘʣʠ, ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʽʥʽʟʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʥʘʜʛôʨʘʪʦʢ ʽʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʽʟʦʣʴʦʚʘʥʠʭ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʧʽʜ ʯʘʩ ʾʭʥʴʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʘ ʧʨʠʨʦʜʦʶ ʩ 

ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʘ ʟ ʜʠʩʢʨʝʪʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʽʟʦʣʴʦʚʘʥʠʭ ʘʪʦʤʽʚ, ʢʦʣʠ ʦʩʪʘʥʥʽ ʫʪʚʦʨʶʶʪʴ 

ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʘ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʘʶʪʴ ʩʫʪʦ ʢʽʣʴʢʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ i ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʝʨʽʦʜ ʧʨʠʨʦʜʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʩʪʘʣʘ ʩ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤ ʟʘ ʧʝʨʽʦʜ 

ʰʪʫʯʥʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʜʛôʨʘʪʢʠ. ɼʦ ʪʦʛʦ 

ʞ ʫ ʧʨʠʨʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩ 

ʪʨʠʚʠʤʽʨʥʦʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʠʩʢʨʝʪʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʽʟʦʣʴʦʚʘʥʠʭ ʘʪʦʤʽʚ ʨʦʟʧʘʜʘʩʪʴʩʷ ʥʘ ʟʦʥʥʠʡ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʧʨʦʩʪʦʨʦ- 

ʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʜʽ ̫ ʢ ʫ ʥʘʜʛ'ʨʘʪʮʽ ð ʪʽʣʴʢʠ ʫ ʥʘʧʨʷʤʢʫ, ʧʘʨʘʣʝʣʴʥʦʤʫ 

ʜʦ oci ii ʨʦʩʪʫ. ʋ ʥʘʧʨʷʤʢʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ oci ʨʦʩʪʫ 

ʥʘʜʛ'ʨʘʪʢʠ, iµ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʟʘʣʠʰʘʶʪʴʩʷ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʠʤ, 

ʪʘʢʠʤ, ʷʢʠʤ ʚʽʥ ʩ ʜʣʷ ʮʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʤʝʞʘʭ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚʠʭʽʜʥʦʛʦ ʢʨʠʩʪʘʣʘ. 

ʈʝʘʣʴʥʦ ʫ ʥʘʜʛôʨʘʪʮʽ ʥʘ ʤʽʥʽʟʦʥʠ ʜʦʟʚʦʣʝʥʠʭ i ʟʘʙʦʨʦʥʝʥʠʭ 

ʝʥʝʨʛʽʡ ʨʦʟʧʘʜʘʩʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʪʦʡ ʽʥʪʝʨʚʘʣ ʝʥʝʨʛʽʡ ʢʚʘʟʽ- 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʘ ʉ i V ʟʦʥ ʚʠʭʽʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʩ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʡ ʚʽʜ ʜʥʘ ʜʦ ʚʝʨʰʠʥʠ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ, 
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ʘ ʥʘʙʘʛʘʪʦ h ʠʨʰʘ ʩʤʫʛʘ ʝʥʝʨʛʽʡ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ (ʟʘ 

ʜʝʷʢʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ i ʙʘʨôʩʨʽʚ ð 

ʤʦʞʣʠʚʦ, ʡ ʫʚʝʩʴ ʜʽʘʧʘʟʦʥ ʝʥʝʨʛʽʡ ʮʠʭ ʟʦʥ). ʑʦʙ ʧʽʜʢʨʝʩʣʠʪʠ ʮʝʡ 

ʬʘʢʪ, ʤʽʥʽʟʦʥʠ ʝʥʝʨʛʽʡ ʥʘʜʛ'ʨʘʪʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʘʢ ʟʚʘʥʽ ʧʽʜʙʘʨôʩʨʥʽ i 

ʥʘʜʙʘʨôʩʨʥʽ. ʆʩʪʘʥʥʩ ʡ ʬʽʢʩʫʩ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʤʽʥʽʟʦʥʠ ʥʘʜʛôʨʘʪʢʠ 

ʚʠʥʠʢʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚʠʭʽʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦ- 

ʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʘʣʝ i ʟʘ ʚʠʱʠʭ iµ ʟʥʘʯʝʥʴ. ɯʥʰʘ ʨʽʯ, ɦ ʦ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʜʝʷʢʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, ʚʽʜʧʦʚʽʜʥʽ ʤʽʥʽʟʦʥʠ ʤʦʞʫʪʴ ʧʝʨʝʢʨʠʚʘʪʠʩʷ i 

ʫʪʚʦʨʶʚʘʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʝʧʝʨʝʨʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ, ʧʦ- 

ʜʽʙʥʦ ʜʦ ʪʦʛʦ, ̫ ʢ ʬʦʨʤʫʩʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ. ɸʣʝ ʮʝ 

ʥʝ ʧʦʨʫʰʫʩ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʫ, ʘ ʪʽʣʴʢʠ ʚʽʜʦʙʨʘʞʘʩ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʟʥʘʯʘʩʪʴʩʷ ʜʽʩʶ ʢʦʥʢʨʝʪʥʠʭ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ i ʥʘʜʛ'ʨʘʪʢʫ 

ʟʘʛʘʣʦʤ. 

ɺʠʥʠʢʥʝʥʥʷ ʥʘʜʙʘʨôʩʨʥʠʭ ʤʽʥʽʟʦʥ ʥʘʜʛôʨʘʪʢʠ ʥʝʤʦʞʣʠʚʦ ʟʨʦʟʫ- 

ʤʽʪʠ ʚ ʥʘʙʣʠʞʝʥʥʽ ʢʚʘʟʽʟʚôʷʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʪʦʙʪʦ ʫ ʤʝʞʘʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʧʽʜ ʯʘʩ 

ʾʭʥʴʦʛʦ ʦʙôʩʜʥʘʥʥʷ ʚ ʥʘʜʛôʨʘʪʢʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʟʘʛʘʣʴʥʽʰʫ ʟʘʜʘʯʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʯʠ ʚʽʣʴʥʦʾ ʜʽʨʢʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʨʠʚʠ- 

ʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʧʽʜ ʚʧʣʠʚʦʤ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥ- 

ʮʽʘʣʫ ʥʘʜʛôʨʘʪʢʠ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʧʨʠʜʘʪʥʽʰʠʤ ʜʣʷ 

ʨʦʟʛʣʷʜʫ ʩ ʥʘʙʣʠʞʝʥʥʷ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. 

ʋ ʥʘʙʣʠʞʝʥʥʽ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʜʣʷ ʥʘʜʛôʨʘʪʢʠ ʟʘ 

ʥʫʣʴʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʙʝʨʝʪʴʩʷ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʢʨʠʩʪʘʣʘ 

 
ʁ ʫ(ʛ) ðð ɽ y(r) 

ft 
2
 

ʅ ðð ðð 3+ 
2m 

V(ʛ) (6.9) 

V(r) ðð V(ʛ + ʘ) 
 

 

ʜʝ V(r) ð ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʫ ʢʨʠʩʪʘʣʽ,  ʷʢʘ ʩ 

ʧʝʨʽʦʜʠʯʥʦʶ  ʟ ʧʝʨʽʦʜʦʤ ʛ'ʨʘʪʢʠ ʢʨʠʩʪʘʣʘ ʘ. ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ 

ʧʝʨʽʦʜʠʯʥʦʛʦ  ʧʦʣʷ ʥʘʜʛ'ʨʘʪʢʠ ʟ  ʧʝʨʽʦʜʦʤ d*+ ʘ U(z)ððU(z+d) 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʟʙʫʨʝʥʥʷ. 
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ʋ ʧʝʨʰʦʤʫ ʧʦʨʷʜʢʫ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ ʧʦʧʨʘʚʢʘ ʜʦ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ 

Eô(k ʚʠʟʥʘʯʘʩʪʴʩʷ ʜʽʘʛʦʥʘʣʴʥʠʤ ʤʘʪʨʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʦʧʝʨʘʪʦʨʘ 

ʟʙʫʨʝʥʥʷ 
 
 

ɽ'(k, ) ðð Uk k  ðð 0 ò(z)U(z)\p z)dz ðð U(z)dz ðð< U > (6.10) 

 
 

i ʜʦʨʽʚʥʶʩ ʫʩʝʨʝʜʥʝʥʦʤʫ ʧʦ ʜʦʚʞʠʥʽ ʥʘʜʛ'ʨʘʪʢʠ ʟʥʘʯʝʥʥʶ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ L/, ʪʦʙʪʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ, ʷʢʝ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ k . 

ʋ ʜʨʫʛʦʤʫ ʧʦʨʷʜʢʫ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʪʘʥʽʚ ʧʦʧʨʘʚʢʘ 

ʜʦ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʩ ʥʫʣʶ. ɸʣʝ ʽʩʥʫʶʪʴ ʩʪʘʥʠ, 

ʜʣʷ ʷʢʠʭ ʥʘʷʚʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ ʟʙʫʨʝʥʥʷ U(z)ð

ðU(z+d) ʟ ʧʝʨʽʦʜʦʤ d ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʧʨʘʚʦʢ ʜʦ ʝʥʝʨʛʽʾ i 

ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ɦ ʦ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ. ʌʽʟʠʯʥʦ ʮʝ 

ʦʟʥʘʯʘʩ, ɦ ʦ ʪʘʢʽ ʩʪʘʥʠ ʚʠʨʦʜʞʫʶʪʴʩʷ. ɺʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ kĂ ʢʨʘʪʥʠʤ ʜʦ ʟʥʘʯʝʥʠʷ /ʪ/d. ʋ ʮʠʭ ʪʦʯʢʘʭ, ʷʢʽ ʩ 

ʛʨʘʥʠʮʷʤʠ ʟʦʥ ɹʨʽʣʣʶʝʥʘ ʥʘʜʛôʨʘʪʢʠ, ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʟʘʟʥʘʩ 

ʨʦʟʨʠʚʽʚ ʚʝʣʠʯʠʥʦʶ 2Ct, ʜʝ Cd ð ʢʦʝʬʽʮʽʩʥʪ ʨʦʟʢʣʘʜʫ ʬʫʥʢʮʽʾ U(z) ʫ 

ʨʷʜ ʌʫʨôʩ. ʈʦʟʨʠʚ ʫ ʩʧʝʢʪʨʽ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʜʛôʨʘʪʮʽ ʚʝʜʝ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʥʘ ʬʦʥʽ ʝʥʝʨʛʽʡ, ʷʢʽ ʥʘʣʝʞʘʣʠ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʝʟʙʫʨʝʥʦʛʦ ʧʦʪʝʥʮʽʘʣʦʤ U(z) ʢʨʠʩʪʘʣʘ ð ʚʠʥʠʢʘʩ 

ʤʽʥʽʟʦʥʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʥʘʜʛôʨʘʪʢʠ. ʐʠʨʠʥʘ ʜʦʟʚʦʣʝʥʠʭ 

ʤʽʥʽʟʦʥ ʝʥʝʨʛʽʾ ʙʫʜʝ ʪʠʤ ʤʝʥʰʦʶ, ʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʪʠʤ 

ʙʽʣʴʰʦʶ, ʯʠʤ ʥʠʞʯʝ ʮʽ ʟʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ. 

ʉʭʝʤʘʪʠʯʥʦ ʫʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʥʘʜʛ'ʨʘʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.11. 

ɺʝʣʠʯʠʥʘ ʧʝʨʽʦʜʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʠʟʥʘʯʘʩ ʨʦʟʤʽʨ ʟʦʥ ɹʨʽʣʣʶʝʥʘ ʚ k-ʧʨʦʩʪʦʨʽ. ʆʩʢʽʣʴʢʠ ʧʝʨʽʦʜ 

ʥʘʜʛ'ʨʘʪʢʠ d ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʟʘ ʧʝʨʽʦʜ ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʘ, ʪʦ 

ʜʣʷ ʥʘʧʨʷʤʢʫ, ʧʘʨʘʣʝʣʴʥʦʛʦ ʜʦ oci ʥʘʜʛ'ʨʘʪʢʠ, ʨʦʟʤʽʨ ʧʝʨʰʦʾ ʟʦʥʠ 

ɹʨʽʣʣʶʝʥʘ ʥʘʜʛ'ʨʘʪʢʠ ʧʦ k ʚʽʜ -id ʜʦ id ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ [-ɾ ,ò to] ʚʠʭʽʜʥʦʛʦ ʢʨʠʩʪʘʣʘ. ʎʶ ʟʦʥʫ 

ʥʘʟʠʚʘʶʪʴ ʧʝʨʰʦʶ ʤʽʥʽʟʦʥʦʶ ɹʨʽʣʣʶʝʥʘ ʥʘʜɻʨʘʪʢʠ. ʋ ʤʝʞʘʭ ʧʝʨʰʦʾ 

ʤʽʥʽʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʥʘʜʛôʨʘʪʢʠ ʟʽʙʨʘʥʽ yci ʬʽʟʠʯʥʦ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ 

ʩʪʘʥʠ ʥʘʜʛ'ʨʘʪʢʠ, ʪʘʢ ʩʘʤʦ, ʷʢ ʫ ʤʝʞʘʭ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ 

ʢʨʠʩʪʘʣʘ ʟʽʙʨʘʥʽ yci ʡʦʛʦ ʬʽʟʠʯʥʦ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ ʩʪʘʥʠ. 
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ʈʠʩ. 6.11. ʋʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʫ  ʈʠʩ. 6.12. ʉʧʝʢʪʨ 

ʉ ʟʦʥʽ ʢʨʠʩʪʘʣʘ ʟ ʧʝʨʽʦʜʦʤ ʘ ʧʽʜ ʚʧʣʠʚʦʤ ʝʥʝʨʛʽñʽñʝʣʝʢʪʨʦʥʽʚ ʫ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʜʛʨʘʪʢʠ ʟ   ʧʝʨʰʽʡ ʤʽʥʽʟʦʥʽ 

ʧʝʨʽʦʜʦʤ d. ʐʪʨʠʭʦʚʘ ʣʽʥʽʷ ð ʧʘʨʘʙʦʣʽʯʥʘ    |ʕʽʣʣʶʝʥʘ 

ʟʘʣʝʞʥʽʩʪʴ E(k,) ʫ ʚʠʭʽʜʥʦʤʫ ʢʨʠʩʪʘʣʽ HEI**0a KLI 

 

 
ʆʩʢʽʣʴʢʠ ʧʦʪʝʥʮʽʘʣʴʥʝ ʧʦʣʝ ʥʘʜʛôʨʘʪʢʠ U(z) ʧʝʨʽʦʜʠʯʥʝ ʟ 

ʧʝʨʽʦʜʦʤ d, ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ E(kj,l 

ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʜʦʟʚʦʣʝʥʦʾ ʤʽʥʽʟʦʥʠ ʝʥʝʨʛʽʡ ʪʘʢʦʞ ʩ ʧʝʨʽʦʜʠʯʥʦʶ 

ʬʫʥʢʮʽʩʶ ʟ ʧʝʨʽʦʜʦʤ 2/ʪ / d, ʪʦʙʪʦ 

E(k, + 2s/d) ðð ɽ k,) . (6.11) 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʬʫʥʢʮʽʾ E(k ʜʘʩ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ iµ ʚʠʛʣʷʜ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ kĂ ʪʦʙʪʦ ʫ ʤʝʞʘʭ ʙʫʜʴ- 

ʷʢʦʾ ʤʽʥʽʟʦʥʠ ɹʨʽʣʣʶʝʥʘ, ʷʢʱʦ ʚʠʛʣʷʜ ʮʽʩʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʦʤʠʡ ʫ 

ʤʝʞʘʭ ʭʦʯʘ ʙ ʦʜʥʽʩʾ ʽʟ ʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʟʘʣʝʞʥʽʩʪʴ E(k , ʧʦʢʘʟʘʥʫ ʜʣʷ 

ʢʦʞʥʦʾ ʽʟ ʜʦʟʚʦʣʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʥʘ 

ʨʠʩ. 6.11, ʥʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʠʪʠ ʫ ʩʫʩʽʜʥʽ ʤʽʥʽʟʦʥʠ ɹʨʽʣʣʶʝʥʘ 

ʧʨʘʚʦʨʫʯ i ʣʽʚʦʨʫʯ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʨʠʩʫʥʢʫ 

ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʩʶ. ʎʝ ʜʘʩ ʟʤʦʛʫ ʟʨʫʯʥʦ ʧʦʜʘʪʠ ʝʥʝʨʛʝʪʠʯʥʫ 

ʤʽʥʽʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘʜʛôʨʘʪʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ iµ ʧʝʨʰʫ 

k, 

Ez 

ɿʢ/d -2ʢ/d -3/d 
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ʤʽʥʽʟʦʥʫ ɹʨʽʣʣʶʝʥʘ, ʚ ʷʢʽʡ, ʱʝ ʨʘʟ ʥʘʛʘʜʘʩʤʦ, ʟʽʙʨʘʥʽ ʚʩʽ ʬʽʟʠʯʥʦ 

ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʘ ʚ ʥʘʜʛ'ʨʘʪʮʽ. ɼʣʷ ʮʴʦʛʦ ʜʽʣʷʥʢʠ 

ʟʘʣʝʞʥʦʩʪʽ E(k), ʧʦʢʘʟʘʥʽ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʥʘ ʨʠʩ. 6.11, ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʽ ʫ ʧʝʨʰʫ ʤʽʥʽʟʦʥʫ ɹʨʽʣʣʶʝʥʘ ʟʤʽʱʝʥʥʷʤ µx ʥʘ 

ʚʝʣʠʯʠʥʫ, ʢʨʘʪʥʫ ʜʦ ʧʝʨʽʦʜʫ 2/ʪ / d ʬʫʥʢʮʽʾ E(k . ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʩʤʦ ʩʧʝʢʪʨ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʝʨʰʽʡ ʤʽʥʽʟʦʥʽ ɹʨʽʣʣʶʝʥʘ 

ʥʘʜʛ'ʨʘʪʢʠ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 6.12. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʽʥʽʟʦʥʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʥʘʜʛ'ʨʘʪʢʠ ʩ ʪʝ, ʱʦ ʝʢʩʪʨʝʤʫʤʠ iµ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʫ k ʧʨʦʩʪʦʨʽ 

ʨʦʟʤʽʱʝʥʽ ʪʽʣʴʢʠ ʚ ʮʝʥʪʨʽ ʘʙʦ ʥʘ ʢʨʘʷʭ ʤʽʥʽʟʦʥʠ ɹʨʽʣʣʶʝʥʘ. ʊʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʩ ʥʘʩʣʽʜʢʦʤ ʦʜʥʦʚʠʤʽʨʥʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʥʘʜʛ'ʨʘʪʢʠ. ʋ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʤʽʥʽʟʦʥʘʭ ʾʭʥʽ ʘʙʩʦʣʶʪʥʽ 

ʝʢʩʪʨʝʤʫʤʠ ʨʦʟʥʝʩʝʥʽ ʫ k-ʧʨʦʩʪʦʨʽ ʟʘ ʟʥʘʯʝʥʥʷʤ k,. ʎʶ ʩʧʝʮʠʬʽʢʫ 

ʤʽʥʽʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʜɻʨʘʪʦʢ ʚʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʚʠʟʥʘʯʘʩ ʙʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭʥʽʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ, 

ʩʧʝʮʠʬʽʢʫ ʚʥʫʪʨʽʰʥʴʦʤʽʥʽʟʦʥʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʥʘʜʛ'ʨʘʪʦʢ, 

ʧʨʦ ʷʢʝ ʡʪʠʤʝʪʴʩʷ ʥʠʞʯʝ. 

 

 
ɽʅɽʈɻɽʊʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸɼɪʈɸʊʆʂ 

 
ʗʢ i ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʚʘʞʣʠʚʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʜʛ'ʨʘʪʦʢ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʾʭʥʽ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʜʛôʨʘʪʢʠ. 

ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʥʘʜʛ'ʨʘʪʦʢ ʩ ʡʦʛʦ ʨʽʟʢʘ ʘʥʽʟʦʪʨʦʧʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʦʜʥʦʚʠʤʽʨʥʠʡ 

ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘʜʛôʨʘʪʢʠ L/ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ ʭ i ʫ, pyx ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʧʣʦʱʠʥʽ ʍʆʋ ʟʘʣʠʰʘʩʪʴʩʷ 

ʚʽʣʴʥʠʤ, ʪʦʤʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʥʦʩʽʾʚ ʚʽʜ ʢʦʤʧʦʥʝʥʪ ʭʚʠʣʴʦʚʦʛʦ 

ʯʠʩʣʘ k, i k ʟʘʣʠʰʘʩʪʴʩʷ ʪʘʢʦʶ ʩʘʤʦʶ, ʷʢ ʫ ʚʠʭʽʜʥʦʤʫ ʢʨʠʩʪʘʣʽ ʡ ʫ 

ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ð ʧʘʨʘʙʦʣʽʯʥʦʶ ʽʟʦʪʨʦʧʥʦʶ: 
 

2s 2m 2m 
(6.12) 

 
 

ʜʝ kII ðð) 2 + #2 ð ʟʥʘʯʝʥʠʷ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʫ ʧʣʦʱʠʥʽ, ʧʘʨʘʣʝʣʴʥʽʡ 

ʜʦ ʰʘʨʽʚ ʥʘʜɻʨʘʪʢʠ. 

ʏʘʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʧʦʚôʷʟʘʥʘ ʟ ʨʫʭʦʤ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʰʘʨʽʚ ʥʘʜɻʨʘʪʢʠ (ʚʟʜʦʚʞ oci 
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ʥʘʜɻʨʘʪʢʠ) E(k,) Eʿ(k ) ʤʘʩ ʤʽʥʽʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʽʜʤʽʥʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʫ pyxy ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʘʨʘʣʝʣʴʥʦ i ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʰʘʨʽʚ ʥʘʜɻʨʘʪʢʠ i ʩʧʨʠʯʠʥʷʩ ʨʽʟʢʫ ʘʥʽʟʦʪʨʦʧʽʶ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ɽ(ʛ) : 
 

ɽ(k) ðð ɽ(k ,k  ) + ɽ(k ) ðð (6.13) 
2m 

ɸʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʊʔ ɽʿ(k ) ʟʘʛʘʣʦʤ ʚʠʟʥʘʯʘʩʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʜʛ'ʨʘʪʢʠ U(z). ʂʨʽʤ ʪʦʛʦ, 

ʚʦʥʘ ʩ ʨʽʟʥʦʶ ʜʣʷ ʧʽʜʙʘʨôʩʨʥʠʭ i ʥʘʜʙʘʨôʩʨʥʠʭ ʤʽʥʽʟʦʥ ʫ ʟʚôʷʟʢʫ ʟ 

ʨʽʟʥʦʶ ʾʭʥʴʦʶ ʰʠʨʠʥʦʶ. 

ʇʽʜʙʘʨôʩʨʥʽ ʤʽʥʽʟʦʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʣʦʢʘʣʴʥʠʭ ʩʪʘʥʽʚ ʫ 

ʤʽʥʽʤʫʤʘʭ ʧʦʪʝʥʮʽʘʣʫ ʥʘʜʛôʨʘʪʢʠ U(z), ʤʘʶʪʴ ʤʘʣʫ ʰʠʨʠʥʫ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʫʥʝʣʴʥʦʶ ʧʨʦʟʦʨʽʩʪʶ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʙʘʨôʩʨʽʚ 

ʥʘʜʛ'ʨʘʪʢʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʫ ʥʘʙʣʠʞʝʥʥʽ ʩʠʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ 

ɽ  (k,) =ú ð (ð1) 
ʇ 
A-, cos k d , (6.14) 

 

   ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʥʘ ʚ ʷʤʽ; 2A,ñ ǾǮǶǮǳǦ Ǳ- 

ʤʽʥʽʟʦʥʠ; d ð ʧʝʨʽʦʜ ʥʘʜʛ'ʨʘʪʢʠ; ʣ ð ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ, ʷʢʝ ʥʘʙʫʚʘʩ ʮʽʣʠʭ 

ʟʥʘʯʝʥ ɹʚʜ̔ ʥʫʣ̫ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦ ʾʚʝʣʠʯʠʥʠ ʣʦÅ 
ɿʘʢʦʥ ʜʠʩʧʝʨʩʽʾ (6.14) ʚʽʜʧʦʚʽʜʘʩ ʫʤʦʚʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ 

ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ E(k , ʷʢʘ ʟʘʜʘʩʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (6.11). ɺʽʥ ʟʘʧʠʩʘʥʠʡ ʜʣʷ ʩʠʤʝʪʨʠʯʥʠʭ ʚʽʜʥʦʩʥʦ 

ʥʫʣʷ ʛʨʘʥʠʮʴ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ i ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʚʩʴʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʫ ʤʝʞʘʭ ʟʦʥʠ ʚʽʜ ð /ʪ/d ʜʦ 

+ /ʪ/d.  ʄʥʦʞʥʠʢ  (ð1)ʇ    ʫ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ  (6.14)  ʚʨʘʭʦʚʫʩ  ʪʦʡ  ʬʘʢʪ,  ʱʦ 

ʤʽʥʽʤʫʤʠ i ʤʘʢʩʠʤʫʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʥʘ ʰʢʘʣʽ Ok, ʧʦʯʝʨʛʦʚʦ 

ʤʽʥʷʶʪʴʩʷ ʤʽʩʮʷʤʠ, ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʭʦʜʷʯʠ ʚʽʜ ʤʽʥʽʟʦʥʠ ʜʦ ʤʽʥʽʟʦʥʠ. 

ʆʪʞʝ, ʜʣʷ ʦʩʥʦʚʥʦʡ (ʣ = 0) i ʚʩʽʭ ʧʘʨʥʠʭ ʤʽʥʽʟʦʥ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʘʙʩʦʣʶʪʥʠʡ ʤʽʥʽʤʫʤ ʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʘʩ  ʮʝʥʪʨʫ  ʟʦʥʠ  ɹʨʽʣʣʶʝʥʘ 

(k, ðð ʦ), ʘ ʜʣʷ ʥʝʧʘʨʥʠʭ ʤʽʥʽʟʦʥ ð iµ ʛʨʘʥʠʮʷʤ (k, ðð !d ). 

ɿʥʘʯʝʥʠʷ ʃ0 ʘ ʪʘʢʦʞ ʧʽʜʙʘʨôʩʨʥʠʭ ʚʠʟʥʘ- 

ʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘʜɻʨʘʪʢʠ. Ã ʟʨʦʩʪʘʩ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ɸ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ U(z) i ʟʤʝʥʰʝʥʥʷʤ 

ʡʦʛʦ ʧʝʨʽʦʜʫ d, ʘ ʣ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʤʝʥʰʫʩʪʴʩʷ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ 

ʮʴʦʛʦ ʧʝʨʽʦʜʫ. ʂʽʣʴʢʽʩʪʴ ʧʽʜʙʘʨôʩʨʥʠʭ ʤʽʥʽʟʦʥ  ʧ  ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʦʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦʯʘʩʥʦ i ʚʠʟʥʘʯʘʩʪʴʩʷ ʪʘʢ ʟʚʘʥʦʶ ñʧʦʪʫʞʥʽʩʪʶò 

ʧʦʪʝʥʮʽʘʣʫ ʥʘʜɻʨʘʪʢʠ ð ʚʝʣʠʯʠʥʦʶ dd2 / 2 . 
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ɿʚʘʞʘʶʯʠ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (6.13) i (6.14), ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʘ ʫ ʥʘʜʛ'ʨʘʪʮʽ ʜʣʷ ʧʽʜʙʘʨôʩʨʥʠʭ ʤʽʥʽʟʦʥ ʛʨʘʬʽʯʥʦ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʪʘʢ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.13. 
 
 
 
 
 
 
 
 
 
 

k, 
 
 
 
 
 
 
 
 
 
 
 

 

ʈʠʩ. 6.13. ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽñʽñɽ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʧʘʨʘʣʝʣʴʥʦ (k ) i ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ (kĂ ky) 

ʜʦ oci pocʪy ʥʘʜʛʨʘʪʢʠ 

 
ʗʢ i ʫ ʨʘʟʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ 

ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʥʘʷʚʥʽʩʪʴ ʟʘʙʦʨʦʥʝʥʠʭ ʩʤʫʛ 

ʝʥʝʨʛʽʡ ʫ ʩʧʝʢʪʨʽ ʥʘʜʛôʨʘʪʢʠ ʜʣʷ ʥʘʧʨʷʤʢʫ k ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʰʘʨʽʚ ʥʘʜɻʨʘʪʢʠ ʱʝ ʥʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʯʠ ʜʽʨʢʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʟôʷʚʣʷʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʩʤʫʛʠ ʟʘʙʦʨʦʥʝʥʠʭ 

ʝʥʝʨʛʽʡ, ʦʩʢʽʣʴʢʠ ʚ ʜʚʦʭ ̔ ʥʰʠʭ ʥʘʧʨʷʤʢʘʭ, ʧʘʨʘʣʝʣʴʥʠʭ ʜʦ h ʘʨʽʚ ʥʘʜ- 

ɻʨʘʪʢʠ, pyx ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʟʘʣʠʰʘʩʪʴʩʷ ʚʽʣʴʥʠʤ i ʜʣʷ ʮʠʭ 

ʥʘʧʨʷʤʢʽʚ pyxy ʝʥʝʨʛʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʚ ʟʘʨʷʜʫ ʧʨʦʜʦʚʞʫʩ ʟʤʽʥʶʚʘʪʠʩʷ 

ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦ. ʆʪʞʝ, ʤʽʥʽʟʦʥʥʠʡ ʩʧʝʢʪʨ ʥʘʜɻʨʘʪʢʠ ʨʝʘʣʴʥʦ 

ʦʟʥʘʯʘʩ ʪʽʣʴʢʠ, ʱʦ pyx ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʫ ʥʘʜʛ'ʨʘʪʮʽ ʤʘʩ 

ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ (ʧʨʝʬʽʢʩ ʢʚʘʟʽ- ʧʽʜʢʨʝʩʣʶʩ, ʱʦ ʤʽʥʽʟʦʥʠ 

ʤʘʶʪʴ ʩʢʽʥʯʝʥʥʫ, ʘ ʥʝ ʥʫʣʴʦʚʫ h ʠʨʠʥʫ). ɼʦʜʘʪʢʦʚʽ ʟʥʘʯʝʥʠʷ ʩʧʨʘʚʜʽ 

ʟʘʙʦʨʦʥʝʥʦʾ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʝʥʝʨʛʽʾ ʚʠʥʠʢʘʶʪʴ ʪʽʣʴʢʠ ʤʽʞ ʥʘʡʥʠʞʯʦʶ 

ʤʽʥʽʟʦʥʦʶ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i ʥʘʡʚʠʱʦʶ ʤʽʥʽʟʦʥʦʶ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʜʙʘʨôʩʨʥʠʭ, ʥʘʜʙʘʨôʩʨʥʽ ʤʽʥʽʟʦʥʠ ð ʮʝ ʰʠʨʦʢʽ 

ʩʤʫʛʠ ʝʥʝʨʛʽʡ. ɺʽʜʧʦʚʽʜʥʦ ʟʘʜʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʟʘʣʝʞʥʽʩʊʔ E(k,) ɼʣʷ 

ʝʣʝʢʪʨʦʥʘ ʚ ʤʝʞʘʭ ʚʩʽʩʾ ʤʽʥʽʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʜʣʷ ʥʘʜʙʘʨôʩʨʥʠʭ 

C 1 i'' 

R'(d 0 kp( k Ɋ ˪̐Ⱦ́ 



125  

ʤʽʥʽʟʦʥ ʥʝʤʦʞʣʠʚʦ, ʷʢ i ʜʣʷ ʟʦʥ ʜʦʟʚʦʣʝʥʠʭ ʝʥʝʨʛʽʡ ʟʚʠʯʘʡʥʠʭ 

ʢʨʠʩʪʘʣʽʚ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʽʣʴʢʠ ʚ ʦʢʦʣʽ ʤʽʥʽʤʫʤʽʚ ʤʽʥʽʟʦʥ, ʜʝ 

ʟʘʣʝʞʥʽʩʊʴ E(k,) ɼʃʗ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ 

ʟʘʣʠʰʘʩʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʦʶ. 

ʊʝʧʝʨ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʧʠʪʘʥʥʽ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʜɻʨʘʪʦʢ ɽ ò. 

ɿʘ ʦʟʥʘʯʝʥʥʷʤ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ð ʮʝ ʩʤʫʛʘ ʟʘʙʦʨʦʥʝʥʠʭ ʜʣʷ 

ʝʣʝʢʪʨʦʥʘ ʝʥʝʨʛʽʡ ʤʽʞ ʥʘʡʥʠʞʯʠʤ ʜʦʟʚʦʣʝʥʠʤ ʜʣʷ ʥʴʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʽʚʥʝʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i ʥʘʡʚʠʱʠʤ ʜʦʟʚʦʣʝʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʽʚʥʝʤ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ʋ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ, 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʷʢʠʭ ʬʦʨʤʫʩ ʥʘʜɻʨʘʪʢʫ, ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʢʘ, 

ʷʢ ʤʠ ʟʥʘʩʤʦ, ʥʽʢʦʣʠ ʥʝ ʧʘʜʘʩ ʥʘ ʜʥʦ. ʆʪʞʝ, ʜʦʢʠ ʨʦʟʤʽʨʥʝ 

ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʷʚʣʷʩ ʩʝʙʝ, ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘʜɻʨʘʪʢʠ ʥʽʢʦʣʠ (ʟʘ ʚʠʥʷʪʢʦʤ, 

ʤʦʞʣʠʚʦ, ʜʝʷʢʠʭ ʩʠʪʫʘʮʽʡ ʢʦʚʘʨʽʘʥʪʥʠʭ ʥʘʜɻʨʘʪʦʢ, ʧʨʦ ʱʦ ʡʪʠʤʝʪʴʩʷ 

ʥʠʞʯʝ) ʥʝ ʚʽʜʧʦʚʽʜʘʩ ʰʠʨʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʠʭʽʜʥʦʛʦ ʥʘʧʽʚʧʨʦ- 

ʚʽʜʥʠʢʘ. 
 

ʈʠʩ. 6.14. ʇʽʜʙʘʨôʩʨʥʽ i ʥʘʜʙʘʨôʩʨʥʽ ʤʽʥʽʟʦʥʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʦôʽôʥʘʜʛʨʘʪʢʠ 

ʋ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʠʭ ʥʘʜɻʨʘʪʢʘʭ (ʨʠʩ. 6.14) ʰʠʨʠʥʘ ʾʭʥʴʦʾ 

ʟʘʙʦʨʦʥʝʥʦ ʾ ʟʦʅʀ  ʃʅ ̂  ðð ʃ  ðʃ  . ʜʝ  Ã    i  30   ð ʧʦʣʦʞʝʥʠ ̫ ʜʥʘ ʦʩʥʦʚʥʦʾ 

ʤʽʥʽʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʤʽʥʽʟʦʥʠ ʚʽʜʧʦʚʽʜʥʦ ʟʘʚʞʜʠ 

ʩ ʙʽʣʴʰʦʶ ʟʘ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ 

   ʗʂʀʀ  ʬʦʨʤʫʩ ʷʤʠ ʚ ʥʘʜʛ'ʨʘʪʮʽ ʷʢ 

ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ, ʪʘʢ i ʜʣʷ ʜʽʨʦʢ. 

ʋ ʢʦʚʘʨʽʘʥʪʥʠʭ ʥʘʜʛôʨʘʪʢʘʭ,  ʚ ʷʢʠʭ ʘʙʩʦʣʶʪʥʽ ʝʢʩʪʨʝʤʫʤʠ  ʉ i  V 

ʟʦʥ ʨʦʟʜʽʣʝʥʽ ʧʨʦʩʪʦʨʦʚʦ, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʜʛôʨʘʪʢʠ, ʷʢʘ ʩ 

ʥʝʧʨʷʤʦʶ   ʚ  ʨʝʘʣʴʥʦʤʫ   ʧʨʦʩʪʦʨʽ,   ʤʦʞʝ  ʙʫʪʠ   ʷʢ  ʤʝʥʰʦʶ,   ʪʘʢ i 

ʙʽʣʴʰʦ ʁ ʟʘ  h ʠʨʠʥʠ  ʟʘʙʦʨʦʥʝʥʠʭ  ʟʦʥ Eg
'
 ʷʢʽ ii 
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ɽôg 

 ˒I 

ɽ 

ɽ 

ʬʦʨʤʫʶʪʴ. Yce ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʧʦʨʽʜʥʝʥʦʩʪʷʤʠ ʜʦ 

ʝʣʝʢʪʨʦʥʘ ʩʢʣʘʜʦʚʠʭ ʥʘʜʛôʨʘʪʢʠ, ʰʠʨʠʥʘʤʠ ʾʭʥʽʭ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ, ʘ 

ʪʘʢʦʞ ʚʽʜ ʪʦʚʱʠʥ ʰʘʨʽʚ. ʎʶ ʩʠʪʫʘʮʽʶ ʥʘʦʯʥʦ ʧʦʷʩʥʶʶʪʴ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 6.15 ʩʭʝʤʠ ʤʽʥʽʟʦʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʢʦʚʘʨʽʘʥʪʥʠʭ 

ʥʘʜʛ'ʨʘʪʦʢ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʦʜʥʠʭ i ʪʠʭ ʩʘʤʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʚʱʠʥʠ 

ʰʘʨʽʚ ʫ ʷʢʠʭ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 
 
 

 

 
 
 
 

ʈʠʩ. 6.15 . ʇʽʜʙʘʨôʩʨʥʽ i ʥʘʜʙʘʨôʩʨʥʽ ʤʽʥʽʟʦʥʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʢʦʚʘʨʽʘʥʪʥʦòʽòʥʘʜʛʨʘʪʢʠ ʟ ñʪʦʚʩʪʠʤʠò (ʘ) i ñʪʦʥʢʠʤʠò (6) ʰʘʨʘʤʠ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 6.15, ʘ, ɼʆʢʠ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʥʘʜɻʨʘʪʢʠ 

ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʽ, ʪʦ ʦʩʥʦʚʥʽ ʤʽʥʽʟʦʥʠ ʉ i V ʟʦʥ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʦ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʜʦ ʜʥʘ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ (ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʾ h ʠʨʠʥʠ 

ʷʤʠ) i ʩ ʜʦʩʪʘʪʥʴʦ ʚʫʟʴʢʠʤʠ (ʫ ʨʝʟʫʣʴʪʘʪʽ ʥʝʚʠʩʦʢʦʾ ʧʨʦʟʦʨʦʩʪʽ 

ʪʦʚʩʪʦʛʦ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ). ɿʘ ʜʦʚʦʣʽ ʪʦʥʢʠʭ h ʘʨʽʚ ʥʘʜɻʨʘʪʢʠ 

ʤʽʥʽʟʦʥʠ ʧʽʜʥʽʤʘʶʪʴʩʷ ʚʚʝʨʭ ʚʥʘʩʣʽʜʦʢ ʟʚʫʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ i 

ʨʦʟʰʠʨʷʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʟʚʫʞʝʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ 

ʙʘʨôʩʨʽʚ. ʅʘ ʨʠʩ. 6.15, 6 ʧʦʢʘʟʘʥʘ ʛʨʘʥʠʯʥʘ ʩʠʪʫʘʮʽʷ ʥʘʩʪʽʣʴʢʠ ʚʫʟʴʢʠʭ 

ʷʤ, ɦ ʦ ʚ ʥʠʭ ʧʦʤʽʱʘʩʪʴʩʷ ʚʩʴʦʛʦ ʧʦ ʦʜʥʽʡ ʧʽʜʙʘʨôʩʨʥʽʡ ʤʽʥʽʟʦʥʽ. 

ʗʢʱʦ ʽʥʜʝʢʩʦʤ ñ1ò ʧʦʟʥʘʯʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʩ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʷʤʦʶ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʢʦʚʘʨʽʘʥʪʥʽʡ ʥʘʜɻʨʘʪʮʽ, ʘ ʽʥʜʝʢʩʦʤ ñ2ò ð ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʩ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʷʤʦʶ ʜʣʷ ʜʽʨʦʢ, ʪʦ ʤʽʞ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʜɻʨʘʪʢʠ ɽ ò i ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʭʽʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

ʜʝ w, - t o 

                           (6.15) 

ððʃ, ðʣʦ . ʗʢ   ʙʘʯʠʤʦ, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʢʦʚʘʨʽʘʥʪʥʦʾ ʥʘʜʛôʨʘʪʢʠ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ 
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2U - - - - - 

ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʩ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʷʤʦʶ ʜʣʷ ʜʽʨʦʢ ʫ 

ʥʘʜɻʨʘʪʮʽ, ʜʦʨʽʚʥʶʚʘʪʠ ʾʡ ʯʠ ʙʫʪʠ ʙʽʣʴʰʦʶ ʟʘ ʥʝʾ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʫʤʦʶ ʝʥʝʨʛʽʡ ʢʚʘʥʪʫʚʘʥʥʷ m, + m, ʫ ʰʘʨʘʭ 

ʥʘʜɻʨʘʪʢʠ i ʨʽʟʥʠʮʝʶ ʩʧʦʨʽʜʥʝʥʦʩʪʝʡ ʜʦ ʝʣʝʢʪʨʦʥʘ ʭ ðx2 ʥʘʧʽʚʧʨʦ- 

ʚʽʜʥʠʢʽʚ,   ʱʦ   ʬʦʨʤʫʶʪʴ   ʮʽ   ʰʘʨʠ.   ʐʠʨʠʥʘ   ʟʘʙʦʨʦʥʝʥʦʾ  ʟʦʥʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʩ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʷʤʦʶ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʢʦʚʘʨʽʘʥʪʥʽʡ ʥʘʜɻʨʘʪʮʽ, ʥʝ ʚʧʣʠʚʘʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʰʠʨʠʥʫ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʜɻʨʘʪʢʠ, ʭʦʯʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʮʝʡ ʚʧʣʠʚ ʽʩʥʫʩ 

ʯʝʨʝʟ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ ʜʣʷ ʜʽʨʦʢ ʫ ʩʫʩʽʜʥʽʭ ʰʘʨʘʭ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʥʘʯʝʥʠʷ Eo i 3 0 ʟʛʽɼʅʦ ʟ (6.14) ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ  ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʢʚʘʥʪʦʚʽʡ ʷʤʽ 

i ʰʠʨʠʥʦʶ ʦʩʥʦʚʥʠʭ ʉ i V ʤʽʥʽʟʦʥ, ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜɻʨʘʪʦʢ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ, ʟʤʽʥʶʶʯʠ 

ʰʠʨʠʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ̫ ʤʠ i ʪʦʚʱʠʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʩʨʘ. ʇʝʨʰʝ 

ʜʘʩ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʠʨʘʪʠ ʧʦʪʨʽʙʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʠʷ ʉ i V 

ʤʽʅʽɿʆʅ 30 , ʜʨʫʛʝ ð ʟʤʽʥʶʚʘʪʠ ʰʠʨʠʥʫ ʮʠʭ ʤʽʥʽʟʦʥ ʟ, . 

ʇʦʜʽʙʥʦ ʜʦ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʢʦʚʘʨʽʘʥʪʥʦʾ 

ʥʘʜɻʨʘʪʢʠ ʬʦʨʤʫʩʪʴʩʷ i ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʣʝʛʦʚʘʥʠʭ ʥʘʜɻʨʘʪʦʢ, 

ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʘʙʩʦʣʶʪʥʽ ʝʢʩʪʨʝʤʫʤʠ ʉ i V ʟʦʥ ʪʘʢʦʞ ʧʨʦʩʪʦʨʦʚʦ 

ʨʦʟʜʽʣʝʥʽ. ɺ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʣʘʥʽ ʧʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʩ 

ʭʽʙʘ ʱʦ ʚ ʪʦʤʫ, ʱʦ ʬʦʨʤʘ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʜʣʷ ʣʝʛʦʚʘʥʠʭ 

ʥʘʜɻʨʘʪʦʢ ʙʣʠʟʴʢʘ ʥʝ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ, ʷʢ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʥʘʜɻʨʘʪʢʘʭ, ʘ ʜʦ ʧʘʨʘʙʦʣʽʯʥʦʾ, ʘ ʩʘʤʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ i ʙʘʨôʩʨʠ 

ʩʬʦʨʤʦʚʘʥʽ ʦʜʥʠʤ i ʪʠʤ ʩʘʤʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ʌʦʨʤʫʚʘʥʥʷ 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʣʝʛʦʚʘʥʦʾ ʥʘʜɻʨʘʪʢʠ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 6.16. 
 

 

ʈʠʩ. 6.16. ʄʽʥʽʟʦʥʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʣʝʛʦʚʘʥʦ'ʽ'ʥʘʜʛʨʘʪʢʠ 
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ʗʢ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ ʟ ʨʠʩ. 6.16, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʜɻʨʘʪʢʠ ɽ ò ʟʚ ̫ ʟʘʥʘ ʟ h ʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʃ ʉʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
 

(6.16) 

ʗʢʱʦ ʜʣʷ ʧʨʦʩʪʦʪʠ ʚʚʘʞʘʪʠ, ɦ ʦ ʫ ʣʝʛʦʚʘʥʽʡ ʥʘʜɻʨʘʪʮʽ ʪʦʚʱʠʥʠ 

ʰʘʨʽʚ ʝʣʝʢʪʨʦʥʥʆʾ d, i ʜʽʨʢʦʚʆɰ dj ʇʨʦʚʽʜʥʦʩʪʽ ʦʜʥʘʢʦʚʽ ð vʣ vp v/2, ʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʥʦʨʽʚ Åd ʫ ʧʝʨʰʠʭ ʜʦʨʽʚʥʶʩ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʮʝʧʪʦʨʽʚ 

N, ʫ ʜʨʫʛʠʍ ð Nd ðð N, ðð N, ʊʆ ɿɻʽɼʥʆ 3 (6.5) ʘʤʧʣʽʪʫʜʘ ʤʦʜʫʣʷʮʽʾ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘʜɻʨʘʪʢʠ Up ʙʫʜʝ 
 

Up ðð 
ne

2 
Nd 

2
 

8c 
(6.17) 

3 ʚʠʨʘʟʫ (6.17) ʙʘʯʠʤʦ, ʱʦ, ʟʤʽʥʶʶʯʠ ʨʽʚʝʥʴ ʣʝʛʫʚʘʥʥʷ ʰʘʨʽʚ 

ʥʘʜʛ'ʨʘʪʢʠ i i-i ʧʝʨʽʦʜ, ʤʦʞʥʘ ʚ h ʠʨʦʢʠʭ ʤʝʞʘʭ ʟʤʽʥʶʚʘʪʠ ʘʤʧʣʽʪʫʜʫ 

ʤʦʜʫʣʷʮʽʾ Up ʢʨʘʾʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʧʨʦʩʪʦʨʦʚʽʡ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ ʥʘʜʛ'ʨʘʪʢʠ. ʎʝ ʜʘʩ ʟʤʦʛʫ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ 

ʟʤʝʥʰʫʚʘʪʠ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʅʀ ɽ ò  ʣʝʛʦʚʘʥʦʾ ʥʘʜʛ'ʨʘʪʢʠ ð ʚʽʜ 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʥʫʣʷ i ʥʘʚʽʪʴ ʜʦ 

ʚʽʜôʩʤʥʠʭ ʟʥʘʯʝʥʴ. ʆʩʪʘʥʥʩ ʦʟʥʘʯʘʪʠʤʝ, ʱʦ ʚʝʨʰʠʥʘ ʦʩʥʦʚʥʦʾ 

ʚʘʣʝʥʪʥʦʾ ʤʽʥʽʟʦʥʠ ʥʘʜʛ'ʨʘʪʢʠ 3 0 ʇʽʜʥʽʤʝʪʴʩʷ ʥʘ h ʢʘʣʽ ʝʥʝʨʛʽʡ ʚʠʱʝ 

ʟʘ ʜʥʦ ʦʩʥʦʚʥʦʾ ʤʽʥʽʟʦʥʠ ʧʨʦʚʽʜʥʦʩʊʽ ɽ . ʊʘʢʝ ʚʟʘʩʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʩʪʚʦʨʠʪʴ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʧʝʨʝʪʽʢʘʥʥʷ 

ʟʚôʷʟʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ  ʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʫ ʚʽʣʴʥʽ ʜʦʟʚʦʣʝʥʽ  ʜʣʷ  ʥʠʭ 

ʩʪʘʥʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ.  ʗʢ ʨʝʟʫʣʴʪʘʪ, ʫ ʥʘʜʛ'ʨʘʪʮʽ ʤʦʞʝ ʚʠʥʠʢʘʪʠ 

ʜʦʚʦʣʽ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʜʚʦʚʠʤʽʨʥʠʭ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ i ʚʦʥʘ ʤʦʞʝ 

ʧʝʨʝʭʦʜʠʪʠ ʫ ʥʘʧʽʚʤʝʪʘʣʝʚʠʡ ʩʪʘʥ. 

ɼʣʷ ʣʝʛʦʚʘʥʠʭ ʥʘʜʛ'ʨʘʪʦʢ ʝʬʝʢʪʠʚʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʱʽʣʠʥʘ ʤʽʞ 

ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ i ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ ʩ ʥʝʧʨʷʤʦʶ ʫ ʨʝʘʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʧʨʦʩʪʦʨʽ ʢʦʦʨʜʠʥʘʪ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʫ ʪʘʢʠʭ ʥʘʜʛôʨʘʪʢʘʭ 

ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ i ʜʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ. ɽʢʩʪʨʝʤʫʤʠ ʾʭʥʽʭ 

ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʟʩʫʥʫʪʽ ʥʘ ʧʦʣʦʚʠʥʫ ʧʝʨʽʦʜʫ ʥʘʜʛ'ʨʘʪʢʠ ʦʜʠʥ 

ʩʪʦʩʦʚʥʦ ʽʥʰʦʛʦ. ʆʪʦʞ, ʚʠʙʠʨʘʶʯʠ ʧʘʨʘʤʝʪʨʠ ʣʝʛʫʚʘʥʥʷ ʥʘʜʛ'ʨʘʪʢʠ, 

ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʨʽʚʥʷʥʦ ʤʘʣʝ ʧʝʨʝʢʨʠʪʪʷ ʾʭʥʽʭ ʭʚʠʣʴʦʚʠʭ 

ʬʫʥʢʮʽʡ. ɸ ʮʝ ʚʘʞʣʠʚʦ ʜʣʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ i ʧʨʠʣʘʜʽʚ, ʧʝʨʝʙʽʛ ʘʙʦ 

ʨʦʙʦʪʘ ʷʢʠʭ ʧʦʚôʷʟʘʥʽ ʟ ʨʝʢʦʤʙʽʥʘʮʽʩʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʦʩʢʽʣʴʢʠ ʯʘʩ 

ʾʭʥʴʦʛʦ ʞʠʪʪʷ (ʯʘʩ ʨʝʢʦʤʙʽʥʘʮʽʾ) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ̫ ʢ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʠʤ. 

ɺʝʣʠʢʽ ʯʘʩʠ ʞʠʪʪʷ ʜʘʶʪʴ ʟʤʦʛʫ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ 
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ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɼʦʩʪʘʪʥʴʦ ʜʦʚʦʣʽ ʥʝʚʝʣʠʢʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʛʝʥʝʨʘʮʽʾ ʘʙʦ ʜʫʞʝ ʤʘʣʠʭ ʽʥʞʝʢʮʽʡʥʠʭ ʩʪʨʫʤʽʚ, ʱʦʙ 

ʟʫʤʦʚʠʪʠ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʜ 

ʨʽʚʥʦʚʘʞʥʦʾ ʚ ʫʩʽʡ ʣʝʛʦʚʘʥʽʡ ʥʘʜʛôʨʘʪʮʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʫ ʷʢʠʭ ʟʥʘʯʥʽ ʥʝʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʪʽʣʴʢʠ ʟʘ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ ʟʙʫʜʞʝʥʥʷ. 

ɿʚʠʯʘʡʥʦ, ʨʝʘʣʴʥʽ ʥʘʜʛôʨʘʪʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʧʠʩʘʥʠʭ 

ʽʜʝʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʤʠ ʩ ʜʚʽ ʦʙʩʪʘʚʠʥʠ: 

1. ʋ ʰʪʫʯʥʦ ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘʜʛôʨʘʪʢʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʚʽʜʟʥʘʯʘʩʪʴʩʷ ʽʜʝʘʣʴʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʧʦʣʷ U(z). ʗʢʱʦ ʨʝʘʣʴʥʽ ʧʦʨʫʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʙʫʜʫʪʴ ʜʦʚʦʣʽ 

ʽʩʪʦʪʥʠʤʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʦʨʫʰʝʥʥʷ ʤʽʥʽʟʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜʛôʨʘʪʢʠ i ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʣʦʢʘʣʽʟʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʦʜʥʦʤʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʥʘʡʛʣʠʙʰʠʭ ʤʽʥʽʤʫʤʘʭ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ U(z). 

2. ʈʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʾʭʥʴʦʾ ʝʥʝʨʛʽʾ > ʣ/û. ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʩʧʨʠʯʠʥʷʩ 

ʟʙʽʣʴʰʝʥʥʷ ʮʽʩʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʘ, ʚʨʝʰʪʽ-ʨʝʰʪ, ʟʘ ʟʥʘʯʥʦʛʦ 

ʧʦʛʽʨʰʝʥʥʷ ̫ ʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʩʪʘʪʠ ʩʧʽʚʤʽʨʥʦʶ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʟʘʟʦʨʦʤ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʤʽʥʽʟʦʥʘʤʠ ʘʙʦ ʡ ʧʝʨʝʚʠʱʠʪʠ ʡʦʛʦ. ɿʘ ʪʘʢʦʾ 

ʫʤʦʚʠ ʥʦʩʽʡ ʟʘʨʷʜʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʫ ʤʝʞʘʭ ʦʜʥʽʩʾ 

ʤʽʥʽʟʦʥʠ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʚʽʜʩʫʪʥʦʩʪʽ ʤʽʥʽʟʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜʛ'ʨʘʪʢʠ. ʑʦʙ ʤʽʥʽʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ 

ʧʨʦʷʚʣʷʚ ʩʝʙʝ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʜʛôʨʘʪʢʠ, ʧʦʪʨʽʙʥʦ, ʱʦʙ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

+˒ ɂ ˒  >> fi /  ̓  , (6.18) 

ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʫʤʦʚʽ / >> v , ʜʝ ð ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʘ. 

ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʟʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʘʢʫ ʦʙʩʪʘʚʠʥʫ. ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʥʽʟʦʥ ʥʘʜɻʨʘʪʢʠ i ʾ ʭʥʷ h ʠʨʠʥʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ i ʙʘʨôʩʨʽʚ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʜɻʨʘʪʦʢ ʤʦʞʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʢʝʨʫʚʘʪʠ, ʘ 

ʦʪʞʝ, ʤʦʞʥʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʩʪʚʦʨʶʚʘʪʠ ʙʘʛʘʪʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ̔ ʟ 

ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʠʤʠ, ʧʦʪʨʽʙʥʠʤʠ ʜʣʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʘʢʪʠʯʥʠʭ 

ʧʦʪʨʝʙ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ i ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʝ ʩ ʦʜʥʽʩʶ ʽʟ ʚʘʛʦʤʠʭ 

ʧʨʠʯʠʥ, ʯʦʤʫ ʥʘʜɻʨʘʪʢʠ ʷʢ ʰʪʫʯʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʢʣʠʢʘʶʪʴ ʚʝʣʠʢʠʡ 

ʽʥʪʝʨʝʩ. 3 ʽʥʰʠʤʠ ʧʨʠʯʠʥʘʤʠ ʪʘʢʦʛʦ ʽʥʪʝʨʝʩʫ ʤʠ ʦʟʥʘʡʦʤʠʤʦʩʷ, 

ʨʦʟʛʣʷʜʘʶʯʠ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʜɻʨʘʪʦʢ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 
 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʛ'ʨʘʪʢʠ ʪʘ ʩʬʦʨʤʫʣʶʡʪʝ ʦʙʤʝʞʝʥʥʷ ʟʥʠʟʫ i 

ʟʚʝʨʭʫ ʥʘ ʪʦʚʱʠʥʠ ʰʘʨʽʚ, ʷʢʽ iµ ʬʦʨʤʫʶʪʴ. 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ, ʣʝʛʦʚʘʥʠʭ, ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʣʝʛʦʚʘʥʠʭ i ʧʦʣʽʪʠʧʥʠʭ ʥʘʜɻʨʘʪʦʢ. 

3. ʇʦʷʩʥʽʪʴ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜʛôʨʘʪʦʢ ʪʘ ʦʙɻʨʫʥʪʫʡʪʝ ʡʦʛʦ ʬʦʨʤʫ. 

4. ʉʬʦʨʤʫʣʶʡʪʝ ʢʨʠʪʝʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʨʦʢʣʘʩʠʬʽʢʫʡʪʝ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʥʘʜʛ'ʨʘʪʢʠ. 

5. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʧʽʣʴʥʽ i ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʫ ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʠʭ i ʢʦʚʘʨʽʘʥʪʥʠʭ 

ʥʘʜʛ'ʨʘʪʢʘʭ, ʧʨʠʯʠʥʠ ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. 

6. ʇʦʷʩʥʽʪʴ ʫʤʦʚʠ i ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ i 

ʥʘʧʽʚʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʦʚʘʨʽʘʥʪʥʠʭ ʥʘʜʛôʨʘʪʦʢ. 

7. ʇʦʷʩʥʽʪʴ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʣʝʛʦʚʘʥʠʭ ʥʘʜʛôʨʘʪʦʢ ʪʘ ʦʙʛôʨʫʥʪʫʡʪʝ ʡʦʛʦ ʬʦʨʤʫ. 

8. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʣʝʛʦʚʘʥʠʭ ʥʘʜʛôʨʘʪʦʢ ʪʘ 

ʦʙʛ'ʨʫʥʪʫʡʪʝ ʡʦʛʦ ʬʦʨʤʫ. 

9.  ʇʦʷʩʥʽʪʴ ʚʠʥʠʢʥʝʥʥʷ ʤʽʥʽʟʦʥʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʥʘʜʛ'ʨʘʪʦʢ, ʚʠʭʦʜʷʯʠ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ̫ ʤ, 

ʱʦ ʬʦʨʤʫʶʪʴ ʥʘʜʛ'ʨʘʪʢʫ. 

10. ʇʦʷʩʥʽʪʴ ʚʠʥʠʢʥʝʥʥʷ ʤʽʥʽʟʦʥʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʥʘʜʛ'ʨʘʪʦʢ, ʚʠʭʦʜʷʯʠ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ  ʩʧʝʢʪʨʘ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ 

i ʜʽʨʢʠ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ. 

11. ʇʦʷʩʥʽʪʴ, ɦ ʦ ʪʘʢʝ ʧʽʜʙʘʨôʩʨʥʽ i ʥʘʜʙʘʨôʩʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʽʥʽʟʦʥʠ 

ʥʘʜʛ'ʨʘʪʦʢ, ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʾʭʥʽ ʩʧʽʣʴʥʽ i ʚʽʜʤʽʥʥʽ ʨʠʩʠ. 

12. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ 

ʧʽʜʙʘʨôʩʨʥʠʭ ʤʽʥʽʟʦʥʘʭ ʥʘʜʛôʨʘʪʦʢ ʪʘ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ ʟʘʢʦʥʫ. 

13. ɿʦʙʨʘʟʽʪʴ ʩʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ ʥʘʜʛôʨʘʪʢʠ ʚ 

ʦʙʝʨʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ ʜʣʷ ʥʘʧʨʷʤʢʽʚ, 

ʧʘʨʘʣʝʣʴʥʠʭ i ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ oci ʥʘʜʛôʨʘʪʢʠ. 

14. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʥʘʜʛ'ʨʘʪʢʠ i ʷʢ ʚʦʥʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ i ʣʝʛʦʚʘʥʠʭ ʥʘʜʛôʨʘʪʦʢ. 
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15. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʧʨʷʤʘ i ʥʝʧʨʷʤʘ ʚ ʨʝʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʥʘʜɻʨʘʪʢʠ, ʟʘ ̫ ʢʠʭ ʫʤʦʚ ʚʦʥʘ ʚʠʥʠʢʘʩ i ʜʦ ̫ ʢʠʭ 

ʥʘʩʣʽʜʢʽʚ ʧʨʠʚʦʜʠʪʴ. 

16. ʇʦʷʩʥʽʪʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʯʠʥʥʠʢʽʚ i ʷʢ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ i ʣʝʛʦʚʘʥʠʭ ʥʘʜɻʨʘʪʦʢ. 

17. ɼʦʚʝʜʽʪʴ, ʱʦ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʦʚʘʨʽʘʥʪʥʠʭ i ʣʝʛʦʚʘʥʠʭ 

ʥʘʜɻʨʘʪʦʢ ʪʝʭʥʦʣʦʛʽʯʥʦ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʧʝʨʝʭʽʜ ʥʘʜɻʨʘʪʢʠ ʟ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʫ ʥʘʧʽʚʤʝʪʘʣʝʚʠʡ ʩʪʘʥ i ʥʘʚʧʘʢʠ i ʧʦʷʩʥʽʪʴ, 

ʷʢ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ. 

18. ʆʮʽʥʽʪʴ, ʟʘ ʷʢʦʾ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʚʫʟʴʢʦʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, 

ʱʦ ʬʦʨʤʫʶʪʴ ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʢʦʥʪʨʘʚʘʨʽʘʥʪʥʽʡ ʥʘʜɻʨʘʪʮʽ, iµ h ʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʫ ʧʽʚʪʦʨʘ 

ʨʘʟʠ ʧʝʨʝʚʠʱʠʪʴ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʠʭʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ Ã , ʗʂʑʆ ɽ) ðð 0,8 eB, ʝ' 031t oü O h " 0y5 ʦÅ 

19. ʂʦʚʘʨʽʘʥʪʥʫ ʥʘʜɻʨʘʪʢʫ ʚʠʛʦʪʦʚʠʣʠ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: Eʫl 1,5 eB, x1 -  3,1 eB,  h e 0y4mO ɽ| ðð 0,9 eB, 

2' 2,6 eB, mh ðð 0,5m . ɿʘ ʷʢʦʾ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʥʘʜʛôʨʘʪʢʠ ʩʪʘʥʦʚʠʪʠʤʝ 1 eB, ʷʢʱʦ ʟʘ ʫʤʦʚʦʶ ʧʦʪʝʥʮʽʘʣʴʥʽ 
ʙʘʨôʩʨʠ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫ ʜʚʘ ʨʘʟʠ ʪʦʚʱʽ, ʥʽʞ 
ʧʦʪʝʥʮʽʘʣʴʥʽ ʷʤʠ ʜʣʷ ʥʠʭ? 

20. ɺʠʟʥʘʯʪʝ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʦʟʤʠʪʪʷ ʤʽʥʽʟʦʥ ʫ ʣʝʛʦʚʘʥʽʡ ʥʘʜʛôʨʘʪʮʽ 

ʝʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʦʾ ʤʽʥʽʟʦʥʠ ʥʘʜ ʜʥʦʤ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʷʢʱʦ ʡʦʛʦ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

' 20 ʦü ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ  ʝʣʝʢʪʨʦʥʽɺ  h  e  0304  ʦü  ʘ  ʨʽʚʝʥʴ 

ʣʝʛʫʚʘʥʥʷ ʰʘʨʽʚ ʥʘʜʛôʨʘʪʢʠ ʜʦʥʦʨʘʤʠ Nd ðð 5 1017 ʩʤ-3. 

21. ʅʝʭʘʡ ʫ ʥʘʩ ʩ ʣʝʛʦʚʘʥʘ ʥʘʜɻʨʘʪʢʘ, ʰʘʨʠ ʷʢʦʾ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʪʦʚʱʠʥʫ i ʨʽʚʝʥʴ ʣʝʛʫʚʘʥʥʷ N, ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, 

ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ̫ ʢʦʛʦ 0,6 eB, ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

' 20 ʦü ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʦʜʥʘʢʦʚʘ i ʩʪʘʥʦʚʠʪʴ 

h e "" Oh " 031 ʦÅ 1) ʈʦʟʨʘʭʫʡʪʝ i ʧʦʙʫʜʫʡʪʝ ʚ ʜʽʘʧʘʟʦʥʽ 
ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʦʢ N ʚʽʜ 1014 ʜʦ 101  ʩʤ-3 ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

ɽ òðð f(N) ʟʘ ʫʤʦʚʠ, ɦ ʦ ʧʝʨʽʦʜ ʥʘʜɻʨʘʪʢʠ d ʩʪʘʥʦʚʠʪʴ: (ʘ) 10 HM; 

(6) 20 ʠʤ; (ʚ) 40 ʠʤ. 2) ʈʦʟʨʘʭʫʡʪʝ i ʧʦʙʫʜʫʡʪʝ ʚ ʤʝʞʘʭ ʟʤʽʥʠ 

ʧʝʨʽʦʜʫ ʥʘʜɻʨʘʪʢʠ d ʚʽʜ 10 ʜʦ 100 ʠʤ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʊʽ ɽ òðð f(d) 

ʟʘ    ʫʤʦʚʠ:    (ʘ)    Nd  ð Na     10
16 
ʉʄ"ɿ ʫ    (ʙ)    Ndñ   Na     1017 ʉʄ"ɿʫ    (ʚ) 

Nd " Na 101 ʩʤ-3. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʡʪʝ i ʧʨʦʘʥʘʣʽʟʫʡʪʝ. 
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ʈʆɿɼɯʃ 7 

oǪǳoǨǮǲiPǳi ǷǸ vǰǸv Ǯ: 

KBAHTOBI Ǔǎǘǐǎ 

 
ʆʜʥʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ð ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ (ʧʨʦʚʦʜʠ) ð ʮʝ 

ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʠʭ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ ʨʝʘʣʽʟʫʩʪʴʩʷ ʨʦʟʤʽʨʥʝ 

ʢʚʘʥʪʫʚʘʥʥʷ pyxy ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʚ ʪʨʝʪʴʦʤʫ ʥʘʧʨʷʤʢʫ ʾʭʥʽʡ pyx 

ʧʨʦʜʦʚʞʫʩ ʟʘʣʠʰʘʪʠʩʷ ʚʽʣʴʥʠʤ. ʉʝʨʝʜ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ ʨʦʟʤʽʨʥʦʩʪʽ, 

ʥʠʞʯʦʾ ʟʘ ʪʨʠ, ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʩʜʠʥʠʤʠ, ʷʢʽ ʧʦʢʠ ʱʦ ʥʝ ʤʘʶʪʴ 

ʨʝʘʣʴʥʠʭ ʧʨʠʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʊʘ ʧʦʧʨʠ ʪʝ ʚʦʥʠ ʩ ʮʽʢʘʚʠʤʠ 

ʥʘʫʢʦʚʠʤʠ ʦʙôʩʢʪʘʤʠ, ʧʝʨʝʜʦʚʩʽʤ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʬʽʟʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʪʫʪ ʩʘʤʝ ʪʽ ʧʠʪʘʥʠʷ, ̫ ʢʽ ʩʪʦʩʫʶʪʴʩʷ 

1D ʩʪʨʫʢʪʫʨ, ʱʦ ʥʘʡʧʦʚʥʽʰʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʾʭʥʽ ʦʩʦʙʣʠʚʦʩʪʽ i 

ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʽʥʰʠʭ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʧʠʪʘʥʠʷ 

ʥʝʚʠʛʽʜʥʦʩʪʽ ʤʝʪʘʣʝʚʦʛʦ ʩʪʘʥʫ ʜʣʷ 1D ʢʨʠʩʪʘʣʽʚ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ i, ʚʽʜʧʦʚʽʜʥʦ, ʾʭʥʴʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʘʥ ʫ ʨʘʟʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʠʞʯʝ ʚʽʜ ʜʝʷʢʦʾ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʬʘʟ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʧʨʠʜʫʰʝʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ 1D ʥʦʩʽʾʚ ʟʘʨʷʜʫ i ʟʫʤʦʚʣʝʥʦʛʦ ʥʠʤ 

ʟʨʦʩʪʘʥʥʷ ʾʭʥʴʦʾ ʨʫʭʣʠʚʦʩʪʽ. 

 
 
 

7.1. ʆɼʅʆɺʀʄɯʈʅɯ ʂʈʀʉʊɸʃʀ. 

ʇɽʈɽʍɯɼ ʇɸʁʉʈʃʉɸ 

 
ʆʜʥʦʚʠʤʽʨʥʠʡ ʢʨʠʩʪʘʣ ð ʮʝ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʣʘʥʮʶʞʦʢ ʘʪʦʤʽʚ, 

ʚʠʰʠʢʫʚʘʥʠʭ ʫ ʣʽʥʽʶ. ʃʦʛʽʯʥʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʷʢʱʦ ʪʘʢʠʡ ʢʨʠʩʪʘʣ 

ʩʬʦʨʤʦʚʘʥʠʡ ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ ɻʘʪʫʥʢʫ, ʪʦ ʮʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʣʽʥʽʡʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟ ʦʜʥʘʢʦʚʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ ʘʪʦʤʽʚ, 

ʫʧʦʨʷʜʢʦʚʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

ʇʦʷʚʘ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʷʢ ʟʘʚʞʜʠ, ʩʧʨʠʯʠʥʷʩ ʨʦʟʢ- 

ʣʘʜʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 



 

ʟʦʥʥʠʡ. ʗʢʱʦ ʟʘ 0 ʂ ʦʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʘ ʟʦʥʘ, ʚ ʷʢʽʡ ʻ ʝʣʝʢʪʨʦʥʠ, 

ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʦʶ, ʘ ʧʝʨʰʘ, ʚ ʷʢʽʡ ʥʝʤʘʻ ʝʣʝʢʪʨʦʥʽʚ, ʙʫʜʝ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʽʜʤʝʞʦʚʘʥʘ ʚʽʜ ʥʝʾ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ, ʪʦ ʚ ʪʘʢʦʤʫ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ ʙʫʜʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ. 

ʗʢʱʦ ʞ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʚʽʜʩʫʪʥʷ, ʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʘʣʝʚʠʡ ʩʪʘʥ, 

ʦʩʢʽʣʴʢʠ ʽʩʥʫʶʪʴ ʜʦʟʚʦʣʝʥʽ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ, ʷʢʽ ʣʝʞʘʪʴ ʚʠʱʝ ʚʽʜ 

ʟʘʧʦʚʥʝʥʠʭ ʽ ʧʝʨʝʭʽʜ ʥʘ ʷʢʽ ʥʝ ʚʠʤʘʛʘʻ ʧʦʜʦʣʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʨôʻʨʘ. 

ʉʪʦʩʦʚʥʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʶ ʩʧʝʮʠʬʽʯʥʦʶ ʨʠʩʦʶ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʥʝ ʧʨʠʪʘʤʘʥʥʦʶ ʘʥʘʣʦʛʽʯʥʠʤ ʢʨʠʩʪʘʣʽʯʥʠʤ 

ʩʪʨʫʢʪʫʨʘʤ ʚʠʱʦʾ ʚʠʤʽʨʥʦʩʪʽ, ʻ ʪʝ, ʱʦ ʤʝʪʘʣʝʚʠʡ ʩʪʘʥ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʢʨʠʩʪʘʣʘ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʷʚʣʷʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʦ 

ʥʝʚʠʛʽʜʥʠʤ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʦ ʧʝʨʝʭʦʜʠʪʠ ʟ ʤʝʪʘʣʝʚʦʛʦ 

ʩʪʘʥʫ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʡ. ʊʘʢʠʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʝʷʢʦʾ 

ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʇʘʡʻʨʣʩʘ, ʷʢʠʡ 

ʧʝʨʰʠʤ ʫ 1955 ʨ. ʪʝʦʨʝʪʠʯʥʦ ʧʦʢʘʟʘʚ ʥʝʤʠʥʫʯʽʩʪʴ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ. 

ɸʥʘʣʽʟʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʫ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ, 

ʇʘʡʻʨʣʩ ʧʦʢʘʟʘʚ, ʱʦ ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʝʪʘʣ ʻ ʥʝʩʪʽʡʢʦʶ ʩʠʩʪʝʤʦʶ, ʚ 

ʷʢʽʡ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʧʦʚʠʥʝʥ ʚʽʜʙʫʚʘʪʠʩʷ ʧʝʨʝʭʽʜ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʘʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʠʥʠ ʫ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʝʣʝʢʪʨʦʥʽʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʙʣʠʟʫ ʨʽʚʥʷ 

ʌʝʨʤʽ. ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ ʻ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ 

ʚʽʣʴʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʪʘʥʽ ʟ ʧʦʚʥʽʩʪʶ 

ʟʘʧʦʚʥʝʥʦʶ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ ʱʦʜʦ 

ʝʥʝʨʛʽʾ ʪʠʭ ʩʘʤʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʚʥʝʥʽʡ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ. ʊʘʢʫ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʜʠʚʥʫ 

ʧʦʚʝʜʽʥʢʫ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ, ʷʢʱʦ ʨʦʟʛʣʷʥʫʪʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ 1D ʢʨʠʩʪʘʣʘ. 

ʅʝʭʘʡ ʧʝʨʽʦʜ 1D ʢʨʠʩʪʘʣʘ ʜʦʨʽʚʥʶʻ a. ʊʦʜʽ ʡʦʛʦ ʧʝʨʰʘ ʦʜʥʦ- 

ʚʠʤʽʨʥʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʫ ʧʨʦʩʪʦʨʽ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ k ʤʘʪʠʤʝ 

ʨʦʟʤʽʨʠ ʚʽʜ - ü/a ʜʦ + ü/a. ʗʢʱʦ ʩʧʝʮʠʬʽʢʘ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʽ 

ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʘʪʦʤʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʦʜʥʦʚʠʤʽʨʥʠʡ ʢʨʠʩʪʘʣ, ʪʘʢʘ, 

ʱʦ ʚʠʥʠʢʘʻ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ, ʪʦ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʙʫʜʝ ʟʘʧʦʚʥʝʥʘ 

ʥʦʩʽʷʤʠ ʧʦʚʥʽʩʪʶ. ʗʢʱʦ ʞ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʚ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʘʣʝʚʠʡ ʩʪʘʥ, ʪʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʦʜʠʥ ʘʪʦʤ ʤʦʞʝ ʜʘʚʘʪʠ ʦʜʠʥ ʚʽʣʴʥʠʡ 

ʝʣʝʢʪʨʦʥ, ʘ ʫʩʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʜʚʦʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʽ ʟʘ 

ʩʧʽʥʦʤ, ʦʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʘ ʟʦʥʘ, ʚ ʷʢʽʡ ʻ ʥʦʩʽʾ ʟʘʨʷʜʫ, ʚʠʷʚʣʷʻʪʴʩʷ 
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ʟʘʧʦʚʥʝʥʦʶ ʪʽʣʴʢʠ ʥʘʧʦʣʦʚʠʥʫ. ʎʷ ʩʠʪʫʘʮʽʷ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 7.1, ʘ. 
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ʈʠʩ. 7.1. ʇʝʨʝʭʽʜ ʇʘʡʩʨʣʩʘ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʣʘʥʮʶʞʢʫ ʘʪʦʤʽʚ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʩʪʨʫʢʪʫʨʫ ʟ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʚʥʝʥʦʶ ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ: 

ʘ ð ʣʘʥʮʶʞʦʢ ʘʪʦʤʽʚ ʟ ʤʽʞʘʪʦʤʥʦʶ ʚʽʜʜʘʣʣʶ ʘ i ʚʽʜʧʦʚʽʜʥʘ ʡʦʤʫ 

ʥʘʧʽʚʟʘʧʦʚʥʝʥʘ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ; ʙ ð ʜʠʤʝʨʠʟʘʮʽʷ ʦʜʥʦʚʠʤʽʨʥʦòʽò 

ʩʪʨʫʢʪʫʨʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʦ'ʽ' ʛʨʘʪʢʠ ʟ ʧʝʨʽʦʜʦʤ 2ʧ i ɦ ʽʣʠʥʠ 2s ʤʽʞ 

ʟʘʧʦʚʥʝʥʠʤʠ i ʚʽʣʴʥʠʤʠ ʩʪʘʥʘʤʠ 1D ʝʣʝʢʪʨʦʥʽʚ 

 
ʆʩʢʽʣʴʢʠ ʧʨʠ 0 ʂ ʨʦʟʤʠʪʪʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ ʚʽʜʩʫʪʥʩ, ʪʦ 

ʟʥʘʯʝʥʠʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ kF, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʩ ʝʥʝʨʛʽʾ ʌʝʨʤʽ, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʨʽʚʥʦ ʧʦʣʦʚʠʥʽ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ  k ʜʣʷ ʧʝʨʰʦʾ  ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ   ð  k 
1
 

2 ʘ 
ʉʘʤʝ ʮʝ ʩʪʚʦʨʶʩ 

ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʣʘʥʮʶʞʢʘ ʘʪʦʤʽʚ ʩʬʦʨʤʫʚʘʪʠ 

ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʙʫʣʘ ʙʠ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʦʶ, ʥʽʞ 

ʤʝʪʘʣ. 

ʉʧʨʘʚʜʽ, ʝʥʝʨʛʽʷ ʌʝʨʤʽ ð ʮʝ ʤʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʟʘ 

0 ʂ. ʗʢʙʠ ʧʝʨʽʦʜ ʛôʨʘʪʢʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʘʪʦʤʥʦʛʦ ʣʘʥʮʶʞʢʘ ʙʫʚ ʫʜʚʽʯʽ 

ʙʣ̔ʴʰʠʤ ʟʘ ʘ, ʪʦ ʨʦʟʤʽʨʠ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʙʫʣʠ ʙ ʚʽʜʧʦʚʽʜʥʦ ʫ ʜʚʘ ʨʘʟʠ ʤʝʥʰʠʤʠ ð ʚʽʜ (ð/ʪɸç) ɼʆ (+ Tf/2a), i 

ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʛʨʘʥʠʮʷʤ ʟʦʥʠ, ʪʦʯʥʦ ʟʙʽʛʘʣʦʩʷ ʙ ʟʽ 

ʟʥʘʯʝʥʥʷʤ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʝʥʝʨʛʽʾ ʌʝʨʤʽ 

ʝʣʝʢʪʨʦʥʽʚ. 

ʅʘ ʛʨʘʥʠʮʷʭ ʟʦʥ ɹʨʽʣʣʶʝʥʘ, ʷʢ ʚʽʜʦʤʦ, ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟôʷʚʣʷʶʪʴʩʷ ʨʦʟʨʠʚʠ ð ʚʠʥʠʢʘʶʪʴ ʱʽʣʠʥʠ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʟʘʙʦʨʦʥʝʥʽ ʟʦʥʠ. ɺʘʞʣʠʚʦ, ʱʦ ʚ ʦʢʦʣʽ ʨʦʟʨʠʚʫ ʝʥʝʨʛʝʪʠʯʥʽ 

ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʘ, ʷʢʽ ʣʝʞʘʪʴ ʥʠʞʯʝ ʚʽʜ ʪʦʯʢʠ ʨʦʟʨʠʚʫ, ʜʝʱʦ 

ʦʧʫʩʢʘʶʪʴʩʷ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʚʽʜʥʦʩʥʦ ʪʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʷʢʝ ʚʦʥʠ 
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ʟʘʡʤʘʣʠ ʙʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘʢʦʛʦ ʨʦʟʨʠʚʫ, ʘ ʪʽ, ʱʦ ʣʝʞʘʪʴ ʚʠʱʝ, 

ʥʘʚʧʘʢʠ, ʜʝʱʦ ʧʽʜʥʽʤʘʶʪʴʩʷ. ʗʢʱʦ ʨʽʚʥʽ, ɦ ʦ ʦʧʫʩʢʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʘʧʦʚʥʝʥʽ ʝʣʝʢʪʨʦʥʘʤʠ, ʘ ʪʽ, ̫ ʢʽ 

ʧʽʜʥʽʤʘʶʪʴʩʷ, ʚʽʣʴʥʽ, ʪʦ ʪʘʢʘ ʧʝʨʝʙʫʜʦʚʘ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʧʨʠʚʦʜʠʪʠʤʝ ʜʦ ʟʥʠʞʝʥʥʷ ʩʫʤʘʨʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ, ʘ ʦʪʞʝ, ʙʫʜʝ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʦʶ. ʉʘʤʝ ʮʷ ʩʠʪʫʘʮʽʷ i ʨʝʘʣʽʟʫʩʪʴʩʷ ʫ ʚʠʧʘʜʢʫ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0 ʂ. 

ʋʪʚʦʨʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʜʚʦʩʥʠʤ 

ʧʝʨʽʦʜʦʤ ʛ'ʨʘʪʢʠ 2ʧ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʧʘʨʥʦʛʦ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʣʘʥʮʶʞʢʫ ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ, ̫ ʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.1, 6. ɿʘ ʪʘʢʦʛʦ ʟʤʽʱʝʥʥʷ ʧʝʨʽʦʜ ʛôʨʘʪʢʠ 

ʧʦʜʚʦʶʩʪʴʩʷ ʟ ʫʩʽʤʘ ʥʘʩʣʽʜʢʘʤʠ, ʷʢʽ ʤʠ ʱʦʡʥʦ ʘʥʘʣʽʟʫʚʘʣʠ: ʫ 

ʜʠʤʝʨʠʟʦʚʘʥʦʤʫ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ ʝʣʝʢʪʨʦʥʠ ʟʘʧʦʚʥʶʶʪʴ 

ʪʽʣʴʢʠ ʧʝʨʰʫ ʟʦʥʫ ɹʨʽʣʣʶʝʥʘ ʥʦʚʦʾ ʛôʨʘʪʢʠ i ʢʨʠʩʪʘʣ ʧʝʨʝʭʦʜʠʪʴ ʟ 

ʤʝʪʘʣʝʚʦʛʦ ʩʪʘʥʫ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʡ, ʷʢʠʡ ʩ ʨʽʚʥʦʚʘʞʥʠʤ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʇʘʡʩʨʣʩ ʧʦʢʘʟʘʚ, ɦ ʦ ʩʘʤʝ ʪʘʢ ʧʦʚʠʥʝʥ ʚʝʩʪʠ ʩʝʙʝ ʦʜʥʦʚʠʤʽʨʥʠʡ 

ʤʝʪʘʣ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʟʤʽʱʝʥʥʷ ʽʦʥʽʚ ʧʦʧʘʨʥʦ 

ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ ʧʝʨʽʦʜ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʧʦʜʚʦʶʩʪʴʩʷ, 

ʚʠʥʠʢʘʩ ʥʦʚʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʧʝʨʰʘ ʟʦʥʘ 

ɹʨʽʣʣʶʝʥʘ ʟʤʝʥʰʫʩʪʴʩʷ ʚʜʚʽʯʽ, ʥʘ ii ʤʝʞʽ ʚʠʥʠʢʘʩ ɦ ʽʣʠʥʘ 2A i ʤʝʪʘʣ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʽʝʣʝʢʪʨʠʢ. ɺʝʣʠʯʠʥʘ ʚʠʛʨʘʰʫ ʝʥʝʨʛʽʾ bE, ʷʢʠʡ 

ʦʜʝʨʞʫʩʪʴʩʷ ʟʘ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢ ʧʦʢʘʟʘʚ ʇʘʡʩʨʣʩ, ʩʪʘʥʦʚʠʪʴ 

  (7.1) 

ʜʝ 2A ð ʱʽʣʠʥʘ ʇʘʡʩʨʣʩʘ; W ð ʰʠʨʠʥʘ ʟʦʥʠ ʜʦʟʚʦʣʝʥʠʭ ʝʥʝʨʛʽʡ. 

ɺʠʛʨʘʰ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʟʘʜʘʩʪʴʩʷ (7.1), ʚʽʜʧʦʚʽʜʘʩ ʪʝʤʧʝʨʘʪʫʨʽ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ɿʘ ʩʢʽʥʯʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʪʫʘʮʽʷ ʟʤʽʥʶʩʪʴʩʷ. 

ʇʨʠʯʠʥʦʶ ʟʤʽʥ ʩ ʪʝʨʤʽʯʥʝ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʱʽʣʠʥʫ 

ʇʘʡʩʨʣʩʘ. 

ʗʢ ʤʠ ʟʘʟʥʘʯʘʣʠ, ʝʥʝʨʛʽʷ ñʥʘʜʱʽʣʠʥʥʠʭò ʨʽʚʥʽʚ ʩ ʜʝʱʦ ʚʠʱʦʶ, 

ʥʽʞ ʝʥʝʨʛʽʷ ʮʠʭ ʩʘʤʠʭ ʨʽʚʥʽʚ, ʷʢʫ ʙ ʚʦʥʠ ʤʘʣʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʱʽʣʠʥʠ. 

ʊʦʤʫ ʪʝʨʤʽʯʥʝ ʟʘʧʦʚʥʝʥʥʷ ʮʠʭ ʨʽʚʥʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʰʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 1D ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ, ʥʽʞ ʮʝ ʙʫʣʦ ʙʠ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʱʽʣʠʥʠ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʫ ʨʘʟʽ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʾ ɦ ʽʣʠʥʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʝʣʝʢʪʨʦʥʽʚ ʩʪʘʩ ʚʩʝ 

ʤʝʥʰ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤ. ʈʝʘʢʮʽʩʶ ʩʠʩʪʝʤʠ ʥʘ ʮʝ ʩ ʟʤʝʥʰʝʥʥʷ 

ʰʠʨʠʥʠ ʱʽʣʠʥʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. 3 ʧʽʜʚʠʱʝʥʥʷʤ 
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ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʜʝʷʢʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʗ Tp ʷʢʝ ʚʠʟʥʘʯʘʩʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

2A(0) '3 5kɻp (7.2) 

ʰʠʨʠʥʘ ʱʽʣʠʥʠ ʇʘʡʩʨʣʩʘ ʩʪʘʩ ʥʫʣʴʦʚʦʶ i ʦʜʥʦʚʠʤʽʨʥʠʡ ʢʨʠʩʪʘʣ 

ʧʝʨʝʭʦʜʠʪʴ ʽʟ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʚ ʤʝʪʘʣʝʚʠʡ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʥʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʦʜʥʽʩʶ ʟ 

ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʠʭ ʦʟʥʘʢ ʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʽʜʨʽʟʥʷʩ iµ ʚʽʜ 

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʚʠʱʦʾ ʚʠʤʽʨʥʦʩʪʽ, ʩ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ñʤʝʪʘʣð 

ʜʽʝʣʝʢʪʨʠʢò ʫ ʨʘʟʽ ʦʭʦʣʦʜʞʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʥʠʞʯʝ ʚʽʜ 

ʜʝʷʢʦʾ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Tp. ʅʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʟʚʦʨʦʪʥʝ ʪʚʝʨʜʞʝʥʥʷ ʟʘʛʘʣʦʤ ʥʝ ʙʫʜʝ ʧʨʘʚʠʣʴʥʠʤ ð ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥʷ ʥʝ ʚʩʷʢʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ ʜʽʝʣʝʢʪʨʠʢ ʙʫʜʝ ʧʝʨʝʭʦʜʠʪʠ ʚ 

ʤʝʪʘʣʝʚʠʡ ʩʪʘʥ. ɿʘʛʘʣʦʤ ʦʜʥʦʚʠʤʽʨʥʽ ʫʧʦʨʷʜʢʦʚʘʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʟʙʝʨʽʛʘʪʠ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʚʩʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ. 

 
 

7.2. ʅɽʄʆɾʃʀɺɯʉʊʔ ʉʇɯɺɯʉʅʋɺɸʅʅʗ ʈɯɿʅʀʍ ʌɸɿ 

ɺ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨvʢʪvʨçʭ 

ʗʢ ʤʠ ʙʘʯʠʣʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʦʜʥʦ- 

ʚʠʤʽʨʥʽ ʣʘʥʮʶʞʢʠ ʘʪʦʤʽʚ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʠʷ ʤʘʩ ʧʠʪʘʥʠʷ, ʯʠ 

ʤʦʞʫʪʴ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʦʜʥʦʯʘʩʥʦ ʩʧʽʚʽʩʥʫʚʘʪʠ ʨʽʟʥʽ ʬʘʟʠ, 

ʷʢ ʮʝ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʚʠʱʦʾ ʚʠʤʽʨʥʦʩʪʽ. ʎʝ ʧʠʪʘʥʠʷ ʩʚʦʛʦ 

ʯʘʩʫ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʃ.ɼ. ʃʘʥʜʘʫ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʤʽʞ ʜʚʦʤʘ ʦʜʥʦʨʽʜʥʠʤʠ ʦʜʥʦʚʠʤʽʨʥʠʤʠ 

ʬʘʟʘʤʠ, ɦ ʦ ʤʘʶʪʴ ̫ ʢ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʫ ʜʦʚʞʠʥʫ i ʜʦʪʠʢʘʶʪʴʩʷ ʚ ʦʜʥʽʡ 

ʪʦʯʮʽ, ʥʝʤʦʞʣʠʚʘ. 

ʎʝ ʪʚʝʨʜʞʝʥʥʷ, ʩʣʽʜʫʶʯʠ ʃʘʥʜʘʫ, ʤʦʞʥʘ ʜʦʚʝʩʪʠ ʪʘʢ. ʋʷʚʽʤʦ 

ʩʦʙʽ ʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʩʪʴʩʷ ʟ ʚʽʜʨʽʟʢʽʚ ʜʚʦʭ ʨʽʟʥʠʭ ʬʘʟ, ʷʢʽ 

ʧʦʯʝʨʛʦʚʦ ʨʦʟʪʘʰʦʚʘʥʽ ʦʜʠʥ ʟʘ ʽʥʰʠʤ. ʅʝʭʘʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʮʽʩʾ ʩʠʩʪʝʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽʩʥʫʚʘʥʥʷ ʪʦʯʦʢ ʜʦʪʠʢʫ ʤʽʞ 

ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʜʦʨʽʚʥʶʩ ʌʫ (ʥʘʛʘʜʘʩʤʦ, ʱʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʘʙʦ, ʱʦ ʪʝ ʩʘʤʝ, ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ð ʮʝ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʚʠʟʥʘʯʘʩʪʴʩʷ ʷʢ ʌ = ɽ + PV ð TS). 

ʌʘʢʪʠʯʥʦ ʮʷ ʚʝʣʠʯʠʥʘ ʩ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʩʫʤʘʨʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʦʙʦʭ ʬʘʟ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʨʦʟʜʽʣʝʥʥʷ µx ʥʘ ʚʽʜʨʽʟʢʠ. 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʪʦʯʦʢ ʜʦʪʠʢʫ ʤʽʞ ʬʘʟʘʤʠ, 

ʙʘʛʘʪʦʬʘʟʥʫ ʩʠʩʪʝʤʫ ñʦʜʥʦʨʽʜʥʽ ʬʘʟʠ ð ʪʦʯʢʠ ʜʦʪʠʢʫò ʤʦʞʥʘ 

ʬʦʨʤʘʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ñʨʦʟʯʠʥò ʮʠʭ ʪʦʯʦʢ ʚ ʦʙʦʭ ʬʘʟʘʭ. ʗʢʱʦ ʥʘʩ 

ʮʽʢʘʚʠʪʴ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʚʽʜʨʽʟʢʽʚ ʨʽʟʥʠʭ ʬʘʟ, ʪʦ 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʾʭʥʴʦʛʦ ʜʦʪʠʢʫ ʣ ʙʫʜʝ ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʶ ʚʽʜʥʦʩʥʦ 

ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ N, ʷʢʽ ʬʦʨʤʫʶʪʴ ʦʙʠʜʚʽ ʬʘʟʠ, i ʨʦʟʯʠʥ, ʚʽʜʧʦʚʽʜʥʦ, 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʦʟʙʘʚʣʝʥʠʡ. 

ʅʝʭʘʡ ʤʘʣʘ ʟʤʽʥʘ, ʷʢʦʾ ʟʘʟʥʘʚ ʙʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ 

ʨʘʟʽ ʚʚʝʜʝʥʥʷ ʚ ʨʦʟʯʠʥʥʠʢ ʦʜʥʽʩʾ ʯʘʩʪʠʥʢʠ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʨʦʟʯʠʥʷʩʪʴʩʷ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ð ʪʦʯʢʠ ʜʦʪʠʢʫ), ʩʪʘʥʦʚʠʪʴ Ä. 

ʆʩʢʽʣʴʢʠ ʤʠ ʨʦʟʛʣʷʜʘʩʤʦ ʨʦʟʯʠʥ ʷʢ ʨʦʟʙʘʚʣʝʥʠʡ, ʪʦ ʨʦʟʯʠʥʝʥʽ ʚ 

ʥʴʦʤʫ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʾʭʥʴʦʶ ʚʟʘʩʤʦʜʽʩʶ. ʅʝʭʪʫʚʘʥʥʷ 

ʪʘʢʦʶ ʚʟʘʩʤʦʜʽʩʶ ʜʘʩ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʤʽʥʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʨʘʟʽ ʚʚʝʜʝʥʥʷ ʫ ʨʦʟʯʠʥʥʠʢ ʣ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ, ʜʦʨʽʚʥʶʩ ʣÄ. ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʩʽ ʣ 

ʯʘʩʪʠʥʦʢ, ̫ ʢʽ ʨʦʟʯʠʥʷʶʪʴʩʷ, ʦʜʥʘʢʦʚʽ, ʪʦ ʫ ʚʠʨʘʟʽ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʽʯ- 

ʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʌ ʟ ̫ ʚʣʷʩʪʴʩʷ ʱʝ ʜʦʜʘʥʦʢ T\nn!. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʘʟ 

ʜʣʷ ʌ ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ 
 

' ʦ ^ -t- m 7 inʣ! . (7.3) 

ɿʚʘʞʘʶʯʠ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʯʠʩʣʦ ʣ ʩ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʤ,   ʤʦʞʥʘ  ʩʢʦʨʠʩʪʘʪʠʩʷ  ʬʦʨʤʫʣʦʶ  ʉʪʽʨʣʽʥʛʘ ! - ʣʪ(ʣ/ʝ) , ʜʝ ʝ 

ð ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ. ʊʦʜʽ (7.3) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 
 

ˡ Ѐ ˡ 0 + nT In(ɂ e'! 
k
Ќ
T 

) . 
 ̆

(7.4) 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʌ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʜʥʦʨʽʜʥʦʶ ʬʫʥʢʮʽʩʶ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜʥʦʩʥʦ ʷʢ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʢ ʨʦʟʯʠʥʥʠʢʘ N, ʪʘʢ i 

ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʣ. ʑʦʙ ʮ ̫ʚʠʤʦʛʘ ʚʠʢʦʥʫʚʘʣʘʩʷ, ʬʫʥʢʮʽʷ 

exp({/Ã 7) , ʑʝ ʉʪʦʾʪʴ ʧʽʜ ʟʥʘʢʦʤ ʣʦʛʘʨʠʬʤʘ, ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʠʛʣʷʜ f/N, ʜʝ 

ʬʫʥʢʮʽʷ f ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ ʪʠʩʢʫ i 

ʪʝʤʧʝʨʘʪʫʨʠ. ʗʢʱʦ ʟʘʤʽʩʪʴ ʬʫʥʢʮʽʾ f(T,P) ʚʚʝʩʪʠ ʥʦʚʫ ʬʫʥʢʮʽʶ ʪʠʭ 

ʩʘʤʠʭ ʟʤʽʥʥʠʭ ûp(T,P) ʷʢ (ʊ,ʣ)= ʊʳ/ ʊ,ʣ) , ʪʦ ʦʪʨʠʤʘʩʤʦ 
 

ʌ = ʌ0 + n¯ ɻ ln ð + ʧʫ . 
eN 

(7.5) 

ɼʣ ̫ʪʦʛʦ, ɦ ʦʙ ʥʘʦʯʥʦ ʧʦʙʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʌ ʫ ʨʘʟʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ ʥʝʦʜʥʦʨʽʜʥʦʾ 

1D ʩʪʨʫʢʪʫʨʠ, ʧʨʦʜʠʬʝʨʝʥʮʽʶʩʤʦ (7.5) ʧʦ ʣ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʫʩʤʦ: 
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̅ˡ 
ðð k ɻ lʧN  + . (7.6) 

ʜʧ 

ɼʣʷ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʭ ñʢʦʥʮʝʥʪʨʘʮʽʡò ʪʦʯʦʢ ʜʦʪʠʢʫ, ʪʦʙʪʦ 

ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʨʽʟʢʽʚ ʨʽʟʥʠʭ ʬʘʟ, ʚʽʜʥʦʰʝʥʥʷ n/N ʩ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʠʤ ʟʘ ʦʜʠʥʠʮʶ, ʘ ʚʽʜʪʘʢ in(ʣ/N) ʤʘʩ ʚʝʣʠʢʝ ʟʘ ʘʙʩʦʣʶʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʚʽʜôʩʤʥʝ ʟʥʘʯʝʥʠʷ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ a+/a no , ʘ ʦʪʞʝ, ʌ 

ʟʤʝʥʰʫʩʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʣ. ɸ ʦʩʢʽʣʴʢʠ ʚ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʌ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʠʷ, ʪʦ ʮʝ ʦʟʥʘʯʘʩ, ʱʦ ʩʠʩʪʝʤʘ ʙʫʜʝ ʧʨʷʤʫʚʘʪʠ ʜʦ ʨʽʚʥʦ- 

ʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʦʪʠʢʫ ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʙʫʜʝ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʦʙʠʜʚʽ ʬʘʟʠ ʙʫʜʫʪʴ ʥʘʤʘʛʘʪʠʩʷ 

ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʜʨʽʟʢʽʚ ʚʩʝ ʤʝʥʰʦʾ ʜʦʚʞʠʥʠ, ʟʙʽʣʴʰʫʶʯʠ 

ʣ, ʪʦʙʪʦ ʚʟʘʛʘʣʽ ʥʝ ʟʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʷʢ ʦʢʨʝʤʽ ʬʘʟʠ. 

 

 
7.3. ʇʈʀʈʆɼʅɯ ʂɺɸɿɯʆɼʅʆɺʀʄɯʈʅɯ 

ɽʃɽʂʊʈʆʅʅɯ ʉʀʉʊɽʄʀ 

 
ʄʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʠʨʦʜʥʝ ʟʘʧʠʪʘʥʥʷ ð ʘ ʯʠ ʽʩʥʫʶʪʴ ʪʘʢʽ 

ʝʢʟʦʪʠʯʥʽ ʦʙôʩʢʪʠ, ʷʢ ʦʜʥʦʚʠʤʽʨʥʽ ʧʨʦʚʽʜʥʠʢʠ, ʫ ʧʨʠʨʦʜʽ? ʉʧʨʘʚʜʽ, 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʦʜʥʦʚʠʤʽʨʥʽ ʩʠʩʪʝʤʠ ð ʮʝ ʚʩʴʦʛʦ ʣʠʰʝ 

ʢʦʨʠʩʥʽ ʜʣʷ ʧʝʚʥʠʭ ʮʽʣʝʡ ʤʦʜʝʣʴʥʽ ʦʙôʩʢʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʛʣʷʜʫ i 

ʱʦ ʚ ʧʨʠʨʦʜʽ ʪʘʢʠʭ ʦʙôʩʢʪʽʚ ʥʝ ʽʩʥʫʩ. ʉʠʪʫʘʮʽʷ ʟʤʽʥʠʣʘʩʷ  ʧʽʩʣʷ 

ʩʠʥʪʝʟʫ ʫ 1962 ʨ. ɼʶ ʇʦʥʪʦʤ ʩʦʣʽ tetracyanoquinodimethane, ʷʢʫ ʥʠʥʽ 

ʩʢʦʨʦʯʝʥʦ ʥʘʟʠʚʘʶʪʴ TCNQ. ʅʘ i-i ʦʩʥʦʚʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʦʨʛʘʥʽʯʥʘ 

ʩʧʦʣʫʢʘ tetrathiafulvalene-tetracyanoquinodimethane, ʪʘʢ ʟʚʘʥʘ TTF- 

TCNQ, ʚ ʷʢʽʡ ʚʨʝʰʪʽ-ʨʝʰʪ ʚʜʘʣʦʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʛʦʣʦʚʥʫ ʦʟʥʘʢʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ð ʾʭʥʽʡ ʧʝʨʝʭʽʜ ʟ ʤʝʪʘʣʝʚʦʛʦ 

ʩʪʘʥʫ ʚ ʩʪʘʥ ʜʽʝʣʝʢʪʨʠʢʘ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʆʨʛʘʥʽʯʥʫ ʩʽʣʴ TTF-TCNQ ʬʦʨʤʫʶʪʴ ʰʘʨʠ ʟ ʦʜʥʦʚʠʤʽʨʥʠʤʠ 

ʣʘʥʮʶʞʢʘʤʠ. ʂʘʪʽʦʥʠ TTF ʚʝʜʫʪʴ ʩʝʙʝ ̫ ʢ ʜʦʥʦʨʠ, ʘʥʽʦʥʠ TCNQ ð ̫ ʢ 

ʘʢʮʝʧʪʦʨʠ. ɿʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ TTF-ICNQ ʚʦʣʦʜʽʩ ʚʩʽʤʘ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʝʪʘʣʝʚʦʾ ʩʠʩʪʝʤʠ. ɸʣʝ ʚ ʨʘʟʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʠʞʯʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ Tp 55 ʂ ʚʽʥ ʩʪʘʩ ʽʟʦʣʷʪʦʨʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣ- 

ʜʽʝʣʝʢʪʨʠʢ ʫ ʩʠʩʪʝʤʽ TTF-TCNQ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 7.2. ʄʝʪʘʣʝʚʠʡ ʩʪʘʥ ʩʦʣʽ TTF-TCNQ ʚʠʥʠʢʘʩ ʚʥʘʩʣʽʜʦʢ 
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ʧʝʨʝʢʨʠʪʪʷ ʨ-ʦʨʙʽʪʘʣʝʡ ʥʝʩʧʘʨʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʘʢʮʝʧʪʦʨʽʚ (TCNQ) i 

ʜʦʥʦʨʽʚ (TTF) ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ. 

ʇʽʟʥʽʰʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʱʝ ʦʜʠʥ ʧʨʠʨʦʜʥʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ 

ʧʨʦʚʽʜʥʠʢ ð ʧʦʣʽʘʮʝʪʠʣʝʥ (CH),. ʋ ʧʦʣʽʘʮʝʪʠʣʝʥʽ ʪʨʠ ʝʣʝʢʪʨʦʥʠ 

ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʬʦʨʤʫʶʪʴ sʨ*-ʦʨʙʽʪʘʣʽ, ʘ ʯʝʪʚʝʨʪʠʡ ʫʪʚʦʨʶʩ ʨ- 

ʦʨʙʽʪʘʣʴ. ʗʢʱʦ ʣʘʥʮʶʞʦʢ ʘʪʦʤʽʚ ʟʘʙʫʜʦʚʫʩʪʴʩʷ ʙʝʟ ʜʝʬʝʢʪʽʚ, ʪʦ, 

ʧʝʨʝʢʨʠʚʘʶʯʠʩʴ, ʨ-ʦʨʙʽʪʘʣʽ ʬʦʨʤʫʶʪʴ ʫ ʧʦʣʽʘʮʝʪʠʣʝʥʽ ʦʜʥʦʚʠʤʽʨʥʠʡ 

ʧʨʦʚʽʜʥʠʡ ʢʘʥʘʣ. 

 

ʈʠʩ. 7.2. ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʜʝʷʢʠʭ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

TTF-TCNQ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʧʝʨʝʭʦʜʠʪʴ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ, (TMTSF)2PF6 ð 

ʫ ʩʪʘʥ ʩʧʽʥʦʚʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, (TMTSF)2CIO4 ð ʫ ʥʘʜʧʨʦʚʽʜʥʠʡ ʩʪʘʥ. 
(ɿʛʽʜʥʦ ʟ Forro L., Mihaly L. Rep. Prog. Phys. 64 (2001) 649) 

 

ʇʦʣʽʘʮʝʪʠʣʝʥ ð ʥʘʡʧʨʦʩʪʽʰʠʡ ʟ ʚʽʜʦʤʠʭ ʥʠʥʽ ʧʨʦʚʽʜʥʠʡ ʧʦʣʽʤʝʨ 

ʟ ʣʽʥʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʗʢ ʧʦʣʽʘʮʝʪʠʣʝʥ, ʪʘʢ i TTF-TCNQ ʤʦʞʥʘ 

ʣʝʛʫʚʘʪʠ. ɰʭʥʷ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʨʽʟʢʦ ʟʨʦʩʪʘʩ. 

 

 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʘʘʥʥʷ 

 
1. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʜʥʦʚʠʤʽʨʥʠʡ ʢʨʠʩʪʘʣ ʷʢ ʧʝʨʽʦʜʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ i ʜʦʚʝʜʽʪʴ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʡʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʩʪʘʥʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʨʷʤʫʩ ʜʦ 0 ʂ. 

2. ʇʦʙʫʜʫʡʪʝ ʧʝʨʰʫ ʟʦʥʫ ɹʨʽʣʣʶʝʥʘ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʫ ʪʘ 

ʧʨʦʽʣʶʩʪʨʫʡʪʝ iµ ʟʤʽʥʠ ʧʨʠ ʜʠʤʝʨʠʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʘ. 

3. ʇʦʷʩʥʽʪʴ ʧʨʠʨʦʜʫ i ʤʦʞʣʠʚʠʡ ʤʝʭʘʥʽʟʤ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʭʦʜʫ 

ʇʘʡʩʨʣʩʘ ʤʝʪʘʣ ð ʜʽʝʣʝʢʪʨʠʢ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ 1D ʢʨʠʩʪʘʣʽʚ. 

4. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʟʚʦʨʦʪʥʝ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʧʝʨʝʭʽʜ 1D ʢʨʠʩʪʘʣʘ 

ʟʽ ʩʪʘʥʫ1D ʜʽʝʣʝʢʪʨʠʢʘ ʚ ʩʪʘʥ 1D ʤʝʪʘʣʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝ ʚʽʨʥʠʤ. 



 

5. ʇʦʷʩʥʽʪʴ ʤʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʱʽʣʠʥʠ ʇʘʡʻʨʣʩʘ ʧʨʠ ʦʭʦʣʦʜ- 

ʞʝʥʥʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ. 

6. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʚʝʣʠʯʠʥʫ ʚʠʛʨʘʰʫ ʝʥʝʨʛʽʾ ʟʘ ʧʝʨʝʭʦʜʫ 

ʤʝʪʘʣ ï ʜʽʝʣʝʢʪʨʠʢ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ. 

7. ʇʦʷʩʥʽʪʴ ʧʨʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽ ʥʘʧʨʷʤ ʟʤʽʥʠ 

ʱʽʣʠʥʠ ʇʘʡʻʨʣʩʘ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

8. ɼʦʚʝʜʽʪʴ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʫ ʢʦʥʪʘʢʪʽ 

ʨʽʟʥʠʭ ʬʘʟ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

9. ʇʦʢʘʞʽʪʴ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝʤʦʞʣʠʚʦʩʪʽ ʦʜʥʦʯʘʩʥʦʛʦ 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʫ ʢʦʥʪʘʢʪʽ ʨʽʟʥʠʭ ʬʘʟ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

10. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʫ ʷʢʠʭ ʧʨʦʚʽʜʥʽʩʪʴ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʨʦʚʽʜʥʠʭ ʢʘʥʘʣʽʚ. 
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ʏʘʩʪʠʥʘ III. ɺʋɻʃɽʎɽɺɯ ʉʊʈʋʂʊʋʈʀ 

ʅɸʅʆɽʃɽʂʊʈʆʅɯʂʀ 

ʈʆɿɼɯʃ 8 
 

ɼɽʗʂɯ BCTʋʇHI ɺɯɼʆʄʆʉʊɯ ʇʈʆ ɺʋɻʃɽʎʔ 

I ɭʆɻʆ ɸʃʆʊʈʆʇʅɯ ʄʆQʀʌɯʂɸʎɰɰ 

 
8.1. ɽʃɽʂʊʈʆʅʅɸ CTPʋKTʋPA I ʍɯʄɯʏʅɯ ɿɺôʗɿʂʀ 

 
ɺʫʛʣʝʮʴ ð ʮʝ ʝʣʝʤʝʥʪ ʯʝʪʚʝʨʪʦʾ ʛʨʫʧʠ ʇʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ɼ.ɯ. ʄʝʥʜʝʣʩʩʚʘ, ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 6, ʝʣʝʢʪʨʦʥʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ 1s*2s*2p*. ʉʭʝʤʘʪʠʯʥʦ iµ ʟʦʙʨʘʞʘʶʪʴ 

ʪʘʢ: 

 
 

1s 
2 

2s 
2
 

 

 

 

 

 

ʅʘ ʮʽʡ ʩʭʝʤʽ ʣ ð ʛʦʣʦʚʥʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ, ʢʦʞʥʘ ʢʣʽʪʠʥʢʘ 

ʩʠʤʚʦʣʽʟʫʩ ʝʣʝʢʪʨʦʥʥʫ s- ʯʠ ʨ-ʦʨʙʽʪʘʣʴ, ʩʪʨʽʣʢʘ ð ʝʣʝʢʪʨʦʥ, ʥʘʧʨʷʤ 

ʩʪʨʽʣʢʠ ð ʥʘʧʨʷʤ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʘ. 

ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʥʘ ʫ s-ʩʪʘʥʽ ʩʬʝʨʠʯʥʦ 

ʩʠʤʝʪʨʠʯʥʠʡ, ʪʦʤʫ s-ʦʨʙʽʪʘʣʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʩʬʝʨʠ. ʋ ʨ-ʩʪʘʥʽ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʥʘ ʤʘʩ ʛʘʥʪʝʣʝʧʦʜʽʙʥʠʡ 

ʚʠʛʣʷʜ. ɺʽʜʧʦʚʽʜʥʦ ʪʘʢʫ ʩʘʤʫ ʚʠʪʷʛʥʫʪʫ ʛʘʥʪʝʣʝʧʦʜʽʙʥʫ ʬʦʨʤʫ ʤʘʶʪʴ 

ʨ-ʦʨʙʽʪʘʣʽ. ʨ-ʦʨʙʽʪʘʣʴ, ʦʨʽʩʥʪʦʚʘʥʘ ʫ ʥʘʧʨʷʤʢʫ oci ʆʍ ð ʮʝ ʨ,- 

ʦʨʙʽʪʘʣʴ, ʫ ʥʘʧʨʷʤʢʫ oci ʆʋ ð pt-ʦʨʙʽʪʘʣʴ, ʚ ʥʘʧʨʷʤʢʫ oci 0Z ð ʨ,- 

ʦʨʙʽʪʘʣʴ. Oci ʨʫ-, ʨʫ- i ʨ,-ʦʨʙʽʪʘʣʝʡ ʩ ʚʟʘʩʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ, ̫ ʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.1. 

ʆʩʥʦʚʥʠʡ ʩʪʘʥ ʚʫʛʣʝʮʶ 1s22s22p2 ʚʽʜʧʦʚʽʜʘʩ ʚʘʣʝʥʪʥʦʩʪʽ ñ2", 

ʦʩʢʽʣʴʢʠ ʫ ʮʴʦʤʫ ʩʪʘʥʽ ʥʘ ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʦʙʦʣʦʥʮʽ ʘʪʦʤʘ 

(ʣ=2) ʤʽʩʪʷʪʴʩʷ ʪʽʣʴʢʠ ʜʚʘ ʥʝʩʧʘʨʝʥʽ ʨ-ʝʣʝʢʪʨʦʥʠ, ʘ ʩʘʤʝ ʢʽʣʴʢʽʩʪʴ 

ʥʝʩʧʘʨʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʟʦʚʥʽʰʥʽʡ ʦʙʦʣʦʥʮʽ i ʚʠʟʥʘʯʘʩ ʚʘʣʝʥʪʥʠʡ 
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ʩʪʘʥ ʘʪʦʤʘ. ʆʨʙʽʪʘʣʴ, ʟʘʧʦʚʥʝʥʘ ʜʚʦʤʘ ʩʧʘʨʝʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʟ 

ʧʨʦʪʠʣʝʞʥʦ ʩʧʨʷʤʦʚʘʥʠʤʠ ʩʧʽʥʘʤʠ, ʥʝ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʱʝ ʦʜʠʥ 

ʝʣʝʢʪʨʦʥ (ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʘʣʝʥʪʥʦʶ, ʟʜʘʪʥʦʶ ʚʟʷʪʠ ʫʯʘʩʪʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ), ʦʩʢʽʣʴʢʠ ʮʴʦʛʦ ʥʝ ʜʦʧʫʩʢʘʩ ʧʨʠʥʮʠʧ 

ʇʘʫʣʽ. 

 

ʘ      

ʈʠʩ. 8.1. ʉʭʝʤʘ s- i ʨ-ʦʨʙʽʪʘʣʝʡ: ʘ ð s-ʦʨʙʽʪʘʣʴ; 

ʙ ð ʨ,-ʦʨʙʽʪʘʣʴ; ʚ ð ʨʫ-ʦʨʙʽʪʘʣʴ; ʛ ð ʨ -ʦʨʙʽʪʘʣʴ 

ɺʽʜʦʤʽʡ ̔ ʟ ʜʦʩʣʽʜʫ ʚʘʣʝʥʪʥʦʩʪʽ ʚʫʛʣʝʮʶ ñ4ò ʚʽʜʧʦʚʽʜʘʩ ʟʙʫʜʞʝʥʠʡ 

ʩʪʘʥ ʘʪʦʤʘ. ɺʽʥ ʚʠʥʠʢʘʩ, ʢʦʣʠ ʦʜʠʥ ̔ ʟ s-ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ 

ʟʟʦʚʥʽ ʟ ʧʝʨʝʚʦʨʦʪʦʤ ʩʧʽʥʫ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʚʽʣʴʥʫ ʦʨʙʽʪʘʣʴ 2ʨ- 

ʧʽʜʨʽʚʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʥʘ ʟʦʚʥʽʰʥʽʡ ʦʙʦʣʦʥʮʽ 

ʟôʷʚʣʷʶʪʴʩʷ ʯʦʪʠʨʠ ʥʝʩʧʘʨʝʥʽ ʝʣʝʢʪʨʦʥʠ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ 2s12p . ʊʘʢʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʘʩ ʟʤʦʛʫ ʚʞʝ ʯʦʪʠʨʴʦʤ ʝʣʝʢʪʨʦʥʘʤ (ʦʜʥʦʤʫ s- 

ʝʣʝʢʪʨʦʥʫ i ʪʨʴʦʤ ʨ-ʝʣʝʢʪʨʦʥʘʤ) ʫʪʚʦʨʶʚʘʪʠ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ, ʘ ʦʪʞʝ, 

ʘʪʦʤ ʧʝʨʝʭʦʜʠʪʴ ʫ ʯʦʪʠʨʠʚʘʣʝʥʪʥʠʡ ʩʪʘʥ. ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʦʛʦ ʘʪʦʤʘ 

ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ 1s22s12p ʙʽʣʴʰʘ, ʥʽʞ ʡʦʛʦ ʝʥʝʨʛʽʷ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ 

1s22s*2p2. ɸʣʝ ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʪʦʤʘ ʧʨʠ ʧʝʨʝʭʦʜʽ s-ʝʣʝʢʪʨʦʥʘ 

ʫ ʟʙʫʜʞʝʥʠʡ ʨ-ʩʪʘʥ ʢʦʤʧʝʥʩʫʩʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ 

ʤʦʣʝʢʫʣʠ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʘʪʦʤʘʤʠ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ. ɽʥʝʨʛʽʷ, ʷʢʘ 

ʚʠʜʽʣʷʩʪʴʩʷ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, ʘʙʦ, ʱʦ ʪʝ ʩʘʤʝ, 

ʝʥʝʨʛʽʷ, ʷʢʫ ʪʨʝʙʘ ʚʠʪʨʘʪʠʪʠ ʥʘ ʪʝ, ʱʦʙ ʨʦʟʽʨʚʘʪʠ ʭʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ, 

ʥʘʟʠʚʘʩʪʴʩʷ ʝʥʝʨʛʽʩʶ ʟʚôʷʟʢʫ. ʏʠʤ ʙʽʣʴʰʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ, ʪʠʤ ʟʚôʷʟʦʢ 

ʤʽʮʥʽʰʠʡ. 

ʇʝʨʝʭʽʜ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʟ ʦʩʥʦʚʥʦʛʦ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ ̔ ʣʶʩʪʨʫʩ 

ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ ʩʭʝʤʘ. 
 

ʆʩʥʦʚʥʠʡ  ʩʪʘʥ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ɺʘʣʝʥʪʥʠʡ ʩʪʘʥ ʘʪʦʤʘ ʚʫʛʣʝʮʶ 

 

ɯʟ ʥʘʚʝʜʝʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʦʣʦʥʢʠ 

ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʫ ʚʘʣʝʥʪʥʦʤʫ (ʟʙʫʜʞʝʥʦʤʫ) ʩʪʘʥʽ ʚʠʧʣʠʚʘʩ, ɦ ʦ ʥʝ ʚʩʽ 

ʯʦʪʠʨʠ ʚʘʣʝʥʪʥʦʩʪʽ ʚʫʛʣʝʮʶ (ʥʝ ʚʩʽ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ) ʤʘʣʠ ʙ ʙʫʪʠ 
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ʨʽʚʥʦʟʥʘʯʥʠʤʠ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, ʦʩʢʽʣʴʢʠ ʪʨʠ 

ʟʚôʷʟʢʠ ʚʫʛʣʝʮʶ ʟ ʩʫʩʽʜʘʤʠ ʙʫʜʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʪʨʴʦʤʘ ʨ- 
ʝʣʝʢʪʨʦʥʘʤʠ, ʘ ʯʝʪʚʝʨʪʠʡ ʟʚôʷʟʦʢ ð s-ʝʣʝʢʪʨʦʥʦʤ. ʆʜʥʘʢ ʪʘʢʠʡ 
ʚʠʩʥʦʚʦʢ ʩʫʧʝʨʝʯʠʪʴ ʜʦʩʣʽʜʥʠʤ ʜʘʥʠʤ, ̫ ʢʽ ʦʜʥʦʟʥʘʯʥʦ ʩʚʽʜʯʘʪʴ, ɦ ʦ 

ʫ ʩʠʤʝʪʨʠʯʥʠʭ ʩʧʦʣʫʢʘʭ ʚʫʛʣʝʮʶ, ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʤʝʪʘʥ ʉʅ4. 

ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʚʫʛʣʝʮʴ CCI4 ʪʦʱʦ, ʚʩʽ C-H ʟʚôʷʟʢʠ, ʪʘʢ ʩʘʤʦ, ʷʢ i 

ʟʚôʷʟʢʠ C-C/, ʦʜʥʘʢʦʚʽ ʤʽʞ ʩʦʙʦʶ. 
 
 

 

 

 

ʄʝʪʘʥ 

CI 

 

 
Cl 

ʏʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʚʫʛʣʝʮʴ 
 

ɽʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʩʠʤʝʪʨʠʯʥʠʭ ʩʧʦʣʫʢʘʭ 

ʚʫʛʣʝʮʶ ʟʥʘʭʦʜʠʪʴ ʧʦʷʩʥʝʥʥʷ ʫ ʢʦʥʮʝʧʮʽʾ ʛʽʙʨʠʜʠʟʘʮʽʾ. ɺ ʘʪʦʤʽ 

ʚʫʛʣʝʮʶ ʚʽʜʤʽʥʥʽʩʪʴ ʝʥʝʨʛʽʡ ʤʽʞ 2s- i 2ʨ-ʨʽʚʥʷʤʠ ʜʫʞʝ ʤʘʣʘ, ʱʦ ʜʘʩ 

ʟʤʦʛʫ ʭʚʠʣʴʦʚʽʡ ʬʫʥʢʮʽʾ 2s-ʩʪʘʥʫ ʟʤʽʰʫʚʘʪʠʩʷ ʟ ʦʜʥʽʩʶ ʯʠ ʜʝʢʽʣʴʢʦʤʘ 

ʭʚʠʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ 2ʨ-ʩʪʘʥʫ. ʅʝʥʦʨʤʘʣʽʟʦʚʘʥʘ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ûʨ ʚʘʣʝʥʪʥʦʛʦ ʩʪʘʥʫ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ 

= s + ʜʨ , (8.1) 

ʜʝ ʨ ʦʟʥʘʯʘʩ ʩʫʤʽʰ ʨ, ʦʨʙʽʪʘʣʝʡ, ʘ ʡ ð ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʩʥʪ 

ʟʤʽʰʫʚʘʥʥʷ s- i ʨ-ʩʪʘʥʽʚ. ɿʤʽʰʫʚʘʥʥʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʽʚ 

ʚʠʭʽʜʥʠʭ s- i ʨ-ʩʪʘʥʽʚ ʦʟʥʘʯʘʩ, ʱʦ ʚ ʤʦʣʝʢʫʣʘʭ ʚʫʛʣʝʮʶ ʝʣʝʢʪʨʦʥʠ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʝ ʧʦ ʯʠʩʪʠʭ s- i ʨ-ʦʨʙʽʪʘʣʷʭ, ʘ ʬʦʨʤʫʶʪʴ ʥʦʚʽ, ʪʘʢ 

ʟʚʘʥʽ ʛʽʙʨʠʜʥʽ ʦʨʙʽʪʘʣʽ. ɿʘ ʪʘʢʦʾ ʛʽʙʨʠʜʠʟʘʮʽʾ ʥʘʧʨʷʤʢʠ ʧʝʣʶʩʪʢʽʚ ʨ- 

ʦʨʙʽʪʘʣʝʡ i ʢʫʪʠ ʤʽʞ ʥʠʤʠ ʟʤʽʥʶʶʪʴʩʷ. ɺʝʣʠʯʠʥʠ ʢʫʪʽʚ ʤʽʞ 

ʛʽʙʨʠʜʥʠʤʠ ʦʨʙʽʪʘʣʷʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʠʷ ʚʽʜʥʦʩʥʦʛʦ 

ʢʦʝʬʽʮʽʩʥʪʘ ʟʤʽʰʫʚʘʥʥʷ ʡ. ʂʨʽʤ ʪʦʛʦ, ʛʽʙʨʠʜʥʽ sʨ-ʦʨʙʽʪʘʣʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʠʭʽʜʥʠʭ s- i ʨ-ʦʨʙʽʪʘʣʝʡ ʩʚʦʩʶ ʬʦʨʤʦʶ ð ʚʦʥʠ 

ʤʘʶʪʴ ʚʠʛʣʷʜ ʥʝʧʨʘʚʠʣʴʥʠʭ ʚʽʩʽʤʦʢ (ʨʠʩ. 8.2). 
 

 

 
ʈʠʩ. 8.2. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʦñʽñsʨ,-ʦʨʙʽʪʘʣʽ: ʘ ð s-ʦʨʙʽʪʘʣʴ; 

6 ð ʨ,-ʦʨʙʽʪʘʣʴ; ʚ ð ñʟʤʽʰʫʚʘʥʥʷòs- i ʨ,-ʦʨʙʽʪʘʣʝʡ; ʛ ð sʨ,-ʛʽʙʨʠʜʥʘ 

ʦʨʙʽʪʘʣʴ 
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ʗʢʱʦ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚʩʽ 

ʯʦʪʠʨʠ ʟʦʚʥʽʰʥʽ ʝʣʝʢʪʨʦʥʠ ʚʫʛʣʝʮʶ, ʪʦʙʪʦ µx ʫʪʚʦʨʶʶʪʴ ʦʜʠʥ s- 

ʝʣʝʢʪʨʦʥ i ʪʨʠ ʨ-ʝʣʝʢʪʨʦʥʠ, ʪʦ ʚʠʥʠʢʘʩ ʪʘʢ ʟʚʘʥʘ sp -ʛʽʙʨʠʜʠʟʘʮʽʷ. 

ʆʩʢʽʣʴʢʠ sp -ʦʨʙʽʪʘʣʽ ʬʦʨʤʫʶʪʴʩʷ ʯʦʪʠʨʤʘ ʟʦʚʥʽʰʥʽʤʠ ʝʣʝʢʪʨʦʥʘʤʠ, 

ʪʦ ʟʘ sʨ*-ʛʽʙʨʠʜʠʟʘʮʽʾ ʥʘ ʢʦʞʝʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʧʨʠʧʘʜʘʩ ʯʦʪʠʨʠ ʪʘʢʽ 

ʦʨʙʽʪʘʣʽ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʪʘʢʠʡ ʪʠʧ ʛʽʙʨʠʜʠʟʘʮʽʾ ʚʠʥʠʢʘʩ, ʢʦʣʠ ʘʪʦʤ 

ʚʫʛʣʝʮʶ ʟôʩʜʥʫʩʪʴʩʷ ʟ ʯʦʪʠʨʤʘ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ, ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʢʘʟʘʥʠʭ ʚʠʱʝ ʤʦʣʝʢʫʣ ʤʝʪʘʥʫ i ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ 

ʚʫʛʣʝʮʶ. ʇʦʢʘʟʘʥʝ ʩʭʝʤʘʪʠʯʥʦ ʧʣʦʩʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʘ ʚʫʛʣʝʮʶ 

ʚ ʮʝʥʪʨʽ ʢʚʘʜʨʘʪʘ, ʘ ʯʦʪʠʨʴʦʭ ʡʦʛʦ sp -ʦʨʙʽʪʘʣʝʡ ð ʚʟʜʦʚʞ ʜʽʘʛʦʥʘʣʝʡ 

ʢʚʘʜʨʘʪʘ, ʭʦʯʘ i ʟʘʜʦʚʦʣʴʥʷʩ ʫʤʦʚʫ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ 

ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ ʘʪʦʤʽʚ, ʱʦ ʧʦʚʠʥʥʽ ʙ ʦʙôʩʜʥʫʚʘʪʠʩʷ ʪʘʢʠʤʠ 

ʦʨʙʽʪʘʣʷʤʠ ʚ ʤʦʣʝʢʫʣʫ, ʥʘʩʧʨʘʚʜʽ ʥʝ ʚʽʜʧʦʚʽʜʘʩ ʤʽʥʽʤʫʤʫ ʚʽʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʦʤʫ ʩ ʥʝʩʪʘʙʽʣʴʥʠʤ. 

ʉʪʘʙʽʣʴʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ sʨ*-ʦʨʙʽʪʘʣʝʡ ʚʽʜʧʦʚʽʜʘʩ ʪʘʢʦʤʫ ʾʭʥʴʦʤʫ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʶ, ʢʦʣʠ ʘʪʦʤ ʚʫʛʣʝʮʶ ʨʦʟʤʽʱʘʩʪʴʩʷ ʫ 

ʮʝʥʪʨʽ ʪʝʪʨʘʝʜʨʘ, ʘ ʯʦʪʠʨʠ sʨô-ʦʨʙʽʪʘʣʽ ʦʨʽʩʥʪʫʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʘʭ ʚʽʜ 

ʮʝʥʪʨʘ ʜʦ ʚʝʨʰʠʥ ʪʝʪʨʘʝʜʨʘ. ʂʫʪ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ ʪʘʢʠʭ 

ʦʨʙʽʪʘʣʝʡ ʩ ʦʜʥʠʤ i ʪʠʤ ʩʘʤʠʤ i ʜʦʨʽʚʥʶʩ 109Á 28 (ʨʠʩ. 8.3). sp*- 

ʛʽʙʨʠʜʠʟʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʘʣʤʘʟʫ. 

 

                  6 

 

ʈʠʩ. 8.3. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ sʨɿ-ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚʫʛʣʝʮʶ: 

ʦ ð ʥʝʛʽʙʨʠʜʥʽ s- i ʨ-ʦʨʙʽʪʘʣʽ ʘʪʦʤʘ ʚʫʛʣʝʮʶ,ô ʙ ð ʦʨʙʽʪʘʣʽ 

ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʫ ʩʪʘʥʽ sp -ʛʽʙʨʠʜʠʟʘʮʽʾò 

 

ʗʢʱʦ ʛʽʙʨʠʜʥʽ ʦʨʙʽʪʘʣʽ ʫʪʚʦʨʝʥʽ ʦʜʥʠʤ s-ʝʣʝʢʪʨʦʥʦʤ i ʜʚʦʤʘ ʨ- 

ʝʣʝʢʪʨʦʥʘʤʠ, ð ʮʝ ʪʘʢ ʟʚʘʥʘ sʨ2-ʛʽʙʨʠʜʠʟʘʮʽʷ. ʅʘ ʢʦʞʝʥ ʘʪʦʤ 

ʚʫʛʣʝʮʶ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʧʨʠʧʘʜʘʶʪʴ ʪʨʠ ʛʽʙʨʠʜʥʽ sʨ2-ʦʨʙʽʪʘʣʽ, ʦʩʢʽʣʴʢʠ 

µx ʬʦʨʤʫʶʪʴ ʪʨʠ ʟʦʚʥʽʰʥʽ ʝʣʝʢʪʨʦʥʠ. ʊʨʝʪʷ 2ʨ-ʦʨʙʽʪʘʣʴ ʟʙʝʨʽʛʘʩ 

ʩʚʦʶ ʬʦʨʤʫ, ʦʩʢʽʣʴʢʠ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʫ ʛʽʙʨʠʜʠʟʘʮʽʾ. ɺʦʥʘ 

ʨʦʟʪʘʰʦʚʫʩʪʴʩʷ ʫ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʧʣʦʱʠʥʠ ʛʽʙʨʠʜʥʠʭ 

ɿɺôʗɿʂʽɺ. 
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sʨ2-ʛʽʙʨʠʜʠʟʘʮʽʷ ʚʠʥʠʢʘʩ, ʷʢʱʦ ʘʪʦʤ ʚʫʛʣʝʮʶ ʟôʩʜʥʫʩʪʴʩʷ ʟ 

ʪʨʴʦʤʘ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ. ʉʪʘʙʽʣʴʥʦʤʫ ʫʪʚʦʨʝʥʥʶ ʚʽʜʧʦʚʽʜʘʩ 

ʪʦʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʘʪʦʤ ʚʫʛʣʝʮʶ ʨʦʟʤʽʱʘʩʪʴʩʷ ʫ ʮʝʥʪʨʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʪʨʠʢʫʪʥʠʢʘ, ʘ ʪʨʠ ʡʦʛʦ sʨ2-ʦʨʙʽʪʘʣʽ ʦʨʽʩʥʪʫʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʘʭ ʚʽʜ 

ʮʝʥʪʨʘ ʜʦ ʚʝʨʰʠʥ ʪʨʠʢʫʪʥʠʢʘ. ʇʨʠ ʮʴʦʤʫ ʢʫʪ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ 

ʪʘʢʠʭ  ʦʨʙʽʪʘʣʝʡ  ʪʘʢʦʞ  ʩ ʦʜʥʠʤ  i ʪʠʤ ʩʘʤʠʤ,  ʘʣʝ ʜʦʨʽʚʥʶʩ  ʚʞʝ 120O 

(ʨʠʩ. 8.4). sʨ2-ʛʽʙʨʠʜʠʟʘʮʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʚʫʛʣʝʮʶ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʠʭ ʫʪʚʦʨʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʥʦʘʪʦʤʥʠʭ ʰʘʨʽʚ ʛʨʘʬʽʪʫ. 
 

 
ʈʠʩ. 8.4. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ sʨ2-ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚʫʛʣʝʮʶ: 

ʦ ð ʥʝʛʽʙʨʠʜʥʽ s- i ʨ-ʦʨʙʽʪʘʣʽ ʘʪʦʤʘ ʚʫʛʣʝʮʶ; ʙ ð ʦʨʙʽʪʘʣʽ 

ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʫ ʩʪʘʥʽ sʨ2-ʛʽʙʨʠʜʠʟʘʮ ʽʾò 

ʗʢʱʦ ʛʽʙʨʠʜʥʽ ʦʨʙʽʪʘʣʽ ʫʪʚʦʨʝʥʽ ʦʜʥʠʤ s-ʝʣʝʢʪʨʦʥʦʤ i ʦʜʥʠʤ ʨ- 

ʝʣʝʢʪʨʦʥʦʤ, ʮʝ ʪʘʢ ʟʚʘʥʘ spJ ʛʽʙʨʠʜʠʟʘʮʽʷ, ʢʦʣʠ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʫʛʣʝʮʶ 

ʧʨʠʧʘʜʘʶʪʴ ʜʚʽ ʛʽʙʨʠʜʥʽ ʦʨʙʽʪʘʣʽ. ʄʽʥʽʤʫʤʫ ʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʘʩ ʩʠʪʫʘʮʽʷ, 

ʢʦʣʠ ʦʨʙʽʪʘʣʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ ʪʘ ʦʨʽʩʥʪʦʚʘʥʽ ʫ ʚʟʘʩʤʥʦ 

ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʪʦʙʪʦ ʚʘʣʝʥʪʥʠʡ ʢʫʪ ʤʽʞ ʥʠʤʠ ʩʪʘʥʦʚʠʪʴ 180Á 

(ʨʠʩ. 8.5). ɼʚʽ 2ʨ-ʦʨʙʽʪʘʣʽ ʘʪʦʤʘ ʚʫʛʣʝʮʶ, ʷʢʽ ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʽ ʚ 

ʛʽʙʨʠʜʠʟʘʮʽʾ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʟʘʩʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ. 

sp -ʛʽʙʨʠʜʠʟʘʮʽʷ ʚʠʥʠʢʘʩ ʪʦʜʽ, ʢʦʣʠ ʘʪʦʤʠ ʚʫʛʣʝʮʶ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʩʪʨʫʢʪʫʨʫ, ʟôʩʜʥʫʶʪʴʩʷ ʟ ʜʚʦʤʘ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ, ʫʪʚʦʨʶʶʯʠ 

ʣʘʥʮʶʞʢʠ ʘʪʦʤʽʚ. 

 

                           ʙ 

ʈʠʩ. 8.5. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ sʨ1-ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ 

ʚʫʛʣʝʮʶ. ʘ ð ʥʝʛʽʙʨʠʜʥʽ s- i ʨ-ʦʨʙʽʪʘʣʽ ʘʪʦʤʘ ʚʫʛʣʝʮʶ; 

ʙ ð ʦʨʙʽʪʘʣʽ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʚ ʩʪʘʥʽ sʨ1-ʛʽʙʨʠʜʠʟʘʮ ̔ ʽ 

ʆʩʥʦʚʥʠʤ ʪʠʧʦʤ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʫ ʩʧʦʣʫʢʘʭ ʚʫʛʣʝʮʶ ʩ 

ʢʦʚʘʣʝʥʪʥʠʡ ʟʚôʷʟʦʢ. ɺʽʥ ʬʦʨʤʫʩʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʣʝʢʪʠʚʽʟʘʮʽʾ 
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ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʥʽʚ ʜʚʦʭ ʘʪʦʤʽʚ, ʱʦ ʚʟʘʩʤʦʜʽʶʪʴ. 3 ʧʦʛʣʷʜʫ 

ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʪʘʢʘ ʢʦʣʝʢʪʠʚʽʟʘʮʽʷ ʚʠʥʠʢʘʩ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʢʨʠʪʪʷ ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ ʥʝʩʧʘʨʝʥʠʭ ʦʜʠʥʠʯʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʨʽʟʥʠʭ ʘʪʦʤʽʚ. 

ʗʢʱʦ ʘʪʦʤʥʽ ʦʨʙʽʪʘʣʽ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʧʦ ʧʨʷʤʽʡ, ʱʦ ʟôʩʜʥʫʩ 

ʷʜʨʘ ʘʪʦʤʽʚ, ʪʦ ʪʘʢʠʡ ʟʚôʷʟʦʢ ʥʘʟʠʚʘʩʪʴʩʷ ʦ-ʟʚôʷʟʢʦʤ. ɿʘʟʚʠʯʘʡ ʦ- 

ʟʚôʷʟʦʢ ʟʜʽʡʩʥʶʩʪʴʩʷ s- i sʨ-ʛʽʙʨʠʜʠʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ (ʨʠʩ. 8.6, 

ʦ). ʗʢʱʦ ʧʝʨʝʢʨʠʪʪʷ ʘʪʦʤʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚʽʜʙʫʚʘʩʪʴʩʷ ʫ ʧʣʦʱʠʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʧʨʷʤʦʾ, ʱʦ ʟôʩʜʥʫʩ ʷʜʨʘ ʘʪʦʤʽʚ, ʪʦ ʪʘʢʠʡ 

ʟʚôʷʟʦʢ ʥʘʟʠʚʘʩʪʴʩʷ /ʪ-ʟʚôʷʟʢʦʤ. ɺʽʥ ʟʘʟʚʠʯʘʡ ʫʪʚʦʨʶʩʪʴʩʷ 

ʧʝʨʝʢʨʠʪʪʷʤ 2ʨ-ʦʨʙʽʪʘʣʝʡ (ʨʠʩ. 8.6, ʙ). 

 
ʈʠʩ. 8.6. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ o- (ʘ) i ʛʛ-ʟʚôʷʟʢʽʚ (ʙ) 

 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʟʚôʷʟʢʫ, ʯʠʤ ʩʠʣʴʥʽʰʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʘʪʦʤʥʽ ʦʨʙʽʪʘʣʽ, ʪʠʤ ʙʽʣʴʰʘ ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʫ ʧʨʦʩʪʦʨʽ ʤʽʞ 

ʷʜʨʘʤʠ, ʪʠʤ ʤʽʮʥʽʰʠʡ ʭʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ. ʇʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ 2ʨ- 

ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ ʧʨʠ ʫʪʚʦʨʝʥʥʽ /ʪ-ʟʚôʷʟʢʫ ʤʝʥʰʘ ʱʦʜʦ ʧʣʦʱʽ 

ʧʝʨʝʢʨʠʪʪʷ sʨ-ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʦ-ʟʚôʷʟʢʽʚ, i, 

ʚʽʜʧʦʚʽʜʥʦ, ʛʛ-ʟʚôʷʟʦʢ ʩ ʤʝʥʰ ʤʽʮʥʠʡ i ʙʽʣʴʰʝ ʟʜʘʪʥʠʡ ʜʦ ʫʯʘʩʪʽ ʚ 

ʨʝʘʢʮʽʷʭ, ʥʽʞ ʦ-ʟʚôʷʟʦʢ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʚʟʘʩʤʦʜʽʾ ʟ ̔ ʥʰʠʤʠ ʘʪʦʤʘʤʠ /ʪ- 

ʟʚôʷʟʢʠ ʚʫʛʣʝʮʶ ʨʝʘʛʫʶʪʴ ʧʝʨʰʠʤʠ ð ʧʝʨʰʠʤʠ ʨʦʟʨʠʚʘʶʪʴʩʷ i 

ʧʝʨʰʠʤʠ ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʩʤʥʠʡ ʦʙʤʽʥ. 

ʗʢʱʦ ʟʚôʷʟʦʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʟʜʽʡʩʥʶʩʪʴʩʷ ʦʜʥʽʩʶ ʧʘʨʦʶ 

ʝʣʝʢʪʨʦʥʽʚ, ʪʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʧʨʦʩʪʠʤ, ʘʙʦ ʦʜʠʥʘʨʥʠʤ, i ʪʘʢʠʡ 

ʟʚôʷʟʦʢ ʟʘʚʞʜʠ ʩ ʦ-ʟʚôʷʟʢʦʤ. ʇʨʠʢʣʘʜ ʦ-ʟʚôʷʟʢʫ, ʫʪʚʦʨʝʥʦʛʦ ʟʘ 

ʨʘʭʫʥʦʢ ʦʨʙʽʪʘʣʝʡ ʜʚʦʭ s-ʝʣʝʢʪʨʦʥʽʚ, ð ʟʚôʷʟʦʢ ʫ ʤʦʣʝʢʫʣʽ ʚʦʜʥʶ 

(ʨʠʩ. 8.6, ʘ, ʦʙʣʘʩʪʴ ʧʝʨʝʢʨʠʪʪʷ ʦʨʙʽʪʘʣʝʡ ʟʘʰʪʨʠʭʦʚʘʥʘ). ʇʨʦʩʪʠʡ 

ʚʫʛʣʝʮʴ-ʚʫʛʣʝʮʝʚʠʡ ʟʚôʷʟʦʢ ʫʪʚʦʨʶʩʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʢʨʠʪʪʷ sʨ- 

ʛʽʙʨʠʜʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

ʗʢʱʦ ʟʚôʷʟʦʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʟʜʽʡʩʥʶʩʪʴʩʷ ʜʚʦʤʘ 

i ʙʽʣʴʰʝ ʧʘʨʘʤʠ ʝʣʝʢʪʨʦʥʽʚ, ʪʦ ʚʽʥ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʘʪʥʠʤ ʭʽʤʽʯʥʠʤ 

ʟʚôʷʟʢʦʤ: ʫ ʨʘʟʽ ʜʚʦʭ ʧʘʨ ʝʣʝʢʪʨʦʥʽʚ ð ʧʦʜʚʽʡʥʠʤ ʉ=ʉ, ʫ ʨʘʟʽ ʪʨʴʦʭ ʧʘʨ 

ʝʣʝʢʪʨʦʥʽʚ ð ʧʦʪʨʽʡʥʠʤ CCC. ʂʨʘʪʥʽ ʟʚôʷʟʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʦʜʥʠʤ ʦ- 

ʟʚôʷʟʢʦʤ i ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ ʛʛ-ʟʚôʷʟʢʘʤʠ. 
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ʇʦʜʚʽʡʥʠʡ ʟʚôʷʟʦʢ ʥʝ ʩ ʧʨʦʩʪʦʶ ʩʫʤʦʶ ʜʚʦʭ ʦʜʠʥʘʨʥʠʭ ʟʚôʷʟʢʽʚ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʱʦʜʦ ʜʦʚʞʠʥʠ ʟʚôʷʟʢʫ, ʡʦʛʦ ʝʥʝʨʛʽʾ ʪʦʱʦ. 

ɼʦʚʞʠʥʘ ʧʨʦʩʪʦʛʦ CðC ʟʚôʷʟʢʫ ʜʦʨʽʚʥʶʩ 0,154 ʠʤ, ʘ ʜʦʚʞʠʥʘ 

ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʉ=ʉ ʩʪʘʥʦʚʠʪʴ 0,134 ʠʤ; ʝʥʝʨʛʽʷ ʦʜʠʥʘʨʥʦʛʦ ʦ- 

ʟʚôʷʟʢʫ CðC ʜʦʨʽʚʥʶʩ 350 ʢɼʞ/ʤʦʣʴ, ʘ ʝʥʝʨʛʽʷ ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʉ=ʉ 

ʜʦʨʽʚʥʶʩ 606,1 ʢɼʞ/ʤʦʣʴ. ʈʽʟʥʠʮʷ 256,1 ʢɼʞ/ʤʦʣʴ ʩ ʧʨʠʙʣʠʟʥʦʶ 

ʤʽʨʦʶ ʤʽʮʥʦʩʪʽ /ʪ-ʟʚôʷʟʢʫ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʚôʷʟʢʽʚ ʫ ʤʦʣʝʢʫʣʘʭ, ʱʦ ʤʽʩʪʷʪʴ 

ʘʪʦʤʠ ʚʫʛʣʝʮʶ, ʥʘʩʘʤʧʝʨʝʜ ʩʧʦʣʫʢ ʚʫʛʣʝʮʶ ʟ ʚʦʜʥʝʤ ð ʚʫʛʣʝʚʦʜʥʽʚ, 

ʩ ʥʘʩʠʯʝʥʽʩʪʴ (ʛʨʘʥʠʯʥʽʩʪʴ) ʚʫʛʣʝʮʝʚʠʭ ʟʚôʷʟʢʽʚ. ʅʘʩʠʯʝʥʽʩʪʴ ʟʚôʷʟʢʽʚ 

ʤʽʞ N ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʦʟʥʘʯʘʩ, ʱʦ ʥʘ ʾ ʭʥʩ ʬʦʨʤʫʚʘʥʥʷ ʟʘʪʨʘʯʝʥʦ 

ʥʝʦʙʭʽʜʥʠʡ i ʜʦʩʪʘʪʥʽʡ ʤʽʥʽʤʫʤ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. Yci ʽʥʰʽ 

ʚʘʣʝʥʪʥʦʩʪʽ, ʚʽʣʴʥʽ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʚôʷʟʫʚʘʥʥʷ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 

ʫ ʤʦʣʝʢʫʣʫ, ʥʘʩʠʯʫʶʪʴʩʷ (ʟʘʧʦʚʥʶʶʪʴʩʷ) ʽʥʰʠʤʠ ʘʪʦʤʘʤʠ, ʫ 

ʤʦʣʝʢʫʣʘʭ ʚʫʛʣʝʚʦʜʥʽʚ ð ʚʦʜʥʝʤ. ʆʪʞʝ, ʫ ʤʦʣʝʢʫʣʘʭ ʛʨʘʥʠʯʥʠʭ 

(ʥʘʩʠʯʝʥʠʭ) ʚʫʛʣʝʚʦʜʥʽʚ ʢʦʞʝʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʚʠʪʨʘʯʘʩ ʥʘ ʟôʩʜʥʘʥʥʷ 

ʟ ʩʫʩʽʜʥʽʤ ʧʦʜʽʙʥʠʤ ʘʪʦʤʦʤ ʧʦ ʦʜʥʽʡ ʚʘʣʝʥʪʥʦʩʪʽ (ʦʜʥʦʤʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʦʥʫ), ʫʪʚʦʨʶʶʯʠ ʟ ʥʠʤ ʧʨʦʩʪʠʡ, ʦʜʠʥʘʨʥʠʡ ʦ- 

ʟʚôʷʟʦʢ. 

ʅʝʛʨʘʥʠʯʥʽ, ʘʙʦ ʥʝʥʘʩʠʯʝʥʽ, ʚʫʛʣʝʚʦʜʥʽ ð ʮʝ ʚʫʛʣʝʚʦʜʥʽ, ʫ 

ʤʦʣʝʢʫʣʘʭ ʷʢʠʭ ʩ ʚʫʛʣʝʮʝʚʽ ʘʪʦʤʠ, ʱʦ ʚʠʪʨʘʯʘʶʪʴ ʥʘ ʟʚôʷʟʦʢ ʟ 

ʩʫʩʽʜʥʽʤʠ ʧʦʜʽʙʥʠʤʠ ʘʪʦʤʘʤʠ ʙʽʣʴʰʝ ʚʽʜ ʦʜʥʽʩʾ ʚʘʣʝʥʪʥʦʩʪʽ ð ʜʚʽ ʘʙʦ 

ʪʨʠ. ʆʪʞʝ, ʚ ʥʝʛʨʘʥʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʷʭ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ̔ ʩʥʫʶʪʴ 

ʧʦʜʚʽʡʥʽ ʘʙʦ ʧʦʪʨʽʡʥʽ ʟʚôʷʟʢʠ ð ʦʜʠʥ ʦ-ʟʚôʷʟʦʢ, ʨʝʰʪʘ ð /ʪ-ʟʚôʷʟʢʠ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʠʚʫ /ʪ-ʟʚôʷʟʢʫ, ʷʢʠʡ ʩ ʩʣʘʙʰʠʤ ʚʽʜ ʦ-ʟʚôʷʟʢʫ, 

ʟʚʽʣʴʥʷʶʪʴʩʷ ʚʘʣʝʥʪʥʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʘʪʦʤʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʧʨʠʩʜʥʘʥʥʷ 

ʘʪʦʤʽʚ ʨʽʟʥʠʭ ʨʝʘʛʝʥʪʽʚ. ʎʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʥʝʛʨʘʥʠʯʥʽ ʩʧʦʣʫʢʠ ʚʫʛʣʝʮʶ 

ʨʝʘʢʮʽʡʥʦ ʘʢʪʠʚʥʽʰʽ, ʥʽʞ ʛʨʘʥʠʯʥʽ. ʅʝʛʨʘʥʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ ʥʘʟʠʚʘʶʪʴ 

ʥʝʥʘʩʠʯʝʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʩʪʷʪʴ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʚʦʜʥʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʛʨʘʥʠʯʥʠʤʠ ʚʫʛʣʝʚʦʜʥʷʤʠ ʟ ʪʽʩʶ ʩʘʤʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʚ ʤʦʣʝʢʫʣʽ. 
 

8.2. ɸʃʄɸɿ 

 
ʈʽʟʥʽ ʪʠʧʠ sʨ-ʛʽʙʨʠʜʠʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 

ʥʘʦʯʥʦ ʧʨʦʷʚʣʷʶʪʴ ʩʝʙʝ ʫ ʬʦʨʤʫʚʘʥʥʽ ʨʽʟʥʠʭ ʡʦʛʦ ʘʣʦʪʨʦʧʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ. ɸʣʦʪʨʦʧʽʷ ð ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽʩʥʫʚʘʪʠ 

ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ʟ ʚʽʜʤʽʥʥʠʤʠ ʬʽʟʠʯʥʠʤʠ i 

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʗʩʢʨʘʚʠʤ ʧʨʦʷʚʦʤ ʚ ʜʽʾ sʨ*-ʛʽʙʨʠʜʠʟʘʮʽʾ ʩ 
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ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʽʩʾ ʽʟ ʜʚʦʭ ʥʘʡʚʽʜʦʤʽʰʠʭ ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ 

ʚʫʛʣʝʮʶ ð ʘʣʤʘʟʫ. ʋ ʩʪʨʫʢʪʫʨʽ ʘʣʤʘʟʫ ʘʪʦʤʠ ʚʫʛʣʝʮʶ, ʫʪʚʦʨʶʶʯʠ ʟ 

ʢʦʞʥʠʤ ʽʟ ʩʚʦʾʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʯʦʪʠʨʠ sp -ʟʚôʷʟʢʠ, ʬʦʨʤʫʶʪʴ 

ʪʝʪʨʘʝʜʨʠ. ʏʦʪʠʨʠ ʪʘʢʽ ʪʝʪʨʘʝʜʨʠ ʬʦʨʤʫʶʪʴ ʢʫʙ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ  

ʨʠʩ. 8.7. ʊʘʢʘ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʘʣʤʘʟʫ ʩ ʥʘʡʤʝʥʰʦʶ ʟ ycix 

ʤʦʞʣʠʚʠʭ, ʱʦ, ʷʢ ʢʨʠʩʪʘʣʽʯʥʘ ʛôʨʘʪʢʘ ʘʣʤʘʟʫ ʟʘʛʘʣʦʤ, ʚʦʣʦʜʽʩ 

ʢʫʙʽʯʥʦʶ ʩʠʤʝʪʨʽʩʶ. ɽʣʝʤʝʥʪʘʨʥʘ ʢʫʙʽʯʥʘ ʢʦʤʽʨʢʘ ʘʣʤʘʟʫ ð 

ʥʝʧʨʠʤʽʪʠʚʥʘ, ʥʘ ʥʝʾ ʧʨʠʧʘʜʘʩ 8 ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. ʇʘʨʘʤʝʪʨ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛôʨʘʪʢʠ ʘʣʤʘʟʫ ʘ ð0,357 ʠʤ, ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ 

(ʢʽʣʴʢʽʩʪʴ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ) Z = 4. 
 

ʈʠʩ. 8.7. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʈʠʩ. 8.8. ʇʝʨʰʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ 

ʘʣʤʘʟʫ  ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʘʣʤʘʟ 

ʂʨʠʩʪʘʣʠ ʘʣʤʘʟʫ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʬʦʨʤʫ ʦʢʪʘʝʜʨʘ, ʨʦʤʙʦ- 

ʜʦʜʝʢʘʝʜʨʘ, ʢʫʙʘ ʘʙʦ ʪʝʪʨʘʝʜʨʘ. ɿʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʘʣʤʘʟ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʪʘʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ ʥʴʦʤʫ 

ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦ, ʥʝ ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʩʪʽʡʢʫ ʤʦʜʠʬʽʢʘʮʽʶ ʚʫʛʣʝʮʶ 

ð ʛʨʘʬʽʪ. ʅʘ ʛʨʘʬʽʪ ʘʣʤʘʟ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ 

ʚʘʢʫʫʤʽ ʯʠ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ, ʤʠʥʘʶʯʠ ʩʪʘʜʽʶ ʧʣʘʚʣʝʥʥʷ, ʫ 

ʧʨʠʩʫʪʥʦʩʪ ̔ʢʠʩʥ ʁð ʟʛʦʨʘʩ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ  ʙʣʠʟʴʢʦ 870 ʆʉ. 

ʆʩʢʽʣʴʢʠ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ ʜʚʦʭ 

ʦʜʥʘʢʦʚʠʭ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʠʭ ʢʫʙʽʯʥʠʭ (ɻʎʂ) ʙʨʘʪʦʢ ɹʨʘʚʝ, ʟʤʽʱʝʥʠʭ 

ʦʜʥʘ ɦ ʦʜʦ ʦʜʥʦʾ ʚʟʜʦʚʞ ʜʽʘʛʦʥʘʣʽ ʢʫʙʘ ʥʘ ʦʜʥʫ ʯʚʝʨʪʴ i-i ʜʦʚʞʠʥʠ, ʪʦ 

ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʘʣʤʘʟʫ, ʷʢ i ɻʎʂ ɻʨʘʪʢʠ, ʤʘʩ ʬʦʨʤʫ ʦʢʪʘʝʜʨʘ ʟʽ 

ʟʨʽʟʘʥʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʷʢʠʭ ʫ ʥʴʦʛʦ ʰʽʩʪʴ (ʨʠʩ. 8.8). 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʩʠʤʝʪʨʠʯʥʠʤʠ ʪʦʯʢʘʤʠ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʩ iµ 

ʮʝʥʪʨ ð ʪʦʯʢʠ ɻ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ɻ(0,0,0), ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʪʦʯʢʠ ʚʠʩʦʢʦʾ 

ʩʠʤʝʪʨʽʾ ʥʘ ʛʨʘʥʠʮʽ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ð ʪʦʯʢʘ ʍ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʕf(0, 0, 2ʪʪ/ʦ), ʪʦʯʢʘ L ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ L( ʪʪ/ʧ, 3/a, Tf/a), ʪʦʯʢʘ ʂ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ /f(ɿʪʪ/2ʦ, ɿʊʪ/2ʧ, 0) i ʪʦʯʢʘ W  ʟ  ʢʦʦʨʜʠʥʘʪʘʤʠ 
W(3/a, 0, 2TT/o). 
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ɿʘ ʩʚʦʩʶ ʝʣʝʢʪʨʦʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʘʣʤʘʟ ʩ ʜʽʝʣʝʢʪʨʠʢʦʤ ʟ 

ʥʝʧʨʷʤʦʶ ʚ ʦʙʝʨʥʝʥʦʤʫ k-ʧʨʦʩʪʦʨʽ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ, ʰʠʨʠʥʘ 

ʷʢʦʾ ʟʘ ʛʝʣʽʩʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʥʦʚʠʪʴ 5,47 eB. 

 
 

8.3. ɻʈɸʌɯʊ 

 
sʨ*-ʛʽʙʨʠʜʠʟʘʮʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʚʫʛʣʝʮʶ ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʩ 

ʩʝʙʝ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʽʥʰʦʾ ʡʦʛʦ ʘʣʦʪʨʦʧʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ð 

ʛʨʘʬʽʪʫ, ̫ ʢʘ ʩ ʥʘʡʩʪʽʡʢʽʰʦʶ ʟʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ. ɻʨʘʬʽʪ ʤʘʩ h ʘʨʫʚʘʪʫ 

ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʽʡ ʘʪʦʤʥʽ ʧʣʦʱʠʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʰʝʩʪʠʢʫʪʥʠʢʽʚ i 

ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ ʦʜʥʘ ʟ ʽʥʰʦʶ. ɸʪʦʤʠ ʚʫʛʣʝʮʶ ʢʦʞʥʦʛʦ ʰʘʨʫ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʦʪʠ ʮʝʥʪʨʽʚ ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʩʫʩʽʜʥʽ 

ʰʘʨʠ ð ʚʝʨʭʥʽʡ i ʥʠʞʥʽʡ. ʇʦʣʦʞʝʥʠʷ ʰʘʨʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʤʠ 

ʰʝʩʪʠʢʫʪʥʠʢʘʤʠ, ʧʦʚʪʦʨʷʩʪʴʩʷ ʯʝʨʝʟ ʦʜʠʥ. ʂʦʞʝʥ ʰʘʨ ʟʩʫʥʫʪʠʡ 

ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ 0,1418 ʠʤ, ʱʦ 

ʜʦʨʽʚʥʶʩ ʚʽʜʜʘʣʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʚ ʰʘʨʽ ʛʨʘʬʽʪʫ. 

ɻʨʘʬʽʪ ʚʦʣʦʜʽʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʛôʨʘʪʢʦʶ (ʨʠʩ. 8.9) ʟ 

ʪʘʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: ʘ ð 0,2456 HM, 

ʩ ðð 0,67079 ʠʤ, Z = 3. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʛʨʘʬʽʪʫ ʥʝʧʨʠʤʽʪʠʚʥʘ, 

ʚʦʥʘ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʘʪʦʤʠ ʚʫʛʣʝʮʶ. 

ɺʩʝʨʝʜʠʥʽ ʰʘʨʫ ʛʨʘʬʽʪʫ ʟʚôʷʟʢʠ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ 

ʢʦʚʘʣʝʥʪʥʽ. ɺʦʥʠ ʷʢʨʘʟ i ʬʦʨʤʫʶʪʴʩʷ sʨ2-ʛʽʙʨʠʜʥʠʤʠ ʦʨʙʽʪʘʣʷʤʠ. 

ɿʚôʷʟʦʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʰʘʨʘʤʠ ʛʨʘʬʽʪʫ ʟʜʽʡʩʥʶʩʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʣʘʙʢʠʭ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʽʚʩʴʢʠʭ ʩʠʣ. 

ɸʪʦʤʠ ʚʫʛʣʝʮʶ ʚ ʦʜʠʥʠʯʥʦʤʫ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤʫ ʰʘʨʽ ʛʨʘʬʽʪʫ 

ʟʥʠʟʫ i ʟʚʝʨʭʫ ʘʙʩʦʣʶʪʥʦ ʦʛʦʣʝʥʽ. ʋʪʚʦʨʶʶʯʠ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʟ 

ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ, ʱʦ ʨʦʟʤʽʱʘʶʪʴʩʷ ʫ ʧʣʦʱʠʥʽ, ʚʦʥʠ ʤʘʡʞʝ 

ʥʝʩʧʨʠʡʥʷʪʣʠʚʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʽʥʰʠʭ ʟʚôʷʟʢʽʚ. ʆʪʞʝ, ʫ ʛʨʘʬʽʪʽ 

ʧʨʦʷʚʣʷʩʪʴʩʷ ʧʨʠʨʦʜʦʶ ʟʘʢʣʘʜʝʥʘ ʟʜʘʪʥʽʩʪʴ ʚʫʛʣʝʮʶ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʩʚʽʪʽ ʭʽʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʤʝʤʙʨʘʥ 

ʟʘʚʪʦʚʰʢʠ ʚ ʦʜʠʥ ʘʪʦʤ. ʋ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ ʝʣʝʤʝʥʪʘʨʥʘ 

ʢʦʤʽʨʢʘ ʤʽʩʪʠʪʴ ʜʚʘ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ ʘʪʦʤʠ, ʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʩ 

ʰʝʩʪʠʢʫʪʥʠʢʦʤ, ʧʦʢʘʟʘʥʠʤ ʥʘ ʨʠʩ. 8.10. 

ʊʨʠ ʦʨʙʽʪʘʣʽ, ʫʪʚʦʨʝʥʽ ʟ ʬʫʥʢʮʽʡ s-, ʨʫ- i pt-ʩʠʤʝʪʨʽʾ, ʣʝʞʘʪʴ ʫ 

ʧʣʦʱʠʥʽ ʰʘʨʫ ʡ ʫʪʚʦʨʶʶʪʴ -r ʟʚôʷʟʢʠ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ. -r 

ʦʨʙʽʪʘʣʽ ʧʦʚʥʽʩʪʶ ʟʘʡʥʷʪʽ i ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʽ ʫ ʧʨʦʚʽʜʥʦʩʪʽ. ʏʝʪʚʝʨʪʠʡ 

ʝʣʝʢʪʨʦʥ ʤʘʩ ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ ʨ,-ʩʠʤʝʪʨʽʾ. ʆʨʙʽʪʘʣʽ ʮʠʭ ʝʣʝʢʪʨʦʥʽʚ 
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ʩʧʨʷʤʦʚʘʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʘʪʦʤʥʦʛʦ ʰʘʨʫ i ʫʪʚʦʨʶʶʪʴ ʪ- 

ʟʚôʷʟʢʠ. ʉʘʤʝ ʪ-ʝʣʝʢʪʨʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʽʪʫ. 

ɿʘ ʩʚʦʩʶ ʝʣʝʢʪʨʦʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʦʢʨʝʤʠʡ ʧʣʦʩʢʠʡ ʰʘʨ 

ʛʨʘʬʽʪʫ ʩ ʥʘʧʽʚʤʝʪʘʣʦʤ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʟ ʥʫʣʴʦʚʦʶ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ð ʡʦʛʦ ʚʘʣʝʥʪʥʘ ʟʦʥʘ i ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ 

ʬʦʨʤʫʶʪʴʩʷ ʟʘʧʦʚʥʝʥʦʶ i ʧʦʨʦʞʥʴʦʶ ʪ-ʩʤʫʛʘʤʠ, ʷʢʽ ʩʪʠʢʘʶʪʴʩʷ ʫ 

ʰʝʩʪʠʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʽʡ ʪʦʯʮʽ ʂ ʥʘ ʢʨʘʶ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ. 

ʈʠʩ. 8.9. ʂʨʠʩʪʘʣʽʯʥʘ ʛʨʘʪʢʘ ʛʨʘʬʽʪʫ. ɸ, ɺ ð ʚʫʛʣʝʮʝʚʽ 

ʰʘʨʠ. ʇʫʥʢʪʠʨʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʘ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ 

ʢʨʠʩʪʘʣʽʯʥʦòʽòʩʪʨʫʢʪʫʨʠ 
 
 
 

ʘ ʙ 

 

 
 

ʈʠʩ. 8.10. ʇʝʨʰʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʦʜʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ (ʘ) i 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ (ʙ) ʛʨʘʬʽʪʫ; ʚ ð ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʦʜʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ 

 
ʊʦʯʢʘ k ʚʽʜʧʦʚʽʜʘʩ ʢʫʪʘʤ ʟʦʥʠ, ʷʢʘ ʤʘʩ ʬʦʨʤʫ ʰʝʩʪʠʢʫʪʥʠʢʘ. 

ʆʩʢʽʣʴʢʠ ʚ ʮʽʡ ʪʦʯʮʽ ʚʽʜʙʫʚʘʩʪʴʩʷ ʨʦʟʜʽʣʝʥʥʷ ʤʽʞ ʟʘʧʦʚʥʝʥʠʤʠ i 

ʚʽʣʴʥʠʤʠ ʩʪʘʥʘʤʠ ʝʣʝʢʪʨʦʥʽʚ, ʪʦ ʟʥʘʯʝʥʠʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʝʣʝʢʪʨʦʥʘ ʚ ʪʦʯʮʽ ʂ ʚʽʜʧʦʚʽʜʘʩ ʟʥʘʯʝʥʥʶ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʝʣʝʢʪʨʦʥʘ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ ʧʨʠ 0 ʂ. ɺ ʦʢʦʣʽ ʪʦʯʢʠ ɻ ʝʥʝʨʛʽʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k-k . ʅʘ 

ʧʦʚʝʨʭʥʽ ʌʝʨʤʽ ʜʽʘʛʨʘʤʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʤʘʩ ʚʫʟʦʣ, ʪʦʤʫ ʛʨʘʬʽʪ ð ʥʝ 

ʥʘʜʪʦ ʜʦʙʨʠʡ ʧʨʦʚʽʜʥʠʢ. ʉʘʤʝ ʟʽ ʩʧʝʮʠʬʽʢʦʶ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʟʫʤʦʚ- 

20 

 
10 

-10 

 
-20 
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ʣʝʥʦʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛôʨʘʪʢʠ ʛʨʘʬʽʪʫ, 

ʧʦʚôʷʟʘʥʽ ʥʝ ʥʘʜʪʦ ʚʠʩʦʢʽ ʡʦʛʦ ʧʨʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʘ  ʚʠʩʦʢʠʭ  ʪʝʤʧʝʨʘʪʫʨ   ð  ʧʦʥʘʜ  400 ʆʉ  ʚ  ʘʪʤʦʩʬʝʨ ̔  ʧʦʚʽʪʨʷ 

ʛʨʘʬʽʪ ʦʢʠʩʥʶʩʪʴʩʷ ʢʠʩʥʝʤ Ot, ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ 

ʉʆ2. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʪʠʤ ʚʠʱʘ, ʯʠʤ 

ʜʦʩʢʦʥʘʣʽʰʦʶ ʩ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʽʪʫ. ʆʢʠʩʥʝʥʥʷ 

ʧʨʠʩʢʦʨʶʩʪʴʩʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ Fe, V, Na, ʉʦ ʪʘ ̔ ʥʰʠʭ ʤʝʪʘʣʽʚ. 

 

8.4. ʃɯʅɯʁʅɯ ʌʆʈʄʋɺɸʅʅʗ 

i ʤʦʥʦʮʠʢʣʽʯʥʽ ʢʽʣʴʮʷ 

sʨ ɱ-ʛʽʙʨʠʜʠʟʘʮʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʚʫʛʣʝʮʶ ʧʨʦʷʚʣʷʩʪʴʩʷ ʧʽʜ 

ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. ɿʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

yci ʨʝʯʦʚʠʥʠ ʚʠʧʘʨʦʚʫʶʪʴʩʷ. ɿʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ ʚʽʜ 1000 Áʉ, 

ʧʘʨʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʤʝʥʪʘ ʇʝʨʽʦʜʠʯʥʦʾ  ʪʘʙʣʠʮʽ  ʩ  ʧʝʨʝʚʘʞʥʦ 

ʦʜʥʦʘʪʦʤʥʦʶ  ʘʙʦ ʜʚʦʘʪʦʤʥʦʶ. ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪ ɹʚʫʛʣʝʮʴ. ʁʦʛʦ 

ʧʘʨʘ, ʱʦ ʧʝʨʝʙʫʚʘʩ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟ ʪʚʝʨʜʦʶ ʬʘʟʦʶ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʚʽʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

ʙʣʠʟʴʢʦ 3000 ð 4000 ʆʉ  ʬʦʨʤʫʩʪʴʩ ̫ ʧʝʨʝʚʘʞʥʦ  ʢʣʘʩʪʝʨʘʤʠ ʉʣ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ  ʟʽ ʩʢʽʥʯʝʥʥʦʾ,  ʭʦʯʘ  i  ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʦʾ, ʢʽʣʴʢʦʩʪʽ ʟʚôʷʟʘʥʠʭ ʘʪʦʤʽʚ. 

ɺʤʽʩʪ ʥʝʚʝʣʠʢʠʭ ʢʣʘʩʪʝʨʽʚ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʚʫʛʣʝʮʝʚʽʡ ʧʘʨʽ 

ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʥʠʡ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʩ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʶ, ʷʢʘ ʩ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʭʽʤʽʯʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʠ (ʢʣʘʩʪʝʨʽʚ ʽʟ 

ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʜʦ 20), ʧʦʢʘʟʘʣʠ, ʱʦ ʜʨʽʙʥʽ ʢʣʘʩʪʝʨʠ ʚʽʜ Cd ʜʦ ʉ10 

ʤʘʶʪʴ ʬʦʨʤʫ ʣʽʥʽʡʥʠʭ ʣʘʥʮʶʞʢʽʚ, ʪʦʜʽ ʷʢ ʙʽʣʴʰʽ ʬʦʨʤʫʶʪʴ 

ʤʦʥʦʮʠʢʣʽʯʥʽ ʢʽʣʴʮʷ. ʉʫʢʫʧʥʽʩʪʴ ʭʽʤʽʯʥʦ ʥʝ ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʣʽʥʽʡʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʣʘʥʮʶʞʢʽʚ ʥʘʟʠʚʘʶʪʴ ʱʝ ʢʘʨʙʽʥʘʤʠ. 

ʆʪʞʝ, ʚʫʛʣʝʮʴ ʚʦʣʦʜʽʩ ʬʘʢʪʠʯʥʦ ʫʥʽʢʘʣʴʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 

ʬʦʨʤʫʚʘʪʠ ʢʣʘʩʪʝʨʠ, ̫ ʢʽ ʩ ʥʘʩʪʽʣʴʢʠ ʩʪʘʙʽʣʴʥʠʤʠ, ɦ ʦ ʥʘʚʽʪʴ ʟʘ ʜʫʞʝ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩ ʜʦʤʽʥʫʶʯʦʶ ʩʢʣʘʜʦʚʦʶ ʧʘʨʠ ð ʾʭʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʝʨʝʚʘʞʘʩ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʦʥʦʘʪʦʤʥʦʛʦ ʚʫʛʣʝʮʶ C1. 

ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʘʪʦʤʽʚ ʉ ʫ ʤʝʞʘʭ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ ʜʦʨʽʚʥʶʩ 

ʜʚʦʤ. ʎʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʭʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ ̔ ʟ ñʩʫʩʽʜʘʤʠò ʫʪʚʦʨʶʩʪʴʩʷ ʥʝ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ, ʘ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʘʙʦ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɺʽʥ ʨʝʘʣʽʟʫʩʪʴʩʷ ʷʢʨʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ spf ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ 
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ʚʫʛʣʝʮʶ, ̫ ʢʽ h ʠʢʫʶʪʴʩʷ ʫ ʧʨʷʤʽ (ʢʣʘʩʪʝʨʠ ð ʣʘʥʮʶʞʢʠ) ʘʙʦ ʟʘʤʢʥʫʪʽ 

(ʢʣʘʩʪʝʨʠ ð ʤʦʥʦʮʠʢʣʽʯʥʽ ʢʽʣʴʮʷ) ʣʽʥʽʾ. 

ʋ ʣʘʥʮʶʞʢʫ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʛʽʙʨʠʜʥʽ sʨ-ʦʨʙʽʪʘʣʽ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʘʪʦʤʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ, ʫʪʚʦʨʶʶʪʴ ʦʜʠʥʘʨʥʠʡ ʦ- 

ʟʚôʷʟʦʢ ʤʽʞ ʮʠʤʠ ʘʪʦʤʘʤʠ. ʂʦʞʥʘ ʽʟ 2ʨ-ʦʨʙʽʪʘʣʝʡ ʦʜʥʦʛʦ ʘʪʦʤʘ 

ʚʫʛʣʝʮʶ ʧʝʨʝʢʨʠʚʘʩʪʴʩʷ ʟ ʦʜʥʽʩʶ ʟ ʜʚʦʭ 2ʨ-ʦʨʙʽʪʘʣʝʡ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʧʨʘʚʦʨʫʯ i ʣʽʚʦʨʫʯ, ʫʪʚʦʨʶʶʯʠ ʟ ʥʠʤʠ /ʪ-ʟʚôʷʟʢʠ. ɺ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʫ ʤʝʞʘʭ ʣʘʥʮʶʞʢʘ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʬʦʨʤʫʶʪʴʩʷ 

ʧʦʜʚʽʡʥʽ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ð ʦʜʠʥ ʦ-ʟʚôʷʟʦʢ i ʦʜʠʥ /ʪ-ʟʚôʷʟʦʢ. ʅʘ ʢʨʘʷʭ 

ʣʘʥʮʶʞʢʘ ʟʘʣʠʰʘʩʪʴʩʷ ʧʦ ʦʜʥʽʡ ʚʽʣʴʥʽʡ p- i sʨ-ʦʨʙʽʪʘʣʽ (ʨʠʩ. 8.11). 

 

     S              
 

ô ʉ ʉ 

 

 

 

 

ʈʠʩ. 8.11. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʣʘʥʮʶʞʢʘ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 
 

ʆʙʽʨʚʘʥʠʡ ʟʚôʷʟʦʢ ð ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʩʫʤʘʨʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ. ċµ 

ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʽʤʢʥʫʚʰʠ ʢʽʥʮʽ ʣʘʥʮʶʞʢʘ. ʇʨʠ ʮʴʦʤʫ, ʦʜʥʘʢ, 

ʟôʷʚʣʷʩʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʝʥʝʨʛʽʷ, ʟʫʤʦʚʣʝʥʘ ʧʨʫʞʥʦʶ ʜʝʬʦʨʤʘʮʽʩʶ 

ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʧʽʜ ʯʘʩ ʟʛʠʥʘʥʥʷ ʧʨʷʤʦʾ ʣʽʥʽʾ ʚ ʢʽʣʴʮʝ. ʗʢʱʦ ʧʨʦʛʨʘʰ 

ʚ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʣʘʥʮʶʞʢʘ ʘʪʦʤʽʚ ʚʥʘʩʣʽʜʦʢ ʧʦʷʚʠ ʜʝʬʦʨʤʘʮʽʾ ʡʦʛʦ 

ʟʛʠʥʫ ʧʝʨʝʚʘʞʘʩ ʚʠʛʨʘʰ ʚ ʝʥʝʨʛʽʾ ʫ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ ʤʽʞ ʢʨʘʡʥʽʤʠ ʘʪʦʤʘʤʠ ʣʘʥʮʶʞʢʘ, ʪʘʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʝ 

ʚʽʜʙʫʚʘʩʪʴʩʷ i ʣʘʥʮʶʞʦʢ ʟʘʣʠʰʘʩʪʴʩʷ ʣʽʥʽʡʥʠʤ. ɿʛʠʥ ʪʠʤ ̔ ʩʪʦʪʥʽʰʠʡ, 

ʯʠʤ ʢʦʨʦʪʰʠʡ ʣʘʥʮʶʞʦʢ. ʊʦʤʫ ʢʣʘʩʪʝʨʠ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ 

ʫʪʚʦʨʶʶʪʴ ʣʽʥʽʡʥʽ ʣʘʥʮʶʞʢʠ. 

ʋ ʜʦʚʛʠʭ ʣʘʥʮʶʞʢʘʭ ʩʠʪʫʘʮʽʷ ʟʚʦʨʦʪʥʘ ð ʚʠʛʨʘʰ ʚ ʝʥʝʨʛʽʾ 

ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʢʨʘʡʥʽʤʠ ʘʪʦʤʘʤʠ 

ʣʘʥʮʶʞʢʘ ʧʝʨʝʚʘʞʘʩ ʧʨʦʛʨʘʰ ʚ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʶ 

ʟʛʠʥʫ ʣʘʥʮʶʞʢʘ. ʊʦʤʫ ʢʣʘʩʪʝʨʠ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ 

ʫʪʚʦʨʶʶʪʴ ʤʦʥʦʮʠʢʣʽʯʥʽ ʢʽʣʴʮʷ. 

 
 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 
 

1. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʝʣʝʢʪʨʦʥʥʽ ʦʨʙʽʪʘʣʽ ʪʘ ʷʢʽ ʟ ʥʠʭ i ʯʦʤʫ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʘʪʦʤʽ ʚʫʛʣʝʮʶ. 

ʉ 



 

2. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʪʘ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʫ ʛʽʙʨʠʜʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ. 

3. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ sp 3-, sp2-  ̔sp1-ʛʽʙʨʠʜʠʟʘʮʽʾ. 

4. ʇʦʷʩʥʽʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʦʩʥʦʚʥʠʤ ʽ ʟʙʫʜʞʝʥʠʤ ʩʪʘʥʘʤʠ ʘʪʦʤʘ 

ʚʫʛʣʝʮʶ. 

5. ʆʙˇʨʫʥʪʫʡʪʝ ʨʦʣʴ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʚʫʛʣʝʮʶ ʟ ʩʫʩʽʜʘʤʠ. 

6. ɿʘʧʠʰʽʪʴ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʦʣʦʥʢʠ 

ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʚ ʦʩʥʦʚʥʦʤʫ ʽ ʚʘʣʝʥʪʥʦʤʫ ʩʪʘʥʘʭ. 

7. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ů-ʟʚôʷʟʢʫ, -́ʟʚôʷʟʢʫ, ʧʦʨʽʚʥʷʡʪʝ ʤʽʮʥʽʩʪʴ ʮʠʭ 

ʟʚôʷʟʢʽʚ ʽ ʧʦʷʩʥʽʪʴ, ʷʢʫ ʨʦʣʴ ʫ ʾʭʥʴʦʤʫ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʽʛʨʘʶʪʴ ʯʠʩʪʽ s-, 

p- ʽ ʛʽʙʨʠʜʠʟʦʚʘʥʽ sp-ʦʨʙʽʪʘʣʽ. 

8. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʦʜʠʥʘʨʥʠʡ, ʢʨʘʪʥʠʡ ʭʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʘʪʦʤʘʤʠ ʽ ʷʢʫ ʨʦʣʴ ʫ ʾʭʥʴʦʤʫ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʽʛʨʘʶʪʴ ů-  ̔́ -ʟʚôʷʟʢʠ. 

9. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʥʘʩʠʯʝʥʽʩʪʴ ʽ ʥʝʥʘʩʠʯʝʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʚ ʾʭʥʽʭ ʩʧʦʣʫʢʘʭ ʽ ʩʪʨʫʢʪʫʨʘʭ. 

10. ʇʦʷʩʥʽʪʴ, ʷʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʥʘʩʠʯʝʥʽ ʽ ʥʝʥʘʩʠʯʝʥʽ ʭʽʤʽʯʥʽ 

ʟʚôʷʟʢʠ ʫ ʭʽʤʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʩʧʦʣʫʢ ʽ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ. 

11. ʇʦʷʩʥʽʪʴ, ʱʦ ʥʘʟʠʚʘʶʪʴ ʘʣʦʪʨʦʧʽʻʶ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ̔  

ʥʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʚ ʧʨʠʨʦʜʽ. 

12. ʆʙˇʨʫʥʪʫʡʪʝ ʨʦʣʴ sp 3-, sp 2- ʽ sp 1-ʛʽʙʨʠʜʠʟʘʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʨʽʟʥʠʭ ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʚʫʛʣʝʮʶ. 

13. ʅʘʟʚʽʪʴ ʚʽʜʦʤʽ ʚʘʤ ʘʣʦʪʨʦʧʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʶ. 

14. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʘʣʤʘʟʫ ʟ ʧʦʛʣʷʜʫ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

15. ʇʦʢʘʞʽʪʴ ʨʦʣʴ sp 3-ʛʽʙʨʠʜʠʟʘʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʘʣʤʘʟʫ. 

16. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʨʘʬʽʪʫ ʟ ʧʦʛʣʷʜʫ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

17. ʇʦʢʘʞʽʪʴ ʨʦʣʴ sp 2-ʛʽʙʨʠʜʠʟʘʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʫ. 

18. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʽʥʽʡʥʠʭ ʣʘʥʮʶʞʢʽʚ ʽ ʤʦʥʦʮʠʢʣʽʯʥʠʭ 

ʢʽʣʝʮʴ ʚʫʛʣʝʮʶ ʟ ʧʦʛʣʷʜʫ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʪʘ ʾʭʥʴʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ. 

19. ʇʦʢʘʞʽʪʴ ʨʦʣʴ sp 1-ʛʽʙʨʠʜʠʟʘʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ ʣʽʥʽʡʥʠʭ 

ʣʘʥʮʶʞʢʽʚ ʽ ʤʦʥʦʮʠʢʣʽʯʥʠʭ ʢʽʣʝʮʴ ʚʫʛʣʝʮʶ. 

20. ʇʦʙʫʜʫʡʪʝ ʝʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ʘʣʤʘʟʫ ʽ ʛʨʘʬʽʪʫ ʟʥʘʡʜʽʪʴ 

ʯʠʩʣʦ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʷʢʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʢʦʞʥʫ ʽʟ ʮʠʭ ʢʦʤʽʨʦʢ. 
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ʌʋʃɽʈɽʅʀ 

9.1. ɯʉʊʆʈɯʗ ɺɯɼʂʈʀʊʊʗ ʌʋʃɽʈɽʅɯɺ 

ʋ 1984 ʨ., ʜʦʩʣʽʜʞʫʶʯʠ ʥʘ ʚʠʩʦʢʦʯʫʪʣʠʚʦʤʫ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽ 

ʩʢʣʘʜ ʘʪʦʤʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʫ ʥʘʜʟʚʫʢʦʚʠʭ ʧʫʯʢʘʭ ʧʘʨʠ ʚʫʛʣʝʮʶ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʣʘʟʝʨʥʠʤ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ  ʚʫʛʣʝʮʝʚʦʾ  ʤʽʰʝʥʽ  ʫ  ʧʦʪʦʮʽ   ʛʝʣʽʶ,   ɽ. ʈʦʣʬʽʥʛ 

(ɽ. ɸ. Rohlfing), ɼ. ʂʦʢʩ (D. ʄ. Cox) i ɸ. ʂʘʣʜʦʨ (ɸ. Kaldor) ʦʪʨʠʤʘʣʠ 

ʤʘʩ-ʩʧʝʢʪʨ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 9.1. 

ʏʠʩʣʦ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ 

ʈʠʩ. 9.1. ʄʘʩ-ʩʧʝʢʪʨ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʫ ʥʘʜʟʚʫʢʦʚʦʤʫ ʧʫʯʢʫ, ʱʦ 

ʫʪʚʦʨʶʩʪʴʩʷ ʧʽʜ ʯʘʩ ʣʘʟʝʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦòʽòʤʽʰʝʥʽ ʚ 

ʽʤʧʫʣʴʩʥʦʤʫ ʥʘʜʟʚʫʢʦʚʦʤʫ ʩʦʧʣʽ ʚ ʘʪʤʦʩʬʝʨʽ ʛʝʣʽʶ.(ɿʛʽʜʥʦ ʟ Rohlfing ɽ.ɸ., Cox 

D.M., Kaldor ɸ. ɱ. Chem. Phys., 81 (1984) 3322) 

ɺʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ ʩʧʝʢʪʨʘ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʚʧʝʨʰʝ 

ʟʘʬʽʢʩʫʚʘʚ ʽʩʥʫʚʘʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʘʩ ʚʫʛʣʝʮʝʚʠʭ 

ʢʣʘʩʪʝʨʽʚ ʪʨʴʦʭ ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʝʡ. ʇʝʨʰʘ ð ʜʦʙʨʝ ʚʽʜʦʤʘ 

ʨʘʥʽʰʝ ʦʙʣʘʩʪʴ ʤʘʣʠʭ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʝʥʰʝ ʥʽʞ 25 ʘʪʦʤʽʚ ʥʘ 

ʢʣʘʩʪʝʨ i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʽʥʽʡʥʠʭ ʣʘʥʮʶʞʢʽʚ ʪʘ ʤʦʥʦʮʠʢʣʽʯʥʠʭ ʢʽʣʝʮʴ. 

ɼʨʫʛʘ ʦʙʣʘʩʪʴ ð ʦʙʣʘʩʪʴ ñʧʨʦʚʘʣʫò, ʷʢʘ ʚʽʜʧʦʚʽʜʘʩ ʩʢʣʘʜʘʤ ʚʽʜ 25 ʜʦ 

35 ʘʪʦʤʽʚ ʥʘ ʘʛʨʝʛʘʪ i ʚ ʷʢʽʡ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʜʫʞʝ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ, ʩʧʨʘʚʜʽ ʨʝʚʦʣʶʮʽʡʥʠʤ i ʥʦʚʠʤ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʷʚʠʣʦʩʷ ʽʩʥʫʚʘʥʥʷ ʤʘʩʠʚʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚʫʛʣʝʮʶ, ʷʢʽ ʩʣʽʜʫʶʪʴ ʟʘ 

ñʧʨʦʚʘʣʦʤò. ɺʦʥʠ ʬʦʨʤʫʶʪʴ ʪʨʝʪʶ ʦʙʣʘʩʪʴ, ʱʦ ʧʦʯʠʥʘʩʪʴʩʷ ʚʽʜ 

ʢʣʘʩʪʝʨʽʚ ʟ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ, ʪʨʦʭʠ ʤʝʥʰʦʶ ʟʘ 40, ʧʨʦʩʪʷʛʘʩʪʴʩʷ ʜʦ 
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ʟʥʘʯʝʥʴ ʙʽʣʴʰ ʥʽʞ 150 ʘʪʦʤʽʚ ʥʘ ʘʛʨʝʛʘʪ, ʽ ʚ ʷʢʽʡ ʜʦʤʽʥʫʶʪʴ ʢʣʘʩʪʝʨʠ ʟ 

ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ. ʄʘʙʫʪʴ, ʮʝ ʙʫʚ ʧʝʨʰʠʡ ʢʨʦʢ ʜʦ ʚʽʜʢʨʠʪʪʷ 

ʥʦʚʦʾ ʩʪʘʙʽʣʴʥʦʾ ʘʣʦʪʨʦʧʥʦʾ ʬʦʨʤʠ ʚʫʛʣʝʮʶ, ʷʢʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ 

ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʬʫʣʝʨʝʥʘ. ʊʘ ʜʣʷ ʩʘʤʦʛʦ ʚʽʜʢʨʠʪʪʷ ʟʥʘʜʦʙʠʚʩʷ ʱʝ 

ʦʜʠʥ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʡ, ʢʨʦʢ, ʷʢʠʡ ʛʦʪʫʚʘʣʦ ʜʫʞʝ ʙʘʛʘʪʦ 

ʥʘʫʢʦʚʮʽʚ ʽ ʥʘʫʢʦʚʠʭ ʛʨʫʧ, ʘʣʝ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʫ ʷʢʠʡ, ʷʢ ʚʠʟʥʘʚ ʫ 

1996 ʨ. ʅʦʙʝʣʽʚʩʴʢʠʡ ʢʦʤʽʪʝʪ ʧʨʠʩʫʜʞʝʥʥʷʤ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ ʟ 

ʭʽʤʽʾ, ʟʜʽʡʩʥʠʣʠ ʈ.ʌ. ʂʝʨʣ (Robert F. Curl), ʈ.ɽ. ʉʤʦʣʣʽ (Richard E. 

Smalley) ʽ ɻ. ʂʨʦʪʦ (Harold Kroto). 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 9.1 ʤʘʩ-ʩʧʝʢʪʨʘ, ʽʤʦʚʽʨʥʽʩʪʴ 

ʽʩʥʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʟ ʨʽʟʥʠʤʠ ʤʘʩʦʚʠʤʠ ʯʠʩʣʘʤʠ ʥʝ ʻ ʦʜʥʘʢʦʚʦʶ. 

ɼʣʷ ʜʝʷʢʠʭ ʽʟ ʮʠʭ ʯʠʩʝʣ ʚʦʥʘ ʻ ʧʦʤʽʪʥʦ ʚʠʱʦʶ ʚʽʜʥʦʩʥʦ ʩʫʩʽʜʽʚ. ʊʘʢʽ 

ʯʠʩʣʘ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ñʤʘʛʽʯʥʠʤʠò. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʨʠʩ. 9.1 ʜʦ 

ñʤʘʛʽʯʥʠʭò ʢʣʘʩʪʝʨʽʚ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ ʢʣʘʩʪʝʨʠ ʉ 11, ʉ15, ʉ19, ʉ60. ɿʘ 

ʚʠʟʥʘʥʥʷʤ ʩʘʤʠʭ ʘʚʪʦʨʽʚ ʚʽʜʢʨʠʪʪʷ ʬʫʣʝʨʝʥʽʚ, ʚʦʥʦ ʨʦʟʧʦʯʘʣʦʩʷ ʟ 

ʪʦʛʦ, ʱʦ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʦʜʝʨʞʘʥʥʷ ʧʫʯʢʽʚ ʧʘʨʠ 

ʚʫʛʣʝʮʶ ʢʣʘʩʪʝʨ ʉ 60 ʫ ʧʫʯʢʫ ʤʦʞʝ ʩʪʘʪʠ ñʩʫʧʝʨʤʘʛʽʯʥʠʤò, ʪʦʙʪʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʘ ʉ 60 ʚ ʾʾ ʨʦʟʧʦʜʽʣʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʢʣʘʩʪʝʨʽʚ ʤʦʞʝ 

ʜʫʞʝ ʩʠʣʴʥʦ ʧʝʨʝʚʘʞʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʽʚ ʫʩʽʭ ʽʥʰʠʭ ʢʣʘʩʪʝʨʽʚ. 

ʇʨʠʥʮʠʧ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʽʜ ʯʘʩ ʧʽʦʥʝʨʩʴʢʠʭ 

ʨʦʙʽʪ ʟ ʚʠʚʯʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʘʩʦʚʠʭ 

ʯʠʩʝʣ (ʚʽʜ ʜʚʦʭ ʜʦ ʜʚʦʭʩʦʪ), ʽʣʶʩʪʨʫʻ ʨʠʩ. 9.2, ʥʘ ʷʢʦʤʫ ʧʦʢʘʟʘʥʦ 

ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ ʩʪʨʠʞʥʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʈ. ʉʤʦʣʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʣʫʢ ʽ 

ʢʣʘʩʪʝʨʽʚ ʪʫʛʦʧʣʘʚʢʠʭ ʝʣʝʤʝʥʪʽʚ ï ʜʞʝʨʝʣʘ ʥʘʜʟʚʫʢʦʚʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʟ ʣʘʟʝʨʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʢʣʘʧʘʥʘ ʛʝʣʽʡ, ʪʠʩʢ ʷʢʦʛʦ ʥʘ ʚʭʦʜʽ ʤʽʛ 

ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʘʞ ʜʦ 9 ʘʪʤ., ʯʝʨʝʟ ʦʪʚʽʨ ʜʽʘʤʝʪʨʦʤ ʚ 

1 ʤʤ ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʥʘʣ, ʜʝ ʤʽʩʪʠʪʴʩʷ ʛʨʘʬʽʪʦʚʘ ʤʽʰʝʥʴ, ʷʢʘ 

ʦʙʜʫʚʘʻʪʴʩʷ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ. ɻʝʣʽʡ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʽʤʧʫʣʴʩʽʚ, 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʙʣʠʟʴʢʦ 1 ʤʩ. ʇʨʠʙʣʠʟʥʦ ʧʦʩʝʨʝʜʠʥʽ ʽʤʧʫʣʴʩʫ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʤʠʢʘʻʪʴʩʷ ʣʘʟʝʨ, ʱʦ ʧʨʘʮʶʻ ʫ ʨʝʞʠʤʽ ʤʦʜʫʣʷʮʽʾ 

ʜʦʙʨʦʪʥʦʩʪʽ. ʇʨʦʤʽʥʴ ʣʘʟʝʨʘ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʛʨʘʬʽʪʦʚʠʡ ʜʠʩʢ, 

ʚʠʧʘʨʦʚʫʶʯʠ ʩʪʨʫʤʽʥʴ ʧʘʨʠ ʚʫʛʣʝʮʶ. ɼʠʩʢ ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʧʝʨʝʤʽʱʘ- 

ʻʪʴʩʷ ʫ ʩʚʦʾʡ ʧʣʦʱʠʥʽ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʫʪʚʦʨʝʥʥʶ ʧʦʚʝʨʭʥʝʚʠʭ 

ʨʘʢʦʚʠʥ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɹʘʛʘʪʦʬʦʪʦʥʥʘ ʽʦʥʽʟʘʮʽʷ ʽ ʥʘʛʨʽʚʘʥʥʷ 

ʧʣʘʟʤʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ, ʦʙʤʝʞʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʦʜʠʥ ʧʦʩʪʨʽʣ ʣʘʟʝʨʥʦʾ ʛʘʨʤʘʪʠ. ʎʝ ʛʘʨʘʥʪʫʻ 
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ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʧʘʨʠ ʟ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʘʙʦ ʜʫʞʝ ʜʨʽʙʥʠʭ 

ʤʦʣʝʢʫʣ ʪʠʧʫ C2 ʘʙʦ Ct. 

ʃʘʟʝʨ ʜʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 
 

 

 

 

ɻʝʣʽʠ ʧʨʠ 10 ʘʪʤ. 
 

 

 

 

 

ɻʨʘʬʽʪʦʚʠʡ ʜʠʩʢ, ʱʦ ʦʙʝʨʪʘʩʪʴʩʷ ɯʥʪʝʛʨʫ8ʘʣʴʥʘ ʯʘʰʘ 
 

ʈʠʩ. 9.2. ɼʞʝʨʝʣʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʣʘʩʪʝʨʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ 

ʪʫʛʦʧʣʘʚʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. lʥʪʝʛʨʫʚʘʣʴʥʫ 

ʯʘʰʫ ʤʦʞʥʘ ʟʥʽʤʘʪʠ. 

 
ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʚʫʛʣʝʮʝʤ ʷʢ ʤʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʛʨʘʬʽʪʦʚʠʡ ʜʠʩʢ, ʱʦ ʧʦʚʽʣʴʥʦ ʦʙʝʨʪʘʚʩʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʚʘʣʦ 

ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʧʨʦʤʽʥʶʚʘʣʘʩʷ. ɼʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʣʘʟʝʨ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 532 ʠʤ, 

ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ 5 ʥʩ i ʝʥʝʨʛʽʩʶ 30ð40 ʤɼʞ. 

ɺʠʧʘʨʫʚʘʥʠʡ ʚʫʛʣʝʮʴ ʟʘʭʦʧʣʶʩʪʴʩʷ ʧʦʪʦʢʦʤ ʛʝʣʽʶ, ʟʤʽʰʫʩʪʴʩʷ ʟ 

ʥʠʤ i ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʭʦʣʦʜʞʫʩʪʴʩʷ. ʆʭʦʣʦʜʞʫʶʯʠʩʴ, ʧapa ʧʦʯʠʥʘʩ 

ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ ʚ ʢʣʘʩʪʝʨʠ. ʉʪʫʧʽʥʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ, 

ʟʤʽʥʶʶʯʠ ʪʠʩʢ ʛʝʣʽʶ, ʤʦʤʝʥʪ ʫʚʽʤʢʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʱʦʜʦ 

ʩʝʨʝʜʠʥʠ ʛʘʟʦʚʦʛʦ ʽʤʧʫʣʴʩʫ, ʘ ʪʘʢʦʞ ʜʦʚʞʠʥʫ i ʛʝʦʤʝʪʨʽʶ ʢʘʥʘʣʫ 

ʧʦʟʘ ʛʨʘʬʽʪʦʚʠʤ ʜʠʩʢʦʤ. ʋ ʢʽʥʮʽ ʛʘʟʦʚʦʛʦ ʢʘʥʘʣʫ ʤʦʛʣʘ ʨʦʟʤʽʱʘʪʠʩʷ 

ʽʥʪʝʛʨʫʚʘʣʴʥʘ ʯʘʰʘ, ʨʦʣʴ ʷʢʦʾ ʟʚʦʜʠʣʘʩʷ ʜʦ ʪʦʛʦ, ɦ ʦʙ ʟʙʽʣʴʰʫʚʘʪʠ 

ʯʘʩ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʡ ʽʥʰʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʫ ʧʫʯʢʫ ʧʘʨʠ 

ʚʫʛʣʝʮʶ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʡʦʛʦ ʥʘʜʟʚʫʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. 

ʇʽʩʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʫʯʦʢ ʯʝʨʝʟ ʩʦʧʣʦ ʟʘʟʥʘʩ ʥʘʜʟʚʫʢʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʫ ʚʝʣʠʢʫ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ. ʆʩʢʽʣʴʢʠ ʪʘʢʝ ʨʦʟʰʠʨʝʥʥʷ ʩ 

ʘʜʽʘʙʘʪʠʯʥʠʤ, ʢʦʤʧʦʥʝʥʪʠ ʛʘʟʦʚʦʛʦ ʧʫʯʢʘ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʢʝʣʴʚʽʥʽʚ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʥʘʩʣʽʜʦʢ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʤʝʪʨ 

ʛʘʟʦʚʦʡ ʭʤʘʨʠʥʢʠ ʚ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʘʟʽʚ ʧʝʨʝʚʠʱʠʪʴ ʜʽʘʤʝʪʨ 

ʩʦʧʣʘ, ʟʽʪʢʥʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʚ ʧʦʪʦʮʽ ʛʘʟʫ, ʱʦ ʨʦʟʰʠʨʷʶʪʴʩʷ, 

ʩʭʦʜʷʪʴ ʥʘʥʽʚʝʮʴ. ʎʝ ʩʧʨʠʷʩ ʬʦʨʤʫʚʘʥʥʶ ʚʫʟʴʢʦʛʦ, ʛʦʩʪʨʦ 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ, ʟʘ h ʚʠʜʢʦʩʪʷʤʠ ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ 

ʤʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʷʢʝ ʜʘʩ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ 
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ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʨʠ ʟʘ ʤʘʩʘʤʠ, ʱʦ ʜʘʩ ʜʫʞʝ ʮʽʥʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʫ ʧʫʯʢʫ. 

ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʘ C6o ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʘ 

ʜʫʞʝ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʫʛʣʝʮʶ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʮʠʭ ʫʤʦʚ iµ ʧʝʨʝʚʘʛʘ ʥʘʜ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʽʢʽʚ ʚʽʜ ʢʣʘʩʪʝʨʽʚ ʟ ʩʫʩʽʜʥʽʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʤʘʩʦʚʠʭ ʯʠʩʝʣ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ð 

ʧʨʠʙʣʠʟʥʦ ʚʽʜ ʜʚʦʭ ʜʦ ʧôʷʪʜʝʩʷʪʠ ʨʘʟʽʚ. ɿʘʣʝʞʥʽʩʪʴ ʚʠʜʫ ʤʘʩ- 

ʩʧʝʢʪʨʽʚ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʚʽʜ ʫʤʦʚ ʾʭʥʴʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 9.3. 
 
 

 

 
 

 
44 52 60 68 76 84 
ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʚ ʢʣʘʩʪʝʨʽ 

 
ʈʠʩ. 9.3. ʄʘʩ-ʩʧʝʢʪʨʠ ʚʫʛʣʝʮʝʚʠʭ ʢʣʘʩʪʝʨʽʚ ʚ ʦʢʦʣʽ ʉ60, ʱʦ ʽʣʶʉfʊt|0ʫʶʪʴ 

ʟʨʦʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦòʽòʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʘ ʉ6ʦ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʽñʽñ: ʘ ð 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʛʝʣʽʶ ʚ ʢʘʥʘʣʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʫʯʢʘ ʧʘʨʠ ʚʫʛʣʝʮʶ, ʥʘʷʚʥʘ 

ʽʥʪʝʛʨʫʚʘʣʴʥʘ ʯʘʰʘ; ʙ ð ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʛʝʣʽʶ ʚ ʢʘʥʘʣʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʫʯʢʘ ʧʘʨʠ ʚʫʛʣʝʮʶ, ʚʽʜʩʫʪʥʷ ʽʥʪʝʛʨʫʚʘʣʴʥʘ ʯʘʰʘ; ʚ ð ʪʠʩʢ ʛʝʣʽʶ ʚ ʢʘʥʘʣʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʧʫʯʢʘ ʧʘʨʠ ʚʫʛʣʝʮʶ ʥʝʚʝʣʠʢʠʡ, ʚʽʜʩʫʪʥʷ ʽʥʪʝʛʨʫʚʘʣʴʥʘ ʯʘʰʘ 

(ɿʛʽʜʥʦ ʟ ʂʝʨʣ ʈ.ʌ. ʋʌʅ, 168 (1998) 331a 

 
ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʘ ʢʣʘʩʪʝʨʘ Cpl ʩʪʘʩ ʪʠʤ 

ʙʽʣʴʰʦʶ, ʯʠʤ ʙʽʣʴʰʝ ʯʘʩʫ ʟʘʣʠʰʘʩʪʴʩʷ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

(ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ i ʚʠʱʝ) ʟʽʪʢʥʝʥʴ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʚʫʛʣʝʮʶ. 

ʆʩʥʦʚʥʠʡ ʚʠʩʥʦʚʦʢ, ʷʢʠʡ ʚʠʧʣʠʚʘʩ ʟ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʧʦʣʷʛʘʩ ʚ 



 

ʪʦʤʫ, ʱʦ ʥʝ ʚʩʽ ʦʙôʻʜʥʘʥʥʷ ʚʫʛʣʝʮʶ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʻ ʦʜʥʘʢʦʚʦ ʩʪʘʙʽʣʴʥʠʤʠ, ʦʜʥʘʢʦʚʦ ñʞʠʚʫʯʠʤʠò. ɿ- 

ʧʦʤʽʞ ʥʠʭ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʻ ʢʣʘʩʪʝʨ ʉ 60, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʥ 

ñʚʠʞʠʚʘʻò ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʟʽʪʢʥʝʥʴ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʠʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʡʦʛʦ ʧʽʢʘ. ɼʦʩʪʘʪʥʴʦ ñʞʠʚʫʯʠʤò, ʷʢ ʙʘʯʠʤʦ, 

ʻ ʪʘʢʦʞ ʢʣʘʩʪʝʨ ʉ70. 

ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʘʩ-ʩʧʝʢʪʨʽʚ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 9.3, ʻ ʪʝ, ʱʦ 

ʚʩʽ ʪʨʠ ʽʟ ʥʘʚʝʜʝʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʬʽʢʩʫʶʪʴ ʢʣʘʩʪʝʨʠ ʪʽʣʴʢʠ ʟ ʧʘʨʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʪʦʜʽ ʷʢ ʚ ʦʙʣʘʩʪʽ ʢʣʘʩʪʝʨʽʚ ʟ ʢʽʣʴʢʽʩʪʶ 

ʘʪʦʤʽʚ, ʤʝʥʰʦʶ ʚʽʜ 25, ʟ ʧʦʨʽʚʥʷʥʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʽʢʩʫʶʪʴʩʷ ʷʢ 

ʧʘʨʥʽ, ʪʘʢ ʽ ʥʝʧʘʨʥʽ ʢʣʘʩʪʝʨʠ (ʨʠʩ. 9.1). ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ: ʷʢʱʦ 

ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʯʘʩ, ʫʧʨʦʜʦʚʞ ʷʢʦʛʦ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʭʽʤʽʯʥʽ 

ʨʝʘʢʮʽʾ ʚ ʧʫʯʢʫ ʧʘʨʠ ʚʫʛʣʝʮʶ, ʪʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʽ ʫʤʦʚʠ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʟʘ ʷʢʠʭ ʷʢ ʧʘʨʥʽ, ʪʘʢ ʽ ʥʝʧʘʨʥʽ ʢʣʘʩʪʝʨʠ ʟ ʧʦʨʽʚʥʷʥʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʡ ʚ ʦʢʦʣʽ ʢʣʘʩʪʝʨʘ ʉ 60. ʎʝ ʱʝ 

ʨʘʟ ʩʚʽʜʯʠʪʴ, ʱʦ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʟʘ ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʬʦʨʤʫʶʪʴʩʷ ʚ ʧʘʨʦʚʽʡ ʬʘʟʽ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʤʘʶʪʴ ʨʽʟʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʱʦʜʦ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʟʽʪʢʥʝʥʴ. ɺʝʣʠʢʽ ʢʣʘʩʪʝʨʠ 

ʟ ʥʝʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʤʠ ʟʘ ʧʘʨʥʽ 

ʢʣʘʩʪʝʨʠ ʽ ʟʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʚʥʘʩʣʽʜʦʢ ʟʽʪʢʥʝʥʴ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢ ʽ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʟʘʣʝʞʠʪʴ ʧʝʨʝʜʦʚʩʽʤ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʦʙʽʨʚʘʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ï ʯʠʤ 

ʾʭ ʤʝʥʰʝ, ʪʠʤ ʩʪʨʫʢʪʫʨʘ ʩʪʘʙʽʣʴʥʽʰʘ. ʎʝ ʜʘʻ ʦʜʠʥ ʽʟ ʢʣʶʯʽʚ ʜʦ 

ʨʦʟʛʘʜʢʠ ʤʦʞʣʠʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʷʚʣʝʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ. 

ʗʢʙʠ ʘʪʦʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ñʚʘʞʢʽò ʢʣʘʩʪʝʨʠ ʚʫʛʣʝʮʶ, ʚʦʣʦʜʽʣʠ 

ʪʨʠʚʠʤʽʨʥʠʤ ʦʪʦʯʝʥʥʷʤ, ʪʦ ʥʝʤʠʥʫʯʝ ʽʩʥʫʚʘʣʠ ʙ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ 

ʧʦʟʠʮʽʾ ʮʠʭ ʘʪʦʤʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ï ʚ ʦʙôʻʤʽ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʤʧʣʝʢʩʫ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʣʘ ʙʠ ʥʝʤʠʥʫʯʽʩʪʴ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʽʨʚʘʥʠʭ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ ʫ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ, ʘ ʦʪʞʝ, ʥʝʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʾʾ ñʚʠʞʠʚʘʥʥʷò ʧʽʜ 

ʯʘʩ ʟʽʪʢʥʝʥʴ ʽʟ ʘʥʘʣʦʛʘʤʠ. ʊʦʤʫ ʣʦʛʽʯʥʦ ʚʚʘʞʘʪʠ, ʱʦ ʘʪʦʤʠ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʩʪʘʙʽʣʴʥʽ ʢʣʘʩʪʝʨʠ ʚʫʛʣʝʮʶ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ ʨʦʟʤʽʱʘʶʪʴʩʷ 

ʚ ʤʦʥʦʘʪʦʤʥʦʤʫ ʰʘʨʽ, ʜʣʷ ʷʢʦʛʦ ʥʝ ʽʩʥʫʻ ʧʦʥʷʪʪʷ ʦʙôʻʤʫ ʽ ʧʦʚʝʨʭʥʽ. 

ʑʦʙʠ ʤʦʥʦʘʪʦʤʥʠʡ ʰʘʨ ʥʝ ʤʘʚ ʦʙʽʨʚʘʥʠʭ ʟʚôʷʟʢʽʚ ʥʘ ʢʨʘʷʭ, ʚʽʥ 

ʧʦʚʠʥʝʥ ʟʘʤʠʢʘʪʠʩʷ ʩʘʤ ʥʘ ʩʝʙʝ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʟʘ 

ʩʚʦʻʶ ʙʫʜʦʚʦʶ ʚʠʷʚʣʝʥʽ ʢʣʘʩʪʝʨʠ ʤʘʶʪʴ ʬʦʨʤʫ ʟʘʤʢʥʫʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʢʘʨʢʘʩʥʠʭ ʩʪʨʫʢʪʫʨ. ʆʩʢʽʣʴʢʠ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʟ ʥʠʭ ʻ 

ʢʣʘʩʪʝʨ ʉ 60, ʪʦ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʡʦʤʫ ʢʘʨʢʘʩʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟ 60 ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʞʦʜʥʦʛʦ ʦʙʽʨʚʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, 

ʧʦʟʠʮʽʾ ʘʪʦʤʽʚ ʤʘʶʪʴ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ, ʚ ʩʪʨʫʢʪʫʨʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 
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ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ, ʱʦ ʤʦʛʣʠ ʙ ʟʫʤʦʚʣʶʚʘʪʠ ii 

ʧʽʜʚʣʘʜʥʽʩʪʴ ʭʽʤʽʯʥʦʤʫ ʚʧʣʠʚʫ. ʅʘʡʧʦʚʥʽʰʝ ʚʩʽ ʮʽ ʚʠʤʦʛʠ ʟʘʜʦʚʦʣʴʥʷʩ 

ʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʘ ʉèʦ. ʚ ʷʢʽʡ ʘʪʦʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʤʦʣʝʢʫʣʫ, ʨʦʟʤʽʱʘʶʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ. 

ɯʢʦʩʘʝʜʨ ð ʮʝ ʧʨʦʩʪʦʨʦʚʘ ʬʽʛʫʨʘ ʟ ʜʚʘʜʮʷʪʠ ʧʨʘʚʠʣʴʥʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ, ̫ ʢʽ ʩʭʦʜʷʪʴʩʷ ʫ ʜʚʘʥʘʜʮʷʪʠ ʚʝʨʰʠʥʘʭ (ʨʠʩ. 9.4). ʗʢʱʦ ʮʽ 

ʚʝʨʰʠʥʠ ʟʨʽʟʘʪʠ ʧʣʦʱʠʥʘʤʠ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʠʭ, ʱʦ ʜʦʨʽʚʥʶʩ ʦʜʥʽʡ 

ʪʨʝʪʽʡ ʩʪʦʨʦʥʠ ʪʨʠʢʫʪʥʠʢʘ, ʪʦ ʦʪʨʠʤʘʩʤʦ ʟʨʽʟʘʥʠʡ ʽʢʦʩʘʝʜʨ, ʷʢʠʡ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.5. ʈʝʙʨʘ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ i ʬʦʨʤʫʶʪʴ ʢʘʨʢʘʩ 

ʬʫʣʝʨʝʥʘ ʉ6ʦ. 

 

ʈʠʩ. 9.4. ʇʨʘʚʠʣʴʥʠʡ ʽʢʦʩʘʝʜʨ ʈʠʩ. 9.5. ɿʨʽʟʘʥʠʡ ʽʢʦʩʘʝʜʨ 

 
ʗʢ ʙʘʯʠʤʦ, ʟʨʽʟʘʥʠʡ ʽʢʦʩʘʝʜʨ ð ʮʝ ʬʽʛʫʨʘ, ʩʬʦʨʤʦʚʘʥʘ 20 

ʧʨʘʚʠʣʴʥʠʤʠ ʰʝʩʪʠʢʫʪʥʠʤʠ ʛʨʘʥʷʤʠ (ʛʝʢʩʘʛʦʥʘʤʠ) ʪʘ 12 ʧʨʘʚʠʣʴʥʠʤʠ 

ʧôʷʪʠʢʫʪʥʠʤʠ ʛʨʘʥʷʤʠ (ʧʝʥʪʘʛʦʥʘʤʠ), ̫ ʢʘ ʥʘʛʘʜʫʩ ʬʫʪʙʦʣʴʥʠʡ ʤôʷʯ. 

ɸʪʦʤʠ ʤʦʣʝʢʫʣʠ Cpl ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ ʫ ʚʝʨʰʠʥʘʭ 

ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ, ʟʘʡʤʘʶʯʠ ʘʙʩʦʣʶʪʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʧʦʟʠʮʽʾ, 

ʤʘʶʪʴ ʢʦʞʝʥ ʪʨʴʦʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʫʪʚʦʨʶʶʯʠ ʟ ʥʠʤʠ ʜʚʘ 

ʦʜʠʥʘʨʥʽ CðC ʪʘ ʦʜʠʥ ʧʦʜʚʽʡʥʠʡ ʉ=ʉ ʟʚôʷʟʢʠ. ʋ ʧôʷʪʠʢʫʪʥʠʢʘʭ i 

ʰʝʩʪʠʢʫʪʥʠʢʘʭ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ: 

ʧʝʨʰʽ ð ʦʜʠʥʘʨʥʽ, ʜʨʫʛʽ ð ʧʦʯʝʨʛʦʚʦ ʦʜʠʥʘʨʥʽ ʪʘ ʧʦʜʚʽʡʥʽ. ʂʦʞʝʥ ʽʟ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʤʝʞʫʩ ʟ ʪʨʴʦʤʘ ʧôʷʪʠʢʫʪʥʠʢʘʤʠ i ʪʨʴʦʤʘ ʰʝʩʪʠʢʫʪ- 

ʥʠʢʘʤʠ. ʇôʷʪʠʢʫʪʥʠʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʽʞ ʩʦʙʦʶ ʥʝ ʤʝʞʫʶʪʴ, ʢʦʞʝʥ 

ʽʟ ʥʠʭ ʤʝʞʫʩ ʣʠʰʝ ʟ ʰʝʩʪʠʢʫʪʥʠʢʘʤʠ. ʌʫʣʝʨʝʥ ʉʙ0. ʱʦ ʤʘʩ ʬʦʨʤʫ 

ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ, ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʙʘʢʤʽʥʩʪʝʨʬʫʣʝʨʝʥʦʤ. 

ɿʘʛʘʣʦʤ ʬʫʣʝʨʝʥʘʤʠ ʥʘʟʠʚʘʶʪʴ ʚʫʛʣʝʮʝʚʽ ʙʘʛʘʪʦʘʪʦʤʥʽ 

ʤʦʣʝʢʫʣʠ ʽʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʖ ʉʣ (ʣ ð ʧʘʨʥʝ ʯʠʩʣʦ), ʚ ʷʢʠʭ ʘʪʦʤʠ 

ʨʦʟʤʽʱʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʧʫʢʣʦʛʦ ʟʘʤʢʥʝʥʦʛʦ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ 

ʩʬʝʨʠʯʥʦʛʦ ʘʙʦ ʩʬʝʨʦʾʜʘʣʴʥʦʛʦ ʪʠʧʫ. ɿʦʙʨʘʞʘʶʪʴ ʬʫʣʝʨʝʥʠ ʧʦ- 

ʨʽʟʥʦʤʫ: ʫ ʚʠʛʣʷʜʽ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ, ʧʦʢʘʟʘʥʦʛʦ ʚʠʱʝ, ʤʽʞ 

ʚʝʨʰʠʥʘʤʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʦʜʠʥʘʨʥʽ ʡ ʧʦʜʚʽʡʥʽ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ; ʫ 

ʚʠʛʣʷʜʽ ʢʘʨʢʘʩʘ ʟ ʢʫʣʴʢʘʤʠ-ʘʪʦʤʘʤʠ ʫ ʚʝʨʰʠʥʘʭ; ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʤʘʨʠʥʦʢ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ʐʣʝʛʝʣʷ. 
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ɼʽʘʛʨʘʤʘ ʐʣʝʛʝʣʷ ð ʮʝ ʧʦʜʘʥʥʷ ʤʦʣʝʢʫʣʠ ʩʬʝʨʠʯʥʦʛʦ ʘʙʦ 

ʩʬʝʨʦʾʜʥʦʛʦ ʪʠʧʫ ʥʘ ʧʣʦʱʠʥʽ, ʜʝ ʚʩʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʧʨʦʥʫʤʝʨʦʚʘʥʽ 

ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʧʦʯʠʥʘʶʯʠ ʟ ʰʝʩʪʠʢʫʪʥʠʢʘ. ʋʤʦʚʥʦ 

ʜʽʘʛʨʘʤʫ ʐʣʝʛʝʣʷ ʬʫʣʝʨʝʥʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʧʨʦʢʦʣʦʚʰʠ ʙʫʜʴ- 

ʷʢʠʡ ʡʦʛʦ ʙʘʛʘʪʦʢʫʪʥʠʢ ʫ ʮʝʥʪʨʽ ʡ ʨʦʟʪʷʛʥʫʚʰʠ ʜʽʨʢʫ, ɦ ʦ ʫʪʚʦʨʠʣʘʩʷ, 

ʜʦ ʢʦʣʘ ʪʘʢʦʛʦ ʜʽʘʤʝʪʨʘ, ʟʘ ̫ ʢʦʛʦ ʚʩʽ ʚʝʨʰʠʥʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʙʘʛʘʪʦ- 

ʛʨʘʥʥʠʢʘ ʨʦʟʪʘʰʫʶʪʴʩʷ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɿʚʠʯʘʡʥʦ, ʙʘʛʘʪʦʢʫʪʥʠʢʠ i 

ʜʦʚʞʠʥʠ ʾʭʥʽʭ ʩʪʦʨʽʥ ʙʫʜʫʪʴ ʩʠʣʴʥʦ ʜʝʬʦʨʤʦʚʘʥʽ, ʘʣʝ ʟʘʪʝ 

ʟʘʣʠʰʠʪʴʩʷ ʦʩʥʦʚʥʝ ð ʥʘʦʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʟʘʩʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ycix ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʫ ʤʦʣʝʢʫʣʽ-ʬʫʣʝʨʝʥʽ. ɿʦʚʥʽʰʥʽʤ ʙʘʛʘʪʦʢʫʪʥʠʢʦʤ, 

ʷʢʠʡ ʦʙʨʘʤʣʷʩ ʜʽʘʛʨʘʤʫ ʐʣʝʛʝʣʷ ʬʫʣʝʨʝʥʘ, ʩ ʧôʷʪʠʢʫʪʥʠʢ ʘʙʦ 

ʰʝʩʪʠʢʫʪʥʠʢ. ʅʘ ʧʨʠʢʣʘʜʽ ʤʦʣʝʢʫʣʠ Cpl ʚʩʽ ʯʦʪʠʨʠ ʚʘʨʽʘʥʪʠ ʧʦʜʘʥʥʷ 

ʬʫʣʝʨʝʥʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.6. 
 
 

 
ʈʠʩ. 9.6. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʫʣʝʨʝʥʘ C6ʠ ʘ ð ʷʢ ʽʢʦʩʘʝʜʨʘ ʟ 

ʚʽʜʟʥʘʯʝʥʥʷʤ ʧʦʜʚʽʡʥʠʭ ʟʚôʷʟʢʽʚ; ʙ ð ʢʫʣʴʢʘʤʠ ʘʪʦʤʽʚ ʫ ʚʝʨʰʠʥʘʭ, ʟôʩʜʥʘʥʠʭ 

ʩʪʝʨʞʥʷʤʠ; ʚ ð ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʦñʽñʭʤʘʨʠʥʢʠ; ʛ ð ʜʽʘʛʨʘʤʦʶ ʐʣʝʛʝʣʷ ʟ 

ʧʨʦʥʫʤʝʨʦʚʘʥʠʤʠ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ 

 
ʉʴʦʛʦʜʥʽ ʜʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ 

ʬʫʣʝʨʝʥʽʚ:  ʪʘʢ ʟʚʘʥʠʭ  ʥʠʞʯʠʭ  ʬʫʣʝʨʝʥʽʚ (Cpl, ʉ24. ʉ28ü C30  ʉĂ), 

ʩʝʨʝʜʥʽʭ ʬʫʣʝʨʝʥʽʚ  (Cso,  ʉèʦ, Cpl), ʛʽʧʝʨʬʫʣʝʨʝʥʽʚ (ʉ76,  ʉ78, 3 82  3 84 

ʉ90. Cpl), ʘ ʪʘʢʦʞ ʬʫʣʝʨʝʥʽʚ-ʛʽʛʘʥʪʽʚ (Cè40, C540 C960) - 

 
9.2. CTPʋKTʋPA ʌʋʃɽʈɽʅɯɺ 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʉ60 ʩ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʛʨʘʬʽʪʫ. ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʛʨʘʬʽʪʫ ʷʢ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩ, ̫ ʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʟ ʭʽʤʽʯʥʦ 

ʩʪʘʙʽʣʴʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʤʝʤʙʨʘʥ ʟʘʚʪʦʚʰʢʠ ʚ ʦʜʠʥ ʘʪʦʤ. ʈʦʟʽʨʚʘʪʠ 

ʤʝʤʙʨʘʥʫ ʜʦʚʦʣʽ ʚʘʞʢʦ, ʘʣʝ ʚʽʜʜʽʣʠʪʠ ʤʝʤʙʨʘʥʠ ʦʜʥʫ ʚʽʜ ʦʜʥʦʾ, 

ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʣʘʙʢʠʤʠ ʚʘʥ-ʜʝʨ- 

ʚʘʘʣʴʩʽʚʩʴʢʠʤʠ ʩʠʣʘʤʠ, ʣʝʛʢʦ ð ʧʨʠʛʘʜʘʡʪʝ, ̫ ʢ ʣʝʛʢʦ ʧʠʰʝ ʦʣʽʚʝʮʴ ʟ 
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ʛʨʘʬʽʪʦʚʠʤ ʩʪʝʨʞʥʝʤ. ʊʦʤʫ ʧʨʠʨʦʜʥʦ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʩʘʤʝ ʪʘʢʽ 

ʤʝʤʙʨʘʥʠ ʧʦʚʠʥʥʽ ʚʽʜʽʛʨʘʚʘʪʠ ̔ ʩʪʦʪʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʣʘʩʪʝʨʽʚ. 

ɼʚʦʚʠʤʽʨʥʘ ʤʝʤʙʨʘʥʘ ʛʨʘʬʽʪʫ ð ʮʝ ʧʣʦʩʢʘ ʧʝʨʽʦʜʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʷʢʦʾ ʜʦʪʠʢʘʶʪʴʩʷ ʪʨʠ ʛʝʢʩʘʛʦʥʘʣʴʥʽ 

ʢʦʤʽʨʢʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.7. 
 
 

 
ʈʠʩ. 9.7. ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʰʘʨʫ ʛʨʘʬʽʪʫ 

 
ʆʜʥʘʢ ʰʘʨ, ʚʠʙʫʜʫʚʘʥʠʡ ʩʘʤʠʤʠ ʰʝʩʪʠʢʫʪʥʠʢʘʤʠ, ʥʝ ʤʦʞʥʘ 

ʟʘʤʢʥʫʪʠ ʩʘʤ ʥʘ ʩʝʙʝ, ʫʪʚʦʨʠʚʰʠ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʙʝʟ ʟʘʡʚʠʭ 

ʧʝʨʝʢʨʠʚʘʥʴ ʯʠ ʥʝʟʘʧʦʚʥʝʥʠʭ ʜʽʣʷʥʦʢ. 

3 ʤʘʪʝʤʘʪʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, 

ʫʧʨʦʚʘʜʠʚʰʠ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ ʰʘʨ ʜʚʘʥʘʜʮʷʪʴ ʧôʷʪʠʢʫʪʥʠʢʽʚ. ʗʢ 

ʩʪʚʝʨʜʞʫʩ ʧʨʘʚʠʣʦ ɽʡʣʝʨʘ, ʞʦʨʩʪʢʘ ʬʽʛʫʨʘ ʟ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʝʨʰʠʥ > 24 ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʟ 12 ʧôʷʪʠʢʫʪʥʠʢʽʚ ʪʘ 

( ð20)/2 ʰʝʩʪʠʢʫʪʥʠʢʽʚ. 

3 ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʚʽʜʦʤʦ, ʱʦ ʤʦʣʝʢʫʣʠ ʟ ʥʝʥʘʩʠʯʝʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ, ʚ ʷʢʠʭ ʧôʷʪʠʯʣʝʥʥʽ ʢʽʣʴʮʷ ʤʝʞʫʶʪʴ ʦʜʥʝ ʟ ʦʜʥʠʤ, ʩ ʜʫʞʝ 

ʥʝʩʪʘʙʽʣʴʥʠʤʠ. 

ɯʟ ʟʘʟʥʘʯʝʥʠʭ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʢʠ i ʭʽʤʽʾ ʚʠʧʣʠʚʘʩ, ʱʦ: 

1. ɿʘʤʢʥʫʪʽ ʚʫʛʣʝʮʝʚʽ ʢʘʨʢʘʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʙʫʜʫʚʘʥʽ ʟ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ i ʧôʷʪʠʢʫʪʥʠʢʽʚ. 

2. ɿʘʤʢʥʫʪʽ ʚʫʛʣʝʮʝʚʽ ʢʘʨʢʘʩʠ ʟ ʰʝʩʪʠʢʫʪʥʠʢʽʚ i ʧôʷʪʠʢʫʪʥʠʢʽʚ 

ʙʫʜʫʪʴ ʚʦʣʦʜʽʪʠ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʝʨʰʠʥ i ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʩʪʘʙʽʣʴʥʦʩʪʽ: ʩʪʘʙʽʣʴʥʽʰʠʤʠ ʽʟ ʮʠʭ ʩʪʨʫʢʪʫʨ ʙʫʜʫʪʴ ʪʽ, ʚ ʷʢʠʭ ʙʫʜʝ 

ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʱʦ ʤʝʞʫʶʪʴ ʤʽʞ ʩʦʙʦʶ. 

ʋ ʩʫʢʫʧʥʦʩʪʽ ʮʽ ʜʚʘ ʚʠʩʥʦʚʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʷʩʥʶʶʪʴ ʷʢ 

ʜʦʤʽʥʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ, ʪʘʢ i 

ʨʦʟʧʦʜʽʣ ʮʠʭ ʢʣʘʩʪʝʨʽʚ ʫ ʾʭʥʽʭ ʤʘʩ-ʩʧʝʢʪʨʘʭ ʫ ʧʦʥʷʪʪʷʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʘʨʢʘʩʥʠʭ ʩʪʨʫʢʪʫʨ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʪʘʢʽ ʤʦʣʝʢʫʣʠ ʥʝ 

ʤʘʶʪʴ ʦʙʽʨʚʘʥʠʭ ʟʚôʷʟʢʽʚ i ʪʦʤʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʨʽʚʥʷʥʦ (i ʧʨʠ ʪʦʤʫ ʫ 

ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ) ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʠʤʠ. 



 

ɿ ʧʨʘʚʠʣʘ ɽʡʣʝʨʘ, ʷʢʝ ʚʠʤʘʛʘʻ ʜʚʘʥʘʜʮʷʪʠ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʜʣʷ 

ʟʘʤʠʢʘʥʥʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʰʘʨʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʪʘʢʽ ʧôʷʪʠʢʫʪʥʠʢʠ ʥʝ ʤʘʣʠ ʞʦʜʥʦʾ ʩʧʽʣʴʥʦʾ ʪʦʯʢʠ, ʩʪʨʫʢʪʫʨʘ 

ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʱʦʥʘʡʤʝʥʰʝ 5Ĭ12 = 60 ʘʪʦʤʽʚ. ʗʢʱʦ ʮʽ 60 ʚʝʨʰʠʥ 

ʦʙôʻʜʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʘʜʮʷʪʠ ʰʝʩʪʠʢʫʪʥʠʢʽʚ (ʢʦʞʝʥ h ʝʩʪʠʢʫʪʥʠʢ 

ʤʘʪʠʤʝ ʧʦ ʦʜʥʽʡ ʩʧʽʣʴʥʽʡ ʩʪʦʨʦʥʽ ʟ ʪʨʴʦʤʘ ʽʥʰʠʤʠ, ʪʦʤʫ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʦʜʠʥ ʰʝʩʪʠʢʫʪʥʠʢ ʧʨʠʧʘʜʘʪʠʤʫʪʴ ʪʨʠ ʚʝʨʰʠʥʠ), ʪʦ ʽ 

ʦʪʨʠʤʘʻʤʦ ʤʦʣʝʢʫʣʫ ʚʫʛʣʝʮʶ ʉ 60. ʆʪʞʝ, ʩʝʢʨʝʪ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʬʫʣʝʨʝʥʘ ʉ60 ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʧʨʦʩʪʠʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʢʘʟʘʥʦʛʦ, ʯʠʤ ʤʝʥʰʝ ʘʪʦʤʽʚ ʫ ʬʫʣʝʨʝʥʽ, ʪʠʤ 

ʙʽʣʴʰʘ ʧʠʪʦʤʘ ʯʘʩʪʢʘ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ, ʪʠʤ ʤʝʥʰʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʫʣʝʨʝʥʘ. ʅʘʡʤʝʥʰʠʡ ʬʫʣʝʨʝʥ, ʷʢʠʡ ʤʽʛ ʙʠ ʽʩʥʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣʘ ɽʡʣʝʨʘ, ï ʮʝ ʟʘʤʢʥʫʪʘ ʬʽʛʫʨʘ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʘʥʘʜʮʷʪʠ ʧʨʘʚʠʣʴʥʠʭ ʧôʷʪʠʢʫʪʥʠʢʽʚ ï ʜʦʜʝʢʘʝʜʨ. 

ʆʩʢʽʣʴʢʠ ʫ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʜʦʜʝʢʘʝʜʨʘ ʩʭʦʜʷʪʴʩʷ ʪʨʠ ʧôʷʪʠʢʫʪʥʠʢʠ, 

ʪʦ ʢʦʞʥʘ ʽʟ ʚʝʨʰʠʥ ʥʘʣʝʞʠʪʴ ʧôʷʪʠʢʫʪʥʠʢʫ ʪʽʣʴʢʠ ʥʘ ʪʨʝʪʠʥʫ, ʘ ʦʪʞʝ, 

ʢʦʞʝʥ ʧôʷʪʠʢʫʪʥʠʢ ʧʦʩʪʘʚʣʷʻ ʟʘʤʢʥʫʪʽʡ ʬʽʛʫʨʽ 5/3 ʚʝʨʰʠʥ. ɸ 

ʜʚʘʥʘʜʮʷʪʴ ʟ ʥʠʭ ʚʥʦʩʷʪʴ 12Ĭ5/3 = 20 ʚʝʨʰʠʥ, ʪʦʙʪʦ ʥʘʡʤʝʥʰʠʤ 

ʬʫʣʝʨʝʥʦʤ ʤʦʞʝ ʙʫʪʠ ʤʦʣʝʢʫʣʘ ʉ 20. ɸʣʝ ʚʥʘʩʣʽʜʦʢ ʜʫʞʝ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʚʠʢʨʠʚʣʝʥʦʩʪʽ ʽ ʚʠʩʦʢʦʾ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘʢʘ ʤʦʣʝʢʫʣʘ 

ʚʫʛʣʝʮʶ ʤʘʣʘ ʙʠ ʙʫʪʠ ʜʫʞʝ ʥʝʩʪʘʙʽʣʴʥʦʶ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʚʠʜʘʻʪʴʩʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʦʣʝʢʫʣʠ ʉ 20, ʦʩʢʽʣʴʢʠ 

ʚʦʥʘ ʥʝ ʤʽʩʪʠʪʴ ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʘ ʦʪʞʝ, ʰʝʩʪʠʢʫʪʥʽ ʛʨʘʬʽʪʦʚʽ ʢʽʣʴʮʷ 

ʥʝ ʻ ʜʦʙʨʦʶ ʚʠʭʽʜʥʦʶ ʙʘʟʦʶ ʜʣʷ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. 

ʇʝʨʰʠʤ ʜʦʢʘʟʦʤ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʜʦʜʝʢʘʝʜʨʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ ʙʫʚ ʩʠʥʪʝʟ ʤʦʣʝʢʫʣʠ ʊ ̔ 8ʉ12, ʷʢʘ ʻ 

ʘʥʘʣʦʛʦʤ ʤʦʣʝʢʫʣʠ ʉ20, ʦʩʢʽʣʴʢʠ ʤʘʻ ʪʫ ʩʘʤʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʤʦʣʝʢʫʣʘʭ 

ʬʫʣʝʨʝʥʘ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʨʦʟʤʽʱʘʶʪʴʩʷ ʥʘ ʟʘʤʢʥʫʪʽʡ ʧʦʚʝʨʭʥʽ ʽ 

ʢʦʞʝʥ ʽʟ ʥʠʭ ʤʘʻ ʪʨʴʦʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ. ʋ ʤʦʣʝʢʫʣʽ ʊ ̔  8ʉ12 ʢʦʞʝʥ 

ʘʪʦʤ ʪʠʪʘʥʫ ʪʝʞ ʤʘʻ ʩʫʩʽʜʥʽ ʪʨʠ ʦʜʥʦʪʠʧʥʽ ʘʪʦʤʠ ï ʘʪʦʤʠ ʚʫʛʣʝʮʶ. 

ʇʦʟʠʮʽʾ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʪʝʞ ʝʢʚʽʚʘʣʝʥʪʥʽ: ʜʚʘ ʾʭʥʽ ʩʫʩʽʜʠ ï ʘʪʦʤʠ 

ʪʠʪʘʥʫ, ʦʜʠʥ ï ʘʪʦʤ ʚʫʛʣʝʮʶ. ʇʽʟʥʽʰʝ ʚʜʘʣʦʩʷ ʩʠʥʪʝʟʫʚʘʪʠ ʪʘ 

ʚʠʜʽʣʠʪʠ ʽ ʩʘʤ ʬʫʣʝʨʝʥ ʉ 20, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ 

ʛʽʜʨʦʛʝʥʽʟʦʚʘʥʫ ʬʦʨʤʫ ʚʫʛʣʝʮʶ ʉ20ʅ20, ʟʘʤʽʱʘʶʯʠ ʚ ʥʽʡ ʘʪʦʤʠ ʚʦʜʥʶ 

ʥʘ ʘʪʦʤʠ ʙʨʦʤʫ, ʷʢʽ ʩʣʘʙʰʝ ʟʚôʷʟʫʶʪʴʩʷ ʟ ʚʫʛʣʝʮʝʤ, ʟ ʢʽʥʮʝʚʦʶ 

ʛʘʟʦʬʘʟʥʦʶ ʜʝʙʨʦʤʽʥʽʟʘʮʽʻʶ ʩʧʦʣʫʢʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʢʣʘʩʪʝʨʽʚ ʟʘʤʢʥʫʪʠʭ ʢʘʨʢʘʩʥʠʭ ʩʪʨʫʢʪʫʨ C n ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʚʥʽ 

ñʤʘʛʽʯʥʽò ʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʛʦ ʯʠʩʣʘ n. ʊʘʢʠʤʠ ñʤʘʛʽʯʥʠʤʠò ʯʠʩʣʘʤʠ  ̒
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ʣ = 50 i 28 ð ʚ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʘʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʤʘʩ-ʩʧʝʢʪʨʠ, ʚ ʷʢʠʭ 

ʩʠʛʥʘʣʠ ʚʽʜ ʉ50 i ʉ28 ʢʦʥʢʫʨʫʚʘʣʠ ʽʟ ʩʠʛʥʘʣʦʤ ʚʽʜ ʉ60 

ɺʚʘʞʘʩʪʴʩʷ, ʱʦ ñʤʘʛʽʯʥʽʩʪʴò ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ ʤʘʩʦʚʠʭ ʯʠʩʝʣ ʣ 

ʟʚôʷʟʘʥʘ ʟ ʧʨʠʥʮʠʧʦʚʠʤʠ ʟʤʽʥʘʤʠ ʫ ʚʟʘʩʤʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ i ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʫ ʩʢʣʘʜʽ ʬʫʣʝʨʝʥʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʮʠʭ ʧ. 

ʋ ʥʘʡʤʝʥʰʠʭ ʽʟ ʤʦʞʣʠʚʠʭ ʬʫʣʝʨʝʥʽʚ ʧôʷʪʠʢʫʪʥʠʢʠ ʘʙʩʦʣʶʪʥʦ 

ʜʦʤʽʥʫʶʪʴ, ʤʘʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʧʽʣʴʥʠʭ i ʚʝʨʰʠʥ, i ʨʝʙʝʨ. ʂʦʣʠ ʣ 

ʜʦʩʷʛʘʩ ʟʥʘʯʝʥʠʷ 28, ʧôʷʪʠʢʫʪʥʠʢʠ ʬʫʣʝʨʝʥʘ ʚʧʝʨʰʝ ʤʦʞʫʪʴ 

ʨʦʟʽʤʢʥʫʪʠʩʷ ʥʘ ʪʨʽʡʢʠ, ʩʧʽʣʴʥʘ ʚʝʨʰʠʥʘ ʷʢʠʭ ʥʝ ʤʘʩ ʨʝʙʝʨ, ʷʢʽ ʙʠ 

ʟôʩʜʥʫʚʘʣʠ iµ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʽʥʰʠʭ ʪʨʽʡʦʢ ʧôʷʪʠʢʫʪʥʠʢʽʚ. 

ʊʘʢʠʭ ʪʨʽʡʦʢ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʟʨʦʟʫʤʽʣʦ, ʩ ʯʦʪʠʨʠ. ɺʽʜʧʦʚʽʜʥʦ ʩ ʯʦʪʠʨʠ 

ʰʝʩʪʠʢʫʪʥʠʢʠ, ʷʢʽ ʫ ʥʘʡʙʽʣʴʰ ʩʠʤʝʪʨʠʯʥʽʡ ʤʦʣʝʢʫʣʽ ʉ28 çʨʦʩʪʦʨʦʚʦ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘʚʧʨʦʪʠ  ʩʧʽʣʴʥʠʭ ʚʝʨʰʠʥ ʪʨʽʡʦʢ ʧôʷʪʠʢʫʪʥʠʢʽʚ.  ʄʽʞ 

ʩʦʙʦʶ ʪʨʽʡʢʠ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʤʝʞʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʣʴʥʠʭ ʨʝʙʝʨ. 

ʆʩʢʽʣʴʢʠ ʫ ʪʘʢʠʭ ʪʨʽʡʢʘʭ ʧʨʦʪʠʣʝʞʥʠʭ ʜʦ ʩʧʽʣʴʥʦʾ ʚʝʨʰʠʥʠ ʧôʷʪʠ- 

ʢʫʪʥʠʢʽʚ ñʟʦʚʥʽʰʥʽʭò ʨʝʙʝʨ ʩ ʪʘʢʦʞ ʪʨʠ i ʢʦʞʥʝ ʽʟ ʥʠʭ ʩ ʩʧʽʣʴʥʠʤ ʜʣʷ 

ʜʚʦʭ ʪʨʽʡʦʢ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʱʦ ʜʦʪʠʢʘʶʪʴʩʷ ʥʘ ʮʴʦʤʫ ʨʝʙʨʽ, ʪʦ ʪʘʢʠʭ 

ʨʝʙʝʨ ʜʦʪʠʢʫ ʤʽʞ ʨʽʟʥʠʤʠ ʪʨʽʡʢʘʤʠ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʩ ʰʽʩʪʴ. 

ʅʘʩʪʫʧʥʠʤ ñʤʘʛʽʯʥʠʤò ʟʥʘʯʝʥʥʷʤ ʤʘʩʦʚʦʛʦ ʯʠʩʣʘ ʣ ʩ 50. 

ʄʦʣʝʢʫʣʘ C5 ʩ ʥʘʡʤʝʥʰʠʤ ʬʫʣʝʨʝʥʦʤ, ʚ ʷʢʦʤʫ  ʧ ʷʪʠʢʫʪʥʠʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʧʘʨʠ, ʱʦ ʥʝ ʤʝʞʫʶʪʴ ʤʽʞ ʩʦʙʦʶ. 

ñʅʘʡʤʘʛʽʯʥʽʰʠʤò, ʷʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʩ ʤʘʩʦʚʝ ʯʠʩʣʦ ʣ = 60: 

ʬʫʣʝʨʝʥ ʉ6ʦ ʩ ʥʘʡʤʝʥʰʦʶ ʤʦʣʝʢʫʣʦʶ, ʚ ʷʢʽʡ ʧ ʷʪʠʢʫʪʥʠʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʧʦʚʥʽʩʪʶ. ɼʽʘʛʨʘʤʠ ʐʣʝʛʝʣʷ 

ʥʘʡʩʠʤʝʪʨʠʯʥʽʰʠʭ ʽʟʦʤʝʨʽʚ ʬʫʣʝʨʝʥʽʚ Cü8, ʉ50 i Cpl ʧʦʢʘʟʘʥʽ  ʥʘ 

ʨʠʩ. 9.8. 
 
 

 
ʈʠʩ. 9.8. ɼʽʘʛʨʘʤʠ ʐʣʝʛʝʣʷ ʥʘʡʩʠʤʝʪʨʠʯʥʽʰʠʭ ʽʟʦʤʝʨʽʚ ʬʫʣʝʨʝʥʽʚ 

ʉ 28ü ʉ 50 ʉ 

 
ʗʢ ʤʦʞʥʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʤʠ ʥʝ ʛʦʚʦʨʠʤʦ ʧʨʦ ʪʝ, ʱʦ ʚ ʪʽʡ ʯʠ 

ʽʥʰʽʡ ʤʦʣʝʢʫʣʽ ʧôʷʪʠʢʫʪʥʠʢʠ ʨʦʟʜʽʣʝʥʽ, ʘ ʧʨʦ ʪʝ, ɦ ʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 
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ʨʦʟʜʽʣʝʥʽ. ʎʠʤ ʧʽʜʢʨʝʩʣʶʩʪʴʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʟʘʩʤʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ i h ʝʩʪʠʢʫʪʥʠʢʽʚ ʟʘ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫ ʬʫʣʝʨʝʥʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ. ʎʽ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʽʟʦʤʝʨʘʤ ʬʫʣʝʨʝʥʘ. ɸ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʽʟʦʤʝʨʽʚ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ 

ʚʝʣʠʢʦʶ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʪʽʣʴʢʠ ʬʫʣʝʨʝʥ Cpl ʤʘʩ 1812 

ʽʟʦʤʝʨʽʚ. ʊʨʠ ʽʟ ʥʠʭ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 9.9. ʅʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʩʝʨʝʜ 

ʽʟʦʤʝʨʽʚ ʩ ʪʦʡ, ʷʢʠʡ ʚʦʣʦʜʽʩ ʥʘʡʤʝʥʰʦʶ ʚʽʣʴʥʦʶ ʝʥʝʨʛʽʩʶ. ɼʣʷ 

ʤʦʣʝʢʫʣʠ C6o ð ʮʝ ʬʫʣʝʨʝʥ ʫ ʚʠʛʣʷʜʽ ʟʨʽʟʘʥʦʛʦ ̔ ʢʦʩʘʝʜʨʘ. 
 
 

o ʙ ʚ 

ʈʠʩ. 9.9. ɼʽʘʛʨʘʤʠ ʐʣʝʛʝʣʷ ʜʝʷʢʠʭ ʤʦʞʣʠʚʠʭ ʽʟʦʤʝʨʽʚ ʬʫʣʝʨʝʥʘ ʉ6ʦ . 

ʘ ð ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʡ ̔ ʟʦʤʝʨ, ɦ ʦ ʤʘʩ ʚʠʛʣʷʜ ʟʨʽʟʘʥʦʛʦ ̔ ʢʦʩʘʝʜʨʘ; ʙ ʪʘ ʚ ð ̔ ʥʰʠʡ 

ʤʦʞʣʠʚʠʡ ʚʠʛʣʷʜ ʽʟʦʤʝʨʽʚ ʬʫʣʝʨʝʥʘ ʉ6ʦ 

 
ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʫʣʝʨʝʥʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʘʚʠʣʘ ɽʡʣʝʨʘ, ʥʝʦʙʭʽʜʥʦ 12 ʧôʷʪʠʢʫʪʥʠʢʽʚ i ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ, i ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʦʞʝʥ ʧʦʚʝʨʭʥʝʚʠʡ ʘʪʦʤ ʤʘʩ ʪʨʴʦʭ 

ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʪʦ ʣʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ 

ʫ ʤʦʣʝʢʫʣʽ ʬʫʣʝʨʝʥʘ ʉʣ ü ʂʽʣʴʢʽʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʫ ʥʽʡ 

ʪ: 

ʣ = 20+ 2m . (9.1) 

3 (9.1), ʟʦʢʨʝʤʘ, ʣʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʜʣʷ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʘ Cpl 

ʢʽʣʴʢʽʩʪʴ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʩʪʘʥʦʚʠʪʴ 20. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʣʝʢʫʣʠ 

ʬʫʣʝʨʝʥʘ Cpl, ʩʠʛʥʘʣ ̫ ʢʦʾ ʚ ʤʘʩ-ʩʧʝʢʪʨʘʭ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʬʫʣʝʨʝʥʘ 
ʉ6ʦ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʩ ʜʨʫʛʠʤ ʟʘ ̔ ʥʪʝʥʩʠʚʥʽʩʪʶ ʚ ʜʽʘʧʘʟʦʥʽ ʤʘʩ ʉ40 ð 

Cg , ʧʦʪʨʽʙʥʦ ʚʞʝ 25 ʰʝʩʪʠʢʫʪʥʠʢʽʚ. ʇʨʘʚʜʦʧʦʜʽʙʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʤ ʜʣʷ ʬʫʣʝʨʝʥʘ Cpl ʩ ʽʟʦʤʝʨ, ʩʪʨʫʢʪʫʨʫ ʷʢʦʛʦ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʚʚʝʜʝʥʥʷʤ ʧʦʷʩʘ, ʱʦ ʩʢʣʘʜʘʩʪʴʩʷ ʟ ʜʦʜʘʪʢʦʚʠʭ ʧôʷʪʠ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʫ ʦʙʣʘʩʪʴ ʬʫʣʝʨʝʥʘ ʉ6ʦ. ʑʦʙʠ 

ʧʦʙʫʜʫʚʘʪʠ ʮʶ ʩʪʨʫʢʪʫʨʫ, ʟʦʨʽʩʥʪʫʩʤʦ ʤʦʣʝʢʫʣʫ ʉ6ʦ ʪʘʢ, ʱʦʙʠ 

ʟʚʝʨʭʫ i ʟʥʠʟʫ ʚ ʮʝʥʪʨʽ ʧʽʚʢʫʣʽ ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ ʧôʷʪʠʢʫʪʥʠʢʠ. ʂʨʽʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧôʷʪʠʢʫʪʥʠʢʘ, ʫ ʢʦʞʥʽʡ ̔ ʟ ʥʠʭ ʤʽʩʪʠʪʠʤʝʪʴʩʷ ɦ ʝ ʧʦ ʧôʷʪʴ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʦʨʽʩʥʪʦʚʘʥʠʭ ʚʝʨʰʠʥʘʤʠ ʜʦ ʥʴʦʛʦ. ʗʢʱʦ ʪʝʧʝʨ 
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ʨʦʟʨʽʟʘʪʠ ʉ ð ʉ ʟʚôʷʟʢʠ, ʱʦ ʟôʩʜʥʫʶʪʴ ʚʝʨʭʥʶ i ʥʠʞʥʶ ʧʽʚʩʬʝʨʠ, 

ʚʽʜʜʽʣʠʪʠ µx ʦʜʥʫ ʚʽʜ ʦʜʥʦʾ, ʧʦʚʝʨʥʫʪʠ ʦʜʥʫ ̔ ʟ ʧʽʚʩʬʝʨ ʚʽʜʥʦʩʥʦ ̔ ʥʰʦʾ 

ʥʘ 1/9 ʦʙʝʨʪʫ, ʚʚʝʩʪʠ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʫ ʦʙʣʘʩʪʴ ʩʪʨʫʥʫ ʟ ʜʝʩʷʪʠ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ i ʟʥʦʚʫ ʟôʩʜʥʘʪʠ ʧʽʚʩʬʝʨʠ ʪʘʢ, ʱʦʙʠ ʢʦʞʝʥ ʘʪʦʤ 

ʚʫʛʣʝʮʶ ʤʘʚ ʪʨʴʦʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʪʦ ʦʪʨʠʤʘʩʤʦ ʬʫʣʝʨʝʥ Cpl. 

ʁʦʛʦ ʜʽʘʛʨʘʤʘ ʐʣʝʛʝʣʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9.9. 
 
 

ʈʠʩ. 9.9. ɼʽʘʛʨʘʤʠ ʐʣʝʛʝʣʷ ʛʽʧʦʪʝʪʠʯʥʦ 

ʥʘʡʩʪʘʙʽʣʴʥʽʰʦʛʦ ʟ ̔ ʟʦʤʝʨʽʚ ʬʫʣʝʨʝʥʘ Czo 
 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʭ ʽʟʦʤʝʨʽʚ ʜʝʷʢʠʭ ʥʘʡʮʽʢʘʚʽʰʠʭ 

ʬʫʣʝʨʝʥʽʚ C, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.11. 
 

 
 

ʩʘü ʉʤ  

ʈʠʩ. 9.11. ʉʽʤô ̫ʬʫʣʝʨʝʥʽʚ Com ð Com 

 
ɿʘʛʘʣʦʤ ʩʪʨʫʢʪʫʨʘ ʚʫʛʣʝʮʝʚʠʭ ʢʣʘʩʪʝʨʽʚ ʟ ʦʙʦʚôʷʟʢʦʚʠʭ 

ʜʚʘʥʘʜʮʷʪʠ ʧôʷʪʠʢʫʪʥʠʢʽʚ i ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʝʩʪʠʢʫʪʥʠʢʽʚ 

ʧʨʠʪʘʤʘʥʥʘ, ʦʯʝʚʠʜʥʦ, ʪʽʣʴʢʠ ʩʪʽʡʢʠʤ ʽʟʦʤʝʨʘʤ ʥʠʞʯʠʭ, ʩʝʨʝʜʥʽʭ i 

ʛʽʧʝʨʬʫʣʝʨʝʥʽʚ. ʑʦʜʦ ʬʫʣʝʨʝʥʽʚ-ʛʽʛʘʥʪʽʚ C240. C540, C960, ʗʂɰ ʉ 

ʢʦʤʧʦʟʠʮʽʷʤʠ Cpl (ʣ ʢʨʘʪʥʝ 60), ʩʠʪʫʘʮʽʷ, ʤʦʞʣʠʚʦ, ʩ ʽʥʰʦʶ. ʗʢ i 

ʧʦʧʝʨʝʜʥʽ, ʮ ̔ʬʫʣʝʨʝʥʠ ʪʝʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʙʫʜʫʚʘʥʽ ʟ ʧôʷʪʠʢʫʪʥʠʢʽʚ i 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʙʦ ʜʚʘʥʘʜʮʷʪʴ ʧʝʨʰʠʭ ʟʛʦʨʪʘʶʪʴ ʫ ʟʘʤʢʥʫʪʫ ʬʽʛʫʨʫ 

ʧʣʦʩʢʠʡ ʰʘʨ, ʚʠʤʦʱʝʥʠʡ ʦʩʪʘʥʥʽʤʠ, ʟ ʙʫʜʴ-ʷʢʦʶ, ʙʽʣʴʰʦʶ ʟʘ 24, 

ʧʘʨʥʦʶ ʢ̔ ʣʴʢʽʩʪʶ ʚʝʨʰʠʥ. ɸʣʝ ʩʪʨʫʢʪʫʨʠ, ̫ ʢʽ ʦʪʨʠʤʫʶʪʴ, ʩ ʜʘʣʝʢʠʤʠ 
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ʟʘ ʬʦʨʤʦʶ ʚʽʜ ʩʬʝʨʠʯʥʠʭ ʯʠ ʩʬʝʨʦʾʜʥʠʭ. ɰʭʥʽʡ ʚʠʛʣʷʜ ʥʘʛʘʜʫʩ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢ ʽʢʦʩʘʝʜʨʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʠʩʪʫʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚ 

ʤʽʩʮʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʧʨʦʚʘʜʞʝʥʥʶ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʫ ʰʘʨ ʟ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ. ɺʠʛʣʷʜ ʤʦʞʣʠʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʦʛʦ ʨʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʤʦʜʝʣʝʡ ʬʫʣʝʨʝʥʽʚ-ʛʽʛʘʥʪʽʚ Cü40 i C540 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.12. 
 

 
ʈʠʩ. 9.12. ʄʦʣʝʢʫʣʷʨʥʽ ʤʦʜʝʣʽ ʬʫʣʝʨʝʥʽʚ-ʛʽʛʘʥʪʽʚ C240 (ʣʽʚʦʨʫʯ) i C540 

(ʧʨʘʚʦʨʫʯ), ʧʦʙʫʜʦʚʘʥʽ ʟ 12 ʧôʷʪʠʢʫʪʥʠʢʽʚ i 19 ʪʘ 260 h ʝʩʪʠʢʫʪʥʠʢʽʚ 

ʚʽʜʧʦʚʽʜʥʦ 
 
 
 
 

 
ʈʠʩ. 9.13. ʃʽʚʦʨʫʯ ð ʬʫʣʝʨʝʥ Cx40: 24 ʧʝʥʪʘʛʦʥʠ, 92 ʛʝʢʩʘʛʦʥʠ i 6 ʦʢʪʘʛʦʥʽʚ. 

ʇʨʘʚʦʨʫʯ ð ʬʫʣʝʨʝʥ Cs40. 76 ʧʝʥʪʘʛʦʥʽʚ, 132 ʛʝʢʩʘʛʦʥʠ i 64 ʛʝʧʪʘʛʦʥʠ 

 
 

ʌʦʨʤʫ, ʟʥʘʯʥʦ ʥʘʙʣʠʞʝʥʽʰʫ ʜʦ ʩʬʝʨʠʯʥʦʾ, ʤʘʶʪʴ ʤʦʣʝʢʫʣʠ Cü40 

i ʉʫʜʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʰʫ, ʥʽʞ ʜʚʘʥʘʜʮʷʪʴ, ʢʽʣʴʢʽʩʪʴ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʘ 

ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʙʘʛʘʪʦʢʫʪʥʠʢʠ ʟ ʧʦʚʦʨʦʪʥʠʤʠ ʦʩʷʤʠ ʩʠʤʝʪʨʽʾ 

ʚʠʱʦʛʦ ʟʘ ʰʽʩʪʴ ʧʦʨʷʜʢʫ. ɺʠʛʣʷʜ ʪʘʢʠʭ ʬʽʛʫʨ ʬʫʣʝʨʝʥʽʚ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 9.13. 
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9.3. ʉʊɸɹɯʃʔʅɯʉʊʔ ʌʋʃɽʈɽʅɯɺ 

 
ʉʪʘʙʽʣʴʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʢʣʘʩʪʝʨʽʚ ʚʠʟʥʘʯʘʩ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ 

ʚʠʞʠʚʘʪʠ ʚ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ, i, ʱʦ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦ, 

ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʨʷʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢʱʦ ʫ 

ʚʫʛʣʝʮʝʚʫ ʧʘʨʫ ʥʘ ʩʪʘʜʽʾ iµ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʘ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʷʢ ʧʘʨʥʠʭ, ʪʘʢ i ʥʝʧʘʨʥʠʭ 

ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ, ʜʦʜʘʚʘʪʠ ʨʽʟʥʽ ʛʘʟʦʧʦʜʽʙʥʽ ʭʽʤʽʯʥʽ ʨʝʘʛʝʥʪʠ, 

ʥʘʧʨʠʢʣʘʜ, NO ʯʠ SOS, ʪʦ ʫ ʤʘʩ-ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʥʝʧʘʨʥʽ 

ʚʫʛʣʝʮʝʚʽ ʧʽʢʠ ʟʥʠʢʘʶʪʴ, ʘ ʧʘʨʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 40 i 

ʙʽʣʴʰʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʬʫʣʝʨʝʥʠ ʉʣ ʥʝ 

ʤʘʶʪʴ ʦʙʽʨʚʘʥʠʭ ʟʚôʷʟʢʽʚ i ʪʦʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤʠ i ʭʽʤʽʯʥʦ 

ʧʘʩʠʚʥʠʤʠ, ʪʦʜʽ ʷʢ ʢʣʘʩʪʝʨʠ ʟ ʥʝʧʘʨʥʠʤ ʣ ʤʘʶʪʴ ʦʙʽʨʚʘʥʽ ʟʚôʷʟʢʠ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʠ ʟʥʘʯʥʦ ʘʢʪʠʚʥʽʰʽ ʭʽʤʽʯʥʦ, ʘ ʚʽʜʪʘʢ ʥʝʩʪʘʙʽʣʴʥʽ. 

ɺʠʞʠʚʘʥʥʶ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣ, ʟʦʢʨʝʤʘ i ʟʘ 

ʨʘʭʫʥʦʢ ʢʣʘʩʪʝʨʽʚ ʟ ʥʝʧʘʨʥʠʤ ʣ, ʩʧʨʠʷʩ ʭʘʨʘʢʪʝʨ ʨʦʟʧʘʜʫ ʢʣʘʩʪʝʨʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʧʘʜʫ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʟ >ʟo 

ʧʦʢʘʟʫʩ, ʱʦ ʜʣʷ ʢʣʘʩʪʝʨʽʚ ʟ ʧʘʨʥʠʤ ʟʥʘʯʝʥʥʷʤ ʣ ʦʩʥʦʚʥʠʡ ʢʘʥʘʣ 

ʨʦʟʧʘʜʫ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʽʜʱʝʧʣʝʥʥʷʤ ʬʨʘʛʤʝʥʪʘ C2 ɿʘ ʨʦʟʧʘʜʫ 

ʢʣʘʩʪʝʨʽʚ ʟ ʥʝʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʴ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, 

ʚ̔ ʜʱʝʧʣʶʩʪʴʩʷ ʘʪʦʤʘʨʥʦ, ʷʢ C1. ʆʪʞʝ, ʚʠʥʠʢʘʩ ʩʠʪʫʘʮʽʷ, ʷʢʘ ʩʧʨʠʷʩ 

ʚʠʞʠʚʘʥʥʶ ʢʣʘʩʪʝʨʽʚ ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣ, ʘ ʯʘʩʪʢʘ ʢʣʘʩʪʝʨʽʚ ʟ 

ʥʝʧʘʨʥʠʤ ʣ ʩ ʜʫʞʝ ʥʝʟʥʘʯʥʦʶ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʦʟʧʘʜʫ ʢʣʘʩʪʝʨʥʠʭ ʽʦʥʽʚ ʚʫʛʣʝʮʶ ʟ 

ʛʽʧʦʪʝʪʠʯʥʦʶ ʬʫʣʝʨʝʥʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ iµ ʬʦʪʦ- 

ʜʠʩʦʮʽʘʮʽʷ. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʜʫʞʝ ʚʠʪʦʥʯʝʥʦʶ i ʟʘʩʣʫʛʦʚʫʩ, 

ʱʦʙ ʧʨʦ ʥʝʾ ʩʢʘʟʘʪʠ ʦʢʨʝʤʦ. ċµ ʽʣʶʩʪʨʫʩ ʨʠʩ. 9.14. 

ɯʜʝʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʪʘʢʦʶ. ʋ ʧʝʨʚʠʥʥʦʤʫ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽ 

ʩʝʧʘʨʫʶʪʴʩʷ ʽʦʥʠ ʙʘʞʘʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʇʫʯʦʢ ʪʘʢʠʭ ʽʦʥʽʚ ʧʦʜʘʩʪʴʩʷ ʫ 

ʧʦʣʝ ʚʧʣʠʚʫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʽʜ ʚʧʣʠʚʦʤ ʮʴʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʦʥʠ ʜʠʩʦʮʽʶʶʪʴ. ʇʨʦʜʫʢʪʠ ʜʠʩʦʮʽʘʮʽʾ ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʜʨʫʛʠʤ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ. 

ʄʘʩ-ʩʧʝʢʪʨ  ʧʨʦʜʫʢʪʽʚ  ʬʦʪʦʜʠʩʦʮʽʘʮʽ ʾʽʦʥʽʚ  ʩʙ0  ʟʘ ʛʫʩʪʠʥʠ  ʝʥʝʨʛʽʾ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 59 ʤɼʞ/ʩʤ 2 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.15. ɺʽʥ 

ʬʽʢʩʫʩ, ʱʦʥʘʡʤʝʥʰʝ, ʜʚʽ ʮʽʢʘʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʪʦʨʦʟʧʘʜʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʩʢʪʘ. ʇʦ-ʧʝʨʰʝ, ʚʩʽ ʢʣʘʩʪʝʨʠ ʚʫʛʣʝʮʶ, ʱʦ 
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ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʧʝʨʚʠʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩʙ0. 
ʚʪʨʘʯʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʟʧʘʜʫ ʪʽʣʴʢʠ ʧʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ. 

ɼʝʪʝʢʪʦʨ 

ʂʣʘʩʪʝʨʥʠʡ 

ʧʫʯʦʢ 
 

 
ʥanpyʛʠ i 

l-e ʽʤʧʫʣʴʩʥʝ 

ʝʢʩʪʨʘʢʮʽʠʥʝ noʣe 
 

ʤʘʩʦʚʠʠ 

ʟʘʪʚʦʨ + 

ʧʦʚʽʣʴʥʶʚʘ 

 

 

ʇʨʦʤʽʥʴ ʜʠʩʦʮʽʶʚʘʣʴʥʦʛʦ 

ʣʘʟʝʨʘ 

2-ʝ ʽʤʧʫʣʴʩʥʝ 

ʝʢʩʪʨʘʢʮʽʠʥʝ ʧʦʣʝ 

 

ʈʠʩ. 9.14. ʊʘʥʜʝʤʥʠʡ ʯʘʩʦʚʦ-ʧʨʦʣʽʪʥʠʡ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨ. ʄʦʣʝʢʫʣʷʨʥʠʡ 

ʧʫʯʦʢ ʧʦʪʨʘʧʣʷʩ ʚ ʦʙʣʘʩʪʴ ʝʢʩʪʨʘʢʮʽñʽñʧʝʨʚʠʥʥʦʛʦ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʜʦ 

ʩʽʪʦʢ ̫ ʢʦʛʦ ʧʨʠʢʣʘʜʘʩʪʴʩʷ ʽʤʧʫʣʴʩʥʘ ʥʘʧʨʫʛʘ 2000 ɺ. ɼʝʬʣʝʢʪʦʨʠ ʟʥʠʞʫʶʪʴ 

ʰʚʠʜʢʽʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ. ʆʜʠʥʠʯʥʽ ʣʽʥʟʠ ʬʦʢʫʩʫʶʪʴ ʧʫʯʦʢ ʽʦʥʽʚ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʪʚʦʨʘ ʽʦʥʠ ʩʝʧʘʨʫʶʪʴʩʷ ʟʘ ʤʘʩʘʤʠ, ʧʦʪʽʤ ʜʠʩʦʮʽʶʶʪʴ ʧʽʜ ʜʽʩʶ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʛʦ ʯʘʩʦʚʦ- 

ʧʨʦʣʽʪʥʦʛʦ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ. (ɿʛʽʜʥʦ ʟ OôBrien ɮ.ʉ., Heath ɱ.R., Curl R.F., 

Smally R.E.J. Chem. Phys., 88 (1988) 220) 
 

 
ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ 

 

ʈʠʩ. 9.15. ʉʧʝʢʪʨ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾòʽʦʥʽʚ 360 ʟʘ ʛʫʩʪʠʥʠ 

ʝʥʝʨʛʽñʽñʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 59 ʤɼʞ/ʩʤ 2. (ɿʛʽʜʥʦ ʟ OôBrien ɮ.ʉ., 

Heath ɱ.R., Curl R.F., Smally R.E.J. Chem. Phys., 88 (1988) 220) 



 

.C 

60 

32 

32 

ʇʦ-ʜʨʫʛʝ, ʬʦʪʦʨʦʟʧʘʜ ʢʣʘʩʪʝʨʽʚ ʯʝʨʝʟ ʚʪʨʘʪʫ ʧʘʨʥʠʭ ʩʢʣʘʜʥʠʢʽʚ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʨʽʟʢʦ ʽ ʮʝ ʧʨʠʧʠʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʢʣʘʩʪʝʨʽ ü
 

ʇʽʩʣʷ ʮʴʦʛʦ ʢʣʘʩʪʝʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʮʽʣʘ ʩʤʫʛʘ ʽʦʥʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, 

ʧʨʦʜʫʢʪʽʚ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ, ʟ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʚ ʦʢʦʣʽ 15ï20. 

ʅʘʚʝʜʝʥʠʡ ʤʘʩ-ʩʧʝʢʪʨ ʩʚʽʜʯʠʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʪʝ, ʱʦ 

ʬʦʪʦʜʠʩʦʮʽʘʮʽʷ ʽʦʥʘ C ü ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʪʨʘʪʫ ʧʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʪʦʤʽʚ, ʘ ʪʘʢʦʞ ʽ ʧʨʦ ʪʝ, ʱʦ ʩʘʤ ʬʦʪʦʨʦʟʧʘʜ ʻ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ. 

ʆʯʝʚʠʜʥʦ, ʧʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ 

ʧʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ, ʢʘʨʢʘʩ ʬʫʣʝʨʝʥʘ, ʱʦ ʟʘʣʠʰʠʚʩʷ, ʟʘʤʠʢʘʻʪʴʩʷ. 

ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʜʽʣʝʥʥʷ ʧʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ 

ʜʦʪʠ, ʜʦʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʝʨʛʦʚʦʛʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʧʘʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ ʽʦʥ C ü . ʅʘ ʮʴʦʤʫ ʨʫʙʝʞʽ ʭʘʨʘʢʪʝʨ ʜʠʩʦʮʽʘʮʽʾ 

ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ ʨʽʟʢʦ ʟʤʽʥʶʻʪʴʩʷ. ʐʚʠʜʰʝ ʟʘ ʚʩʝ, ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟ ʪʘʢʦʾ ʧʨʠʯʠʥʠ. ʉ 32 ï ʥʝʚʝʣʠʢʘ ʤʦʣʝʢʫʣʘ ʬʫʣʝʨʝʥʘ ʟ ʜʦʩʪʘʪʥʴʦ 

ʥʘʧʨʫʞʝʥʠʤ ʢʘʨʢʘʩʦʤ. ɺʥʘʩʣʽʜʦʢ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʚʦʥʘ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʟʜʘʪʥʦʶ ʟʥʦʚʫ ʟʘʤʢʥʫʪʠʩʷ ʧʽʩʣʷ ʚʪʨʘʪʠ ʜʝʢʽʣʴʢʦʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʨʘʧʪʦʚʝ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʽʜʢʨʠʪʪʷ ʢʘʨʢʘʩʫ, ʚʠʢʣʠʢʘʻ ʚʽʜʜʽʣʝʥʥʷ ʚʝʣʠʢʦʛʦ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʘʤʠʢʘʥʥʷ ʢʘʨʢʘʩʫ ʢʣʘʩʪʝʨʘ ʧʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ 

ʧʘʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʝ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʷʢ ʦʜʠʥʠʯʥʠʡ ʘʢʪ, ʦʩʢʽʣʴʢʠ 

ʨʽʟʥʽ ʢʣʘʩʪʝʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ, ʘ ʡ ʾʭʥʴʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. ʊʦʤʫ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ 

ʧʦʚʠʥʥʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʽ ʧʝʨʝʙʫʜʦʚʦʶ ʬʫʣʝʨʝʥʦʚʠʭ ʢʽʣʝʮʴ, ʷʢʘ 

ʧʦʚʠʥʥʘ ʪʨʠʚʘʪʠ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʩʬʦʨʤʫʻʪʴʩʷ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʡ ʜʣʷ 

ʮʴʦʛʦ ʢʣʘʩʪʝʨʘ ʽʟʦʤʝʨ (ʷʢʱʦ ʚʠʩʪʘʯʠʪʴ ʯʘʩʫ ʜʣʷ ʪʘʢʦʾ ʧʝʨʝʙʫʜʦʚʠ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʘʢʪʠʚʘʮʽʡʥʽ ʙʘʨôʻʨʠ ʜʣʷ ʧʝʨʝʙʫʜʦʚʠ ʢʽʣʝʮʴ ʥʘ 

ʧʦʚʝʨʭʥʽ ʬʫʣʝʨʝʥʦʚʠʭ ʽʦʥʽʚ ʟʥʘʯʥʦ ʥʠʞʯʽ ʟʘ ʘʢʪʠʚʘʮʽʡʥʠʡ ʙʘʨôʻʨ ʜʣʷ 

ʜʠʩʦʮʽʘʮʽʾ ʪʠʧʦʚʦʛʦ ʬʫʣʝʨʝʥʦʚʦʛʦ ʽʦʥʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʨʦʟʨʠʚʫ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ. ɺʠʩʦʪʫ ʮʴʦʛʦ ʙʘʨôʻʨʘ ʜʣʷ ʨʽʟʥʠʭ ʤʦʣʝʢʫʣ Cn ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʚ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʉn ʟ ʥʘʡʥʠʞʯʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʩʦʚʦʛʦ ʯʠʩʣʘ ʬʫʣʝʨʝʥʘ 

ʝʥʝʨʛʽʻʶ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʬʫʣʝʨʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ ʽʣʶʩʪʨʫʶʪʴ 

ʜʘʥʽ ʨʠʩ. 9.16. ʗʢ ʚʠʜʥʦ, ʮʷ ʝʥʝʨʛʽʷ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʦʚʦʛʦ ʯʠʩʣʘ n ʬʫʣʝʨʝʥʘ. ɼʣʷ ʟʥʘʯʝʥʴ n = 60 ʽ 70, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʬʫʣʝʨʝʥʘʤ, ʟʘʟʥʘʯʝʥʘ ʝʥʝʨʛʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʤʠ ʤʽʥʽʤʫʤʘʤʠ. 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʤʦʣʝʢʫʣʠ C2 ʜʦʨʽʚʥʶʩ 6,21 eB i 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʛʨʘʬʽʢʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʩʫʤʘʨʥʫ ʟʤʽʥʫ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʜʠʩʦʮʽʘʮʽʾ. ʊʘʢ, ʩʫʤʘʨʥʘ ʟʤʽʥʘ ʝʥʝʨʛʽʾ 

ʜʣʷ ʧʨʦʮʝʩʫ 

ô  62 ʉ ʙ0 ò C 2 

ʩʪʘʥʦʚʠʪʴ = 0.7 eB, ʪʦʜʽ ʜʣʷ ʜʠʩʦʮʽʘʮʽʾ ʬʫʣʝʨʝʥʘ C6 

ʉ 60 C58 + C2 

ʚʽʜʧʦʚʽʜʥʘ ʚʝʣʠʯʠʥʘ = 11.2 eB. 
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ʈʠʩ. 9.16. ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽñʽñ, ʱʦ ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʫʛʣʝʮʶ, 

ʚʽʜ ʨʦʟʤʽʨʫ ʬʫʣʝʨʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ ʜʣʷ ʩʪʨʫʢʪʫʨ ʬʫʣʝʨʝʥʽʚ ʟ 

ʥʘʡʥʠʞʯʦʶ ʝʥʝʨʛʽʩʶ (ɿʛʽʜʥʦ ʟ Murry R.L., Strout D.L., Scuseria G.E. Int. 

ɱ. Mass Spectrom. lon Processes, 138 (1994) 113) 

(9.2) 

 
 
(9.3) 

 

ɸʢʪʠʚʘʮʽʡʥʠʡ ʙʘʨôʩʨ ʜʣʷ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣʠ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʤʝʥʰʠʤ, ʥʽʞ ʝʥʝʨʛʽʷ ʜʠʩʦʮʽʘʮʽʾ, ʪʦʤʫ ʬʫʣʝʨʝʥ ʉ60 ʭ ʫʞʝ ʩʪʘʙʽʣʴʥʠʡ, 

ʦʩʢʽʣʴʢʠ 11.2 eB ð ʮʝ ʜʫʞʝ ʟʥʘʯʥʘ ʚʝʣʠʯʠʥʘ. ɼʦ ʪʦʛʦ ʞ, ʫ ʪʘʢʽʡ 

ʚʝʣʠʢʽʡ ʤʦʣʝʢʫʣʽ, ʷʢ Cpl, ʩ ʙʘʛʘʪʦ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠʩʷ ʟʟʦʚʥʽ, i 

ʟʘʚʜʷʢʠ ʷʢʽʡ ʤʦʣʝʢʫʣʘ ʧʦʚʝʨʪʘʩʪʴʩʷ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ. ʅʘʚʽʪʴ 

ʧʦʛʣʠʥʘʶʯʠ ʢʚʘʥʪ ʝʥʝʨʛʽʾ, ʱʦ ʥʝ ʥʘʜʪʦ ʧʝʨʝʚʠʱʫʩ ʟʥʘʯʝʥʠʷ, 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʩʦʮʽʘʮʽʾ, ʤʦʣʝʢʫʣʘ Cpl ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʟʘʟʥʘʩ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʧʘʜʫ, ʘ ʤʘʡʞʝ  ʧʦʚʥʽʩʪʶ  ʚʪʨʘʯʘʩ 

ʮʶ ʝʥʝʨʛʽʶ ʯʝʨʝʟ ʽʥʬʨʘʯʝʨʚʦʥʝ ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʣʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. 
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9.4. ɯɼɽʅʊʀʌɯʂɸʎɯʗ ʌʋʃɽʈɽʅɯɺ 

 
ɺʩʝ ʩʢʘʟʘʥʝ ʚʠʱʝ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ, ʷʢʽ 

ʬʽʢʩʫʶʪʴʩʷ ʫ ʤʘʩ-ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʽʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʛʨʘʬʽʪʫ ʚ ʘʪʤʦʩʬʝʨʽ ʛʝʣʽʶ ð ʮʝ ʪʽʣʴʢʠ ʣʦʛʽʯʥʽ ʚʠʩʥʦʚʢʠ ʟ ʥʘʷʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʩ-ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʭʦʯʘ ʡ ʜʫʞʝ 

ʘʨʛʫʤʝʥʪʦʚʘʥʽ, ʧʝʨʝʢʦʥʣʠʚʽ i ʧʨʘʢʪʠʯʥʦ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʽ. ɸʣʝ ʤʘʩ- 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʩ ʟʤʦʛʫ ̔ ʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʽʣʴʢʠ ʤʘʩʫ ʢʣʘʩʪʝʨʽʚ 

ʚʫʛʣʝʮʶ ʫ ʢʦʥʜʝʥʩʘʪʽ, ʦʜʥʘʢ ʥʝ ʜʘʩ ʞʦʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʟʘʩʤʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ. ʊʘʢʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʡʧʨʠʜʘʪʥʽʰʠʤʠ 

ʟ ʷʢʠʭ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʩ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʝʢʪʨʠ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ʗʄʈ). 

ɹʫʜʴ-ʷʢʘ ʤʦʣʝʢʫʣʘ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʡ ʦʙʝʨʪʘʪʠʩʷ ʱʦʜʦ ʩʚʦʛʦ 

ʮʝʥʪʨʘ ʽʥʝʨʮʽʾ. ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʦʢʨʝʤʽ ʚʠʜʠ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʨʫʭʽʚ ð pyx ʝʣʝʢʪʨʦʥʽʚ, ʢʦʣʠʚʘʥʥʷ ʡ ʦʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣʠ ð ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʥʝʟʘʣʝʞʥʠʤʠ. ʊʦʤʫ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʩʪʘʥʫ ʤʦʣʝʢʫʣʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ: 

 ˒ ˒̆  + ˒  + ˒  (9.4) 

ʜʝ ɽʝ ð ʝʥʝʨʛʽʷ, ʟʫʤʦʚʣʝʥʘ ʝʣʝʢʪʨʦʥʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʾ.ʖ; Ev ð ʝʥʝʨʛʽʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʩ  ʢʦʣʠʚʥʦʤʫ  pyxy  ʤʦʣʝʢʫʣʠ;  Ee ð ʝʥʝʨʛʽʷ,  ʱʦ ʚʽʜʧʦʚʽʜʘʩ 
iµ ʦʙʝʨʪʘʣʴʥʦʤʫ pyxy. 

3 ʝʢʩʧʝʨʠʤʝʥʪʫ i ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʦʤʦ, ʱʦ 

ʢʦʣʠʚʥʘ ʪʘ ʦʙʝʨʪʘʣʴʥʘ ʝʥʝʨʛʽɰ Ev i ɽ, ʤʦɾʫʊʔ, ʗɼ Ee ʅʘʙʫʚʘʪʠ ʣʠʰʝ 

ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʜʚʦʘʪʦʤʥʦʾ ʤʦʣʝʢʫʣʠ 
ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʘʩ 

ɽ, ðð (v (9.5) 
 

ʜʝ v ð ʪʘʢ ʟʚʘʥʝ ʢʦʣʠʚʥʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ, ʷʢʝ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʪʽʣʴʢʠ 

ʮʽʣʠʭ ʟʥʘʯʝʥʴ: 0, 1, 2, 3 i ʪʘʢ ʜʘʣʽ; - /  ð ʚʣʘʩʥʘ  ʯʘʩʪʦʪʘ 

ʢʣʘʩʠʯʥʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ. 

ɼʣʷ ʢʦʣʠʚʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ v ʩ ʧʨʘʚʠʣʦ ʚʽʜʙʦʨʫ 

ʟvðð+i. (9.6) 

ʎʝ ʦʟʥʘʯʘʩ, ʱʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʢʦʣʠʚʥʽ ʧʨʦʮʝʩʠ, ʤʦʣʝʢʫʣʘ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʝʨʝʭʦʜʠ ʪʽʣʴʢʠ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʦʣʠʚʥʠʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ. 
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    vô  = 1     

    vô  = 0     

    vô ð 1     

    vðô 0  
ɽ' 

ʆʙʝʨʪʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʚʦʘʪʦʤʥʦʾ ʤʦʣʝʢʫʣʠ ʫ ʢʚʘʥʪʦʚʦ- 

ʤʝʭʘʥʽʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ 
h

2 
J(J + 1) 

ɽ (9.7) 
2/ 

ʜʝ J ð ʦʙʝʨʪʘʣʴʥʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ (ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʤʦʤʝʥʪʫ 

ʽʤʧʫʣʴʩʫ), ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʪʽʣʴʢʠ ʮʽʣʠʭ ʟʥʘʯʝʥʴ: 0, 1, 2, 3 i 

ʪʘʢ ʜʘʣʽ; / ð ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʦʣʝʢʫʣʠ ʚʽʜʥʦʩʥʦ oci, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ iµ ʮʝʥʪʨ ʽʥʝʨʮʽʾ. 

ɼʣʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ J ʩ ʧʨʘʚʠʣʦ ʚʽʜʙʦʨʫ 

ʳ=+i. (9.8) 

ɿʚʘʞʘʶʯʠ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (9.4)ð(9.8), ʙʘʯʠʤʦ, ʱʦ 

ʝʥʝʨʛʝʪʠʯʥʽ ʩʧʝʢʪʨʠ ʤʦʣʝʢʫʣ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʽ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʽ 

ʩʧʝʢʪʨʠ ʘʪʦʤʽʚ, ʱʦ ʧʨʠʨʦʜʥʦ, ʦʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣʠ ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʫ ʩʪʨʫʢʪʫʨʫ. ʇʦʚʥʘ ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ (9.4), (9.5) i (9.7) ʜʦʨʽʚʥʶʩ 
 

(9.9) 
 

I ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, i ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʽʜʦʤʦ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙʝʨʪʘʣʴʥʠʤʠ ʨʽʚʥʷʤʠ ʤʦʣʝʢʫʣ 

ñʛ ʥʘʯʥʦ  ʤʝʥʰʘ,  ʥʽʞ  ʚʽʜʩʪʘʥʴ  ʤʽʞ  ʢʦʣʠʚʥʠʤʠ  ʨʽʚʥʷʤʠ  ,  ʷʢʘ, 

ʩʚʦʩʶ ʯʝʨʛʦʶ, ʟʥʘʯʥʦ ʤʝʥʰʘ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʝʣʝʢʪʨʦʥʥʠʤʠ  ʨʽʚʥʷʤʠ 

. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʩʪʨʫʢʪʫʨʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʤʦʣʝʢʫʣʠ 

ʩʭʝʤʘʪʠʯʥʦ ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.17. 

 

    vô  = 2     
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ʈʠʩ. 9.17. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʤʦʣʝʢʫʣʠ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʤʦʣʝʢʫʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʡʦʛʦ 

ʩʢʣʘʜʦʚʠʭ ʧʦʢʘʟʘʥʠʡ ʩʠʩʪʝʤʦʶ ʨʽʚʥʽʚ, ɦ ʦ ʬʦʨʤʫʶʪʴ ʧʨʘʚʠʡ 

ʢʨʘʡʥʽʡ ʥʘ ʨʠʩʫʥʢʫ ʩʪʦʚʧʝʮʴ 

+1) 

2/ 



 

ɺ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʤʦʣʝʢʫʣʠ ʚʩʽ ʪʨʠ ʾʾ ʩʢʣʘʜʦʚʽ ʝʥʝʨʛʽʾ ï 

ʝʣʝʢʪʨʦʥʥʘ, ʢʦʣʠʚʥʘ ʡ ʦʙʝʨʪʘʣʴʥʘ ï ʤʘʶʪʴ ʤʽʥʽʤʫʤ. ʗʢʱʦ ʤʦʣʝʢʫʣʽ 

ʥʘʜʘʶʪʴ ʝʥʝʨʛʽʶ, ʷʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʽʥʪʝʨʚʘʣʦʤ ʤʽʞ ʜʚʦʤʘ ʜʦʚʽʣʴʥʠʤʠ 

ʜʠʩʢʨʝʪʥʠʤʠ ʨʽʚʥʷʤʠ, ʧʝʨʝʭʽʜ ʤʽʞ ʷʢʠʤʠ ʜʦʟʚʦʣʝʥʠʡ ʧʨʘʚʠʣʘʤʠ 

ʚʽʜʙʦʨʫ, ʚʦʥʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ, ʧʦʛʣʠʥʘʶʯʠ ʢʚʘʥʪ 

ʩʚʽʪʣʘ. ɿʜʽʡʩʥʶʶʯʠ ʜʦʟʚʦʣʝʥʠʡ ʚʩʝ ʪʠʤʠ ʩʘʤʠʤʠ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ 

ʧʝʨʝʭʽʜ ʟʽ ʟʙʫʜʞʝʥʦʛʦ ʚ ʦʜʠʥ ʟ ʥʠʞʯʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ, ʚʦʥʘ 

ʚʠʧʨʦʤʽʥʶʻ ʬʦʪʦʥ ʚʽʜʧʦʚʽʜʥʦʾ ʝʥʝʨʛʽʾ. ʉʧʝʢʪʨʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʣʽʥʽʡ 

ʪʘʢʠʭ ʧʝʨʝʭʦʜʽʚ  ̒ ñʤʽʪʢʘʤʠò, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʟʘ ʩʧʝʢʪʨʘʤʠ 

ʧʦʛʣʠʥʘʥʥʷ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʪʽ ʯʠ ʽʥʰʽ 

ʤʦʣʝʢʫʣʠ. 

ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʨʝʭʦʜʘʤ ʤʽʞ ʦʙʝʨʪʘʣʴʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʤʦʣʝʢʫʣ, 

ʣʝʞʘʪʴ ʫ ʜʘʣʴʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʘʙʦ ʥʘʚʽʪʴ ʤʽʣʽʤʝʪʨʦʚʽʡ ʦʙʣʘʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʦʛʣʠʥʘʥʥʷ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʢʦʣʠʚʥʦʛʦ ʩʪʘʥʫ ʤʦʣʝʢʫʣʠ, 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʩʝʨʝʜʥʽʡ ʽ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. 

ɿʤʽʥʘʤ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʣʝʢʫʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʙʫʜʞʝʥʥʷ, 

ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʠʜʠʤʫ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʫ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. 

ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ ʦʙʝʨʪʘʥʥʷ ʘʙʦ ʢʦʣʠʚʘʥʥʷ 

ʜʚʦʘʪʦʤʥʦʾ ʤʦʣʝʢʫʣʠ ʤʦʞʝ ʟʫʤʦʚʣʶʚʘʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʪʽʣʴʢʠ ʜʣʷ ʤʦʣʝʢʫʣʠ, ʷʢʘ ʤʘʻ ʚʽʜʤʽʥʥʠʡ ʚʽʜ 

ʥʫʣʷ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ. ʎʷ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ. 

ʇʽʜ ʯʘʩ ʢʦʣʠʚʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʤʦʣʝʢʫʣʠ ʟ ʜʝʷʢʦʶ ʯʘʩʪʦʪʦʶ 

ɤ ʾʾ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʘʢʦʶ ʩʘʤʦʶ ʯʘʩʪʦʪʦʶ, ʱʦ ʽ 

ʟʫʤʦʚʣʶʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʆʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʢʦʣʠʚʘʥʴ. ʊʦʤʫ ʦʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣʠ ʟ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʥʫʣʷ ʜʠʧʦʣʴʥʠʤ 

ʤʦʤʝʥʪʦʤ ʪʝʞ ʧʦʚʠʥʥʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. 

ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʩʠʤʝʪʨʠʯʥʦʾ ʤʦʣʝʢʫʣʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʯʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʢʦʣʠʚʘʥʥʷ 

ʪʘ ʦʙʝʨʪʘʥʥʷ ʪʘʢʦʾ ʤʦʣʝʢʫʣʠ ʥʝ ʤʦʞʫʪʴ ʟʫʤʦʚʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʚʘʥʪʦʚʘ ʤʝʭʘʥʽʢʘ ʜʘʻ ʪʦʡ ʩʘʤʠʡ ʨʝʟʫʣʴʪʘʪ ï 

ʢʦʣʠʚʥʽ ʪʘ ʦʙʝʨʪʘʣʴʥʽ ʧʝʨʝʭʦʜʠ ʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ ʚʠʷʚʣʷʶʪʴʩʷ 

ʟʘʙʦʨʦʥʝʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʩʥʦʚʢʽʚ ʪʝʦʨʽʾ ʦʙʝʨʪʘʣʴʥʽ ʽ ʢʦʣʠʚʘʣʴʥʦ-ʦʙʝʨ- 

ʪʘʣʴʥʽ ʩʧʝʢʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʜʦʩʣʽʜʽ ʩʧʨʘʚʜʽ 
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ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʜʚʦʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ i ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʤʦʣʝʢʫʣ ʩʠʤʝʪʨʠʯʥʠʭ. ʋ ʩʢʣʘʜʥʽʰʠʭ ʤʦʣʝʢʫʣʘʭ 

ʩʠʪʫʘʮʽʷ, ʚʽʜʧʦʚʽʜʥʦ, ʩʢʣʘʜʥʽʰʘ. ɸʣʝ ʛʦʣʦʚʥʠʡ, ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʡ 

ʜʣʷ ʥʘʩ ʫ ʢʦʥʪʝʢʩʪʽ ʧʠʪʘʥʠʷ, ʱʦ ʨʦʟʛʣʷʜʘʩʪʴʩʷ, ʚʠʩʥʦʚʦʢ 

ʟʘʣʠʰʘʩʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤ ð ʯʠʤ ʩʠʤʝʪʨʠʯʥʽʰʘ ʤʦʣʝʢʫʣʘ, ʪʠʤ 

ʙʽʜʥʽʰʠʡ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ iµ ʩʧʝʢʪʨ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ i ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʝʥʰʫʩ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ ʧʫʯʢʘ, ʘʣʝ ʥʝ ʟʤʽʥʶʩ ʯʘʩʪʦʪʠ ʩʚʽʪʣʘ. 

ʆʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣʘʤ ʧʨʠʪʘʤʘʥʥʽ ʜʠʩʢʨʝʪʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʧʝʢʪʨʠ, ʪʦ 

ʢʚʘʥʪ ʩʚʽʪʣʘ ʧʦʛʣʠʥʘʩʪʴʩʷ ʤʦʣʝʢʫʣʦʶ, ʪʽʣʴʢʠ ʷʢʱʦ ʚʠʢʦʥʫʩʪʴʩʷ 

ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ: 

he ɂɂ ˒  ɂ ˒ȟ     , (9.10) 

ʜʝ è ð ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ; Ef i Es ð ʝʥʝʨʛʽʾ ʢʽʥʮʝʚʦʛʦ i ʧʦʯʘʪʢʦʚʦʛʦ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢʱʦ ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ ʥʝ ʟʙʽʛʘʩʪʴʩʷ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤ ʟʘʟʦʨʦʤ ʤʽʞ 

ʨʽʚʥʷʤʠ Ef i Es ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʥʝʤʦʞʣʠʚʝ. ɺʦʜʥʦʯʘʩ ʫ ʪʘʢʦʤʫ 

ʨʘʟʽ ʤʦʞʣʠʚʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʷʢʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʡʦʛʦ 

ʯʘʩʪʦʪʠ. ʎʝʡ ʧʨʦʮʝʩ ʤʘʩ ʜʚʽ ʩʪʘʜʽʾ. ʇʦʷʩʥʠʤʦ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʩʪʦʾ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 9.18. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʟʽ ʟʤʽʥʦʶ ʡʦʛʦ ʯʘʩʪʦʪʠ 
ʚʽʜʙʫʚʘʩʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʘ ʟ ʝʥʝʨʛʽʩʶ hÅ ʆʩʢʽʣʴʢʠ ʮʷ ʝʥʝʨʛʽʷ 

ʥʝ ʟʙʽʛʘʩʪʴʩʷ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤ ʟʘʟʦʨʦʤ ʤʽʞ ʨʽʚʥʷʤʠ Ef ð Est ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʽʨʪʫʘʣʴʥʠʡ ʩʪʘʥ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʝʥʝʨʛʽʾ 

(9.11) 

ʎʝʡ ʝʪʘʧ ʧʨʦʮʝʩʫ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 9.18, ʘ. 

ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʪʘʢʠʡ ʩʪʘʥ 

ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʫʧʨʦʜʦʚʞ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʘ ii/m. ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ 

ʟʘ ʨʘʭʫʥʦʢ ʟʙʫʜʞʝʥʥʷ, ʚʠʢʣʠʢʘʥʦʛʦ ʬʦʪʦʥʦʤ, ʫ ʤʦʣʝʢʫʣʽ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʚʣʘʩʥʝ ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ h Ă ʘʙʦ, ʥʘʚʧʘʢʠ, ʤʦʞʝ ʙʫʪʠ 

ʧʦʛʘʰʝʥʝ ʪʘʢʝ ʩʘʤʝ ʢʦʣʠʚʘʥʥʷ, ʷʢʱʦ ʤʦʣʝʢʫʣʘ ʜʦ ʚʟʘʩʤʦʜʽʾ ʟ 

ʬʦʪʦʥʦʤ ʚʞʝ ʙʫʣʘ ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʫʧʨʦʜʦʚʞ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ɦ ʦ ʥʝ ʧʝʨʝʚʠʱʫʩ bt, ʤʦʣʝʢʫʣʘ ʧʝʨʝʭʦʜʠʪʴ 

ʟ ʚʽʨʪʫʘʣʴʥʦʛʦ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ, ʧʦʛʣʠʥʫʚʰʠ ʯʘʩʪʠʥʫ ʝʥʝʨʛʽʾ ʬʦʪʦʥʘ 

ʚʝʣʠʯʠʥʦʶ , , ʘ ʫ ʩʢʣʘʜʽ ʩʚʽʪʣʦʚʦʛʦ ʧʫʯʢʘ, ʢʨʽʤ ʣʽʥʽʾ ʟ ʚʠʭʽʜʥʦʶ 

ʯʘʩʪʦʪʦʶ , ʟôʷʚʣʷʩʪʴʩʷ ʥʦʚʘ ʩʧʝʢʪʨʘʣʴʥʘ ʣʽʥʽʷ ʟ ʤʝʥʰʦʶ ʯʘʩʪʦʪʦʶ 



175  

(9.12 ) 
 
 

 
 

ʈʠʩ. 9.18. ʉʭʝʤʘʪʠʯʥʝ ʧʦʷʩʥʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ 

 
ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʚʧʘʢʠ, ʤʦʣʝʢʫʣʘ ʧʝʨʝʭʦʜʠʪʴ ʟ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʪʘʥʫ ʚ ʦʩʥʦʚʥʠʡ, ʚʽʜʜʘʚʰʠ ʧʦʯʘʪʢʦʚʫ ʥʘʜʣʠʰʢʦʚʫ 

ʝʥʝʨʛʽʶ , ʬʦʪʦʥʫ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʷʚʠ ʫ ʩʢʣʘʜʽ ʩʚʽʪʣʦʚʦʛʦ ʧʫʯʢʘ 

(ʟʥʦʚʫ ʞ ʪʘʢʠ ʥʘ ʜʦʜʘʯʫ ʜʦ ʣʽʥʽʾ ʟ ʚʠʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ Ă) 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʟ ʙʽʣʴʰʦʶ ʯʘʩʪʦʪʦʶ 

(9.13 ) 

I ʪʦʡ, i ʽʥʰʠʡ ʧʨʦʮʝʩʠ ʩ ʟʘʚʝʨʰʘʣʴʥʠʤʠ ʝʪʘʧʘʤʠ ʚ ʨʦʟʩʽʶʚʘʥʥʽ 

ʩʚʽʪʣʘ ʤʦʣʝʢʫʣʘʤʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʤʽʥʘʤʠ ʡʦʛʦ ʯʘʩʪʦʪʠ, i 

ʧʨʦʭʦʜʞʝʥʥʷ ʷʢʠʭ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 9.18, ʙ i ʚ 

ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʤʦʣʝʢʫʣʘʤʠ,  ʷʢ ʙʘʯʠʤʦ, ʩ, ʧʦ ʩʫʪʽ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʧʨʫʞʥʦʛʦ ʟʽʪʢʥʝʥʥʷ ʬʦʪʦʥʽʚ ʟ ʤʦʣʝʢʫʣʘʤʠ. ʏʘʩʪʦʪʠ 

ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʩ ʢʦʤʙʽʥʘʮʽʩʶ ʯʘʩʪʦʪʠ ʩʚʽʪʣʘ  , ɦ ʦ ʧʘʜʘʩ, i ʯʘʩʪʦʪ 

ʢʦʣʠʚʥʠʭ ʘʙʦ ʦʙʝʨʪʘʣʴʥʠʭ ʧʝʨʝʭʦʜʽʚ ʤʦʣʝʢʫʣ,  ʱʦ ʨʦʟʩʽʶʶʪʴ 

m= my + ʠ, . (9.14) 

ʋ ʧʦʷʚʽ ʥʦʚʠʭ ʯʘʩʪʦʪ ʫ ʩʚʽʪʣʦʚʦʤʫ ʧʫʯʢʫ, ʱʦ ʧʨʦʥʠʟʫʩ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ, ʥʘ ʜʦʜʘʯʫ ʜʦ ʦʩʥʦʚʥʦʾ ʧʽʜ ʯʘʩ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ ʤʦʣʝʢʫʣʘʤʠ ʯʠ ʽʥʰʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ i ʧʦʣʷʛʘʩ ʝʬʝʢʪ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʘʙʦ, ̫ ʢ ʡʦʛʦ ɦ ʝ ʥʘʟʠʚʘʶʪʴ, ʝʬʝʢʪ 

ʈʘʤʘʥʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʦʶ, ʘ ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʷʥʦʾ ʣʽʥʽʾ 
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ʪʠʤ ʚʠʱʦʶ, ʯʠʤ ʙʽʣʴʰʠʤ ʙʫʜʝ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʪʘʥʫ 

ʤʦʣʝʢʫʣʠ, ʘ ʦʪʞʝ, ʯʠʤ ʙʣʠʞʯʦʶ ʙʫʜʝ ʝʥʝʨʛʽʷ ʟʙʫʜʞʫʶʯʦʾ ʩʚʽʪʣʦʚʦʾ 

ʭʚʠʣʽ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʦʩʥʦʚʥʠʤ i ʟʙʫʜʞʝʥʠʤ ʩʪʘʥʦʤ 

ʤʦʣʝʢʫʣʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʟʘʩʤʦʜʽʾ ʟʽ ʩʚʽʪʣʦʚʦʶ ʭʚʠʣʝʶ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. 

ɿʤʽʝɦʥʥʷ ʯʘʩʪʦʪ ʧʽʜ ʯʘʩ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ. ɹʫʜʴ-ʷʢʘ ʣʽʥʽʷ ʟʙʫʜʞʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʩʪʴʩʷ ʧʝʚʥʠʤ ʜʣʷ ʪʽʩʾ ʯʠ ʽʥʰʦʾ ʨʝʯʦʚʠʥʠ ʥʘʙʦʨʦʤ 

ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʣʽʥʽʡ (ʩʘʪʝʣʽʪʽʚ), ʱʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦ 

ʚʽʜʥʦʩʥʦ ʥʝʾ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʘʪʝʣʽʪʽʚ, ʟʤʽʱʝʥʠʭ ʫ ʯʝʨʚʦʥʫ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʘ (ʪʘʢ ʟʚʘʥʠʭ ʩʪʦʢʩʦʚʠʭ ʣʽʥʽʡ), ʟʘʚʞʜʠ ʙʽʣʴʰʘ ʚʽʜ ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʘʪʝʣʽʪʽʚ, ʟʤʽʱʝʥʠʭ ʫ ʬʽʦʣʝʪʦʚʫ ʡʦʛʦ ʦʙʣʘʩʪʴ (ʪʘʢ ʟʚʘʥʠʭ 

ʘʥʪʠʩʪʦʢʩʦʚʠʭ ʣʽʥʽʡ), i ʮʷ ʚʽʜʤʽʥʥʽʩʪʴ ʟʙʽʣʴʰʫʩʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ. ɺʢʘʟʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 9.19, ʥʘ ʷʢʦʤʫ ʚʠʩʦʪʘ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʣʽʥʽʡ 

ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʾʭʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

 

ʈʠʩ. 9.19. ʉʭʝʤʘʪʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

 
ʂʦʣʠʚʥʽ ʯʘʩʪʦʪʠ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʤʦʜʫʣʶʶʪʴ ʩʚʽʪʣʦʚʽ ʧʽʜ 

ʯʘʩ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʟʘʟʚʠʯʘʡ ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 90 ʜʦ 

4000 ʩʤ-1 (ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʽʜ 90 ʜʦ 2,5 ʤʢʤ), ʪʦʙʪʦ ʚ ̔ ʥʬʨʘʯʝʨʚʦʥʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʥʝ ʪʽʣʴʢʠ 

ʫ ʩʧʝʢʪʨʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʘʣʝ ʡ ʫ ʩʧʝʢʪʨʘʭ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ. ʏʘʩʪʦʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʙʝʨʪʘʣʴʥʠʤ ʧʨʦʮʝʩʘʤ, ʱʝ ʥʠʞʯʽ i ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʜʘʣʝʢʫ 

ʽʥʬʨʘʯʝʨʚʦʥʫ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʘʙʦ ʦʙʣʘʩʪʴ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʄʦʣʝʢʫʣʘ, ʱʦ ʩʢʣʘʜʘʩʪʴʩʷ ʟ N ʘʪʦʤʽʚ, ð ʮʝ ʩʠʩʪʝʤʘ ʟ 3/V 

ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ. 3 ʥʠʭ ʪʨʠ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʧʦʩʪʫʧʘʣʴʥʦʤʫ pyxy, ʘ ʪʨʠ ð ʦʙʝʨʪʘʣʴʥʦʤʫ pyxy ʤʦʣʝʢʫʣʠ ʷʢ ʮʽʣʦʛʦ. 

ʈʝʰʪʘ ʧ = 3N ð 6 ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʤʦʣʝʢʫʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ii ʨʽʟʥʠʤ 

ʚʣʘʩʥʠʤ (ʘʙʦ, ʷʢ µx ɦ ʝ ʥʘʟʠʚʘʶʪʴ, ð ʥʦʨʤʘʣʴʥʠʤ) ʢʦʣʠʚʘʥʥʷʤ. ʉʘʤʝ 

ʯʘʩʪʦʪʠ ʥʦʨʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ i ʩʧʝʢʪʨʘʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ. ʏʘʩʪʦʪʠ ʜʝʷʢʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʫʪʴ ʟʙʽʛʘʪʠʩʷ. ʂʦʣʠʚʘʥʥʷ, 

ʯʘʩʪʦʪʠ ʷʢʠʭ ʟʙʽʛʘʶʪʴʩʷ, ʥʘʟʠʚʘʶʪʴʩʷ ʚʠʨʦʜʞʝʥʠʤʠ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʤʦʣʝʢʫʣʠ, ʟʦʢʨʝʤʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʨʦʜʞʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʚʠʟʥʘʯʘʶʪʴʩʷ iµ ʩʠʤʝʪʨʽʩʶ. ɽʣʝʤʝʥʪʘʤʠ 

ʩʠʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ ʩ ʮʝʥʪʨ ʩʠʤʝʪʨʽʾ, ʧʣʦʱʠʥʘ ʩʠʤʝʪʨʽʾ, ʚʽʩʴ ʩʠʤʝʪʨʽʾ i 

ʜʟʝʨʢʘʣʴʥʦ-ʧʦʚʦʨʦʪʥʘ ʚʽʩʴ. 

ʗʢʱʦ ʤʦʣʝʢʫʣʘ ʤʘʩ ʜʝʷʢʠʡ ʝʣʝʤʝʥʪ ʩʠʤʝʪʨʽʾ, ʪʦ ʱʦʜʦ ʮʴʦʛʦ 

ʝʣʝʤʝʥʪʘ iµ ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʤʝʪʨʠʯʥʠʤʠ ʘʙʦ 

ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤʠ. ɿʘ ʩʠʤʝʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʠʤʝʪʨʽʷ ʤʦʣʝʢʫʣʠ 

ʱʦʜʦ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʤʝʪʨʽʾ ʥʝ ʧʦʨʫʰʫʩʪʴʩʷ. ɿʘ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʩʠʤʝʪʨʽʷ ʤʦʣʝʢʫʣʠ ʥʝ ʟʙʝʨʽʛʘʩʪʴʩʷ. ɯʣʶʩʪʨʘʮʽʷ ʩʠʤʝʪʨʠʯʥʠʭ 

ʪʘ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʧʨʦʩʪʦʤʫ ʧʨʠʢʣʘʜʽ ʣʽʥʽʡʥʦʾ 

ʪʨʠʘʪʦʤʥʦʾ ʤʦʣʝʢʫʣʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9.20. 

 

 

 

 
ʈʠʩ. 9.20. ʂʦʣʠʚʘʥʥʷ ʣʽʥʽʡʥʦñʽñʪʨʠʘʪʦʤʥʦôʽôʤʦʣʝʢʫʣʠ: 

o ð ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʬʽʛʫʨʘʮʽʗ; Qs ð ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ; 

Qa ð ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ 

 
ʗʢʱʦ ʷʢʝ-ʥʝʙʫʜʴ ʢʦʣʠʚʘʥʥʷ ʤʦʣʝʢʫʣʠ ʩ ʩʠʤʝʪʨʠʯʥʠʤ ʱʦʜʦ ycix 

ʝʣʝʤʝʥʪʽʚ ʩʠʤʝʪʨʽʾ, ʪʦ ʚʦʥʦ ʥʘʟʠʚʘʩʪʴʩʷ ʧʦʚʥʽʩʪʶ ʩʠʤʝʪʨʠʯʥʠʤ. ɿʘ 

ʧʦʚʥʽʩʪʶ ʩʠʤʝʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʠʤʝʪʨʽʷ ʤʦʣʝʢʫʣʠ ʫ ʙʫʜʴ-ʷʢʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʩ ʦʜʥʽʩʶ i ʪʽʩʶ ʩʘʤʦʶ. ʇʦʚʥʽʩʪʶ ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ 

ʤʦʣʝʢʫʣʠ ʟʘʚʞʜʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʩʧʝʢʪʨʘʭ ii ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ. ɸʥʪʠʩʠʤʝʪʨʠʯʥʽ i ʚʠʨʦʜʞʝʥʽ ʢʦʣʠʚʘʥʥʷ ʥʝ ʟʘʚʞʜʠ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʪʘʢʠʭ ʩʧʝʢʪʨʘʭ. ʏʝʨʝʟ ʪʝ ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʣʝʢʫʣʠ ʯʘʩʪʦ ʩ ʤʝʥʰʦʶ ʚʽʜ ʧʦʚʥʦʾ 

ʢʽʣʴʢʦʩʪʽ iµ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʚʦʩʾ ʩʠʤʝʪʨʽʾ ʥʦʨʤʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʢʣʘʩʠ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʤʘʶʪʴ ʩʚʦʾ ʙʫʢʚʝʥʽ ʧʦʟʥʘʯʝʥʥʷ: 
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ɸ ð ʥʝʚʠʨʦʜʞʝʥʝ, ʩʠʤʝʪʨʠʯʥʝ ʚʽʜʥʦʩʥʦ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʩʠʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ ʢʦʣʠʚʘʥʥʷ; 

ɺ ð ʥʝʚʠʨʦʜʞʝʥʝ, ʘʥʪʠʩʠʤʝʪʨʠʯʥʝ ʚʽʜʥʦʩʥʦ ʦʩʥʦʚʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʩʠʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ ʢʦʣʠʚʘʥʥʷ; 

ɽ ð ʜʚʦʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʝ ʢʦʣʠʚʘʥʥʷ; 

F ð ʪʨʠʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʝ ʢʦʣʠʚʘʥʥʷ. 

ʉʠʤʝʪʨʠʯʥʽʩʪʴ ʯʠ ʘʥʪʠʩʠʤʝʪʨʠʯʥʽʩʪʴ ʢʦʣʠʚʘʥʴ ʱʦʜʦ ʽʥʰʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʤʝʪʨʽʾ ʧʦʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ̔ ʥʜʝʢʩʽʚ ʫ ʚʠʛʣʷʜʽ ʙʫʢʚ, 

ʰʪʨʠʭʽʚ i ʟʥʘʢʽʚ: 

(g) i (ʠ) ð ʩʠʤʝʪʨʠʯʥʽ i ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘ ʩʠʤʝʪʨʽʾ; 

(ô) i (") ð ʩʠʤʝʪʨʠʯʥʽ ʡ ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʧʣʦʱʠʥʠ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʚʘʥʥʷ; 

(+) i (ð) ð ʩʠʤʝʪʨʠʯʥʽ ʡ ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜʥʦʩʥʦ oci 

ʦʙʝʨʪʘʥʥʷ. 

ʗʢʱʦ ʩ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ, ʪʦ ʟʘʟʚʠʯʘʡ ʽʥʜʝʢʩ 1 

ʦʟʥʘʯʘʩ ʩʠʤʝʪʨʠʯʥʝ ʚʽʜʥʦʩʥʦ ʮʴʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 

ʢʦʣʠʚʘʥʥʷ, ʘ ʽʥʜʝʢʩ 2 ð ʘʥʪʠʩʠʤʝʪʨʠʯʥʝ. 

ʗʢʱʦ ʤʦʣʝʢʫʣʘ ʟʜʽʡʩʥʶʩ ʜʝʷʢʝ ʥʦʨʤʘʣʴʥʝ ʢʦʣʠʚʘʥʥʷ ʟ 

ʯʘʩʪʦʪʦʶ , , ʪʦ ʢʦʥʬʽʛʫʨʘʮʽʷ ʷʜʝʨ ʘʪʦʤʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʤʦʣʝʢʫʣʫ, 

ʟʤʽʥʶʩʪʴʩʷ ʟ ʪʽʩʶ ʩʘʤʦʶ ʯʘʩʪʦʪʦʶ. ɿʘ ʪʘʢʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʜʚʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʽ ʧʨʦʮʝʩʠ. 

1. ʂʦʣʠʚʘʥʥʷ ʷʜʝʨ ʪʘ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʚʥʫʪʨʽʰʥʽ 

ʦʙʦʣʦʥʢʠ, ʪʦʙʪʦ ʢʦʣʠʚʘʥʥʷ ʟʘʨʷʜʞʝʥʠʭ ʦʩʪʦʚʽʚ, ʤʦʞʫʪʴ 

ʟʫʤʦʚʣʶʚʘʪʠ ʟʤʽʥʫ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʦʣʝʢʫʣʠ. ʊʘʢʽ ʢʦʣʠʚʘʥʥʷ, 

ʷʢ ʤʠ ʚʞʝ ʟʘʟʥʘʯʘʣʠ, ʙʫʜʫʪʴ ʘʢʪʠʚʥʽ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʽ 

ʧʦʛʣʠʥʘʥʥʷ ʤʦʣʝʢʫʣʠ. 

2. ʂʦʣʠʚʘʥʥʷ ʦʩʪʦʚʽʚ ʘʪʦʤʽʚ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ ʟʜʘʪʥʽʩʪʴ 

ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʭʤʘʨʠʥʢʠ ʤʦʣʝʢʫʣʠ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. ʗʢʱʦ ʪʘʢʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʣʠʚʘʥʥʷ ʙʫʜʫʪʴ ʘʢʪʠʚʥʽ ʫ ʩʧʝʢʪʨʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʣʝʢʫʣʠ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʛʦʡʜʘʪʠ ʦʩʪʦʚʠ ʘʪʦʤʽʚ ʤʦʞʝ ʪʽʣʴʢʠ 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʧʽʚʤʽʨʥʝ ʟ ʯʘʩʪʦʪʦʶ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ ʤʦʣʝʢʫʣʠ. ʊʦʤʫ ʚʦʥʦ i ʧʦʛʣʠʥʘʩʪʴʩʷ ʤʦʣʝʢʫʣʦʶ. ʂʦʣʠ ʞ ʥʘ 

ʤʦʣʝʢʫʣʫ ʧʘʜʘʩ ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʩʚʽʪʣʦʚʘ ʭʚʠʣʷ, ʪʦ ʚʦʥʘ ʥʝ ʤʦʞʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʛʦʡʜʘʪʠ ʦʩʪʦʚʠ ʘʪʦʤʽʚ, ʦʩʢʽʣʴʢʠ iµ ʯʘʩʪʦʪʘ ʥʘʜʪʦ 
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ʚʠʩʦʢʘ. ʊʘʢʘ ʭʚʠʣʷ ʜʝʬʦʨʤʫʻ ʝʣʝʢʪʨʦʥʥʫ ʭʤʘʨʠʥʢʫ ʽ ʟʤʽʥʶʻ ʩʠʣʠ 

ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʥʠʭ ʦʩʪʦʚʽʚ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʦʨʫʰʫʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʦʣʝʢʫʣʠ ʽ ʚ ʥʽʡ ʟʙʫʜʞʫʻʪʴʩʷ ʜʝʷʢʝ ʥʦʨʤʘʣʴʥʝ 

ʢʦʣʠʚʘʥʥʷ. ʉʘʤʝ ʪʘʢʘ ʚʟʘʻʤʦʜʽʷ ʘʪʦʤʥʠʭ ʦʩʪʦʚʽʚ ʟ ʝʣʝʢʪʨʦʥʥʦʶ 

ʦʙʦʣʦʥʢʦʶ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. 

ʆʪʞʝ, ʣʽʥʽʾ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʶʪʴ ʚʽʜʤʽʥʥʫ ʚʽʜ ʥʫʣʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ üi ʟʤʽʥʶʻʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ 

ʤʦʣʝʢʫʣʠ, ʪʦʜʽ ʷʢ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʪʽʻʶ ʩʘʤʦʶ ʯʘʩʪʦʪʦʶ üi ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʽʜ ʯʘʩ ʥʦʨʤʘʣʴʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ ʟʤʽʥʶʚʘʚʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ. 

ɺʽʜʧʦʚʽʜʥʦ, ʫʤʦʚʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ ʫ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʚ ʩʧʝʢʪʨʘʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, 

ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ï ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ, ʨʽʟʥʽ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʘʤʧʝʨʝʜ ʩʠʤʝʪʨʽʻʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʪʝʦʨʽʾ ʛʨʫʧ. 

ɿʦʢʨʝʤʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʧʨʘʚʠʣʘ 

ʚʽʜʙʦʨʫ ʫʤʦʞʣʠʚʣʶʶʪʴ ʢʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʷʢ ʥʘ 

ʩʠʤʝʪʨʠʯʥʠʭ, ʪʘʢ ʽ ʥʘ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣʘʭ, ʪʦʤʫ ʩʧʝʢʪʨʠ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ ʻ ʟʥʘʯʥʦ 

ʙʘʛʘʪʰʠʤʠ, ʥʽʞ ʩʧʝʢʪʨʠ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ 

ʤʦʣʝʢʫʣʽ ʮʝʥʪʨʘ ʩʠʤʝʪʨʽʾ ʢʦʣʠʚʘʥʥʷ, ʜʦʟʚʦʣʝʥʽ ʫ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʟʘʙʦʨʦʥʝʥʽ ʚ ʩʧʝʢʪʨʘʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ, ʽ ʥʘʚʧʘʢʠ. 

ɼʣʷ ʤʦʣʝʢʫʣ ʩʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʩʪʽʣʴʢʠ 

ʭʘʨʘʢʪʝʨʥʽ, ʱʦ ʟʘ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫʶʪʴ ʩʢʣʘʜʥʽ ʤʦʣʝʢʫʣʷʨʥʽ 

ʩʫʤʽʰʽ, ʦʩʦʙʣʠʚʦ ʦʨʛʘʥʽʯʥʽ ʤʦʣʝʢʫʣʠ, ʘʥʘʣʽʟ ʷʢʠʭ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʦʚʦʣʽ ʧʨʦʙʣʝʤʘʪʠʯʥʠʡ ʘʙʦ ʡ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʠʡ. ʇʦʨʽʚʥʶʶʯʠ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʩʠʤʝʪʨʽʾ 

ʥʦʨʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʘ ʟʚʽʜʪʠ ï ʱʦʜʦ ʩʠʤʝʪʨʽʾ ʤʦʣʝʢʫʣ. ʋ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʤʦʜʝʣʝʡ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ 

ʪʘ ʻʜʠʥʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʻʢʪʫ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʽʥʽʡ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʽ, 

ʟʘʟʚʠʯʘʡ, ʘʥʘʣʽʟʫʶʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʻ ʾʭʥʷ ʯʘʩʪʦʪʘ (ʪʦʯʥʽʰʝ 

ʢʘʞʫʯʠ, ʚʘʞʣʠʚʘ ʥʝ ʩʪʽʣʴʢʠ ʩʘʤʘ ʯʘʩʪʦʪʘ ʣʽʥʽʾ, ʩʢʽʣʴʢʠ ʾʾ ʟʩʫʚ ʱʦʜʦ 

ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ, ʷʢʠʡ ʚʽʜʢʣʘʜʝʥʠʡ ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʥʘ ʨʠʩ. 9.19 ï ʪʘʢ 

ʟʚʘʥʠʡ ʟʩʫʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʘʙʦ ʨʘʤʘʥʽʚʩʴʢʠʡ ʟʩʫʚ), 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʥʘʧʽʚʰʠʨʠʥʘ ʽ ʧʦʣʷʨʠʟʘʮʽʷ. ʋʩʽ ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡ 
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ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʽʟʦʣʴʦʚʘʥʽʡ ʤʦʣʝʢʫʣʽ, ʪʽʻʶ 

ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʅʘʡʤʝʥʰ ʯʫʪʣʠʚʦʶ ʜʦ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʻ ʯʘʩʪʦʪʘ ʣʽʥʽʾ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ 

ʚʟʘʻʤʦʜʽʾ ʫ ʨʘʟʽ ʟʙʣʠʞʝʥʥʷ ʯʠ ʚʽʜʜʘʣʝʥʥʷ ʤʦʣʝʢʫʣ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʤʽʞ ʘʪʦʤʘʤʠ ʚ ʤʦʣʝʢʫʣʽ. ɺʦʜʥʦʯʘʩ ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ 

ʚʟʘʻʤʦʜʽʷ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʾ. ɿʤʽʥʘ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ ʟʙʫʨʶʻ ʟʦʚʥʽʰʥʶ ʝʣʝʢʪʨʦʥʥʫ ʦʙʦʣʦʥʢʫ ʤʦʣʝʢʫʣʠ, ʷʢʘ 

ʣʝʛʢʦ ʜʝʬʦʨʤʫʻʪʴʩʷ. ʎʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʽʩʪʦʪʥʫ ʟʤʽʥʫ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʤʦʣʝʢʫʣʠ ʟʘʛʘʣʦʤ ʽ ʟʜʘʪʥʦʩʪʽ ʤʦʣʝʢʫʣʠ ʜʦ ʟʤʽʥʠ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʽʜ ʯʘʩ ʧʝʚʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʟʦʢʨʝʤʘ. ɸ ʩʘʤʝ ʮʷ ʚʣʘʩ- 

ʪʠʚʽʩʪʴ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʾ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ. 

ʉʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʟʥʘʶʪʴ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʫ 

ʨʘʟʽ ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʣʽʥʽʾ ʟʙʫʜʞʝʥʥʷ ʜʦ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʟʤʽʥʘʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʪʘʥʫ ʤʦʣʝʢʫʣʠ. ɿʙʽʛ 

(ʧʨʠʙʣʠʟʥʠʡ ʯʠ ʪʦʯʥʠʡ) ʯʘʩʪʦʪʠ ʣʽʥʽʾ ʟʙʫʜʞʝʥʥʷ ʟ ʯʘʩʪʦʪʦʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʟʫʤʦʚʣʶʻ ʨʝʟʦʥʘʥʩʥʠʡ 

ʧʝʨʝʙʽʛ ʷʚʠʱʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʇʽʜʩʠʣʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʟʫʤʦʚʣʝʥʝ ʧʽʜʚʠʱʝʥʥʷʤ ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘʢʦʛʦ ʬʦʪʦʥʘ ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʚʽʜʪʘʢ ʽ ʟʨʦʩʪʘʥʥʷʤ 

ʽʤʦʚʽʨʥʦʩʪʽ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 

ɺʧʣʠʚ ʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʣʽʥʽʡ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʤʫʛ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʚʝʜʝ ʜʦ ʚʠʜʦʟʤʽʥʠ 

ʩʧʝʢʪʨʽʚ ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʦʙʣʘʩʪʽ ʨʝʟʦʥʘʥʩʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʽʥʽʡ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ. ɼʦʩʣʽʜʞʫʶʯʠ ʫ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ ʟʙʫʜʞʝʥʥʷ üo ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ɯ ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʣʽʥʽʾ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʪʨʠʤʫʶʪʴ ʪʘʢ ʟʚʘʥʠʡ ñʧʨʦʬʽʣʴ 

ʟʙʫʜʞʝʥʥʷò ʜʣʷ ʚʠʙʨʘʥʦʾ ʣʽʥʽʾ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ɯ( üo ). ʇʦʨʽʚʥʷʥʥʷ 

ʧʨʦʬʽʣʽʚ ʟʙʫʜʞʝʥʥʷ ʽʟ ʟʘʣʝʞʥʽʩʪʶ ʧʦʢʘʟʥʠʢʘ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʯʘʩʪʦʪʠ 

ʩʚʽʪʣʘ ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ ʜʦʜʘʪʢʦʚʫ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʦʭʦʜʞʝʥʥʷ ʣʽʥʽʡ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʘ ʦʪʞʝ, ʧʨʦ ʩʠʤʝʪʨʽʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ʄʝʪʦʜ ʗʄʈ ï ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʨʽʜʠʥʽ ʯʠ ʛʘʟʽ, ʟʫʤʦʚʣʝʥʦʛʦ ʤʘʛʥʝʪʠʟʤʦʤ ʷʜʝʨ ï 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʟʝʻʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʽʚʥʽʚ ʷʜʨʘ ʘʪʦʤʘ ʚ ʧʦʩʪʽʡʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. 

ʇʦʚʝʜʽʥʢʫ ʷʜʨʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚʠʟʥʘʯʘʶʪʴ ʩʧʽʥʠ ʥʫʢʣʦʥʽʚ 

(ʧʨʦʪʦʥʽʚ ʽ ʥʝʡʪʨʦʥʽʚ) ʪʘ ʾʭʥʽ ʦʨʙʽʪʘʣʴʥʽ ʤʦʤʝʥʪʠ. ɿ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ 

ʚʽʜʦʤʦ, ʱʦ: 
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Å Bci ʷʜʨʘ ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʪʦʥʽʚ (ʘʪʦʤʥʠʡ ʥʦʤʝʨ 

ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ Z ʧʘʨʥʠʡ) i ʥʝʡʪʨʦʥʽʚ (ʨʽʟʥʠʮʷ A-Z ʧʘʨʥʘ, ɸ ð 

ʤʘʩʦʚʝ ʯʠʩʣʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ) ʚʦʣʦʜʽʶʪʴ ʥʫʣʴʦʚʠʤ ʩʧʽʥʦʤ. 

Å ʗʜʨʘ ʟ ʥʝʧʘʨʥʠʤ ɸ i ʙʫʜʴ-ʷʢʠʤ Z ʤʘʶʪʴ ʩʧʽʥ ( +1/2)//, ʜʝ 

ʣ = 0, 1, 2,... 

Å ʗʜʨʘ ʟ ʥʝʧʘʨʥʠʤ Z i ʧʘʨʥʠʤ ɸ (ʪʦʙʪʦ ʟ ʥʝʧʘʨʥʠʤ A-Z) ʤʘʶʪʴ 

ʩʧʽʅ ʣ// , ʜʝ ʣ = 0, 1, 2, ... 

ʇʽʜ ʩʧʽʥʦʤ ʷʜʨʘ / ʨʦʟʫʤʽʶʪʴ ʧʦʚʥʠʡ ʤʦʤʝʥʪ pyxy ʷʜʨʘ, ʱʦ 

ʜʦʨʽʚʥʶʩ ʚʝʢʪʦʨʥʽʡ ʩʫʤʽ ʦʨʙʽʪʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ 

(ʧʨʦʪʦʥʽʚ i ʥʝʡʪʨʦʥʽʚ) ʪʘ ʾʭʥʽʭ ʩʧʽʥʽʚ. ʆʨʙʽʪʘʣʴʥʽ ʤʦʤʝʥʪʠ ʥʫʢʣʦʥʽʚ ʚ 

ʦʜʠʥʠʮʷʭ ʚʠʨʘʞʘʶʪʴʩʷ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ, ʘ ʩʧʽʥʦʚʽ ʤʦʤʝʥʪʠ ð 

ʥʘʧʽʚʮʽʣʠʤʠ. ɿʚʽʜʩʠ i ʚʠʧʣʠʚʘʩ, ʱʦ ʚ ʷʜʝʨ ʟ ʥʝʧʘʨʥʠʤ ɸ 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʧʽʥ ʥʘʧʽʚʮʽʣʠʡ, ʘ ʟ ʧʘʨʥʠʤ ɸ ð ʮʽʣʠʡ. 3 ʜʦʩʣʽʜʫ ʪʘʢʦʞ 

ʚʠʧʣʠʚʘʩ, ʱʦ ʚʩʽ ̫ ʜʨʘ ʟ I ʦ ʤʘʶʪʴ i ʥʝʥʫʣʴʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʫ, 

ʱʦ ʜʦʨʽʚʥʶʩ = gûaIyRa, ʜʝ g ð ʤʘʛʥʽʪʦʤʝʭʘʥʽʯʥʝ ʚʽʜʥʦʰʝʥʥʷ, ʘʙʦ g- 

ʬʘʢʪʦʨ ʷʜʨʘ, ð ʷʜʝʨʥʠʡ ʤʘʛʥʝʪʦʥ à - )ʝ)///23c, ʜʝ ʄ ð ʤʘʩʘ 

ʩʧʦʢʦʶ ʧʨʦʪʦʥʘ. 

ʗʜʨʦ, ʱʦ ʚʦʣʦʜʽʩ ʩʧʽʥʦʤ, ʤʘʩ ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ pyxy, ʷʢʠʡ ʟʘ 

ʤʦʜʫʣʝʤ ʜʦʨʽʚʥʶʩ 

G= (I + l)Ii , (9.15) 

ʜʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ pyxy ʷʜʨʘ  I ʥʘʙʫʚʘʩ  ʟʥʘʯʝʥʥʷ: 

/ = 0, 1/2, 1, 3/2, 2, ... 

ʄʘʛʥʽʪʥʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʪʫ ʧʨʠ ʟʘʜʘʥʦʤʫ /  ʥʘʙʫʚʘʩ 2/ + 1 

ʟʥʘʯʝʥʥʷ: 

ʪ, ðð I, I-1, ..., 0, ..., -(I-1), -1. 

ʄʝʭʘʥʽʯʥʦʤʫ ʤʦʤʝʥʪʫ G ʚʽʜʧʦʚʽʜʘʩ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ 

(9.16) 

yi ðð gûa I+ʒ ʫʤʘ. (9.17) 

ɸʪʦʤʥʝ ʷʜʨʦ ʟ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʥʫʣʷ ʤʦʤʝʥʪʦʤ, ʧʦʤʽʱʝʥʝ ʚ 

ʟʦʚʥʽʰʥʩ ʧʦʩʪʽʡʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʅʦ ʟʘʟʥʘʩ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʢʚʘʥʪʫʚʘʥʥʷ i ʡʦʛʦ 2/ + 1-ʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʠʡ ʨʽʚʝʥʴ ʨʦʟʱʝʧʣʶʩʪʴʩʷ 
ʥʘ ʟʝʩʤʘʥʽʚʩʴʢʠʡ ʤʫʣʴʪʠʧʣʝʪ, ʨʽʚʥʽ ʷʢʦʛʦ ʚʦʣʦʜʽʶʪʴ ʝʥʝʨʛʽʷʤʠ ʪ 

ʾʽûʴʁ̫ʜʅʦÅ   ʇʨʘʚʠʣʘ   ʚʽʜʙʦʨʫ   ʜʦʟʚʦʣʷʶʪ ɹ  ʧʝʨʝʭʦʜʠ   ʤʞ̔   ʨʽʚʥʷʤʠ 

ʤʫʣʴʪʠʧʣʝʪʫ, ʜʣʷ ̫ ʢʠʭ 

ʚʞʠ ðð + ̔. (9.18) 

ʊʦʤʫ ʷʢʱʦ ʥʘ ʷʜʨʦ, ʧʦʤʽʱʝʥʝ ʚ ʧʦʩʪʽʡʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʅʦü 

ʥʘʢʣʘʩʪʠ ʜʦʜʘʪʢʦʚʦ ʟʤʽʥʥʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʮʠʢʣʽʯʥʘ ʯʘʩʪʦʪʘ 

ʷʢʦʛʦ ʟʙʽʛʘʩʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ 
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(9.19) 

ʢʦʪʨʫ ʥʘʟʠʚʘʶʪʴ ʷʜʝʨʥʦʶ ʧʘʨʘʤʘʛʥʽʪʥʦʶ ʯʘʩʪʦʪʦʶ, ʪʦ ʚʠʥʠʢʘʩ 

ʨʝʟʦʥʘʥʩʥʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦʣʷ ʘʪʦʤʥʠʤʠ ʷʜʨʘʤʠ ð ʷʜʝʨʥʠʡ 

ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʠʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʪʘʣʠʭ ʫ (9.19), 

ʜʣʷ ʣʽʥʽʡʥʦʾ ʯʘʩʪʦʪʠ v (v ðð ʰ/2ʛʛ) ʟʥʘʡʜʝʤʦ: 

v   ðð  2,13g tH , (9.20) 

ʜʝ v ʚʠʤʽʨʶʩʪʴʩʷ ʚ ʢʽʣʦʛʝʨʮʘʭ, ʘ ʅʦ ð ʚ ʝʨʩʪʝʜʘʭ. ʆʪʞʝ, ʗʄʈ ʚ ʧʦʣʷʭ 
ʙʣʠʟʴʢʦ ʪʠʩʷʯʽ ʝʨʩʪʝʜʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʨʘʜʽʦʯʘʩʪʦʪ. 

ɺ ʘʪʦʤʽ ʷʜʨʦ ʦʪʦʯʫʩ ʝʣʝʢʪʨʦʥʥʘ ʦʙʦʣʦʥʢʘ. ʇʦʚʥʠʡ ʤʦʤʝʥʪ 

ʢʽʣʴʢʦʩʪʽ pyxy ʘʪʦʤʘ F ʜʦʨʽʚʥʶʩ ʩʫʤʽ ʧʦʚʥʦʛʦ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʥʥʦʾ 

ʦʙʦʣʦʥʢʠ J i ʤʦʤʝʥʪʫ ʷʜʨʘ /: 

F -- J + l. (9.21) 

ʗʢʱʦ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ pyxy ʷʜʨʘ / ʧʝʨʝʚʠʱʫʩ 

ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ  pyxy ʝʣʝʢʪʨʦʥʥʦʾ  ʦʙʦʣʦʥʢʠ  J  

(/ > J), ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʧʦʚʥʦʛʦ ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ pyxy ʘʪʦʤʘ F 

ʥʘʙʫʚʘʩ ʪʘʢʠʭ ʟʥʘʯʝʥʴ: 

F ðð I+J, I+J-1, ..., I-J (ʚʩʴʦʛʦ 2J + 1 ʟʥʘʯʝʥʥʷ), (9.22) 

ʷʢʱʦ ʞ ʩʧʨʘʚʝʜʣʠʚʘ ʟʚʦʨʦʪʥʘ ʥʝʨʽʚʥʽʩʪʴ J > /, ʪʦ 

F ðð J+I, J+1-1, ..., J-I (ʚʩʴʦʛʦ 21 + 1 ʟʥʘʯʝʥʥʷ). (9.23) 

ʅʘʢʣʘʜʝʥʝ ʟʦʚʥʽʰʥʩ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟʙʫʨʶʩ ʩʪʘʥ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʠʩʪʝʤʠ ʘʪʦʤʘ. ʎʝ ʟʙʫʨʝʥʥʷ, ʩʚʦʩʶ ʯʝʨʛʦʶ, ʟʤʽʥʶʩ ʚʝʣʠʯʠʥʫ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʜʽʩ ʥʘ ʷʜʨʦ ʘʪʦʤʘ, ʚʽʜʥʦʩʥʦ ʪʦʛʦ ʟʥʘʯʝʥʠʷ Hy, 

ʷʢʝ ʥʘʢʣʘʜʝʥʦ ʥʘ ʘʪʦʤ, ʘ ʚʽʜʪʘʢ, ʟʛʽʜʥʦ ʟ (9.19) i (9.20), ð i ʷʜʝʨʥʫ 

ʧʘʨʘʤʘʛʥʽʪʥʫ ʯʘʩʪʦʪʫ, ̫ ʢʘ ʬʽʢʩʫʩʪʴʩʷ ʧʽʜʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʎ  ̫ʟʤʽʥʘ 

ʷʜʝʨʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʧʦʛʣʠʥʘʥʥʷ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʭʽʤʽʯʥʦʛʦ 

ʟʩʫʚʫ. ʆʩʢʽʣʴʢʠ ʭʽʤʽʯʥʠʡ ʟʩʫʚ ʚʠʥʠʢʘʩ ʚʥʘʩʣʽʜʦʢ ʚʟʘʩʤʦʜʽʾ ʝʣʝʢʪʨʦʥʽʚ, 

ʷʢʽ ʦʪʦʯʫʶʪʴ ʷʜʨʦ, ʟ ʧʦʩʪʽʡʥʠʤ ʟʦʚʥʽʰʥʽʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʪʦ ʡʦʛʦ 

ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʥʥʠʭ ʦʙʦʣʦʥʦʢ. ʎʷ 

ʩʪʨʫʢʪʫʨʘ, ʩʚʦʩʶ ʯʝʨʛʦʶ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ 

ʘʪʦʤʘ ʽʟ ʩʫʩʽʜʘʤʠ ʪʘ ʡʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʪʦʯʝʥʥʷ i ʟʘʟʥʘʩ ʟʤʽʥ ʫ ʨʘʟʽ 

ʟʤʽʥ ʮʠʭ ʯʠʥʥʠʢʽʚ. 

ɺʽʜ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʘʪʦʤʠ ʟ ʨʝʟʦʥʫʶʯʠʤʠ ʷʜʨʘʤʠ ʟʘʡʤʘʶʪʴ ʭʽ- 

ʤʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʧʦʟʠʮʽʾ, ʦʪʨʠʤʫʶʪʴ ʦʜʠʥʦʯʥʽ ʣʽʥʽʾ ʗʄʈ. ɼʣʷ 

ʩʠʩʪʝʤ ʩʢʣʘʜʥʽʰʦʾ ʙʫʜʦʚʠ ʩʧʝʢʪʨʠ ʗʄʈ ʤʽʩʪʷʪʴ ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʫ 



 

ʣʽʥʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʗʄʈ ʜʘʶʪʴ ʚʘʞʣʠʚʫ ʽ ʧʨʷʤʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

ʗʢʱʦ ʟʚʝʩʪʠ ʚʦʻʜʠʥʦ ʩʢʘʟʘʥʝ ʧʨʦ ʚʩʽ ʪʨʠ ʟʽ ʟʛʘʜʘʥʠʭ ʤʝʪʦʜʠʢ 

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʙʘʛʘʪʦʘʪʦʤʥʠʭ 

ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʦʜʠʥ ʜʦʚʦʣʽ ʮʽʢʘʚʠʡ ʽ ʚʘʞʣʠʚʠʡ 

ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʢ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ ʚʠʩʥʦʚʦʢ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʯʠʤ ʩʠʤʝʪʨʠʯʥʽʰʠʤ ʙʫʜʝ ʜʝʷʢʠʡ ʚʫʛʣʝʮʝʚʠʡ ʢʣʘʩʪʝʨ Cn, ʪʠʤ: 

¶ ʤʝʥʰʝ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫ ʩʧʝʢʪʨʘʭ ʡʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʝʨʝʭʦʜʘʤ ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʣʠʚʘʣʴʥʦ- 

ʦʙʝʨʪʘʣʴʥʠʤʠ ʩʪʘʥʘʤʠ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʧʝʨʝʭʦʜʠ ʚ 

ʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣʘʭ ʟʘʙʦʨʦʥʝʥʽ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ; 

¶ ʙʘʛʘʪʰʠʤ ʱʦʜʦ ʩʧʝʢʪʨʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʙʫʜʝ 

ʩʧʝʢʪʨ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʢʣʘʩʪʝʨʦʤ, ʦʩʢʽʣʴʢʠ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʘ ʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣʘʭ ʟʘ ʫʯʘʩʪʽ ʾʭʥʽʭ 

ʢʦʣʠʚʥʠʭ ʽ ʦʙʝʨʪʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʽʪʦʢ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ ʜʦʟʚʦʣʝʥʝ; 

¶ ʤʝʥʰʝ ʣʽʥʽʡ ʙʫʜʝ ʤʽʩʪʠʪʠ ʩʧʝʢʪʨ ʗʄʈ ʪʘʢʦʛʦ ʢʣʘʩʪʝʨʘ (ʚ 

ʘʙʩʦʣʶʪʥʦ ʩʠʤʝʪʨʠʯʥʽʡ ʤʦʣʝʢʫʣʽ ï ʦʜʥʫ), ʦʩʢʽʣʴʢʠ ʜʣʷ ʘʪʦʤʘ 

ʚʫʛʣʝʮʶ ʫ ʢʣʘʩʪʝʨʽ ʙʫʜʝ ʽʩʥʫʚʘʪʠ ʤʝʥʰʝ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦʟʠʮʽʡ, ʷʢʽ 

ʘʪʦʤ ʤʽʛ ʙʠ ʟʘʡʤʘʪʠ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʦʜʝʣʽ 

ʢʣʘʩʪʝʨʘ, ʢʨʽʤ ʩʢʘʟʘʥʦʛʦ, ʥʝʦʙʭʽʜʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʥʦʤʫ 

ʨʽʚʥʽ: 

¶ ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ, ʷʢʽ ʜʘʻ ʝʢʩʧʝʨʠʤʝʥʪ, ʟ ʢʽʣʴʢʽʩʪʶ 

ʪʠʭ ʣʽʥʽʡ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʪʽʻʾ 

ʯʠ ʽʥʰʦʾ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʢʣʘʩʪʝʨʘ; 

¶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʣʽʥʽʡ, ʷʢʽ ʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪ ̔  

ʨʦʟʨʘʭʫʥʦʢ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʷʢʱʦ ʚ ʢʣʘʩʪʝʨʽ ʉ 60 ʘʪʦʤʠ 

ʚʫʛʣʝʮʶ ʬʦʨʤʫʶʪʴ ʩʬʝʨʠʯʥʫ ʤʦʣʝʢʫʣʫ ʽ ʨʦʟʤʽʱʘʶʪʴʩʷ ʫ ʥʽʡ ʫ 

ʚʝʨʰʠʥʘʭ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 12 ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʷʢʽ 

ʥʝ ʜʦʪʠʢʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʽ 20 ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʪʦ ʚ ʪʘʢʽʡ ʤʦʣʝʢʫʣʽ 

ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ 174 ʪʠʧʠ ʢʦʣʠʚʘʥʴ. ʏʦʪʠʨʠ ʟ ʥʠʭ ʘʢʪʠʚʥʽ ʚ ʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ, ʜʝʩʷʪʴ ʢʦʣʠʚʘʥʴ ʘʢʪʠʚʥʽ ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʨʝʰʪʘ ʢʦʣʠʚʘʥʴ ʥʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʭ. 

ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʜʠʧʦʣʴʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʣʠʚʘʥʴ ʉ 60  ̔ʜʦʟʚʦʣʝʥʽ 
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ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ, ʩ ʯʘʩʪʦʪʠ 527, 576, 1182 i 1429 ʩʤ-1. ʇʝʨʰʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʧʝʢʪʨ ɯʏ ʧʦʛʣʠʥʘʥʥʷ, ʦʜʝʨʞʘʥʠʡ ʥʘ ʢʣʘʩʪʝʨʘʭ 

Cpl, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.21. ʗʢ ʙʘʯʠʤʦ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʤʘʡʞʝ ʽʜʝʘʣʴʥʘ, ʱʦ ʥʝ 

ʟʘʣʠʰʘʩ ʩʫʤʥʽʚʽʚ ʫ ʪʦʤʫ, ʱʦ ʢʣʘʩʪʝʨ C6o ð ʮʝ ʩʧʨʘʚʜʽ ʩʬʝʨʠʯʥʘ 

ʤʦʣʝʢʫʣʘ, ʘʪʦʤʠ ʷʢʦʾ ʬʦʨʤʫʶʪʴ ʚʝʨʰʠʥʠ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʘʤʝ ʥʘʚʝʜʝʥʽ ʯʘʩʪʦʪʠ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ i 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʫʣʝʨʝʥʦʚʤʽʩʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʜʣʷ ̔ ʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʣʝʢʫʣ ʉ6ʦ ʋ ʧʨʦʮʝʩʘʭ ʩʠʥʪʝʟʫ 

ʬʫʣʝʨʝʥʽʚ i ñʤʽʪʦʢò ʧʽʜ ʯʘʩ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʦʜʝʨʞʘʥʥʷ ʮʴʦʛʦ ʥʘʡʩʪʘʙʽʣʴʥʽʰʦʛʦ ʾʭʥʴʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ. 
 

1800 ʅʆ 0 J 000 600 

 
 

ʈʠʩ. 9.21. ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʉ6ʦ, ʝʢʩʪʨʘʛʦʚʘʥʦʛʦ ʟ ʚʫʛʣʝʮʝʚʦñʽñʩʘʞʽ, 

ʦʪʨʠʤʘʥʦôʽñʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʛʨʘʬʽʪʫ ʚ ʘʪʤʦʩʬʝʨʽ 

ʛʝʣʽʶ (ɿʛʽʜʥʦ ʟ Kpoʪo ɻ. ʋʌʅ, 168 (1998) 343) 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʉ60 ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 250ð1600 ʩʤ-1 (ʧʨʠʙʣʠʟʥʦ 30ð200 ʤʝɺ), 

ʷʢʠʡ ʦʭʦʧʣʶʩ ʥʘʚʝʜʝʥʽ ʯʘʩʪʦʪʠ ʜʠʧʦʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʘʢʪʠʚʥʠʭ ʫ 

ʩʧʝʢʪʨʘʭ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʩ ʜʦʚʦʣʽ ʥʘʩʠʯʝʥʠʤʠ, ɦ ʦ ʜʦʜʘʪʢʦʚʦ 

ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʚʠʩʦʢʦʾ ʩʠʤʝʪʨʽʾ ʢʣʘʩʪʝʨʽʚ C6o. ʅʘʡʙʽʣʴʰ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʣʽʥʽʷ v ðð 273 ʩʤ-1, ʷʢʘ ʙʫʣʘ ʧʨʝʜʤʝʪʦʤ ʯʠʩʣʝʥʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʱʝ ʜʦ ʧʝʨʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʘ ʤʦʜʝʣʣʶ 

ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ ʜʣʷ ʤʦʣʝʢʫʣʠ Cpl ʚʽʜʧʦʚʽʜʘʩ ʧʝʨʝʪʚʦʨʝʥʥʶ 

ʩʬʝʨʠ ʥʘ ʝʣʽʧʩʦʾʜ ʦʙʝʨʪʘʥʥʷ, ʧʝʨʝʭʽʜ 467 ʩʤ-1 ʥʘʣʝʞʠʪʴ ʜʦ 

ñʜʠʭʘʣʴʥʠʭò ʢʦʣʠʚʘʥʴ ʪʠʧʫ ñʩʪʠʩʢʘʥʥʷ ð ʨʦʟʰʠʨʝʥʥʷò, ʧʝʨʝʭʽʜ 1469 

ʩʤ 1 ʚʽʜʧʦʚʽʜʘʩ ʨʦʟʪʷʛʫʚʘʥʥʶ i ʩʪʠʩʢʘʥʥʶ ʧôʷʪʠʢʫʪʥʠʭ ʛʨʘʥʝʡ 

ʽʢʦʩʘʝʜʨʘ. 
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ʆʩʪʘʪʦʯʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʛʦ, ʱʦ ʚʩʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʚ 

ʤʦʣʝʢʫʣʽ Cpl ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʘʙʩʦʣʶʪʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦʟʠʮʽʷʭ, ʩ 

ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʽʚ ʾʭʥʽʭ ʗʄʈ, ʦʜʝʨʞʘʥʠʡ ʥʘ ʷʜʨʘʭ 13C, ʷʢʽ ʫ ʯʠʩʪʠʭ 

ʟʨʘʟʢʘʭ ʉ60 ʤʽʩʪʷʪʴ ʩʜʠʥʠʡ ʧʽʢ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʩʧʝʢʪʨ ʗʄʈ Cpl 

ʩʢʣʘʜʘʩʪʴʩʷ ʟ ʧôʷʪʠ ʧʽʢʽʚ. ʑʝ ʤʝʥʰ ʜʦʩʢʦʥʘʣʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʭʘʨʘʢʪʝʨʠʟʫʩʪʴʩʷ ʬʫʣʝʨʝʥ ʉ 6, ʩʧʝʢʪʨ ʗʄʈ ʷʢʦʛʦ ʤʽʩʪʠʪʴ 19 ʨʽʟʥʠʭ 

ʣʽʥʽʡ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ 

ʮʴʦʤʫ ʬʫʣʝʨʝʥʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʟʘʡʤʘʶʪʴ ʘʞ 19 ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʦʟʠʮʽʡ. ʆʜʥʦʯʘʩʥʦ ʟʥʘʯʥʦ ʙʘʛʘʪʰʠʤʠ i ʩʢʣʘʜʥʽʰʠʤʠ ʩ i ʩʧʝʢʪʨʠ ɯʏ 

ʧʦʛʣʠʥʘʥʥʷ ʚʘʞʢʠʭ ʬʫʣʝʨʝʥʽʚ. ɿʦʢʨʝʤʘ, ʫ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ 

ʤʦʣʝʢʫʣʠ C76 ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ 13 ʯʽʪʢʠʭ ʣʽʥʽʡ. 

ɿʘʢʽʥʯʫʶʯʠ ʨʦʟʛʣʷʜ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʫʣʝʨʝʥʽʚ, ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʧʦʚʥʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʽ ʢʦʣʠʚʥʽ ʩʧʝʢʪʨʠ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʽʚ ʥʝʧʨʫʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʤʦʣʝʢʫʣʘʤʠ ʧʦʚʽʣʴʥʠʭ ʥʝʡʪʨʦʥʽʚ, ʦʩʢʽʣʴʢʠ ʟʘ ʪʘʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʤʦʞʣʠʚʝ ʝʬʝʢʪʠʚʥʝ ʟʙʫʜʞʝʥʥʷ ʚʩʽʭ ʪʠʧʽʚ ʢʦʣʠʚʘʥʴ ʤʦʣʝʢʫʣʠ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʩʠʤʝʪʨʽʾ. 

 

9.5. ʇʆʍɯɼʅɯ ʌʋʃɽʈɽʅɯɺ 

 
ʌʫʣʝʨʝʥʠ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʧʨʠʪʷʛʫʚʘʪʠ ʜʦ ʩʝʙʝ 

ʝʣʝʢʪʨʦʥʠ (ʝʣʝʢʪʨʦʚʽʜôʩʤʥʽʩʪʶ). ʊʦʤʫ ʚʦʥʠ ʘʢʪʠʚʥʦ ʚʩʪʫʧʘʶʪʴ ʫ ʨʽʟʥʽ 

ʨʝʘʢʮʽʾ ʟ ʘʪʦʤʘʤʠ, ̔ ʦʥʘʤʠ, ʨʘʜʠʢʘʣʘʤʠ ʪʦʱʦ, ʩʪʚʦʨʶʶʯʠ ʟ ʥʠʤʠ ʪʽ ʯʠ 

ʽʥʰʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʟʘʛʘʣʴʥʫ ʥʘʟʚʫ ʬʫʣʝʨʠʜʽʚ. 

ʋʪʚʦʨʶʶʯʠ ʬʫʣʝʨʠʜ, ʯʘʩʪʠʥʢʠ ʤʦʞʫʪʴ ʧʦ-ʨʽʟʥʦʤʫ ʧʨʠʩʜʥʫʚʘʪʠʩʷ ʜʦ 

ʬʫʣʝʨʝʥʘ. ʇʨʠʩʜʥʫʶʯʠʩʴ ʜʦ ʥʴʦʛʦ ʟʩʝʨʝʜʠʥʠ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʪʘʢ 

ʟʚʘʥʽ ʝʥʜʦʝʜʨʘʣʴʥʽ ʩʧʦʣʫʢʠ ð ʝʥʜʦʬʫʣʝʨʝʥʠ, ʧʨʠʩʜʥʫʶʯʠʩʴ ʟʟʦʚʥʽ, 

ʫʪʚʦʨʶʶʪʴ ʟ ʬʫʣʝʨʝʥʘʤʠ ʝʢʟʦʝʜʨʘʣʴʥʽ ʩʧʦʣʫʢʠ ð ʝʢʟʦʬʫʣʝʨʝʥʠ. ʋ 

ʨʘʟʽ ʟʘʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʫ ʩʪʨʫʢʪʫʨʽ 

ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʘ ʘʪʦʤʘʤʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʶʪʴʩʷ ʥʦʚʽ 

ʬʫʣʝʨʝʥʦʚʽ ʩʪʨʫʢʪʫʨʠ ʪʠʧ ʙ ʣ-Am ð ʛʝʪʝʨʦʬʫʣʝʨʝʥʠ. 

ɺʠʩʦʢʘ ʽʥʝʨʪʥʽʩʪʴ ñʤʘʛʽʯʥʠʭò ʬʫʣʝʨʝʥʽʚ ʜʘʩ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ µx 

ʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʑʦ ʞ ʜʦ ʥʘʡʩʪʘʙʽʣʴʥʽʰʦʛʦ ʟ ʬʫʣʝʨʝʥʽʚ ð 
C60, ʪʦ ʚʽʥ ʚʟʘʛʘʣʽ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ ʷʢ ʟʘʚʛʦʜʥʦ ʜʦʚʛʦ.  ʎʝ 

ʟʘʙʝʟʧʝʯʫʩ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʟ ʬʫʣʝʨʝʥʽʚ ʟʘʛʘʣʦʤ, i  ʟ 

ʬʫʣʝʨʝʥʘ ʉèʦ ʟʦʢʨʝʤʘ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʚʝʨʜʦʬʘʟʥʽ ʩʪʨʫʢʪʫʨʠ ð 

ʢʨʠʩʪʘʣʠ, ʪʦʥʢʽ ʧʣʽʚʢʠ, ʢʝʨʘʤʽʢʠ. ʊʚʝʨʜʦʬʘʟʥʽ ʩʪʨʫʢʪʫʨʠ ʬʫʣʝʨʝʥʽʚ 
ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʬʫʣʝʨʠʪʘʤʠ. 
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ʌʋʃɽʈʀɼʀ 

ɯʟ ʚʩʽʭ ʨʽʟʥʦʚʠʜʥʦʩʪʝʡ ʬʫʣʝʨʠʜʽʚ ʩʴʦʛʦʜʥʽ ʥʘʡʧʦʚʥʽʰʘ 

ʽʥʬʦʨʤʘʮʽʷ ʥʘʛʨʦʤʘʜʞʝʥʘ ʧʨʦ ʝʥʜʦʬʫʣʝʨʝʥʠ. 3 ʥʠʭ ʤʠ i ʨʦʟʧʦʯʥʝʤʦ 

ʟʥʘʡʦʤʩʪʚʦ ʟ ʬʫʣʝʨʠʜʘʤʠ. 

ʌʫʣʝʨʝʥʠ ʚʩʝʨʝʜʠʥʽ ʧʦʨʦʞʥʽ. ʇʦʨʦʞʥʠʥʘ ʥʘʡʩʪʘʙʽʣʴʥʽʰʦʛʦ 

ʬʫʣʝʨʝʥʘ Cpl, ʥʘʧʨʠʢʣʘʜ, ʤʘʩ ʜʽʘʤʝʪʨ ʤʘʡʞʝ 0,4 ʠʤ. ʊʦʤʫ ʚʦʥʘ 

ʟʜʘʪʥʘ ʚʤʽʩʪʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʘʪʦʤ ʽʟ ʪʘʙʣʠʮʽ ʄʝʥʜʝʣʩʩʚʘ. ʎʝ ʪʠʤ 

ʩʧʨʘʚʝʜʣʠʚʽʰʝ ʜʣʷ ʚʘʞʯʠʭ ʬʫʣʝʨʝʥʽʚ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʩ, ʱʦ ʫ 

ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʬʫʣʝʨʝʥʘ ʤʦʞʥʘ ʚʚʝʩʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ 

ʯʫʞʦʨʽʜʥʠʡ ʘʪʦʤ i ʦʪʨʠʤʘʪʠ ʝʥʜʦʝʜʨʘʣʴʥʫ ʩʧʦʣʫʢʫ ð ʝʥʜʦʝʜʨʘʣʴʥʠʡ 

ʬʫʣʝʨʝʥ, ʘʙʦ ʧʨʦʩʪʦ ʝʥʜʦʬʫʣʝʨʝʥ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʝʥʜʦʝʜʨʘʣʴʥʦʛʦ ʬʫʣʝʨʝʥʘ ʩ ʪʝ, ʱʦ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʡ ʫ ʧʦʨʦʞʥʠʥʫ 

ʯʫʞʦʨʽʜʥʠʡ ʘʪʦʤ ʜʫʞʝ ʚʘʞʢʦ ʚʠʚʽʣʴʥʠʪʠ ʟ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʫ. 

ʉʭʝʤʘ ʝʥʜʦʝʜʨʘʣʴʥʦʛʦ ʬʫʣʝʨʝʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9.22. 
 

ʈʠʩ. 9.22. ɽʥʜʦʝʜʨʘʣʴʥʘ ʤʦʣʝʢʫʣʘ ʬʫʣʝʨʝʥʘ 

 
ɺʧʝʨʰʝ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʝʥʜʦʝʜʨʘʣʴʥʠʭ ʬʫʣʝʨʝʥʽʚ ʙʫʣʘ 

ʜʦʚʝʜʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʦʤʘ ʣʘʥʪʘʥʫ. ċx ʩʠʥʪʝʟʫʚʘʣʠ ʣʘʟʝʨʥʠʤ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʛʨʘʬʽʪʦʚʦʛʦ ʜʠʩʢʘ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ, ʧʨʦʩʦʯʝʥʦʛʦ 

ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ LaCI i ʧʨʦʩʫʰʝʥʦʛʦ. ɿʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʨʽʚʥʷ, ̫ ʢʠʡ ʚʠʢʣʠʢʘʩ ʬʦʪʦʜʠʩʦʮʽʘʮʽʶ 

ʥʘʡʤʝʥʰ ʩʪʘʙʽʣʴʥʠʭ ʬʫʣʝʨʝʥʽʚ, ʯʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʢʣʘʩʪʝʨʠ, ʟʘ 

ɺʀʅʗʪʢʦʄ ʉ60 i Cpl, ʟʥʠʢʘʣʠ, ʦʜʥʘʢ ʢʣʘʩʪʝʨʠ ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʱʦ ʤʽʩʪʠʣʠ ʜʦʜʘʪʢʦʚʦ ʦʜʠʥ ʘʪʦʤ ʣʘʥʪʘʥʫ, ʟʘʣʠ- 

ʰʘʣʠʩʷ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʙʠ ʤʽʩʪʠʣʠ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʘʪʦʤ ʣʘʥʪʘʥʫ. ʎʝ ʩʚʽʜʯʠʣʦ ʥʘ ʢʦʨʠʩʪʴ ʪʦʛʦ, ʱʦ 

ʣʘʥʪʘʥ ʫ ʪʘʢʦʤʫ ʦʙôʩʜʥʘʥʥʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʩʝʨʝʜʠʥʽ ʚʫʛʣʝʮʝʚʦʛʦ 

ʢʘʨʢʘʩʫ. 

ʗʢ ʚʠʷʚʠʣʦʩʷ, ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴʩʷ ʝʥʜʦʝʜʨʘʣʴʥʽ ʤʝʪʘʣʦ- 

ʬʫʣʝʨʝʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʘʪʦʤʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʂ i Cs. ʎʝ ʜʘʣʦ ʟʤʦʛʫ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʫʞʝ ʜʦʪʝʧʥʠʡ ʩʧʦʩʽʙ ʧʝʨʝʚʽʨʢʠ ʝʥʜʦʝʜʨʘʣʴʥʦʾ 

ʛʽʧʦʪʝʟʠ. 3 ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʜʟʚʫʢʦʚʦʛʦ ʧʫʯʢʘ ʢʣʘʩʪʝʨʥʠʭ ̔ ʦʥʽʚ ʙʫʣʘ 
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ʚʠʢʦʥʘʥʘ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʽʦʥʽʚ C60/fó i ʉ60ʉɮò. 

ɯʜʝʷ ʟʚʦʜʠʣʘʩʷ ʜʦ ʪʦʛʦ, ʱʦʙ ʧʽʜʽʙʨʘʪʠ ʪʘʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘ ʷʢʦʾ ʬʦʪʦʜʠʩʦʮʽʘʮʽʷ ʮʠʭ ʽʦʥʽʚ ʨʝʘʣʽʟʫʩʪʴʩʷ 

ʚʽʜʱʝʧʣʝʥʥʷʤ ʚʽʜ ʥʠʭ ʤʘʣʠʭ ʬʨʘʛʤʝʥʪʽʚ ʪʠʧʫ Ct, C4, C6, ʘʣʝ ʘʪʦʤ 

ʤʝʪʘʣʫ ʟʙʝʨʽʛʘʩʪʴʩʷ ʚ ʢʣʘʩʪʝʨʽ. ʗʢʱʦ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʤʝʪʘʣ ʤʽʩʪʠʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʢʘʨʢʘʩʘ, ʪʦ ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʜʠʩʦʮʽʘʮʽʾ ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʘʨʢʘʩʽ 

ʚ ʤʽʨʫ ʚʽʜʜʽʣʝʥʥʷ ʥʝʡʪʨʘʣʴʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚʫʛʣʝʮʶ ʙʫʜʝ ʟʨʦʩʪʘʪʠ, 

ʦʩʢʽʣʴʢʠ ʢʘʨʢʘʩ ʙʫʜʝ ʚʩʝ ʱʽʣʴʥʽʰʝ ʥʘʜʷʛʘʪʠʩʷ ʥʘ ʘʪʦʤ ʤʝʪʘʣʫ, 

ʩʪʠʩʢʘʶʯʠ ʡʦʛʦ. ɸʪʦʤ ʤʝʪʘʣʫ ʪʘʢʦʤʫ ʩʪʠʩʢʘʥʥʶ, ʟʨʦʟʫʤʽʣʦ, 

ʧʨʦʪʠʜʽʷʪʠʤʝ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʜʝʷʢʦʤʫ ʝʪʘʧʽ ʧʦʜʽʣʫ ʡʦʛʦ ʧʦʜʘʣʴʰʝ 

ñʦʜʷʛʘʥʥʷò ʫ ʚʫʛʣʝʮʝʚʫ ʦʙʦʣʦʥʢʫ ʫʥʝʤʦʞʣʠʚʠʪʴʩʷ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʬʦʪʦʜʠʩʦʮʽʘʮʽʷ ʚʽʜʜʽʣʝʥʥʷʤ ʤʘʣʠʭ ʧʘʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚʫʛʣʝʮʶ 

ʧʦʚʠʥʥʘ ʟʤʽʥʠʪʠʩʷ ʧʦʚʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʘ i 

ʟʚʽʣʴʥʝʥʥʷʤ ʘʪʦʤʘ ʤʝʪʘʣʫ. 

ʉʢʣʘʜ ʢʣʘʩʪʝʨʘ, ʟʘ ʷʢʦʛʦ ʧʦʚʠʥʥʦ ʚʽʜʙʫʪʠʩʷ ʪʘʢʝ ʨʫʡʥʫʚʘʥʥʷ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʘʪʦʤʘ ʤʝʪʘʣʫ i ʡʦʛʦ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʥʘʧʝʨʝʜ ʥʘ 

ʧʽʜʩʪʘʚʽ ʟʥʘʯʝʥʴ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʽʚʩʴʢʠʭ ʨʘʜʽʫʩʽʚ ʽʦʥʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ  
i ʚʫʛʣʝʮʶ. ɺ ʽʦʥʘ ʉ Csò ʟ ʚʘʞʯʠʤ ʘʪʦʤʦʤ ʮʝʟʽʶ ʪʘʢʝ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʚʠʥʥʦ ʚʽʜʙʫʪʠʩʷ ʟʘ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ ʢʽʥʮʝʚʦʛʦ ñʤʝʪʘʣʦʚʤʽʩʥʦʛʦò 

ʢʣʘʩʪʝʨʘ, ʥʽʞ ʫ ʉ60ʂò ʟ ʣʝʛʰʠʤ ʘʪʦʤʦʤ ʢʘʣʽʶ. ʅʘ ʨʠʩ. 9.23 ʧʦʜʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʗʢ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ, ʢʣʘʩʪʝʨ ʉʙ /+ó 
ʚʥʘʩʣʽʜʦʢ ʧʦʩʣʽʜʦʚʥʦʾ ʚʪʨʘʪʠ ʬʨʘʛʤʝʥʪʽʚ ʚʫʛʣʝʮʶ ʟ ʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʘʪʦʤʽʚ ʨʫʡʥʫʩʪʴʩʷ ʟ ʚʪʨʘʪʦʶ ʘʪʦʤʘ ʤʝʪʘʣʫ ʥʘ ʩʪʘʜʽʾ C44K' , ʢʣʘʩʪʝʨ 

ʉ Csò ð ʥʘ ʩʪʘʜʽʾ C48Csò. ʉʘʤʝ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʤʘʩʦʚʠʭ ʯʠʩʝʣ ʪʦʯʦʢ 

ʨʫʡʥʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʦʮʽʥʦʢ ʥʘ ʧʽʜʩʪʘʚʽ ʚʘʥ-ʜʝʨ- 

ʚʘʘʣʴʩʽʚʩʴʢʠʭ ʨʘʜʽʫʩʽʚ ʽʦʥʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ i ʚʫʛʣʝʮʶ. ʎʝ 

ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʦʜʠʪʴ, ʱʦ ʬʫʣʝʨʝʥ ʉʙ0 ʫʪʚʦʨʶʩ ʟ ʘʪʦʤʘʤʠ ʂ i Cs 

ʩʘʤʝ ʝʥʜʦʝʜʨʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ. 

ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʝʥʜʦʬʫʣʝʨʝʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʨʽʟʥʽ 

ʩʧʦʩʦʙʠ. ʆʜʠʥ ð MçO CĂ ʜʝ ʄ ð ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʡ ʘʪʦʤ (ʤʦʣʝʢʫʣʘ), ʘ 

ʥʠʞʥʽ ʽʥʜʝʢʩʠ ʪ i ʣ ʚʢʘʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʘʪʦʤʽʚ ʪʘ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʫ ʤʦʣʝʢʫʣʽ ʬʫʣʝʨʝʥʘ. ɯʥʰʠʡ ð iMCn (ñfullerene ð 

incar ð atomò). ʅʘʧʨʠʢʣʘʜ, ʦʜʥʘ ʡ ʪʘ ʩʘʤʘ ʝʥʜʦʝʜʨʘʣʴʥʘ ʩʧʦʣʫʢʘ 

ʣʘʥʪʘʥʫ i ʬʫʣʝʨʝʥʘ ʉèʦ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ La@C6o ʘʙʦ iLaC60. 

ɿʨʦʟʫʤʽʣʦ, ɦ ʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʥʜʦʝʜʨʘʣʴʥʠʭ ʩʧʦʣʫʢ ʧʨʠʜʘʪʥʽʰʽ 

ʬʫʣʝʨʝʥʠ ʟ ʚʝʣʠʢʠʤʠ ʤʘʩʦʚʠʤʠ ʯʠʩʣʘʤʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʠʤʠ 

ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʨʦʞʥʠʥʘʤʠ. ʊʦʤʫ ʚʣʘʩʥʝ ʥʠʥʽ ʩʠʥʪʝʟʦʚʘʥʽ i ʚʠʜʽʣʝʥʽ 

ʝʥʜʦʬʫʣʝʨʝʥʠ  ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʦ  ʚʘʞʢʠʭ  ʬʫʣʝʨʝʥʽʚ: Sc@C82, 
ʁʉ@,   ʉ 74ü       C2    ʉ/Ă      ʁCg@ ʉ 82ü       C2@  ʉ 84ü       Cg@   C 86ü      ʉʥ@   ʉ 82,   ʋ@ ʉ 82ü 
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La@ C82, Laü@ C8o, ʉʝ @ C8ü, Ce 2O ʉ80, Pr@ C82, Pr2O C80,  Nd@C  82ü 

ɮʪ@ ʉ 74ü ʪ@ ʉ 82ü ɮʪ@ ʉ 84ü  ɽʠ@  ʉ 74ü  Gd@  ʉ 82ü  Dy@  ʉ 82, HOg@ ʉ 82ü 

Er@ C8ü, Er2O C82, Tʪ@ C82 Y b @ C8ü, ʉʘ@C72, ʉʘ @ C74, ʉʘ@C80, 

ʉʘ@C82, ʉʘ@C84, Sr@ C 80, Sr@ ʉ82, Sr@ ʉ84, B a@C 8o, Ba@C 84. 
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ʈʠʩ. 9.23. ʏʘʩʪʠʥʘ ʤʘʩ-ʩʧʝʢʪʨʘ ʽʦʥʥʠʭ ʦʩʢʦʣʢʽʚ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʣʘʟʝʨʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ̔ ʦʥʽʚ C6oKô (ʘ) ʪʘ C6oCsò (ʙ). ʇʦʨʷʜ ʟ 

ʢʣʘʩʪʝʨʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʘʪʦʤ ʤʝʪʘʣʫ, ʬʽʢʩʫʶʪʴʩʷ ʪʘʢʦʞ cyʪo ʚʫʛʣʝʮʝʚʽ 

ʢʣʘʩʪʝʨʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʦʪʦʜʠʩʦʮʽʘʮʽôʽô ñʧʦʨʦʞʥʽʭò 

ʬʫʣʝʨʝʥʽʚ.(ɿʛʽʜʥʦ ʟ Weiss F.D. et all. ɱ. Am. Chem. Soc. 19 (1988) 4464) 

 
ʗʢ ʙʘʯʠʤʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʨʷʜʫ, ʚʩʝ ʮʝ ʩ ʝʥʜʦʬʫʣʝʨʝʥʠ ʤʝʪʘʣʽʚ, 

ʧʨʠʯʦʤʫ ʤʝʪʘʣʽʚ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʨʷʜʫ 

ʣʘʥʪʘʥʦʾʜʽʚ. Bci ʚʦʥʠ ʩ ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʣʝʛʢʦ ʚʽʜʜʘʶʪʴ 

ʩʚʦʾ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ, ʫʪʚʦʨʶʶʯʠ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ. ʊʘʢʘ 

ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ð ʧʽʜʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʝʥʜʦʝʜʨʘʣʴʥʠʭ ʤʝʪʘʣʦʬʫʣʝʨʝʥʽʚ ʤʝʪʘʣ ʧʝʨʝʜʘʩ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ 

ʬʫʣʝʨʝʥʦʚʽʡ ʦʙʦʣʦʥʮʽ. ʊʦʤʫ ʤʝʪʘʣʦʝʥʜʦʬʫʣʝʨʝʥ ð ʮʝ ʩʪʨʫʢʪʫʨʘ, ʜʝ 

ʚʩʝʨʝʜʠʥʽ ʬʫʣʝʨʝʥʦʚʦʛʦ ʘʥʽʦʥʘ ʤʽʩʪʠʪʴʩʷ ʢʘʪʽʦʥ ʤʝʪʘʣʫ. 



 

ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʥʘʚʝʜʝʥʦʤʫ ʨʷʜʽ ʤʝʪʘʣʦʝʥʜʦʝʜʨʘʣʴʥʠʭ ʩʧʦʣʫʢ 

ʚʘʞʯʠʭ ʬʫʣʝʨʝʥʽʚ ʩʧʨʠʯʠʥʝʥʘ, ʦʯʝʚʠʜʥʦ, ʪʠʤ, ʱʦ ʚʘʞʢʽ ʬʫʣʝʨʝʥʠ ʻ 

ʧʦʨʽʚʥʷʥʦ ʨʽʜʢʽʩʥʠʤʠ ʽ ʾʭ ʥʘʙʘʛʘʪʦ ʚʘʞʯʝ ʚʠʜʽʣʠʪʠ ʫ ʜʦʩʪʘʪʥʽʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ. ʎʽʢʘʚʽʰʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʮʴʦʤʫ ʨʷʜʽ (ʚʽʥ, 

ʟʚʠʯʘʡʥʦ, ʥʝ ʧʦʚʥʠʡ ̔ ʥʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʚʞʝ ʩʠʥʪʝʟʦʚʘʥʽ ʽ ʚʠʜʽʣʝʥʽ 

ʘʙʦ ʙʫʜʫʪʴ ʪʘʢʠʤʠ ʡ ̔ʥʰʽ ʤʝʪʘʣʦʬʫʣʝʨʝʥʠ) ʪʝʞ ʜʦʩʪʘʪʥʴʦ ʤʘʩʠʚʥʦʛʦ 

ʝʥʜʦʬʫʣʝʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʉ 70, ʷʢʠʡ ʻ ʜʨʫʛʠʤ ʟʘ ʧʦʰʠʨʝʥʽʩʪʶ ʧʽʩʣʷ 

ʬʫʣʝʨʝʥʘ ʉ 60. ʄʦʞʣʠʚʦ, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʜʦ ʪʘʢʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʢʘʨʢʘʩʘ, ʷʢʠʡ ʥʝ ʤʘʻ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʱʦ ʜʦʪʠʢʘʶʪʴʩʷ, 

ʘ ʪʦʤʫ ʻ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʠʤ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʨʝʙʘ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʜʘʣʝʢʦ ʥʝ ʚʩʽ 

ʝʥʜʦʬʫʣʝʨʝʥʠ, ʷʢʽ ʚʜʘʻʪʴʩʷ ʩʠʥʪʝʟʫʚʘʪʠ, ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ 

ʩʪʘʙʽʣʴʥʽʡ ʬʦʨʤʽ, ʘ ʦʪʞʝ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʝʥʜʦʝʜʨʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʫʪʚʦʨʝʥʽ ʬʫʣʝʨʝʥʦʤ ʉ 60 ʟ 

ʘʪʦʤʘʤʠ Ca, Sr, Sm, Eu ʡ Yb ï Ca@C 60, Sr@C60, Sm@C60, Eu@C60, 

Yb@C60 ï ʧʝʨʝʢʦʥʣʠʚʦ ʨʝʻʩʪʨʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʩ-ʩʧʝʢʪʨʘʭ 

ʬʫʣʝʨʝʥʦʚʤʽʩʥʦʾ ʩʘʞʽ, ʦʜʥʘʢ ʩʧʨʦʙʠ ʚʠʜʽʣʠʪʠ ʾʭ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ 

ʧʨʠʟʚʦʜʠʣʠ ʜʦ ʨʦʟʧʘʜʫ ʮʠʭ ʤʝʪʘʣʦʝʥʜʦʬʫʣʝʨʝʥʽʚ. ʆʯʝʚʠʜʥʦ, ʮʝ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʜʦʝʜʨʘʣʴʥʦʾ ʤʦʣʝʢʫʣʠ ʪʠʤ ʚʠʱʘ, 

ʯʠʤ ʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʬʫʣʝʨʝʥʦʚʦʾ ʦʙʦʣʦʥʢʠ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʪʦʤ, ʟʘʤʢʥʫʪʠʡ ʫ ʬʫʣʝʨʝʥʦʚʫ ʦʙʦʣʦʥʢʫ, 

ʧʨʘʢʪʠʯʥʦ ʚʪʨʘʯʘʻ ʩʚʦʾ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʚʦʻʶ 

ʯʝʨʛʦʶ, ʧʝʨʝʙʫʜʦʚʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʬʫʣʝʨʝʥʘ ʧʽʜ ʯʘʩ 

ʫʪʚʦʨʝʥʥʷ ʝʥʜʦʝʜʨʘʣʴʥʦʛʦ ʤʝʪʘʣʦʬʫʣʝʨʝʥʘ, ʟʫʤʦʚʣʝʥʘ ʧʝʨʝʭʦʜʦʤ 

ʜʦ ʥʴʦʛʦ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʤʝʪʘʣʫ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʡʦʛʦ 

ʝʣʝʢʪʨʦʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʟʦʢʨʝʤʘ ʥʘ ʧʦʪʝʥʮʽʘʣʽ ʽʦʥʽʟʘʮʽʾ ʡ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʘ. 

ʆʩʢʽʣʴʢʠ ʤʝʪʘʣ ʚ ʝʥʜʦʬʫʣʝʨʝʥʽ ʧʝʨʝʙʫʚʘʻ ʚ ʽʦʥʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ, 

ʪʦ ʡʦʛʦ ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʚʽʜ ʨʘʜʽʫʩʘ 

ʧʦʨʦʞʥʠʥʠ (ʦʩʦʙʣʠʚʦ ʜʣʷ ʽʦʥʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʘʜʽʫʩ 

f-ʦʙʦʣʦʥʢʠ ʷʢʠʭ ʜʫʞʝ ʤʘʣʠʡ ʚʥʘʩʣʽʜʦʢ ʪʘʢ ʟʚʘʥʦʛʦ ʣʘʥʪʘʥʦʾʜʥʦʛʦ 

ʩʪʠʩʢʘʥʥʷ), ʪʦʤʫ ʽʦʥʠ ʤʝʪʘʣʫ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʱʘʪʠʩʷ ʚʽʜʥʦʩʥʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʮʝʥʪʨʘ ʤʦʣʝʢʫʣʠ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ ʫ ʤʦʣʝʢʫʣ 

ʤʝʪʘʣʦʝʥʜʦʬʫʣʝʨʝʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʽ ʚʘʣʝʥʪʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʦʛʦ ʽʦʥʘ. ʊʘʢ, 

ʝʥʜʦʝʜʨʘʣʴʥʽ ʬʫʣʝʨʝʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʚʦʟʘʨʷʜʥʠʡ ʽʦʥ ʤʝʪʘʣʽʚ ʜʨʫʛʦʾ 

ʛʨʫʧʠ, ʜʽʘʤʘʛʥʽʪʥʽ. ɽʥʜʦʝʜʨʘʣʴʥʽ ʬʫʣʝʨʝʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʤʝʪʘʣ 

ʪʨʝʪʴʦʾ ʛʨʫʧʠ, ʥʘʚʧʘʢʠ, ʚʦʣʦʜʽʶʪʴ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 
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ʦʩʢʽʣʴʢʠ ʚʧʨʦʚʘʜʞʝʥʠʡ ʘʪʦʤ ʧʝʨʝʜʘʩ ʬʫʣʝʨʝʥʘ ʪʨʠ ʩʚʦʾ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ  ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ i 

ʜʝʪʘʣʴʥʽ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʥʜʦʝʜʨʘʣʴʥʠʡ 

ʣʝʛʫʚʘʣʴʥʠʡ ʘʪʦʤ ʥʝ ʟʘʚʞʜʠ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ ʟʘʨʷʜʞʝʥʠʡ ̔ ʦʥ ʚʩʝ- 

ʨʝʜʠʥʽ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʘ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʩ ʫ ʥʝʤʝʪʘʣʽʯʥʠʭ 

ʝʥʜʦʝʜʨʘʣʴʥʠʭ ʘʪʦʤʘʭ, ʥʘʧʨʠʢʣʘʜ N@Cpl. ʗʢʱʦ ʝʥʜʦʝʜʨʘʣʴʥʠʡ 

ʘʪʦʤ ʟʘʣʠʰʘʩʪʴʩʷ ʥʝʡʪʨʘʣʴʥʠʤ, ʚʽʥ ʨʦʟʤʽʱʘʩʪʴʩʷ ʚ ʮʝʥʪʨʽ 

ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʘ. 
 
 

 

ʈʠʩ. 9.24. ʆʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦñʽñʤʽʢʨʦʩʢʦʧʽʽòʥʘ ʧʨʦʩʚʽʪ ʩʠʣʴʥʦ 

ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʫʙʣʽʤʦʚʘʥʦòʽòʧʣʽʚʢʠ, ʦʜʝʨʞʘʥʦñʽñʚʘʢʫʫʤʥʠʤ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʪʝʨʤʽʯʥʦ ʦʯʠʱʝʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʢʦʥʜʝʥʩʘʪʫ. ɺʠʜʥʦ ʷʢ 

ʬʫʣʝʨʝʥʠ ʟ ʦʜʠʥʘʨʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʪʘʢ i ʚʩʪʘʚʣʝʥʽ ʦʜʠʥ ʚ ̔ ʥʰʠʡ ʬʫʣʝʨʝʥʠ 

ʨʽʟʥʠʭ ʩʢʣʘʜʽʚ. (ɿʘ ʜʘʥʠʤʠ Mordkovych V.Z., Chem. Mater. 12 (2000) 2813) 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʬʫʣʝʨʝʥʽʚ-ʛʽʛʘʥʪʽʚ C240. C540. C960 

ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʜ ʝʥʜʦʬʫʣʝʨʝʥʽʚ ð ʤʝʥʰʠʡ 

ʬʫʣʝʨʝʥ ʫ ʙʽʣʴʰʦʤʫ, ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʩʽʡʩʴʢʦʾ ʤʘʪʨʴʦʰʢʠ ʘʙʦ 

ʮʠʙʫʣʠʥʠ. ʌʫʣʝʨʝʥʦʚʽ ʤʘʪʨʴʦʰʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʥʮʝʥʪʨʠʯʥʽ ʩʬʝʨʠʯʥʽ 

ʰʘʨʠ, ʚʩʪʘʚʣʝʥʽ ʦʜʠʥ ʚ ʽʥʰʠʡ, ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʧʽʜ ʚʧʣʠʚʦʤ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʩ ʧʨʦʜʫʢʪʘʤʠ 

ʩʧʘʣʶʚʘʥʥʷ ʛʨʘʬʽʪʫ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʜʫʟʽ ʯʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʣʘʟʝʨʥʠʤ 

ʧʨʦʤʝʥʝʤ, ʾʭʥʽʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʦʙʨʦʙʣʝʥʥʷʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʠʱʠʭ  ʟʘ  300 ð  400 ʆʉ,  ʘʙʦ  ʽʦʥʥʦ ʁ ʽʤʧʣʘʥʪʘʮʽʩ ʁ ʚʠʩʦʢʠʤʠ  ʜʦʟʘʤʠ 

ʚʫʛʣʝʮʶ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʩʢʦʥʘʣʽ ʩʬʝʨʦʾʜʘʣʴʥʽ ʩʪʨʫʢ- 

ʪʫʨʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʢʦʣʠʚʘʶʪʴʩʷ ʫ ʤʝʞʘʭ ʚʽʜ 2 ʜʦ 50 ʠʤ. ʆʜʥʠʤ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʪʚʝʨʜʞʝʥʴ ʽʩʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʪʠʧʫ ñʬʫʣʝʨʝʥ ʫ 

ʬʫʣʝʨʝʥʽò ʩ ʦʜʝʨʞʘʥʘ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʧʨʦʩʚʽʪ 

ʢʘʨʪʠʥʢʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 9.24. ʅʘ ʨʠʩ. 9.25 ʧʦʢʘʟʘʥʦ ʤʦʜʝʣʽ 
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ʩʪʨʫʢʪʫʨ ñʬʫʣʝʨʝʥ ʫ ʬʫʣʝʨʝʥʽ", ʱʦ ʤʦʛʣʠ ʙ ʚʽʜʧʦʚʽʜʘʪʠ ʪʠʤ 

ʩʢʣʘʜʥʠʤ ʢʦʤʧʦʟʠʮʽʷʤ, ʷʢʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʡ 

ʽʩʥʫʚʘʥʥʷ ʷʢʠʭ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʠʩʫʥʢʘ. 
 

ʈʠʩ. 9.25. ʄʦʜʝʣʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʬʫʣʝʨʝʥʽʚ 

C60@C240 (ʣʽʚʦʨʫʯ) i C60@C240@C560 (ʧʨʘʚʦʨʫʯ). ʇʝʨʝʜʥʷ ʯʘʩʪʠʥʘ 

ʟʦʚʥʽʰʥʴʦôʽô ʦʙʦʣʦʥʢʠ C6o@C240@C56o ʟʨʽʟʘʥʘ ʜʣʷ ʢʨʘʱʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ ʚʥʫʪʨʽʰʥʴʦòʽò ʯʘʩʪʠʥʠ ʙʘʛʘʪʦʰʘʨʦʚʦñʽôʩʪʨʫʢʪʫʨʠ. 

(ɿʛʽʜʥʦ ʟ Mordkovych V.Z. Chem. Mater. 12 (2000) 2833 

 
ʑʦ ʞ ʜʦ ʽʥʰʠʭ ʚʠʜʽʚ ʬʫʣʝʨʠʜʽʚ ð ʝʢʟʦʬʫʣʝʨʠʜʽʚ i 

ʛʝʪʝʨʦʬʫʣʝʨʠʜʽʚ, ʪʦ ʧʝʨʝʚʽʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ ʥʠʥʽ ʟʥʘʯʥʦ 

ʤʝʥʰʝ, ʥʽʞ ʧʨʦ ʝʥʜʦʬʫʣʝʨʝʥʠ. ʅʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʪʦʩʫʩʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʫ ʩʪʘʥʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴ, ʧʨʦ ʱʦ ʡʪʠʤʝʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʘʨʘʛʨʘʬʽ. 

ʌʋʃɽʈʀʊʀ 
 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ  ʩʪʘʙʽʣʴʥʠʭ ʪʚʝʨʜʦʬʘʟʥʠʭ  ʩʪʨʫʢʪʫʨ ʬʫʣʝʨʝʥʽʚ 

ð ʬʫʣʝʨʠʪʽʚ ð ʥʘʡʧʨʠʜʘʪʥʽʰʠʤ, ʧʨʠʨʦʜʥʦ, ʩ ʬʫʣʝʨʝʥ ʉèʦ. ʆʩʢʽʣʴʢʠ 

ʩʘʤʝ ʉ6ʦ ʩ ʥʘʡʩʪʽʡʢʽʰʠʤ ʟ ycix ʬʫʣʝʨʝʥʽʚ, ʪʦ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ ʾʭʥʴʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ, ʷʢʽ ʜʦʚʦʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʥʠʞʯʝ, ʡʦʛʦ ʥʘʡʣʝʛʰʝ ʚʠʛʦʪʦʚʠʪʠ ʫ ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʢʽʣʴʢʦʩʪʽ. 3 ʽʥʰʦʛʦ ʙʦʢʫ, ʦʯʝʚʠʜʥʦ, ʱʦ 

ʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʥʝʩʪʘʙʽʣʴʥʠʭ ʬʫʣʝʨʝʥʽʚ. 

ɿʘʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ ʬʫʣʝʨʝʥ ʉʙ0 (ʪʦʙʪʦ ʬʫʣʝʨʠʪ C6o) ʟʘ ʪʠʧʦʤ 

ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʥʘʣʝʞʠʪʴ ʜʦ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʜʝ ʟʚôʷʟʘʥʽ 

ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʤʦʣʝʢʫʣʠ Cpl ʬʦʨʤʫʶʪʴ 

ʢʨʠʩʪʘʣ ʧʽʜ ʚʧʣʠʚʦʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʽʚʩʴʢʦʾ ʚʟʘʩʤʦʜʽʾ. 

ʆʩʢʽʣʴʢʠ ʦʩʪʘʥʥʷ ʥʘʙʘʛʘʪʦ ʩʣʘʙʰʘ ʟʘ ʢʦʚʘʣʝʥʪʥʫ, ʤʦʣʝʢʫʣʠ ʉʙ0 ʋ 
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ʢʨʠʩʪʘʣʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴ ʥ ̔ʩʚʦʩʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʥʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʆʩʪʘʥʥʩ ʧʽʜʪʚʝʨʜʞʫʩʪʴʩʷ, ʟʦʢʨʝʤʘ, ʪʠʤ, ʱʦ 

ʚʫʟʴʢʽ ʩʤʫʛʠ (ʤʘʡʞʝ ʣʽʥʽʾ) ɯʏ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʬʫʣʝʨʠʪʫ Cpl i 

ʬʫʣʝʨʝʥʘ Cpl ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʽ 

ʯʘʩʪʦʪʠ 527, 576, 1182 i 1429 ʩʤ-1, ʷʢʽ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʥʘʣʝʞʘʪʴ ʜʦ 

ʜʦʟʚʦʣʝʥʠʭ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ ʜʠʧʦʣʴʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʣʠʚʘʥʴ Cpl, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ñʤʽʪʢʠ" ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʣʝʢʫʣ Cpl ʫ ʧʨʦʮʝʩʘʭ 

ʩʠʥʪʝʟʫ ʬʫʣʝʨʠʪʫ C60 

ɿʛʽʜʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʟʘ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʬʫʣʝʨʠʪ, ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʤʦʣʝʢʫʣ Cpl, ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʞʦʨʩʪʢʠʭ ʢʫʣʴ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʘ 

ɻʨʘʪʢʘ ʟʘʙʫʜʦʚʫʩʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʱʽʣʴʥʦʾ ʫʧʘʢʦʚʢʠ, ʢʦʣʠ ʢʦʞʝʥ 

ʚʫʟʦʣ ʛ'ʨʘʪʢʠ (ʫ ʪʘʢʦʤʫ ʨʘʟʽ ð ʤʦʣʝʢʫʣʘ-ʬʫʣʝʨʝʥ Cpl) ʦʪʦʯʝʥʠʡ 

ʜʚʘʥʘʜʮʷʪʴʤʘ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ. 

ʋ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʘʨʫ ʢʫʣʴʢʠ ʫʧʘʢʦʚʫʶʪʴʩʷ ʥʘʡʱʽʣʴʥʽʰʝ, ʢʦʣʠ 

ʢʦʞʥʘ ʽʟ ʥʠʭ ʜʦʪʠʢʘʩʪʴʩʷ ʟ ʰʽʩʪʴʤʘ ʧʦʜʽʙʥʠʤʠ (ʨʠʩ. 9.26, ʘ). 

ɼʨʫʛʠʡ ʰʘʨ ʢʫʣʴʦʢ ʤʦʞʥʘ ʪʘʢ ʩʘʤʦ ʱʽʣʴʥʦ ʫʢʣʘʩʪʠ ʥʘ ʧʝʨʰʠʡ, 

ʷʢʱʦ ʢʦʞʥʘ ʟ ʥʠʭ ʧʦʪʨʘʧʣʷʪʠʤʝ ʫ ʣʫʥʢʫ ʤʽʞ ʪʨʴʦʤʘ ʢʫʣʴʢʘʤʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʘʨʫ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʙʫʜʴ-ʷʢʘ ʢʫʣʴʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ 

ʜʚʦʭ ʰʘʨʽʚ ʦʪʨʠʤʫʩ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʜʘʣʽ ʰʽʩʪʴ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʫ 

ʩʚʦʩʤʫ ʰʘʨʽ i ʪʨʴʦʭ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʫ ʩʫʩʽʜʥʴʦʤʫ ʰʘʨʽ (ʨʠʩ. 9.26, 
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ʈʠʩ. 9.26. ʈʽʟʥʽ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦòʽòʫʧʘʢʦʚʢʠ ʟ ʢʫʣʴ ʦʜʥʘʢʦʚʦʛʦ ʨʘʜʽʫʩʘ i ʨʽʟʥʦʛʦ 

ʪʠʧʫ ʧʦʨʦʞʥʠʥ ʫ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ 

 
ʂʫʣʴʢʠ ʪʨʝʪʴʦʛʦ ʰʘʨʫ ʨʦʟʤʽʱʘʶʪʴʩʷ ʫ ʣʫʥʢʘʭ, ʩʬʦʨʤʦʚʘʥʠʭ 

ʢʫʣʴʢʘʤʠ ʜʨʫʛʦʛʦ h ʘʨʫ. ʑʦʜʦ ʢʫʣʴʦʢ ʧʝʨʰʦʛʦ h ʘʨʫ ʾ ʭʥʩ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʜʚʦʷʢʠʤ: 

Å ʢʫʣʴʢʠ ʪʨʝʪʴʦʛʦ ʰʘʨʫ ʨʦʟʤʽʱʘʶʪʴʩʷ ʥʘʜ ʪʠʤʠ ʣʫʥʢʘʤʠ 

ʧʝʨʰʦʛʦ h ʘʨʫ, ̫ ʢʽ ʥʝ ʟʘʡʥʷʪʽ ʢʫʣʴʢʘʤʠ ʜʨʫʛʦʛʦ h ʘʨʫ (ʨʠʩ. 9.26, ʚ); 
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Å ʢʫʣʴʢʠ ʪʨʝʪʴʦʛʦ ʰʘʨʫ ʨʦʟʤʽʱʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ 

ʢʫʣʴʢʘʤʠ ʧʝʨʰʦʛʦ ʰʘʨʫ. 
 

 

ʈʠʩ. 9.27. ʇʨʠʤʽʪʠʚʥʘ ʨʦʤʙʦʝʜʨʠʯʥʘ ʈʠʩ. 9.28. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʱʽʣʴʥʦ 

ʢʦʤʽʨʢʘ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ɻʎʂ ʫʧʘʢʦʚʘʥʦñʽñʛʝʢʩʘʛʦʥʘʣʴʥʦʾòʩʪʨʫʢʪʫʨʠ. 

ʢʨʠʩʪʘʣʽʯʥʦñʽñʛʨʘʪʢʠ. BeʢʪopU ʘ ðð b, ʢʫʪ ʤʽʞ ʘ i b ʜʦʨʽʚʥʶʩ 120ò. ɺʽʩʴ 

ʧʨʠʤʽʪʠʚʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʘô, bô, ʩô ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʧʣʦʱʠʥʠ, ʚ ʷʢʽʡ 

ʟôʩʜʥʫʶʪʴ ʪʦʯʢʫ ʛʨʘʪʢʠ ʚ ʧʦʯʘʪʢʫ  ʣʝʞʘʪʴ ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʟ ʪʦʯʢʘʤʠ ʛʨʘʪʢʠ, ʪʨʘʥʩʣʷʮʽʡ ʘ i ʔ. ɼʣʷ ʽʜʝʘʣʴʥʦʽòʛʝʢʩʘʛʦ- 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ ʥʘʣʴʥʦòʽòʩʪʨʫʢʪʫʨʠ ʟʽ ʱʽʣʴʥʦʶ ʫʧʘʢʦʚʢʦʶ 

ʢʫʙʘ. Kyʪʠ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʘô, bô, ʩô ʩ ðð 1,633a. ɼʚʘ ʘʪʦʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʔʆ|ʕl8ʅʖʖʪʴ 60ò ʙʘʟʠʩ, ʧʦʢʘʟʘʥʽ ʪʝʤʥʠʤʠ ʢʫʣʴʢʘʤʠ 

 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʫʪʚʦʨʶʩʪʴʩʷ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʘ ʛʨʘʥʝʮʝʥʪ- 

ʨʦʚʘʥʘ ʢʫʙʽʯʥʘ (ɻʎʂ) ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 9.27), ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʷʢʦʾ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʦʛʦ ʢʫʙʘ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʘʪʦʤʠ. ċµ, ʷʢ i ʙʫʜʴ-ʷʢʫ 

ʽʥʰʫ ʧʨʦʩʪʦʨʦʚʫ ʛôʨʘʪʢʫ ɹʨʘʚʝ, ʤʦʞʥʘ ʧʦʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʤʽʪʠʚʥʠʭ ʢʦʤʽʨʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʦʜʠʥ ʘʪʦʤ. ʆʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʪʘʢʦʛʦ ʧʦʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʤʽʪʠʚʥʦʾ ʢʦʤʽʨʢʠ ʫ ʚʠʛʣʷʜʽ ʨʦʤʙʦʝʜʨʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.27. 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʫʪʚʦʨʶʩʪʴʩʷ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 9.28). ċµ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʩ ʚʠʤʦʛʠ 

ʩʠʤʝʪʨʽʾ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʠʥʛʦʥʽʾ (ʦ = b / ʩ, ʦ ðð |3 ðð 90Á, ʫ = 120Á), ʷʢ ʡ ʫ 

ɻʎʂ ʩʪʨʫʢʪʫʨʠ, ʩ ʥʝʧʨʠʤʽʪʠʚʥʦʶ ð ʚʦʥʘ ʤʽʩʪʠʪʴ ʜʚʘ ʘʪʦʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 9.28. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʘʢʘ ʫʧʘʢʦʚʢʘ ʢʫʣʴ ʩ ʥʘʡʱʽʣʴʥʽʰʦʶ ʟ ycix 

ʤʦʞʣʠʚʠʭ, ʫ ʧʨʦʤʽʞʢʫ ʤʽʞ ʢʫʣʷʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʭʦʯʘ ʡ ʥʝʟʥʘʯʥʽ, ʪʘ ʚʩʝ 

ʞ ʧʦʨʦʞʥʠʥʠ. ʎʝʡ ʤʦʤʝʥʪ ʤʘʩ ʜʣʷ ʥʘʩ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ, 

ʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ ʨʘʜʽʫʩʠ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ, ʨʦʟʤʽʨʠ 

ʧʦʨʦʞʥʠʥ ʤʽʞ ʥʠʤʠ ʪʝʞ ʙʫʜʫʪʴ ʧʦʤʽʪʥʠʤʠ i ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʤʽʩʪʠʪʠ ʦʜʠʥ ʯʠ ʥʘʚʽʪʴ ʜʝʢʽʣʴʢʘ ʘʪʦʤʽʚ ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʦʪʞʝ, 

ʩʪʚʦʨʠʪʠ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʣʝʛʫʚʘʥʥʷ ʬʫʣʝʨʠʪʘ, ʥʝ ʨʫʡʥʫʶʯʠ 

ʢʘʨʢʘʩ ʬʫʣʝʨʝʥʘ (ʥʝ ʟʘʤʽʱʘʶʯʠ ʚ ʥʴʦʤʫ ʦʜʠʥ ʯʠ ʜʝʢʽʣʴʢʘ ʘʪʦʤʽʚ). 
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ʇʦʨʦʞʥʠʥʠ ʤʽʞ ʢʫʣʷʤʠ ʩʧʨʠʯʠʥʷʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ i ʚ 

ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʰʘʨʘʤʠ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʟ ʮʠʭ ʢʫʣʴ. ʗʢʱʦ ʧʦʨʦʞʥʠʥʠ ʫ 

ʤʝʞʘʭ ʰʘʨʽʚ ʩ ʦʜʥʦʪʠʧʥʠʤʠ i ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʚʦʨʦʪʦʤ ʣʫʥʦʢ ʫ 

ʧʣʦʱʠʥʽ ʰʘʨʫ, ʪʦ ʚ ʤʽʞʰʘʨʦʚʠʭ ʧʨʦʤʽʞʢʘʭ ʚʠʥʠʢʘʶʪʴ ʚʞʝ ʧʦʨʦʞʥʠʥʠ 

ʜʚʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ, ̫ ʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʦʪʦʯʝʥʥʷʤ: 

Å ʅʘʜ ʣʫʥʢʦʶ ʧʝʨʰʦʛʦ ʰʘʨʫ ʨʦʟʤʽʱʝʥʘ ʢʫʣʷ ʜʨʫʛʦʛʦ ʰʘʨʫ, ʘʙʦ 

ʣʫʥʢʘ ʜʨʫʛʦʛʦ h ʘʨʫ -- ʥʘʜ ʢʫʣʝʶ ʧʝʨʰʦʛʦ h ʘʨʫ. I ʚ ʦʜʥʦʤʫ, i ʚ ̔ ʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʨʦʞʥʠʥʘ ʦʪʦʯʝʥʘ ʯʦʪʠʨʤʘ ʢʫʣʷʤʠ, ʮʝʥʪʨʠ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴ 

ʧʨʘʚʠʣʴʥʠʡ ʪʝʪʨʘʝʜʨ (ʨʠʩ. 9.29, ʘ). ʎʝ -- ʪʝʪʨʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ. ʋ 

ʪʝʪʨʘʝʜʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʤʦʞʥʘ ñʚʪʠʩʥʫʪʠ" ʤʝʥʰʫ ʢʫʣʴʢʫ ʨʘʜʽʫʩʦʤ 

r -- 0,22R, ʜʝ R -- ʨʘʜʽʫʩ ʦʩʥʦʚʥʦʾ ʢʫʣʽ. 
 
 

 
 
ʈʠʩ. 9.29. ʇʦʨʦʞʥʠʥʠ ʱʽʣʴʥʦôʽôʫʧʘʢʦʚʢʠ: ʘ -- ʪʝʪʨʘʝʜʨʠʯʥʘ; ʙ -- ʦʢʪʘʝʜʨʠʯʥʘ 

 

Å ʃʫʥʢʘ ʜʨʫʛʦʛʦ ʰʘʨʫ ʨʦʟʤʽʱʝʥʘ ʥʘʜ ʣʫʥʢʦʶ ʧʝʨʰʦʛʦ ʰʘʨʫ 

(ʨʠʩ. 9.29, 6). ʇʦʨʦʞʥʠʥʘ ʦʪʦʯʝʥʘ ʰʽʩʪʴʤʘ ʢʫʣʷʤʠ, ʱʦ ʨʦʟʪʘʰʦ- 

ʚʫʶʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʦʢʪʘʝʜʨʘ. ʎʝ -- ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ. ɿʘ 

ʨʦʟʤʽʨʘʤʠ ʚʦʥʠ ʙʽʣʴʰʽ ʚʽʜ ʪʝʪʨʘʝʜʨʠʯʥʠʭ i ʚ ʥʠʭ ʤʦʞʥʘ ñʚʪʠʩʥʫʪʠ" 

ʚʞʝ ʢʫʣʴʢʫ ʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʘ r -- 0,41R. 

ʋ ɻʎʂ ʩʪʨʫʢʪʫʨʽ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ ʜʣʷ ʥʘʩ ʪʝʧʝʨ ʥʘʡʙʽʣʴʰʠʡ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, ʥʘʜ ʦʢʪʘʝʜʨʠʯʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʨʦʟʤʽʱʝʥʽ 

ʪʝʪʨʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ i ʥʘʚʧʘʢʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫ ɻʎʂ ʩʪʨʫʢʪʫʨʽ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʦʾ, ʩʫʮʽʣʴʥʠʭ ʢʘʥʘʚʦʢ ʽʟ 

ʧʦʨʦʞʥʠʥ ʥʝʤʘʩ. ʗʢ ʜʣʷ ʢʫʙʽʯʥʦʾ, ʪʘʢ i ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʽ 

ʱʽʣʴʥʦʶ ʫʧʘʢʦʚʢʦʶ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʩʤʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʟʘʡʥʷʪʘ ʢʫʣʷʤʠ, ʩ ʦʜʥʘʢʦʚʦʶ i ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 74 %. 

ɺʠʙʽʨ ʤʽʞ ɻʎʂ i ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʘʤʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʪʘʣʝʡ ʚʟʘʩʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ, ɦ ʦ iµ ʬʦʨʤʫʶʪʴ, i, ʟʦʢʨʝʤʘ, 

ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʫʤʦʚʘʤʠ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ. ɺʽʜʦʤʦ, 

ʥʘʧʨʠʢʣʘʜ, ʱʦ ʙʘʛʘʪʦ ʤʝʪʘʣʽʚ, ʷʢʽ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʫ ʟʽ 

ʱʽʣʴʥʦʶ ʫʧʘʢʦʚʢʦʶ, ʟʘ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʚʦʣʽ ʣʝʛʢʦ ʟʤʽʥʶʶʪʴ ii ʟ 

ɻʎʂ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʫ i ʥʘʚʧʘʢʠ. ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʭʘʨʘʢʪʝʨʥʘ i ʜʣʷ 

ʬʫʣʝʨʠʪʫ ʉ60. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʙʠʜʚʽ ʩʪʨʫʢʪʫʨʠ ʱʽʣʴʥʦʾ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ Cpl ʫ 



95  

ʢʨʠʩʪʘʣ ï ʷʢ ɻʎʂ, ʪʘʢ ʽ ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ɿʘ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʢʽʤʥʘʪʥʦʾ, ʧʝʨʝʚʘʛʫ ʚʽʜʜʘʶʪʴ ɻʎʂ ʩʪʨʫʢʪʫʨʽ ʬʫʣʝʨʠʪʘ ʉ 60. ʉʪʘʣʘ ʡʦʛʦ 

ˇʨʘʪʢʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʨʽʚʥʶʻ 1,415 ʥʤ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʥʘʡʙʣʠʞʯʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ï 1,006 ʥʤ. 

ʋ ʨʘʟʽ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ɻʎʂ ˇʨʘʪʢʘ ʬʫʣʝʨʠʪʘ ʉ 60 ʧʝʨʝʭʦʜʠʪʴ 

ʫ ʧʨʦʩʪʫ ʢʫʙʽʯʥʫ (ʇʂ). ʌʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ɻʎʂ Ÿ ʇʂ ʻ ʬʘʟʦʚʠʤ 

ʧʝʨʝʭʦʜʦʤ ʧʝʨʰʦʛʦ ʨʦʜʫ ʽ ʚ ʯʠʩʪʦʤʫ ʬʫʣʝʨʠʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 257 ʂ. ɿʤʽʥʘ ʩʪʘʣʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʻ ʜʫʞʝ ʥʝʟʥʘʯʥʦʶ ï ʟ 1,4154 Ñ 0,0003 ʥʤ ʫ ɻʎʂ ʬʘʟʽ ʜʦ 1,4111 Ñ 0,0003 

ʥʤ ʫ ʇʂ ʬʘʟʽ. 

ɺʠʥʠʢʘʻ ʧʨʠʨʦʜʥʝ ʟʘʧʠʪʘʥʥʷ ï ʷʢ ʟʘ ʪʘʢʦʾ ʥʝʚʝʣʠʢʦʾ ʟʤʽʥʠ 

ʧʦʩʪʽʡʥʦʾ ˇʨʘʪʢʠ ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ 

ʢʫʙʽʯʥʦʶ, ʪʘ ʱʝ ʡ ʧʨʦʩʪʦʶ? ɺʽʜʧʦʚʽʜʴ, ʚʦʯʝʚʠʜʴ, ʻ ʪʘʢʦʶ. 

ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ˇʨʘʪʢʘ, ʷʢʘ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʘʪʦʤʠ ʥʘ 

ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ʢʫʙʽʯʥʦʾ ʩʠʤʝʪʨʽʾ, ï ʮʝ ʬʘʢʪʠʯʥʦ ʯʦʪʠʨʠ ʧʨʦʩʪʽ 

ʢʫʙʽʯʥʽ ˇʨʘʪʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʦ ʦʜʥʦʤʫ ʘʪʦʤʫ ʥʘ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ, 

ʚʩʪʘʚʣʝʥʽ ʦʜʥʘ ʚ ʦʜʥʫ ʪʘʢ, ʱʦ ʷʢʱʦ ʟ ʚʫʟʣʦʤ ʦʜʥʽʻʾ ʟ ʥʠʭ ʟʚôʷʟʘʪʠ 

ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ, ʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ 0X, 0Y, 0Z ʩʧʨʷʤʫʚʘʪʠ ʚʟʜʦʚʞ 

ʨʝʙʝʨ ʢʫʙʘ, ʪʦ ʢʦʞʥʘ ʽʟ ʪʨʴʦʭ ʽʥʰʠʭ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟʩʫʚʦʤ ʧʦ ʧʘʨʽ 

ʢʦʦʨʜʠʥʘʪ ʽʟ XYZ ʥʘ ʚʝʣʠʯʠʥʫ ʘ/ 2, ʜʝ ʘ ï ʩʪʘʣʘ ˇʨʘʪʢʠ. ʗʢʱʦ ʫʷʚʠʪʠ 

ʩʦʙʽ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʷʢʦʛʦʩʴ ñʧʦʰʪʦʚʭʫò ʮʽ ʯʦʪʠʨʠ ʚʝʨʰʠʥʠ ʭʦʯʘ ʙ 

ʪʨʦʭʠ ʥʘʙʣʠʟʷʪʴʩʷ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʪʦ ɻʎʂ ʩʪʨʫʢʪʫʨʘ ʧʨʦʧʘʜʝ, ʘʜʞʝ ʜʣʷ 

ʾʾ ʽʩʥʫʚʘʥʥʷ ʘʪʦʤʠ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ ʧʦʚʠʥʥʽ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʪʦʯʥʦ 

ʚ ʮʝʥʪʨʽ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʢʫʙʘ. ʇʨʠ ʮʴʦʤʫ ʟôʷʚʠʪʴʩʷ ʇʂ ʩʪʨʫʢʪʫʨʘ ʟ 

ʧʨʘʢʪʠʯʥʦ ʪʠʤ ʩʘʤʠʤ ʧʝʨʽʦʜʦʤ ˇʨʘʪʢʠ. ʊʽʣʴʢʠ ʫ ʚʫʟʣʘʭ ʪʘʢʦʾ ʇʂ 

ʩʪʨʫʢʪʫʨʠ ʙʫʜʫʪʴ ʥʝ ʦʢʨʝʤʽ ʤʦʣʝʢʫʣʠ ʉ 60, ʘ ʩʬʦʨʤʦʚʘʥʽ ʟ ʯʝʪʚʽʨʦʢ 

ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʪʝʪʨʘʝʜʨʠ. ʆʪʞʝ, ʇʂ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʩʬʦʨʤʫʻʪʴʩʷ, 

ʤʘʪʠʤʝ ʥʝʧʨʠʤʽʪʠʚʥʫ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ, ʙʘʟʠʩ ʷʢʦʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʤʦʣʝʢʫʣ ʉ60. 

ʇʦʰʪʦʚʭʦʤ ʜʣʷ ʧʝʨʝʬʦʨʤʘʪʫʚʘʥʥʷ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʤʦʣʝʢʫʣ ʉ 60 ʫ ʬʫʣʝʨʠʪʽ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʟʤʽʥʘ 

ʭʘʨʘʢʪʝʨʫ ʦʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʘ ʥʘʚʢʦʣʦ ʩʚʦʛʦ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʣʝʢʫʣʘ ʉ 60 ʤʦʞʝ 

ʦʙʝʨʪʘʪʠʩʷ ʤʘʡʞʝ ʚʽʣʴʥʦ, ʪʦʜʽ ʷʢ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭ ʤʦʣʝʢʫʣʠ ʽʩʪʦʪʥʦ ʛʘʣʴʤʫʻʪʴʩʷ. ɿʘ ʥʘʷʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 283 ʂ ʧʝʨʽʦʜ ʾʾ ʦʙʝʨʪʘʥʥʷ ʫ ʬʫʣʝʨʠʪʽ ʩʪʘʥʦʚʠʪʴ 9,1Ŀ10 -12 ʩ, 

ʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʚʽʜ 260 ʂ ʚʽʥ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ 

ʟʨʦʩʪʘʻ ʜʦ ʟʥʘʯʝʥʥʷ 2Ŀ10-9 ʩ. 
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ʄʦʣʝʢʫʣʠ ʉ 60 ʻ ʩʪʘʙʽʣʴʥʠʤʠ, ʘʣʝ ʥʝʽʟʦʪʨʦʧʥʠʤʠ ï ʭʘʨʘʢʪʝʨ ʾʭʥʽʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʧʨʷʤʢʫ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ 

ʾʭʥʴʦʛʦ ʚʟʘʻʤʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʦʙʪʦ ʙʫʜʝ ʽʩʪʦʪʥʦ 

ʘʥʽʟʦʪʨʦʧʥʦʶ. ʋ ʨʘʟʽ ʰʚʠʜʢʦʛʦ ʦʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʾʾ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʦ 

ʫʩʝʨʝʜʥʶʶʪʴʩʷ, ʪʦʤʫ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʘʥʽʟʦʪʨʦʧʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣ ʚʠʨʘʞʝʥʘ ʩʣʘʙʢʦ. 

ɿʦʚʩʽʤ ʽʥʰʦʶ ʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʦʙʝʨʪʘʥʥʷ ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ. ʊʦʜʽ 

ʫʩʝʨʝʜʥʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ 

ʛʫʩʪʠʥʠ ʬʫʣʝʨʝʥʘ ʩʪʘʻ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ, ʘʥʽʟʦʪʨʦʧʽʷ ʚʟʘʻʤʦʜʽʾ 

ʬʫʣʝʨʝʥʽʚ ʫ ʬʫʣʝʨʠʪʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʽʩʪʦʪʥʽʰʝ, ʘ ʪʦʤʫ 

ʧʨʠʨʦʜʥʦʶ ʻ ʟʤʽʥʘ ʫ ʚʟʘʻʤʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʤʦʣʝʢʫʣ ʫ ʨʘʟʽ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʾʭʥʴʦʛʦ ʰʚʠʜʢʦʛʦ ʜʦ ʧʦʚʽʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʪʘʢʠʡ ʧʝʨʝʭʽʜ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʠʙʢʦʤ, ʮʝ ʽ ʚʝʜʝ ʜʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʬʫʣʝʨʠʪʫ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʧʝʨʰʦʛʦ 

ʨʦʜʫ ɻʎʂ Ÿ ʇʂ. 

ɿʘʟʥʘʯʝʥʠʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʥʝ ʻ ʻʜʠʥʠʤ ʜʣʷ ʬʫʣʝʨʠʪʘ ʉ 60 ʚ 

ʧʨʦʮʝʩʽ ʟʤʽʥʠ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ. ʑʝ ʦʜʠʥ ʧʝʨʝʭʽʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 90 ʂ. ɺ ʦʢʦʣʽ ʪʝʤʧʝʨʘʪʫʨʠ 160 ʂ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʘʥʦʤʘʣʽʾ 

ʚ ʟʘʪʫʭʘʥʥʽ ʟʚʫʢʫ, ʟʤʽʥʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʢʨʠʩʪʘʣʘ, ʩʪʨʠʙʢʠ ʪʝʧʣʦʻʤʥʦʩʪʽ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɺʩʝ ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʚʦʣʽ ʩʢʣʘʜʥʫ ʢʘʨʪʠʥʫ ʚʟʘʻʤʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʤʦʣʝʢʫʣ ʉ 60, 

ʫ ʚʟʘʻʤʦʜʽʾ ʷʢʠʭ ʽ ʬʦʨʤʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʣʝʨʠʪʫ. 

ɿʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʬʫʣʝʨʠʪ ʉ60 ʟ ɻʎʂ ˇʨʘʪʢʦʶ ʻ ʥʘʧʽʚʧʨʦ- 

ʚʽʜʥʠʢʦʤ. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʚʠʧʣʠʚʘʻ ʷʢ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʙʽʪʘʣʝʡ, ʪʘʢ ʟ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʽʚ ʦʧʪʠʯʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʬʫʣʝʨʠʪʫ ʉ60 ʟʘ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ Eg = 1,5 ï 1,95 ʝɺ. 

ʁʦʛʦ ʧʠʪʦʤʠʡ ʦʧʽʨ ʚʝʣʠʯʝʟʥʠʡ ï ʧʨʠʙʣʠʟʥʦ 10 14 ʆʤĿʩʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʪʘʥʫ ʪʚʝʨʜʠʭ ʪʽʣ. 

ɺʝʣʠʢʽ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ ʽ ʥʝʥʘʩʠʯʝʥʠʡ ʭʘʨʘʢʪʝʨ 

ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʚ ʥʠʭ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʨʠʷʪʣʠʚʽ 

ʫʤʦʚʠ ʜʣʷ ʣʝʛʫʚʘʥʥʷ ʬʫʣʝʨʠʪʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʝʢʟʦʬʫʣʝʨʠʜʽʚ. 

ʃʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʙʽʣʴʰʽ ʟʘ ʪʠʧʦʚʽ 

ʨʦʟʤʽʨʠ ʘʪʦʤʘ. ʅʘʚʽʪʴ ʫ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ 

ʧʨʦʩʪʦʨʦʚʽ ʧʦʨʦʞʥʠʥʠ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʽʣʴʥʦ ʜʦʩʪʫʧʥʽ ʜʣʷ ʤʘʣʠʭ 

ʘʪʦʤʽʚ, ʽʦʥʽʚ ʯʠ ʤʦʣʝʢʫʣ. ɺʥʘʩʣʽʜʦʢ ʥʝʥʘ-ʩʠʯʝʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 
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ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʫ ʬʫʣʝʨʝʥʘʭ ʦʩʪʘʥʥʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʡʥʷʪʠ ʝʣʝʢʪʨʦʥʠ ʚʽʜ ʧʨʠʜʘʪʥʠʭ 

ʜʦʥʦʨʽʚ. ʊʘʢʠʤʠ ʜʦʥʦʨʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ ʙʫʪʠ ʘʪʦʤʠ ʣʫʞʥʠʭ ʘʙʦ 

ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ð Na, ʂ, Rb, Cs, ʉʘ, Sr ʯʠ Br, ʘ ʪʘʢʦʞ ʨʽʟʥʽ 

ʦʨʛʘʥʽʯʥʽ ʡ ʥʝʦʨʛʘʥʽʯʥʽ ʤʦʣʝʢʫʣʠ ð ʨʘʜʠʢʘʣʠ ʚʦʜʥʶ, ʬʦʩʬʦʨʫ, 

ʛʘʣʦʛʝʥʽʚ, ʤʝʪʘʣʽʚ ʪʘ ʾ ʭʥʽʭ ʦʢʩʠʜʽʚ, ʦʜʠʥʘʨʥʠʭ i ʧʦʜʚʽʡʥʠʭ ʙʝʥʟʦʣʴʥʠʭ 

ʢʽʣʝʮʴ ʪʘ ʾ ʭʥʽʭ ʧʦʭʽʜʥʠʭ, NO2 ʪʦʱʦ. ɿʦʢʨʝʤʘ, ʚʠʷʚʣʝʥʥʷ ʥʘʜʧʨʦʚʽʜʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʢʨʠʩʪʘʣʽʚ ʝʢʟʦʬʫʣʝʨʠʜʽʚ ʄ ʉ ʟ ʚʠʩʦʢʦʶ (ʜʦ 33 ʂ) 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʜʧʨʦʚʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ ʙʫʣʦ ʦʜʥʠʤ ʽʟ ʧʦʪʫʞʥʠʭ 

ʩʪʠʤʫʣʽʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʫʣʝʨʝʥʽʚ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʩ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʬʫʣʝʨʠʜʽʚ- 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ, ʨʝʘʣʽʟʦʚʘʥʘ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʤʝʪʘʣʦʚʤʽʩʥʽʡ ʦʨʛʘʥʽʯʥʽʡ 

ʉʇʆʃ ʎɰ (OSO4)2C . ɿʥʘʯʥʽ ʩʧʦʜʽʚʘʥʥʷ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨ ʬʪʦʨʦʚʘʥʠʭ ʬʫʣʝʨʝʥʽʚ, ʘʥʘʣʦʛʽʚ ʪʝʬʣʦʥʫ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʦʩʥʦʚʦʶ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʋ ʢʫʙʽʯʥʽʡ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʽʡ ɦ ʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ, ̫ ʢ ʘʢʮʝʥ- 

ʪʫʚʘʣʦʩʷ, ʽʩʥʫʶʪʴ ʪʝʪʨʘʝʜʨʠʯʥʽ ʪʘ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ. ʆʩʢʽʣʴʢʠ 

ʦʢʨʝʤʦ ʚʟʷʪʽ ɦ ʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽ ʢʫʣʷʤʠ h ʘʨʠ ʬʦʨʤʫʶʪʴ ʚ ɻʎʂ ʩʪʨʫʢʪʫʨʽ 

ʩʽʤôʶ {111) ʧʣʦʱʠʥ, ʪʦ ʪʝʪʨʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ ʫ ʤʝʞʘʭ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ɻʎʂ ʢʦʤʽʨʢʠ ʨʦʟʤʽʱʝʥʽ ʧʽʜ ʢʦʞʥʠʤ ʘʪʦʤʦʤ ʚʝʨʰʠʥʠ ʢʦʤʽʨʢʠ ʫ ʥʘʧʨʷʤʢʫ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʜʽʘʛʦʥʘʣʽ ʢʫʙʘ. ʊʘʢʠʭ ʧʦʟʠʮʽʡ ʚ ʢʫʙʽ ʚʽʩʽʤ, ʚʩʽ 

ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʢʫʙʘ, ʘ ʦʪʞʝ, ʥʘ ʦʜʥʫ ʝʣʝʤʝʥʪʘʨʥʫ ɻʎʂ 

ʢʦʤʽʨʢʫ ʧʨʠʧʘʜʘʩ ʚʽʩʽʤ ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʧʦʨʦʞʥʠʥ, ʘʙʦ, ʚʽʜʧʦʚʽʜʥʦ, ʜʚʽ 

ʧʦʨʦʞʥʠʥʠ ʥʘ ʢʫʣʴʢʫ. 

ʆʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ ɻʎʂ ʛ'ʨʘʪʢʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ-ʨʽʟʥʦʤʫ, ʭʦʯʘ ʫ ʢʨʠʩʪʘʣʽ ʟʘʛʘʣʦʤ ʚʦʥʠ ʝʢʚʽʚʘʣʝʥʪʥʽ. 

ʆʜʥʘ ʧʦʨʦʞʥʠʥʘ ʮʝʥʪʨʦʚʘʥʘ ʫ ʮʝʥʪʨʽ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʦʛʦ ʢʫʙʘ, 

ʜʚʘʥʘʜʮʷʪʴ ʽʥʰʠʭ ð ʧʦʩʝʨʝʜʠʥʽ ʨʝʙʝʨ ʢʫʙʘ. ʆʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʝ ʨʝʙʨʦ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʦʜʥʦʯʘʩʥʦ ʥʘʣʝʞʠʪʴ ʯʦʪʠʨʴʦʤ ʢʦʤʽʨʢʘʤ, ʱʦ 

ʜʦʪʠʢʘʶʪʴʩʷ ʧʦ ʥʴʦʤʫ, ʪʦ ʥʘ ʦʜʥʫ ʝʣʝʤʝʥʪʘʨʥʫ ɻʎʂ ʢʦʤʽʨʢʫ ʟ ʮʠʭ 

ʜʚʘʥʘʜʮʷʪʠ ʧʦʨʦʞʥʠʥ ʧʨʠʧʘʜʘʶʪʴ ʪʨʠ, ʘ ʨʘʟʦʤ ʟ ʮʝʥʪʨʘʣʴʥʦʶ, 

ʯʦʪʠʨʠ. ʆʩʢʽʣʴʢʠ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʽʞ ʚʜʚʽʯʽ 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʪʨʘʝʜʨʠʯʥʽ, ʚ ʪʽ ʡ ʽʥʰʽ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʘ ʨʽʟʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʦʥʥʽʭ ʘʪʦʤʽʚ ʯʠ ʤʦʣʝʢʫʣ. ʉʪʨʫʢʪʫʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʣʝʛʫʚʘʥʥʷʤ ʬʫʣʝʨʠʪʫ Cpl ʜʦʤʽʰʢʘʤʠ ʣʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.30. 

ʋ ʚʠʧʘʜʢʫ ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʽʚ ʂ i Rb ʷʢ ʪʝʪʨʘʝʜʨʠʯʥʽ, ʪʘʢ 

ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ ɻʎʂ ʩʪʨʫʢʪʫʨʠ ʩ ʧʨʠʜʘʪʥʠʤʠ, ɦ ʦʙʠ ʧʨʠʡʥʷʪʠ 

ʣʝʛʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʊʦʤʫ ʟ ʾ ʭʥʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʬʫʣʝʨʠʪʫ C60 
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ʚʜʘʩʪʴʩʷ ʦʪʨʠʤʘʪʠ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ɻʎʂ ʛôʨʘʪʢʦʶ ʥʘ ʦʩʥʦʚʽ 

ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ɸ ʉ60 *i ʟʥʘʯʝʥʥʷʤ ʣ ʚʽʜ 1 ʜʦ 3. ɼʣ ̫Cs ʪʝʪʨʘʝʜʨʠʯʥʽ 

ʧʦʨʦʞʥʠʥʠ ʬʫʣʝʨʠʪʫ Cpl ʩ ʥʘʜʪʦ ʤʘʣʠʤʠ, ɦ ʦʙʠ ʧʨʠʡʥʷʪʠ ʡʦʛʦ ̔ ʦʥʠ. 

ʊʦʤʫ ʫ ʮʴʦʤʫ ʨʘʟʽ ʚʜʘʩʪʴʩʷ ʦʪʨʠʤʘʪʠ ʪʽʣʴʢʠ Cs1C60 ɻʎʂ ʩʪʨʫʢʪʫʨʫ. 3 

ʽʥʰʦʛʦ ʙʦʢʫ, ʽʦʥʠ ʥʘʪʨʽʶ ʩ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚ 
ʦʢʪʘʝʜʨʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ µx ʤʦʛʣʦ ʧʦʤʽʩʪʠʪʠʩʷ ʜʝʢʽʣʴʢʘ. ʎʝ ʜʘʩ ʟʤʦʛʫ 
ʚʠʛʦʪʦʚʠʪʠ ʩʧʦʣʫʢʠ NanC ɼ ɻʎʂ ʩʪʨʫʢʪʫʨʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʣ = 6 i 9. 

 
 

 

 

ʈʠʩ. 9.30. ʃʝʛʦʚʘʥ ̔ʣʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ɻʎʂ ʩʪʨʫʢʪʫ|ʕ AnCÄÅ 

ʅʠʞʥʽʡ ʨʷʜ ̔ ʣʶʩʪʨʫʩ mi ʩʘʤʽ ʩʪʨʫʢʪʫʨʠ, ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ ʟ ʢʫʙʽʯʥʦòʽòʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫ (ʘ ðð b / ʩ, ʦ ðð 0 ðð ʋ ðð 90ʦ) ʛʨʘʪʢʫ 

ʇʽʜ ʯʘʩ ʣʝʛʫʚʘʥʥʷ ʬʫʣʝʨʠʪ ʉèʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ ʱʽʣʴʥʦ 

ʫʧʘʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ 

ʦʙôʩʤʥʦʮʝʥʪʨʦʚʘʥʦʾ ʯʠ ʢʫʙʽʯʥʦʾ ʦʙôʩʤʥʦʮʝʥʪʨʦʚʘʥʦʾ. ʊʘʢʽ ʟʤʽʥʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʣʝʛʫʚʘʣʴʥʠʭ 

ʜʦʤʽʰʦʢ ʚʩʝ ʪʠʭ ʩʘʤʠʭ ʣʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʂ, Rb i Sr ʟʘ ʫʤʦʚʠ, ʱʦ µx 

ʚʜʘʩʪʴʩʷ ʚʚʝʩʪʠ ʫ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʧʝʨʝʚʘʞʘʩ ʪʨʠ ʘʪʦʤʠ ʣʝʛʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʥʘ ʤʦʣʝʢʫʣʫ ʬʫʣʝʨʝʥʘ. ʇʨʠʢʣʘʜ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 9.31. 

 
ʈʠʩ. 9.31. ʃʝʛʦʚʘʥʽ ʣʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʦʙôʩʤʥʦʮʝʥʪʨʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ A4C60 

(ʪʝʪʨʘʛʦʥʘʣʴʥʘ) i A6C60 (ʢʫʙʽʯʥʘ). 

ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʫʶʪʴ ʟʘ ʫʤʦʚʠ, 

  ʱʦ ɸ ðð ʂ, Rb, Sr 

 
ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʠʩʪʦʛʦ ʬʫʣʝʨʠʪʫ Cpl, ʫ ʣʝʛʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʧʨʘʢʪʠʯʥʦ ʚʽʣʴʥʝ ʦʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣ ʉèʦ ʯʘʩʪʦ ʧʨʠʛʥʽʯʫʩʪʴʩʷ 

ʣʝʛʫʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʜʝʙʽʣʴʰʦʛʦ 

ʪʽʣʴʢʠ ʧʝʚʥʘ (ʧʨʘʚʠʣʴʥʘ) ʦʨʽʩʥʪʘʮʽʷ ʛʨʘʥʝʡ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ ʦʜʥʘ 
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ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʴʦ ʤʽʩʮʷ ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʫ ʣʝʛʦʚʘʥʽʡ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ. 

ʑʦʜʦ ʣʝʛʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʚ ʢʘʨʢʘʩʽ ʤʦʣʝʢʫʣʠ 

ʬʫʣʝʨʝʥʘ ̔ ʥʰʠʤ ʭʽʤʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʝʪʝʨʦʬʫʣʝʨʝʥʘ 

ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʪʘʢʝ. ɿʘʤʽʱʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫ- 

ʚʘʪʠʩʷ ʧʦʷʚʦʶ ʟʘʡʚʦʛʦ ʝʣʝʢʪʨʦʥʘ ʘʙʦ ʡʦʛʦ ʥʝʩʪʘʯʝʶ ʫ ʚʫʛʣʝʮʝʚʦʤʫ 

ʢʘʨʢʘʩʽ, ʣʦʢʘʣʴʥʦʶ ʟʤʽʥʦʶ ʩʠʤʝʪʨʽʾ, ʟʥʠʞʝʥʥʷʤ ʩʠʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ 

ʟʘʛʘʣʦʤ i ʨʦʟʱʝʧʣʝʥʥʷʤ ʚʠʨʦʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ. 

 

 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʘʘʥʥʷ 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʬʫʣʝʨʝʥʘ ʪʘ ʡʦʛʦ ̔ ʟʦʤʝʨʽʚ. ʅʘʚʝʜʽʪʴ ʚʽʜʦʤʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʢʘʟʠ, ʱʦ ʩʪʘʙʽʣʴʥʽ ʬʫʣʝʨʝʥʠ ʤʽʩʪʷʪʴ ʪʽʣʴʢʠ 

ʧʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

2. ʗʢʫ ʟʘʤʢʥʫʪʫ ʬʽʛʫʨʫ ʥʘʟʠʚʘʶʪʴ ʟʨʽʟʘʥʠʤ ʽʢʦʩʘʝʜʨʦʤ i ʷʢʝ 

ʚʽʜʥʦʰʝʥʥʷ ʚʦʥʘ ʤʘʩ ʜʦ ʬʫʣʝʨʝʥʽʚ? 

3. ʗʢ ʤʦʞʥʘ ʟʘʤʢʥʫʪʠ ʩʘʤ ʥʘ ʩʝʙʝ ʚʠʙʫʜʫʚʘʥʠʡ h ʝʩʪʠʢʫʪʥʠʢʘʤʠ 

ʛʨʘʬʽʪʦʚʠʡ ʤʦʥʦʘʪʦʤʥʠʡ h ʘʨ, ʫʪʚʦʨʠʚʰʠ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʙʝʟ 

ʟʘʡʚʠʭ ʧʝʨʝʢʨʠʚʘʥʴ ʯʠ ʥʝʟʘʧʦʚʥʝʥʠʭ ʜʽʣʷʥʦʢ? 

4. ʏʦʤʫ ʥʝ ʽʩʥʫʩ ʩʪʘʙʽʣʴʥʠʭ ʬʫʣʝʨʝʥʽʚ ʟ ʥʝʧʘʨʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʝʨʰʠʥ? 

5. ʑʦ ̫ ʚʣʷʩ ʩʦʙʦʶ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʡ ʬʫʣʝʨʝʥ Cpl i ʯʦʤʫ ʚʣʘʩʥʝ 

ʩʘʤʝ ʚʽʥ ʩ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʩʝʨʝʜ ycix ʢʘʨʢʘʩʥʠʭ ʩʪʨʫʢʪʫʨ ʚʫʛʣʝʮʶ? 

6. ʅʘʚʝʜʽʪʴ ʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʫ 

ʥʘʡʙʽʣʴʰ ʩʠʤʝʪʨʠʯʥʦʤʫ ʽʟʦʤʝʨʽ ʬʫʣʝʨʝʥʘ Cpl ʚʩʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ 

ʟʘʡʤʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʽ ʧʦʟʠʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʤʢʥʫʪʦʾ ʢʘʨʢʘʩʥʦʾ 

ʬʽʛʫʨʠ. 

7. ʂʦʨʠʩʪʫʶʯʠʩʴ ʜʽʘʛʨʘʤʘʤʠ ʐʣʝʛʝʣʷ, ʜʦʚʝʜʽʪʴ, ʱʦ ʟ ʜʚʘʥʘʜʮʷʪʠ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʘʤʢʥʫʪʫ ʧʦʚʝʨʭʥʶ. ʇʦʢʘʞʽʪʴ, ʱʦ 

ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘ ʪʘʢʽʡ 

ʧʦʚʝʨʭʥʽ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʩ ʚʟʘʩʤʥʦ ʦʙʝʨʥʝʥʠʤ. 

8. ʇʦʙʫʜʫʡʪʝ ʜʽʘʛʨʘʤʫ ʐʣʝʛʝʣʷ ʦʜʥʦʛʦ ʟ ʥʘʡʤʝʥʰʠʭ ʬʫʣʝʨʝʥʽʚ 

C24- ɿʥʘʡʜʽʪʴ ʟʥʘʯʝʥʥʷ ʢʫʪʘ, ʥʘ ̫ ʢʠʡ ʧʦʚʝʨʥʫʪʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ 

ʰʝʩʪʠʢʫʪʥʠʢʠ ʪʘʢʦʛʦ ʬʫʣʝʨʝʥʘ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʦʜʠʥ ʥʘʚʧʨʦʪʠ ʽʥʰʦʛʦ, ʫ ʧʣʦʱʠʥʽ ʰʝʩʪʠʢʫʪʥʠʢʘ. 

9. ʂʦʨʠʩʪʫʶʯʠʩʴ ʜʽʘʛʨʘʤʘʤʠ ʐʣʝʛʝʣʷ, ʜʦʚʝʜʽʪʴ, ʱʦ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʬʫʣʝʨʝʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʽʟʦʤʝʨʠ. 



 

10. ʇʦʷʩʥʽʪʴ ʽ ʜʦʚʝʜʽʪʴ ʧʦʙʫʜʦʚʦʶ, ʯʦʤʫ ʽʩʥʫʻ ʬʫʣʝʨʝʥ ʉ 20, ʽ ʥʝ 

ʽʩʥʫʻ ʬʫʣʝʨʝʥ ʉ22. 

11. ʑʦ ʥʘʟʠʚʘʶʪʴ ñʤʘʛʽʯʥʠʤʠò ʤʘʩʦʚʠʤʠ ʯʠʩʣʘʤʠ ʬʫʣʝʨʝʥʽʚ ʽ 

ʷʢ ʤʦʞʥʘ ʙʫʣʦ ʙʠ ʧʦʷʩʥʠʪʠ ʽʩʥʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʛʽʯʥʠʭ ʯʠʩʝʣ? 

12. ʅʘ ʯʦʤʫ ˇʨʫʥʪʫʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʫʣʝʨʝʥʽʚ ʽ ʷʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʪʘ ʯʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ ʮʽʻʶ ʤʝʪʦʶ? 

13. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʫʣʝʨʝʥʽʚ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

14. ʇʦʩ̫ʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʫʣʝʨʝʥʽʚ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

15. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʽ ʷʢ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʫʣʝʨʝʥʽʚ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. 

16. ɼʦʚʝʜʽʪʴ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʥʘʡʩʪʘʙʽʣʴʥʽʰʦʛʦ ʬʫʣʝʨʝʥʘ ʉ 70 

ʤʝʥʰ ʩʠʤʝʪʨʠʯʥʘ, ʥʽʞ ʩʪʨʫʢʪʫʨʘ ʬʫʣʝʨʝʥʘ ʉ 60, ʘ ʩʪʨʫʢʪʫʨʘ 

ʬʫʣʝʨʝʥʘ ʉ76 ʤʝʥʰ ʩʠʤʝʪʨʠʯʥʘ, ʥʽʞ ʩʪʨʫʢʪʫʨʘ ʬʫʣʝʨʝʥʘ ʉ70. 

17. ʗʢʽ ʩʪʨʫʢʪʫʨʠ ʟ ʽʥʰʠʤʠ ʘʪʦʤʘʤʠ ʯʠ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ̔  

ʯʦʤʫ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʬʫʣʝʨʝʥʠ? 

18. ʑʦ ʪʘʢʝ ʬʫʣʝʨʠʜʠ ʽ ʷʢʽ ʨʽʟʥʦʚʠʜʥʦʩʪʽ ʬʫʣʝʨʠʜʽʚ ʤʦʞʫʪʴ ʚ 

ʧʨʠʥʮʠʧʽ ʽʩʥʫʚʘʪʠ? 

19. ʑʦ ʪʘʢʝ ʬʫʣʝʨʠʪʠ? 

20. ʗʢʽ ʬʫʣʝʨʝʥʠ ʽ ʯʦʤʫ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʬʫʣʝʨʠʪʽʚ? 

21. ʅʘ ʯʦʤʫ ˇʨʫʥʪʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʫʚʘʥʥʷ ʬʫʣʝʨʠʪʽʚ ʽ ̫ ʢʠʭ 

ʝʬʝʢʪʽʚ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʣʝʛʫʚʘʥʥʷ? 
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ɺʋɻʃɽʎɽɺɯ ʅɸʅʆʊʈʋɺʂʀ 

 
10.1. ɯʉʊʆʈɯʗ  ɺɯɼʂʈʀʊʊʗ ɺʋɻʃɽʎɽɺʀʍ 

ʅɸʅʆʊʈʋɹʆʂ 

 
ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʪʘʙʽʣʴʥʠʭ ʬʦʨʤ ʚʫʛʣʝʮʶ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʦʧʦʚʥʶʶʪʴ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ð ʩʚʦʩʨʽʜʥʽ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʽ ʙʘʛʘʪʦʘʪʦʤʥʽ 

ʚʫʛʣʝʮʝʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʤʦʣʝʢʫʣʠ ʟ ʚʽʜʢʨʠʪʠʤʠ ʯʠ ʟʘʢʨʠʪʠʤʠ ʢʽʥʮʷʤʠ, 

ʜʽʘʤʝʪʨ ʷʢʠʭ ʢʦʣʠʚʘʩʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʯʘʩʪʢʠ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʥʘʥʦʤʝʪʨʽʚ, ʘ ʜʦʚʞʠʥʘ ʩ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʙʽʣʴʰʦʶ ʟʘ ʜʽʘʤʝʪʨ i 

ʤʦʞʝ ʩʷʛʘʪʠ ʚʽʜ ʜʝʩʷʪʢʽʚ-ʩʦʪʝʥʴ ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʤʝʪʨʽʚ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʪʠʧʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ð ʦʜʥʦʰʘʨʦʚʽ 

ʘʙʦ ʦʜʥʦʩʪʽʥʥʽ, ʮʠʣʽʥʜʨʠʯʥʘ ʩʪʽʥʢʘ ʷʢʠʭ ʬʦʨʤʫʩʪʴʩʷ ʦʜʠʥʘʨʥʦʶ 

ʩʽʪʢʦʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʟôʩʜʥʘʥʠʭ ʟʘ ʪʠʧʦʤ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʪʘ 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʘʙʦ ʙʘʛʘʪʦʩʪʽʥʥʽ, ʩʬʦʨʤʦʚʘʥʽ ʢʽʣʴʢʦʤʘ ʦʜʥʦʩʪʽʥʥʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ, ñʚʩʪʘʚʣʝʥʠʤʠò ʦʜʥʘ ʚ ʦʜʥʫ ʘʙʦ ʥʘʚʠʪʠʤʠ ʥʘ ʩʧʽʣʴʥʫ 

ʚʽʩʴ. ʄʦʜʝʣʴʥʠʡ ʚʠʛʣʷʜ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.1. 
 

ʈʠʩ. 10.1. ʄʦʜʝʣʴʥʠʡ ʚʠʛʣʷʜ ʦʜʥʦʩʪʽʥʥʦòʽò (ʣʽʚʦʨʫʯ) 

ʪʘ ʙʘʛʘʪʦʩʪʽʥʥʦ'ʽ' (ʧʨʘʚʦʨʫʯ) ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

 
ɯʩʪʦʨʽʷ ʚʽʜʢʨʠʪʪʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ 

ʽʩʪʦʨʽʩʶ ʚʽʜʢʨʠʪʪʷ i ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʣʝʨʝʥʽʚ. ʋ 1991 ʨ., ʥʝʟʘʙʘʨʦʤ 

ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʬʫʣʝʨʝʥʽʚ, ʉ. lʽʜʞʽʤʘ (Sumio 

lijima), ʚʠʚʯʘʶʯʠ ʧʨʦʜʫʢʪʠ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʧʦʨʦʰʝʥʥʷ ʛʨʘʬʽʪʦʚʦʛʦ 
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ʘʥʦʜʘ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʜʫʟʽ, ʚʠʷʚʠʚ, ʱʦ ʚ ʪʘʢʠʭ ʧʨʦʜʫʢʪʘʭ ʧʦʨʷʜ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ʬʫʣʝʨʝʥʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʪʘʢʦʞ i ʧʨʦʪʷʞʥʽ ʩʪʨʫʢʪʫʨʠ. 

ɺʦʥʠ ʤʘʣʠ ʚʠʛʣʷʜ ʪʨʫʙʦʢ, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ̫ ʢʠʭ ʢʦʣʠʚʘʚʩʷ ʚ ʤʝʞʘʭ 

ʚʽʜ 4 ʜʦ 30 ʠʤ, ʘ ʜʦʚʞʠʥʘ ʤʦʛʣʘ ʩʷʛʘʪʠ 1 ʤʢʤ. ʎ ̔ʪʨʫʙʢʠ ʩʢʣʘʜʘʣʠʩʷ 

ʟ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʙʝʟʰʦʚʥʠʭ ʛʨʘʬʽʪʦʚʠʭ ʮʠʣʽʥʜʨʽʚ, ʢʦʥʮʝʥʪʨʠʯʥʦ 

ʚʩʪʘʚʣʝʥʠʭ ʦʜʠʥ ʚ ʦʜʥʠʡ (ʨʠʩ. 10.2). ɼʽʘʤʝʪʨ ʥʘʡʤʝʥʰʦʛʦ ʽʟ 

ʚʥʫʪʨʽʰʥʽʭ ʮʠʣʽʥʜʨʽʚ ʤʽʛ ʟʤʝʥʰʫʚʘʪʠʩʷ ʜʦ 2,2 ʠʤ. ɿʘʢʽʥʯʫʚʘʣʠʩʷ 

ʮʠʣʽʥʜʨʠ ʛʦʣʦʚʢʘʤʠ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʪʠʧʫ, ʩʪʨʫʢʪʫʨʘ ʷʢʠʭ 

ʬʦʨʤʫʚʘʣʘʩʷ ʥʝ ʪʽʣʴʢʠ ʰʝʩʪʠʢʫʪʥʠʢʘʤʠ, ʘʣʝ ʡ ʧôʷʪʠʢʫʪʥʠʢʘʤʠ i 

ʥʘʛʘʜʫʚʘʣʘ ʧʦʣʦʚʠʥʫ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʘ. ʎʽ ʮʠʣʽʥʜʨʠʯʥʽ ʫʪʚʦʨʝʥʥʷ 

ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʙʘʛʘʪʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʷʢ ʜʘʥʠʥʘ 

ʪʦʤʫ, ʱʦ ʰʢʘʣʘ ʾʭʥʽʭ ʜʽʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʘʣʘ ʥʘʥʦʤʝʪʨʦʚʦʤʫ 

ʜ̔ ʘʧʘʟʦʥʫ. 
 
 

ʈʠʩ. 10.2. ɹʘʛʘʪʦʩʪʽʥʥʽ (ʜʚʦʩʪʽʥʥʘ ʣʽʚʦʨʫʯ ʪʘ ʩʝʤʠʩʪʽʥʥʘ 

ʧʨʘʚʦʨʫʯ) ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʚʽʜʢʨʠʪʽ ʉ. lʽʜʞʽʤʦʶ ʫ 1991 ʨ. 

(ɿʛʽʜʥʦ ʟ ljòima ɮ. Nature 354 (1991) 56) 

 
ʆʜʥʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʯʝʨʝʟ ʜʚʘ ʨʦʢʠ, ʫ 

1993 ʨ. ɼʽʘʧʘʟʦʥ ʜʽʘʤʝʪʨʽʚ ʧʝʨʰʠʭ ʽʟ ʚʽʜʢʨʠʪʠʭ ʦʜʥʦʩʪʽʥʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʢʦʣʠʚʘʚʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0.4 ʜʦ 2 ð 3 ʠʤ, ʘ ʾ ʭʥʷ ʜʦʚʞʠʥʘ, ̫ ʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʝʨʝʚʘʞʘʣʘ ʤʽʢʨʦʤʝʪʨʘ. ʆʜʥʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ ʟʘʟʚʠʯʘʡ ʨʦʩʣʠ ʨʘʟʦʤ, ʚʝʣʠʢʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ, ʬʦʨʤʫʶʯʠ 

ʪʨʫʙʯʘʪʽ ʞʤʫʪʠ. ʊʘʢʽ ʞʤʫʪʠ, ʩʚʦʩʶ ʯʝʨʛʦʶ, ʤʦʛʣʠ ʫʪʚʦʨʶʚʘʪʠ 

ʫʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʥʘʛʘʜʫʚʘʣʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ɻʨʘʪʢʫ. 
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ɿ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʙʫʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ 

ʥʘʥʦʪʨʫʙʢʠ ʦʙôʻʜʥʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʛʨʘʬʽʪʫ 

ʽ ʬʫʣʝʨʝʥʘ. ʆʩʥʦʚʫ ʥʘʥʦʪʨʫʙʢʠ ʩʪʘʥʦʚʣʷʪʴ ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ 

ʛʨʘʬʽʪʫ, ʱʦ ʥʝʩʫʪʴ ʫ ʩʦʙʽ ʧʝʚʥʠʡ ʥʘʙʽʨ ʰʝʩʪʠʢʫʪʥʠʢʽʚ. ɼʣʷ ʟôʻʜʥʘʥʥʷ 

ʰʝʩʪʠʢʫʪʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʫ ʦʙôʻʤʥʫ ʟʘʤʢʥʫʪʫ ʩʪʨʫʢʪʫʨʫ ʥʝʦʙʭʽʜʥʘ 

ʥʘʷʚʥʽʩʪʴ ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʷʢʽ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʟʘ 

ʧʦʚʦʨʦʪ ʰʝʩʪʠʢʫʪʥʦʾ ʩʽʪʢʠ ʫ ʧʨʦʩʪʦʨʽ. ɿʜʽʡʩʥʶʶʯʠ ʮʝʡ ʧʦʚʦʨʦʪ, ʚʦʥʠ 

ʬʦʨʤʫʶʪʴ ʟʘʢʨʠʪʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʛʨʘʬʽʪʦʚʫ ʩʽʪʢʫ ʟ 

ʧʣʦʩʢʦʾ ʥʘ ʦʙôʻʤʥʫ. ʅʘʷʚʥʽʩʪʴ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʥʘ ʢʽʥʮʷʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʽʻʾ ʥʦʚʦʾ 

ʩʪʘʙʽʣʴʥʦʾ ʬʦʨʤʠ ʚʫʛʣʝʮʶ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʦʥʘ ʜʘʻ ʟʤʦʛʫ ʨʦʟʛʣʷʜʘʪʠ 

ʥʘʥʦʪʨʫʙʢʠ ʷʢ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ, ʜʦʚʞʠʥʘ 

ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʷʢʠʭ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ ʾʭʥʽʡ ʜʽʘʤʝʪʨ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʫʣʝʨʝʥʽʚ, ʷʢʽ ʚ ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʨʦʟʧʦʨʦʰʫʚʘʥʥʷ ʛʨʘʬʽʪʫ ʦʩʽʜʘʣʠ ʨʘʟʦʤ ʟ ʚʫʛʣʝʚʤʽʩʥʦʶ ʩʘʞʝʶ ʥʘ 

ʩʪʽʥʢʘʭ ʛʘʟʦʨʦʟʨʷʜʥʦʾ ʢʘʤʝʨʠ, ʥʘʥʦʪʨʫʙʢʠ ʨʦʩʣʠ ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ, ʧʦʚʝʨʥʫʪʽʡ ʜʦ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ. ʋ ʧʝʨʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʤʽʩʪ ʥʘʥʦʪʨʫʙʦʢ ʫ ʚʫʛʣʝʮʝʚʦʤʫ ʦʩʘʜʽ, ʱʦ ʧʦʢʨʠʚʘʚ 

ʧʦʚʝʨʭʥʶ ʢʘʪʦʜʘ, ʥʝ ʧʝʨʝʚʘʞʘʚ ʢʽʣʴʢʦʭ ʧʨʦʮʝʥʪʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʭʽʜ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʩʪʫʧʦʚʦ 

ʚʜʘʣʦʩʷ ʧʽʜʥʷʪʠ ʜʦ ʜʝʩʷʪʢʽʚ ʧʨʦʮʝʥʪʽʚ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʥʘʥʦʪʨʫʙʦʢ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʧʝʨʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʤʘʣʘ ʚʠʛʣʷʜ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʽʜʨʽʟʥʷʣʠʩʷ ʷʢ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ, ʪʘʢ ʽ 

ʬʦʨʤʦʶ ʥʘʢʦʥʝʯʥʠʢʘ ʡ ʽʥʰʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʝ ʩʪʚʦʨʶʚʘʣʦ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʫ ʧʠʪʘʥʥʷʭ ʚʠʚʯʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʥʦʚʦʛʦ ʢʣʘʩʫ ʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʦʩʢʽʣʴʢʠ 

ʬʘʢʪʠʯʥʦ ʢʦʞʝʥ ʨʘʟ ʮʝ ʙʫʣʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʟʨʘʟʢʘ, ʘ ʥʝ 

ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʪʘʢʠʭ. 

ʇʦʯʘʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʽʟ 

ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʽʚ 

ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʾʭʥʴʦʛʦ 

ʯʘʩʪʢʦʚʦʛʦ ʦʢʠʩʥʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʚʘʣʠʩʷ ʥʘ ʚʽʜʤʽʥʥʦʩʪʷʭ ʫ ʭʽʤʽʯʥʽʡ 

ʘʢʪʠʚʥʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʥʘʥʦʪʨʫʙʢʠ ʽ ʾʾ ʢʫʧʦʣʦʧʦʜʽʙʥʦʾ 

ʛʦʣʦʚʢʠ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʚ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ ʟʨʘʟʢʠ, ʱʦ 

ʩʢʣʘʜʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʽ ʧʨʠʚʝʣʦ ʚʨʝʰʪʽ- 

ʨʝʰʪ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʚ ʷʢʦʤʫ ʦʜʥʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ 

ʜʦʤʽʥʫʶʪʴ. 
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10.2. ǕPOCTOPOBA CTPǙKTǙPA 

ǈǙǉǑǋǜǋǈǎǛ ǓǆǓǔǘǖǙǇǔǐ 

 
ʋʷʚʽʤʦ ʩʦʙʽ, ʱʦ ʤʠ ʤʘʩʤʦ ʰʘʨ ʛʨʘʬʽʪʫ ʤʦʥʦʘʪʦʤʥʦʾ  ʪʦʚʱʠʥʠ. 

ʁʦʛʦ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝ ʪʘʢʦʶ, ʷʢ ʟ4oʙpaʞeʥa ʥʘ ʨʠʩ. 10.3. 
 
 
 
 

(2,2) (3,2) (4,2) (5,2) (6,2) 

 
 

If ʫ (1,1) (2,1 ) (3,1) (4, I ) (5,1) (6,1) 

 

0 (i ,0)  (2,0)  (3,0)  (4,0)  ƾɻƗʣƾ (6,0)  (7,0)  

 
 
 
 
 

 
6 

 

 

 

ʈʠʩ. 10.3. ʄʦʥʦʘʪʦʤʥʠʡ ʰʘʨ ʛʨʘʬʽʪʫ. ɺʝʢʪʦʨʠ a1 t a2 ð ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʜʚʦʚʠʤʽʨʥʦñʽñfpaʪʢʠ. ʎʠʬʨʠ ʫ ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ ð 

ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʽʚ h ʝʩʪʠʢʫʪʥʠʢʽʚ ʛʨʘʪʢʠ ʫ ʚʠʙʨʘʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʣʽʢʫ, ʢʦʣʠ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ: ʦ ð 60òʨʦʤʙ; ʙ ð 120ò ʨʦʤʙ 

 
ɺʠʙʝʨʝʤʦ ʥʘ ʮʴʦʤʫ ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʧʣʦʩʢʦʤʫ ʛʨʘʬʽʪʦʚʦʤʫ ʣʠʩʪʽ 

ʜʦʚʽʣʴʥʫ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ 0. ʅʘ ʧʨʘʢʪʠʮʽ iµ ʟʨʫʯʥʦ ʩʫʤʽʩʪʠʪʠ ʘʙʦ ʟ 

ʮʝʥʪʨʦʤ ʜʦʚʽʣʴʥʦʛʦ h ʝʩʪʠʢʫʪʥʠʢʘ, ̫ ʢ ʮʝ ʟʨʦʙʣʝʥʦ ʥʘ ʨʠʩ. 10.3, ʘʙʦ ʟ 

ʙʫʜʴ-ʷʢʦʶ ʡʦʛʦ ʚʝʨʰʠʥʦʶ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ fz1 ' fz2 ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʛʨʘʬʽʪʫ. 

ɿʥʦʚ-ʪʘʢʠ, ʷʢ ʧʨʠʪʘʤʘʥʥʦ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʜʚʦʚʠʤʽʨʥʽʡ ɻʨʘʪʮʽ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʙʨʘʥʽ ʜʚʦʷʢʦ ð ʘʙʦ ʧʽʜ ʢʫʪʦʤ 60Á (ʝʣʝʤʝʥʪʘʨʥʘ 

ʢʦʤʽʨʢʘ ð 60O ʨʦʤʙ), ʘʙʦ ʧʽʜ ʢʫʪʦʤ 120O (ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð 120O 

ʨʦʤʙ) ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ɿʘ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʙʦʨʫ ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ 
ʪʨʘʥʩʣʷʮʽʡ ʧʦʣʦʞʝʥʠʷ ʢʦʞʥʦʛʦ ʰʝʩʪʠʢʫʪʥʠʢʘ ʚ ʰʘʨʽ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʧʘʨʦʶ ʮʽʣʠʭ ʯʠʩʝʣ ʣ i ʪ, ʧʝʨʰʝ ̔ ʟ ̫ ʢʠʭ ʧʦʢʘʟʫʩ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʚ1. opyʛe ð 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʪʨʘʥʩʣʷʮʽʡ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ fz2 ʧʦʯʠʥʘʶʯʠ ʟ 

ʪʦʯʢʠ 0. ʇʨʠʢʣʘʜʠ ʪʘʢʠʭ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʽʪʦʚʠʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ  ʜʣʷ 
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ʢʦʞʥʦʾ ʽʟ ʜʚʦʭ ʤʦʞʣʠʚʠʭ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ ʥʘʚʝʜʝʥʦ ʫ ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ 

ʥʘ ʨʠʩ. 10.3. 

ʗʢʱʦ ʪʝʧʝʨ ʮʝʡ ʛʨʘʬʽʪʦʚʠʡ h ʘʨ ʟʘʚʪʦʚʰʢʠ ʚ ʦʜʠʥ ʘʪʦʤ ʟʛʦʨʥʫʪʠ 

ʚ ʮʠʣʽʥʜʨ ʙʝʟ ʧʝʨʝʢʨʠʪʪʽʚ i ʧʨʦʤʽʞʢʽʚ, ʪʦ ʡ ʦʪʨʠʤʘʩʤʦ ʩʪʨʫʢʪʫʨʫ, ̫ ʢʫ 

ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʩʪʽʥʥʦʶ ʚʫʛʣʝʮʝʚʦʶ ʥʘʥʦʪʨʫʙʢʦʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʞ 

ʽʥʜʝʢʩʽʚ ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʚʢʘʟʘʥʠʭ ʫ ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ ʥʘ ʨʠʩ. 10.3, 

ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʦʞʥʫ ʪʘʢʫ ʥʘʥʦʪʨʫʙʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, 

ʷʢʠʡ ̔ ʟ h ʝʩʪʠʢʫʪʥʠʢʽʚ ʰʘʨʫ ʧʨʠ ʟʛʦʨʪʘʥʥʽ ʟʙʽʛʘʩʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʠʤ. 

ʑʦʙ ʫʷʚʠʪʠ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʥʘʥʦʪʨʫʙʮʽ, 
ʚʽʜʢʣʘʜʝʤʦ ʥʘ ʰʘʨʽ ʛʨʘʬʽʪʫ ʜʝʷʢʠʡ ʚʝʢʪʦʨ ʉ, ʷʢʠʡ ʚʠʟʥʘʯʠʤʦ ʪʘʢ ð 

ʉ = (ʣʘ1 + ma2). ʜʝ a1 i a2. ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʘʥʩʣʷʮʽʡ ʛʨʘʬʽʪʫ, ʘ ʣ i ʪ ð ʜʦʜʘʪʥʽ ʮʽʣʽ ʯʠʩʣʘ. ʄʦʜʫʣʽ ʙʘʟʠʩʥʠʭ 

ʚʝʢʪʦʨʽʚ ʛʨʘʬʽʪʫ a1 i a2 ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ, ʜʦʚʞʠʥʘ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ 

ʩʪʘʥʦʚʠʪʴ v , ʜʝ dj ðð 0,142 ʠʤ ð ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ 

ʚʫʛʣʝʮʶ ʫ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ. ʏʝʨʝʟ ʪʦʯʢʠ ʧʦʯʘʪʢʫ i ʢʽʥʮʷ ʚʝʢʪʦʨʘ ʉ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʴʦʛʦ ʚ ʧʣʦʱʠʥʽ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʧʨʦʚʝʜʝʤʦ 

ʜʚʽ ʧʨʷʤʽ ð L i U , ʧʽʩʣʷ ʯʦʛʦ ʚʟʜʦʚʞ ʧʨʦʚʝʜʝʥʠʭ ʣʽʥʽʡ ʚʠʢʨʦʾʤʦ ʟ h ʘʨʫ 

ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʫ ʩʪʨʽʯʢʫ. ɿʛʦʨʥʝʤʦ ʩʪʨʽʯʢʫ ʚ ʮʠʣʽʥʜʨ ʪʘʢ, ɦ ʦʙ ʧʨʷʤʽ 

L i U ʉʫʤʽʩʪʠʣʠʩʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʘʩʤʦ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʫ 

ʚʫʛʣʝʮʝʚʫ ʥʘʥʦʪʨʫʙʢʫ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 10.4, ̫ ʢʘ ʥʝ ʫʪʚʦʨʶʩ h ʚʽʚ ʧʽʜ 

ʯʘʩ ʟʛʦʨʪʘʥʥʷ, ʡ ʷʢʫ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ ʽʥʜʝʢʩʘʤʠ (ʣ, ʪ) ð 

ʥʘʥʦʪʨʫʙʢʫ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ, ʪ). 
 
 

 
ʈʠʩ. 10.4. ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʥʘʥʦʪʨʫʙʢʠ: ʘ ð ʛʨʘʬʽʪʦʚʠʡ ʰʘʨ 

i ʦʙʤʝʞʝʥʘ ʣʽʥʽʷʤʠ L i U ʩʤʫʞʢʘ ʮʴʦʛʦ ʰʘʨʫ (11, 7); ʙ ð ʥʘʥʦʪʨʫʙʢʘ (11, 7) 

 
ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʫ ʧʘʨʫ ʚʝʢʪʦʨʽʚ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ o1 i fz2 fʨʘʪʢʠ ʛʨʘʬʽʪʫ ʤʠ ʚʠʙʝʨʝʤʦ ʟʘ 
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ʙʘʟʦʚʫ ð ʚʝʢʪʦʨʠ 60-ʛʨʘʜʫʩʥʦʛʦ, ʷʢ ʥʘ ʨʠʩ. 10.4, ʯʠ 120-ʛʨʘʜʫʩʥʦʛʦ 

ʨʦʤʙʘ ð ʦʜʥʽʡ i ʪʽʡ ʩʘʤʽʡ ʦʜʥʦʩʪʽʥʥʽʡ ʚʫʛʣʝʮʝʚʽʡ ʥʘʥʦʪʨʫʙʮʽ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʟʥʘ ʧʘʨʘ ̔ ʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ. ʊʦʤʫ, ʚʢʘʟʫʶʯʠ ̔ ʥʜʝʢʩʠ 

ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʥʦʪʨʫʙʢʠ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʘʪʠ ʩʠʩʪʝʤʫ ʚʽʜʣʽʢʫ ʮʠʭ 

ʽʥʜʝʢʩʽʚ. ʑʦʙʠ ʫʥʠʢʥʫʪʠ ʧʣʫʪʘʥʠʥʠ, ʙʫʜʝʤʦ ʫ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 60Á ʨʦʤʙʘ ʧʦʟʥʘʯʘʪʠ ʽʥʜʝʢʩʠ ʢʠʨʘʣʴʥʦʩʪʽ 

ʯʝʨʝʟ (ʣ, ʪ), ʘ ʫ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 120O  ʨʦʤʙʘ ð ʯʝʨʝʟ (ʣ'  ʪ). 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 10.4, ʛʨʘʬʽʪʦʚʽ ʣʘʥʮʶʞʢʠ ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʩʧʽʣʴʥʽ ʩʪʦʨʦʥʠ, ʟʘʢʨʫʯʫʶʪʴʩʷ ʚʟʜʦʚʞ oci ʥʘʥʦʪʨʫʙʢʠ, ʪʦʙʪʦ 

ʾʭʥʩ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʩ ʭʘʨʘʢʪʝʨʥʠʡ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʡ, 

ʘʙʦ, ʷʢ ɦ ʝ ʥʘʟʠʚʘʶʪʴ, ʢʠʨʘʣʴʥʠʡ ʚʠʛʣʷʜ. ʂʨʦʢ ʩʧʽʨʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʣ i ʪ. 

ʂʨʽʤ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ, ʪ), ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʢʦʦʨʜʠʥʘʪʠ 

ʰʝʩʪʠʢʫʪʥʠʢʘ, ʷʢʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʪʘʥʥʷ ʛʨʘʬʽʪʦʚʦʾ ʧʣʦʱʠʥʠ 

ʧʦʚʠʥʝʥ ʩʫʤʽʩʪʠʪʠʩʷ ʟ ʰʝʩʪʠʢʫʪʥʠʢʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ, ʮʶ ʩʘʤʫ ʥʘʥʦʪʨʫʙʢʫ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʚʞʠʥʠ 

ʢʦʣʘ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʘ ʉ ʯʠ ʡʦʛʦ ʜʽʘʤʝʪʨʘ D i ʪʘʢ ʟʚʘʥʦʛʦ ʢʫʪʘ 

ʢʠʨʘʣʴʥʦʩʪʽ. 

 
ʈʠʩ. 10.5. ɯʣʶʩʪʨʘʮʽʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʌ 

i ʦ ʦʜʥʦʩʪʽʥʥʦ'ʽ'ʚʫʛʣʝʮʝʚʦ'ʽ'ʥʘʥʦʪʨʫʙʢʠ 

 
ʋ ʚʠʟʥʘʯʝʥʥʽ ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ ʥʝʤʘʩ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ɺ ʦʜʥʠʭ 

ʚʠʧʘʜʢʘʭ ʢʫʪʦʤ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ ʥʘʡʤʝʥʰʠʡ ʢʫʪ ʌ, ʱʦ 

ʚʠʟʥʘʯʘʩ ʦʨʽʩʥʪʘʮʽʶ ʛʨʘʬʽʪʦʚʦʛʦ ʣʘʥʮʶʞʢʘ, ʚ ʷʢʦʤʫ ʩʫʩʽʜʥʽ 

ʰʝʩʪʠʢʫʪʥʠʢʠ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʩʪʦʨʦʥʫ, ʚʽʜʥʦʩʥʦ oci ʥʘʥʦʪʨʫʙʢʠ (ʷʢ 

ʙʘʯʠʤʦ ʟ ʨʠʩ. 10.4, ʛʨʘʬʽʪʦʚʠʡ ʣʘʥʮʶʞʦʢ ʚʽʜʥʦʩʥʦ oci ʥʘʥʦʪʨʫʙʢʠ ʥʘ 

ʥʘʡʤʝʥʰʠʡ ʢʫʪ ʧʦʚʝʨʥʫʪʠʡ ʟʘʚʞʜʠ ʫ ʙʽʢ ʜʦʚʰʦʛʦ ʟ ʚʝʢʪʦʨʽʚ ʣʘ1 ʯʠ 
ʪʘ2). ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʢʫʪʦʤ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ ʢʫʪ ʦ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʉ ðð (ʣʘ1 + ʪʘ2) i ʙʘʟʠʩʥʠʤ ʚʝʢʪʦʨʦʤ a1. ʄʽʞ ʢʫʪʘʤʠ ʌ i ʦ 

ʽʩʥʫʩ ʧʨʦʩʪʠʡ ʟʚôʷʟʦʢ, ʷʢʠʡ ʜʦʙʨʝ ʚʠʜʥʦ ʟ ʨʠʩ. 10.5: 
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s ʟʦ ð . (10.1) 

ɿʚôʷʟʦʢ ʤʽʞ ̔ ʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ (n, m) ʦʜʥʦʩʪʽʥʥʦʾ ʥʘʥʦʪʨʫʙʢʠ 

ʪʘ iµ ʜʽʘʤʝʪʨʦʤ D ʯʠ ʜʦʚʞʠʥʦʶ ʢʦʣʘ ʦʩʥʦʚʠ ʉ ʣʝʛʢʦ ʟʥʘʡʪʠ, ʦʩʢʽʣʴʢʠ 

ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʘ ʉ ʬʘʢʪʠʯʥʦ ʩ ʜʽʘʛʦʥʘʣʣʶ ʧʘʨʘʣʝʣʦʛʨʘʤʘ ʟʽ 

ʩʪʦʨʦʥʘʤʠ ʟʘʚʜʦʚʞʢʠ  d ʇ ɰ  d m, ʷʢʱʦ ʧʘʨʘʣʝʣʦʛʨʘʤ ʧʦʙʫʜʦʚʘʥʠʡ 

ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ 60Á ʨʦʤʙʘ, ʘʙʦ ʜʽʘʛʦʥʘʣʣʶ 

ʧʘʨʘʣʝʣʦʛʨʘʤʘ ʟʽ ʩʪʦʨʦʥʘʤʠ ʟʘʚʜʦʚʞʢʀ d ʇ' i d fT\, ʗʂʑʆ 

ʧʘʨʘʣʝʣʦʛʨʘʤ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ 

120Á ʨʦʤʙʘ (ʨʠʩ. 10.6). 

 

 
ʈʠʩ. 10.6. ɯʣʶʩʪʨʘʮʽʷ ʜʦ ʟʚôʷʟʢʫ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʦʜʥʦʩʪʽʥʥʦòʽòʚʫʛʣʝʮʝʚʦòʽò 

ʥʘʥʦʪʨʫʙʢʠ (ʧ, ʪ) ʯʠ (ʧô, ʪô) ʟ ʜʦʚʞʠʥʦʶ ʢʦʣʘ ñʽòʽ ʦʩʥʦʚʠ ʉ 

 
ʂʫʪ ʤʽʞ ʩʪʦʨʦʥʘʤʠ ʪʘʢʦʛʦ ʧʘʨʘʣʝʣʦʛʨʘʤʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ, ʘ ʚʠʟʥʘʯʘʩʪʴʩʷ ʢʫʪʦʤ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ ʛʨʘʬʽʪʫ, ʥʘ ̫ ʢʽʡ ʧʦʙʫʜʦʚʘʥʦ ʧʘʨʘʣʝʣʦʛʨʘʤ. ʗʢʱʦ ʮʝʡ ʢʫʪ ʤʠ 

ʚʠʙʝʨʝʤʦ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʩ 60O, ʜʣʷ ʉ ʦʪʨʠʤʘʩʤʦ ʪʘʢʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ˞ɂɂ d      ɉ2̐ + m2 + cm)' 2 . (10.2) 

ɿʚʠʯʘʡʥʦ ʪʘʢ ʩʘʤʦ ʣʝʛʢʦ ʦʜʝʨʞʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʉ ʡ 

ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘ ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ 

ʙʝʨʝʪʴʩʷ 120Á ʨʦʤʙ. ɸʣʝ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚʠʛʽʜʥʽʰʝ 

ʟʘʡʤʘʪʠʩʷ ʥʝ ʧʨʦʩʪʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʘ ʤʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ ʦʜʥʽʩʾ i ʪʽʩʾ ʩʘʤʦʾ ʥʘʥʦʪʨʫʙʢʠ, ʟʘʧʠʩʘʥʠʤʠ ʫ 

ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ. ʗʢ ʜʦʙʨʝ ʚʠʜʥʦ ʟ ʨʠʩ. 10.6, 

ʢʦʣʠ   ʚʝʢʪʦʨʠ  at   60O     i  120O     ʨʦʤʙʘ  ʝʣʝʤʝʥʪʘʨʥʦ ʾ  ʢʦʤʽʨʢʠ   ʛʨʘʬʽʪʫ 

ʟʙʽʛʘʶʪʴʩʷ, ʪʦ ʤʽʞ ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ, ʪ) i (ʣ' ʪ) ʦʜʥʽʩʾ i ʪʽʩʾ 

ʩʘʤʦʾ ʦʜʥʦʩʪʽʥʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʩʧʨʘʚʝʜʣʠʚʠʤ ʩ ʪʘʢʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʧ - ʧ' - ʪ' 

ʪ= ʪ' 

ʇʽʜʩʪʘʚʠʚʰʠ (10.3) ʚ (10.2), ʦʪʨʠʤʘʩʤʦ 

ʉ ðð d  (ʧ '2 + '2   ʧ' ') . 

(10.3) 

 

 
(10.4) 

ɯʩʥʫʩ ʪʘʢʦʞ ʦʜʥʦʟʥʘʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ  

(ʣ, ʪ) i ʢʫʪʦʤ ʢʠʨʘʣʴʥʦʩʪʽ ʌ ʥʘʥʦʪʨʫʙʢʠ. ʇʝʨʰ ʥʽʞ ʟʥʘʡʪʠ ʡʦʛʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ, ʧʨʦʘʥʘʣʽʟʫʩʤʦ, ʚ ʷʢʠʭ ʤʝʞʘʭ ʫ ʧʨʠʥʮʠʧʽ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʢʫʪ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʥʦʪʨʫʙʢʠ. 

ʗʢʱʦ ʟʘ ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ̔ ʥʜʝʢʩʫ ʣ ̔ ʥʜʝʢʩ ʪ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

ʥʫʣʶ, ʪʦ ʚʝʢʪʦʨ ʉ ʟʙʽʛʘʪʠʤʝʪʴʩʷ ʟ ʚʝʢʪʦʨʦʤ ʣʦ1. ʊʦʜʽ ʥʘʧʨʷʤ ʧʨʷʤʠʭ 

L i U ʙʫʜʝ ʧʘʨʘʣʝʣʴʥʠʤ ʜʦ ʥʘʧʨʷʤʢʫ ʧʨʷʤʦʾ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʧʨʦʪʠʣʝʞʥʽ ʚʝʨʰʠʥʠ ʰʝʩʪʠʢʫʪʥʠʢʘ i ʩʪʚʦʨʶʩ ʟ ʥʘʧʨʷʤʢʘʤʠ ʦʨʽʩʥʪʘʮʽʾ 

ʛʨʘʬʽʪʦʚʠʭ ʣʘʥʮʶʞʢʽʚ, ʫ ʷʢʠʭ ʩʫʩʽʜʥʽ ʰʝʩʪʠʢʫʪʥʠʢʠ ʤʘʶʪʴ ʩʧʽʣʴʥʫ 

ʩʪʦʨʦʥʫ, ʢʫʪʠ + 30Á. ɿʥʘʢʠ ñ+ò i ñðò ʦʟʥʘʯʘʶʪʴ, ʱʦ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʩ ʜʚʘ 

ʛʨʘʬʽʪʦʚʽ ʣʘʥʮʶʞʢʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʟ ʚʽʩʩʶ ʥʘʥʦʪʨʫʙʢʠ ʦʜʥʘʢʦʚʽ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʢʫʪʠ, ʘʣʝ ʧʦʚʝʨʥʫʪʽ ʚʽʜʥʦʩʥʦ ʥʝʾ ʫ ʧʨʦʪʠʣʝʞʥʽ ʥʘʧʨʷʤʢʠ ð 

ʟʘ i ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʆʪʞʝ, ʥʘʥʦʪʨʫʙʢʠ (ʣ, 0) ʤʦʞʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʫʪʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ ʌ, ̫ ʢʽ ʜʦʨʽʚʥʶʶʪʴ + 30Á. 

ʗʢʱʦ ʟʘ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʣ ʽʥʜʝʢʩ ʢʠʨʘʣʴʥʦʩʪʽ ʪ ʧʦʯʥʝ 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʚʽʩʴ ʥʘʥʦʪʨʫʙʢʠ ʧʦʚʝʨʪʘʪʠʤʝʪʴʩʷ ʫ ʙʽʢ 

ʚʝʢʪʦʨʘ ʣʦ1 i II ʢʫʪ ʟ ʥʘʧʨʷʤʢʦʤ ʛʨʘʬʽʪʦʚʦʛʦ ʣʘʥʮʶʞʢʘ ʧʦʯʥʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ. ʂʦʣʠ ʣ i ʪ ʟʨʽʚʥʷʶʪʴʩʷ, ʥʘʧʨʷʤ oci ʥʘʥʦʪʨʫʙʢʠ 

ʟʙʽʛʘʪʠʤʝʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʛʨʘʬʽʪʦʚʦʛʦ ʣʘʥʮʶʞʢʘ i ʢʫʪ ʢʠʨʘʣʴʥʦʩʪʽ ʌ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʝʚʽ. ʊʘʢʘ ʥʘʥʦʪʨʫʙʢʘ ʤʘʪʠʤʝ ʥʝʩʧʽʨʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ð ʛʨʘʬʽʪʦʚʽ ʣʘʥʮʶʞʢʠ ʥʝ ʙʫʜʫʪʴ ʟʘʢʨʫʯʫʚʘʪʠʩʷ ʚʟʜʦʚʞ oci ʪʨʫʙʢʠ. ʋ 

ʨʘʟʽ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪ ʚʽʩʴ ʥʘʥʦʪʨʫʙʢʠ i ʚʠʙʨʘʥʠʡ 

ʛʨʘʬʽʪʦʚʠʡ ʣʘʥʮʶʞʦʢ ʟʤʽʥʷʪʴ ʚʟʘʩʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʽʥʰʠʤʠ 

ʩʣʦʚʘʤʠ ð ʟʥʘʢ ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ), ʘ ʚʝʣʠʯʠʥʘ ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ ʧʦʯʥʝ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʗʢʱʦ ʤʠ ʥʝʩʢʽʥʯʝʥʥʦ ʟʙʽʣʴʰʫʚʘʪʠʤʝʤʦ ʪ, 

ʩʧʨʷʤʦʚʫʶʯʠ ʡʦʛʦ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʪʦ ʚ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 

ʦʪʨʠʤʘʩʤʦ ʢʘʨʪʠʥʫ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʙʫʜʝ ʝʢʚʽʚʘʣʝʥʪʥʦʶ  ʩʠʪʫʘʮʽʾ ʟ 

ʣ = 0 ʟʘ ʩʢʽʥʯʝʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪ. ʊʝʧʝʨ ʚʝʢʪʦʨ ʉ ʫʞʝ ʟʙʽʛʘʪʠʤʝʪʴʩʷ ʟ 

ʚʝʢʪʦʨʦʤ ʪʘ2. ʘ ʦʪʞʝ, ʢʫʪ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʙʫʜʝ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʡ ʫ 

ʧʨʠʡʥʷʪʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ + 30Á. ʆʪʞʝ, ʜʦʭʦʜʠʤʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʚʩʽ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ ʌ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʩʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ oci ʥʘʥʦʪʨʫʙʢʠ i 

ʛʨʘʬʽʪʦʚʦʛʦ ʣʘʥʮʶʞʢʘ ʣʝʞʘʪ ɹʫ ʜʽʘʧʘʟʦʥ ̔ʚʜ̔ ð 30 ʜʦ + 300 . 
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ʑʦʙ ʟʥʘʡʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ̔ ʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ, m) 

i ʢʫʪʦʤ ʢʠʨʘʣʴʥʦʩʪʽ ʌ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʷʢʱʦ 

ʚʚʘʞʘʪʠ ʢʫʪ ʌ ʜʦʜʘʪʥʠʤ ʟʘ ʫʤʦʚʠ ʣ > ʪ i ʚʽʜôʩʤʥʠʤ ʟʘ ʟʚʦʨʦʪʥʦʾ 

ʥʝʨʽʚʥʦʩʪʽ ʣ < ʪ, ʪʦ ʟʛʽʜʥʦ ʟ ʨʠʩ. 10.4 ʩʧʨʘʚʝʜʣʠʚʘ ʨʽʚʥʽʩʪʴ 

d,ncos(60 + ʌ) = fi,mcos(60 ð ʌ) . 

3 ʦʩʪʘʥʥʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʪʨʠʤʫʩʤʦ 

(10.5) 

 
ʌ = tT' 

( ô      "  ó)  
ctg (10.6) 

 

ʗʢ ʙʘʯʠʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.6), ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ 

ʢʠʨʘʣʴʥʦʩʪʽ ʌ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʩʧʨʘʚʜʽ ʜʦʨʽʚʥʶʶʪʴ + 30Á ʟʘ 

ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ (n,0) i ð 30Á ʟʘ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ (0, ʪ). ɻʨʙl 

ʥʠʯʥʦʤʫ   ʟʥʘʯʝʥʥʶ   ʢʫʪʘ   ʢʠʨʘʣʴʥʦʩʪʽ   ʌ = 300      
ɺɰʜʧʦʚʽʜʘʩ   ʥʘʥʦ- 

ʪʨʫʙʢʘ ʪʘʢ ʟʚʘʥʦʾ zigzag-ʢoʥʬiʛypaʮiµ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.7, ʘ. 
 
 

ʈʠʩ. 10.7. lʣʶʩʪʨʘʮʽʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʨʽʟʥʦòʽòʢʠʨʘʣʴʥʦʩʪʽ: ʘ ð 

ʥʝʢʠʨʘʣʴʥʘ ʥʘʥʦʪʨʫʙʢʘ (12, 0) ʟ ʢʫʪʦʤ ʢʠʨʘʣʴʥʦʩʪʽ ʌ ðð 30ò (zʽgzʘg- 

ʢʦʥʬʽʛʫʨʘʮʽʷ); ʙ ð ʥʝʢʠʨʘʣʴʥʘ ʥʘʥʦʪʨʫʙʢʘ (6, 6) ʟ ʢʫʪʦʤ ʢʠʨʘʣʴʥʦʩʪʽ ʌ ðð 0ò 

(ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʷ); ʚ ð ʢʠʨʘʣʴʥʘ ʥʘʥʦʪʨʫʙʢʘ (6, 4) 

 
ɿʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʣ = ʪ ʢʫʪ ʢʠʨʘʣʴʥʦʩʪʽ ʌ 

= ʆʆ.   ʊʘʢʘ   ʚʫʛʣʝʮʝʚʘ   ʥʘʥʦʪʨʫʙʢʘ   ʦʜʝʨʞʘʣʘ   ʥʘʟʚʫ   ʥʘʥʦʪʨʫʙʢʠ 

ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ. If ʤʦʜʝʣʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.7, 6. 

Zigzag- i ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ ð ʥʝʢʠʨʘʣʴʥʽ ʥʘʥʦʪʨʫʙʢʠ. ɺʠʟʥʘ- 

ʯʘʣʴʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʾʭʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʩ ʪʝ, ʱʦ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ 

ʜʟʝʨʢʘʣʴʥʦʶ ʩʠʤʝʪʨʽʩʶ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʱʝʥʽ ʩʘʤʽ ʟ ʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʫ ʧʣʦʱʠʥʽ, ̫ ʢʘ ʧʨʦʭʦʜʠʪʴ ʚʟʜʦʚʞ 

ʪʨʫʙʢʠ i ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ iµ ʚʽʩʴ. Yci ʽʥʰʽ ʥʘʥʦʪʨʫʙʢʠ ʟ ʣ f ʪ ʩ 

ʢʠʨʘʣʴʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʦʜʠʥ ̔ ʟ ʧʨʠʢʣʘʜʽʚ ð ʨʠʩ. 10.7, ʚ). ʅʘ ʟʘʛʘʣ, 

µx ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ð ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʧʨʘʚʦʶ i ʣʽʚʦʶ ʩʧʽʨʘʣʴʥʽʩʪʶ, ʪʦʙʪʦ ʟʘʢʨʫʯʫʶʪʴʩʷ ʟʘ i ʧʨʦʪʠ 

ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʚʽʜʥʦʩʥʦ oci ʥʘʥʦʪʨʫʙʢʠ. 



210  

ʗʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (10.3) i (10.6), ʪʦ ʜʣʷ ʢʫʪʘ 

ʢʠʨʘʣʴʥʦʩʪʽ ʌ ʫ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 120Á ʨʦʤʙʘ ʦʪʨʠʤʘʩʤʦ 
 

(10.7) 
 

ɼʣ ̫ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ ʩû ʟʛʽʜʥʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (10.1), (10.3) i 

(10.6)   ʫ   ʩʠʩʪʝʤʘʭ   ʚʽʜʣʽʢʫ   60Á  i   1200       ʨʦʤʙʘ   ʚʽʜʧʦʚʽʜʥʦ   ʤʦʞʝʤʦ 

ʟʘʧʠʩʘʪʠ: 

 
 

ʘʙʦ 

 
ct = arct 

g 2n + ʪ 

 
 

ct= arct 
g 2. ð. 

(10.8) 

 
 

(10.9) 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʦʙʣʠʚʫ ʚʘʞʣʠʚʽʩʪʴ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʽʚ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ zigzag- i ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ, 

ʟʘʟʥʘʯʠʤʦ, ʱʦ ʡ ʫ ʨʘʟʽ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ 60Á ʨʦʤʙʘ, ʡ ʫ ʨʘʟʽ ʩʠʩʪʝʤʠ 

ʚʽʜʣʽʢʫ 120Á ʨʦʤʙʘ ʧʝʨʰʽʡ ̔ ʟ ʥʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʥʦʪʨʫʙʢʠ ʦʜʥʘʢʦʚʠʭ 

ʽʥʜʝʢʩʽʚ ð (ʣ, 0) ʯʠ (ʣ' 0). ɸ ʥʘʥʦʪʨʫʙʢʘʤ ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ ʫ 

ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 60Á ʨʦʤʙʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ̔ ʥʜʝʢʩʠ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ, ʣ), ʘ ʫ 

ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 120O ʨʦʤʙʘ ð ʽʥʜʝʢʩʠ ʢʠʨʘʣʴʥʦʩʪʽ (2ʣô, ʣÄ, ʘʙʦ, ʷʢ µx 

ʱʝ ʽʥʢʦʣʠ ʧʦʟʥʘʯʘʶʪʴ, (ʣô, ʣ/2). 

ʂʨʽʤ ̔ ʥʜʝʢʩʽʚ, ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ i ʜʽʘʤʝʪʨʘ ʚʫʛʣʝʮʝʚʘ ʥʘʥʦʪʨʫʙʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʩʪʴʩʷ ʪʘʢʦʞ ʩʚʦʩʶ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ i ʢʽʣʴʢʽʩʪʶ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʪʘʢʫ ʢʦʤʽʨʢʫ. ɽʣʝʤʝʥʪʘʨʥʦʶ 

ʢʦʤʽʨʢʦʶ, ʷʢ ʚʽʜʦʤʦ, ʥʘʟʠʚʘʶʪʴ ʝʣʝʤʝʥʪ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʪʨʘʥʩʣʷʮʽʩʶ ʷʢʦʛʦ ʚ ʧʨʦʩʪʦʨʽ (3D ʩʪʨʫʢʪʫʨʘ), ʫ ʧʣʦʱʠʥʽ (2D 

ʩʪʨʫʢʪʫʨʘ) ʯʠ ʚʟʜʦʚʞ oci (1D ʩʪʨʫʢʪʫʨʘ) ʤʦʞʥʘ ʟʘʙʫʜʫʚʘʪʠ ʮʶ 

ʩʪʨʫʢʪʫʨʫ ʮʽʣʢʦʤ. ʅʘʥʦʪʨʫʙʢʘ ʩ ʦʜʥʦʚʠʤʽʨʥʦʶ ʧʝʨʽʦʜʠʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʪʦʤʫ ii ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ ʚʚʘʞʘʩʪʴʩʷ ʢʽʣʴʮʝ, 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʷʢʦʛʦ ʥʘ ʚʝʢʪʦʨ ʪʨʘʥʩʣʷʮʽʾ ʧʘʨʘʣʝʣʴʥʦ ʜʦ oci 

ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ iµ ʟʘʙʫʜʫʚʘʪʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

ʚʝʢʪʦʨʦʤ ʪʨʘʥʩʣʷʮʽʾ ʯʠ ʪʨʘʥʩʣʷʮʽʡʥʠʤ ʧʝʨʽʦʜʦʤ ʥʘʥʦʪʨʫʙʢʠ ʙʫʜʝ 

ʥʘʡʢʦʨʦʪʰʠʡ ʚʝʢʪʦʨ ʊ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʚʝʢʪʦʨʘ ʉ = ʣfz1 + ʪʘ2 
ʛʨʘʬʽʪʦʚʦʛʦ   ʤʦʥʦʰʘʨʫ,   ʷʢʠʡ   ʚʠʟʥʘʯʘʩ   ʜʦʚʞʠʥʫ   ʢʦʣʘ  ʦʩʥʦʚʠ 

ʥʘʥʦʪʨʫʙʢʠ. ʗʢ ʙʫʜʴ-ʷʢʠʡ ʪʨʘʥʩʣʷʮʽʡʥʠʡ ʚʝʢʪʦʨ ʫ ʤʝʞʘʭ ʛʨʘʬʽʪʦʚʦʛʦ 

ʰʘʨʫ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʯʝʨʝʟ ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʘʥʩʣʷʮʽʡ ʰʘʨʫ fz1 i fz2 ð *" = f1zz1 + f2fz2. ʜʝ /1 i t2 ð ʥʘʡʤʝʥʰʽ ʽʟ 

ʤʦʞʣʠʚʠʭ  ʜʣʷ  ʟʘʜʘʥʠʭ  ʽʥʜʝʢʩʽʚ  ʢʠʨʘʣʴʥʦʩʪʽ  (ʣ, ʪ) ʮʽʣʽ ʯʠʩʣʘ. ʑʦʙ 

ʣ'ð2ʛʧ'). 



2 l l  

4a 

ʟʥʘʡʪʠ µx, ʩʢʦʨʠʩʪʘʩʤʦʩʷ ʫʤʦʚʦʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʊ i ʉ 

ð ʉ ʊ ðð 0. ɿʚʘʞʘʶʯʠ ʥʘ ʨʽʚʥʽʩʪʴ ʤʦʜʫʣʽʚ ʚʝʢʪʦʨʽʚ zz1 i zz2. ʦʪʨʠʤʫʩʤʦ 

/l  _ 2m + ʧ _ 2m + ʧ  Q  

i2 2ʧ + m Q 2ʧ + ʁ  
(10.10) 

ʆʉʢʽʣʴʢʀ /1 i t2 ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʡʤʝʥʰʠʤʠ ʽʟ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʥʷʤʠ ʮʽʣʠʭ ʯʠʩʝʣ ʜʣʷ ʟʘʜʘʥʠʭ ʣ i ʪ, ʪʦ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 
(10.10) Q ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʘʡʙʽʣʴʰʠʤ ʩʧʽʣʴʥʠʤ ʜʽʣʴʥʠʢʦʤ ʜʣʷ (2ʣ + ʪ) 
i (2m + ʣ). ʆʪʞʝ, ʦʜʝʨʞʫʩʤʦ 

2m+ʣ 

 

2ʧ + m ' 
 

" Q 

 

(10.11) 

ʜʝ Q ð ʥʘʡʙʽʣʴʰʠʡ ʩʧʽʣʴʥʠʡ ʜʽʣʴʥʠʢ (2ʣ + ʪ) i (2ʪ + ʣ). ɿʚʠʯʘʡʥʦ, ʚ 
(10.11) ʟʥʘʢʠ ʯʠʩʝʣ t1 i t2 ʤʆʞʫʪʴ ʙʫʪʠ ʚʟʷʪʽ ʧʨʦʪʠʣʝʞʥʠʤʠ ʜʦ 

ʥʘʚʝʜʝʥʠʭ, ʱʦ ʥʝ ʩʫʧʝʨʝʯʠʪʠʤʝ ʫʤʦʚʽ (10.10). ʊʦʜʽ ʤʠ ʦʪʨʠʤʘʩʤʦ 

ʪʨʘʥʩʣʷʮʽʡʥʠʡ ʚʝʢʪʦʨ ʊ ʪʽʩʾ ʩʘʤʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ, ʘʣʝ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʱʦ ʜʣʷ ʪʨʘʥʩʣʷʮʽʾ ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʝ ʤʘʩ ʟʥʘʯʝʥʥʷ. 

ɼʦʚʞʠʥʘ ʚʝʢʪʦʨʘ ʪʨʘʥʩʣʷʮʽʾ ʥʘʥʦʪʨʫʙʢʠ (ʣ, ʪ) ʩʪʘʥʦʚʠʪʴ 
 

(10.12) 
 

ʈʠʩ. 10.8. ʈʦʟʛʦʨʥʫʪʽ ʫ ʧʣʦʩʢʽ ʩʤʫʞʢʠ ʝʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ʥʝʢʠʨʘʣʴʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ: ʘ ð ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽòʽò (4, 4); ʙ ð zigzag-ʢoʥʬiʛypaʮiñiñ(7, 0) 

 
ʗʢ ʟʨʦʟʫʤʽʣʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.12), ʜʣʷ ʥʝʢʠʨʘʣʴʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʘ ʪʨʘʥʩʣʷʮʽʾ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ.  ɼʣʷ  ʥʘʥʦʪʨʫʙʢʠ  ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʢʦʣʠ 

ʣ = ʪ, Q ðð ɿʣ, i |ʪ|= . ɼʣ ̫ʥʘʥʦʪʨʫʙʢʠ zigzag-ʢoʥʬirypaʮiµ (ʣ,0) Q ðð ʧ, 

I )ʊ) ʿʘ . ʈʦʟʛʦʨʥʫʪʽ ʫ ʧʣʦʩʢʽ ʩʤʫʞʢʠ ʝʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ʥʝʢʠʨʘʣʴʥʠʭ 
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ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʥʦʪʨʫʙʦʢ (4, 4) i (7, 0) ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 10.8. 

ɼʣ ̫ʢʠʨʘʣʴʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʝʢʪʦʨ ʪʨʘʥʩʣʷʮʽʾ ʩ ʬʫʥʢʮʽʩʶ ̔ ʥʜʝʢʩʽʚ 

ʢʠʨʘʣʴʥʦʩʪʽ ʣ i ʪ. ʉʭʝʤʘʪʠʯʥʦ ʨʦʟʛʦʨʥʫʪʘ ʫ ʧʣʦʩʢʫ ʩʤʫʞʢʫ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʢʠʨʘʣʴʥʦʾ ʥʘʥʦʪʨʫʙʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.9 ʥʘ 

ʧʨʠʢʣʘʜʽ ʥʘʥʦʪʨʫʙʢʠ (6, 3). 
 
 

ʈʠʩ. 10.9. ʈʦʟʛʦʨʥʫʪʘ ʫ ʧʣʦʩʢʫ ʩʤʫʞʢʫ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʥʘʥʦʪʨʫʙʢʠ (6, ɿ ʿ

 

ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ Nc ʷʢʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʥʫ 

ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ, 

ʧʦʜʽʣʠʚʰʠ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʟ ʚʠʩʦʪʦʶ ʊ i ʜʦʚʞʠʥʦʶ ʢʦʣʘ 

ʦʩʥʦʚʠ ʉ ʥʘ ʧʣʦʱʫ ʦʜʥʦʛʦ ʰʝʩʪʠʢʫʪʥʠʢʘ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʪʘ 

ʫʨʘʭʫʚʘʚʰʠ, ʱʦ ʢʦʞʝʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʚ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ ʥʘʣʝʞʠʪʴ 

ʦʜʥʦʯʘʩʥʦ ʪʨʴʦʤ ʰʝʩʪʠʢʫʪʥʠʢʘʤ, ʪʦʙʪʦ ʥʘ ʦʜʠʥ ʰʝʩʪʠʢʫʪʥʠʢ 

ʧʨʠʧʘʜʘʶʪʴ ʜʚʘ ʚʫʛʣʝʮʝʚʽ ʘʪʦʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʩʤʦ 
 

(10.13) 
 

ʇʦʚʝʨʥʝʤʦʩʴ ʪʝʧʝʨ ʱʝ ʨʘʟ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (10.2) i (10.4). ʗʢ 

ʙʘʯʠʤʦ, ʜʦʚʞʠʥʘ ʢʦʣʘ ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʢʠ, ʘ ʦʪʞʝ, ʡ ii ʜʽʘʤʝʪʨ, 

ʙʫʜʫʪʴ ʪʠʤ ʤʝʥʰʠʤʠ, ʯʠʤ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ̔ ʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʣ i ʪ. 

ɺʠʥʠʢʘʩ ʧʨʠʨʦʜʥʝ ʟʘʧʠʪʘʥʥʷ: ʫ ʥʘʩʢʽʣʴʢʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʪʨʫʙʢʫ 

ʨʝʘʣʴʥʦ ʤʦʞʝ ʟʛʦʨʥʫʪʠʩʷ ʛʨʘʬʽʪʦʚʠʡ h ʘʨ? ɺʽʜʧʦʚʽʜʴ ʥʘ ʥʴʦʛʦ ʤʦʞʝ 

ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟ ʫʤʦʚʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʫʛʣʝʮʝʚʦʾ 

ʥʘʥʦʪʨʫʙʢʠ, ʪʦʙʪʦ ʟ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ iµ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. 3 ʦʜʥʦʛʦ ʙʦʢʫ, 
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ʟʛʦʨʪʘʥʥʷ ʧʣʦʩʢʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʤʦʥʦʰʘʨʫ ʚ ʥʘʥʦʪʨʫʙʢʫ ʩʪʚʦʨʶʩ 

ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʰʝʩʪʠʢʫʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ii ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. 3 ʽʥʰʦʛʦ ʙʦʢʫ, ʪʘʢʝ 

ʟʛʦʨʪʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʩʪʴʩʷ ʣʽʢʚʽʜʘʮʽʩʶ ʦʙʽʨʚʘʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʥʘ ʢʨʘʷʭ h ʘʨʫ, ̫ ʢʽ ʟʘʤʠʢʘʶʪʴʩʷ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ɦ ʦ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʧʨʠʯʠʥʷʩ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʪʨʫʢʪʫʨʠ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʮʠʤʠ ʝʥʝʨʛʽʷʤʠ ʡ ʚʠʟʥʘʯʘʪʠʤʝ, ʷʢʘ ʟʽ ʩʪʨʫʢʪʫʨ ʩ ʝʥʝʨʛʝʪʠʯʥʦ 

ʚʠʛʽʜʥʽʰʦʶ ð ʧʣʦʩʢʠʡ ʛʨʘʬʽʪʦʚʠʡ ʰʘʨ ʯʠ ʦʜʥʦʩʪʽʥʥʘ ʚʫʛʣʝʮʝʚʘ 

ʥʘʥʦʪʨʫʙʢʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜ̔ ʘʤʝʪʨʘ. 

ʅʘʡʧʨʦʩʪʽʰʝ ʟʜʽʡʩʥʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʦʮʽʥʢʠ, ʨʦʟʛʣʷʜʘʶʯʠ 

ʥʝʢʠʨʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ (n,0). ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʚ ʦʩʥʦʚʽ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʪʨʫʙʢʠ ʙʫʜʝ ʢʦʣʦ, ʩʬʦʨʤʦʚʘʥʝ ʟ ʣ ʛʝʢʩʘʛʦʥʽʚ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

ɻʝʢʩʘʛʦʥʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ, ʥʘʭʠʣʝʥʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʅʘʭʠʣ 

ʟʘʣʝʞʠʪ ɹʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʝʢʩʘʛʦʥʽʚ ʫ ʢʦʣʽ. ʁʦʛʦ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʪʘ ʟʛʠʥʫ ɼ ð ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʘʤʠ, ʧʨʦʚʝʜʝʥʠʤʠ ʟ 

ʮʝʥʪʨʘ ʢʦʣʘ ʜʦ ʮʝʥʪʨʘ ʢʦʞʥʦʛʦ ʟ ʩʫʩʽʜʥʽʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ. ɿʘ ʪʘʢʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʯʠʤ ʙʽʣʴʰʝ ʛʝʢʩʘʛʦʥʽʚ ʙʫʜʝ ʚ ʦʩʥʦʚʽ ʪʨʫʙʢʠ, ʪʠʤ ʤʝʥʰʠʤ 

ʙʫʜʝ ʢʫʪ ʟʛʠʥʫ ɼ. ɼʣ ̫ʧʣʦʱʠʥʠ ʚʽʥ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

ʥʫʣʶ. ʆʩʢʽʣʴʢʠ ʣɼ = 2ʪʪ, ʪʦ ɼ ʩ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ 1 / ʣ. 

ɽʥʝʨʛʽʷ ʟʛʠʥʫ ʤʽʞʚʫʛʣʝʮʝʚʠʭ ʟʚôʷʟʢʽʚ ʩ ʧʘʨʥʦʶ ʬʫʥʢʮʽʩʶ ʢʫʪʘ ɼ, 
ʦʩʢʽʣʴʢʠ ʚʠʢʨʠʚʣʝʥʥʷ ʧʣʦʩʢʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʣʠʩʪʘ ʚ ʦʜʠʥ ʯʠ ʽʥʰʠʡ ʙʽʢ 
ʧʦʚʠʥʥʦ ʧʨʠʚʦʜʠʪʠ ʜʦ ʦʜʥʘʢʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʝʥʝʨʛʽʾ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʢʘʟʘʥʦʛʦ ʝʥʝʨʛʽʶ ʟʛʠʥʫ ʟɺ ʗɿʂɰɺ Ebend * ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʘʪʦʤ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

Ebend ʃ(1/ 3) 
2  
+ ʃ (1/ 3) 

4 
+ ... (10.14) 

ɼʣʷ ʢʽʣʴʢʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʛʽʜʥʽʰʝ ʧʦʜʘʪʠ ʝʥʝʨʛʽʖ Ebend ʥʝ ʷʢ 

ʬʫʥʢʮʽʶ ʢʽʣʴʢʦʩʪʽ h ʝʩʪʠʢʫʪʥʠʢʽʚ ʚ ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʘ ̫ ʢ ʬʫʥʢʮʽʶ iµ 

ʜʽʘʤʝʪʨʘ D. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʛʝʢʩʘʛʦʥʽʚ ʟʘʜʘʩ ʜʦʚʞʠʥʫ ʢʦʣʘ ʦʩʥʦʚʠ 

ʪʨʫʙʢʠ, ʪʦ D - ʣ i ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

Ebend C(1/ D) 
2  

+ ʉ  (l/ D) 4 (10.15) 

ʜʝ, ʟʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʢʦʝʬʽʮʽʩʥʪʠ ʉ i C1 ʜʦʨʽʚʥʶʶʪʴ 5,64 eB 6 2 i 
25,1 eB 4 ʚʽʜʧʦʚʽʜʥʦ. 

ʑʦ ʞ ʜʦ ʚʠʛʨʘʰʫ ʚ ʝʥʝʨʛʽʾ ʟʚôʷʟʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʟʘʤʢʥʝʥʫ 

ʩʪʨʫʢʪʫʨʫ Ebind ʋ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʫʛʣʝʮʶ, ʪʦ ʮʝʡ ʚʠʛʨʘʰ ʩ 

ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ 1 / ʣ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʢʨʘʡʦʚʠʭ ʘʪʦʤʽʚ ʩ ʦʜʥʽʩʶ i 
ʪʽʩʶ ʩʘʤʦʶ ʜʣʷ ʣʠʩʪʽʚ ʙʫʜʴ-ʷʢʠʭ ʨʦʟʤʽʨʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʝʥʝʨʛʽʷ 

ʟʚôʷʟʫʚʘʥʥʷ Ebind ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʘʪʦʤ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ 
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1,0 
10  8 6 

0,5 

ð 0,5 

0,1 0,2 

Eb'  nd ð   ɺ (ʽ  / ʣ) . (10.16) 

ʆʮʽʥʢʘ ʢʦʝʬʽʮʽʩʥʪʘ ɺ ʥʘ ʧʽʜʩʪʘʚʽ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʥʘ ʘʪʦʤ ʫ 

ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʛʨʘʬʽʪʦʚʦʤʫ ʣʠʩʪʽ ʜʘʩ ʟʥʘʯʝʥʥʷ ɺ ðð 2,314 ʝɺ/ʘʪʦʤ. 

ʈʽʟʥʠʮʷ ʚ ʝʥʝʨʛʽʷʭ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥ ʘʪʦʤ ʫ ʧʣʦʩʢʦʤʫ 

ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ ʡ ʚʽʜʧʦʚʽʜʥʽʡ ʡʦʤʫ ʥʘʥʦʪʨʫʙʮʽ, ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

ð E ʴend  +  E ɹ iʧd 
ɸ ʃʀ ɺ 

(10.17) 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʣ ʜʦʤʽʥʫʚʘʪʠʤʝ Eʴiʧd ʘ ʦʪʞʝ, 

ʪʨʫʙʢʘ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ ʤʘʪʠʤʝ ʥʠʞʯʫ ʝʥʝʨʛʽʶ, ʥʽʞ ʧʣʦʩʢʠʡ 

ʛʨʘʬʽʪʦʚʠʡ h ʘʨ, ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʪʘʢʦʾ ʩʘʤʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

ɼʣʷ   ʟʥʘʯʝʥʴ   ʣ,  ʤʝʥʰʠʭ   ʚʽʜ  ʜʝʷʢʦʾ   ʧʦʨʦʛʦʚʦʾ   ʚʝʣʠʯʠʥʠ   n h, 

ʜʦʤʽʥʫʚʘʪʠʤʝ ʚʞʝ Ebendü ʘ ʦʪʞʝ, ʪʨʫʙʢʘ ʤʘʪʠʤʝ ʝʥʝʨʛʽʶ ʙʽʣʴʰʫ, ʥʽʞ 

ʚʽʜʧʦʚʽʜʥʠʡ ʛʨʘʬʽʪʦʚʠʡ ʣʠʩʪ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʽ 

ʚʫʛʣʝʮʝʚʽ ʪʨʫʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʘʙʽʣʴʥʠʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʡ Ebend Ebind ! ME ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ 

ʦʙʝʨʥʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʢʠʨʘʣʴʥʦʩʪʽ ʣ ʥʘʥʦʪʨʫʙʢʠ (ʣ, 0) 
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.10. 

ɼʽʘʤʝʪʨ, & 
  10  8 6 4  

 

 

ʈʠʩ. 10.10. ɽʥʝʨʛʽñ̔ ôEbendü  Eb ûd ʪʘ ñʽñʭʥʷ ʩʫʤʘ AE ʷʢ ʬʫʥʢʮʽòʽò 1/n ʫ ʧʝʨʰʦʤʫ 

ʚʽʜʤʽʥʥʦʤʫ ʚʽʜ ʥʫʣʷ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʥʘʥʦʪʨʫʙʢʠ (ʧ, 0) (ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ 

Sawada ɮ. and Hamada N. Sol. Stat. Communs, 83 (1992) 917) 

 
3 ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 10.10 ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʩ, ɦ ʦ ʥʘʥʦʪʨʫʙʢʠ 

ʟ ʜʽʘʤʝʪʨʦʤ, ʙʽʣʴʰʠʤ ʟʘ 0,4 ʠʤ, ʤʘʪʠʤʫʪʴ ʤʝʥʰʫ ʝʥʝʨʛʽʶ, ʥʽʞ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʧʣʦʩʢʠʡ ʛʨʘʬʽʪʦʚʠʡ ʰʘʨ, ʘ ʦʪʞʝ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʤʠ. ʅʘʚʧʘʢʠ, ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʽʘʤʝʪʨʦʤ, 

ʤʝʥʰʠʤ ʟʘ 0,4 ʠʤ, ʤʘʪʠʤʫʪʴ ʝʥʝʨʛʽʶ ʙʽʣʴʰʫ, ʥʽʞ ʝʥʝʨʛʽʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʘ ʦʪʞʝ, ʙʫʜʫʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʘʙʽʣʴʥʠʤʠ. 

ʍʦʯʘ ʥʘʚʝʜʝʥʽ ʚʠʩʥʦʚʢʠ ʚʠʧʣʠʚʘʶʪʴ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʦʜʝʨʞʘʥʠʭ 
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Å ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 

0.0 

ð1.0 

b ð ʛʨʘʬʽʪʦʚʠʡ ʤʦʥʦʰʘʨ 

2.0 

ð5.0 
(2,0) (3,0) (2,2) (4,0) 

ð6.0 

7.0 
2.5 4.5 6.5 

ʜʣʷ ʥʝʢʠʨʘʣʴʥʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʚʦʥʠ ʩ ʩʧʨʘʚʝʜʣʠʚʠʤʠ i ʟʘʛʘʣʦʤ ʜʣʷ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʙʫʜʴ-ʷʢʦʾ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ, ʪ). 

ʇʨʠʙʣʠʟʥʦ ʪʘʢʽ ʩʘʤʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʩʪʘʙʽʣʴʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʦʪʨʠʤʫʶʪʴʩʷ i ʚ ʥʘʙʣʠʞʝʥʥʽ 

ʞʦʨʩʪʢʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʟʘ ʟʙʝʨʝʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ 

ʟʘʨʷʜʦʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʜʥʦʛʦ ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʪʘʢʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʝʨʝʜʥʽʤʠ ʝʥʝʨʛʽʷʤʠ, ʱʦ 

ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚ ʦʜʥʦʩʪʽʥʥʠʭ ʥʝʨʝʣʘʢʩʦʚʘʥʠʭ (ʪʦʙʪʦ 

ʪʘʢʠʭ, ʨʦʟʤʽʨʠ ʰʝʩʪʠʢʫʪʥʠʭ ʢʽʣʝʮʴ ʷʢʠʭ i ʢʫʪʠ ʤʽʞ ʚʫʛʣʝʮʝʚʠʤʠ 

ʟʚôʷʟʢʘʤʠ ʚ ʤʝʞʘʭ ʢʽʣʴʮʷ ʩ ʪʘʢʠʤʠ ʩʘʤʠʤʠ, ʷʢ ʫ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ) 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ i ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʛʨʘʬʽʪʦʚʠʭ 

ʰʘʨʘʭ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 10.11. 
 

ɼʽʘʤʝʪʨ ʥʘʥʦʪʨʫʙʢʠ, & 
 

ʈʠʩ. 10.11. ʇʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦòʽòʝʥʝʨʛʽòʽò, ʱʦ ʧʨʠʧʘʜʘʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚ 

ʦʜʥʦʩʪʽʥʥʽʡ ʚʫʛʣʝʮʝʚʽʡ ʥʘʥʦʪʨʫʙʮʽ ʡ ʚʽʜʧʦʚʽʜʥʦʤʫ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ ʜʣʷ 

ʪʨʫʙʦʢ ʟ ʜʽʘʤʝʪʨʦʤ, ʤʝʥʰʠʤ ʟʘ 0,7 ʥʤ (ɿʘ ʜʘʥʠʤʠ Peng L.-M., Chang Z.L., Xue 

Z.Q., Wu Q.D., Gu Z.N. and Pettifor D.G. Phys. Rev. Letters 85 (2000) 3249) 

 
ʗʢʱʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʦʚʞʠʥʘ ʉ ð ʉ ʟʚôʷʟʢʽʚ ʫ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ 

ʜʦʨʽʚʥʶʩ  0,142 ʠʤ,  ʪʦ  ʰʽʩʪʴ  ʥʘʡʤʝʥʰʠʭ  ʥʘʥʦʪʨʫʙʦʢ   (2, 0),  (2, 1), 

(3, 0), (2, 2), (3,  1) i (4, 0) ʟʛʽʜʥʦ  ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (10.2)  ʤʘʪʠʤʫʪʴ 

ʥʝʨʝʣʘʢʩʦʚʘʥʽ ʜʽʘʤʝʪʨʠ 0,1566, 0,2071, 0,2349, 0,2712, 0,2823 i 

0,3132 ʠʤ ʚʽʜʧʦʚʽʜʥʦ. Yci ʚʦʥʠ, ʷʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 10.11, ʩ 

ʝʥʝʨʛʝʪʠʯʥʦ ʤʝʥʰ ʚʠʛʽʜʥʠʤʠ ʱʦʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʬʽʪʦʚʠʭ ʰʘʨʽʚ, ʘ 

ʦʪʞʝ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʘʙʽʣʴʥʠʤʠ. ɿʘ ʜʘʥʠʤʠ ʮʴʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʩʠʪʫʘʮʽʷ ʟʤʽʥʶʩʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʫ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʥʘʥʦʪʨʫʙʢʠ  ʢʠʨʘʣʴʥʦʩʪʽ  (5, 0), ʷʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʜʽʘʤʝʪʨ 0,3914 ʠʤ. 



 

ʎʝ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷʤ 0,4 ʥʤ 

ʢʨʠʪʠʯʥʦʛʦ ʜʽʘʤʝʪʨʘ ʛʨʘʬʽʪʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʥʠʞʯʝ ʚʽʜ ʷʢʦʛʦ ʾ ʭʥʻ 

ʽʩʥʫʚʘʥʥʷ ʩʪʘʻ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʚʠʛʽʜʥʠʤ. 

ʂʦʨʠʩʥʦ ʧʦʛʣʷʥʫʪʠ ʥʘ ʧʨʦʙʣʝʤʫ ʢʨʠʪʠʯʥʦʛʦ ʜʽʘʤʝʪʨʘ ʚʫʛʣʝʮʝʚʦʾ 

ʥʘʥʦʪʨʫʙʢʠ ʡ ʧʽʜ ʽʥʰʠʤ ʢʫʪʦʤ ʟʦʨʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʥʦʪʨʫʙʢʘ 

ʟʛʦʨʥʫʣʘʩʷ ʫ ʮʠʣʽʥʜʨ, ʥʘ ʾʾ ʢʽʥʮʷʭ ʧʦʚʠʥʥʽ ʩʬʦʨʤʫʚʘʪʠʩʷ 

ʧôʷʪʠʢʫʪʥʠʢʠ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʬʫʣʝʨʝʥʘ. ɭ ʚʩʽ ʧʽʜʩʪʘʚʠ 

ʚʚʘʞʘʪʠ, ʱʦ ʜʽʘʤʝʪʨ ʦʜʥʦʩʪʽʥʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʟʚôʷʟʘʥʠʡ ʟ ʜʽʘʤʝʪʨʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʘ, ʷʢʘ 

ʟʘʤʠʢʘʻ ʾʾ. ʎʝ ʧʨʠʧʫʱʝʥʥʷ, ʟʦʢʨʝʤʘ, ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʥʘʥʦʪʨʫʙʢʘ armchair-ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ 

ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ (10, 10) ʤʘʻ ʜʽʘʤʝʪʨ, ʙʣʠʟʴʢʠʡ ʜʦ 1,36 ʥʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʦʣʝʢʫʣʽ ʬʫʣʝʨʝʥʘ ʉ 240, ʷʢʘ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ʅʘʡʩʪʘʙʽʣʴʥʽʰʦʤʫ ʟ ʬʫʣʝʨʝʥʽʚ ʉ 60 ʚʽʜʧʦʚʽʜʘʻ ʥʘʥʦʪʨʫʙʢʘ ʟ 

ʜʽʘʤʝʪʨʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ 0,7 ʥʤ, ʷʢʘ ʪʝʞ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ʅʘʡʤʝʥʰʦʤʫ ʞ ʟ ʬʫʣʝʨʝʥʽʚ ʉ 20 ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʥʦʪʨʫʙʢʘ 

ʜʽʘʤʝʪʨʘ 0,39 ʥʤ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʮʽʥʦʢ ʤʝʞʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʜʥʦʰʘʨʦʚʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ʊʦʤʫ ʣʦʛʽʯʥʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʘʤʝ ʜʽʘʤʝʪʨʦʤ 

ʥʘʡʤʝʥʰʦʛʦ ʟ ʤʦʞʣʠʚʠʭ ʬʫʣʝʨʝʥʽʚ, ʷʢʠʤʠ ʟʘʢʽʥʯʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ 

ʦʜʥʦʰʘʨʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʞʘ ʾʭʥʴʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ʑʦ ʥʘʩʧʨʘʚʜʽ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʽʘʤʝʪʨʦʤ, 

ʤʝʥʰʠʤ ʚʽʜ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ï ʯʠ ʤʦʞʫʪʴ ʚʦʥʠ ʙʫʪʠ ʩʪʚʦʨʝʥʽ 

ʨʝʘʣʴʥʦ ʽ ʯʠ ʽʩʥʫʚʘʪʠʤʫʪʴ ʚʦʥʠ, ʷʢʱʦ ʾʭ ʩʪʚʦʨʠʪʠ, ʘ ʷʢʱʦ ʪʘʢ, ʪʦ ʷʢ 

ʜʦʚʛʦ? ɺʽʜʧʦʚʽʜʴ ʥʘ ʪʘʢʝ ʟʘʧʠʪʘʥʥʷ ʜʘʶʪʴ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʤʦʣʝʢʫʣ ʫ ʥʘʙʣʠʞʝʥʥʽ ʞʦʨʩʪʢʦʛʦ ʟʚôʷʟʢʫ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘʥʦʪʨʫʙʢʠ ʜʫʞʝ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʻ ʤʝʥʰ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤʠ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʛʨʘʬʽʪʦʚʽ ʰʘʨʠ, ʥʘʩʧʨʘʚʜʽ 

ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘʢʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ ʜʦʚʦʣʽ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʷ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʷʢ ʽ 

ʩʘʤʘ ʰʠʨʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʦʤʫ ʚʦʥʘ ʤʦʞʝ 

ʨʝʘʣʽʟʫʚʘʪʠʩʷ, ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʜʽʘʤʝʪʨ 

ʥʘʥʦʪʨʫʙʢʠ ʻ ʤʝʥʰʠʤ ʚʽʜ ʡʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʉʧʨʘʚʝʜʣʠʚʽʩʪʴ 

ʪʘʢʦʛʦ ʚʠʩʥʦʚʢʫ ʽʣʶʩʪʨʫʶʪʴ ʜʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 10.12, ʜʝ ʧʦʢʘʟʘʥʽ ʩʧʦʥʪʘʥʥʽ ʯʘʩʦʚʽ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥ ʘʪʦʤ, ʜʣʷ ʤʘʣʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ. 
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ò ʦʦ ʐʣȬƚʣ  
ʏʘʩ, ʬʩ 
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ʈʠʩ. 10.12. ʉʝʨʝʜʥʩ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽñʽñ, ɦ ʦ ʧʨʠʧʘʜʘʩ ʥʘ ʦʜʠʥ 

ʘʪʦʤ, ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ piʟʥoʽòʢʠʨʘʣʴʥʦʩʪʽ, 

ʦʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦ'ʽ'ʜʠʥʘʤʽʢʠ. 

(ɿʛʽʜʥʦ ʟ L.-M. Peng et al., Phys. Rev. Letters 85 (2000) 3249) 

 
ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 10.12, ʥʘʡʤʝʥʰʘ ʟ ʤʦʜʝʣʴʦʚʘʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ð 

ʥʘʥʦʪʨʫʙʢʘ (2, 0), ʷʢʙʠ iµ ʚʜʘʣʦʩʷ ʚ ʷʢʠʡ-ʥʝʙʫʜʴ ʩʧʦʩʽʙ 

ʩʢʦʥʩʪʨʫʶʚʘʪʠ, ʙʫʣʘ ʙʠ ʥʝʩʪʘʙʽʣʴʥʦʶ ʚʞʝ ʥʘʚʽʪʴ ʟʘ ʪʘʢʦʾ ʥʠʟʴʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢ 1 ʂ. 3 ʯʘʩʦʤ ʚʦʥʘ ʰʚʠʜʢʦ ʨʝʣʘʢʩʫʚʘʣʘ ʙʠ ʜʦ 

ʩʪʨʫʢʪʫʨʠ ʟ ʥʠʞʯʦʶ ʝʥʝʨʛʽʩʶ, ʷʢʘ ʩʧʦʯʘʪʢʫ, ʧʦ ʩʫʪʽ, ʙʫʣʘ ʙ ʪʽʩʶ 

ʩʘʤʦʶ, ʱʦ i ʧʦʯʘʪʢʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʘʣʝ ʟ ̔ ʥʰʠʤʠ ʜʦʚʞʠʥʘʤʠ ʟʚôʷʟʢʽʚ i 

ʢʫʪʘʤʠ ʤʽʞ ʥʠʤʠ. ʇʦʩʪʫʧʦʚʦ, ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 300 ʬʩ, ʮ ̫ʩʪʨʫʢʪʫʨʘ 

ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʙ ʥʘ ʜʚʦʚʠʤʽʨʥʠʡ h ʘʨ, ʪʨʘʥʩʬʦʨʤʫʚʘʚʰʠʩʴ ʚʨʝʰʪʽ- 

ʨʝʰʪ ʫ ʛôʨʘʪʢʫ ʛʨʘʬʽʪʫ. 

ʅʘʩʪʫʧʥʘ ʟ ʥʘʡʤʝʥʰʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘʥʦʪʨʫʙʦʢ ð ʥʘʥʦʪʨʫʙʢʘ 

(2 ,1) ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 1 ʂ ʙʫʣʘ ʙʠ ʤʝʪʘʩʪʘʙʽʣʴʥʦʶ, ʪʦʙʪʦ ʚ 

ñʦʭʦʣʦʜʞʝʥʦʤʫò ʩʪʘʥʽ ʤʦʛʣʘ ʙʠ ʽʩʥʫʚʘʪʠ ʜʦʚʦʣʽ ʜʦʚʛʦ, ʘʣʝ ʚʞʝ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʚʘʣʘ ʙʠ ʥʝʩʪʘʙʽʣʴʥʦʶ. ɿʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʭʘʥʽʯʥʦ ʩʪʽʡʢʦʶ ʤʦʛʣʘ ʙʠ ʙʫʪʠ ʥʘʩʪʫʧʥʘ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʥʘʥʦʪʨʫʙʢʘ (3, 0). ʎʝ ʚʠʧʣʠʚʘʩ ʟ ʪʦʛʦ, ʱʦ iµ ʫʩʝʨʝʜʥʝʥʘ ʟʘ ʯʘʩʦʤ 

ʝʥʝʨʛʽʷ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 10.12, ʟʘʣʠʰʘʩʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʦʶ 

ʫʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʯʘʩʫ (1500 ʬʩ), ̫ ʢʠʡ ʚʽʜʧʦʚʽʜʘʚ ʯʘʩʦʚʦʤʫ ̔ ʥʪʝʨʚʘʣʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʥʘʥʦʪʨʫʙʦʢ. Yci ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʽʘʤʝʪʨʦʤ, 

ʙʽʣʴʰʠʤ ʘʙʦ ʪʘʢʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʢʠʨʘʣʴʥʦʩʪʽ (4, 0), ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʤʝʭʘʥʽʯʥʦ ʩʪʘʙʽʣʴʥʠʤʠ ʱʦʥʘʡʤʝʥʰʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 1100 
ʆʉ, ʪʦʙʪʦ ʪʽʩʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦʾ ʚʦʥʠ ʨʝʘʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ. 
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ʅʘʥʦʪʨʫʙʢʠ ʟ ʜʽʘʤʝʪʨʦʤ, ʤʝʥʰʠʤ ʟʘ ʪʦʡ, ʷʢʠʡ ʚʚʘʞʘʩʪʴʩʷ 

ʢʨʠʪʠʯʥʠʤ, ʪʦʙʪʦ 0,4 ʠʤ, ʚʜʘʣʦʩʷ ʚʠʷʚʠʪʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʥʘ ʧʨʦʩʚʽʪ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʅʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, 

ʱʦ µx ʥʝ ʙʫʣʦ ʫ ʚʠʭʽʜʥʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽ ð ʚʦʥʠ ʬʦʨʤʫʚʘʣʠʩʷ 

ʚ ʫʤʦʚʘʭ ʩʘʤʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʤʝʥʷ 

ʥʘ ʩʪʘʙʽʣʴʥʽ ʥʘʥʦʪʨʫʙʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 10.13. 
 

ʙ 

ʈʠʩ. 10.13. ʂʘʨʪʠʥʠ ʝʣʝʢʪʨʦʥʥʦñʽñʤʽʢʨʦʩʢʦʧʽʾòʚʠʩʦʢʦñʽñʨʦʟʜʽʣʴʥʦôʽôʟʜʘʪʥʦʩʪʽ ʥʘ 

ʧʨʦʩʚʽʪ, ̫ ʢʽ ʧʦʢʘʟʫʶʪʴ: ʘ ð ʜʚʽ ʦʜʥʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʽʘʤʝʪʨʦʤ 

1,5 ʥʤ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ; ʙ ð ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʩʪʽʥʥʦñʽñʚʫʛʣʝʮʝʚʦʾò 

ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʽʘʤʝʪʨʦʤ 0,33 ʥʤ. (ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ Peng L.-M. et all. 

Phys. Rev. Letters 85 (2000) 3249) 

 
ʄʘʨʪʠʥʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 10.13, ʟʥʷʪʽ 

ʧʦʩʣʽʜʦʚʥʦ ʦʜʥʘ ʟʘ ʦʜʥʦʶ ʫʧʨʦʜʦʚʞ ʧʨʠʙʣʠʟʥʦ ʦʜʥʽʩʾ ʭʚʠʣʠʥʠ ʟ 

ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʟʨʘʟʢʘ ʥʘ ʦʜʥʘʢʦʚʦʤʫ ʧʽʜʩʠʣʝʥʥʽ. ʅʘ ʧʦʯʘʪʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʪʽʣʴʢʠ ʜʚʽ ʛʣʘʜʝʥʴʢʽ ʥʘʥʦʪʨʫʙʢʠ, ɦ ʦ 

ʧʝʨʝʪʠʥʘʣʠʩʷ (ʨʠʩ. 10.13, ʘ). ɰʭʥʽʡ ʜʽʘʤʝʪʨ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 1,55 ʠʤ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʥʘʥʦʪʨʫʙʮʽ ʢʠʨʘʣʴʥʦʩʪʽ (11,11). ʇʽʜ ʚʧʣʠʚʦʤ 

ʦʧʨʦʤʽʥʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʤ ʧʫʯʢʦʤ ʯʝʨʝʟ ʧʨʠʙʣʠʟʥʦ ʜʝʩʷʪʴ ʩʝʢʫʥʜ ʥʘ 

ʚʠʭʽʜʥʽʡ ʥʘʥʦʪʨʫʙʮʽ ʧʦʯʘʚ ʬʦʨʤʫʚʘʪʠʩʷ ʤʘʣʝʥʴʢʠʡ ʦʙôʩʢʪ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʤʝʪʨʽʾ ð ʥʘʥʦʪʨʫʙʢʘ, ʚʽʜʟʥʘʯʝʥʘ ʥʘ ʨʠʩ. 10.13, ʙ 

ʩʪʨʽʣʢʦʶ. ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ii ʜʽʘʤʝʪʨ, 

ʷʢʠʡ ʩʪʘʥʦʚʠʚ 0,33 ʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʨʝʣʘʢʩʦʚʘʥʽʡ ʚʫʛʣʝʮʝʚʽʡ 

ʥʘʥʦʪʨʫʙʮʽ (4, 0). ɺʚʘʞʘʩʪʴʩʷ, ʱʦ ʮʽ ʤʘʣʝʥʴʢʽ ʥʘʥʦʪʨʫʙʢʠ ʟ 

ʜʽʘʤʝʪʨʦʤ, ʤʝʥʰʠʤ ʟʘ ʢʨʠʪʠʯʥʠʡ, ʟʘʨʦʜʞʫʶʪʴʩʷ ʥʘ ʜʝʬʝʢʪʘʭ 

ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ̫ ʢʦʛʦ ʜʚʘ ʩʫʩʽʜʥʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʚʠʙʠʚʘʶʪʴʩ ̫ʟ h ʘʨʫ ʘʙʦ 

ʚʠʪʽʩʥʷʶʪʴʩʷ ʟ ʥʴʦʛʦ. ʅʘʥʦʪʨʫʙʢʘ ʨʦʩʪʝ ʟʘ ʢʽʥʝʪʠʯʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. 
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ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʧʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ ʚʽʜʨʽʟʥʷʩʪʴʩʷ ʚʽʜ ʦʧʠʩʘʥʦʾ 

ʽʜʝʘʣʽʟʦʚʘʥʦʾ ʢʘʨʪʠʥʠ. ʇʝʨʝʜʦʚʩʽʤ ʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʩʪʦʩʫʶʪʴʩʷ ʚʝʨʰʠʥ 

ʥʘʥʦʪʨʫʙʢʠ, ʬʦʨʤʘ ʷʢʠʭ, ʷʢ ʚʠʧʣʠʚʘʩ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʜʘʣʝʢʘ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʧʽʚʩʬʝʨʠ. 

ɹʘʛʘʪʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʜʥʦʰʘʨʦʚʠʭ ʟʥʘʯʥʦ 

ʰʠʨʰʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ i ʢʦʥʬʽʛʫʨʘʮʽʡ. ʄʦʞʣʠʚʽ ʨʽʟʥʦʚʠʜʠ 

ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ð ñʨʦʩʽʡʩʴʢʘ ʤʘʪʨʴʦʰʢʘò, 

ʰʝʩʪʠʛʨʘʥʥʘ ʧʨʠʟʤʘ ʪʘ ʩʫʚʽʡ ð ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 10.14. ʉʪʨʫʢʪʫʨʘ ʪʠʧʫ 

ñʨʦʩʽʡʩʴʢʦʾ ʤʘʪʨʴʦʰʢʠò ʷʚʣʷʩ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʢʦʘʢʩʽʘʣʴʥʦ 

ʚʢʣʘʜʝʥʠʭ ʦʜʥʘ ʚ ʦʜʥʫ ʦʜʥʦʰʘʨʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʅʘʩʪʫʧʥʠʡ ʨʽʟʥʦʚʠʜ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩ ʩʫʢʫʧʥʽʩʪʶ 

ʚʢʣʘʜʝʥʠʭ ʦʜʥʘ ʚ ʦʜʥʫ ʢʦʘʢʩʽʘʣʴʥʠʭ ʧʨʠʟʤ. ʆʩʪʘʥʥʷ ̔ ʟ ʩʪʨʫʢʪʫʨ ʙʘʛʘ- 

ʪʦʰʘʨʦʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʥʘʛʘʜʫʩ ʩʫʚʽʡ. 

ɼʣʷ ʚʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʭʘʨʘʢʪʝʨʥʦʶ ʩ 

ʚʽʜʩʪʘʥʴ ʤʽʞ h ʘʨʘʤʠ, ʷʢʘ ʩ ʙʣʠʟʴʢʦʶ ʜʦ 0,3354 ʠʤ, ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ h ʘʨʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʛʨʘʬʽʪʫ. ʆʯʝʚʠʜʥʦ, ɦ ʦ 

ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʟʤʽʱʝʥʥʷ ʫ ʥʘʥʦʪʨʫʙʮʽ ʙʫʜʝ ʜʝʱʦ ʤʦʜʠʬʽʢʫʚʘʪʠʩʷ 

ʱʦʜʦ ʟʤʽʱʝʥʥʷ ʤʽʞ ʰʘʨʘʤʠ ʫ ʛʨʘʬʽʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʨʘʜʽʫʩʘ ʪʨʫʙʢʠ, 

ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ. ʗʢʱʦ ʥʘʥʦʪʨʫʙʢʘ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʧʽʜʢʣʘʜʮʽ, ʪʦ ʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ iµ h ʘʨʘʤʠ ʚʧʣʠʚʘʩ ʩʦʨʪ 

ʧʽʜʢʣʘʜʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʚʟʘʩʤʦʜʽʾ ʟ ʧʽʜʢʣʘʜʢʦʶ ʩʧʦʪʚʦʨʶʩʪʴʩʷ 

ʬʦʨʤʘ ʥʘʥʦʪʨʫʙʢʠ. 
 
 

 
ʈʠʩ. 10.14. ʄʦʜʝʣʽ ʧʦʧʝʨʝʯʥʠʭ ʩʪʨʫʢʪʫʨ  ʙʘʛʘʪʦʰʘʨʦʚʠʭ  ʥʘʥʦʪʨʫʙʦʢ: 

ʘ ð ñʨʦʩʽʡʩʴʢʘ ʤʘʪʨʴʦʰʢʘò; ʙ ð ʰʝʩʪʠʛʨʘʥʥʘ ʧʨʠʟʤʘ; ʚ ð ʩʫʚʽʡ 

 
ʈʝʘʣʽʟʘʮʽʷ ʪʽʩʾ ʯʠ ʽʥʰʦʾ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʫ 

ʢʦʥʢʨʝʪʥʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʩʠʥʪʝʟʫ. 3 

ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʩ, ʱʦ ʥʘʡʪʠʧʦʚʽʰʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩ ʩʪʨʫʢʪʫʨʘ ʪʠʧʫ ñʨʦʩʽʡʩʴʢʦʾ 

ʤʘʪʨʴʦʰʢʠò, ʚ ʷʢʽʡ ʪʨʫʙʢʠ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʘʜʝʥʽ ʫ 

ʪʨʫʙʢʠ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ. ɺʦʜʥʦʯʘʩ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 
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ʥʘʥʦʪʨʫʙʦʢ ʤʘʩ ʫ ʧʝʨʝʨʽʟʽ ʬʦʨʤʫ ʰʝʩʪʠʢʫʪʥʠʢʘ, ʪʘʢ, ʱʦ ʜʽʣʷʥʢʠ 

ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʤʽʱʝʥʽ ʧʦ ʩʫʩʽʜʩʪʚʫ ʟ ʜʽʣʷʥʢʘʤʠ ʧʦʚʝʨʭʥʽ ʚʝʣʠʢʦʾ 

ʢʨʠʚʠʟʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʨʘʾ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ sp -ʛʽʙʨʠʜʠʟʘʮʽʾ 

ʚʫʛʣʝʮʝʚʠʭ ʟʚôʷʟʢʽʚ. ʎʽ ʢʨʘʾ ʦʙʤʝʞʫʶʪʴ ʧʦʚʝʨʭʥʽ, ʩʬʦʨʤʦʚʘʥʽ sp - 

ʛʽʙʨʠʜʠʟʦʚʘʥʠʤʠ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ, i ʚʠʟʥʘʯʘʶʪʴ ʙʘʛʘʪʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʪʨʫʙʦʢ. ɼʝʷʢʘ ʯʘʩʪʠʥʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʤʘʩ ʬʦʨʤʫ ʨʝʛʫʣʷʨʥʠʭ ʩʧʽʨʘʣʝʡ ð ʩʫʚʦʾʚ ʟ ʨʘʜʽʫʩʦʤ i ʢʨʦʢʦʤ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʈʝʘʣʴʥʽ ʙʘʛʘʪʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ 

ʤʽʩʪʷʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʦʜʠʥʠʮʴ ʜʦ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ h ʘʨʽʚ. 

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʝʣʝʢʪʨʦʥʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦ- 

ʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʦʪʨʠʤʘʥʠʭ ʫ ʜʫʛʦʚʦʤʫ ʨʦʟʨʷʜʽ, ʧʦʢʘʟʫʶʪʴ, ɦ ʦ 

ʚʽʜʩʪʘʥʴ ʤʽʞ h ʘʨʘʤʠ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʡ 

ʜʣʷ ʛʨʘʬʽʪʫ ʚʝʣʠʯʠʥʠ ʙʣʠʟʴʢʦ 0,34 ʠʤ ʜʦ iµ ʧʦʜʚʦʩʥʦʛʦ ʟʥʘʯʝʥʥʷ 

0,68 ʠʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʥʘʥʦʪʨʫʙʢʘʭ, ʢʦʣʠ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ 

ʽʟ ʚʥʫʪʨʽʰʥʽʭ ʾʭʥʽʭ ʰʘʨʽʚ. 

 

 
10.3. ǋǓǋǖǉǋǘǎǝǓǆ CTPǙKTǙPA 

ǈǙǉǑǋǜǋǈǎǛ ǓǆǓǔǘǖǙǇǔǐ 

 
ʂʽʣʴʢʽʩʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʥʦʪʨʫʙʦʢ ʩ 

ʥʝʧʨʦʩʪʦʶ ʪʝʦʨʝʪʠʯʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʫ ʨʘʟʽ 

ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʝʨʝʜʦʚʩʽʤ 

ʜʝʬʦʨʤʘʮʽʾ ʜʦʚʞʠʥ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ i ʢʫʪʽʚ ʤʽʞ 

ʥʠʤʠ. ʆʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʶ ʩ ʮʷ ʟʘʜʘʯʘ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʢʠʨʘʣʴʥʦʩʪʽ 

ʥʘʥʦʪʨʫʙʦʢ, ʢʦʣʠ ʢʦʞʝʥ ̔ ʟ ʪʨʴʦʭ sp2 ʟʚôʷʟʢʽʚ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʟʽ ʩʚʦʾʤʠ 
ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʘʤʠ i ʢʦʞʝʥ ʽʟ ʢʫʪʽʚ ʤʽʞ ʥʠʤʠ ʜʝʬʦʨʤʫʶʪʴʩʷ ʧʦ- 

ʨʽʟʥʦʤʫ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʾ ʦʨʽʩʥʪʘʮʽʾ ʟʚôʷʟʢʽʚ ʱʦʜʦ oci ʪʨʫʙʢʠ. ɼʝʱʦ 

ʧʨʦʩʪʽʰʠʤ ʩ ʟʘʚʜʘʥʥʷ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʽʚ ð zigzag-ʢoʥʬiʛypaʮiµ, 

ʢʦʣʠ ʦʜʠʥ ̔ ʟ C-C ʟʚôʷʟʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʩ ʧʘʨʘʣʝʣʴʥʠʤ 

ʜʦ oci ʥʘʥʦʪʨʫʙʢʠ i ʪʦʤʫ ʥʝ ʜʝʬʦʨʤʫʩʪʴʩʷ ʧʽʜ ʯʘʩ ʟʛʦʨʪʘʥʥʷ 

ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʫ ʮʠʣʽʥʜʨ, ʪʘ ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʢʦʣʠ ʦʜʠʥ ʽʟ 

ʪʨʴʦʭ C-C ʟʚôʷʟʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ 

ʜʦ oci ʥʘʥʦʪʨʫʙʢʠ. ɸʣʝ ʥʘʚʽʪʴ ʫ ʮʠʭ ʚʠʧʘʜʢʘʭ ʢʽʣʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, 

ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʡ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ,  ʤʦʞʫʪʴ  ʙʫʪʠ ʦʪʨʠʤʘʥʠʤʠ 
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ʪʽʣʴʢʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʴʥʦ 

ʩʧʨʦʱʝʥʠʭ ʧʨʠʧʫʱʝʥʴ. 

ʇʝʨʰʠʤ    ʽʟ    ʪʘʢʠʭ  ʧʨʠʧʫʱʝʥʴ   ʥʘ ʜʦ ʟôʷʩʫʚʘʥʥʷ 

ʧʨʠʥʮʠʧʦʚʠʭ ʨʠʩ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʷʢ ʚʽʜʧʨʘʚʥʘ ʪʦʯʢʘ ʜʣʷ i-i ʦʧʠʩʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʦʙʨʝ ʚʽʜʦʤʘ ʝʥʝʨʛʝʪʠʯʥʘ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʮʽʩʾ ʩʪʨʫʢʪʫʨʠ 

ʩ ʧʝʨʰʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ. ʋ ʨʘʟʽ ʤʦʥʦʘʪʦʤʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ̫ ʢ 

ʤʠ ʫʞʝ ʟʛʘʜʫʚʘʣʠ, ʚʦʥʘ ʤʘʩ ʬʦʨʤʫ ʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʢʫʪʥʠʢʘ. 

ʆʩʢʽʣʴʢʠ, ʷʢ i ʫ ʨʘʟʽ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʦʩʥʦʚʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʩ 

ʧʨʘʚʠʣʴʥʠʡ ʰʝʩʪʠʢʫʪʥʠʢ, ʫ ʚʝʨʰʠʥʘʭ ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʽ ʘʪʦʤʠ 

ʚʫʛʣʝʮʶ, ʪʦ ʩʘʤʝ ʰʝʩʪʠʢʫʪʥʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʠʭ ʨʠʩ ʟʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʫʨʘʭʫʚʘʪʠ ʪʘʢʝ. 

ɼʣʷ 2D-ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʫ ʚʥʘʩʣʽʜʦʢ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦʾ ʟʤʽʥʠ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʘ k ʬʘʢʪʠʯʥʦ ʚʩʽ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ ʫ ʤʝʞʘʭ 

ʰʝʩʪʠʢʫʪʥʠʢʘ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʙʫʜʫʪʴ ʜʦʟʚʦʣʝʥʠʤʠ ʜʣʷ ʝʣʝʢʪʨʦʥʘ. 

ɼʣ ̫1D-ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʘ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦ ʪʽʣʴʢʠ ʚʟʜʦʚʞ iµ oci. ɸ ʧʦʧʝʨʝʢ oci 

ʥʘʥʦʪʨʫʙʢʠ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʙʫʜʝ ʜʦʩʪʫʧʥʠʤ ʪʽʣʴʢʠ ʩʢʽʥʯʝʥʥʘ, 

ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ. ʉʢʽʣʴʢʠ ʡ ʷʢʽ ʩʘʤʝ ʽʟ 

ʮʠʭ ʟʥʘʯʝʥʴ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʙʣʘʩʪʴ ʰʝʩʪʠʢʫʪʥʠʢʘ ʧʝʨʰʦʾ ʟʦʥʠ 

ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʙʫʜʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʜʦʚʞʠʥʠ ʢʦʣʘ ʦʩʥʦʚʠ ʪʨʫʙʢʠ, ʚ ʷʢʫ ʟʛʦʨʥʫʪʦ ʮʝʡ ʰʘʨ. ʉʤʠʩʣ ʪʘʢʠʭ 

ʧʦʨʽʚʥʷʥʴ i ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ɦ ʦʙʠ ʚʩʪʘʥʦʚʠʪʠ, ʙʫʜʫʪʴ 

ʯʠ ʥʝ ʙʫʜʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʫ ʣʽʥʽʡʥʽ ʥʘʙʦʨʠ ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʫʛʣʝʮʝʚʦʾ 

ʥʘʥʦʪʨʫʙʢʠ ʪʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʫ ʤʝʞʘʭ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ 

ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʘʙʩʦʣʶʪʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 2D ʝʣʝʢʪʨʦʥʽʚ. ʗʢʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ, ʪʦ ʪʦʜʽ ʥʘʥʦʪʨʫʙʢʘ ʤʘʪʠʤʝ ʤʝʪʘʣʝʚʠʡ ʭʘʨʘʢʪʝʨ, 

ʦʩʢʽʣʴʢʠ ʉ i V ʟʦʥʠ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʚʠʨʦʜʞʝʥʽ ʫ ʂ ʪʦʯʢʘʭ ʡʦʛʦ 

ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ. ʗʢʱʦ ʥʽ, ʪʦ ʪʦʜʽ ʤʽʞ ʘʙʩʦʣʶʪʥʠʤʠ ʝʢʩʪʨʝʤʫʤʘʤʠ ʉ i 

V ʟʦʥ ʥʘʥʦʪʨʫʙʢʠ ʽʩʥʫʚʘʪʠʤʝ ʩʢʽʥʯʝʥʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʘʟʦʨ i ʪʘʢʘ 

ʥʘʥʦʪʨʫʙʢʘ ʙʫʜʝ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʟ ʪʽʩʶ ʯʠ ʽʥʰʦʶ ʟʘʙʦʨʦʥʝʥʦʶ 

ʟʆʅʦʶ. 

ʅʘʚʝʜʝʥʽ ʤʽʨʢʫʚʘʥʥʷ ʟʤʫʰʫʶʪʴ ʥʘʩ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʫʪʠ 

ʧʠʪʘʥʠʷ ʧʨʦ ʧʝʨʰʫ ʟʦʥʫ ɹʨʽʣʣʶʝʥʘ ʤʦʥʦʘʪʦʤʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ. 
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60Á 

 

 
 

120Á 

ʆʩʢʽʣʴʢʠ ʛʨʘʬʽʪ ʚʦʣʦʜʽʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʠʤʝʪʨʽʩʶ, ʡʦʛʦ 

ʜʚʦʚʠʤʽʨʥʘ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ð ʮʝ 60 ʘʙʦ 120-ʛʨʘʜʫʩʥʠʡ ʨʦʤʙ. 

ʗʢʱʦ ʚʚʘʞʘʪʠ ʧʘʨʘʤʝʪʨ 2D ɻʨʘʪʢʠ ʛʨʘʬʽʪʫ ʪʘʢʠʤ, ɦ ʦ ʜʦʨʽʚʥʶʩ ʘ, ʪʦ 

ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʛʨʘʬʽʪʫ at i ʘ/ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʪʘʢ: 
a1 ð ai  

(10.18) 
 
 

ʜʝ i, / ð ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ ʚʟʜʦʚʞ ʦʩʝʡ ʆʍ i ʆʋ.  ɼʦʚʞʠʥʘ  ʢʦʞʥʦʛʦ  ʟ 

ʥʠʭ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʘ, ʘ ʢʫʪ ʤʽʞ ʥʠʤʠ ð 60Á. 

ʑʦʙ ʧʦʙʫʜʫʚʘʪʠ ʧʝʨʰʫ ʟʦʥʫ ɹʨʽʣʣʶʝʥʘ, ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ 

ʦʙʝʨʥʝʥʫ ʛôʨʘʪʢʫ ʛʨʘʬʽʪʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʩʾ 

ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʙʫʣʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʪʘʥʜʘʨʪʥʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʚʝʢʪʦʨʽʚ ʦʙʝʨʥʝʥʦʾ ʛ'ʨʘʪʢʠ b; ʪʨʠʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ 

(10.19) 

 
ʜʦʧʫʩʪʠʤʦ, ʱʦ ʚʝʢʪʦʨ at ʩ ʧʘʨʘʣʝʣʴʥʠʤ ʜʦ oci 0Z. ʋ ʪʘʢʦʤʫ ʨʘʟʽ 

ʧʣʦʱʠʥʘ, ʚ ʷʢʽʡ ʣʝʞʘʪʠʤʫʪʴ ʚʝʢʪʦʨʠ ʦʙʝʨʥʝʥʦʾ ɻʨʘʪʢʠ by i by, 

ʟʙʽʛʘʪʠʤʝʪʴʩʷ ʟ ʧʣʦʱʠʥʦʶ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʽ ʚʝʢʪʦʨʠ at i ʘʫ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (10.18) i (10.19), ʟʥʘʭʦʜʠʤʦ 
 

 

 
 

b 2 = 

 
2 2 . 

(10.20) 

 

ʗʢ ʙʘʯʠʤʦ, ʚʝʢʪʦʨʠ ʦʙʝʨʥʝʥʦʾ ʛ'ʨʘʪʢʠ ʛʨʘʬʽʪʫ bi i bü ʩ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʚʝʢʪʦʨʽʚ ʧʨʷʤʦʾ ɻʨʘʪʢʠ at i at ʚʽʜʧʦʚʽʜʥʦ, ʾʭʥʷ 

ʜʦʚʞʠʥʘ ʩʪʘʥʦʚʠʪʴ 2 2 , ʘ ʢʫʪ ʤʽʞ ʥʠʤʠ ʜʦʨʽʚʥʶʩ 120
O
. 

ʘ 

 

 

ʈʠʩ. 10.15. ɺʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ ʧʨʷʤʦòʽò (all ç2) 

ʪʘ ʦʙʝʨʥʝʥʦñ̔ ñ(b1û bz) ʙʨʘʪʦʢ ʛʨʘʬʽʪʫ 



223  

ɺʟʘʩʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ 

ʧʨʷʤʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʛ'ʨʘʪʦʢ ʛʨʘʬʽʪʫ i ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʥʠʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʘʨʘʣʝʣʦʛʨʘʤʽʚ-ʢʦʤʽʨʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.15. 

ʈʝʘʣʴʥʘ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ ʤʦʞʝ 

ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ̔ ʟ ʪʨʴʦʭ ʪʘʢʠʭ ʧʘʨʘʣʝʣʦʛʨʘʤʽʚ I ð III, ̫ ʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 10.16, ʘ (ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʪʽʣʴʢʠ ʫ ʚʝʨʰʠʥʘʭ 

ʰʝʩʪʠʢʫʪʥʠʢʘ i ʞʦʜʥʦʛʦ ʘʪʦʤʘ ʚ ʡʦʛʦ ʮʝʥʪʨʽ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

ʧʝʨʰʽʡ ʟʦʥʽ ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢ ʩʘʤʦ 

ʰʝʩʪʠʢʫʪʥʠʢ, ʩʬʦʨʤʦʚʘʥʠʡ ʪʨʴʦʤʘ ʨʦʤʙʘʤʠ iðIII, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 10.16, 6. 
 

ʘ ʙ 

ʈʠʩ. 10.16. ʐʝʩʪʠʢʫʪʥʘ ʭʦʤ/ʨʢʘ ʛʨʘʬʽʪʫ (ʘ) i ʚʽʜʧʦʚʽʜʥʘ ôiiô 

ʧʨʦʩʪʦʨʦʚʽʡ ʦʨʽʩʥʪʘʮʽʽòʧʝʨʰʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʫ (ʙ) 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 10.16, ʰʝʩʪʠʢʫʪʥʠʢ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʛʨʘʬʽʪʫ i ʰʝʩʪʠʢʫʪʥʠʢ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʚ ʩʜʠʥʽʡ ʩʠʩʪʝʤʽ 

ʢʆʆʨʜʠʥʘʪ ʧʦʚʝʨʥʫʪʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ ʢʫʪ 300 
ʅ l ʚʢʦʣʦ oci, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʰʝʩʪʠʢʫʪʥʠʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʡʦʛʦ 

ʧʣʦʱʠʥʠ. ʎʝ ʜʫʞʝ ʚʘʞʣʠʚʘ ʦʙʩʪʘʚʠʥʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʩʪʘʥʫ ʥʘʥʦʪʨʫʙʦʢ 

ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʢʠʨʘʣʴʥʦʩʪʽ. ɯʟ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʪʦʯʦʢ ʟʦʥʠ 

ɹʨʽʣʣʶʝʥʘ ð ɻ, ʄ, k (ʨʠʩ. 10.16) ð ʜʣʷ ʥʘʩ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ 

ʩʪʘʥʦʚʠʪʴ ʰʝʩʪʠʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʘ ʪʦʯʢʘ ʂ, ̫ʢʘ ʚʽʜʧʦʚʽʜʘʩ ʚʝʨʰʠʥʘʤ 

ʰʝʩʪʠʢʫʪʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʪʦʯʢʠ ʂ ð ʮʝ ʪʦʯʢʠ ʣʦʢʘʣʽʟʘʮʽʾ ʘʙʩʦʣʶʪʥʠʭ 

ʝʢʩʪʨʝʤʫʤʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʚ 

ʷʢʠʭ ʚʦʥʠ ʟʤʠʢʘʶʪʴʩʷ, ʬʦʨʤʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʫ 

ʧʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟ ʥʫʣʴʦʚʦʶ ʟʘʙʦʨʦʥʝʥʦʶ 

ʟʦʥʦʶ ʘʙʦ ʷʢ ʥʘʧʽʚʤʝʪʘʣ. 

ʊʝʧʝʨ ʤʠ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ ʢʨʦʢ ʫ ʤʦʜʝʣʴʥʦʤʫ 

ʨʦʟʛʣʷʜʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ɺʽʥ 

ʧʦʣʷʛʘʪʠʤʝ ʚ ʪʦʤʫ, ɦ ʦ ʤʠ ʜʣʷ ʧʨʦʩʪʦʪʠ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ɦ ʦ ʧʽʜ ʯʘʩ 

ʟʛʦʨʪʘʥʥʷ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʫ ʪʨʫʙʢʫ ʚʩʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ 

ʟʘʣʠʰʘʶʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʫʙʢʠ, ʪʘʢ ʩʘʤʦ, ̫ ʢ ʚʦʥʠ 

ʙʫʣʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʫ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘʩʧʨʘʚʜʽ 
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ʮʝ ʥʝ ʪʘʢ i ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʩ ʥʝʦʜʥʘʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ i ʢʫʪʽʚ ʤʽʞ ʥʠʤʠ, ʱʦ ʚʠʥʠʢʘʩ ʧʽʜ ʯʘʩ ʟʛʦʨʪʘʥʥʷ i ʧʨʦ ʷʢʫ 

ʡʰʣʦʩʷ ʚʠʱʝ. ʊʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʥʝʦʙʭʽʜʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʚ ʤʦʜʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘʥʦʪʨʫʙʢʠ, ʷʢʘ ʙ ʜʘʚʘʣʘ ʟʤʦʛʫ ʚʠʨʽʚʥʶʚʘʪʠ ʜʦʚʞʠʥʠ ʟʘʟʥʘʯʝʥʠʭ 

ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ i ʢʫʪʽʚ. 

ʆʧʪʠʤʽʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʟʘ ʜʚʘ ʝʪʘʧʠ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ 2D 

ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʤʽʩʪʠʪʴ ʜʚʘ ʨʽʟʥʽ ʚʫʟʣʠ, ɸ i ɺ, ̫ʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 10.17. 

 

ʈʠʩ. 10.17. ɼʚʦʚʠʤʽʨʥʠʡ ʛʨʘʬʽʪʦʚʠʡ ʰʘʨ. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ, 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʚʝʢʪʦʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʡ a1 i a2, ʤʽʩʪʠʪʴ 

ʜʚʘ ʨʽʟʥʽ ʚʫʟʣʠ ɸ i ɺ. ɯʥʜʝʢʩ k, ̫ ʢʠʤ ʯʘʩʪʦ ʟʨʫʯʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʜʣʷ 

ʦʧʠʩʫ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʪʨʫʙʦʢ i ̫ ʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ, ʚʠʟʥʘʯʘʩʪʴʩʷ ʟʛʽʜʥʦ ̔ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ k ðð nôð 2ʪô 

 
ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘʥʦʪʨʫʙʢʠ yci ʚʫʟʣʠ ɸ 

ʧʨʦʝʢʪʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʮʠʣʽʥʜʨʘ ʪʘʢ ʩʘʤʦ, ʷʢ ʙʠ ʮʝ ʚʽʜʙʫʚʘʣʦʩʷ 

ʧʽʜ ʯʘʩ ʧʨʦʩʪʦʛʦ ʟʛʦʨʪʘʥʥʷ ʧʣʦʩʢʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ ʚ ʪʨʫʙʢʫ. ʅʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʘʜʽʫʩ ʪʨʫʙʢʠ ʜʦʚʦʜʷʪʴ ʜʦ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʩ 

ʚʫʟʣʘʤ ɺ ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʪʘʢʽ ʧʦʟʠʮʽʾ, ʟʘ ʷʢʠʭ ʚʽʜʩʪʘʥʽ ʤʽʞ ʙʫʜʴ- 

ʷʢʠʤʠ ʩʫʩʽʜʥʽʤʠ ʪʦʯʢʘʤʠ ɸ i ɺ ʩʪʘʶʪʴ ʨʽʚʥʦʚʝʣʠʢʠʤʠ i ʜʦʨʽʚʥʶʶʪʴ dj 

ð ʤʽʞʘʪʦʤʥʽʡ ʚʽʜʜʘʣʽ ʫ ʛʨʘʬʽʪʦʚʦʤʫ ʰʘʨʽ. ʈʘʜʽʫʩ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʾ ʚ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʩ ʜʝʱʦ ʙʽʣʴʰʠʤ ʚʽʜʥʦʩʥʦ ʪʦʛʦ, 

ʷʢʠʡ ʦʪʨʠʤʫʶʪʴ ʧʨʦʩʪʠʤ ʟʛʦʨʪʘʥʥʷʤ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ, ʘ ʢʫʪʠ ʤʽʞ Cð 

C ʟʚôʷʟʢʘʤʠ ʜʝʱʦ ʤʝʥʰʠʤʠ ʟʘ ʪʽ, ʷʢʽ ʩ ʫ ʛʨʘʬʽʪʽ, ʪʦʙʪʦ ʟʘ 120Á. ɿʘʪʝ 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʘ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʘʥʦʪʨʫʙʢʘ ʤʘʩ ʦʩʥʦʚʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ð ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʧʦʟʠʮʽʡ ʚʩʽʭ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʚ ʩʪʨʫʢʪʫʨʽ. 
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ʇʽʩʣʷ ʪʦʛʦ, ̫ ʢ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʚʫʛʣʝʮʝʚʫ ʥʘʥʦʪʨʫʙʢʫ, ʱʦ ʭʘʨʘʢ- 

ʪʝʨʠʟʫʩʪʴʩʷ ʘʜʝʢʚʘʪʥʠʤ ʜʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʰʫ ʟʦʥʫ ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʦʚʦʛʦ 

ʰʘʨʫ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʠʭ ʨʠʩ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ 

ʤʦʜʝʣʴʥʠʭ ʥʘʥʦʪʨʫʙʦʢ. ʅʘʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʤʦ 

ʪʘʢʝ ʧʦʜʘʥʥʷ ʢʦʤʽʨʦʢ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ i ʬʦʨʤʦʚʘʥʠʭ ʟ ʥʴʦʛʦ 

ʥʘʥʦʪʨʫʙʦʢ, ʷʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.17, ʪʦʙʪʦ ʙʫʜʝʤʦ ʧʨʘʮʶʚʘʪʠ ʫ 

ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 120O  ʨʦʤʙʘ. 

ʂʨʽʤ ʪʦʛʦ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʩʪʨʫʢʪʫʨʦʶ ʥʘʥʦʪʨʫʙʢʠ ʡ iµ ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ, ʦʙʤʝʞʠʤʦʩʷ 

ʥʘʙʦʨʦʤ ʦʩʪʘʥʥʽʭ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ ʣô * 2ʪô * 0. ʈʝʘʣʴʥʦ ʮʝ 

ʦʟʥʘʯʘʩ, ʱʦ ʦʩʥʦʚʫ ʥʘʥʦʪʨʫʙʦʢ ʤʠ ʬʦʨʤʫʚʘʪʠʤʝʤʦ ʟ ʣʘʥʮʶʞʢʽʚ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʫ ʧʨʘʚʽʡ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʛʨʘʬʽʪʦʚʦʛʦ 

ʣʠʩʪʘ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 10.17. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʷʢʱʦ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʦʢ ʚʠʢʦʨʠʩʪʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʽʟ ʧʨʠʜʘʪʥʠʭ ʥʘʙʦʨʽʚ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʛʨʘʬʽʪʦʚʦʛʦ ʣʠʩʪʘ, ʪʦ ʤʦʞʥʘ ʩʢʦʥʩʪʨʫʶʚʘʪʠ  ñʜʚʽʡʥʠʢʠò 

ð ʥʘʥʦʪʨʫʙʢʠ ʟ ʦʜʥʘʢʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘʣʝ ʨʽʟʥʠʤʠ ʽʥʜʝʢʩʘʤʠ 
ʢʠʨʘʣʴʥʦʩʪʽ. ʅʘ ʜʦʜʘʯʫ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʚʝʜʝʤʦ ̔ ʥʰʫ ʧʘʨʫ ̔ ʥʜʝʢʩʽʚ I1 i 

ll, ʟʚ ̫ ʟʘʥʠʭ ʟ ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ ʣô i mô ʪʘʢ: ʣô = I1N, 

ʪô ðð I N. ʊʦʜʽ ʚʫʛʣʝʮʝʚʫ ʥʘʥʦʪʨʫʙʢʫ ʢʠʨʘʣʴʥʦʩʪʽ (ʣ' ʪ) ʤʦʞʥʘ ʧʦʜʘʪʠ 
ʷʢ ʥʘʥʦʪʨʫʙʢʫ (it, I )N. ɿʨʫʯʥʽʩʪʴ ʪʘʢʦʛʦ ʟʘʧʠʩʫ ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ɦ ʦ ʟʘ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (!1, i t) ʚʠʟʥʘʯʘʩ ñʢʦʥʩʪʨʫʢʮʽʡʥʫ ʦʜʠʥʠʮʶò ʫ ʥʘʧʨʷʤʽ 

ʢʦʣʘ ʦʩʥʦʚʠ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ, ʘ N ʟʘʜʘʩ ʢʽʣʴʢʽʩʪʴ 
ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʜʠʥʠʮʴ, ʟ ʷʢʠʭ ʩʬʦʨʤʦʚʘʥʦ ʢʦʣʦ ʦʩʥʦʚʠ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʧʣʦʩʢʦʛʦ h ʘʨʫ ʛʨʘʬʽʪʫ ʜʦ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ð 
ʮʝ ʧʝʨʝʭʽʜ ʚʽʜ 2D ʜʦ 1D ʩʪʨʫʢʪʫʨʠ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʥʝ ʫʚʝʩʴ ʤʘʩʠʚ 

ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ k - kx ò ky, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʚ 

ʛʨʘʬʽʪʦʚʦʤʫ h ʘʨʽ, ʪʝʧʝʨ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʥʴʦʛʦ ʚ ʥʘʥʦʪʨʫʙʮʽ, ʦʩʢʽʣʴʢʠ 
ʚ ʥʘʧʨʷʤʢʫ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ (ʧʦʧʝʨʝʢ ʥʘʥʦʪʨʫʙʢʠ) ʭʚʠʣʴʦʚʝ 
ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʘ ʟʘʟʥʘʩ ʢʚʘʥʪʫʚʘʥʥʷ. ʉʪʫʧʽʥʴ ʜʠʩʢʨʝʪʥʦʩʪʽ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ, ʪʦʙʪʦ ʰʠʨʠʥʘ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʜʚʦʤʘ ʡʦʛʦ 

ʜʦʟʚʦʣʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʜʦʚʞʠʥʦʶ ʢʦʣʘ ʦʩʥʦʚʠ 

ʪʨʫʙʢʠ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʶ N ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʜʠʥʠʮʴ (11, /2) ʫ ʢʦʣʽ 
ʦʉʥʦɺʠ. 

ʑʦʙ ʟʥʘʡʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʡ ʩʠʩʪʝʤʽ. ɼʣʷ ʧʝʨʽʦʜʠʯʥʠʭ ʩʠʩʪʝʤ ʩʢʽʥʯʝʥʥʠʭ 

ʨʦʟʤʽʨʽʚ ʉ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʟʚʠʯʘʡ ʮʠʢʣʽʯʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ, ʷʢ 

ʚʽʜʦʤʦ, ʟʚʦʜʷʪʴʩʷ ʜʦ ʪʦʛʦ, ɦ ʦ ʫ ʨʘʟʽ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʉ 
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ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʠʭʽʜʥʦʤʫ ʬʽʟʠʯʥʠʡ ʩʪʘʥ, ʪʦʙʪʦ 

ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʝʣʝʢʪʨʦʥʘ ʥʘʙʫʚʘʩ ʪʦʛʦ ʩʘʤʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʮʠʢʣʽʯʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʧʠʩʫʶʪʴ ʷʢ 

ʉ k ðð 2rrq, (10.21) 

ʜʝ q ð ʮʝ ʮʽʣʝ ʯʠʩʣʦ, ʷʢʝ ʥʘʙʫʚʘʩ ʟʥʘʯʝʥʴ 0, +1, +2 i ʪ. ʜ. ɺʦʥʠ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʝʣʝʢʪʨʦʥʘ ʚ ʧʝʨʰʽʡ ʟʦʥʽ ɹʨʽʣʣʶʝʥʘ, ʷʢʽ ʟʘ ʫʤʦʚʠ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʚʽʜʥʦʩʥʦ k ðð 0 ʟʘʧʠʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 
 

 
ʉ ʉ 2 ʉ 

(10.22) 

ʋʨʘʭʦʚʫʶʯʠ, ɦ ʦ ʬʽʟʠʯʥʽ ʩʪʘʥʠ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ̫ ʢʽ ʚʽʜʧʦʚʽ- 
ʜʘʶʪʴ ʭʚʠʣʴʦʚʠʤ ʚʝʢʪʦʨʘʤ k i kô = k + b, ʜʝ b ð ʚʝʢʪʦʨ ʦʙʝʨʥʝʥʦʾ 

ʛôʨʘʪʢʠ, ʝʢʚʽʚʘʣʝʥʪʥʽ ʤʽʞ ʩʦʙʦʶ, ʚʝʣʠʯʠʥʘ Nc ʚʠʟʥʘʯʘʩʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʚʫʟʣʽʚ ʧʨʷʤʦʾ ɻʨʘʪʢʠ, ʱʦ ʧʦʤʽʱʘʶʪʴʩʷ ʥʘ ʧʨʦʤʽʞʢʫ ʟʘʚʜʦʚʞʢʠ ʉ 
(ʢʽʣʴʢʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʜʠʥʠʮʴ ʥʘ ʮʴʦʤʫ ʧʨʦʤʽʞʢʫ). 3 ʮʠʭ ʩʘʤʠʭ 

ʤʽʨʢʫʚʘʥʴ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʽʜôʩʤʥʝ ʟʥʘʯʝʥʥʷ k ð ð (/Vc*2) 2/ʪ /ʉ ʫ ʨʷʜ 

(10.22)  ʥʝ  ʚʭʦʜʠʪʴ,  ʦʩʢʽʣʴʢʠ   ʚʦʥʦ  ʚʽʜʨʽʟʥʷʩʪʴʩʷ   ʚʽʜ  ʟʥʘʯʝʥʥʷ 

k ð + (/\/c'2) 2/ʪ/ʉ ʥʘ ʚʝʢʪʦʨ ʦʙʝʨʥʝʥʦʾ ɻʨʘʪʢʠ. ʆʪʞʝ, ʧʦʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʥʘʯʝʥʴ k, ʟʘʜʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (10.22), ʪʦʯʥʦ ʜʦʨʽʚʥʶʩ Nc 

ɼʣ ̫ʣʠʩʪʘ ʛʨʘʬʽʪʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʝʣʠʯʠʥʘ Nc ʩ ʜʫʞʝ 

ʚʝʣʠʢʦʶ, ʪʦʤʫ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʘ ʫ ʤʝʞʘʭ ʧʝʨʰʦʾ ʟʦʥʠ 

ɹʨʽʣʣʶʝʥʘ ʪʘ ʡ ʟʘʛʘʣʦʤ ʟʤʽʥʶʩʪʴʩʷ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦ. ʋ ʥʘʥʦʪʨʫʙʮʽ 

ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʘ ʟʙʝʨʽʛʘʩʪʴʩʷ 

ʪʽʣʴʢʠ ʫ ʥʘʧʨʷʤʢʫ, ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʦ iµ oci. ʋ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʨʦʟʤʽʨ ʉ ð ʮʝ ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʘ CN ðð ʧ ʘ + ʪ ʘ ðð 

(that + I a2)N, ʱʦ ʜʦʨʽʚʥʶʩ ʜʦʚʞʠʥʽ ʢʦʣʘ ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʢʠ. ʆʩʢʽʣʴʢʠ 
ʪʘʢʝ ʢʦʣʦ ʤʽʩʪʠʪʴ N ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʜʠʥʠʮʴ ʩʪʨʫʢʪʫʨʠ, ʪʦ N 

ʚʠʟʥʘʯʘʩ ʢʽʣʴʢʽʩʪʴ ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k ʧʦʧʝʨʝʢ 

ʥʘʥʦʪʨʫʙʢʠ, ʘʙʦ, ʱʦ ʪʝ ʩʘʤʝ, ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʽʜʟʦʥ ʥʘʥʦʪʨʫʙʢʠ. ʗʢʱʦ ʷʢʘʩʴ ʽʟ ʮʠʭ ʜʦʟʚʦʣʝʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʟʦʥ ʧʨʦʡʜʝ ʯʝʨʝʟ ʪʦʯʢʫ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ, ʚ ̫ ʢʽʡ V i ʉ 

ʟʦʥʠ ʚʠʨʦʜʞʫʶʪʴʩʷ (k-ʪʦʯʢʠ ʫ ʨʘʟʽ ʽʜʝʘʣʴʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ), 

ʥʘʥʦʪʨʫʙʢʘ ʤʘʪʠʤʝ ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʙʫʜʫʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ. 

ɿʘ ʷʢʠʭ ʫʤʦʚ ʦʜʥʦʚʠʤʽʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʥʘʥʦʪʨʫʙʢʠ 

ʧʝʨʝʩʽʢʘʶʪʴ ʂ ʪʦʯʢʠ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʫ? ʑʦʙ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʮʝ ʟʘʧʠʪʘʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʛʨʘʥʠʯʥʽ ʚʠʧʘʜʢʠ ð ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ zigzag- i ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ. 
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ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ zigzag- 

ʢʦʥʬʽʛʫʨʘʮʽʾ (1,0)N, ʷʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 10.18, ʘ, ʩ ʪʝ, ʱʦ ʯʘʩʪʠʥʘ 

ʤʽʞʘʪʦʤʥʠʭ ʉ ð ʉ ʟʚôʷʟʢʽʚ ʜʣʷ ʥʠʭ ʩ ʧʘʨʘʣʝʣʴʥʠʤʠ ʜʦ oci ʪʨʫʙʢʠ. 

ɺʦʜʥʦʯʘʩ ʫ ʧʨʦʩʪʦʨʽ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ k ʜʚʽ ʽʟ ʰʝʩʪʠ ʛʨʘʥʠʮʴ 

ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʥʘʧʨʷʤʢʫ, ɦ ʦ ʟʙʽʛʘʩʪʴʩʷ 

ʟ ʥʘʧʨʷʤʢʦʤ oci ʪʨʫʙʢʠ (ʨʠʩ. 10.18, ʙ). ʍʘʨʘʢʪʝʨ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣ- 

ʣʶʝʥʘ ʥʘʥʦʪʨʫʙʢʠ zigzag-ʢoʥʬiʛypaʮiµ ʜʘʩ ʟʤʦʛʫ ʣʝʛʢʦ ʟʥʘʡʪʠ ʫʤʦʚʫ, 

ʟʘ ̫ ʢʦʾ ʜʦʟʚʦʣʝʥʽ ʦʜʥʦʚʠʤʽʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʽʜʟʦʥʠ ʧʝʨʝʩʽʢʘʪʠʤʫʪʴ iµ 

ʛʨʘʥʠʮʶ ʚ ʪʦʯʮʽ k. ɼʣ ̫ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʽʟ ʜʚʦʭ 

ʚʽʜʨʽʟʢʽʚ ʄɻʄ, ʱʦ ʥʝ ʟʙʽʛʘʩʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ oci ʪʨʫʙʢʠ, ʥʘ ʩʪʽʣʴʢʠ 

ʯʘʩʪʠʥ, ʩʢʽʣʴʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʜʠʥʠʮʴ N ʤʽʩʪʠʪʴ ʢʦʣʦ ʦʩʥʦʚʠ 

ʥʘʥʦʪʨʫʙʢʠ (1,0)N i ʯʝʨʝʟ ʮʽ ʪʦʯʢʠ ʧʨʦʚʝʩʪʠ ʚʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽʾ, 

ʧʘʨʘʣʝʣʴʥʽ ʜʦ oci ʥʘʥʦʪʨʫʙʢʠ. ʅʘʛʘʜʘʩʤʦ, ɦ ʦ ʟʛʽʜʥʦ ʟ (10.22) ʢʨʘʡʥʩ 

ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʚʢʣʶʯʘʩʪʴʩʷ ʚ ʧʦʙʫʜʦʚʫ ʪʽʣʴʢʠ ʦʜʠʥ 

ʨʘʟ. ʆʩʢʽʣʴʢʠ ʚʽʜʩʪʘʥʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʤʽʞ ʮʝʥʪʨʦʤ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ɻ 

i ʪʦʯʢʦʶ k ʚʜʚʽʯʽ ʧʝʨʝʚʘʞʘʩ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʂ i ʄ, ʪʦ ʟʚʽʜʩʠ 

ʚʠʧʣʠʚʘʩ, ʱʦ ʜʦʟʚʦʣʝʥʽ ʦʜʥʦʚʠʤʽʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʽʜʟʦʥʠ 

ʧʝʨʝʪʠʥʘʪʠʤʫʪʴ ʪʦʯʢʫ ʂ ʜʣʷ ʚʩʽʭ (1,0)N ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʜʣʷ 

ʷʢʠʭ N ʩ ʢʨʘʪʥʠʤ ʜʦ 3, ʪʦʙʪʦ N ðð 3, 6, 9, 12, ... ʇʨʠʢʣʘʜ ʥʘʥʦʪʨʫʙʢʠ 

(1, 0)6 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.18. 
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ʈʠʩ. 10.18. ʘ ð ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʫʛʣʝʮʝʚʦ'ʽ'ʥʘʥʦʪʨʫʙʢʠ 

zʽgzʘg-ʢʦʥʬʽʛʫʨʘʮʽñʽñ (1, 0)N. ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʣʽʥʽʡʥʠʡ ʚʽʜʨʽʟʦʢ ð 

ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʦʜʠʥʠʮʷ (1, 0) ʚʟʜʦʚʞ ʢʦʣʘ ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʢʠ; 

ʙ ð ʧʝʨʰʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ i ʭʚʠʣʴʦʚʽ 

ʚʝʢʪʦʨʠ (ʚʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽñʽñ), ʜʦʟʚʦʣʝʥʽ ʮʠʢʣʽʯʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʚʟʜʦʚʞ ʢʦʣʘ ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʢʠ (ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʥʦʪʨʫʙʢʠ N ðð 6) 

ʏʠ ʤʘʪʠʤʫʪʴ ʥʘʥʦʪʨʫʙʢʠ ʢʠʨʘʣʴʥʦʩʪʽ (1, 0)N (N ðð 3, 6, 9, ) 

ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ? ʗʢʙʠ ʪʦʯʢʘ ʜʦʪʠʢʫ ʉ i V ʟʦʥ ʤʦʥʦʘʪʦʤʥʦʛʦ 

ʛʨʘʬʽʪʦʚʦʛʦ h ʘʨʫ ʥʝ ʟʤʽʱʘʣʘʩʷ ʟ ʧʦʟʠʮʽʾ ʢʫʪʽʚ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ (ʪʦʯʦʢ 

ʑ ʧʽʜ ʯʘʩ ʡʦʛʦ ʟʛʦʨʪʘʥʥʷ ʫ ʪʨʫʙʢʫ, ʪʦ ʪʘʢ ʙʠ i ʙʫʣʦ. ʆʜʥʘʢ, ̫ ʢ ʧʦʢʘʟʫʩ 

ʢʽʣʴʢʽʩʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʯʝʨʝʟ ʧʽʜʩʠʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ 

ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʚ ʥʘʧʨʷʤʢʫ ʢʦʣʘ ʦʩʥʦʚʠ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷʤ 
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ʧʦʚʝʨʭʥʽ ʪʨʫʙʢʠ, ʪʦʯʢʘ ʚʠʨʦʜʞʝʥʥʷ ʉ i V ʟʦʥ ʜʝʱʦ ʟʤʽʱʘʩʪʴʩʷ ʟ ɻ 

ʪʦʯʢʠ. ʎʝ ʟʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʩʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ 

ʥʘʧʨʷʤʢʫ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦʾ ʟʤʽʥʠ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʟʦʥ, ʘ ʪʦʤʫ ʪʦʯʢʘ ʚʠʨʦʜʞʝʥʥʷ ʉ i V ʟʦʥ ʥʘʥʦʪʨʫʙʢʠ 

ʪʠʧʫ (1, 0)N (N ðð 3, 6, 9, ...) ʥʝ ʧʦʪʨʘʧʣʷʩ ʫ ʨʷʜ ʡʦʛʦ ʜʦʟʚʦʣʝʥʠʭ 

ʟʥʘʯʝʥʴ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ zigzagðʢoʥʬiʛypaʮiµ 

(1, 0)N ʟ N, ʢʨʘʪʥʠʤ ʜʦ 3, ʙʫʜʫʪʴ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʝ 

ʤʝʪʘʣʘʤʠ ʟ ʥʫʣʴʦʚʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ, ʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʟ 

ʚʫʟʴʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. ɯʥʰʽ ʥʘʥʦʪʨʫʙʢʠ zigzag-ʢoʥʬiʛypaʮiµ 

ʙʫʜʫʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ̔ ʟ ʩʝʨʝʜʥʴʦʶ ʘʙʦ h ʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʠʤʠ 

ʟʦʥʘʤʠ. 

ʅʘʩʢʽʣʴʢʠ ʰʠʨʦʢʦʶ ʙʫʜʝ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʥʘʥʦʪʨʫʙʢʠ (1, 0)N ʟ 

ʪʠʤʠ ʯʠ ̔ ʥʰʠʤʠ ̔ ʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ̫ ʢ ʜʘʣʝʢʦ 

ʥʘʡʙʣʠʞʯʘ ʚʝʨʪʠʢʘʣʴʥʘ ʣʽʥʽʷ ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ k ʧʝʨʝʪʥʝ ʛʨʘʥʠʮʶ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ k- 

ʧʨʦʩʪʦʨʫ, ʚ ʷʢʽʡ ʟʤʠʢʘʶʪʴʩʷ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ i ʚʘʣʝʥʪʥʘ ʟʦʥʘ 

ʟʛʦʨʥʫʪʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ. ʏʠʤ ʙʽʣʴʰʝ ʚʽʜʜʘʣʷʪʠʤʝʪʴʩʷ ʪʦʯʢʘ 

ʧʝʨʝʪʠʥʫ ʚʽʜ ʪʦʯʢʠ ʟʤʠʢʘʥʥʷ, ʪʠʤ ʙʽʣʴʰʦʶ ʙʫʜʝ h ʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʥʘʥʦʪʨʫʙʢʠ. ʋ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ N ʧʦʟʠʮʽʷ i ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k 

ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʦʯʢʠ ʾʭʥʴʦʛʦ ʧʝʨʝʪʠʥʫ ʟ ʢʨʘʩʤ 

ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʙʫʜʫʪʴ ʪʦ ʚʽʜʜʘʣʷʪʠʩʷ, ʪʦ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ 

ʪʦʯʢʠ ɻ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ  ʆʅ  Eg  ʅʘʥʦʪʨʫʙʦʢ 

(1, 0)N ʙʫʜʝ ʥʝʤʦʥʦʪʦʥʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʜʠʥʠʮʴ ʚ ʢʦʣʽ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʘ ʪʨʫʙʢʠ N. ʎʝʡ 

ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʩʪʴʩʷ i ʤʦʜʝʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʜʝʷʢʽ 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.19. 

 

 

ʈʠʩ. 10.19. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦñʽñʟʦʥʠ ̫ ʢ ʬʫʥʢʮʽʷ ʢʽʣʴʢʦʩʪʽ h ʝʩʪʠʢʫʪʥʠʢʽʚ ʫ ʢʦʣʽ 

ʦʩʥʦʚʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (1, 0)N. ʂʨʫʞʝʯʢʘʤʠ i ʭʨʝʩʪʠʢʘʤʠ ʚʽʜʦʙʨʘʞʝʥʦ 

ʢʣʘʩʠ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ i ʩʝʨʝʜʥʴʦʱʽʣʠʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦ. (ɿʘ 

ʜʘʥʠʤʠ ʨʦʙʦʪʠ Hamada N., Sawada ɮ., Oshiyama ɸ. Phys. Rev. Letters 

68 (1992) 1579) 
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ʄʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʘʛʪʩhʘʽʛ- 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʘʪʠ ̫ ʢ (2, 1)/\/. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʾʭʥʴʦʾ ʙʫʜʦʚʠ ʩ ʪʝ, ɦ ʦ ʪʨʝʪʠʥʘ ʉ ð ʉ ʟʚôʷʟʢʽʚ, ̫ ʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 10.20, , 

ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ oci ʪʨʫʙʢʠ. ɺʦʜʥʦʯʘʩ ʫ ʧʨʦʩʪʦʨʽ ʭʚʠʣʴʦʚʠʭ 

ʚʝʢʪʦʨʽʚ k ʜʚʽ ʽʟ ʰʝʩʪʠ ʛʨʘʥʠʮʴ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʩ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʜʦ ʥʘʧʨʷʤʢʫ, ʱʦ ʟʙʽʛʘʩʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ oci ʪʨʫʙʢʠ 

(ʨʠʩ. 10.20, ʙ). ɺʥʘʩʣʽʜʦʢ ʪʘʢʦʾ ʦʨʽʩʥʪʘʮʽʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʥʘʙʽʨ 

ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʝʥʽ ʮʠʢʣʽʯʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʟʘʚʞʜʠ ʤʽʩʪʠʪʴ ʪʦʯʢʫ 

ʂ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ N, ʦʩʢʽʣʴʢʠ ʣʽʥʽʷ, ʱʦ ʧʝʨʝʪʠʥʘʩ ʪʦʯʢʫ ɻ, ʷʢʘ ʩ 

ʧʦʯʘʪʢʦʤ ʚʽʜʣʽʢʫ ʜʣʷ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ k, ʟʘʚʞʜʠ ʧʝʨʝʪʠʥʘʩ ʪʦʯʢʫ 

ɻ. ʇʽʜʩʠʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʽʥʫ ʫ ʥʘʧʨʷʤʢʫ ʢʦʣʘ ʦʩʥʦʚʠ ʘʛʪʩhʘʽʛ- 

ʥʘʥʦʪʨʫʙʢʠ, ʪʘʢ ʩʘʤʦ, ʷʢ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ zigzag-ʢoʥʬiʛypaʮiµ, 

ʧʝʨʝʤʽʱʘʩ ʪʦʯʢʫ ʚʠʨʦʜʞʝʥʥʷ ʉ i ʋ ʟʦʥ ʟ ʪʦʯʢʠ ʂ. ɸʣʝ ʪʝʧʝʨ ʮʝ 

ʟʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʩʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʦ ʥʘʧʨʷʤʢʫ ʢʚʘʟʽ- 

ʥʝʧʝʨʝʨʚʥʦʾ ʟʤʽʥʠ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʽʜʟʦʥ ʥʘʥʦʪʨʫʙʢʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʪʦʯʢʘ ʚʠʨʦʜʞʝʥʥʷ ʉ i V ʟʦʥ 

ʥʘʥʦʪʨʫʙʦʢ ʪʠʧʫ (2, 1)N ʟʘʚʞʜʠ ʧʦʪʨʘʧʣʷʩ ʫ ʨʷʜ ʜʦʟʚʦʣʝʥʠʭ ʟʥʘʯʝʥʴ 

ʚʝʢʪʦʨʘ k. ʏʝʨʝʟ ʮʝ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘ 

ʙʫʜʴ-ʷʢʠʭ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʩ ʧʨʦʚʽʜʥʠʢʘʤʠ. 
 

ʙ 

 
ʈʠʩ. 10.20. ʘ ð ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʫʛʣʝʮʝʚʦʾòʥʘʥʦʪʨʫʙʢʠ 

ʘʛʪʩhʘʽʛ-ʢʦʥʬʽʛʫʨʘʮʽñʽñ (2,1)N. ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʣʽʥʽʡʥʠʡ ʚʽʜʨʽʟʦʢ ð 

ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʦʜʠʥʠʮʷ (2, 1) ʚʟʜʦʚʞ ʢʦʣʘ ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʢʠ; 

ʙ ð ʧʝʨʰʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ i ʭʚʠʣʴʦʚʽ 

ʚʝʢʪʦʨʠ (ʚʝʨʪʠʢʘʣʴʥʽ ʣʽʥʽòʽò), ʜʦʟʚʦʣʝʥʽ ʮʠʢʣʽʯʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʚʟʜʦʚʞ ʢʦʣʘ ʦʩʥʦʚʠ ʥʘʥʦʪʨʫʙʢʠ (ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʥʦʪʨʫʙʢʠ N ðð 6) 

 
ʆʪʞʝ, ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʷʢʠʡ ɻʨʫʥʪʫʩʪʴʩʷ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ 

ʛʨʘʬʽʪʫ i ʮʠʢʣʽʯʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʛʦʨʪʘʥʥʽ ʮʴʦʛʦ ʰʘʨʫ ʚ 

ʥʘʥʦʪʨʫʙʢʫ, ʟʘʩʚʽʜʯʫʩ, ʱʦ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ 
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ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʫ ʧʝʨʽʦʜʠʯʥʠʡ 

ʩʧʦʩʽʙ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʤʝʪʘʣʘʤ, ʜʦ ʪʘʢʠʭ, ʷʢʽ 

ʧʨʠʪʘʤʘʥʥʽ ʪʠʧʦʚʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤ. 

ʍʘʨʘʢʪʝʨ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ð 

ʤʝʪʘʣʝʚʠʡ ʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ð ʟʘʣʝʞʠʪʴ ʚʽʜ iµ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʜʽʘʤʝʪʨʘ i ʢʠʨʘʣʴʥʦʩʪʽ) i ʧʽʜʧʦʨʷʜʢʦʚʫʩʪʴʩʷ ʟʘʛʘʣʴʥʦʤʫ 

ʧʨʘʚʠʣʫ, ʷʢʝ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʥʜʝʢʩʘʤʠ 

ʢʠʨʘʣʴʥʦʩʪʽ. ʁʦʛʦ ʥʘʡʧʨʦʩʪʽʰʝ ʩʬʦʨʤʫʣʶʚʘʪʠ, ʷʢʱʦ ʟʘʤʽʩʪʴ ʽʥʜʝʢʩʽʚ 

ʢʠʨʘʣʴʥʦʩʪʽ (ʣ' ʪ) ʚʠʙʨʘʪʠ ʩʜʠʥʠʡ ̔ ʥʜʝʢʩ k ðð nô ð 2ʪô (ʘʙʦ ʚ ʩʠʩʪʝʤʽ 

ʚʽʜʣʽʢʫ   600       ʨʦʤʙʘ   k ðð n   ð   m).   ʊʦʜ̔   ʧʨʘʚʠʣʦ,   ʷʢʝ   ʚʠʟʥʘʯʘʪʠʤʝ 

ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (ʣ' ʪ) (ʧô * 2mô 0), 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

Å ʥʘʥʦʪʨʫʙʢʘ ʩ ʧʨʦʚʽʜʥʠʢʦʤ, ʪʦʙʪʦ ʤʘʩ ʩʢʽʥʯʝʥʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ ʧʨʠ 0 ʂ, ̫ ʢʱʦ k ðð nôð 2mô ðð 0; 

Å ʥʘʥʦʪʨʫʙʢʘ ʩ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ, ʪʦʙʪʦ ʚʦʣʦʜʽʩ ʥʫʣʴʦʚʦʶ 

ʛʫʩʪʠʥʦʶ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ ʧʨʠ 0 ʂ, ̫ ʢʱʦ k ðð nô 

ð 2mô ʡ 0. ʗʢʱʦ ̔ ʥʜʝʢʩ k ʢʨʘʪʥʠʡ ʜʦ 3, ʪʦʙʪʦ k ðð nô ð 2mô ðð ɿɱ (J = 1, 2, 

3,...), ʪʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʘ ʥʘʥʦʪʨʫʙʢʘ ʤʘʩ ʚʫʟʴʢʫ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ, 

ʘ ʜʣʷ ʚʩʽʭ ̔ ʥʰʠʭ ʟʥʘʯʝʥʴ k, ʥʝ ʢʨʘʪʥʠʭ ʜʦ 3, ʪʦʙʪʦ k ðð nô - 2ʪô ðð 3J+1 

ʪʘ k ðð ʧô - 2mô ðð 3J+2, ʥʘʥʦʪʨʫʙʢʘ ʩ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ̔ ʟ ʩʝʨʝʜʥʴʦʶ 

ʘʙʦ ʰʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. 

ʅʘʛʘʜʘʩʤʦ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʦʪʨʠʤʘʥʽ ʟʘ ʧʨʠʧʫʱʝʥʥʷ, ɦ ʦ ʚʩʽ 

ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʥʘ ʾ ʭʥʽʡ ʧʦʚʝʨʭʥʽ ʩ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. ʆʜʥʘʢ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʠʤʝʪʨʽʷ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʝ 

ʟʥʠʞʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʪʚʦʨʝʥʥʷ ʛôʨʘʪʢʠ, ʥʘʧʨʠʢʣʘʜ, 

ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʝʪʘʣ ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʝʭʦʜʫ 

ʇʘʡʩʨʣʩʘ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ. ʄʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʪʘʢʦʞ ʽʥʰʦʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʪʘʢʦʾ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʥʘʜʧʨʦʚʽʜʥʽʩʪʴ. 

ɺʠʨʦʜʞʝʥʥʷ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ i ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ 

ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʦʟʥʘʯʘʩ, ʱʦ ʾʭʥʽ ʘʙʩʦʣʶʪʥʽ ʝʢʩʪʨʝʤʫʤʠ ʥʘ ʰʢʘʣʽ 

ʝʥʝʨʛʽʡ ʟʙʽʛʘʶʪʴʩʷ ʫ ʮʽʡ ʪʦʯʮʽ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘ 

ʥʫʣʴ ʩʫʧʨʦʚʦʜʞʫʩʪʴʩʷ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ ʧ. 3.2, ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ 

ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ̫ ʢʠʡ ʚ ʦʢʦʣʽ ʝʢʩʪʨʝʤʫʄ kextr 

ʥʘʙʫʚʘʩ ʣʽʥʽʡʥʦʛʦ ʚʠʛʣʷʜʫ: 

 
(10.23) 
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ʈʠʩ. 10.21. ɿʘʢʦʥ ʜʠʩʧʝʨʩʽôʽôʜʣʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʚ ʦʢʦʣʽ 

ʝʢʩʪʨʝʤʫʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʥʫʣʴʦʚʦʶ h ʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦòʽòʟʦʥʠ 

 
ʉʭʝʤʘʪʠʯʥʦ ʟʘʣʝʞʥʽʩʪʴ E(k) ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i 

ʜʽʨʦʢ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚ ʦʢʦʣʽ ʝʢʩʪʨʝʤʫʤʫ ʙʝʟʱʽʣʠʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜ- 

ʥʠʢʘ ʯʠ ʥʘʧʽʚʤʝʪʘʣʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.21. 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʭʘʨʘʢʪʝʨʥʘ, ʟʦʢʨʝʤʘ, ʜʣʷ ʛʨʘʬʽʪʫ. ɺʦʥʘ ʞ 

ʨʝʘʣʽʟʫʚʘʪʠʤʝʪʴʩʷ i ʜʣʷ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʜʣʷ 

ʥʘʧʨʷʤʢʫ pyxy ʝʣʝʢʪʨʦʥʽʚ ʚʟʜʦʚʞ oci ʥʘʥʦʪʨʫʙʢʠ. ʇʦʧʝʨʝʢ 

ʥʘʥʦʪʨʫʙʦʢ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʙʫʜʝ ʢʚʘʥʪʦʚʘʥʠʤ. ɽʥʝʨʛʝʪʠʯʥʘ 

ʜʽʘʛʨʘʤʘ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʥʫʣʴʦʚʦʶ i ʚʽʜʤʽʥʥʦʶ ʚʽʜ 

ʥʫʣʷ ʟʘʙʦʨʦʥʝʥʠʤʠ ʟʦʥʘʤʠ ʩʭʝʤʘʪʠʯʥʦ ʤʦʞʝ ʙʫʪʠ ʟʦʙʨʘʞʝʥʘ ʪʘʢ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.22. 
 

 

ʈʠʩ. 10.22. ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʥʫʣʴʦʚʦʶ 

(ʘ) i ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʥʫʣʷ (ʙ) ʟʘʙʦʨʦʥʝʥʠʤʠ ʟʦʥʘʤʠ ʟʘ kextr 

ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʧ. 3.4, ʟʤʽʥʘ ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʚʽʜ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʦ 

ʣʽʥʽʡʥʦʛʦ ʟʤʽʥʶʩ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ʆʩʢʽʣʴʢʠ ʟʘ 

ʩʚʦʩʶ ʩʫʪʪʶ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʩ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʪʦ ʾʤ ʧʨʠʪʘʤʘʥʥʠʡ i ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 1D ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʨ(ɽ). ɼʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ 
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ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʥʫʣʷ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ ʮʝʡ ʨʦʟʧʦʜʽʣ ʜʣʷ ycix 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʟʦʥ ð ʷʢ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ Cd, C1. C2 ., ʪʘʢ i ʚʘʣʝʥʪʥʦʾ 

ʪʦʥʠ ʋ0. V1. V ... ʤʘʪʠʤʝ ʚʠʛʣʷʜ, ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʦʪʨʠʤʘʥʦʛʦ ʥʘʤʠ 

ʨʘʥʽʰʝ (ʨʠʩ. 3.9). ʇʽʢʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʥʝʨʛʽʷʤ 
ʝʢʩʪʨʝʤʫʤʽʚ 1D ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ, ʥʘʟʠʚʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʘʙʦ 
ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʚʘʥ ɻʦʚʘ. ʋ ʧʨʦʤʽʞʢʫ ʤʽʞ ʦʜʥʦʚʠʤʽʨʥʠʤʠ ʟʦʥʘʤʠ Cd 
i V ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. 

ɼʣʷ ʙʝʟʱʽʣʠʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩʠʪʫʘʮʽʷ ʙʫʜʝ ʜʝʱʦ ʽʥʰʦʶ. 

ʇʽʢʦʧʦʜʽʙʥʘ, ʦʩʮʠʣʶʚʘʣʴʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ ʪʽʣʴʢʠ 

ʜʣʷ ʝʥʝʨʛʽʡ, ʚʠʱʠʭ ʟʘ ʜʥʦ ʧʝʨʰʦʾ ʟʙʫʜʞʝʥʦʾ ʦʜʥʦʚʠʤʽʨʥʦʾ ʟʦʥʠ C1. i 

ʥʠʞʯʠʭ ʟʘ ʩʪʝʣʶ ʧʝʨʰʦʾ ʟʙʫʜʞʝʥʦʾ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ V1. ʋ ʧʨʦʤʽʞʢʫ 

ʤʽʞ ʥʠʤʠ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʚʠʨʦʜʞʝʥʠʤʠ ʫ ʪʦʯʮʽ 

ʝʢʩʪʨʝʤʫʤʫ ʦʜʥʦʚʠʤʽʨʥʠʤʠ ʟʦʥʘʤʠ Cd i V ʟ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ 

ʜʠʩʧʝʨʩʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʪʦʤʫ ʚ ʮʴʦʤʫ ʧʨʦʤʽʞʢʫ ʚʦʥʘ ʙʫʜʝ 

ʩʪʘʣʦʶ i ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʥʫʣʷ. ʉʭʝʤʘʪʠʯʥʦ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ h ʘʨʫ ʛʨʘʬʽʪʫ i ʩʬʦʨʤʦʚʘʥʠʭ ʟ ʥʴʦʛʦ 

ʥʘʧʽʚʤʝʪʘʣʝʚʠʭ i ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 10.23. 
 
 

ʘ 6 8 

ʈʠʩ. 10.23. ʉʭʝʤʘʪʠʯʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʜʦʟʚʦʣʝʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽôʽñʚ ʟʘʨʷʜʫ (ʟʘʰʪʨʠʭʦʚʘʥʘ) ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ h ʘʨʫ 

ʛʨʘʬʽʪʫ (ʘ) i ʩʬʦʨʤʦʚʘʥʠʭ ʟ ʥʴʦʛʦ ʥʘʧʽʚʤʝʪʘʣʝʚʦʽò (ʙ) i ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦòʽò (ʚ) 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ɼʣ ̫ʨʝʘʣʴʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʩʠʪʫʘʮʽʷ, ʟʚʠʯʘʡʥʦ, ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʘ. ɼʦʟʚʦʣʝʥʽ ʩʪʘʥʠ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʫ ʪʨʫʙʮʽ ʧʦʭʦʜʷʪʴ ʽʟ 2s- i 

2ʨ-ʩʪʘʥʽʚ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ð ʧʝʨʰʽ ʜʘʶʪʴ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʛʫʩʪʠʥʫ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʥʠʞʯʝ i ʚʠʱʝ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ EF, ʜpyʛi ʜʦʤʽʥʫʶʪʴ 
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0.2  

0,4 

 
0.2.  

0.2 

, 

ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚ ʦʢʦʣʽ EF. ʊʠʧʦʚʽ ʨʦʟʧʦʜʽʣʠ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʢʦʣʽ ʨʽʚʥʷ ʌʝʨʤʽ ʥʘ 

ʧʨʠʢʣʘʜʽ ʥʘʥʦʪʨʫʙʦʢ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʷʢʽ ʟʛʽʜʥʦ ʟʽ ʟʥʘʯʝʥʥʷʤ ʽʥʜʝʢʩʫ 

k ðð ʧô ð 2mô ʩʪʦʩʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʩʝʨʝʜʥʴʦʶ ʘʙʦ ʰʠʨʦʢʦʶ 

ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.24. 

ʗʢ ʚʠʜʥʦ ʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʧʘʨʮʽʘʣʴʥʽ ʚʥʝʩʢʠ ʨ/ʪ- i sʨ*ʦ- 

ʢʦʤʧʦʥʝʥʪ ʫ ʩʫʤʘʨʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʥʦʪʨʫʙʢʘʭ ʩ 

ʨʽʟʥʠʤʠ i ʟʘʟʥʘʶʪʴ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʫ ʨʘʟʽ ʟʤʽʥʠ ʜʽʘʤʝʪʨʘ ʦʩʪʘʥʥʽʭ. ɼʣʷ 

ʪʨʫʙʦʢ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʥʘʚʢʦʣʦ EF ʬʦʨʤʫʩʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʨ/ʪ-ʢʦʤʧʦʥʝʥʪʠ, ʪʦʜʽ ʷʢ ʜʣʷ ʪʨʫʙʦʢ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʜʦ 

ʨ/ʪ-ʢʦʤʧʦʥʝʥʪʠ ʽʩʪʦʪʥʦ ʜʦʤʽʰʫʩʪʴʩʷ sʨ*ʦ-ʩʢʣʘʜʦʚʘ. ʂʨʽʤ ʪʦʛʦ, ʢʦʣʠ 

ʜʽʘʤʝʪʨ ʥʘʥʦʪʨʫʙʢʠ ʟʤʝʥʰʫʩʪʴʩʷ, prr ʧʘʨʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʟʤʽʥʶʩ ʬʦʨʤʫ ʟ ʩʠʤʝʪʨʠʯʥʦʾ ʥʘ ʽʩʪʦʪʥʦ ʘʩʠʤʝʪʨʠʯʥʫ i 

ʟʙʽʣʴʰʫʩʪʴʩʷ iµ ʧʨʦʪʷʞʥʽʩʪʴ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ, ʷʢʘ ʬʦʨʤʫʩʪʴʩʷ ʨʦʛ-ʩʪʘʥʘʤʠ, ʟʙʽʣʴʰʫʩʪʴʩʷ. ɼʣʷ ʜʫʞʝ ʤʘʣʠʭ 

ʜʽʘʤʝʪʨʽʚ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʙʫʜʝ 

ʚʽʜʯʫʚʘʪʠ ʚʧʣʠʚ ʛʽʙʨʠʜʠʟʘʮʽʾ ʨ /ʪ i sp2 -ʩʪʘʥʽʚ. 
 

-10   ðɺ   -6 -Å4   Å-2    0 2 4 6 8 1 0 

ɽʥʝʨʛʽʷ, eB 

 

ʈʠʩ. 10.24. ʇʘʨʮʽʘʣʴʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʨʛʛ-(ʩʫʮʽʣʴʥʽ ʣʽʥʽʽ) i sʨ2ʦ- 

ʢʦʤʧʦʥʝʥʪ (ʰʪʨʠʭʦʚʽ ʣʽʥʽʽ') ʚ ʦʢʦʣʽ ʨʽʚʥʷ ʌʝʨʤʽ EF ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟ ̔ ʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ (40, 0), (19, 0), (10, 0) i (5, 2) i 

ʜʽʘʤʝʪʨʘʤʠ ʪʨʫʙʦʢ 22,ʁ6doü hy 48d , 5,54d i 2,46d ʚʽʜʧʦʚʽʜʥʦ. 

(ɿʛʽʜʥʦ ʟ Yorikawa ʅ., Muramatsu ɮ. Phys. Rev. ɺ 50 (1994) 12203) 
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1O 

ʈʦʟʨʘʭʫʥʢʠ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʩ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʥʦʶ ʬʫʥʢʮʽʩʶ ʾʭʥʴʦʛʦ ʨʘʜʽʫʩʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 10.25, ʜʝ ʧʦʜʘʥʦ 

ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʘ ʢʠʨʘʣʴʥʦʩʪʽ k ʟʘʣʝʞʥʦʩʪʽ 

ʰʠʨʠʥʠ  ʟʘʙʦʨʦʥʝʥʦ   ʟ ʅʀ  g     ɼʆɺʛʦʾ  ʦʜʥʦʰʘʨʦʚʦʾ  ʥʘʥʦʪʨʫʙʢʠ, 

ʚʠʨʘʞʝʥʦʾ ʚ ʦʜʠʥʠʮʷʭ  ʁppp  ʝʥʝʨʛʽʾ ʚʟʘʩʤʦʜʽʾ ʜʚʦʭ ʨ-ʝʣʝʢʪʨʦʥʽʚ,  ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʚʦʤ ʩʫʩʽʜʥʽʤ ʘʪʦʤʘʤ ʚʫʛʣʝʮʶ ʚ ʛʨʘʬʽʪʦʚʽʡ ɻʨʘʪʮʽ, ʷʢʘ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʪ-ʟʚôʷʟʢʫ, ʚʽʜ ʨʘʜʽʫʩʘ ʥʘʥʦʪʨʫʙʢʠ R, 

ʚʠʨʘʞʝʥʦʾ ʚ ʦʜʠʥʠʮʷʭ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ ʫ ʛʨʘʬʽʪʽ ð ʣd ðð ʷld . 
 
 

ʇʨʠʚʝʜʝʥʠʡ ʨʘʜʽʫʩ 

 

ʈʠʩ. 10.25. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦ'ʽ'ʟʦʥʠ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʬʫʥʢʮʽʷ ôʽôʭʥʴʦʛʦ ʨʘʜʽʫʩʘ. ʍʨʝʩʪʠʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʝʪʘʣʝʚʠʤ, ʢʨʫʞʝʯʢʠ ð ʚʫʟʴʢʦʱʽʣʠʥʥʠʤ, ʪʨʠʢʫʪʥʠʢʠ i ʢʚʘʜʨʘʪʠ ð 

ʩʝʨʝʜʥʴʦʱʽʣʠʥʥʠʤ ʥʘʥʦʪʨʫʙʢʘʤ. ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ð ʘʧʨʦʢʩʠʤʘʮʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʚʝʜʝʥʦñʽñʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦñʽñʟʦʥʠ Hg ɽʿ t pp 

ʩʝʨʝʜʥʴʦʱʽʣʠʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʽʜ ôʽʭʥʴʦʛʦ ʧʨʠʚʝʜʝʥʦʛʦ ʨʘʜʽʫʩʘ ʣd ðð ʣid ð 

ʛʫ ðð 1/md {ɿz/dʥo ʟ Yorikawa ʅ., Muramatsu ɮ. Phys. Rev. ɺ 50 (1994) 12203) 

 
ʗʢ ʚʠʜʥʦ, ʮ ̔ ʜʚʽ ʙʝʟʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ 

ʪʦʯʥʽʩʪʶ ʧʦʚôʷʟʘʥʽ ʚʟʘʩʤʥʦ ʦʙʝʨʥʝʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

1 
(10.24) 
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ʷʢʫ ʧʝʨʝʜʙʘʯʘʻ ʪʝʦʨʽʷ, ʱʦ ʥʝʭʪʫʻ ʟʤʽʰʫʚʘʥʥʷʤ ʤʽʞ ʨ -́  ̔sp 2ů- 

ʩʪʘʥʘʤʠ ʽ ʤʘʣʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ ü ppü , ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʜʣʷ ʨʽʟʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʉ ï ʉ ʟʚôʷʟʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʫʙʢʠ. ɺʦʜʥʦʯʘʩ ʫʨʘʭʫʚʘʥʥʷ 

ʮʠʭ ʯʠʥʥʠʢʽʚ ʜʘʻ ʭʦʯʘ ʡ ʥʝʚʝʣʠʢʽ, ʘʣʝ ʩʪʽʡʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ 

ʟʘʟʥʘʯʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ɼʣʷ ʩʝʨʝʜʥʴʦʱʽʣʠʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʜʣʷ ʷʢʠʭ 

ʽʥʜʝʢʩ ʢʠʨʘʣʴʥʦʩʪʽ k = n' ï 2m' ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ k = 3J + 1 (J = 0, 1, 

2,é), ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʚʠʭʦʜʠʪʴ ʜʝʱʦ ʤʝʥʰʦʶ, ʥʽʞ ʧʝʨʝʜʙʘʯʘʻ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.24), ʪʦʜʽ ʷʢ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʟ 

k = 3J + 2 ï ʜʝʱʦ ʙʽʣʴʰʦʶ. 

ʑʝ ʩʠʣʴʥʽʰʝ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʟʤʽʥʶʻʪʴʩʷ ʫ ʨʘʟʽ ʟʤʽʥʠ ʾʭʥʴʦʛʦ ʨʘʜʽʫʩʘ ʫ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ 

ʥʘʥʦʪʨʫʙʢʘʭ k = 3(J + 1). ɼʦ ʪʘʢʦʛʦ ʚʠʩʥʦʚʢʫ ʧʨʠʚʝʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʟʘ ʥʠʟʴʢʠʭ (ʧʨʠʙʣʠʟʥʦ 5 ʂ) ʪʝʤʧʝʨʘʪʫʨ ʫ 

ʥʘʜʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʥʫʚʘʣʴʥʦʾ ʪʫʥʝʣʴʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʘʪʦʤʘʨʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʠʢʦʥʘʥʽ ʥʘ ʥʘʥʦʪʨʫʙʢʘʭ 

zigzag-ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ʉʧʝʢʪʨʠ ʪʫʥʝʣʴʥʠʭ ʚʦʣʴʪ- 

ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʦʣʴʪʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʥʜʘʢʪʘʥʩʫ dI/dV, 

ʚʠʢʦʥʘʥʽ ʟʘ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʚʯʘʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʩʘʤʝ 

ʩʪʘʥʠ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʥʝʩʝʥʥʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʟ ʽʥʰʦʛʦ ï ʪʠʤ, ʱʦ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʢʦʥʜʘʢʪʘʥʩ (dI/dV)/(I/V) ʩʠʩʪʝʤʠ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʧʨʠʢʣʘʜʝʥʦʤʫ ʟʤʽʱʝʥʥʶ V, ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ 

ʣʦʢʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʫ ʩʠʩʪʝʤʽ ʥʘ ʨʽʚʥʽ eV. 

ʗʢʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʽ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʽʜ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ, ʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜ ʾʭʥʴʦʛʦ ʨʘʜʽʫʩʘ, ʽʣʶʩʪʨʫʻ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʢʦʥʘʥʝ ʜʣʷ 

ʦʜʥʦʛʦ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʽʻʾ ʛʨʫʧʠ ï ʥʘʥʦʪʨʫʙʦʢ (15, 0) ï ʥʘ 

ʨʠʩ. 10.26, ʘ (ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ 

ʥʘʥʦʪʨʫʙʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʦʨʽʻʥʪʦʚʘʥʽ ʚ ʧʣʦʱʠʥʽ 

(111) ʧʽʜʢʣʘʜʢʠ ʟ ʟʦʣʦʪʘ). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ 

(9, 0), (12, 0) ʽ (15, 0) ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 10.26, ʙ, ʚ. 

ʅʘ ʥʘʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʚʽʜ ʝʥʝʨʛʽʾ ʯʽʪʢʦ ʚʠʜʥʦ ʨʽʟʢʽ ʧʨʦʚʘʣʠ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʩʤʫʛ 

ʟʘʙʦʨʦʥʝʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʝʥʝʨʛʽʡ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ, ʪʦʙʪʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʜʦʩʣʽʜʞʝʥʠʭ 

ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ. ʐʠʨʠʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʱʽʣʠʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʚ.Ii ʦ.i 

ʥʫʣʴʦʚʽʡ ʛʫʩʪʠʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʩ ʪʠʤ ʙʽʣʴʰʦʶ, ʯʠʤ ʤʝʥʰʽ 

ʽʥʜʝʢʩʠ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʥʦʪʨʫʙʢʠ, ʪʦʙʪʦ ʯʠʤ ʤʝʥʰʠʡ iµ ʨʘʜʽʫʩ. ɼʣʷ 

ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 10.26 ʥʘʥʦʪʨʫʙʦʢ (9, 0), (12, 0) i (15, 0) ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ  ʪʘʢʽ  ʟʥʘʯʝʥʥʷ   ʟʘʙʦʨʦʥʝʥʦʾ   ʟʦʥʠ   ð  0,080 + 0,005, 

0,042 1 0,004 i 0,029 + 0,004 eB ʚʽʜʧʦʚʽʜʥʦ. 

ɿʤʽʥʠ h ʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ (ʣ' 0) ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ ʨʘʜʽʫʩʘ, ʦʜʝʨʞʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʮʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 10.27. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 10.27, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʤʽʥʠ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʦʙʨʝ ʝʢʩʪʨʘʧʦʣʶʶʪʴʩʷ ʦʙʝʨʥʝʥʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ 
 ̱

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɽʥʝʨʛʽʷ, eB 

(10.25) 

 

ʈʠʩ. 10.26. ɸʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ i ʩʧʝʢʪʨʠ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ zigzag-ʢoʥʬiʛypaʮi'i: ʘ ð ʪʠʧʦʚʘ ʢʘʨʪʠʥʘ ʥʘʥʦʪʨʫʙʢʠ (15, 0), 

ʦʪʨʠʤʘʥʘ ʟʘ dʦʣʦʤʦʵʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʘʪʦʤʘʨʥʦôʽô 

ʨʦʟʜʽʣʴʥʦñʽñʟʜʘʪʥʦʩʪʽ. ʐʢʘʣʘ ʤʘʩʰʪʘʙʫ ð 1 ʠʤ; ʙ ð ʪʠʧʦʚʽ ʢʨʠʚʽ ʪʫʥʝʣʴʥʦʛʦ 

ʢʦʥʜʘʢʪʘʥʩʫ dl/ dV i ʨʦʟʨʘʭʦʚʘʥʽ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ; ʚ ð ʪʠʧʦʚʽ 

ʢʨʠʚʽ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʢʦʥʜʘʢʪʘʥʩʫ (dl/ dV) /(I/ V) ʚʠʩʦʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ i 

ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘ ʚʩʪʘʚʢʘʭ). (ɿʛʽʜʥʦ ʟ Ouyang ʄ., Huang 

J.-L., Cheung C.L., Lieber ʉ.ʄ. Science 292 (2001) 702) 
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ʆʙʝʨʥʝʥʘ ʢʚʘʜʨʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʊ@ Eg(R) ɼʃʗ ɺ ɿʔʂʆʑʽʣʠʥʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʚʢʘʟʫʩ ʥʘ ʪʝ, ʱʦ ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʚʠʥʠʢʥʝʥʥʽ ʟʘʙʦʨʦʥʝʥʦʾ 

ʱʽʣʠʥʠ ʝʥʝʨʛʽʡ ʚʽʜʽʛʨʘʩ ʚʠʢʨʠʚʣʝʥʥʷ ʛʨʘʬʽʪʦʚʦʛʦ ʣʠʩʪʘ, ʷʢʝ ʟʤʝʥʰʫʩ 

ʧʝʨʝʢʨʠʪʪʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʥʽʭ ʘʪʦʤʥʠʭ /ʪ-ʦʨʙʽʪʘʣʝʡ i ʟʤʽʱʫʩ 

ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ kF. ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʝʥʝʨʛʽʾ ʌʝʨʤʽ, ʟ ʂ ʪʦʯʢʠ 

ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ ʛʨʘʬʽʪʫ. ʄʦʜʝʣʴ ʞʦʨʩʪʢʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ 

ʧʝʨʝʜʙʘʯʘʩ ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʜʣʷ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ zigzag- 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘʣʝʞʥʽʩʪʴ 

ɽ (10.26) 
 

ʜʝ ʫ ð ʦʙʤʽʥʥʠʡ ʤʘʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʞʦʨʩʪʢʦʛʦ ʟʚôʷʟʢ ; do 0,142 ʠʤ 

ð ʤʽʞʘʪʦʤʥʘ ʚʽʜʩʪʘʥʴ ʫ ʛʨʘʬʽʪʽ. 
 
 
 
 
 
 
 
 
 

 
0.?5 0.ʌ 0.45 0.50 0.55 0.80 

ʈʘʜʽʫʩ ʥʘʥʦʪʨʫʙʢʠ, ʥʤ 

 
ʈʠʩ. 10.27. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦñʽñʟʦʥʠ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ (nô, 0) 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ̫ ʢ ʬʫʥʢʮʽʷ 'ʽ'ʭʥʴʦʛʦ ʨʘʜʽʫʩʘ. ʂʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʪʦʯʢʘ (ʪʨʠʢʫʪʥʠʢ) ʚʽʜʦʙʨʘʞʘʩ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʜʣʷ ʦʜʥʽʩôʽôʦʢʨʝʤʦʽò (ʧô, 0) 

ʥʘʥʦʪʨʫʙʢʠ. ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ð ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʘ ʢʨʠʚʘ Eg ɸ / R*. (ɿʘ ʜʘʥʠʤʠ 

ʨʦʙʦʪʠ Ouyang ʄ., Huang J.-L., Cheung C.L., Lieber ʉ.ʄ. Science 292 (2001) 702) 

 
ʍʘʨʘʢʪʝʨ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʨʝʘʣʴʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʚʣʘʩʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʁʦʛʦ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ 

ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʤʝʪʨʽʾ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʪʨʫʙʢʠ, ʩʧʨʠʯʠʥʝʥʽ ʚʧʣʠʚʦʤ iµ 

ʦʪʦʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʧʣʠʚʦʤ ʩʫʩʽʜʥʽʭ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ ʦʨʛʘʥʽʟʫʶʪʴʩʷ 

ʚ ʧʫʯʦʢ. ʊʘʢʽ ʩʧʦʪʚʦʨʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʧʦʷʚʫ ʱʽʣʠʥʠ ʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʥʘʥʦʪʨʫʙʢʠ i ʧʝʨʝʚʦʜʠʪʠ iµ ʟ ʦʜʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ, ʥʘʧʨʠʢʣʘʜ, ʟ ʤʝʪʘʣʝʚʦʛʦ ʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ. ʄʦʞʣʠʚʦʩʪʽ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 

ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʘʛʪʩhʘʽʛ- 

ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʅʘ ʨʠʩ. 10.28 ʧʦʜʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʢʦʥʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 
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ʘʪʦʤʘʨʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ armchair- 

ʢʦʥʬʽʛʫʨʘʮʽʾ (16, 8). ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʣʘ ʪʽʣʴʢʠ ʚ ʪʦʤʫ, ʱʦ ʫ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʥʘʥʦʪʨʫʙʢʘ, ʷʢʘ ʚʠʨʦʩʣʘ ʫ ʩʢʣʘʜʽ 

ʧʫʯʢʘ ʧʦʜʽʙʥʠʭ, ʘ ʫ ʜʨʫʛʦʤʫ ð ʽʥʜʠʚʽʜʫʘʣʴʥʘ, ̔ ʟʦʣʴʦʚʘʥʘ. 

ʇʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʜʚʘ ʤʦʤʝʥʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ð ʧʦʨʽʚʥʷʥʥʷ 

ʪʫʥʝʣʴʥʠʭ ʩʧʝʢʪʨʽʚ ʟ ʨʦʟʨʘʭʦʚʘʥʦʶ ʛʫʩʪʠʥʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʜʣʷ 

ʽʟʦʣʴʦʚʘʥʦʾ ʦʜʥʦʩʪʽʥʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ (16, 8) i ʧʦʚʝʜʽʥʢʘ ʮʠʭ 

ʩʧʝʢʪʨʽʚ ʚ ʦʢʦʣʽ ʥʫʣʴʦʚʦʛʦ ʟʤʽʱʝʥʥʷ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʜʥʝʡ'ʛʽʣ, eJ3 

 

ʈʠʩ. 10.28. ɸʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ i ʩʧʝʢʪʨʠ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

armchair-ʢʦʥʬʽʛʫʨʘʮʽôʽô: ʘ ð ʢʘʨʪʠʥʘ ʥʘʥʦʪʨʫʙʢʠ (16, 8) ʚ ʩʢʣʘʜʽ ʧʫʯʢʘ, ʦʪʨʠʤʘʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʘʪʦʤʘʨʥʦòʽòʨʦʟʜʽʣʴʥʦñʽñ 

ʟʜʘʪʥʦʩʪʽ; ʙ ð ʢʘʨʪʠʥʘ ̔ ʟʦʣʴʦʚʘʥʦòʽòʥʘʥʦʪʨʫʙʢʠ (16, 8) ʥʘ ʧʽʜʢʣʘʜʮʽ Aʠ(111). 

ʐʢʘʣʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ð 1 ʥʤ; ʚ ð ʢʨʠʚʽ ʪʫʥʝʣʴʥʦʛʦ ʢʦʥʜʘʢʪʘʥʩʫ dl/ dV 

ʥʘʥʦʪʨʫʙʢʠ (16, 8), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʘʤ (ʘ) i (ʙ). ʅʠʞʯʝ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʘ ʨʦʟʨʘʭʦʚʘʥʘ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ 

ʜʣʷ ʽʟʦʣʴʦʚʘʥʦñʽñʥʘʥʦʪʨʫʙʢʠ (16, 8); ʛ ð ʪʠʧʦʚʽ ʢʨʠʚʽ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ 

ʢʦʥʜʘʢʪʘʥʩʫ (dl/ dV) / (i/ V) ʚʠʩʦʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ i ʚʦʣʴʪ-ʘʤʧʝʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘ ʚʩʪʘʚʢʘʭ). ( ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ Ouyang ʄ., Huang J.-L., 

Cheung C.L., Lieber ʉ.ʄ. Science 292 (2001) 702) 
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ʉʪʦʩʦʚʥʦ ʧʝʨʰʦʛʦ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʥʘ ʰʢʘʣʽ 

ʝʥʝʨʛʽʡ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽʟʦʣʴʦʚʘʥʦʾ ʥʘʥʦʪʨʫʙʢʠ ʽ 

ʥʘʥʦʪʨʫʙʢʠ ʫ ʧʫʯʢʫ ʧʦʜʽʙʥʠʭ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ 

ʟ ʧʦʣʦʞʝʥʥʷʤʠ ʧʽʢʽʚ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽʟʦʣʴʦʚʘʥʦʾ ʥʘʥʦʪʨʫʙʢʠ (16, 8). ʎʝ ʚʢʘʟʫʻ 

ʥʘ ʪʝ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʽʟʦʣʴʦʚʘʥʠʭ ʽ ʟʛʨʫʧʦʚʘʥʠʭ ʫ 

ʧʫʯʦʢ ʥʘʥʦʪʨʫʙʦʢ ʫ ʨʘʟʽ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʧʦʜʽʙʥʽ ʽ ʚʟʘʻʤʦʜʽʷ ʪʨʫʙʢʘ- 

ʪʨʫʙʢʘ ʥʝ ʟʙʫʨʶʻ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʜʘʣʝʢʦʤʫ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɺ ʦʢʦʣʽ ʥʫʣʴʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʪʫʥʝʣʴʥʽ ʩʧʝʢʪʨʠ ʥʘʥʦʪʨʫʙʢʠ ʚ ʧʫʯʢʫ 

ʡ ʽʟʦʣʴʦʚʘʥʦʾ ʥʘʥʦʪʨʫʙʢʠ ʽʩʪʦʪʥʦ ʨʽʟʥʽ ï ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ 

ʙʘʯʠʤʦ ʧʦʷʚʫ ʱʽʣʠʥʦʧʦʜʽʙʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʛʫʩʪʠʥʽ ʩʪʘʥʽʚ ʚ ʦʢʦʣʽ 

ʨʽʚʥʷ ʌʝʨʤʽ, ʯʦʛʦ ʥʝʤʘʻ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ. ʎʷ ʱʽʣʠʥʘ ʻ 

ʜʦʩʪʘʪʥʴʦ ʽʩʪʦʪʥʦʶ ï ʧʨʠʙʣʠʟʥʦ 100 ʤʝɺ, ʘʣʝ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʥʝ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʜʦ ʥʫʣʷ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ. ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʧʩʝʚʜʦʱʽʣʠʥ. ʗʢ ʽ ʝʥʝʨʛʝʪʠʯʥʘ ʱʽʣʠʥʘ ʫ 

ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ ʥʘʥʦʪʨʫʙʢʘʭ zigzag-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʧʩʝʚʜʦʱʽʣʠʥʘ ʫ 

ʥʘʥʦʪʨʫʙʢʘʭ armchair-ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʫʩʘ ʥʘʥʦʪʨʫʙʢʠ ʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ. 

ʅʘ ʷʢʽʩʥʦʤʫ ʨʽʚʥʽ ʧʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʧʩʝʚʜʦʱʽʣʠʥʠ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʞʣʠʚʦʾ ʧʦʚʝʜʽʥʢʠ -́  ̔  ́ *-ʟʦʥ. ɺ ʽʟʦʣʴʦʚʘʥʽʡ 

armchair ʦʜʥʦʩʪʽʥʥʽʡ ʚʫʛʣʝʮʝʚʽʡ ʥʘʥʦʪʨʫʙʮʽ -́  ̔  ́ *-ʟʦʥʠ ʤʘʶʪʴ ʨʽʟʥʫ 

ʧʘʨʥʽʩʪʴ ʱʦʜʦ ʦʧʝʨʘʮʽʾ ʚʽʜʙʠʪʪʷ ʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ ʙʝʟ 

ʫʪʚʦʨʝʥʥʷ ʱʽʣʠʥʠ. ʆʜʥʘʢ ʢʦʣʠ ʩʠʤʝʪʨʽʷ ʚʽʜʥʦʩʥʦ ʦʙʝʨʪʘʥʥʷ 

ʧʦʨʫʰʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʩʠʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʪʨʫʙʢʘ-ʪʨʫʙʢʘ, -́ ʽ ́ *- 

ʟʦʥʠ ʟʤʽʰʫʶʪʴʩʷ, ʱʦ ʚʝʜʝ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʩʝʚʜʦʱʽʣʠʥʠ ʥʘ ʨʽʚʥʽ 

ʌʝʨʤʽ. 

ɿʘʢʽʥʯʫʶʯʠ ʨʦʟʛʣʷʜ ʮʴʦʛʦ ʧʠʪʘʥʥʷ, ʤʦʞʝʤʦ ʧʽʜʩʫʤʫʚʘʪʠ, ʱʦ ʟʘ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʬʦʨʤʫʶʪʴ ʪʨʠ 

ʚʝʣʠʢʽ ʢʣʘʩʠ ʤʘʪʝʨʽʘʣʽʚ ï ʧʨʦʚʽʜʥʠʢʠ, ʚʫʟʴʢʦʱʽʣʠʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ 

ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʽʟ ʩʝʨʝʜʥʴʦʶ ʘʙʦ ʰʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. 

ʊʘʢʽ ʚʘʞʣʠʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʷʢ 

ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʽ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʝʨʝʜʫʩʽʤ ʾʭʥʽʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʨʘʜʽʫʩʦʤ ʦʩʥʦʚʠ 

ʽ ʢʠʨʘʣʴʥʽʩʪʶ. ɸʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʜʦʚʦʣʽ ʚʽʜʯʫʪʥʠʭ ʟʤʽʥ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʩʠʤʝʪʨʽʶ ʩʪʨʫʢʪʫʨʠ 

ʥʘʥʦʪʨʫʙʢʠ. 
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10.4. ɼɽʌɽʂʊʀ ʋ ɺʋɻʃɽʎɽɺʀʍ ʅɸʅʆʊʈʋɹʂɸʍ 
 

ʈʝʘʣʴʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʩ ʜʘʣʝʢʦ ʥʝ ʽʜʝʘʣʴʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʬʝʢʪʠ, ̫ ʢʽ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʩʠʥʪʝʟʫ ʥʘʥʦʪʨʫʙʦʢ, ʾʭʥʴʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʣʝʛʫʚʘʥʥʷ, 

ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ. ʋ ʥʘʡʢʨʘʱʠʭ 

ʥʘʥʦʪʨʫʙʢʘʭ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʪʨʴʦʭ ʚʽʜʩʦʪʢʽʚ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 

ʨʦʟʤʽʱʘʶʪʴʩʷ ʚ ʧʦʟʠʮʽʷʭ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʽʜʝʘʣʴʥʫ ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ 

ʾʭʥʴʦʾ ʧʦʚʝʨʭʥʽ i, ʦʪʞʝ, ʬʦʨʤʫʶʪʴ ʜʝʬʝʢʪʠ. ʉʝʨʝʜ ʜʝʬʝʢʪʽʚ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʫ ʾʭʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʩʝʤʠʢʫʪʥʠʢʽʚ, ʚʘʢʘʥʩʽʡ, ʜʠʩʣʦʢʘʮʽʡ, ʣʝʛʫʚʘʣʴʥʠʭ ʘʪʦʤʽʚ 

ʪʦʱʦ. 

ʉʪʨʫʢʪʫʨʠ ʜʝʬʝʢʪʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʜʽʣʝʥʽ ʥʘ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

Å ʥʘʥʦʪʨʫʙʢʠ ʟ ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʪʦʙʪʦ ʪʘʢʽ, ̫ ʢʽ ʤʽʩʪʷʪʴ 

ʚʫʛʣʝʮʝʚʽ ʢʽʣʴʮʷ, ʚʽʜʤʽʥʥʽ ʚʽʜ ʰʝʩʪʠʢʫʪʥʠʢʽʚ; 

Å ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʝʬʝʢʪʘʤʠ ʨʝʛʽʙʨʠʜʠʟʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʠʤʠ 

ʩʭʠʣʴʥʽʩʪʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʜʦ sp2 i sʨô-ʛʽʙʨʠʜʠʟʘʮʽʾ; 
Å ʥʘʥʦʪʨʫʙʢʠ ʟ ʜʝʬʝʢʪʘʤʠ ʥʝʟʘʧʦʚʥʝʥʠʭ ʟʚôʷʟʢʽʚ ð ʚʘʢʘʥʩʽʷʤʠ, 

ʜʠʩʣʦʢʘʮʽʷʤʠ ʪʦʱʦ; 

Å ʣʝʛʦʚʘʥʽ ʥʘʥʦʪʨʫʙʢʠ, ʚ ̫ ʢʠʭ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʟʘʤʽʱʝʥʽ ʘʪʦʤʘʤʠ 

ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʠʚʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ i, ʧʝʨʝʜʫʩʽʤ, ʫ ʪʦʤʫ ʘʩʧʝʢʪʽ, ʱʦ ʜʝʬʝʢʪʠ ʽʩʪʦʪʥʦ, ʘ ̔ ʥʢʦʣʠ 

ʢʘʨʜʠʥʘʣʴʥʦ, ʟʤʽʥʶʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ. 3 ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ 

ʦʟʥʘʯʘʩ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʛʘʪʠʚʥʠʤ ʯʠʥʥʠʢʦʤ, 

ʷʢʠʡ ʫʩʢʣʘʜʥʶʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʾʭʥʴʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʝʨʝʟ ʩʢʣʘʜʥʦʱʽ ʡʦʛʦ 

ʢʦʥʪʨʦʣʶ. ʇʨʦʪʝ, ʟ ̔ ʥʰʦʛʦ ʙʦʢʫ, ʮʝ ʦʟʥʘʯʘʩ, ɦ ʦ ʚʚʝʜʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ 

ʚʫʛʣʝʮʝʚʫ ʩʽʪʢʫ ʧʦʚʝʨʭʥʽ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ 

ʟʘʩʦʙʦʤ ʟʤʽʥʠ iµ ʚʣʘʩʪʠʚʦʩʪʝʡ i ʩʪʚʦʨʝʥʥʷ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʦʚʠʭ 

ʩʪʨʫʢʪʫʨ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʧʨʠʣʘʜʽʚ ʥʦʚʦʛʦ 

ʇʆʂʆʃɰʅʅʗ. 

ʊʦʧʦʣʦʛʽʯʥʽ ʜʝʬʝʢʪʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʨʦʜʠ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʟôʷʚʣʷʶʪʴʩʷ ʧʝʨʝʜʦʚʩʽʤ ʧʦʙʣʠʟʫ ʾʭʥʽʭ ʟʘʢʨʠʪʠʭ ʢʽʥʮʽʚ, 

ʘʜʞʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧôʷʪʠʢʫʪʥʠʢʽʚ (ʯʠ ʽʥʰʠʭ ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ ʟ 

ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʰʝʩʪʠ ʢʽʣʴʢʽʩʪʶ ʩʪʦʨʽʥ) ʩ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ 
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ʟʛʦʨʪʘʥʥʷ ʧʣʦʩʢʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʚ ʟʘʢʨʠʪʫ ʧʨʦʩʪʦʨʦʚʫ ʬʽʛʫʨʫ. 

ɸʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʚʠʟʥʘʯʘʩ iµ 

ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʝʨʝʜʦʚʩʽʤ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ. ɺʽʜʪʘʢ ʪʦʧʦʣʦʛʽʯʥʽ ʜʝʬʝʢʪʠ, ʟʤʽʥʶʶʯʠ ʘʪʦʤʥʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʥʦʪʨʫʙʢʠ, ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠ ʛʫʩʪʠʥʫ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ, ʘ ʯʝʨʝʟ ʥʝʾ i ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʟ ʛʫʩʪʠʥʦʶ ʩʪʘʥʽʚ 

ʟʚôʷʟʘʥʽ. ʇʽʜ ʚʧʣʠʚʦʤ ʪʦʧʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʪʨʫʙʢʠ 

ʟʤʽʥʶʩʪʴʩʷ ʣʦʢʘʣʴʥʦ, ʪʦʤʫ i ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʪʘʢʦʞ ʟʤʽʥʶʩʪʴʩʷ 

ʣʦʢʘʣʴʥʦ. ʆʩʢʽʣʴʢʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʥʘʥʦʪʨʫʙʢʠ ʜʦ iµ ʜʽʘʤʝʪʨʘ ʩ 

ʟʘʟʚʠʯʘʡ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʧʝʨʝʚʠʱʫʩ 102 ð 103, ʪʦʧʦʣʦʛʽʯʥʽ ʜʝʬʝʢʪʠ, 

ʱʦ ʟʘʤʠʢʘʶʪʴ ʥʘʥʦʪʨʫʙʢʫ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʪʽʣʴʢʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ iµ 

ʧʨʠʢʽʥʮʝʚʦʾ ʦʙʣʘʩʪʽ, ʟʘʣʠʰʘʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ 

ʥʘʥʦʪʨʫʙʢʠ ʥʝʟʤʽʥʥʠʤʠ. ʎʝ ʥʘʦʯʥʦ ʧʽʜʪʚʝʨʜʞʫʩ ʭʘʨʘʢʪʝʨ ʟʤʽʥ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʧʦʙʣʠʟʫ ʟʘʢʨʠʪʦʛʦ ʢʽʥʮʷ ʥʘʥʦʪʨʫʙʢʠ, ʷʢʠʡ ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʥʦʪʨʫʙʢʠ 

(10, 10) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.29. 

ɽʥʝʨʛʽʷ, eB 

 
ʈʠʩ. 10.29. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʟʜʦʚʞ armchair (10, 10) ʥʘʥʦʪʨʫʙʢʠ, ʚʝʨʰʠʥʘ ̫ ʢʦñʽñ 

ʩʬʦʨʤʦʚʘʥʘ ʧʦʣʦʚʠʥʦʶ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʘ ʉʭ4è. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʣʽʥʽñʽñʚʢʘʟʫʶʪʴ 

ʥʫʣʴʦʚʫ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ. ʈʽʚʝʥʴ ʌʝʨʤʽ ʚʽʜʧʦʚʽʜʘʚ ʥʫʣʴʦʚʽʡ ʝʥʝʨʛʽñʽô. ʂʨʠʚʽ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʫʩʝʨʝʜʥʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʪʦʤʘʨʥʦñʽñʩʪʨʫʢʪʫʨʠ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʥʘʥʦʪʨʫʙʢʠ, ʧʦʟʥʘʯʝʥʠʭ ʙʫʢʚʘʤʠ ʘ ð g, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

ʧʨʘʚʦʨʫʯ. (ɿʛʽʜʥʦ ʟ Charlier J.-C. Acc. Chem. Res., 35 (2002) 1063) 

 
ʉʪʨʫʢʪʫʨʘ (10, 10) ð ʮʝ ʤʝʪʘʣʝʚʘ ʥʘʥʦʪʨʫʙʢʘ. ʋ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʦʙʣʘʩʪʽ ʚʦʥʘ ʤʘʩ ʧʦʩʪʽʡʥʫ, ʚʽʜʤʽʥʥʫ ʚʽʜ ʥʫʣʷ, ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʫ 

ʰʠʨʦʢʦʤʫ, ʙʣʠʟʴʢʦ + 1 eB, ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ʚ ʦʢʦʣʽ ʨʽʚʥʷ ʌʝʨʤʽ, 
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ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ ʥʘ ʜʽʘʛʨʘʤʘʭ ʨʠʩ. 10.29 ʚʝʜʝʪʴʩʷ ʚʽʜʣʽʢ ʝʥʝʨʛʽʾ  

(ʨʠʩ. 10.29, g). 

ʇʨʦʪʝ ʧʨʠ ʟʤʽʱʝʥʥʽ ʫ ʥʘʧʨʷʤʢʫ ʜʦ ʟʘʢʨʠʪʦʛʦ ʟʘʢʽʥʯʝʥʥʷ 

ʥʘʥʦʪʨʫʙʢʠ ʩʠʪʫʘʮʽʷ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʩʪʴʩʷ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʨʠʩʦʶ 

ʮʠʭ ʟʤʽʥ ʩ ʧʦʷʚʘ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʛʦ ʨʽʟʢʦʛʦ ʧʽʢʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʧʦʙʣʠʟʫ 

ʨʽʚʥʷ ʌʝʨʤʽ, ʷʢʠʡ ʘʩʦʮʽʶʩʪʴʩʷ ʟ ʥʘʷʚʥʽʩʪʶ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʥʘ ʚʝʨʰʠʥʽ 

ʥʘʥʦʪʨʫʙʢʠ. ʊʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʧʦʣʴʦʚʦʾ ʝʤʽʩʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʽʚ, ʝʤʽʪʦʚʘʥʠʭ ʧʦʣʝʤ 

ʟ ʤʘʩʠʚʽʚ ʪʘʢʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʚʝʨʰʠʥ. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʫʩʪʠʥʽ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʟʘʩʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ i ʩʪʫʧʝʥʷ ʾʭʥʴʦʾ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘ ʢʽʥʮʽ ʚʫʛʣʝʮʝʚʦʾ 

ʥʘʥʦʪʨʫʙʢʠ. ʈʽʟʥʽ ʪʦʧʦʣʦʛʽʾ ʟʘʢʽʥʯʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʫʪʴ 

ʩʧʨʠʯʠʥʷʪʠ ʟʤʽʥʫ ʧʦʣʦʞʝʥʠʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʢʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʷʢʠʡ 

ʤʦʞʝ ʣʦʢʘʣʽʟʫʚʘʪʠʩʷ ʷʢ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ ʚʘʣʝʥʪʥʠʭ ʩʪʘʥʽʚ, ʪʘʢ i 

ʝʥʝʨʛʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʘʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʚʝʨʰʠʥʠ ʥʘʥʦʪʨʫʙʢʠ ʩʧʨʠʯʠʥʷʩ ʨʦʟʰʠʨʝʥʥʷ ʧʽʢʘ, 

ʦʯʝʚʠʜʥʦ, ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʚʧʣʠʚʫ ʧôʷʪʠʢʫʪʥʠʢʽʚ. 

ʑʝ ʦʜʥʠʤ ʽʟ ʚʠʜʽʚ ʪʦʧʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʷʢʽ ʜʦʚʦʣʽ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʩ ʪʘʢ ʟʚʘʥʽ 7-5-5-7 ʜʝʬʝʢʪʠ (ʘʙʦ 

ʜʝʬʝʢʪʠ Stone-Wales), ʷʢʽ ʤʽʩʪʷʪʴ ʧʘʨʫ ʧôʷʪʠʯʣʝʥʥʠʭ i ʧʘʨʫ 

ʩʝʤʠʯʣʝʥʥʠʭ ʢʽʣʝʮʴ (ʨʠʩ. 10.30). ɼʝʬʝʢʪ 7-5-5-7 ʩʧʨʠʯʠʥʷʩ ʣʦʢʘʣʴʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ʙʦʢʦʚʦʡ ʛʨʘʬʽʪʦʚʦʾ ʩʪʽʥʢʠ ʥʘʥʦʪʨʫʙʢʠ i, ʦʪʞʝ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʨʠʚʣʝʥʥʷ ʫ ʤʽʩʮʽ ʣʦʢʘʣʽʟʘʮʽʾ. ʅʘʡʙʽʣʴʰʝ ʚʠʢʨʠʚʣʝʥʥʷ 

ʽʩʥʫʩ ʥʘ ʤʝʞʽ ʤʽʞ ʜʚʦʤʘ ʧôʷʪʠʯʣʝʥʥʠʤʠ ʢʽʣʴʮʷʤʠ, ʱʦ ʟʫʤʦʚʣʶʩ 

ʜʦʩʪʘʪʥʴʦ ʽʩʪʦʪʥʽ ʜʦʜʘʪʢʦʚʽ ʚʧʣʠʚʠ ʥʘ ʧʦʜʚʽʡʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʘʪʦʤʘʤʠ 

ʚʫʛʣʝʮʶ ʫ ʮʠʭ ʧʦʟʠʮʽʷʭ. 
 

ʈʠʩ. 10.30. 7-5-5-7 ʜʝʬʝʢʪ ʥʘ ʙʦʢʦʚʽʡ ʩʪʽʥʮʽ ʚʫʛʣʝʮʝʚʦñʽñʥʘʥʦʪʨʫʙʢʠ 



243  

ʄʦʞʣʠʚʦ, ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʪʦʧʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʻ ʜʝʬʝʢʪʠ ʪʠʧʫ 5-7, ʩʬʦʨʤʦʚʘʥʽ ʦʜʠʥʘʨʥʦʶ 

ʧʘʨʦʶ ʧôʷʪʠʢʫʪʥʠʢ-ʩʝʤʠʢʫʪʥʠʢ ʘʙʦ ʾʭʥʴʦʶ ʩʫʢʫʧʥʽʩʪʶ ʫ ʛʝʢʩʘʛʦʥʘʣʴ- 

ʥʽʡ ʩʪʨʫʢʪʫʨʽ ʤʽʞ ʜʚʦʤʘ ʩʝʛʤʝʥʪʘʤʠ ʥʘʥʦʪʨʫʙʢʠ ʨʽʟʥʦʾ ʢʠʨʘʣʴʥʦʩʪʽ. 

ʆʩʢʽʣʴʢʠ ʢʠʨʘʣʴʥʽʩʪʴ ʥʘʥʦʪʨʫʙʢʠ ʚʠʟʥʘʯʘʻ ʾʾ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʪʘʢʠʡ ʜʝʬʝʢʪ, ʷʢ ʚʚʘʞʘʻʪʴʩʷ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʦʢ ʥʘʥʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ. ʎʽ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʦʢ ʤʦʛʣʠ ʙʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ ʥʘʥʦ- 

ʧʝʨʝʭʦʜʠ ʤʝʪʘʣ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʤʝʪʘʣ-ʤʝʪʘʣ ʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ- 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʂʦʣʠ ʧôʷʪʠʢʫʪʥʠʢ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʩʝʤʠʢʫʪʥʠʢʦʤ, ʮʝ ʚʠʢʣʠʢʘʻ 

ʪʦʧʦʣʦʛʽʯʥʽ ʟʤʽʥʠ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʩʪʠʡ ʣʦʢʘʣʴʥʠʡ 

ʪʦʧʦʣʦʛʽʯʥʠʡ ʜʝʬʝʢʪ. ʊʘʢʘ 5-7 ʧʘʨʘ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʤʘʣʫ ʣʦʢʘʣʴʥʫ 

ʧʦʧʝʨʝʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʥʘʥʦʪʨʫʙʢʠ. ɺʦʥʘ ʤʦʞʝ ʪʘʢʦʞ ʛʝʥʝʨʫʚʘʪʠ 

ʤʘʣʽ ʟʤʽʥʠ ʫ ʢʠʨʘʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʛʨʘʬʽʪʦʚʦʾ ʩʽʪʢʠ ʩʪʽʥʢʠ ʥʘʥʦʪʨʫʙʢʠ. ʅʘ ʨʠʩ. 10.31 

ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʝ ʟôʻʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʾ 5-7 ʧʘʨʠ ʜʚʦʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʅʘʥʦʪʨʫʙʢʘ (8, 0) ï ʮʝ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʘ ʩʪʨʫʢʪʫʨʘ. ɺʦʥʘ ʤʘʻ 

ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʟ ʰʠʨʠʥʦʶ ʙʣʠʟʴʢʦ 1,2 ʝɺ. ʅʘʥʦʪʨʫʙʮʽ (7, 1) 

ʧʨʠʪʘʤʘʥʥʽ ʧʨʘʢʪʠʯʥʦ ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʦʯʘ, ʷʢʱʦ ʪʦʯʥʽʰʝ, 

ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʚʫʟʴʢʦʾ ʱʽʣʠʥʠ, 

ʽʥʜʫʢʦʚʘʥʦʾ ʚʠʢʨʠʚʣʝʥʥʷʤ ʤʦʥʦʘʪʦʤʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ. ʆʪʞʝ, 

ʦʙôʻʜʥʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʽ ʤʝʪʘʣʝʚʦʾ ʥʘʥʦʪʨʫʙʦʢ, ʚʠʢʦʨʠʩ- 

ʪʦʚʫʶʯʠ 5-7 ʧʘʨʫ, ʽʥʢʦʨʧʦʨʦʚʘʥʫ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʩʽʪʢʫ, ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʷʢ ʦʩʥʦʚʘ ʥʘʥʦʜʽʦʜʽʚ ʯʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʽʦʜʽʚ ʜʣʷ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. 

ɺʫʛʣʝʮʝʚʘ ʥʘʥʦʪʨʫʙʢʘ ʤʦʞʝ ʚʪʨʘʯʘʪʠ ʘʪʦʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚʥʘʩʣʽʜʦʢ ʦʧʨʦʤʽʥʝʥʥʷ ʯʠ ʧʦʚʪʦʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʨʦʩʪʫ. 

ʗʢ ʨʝʘʛʫʚʘʪʠʤʝ ʧʦʚʝʨʭʥʷ ʥʘʥʦʪʨʫʙʢʠ ʥʘ ʪʘʢʽ ʚʪʨʘʪʠ? ʈʝʟʫʣʴʪʘʪʦʤ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʛʣʘ ʙʠ ʙʫʪʠ ʘʙʦ ʩʪʨʫʢʪʫʨʘ ʚʠʩʦʢʦʾ ʜʝʬʝʢʪʥʦʩʪʽ 

ʧʦʯʘʪʢʦʚʠʭ ʨʦʟʤʽʨʽʚ, ʘʙʦ ʮʽʣʢʦʤ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʘ ʘʪʦʤʥʘ ʩʽʪʢʘ 

ʩʪʠʩʥʫʪʦʛʦ ʨʦʟʤʽʨʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʽʟʦʣʴʦʚʘʥʠʭ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʫʧʨʦʜʦʚʞ ʾʭʥʴʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʽʩʪʦʪʥʝ 

ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʪʨʫʙʢʠ ʚʽʜ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʙʣʠʟʴʢʦ 1,36 ʥʤ 

ʜʦ ʥʝʡʤʦʚʽʨʥʦ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ï ʧʨʠʙʣʠʟʥʦ 0,4 ʥʤ, ʪʦʙʪʦ ʥʘʡʤʝʥʰʠʭ 

ʟ ʜʽʘʤʝʪʨʽʚ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ ʢʦʣʠ-ʥʝʙʫʜʴ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ. 
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ʈʠʩ. 10.31. ʘ ð ʘʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ (8, 0) ð (7, 1) 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʧʝʨʝʭʦʜʫ. ʊʝʤʥʠʤʠ ʢʫʣʴʢʘʤʠ 

ʧʦʟʥʘʯʝʥʦ ʘʪʦʤʠ, ɦ ʦ ʬʦʨʤʫʶʪʴ ʧʘʨʫ ʧôʷʪʠʢʫʪʥʠʢ-ʩʝʤʠʢʫʪʥʠʢ; 

ʙ ð ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʥʘʥʦʪʨʫʙʦʢ (8, 0) i (7, 1). (ɿʛʽʜʥʦ ʟ 

Chico L., Crespi V.H., Benedict L.X. et all. Phys. Rev. Lett., 96 (1996) 971) 

ɺ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʥʦʪʨʫʙʢʠ ʧʦʚʽʣʴʥʦ i ʧʦʩʪʽʡʥʦ 

ʚʪʨʘʯʘʶʪʴ ʘʪʦʤʠ ʚʫʛʣʝʮʶ. ɺʪʨʘʪʘ ʘʪʦʤʽʚ ʩʪʚʦʨʶʩ ʚʘʢʘʥʩʽʡ. ɺʘʢʘʥʩʽʡ 

ʤʦʞʫʪʴ ʦʙôʩʜʥʫʚʘʪʠʩʷ ʫ ʚʝʣʠʢʽ ʜʽʨʠ i ʪʦʜʽ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ 

ʚʠʩʷʯʠʭ ʟʚôʷʟʢʽʚ, ʷʢʽ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʩʠʩʪʝʤʘ 

ʩʪʘʚʘʣʘ ʙʠ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʩʪʘʙʽʣʴʥʦʶ. ʊʦʤʫ ʚʽʜʙʫʚʘʩʪʴʩʷ 

ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʮʠʭ ʜʽʨʦʢ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷʤ ʘʪʦʤʽʚ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʪʨʫʙʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʩʪʴʩʷ ʮʠʣʽʥʜʨ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʘ ʟ 

ʤʦʥʦʘʪʦʤʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʜʝʬʝʢʪʥʦʩʪʽ. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʝʨʭʥʽ ʚ ʦʜʥʦʩʪʽʥʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʫ ʧʨʦʮʝʩʽ ʚʠʣʫʯʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʘʪʦʤʽʚ, ʙʫʣʠ 

ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.32. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʝʨʝʙʫʜʦʚʘ ʧʦʚʝʨʭʥʽ i ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʜʦʩʢʦʥʘʣʦʾ (10, 10) ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʚʽʜʙʫʚʘʩʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʥʘʩʠʯʝʥʥʷ ʦʙʽʨʚʘʥʠʭ ʟʚôʷʟʢʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʫ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʢʽʣʝʮʴ ʟ ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʰʝʩʪʠ ʢʽʣʴʢʽʩʪʶ ʩʪʦʨʽʥ i ʩʧʘʨʶʚʘʥʥʷ ʫ 

ʛôʨʘʪʮʽ ʥʘʥʦʪʨʫʙʢʠ ʜʝʬʝʢʪʽʚ ʪʠʧʫ 5-7. ʉʠʤʫʣʶʚʘʥʥʷ ʚʠʷʚʠʣʦ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʽʟ ʜʽʨʦʢ, ʩʬʦʨʤʦʚʘʥʠʭ ʩʪʚʦʨʝʥʥʷʤ ʚʘʢʘʥʩʽʡ ʫ ʛ'ʨʘʪʮʽ, 

ʟʘʣʽʢʦʚʫʶʪʴʩʷ ʟʤʽʥʦʶ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʚʽʜ 

ʜʚʦʭ ʜʦ ʪʨʴʦʭ ʩʫʩʽʜʽʚ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʩʠʣʴʥʦ ʜʝʬʝʢʪʥʦʾ ʩʽʪʢʠ. 

(7,1) 
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ʈʠʩ. 10.32. ʇʦʚʝʨʭʥʷ ʦʜʥʦʩʪʽʥʥʦñʽñʚʫʛʣʝʮʝʚʦòʽòʥʘʥʦʪʨʫʙʢʠ (10, 10) 

i ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʜʦ (ʘ i ʚ) ʪʘ ʧʽʩʣʷ (ʙ i ʛ) ʪoʛo, ʷʢ ʟ ʥʝñʽñʫ ʚʠʧʘʜʢʦʚʠʡ ʩʧʦʩʽʙ ʧʦ 

ʜʦʚʞʠʥʽ ʪʨʫʙʢʠ ʙʫʣʦ ʚʠʣʫʯʝʥʦ 200 ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. (ɿʛʽʜʥʦ ʟ Ajayan ʈ.ʄ., 

Ravicurnar V.,Charlier J.-C. Phys. Rev. Lett., 81 (1998) 1437) 

 
ʅʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʧʝʨʝʙʫʜʦʚʠ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʨʽʟʥʽ 

ʥʝʛʝʢʩʘʛʦʥʘʣʴʥʽ ʢʽʣʴʮʷ, ʪʘʢʽ, ʷʢ ʢʚʘʜʨʘʪʠ, ʧôʷʪʠʢʫʪʥʠʢʠ, ʩʝʤʠʢʫʪʥʠʢʠ, 

ʚʦʩʴʤʠʢʫʪʥʠʢʠ, ʜʝʚôʷʪʠʢʫʪʥʠʢʠ i ʜʝʩʷʪʠʢʫʪʥʠʢʠ. ʆʜʥʘʢ ʢʽʣʴʮʷ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʦʨʽʥ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʠʤʠ i ʟʥʠʢʘʶʪʴ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ Stone-Wales, ʷʢʠʡ ʚʝʜʝ ʜʦ ʩʪʨʫʢʪʫʨʠ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʟ 

ʚʢʣʶʯʝʥʥʷʤʠ ʧôʷʪʠʢʫʪʥʠʭ i ʩʝʤʠʢʫʪʥʠʭ ʢʽʣʝʮʴ. ʅʘ ʨʠʩ. 10.32, ʙ 

ʧʦʢʘʟʘʥʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʘ ʧʦʚʝʨʭʥʷ ʥʘʥʦʪʨʫʙʢʠ (10, 10) ʧʽʩʣʷ ʪʦʛʦ, 

ʷʢ ʟ ʥʝʾ ʙʫʣʦ ʚʠʜʘʣʝʥʦ ʧʦʣʦʚʠʥʫ ʘʪʦʤʽʚ.  ʅʘʡʩʪʘʙʽʣʴʥʽʰʦʶ 

ʚʠʷʚʠʣʘʩʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʤʽʩʪʠʪʴ ʧôʷʪʥʘʜʮʷʪʴ ʧʘʨ 

ʜʝʬʝʢʪʽʚ ʪʠʧʫ 5-7. ʗʢ ʥʘʩʣʽʜʦʢ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʫʞʝ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʩ 

ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʢʦʣʽ ʝʥʝʨʛʽʾ ʌʝʨʤʽ (ʨʠʩ. 10.32, ʚ i 

ʚ). ʍʦʯʘ ʦʯʝʚʠʜʥʦʶ ʟʘʣʠʰʘʩʪʴʩʷ ʤʝʪʘʣʝʚʘ ʧʦʚʝʜʽʥʢʘ ʧʝʨʝʙʫʜʦʚʘʥʦʾ 

ʥʘʥʦʪʨʫʙʢʠ, ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʚʘʥ ɻʦʚʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʜʦʩʢʦʥʘʣʽʡ 

ʥʘʥʦʪʨʫʙʮʽ (ʨʠʩ. 10.32, ʚ), ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʣʠ ʜʣʷ ʜʝʬʝʢʪʥʦʾ 

ʥʘʥʦʪʨʫʙʢʠ (ʨʠʩ. 10.32, ʟ), ʱʦ ʥʘʚʦʜʠʪʴ ʥʘ ʜʫʤʢʫ, ʱʦ ʪʘʢʘ ʩʠʣʴʥʘ 

ʜʝʬʝʢʪʥʽʩʪʴ ʟʤʝʥʰʫʩ ʦʙʤʝʞʝʥʥʷ ʩʚʦʙʦʜʠ pyxy ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘʥʦʪʨʫʙʢʠ i ʚʢʘʟʫʩ ʥʘ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ 

ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʚʽʜʥʦʩʪʽ ʦʜʥʦʩʪʽʥʥʠʭ ʜʝʬʝʢʪʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

ð12.0 -8-0 gg 8 g 12,ɼ ð12.D ðt.O ʆ 4.g 8.0 12.0 
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ɺʘʞʣʠʚʫ ʨʦʣʴ ʩʝʤʠʢʫʪʥʽ ʢʽʣʴʮʷ ʚʽʜʽʛʨʘʶʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ʇʝʨʝʭʦʜʠ ʢʦʥʬʽʛʫʨʘʮʽʡ ʪʠʧʫ ñʍò, ñʋò ʽ ñʊò, ʩʬʦʨʤʦʚʘʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʢʦʚʘʣʝʥʪʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʝʨʝʭʨʝʱʝʥʠʭ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʤ ʧʫʯʢʦʤ ʟʘ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢ ʟôʷʩʫʚʘʣʦʩʷ, ʻ ʩʪʘʙʽʣʴʥʠʤʠ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʦʧʨʦʤʽʥʝʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʩʝʤʠʢʫʪʥʠʢʽʚ ʚʠʷʚʠʣʘʩʷ 

ʢʣʶʯʦʚʦʶ ʫ ʪʦʧʦʣʦʛʽʾ ʪʘʢʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ 

ʥʘʥʦʪʨʫʙʢʘʤʠ. ʆʜʠʥ ʽʟ ʪʘʢʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʽʜʝʘʣʴʥʦʛʦ ñʍò ï 

ʟôʻʜʥʘʥʥʷ armchair (5, 5)-ʥʘʥʦʪʨʫʙʢʠ, ʱʦ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʟ zigzag 

(11, 0)-ʥʘʥʦʪʨʫʙʢʦʶ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.33. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ 

ʛʣʘʜʢʫ ʪʦʧʦʣʦʛʽʶ ʧʝʨʝʭʦʜʫ, ʚ ʢʦʞʥʫ ʦʙʣʘʩʪʴ ʧʝʨʝʪʠʥʫ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʚʚʝʜʝʥʦ ʧʦ ʰʽʩʪʴ ʩʝʤʠʢʫʪʥʠʢʽʚ. 

ɽʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʝʨʝʭʦʜʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʨʦʟʛʣʷʜʫ ʭʘʨʘʢʪʝʨʫ ʛʫʩʪʠʥʠ 

ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ɰʾ ʽʣʶʩʪʨʫʶʪʴ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʪʦʤʫ ʩʘʤʦʤʫ ʨʠʩ. 10.33. ʅʘʥʦʪʨʫʙʢʘ (5, 5) ʷʢ ʧʨʝʜʩʪʘʚʥʠʢ ʢʣʘʩʫ 

armchair-ʩʪʨʫʢʪʫʨ ʤʘʻ ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ zigzag-ʥʘʥʦʪʨʫʙʢʘ 

(11, 0) ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʪʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ 

ʥʘʥʦʪʨʫʙʢʠ ʧʝʨʝʪʠʥʘʶʪʴ ʦʜʥʘ ʦʜʥʫ, ʚʠʷʚʣʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʥʘ 

ʨʽʚʥʽ ʌʝʨʤʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʠʣʴʥʫ ʤʝʪʘʣʝʚʫ ʧʦʚʝʜʽʥʢʫ. 

ʅʘʷʚʥʽʩʪʴ ʩʝʤʠʢʫʪʥʠʢʽʚ ʫ ʧʝʨʝʭʽʜʥʠʭ ʦʙʣʘʩʪʷʭ ʟʫʤʦʚʣʶʻ 

ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʜʦʥʦʨʥʠʭ ʩʪʘʥʽʚ ʫ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 10.33, ʙ ʩʪʨʽʣʢʘʤʠ. ʅʦʚʠʡ ʥʝʚʝʣʠʯʢʠʡ ʧʽʢ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ, ʷʢʠʡ ʪʘʢʦʞ ʧʦʢʘʟʘʥʠʡ 

ʩʪʨʽʣʢʦʶ, ʤʦʞʣʠʚʦ, ʩʧʨʠʯʠʥʝʥʠʡ ʩʠʣʴʥʠʤ ʚʠʢʨʠʚʣʝʥʥʷʤ ʛʨʘʬʽʪʦʚʦʛʦ 

ʰʘʨʫ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ. ɯʥʰʦʶ ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʦʙʣʘʩʪʽ 

ʧʝʨʝʭʦʜʫ ʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʝ ʟʤʝʥʰʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʘʥ ɻʦʚʘ, ʷʢʽ 

ʥʘʷʚʥʽ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʧʝʢʪʨʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʠʭʽʜʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʽ 

ʷʢʽ ʷʚʥʦ ʟʥʠʢʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ. ʎʝ ʯʽʪʢʦ ʽʣʶʩʪʨʫʻ ʟʤʝʥʰʝʥʥʷ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʮʽʻʾ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 
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ʈʠʩ. 10.33. ɽʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʜʝʘʣʴʥʦʛʦ ʍ - ʧʝʨʝʭʦʜʫ (ʦ), 

ʩʪʚʦʨʝʥʦʛʦ ʧʝʨʝʪʠʥʦʤ ʤʽʞ (5, 5) i (11, 0) ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. 

ʙ ð ʦʜʥʦʚʠʤʽʨʥʘ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦôʽô (11, 0) 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ), ʤʝʪʘʣʝʚʦñʽô (5, 5) (ʩʠʥʷ ʢʨʠʚʘ) ʥʘʥʦʪʨʫʙʦʢ, ʘ ʪʘʢʦʞ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʫʩʝʨʝʜʥʝʥʘ ʧʦ ʦʙʣʘʩʪʽ ʧʝʨʝʪʠʥʫ ʥʘʥʦʪʨʫʙʦʢ 

(ʯʦʨʥʘ ʢʨʠʚʘ). ʈʽʚʝʥʴ ʌʝʨʤʽ ʚʽʜʧʦʚʽʜʘʩ ʥʫʣʴʦʚʽʡ ʝʥʝʨʛʽñʽ: ʃʦʢʘʣʽʟʦʚʘʥʽ 

ʩʪʘʥʠ, ʟʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʜʝʬʝʢʪʽʚ, ʚʢʘʟʘʥʽ ʩʪʨʽʣʢʘʤʠ. (ɿʛʽʜʥʦ ʽʟ 

Menon ʄ., Srivastava D. Phys. Rev. Lett. 79 (1997) 4453) 

 
ɯʩʪʦʪʥʽ ʟʤʽʥʠ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʚʠʢʣʠʢʘʩ ʾʭʥʩ ʣʝʛʫʚʘʥʥʷ ʩʪʦʨʦʥʥʽʤʠ ʜʦʤʽʰʢʘʤʠ. ɿʘʛʘʣʦʤ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤ ʩʫʙʤʽʢʨʦʥʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʝʛʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʚʝʜʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʜʦʤʽʰʦʢ ʚʠʢʣʠʢʘʩ ʛʽʛʘʥʪʩʴʢʽ ʥʘʧʨʫʞʝʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʪʘʢʠʭ ʫʣʴʪʨʘʤʘʣʠʭ ʩʪʨʫʢʪʫʨ. ʋ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ 

ʩʠʪʫʘʮʽʷ ʜʝʱʦ ʢʨʘʱʘ, ʦʩʢʽʣʴʢʠ ʥʘʥʦʪʨʫʙʢʠ ʩ ʧʦʚʝʨʭʥʝʚʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘʡʧʨʠʜʘʪʥʽʰʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʣʝʛʫʚʘʣʴʥʽ 

ʜʦʤʽʰʢʠ ʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʩ ʥʘʡʙʣʠʞʯʽ ʜʦ ʚʫʛʣʝʮʶ ʭʽʤʽʯʥʽ 

ʝʣʝʤʝʥʪʠ ð ʙʦʨ i ʘʟʦʪ. ɹʦʨ, ʫ ʩʪʨʫʢʪʫʨʽ ʷʢʦʛʦ ʥʘ ʦʜʠʥ ʝʣʝʢʪʨʦʥ 

ʤʝʥʰʝ ʟʘ ʚʫʛʣʝʮʴ, ʩ ʝʬʝʢʪʠʚʥʠʤ ʘʢʮʝʧʪʦʨʦʤ. ɸʟʦʪ, ʥʘʚʧʘʢʠ, ʩ 

ʜʦʥʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʽ ʦʙʦʣʦʥʢʠ ʤʽʩʪʷʪʴ ʩʽʤ ʝʣʝʢʪʨʦʥʽʚ. 

ɺʧʣʠʚ ʙʦʨʫ ʪʘ ʘʟʦʪʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʙʫʚ 

ʜʦʩʣʽʜʞʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʫʥʝʣʴʥʦʾ ʩʢʘʥʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ, ʷʢʘ ʜʘʩ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ. ʅʘ ʨʠʩ. 10.34 ʨʝʟʫʣʴʪʘʪʠ 

ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʣʝʛʦʚʘʥʠʭ ʙʦʨʦʤ i ʘʟʦʪʦʤ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (10, 10). 3 ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʷʢ 

ʚʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ, ʪʘʢ i ʣʝʛʦʚʘʥʽ ʷʢ ʙʦʨʦʤ, ʪʘʢ ʡ ʘʟʦʪʦʤ ʚʫʛʣʝʮʝʚ ̔
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ʥʘʥʦʪʨʫʙʢʠ ʤʘʣʠ ʤʝʪʘʣʝʚʠʡ ʭʘʨʘʢʪʝʨ. ɺʚʝʜʝʥʥʷ ʣʝʛʫʚʘʣʴʥʦʾ 

ʜʦʤʽʰʢʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚ ʣʦʢʘʣʴʥʽʡ ʛʫʩʪʠʥʽ 

ʩʪʘʥʽʚ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ ʩʠʣʴʥʦ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʥʠʭ ʩʪʘʥʽʚ 

ʫ ʨʘʟʽ ʜʦʤʽʰʢʠ ʙʦʨʫ, i ʜʦʥʦʨʥʠʭ ʩʪʘʥʽʚ ʫ ʨʘʟʽ ʜʦʤʽʰʢʠ ʘʟʦʪʫ. 
 
 
 
 
 
 
 
 
 

 

 
ɽʥʝʨʛʽʷ, eB 

10 -ʓ  y fi S I ̨  

ɽʥʝʨʛʽʷ, eB 

  
 

ʈʠʩ. 10.34. ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʣʝʛʦʚʘʥʽ ʙʦʨʦʤ ʪʘ ʘʟʦʪʦʤ: ʘ, ʙ ð 

ʧʦʨʽʚʥʷʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦòʽòʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʣʝʛʦʚʘʥʦôʽñ 

(ʯʦʨʥʘ ʢʨʠʚʘ) i ʚʠʭʽʜʥʦòʽòʥʘʥʦʪʨʫʙʢʠ (10, 10): ʘ ð ʜʦʤʽʰʢʘ ʙʦʨ; ʙ ð 

ʜʦʤʽʰʢʘ ʘʟʦʪ. ʈʽʚʝʥʴ ʌʝʨʤʽ ʨʦʟʤʽʱʘʩʪʴʩʷ ʧʨʠ ʥʫʣʴʦʚʽʡ ʝʥʝʨʛʽòʽò. 

ʃʦʢʘʣʽʟʦʚʘʥʽ ʘʢʮʝʧʪʦʨʥʽ (ʘ) i ʜʦʥʦʨʥʽ (ʙ) ʩʪʘʥʠ, ʚʢʘʟʘʥʽ ʩʪʨʽʣʢʘʤʠ, 

ʩʧʨʠʯʠʥʝʥʽ ʥʘʷʚʥʽʩʪʶ ʘʪʦʤʽʚ ɺ i N ʚʽʜʧʦʚʽʜʥʦ; ʚ, ʛ ð ʥʘʡʧʨʦʩʪʽʰʽ 

ʤʦʜʝʣʽ, ̫ ʢʽ ʧʦʷʩʥʶʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʣʝʛʦʚʘʥʠʭ (10, 10) ʥʘʥʦʪʨʫʙʦʢ: ʚ ð ʘʪʦʤ ʙʦʨʫ 

(ʯʝʨʚʦʥʽ ʢʫʣʴʢʠ) ʟʚôʷʟʫʩʪʴʩʷ ʟ ʪʨʴʦʤʘ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ (ʩʠʥʽ 

ʢʫʣʴʢʠ); ʛ ð ʘʪʦʤ ʘʟʦʪʫ (ʯʝʨʚʦʥʽ ʢʫʣʴʢʠ) ʟʚôʷʟʫʩʪʴʩʷ ʟ ʜʚʦʤʘ 

ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ (ʩʠʥʽ ʢʫʣʴʢʠ). (ɿʛʽʜʥʦ ʟ Carrol D.L., Redlich Ph., 

Blas¯ ʍ. et all. Phys. Rev. Lett., 81(1998)2332; Czerw R., Terrones ʄ., 

Charlier J.-S. et all. Nano Lett. 1(2001)457) 

 
 

ʈʦʟʨʘʭʫʥʢʠ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʽʣʴʢʽʩʥʽ ʟʤʽʥʠ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʥʘʥʦʪʨʫʙʦʢ, ʣʝʛʦʚʘʥʠʭ ʙʦʨʦʤ, ʷʢʽ ʬʽʢʩʫʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʫʥʝʣʴʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʷʩʥʝʥʽ ʚʧʣʠʚʦʤ ʧʨʦʩʪʦʛʦ ʜʦʤʽʰʢʦʚʦʛʦ ʮʝʥʪʨʫ ʪʠʧʫ ʜʦʤʽʰʢʠ 

ʟʘʤʽʱʝʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʘʩ ʟʤʦʛʫ ʟʘʜʦʚʽʣʴʥʦ ʧʦʷʩʥʠʪʠ 

ʮʽ ʟʤʽʥʠ, ð ʮʝ ʤʦʜʝʣʴ ʫʪʚʦʨʝʥʥʷ ʧʽʜʯʘʩ ʣʝʛʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʜʦʤʝʥʽʚ ʟ ʦʩʪʨʽʚʮʽʚ ʩʢʣʘʜʫ BCE, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʪʨʫʙʢʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.34, ʚ. 3 ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʧʣʠʚʘʩ, 

ʱʦ ʟʘ ʭʘʨʘʢʪʝʨ ʤʝʪʘʣʝʚʦʾ ʧʦʚʝʜʽʥʢʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, 

6 

. ;.'"ô.ô'ô'-"ôò .  
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ʣʝʛʦʚʘʥʠʭ ʘʟʦʪʦʤ, i ʧʦʷʚʫ ʚ ʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʥʦʨʥʠʭ ʩʪʘʥʽʚ 

ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ  ʚʽʜʧʦʚʽʜʘʩ  ʜʝʬʝʢʪ  ʪʠʧʫ,  ʧʦʢʘʟʘʥʦʛʦ  ʥʘ  

ʨʠʩ. 10.34, 6, ʢʦʣʠ ʘʪʦʤ N ʤʝʞʫʩ ʪʽʣʴʢʠ ʟ ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʉ. 

 
10.5. ʄɽʊʆɼʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ɼʆʉʃɯɼɾɽʅʅʗ 

ʉʊʈʋʂʊʋʈʀ ɺʋɻʃɽʎɽɺʀʍ ʅɸʅʆʊʈʋɹʆʂ 

 
ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʩʪʘʩ ʮʽʣʘ 

ʥʠʟʢʘ ʧʠʪʘʥʴ, ʦʜʥʦʟʥʘʯʥʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ̫ ʢʽ ʟʥʘʡʪʠ ʥʝʣʝʛʢʦ. ʆʩʥʦʚʥʠʤʠ 

ʽʟ ʥʠʭ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʧʠʪʘʥʠʷ ʱʦʜʦ ʜʽʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʦʢ, ʾʭʥʽʭ 

ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ (ʷʢ ʤʠ ʙʘʯʠʣʠ, ʦʜʠʥ i ʪʦʡ ʩʘʤʠʡ ʜʽʘʤʝʪʨ ʤʦʞʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʮʠʭ ʽʥʜʝʢʩʽʚ), ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ 

ʥʘʥʦʪʨʫʙʦʢ ʟ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʟʨʘʟʢʫ, ʚʧʣʠʚʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʪʨʫʙʦʢ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, 

ʟʦʢʨʝʤʘ ʪʘʢʦʛʦ ʚʘʞʣʠʚʦʛʦ, ʷʢ ʚʟʘʩʤʦʜʽʷ ʤʽʞ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʱʦ 

ʚʠʥʠʢʘʩ ʚ ʧʫʯʢʘʭ i ʚôʷʟʢʘʭ, ʚ ʷʢʽ ʚʦʥʠ ʬʦʨʤʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʘʭ 

ʩʠʥʪʝʟʫ, ʪʦʱʦ. ʉʴʦʛʦʜʥʽ ʩʪʨʫʢʪʫʨʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʘʤʠ, ʚ ʦʩʥʦʚʫ ̫ ʢʠʭ ʧʦʢʣʘʜʝʥʦ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙôʩʢʪʽʚ 

ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʘ i ʥʝʡʪʨʦʥʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽʷ, ʘʪʦʤʥʘ ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ð ʪʫʥʝʣʴʥʘ, ʩʢʘʥʫʚʘʣʴʥʘ i ʥʘ ʧʨʦʩʚʽʪ, ʘ ʪʘʢʦʞ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʪʘ ʦʧʪʠʯʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ. 

ɹʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʥʘʥʦʪʨʫʙʦʢ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʣʠʢʦʾ ʩʫʢʫʧʥʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ, 

ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʥʝ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ ʦʪʨʠʤʫʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʽ ʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʪʨʫʙʦʢ ʙʝʟ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʙôʩʢʪʽʚ. 

ɼʽʘʤʝʪʨʠ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ 

ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʾʭʥʴʦʾ ʰʠʨʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʥʪʨʘʩʪʥʽ 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʢʦʣʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʘʥʦʪʨʫʙʢʠ 

ʘʙʦ ʾʭʥʽ ʧʫʯʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʤʽʢʨʦʩʢʦʧʘ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʧʨʦʩʚʽʪ. ʇʝʨʝʚʘʞʘʶʯʠʡ ʜʽʘʤʝʪʨ ʥʘʥʦʪʨʫʙʦʢ ʫ 

ʟʨʘʟʢʫ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʮʽʾ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʩ ʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʤʠ ʡ 

ʘʧʨʦʙʦʚʘʥʠʤʠ, ʪʘ, ʧʦʧʨʠ ʮʝ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʮʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʠʢʦʥʘʥʽ ʥʘ ʦʜʥʠʭ i ʪʠʭ ʩʘʤʠʭ ʟʨʘʟʢʘʭ, ʥʝ ʟʘʚʞʜʠ 

ʜʘʶʪʴ ʽʜʝʥʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ i ʧʨʠʯʠʥʘ ʪʘʢʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʥʘʨʘʟʽ 

ʦʩʪʘʪʦʯʥʦ ʥʝ ʟôʷʩʦʚʘʥʘ. 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʪʘʢʦʞ 

ʦʮʽʥʠʪʠ ʢʠʨʘʣʴʥʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠʢʫ 

ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ 

ʥʠʟʴʢʠʭ, ʧʨʠʙʣʠʟʥʦ 4 ʂ, ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʨʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʩʾ ʤʝʪʦʜʠʢʠ, 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʩʷʪʴ ʥʘ ʧʽʜʢʣʘʜʢʠ, ʷʢʽ 

ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʟʘʟʚʠʯʘʡ ʽʟ ʟʦʣʦʪʘ. 

ʊʠʧʦʚʝ ʪʫʥʝʣʴʥʦ-ʩʢʘʥʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʥʘʥʦʪʨʫʙʢʠ, 

ʷʢʝ ʦʪʨʠʤʫʶʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.35, ʘ. 

 

 

ʈʠʩ. 10.35. ɿʦʙʨʘʞʝʥʥʷ ʦʜʥʦʩʪʽʥʥʦñʽñʚʫʛʣʝʮʝʚʦôʽôʥʘʥʦʪʨʫʙʢʠ, ʚʽʜʪʚʦʨʝʥʝ ʟʘ 

ʧʦʢʘʟʘʤʠ ʪʫʥʝʣʴʥʦʛʦ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ (ʘ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʝ ʜʣʷ 

ʥʘʥʦʪʨʫʙʢʠ ʟ (15, ɿ ʿ̔ ʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ (ʙ). ʚ ð ʚʽʜʪʚʦʨʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ 

ʚʠʤʽʨʶʚʘʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʫʥʝʣʴʥʦʛʦ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʢʘʨʪʘ 

ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʷʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʝʪʘʣʝʚʠʡ ʭʘʨʘʢʪʝʨ 

ʥʘʥʦʪʨʫʙʢʠ. (ɿʛʽʜʥʦ ʟ Venema L.C. et all. Phys. Rev. ɺ 61 (2000) 2991) 

 
ɿʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʩ ʧʠʪʘʥʠʷ ʥʘʜʽʡʥʦʩʪʽ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ. ʂʨʘʱʽ ʟ 

ʦʪʨʠʤʘʥʠʭ ʜʦʪʝʧʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʾ ʪʫʥʝʣʴʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʜʽʘʤʝʪʨʘ ʦʜʥʦʩʪʽʥʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʭʠʙʢʦʶ ʥʘ ʨʽʚʥʽ 0,1 ʠʤ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10 % ʚʽʜ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, i ʢʫʪ ʢʠʨʘʣʴʥʦʩʪʽ 

ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʭʠʙʢʦʶ ʥʘ ʨʽʚʥʽ 1Á. ʅʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ 

ʽʣʶʩʪʨʫʶʪʴ ʩʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʤʝʪʦʜʠʢʦʶ ʩʢʘʥʫʚʘʣʴʥʦʾ 

ʪʫʥʝʣʴʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ʗʢ i ʜʣʷ ʬʫʣʝʨʝʥʽʚ, ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʫ ̔ ʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʥʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 
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ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʇʨʠʢʣʘʜʠ ʜʝʷʢʠʭ ʽʟ ʥʘʡʘʢʪʠʚʥʽʰʠʭ ʫ 

ʢʦʤʙʽʥʘʮʽʡʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʤʦʜ ʢʦʣʠʚʘʥʴ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʽʣʶʩʪʨʘʮʽʶ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.36. ʇʝʨʰʽ ʪʨʠ (ʘ - 6) 

ʚʘʨʽʘʥʪʠ ʤʦʞʣʠʚʠʭ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʥʘʥʦʪʨʫʙʢʫ, ð ʮʝ ʧʨʠʢʣʘʜʠ ʪʘʢ ʟʚʘʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ, ̫ ʢʽ 

ʬʘʢʪʠʯʥʦ ʩ ʥʝ ʯʠʤ ʽʥʰʠʤ, ʷʢ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʢʦʣʠʚʘʥʴ ʜʽʘʤʝʪʨʘ 

ʥʘʥʦʪʨʫʙʢʠ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʨʠ ʦʩʪʘʥʥʽ ʚʠʧʘʜʢʠ (ʚ - ʝ) 

ð ʮʝ ʧʨʠʢʣʘʜʠ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʧʦʚʝʨʭʥʝʶ 

ʪʨʫʙʢʠ. 

uu* ʮ 
ô*ô òñ ñ ò j ò" 

,(t ôt ʪ 

 
ʘ ʙ ʛ ʝ 

 

ʈʠʩ. 10.36. ɼʝʷʢʽ ʘʢʪʠʚʥʽ ʫ ʢʦʤʙʽʥʘʮʽʡʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʩʚʽʪʣʘ ʥʦʨʤʘʣʴʥʽ 

ʤʦʜʠ ʢʦʣʠʚʘʥʴ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʨʫʙʦʢ. ʏʝʨʚʦʥʽ ʩʪʨʽʣʦʯʢʠ 

ʧʦʢʘʟʫʶʪʴ ʥʘʧʨʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʱʝʥʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʷʢʽ ʟʦʙʨʘʞʝʥʽ 

ʩʠʥʽʤʠ i ʛʦʣʫʙʠʤʠ ʢʨʫʞʝʯʢʘʤʠ 

 
ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʪʠʚʥʠʭ ʤʦʜ ʢʦʣʠʚʘʥʴ, ʟʘ ̫ ʢʠʤʠ 

ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʩ ʾʭʥʽ ʯʘʩʪʦʪʘ ʡ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫ ʩʧʝʢʪʨʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʩʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʟ ʧʝʨʝʜʙʘʯʝʥʥʷʤʠ ʪʝʦʨʽʾ. ʆʪʞʝ, 

ʚʠʭʽʜʥʦʶ ʙʘʟʦʶ, ʦʩʥʦʚʦʶ ʜʣʷ ʪʘʢʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʩʧʝʢʪʨʠ ʢʦʣʠʚʘʥʴ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʠʤʘʛʘʩ ʧʝʨʝʜʦʚʩʽʤ ʜʦʩʪʦʚʽʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʩʠʣʦʚʠʭ ʢʦʥʩʪʘʥʪ ʤʽʞʘʪʦʤʥʠʭ ʉ ð ʉ ʟʚôʷʟʢʽʚ. ʋ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʟʘʟʚʠʯʘʡ, ʷʢ ʩʠʣʦʚʽ ʢʦʥʩʪʘʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʥʘʯʝʥʥʷ, ʷʢʽ ʦʜʝʨʞʫʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʦʙʨʦʙʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʬʦʥʦʥʥʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʠʭ ʧʣʦʩʢʠʭ 

ʛʨʘʬʽʪʦʚʠʭ ʰʘʨʽʚ. ɿʚʠʯʘʡʥʦ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʚʨʘʭʦʚʫʩ ʟʤʽʥ ʩʠʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ̫ ʢʽ ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʟʛʦʨʪʘʥʥʷʤ ʧʣʦʩʢʦʛʦ h ʘʨʫ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʫ ʪʨʫʙʢʫ, ʘʣʝ ʚʽʥ ʩ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʠʤ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ, 

ʜʽʘʤʝʪʨʠ ʷʢʠʭ ʥʝ ʩ ʝʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʠʤʠ. ʗʢ ʧʨʠʢʣʘʜ ʫ ʪʘʙʣ. 10.1 

ʥʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʠʭ ʫ ʢʦʤʙʽʥʘʮʽʡʥʦʤʫ 

ʨʦʟʩʽʶʚʘʥʥʽ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʣʷ 
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ʥʘʥʦʪʨʫʙʦʢ (ʣ, ʣ) armchair ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʽ ʟʥʘʯʝʥʥʷʤ ʣ ʚʽʜ 8 ʜʦ 11 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʭ ʦʜʥʠʭ i ʪʠʭ ʩʘʤʠʭ ʟʥʘʯʝʥʴ ʩʠʣʦʚʠʭ ʢʦʥʩʪʘʥʪ. 

 

ʊʘʙʣʠʮʷ 10.1 

ʊʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʯʘʩʪʦʪʠ ʘʢʪʠʚʥʠʭ ʫ ʢʦʤʙʽʥʘʮʽʡʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʽ ʩʚʽʪʣʘ 

ʢʦʣʠʚʥʠʭ ʤʦʜ ʜʣʷ (ʣ, ʣ) armchair-ʥʘʥʦʪʨʫʙʦʢ (ʩʤ 1). 

ʉʠʤʝʪʨʽʷ ʤʦʜ ʚʩʪʘʥʦʚʣʝʥʘ ʤʦʜʝʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ 

 
ʄʦʜʘ (8, 8) (9, 9) (10, 10) (11, 11) 

ʩʠʤʝʪʨfʽ     

E 2g 34 27 22 18 

Efig 146 130 117 106 

A lg 206 183 165 150 

E 2g 333  368  

E 2g 458 408 371 335 

Efig  420  431 

A$g 671  670  

E 1g 
 690  683 

E 2g 
 732  746 

E 2g 742  722  

E$g 762  766  

E 2g 866 866 866 866 

E 2g 1106  1152  

E$g  1216  1229 

A$g 1247  1252  

A$g  1369  1369 

Efig 1377  1374  

E 1g 
 1513  1510 

E 2g 
  1543  

E 2g 1547  1531  

A lg 1583 1584 1585 1586 

E$g 1581 1582 1584 1585 

E 2g 1589 1589 1590 1590 

 

ɿʛʽʜʥʦ ʟ Rao ɸ.ʄ., Richter ɽ., Bandow ɮ. et all, Science 275 (1997) 187 
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ʊʝʦʨʝʪʠʯʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʤʙʽʥʘʮʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʢʦʣʠʚʥʠʭ ʤʦʜ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ 

ʦʮʽʥʶʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ sʨ*-ʛʽʙʨʠʜʠʟʘʮʽʩʶ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ. ʊʝʦʨʝʪʠʯʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʫʩ, ʱʦ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩ 

ʨʽʟʥʦʶ. 
 

 

(t 1,11) 

i) i û ûû û û ʛ û 

(f0,1ʆ) 

I) ʛ û  û û û û û û 
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ʏʘʩʪʦʪʘ, ʩʤ 

ʈʠʩ. 10.37. ɿʚʝʨʭʫ ð ʩʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʣʘʟʝʨʦʤ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 514,5 ʥʤ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ - 2 ɺʪ/ʩʤ2. ɿʥʘʢʦʤ ò 

ʚʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʏʦʪʠʨʠ ʥʠʞʥʽ 

ʜʽʘʛʨʘʤʠ ð ʨʦʟʨʘʭʦʚʘʥʽ ʩʧʝʢʪʨʠ ʜʣʷ (n, ʧ) armchair-ʥʘʥʦʪʨʫʙʦʢ ʟ 

ʧ ʚʽʜ 8 ʜʦ 11. ʉʧʨʷʤʦʚʘʥʽ ʚʥʠʟ ʩʪʨʽʣʢʠ ʚʢʘʟʫʶʪʴ ʧʦʟʠʮʽòʽòʨʝʰʪʠ 

ʩʣʘʙʢʠʭ, ʢʦʤʙʽʥʘʮʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʤʦʜ. (ɿʛʽʜʥʦ ʟ Rao ɸ.ʄ., Richter 

ɽ., Bandow ɮ. et all Science 275 (1997) 187) 

ʎʝʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʩʪʴʩʷ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʜʠʥ ʟ ̫ ʢʠʭ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʧʝʢʪʨʘ ʟʨʘʟʢʘ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʤʠ, ʫ 

ʚʠʧʘʜʢʦʚʠʡ ʩʧʦʩʽʙ, ʦʨʽʩʥʪʦʚʘʥʠʤʠ ʦʜʥʦʩʪʽʥʥʠʤʠ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ, ʜʣʷ ʽʣʶʩʪʨʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 10.37. ʅʘ ʮʴʦʤʫ 
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ʩʘʤʦʤʫ ʨʠʩʫʥʢʫ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ (n, n) armchair-ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ 

ʪʠʤʠ ʩʘʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ n ʚʽʜ 8 ʜʦ 11, ʯʘʩʪʦʪʠ ʜʣʷ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 10.1.ʗʢ ʙʘʯʠʤʦ, ʫ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʤʙʽʥʘʮʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʢʦʣʠʚʥʠʭ ʤʦʜ 20ï

1700 ʩʤ-1 ʫ ʩʧʝʢʪʨʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʩʝʨʝʜ ʫʩʽʻʾ 

ʩʫʢʫʧʥʦʩʪʽ ʣʽʥʽʡ ʚʠʜʽʣʷʶʪʴ ʜʚʽ ʛʨʫʧʠ ʣʽʥʽʡ, ʷʢʽ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʆʜʥʘ ʛʨʫʧʘ ï ʮʝ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʣʽʥʽʾ, ʱʦ 

ʣʝʞʘʪʴ ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 1550ï1600 ʩʤ -1. ɼʨʫʛʘ ʛʨʫʧʘ ï ʣʽʥʽʾ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽ, ʷʢʽ ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʙʣʠʟʴʢʦ 

100 ï 400 ʩʤ-1. 

ɿʘʟʥʘʯʝʥʽ ʛʨʫʧʠ ʣʽʥʽʡ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʶʪʴ ʨʽʟʥʝ 

ʧʦʭʦʜʞʝʥʥʷ. 

ɻʨʫʧʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʣʽʥʽʡ ʚʽʜʧʦʚʽʜʘʻ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʧʦʚʝʨʭʥʝʶ ʥʘʥʦʪʨʫʙʢʠ. ʉʪʦʩʦʚʥʦ ʮʽʻʾ 

ʛʨʫʧʠ ʣʽʥʽʡ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʜʚʽ ʚʘʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʇʝʨʰʘ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ ʩʧʝʢʪʨʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʣʽʥʽʾ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʤʦʜʘʤ 

ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʧʨʠʪʘʤʘʥʥʽ ʪʽʣʴʢʠ ʦʜʥʦʰʘʨʦʚʠʤ 

ʚʫʛʣʝʮʝʚʠʤ ʥʘʥʦʪʨʫʙʢʘʤ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ. ʆʯʝʚʠʜʥʦ, ʮʝ ʻ ʥʘʩʣʽʜʢʦʤ ʪʦʛʦ, ʱʦ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʰʘʨʘʤ 

ʥʘʥʦʪʨʫʙʢʠ, ʛʘʣʴʤʫʻ ʾʭʥʻ ʟʤʽʱʝʥʥʷ ʫ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʜʦ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʪʨʫʙʢʠ ʥʘʧʨʷʤʢʘʭ ʽ ʯʝʨʝʟ ʮʝ ʛʘʩʠʪʴ ʪʘʢʽ ʢʦʣʠʚʘʥʥʷ. ɿʚʽʜʩʠ ʚʠʧ- 

ʣʠʚʘʻ ʧʝʨʰʠʡ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʡ ʚʠʩʥʦʚʦʢ, ʷʢʠʡ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢ: ʥʘʷʚʥʽʩʪʴ ʫ ʩʧʝʢʪʨʘʭ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʣʽʥʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʤʦʜʘʤ, ʟ ʚʠʩʦʢʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʜʦʢʘʟ ʪʦʛʦ, ʱʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ 

ʦʜʥʦʰʘʨʦʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. 

ɼʨʫʛʘ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʤ ʣʽʥʽʷʤ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʘʢʪʠʚʥʠʭ ʤʦʜ 

ʢʦʣʠʚʘʥʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʢʠ ʻ ʜʫʞʝ ʥʝʟʥʘʯʥʦʶ. ʊʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʻ ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʤʦʜʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʣʠʚʥʠʤ ʟʤʽʱʝʥʥʷʤ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʧʦʚʝʨʭʥʝʶ 

ʪʨʫʙʢʠ, ʘ ʥʝ ʚʟʜʦʚʞ ʾʾ ʨʘʜʽʫʩʘ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʜʨʫʛʠʡ ʧʨʘʢʪʠʯʥʦ 

ʚʘʞʣʠʚʠʡ ʚʠʩʥʦʚʦʢ ï ʚʢʘʟʫʶʯʠ ʩʚʦʻʶ ʥʘʷʚʥʽʩʪʶ ʥʘ ʦʜʥʦʰʘʨʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ, ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʤʦʜʠ ʚʦʜʥʦʯʘʩ ʜʘʶʪʴ 

ʤʘʣʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʾ ʢʦʥʢʨʝʪʥʫ ʩʪʨʫʢʪʫʨʫ. 
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ɻʨʫʧʘ ʽʥʪʝʥʩʠʚʥʠʭ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʣʽʥʽʡ ʚʽʜʧʦʚʽʜʘʩ 

ʨʘʜʽʘʣʴʥʠʤ ʜʠʭʘʣʴʥʠʤ ʤʦʜʘʤ ʢʦʣʠʚʘʥʴ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

ɿʦʢʨʝʤʘ, ʢʦʣʠʚʘʥʥʷʤ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 10.36 ʇʆɿʀʎʽʗʍ ʘ ð 8, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʰʽ ʪʨʠ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʯʘʩʪʦʪʠ, 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 10.1 ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʢʦʞʥʦʾ ʢʠʨʘʣʴʥʦʩʪʽ. ʗʢʱʦ 

ʟʚʘʞʠʪʠ ʥʘ ʪʝ, ʱʦ ʜʽʘʤʝʪʨ (ʣ, ʣ) ʥʘʥʦʪʨʫʙʢʠ ʟʙʽʣʴʰʫʩʪʴʩʷ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʽʥʜʝʢʩʫ ʢʠʨʘʣʴʥʦʩʪʽ ʣ, ʪʦ ʟ ʜʘʥʠʭ ʪʘʙʣ. 10.1 ʯʽʪʢʦ ʚʠʜʥʦ, 

ʱʦ ʯʘʩʪʦʪʠ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʣʠʚʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʩ ʜʫʞʝ 

ʯʫʪʣʠʚʠʤʠ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʢʠ ð ʯʠʤ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ ʪʨʫʙʢʠ, ʪʠʤ 

ʥʠʞʯʘ ʯʘʩʪʦʪʘ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ 

ʩʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʨʷʤʦʾ ʦʮʽʥʢʠ ʜʽʘʤʝʪʨʘ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʏʘʩʪʦʪʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ vPɼM ʋ 
ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʦʚôʷʟʘʥʘ ʟ ʜʽʘʤʝʪʨʦʤ ʥʘʥʦʪʨʫʙʢʠ d ʦʙʝʨʥʝʥʦʶ 
ʟʘʣʝʞʥʽʩʪʶ, ʷʢʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ 

VPɼM  ð C 1 d + ʉ,. (10.27) 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʘʣʦ 

ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʩʥʪʽʚ C1 i Cd ʜʣʷ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʦʾ ʣʽʥʽʾ 

ʜʠʭʘʣʴʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʱʦ ʜʽʘʤʝʪʨ ʥʘʥʦʪʨʫʙʢʠ 

ʚʠʤʽʨʶʚʘʪʠ ʫ ʥʘʥʦʤʝʪʨʘʭ ð C1 ðð 223,5 ʠʤ ʩʤ-1, C2 ðð 12,5 ʩʤ-1. ɽʬʝʢʪ 

ʚʠʢʨʠʚʣʝʥʥʷ ʫ ʥʘʥʦʪʨʫʙʢʘʭ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʽʩʪʦʪʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʯʘʩʪʦʪʠ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʚʽʜ ʪʽʩʾ, ɦ ʦ 

ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (10.27). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʮʴʦʛʦ 

ʝʬʝʢʪʫ ʥʘʡʷʩʢʨʘʚʽʰʝ ʚʠʨʘʞʝʥʠʡ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ, ʙʣʠʟʴʢʠʭ ʜʦ zigzag 

ʩʪʨʫʢʪʫʨ. 

ɿʥʘʥʠʷ ʜʽʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʢʠ, ʦʜʥʘʢ, ʥʝ ʜʘʩ ʱʝ ʧʦʚʥʦʾ ʡ 

ʦʜʥʦʟʥʘʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ iµ ʢʠʨʘʣʴʥʽʩʪʴ. ʗʢʱʦ ʧʦʜʠʚʠʪʠʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʘʨʠ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (13, J) ð (9, 

8) i (9, 1) ð (6, 5), ʪʦ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʟ ʥʠʭ ʜʽʘʤʝʪʨ ʦʙʦʭ ʥʘʥʦʪʨʫʙʦʢ ʩ 

ʦʜʥʠʤ i ʪʠʤ ʩʘʤʠʤ (ʜʠʚ. ʬʦʨʤʫʣʫ (10.2)), ʷʢ i ʦʜʥʘʢʦʚʽ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʥʠʭ ʤʦʜ ð 203,6 i 307,6 ʩʤ-1 ʚʽʜʧʦʚʽʜʥʦ. ʆʪʞʝ, ʥʘʜʽʡʥʦ ʚʩʪʘ- 

ʥʦʚʠʪʠ ʽʥʜʝʢʩʠ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʥʦʪʨʫʙʢʠ ʥʘ ʦʩʥʦʚʽ ʩʘʤʠʭ ʪʽʣʴʢʠ 

ʚʠʤʽʨʽʚ ʯʘʩʪʦʪ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ i ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.27) ʩʢʣʘʜʥʦ. 

ɼʣʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʩʧʝʢʪʨʘʤʠ ʾʭʥʴʦʛʦ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, 

ʢʨʽʤ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ, ʟʘʣʫʯʘʶʪʴ 

ʜʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʬʽʣʽʚ ʟʙʫʜʞʝʥʥʷ. ɼʣʷ ʥʘʚʝʜʝʥʠʭ ʷʢ 
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ʧʨʠʢʣʘʜ ʧʘʨ ʥʘʥʦʪʨʫʙʦʢ ʤʘʢʩʠʤʫʤʠ ʥʘ ʾʭʥʽʭ ʧʨʦʬʽʣʷʭ ʟʙʫʜʞʝʥʥʷ 

ʚʽʜʜʽʣʝʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʟʘ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʟʙʫʜʞʫʚʘʣʴʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 40 ʠʤ ʜʣʷ ʧʘʨʠ (13, 3) ð (9, 8) ʥʘʥʦʪʨʫʙʦʢ i ʥʘ 65 

ʠʤ ʜʣʷ ʧʘʨʠ (9, 1) ð (6, 5). ʎʝ ʜʘʩ ʟʤʦʛʫ ʜʦʩʠʪʴ ʥʘʜʽʡʥʦ ʚʽʜʨʽʟʥʠʪʠ ʫ 

ʤʝʞʘʭ ʧʘʨʠ ʪʨʫʙʦʢ ʟ ʦʜʥʘʢʦʚʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʦʜʥʫ ʥʘʥʦʪʨʫʙʢʫ ʚʽʜ 

ʽʥʰʦʾ. 

ʅʘʛʘʜʘʩʤʦ (ʜʠʚ. ʧ. 9.4), ʱʦ ʧʨʦʬʽʣʝʤ ʟʙʫʜʞʝʥʥʷ ʜʝʷʢʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ h  ʩ ʟʘʣʝʞʥʽʩʪʴ 

i-f ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ / ʚʽʜ ʯʘʩʪʦʪʠ ʟʙʫʜʞʫʚʘʣʴʥʦʾ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ ð I(ʵʨ ). 

ɿʘʛʘʣʦʤ ʥʘ ʨʽʟʥʠʭ ʟʙʫʜʞʫʚʘʣʴʥʠʭ ʯʘʩʪʦʪʘʭ ʮʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʦʞʝ 

ʙʫʪʠ ʨʽʟʥʦʶ. ʗʢʱʦ ʥʘʣʘʰʪʫʚʘʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʟʙʫʜʞʫʚʘʣʴʥʦʛʦ 

ʜʞʝʨʝʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ɦ ʽʣʠʥʠ ʤʽʞ ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʚʘʥ 

ɻʦʚʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘʥʦʪʨʫʙʢʠ, ʪʦ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʦʩʦʙʣʠʚʦ ʩʠʣʴʥʦʛʦ, ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʘʥʦʪʨʫʙʢʦʶ. 

ɼʣ ̫ɦ ʽʣʠʥ ɽ11 i E2ü ʤʽʞ ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʚʘʥ ɻʦʚʘ C1 ð V1 i C2ñ 
V2 ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 
(ʣ, ʪ) ʥʘʥʦʪʨʫʙʦʢ ʫʟʘʛʘʣʴʥʝʥʥʷʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 
ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʧʨʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (Bachilo ɮ.ʄ., Strano ʄ.ɮ., Kittrell 

ʉ. et all Science 298 (2002) 2361): 

Ei   / h ðð (
  io7 

 

157.5 + 1066.9d d 2 

(10.28) 

ʜʝ     A1ðð ð710,     ̫ ʢʦɦ     ̔ ʥʜʝʢʩ     k ðð n ð ʪ      ʥʘʥʦʪʨʫʙʦʢ     ʥʘʙʫʚʘʩ 

ʟʥʘʯʝʥʥʷ ɿɱ + 1 (J = 0, 1, 2, ...), i A1 ðð 369 ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʟ ̔ ʥʜʝʢʩʦʤ 

k ðð ʧ ð ʪ ðð ɿɱ + 2 (J = 0, 1, 2, ...). 
10

7 
+ 

ɽ2z I h ðð ( 
345.6 + 575.7d 

(10.29) 

ʜʝ At ðð 1375 i ʋ\2 ðð ð1475 ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ ʟ k ðð ɿɱ + 1 i k ðð ɿɱ + 2 

ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʫ ʧ. 10.3, ʪʘʢʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʜʝʢʩʫ k 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʪʨʫʙʢʠ ʟ ʩʝʨʝʜʥʴʦʶ ʘʙʦ 

ʰʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (10.28) i (10.29) h ð 

ʩʪʘʣʘ ʇʣʘʥʢʘ, ʌ ð ʢʫʪ ʢʠʨʘʣʴʥʦʩʪʽ, d ð ʜʽʘʤʝʪʨ ʥʘʥʦʪʨʫʙʢʠ, 

ʥʦʨʤʦʚʘʥʠʡ ʥʘ ʥʘʥʦʤʝʪʨ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.28) i (10.29) ʟʘʜʘʶʪʴ ʯʘʩʪʦʪʠ, ʫ ʨʘʟʽ 

ʟʙʫʜʞʝʥʥʷ ʚ ʦʢʦʣʽ ̫ ʢʠʭ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʨʝʟʦʥʘʥʩʥʝ ʧʽʜʩʠʣʝʥʥʷ 

ʣʽʥʽʡ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʷʢ ʬʫʥʢʮʽʾ ʜʽʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʢʠ i 

ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʦʜʥʦʟʥʘʯʥʦ ʟʚôʷʟʘʥʽ ʟ ʽʥʜʝʢʩʘʤʠ 

ʢʠʨʘʣʴʥʦʩʪʽ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ ʥʘ ʪʽʡ ʯʠ ʽʥʰʽʡ ʯʘʩʪʦʪʽ ʟʙʫʜʞʝʥʥʷ 

ʃ2 ʩʦs(ɿʌ) 

d 2 

ʃ̔  cos(3 
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ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʧʽʜʩʠʣʶʚʘʪʠʩʷ ʪʽʣʴʢʠ 

ʪʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʜʣʷ ʷʢʠʭ ʥʘʡʢʨʘʱʝ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

ʨʝʟʦʥʘʥʩʫ. ʉʘʤʝ ʮʝ ʜʘʩ ʟʤʦʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ 

ʩʧʝʮʠʬʽʢʠ ʯʘʩʪʦʪ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ i ʤʘʢʩʠʤʫʤʽʚ ʧʨʦʬʽʣʽʚ 

ʟʙʫʜʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʤʽʨʦʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʩʪʘʥʦʚʠʪʠ ʽʥʜʝʢʩʠ (ʣ, ʪ) 

ʢʠʨʘʣʴʥʦʩʪʽ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʽʜʩʪʘʚʽ 

ʭʘʨʘʢʪʝʨʥʠʭ ʨʠʩ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ. 

ʊʠʧʦʚʽ ʧʨʦʬʽʣʽ ʟʙʫʜʞʝʥʥʷ ʦʜʠʥʠʯʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.38. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ. ʋ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʙʫʜʞʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ 

i ʪʦʛʦ ʩʘʤʦʛʦ ʟʨʘʟʢʘ ʜʦʤʽʥʫʶʪʴ ʨʽʟʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʣʽʥʽʾ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ. 
 

 
ʈʠʩ. 10.38. ʉʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ, 

ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʫ 1 % ʨʦʟʯʠʥʽ ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (ʦ, ʙ) i ʪʚʝʨʜʠʭ ʟʨʘʟʢʽʚ ʧʫʯʢʽʚ ʥʘʥʦʪʨʫʙʦʢ 

(ʚ, ʛ), ʟʙʫʜʞʝʥʽ ʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 700 ʜʦ 985 ʥʤ. 

(ɿʛʽʜʥʦ ʟ OôConnel ʄ.ɱ. et all. Phys. Rev. ɺ 69 (2004) 235415) 
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ʂʨʽʤ ʪʦʛʦ, ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʪʦʛʦ, ʩ ʥʘʥʦʪʨʫʙʢʘ ʚʽʣʴʥʦʶ ʯʠ ʧʝʨʝʙʫʚʘʩ ʫ 

ʱʽʣʴʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʧʦʜʽʙʥʠʤʠ, ʷʢ ʟʘʟʚʠʯʘʡ ʫ ʧʫʯʢʘʭ, ʚ ʷʢʽ ʧʽʜ ʯʘʩ 

ʚʠʨʦʱʫʚʘʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʥʘʥʦʪʨʫʙʢʠ. ʆʩʪʘʥʥʷ ʦʩʦʙʣʠʚʦ ʥʘʦʯʥʦ 

ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʜʣʷ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʟʙʫʜʞʝʥʥʷ ʥʘ ʨʠʩ. 10.39. 

ʗʢ ʟʨʦʟʫʤʽʣʦ ʟ ʨʠʩ.10.38 i 10.39, ʧʦʚʥʘ ʦʮʽʥʢʘ ʥʘʥʦʪʨʫʙʦʢ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟʽ ʩʧʝʢʪʨʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʟʘʧʠʩʘʥʦʛʦ ʜʣʷ ʦʜʥʽʩʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ. ɹʽʣʴʰʝ ʪʦʛʦ, 

ʩʢʣʘʜʥʦʱʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʜʦʜʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʧʝʢʪʨʘʭ 

ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʥʘʥʦʪʨʫʙʦʢ i ʥʘʥʦʪʨʫʙʦʢ ʫ ʧʫʯʢʘʭ. ʊʘ ʧʦʧʨʠ ʮʝ 

ʨʘʤʘʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟʘʣʠʰʘʩʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʤʝʪʦʜʽʚ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ʈʘʤʘʥʽʚʩʴʢʠʡ ʟʩʫʚ, ʩʤ! 

 

 

ʈʠʩ. 10.39. ʇʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʟʨʘʟʢʘ 

ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (ʚʝʨʭʥʽʡ ʨʷʜ) i ʥʘʥʦʪʨʫʙʦʢ ʫ ʧʫʯʢʘʭ 

(ʥʠʞʥʽʡ ʨʷʜ) ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʟʙʫʜʞʝʥʥʷ, ʚʢʘʟʘʥʠʭ ʥʘ ʛʨʘʬʽʢʘʭ. 

(ɿʛʽʜʥʦ ʟ OôConnel ʄ.ɱ. et all. Phys. Rev. ɺ 69 (2004) 235415) 

 
ʗʢ ʩʧʝʮʠʬʽʯʥʠʡ ʧʨʠʢʣʘʜ ʥʘ ʢʦʨʠʩʪʴ ʨʘʤʘʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʮʽʢʘʚʦ ʨʦʟʛʣʷʥʫʪʠ 

ʧʦʚʝʜʽʥʢʫ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʥʘ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 785 ʠʤ. ʉʘʤʝ ʮʷ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʫ 

ʎ = 710 ʠʤ 1Ă = 830 ʥʤ ʎʙ = 925 ʧʠ 

' 2B0 ɿɭ0 

ʸʙ ' 830 ʥʤ 3ʴ  ' 925 ʠʤ 

200 2ʐ0 9ʗ0 ɿʙʆ 20a 809 I s0 2D0 250 800 

ʎt = 710 ʥʤ 

300 I 6d JOO 



259  

ʨʘʤʘʥʽʚʩʴʢʽʡ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ i ʨʦʟʜʽʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ. ʅʘ 

ʨʠʩ. 10.40 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʦʜʥʦʩʪʽʥʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ ʨʘʟʽ ʟʙʫʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʟʘʟʥʘʯʝʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʨʘʟʢʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʟ ̔ ʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ ʧʫʯʢʫ. 

ʗʢ i ʟʘ ʟʙʫʜʞʝʥʥʷ ʥʘ ʽʥʰʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ, ʩʧʝʢʪʨʠ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʾʭʥʽʭ 

ʧʫʯʢʽʚ, ʦʪʨʠʤʘʥʽ ʟʙʫʜʞʝʥʥʷʤ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 785 ʠʤ, ʩ ʨʽʟʥʠʤʠ. ʋ 

ʮʴʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʙʽʣʴʰ ʚʘʨʪʦʶ ʫʚʘʛʠ ʦʩʦʙʣʠʚʽʩʪʶ 

ʩʧʝʢʪʨʽʚ ʩ ʥʘʷʚʥʽʩʪʴ ʫ ʟʨʘʟʢʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʫʯʢʠ ʥʘʥʦʪʨʫʙʦʢ, ʩʠʣʴʥʦʾ 

ʣʽʥʽʾ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ 266 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʩ ʥʘʥʦʪʨʫʙʮʽ 

ʢʠʨʘʣʴʥʦʩʪʽ (10, 2), i iµ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ̔ ʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʦʤʫ ʟʨʘʟʢʫ. ʎʝʡ 

ʪʘʢ ʟʚʘʥʠʡ ñʧʽʢ ʨʦʟʜʽʣʝʥʥʷò ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘ ʧʨʘʢʪʠʮʽ ʷʢ 

ʯʫʪʣʠʚʠʡ ʽʥʜʠʢʘʪʦʨ ʥʘʷʚʥʦʩʪʽ ʧʫʯʢʽʚ ʥʘʥʦʪʨʫʙʦʢ ʫ ʟʨʘʟʢʫ. ɺʽʥ 

ʚʽʜʩʫʪʥʽʡ ʫ ʟʨʘʟʢʫ ʟ ̔ ʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʥʘʥʦʥʦʪʨʫʙʦʢ ʥʝ ʪʦʤʫ, ɦ ʦ ʪʘʤ 

ʥʝʤʘʩ (10, 2) ʩʪʨʫʢʪʫʨ, ʘ ʯʝʨʝʟ ʪʝ, ʱʦ ʥʘ ʭʚʠʣʽ 785 ʠʤ ʫ ʚʽʣʴʥʦʤʫ 

ʩʪʘʥʽ ʫʤʦʚʠ ʾ ʭʥʴʦʛʦ ʟʙʫʜʞʝʥʥʷ ʥʘʙʘʛʘʪʦ ʛʽʨʰʽ, ʥʽʞ ʫ ʧʫʯʢʫ. ɺ ʧʫʯʢʫ ʞ 

ʚʦʥʠ ʩ ʢʨʘʱʠʤʠ ʪʦʤʫ, ʱʦ ʚʟʘʩʤʦʜʽʷ ʤʽʞ ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʤʽʥʶʩ ʾ ʭʥʶ 

ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ i ʜʣʷ ʮʽʩʾ ʢʦʥʢʨʝʪʥʦʾ ʢʠʨʘʣʴʥʦʩʪʽ ʪʘʢʽ ʟʤʽʥʠ 

ʚʝʜʫʪʴ ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʜʠʭʘʣʴʥʦʾ ʤʦʜʠ 266 
CM-  

1
 

 

˝̨̝́̍́̎̃̒̋̉̊ ˔˞ Æόȟ #- 

ʈʠʩ. 10.40. ʇʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 785 ʥʤ ʟʨʘʟʢʽʚ: ʘ ð 

ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ; ʙ ð ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ ʧʫʯʢʫ. 

(ɿʛʽʜʥʦ ʟ OôConnel ʄ.ɱ. et all. Phys. Rev. ɺ 69 (2004) 235415) 

 
ɺʠʥʠʢʘʩ ʧʨʠʨʦʜʥʝ ʟʘʧʠʪʘʥʥʷ: ʯʠ ʦʟʥʘʯʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ 

ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʚʽʣʴʥʠʭ 
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ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʜʦ ʾʭʥʽʭ ʟʚôʷʟʘʥʠʭ ʩʪʘʥʽʚ ʫ ʧʫʯʢʘʭ, ʱʦ 

ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʽʚ ʟʚôʷʟʫʚʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʯʘʩʪʦʪʠ ʨʘʜʽʘʣʴʥʠʭ 

ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʥʘʥʦʪʨʫʙʦʢ. ʏʠ ʩʪʦʩʫʶʪʴʩʷ ʟʤʽʥʠ ʪʽʣʴʢʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʪʨʫʙʦʢ? ʎʝ ʧʠʪʘʥʥʷ ʻ ʚʩʝ ʱʝ ʜʠʩʢʫʩʽʡʥʠʤ. ɿ 

ʧʦʨʽʚʥʷʥʥʷ ʧʽʦʥʝʨʩʴʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʫʯʢʽʚ ʥʘʥʦʪʨʫʙʦʢ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʚʠʧʣʠʚʘʣʦ, ʱʦ ʟʚôʷʟʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ 

ʧʫʯʢʠ ʟʙʽʣʴʰʫʻ ʯʘʩʪʦʪʠ ʾʭʥʽʭ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ ʥʘ 8 ï 10 %. 

ʆʜʥʘʢ ʻ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʪʘʣʴʥʠʭ ʧʦʨʽʚʥʷʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʽ ʟʚôʷʟʘʥʠʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʷʢʽ ʥʝ ʚʠʷʚʠʣʠ ʥʽʷʢʠʭ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʯʘʩʪʦʪʠ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ 

ʤʦʜ ʥʘʥʦʪʨʫʙʦʢ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʦʜʥʠʭ ʜʦ ʽʥʰʠʭ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʚôʷʟʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʥʝ ʚʥʦʩʠʪʴ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʫ 

ʯʘʩʪʦʪʠ ʾʭʥʽʭ ʨʘʜʽʘʣʴʥʠʭ ʜʠʭʘʣʴʥʠʭ ʤʦʜ. ɭ ʜʦʩʪʘʪʥʴʦ ʜʘʥʠʭ, ʷʢʽ 

ʚʢʘʟʫʶʪʴ, ʱʦ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʨʦʟʯʠʥʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʾʭʥʴʦʛʦ ʦʯʠʱʝʥʥʷ 

ʽ ʨʦʟʜʽʣʝʥʥʷ, ʯʠ ʦʙʚʦʣʽʢʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ 

ʧʦʣʽʤʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʦʞ ʥʝ ʟʤʽʥʶʶʪʴ ʮʠʭ ʯʘʩʪʦʪ. 

ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʥʦʰʘʨʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʘʢʦʞ ʽ ʟ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ 

ʟʨʘʟʢʽʚ. 

ɿʚôʷʟʦʢ ʤʽʞ ʦʧʪʠʯʥʠʤ ʩʧʝʢʪʨʦʤ ʧʦʛʣʠʥʘʥʥʷ ʽ ʜʽʘʤʝʪʨʦʤ 

ʦʜʥʦʰʘʨʦʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʟʫʤʦʚʣʝʥʠʡ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʶ ʤʽʞ 

ʜʽʘʤʝʪʨʦʤ ʥʘʥʦʪʨʫʙʢʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʷʢʠʡ ʬʦʨʤʫʻ ʚʠʛʣʷʜ ʩʧʝʢʪʨʘ ʧʦʛʣʠʥʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 1D ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʤʘʻ, ʷʢ ʤʠ ʙʘʯʠʣʠ, ʧʽʢʦʧʦʜʽʙʥʠʡ ʦʩʮʠʣʶʚʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʪʦ ʧʦʜʽʙʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʽ ʚ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʪʘʢʽ ʥʘʥʦʪʨʫʙʢʠ. ɽʢʩʧʝʨʠʤʝʥʪ 

ʧʽʜʪʚʝʨʜʞʫʻ ʮʽ ʩʧʦʜʽʚʘʥʥʷ. ʗʩʢʨʘʚʠʡ ʧʨʠʢʣʘʜ ï ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 10.41 ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʦʤ, 

ʩʬʦʨʤʦʚʘʥʠʤ ʟ ʦʯʠʱʝʥʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʣʘʟʝʨʥʠʤ 

ʨʦʟʧʦʨʦʰʝʥʥʷʤ ʛʨʘʬʽʪʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ Ni/Co, ʧʦʜʨʽʙʥʝʥʠʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʦʙʨʦʙʣʝʥʥʷʤ ʫ ʢʦʣʦʾʜʥʽʡ ʩʫʤʽʰʽ ʟ ʤʝʪʘʥʦʣʦʤ ʫ 

ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:100 ʽ ʥʘʧʠʣʝʥʠʭ ʧʫʣʴʚʝʨʠʟʘʪʦʨʦʤ ʥʘ 

ʢʚʘʨʮʦʚʫ ʧʣʘʩʪʠʥʢʫ, ʥʘʛʨʽʪʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 70 ʦʉ. 
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ɽʥʝʨʛʽʷ ʬʦʪʦʥʘ, eB 

 

ʈʠʩ. 10.41. ʍʘʨʘʢʪʝʨʥʠʡ ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʘ ʟ ʦʜʥʦʩʪʽʥʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʢʚʘʨʮʦʚʫ ʧʽʜʢʣʘʜʢʫ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 

ʬʦʥʫ. ʅʘ ʚʩʪʘʚʮʽ ʧʦʢʘʟʘʥʦ ʚʠʭʽʜʥʠʡ ʩʧʝʢʪʨ. (ɿʛʽʜʥʦ ʟ Jost ʆ., Gorbunov ɸ.ɸ., 

Poʪpe W. et all. Appl. Phys. Letters T5 (1999) 2217) 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʘʚʝʜʝʥʦʛʦ ʩʧʝʢʪʨʘ ʦʧʪʠʯʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʫ ʟʘʟʥʘʯʝʥʠʡ ʩʧʦʩʽʙ ʥʘʥʦʪʨʫʙʦʢ ʩ 

ʦʩʮʠʣʶʚʘʣʴʥʘ ʧʦʚʝʜʽʥʢʘ ʢʦʝʬʽʮʽʩʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʧʨʠ ʟʤʽʥʽ 

ʝʥʝʨʛʽʾ ʬʦʪʦʥʘ, ʱʦ ʧʦʛʣʠʥʘʩʪʴʩʷ, i ʪʦʥʢʘ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ ð 

ʥʘʷʚʥʽʩʪʴ ʜʦʚʦʣʽ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʩʣʘʙʢʦ 

ʚʠʨʘʞʝʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʥʘ ʢʨʠʚʽʡ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʘ ʥʘʦʯʥʽʰʝ ʧʨʦʜʝ- 

ʤʦʥʩʪʨʦʚʘʥʘ ʥʘ ʨʠʩ. 10.42. 

ʇʽʢʠ ɸ i ɺ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʥʘʥʦʪʨʫʙʦʢ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʘ ʧʽʢ ʉ ʚʽʜʧʦʚʽʜʘʩ ʘʥʘʣʦʛʽʯʥʦʤʫ ʧʝʨʝʭʦʜʫ ʜʣʷ ʤʝʪʘʣʝʚʠʭ ʪʨʫʙʦʢ. ɰʭʥʩ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʚʠʟʥʘʯʘʩʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʟʘʟʦʨʘʤʠ ʤʽʞ ʤʘʢʩʠʤʫʤʘʤʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, 

ʝʥʝʨʛʽʾ ̫ ʢʠʭ ʨʦʟʤʽʱʝʥʽ ʥʠʞʯʝ i ʚʠʱʝ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ ʪʠʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʚʤʽʩʪ ʷʢʠʭ ʜʦʤʽʥʫʩ ʫ ʟʨʘʟʢʫ. ʅʘʥʦʪʨʫʙʢʠ ʙʽʣʴʰʦʛʦ i ʤʝʥʰʦʛʦ 

ʜʽʘʤʝʪʨʽʚ, ʷʢʽ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʚʤʽʩʪʦʤ ʜʦʤʽʥʘʥʪʥʽʡ ʥʘʥʦʪʨʫʙʮʽ, 

ʩʧʨʠʯʠʥʷʶʪʴ ʪʦʥʢʫ ʩʪʨʫʢʪʫʨʫ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 10.42, ʧʦʟʠʮʽʾ ʘʙʩʦʣʶʪʥʦʾ ʙʽʣʴʰʦʩʪʽ ʧʽʢʽʚ ʪʦʥʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʫ ʤʝʞʘʭ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤʠ ʜʣʷ ycix ʜʦʩʣʽʜʞʝʥʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ. 

ʎʝ ʜʘʩ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ: 

Å ʦʪʨʠʤʘʥʠʡ ʫ ʟʘʩʪʦʩʦʚʘʥʠʡ ʩʧʦʩʽʙ ʤʘʪʝʨʽʘʣ ʩʢʣʘʜʘʩʪʴʩʷ ʟ 

ʥʘʥʦʪʨʫʙʦʢ ̔ ʟ ʜʠʩʢʨʝʪʥʠʤ ʥʘʙʦʨʦʤ ʜʽʘʤʝʪʨʽʚ i ʮʝʡ ʥʘʙʽʨ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʫ ʥʘʥʦʪʨʫʙʦʢ; 

OF 
ɽʥʝʨ 

25 

ʆ 
0.75 135 1.75 
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1 Za 1.15 

Å ʜʽʘʤʝʪʨʠ ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʟʘʩʪʦʩʦʚʘʥʠʭ ʫʤʦʚ 

ʨʦʩʪʫ, ʛʨʫʧʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʜʦʤʽʥʘʥʪʥʠʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ ʥʘʥʦʪʨʫʙʦʢ. 
 
 
 

 

 

ʈʠʩ. 10.42. ʇʽʢʠ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ɸ, ɺ (ʟʙʽʣʴʰʝʥʠʡ ʫ 2,5 ʨʘʟʘ) i 

ʉ (ʟʙʽʣʴʰʝʥʠʡ ʫ 6 ʨʘʟʽʚ) ʷʢ ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ ʜʣʷ ʩʢʣʘʜʫ 

ʢʘʪʘʣʽʟʘʪʦʨʘ Ni sCoo,ü, ʥʘʥʝʩʝʥʽ ʥʘ ʰʢʘʣʫ ʝʥʝʨʛʽʡ i ʜʽʘʤʝʪʨʘ 

ʥʘʥʦʪʨʫʙʦʢ. ʐʪʨʠʭʦʚʽ ʣʽʥʽñʽñʧʦʢʘʟʫʶʪʴ ʜʽʘʤʝʪʨʠ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ Ad - 0,07 ʥʤ. 

(ɿʛʽʜʥʦ ʟ Jost ʆ. et all. Appl. Phys. Letters 75 (1999) 2217) 
 

3 ʦʜʝʨʞʘʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʚʠʜʥʦ ʪʘʢʦʞ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʽ 

ʧʦʟʠʮʽʾ ʩʫʙʧʽʢʽʚ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʪʘʢʠʡ 

ʩʧʦʩʽʙ, ʷʢʠʡ ʟʘʩʚʽʜʯʫʩ ʝʢʚʽʜʠʩʪʘʥʪʥʽʩʪʴ bd ʜʽʘʤʝʪʨʽʚ ʥʘʥʦʪʨʫʙʦʢ, 

ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʚʘʥ ɻʦʚʘ ʷʢʠʭ 

ʟʫʤʦʚʣʝʥʽ ʮʽ ʧʽʢʠ. ɽʢʚʽʜʠʩʪʘʥʪʥʽʩʪʴ bd ʤʘʩ ʦʜʥʝ i ʪʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʫ 

ʤʝʞʘʭ ycix ʪʨʴʦʭ ʧʽʢʽʚ ʧʦʛʣʠʥʘʥʥʷ i ʩ ʙʣʠʟʴʢʦʶ ʜʦ bd -- 0,07 ʠʤ. 

ʅʝʚʘʞʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʝʢʚʽʜʠʩʪʘʥʪʥʦʩʪʽ, ʷʢʝ 

ʚʠʷʚʠʚ ʝʢʩʧʝʨʠʤʝʥʪ, ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʫ ʥʘʥʦʪʨʫʙʦʢ, ʙʣʠʟʴʢʠʭ ʜʦ 

armchair-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʪʦʙʪʦ (ʣ, ʣ) ʥʘʥʦʪʨʫʙʦʢ. ʉʧʨʘʚʜʽ, ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦʶ (16.2) ʨʽʟʥʠʮʷ ʜʽʘʤʝʪʨʽʚ ʜʚʦʭ ʙʣʠʟʴʢʠʭ ʟʘ ʽʥʜʝʢʩʘʤʠ 

ʢʠʨʘʣʴʥʦʩʪʽ armchair-ʥʘʥʦʪʨʫʙʦʢ, ʥʘʧʨʠʢʣʘʜ, (ʣ, n+1) i (ʣ, ʣ), 

ʩʪʘʥʦʚʠʪʴ 
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(10.30) 
 
 
 
 

 

ʘ 6 

ʈʠʩ. 10.43. ʈʦʟʧʦʜʽʣʠ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʜʽʘʤʝʪʨʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

pocʪy ʊ (ʘ) i ʩʢʣʘʜʫ ʭ ʢʘʪʘʣʽʟʘʪʦʨʘ Ni,Co l-è (ʙ), ʦʪʨʠʤʘʥʽ ʦʙʨʦʙʣʝʥʥʷʤ 

ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ, ʱʦ ʤʽʩʪʠʣʠ ʦʜʥʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ. (ɿʛʽʜʥʦ ʟ Jost ʆ. et all. Appl. Phys. Letters 75 (1999) 2217) 

ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (10.30) ʚʨʘʭʦʚʘʥʦ, ʱʦ ʜʣʷ ʨʝʘʣʴʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ   3ʣ>>1.   ʗʢʦɦ   (1+1/ʣ)1!  2   ʨʦʟʢʣʘʩʪʠ   ʫ   ʨʜ̫   ʟʘ   ʤʘʣʠʤ 

ʧʘʨʘʤʝʪʨʦʤ 1/ʣ i ʦʙʤʝʞʠʪʠʩʷ ʧʝʨʰʠʤ ʯʣʝʥʦʤ ʨʦʟʢʣʘʜʫ, ʪʦ ʜʣʷ bd 

ʦʪʨʠʤʘʩʤʦ 

(10.31) 
2 

ʗʢ ʙʘʯʠʤʦ, ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʝʣʠʯʠʥʘ bd ʥʘʥʦʪʨʫʙʦʢ, 

ʙʣʠʟʴʢʠʭ ʜʦ armchair-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʚʠʷʚʣʷʩʪʴʩʷ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʣ i ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ɦ ʦ dj ðð 0,142 ʠʤ, ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʩ 0,07 ʠʤ. ʎʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʢʘʟʫʩ ʥʘ ʧʝʨʝʚʘʞʘʥʥʷ ʫ ʟʨʘʟʢʘʭ ʥʘʥʦʪʨʫʙʦʢ 

armchair-ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʆʙʨʦʙʣʝʥʥʷ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʜʘʩ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ 

ʜʽʘʤʝʪʨ ʥʘʥʦʪʨʫʙʦʢ ʜʦʤʽʥʫʩ ʫ ʟʨʘʟʢʫ, ʘ ʪʘʢʦʞ ʷʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʜʽʘʤʝʪʨʘʤʠ. ʅʘ ʨʠʩ. 10.43 ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʩʧʝʢʪʨʽʚ ð ʨʦʟʧʦʜʽʣʠ ʥʘʥʦʪʨʫʙʦʢ 

ʟʘ ʜʽʘʤʝʪʨʘʤʠ ʟʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭʥʴʦʛʦ ʚʠ- 

ʨʦʱʫʚʘʥʥʷ. ʗʢ ʙʘʯʠʤʦ, ʪʘʢʠʡ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʘʩ 

ʟʤʦʛʫ ʚʠʷʚʠʪʠ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ ʜʽʘʤʝʪʨʦʤ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ 
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ʦʪʨʠʤʫʶʪʴʩʷ ʣʘʟʝʨʥʠʤ ʤʝʪʦʜʦʤ, ʤʦʞʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʢʝʨʫʚʘʪʠ, 

ʟʤʽʥʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʨʦʟʧʦʨʦʰʝʥʥʷ ʛʨʘʬʽʪʫ i/ʘʙʦ ʩʢʣʘʜ 

ʢʘʪʘʣʽʟʘʪʦʨʘ, ʘ ʨʦʟʧʦʜʽʣ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʜʽʘʤʝʪʨʘʤʠ ʧʦʨʽʚʥʷʥʦ ʚʫʟʴʢʠʡ 

i ʟʘ ʜʽʘʤʝʪʨʘʤʠ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʠʙʣʠʟʥʦ ʚ 0,07 ʠʤ. 

 
 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 
 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʡ ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ 

ʦʩʥʦʚʥʽ ʪʠʧʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾ ʭʥʴʦʾ ʙʫʜʦʚʠ. 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ i ʢʫʪʘ ʢʠʨʘʣʴʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ. ʆʪʨʠʤʘʡʪʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ i ʜʦʚʞʠʥʦʶ ʢʦʣʘ ʦʩʥʦʚʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

3. ʇʦʷʩʥʽʪʴ, ɦ ʦ ʪʘʢʝ ʢʠʨʘʣʴʥʽ i ʥʝʢʠʨʘʣʴʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 

ʪʘ ʷʢʘ ʤʽʞ ʥʠʤʠ ʧʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ. 

4. ɿʥʘʡʜʽʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʫ ʩʠʩʪʝʤʘʭ ʚʽʜʣʽʢʫ 60- i 120-ʛʨʘʜʫʩʥʠʭ 

ʨʦʤʙʽʚ, ̫ ʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʪʽʡʥʦʤʫ ʢʫʪʫ ʢʠʨʘʣʴʥʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ. 

5. ʆʮʽʥʽʪʴ, ʟʘ ʷʢʠʭ ʤʽʥʽʤʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ ʚʫʛʣʝʮʝʚʘ 

ʥʘʥʦʪʨʫʙʢʘ zigzag-ʢoʥʬirypaʮiµ ʩʪʘʩ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʦʶ ʟʘ 

ʩʪʨʫʢʪʫʨʫ ʧʣʦʩʢʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʪʠʭ ʩʘʤʠʭ ʨʦʟʤʽʨʽʚ. 

6. ʇʦʷʩʥʽʪʴ ʧʨʠʨʦʜʫ i ʭʘʨʘʢʪʝʨ ʚʟʘʩʤʦʟʚôʷʟʢʫ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ i ʚʽʜʧʦʚʽʜʥʠʭ ʾ ʤ ʬʫʣʝʨʝʥʽʚ. 

7. ʇʦʙʫʜʫʡʪʝ ʝʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ʢʠʨʘʣʴʥʠʭ i ʥʝʢʠʨʘʣʴʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

8. ʈʦʟʨʘʭʫʡʪʝ ʚʝʢʪʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʘʥʩʣʷʮʽʾ ʢʠʨʘʣʴʥʠʭ i 

ʥʝʢʠʨʘʣʴʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

9. ʇʦʷʩʥʽʪʴ, ʷʢ i ʯʦʤʫ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʦʚʦʛʦ h ʘʨʫ, 

ʷʢʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ i ʷʢ µx ʚʠʨʽʰʫʶʪʴ. 

10. ʇʦʷʩʥʽʪʴ, ʷʢʽ ʧʨʠʥʮʠʧʦʚʽ ʟʤʽʥʠ i ʯʦʤʫ ʚʠʥʠʢʘʶʪʴ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʝʣʝʢʪʨʦʥʘ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʤʦʥʦʘʪʦʤʥʦʛʦ 

ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʜʦ ʦʜʥʦʰʘʨʦʚʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ. 

11. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʽʜ ʾʭʥʴʦʾ ʢʠʨʘʣʴʥʦʩʪʽ i 

ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ. 

12. ɿʘʧʠʰʽʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʥʜʝʢʩʘʤʠ ʢʠʨʘʣʴʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ɦ ʦ ʜʘʶʪʴ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ, ʤʝʪʘʣʝʚʠʤʠ ʯʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʫʜʫʪʴ ʚʦʣʦʜʽʪʠ ʥʘʥʦʪʨʫʙʢʠ. 
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13. ɺʠʢʦʥʘʡʪʝ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʛʫʩʪʠʥʠ ʜʦʟʚʦʣʝʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʜʣʷ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʰʘʨʫ ʽ ʩʬʦʨʤʦʚʘʥʠʭ ʟ ʥʴʦʛʦ ʥʘʧʽʚ- 

ʤʝʪʘʣʝʚʦʾ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

14. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʟʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʰʠʨʦʢʦʱʽʣʠʥʥʠʭ ʽ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʚʽʜ ʾʭʥʴʦʛʦ ʨʘʜʽʫʩʘ. 

15. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʪʠʧʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ, ʦʧʠʰʽʪʴ ʥʘʩʣʽʜʢʠ, ʜʦ 

ʷʢʠʭ ʚʝʜʝ ʧʦʷʚʘ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ, ʪʘ ʧʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ ʾʭʥʴʦʛʦ 

ʚʠʥʠʢʥʝʥʥʷ. 

16. ʇʦʷʩʥʽʪʴ, ʱʦ ʪʘʢʝ ʪʦʧʦʣʦʛʽʯʥʠʡ ʜʝʬʝʢʪ 5ï7 ʚʫʛʣʝʮʝʚʦʾ 

ʥʘʥʦʪʨʫʙʢʠ, ʯʦʤʫ ʚʽʥ ʟʘʡʤʘʻ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ 

ʜʝʬʝʢʪʽʚ, ʷʢʫ ʨʦʣʴ ʽ ʯʦʤʫ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘʥʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ. 

17. ʇʦʷʩʥʽʪʴ ʩʧʝʮʠʬʽʢʫ ʣʝʛʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʩʪʦʨʦʥʥʽʤʠ ʜʦʤʽʰʢʘʤʠ ʽ ʧʨʦʽʣʶʩʪʨʫʡʪʝ ʾʾ ʥʘ ʧʨʠʢʣʘʜʽ ʣʝʛʫʚʘʥʥʷ 

ʥʘʥʦʪʨʫʙʦʢ ʥʘʡʙʣʠʞʯʠʤʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʦ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 

ʜʦʤʽʰʢʘʤʠ ʙʦʨʫ ʪʘ ʘʟʦʪʫ. 

18. ʇʦʨʽʚʥʷʡʪʝ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʽ 

ʤʝʪʘʣʽʚ ʪʘ ʩʬʦʨʤʫʣʶʡʪʝ ʢʦʨʠʩʥʽ ʥʘʩʣʽʜʢʠ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʟ ʮʴʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ. 

19. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʽ ʧʨʠʯʠʥʠ ʚʠʩʦʢʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʥʘʚʝʜʽʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʚʽʜʯʝʥʥʷ, ʷʢʽ 

ʾʭ ʧʽʜʪʚʝʨʜʞʫʶʪʴ. 

20. ʇʦʷʩʥʽʪʴ ʩʧʝʮʠʬʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʡ ʦʧʠʰʽʪʴ ʫʤʦʚʠ, 

ʟʘ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʪʘʢʘ ʥʘʥʦʪʨʫʙʢʘ ʙʫʜʝ ʜʦʙʨʠʤ ʧʨʦʚʽʜʥʠʢʦʤ. 

21. ʇʦʷʩʥʽʪʴ ʚʧʣʠʚ ʚʘʢʘʥʩʽʡ ʥʘ ʚʝʣʠʯʠʥʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʘʜʽʫʩʘ ʥʘʥʦʪʨʫʙʢʠ. 

22. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʬʽʟʠʯʥʽ ʟʘʩʘʜʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʤʦʞʝ 

ʜʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ. 

23. ʇʦʷʩʥʽʪʴ ʤʦʞʣʠʚʦʩʪʽ ʽ ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʾʭʥʽʭ ʽʥʜʝʢʩʽʚ ʢʠʨʘʣʴʥʦʩʪʽ. 
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ɻʈɸʌɽʅ 

 
ʋ ʰʝʨʝʥʟʽ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʟʘ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ µx ʘʚʪʦʨʠ 

ʙʫʣʠ ʫʜʦʩʪʦʩʥʽ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ, ʦʩʪʘʥʥʽʤ ʥʘ ʩʴʦʛʦʜʥʽ ʩʪʦʾʪʴ 

ʛʨʘʬʝʥ. ɺʽʥ ʩ ʧʝʨʰʠʤ ʧʝʨʝʢʦʥʣʠʚʠʤ ʚʟʽʨʮʝʤ ʽʩʪʠʥʥʦ ʜʚʦʚʠʤʽʨʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʥʘ ʧʨʦʪʠʚʘʛʫ ʯʠʩʣʝʥʥʠʤ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʠʤ ʢʨʠʩʪʘʣʽʯʥʠʤ 

ʬʦʨʤʫʚʘʥʥʷʤ, ʚʽʜʦʤʠʤ ʨʘʥʽʰʝ. 

ɯʥʪʝʥʩʠʚʥʝ, ʩʠʩʪʝʤʥʝ ʚʠʚʯʝʥʥʷ ʛʨʘʬʝʥʫ ʨʦʟʧʦʯʘʣʦʩʷ ʤʝʥʰʝ 

ʜʝʩʷʪʠ ʨʦʢʽʚ ʪʦʤʫ, ʚʽʜʪʦʜʽ, ʷʢ ʫ 2004 ʨʦʮʽ ʙʫʚ ʟʥʘʡʜʝʥʠʡ ʧʨʦʩʪʠʡ i 

ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʽʟʦʣʴʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʛʨʘʬʝʥʫ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʩʢʦʪʯ-ʤʝʪʦʜʫ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʱʦʤʽʩʷʮʷ ʧʫʙʣʽʢʫʶʪʴʩʷ ʩʦʪʥʽ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʱʦʨʦʢʫ ʧʨʦʚʦʜʷʪʴʩʷ 

ʜʝʩʷʪʢʠ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʘʤ ʛʨʘʬʝʥʫ. 

ɺʩʝ ʮʝ ʦʜʥʦʟʥʘʯʥʦ ʟʘʩʚʽʜʯʫʩ, ʱʦ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʝʥʫ ʚ ʯʠʩʣʦ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʠʭ ʚʠʜʘʥʥʷʭ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʦʙʣʝʤʘʤ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ, ʩʪʦʾʪʴ ʫʞʝ ʥʘ ʧʦʨʷʜʢʫ 

ʜʝʥʥʦʤʫ i ʩ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʽʜʥʠʤ. 

3 ̔ ʥʰʦʛʦ ʙʦʢʫ, ʙʽʣʴʰʽʩʪʴ ʧʨʦʙʣʝʤ, ɦ ʦ ʩʪʦʩʫʶʪʴʩʷ ʚʩʽʭ ʚʘʞʣʠʚʠʭ 

ʥʘʫʢʦʚʠʭ ʘʩʧʝʢʪʽʚ ʛʨʘʬʝʥʫ ð ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ, ʤʦʜʠʬʽʢʘʮʽʾ i 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʟʤʽʥ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ i ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʝʨʩʧʝʢʪʠʚ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʦʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʩʚʦʛʦ ʚʠʨʽʰʝʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʽ 

ʥʘ ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʧʠʪʘʥʴ ʱʝ ʜʘʣʝʢʽ ʚʽʜ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ʑʦʙ 

ʫʥʠʢʥʫʪʠ ʤʦʞʣʠʚʠʭ ʥʝʪʦʯʥʦʩʪʝʡ, ʥʝʦʧʨʘʚʜʘʥʠʭ ʫʟʘʛʘʣʴʥʝʥʴ i ʦʮʽʥʦʢ, 

ʷʢʽ ʥʝʨʽʜʢʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʥʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ 

ʧʦʜʘʥʘ ʥʘ ʦʩʥʦʚʽ ʥʘʫʢʦʚʠʭ ʧʦʛʣʷʜʽʚ i ʫʷʚʣʝʥʴ ʜʦʩʣʽʜʥʠʢʽʚ, ʘʚʪʦʨʠʪʝʪ 

ʷʢʠʭ ʫ ʛʨʘʬʝʥʦʚʽʡ ʪʝʤʘʪʠʮʽ ʚʠʟʥʘʥʠʡ ʥʘʫʢʦʚʠʤ ʪʦʚʘʨʠʩʪʚʦʤ i 

ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʧʨʠʩʫʜʞʝʥʥʷʤ ʾʤ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ ʟ ʬʽʟʠʢʠ 2010 

ʨʦʢʫ ð ɸʥʜʨʽʷ ɻʝʽʤʘ i ʂʦʩʪʷʥʪʠʥʘ ʅʦʚʦʩʴʦʣʦʚʘ, µx ʦʨʠʛʽʥʘʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ i ʅʦʙʝʣʽʚʩʴʢʠʭ ʣʝʢʮʽʡ. 
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11.1. CTPʋKTʋPA i ʉʊɸɹɯʃʔʅɯʉʊʔ ɻʈɸʌɽʅʋ 
 

ɻʨʘʬʝʥ ð ʮʝ ʢʨʠʩʪʘʣʽʯʥʘ ʦʜʥʦʰʘʨʦʚʘ ʜʚʦʚʠʤʽʨʥʘ ʚʫʛʣʝʮʝʚʘ 

ʩʪʨʫʢʪʫʨʘ, ʘʪʦʤʠ ʷʢʦʾ ʬʦʨʤʫʶʪʴ ʧʣʦʩʢʫ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ɻʨʘʪʢʫ, 

ʧʨʠʪʘʤʘʥʥʫ ʤʦʥʦʘʪʦʤʥʦʤʫ ʰʘʨʫ ʛʨʘʬʽʪʫ. ʉʭʝʤʘʪʠʯʥʦ ʪʘʢʘ 

ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 11.1. 
 

 

ʈʠʩ. 11.1. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ 

 
ʇʝʨʰ, ʥʽʞ ʨʦʟʛʣʷʜʘʪʠ ʜʫʞʝ ʮʽʢʘʚʽ i ʥʝʪʨʠʚʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʨʘʬʝʥʫ, ʟʚʝʨʥʝʤʦʩʷ ʜʦ ʧʨʦʙʣʝʤʠ ʡʦʛʦ ʩʪʘʙʽʣʴʥʦʩʪʽ. ɿʛʘʜʘʩʤʦ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʩʥʦʚʢʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʦ ʷʢʽ 

ʛʦʚʦʨʠʣʦʩʷ ʚʠʱʝ ʫ ʧʘʨʘʛʨʘʬʽ 5.2, ʜʚʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʧʽʜʚʣʘʜʥʽ 

ʨʫʡʥʫʚʘʣʴʥʦʤʫ ʚʧʣʠʚʫ ʪʝʧʣʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ 

ʙʝʟʤʝʞʥʦ, ʭʦʯʘ i ʧʦʚʽʣʴʥʦ (ʣʦʛʘʨʠʬʤʽʯʥʦ) ʟʨʦʩʪʘʩ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʨʦʟʤʽʨʽʚ 2D ʩʠʩʪʝʤʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʚʦʚʠʤʽʨʥʘ ʧʝʨʽʦʜʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʽʩʥʫʚʘʪʠ ʥʝ ʤʦʞʝ. ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʟʜʘʩʪʴʩʷ, ʱʦ ʮʝʡ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʟʘʧʝʨʝʯʫʩ ʩʘʤʫ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʛʨʘʬʝʥʫ. ɸʣʝ ʟʛʘʜʘʩʤʦ ʪʘʢʦʞ, ɦ ʦ ʟʘ ʙʫʜʴ-ʷʢʦʾ ʩʢʽʥʯʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʝʧʣʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʙʝʟʤʝʞʥʦ ʟʨʦʩʪʘʶʪʴ ʪʽʣʴʢʠ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ 

ʚʝʣʠʢʠʭ 2D ʢʨʠʩʪʘʣʽʚ (k ð+ 0). ɼʣ ̫ʢʨʠʩʪʘʣʽʚ ʞʝ ʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ 

ʮʽ ʬʣʫʢʪʫʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤʠ, ʱʦʥʘʡʤʝʥʰʝ ʟʘ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʝʨʝʯʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʽʩʥʫʚʘʥʥʷ ʥʝʩʢʽʥʯʝʥʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ 2D ʩʪʨʫʢʪʫʨ, ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʚ 

ʧʨʠʥʮʠʧʽ ʥʝ ʟʘʧʝʨʝʯʫʩ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʥʝʚʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ʅʘ ʤʘʡʙʫʪʥʩ ʚʘʞʣʠʚʦ ʪʘʢʦʞ ʧʘʤôʷʪʘʪʠ ʪʘʢʝ. ɺʠʩʥʦʚʦʢ ʧʨʦ 

ʥʝʩʪʽʡʢʽʩʪʴ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʦʨʤʫʚʘʥʴ ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʧʨʠʧʫʱʝʥʥʷ ʘʙʩʦʣʶʪʥʦ ʧʣʦʩʢʦʾ ʩʪʨʫʢʪʫʨʠ 2D ʢʨʠʩʪʘʣʫ. ɿʚʽʜʩʠ ʩ 

ʧʽʜʩʪʘʚʠ ʜʫʤʘʪʠ, ʱʦ ʷʢʱʦ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʩʪʴʩʷ ʩʪʨʦʛʦ, ʪʦ i 
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ʟʘʙʦʨʦʥʘ ʥʘ ʽʩʥʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ ʤʦʞʝ 

ʟʥʽʤʘʪʠʩʷ. 

ʊʘ ʧʦʧʨʠ ʪʝ, ʷʢ ʙʠ ʪʘʤ ʥʝ ʙʫʣʦ, ʪʝʧʣʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʥʘʢʣʘʜʘʶʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʽʩʥʫʚʘʥʥʷ i ʩʠʥʪʝʟ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ 

ʢʨʠʩʪʘʣʽʚ. ʈʽʩʪ i ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʦʨʤʫʚʘʥʴ ʚʠʤʘʛʘʶʪʴ ʜʦʚʦʣʽ 

ʟʥʘʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʽʣʴʢʠ 

ʢʨʠʩʪʘʣʠʢʠ ʜʫʞʝ ʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʘʙʽʣʴʥʠʤʠ ʚ 

ʧʣʦʩʢʽʡ ʬʦʨʤʽ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʜʦʚʦʣʽ ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʟʛʠʥʫ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʠ ʣʝʛʢʦ ʤʦʨʱʠʪʠʩʷ i ʟʛʠʥʘʪʠʩʷ, ʬʦʨʤʫʶʯʠ 

3D ʩʪʨʫʢʪʫʨʠ. 

ʄʦʞʣʠʚʠʡ ʦʤʠʥʫʪʠ ʧʨʦʙʣʝʤʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 2D ʢʨʠʩʪʘʣʽʚ 

ʧʦʣʷʛʘʩ ʚ µx ʩʠʥʪʝʟʽ ̫ ʢ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 3D ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʜʽʣʝʥʥʷʤ 2D ʩʢʣʘʜʦʚʠʭ ʮʽʩʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʌʣʫʢʪʫʘʮʽʾ, ʷʢʽ ʤʘʣʠ ʙʠ ʩʠʣʴʥʦ ʟʨʦʩʪʘʪʠ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʛʘʩʷʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʪʘʢʦʛʦ ʩʠʥʪʝʟʫ ʟʘʚʜʷʢʠ ʚʟʘʩʤʦʜʽʾ ʟ 3D ʤʘʪʨʠʮʝʶ. 

ɺʠʜʽʣʝʥʥʷ ʞ 2D ʢʨʠʩʪʘʣʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʟʘ ʷʢʠʭ ʬʣʫʢʪʫʘʮʽʾ ʩʫʪʪʩʚʦ ʧʨʠʜʫʰʝʥʽ. 

 
 

11.2. ʆʊʈʀʄɸʅʅʗ ɻʈɸʌɽʅʋ 

 
ʅʘʡʧʨʦʩʪʽʰʘ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ 

ʤʘʩʠʚʥʠʭ ʢʨʠʩʪʘʣʽʚ i ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʠʦʢʨʝʤʣʝʥʥʷ ʟ ʥʠʭ 2D 

ʰʘʨʽʚ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʛʨʘʬʝʥʫ ʧʦʣʷʛʘʩ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʘʬʽʪʦʚʠʭ 

ʩʪʝʨʞʥʽʚ i ʨʦʟʰʘʨʫʚʘʥʥʽ µx ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʣʦʱʠʥʠ ʤʦʥʦʘʪʦʤʥʦʾ 

ʪʦʚɦʠʥʠ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ ʚ ʧʘʨʘʛʨʘʬʽ 9.3, ʛʨʘʬʽʪ ʩ h ʘʨʫʚʘʪʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʚ ̫ ʢʦʤʫ ʘʪʦʤʥʽ ʧʣʦʱʠʥʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʝʢʩʘʛʦʥʽʚ, 

ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ ʦʜʥʘ ʟ ʽʥʰʦʶ. ɺʠʨʦʱʫʚʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʛʨʘʬʽʪʫ 

ʟʘʟʚʠʯʘʡ ʚʠʤʘʛʘʩ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʷʜʢʫ 3000 ʂ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʡʦʛʦ 

ʨʦʟʜʽʣʝʥʥʷ ʥʘ h ʘʨʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʪʦʙʪʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʠ ʤʝʥʰʦʾ ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʩʪʫ. ʈʝʘʣʴʥʦ ʮʝ ʧʦʜʽʙʥʦ ʜʦ ʧʨʦʮʝʩʫ ʧʠʩʘʥʥʷ ʧʨʦʩʪʠʤ ʦʣʽʚʮʝʤ, 

ʢʦʣʠ ʩʣʽʜ ʥʘ ʧʘʧʝʨʽ ʟʘʣʠʰʘʩʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʰʘʨʫʚʘʥʥʷ ʛʨʘʬʽʪʫ 

ʚʽʜ ʛʨʠʬʝʣʷ. ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʩ ʭʽʙʘ ʱʦ ʚ ʪʦʤʫ, ʱʦ 

ʧʠʩʘʥʥʷ ʛʨʘʬʽʪʦʚʠʤ ʛʨʠʬʝʣʝʤ ʚʽʜʙʫʚʘʩʪʴʩʷ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ 

ʟʘʣʠʰʢʘʤʠ ʛʨʘʬʽʪʫ, ʘ ʥʝ ʡʦʛʦ ʤʦʥʦʰʘʨʘʤʠ, ʷʢʽ ʩ ʥʝʚʠʜʠʤʠʤʠ ʜʣʷ 

ʦʢʘ. 

ʇʨʠʥʮʠʧ ʰʠʨʦʢʦʚʞʠʚʘʥʦʾ ʪʝʭʥʽʢʠ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʽʚ ʛʨʘʬʝʥʫ, 

ʷʢʫ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʪʝʭʥʽʢʦʶ ʤʽʢʨʦʤʝʭʘʥʽʯʥʦʛʦ ʩʢʦʣʶʚʘʥʥʷ ʘʙʦ 
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ʩʢʦʪʯ-ʤʝʪʦʜʦʤ, ʽʣʶʩʪʨʫʩ ʩʭʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 11.2. ʉʧʦʯʘʪʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʣʝʡʢʦʾ ʩʪʨʽʯʢʠ ʟʥʽʤʘʶʪʴ ʚʝʨʭʥʽʡ ʰʘʨ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ 

ʛʨʘʬʽʪʦʚʦʛʦ ʢʨʠʩʪʘʣʘ. ʇʦʪʽʤ ʮʽ ʚʽʜʢʦʣʦʪʽ ʩʪʨʽʯʢʦʶ ʛʨʘʬʽʪʦʚʽ ʰʘʨʠ 

ʱʽʣʴʥʦ ʧʨʠʪʠʩʢʘʶʪʴʩʷ ʜʦ ʧʨʠʜʘʪʥʦʾ ʧʽʜʢʣʘʜʢʠ. ʗʢʱʦ ʘʜʛʝʟʽʷ 

ʥʠʞʥʴʦʛʦ ʰʘʨʫ ʛʨʘʬʝʥʫ ʜʦ ʧʽʜʢʣʘʜʢʠ ʧʝʨʝʚʘʞʘʩ ʪʘʢʫ ʤʽʞ ʰʘʨʘʤʠ 

ʛʨʘʬʽʪʫ, ʛʨʘʬʝʥʦʚʠʡ ʰʘʨ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʶ 

ʧʽʜʢʣʘʜʢʠ, ʬʦʨʤʫʶʯʠ h ʣʷʭʦʤ ʪʘʢʦʾ ʥʘʜʟʚʠʯʘʡʥʦ ʧʨʦʩʪʦʾ ʧʨʦʮʝʜʫʨʠ 

ʛʨʘʬʝʥʦʚʽ ʢʨʠʩʪʘʣʽʪʠ ʜʫʞʝ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ɺ ʧʨʠʥʮʠʧʽ, ʮʷ ʪʝʭʥʽʢʘ 

ʧʨʘʮʶʩ ʟ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʶ ʧʦʚʝʨʭʥʝʶ, ʷʢʘ ʤʘʩ ʧʨʠʡʥʷʪʥʫ 

ʘʜʛʝʟʽʶ ʜʦ ʛʨʘʬʝʥʫ. 
 

 
 
 
 
 
 

ʈʠʩ. 11.2. ʊʝʭʥʽʢʘ ʤʽʢʨʦʤʝʭʘʥʽʯʥʦʛʦ ʩʢʦʣʶʚʘʥʥʷ (ʩʢʦʪʯ-ʤʝʪʦʜ) 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʨʘʬʝʥʫ. ɺʝʨʭʥʽʡ ʨʷʜ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʣʝʡʢʦʾò 

ʩʪʨʽʣʢʠ ʜʣʷ ʩʢʦʣʶʚʘʥʥʷ ʢʽʣʴʢʦʭ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʛʨʘʬʽʪʫ ʚʽʜ 

ʤʘʩʠʚʥʦʛʦ ʢʨʠʩʪʘʣʫ. ɺʥʠʟʫ ʣʽʚʦʨʫʯ: ʩʪʨʽʯʢʘ ʟʽ ʟʥʷʪʠʤ ʰʘʨʦʤ 

ʛʨʘʬʽʪʫ ʱʽʣʴʥʦ ʧʨʠʪʠʩʢʘʩʪʴʩʷ ʜʦ ʧʨʠʜʘʪʥʦʾòʧʽʜʢʣʘʜʢʠ. ɺʥʠʟʫ 

ʧʨʘʚʦʨʫʯ: ʯʘʩʪʠʥʘ ʟʥʷʪʦʛʦ ʩʪʨʽʯʢʦʶ ʛʨʘʬʽʪʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ 

ʧʽʜʢʣʘʜʮʽ, ʨʝʰʪʘ ʚʽʜʜʽʣʷʩʪʴʩʷ ʨʘʟʦʤ ʟʽ ʩʪʨʽʯʢʦʶ 

 
ɼʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʝʥʦʚʠʭ ʰʘʨʽʚ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʪʠʯʥʫ ʤʽʢʨʦʩʢʦʧʽʶ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʙʘʟʫʩʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʤʦʥʦʘʪʦʤʥʽ ʰʘʨʠ ʛʨʘʬʽʪʫ ʥʘ ʜʝʷʢʠʭ 

ʧʽʜʢʣʘʜʢʘʭ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʦʚʦʣʽ ʚʠʩʦʢʠʡ, ʘʞ ʜʦ 15 %, ʦʧʪʠʯʥʠʡ 

ʢʦʥʪʨʘʩʪ ʜʣʷ ʜʝʷʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ. 

ɯʥʰʽ ʤʝʪʦʜʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʛʨʘʬʝʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ 

ʧʽʜʭʦʜʠ, ʪʦʙʪʦ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʩʪ 3D ʢʨʠʩʪʘʣʫ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʜʽʣʝʥʥʷʤ 2D ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʠʥ ʟ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʰʘʨʫʚʘʥʥʷ ʛʨʘʬʽʪʫ ʥʘ ʦʢʨʝʤʽ ʛʨʘʬʝʥʦʚʽ 

ʰʘʨʠ ʙʘʟʫʩʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʽʜʠʥ, ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ /\/-ʧʦʣʽʤʝʪʠʣʧʠʨʨʦʣʽʜʦʥ, g-ʙʫʪʠʨʦʣʘʢʪʦʥ, 
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N,/V-ʜʠʤʝʪʠʣʮʝʪʘʤʽʜ ʪʦʱʦ. ʆʙʨʦʙʢʘ ʛʨʘʬʽʪʫ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ 

ʨʽʜʠʥʘʤʠ ʚʝʜʝ ʜʦ ʧʨʦʥʠʢʥʝʥʥʷ ʘʪʦʤʽʚ ʯʠ ʤʦʣʝʢʫʣ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʫ 

ʧʨʦʤʽʞʢʠ ʤʽʞ ʡʦʛʦ ʰʘʨʘʤʠ. ɺʽʜʜʘʣʴ ʤʽʞ ʰʘʨʘʤʠ ʟʙʽʣʴʰʫʩʪʴʩʷ, ʩʠʣʠ 

ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ ʩʣʘʙʥʫʪʴ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʨʦʟʰʘʨʫʚʘʥʥʷ ʛʨʘʬʽʪʫ 

ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʦʣʝʛʰʫʩʪʴʩʷ. 

ʑʝ ʦʜʠʥ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʜʽʣʝʥʥʷ ʛʨʘʬʽʪʦʚʠʭ 

ʰʘʨʽʚ ʙʘʟʫʩʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʭʽʤʽʯʥʠʭ ʦʢʠʩʣʶʚʘʯʽʚ, ʟʦʢʨʝʤʘ 

ʢʠʩʥʶ ʯʠ ʛʘʣʦʛʝʥʽʚ. ʇʽʜ µx ʚʧʣʠʚʦʤ ʚʽʜʙʫʚʘʩʪʴʩʷ ʦʢʠʩʣʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ ʛʨʘʬʽʪʫ ʟ ʪʠʤʠ ʞ ʥʘʩʣʽʜʢʘʤʠ, ɦ ʦ ʡ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʤʝʪʦʜʽ ð ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʜʘʣʽ, ʧʦʩʣʘʙʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʰʘʨʘʤʠ i 

ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʮʝʩʫ µx ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʦʜʠʥ ʚʽʜ ʽʥʰʦʛʦ. 

ɻʨʘʬʝʥ ʤʦʞʝ ʙʫʪʠ ʩʠʥʪʝʟʦʚʘʥʠʡ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʧʘʨʠ ʥʘ ʧʨʠʜʘʪʥʫ ʧʽʜʢʣʘʜʢʫ, ʷʢʘ, ʢʨʽʤ ʦʩʥʦʚʠ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ, ʚʽʜʽʛʨʘʚʘʣʘ ʙʠ ʨʦʣʴ ʢʘʪʘʣʽʟʘʪʦʨʘ. ʊʘʢʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ 

ʤʦʞʝ ʙʫʪʠ, ʥʘʧʨʠʢʣʘʜ, ʥʽʢʝʣʴ, ʤʽʜʴ ʯʠ ̔ ʥʰʽ ʤʝʪʘʣʠ. ʎʠʤ ʤʝʪʦʜʦʤ ʫʞʝ 

ʩʴʦʛʦʜʥʽ ʫʜʘʩʪʴʩʷ ʩʠʥʪʝʟʫʚʘʪʠ ʟʨʘʟʢʠ ʤʦʥʦʰʘʨʽʚ ʛʨʘʬʝʥʫ 

ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʦʨʷʜʢʫ 1 ʩʤ, ʱʦ ʚ ʜʝʩʷʪʢʠ i ʩʦʪʥʽ ʨʘʟʽʚ ʙʽʣʴʰʝ, 

ʥʽʞ ʨʦʟʤʽʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʤʝʪʦʜʘʤʠ, 

ʟʛʘʜʘʥʠʤʠ ʚʠʱʝ. 

ʗʢ i ̔ ʥʰʽ ʧʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʶ, ʬʫʣʝʨʝʥʠ i ʥʘʥʦʪʨʫʙʢʠ, 

ʛʨʘʬʝʥ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʤʽʞ 

ʛʨʘʬʽʪʦʚʠʤʠ ʩʪʝʨʞʥʷʤʠ ʚ ʘʪʤʦʩʬʝʨʽ ̔ ʥʝʨʪʥʦʛʦ ʛʘʟʫ, ʘ ʪʘʢʦʞ h ʣʷʭʦʤ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʛʨʘʬʝʥʦʚʘ 

ʧʣʽʚʢʘ ʝʧʽʪʘʢʩʽʡʥʦ ʥʘʨʦʩʪʘʩ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʫ SiC. 

 
 

11.3. ʅɽɿɺʀʏɸʁʅɯ ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɻʈɸʌɽʅʋ 

 
ʇʝʨʰ ʥʽʞ ʨʦʟʛʣʷʥʫʪʠ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʫ, ʱʝ ʨʘʟ 

ʧʦʚʝʨʥʝʤʦʩʷ ʜʦ ʧʠʪʘʥʠʷ 2D ʢʨʠʩʪʘʣʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʦʜʠʥʘʨʥʘ 

ʘʪʦʤʥʘ ʧʣʦʱʠʥʘ ʩ 2D ʢʨʠʩʪʘʣʦʤ, ʪʦʜʽ ̫ ʢ ʩʦʪʥʷ-ʜʨʫʛʘ ʰʘʨʽʚ ʧʦʚʠʥʥʘ 

ʚʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʪʦʥʢʘ ʧʣʽʚʢʘ 3D ʤʘʪʝʨʽʘʣʫ. ɸʣʝ ʩʢʽʣʴʢʠ ʩʘʤʝ 

ʰʘʨʽʚ ʧʦʪʨʽʙʥʦ ʚʟʷʪʠ, ʱʦʙ ʩʬʦʨʤʦʚʘʥʫ ʥʠʤʠ ʩʪʨʫʢʪʫʨʫ ʥʝʦʙʭʽʜʥʦ 

ʙʫʣʦ ʨʦʟʛʣʷʜʘʪʠ ʚʞʝ ʷʢ ʪʨʠʚʠʤʽʨʥʫ? 

ʋ ʚʠʧʘʜʢʫ ʛʨʘʬʝʥʫ ʚʽʜʧʦʚʽʜʴ ʙʘʟʫʩʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʽ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʩʪʨʫʢʪʫʨʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʨʘʬʝʥʦʚʠʭ 

ʰʘʨʽʚ ʫ ʥʽʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʩʫʢʫʧʥʦʩʪʽ 

ʛʨʘʬʝʥʦʚʠʭ h ʘʨʽʚ h ʚʠʜʢʦ ʝʚʦʣʶʮʽʦʥʫʩ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ h ʘʨʽʚ, 



27 l  

ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʪʘʢʦʾ ʜʣʷ 3D ʛʨʘʬʽʪʫ, ʢʦʣʠ ʯʠʩʣʦ h ʘʨʽʚ ʧʨʷʤʫʩ ʜʦ 

ʜʝʩʷʪʠ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʬʝʥ i ʟ ʜʦʙʨʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʙʽʛʨʘʬʝʥ ʤʘʶʪʴ 

ʧʨʦʩʪʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ: ʚʦʥʠ ʩ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʟ ʥʫʣʴʦʚʦʶ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʘʙʦ ʱʦ ʪʝ ʩʘʤʝ ð ʥʘʧʽʚʤʝʪʘʣʘʤʠ ʟ 

ʥʫʣʴʦʚʠʤ ʧʝʨʝʢʨʠʪʪʷʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ i ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ) ʟ ʦʜʥʠʤ 

ʪʠʧʦʤ ʝʣʝʢʪʨʦʥʽʚ i ʦʜʥʠʤ ʪʠʧʦʤ ʜʽʨʦʢ. ɼʣʷ ʪʨʴʦʭ i ʙʽʣʴʰʝ ʰʘʨʽʚ 

ʛʨʘʬʝʥʫ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ ʩ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʤ: ʚ ʝʣʝʢʪʨʦʥʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʧʦʷʚʣʷʩʪʴʩʷ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʟʦʥʘ 

ʧʨʦʚʽʜʥʦʩʪʽ i ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʧʦʯʠʥʘʶʪʴ ʩʫʪʪʩʚʦ ʧʝʨʝʢʨʠʚʘʪʠʩʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 2D ʢʨʠʩʪʘʣʘʤʠ 

ʤʦʥʦʰʘʨ ʛʨʘʬʝʥʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʢʦʤʧʦʟʠʮʽʾ ʟ ʜʚʦʭ i ʜʝʢʽʣʴʢʦʭ (ʚʽʜ 

ʪʨʴʦʭ ʜʦ ʧʨʠʙʣʠʟʥʦ ʜʝʩʷʪʠ) ʰʘʨʽʚ. ɸʣʝ ʭʦʯʘ ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ ʩ 2D 

ʢʨʠʩʪʘʣʘʤʠ, ʚʦʥʠ ʧʨʠ ʮʴʦʤʫ ʩ 2D ʢʨʠʩʪʘʣʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. 

ʉʪʨʫʢʪʫʨʠ, ʪʦʚʱʽ ʟʘ ʜʝʩʷʪʴ ʤʦʥʦʰʘʨʽʚ ʛʨʘʬʝʥʫ, ʨʦʟʛʣʷʜʘʶʪʴ ʫʞʝ ̫ ʢ 

ʪʦʥʢʽ ʧʣʽʚʢʠ ʛʨʘʬʽʪʫ. 

 
 

ɽʌɽʂʊ ɽʃɽʂʊʈʀʏʅʆɻʆ ʇʆʃʗ ʋ ɻʈɸʌɽʅɯ 

 
ɺʠʩʦʢʘ ʷʢʽʩʪʴ ʛʨʘʬʝʥʦʚʦʛʦ ʰʘʨʫ ʜʦʟʚʦʣʷʩ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʥʴʦʤʫ 

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʣʴʦʚʠʡ ʝʬʝʢʪ (ʨʠʩ. 11.3). 

ʉʫʪʴ ʝʬʝʢʪʫ ʧʦʣʷʛʘʩ ʚ ʪʦʤʫ, ʱʦ, ʧʨʠʢʣʘʜʘʶʯʠ ʜʦ ʛʨʘʬʝʥʦʚʦʛʦ 

ʰʘʨʫ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ i ʟʤʽʥʶʶʯʠ ʥʘʧʨʫʛʫ ʧʦʣʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʝʢʽʣʴʢʘ 

ʜʝʩʷʪʢʽʚ ʚʦʣʴʪ ʪʘ ʡʦʛʦ ʧʦʣʷʨʥʽʩʪʴ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ 

ʰʘʨʫ ʟ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘ ʜʽʨʢʦʚʠʡ i ʥʘʚʧʘʢʠ ʪʘ ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʶʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʤʘʞʘʭ ʘʞ ʜʦ 1013 ʩʤ-2. 

ʇʨʠ ʮʴʦʤʫ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʤʦʞʝ ʧʝʨʝʚʘʞʘʪʠ ʚʝʣʠʯʠʥʫ 1,5 104 

ʩʤ2/ɺ ʩ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʨʫʭʣʠʚʽʩʪʴ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ, ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʦʟʥʘʯʘʩ, ʱʦ 

ʥʘʚʽʪʴ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʥʘ ʦʙʤʝʞʫʩʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ 

ʜʦʤʽʰʢʘʭ, ʘ ʦʪʞʝ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʩʚʦ ʧʦʢʨʘʱʝʥʘ, ʷʢ ʦʯʽʢʫʩʪʴʩʷ, 

ʤʦʞʣʠʚʦ ʘʞ ʜʦ 1 10 ʩʤ2/ɺ ʩ. ɺ ʛʨʘʬʝʥʽ ʨʫʭʣʠʚʽʩʪʴ ʟʘʣʠʰʘʩʪʴʩʷ 

ʚʠʩʦʢʦʶ ʥʘʚʽʪʴ ʟʘ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʣ > 1012 ʩʤ-2) ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʷʢ ʫ ʝʣʝʢʪʨʠʯʥʦ, ʪʘʢ ʫ ʭʽʤʽʯʥʦ ʣʝʛʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʱʦ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʙʘʣʽʩʪʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʫʙʤʽʢʨʦʥʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ (ʥʘ ʩʴʦʛʦʜʥʽ ʜʦ ʧʨʠʙʣʠʟʥʦ 0,3 ʤʢʤ ʧʨʠ 300 ʂ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʛʨʘʬʝʥ ʚʠʷʚʣʷʩʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. 
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ʈʠʩ. 11.3. ɸʤʙʽʧʦʣʷʨʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʣʴʦʚʠʡ ʝʬʝʢʪ ʚ ʤʦʥʦʰʘʨʽ ʛʨʘʬʝʥʫ. 

ʅʘ ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʦ ʢʦʥʽʯʥʠʡ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ E(k), ʘ ʪʘʢʦʞ 

ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʟʤʽʥʠ ʧʦʣʦʞʝʥʠʷ ʨʽʚʥʷ ʌʝʨʤʽ El ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʫʛʠ 

ʥʘ ʟʘʪʚʦʨʽ Yg. ʇʆɿʀʪʠʚʥʘ (ʥʝʛʘʪʠʚʥʘ) ʥʘʧʨʫʛʘ Yg ɯʅɼ KyC ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ 

(ʜʽʨʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ ʣ = Org, ɼʝ ʢʦʝʬʽʮʽʩʥʪ ʚ = 7,2 1010 ʩʤ-2ɺ-1 ʜʣʷ ʧʦʣʴʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʽʡ ʷʢ ʜʽʝʣʝʢʪʨʠʢ ʚʠʢʦʨʠʩʪʘʥʦ ʰʘʨ SµO2 ʪʦʚʱʠʥʦʶ 300 HM. 

(ɿʛʽʜʥʦ ʟ ɸ.ʂ. Geim and ʂ.ɮ. Novoselov, 2007 Nature Mater., 6, 183) 

 

 
ʋʅɯʂɸʃʔʅɸ ʃʈʀʈʆɼɸ HOCċċB ɿɸʈʗɼʋ ɺ ɻʈɸʌɽʅɯ 

 
ʆʜʥʽʩʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʠʯʠʥ ʚʠʩʦʢʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ ʛʨʘʬʝʥʫ ʩ, 

ʟʦʢʨʝʤʘ, ʫʥʽʢʘʣʴʥʘ ʧʨʠʨʦʜʘ ʡʦʛʦ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʷʢʘ ʨʦʙʠʪʴ µx 

ʧʦʜʽʙʥʠʤʠ ʜʦ ʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʯʘʩʪʠʥʦʢ ð ʥʝʽʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ 

ɼʽʨʘʢʘ. 

ɿʘʟʚʠʯʘʡ ʫ ʬʽʟʠʮʽ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʐʨʝʜʽʥʛʝʨʘ 

ʅ   ðð ɽ  . (11.1) 

ɻʨʘʬʝʥ ʚʠʷʚʣʷʩʪʴʩʷ ʚʠʥʷʪʢʦʤ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ. ʁʦʛʦ 

ʚʽʣʴʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʽʤʽʪʫʶʪʴ ʨʝʣʷʪʠʚʽʩʪʩʴʢʽ ʯʘʩʪʠʥʢʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ 

ʦʧʠʩʫʶʪʴʩʷ ʥʝ ʨʽʚʥʷʥʥʷʤ ʐʨʝʜʽʥʛʝʨʘ, ʘ ʨʝʣʷʪʠʚʽʩʪʩʴʢʠʤ ʨʽʚʥʷʥʥʷʤ 

ɼʽʨʘʢʘ. ɼʣʷ ʛʨʘʬʝʥʫ ʛʘʤʽʣʴʪʦʥʽʘʥ ʪʠʧʫ ɼʽʨʘʢʘ ʟʘʧʠʩʫʶʪʴ ʷʢ: 
 

 
ʅ ðð hv 

0 k,  ð ik 

k, + ik 0 

 
= ʡv,o k , 

 

(11.2) 
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ʜʝ ů ï ʮʝ 2D ʤʘʪʨʠʮʷ ʇʘʫʣʽ, ʘ vf ï ʥʝ ʟʘʣʝʞʥʘ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ 

k ʰʚʠʜʢʽʩʪʴ ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ, ʱʦ ʚʽʜʽʛʨʘʻ ʨʦʣʴ h ʚʠʜʢʦʩʪʽ 

ʩʚʽʪʣʘ. 

ʅʘʩʧʨʘʚʜʽ ʫ ʨʫʩʽ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʢʦʣʽ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʛʨʘʬʝʥ, ʥʽʷʢʦʛʦ ʦʩʦʙʣʠʚʦʛʦ ʨʝʣʷʪʠʚʽʟʤʫ ʥʝʤʘʻ. ɺʦʜʥʦʯʘʩ 

ʾʭʥʷ ʚʟʘʻʤʦʜʽʷ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʛʨʘʬʝʥʦʚʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ ʪʠʧʫ ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ ʧʦʨʦʜʞʫʻ ʥʦʚʽ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, 

ʧʦʚʝʜʽʥʢʘ ʷʢʠʭ ʟʘ ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʡ ɽ ʪʦʯʥʦ ʦʧʠʩʫʶʪʴʩʷ ʥʘʚʝʜʝʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ɼʽʨʘʢʘ. ʇʘʨʘʤʝʪʨ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʚʽʪʣʘ ʚ 

ʛʘʤʽʣʴʪʦʥʽʘʥʽ (11.2) ʜʣʷ ʮʠʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʛʨʘʬʝʥʽ ʚʠʷʚʣʷʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʫ 300 ʨʘʟʽʚ ʤʝʥʰʠʤ ʟʘ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ ʽ 

ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ vf å 106 ʤ/ʩ. 

ʈʽʚʥʷʥʥʷ ɼʽʨʘʢʘ ʜʣʷ ʟʘʨʷʜʞʝʥʠʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʛʨʘʬʝʥʽ ʻ 

ʧʨʷʤʠʤ ʥʘʩʣʽʜʢʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʠʤʝʪʨʽʾ ʦʩʪʘʥʥʴʦʛʦ. ʂʨʠʩʪʘʣʽʯʥʘ 

ˇʨʘʪʢʘ ʪʠʧʫ ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ ʧ. 5.1, 

ʬʦʨʤʫʻʪʴʩʷ ʜʚʦʤʘ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʧʽʜˇʨʘʪʢʘʤʠ ɸ ̔ ɺ. ɿʦʥʠ ʝʥʝʨʛʽʾ, 

ʱʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʮʠʤʠ ʧʽʜˇʨʘʪʢʘʤʠ, ʧʝʨʝʩʽʢʘʶʪʴʩʷ ʧʨʠ ʥʫʣʴʦʚʦʤʫ 

ʟʥʘʯʝʥʥʽ ʝʥʝʨʛʽʾ ʥʘ ʢʨʘʶ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʚ ʜʦʚʦʣʽ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʝʥʝʨʛʽʡ E < 1 ʝɺ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ 

ʬʦʨʤʫʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʟ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ 

E vüf k , ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʚʩʪʘʚʢʘʭ ʨʠʩ. 11.3. 

ʇʨʦʪʝ ʣʽʥʽʡʥʠʡ ʩʧʝʢʪʨ ʻ ʥʝ ʻʜʠʥʦʶ ʚʘʞʣʠʚʦʶ ʨʠʩʦʶ ʟʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʝʥʫ. ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢʘ ʚʝʜʝ ʜʦ 

ʨʽʚʥʷʥʥʷ ɼʽʨʘʢʘ, ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʽ ʩʪʘʥʠ ʧʦʙʣʠʟʫ ʪʦʯʢʠ 

ɽ = 0, ʜʝ ʟʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʬʦʨʤʫʶʪʴʩʷ ʟʽ ʩʪʘʥʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ 

ʨʽʟʥʠʤ ʧʽʜˇʨʘʪʢʘʤ. ɺʽʜʪʘʢ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʚʽʜʥʦʩʥʠʡ ʚʢʣʘʜ 

ʮʠʭ ʧʽʜˇʨʘʪʦʢ ʫ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ. ʎʝ ʨʦʙʣʷʪʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʥʦʨʠ ï ʜʚʦʢʦʤʧʦʥʝʥʪʥʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ, 

ʚʢʘʟʫʶʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʽʚ ʧʽʜˇʨʘʪʢʠ ɸ ̔ ɺ. ɼʘʥʽ ʽʥʜʝʢʩʠ ʻ 

ʧʦʜʽʙʥʠʤʠ ʜʦ ʩʧʽʥʦʚʠʭ ʽʥʜʝʢʩʽʚ (ʚʥʠʟ ʽ ʚʚʝʨʭ) ʫ ʢʚʘʥʪʦʚʽʡ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʮʽ, ʪʦʤʫ ʾʭ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʧʩʝʚʜʦʩʧʽʥʠ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʠ 

ʬʦʨʤʘʣʴʥʦʤʫ ʦʧʠʩʽ ʛʨʘʬʝʥʦʚʠʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʱʝ 

ʥʘʚʝʜʝʥʦʛʦ ʛʘʤʽʣʴʪʦʥʽʘʥʘ ʪʠʧʫ ɼʽʨʘʢʘ ů ʩʪʦʩʫʻʪʴʩʷ ʧʩʝʚʜʦʩʧʽʥʫ, ʘ ʥʝ 

ʨʝʘʣʴʥʦʛʦ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʽʚ. ʆʩʪʘʥʥʽʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʨʤʘʤʠ ʚ ʛʘʤʽʣʴʪʦʥʽʘʥʽ. 

ʇʦ ʘʥʘʣʦʛʽʾ ʟ ʢʚʘʥʪʦʚʦʶ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʦʶ ʚʚʦʜʷʪʴ ʪʘʢʦʞ 

ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʢʠʨʘʣʴʥʽʩʪʴ, ʷʢʠʡ ʬʦʨʤʘʣʴʥʦ ʻ ʧʨʦʝʢʮʽʻʶ ů ʥʘ 

ʥʘʧʨʷʤ ʨʫʭʫ k ʽ ʚʚʘʞʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʥʝʛʘʪʠʚʥʠʤ 

ʜʣʷ ʜʽʨʦʢ. ʇʦ ʩʫʪʽ, ʢʠʨʘʣʴʥʽʩʪʴ ʫ ʛʨʘʬʝʥʽ ʚʽʜʦʙʨʘʞʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ k 
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ʩʪʘʥ ʝʣʝʢʪʨʦʥʘ i ðk ʩʪʘʥ ʜʽʨʢʠ ʩ ʚʥʫʪʨʽʰʥʴʦ ʟʚôʷʟʘʥʽ, ʪʦʤʫ ʱʦ ʚʦʥʠ 

ʧʦʭʦʜʷʪʴ ʟ ʦʜʥʠʭ i ʪʠʭ ʞʝ ʚʫʛʣʝʮʝʚʠʭ ʧʽʜʛôʨʘʪʦʢ. ʇʦʥʷʪʪʷ ʢʠʨʘʣʴʥʦʩʪʽ 

i ʧʩʝʚʜʦʩʧʽʥʫ ʩ ʚʘʞʣʠʚʠʤʠ, ʪʦʤʫ ɦ ʦ ʙʘʛʘʪʦ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʛʨʘʬʝʥʽ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ ʟʘʚʜʷʢʠ ʟʙʝʨʝʞʝʥʥʶ ʮʠʭ ʚʝʣʠʯʠʥ. 

ʅʘ ʟʘʚʝʨʰʝʥʠʷ ʮʴʦʛʦ ʧʘʨʘʛʨʘʬʫ ʭʦʪʽʣʦʩʴ ʙʠ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʪʝ, ʱʦ ʽʩʪʦʨʽʷ ʤʘʩ ʟʜʘʪʥʽʩʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ. ʈʦʟʛʣʷʜʘʶʯʠ ʚʠʱʝ 

ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ, ʤʠ ʟʘʟʥʘʯʘʣʠ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʫ 2D ʩʠʩʪʝʤʽ ʚ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ 

ʩʪʘʥʠ, ʚ ʷʢʠʭ ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʨʽʘʣʫ, ʘ ʚʠʟʥʘʯʘʩʪʴʩʷ ʪʽʣʴʢʠ ʩʚʽʪʦʚʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʝ i h, ʙʫʣʘ 

ʚʽʜʦʤʘ ʟʘʜʦʚʛʦ ʜʦ ʚʽʜʢʨʠʪʪʷ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ. ɸʣʝ ʪʽʣʴʢʠ 

ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʥʘ ʥʝʾ ʟʚʝʨʥʫʣʠ ʥʘʣʝʞʥʫ ʫʚʘʛʫ. ʊʘʢ 

ʩʘʤʦ ʪʝʦʨʝʪʠʯʥʦ ʫʞʝ ʜʘʚʥʦ ʙʫʣʦ ʚʽʜʦʤʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʽ ʭʚʠʣʽ ʫ 

ɻʨʘʪʢʘʭ ʪʠʧʫ ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ, ʧʦʜʽʙʥʠʤ 

ʜʦ ʨʝʣʷʪʠʚʽʩʪʩʴʢʦʛʦ ʨʽʚʥʷʥʥʷ ɼʽʨʘʢʘ. ɸʣʝ i ʮʝʡ ʪʝʦʨʝʪʠʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʜʦ ʚʽʜʢʨʠʪʪʷ ʛʨʘʬʝʥʫ ʥʝ ʧʨʠʚʝʨʪʘʚ ʜʦ ʩʝʙʝ ʦʩʦʙʣʠʚʦʾ 

ʫʚʘʛʠ. 3 ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʚʽʜʢʨʠʪʪʷʤ ʛʨʘʬʝʥʫ ʩʠʪʫʘʮʽʷ ʨʽʟʢʦ 

ʟʤʽʥʠʣʘʩʷ, ʦʩʢʽʣʴʢʠ ʟôʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʷʚʠʱ 

ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʰʣʷʭʦʤ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ. 

 
 

ʆʉʆɹʃʀɺɯ ʇʈʆʗɺʀ ʂɺɸʅʊʆɺʆɻʆ ɽʌɽʂʊʋ ʍʆʃʃɸ 

ʋ ɻʈɸʌɽʅɯ 

 
ʋ ʛʨʘʬʝʥʽ, ʷʢ ʧʨʝʜʩʪʘʚʥʠʢʫ ʩʠʩʪʝʤ ʟ 2D ʚʽʣʴʥʠʤʠ ʥʦʩʽʷʤʠ 

ʟʘʨʷʜʫ, ʚ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʜʦ ʧʣʦʱʠʥʠ ʘʪʦʤʥʦʛʦ ʤʦʥʦʰʘʨʫ, ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ 

ʍʦʣʣʘ (ʈʠʩ. 11.4). ʁʦʛʦ ʧʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʣʷʪʠʚʽʩʪʩʴʢʠʡ 

ʘʥʘʣʦʛ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ. ʅʘ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʽʥ 

ʧʨʦʷʚʣʷʩʪʴʩʷ ʷʢ ʥʝʧʝʨʝʨʚʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʢʚʽʜʠʩʪʘʥʪʥʠʭ ʩʭʦʜʠʥʦʢ 

ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʘʜʫ, ̫ ʢʘ ʩʪʽʡʢʦ ʧʨʦʜʦʚʞʫʩʪʴʩʷ i ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʯʝʨʝʟ ʪʦʯʢʫ ɼʽʨʘʢʘ ð ʥʝʡʪʨʘʣʴʥʫ ʪʦʯʢʫ, ʚ ʷʢʽʡ ʪʠʧ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʟʤʽʥʶʩʪʴʩʷ ʚʽʜ ʝʣʝʢʪʨʦʥʽʚ ʜʦ ʜʽʨʦʢ. 

ɿʚʝʨʪʘʩ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʥʝʟʚʠʯʘʡʥʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ñʩʪʘʥʜʘʨʪʥʦʛʦ" ʮʽʣʦʯʠʩʣʦʚʦʛʦ KEX ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʜʫʚʘʥʥʷ 

ʭʦʣʣʽʚʩʴʢʠʭ ʩʭʦʜʠʥʦʢ ʦʜʥʘ ʟʘ ʽʥʰʦʶ. ʗʢʱʦ ʫ ʚʠʧʘʜʢʫ ʜʚʦʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ 2D ʢʘʥʘʣʘʤʠ, ʩʬʦʨʤʦʚʘʥʠʤʠ ʫ 3D 

ʩʪʨʫʢʪʫʨʘʭ, ʮʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʘʩ ʚʠʛʣʷʜ ʭʫ - (e2 /h) i, ʜʝ i ð ʥʦʤʝʨ 
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ʨʽʚʥʷ ʃʘʥʜʘʫ,   ʪʦ ʫ ʛʨʘʬʝʥʽ ʚʦʥʘ ʦʧʠʩʫʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʭʫ'  +4(e2/h) (/+ 1/2). ʊʘʢʠʤ ʯʠʥʦʤ, ʫ  ʛʨʘʬʝʥʽ ʧʦʷʚʣʷʶʪʴʩʷ ʜʚʽ 

ʥʝʚʣʘʩʪʠʚʽ ʩʪʘʥʜʘʨʪʥʦʤʫ ʮʽʣʦʯʠʩʣʦʚʦʤʫ KEX ʦʩʦʙʣʠʚʦʩʪʽ. ʆʜʥʘ ʟ 

ʥʠʭ  ð ʧʦʷʚʘ ʬʘʢʪʦʨʘ  ñ4ò. ɺʦʥʘ  ʩʧʨʠʯʠʥʝʥʘ ʧʦʜʚʽʡʥʠʤ ʜʦʣʠʥʥʠʤ 

ʚʠʨʦʜʞʝʥʥʷʤ  (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦ ʛʨʘʬʝʥ, ʷʢ  ʟʘʟʥʘʯʘʣʦʩʷ, ʩ 

ʩʫʧʝʨʧʦʟʠʮʽʩʶ ʜʚʦʭ ʧʽʜʛ'ʨʘʪʦʢ) ʥʦʩʽʾʚ ʟʘʨʷʜʫ i µx ʧʦʜʚʽʡʥʠʤ ʩʧʽʥʦʚʠʤ 

ʚʠʨʦʜʞʝʥʥʷʤ. ɯʥʰʘ  ʦʩʦʙʣʠʚʽʩʪʴ ð ʟʤʽʱʝʥʥʷ ʥʘ 172 ʤʥʦʞʥʠʢʘ, ʱʦ 

ʟʘʜʘʩ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʨʽʚʥʷ ʃʘʥʜʘʫ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ KEX ʫ ʛʨʘʬʝʥʽ 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ ñʥʘʧʽʚʮʽʣʦʛʦò, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʽʜʦʙʨʘʞʘʩ ʧʦʷʚʫ 

ʟʘʟʥʘʯʝʥʦʛʦ ʟʤʽʱʝʥʥʷ 172, ʘ ʟ ʽʥʰʦʛʦ ð ʚʽʜʦʙʨʘʞʘʩ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʝ ʥʝ 

ʩ ʩʪʘʥʜʘʨʪʥʠʡ ʮʽʣʦʯʠʩʣʦʚʠʡ KEX. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ð4 ð2 0 2 4 

ʧ(10 2 crrʛ*! 

 
ʈʠʩ. 11.4. ʂʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ ʥʘ ʜʚʦʚʠʤʽʨʥʦʤʫ ʛʘʟʽ 

ʙʝʟʽʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʫ ʛʨʘʬʝʥʽ (ɿʛʽʜʥʦ ʟ 

ɸ.ʂ. Geim and ʂ.ɮ. Novoselov, 2007 Nature Mater., 6, 183) 

 

ɯʩʥʫʩ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʦʷʩʥʝʥʥʷ ʥʝʟʚʠʯʘʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʮʽʣʦʛʦ KEX ʫ ʛʨʘʬʝʥʽ. 

ʆʜʥʝ ʟ ʧʦʷʩʥʝʥʴ ʙʘʟʫʩʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʽ  ʢʚʘʥʪʫʚʘʥʥʷ  ʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʛʨʘʬʝʥʫ, ʷʢʠʡ ʩ ʧʦʜʽʙʥʠʤ ʜʦ 

ʩʧʝʢʪʨʫ ʩʠʩʪʝʤ ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʧʨʠʥʮʠʧʦʚʠʤʠ 

ʩ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʢʚʘʥʪʦʚʠʭ ʨʽʚʥʽʚ ʃʘʥʜʘʫ ʚʽʜ µx ʧʦʨʷʜʢʦʚʦʛʦ 

ʥʦʤʝʨʘ  ɽ, ðð +ʤʫ   2e Bi   ʊʠʧʫ  ʢʦʨʝʥʝʚʦʾ  ʧʘʨʘʙʦʣʠ  (+  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ, ʚʽʜʧʦʚʽʜʥʦ) i ʪʦʡ ʬʘʢʪ, ɦ ʦ ʟʘ ʥʫʣʴʦʚʦʾ ʝʥʝʨʛʽʾ ̔ ʩʥʫʩ 

ʢʚʘʥʪʦʚʠʡ  ʨʽʚʝʥʴ,  ʩʧʽʣʴʥʠʡ  ʜʣʷ  ʝʣʝʢʪʨʦʥʽʚ  i  ʜʽʨʦʢ.  ʅʘ ʧʨʠʢʣʘʜʽ 
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ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʰʢʘʣʦʶ ʝʥʝʨʛʽʡ ʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʫ ʛʨʘʬʝʥʫ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʩ ʨʠʩ. 11.5. 
 
 

ʈʠʩ. 11.5. ʉʭʝʤʘʪʠʯʥʠʡ ʚʠʛʣʷʜ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ D ʥʘ 

ʨʽʚʥʷʭ ʃʘʥʜʘʫ ʜʣʷ ʥʝʽʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʚ ʤʦʥʦʰʘʨʽ 

ʛʨʘʬʝʥʫ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʽʚʥʽʚ ʩʣʽʜʫʩ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ɽ, - . 

 
ɸʣʴʪʝʨʥʘʪʠʚʥʝ ʧʦʷʩʥʝʥʥʷ ʙʘʟʫʩʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʥʷʪʪʷ 

ʪʘʢ ʟʚʘʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ ʘʙʦ ʬʘʟʠ ɹʝʨʨʽ. ʌʘʟʘ ɹʝʨʨʽ ð ʮʝ ʬʘʟʘ, 

ʷʢʦʾ ʥʘʙʫʚʘʩ ʜʝʷʢʘ ʩʠʩʪʝʤʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦ ʢʦʣʫ, ʷʢʱʦ ʚʦʥʘ 

ʟʘʟʥʘʩ ʮʠʢʣʽʯʥʠʭ ʘʜʽʘʙʘʪʠʯʥʠʭ ʟʙʫʨʝʥʴ. ʋ ʚʠʧʘʜʢʫ ʥʘʧʽʚʮʽʣʦʛʦ KEX 

ʪʘʢʠʤ ʘʜʽʘʙʘʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʧʩʝʚʜʦʩʧʽʥʦʤ i 

ʦʨʙʽʪʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ. ʇʦʷʚʘ ʬʘʟʠ ɹʝʨʨʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʥʘ rr 

ʬʘʟʠ ʢʚʘʥʪʦʚʠʭ ʦʩʮʠʣʷʮʽʡ, ʱʦ ʚ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ KEX ʜʘʩ 

ʟʤʽʱʝʥʥʷ ʫ ʧʦʣʦʞʝʥʥʽ ʢʦʞʥʦʛʦ ʧʣʘʪʦ ʭʫ ʥʘ ʰʢʘʣʽ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ 
172. 

KEX ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʪʘʢʦʞ i ʫ ʙʽʛʨʘʬʝʥʽ (ʨʠʩ. 11.6), ʭʦʯʘ ʧʣʘʪʦ 

ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʝ ʪʘʢ ʯʽʪʢʦ, ʷʢ ʫ ʛʨʘʬʝʥʽ. 

ʉʠʪʫʘʮʽʷ ʩ ʧʦʜʽʙʥʦʶ ʜʦ ʪʘʢʦʾ ʫ ʚʠʧʘʜʢʫ ʘʥʦʤʘʣʴʥʦʛʦ KEX. 
 

 
ʈʠʩ. 11.6. ʂʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ ʥʘ 2D ʽʥʝʨʮʽʡʥʠʭ 

ʬʝʨʤʽʦʥʘʭ ɼʽʨʘʢʘ ʫ ʙʽʛʨʘʬʝʥʽ (ɿʛʽʜʥʦ ʟ ɸ.ʂ. Geim and ʂ.ɮ. 

Novoselov, 2007 Nature Mater., 6, 183) 
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ʗʢ ʧʦʢʘʟʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʫ ʙʽʛʨʘʬʝʥʽ ʧʣʘʪʦ ʭʦʣʣʽʚʩʴʢʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʩʣʽʜʫʶʪʴ ʦʜʥʝ ʟʘ ʽʥʰʠʤ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪɰ  ʭʫ' +4(e2/h) i,  

ʱʦ ʟʘʜʘʩʪʴʩʷ ʮʽʣʠʤʠ  ʟʥʘʯʝʥʥʷʤʠ  ʯʠʩʣʘ  i, ʘʣʝ ʥʘʡʧʝʨʰʝ  ʟ ʥʠʭ ʧʨʠ 

i ðð 0 ʚʽʜʩʫʪʥʷ (ʥʘ ʨʠʩ. 11.6 ʦʯʽʢʫʚʘʥʝ ʧʦʣʦʞʝʥʠʷ ʧʣʘʪʦ ʟ i ðð 0 

ʧʦʟʥʘʯʘʩ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʪʨʽʣʢʘ). ʇʨʠʯʠʥʘ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ KEX 

ʢʨʠʩʪʴʩʷ ʫ ʜʦʚʦʣʽ ʜʠʚʥʽʡ ʧʨʠʨʦʜʽ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʙʽʛʨʘʬʝʥʽ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʟʦʚʩʽʤ ʽʥʰʠʤ, ʥʽʞ ʜʣʷ ʛʨʘʬʝʥʫ, ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ 
 
 

 
2m   

, + ik ) 2 0 

(11.3) 

 

ʎʝʡ ʛʘʤʽʣʴʪʦʥʽʘʥ ʢʦʤʙʽʥʫʩ ʥʝʜʽʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʦʜʽʙʥʫ ʜʦ 

ʨʽʚʥʷʥʥʷ ɼʽʨʘʢʘ, ʟ ʪʝʨʤʦʤ 32 /2s, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʨʽʚʥʷʥʥʷ 

ʐʨʝʜʽʥʛʝʨʘ. ʈʝʟʫʣʴʪʫʶʯʘ ʢʚʘʟʽʯʘʩʪʠʥʢʘ, ʱʦ ʦʧʠʩʫʩʪʴʩʷ ʮʠʤ 

ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ, ʩ ʢʠʨʘʣʴʥʦʶ, ʧʦʜʽʙʥʦʶ ʜʦ ʥʝʽʥʝʨʮʽʡʥʦʛʦ ʬʝʨʤʽʦʥʘ 

ɼʽʨʘʢʘ, ʘʣʝ ʤʘʩ ʩʢʽʥʯʝʥʫ ʤʘʩʫ ʪ -- 0.05m , ʪʦʙʪʦ ʩ ʽʥʝʨʮʽʡʥʠʤ 

ʬʝʨʤʽʦʥʦʤ ɼʽʨʘʢʘ. ʂʚʘʥʪʦʚʽ ʨʽʚʥʽ ʃʘʥʜʘʫ ʜʣʷ ʪʘʢʠʭ ʽʥʝʨʮʽʡʥʠʭ 

ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʟʘʜʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʄ ɽ, ðð +ʛ+ i(i 1) , ʜʝ h  ð 

ʮʠʢʣʦʪʨʦʥʥʘ ʯʘʩʪʦʪʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʴʦʛʦ ʢʚʘʥʪʦʚʽ ʨʽʚʥʽ ʟ / = 0 i 1 

ʚʠʨʦʜʞʫʶʪʴʩʷ ʚ ʦʜʠʥ ʟ ʝʥʝʨʛʽʩʶ ɽ ðð 0. ʎʝ ʜʦʜʘʪʢʦʚʝ ʚʠʨʦʜʞʝʥʥʷ 

ʚʝʜʝ ʜʦ ʟʥʠʢʥʝʥʥʷ ʧʣʘʪʦ KEX ʧʨʠ ɽ ðð 0 i ʧʦʜʚʦʩʥʥʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 
ʽʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʟʘ ʮʽʩʾ ʝʥʝʨʛʽʾ (ʨʠʩ. 11.7). 

D 

 

ʈʠʩ. 11.7. ʉʭʝʤʘʪʠʯʥʠʡ ʚʠʛʣʷʜ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ D 

ʥʘ ʨʽʚʥʷʭ ʃʘʥʜʘʫ ʜʣʷ ̔ ʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʫ ʙʽʛʨʘʬʝʥʽ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʽʚʥʽʚ ʩʣʽʜʫʩ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ɽ, - ( 1) 

 
 

ʊʘʢ ʩʘʤʦ, ʷʢ ʥʘʧʽʚʮʽʣʠʡ KEX ʫ ʛʨʘʬʝʥʽ, KEX ʫ ʙʽʛʨʘʬʝʥʽ ʤʦʞʝ 

ʙʫʪʠ ʧʦʷʩʥʝʥʠʡ, ʚʠʭʦʜʷʯʠ ʟ ʢʦʥʮʝʧʮʽʾ ʧʩʝʚʜʦʩʧʽʥʘ ʽʥʝʨʮʽʡʥʠʭ 

ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʪʘ µx ʦʙʝʨʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʽ ʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʝʜʫʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʬʘʟʠ ɹʝʨʨʽ. ɸʣʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʩʪʝʤʠ 

ʥʝʽʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʟʩʫʚ ʬʘʟʠ ʢʚʘʥʪʦʚʠʭ ʦʩʮʠʣʷʮʽʡ ʜʣʷ 

ʩʠʩʪʝʤʠ ʽʥʝʨʮʽʡʥʠʭ ʬʝʨʤʽʦʥʽʚ ʟʙʽʣʴʰʫʩʪʴʩʷ ʚʜʚʽʯʽ ð ʜʦ 2ʛʛ. ɺʽʜʪʘʢ 

ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ /, ɦ ʦ ʚʽʜʧʦʚʽʜʘʩ ʨʽʚʥʷʤ ʃʘʥʜʘʫ ʚ 
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ʙʽʛʨʘʬʝʥʽ, ʫ ʨʝʞʠʤʽ KEX ʟʨʦʩʪʘʩ ʥʝ ʥʘ 1 , ʷʢ ʫ ʛʨʘʬʝʥʽ, ʘ ʥʘ 1. 

ɺʽʜʧʦʚʽʜʥʦ ʧʣʘʪʦ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ɽ ðð 0 ʟʥʠʢʘʩ. 

ʇʣʘʪʦ KEX ʟ / = 0 ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ, ʢʦʤʙʽʥʫʶʯʠ ʝʬʝʢʪ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟ ʣʝʛʫʚʘʥʥʷʤ ʙʽʛʨʘʬʝʥʫ (ʨʠʩ. 11.6). ʊʘʢʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʧʣʠʚʘʩ ʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ. ʅʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ, 

ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʙʽʛʨʘʬʝʥʫ, ʩʧʨʠʯʠʥʷʩ ʥʝ ʣʠʰʝ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʥʴʦʤʫ. ɺʦʥʘ ʪʘʢʦʞ ʚʠʢʣʠʢʘʩ ʘʩʠʤʝʪʨʽʶ ʩʪʘʥʫ 

ʛʨʘʬʝʥʦʚʠʭ ʤʦʥʦʘʪʦʤʥʠʭ h ʘʨʽʚ, ɦ ʦ ʬʦʨʤʫʶʪʴ ʙʽʛʨʘʬʝʥ. ʅʘʚʝʜʝʥʘ 

ʘʩʠʤʝʪʨʽʷ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʱʽʣʠʥʠ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʙʽʛʨʘʬʝʥʫ. ɯʥʜʫʢʦʚʘʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ 

ʱʽʣʠʥʘ ʚ ʩʧʝʢʪʨʽ ʝʥʝʨʛʽʡ ʟʥʽʤʘʩ ʜʦʜʘʪʢʦʚʝ ʚʠʨʦʜʞʝʥʥʷ ʨʽʚʥʷ ʃʘʥʜʘʫ 

ʟ ʥʫʣʴʦʚʦʶ ʝʥʝʨʛʽʩʶ. ɿʥʷʪʪʷ ʞ ʚʠʨʦʜʞʝʥʥʷ ʧʦʚʠʥʥʦ ʚʝʩʪʠ ʜʦ ʧʦʷʚʠ 

ʧʣʘʪʦ ʭʫ ʧʨʠ / = 0. ʑʦʙ ʮʝ ʚʽʜʙʫʣʦʩʷ i ʧʣʘʪʦ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʩʪʘʣʠ ʥʝʧʝʨʝʨʚʥʦ ʩʣʽʜʫʚʘʪʠ ʦʜʠʥ ʟʘ ̔ ʥʰʠʤ, ʥʝʦʙʭʽʜʥʦ, ɦ ʦʙ ɦ ʽʣʠʥʘ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʧʦʷʚʠʣʘʩʷ ʨʘʥʽʰʝ (ʟʘ ʤʝʥʰʦʛʦ 

ʟʤʽʱʝʥʥʷ ʥʘ ʰʘʨʽ ʙʽʛʨʘʬʝʥʫ), ʥʽʞ ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʯʥʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʢʚʘʥʪʦʚʠʤ ʨʽʚʥʝʤ ʃʘʥʜʘʫ ʟ ʝʥʝʨʛʽʩʶ ɽ ðð 0. ʎʴʦʛʦ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʣʝʛʫʶʯʠ ʙʽʛʨʘʬʝʥ, ʦʩʢʽʣʴʢʠ ʚ ʣʝʛʦʚʘʥʦʤʫ ʙʽʛʨʘʬʝʥʽ 

ʪʦʯʢʘ ɼʽʨʘʢʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʥʝ ʥʫʣʴʦʚʦʤʫ, ʘ ʩʢʽʥʯʝʥʦʤʫ ʟʤʽʱʝʥʥʶ ʥʘ 

ʩʪʨʫʢʪʫʨʽ. ʎʝ i ʧʽʜʪʚʝʨʜʞʫʶʪʴ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʥʘʚʝʜʝʥ ̔ʥʘ 

ʨʠʩ. 11.6. 

ʅʘ ʟʘʚʝʨʰʝʥʠʷ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʛʨʘʬʝʥ ʩ ʥʘ ʩʴʦʛʦʜʥʽ 

ʩʜʠʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʝʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ̫ ʢʦʛʦ ʩʫʪʪʩʚʦ ʟʤʽʥʶʩʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɺʠʢʣʠʢʘʥʫ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ 

ʱʽʣʠʥʫ bE ʚ ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʚʜʘʩʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ 

ʧʽʜʩʪʨʦʶʚʘʪʠ ʚ ʜʦʚʦʣʽ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ð ʚʽʜ 0 ʜʦ ʧʨʠʙʣʠʟʥʦ 0,3 eB, 

ʷʢʱʦ ̫ ʢ ʜʽʝʣʝʢʪʨʠʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʦʢʩʠʜ ʢʨʝʤʥʽʶ SiO2- ʎʝ ʤʝʞʽ 

ʟʤʽʥʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʫʟʴʢʦʱʽʣʠʥʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 

 
 

ʆʉʆɹʃʀɺʆʉʊɯ  ʇʈʆɺɯɼʅʆʉʊɯ ɻʈɸʌɽʅʋ 

 
ɼʣʷ ʙʫʜʴ-ʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ µx ʧʨʦʚʽʜʥʽʩʪʴ, ʢʨʽʤ ʚʩʴʦʛʦ ʽʥʰʦʛʦ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʩʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʣ. ʂʦʣʠ ʦʩʪʘʥʥʷ 

ʧʨʷʤʫʩ ʜʦ ʥʫʣʷ, ʧʨʦʚʽʜʥʽʩʪʴ ʩʪʘʩ ʜʫʞʝ ʤʘʣʦʶ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ 

ʟʘʟʚʠʯʘʡ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʣʠ ʚʽʣʴʥʽ 

ʥʦʩʽʾ ʟʘʨʷʜʫ  ʚʠʤʦʨʦʞʫʶʪʴʩʷ  ʥʘ ʮʝʥʪʨʘʭ,  ʱʦ µx ʧʦʨʦʜʞʫʶʪʴ. ʊʦʜʽ 
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ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʧʝʨʝʭʽʜ ʪʠʧʫ ʤʝʪʘʣ ð ʜʽʝʣʝʢʪʨʠʢ. ɻʨʘʬʝʥ i ʚ ʮʴʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʩʪʦʾʪʴ ʦʩʦʙʥʷʢʦʤ. 

ʗʢ ʤʠ ʟʘʟʥʘʯʘʣʠ   ʚʠʱʝ,  ʨʦʟʛʣʷʜʘʶʯʠ  ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʣʴʦʚʠʡ 

ʝʬʝʢʪ, ʦʧʽʨ ʛʨʘʬʝʥʫ ʚ ʥʝʡʪʨʘʣʴʥʽʡ ʪʦʯʮʽ, ̫ ʢʘ ʜʣʷ ʯʠʩʪʠʭ ʛʨʘʬʽʪʦʚʠʭ 

ʤʦʥʦʰʘʨʽʚ ʚʽʜʧʦʚʽʜʘʩ   ʥʫʣʴʦʚʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʟʤʽʱʝʥʥʽ ʥʘ ʰʘʨʽ 

g(0), ʨʽʟʢʦ ʟʨʦʩʪʘʩ. ʎʝ ʩʧʨʠʯʠʥʝʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʨʽʟʢʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ 

ʪʦʯʢʠ (ʜʠʚ. ʚʩʪʘʚʢʠ ʥʘ ʨʠʩ. 11.3). ɸʣʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ɦ ʦ 

ʧʨʦʚʽʜʥʽʩʪʴ  ʛʨʘʬʝʥʫ  ʚ ʥʝʡʪʨʘʣʴʥʽʡ ʪʦʯʮʽ   ʥʝ ʟʥʠʢʘʩ. ʅʘʚʽʪʴ ʫ 

ʛʨʘʥʠʯʥʦʤʫ   ʚʠʧʘʜʢʫ   ʣ  0  ʛʨʘʬʝʥ  ʥʝ  ʧʨʦʷʚʣʷʩ  ʧʝʨʝʭʦʜʫ ʚ 

ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ, ʘ  ʡʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʷʤʫʩ  ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʩʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʚʘʥʪʫ ʧʨʦʚʽʜʥʦʩʪʽ e2/h. ʎʝ 

ʟʘʩʚʽʜʯʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 11.8, ʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ min ʚʠʤʽʨʷʥʽ ʧʦʙʣʠʟʫ 

ʥʝʡʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʜʣʷ ʤʘʡʞʝ 50 ʤʦʥʦʰʘʨʦʚʠʭ ʛʨʘʬʝʥʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʟ ʨʽʟʥʦʶ ʨʫʭʣʠʚʽʩʪʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʇʝʨʝʢʦʥʣʠʚʦ ʚʠʜʥʦ, ɦ ʦ ʟʥʘʯʝʥʥʷ 

min ʛʨʫʧʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʚʝʣʠʯʠʥʠ 4e2/h, ʚʽʜʟʥʘʯʝʥʦʾ ʰʪʨʠʭʦʚʦʶ 
ʣʽʅʽʩʖ. 

 
 

y(úm2 1 1)  

 

ʈʠʩ. 11.8. ʄʽʥʽʤʘʣʴʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʝʥʫ ʷʢ ʬʫʥʢʮʽʷ 

ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʽòʚ ʟʘʨʷʜʫ, ʦʪʨʠʤʘʥʘ ʚ ʥʝʡʪʨʘʣʴʥʽʡ ʪʦʯʮʽ ʥʘ 

ʨʽʟʥʠʭ ʛʨʘʬʝʥʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ (ɿʛʽʜʥʦ ʟ ɸ.ʂ. Geim and ʂ.ɮ. 

Novoselov, 2007 Nature Mater., 6, 183) 

 
ʅʘʧʝʚʥʦ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʧʦʢʠ ʱʦ ʥʝʤʘʩ 

ʦʩʪʘʪʦʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʠʷ, ʯʦʤʫ ʚʠʥʠʢʘʩ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʛʨʘʬʝʥʫ ʪʘ ̫ ʢʦʶ ʚʦʥʦ ʧʦʚʠʥʥʦ ʙʫʪʠ. ʊʝʦʨʽʷ 

ʧʝʨʝʜʙʘʯʘʩ ʽʩʥʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʚʘʥʪʫ ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 
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ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ. ɿʦʢʨʝʤʘ, ʚʚʘʞʘʩʪʴʩʷ, ʱʦ ʮʴʦʤʫ ʩʧʨʠʷʩ ʣʽʥʽʡʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 2D ʬʝʨʤʽʦʥʽʚ, ʟʘ ʷʢʦʛʦ ʧʨʠ ɽ ð+ 0 µx ʛʫʩʪʠʥʘ 

ʩʪʘʥʽʚ ʪʝʞ ʧʨʷʤʫʩ ʜʦ ʥʫʣʷ. ʆʜʥʘʢ ʤʽʥʽʤʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʨʷʜʢʫ 

e2/h ʜʝʤʦʥʩʪʨʫʩ   ʥʝ ʪʽʣʴʢʠ ʛʨʘʬʝʥ, ʘ i ʙʽʛʨʘʬʝʥ, ʷʢʦʤʫ ʣʽʥʽʡʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʥʝ ʧʨʠʪʘʤʘʥʥʠʡ. ɿʘʪʝ ʥʦʩʽʷʤ ʟʘʨʷʜʫ ʚ ʦʙʦʭ ʮʠʤ 

ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʪʘʤʘʥʥʘ ʢʠʨʘʣʴʥʽʩʪʴ, ʱʦ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ 

ʚʘʞʣʠʚʫ ii ʨʦʣʴ, ʥʽʞ ʨʦʣʴ ʣʽʥʽʡʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ. 3 ̔ ʥʰʦʛʦ 

ʙʦʢʫ, ʙʽʣʴʰʽʩʪʴ  ʪʝʦʨʽʡ  ʧʝʨʝʜʙʘʯʘʩ   ʜʣʷ   ʤʽʥʽʤʘʣʴʥʦʾ  ʧʨʦʚʽʜʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ r*min 4e2/him,  ʷʢʝ ʚ  /ʪ ʨʘʟʽʚ ʤʝʥʰʝ ʟʘ  ʟʥʘʯʝʥʥʷ,  ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  ʅʘ   ʩʴʦʛʦʜʥʽ ʥʝ   ̫ ʩʥʦ, ʯʠʤ 

ʟʫʤʦʚʣʝʥʦ  ʪʘʢʝ ʨʦʟʭʦʜʞʝʥʥʷ. ʏʠ  ʚʦʥʦ ʩ ʥʘʩʣʽʜʢʦʤ ʪʝʦʨʝʪʠʯʥʠʭ 

ʥʘʙʣʠʞʝʥʴ ʱʦʜʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʛʨʘʬʝʥʽ, ʯʠ ʩʧʨʠʯʠʥʝʥʦ 

ʧʨʦʙʣʝʤʘʤʠ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʩʪʴʩʷ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢʠʭ 

ʥʘʧʨʠʢʣʘʜ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʦʚʞʠʥʦʶ i ʰʠʨʠʥʦʶ ʟʨʘʟʢʽʚ ʯʠ µx 

ʤʘʢʨʦʩʢʦʧʽʯʥʘ ʥʝʛʦʤʦʛʝʥʥʽʩʪʴ. 

 
 

ʆʇʊʀʂɸ ɻʈɸʌɽʅʋ 

 
ʉ ʜʝʢʽʣʴʢʘ ʷʚʠʱ ʫ ʬʽʟʠʮʽ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʩʪʘʣʠʤʠ i ʥʝ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ. ʇʨʠʢʣʘʜʘʤʠ ʩ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ i 

ʟʤʽʥʠ ʦʧʦʨʫ ʜʚʦʚʠʤʽʨʥʦʛʦ ʙʘʣʽʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟʘ ʟʤʽʥʠ ʡʦʛʦ 

ʰʠʨʠʥʠ, ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩ ̫ʚʠʱʝ i ̫ ʢʽ ʟʚôʷʟʘʥʽ ʟ ʢʚʘʥʪʦʤ ʦʧʦʨʫ h/e2. ʋ 

ʬʽʟʠʮʽ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʩ ʢʚʘʥʪ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ 

h/2e. ʗʢ ʚʠʷʚʠʣʦʩʷ, ʢʦʣʦ ʮʠʭ ̫ ʚʠʱ ʜʦʧʦʚʥʶʶʪʴ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʨʘʬʝʥʫ, ʘ ʩʘʤʝ ʡʦʛʦ ʢʦʝʬʽʮʽʩʥʪ ʥʝʧʨʦʟʦʨʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʩʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʩʪʘʣʦʶ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ o=e2/hc. ʈʦʟʛʣʷʜʘʶʯʠ ʢʚʘʥʪʦʚʠʡ 

ʝʬʝʢʪ ʍʦʣʣʘ, ʤʠ ʟʛʘʜʫʚʘʣʠ, ʱʦ ʮʷ ʩʪʘʣʘ ʩ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ i ʦʧʠʩʫʩ ʟʚôʷʟʦʢ ʤʽʞ ʩʚʽʪʣʦʤ i ʨʝʣʷʪʠʚʽʩʪ- 

ʩʴʢʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ. ɻʨʘʬʝʥ ʩʪʘʚ ʫʥʽʢʘʣʴʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ iµ ʧʨʦʷʚʦʤ 

ʚ ʦʙʣʘʩʪʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. ʅʘ ʨʠʩ. 11.9 ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʮʶ ʫʥʽʢʘʣʴʥʫ ʦʩʦʙʣʠʚʽʩʪʴ 

ʛʨʘʬʝʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʫʩ, ʱʦ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʡʤʦʚʽʨʥʦ ʤʘʣʫ 

ʪʦʚʱʠʥʫ, ʚʩʴʦʛʦ ʚ ʦʜʠʥ ʘʪʦʤ, ʰʘʨ ʛʨʘʬʝʥʫ ʧʦʛʣʠʥʘʩ ʟʥʘʯʥʫ ʯʘʩʪʢʫ 

ʧʘʜʘʶʯʦʛʦ ʙʽʣʦʛʦ ʩʚʽʪʣʘ i ʮʷ ʯʘʩʪʢʘ (ʪʘʢ ʟʚʘʥʠʡ ʢʦʝʬʽʮʽʩʥʪ 

ʥʝʧʨʦʟʦʨʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʩʪʴʩʷ ʷʢ 1 ð ʊ, ʜʝ ʊ ð ʢʦʝʬʽʮʽʩʥʪ 
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ʧʨʦʧʫʩʢʘʥʥʷ) ʥʘ ʚʩʽʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʩ ʦʜʥʽʩʶ i ʪʽʩʶ ʞ i ʩʪʘʥʦʚʠʪʴ 

2,3 %, ʱʦ ʜʦʨʽʚʥʶʩ ʜʦʙʫʪʢʫ /ʪʦ. 

ʇʨʠʯʠʥʦʶ ʪʦʛʦ, ʱʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʩʪʘʣʠʤʠ, ʩ ʡʦʛʦ ʜʚʦʚʠʤʽʨʥʘ ʧʨʠʨʦʜʘ i 

ʙʝʟʱʽʣʠʥʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ. ʂʦʝʬʽʮʽʩʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʊ 

ʜʚʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʚʠʨʘʞʘʩʪʴʩʷ ʯʝʨʝʟ ii ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ ʧʨʦʚʽʜʥʽʩʪʴ 

G ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʊ = (1+2ʪʪG/ʩ)-2. ɺʠʩʦʢʦʯʘʩʪʦʪʥʘ ʧʨʦʚʽʜʥʽʩʪʴ G ʜʣʷ 

ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ ʚ ʛʨʘʬʝʥʽ ʩ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʩʪʘʣʦʶ, ʨʽʚʥʦʶ e2/4h. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʩʥʪ ʥʝʧʨʦʟʦʨʦʩʪʽ ʛʨʘʬʝʥʦʚʦʛʦ h ʘʨʫ (1-7} = rro. 
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400 500 600 
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ʈʠʩ. 11.9. ʂʨʠʩʪʘʣʠ ʛʨʘʬʝʥʫ ʥʘ ʧʨʦʩʚʽʪ. (ɸ) ʌʦʪʦʛʨʘʬʽʷ 50-ʤʽʢʨʦʥʥʦñʽñ 

aʧepʪypʠ, ʧʦʢʨʠʪʦòʽòʛʨʘʬʝʥʦʤ i ʡʦʛʦ ʙʽʰʘʨʦʤ, ʪʘ ʟʤʽʥʘ ʧʨʦʟʦʨʦʩʪʽ ʟʨʘʟʢʘ ʚ 

ʙʽʣʦʤʫ ʩʚʽʪʣʽ ʫ ʥʘʧʨʷʤʢʫ ʩʢʘʥʫʚʘʥʥʷ, ʧʦʢʘʟʘʥʦʤʫ ʞʦʚʪʦʶ ʣʽʥʽʩʶ. ʅʘ ʚʩʪʘʚʮʽ 

ð ʜʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ: 20-ʤʽʢʨʦʥʥʦ'ʽ'ʪʦʚʱʠʥʠ ʤʝʪʘʣʝʚʘ ʧʽʜʢʣʘʜʢʘ ʟ 

ʦʪʚʦʨʘʤʠ ʜʽʘʤʝʪʨʦʤ 20, 30 i 50 ʤʢʤ ʪʘ ʧʦʤʽʱʝʥʠʤʠ ʧʦʚʝʨʭ ʥʠʭ 

ʢʨʠʩʪʘʣʽʪʘʤʠ ʛʨʘʬʝʥʫ. (ɺ) ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʥʷ ʤʦʥʦʰʘʨʫ ʛʨʘʬʝʥʫ 

(ʚʽʜʢʨʠʪ ̔ʢʽʣʴʮʷ). ʏʝʨʚʦʥʘ ʣʽʥʽ ̫ð ʧʨʦʧʫʩʢʘʥʥ ̫ʊ ðð(1+ /ʪʦ/2)-*, ʦʯʽʢʫʚʘʥʝ ʜʣʷ 

ʜʚʦʚʠʤʽʨʥʠʭ ʬʝʨʤʽʦʥʽʚ ɼʽʨʘʢʘ. ɿʝʣʝʥʘ ʢʨʠʚʘ ð ʧʨʦʧʫʩʢʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʥʝʣʽʥʽʡʥʦʩʪʽ i ʪʨʠʢʫʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʛʨʘʬʝʥʫ. Cipa 

ʩʤʫʞʢʘ ʚʢʘʟʫʩ ʩʪʘʥʜʘʨʪʥʫ ʧʦʭʠʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʫʥʢʪʠʨʥʽ ʣʽʥʽòʽò 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʝʥʰʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʧʦ ʟ ʢʦʞʥʠʤ ʜʦʜʘʪʢʦʚʠʤ h ʘʨʦʤ 

ʛʨʘʬʝʥʫ. (ɿʛʽʜʥʦ ʟ R.R. Nair, ʈ. Blake, A.N. Grigorenko, ʂ.ɮ. Novoselov, ʊ.ɱ. 

Booth, ʊ. Stauber, N.M.R. Peres, ɸ.ʂ. Geim, 2008 Science, 320, 1308) 

 
 

11.4.  ǋǑǋǐǘǖǔǓƽǐǆ Ǔǆ OCHOBI ǉǖǆǚǋǓǙ 
 

3 ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʛʨʘʬʝʥ ʧʨʠʚʝʨʥʫʚ ʜʦ ʩʝʙʝ ʟʥʘʯʥʫ ʫʚʘʛʫ ʟ 

ʧʦʛʣʷʜʫ ʰʠʨʦʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʇʝʨʰ ʟʘ ʚʩʝ 
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ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʽʢʠ, ʜʝ ʧʝʨʩʧʝʢʪʠʚʠ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʟ ʧʨʠʨʦʜʥʦʶ ʜʚʦʚʠʤʽʨʥʽʩʪʶ ʛʨʘʬʝʥʫ ʷʢ 

ʢʘʥʘʣʫ ʜʣʷ ʨʫʭʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽ ʧʨʠʪʘʤʘʥʥʦʶ ʚʽʣʴʥʠʤ ʥʦʩʽʷʤ 

ʫ ʛʨʘʬʝʥʽ ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʮʝ 

ʩʪʚʦʨʶʻ, ʟʦʢʨʝʤʘ, ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʝʥʫ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

ɯʥʰʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʘʬʝʥʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʪʠʧʫ ʦʜʥʦʝʣʝʢʪʨʦʥʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘ. ɯʜʝʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʛʨʘʬʝʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʻ ʩʪʘʙʽʣʴʥʠʤʠ ʜʦ ʜʽʡʩʥʦ 

ʥʘʥʦʤʝʪʨʦʚʠʭ ʨʦʟʤʽʨʽʚ, ʘʞ ʜʦ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ʢʽʣʴʮʷ. ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʛʨʘʬʝʥʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʭʝʤ ʥʘ ʦʜʥʦʝʣʝʢʪʨʦʥʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʩʽ 

ʚʘʞʣʠʚʽ ʾʭ ʩʢʣʘʜʦʚʽ, ʪʘʢʽ ʷʢ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʧʨʦʚʽʜʥʽ ʢʘʥʘʣʠ, ʢʚʘʥʪʦʚʽ 

ʙʘʨôʻʨʠ ʽ ʤʽʞʝʣʝʤʝʥʪʥʽ ʟôʻʜʥʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʘʤ ʪʽʣʴʢʠ ʛʨʘʬʝʥʦʚʠʡ ʣʠʩʪ. ɺʠʪʦʥʯʝʥʠʡ ʧʨʠʢʣʘʜ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʘʥʠʡ ʥʘ ʚʩʪʘʚʮʽ ʨʠʩ. 11.10. 

ʉʪʨʫʢʪʫʨʘ ʩʬʦʨʤʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʣʽʪʦʛʨʘʬʽʾ ʪʘ 

ʩʫʭʦʛʦ ʪʨʘʚʣʝʥʥʷ ʟ ʛʨʘʬʝʥʦʚʦʛʦ ʰʘʨʫ, ʥʘʥʝʩʝʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷʤ 

ʛʨʘʬʽʪʫ ʥʘ ʧʣʽʚʢʫ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ SiO 2 ʟʘʚʪʦʚʰʢʠ 300 ʥʤ, ʱʦ 

ʧʦʢʨʠʚʘʻ ʪʦʥʢʫ ʧʣʘʩʪʠʥʢʫ Si. ɰʾ ʮʝʥʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʢʚʘʥʪʦʚʘ 

ʪʦʯʢʘ, ʟôʻʜʥʘʥʘ ʯʝʨʝʟ ʜʚʘ ʢʦʨʦʪʢʠʭ ʟʚʫʞʝʥʥʷ ʟʣʽʚʘ ʽ ʩʧʨʘʚʘ ʜʦ ʩʪʦʢʫ ʽ 

ʚʠʪʦʢʫ. ʉʪʨʫʢʪʫʨʘ ʤʽʩʪʠʪʴ ʪʘʢʦʞ ʙʦʢʦʚʽ ʝʣʝʢʪʨʦʜʠ (ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ ʥʘ 

ʨʠʩʫʥʢʫ), ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʙʦʢʦʚʠʭ ʟʘʪʚʦʨʽʚ. ɿʘʪʝʤʥʝʥʥʷ ʥʘ 

ʬʦʪʦʛʨʘʬʽʾ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʧʦʢʘʟʫʶʪʴ ʦʙʣʘʩʪʽ 

ʩʪʨʫʢʪʫʨʠ, ʟ ʷʢʠʭ ʛʨʘʬʝʥ ʚʠʜʘʣʝʥʠʡ ʩʫʭʠʤ ʧʣʘʟʤʦʚʠʤ ʪʨʘʚʣʝʥʥʷʤ. 

ʇʣʘʩʪʠʥʢʘ ʢʨʝʤʥʽʶ, ʢʨʽʤ ʦʩʥʦʚʠ ʩʪʨʫʢʪʫʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʪʠʣʴʥʠʡ ʟʘʪʚʦʨ. 

ɿʚʫʞʝʥʥʷ ʤʽʞ ʢʚʘʥʪʦʚʦʶ ʪʦʯʢʦʶ ʽ ʦʙʣʘʩʪʷʤʠ ʩʪʦʢʫ ʪʘ ʚʠʪʦʢʫ 

ʤʘʣʠ ʦʜʥʘʢʦʚʽ ʜʦʚʞʠʥʫ ʽ hʠʨʠʥʫ ʚʝʣʠʯʠʥʦʶ 20 ʥʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʷʢ ʙʘʣʽʩʪʠʯʥʽ ʢʦʥʪʘʢʪʠ (ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʦ ʬʽʟʠʢʫ 

ʙʘʣʽʩʪʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʡʪʠʤʝʪʴʩʷ ʥʠʞʯʝ ʚ ʧ. 11.5). ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʽʩʥʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʙʘʨôʻʨʽʚ, ʷʢʽ ʚʽʜʜʽʣʷʣʠ ʢʚʘʥʪʦʚʫ 

ʪʦʯʢʫ ʚʽʜ ʩʪʦʢʫ ʽ ʚʠʪʦʢʫ. ɺ ʪʘʢʠʡ ʩʧʦʩʽʙ ʤʦʞʥʘ ʙʫʣʦ ʧʽʜʩʪʨʦʶʚʘʪʠ ʦʧʽʨ 

ʩʪʨʫʢʪʫʨʠ ʟ ʢʚʘʥʪʦʚʦʶ ʪʦʯʢʦʶ ʜʦ ʚʝʣʠʯʠʥʠ ʫ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʢʽʣʦʦʤ, 

ʷʢʘ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʣʘ ʚʝʣʠʯʠʥʫ ʢʚʘʥʪʫ ʦʧʦʨʫ h/e 2, ʦɦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʫ. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 11.10, ʟʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ 

ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʧʦʚʝʜʽʥʢʘ ʧʨʦʚʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʟʤʽʥʽ ʧʦʪʝʥʮʽʘʣʫ 
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E
 

0.0 

ʥʘ ʟʘʪʚʦʨʽ ʧʨʦʷʚʣʷʩ ʨʝʟʦʥʘʥʩʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʦʮʝʩʫ 

ʢʫʣʦʥʽʚʩʴʢʦʾ  ʙʣʦʢʘʜʠ  (ʧʨʦ  ʢʫʣʦʥʽʚʩʴʢʫ  ʙʣʦʢʘʜʫ ʜʝʪʘʣʴʥʦ 

ʡʪʠʤʝʪʴʩʷ ʥʠʞʯʝ ʚ ʧ.15.2). 
 

 
ʈʠʩ. 11.10. ʆʜʥʦʝʣʝʢʪʨʦʥʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʝʥʫ. 

(ɸ) ʇʨʦʚʽʜʥʽʩʪʴ G ʩʪʨʫʢʪʫʨʠ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʦʩʪʨʽʚʮʝʤ (ʢʚʘʥʪʦʚʦʶ 

ʪʦʯʢʦʶ) ʛʨʘʬʝʥʫ ʜʽʘʤʝʪʨʦʤ 250 ʥʤ i ʚʽʜʜʘʣʝʥʠʤʠ ʙʦʢʦʚʠʤʠ ʟʘʪʚʦʨʘʤʠ 

ʷʢ ʬʫʥʢʮʽʷ ʧʦʪʝʥʮʽʘʣʫ ʪʠʣʴʥʦʛʦ ʟʘʪʚʦʨʘ ʁg ʆʂʆʃɯ +15 ɺ. ʊ ðð 0.3 ʂ. ʅʘ 

ʚʩʪʘʚʮʽ ð ʦʜʠʥ ʽʟ ʧʨʠʢʣʘʜʽʚ ʩʪʨʫʢʪʫʨʠ (ʧʦʷʩʥʝʥʥʷ ʜʠʚʠʩʴ ʫ ʪʝʢʩʪʽ). (ɺ) 

ʇʨʦʚʽʜʥʽʩʪʴ ʪʽʩʽòʞ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʡ ʥʘ (ɸ) ʟʘ ʚʠʱʦñʽñʪʝʤʧʝʨʘʪʫʨʠ 

(ʊ ðð 4 ʂ) ʫ h ʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʅʽ g. ɺ ʆʙʣʘʩʪʽ ʥʠʟʴʢʦ'ʽ'ʧʨʦʚʽʜʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʦʪʥʽ ʦʩʮʠʣʷʮʽʡ G ʧʨʠ ʟʤʽʥʽ ʚʝʣʠʯʠʥʠ ʧʦʪʝʥʮʽʘʣʫ Vg 

(ʚʝʨʭʥʷ ʚʩʪʘʚʢʘ). ʅʠʞʥʷ ʚʩʪʘʚʢʘ ʽʣʶʩʪʨʫʩ ʪʘʢ ʟʚʘʥʽ ʢʫʣʦʥʽʚʩʴʢʽ ʨʦʤʙʠ ð 

ʟʤʽʥʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦôʽôʧʨʦʚʽʜʥʦʩʪʽ Gdiff ðð dl/dV ʷʢ ʬʫʥʢʮʽʶ ʧʦʪʝʥʮʽʘʣʫ Vy 

(ʚ ʦʢʦʣʽ +10 ɺ) i ʟʤʽʱʝʥʥʷ ʥʘ ʙʘʨôʩʨʥʠʭ ʟʚʫʞʝʥʥʷʭ Vʴ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜ 

ʞʦʚʪʦʛʦ ʜʦ ʯʝʨʚʦʥʦʛʦ ʚʽʜʧʦʚʽʜʘʩ ʟʤʽʥʘʤ Gd:ff ʚʽʜ ʥʫʣʷ ʜʦ 0.3e2/h. (ɿʛʽʜʥʦ ʟ 

L.A. Ponomarenko, F. Schedin, ʄ.ɯ. Katsnelson, R. Yang, E.W. Hill, ʂ.ɮ. 

Novoselov, ɸ.ʂ. Geim, 2008 Science, 320, 356a 

 
ɿʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʽʢʠ ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʜʽʣʝʥʽ ʦʙʣʘʩʪʷʤʠ ʟ 

ʥʫʣʴʦʚʠʤ G (ʨʠʩ. 11.10, ɸ). ʂʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʦʩʪʘʩ, ʧʽʢʠ 

ʧʦʯʠʥʘʶʪʴ ʨʦʟʰʠʨʷʪʠʩʷ i ʧʝʨʝʢʨʠʚʘʪʠʩʷ, ʧʦʩʪʫʧʦʚʦ ʪʨʘʥʩʬʦʨʤʫ- 

ʶʯʠʩʴ ʫ ʩʧʨʠʯʠʥʝʥʽ ʢʫʣʦʥʽʚʩʴʢʦʶ ʙʣʦʢʘʜʦʶ ʦʩʮʠʣʷʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʰʪʫʯʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʢʨʽʟʴ ʙʘʨôʩʨ. 3 

ʨʦʩʪʦʤ ʧʨʦʚʽʜʥʦʩʪʽ, ʩʧʨʠʯʠʥʝʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʦʩʽʚ ʟʘʨʷʜʫ, ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʩʮʠʣʷʮʽʡ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘʪʫʭʘʶʪʴ, 

ʦʩʢʽʣʴʢʠ ʙʘʨôʩʨʠ ʩʪʘʶʪʴ ʟʘʥʘʜʪʦ ʧʨʦʟʦʨʠʤ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʫʣʦʥʽʚʩʴʢʫ ʙʣʦʢʘʜʫ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ i ʟʘʚʜʘʥʥʷ 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʬʝʥʫ. 

2. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʝʥʫ i ʧʦʷʩʥʽʪʴ 

ii ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʛ'ʨʘʪʢʘʤʠ ɹʨʘʚʝ. 

ʟ. ʇʦʢʘʞʽʪʴ, ʷʢ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ ʛôʨʘʪʢʫ ʛʨʘʬʝʥʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʢʦʩʦʢʫʪʥʠʭ ʛôʨʘʪʦʢ ɹʨʘʚʝ. 

4. ʇʦʷʩʥʽʪʴ, ʯʦʤʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ ʛ'ʨʘʪʢʫ ʛʨʘʬʝʥʫ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʢʦʩʦʢʫʪʥʠʭ ʛôʨʘʪʦʢ 

ɹʨʘʚʝ, ʩ ʚʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʫʤʽʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ. 

5. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʧʨʦʙʣʝʤʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʨʘʬʝʥʫ i 

ʧʦʢʘʞʽʪʴ, ʷʢ ʚʦʥʘ ʚʠʨʽʰʫʩʪʴʩʷ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤʫ i ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʘʩʧʝʢʪʘʭ. 

6. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʛʨʘʬʝʥʫ ʷʢ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ ʪʘ ʧʨʦʘʥʘʣʽʟʫʡʪʝ 

ʧʝʨʩʧʝʢʪʠʚʠ µx ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

7.  ʇʨʦʘʥʘʣʽʟʫʡʪʝ ʝʚʦʣʶʮʽʶ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʫʢʫʧʥʦʩʪʽ 

ʛʨʘʬʝʥʦʚʠʭ ʰʘʨʽʚ ʧʨʠ ʟʤʽʥʽ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʫ ʩʪʨʫʢʪʫʨʽ. 

8. ʇʦʷʩʥʽʪʴ, ʷʢʝ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʛʨʘʬʝʥ ʜʦ ʨʝʣʷʪʠʚʽʩʪʩʴʢʦʛʦ 

ʨʽʚʥʷʥʥʷ ɼʽʨʘʢʘ. 

9. ʑʦ ʦʟʥʘʯʘʩ, ɦ ʦ ʛʨʘʬʝʥ ʩ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʟ ʥʫʣʴʦʚʦʶ h ʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʟ ʦʜʥʠʤ ʪʠʧʦʤ ʝʣʝʢʪʨʦʥʽʚ i ʦʜʥʠʤ ʪʠʧʦʤ ʜʽʨʦʢ. 

10. ɿʦʙʨʘʟʽʪʴ ʩʭʝʤʘʪʠʯʥʦ ʚʠʛʣʷʜ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ 

ʝʣʝʢʪʨʦʥʽʚ i ʜʽʨʦʢ ʫ ʛʨʘʬʝʥʽ. 

11. ʇʦʷʩʥʽʪʴ, ʚ ʯʦʤʫ, ʷʢ i ʯʦʤʫ ʧʨʦʷʚʣʷʩʪʴʩʷ ʝʬʝʢʪ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚ ʛʨʘʬʝʥʽ. 

12. ʇʦʷʩʥʽʪʴ, ʚ ʯʦʤʫ ʧʦʣʷʛʘʩ ʫʥʽʢʘʣʴʥʽʩʪʴ ʧʨʠʨʦʜʠ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʛʨʘʬʝʥʽ. 

13. ʆʧʠʰʽʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ ʢʚʘʟʽʯʘʩʪʠʥʦʢ  

ʫ ʛʨʘʬʝʥʽ i ʙʽʛʨʘʬʝʥʽ ʪʘ ʧʦʷʩʥʽʪʴ, ʜʦ ʯʦʛʦ ʚʦʥʠ ʧʨʠʚʦʜʷʪʴ. 

14. ʇʦʢʘʞʽʪʴ, ʚ ʯʦʤʫ i ʷʢ ʧʨʦʷʚʣʷʶʪʴʩʷ ʢʚʘʥʪʦʚʽ ʝʬʝʢʪʠ ʫ ʤʘʢʨʦ- 

ʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʛʨʘʬʝʥʫ. 

15. ʇʦʢʘʞʽʪʴ, ʚ ʯʦʤʫ i ʷʢ ʧʨʦʷʚʣʷʶʪʴʩʷ ʢʚʘʥʪʦʚʽ ʝʬʝʢʪʠ ʫ ʤʘʢʨʦ- 

ʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʙʽʛʨʘʬʝʥʫ. 

16. ʇʨʦʘʥʘʣʽʟʫʡʪʝ ʩʧʽʣʴʥʽ i ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʝʬʝʢʪʫ ʍʦʣʣʘ ʫ 2D ʩʠʩʪʝʤʘʭ ʪʘ ʥʘʧʽʚʮʽʣʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ 

ʍʦʣʣʘ ʚ ʛʨʘʬʝʥʽ. 
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17. ʇʦʷʩʥʽʪʴ ʧʨʠʨʦʜʫ ʥʘʧʽʚʮʽʣʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ ʚ 

ʛʨʘʬʝʥʽ. 

18. ʆʧʠʰʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʧʨʠʨʦʜʫ ʚʽʜʤʽʥʥʦʩʪʝʡ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ 

ʍʦʣʣʘ ʚ ʛʨʘʬʝʥʽ ʪʘ ʙʽʛʨʘʬʝʥʽ. 

19.  ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʧʨʦʚʽʜʥʦʩʪʽ ʛʨʘʬʝʥʫ, 

ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʥʴʦʤʫ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ. 

20. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʪʘ ʧʦʷʩʥʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʨʘʬʝʥʫ. 

21. ʆʙˇʨʫʥʪʫʡʪʝ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʝʥʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

22. ʆʙˇʨʫʥʪʫʡʪʝ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʝʥʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʪʠʧʫ ʦʜʥʦʝʣʝʢʪʨʦʥʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘ. 
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ʏʘʩʪʠʥʘ IV. ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʅɸʅʆɽʃɽʂʊʈʆʅʅʀʍ CTPʋKTʋP 

 
ʈʆɿɼɯʃ 12 

 
ɺʃɸʉʊʀɺʆʉʊɯ  ʉʀʉʊɽʄ 3 ɼɺʆɺʀʄɯʈʅʀʄʀ 

ɽʃɽʂʊʈʆʅɸʄʀ 

 
ɯʟ ycix ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʜʚʦʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʣʠʰʝ ʜʚʘ, ʥʘʡʮʽʢʘʚʽʰʽ i ʥʘʡʟʥʘʢʦʚʽʰʽ ʜʣʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʝʨʰʠʡ ʽʟ ʥʠʭ ð ʮʝ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ (KEX), ʟʘ 

ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʢʚʘʥʪʫʩʪʴʩʷ ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʜʚʦʚʠʤʽʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʧʦʤʽʱʝʥʦʾ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʝ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ɻʦʣʦʚʥʘ ʫʚʘʛʘ ʩʘʤʝ ʜʦ ʮʴʦʛʦ ʝʬʝʢʪʫ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, 

ʱʦ KEX ʩ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ ̫ ʚʠʱʝʤ, ʧʨʠʪʘʤʘʥʥʠʤ ʚʠʥʷʪʢʦʚʦ 2D 

ʩʠʩʪʝʤʘʤ, ̫ ʚʠʱʝʤ, ̫ ʢʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʙʽʣʴʰʝ ʥ ̔ʚ ̫ ʢʠʭ ʩʠʩʪʝʤʘʭ 

ʽʥʰʦʾ ʚʠʤʽʨʥʦʩʪʽ. ɼʨʫʛʠʡ ʝʬʝʢʪ ð ʮʝ ʢʚʘʥʪʫʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʚ ʥʫʣʴʦʚʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟʘ 

ʫʤʦʚ ʟʤʽʥʠ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʚʦʚʠʤʽʨʥʦʛʦ ʧʨʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ, 

ʷʢʠʡ 2D ʝʣʝʢʪʨʦʥʠ ʧʨʦʣʽʪʘʶʪʴ ʙʘʣʽʩʪʠʯʥʦ, ʝʬʝʢʪ, ʷʢʠʡ ʪʘʢʦʞ 

ʨʝʣʴʩʬʥʦ ̔ ʣʶʩʪʨʫʩ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʧʦʚʝʜʽʥʮʽ ʝʣʝʢʪʨʦʥʽʚ, ɦ ʦ ʚʠʥʠʢʘʶʪʴ 

ʫ ʨʘʟʽ ʟʥʠʞʝʥʥʷ ʚʠʤʽʨʥʦʩʪʽ ʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʥʦ ʟʚʠʯʘʡʥʠʭ 

ʪʨʠʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. 

 
 

12.1. ʂɺɸʅʊʆɺʀʁ ɽʌɽʂʊ ʍʆʃʃɸ 
 

ɼʣ ̫ʪʦʛʦ, ɦ ʦʙ ʧʦʚʥʽʰʝ i ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʢʘʚʝ ʡ 

ʫʥʽʢʘʣʴʥʝ ʬʽʟʠʯʥʝ ʷʚʠʱʝ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ, ʧʨʠʛʘʜʘʩʤʦ 

ʩʧʦʯʘʪʢʫ ʩʫʪʴ, ʧʨʠʯʠʥʠ i ʚʘʞʣʠʚʽ ʚ ʢʦʥʪʝʢʩʪʽ ʧʨʦʙʣʝʤʠ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʧʨʦʷʚʠ ʟʚʠʯʘʡʥʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ ʫ ʪʨʠʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ. 

ɽʬʝʢʪ ʍʦʣʣʘ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʛʘʣʴʚʘʥʦʤʘʛʥʽʪʥʠʭ ʷʚʠʱ i 

ʚʠʥʠʢʘʩ ʪʦʜʽ, ʢʦʣʠ ʥʘ ʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʦʜʥʦʯʘʩʥʦ ʜʽʶʪʴ ʝʣʝʢʪ- 
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ʨʠʯʥʝ i ʤʘʛʥʽʪʥʝ ʧʦʣʷ. ʗʢʱʦ ʟʨʘʟʦʢ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʩ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ ʟ ʛʫʩʪʠʥʦʶ /, ʧʦʤʽʩʪʠʪʠ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟ ʽʥʜʫʢʮʽʩʶ ɺ, 

ʩʧʨʷʤʦʚʘʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ, ʪʦ ʫ ʥʴʦʤʫ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʠʣʠ ʃʦʨʝʥʮʘ ʚʠʥʠʢʘʩ ʧʦʧʝʨʝʯʥʝ ʱʦʜʦ ʥʘʧʨʷʤʢʽʚ 

ʩʪʨʫʤʫ i ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽʥ ̫ʢʝ 

ʥʘʟʠʚʘʩʪʴʩʷ ʭʦʣʣʽʚʩʴʢʠʤ ʧʦʣʝʤ. 

ʅʘʧʨʫʞʝʥʽʩʪʴ ʭʦʣʣʽʚʩʴʢʦʛʦ ʧʦʣʷ, ʧʨʠʨʦʜʥʦ, ʩ ʪʠʤ ʙʽʣʴʰʦʶ, ʯʠʤ 

ʙʽʣʴʰʘ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʟʨʘʟʢʫ ʪʘ ̔ ʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, i ʟʚôʷʟʘʥʘ ʟ ʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ɽʥ ð Rʥ) ɺ. (12.1) 

ʂʦʝʬʽʮʽʩʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ Rʥ ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (12.1) ʤʽʞ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ɽʥ, ɦ ʦ ʚʠʥʠʢʘʩ, i ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ / ʪʘ ʤʘʛʥʽʪʥʦʶ 
ʽʥʜʫʢʮʽʩʶ ɺ, ɦʦ ʟʘʜʘʶʪʴʩʷ, ʥʘʟʠʚʘʩʪʴʩʷ ʢʦʝʬʽʮʽʩʥʪʦʤ ʍʦʣʣʘ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʦʪʝ, ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʥʘʧʨʫʞʝʥʽʩʪʴ 
ʭʦʣʣʽʚʩʴʢʦʛʦ ʧʦʣʷ. ɿʘʟʚʠʯʘʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʩ ʭʦʣʣʽʚʩʴʢʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥ ɦʦ ʚʠʥʠʢʘʩ ʤʽʞ 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʛʨʘʥʷʤʠ ʟʨʘʟʢʘ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ 

ʥʘʧʨʷʤʢʽʚ ʧʨʠʢʣʘʜʝʥʠʭ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʠʯʥʦʛʦ i ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ, 

ʘʙʦ   ʭʦʣʣʽʚʩʴʢʘ   ʧʨʦʚʽʜʥʽʩʪʴ   *ʢ ðð      ð!!  ʢ   ʯʠ   ʭʦʣʣʽʚʩʴʢʠʡ  ʦʧʽʨ 

ʈʟ ð ʈʫ ð rt', ʜʝ / ð ʩʠʣʘ ʩʪʨʫʤʫ ʚ ʟʨʘʟʢʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʥʫʶʪʴ ʥʘ ʟʨʘʟʢʘʭ ʧʨʘʚʠʣʴʥʦʾ 
ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʟʜʝʙʽʣʴʰʦʛʦ ð ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, 

ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 12.1. ʋ ʮʴʦʤʫ ʨʘʟʽ ʭʦʣʣʽʚʩʴʢʘ ʨʽʟʥʠʮʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʥ ʟʚôʷʟʘʥʘ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ ʭʦʣʣʽʚʩʴʢʦʛʦ ʧʦʣʷ ɽʥ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Up ððÃ3d, ʜʝ d ð ʨʦʟʤʽʨ ʟʨʘʟʢʘ ʚ ʥʘʧʨʷʤʢ ɽʥ 

 
 

2 

 

 

 
 

ʈʠʩ. 12.1. ʉʭʝʤʘ ʟʨʘʟʢʘ ʫ ʬʦʨʤʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ 

ʜʣʷ ʭʦʣʣʽʚʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ: 1, 2 ð ʩʪʨʫʤʦʚʽ ʢʦʥʪʘʢʪʠ; 3, 5 i 4, 6 ð ʧʘʨʠ 

ʢʦʥʪʘʢʪʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʭʦʣʣʽʚʩʴʢʦñʽñʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ; 3, 4 i 5, 6 ð ʧʘʨʠ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʟʦʥʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʘʜʫ ʥʘʧʨʫʛʠ ʚʟʜʦʚʞ ʟʨʘʟʢʘ U 

 
ʗʢʱʦ ʚ ʟʨʘʟʢʫ ʽʩʥʫʩ ʪʽʣʴʢʠ ʦʜʠʥ ʪʠʧ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, 

ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʠ, ʪʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʩʥʪʘ ʍʦʣʣʘ ʚʠʟʥʘʯʘʩʪʴʩʷ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Rʥ ð ʛ/ en, ʜʝ ʝ ð ʟʘʨʷʜ; ʣ ð ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ; 

r ð ʭʦʣʣ-ʬʘʢʪʦʨ. ɺʝʣʠʯʠʥʘ ʭʦʣʣ-ʬʘʢʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʭʘʥʽʟʤʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʩʪʫʧʝʥʷ ʚʠʨʦʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʪʘʢʦʞ 

ʩʠʣʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɿʘ ʩʠʣʴʥʦʛʦ ʚʠʨʦʜʞʝʥʥʷ ʥʦʩʽʾʚ i/ʘʙʦ ʩʠʣʴʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʭʦʣʣ-ʬʘʢʪʦʨ r ðð 1. ʊʦʜʽ ʭʦʣʣʽʚʩʴʢʫ ʨʽʟʥʠʮʶ ʧʦʪʝʥ- 

ʮʽʘʣʽʚ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 
 

(12.2) 
ʝ ʧ 

ʆʩʪʘʥʥʩ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʫʩ, ʱʦ ʫ ʟʚʠʯʘʡʥʦʤʫ ʚʠʧʘʜʢʫ 3D 

ʛʘʟʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʘ ʧʦʩʪʽʡʥʦʾ ʾ ʭʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʦʣʣʽʚʩʴʢʘ 

ʥʘʧʨʫʛʘ ʟʨʦʩʪʘʩ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ 

(ʨʠʩ. 12.2, ʦ), ʘ ʚ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ð ʟʤʝʥʰʫʩʪʴʩʷ 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʣ (ʨʠʩ. 12.2, ʙ). 

 
Uʥ 

 
 
 
 
 
 

 

ʘ 6 

ʈʠʩ. 12.2. ʄʘʛʥʽʪʦʧʦʣʴʦʚʘ (ʘ) i ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ (ʙ) ʟʘʣʝʞʥʦʩʪʽ 

ʭʦʣʣʽʚʩʴʢʦʾòʥʘʧʨʫʛʠ ʜʣʷ 3D ʥʦʩʽñʽôʚ ʟʘʨʷʜʫ 

 
ʋ ʨʘʟʽ 2D ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʜʽʘʧʘʟʦʥʽ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʩʠʪʫʘʮʽʷ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʶʪʴʩʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʧʝʨʰʝ 

ʮʝ ʚʜʘʣʦʩʷ ʧʦʢʘʟʘʪʠ ʫ 1980 ʨ. ʂʣʘʫʩʫ ʬʦʥ ʂʣʽʪʮʽʥʛʫ (ʂ. v. Klitzing) ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ɻ. ɼʦʨʜʦʶ i ʄ. ʇʝʧʧʝʨʦʤ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʦʧʦʨʫ 

ʩʪʨʫʢʪʫʨ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʥʘ ʢʨʝʤʥʽʩʚʠʭ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ɼʦʩʣʽʜʞʫʶʯʠ ʧʦʚʝʜʽʥʢʫ ʩʠʣʴʥʦ ʚʠʨʦʜʞʝʥʦʛʦ ʜʚʦʚʠ- 

ʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʚ ʢʘʥʘʣʽ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ ʢʨʝʤʥʽʾ, 

ʬʦʥ ʂʣʽʪʮʽʥʛ ʚʠʷʚʠʚ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʭʦʣʣʽʚʩʴʢʦʾ ʥʘʧʨʫʛʠ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ 2D ʝʣʝʢʪʨʦʥʽʚ, ʷʢʫ ʟʤʽʥʶʚʘʣʠ, ʟʘʜʘʶʯʠ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʟʘʪʚʦʨʘ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ  ʫ  ʢʚʘʥʪʦʚʦ  ʩʠʣʴʥʠʭ  ʤʘʛʥʽʪʥʠʭ  ʧʦʣʷʭ  ʧʝʨʝʩʪʘʩ ʙʫʪʠ 

ʤʦʥʦʪʦʥʥʦʶ, ʷʢ ʜʣʷ ʛʘʟʫ ʚʽʣʴʥʠʭ 3D ʝʣʝʢʪʨʦʥʽʚ. ʅʘ ʟʘʣʝʞʥʦʩʪʽ ʜ(*) 

ʟôʷʚʣʷʩʪʴʩʷ ʩʝʨʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʣʘʪʦ, ʥʘ ̫ ʢʠʭ ʭʦʣʣʽʚʩʴʢʘ ʥʘʧʨʫʛʘ 

ʥ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ ð ʢʦʥʮʝʥʪʨʘʮʽʾ 2D ʝʣʝʢʪʨʦʥʽʚ, 
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25 

 
20 

ʘ ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ *ll ð"*ʮ ð"'t ll (ʭʦʣʣʽʚʩʴʢʠʡ oʧip fiʷ - ɻʮ' ʛt!) 

ʚ ʦʙʣʘʩʪʽ ʧʣʘʪʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ, 

ʢʚʘʥʪʫʩʪʴʩʷ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ i ʚʠʟʥʘʯʘʩʪʴʩʷ ʪʽʣʴʢʠ 

ʚʽʜʥʦʰʝʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ð ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʥʘ ʝ 

i ʩʪʘʣʦʾ ʇʣʘʥʢʘ h: 

Ă  . ʝ
2
 

h 

h 

 

, i ðð 1, 2,3... , 

 
i ðð 1, 2,3... . 

(12.3) 
 

(12.4) 
- re2 ô 

ʆʩʢʽʣʴʢʠ ʚ ʦʙʣʘʩʪʽ ʧʣʘʪʦ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (12.3) i (12.4) ʜʣʷ 

ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʡ ʭʦʣʣʽʚʩʴʢʦʛʦ ʦʧʦʨʫ ʢʦʝʬʽʮʽʩʥʪ i ʩ 

ʮʽʣʦʯʠʩʣʦʚʠʤ i ʥʘʙʫʚʘʩ ʥʠʟʢʠ ʧʦʩʣʽʜʦʚʥʠʭ ʟʥʘʯʝʥʴ 1, 2, 3, 4, 5 ʪʦʱʦ, 

ʮʝʡ ʝʬʝʢʪ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ. 

ɿʘ ʚʽʜʢʨʠʪʪʷ ʮʽʣʦʯʠʩʣʦʚʦʛʦ KEX ʂʣʘʫʩ ʬʦʥ ʂʣʽʪʮʽʥʛ ʫ 1985 ʨ. ʙʫʚ 

ʫʜʦʩʪʦʩʥʠʡ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ ʟ ʬʽʟʠʢʠ. 

ʇʽʦʥʝʨʩʴʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʂ. ʬʦʥ ʂʣʽʪʮʽʥʛʘ i ʩʧʽʚʘʚʪʦʨʽʚ ʟʘʣʝʞʥʦʩʪʽ 

ʭʦʣʣʽʚʩʴʢʦʾ ʥʘʧʨʫʛʠ ʥ i ʥʘʧʨʫʛʠ ʤʽʞ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʟʦʥʜʘʤʠ L/ ʚʽʜ 

ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʟʘʪʚʦʨʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʫ ʧʦʩʪʽʡʥʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ɺ ðð 18 ʊʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1,5 ʂ i ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʢʘʥʘʣʫ / = 1 ʤʢɸ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 12.3. 
 

 

ʈʠʩ. 12.3. ɿʘʣʝʞʥʽʩʪ ɹʭʦʣʣʽʚʩʴʢʦñ̔ ñʥʘʧʨʫç !-!ʥ i ʥʘʧʨʫʛʠ ʤʽʞ 

ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʟʦʥʜʘʤʠ U ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʆ|0l Vg ɺ ʂʨʝʤʥʽʩʚʽʡ 
ʩʪʨʫʢʪʫʨʽ ʟʘ Tðð1,5 ʂ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 18 ʊʣ i ʩʪʨʫʤʽ ʩʪʽʢ-ʚʠʪʽʢ 1 ʤʢɸ; 

n ð ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ. ʅʘ ʚʩʪʘʚʮʽ ʧʦʢʘʟʘʥʦ ʩʘʤʫ ʩʪʨʫʢʪʫʨʫ: 1ð3 ð ʩʪʨʫʤʦʚʽ 

ʢʦʥʪʘʢʪʠ (ʩʪʽʢ i ʚʠʪʽʢ); 2ð6 ʪʘ 7ð8 ð ʭʦʣʣʽʚʩʴʢʽ ʢʦʥʪʘʢʪʠ; 4 ð 2D ʢʘʥʘʣ; 

5 ð ʟʘʪʚʦʨ; 6, 7 ʪʘ 2, 8 ð ʧʦʪʝʥʮʽʘʣʴʥʽ ʢʦʥʪʘʢʪʠ. 

(ɿʛʽʜʥʦ ʟ Klitzing ʂ., v., Dorda G.,Pepper ʄ. Phys. Rev. Letters, 45 (1980), 494) 
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ʅʘ ʨʠʩ. 12.4 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ  ʘʥʘʣʦʛʽʯʥʠʭ  ʜʦʩʣʽʜʞʝʥʴ   ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ  ʥʘ  ʭʦʣʣʽʚʩʴʢʠʡ  ʈʫ  i  ʟʚʠʯʘʡʥʠʡ  ʨĂ   ʦʧʽʨ ʢʨʝʤʥʽʩʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ. ɺʦʥʠ 

ʥʘʦʯʥʦ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʧʣʘʪʦ ʭʦʣʣʽʚʩʴʢʠʡ ʦʧʽʨ ʯʽʪʢʦ 

ʢʚʘʥʪʫʩʪʴʩʷ, ʥʘʙʫʚʘʶʯʠ ʧʦʩʣʽʜʦʚʥʠʭ ʟʥʘʯʝʥʴ, ʢʨʘʪʥʠʭ ʚʽʜʥʦʰʝʥʥʶ 

ʩʪʘʣʦʾ ʇʣʘʥʢʘ ʜʦ ʢʚʘʜʨʘʪʘ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʥʘ. 

 
1 
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˾͙ͫΦ мнΦпΦ ˭͔͊͗ͤͫͭ͜͡Έ ͻ͍ͦͫ͜͡͡Έ͎ͦͦ͟ ͦͨͦͪͯ  ͪ ƛ ͦͨͦͪͯ ͪα у͒͜ ͤ ͎͙͊ͨͪͯ 

ʥʘ ʟʘʪʚʦʨʽ ʢʨʝʤʥʽʩʚʦʛʦ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ɺ ðð 18,9 ʊʣ i ʊ ðð 1,5 ʂ; n ð ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ. 

(ɿʛʽʜʥʦ ʟ Klitzing ʂ., v., Festkorperprobleme XXI, 1981, ʨ. 1) 
 

 

ʈʠʩ. 12.5. ɿʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛ Vʥ i Vʥ 8ʽʜ ɺ ʜʣʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ GaAs-GaAlAs, 

ʦʭʦʣʦʜʞʝʥʦñʽñʜʦ 1,2 ʂ. ʉʪʨʫʤ ʫ ʢʦʣʽ ʚʠʪʽʢðʩʪʽʢ 25,5 ʤʢɸ. ʂʦʥʮʝʥʪʨʘʮʽʷ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʧ ðð 5,6 1011 ʩʤ-*. ʎʠʬʨʠ ʙʽʣʷ ʧʣʘʪʦ ð òʽòʭʥʽ ʥʦʤʝʨʠ ʟ (12.4). (ɿʛʽʜʥʦ ʟ 

Cage ʄ.ɽ., Dziuba R.F., Field B.F. IEEE Trans. lnstrum. Meas., 1985, lM-34, 301) 

2 ñ ---  h/2e 

0 *=  

6 - 

 
4 -  
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ɸʥʘʣʦʛʽʯʥʘ ʩʝʨʽʷ ʧʣʘʪʦ ʚʠʥʠʢʘʩ i ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʭʦʣʣʽʚʩʴʢʦʾ ʥʘʧ- 

ʨʫʛʠ ʥ (ʏʠ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ *ll ð"*ʮ , ʯʠ ʭʦʣʣʽʚʩʴʢʦʛʦ ʦʧʦʨʫ 

ʈ  ɻ-fly ) ʜʚʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʚʽʜ ̔ ʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ɺ, ʢʦʣʠ ʦʩʪʘʥʥʩ ʥʘʢʣʘʜʘʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ, ʚ ̫ ʢʽʡ 2D 
ʥʦʩʽʾ ʟʘʨʷʜʫ ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʨʫʭʘʪʠʩʷ. ʅʘ ʧʨʠʢʣʘʜʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ 

GaAs/GaAlAs ʟ ʬʽʢʩʦʚʘʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʩʶ 2D ʝʣʝʢʪʨʦʥʽʚ, 

ʦʭʦʣʦʜʞʝʥʦʾ ʜʦ 1,2 ʂ, ʟʘʣʝʞʥʽʩʪʴ ʢl ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 12.5. 

ɯʥʰʦʶ ʥʝʚʽʜôʩʤʥʦʶ ʨʠʩʦʶ ʧʨʦʷʚʫ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ ʙʫʣʦ 

ʪʝ, ʱʦ ʫ ʪʽʡ ʦʙʣʘʩʪʽ ʘʨʛʫʤʝʥʪʫ ð ʢʦʥʮʝʥʪʨʘʮʽʾ 2D ʝʣʝʢʪʨʦʥʽʚ ʯʠ 

ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, ð ʜʝ ʭʦʣʣʽʚʩʴʢʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʚʠʭʦʜʠʪʴ ʥʘ 

ʧʣʘʪʦ, ʩʧʘʜ ʥʘʧʨʫʛʠ ʤʽʞ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʟʦʥʜʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʚʟʜʦʚʞ ʟʨʘʟʢʘ ʫ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ, ʩʪʘʚʘʚ ʥʝʭʪʦʚʥʦ ʤʘʣʠʤ i ʧʨʷʤʫʚʘʚ ʜʦ ʥʫʣʷ ʟʘ ʊ 0 ʂ. ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʩ, ɦ ʦ, ʦʩʢʽʣʴʢʠ ʟʨʘʟʦʢ ʧʽʜôʩʜʥʘʥʠʡ ʜʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, ʩʪʨʫʤ 

ʯʝʨʝʟ ʥʴʦʛʦ ʧʨʦʪʽʢʘʩ, ʘ ʩʧʘʜ ʥʘʧʨʫʛʠ ʤʽʞ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʟʦʥʜʘʤʠ 

ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽʡ, ʪʦ ʚ ʨʝʞʠʤʽ ʮʽʣʦʯʠʩʣʦʚʦʛʦ KEX ʟʥʠʢʘʩ ʦʧʽʨ 

ʟʨʘʟʢʘ, ʪʦʙʪʦ ʩʠʩʪʝʤʘ ʩʪʘʩ ʥʝʜʠʩʠʧʘʪʠʚʥʦʶ i ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʥʘʜʧʨʦʚʽʜʥʠʡ ʘʙʦ ʥʘʜʧʣʠʥʥʠʡ ʩʪʘʥ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝʡ ʨʝʟʫʣʴʪʘʪ 

ʦʟʥʘʯʘʩ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʧʣʘʪʦ ʭʦʣʣʽʚʩʴʢʦʾ ʥʘʧʨʫʛʠ ʜʽʘʛʦʥʘʣʴʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʨĂ i ɻtt ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʥʫʣʴ, ʘ ʩʘʤ ʪʝʥʟʦʨ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʨ ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ 

 

  (12.5) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʠʤʝʪʨʽʾ ʥʝʜʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤ i ʧʨʦʪʠʣʝʞʥʽ ʟʘ 

ʟʥʘʢʦʤ, ʪʦʙʪʦ ʨ ðð ð ʨʫ,. 

ɿʘʧʠʰʝʤʦ ʪʝʧʝʨ ʪʝʥʟʦʨ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ( oük). ɼʣʷ 

ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʩʤʦʩʷ ʪʠʤ, ʱʦ ʚʽʥ ʩ ʦʙʝʨʥʝʥʠʤ ʜʦ ʪʝʥʟʦʨʘ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ (pk), ʪʦʙʪʦ ʜʦʙʫʪʆʢ , ) ,k ) ʉ ʦʜʠʥʠʯʥʠʤ ʪʝʥʟʦʨʦʤ: 
 
 

(12.6) 
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ɿʘ ʧʨʘʚʠʣʘʤʠ ʤʥʦʞʝʥʥʷ ʪʝʥʟʦʨʽʚ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (12.6) 

ʤʘʩʤʦ: 

 

 
(12.7) 

 

 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ (12.7) ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʽʚ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦ- 

ʚʽʜʥʦʩʪʽ i ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʦʜʥʽ ʯʝʨʝʟ ̔ ʥʰʽ ʪʘʢ: 
 

 

 

 
(12.8) 

 

 

 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (12.5) i (12.8) ʚʠʧʣʠʚʘʩ ñʧʘʨʘʜʦʢʩʘʣʴʥʠʡò 

ʚʠʩʥʦʚʦʢ ð ʷʢʱʦ ʜʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 2D 

ʩʠʩʪʝʤʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʫʣʴ ʨʫ' ʨʫ = 0, ʪʦ ʦʜʥʦʯʘʩʥʦ ʥʘ ʥʫʣʴ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʪʘʢʦʞ i ʜʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ iµ ʪʝʥʟʦʨʘ ʧʠʪʦʤʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ: oĂ = ʘʜʫ = 0. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʩ ʥʘʩʣʽʜʢʦʤ 

ʜʚʦʚʠʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʂʦʞʝʥ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ɦ ʦ ʥʽ 

ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ, ʥʽ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʮʝ ʥʝ ʪʘʢ ð ʜʣʷ ʥʠʭ 

ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʦʟʥʘʯʘʩ ñʥʦʨʤʘʣʴʥʫò ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʫ 

ʧʨʦʚʽʜʥʽʩʪʴ. 

ɺʦʜʥʦʯʘʩ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʥʫʣʴ 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʧʨʦʚʽʜʥʦʩʪʽ ʦ i ʘʜʫ ʥʝ ʦʟʥʘʯʘʩ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 2D ʧʨʦʚʽʜʥʠʢʘ ʫ ʨʝʞʠʤʽ KEX ʥʘ ̔ ʜʝʘʣʴʥʠʡ ʜʽʝʣʝʢʪʨʠʢ, 

ʦʩʢʽʣʴʢʠ ʥʝʜʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʦ i ʘʜʫ ʩ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʥʫʣʷ, 

ʚʣʘʩʥʝ ʷʢ i ʪʝ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʥʫʣʴ ʜʽʘʛʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʪʝʥʟʦʨʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʨĂ i ʨ ʥʝ ʦʟʥʘʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʦʛʦ 

ʩʘʤʦʛʦ 2D ʧʨʦʚʽʜʥʠʢʘ ʚ ʨʝʞʠʤʽ KEX ʥʘ ̔ ʜʝʘʣʴʥʠʡ ʧʨʦʚʽʜʥʠʢ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʥʫʣʷ ʩ i ʥʝʜʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʨ, 

 
ʋ ʨʝʞʠʤʽ ʮʽʣʦʯʠʩʣʦʚʦʛʦ KEX ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (12.8) 

i ʟʥʘʯʝʥʴ ʭʦʣʣʽʚʩʴʢʦʛʦ ʦʧʦʨʫ ʥʘ ʧʣʘʪʦ ʪʝʥʟʦʨ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʩʪʝʤʠ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘʙʫʚʘʩ ʚʠʛʣʷʜʫ: 
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0ðʽʝ
2
 

 

 

 
 

(12.9) 
 
 

ʑʦʙ ʨʫʭʘʪʠʩʷ ʜʘʣʽ, ʧʦʩʪʘʨʘʩʤʦʩʷ ʩʧʦʯʘʪʢʫ ʟʨʦʟʫʤʽʪʠ ʩʤʠʩʣ 

ñʧʘʨʘʜʦʢʩʫò 2D ʩʠʩʪʝʤ, ʢʦʣʠ ʟʘ ʥʫʣʴʦʚʦʛʦ ʾʭʥʴʦʛʦ ʦʧʦʨʫ, ʪʦʙʪʦ 

ʥʝʟʜʘʪʥʦʩʪʽ ʯʠʥʠʪʠ oʧip ʧʨʦʪʽʢʘʥʥʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘʢʦʞ ʧʝʨʝʪʚʦʨʶʩʪʴʩʷ ʥʘ ʥʫʣʴ, ʘ ʦʪʞʝ, ʟʘ 

ʬʽʟʠʯʥʠʤ ii ʩʤʠʩʣʦʤ ʩʠʩʪʝʤʘ ʩʪʘʩ ʥʝʟʜʘʪʥʦʶ ʧʨʦʚʦʜʠʪʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ɼʣʷ ʧʦʯʘʪʢʫ ʟʘʧʠʰʝʤʦ ʪʝʥʟʦʨ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʟʘʢʦʥʦʤ ʆʤʘ ʫ ʜʠʬʝʨʝʥʮʽʡʥʽʡ 

ʬʦʨʤ̔ (ʜʣʷ 2D ʩʠʩʪʝʤʠ k i / ʧʨʦʙʽʛʘʶʪʴ ʟʥʘʯʝʥʥʷ ʭ i ʫ): 
 

(12.10) 

 
ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʽʘʛʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʷʢ ʫ ʚʠʧʘʜʢʫ (12.9), ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, 

ʪʦ ʧʨʠ ʥʘʢʣʘʜʘʥʥʽ ʥʘ ʥʝʾ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʟʜʦʚʞ oci 

ʆʍ, ʢʦʣʠ ɽ ðð E(EĂ0), ʤʘʩʤʦ: 
 

(12.11) 

 
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (12.11) ʤʘʪʝʤʘʪʠʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʦʡ 

ʦʯʝʚʠʜʥʠʡ ʬʽʟʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚ ̫ ʢʦʤʫʩʴ ʥʘʧʨʷʤʢʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʽʢʘʪʠ 

ʥʝ ʤʦʞʝ. ɸʣʝ ʷʢʱʦ ʩʠʩʪʝʤʘ ʥʝ ʩ ʘʙʩʦʣʶʪʥʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤ, ʪʦ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʩʧʨʠʯʠʥʷʩ pyx ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʥʽʡ ʫ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ, 

ʩʪʚʦʨʶʶʯʠ ʜʝʷʢʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫ 

ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʘʜʫ. 

ɺʦʜʥʦʯʘʩ ʫ ʨʝʞʠʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ KEX ʚ 

2D ʟʨʘʟʢʘʭ ʩʪʨʫʤ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ ʧʨʦʪʽʢʘʩ ʩʘʤʝ ʚʟʜʦʚʞ ʟʨʘʟʢʘ ð 

ʚʽʜ ʚʠʪʦʢʫ ʜʦ ʩʪʦʢʫ 2D ʢʘʥʘʣʫ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʯʠ 2D ʢʘʥʘʣʫ 

ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ (ʥʘʛʘʜʘʩʤʦ ʱʝ ʨʘʟ, ʱʦ ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ 

ʷʢʨʘʟ i ʚʠʟʥʘʯʘʩʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʮʴʦʛʦ ʩʪʨʫʤʫ ʜʦ ʭʦʣʣʽʚʩʴʢʦʾ 

ʥʘʧʨʫʛʠ), ʘ ʥʝ ʧʦʧʝʨʝʢ. ʎʷ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ 2D ʟʨʘʟʢʫ ʚ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚʽʜ 

ʽʜʝʘʣʴʥʦʾ 2D ʩʠʩʪʝʤʠ ʟ ʥʫʣʴʦʚʦʶ ʧʦʟʜʦʚʞʥʴʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʩ 

ie'ʫ 0 
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ʥʘʩʣʽʜʢʦʤ ʪʦʛʦ, ɦ ʦ ʨʝʘʣʴʥʽ 2D ʟʨʘʟʢʠ, ʥʘ ̫ ʢʠʭ ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ KEX, 

ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʘ ʽʜʝʘʣʴʥʽ 2D ʩʠʩʪʝʤʠ ʟʘ 

ʦʟʥʘʯʝʥʥʷʤ ʥʝʦʙʤʝʞʝʥʽ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ. 

ʆʙʤʝʞʝʥʽʩʪʴ ʨʦʟʤʽʨʽʚ 2D ʟʨʘʟʢʘ ʩʧʨʠʯʠʥʷʩ ʪʝ, ɦ ʦ 2D ʝʣʝʢʪʨʦʥʠ, 

ʷʢʽ ̔ ʩʥʫʶʪʴ ʫ ʥʴʦʤʫ, ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʽʙʠ ʥʘ ʜʚʽ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ ʛʨʫʧʠ ʟ 

ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ pyxy ð ʝʣʝʢʪʨʦʥʠ ʚ ʛʣʠʙʠʥʽ ʟʨʘʟʢʘ ʡ ʝʣʝʢʪʨʦʥʠ 

ʥʘ ʡʦʛʦ ʢʨʘʷʭ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ, ʜʦ ʯʦʛʦ ʮʝ ʧʨʠʚʦʜʠʪʴ i ʷʢ 

ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟʽ ʱʦʡʥʦ ʚʠʢʣʘʜʝʥʠʤ, ʨʦʟʛʣʷʥʝʤʦ ʪʨʘʩʢʪʦʨʽʾ pyxy 

ʪʘʢʠʭ 2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʥʪʦʚʦ ʩʠʣʴʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ (ʨʠʩ. 12.6). 

ʋ ʛʣʠʙʠʥʽ ʟʨʘʟʢʘ ʝʣʝʢʪʨʦʥʠ ʨʫʭʘʶʪʴʩʷ ʢʦʣʦʚʠʤʠ ʦʨʙʽʪʘʤʠ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʾʭʥʩ ʩʝʨʝʜʥʩ ʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʦʨʽʚʥʶʩ ʥʫʣʶ i ʚʦʥʠ 

ʥʝ ʩʪʚʦʨʶʶʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʩʪʨʫʤʫ, ʷʢ ʡ ʫ ʚʠʧʘʜʢʫ 2D ʩʠʩʪʝʤ 

ʥʝʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ, ʧʦʟʜʦʚʞʥʷ ʧʨʦʚʽʜʥʽʩʪʴ ̫ ʢʠʭ ʜʦʨʽʚʥʶʩ ʥʫʣʶ. 
 
 

ʈʠʩ. 12.6. ʊʨʘʩʢʪʦʨʽñʽñ2D ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚ ʛʣʠʙʠʥʽ 2D ʟʨʘʟʢʘ i ʥʘ ʡʦʛʦ ʙʦʢʦʚʠʭ ʤʝʞʘʭ 

 
ɿʦʚʩʽʤ ʽʥʰʦʶ ʩ ʩʠʪʫʘʮʽʷ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ 

ʧʦʙʣʠʟʫ ʙʦʢʦʚʠʭ ʤʝʞ ʟʨʘʟʢʘ. ʎ ̔ʤʝʞʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʬʦʨʤʫʚʘʥʥʶ 

ʢʦʣʦʚʠʭ ʦʨʙʽʪ ʝʣʝʢʪʨʦʥʽʚ, ʚʽʜʙʠʚʘʶʯʠ ʦʩʪʘʥʥʽ, ʢʦʣʠ ʚʦʥʠ ʧʦ ʦʨʙʽʪʽ 

ʧʽʜʭʦʜʷʪʴ ʜʦ ʤʝʞʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ñʥʝʜʦʙʫʜʦʚʘʥʦʩʪʽò ʢʦʣʦʚʠʭ ʦʨʙʽʪ ʥʘ 

ʢʨʘʷʭ ʟʨʘʟʢʘ i ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʽʜʙʠʚʘʥʴ ʚʽʜ ʡʦʛʦ ʤʝʞʽ ʝʣʝʢʪʨʦʥʠ, ʷʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. 12.6, ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦʛʦ pyxy ʙʦʢʘʤʠ 

ʟʨʘʟʢʘ ʫ ʚʟʘʩʤʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʟʜʦʚʞ 

ʙʦʢʦʚʠʭ ʢʨʘʾʚ ʟʨʘʟʢʘ ʚʠʥʠʢʘʶʪʴ ʧʨʦʚʽʜʥʽ ʢʘʥʘʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʚʽʜ ʩʪʦʢʫ ʜʦ ʚʠʪʦʢʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʥʘʣʫ ʚ 

ʛʣʠʙʠʥʽ ʟʨʘʟʢʘ, ʷʢʠʡ ʩ ʜʚʦʚʠʤʽʨʥʠʤ, ʮʽ ʙʦʢʦʚʽ ʢʘʥʘʣʠ ʩ 

ʦʜʥʦʚʠʤʽʨʥʠʤʠ, ʰʠʨʠʥʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʪʨʦʥʥʦʾ 

ʦʨʙʽʪʠ ʝʣʝʢʪʨʦʥʘ. 

ʉʫʤʘʨʥʠʡ ʩʪʨʫʤ 2D ʟʨʘʟʢʘ ʫ ʨʝʞʠʤʽ KEX ʬʦʨʤʫʩʪʴʩʷ ʷʢ 

ʨʽʚʥʦʜʽʡʥʘ ʩʪʨʫʤʽʚ 1D ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʪʝʯʫʪʴ ʦʜʥʦʚʠʤʽʨʥʠʤʠ 

ʧʨʦʚʽʜʥʠʤʠ ʢʘʥʘʣʘʤʠ ʫ ʚʟʘʩʤʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɺʽʜʤʽʥʥʽʩʪʴ 
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ʚʽʜ ʥʫʣʷ ʨʽʚʥʦʜʽʡʥʦʾ ʧʦʟʜʦʚʞʥʴʦʛʦ ʩʪʨʫʤʫ ʦʟʥʘʯʘʻ, ʱʦ ʩʪʨʫʤʠ 

ʚʟʜʦʚʞ ʧʨʦʪʠʣʝʞʥʠʭ ʙʦʢʦʚʠʭ ʤʝʞ ʟʨʘʟʢʘ ʻ ʨʽʟʥʠʤʠ. ʎʝ ʻ ʜʨʫʛʠʤ 

ʥʘʩʣʽʜʢʦʤ ʩʢʽʥʯʝʥʥʦʩʪʽ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟʨʘʟʢʘ. ʏʝʨʝʟ ʮʶ 

ʩʢʽʥʯʝʥʥʽʩʪʴ ʥʘ ʝʪʘʧʽ ʫʚʽʤʢʥʝʥʥʷ ʩʠʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʚ ʟʨʘʟʢʫ ʚʠʥʠʢʘʻ ʧʦʧʝʨʝʯʥʠʡ 

ʩʪʨʫʤ, ʷʢʠʡ ʟʫʤʦʚʣʶʻʪʴʩʷ ʜʨʝʡʬʦʤ ʮʝʥʪʨʽʚ ʮʠʢʣʦʪʨʦʥʥʠʭ ʦʨʙʽʪ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʱʦ ʚʠʥʠʢʘʻ ʫ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʽ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʷʭ. ʎʝʡ ʩʪʨʫʤ ʟʫʤʦʚʣʶʻ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʨʷʜʫ ʥʘ ʦʜʥʽʡ ʙʦʢʦʚʽʡ ʤʝʞʽ ʟʨʘʟʢʘ ʽ ʡʦʛʦ ʥʝʩʪʘʯʫ ʥʘ ʧʨʦʪʠʣʝʞʥʽʡ ï 

ʚʣʘʩʥʝ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʍʦʣʣʘ. ʉʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, ʟʨʦʟʫʤʽʣʦ, 

ʥʘʩʪʘʻ ʪʦʜʽ, ʢʦʣʠ ʚʧʣʠʚ ʭʦʣʣʽʚʩʴʢʦʛʦ ʧʦʣʷ ʪʦʯʥʦ ʢʦʤʧʝʥʩʫʻ ʚʧʣʠʚ 

ʩʠʣʠ ʃʦʨʝʥʮʘ. ʗʢ ʥʘʩʣʽʜʦʢ, ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ʥʘ ʪʽʡ ʙʦʢʦʚʽʡ ʤʝʞʽ 

2D ʟʨʘʟʢʘ, ʢʫʜʠ ʩʧʨʷʤʦʚʘʥʘ ʩʠʣʘ ʃʦʨʝʥʮʘ, ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʙʽʣʴʰʝ ʥʽʞ 

ʥʘ ʧʨʦʪʠʣʝʞʥʽʡ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʩʧʨʠʯʠʥʶʚʘʥʠʡ ʥʠʤʠ ʙʦʢʦʚʠʡ ʩʪʨʫʤ 

ʪʝʞ ʙʽʣʴʰʠʡ. ʉʘʤʝ ʚʟʜʦʚʞ ʮʽʻʾ ʤʝʞʽ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 12.6, ʩʪʨʫʤ ʪʝʯʝ 

ʚ ʪʦʤʫ ʩʘʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʽ ʚ ʢʦʣʽ ʟʘʛʘʣʦʤ. 

ʆʧʽʨ ʩʬʦʨʤʦʚʘʥʠʭ ʚʟʜʦʚʞ ʙʦʢʽʚ 2D ʟʨʘʟʢʘ ʦʜʥʦʚʠʤʽʨʥʠʭ ʢʘʥʘʣʽʚ 

ʧʨʠ ʊ Ÿ 0 ʂ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ (ʧʨʦ ʧʨʠʯʠʥʠ ʮʴʦʛʦ ʜʠʚʠʩʴ ʥʠʞʯʝ, 

ʥʘʧʨʠʢʽʥʮʽ ʧ. 12.2), ʱʦ ʡ ʧʦʷʩʥʶʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ 

ʙʦʢʦʚʠʤʠ ʟʦʥʜʘʤʠ ʥʘ ʟʨʘʟʢʫ ʚ ʨʝʞʠʤʽ, ʢʦʣʠ ʢʘʥʘʣʘʤʠ ʪʝʯʝ ʩʪʨʫʤ 1D 

ʝʣʝʢʪʨʦʥʽʚ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʝʜʠʩʠʧʘʪʠʚʥʽʩʪʴ 2D ʩʠʩʪʝʤʠ ʚ 

ʨʝʞʠʤʽ ʂɽʍ ʥʘ ʧʣʘʪʦ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʚʝʩʴ ʩʪʨʫʤ ʫ ʟʨʘʟʢʫ ʬʦʨʤʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʤʠ, ʢʦʪʨʽ 

ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʙʦʢʦʚʠʭ ʢʨʘʾʚ ʟʨʘʟʢʘ ʧʝʨʝʪʚʦʨʠʣʠʩʷ ʟ 

ʜʚʦ- ʚ ʦʜʥʦʚʠʤʽʨʥʽ ʽ ʧʝʨʝʥʦʩʷʪʴ ʟʘʨʷʜ ʙʦʢʦʚʠʤʠ 1D ʢʘʥʘʣʘʤʠ, 

ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʷʢʠʭ ʟʘ ʊ Ÿ 0 ʂ ʥʝʤʦʞʣʠʚʝ. ʋʤʦʚʘ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʩʽʶʚʘʥʥʷ 1D ʝʣʝʢʪʨʦʥʽʚ, ʘ ʦʪʞʝ, ʧʨʷʤʫʚʘʥʥʷ ɟ ʭʭ ʜʦ ʥʫʣʷ ʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ, ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʪʠʤ ʢʨʘʱʝ, ʯʠʤ 

ʚʫʞʯʠʤʠ ʙʫʜʫʪʴ ʙʦʢʦʚʽ ʢʘʥʘʣʠ, ʘ ʦʪʞʝ, ʯʠʤ ʩʠʣʴʥʽʰʠʤ ʙʫʜʝ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ, ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʟʨʘʟʢʘ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʝʥʰʠʤ ʨʘʜʽʫʩ 

ʮʠʢʣʦʪʨʦʥʥʦʾ ʦʨʙʽʪʠ ʝʣʝʢʪʨʦʥʘ. 

ʋ ʛʣʠʙʠʥʽ ʟʨʘʟʢʘ ʧʦʟʜʦʚʞʥʽʡ ʩʪʨʫʤ ʥʝ ʧʨʦʪʽʢʘʻ ʚʥʘʩʣʽʜʦʢ 

ʥʫʣʴʦʚʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 2D ʩʠʩʪʝʤʠ ʫ ʨʝʞʠʤʽ ʂɽʍ ʚ 

ʦʙʣʘʩʪʽ ʧʣʘʪʦ. ʇʦʧʝʨʝʯʥʠʡ ʩʪʨʫʤ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʡ ʚʥʘʩʣʽʜʦʢ 

ʢʦʤʧʝʥʩʘʮʽʾ ʜʽʾ ʩʠʣʠ ʃʦʨʝʥʮʘ ʭʦʣʣʽʚʩʴʢʠʤ ʧʦʣʝʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ, 

ʩʝʨʮʝʚʠʥʘ ʟʨʘʟʢʘ ʪʘʢʦʞ ʥʝ ʩʧʨʠʯʠʥʷʻ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʟʨʘʟʢʫ ʚ 

ʨʝʞʠʤʽ ʂɽʍ ʚ ʦʙʣʘʩʪʽ ʧʣʘʪʦ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʥʽʡ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ. 
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ʅʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ɦ ʦ ʩʫʪʴ ʚʽʜʢʨʠʪʪʷ ʂʣʘʫʩʘ ʬʦʥ ʂʣʽʪʮʽʥʛʘ i 

ʡʦʛʦ ʩʧʽʚʘʚʪʦʨʽʚ ʧʦʣʷʛʘʣʘ ʟʦʚʩʽʤ ʥʝ ʚ ʪʦʤʫ, ʱʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʫ 2D ʩʠʩʪʝʤʽ ʚ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʤʦʞʫʪʴ ̔ ʩʥʫʚʘʪʠ ʩʪʘʥʠ, ʚ 

ʷʢʠʭ ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ, ʘ 

ʚʠʟʥʘʯʘʩʪʴʩʷ ʪʽʣʴʢʠ ʩʚʽʪʦʚʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʝ i h. ʊʝʦʨʝʪʠʯʥʦ ʪʘʢʘ 

ʤʦʞʣʠʚʽʩʪʴ ʙʫʣʘ ʚʽʜʦʤʦʶ ɦ ʝ ʜʦ ʾ ʭʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʧʨʘʚʜʽ, ʜʦʙʨʝ 

ʚʽʜʦʤʠʡ ʢʣʘʩʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʤʘʩ ʚʠʛʣʷʜ: 

  (12.12) 

ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ, ʢʦʣʠ  ʩ*  h 

ʭʦʣʣʽʚʩʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʧʝʨʝʩʪʘʩ ʟʘʣʝʞʘʪʠ ʚʽʜ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ 
ʟʘʨʷʜʫ i ʥʘʙʫʚʘʩ ʟʥʘʯʝʥʥʷ: 

e 
2 
ns 

ʪ h ʉ 

 

(12.13) 

ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʚʦʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʣs ʩʪʘʩ ʢʨʘʪʥʦʶ ʜʦ 

ʾʭʥʴʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʥʘ ʨʽʚʥʽ ʃʘʥʜʘʫ nL ð ns " iʇL, ʪʦʙʪʦ 2D ʝʣʝʢʪʨʦʥʠ 
ʪʦʯʥʦ ʟʘʧʦʚʥʶʶʪʴ ʮʽʣʫ ʢʽʣʴʢʽʩʪʴ i ʨʽʚʥʽʚ, ʪʦ 

 
(12.14) 

 

ʱʦ i ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ ʩʚʦʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʬʦʥ ʂʣʽʪʮʽʥʛ i ʩʧʽʚʘʚʪʦʨʠ. 

ɸʣʝ ʥʘʩʧʨʘʚʜʽ ʚʦʥʠ ʧʝʨʰʠʤʠ ʚʩʪʘʥʦʚʠʣʠ ʜʝʱʦ ʥʝʟʨʽʚʥʷʥʥʦ ʙʽʣʴʰʝ. 

ɺʦʥʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʷʢʝ ʟʘʜʘʩʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (12.14), ʩʧʦʩʪʝʨʽʛʘʩʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘ 

ʜʝʷʢʠʭ ʬʽʢʩʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʘʨʛʫʤʝʥʪʫ (ʢʦʥʮʝʥʪʨʘʮʽʾ 2D 

ʝʣʝʢʪʨʦʥʽʚ ʣs ha ʬʽʢʩʦʚʘʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ ʯʠ ̔ ʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ɺ ʟʘ ʬʽʢʩʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 2D ʝʣʝʢʪʨʦʥʽʚ ʣs). ̫ ʢ ʧʝʨʝʜʙʘʯʘʣʘ 

ʪʝʦʨʽʷ (ʘʙʦ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ ʢʚʘʥʪʦʚʝ i ʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʨʽʚʥʽʚ 

ʃʘʥʜʘʫ, ʪʦ ʟʘʤʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʘʨʛʫʤʝʥʪʫ ʙʫʜʫʪʴ ʜʝʷʢʽ ʚʫʟʴʢʽ 

ʩʤʫʛʠ ʟʥʘʯʝʥʴ ɺ ʯʠ ʣs) ʘ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʾʭʥʴʦʾ ʟʤʽʥʠ. 

ʊʝʧʝʨ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʝʞʠʤʽ ʮʽʣʦʯʠʩʣʦʚʦʛʦ KEX ʟʘ ʜʦʩʪʘʪʥʴʦ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʪʦ ʟʘʣʝʞʥʦʩʪʽ ʘʜʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʚʦʚʠʤʽʨʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘʡʤʘʶʪʴ ʜʦ 

97 % ʚʩʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʫ, ʟʘʣʠʰʘʶʯʠ ʥʘ ʯʘʩʪʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʦʙʣʘʩʪʝʡ ʤʽʞ ʧʣʘʪʦ ʣʠʰʝ ʙʣʠʟʴʢʦ 3 % ʡʦʛʦ ʟʥʘʯʝʥʴ. ʎ  ʁ
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ü/z - 

1/4 - ,  0 

0 2 4 6 8 
0 2 ǆ 6 

ǧ.Ǹǵ 
8 

ʦʩʦʙʣʠʚʽʩʪʴ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʦʜʝʨʞʘʥʽ ʜʣʷ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʚ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ 

Y\"'B V, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 12.7. 

ʅʘʩʪʫʧʥʠʡ ʬʘʢʪ ʩʪʦʩʫʚʘʚʩʷ ʪʦʯʥʦʩʪʽ, ʟ ʷʢʦʶ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

ʢʚʘʥʪʫʚʘʥʥʷ ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (ʯʠ ʭʦʣʣʽʚʩʴʢʦʛʦ ʦʧʦʨʫ) 2D 

ʩʪʨʫʢʪʫʨʠ. ʇʨʝʮʠʟʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʷ ʪʦʯʥʽʩʪʴ, ʪʦʙʪʦ 

ʟʙʽʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʦ (ʨ, ) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

/t (t/t ), ʱʦʥʘʡʤʝʥʰʝ ʥʝ ʛʽʨʰʘ, ʥʽʞ 10-7. I ʮʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʫ ʟʨʘʟʢʘʭ ʜʦʤʽʰʦʢ i ʜʝʬʝʢʪʽʚ, ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ 

ʟʨʘʟʢʘ, ʡʦʛʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʪʦʱʦ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

(12.12) ð (12.14) ʪʘʢʘ ʨʽʚʥʽʩʪʴ ʧʝʨʝʜʙʘʯʘʣʘʩʷ ʷʢ ʥʘʙʣʠʞʝʥʘ, ʟ 

 
 

8.ʪʷ 

ʈʠʩ. 12.7. ʘ ð  ʟʘʣʝʞʥʽʩʪʴ  ʭʦʣʣʽʚʩʴʢʦʛʦ oʧopy @y ʽʜ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ ʟʘ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ in Ga l- As ð lnP. ʅʘ ʚʩʪʘʚʮʽ ʧʦʢʘʟʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ h ʠʨʠʥʠ ʧʣʘʪʦ ʨʫ ðð ll 4ʝ2 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦôʽô 

ʡʦʛʦ ʰʠʨʠʥʠ (ʚʽʜʩʪʘʥʽ ʧʦ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʶ ʤʽʞ ʮʝʥʪʨʘʤʠ ʩʫʩʽʜʥʽʭ ʩʭʦʜʠʥʦʢ); 

ʙ ð ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʨĂ ʚʽʜ ɺ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʏʝʨʝʟ 1ò, 1-, 2, 

ʧʦʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʽ ʃʘʥʜʘʫ. 

(ɿʛʽʜʥʦ ʟ ɸ. Briggs et all. Phys. Rev. ɺ, 27 (1983) 6549) 

 
ʇʦʪʨʽʙʥʦ ʦʩʦʙʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚʽʜʢʨʠʪʝ ʢʚʘʥʪʫʚʘʥʥʷ 

ʭʦʣʣʽʚʩʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʯʠ ʦʧʦʨʫ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʚ ʦʧʠʩʘʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ð ʮʝ ʢʚʘʥʪʫʚʘʥʥʷ ʥʝ ʚ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ, ʘ ʫ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ. 3 ʪʘʢʦʶ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʢʚʘʥʪʫʶʪʴʩʷ 

ʩʘʤʝ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 


