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ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

çɺʆʈʆʅɽɾʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 
ɹʆʈʀʉʆɻʃɽɹʉʂʀʁ ʌʀʃʀɸʃ 

(ɹʌ ʌɻɹʆʋ ɺʆ çɺɻʋè) 
 
 
 
 
 
 
 
 
 

ʄɽʊʆɼʀʏɽʉʂʀɽ ʄɸʊɽʈʀɸʃʓ ʇʆ ʋʏɽɹʅʆʁ ɼʀʉʎʀʇʃʀʅɽ 
ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ 

1. ʂʦʜ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ:  

44.03.01 ʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

2. ʇʨʦʬʠʣʴ ʧʦʜʛʦʪʦʚʢʠ: 

ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

3. ʂʚʘʣʠʬʠʢʘʮʠʷ (ʩʪʝʧʝʥʴ) ʚʳʧʫʩʢʥʠʢʘ: 

ɹʘʢʘʣʘʚʨ 

4. ʌʦʨʤʘ ʦʙʫʯʝʥʠʷ:  

ɿʘʦʯʥʘʷ 

5. ʂʘʬʝʜʨʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʜʠʩʮʠʧʣʠʥʳ:  

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ, ʬʠʟʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʠʭ ʧʨʝʧʦʜʘʚʘʥʠʷ 

6. ʉʦʩʪʘʚʠʪʝʣʴ ʧʨʦʛʨʘʤʤʳ: 

ʃʦʙʦʜʠʥʘ ʃ.ɺ., ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
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7. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʦʩʚʦʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ 
ʇʨʠʩʪʫʧʘʷ ʢ ʠʟʫʯʝʥʠʶ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʵʣʝʢʪʨʦʥʥʳʡ ʚʘʨʠʘʥʪ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʸʥ ʥʘ ʩʘʡʪʝ ɹʌ 
ɺɻʋ.  

ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʶʱʠʤʩʷ ʧʦʣʫʯʠʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ: 

¶ ʧʝʨʝʯʥʝ ʠ ʩʦʜʝʨʞʘʥʠʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʘ 
ʜʠʩʮʠʧʣʠʥʘ; 

¶ ʦʩʥʦʚʥʳʭ ʮʝʣʷʭ ʠ ʟʘʜʘʯʘʭ ʜʠʩʮʠʧʣʠʥʳ; 

¶ ʧʣʘʥʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʢrʦʚ, 
ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ; 

¶ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʥʘ ʠʟʫʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ, 
ʬʦʨʤʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ; 

¶ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʦʚ, ʦʪʚʝʜʝʥʥʳʭ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʠ ʩʘʤʦʩʪʦʷʪʝʣʥɹʫʶ ʨʘʙʦʪʫ; 

¶ ʬʦʨʤʘʭ ʢʦʥʪʘʢʪʥʦʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ; 

¶ ʩʪʨʫʢʪʫʨʝ ʜʠʩʮʠʧʣʠʥʳ, ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʘʭ ʠ ʪʝʤʘʭ; 

¶ ʩʠʩʪʝʤʝ ʦʮʝʥʠʚʘʥʠʷ ʫʯʝʙʥʳʭ ʜʦʩʪʠʞʝʥʠʡ; 

¶ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ.  
ɿʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʦʪʨʘʞʝʥʥʳʭ ʚ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʝ ʜʠʩʮʠʧʣʠʥʳ, 

ʧʦʤʦʞʝʪ ʦʙʫʯʘʶʱʠʤʩʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʠʟʫʯʘʝʤʦʤ ʢʫʨʩʝ, ʦʩʦʟʥʘʚʘʪʴ ʤʝʩʪʦ ʠ ʨʦʣʴ 
ʠʟʫʯʘʝʤʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʝʛʦ ʚʳʧʫʩʢʥʠʢʘ, ʩʪʨʦʠʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʝ. 

ʆʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʦʥʪʘʢʪʥʦʡ ʨʘʙʦʪʳ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʷʚʣʷʶʪʩʷ ʣʝʢʮʠʠ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ, ʧʦʩʝʱʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʷʟʘʪʝʣʴʥʦ ʜʣʷ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ (ʢʨʦʤʝ 
ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʣʘʥʫ). 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʥʷʪʠʡ. ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʧʨʦʩʘʤʠ ʜʣʷ ʧʦʚʪʦʨʝʥʠʷ ʢʦʥʩʧʝʢʪʳ ʣʝʢʮʠʡ, ʦʩʥʦʚʥʫʶ ʣʠʪʝʨʘʪʫʨʫ, 
ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʧʦʚʪʦʨʠʪʴ ʤʘʪʝʨʠʘʣ 
ʣʝʢʮʠʡ, ʦʪʚʝʪʠʪʴ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʠʟʫʯʠʪʴ ʦʙʨʘʟʮʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʚʳʧʦʣʥʠʪʴ 
ʫʧʨʘʞʥʝʥʠʷ (ʝʩʣʠ ʪʘʢʠʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ). 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʧʨʦʡʜʝʥʥʳʡ 
ʤʘʪʝʨʠʘʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʧʨʠʤʝʨʥʳʤ ʧʝʨʝʯʥʝʤ ʚʦʧʨʦʩʦʚ, 
ʚʳʥʦʩʷʱʠʭʩʷ ʥʘ ʟʘʯʝʪ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʧʝʢʪʳ ʣʝʢʮʠʡ ʠ ʠʩʪʦʯʥʠʢʠ, 
ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʚ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʝ ʜʠʩʮʠʧʣʠʥʳ, ʘ ʪʘʢʞʝ 
ʨʝʩʫʨʩʳ ʵʣʝʢʪʨʦʥʥʦ-ʙʠʙʣʠʦʪʝʯʥʳʭ ʩʠʩʪʝʤ.  

 

8. ʄʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʦʩʚʦʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 
ʚʦʧʨʦʩʦʚ ʜʠʩʮʠʧʣʠʥʳ 

ˉ ʊʝʤʘ ʣʝʢʮʠʠ ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʦʧʨʦʩʳ 
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ʈʝʢʫʨʨʝʥʪʥʳʝ 
ʩʦʦʪʥʦʰʝʥʠʷ. 
 ʉʫʤʤʳ ʠ 
ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ 

ʇʦʥʷʪʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ 
ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ. 
ʉʧʦʩʦʙʳ ʟʘʧʠʩʠ ʢʦʥʝʯʥʳʭ ʩʫʤʤ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤ. 
ʉʚʷʟʴ ʢʦʥʝʯʥʳʭ ʩʫʤʤ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ. 

2 

ʎʝʣʦʯʠʩʣʝʥʥʳʝ 

ʬʫʥʢʮʠʠ êxú, èxø, 
mod. ɹʠʥʦʤ 
ʅʴʁʪʦʥʘ 

ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod ʠ ʠʭ ʩʚʦʡʩʪʚʘ. 
ɹʠʥʦʤʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷ.  

3 
ɺʚʝʜʝʥʠʝ ʚ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ 
ʤʝʪʦʜ  r

ʉʠʤʚʦʣ O ʠ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ.  

4 ʆʩʥʦʚʥʳʝ ʆʩʥʦʚʥʳʝ ʪʦʞʜʝʩʪʚʘ ʩ ʙʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 
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ʢʦʤʙʠʥʘʪʦʨʥʳʝ 
ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʄʝʪʦʜ ʚʢʣʶʯʝʥʠʷ-ʠʩʢʣʶʯʝʥʠʷ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

5 
ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 
ʪʝʦʨʠʠ ʛʨʘʬʦʚ 

ʇʦʥʷʪʠʝ ʛʨʘʬʘ. ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ. 
ʄʘʨʰʨʫʪʳ, ʧʫʪʠ, ʮʝʧʠ ʠ ʮʠʢʣʳ. ʀʟʦʤʦʨʬʠʟʤ ʛʨʘʬʦʚ. 
ʕʡʣʝʨʦʚʳ ʠ ʛʘʤʠʣʴʪʦʥʦʚʳ ʛʨʘʬʳ. ɼʝʨʝʚʴʷ. ʇʣʘʥʘʨʥʳʝ ʠ 
ʧʣʦʩʢʠʝ ʛʨʘʬʳ. ʊʝʦʨʝʤʘ ʕʡʣʝʨʘ ʠ ʝʸ ʩʣʝʜʩʪʚʠʷ. ʈʘʩʢʨʘʩʢʘ 
ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ. ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ. 
ʈʘʩʢʨʘʰʠʚʘʝʤʦʩʪʴ ʚʝʨʰʠʥ ʧʣʘʥʘʨʥʦʛʦ ʛʨʘʬʘ ʧʷʪʴʶ 
ʢʨʘʩʢʘʤʠ. ɻʠʧʦʪʝʟʘ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. 

6 
ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ 
ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ 
ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

ʇʦʥʷʪʠʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʯʝʪʢʠʭ 
ʤʥʦʞʝʩʪʚ. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʪʝʨʤʳ. 
ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʆʧʝʨʘʮʠʠ ʥʘʜ 
ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ. 

 
ʃʝʢʮʠʷ 1. ʈʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʉʫʤʤʳ ʠ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ 

ʇʣʘʥ ʣʝʢʮʠʠ 
1. ʇʦʥʷʪʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ.  
2. ʅʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ. 
3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤ.  
4. ʉʚʷʟʴ ʢʦʥʝʯʥʳʭ ʩʫʤʤ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ. 
1. ʇʦʥʷʪʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 
çʈʝʢʫʨʨʝʥʪʥʘʷè ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʧʝʨʝʚʦʜʝ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʦʟʥʘʯʘʝʪ 

çʚʦʟʚʨʘʪʥʘʷè, ʪʦ ʝʩʪʴ ʪʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʯʣʝʥʳ, ʥʘʯʠʥʘʷ ʩ 
ʥʝʢʦʪʦʨʦʛʦ, ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʨʝʜʳʜʫʱʠʝ. ʏʠʩʣʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʫʜʝʤ 
ʦʙʦʟʥʘʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

22 ,,,,:}{ 21 nn uuuu                (1). 

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ }{
n

u  ï ʯʠʩʣʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ 

ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ  k  ʠ ʯʠʩʣʘ  kaaa ,, 21 2 ,  ( 0̧ka ), ʪʘʢʠʝ ʯʪʦ, ʥʘʯʠʥʘʷ ʩ 

ʥʝʢʦʪʦʨʦʛʦ ʥʦʤʝʨʘ  m  ʠ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʥʦʤʝʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ: 

1,
2211

>>+++=
-+-++

mnuauauau
knknknkn

3              (2), 

ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ }{
n

u  ʥʘʟʳʚʘʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʧʦʨʷʜʢʘ  k, ʘ ʩʦʦʪʥʦh ʝʥʠʝ  (2) ï ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʨʷʜʢʘ  k. 
ʇʨʦʩʪʝʡʰʠʤʠ ʧʨʠʤʝʨʘʤʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʠ. ʇʦʢʘʞʝʤ ʵʪʦ. 

ʇʫʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ }{
n

u  ʝʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ, ʪʦʛʜʘ ʝʝ 

ʯʣʝʥʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

22 ,,,,, 1

1

21

n

n

n

n aquaquaquau ==== +

-
 

ɺʳʨʘʞʘʷ  ʡn -+)1(  ʯʣʝʥ ʧʨʦʛʨʝʩʩʠʠ ʯʝʨʝʟ ʧʨʝʜʳʜʫʱʠʡ, ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ:  

quu nn =+1 , ʩʨʘʚʥʠʚ ʢʦʪʦʨʦʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ (2), ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ qak ==
1

,1  . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʝʩʪʴ ʨʝʢʫʨʨʝʥʪʥʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  

ʇʫʩʪʴ ʪʝʧʝʨʴ }{
n

u  ʝʩʪʴ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ, ʪʦʛʜʘ ʝʝ ʯʣʝʥʳ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

22 ,,,,, 12121 duuduudauau nnnn +=+=+== +++  



4 

ʀʟ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʨʘʚʝʥʩʪʚ ʚʳʨʘʟʠʤ ʨʘʟʥʦʩʪʴ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ d  :  

îí

î
ì
ë

-=

-=

++

+

12

1 ,

nn

nn

uud

uud
,  Ý  121 +++

-=-
nnnn

uuuu   ʠʣʠ   

nnn uuu -= ++ 12 2  - ʧʦʣʫʯʠʣʠ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  2-ʛʦ ʧʦʨʷʜʢʘ. ʉʣʝʜʦʚʘʪʝʣʥɹʦ, 

ʚʩʷʢʘʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʝʩʪʴ ʨʝʢʫʨʨʝʥʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  2-ʛʦ 
ʧʦʨʜ̫ʢʘ. 

ɿʘʤʝʯʘʥʠʝ 
1. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʷʢʘʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ 

ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʠ, ʥʘʦʙʦʨʦʪ, ʧʦ ʚʩʷʢʦʤʫ ʨʝʢʫʨʨʝʥʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 
ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʝʢʫʨʨʝʥʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ 
ʠʥʦʛʜʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʪʝʨʤʠʥʳ ʢʘʢ ʩʠʥʦʥʠʤʳ. 

2. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʛʨʝʩʩʠʠ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʪʘʢ ʠ 
ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʧʦʨʷʜʢʘ ʚʳʰʝ  1  
ʠʣʠ 2. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʛʦʚʦʨʷʪ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʝʩʪʴ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 1-ʛʦ ʧʦʨʷʜʢʘ, ʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʥʘʠʤʝʥʴʰʝʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʨʷʜʢʦʚ. 

2. ʅʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ 
ʇʫʩʪʴ  ʜʘʥʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʨʷʜʢʘ  k: 

knknknkn uauauau +++= -+-++ 32211 ,   ( 0̧ka )    (1). 

ʆʯʝʚʠʜʥʦ, ʩʦʦʪʥʦʰʝʥʠʝ  (1) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʯʣʝʥʳ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʩ ).1(, ²ku

k
  

ʏʣʝʥʳ  110 ,,, -kuuu 2  ʥʘʟʳʚʘʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʯʣʝʥʘʤʠ ʠʣʠ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʷ  (1)  ʠ ʟʘʜʘʚʘʝʤʦʡ ʵʪʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 
ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʤ ʯʣʝʥʘʤ, ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ 
ʯʠʩʣʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʦʥʠ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʭʦʪʷ ʙʳ ʢʦʥʝʯʥʳʤ 
ʯʠʩʣʦʤ ʧʝʨʚʳʭ ʯʣʝʥʦʚ). ʇʦʵʪʦʤʫ ʠʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ ʧʝʨʚʦʝ ʩʚʦʡʩʪʚʦ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʨʷʜʢʘ k . 

ʉɺʆʁʉʊɺʆ 1. ɺʩʷʢʦʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʨʷʜʢʘ k  ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 
ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ. 

ʆʙʦʙʱʘʷ ʧʦʥʷʪʠʷ, ʚʚʝʜʝʥʥʳʝ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʌʠʙʦʥʘʯʯʠ ʧʦʨʷʜʢʘ  2, ʧʨʠʚʝʜʝʤ 

ʥʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʨʷʜʢʘ k .  

ʆʇʈɽɼɽʃɽʅʀɽ. k  ʨʝʰʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ k  ʥʘʟʳʚʘʶʪʩʷ 
ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʧʦʧʘʨʥʦ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ. 

ʉɺʆʁʉʊɺʆ 2. ʘ). k  ʨʝʰʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ k  ʷʚʣʷʶʪʩʷ ʙʘʟʠʩʥʳʤʠ 

ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  k -ʤʝʨʥʳʝ ʚʝʢʪʦʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘʯʘʣʴʥʳʤʠ ʯʣʝʥʘʤʠ 
ʵʪʠʭ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳ. 

ʙ). ʉʨʝʜʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ 

k  ʤʦʞʥʦ ʚʳʙʨʘʪʴ k  ʙʘʟʠʩʥʳʭ ʨʝʰʝʥʠʡ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʣʠʥʝʡʥʦ ʚʳʨʘʞʘʝʪʩʷ ʣʶʙʦʝ 
ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʉɺʆʁʉʊɺʆ 3. ɹʘʟʠʩʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ 
ʦʙʨʘʟʦʤ. 

ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  
))) ())) '&

2

ʨʝʰʝʥʠʡk

nnn zyx }{,},{},{   ʫʞʝ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ 

ʨʝʰʝʥʠʡ, ʪʦ ʨʝh ʝʥʠʝ 

nnnn CzByAxu +++= 3          (2) 

ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ  (1). 
ʏʪʦʙʳ ʥʘʡʪʠ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʥʫʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʯʘʣʴʥʤrʠ ʫʩʣʦʚʠʷʤʠ. 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʪʳʩʢʘʥʠʷ ʙʘʟʠʩʥʳʭ 

ʨʝʰʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ k  ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ, 
ʢʦʛʜʘ ʙʘʟʠʩʥʳʝ ʨʝʰʝʥʠʷ ʠʱʫʪʩʷ ʩʨʝʜʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ ʩ ʧʝʨʚʳʤ ʯʣʝʥʦʤ, 
ʨʘʚʥʳʤ 1, ʠ ʟʥʘʤʝʥʘʪʝʣʝʤ q : 

nqqq ,...,,,1 2
,...    (3) 

ʏʪʦʙʳ ʧʨʦʛʨʝʩʩʠʷ ʚʠʜʘ  (4)  ʙʳʣʘ ʨʝʰʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ  (1), ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʝʝ ʯʣʝʥʳ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʵʪʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ. ʇʦʜʩʪʘʚʠʤ ʚ  (1)  ʚʤʝʩʪʦ IU  

ʯʣʝʥʳ ʧʨʦʛʨʝʩʩʠʠ  (4). ʊʘʢ ʢʘʢ i -ʡ  ʯʣʝʥ ʧʨʦʛʨʝʩʩʠʠ  (4)  ʠʤʝʝʪ ʚʠʜ  
iq , ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ  

(1)  ʧʨʠʤʝʪ ʚʠʜ: 
n

k

knknkn qAqAqAq Ö++Ö+Ö= -+-++ ...2

2

1

1
  (4). 

ʈʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ  (5)  ʥʘ 
nq , ʧʦʣʫʯʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ  

ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ, ʯʪʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝ  (1)  ʩ ʪʝʤʠ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

kk

kkk AqAqAqAq +Ö++Ö+Ö=
-

--

1

2

2

1

1
...   (5), 

ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ  (1). 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ  (5), ʥʘʡʜʝʤ k  ʝʛʦ ʢʦʥʝʡ: 

k
qqq ,,,

21
2 , 

ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʠʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʝʨʝʟ  
)()'&

k

gba ,...,,   (7)  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʩ ʧʝʨʚʳʤ ʯʣʝʥʦʤ  1  ʷʚʣʷʝʪʩʷ 
ʨʝʰʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ  (1),  ʪʦ ʟʥʘʤʝʥʘʪʝʣʴ ʵʪʦʡ ʧʨʦʛʨʝʩʩʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʆʙʨʘʪʥʦ, ʧʫʩʪʴ a=q - ʢʘʢʦʡ-ʣʠʙʦ ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ  (5). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ }{
n

x , ʚ ʢʦʪʦʨʦʡ  ),2,1,0(, 2== Nx n

n
a  ʠ ʧʦʣʫʯʠʤ 

ʧʨʦʛʨʝʩʩʠʶ ʩ ʧʝʨʚʳʤ ʯʣʝʥʦʤ  1 ʠ ʟʥʘʤʝʥʘʪʝʣʝʤ  a, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 
ʩʦʦʪʥʦʰʝʥʠʶ  (1). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ a - ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (5), ʪʦ ʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʩ ʧʝʨʚʳʤ ʯʣʝʥʦʤ 1 ʠ ʟʥʘʤʝʥʘʪʝʣʝʤ a. 

ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʥʘʡʪʠ ʙʘʟʠʩ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʧʦʨʷʜʢʘ k  , ʩʦʩʪʦʷʱʠʡ ʠʟ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ  ʩ ʧʝʨʚʳʤ ʯʣʝʥʦʤ  1, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʦʣʞʥʦ ʠʤʝʪʴ k  ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʝʡ. 

ʇʫʩʪʴ ʚʩʝ ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ  (5) ʨʘʟʣʠʯʥʳ: gba === kqqq ,,, 21 2 . ʇʦ 

ʚʳʝhʩʢʘʟʘʥʥʦʤʫ ʧʦʣʫʯʠʤ  k ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʨʝʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ  (1)  ʩʦ ʟʥʘʤʝʥʘʪʝʣʷʤʠ  )()'&
2

k

gba ,,,
: 

22

22

22

,,,,,1:}{

............................................

,,,,,1:}{

,,,,,1:}{

2

2

2

n

n

n

n

n

n

gggg

bbbb

aaaa

 

ʆʩʪʘʣʦʩʴ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʠ ʧʨʦʛʨʝʩʩʠʠ ʦʙʨʘʟʫʶʪ ʙʘʟʠʩ ʩʦʦʪʥʦʰʝʥʠʷ (1), ʪʦ ʝʩʪʴ, 
ʯʪʦ ʣʙʁʦʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʣʠʥʝʡʥʦ ʚʳʨʘʞʘʝʪʩʷ 

ʯʝʨʝʟ ʜʘʥʥʳʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʫʞʥʦ ʜʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʯʠʩʝʣ  
)()'&
2

k

CBA ,,, , 

ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʥʦʤʝʨʘ n : 

)))) ()))) '&
ʩʣʘʛʘʝʤʳʭk

nnn

n CBAu gba Ö++Ö+Ö= ...   (8). 
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ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʯʠʩʝʣ, ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ 
ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʨʘʚʝʥʩʪʚʘ  (8) ʧʦʜʩʪʘʥʦʚʢʦʡ ʚʤʝʩʪʦ n  ʯʠʩʝʣ ʦʪ  0  

ʜʦ 1-k , ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ CBA ,,, 2  ʧʨʠ 

ʣʶʙʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ  110 ,,, -kuuu 2 : 

).9(

:1

,:1

,:0

1

111

1

0

î
î

ý

î
î

ü

û

=+++-=

=+++=

=+++=

-

---

k

kkk uCBAkn

uCBAn

uCBAn

gba

gba

3

33333333333333

3

3

 

ʀʟ ʢʫʨʩʘ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ  k ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ 
(ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ) ʫʨʘʚʥʝʥʠʡ ʩ k ʧʝʨʝʤʝʥʥʳʤʠ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ.  

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ ʜʘʶʪ 
ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʠʟʚʦʜʷʱʠʝ ʬʫʥʢʮʠʠ.  

ʆʇʈɽɼɽʃɽʅʀɽ. ʇʫʩʪʴ  0},{ ²ng
n  - ʨʝʢʫʨʨʝʥʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

ʉʪʝʧʝʥʥʦʡ ʨʷʜ ʚʠʜʘ: 

33 +++++==ä
²

n

n
n

n

n
zgzgzggzgzG 2

210
0

)(      (*) 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g . 

ɿɸʄɽʏɸʅʀʗ. 1. ʀʥʦʛʜʘ ʜʣʷ ʦʙʱʥʦʩʪʠ ʨʘʩʩʫʞʜʝʥʠʡ ʩʫʤʤʠʨʦʚʘʥʠʝ ʫʜʦʙʥʦ 
ʧʨʦʚʦʜʠʪʴ ʧʦ ʤʥʦʞʝʩʪʚʫ ʚʩʝʭ ʮʝʣʳʭ ʯʠʩʝʣ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ. ʉʫʤʤʘ (*)  
ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʠ ʥʘ ʩʣʘʛʘʝʤʳʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʠʥʜʝʢʩʘʤʠ, ʝʩʣʠ 

ʧʦʣʦʞʠʪʴ, ʯʪʦ  0
21

=====
---
33

n
ggg . 

2. ʌʫʥʢʮʠʷ  )(zG  ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʜʚʦʷʢʦ: ʠʣʠ ʢʘʢ ʬʫʥʢʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ  z  ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʣʠ ʢʘʢ ʬʦʨʤʘʣʥɹʳʡ ʩʪʝʧʝʥʥʦʡ 
ʨʷʜ ʩ ʧʘʨʘʤʝʪʨʦʤ  z, ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʛʦ ʥʝ ʚʘʞʥʘ. 

3. ʈʦʣʴ ʧʘʨʘʤʝʪʨʘ  z  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʭʦʜʠʪʴ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ 
ʨʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ n-ʡ ʩʪʝʧʝʥʠ  z. ʇʨʠ 
ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʨʷʜʘ, ʟʘʧʠʩʘʥʥʦʛʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (*), ʥʠʢʦʛʜʘ ʥʝ ʚʳʯʠʩʣʷʝʪʩʷ 
ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ z. ʅʘʜ ʵʪʠʤʠ ʨʷʜʘʤʠ (ʠʣʠ ʧʨʦʠʟʚʦʜʷʱʠʤʠ 
ʬʫʥʢʮʠʷʤʠ) ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʢʠʝ ʬʦʨʤʘʣʥɹʳʝ ʦʧʝʨʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʠ 

ʥʘʭʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g  ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ. 

ʅʘʜ ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʷʜ ʦʧʝʨʘʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ 
ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ʇʫʩʪʴ ää ==
n

n

n
n

n

n
zfzFʠzgzG )()(  ï ʧʨʦʠʟʚʦʜʷʱʠʝ ʬʫʥʢʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ }{
n

g  ʠ }{
n

f  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʠ baʠ  - ʥʝʢʦʪʦʨʳʝ ʯʠʩʣʦʚʳʝ 

ʢʦʥʩʪʘʥʪʳ. 
1. ɺʳʨʘʞʝʥʠʝ ʚʠʜʘ: 

äää ÖÖ+Ö=Ö+Ö=Ö+Ö
n

n

nn
n

n

n
n

n

n
zgfzgzfzGzF )()()( bababa   (1) 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
nn

gf Ö+Ö ba . ʕʪʘ ʦʧʝʨʘʮʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʩʣʦʞʝʥʠʝʤ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ. 

2. ɺʤʝʩʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g  ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʥʝʝ ʟʘʤʝʥʦʡ ʧʝʨʚʳʭ m ʯʣʝʥʦʚ ʥʫʣʷʤʠ. ɺ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ 

ʯʣʝʥ 
0

g  ,ʙʫʜʝʪ ʩʪʦʷʪʴ ʥʘ 1+m  -ʤ ʤʝʩʪʝ: 

2
)()'&
2 ,,,0,,0,0 10 gg

m

(**). 
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ɻʦʚʦʨʷʪ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (**)  ʧʦʣʫʯʝʥʘ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g  ʩʜʚʠʛʦʤ 

ʥʘ  m  ʵʣʝʤʝʥʪʦʚ ʚʧʨʘʚʦ. ʏʪʦʙʳ ʥʘʡʪʠ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  

(*), ʫʤʥʦʞʠʤ ʠʩʭʦʜʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘ 
mz : 

ä ää -

+ ==Ö
n

n

mn

mn

n

n

n

n

m zgzgzgz       (2). 

ʕʪʘ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʜʚʠʛʦʤ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ )(zG   ʥʘ  m  ʧʦʟʠʮʠʡ 

ʚʧʨʘʚʦ. 

3. ɺʤʝʩʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g  ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʥʝʝ ʫʜʘʣʝʥʠʝʤ ʧʝʨʚʳʭ m ʯʣʝʥʦʚ 110 ,,, -mggg 2 . ɺ ʵʪʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʣʝʥ 
m

g  ʙʫʜʝʪ ʩʪʦʷʪʴ ʥʘ   0-ʤ ʤʝʩʪʝ: 

}{},,,,{
1 mnnmm

gggg
++

=22 . 

ʇʦʩʪʨʦʠʤ ʝʝ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʵʪʦʛʦ ʚʳʯʪʝʤ ʠʟ )(zG  ʝʝ ʧʝʨʚʳʝ  m 

ʯʣʝʥʦʚ ʠ ʧʦʜʝʣʠʤ ʥʘ 
mz : 

ää
²

+
²

-

-

-
==

-----

0

1

1

2

210
)(

n

n

mn
mn

mn

nm

m

m
zgzg

z

zgzgzggzG 3
  (3). 

ʕʪʘ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʜʚʠʛʦʤ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ )(zG   ʥʘ  m  ʧʦʟʠʮʠʡ 

ʚʣʝʚʦ. 

4. ʇʫʩʪʴ C  ï ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ. ʌʫʥʢʮʠʷ 

ää Ö=Ö=Ö
n

n

n

n

n

n

n
zgCzCgzCG )()(  (4) 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

n gC Ö . 

ʆʩʦʙʦ ʚʘʞʝʥ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʥʩʪʘʥʪʘ 1-=C : 

ä Ö-=-
n

n

n

n zgzG )1()(    (4¡) -  

ʬʫʥʢʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  }.)1{(
n

n gÖ-  

5. ʆʧʝʨʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. ʅʘʡʜʝʤ ʧʨʦʠʟʚʦʜʥʫʶ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ 

)(zG  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g : 

ä ÖÖ+=++++=
+

n

n

n
zgnzgzggzG

1

2

321

/ )1(32)( 3    (5). 

ɺʤʝʩʪʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʫʶ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ 
ʥʝʝ ʩʜʚʠʛʦʤ ʥʘ ʦʜʥʫ ʧʦʟʠʮʠʶ ʚʧʨʘʚʦ: 

ä ÖÖ=¡Ö
n

n

n
zgnzGn )(                       (5¡), 

ʪʘʢ ʢʘʢ ʵʪʦ ʝʩʪʴ ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

gnÖ . ʇʦʚʪʦʨʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʤʥʦʞʠʪʴ ʯʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g  ʥʘ ʣʶʙʦʡ 

ʪʨʝʙʫʝʤʳʡ ʤʥʦʛʦʯʣʝʥ ʦʪ n . 
6. ʆʧʝʨʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʥʘʧʨʦʪʠʚ, ʜʘʝʪ ʩʧʦʩʦʙ ʧʦʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ n : 

äñ
²

-
ÖÖ=+++=

1
1

3

2

2

10

0

1

3

1

2

1
)(

n

n

n

z

zg
n

zgzgzgdttG 3   (6). 

ɽʩʣʠ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }
1

{
n

g
n
Ö , 

ʪʦ ʚ ʧʦʜʠʥʪʝʛʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ )(tG  ʥʘ  
t

gtG 0)( -
, ʪʦʛʜʘ: 
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ñ ä ÖÖ=
-z

n

n

n
zg

n
dt

t

gtG

0

0
1)(

                 (6¡). 

7. ʆʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʷ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ.  
 

ää Öö
÷

õ
æ
ç

å Ö=

=+ÖÖ+Ö+Ö+ÖÖ+Ö+Ö=

=+++Ö+++=Ö

-
n

n

k
knk

zgf

zgfgfgfzgfgfgf

zgzggzfzffzGzF

3

33
2

021120011000

2

210

2

210

)()(

)()()()(

  (7). 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ  (7) ʝʩʪʴ ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
knk

gf
-

Ö , ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʩʚʝʨʪʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

}{
n

g  ʠ }{
n

f . 

ʀʟ ʬʦʨʤʫʣʳ (7) ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʞʝ ʦʜʠʥ ʦʯʝʥʴ ʚʘʞʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʬʫʥʢʮʠʷ  3+++=
-

= 21
1

1
)( zz

z
zF . ɿʜʝʩʴ ʚʩʝ 1=

k
f  ʜʣʷ ʣʶʙʦʛʦ 0²k , ʧʦɻ ʪʦʤʫ: 

ä äää Öö
÷

õ
æ
ç

å
=Öö

÷

õ
æ
ç

å
=Ö

-
=Ö

¢²
-

n n

n

nk
k

n

k
kn

zgzgzG
z

zGzF
0

)(
1

1
)()(   (7¡). 

 
ɺʩʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʤʦʞʥʦ ʩʚʝʩʪʠ ʚ ʪʘʙʣʠʮʫ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩ. 16. 
ɿɸʄɽʏɸʅʀɽ 
ʇʨʦʠʟʚʦʜʷʱʠʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʨʝʰʝʥʠʠ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ çʚ 
ʟʘʤʢʥʫʪʦʤ ʚʠʜʝè ʤʦʞʝʪ ʧʦʥʠʤʘʪʴʩʷ ʢʘʢ ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ, ʪʦ ʝʩʪʴ, ʚʳʨʘʞʝʥʠʝ n-ʛʦ 

ʯʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

g  ʯʝʨʝʟ ʥʦʤʝʨ n, ʪʘʢ ʠ ʚ ʩʤʳʩʣʝ ʚʳʨʘʞʝʥʠʷ ʩʘʤʦʡ 

ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ )(zG  ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ ʯʝʨʝʟ z. 

ʇʨʦʠʟʚʦʜʷʱʠʝ ʬʫʥʢʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʥʘʟʚrʘʶʪ 
ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʠʣʠ ʦʙʳʯʥʳʤʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʦʠʟʚʦʜʷʱʠʭ 
ʬʫʥʢʮʠʡ, ʥʝʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʩʘʤʠʤʠ ʘʚʪʦʨʦʤ ʠʩʭʦʜʷ ʠʟ ʚʠʜʘ ʨʝʰʘʝʤʦʡ ʠʤ 
ʟʘʜʘʯʠ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʟ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ʇʫʩʪʴ  0},{ ²ng
n  - ʨʝʢʫʨʨʝʥʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

ʉʪʝʧʝʥʥʦʡ ʨʷʜ ʚʠʜʘ: 

33 +++++==ä
² !!2!

)(
2

210
0 n

z
g

z
gzgg

n

z
gzE

n

n
n

n

n     (***) 

ʥʘʟʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{ ng . 

ʊʘʙʣʠʮʘ 1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ 

ˉ 
ʧ/ʧ 

ʅʘʟʚʘʥʠʝ  
ʦʧʝʨʘʮʠʠ 

ɺʠʜ ʬʫʥʢʮʠʠ 

1. 
ʉʣʦʞʝʥʠʝ =Ö+Ö )()( zGzF ba ä ÖÖ+Ö

N

N

NN zgf )( ba  

2. ʉʜʚʠʛ ʥʘ m 

ʚʧʨʘʚʦ 
=Öä

N

N

N

m zgz  ä -

N

N

mN zg ,  m ² 0 ï ʮʝʣʦʝ 

3. 
ʉʜʚʠʛ ʥʘ m ʚʣʝʚʦ =

----- -

-

m

m

m

z

zgzgzggzG 1

1

2

210)( 3
 ä
²

+

0N

N

mN zg ,  



9 

m ² 0 ï ʮʝʣʦʝ 

4. 
ʋʤʥʦʞʝʥʠʝ ʥʘ 

C=const 

=Ö)() zCGa ä Ö
N

N

N

N CzgC ,  ï ʣʶʙʦʝ ʯʠʩʣʦ; 

ä -=Ö-=-
N

N

N

N CzgzGb 1)1()()   

5. 
ɼʠʬʬʝʨʝʥʮʠʨʦʚʘ
ʥʠʝ 

)() zGa ¡  = ä ÖÖ+ +

N

N

N zgN 1)1( - ʦʙʱʠʡ ʩʣʫʯʘʡ; 

ä ÖÖ=¡Ö
N

N

N
zgNzGNb )()  - ʫʤʥʦʞʝʥʠʝ ʥʘ n  

6. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

=ñ
z

dttGa
0

)()  ä
²

-ÖÖ
1

1

1

N

N

N zg
N

 - ʦʙʱʠʡ ʩʣʫʯʘʡ; 

ñ ä ÖÖ=
-z

N

N

N
zg

N
dt

t

gtG
b

0

0
1)(

)  - ʜʝʣʝʥʠʝ ʥʘ n  

7. 

ʋʤʥʦʞʝʥʠʝ 

=Ö )()() zGzFa  ää Öö
÷

õ
æ
ç

å
Ö -

N

N

k

kNk zgf - ʦʙʱʠʡ ʩʣʫʯʘʡ; 

=Ö
-

)(
1

1
) zG

z
b ää Ö

ö
ö

÷

õ

æ
æ

ç

å

¢N

N

Nk

k zg  -  
z

zF
-

=
1

1
)( . 

3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤ 
ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʨʝʢʫʨʨʝʥʪʥʳʭ, ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʡʪʠ ʩʫʤʤʫ 
ʢʦʥʝʯʥʦʛʦ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʯʣʝʥʦʚ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʘʧʨʠʤʝʨ, 
ʩʫʤʤʘ  n  ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʠ ʪ.ʜ. 
ʇʦʥʷʪʠʝ ʩʫʤʤʳ, ʢʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʠ ʩ ʧʦʥʷʪʠʝʤ 
ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʧʠʩʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʩʫʤʤ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʝʡʰʠʭ ʧʨʠʤʝʨʦʚ. ʇʫʩʪʴ ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ ʩʫʤʤʫ  n  
ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ ʠ ʩʫʤʤʫ n ʧʝʨʚʳʭ ʮʝʣʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ 
ʯʠʩʣʘ  2. 

nn +-++++ )1(321 3     (1); 

nn 222221 132 ++++++ -3    (2). 

ʉʠʤʚʦʣʠʯʝʩʢʠ ʵʪʠ ʩʫʤʤʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʢʘ ä : 

ää
==

==
n

k

k
n

k

k
01

2)2(;)1(   (3). 

ɿʘʧʠʩʴ ʚʠʜʘ (3), ʧʨʠ ʢʦʪʦʨʦʡ ʠ ʚ ʚʝʨʭʥʝʡ ʠ ʚ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʟʥʘʢʘ ʩʫʤʤʳ ʫʢʘʟʘʥʳ 
ʧʨʝʜʝʣʳ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʟʘʧʠʩʴʶ ʩ ʷʚʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʩʫʤʤʠʨʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʟʘʧʠʩʠ ʢʦʥʝʯʥʳʭ ʠ ʙʝʩʢʦʥʝʯʥʳʭ ʩʫʤʤ. ʄʥʦʞʝʩʪʚʦ, 
ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʪ ʩʫʤʤʠʨʦʚʘʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʫʢʘʟʘʥʦ ʚ ʥʠʞʥʝʡ 
ʩʪʨʦʢʝ ʟʥʘʢʘ ʩʫʤʤʳ, ʦ ʚ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʫʢʘʟʘʥʦ ʥʠʯʝʛʦ: 

ää
¢¢¢¢

==
nk

k

nk

k
01

2)2(;)1(    (4). 

ʊʘʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʥʘʟʳʚʘʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ. ɺ ʘʙʩʪʨʘʢʪʥʳʭ, ʦʙʦʙʱʝʥʥʳʭ 
ʨʘʩʩʫʞʜʝʥʠʷʭ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠʜʝʪ ʧʦ ʥʝʢʦʪʦʨʦʤʫ 
ʤʥʦʞʝʩʪʚʫ ʠʥʜʝʢʩʦʚ  I, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʯʠʩʣʦʚʦʤʫ, ʢʦʥʝʯʥʦʤʫ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦʤʫ: 

ä
ÍIi

ia      (5). 

ʊʘʢʘʷ ʟʘʧʠʩʴ ʦʟʥʘʯʘʝʪ ʩʫʤʤʫ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ, 
ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚʘ ʠʥʜʝʢʩʦʚ I.  

ʆʙʦʙʱʝʥʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʝʩʣʠ ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʥʝʢʠʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤʳ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʠʥʜʝʢʩʘ. ɽʩʣʠ ʧʦʜʦʙʥʫʶ ʦʧʝʨʘʮʠʶ 
ʧʨʦʜʝʣʳʚʘʪʴ ʥʘʜ ʩʫʤʤʦʡ ʩ ʷʚʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʪʦ ʤʦʞʥʦ ʩʦʚʝʨʰʠʪʴ 
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ʦʰʠʙʢʫ ʧʨʠ ʟʘʤʝʥʝ ʠʥʜʝʢʩʘ: ʧʦʪʝʨʷʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʘʛʘʝʤʳʭ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʜʦʙʘʚʠʪʴ 
ʣʠʰʥʠʝ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʩʫʤʤʳ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʣʦʛʠʯʝʩʢʠʤʠ ʠʩʯʠʩʣʝʥʠʷʤʠ. ʇʫʩʪʴ )(kP  ï ʥʝʢʦʪʦʨʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ (ʫʪʚʝʨʞʜʝʥʠʝ) ʦ 

ʥʘʪʫʨʘʣʴʥʦʤ ʯʠʩʣʝ (ʠʣʠ ʚʦʦʙʱʝ, ʦʙʲʝʢʪʝ k). ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʙʝʨʝʪʩʷ ʚ ʢʚʘʜʨʘʪʥʳʝ 
ʩʢʦʙʢʠ ʠ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʨʘʚʝʥ  1, ʝʩʣʠ ʩʘʤʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ʚ ʩʢʦʙʢʘʭ 
ʠʩʪʠʥʥʦ, ʠ  0 - ʝʩʣʠ ʦʥʦ ʣʦʞʥʦ: 

í
ì
ë

=
.)(,0

,)(,1
)]([

ʣʦʞʥʦkPʝʩʣʠ

ʠʩʪʠʥʥʦkPʝʩʣʠ
kP  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʥʝ 
ʟʘʙʦʪʠʪʴʩʷ ʦ ʧʨʝʜʝʣʘʭ ʩʫʤʤʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ  ä Ö

k

k kPa )]([ . 

ʊʝ ʩʣʘʛʘʝʤʳʝ, ʜʣʷ ʢʦʪʦʨʳʭ )(kP  ʣʦʞʥʦ, ʧʨʠʤʫʪ ʚʠʜ 00=Ö
k

a  ʠ  ʥʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ 

ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʦʜʦʙʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʘʣʛʦʨʠʪʤʝ ʨʝʰʝʥʠʷ 
ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ (Ä1.5., ʧʨʠʤʝʨ). 

ʇʫʩʪʴ ʜʘʥʘ ʩʫʤʤʘ  ä
=

=
n

k

k
1

)1(  n  ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ. ʄʦʞʥʦ 

ʜʦʢʘʟʘʪʴ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ), ʯʪʦ ʦʥʘ ʨʘʚʥʘ ʚʳʨʘʞʝʥʠʶ  

2

)1( +nn
: 

ä
=

n

k

k
1

 = 
2

)1( +nn
 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʨʘʚʝʥʩʪʚʦ: 

6

)12)(1(

1

2 ++
=ä

=

nnn
k

n

k

. 

ɺʳʨʘʞʝʥʠʷ, ʩʪʦʷʱʠʝ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʵʪʠʭ ʨʘʚʝʥʩʪʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʥʜʝʢʩʘ k  ʠ 
ʥʘʟʳʚʘʶʪʩʷ ʨʝʰʝʥʠʝʤ ʩʫʤʤʳ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ. ʏʘʩʪʦ ʛʦʚʦʨʷʪ ʧʨʦʩʪʦ ʦ ʨʝh ʝʥʠʠ 
ʥʝʢʦʪʦʨʦʡ ʩʫʤʤʳ, ʠʤʝʷ ʚʚʠʜʫ ʝʝ ʨʝʰʝʥʠʝ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ. 

4. ʉʚʷʟʴ ʢʦʥʝʯʥʳʭ ʩʫʤʤ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ 
ʋʞʝ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʪʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʩʫʤʤʘʤʠ ʠ ʨʝʢʫʨʨʝʥʪʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ. ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʩʫʤʤʫ: 

ä
=

=
n

k

kn aS
0

. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʨʘʚʥʦʩʠʣʴʥʘ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ: 

í
ì
ë

>+=

=

- 0,

,0

1

0

naSS

S

nnn

          (1). 

ʇʦʵʪʦʤʫ, ʥʘʫʯʠʚʰʠʩʴ ʨʝʰʘʪʴ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ, ʪʦ 
ʝʩʪʴ ʙʝʟ ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʯʣʝʥʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʵʪʠ ʞʝ ʩʧʦʩʦʙʳ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʫʤʤ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʣʘʛʘʝʤʦʝ  na  ʚ 

ʩʫʤʤʝ (1) ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʦʤʝʨʘ n : 

constnan =Ö+= bgb , . 

ʊʦʛʜʘ ʩʫʤʤʘ-ʨʝʢʫʨʨʝʥʪʥʦʩʪʴ (1) ʧʨʠʤʝʪ ʚʠʜ: 

í
ì
ë

>Ö++=

=

- 0,

,

1

0

nnUU

U

nn gb

a
     (2). 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (2) ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ.  
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..633:3

,322:2

,1:1

23

12

01

ʜʪʠUUn

UUn

UUn

gbagb

gbagb

gbagb

++=++==

++=++==

++=Ö++==

   (3) 

ʇʦʵʪʦʤʫ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʪ ʦʙʱʠʡ ʚʠʜ: 

gba Ö+Ö+Ö= )()()( nCnBnAUn       (4), 

ʛʜʝ )(),(),( nCnBnA ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʠʥʜʝʢʩʘ n ʧʨʠ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ gba ,, . ʏʪʦʙʳ ʥʘʡʪʠ ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʚʤʝʩʪʦ 
n

U  ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʥʝʢʠʝ ʬʫʥʢʮʠʠ, ʠʤʝʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ n . 

1.) ʅʘʡʜʝʤ )(nA . ʇʫʩʪʴ }{
n

U  ï ʪʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʫ ʢʦʪʦʨʦʡ 1=
n

U  ʧʨʠ 

ʣʶʙʦʤ n, ʪʦʛʜʘ ʩʦʛʣʘʩʥʦ  (2) ʠ (3): 

.0

,032,132

,0,1,1

2

010

==

=+Ý=++=

=+Ý=++===

gb

gbgba

gbgba

ʦʪʢʫʜʘ

U

UUU

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ  (4) ʧʦʣʫʯʘʝʤ: 

gba Ö+Ö+Ö= )()()(1 nCnBnA . 

ʇʦʜʩʪʘʚʠʤ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ gba ,, : 

1)(,0)(0)(1)(1 =ÝÖ+Ö+Ö= nAnCnBnA . 

2.) ʅʘʡʜʝʤ )(nB . ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

U  ʚʦʟʴʤʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʫ ʢʦʪʦʨʦʡ ʦʙʱʠʡ ʯʣʝʥ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʝʡ nU
n
=  . ʊʦʛʜʘ: 

.0,1

,232,232

,1,1,0

2

010

==

=+Ý=++=

=+Ý=++===

gb

gbgba

gbgba

ʦʪʢʫʜʘ

U

UUU

 

ʀʩʧʦʣʴʟʫʷ ʦʙʱʠʡ ʚʠʜ ʨʝʰʝʥʠʷ (4), ʧʦʣʫʯʠʤ: 

nnBnCnBnAn =ÝÖ+Ö+Ö= )(,0)(1)(0)( . 

3.) ʅʘʡʜʝʤ )(nC . ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

U  ʚʦʟʴʤʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʫ ʢʦʪʦʨʦʡ ʦʙʱʠʡ ʯʣʝʥ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 
2nU

n
= . ʊʦʛʜʘ: 

.2,1

,432,4232

,1,11,00

2

2

2

01

2

0

=-=

=+Ý==++=

=+Ý==++====

gb

gbgba

gbgba

ʦʪʢʫʜʘ

U

UUU

 

ʀʩʧʦʣʴʟʫʷ ʦʙʱʠʡ ʚʠʜ ʨʝʰʝʥʠʷ (4), ʧʦʣʫʯʠʤ: 

2

)1(
)(,)()(2

,2)()1()(0)(

2

2

+
=Ý+=

ÝÖ+-Ö+Ö=

nn
nCnBnnC

nCnBnAn

. 

ʀʪʘʢ, ʧʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʩʫʤʤʫ: 

ä
=

+=
n

k

n bkaS
0

)( , 

ʢʦʪʦʨʘʷ ʩʚʦʜʠʪʩʷ ʢ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ: 

í
ì
ë

>Ö++=

=

-
0,

,

1

0

nnUU

U

nn
gb

a
, ʛʜʝ  ., ba === gba  

ʏʪʦʙʳ ʟʘʧʠʩʘʪʴ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ, ʧʦʜʩʪʘʚʠʤ ʚ 

ʨʘʚʝʥʩʪʚʦ (4) ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ )(),(),( nCnBnA  ʠ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ., ba === gba : 
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).5(
2

)1(
)1(

,
2

)1(
1

+
Ö++Ö=

Ö
+

+Ö+Ö=

nn
bnaU

b
nn

anaU

n

n

 

ɺʝʨʥʦ ʠ ʦʙʨʘʪʥʦʝ - ʤʥʦʛʠʝ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʩʫʤʤʘʤ. 
ʈʘʩʩʤʦʪʨʠʤ ʵʪʫ ʩʚʷʟʴ ʩʥʘʯʘʣʘ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʦ ʭʘʥʦʡʩʢʦʡ ʙʘʰʥʝ. ɺʳh ʝ 

ʙʳʣʦ ʩʢʘʟʘʥʦ, ʯʪʦ ʝʝ ʨʝʰʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ: 

í
ì
ë

>+=

=

- 0,12

,0

1

0

nTT

T

nn

     (6). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʦʙʱʝʛʦ ʧʨʠʝʤʘ 
- ʨʘʟʜʝʣʠʤ ʢʘʞʜʦʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʩʠʩʪʝʤʳ (6) ʥʘ 2 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ: 

î
î
í

îî
ì

ë

>+=

=

-
0,

2

1

2
2

2

,0
2

1

0

0

n
TT

T

nn

n

n

n

  ʠʣʠ 

î
î
í

îî
ì

ë

>+=

=

-

-
0,

2

1

22

,0
2

1

1

0

0

n
TT

T

nn

n

n

n

  (7). 

ʇʦʣʦʞʠʤ ʪʝʧʝʨʴ  
n

n

n

T
S

2
=   (8). 

ʊʦʛʜʘ, ʪʘʢ ʢʘʢ  
0

0

0
2

T
S = , 

1

1

1
2 -

-

- = n

n

n

T
S , ʪʦ ʨʘʚʝʥʩʪʚʘ (7) ʧʝʨʝʧʠʰʫʪʩʷ ʚ ʚʠʜʝ: 

î
í

î
ì

ë

>+=

=

- 0,
2

1

,0

1

0

nSS

S

nnn

  (9). 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ ʩʠʩʪʝʤʳ (9) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʮʝʧʦʯʢʫ ʨʘʚʝʥʩʪʚ: 

,
2

1
,

2

1
,,

2

1
,

2

1
1012121211 +=+=+=+=

---- SSSSSSSS
nnnnnn 2  

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘʧʠʩʘʪʴ 
n

S , ʠʩʧʦʣʴʟʫʷ ʟʥʘʢ ʩʫʤʤʠʨʦʚʘʥʠʷ ä . 

ä
=

=
n

k
knS

12

1  ï ʧʦʣʫʯʠʣʠ ʩʫʤʤʫ  n  ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʩ 

ʧʝʨʚʳʤ ʯʣʝʥʦʤ 
2

1
 ʠ ʟʥʘʤʝʥʘʪʝʣʝʤ 

2

1
. ʕʪʫ ʩʫʤʤʫ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠ ʦʥʘ ʨʘʚʥʘ  

n

nS ö
÷

õ
æ
ç

å
-=

2

1
1  (10). 

ʀʟ (8) ʠ (10) ʧʦʣʫʯʘʝʤ, ʯʪʦ: 

.12
2

1
122 -=

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
-Ö=Ö= n

n

n

n

n

n ST  

ʀʪʘʢ, ʨʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (6) ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ: 

.12 -= n

nT  
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ʆʙʱʠʡ ʧʨʠʝʤ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʙʝ ʯʘʩʪʠ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʠʜʘ   

nnnnn cTbTa +Ö=Ö -1  (11) ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʫʤʤʝ, ʫʤʥʦʞʘʷ ʦʙʝ ʝʛʦ ʯʘʩʪʠ ʥʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʩʫʤʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ s n : 

nnnnnnnn csTbsTas Ö+ÖÖ=ÖÖ -1    (12). 

ʇʨʠ ʵʪʦʤ ʤʥʦʞʠʪʝʣʴ  s n  ʥʫʞʥʦ ʧʦʜʙʠʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʜʝʥʠʝ  

nn bs Ö   ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʶ 11 --Önn as : 

nn bs Ö = 11 --Önn as   (13). 

ʇʦʣʦʞʠʤ TasS nnn ÖÖ=   (14). ʊʦʛʜʘ, ʪʘʢ ʢʘʢ 

1111

)13(

1 ----- =ÖÖ=ÖÖ nnnnnnn STasTbs , ʪʦ (12) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

nnnn csSS Ö+= -1    (15). 

ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʮʝʧʦʯʢʫ ʨʘʚʝʥʩʪʚ, ʨʘʩʧʠʩʚrʘʷ 

ʧʦʦʯʝʨʝʜʥʦ ʧʦ ʬʦʨʤʫʣʝ (15)  S 1-n ,  S 2-n ,    ʠ ʪ.ʜ.: 

111101

22121121 ,,,

cscsSS

csSScsSS nnnn

Ö=Ö+=

Ö+=Ö+= ---- 2
, Ý 

ää
==

Ö+ÖÖ=Ö+ÖÖ=
n

k

kk

n

k

kkn csTbscsTasS
1

011

)13(

1

000   (16). 

ʀʟ ʬʦʨʤʫʣʳ  (14) ʚʳʨʘʟʠʤ 
n

T :  
nn

n

n
as

S
T

Ö
= . ʊʦʛʜʘ ʠʟ (16) ʧʦʣʫʯʠʤ: 

ö
ö

÷

õ

æ
æ

ç

å
Ö+ÖÖÖ

Ö
= ä

=

n

k

kk

nn

n csTbs
as

T
1

011

1
  (17). 

ʅʘʧʨʠʤʝʨ, ʧʨʠ  n = 1 ʧʦʣʫʯʠʤ: 

( )
1

101

11

1011
11011

11

1

)(1

a

cTb

as

cTbs
csTbs

as
T

+Ö
=

Ö

+ÖÖ
=Ö+ÖÖÖ

Ö
= . 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʠʝʤʘ ʚʩʝ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʦʪʳʩʢʘʥʠʝʤ 

ʩʫʤʤʠʨʫʶʱʝʛʦ ʤʥʦʞʠʪʝʣʷ  s n. ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʵʪʦʪ ʤʥʦʞʠʪʝʣʴ, ʥʫʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ (13), ʚʳʨʘʞʘʷ ʠʟ ʥʝʝ s n  ʠ ʟʘʪʝʤ çʨʘʟʚʦʨʘʯʠʚʘʷè ʵʪʫ ʬʦʨʤʫʣʫ 

1

212

1

22

1

11
,

-

---

-

--

-

--

Ö

ÖÖ
=Ý

Ö
=

Ö
=

nn

nnn

n

n

nn

n

n

nn

n
bb

aas
s

b

as
s

b

as
s  ʠ ʪ.ʜ., ʧʦʢʘ ʥʝ ʧʨʠʜʝʤ ʢ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʚʠʜʫ 

231

1221

bbbb

aaaa
s

nn

nn

n
ÖÖÖÖ

ÖÖÖÖ
=

-

--

3

3
     (18). 

çʈʘʟʚʦʨʘʯʠʚʘʷè ʬʦʨʤʫʣʫ (13), ʥʫʞʥʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʥʠ ʦʜʠʥ ʠʟ ʤʥʦʞʠʪʝʣʝʡ 

bʠa  ʥʝ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ  0. 

ʇʈʀʄɽʈ. ʇʨʠʤʝʥʠʤ ʤʝʪʦʜ ʩʫʤʤʠʨʫʶʱʝʛʦ ʤʥʦʞʠʪʝʣʷ ʢ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ 
ʚʦʟʥʠʢʘʝʪ ʧʨʠ çʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʝè ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʝ. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʰʘʛʦʚ 
ʩʨʘʚʥʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʤ çʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠè, ʧʨʠʤʝʥʷʝʤʦʡ ʢ  n 
ʵʣʝʤʝʥʪʘʤ ʜʘʥʥʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ: 
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î
í

î
ì

ë

>Ö++=

=

ä
-

=

0,
2

1

,0

1

0

0

nT
n

nT

T

n

k

kn

  (19). 

ʈʝʰʝʥʠʝ. 
ʇʦʧʨʦʙʫʝʤ ʧʨʠʚʝʩʪʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢ ʚʠʜʫ (11), ʧʦʥʠʟʠʚ ʝʛʦ ʩʣʦʞʥʦʩʪʴ. ɼʣʷ 

ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʠʟʙʘʚʠʤʩʷ ʦʪ ʜʝʣʝʥʠʷ, ʫʤʥʦʞʠʚ ʦʙʝ ʯʘʩʪʠ ʩʦʦʪʥʦh ʝʥʠʷ (19) ʥʘ n : 

0,2
1

0

2 >Ö++=Ö ä
-

=

nTnnTn
n

k

kn   (20). 

ʇʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ n  ʥʘ 1-n : 

01,2)1()1()1(
2

0

2

1 >-Ö+-+-=Ö- ä
-

=

- nTnnTn
n

k

kn   (21) 

ʠ ʚʳʯʪʝʤ ʠʟ  (20) ï (21): 

1,22)1( 11 >Ö+=Ö--Ö -- nTnTnTn nnn . 

ʀʪʘʢ, ʠʩʭʦʜʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (19) ʩʚʝʣʦʩʴ ʢ ʙʦʣʝʝ ʧʨʦʩʪʦʤʫ: 

í
ì
ë

>+Ö+=Ö

=

- 0,2)1(

,0

1

0

nnTnTn

T

nn

    (22). 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ (11), ʛʜʝ  .2,1, ncnbna
nnn
=+==  

ʅʘʡʜʝʤ ʜʣʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʫʤʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ ʧʦ ʬʦʨʤʫʣʝ (18): 

)1(

2

34)1()1(

12)2()1(

+Ö
=

ÖÖÖ-ÖÖ+

ÖÖÖ-Ö-
=

nnnnn

nn
sn

3

3
. 

ʊʦʛʜʘ ʧʦ ʦʙʱʝʡ ʬʦʨʤʫʣʝ (17) ʨʝʰʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ (19) ʙʫʜʝʪ: 

ää
== +
Ö+=Ö

+Ö
Ö

Ö
+Ö

=
n

k

n

k

n
k

nk
kk

n
nn

T
11 1

1
)1(22

)1(

2

)1(

2

1   (23). 

 

ʃʝʢʮʠʷ 2. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod. ɹʠʥʦʤ ʅʴʶʪʦʥʘ 
ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod ʠ ʠʭ ʩʚʦʡʩʪʚʘ 
2. ɹʠʥʦʤʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷ.  
 

1. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod ʠ ʠʭ ʩʚʦʡʩʪʚʘ 

ʌʫʥʢʮʠʠ êxú, èxø ʠ ʠʭ ʩʚʦʡʩʪʚʘ 
ʆʇʈɽɼɽʃɽʅʀɽ. ʇʫʩʪʴ x - ʧʨʦʠʟʚʦʣʴʥʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. ʊʦʛʜʘ: 

êúx  ʨʘʚʥʦ ʥʘʠʙʦʣʴʰʝʤʫ ʮʝʣʦʤʫ ʯʠʩʣʫ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʤʫ x  (ʬʫʥʢʮʠʷ çʧʦʣè); 

èøx  ʨʘʚʥʦ ʥʘʠʤʝʥʴʰʝʤʫ ʮʝʣʦʤʫ ʯʠʩʣʫ, ʙʦʣʴʰʝʤʫ ʠʣʠ ʨʘʚʥʦʤʫ x(ʬʫʥʢʮʠʷ 

çʧʦʪʦʣʦʢè). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, êú

èø .,,,

;,,,

ʥʘʠʤʝʥʴʰʝʝbxbZbbx

ʥʘʠʙʦʣʴʰʝʝaxaZaax

-²Í=

-¢Í=
 

ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʬʫʥʢʮʠʡ. 
ʉɺʆʁʉʊɺʆ 1. 

êú èø .Zxxxx ÍÚ==  

ʉɺʆʁʉʊɺʆ 2. 

èøêú .1, =-Î xxʪʦZxɽʩʣʠ  

ʉɺʆʁʉʊɺʆ 3. 

êú èø .11()( +<¢¢<-Í" xxxxxRx  

ʉɺʆʁʉʊɺʆ 4. 
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ê ú èø è ø êú.xxʠxx -=--=-  

ʉɺʆʁʉʊɺʆ 5. 

êú

êú

èø

èø .1)

;1)

;1)

;1)

:)()(

+<¢Ú=

¢<-Ú=

¢<-Ú=

+¢¢Ú=

Í"Í"

xnxnxd

nxnnxc

xnxnxb

nxnnxa

ZnRx

 

ʉɺʆʁʉʊɺʆ 6. 

ê ú êú

è ø èø ,

()()(

nxnx

ʠnxnxZnRx

+=+

+=+Í"Í"
 

ʪʦ ʝʩʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʩʣʘʛʘʝʤʦʝ ʤʦʞʥʦ ʚʳʥʦʩʠʪʴ ʠ ʚʥʦʩʠʪʴ ʟʘ ʩʢʦʙʢʠ ʬʫʥʢʮʠʡ 
çʧʦʣè ʠ çʧʦʪʦʣʦʢè. 

ʉɺʆʁʉʊɺʆ 7. 

êú

èø

èø

êú.)

;)

;)

;)

:)()(

xnxnd

nxnxc

xnxnb

nxnxa

ZnRx

¢Ú¢

¢Ú¢

<Ú<

<Ú<

Í"Í"

 

ʕʪʠ ʥʝʨʘʚʝʥʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʚʩʪʘʚʣʷʪʴ ʠʣʠ ʦʧʫʩʢʘʪʴ ʩʢʦʙʢʠ ʬʫʥʢʮʠʡ çʧʦʣè ʠ 
çʧʦʪʦʣʦʢè. 

ʉɺʆʁʉʊɺʆ 8. 

êúè ø êúê ú êú

èøê ú èøè ø èø.

;

)(

xxx

xxx

Rx

==

==

Í"

 

ʆʇʈɽɼɽʃɽʅʀɽ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʯʠʩʣʦʤ x  ʠ ʬʫʥʢʮʠʝʡ êúx  ʥʘʟʳʚʘʝʪʩʷ ʜʨʦʙʥʦʡ 

ʯʘʩʪʴʶ ʯʠʩʣʘ x  ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 

êúxxx -=}{ . 

ʉɺʆʁʉʊɺʆ 9. ʇʫʩʪʴ )(xf  ï ʥʝʢʦʪʦʨʘʷ ʥʝʧʨʝʨʳʚʥʘʷ, ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ 

ʬʫʥʢʮʠʷ, ʪʘʢʘʷ, ʯʪʦ ʝʩʣʠ )(xf  ï ʮʝʣʦʝ ʯʠʩʣʦ, ʪʦ x  - ʪʦʞʝ ʮʝʣʦʝ ʯʠʩʣʦ. ʊʦʛʜʘ: 

ê ú êúê ú

è ø èøè ø ).2()()(

);1()()(

xfxf

xfxf

=

=  

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʚʦʡʩʪʚʦ. 
ʉɺʆʁʉʊɺʆ 10. 

êú

èø
).2(

);1(

)()()(

ù
ù

ø
é
é

è +
=ù
ù

ø
é
é

è+

ù
ú

ù
é
ê

é +
=ù
ú

ù
é
ê

é+

Í"Í"Í"

n

mx

n

mx

n

mx

n

mx

NnZmRx

 

ʉɺʆʁʉʊɺʆ 11. ʇʫʩʪʴ a ʠ b - ʧʨʦʠʟʚʦʣʴʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʢʣʯʁʝʥʥʳʭ ʤʝʞʜʫ ʥʠʤʠ ʮʝʣʳʭ ʯʠʩʝʣ ʨʘʚʥʦ: 

êú èø

èø èø

êú êú

èø êú .,:),()

;,:],()

;,:),[)

;,1:],[)

baabba

baabba

baabba

baabba

<-

¢-

¢-

¢+-

ʥʘd

ʥʘc

ʥʘb

ʥʘa

 

ʌʫʥʢʮʠʷ mod ʠ ʝʝ ʩʚʦʡʩʪʚʘ 
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ɽʩʣʠ nm, - ʮʝʣʳʝ ʯʠʩʣʘ, ʪʦ ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ n  ʥʘ m ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ 

ʬʫʥʢʮʠʠ çʧʦʣè ʦʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʯʠʩʣʘ 
m

n
, ʪʦ ʝʩʪʴ, ʨʘʚʥʦ ù

ú

ù
é
ê

é

m

n
. ʀʩʧʦʣʴʟʫʷ ʟʘʧʠʩʴ 

ʜʝʣʝʥʠʷ ʩ ʦʩʪʘʪʢʦʤ: 

,rq
m

n
n +Öù

ú

ù
é
ê

é
=  

ʛʜʝ r  ʝʩʪʴ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʩʪʘʪʢʘ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ mnr mod= . ʏʠʪʘʝʪʩʷ ʢʘʢ çr  ʝʩʪʴ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ n  ʥʘ mè: 

).1(modmnm
m

n
n +Öù

ú

ù
é
ê

é
=  

ʀʟ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ).2(mod m
m

n
nmn Öù

ú

ù
é
ê

é
-=  

ɺ ʚʳʨʘʞʝʥʠʠ (2) ʤʦʞʥʦ ʩʯʠʪʘʪʴ n  ʠ m ʣʶʙʳʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ, 

.0̧m  

ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʠ .mod  
ʉɺʆʁʉʊɺʆ 1.  

.0,0mod

;0,mod0

),(

<¢<

><¢

Í"

yʝʩʣʠyxy

yʝʩʣʠyyx

Ryx

 

ʉɺʆʁʉʊɺʆ 2. 

êú êú .1mod}{()( xxxxxRx +=+=Í"  

ʉɺʆʁʉʊɺʆ 3. 

).mod()()mod(

)0,()0()(

CyCxyxC

CconstCRyRx

=Ö

¸="Í¸"Í"
 

ʉɺʆʁʉʊɺʆ 4. 

.
11

)1(1

)()(

ù
ú

ù
é
ê

é -+
++ù

ú

ù
é
ê

é+
+ù
ú

ù
é
ê

é
=

ù
ù

ø
é
é

è --
++ù

ù

ø
é
é

è-
+ù
ù

ø
é
é

è
=

Í"Í"

m

mn

m

n

m

n
n

ʠ
m

mn

m

n

m

n
n

NmZn

3

3
 

ʉɺʆʁʉʊɺʆ 5. 

ê ú êú .
11

)()(

ù
ú

ù
é
ê

é -
+++ù

ú

ù
é
ê

é
++=

Í"Í"

m

m
x

m
xxmx

NmRx

3
 

2. ɹʠʥʦʤʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷ 
ɹʠʥʦʤ ʠʣʠ ʜʚʫʯʣʝʥ ʅʴʶʪʦʥʘ ï ʵʪʦ ʬʦʨʤʫʣʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʩʪʝʧʝʥʷʭ knk yx -  ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʜʚʫʯʣʝʥʘ )( yx+  ʚ ʩʪʝʧʝʥʴ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ n. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʙʠʥʦʤʠʘʣʴʥʳʭ. ʂʦʬɻʬʠʮʠʝʥʪ 

ʧʨʠ ʦʜʥʦʯʣʝʥʝ knk yx -  ʧʨʠʥ̫ʪʦ ʦʙʦʟʥʘʯʘʪʴ: 

k
nCʠʣʠ

k

n
öö
÷

õ
ææ
ç

å  

ʠ ʯʠʪʘʪʴ: çʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʟ n  ʧʦ kè. 

ɿɸʄɽʏɸʅʀɽ. ɺ ʢʦʤʙʠʥʘʪʦʨʠʢʝ ʩʠʤʚʦʣʳ k
nCʠʣʠ

k

n
öö
÷

õ
ææ
ç

å  ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʩʦʯʝʪʘʥʠʡ ʠʟ n  ʵʣʝʤʝʥʪʦʚ ʧʦ k  
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ʊɽʆʈɽʄɸ 1. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ (ʯʠʩʣʦ ʩʦʯʝʪʘʥʠʡ) ʠʟ n  ʧʦ k  ʚʳʯʠʩʣʷʝʪʩʷ 
ʧʦ ʬʦʨʤʫʣʘʤ: 

).2(
)!(!

!

)1(
!

))1(()1(

knk

n
C

k

n

k

knnn
C

k

n

k
n

k
n

-Ö
==öö

÷

õ
ææ
ç

å

--Ö-
==öö

÷

õ
ææ
ç

å 3

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

ʋʩʪʘʥʦʚʠʤ, ʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ k  ʵʣʝʤʝʥʪʦʚ ʠʟ n  ʜʘʥʥʳʭ ʙʝʟ 

ʫʯʝʪʘ ʧʦʨʷʜʢʘ ʠʭ ʩʣʝʜʦʚʘʥʠʷ. ʇʝʨʚʳʡ ʵʣʝʤʝʥʪ ʠʟ n  ʚʦʟʤʦʞʥʳʭ, ʦʯʝʚʠʜʥʦ, ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ n  ʩʧʦʩʦʙʘʤʠ, ʚʪʦʨʦʡ ʠʟ )1( -n  ʦʩʪʘʚʰʠʭʩʷ - )1( -n -ʤ ʩʧʦʩʦʙʦʤ ʠ ʪ.ʜ.,  k -ʡ 

ʵʣʝʤʝʥʪ ï ))1(( --kn -ʤ ʩʧʦʩʦʙʦʤ. ɺʩʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ))1(()1( --Ö- knnn 3  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʠʥʦʡ k. ʊʘʢ ʢʘʢ k  ʚʳʙʠʨʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʪʴ 

!k  ʩʧʦʩʦʙʘʤʠ, ʪʦ ʩʨʝʜʠ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʘʞʜʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ k  ʵʣʝʤʝʥʪʦʚ 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʦʚʥʦ !k  ʨʘʟ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ (ʩʦʯʝʪʘʥʠʡ) ʠʟ n  ʧʦ k , 

ʦʩʪʘʣʦʩʴ ʧʦʜʝʣʠʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ !k : 

!

))1(()1(

k

knnn
C

k

n k
n

--Ö-
==öö

÷

õ
ææ
ç

å 3  - ʧʦʣʫʯʠʣʠ ʬʦʨʤʫʣʫ (1). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʦʡ ʬʦʨʤʫʣʳ, ʜʦʩʪʘʪʦʯʥʦ ʫʤʥʦʞʠʪʴ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ 

ʜʨʦʙʠ, ʟʘʧʠʩʘʥʥʦʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (1) ʥʘ ).(321)!( knkn -ÖÖÖÖ=- 3  

ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʙʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 
ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷ. 

n 0
nC  

1
nC  

2
nC  

3
nC  

4
nC  

5
nC  

6
nC  

7
nC  

8
nC  

9
nC  

10
nC  

0 1 0 0 0 0 0 0 0 0 0 0 

1 1 1 0 0 0 0 0 0 0 0 0 

2 1 2 1 0 0 0 0 0 0 0 0 

3 1 3 3 1 0 0 0 0 0 0 0 

4 1 4 6 4 1 0 0 0 0 0 0 

5 1 5 10 10 5 1 0 0 0 0 0 

6 1 6 15 20 15 6 1 0 0 0 0 

7 1 7 21 35 35 21 7 1 0 0 0 

8 1 8 28 56 70 56 28 8 1 0 0 

9 1 9 36 84 126 126 84 36 9 1 0 

10 1 10 45 120 210 252 210 120 45 10 1 

 
ʀʪʘʢ, ʙʠʥʦʤ ʅʴʶʪʦʥʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

)3()(

)(

ä

ä

-

-

öö
÷

õ
ææ
ç

å
=+

=+

k

knkn

k

knkk
n

n

yx
k

n
yx

ʠʣʠyxCyx

 

ɺʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠʛʨʘʝʪ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʙʠʥʦʤʘ, ʢʦʛʜʘ ,1=y  

ʘ zx=  ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, 1<z : 

ä ä=öö
÷

õ
ææ
ç

å
=+

k k

kk
n

kn zCz
k

n
z ).4()1(  

 
ʃʝʢʮʠʷ 3. ɺʚʝʜʝʥʠʝ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜ  r

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʉʠʤʚʦʣ O ʠ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  
2. ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. 
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ʆʧʨʝʜʝʣʝʥʠʝ 1:  

f(n) = O(g(n)) ʜʣʷ ʚʩʝʭ n Í N  (1.1.1) 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ ʉ, ʯʪʦ 

)()( ngCnf ¢  ʜʣʷ ʚʩʝʭ n Í N;  (1.1.2) 

ʘ ʝʩʣʠ ʦʙʦʟʥʘʯʝʥʠʝ O(g(n)) ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʥʫʪʨʠ ʬʦʨʤʫʣʳ, ʪʦ ʦʥʦ ʦʙʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʶ 
f(n), ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ (1.1.2). ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ f(n) ʥʝʠʟʚʝʩʪʥʳ, ʥʦ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʦʥʠ 
ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ. 

ʉʠʤʚʦʣ çʆè ʚʢʣʶʯʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʩʪʘʥʪʫ ʉ, ʢʘʞʜʦʝ ʚʭʦʞʜʝʥʠʝ ʆ ʤʦʞʝʪ 
ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʉ, ʥʦ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʢʦʥʩʪʘʥʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ n. 

ʇʨʠʤʝʨ 1: ʤʳ ʟʥʘʝʤ, ʯʪʦ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʧʝʨʚʳʭ n ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ʨʘʚʥʘ 

Sn = nnnnnn
6

1

2

1

3

1
)1)(

2

1
(

3

1 23 ++=++ . 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ Sn =ʆ(n3),  

ʪʘʢ ʢʘʢ 
33332323

6

1

2

1

3

1

6

1

2

1

3

1

6

1

2

1

3

1
nnnnnnnnnn =++¢++¢++  ʜʣʷ ʚʩʝʭ ʮʝʣʳʭ n. 

ʄʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʬʦʨʤʫʣʫ 

Sn = +3

3

1
n ʆ(n2), ʪʘʢ ʢʘʢ 

232232323

3

1

6

1

2

1

3

1

6

1

2

1

3

1

6

1

2

1

3

1
nnnnnnnnnnn +¢++¢++¢++  ʜʣʷ ʚʩʝʭ ʮʝʣʳʭ n.  

ʄʦʞʥʦ ʪʘʢʞʝ ʥʝʙʨʝʞʥʦ ʦʪʙʨʦʩʠʪʴ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʧʠʩʘʪʴ n = ʆ(n10). 
ʆʧʨʝʜʝʣʝʥʠʝ ʆ ʥʝ ʟʘʩʪʘʚʣʷʝʪ ʥʘʩ ʜʘʚʘʪʴ ʥʘʠʣʫʯʰʫʶ ʦʮʝʥʢʫ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2: ʩʦʦʪʥʦʰʝʥʠʝ f(n) = O(g(n))  ʧʨʠ n­¤ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 
ʜʚʝ ʢʦʥʩʪʘʥʪʳ ʉ ʠ n0, ʪʘʢʠʝ, ʯʪʦ 

)()( ngCnf ¢  ʧʨʠ ʚʩʝʭ n ² n0.  (1.1.3) 

ɿʘʤʝʯʘʥʠʝ 1: ɿʥʘʯʝʥʠʷ ʉ ʠ n0 ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ʜʣʷ ʨʘʟʥʳʭ ʆ, ʥʦ ʦʥʠ ʥʝ 
ʟʘʚʠʩʷʪ ʦʪ n.  

ʆʧʨʝʜʝʣʝʥʠʝ 3: ʟʘʧʠʩʴ f(ʭ) = O(g(ʭ)) ʧʨʠ ʭ­0 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ 

ʢʦʥʩʪʘʥʪʳ ʉ ʠ e, ʪʘʢʠʝ, ʯʪʦ  

)()( ʭgCʭf ¢ , ʝʩʣʠ ʪʦʣʴʢʦ e¢ʭ . (1.1.4) 

ʊʝʧʝʨʴ ʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ ʠ ʦʜʥʫ ʠʣʠ ʜʚʝ 
ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʪʝʢʩʪʘ. 

ɿʘʤʝʯʘʥʠʝ 2: ʟʘʧʠʩʴ )(
6

1

2

1

3

1 323 nOnnn =++  ʢʦʨʨʝʢʪʥʘ, ʥʦ ʚ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ ʥʝʣʴʟʷ 

ʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʯʘʩʪʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʧʨʠʡʪʠ ʢ 
ʥʝʣʝʧʳʤ ʚʳʚʦʜʘʤ, ʥʘʧʦʜʦʙʠʝ n = n2, ʠʩʭʦʜʷ ʠʟ ʚʝʨʥʳʭ ʪʦʞʜʝʩʪʚ n = ʆ(n2) ʠ n2 = ʆ(n2). 

ʈʘʙʦʪʘʷ ʩ ʩʠʤʚʦʣʦʤ çʆè ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ ʨʘʚʝʥʩʪʚʘʤʠ. ʇʨʘʚʘʷ 
ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʥʝ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʣʝʚʘʷ, ʠ ʬʘʢʪʠʯʝʩʢʠ ʤʦʞʝʪ 
ʩʦʜʝʨʞʘʪʴ ʤʝʥʴʰʝ ʠʥʬʦʨʤʘʮʠʠ; ʧʨʘʚʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ çʦʛʨʫʙʣʝʥʠʝʤè ʣʝʚʦʡ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʩʪʨʦʛʦ ʬʦʨʤʘʣʴʥʦ, ʪʦ ʟʘʧʠʩʴ O(g(n)) ʦʙʦʟʥʘʯʘʝʪ ʥʝ ʢʘʢʫʶ-ʪʦ ʦʜʥʫ 

ʬʫʥʢʮʠʶ f(n), ʘ ʩʨʘʟʫ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ f(n), ʪʘʢʠʭ, ʯʪʦ )()( ngCnf ¢  ʜʣʷ ʥʝʢʦʪʦʨʦʡ 

ʢʦʥʩʪʘʥʪʳ ʉ. ʆʙʳʯʥʘʷ ʬʦʨʤʫʣʘ g(n), ʥʝ ʚʢʣʶʯʘʶʱʘʷ ʩʠʤʚʦʣ ʆ, ʦʙʦʟʥʘʯʘʝʪ 
ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʦʜʥʫ ʬʫʥʢʮʠʶ f(n) = g(n). ɽʩʣʠ S ʠ T ʩʫʪʴ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʡ 

ʦʪ n, ʪʦ ʟʘʧʠʩʴ S + T ʦʙʦʟʥʘʯʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʬʫʥʢʮʠʡ ʚʠʜʘ f(n) + g(n), ʛʜʝ f(n)ÍS ʠ 

g(n)ÍT; ʜʨʫʛʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚʨʦʜʝ S ï T, ST, S/T, S , ʝS, ln S ʦʧʨʝʜʝʣʷʶʪʩʷ 
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ʘʥʘʣʦʛʠʯʥʦ. ʊʦʛʜʘ çʨʘʚʝʥʩʪʚʦè ʤʝʞʜʫ ʜʚʫʤʷ ʪʘʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʬʫʥʢʮʠʡ ʝʩʪʴ 

ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ; ʟʥʘʢ ç=è ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʟʥʘʯʘʝʪ çÌè. 

ʇʨʠʤʝʨ 3: çʋʨʘʚʥʝʥʠʝè )()(
3

1 323 nOnOn =+  ʦʟʥʘʯʘʝʪ, ʯʪʦ S1 Ì S2, ʛʜʝ S1 ʝʩʪʴ 

ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʬʫʥʢʮʠʡ ʚʠʜʘ )(
3

1
1

3 nfn + , ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʡʜʝʪʩʷ ʢʦʥʩʪʘʥʪʘ ʉ1, ʪʘʢʘʷ, 

ʯʪʦ 
2

11 )( nCnf ¢ , ʘ S2 ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʬʫʥʢʮʠʡ )(2 nf , ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʡʜʝʪʩʷ 

ʢʦʥʩʪʘʥʪʘ ʉ2, ʪʘʢʘʷ, ʯʪʦ 
3

22 )( nCnf ¢ . 

ʄʦʞʥʦ ʩʪʨʦʛʦ ʜʦʢʘʟʘʪʴ ʵʪʦ çʨʘʚʝʥʩʪʚʦè, ʝʩʣʠ ʚʟʷʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠʟ 

ʣʝʚʦʡ ʯʘʩʪʠ ʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʘʚʦʡ ʯʘʩʪʠ: ʧʫʩʪʴ )(
3

1
1

3 nfn +  ʪʘʢʦʚʦ, 

ʯʪʦ 2

11 )( nCnf ¢ , ʩʣʝʜʫʝʪ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ ʉ2, ʯʪʦ 

3
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3 )(
3

1
nCnfn ¢+ . ʂʦʥʩʪʘʥʪʘ 

12
3

1
CC +=  ʨʝh ʘʝʪ ʧʨʦʙʣʝʤʫ, ʪʘʢ ʢʘʢ 

32 nn ¢  ʜʣʷ ʚʩʝʭ 

ʮʝʣʳʭ n. 
ɿʘʤʝʯʘʥʠʝ 3: ɽʩʣʠ ʚ ʬʦʨʤʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʩʠʤʚʦʣ ʆ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʦʪ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʥʝ ʪʦʣʴʢʦ ʦʪ 
ʦʜʥʦʡ. ɺ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʚʭʦʜʷʪ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʚ 
ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ çʩʚʦʙʦʜʥʳè ʜʣʷ ʠʟʤʝʥʝʥʠʷ. 

ʊʫʪ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʪʦʥʢʦʩʪʴ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʩʤʳʩʣ ʣʠʰʴ 

ʚ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ, ʝʩʣʠ ʦʥʠ ʩʚʷʟʘʥʳ ʟʥʘʢʦʤ S ʠʣʠ ʧʦʜʦʙʥʳʤ. 

ʉʦʦʪʥʦʰʝʥʠʝ 1:  ),( mm nOn
¡

=  ʝʩʣʠ Nnmmmm Í¡¡¢ ,,; . (1.2.1) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ʇʫʩʪʴ mm ¡¢ , ʪʦʛʜʘ 
mm nn
¡

¢  ʧʦ ʩʚʦʡʩʪʚʫ ʩʪʝʧʝʥʠ ʠ ʤʦʜʫʣʷ. 
mm nʉn
¡

¢ , ʛʜʝ 

ʉ = 1. ɸ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ (1.1.2) ʩʠʤʚʦʣʘ ʆ ʵʪʦ ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ),( mm nOn
¡

=  ʧʨʠ 

Nnmmmm Í¡¡¢ ,,; . ʉʦʦʪʥʦʰʝʥʠʝ 1 ʜʦʢʘʟʘʥʦ. 

ʉʦʦʪʥʦʰʝʥʠʝ 2: ( ))()())(())(( ngnfOngOnfO +=+ .  (1.2.2) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 
ʇʦʢʘʞʝʤ ʩʪʨʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʠʤʚʦʣʘ ʆ, 
ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʧʨʘʚʦʡ ʯʘʩʪʠ. 

ʃʶʙʘʷ ʬʫʥʢʮʠʷ ʠʟ ʣʝʚʦʡ ʯʘʩʪʠ ʠʤʝʝʪ ʚʠʜ a(n) + b(n), ʠ ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʩʪʘʥʪʳ 
m0, B, n0, C, ʪʘʢʠʝ, ʯʪʦ 

0)()( mnnfBna ²"¢  ʠ 0)()( nnngCnb ²"¢ . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ ʚ ʣʝʚʦʡ ʯʘʩʪʠ 

( )
),max(

)()(),max()()()()()()(

00 nmnʜʣʷ

ngnfCBngCnfBnbnanbna

²

+Ö¢+¢+¢+
 

ɸ, ʟʥʘʯʠʪ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʤʚʦʣʘ ʆ ʣʝʚʘʷ ʯʘʩʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʘʚʦʡ ʯʘʩʪʠ.  
ʉʦʦʪʥʦʰʝʥʠʝ 3:  f(n) = O(f(n));      (1.2.3) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ɼʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ f(n) ʚʝʨʥʦ ʥʝʨʘʚʝʥʩʪʚʦ )()( nfnf ¢ . )()( nfCnf ¢ , ʛʜʝ ʉ 

= 1. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʤʚʦʣʘ ʆ (1.1.2) ʵʪʦ ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ f(n) = O(f(n)). ʉʦʦʪʥʦʰʝʥʠʝ 3 
ʜʦʢʘʟʘʥʦ. 

ʉʦʦʪʥʦʰʝʥʠʝ 4:  O(f(n))O(g(n)) = O(f(n)g(n));    (1.2.4) 
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ʉʦʦʪʥʦʰʝʥʠʝ 5: O(O(f(n))) = O(f(n));     (1.2.5) 

ʉʦʦʪʥʦʰʝʥʠʝ 6: ʉ Ö O(f(n)) = O(f(n)), ʝʩʣʠ ʉ ï ʢʦʥʩʪʘʥʪʘ; (1.2.6) 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ ɺ, ʯʪʦ 1Ö¢ɺʉ , ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ (1.1.1) ʉ = ʆ(1). 

ʊʦʛʜʘ ʉ Ö O(f(n)) = ʆ(1) Ö O(f(n)) = (ʧʦ 1.2.4) = O(f(n)). 
ʉʦʦʪʥʦʰʝʥʠʝ 7: O(f(n)g(n)) = f(n)O(g(n)).    (1.2.7) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 
ʇʦʢʘʞʝʤ, ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʧʨʘʚʦʡ ʯʘʩʪʠ. 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʚʠʜ a(n), ʪʘʢʠʝ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʩʪʘʥʪʳ ʉ, n0, 
ʯʪʦ 

0)()()()()()()( nnngCnfngnfCngnfCna ²"ÖÖ=Ö¢Ö¢ . 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʤʚʦʣʘ ʆ ʤʳ ʧʦʣʫʯʘʝʤ ʚʝʨʥʦʝ ʨʘʚʝʥʩʪʚʦ (1.2.7).  
ʉʦʦʪʥʦʰʝʥʠʝ 8: O(f(n)2) =  O(f(n))2.     (1.2.8) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 
O(f(n)2) = O(f(n) Ŀ f(n)) = (ʧʦ 1.2.7) = f(n) Ŀ O(f(n)) = (ʧʦ 1.2.3) = ʆ(f(n)) Ŀ O(f(n)) = 

O(f(n))2 
 
2. ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 
ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʘʤʳʝ ʧʦʣʝʟʥʳʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ [2], 

ʧʦʣʦʚʠʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʘ ʧʨʦʩʪʦ ʧʫʪʝʤ ʦʪʙʨʘʩʳʚʘʥʠʷ ʯʣʝʥʦʚ ʩʪʝʧʝʥʥʦʛʦ ʨʷʜʘ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʘʚʠʣʦʤ. 

ʊʘʙʣʠʮʘ 1. ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʩʧʨʘʚʝʜʣʠʚʳʝ ʧʨʠ n ­ ¤ ʠ z ­ 0 

ö
÷

õ
æ
ç

å
++-++=
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1
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ln
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nHn g      (1.2.10) 
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)(
!4!3!2

1 5
432

zO
zzz

zez +++++=         (1.2.12) 

)(
432

)1ln( 5
432

zO
zzz

zz +-+-=+        (1.2.13) 

)(1
1

1 5432 zOzzzz
z

+++++=
-

       (1.2.14) 

( ) )(11 5443322 zOzCzCzCzz +++++=+
aaa

a

a   (1.2.15) 

 
ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ Hn, n! ʥʝ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʦʪʨʝʟʢʘʤʠ 

ʩʭʦʜʷʱʠʭʩʷ ʨʷʜʦʚ; ʝʩʣʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʧʨʦʜʦʣʞʠʪʴ ʵʪʠ ʬʦʨʤʫʣʳ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʷʜʳ 
ʙʫʜʫʪ ʨʘʩʭʦʜʠʪʴʩʷ ʧʨʠ ʚʩʝʭ n. 

ɻʦʚʦʨʷʪ, ʯʪʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʥhʦʩʪʴ 
O(g(n)), ʝʩʣʠ ʦʥʘ ʠʤʝʝʪ ʚʠʜ f(n) + O(g(n)), ʛʜʝ f(n) ʥʝ ʚʢʣʶʯʘʝʪ ʆ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚʠʜʘ 
f(n)(1 + O(g(n))) ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʥhʦʩʪʴ O(g(n)), ʝʩʣʠ f(n) ʥʝ ʚʢʣʶʯʘʝʪ ʆ. 
ʅʘʧʨʠʤʝʨ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ Hn ʚ ʪʘʙʣʠʮʝ ˉ1 ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ O(n-6); 
ʘʧʧʨʦʢʩʠʤʘʮʠʷ n! - ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ O(n-4). (ʇʨʘʚʘʷ ʯʘʩʪʴ (1.2.11) ʥʝ ʪʘʢʘʷ, 
ʢʘʢ ʪʨʝʙʫʝʪʩʷ, - f(n)(1 + O(n-4)), ʥʦ ʝʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʢʘʢ 

( )( )4

32
1

51840
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1
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12 -+öö

÷
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ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʵʪʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʝʩʪʴ O(nn-3.5e-n). ɸʙʩʦʣʶʪʥʘʷ 
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ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʯʠʩʣʦʤ ʚʝʨʥʳʭ ʜʝʩʷʪʠʯʥʳʭ ʮʠʬʨ ʩʧʨʘʚʘ ʦʪ ʜʝʩʷʪʠʯʥʦʡ 
ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʩʣʝ ʦʪʙʨʘʩʳʚʘʥʠʷ ʯʣʝʥʘ ʆ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʥhʦʩʪʴ 
ʩʚʷʟʘʥʘ ʩ ʯʠʩʣʦʤ ʚʝʨʥʳʭ çʟʥʘʯʘʱʠʭ ʮʠʬʨè. 

 
ʃʝʢʮʠʷ 4. ʆʩʥʦʚʥʳʝ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ  

ʇʣʘʥ ʣʝʢʮʠʠ 
1. ʆʩʥʦʚʥʳʝ ʪʦʞʜʝʩʪʚʘ ʩ ʙʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ.  
2. ʄʝʪʦʜ ʚʢʣʶʯʝʥʠʷ-ʠʩʢʣʶʯʝʥʠʷ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
1. ʆʩʥʦʚʥʳʝ ʪʦʞʜʝʩʪʚʘ ʩ ʙʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
ʉɺʆʁʉʊɺʆ 1. (ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ) 
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ʉɺʆʁʉʊɺʆ 2 (ʇʨʘʚʠʣʦ ʚʥʝʩʝʥʠʷ) 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʦʡ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʜʝʢʩʦʚ ʚ ʬʦʨʤʫʣʳ (1) ʠʣʠ (2). 
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ʕʪʠ ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʶʪ ʠʟ ʩʚʦʡʩʪʚʘ 2. 
ʉɺʆʁʉʊɺʆ 4 (ʌʦʨʤʫʣʘ ʩʣʦʞʝʥʠʷ) 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 
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ʉɺʆʁʉʊɺʆ 5 (ɺʳʨʘʞʝʥʠʝ ʦʜʥʦʛʦ ʙʠʥʦʤʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʚʠʜʝ ʩʫʤʤʳ 
ʜʨʫʛʠʭ) 

.
1

2

2

1

1

0

1
2

2
1

1
0

öö
÷

õ
ææ
ç

å ++
=öö
÷

õ
ææ
ç

å +
++öö

÷

õ
ææ
ç

å +
+öö
÷

õ
ææ
ç

å +
+öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å +

=++++=

ä

ä

¢

++
¢

++++

n

nm

n

nmmmm

k

km

ʠʣʠCCCCCC

nk

n
nm

nk

n
nmmmm

k
km

3

3
 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʘ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʚʝʨʭʥʝʤʫ ʠʥʜʝʢʩʫ: 
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ʉɺʆʁʉʊɺʆ 6 (ʇʨʘʚʠʣʦ ʦʙʨʘʱʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠʥʜʝʢʩʘ) 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 
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ʉɺʆʁʉʊɺʆ 7 
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ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴ ʠʥʜʝʢʩʳ ʠʟ ʚʝʨʭʥʝʡ ʩʪʨʦʢʠ ʚ ʥʠʞʥʶʶ ʠ 
ʥʘʦʙʦʨʦʪ ʠ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʩʚʦʡʩʪʚʘ ʦʙʨʘʱʝʥʠʷ ʚʝʨʭʥʝʛʦ 
ʠʥʜʝʢʩʘ. ɽʱʝ ʦʜʥʠʤ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʞʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʘ: 
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ʉɺʆʁʉʊɺʆ 8 (ʌʦʨʤʫʣʘ ʫʤʥʦʞʝʥʠʷ ʙʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

.

))!()(()!(

)!(

)!(!

!

)!(!)!(

!

)!(!

!

)!(!

!

km
kn

k
n

k
m

m
n

CC

kmknkm

kn

knk

n

kmkmn

n

kmk

m

mnm

n
CC

-
-Ö=

=
----

-
Ö

-
=

--
=

=
-Ö

Ö
-Ö

=Ö

 

ʉɺʆʁʉʊɺʆ 9 (ʉʚʝʨʪʢʘ ɺʘʥʜʝʨʤʦʥʜʘ) 
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ʉɺʆʁʉʊɺʆ 10 (ʅʝʢʦʪʦʨʳʝ ʧʦʣʝʟʥʳʝ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤ 
ʧʨʦʠʟʚʝʜʝʥʠʡ ʙʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) 
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2. ʄʝʪʦʜ ʚʢʣʶʯʝʥʠʷ-ʠʩʢʣʶʯʝʥʠʷ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 
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ʃʝʢʮʠʷ 5. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʛʨʘʬʦʚ 
ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʦʥʷʪʠʝ ʛʨʘʬʘ. ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ.  
2. ʄʘʨʰʨʫʪʳ, ʧʫʪʠ, ʮʝʧʠ ʠ ʮʠʢʣʳ. ʀʟʦʤʦʨʬʠʟʤ ʛʨʘʬʦʚ. ʕʡʣʝʨʦʚʳ ʠ 

ʛʘʤʠʣʴʪʦʥʦʚʳ ʛʨʘʬʳ.  
3. ɼʝʨʝʚʴʷ. ʇʣʘʥʘʨʥʳʝ ʠ ʧʣʦʩʢʠʝ ʛʨʘʬʳ. ʊʝʦʨʝʤʘ ʕʡʣʝʨʘ ʠ ʝʸ ʩʣʝʜʩʪʚʠʷ.  
4. ʈʘʩʢʨʘʩʢʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ. ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ.  
5. ʈʘʩʢʨʘʰʠʚʘʝʤʦʩʪʴ ʚʝʨʰʠʥ ʧʣʘʥʘʨʥʦʛʦ ʛʨʘʬʘ ʧʷʪʴʶ ʢʨʘʩʢʘʤʠ. ɻʠʧʦʪʝʟʘ 

ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. 
1. ʇʦʥʷʪʠʝ ʛʨʘʬʘ. ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ V  ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ, 
2V  ï ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʝʛʦ 

ʜʚʫʭʵʣʝʤʝʥʪʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ. ʇʘʨʘ ),( EV , ʛʜʝ  E  ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʤʥʦʞʝʩʪʚʘ 
2V  , ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʬʦʤ (ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ).  

ʕʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ V  ʥʘʟʳʚʘʶʪʩʷ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ, ʘ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ 

E   ï ʨʝʙʨʘʤʠ. 
ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʦʣʴʢʦ ʪʘʢʠʝ ʛʨʘʬʳ, ʫ ʢʦʪʦʨʳʭ ʯʠʩʣʦ 

ʚʝʨʰʠʥ ʢʦʥʝʯʥʦ.  
ʊʝʨʤʠʥ çʛʨʘʬè ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʩʷ ʚ ʢʥʠʛʝ ʚʳʜʘʶʱʝʛʦʩʷ ʚʝʥʛʝʨʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ 

ɼ. ʂʸʥʠʛʘ ʚ 1936 ʛ., ʭʦʪʷ ʥʘʯʘʣʴʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʚʦʩʭʦʜʷʪ ʝʱʝ ʢ ʕʡʣʝʨʫ (XVIII 
ʚ.). 

ʄʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ G  ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ GV   ʠ GE . 

ʏʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ G  ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʧʦʨʷʜʢʦʤ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ G . 

ɽʩʣʠ | mEnV GG == ,  G|, ʪʦ ʛʨʘʬ ʥʘʟʳʚʘʶʪ ),( mn  - ʛʨʘʬʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ. 1. ɺʝʨʰʠʥʳ u  ʠ v  ʛʨʘʬʘ G  ʥʘʟʳʚʘʶʪʩʷ ʩʤʝʞʥʳʤʠ, ʝʩʣʠ ʧʘʨʘ 

),( vu  ʷʚʣʷʝʪʩʷ ʨʝʙʨʦʤ, ʠ ʥʝ ʩʤʝʞʥʳʤʠ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ.  

ɽʩʣʠ ),( vue=  ï ʨʝʙʨʦ, ʪʦ ʚʝʨʰʠʥʳ u  ʠ v  ʥʘʟʳʚʘʶʪ ʝʛʦ ʢʦʥʮʘʤʠ. ɼʚʘ ʨʝʙʨʘ 

ʥʘʟʳʚʘʶʪʩʷ ʩʤʝʞʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʦʙʱʫʶ ʚʝʨʰʠʥʫ. 
2. ɺʝʨʰʠʥʘ v   ʠ ʨʝʙʨʦ e ʥʘʟʳʚʘʶʪʩʷ ʠʥʮʠʜʝʥʪʥʳʤʠ, ʝʩʣʠ v  ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʦʥʮʦʚ ʨʝʙʨʘ e, ʠ ʥʝ ʠʥʮʠʜʝʥʪʥʳʤʠ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʩʤʝʞʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʤʝʞʜʫ ʦʜʥʦʨʦʜʥʳʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʛʨʘʬʘ, ʘ ʦʪʥʦʰʝʥʠʝ ʠʥʮʠʜʝʥʪʥʦʩʪʠ - ʤʝʞʜʫ ʨʘʟʥʦʨʦʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʝʨʰʠʥ ʛʨʘʬʘ G , ʩʤʝʞʥʳʭ ʩ ʥʝʢʦʪʦʨʦʡ 

ʚʝʨʰʠʥʦʡ v, ʥʘʟʳʚʘʝʪʩʷ ʦʢʨʫʞʝʥʠʝʤ ʚʝʨʰʠʥʳ v  ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ )(vN . ʏʠʩʣʦ ʚʝʨʰʠʥ 

ʚ ʦʢʨʫʞʝʥʠʠ ʚʝʨʰʠʥʳ v  ʥʘʟʳʚʘʝʪʩʷ ʩʪʝʧʝʥʴʶ ʵʪʦʡ ʚʝʨʰʠʥʳ.  
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ʄʦʞʥʦ ʪʘʢʞʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʚʝʨʰʠʥʳ ï ʵʪʦ ʯʠʩʣʦ ʠʥʮʠʜʝʥʪʥʳʭ ʝʡ ʨʝʙʝʨ. 

ɽʩʣʠ ʩʪʝʧʝʥʴ ʚʝʨʰʠʥʳ v  ʨʘʚʥʘ k, ʪʦ ʵʪʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

kv =)deg( . 

ʆʧʨʝʜʝʣʝʥʠʝ. ɺʝʨʰʠʥʘ ʩʪʝʧʝʥʠ 0 ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ, ʚʝʨʰʠʥʘ ʩʪʝʧʝʥʠ 
1 ï ʚʠʩʷʯʝʡ (ʠʣʠ ʢʦʥʮʝʚʦʡ). ʈʝʙʨʦ, ʠʥʮʠʜʝʥʪʥʦʝ ʢʦʥʮʝʚʦʡ ʚʝʨʰʠʥʝ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ 
ʢʦʥʮʝʚʳʤ. 

ʊʝʦʨʝʤʘ. ʉʫʤʤʘ ʩʪʝʧʝʥʝʡ ʚʩʝʭ ʚʝʨʰʠʥ ʛʨʘʬʘ ʝʩʪʴ ʯʠʩʣʦ, ʨʘʚʥʦʝ ʫʜʚʦʝʥʥʦʤʫ 
ʯʠʩʣʫ ʨʝʙʝʨ. 

ʉʣʝʜʩʪʚʠʝ (ʃʝʤʤʘ ʦ ʨʫʢʦʧʦʞʘʪʠʷʭ). ɺ ʣʶʙʦʤ ʛʨʘʬʝ ʯʠʩʣʦ ʚʝʨʰʠʥ ʥʝʯʝʪʥʦʡ 
ʩʪʝʧʝʥʠ ʯʝʪʥʦ. 

ʆʧʨʝʜʝʣʝʥʠʝ.  
1. ɻʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ (ʠʣʠ ʦʜʥʦʨʦʜʥʳʤ), ʝʩʣʠ ʩʪʝʧʝʥʠ ʚʩʝʭ ʝʛʦ 

ʚʝʨʰʠʥ ʨʘʚʥʳ.  
2. ʉʪʝʧʝʥʴʶ ʨʝʛʫʣʷʨʥʦʛʦ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʝʛʦ ʚʝʨʰʠʥ. ʉʪʝʧʝʥʴ 

ʨʝʛʫʣʷʨʥʦʛʦ ʛʨʘʬʘ G ʦʙʦʟʥʘʯʘʝʪʩʷ ʯʝʨʝʟ )deg(G .  

ʆʧʨʝʜʝʣʝʥʠʝ. 1. ɻʨʘʬ G ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ, ʝʩʣʠ ʣʶʙʳʝ ʜʚʝ ʝʛʦ ʚʝʨʰʠʥʳ 

ʩʤʝʞʥʳ. ʇʦʣʥʳʡ ʛʨʘʬ ʧʦʨʷʜʢʘ n  ʦʙʦʟʥʘʯʘʝʪʩ ̫ nK . 

2. ɻʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʚʳʨʦʞʜʝʥʥʳʤ (ʧʫʩʪʳʤ), ʝʩʣʠ ʣʶʙʳʝ ʜʚʝ ʝʛʦ ʚʝʨh ʠʥʳ ʥʝ 
ʩʤʝʞʥʳ (ʪ.ʝ. ʫ ʥʝʛʦ ʥʝʪ ʨʝʙʝʨ). 

ɻʨʘʬʳ ʜʦʧʫʩʢʘʶʪ ʥʘʛʣʷʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʨʠʩʫʥʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʝʨh ʠʥʳ 
ʛʨʘʬʘ ʠʟʦʙʨʘʞʘʶʪʩʷ ʪʦʯʢʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʘ ʨʝʙʨʘ ʛʨʘʬʘ - ʩʦʝʜʠʥʷʶʱʠʤʠ ʠʭ 
ʣʠʥʠʷʤʠ. 

ʇʨʠʤʝʨʳ. 

1. ʈʘʩʩʤʦʪʨʠʤ (5, 6) ï ʛʨʘʬ G, ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʢʦʪʦʨʦʛʦ ʝʩʪʴ: 
 

)}5,4()5,2();4,2();3,2();5,1();2,1{(},5,4,3,2,1{ == GG EV  

 
ʠ ʠʟʦʙʨʘʟʠʤ ʝʛʦ ʛʨʘʬʠʯʝʩʢʠ: 
 
 
 
 
 
 
 
 
 

ʈʠʩ. G  

ʉʤʝʞʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ G  ʙʫʜʫʪ, ʥʘʧʨʠʤʝʨ, ʚʝʨʰʠʥʳ 1 ʠ 2 ʠʣʠ 1 ʠ 5; 
ʥʝʩʤʝʞʥʳʤʠ ï ʚʝʨʰʠʥʳ 1 ʠ 3 ʠʣʠ ʚʝʨʰʠʥʳ 1 ʠ 4. 

ɺʝʨʰʠʥʘ 4 ʠ ʨʝʙʨʦ (2,4) ʙʫʜʫʪ ʠʥʮʠʜʝʥʪʥʳ, ʘ ʚʝʨʰʠʥʘ 4 ʠ ʨʝʙʨʦ (2,3) ï ʥʝ 
ʠʥʮʠʜʝʥʪʥʳ. 

ʆʢʨʫʞʝʥʠʝʤ ʚʝʨʰʠʥʳ 2 ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ }5,4,3,1{)2( =N  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʪʝʧʝʥʴ ʵʪʦʡ ʚʝʨʰʠʥʳ ʨʘʚʥʘ 4: .4)2deg( =  

ʀʟʦʣʠʨʦʚʘʥʥʳʭ ʚʝʨʰʠʥ ʛʨʘʬ G  ʥʝ ʠʤʝʝʪ, ʚʝʨʰʠʥʘ 3 ʷʚʣʷʝʪʩʷ ʚʠʩʷʯʝʡ ʠʣʠ 
ʢʦʥʮʝʚʦʡ. 

ʊʘʢ ʢʘʢ ʛʨʘʬ G  ʠʤʝʝʪ ʧʘʨʳ ʥʝʩʤʝʞʥʳʭ ʚʝʨʰʠʥ, ʪʦ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ. 
ʆʧʨʝʜʝʣʝʥʠʝ. ɻʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʜʚʫʜʦʣʴʥʳʤ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʨʘʟʙʠʝʥʠʝ 

ʤʥʦʞʝʩʪʚʘ ʝʛʦ ʚʝʨʰʠʥ ʥʘ ʜʚʝ ʯʘʩʪʠ ï ʜʦʣʠ, ʯʪʦ ʢʦʥʮʳ ʢʘʞʜʦʛʦ ʨʝʙʨʘ ʧʨʠʥʘʜʣʝʞʘʪ 
ʨʘʟʥʳʤ ʜʦʣʷʤ. 

1 

5 4 

2 3 
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ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʣʶʙʳʝ ʜʚʝ ʚʝʨʰʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʨʘʟʥʳʝ ʜʦʣʠ, ʩʤʝʞʥʳ, ʪʦ ʛʨʘʬ 
ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ ʜʚʫʜʦʣʴʥʳʤ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ k -ʜʦʣʴʥʦʛʦ ʛʨʘʬʘ. 

ʇʦʣʥʳʡ ʜʚʫʜʦʣʴʥʳʡ ʛʨʘʬ, ʜʦʣʠ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪ p  ʠ q  ʚʝʨʰʠʥ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʦʟʥʘʯʘʝʪʩʷ qpK , . ʇʨʠ 1=p  ʧʦʣʫʯʘʝʤ ʛʨʘʬ qK ,1 , ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʶʪ ʟʚʝʟʜʦʡ. 
 
 
 
 
 
 
 

                     
5,1K                        ʈʠʩ.               3,3K  

 
ʉ ʢʘʞʜʳʤ ʛʨʘʬʦʤ ʩʚʷʟʘʥʳ ʜʚʝ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʝʛʦ ʦʧʨʝʜʝʣʷʁ ʪ: 

ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ S ʠ ʤʘʪʨʠʮʘ ʠʥʮʠʜʝʥʪʥʦʩʪʠ I . 

ʆʧʨʝʜʝʣʝʥʠʝ. ʄʘʪʨʠʮʝʡ ʩʤʝʞʥʦʩʪʠ  ),( mn -ʛʨʘʬʘ G  ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ A  

ʧʦʨʜ̫ʢʘ n  ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

í
ì
ë
==

.0

;,1
)(

ʩʣʫʯʘʝʧʨʦʪʠʚʥʦʤʚ

ʩʤʝʞʥʳjʠiʥʦʤʝʨʘʤʠʩʚʝʨʰʠʥʳʝʩʣʠ
sS ij  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ï ʵʪʦ ʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ ʩ ʥʫʣʷʤʠ ʥʘ 
ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ. ʏʠʩʣʦ ʝʜʠʥʠʮ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʨʘʚʥʦ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʚʝʨʰʠʥʳ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ S  ʤʫʣʴʪʠ- ʠ ʧʩʝʚʜʦʛʨʘʬʦʚ: 

í
ì
ë
==

.,0

;,
)(

ʩʤʝʞʥʳʥʝʦʥʠʝʩʣʠ

ʨʝʙʨʘʤʠkʩʦʝʜʠʥʝʥʳjʠiʥʦʤʝʨʘʤʠʩʚʝʨʰʠʥʳʝʩʣʠk
sS ij  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʝʪʣʷ ʦʟʥʘʯʘʝʪ ʜʚʘ ʨʝʙʨʘ. 
ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʤʘʪʨʠʮʫ ʩʤʝʞʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ: 

î
î
î

í

îî
î

ì

ë

-

-

-

+

==

.,0

;,

,,1

;,

,,1

)(

ʩʤʝʞʥʳʥʝʦʥʠʝʩʣʠ

ʨʝʙʨʘʥʘʯʘʣʦjʚʝʨʰʠʥʘʘʢʦʥʝʮʝʩʪʴ

iʚʝʨʰʠʥʘʧʨʠʯʝʤʩʤʝʞʥʳjʠiʥʦʤʝʨʘʤʠʩʚʝʨʰʠʥʳʝʩʣʠ

ʨʝʙʨʘʢʦʥʝʮjʚʝʨʰʠʥʘʘʥʘʯʘʣʦʝʩʪʴ

iʚʝʨʰʠʥʘʧʨʠʯʝʤʩʤʝʞʥʳjʠiʥʦʤʝʨʘʤʠʩʚʝʨʰʠʥʳʝʩʣʠ

sS ij
 

ʆʧʨʝʜʝʣʝʥʠʝ. ʄʘʪʨʠʮʝʡ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ),( mn -ʛʨʘʬʘ G   ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ 

I  ʨʘʟʤʝʨʥʦʩʪʠ mn³  ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ:  

î
í

î
ì

ë

==

.0

;

,1

)(

ʩʣʫʯʘʝʧʨʦʪʠʚʥʦʤʚ

jʥʦʤʝʨʦʤʩ

ʨʝʙʨʫʠʥʮʠʜʝʥʪʥʘiʥʦʤʝʨʦʤʠʩʚʝʨʰʠʥʘʝʩʣʠ

xI ij
 

ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʤʘʪʨʠʮʫ ʠʥʮʠʜʝʥʪʥʦʩʪʠ, ʨʝʙʨʘ ʛʨʘʬʘ ʥʫʞʥʦ ʧʝʨʝʥʫʤʝʨʦʚʘʪʴ (ʚ 
ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ). 

ɺ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʨʦʚʥʦ ʜʚʝ ʝʜʠʥʠʮʳ, ʨʘʚʥʳʭ ʩʪʦʣʙʮʦʚ 
ʥʝʪ. ʏʠʩʣʦ ʝʜʠʥʠʮ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʨʘʚʥʦ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʨʰʠʥʳ. 

2. ʄʘʨʰʨʫʪʳ, ʧʫʪʠ, ʮʝʧʠ ʠ ʮʠʢʣʳ. ʀʟʦʤʦʨʬʠʟʤ ʛʨʘʬʦʚ. ʕʡʣʝʨʦʚʳ ʠ 
ʛʘʤʠʣʴʪʦʥʦʚʳ ʛʨʘʬʳ 

ʆʧʨʝʜʝʣʝʥʠʷ. 
1. ʏʝʨʝʜʫʶʱʘʷʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  
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112211 ,,,,,,,,,, ++ nniii vlvlvlvlv 22               (1) 

ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ G  ʪʘʢʘʷ, ʯʪʦ nivvl iii ,1),,( 1 Í= + , ʥʘʟʳʚʘʝʪʩʷ ʤʘʨʰʨʫʪʦʤ, 

ʩʦʝʜʠʥʷʶʱʠʤ ʚʝʨʰʠʥʳ iv ʠ 1+iv  ʠʣʠ ),( 1+ii vv ʤʘʨʰʨʫʪʦʤ.  

 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʟʘʜʘʥʠʷ ʤʘʨʰʨʫʪʘ ʚ ʛʨʘʬʝ ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʛʦ ʚʝʨʰʠʥ, ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʴ ʝʛʦ ʨʝʙʝʨ.  

2. ɺʝʨʰʠʥʘ v  ʥʘʟʳʚʘʝʪʩʷ ʜʦʩʪʠʞʠʤʦʡ ʠʟ ʚʝʨʰʠʥʳ u, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ),( vu -

ʤʘʨʰʨʫʪ. ʃʶʙʘʷ ʚʝʨʰʠʥʘ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʠʞʠʤʦʡ ʠʟ ʩʝʙʷ ʩʘʤʦʡ. 
3. ʄʘʨʰʨʫʪ ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʴʶ, ʝʩʣʠ ʚʩʝ ʝʛʦ ʨʝʙʨʘ ʨʘʟʣʠʯʥʳ, ʠ ʧʨʦʩʪʦʡ ʮʝʧʴʶ, 

ʝʩʣʠ ʚʩʝ ʝʛʦ ʚʝʨʰʠʥʳ, ʢʨʦʤʝ, ʚʦʟʤʦʞʥʦ, ʢʨʘʡʥʠʭ, ʨʘʟʣʠʯʥʳ.  
4. ʄʘʨʰʨʫʪ ʥʘʟʳʚʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤ, ʝʩʣʠ ʧʝʨʚʘʷ ʠ ʧʦʩʣʝʜʥʷʷ ʝʛʦ ʚʝʨʰʠʥʳ 

ʩʦʚʧʘʜʘʶʪ: 
11 +

=
n

vv . ʎʠʢʣʠʯʝʩʢʘʷ ʮʝʧʴ ʥʘʟʳʚʘʝʪʩʷ ʮʠʢʣʦʤ, ʘ ʮʠʢʣʠʯʝʩʢʘʷ ʧʨʦʩʪʘʷ 

ʮʝʧʴ ï ʧʨʦʩʪʳʤ ʮʠʢʣʦʤ. ʏʠʩʣʦ ʨʝʙʝʨ ʚ ʤʘʨʰʨʫʪʝ ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʜʣʠʥʦʡ.  
5. ʎʠʢʣ ʜʣʠʥʳ 3 ʥʘʟʳʚʘʶʪ ʪʨʝʫʛʦʣʴʥʠʢʦʤ. ʄʠʥʠʤʘʣʴʥʘʷ ʠʟ ʜʣʠʥ ʮʠʢʣʦʚ ʛʨʘʬʘ 

ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʦʙʭʚʘʪʦʤ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʅʘʧʨʠʤʝʨ, ʚ ʛʨʘʬʝ G ʥʘ ʨʠʩ.   ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 5, (5,6), 6, (6,1), 1, (1,2), 2  

ʷʚʣʷʝʪʩʷ (4,1)-ʤʘʨʰʨʫʪʦʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʣʶʙʦʡ ʤʘʨʰʨʫʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʧʨʦʩʪʦ ʢʘʢ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʨʰʠʥ: 5, 6, 1, 2 ʠʣʠ ʧʨʦʩʪʦ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʙʝʨ: (5,6), 
(6,1), (1,2). ʃʶʙʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ G ʜʦʩʪʠʞʠʤʘ ʠʟ ʣʶʙʦʡ ʜʨʫʛʦʡ ʚʝʨʰʠʥʳ, ʧʦʩʢʦʣʴʢʫ 
ʛʨʘʬ ʩʚʷʟʥʳʡ.  

ʇʨʠʚʝʜʝʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʘʨʰʨʫʪ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʮʝʧʴʶ ʠ ʧʨʦʩʪʦʡ 
ʮʝʧʴʶ. 

ʄʘʨʰʨʫʪ 1, 2, 8, 7 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʢʣ ʜʣʠʥʳ 4, ʧʨʠʯʝʤ ʵʪʦʪ ʮʠʢʣ ʧʨʦʩʪʦʡ. 
ʆʙʭʚʘʪ ʛʨʘʬʘ G, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʨʘʚʝʥ 4. 

ʆʧʨʝʜʝʣʝʥʠʝ. ɻʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʩʚʷʟʥʳʤ, ʝʩʣʠ ʣʶʙʳʝ ʜʚʝ ʝʛʦ ʥʝʩʦʚʧʘʜʘʶʱʠʝ 
ʚʝʨʠhʥʳ ʩʦʝʜʠʥʝʥʳ ʤʘʨʰʨʫʪʦʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚ ʥʝʤ ʜʣʷ 
ʢʘʢʦʡ-ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʨʰʠʥʳ u  ʠ ʢʘʞʜʦʡ ʜʨʫʛʦʡ ʚʝʨʰʠʥʳ v  ʩʫʱʝʩʪʚʦʚʘʣ 

),( vu  - ʤʘʨʰʨʫʪ. 

ʊʝʦʨʝʤʘ 1. ɻʨʘʬ ),( EVG=  ʩʚʷʟʝʥ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʥʦʞʝʩʪʚʦ ʝʛʦ 

ʚʝʨh ʠʥ ʥʝʣʴʟʷ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʥʝʧʫʩʪʳʭ ʧʦʜʤʥʦʞʝʩʪʚʘ 1V  ʠ 2V  ʪʘʢ, ʯʪʦʙʳ ʦʙʝ 

ʛʨʘʥʠʯʥʳʝ ʪʦʯʢʠ ʢʘʞʜʦʛʦ ʨʝʙʨʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʥʦʞʝʩʪʚʝ. 
ʆʧʨʝʜʝʣʝʥʠʝ. ɺʩʷʢʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʚʷʟʥʳʡ ʧʦʜʛʨʘʬ ʛʨʘʬʘ G ʥʘʟʳʚʘʝʪʩʷ 

ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ (ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʡ) ʛʨʘʬʘ G.  
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ʉʣʦʚʦ "ʤʘʢʩʠʤʘʣʴʥʳʡ" ʦʟʥʘʯʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʢʣʶʯʝʥʠʷ, ʪ.ʝ. ʥʝ 
ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʚʷʟʥʦʤ ʧʦʜʛʨʘʬʝ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ. ʄʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ 
ʩʚʷʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʘʟʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴʶ ʩʚʷʟʥʦʩʪʠ. 

ʉʚʦʡʩʪʚʘ ʤʘʨʰʨʫʪʦʚ, ʮʝʧʝʡ ʠ ʮʠʢʣʦʚ 

ʉɺʆʁʉʊɺʆ 1. ɺʩʷʢʠʡ ʥʝʟʘʤʢʥʫʪʳʡ ),( vu  - ʤʘʨʰʨʫʪ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʨʦʩʪʫʶ 

),( vu - ʮʝʧʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʶʙʘʷ ),( vu - ʮʝʧʴ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʨʦʩʪʫʶ ),( vu  - ʮʝʧʴ.  

ʉɺʆʁʉʊɺʆ 2. ɺʩʷʢʠʡ ʥʝʧʨʦʩʪʦʡ ʮʠʢʣ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ. 
ʇʨʠʯʝʤ ʜʣʷ ʟʘʤʢʥʫʪʦʛʦ ʤʘʨʰʨʫʪʘ ʪʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝ ʚʝʨʥʦ. 

ʉɺʆʁʉʊɺʆ 3. ɺʩʷʢʘʷ ʥʝʧʨʦʩʪʘʷ ),( vu  - ʮʝʧʴ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʪʘ ʥʘ ʧʨʦʩʪʫʶ 

),( vu - ʮʝʧʴ ʠ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʮʠʢʣʦʚ. ʇʨʠʯʝʤ ʜʣʷ ʥʝʟʘʤʢʥʫʪʦʛʦ ʤʘʨʰʨʫʪʘ 

ʪʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝ ʚʝʨʥʦ. 

ʉɺʆʁʉʊɺʆ 4. ɼʣʷ ʣʶʙʳʭ ʪʨʝʭ ʚʝʨʰʠʥ wvu ,,  ʠʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ),( wu  - ʮʝʧʠ ʠʭ 

ʠ ),( vw  - ʮʝʧʠ, ʩʣʝʜʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ),( vu  - ʮʝʧʠ. ʇʨʠʯʝʤ ʤʦʞʝʪ ʥʝ ʩʫʱʝʩʪʚʦʚʘʪʴ 

),( vu  - ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʚʝʨʰʠʥʫ w. 

ʉɺʆʁʉʊɺʆ 5. ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʧʨʦʩʪʳʭ ),( vu  - ʮʝʧʝʡ 

ʩʦʜʝʨʞʠʪ ʧʨʦʩʪʦʡ ʮʠʢʣ. 

ʉɺʆʁʉʊɺʆ 6. ɽʩʣʠ ʛʨʘʬ ʩʦʜʝʨʞʠʪ 2 ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʮʠʢʣʘ ʩ ʦʙʱʠʤ ʨʝʙʨʦʤ l , 
ʪʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʵʪʦʛʦ ʨʝʙʨʘ ʛʨʘʬ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦʜʝʨʞʠʪ ʮʠʢʣ. 

ʅʘʯʘʣʦ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʢʘʢ ʨʘʟʜʝʣʘ ʤʘʪʝʤʘʪʠʢʠ ʩʚʷʟʳʚʘʶʪ ʩ ʪʘʢ ʥʘʟʚrʘʝʤʦʡ 
ʟʘʜʘʯʝʡ ʦ ʢʸʥʠʛʩʙʝʨʛʩʢʠʭ ʤʦʩʪʘʭ. ʕʪʘ ʟʥʘʤʝʥʠʪʘʷ ʩ ʩʚʦʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ 
ʩʣʝʜʫʶʱʝʤ. ʉʝʤʴ ʤʦʩʪʦʚ ʛʦʨʦʜʘ ʂʸʥʠʛʩʙʝʨʛʘ (ʥʳʥʝ ʂʘʣʠʥʠʥʛʨʘʜ) ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ 
ʥʘ ʨʝʢʝ ʇʨʝʛʝʣʴ ʪʘʢ, ʢʘʢ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʉʧʨʘʰʠʚʘʝʪʩʷ, ʤʦʞʥʦ ʣʠ, ʚʳʡʜʷ ʠʟ 
ʜʦʤʘ, ʚʝʨʥʫʪʴʩʷ ʦʙʨʘʪʥʦ, ʧʨʦʡʜʷ ʚ ʪʦʯʥʦʩʪʠ ʦʜʠʥ ʨʘʟ ʧʦ ʢʘʞʜʦʤʫ ʤʦʩʪʫ? 

ʕʡʣʝʨ ʜʦʢʘʟʘʣ ʥʝʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ ʦ ʢʸʥʠʛʩʙʝʨʛʩʢʠʭ ʤʦʩʪʘʭ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ, 
ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1736 ʛʦʜʫ, ʦʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʠ ʨʝʰʠʣ ʩʣʝʜʫʶɦ ʫʶ ʦʙʱʫʶ ʧʨʦʙʣʝʤʫ 
ʪʝʦʨʠʠ ʛʨʘʬʦʚ: ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʚʷʟʥʳʡ ʛʨʘʬ ʩʦʜʝʨʞʠʪ ʮʠʢʣ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 
ʢʘʞʜʦʝ ʝʛʦ ʨʝʙʨʦ? 

ʆʇʈɽɼɽʃɽʅʀʗ 
ʎʝʧʴ, ʩʦʜʝʨʞʘʱʫʶ ʚʩʝ ʨʝʙʨʘ ʛʨʘʬʘ, ʥʘʟʳʚʘʶʪ ʵʡʣʝʨʦʚʦʡ ʮʝʧʴʶ.  
ʎʠʢʣ ʚ ʛʨʘʬʝ ʥʘʟʳʚʘʝʪʩʷ ʵʡʣʝʨʦʚʳʤ, ʝʩʣʠ ʦʥ ʩʦʜʝʨʞʠʪ ʚʩʝ ʨʝʙʨʘ ʛʨʘʬʘ.  
ʉʚʷʟʥʳʡ ʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʵʡʣʝʨʦʚ ʮʠʢʣ, ʥʘʟʳʚʘʝʪʩʷ ʵʡʣʝʨʦʚʳʤ ʛʨʘʬʦʤ.  
ʊʘʢʦʡ ʛʨʘʬ ʤʦʞʥʦ ʥʘʨʠʩʦʚʘʪʴ, ʥʝ ʦʪʨʳʚʘʷ ʢʘʨʘʥʜʘʰʘ ʦʪ ʙʫʤʘʛʠ ʠ ʥʝ ʧʦʚʪʦʨʷʷ 

ʣʠʥʠʡ. 
ʊɽʆʈɽʄɸ ʕʁʃɽʈɸ. ʉʚʷʟʥʳʡ ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʵʡʣʝʨʦʚʳʤ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʜʘ ʩʪʝʧʝʥʠ ʚʩʝʭ ʝʛʦ ʚʝʨʰʠʥ ʯʝʪʥʳ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 
ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ G ï ʵʡʣʝʨʦʚ ʛʨʘʬ. ʕʡʣʝʨʦʚ ʮʠʢʣ ʵʪʦʛʦ ʛʨʘʬʘ, ʧʨʦʭʦʜʷ 

ʯʝʨʝʟ ʢʘʞʜʫʶ ʝʛʦ ʚʝʨʰʠʥʫ, ʚʭʦʜʠʪ ʚ ʥʝʝ ʧʦ ʦʜʥʦʤʫ ʨʝʙʨʫ, ʘ ʚʭrʦʜʠʪ ʧʦ ʜʨʫʛʦʤʫ. ʕʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʠʥʮʠʜʝʥʪʥʘ ʯʝʪʥʦʤʫ ʯʠʩʣʫ ʨʝʙʝʨ ʵʡʣʝʨʦʚʘ ʮʠʢʣʘ, ʘ 
ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʮʠʢʣ ʩʦʜʝʨʞʠʪ ʚʩʝ ʨʝʙʨʘ ʛʨʘʬʘ G, ʪʦ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʯʝʪʥʦʩʪʴ 
ʩʪʝʧʝʥʝʡ ʚʩʝʭ ʝʛʦ ʚʝʨʰʠʥ. 

ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʩʪʝʧʝʥʠ ʚʝʨʰʠʥ ʛʨʘʬʘ G ʯʝʪʥʳ. 
ʅʘʯʥʝʤ ʮʝʧʴ P1 ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʝʨʰʠʥʳ v1 ʠ ʙʫʜʝʤ ʧʨʦʜʦʣʞʘʪʴ ʝʝ, ʥʘʩʢʦʣʴʢʦ 

ʚʦʟʤʦʞʥʦ, ʚʳʙʠʨʘʷ ʢʘʞʜʳʡ ʨʘʟ ʥʦʚʦʝ ʨʝʙʨʦ. ʊʘʢ ʢʘʢ ʩʪʝʧʝʥʠ ʚʩʝʭ ʚʝʨʰʠʥ ʯʝʪʥʳ, ʪʦ 
ʧʦʧʘʚ ʚ ʦʯʝʨʝʜʥʫʶ ʦʪʣʠʯʥʫʶ ʦʪ v1 ʚʝʨʰʠʥʫ, ʤʳ ʚʩʝʛʜʘ ʙʫʜʝʤ ʠʤʝʪʴ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 
ʝʱʝ ʥʝ ʧʨʦʡʜʝʥʥʦʝ ʨʝʙʨʦ. ʇʦʵʪʦʤʫ ʮʝʧʴ P1 ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 
ʵʪʦʛʦ ʨʝʙʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʝ ʮʝʧʠ P1 ʟʘʢʦʥʯʠʪʩʷ ʚ ʚʝʨʰʠʥʝ v1, ʪ.ʝ. P1 
ʥʝʧʨʝʤʝʥʥʦ ʙʫʜʝʤ ʮʠʢʣʦʤ. ɽʩʣʠ ʦʢʘʞʝʪʩʷ, ʯʪʦ P1 ʩʦʜʝʨʞʠʪ ʚʩʝ ʨʝʙʨʘ ʛʨʘʬʘ G, ʪʦ ʵʪʦ 
ʙʫʜʝʪ ʪʨʝʙʫʝʤʳʡ ʵʡʣʝʨʦʚ ʮʠʢʣ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʫʜʘʣʠʚ ʠʟ G ʚʩʝ ʨʝʙʨʘ ʮʠʢʣʘ P1, 
ʨʘʩʩʤʦʪʨʠʤ ʛʨʘʬ G1, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʦʧʝʨʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ P1 ʠ G 
ʠʤʝʣʠ ʚʝʨʰʠʥʳ ʪʦʣʴʢʦ ʯʝʪʥʳʭ ʩʪʝʧʝʥʝʡ, ʪʦ, ʦʯʝʚʠʜʥʦ, ʠ G1 ʙʫʜʝʤ ʦʙʣʘʜʘʪʴ ʪʝʤ ʞʝ 
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ʩʚʦʡʩʪʚʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʣʫ ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ G ʛʨʘʬʳ P1 ʠ G1 ʜʦʣʞʥʳ ʠʤʝʪʴ ʭʦʪʷ 
ʙʳ ʦʜʥʫ ʦʙʱʫʶ ʚʝʨʰʠʥʫ v2. ʊʝʧʝʨʴ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʰʠʥʳ v2, ʧʦʩʪʨʦʠʤ ʮʠʢʣ P2 ʚ ʛʨʘʬʝ 
G1 ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʩʪʨʦʠʣʠ ʮʠʢʣ P1. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ' 1 P ʠ " 1 P ʯʘʩʪʠ ʮʠʢʣʘ P1 ʦʪ 
v1 ʜʦ v2 ʠ ʦʪ v2 ʜʦ v1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʠʤ ʥʦʚʳʡ ʮʠʢʣ, ʢʦʪʦʨʳʡ, ʥʘʯʠʥʘʷ ʩ v1, 
ʧʨʦʭʦʜʠʪ ʧʦ ʨʝʙʨʘʤ ʮʝʧʠ ' 1 P ʜʦ v2, ʟʘʪʝʤ ʦʙʭʦʜʠʪ ʚʩʝ ʨʝʙʨʘ ʮʠʢʣʘ P2 ʠ, ʥʘʢʦʥʝʮ, 
ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ v1 ʧʦ ʨʝʙʨʘʤ ʮʝʧʠ " 1 P .  

ɽʩʣʠ ʮʠʢʣ P3 ʥʝ ʵʡʣʝʨʦʚ, ʪʦ ʧʨʦʜʝʣʘʚ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʩʪʨʦʝʥʠʷ, ʧʦʣʫʯʠʤ ʝʱʝ 
ʙʦʣʴʰʠʡ ʮʠʢʣ ʠ ʪ.ʜ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʢʦʥʯʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʵʡʣʝʨʦʚʘ ʮʠʢʣʘ. 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
ʆʇʈɽɼɽʃɽʅʀʗ. ɻʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʳʤ, ʝʩʣʠ ʚ ʥʝʤ ʠʤʝʝʪʩʷ 

ʧʨʦʩʪʦʡ ʮʠʢʣ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʵʪʦʛʦ ʛʨʘʬʘ.  
ʉʘʤ ʵʪʦʪ ʮʠʢʣ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʳʤ.  
ɻʘʤʠʣʴʪʦʥʦʚʦʡ ʥʘʟʳʚʘʶʪ ʠ ʧʨʦʩʪʫʶ ʮʝʧʴ, ʩʦʜʝʨʞʘʱʫʶ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʛʨʘʬʘ.  
ʉʣʦʚʦ çʛʘʤʠʣʴʪʦʥʦʚè ʚ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʝʤ ʠʟʚʝʩʪʥʦʛʦ 

ʠʨʣʘʥʜʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʋ. ɻʘʤʠʣʴʪʦʥʘ, ʢʦʪʦʨʳʤ ʚ 1859 ʛʦʜʫ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ 
ʠʛʨʘ çʂʨʫʛʦʩʚʝʪʥʦʝ ʧʫʪʝʰʝʩʪʚʠʝè. ʂʘʞʜʦʡ ʠʟ 20 ʚʝʨʰʠʥ ʜʦʜʝʢʘʵʜʨʘ ʧʨʠʧʠʩʘʥʦ 
ʥʘʟʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʤʠʨʘ. ʊʨʝʙʫʝʪʩʷ, ʧʝʨʝʭʦʜʷ ʦʪ ʦʜʥʦʛʦ ʛʦʨʦʜʘ ʢ 
ʜʨʫʛʦʤʫ ʧʦ ʨʝʙʨʘʤ ʜʦʜʝʢʘʵʜʨʘ, ʧʦʩʝʪʠʪʴ ʢʘʞʜʳʡ ʛʦʨʦʜ ʚ ʪʦʯʥʦʩʪʠ ʦʜʠʥ ʨʘʟ ʠ 
ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʳʡ ʛʦʨʦʜ. 

ʉʣʝʜʫʶʱʠʝ ʪʝʦʨʝʤʳ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ 
ʛʨʘʬʦʚ.  

ʊɽʆʈɽʄɸ. ɺʩʷʢʠʡ ʧʦʣʥʳʡ ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʳʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʥ 
ʩʦʜʝʨʞʠʪ ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʮʠʢʣ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʪ ʚʩʝ ʚʝʨʰʠʥʳ ʜʘʥʥʦʛʦ ʛʨʘʬʘ. ɺʦ-
ʚʪʦʨʳʭ, ʝʩʣʠ ʛʨʘʬ, ʧʦʤʠʤʦ ʧʨʦʩʪʦʛʦ ʮʠʢʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʚʩʝ ʝʛʦ ʚʝʨʰʠʥʳ, 
ʩʦʜʝʨʞʠʪ ʠ ʜʨʫʛʠʝ ʨʝʙʨʘ, ʪʦ ʦʥ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʳʤ. 

 
ʊɽʆʈɽʄɸ ʍɺɸʊɸʃɸ. ɻʨʘʬ ʩʦ ʩʪʝʧʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʴʶ d1Òd2ÒéÒdn 

ʷʚʣʷʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʳʤ, ʝʩʣʠ ʜʣʷ ʚʩʷʢʦʛʦ k, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘʤ 
1ÒkÒn/2, ʠʩʪʠʥʥʘ ʠʤʧʣʠʢʘʮʠʷ  

(dkÒk) =>dn-kÒnïk). 
ʊɽʆʈɽʄɸ ʆʈɽ. ɽʩʣʠ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ u ʠ v ʥʝʩʤʝʞʥʳʭ ʚʝʨʰʠʥ ʛʨʘʬʘ G ʧʦʨʷʜʢʘ 

nÓ3 ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ deg u+deg vÓn, ʪʦ G ï ʛʘʤʠʣʪɹʦʥʦʚ ʛʨʘʬ. 
ʂʨʠʪʝʨʠʡ ʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʛʨʘʬʝ ʝʱʝ ʥʝ 

ʥʘʡʜʝʥ. ʇʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʨʘʬ ʙʳʣ 
ʛʘʤʠʣʴʪʦʥʦʚʳʤ, ʩʪʘʣ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʥʝʨʝʰʝʥʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ʀʟʦʤʦʨʬʠʟʤʦʤ ʜʚʫʭ ʛʨʘʬʦʚ ʥʘʟʳʚʘʶʪ ʙʠʝʢʮʠʶ ʤʝʞʜʫ 
ʤʥʦʞʝʩʪʚʘʤʠ ʠʭ ʚʝʨʰʠʥ, ʩʦʭʨʘʥʷʶɦ ʝʡ ʩʤʝʞʥʦʩʪʴ, ʢʨʘʪʥʦʩʪʠ ʨʝʙʝʨ, ʧʝʪʣʠ ʠ 
ʥʘʧʨʘʚʣʝʥʠʷ ʜʫʛ. 

ʃɽʄʄɸ 
ɽʩʣʠ ʜʚʘ ʛʨʘʬʘ ʠʟʦʤʦʨʬʥʳ: 
1) ʪʦ ʦʥʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ; 
2) ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ; 

3) ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʩʪʝʧʝʥʠ i  (i, ni¢¢0 , n  ï ʧʦʨʷʜʦʢ ʛʨʘʬʦʚ), ʫ ʦʙʦʠʭ 
ʛʨʘʬʦʚ ʦʜʠʥʘʢʦʚʦ; 

4) ʫ ʥʠʭ ʩʦʚʧʘʜʘʶʪ ʦʙʭʚʘʪʳ; 
5) ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʮʠʢʣʦʚ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ. 
ʊɽʆʈɽʄɸ 1. ɻʨʘʬʳ ʠʟʦʤʦʨʬʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʤʘʪʨʠʮʳ 

ʩʤʝʞʥʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʜʨʫʛ ʠʟ ʜʨʫʛʘ ʦʜʠʥʘʢʦʚʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ. 
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ʊɽʆʈɽʄɸ 2. ɻʨʘʬʳ ʠʟʦʤʦʨʬʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʤʘʪʨʠʮʳ 
ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʜʨʫʛ ʠʟ ʜʨʫʛʘ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʩʪʨʦʢ ʠ 
ʩʪʦʣʙʮʦʚ. 

ʇʦʥʷʪʠʷ ʤʘʨʰʨʫʪʘ ʠ ʮʠʢʣʘ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʠ 
ʜʦʩʪʘʪʦʯʥʳʡ ʧʨʠʟʥʘʢ ʜʚʫʜʦʣʴʥʦʩʪʠ ʛʨʘʬʘ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʨʷʜ ʩʚʷʟʘʥʥʳʭ ʩ 
ʜʚʫʜʦʣʴʥʳʤʠ ʛʨʘʬʘʤʠ ʟʘʜʘʯ. 

ʊʝʦʨʝʤʘ ʂʸʥʠʛʘ. ɼʣʷ ʜʚʫʜʦʣʴʥʦʩʪʠ ʛʨʘʬʘ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʥ 
ʥʝ ʩʦʜʝʨʞʘʣ ʮʠʢʣʦʚ ʥʝʯʸʪʥʦʡ ʜʣʠʥʳ. 

ʉʣʝʜʩʪʚʠʝ. ɻʨʘʬ ʷʚʣʷʝʪʩʷ ʜʚʫʜʦʣʴʥʳʤ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥ ʥʝ ʠʤʝʝʪ 
ʧʨʦʩʪʳʭ ʮʠʢʣʦʚ ʥʝʯʝʪʥʦʡ ʜʣʠʥʳ. 

3. ɼʝʨʝʚʴʷ. ʇʣʘʥʘʨʥʳʝ ʠ ʧʣʦʩʢʠʝ ʛʨʘʬʳ. ʊʝʦʨʝʤʘ ʕʡʣʝʨʘ ʠ ʝʸ ʩʣʝʜʩʪʚʠʷ 
ʂʣʘʩʩ ʜʝʨʝʚʴʝʚ ʟʘʥʠʤʘʝʪ ʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʫʩʪʨʦʝʥʥʳʝ ʛʨʘʬʳ, ʠ ʤʥʦʛʠʝ ʟʘʜʘʯʠ, ʚʝʩʴʤʘ ʩʣʦʞʥʳʝ ʚ ʦʙʱʝʡ 
ʩʠʪʫʘʮʠʠ, ʜʣʷ ʜʝʨʝʚʴʝʚ ʨʝʰʘʶʪʩʷ ʣʝʛʢʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʝʨʝʚʴʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 
ʚ ʦʙʣʘʩʪʷʭ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʢ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. 

ɼʝʨʝʚʴʷ ʦʪʢʨʳʚʘʣʠʩʴ ʥʝʟʘʚʠʩʠʤʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɽʱʝ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ 
ɻ. ʂʠʨʭʛʦʬ ʚʚʝʣ ʜʝʨʝʚʴʷ ʠ ʧʨʠʤʝʥʠʣ ʠʭ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʘ 

ɸ. ʂʵʣʠ, ʧʝʨʝʯʠʩʣʷʷ ʠʟʦʤʝʨʳ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʝʱʝ ʨʘʟ ʦʪʢʨʳʣ ʜʝʨʝʚʴʷ ʠ 
ʧʝʨʚʳʤ ʠʩʩʣʝʜʦʚʘʣ ʠʭ ʩʚʦʡʩʪʚʘ. ʊʦʛʜʘ ʞʝ ʜʝʨʝʚʴʷ ʙʳʣʠ ʚʚʝʜʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʂ. 
ɾʦʨʜʘʥʦʤ ʢʘʢ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪ. 

ɼʝʨʝʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʩʚʷʟʥʳʡ ʛʨʘʬ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʮʠʢʣʦʚ. ʃʶʙʦʡ ʛʨʘʬ, ʥʝ 
ʩʦʜʝʨʞʘʱʠʡ ʮʠʢʣʦʚ, ʥʘʟʳʚʘʝʪʩʷ ʘʮʠʢʣʠʯʝʩʢʠʤ (ʠʣʠ ʣʝʩʦʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʝʩʘ ʷʚʣʷʶʪʩʷ ʜʝʨʝʚʴʷ. 

ʊɽʆʈɽʄɸ. ɼʣʷ (n, m)-ʛʨʘʬʘ G ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ. 
1) G ï ʜʝʨʝʚʦ; 
2) G ï ʩʚʷʟʥʳʡ ʛʨʘʬ ʠ m=nï1; 
3) G ï ʘʮʠʢʣʠʯʝʩʢʠʡ ʛʨʘʬ ʠ m=nï1; 
4) ʣʶʙʳʝ ʜʚʝ ʥʝʩʦʚʧʘʜʘʶʱʠʝ ʚʝʨʰʠʥʳ ʛʨʘʬʘ G ʩʦʝʜʠʥʷʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ, 

ʧʨʠʯʝʤ ʧʨʦʩʪʘʷ, ʮʝʧʴ; 
5) G ï ʘʮʠʢʣʠʯʝʩʢʠʡ ʛʨʘʬ, ʦʙʣʘʜʘʶʱʠʡ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʝʩʣʠ ʢʘʢʫʶ-ʣʠʙʦ 

ʧʘʨʫ ʝʛʦ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ ʩʦʝʜʠʥʠʪʴ ʨʝʙʨʦʤ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ 
ʨʦʚʥʦ ʦʜʠʥ ʮʠʢʣ. 

ʃɽʄʄɸ. ɺ ʣʶʙʦʤ ʛʨʘʬʝ ʧʦʨʷʜʢʘ nÓ2 ʠʤʝʝʪʩʷ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʚʠʩʷʯʠʭ ʚʝʨʰʠʥ. 
ʇʫʩʪʴ H ï ʦʩʪʦʚʥʦʡ ʧʦʜʛʨʘʬ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʛʨʘʬʘ G. ɽʩʣʠ ʥʘ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ 

ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ G ʛʨʘʬʦʤ H ʧʦʨʦʞʜʘʝʪʩʷ ʜʝʨʝʚʦ, ʪʦ H ʥʘʟʳʚʘʝʪʩʷ ʦʩʪʦʚʦʤ (ʠʣʠ 
ʢʘʨʢʘʩʦʤ) ʛʨʘʬʘ G. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʛʨʘʬʝ ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʦʚ: ʨʘʟʨʫʰʘʷ ʚ 
ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ ʮʠʢʣʳ, ʪ.ʝ. ʫʜʘʣʷʷ ʣʠʰʥʠʝ ʨʝʙʨʘ, ʧʨʠʜʝʤ ʢ ʦʩʪʦʚʫ. 

ʃɽʄʄɸ. ʏʠʩʣʦ ʨʝʙʝʨ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʛʨʘʬʘ G, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʦʩʪʦʚʘ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʫʜʘʣʝʥʠʷ ʠ ʨʘʚʥʦ m(G)ï
|G|+k(G), ʛʜʝ m(G) ʠ k(G) ï ʯʠʩʣʦ ʨʝʙʝʨ ʠ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʛʨʘʬʘ G ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʏʠʩʣʦ g(G)=m(G)ï|G|+k(G) ʥʘʟʳʚʘʝʪʩʷ ʮʠʢʣʦʤʘʪʠʯʝʩʢʠʤ ʯʠʩʣʦʤ ʛʨʘʬʘ G. 
ʃɽʄʄɸ. ɻʨʘʬ G G)=0. 

ʃɽʄʄɸ. ɻʨʘʬ G ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʮʠʢʣ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ g(G)=1. 
ʃɽʄʄɸ. ɻʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʨʝʙʝʨ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʚʝʨʰʠʥ, ʩʦʜʝʨʞʠʪ 

ʮʠʢʣ. 
ʃɽʄʄɸ. ɽʩʣʠ ʚ ʛʨʘʬʝ G ʧʦʨʷʜʢʘ nÓ3, ʯʠʩʣʦ ʚʠʩʷʯʠʭ ʚʝʨʰʠʥ ʨʘʚʥʦ ʯʠʩʣʫ ʨʝʙʝʨ, 

ʪʦ G ʣʠʙʦ ʥʝ ʩʚʷʟʝʥ, ʣʠʙʦ ʜʝʨʝʚʦ. 
ʂʦʨʥʝʚʳʝ ʜʝʨʝʚʴʷ 
ʏʘʩʪʦ ʚ ʜʝʨʝʚʝ ʦʩʦʙʦ ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʘ ʚʝʨʰʠʥʘ, ʠʛʨʘʶʱʘʷ ʨʦʣʴ ʩʚʦʝʛʦ ʨʦʜʘ 

"ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ". ɼʝʨʝʚʦ ʩ ʚʳʜʝʣʝʥʥʦʡ ʚʝʨʰʠʥʦʡ ʥʘʟʳʚʘʶʪ ʢʦʨʥʝʚʳʤ ʜʝʨʝʚʦʤ, ʘ ʩʘʤʫ 
ʵʪʫ ʚʝʨʰʠʥʫ ï ʢʦʨʥʝʤ. ʀʟ ʜʝʨʝʚʘ ʩ n ʚʝʨʰʠʥʘʤʠ ʤʦʞʥʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʪʴ n 
ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʝʚʳʭ ʜʝʨʝʚʴʝʚ. 
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ʇʨʠ ʛʨʘʬʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʢʦʨʥʝʚʦʛʦ ʜʝʨʝʚʘ ʦʙʳʯʥʦ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ 
ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʩʪʘʥʜʘʨʪʘ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 
ɺʦʟʴʤʝʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʝʤʝʡʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ ʩ ʨʘʚʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 
ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʨʷʤʳʤʠ. ʀʟʦʙʨʘʟʠʤ ʢʦʨʝʥʴ ʪʦʯʢʦʡ ʥʘ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʧʨʷʤʳʭ, 
ʩʤʝʞʥʳʝ ʩ ʢʦʨʥʝʤ ʚʝʨʰʠʥʳ - ʪʦʯʢʘʤʠ ʥʘ ʩʦʩʝʜʥʝʡ ʧʨʷʤʦʡ, ʚʝʨʰʠʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ 2 ʦʪ ʢʦʨʥʷ, - ʥʘ ʩʣʝʜʫʶʱʝʡ, ʠ ʪ.ʜ. ʈʝʙʨʘ ʠʟʦʙʨʘʟʠʤ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ.  

ʗʩʥʦ, ʯʪʦ ʚʝʨʰʠʥʳ ʥʘ ʢʘʞʜʦʡ ʧʨʷʤʦʡ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʨʝʙʨʘ ʥʝ 
ʧʝʨʝʩʝʢʘʣʠʩʴ. ʇʨʠʤʝʨ ʥʘʨʠʩʦʚʘʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʨʥʝʚʦʛʦ ʜʝʨʝʚʘ ʧʦʢʘʟʘʥ ʥʘ 
ʨʠʩʫʥʢʝ (ʢʦʨʝʥʴ ʦʙʚʝʜʝʥ ʢʨʫʞʢʦʤ). ʏʘʱʝ, ʚʧʨʦʯʝʤ, ʜʝʨʝʚʦ ʨʠʩʫʶʪ ʢʦʨʥʝʤ ʚʚʝʨʭ, ʘ ʥʝ 
ʚʥʠʟ. 

 
ɽʩʣʠ ʜʦʙʘʚʠʪʴ ʨʝʙʨʦ, ʪʦ ʜʦʙʘʚʣʷʝʪʩʷ ʠ ʚʝʨʰʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʨʝʚʦ ʩ n 

ʚʝʨʰʠʥʘʤʠ ʠʤʝʝʪ n-1 ʨʝʙʨʦ.  
ʆʇʈɽɼɽʃɽʅʀɽ. ʈʝʙʨʘ ʛʨʘʬʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʜʝʨʝʚʫ, ʥʘʟʳʚʘʶʪ ʚʝʪʚʷʤʠ, 

ʦʩʪʘʣʴʥʳʝ ʨʝʙʨʘ ʥʘʟʳʚʘʶʪ ʭʦʨʜʘʤʠ. 
ʀʥʦʛʜʘ ʙʳʚʘʝʪ ʧʦʣʝʟʥʦ ʨʝʙʨʘ ʢʦʨʥʝʚʦʛʦ ʜʝʨʝʚʘ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʚ 

ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʚʝʣ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʫʪʴ ʠʟ ʢʦʨʥʷ (ʜʣʷ ʜʝʨʝʚʘ ʥʘ ʨʠʩʫʥʢʝ ʵʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʦʝ ʨʝʙʨʦ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ). ʊʘʢʦʝ 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʩʭʦʜʷʱʠʤ ʜʝʨʝʚʦʤ.  

ɺ ʠʩʭʦʜʷʱʝʤ ʜʝʨʝʚʝ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ, ʢʨʦʤʝ ʢʦʨʥʷ, ʷʚʣʷʝʪʩʷ ʢʦʥʮʦʤ 
ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʙʨʘ.  

ʆʇʈɽɼɽʃɽʅʀɽ. ɽʩʣʠ ʚ ʠʩʭʦʜʷʱʝʤ ʜʝʨʝʚʝ ʠʤʝʝʪʩʷ ʨʝʙʨʦ  xy, ʪʦ 
ʚʝʨʰʠʥʫ x ʥʘʟʳʚʘʶʪ ʦʪʮʦʤ ʚʝʨʰʠʥʳ y, ʘ ʚʝʨʰʠʥʫ y ï ʩʳʥʦʤ ʚʝʨʰʠʥʳ x.  

ɽʩʪʝʩʪʚʝʥʥʳʡ ʠ ʜʣʷ ʤʥʦʛʠʭ ʮʝʣʝʡ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʢʦʨʥʝʚʦʛʦ ʜʝʨʝʚʘ 
ʩʦʩʪʦʠʪ ʚ ʫʢʘʟʘʥʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʝʝ ʦʪʮʘ. ʇʨʠ ʵʪʦʤ ʠʥʦʛʜʘ ʩʯʠʪʘʶʪ, ʯʪʦ ʢʦʨʝʥʴ 
ʧʨʠʭʦʜʠʪʩʷ ʦʪʮʦʤ ʩʘʤʦʤʫ ʩʝʙʝ ï ʵʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʜʦʙʘʚʣʝʥʠʶ ʧʝʪʣʠ ʧʨʠ ʢʦʨʥʝ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ɽʩʣʠ ʚ ʠʩʭʦʜʷʱʝʤ ʜʝʨʝʚʝ T ʠʤʝʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʫʪʴ ʠʟ 
ʚʝʨʰʠʥʳ x ʚ ʚʝʨʰʠʥʫ y, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ x ï ʧʨʝʜʦʢ y, ʘ y ï ʧʦʪʦʤʦʢ x.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʢʦʤ ʠ ʧʦʪʦʤʢʦʤ ʩʘʤʦʡ ʩʝʙʷ. 
ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʧʨʝʜʢʦʚ ʚʝʨʰʠʥʳ x ʧʦʨʦʞʜʘʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʫʪʴ ʠʟ ʢʦʨʥʷ ʚ x. 
ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʧʦʪʦʤʢʦʚ ʚʝʨʰʠʥʳ x ʧʦʨʦʞʜʘʝʪ ʠʩʭʦʜʷʱʝʝ ʜʝʨʝʚʦ ʩ ʢʦʨʥʝʤ ʚ x, ʦʥʦ 
ʥʘʟʳʚʘʝʪʩʷ ʚʝʪʚʴʶ ʜʝʨʝʚʘ T ʚ ʚʝʨʰʠʥʝ x. 

ʆʇʈɽɼɽʃɽʅʀɽ. ʋʧʦʨʷʜʦʯʝʥʥʳʤ ʜʝʨʝʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʜʝʨʝʚʦ, ʚ ʢʦʪʦʨʦʤ 
ʧʦʜʜʝʨʝʚʴʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʦʙʨʘʟʫʶʪ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ.  

ɼʣʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʧʨʠʥʷʪʘ ʪʝʨʤʠʥʦʣʦʛʠʷ: ʩʪʘʨʰʠʡ ʠ ʤʣʘʜh ʠʡ ʩʳʥ 
ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ ʩʥrʦʚʝʡ ʥʝʢʦʪʦʨʦʛʦ ʫʟʣʘ 

ʆʇʈɽɼɽʃɽʅʀɽ. ɺʳʩʦʪʦʡ ʢʦʨʥʝʚʦʛʦ ʜʝʨʝʚʘ ʥʘʟʳʚʘʝʪʩʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʝʛʦ 
ʢʦʨʥʷ. ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʧʨʝʚʨʘʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʜʝʨʝʚʦ ʚ ʢʦʨʥʝʚʦʝ ʠ ʧʨʠʪʦʤ ʤʠʥʠʤʘʣʴʥʦʡ 
ʚʳʩʦʪʳ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʥʷ ʩʣʝʜʫʝʪ ʚʟʷʪʴ ʮʝʥʪʨʘʣʴʥʫʶ ʚʝʨʰʠʥʫ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ɺʟʚʝʰʝʥʥʳʤ ʛʨʘʬʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘ (G, w), ʛʜʝ G ï ʛʨʘʬ,  w - 
ʚʟʘʠʤʥʦʦʜʥʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʢʘʞʜʦʤʫ ʨʝʙʨʫ l ʛʨʘʬʘ G ʩʦʧʦʩʪʘʚʣʷʝʪ 
ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ  w(l), ʥʘʟʳʚʘʝʤʦʝ ʚʝʩʦʤ ʨʝʙʨʘ. ʉʫʤʤʘ ʚʝʩʦʚ ʚʩʝʭ ʨʝʙʝʨ ʛʨʘʬʘ  
G  ʥʘʟʳʚʘʝʪʩʷ  ʚʝʩʦʤ ʩʘʤʦʛʦ ʛʨʘʬʘ. 

ɿʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʦʩʪʦʚʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʚʷʟʥʦʤ ʛʨʘʬʝ, 
ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʜʦʨʦʛ ʠ ʪ.ʧ., 
ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʥʥʳʝ ʮʝʥʪʨʳ ʩʦʝʜʠʥʠʪʴ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʦʡ ʢʘʥʘʣʦʚ, ʩʚʷʟʥʳʭ 
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ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʷʶʱʠʤ ʠʭ ʢʘʥʘʣʦʤ, ʣʠʙʦ ʯʝʨʝʟ ʜʨʫʛʠʝ ʮʝʥʪʨʳ ʠ ʢʘʥʘʣʳ, 
ʪʘʢ, ʯʪʦʙʳ ʦʙʱʘʷ ʜʣʠʥʘ (ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʩʪʦʠʤʦʩʪʴ) ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ.  

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ çʩʣʝʧʳʤè ʧʝʨʝʙʦʨʦʤ ʚʘʨʠʘʥʪʦʚ ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ 
ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʝʥʠʡ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ n (ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, 
ʯʪʦ ʧʦʣʥʳʡ ʛʨʘʬ Kn ʩʦʜʝʨʞʠʪ nï2 ʨʘʟʣʠʯʥʳʭ ʦʩʪʦʚʥʳʭ ʜʝʨʝʚʘ). 

ʆʜʥʘʢʦ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʆʧʠʰʝʤ ʜʚʘ ʠʟ ʥʠʭ ï 
ʘʣʛʦʨʠʪʤʳ ɼʞ. ʂʨʘʩʢʘʣʘ (1956) ʠ ʈ. ʇʨʠʤʘ (1957), ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʧʨʦʠʟʚʦʣʴʥʦʤʫ 
ʩʚʷʟʥʦʤʫ ʛʨʘʬʫ (G, w) ʧʦʨʷʜʢʘ n. 

ɸʣʛʦʨʠʪʤ ʂʨʘʩʢʘʣʘ 
ʇʫʩʪʴ G ï ʩʚʷʟʥʳʡ ʚʟʚʝʰʝʥʥʳʡ (n, m)-ʛʨʘʬ.  

ʐʘʛ 1. ʉʪʨʦʠʤ ʧʫʩʪʦʡ ʛʨʘʬ nO . ɺʳʙʠʨʘʝʤ ʨʝʙʨʦ  l1  ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʠ 

ʩʪʨʦʠʤ ʛʨʘʬ  1T: 

1T= nO + 1 . 

ʐʘʛ 2. ɽʩʣʠ ʛʨʘʬ iTʫʞʝ ʧʦʩʪʨʦʝʥ, ʪʦ ʩʪʨʦʠʤ ʛʨʘʬ 1+Ti : 

1+Ti = iT+ l 1+i , ʛʜʝ  l1+i - ʨʝʙʨʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʠʟ ʚʩʝʭ, ʥʝ ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʛʨʘʬ iT, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʦʥʦ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʦ ʮʠʢʣʦʚ ʚ ʛʨʘʬʝ 

1+Ti . ʏʝʨʝʟ  n ï 1  ʰʘʛ ʦʩʪʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʧʦʩʪʨʦʝʥ.  

ʇʨʠ ʵʪʦʤ ʚʝʩʦʤ ʦʩʪʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʨʝʙʝʨ. ɺ 
ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʩʪʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʥʝʦʜʥʦʟʥʘʯʥʦ. 

ɸʣʛʦʨʠʪʤ ʇʨʠʤʘ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʩʨʘʟʫ ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʦ, ʧʦʵʪʦʤʫ ʥʘ 
ʚʪʦʨʦʤ ʰʘʛʝ ʚʳʙʠʨʘʝʪʩʷ ʨʝʙʨʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʥʝ ʠʟ ʚʩʝʭ ʦʩʪʘʚʰʠʭʩʷ, ʘ ʪʦʣʴʢʦ ʠʟ 
ʪʝʭ ʨʝʙʝʨ, ʢʦʪʦʨʳʝ ʚ ʛʨʘʬʝ  G  ʙʳʣʠ ʩʤʝʞʥʳ ʩ ʨʝʙʨʘʤʠ, ʫʞʝ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʜʝʨʝʚʦ  

iT. 

ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʘʞʥʦ ʚʳʷʩʥʠʪʴ, ʚʦʟʤʦʞʥʦ ʣʠ ʥʘʨʠʩʦʚʘʪʴ 
ʛʨʘʬ ʥʘ ʧʣʦʩʢʦʩʪʠ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʨʝʙʨʘ ʥʝ ʧʝʨʝʩʝʢʘʣʠʩʴ. ʅʘʧʨʠʤʝʨ, ʚ 
ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʠʢʨʦʩʭʝʤ ʧʝʯʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
ʮʝʧʠ ʥʘʥʦʩʷʪʩʷ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸ ʪʘʢ ʢʘʢ 
ʧʨʦʚʦʜʥʠʢʠ ʥʝ ʠʟʦʣʠʨʦʚʘʥʳ, ʪʦ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʧʝʨʝʩʝʢʘʪʴʩʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ 
ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʠ ʜʨʫʛʠʭ ʧʫʪʝʡ, ʛʜʝ ʥʝʞʝʣʘʪʝʣʥɹʳ 
ʧʝʨʝʝʟʜʳ ʠ ʪ.ʜ.. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʧʦʥʷʪʠʝ ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ.  
ʆʇʈɽɼɽʃɽʅʀɽ. ʇʣʦʩʢʠʤ ʛʨʘʬʦʤ ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʬ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʧʣʦʩʢʦʩʪʠ, ʘ ʨʝʙʨʘ ï ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʣʦʩʢʠʤʠ ʣʠʥʠʷʤʠ ʙʝʟ 
ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʳ ʪʘʢ, ʯʪʦ ʥʠʢʘʢʠʝ ʜʚʘ 
ʨʝʙʨʘ ʥʝ ʠʤʝʶʪ ʦʙʱʠʭ ʪʦʯʝʢ, ʢʨʦʤʝ ʠʥʮʠʜʝʥʪʥʦʡ ʠʤ ʦʙʦʠʤ ʚʝʨʰʠʥʳ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ʃʶʙʦʡ ʛʨʘʬ ʠʟʦʤʦʨʬʥʳʡ ʧʣʦʩʢʦʤʫ ʛʨʘʬʫ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 
ʧʣʘʥʘʨʥʳʤ.  

ʆ ʧʣʘʥʘʨʥʳʭ ʛʨʘʬʘʭ ʛʦʚʦʨʷʪ, ʯʪʦ ʦʥʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʠʤʝʶʪ 
ʧʣʦʩʢʫʶ ʫʢʣʘʜʢʫ). 

ʊɽʆʈɽʄɸ. ʂʘʞʜʳʡ ʛʨʘʬ ʤʦʞʥʦ ʫʣʦʞʠʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
R3. ʆʯʝʚʠʜʥʦ: 

1) ʯʪʦ ʚʩʷʢʠʡ ʧʦʜʛʨʘʬ ʧʣʘʥʘʨʥʦʛʦ ʛʨʘʬʘ ʧʣʘʥʘʨʝʥ; 
2) ʛʨʘʬ ʧʣʘʥʘʨʝʥ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʘʞʜʘʷ ʝʛʦ ʩʚʷʟʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ï 

ʧʣʘʥʘʨʥʳʡ ʛʨʘʬ. 
ʆʇʈɽɼɽʃɽʅʀɽ. ɻʨʘʥʴʶ ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦ 

ʚʢʣʶʯʝʥʠʶ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ, ʢʘʞʜʘʷ ʧʘʨʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʘ 
ʢʨʠʚʦʡ, ʥʝ ʧʝʨʝʩʝʢʘʶʱʝʡ ʨʝʙʨʘ ʛʨʘʬʘ.  
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ʊʝʤ ʩʘʤʳʤ ʢʘʞʜʘʷ ʪʦʯʢʘ ʧʣʦʩʢʦʩʪʠ ʧʨʠʥʘʜʣʝʞʠʪ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʛʨʘʥʠ ʧʣʦʩʢʦʛʦ 
ʛʨʘʬʘ. ɻʨʘʥʠʮʝʡ ʛʨʘʥʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 
ʜʘʥʥʦʡ ʛʨʘʥʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʷʢʠʡ ʧʣʦʩʢʠʡ ʛʨʘʬ ʠʤʝʝʪ ʦʜʥʫ, ʠ ʧʨʠʪʦʤ ʝʜʠʥʩʪʚʝʥʥʫʶ, 
ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʛʨʘʥʴ. ʊʘʢʘʷ ʛʨʘʥʴ ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʝʡ, ʘ ʚʩʝ ʦʩʪʘʣʥɹʳʝ ï 
ʚʥʫʪʨʝʥʥʠʤʠ. 

ʃɽʄʄʓ.  
1. ɺʩʷʢʠʡ ʧʣʘʥʘʨʥʳʡ ʛʨʘʬ ʜʦʧʫʩʢʘʝʪ ʪʘʢʫʶ ʧʣʦʩʢʫʶ ʫʢʣʘʜʢʫ, ʚ ʢʦʪʦʨʦʡ ʣʶʙʘʷ 

ʚʳʙʨʘʥʥʘʷ ʚʝʨʰʠʥʘ (ʨʝʙʨʦ) ʛʨʘʬʘ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʚʥʝʥhʝʡ ʛʨʘʥʠ. 
2. ʇʫʩʪʴ ʛʨʘʬ G ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ H ʠ Q, ʷʚʣʷʶʱʠʭʩʷ ʧʣʦʩʢʠʤʠ 

ʛʨʘʬʘʤʠ, ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʥʳ ʚʝʨʰʠʥʳ v1 VɴH ʠ v2 VɴQ. ʊʦʛʜʘ ʛʨʘʬ Gô, 
ʧʦʣʫʯʝʥʥʳʡ ʠʟ G ʩʣʠʷʥʠʝʤ ʚʝʨʰʠʥ v1 ʠ v2 ʚ ʚʝʨʰʠʥʫ v, ʠʤʝʝʪ ʧʣʦʩʢʫʶ ʫʢʣʘʜʢʫ. ʇʨʠ 
ʵʪʦʤ ʚʝʨʰʠʥʘ v ʷʚʣ̫ʝʪʩʷ ʪʦʯʢʦʡ ʩʦʯʣʝʥʝʥʠʷ ʛʨʘʬʘ Gô. 

3. ɺʩʷʢʠʝ ʜʚʝ ʚʝʨʰʠʥʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʛʨʘʥʠʮʝ ʥʝʢʦʪʦʨʦʡ ʛʨʘʥʠ ʧʣʦʩʢʦʛʦ 
ʛʨʘʬʘ, ʤʦʞʥʦ ʩʦʝʜʠʥʠʪʴ ʧʨʦʩʪʦʡ ʮʝʧʴʶ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ ʪʘʢ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʛʨʘʥʴ 
ʨʘʟʦʙʴʝʪʩʷ ʥʘ ʜʚʝ ʛʨʘʥʠ. 

4. ɼʣʷ ʣʶʙʦʛʦ ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ ʢʘʞʜʘʷ ʪʦʯʢʘ ʧʣʦʩʢʦʩʪʠ, ʥʝ ʣʝʞʘʱʘʷ ʥʘ ʨʝʙʨʝ, 
ʚʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʛʨʘʥʴ, ʘ ʢʘʞʜʘʷ ʪʦʯʢʘ ʨʝʙʨʘ, ʥʝ ʷʚʣʷʶɦ ʘʷʩʷ ʚʝʨʰʠʥʦʡ, ʚʭʦʜʠʪ 
ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʛʨʘʥʴ, ʝʩʣʠ ʵʪʦ ʨʝʙʨʦ ʷʚʣʷʝʪʩʷ ʤʦʩʪʦʤ, ʠ ʪʦʯʥʦ ʚ ʜʚʝ ʛʨʘʥʠ, ʝʩʣʠ ʦʥʦ ʥʝ 
ʤʦʩʪ. 

ʊɽʆʈɽʄɸ ʕʁʃɽʈɸ. ɼʣʷ ʚʩʷʢʦʛʦ ʩʚʷʟʥʦʛʦ ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ ʚʝʨʥʦ ʨʘʚʝʥʩʪʚʦ: nï
m+f=2, ʛʜʝ n ï ʯʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ, m ï ʯʠʩʣʦ ʨʝʙʝʨ, f ï ʯʠʩʣʦ ʛʨʘʥʝʡ. 

ʉʃɽɼʉʊɺʀʗ. 1. ʏʠʩʣʦ ʛʨʘʥʝʡ ʣʶʙʦʡ ʧʣʦʩʢʦʡ ʫʢʣʘʜʢʠ ʩʚʷʟʥʦʛʦ ʧʣʘʥʘʨʥʦʛʦ (n, 
m)- ʛʨʘʬʘ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ mïn+2. 

2. ɼʣʷ ʚʩʷʢʦʛʦ ʧʣʘʥʘʨʥʦʛʦ (n, m)-ʛʨʘʬʘ mÒ3nï6 ʧʨʠ nÒ3. 
3. ɽʩʣʠ ʚ ʩʚʷʟʥʦʤ ʧʣʦʩʢʦʤ (n, m)-ʛʨʘʬʝ ʛʨʘʥʠʮʘ ʢʘʞʜʦʡ ʛʨʘʥʠ ʷʚʣʷʝʪʩʷ r-ʮʠʢʣʦʤ, 

rÓ3, ʪʦ m(rï2)=r(nï2). 
4. ʇʣʦʩʢʠʡ ʛʨʘʬ ʜʚʫʩʚʷʟʝʥ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʛʨʘʥʠʮʝʡ ʚʩʷʢʦʡ ʝʛʦ ʛʨʘʥʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʮʠʢʣ. 
5. ʉʚʷʟʥʳʡ ʛʨʘʬ ʧʣʘʥʘʨʝʥ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʘʞʜ ʡr ʝʛʦ ʙʣʦʢ ʧʣʘʥʘʨʝʥ. 
ʆʇʈɽɼɽʃɽʅʀɽ. ɻʨʘʥʴ ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʮʠʢʣʦʤ ʜʣʠʥʳ 3 ʥʘʟʳʚʘʶʪ 

ʪʨʝʫʛʦʣʴʥʠʢʦʤ. 
ʉʚʷʟʥʳʡ ʧʣʦʩʢʠʡ ʛʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʧʣʦʩʢʦʡ ʪʨʠʘʥʛʫʣʷʮʠʝʡ, ʝʩʣʠ ʢʘʞʜʘʷ ʝʛʦ 

ʛʨʘʥʴ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʥʝʰʥʷʷ) ʷʚʣʷʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢʦʤ. 
ʆʇʈɽɼɽʃɽʅʀɽ. ʄʘʢʩʠʤʘʣʴʥʳʤ ʧʣʦʩʢʠʤ (ʧʣʘʥʘʨʥʳʤ) ʛʨʘʬʦʤ ʥʘʟʳʚʘʝʪʩʷ n-

ʚʝʨʰʠʥʥʳʡ (nÒ3) ʛʨʘʬ, ʢʦʪʦʨʳʡ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʧʣʦʩʢʠʤ (ʧʣʘʥʘʨʥʳʤ) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 
ʣʶʙʦʛʦ ʨʝʙʨʘ. 

ʊɽʆʈɽʄɸ. ɻʨʘʬ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʣʦʩʢʠʤ ʛʨʘʬʦʤ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, 
ʢʦʛʜʘ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʫʶ ʪʨʠʘʥʛʫʣʷʮʠʶ. 

ʊɽʆʈɽʄɸ ʇʆʅʊʈʗɻʀʅɸïʂʋʈɸʊʆɺʉʂʆɻʆ. ɻʨʘʬ ʧʣʘʥʘʨʝʥ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 
ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʜʛʨʘʬʦʚ, ʛʦʤʝʦʤʦʨʬʥʳʭ K5 ʠ K3,3. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʛʨʘʬ ʧʣʘʥʘʨʝʥ, ʪʦ ʣʶʙʦʡ ʛʨʘʬ, ʛʦʤʝʦʤʦʨʬʥʳʡ ʝʤʫ, ʪʘʢʞʝ 
ʷʚʣʷʝʪʩʷ ʧʣʘʥʘʨʥʳʤ. 

ʆʇʈɽɼɽʃɽʅʀʗ. ʇʫʩʪʴ ʧʦʩʪʨʦʝʥʘ ʥʝʢʦʪʦʨʘʷ ʫʢʣʘʜʢʘ ʧʦʜʛʨʘʬʘ H ʛʨʘʬʘ G. 
ʉʝʛʤʝʥʪʦʤ S ʦʪʥʦʩʠʪʝʣʴʥʦ H (ʠʥʦʛʜʘ ʧʨʦʩʪʦ ʩʝʛʤʝʥʪʦʤ) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʦʜʛʨʘʬ 
ʛʨʘʬʘ G ʦʜʥʦʛʦ ʠʭ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʚʠʜʦʚ: 

1) ʩʚʷʟʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʛʨʘʬʘ GïH, ʜʦʧʦʣʥʝʥʥʫʶ ʚʩʝʤʠ ʨʝʙʨʘʤʠ ʛʨʘʬʘ G, 
ʠʥʮʠʜʝʥʪʥʳʤʠ ʚʝʨʰʠʥʘʤ ʚʟʷʪʦʡ ʢʦʤʧʦʥʝʥʪʳ.  

2) ɺʝʨʰʠʥʫ v ʩʝʛʤʝʥʪʘ S ʦʪʥʦʩʠʪʝʣʴʥʦ H ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʥʪʘʢʪʥʦʡ, ʝʩʣʠ 

v VɴH.  
ʇʦʩʢʦʣʴʢʫ ʛʨʘʬ H ʧʣʦʩʢʠʡ, ʪʦ ʦʥ ʨʘʟʙʠʚʘʝʪ ʧʣʦʩʢʦʩʪʴ ʥʘ ʛʨʘʥʠ.  
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ʆʇʈɽɼɽʃɽʅʀɽ. ɼʦʧʫʩʪʠʤʦʡ ʛʨʘʥʴʶ ʜʣʷ ʩʝʛʤʝʥʪʘ S ʦʪʥʦʩʠʪʝʣʴʥʦ H 
ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʥʴ ɻ ʛʨʘʬʘ H, ʩʦʜʝʨʞʘʱʘʷ ʚʩʝ ʢʦʥʪʘʢʪʥʳʝ ʚʝʨʰʠʥʳ ʩʝʛʤʝʥʪʘ S. ʏʝʨʝʟ 
ɻ(S) ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʛʨʘʥʝʡ ʜʣʷ S. 

ʆʇʈɽɼɽʃɽʅʀɽ. ʇʨʦʩʪʫʶ ʮʝʧʴ L ʩʝʛʤʝʥʪʘ S, ʩʦʝʜʠʥʷʶʱʫʶ ʜʚʝ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʪʘʢʪʥʳʝ ʚʝʨʰʠʥʳ ʠ ʥʝ ʩʦʜʝʨʞʘʱʫʶ ʜʨʫʛʠʭ ʢʦʥʪʘʢʪʥʳʭ ʚʝʨʰʠʥ, ʥʘʟʦʚʝʤ a-ʮʝʧʴʶ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʷʢʘʷ a-ʮʝʧʴ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʩʝʛʤʝʥʪʫ, ʤʦʞʝʪ ʙʳʪʴ ʫʣʦʞʝʥʘ ʚ 
ʣʁ ʙʫʶ ʛʨʘʥʴ, ʜʦʧʫʩʪʠʤʫʶ ʜʣʷ ʵʪʦʛʦ ʩʝʛʤʝʥʪʘ. 

ɸʣʛʦʨʠʪʤ ʫʢʣʘʜʢʠ ʛʨʘʬʘ ʥʘ ʧʣʦʩʢʦʩʪʠ 
ʐʘʛ 1. ɺʳʙʨʘʪʴ ʥʝʢʦʪʦʨʳʡ ʧʨʦʩʪʦʡ ʮʠʢʣ C ʛʨʘʬʘ G ʠ ʫʣʦʞʠʪʴ ʝʛʦ ʥʘ ʧʣʦʩʢʦʩʪʠ; 

ʧʦʣʦʞʠʪʴ H=C. 
ʐʘʛ 2. ʅʘʡʪʠ ʛʨʘʥʠ ʛʨʘʬʘ H ʠ ʩʝʛʤʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ H. ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ 

ʩʝʛʤʝʥʪʦʚ ʧʫʩʪʦ, ʪʦ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 7. 
ʐʘʛ 3. ɼʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ S ʦʧʨʝʜʝʣʠʪʴ ʤʥʦʞʝʩʪʚʦ ɻ(S). ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʩʝʛʤʝʥʪ S, ʜʣʷ ʢʦʪʦʨʦʛʦ ɻ(S)=,ɲ ʪʦ ʛʨʘʬ G ʥʝʧʣʘʥʘʨʝʥ, ʢʦʥʝʮ. ʀʥʘʯʝ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 4. 
ʐʘʛ 4. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʩʝʛʤʝʥʪ S, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʜʦʧʫʩʪʠʤʘʷ ʛʨʘʥʴ ɻ, ʪʦ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 6. ʀʥʘʯʝ ʢ ʰʘʛʫ 5. 
ʐʘʛ 5. ɼʣʷ ʥʝʢʦʪʦʨʦʛʦ ʩʝʛʤʝʥʪʘ S (ɻ(S)>1) ʚʳʙʠʨʘʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʜʦʧʫʩʪʠʤʫʶ 

ʛʨʘʥʴ ɻ. 

-ʮʝʧʴ LSɴ ʚ ʛʨʘʥʴ ɻ; ʟʘʤʝʥʠʪʴ H ʥʘ HL᷾ ʠ 
ʧʨʝʡʜʝʤ ʢ ʰʘʛʫ 1. 

ʐʘʛ 7. ʇʦʩʪʨʦʝʥʘ ʫʢʣʘʜʢʘ H ʛʨʘʬʘ G ʥʘ ʧʣʦʩʢʦʩʪʠ. 
4. ʈʘʩʢʨʘʩʢʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ. ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ. 

ʈʘʩʢʨʘʰʠʚʘʝʤʦʩʪʴ ʚʝʨʰʠʥ ʧʣʘʥʘʨʥʦʛʦ ʛʨʘʬʘ ʧʷʪʴʶ ʢʨʘʩʢʘʤʠ. ɻʠʧʦʪʝʟʘ 
ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʛʠʧʦʪʝʟʳ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʠʩʪʦʨʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʩ ʨʘʩʢʨʘʰʠʚʘʥʠʝʤ 
ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʢʘʨʪʘ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥ, ʪʦ 
ʠʥʪʝʨʝʩʥʦ ʫʟʥʘʪʴ, ʩʢʦʣʴʢʦ ʧʦʥʘʜʦʙʠʪʩʷ ʮʚʝʪʦʚ ʜʣʷ ʪʘʢʦʡ ʨʘʩʢʨʘʩʢʠ ʵʪʠʭ ʩʪʨʘʥ, ʯʪʦʙʳ 
ʥʠʢʘʢʠʝ ʜʚʝ ʩʦʩʝʜʥʠʝ ʩʪʨʘʥʳ ʥʝ ʙʳʣʠ ʦʢʨʘʰʝʥʳ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʮʚʝʪ. ɺʦʟʤʦʞʥʦ, 
ʩʘʤʘʷ ʧʨʠʚʳʯʥʘʷ ʬʦʨʤʘ ʛʠʧʦʪʝʟʳ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʪʘʢʦʚʘ: ʣʶʙʫʶ ʢʘʨʪʫ ʤʦʞʥʦ 
ʨʘʩʢʨʘʩʠʪʴ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. 

ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʪʦʯʥʳʤ, ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ 
ʦʟʥʘʯʘʝʪ ʩʣʦʚʦ "ʢʘʨʪʘ". ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʤʠ ʟʘʜʘʯʘʭ ʦ ʨʘʩʢʨʘʩʢʝ 
ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʩʪʨʘʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʨʝʙʨʘ, ʙʳʣʠ ʨʘʟʥʦʛʦ ʮʚʝʪʘ, 
ʧʨʠʜʝʪʩʷ ʠʩʢʣʶʯʠʪʴ ʢʘʨʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʦʩʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʦʙʥʦ 
ʦʧʨʝʜʝʣʠʪʴ ʢʘʨʪʫ ʢʘʢ ʩʚʷʟʥʳʡ ʧʣʦʩʢʠʡ ʛʨʘʬ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʤʦʩʪʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ 
ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʨʪʳ ʥʝ ʠʩʢʣʶʯʘʝʤ ʧʝʪʝʣʴ ʠʣʠ ʢʨʘʪʥʳʭ ʨʝʙʝʨ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ʂʘʨʪʘ ʥʘʟʳʚʘʝʪʩʷ k-ʨʘʩʢʨʘʰʠʚʘʝʤʦʡ, ʝʩʣʠ ʝʝ ʛʨʘʥʠ ʤʦʞʥʦ 
ʨʘʩʢʨʘʩʠʪʴ k ʢʨʘʩʢʘʤʠ ʪʘʢ, ʯʪʦʙʳ ʥʠʢʘʢʠʝ ʜʚʝ ʩʤʝʞʥʳʝ ʛʨʘʥʠ, ʪʦ ʝʩʪʴ ʛʨʘʥʠ, ʛʨʘʥʠʮʳ 
ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʦʙʱʝʝ ʨʝʙʨʦ, ʥʝ ʙʳʣʠ ʦʜʥʦʛʦ ʮʚʝʪʘ.  

ʊʘʤ, ʛʜʝ ʤʦʞʥʦ ʟʘʧʫʪʘʪʴʩʷ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ ʚʝʨʰʠʥʥʦ k -
 ʨʘʩʢʨʘʰʠʚʘʝʤʦʡ, ʠʤʝʷ ʚ ʚʠʜʫ  k-ʨʘʩʢʨʘʰʠʚʘʝʤʦʩʪʴ ʚ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʩʤʳʩʣʝ. 
ʅʘʧʨʠʤʝʨ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʠʞʝ ʛʨʘʬ ʷʚʣʷʝʪʩʷ 3-ʨʘʩʢʨʘʰʠʚʘʝʤʳʤ ʠ ʚʝʨʰʠʥʥʦ 4-
ʨʘʩʢʨʘʰʠʚʘʝʤʳʤ. 

 
ʊʝʧʝʨʴ ʩʬʦʨʤʫʣʠʨʫʝʤ ʛʠʧʦʪʝʟʫ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʜʣʷ ʢʘʨʪ: ʚʩʷʢʘʷ ʢʘʨʪʘ 4-

ʨʘʩʢʨʘʰʠʚʘʝʤʘ. 
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ʊɽʆʈɽʄɸ. ʂʘʨʪʘ G ʷʚʣʷʝʪʩʷ 2-ʨʘʩʢʨʘʰʠʚʘʝʤʦʡ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, 
ʝʩʣʠ G ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʡʣʝʨʦʚ ʛʨʘʬ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʃʶʙʫʶ ʚʝʨʰʠʥʫ v ʠʟ G ʜʦʣʞʥʦ ʦʢʨʫʞʘʪʴ ʯʝʪʥʦʝ ʯʠʩʣʦ ʛʨʘʥʝʡ, 
ʪʘʢ ʢʘʢ ʠʭ ʤʦʞʥʦ ʨʘʩʢʨʘʩʠʪʴ ʚ ʜʚʘ ʮʚʝʪʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʢʘʞʜʦʡ 
ʚʝʨʰʠʥʳ ʯʝʪʥʘ, ʠ ʧʦʵʪʦʤʫ G ð ʵʡʣʝʨʦʚ ʛʨʘʬ. 

ʆʇʈɽɼɽʃɽʅʀɽ. ɾʦʨʜʘʥʦʚʦʡ ʢʨʠʚʦʡ ʠʣʠ ʞʦʨʜʘʥʦʚʦʡ ʜʫʛʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ 
ʥʘʟʳʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʢʨʠʚʘʷ, ʥʝ ʠʤʝʶʱʘʷ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ; ʟʘʤʢʥʫʪʦʡ 
ʞʦʨʜʘʥʦʚʦʡ ʢʨʠʚʦʡ ʥʘʟʳʚʘʝʪʩʷ ʞʦʨʜʘʥʦʚʘ ʢʨʠʚʘʷ, ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ. 

ʆʧʠʰʝʤ ʤʝʪʦʜ, ʜʘʶʱʠʡ ʥʫʞʥʫʶ ʨʘʩʢʨʘʩʢʫ ʛʨʘʥʝʡ ʛʨʘʬʘ G.  
ɺʳʙʝʨʝʤ ʧʨʦʠʟʚʦʣʴʥʫʶ ʛʨʘʥʴ F ʠ ʦʢʨʘʩʠʤ ʝʝ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ. ʇʨʦʚʝʜʝʤ 

ʞʦʨʜʘʥʦʚʫ ʢʨʠʚʫʶ ʠʟ ʪʦʯʢʠ x ʛʨʘʥʠ F ʚ ʥʝʢʦʪʦʨʫʶ ʪʦʯʢʫ ʣʶʙʦʡ ʛʨʘʥʠ, ʧʨʠʯʝʤ ʪʘʢ, ʯʪʦʙʳ 
ʵʪʘ ʢʨʠʚʘʷ ʥʝ ʧʨʦʭʦʜʠʣʘ ʥʠ ʯʝʨʝʟ ʢʘʢʫʶ ʚʝʨʰʠʥʫ ʛʨʘʬʘ G. ɽʩʣʠ ʥʘ ʧʫʪʠ ʦʪ ʪʦʯʢʠ x ʜʦ 
ʪʦʯʢʠ y ʛʨʘʥʠ Fô ʥʘʰʘ ʢʨʠʚʘʷ ʧʝʨʝʩʝʯʝʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʨʝʙʝʨ, ʦʢʨʘʩʠʤ ʛʨʘʥʴ Fô ʚ ʢʨʘʩʥʳʡ 
ʮʚʝʪ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ð ʚ ʩʠʥʠʡ. 

 

 
 
ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʢʨʘʰʠʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʦ ʢʦʨʨʝʢʪʥʦ: ʙʝʨʝʤ "ʮʠʢʣ", 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʪʘʢʠʭ ʞʦʨʜʘʥʦʚʳʭ ʢʨʠʚʳʭ (ʪʦ ʝʩʪʴ ʟʘʤʢʥʫʪʫʶ ʞʦʨʜʘʥʦʚʫ ʢʨʠʚʫʶ), ʠ 
ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʦʥ ʧʝʨʝʩʝʢʘʝʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʨʝʙʝʨ ʛʨʘʬʘ G (ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʠʥʜʫʢʮʠʶ ʧʦ ʯʠʩʣʫ ʚʝʨʰʠʥ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʮʠʢʣʘ, ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʞʜʦʡ 
ʚʝʨʰʠʥʝ ʛʨʘʬʘ G ʠʥʮʠʜʝʥʪʥʦ ʯʝʪʥʦʝ ʯʠʩʣʦ ʨʝʙʝʨ). 

ʆʇʈɽɼɽʃɽʅʀɽ . ʅʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʢʨʘʩʦʢ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ 
ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ G ʥʘʟʳʚʘʝʪʩʷ ʭʨʦʤʘʪʠʯʝʩʢʠʤ ʯʠʩʣʦʤ ʛʨʘʬʘ G. ʇʨʘʚʠʣʴʥʫʶ 
ʨʘʩʢʨʘʩʢʫ ʪʘʢʠʤ ʯʠʩʣʦʤ ʢʨʘʩʦʢ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʡ. 

ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʯʝʨʝʟ g(G).  
ʀʩʪʦʨʠʯʝʩʢʠ ʧʦʥʷʪʠʝ ʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʯʠʩʣʘ ʚʦʟʥʠʢʣʦ ʩ ʧʨʦʙʣʝʤʦʡ ʯʝʪʳʨʝʭ 

ʢʨʘʩʦʢ. ʇʨʦʙʣʝʤʘ ʚʦʟʥʠʢʣʘ ʚ ʤʘʪʝʤʘʪʠʢʝ ʚ ʩʝʨʝʜʠʥʝ 19 ʚʝʢʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʧʨʦʩ 
ʬʦʨʤʫʣʠʨʦʚʘʣʩʷ ʪʘʢ: ʩʢʦʣʴʢʦ ʥʫʞʥʦ ʢʨʘʩʦʢ ʜʣʷ ʨʘʩʢʨʘʩʢʠ ʣʶʙʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 
ʢʘʨʪʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʩʝʜʥʠʝ ʩʪʨʘʥʳ ʨʘʩʢʨʘʰʝʥʳ ʚ ʨʘʟʥʳʝ ʮʚʝʪʘ? ʇʦʜ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 
ʢʘʨʪʦʡ ʧʦʥʠʤʘʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʪʨʘʥ, 
ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʠʟ ʟʘʤʢʥʫʪʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʣʠʥʠʡ ʙʝʟ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ, ʘ 
ʩʦʩʝʜʥʠʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʘʥʳ, ʠʤʝʶʱʠʝ ʦʙʱʫʶ ʛʨʘʥʠʮʫ ʥʝʥʫʣʝʚʦʡ ʜʣʠʥʳ. ɼʦʚʦʣʴʥʦ 
ʦʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʠ ʚʦʧʨʦʩ ʬʦʨʤʫʣʠʨʦʚʘʣʩʷ ʦʙʳʯʥʦ ʚ ʙʦʣʝʝ 
ʢʦʥʢʨʝʪʥʦʤ ʚʠʜʝ: ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʜʣʷ ʨʘʩʢʨʘʩʢʠ ʣʶʙʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 
ʢʘʨʪʳ? ʕʪʦ ʠ ʝʩʪʴ ʧʨʦʙʣʝʤʘ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ 
ʥʘʟʳʚʘʝʪʩʷ ʛʠʧʦʪʝʟʦʡ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. 

ʇʨʦʙʣʝʤʘ ʨʘʩʢʨʘʩʢʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʙʣʝʤʝ (ʧʨʘʚʠʣʴʥʦʡ) 
ʨʘʩʢʨʘʩʢʠ ʧʣʦʩʢʠʭ ʛʨʘʬʦʚ. ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʩʚʝʜʝʥʠʝ ʢʘʨʪʦʡ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 
ʨʠʩʫʥʢʝ. 

 

 
ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʘ ʢʘʨʪʘ, ʠʤʝʶʱʘʷ ʧʷʪʴ ʩʪʨʘʥ (ʚʥʝʰʥʷʷ ʦʙʣʘʩʪʴ - ʪʦʞʝ 

ʩʪʨʘʥʳ). ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʟʘʬʠʢʩʠʨʫʝʤ ʪʦʯʢʫ, ʪʦʯʢʠ ʩʦʝʜʠʥʠʤ ʨʝʙʨʦʤ, ʝʩʣʠ 
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ʩʪʨʘʥʳ ʠʤʝʶʪ ʦʙʱʫʶ ʛʨʘʥʠʮʫ. (ʅʘ ʨʠʩʫʥʢʝ ʨʝʙʨʘ ʧʨʦʚʝʜʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ). 
ʈʝʙʨʘ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʥʝ ʧʝʨʝʩʝʢʘʣʠʩʴ, ʪ.ʝ. ʯʪʦʙʳ 
ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬ ʙʳʣ ʧʣʦʩʢʠʤ. ʗʩʥʦ, ʯʪʦ ʨʘʩʢʨʘʩʢʘ ʢʘʨʪʳ ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʴʥʫʶ 
ʨʘʩʢʨʘʩʢʫ ʛʨʘʬʘ ʠ ʦʙʨʘʪʥʦ. ʇʨʦʙʣʝʤʫ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʤʦʞʥʦ ʪʝʧʝʨʴ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 
ʪʘʢ: ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʩʢʨʘʩʢʠ ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ? 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʚʳʟʚʘʣʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʤʘʪʝʤʘʪʠʢʝ. ɽʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʘ, ʯʪʦ 
ʝʡ ʟʘʥʠʤʘʣʠʩʴ ʠʟʚʝʩʪʥʳʝ ʤʘʪʝʤʘʪʠʢʠ ʄʝʙʠʫʩ ʠ ʜʝ ʄʦʨʛʘʥ. ɺ 1880 ʛʦʜʫ ɸ. ʂʦʤʧʝ 
ʦʧʫʙʣʠʢʦʚʘʣ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ. ʆʜʥʘʢʦ ʚ 1890 ʛʦʜʫ 
ʈ. ʍʠʚʫʜ ʦʙʥʘʨʫʞʠʣ ʦʰʠʙʢʫ ʚ ʵʪʦʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʷʪʠ ʢʨʘʩʦʢ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʢʨʘʩʢʠ ʣʶʙʦʛʦ 
ʧʣʦʩʢʦʛʦ ʛʨʘʬʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʷʚʣʷʣʦʩʴ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ çʜʦʢʘʟʘʪʝʣʴʩʪʚè ʛʠʧʦʪʝʟʳ 
ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʠ çʢʦʥʪʨʧʨʠʤʝʨʦʚè ʢ ʥʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʦʰʠʙʢʠ. ɺ 1969 
ʛʦʜʫ ʍ. ʍʝʣʠ ʩʚʝʣ ʧʨʦʙʣʝʤʫ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʥʦʞʝʩʪʚʘ ʉ ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ʄʥʦʞʝʩʪʚʦ ʩ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ. ʅʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʤ 
(ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ). ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʞʝ, ʚ 1976 ʛʦʜʫ ʤʘʪʝʤʘʪʠʢʘʤ 
ʂ. ɸʧʧʝʣʶ ʠ ɺ. ʍʝʡʢʝʥʫ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ. ʏʪʦ ʚʩʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ ʤʥʦʞʝʩʪʚʘ ʉ ʤʦʞʥʦ 
ʧʨʘʚʠʣʴʥʦ ʨʘʩʢʨʘʩʠʪʴ ʚ ʯʝʪʳʨʝ ʮʚʝʪʘ. ɺ ʚʦʟʥʠʢʘʶʱʝʤ ʧʨʠ ʵʪʦʤ ʧʝʨʝʙʦʨʝ ʩʫʱʝʩʪʚʝʥʥʦ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʴʶʪʝʨ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʯʝʪʳʨʝʭ ʢʨʘʩʦʢ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ 
ʧʨʠʟʥʘʚʘʣʦʩʴ ʤʥʦʛʠʤʠ ʤʘʪʝʤʘʪʠʢʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʩʣʦʞʥʦ ʧʦʚʪʦʨʠʪʴ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʂ. ɸʧʧʝʣʝʤ ʠ ɺ. ʍʝʡʢʝʥʦʤ ʜʦʢʘʟʘʥʘ ʛʠʧʦʪʝʟʘ ʯʝʪʳʨʝʭ 
ʢʨʘʩʦʢ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʛʨʘʬʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ. 

 

 
ʆʙʘ ʛʨʘʬʘ ʩʦʜʝʨʞʘʪ ʪʨʝʭʵʣʝʤʝʥʪʥʳʡ ʧʦʣʥʳʡ ʧʦʜʛʨʘʬ ʂ3, ʧʦʵʪʦʤʫ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʡ ʨʘʩʢʨʘʩʢʠ ʥʝʦʙʭʦʜʠʤʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʠ ʢʨʘʩʢʠ. ɼʣʷ ʛʨʘʬʘ G1 ʵʪʦʛʦ 
ʜʦʩʪʘʪʦʯʥʦ. ɻʨʘʬ G2 ʠʤʝʝʪ ʮʠʢʣ ʜʣʠʥʳ 5. ʅʝʪʨʫʜʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ 
ʨʘʩʢʨʘʩʢʠ ʚʝʨʰʠʥ ʮʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦ ʪʨʠ ʢʨʘʩʢʠ. ʅʦ ʮʝʥʪʨʘʣʴʥʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ 
G2 ʩʤʝʞʥʘ ʩʦ ʚʩʝʤʠ ʚʝʨʰʠʥʘʤʠ ʮʠʢʣʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ 

ʧʦʥʘʜʦʙʠʪʩʷ ʯʝʪʚʝʨʪʘʷ ʢʨʘʩʢʘ. ʀʪʘʢ, g(G1)=3 ʠ g(G2)=4. 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʢʦʤʧʦʥʝʥʪʳ ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ G ʧʨʘʚʠʣʴʥʦ ʨʘʩʢʨʘʩʠʪʴ k 

ʢʨʘʩʢʘʤʠ, ʪʦ ʠ ʩʘʤ ʛʨʘʬ ʦʢʘʞʝʪʩʷ ʧʨʘʚʠʣʴʥʦ ʨʘʩʢʨʘʰʝʥʥʳʤ ʵʪʠʤʠ ʢʨʘʩʢʘʤʠ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ G1,G2,é,Gg ï (ʚʩʝ) ʢʦʤʧʦʥʝʥʪʳ ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ G, ʪʦ 

c(G)=max{g (G1), g (G2),é, g (Gc)}. 
ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʜʚʫʩʚʷʟʥʦʩʪʠ. 
ʊɽʆʈɽʄɸ. ʇʫʩʪʴ ʣʶʙʦʡ ʙʣʦʢ ʛʨʘʬʘ G ʤʦʞʥʦ ʧʨʘʚʠʣʴʥʦ ʨʘʩʢʨʘʩʠʪʴ k ʢʨʘʩʢʘʤʠ. 

ʊʦʛʜʘ ʠ ʩʘʤ ʛʨʘʬ G ʤʦʞʥʦ ʧʨʘʚʠʣʴʥʦ ʨʘʩʢʨʘʩʠʪʴ k ʢʨʘʩʢʘʤʠ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʚʝʜʝʤ ʠʥʜʫʢʮʠʝʡ ʧʦ ʯʠʩʣʫ ʙʣʦʢʦʚ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ G ï 

ʩʚʷʟʥʳʡ ʛʨʘʬ. 
ɽʩʣʠ ʛʨʘʬ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʙʣʦʢ, ʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ, ʦʯʝʚʠʜʥʦ, 

ʩʧʨʘʚʝʜʣʠʚʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʪʝʦʨʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʣʶʙʳʭ ʛʨʘʬʦʚ, ʠʤʝʶʱʠʭ ʥʝ 
ʙʦʣʝʝ k ʙʣʦʢʦʚ. ʇʫʩʪʴ ʛʨʘʬ G ʠʤʝʝʪ k+1 ʙʣʦʢ. ɿʘʬʠʢʩʠʨʫʝʤ ʦʜʠʥ ʠʟ ʢʦʥʮʝʚʳʭ ʙʣʦʢʦʚ 
ʛʨʘʬʘ G. ʕʪʦʪ ʙʣʦʢ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ɺ, ʘ ʦʙʲʝʜʠʥʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʙʣʦʢʦʚ ï ʯʝʨʝʟ ɺ' . 
ɻʨʘʬʳ ɺ ʠ ɺô ʠʤʝʶʪ ʪʦʯʥʦ ʦʜʥʫ ʦʙʱʫʶ ʚʝʨʰʠʥʫ ʘ (ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ 
ʩʦʯʣʝʥʝʥʠʷ ʛʨʘʬʘ G). ʇʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʠʥʜʫʢʮʠʠ ʛʨʘʬʳ ɺ ʠ ɺô ʤʦʞʥʦ ʧʨʘʚʠʣʴʥʦ 
ʨʘʩʢʨʘʩʠʪʴ k ʢʨʘʩʢʘʤʠ. ɽʩʣʠ ʚʝʨʰʠʥʘ ʘ ʚ ʦʙʦʠʭ ʛʨʘʬʘʭ ɺ ʠ ɺô ʦʢʨʘʰʝʥʘ ʦʜʠʥʘʢʦʚʦ, ʪʦ 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʧʨʘʚʠʣʴʥʫʶ ʨʘʩʢʨʘʩʢʫ ʛʨʘʬʘ G. ɽʩʣʠ ʚʝʨʰʠʥʘ ʘ ʚ ʛʨʘʬʘʭ ɺ ʠ ɺô 
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ʦʢʨʘʰʝʥʘ ʧʦ-ʨʘʟʥʦʤʫ, ʪʦ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʢʨʘʰʠʚʘʝʤ ʛʨʘʬ ɺ ʪʘʢ, ʯʪʦʙʳ ʥʦʚʘʷ 
ʢʨʘʩʢʘ ʚʝʨʰʠʥʳ ʘ ʩʦʚʧʘʜʘʣʘ ʩ ʢʨʘʩʢʦʡ ʵʪʦʡ ʚʝʨʰʠʥʳ ʚ ʛʨʘʬʝ ɺô. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʚʦʜʷʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 
ʯʠʩʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʩʢʨʘʩʢʠ. 

ɿʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʡ. 
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʫʯʝʙʥʦʤ ʮʝʥʪʨʝ ʥʘʜʦ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʟʘʥʷʪʠʡ ʟʘ 

ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʟʘʥʷʪʠʡ ʦʜʠʥʘʢʦʚʘ, ʩʢʘʞʝʤ, ʦʜʠʥ ʯʘʩ. 
ʅʝʢʦʪʦʨʳʝ ʟʘʥʷʪʠʷ ʥʝ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʟʘʥʷʪʠʷ ʚ 
ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʫʯʝʙʥʦʡ ʛʨʫʧʧʝ (ʧʦ ʨʘʟʥʳʤ ʧʨʝʜʤʝʪʘʤ), ʠʣʠ ʟʘʥʷʪʠʷ ʧʨʦʚʦʜʠʪ ʦʜʠʥ ʠ 
ʪʦʪ ʞʝ ʧʨʝʧʦʜʘʚʘʪʝʣʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʠʤ ʛʨʘʬ G, ʚʝʨʰʠʥʘʤ ʢʦʪʦʨʦʛʦ 
ʙʠʝʢʪʠʚʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʥʷʪʠʷ. ɼʚʝ ʚʝʨʰʠʥʳ ʩʦʝʜʠʥʝʥʳ ʨʝʙʨʦʤ, ʝʩʣʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʥʷʪʠʷ ʥʝʣʴʟʷ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʗʩʥʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʘʷ 
ʨʘʩʢʨʘʩʢʘ ʛʨʘʬʘ G ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʠʩʘʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʪʨʝʙʦʚʘʥʠʷʤ 
ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ: ʟʘʥʷʪʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʘʤ, ʦʢʨʘʰʝʥʥʳʤ 
ʦʜʠʥʘʢʦʚʦ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʉʧʨʘʚʝʜʣʠʚʦ ʠ ʦʙʨʘʪʥʦʝ, ʣʶʙʦʝ ʪʘʢʦʝ 
ʨʘʩʧʠʩʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʴʥʫʶ ʨʘʩʢʨʘʩʢʫ ʛʨʘʬʘ G. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʘʪʯʘʡʰʝʝ 

ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʟʘʥʷʪʠʡ ʨʘʚʥʦ g (G), ʘ ʠʟ ʦʧʪʠʤʘʣʴʥʦʡ 
ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ G ʧʦʣʫʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʩʧʠʩʘʥʠʝ. 

ɿʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. 
ʅʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ V={v1,v2,é,vn} ʨʘʙʦʪ. ʀʤʝʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ S={s1,s2,é,sr} ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ. ʂʘʞʜʘʷ 
ʨʘʙʦʪʘ ʠʩʧʦʣʴʟʫʝʪ ʯʘʩʪʴ ʫʢʘʟʘʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ 
ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʥʳʝ ʨʝʩʫʨʩʳ. ɺʩʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ ʦʜʥʦ ʠ ʪʦ ʞʝ 
ʚʨʝʤʷ t. ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʨʝʩʫʨʩʳ ʪʘʢ, ʯʪʦʙʳ ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ 
ʨʘʙʦʪ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬ G ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʝʨʰʠʥ V. ɼʚʝ ʨʘʟʣʠʯʥʳʝ ʚʝʨʰʠʥʳ v ʠ vô 
ʛʨʘʬʘ G ʩʤʝʞʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ v ʠ vô ʪʨʝʙʫʝʪʩʷ 

ʭʦʪʷ ʙʳ ʦʜʠʥ ʦʙʱʠʡ ʨʝʩʫʨʩ. ʅʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʨʘʚʥʦ g (G)Ŀt. 
ʆʧʪʠʤʘʣʴʥʘʷ ʨʘʩʢʨʘʩʢʘ ʛʨʘʬʘ G ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. 

 
ʃʝʢʮʠʷ 6. ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ 

ʇʣʘʥ ʣʝʢʮʠʠ 
1. ʇʦʥʷʪʠʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ.  
2. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʪʝʨʤʳ. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ. 
3. ʆʧʝʨʘʮʠʠ ʥʘʜ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ.  
1. ʇʦʥʷʪʠʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʯʝʪʢʠʭ 

ʤʥʦʞʝʩʪʚ 

ʅʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʦʤ A ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ U ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨ (m(x), x), ʛʜʝ  m(x) - ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʘ  x Í U ʢ 

ʥʝʯʝʪʢʦʤʫ ʤʥʦʞʝʩʪʚʫ A.  
ʉʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ï ʵʪʦ ʯʠʩʣʦ ʠʟ ʜʠʘʧʘʟʦʥʘ [0, 1]. ʏʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʵʣʝʤʝʥʪ ʫʥʠʚʝʨʩʘʣʥɹʦʛʦ ʤʥʦʞʝʩʪʚʘ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡʩʪʚʘʤ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ɺʳʩʦʪʦʡ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ A ʥʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʩʪʝʧʝʥʝʡ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ: 

hgtA= )()'&
Ux

i

i

x

Í

)}(max{m . 

ʅʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ A ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ, ʝʩʣʠ ʝʛʦ ʚʳʩʦʪʘ ʨʘʚʥʘ 
ʝʜʠʥʠʮʝ. ʅʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʥʦʨʤʘʣʴʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ 
ʩʫʙʥʦʨʤʘʣʴʥʳʤʠ. 



38 

ʅʦʩʠʪʝʣʝʤ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ A ʥʘʟʳʚʘʝʪʩʷ ʯʝʪʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 
ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ U, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʥʝʥʫʣʝʚʳʝ ʩʪʝʧʝʥʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʅʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷ ʧʫʩʪʳʤ, ʝʩʣʠ ʝʛʦ ʥʦʩʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʧʫʩʪʳʤ 
ʤʥʦʞʝʩʪʚʦʤ.  

ʗʜʨʦʤ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ A ʥʘʟʳʚʘʝʪʩʷ ʯʝʪʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 
ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ  U, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
ʨʘʚʥʳʝ ʝʜʠʥʠʮʝ. ʗʜʨʦ ʩʫʙʥʦʨʤʘʣʴʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʫʩʪʦʝ.  

a -ʩʝʯʝʥʠʝʤ (ʠʣʠ ʤʥʦʞʝʩʪʚʦʤ  a -ʫʨʦʚʥʷ) ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ Aʥʘʟrʚʘʝʪʩʷ 
ʯʝʪʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ  U, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʩʪʝʧʝʥʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʦʣʴʰʠʝ ʠʣʠ ʨʘʚʥʳʝ  a: 

].1,0[},)(:{ Í²= aama xxA  

ɿʥʘʯʝʥʠʝ a ʥʘʟʳʚʘʶʪ a -ʫʨʦʚʥʝʤ. ʅʦʩʠʪʝʣʴ (ʷʜʨʦ) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʝʯʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʥʘ ʥʫʣʝʚʦʤ (ʝʜʠʥʠʯʥʦʤ)  a-ʫʨʦʚʥʝ.  

ʅʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ A ʠ B  ʥʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ,  ʝʩʣʠ: 

))()(()( iBiAi xxUx mm =Í" . 

2. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʪʝʨʤʳ. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ 
ʤʥʦʞʝʩʪʚʘ 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ, ʟʥʘʯʝʥʠʷʤʠ ʢʦʪʦʨʦʡ 
ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʚʘ ʠʣʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʷʟʳʢʘ. 

ʊʝʨʤïʤʥʦʞʝʩʪʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ 
ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʊʝʨʤʦʤ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʪʝʨʤïʤʥʦʞʝʩʪʚʘ. ɺ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ 
ʤʥʦʞʝʩʪʚ ʪʝʨʤ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʥʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʦʤ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ɼʝʬʘʟʟʠʬʠʢʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ 
ʚ ʯʝʪʢʦʝ ʯʠʩʣʦ. 
ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʤʝʪʦʜʳ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʢʦʥʝʯʥʳʭ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʢʘʢ ʤʝʪʦʜ 
ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ; ʤʝʪʦʜ ʤʝʜʠʘʥʳ; ʤʝʪʦʜ ʥʘʠʙʦʣʴʰʝʛʦ ʠʟ ʤʘʢʩʠʤʫʤʦʚ; ʥʘʠʤʝʥʴʰʝʛʦ ʠʟ 
ʤʘʢʩʠʤʫʤʦʚ; ʮʝʥʪʨʘ ʤʘʢʩʠʤʫʤʦʚ. 

ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦ ʤʝʪʦʜʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʧʦ ʤʝʪʦʜʫ ʤʝʜʠʘʥʳ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʪʘʢʦʛʦ ʯʠʩʣʘ a, ʯʪʦ: 
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==

²"=
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i

i xxja
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)(
2

1
)( mm  

3. ʆʧʝʨʘʮʠʠ ʥʘʜ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ 

ɼʦʧʦʣʥʝʥʠʝʤ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ A,ʟʘʜʘʥʥʦʛʦ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ 

U, ʥʘʟʳʚʘʝʪʩʷ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ A  ʩ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

).(),(1)( Uxxx AA
Í"-= mm  

ʇʝʨʝʩʝʯʝʥʠʝʤ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ A ʠ B, ʟʘʜʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ U, ʥʘʟʳʚʘʝʪʩʷ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ Cʩ ʬʫʥʢʮʠʝʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

).()},(),(min{ Uxxx BAC Í"= mmm  
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ʆʙʲʝʜʠʥʝʥʠʝʤ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ A ʠ B, ʟʘʜʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ U, ʥʘʟʳʚʘʝʪʩʷ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ D  ʩ ʬʫʥʢʮʠʝʡ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

).()},(),(max{ Uxxx BAD Í"= mmm  

ʈʘʟʥʦʩʪʴʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ A ʠ B, ʟʘʜʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ U, ʥʘʟʳʚʘʝʪʩʷ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ E, ʨʘʚʥʦʝ ʧʝʨʝʩʝʯʝʥʠʶ 
ʤʥʦʞʝʩʪʚʘ A ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ B : 

E = A\ B  = AÆB . 
ɽʛʦ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʚʥʘ: 

).())},(1(),(min{ Uxxx BAE Í"-= mmm  

ʆʧʝʨʘʮʠʠ ʥʘʜ ʥʝʯʸʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʠ 
ʦʧʝʨʘʮʠʠ ʥʘʜ ʯʸʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ: 

-ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʠ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʧʝʨʝʩʝʯʝʥʠʷ 
ʤʥʦʞʝʩʪʚ 

-ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʴ ʦʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʷ 
ʠ ʥʘʦʙʦʨʦʪ 

-ʟʘʢʦʥʳ ʜʝ ʄʦʨʛʘʥʘ ʠ ʜʚʦʡʥʦʛʦ ʦʪʨʠʮʘʥʠʷ ʠ ʪ.ʜ. 
 

9. ʄʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ 
ʟʘʥʷʪʠʷʤ  

ˉ ʊʝʤʘ ʟʘʥʷʪʠʷ ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʦʧʨʦʩʳ 

1 
ʈʝʢʫʨʨʝʥʪʥʳʝ 
ʩʦʦʪʥʦʰʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʧʨʦʛʨʝʩʩʠʡ ʠ ʤʝʪʦʜʦʤ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ. 

2 

ʎʝʣʦʯʠʩʣʝʥʥʳʝ 

ʬʫʥʢʮʠʠ êxú, èxø, 
mod.  

ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod ʠ ʠʭ ʩʚʦʡʩʪʚʘ. 
ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ. 

3 

ɺʚʝʜʝʥʠʝ ʚ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ 
ʤʝʪʦʜ .r  
ʆʩʥʦʚʥʳʝ 
ʢʦʤʙʠʥʘʪʦʨʥʳʝ 
ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʉʠʤʚʦʣ O ʠ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ 
ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʩʠʤʚʦʣʘ ʆ.  
ʆʩʥʦʚʥʳʝ ʪʦʞʜʝʩʪʚʘ ʩ ʙʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 
ʄʝʪʦʜ ʚʢʣʶʯʝʥʠʷ-ʠʩʢʣʶʯʝʥʠʷ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

4 
ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 
ʪʝʦʨʠʠ ʛʨʘʬʦʚ 

ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ. ʄʘʨʰʨʫʪʳ, ʧʫʪʠ, ʮʝʧʠ ʠ 
ʮʠʢʣʳ. ʀʟʦʤʦʨʬʠʟʤ ʛʨʘʬʦʚ. ʕʡʣʝʨʦʚʳ ʠ ʛʘʤʠʣʴʪʦʥʦʚʳ 
ʛʨʘʬʳ. ɼʝʨʝʚʴʷ. ʇʣʘʥʘʨʥʳʝ ʠ ʧʣʦʩʢʠʝ ʛʨʘʬʳ. ʊʝʦʨʝʤʘ 
ʕʡʣʝʨʘ ʠ ʝʸ ʩʣʝʜʩʪʚʠʷ. ʈʘʩʢʨʘʩʢʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ. 
ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ.  

5 
ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ 
ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ.  

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 
ʧʝʨʝʤʝʥʥʳʝ ʠ ʪʝʨʤʳ. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ 
ʤʥʦʞʝʩʪʚʘ. ʆʧʝʨʘʮʠʠ ʥʘʜ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ. 

 
ʇʈɸʂʊʀʏɽʉʂʆɽ ɿɸʅʗʊʀɽ ˉ1 
ʈʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʣʘʥ ʟʘʥʷʪʠʷ 
1. ʈʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ 
2. ʈʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ ʤʝʪʦʜʦʤ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ 
1. ʈʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʦʛʨʝʩʩʠʡ 
ʇʨʠʤʝʨ. ʈʝʰʠʪʴ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ ʨʝʢʫʨʨʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ: 
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ʈʝʰʝʥʠʝ. 
ʇʦʨʷʜʦʢ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ  K = 2, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʘʟʠʩ ʝʛʦ ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʨʝʰʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʳ  A 1 = -1, A 2= 10. ʉʦʩʪʘʚʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʩʦʦʪʥʦh ʝʥʠʷ: 

q 2 = -3q + 10,  
ʛʜʝ  q- ʟʥʘʤʝʥʘʪʝʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʩ ʧʝʨʚʳʤ ʯʣʝʥʦʤ, ʨʘʚʥʳʤ  1. 
ʇʝʨʝʥʝʩʝʤ ʚʩʝ ʩʣʘʛʘʝʤʳʝ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʥʘʢʘʤʠ ʠ 

ʨʝʰʘʝʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

q 2 + 3q ï 10 = 0. 
ʂʦʨʥʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

q 1 = a = -5,  q 2 = b = 2. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʘʟʠʩ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

{aN }: 1, -5, (-5) 2 ,   , (-5) N,é 

{bN }: 1, 2, 2 2,é2N,é 

ʊʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

0,2)5( ²Ö+-Ö= NBAU NN

N   (*) 

ʅʘʡʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ  A  ʠ  B  ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

N = 0, Ý  U 0 = 1, (-5) 0 = 2 0 = 1, Ý  (*)  ʧʨʠʤʝʪ ʚʠʜ:    1 = A + B; 

N = 1, Ý  U 1 = 3, (-5) 1 = -5,  2 1 = 2, Ý  (*)  ʧʨʠʤʝʪ ʚʠʜ:  3 = -5A + 2B. 

ʀʪʘʢ, ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ: 

í
ì
ë

=+-

=+

,325

,1

BA

BA
 

ʨʝʰʘʷ ʢʦʪʦʨʫʶ, ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  A  ʠ  B. 
B = 1 ï A, Ý   -5A + 2(1 ï A) = 3, Ý   -7A = 1, ʦʪʢʫʜʘ 

7
1-=ɸ , 7

8=ɺ . 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

.2
7

8
)5(

7

1 NN

NU Ö+-Ö-=  

ɿʘʜʘʥʠʝ. 
ʈʝʰʠʪʴ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ. 

ʘ) 
í
ì
ë

==

²-+Ö+Ö= ++

.2,0

;2,...)1(32

10

12

UU

NUUU N

NNN  

ʙ) 
í
ì
ë

===

²Ö+Ö+Ö=- +++

.3,2,1

,06116

210

,...123

UUU

NUUUU NNNN
 

2. ʈʝʰʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦh ʝʥʠʡ ʤʝʪʦʜʦʤ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ 
ʆʧʠʰʝʤ ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ. ʆʥ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʰʘʛʘ. 
ʐɸɻ 1. ɿʘʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ, ʚʳʨʘʞʘʶʱʝʝ ʣʶʙʦʡ ʯʣʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʯʣʝʥʳ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʚʢʣʶʯʘʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʨʘʚʝʥʩʪʚʘ. 

ʐɸɻ 2. ʋʤʥʦʞʠʪʴ ʦʙʝ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ 
nz  ʠ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʧʦ 

ʚʩʝʤ  n. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʦʣʫʯʠʤ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ä
²

=
0

)(:}{
n

n

nn
zfzFf , ʘ ʚ ʧʨʘʚʦʡ ï ʚʳʨʘʞʝʥʠʝ, ʩʦʜʝʨʞʘɦ ʝʝ 
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ʩʫʤʤʳ ʚʠʜʘ ä
ÍIk

k

k zf , ʛʜʝ k  ʧʨʦʙʝʛʘʝʪ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ I. ɺʳʨʘʞʝʥʠʝ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ ʥʫʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʮʠʠ ʥʘʜ 
ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʦ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʚʳʨʘʞʝʥʠʝ ʦʪ 

)(zF . 

ʐɸɻ 3. ʈʝʰʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ 2 ʫʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ )(zF . ʕʪʦ ʨʝʰʝʥʠʝ ʜʘʩʪ ʚʳʨʘʞʝʥʠʝ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ ʚ ʟʘʤʢʥʫʪʦʡ 

ʬʦʨʤʝ. 

ʐɸɻ 4. ʈʘʟʣʦʞʠʪʴ )(zF  ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʠ ʧʨʦʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ 
nz . 

ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʙʫʜʝʪ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʦʡ ʜʣʷ 
n

f . 

ʇʈʀʄɽʈ. ʇʦʢʘʞʝʤ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʥʘ ʫʞʝ ʠʟʚʝʩʪʥʦʤ ʥʘʤ ʧʨʠʤʝʨʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʠʙʦʥʘʯʯʠ }{
n

F : 

í
ì
ë

==

²+= ++

1

,0,

10

12

FF

nFFF nnn

  (1). 

ʂʘʞʜʦʝ ʯʠʩʣʦ ʚ ʨʷʜʝ ʌʠʙʦʥʘʯʯʠ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ, ʨʘʚʥʦ ʩʫʤʤʝ ʜʚʫʭ 
ʧʨʝʜʳʜʫʱʠʭ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩʠʩʪʝʤʫ  (1) ʚ ʚʠʜʝ:  

í
ì
ë

==

²+= --

1

,2,

10

21

FF

nFFF nnn
  (2). 

ʐɸɻ 1. ɿʘʧʠʰʝʤ ʩʦʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʘ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ 

(2), ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʡ ʧʨʠʝʤ. ɿʘʧʠʩʴ ]1[ =n  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʨʘʚʥʦ  1 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ n = 1, ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ n, ʦʥʦ ʨʘʚʥʦ  0: 

í
ì
ë

¸

=
==

1,0

,1,1
]1[

nʝʩʣʠ

nʝʩʣʠ
n      (3). 

ʇʦʣʫʯʠʤ ʨʘʚʝʥʩʪʚʦ:  ]1[21 =++= -- nFFF nnn   (4), ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

1=n  ʢ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2) ʧʨʠʙʘʚʣʝ̫ʪʩʷ 1, ʧʨʠ ʣʶʙʦʤ ʜʨʫʛʦʤ 

ʟʥʘʯʝʥʠʠ n  ʧʨʘʚʘʷ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ ʦʩʪʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʇʨʦʚʝʨʠʤ, ʧʦʫʯʘʶʪʩʷ ʣʠ 

ʠʟ ʨʘʚʝʥʩʪʚʘ (4) ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʯʣʝʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

F  ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʥʜʝʢʩʦʤ, ʨʘʚʝʥ 0. 

000:1

,000:0

101

210

=+=+==

=+=+==

-

--

FFFn

FFFn
, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʚʝʥʩʪʚʝ (4) ʫʯʪʝʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. 

ʐɸɻ 2. ʋʤʥʦʞʠʤ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (4) ʥʘ z n  ʠ ʧʨʦʩʫʤʤʠʨʫʝʤ ʧʦ ʚʩʝʤ  n: 

ääää Ö=+Ö+Ö=Ö --

n

n

n

n

n

n

n

n

n

n

n znzFzFzF ]1[21
  (5). 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ ʧʦʫʯʠʣʠ ʩʫʤʤʫ ä Ö
n

n

n zF , ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʬʫʥʢʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ä Ö=
n

n

nn
zFzFF )(:}{  (6).  

ʇʨʝʦʙʨʘʟʫʝʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ (5). ʇʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʳʝ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʧʦʭʦʞʠ ʥʘ ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ )(zF , ʠ ʦʪʣʠʯʘʁ ʪʩʷ ʦʪ ʥʝʝ 

ʪʦʣʴʢʦ ʠʥʜʝʢʩʘʤʠ ʯʣʝʥʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ }{
n

F . 

ʇʨʦʠʟʚʝʜʝʤ ʚ ʧʝʨʚʦʡ ʩʫʤʤʝ ʩʜʚʠʛ ʥʘ ʦʜʥʫ, ʘ ʚʦ ʚʪʦʨʦʡ ï ʥʘ ʜʚʝ ʧʦʟʠʮʠʠ ʚʧʨʘʚʦ 
(ʩʤ. ʪʘʙʣʠʮʫ 1) ʠ ʫʯʪʝʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ (3), ʠʟ ʚʩʝʭ ʩʣʘʛʘʝʤʳʭ ʧʦʩʣʝʜʥʝʡ ʩʫʤʤʳ 

ä Ö=
n

nzn ]1[  ʥʝʥʫʣʝʚʳʤ ʙʫʜʝʪ ʪʦʣʴʢʦ ʪʦ, ʫ ʢʦʪʦʨʦʛʦ 1=n .  
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ʇʦʵʪʦʤʫ, ä Ö=
n

nzn ]1[ = z 1. ʉ ʫʯʝʪʦʤ ʚʩʝʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 

zzFzzFzzF
n

n

n

n

n

n

n

n

n +ÖÖ+ÖÖ=Ö äää 2     (7). 

ʅʘʢʦʥʝʮ, ʩʦʛʣʘʩʥʦ (6) ʠ (7), ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ ʦʪ )(zF : 

zzFzzFzzF +Ö+Ö= )()()( 2
  (8). 

ʐɸɻ 3. ʈʝʰʠʤ ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ 2 ʫʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ )(zF : 

zzzzF =--Ö ]1[)( 2
  ʠʣʠ 

21
)(

zz

z
zF

--
=      (9) ï  

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ ʚ ʟʘʤʢʥʫʪʦʤ ʚʠʜʝ. 

ʐɸɻ 4. ʏʪʦʙʳ ʨʘʟʣʦʞʠʪʴ ʬʫʥʢʮʠʶ )(zF  ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ, ʩʥʘʯʘʣʘ ʥʘʡʜʝʤ ʢʦʨʥʠ 

ʤʥʦʛʦʯʣʝʥʘ  ,1)( 2zzzQ --=  ʢʦʪʦʨʳʡ ʩʪʦʠʪ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʚʳʨʘʞʝʥʠʷ (9). ʇʝʨʝʧʠʰʝʤ 

ʝʛʦ ʚ ʚʠʜʝ: 1)( 2 +--= zzzQ  ʠ ʥʘʡʜʝʤ ʢʦʨʥʠ ʢʚʘʜʨʘʪʥʦʛʦ ʪʨʝʭʯʣʝʥʘ.  

ʊʘʢ ʢʘʢ  51)1(4)1( 2 =Ö-Ö--=D , ʪʦ ʢʦʨʥʠ ʠʤʝʶʪ ʚʠʜ: 

2

51
,

2

51
21

+
-=

-
-= zz . 

ʇʦʵʪʦʤʫ 
)()(

)(
21

zzzz

z
zF

-Ö--
= . ʈʘʟʣʦʞʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʫʯʝʥʥʦʛʦ 

ʨʘʚʝʥʩʪʚʘ ʥʘ ʧʨʦʩʪʝʡʰʠʝ ʜʨʦʙʠ: 

)()(

)()(

)()( 21

12

2121 zzzz

zzBzzA

zz

B

zz

A

zzzz

z

-Ö-

-+-
=

-
+

-
=

-Ö-

-
,  

 
ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

)()( 12 zzBzzAz -+-=-       (10). 

ʊʘʢ ʢʘʢ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ z, ʪʦ 
ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʚʦʟʴʤʝʤ ʚ ʨʘʚʝʥʩʪʚʝ (10) ʩʥʘʯʘʣʘ ,

1
zz=  ʘ 

ʟʘʪʝʤ 
2

zz= . 

)()()(: 21112111 zzAzzBzzAzzz -=-+-=-= .  

ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ,
21

zʠz  ʧʦʣʫʯʠʤ: 
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ʀʪʘʢ, ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʠʙʦʥʘʯʯʠ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

2121

1

52

511

52

51
)(

zzzzzz

B

zz

A
zF

-

+
-

-
Ö

-
=

-
+

-
= . 



43 

ʏʪʦʙʳ ʨʘʟʣʦʞʠʪʴ )(zF  ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʢʘʞʜʫʶ ʠʟ 

ʜʨʦʙʝʡ 
1

1

zz-
 ʠ 

2

1

zz-
. ʀʟ ʪʝʦʨʠʠ ʨʷʜʦʚ ʠʟʚʝʩʪʥʘ ʬʦʨʤʫʣʘ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ 

ʄʘʢʣʦʨʝʥʘ ʜʣʷ ʬʫʥʢʮʠʠ ʚʠʜʘ 
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1
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ʇʨʠʚʝʜʝʤ ʜʨʦʙʠ  
1

1
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 ʠ 

2

1
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 ʢ ʪʘʢʦʤʫ ʚʠʜʫ. 
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   (12). 

ɸʥʘʣʦʛʠʯʥʦ: 
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   (13). 

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ  (11) ʧʦʣʫʯʠʤ: 
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  (14). 

ɺʳʧʦʣʥʠʚ ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʢʨʘʱʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʤ ʠʟ ʨʘʚʝʥʩʪʚ (14) ʠ ʧʦʜʩʪʘʚʠʚ 
ʚʤʝʩʪʦ t  ʠ u  ʠʭ ʟʥʘʯʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (12)  ʠ (13), ʧʨʠʜʝʤ ʢ ʨʘʚʝʥʩʪʚʘʤ: 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ 
ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ ʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʢʦʥʩʪʘʥʪʫ (ʪʘʙʣ. 1). ʇʦʣʫʯʠʣʠ, ʯʪʦ ʩ ʦʜʥʦʡ 
ʩʪʦʨʦʥʳ:  

ä Ö=
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zFzF )( , 

ʘ ʩ ʜʨʫʛʦʡ: 
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ʇʨʠʨʘʚʥʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ  z n  ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʨʘʚʝʥʩʪʚʘʭ: 
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ö
ö

÷

õ

æ
æ

ç

å --+
Ö=

n

nn

nF
2

)51()51(

5

1   (15) ï  

ʟʘʤʢʥʫʪʘʷ ʬʦʨʤʘ  n -ʛʦ ʯʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʠʙʦʥʘʯʯʠ.  

 
ʇʈɸʂʊʀʏɽʉʂʆɽ ɿɸʅʗʊʀɽ ˉ2 

ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod  
ʇʣʘʥ ʟʘʥʷʪʠʷ 

1. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ êxú, èxø, mod ʠ ʠʭ ʩʚʦʡʩʪʚʘ.  
2. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ. 
 
ʇʈʀʄɽʈ 1. 
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ʇʈʀʄɽʈ 2. ɼʦʢʘʟʘʪʴ ʩʚʦʡʩʪʚʦ 3 ʬʫʥʢʮʠʠ mod 

).mod()()mod(

)0,()0()(
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 
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ʇʈɸʂʊʀʏɽʉʂʆɽ ɿɸʅʗʊʀɽ ˉ3 

ɺʚʝʜʝʥʠʝ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 
ʆʩʥʦʚʥʳʝ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʣʘʥ ʟʘʥʷʪʠʷ 
1. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʩʠʤʚʦʣʘ ʆ.  
2. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʥʳʝ ʪʦʞʜʝʩʪʚʘ ʩ ʙʠʥʦʤʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ.  
3. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘ ʤʝʪʦʜ ʚʢʣʶʯʝʥʠʷ-ʠʩʢʣʶʯʝʥʠʷ. 
1. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʩʠʤʚʦʣʘ ʆ 
ɿʘʜʘʯʘ 1. ʏʪʦ ʥʝʚʝʨʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ? ʇʦʩʢʦʣʴʢʫ n = O(n) ʠ 

2n = O(n) ʠ ʪʘʢ ʜʘʣʝʝ, ʪʦ ʟʘʢʣʶʯʘʝʤ, ʯʪʦ )()( 2

11

nOnOkn
n

k

n

k

==ää
==

? 

ʈʝʰʝʥʠʝ: 
ɿʘʤʝʥʘ kn ʥʘ O(n) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʉ ʜʣʷ ʨʘʟʣʠʯʥʳʭ k; ʘ ʥʫʞʥʦ, ʯʪʦʙʳ 

ʚʩʝ ʆ ʠʤʝʣʠ ʦʙʱʫʶ ʢʦʥʩʪʘʥʪʫ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ 
ʆ ʦʙʦʟʥʘʯʘʣʦ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, k ʠ n. ʇʨʘʚʠʣʴʥʦ ʙʫʜʝʪ ʟʘʧʠʩʘʪʴ 
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. 

ɿʘʜʘʯʘ 2. ɼʦʢʘʞʠʪʝ ʠʣʠ ʦʧʨʦʚʝʨʛʥʠʪʝ: ʆ(f(n) + g(n)) = f(n) + O(g(n)), ʝʩʣʠ f(n) ʠ g(n) 

ʧʦʣʦʞʠʪʝʣʴʥʳ ʜʣʷ ʚʩʝʭ nÍN. 
ʈʝʰʝʥʠʝ: 

ʋʪʚʝʨʞʜʝʥʠʝ ʣʦʞʥʦ. 
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ʇʫʩʪʴ f(n) = n2, ʘ g(n) = 1. ʅʘʡʜʝʤ ʪʘʢʫʶ ʬʫʥʢʮʠʶ j(n), ʢʦʪʦʨʘʷ ʙʳ ʧʨʠʥʘʜʣʝʞʘʣʘ 

ʣʝʚʦʤʫ ʤʥʦʞʝʩʪʚʫ, ʥʦ ʥʝ ʧʨʠʥʘʜʣʝʞʘʣʘ ʙʳ ʧʨʘʚʦʤʫ ʤʥʦʞʝʩʪʚʫ, ʪ.ʝ. ($ʉ1) ("n) [j(n) ¢ 

C1(n2 + 1)] ʠ ("ʉ2) ($n²n0) [j(n) > n2 + C2]. 

ɺʦʟʴʤʝʤ j(n) = 2n2. 

1). ʇʫʩʪʴ ʉ1 = 3, ʪʦʛʜʘ ("n²n0) 2n2 ¢ 3(n2 + 1). ɿʥʘʯʠʪ ʬʫʥʢʮʠʷ j(n) ʧʨʠʥʘʜʣʝʞʠʪ 
ʣʝʚʦʤʫ ʤʥʦʞʝʩʪʚʫ. 

2). ("ʉ2) ($n> 2ʉ ) 2n2 > n2 + C2. ɿʥʘʯʠʪ ʬʫʥʢʮʠʷ j(n) ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʘʚʦʤʫ 
ʤʥʦʞʝʩʪʚʫ. 
 

ɿʘʜʘʯʘ 3. ɼʦʢʘʞʠʪʝ ʠʣʠ ʦʧʨʦʚʝʨʛʥʠʪʝ: cos O(x) = 1 + O(x2) ʜʣʷ ʚʩʝʭ 
ʚʝʝɦʩʪʚʝʥʥʳʭ ʭ. 

ʈʝʰʝʥʠʝ: 
ɽʩʣʠ ʬʫʥʢʮʠʷ g(x) ʧʨʠʥʘʜʣʝʞʠʪ ʣʝʚʦʡ ʯʘʩʪʠ ʪʘʢ, ʯʪʦ g(x) = cos y ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 

y, ʧʨʠʯʝʤ xCʫ¢  ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʳ ʉ, ʪʦ 

g(x) = cos y = 1 - 2sin2 (y/2) ¢ 1 = 1 + 0 Ö ʭ2. ɿʥʘʯʠʪ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ ɺ, ʯʪʦ 

g(x) ¢ 1 + ɺ Ö ʭ2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʥʦʞʝʩʪʚʦ ʠʟ ʣʝʚʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ, 
ʠ ʬʦʨʤʫʣʘ ʚʝʨʥʘ. 

ɿʘʜʘʯʘ 4. ɼʦʢʘʞʠʪʝ, ʯʪʦ ( ) ¤­+Öö
÷

õ
æ
ç

å
+=++ -- nʧʨʠnO

n
nO

n
)(1

2
1)(

2
1 22

. 

ʈʝʰʝʥʠʝ: 
ʇʨʝʦʙʨʘʟʫʝʤ ʣʝʚʫʶ ʯʘʩʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

+

+Öö
÷

õ
æ
ç

å
+=++

-
-

n

nO

n
nO

n 2
1

)(
1

2
1)(

2
1

2
2

. 

ɿʘʤʝʪʠʤ, ʯʪʦ ¤­­

+

nʧʨʠ

n

1
2

1

1
, ʪʦʛʜʘ C

n

¢

+
2

1

1
, ʛʜʝ ʉ ï ʢʦʥʩʪʘʥʪʘ, ʪʦʛʜʘ 
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. ʀʩʧʦʣʴʟʫʷ ʵʪʦ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ, ʧʦʣʫʯʘʝʤ, ʯʪʦ 
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ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 
2. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʥʳʝ ʪʦʞʜʝʩʪʚʘ ʩ ʙʠʥʦʤʠʘʣʴʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʦʡʩʪʚʘ ʙʠʥʦʤʠʘʣʥɹʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʝʯʥʳʭ ʩʫʤʤ. 
ɿɸɼɸʏɸ 1. ʉʫʤʤʘ ʦʪʥʦʰʝʥʠʡ. 
ʈʝʰʠʪʴ ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ ʩʫʤʤʫ: 
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ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʙʠʥʦʤʠʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 
ʧʦʫʯʝʥʥʦʡ ʚ ʬʦʨʤʫʣʝ (2), ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ b) ʩʚʦʡʩʪʚʘ 10: 
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ʇʈɸʂʊʀʏɽʉʂʆɽ ɿɸʅʗʊʀɽ ˉ4 
ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʛʨʘʬʦʚ 

ʇʣʘʥ ʟʘʥʷʪʠʷ 
1. ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ. ʄʘʨʰʨʫʪʳ, ʧʫʪʠ, ʮʝʧʠ ʠ ʮʠʢʣʳ. 

ʀʟʦʤʦʨʬʠʟʤ ʛʨʘʬʦʚ.  
2. ʕʡʣʝʨʦʚʳ ʠ ʛʘʤʠʣʴʪʦʥʦʚʳ ʛʨʘʬʳ.  
3. ɼʝʨʝʚʴʷ. ʇʣʘʥʘʨʥʳʝ ʠ ʧʣʦʩʢʠʝ ʛʨʘʬʳ.  
4. ʈʘʩʢʨʘʩʢʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ. ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ. 
1. ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ. ʄʘʨʰʨʫʪʳ, ʧʫʪʠ, ʮʝʧʠ ʠ ʮʠʢʣʳ. 

ʀʟʦʤʦʨʬʠʟʤ ʛʨʘʬʦʚ. 
ɿʘʜʘʯʘ 1. ʀʟʦʙʨʘʟʠʪʝ ʛʨʘʬʠʯʝʩʢʠ: 
1. ʅʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʨʝʙʨʘ; 
2. ʅʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ G(V,E), ʟʘʜʘʥʥʳʡ ʤʥʦʞʝʩʪʚʦʤ V={v0, v1, v2, v3, v4, v5} 

ʠ ʩʦʦʪʚʝʪʩʪʚʠʝʤ: ɽ(v0)={v1, v2}={v0, v2, v4}; ɽ(v1)={v0, v2, v4}; ɽ(v2)={v0, v1, v5}; ɽ(v3)={v4}; 
ɽ(v5)={v2}; 

3. ʇʣʦʩʢʠʡ ʛʨʘʬ; 
4. ʇʦʣʥʳʡ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʥʘ ʪʨʝʭ, ʯʝʪʳʨʝʭ ʠ ʧʷʪʠ ʚʝʨʰʠʥʘʭ; 
5. ʅʝʧʦʣʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʥʘ ʧʷʪʠ ʚʝʨʰʠʥʘʭ; 
6. ʇʝʪʣʶ ʛʨʘʬʘ; 
7. ʅʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʫʣʴʪʠʛʨʘʬ. 
ɿʘʜʘʯʘ 2. ɼʝʚʷʪʴ ʰʘʭʤʘʪʠʩʪʦʚ ʧʨʦʚʦʜʷʪ ʪʫʨʥʠʨ ʚ ʦʜʠʥ ʢʨʫʛ (ʢʘʞʜʳʡ ʠʟ 

ʫʯʘʩʪʥʠʢʦʚ ʜʦʣʞʝʥ ʩʳʛʨʘʪʴ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ). ʇʦʢʘʞʠʪʝ, ʯʪʦ ʚ ʣʶʙʦʡ 
ʤʦʤʝʥʪ ʥʘʡʜʫʪʩʷ ʜʚʘ ʰʘʭʤʘʪʠʩʪʘ, ʩʳʛʨʘʚʰʠʝ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʧʘʨʪʠʡ. 

ʈʝʰʝʥʠʝ. 
ʇʝʨʝʚʝʜʝʤ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ʥʘ ʷʟʳʢ ʛʨʘʬʦʚ. ʂʘʞʜʦʤʫ ʰʘʭʤʘʪʠʩʪʫ ʧʦʩʪʘʚʠʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʝʨʰʠʥʫ ʛʨʘʬʘ, ʩʦʝʜʠʥʠʤ ʨʝʙʨʘʤʠ ʧʦʧʘʨʥʦ ʚʝʨʰʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʰʘʭʤʘʪʠʩʪʘʤ, ʫʞʝ ʩʳʛʨʘʚʰʠʤ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʨʪʠʶ. ʇʦʣʫʯʠʤ ʛʨʘʬ ʩ ʜʝʚʷʪʴʶ 
ʚʝʨʰʠʥʘʤʠ. ʉʪʝʧʝʥʠ ʝʛʦ ʚʝʨʰʠʥ ʨʘʚʥʷʶʪʩʷ ʯʠʩʣʫ ʧʘʨʪʠʡ, ʩʳʛʨʘʥʥʳʭ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʛʨʦʢʘʤʠ. ʇʦʢʘʞʝʤ, ʯʪʦ ʚʦ ʚʩʷʢʦʤ ʛʨʘʬʝ ʩ ʜʝʚʷʪʴʶ ʚʝʨʰʠʥʘʤʠ 
ʚʩʝʛʜʘ ʥʘʡʜʫʪʩʷ ʭʦʪʷ ʙʳ ʜʚʝ ʚʝʨʰʠʥʳ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ. 

ʂʘʞʜʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʩ ʜʝʚʷʪʴʶ ʚʝʨʰʠʥʘʤʠ ʤʦʞʝʪ ʠʤʝʪʴ ʩʪʝʧʝʥʴ 0, 1, 2, 3, 4, 
5, 6, 7, 8. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʬ G, ʚʩʝ ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʨʘʟʥʫʶ 
ʩʪʝʧʝʥʴ, ʪ.ʝ. ʢʘʞʜʦʝ ʠʟ ʯʠʩʝʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 0, 1, 2, 3, 4, 5, 6, 7, 8 ʷʚʣʷʝʪʩʷ 
ʩʪʝʧʝʥʴʶ ʦʜʥʦʡ ʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʝʛʦ ʚʝʨʰʠʥ. ʅʦ ʵʪʦʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ, ʪʘʢ ʢʘʢ ʝʩʣʠ ʚ 
ʛʨʘʬʝ ʝʩʪʴ ʚʝʨʰʠʥʘ vi ʩʪʝʧʝʥʠ 0, ʪʦ ʚ ʥʝʤ ʥʘʡʜʝʪʩʷ ʚʝʨʰʠʥʘ vj ʩʦ ʩʪʝʧʝʥʴʶ 8. ʕʪʘ 
ʚʝʨʰʠʥʘ vj ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʝʜʠʥʝʥʘ ʨʝʙʨʘʤʠ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʠ ʩ vi, ʧʦʵʪʦʤʫ ʩʪʝʧʝʥʴ ʚʝʨʰʠʥʳ vi ʥʝ ʤʦʞʝʪ ʨʘʚʥʷʪʴʩʷ 0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʛʨʘʬʝ ʩ ʜʝʚʷʪʴʶ ʚʝʨʰʠʥʘʤʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʝʨʰʠʥʳ ʩʪʝʧʝʥʴ 0 ʠ 8. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʡʜʫʪʩʷ ʭʦʪʷ ʙʳ ʜʚʝ ʚʝʨʰʠʥʳ, ʩʪʝʧʝʥʠ ʢʦʪʦʨʳʭ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʥʘʡʜʫʪʩʷ ʭʦʪʷ ʙʳ ʜʚʘ ʰʘʭʤʘʪʠʩʪʘ, 
ʩʳʛʨʘʚʰʠʝ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʧʘʨʪʠʡ. 

ɿʘʜʘʯʘ 3. (ɼʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ.) 
ɼʝʚʷʪʴ ʯʝʣʦʚʝʢ ʧʨʦʚʦʜʷʪ ʰʘʭʤʘʪʥʳʡ ʪʫʨʥʠʨ ʚ ʦʜʠʥ ʢʨʫʛ. ʂ ʥʝʢʦʪʦʨʦʤʫ ʤʦʤʝʥʪʫ 

ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʜʚʦʝ ʩʳʛʨʘʣʠ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʧʘʨʪʠʡ. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʪʦʛʜʘ ʣʠʙʦ 
ʦʜʠʥ ʫʯʘʩʪʥʠʢ ʝʱʝ ʥʝ ʩʳʛʨʘʣ ʥʠ ʦʜʥʦʡ ʧʘʨʪʠʠ, ʣʠʙʦ ʦʜʠʥ ʩʳʛʨʘʣ ʚʩʝ ʧʘʨʪʠʠ. 

ɿʘʜʘʯʘ 4. ʄʦʞʝʪ ʣʠ ʪʘʢ ʩʣʫʯʠʪʴʩʷ, ʯʪʦ ʚ ʦʜʥʦʡ ʢʦʤʧʘʥʠʠ ʠʟ ʰʝʩʪʠ ʯʝʣʦʚʝʢ 
ʢʘʞʜʳʡ ʟʥʘʢʦʤ ʩ ʜʚʫʤʷ ʠ ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ? 

ʈʝʰʝʥʠʝ. 
ʋʯʘʩʪʥʠʢʦʚ ʵʪʦʡ ʢʦʤʧʘʥʠʠ ʠʟʦʙʨʘʟʠʤ ʚʝʨʰʠʥʦʡ ʛʨʘʬʘ (ʨʠʩ. 1), ʘ ʦʪʥʦʰʝʥʠʝ 

ʟʥʘʢʦʤʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʫʯʘʩʪʥʠʢʘʤʠ ï ʨʝʙʨʦʤ. ʀʟʦʙʨʘʟʠʤ ʛʨʘʬʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʘʢʦʡ ʢʦʤʧʘʥʠʠ. 
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ʈʠʩ. 1 

ʇʨʦ ʛʨʘʬ G1 ʛʦʚʦʨʷʪ, ʯʪʦ ʦʥ ʩʚʷʟʥʳʡ, ʪʘʢ ʢʘʢ ʠʟ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʧʦ ʨʝʙʨʘʤ 
ʤʦʞʥʦ ʧʦʧʘʩʪʴ ʚ ʣʶʙʫʶ ʜʨʫʛʫʶ. ɼʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʯʝʨʝʟ ʩʚʦʠʭ 
ʟʥʘʢʦʤʳʭ ʤʦʞʝʪ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ. 

ʇʨʦ ʛʨʘʬ G2 ʛʦʚʦʨʷʪ, ʯʪʦ ʦʥ ʥʝʩʚʷʟʥʳʡ, ʪʘʢ ʢʘʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʩʪʳʭ ʮʠʢʣʦʚ. 
ɼʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʛʨʘʬ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʢʦʤʧʘʥʠʷʤ, ʫʯʘʩʪʥʠʢʠ ʦʜʥʦʡ ʠʟ ʥʠʭ ʤʦʛʫʪ 
ʙʳʪʴ ʥʝ ʟʥʘʢʦʤʳ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʜʨʫʛʦʡ. 

ɿʘʜʘʯʘ 5. ʀʟ ʧʫʥʢʪʘ ɸ ʚ ʧʫʥʢʪ ɺ ʚʳʝʭʘʣʠ ʧʷʪʴ ʤʘʰʠʥ ʦʜʥʦʡ ʤʘʨʢʠ ʨʘʟʥʦʛʦ ʮʚʝʪʘ: 
ʙʝʣʘʷ, ʯʝʨʥʘʷ, ʢʨʘʩʥʘʷ, ʩʠʥʷʷ, ʟʝʣʝʥʘʷ. ʏʝʨʥʘʷ ʝʜʝʪ ʚʧʝʨʝʜʠ ʩʠʥʝʡ, ʟʝʣʝʥʘʷ ï 
ʚʧʝʨʝʜʠ ʙʝʣʦʡ, ʥʦ ʧʦʟʘʜʠ ʩʠʥʝʡ, ʢʨʘʩʥʘʷ ʚʧʝʨʝʜʠ ʯʝʨʥʦʡ. ʂʘʢʘʷ ʤʘʰʠʥʘ ʝʜʝʪ ʧʝʨʚʦʡ ʠ 
ʢʘʢʘʷ ʧʦʩʣʝʜʥʝʡ? 

ʈʝʰʝʥʠʝ. 
ʈʝʰʘʝʤ ʟʘʜʘʯʫ, ʧʦʩʪʨʦʠʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʜʣʷ ʦʪʥʦʰʝʥʠʷ f: çʭ ʝʜʝʪ ʩʟʘʜʠ 

ʫè. ʅʘ ʧʣʦʩʢʦʩʪʠ ʦʪʤʝʪʠʤ ʧʷʪʴ ʪʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʡ ʤʘʰʠʥʝ, ʠ ʦʙʦʟʥʘʯʠʤ 
ʠʭ ʧʝʨʚʦʡ ʙʫʢʚʦʡ ʮʚʝʪʘ ʤʘʰʠʥʳ (ʨʠʩ. 2) 

 
ʈʠʩ. 2 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʜʚʠʞʝʥʠʷ: ʢʨʘʩʥʘʷ, ʯʝʨʥʘʷ, 
ʩʠʥʷʷ, ʟʝʣʝʥʘʷ, ʙʝʣʘʷ. 

ɿʘʜʘʯʘ 6. ɿʘʜʘʥ ʛʨʘʬ G(V,E), ʛʜʝ V={v1, v2, v3, v4, v5}; ={v1, v3, v5}; =Å; 

={v1, v2, v5}; ={v1}; ={v1, v2, v3, v4, v5}. 

1. ɿʘʜʘʡʪʝ ʛʨʘʬ ʩ ʧʦʤʦʱʴʶ ʙʠʥʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʪ.ʝ. ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ 

V ʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʤʥʦʞʝʩʪʚʘ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ <vi, vj> Í V³V. 
1. ʀʟʦʙʨʘʟʠʪʝ ʦʨʛʨʘʬ ʥʘ ʨʠʩʫʥʢʝ. 
2. ʇʦʩʪʨʦʡʪʝ ʤʘʪʨʠʮʫ ʩʤʝʞʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ. 
1. V={v1, v2, v3, v4, v5}. 
ʄʥʦʞʝʩʪʚʦ ʧʘʨ: {<v1, v1>; <v1, v3>; <v1, v5>; <v3, v1>; <v3, v2>; <v3, v5>; <v4, v1>; <v5, 

v2>; <v5, v3>; <v5, v4>; <v5, v5>}. 
2. ʉʤ. ʨʠʩ. 3. 
 

 
ʈʠʩ. 3. 
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3.  

 
ɿʘʜʘʥʠʷ. ɼʣʷ ʛʨʘʬʘ ʟʘʜʘʥʥʦʛʦ ʤʘʪʨʠʮʝʡ ʩʤʝʞʥʦʩʪʠ  
1. ʥʘʡʪʠ ʤʘʪʨʠʮʫ ʠʥʮʠʜʝʥʪʥʦʩʪʠ 
2. ʧʦʩʪʨʦʠʪʴ ʛʨʘʬ 
3. ʟʘʜʘʪʴ ʛʨʘʬ ʙʠʥʘʨʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 
4. ʦʧʨʝʜʝʣʠʪʴ ʷʚʣʷʝʪʩʷ ʣʠ ʛʨʘʬ ʵʡʣʝʨʦʚʳʤ 
5. ʤʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʵʡʣʝʨʦʚ ʮʠʢʣ ʫʜʘʣʠʚ ʥʝʢʦʪʦʨʳʝ ʨʝʙʨʘ 
6. ʩʜʝʣʘʡʪʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʣʠ ʛʨʘʬ ʛʘʤʠʣʴʪʦʥʦʚʳʤ 
2. ʕʡʣʝʨʦʚʳ ʠ ʛʘʤʠʣʴʪʦʥʦʚʳ ʛʨʘʬʳ 
ɸʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʵʡʣʝʨʦʚʘ ʮʠʢʣʘ 
ɺʳʰʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʥʘʣʠʯʠʷ ʵʡʣʝʨʦʚʘ ʮʠʢʣʘ ʚ 

ʛʨʘʬʝ. ɸ ʠʤʝʥʥʦ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʩʪʝʧʝʥʠ ʚʩʝʭ 
ʚʝʨʰʠʥ ʯʝʪʥʳʝ, ʯʪʦ ʥʝʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʧʨʠ ʣʶʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʛʨʘʬʘ. ʆʩʪʘʣʦʩʴ 
ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʘʣʛʦʨʠʪʤ ʣʠʥʝʝʥ, ʪ.ʝ. ʯʠʩʣʦ ʜʝʡʩʪʚʠʡ 
ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʨʝʙʝʨ.  

ɺʭʦʜ: ʵʡʣʝʨʦʚ ʛʨʘʬ G 
ɺʳʭʦʜ: ʩʧʠʩʦʢ ʨʝʙʝʨ ʛʨʘʬʘ G ʚ ʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʵʡʣʝʨʦʚ ʮʠʢʣ. 
1. ʇʦʣʦʞʠʪʴ ʪʝʢʫʱʠʡ ʛʨʘʬ ʨʘʚʥʳʤ G , ʘ ʪʝʢʫʱʫʶ ʚʝʨʰʠʥʫ ï ʨʘʚʥʦʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʝʨʰʠʥʝ vVɴ(G). 
2. ɺʳʙʨʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ, ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ (ʩʤ. ʥʠʞʝ) ʨʝʙʨʦ e ʪʝʢʫʱʝʛʦ 

ʛʨʘʬʘ, ʠʥʮʠʜʝʥʪʥʦʝ ʪʝʢʫʱʝʡ ʚʝʨʰʠʥʝ. 
3. ʅʘʟʥʘʯʠʪʴ ʪʝʢʫʱʝʡ ʚʪʦʨʫʶ ʚʝʨʰʠʥʫ, ʠʥʮʠʜʝʥʪʥʫʶ e. 
4. ʋʜʘʣʠʪʴ e ʠʟ ʪʝʢʫʱʝʛʦ ʛʨʘʬʘ ʠ ʚʥʝʩʪʠ ʚ ʩʧʠʩʦʢ. 
5. ɽʩʣʠ ʚ ʪʝʢʫʱʝʤ ʛʨʘʬʝ ʝʱʝ ʦʩʪʘʣʠʩʴ ʨʝʙʨʘ, ʚʝʨʥʫʪʴʩʷ ʥʘ ʰʘʛ 2. 
ʆʛʨʘʥʠʯʝʥʠʝ: ʝʩʣʠ ʩʪʝʧʝʥʴ ʪʝʢʫʱʝʡ ʚʝʨʰʠʥʳ ʚ ʪʝʢʫʱʝʤ ʛʨʘʬʝ ʙʦʣʴʰʝ 1, ʥʝʣʴʟʷ 

ʚʳʙʠʨʘʪʴ ʨʝʙʨʦ, ʫʜʘʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟ ʪʝʢʫʱʝʛʦ ʛʨʘʬʘ ʫʚʝʣʠʯʠʪ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ 
ʩʚʷʟʥʦʩʪʠ ʚ ʥʝʤ. 

ɿʘʜʘʯʘ. ʀʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ ʌʣʸʨʠ, ʥʘʡʪʠ ʵʡʣʝʨʦʚʫ ʮʝʧʴ ʚ ʛʨʘʬʝ: 

 
ʈʝʰʝʥʠʝ. ɿʜʝʩʴ ʚʝʨʰʠʥʳ ʦʙʦʟʥʘʯʝʥʳ ʮʠʬʨʘʤʠ 1, 2, 3, 4, ʘ ʨʸʙʨʘ ð ʙʫʢʚʘʤʠ 

ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ð A, B, C, D, E, F, G, H. 
ʅʘʯʥʸʤ ʠʤʝʥʥʦ ʩ ʚʝʨʰʠʥʳ 1, ʧʨʦʡʜʸʤ ʧʦ ʨʝʙʨʫ A ʠ ʩʦʪʨʸʤ ʝʛʦ: 

 
ʆʪʤʝʪʠʤ ʧʨʦʡʜʝʥʥʳʡ çʧʫʪʴè A(1, 2). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟ ʚʝʨʰʠʥʳ 1 ʧʝʨʝʰʣʠ ʚ 

ʚʝʨʰʠʥʫ 2 ʧʦ ʨʝʙʨʫ A.  
ʉʣʝʜʫʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʝ B(2, 1): 
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ɿʘʪʝʤ C(1, 2): 

 
ɼʘʣʝʝ G(2, 3): 

 
ɺʝʨʰʠʥʘ 2 ʩʪʘʣʘ ʠʟʦʣʠʨʦʚʘʥʥʦʡ, ʟʥʘʯʠʪ, ʝʸ ʪʦʞʝ ʩʪʠʨʘʝʤ D(3, 4): 

 
E(4, 3): 

 
F(3, 4): 

 
H(4, 1) ð ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʰʘʛ ʚ ʧʦʠʩʢʝ ʵʡʣʝʨʦʚʦʡ ʮʝʧʠ.  

 
2. ʈʘʩʩʤʦʪʨʠʤ ʵʡʣʝʨʦʚ ʛʨʘʬ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ. 
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ʇʫʩʪʴ ʥʘ ʰʘʛʝ 1 ʚʳʙʨʘʥʘ ʚʝʨʰʠʥʘ v1. ʅʘ ʚʳʙʦʨʝ ʥʘ ʰʘʛʝ 2 ʦʛʨʘʥʠʯʝʥʠʝ ʥʠʢʘʢ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ; ʧʫʩʪʴ ʚʳʙʨʘʥʦ ʨʝʙʨʦ (v1,v5). ʅʘ ʜʚʫʭ ʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ 
ʥʘ ʚʳʙʦʨ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʚʦʟʥʠʢʘʝʪ; ʧʫʩʪʴ ʚʳʙʨʘʥʳ ʨʝʙʨʘ (v5,v2) ʠ (v2,v6).  

ʊʦʛʜʘ ʪʝʢʫʱʠʤ ʛʨʘʬʦʤ ʩʪʘʥʦʚʠʪʩʷ ʛʨʘʬ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ 
(ʪʝʢʫʱʘʷ ʚʝʨʰʠʥʘ ï v6). ʅʘ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ ʥʝʣʴʟʷ ʚʳʙʨʘʪʴ ʨʝʙʨʦ (v6,v3) ʠʟ-ʟʘ 
ʦʛʨʘʥʠʯʝʥʠʷ; ʧʫʩʪʴ ʚʳʙʨʘʥʦ ʨʝʙʨʦ (v6,v5). 

ɼʘʣʴʥʝʡʰʠʡ ʚʳʙʦʨ ʨʝʙʝʨ ʦʧʨʝʜʝʣʝʥ ʦʜʥʦʟʥʘʯʥʦ (ʪʝʢʫʱʘʷ ʚʝʨʰʠʥʘ ʚʩʝʛʜʘ 
ʙʫʜʝʪ ʠʤʝʪʴ ʩʪʝʧʝʥʴ 1), ʪʘʢ ʯʪʦ ʚ ʠʪʦʛʝ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʩʣʝʜʫʶʱʠʡ ʵʡʣʝʨʦʚ ʮʠʢʣ: 

v1Ÿv5Ÿv2Ÿv6Ÿv5Ÿv4Ÿv6Ÿv3Ÿv2Ÿv1. 
3. ɼʝʨʝʚʴʷ. ʇʣʘʥʘʨʥʳʝ ʠ ʧʣʦʩʢʠʝ ʛʨʘʬʳ 
ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʚ ʥʝʤ ʦʩʪʦʚʘ ʤʠʥʠʤʘʣʥɹʦʛʦ ʚʝʩʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 
ʂʨʘʩʢʘʣʘ (ʘʣʛʦʨʠʪʤ ʇʨʠʤʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ). 

ɸʣʛʦʨʠʪʤ ʂʨʘʩʢʘʣʘ 
ʇʫʩʪʴ G ï ʩʚʷʟʥʳʡ ʚʟʚʝʰʝʥʥʳʡ (n, m)-ʛʨʘʬ.  

ʐʘʛ 1. ʉʪʨʦʠʤ ʧʫʩʪʦʡ ʛʨʘʬ  nO . ɺʳʙʠʨʘʝʤ ʨʝʙʨʦ  l 1  ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʠ 

ʩʪʨʦʠʤ ʛʨʘʬ  1T: 

1T= nO + l 1 . 

ʐʘʛ 2. ɽʩʣʠ ʛʨʘʬ  iTʫʞʝ ʧʦʩʪʨʦʝʥ, ʪʦ ʩʪʨʦʠʤ ʛʨʘʬ  1+Ti : 

1+Ti = iT+ l 1+i , ʛʜʝ  l 1+i - ʨʝʙʨʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʠʟ ʚʩʝʭ, ʥʝ ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʛʨʘʬ iT, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʦʥʦ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʦ ʮʠʢʣʦʚ ʚ ʛʨʘʬʝ 

1+Ti . ʏʝʨʝʟ  n ï 1  ʰʘʛ ʦʩʪʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʧʦʩʪʨʦʝʥ.  

ʇʨʠ ʵʪʦʤ ʚʝʩʦʤ ʦʩʪʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʨʝʙʝʨ. ɺ 
ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʩʪʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʥʝʦʜʥʦʟʥʘʯʥʦ. 

ɸʣʛʦʨʠʪʤ ʇʨʠʤʘ 
ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʩʨʘʟʫ ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʦ, ʧʦʵʪʦʤʫ ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ 

ʚʳʙʠʨʘʝʪʩʷ ʨʝʙʨʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʥʝ ʠʟ ʚʩʝʭ ʦʩʪʘʚʰʠʭʩʷ, ʘ ʪʦʣʴʢʦ ʠʟ ʪʝʭ ʨʝʙʝʨ, 

ʢʦʪʦʨʳʝ ʚ ʛʨʘʬʝ  G  ʙʳʣʠ ʩʤʝʞʥʳ ʩ ʨʝʙʨʘʤʠ, ʫʞʝ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʜʝʨʝʚʦ  iT. 

ʇʈʀʄɽʈ. ʅʘʡʪʠ ʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʘ  G, ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʥʝʛʦ 
ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʠ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʠ ʥʘʡʪʠ ʦʩʪʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʧʦ ʘʣʛʦʨʠʪʤʫ 
ʂʨʘʩʢʘʣʘ ʠ ʘʣʛʦʨʠʪʤʫ ʇʨʠʤʘ. 

ɺʝʩʘ ʨʝʙʝʨ ʛʨʘʬʘ  G: 
w(12) = 4; w(13) = 5; w(23) = 8; w(24) = 6; 
w(36) = 2; w(45) = 5; w(46) = 7; w(56) = 8 
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ʈɽʐɽʅʀɽ. 

ʅʘʡʜʝʤ ʦʩʪʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʛʨʘʬʘ  G  ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʂʨʘʩʢʘʣʘ ʠ ʇʨʠʤʘ. 
ɸʣʛʦʨʠʪʤ ʂʨʘʩʢʘʣʘ 

ʐʘʛ ʈʝʙʨʦ ɺʝʩ ʨʝʙʨʘ 

1 (36) 2 

2 (12) 4 

3 (13) 5 

4 (45) 5 

5 (24) 6 

ʉʫʤʤʘʨʥʳʡ ʚʝʩ ʦʩʪʦʚʘ 22 

ɹʦʣʴʰʝ ʥʠ ʦʜʥʦʛʦ ʰʘʛʘ ʜʦʙʘʚʠʪʴ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʮʠʢʣ. 
 

ɸʣʛʦʨʠʪʤ ʇʨʠʤʘ  

ʐʘʛ ʈʝʙʨʦ ɺʝʩ ʨʝʙʨʘ 

1 (36) 2 

2 (13) 5 

3 (12) 4 

4 (24) 6 

5 (45) 5 

ʉʫʤʤʘʨʥʳʡ ʚʝʩ ʦʩʪʦʚʘ 22 

 

ʛʨʘʬ 
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4. ʈʘʩʢʨʘʩʢʘ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ ʛʨʘʬʘ. ʍʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ 
ɿʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 
ɺ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʨʫʧʧʘʭ 01 ʠ 02 ʥʘʜʦ ʧʨʦʚʝʩʪʠ ʟʘʥʷʪʠʷ ʧʦ ʘʣʛʝʙʨʝ, ʜʠʩʢʨʝʪʥʦʡ 

ʤʘʪʝʤʘʪʠʢʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʠ ʠʩʪʦʨʠʠ ʈʦʩʩʠʠ (ʧʦ ʦʜʥʦʤʫ ʟʘʥʷʪʠʶ ʧʦ 
ʢʘʞʜʦʤʫ ʧʨʝʜʤʝʪʫ). ɿʘʥʷʪʠʷ ʧʦ ʢʘʞʜʦʤʫ ʧʨʝʜʤʝʪʫ ʧʨʦʚʦʜʷʪʩʷ ʩ ʢʘʞʜʦʡ ʛʨʫʧʧʦʡ 
ʦʪʜʝʣʴʥʦ. ɿʘʥʷʪʠʷ ʧʦ ʘʣʛʝʙʨʝ ʠ ʧʦ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʚʝʜʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴ X, ʧʦ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ Y, ʧʦ ʠʩʪʦʨʠʠ ʈʦʩʩʠʠ ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ Z. 

ʅʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʘʨ, ʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʣʦʞʠʪʴ ʚʩʝ ʟʘʥʷʪʠʷ, ʠ 
ʩʦʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʧʠʩʘʥʠʝ. 

ʈʝʰʝʥʠʝ. 
ʇʦʩʪʨʦʠʤ ʛʨʘʬ ʩ ʚʝʨʰʠʥʘʤʠ ɸ1, ɸ2, ɼ1, ɼ2, ʄ1, ʄ2, ʀ1 ʠ ʀ2 (ʙʫʢʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʤʝʪʫ, ʘ ʮʠʬʨʘ ï ʥʦʤʝʨʫ ʛʨʫʧʧʳ). ʉʦʝʜʠʥʠʤ ʨʝʙʨʘʤʠ ʚʝʨʰʠʥʳ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʦʣʫʯʠʤ ʛʨʘʬ, 
ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ. ɺʝʨʰʠʥʳ ɸ1, ɸ2, ɼ1 ʠ ɼ2 ʵʪʦʛʦ ʛʨʘʬʘ ʧʦʨʦʞʜʘʶʪ ʚ 
ʥʝʤ ʧʦʜʛʨʘʬ, ʠʟʦʤʦʨʬʥʳʡ ʛʨʘʬʫ K4. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʥʘʰʝʛʦ 
ʛʨʘʬʘ ʥʝ ʤʝʥʴʰʝ 4. ʅʘ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ ʫʢʘʟʘʥʘ ʧʨʘʚʠʣʴʥʘʷ ʨʘʩʢʨʘʩʢʘ ʥʘʰʝʛʦ ʛʨʘʬʘ ʚ 
4 ʢʨʘʩʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʨʦʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʛʨʘʬʘ ʨʘʚʥʦ 4, ʪ. ʝ. ʚʩʝ ʟʘʥʷʪʠʷ ʤʦʞʥʦ 
ʧʨʦʚʝʩʪʠ ʟʘ 4 ʧʘʨʳ. 

 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʧʠʩʘʥʠʝ ʫʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ: 

 ɻʨʫʧʧʘ 01 ɻʨʫʧʧʘ 02 

1 ʧʘʨʘ ɸʣʛʝʙʨʘ ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

2 ʧʘʨʘ ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ɸʣʛʝʙʨʘ 

3 ʧʘʨʘ ʀʩʪʦʨʠʷ ʈʦʩʩʠʠ ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ 

4 ʧʘʨʘ ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʀʩʪʦʨʠʷ ʈʦʩʩʠʠ 

 
ɿʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʛʨʘʬ 

G 

1 

2 

3 

4 

5 

6 

ʦʩʪʦʚ  

ʛʨʘʬʘ  G 
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ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 8 ʨʘʙʦʪ: v1,v2,é,v8. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʵʪʠʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʳ ʤʝʭʘʥʠʟʤʳ a1,a2,é,a6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ 
ʢʘʞʜʦʡ ʠʟ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ: 

 
ʅʠ ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʜʚʫʭ 

ʨʘʙʦʪʘʭ. ɺʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʡ ʨʘʙʦʪʳ ʟʘʥʠʤʘʝʪ 1 ʯʘʩ. ʂʘʢ ʨʘʩʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ, 
ʯʪʦʙʳ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʢʘʢʦʚʦ ʵʪʦ 
ʚʨʝʤʷ? 

ʈʝʰʝʥʠʝ. 
ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬ G, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʣʘʥʠʨʫʝʤʳʝ ʨʘʙʦʪʳ 

v1,v2,é,v8, ʘ ʨʝʙʨʘ ʩʦʝʜʠʥʷʶʪ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʦʙʱʠʡ 
ʤʝʭʘʥʠʟʤ (ʠ ʢʦʪʦʨʳʝ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʥʝʣʴʟʷ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ). ʕʪʦʪ ʛʨʘʬ 
ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 

 

 
 
ɺʝʨʰʠʥʳ v1,v2,é,v8 ʧʦʨʦʞʜʘʶʪ ʧʦʜʛʨʘʬ ʛʨʘʬʘ G, ʠʟʦʤʦʨʬʥʳʡ K4. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ɢ(G)Ó4. ʎʠʬʨʳ ʚ ʩʢʦʙʢʘʭ ʥʘ ʨʠʩʫʥʢʝ ʫʢʘʟʳʚʘʶʪ ʧʨʘʚʠʣʴʥʫʶ ʨʘʩʢʨʘʩʢʫ 
ʛʨʘʬʘ G ʚ 4 ʢʨʘʩʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ɢ(G)=4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʨʘʙʦʪʳ ʤʦʞʥʦ 
ʚʳʧʦʣʥʠʪʴ ʟʘ 4 ʯʘʩʘ. ɼʣʷ ʵʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʡʜʝʥʥʦʡ ʨʘʩʢʨʘʩʢʦʡ ʛʨʘʬʘ G, ʥʘʜʦ 
ʚ 1-ʡ ʯʘʩ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ v1 ʠ v6 , ʚʦ 2-ʡ ï ʨʘʙʦʪʳ v2 ʠ v3, ʚ 3-ʡ ï ʨʘʙʦʪʳ v4 ʠ v8, ʚ 
4-ʡ ï ʨʘʙʦʪʳ v5 ʠ v7. 

 
ʇʈɸʂʊʀʏɽʉʂʆɽ ɿɸʅʗʊʀɽ ˉ5 

ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ  
ʇʣʘʥ ʟʘʥʷʪʠʷ 

1. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ.  
2. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʪʝʨʤʳ. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ.  
3. ʆʧʝʨʘʮʠʠ ʥʘʜ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ. 
1. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ 
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ʇʈʀʄɽʈ. ʅʘʡʪʠ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʦʩʠʪʝʣʴ, ʷʜʨʦ, ʚʳʩʦʪʫ) ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ A = .
4,08,07,005,0

54321 xxxxx
++++  

ʈɽʐɽʅʀɽ 

ɺʳʩʦʪʘ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ A ʨʘʚʥʘ  0,8: 

hgtA= max{0,5; 0; 0,7; 0,8; 0,4} = 0,8. 

ʅʦʩʠʪʝʣʝʤ ʤʥʦʞʝʩʪʚʘ A ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ: 

{x 1 , x , x , x }  Ë  U. 

ʊʘʢ ʢʘʢ ʤʥʦʞʝʩʪʚʦ A ï ʩʫʙʥʦʨʤʘʣʴʥʦʝ, ʪʦ ʝʛʦ ʷʜʨʦ ʧʫʩʪʦ. 

0,5 ï ʩʝʯʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ   A ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ: 

A = { x 1 , x , x }. 

ɿʘʜʘʯʘ 1. ʅʘʡʪʠ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʦʩʠʪʝʣʴ, ʷʜʨʦ, ʚʳʩʦʪʫ) ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ A 

ʘ) ɸ =  

ʙ) ɸ =  

ʚ) ɸ =  

 
2. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʪʝʨʤʳ. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ 
ʇʈʀʄɽʈ. ʇʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦʥʷʪʠʝ çʥʝʤʦʣʦʜʦʡ 

ʯʝʣʦʚʝʢè ʠ ʚʳʧʦʣʥʠʪʴ ʜʝʬʘʟʟʠʬʠʢʘʮʠʶ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ. 
ʈɽʐɽʅʀɽ 

ʇʫʩʪʴ A ï ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʧʦʥʷʪʠʝ çʥʝʤʦʣʦʜʦʡ 
ʯʝʣʦʚʝʢè. ʊʦʛʜʘ ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 
ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ: 

A= . 

ʇʨʦʚʝʜʝʤ ʜʝʬʘʟʟʠʬʠʢʘʮʠʶ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦ ʤʝʪʦʜʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ: 

 

 
ɿʘʜʘʯʘ 2. ʇʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦʥʷʪʠʷ 
ʘ) çʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʯʝʣʦʚʝʢʘè  
ʙ) çʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷè 
ʚ) çʚʳʩʦʢʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘè 

ʠ ʚʳʧʦʣʥʠʪʴ ʜʝʬʘʟʟʠʬʠʢʘʮʠʶ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ. 
 

ʇʈʀʄɽʈ. ʆʧʨʝʜʝʣʠʪʴ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʧʝʨʝʤʝʥʥʫʶ ʠ ʪʝʨʤʳ, ʩʦʩʪʘʚʣʷʶɦ ʠʝ 
ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ. 

ʈɽʐɽʅʀɽ 
ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʤʝʥʥʫʶ ñʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷò, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʰʢʘʣʝ 

ñʥʠʟʢʘʷ", "ʩʨʝʜʥʷʷ", "ʚʳʩʦʢʘʷò ʠ ñʦʯʝʥʴ ʚʳʩʦʢʘ"̫.ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 
ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ñʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣò̫, ʪʝʨʤʘʤʠ - ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ 


