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ɺʩʪʫʧ 

 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʩʪʚʦʨʝʥʠʡ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʣʝʢʮʽʡ ʟ̔ ʢʫʨʩʫ 

çɼʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘè. ɼʠʩʮʠʧʣʽʥʘ çɼʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘè ʻ ʙʘʟʦʚʦʶ 

ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 122 çʂʦʤʧôʁ ʪʝʨʥʽ ʥʘʫʢʠè ʽ 126 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾè.  

ʆʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʫʜʝʥʪʘʤʠ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥ ̫

ʜʠʩʮʠʧʣʽʥ çʊʝʦʨʽʷ ʘʣʛʦʨʠʪʤʽʚè, çʇʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷè, çʆʙô̒ ʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷè, çʏʠʩʣʦʚʽ ʤʝʪʦʜʠè, çʂʦʤʧôʁ ʪʝʨʥʽ ʤʝʨʝʞʽè ʪʘ 

ʽʥ.  

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʤʽʩʪʠʪʴ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʤʥʦʞʠʥ, 

ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʪʘ ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ. ɿʦʢʨʝʤʘ, ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʠ ʪʝʦʨʽʾ 

ʤʥʦʞʠʥ, ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ  ̔ ʚʽʜʥʦʰʝʥʴ ʥʘ ʤʥʦʞʠʥʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʪʘ ʧʦʨʷʜʢʫ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʢʦʥʘʤʠ ʢʦʤʙʽʥʘʪʦʨʠʢʠ, 

ʢʦʤʙʽʥʘʪʦʨʥʠʤʠ ʚʠʙʽʨʢʘʤʠ ʡ ʪʠʧʦʚʠʤʠ ʢʦʤʙʽʥʘʪʦʨʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʪʝʦʨʽʾ ʛʨʘʬʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʙʘʟʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʦʨʽʾ 

ʛʨʘʬʽʚ, ʩʧʦʩʦʙʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʽʚ, ʚʽʜʥʦʰʝʥʥʷ ʡ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʛʨʘʬʘʭ. ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʦ ʜʝʨʝʚʘ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʣʽʩ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘ ʛʨʘʬʘʭ. ʋ ʨʦʟʜʽʣʽ çɹʫʣʝʚʘ ʘʣʛʝʙʨʘè 

ʥʘʜʘʥʽ ʢʘʥʦʥʽʯʥʽ ʬʦʨʤʠ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ ʽ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʙʣʝʤʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʬʦʨʤʫʣ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ. 

ʇʦʩʽʙʥʠʢ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʽʥʞʝʥʝʨʽʚ  ̔ʩʪʫʜʝʥʪʽʚ ʪʝʭʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. 
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ʈʦʟʜʽʣ 1. ʄʥʦʞʠʥʠ, ʦʧʝʨʘʮʽʾ ʥʘʜ ʤʥʦʞʠʥʘʤʠ 

 

1.1. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʤʥʦʞʠʥ 

ʂʘʥʪʦʨʽʚʩʴʢʠʡ ʚʠʨʘʟ çʄʥʦʞʠʥʘ ï ʮʝ ʟʽʙʨʘʥʥʷ ʚ ʻʜʠʥʝ ʮʽʣʝ ʧʝʚʥʠʭ 

ʦʙô̒ ʢʪʽʚ, ʯʽʪʢʦ ʨʦʟʨʽʟʥʶʚʘʥʠʭ ʥʘʰʦʶ ʽʥʪʫʾʮʽʻʶ ʯʠ ʥʘʰʦʶ ʜʫʤʢʦʶè, 

ʙʝʟʫʤʦʚʥʦ, ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʨʦʛʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʟʥʘʯʝʥʥʷʤ. ʎʝ ʨʘʜʰʝ 

ʧʦʷʩʥʝʥʥʷ ʧʦʥʷʪʪʷ ʤʥʦʞʠʥʠ.  

ʇʨʠʢʣʘʜʘʤʠ ʤʥʦʞʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʥʦʞʠʥʠ ʜʝʩʷʪʢʦʚʠʭ ʮʠʬʨ, ʣʽʪʝʨ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ, ʤʝʰʢʘʥʮʽʚ ʂʠʻʚʘ, ʧʘʨʥʠʭ ʯʠʩʝʣ, ʨʦʟʚô̫ ʟʢʽʚ ʷʢʦʛʦʩʴ 

ʨʽʚʥʷʥʥʷ ʪʦʱʦ. ʅʘ ʧʠʩʴʤʽ ʤʥʦʞʠʥʠ ʧʦʟʥʘʯʘʶʪʴ ʟʘʟʚʠʯʘʡ ʚʝʣʠʢʠʤʠ 

ʣʽʪʝʨʘʤʠ. ɼʣʷ ʜʝʷʢʠʭ ʤʥʦʞʠʥ ʫ ʤʘʪʝʤʘʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʣʽ 

ʧʦʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ: Z ï ʤʥʦʞʠʥʘ ʮʽʣʠʭ ʯʠʩʝʣ, N ï ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ 

ʯʠʩʝʣ, Q ï ʤʥʦʞʠʥʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ, R ï ʤʥʦʞʠʥʘ ʜʽʡʩʥʠʭ ʯʠʩʝʣ.  

 

ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ  

ʇʽʜ ʤʥʦʞʠʥʦʶ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʜʦʚʽʣʴʥʫ ʩʫʢʫʧʥʽʩʪʴ ʦʙô̒ ʢʪʽʚ, 

ʦʙô̒ ʜʥʘʥʠʭ ʜʝʷʢʦʶ ʩʧʽʣʴʥʦʶ ʦʟʥʘʢʦʶ.  

ʉʠʥʦʥʽʤʘʤʠ ʧʦʥʷʪʪʷ çʤʥʦʞʠʥʘè ʻ ʧʦʥʷʪʪʷ çʩʫʢʫʧʥʽʩʪʴè, çʢʣʘʩè, 

çʟʙʽʨʢʘè ʪʦʱʦ. ʇʨʝʜʤʝʪʠ, ʦʙô̒ ʢʪʠ, ʷʢʽ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʘ, ʥʘʟʠʚʘʶʪʴ ʾʾ 

ʝʣʝʤʝʥʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʜʦʯʢʘ, ʩʠʥ ʻ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ʩʽʤôʾ .  

ʄʥʦʞʠʥʠ ʧʦʟʥʘʯʘʶʪʴ ʚʝʣʠʢʠʤʠ ʣʽʪʝʨʘʤʠ ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ ɸ, ɺ, 

ʉ, D, é, ʘ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥ ï ʤʘʣʠʤʠ ʙʫʢʚʘʤʠ ʮʴʦʛʦ ʘʣʬʘʚʽʪʫ ï ʘ, b, ʩ, d, ... 

ʇʨʠʢʣʘʜ 1.1. ʄʦʞʣʠʚʽ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ: a, b, c, é, x, 

y, z. ɽʣʝʤʝʥʪʦʤ ʤʥʦʞʠʥʠ ʤʦʞʝ ʙʫʪʠ ʽʥʰʘ ʤʥʦʞʠʥʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʝʣʝʤʝʥʪʦʤ ʤʥʦʞʠʥʠ ʻ ʤʥʦʞʠʥʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʚʦʻʶ ʥʘʟʚʦʶ ʘʙʦ 

ʝʣʝʤʝʥʪʘʤʠ ʫ ʬʽʛʫʨʥʠʭ ʜʫʞʢʘʭ. 

ʇʨʠʢʣʘʜ 1.2. ʅʝʭʘʡ B = {d, c, n}. ʊʦʜʽ A = {a, b, c, B} ʘʙʦ A = {a, b, c, 

{ d, c, n}} . 

ʇʨʦ ʝʣʝʤʝʥʪʠ ʮʽʻʾ ʤʥʦʞʠʥʠ ʛʦʚʦʨʷʪʴ, ʱʦ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʮʽʡ ʤʥʦʞʠʥʽ, 

ʽ ʩʠʤʚʦʣʽʯʥʦ ʟʘʧʠʩʫʶʪʴ ʪʘʢ: ʘ Í ɸ. 

ʏʠʪʘʶʪʴ: çʝʣʝʤʝʥʪ ʘ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ ɸè ʘʙʦ çʤʥʦʞʠʥʘ ɸ ʤʽʩʪʠʪʴ 

ʝʣʝʤʝʥʪ ʘè. 

ɿʥʘʢ ʥʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ ï ʮʝ ʩʪʠʣʽʟʘʮʽʷ ʧʝʨʰʦʾ ʣʽʪʝʨʠ 

ʛʨʝʮʴʢʦʛʦ ʩʣʦʚʘ ʙʫʪʠ. ʊʝ, ʱʦ ʝʣʝʤʝʥʪ ʘ ʥʝ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ ɸ, ʧʦʟʥʘʯʘʶʪʴ 

ʪʘʢ: ʘ Î ɸ. 
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ɿʘʧʠʩ ὥȟὦȟὧȟȢȢȢɴ ὃ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʠʩʫ ὥᶰὃ, ὦɴ

ὃ, ὧɴ ὃ é 

ʇʨʠʢʣʘʜ 1.3. ʇʦʟʥʘʯʝʥʥʷ x  ɴX ʧʦʢʘʟʫʻ, ʱʦ ʝʣʝʤʝʥʪ x ʥʘʣʝʞʠʪʴ 

ʤʥʦʞʠʥʽ X, ʪʦʙʪʦ x ̒  ʦʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X. ʇʦʟʥʘʯʝʥʥʷ {d, c, n} Xɴ 

ʧʦʢʘʟʫʻ, ʱʦ ʤʥʦʞʠʥʘ {d, c, n} ʻ ʝʣʝʤʝʥʪʦʤ ʤʥʦʞʠʥʠ ʍ. 

ʇʦʟʥʘʯʝʥʥʷ aÎX ʧʦʢʘʟʫʻ, ʱʦ ʝʣʝʤʝʥʪ a ʥʝ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ X. 

ɺʧʨʘʚʘ 1. ʅʘʟʚʽʪʴ ʪʨʠ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ: ʘ) ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ, 

ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʽʡ ʰʢʦʣʽ; ʙ) ʧʘʨʥʠʭ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ; 

ʚ) ʯʦʪʠʨʠʢʫʪʥʠʢʽʚ. 

ɺʧʨʘʚʘ 2. ʅʘʜʘʥʽ ʯʠʩʣʘ: 325, 0, ï17, ï3, 8, 7. ʋʩʪʘʥʦʚʽʪʴ, ʷʢʽ ʟ ʥʠʭ 

ʥʘʣʝʞʘʪʴ ʤʥʦʞʠʥʽ: 1) ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ; 2) ʮʽʣʠʭ ʯʠʩʝʣ; 3) ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʯʠʩʝʣ; 4) ʜʽʡʩʥʠʭ ʯʠʩʝʣ.  

ɺʧʨʘʚʘ 3. ʇʨʦʯʠʪʘʡʪʝ ʮ̔  ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʽ ʚʢʘʞʽʪʴ ʩʝʨʝʜ ʥʠʭ ʽʩʪʠʥʥʽ: 

1) 100 ɴὔ; 2) ï8 ɴὤ; 3) ï8 ɵὔ; 4) 5,36 ɴ Q; 5) 102 ɵ R; 6) Ѝςɵ  Q; 7) ï7 ɴ R; 

8) ᶰὔ; 9) 0 ɴὤ.  

ɺʧʨʘʚʘ 4. ʈ ï ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ, ʙʽʣʴʰʠʭ ʟʘ 7 ʽ ʤʝʥʰʠʭ ʟʘ 

14. ɿô̫ ʩʫʡʪʝ, ʷʢʽ ʟ ʯʠʩʝʣ 13, 10, 5, 7, 14 ʡʦʤʫ ʥʘʣʝʞʘʪʴ, ʘ ʷʢʽ ï ʥʝ ʥʘʣʝʞʘʪʴ. 

ɺʽʜʧʦʚʽʜʴ ʟʘʧʠʰʽʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʢʠ Í ʽ Î. 

 

ʉʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʤʥʦʞʠʥʠ 

ɼʣʷ ʟʘʜʘʥʥʷ ʤʥʦʞʠʥʠ, ʫʪʚʦʨʝʥʦʾ ʟ ʙʫʜʴ-ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʤʦ ʩʧʦʩʦʙʠ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʧʦʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʽʛʫʨʥʠʭ ʜʫʞʦʢ.  

ʗʢʱʦὥȟὥȟȣȟὥ ï ʷʢʽʩʴ ʦʙô̒ ʢʪʠ, ʪʦ ʾʭ ʤʥʦʞʠʥʫ ʧʦʟʥʘʯʘʶʪʴ ʷʢ 

ὥȟὥȟȣȟὥ , ʜʝ ʫ ʬʽʛʫʨʥʠʭ ʜʫʞʢʘʭ ʤʽʩʪʠʪʴʩʷ ʧʝʨʝʣʽʢ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ 

ʚʽʜʧʦʚʽʜʥʦʾ ʤʥʦʞʠʥʠ. ʇʦʨʷʜʦʢ ʟʘʧʠʩʫ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ʚ ʪʘʢʦʤʫ 

ʧʦʟʥʘʯʝʥʥʽ ʥʝʽʩʪʦʪʥʠʡ.  

ʇʨʠʢʣʘʜ 1.4 ʄʥʦʞʠʥʫ ʚʩʽʭ ʜʝʩʷʪʢʦʚʠʭ ʮʠʬʨ ʟʘʧʠʩʫʶʪʴ 

πȟρȟςȟσȟτȟυȟφȟχȟψȟω, ʤʥʦʞʠʥʫ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ȟȟȟ , ʤʥʦʞʠʥʫ ʨʦʟʚô̫ ʟʢʽʚ ʥʝʨʽʚʥʦʩʪʽ ὼ ρ π ρ.  

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʽʜʝʡ ʢʘʥʪʦʨʽʚʩʴʢʦʾ ʪʝʦʨʽʾ ʤʥʦʞʠʥ ï ʨʦʟʛʣʷʜ ʤʥʦʞʠʥʠ 

ʷʢ ʥʦʚʦʛʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʦʙô̒ ʢʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʨʦʟʨʽʟʥʷʪʠ ʪʘʢʽ ʜʚʘ ʨʽʟʥʽ ʦʙô̒ ʢʪʠ, ʷʢ ʝʣʝʤʝʥʪ ʘ ʪʘ ʤʥʦʞʠʥʘ ὥ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʻʜʠʥʦʛʦ ʝʣʝʤʝʥʪʘ ʘ. ɿʦʢʨʝʤʘ, ʤʥʦʞʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾʩʴ ʽʥʰʦʾ ʤʥʦʞʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʤʥʦʞʠʥʘ  
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Ὀ ὥȟὦȟὥȟὧȟὦȟὧ  ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʘʨ ʟ ʝʣʝʤʝʥʪʽʚ a, b, c ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ, ʽ ʾʾ ʟʘʜʘʥʦ ʮʽʣʢʦʤ ʢʦʨʝʢʪʥʦ.  

ʊʘʢʠʡ ʩʧʦʩʽʙ ʟʘʜʘʚʘʥʥʷ ʤʥʦʞʠʥʠ ʛʨʦʤʽʟʜʢʠʡ ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʨʘʟʽ ʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʟʘʜʘʥʥʷ ʤʥʦʞʠʥ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʟʥʘʯʝʥʥʽ ʟʘʛʘʣʴʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʯʠ ʧʦʨʦʜʞʫʚʘʣʴʥʦʾ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʚʩʽʭ ʦʙô̒ ʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʦʧʠʩʫʚʘʥʫ ʤʥʦʞʠʥʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʥʥʷ ʤʥʦʞʠʥʠ ʄ ʤʘʻ ʚʠʛʣʷʜ ὓ ὥȿὖὥ . 

ʎʝʡ ʚʠʨʘʟ ʩʣʽʜ ʯʠʪʘʪʠ ʪʘʢ: çʄ ï ʮʝ ʤʥʦʞʠʥʘ ʚʩʽʭ ʪʠʭ ʽ ʪʽʣʴʢʠ ʪʠʭ ʝʣʝʤʝʥʪʽʚ 

ʘ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ Pè. ʏʝʨʝʟ P(a) ʧʦʟʥʘʯʝʥʦ ʘʙʦ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʫ 

ʤʘʶʪʴ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʄ, ʘʙʦ ʷʢʫʩʴ ʧʦʨʦʜʞʫʚʘʣʴʥʫ ʧʨʦʮʝʜʫʨʫ, ʱʦ 

ʦʧʠʩʫʻ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ʄ ʟ ʫʞʝ ʚʽʜʦʤʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ 

ʯʠ ʽʥʰʠʭ ʦʙô̒ ʢʪʽʚ. ɿʘʤʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʠʩʢʠ ʽʥʦʜʽ ʧʠʰʫʪʴ ʜʚʦʢʨʘʧʢʫ.  

ʇʨʠʢʣʘʜ 1.6. Ὓ ὲȿὲ ̎̆̐́̑̎̆ ̘̉̒̌̏ʘʙʦ Ὓ ὲȿὲ ςὯ ρȟὯᶰ

ὤ, ὢ ὼȿὼ “ὯȟὯᶰὤ 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʟʘʜʘʥʥʷ ʤʥʦʞʠʥ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ. ʅʘʧʨʠʢʣʘʜ, ʫʚʝʜʝʥʫ 

ʚʠʱʝ ʤʥʦʞʠʥʫ D ʚʩʽʭ ʧʘʨ ʟ ʝʣʝʤʝʥʪʽʚ a, b, c ʤʦʞʥʘ ʟʘʜʘʪʠ ʪʘʢ:  

Ὀ ὼȟώȿὼɴ ὥȟὦȟὧȟώɴ ὥȢὦȢὧȟὼ ώ. 

ʊʨʝʪʽʡ ʩʧʦʩʙ̔ ʟʘʜʘʥʥʷ ʤʥʦʞʠʥ ʥʦʩʠʪʴ ʥʘʟʚʫ ʜʽʘʛʨʘʤʠ ɽʡʣʝʨʘ ï ɺʝʥʥʘ.  

ɿ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʽʢʘʻ, ʱʦ ʨʽʚʥʽ ʤʥʦʞʠʥʠ ʡ ʚʽʜʥʦʰʝʥʥʷ ʟ ʤʥʦʞʠʥʘʤʠ 

ʟʨʫʯʥʦ ʽʣʶʩʪʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʠʭ ʩʭʝʤ, ʫ ʷʢʠʭ ʤʥʦʞʠʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʽʣ, ʦʚʘʣʽʚ ʘʙʦ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʬʽʛʫʨ ʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʮʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨʘʭ ʤʽʩʪʷʪʴʩʷ ʚʩʽ 

ʝʣʝʤʝʥʪʠ ʮʽʻʾ ʤʥʦʞʠʥʠ. ʊʘʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʣʘʤʠ 

ɽʡʣʝʨʘ, ʚʽʜ ʽʤʝʥʽ ʥʽʤʝʮʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʃʝʦʥʘʨʜʘ ɽʡʣʝʨʘ, ʷʢʠʡ ʫ 1762 ʨʦʮʽ 

ʟʘʩʪʦʩʫʚʘʚ ʮʶ ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ ʜʣʷ ʣʦʛʽʯʥʠʭ ʮʽʣʝʡ.  

ɸʥʘʣʽʪʠʯʥʠʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʚʦʣʽʚ ʦʧʝʨʘʮʽʡ ʥʘʜ ʤʥʦʞʠʥʘʤʠ ʪʘ 

ʜʫʞʦʢ. 
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ɺʠʟʥʘʯʝʥʥʷ ʧʽʜʤʥʦʞʠʥʠ 

ɼʚʽ ʤʥʦʞʠʥʠ ɸ ʽ ɺ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʠʤʠ (ʟʘʧʠʩʫʶʪʴ ɸ = ɺ), ʷʢʱʦ ʚʦʥʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʠʭ ʩʘʤʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʄʥʦʞʠʥʫ ɸ ʥʘʟʠʚʘʶʪʴ ʧʽʜʤʥʦʞʠʥʦʶ ʤʥʦʞʠʥʠ ɺ (ʟʘʧʠʩʫʶʪʴ ὃ Ì " 

ʯʠ B É  A) ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ ɸ ʥʘʣʝʞʠʪʴ 

ʪʘʢʦʞ ʤʥʦʞʠʥʽ ɺ. ɿʥʘʢʠ ʽ ʥʘʟʠʚʘʶʪʴ ʟʥʘʢʘʤʠ ʚʢʣʶʯʝʥʥʷ. 

ʅʝʚʘʞʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ɸ = ɺ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʦʜʥʦʯʘʩʥʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʜʚʘ ʚʢʣʶʯʝʥʥʷ: A Ì B ʪʘ B Ì A. ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ A Ì B ʪʘ  

BÌC, ʪʦ AÌC. ʆʩʪʘʥʥʽ ʜʚʘ ʬʘʢʪʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʜʦʚʝʜʝʥʥʷʭ 

ʪʚʝʨʜʞʝʥʴ ʧʨʦ ʨʽʚʥʽʩʪʴ ʜʚʦʭ ʟʘʜʘʥʠʭ ʤʥʦʞʠʥ. 

ʗʢʱʦ A Ì ɺ, ʦʜʥʘʢ A  B, ʪʦ ʧʠʰʫʪʴ A Ë  B ʽ ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʫ ɸ 

ʚʣʘʩʥʦʶ (ʩʪʨʦʛʦʶ ʘʙʦ ʽʩʪʠʥʥʦʶ) ʧʽʜʤʥʦʞʠʥʦʶ ʤʥʦʞʠʥʠ ɺ. ɿʥʘʢʠ Ë ̔  È, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʟʥʘʢʽʚ Ì ʽ É , ʥʘʟʠʚʘʶʪʴ ʟʥʘʢʘʤʠ ʩʪʨʦʛʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʤʥʦʞʠʥʠ ɸ ʚʠʢʦʥʫʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ  

A Ì A. 

ʉʣʽʜ ʯʽʪʢʦ ʨʦʟʫʤʽʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʟʥʘʢʘʤʠ  ɴ̔ Ṗ, ʥʝ ʧʣʫʪʘʪʠ ʩʠʪʫʘʮʽʾ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʗʢʱʦ ὥṖὓ, ʪʦ ὥᶰὓ ̔  ʥʘʚʧʘʢʠ. ʆʜʥʘʢ ʽʟ ʚʢʣʶʯʝʥʥʷ 

ὥṖὓ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʝ ʚʠʧʣʠʚʘʻ ὥᶰὓ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʥʦʞʠʥʠ 

Ὀ ὥȟὦȟὥȟὧȟὦȟὧ  ʽ ʾʾ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:ὥȟὦᶰὈȟ ὥȟὦȟὦὧṖὈȟ ὥᶰὥȟὦȟ ὧᶱὥȟὧȟ 

ὥṖ ὥȟὦ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʩʪʽ ʤʥʦʞʠʥ 

ʄʥʦʞʠʥʘ X ʜʦʨʽʚʥʶʻ ʤʥʦʞʠʥʽ Y ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʫʜʴ-ʷʢʠʡ ʝʣʝʤʝʥʪ a 

ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ X (a  ɴX) ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ a  ɴY. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, 

X = Y (X ʜʦʨʽʚʥʶʻ Y) ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ X Ṗ Y ̔  Y Ṗ X. 

ʇʨʠʢʣʘʜ 1.7. ɺʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʨʽʚʥʠʤʠ ʤʥʦʞʠʥʠ X ʪʘ Y ʟʘ ʫʤʦʚʠ, ʱʦ 

X = { a, b, c, d}, Y = { c, a, b, d}.  

ʈʦʟʚô̫ ʟʦʢ. ʇʝʨʝʚʽʨʠʤʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥ X ʪʘ Y. ɹʫʜʴ-

ʷʢʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ X, ʪʘʢʦʞ ʥʘʣʝʞʠʪʴ ʽ ʤʥʦʞʠʥʽ Y. ʆʪʞʝ, 

X = Y. 

 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ 

ʇʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ï ʮʝ ʤʥʦʞʠʥʘ, ʷʢʘ ʥʝ ʤʽʩʪʠʪʴ ʝʣʝʤʝʥʪʽʚ. 

ʇʦʟʥʘʯʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ:  ɲʘʙʦ { } . 
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ʂʨʽʤ ʪʦʛʦ, ʚʚʘʞʘʶʪʴ, ʱʦ ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ 

ʤʥʦʞʠʥʠ ɸ, ʪʦʙʪʦ ᶮṖὃ(ʟʦʢʨʝʤʘ, ᶮṖᶮ). ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙô̒ ʢʪʘ ʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ὼɵ .ɲ  

ɺʧʨʘʚʘ 5. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ?  

(ʘ) ᶮ π; (ʙ) ᶮ ; (ʚ) ρȟɲ ρ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ 

ʄʥʦʞʠʥʘ, ʷʢʘ ʚʤʽʱʫʻ ʚ ʩʦʙʽ ʚʩʽ ʤʥʦʞʠʥʠ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʤʥʦʞʠʥʦʶ, ʘʙʦ ʫʥʽʚʝʨʩʫʤʦʤ, ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ U. 

ɺʣʘʩʪʠʚʦʩʪʽ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ 

ɺʣʘʩʪʠʚʽʩʪʴ 1. ɹʫʜʴ-ʷʢʠʡ ʦʙô̒ ʢʪ, ʷʢʘ ʙ ʥʝ ʙʫʣʘ ʡʦʛʦ ʧʨʠʨʦʜʘ, ʻ 

ʝʣʝʤʝʥʪʦʤ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ, ʟʦʢʨʝʤʘ U  ɴU. 

ɺʣʘʩʪʠʚʽʩʪʴ 2. ɹʫʜʴ-ʷʢʘ ʤʥʦʞʠʥʘ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʾ 

ʤʥʦʞʠʥʠ, ʟʦʢʨʝʤʘ U Ṗ U. 

ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʤʘʻ ʧʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʄʥʦʞʠʥʘ U, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʥʘʟʚʘʥʘ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʝʥʘ, ʷʢʱʦ ʥʝ ʥʘʟʚʘʥʘ ʧʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ, ʪʦʙʪʦ ʥʝ 

ʟʘʟʥʘʯʝʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙô̒ ʢʪʽʚ, ʟʘ ʷʢʦʶ ʮ ̫ʤʥʦʞʠʥʘ ʬʦʨʤʫʻʪʴʩʷ. 

1. ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʥʝ ʻ ʤʥʦʞʠʥʦʶ ʚʩʽʭ ʤʥʦʞʠʥ. 

2. ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʻ ʻʜʠʥʦʶ ʜʣʷ ʧʝʚʥʦʾ ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʦʾ 

ʟʘʛʘʣʴʥʦʾ ʦʟʥʘʢʠ ʾʾ ʝʣʝʤʝʥʪʽʚ.  

3. ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʤʘʻ ʧʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠʢʣʘʜ. 1.8.  

1. ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʚ ʪʝʦʨʽʾ ʯʠʩʝʣ ï ʤʥʦʞʠʥʘ ʮʽʣʠʭ ʯʠʩʝʣ. 

2. ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ï ʤʥʦʞʠʥʘ ʜʽʡʩʥʠʭ 

ʯʠʩʝʣ. 

 

ʉʢʽʥʯʝʥʥʽ ʡ ʥʝʩʢʽʥʯʝʥʥʽ ʤʥʦʞʠʥʠ 

ʄʥʦʞʠʥʫ ʥʘʟʠʚʘʶʪʴ ʩʢʽʥʯʝʥʥʦʶ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʾʾ ʝʣʝʤʝʥʪʽʚ 

ʩʢʽʥʯʝʥʥʘ, ʪʦʙʪʦ ʽʩʥʫʻ ʥʘʪʫʨʘʣʴʥʝ ʯʠʩʣʦ k , ʱʦ ʻ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ 

ʤʥʦʞʠʥʠ. ɺ ʽʥʰʦʤʫ ʨʘʟʽ ʤʥʦʞʠʥʘ ʻ ʥʝʩʢʽʥʯʝʥʥʦʶ. ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ ɸ ʪʨʘʜʠʮʽʡʥʦ ʧʦʟʥʘʯʘʶʪʴ ȿὃȿ. 

ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʩʢʽʥʯʝʥʦʾ ʤʥʦʞʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ 

ʤʥʦʞʠʥʠ. 

ʅʘʧʨʠʢʣʘʜ: ȿɲȿ π, ʷʢʱʦ ὥ πȟρȟσ, ʪʦʜʽ ʧʦʪʫʞʥʽʩʪʴ ȿὃȿ σ. 

ʗʢʱʦ ȿὃȿ ȿὄȿ, ʪʦ ʤʥʦʞʠʥʠ ɸ ʪʘ ɺ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʦʧʦʪʫʞʥʠʤʠ. 
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ʇʨʠʢʣʘʜ 1.9. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜ ʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ. 

ʈʦʟʚô̫ ʟʦʢ. ɿʘʜʘʤʦ ʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʧʝʨʝʨʘʭʫʚʘʥʥʷʤ A = {1, 2, 3, 4, 

5, 6, 7, 8, 9,10}. ʋ ʮʽʡ ʤʥʦʞʠʥʽ k = 10. 

ʅʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ï ʤʥʦʞʠʥʘ, ʱʦ ʤʽʩʪʠʪʴ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ. 

ʗʢʱʦ ʥʝ ʽʩʥʫʻ ʥʝʚʽʜô̒ ʤʥʦʛʦ ʮʽʣʦʛʦ ʯʠʩʣʘ k, ʪʦ ʤʥʦʞʠʥʫ ʥʘʟʠʚʘʶʪʴ 

ʥʝʩʢʽʥʯʝʥʥʦʶ. 

ʇʨʠʢʣʘʜ 1.10. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜ ʥʝʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ. 

ʈʦʟʚô̫ ʟʦʢ. ɿʘʜʘʤʦ ʥʝʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ ʧʨʝʜʠʢʘʪʦʤ B = {b} , b ī ʮʽʣʝ 

ʯʠʩʣʦ. ɼʣʷ ʮʽʻʾ ʤʥʦʞʠʥʠ ʥʝ ʽʩʥʫʻ ʮʽʣʦʛʦ ʥʝʚʽʜô̒ ʤʥʦʛʦ ʯʠʩʣʘ k. 

ɿʣʽʯʝʥʥʘ ʤʥʦʞʠʥʘ ï ʥʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʧʨʠʥʮʠʧʦʚʦ 

ʤʦʞʣʠʚʦ ʧʨʦʥʫʤʝʨʫʚʘʪʠ ʥʘʪʫʨʘʣʴʥʠʤʠ ʯʠʩʣʘʤʠ. 

ʅʝʟʣʽʯʝʥʥʘ ʤʥʦʞʠʥʘ ï ʪʘʢʘ ʥʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ, ʷʢʘ ʥʝ ʻ ʟʣʽʯʝʥʥʦʶ. 

ʇʨʠʢʣʘʜ 1.11. ɼʘʪʠ ʧʨʠʢʣʘʜʠ ʥʝʩʢʽʥʯʝʥʥʠʭ ʤʥʦʞʠʥ, ʜʦ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʟʣʽʯʝʥʥʽ ʤʥʦʞʠʥʠ. 

ʈʦʟʚô̫ ʟʦʢ. ʄʥʦʞʠʥʠ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ N, ʮʽʣʠʭ ʯʠʩʝʣ Z. ʄʥʦʞʠʥʠ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ Q ̔  ʜʽʡʩʥʠʭ ʯʠʩʝʣ R. ʄʥʦʞʠʥʘ ʢʦʤʧʣʝʢʩʥʠʭ ʯʠʩʝʣ C. 

ɿʣʽʯʝʥʥʘ ʤʥʦʞʠʥʘ ï ʥʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʤʦʞʥʘ 

ʧʨʦʥʫʤʝʨʫʚʘʪʠ ʥʘʪʫʨʘʣʴʥʠʤʠ ʯʠʩʣʘʤʠ. 

ɿʣʽʯʝʥʥʘ ʤʥʦʞʠʥʘ ï ʥʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ X, ʫ ʷʢʽʡ ʽʩʥʫʻ ʚʟʘʻʤʦ-

ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ X ź N, ʜʝ N ʧʦʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʚʩʽʭ ʥʘʪʫʨʘʣʴʥʠʭ 

ʯʠʩʝʣ. 

ɿʣʽʯʝʥʥʘ ʤʥʦʞʠʥʘ ʻ çʥʘʡʤʝʥʰʦʶè ʥʝʩʢʽʥʯʝʥʥʦʶ ʤʥʦʞʠʥʦʶ, ʪʦʙʪʦ 

ʚ ʙʫʜʴ-ʷʢʽʡ ʥʝʩʢʽʥʯʝʥʥʽʡ ʤʥʦʞʠʥʽ ʟʥʘʡʜʝʪʴʩʷ ʟʣʽʯʝʥʥʘ ʧʽʜʤʥʦʞʠʥʘ. 

ɺʣʘʩʪʠʚʽʩʪʴ 1. ɹʫʜʴ-ʷʢʘ ʧʽʜʤʥʦʞʠʥʘ ʟʣʽʯʝʥʥʦʾ ʤʥʦʞʠʥʠ ʩʢʽʥʯʝʥʥʘ. 

ɺʣʘʩʪʠʚʽʩʪʴ 2. ʄʥʦʞʠʥʘ ʚʩʽʭ ʩʢʽʥʯʝʥʥʠʭ ʧʽʜʤʥʦʞʠʥ ʟʣʽʯʝʥʥʦʾ 

ʤʥʦʞʠʥʠ ʟʣʽʯʝʥʥʘ. 
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ʇʨʠʢʣʘʜ 1.12. ʇʨʠʢʣʘʜ ʥʝʩʢʽʥʯʝʥʥʦʾ ʟʣʽʯʝʥʥʦʾ ʤʥʦʞʠʥʠ. ɿʣʽʯʝʥʥʘ 

ʤʥʦʞʠʥʘ ï ʟʽʨʢʠ, ʷʢʽ ʧʨʠʥʮʠʧʦʚʦ ʤʦʞʣʠʚʦ ʧʦʨʘʭʫʚʘʪʠ. ʉʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ, 

ʷʢʘ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʟʣʽʯʝʥʥʦʾ ʤʥʦʞʠʥʠ ï ʮʝ ʟʽʨʢʠ, ʷʢʽ ʟʘʥʝʩʝʥʽ ʜʦ ʟʽʨʢʦʚʦʛʦ 

ʢʘʪʘʣʦʛʫ. 

ʅʝʟʣʽʯʝʥʥʘ ʤʥʦʞʠʥʘ ï ʪʘʢʘ ʥʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ, ʷʢʘ ʥʝ ʻ 

ʟʣʽʯʝʥʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʴ-ʷʢʘ ʤʥʦʞʠʥʘ ʘʙʦ ʩʢʽʥʯʝʥʥʘ, ʘʙʦ ʟʣʽʯʝʥʥʘ, ʘʙʦ 

ʥʝʟʣʽʯʝʥʥʘ. 

n-ʤʥʦʞʠʥʘ ï ʮʝ ʤʥʦʞʠʥʘ, ʷʢʘ ʤʘʻ n ʝʣʝʤʝʥʪʽʚ. 

 

ɹʫʣʝʘʥ 

ɺʠʟʥʘʯʝʥʥʷ. ʄʥʦʞʠʥʫ ʚʩʽʭ ʧʽʜʤʥʦʞʠʥ ʤʥʦʞʠʥʠ A ʥʘʟʠʚʘʶʪʴ 

ʙʫʣʝʘʥʦʤ ʽ ʧʦʟʥʘʯʘʶʪʴ A2  ʘʙʦ ʈ(ɸ). ʋ ʜʝʷʢʠʭ ʜʞʝʨʝʣʘʭ ʙʫʣʝʘʥ ʧʦʟʥʘʯʘʶʪʴ 

ʷʢ ()Ab . 

ς ὔȿὔṖὃ 

ʗʢʱʦ ʤʥʦʞʠʥʠ ɸ ʤʘʻ n ʝʣʝʤʝʥʪʽʚ, ʪʦ ʙʫʣʝʘʥ ʈ(ɸ) ʤʽʩʪʠʪʠʤʝ n2  

ʝʣʝʤʝʥʪʽʚ, ʯʝʨʝʟ ʱʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʦʶ-ʩʪʝʧʝʥʝʤ ʤʥʦʞʠʥʠ ɸ. ɼʣʷ 

ʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ A ʟ n = A ʢʽʣʴʢʽʩʪʴ ʾʾ ʧʽʜʤʥʦʞʠʥ (ʧʦʪʫʞʥʽʩʪʴ ʙʫʣʝʘʥʘ) 

ʜʦʨʽʚʥʶʻ ς ςȿȿ. ʆʪʞʝ, ȿςȿ ςȿȿ. ɹʫʣʝʘʥ ʚʢʣʶʯʘʻ ʧʦʨʦʞʥʶ ʤʥʦʞʠʥʫ ʡ 

ʩʘʤʫ ʤʥʦʞʠʥʫ ɸ. 

ʇʨʠʢʣʘʜ 1.13. ɼʣʷ ʤʥʦʞʠʥʠ{ }baA ,= ʤʘʻʤʦ {}{}{ }{ }babaAP ,,,,)( Å= , ʘ 

ʜʣʷ {}{ }ÅÅ= ,A {}{}{ } {}{ }{ }{ }ÅÅÅÅÅ= ,,,,)(AP . 

ɺʧʨʘʚʘ 6. ʅʝʭʘʡ ɸ ï ʤʥʦʞʠʥʘ ʩʪʫʜʝʥʪʽʚ ʚʘʰʦʾ ʛʨʫʧʠ, ʷʢʘ ʾʾ 

ʧʦʪʫʞʥʽʩʪʴ? ʗʢʘ ʧʦʪʫʞʥʽʩʪʴ ʙʫʣʝʘʥʘ ʚʘʰʦʾ ʛʨʫʧʠ? 

ɺʧʨʘʚʘ 7. ɺʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʫ: (ʘ) { }))2,1((bb ; (ʙ) )))((( Åbbb . 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ?  

(ʘ){ } { };3,2,2,13,2,1 =    (ʚ){ } { }2,3,13,2,1 = ;  

(ʙ){ } {}{ }3,2,13,2,1 = ;   (ʛ){ } ( )( ){ }3,2,2,13,2,1 =  

2. ɿ ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ɺ, ʷʢʱʦ { }3,2,1=A ?  

(ʘ){ }AzxzxyyB Í+== ,,| ; (ʙ){ }AzxzyxyB Í+== ,,|   

(ʚ) { }AzxxzyyB Í== ,,| .    

3. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ? 

(ʘ){}0=Å ;   (ʚ){ } {}1,1 =Å ;   (ʜ){} 0=Å ;   (ʻ){}{ } 2, =ÅÅ ; 
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(ʙ){}=Å ;   (ʛ) 0=Å ;  (ʝ){} 1=Å ;   (ʞ){}{ } 2=Å . 

4. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ? 

    (ʘ){ }3,2,11Í ; (ʚ) {}{ }3,2,11Í ; (ʜ) { }{ }3,2,12,1 Í (ʻ) { } { }{ }2,12,1 Í ; (ʟ) {}aaÍ ;      

    (ʙ) {}{}{}{ }3,2,11Í ; (ʛ) {} {}{}{}{ }3,2,11Í ;  (ʝ) { }{ }2,12,1 Í ; (ʞ) { } {}{}{}{ }3,2,12,1 Í . 

5. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ? 

(ʘ) ÅÍ0 ;   (ʚ) {}1ÍÅ ;   (ʜ) {}{ }ÅÍÅ ; 

(ʙ) ÅÍÅ ;  (ʛ) {}ÅÍÅ ;  (ʝ) {} {}{ }ÅÅÍÅ , . 

6. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ? 

    (ʘ) { }3,2,11Ì ;  (ʚ) { } { }3,2,13,2,1 Ì ;  (ʜ) { } {}{ }{}{ }32,1,12,1 Ì ; 

    (ʙ) {} { }3,2,11 Ì ; (ʛ) {} {}{ }{ }3,2,11 Ì ;  (ʝ) { }3,2,1ÌÅ . 

7. ʅʝʭʘʡ {}{ }1,2,1=A . ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ? 

    (ʘ) AÍ1 ;  (ʙ){} AÍ1 ;  (ʚ) {}{} AÍ1 ; (ʛ) {} AÌ1 ; 

    (ʜ) {}{} AÌ1 ; (ʞ) {}{ } AÌ2 ; (ʽ) AÌÅ ;  (ʢ) { }AÌÅ ; 

    (ʝ) {} AÍ2 ;  (ʟ) { } AÍ2,1 ;  (ʾ) AÌÅ ;  (ʣ) { } AÌÅ1, ; 

    (ʻ) {} AÌ2 ;  (ʠ) { }Ì2,1 ɸ; (ʡ) {} AÍÅ ;  (ʤ) {}{ } AÌÅ 1, . 

8. ʗʢʽ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʚʠʣʴʥʽ? 

    (ʘ) ÅÌÅ ;  (ʛ) {} {}{ }ÅÌÅ ;  (ʻ) {}{ } {}{ }ÅÅÌÅ , ; 

    (ʙ) {}ÅÌÅ ;  (ʜ) {}1ÌÅ ;  (ʞ) {}{ } {}ÅÌÅ ; 

    (ʚ) {} ÅÌÅ ;  (ʝ) {} {}ÅÌÅ ;  (ʟ) {}{ } {}{ }{ }ÅÌÅ . 

9. ʏʠ ʽʩʥʫʻ ʪʘʢʘ ʦʜʥʦʝʣʝʤʝʥʪʥʘ ʤʥʦʞʠʥʘ ɺ, ʱʦ ʜʣʷ ʷʢʦʾʩʴ ʤʥʦʞʠʥʠ ɸ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ BAÍ ʽ BAÌ ? 

10. ɼʣʷ ʤʥʦʞʠʥʠ ɸ ʧʦʙʫʜʫʚʘʪʠ ʤʥʦʞʠʥʫ ʚʩʽʭ ʾʾ ʧʽʜʤʥʦʞʠʥ, ʪʦʙʪʦ 

ʙʫʣʝʘʥ P(A): 

    (ʘ) { }3,2,1=A ; (ʚ) {}{ }{ }2,1,2,1=A ; 

    (ʙ) {}Å=A ;  (ʛ) { }{ }2,1,Å=A  . 

11. ɺʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʫ: 

    (ʘ) { }))2,1((bb ;  (ʙ) )))((( Åbbb . 

12. ʅʘʟʚʽʪʴ ʪʨʠ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ:  

ʘ) ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʽʡ ʰʢʦʣʽ;  

ʙ) ʧʘʨʥʠʭ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ;  

ʚ) ʯʦʪʠʨʠʢʫʪʥʠʢʽʚ.  

13. ɺ ï ʤʥʦʞʠʥʘ ʧʘʨʥʠʭ ʯʠʩʝʣ. ɿʘʧʠʰʽʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʚʦʣʽʚ ʪʘʢ̔ 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ: 1) ʯʠʩʣʦ 20 ʧʘʨʥʝ; 2) ʯʠʩʣʦ 17 ʥʝ ʻ ʧʘʨʥʠʤ. 
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14. ɿʘʧʠʰʽʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʤʚʦʣʠ: ʘ) ʯʠʩʣʦ 14 ï ʥʘʪʫʨʘʣʴʥʝ; 

ʙ) ʯʠʩʣʦ ï 7 ʥʝ ʻ ʥʘʪʫʨʘʣʴʥʠʤ; ʚ) ʯʠʩʣʦ 0 ï ʨʘʮʽʦʥʘʣʴʥʝ; ʛ) ï ʯʠʩʣʦ 

ʜʽʡʩʥʝ. 

15. ʅʘʜʘʥʽ ʯʠʩʣʘ: 325, 0, ï17, ï3, 8, 7. ʋʩʪʘʥʦʚʽʪʴ, ʷʢʽ ʟ ʥʠʭ ʥʘʣʝʞʘʪʴ 

ʤʥʦʞʠʥʽ: 1) ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ; 2) ʮʽʣʠʭ ʯʠʩʝʣ; 3) ʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ; 

4) ʜʽʡʩʥʠʭ ʯʠʩʝʣ.  

16. ʇʨʦʯʠʪʘʡʪʝ ʮ ̔ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʽ ʚʢʘʞʽʪʴ ʩʝʨʝʜ ʥʠʭ ʽʩʪʠʥʥʽ:  

1) 100 Í N; 2) ï8 Í Z; 3) ï8 Î N; 4) 5,36 Í Q; 5) 102 Î R; 6) Ѝςɴ ὗ; 

7) ï7 Í R; 8) Í N; 9) 0 Í Z. 

17. ʈ ï ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ, ʙʽʣʴʰʠʭ ʟʘ 7 ʽ ʤʝʥʰʠʭ ʟʘ 14. 

ɿô̫ ʩʫʡʪʝ, ʷʢʽ ʟ ʯʠʩʝʣ 13, 10, 5, 7, 14 ʡʦʤʫ ʥʘʣʝʞʘʪʴ, ʘ ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ. 

ɺʽʜʧʦʚʽʜʴ ʟʘʧʠʰʽʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʢʠ Í ʽ Î. 

18. ɸ ï ʤʥʦʞʠʥʘ ʨʽʰʝʥʴ ʨʽʚʥʷʥʥʷ ʭ2 + 1 = 0. ʏʠ ʧʨʘʚʠʣʴʥʦ, ʱʦ ɸ ï 

ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ? ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʨʽʚʥʷʥʥʷ, ʤʥʦʞʠʥʘ ʨʽʰʝʥʴ ʷʢʦʛʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʘ) ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ; ʙ) ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ; ʚ) ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ. 

19. ɿʘʧʠʰʽʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʢʘ çʜʦʨʽʚʥʶʻè ʽ ʬʽʛʫʨʥʠʭ ʜʫʞʦʢ 

ʨʝʯʝʥʥʷ: 1) ʍ ï ʤʥʦʞʥʘ ʯʠʩʝʣ 0, 1, 2, 3, 4, 5; 2) Y ï ʤʥʦʞʠʥʘ ʣʽʪʝʨ ʚ ʩʣʦʚʽ 

çʤʘʪʝʤʘʪʠʢʘè. 

20. ʄʥʦʞʠʥʘ ʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʚʘʜʨʘʪʘ, ʢʦʣʘ ʽ ʪʨʠʢʫʪʥʠʢʘ. ʏʠ 

ʥʘʣʝʞʠʪʴ ʮʽʡ ʤʥʦʞʠʥʽ ʜʽʘʛʦʥʘʣʴ ʢʚʘʜʨʘʪʘ? 

21. ʇʝʨʝʨʘʭʫʡʪʝ ʝʣʝʤʝʥʪʠ ʪʘʢʦʾ ʤʥʦʞʠʥʠ: ɸ ï ʤʥʦʞʠʥʘ ʥʝʧʘʨʥʠʭ 

ʦʜʥʦʟʥʘʯʥʠʭ ʯʠʩʝʣ; ɺ ï ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ, ʥʝ ʤʝʥʰʠʭ ʟʘ 5; ʉ ï 

ʤʥʦʞʠʥʘ ʜʚʦʟʥʘʯʥʠʭ ʯʠʩʝʣ, ʱʦ ʜʽʣʷʪʴʩʷ ʥʘ 10. 

22. ʋʢʘʞʽʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ:  

ʘ) {ʘ, ʝ, ʝ, ʽ, ʦ, ʫ, ʻ, ʶ, ʷ, ʠ}; ʙ) {23, 22, 21, 20, 19, 18, 17, 16, 15};  

ʚ) {11, 22, 33, 44, 55, 66, 77, 88, 99}. 

23. ɸ ï ʤʥʦʞʠʥʘ ʜʚʦʟʥʘʯʥʠʭ ʯʠʩʝʣ, ʟʘʧʠʩ ʷʢʠʭ ʟʘʢʽʥʯʫʻʪʴʩʷ 

ʮʠʬʨʦʶ 1. ʏʠ ʥʘʣʝʞʘʪʴ ʮʽʡ ʤʥʦʞʠʥʽ ʯʠʩʣʘ 28, 31, 321, 61? 

24. ʅʘʜʘʥʘ ʤʥʦʞʠʥʘ ɸ = {5, 10, 15, 25}. ʋʢʘʞʽʪʴ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ, ʱʦ 

ʨʽʚʥʽ ʤʥʦʞʠʥʽ ɸ. 

25. ɺʽʜʦʤʦ, ʱʦ ʝʣʝʤʝʥʪ ʤʽʩʪʠʪʴʩʷ ʚ ʤʥʦʞʠʥʽ ɸ ʽ ʚ ʤʥʦʞʠʥʽ ɺ. ʏʠ 

ʚʠʧʣʠʚʘʻ ʟ̔ ʮʴʦʛʦ, ʱʦ: 1) ɸ Ë ɺ; 2) ɺ Ë ɸ; 3) ɸ = ɺ? 

26. ɺʽʜʦʤʦ, ʱʦ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ ɸ ʤʽʩʪʠʪʴʩʷ ʚ ʤʥʦʞʠʥʽ ɺ. ʏʠ 

ʧʨʘʚʠʣʴʥʦ, ʱʦ: 1) ɸ Ë ɺ; 2) ɸ = ɺ? 
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27. ɿ ʤʥʦʞʠʥʠ ʂ = {216, 546, 153, 171, 234} ʚʠʧʠʰʽʪʴ ʯʠʩʣʘ, ʷʢʽ: 

1) ʜʽʣʷʪʴʩʷ ʥʘ 3; 2) ʜʽʣʷʪʴʩʷ ʥʘ 9; 3) ʥʝ ʜʽʣʷʪʴʩʷ ʥʘ 4; 4) ʥʝ ʜʽʣʷʪʴʩʷ ʥʘ 5. ʏʠ 

ʻ ʩʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʧʽʜʤʥʦʞʠʥ ʪʘʢʝ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʤʥʦʞʠʥʽ ʂ? 

28. ɿʦʙʨʘʟʽʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ɽʡʣʝʨʘ ï ɺʝʥʥʘ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʤʥʦʞʠʥʘʤʠ ɸ ʽ ɺ, ʷʢʱʦ: 1) ɸ ï ʤʥʦʞʠʥʘ ʧʘʨʥʠʭ ʯʠʩʝʣ, ɺ ï ʤʥʦʞʠʥʘ ʯʠʩʝʣ, 

ʱʦ ʢʨʘʪʥʽ 3; 2) ɸ ï ʤʥʦʞʠʥʘ ʢʚʘʜʨʘʪʽʚ, B ï ʤʥʦʞʠʥʘ ʧʨʷʤʦʢʫʪʥʠʢʽʚ; 3) ɸ ï 

ʤʥʦʞʠʥʘ ʢʚʘʜʨʘʪʽʚ, ɺ ï ʤʥʦʞʠʥʘ ʧʨʷʤʦʢʫʪʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ; 4) ɸ ï ʤʥʦʞʠʥʘ 

ʢʚʘʜʨʘʪʽʚ, B ï ʤʥʦʞʠʥʘ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʟ ʦʜʥʘʢʦʚʠʤʠ ʩʪʦʨʦʥʘʤʠ. 

29. ɿʦʙʨʘʟʽʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ɽʡʣʝʨʘ ï ɺʝʥʥʘ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʤʥʦʞʠʥʘʤʠ ɸ, ɺ ʽ ʉ, ʷʢʱʦ ʚʽʜʦʤʦ, ʱʦ: 1) ɸ Ë ɺ ʽ ɺ Ë ɸ; 2) ɸ Ë ɺ, ʉ 

ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʟ ɺ, ʘʣʝ ʥʝ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʟ ɸ; 3) ɸ, ɺ ʽ ʉ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʘʣʝ 

ʞʦʜʥʘ ʥʝ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʽʥʰʦʾ. 

 

ʆʧʝʨʘʮʽʾ ʥʘʜ ʤʥʦʞʠʥʘʤʠ 

ʆʧʝʨʘʮʽʾ ʥʘʜ ʤʥʦʞʠʥʘʤʠ ʜʘʶʪʴ ʟʤʦʛʫ ʙʫʜʫʚʘʪʠ ʥʦʚʽ ʤʥʦʞʠʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʞʝ ʽʩʥʫʶʯʽ. 

ɼʦʧʦʚʥʝʥʥʷʤ ʜʦ ʤʥʦʞʠʥʠ ɸ, ʧʦʟʥʘʯʘʻʪʴʩʷ (ʯʠʪʘʻʪʴʩʷ çʥʝ ɸè ʘʙʦ 

çʜʦʧʦʚʥʝʥʥʷ ʜʦ ɸè) ʻ ʤʥʦʞʠʥʘ { }UxAxxA ÍÎ= , . 

 

 

 

 

 

ʆʙô̒ ʜʥʘʥʥʷʤ ʤʥʦʞʠʥ ɸ ʪʘ ɺ ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʫ ʉ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʝʣʝʤʝʥʪʽʚ ɸ ʘʙʦ ɺ, ʘ ʩʘʤʝ: ʉ = ɸÇɺ = ɸ + ɺ = {ʭ | ʭÍɸ ʘʙʦ ʭÍɺ}. 
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ʇʝʨʝʪʠʥʦʤ ʜʚʦʭ ʤʥʦʞʠʥ ʻ ʪʨʝʪʷ ʤʥʦʞʠʥʘ ʉ = ɸÆɺ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʝʣʝʤʝʥʪʽʚ ʷʢ ɸ ʪʘʢ ʽ ɺ: ʉ = {ʭ | ʭÆɸ ʪʘ ʭÆɺ}. 

 

 

 

ʈʽʟʥʠʮʝʶ ʜʚʦʭ ʤʥʦʞʠʥ ɸ ʪʘ ɺ ʧʦʟʥʘʯʘʻʪʴʩʷ ɸ\ɺ ʘʙʦ ɸ-ɺ ʥʘʟʠʚʘʶʪʴ 

ʤʥʦʞʠʥʫ ʉ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ɸ, ʱʦ ʥʝ ʥʘʣʝʞʘʪʴ  

ɺ : ʉ =ɸ\ɺ ={ʭ | ʭÍɸ ʪʘ ʭÎɺ}. 

 

 

 

ʉʠʤʝʪʨʠʯʥʦʶ ʨʽʟʥʠʮʝʶ ʤʥʦʞʠʥ ɸ ʪʘ ɺ ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʫ:  

ɸ·ɺ = {ʭ | ʭÍɸ ʪʘ ʭÎɺ, ʘʙʦ ʭÍɺ ʪʘ ʭÎɸ} ʘʙʦ ɸ·ɺ = ((ɸ\ɺ)Ç (ɺ\ɸ)). 

 

 

 

 

ʇʨʠʢʣʘʜ 1.14. ὥȟὦ᷾ὧȟὨ ὥȟὦȟὧȟὨȟ ὥȟὧ᷾ᶮ ὥȟὧ, 

ὥȟὦȟὧ᷾ὥȟὧȟὨȟὩ ὥȟὦȟὧȟὨȟὩ. 

ʇʨʠʢʣʘʜ 1.15. ὥȟὦȟὧ᷊ὥȟὧȟὨȟὩ ὥȟὧ,  ὥȟὦ᷊ὧȟὨ .ɲ  

ʂʘʞʫʪʴ, ʱʦ ɸ ʽ ɺ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʷʢʱʦ ὃ᷊ὄ .ɲ 
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ɺʧʨʘʚʘ 8. 

1. ʅʘʡʩʪʘʨʰʠʡ ʤʘʪʝʤʘʪʠʢ ʩʝʨʝʜ ʰʘʭʽʩʪʽʚ ʽ ʥʘʡʩʪʘʨʰʠʡ ʰʘʭʽʩʪ ʩʝʨʝʜ 

ʤʘʪʝʤʘʪʠʢʽʚ ï ʮʝ ʪʘ ʩʘʤʘ ʣʶʜʠʥʘ ʯʠ (ʤʦʞʣʠʚʦ) ʨʽʟʥʽ? 

2. ʅʘʡʢʨʘʱʠʡ ʤʘʪʝʤʘʪʠʢ ʩʝʨʝʜ ʰʘʭʽʩʪʽʚ ʽ ʥʘʡʢʨʘʱʠʡ ʰʘʭʽʩʪ ʩʝʨʝʜ 

ʤʘʪʝʤʘʪʠʢʽʚ ï ʮʝ ʪʘ ʩʘʤʘ ʣʶʜʠʥʘ ʯʠ (ʤʦʞʣʠʚʦ) ʨʽʟʥʽ? 

ʇʨʠʢʣʘʜ 1.16. ὦȟὧ͵ὥȟὨȟὧ ὦ, ὥȟὧȟὨȟὩ͵ὥȟὦȟὧ ὨȟὩ,  

ὥȟὦ͵ɲ ὥȟὦ, ὥȟὦ͵ὥȟὦȟὧȟὨ .ɲ 

ʇʨʠʢʣʘʜ 1.17. ὥȟὦȟὧṥ ὥȟὧȟὨȟὩ ╫ȟὨȟὩ,  ὥȟὦṥ ὥȟὦ ,ɲ  

ὥȟὦṥᶮ ὥȟὦ. 

ʇʨʠʢʣʘʜ 1.18. ʗʢʱʦ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʥʦʞʠʥʫ ʚʟʷʪʠ ʤʥʦʞʠʥʫ N ʚʩʽʭ 

ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ, ʪʦ ʜʦʧʦʚʥʝʥʥʷʤ ʈ ʤʥʦʞʠʥʠ ʈ ʚʩʽʭ ʧʘʨʥʠʭ ʥʘʪʫʨʘʣʴʥʠʭ 

ʯʠʩʝʣ ʙʫʜʝ ʤʥʦʞʠʥʘ ʚʩʽʭ ʥʝʧʘʨʥʠʭ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ. 

 

ɼʽʘʛʨʘʤʠ ɺʝʥʥʘ (ɽʡʣʝʨʘ) 

ɼʽʘʛʨʘʤʠ ɺʝʥʥʘ (ɽʡʣʝʨʘ) ï ʟʨʫʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʦʙʨʘʞʫʚʘʪʠ ʤʥʦʞʠʥʠ ʡ ʽʣʶʩʪʨʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʥʘʜ ʥʠʤʠ. ʄʥʦʞʠʥʠ ʚ 

ʜʽʘʛʨʘʤʘʭ ɺʝʥʥʘ ʟʦʙʨʘʞʫʶʪʴ ʚʥʫʪʨʽʰʥʽʤʠ ʯʘʩʪʠʥʘʤʠ ʢʽʣ, ʾʭ ʧʝʨʝʪʠʥʘʤʠ, 

ʦʙô̒ ʜʥʘʥʥʷʤʠ ʪʦʱʦ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʜʽʘʛʨʘʤʫ ɺʝʥʥʘ ʜʣʷ ʤʥʦʞʠʥʠ X, ʷʢʘ 

ʟʦʙʨʘʞʝʥʘ ʚʥʫʪʨʽʰʥʴʦʶ ʯʘʩʪʠʥʦʶ ʢʦʣʘ. ɿʦʚʥʽʰʥʷ ʯʘʩʪʠʥʘ ʢʦʣʘ  

ʟʦʙʨʘʞʫʻ X . 

 

 

ʈʠʩ. 1. ɼʽʘʛʨʘʤʘ ɺʝʥʥʘ ʜʣʷ ʤʥʦʞʠʥʠ X 

 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʜʽʘʛʨʘʤʘ ɺʝʥʥʘ ʜʣʷ ʜʚʦʭ ʤʥʦʞʠʥ: X ʽ Y. ʂʦʞʥʘ 

ʤʥʦʞʠʥʘ ʟʦʙʨʘʞʝʥʘ ʢʦʣʦʤ, ʽ ʢʦʣʘ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

 

 

ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʜʣʷ ʤʥʦʞʠʥ X ̔  Y 
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ʅʘ ʨʠʩ. 2 ʙʘʯʠʤʦ 4 ʦʙʣʘʩʪʽ: 1 ï ʦʙʣʘʩʪʴ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ, 2 ï 

ʦʙʣʘʩʪʴ, ʱʦ ʥʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʤʥʦʞʠʥʽ X, 3 ï ʦʙʣʘʩʪʴ, ʱʦ ʥʘʣʝʞʠʪʴ ʩʧʽʣʴʥʦ 

ʤʥʦʞʠʥʘʤ X ̔  Y, 4 ï ʦʙʣʘʩʪʴ, ʱʦ ʥʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʤʥʦʞʠʥʽ Y . 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʽ ʽʣʶʩʪʨʘʮʽʾ ʦʧʝʨʘʮʽʡ ʥʘʜ ʤʥʦʞʠʥʘʤʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥ ̫ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ, ʧʦʚô̫ ʟʘʥʠʭ ʟ̔ ʤʥʦʞʠʥʘʤʠ, ʥʝʟʘʤʽʥʥʠʤ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠʡʦʤ, ʱʦ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢ ʟʚʘʥʠʭ ʜʽʘʛʨʘʤ 

ɽʡʣʝʨʘ ï ɺʝʥʥʘ. ʎʽ ʜʽʘʛʨʘʤʠ ʚʧʝʨʰʝ ʟô̫ ʚʠʣʠʩʷ ʚ ʨʦʙʦʪʘʭ ʦʜʥʦʛʦ ʟ 

ʚʝʣʠʯʥʽʰʠʭ ʤʘʪʝʤʘʪʠʢʽʚ ʚ ʽʩʪʦʨʽʾ ʃʝʦʥʘʨʜʘ ɽʡʣʝʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣ 

ɽʡʣʝʨʘ ʜʦʜʘʻ ʥʘʦʯʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥ ̫ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʨʦʙʣʷʯʠ ʜʝʷʢʽ 

ʨʝʯʽ ʙʫʢʚʘʣʴʥʦ ʦʯʝʚʠʜʥʠʤʠ. ʇʨʦʧʦʥʫʶ ʚʘʤ ʫ ʮʴʦʤʫ ʚʧʝʚʥʠʪʠʩ ̫ʩʘʤʦʩʪʽʡʥʦ 

ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ. 

 

 

 

 

          X\Y                    YX ·  

 

 

ʈʠʩ. 3. ɼʽʘʛʨʘʤʠ ɺʝʥʥʘ ʦʧʝʨʘʮʽʡ ʥʘʜ ʤʥʦʞʠʥʘʤʠ 

 

ʇʨʠʢʣʘʜ 1.19 58 ʣʶʜʝʡ ʱʦʜʝʥʥʦ ʜʽʩʪʘʶʪʴʩʷ ʜʦ ʨʦʙʦʪʠ ʤʽʩʴʢʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ: ʥʘ ʘʚʪʦʙʫʩʽ, ʪʨʘʤʚʘʾ ʘʙʦ ʤʝʪʨʦ. ʂʦʞʝʥ ʢʦʨʠʩʪʫʻʪʴʩʷ ʭʦʯʘ ʙ 

ʦʜʥʠʤ ʟ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. 42 ʣʶʜʠʥʠ ʟ ʥʠʭ ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʝʪʨʦ, 32 ï 
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ʪʨʘʤʚʘʻʤ, 44 ï ʘʚʪʦʙʫʩʦʤ. 21 ʣʶʜʠʥʘ ʟ ʥʠʭ ʢʦʨʠʩʪʫʻʪʴʩʷ ʤʝʪʨʦ ʽ ʪʨʘʤʚʘʻʤ, 

31 ï ʤʝʪʨʦ ʡ ʘʚʪʦʙʫʩʦʤ, 22 ï ʪʨʘʤʚʘʻʤ ʽ ʘʚʪʦʙʫʩʦʤ. ʉʢʽʣʴʢʠ ʩʝʨʝʜ ʥʠʭ 

ʣʶʜʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʽ ʪʨʠ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ, ʱʦʙ ʜʽʩʪʘʪʠʩʷ ʜʦ 

ʨʦʙʦʪʠ? 

ʊʫʪ ʪʨʝʙʘ ʨʦʟʫʤʽʪʠ, ʱʦ ʷʢʱʦ ʩʢʘʟʘʥʦ, ʱʦ ç42 ʣʶʜʠʥʠ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʤʝʪʨʦè, ʪʦ ʮʝ ʟʦʚʩʽʤ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ, ʢʨʽʤ ʤʝʪʨʦ, ʚʦʥʠ ʥʝ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʥʽʷʢʠʤ ʽʥʰʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ. ʍʪʦ-ʥʝʙʫʜʴ ʟ ʥʠʭ, ʤʦʞʝ, ʽ ʢʦʨʠʩʪʫʻʪʴʩʷ. 

ʄʦʞʝ ʙʫʪʠ ʱʝ ʷʢʠʡʩʴ ʦʜʠʥ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ: ʪʨʘʤʚʘʡ ʘʙʦ ʘʚʪʦʙʫʩ. ɸ ʤʦʞʝ 

ʚʜ̔ʨʘʟʫ ʡ ʦʙʠʜʚʘ! ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʷʢʨʘʟ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʛʦ, ʱʦʙ 

ʧʦʨʘʭʫʚʘʪʠ ʣʶʜʝʡ, ʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʩʽʤʘ ʪʨʴʦʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. 

ɿ ʧʝʨʰʦʛʦ ʧʦʛʣʷʜʫ ʥʝʟʨʦʟʫʤʽʣʦ, ʟ̔ ʯʦʛʦ ʧʦʯʠʥʘʪʠ ʨʽʰʝʥʥʷ. ɸʣʝ ʷʢʱʦ 

ʧʦʜʫʤʘʪʠ, ʩʪʘʻ ʷʩʥʦ, ʱʦ ʜʽʷʪʠ ʪʨʝʙʘ ʟʘ ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. ʅʘʤʘʛʘʪʠʤʝʤʦʩʷ 

ʨʦʟʧʠʩʘʪʠ ʚʩʽʭ ʣʶʜʝʡ (58) ʯʝʨʝʟ ʚʽʜʦʤʽ ʟ ʫʤʦʚʠ ʜʘʥʽ. ʅʘʤ ʚʽʜʦʤʦ, ʱʦ 

ʘʚʪʦʙʫʩʦʤ ʢʦʨʠʩʪʫʶʪʴʩʷ 44 ʣʶʜʠʥʠ. ɼʦʜʘʤʦ ʜʦ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, ʷʢʽ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʝʪʨʦ. ɰʭ ʚʩʴʦʛʦ 42 ʣʶʜʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ɽʡʣʝʨʘ ï 

ɺʝʥʥʘ ʮʶ ʦʧʝʨʘʮʽʶ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʥʘʦʯʥʦ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

 

 

 

ʊʦʙʪʦ ʧʦʢʠ ʱʦ ʤʠ ʤʘʻʤʦ ʜʽʣʦ ʟ ʚʠʨʘʟʦʤ 58 = 44 + 42é ɿʥʘʢ çéè 

ʦʟʥʘʯʘʻ, ʱʦ ʚʠʨʘʟ ʱʝ ʥʝ ʟʘʢʽʥʯʝʥʠʡ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʤʠ ʧʦʨʘʭʫʚʘʣʠ 

ʣʶʜʝʡ ʥʘ ʧʝʨʝʪʠʥʽ ʮʠʭ ʢʽʣ ʜʚʽʯʽ. ɺʽʜʧʦʚʽʜʥʘ ʦʙʣʘʩʪʴ ʥʘ ʜʽʘʛʨʘʤʽ ʚʠʜʽʣʝʥʘ 

ʪʝʤʥʦ-ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ. ʊʦʤʫ ʦʜʠʥ ʨʘʟ ʾʭ ʪʨʝʙʘ ʚʽʜʥʷʪʠ. ʎʝ ʣʶʜʠ, ʷʢʽ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʘʚʪʦʙʫʩʦʤ ʽ ʤʝʪʨʦ. ɰʭ, ʷʢ ʚʽʜʦʤʦ, 31. ʊʦʙʪʦ ʥʘʰ 

çʥʝʟʘʢʽʥʯʝʥʠʡè ʚʠʨʘʟ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 58 = 44 + 42 ð 31é ɯ ʥʘ ʜʽʘʛʨʘʤʽ ʧʨʠ 

ʮʴʦʤʫ ʟʥʠʢʘʻ ʪʝʤʥʦ-ʟʝʣʝʥʠʡ ʢʦʣʽʨ: 
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ʇʦʢʠ ʚʩʝ ʜʦʙʨʝ. ɼʦʜʘʻʤʦ ʪʝʧʝʨ ʣʶʜʝʡ, ʷʢʽ ʾʟʜʷʪʴ ʥʘ ʪʨʘʤʚʘʾ. ʊʘʢʠʭ 

ʣʶʜʝʡ 32. ɺʠʨʘʟ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 58 = 44 + 42 ð 31 + 32é ɼʽʘʛʨʘʤʘ ʟ 

ʢʦʣʘʤʠ ɽʡʣʝʨʘ, ʟʽ ʩʚʦʛʦ ʙʦʢʫ, ʩʪʘʻ ʪʘʢʦʶ: 

 

 

 

ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʟʥʦʚʫ ʤʠ ʩʭʦʧʠʣʠ ʟʘʡʚʦʛʦ. ʃʶʜʠ, ʷʢʠʭ ʤʠ ʟʥʦʚʫ 

ʧʦʨʘʭʫʚʘʣʠ ʜʚʽʯʽ, ʚʽʜʤʽʯʝʥʽ ʥʘ ʜʽʘʛʨʘʤʽ ʪʝʤʥʦ-ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ. ʎʷ ʦʙʣʘʩʪʴ 

ʧʝʨʝʙʫʚʘʻ ʥʘ ʧʝʨʝʪʠʥʽ ʤʥʦʞʠʥ, ʷʢʽ ʤʠ ʦʪʨʠʤʘʣʠ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ, ʽ 

ʤʥʦʞʠʥʠ ʣʶʜʝʡ, ʱʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʨʘʤʚʘʻʤ. 

ʊʨʝʙʘ ʚʽʜʥʷʪʠ ʣʶʜʝʡ, ʷʢʠʭ ʤʠ ʧʦʨʘʭʫʚʘʣʠ ʜʚʽʯʽ. ɸʣʝ ʷʢ ʮʝ ʟʨʦʙʠʪʠ? 

ɭʜʠʥʝ, ʱʦ ʤʠ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ, ʮʝ ʨʘʟʦʤ ʚʽʜʥʷʪʠ ʣʶʜʝʡ, ʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʪʨʘʤʚʘʻʤ ʽ ʘʚʪʦʙʫʩʦʤ (ʾʭ 22 ʣʶʜʠʥʠ), ʘ ʪʘʢʦʞ ʪʨʘʤʚʘʻʤ ʽ ʤʝʪʨʦ (ʪʘʢʠʭ ʣʶʜʝʡ 

21). ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʰ ʥʝʟʘʢʽʥʯʝʥʠʡ ʚʠʨʘʟ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 58 = 44 + 42 ð 31 + 32 ð 22 ð 21é, ʘ ʜʽʘʛʨʘʤʘ ʟ ʢʦʣʘʤʠ 

ɽʡʣʝʨʘ ʚʠʷʚʠʪʴʩʷ ʟ ʜʽʨʢʦʶ ʚ ʮʝʥʪʨʽ, ʪʦʤʫ ʱʦ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʤʠ ʚʽʜʥʷʣʠ 

ʜʚʽʯʽ: 
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ʅʘ ʱʘʩʪʷ, ʫ ʥʝʟʘʬʘʨʙʦʚʘʥʽʡ ʦʙʣʘʩʪʽ ʷʢʨʘʟ ʽ ʧʝʨʝʙʫʚʘʶʪʴ ʪʽ ʣʶʜʠ, 

ʯʠʩʣʦ ʷʢʠʭ ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʦʨʘʭʫʚʘʪʠ. ɼʽʡʩʥʦ, ʮʽ ʙʽʜʦʣʘʭʠ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʱʦʜʝʥʥʦ ʚʩʽʤʘ ʪʨʴʦʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʽʩʪʘʪʠʩʷ ʜʦ 

ʨʦʙʦʪʠ, ʙʦ ʚʦʥʠ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʧʝʨʝʪʠʥʽ ʚʩʽʭ ʪʨʴʦʭ ʤʥʦʞʠʥ. ʇʦʟʥʘʯʠʤʦ 

ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʙʽʜʦʣʘʭ ʟʘ . ʊʦʜʽ ʜʽʘʛʨʘʤʘ ʥʘʙʫʜʝ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

 

 

 

ɸ ʨʽʚʥʷʥʥʷ ʩʪʘʥʝ ʪʘʢʠʤ: 58 = 44 + 42 ï 31 + 32 ï 22 ï 21 + x. 

ʈʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʭ = 14. ʎʝ ʽ ʻ ʚʽʜʧʦʚʽʜʜʶ ʟʘʜʘʯʽ. ʉʪʽʣʴʢʠ ʣʶʜʝʡ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʩʽʤʘ ʪʨʴʦʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʱʦʜʥʷ, ʱʦʙ ʜʽʩʪʘʪʠʩʷ ʜʦ 

ʨʦʙʦʪʠ. 

ʆʩʴ ʪʘʢʝ ʧʨʦʩʪʝ ʨʽʰʝʥʥʷ. ʌʘʢʪʠʯʥʦ ʚ ʦʜʥʝ ʨʽʚʥʷʥʥʷ. ʇʨʦʩʪʦ ʯʫʜʦʚʦ, 

ʯʠ ʥʝ ʪʘʢ?! ɸ ʪʝʧʝʨ ʫʷʚʽʪʴ, ʷʢ ʧʨʠʡʰʣʦʩʷ ʙ ʚʠʨʽʰʫʚʘʪʠ ʮʶ ʟʘʜʘʯʫ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣ ɽʡʣʝʨʘ. ʎʝ ʙʫʚ ʙʠ ʞʘʭ. ʆʪʞʝ, ʚʢʦʪʨʝ ʧʝʨʝʩʚʽʜʯʫʻʤʦʩʷ, ʱʦ 

ʙʫʜʴ-ʷʢʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʫʞʝ ʢʦʨʠʩʥʽ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʟ̔ ʤʘʪʝʤʘʪʠʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʾʭ, ʮʝ ʜʦʧʦʤʦʞʝ ʚʘʤ ʫ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʷʢ 

ʥʘ ʦʣʽʤʧʽʘʜʘʭ. 

ʇʨʠʢʣʘʜ 1.20. ʉʢʽʣʴʢʠ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ ʟ ʧʝʨʰʦʛʦ ʜʝʩʷʪʢʘ ʥʝ 

ʜʽʣʷʪʴʩʷ ʘʥʽ ʥʘ 2, ʘʥʽ ʥʘ 3? 

 

 

 

ʈʦʟʚô̫ ʟʦʢ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʨʫʯʥʦ ʩʢʦʨʠʩʪʫʚʘʪʠʩʷ ʢʦʣʘʤʠ 

ɽʡʣʝʨʘ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʪʨʠ ʢʦʣʘ: ʚʝʣʠʢʝ ʢʦʣʦ ï ʮʝ ʤʥʦʞʠʥʘ ʯʠʩʝʣ ʚʽʜ 1 

https://yourtutor.info/ÐºÑ�Ñ�Ð³Ð¸-Ñ�Ð¹Ð»ÐµÑ�Ð°-Ð¿Ñ�Ð¸Ð¼ÐµÑ�-Ñ�ÐµÑ�ÐµÐ½Ð¸Ñ�-Ð·Ð°Ð´Ð°Ñ�Ð¸/threesetsonvenndiagram
https://sites.google.com/site/ucusmatematike/eto-interesno/ucimsa-resat-logiceskie-zadaci/krugi-ejlera/Ñ�Ð¸Ñ�Ñ�Ð½Ð¾Ðº%201%20Ð·Ð°Ð´Ð°Ñ�Ð°.png?attredirects=0
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ʜʦ 10, ʫʩʝʨʝʜʠʥʽ ʚʝʣʠʢʦʛʦ ï ʜʚʘ ʤʝʥʰʠʭ ʢʦʣʘ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʦʜʠʥ ʟ 

ʦʜʥʠʤ. ʅʝʭʘʡ ʤʥʦʞʠʥʘ ʯʠʩʝʣ, ʱʦ ʢʨʘʪʥʽ 2, ï ʮʝ ʤʥʦʞʠʥʘ ɸ, ʘ ʤʥʦʞʠʥʘ 

ʯʠʩʝʣ, ʱʦ ʢʨʘʪʥʽ 3, ï ʤʥʦʞʠʥʘ ɺ. ʈʦʟʤʽʨʢʦʚʫʻʤʦ. ʅʘ 2 ʜʽʣʠʪʴʩʷ ʢʦʞʥʝ ʜʨʫʛʝ 

ʯʠʩʣʦ. ʆʪʞʝ, ʪʘʢʠʭ ʯʠʩʝʣ ʙʫʜʝ 10 : 2 = 5. ʅʘ 3 ʜʽʣʷʪʴʩʷ 3 ʯʠʩʣʘ (10 : 3). ʅʘ 2 

ʽ 3 ʜʽʣʷʪʴʩʷ ʪʽ ʯʠʩʣʘ, ʱʦ ʜʽʣʷʪʴʩʷ ʥʘ 6. ʊʘʢʝ ʯʠʩʣʦ ʪʽʣʴʢʠ ʦʜʥʝ. ʊʦʤʫ ʤʥʦʞʠʥʘ 

ɸ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ï 1 = 4 ʯʠʩʝʣ, ʤʥʦʞʠʥʘ ɺ ï 3 ï 1 = 2 ʯʠʩʝʣ. ɿʚʽʜʩʠ ʩʣʽʜʫʻ, 

ʱʦ ʚ ʧʝʨʰʦʤʫ ʜʝʩʷʪʢʫ ʤʽʩʪʠʪʴʩʷ 10 ï (4 + 1 + 2) = 3 ʯʠʩʣʘ.  

ʇʨʠʢʣʘʜ 1.21. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣ ɽʡʣʝʨʘ ʤʦʞʥʘ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʙʝʟʣʽʯ 

ʧʠʪʘʥʴ, ʱʦ ʧʦʩʪʘʚʣʝʥʽ ʜʦ ʦʜʥʽʻʾ ʫʤʦʚʠ ʟʘʜʘʯʽ. 

ʈʦʟʚô̫ ʟʦʢ. ʅʝʭʘʡ ʢʦʣʦ ɸ ʚʽʜʦʙʨʘʞʘʻ ʚʩʽʭ ʫʯʥʽʚ, ʱʦ ʛʦʚʦʨʷʪʴ 

ʘʥʛʣʽʡʩʴʢʦʶ, ʢʦʣʦ ʅ ï ɦ ʦ ʛʦʚʦʨʷʪʴ ʥʽʤʝʮʴʢʦʶ ʤʦʚʦʶ, ʢʦʣʦ ʌ ï ɦ ʦ ʛʦʚʦʨʷʪʴ 

ʬʨʘʥʮʫʟʴʢʦʶ. ʋʩʴʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫʯʥʽʚ 112. ʉʢʽʣʴʢʠ ʫʯʥʽʚ ʛʦʚʦʨʷʪʴ: 

ʘ) ʫʩʽʤʘ ʪʨʴʦʤʘ ʤʦʚʘʤʠ; ʙ) ʘʥʛʣʽʡʩʴʢʦʶ ʽ ʥʽʤʝʮʴʢʦʶ; ʚ) ʬʨʘʥʮʫʟʴʢʦʶ? 

ʉʢʽʣʴʢʠ ʚʩʴʦʛʦ ʫʯʥʽʚ, ʱʦ ʨʦʟʤʦʚʣʷʶʪʴ ʽʥʦʟʝʤʥʠʤʠ ʤʦʚʘʤʠ? ʉʢʽʣʴʢʠ ʟ ʥʠʭ 

ʥʝ ʛʦʚʦʨʷʪʴ ʬʨʘʥʮʫʟʴʢʦʶ? ʉʢʽʣʴʢʠ ʟ ʥʠʭ ʥʝ ʛʦʚʦʨʷʪʴ ʥʽʤʝʮʴʢʦʶ? ʉʢʽʣʴʢʠ ʟ 

ʥʠʭ ʥʝ ʛʦʚʦʨʷʪʴ ʽʥʦʟʝʤʥʠʤʠ ʤʦʚʘʤʠ? 

 

 

 

ɺʽʜʧʦʚʽʜʴ: ʘ) ʥʘ ʚʩʽʭ ʪʨʴʦʭ ʤʦʚʘʭ ʛʦʚʦʨʷʪʴ 3 ʫʯʥʽ; ʙ) ʘʥʛʣʽʡʩʴʢʦʶ ʽ 

ʥʽʤʝʮʴʢʦʶ ï 15 ʫʯʥʽʚ; ʚ) ʪʽʣʴʢʠ ʬʨʘʥʮʫʟʴʢʦʶ ï 8 ʫʯʥʽʚ. ʋʩʴʦʛʦ  

100 (40 + 7 + 3 + 15 + 5 + 22 + 8) ʜʽʪʝʡ, ʱʦ ʨʦʟʤʦʚʣʷʶʪʴ ʽʥʦʟʝʤʥʠʤʠ ʤʦʚʘʤʠ. 

ʌʨʘʥʮʫʟʴʢʦʶ ʥʝ ʛʦʚʦʨʷʪʴ 89 ʫʯʥʽʚ (112 ï (8 + 5 + 7 + 3). 

 

ʊʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʤʥʦʞʠʥ 

ʊʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʤʥʦʞʠʥ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ 

ʪʝʦʨʝʤʘʭ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʽ ʰʣʷʭʦʤ ʬʦʨʤʘʣʴʥʠʭ ʜʦʚʝʜʝʥʴ ʘʙʦ ʥʘ 

ʜʽʘʛʨʘʤʘʭ ɺʝʥʥʘ. 
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ʆʩʥʦʚʥʽ ʪʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʤʥʦʞʠʥ 

1. ὃ᷾ὃ ὃ   1Ë. ὃ᷊ὃ ὃ 

ʽʜʝʤʧʦʪʝʥʪʥʽʩʪʴ 

2. ὃ᷾ὄ ὄ᷾ὃ  2Ë. ὃ᷊ὄ ὄ᷊ὃ 

ʢʦʤʫʪʘʪʠʚʥʽʩʪʴ 

3. ὃ᷾ ὄ᷾ὅ ὃ᷾ὄ ᷾ὅ  3Ë. ὃ᷊ ὄ᷊ὅ ὃ᷊ὄ ᷊ὅ 

ʘʩʦʮʽʘʪʠʚʥʽʩʪʴ 

τȢὃ᷾ ὄ᷊ὅ ὃ᷾ὄ ᷊ ὃ᷾ὅ     4Ëὃ᷊ ὄ᷾ὅ ὃ᷊ὄ ᷾ ὃ᷊ὅ 

ʜʠʩʪʨʠʙʫʪʠʚʥʽʩʪʴ 

5. ὃ᷾ᶮ ὃ   5Ë. ὃ᷊ᶮ  ɲ

6. ὃ᷾ὃ Ὗ   6Ë. ὃ᷊ὃ  ɲ

7. ὃ᷾Ὗ Ὗ   7Ë. ὃ᷊Ὗ ὃ 

8. ὃ᷾ὄ ὃ᷊ὄ  8Ë. ὃ᷊ὄ ὃ᷾ὄ 

ʟʘʢʦʥʠ ʜʝ ʄʦʨʛʘʥʘ 

9. ὃ᷾ ὃ᷊ὄ ὃ  9Ë. ὃ᷊ ὃ᷾ὄ ὃ 
                       ɿʘʢʦʥʠ ʇʦʨʝʮʴʢʦʛʦ 

  10. ὃ᷾ ὃ᷊ὄ ὃ᷾ὄ   10Ë.ὃ᷊ ὃ᷾ὄ ὃ᷊ὄ 

ʟʘʢʦʥʠ ʧʦʛʣʠʥʘʥʥʷ 

11. Ὗ  ɲ   11Ë. ᶮ Ὗ 

12. ὃ͵ᶮ ὃ 

13. ὃ͵ὃ  ɲ

14. Ὗ͵ὃ ὃ 

15. ὃ͵Ὗ  ɲ

16. ὃ͵ɺ ὃ᷊ὄ 

17. ὃṥὄ ὃ͵ὄ ᷾ ὄ͵ὃ 
 

ʅʘʚʝʜʫ ʪʘʢʦʞ ʽʥʰʽ ʢʦʨʠʩʥʽ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʽ ʪʦʪʦʞʥʦʩʪʽ: 

ὃ᷾ᶮ ὃ,  ὃ᷊ᶮ ,ɲ  ὃ᷾Ὗ Ὗ,  ὃ᷊Ὗ ὃ, 

ὃ᷾ὃ Ὗ,  ὃ᷊ὃ ,ɲ  Ὗ ,ɲ   ɲ Ὗ. 

 

ʆʢʨʝʤʦ ʟʘʧʠʰʝʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʝʨʘʮʽʾ ʩʠʤʝʪʨʠʯʥʦʾ ʨʽʟʥʠʮʽ: 

ὃṥὄ ὃ͵ὄ ᷾ ὄ͵ὃ ὃ᷾ὄ͵ὃ᷊ὄ ὃ᷊ὄ ᷾ ὃ᷊ὄ ; 

ὃṥὄ ṥὅ ὃṥ ὄṥὅ ï ʘʩʦʮʽʘʪʠʚʥʽʩʪʴ; 

ὃṥὄ ὄṥὃ ï ʢʦʤʫʪʘʪʠʚʥʽʩʪʴ; 
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ὃ᷊ ὄṥὅ ὃ᷊ὄ ṥ ὃ᷊ὅ ï ʜʠʩʪʨʠʙʫʪʠʚʥʽʩʪʴ ʧʝʨʝʪʠʥʫ; 

ὃṥὃ ;ɲ  ὃṥὟ ὃ;  ὃṥᶮ ὃ. 

ʋ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ 

ʨʽʟʥ ̔ʩʧʦʩʦʙʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘʤʘʣʶʚʘʪʠ ʜʽʘʛʨʘʤʠ ɽʡʣʝʨʘ ʜʣʷ ʣʽʚʦʾ ʪʘ ʧʨʘʚʦʾ 

ʯʘʩʪʠʥ ʪʦʪʦʞʥʦʩʪʝʡ  ̔ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʦʥʠ ʟʙʽʛʘʶʪʴʩʷ, ʘʙʦ ʞ ʧʨʦʚʝʩʪʠ 

ʬʦʨʤʘʣʴʥʝ ʤʽʨʢʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʪʦʪʦʞʥʦʩʪʽ. ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, 

ʧʝʨʰʫ ʪʦʪʦʞʥʽʩʪʴ: A ᷾ A = A. ɺʽʟʴʤʝʤʦ ʜʦʚʽʣʴʥʠʡ ʝʣʝʤʝʥʪ ʭ, ʱʦ ʥʘʣʝʞʠʪʴ 

ʜʦ ʣʽʚʦʾ ʯʘʩʪʠʥʠ ʪʦʪʦʞʥʦʩʪʽ, x ɴ A ᷾ A. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʦʧʝʨʘʮʽʾ ʦʙô̒ ʜʥʘʥʥʷ 

ʤʘʻʤʦ: x ɴ Aʘʙʦ x ɴ A. ʋ ʢʦʞʥʦʤʫ ʨʘʟʽ x ɴ A. ɺʽʟʴʤʝʤʦ ʟʥʦʚʫ ʜʦʚʽʣʴʥʠʡ 

ʝʣʝʤʝʥʪ ʟ ʤʥʦʞʠʥʠ ʚ ʣʽʚʦ ʾ ʯʘʩʪʠʥʽ ʪʦʪʦʞʥʦʩʪʽ. ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʚʽʥ 

ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ. ɿʚʽʜʩʠ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʚʢʣʶʯʝʥʥʷ 

ʤʥʦʞʠʥ ʦʜʝʨʞʫʻʤʦ, ʱʦ A ᷾ A Ì A. 

ʅʝʭʘʡ ʪʝʧʝʨ x ɴ A. ʊʦʜʽ, ʦʯʝʚʠʜʥʦ, ʧʨʘʚʠʣʴʥʦ, ʱʦ x ɴ A ʘʙʦ x ɴ A. 

ɿʚʽʜʩʠ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʦʧʝʨʘʮʽʾ ʦʙô̒ ʜʥʘʥʥʷ ʤʘʻʤʦ x Ṗ A ᷾ A. ʊʘʢʠʤ ʯʠʥʦʤ,  

A Ṗ A ᷾ A. 

ʆʪʞʝ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʪʦʪʦʞʥʦʩʪʽ ʤʥʦʞʠʥ: A A᷾ = A. ɸʥʘʣʦʛʽʯʥʽ 

ʤʽʨʢʫʚʘʥʥʷ ʥʝʚʘʞʢʦ ʧʨʦʚʝʩʪʠ ʡ ʜʣʷ ʽʥʰʠʭ ʪʦʪʦʞʥʦʩʪʝʡ. ɼʣʷ ʜʦʚʝʜʝʥʥʷ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ. 

ɼʦʚʝʜʝʤʦ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʚʣʘʩʪʠʚʽʩʪʴ ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʽ ʤʥʦʞʠʥ. 

ʊʝʦʨʝʤʘ 1.1. ɼʣʷ ʤʥʦʞʠʥ A ̔  B ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʪʦʪʦʞʥʽʩʪʴ: 

A ž (B ᷾  C) = (A ž B)  ᷾(A ž C) 

ɼʦʚʝʜʝʥʥʷ. ɼʣʷ ʜʦʚʝʜʝʥʥ ̫ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʦʧʝʨʘʮʽʷʤʠ ʘʣʛʝʙʨʠ ʣʦʛʽʢʠ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʥʘ ʤʥʦʞʠʥʘʭ ʧʦʪʨʽʙʥʦ ʜʦʚʝʩʪʠ, ʱʦ 

ʮʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʚʩʽʭ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ. 

x  ɴA ž (B  ᷾C) ź (x  ɴA) ʽ (x  ɴ(B  ᷾C)) ź    ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʠʥʫ 

ź (x  ɴA) ʽ (x  ɴ((x  ɴB) ʘʙʦ (x  ɴC))) ź       ɺʠʟʥʘʯʝʥʥʷ ʦʙô̒ ʜʥʘʥʥʷ 

ź ((x  ɴA) ʽ (x  ɴB)) ʘʙʦ ((x  ɴA) ʽ ( x  ɴC)) ź  ɿʘʢʦʥ ʣʦʛʽʢʠ ʜʝ ʄʦʨʛʘʥʘ 

ź (x  ɴ(A ž B)) ʘʙʦ (x  ɴ(A ž C)) ź            ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʠʥʫ 

ź x  ɴ((A ž B)  ᷾(A ž C))                    ɺʠʟʥʘʯʝʥʥʷ ʦʙô̒ ʜʥʘʥʥʷ 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʘʛʨʘʤʠ ɺʝʥʥʘ (ɽʡʣʝʨʘ). 

ɼʦʚʝʜʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʘʩʦʮʽʘʪʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ɺʝʥʥʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ɻʨʘʬʽʯʥʝ ʜʦʚʝʜʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʘʩʦʮʽʘʪʠʚʥʦʩʪʽ 

 

ɹʫʜʫʻʤʦ (B  ᷾C), ʘ ʧʦʪʽʤ A  ᷾(B  ᷾C). 

ɹʫʜʫʻʤʦ (A  ᷾B), ʘ ʧʦʪʽʤ (A  ᷾B)  ᷾C. 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʪʦʪʦʞʥʦʩʪʝʡ ʘʣʛʝʙʨʠ ʤʥʦʞʠʥ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʥʰʽ ʪʦʪʦʞʥʦʩʪʽ ʘʣʛʝʙʨʠ ʤʥʦʞʠʥ. 

ʊʝʦʨʝʤʘ 1.2. ɼʣʷ ʤʥʦʞʠʥ A ʽ B ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʪʦʞʥʽʩʪʴ (ʟʘʢʦʥ 

ʩʢʣʝʶʚʘʥʥʷ)    (A ž B)  ᷾(A žB ) = A 

ɼʦʚʝʜʝʥʥʷ. ɼʦʚʝʜʝʤʦ ʮʶ ʪʦʪʦʞʥʽʩʪʴ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʘʥʘʣʽʪʠʯʥʦ 

(ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʝʙʨʫ ʤʥʦʞʠʥ) ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ (ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʽʘʛʨʘʤʠ ɽʡʣʝʨʘ ï ɺʝʥʥʘ). 

(A ž B)  ᷾(A ž B ) = ʧʦʯʘʪʢʦʚʠʡ ʚʠʨʘʟ 

= (A  ᷾ (A ž B)) ž (B  ᷾ (A ž B )) = ʟʘʩʪʦʩʫʚʘʣʠ ʟʘʢʦʥ ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʽ 

ʚʽʜʥʦʩʥʦ (X ž Y ) 

= (A  ᷾(A ž B)) ž (B  ᷾A) = ʟʘʩʪʦʩʫʚʘʣʠ ʟʘʢʦʥ ʇʦʨʝʮʴʢʦʛʦ 

= A ž (B  ᷾A) = ʟʘʩʪʦʩʫʚʘʣʠ ʟʘʢʦʥ ʩʢʣʝʶʚʘʥʥʷ ʜʣʷ ʦʙô̒ ʜʥʘʥʥʷ 

= A ʟʘʩʪʦʩʫʚʘʣʠ ʟʘʢʦʥ ʩʢʣʝʶʚʘʥʥʷ ʜʣʷ ʧʝʨʝʪʠʥʫ 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʜʽʘʛʨʘʤʠ ɽʡʣʝʨʘ ï ɺʝʥʥʘ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʟʘʢʦʥʫ 

ʩʢʣʝʶʚʘʥʥʷ. A ž B  A ž B (A ž B)  ᷾(A ž B ) = A 

ʇʨʠʢʣʘʜ 1.22. ɼʦʚʝʜʝʤʦ ʪʦʪʦʞʥʽʩʪʴ: A\ (B ᷾ C) = (A\ B) \C 

ɼʦʚʝʜʝʥʥʷ. 

1 ʩʧʦʩʽʙ 

 



29 

 

 

ʈʠʩ. 5. ɻʨʘʬʽʯʥʝ ʜʦʚʝʜʝʥʥʷ ʟʘʢʦʥʫ ʩʢʣʝʶʚʘʥʥʷ 

 

1. ɼʦʚʝʜʝʤʦ, ʱʦ A\ (B ᷾ C) Ì (A\ B) \C.  ʈʦʟʛʣʷʥʝʤʦ ʜʦʚʽʣʴʥʠʡ 

ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ 

A\ (B ᷾ C): x ɴ A\ (B ᷾ C)Ý  x ɴ A ̔  x ɵ B ᷾ CÝx  ɴA ̔  x ɵ B ̔  x ɵ CÝx ɴ A\ B ʡ 

X ɵ CÝ  x ɴ (A\ B) \C. 

2. ɼʦʚʝʜʝʤʦ, ʱʦ (A\ B) \C Ì A\ (B ᷾ C). ʅʝʭʘʡ xÍ( A\ B) \C: 

X ɴ ( A\ B) \CÝ  x ɴ A\ B ̔  x ɵ CÝx ɴ A ̔  x ɵ B ̔  x ɵ CÝ  x ɴ A ʡ x ɵ BÇC Ý

x ɴ A\ (B ᷾ C) . 

2 ʩʧʦʩʽʙ 

ʇʝʨʝʪʚʦʨʠʤʦ ʣʽʚʫ ʯʘʩʪʠʥʫ ʪʦʪʦʞʥʦʩʪʽ ʥʘ ʧʨʘʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʧʝʨʘʮʽʡ ʥʘʜ ʤʥʦʞʠʥʘʤʠ: 

A \ (B ᷾  C) = A ᷊  (ὄ᷾ὅ) = A ᷊  (ὄ᷊ὅ) = (A ᷊ ὄ) ᷊ὅ= (A \ B) ᷊ὅ= 

=(A \ B) \ C 

ʅʘ ʨʠʩ. 6 ʟʦʙʨʘʞʝʥʽ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʪʦʪʦʞʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ 

ɽʡʣʝʨʘ ï ɺʝʥʥʘ: 

 

 

 

ʈʠʩ. 6. ɻʨʘʬʽʯʥʝ ʜʦʚʝʜʝʥʥʷ ʪʦʪʦʞʥʦʩʪʽ A\ (BÇC) = ( A\ B) \C 
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ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʅʝʭʘʡ ὃ ρȟσȟυȟφȟὄ ρȟςȟσȟυȟχȟὅ ςȟτȟχ. ʆʙʯʠʩʣʠʪʠ 

  (ʘ) ὃ᷾ὄ; (ʙ) ὃ᷾ὅ ὄ͵;  (ʚ) ὃ᷊ὄ᷊ὅ; (ʛ) ὃ͵ὅ ᷾ ὄ͵ὃ;    

 (ʜ) ὃṥὄ;  (ʝ) ὄ͵ὅ ᷊ ὃ͵ὄ . 

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ɽʡʣʝʨʘ ï ɺʝʥʥʘ ʧʝʨʝʚʽʨʠʪʠ ʪʘʢʽ ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʠʥʥʽ ʨʽʚʥʦʩʪʽ: 

(ʘ) ὃ᷊ ὄ᷾ὅ ὃ᷊ὄ ᷾ ὃ᷊ὅ;  (ʙ) ὃ᷊ὄ ᷾ὃ ὃ᷾ὄ ᷊ὃ ὃ; 

(ʚ) ὃ͵ ὄ᷾ὅ ὃ͵ὄ ᷊ ὃ͵ὅ;   (ʛ) ὃ᷾ὄ ὅ͵ ὃ͵ὅ ᷾ ὄ͵ὅ; 

(ʜ) ὃ᷊ ὄṥὅ ὃ᷊ὄ ṥ ὃ᷊ὅ;  (ʝ) ὃṥὄ ὃ᷾ὄ͵ὃ᷊ὄ . 

3. ʑʦ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʤʥʦʞʠʥʠ ɸ ʪʘ ɺ, ʷʢʱʦ 

(ʘ) ὃ᷾ὄ ὃ᷊ὄ;  (ʙ) ὃ͵ὄ ὄ͵ὃ;  (ʚ) ὃṖὄ ʪʘ ὃṖὄ; (ʛ) ὃ᷾ὄ ;ɲ     

(ʜ) ὃ͵ὄ ὃ;  (ʝ) ὃ͵ὄ ;ɲ (ʻ) ὃ͵ὄ ὄ;   (ʞ) ὃ͵ὄ ᷾ ὄ͵ὃ ὃ᷾ὄ. 

4. ʑʦ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʤʥʦʞʠʥʠ ɸ ʪʘ ɺ, ʷʢʱʦ 

(ʘ) ὃṥὄ ὃ;  (ʚ) ὃṥὄ ;ɲ (ʜ) ὃ͵ὄ ṥ ὄ͵ὃ ;ɲ 

(ʙ) ὃṥὄ ὃ;  (ʛ) ὃṥὄ Ὗ;  (ʝ) ὃ᷾ὄ ṥὃ ὄ 

5. ʐʝʩʪʠʢʣʘʩʥʠʢʠ ʟʘʧʦʚʥʶʚʘʣʠ ʘʥʢʝʪʫ ʟ ʧʠʪʘʥʥʷʤʠ ʧʨʦ ʾʭʥʽ ʫʣʶʙʣʝʥʽ 

ʤʫʣʴʪʬʽʣʴʤʠ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʧʦʜʦʙʘʻʪʴʩʷ çɹʽʣʦʩʥʽʞʢʘ ʽ 

ʩʝʤʝʨʦ ʛʥʦʤʽʚè, çɻʫʙʢʘ ɹʦʙ ʂʚʘʜʨʘʪʥʽ ʐʪʘʥʽè ʽ çɺʦʚʢ ʽ ʪʝʣʷè. ʋ ʢʣʘʩʽ 

38 ʫʯʥʽʚ. çɹʽʣʦʩʥʽʞʢʘ ʽ ʩʝʤʝʨʦ ʛʥʦʤʽʚè ʧʦʜʦʙʘʻʪʴʩʷ 21 ʫʯʥʶ. ʇʨʠʯʦʤʫ 

ʪʨʴʦʤ ʟ̔ ʥʠʭ ʧʦʜʦʙʘʻʪʴʩʷ ʱʝ ʽ çɺʦʚʢ ʽ ʪʝʣʷè, ʰʽʩʪʴʦʤ ï çɻʫʙʢʘ ɹʦʙ ʂʚʘʜʨʘʪʥʽ 

ʐʪʘʥʽè, ʘ ʦʜʥʘ ʜʠʪʠʥʘ ʦʜʥʘʢʦʚʦ ʣʶʙʠʪʴ ʫʩʽ ʪʨʠ ʤʫʣʴʪʬʽʣʴʤʠ. ʋ çɺʦʚʢʘ ʽ 

ʪʝʣʷè 13 ʬʘʥʘʪʽʚ, ʧô̫ ʪʝʨʦ ʟ ʷʢʠʭ ʥʘʟʚʘʣʠ ʚ ʘʥʢʝʪʽ ʜʚʘ ʤʫʣʴʪʬʽʣʴʤʠ. ʊʨʝʙʘ 

ʚʠʟʥʘʯʠʪʠ, ʩʢʽʣʴʢʦʤ ʰʝʩʪʠʢʣʘʩʥʠʢʘʤ ʧʦʜʦʙʘʻʪʴʩʷ çɻʫʙʢʘ ɹʦʙ ʂʚʘʜʨʘʪʥʽ 

ʐʪʘʥʽè. 

 

ʈʦʟʙʠʪʪʷ ʤʥʦʞʠʥ 

ʄʥʦʞʠʥʘ X ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʘ ʥʘ ʢʣʘʩʠ ʤʥʦʞʠʥ 
jX , ʷʢʽ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʷʢʱʦ: 

ï ʦʙô̒ ʜʥʘʥʥʷ ʚʩʽʭ ʧʽʜʤʥʦʞʠʥ 
jX  ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʦʶ 8

Jj

jXXX
Í

=: : 

ï ʧʝʨʝʪʠʥ ʜʚʦʭ ʨʽʟʥʠʭ ʧʽʜʤʥʦʞʠʥ ʧʦʨʦʞʥʽʡ, ʪʦʙʪʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ 

JiÍ ʽ Ὦɴ ὐ ʟ ji ¸  ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ: ὢ᷊ὢ .ɲ 

ʇʨʠʢʣʘʜ 1.23. ʈʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ ʧʽʜʤʥʦʞʠʥʠ. 
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1. ɼʦʚʽʣʴʥʘ ʤʥʦʞʠʥʘ X ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʘ ʥʘ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ, ʷʢʽ 

ʜʦʧʦʚʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ ὢʽ ὢ = X \ὢ. ɼʣʷ ʮʠʭ ʧʽʜʤʥʦʞʠʥ ʩʧʨʘʚʝʜʣʠʚʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: ὢ᷾ὢ ὢ̔  ὢ᷊ὢ .ɲ 

ʇʨʠʢʣʘʜ 1.24. ʄʥʦʞʠʥʫ ʜʚʦʟʥʘʯʥʠʭ ʯʠʩʝʣ ὢ ρπȟρρȟρςȟȣȟωψȟωω 
ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʢʣʘʩʠ ʟʘ ʦʟʥʘʢʦʶ ʦʩʪʘʯʽ ʚʽʜ ʜʽʣʝʥʥʷ ʥʘ 4: 

ʢʣʘʩ, ʧʦʨʦʜʞʝʥʠʡ ʦʩʪʘʯʝʶ 0 ï
0X = ρςȟρφȟςπȟȣȟωφ; 

ʢʣʘʩ, ʧʦʨʦʜʞʝʥʠʡ ʦʩʪʘʯʝʶ 1 ï ὢ ρσȟρχȟςρȟȣȟωχ; 

ʢʣʘʩ, ʧʦʨʦʜʞʝʥʠʡ ʦʩʪʘʯʝʶ 2 ï ὢ ρτȟρψȟςςȟȣȟωψ; 

ʢʣʘʩ, ʧʦʨʦʜʞʝʥʠʡ ʦʩʪʘʯʝʶ 3 ï ὢ ρυȟρωȟςσȟȣȟωω. 

 

ʇʦʢʨʠʪʪʷ ʤʥʦʞʠʥ 

ʇʦʢʨʠʪʪʷʤ ʤʥʦʞʠʥʠ ʍ ʥʘʟʠʚʘʶʪʴ ʩʽʤʝʡʩʪʚʦ ʤʥʦʞʠʥ ὅ ὣȟὮɴ ὐ
 

ʪʘʢʠʭ, ʱʦ ʾʭ ʦʙô̒ ʜʥʘʥʥʷ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʫ ʍ: 8
Jj

jYX
Í

Ë

.

 

ʗʢʱʦ ʉ ï ʧʦʢʨʠʪʪʷ ʤʥʦʞʠʥʠ ʍ, ʪʦ ʙʫʜʴ-ʷʢʫ ʤʥʦʞʠʥʫ ὈṒὅ, ʱʦ ʪʘʢʦʞ 

ʻ ʧʦʢʨʠʪʪʷʤ ʤʥʦʞʠʥʠ ʍ, ʥʘʟʠʚʘʶʪʴ ʧʽʜ ʧʦʢʨʠʪʪʷʤ ʤʥʦʞʠʥʠ ʉ. 

ʇʨʠʢʣʘʜ 1.25. ʅʝʭʘʡ ὢ ὭȿὭ ςὲ ρȟὲ ρȟςȟσȟȣ. ʇʦʙʫʜʫʚʘʪʠ 

ʧʦʢʨʠʪʪʷ ʤʥʦʞʠʥʠ X  

ʈʦʟʚô̫ ʟʦʢ.ὐ ρȟςȟ  ὅ ὣȟ ὣ , ὣ ὯȿὯ ρȟςȟȣȟ 

 ὣ ὯȿὯ ρȟςȟȣ . ʊʦʜʽὢṒὣ᷾ὣ , ʘ, ʦʪʞʝ, ʩʽʤʝʡʩʪʚʦ ʤʥʦʞʠʥ ʉ ̒ 

ʧʦʢʨʠʪʪʷʤ ʤʥʦʞʠʥʠ ʍ. 

 

ʋʧʦʨʷʜʢʦʚʘʥʠʡ ʥʘʙʽʨ ʘʙʦ ʢʦʨʪʝʞ 

ʅʝʭʘʡ ʟʘʜʘʥʘ ʜʝʷʢʘ ʤʥʦʞʠʥʘ X. ɺʽʟʴʤʝʤʦ ʤʥʦʞʠʥʫ ʥʘʪʫʨʘʣʴʥʠʭ 

ʯʠʩʝʣ 
nN ={1, 2,é, n} ʽ ʟʘʜʘʤʦ ʜʝʷʢʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥʠ ὔʫ ʤʥʦʞʠʥʫ 

X (ʯʠʩʣʫ 1 ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʣʝʤʝʥʪ ὼᶰὢ, ʯʠʩʣʫ 2 ï ʝʣʝʤʝʥʪ 

ὼᶰὢ, é, ʯʠʩʣʫ n ï ʝʣʝʤʝʥʪ ὼ ᶰὢ).  

ʆʪʨʠʤʫʻʤʦ ʥʘʙʽʨ ὼȟὼȟȣȟὼʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X, ʫ ʷʢʦʤʫ ʜʝʷʢʽ 

ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩ ̫ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ (ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ὔ  ʫ X 

ʤʦʞʝ ʪʨʘʧʠʪʠʩ,̫ ʱʦ ʨʽʟʥʠʤ ʯʠʩʣʘʤ ʚʽʜʧʦʚʽʜʘʻ ʪʦʡ ʩʘʤʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ 

X). ʈʦʟʪʘʰʦʚʫʶʯʠ ʝʣʝʤʝʥʪʠ ʮʴʦʛʦ ʥʘʙʦʨʫ ʟʘ ʧʦʨʷʜʢʦʤ ʥʦʤʝʨʽʚ, ʦʪʨʠʤʫʻʤʦ 

ʢʦʨʪʝʞ (ὼȟὼȟȣȟὼ) ʜʦʚʞʠʥʠ n, ʷʢʠʡ ʩʢʣʘʜʝʥʦ ʟ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X. 

ɽʣʝʤʝʥʪ ὼ , 1 ¢ k n, ʥʘʟʠʚʘʻʪʴʩʷ k-ʪʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʘʙʦ k-ʪʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ ʢʦʨʪʝʞʫ (ὼȟὼȟȣȟὼ) . 
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ɼʚʘ ʢʦʨʪʝʞʽ (ὼȟὼȟȣȟὼ) ʽ (ώȟώȟȣȟώ) ʚʚʘʞʘʶʪʴʩʷ ʨʽʚʥʠʤʠ, ʷʢʱʦ 

ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʜʦʚʞʠʥʫ ʽ ʾʭ ʢʦʤʧʦʥʝʥʪʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʥʦʤʝʨʘʤʠ 

ʨʽʚʥʽ.  

ʇʦʟʥʘʯʘʪʠʤʝʤʦ ʢʦʨʪʝʞʽ ʛʨʝʮʴʢʠʤʠ ʣʽʪʝʨʘʤʠ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʢʦʨʪʝʞʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʤʥʦʞʠʥʠ, ʢʦʨʪʝʞʽ ʽ ʪ. ʜ.  

ʇʨʠʢʣʘʜ 1.26.  

1) ʂʦʨʪʝʞʽ Ŭ = (σȟτȟυ) ʽ ɓ = (ЍψρȟЍςυφȟЍφςυ) ʨʽʚʥʽ, Ŭ = ɓ.  

2) ʂʦʨʪʝʞʽ (a, b, c) ʽ (b, a, c, a) ʥʝ ʨʽʚʥʽ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʨʽʟʥʫ 

ʜʦʚʞʠʥʫ.  

3) ʂʦʨʪʝʞʽ (1, 2, 3) ʽ (2, 1, 3) ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʜʦʚʞʠʥʫ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʦʜʥʘʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʚʦʥʠ ʥʝ ʨʽʚʥʽ, ʦʩʢʽʣʴʢʠ ʧʦʨʷʜʦʢ ʾʭ ʢʦʤʧʦʥʝʥʪ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ.  

4) ʂʦʨʪʝʞʽ Ŭ = ({a, b}, c, d) ʽ ɓ= ({b, a}, c, d) ʨʽʚʥʽ, ʦʩʢʽʣʴʢʠ ʤʥʦʞʠʥʠ 

{ a, b} ʽ {b, a} ʨʽʚʥʽ (ʜʣʷ ʤʥʦʞʠʥ ʧʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ ʥʝ ʛʨʘʻ ʨʦʣʽ).  

5) ʂʦʨʪʝʞʽ Ŭ = ((a, b), c, d) ʽ ɓ= ((b, a), c, d) ʨʽʟʥʽ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʢʦʨʪʝʞʽ 

(a, b) ʽ (b, a). 

 

ɼʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʤʥʦʞʠʥ 

ʋʟʘʛʘʣʴʥʠʤʦ ʧʦʥʷʪʪʷ ʢʦʨʪʝʞʫ ʡ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʢʦʨʪʝʞʽ, ʫ 

ʷʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʤʥʦʞʠʥʘʤ.  

ɼʝʢʘʨʪʦʚʠʤ ʜʦʙʫʪʢʦʤ ʤʥʦʞʠʥ ɸ ʽ ɺ (ʧʦʟʥʘʯʘʻʪʴʩʷ ὃ ὄ ) 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʚʩʽʭ ʧʘʨ (a, b), ʫ ʷʢʠʭ ʧʝʨʰʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘʣʝʞʠʪʴ 

ʤʥʦʞʠʥʽ ɸ (ὥᶰὃ), ʘ ʜʨʫʛʘ ï ʤʥʦʞʠʥʽ ɺ (ὦɴ ὄ), ʪʦʙʪʦ  

ὃ ὄ ὥȟὦȿὥᶰὃȟὦɴ ὄ . 

ɼʝʢʘʨʪʽʚ ʜʦʙʫʪʦʢ ʤʦʞʥʘ ʧʨʠʨʦʜʥʦ ʫʟʘʛʘʣʴʥʠʪʠ ʜʣʷ ʜʦʚʽʣʴʥʦʾ 

ʩʢʽʥʯʝʥʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʤʥʦʞʠʥ. ʗʢʱʦ ὃȟ ὃȟȣȟὃ  ï ʤʥʦʞʠʥʠ, ʪʦ ʾʭ 

ʜʝʢʘʨʪʦʚʠʤ ʜʦʙʫʪʢʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ Ὀ ὥȟὥȟȣȟὥ ȿὥᶰ

ὃȟὥᶰὃȟȣȟὥ ᶰὃ , ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ ʥʘʙʦʨʽʚ ὥȟὥȟȣȟὥ , ʫ 

ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʽ-ʡ ʯʣʝʥ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ -̔ʪʦʶ ʢʦʦʨʜʠʥʘʪʦʶ , ʘʙʦ -̔ʪʦʶ 

ʢʦʤʧʦʥʝʥʪʦʶ ʥʘʙʦʨʫ, ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ ὃȟὭ ρȟςȟȣȟὲ. ɼʝʢʘʨʪʽʚ 

ʜʦʙʫʪʦʢ ʧʦʟʥʘʯʘʶʪʴ ὃ ὃ ȣ ὃ. ʑʦʙ ʚʽʜʨʽʟʥʷʪʠ ʥʘʙʽʨ ὥȟὥȟȣȟὥ  

ʚʽʜ ʤʥʦʞʠʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ὥȟὥȟȣȟὥ, ʡʦʛʦ ʟʘʧʠʩʫʶʪʴ ʥʝ ʫ 

ʬʽʛʫʨʥʠʭ, ʘ ʚ ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ ʽ ʥʘʟʠʚʘʶʪʴ ʢʦʨʪʝʞʝʤ, ʚʝʢʪʦʨʦʤ ʘʙʦ 

ʚʧʦʨʷʜʢʦʚʘʥʠʤ ʥʘʙʦʨʦʤ. 
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ɿʥʘʡʜʝʤʦ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ A Ĭ B ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

|A| = k, ʘ |B| = m : A = {(
1a ,é,

ka )}, B = {(
1b ,é,

mb )}.  

ɼʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ A Ĭ B ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʪʝʞʽʚ (ὥȟ ὦ), ʷʢʽ ʤʦʞʥʘ 

ʨʦʟʪʘʰʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ:  

(ὥȟὦ), (ὥȟὦ), é , (ὥȢὦ ); 

(ὥȟὦ), (ὥȟὦ), é , (ὥȟὦ ); 

éééééééééééé.. 

(ὥȟὦ), (ὥȟὦ), é , (ὥȟὦ ). 

ʄʠ ʦʪʨʠʤʘʻʤʦ k ʨʷʜʢʽʚ ʟ m ʧʘʨ ʚ ʢʦʞʥʦʤʫ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʪʝʞʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʤʥʦʞʠʥʽ A Ĭ B, ʜʦʨʽʚʥʶʻ k ³ m, 

ʪʦʙʪʦ n(A) Ĭ n(B). ʄʘʻ ʤʽʩʮʝ ʬʦʨʤʫʣʘ: n(A Ĭ B) = n(A) Ĭ n(B) ï ʧʨʘʚʠʣʦ 

ʜʦʙʫʪʢʫ.  

ɼʦʚʞʠʥʦʶ ʢʦʨʪʝʞʫ ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪ. 

ɼʚʘ ʢʦʨʪʝʞʽ ὥȟὥȟȣȟὥ  ʽ ὦȟὦȟȣȟὦ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ 

ʚʚʘʞʘʶʪʴ ʨʽʚʥʠʤʠ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʽ ʾʭ ʢʦʦʨʜʠʥʘʪʠ, 

ʪʦʙʪʦ ὥ ὦȟὭ ρȟςȟȣȟὲ. ʆʪʞʝ, ʢʦʨʪʝʞʽ (a, b, c) ʽ (a, c, b) ʨʽʟʥʽ, ʘ ʤʥʦʞʠʥʠ 

ὥȟὦȟὧ ̔ ὥȟὧȟὦ ï ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ. 

ɼʝʢʘʨʪʽʚ ʜʦʙʫʪʦʢ ʤʥʦʞʠʥʠ ɸ ʥʘ ʩʝʙʝ n ʨʘʟʽʚ, ʪʦʙʪʦ ʤʥʦʞʠʥʫ 

AAA ³³³ ...  ʥʘʟʠʚʘʶʪʴ n-ʤ ʜʝʢʘʨʪʦʚʠʤ (ʧʨʷʤʠʤ) ʩʪʝʧʝʥʝʤ ʤʥʦʞʠʥʠ ɸ ʪʘ 

ʧʦʟʥʘʯʘʶʪʴ nA . ɺʚʘʞʘʶʪʴ, ʱʦ ὃ ᶮὲ π ʡ ὃ ὃὲ ρ. 

ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʷʢʱʦ ʭʦʯʘ ʙ ʦʜʥʘ ʟ ʤʥʦʞʠʥ ɸ, ɺ ʧʦʨʦʞʥʷ, ʪʦ ʾʭ 

ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʧʦʨʦʞʥʽʡ: ὃ ᶮ ᶮ ὄ .ɲ 

ʗʢʱʦ ɸ = ɺ, ʪʦ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ɸ Ĭ ɺ ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʢʘʨʪʦʚʠʤ 

ʢʚʘʜʨʘʪʦʤ ʤʥʦʞʠʥʠ ɸ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ: ɸ Ĭ B = 2A  ={(ʘ, b) |aÍA, bÍA}  

ʗʢ ʫʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʜʣʷ ʤʥʦʞʠʥʠ A Ĭ B ʻ ʤʥʦʞʠʥʘ:  

1) U Ĭ U, ʷʢʱʦ A ɴ U ʽ B ɴ U;  

2) 
1U  Ĭ 

2U , ʷʢʱʦ A ɴ 
1U  ʽ B ɴ 

2U . 

ʇʨʠʢʣʘʜ 1.27. ʇʦʙʫʜʫʚʘʪʠ C = A Ĭ B, ʷʢʱʦ ὃ ὼȟώȟᾀ, { }2,1=B . 

ʈʦʟʚô̫ ʟʦʢ. ὅ ὼȟρȢὼȟς ώȟρȢώȟςȟᾀȟρȟᾀȟς . 

 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ 

ɯʩʥʫʻ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʷʤʦʛʦ ʜʦʙʫʪʢʫ ʤʥʦʞʠʥ. ʅʝʭʘʡ 

ʤʥʦʞʠʥʘ ὃ ὼȿὥ ὼ ὦ ï ʮʝ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ x ̔  ὄ

ώȿὧ ώ Ὠï ʮʝ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ y. ʗʩʥʦ, ʱʦ ʤʥʦʞʠʥʠ A ʽ B 
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ʤʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʝ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ. ʊʦʜʽ ʧʨʷʤʠʡ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ BA³

ï ʮʝ ʤʥʦʞʠʥʘ ʪʦʯʦʢ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 7.  

ʆʪʞʝ, ὅ ὃ ὄ ὼȟώȿὼᶰὃȟώᶰὄ. 

ʇʨʠʢʣʘʜ 1.28. ʗʢʱʦ ὃ ὥȟὦ ʪʘ ὄ ὦȟὧȟὨ, ʪʦ ὃ ὄ

ὥȟὦȟὥȟὧȟὥȟὨȟὦȟὦȟὦȟὧȟὦȟὨ ; 

ὃ ὥȟὥȟὥȟὦȟὦȟὥȟὦȟὦ . 

 

 

 

ʈʠʩ. 7. ɻʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ 

ʤʥʦʞʠʥ A ̔  B 

 

ʗʢʱʦ R ï ʤʥʦʞʠʥʘ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, ʘʙʦ ʤʥʦʞʠʥʘ ʪʦʯʦʢ ʢʦʦʨʜʠʥʘʪʥʦʾ 

ʧʨʷʤʦʾ, ʪʦ Ὑï ʮʝ ʤʥʦʞʠʥʘ ʧʘʨ (a, b), ʜʝ ὥȟὦɴ Ὑ, ʘʙʦ ʤʥʦʞʠʥʘ ʪʦʯʦʢ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʣʦʱʠʥʠ. 

ʆʧʝʨʘʮʽʷ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ ʥʝʘʩʦʮʽʘʪʠʚʥʘ ʡ ʥʝʢʦʤʫʪʘʪʠʚʥʘ, ʪʦʙʪʦ 

ʤʥʦʞʠʥʠ ὃ ὄ ὅȟὃ ὄ ὅ , ʘ ʪʘʢʦʞ ʤʥʦʞʠʥʠ ὃ ὄ ʪʘ ὄ ὃ, 

ʫʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʨʽʟʥʽ. 

ɿʚô̫ ʟʦʢ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ ʟ ʽʥʰʠʤʠ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʚʠʨʘʞʘʶʪʴ ʪʘʢʽ ʪʦʪʦʞʥʦʩʪʽ: 

ὃ᷾ὄ ὅ ὃ ὅ᷾ ὄ ὅ; 

ὃ᷊ὄ ὅ ὃ ὅ᷊ ὄ ὅ; 

ὃ ὄ᷾ὅ ὃ ὄ ᷾ ὃ ὅ; 

ὃ ὄ᷊ὅ ὃ ὄ ᷊ ὃ ὅ. 

ὃ ὄ ὃ ὄ ᷾ ὃ ὄ ᷾ ὃ ὄ . 
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ɼʣʷ ʧʽʜʤʥʦʞʠʥ ʙʫʜʫʪʴ ʧʨʘʚʠʣʴʥʽ ʪʚʝʨʜʞʝʥʥʷ: 

ʢ̫ʱʦ ὃṖὄ, ʪʦ ὃ ὅṖὄ ὅ, 

ʢ̫ʱʦ ὃȟὄ π, ʪʦ ὃ ὄṖὅ Ὀ ᵾ ὃṖὅ ̔ ὄṖὈ. 

ɿʚʦʨʦʪʥʠʡ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ 

ʅʝʭʘʡ ὅ ὃ ὄï ʧʨʷʤʠʡ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʤʥʦʞʠʥ. 

ʊʦʜʽ ὅ ὄ ὃ ʥʘʟʚʘʪʠʤʝʪʴʩʷ ʟʚʦʨʦʪʥʠʤ ʜʝʢʘʨʪʦʚʠʤ ʜʦʙʫʪʢʦʤ ʜʦ 

ʧʨʷʤʦʛʦ ʜʦʙʫʪʢʫ. 

ʇʨʠʢʣʘʜ 1.29. ʇʦʙʫʜʫʚʘʪʠ ʧʨʷʤʠʡ  ̔ʟʚʦʨʦʪʥʠʡ ʜʝʢʘʨʪʦʚʽ ʜʦʙʫʪʢʠ 

ʜʣʷ ʤʥʦʞʠʥ A= {1, 2, 3} ʽ B= {x, y, z} . 

ʈʦʟʚô̫ ʟʦʢ. 

C = A Ĭ B = {( 1, x), (1, y), (1, z), (2, x), (2, y), (2, z), (3, x), (3, y), (3, z)} . 

ὅ ὄ ὃ ὼȟρȟὼȟςȟὼȟσȟώȟρȟώȟςȟώȟσȟᾀȟρȟᾀȟςȟᾀȟσ .   

 

ʇʨʦʻʢʪʫʚʘʥʥʷ 

ʇʨʦ̒ʢʮʽʁ̒ ʥʘ ʽ-ʪʫ ʚʽʩʴ (ʽ-ʪʦʶ ʧʨʦʢ̒ʮʽʶ) ʢʦʨʪʝʞʫ ύ ὥȟὥȟȣȟὥ  

ʥʘʟʠʚʘʻʪʴʩʷ ʽ-ʪʘ ʢʦʦʨʜʠʥʘʪʘ ὥʢʦʨʪʝʞʫ ύ  ʧʦʟʥʘʯʘʻʪʴʩʷ ὖὶύ. 

ʇʨʦ̒ʢʮʽʻʶ ʢʦʨʪʝʞʫ ύ ὥȟὥȟȣȟὥ  ʥʘ ʦʩʽ ʟ ʥʦʤʝʨʘʤʠ 

ὭȟὭȟȣȟὭʥʘʟʠʚʘʻʪʴʩʷ ʢʦʨʪʝʞ ὥȟὥȟȣȟὥ ; ʧʦʟʥʘʯʘʻʪʴʩʷ ὖὶȟȟȣȟ ύ. 

ʅʝʭʘʡ V ï ʤʥʦʞʠʥʘ ʢʦʨʪʝʞʽʚ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ. ʇʨʦʢ̒ʮʽʻʶ ʤʥʦʞʠʥʠ 

V ʥʘ ʽ-ʪʫ ʚʽʩʴ (ʧʦʟʥʘʯʘʻʪʴʩʷ ViPr ) ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʧʨʦʢ̒ʮʽʡ ʥʘ ʽ-ʪʫ ʚʽʩʴ 

ʫʩʽʭ ʢʦʨʪʝʞʽʚ ʤʥʦʞʠʥʠ V: ὖὶὠ ὖὶὺȿὺᶰὠ. 

ʆʧʝʨʘʮʽʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʜʦ ʪʠʭ ʤʥʦʞʠʥ, 

ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʨʪʝʞʽ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ. 

ʇʨʠʢʣʘʜ 1.30.ὖὶȟȟȣȟ ὃ ὃ ȣ ὃ ὃ ὃ ȣ ὃ Ȣ 

ʗʢʱʦ ὠ ὥȟὦȟὧȟὥȟὧȟὨȟὥȟὦȟὨ ȟ ʪʦ ὖὶὠ ὥ ȟ ὖὶὠ ὦȟὧȟ 

ὖὶὠ ὧȟὨ , ὖὶȟὠ ὥȟὧȟὥȟὨ , ὖὶȟὠ ὦȟὧȟὧȟὨȟὦȟὨ . 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ɼʦʚʝʩʪʠ ʪʦʪʦʞʥʦʩʪʽ ὃ᷊ὄ ᷾ὃ ὃ᷾ὄ ᷊ὃ ὃ. 

2. ɼʣʷ ʟʘʜʘʥʠʭ ʤʥʦʞʠʥ ὃ ρȟςȟὄ ςȟσȟτ ʚʠʟʥʘʯʠʪʠ 

  (ʘ) ὃ ὄ;   (ʚ) ὄ ;   (ʜ) ὃ ὄ ὃ; 

  (ʙ) ὄ ὃ;   (ʛ) ὄ͵ὃ ὃ; (ʝ) ὃ ὃ᷾ὄ . 

3. ɼʦʚʝʩʪʠ ὃ ὄ ᷊ ὄ ὃ ὃ᷊ὄ ὃ᷊ὄ . 

4. ɼʦʚʝʩʪʠ, ʱʦ ʢʦʣʠ ὄ ,ɲ ʪʦ ὖὶὃ ὄ ὃ. 
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1.2. ɺʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʚʽʜʥʦʰʝʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʤʥʦʞʠʥʠ A ʽ B. ɽʣʝʤʝʥʪʠ ʮʠʭ ʤʥʦʞʠʥ ʤʦʞʫʪʴ 

ʟʽʩʪʘʚʣʷʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʙʫʜʴ-ʷʢʠʤ ʯʠʥʦʤ, ʫʪʚʦʨʶʶʯʠ ʚʧʦʨʷʜʢʦʚʘʥʽ ʧʘʨʠ 

(a, b). ʗʢʱʦ ʩʧʦʩʽʙ ʪʘʢʦʛʦ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʡ, ʪʦʙʪʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ὥᶰὃ ʚʢʘʟʘʥʦ ʝʣʝʤʝʥʪ ὦɴ ὄ, ʟ ʷʢʠʤ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʝʣʝʤʝʥʪ a, ʪʦ 

ʛʦʚʦʨʷʪʴ, ʱʦ ʤʽʞ ʤʥʦʞʠʥʘʤʠ A ʽ B ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ: 

1) ʤʥʦʞʠʥʫ ɸ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʟʽʩʪʘʚʣʷʶʪʴ ʟ ʝʣʝʤʝʥʪʘʤʠ ʽʥʰʦʾ 

ʤʥʦʞʠʥʠ;  

2) ʤʥʦʞʠʥʫ ɺ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʩʪʘʚʣʷʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʣʝʤʝʥʪʘʤ 

ʧʝʨʰʦʾ ʤʥʦʞʠʥʠ; 

3) ʤʥʦʞʠʥʫ ὗṖὃ ὄȟ ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʢʦʥ (ʧʨʘʚʠʣʦ), ʟʘ ʷʢʠʤ 

ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʪʦʙʪʦ ʪʘʢʝ ʧʨʘʚʠʣʦ, ʱʦ ʧʝʨʝʨʘʭʦʚʫʻ ʚʩʽ ʧʘʨʠ  

(ʘ, b), ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʟʽʩʪʘʚʣʝʥʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ (ʧʦʟʥʘʯʠʤʦ ʾʾ ʯʝʨʝʟ q) ʻ ʪʨʽʡʢʦʶ ʤʥʦʞʠʥ 

ή ἂὃȟὄȟὗἃ 

ʜʝ ï ὗṖὃ ὄʧʽʜʤʥʦʞʠʥʘ ʜʝʢʘʨʪʦʚʦʛʦ ʜʦʙʫʪʢʫ ʤʥʦʞʠʥ A ʽ B, ʷʢʫ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʛʨʘʬʽʢʦʤ ʚʽʜʧʦʚʽʜʥʦʩʪʽ; A ï ʤʥʦʞʠʥʘ ʚʽʜʧʨʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ; 

B ï ʤʥʦʞʠʥʘ ʧʨʠʙʫʪʪʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʟ ʢʦʞʥʦʶ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʟʚô̫ ʟʘʥʽ ʥʝʨʦʟʨʠʚʥʦ ʱʝ ʜʚʽ 

ʤʥʦʞʠʥʠ: 

1) ʤʥʦʞʠʥʘ ὖὶὗ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

ɼʦ ʮ̔ ʻʾ ʤʥʦʞʠʥʠ ʚʭʦʜʷʪʴ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʟʽʩʪʘʚʣʝʥʥʽ; 

2) ʤʥʦʞʠʥʘ ὖὶὗ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʶ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. ɼʦ 

ʮʽʻʾ ʤʥʦʞʠʥʠ ʚʭʦʜʷʪʴ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʟʽʩʪʘʚʣʝʥʥʽ. 

ʗʢʱʦ ὥȟὦᶰὗ, ʪʦ ʛʦʚʦʨʷʪʴ, ʱʦ ʝʣʝʤʝʥʪ b ʚʽʜʧʦʚʽʜʘʻ ʝʣʝʤʝʥʪʫ a. 

ɻʝʦʤʝʪʨʠʯʥʦ ʮʝ ʟʦʙʨʘʞʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʢʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʚʽʜ ʜʦ. ʅʘ 

ʨʠʩ. 8 ʧʦʢʘʟʘʥʦ ʜʚʽ ʤʥʦʞʠʥʠ A ʽ B ʟ ʫʩʪʘʥʦʚʣʝʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦʩʪʷʤʠ ʤʽʞ ʾʭ 

ʝʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʬʽʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

ὗ ὥȟὦ ȟὥȟὦ ȟὥȟὦ ȟὥȟὦ ȟὥȟὦ ȟὥȟὦ ȟὥȟὦ . 
ɼʣʷ ʢʦʞʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ή ἂὃȟὄȟὗἃ ʽʩʥʫʻ ʟʚʦʨʦʪʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, 

ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʮ  ʁ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʘʶʪʴ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʶʪʴ ʝʣʝʤʝʥʪʠ ὥᶰὃȟ ʟ ʷʢʠʤʠ 

ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ὦɴ ὄ. 
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ʈʠʩ. 8. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʥʦʞʠʥ A ̔  B 

 

ɿʚʦʨʦʪʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʟʥʘʯʘʻʪʴʩʷ: ή ἂὃȟὄȟὗ ἃ ,  

ʜʝ ὗ ὄ ὃ. ɻʝʦʤʝʪʨʠʯʥʦ ʟʚʦʨʦʪʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʩʪʨʽʣʦʢ ʧʨʷʤʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

 

ʊʠʧʠ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ 

ɺʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʦʜʥʦ-ʦʜʥʦʟʥʘʯʥʽ, ʦʜʥʦ-

ʙʘʛʘʪʦʟʥʘʯʥʽ, ʙʘʛʘʪʦ-ʦʜʥʦʟʥʘʯʥʽ, ʙʘʛʘʪʦ-ʙʘʛʘʪʦʟʥʘʯʥʽ. 

ʆʜʥʦ-ʦʜʥʦʟʥʘʯʥʘ (ʘʙʦ ʚʟʘʻʤʥʦ-ʦʜʥʦʟʥʘʯʥʘ) ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʆʜʥʦ-ʦʜʥʦʟʥʘʯʥʘ (ʘʙʦ ʚʟʘʻʤʥʦ-ʦʜʥʦʟʥʘʯʥʘ) ʚʽʜʧʦʚʽʜʥʽʩʪʴ ï ʮʝ ʪʘʢʘ 

ʧʦʧʘʨʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʜʚʦʭ ʤʥʦʞʠʥ A ʽ B, ʢʦʣʠ ʦʜʠʥ 

ʝʣʝʤʝʥʪ ʟ A ʟʽʩʪʘʚʣʝʥʦ ʟ ʻʜʠʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟ B ʽ ʥʘʚʧʘʢʠ. 

ʇʨʠʢʣʘʜ 1.31. ʅʝʭʘʡ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ N ʽ ʤʥʦʞʠʥʘ 

ʢʚʘʜʨʘʪʽʚ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ P. ʇʦʙʫʜʫʚʘʪʠ ʦʜʥʦ-ʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. 

ʈʦʟʚô̫ ʟʦʢ. ʂʦʞʥʦʤʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʯʠʩʣʫ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʡʦʛʦ ʢʚʘʜʨʘʪ, ʽ ʥʘʚʧʘʢʠ ï ʢʦʞʥʦʤʫ ʢʚʘʜʨʘʪʫ ʮʽʣʦʛʦ ʯʠʩʣʘ 

ʚʽʜʧʦʚʽʜʘʻ ʩʘʤʝ ʥʘʪʫʨʘʣʴʥʝ ʯʠʩʣʦ.  

ʊʦʤʫ ʤʽʞ ʤʥʦʞʠʥʘʤʠ N ʡ P ʽʩʥʫʻ ʚʟʘʻʤʥʦ-ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, 

ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9. 

 

 

ʈʠʩ. 9. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ 

ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ N ʪʘ ʤʥʦʞʠʥʠ ʢʚʘʜʨʘʪʽʚ ʮʠʭ ʯʠʩʝʣ P  



38 

 

ʆʜʥʦ-ʙʘʛʘʪʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʆʜʥʦ-ʙʘʛʘʪʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ï ʮʝ ʪʘʢʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʜʚʦʭ ʤʥʦʞʠʥ A ʽ B, ʢʦʣʠ ʟ ʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʧʝʨʰʦʾ ʤʥʦʞʠʥʠ A 

ʟʽʩʪʘʚʣʝʥʦ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʨʫʛʦʾ ʤʥʦʞʠʥʠ B, ʘʣʝ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ 

ʜʨʫʛʦʾ ʤʥʦʞʠʥʠ ʚʽʜʧʦʚʽʜʘʻ ʪʽʣʴʢʠ ʦʜʥʦʤʫ ʝʣʝʤʝʥʪʫ ʧʝʨʰʦʾ ʤʥʦʞʠʥʠ. 

ʇʨʠʢʣʘʜ 1.32. ʅʝʭʘʡ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʢʚʘʜʨʘʪʥʠʭ ʢʦʨʝʥʽʚ 

Ὃ ρȟςȟσȟτȟυ ʽ ʤʥʦʞʠʥʘ ʮʽʣʠʭ ʯʠʩʝʣ ὔ

ρȟςȟσȟτȟυȟφȟχȟψȟωȟρπȟρρȟρςȟρσȟρτȟρυȟρφȟȣȟςυ. 

ʇʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʮʠʭ ʤʥʦʞʠʥ. 

ʈʦʟʚô̫ ʟʦʢ. ʂʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʤʥʦʞʠʥʠ G ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʠʥ 

ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ N. ɿʚʦʨʦʪʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʙʘʛʘʪʦʟʥʘʯʥʦʶ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʤʠ ʙʫʜʝʤʦ ʚʠʜʽʣʷʪʠ ʮʽʣʫ ʯʘʩʪʠʥʫ ʚʽʜ ʚʟʷʪʪʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ 

ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ N, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10. 

 

 

 

ʈʠʩ. 10. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʥʦ-ʙʘʛʘʪʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ  

ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ N ʪʘ G 

 

ɹʘʛʘʪʦ-ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ɹʘʛʘʪʦ-ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ï ʮʝ ʪʘʢʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʜʚʦʭ ʤʥʦʞʠʥ A ʽ B, ʢʦʣʠ ʟ ʝʣʝʤʝʥʪʦʤ ʧʝʨʰʦʾ ʤʥʦʞʠʥʠ 

ʟʽʩʪʘʚʣʝʥʦ ʪʽʣʴʢʠ ʦʜʠʥ ʝʣʝʤʝʥʪ ʜʨʫʛʦʾ ʤʥʦʞʠʥʠ, ʘʣʝ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʜʨʫʛʦʾ 

ʤʥʦʞʠʥʠ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʦʤʫ ʝʣʝʤʝʥʪʫ ʧʝʨʰʦʾ ʤʥʦʞʠʥʠ. 

ʇʨʠʢʣʘʜ 1.33. ʅʝʭʘʡ A = {1, 2, 3, 4, 5} ï ʮʝ ʧʨʠʧʫʩʪʠʤʘ ʤʥʦʞʠʥʘ 

ʦʮʽʥʦʢ, ʘ B= {1, 2, 3, 4, 5, 6, é, 25} ï ʤʥʦʞʠʥʘ ʩʪʫʜʝʥʪʽʚ ʫ ʛʨʫʧʽ. ʇʦʙʫʜʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʮʠʭ ʤʥʦʞʠʥ.  

ʈʦʟʚô̫ ʟʦʢ. ʂʦʞʥʠʡ ʩʪʫʜʝʥʪ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥʷ ʽʩʧʠʪʫ ʤʦʞʝ ʦʜʝʨʞʘʪʠ 

ʪʽʣʴʢʠ ʦʜʥʫ ʦʮʽʥʢʫ. ɺʦʜʥʦʯʘʩ ʪʘ ʩʘʤʘ ʦʮʽʥʢʘ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʘʚʣʝʥʘ ʜʝʷʢʽʡ 

ʧʽʜʤʥʦʞʠʥʽ ʩʪʫʜʝʥʪʽʚ. ʊʦʤʫ ʤʽʞ ʮʠʤʠ ʤʥʦʞʠʥʘʤʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʙʘʛʘʪʦ-ʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 11.  
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ɹʘʛʘʪʦ-ʙʘʛʘʪʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ɹʘʛʘʪʦ-ʙʘʛʘʪʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ï ʮʝ ʪʘʢʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʜʚʦʭ ʤʥʦʞʠʥ A ʽ B, ʢʦʣʠ ʟ ʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʧʝʨʰʦʾ ʤʥʦʞʠʥʠ 

ʟʽʩʪʘʚʣʝʥʦ ʙʽʣʴʰ ʥʽʞ ʦʜʠʥ ʝʣʝʤʝʥʪ ʜʨʫʛʦʾ ʤʥʦʞʠʥʠ ʽ ʥʘʚʧʘʢʠ. 

ʇʨʠʢʣʘʜ 1.34. ʅʝʭʘʡ A ï ʤʥʦʞʠʥʘ ʪʝʘʪʨʘʣʴʥʠʭ ʧʦʩʪʘʥʦʚʦʢ, ʘ B ï 

ʤʥʦʞʠʥʘ ʛʣʷʜʘʯʽʚ. ʂʦʞʥʠʡ ʛʣʷʜʘʯ ʤʦʞʝ ʧʦʜʠʚʠʪʠʩʷ ʜʝʷʢʫ ʧʽʜʤʥʦʞʠʥʫ 

ʪʝʘʪʨʘʣʴʥʠʭ ʧʦʩʪʘʥʦʚʦʢ. ɺʦʜʥʦʯʘʩ ʢʦʞʥʫ ʟ ʪʝʘʪʨʘʣʴʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʚʽʜʚʽʜʫʻ 

ʜʝʷʢʘ ʧʽʜʤʥʦʞʠʥʘ ʛʣʷʜʘʯʽʚ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 12. 

 

 

ʈʠʩ. 11. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʙʘʛʘʪʦ-ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ  

ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ A ʪʘ B 

 

 

ʈʠʩ. 12. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʙʘʛʘʪʦ-ʙʘʛʘʪʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ  

ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ A ʪʘ B 

 

ʇʦʥʷʪʪʷ ʚʽʜʥʦʰʝʥʥʷ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʧʦʥʷʪʪʷʤ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʻ ʧʦʥʷʪʪʷ 

çʚʽʜʥʦʰʝʥʥʷè, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʟʚô̫ ʟʢʫ ʤʽʞ ʦʙô̒ ʢʪʘʤʠ 

ʘʙʦ ʧʦʥʷʪʪʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚʣʘʩʪʠʚʽʩʪʴ ʝʣʝʤʝʥʪʘ ʘ ʥʘʣʝʞʘʪʠ ( )AaÍ  ʤʥʦʞʠʥʽ ɸ. ʅʘ 

ʤʥʦʞʠʥʽ ʣʶʜʝʡ ʤʦʞʥʘ ʟʘʜʘʪʠ ʨʦʜʠʥʥʽ ʚʽʜʥʦʰʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ çʭ ʩʝʩʪʨʘ ʫè. 
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ʇʨʠʯʦʤʫ, ʷʢʱʦ ʚʟʷʪʠ ʢʦʥʢʨʝʪʥʠʭ ʣʶʜʝʡ ʽ ʧʽʜʩʪʘʚʣʷʪʠ ʾʭ ʽʤʝʥʘ ʟʘʤʽʩʪʴ ʭ ʽ ʫ, 

ʪʦ ʦʪʨʠʤʘʻʤʦ ʘʙʦ ʩʧʨʘʚʝʜʣʠʚʝ ʚʽʜʥʦʰʝʥʥʷ, ʘʙʦ ʭʠʙʥʝ. 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ ʥʝʧʦʨʦʞʥʽʭ ʤʥʦʞʠʥ  

ὃ ὃ ȣ ὃ . ʇʽʜʤʥʦʞʠʥʘ ”Ṓὃ ὃ ȣ ὃ , ʥʘʟʠʚʘʻʪʴʩʷ  

n-ʤʽʩʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʥʘ ʤʥʦʞʠʥʽ ὃ ὃ ȣ ὃȟ ʘʙʦ ʢʦʨʪʝʞʝʤ. ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ὥᶰὃȟὥᶰὃȟȣȟὥ ᶰὃ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʚʽʜʥʦʰʝʥʥʽ r, ʷʢʱʦ 

ὥȟὥȟȣȟὥ ᶰ”. 

ʗʢʱʦ n = 1, ʚʽʜʥʦʰʝʥʥʷ r ʻ ʧʽʜʤʥʦʞʠʥʘʤʠ ʤʥʦʞʠʥʠ ɸ, ʾʭ ʥʘʟʠʚʘʶʪʴ 

ʦʜʥʦʤʽʩʥʠʤʠ, ʘʙʦ ʫʥʘʨʥʠʤʠ. ɺʣʘʩʪʠʚʦʩʪʽ ʫʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ r  ï ʮʝ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʾ ʧʽʜʤʥʦʞʠʥʠ ɸ, ʪʦʤʫ ʪʝʨʤʽʥ ʚʽʜʥʦʰʝʥʥʷ ʟ n = 1 ʚʞʠʚʘʻʪʴʩʷ 

ʨʽʜʢʦ. ʗʢʱʦ n = 2, ʪʦ ʚʽʜʥʦʰʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʙʽʥʘʨʥʠʤ. ɹʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ. 

ɹʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ. ɺʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʘʨʘʤʠ ʦʙô̒ ʢʪʽʚ ʥʘʟʠʚʘʶʪʴ 

ʜʚʦʤʽʩʥʠʤʠ ʘʙʦ ʙʽʥʘʨʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ çʭ ʜʽʣʴʥʠʢ ʫè, çʭ ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʫè. 

ɹʽʥʘʨʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥ ὥᶰὃ ʪʘ  

ὦɴ ὄʥʘʟʠʚʘʶʪʴ ʧʽʜʤʥʦʞʠʥʫ r ʤʥʦʞʠʥʠ ὃ ὄ”Ṓὃ ὄ. ʇʦʟʥʘʯʘʶʪʴ: 

ὥ”ὦ ʘʙʦ ὥȟὦᶰ”. ʏʠʪʘʻʪʴʩʷ çʘ ʧʝʨʝʙʫʚʘʻ ʫ ʚʽʜʥʦʰʝʥʥʽ ʟ ʚè. 

ʆʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ” (ʧʦʟʥʘʯʘʻʪʴʩʷ Ὀ) ʥʘʟʠʚʘʶʪʴ 

ʤʥʦʞʠʥʫ ʧʝʨʰʠʭ ʢʦʦʨʜʠʥʘʪ (ʘ) ʝʣʝʤʝʥʪʽʚ ʽʟ ”, ʦʙʣʘʩʪʶ ʟʥʘʯʝʥʴ 

(ʧʦʟʥʘʯʘʶʪʴʩʷ 
rm) ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʫ ʜʨʫʛʠʭ ʢʦʦʨʜʠʥʘʪ (ʚ) ʝʣʝʤʝʥʪʽʚ ʟ r. 

ɼʦʧʦʚʥʝʥʥʷʤ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ R ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ A ʪʘ B 

ʚʚʘʞʘʻʪʴʩʷ ʤʥʦʞʠʥʘ īὙ = Ὑ← = (A Ĭ B) \Ὑ. 

ʆʙʝʨʥʝʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʜʣʷ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ R ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʥʦʞʠʥʘ Ὑ  = {(a, b) | (b, a)  ɴὙ}.  

ʆʙʨʘʟʦʤ ʤʥʦʞʠʥʠ A ʚʽʜʥʦʩʥʦ R ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʫ Ὑ ὃ.  

ɼʦʙʫʪʢʦʤ (ʢʦʤʧʦʟʠʮʽʻʶ) ʚʽʜʥʦʰʝʥʴ ὙṖ A Ĭ B ʪʘ Ὑ Ṗ B Ĭ C 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ 
1Rᶼ2R  = {(a, b)| ʽʩʥʫʻ c, ʪʘʢʝ, ʱʦ (a, c) ᶰ

1R  ʪʘ (c, b) 

ᶰ
2R }.  

ʇʨʠʢʣʘʜ 1.35. ὖ ὥȟὦȟὥȟὧȟὦȟὥȟὧȟὨ ,  

ὗ ὥȟὦȟὦȟὧȟὧȟὥȟὧȟὨ , ʪʦ 

ὖ ὗʐ ὥȟὧȟὥȟὥȟὥȟὨȟὦȟὦ , 

ὗ ὖʐ ὥȟὥȟὦȟὨȟὧȟὦȟὧȟὧ . 

ʇʨʠʢʣʘʜ 1.36. ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʥʦʰʝʥʥʷ rʥʘ ʤʥʦʞʠʥʘʭ { }9,8,7,1=A  ʪʘ 

ὄ υȟφȟρπ, ” ï ʚʽʜʥʦʰʝʥʥʷ çʘ ʙʽʣʴʰʝ ʟʘ ʚ ( )ba> .  
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ʊʦʜʽ ” χȟυȟχȟφȟψȟυȟψȟφȟωȟυȟωȟφ Ȣ  Ὀ χȟψȟωȢ 

 ‘ υȟφ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʦʙʝʨʥʝʥʠʭ ʚʽʜʥʦʰʝʥʴ:  

1) Ὑ Ὑ; 

2) ʷʢʱʦ ὙṒὛ, ʪʦ Ὑ ṒὛ ; 

3) Ὑ Ὑ ; 

4) Ὑ᷊Ὓ Ὑ ᷊Ὓ ; 

5) Ὑ Ὓʐ Ὓ Ὑʐ . 

 

ʉʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʙʽʥʘʨʥʠʭ ʚʽʜʥʦʰʝʥʴ 

ʆʩʢʽʣʴʢʠ ʙʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʻ ʤʥʦʞʠʥʘʤʠ, ʪʦ ʜʣʷ ʾʭ ʟʘʜʘʚʘʥʥʷ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽ ʩʘʤʽ ʩʧʦʩʦʙʠ, ʱʦ ʽ ʜʣʷ ʤʥʦʞʠʥ. ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʙʽʥʘʨʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʟʘʜʘʥʽ ʥʝʩʢʽʥʯʝʥʥʠʤʠ ʤʥʦʞʠʥʘʤʠ, ʪʦ ʾʭ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʴ ʚʽʜʥʦʰʝʥʴ  ̔ʛʨʘʬʽʚ (ʜʽʘʛʨʘʤ) ʚʽʜʥʦʰʝʥʴ. 

1. ɿʘʜʘʚʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʣʽʢʦʤ 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʤʦʞʥʘ ʟʘʜʘʪʠ, ʧʝʨʝʨʘʭʦʚʫʶʯʠ ʚʩʽ ʧʘʨʠ, ʷʢʽ ʜʦ 

ʥʴʦʛʦ ʚʭʦʜʷʪʴ (ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨ), 

ʘʙʦ ʚʢʘʟʘʚʰʠ ʟʘʛʘʣʴʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʧʘʨ, ʱʦ ʥʘʣʝʞʘʪʴ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʶ, 

ʪʦʙʪʦ ʧʨʝʜʠʢʘʪʦʤ (ʟʛʘʜʘʡʪʝ ʩʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʤʥʦʞʠʥ). 

ʇʨʠʢʣʘʜ 1.37. ʅʝʭʘʡ ʜʘʥʦ ʤʥʦʞʠʥʫ ὃ ὴȟὶȟίȟήȢ ɿʘʜʘʪʠ 

ʚʽʜʥʦʰʝʥʥʷ ὙṖὃ ὃ ʧʝʨʝʨʘʭʫʚʘʥʥʷʤ ʧʘʨ. 

ʈʦʟʚô̫ ʟʦʢ Ὑ ὴȟὶȟίȟήȟὶȟὴȟὴȟὴȟίȟὶȟὴȟί . 

ʇʨʠʢʣʘʜ 1.38. ʅʝʭʘʡ ʜʘʥʦ ʤʥʦʞʠʥʫ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ N. ɿʘʜʘʪʠ 

ʚʽʜʥʦʰʝʥʥʷ, ʚʢʘʟʘʚʰʠ ʟʘʛʘʣʴʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʧʘʨ, ʱʦ ʥʘʣʝʞʘʪʴ ʚʽʜʥʦʰʝʥʥʶ. 

ʈʦʟʚô̫ ʟʦʢ. Ὑ ὲȟά ᶰὔ ὔȿὲ ʜʽʣʴʥʠʢά . 

2. ʄʘʪʨʠʯʥʠʡ ʩʧʦʩʽʙ 

ɿʘ ʤʘʪʨʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʜʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʘʤ ʤʥʦʞʠʥʠ ɸ 

ʩʪʘʚʣʷʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʷʜʢʠ ʤʘʪʨʠʮʽ M R, ʝʣʝʤʝʥʪʘʤ ʤʥʦʞʠʥʠ ɺ ð 

ʩʪʦʚʧʮʽ. ʗʢʱʦ ʧʘʨʘ (a, b) ʧʝʨʝʙʫʚʘʻ ʫ ʚʽʜʥʦʰʝʥʥʽ R, ʪʦ ʥʘ ʧʝʨʝʪʠʥʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʾʤ ʨʷʜʢʘ ʪʘ ʩʪʦʚʧʮʷ ʤʘʪʨʠʮʽ ʟʘʧʠʩʫʻʪʴʩʷ ʦʜʠʥʠʮʷ, ʽʥʘʢʰʝ ð 

ʥʫʣʴ. 

ɺʚʝʜʝʤʦ ʩʠʤʚʦʣ ‏
ρȟὥὙὦ

πȟὥὙὦ
. 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟʘʜʘʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʦʶ ʪʘʙʣʠʮʝʶ ï ʤʘʪʨʠʮʝʶ 

ʩʫʤʽʞʥʦʩʪʽ, ʷʢʽʡ ʚʟʘʻʤʦʦʜʥʦʟʥʘʯʥʦ ʟʩ̔ʪʘʚʣʷʶʪʴ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ɸ ʪʘ ɺ. 
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ʂʦʞʥʘ ʢʣʽʪʠʥʢʘ (Ὥ,Ὦ) ʚʽʜʧʦʚʽʜʘʻ ʝʣʝʤʝʥʪʘʤ ʤʥʦʞʠʥʠ ɸ Ĭ ɺ. ʗʢʱʦ ʘὙb, ʪʦ ʚ 

ʢʣʽʪʠʥʮʽ (Ὥ, Ὦ) ʩʪʘʚʣʷʪʴ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʘὙ←b ï ʥʫʣʴ.  

ʇʨʠʢʣʘʜ 1.39. ɿʘʜʘʪʠ ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘ ʤʥʦʞʠʥʘʭ ʤʘʪʨʠʯʥʠʤ 

ʩʧʦʩʦʙʦʤ ɸ = {1, 2, 3, 4, 5, 6}, ɺ = {2, 9, 18, 19, 20}; Ὑ = {(ὥ, ὦ)|ὥ ὃɴ, ὦ ὄɴ;  

ὥ īʜʽʣʴʥʠʢ ὦ} . 

 

3. ʊʘʙʣʠʯʥʠʡ ʩʧʦʩʽʙ 

ɼʣʷ ʪʘʙʣʠʯʥʦʛʦ ʟʘʜʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ Ὑ Ṓ ɸ Ĭ ɺ ʧʨʦʚʦʜʷʪʴ ʚʝʨʪʠʢʘʣʽ, 

ʢʦʞʥʫ ʟ ʷʢʠʭ ʧʦʟʥʘʯʘʶʪʴ ʜʝʷʢʠʤ ʝʣʝʤʝʥʪʦʤ ʟ ɸ ̔ ʛʦʨʠʟʦʥʪʘʣʽ, ʧʦʟʥʘʯʘʶʯʠ 

ʾʭ ʝʣʝʤʝʥʪʘʤʠ ʟ ɺ. ʇʦʪʽʤ ʪʦʯʢʘʤʠ ʧʦʟʥʘʯʘʶʪʴ ʧʝʨʝʪʠʥ ʪʠʭ ʧʨʷʤʠʭ, ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʽʜʥʦʰʝʥʥʷ R. 

 

 

 

4. ʉʪʨʽʣʦʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʋ ʩʪʨʽʣʦʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʚʽʜʥʦʰʝʥʥʷ Ὑ Ṓ ɸ Ĭ ɺ ʝʣʝʤʝʥʪʠ ɸ ʪʘ ɺ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʘʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʩʧʨʷʤʦʚʘʥʠʤʠ ʚʽʜ ʘ ʜʦ b ʩʪʨʽʣʢʘʤʠ, 

ʟô̒ ʜʥʫʶʪʴʩʷ ʪʽ ʽ ʪʽʣʴʢʠ ʪʽ ʟ ʥʠʭ, ʜʝ a ɴ  A ʪʘ b ɴ  B, ʜʣʷ ʷʢʠʭ (a, b)  ɴὙ. 

 

5. ʌʘʢʪʦʨ-ʤʥʦʞʠʥʘ 

ʉʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ b  ɴ B, ʜʣʷ ʷʢʠʭ (a, b)  ɴὙ, ʥʘʟʠʚʘʶʪʴ 

ʧʝʨʝʨʽʟʦʤ (ʧʝʨʝʪʠʥʦʤ) ʚʽʜʥʦʰʝʥʥʷ R ʟʘ ʝʣʝʤʝʥʪʦʤ a. ʇʦʟʥʘʯʫʶʪʴ 
aPr .  
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ʉʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʧʝʨʝʨʽʟʽʚ ʚʽʜʥʦʰʝʥʥʷ R ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ A 

ʥʘʟʠʚʘʶʪʴ ʬʘʢʪʦʨʦʤ ʘʙʦ ʬʘʢʪʦʨ-ʤʥʦʞʠʥʦʶ ʤʥʦʞʠʥʠ B. 

 

6. ɻʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ 

ʎʝʡ ʩʧʦʩʽʙ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʛʨʘʬʘ ʚʽʜʥʦʰʝʥʥʷ. 

 

ʇʨʠʢʣʘʜ 1.40. ʅʝʭʘʡ ʽʩʥʫʻ ʚʽʜʥʦʰʝʥʥʷ R, ʷʢʝ ʟʘʜʘʥʦ ʧʝʨʝʣʽʢʦʤ: 

Ὑ ὴȟὶȟίȟήȟὶȟὴȟὴȟὴȟίȟὶȟὴȟί .ʇʨʝʜʩʪʘʚʠʪʠ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʘ. 

ʈʦʟʚô̫ ʟʦʢ. 

ʅʘ ʨʠʩ. 13 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ: 

 

ʈʠʩ. 13. ɻʨʘʬ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ R 

 

ʆʧʝʨʘʮʽʾ ʥʘʜ ʚʽʜʥʦʰʝʥʥʷʤʠ 

ʆʩʢʽʣʴʢʠ ʚʽʜʥʦʰʝʥʥʷ ʻ ʤʥʦʞʠʥʘʤʠ, ʝʣʝʤʝʥʪʘʤʠ ʷʢʠʭ ʻ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʧʘʨʠ, ʪʦ ʥʘʜ ʥʠʤʠ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʚʩʽ ʚʽʜʦʤʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʤʥʦʞʠʥʘʤʠ. 

ὖ ὥȟὦȟὥȟὧȟὦȟὥȟὧȟὨ , ʘ ὗ ὥȟὦȟὦȟὧȟὧȟὥȟὧȟὨ , ʪʦ 

ὖ᷾ὗ ὥȟὦȟὥȟὧȟὦȟὥȟὦȟὧȟὧȟὥȟὧȟὨ  

ὖ᷊ὗ ὥȟὦȟὧȟὨ  

ὖ͵ὗ ὥȟὧȟὦȟὥ  

ὖṥὗ ὥȟὧȟὦȟὥȟὦȟὧȟὧȟὥ  

ʂʨʽʤ ʪʦʛʦ, ʥʘʜ ʚʽʜʥʦʰʝʥʥʷʤʠ ʚʠʟʥʘʯʝʥʽ ʦʧʝʨʘʮʽʾ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʙʝʨʥʝʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʢʦʤʧʦʟʠʮʽʾ ʚʽʜʥʦʰʝʥʴ.  
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ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ Ὑ ώȟὼȿὼȟώᶰὙ, ʚʠʟʥʘʯʝʥʝ ʥʘ ʤʥʦʞʠʥʘʭ 

ɺ ʪʘ ɸ, ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʝʨʥʝʥʠʤ ʜʦ ʚʽʜʥʦʰʝʥʥʷ ὙṖὃ ὄ.ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʚʽʜʥʦʰʝʥʥʷ, ʜʽʘʛʨʘʤʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 14,  

Ὑ ρȟὥȟςȟὥȟρȟὨȟτȟὦȟτȟὪ . 

 

ʈʠʩ. 14. ɻʨʘʬ ʚʽʜʥʦʰʝʥʥʷ R 

 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ Ὓʐ Ὑ ὼȟᾀȿ̔ ʩʥʫʻ ʪʘʢʠʡ ώᶰὄȟɦ ʦ ὼȟώᶰ

ὙȟώȟᾀᶰὛṖὃ ὅ 
ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʙʫʪʢʦʤ (ʢʦʤʧʦʟʠʮʽʻʶ) ʚʽʜʥʦʰʝʥʴ ὙṖὃ ὄ ʪʘ ὛṖὄ ὅ.  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʜʥʦʰʝʥʴ R ʪʘ S, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 15,  

Ὓʐ Ὑ ὥȟὼȟὥȟώ . 

 

 

ʈʠʩ. 15. ɻʨʘʬ ʚʽʜʥʦʰʝʥʴ R ʪʘ S 

 

ʇʨʠʢʣʘʜ 1.41. ʅʝʭʘʡ ὃ ςȟσȟτȟυȟφȟχȟψȟωȟ ὄ ςσȟςτȟςυȟςφȟςχ, 

ὅ ὥȟὦȟὧȟὨȟὩȟὪ, ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ R ʚʠʟʥʘʯʝʥʝ ʥʘ ʤʥʦʞʠʥʘʭ ɸ ʪʘ ɺ 

ʪʘʢʠʤ ʯʠʥʦʤ: ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ y ʥʘʮʽʣʦ ʜʽʣʠʪʴʩʷ ʥʘ ʭ, xRy,  

Ὓ ςσȟὪȟςτȟὦȟςυȟὨȟςφȟὨȟςχȟὥȟςχȟὩ Ṗὄ ὅ. 

ɿʥʘʡʪʠ ʧʝʨʰʫ ʪʘ ʜʨʫʛʫ ʧʨʦʢ̒ʮʽʾ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʚʢʘʟʘʪʠ 

 Ὕ ὛɆὙ ʪʘ ʚʢʘʟʘʪʠ Ὕ ὥȟὧȟὨȟὪ . 

ʈʦʟʚô̫ ʟʦʢ. ɿʘʜʘʤʦ ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ R ʧʝʨʝʣʽʢʦʤ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ:  

Ὑ ςȟςτȟςȟςφȟσȟςτȟσȟςχȟτȟςτȟυȟςυȟφȟςτȟψȟςτȟωȟςχ,  

ʪʦʜʽ Ὕ

ςȟὦȟςȟὨȟσȟὦȟσȟὥȟσȟὩȟτȟὦȟυȟὨȟφȟὦȟψȟὦȟωȟὥȟωȟὩ . 
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ʊʦʤʫ ὖὶὝ ςȟσȟτȟυȟφȟψȟωȠ ὖὶὝ ὥȟὦȟὨȟὩȢ ɺʢʘʞʝʤʦ ʧʝʨʝʣʽʢ 

ʝʣʝʤʝʥʪʽʚ ʚʽʜʥʦʰʝʥʥʷ Ὕ : 

Ὕ

ὦȟςȟὨȟςȟὦȟσȟὥȟσȟὩȟσȟὦȟτȟὨȟυȟὦȟφȟὦȢψȟὥȟωȟὩȟω .  

ʊʦʜʽ Ὕ ὥȟὧȟὨȟὪ ςȟσȟυȟω. 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ ʚʽʜʥʦʰʝʥʴ 

ʂʦʤʧʦʟʠʮʽʷ ʚʽʜʥʦʰʝʥʴ ʘʩʦʮʽʘʪʠʚʥʘ: ʪʦʙʪʦ ʷʢʱʦ X, Y, Z, D ï 

ʤʥʦʞʠʥʠ ʽ ʷʢʱʦ ὙṖὢ ὣȟ ὛṖὣ ὤ ̔ ὝṖὤ Ὀȟʪʦʜʽ 

ὙᶼὛʐ Ὕ Ὑ Ὓʐ Ὕʐ. 

 

ʉʧʝʮʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʥʦʰʝʥʴ 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷὥȟὥȿὥᶰὃ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʽʜʝʥʪʠʯʥʦʩʪʽ ʥʘ ʤʥʦʞʠʥʽ ɸ. 

ʅʝʭʘʡ ὅ = ɸ Ĭ ɺ, ὥὙὦ, Ὑ Ṗ ὅ.  

1. ʈʝʬʣʝʢʩʠʚʥʽʩʪʴ. ʗʢʱʦ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩ ʚʠʢʦʥʫʻʪʴʩʷ 

ʩὙʩ, ʪʦʙʪʦ ʝʣʝʤʝʥʪ ʩ  ɴʉ ʧʝʨʝʙʫʚʘʻ ʫ ʚʽʜʥʦʰʝʥʥʽ Ὑ ʜʦ ʩʘʤʦʛʦ ʩʝʙʝ, 

ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʬʣʝʢʩʠʚʥʠʤ. 

ʇʨʠʢʣʘʜ 1.42. ╡ ȟ ȟ ȟ ȟ ȟ ȟ ȟ ʨʝʬʣʝʢʩʠʚʥʝ ʥʘ 

ʤʥʦʞʠʥʽ { }3,2,1=A , ʧʨʦʪʝ ʥʝ ʨʝʬʣʝʢʩʠʚʥʝ ʥʘ ʤʥʦʞʠʥʽ ὃǋ ρȟςȟσȟτ.  

ʇʨʠʢʣʘʜʘʤʠ ʨʝʬʣʝʢʩʠʚʥʠʭ ʚʽʜʥʦʰʝʥʴ ʻ: 

¶ = ï ʜʦʨʽʚʥʶʻ; 

¶ ¢ ï ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ; 

¶ ² ï ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ; 

¶ Ì ï ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʘʙʦ ʜʦʨʽʚʥʶʻ. 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ, ʷʢʱʦ ʥʘ ʡʦʛʦ ʜʽʘʛʨʘʤʽ ʢʦʞʥʘ 

ʚʝʨʰʠʥʘ ʟô̒ ʜʥʘʥʘ çʧʝʪʣʝʶè ʽʟ ʩʘʤʦʶ ʩʦʙʦʶ. 

 

ʈʠʩ. 16. ʈʝʬʣʝʢʩʠʚʥʝ ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ 
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2. ɸʥʪʠʨʝʬʣʝʢʩʠʚʥʽʩʪʴ (ʽʨʨʝʬʣʝʢʩʠʚʥʽʩʪʴ). ʗʢʱʦ ʽʟ ὧὙὧ 

ʩʣʽʜʫʻ, ʱʦ ὧ ὧ, ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʠʤ, ʘʙʦ 

ʽʨʨʝʬʣʝʢʩʠʚʥʠʤ. 

ʇʨʠʢʣʘʜ 1.43. ɺʽʜʥʦʰʝʥʥʷὛ ρȟς ρȟσȟςȟρȟσȟς  

ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʝ ʫ ʤʥʦʞʠʥʽ ὃ ρȟςȟσ. 

ʇʨʠʢʣʘʜʘʤʠ ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʠʭ ʚʽʜʥʦʰʝʥʴ ʻ: 

¶  ̧ï ʥʝ ʜʦʨʽʚʥʶʻ; 

¶ < ï ʤʝʥʰʝ; 

¶ > ï ʙʽʣʴʰʝ; 

¶ Ë ï ʻ ʧʽʜʤʥʦʞʠʥʦʶ; 

¶ çʙʫʪʠ ʩʪʘʨʰʠʤè ʫ ʤʥʦʞʠʥʽ ʣʶʜʝʡ; 

¶ çʙʫʪʠ ʙʘʪʴʢʦʤè. 

ʇʦʨʦʞʥʻ ʚʽʜʥʦʰʝʥʥʷ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʷʢ ʨʝʬʣʝʢʩʠʚʥʠʤ, ʪʘʢ ʽ 

ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʠʤ. ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʻ ʥʽ ʨʝʬʣʝʢʩʠʚʥʠʤ, ʥʽ 

ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʠʤ, ʪʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʥʝʨʝʬʣʝʢʩʠʚʥʠʤ. 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ, ʜʽʘʛʨʘʤʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 17, ʥʝ ʻ 

ʨʝʬʣʝʢʩʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʘ ʚʝʨʰʠʥʘʭ ὥ ʪʘ ὥ ʚʽʜʩʫʪʥʽ ʧʝʪʣʽ. 

 

 

 

ʈʠʩ. 17. ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʦʜʥʦʨʽʜʥʦʛʦ ʥʝʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

 

ʇʨʠʢʣʘʜ 1.44. ɺʽʜʥʦʰʝʥʥʷ ὖ ρȟρȟρȟσ ςȟρȟσȟσ ʥʝ 

ʨʝʬʣʝʢʩʠʚʥʝ, ʦʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪ 2, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʩʽʭ ʽʥʰʠʭ, ʥʝ ʧʝʨʝʙʫʚʘʻ ʫ 

ʚʽʜʥʦʰʝʥʥʽ ʩʘʤ ʟ̔ ʩʦʙʦʶ ςȟςᶱὖ.  

3. ʉʠʤʝʪʨʠʯʥʽʩʪʴ. ʗʢʱʦ ʜʣʷ ʧʘʨʠ ὧὙὧ ʩʣʽʜʫʻ, ʱʦ ὧὙὧ, ʪʦ 

ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʩʠʤʝʪʨʠʯʥʠʤ. 

ʇʨʠʢʣʘʜ 1.45. ɺʽʜʥʦʰʝʥʥʷ Ὑ ρȟρȟρȟςȟςȟρȟςȟσȟσȟς  
ʩʠʤʝʪʨʠʯʥʝ. ʉʠʤʝʪʨʠʯʥʠʤʠ ʻ ʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦʩʪʽ, 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ, ʧʦʜʽʙʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ʪʦʱʦ. ɼʣʷ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʡʦʛʦ ʛʨʘʬʽʢ ʩʠʤʝʪʨʠʯʥʠʡ ʚʽʜʥʦʩʥʦ ʜʽʘʛʦʥʘʣʽ ï 

ʙʽʩʝʢʪʨʠʩʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʢʫʪʘ. 

 

ʈʠʩ. 18. ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʩʠʤʝʪʨʠʯʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

 

4. ɸʥʪʠʩʠʤʝʪʨʠʯʥʽʩʪʴ. ʗʢʱʦ ʽʟ ὧὙὧ ʪʘ ὧὙὧ ʩʣʽʜʫʻ ὧ ὧ, 

ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ.  

ʇʨʠʢʣʘʜ 1.46. ɺʽʜʥʦʰʝʥʥʷ Ὑ ρȟρȟρȟςȟρȟτȟςȟςȟςȟτȟτȟτ  
ʘʥʪʠʩʠʤʝʪʨʠʯʥʝ: ʻ ʧʘʨʠ (ὧ,ὧ) ʽ ʥʝʤʘʻ ʧʘʨ (ὧ,ὧ), (ὧ,ὧ).  

ɸʥʪʠʩʠʤʝʪʨʠʯʥʠʤʠ ʻ ʚʽʜʥʦʰʝʥʥʷ ʚʢʣʶʯʝʥʥʷ, çʤʝʥʰʝè, çʙʽʣʴʰʝè, 

çʤʝʥʰʝ ʜʦʨʽʚʥʶʻè ʪʦʱʦ. 

5. ɸʩʠʤʝʪʨʠʯʥʽʩʪʴ. ʗʢʱʦ ʽʟ ὧὙὧ  ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ὧὙὧ, ʪʦ 

ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʘʩʠʤʝʪʨʠʯʥʠʤ.  

ʇʨʠʢʣʘʜ 1.47. ɺʽʜʥʦʰʝʥʥʷ Ὓ ρȟςȟςȟσȟσȟτ  ʘʩʠʤʝʪʨʠʯʥʝ. 

ɸʩʠʤʝʪʨʠʯʥʠʤʠ ʻ ʚʽʜʥʦʰʝʥʥʷ ʚʢʣʶʯʝʥʥʷ, çʤʝʥʰʝè, çʙʽʣʴʰʝè ʪʦʱʦ. 

ɺʽʜʥʦʰʝʥʥʷ ʨʽʚʥʦʩʪʽ, ʜʽʘʛʦʥʘʣʴʥʝ ʪʘ ʧʦʨʦʞʥʻ ʚʚʘʞʘʶʪʴ ʷʢ ʩʠʤʝʪʨʠʯʥʠʤʠ, 

ʪʘʢ ʽ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤʠ. 

6. ʊʨʘʥʟʠʪʠʚʥʽʩʪʴ. ʗʢʱʦ ὧὙὧ ʪʘ ὧὙὧ ʩʣʽʜʫʻ, ʱʦ ὧὙὧ, ʪʦ 

ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʪʨʘʥʟʠʪʠʚʥʠʤ.  

ʇʨʠʢʣʘʜ 1.48. ɺʽʜʥʦʰʝʥʥʷ Ὑ ρȟρȟρȟςȟρȟτȟςȟςȟςȟτȟτȟτ  
ʪʨʘʥʟʠʪʠʚʥʝ. ʇʨʠʢʣʘʜʠ ʪʨʘʥʟʠʪʠʚʥʠʭ ʚʽʜʥʦʰʝʥʴ: 

¶ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ: 

o ʩʪʨʦʛʘ ʥʝʨʽʚʥʽʩʪʴ: (a < b), (b < c) Ý (a < c); 

o ʥʝʩʪʨʦʛʘ ʥʝʨʽʚʥʽʩʪʴ: ὥ ὦ, ὦ ὧÝ ὥ ὧ; 

¶ ʚʢʣʶʯʝʥʥʷ ʧʽʜʤʥʦʞʠʥʠ: 

o ʩʪʨʦʛʘ ʧʽʜʤʥʦʞʠʥʘ ὃṒὄȠὄṒ˞ᵼ ὃṒὅ; 

o ʥʝʩʪʨʦʛʘ ʧʽʜʤʥʦʞʠʥʘ ὃṖὄȠὄṖὅ ᵼ ὃṖὅ; 
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¶ ʧʦʜʽʣʴʥʽʩʪʴ; 

o ὥȿὦ, ὦȿὧÝ ὥȿὧ; 

o ὥȡὦ, ὦȡὧÝ ὥȡὧ; 

¶ ʨʽʚʥʽʩʪʴ: ὥ ὦ, ὦ ὧ Ý ὥ ὧ; 

¶ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ: ὥᵾ ὦ, ὦᵾ ὧÝ ὥᵾ ὧ; 

¶ ʽʤʧʣʽʢʘʮʽʷ: ὥᵼὦ, ὦᵼὧÝ ὥᵼὧ; 

¶ ʧʘʨʘʣʝʣʴʥʽʩʪʴ: ὥȿὦ, ὦȿὧÝ ὥȿὧ; 

¶ ʚʽʜʥʦʰʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ; 

¶ ʙʫʪʠ ʧʨʝʜʢʦʤ. 

 

ʈʠʩ. 19. ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

 

7. ɸʥʪʠʪʨʘʥʟʠʪʠʚʥʽʩʪʴ. ʗʢʱʦ ὧὙὧ ʪʘ ὧὙὧ ʚʠʭʦʜʠʪʴ, ʱʦ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ὧὙὧ, ʪʦ ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʘʥʪʠʪʨʘʥʟʠʪʠʚʥʠʤ: ʜʣʷ 

ʙʫʜʴ-ʷʢʠʭ ʪʨʽʡʦʢ a, b, c ʚʽʜʩʫʪʥʷ ʪʨʘʥʟʠʪʠʚʥʽʩʪʴ.  

ʇʨʠʢʣʘʜ 1.49. 

¶ ɺʽʜʥʦʰʝʥʥʷ ʧʝʨʝʤʦʛʪʠ ʚ ʪʫʨʥʽʨʘʭ çʥʘ ʚʠʣʽʪè: ʷʢʱʦ A ʧʝʨʝʤʽʛ ʛʨʘʚʮʷ B, 

ʘ B ʧʝʨʝʤʽʛ ʛʨʘʚʮʷ C, ʪʦ A ʥʝ ʛʨʘʚ ʟ C, ʦʪʞʝ, ʥʝ ʤʽʛ ʡʦʛʦ ʧʝʨʝʤʦʛʪʠ.  

¶ ɹʫʪʠ ʩʠʥʦʤ (ʙʘʪʴʢʦʤ, ʙʘʙʫʩʝʶ).  

¶ ɻʨʘ çʂʘʤʽʥʴ, ʥʦʞʠʮʽ, ʧʘʧʽʨè. ʂʘʤʽʥʴ ʧʝʨʝʤʘʛʘʻ ʥʦʞʠʮʽ, ʥʦʞʠʮʽ 

ʚʠʛʨʘʶʪʴ ʫ ʧʘʧʝʨʫ, ʘʣʝ ʢʘʤʽʥʴ ʧʨʦʛʨʘʻ ʧʘʧʝʨʦʚʽ ʽ ʪ. ʜ.  

¶ ʍʘʨʯʦʚʠʡ ʣʘʥʮʶʞʦʢ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʻ ʪʨʘʥʟʠʪʠʚʥʠʤ 

(ʧʨʠʢʣʘʜ: ʚʦʚʢʠ ʾʜʷʪʴ ʦʣʝʥʽʚ, ʦʣʝʥʽ ʾʜʷʪʴ ʪʨʘʚʫ, ʘʣʝ ʚʦʚʢʠ ʥʝ ʾʜʷʪʴ ʪʨʘʚʫ).  

¶ ɹʫʪʠ ʧʝʨʝʚʘʞʥʽʰʝ ʥʽʞ. ʗʢʱʦ ʤʠ ʭʦʯʝʤʦ ʷʙʣʫʢʦ ʟʘʤʽʩʪʴ ʘʧʝʣʴʩʠʥʘ, ʘ 

ʟʘʤʽʩʪʴ ʷʙʣʫʢʘ ʤʠ ʙ ʭʦʪʽʣʠ ʢʘʚʫʥ, ʪʦ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʠ ʚʽʜʜʘʤʦ 

ʧʝʨʝʚʘʛʫ ʢʘʚʫʥʫ.  

¶ ɹʫʪʠ ʜʨʫʛʦʤ.  

¶ ɹʫʪʠ ʢʦʣʝʛʦʶ ʧʦ ʨʦʙʦʪʽ.  
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¶ ɹʫʪʠ ʧʽʜʣʝʛʣʠʤ. ʅʘʧʨʠʢʣʘʜ, ʫ ʯʘʩʠ ʬʝʦʜʘʣʴʥʦʛʦ ʣʘʜʫ ʚ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ 

ʙʫʣʘ ʚ ʭʦʜʫ ʧʨʠʢʘʟʢʘ: çɺʘʩʘʣ ʤʦʛʦ ʚʘʩʘʣʘ ï ʥʝ ʤʽʡ ʚʘʩʘʣè.  

¶ ɹʫʪʠ ʩʭʦʞʠʤ ʥʘ ʽʥʰʫ ʣʶʜʠʥʫ.  

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ R ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʥʘ ʤʥʦʞʠʥʽ ɸ, ʷʢʱʦ ʜʣʷ 

ʜʦʚʽʣʴʥʠʭ ʚʽʜʤʽʥʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ a A, b B ʭʦʯʘ ʙʠ ʦʜʥʘ ʟ ʧʘʨ a, b, b, a ʻ 

ʝʣʝʤʝʥʪʦʤ ʚʽʜʥʦʰʝʥʥʷ R. 

ɿʘʤʠʢʘʥʥʷʤ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ R ʟʘ ʚʣʘʩʪʠʚʽʩʪʶ ʈ ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʘʢʝ ʤʽʥʽʤʘʣʴʥʝ ʟʘ ʯʠʩʣʦʤ ʝʣʝʤʝʥʪʽʚ ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ Ὑ , ʷʢʝ ʤʽʩʪʠʪʴ 

ʫ ʩʦʙʽ ʚʽʜʥʦʰʝʥʥʷ R ̔  ʟʘʜʦʚʦʣʴʥʷʻ ʚʣʘʩʪʠʚʽʩʪʴ ʈ. 

ʇʨʠʢʣʘʜ 1.50. ʅʘ ʤʥʦʞʠʥʽ ὃ ρȟςȟσȟτʟʘʜʘʥʦ ʚʽʜʥʦʰʝʥʥʷ: 

Ὑ ρȟρȟρȟςȟςȟρȟςȟςȟσȟτȟτȟρȟτȟτ ; 

Ὑ ρȟρȟρȟςȟςȟρ ; 

Ὑ ρȟρȟρȟςȟρȟτȟςȟρȟςȟςȟσȟσȟτȟρȟτȟτ ; 

Ὑ ςȟρȟσȟρȟσȟςȟτȟρȟτȟςȟτȟσ ; 

Ὑ ρȟρȟρȟςȟρȟσȟρȟτȟςȟςȟςȟσȟςȟτȟσȟσȟσȟτȟτȟτ ; 

Ὑ σȟτ . 

ɺʠʟʥʘʯʠʪʠ, ʷʢʽ ʟ ʮʠʭ ʚʽʜʥʦʰʝʥʴ (ʘ) ʨʝʬʣʝʢʩʠʚʥʽ; (ʙ) ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʽ; 

(ʚ) ʩʠʤʝʪʨʠʯʥʽ; (ʛ) ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ; (ʜ) ʪʨʘʥʟʠʪʠʚʥʽ. 

ʈʦʟʚô̫ ʟʦʢ.Ὑʽ Ὑï ʨʝʬʣʝʢʩʠʚʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʩʪʷʪʴ ʚʩʽ ʧʘʨʠ ʚʠʛʣʷʜʫ 

(ʘ, ʘ), ʪʦʙʪʦ (1, 1), (2, 2), (3, 3), (4, 4). ʋʩʽ ʽʥʰʽ ʥʝ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤʠ. 

ὙȟὙȟὙȟὙ  ʥʝ ʤʽʩʪʷʪʴ ʧʘʨʫ (3, 3).  

ɺʽʜʥʦʰʝʥʥʷ ὙȟὙ ï ʩʠʤʝʪʨʠʯʥʽ. ɺ Ὑʻ ʧʘʨʠ (1, 2) ʽ (2, 1). ɺ Ὑ  ʻ ʧʘʨʠ 

(1, 2), (2, 1), (1, 4), (4, 1). 

ɺʽʜʥʦʰʝʥʥʷ 
5Rï ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ, ʙʦ ʻ ʧʘʨʠ (ʩ1, ʩ1) ʽ ʥʝʤʘʻ ʧʘʨ (ʩ1, ʩ2), 

(ʩ2, ʩ1). 

ɺʽʜʥʦʰʝʥʥʷ ὙȟὙ  ï ʘʩʠʤʝʪʨʠʯʥʽ, ʙʦ ʷʢʱʦ ʽʟ ʩ1Ὑʩ2 ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ 

ʩ2Ὑʩ1, ʪʦ ʚʽʜʥʦʰʝʥʥʷ Ὑ ʥʘʟʠʚʘʶʪʴ ʘʩʠʤʝʪʨʠʯʥʠʤ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʡ ʘʥʪʠʩʠʤʝʪʨʠʯʥʦʩʪʽ ʥʝ ʻ 

ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʤʠ. ɺʽʜʥʦʰʝʥʥʷ Å=R ʥʘ ʤʥʦʞʠʥʽ ὃ ὥ  ʦʜʥʦʯʘʩʥʦ ʽ 

ʩʠʤʝʪʨʠʯʥʝ, ʽ ʘʥʪʠʩʠʤʝʪʨʠʯʥʝ. 
1Rʥʝ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʥʽ ʩʠʤʝʪʨʠʯʥʦʩʪʽ, 

ʘʥʽ ʘʥʪʠ ʩʠʤʝʪʨʠʯʥʦʩʪʽ.  

ɸʩʠʤʝʪʨʠʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʻ ʽ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ. ʆʙʝʨʥʝʥʝ ʪʚʝʨʜʞʝʥʥʷ 

ʥʝʧʨʘʚʠʣʴʥʠʤ. ɺʽʜʥʦʰʝʥʥʷ 
5R  ʻ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ, ʘʣʝ ʥʝ ʻ 

ʘʩʠʤʝʪʨʠʯʥʠʤ, ʙʦ ʤʽʩʪʠʪʴ ʧʘʨʫ (1, 1). 

ὙȟὙȟὙ  ï ʪʨʘʥʟʠʪʠʚʥʽ. ὙȟὙȟὙ  ï ʥʝ ʪʨʘʥʟʠʪʠʚʥʽ, ʙʦ  
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σȟτᶰὙȠτȟρᶰὙ, ʘʣʝ σȟρᶱὙȠ ςȟρᶰὙȠρȟςᶰὙʘʣʝ ςȟςᶱ

Ὑ ; ςȟρᶰὙȠ ρȟτᶰὙȠ ʘʣʝ ςȟτᶱὙ. 

ɺʽʜʥʦʰʝʥʥʷ R ʥʘ ʤʥʦʞʠʥʽ ɸ ʥʘʟʠʚʘʶʪʴ ʽʨʨʝʬʣʝʢʩʠʚʥʠʤ, ʷʢʱʦ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ὥᶰὃ ὥȟὥᶱὙ; ὙȟὙ  ï ʽʨʨʝʬʣʝʢʩʪʚʥʽ; ὙȟὙ  ï ʥʝʨʝʬʣʝʢʩʠʚʥʽ 

ʽ ʥʝʽʨʨʝʬʣʝʢʩʠʚʥʽ. 

ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʨʝʬʣʝʢʩʠʚʥʝ, ʪʦ ʥʘ ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʤʘʪʨʠʮʽ 

ʚʽʜʥʦʰʝʥʥʷ ʙʫʜʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ç1è, ʷʢʱʦ ʽʨʨʝʬʣʝʢʩʠʚʥʝ, ʪʦ ʥʘ ʛʦʣʦʚʥʽʡ 

ʜʽʘʛʦʥʘʣʽ ï ç0è. 

ʄʘʪʨʠʮʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʦʾ 

ʜʽʘʛʦʥʘʣʽ. ʄʘʪʨʠʮʷ ʘʥʪʠʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʤʘʻ ʪʘʢʫ ʚʣʘʩʪʠʚʽʩʪʴ: 

ʷʢʱʦ Ὥ Ὦ, ʪʦ ʟ άȟ ρ ʚʠʧʣʠʚʘʻ άȟ π. 

 

 

 

ɻʨʘʬ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʤʘʻ ʧʝʪʣʶ ʚ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ, ʫ ʛʨʘʬʽ 

ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʧʘʨʠ ʜʫʛ (a, b) (b, c) ʽʩʥʫʻ ʜʫʛʘ 

(a, c). 

 

 

 

1.3. ɺʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ɼʝʷʢʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʢʚʽʚʘʣʝʥʪʥʽ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʞʥʠʡ ʽʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʝʷʢʦʛʦ ʨʦʟʛʣʷʜʫ ʤʦʞʝ ʙʫʪʠ 

ʟʘʤʽʥʝʥʠʡ ʽʥʰʠʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʦʚʦʨʷʪʴ, ʱʦ ʮ̔  ʝʣʝʤʝʥʪʠ ʧʝʨʝʙʫʚʘʶʪʴ 

ʫ ʚʽʜʥʦʰʝʥʥʽ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʥʘ 

ʤʥʦʞʠʥʽ ɸ, ʷʢʱʦ ʚʦʥʦ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ, ʩʠʤʝʪʨʠʯʥʠʤ  ̔ʪʨʘʥʟʠʪʠʚʥʠʤ.  
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ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʨʦʟʙʠʚʘʻ ʤʥʦʞʠʥʫ ɸ ʥʘ ʤʥʦʞʠʥʠ, 

ʷʢʽ ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ (ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ).  

ɻʨʘʬ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ  

Ὑ ὥȟὥȟὥȟὧȟὦȟὦȟὧȟὥȟὧȟὧȟὨȟὨ  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ 20 (ʫ ʚʠʧʘʜʢʫ 

ʦʜʥʦʨʽʜʥʠʭ ʚʽʜʥʦʰʝʥʴ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ, ʥʘ ʷʢʽʡ ʚʠʟʥʘʯʝʥʝ 

ʚʽʜʥʦʰʝʥʥʷ, ʜʦʩʪʘʪʥʴʦ ʟʦʙʨʘʞʘʪʠ ʦʜʠʥ ʨʘʟ).  

 

 

ʈʠʩ. 20. ɻʨʘʬ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʚʽʜʥʦʰʝʥʴ 

1. ɺʣʘʩʪʠʚʽʩʪʴ ʨʝʬʣʝʢʩʠʚʥʦʩʪʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʥʠʡ 

ʝʣʝʤʝʥʪ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʩʘʤʦʤʫ ʩʦʙʽ ʘʙʦ x ſ x. 

2. ɺʠʩʣʦʚʣʶʚʘʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʜʚʘ ʝʣʝʤʝʥʪʠ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ, ʥʝ 

ʚʠʤʘʛʘʻ ʫʪʦʯʥʝʥʥʷ, ʷʢʠʡ ʟ ʝʣʝʤʝʥʪʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʝʨʰʠʤ, ʷʢʠʡ ï ʜʨʫʛʠʤ, 

ʪʦʙʪʦ ʥʘʷʚʥʦʶ ʻ x ſ y Ÿy ſ x ï ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʤʝʪʨʠʯʥʦʩʪʽ. 

3. ɼʚʘ ʝʣʝʤʝʥʪʠ, ʝʢʚʽʚʘʣʝʥʪʥʽ ʪʨʝʪʴʦʤʫ, ʝʢʚʽʚʘʣʝʥʪʥʽ ʤʽʞ ʩʦʙʦʶ, ʘʙʦ 

ʥʘʷʚʥʦʶ ʻ x ſ y ̔  y ſ z Ÿ z ſ z ï ʚʣʘʩʪʠʚʽʩʪʴ ʪʨʘʥʟʠʪʠʚʥʦʩʪʽ. 

ʗʢ ʟʘʛʘʣʴʥʠʡ ʩʠʤʚʦʣ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʠʤʚʦʣ çſè (ʽʥʦʜʽ ʩʠʤʚʦʣ ç~è). ɼʣʷ ʦʢʨʝʤʠʭ ʚʽʜʥʦʰʝʥʴ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʰʽ ʩʠʤʚʦʣʠ: 

ç=è ï ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʨʽʚʥʦʩʪʽ; 

ç||è ïʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦʩʪʽ; 

çźèï ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

ʇʨʠʢʣʘʜ 1.51. ɺʠʟʥʘʯʠʪʠ, ʷʢʽ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʙʽʥʘʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʻ 

ʚʽʜʥʦʰʝʥʥʷʤʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʪʘ ʚʢʘʟʘʪʠ ʜʣʷ ʥʠʭ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ:  

ʘ) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʩʪʴ ʧʣʦʱʠʥ ʫ ʧʨʦʩʪʦʨʽ;  

ʙ) ʚʽʜʥʦʰʝʥʥʷ çʙʫʪʠ ʦʜʥʘʢʦʚʦʛʦ ʟʨʦʩʪʫè ʥʘ ʤʥʦʞʠʥʽ ʣʶʜʝʡ;  

ʚ) ʚʽʜʥʦʰʝʥʥʷ çʧʝʨʝʙʫʚʘʪʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʤʝʥʰʽʡ ʟʘ 

100è ʥʘ ʧʣʦʱʠʥʽ;  
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ʛ) ʚʽʜʥʦʰʝʥʥʷ çʙʫʪʠ ʨʦʜʠʯʝʤè ʥʘ ʤʥʦʞʠʥʽ ʣʶʜʝʡ (ʚʚʘʞʘʻʤʦ, ʱʦ 

ʣʶʜʠʥʘ ʻ ʨʦʜʠʯʝʤ ʩʘʤʘ ʩʦʙʽ, ʘ ʜʚʽ ʣʶʜʠʥʠ ʻ ʨʦʜʠʯʘʤʠ, ʷʢʱʦ ʦʜʥʘ ʟ ʥʠʭ ʻ 

ʥʘʱʘʜʢʦʤ ʽʥʰʦʾ, ʘʙʦ ʚʦʥʠ ʤʘʶʪʴ ʩʧʽʣʴʥʦʛʦ ʧʨʝʜʢʘ).  

ʈʦʟʚô̫ ʟʦʢ: ʘ) ʚ̔ ʜʥʦʰʝʥʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʧʣʦʱʠʥ ʥʝ ʻ 

ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʥʝ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ;  

ʙ) ʚ̔ ʜʥʦʰʝʥʥʷ çʙʫʪʠ ʦʜʥʘʢʦʚʦʛʦ ʟʨʦʩʪʫè ʥʘ ʤʥʦʞʠʥʽ ʣʶʜʝʡ ʻ 

ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ.  

ʈʝʬʣʝʢʩʠʚʥʽʩʪʴ, ʦʯʝʚʠʜʥʦ, ʩʧʨʘʚʜʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʰʝʥʥʷ 

ʨʽʚʥʦʩʪʽ ʯʠʩʝʣ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ.  

ʉʠʤʝʪʨʠʯʥʽʩʪʴ ʪʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʪʽ̒ʾ ʩʘʤʦ ʾʧʨʠʯʠʥʠ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʽ ʜʦʩʠʪʴ ʧʝʨʝʩʚʽʜʯʠʪʠʩʷ ʫ ʪʨʘʥʟʠʪʠʚʥʦʩʪʽ 

ʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʦʩʪʽ ʯʠʩʝʣ. ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʨʽʩʪ ʚʠʤʽʨʶʻʪʴʩʷ ʚ 

ʩʘʥʪʠʤʝʪʨʘʭ, ʪʦ ʢʣʘʩʦʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ k, ʻ ʤʥʦʞʠʥʘ 

ʣʶʜʝʡ ʟʨʦʩʪʫ k ʩʤ;  

ʚ) ʚ̔ ʜʥʦʰʝʥʥʷ ʥʝ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʪʨʘʥʟʠʪʠʚʥʦʩʪʽ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʝʨʝʩʚʽʜʯʠʪʠʩʷ  ̔ʮʴʦʤʫ, 

ʜʦʩʠʪʴ ʨʦʟʛʣʷʥʫʪʠ ʚʝʨʰʠʥʠ ʨʽʚʥʦʙʝʜʨʝʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʟ ʙʽʯʥʦʶ ʩʪʦʨʦʥʦʶ 

100 ʪʘ ʦʩʥʦʚʦʶ 50. ɺʽʜʩʪʘʥʽ ʚʽʜ ʢʽʥʮʽʚ ʦʩʥʦʚʠ ʜʦ ʚʝʨʰʠʥʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʫ, ʘ ʜʦʚʞʠʥʘ ʦʩʥʦʚʠ ï ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ;  

ʛ) ʚ̔ ʜʥʦʰʝʥʥʷ ʥʝ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʈʝʬʣʝʢʩʠʚʥʽʩʪʴ  ̔

ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʚʠʧʣʠʚʘʶʪʴ ʟ ʦʟʥʘʯʝʥʥʷ. ʇʦʢʘʞʝʤʦ, ʱʦ ʪʨʘʥʟʠʪʠʚʥʽʩʪʴ ʥʝ 

ʚʠʢʦʥʫʪ̒ʴʩʷ. ʅʝʭʘʡ ʨʽʟʥʽ ʣʶʜʠ ɸ ʪʘ ɺ ʻ ʨʦʜʠʯʘʤʠ, ʽ ʥʝʭʘʡ ɺ ʪʘ ʉ ʪʘʢʦʞ ʻ 

ʨʦʜʠʯʘʤʠ, ʧʨʠʯʦʤʫ ɸ ʧʨʝʜʦʢ ɺ ʧʦ ʙʘʪʴʢʽʚʩʴʢʽʡ ʣʽʥʽʾ, ʘ ʉ ï ʧʨʝʜʦʢ ɺ ʧʦ 

ʤʘʪʝʨʠʥʩʴʢʽʡ ʣʽʥʽʾ. ʊʦʜʽ ʞʦʜʝʥ ʽʟ ʣʶʜʝʡ ɸ ʪʘ ʉ ʥʝ ʻ ʨʦʜʠʯʝʤ ʽʥʰʦʛʦ. ʆʪʞʝ, 

ʪʨʘʥʟʠʪʠʚʥʽʩʪʴ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. 

ʇʨʠʢʣʘʜ 1.52. ʇʝʨʝʚʽʨʠʪʠ, ʯʠ ʻ ʚʠʟʥʘʯʝʥʝ ʥʘ ʤʥʦʞʠʥʽ  

ὃ ὼȟώȟᾀȟὸȟόȟὺȟύ  ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ Ὑ

όȟὼȟόȟόȢώȟᾀȟύȟύȟώȟώȟᾀȟώȟᾀȟᾀȟᾀȟύȟώȟύȟὼȟόȢύȟώȟ
ύȟᾀȟὼȟὼȟὺȟὺȟὸȟὸ

, 

ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʗʢʱʦ ʪʘʢ, ʪʦ ʚʢʘʟʘʪʠ ʬʘʢʪʦʨ-ʤʥʦʞʠʥʫ A/R.  

ʈʦʟʚô̫ ʟʦʢ. ʆʩʢʽʣʴʢʠ ὍṖὙ, ʪʦ ʚʽʜʥʦʰʝʥʥʷ R ̒  ʨʝʬʣʝʢʩʠʚʥʠʤ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʟʥʘʡʜʝʤʦ ʦʙʝʨʥʝʥʝ ʚʽʜʥʦʰʝʥʥʷ: Ὑ

ὼȟόȟόȟόȟᾀȟώȟύȟύȟώȟώȟώȟᾀȟᾀȟᾀȟύȟᾀȟύȟώȟόȟὼȟώȟύȟ

ᾀȟύȟὼȟὼȟώȟώȟὸȟὸ
. 

ʃʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ Ὑ Ὑʘ, ʦʪʞʝ, ʚʽʜʥʦʰʝʥʥʷ R ̒  ʩʠʤʝʪʨʠʯʥʠʤ.  
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʽ ʟʥʘʡʜʝʤʦ ʜʨʫʛʫ ʩʪʝʧʽʥʴ ʚʽʜʥʦʰʝʥʥʷ 

R: Ὑ

ὼȟὼȟὼȟόȟώȟώȟώȟᾀȟώȟύȟᾀȟώȟᾀȟᾀȟᾀȟύȟὸȟὸȟόȟὼȟόȟόȟ
ὺȟὺȟύȟώȟύȟᾀȟύȟύ

. 

ʅʝʩʢʣʘʜʥʦ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ Ὑ ὙȢ ʊʦʤʫ ʚʽʜʥʦʰʝʥʥʷ R ʻ 

ʪʨʘʥʟʠʪʠʚʥʠʤ.  

ʆʪʞʝ, ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ R ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

ɿʥʘʡʜʝʤʦ ʪʝʧʝʨ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ 

ʦʜʥʦʝʣʝʤʝʥʪʥʽ ʟʨʽʟʠ ʚʽʜʥʦʰʝʥʥʷ R. 

Ὑὼ ὼȟόȠὙώ ώȟᾀȟύȠὙᾀ ώȟᾀȟύȡὙὸ ὸͼὙό  

ὼȟόȡὙὺ ὺͼὙύ ώȟᾀȟύ .  

ʆʪʞʝ, ὃ͵Ὑ ὼȟόȟώȟᾀȟύȟὸȟὺ . 

 

ʂʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ɺʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ Ὑï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʥʘ ʤʥʦʞʠʥʽ A, ʷʢʝ 

ʨʦʟʙʠʚʘʻ ʮ  ʁʤʥʦʞʠʥʫ ʥʘ ʧʽʜʤʥʦʞʠʥʠ, ʝʣʝʤʝʥʪʠ ʷʢʠʭ ʝʢʚʽʚʘʣʝʥʪʥʽ ʦʜʠʥ 

ʦʜʥʦʤʫ, ʘʣʝ ʥʝ ʝʢʚʽʚʘʣʝʥʪʥʽ ʝʣʝʤʝʥʪʘʤ ʽʥʰʠʭ ʧʽʜʤʥʦʞʠʥ. 

ʂʣʘʩʘʤʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ ʧʽʜʤʥʦʞʠʥʠ, ʱʦ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʡ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ A ʚʽʜʥʦʰʝʥʥʷʤ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ Ὑ . ʄʥʦʞʠʥʫ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʤʥʦʞʠʥʠ A ʚʽʜʥʦʩʥʦ

eR ʥʘʟʠʚʘʶʪʴ ʬʘʢʪʦʨ-ʤʥʦʞʠʥʦʶ ʽ ʧʦʟʥʘʯʘʶʪʴ ὃ . 

ʇʨʠʢʣʘʜ 1.53. ʈʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ ʧʽʜʤʥʦʞʠʥʠ. ʅʝʭʘʡ ʤʥʦʞʠʥʘ B 

ï ʮʝ ʥʘʙʽʨ ʨʽʟʥʦʢʦʣʴʦʨʦʚʠʭ ʧʦʚʽʪʨʷʥʠʭ ʢʫʣʴʦʢ. 

1. ɺʽʜʥʦʰʝʥʥʷ 
1Rʟʘʜʘʤʦ ʫʤʦʚʦʶ: 

ὥȟὦᶰὙ ȟ ̫ʢʱʦ ça ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ ʟ bè. 

 

ʈʠʩ. 21. ʄʥʦʞʠʥʘ ʢʫʣʴʦʢ B 
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ʆʜʝʨʞʠʤʦ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟ ʢʫʣʴʦʢ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ. 

2. ɺʽʜʥʦʰʝʥʥʷ 
2Rʟʘʜʘʤʦ ʫʤʦʚʦʶ: 

ὥȟὦᶰὙȟ ̫ʢʱʦ ça ʦʜʥʦʛʦ ʨʦʟʤʽʨʫ ʟ bè.  

ʆʜʝʨʞʠʤʦ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟ ʢʫʣʴʦʢ ʦʜʥʦʛʦ ʨʦʟʤʽʨʫ. 

3. ɺʽʜʥʦʰʝʥʥʷ 3R ʟʘʜʘʤʦ ʫʤʦʚʦʶ: ὥȟὦᶰὙȟ ̫ ʢʱʦ ça ʦʜʥʘʢʦʚʦʾ 

ʬʦʨʤʠ ʟ bè. 

ʆʜʝʨʞʠʤʦ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟ ʢʫʣʴʦʢ ʦʜʥʘʢʦʚʦʾ ʬʦʨʤʠ.  

ʅʝʭʘʡ i a  ɴA ï ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ ὃ ὥȟὥȟȢȢȢȟὥȟȢȢȢȟὥ  . ʊʦʜʽ ὥ  

ʧʦʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ὼȿὼὙὥ ὼȿὼȟὥ ᶰὙȟ ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʢʣʘʩʦʤ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʱʦ ʤʽʩʪʠʪʴ 
ia . ʉʠʤʚʦʣ []RA ʧʦʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʚʩʽʭ ʢʣʘʩʽʚ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʤʥʦʞʠʥʠ A ʚʽʜʥʦʩʥʦ R. ʊʘʢʠʤ ʯʠʥʦʤ,[]RA ï ʬʘʢʪʦʨ-

ʤʥʦʞʠʥʘ. 

ʇʨʠʢʣʘʜ 1.54. ʅʝʭʘʡ A = {1, 2, 3, 4, 5, 6} ʽ ʜʘʥʦ ʚʽʜʥʦʰʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽὙ
ρȟρȟςȟςȟσȟσȟτȟτȟυȟυȟφȟφȟρȟςȟ
ρȟτȟςȟρȟςȟτȟσȟυȟυȟσȟτȟρȟτȟς   

ʂʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʽʜʥʦʰʝʥʥʷ R ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ A: 

[] ( ){ } { } { }4,2,111,1 ==Í= xRxRxx , ʜʝ 1 ɴ  []1, ʦʩʢʽʣʴʢʠ (1, 1)  ɴR, 2 ɴ  []1, ʦʩʢʽʣʴʢʠ 

(2, 1)  ɴR, 4 ɴ  []1, ʦʩʢʽʣʴʢʠ (4, 1)  ɴR, ʥʝ ʽʩʥʫʻ ʞʦʜʥʦʛʦ ʽʥʰʦʛʦ x ɴ  A ʪʘʢʦʛʦ, 

ʱʦ (x, 1)  ɴR. ʊʘʢ ʩʘʤʦ ʦʜʝʨʞʫʻʤʦ 

[2] = {x|(x, 2)  ɴR} = { x|xR2} = { 2, 1, 4}  

[3] = {x|(x, 3)  ɴR} = { x|xR3} = { 3, 5}  

[4] = {x|(x, 4 )  ɴR} = { x|xR4 } = { 4, 1, 2}  

[5] = {x|(x, 5 )  ɴR} = { x|xR5} = { 5, 3}  

[6] = {x|(x, 6)  ɴR} = { x|xR6} = { 6}.  

 

ɿʘʤʠʢʘʥʥʷ ʤʥʦʞʠʥ 

ʄʥʦʞʠʥʫ A ʥʘʟʠʚʘʶʪʴ ʟʘʤʢʥʫʪʦʶ ʚʽʜʥʦʩʥʦ ʜʝʷʢʦʾ ʦʧʝʨʘʮʽʾ, ʷʢʱʦ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʥʘʜ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ A ʟʘʚʞʜʠ 

ʙʫʜʝ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ A. 

ʇʨʠʢʣʘʜ 1.55. ʅʝʭʘʡ ʤʥʦʞʠʥʘ N ï ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʧʝʨʘʮʽʶ ç+è ʥʘ ʤʥʦʞʠʥʽ N. ʏʠ ʻ ʤʥʦʞʠʥʘ N ʟʘʤʢʥʫʪʦʶ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ç+è? 

ʈʦʟʚô̫ ʟʦʢ. ʅʝʭʘʡ n  ɴN ʽ m ɴ  N. ʊʦʜʽ n + m = k  ɴN ʜʣʷ ʙʫʜʴ-ʷʢʠʭ n,  

m ɴ  N. 
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1.4. ɺʽʜʥʦʰʝʥʥʷ ʧʦʨʷʜʢʫ 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʴ ʧʦʨʷʜʢʫ 

ɹʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ R ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʨʷʜʢʫ 

(ʧʦʨʷʜʢʦʤ) ʥʘ ʤʥʦʞʠʥʽ ɸ, ʷʢʱʦ ʚʦʥʦ ʻ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ  ̔ʪʨʘʥʟʠʪʠʚʥʠʤ. 

ʇʘʨʘ (A, R) ʥʘʟʠʚʘʻʪʴʩʷ ʚʧʦʨʷʜʢʦʚʘʥʦʶ ʤʥʦʞʠʥʦʶ. ʗʢʱʦ ʘ ʪʘ b ð 

ʝʣʝʤʝʥʪʠ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (A, R) ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ aRb, ʪʦ ʢʘʞʫʪʴ, 

ʱʦ ʝʣʝʤʝʥʪ ʘ ʧʝʨʝʜʫʻ ʝʣʝʤʝʥʪʫ b.  

 

ɺʠʜʠ ʚʽʜʥʦʰʝʥʴ ʧʦʨʷʜʢʫ 

ʗʢʱʦ ʧʦʨʷʜʦʢ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ, ʪʦ ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ 

(ʥʝʩʪʨʦʛʠʤ) ʧʦʨʷʜʢʦʤ. ʇʨʠʢʣʘʜʦʤ ʻ ʚʽʜʥʦʰʝʥʥʷ çÒè ʥʘ ʤʥʦʞʠʥʽ ʜʽʡʩʥʠʭ 

ʯʠʩʝʣ. ɸʥʪʠʨʝʬʣʝʢʩʠʚʥʠʡ ʧʦʨʷʜʦʢ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʦʛʠʤ ʧʦʨʷʜʢʦʤ. 

ʇʨʠʢʣʘʜʦʤ ʻ ʚʽʜʥʦʰʝʥʥʷ çËè (ʚʽʜʥʦʰʝʥʥʷ ʩʪʨʦʛʦʛʦ ʚʢʣʶʯʝʥʥʷ ʤʥʦʞʠʥ). 

ɺʽʜʥʦʰʝʥʥʷ R ̒  ʩʪʨʦʛʠʤ ʧʦʨʷʜʢʦʤ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʦ ʻ ʦʜʥʦʯʘʩʥʦ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʽ ʪʨʘʥʟʠʪʠʚʥʠʤ. ʗʢʱʦ R ï ʚʽʜʥʦʰʝʥʥʷ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ 

ʤʥʦʞʠʥʽ ɸ, ʪʦ ʚʽʜʥʦʰʝʥʥʷ R¡ = RÇI ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʪʢʦʚʦʛʦ 

ʧʦʨʷʜʢʫ, ʚʽʜʧʦʚʽʜʥʠʤ ʚʽʜʥʦʰʝʥʥʶ R. 

ɺʽʜʥʦʰʝʥʥʷ ʧʦʨʷʜʢʫ, ʷʢʝ ʻ ʣʽʥʽʡʥʠʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʣʽʥʽʡʥʦʛʦ ʧʦʨʷʜʢʫ.  

ʇʨʠʢʣʘʜʦʤ ʩʪʨʦʛʦʛʦ ʣʽʥʽʡʥʦʛʦ ʧʦʨʷʜʢʫ ʻ ʚʽʜʥʦʰʝʥʥʷ ç>è ʥʘ ʯʠʩʣʦʚʽʡ 

ʤʥʦʞʠʥʽ. 

 

ɼʽʘʛʨʘʤʘ ʍʘʩʩʝ 

ɺʽʜʥʦʰʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʩʢʽʥʯʝʥʥʽʡ ʤʥʦʞʠʥʽ ʟʨʫʯʥʦ 

ʟʘʜʘʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ʍʘʩʩʝ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ 

ʟô̒ ʜʥʫʻʪʴʩʷ ʚʽʜʨʽʟʢʘʤʠ ʟ ʫʩʽʤʘ ʡʦʛʦ çʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʧʦʧʝʨʝʜʥʠʢʘʤʠè ʡ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʜʽʘʛʨʘʤʽ ʚʠʱʝ ʟʘ ʥʠʭ.  

ʅʘ ʨʠʩ. 22 ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʫ ʍʘʩʩʝ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʧʦʜʽʣʴʥʦʩʪʽ (x, 

y) ɴ R ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʯʠʩʣʦ x ̒  ʜʽʣʴʥʠʢʦʤ ʯʠʩʣʘ y ʥʘ ʤʥʦʞʠʥʽ {2, 4, 

5, 10, 12, 20, 25}. 

ɽʣʝʤʝʥʪ ʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚʧʦʨʷʜʢʦʚʘʥʦʾ 

ʤʥʦʞʠʥʠ (A, R), ʷʢʱʦ ʥʝ ʽʩʥʫʻ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʘ b ɴ A, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

b a ̔  bRa.  

ɸʥʘʣʦʛʽʯʥʦ ʜʘʻʪʴʩʷ ʦʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ. 
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ʈʠʩ. 22. ɼʽʘʛʨʘʤʘ ʍʘʩʩʝ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʧʦʜʽʣʴʥʦʩʪʽ ʥʘ ʤʥʦʞʠʥʽ  

{2, 4, 5, 10, 12, 20, 25} 

 

ɼʣʷ ʚʽʜʥʦʰʝʥʥʷ ʧʦʜʽʣʴʥʦʩʪʽ ʽʟ ʜʽʘʛʨʘʤʦʶ ʥʘ ʨʠʩ. 22 ʝʣʝʤʝʥʪʠ 2 ʪʘ 5 ʻ 

ʤʽʥʽʤʘʣʴʥʠʤʠ, ʘ ʝʣʝʤʝʥʪʠ 12, 20  ̔25 ð ʤʘʢʩʠʤʘʣʴʥʠʤʠ. 

ɽʣʝʤʝʥʪ ʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʡʤʝʥʰʠʤ ʝʣʝʤʝʥʪʦʤ ʚʧʦʨʷʜʢʦʚʘʥʦʾ 

ʤʥʦʞʠʥʠ (A, R), ʷʢʱʦ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ b ɴ A (a, b) ɴ R. ɸʥʘʣʦʛʽʯʥʦ 

ʜʘʻʪʴʩʷ ʦʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʝʣʝʤʝʥʪʘ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ.  

ʅʘʡʙʽʣʴʰʠʡ, ʥʘʡʤʝʥʰʠʡ, ʤʘʢʩʠʤʘʣʴʥʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʝʣʝʤʝʥʪʠ 

ʥʘʟʠʚʘʶʪʴ eʢʩʪʨʝʤʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ.  

ɼʣʷ ʯʘʩʪʢʦʚʦʛʦ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ, ʜʽʘʛʨʘʤʫ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 23, ʝʣʝʤʝʥʪ G ʙʫʜʝ ʥʘʡʙʽʣʴʰʠʤ, ʘ ʥʘʡʤʝʥʰʦʛʦ ʝʣʝʤʝʥʪʘ ʚʟʘʛʘʣʽ ʥʝ ʽʩʥʫʻ 

(ʝʣʝʤʝʥʪʠ ɸ, ʉ ʪʘ ɽ ðʤʽʥʽʤʘʣʴʥʽ, ʘʣʝ ʥʝ ʥʘʡʤʝʥʰʽ, ʦʩʢʽʣʴʢʠ ʞʦʜʥʠʡ ʽʟ ʥʠʭ 

ʥʝ ʧʝʨʝʜʫʻ ʜʚʦʤ ʽʥʰʠʤ). 

 

 

 

ʈʠʩ. 23. ɼʽʘʛʨʘʤʘ ʍʘʩʩʝ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ 

 

ɽʣʝʤʝʥʪ ʘ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (A, R) ʥʘʟʠʚʘʻʪʴʩʷ ʥʠʞʥʴʦʶ 

ʛʨʘʥʥʶ ʤʥʦʞʠʥʠ M Ì  A, ʷʢʱʦ ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ b Mɴ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

aRb. ɸʥʘʣʦʛʽʯʥʦ ʜʘʻʪʴʩʷ ʦʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʛʨʘʥʽ. 

ʅʘʡʙʽʣʴʰʘ ʥʠʞʥʷ ʛʨʘʥʴ ʤʥʦʞʠʥʠ (ʷʢʱʦ ʚʦʥʘ ʽʩʥʫʻ) ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʦʯʥʦʶ ʥʠʞʥʴʦʶ ʛʨʘʥʥʶ ʤʥʦʞʠʥʠ ʄ ̔ ʧʦʟʥʘʯʘʻʪʴʩʷ inf M . 
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ʊʦʯʥʘ ʚʝʨʭʥʷ ʛʨʘʥʴ (ʥʘʡʤʝʥʰʘ ʚʝʨʭʥʷ ʛʨʘʥʴ) ʤʥʦʞʠʥʠ ʄ 

ʧʦʟʥʘʯʘʻʪʴʩʷ supM. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ, ʜʽʘʛʨʘʤʫ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 10, sup{D, E}  = G, inf {D,F}  = B, ʘ inf {B, E}ʥʝ ʽʩʥʫʻ.  

ʏʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʘ ʤʥʦʞʠʥʘ (A, R) ʥʘʟʠʚʘʻʪʴʩʷ ˇʨʘʪʢʦʶ, ʷʢʱʦ ʜʣʷ 

ʜʦʚʽʣʴʥʠʭ a ɴ A, b Aɴ ̔ ʩʥʫʶʪʴ inf {a, b}ʪʘ sup{a, b}.  

ʇʨʠʢʣʘʜ 1.56. ʇʝʨʝʚʽʨʠʪʠ, ʯʠ ʻ ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ Ὑ

ὥȟὥȟὦȟὨȟὦȟὦȟὥȟὩȟὧȟὧȟὥȟὦȟὥȟὨȟὧȟὨȟὨȟὨȟὦȟὧȟὥȟὧ  

ʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʤʥʦʞʠʥʽ A ={a, b, c, d, e}. ʗʢʱʦ ʪʘʢ, ʪʦ 

ʟʦʙʨʘʟʠʪʠ ʜʽʘʛʨʘʤʫ ʍʘʩʩʝ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (A, R), ʚʽʜʰʫʢʘʪʠ ʾʾ 

ʝʢʩʪʨʝʤʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʡ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʻ ʚʧʦʨʷʜʢʦʚʘʥʘ ʤʥʦʞʠʥʘ A, R 

ˇʨʘʪʢʦʶ. ʂʨʽʤ ʪʦʛʦ, ʟʥʘʡʪʠ inf {b, c} ʪʘ sup{b, c}.  

ʈʦʟʚô̫ ʟʦʢ. ɺʽʜʥʦʰʝʥʥʷ R ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ. ʇʝʨʝʚʽʨʠʤʦ, ʯʠ ʻ ʚʦʥʦ 

ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ. ɿʥʘʡʜʝʤʦ ʦʙʝʨʥʝʥʝ ʡʦʤʫ ʚʽʜʥʦʰʝʥʥʷ Ὑ

ὨȟὦȟὩȟὥȟὦȟὥȟὨȟὥȟὨȟὧȟὧȟὦȟὧȟὥ . ʊʦʜʽ Ὑ ᷊Ὑ Ὅ, ʘ ʦʪʞʝ, 

ʚʽʜʥʦʰʝʥʥʷ R ̒  ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ. ʇʝʨʝʚʽʨʠʤʦ ʪʨʘʥʟʠʪʠʚʥʽʩʪʴ. 

Ὑ

ὥȟὥȟὥȟὦȟὥȟὧȟὥȟὨȟὥȟὩȟὦȟὦȟὦȟὨȟὦȟὩȟὧȟὧȟὧȟὨȟὨȟὨȟὩȟὩ

=R. ʊʦʤʫ ʚʽʜʥʦʰʝʥʥʷ R ̒  ʪʨʘʥʟʠʪʠʚʥʠʤ.  

ʆʪʞʝ, ʚʽʜʥʦʰʝʥʥʷ R ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ. ɿʦʙʨʘʟʠʤʦ 

ʜʽʘʛʨʘʤʫ ʍʘʩʩʝ ʯʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (A, R). ɺʽʜʧʦʚʽʜʥʫ 

ʜʽʘʛʨʘʤʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 24. 

 

 

 

ʈʠʩ. 24. ɼʽʘʛʨʘʤʘ ʍʘʩʩʝ 

 

ɿ ʜʽʘʛʨʘʤʠ ʍʘʩʩʝ ʚʠʜʥʦ, ʱʦ ʝʣʝʤʝʥʪ ʘ ̒ ʥʘʡʤʝʥʰʠʤ ʝʣʝʤʝʥʪʦʤ 

ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (A, R), ʘ ʦʪʞʝ, ʻʜʠʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

ɽʣʝʤʝʥʪʠ e ʪʘ d ï ʤʘʢʩʠʤʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (A, R), ʘ 

ʥʘʡʙʽʣʴʰʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝ ʽʩʥʫʻ. ʆʩʢʽʣʴʢʠ sup{e, d}  ʥʝ ʽʩʥʫʻ, ʪʦ ʚʧʦʨʷʜʢʦʚʘʥʘ 
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ʤʥʦʞʠʥʘ (A, R) ʥʝ ʻ ˇʨʘʪʢʦʶ. ʅʘʨʝʰʪʽ, ʟ ʜʽʘʛʨʘʤʠ ʍʘʩʩʝ ʚʠʜʥʦ, ʱʦ  

inf { b, c}  = a, sup{b, c}  = d. 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʅʝʭʘʡ ʟʘʜʘʥʦ ʤʥʦʞʠʥʠ ὃ ὥȟὦȟὧȟὨȠὄ ρȟςȟσȟτȟυȡὋ

‌ȟ‍ȟ‎ȟ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ɸ ʽ ɺ: 

ὅ ὥȟςȟὥȟσȟὦȟρȟὧȟτȟὧȟυȟὨȟςȟὨȟσ; 

ὅ ὦȟσȟὦȟυȟὧȟρȟὧȟτȟὨȟρȟὨȟτȟὨȟυ   

ʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ɺ ʽ G: 

Ὀ ρȟ‍ȟρȟ‎ȟςȟ‌ ςȟ‎ȟσȟ‎ȟυȟ‌ȟυȟ‍ ; 

Ὀ ρȟ‌ȟςȟ‌ȟςȟ‍ȟσȟ‌ȟτȟ‌ȟτȟ‎ Ȣ 

ɺʠʟʥʘʯʠʪʠ (ʘ) ὅ ὈʐȟὭȟὮ ρȟς; 

(ʙ) ὅ ὅʐ ȟὭȟὮ ρȟςȠ (ʚ) ὅᶼὈ Ὀʐ ). 

2. ʅʘ ʤʥʦʞʠʥʽ ὓ ρȟςȟσȟτ ʟʘʜʘʥʦ ʚʽʜʥʦʰʝʥʥʷ  

Ὑ ρȟρ ρȟσȟςȟςȟςȟτȟσȟρȟσȟσȟτȟςȟτȟτ ; 

Ὑ ρȟρȟςȟςȟςȟσȟςȟτȟσȟρȟσȟσȟτȟρȟτȟτ ; 

Ὑ ρȟσȟρȟτȟςȟρȟρȟςȟσȟρȟσȟσȟτȟρ ; 

Ὑ

ρȟρȟρȟςȟρȟτȟςȟςȟςȟτȟσȟσȟσȟτȟτȟςȟτȟσȟτȟτ ; 

Ὑ ρȟςȟρȟσȟςȟσȟςȟτȟτȟρȟτȟσ Ȣ  

ɺʠʟʥʘʯʠʪʠ, ʷʢʽ ʟ̔ ʮʠʭ ʚʽʜʥʦʰʝʥʴ 

(ʘ) ʨʝʬʣʝʢʩʠʚʥʽ; (ʙ) ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʽ; (ʚ) ʩʠʤʝʪʨʠʯʥʽ;  

(ʛ) ʘʥʪʠʩʠʤʝʪʨʠʯʥʽ; (ʜ) ʪʨʘʥʟʠʪʠʚʥʽ; (ʝ) ʪʦʣʝʨʘʥʪʥʽ. 

ɺʽʜʥʦʰʝʥʥʷ R ʥʘ ʤʥʦʞʠʥʽ ʄ ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʣʝʨʘʥʪʥʠʤ, ʷʢʱʦ ʚʦʥʦ 

ʨʝʬʣʝʢʩʠʚʥʝ ʡ ʩʠʤʝʪʨʠʯʥʝ. 

1. ʅʝʭʘʡ A = {1, 2, 3, 4, 5} . ʏʠ ʻ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ? 

R= {(1, 1), (2, 2), (3, 3), (4, 4), (5, 5), (1, 3), (1, 5), (3,1), (3, 5), (5, 1), (5, 

3)} . 

4. ɼʘʥʘ ʤʥʦʞʠʥʘ X = { 1, 2, 3, 6}  ʽ ʚʽʜʥʦʰʝʥʥʷ R = {( x,y)|x,y  ɴX, x ī 

ʜʽʣʴʥʠʢ y}. ʇʦʢʘʟʘʪʠ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ R ̒  ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʨʷʜʢʫ. ʇʦʙʫʜʫʚʘʪʠ 

ʜʽʘʛʨʘʤʫ ʍʘʩʩʝ ʯʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʤʥʦʞʠʥʠ (X, R). ʏʠ ʽʩʥʫʻ ʚ ʤʥʦʞʠʥʽ 

X ʥʘʡʙʽʣʴʰʠʡ ʽ ʥʘʡʤʝʥʰʠʡ ʝʣʝʤʝʥʪʠ? ʏʠ ʽʩʥʫʶʪʴ ʥʝʧʦʨʽʚʥʶʚʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ? 
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1.5. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ɺʽʜʥʦʰʝʥʥʷ R (R Ṓ A Ĭ B) ʥʘʟʠʚʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ, ʷʢʱʦ ʜʣʷ 

ʢʦʞʥʦʛʦ x  ɴA ʧʝʨʝʨʽʟ R ʧʦ ʭ ʤʽʩʪʠʪʴ ʥʝ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ y  ɴB (ʘʙʦ 

ʦʜʠʥ, ʘʙʦ ʞʦʜʥʦʛʦ!).  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʦʚʦʨʷʪʴ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ R ʜʽʻ ʟ ʤʥʦʞʠʥʠ A ʫ 

ʤʥʦʞʠʥʫ B ̔  ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʟʥʘʯʝʥʥʷ R:AŸB.  

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʤʘʣʠʤʠ ʣʘʪʠʥʩʴʢʠʤ ʙʫʢʚʘʤʠ f:AŸB ʘʙʦ y = f(x), ʘ ʚʽʜʥʦʰʝʥʥʷ f ʥʘʟʠʚʘʶʪʴ 

ʬʫʥʢʮʽʻʶ.  

ʌʫʥʢʮʽʷ f ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʥʝ ʥʘ ʚʩʽʡ ʤʥʦʞʠʥʽ ɸ, ʘ ʪʽʣʴʢʠ ʥʘ ʜʝʷʢʽʡ ʾʾ 

ʯʘʩʪʠʥʽ D Ṓ A. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʥʦʞʠʥʫ D(f) ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʶ 

ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ f, ʘʙʦ domf (domain ð çʦʙʣʘʩʪʴè): ὈέάὪ ὥᶰ

ὃȿὦɴ ὄȟὦ Ὢὥ . 

ʇʽʜʤʥʦʞʠʥʫ ɯm Ṓ B ʥʘʟʠʚʘʶʪʴ ʦʙʣʘʩʪʶ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ f (ɯmageï 

çʟʦʙʨʘʞʝʥʥʷ ʯʠ ʦʙʨʘʟè: ὍάὪ ὦɴ ὄȿὥᶰὃȟὦ Ὢὥ . 

ɽʣʝʤʝʥʪ b = f(a), ʜʝ a  ɴ D, ʥʘʟʠʚʘʶʪʴ ʦʙʨʘʟʦʤ ʝʣʝʤʝʥʪʘ a, ʘ ʩʘʤ 

ʝʣʝʤʝʥʪ a ī ʧʨʦʦʙʨʘʟʦʤ ʝʣʝʤʝʥʪʘ b. ʗʢʱʦ D = A , ʪʦ ʬʫʥʢʮʽʷ f ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʩʶʜʠ ʚʠʟʥʘʯʝʥʦʶ ʥʘ ɸ. ʋ ʮʴʦʤʫ ʨʘʟʽ Domf = A.  

ʇʨʠʢʣʘʜ 1.57. ɺʽʜʥʦʰʝʥʥʷ 
1f , ʷʢʝ ʟʘʜʘʥʦ ʪʘʙʣʠʮʝʶ 

 

 ̒ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ, ʘʣʝ ʥʝ ʚʩʶʜʠ ʚʠʟʥʘʯʝʥʠʤ. ʆʙʨʘʟʦʤ ʝʣʝʤʝʥʪʘ 3a ʻ 

ʝʣʝʤʝʥʪ 2b , ʘ ʧʨʦʦʙʨʘʟʦʤ ʝʣʝʤʝʥʪʘ 2b  ʻ ʝʣʝʤʝʥʪʠ 3a , 1a , 5a . 

ʇʨʠʢʣʘʜ 1.58.  

ʘ) ʅʝʭʘʡ ὃ ρȟςȟσȟτȟ  ὄ ρȟτȟωȟρφȟςυȟ  ʪʦʜʽ Ὑ

ρȟρȟςȟτȟσȟτȟτȟρφ ï ʬʫʥʢʮʽʦʥʘʣʴʥʝ, ʘʣʝ ʚʽʜʥʦʰʝʥʥʷ Ὑ

ρȟρȟρȟτȟσȟω  ʥʝ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʘ ʦʟʥʘʯʝʥʥʷʤ. 

ʙ) ɸʥʛʣʦ-ʫʢʨʘʾʥʩʴʢʠʡ ʩʣʦʚʥʠʢ ʚʩʪʘʥʦʚʣʶʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʤʥʦʞʠʥʘʤʠ ʘʥʛʣʽʡʩʴʢʠʭ ʽ ʫʢʨʘʾʥʩʴʢʠʭ ʩʣʽʚ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʥʝ ʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʤʫ ʘʥʛʣʽʡʩʴʢʦʤʫ ʩʣʦʚʫ ʟʘʟʚʠʯʘʡ ʩʪʘʚʠʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʽʣʴʢʘ ʫʢʨʘʾʥʩʴʢʠʭ ʩʣʽʚ. ɼʦ ʪʦʛʦ ʞ ʚʦʥʦ ʥʝ ʻ ʚʩʶʜʠ 
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ʚʠʟʥʘʯʝʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʘʥʛʣʽʡʩʴʢʝ ʩʣʦʚʦ, ʷʢʦʛʦ ʥʝʤʘʻ ʚ 

ʮʴʦʤʫ ʩʣʦʚʥʠʢʫ. 

 

ʈʠʩ. 25. ɺʽʜʥʦʰʝʥʥʷ, ʘʣʝ ʥʝ ʬʫʥʢʮʽʷ 

 

ʈʠʩ. 26. ɺʽʜʥʦʰʝʥʥʷ ʽ ʬʫʥʢʮʽʷ 

 

ʆʙʝʨʥʝʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʗʢʱʦ ʦʙʝʨʥʝʥʝ ʚʽʜʥʦʰʝʥʥʷ R-1Ë B ³ A ʪʘʢʦʞ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ, ʪʦ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʠʟʥʘʯʘʻ ʜʝʷʢʫ ʬʫʥʢʮʽʶ, ʷʢʫ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʦʙʝʨʥʝʥʦʶ ʜʦ f ʬʫʥʢʮʽʻʶ ʽ ʧʦʟʥʘʯʘʪʠ 

 f-1:B Ÿ A ʘʙʦ f(a) = bÚf-1(b) = a. 
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ʈʠʩ. 27. ʇʨʠʢʣʘʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽ ʦʙʝʨʥʝʥʠʭ ʜʦ ʥʠʭ ʚʽʜʥʦʰʝʥʴ 

 

ʗʢʱʦ ʬʫʥʢʮʽʷ ʟʘʜʘʥʘ ʬʦʨʤʫʣʦʶ y = f(x), ʪʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʙʝʨʥʝʥʦʾ ʬʫʥʢʮʽʾ ʧʦʪʨʽʙʥʦ ʨʦʟʚô̫ ʟʘʪʠ ʨʽʚʥʷʥʥʷ f(x) = y ʚʽʜʥʦʩʥʦ ʭ, ʘ ʧʦʪʽʤ 

ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ ʭ  ̔ʫ.  

Ὢὼ ςὼ ψ , 

ώ ςὼ ψ , 

ώ ςὼ ψ, 

ώ ψ ςὼ, 

Ѝ ὼ, 

Ὢ ώ Ѝ
. 

ɻʨʘʬʽʢʠ ʜʘʥʦʾ ʬʫʥʢʮʽʾ ʽ ʦʙʝʨʥʝʥʦʾ ʜʦ ʜʘʥʦʾ ʩʠʤʝʪʨʠʯʥʽ ʚʽʜʥʦʩʥʦ 

ʧʨʷʤʦʾ ʫ = ʭ. 

ʗʢʱʦ ʪʦʯʢʘ (ʘ; b) ʥʘʣʝʞʠʪʴ ʛʨʘʬʽʢʫ ʜʘʥʦʾ ʬʫʥʢʮʽʾ, ʪʦ ʪʦʯʢʘ (b; ʘ) 

ʥʘʣʝʞʠʪʴ ʛʨʘʬʽʢʫ ʦʙʝʨʥʝʥʦʾ ʬʫʥʢʮʽʾ, ʘ ʮʽ ʜʚʽ ʪʦʯʢʠ ʩʠʤʝʪʨʠʯʥʽ ʚʽʜʥʦʩʥʦ 

ʧʨʷʤʦʾ ʫ = ʭ.  

ʗʢʱʦ ʬʫʥʢʮʽʷ ʫ = f(x) ʟʨʦʩʪʘʻ (ʩʧʘʜʘʻ) ʥʘ ʜʝʷʢʦʤʫ ʧʨʦʤʽʞʢʫ, ʪʦ ʚʦʥʘ 

ʦʙʦʨʦʪʥʘ. ʆʙʝʨʥʝʥʘ ʬʫʥʢʮʽʷ ʜʦ ʜʘʥʦʾ ʚʠʟʥʘʯʝʥʘ ʚ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ  

ʫ = f(x) ʽ ʪʘʢʦʞ ʻ ʟʨʦʩʪʘʶʯʦʶ (ʩʧʘʜʥʦʶ).  

ʌʫʥʢʮʽʷ, ʷʢʘ ʥʘʙʫʚʘʻ ʢʦʞʥʦʛʦ ʩʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʻʜʠʥʽʡ ʪʦʯʮʽ ʦʙʣʘʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʦʨʦʪʥʦʶ, ʥʘʧʨʠʢʣʘʜ ʬʫʥʢʮʽʷ ʫ = 2ʭ+1 

ï ʦʙʦʨʦʪʥʘ, ʘ ʬʫʥʢʮʽʷ ʫ = ʭ2 (ʚʠʟʥʘʯʝʥʘ ʥʘ ʚʩʽʡ ʯʠʩʣʦʚʽʡ ʦʩʽ) ʥʝ ʻ ʦʙʦʨʦʪʥʦʶ. 
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ʗʢʱʦ ʨʽʚʥʷʥʥʷ f(x) = y ʚʽʜʥʦʩʥʦ ʭ ʤʘʻ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʢʦʨʽʥʴ, ʪʦ 

ʬʫʥʢʮʽʷ y = f(x) ʥʝ ʤʘʻ ʦʙʝʨʥʝʥʦʾ ʬʫʥʢʮʽʾ.  

ʊʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʬʫʥʢʮʽʾ y = cosx, y = sinx ʥʝ ʻ ʤʦʥʦʪʦʥʥʠʤʠ ʫ ʚʩʽʡ 

ʦʙʣʘʩʪʽ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʦʙʝʨʥʝʥʠʭ ʬʫʥʢʮʽʡ ʚʠʜʽʣʷʶʪʴ 

ʽʥʪʝʨʚʘʣʠ ʤʦʥʦʪʦʥʥʦʩʪʽ.  

ʌʫʥʢʮʽʷ ώ ὼ ʥʝ ʻ ʦʙʦʨʦʪʥʦʶ ʚ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. ʇʨʦʪʝ ʬʫʥʢʮʽʷ 

ώ ὼ, ʜʝ ὼɴ πȠÐʟʨʦʩʪʘʻ ʥʘ ʮʴʦʤʫ ʧʨʦʤʽʞʢʫ, ʪʦʤʫ ʤʘʻ ʦʙʝʨʥʝʥʫ. 

ʆʙʝʨʥʝʥʦʶ ʬʫʥʢʮʽʶ ʻ ʬʫʥʢʮʽʷ ώ Ѝὼ. 

 

 

ɺʽʜʦʙʨʘʞʝʥʥʷ 

ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʚʦʜʥʦʯʘʩ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʪʘ ʚʩʶʜʠ ʚʠʟʥʘʯʝʥʠʤ 

ʥʘ ʤʥʦʞʠʥʽ ɸ, ʪʦ ʚʦʥʦ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʤʥʦʞʠʥʠ ɸ ʫ ʤʥʦʞʠʥʫ 

B: f: ɸ­ɺ. ʋ ʩʪʨʽʣʦʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ f ʟ ʢʦʞʥʦʾ ʪʦʯʢʠ 

ʧʦʚʠʥʥʘ ʚʠʭʦʜʠʪʠ ʣʠʰʝ ʦʜʥʘ ʩʪʨʽʣʢʘ. 

ʇʨʠʢʣʘʜ 1.59. ɼʦʚʠʟʥʘʯʝʤʦ ʚʽʜʥʦʰʝʥʥʷ
1f , ʧʦʢʣʘʚʰʠ ╪█╫ , ʪʦʜʽ 

ʟʜʦʙʫʜʝʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ
2f : 

 

ʷʢʝ ʚʞʝ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ. 
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ʅʝʭʘʡ fʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʤʥʦʞʠʥʠ ɸ ʥʘ ʤʥʦʞʠʥʫ ɺ. ʇʝʨʝʨʽʟ f(x) 

ʤʥʦʞʠʥʠ f ʧʦ AxÍ ʻ ʦʙʨʘʟʦʤ ʝʣʝʤʝʥʪʘ x ʜʣʷ ʬʫʥʢʮʽʾ fʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 

y = f(x).ɽʣʝʤʝʥʪ x ʥʘʟʠʚʘʶʪʴ ʘʨʛʫʤʝʥʪʦʤ, f(x) ï ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ. 

ʇʝʨʝʨʽʟ Ὢ ώ ʤʥʦʞʠʥʠ ɺ ʧʦ ώᶰὄ ʻ ʧʨʦʦʙʨʘʟʦʤ ʝʣʝʤʝʥʪʘ y ʜʣʷ ʬʫʥʢʮʽʾ f. 

 

 

 

 

ʊʠʧʠ ʚʽʜʦʙʨʘʞʝʥʴ 

ɺʽʜʦʙʨʘʞʝʥʥʷ f ʥʘʟʠʚʘʻʪʴʩʷ ʩʶʨô̒ ʢʪʠʚʥʠʤ, ʘʙʦ ʧʨʦʩʪʦ ʩʶʨô̒ ʢʮʽʻʶ, 

ʷʢʱʦ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ f ʟʙʽʛʘʻʪʴʩʷ ʟ ʫʩʽʻʶ ʤʥʦʞʠʥʦʶ ɺ ʘʙʦ f(A) = B, ʪʦʙʪʦ 

ʷʢʱʦ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʟ ʤʥʦʞʠʥʠ ɺ ʻ ʦʙʨʘʟʦʤ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ 

ʤʥʦʞʠʥʠ ɸ. ʊʦʙʪʦ f: ɸ­ɺ, "b Í B $a Í A : b = f(a). 

 

 

 

ʈʠʩ. 28. ʊʠʧ ʚʽʜʦʙʨʘʞʝʥʥʷ ï ʩʶʨô̒ ʢʮʽʷ 

 

ʇʨʠʢʣʘʜ 1.60. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʤʥʦʞʠʥʦʶ ʚʩʽʭ ʩʪʫʜʝʥʪʽʚ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʤʥʦʞʠʥʦʶ ʛʨʫʧ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʩʶʨô̒ ʢʪʠʚʥʝ, ʦʩʢʽʣʴʢʠ 

ʢʦʞʥʽʡ ʛʨʫʧʽ ʚʽʜʧʦʚʽʜʘʻ ʭʦʯʘ ʙ ʦʜʠʥ ʩʪʫʜʝʥʪ. 
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ʇʨʠʢʣʘʜ 1.61. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʤʥʦʞʠʥʦʶ ʩʪʫʜʝʥʪʽʚ 2-ʛʦ ʢʫʨʩʫ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʤʥʦʞʠʥʦʶ ʚʠʢʣʘʜʘʯʽʚ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʥʝ ʩʶʨô̒ ʢʪʠʚʥʝ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʜʨʫʛʦʤʫ ʢʫʨʩʽ ʚʠʢʣʘʜʘʶʪʴ ʥʝ ʚʩʽ ʚʠʢʣʘʜʘʯʽ. 

 

ɺʽʜʦʙʨʘʞʝʥʥʷ f ʥʘʟʠʚʘʻʪʴʩʷ ʽʥô̒ ʢʪʠʚʥʠʤ, ʘʙʦ ʧʨʦʩʪʦ ʽʥô̒ ʢʮʽʻʶ, ʷʢʱʦ 

ʚʽʜʥʦʰʝʥʥʷ Ὢ  ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʝ, ʪʦʙʪʦ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ɸ 

ʧʝʨʝʚʦʜʷʪʴʩʷ ʚ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ɺ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʟ 

ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ f ʤʘʻ ʻʜʠʥʠʡ ʧʨʦʦʙʨʘʟ, ʪʦʙʪʦ Ὢὼ Ὢὼ ᵼὼ ὼ. 

 

ʈʠʩ. 29. ʊʠʧ ʚʽʜʦʙʨʘʞʝʥʥʷ ï ʽʥô̒ ʢʮʽʷ 

 

ʇʨʠʢʣʘʜ 1.62. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʤʥʦʞʠʥʦʶ ʩʪʫʜʝʥʪʽʚ ʽ ʩʪʽʣʴʮʽʚ ʚ 

ʘʫʜʠʪʦʨʽʾ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʽʥô̒ ʢʪʠʚʥʝ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʩʪʫʜʝʥʪʠ ʩʠʜʷʪʴ ʥʘ 

ʨʽʟʥʠʭ ʩʪʽʣʴʮʷʭ. 
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ʇʨʠʢʣʘʜ 1.63. ɺʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥʠ ʩʪʫʜʝʥʪʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘ 

ʤʥʦʞʠʥʫ ʽʤʝʥ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʥʝ ʽʥô̒ ʢʪʠʚʥʝ, ʦʩʢʽʣʴʢʠ ʻ ʩʪʫʜʝʥʪʠ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʽʤʝʥʘʤʠ. 

 

 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʚʟʘʻʤʥʦʦʜʥʦʟʥʘʯʥʠʤ, ʘʙʦ ʙʽʻʢʪʠʚʥʠʤ, ʘʙʦ 

ʧʨʦʩʪʦ ʙʽʻʢʮʽʻʶ, ʷʢʱʦ ʚʦʥʦ ʻ ʩʶʨô̒ ʢʪʠʚʥʝ ʡ ʽʥô̒ ʢʪʠʚʥʝ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, 

ʷʢʱʦ ʦʙʝʨʥʝʥʝ ʚʽʜʥʦʰʝʥʥʷ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ. 

 

 

 

ʈʠʩ. 30. ʊʠʧ ʚʽʜʦʙʨʘʞʝʥʥʷ ï ʙʽʻʢʮʽʷ 

 

 



66 

 

ʇʨʠʢʣʘʜ 1.64. 

 

Å ʉʧʠʩʦʢ ʩʪʫʜʝʥʪʽʚ ʫ ʞʫʨʥʘʣʽ (ʥʦʤʝʨ­ʧʨʽʟʚʠʱʝ) 

Å ʅʫʤʝʨʘʮʽʷ ʩʪʦʨʽʥʦʢ ʫ ʢʥʠʟʽ (ʩʪʦʨʽʥʢʘ ­ʥʦʤʝʨ) 

 

ʇʨʠʢʣʘʜʠ ʚʽʜʥʦʰʝʥʴ 

 

 

     ʅʝ ʽʥô̒ ʢʮʽʷ                  ʅʝ ʚʽʜʦʙʨʘʞʝʥʥʷ            ʅʝ ʩʶʨô̒ ʢʮʽʷ 

 

ʇʨʠʢʣʘʜ 1.65. ɺʠʟʥʘʯʠʪʠ ʤʥʦʞʠʥʠ ʥʘ ʷʢʠʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ ʙʽʻʢʮʽʻʶ. 

Ὢὼ ὼ. 

ʘ) R­R ʥʝ ʽʥô̒ ʢʮʽʷ, ʥʝ ʩʶʨô̒ ʢʮʽʷ (ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜô̒ ʤʥʽ ʟʥʘʯʝʥʥʷ ʫ, 

ʽ ʜʣʷ ʜʚʦʭ ʨʽʟʥʠʭ ʭ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ʫ); 

ʙ) R­[0;+¤) ʥʝ ʽʥô̒ ʢʮʽʷ, ʩʶʨô̒ ʢʮʽʷ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʽ ʟʥʘʯʝʥʥʷ ʭ ʪʘ ʫ, ʽ 

ʜʣʷ ʜʚʦʭ ʨʽʟʥʠʭ ʭ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ʫ); 
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ʚ) [0;+¤) ­ [0;+¤) ʥ̔ô̒ ʢʮʽʷ, ʩʶʨô̒ ʢʮʽʷ ï ʙʽʻʢʮʽʷ (ʜʣʷ ʢʦʞʥʦʛʦ ʭ ʦʜʥʝ 

ʟʥʘʯʝʥʥʷ ʫ). 

 

 

 

ʇʨʠʢʣʘʜ 1.66. ʅʝʭʘʡ R ī ʤʥʦʞʠʥʘ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, + R ī ʤʥʦʞʠʥʘ 

ʜʽʡʩʥʠʭ ʜʦʜʘʪʥʠʭ ʯʠʩʝʣ, ʘ ʬʫʥʢʮʽʷ f: AŸB. 

1) ʗʢʱʦ ɸ = ɺ = R, ʪʦ ʬʫʥʢʮʽʷ f: xŸ ὼ  ʟʘʜʘʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ɸ ʫ B (ʥʝ 

ʩʶʨô̒ ʢʪʠʚʥʝ, ʪʦʤʫ ʱʦ ʚʽʜô̒ ʤʥʽ ʯʠʩʣʘ ʥʝ ʻ ʦʙʨʘʟʘʤʠ). 

2) ʗʢʱʦ ɸ = ɺ = R, ʪʦ ʬʫʥʢʮʽʷ f: x Ÿ4x ī 3 ʟʘʜʘʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ɸ ʥʘ ɺ 

(ʩʶʨô̒ ʢʪʠʚʥʝ). 

3) ʗʢʱʦ ɸ = R, B = R+ , ʪʦ ʬʫʥʢʮʽʷ f: x Ÿσ ī ʽʥô̒ ʢʪʠʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʪʦʤʫ 

ʱʦ ʚʦʥʦ ʻ ʚʟʘʻʤʥʦʦʜʥʦʟʥʘʯʥʝ:Ὢ ȡ xŸὰέὫὼ. 

ɿʘʫʚʘʞʝʥʥʷ. 1. ʗʢʱʦ ʬʫʥʢʮʽʷ f: AŸB ̒  ʙʽʻʢʮʽʻʶ, ʪʦ ʬʫʥʢʮʽʷ
1-f : BŸA 

ʪʘʢʦʞ ʙʫʜʝ ʙʽʻʢʮʽʻʶ Ὢ Ὢ.  

2. ɹʽʻʢʮʽʷ ʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ ɸ ʥʘ ʩʝʙʝ ʥʘʟʠʚʘʻʪʴʩʷ ʧʽʜʩʪʘʥʦʚʢʦʶ. 

ʗʢʱʦ ʤʥʦʞʠʥʘ ʤʘʻ n ʝʣʝʤʝʥʪʽʚ, ʪʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʤʥʦʞʠʥʫ n! ʚʩʽʭ 

ʧʽʜʩʪʘʥʦʚʦʢ, ʧʦʚô̫ ʟʘʥʠʭ ʟ̔ ʮʽʻʶ ʤʥʦʞʠʥʦʶ ɸ. 

ɺʠʟʥʘʯʝʥʥʷ. ɽʣʝʤʝʥʪ x ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʨʫʭʦʤʦʶ ʪʦʯʢʦʶ ʚʽʜʦʙʨʘʞʝʥʥʷ 

f, ʷʢʱʦ f (x) = x. 

ɿʘʫʚʘʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʚʽʜʥʦʰʝʥʥʷ, ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʬʫʥʢʮʽʡ ʻ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʘ ʢʦʤʧʦʟʠʮʽʷ, ʷʢʘ ʚ ʮʴʦʤʫ ʨʘʟʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʬʫʥʢʮʽʡ. ʅʝʭʘʡ f ī ʬʫʥʢʮʽʷ, ʚʠʟʥʘʯʝʥʘ ʥʘ 

ʤʥʦʞʠʥʽ ɸ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʚ ʤʥʦʞʠʥʽ ɺ, g ī ʬʫʥʢʮʽʷ, ʚʠʟʥʘʯʝʥʘ ʥʘ ʤʥʦʞʠʥʽ ɺ 

ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʚ ʤʥʦʞʠʥʽ C, ʪʦʜʽ ʢʦʤʧʦʟʠʮʽʷ Ὣ Ὢʐ ʻ ʬʫʥʢʮʽʷ, ʷʢʘ ʜʽʻ ʟ 

ʤʥʦʞʠʥʠ ɸ ʚ ʤʥʦʞʠʥʫ ʉ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʧʝʨʧʦʟʠʮʽʷ ʬʫʥʢʮʽʡ ʟʥʦʚʫ ʻ ʬʫʥʢʮʽʻʶ. ɿ ʦʟʥʘʯʝʥʥʷ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʤʘʻʤʦ (Ὣ Ὢʐ)( x) = g (f (x)). 
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ʇʨʠʢʣʘʜ 1.67. ʅʝʭʘʡ ʟʘʜʘʥʦ ʬʫʥʢʮʽʾ 

 

ɿʘʫʚʘʞʝʥʥʷ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʴ g ʽ f ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 

 ὫὪ Ὢ Ὣ . ʅʝʭʘʡ ʟʘʜʘʥʦ ʤʥʦʞʠʥʫ ὃ ὥȟὥȟȢȢȢȟὥ .  

ɺʠʟʥʘʯʝʥʥʷ. ʊʦʪʦʞʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷ, 

ʷʢʝ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʦʚʽ a  ɴ A ʩʪʘʚʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʮʝʡ ʞʝ ʝʣʝʤʝʥʪ 

(ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ 
A1 ). ʊʘʢʠʤ ʯʠʥʦʤ:  

 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ f ʪʘ 1-f  ī ʚʽʜʦʙʨʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʥʘ ʤʥʦʞʠʥʽ ɸ 

ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʚ ʮʽʡ ʞʝ ʩʘʤʽʡ ʤʥʦʞʠʥʽ ɸ, ʪʦ ʚʽʜʦʙʨʘʞʝʥʥʷ f ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʥʘ ʩʝʙʝ (ʙʽʻʢʮʽʻʶ ʥʘ ʩʝʙʝ) ʽ ʤʘʶʪʴ ʤʽʩʮʝ ʨʽʚʥʦʩʪʽ: 

 ρ Ὢʐ Ὢʐ ρ Ὢ; Ὢʐ Ὢ Ὢ Ὢʐ ρ.  

ʇʨʠʢʣʘʜ 1.68. ʅʝʭʘʡ ʚʽʜʦʙʨʘʞʝʥʥʷ f ʟʘʜʘʥʦ ʪʘʙʣʠʮʝʶ 

 

ʊʦʜʽ ʚʽʜʦʙʨʘʞʝʥʥʷ 1-f Ṓ A Ĭ A ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʙʣʠʮʝʶ  

 

ʌʫʥʢʮʽʾ f ʽ 1-f ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ:  
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ɿʦʙʨʘʞʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʴ f ʡ 1-f ʩʪʨʽʣʢʘʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʮʠʢʣʽʚ:  

 

ʇʝʨʝʚʽʨʠʤʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ: 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ρ ʻ ʪʦʪʦʞʥʠʤ. ɿʥʘʡʜʝʤʦ 

ʢʦʤʧʦʟʠʮʽʶ ʚʽʜʦʙʨʘʞʝʥʴ f ʪʘ Ὢ :  

 

ɺʠʟʥʘʯʝʥʥʷ. ʌʫʥʢʮʽʷ f : ὃ ὃ ȢȢȢὃ ŸB Ὢȡὃ ᴼὄ  

ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ n ʘʨʛʫʤʝʥʪʽʚ. ʊʘʢʘ ʬʫʥʢʮʽʷ ʚʽʜʦʙʨʘʞʘʻ ʢʦʨʪʝʞ 

ὥȟὥȟȢȢȢȟὥ  ɴὃ ὃ ȢȢȢὃʫ ʝʣʝʤʝʥʪ b  ɴB. 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʅʝʭʘʡ ʟʘʜʘʥʦ ʪʘʢʽ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʥʦʞʠʥʘʤʠ ὃ ὥȟὦȟὧȟὨȟὩ ̔ 

 ὄ ρȟςȟσȟτȟυ: 

ὅ ὥȟςȟὥȟυȟὦȟρȟὦȟυȟὧȟςȟὨȟσȟὨȟυ Ƞ 

ὅ ὥȟσȟὦȟςȟὧȟσȟὩȟσ Ƞ 

ὅ ὥȟςȟὦȟσȟὧȟτȟὨȟρȟὩȟυ Ƞ 

ὅ ὥȟςȟὥȟσȟὦȟρȟὧȟτȟὧȟυȟὨȟρȟὩȟςȟὩȟτ Ƞ 

ὅ ὥȟτȟὦȟσȟὧȟυȟὨȟςȟὩȟρ Ȣ 

ɺʠʟʥʘʯʠʪʠ, ʷʢʽ ʟ ʮʠʭ ʚʽʜʥʦʰʝʥʴ 

(ʘ) ʚʩʶʜʠ ʚʠʟʥʘʯʝʥʽ; ʙ) ʬʫʥʢʮʽʦʥʘʣʴʥʽ; (ʚ) ʽʥô̒ ʢʪʠʚʥʽ; (ʛ) ʩʶʨôʘʢʪʠʚʥʽ; 

(ʜ) ʙʽʻʢʪʠʚʥʽ (ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʽ). 

2. ɼʣʷ ʙʽʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥ̫  ɟ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥ A = {1, 2, 3, 4, 

5} , B = {{ 1}, { 1, 2}, { 2, 5}, { 3}} , aɟXᵾa Xɵ ʟʥʘʡʜʽʪʴ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ Dɟ 

ʽ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ Rɟ. 

3. ʗʢʽ ʟ ʚʽʜʥʦʰʝʥʴ, ʛʨʘʬʽʢʠ ʷʢʠʭ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ., ʻ ʬʫʥʢʮʽʷʤʠ? 

ɿʥʘʡʜʽʪʴ ʜʣʷ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ ʾʾ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʽ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʥʷ. ʗʢʽ ʟ 

ʚʽʜʥʦʰʝʥʴ, ʻ ʽʥô̒ ʢʪʠʚʥʠʤʠ, ʩʶʨô̒ ʢʪʠʚʥʠʤʠ, ʙʽʻʢʪʠʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ? 
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1.6. ɸʣʛʝʙʨʘʾʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ɸʣʛʝʙʨʘʾʯʥʽ ʦʧʝʨʘʮʽʾ 

ɸʣʛʝʙʨʘ ʚʠʚʯʘʻ ʤʥʦʞʠʥʠ, ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʷʢʠʭ ʚʚʝʜʝʥʦ ʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. ʇʽʜ n-ʘʨʥʦʶ ʘʣʛʝʙʨʘʾʯʥʦʶ 

ʦʧʝʨʘʮʽʻʶ (ʚʥʫʪʨʽʰʥʽʤ ʟʘʢʦʥʦʤ ʢʦʤʧʦʟʠʮʽʾ) ʥʘ ʤʥʦʞʠʥʽ ʄ ʨʦʟʫʤʽʶʪʴ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥʠ ὓ ὓ ȢȢȢὓ ʚ ʄ.  

ʇʦʥʷʪʪʷ n-ʘʨʥʦʾ ʘʣʛʝʙʨʘʾʯʥʦʾ ʦʧʝʨʘʮʽʾ ʻ ʨʽʚʥʦʩʠʣʴʥʠʤ ʜʦ ʧʦʥʷʪʪʷ 

ʚʽʜʥʦʰʝʥʥʷ ὙȡὥȟὥȟȢȢȢȟὥȟὦᶰὙ, ʷʢʱʦ ὥȟὥȟȢȢȢȟὥ ᴼὦ.  

ʇʽʜ ʙʽʥʘʨʥʦʶ ʦʧʝʨʘʮʽʻʶ ʥʘ ʤʥʦʞʠʥʽ ʄ ʨʦʟʫʤʽʪʠʤʝʤʦ ʟʘʢʦʥ, ʟʘ ʷʢʠʤ 

ʢʦʞʥʠʤ ʜʚʦʤ ʝʣʝʤʝʥʪʘʤ ʘ ʪʘ b ʤʥʦʞʠʥʠ ʄ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʚʥʠʡ 

ʝʣʝʤʝʥʪ d ʮʽʻʾ ʤʥʦʞʠʥʠ: ὥȟὦᴼὨ. 

ɼʣʷ ʟʘʧʠʩʫ ʢʦʤʧʦʟʠʮʽʾ ʝʣʝʤʝʥʪʽʚ a ʪʘ b ʾʭ ʧʦʟʥʘʯʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʤ 

ʟʥʘʢʦʤ. ɿʘʢʦʥ ʢʦʤʧʦʟʠʮʽʾ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢʦʤ ç+è, ʧʝʨʝʚʘʞʥʦ 

ʥʘʟʠʚʘʶʪʴ ʜʦʜʘʚʘʥʥʷʤ ʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʣʷ ʥʴʦʛʦ ʧʨʠʡʥʷʪʦ ʘʜʠʪʠʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ. ɿʘʢʦʥ ʢʦʤʧʦʟʠʮʽʾ, ʷʢʠʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢʦʤ ç¶è, ʧʝʨʝʚʘʞʥʦ 

ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʝʥʥʷʤ ʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʣʷ ʥʴʦʛʦ ʧʨʠʡʥʷʪʦ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʝ ʧʦʟʥʘʯʝʥʥʷ.  

ʇ̔ ʜ ʯʘʩ ʚʠʚʯʝʥʥ ̫ ʟʘʛʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʥʘʨʥʠʭ ʦʧʝʨʘʮʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʤʚʦʣ ç*è.  

ʇʨʠʢʣʘʜʦʤ ʙʽʥʘʨʥʦʾ ʦʧʝʨʘʮʽʾ ʻ ʦʧʝʨʘʮʽʷ ʚʝʢʪʦʨʥʦʛʦ ʤʥʦʞʝʥʥʷ 

ʚʝʢʪʦʨʽʚ.  

ʆʧʝʨʘʮʽʷ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʚʝʢʪʦʨʽʚ ʥʝ ʻ ʙʽʥʘʨʥʦʶ ʘʣʛʝʙʨʘʾʯʥʦʶ 

ʦʧʝʨʘʮʽʻʶ, ʦʩʢʽʣʴʢʠ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʻ ʯʠʩʣʦ, ʘ ʥʝ ʚʝʢʪʦʨ.  

ɼʣʷ ʟʘʜʘʥʥʷ ʙʽʥʘʨʥʦʾ ʘʣʛʝʙʨʘʾʯʥʦʾ ʦʧʝʨʘʮʽʾ ʩʢʣʘʜʘʶʪʴ ʪʘʙʣʠʮʶ 

ʦʧʝʨʘʮʽʾ (ʪʘʙʣʠʮʶ ʂʝʣʣʽ), ʨʷʜʢʠ ʽ ʩʪʦʚʧʮʽ ʷʢʦʾ ʧʦʟʥʘʯʘʶʪʴ ʝʣʝʤʝʥʪʘʤʠ 

ʤʥʦʞʠʥʠ ʄ, ʘ ʥʘ ʧʝʨʝʪʠʥʘʥʥʽ ʨʷʜʢʘ ʽ ʩʪʦʚʧʮʷ ʩʪʘʚʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ: 



71 

 

 

ʂʽʣʴʢʽʩʪʴ ʙʽʥʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʤʥʦʞʠʥʽ ʟ n ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʤʘʶʯʠ 2n  ʢʣʽʪʠʥʦʢ ʪʘʙʣʠʮʽ, ʜʦ ʢʦʞʥʦʾ ʟ ʥʠʭ ʩʣʽʜ 

ʟʘʧʠʩʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʟ n ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ʄ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʙʽʥʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʤʥʦʞʠʥʽ ʟ n ʝʣʝʤʝʥʪʽʚ ʜʦʨʽʚʥʶʻ 
2nn . ʗʢʱʦ ʤʥʦʞʠʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʘ ʽ b, ʪʦ ʽʩʥʫʻ 162
22 =  ʦʧʝʨʘʮʽʡ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʙʣʠʮʴ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʦʧʝʨʘʮʽʾ ʚ 

ʢʦʤʧôʁ ʪʝʨʥʽʡ ʤʘʪʝʤʘʪʠʮʽ ʥʝ ʧʨʠʜʘʪʥʽ ʜʣʷ ʩʣʦʚʝʩʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʄʥʦʞʠʥʘ, ʫ ʷʢʽʡ ʚʚʝʜʝʥʦ ʙʽʥʘʨʥʫ ʘʣʛʝʙʨʘʾʯʥʫ ʦʧʝʨʘʮʽʶ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʛʨʫʧʦʾʜʦʤ. 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ɹʽʥʘʨʥʘ ʦʧʝʨʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʘʩʦʮʽʘʪʠʚʥʦʶ, ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʝʣʝʤʝʥʪʽʚ a, b, c ʤʥʦʞʠʥʠ ʄ 

(a * b) * c = a * (b * c). 

ʇʨʠʢʣʘʜʦʤ ʘʩʦʮʽʘʪʠʚʥʦʾ ʦʧʝʨʘʮʽʾ ʻ ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʴ. 

ʇʨʠʢʣʘʜʦʤ ʥʝʘʩʦʮʽʘʪʠʚʥʦʾ ʦʧʝʨʘʮʽʾ ʻ ʦʧʝʨʘʮʽʷ ʚʝʢʪʦʨʥʦʛʦ ʜʦʙʫʪʢʫ 

ʚʝʢʪʦʨʽʚ, ʪʦʤʫ ʱʦ, ʥʘʧʨʠʢʣʘʜ, (i Ĭ j) Ĭ j Í i Ĭ (j Ĭ j). 

ʄʥʦʞʠʥʘ, ʜʣʷ ʷʢʦʾ ʚʚʝʜʝʥʘ ʘʩʦʮʽʘʪʠʚʥʘ ʦʧʝʨʘʮʽʷ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʽʚʛʨʫʧʦʶ.  

ɹʽʥʘʨʥʘ ʦʧʝʨʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʤʫʪʘʪʠʚʥʦʶ, ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ʄ.     ʘ * b= b* a. 

ʇʨʠʢʣʘʜʦʤ ʢʦʤʫʪʘʪʠʚʥʦʾ ʦʧʝʨʘʮʽʾ ʻ ʦʧʝʨʘʮʽʷ ʜʦʜʘʚʘʥʥʷ ʤʘʪʨʠʮʴ, ʘ 

ʧʨʠʢʣʘʜʦʤ ʥʝʢʦʤʫʪʘʪʠʚʥʦʾ ʦʧʝʨʘʮʽʾ ʻ ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʴ. 

ɺʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ ʻ ʘʥʪʠʢʦʤʫʪʘʪʠʚʥʦʶ ʦʧʝʨʘʮʽʻʶ: 

 aĬ b = ībĬ a. 

ɹʽʥʘʨʥʘ ʦʧʝʨʘʮʽʷ * ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʩʪʨʠʙʫʪʠʚʥʦʶ ʟʣʽʚʘ ʚʽʜʥʦʩʥʦ 

ʦʧʝʨʘʮʽʾ ,̄ ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ a, b, c. 
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ʘ * (b c̄) = (a * b)  ̄(a * c). 

ʆʧʝʨʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʩʪʨʠʙʫʪʠʚʥʦʶ ʩʧʨʘʚʘ, ʷʢʱʦ 

 (a ̄ b) * c = (a * c)  ̄(b * c). 

ʆʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʯʠʩʝʣ ʻ ʜʠʩʪʨʠʙʫʪʠʚʥʦʶ ʚʽʜʥʦʩʥʦ ʜʦʜʘʚʘʥʥʷ 

ʯʠʩʝʣ: (a + b) c = aĿc + bĿc. 

ɸʣʝ ʦʧʝʨʘʮʽʷ ʜʦʜʘʚʘʥʥʷ ʥʝ ʻ ʜʠʩʪʨʠʙʫʪʠʚʥʦʶ ʚʽʜʥʦʩʥʦ ʤʥʦʞʝʥʥʷ: 

a + (bĿc) Í (a + b)Ŀ(a + c). 

ʆʧʝʨʘʮʽʾ ʧʝʨʝʨʽʟʫ ʡ ʦʙô̒ ʜʥʘʥʥʷ ʤʥʦʞʠʥ ʻ ʜʠʩʪʨʠʙʫʪʠʚʥʦʶ ʚʽʜʥʦʩʥʦ 

ʦʜʥʘ ʦʜʥʦʾ ʽ ʟʣʽʚʘ, ʽ ʩʧʨʘʚʘ. 

ɽʣʝʤʝʥʪ ʝ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʡʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ,̄ 

ʷʢʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʘ 

a ̄ ʝ = ʘ ̔ ʝ ̄ʘ = ʘ. 

ʅʝʡʪʨʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʻ ʻʜʠʥʠʡ, ʦʩʢʽʣʴʢʠ, ʷʢʱʦ eǋ ī ʽʥʰʠʡ 

ʥʝʡʪʨʘʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʪʦ ʝ = ʝ ̄eǋ = eǋ. 

ʅʝʡʪʨʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʫʣʴʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ 0. 

ʅʝʡʪʨʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʜʠʥʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ 1. 

ɽʣʝʤʝʥʪ ὥǋʥʘʟʠʚʘʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʠʤ ʝʣʝʤʝʥʪʫ ʘ ʫ ʛʨʫʧʦʾʜʽ ʟ 

ʥʝʡʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʝ, ʷʢʱʦ ὥʐ ὥǋ ὥǋ ὥʐ Ὡ. 

ɽʣʝʤʝʥʪ ὥȟǋ ʩʠʤʝʪʨʠʯʥʠʡ ʜʦ ʘ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʠʤ ʜʦ ʘ ʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ ïʘ. 

ɽʣʝʤʝʥʪ ὥȟǋ ʩʠʤʝʪʨʠʯʥʠʡ ʜʦ ʘ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʝʨʥʝʥʠʤ ʜʦ ʝʣʝʤʝʥʪʘ ʘ ʡ ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ ὥ . 

 

ɸʣʛʝʙʨʘʾʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ɸʣʛʝʙʨʘʾʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ M ʨʘʟʦʤ ʽʟ 

ʟʘʜʘʥʠʤʠ Q ʦʧʝʨʘʮʽʷʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʡ ʟʘʤʢʥʝʥʠʤʠ ʥʘ ʮʽʡ ʤʥʦʞʠʥʽ. M ï 

ʥʦʩʽʡ ʘʣʛʝʙʨʘʾʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺʠʟʥʘʯʝʥʥʷ. ɻʨʫʧʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʟ ʚʠʟʥʘʯʝʥʦʶ ʥʘ ʥʽʡ 

ʙʽʥʘʨʥʦʶ ʘʩʦʮʽʘʪʠʚʥʦʶ ʦʧʝʨʘʮʽʻʶ, ʜʣʷ ʷʢʦʾ ʽʩʥʫʻ ʦʙʝʨʥʝʥʘ ʦʧʝʨʘʮʽʷ. 

ɻʨʫʧʘ ʥʘʟʠʚʘʻʪʴʩʷ ʩʢʽʥʯʝʥʥʦʶ, ʷʢʱʦ ʚʦʥʘ ʤʽʩʪʠʪʴ ʩʢʽʥʯʝʥʫ ʤʥʦʞʠʥʫ 

ʝʣʝʤʝʥʪʽʚ.  

ʏʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʩʢʽʥʯʝʥʥʦʾ ʛʨʫʧʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʷʜʢʦʤ ʛʨʫʧʠ. 
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ʈʠʩ. 31. ɸʣʛʝʙʨʘʾʯʥʽ ʩʪʨʫʢʪʫʨʠ 

 

ɻʨʫʧʘ 

ʋ ʪʝʦʨʽʾ ʛʨʫʧ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ 

ʪʝʨʤʽʥʦʣʦʛʽʷ (ʪʦʙʪʦ ʛʨʫʧʦʚʘ ʦʧʝʨʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʝʥʥʷʤ, ʥʝʡʪʨʘʣʴʥʠʡ 

ʝʣʝʤʝʥʪ ï ʦʜʠʥʠʯʥʠʤ, ʩʠʤʝʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ïʦʙʝʨʥʝʥʠʤ).  

ɿ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ ʽʩʥʫʻ ʦʜʠʥʠʯʥʠʡ 

(ʥʝʡʪʨʘʣʴʥʠʡ) ʝʣʝʤʝʥʪ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʛʨʫʧʠ ʽʩʥʫʻ ʦʙʝʨʥʝʥʠʡ 

ʝʣʝʤʝʥʪ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʷʢʱʦ ʘʩʦʮʽʘʪʠʚʥʘ ʦʧʝʨʘʮʽʷ 

ʛʘʨʘʥʪʫʻ ʽʩʥʫʚʘʥʥʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʡ ʦʙʝʨʥʝʥʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʪʦ ʤʥʦʞʠʥʘ ʟ 

ʪʘʢʦʶ ʦʧʝʨʘʮʽʻʶ ʻ ʛʨʫʧʦʶ. ʋ ʟʚô̫ ʟʢʫ ʟ̔ ʮʠʤ ʯʘʩʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʽʥʰʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʛʨʫʧʠ, ʨʽʚʥʦʩʠʣʴʥʠʤ ʜʦ ʧʝʨʰʦʛʦ. 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ G, ʥʘ ʷʢʽʡ ʚʠʟʥʘʯʝʥʘ ʙʽʥʘʨʥʘ 

ʦʧʝʨʘʮʽʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʫʧʦʶ, ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʫʤʦʚʠ: 

1) ʦʧʝʨʘʮʽʷ ʘʩʦʮʽʘʪʠʚʥʘ; 

2) ʚ G ʽʩʥʫʻ ʥʝʡʪʨʘʣʴʥʠʡ ʝʣʝʤʝʥʪ; 

3) ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʘ ʽʩʥʫʻ ʦʙʝʨʥʝʥʠʡ ʝʣʝʤʝʥʪ ὥ . 

ɻʨʫʧʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʤʫʪʘʪʠʚʥʦʶ, ʘʙʦ ʘʙʝʣʝʚʦʶ, ʷʢʱʦ ʚʦʥʘ ʤʘʻ 

ʪʘʢ̔ ʚʣʘʩʪʠʚʦʩʪʽ:  

1) ʟʘʤʢʥʫʪʽʩʪʴ ï ʢ̫ʱʦ a  ̔b ð ʝʣʝʤʝʥʪʠ G, ʪʦ c = a * b ð ʪʘʢʦʞ 

ʝʣʝʤʝʥʪ G;  

2) ʘʩʦʮʽʘʪʠʚʥʽʩʪʴ ï ʢ̫ʱʦ a  ̔b ð ʝʣʝʤʝʥʪʠ G, ʪʦ (a* b) * c = a* (b *c);  

3) ʢʦʤʫʪʘʪʠʚʥʽʩʪʴ ï ʜʣʷ ʚʩʽʭ a  ̔b ʚ G ʤʘʻʤʦ a * b = b * a;  

4) ʩ̔ʥʫʚʘʥʥʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ï ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʚ G ʽʩʥʫʻ 

ʝʣʝʤʝʥʪ e, ʪʘʢʠʡ, ʱʦ e * a = a * e = a. 

5) ʩ̔ʥʫʚʘʥʥʷ ʽʥʚʝʨʩʽʾ ï ʜʣʷ ʢʦʞʥʦʛʦ a ʚ G ʽʩʥʫʻ ʝʣʝʤʝʥʪ aô, ʪʘʢʠʡ, ʱʦ a 

* aô = aô *a = e. 

ʇʨʠʢʣʘʜ 1.69. ʄʥʦʞʠʥʘ ʮʽʣʠʭ ʯʠʩʝʣ ʻ ʘʙʝʣʝʚʦʶ ʛʨʫʧʦʶ ʚʽʜʥʦʩʥʦ 

ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ.  

1. ʈʝʟʫʣʴʪʘʪʦʤ ʜʦʜʘʚʘʥʥʷ ʜʚʦʭ ʮʽʣʠʭ ʯʠʩʝʣ ʻ ʮʽʣʝ ʯʠʩʣʦ. 
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2. ɸʩʦʮʽʘʪʠʚʥʽʩʪʴ: 4 + (5 + 6) = (4 + 5) + 6. 

3. ʂʦʤʫʪʘʪʠʚʥʽʩʪʴ: 4 + 5 = 5 + 4. 

4. ʅʝʡʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʛʨʫʧʠ ʻ ʯʠʩʣʦ 0.  

5. ʉʠʤʝʪʨʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʯʠʩʣʘ n ̒  ʯʠʩʣʦ ïn (4, ï4).  

ʎ  ̫ ʛʨʫʧʘ ʥʘʟʠʚʘʻʪʴʩʷ ʘʜʠʪʠʚʥʦʶ ʛʨʫʧʦʶ ʮʽʣʠʭ ʯʠʩʝʣ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ  

G = <Zn, +>.  

ʈʦʟʛʣʷʥʝʤʦ ʛʨʫʧʫ ὤȠ ṥ . ʇʦʙʫʜʫʻʤʦ ʜʣʷ ʦʧʝʨʘʮʽʾ ʪʘʙʣʠʮʶ ʂʝʣʣʽ: 

 

ʅʝʡʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ 5Ä  ʝ = 0, ʪʘʙʣʠʮʷ 

ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʜʽʘʛʦʥʘʣʽ ï ʦʧʝʨʘʮʽʷ ʢʦʤʫʪʘʪʠʚʥʘ, ʽʩʥʫʶʪʴ ʦʙʝʨʥʝʥʽ 

ʝʣʝʤʝʥʪʠ ʭ = 1; ὼǋ τ; y = 2; ώǋ σ; ʭ = 3; ὼǋ ςȢ 
 

ʂʽʣʴʮʝ 

ɺʠʟʥʘʯʝʥʥʷ. ʂʽʣʴʮʝʤ (R,+,³) ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ R, ʥʘ ʷʢʽʡ 

ʚʠʟʥʘʯʝʥʽ ʜʚʽ ʙʽʥʘʨʥʽ ʘʣʛʝʙʨʘʾʯʥʽ ʦʧʝʨʘʮʽʾ (ʜʦʜʘʚʘʥʥʷ ʪʘ ʤʥʦʞʝʥʥʷ), ʧʨʠ 

ʮʴʦʤʫ ʚʽʜʥʦʩʥʦ ʦʜʥʽʻʾ ʟ̔ ʮʠʭ ʦʧʝʨʘʮʽʡ ʤʥʦʞʠʥʘ ʻ ʘʙʝʣʝʚʦʶ ʛʨʫʧʦʶ, ʘ ʜʨʫʛʘ 

ʦʧʝʨʘʮʽʷ ʻ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʾ. 

ʂʽʣʴʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʤʫʪʘʪʠʚʥʠʤ, ʷʢʱʦ ʜʨʫʛʘ ʦʧʝʨʘʮʽʷ ʻ 

ʢʦʤʫʪʘʪʠʚʥʘ, ʽ ʘʩʦʮʽʘʪʠʚʥʠʤ, ʷʢʱʦ ʚʦʥʘ ʻ ʘʩʦʮʽʘʪʠʚʥʘ. 

 

ʇʦʣʝ 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʥʫʣʴʦʚʽ ʝʣʝʤʝʥʪʠ ʢʽʣʴʮʷ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʛʨʫʧʫ 

ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ.  

ʊʘʢʝ ʢʽʣʴʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʮʝʤ ʟ̔ ʜʽʣʝʥʥʷʤ, ʘʙʦ ʪʽʣʦʤ. ʂʦʤʫʪʘʪʠʚʥʝ 

ʪʽʣʦ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʣʝʤ. 

ʇʦʣʝ ʷʚʣʷʻ ʩʦʙʦʶ ʻʜʥʽʩʪʴ ʜʚʦʭ ʘʙʝʣʝʚʠʭ ʛʨʫʧ ï ʘʜʠʪʠʚʥʦʾ ʪʘ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ. ʋ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʩʢ̔ ʥʯʝʥʽ ʧʦʣʷ.  

ʉʢʽʥʯʝʥʝ ʧʦʣʝ ï ʮʝ ʧʦʣʝ ʟʽ ʩʢʽʥʯʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ. ɻʘʣʫʘ 

ʧʦʢʘʟʘʚ ʱʦ ʩʢʽʥʯʝʥʽ ʧʦʣʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ pn, ʜʝ p ï ʧʨʦʩʪʝ, 

ʘ n ï ʜʦʜʘʪʥʝ ʮʽʣʝ ʯʠʩʣʦ. ʉʢʽʥʯʝʥʽ ʧʦʣʷ ʥʘʟʠʚʘʶʪʴ ʧʦʣʷʤʠ ɻʘʣʫʘ ʡ 

ʧʦʟʥʘʯʘʶʪʴ GF (pn). 
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ʇʨʠʢʣʘʜ 1.70. ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʝʙʨʘʾʯʥʫ ʩʪʨʫʢʪʫʨʫ ὤȠ ṧ Ƞ ṥ ȟ 

ὲ ψ. ʇʦʙʫʜʫʻʤʦ ʪʘʙʣʠʮʽ ʂʝʣʣʽ: 

 

ɯʩʥʫʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʜʦʙʫʪʦʢ ʥʝʥʫʣʴʦʚʠʭ ʯʣʝʥʽʚ ʜʦʨʽʚʥʶʻ 0, ʘ ʩʘʤʝ 

(2; 4), (4; 6), (4; 4)é, ʦʪʞʝ, ὤȠ ṧ Ƞ ṥ  ʥʝ ʻ ʧʦʣʝʤ, ʘ ʻ ʢʦʤʫʪʘʪʠʚʥʠʤ 

ʢʽʣʴʮʝʤ ʟ̔ ʥʝʡʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ 0. 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ɿô̫ ʩʫʚʘʪʠ ʟʘʤʢʥʫʪʽʩʪʴ L ʚʽʜʥʦʩʥʦ ʦʧʝʨʘʮʽʡ ʘʣʛʝʙʨʠ ὃ

ἂὔȟ ȟ ἃ, ʷʢʱʦ L ï ʮʝ ʤʥʦʞʠʥʘ: 

ʘ) ʧʘʨʥʠʭ ʯʠʩʝʣ;          ʜ) ʯʠʩʝʣ ʚʠʜʫ ὲ, ʜʝ ὲᶰὔ; 

ʙ) ʥʝʧʘʨʥʠʭ ʯʠʩʝʣ;      ʝ) ʯʠʩʝʣ, ʙʽʣʴʰʠʭ ʥʽʞ 1000; 

ʚ) ʯʠʩʝʣ, ʢʨʘʪʥʠʭ k;     ̒ ) ʯʠʩʝʣ, ʤʝʥʰʠʭ ʥʽʞ 1000; 

ʛ) ʯʠʩʝʣ ʚʠʜʫ ς, Ὧᶰὔ; 

2. ʗʢʽ ʟ ʤʥʦʞʠʥ L ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʟʘʜʘʯʽ ʻ ʥʦʩʽʷʤʠ ʩʠʩʪʝʤ ὄ

ἂὒȟ ȟ ἃ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʽʜʘʣʛʝʙʨʠ ʘʣʛʝʙʨʠ ὃ ἂὔȟ ȟ ἃ? 

3. ʅʘʧʠʩʘʪʠ ʪʘʙʣʠʮʽ ʂʝʣʣʽ ʜʦʜʘʚʘʥʥʷ ʪʘ ʤʥʦʞʝʥʥʷ ʘʣʛʝʙʨʠ ʦʩʪʘʯ ὃ

ὔ ȟṧȟṥ  ʜʣʷ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʨ: 

ʘ) ʨ=3;  ʙ) ʨ=4;   ʚ) ʨ=7;   ʛ) ʨ=2. 

4. ʏʠ ʻ ʦʧʝʨʘʮʽʾ ṥȟṧ ʘʣʛʝʙʨʠ ʦʩʪʘʯʘ: 

ʘ) ʘʩʦʮʽʘʪʠʚʥʠʤʠ; 

ʙ) ʢʦʤʫʪʘʪʠʚʥʠʤʠ; 

ʚ) ʜʠʩʪʨʠʙʫʪʠʚʥʠʤʠ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ? 

5. ɿô̫ ʩʫʚʘʪʠ, ʯʠ ʻ ʦʧʝʨʘʮʽʷ ʢʦʥʢʘʪʝʥʘʮʽʾ ʩʣʽʚ: 

ʘ) ʘʩʦʮʽʘʪʠʚʥʦʶ;      ʙ) ʢʦʤʫʪʘʪʠʚʥʦʶ? 
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ʈʦʟʜʽʣ 2. ʂʦʤʙʽʥʘʪʦʨʠʢʘ 

 

2.1. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʢʦʤʙʽʥʘʪʦʨʠʢʠ 

ɺʩʪʫʧ ʫ ʢʦʤʙʽʥʘʪʦʨʠʢʫ 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ ï ʮʝ ʨʦʟʜʽʣ ʤʘʪʝʤʘʪʠʢʠ, ʷʢʠʡ ʚʠʚʯʘʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ 

ʘʙʦ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʛʦ ʧʨʘʚʠʣʘ. 

ʋ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ ʢʦʤʙʽʥʘʪʦʨʠʢʘ ï ʮʝ ʧʽʜʨʘʭʫʥʦʢ ʙʫʜʴ-ʷʢʠʭ 

ʢʦʤʙʽʥʘʮʽʡ, ʷʢʽ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʟ ʜʝʷʢʦʾ ʤʥʦʞʠʥʠ ʜʠʩʢʨʝʪʥʠʭ ʦʙô̒ ʢʪʽʚ. ʇʽʜ 

ʦʙô̒ ʢʪʘʤʠ ʨʦʟʫʤʽʶʪʴ ʙʫʜʴ-ʷʢʽ ʦʢʨʝʤʽ ʧʨʝʜʤʝʪʠ ʘʙʦ ʞʠʚʽ ʽʩʪʦʪʠ ï ʣʶʜʝʡ, 

ʟʚʽʨʽʚ, ʢʦʤʘʭ, ʛʨʠʙʠ, ʨʦʩʣʠʥʠ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʢʦʤʙʽʥʘʪʦʨʠʢʫ ʟʦʚʩʽʤ ʥʝ 

ʭʚʠʣʶʻ, ʱʦ ʤʥʦʞʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʨʽʣʢʠ ʤʘʥʥʦʾ ʢʘʰʽ, ʧʘʷʣʴʥʠʢʘ ʯʠ 

ʙʦʣʦʪʥʦʾ ʞʘʙʠ. ʇʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʤ ʻ ʦʜʥʝ ï ʮʽ ʦʙô̒ ʢʪʠ ʧʽʜʜʘʶʪʴʩʷ ʣʽʯʙʽ 

ï ʾʭ ʪʨʠ (ʜʠʩʢʨʝʪʥʽʩʪʴ) ʽ ʽʩʪʦʪʥʠʤ ʻ ʪʝ, ʱʦ ʩʝʨʝʜ ʥʠʭ ʥʝʤʘʻ ʦʜʥʘʢʦʚʠʭ. 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ ʧʦʭʦʜʠʪʴ ʚʽʜ ʩʣʦʚʘ combina, ʱʦ ʚ ʧʝʨʝʢʣʘʜʽ ʦʟʥʘʯʘʻ 

çʩʧʦʣʫʯʘʪʠ, ʟô̒ ʜʥʫʚʘʪʠè. 

ʄʝʪʦʜʠ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʟʘʜʘʯ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʘʤʠ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʩʢʽʣʴʢʠ ʢʦʤʙʽʥʘʪʦʨʠʢʘ ʤʘʻ ʩʧʨʘʚʫ ʟʽ ʩʢʽʥʯʝʥʠʤʠ 

ʤʥʦʞʠʥʘʤʠ, ʥʘ ʧʨʠʨʦʜʫ ʦʙô̒ ʢʪʽʚ ʷʢʠʭ ʞʦʜʥʠʭ ʦʙʤʝʞʝʥʴ ʥʝ ʥʘʢʣʘʜʘʶʪʴ, ʪʦ 

ʾʾ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʪʝʦʨʽʻʶ ʩʢʽʥʯʝʥʠʭ ʤʥʦʞʠʥ. 

 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ ʚʠʥʠʢʣʘ ʚ XVI ʩʪʦʨʽʯʯʽ, ʢʦʣʠ ʚ ʞʠʪʪʽ ʚʝʨʭʥʽʚ 

ʧʨʦʰʘʨʢʽʚ ʩʫʩʧʽʣʴʩʪʚʘ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʣʠ ʘʟʘʨʪʥʽ ʽʛʨʠ (ʢʘʨʪʠ, ʢʦʩʪʽ, 

ʧʘʩʴʷʥʩʠ, ʣʦʪʝʨʝʾ). ʎʝ ʩʪʘʣʦ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʢʦʤʙʽʥʘʪʦʨʠʢʠ 

ʡ ʪʝʦʨʽʾ ʤ̔ʦʚʽʨʥʦʩʪʝʡ. 
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ʈʷʜ ʧʝʨʰʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʨʦʟʚô̫ ʟʘʣʠ ʪʘʢʽ ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʢʠ, 

ʷʢ ʇʘʩʢʘʣʴ, ʌʝʨʤʘ, ɽʡʣʝʨ, ɹʝʨʥʫʣʣʽ, ʃʝʡʙʥʽʮ. 

 

 

 

 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ ʩʴʦʛʦʜʥʽ 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ (ʘʙʦ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʘʥʘʣʽʟ, ʘʙʦ ʢʦʤʙʽʥʘʪʦʨʥʘ 

ʤʘʪʝʤʘʪʠʢʘ) ï ʮʝ ʛʘʣʫʟʴ ʤʘʪʝʤʘʪʠʢʠ, ʷʢʘ ʚʠʚʯʘʻ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ 

ʧʽʜʤʥʦʞʠʥ ʜʝʷʢʦʾ ʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ, ʧʨʠʯʦʤʫ ʪʘʢʠʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘʜʘʥʠʤ ʦʙʤʝʞʝʥʥʷʤ. 

ɿʛʘʜʘʥʽ ʧʽʜʤʥʦʞʠʥʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʢʦʤʙʽʥʘʪʦʨʥʠʤʠ 

ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʘʙʦ ʚʠʙʽʨʢʘʤʠ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʨʷʜʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʦʙô̒ ʢʪʽʚ, ʪʦ ʦʜʝʨʞʠʤʦ ʨʽʟʥʽ ʢʦʤʙʽʥʘʪʦʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 32. 

 

 

 

ʈʠʩ. 32. ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

 

ʂʦʤʙʽʥʘʪʦʨʥʽ ʤʝʪʦʜʠ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʨʦʟʚô̫ ʟʢʫ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʪʝʦʨʽʾ 

ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʪʘ ʾʾ ʜʦʜʘʪʢʽʚ. 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ ʚʠʚʯʘʻ ʪʘʢʽ ʚʠʜʠ ʟʘʜʘʯ: 

ɻ. ɺ. ʃʝʡʙʥʽʮ ʫ 1666 ʨʦʡʽ ʟʘʭʠʩʪʠʚ ʜʠʩʝʨʪʘʮʽʶ 

çʇʨʦ ʢʦʤʙʽʥʘʪʦʨʥʝ ʤʠʩʪʝʮʪʚʦè ʽ ʚʚʽʚ ʪʝʨʤʽʥ 

çʢʦʤʙʽʥʘʪʦʨʠʢʘè 
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1. ʇʽʜʨʘʭʫʥʦʢ ʯʠʩʣʘ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʇʨʠʢʣʘʜ 2.1. ɿ ̔ ʟʤʽʥʦ  ʁ ʧʦʨʷʜʢʫ ʢʦʣʴʦʨʦʚʠʭ ʢʫʣʴʦʢ ʫ ʩʪʦʚʧʮʷʭ 

ʦʜʝʨʞʠʤʦ ʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʩʪʦʚʧʮʽʚ. ʂʦʞʥʠʡ ʩʪʦʚʧʝʮʴ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʦʜʥʽʡ ʢʦʤʙʽʥʘʪʦʨʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 33. 

 

 

 

ʈʠʩ. 33. ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʽʥʥʠʭ ʩʪʦʚʧʮʽʚ ʢʫʣʴʦʢ 

 

2. ɿʥʘʭʦʜʞʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʇʨʠʢʣʘʜ 2.2. ɿʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥ ̫ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʧʝʚʥʦʛʦ 

ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʢʫʙʠʢʘ ʈʫʙʢ̔ʘ (ʨʠʩ. 34). 

 

 

 

ʈʠʩ. 34. ɿʘʜʘʯʘ ʽʩʥʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʨʦʟʬʘʨʙʫʚʘʥʥʷ 

 

3. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʙʫʜʦʚʠ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʇʨʠʢʣʘʜ 2.3. ɸʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʪʨʘʬʽʢʫ, ʜʘʻ ʟʤʦʛʫ ʛʥʫʯʢʦ ʨʦʟʧʦʜʽʣʷʪʠ 

ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ. 
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ʈʠʩ. 35. ɿʘʜʘʯʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ 

 

4. ʈʦʟʚô̫ ʟʫʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ (ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ 

ʟʘʜʘʯ). 

ʇʨʠʢʣʘʜ 2.4. ʇʝʨʝʙʽʨ  ̔ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʻ ʦʜʥʠʤ 

ʽʟ ʩʧʦʩʦʙʽʚ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ. ʊʘʢʘ ʟʘʜʘʯʘ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʾ WEB-ʩʘʡʪʫ. 

 

 

ʈʠʩ. 36. ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ 

 

ʇʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʘʭ. ʊʘʢʽ ʟʘʜʘʯʽ ʻ ʧʨʝʜʤʝʪʦʤ ʚʠʚʯʝʥʥʷ 

ʨʘʭʫʥʢʦʚʦʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ. 

 

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʢʦʤʙʽʥʘʪʦʨʠʢʠ 

ʋ ʢʦʤʙʽʥʘʪʦʨʠʮʽ ʧʨʠʡʥʷʪʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʥʦʞʠʥʫ, ʚʢʘʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʾʾ ʝʣʝʤʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʻ ʤʥʦʞʠʥʘ , ̫ ʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n ʝʣʝʤʝʥʪʽʚ, ʪʦ 

ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʾʾ ʥʘʟʠʚʘʶʪʴ n -ʤʥʦʞʠʥʦʶ ɸ. 
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ɺʠʟʥʘʯʝʥʥʷ. ʄʥʦʞʠʥʫ ɺ ʥʘʟʠʚʘʶʪʴ ʧʽʜʤʥʦʞʠʥʦʶ ʤʥʦʞʠʥʠ ɸ ̔ 

ʧʦʟʥʘʯʘʶʪʴ, ̫ ʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ɺ ̒ ʪʘʢʦʞ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ɸ. 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʤʥʦʞʠʥʘ ʉ ʤʘʻ ʢʽʣʴʢʘ ʝʢʟʝʤʧʣʷʨʽʚ ʪʦʛʦ ʩʘʤʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʪʦ ʪʘʢʫ ʤʥʦʞʠʥʫ ʥʘʟʠʚʘʶʪʴ ʤʫʣʴʪʠʤʥʦʞʠʥʦʶ. 

 

ɺʠʙʽʨʢʘ 

ɺʠʟʥʘʯʝʥʥʷ. ɺʠʙʽʨʢʦʶ ʥʘʟʠʚʘʶʪʴ ʜʦʚʽʣʴʥʫ ʤʫʣʴʪʠʤʥʦʞʠʥʫ, 

ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʚʠʙʠʨʘʶʪʴ ʟ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ɸ, ʪʦʙʪʦ ʪʘʢʫ ʤʥʦʞʠʥʫ, ʷʢʘ 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʤʽʩʪʠʪʠ ʢʽʣʴʢʘ ʝʢʟʝʤʧʣʷʨʽʚ ʪʦʛʦ ʩʘʤʦʛʦ 

ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ ɸ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 37. 

 

 

ʈʠʩ. 37. ʇʨʠʢʣʘʜʠ 4-ʚʠʙʽʨʦʢ ʟ 5-ʤʥʦʞʠʥʠ 

 

ʆʙʩʷʛ ʚʠʙʽʨʢʠ. ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ r ʫ ʚʠʙʽʨʮʽ (ʪʘʢʫ ʚʠʙʽʨʢʫ 

ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ r -ʚʠʙʽʨʢʦʶ) ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʾʾ ʦʙʩʷʛ. 

ɯʥʰʠʡ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʚʠʙʽʨʢʘè. ʇʦʥʷʪʪʷ çʚʠʙʽʨʢʘè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʘʢʦʞ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʧʽʜʤʥʦʞʠʥʠ ʟ 

ʧʦʯʘʪʢʦʚʦʾ ʤʥʦʞʠʥʠ. 

 

ʋʧʦʨʷʜʢʦʚʘʥʘ ʚʠʙʽʨʢʘ 

ɺʠʟʥʘʯʝʥʥʷ. ɺʠʙʽʨʢʫ ʥʘʟʠʚʘʶʪʴ ʫʧʦʨʷʜʢʦʚʘʥʦʶ, ʷʢʱʦ ʧʦʨʷʜʦʢ 

ʩʣʽʜʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʥʽʡ ʟʘʜʘʥʠʡ. ɼʚʽ ʚʧʦʨʷʜʢʦʚʘʥʽ ʚʠʙʽʨʢʠ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ 

ʣʠʰʝ ʧʦʨʷʜʢʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʚʚʘʞʘʶʪʴ ʨʽʟʥʠʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʭʘʡ ï ʤʥʦʞʠʥʘ ʟ n ʝʣʝʤʝʥʪʽʚ. ɺʧʦʨʷʜʢʦʚʘʥʦʶ 

ʚʠʙʽʨʢʦʶ ʦʙʩʷʛʦʤ r ʟ n-ʤʥʦʞʠʥʠ ʥʘʟʠʚʘʶʪʴ ʙʫʜʴ-ʷʢʫ ʚʧʦʨʷʜʢʦʚʘʥʫ 

ʧʽʜʤʥʦʞʠʥʫ ʟ r ʾʾ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7. 

 

 

ʈʠʩ. 38. ʋʧʦʨʷʜʢʦʚʘʥʽ 3-ʚʠʙʽʨʢʠ ʟ 4-ʤʥʦʞʠʥʠ 
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ɺʠʩʥʦʚʦʢ. ʋʧʦʨʷʜʢʦʚʘʥʽ ʚʠʙʽʨʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʨʷʜʢʦʤ ʩʣʽʜʫʚʘʥʥʷ 

ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʅʝʫʧʦʨʷʜʢʦʚʘʥʘ ʚʠʙʽʨʢʘ 

ʗʢʱʦ ʧʦʨʷʜʦʢ ʩʣʽʜʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʝ ʻ ʽʩʪʦʪʥʠʤ, ʪʦ ʪʘʢʫ ʚʠʙʽʨʢʫ 

ʥʘʟʠʚʘʶʪʴ ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʶ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʚʠʙʽʨʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 39. 

 

 

ʈʠʩ. 39. ʇʨʠʢʣʘʜ ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʾ 3-ʚʠʙʽʨʢʠ ʟ 4-ʤʥʦʞʠʥʠ 

 

ɺʠʩʥʦʚʦʢ. ʅʝʫʧʦʨʷʜʢʦʚʘʥʽ ʚʠʙʽʨʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ, ʘ ʥʝ 

ʧʦʨʷʜʢʦʤ ʾʭ ʩʣʽʜʫʚʘʥʥʷ. 

 

 

ɺʠʙʽʨʢʠ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʪʘ ʙʝʟ ʧʦʚʪʦʨʝʥʴ 

ɺʠʟʥʘʯʝʥʥʷ. ɺʠʙʽʨʢʠ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ï ʮʝ ʚʠʙʽʨʢʠ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ 

ʧʦʚʪʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʢʣʘʜ ʚʠʙʽʨʢʠ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 40. 

 

 

ʈʠʩ. 40. ʇʨʠʢʣʘʜ 3-ʚʠʙʽʨʦʢ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ 4-ʤʥʦʞʠʥʠ 

 

ɺʠʟʥʘʯʝʥʥʷ. ɺʠʙʽʨʢʠ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ï ʮʝ ʚʠʙʽʨʢʠ, ʷʢʽ ʥʝ ʜʦʧʫʩʢʘʶʪʴ 

ʧʦʚʪʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʢʣʘʜ ʚʠʙʽʨʢʠ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 41. 

 

 

ʈʠʩ. 41. ʇʨʠʢʣʘʜ 3-ʚʠʙʽʨʦʢ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ 4-ʤʥʦʞʠʥʠ 
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ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʥʘʟʚʠ ʚʠʙʽʨʦʢ 

1. ʈʦʟʤʽʱʝʥʥʷ ( ὃ  ï ʙʝʟ ʧʦʚʪʦʨʝʥʴ, ὃ ï ʙʝʟ ʧʦʚʪʦʨʝʥʴ) 

(ʫʧʦʨʷʜʢʦʚʘʥʘ ʚʠʙʽʨʢʘ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʘʙʦ ʙʝʟ ʧʦʚʪʦʨʝʥʴ). ʅʘʙʽʨ ʝʣʝʤʝʥʪʽʚ 

ὼȟὼȢȢȢȟὼ
 
ʟ ʤʥʦʞʠʥʠ X = { ὼȟὼȟȢȢȢȟὼ } ʥʘʟʠʚʘʶʪʴ i-ʶ ʚʠʙʽʨʢʦʶ 

ʦʙʩʷʛʦʤ k ʟ n ʝʣʝʤʝʥʪʽʚ k < n ʘʙʦ, ʽʥʘʢʰʝ, (n, k)-ʨʦʟʤʽʱʝʥʥʷʤ. 

ʅʘʧʨʠʢʣʘʜ: { 1, 2, 3, 4}ᵼ{ 1, 1, 2} ,{ 2, 1, 1} ,{ 1, 2, 3} ... 

{ 1, 2, 3, 4}ᵼ{ 1, 2, 3} ,{ 1, 2, 4} ,{ 4, 2, 1} ... 

ʇʦʻʜʥʘʥʥʷ (ʢʦʤʙʽʥʘʮʽʷ) (
m

nC ʙʝʟ ʧʦʚʪʦʨʝʥʴ, ὅ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ) 

(ʥʝʫʧʦʨʷʜʢʦʚʘʥʘ ʚʠʙʽʨʢʘ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʘʙʦ ʙʝʟ ʧʦʚʪʦʨʝʥʴ). 

ɺʠʟʥʘʯʝʥʥʷ. ɺʠʙʽʨʢʠ, ʫ ʷʢʠʭ ʥʝ ʚʨʘʭʦʚʫʪ̒ʴʩʷ ʧʦʨʷʜʦʢ ʟʘʧʠʩʫ 

ʝʣʝʤʝʥʪʽʚ ʽ ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʭʦʯʘ ʙ ʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʥʘʟʠʚʘʶʪʴ 

ʧʦʻʜʥʘʥʥʷʤ ʘʙʦ ʢʦʤʙʽʥʘʮʽʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ: { 1, 2, 3, 4} ᵼ { 1, 2, 3} , { 1, 2, 4} , { 2, 3, 4} ... 

{ 1, 2, 3, 4} ᵼ { 1, 1, 3} , { 1, 1, 4} , { 4, 2, 1} ... 

ʇʝʨʝʩʪʘʥʦʚʢʘ ( ὖ ʙʝʟ ʧʦʚʪʦʨʝʥʴ, ὖὯȟȢȢȢȟὯ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ) 

(ʫʧʦʨʷʜʢʦʚʘʥʘ ʧʦʚʥʘ ʚʠʙʽʨʢʘ ʙʝʟ ʧʦʚʪʦʨʝʥʴ  ̔ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ). 

ɺʠʟʥʘʯʝʥʥʷ. ɺʠʙʽʨʢʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʠʭ ʩʘʤʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʨʷʜʢʦʤ ʾʭ ʩʣʽʜʫʚʘʥʥʷ, ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ. 

ʅʘʧʨʠʢʣʘʜ: { 1, 2, 3}ᵼ{ 1, 2, 3} ,{ 1, 3, 2} ,{3, 2, 1} ... 

     { 1, 2, 3}ᵼ{ 1, 1, 3} ,{ 3, 1, 1} ,{ 3, 3, 1} ... 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʋ ʩʪʫʜʝʥʪʩʴʢʽʡ ʛʨʫʧʽ 23 ʩʪʫʜʝʥʪʠ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ 

ʦʙʨʘʪʠ ʩʪʘʨʦʩʪʫ ʽ ʡʦʛʦ ʟʘʩʪʫʧʥʠʢʘ? 

2. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʟ ʢʦʣʦʜʠ ʚ 36 ʢʘʨʪ ʤʦʞʥʘ ʚʠʙʨʘʪʠ 3 ʢʘʨʪʠ? 

3. ʋ ʤʘʤʠ 2 ʷʙʣʫʢʘ ʽ 3 ʛʨʫʰʽ. ʂʦʞʝʥ ʜʝʥʴ ʧʨʦʪʷʛʦʤ 5 ʜʥʽʚ ʧʽʜʨʷʜ ʚʦʥʘ 

ʚʠʜʘʻ ʧʦ ʦʜʥʦʤʫ ʬʨʫʢʪʫ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ? 

4. ʇʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʥʘʜʘʪʠ ʨʦʙʦʪʫ ʟʘ ʦʜʥʽʻʶ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 4 

ʞʽʥʢʘʤ, ʟʘ ʽʥʰʦʶ ï 6 ʯʦʣʦʚʽʢʘʤ, ʟʘ ʪʨʝʪʴʦʶ ï 3 ʨʦʙʽʪʥʠʢʘʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʩʪʘʪʽ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʟʘʢʨʠʪʠ ʚʘʢʘʥʩʽʾ, ʷʢʱʦ ʻ 14 ʧʨʝʪʝʥʜʝʥʪʽʚ: 

6 ʞʽʥʦʢ ʽ 8 ʯʦʣʦʚʽʢʽʚ? 

5. ʋ ʧʘʩʘʞʠʨʩʴʢʦʤʫ ʧʦʪʷʛʫ 9 ʚʘʛʦʥʽʚ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ 

ʨʦʟʩʘʜʠʪʠ ʚ ʧʦʪʷʛʫ 4 ʣʶʜʠʥʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʩʽ ʚʦʥʠ ʧʦʚʠʥʥʽ ʾʭʘʪʠ ʚ ʦʢʨʝʤʠʭ 

ʚʘʛʦʥʘʭ? 



83 

 

6. ʋ ʛʨʫʧʽ 9 ʣʶʜʝʡ. ʉʢʽʣʴʢʠ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʨʽʟʥʠʭ ʧʽʜʛʨʫʧ ʟʘ ʫʤʦʚʠ, 

ʱʦ ʜʦ ʧʽʜʛʨʫʧʠ ʚʭʦʜʪ̫ʴ ʥʝ ʤʝʥʰʝ ʥʽʞ 2 ʣʶʜʠʥʠ? 

 

ʆʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʢʦʤʙʽʥʘʪʦʨʠʢʠ 

ʂʦʤʙʽʥʘʪʦʨʠʢʘ ï ʮʝ ʥʘʫʢʘ ʧʨʦ ʪʝ, ʷʢ ʤʦʞʥʘ ʢʦʤʙʽʥʫʚʘʪʠ ʨʽʟʥʽ ʦʙô̒ ʢʪʠ, 

ʷʢ ʤʦʞʥʘ ʾʭ ʩʧʦʣʫʯʘʪʠ. ʎʝ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʥʘʫʢʘ ʧʨʦ ʪʝ, ʷʢ ʧʦʨʘʭʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ, ʘ ʟ ʽʥʰʦʛʦ ï ʥʘʫʢʘ ʧʨʦ ʪʝ, ʷʢ ʟʥʘʡʪʠ 

ʷʢʫʩʴ ʝʢʩʪʨʝʤʘʣʴʥʫ ʢʦʤʙʽʥʘʮʽʶ ʟ ʷʢʠʤʠʩʴ ʦʧʪʠʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʂʦʤʙʽʥʫʚʘʪʠ ʤʦʞʥʘ ʱʦ ʟʘʚʛʦʜʥʦ, ʥʘʧʨʠʢʣʘʜ, ʟ ʛʨʫʧʠ ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʛʨʫʧʫ ʩʪʫʜʝʥʪʽʚ, 

ʷʢʽ ʟʘʡʤʘʪʠʤʫʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʘʙʦ ʛʨʫʧʫ, ʱʦ 

ʟʘʡʤʘʪʠʤʝʪʴʩʷ ʢʽʙʝʨʙʝʟʧʝʢʦʶ. 

ʆʧʠʩʘʥʽ ʟʘʜʘʯʽ ï ʢʦʤʙʽʥʘʪʦʨʥʽ. ʄʦʞʥʘ ʢʦʤʙʽʥʫʚʘʪʠ ʩʠʤʚʦʣʠ ʜʝʷʢʦʛʦ 

ʘʣʬʘʚʽʪʫ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʚô̫ ʟʦʢ ʟ ʪʘʢʠʤʠ ʦʙô̒ ʢʪʘʤʠ, ʷʢ 

ɼʅʂ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʡ ʪ. ʽʥ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʦʟʚô̫ ʟʫʚʘʥʥʽ 

ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ. 

 

ʇʨʘʚʠʣʦ ʩʫʤʠ 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ A ʤʦʞʥʘ ʚʠʙʨʘʪʠ n ʩʧʦʩʦʙʘʤʠ, 

ʘ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ B ʤʦʞʥʘ ʚʠʙʨʘʪʠ m ʩʧʦʩʦʙʘʤʠ, ʪʦ ʟʘ ʫʤʦʚʠ, ʱʦ  

A ž B = Å, ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʠʙʽʨʦʢ ʩʪʘʥʦʚʠʪʴ n + m. 

ʎ̔  ʧʨʘʚʠʣʘ ʜʫʞʝ ʥʘʛʘʜʫʶʪʴ ʘʣʛʝʙʨʫ ʧʦʜʽʡ. ɿʥʘʢ çʧʣʶʩè ʩʣʽʜ ʨʦʟʫʤʽʪʠ 

ʽ ʯʠʪʘʪʠ ʷʢ ɸɹʆ. 

ʅʘ ʨʠʩ. 42 ʧʦʢʘʟʘʥʦ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʠʣʘ ʩʫʤʠ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʤʥʦʞʠʥʠ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

 

ʈʠʩ. 42. ɼʝʤʦʥʩʪʨʘʮʽʷ ʧʨʘʚʠʣʘ ʩʫʤʠ 
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ʇʨʠʢʣʘʜ 2.5. ʅʘ ʣʝʢʮʽʾ ʟ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠʩʫʪʥʽ 

20 ʩʪʫʜʝʥʪʽʚ. ʂʚʠʪʢʠ ʥʘ ʢʦʥʮʝʨʪ ʃʘʨʠ ʌʘʙʽʘʥ ʢʫʧʠʣʠ 15 ʩʪʫʜʝʥʪʽʚ. ʉʢʽʣʴʢʠ 

ʚʩʴʦʛʦ ʩʪʫʜʝʥʪʽʚ ʚʽʜʚʽʜʘʣʠ ʣʝʢʮʽʶ ʪʘ ʢʦʥʮʝʨʪ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ?  

ʈʦʟʚô̫ ʟʦʢ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʍ ʤʥʦʞʠʥʫ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʧʨʠʩʫʪʥʽ 

ʥʘ ʣʝʢʮʽʾ, ʘ ʯʝʨʝʟ Y ï ʤʥʦʞʠʥʫ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʚʽʜʚʽʜʘʣʠ ʢʦʥʮʝʨʪ. 

ʆʩʢʽʣʴʢʠ ὲ ȿὢȿ ςπ, ά ȿὣȿ ρὑ ὢ᷊ὣ ,ɲ ʪʦ ʟʘ ʧʨʘʚʠʣʦʤ ʩʫʤʠ:  

ά ὲ ςπ ρυ συ. 

ʇʨʠʢʣʘʜ 2.6. ʉʪʫʜʝʥʪʩʴʢʘ ʛʨʫʧʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 23 ʣʶʜʝʡ, ʩʝʨʝʜ ʷʢʠʭ 

10 ʭʣʦʧʮʽʚ ʽ 13 ʜʽʚʯʘʪ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʦʙʨʘʪʠ ʜʚʦʭ ʣʶʜʝʡ 

ʦʜʥʽʻʾ ʩʪʘʪʽ?  

ʈʦʟʚô̫ ʟʦʢ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʨʘʭʫʥʦʢ  ʥʝ ʧʽʜʭʦʜʠʪʴ, ʪʦʤʫ ʱʦ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʻʜʥʘʥʴ ʚʤʽʱʫʻ ʽ ʨʽʟʥʦʩʪʘʪʝʚʽ ʧʘʨʠ.  

ʋʤʦʚʘ çʦʙʨʘʪʠ ʜʚʦʭ ʣʶʜʝʡ ʦʜʥʽʻʾ ʩʪʘʪʽè ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʦʙʨʘʪʠ ʜʚʦʭ ʭʣʦʧʮʽʚ ʘʙʦ ʜʚʦʭ ʜʽʚʯʘʪ, ʽ ʚʞʝ ʩʘʤʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʢʘʟʫʻ ʥʘ 

ʧʨʘʚʠʣʴʥʠʡ ʰʣʷʭ ʚʠʨʽʰʝʥʥʷ: 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʦʙʨʘʪʠ 2 ʭʣʦʧʮʽʚ; 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʦʙʨʘʪʠ 2 ʜʽʚʯʘʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʦʭ ʣʶʜʝʡ ʦʜʥʽʻʾ ʩʪʘʪʽ (ʥʝ ʤʘʻ ʨʽʟʥʠʮʽ ï ʭʣʦʧʮʽʚ ʘʙʦ 

ʜʽʚʯʘʪ) ʤʦʞʥʘ ʦʙʨʘʪʠ:  ʩʧʦʩʦʙʘʤʠ. 

ɺʽʜʧʦʚʽʜʴ: 123. 

 

ʇʨʘʚʠʣʦ ʜʦʙʫʪʢʫ ʢʦʤʙʽʥʘʮʽʡ 

ɺʠʟʥʘʯʝʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ AÖB 

ʜʦʨʽʚʥʶʻ n Öm. 

ɿʥʘʢ çʧʦʤʥʦʞʠʪʠè ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʽ ʯʠʪʘʪʠ ʷʢ ɯ. ʈʦʟʛʣʷʥʝʤʦ ʪʫ ʩʘʤʫ 

ʩʪʫʜʝʥʪʩʴʢʫ ʛʨʫʧʫ, ʷʢʘ ʧʽʰʣʘ ʥʘ ʪʘʥʮʽ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʩʢʣʘʩʪʠ 

ʧʘʨʫ ʟ ʭʣʦʧʮʷ ʽ ʜʽʚʯʠʥʠ?  

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʦʙʨʘʪʠ 1 ʭʣʦʧʮʷ; 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʦʙʨʘʪʠ 1 ʜʽʚʯʠʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʦʛʦ ʭʣʦʧʮʷ ʡ ʦʜʥʫ ʜʽʚʯʠʥʫ ʤʦʞʥʘ ʦʙʨʘʪʠ: 

 ʩʧʦʩʦʙʘʤʠ. 
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ʂʦʣʠ ʟ ʢʦʞʥʦʾ ʤʥʦʞʠʥʠ ʦʙʠʨʘʶʪʴ ʧʦ 1 ʦʙô̒ ʢʪʫ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʠʡ 

ʥʘʩʪʫʧʥʠʡ ʧʨʠʥʮʠʧ ʧʽʜʨʘʭʫʥʢʫ ʢʦʤʙʽʥʘʮʽʡ: çʢʦʞʝʥ ʦʙô̒ ʢʪ ʟ ʦʜʥʽʻʾ 

ʤʥʦʞʠʥʠ ʤʦʞʝ ʩʢʣʘʩʪʠ ʧʘʨʫ ʟ ʢʦʞʥʠʤ ʦʙô̒ ʢʪʦʤ ʽʥʰʦʾ ʤʥʦʞʠʥʠè. ʊʦʙʪʦ 

ʆʣʝʛ ʤʦʞʝ ʟʘʧʨʦʩʠʪʠ ʥʘ ʪʘʥʦʢ ʙʫʜʴ-ʷʢʫ ʟ 13 ʜʽʚʯʘʪ, ɭʚʛʝʥ ï ʪʝʞ ʙʫʜʴ-ʷʢʫ ʟ 

13, ʽ ʘʥʘʣʦʛʽʯʥʠʡ ʚʠʙʽʨ ʻ ʫ ʚʩʽʭ ʽʥʰʠʭ ʭʣʦʧʮʽʚ. ʆʪʞʝ: ʤʦʞʣʠʚʠʭ 

ʧʘʨ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ çʽʩʪʦʨʽʷè 

ʩʪʚʦʨʝʥʥʷ ʧʘʨʠ; ʦʜʥʘʢ, ʷʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʽʥʽʮʽʘʪʠʚʫ, ʪʦ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʙʽʥʘʮʽʡ ʧʦʪʨʽʙʥʦ ʧʦʜʚʦʾʪʠ, ʪʦʤʫ ʱʦ ʢʦʞʥʘ ʟ 13 ʜʽʚʯʘʪ ʪʝʞ ʤʦʞʝ 

ʟʘʧʨʦʩʠʪʠ ʜʦ ʪʘʥʮʶ ʙʫʜʴ-ʷʢʦʛʦ ʭʣʦʧʮʷ. ʋʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚʠ ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʟʘʜʘʯʽ! 

ʉʭʦʞʠʡ ʧʨʠʥʮʠʧ ʩʧʨʘʚʝʜʣʠʚʠʡ ʽ ʜʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ, 

ʥʘʧʨʠʢʣʘʜ: ʩʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʦʙʨʘʪʠ ʜʚʦʭ ʭʣʦʧʮʽʚ  ̔ʜʚʦʭ ʜʽʚʯʘʪ 

ʜʣʷ ʫʯʘʩʪʽ ʚ ʦʜʥʦʤʫ ʝʧʽʟʦʜʽ ʂɺʂ?  

ʉʦʶʟ ɯ ʦʜʥʦʟʥʘʯʥʦ ʥʘʪʷʢʘʻ ʥʘ ʪʝ, ʱʦ ʢʦʤʙʽʥʘʮʽʾ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʤʥʦʞʠʪʠ:  ʤʦʞʣʠʚʠʭ ʛʨʫʧ ʘʨʪʠʩʪʽʚ. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʢʦʞʥʘ ʧʘʨʘ ʭʣʦʧʮʽʚ (45 ʫʥʽʢʘʣʴʥʠʭ ʧʘʨ) ʤʦʞʝ 

ʚʠʩʪʫʧʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ ʜʽʚʯʘʪ (78 ʫʥʽʢʘʣʴʥʠʭ ʧʘʨ). ɸ ʷʢʱʦ 

ʨʦʟʛʣʷʥʫʪʠ ʨʦʟʧʦʜʽʣ ʨʦʣʝʡ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ, ʪʦ ʢʦʤʙʽʥʘʮʽʡ ʙʫʜʝ ʱʝ ʙʽʣʴʰʝ.  

ʇʨʘʚʠʣʦ ʤʥʦʞʝʥʥʷ ʢʦʤʙʽʥʘʮʽʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʽ ʥʘ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʤʥʦʞʥʠʢʽʚ. 

ʇʨʠʢʣʘʜ 2.6. ʉʢʽʣʴʢʠ ʽʩʥʫʻ ʪʨʠʟʥʘʯʥʠʭ ʯʠʩʝʣ, ʷʢʽ ʜʽʣʷʪʴʩʷ ʥʘ 5? 

ʈʦʟʚô̫ ʟʦʢ. ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʧʦʟʥʘʯʠʤʦ ʮʝ ʯʠʩʣʦ ʪʨʴʦʤʘ ʟʽʨʦʯʢʘʤʠ: *** 

ʂʦʤʙʽʥʘʮʽʾ ʙʫʜʝʤʦ ʨʘʭʫʚʘʪʠ ʧʦ ʨʦʟʨʷʜʘʭ ï ʟʣʽʚʘ ʥʘʧʨʘʚʦ: 

ʋ ʨʦʟʨʷʜ ʩʦʪʝʥ ɹʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʙʫʜʴ-ʷʢʫ ʟ ʮʠʬʨ (1, 2, 3, 4, 5, 6, 

7, 8 ʘʙʦ 9). ʅʫʣʴ ʥʝ ʧʽʜʭʦʜʠʪʴ, ʦʩʢʽʣʴʢʠ ʯʠʩʣʦ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʪʨʠʟʥʘʯʥʠʤ. ɸ 

ʦʩʴ ʫ ʨʦʟʨʷʜ ʜʝʩʷʪʢʽʚ (çʧʦʩʝʨʝʜʠʥʽè) ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʙʫʜʴ-ʷʢʫ ʟ 10 ʮʠʬʨ: 

. ɿʘ ʫʤʦʚʦʶ ʯʠʩʣʦ ʧʦʚʠʥʥʦ ʜʽʣʠʪʠʩʷ ʥʘ 5, ʷʢʱʦ ʚʦʥʦ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ 

5 ʘʙʦ ʥʘ 0. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʦʣʦʜʰʦʤʫ ʨʦʟʨʷʜʽ ʥʘʩ ʚʣʘʰʪʦʚʫʶʪʴ 2 ʮʠʬʨʠ. 

ʆʪʞʝ, ʽʩʥʫʻ:  ʪʨʠʟʥʘʯʥʠʭ ʯʠʩʝʣ, ʱʦ ʜʽʣʷʪʴʩʷ ʥʘ 

5. ʇʨʠ ʮʴʦʤʫ ʜʦʙʫʪʦʢ ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʪʘʢ: ç9 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ 

ʚʠʙʨʘʪʠ ʮʠʬʨʫ ʚ ʨʦʟʨʷʜ ʩʦʪʝʥ ɹ  ̔10 ʩʧʦʩʦʙʘʤʠ ʚʠʙʨʘʪʠ ʮʠʬʨʫ ʚ ʨʦʟʨʷʜ 

ʜʝʩʷʪʢʽʚ  ̔2 ʩʧʦʩʦʙʘʤʠ ʚ ʨʦʟʨʷʜ ʦʜʠʥʠʮʴè. ɸʙʦ ʱʝ ʧʨʦʩʪʽʰʝ: çʢʦʞʥʘ ʟ 9 
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ʮʠʬʨ ʫ ʨʦʟʨʷʜʽ ʩʦʪʝʥ ɹʢʦʤʙʽʥʫʻʪʴʩʷ ʟ ʢʦʞʥʦʶ ʟ 10 ʮʠʬʨ ʨʦʟʨʷʜʫ ʜʝʩʷʪʢʽʚ 

ʽ ʟ ʢʦʞʥʦʶ ʟ ʜʚʦʭ ʮʠʬʨ ʫ ʨʦʟʨʷʜʽ ʦʜʠʥʠʮʴè. 

ɺʽʜʧʦʚʽʜʴ: 180. 

ɸ ʪʝʧʝʨé ʟʛʘʜʘʻʤʦ ʟʘʜʘʯʫ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʥʷʪʪʷ, ʫ ʷʢʽʡ ɹʦʨʽ, ɼʽʤʽ ʡ 

ɺʦʣʦʜʽ ʤʦʞʥʘ ʟʜʘʪʠ ʧʦ ʦʜʥʽʡ ʢʘʨʪʽ ʩʧʦʩʦʙʘʤʠ. 

ʄʥʦʞʝʥʥʷ ʪʫʪ ʤʘʻ ʪʦʡ ʩʘʤʠʡ ʩʝʥʩ:  ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʟʷʪʠ 3 

ʢʘʨʪʠ ʟ ʢʦʣʦʜʠ ɯ ʚ ʢʦʞʥʽʡ ʚʠʙʽʨʮʽ ʧʨʝʜʩʪʘʚʠʪʠ ʾʭ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʠʢʣʘʜ 2.7. ʋ ɺʘʩʽ ʚʜʦʤʘ ʞʠʚʫʪʴ 4 ʢʦʪʠ. 

ʘ) ʩʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʨʦʟʩʘʜʠʪʠ ʢʦʪʽʚ ʧʦ ʢʫʪʢʘʭ ʢʽʤʥʘʪʠ? 

ʙ) ʩʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʢʦʪʽʚ ʧʦʛʫʣʷʪʠ? 

ʚ) ʩʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ɺʘʩʷ ʤʦʞʝ ʚʟʷʪʠ ʥʘ ʨʫʢʠ ʜʚʦʭ ʢʦʪʽʚ (ʦʜʥʦʛʦ ʥʘ ʣʽʚʫ, 

ʽʥʰʦʛʦ ï ʥʘ ʧʨʘʚʫ)?  

ʈʦʟʚô̫ ʟʦʢ. ʇʦ-ʧʝʨʰʝ, ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʟʘʜʘʯʽ ʡʜʝʪʴʩʷ 

ʧʨʦ ʨʽʟʥʽ ʦʙô̒ ʢʪʠ (ʥʘʚʽʪʴ ʷʢʱʦ ʢʦʪʠ ï ʦʜʥʦʷʡʮʝʚʽ ʙʣʠʟʥʶʢʠ). ʎʝ ʜʫʞʝ 

ʚʘʞʣʠʚʘ ʫʤʦʚʘ! 

ʘ) ʄʦʚʯʘʥʥʷ ʢʦʪʽʚ. ʎ̔ ʡ ʝʢʟʝʢʫʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʚʽʜʨʘʟʫ ʚʩʽ ʢʦʪʠ + ʚʘʞʣʠʚʝ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʦʤʫ ʪʫʪ ʤʘʶʪʴ ʤʽʩʮʝ ʧʝʨʝʩʪʘʥʦʚʢʠ:  ʩʧʦʩʦʙʘʤʠ 

ʤʦʞʥʘ ʨʦʟʩʘʜʠʪʠ ʢʦʪʽʚ ʧʦ ʢʫʪʢʘʭ ʢʽʤʥʘʪʠ. ʑʝ ʨʘʟ ʧʦʚʪʦʨʶʶ, ʱʦ ʟ 

ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʟʥʘʯʝʥʥʷ ʤʘʻ ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʦʙô̒ ʢʪʽʚ ʽ ʾʭ ʚʟʘʻʤʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʩʪʨʦʶ ɺʘʩʷ ʤʦʞʝ ʨʦʟʩʘʜʞʫʚʘʪʠ ʢʦʪʽʚ 

ʧ̔ ʚʢʦʣʦʤ ʥʘ ʜʠʚʘʥʽ, ʫ ʨʷʜ ʥʘ ʧʽʜʚʽʢʦʥʥʽ ʪʦʱʦ ï ʧʝʨʝʩʪʘʥʦʚʦʢ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʙʫʜʝ 24. ɹʘʞʘʶʯʽ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʤʦʞʫʪʴ ʫʷʚʠʪʠ, ʱʦ ʢʦʪʠ ʨʽʟʥʦʢʦʣʴʦʨʦʚʽ 

(ʥʘʧʨʠʢʣʘʜ, ʙʽʣʠʡ, ʯʦʨʥʠʡ ʨʫʜʠʡ ʽ ʩʤʫʛʘʩʪʠʡ), ʽ ʧʝʨʝʨʘʭʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ 

ʢʦʤʙʽʥʘʮʽʾ. 

ʙ) ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʢʦʪʽʚ ʧʦʛʫʣʷʪʠ?  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʪʠ ʭʦʜʷʪʴ ʛʫʣʷʪʠ ʪʽʣʴʢʠ ʯʝʨʝʟ ʜʚʝʨʽ, ʧʨʠ ʮʴʦʤʫ 

ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ï ʥʘ ʧʨʦʛʫʣʷʥʢʫ ʤʦʞʫʪʴ ʚʠʡʪʠ 1, 2, 3 ʽ ʚʩʽ 

4 ʢʦʪʠ. 

ʈʘʭʫʻʤʦ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ:  

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʛʫʣʷʪʠ ʦʜʥʦʛʦ ʢʦʪʘ (ʙʫʜʴ-ʷʢʦʛʦ ʟ 

ʯʦʪʠʨʴʦʭ); 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʛʫʣʷʪʠ ʜʚʦʭ ʢʦʪʽʚ 

(ʚʘʨʽʘʥʪʠ ʧʝʨʝʨʘʭʫʡʪʝ ʩʘʤʦʩʪʽʡʥʦ); 
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 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʛʫʣʷʪʠ ʪʨʴʦʭ ʢʦʪʽʚ (ʙʫʜʴ-ʷʢʠʡ 

ʦʜʠʥ ʟ̔ ʯʦʪʠʨʴʦʭ ʩʠʜʠʪʴ ʚʜʦʤʘ); 

 ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʚʠʧʫʩʪʠʪʠ ʚʩʽʭ ʢʦʪʽʚ. 

ʄʘʙʫʪʴ, ʚʠ ʟʜʦʛʘʜʘʣʠʩʷ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʩʣʽʜ ʩʢʣʘʩʪʠ: 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʛʫʣʷʪʠ ʢʦʪʽʚ. 

ɽʥʪʫʟʽʘʩʪʘʤ ʧʨʦʧʦʥʫʶ ʫʩʢʣʘʜʥʝʥʫ ʚʝʨʩʽʶ ʟʘʜʘʯʽ ï ʢʦʣʠ ʙʫʜʴ-ʷʢʠʡ ʢʽʪ 

ʫ ʙʫʜʴ-ʷʢʽʡ ʚʠʙʽʨʮʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʤʦʞʝ ʚʠʡʪʠ ʥʘ ʚʫʣʠʮʶ, ʷʢ ʯʝʨʝʟ 

ʜʚʝʨʽ, ʪʘʢ ʽ ʯʝʨʝʟ ʚʽʢʥʦ. ʂʦʤʙʽʥʘʮʽʡ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʴʩʷ! 

ʚ) ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ɺʘʩʷ ʤʦʞʝ ʚʟʷʪʠ ʥʘ ʨʫʢʠ ʜʚʦʭ ʢʦʪʽʚ?  

ʉʠʪʫʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʚʠʙʽʨ 2 ʪʚʘʨʠʥ, ʘʣʝ ʡ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʘ ʨʫʢʘʭ:  ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʟʷʪʠ ʥʘ ʨʫʢʠ 2 ʢʦʪʽʚ. ɼʨʫʛʠʡ 

ʚʘʨʽʘʥʪ ʚʠʨʽʰʝʥʥʷ:  ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʜʚʦʭ ʢʦʪʽʚ ʽ

 ʩʧʦʩʦʙʘʤʠ ʧʦʩʘʜʠʪʠ ʢʦʞʥʫ ʧʘʨʫ ʥʘ ʨʫʢʠ: . 

ɺʽʜʧʦʚʽʜʴ: ʘ) 24, ʙ) 15, ʚ) 12. 

  ɯ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʦʚʽʩʪʽ ʱʦ-ʥʝʙʫʜʴ ʢʦʥʢʨʝʪʥʽʰʝ ʥʘ ʤʥʦʞʝʥʥʷ ʢʦʤʙʽʥʘʮʽʡé 

ʅʝʭʘʡ ʫ ɺʘʩʽ ʜʦʜʘʪʢʦʚʦ ʞʠʚʫʪʴ 5 ʢʽʰʦʢ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ 

ʚʽʜʧʫʩʪʠʪʠ ʧʦʛʫʣʷʪʠ 2 ʢʦʪʽʚ ʽ 1 ʢʽʰʢʫ? 

 

ʊʦʙʪʦ ʟ ʢʦʞʥʦʶ ʧʘʨʦʶ ʢʦʪʽʚ ʤʦʞʥʘ ʚʽʜʧʫʩʪʠʪʠ ʢʦʞʥʫ ʢʽʰʢʫ. 

 

ʇʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʜʣʷ ʜʚʦʭ ʤʥʦʞʠʥ 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʭʘʡ ɸ ̔ ɺ ï ʩʢʽʥʯʝʥʥʽ ʤʥʦʞʠʥʠ. ɺʠʟʥʘʯʠʤʦ, ʯʦʤʫ 

ʜʦʨʽʚʥʶʻ ȿὃ᷾ὄȿ, ʷʢʱʦ ʚʽʜʦʤʽ ʧʦʪʫʞʥʦʩʪʽ ȿὃȿ̔  ȿὄȿ.  

ɼʦʪʨʠʤʫʶʯʠʩʴ ʚʠʟʥʘʯʝʥʥʷ ʦʧʝʨʘʮʽʾ ʦʙô̒ ʜʥʘʥʥʷ:  ȿὃ᷾ὄȿ ȿὃȿ

ȿὄȿ ȿὃ᷊ὄȿ. 

ʇʦʷʩʥʝʥʥʷ. ʉʫʤʘ ȿὃȿ ȿὄȿʚʢʣʶʯʘʻ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ɸ ʡ 

ʤʥʦʞʠʥʠ ɺ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥ ɸ ʽ ɺ, ʘ ʾʭ ʙʫʜʝ  

ȿὃ᷊ὄȿ, ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʩʫʤʫ ʜʚʽʯʽ. ʊʦʤʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʫʤʠ ʦʙô̒ ʜʥʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʷʪʠ ʦʜʠʥ ʥʘʙʽʨ ʩʧʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʧʽʜʩʫʤʢʫ 

ʦʜʝʨʞʫʻʤʦ: ȿὃ᷾ὄȿ ȿὃȿ ȿὄȿ ȿὃ᷊ὄȿ. 

ʇʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʜʣʷ ʪʨʴʦʭ ʤʥʦʞʠʥ 

ȿ═᷾║᷾╒ȿ ȿ═᷾ ║᷾╒ȿ ȿ═ȿ ȿ║᷾╒ȿ ȿ═᷊ ║᷾╒ȿ  

ɿʘʩʪʦʩʫʚʘʣʠ ʧʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʜʣʷ ʪʨʴʦʭ ʤʥʦʞʠʥ ɸ ̔ 

ὄ᷾ὅ 
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ȿὃȿ ȿὄȿ ȿὅȿ ȿὄ᷊ὅȿ ȿὃ᷊ ὄ᷾ὅȿ  

ɿʘʩʪʦʩʫʚʘʣʠ ʧʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʜʣʷ ʤʥʦʞʠʥ ὄ᷾ὅ 

ȿὃȿ ȿὄȿ ȿὅȿ ȿὄ᷊ὅȿ ȿὃ᷊ὄ ᷾ ὃ᷊ὅȿ  

ɿʘʩʪʦʩʫʚʘʣʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʡ ʟʘʢʦʥ 

ȿὃȿ ȿὄȿ ȿὅȿ ȿὄ᷊ὅȿ ȿὃ᷊ὄȿ ȿὃ᷊ὅȿ ȿὃ᷊ὄȿ᷊ ὃ᷊ὅ|  

ʇʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʜʣʷ ʤʥʦʞʠʥ ὃ᷊ὄ  ʽ ὃ᷊ὅ 

ȿὃȿ ȿὄȿ ȿὅȿ ȿὃ᷊ὄȿ ȿὃ᷊ὅȿ ȿὄ᷊ὅȿ ȿὃ᷊ὄ᷊ὅȿ 

ʈʦʟʢʨʠʣʠ ʜʫʞʢʠ. 

 

ʇʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦ n 

ʤʥʦʞʠʥ. 

ʅʝʭʘʡ ʤʘʻʤʦ ὃȟ ὃȟ ὃȟȢȢȢȟ ὃȟȢȢȢȟ ὃ  ï ʜʝʷʢʽ ʤʥʦʞʠʥʠ. ʊʦʜʽ 

ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥʠ ʦʙô̒ ʜʥʘʥʥʷ ʮʠʭ ʤʥʦʞʠʥ ʤʘʻ 

ʪʘʢʠʡ ʚʠʛʣʷʜ: ȿὃ᷾ὃ ᷾ὃ Ȣ᷾ȢȢ᷾ὃȿ В ȿὃȿ В ὃ᷊ὃ

В ὃ᷊ὃ᷊ὃ ȢȢȢ 

ρ ẗ ὃ᷊ὃ Ȣ᷊ȢȢὃ Ȣ᷊ȢȢὃ᷊ὃ

ȢȢ

 

ʇʨʘʚʠʣʦ ʧʽʜʨʘʭʫʥʢʫ ʟʘ ʮʽʻʶ ʬʦʨʤʫʣʦʶ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ ʡ ʚʽʜʥʽʤʘʥʥʷ, ʷʢʽ ʯʝʨʛʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʥʘʟʚʘ: ʧʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ. 

ʇʨʠʢʣʘʜ 2.8. ʆʙʯʠʩʣʝʥʥʷ ʟʘ ʧʨʘʚʠʣʦʤ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ 

ʅʝʭʘʡ ʜʘʥʽ ʤʥʦʞʠʥʠ ὃ ρȟςȟσȟτȟω , ὄ σȟτȟυȟφȟω  ̔

 ὅ υȟφȟχȟψȟω. ʆʙʯʠʩʣʠʪʠ: 

1) ȿὃ᷾ὄȿ; 2) ȿὄ᷾ὅȿ; 3) ȿὃ᷾ὅȿ; 4) ȿὃ᷾ὄ᷾ὅȿ. 

ʈʦʟʚô̫ ʟʦʢ. ʇʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʠʤʦ ʦʙô̒ ʜʥʘʥʥʷ ʪʨʴʦʭ ʤʥʦʞʠʥ 

 ὃ᷾ὄ᷾ὅ ρȟςȟσȟτȟυȟφȟχȟψȟωȢ 

1) ὃ᷊ὄ σȟτȟω; ȿὃ᷊ὄȿ σ. 

ʊʦʤʫ ȿὃ᷾ὄȿ ȿὃȿ ȿὄȿ ȿὃ᷊ὄȿ υ υ σ χ; 

2) ὄ᷊ὅ υȟφȟω; ȿὄ᷊ὅȿ σ. 

ʊʦʤʫ ȿὄ᷾ὅȿ ȿὄȿ ȿὅȿ ȿὄ᷊ὅȿ υ υ σ χ; 

3) ὃ᷊ὅ ω; 1=ÆCA . 

ʊʦʤʫ ȿὃ᷾ὅȿ ȿὃȿ ȿὅȿ υ υ ρ ω; 

4) ( ){}9=ÆÆ CBA ; ȿὃ᷊ὄ᷊ὅȿ ρ; 
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ȿὃ᷾ὄ᷾ὅȿ ȿὃȿ ȿὄȿ ȿὅȿ ȿὃ᷊ὄȿ ȿὃ᷊ὅȿ ȿὄ᷊ὅȿ

ȿὃ᷊ὄ᷊ὅȿ  

υ υ υ σ ρ σ ρ ωȢ 

ʇʨʠʢʣʘʜ 2.9. ɿʘʧʠʩʘʪʠ ʧʨʘʚʠʣʦ ʚʢʣʶʯʝʥʴ ʽ ʚʠʢʣʶʯʝʥʴ ʜʣʷ ʤʥʦʞʠʥ A, 

B, C, D. 

ʈʦʟʚô̫ ʟʦʢ. ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ: 

ʇʝʨʝʧʠʰʝʤʦ ʮ  ʁ ʬʦʨʤʫʣʫ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ n = 4/D. ʋ ʧʽʜʩʫʤʢʫ 

ʦʜʝʨʞʠʤʦ: 

ȿὃ᷾ὄ᷾ὅ᷾Ὀȿ

ȿὃȿ ȿὄȿ ȿὅȿ ȿὈȿ ȿὃ᷊ὄȿ ȿὃ᷊ὅȿ ȿὃ᷊Ὀȿ ȿὄ᷊ὅȿ

ȿὄ᷊Ὀȿ  

ȿὃ᷊ὄ᷊ὅȿ ȿὃ᷊ὅ᷊Ὀȿ ȿὄ᷊ὅ᷊Ὀȿ ȿὃ᷊ὄ᷊ὅ᷊Ὀȿ 

 

 

ʈʠʩ. 43. ʉʭʝʤʘ ʚʠʙʦʨʫ ʧʨʘʚʠʣʘ ʢʦʤʙʽʥʘʪʦʨʠʢʠ 

 

ʇʨʠʥʮʠʧ ɼʽʨʽʭʣʝ 

ɼʫʞʝ ʯʘʩʪʦ ʙʫʚʘʻ ʪʘʢ, ʱʦ ʜʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥ ̫ʩʢʣʘʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʫʞʝ ʚʽʜʦʤʽ ʤʝʪʦʜʠ, ʧʨʠʡʦʤʠ, 

ʧʨʠʥʮʠʧʠ, ʪʝʦʨʽʾ ʪʦʱʦ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʝʷʢʽ ʢʣʘʩʠ ʟʘʜʘʯ ʩʪʘʶʪʴ 

ʘʣʛʦʨʠʪʤʽʯʥʠʤʠ, ʘ ʾʭʥʽ ʨʦʟʚô̫ ʟʢʠ ï ʜʦʩʪʫʧʥʠʤʠ ʰʠʨʦʢʦʤʫ ʟʘʛʘʣʫ. ɾʘʨʪʦʤʘ 
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ʮʝʡ ʧʨʠʥʮʠʧ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: çʗʢʱʦ ʧô̫ ʪʴʦʭ ʟʘʡʮʽʚ ʨʦʟʩʘʜʠʪʠ ʚ ʯʦʪʠʨʠ 

ʢʣʽʪʢʠ, ʪʦ ʧʨʠʥʘʡʤʥʽ ʚ ʦʜʥʽʡ ʽʟ ʥʠʭ ʦʧʠʥʷʪʴʩʷ ʜʚʘ ʟʘʡʮʽè. 

ɺ ʫʢʨʘʾʥʦʤʦʚʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʮʝʡ ʧʨʠʥʮʠʧ ʥʘʟʠʚʘʶʪʴ 

ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ ʥʘ ʯʝʩʪʴ ʚʽʜʦʤʦʛʦ ʥʽʤʝʮʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʇʝʪʝʨʘ 

ʃʝʞʝʥʘ ɼʽʨʽʭʣʝ (1805ï1859), ʷʢʠʡ ʧʝʨʰʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʧʨʦʩʪʦʛʦ 

ʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʚ ʛʣʠʙʦʢʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʽʨʨʘʮʽʦʥʘʣʴʥʠʭ 

ʯʠʩʝʣ ʨʘʮʽʦʥʘʣʴʥʠʤʠ (ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʮʝʡ ʧʨʠʥʮʠʧ ʙʽʣʴʰʝ 

ʚʽʜʦʤʠʡ ʷʢ ʨʽgʝʦnhole ʨrʽnʩʽʨlʝ  ï çʧʨʠʥʮʠʧ ʛʦʣʫʙʥʠʢʘè). ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʟʘʜʘʯʽ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʥʝ ʧʨʝʪʝʥʜʫʶʪʴ ʥʘ ʦʨʠʛʽʥʘʣʴʥʽʩʪʴ, ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʫʞʝ 

ʩʪʘʣʘ ʤʘʪʝʤʘʪʠʯʥʠʤ çʬʦʣʴʢʣʦʨʦʤè, ʽ ʚʞʝ ʟʘʨʘʟ ʩʢʣʘʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʾʭ 

ʘʚʪʦʨʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʟʘʜʘʯ. 

ʇʨʠʢʣʘʜ 2.10. ʋ ʤʽʰʢʫ ʣʝʞʘʪʴ ʢʫʣʴʢʠ ʜʚʦʭ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ï ʯʦʨʥʦʛʦ 

ʽ ʙʽʣʦʛʦ. ʗʢʫ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʫʣʴʦʢ ʧʦʪʨʽʙʥʦ ʚʠʡʥʷʪʠ ʟ ʤʽʰʢʘ, ʱʦʙ 

ʩʝʨʝʜ ʥʠʭ ʪʦʯʥʦ ʜʚʽ ʢʫʣʴʢʠ ʚʠʷʚʠʣʠʩʴ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ? 

ʈʦʟʚô̫ ʟʦʢ. ɿʨʦʟʫʤʽʣʦ: ʫʟʷʚʰʠ ʪʨʠ ʢʫʣʴʢʠ, ʤʠ ʚʠʷʚʠʤʦ, ʱʦ ʜʚʽ ʟ ʥʠʭ 

ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʣʴ ʟʘʡʮʽʚ ʚʽʜʽʛʨʘʶʪʴ ʢʫʣʴʢʠ, ʘ ʨʦʣʴ 

ʢʣʽʪʦʢ ï ʯʦʨʥʠʡ  ̔ʙʽʣʠʡ ʢʦʣʴʦʨʠ. 

ʇʨʠʢʣʘʜ 2.11. ʋ ʣʽʩʽ ʨʦʩʪʝ ʤʽʣʴʡʦʥ ʷʣʠʥʦʢ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʢʦʞʥʽʡ ʽʟ 

ʥʠʭ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 800 ʪʠʩʷʯ ʛʦʣʦʢ. ɼʦʚʝʜʽʪʴ, ʱʦ ʚ ʣʽʩʽ ʟʥʘʡʜʫʪʴʩʷ ʜʚʽ ʷʣʠʥʢʠ 

ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʛʦʣʦʢ. 

ɼʦʚʝʜʝʥʥʷ. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʚ ʣʽʩʽ ʚʩʽ ʷʣʠʥʢʠ ʤʘʶʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ 

ʛʦʣʦʢ (ʥʘ ʜʝʷʢʽʡ ʷʣʠʥʮʽ ʛʦʣʦʢ ʤʦʛʣʦ ʥʝ ʙʫʪʠ ʟʦʚʩʽʤ). ʊʦʜʽ ʚ ʣʽʩʽ ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ 800 001 ʷʣʠʥʢʘ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʫʤʦʚʽ. ʊʫʪ ʫ ʨʦʣʽ ʟʘʡʮʽʚ ʙʫʣʠ ʷʣʠʥʢʠ, ʘ 

ʚ ʨʦʣʽ ʢʣʽʪʦʢ ï ʫʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʢʽʣʴʢʦʩʪʽ ʛʦʣʦʢ ʥʘ ʥʠʭ. 

ʇʨʠʢʣʘʜ 2.12. ʅʘ 5 ʧʦʣʠʯʢʘʭ ʢʥʠʞʢʦʚʦʾ ʰʘʬʠ 160 ʢʥʠʛ, ʧʨʠʯʦʤʫ ʥʘ 

ʦʜʥʽʡ ʽʟ ʥʠʭ ï 3 ʢʥʠʛʠ. ɼʦʚʝʜʽʪʴ, ʱʦ ʟʥʘʡʜʝʪʴʩʷ ʧʦʣʠʯʢʘ, ʥʘ ʷʢʽʡ ʥʝ ʤʝʥʰʝ 

ʥʽʞ 40 ʢʥʠʛ. 

ɼʦʚʝʜʝʥʥʷ. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʥʘ ʢʦʞʥʽʡ ʽʟ ʨʝʰʪʠ 4 ʧʦʣʠʯʦʢ ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ 39 ʢʥʠʛ. ʊʦʜʽ ʥʘ ʚʩʽʭ 5 ʧʦʣʠʯʢʘʭ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 3 + 4Ŀ39 = 159 ʢʥʠʛ, ʱʦ 

ʩʫʧʝʨʝʯʠʪʴ ʫʤʦʚʽ. ʆʪʞʝ, ʥʘ ʦʜʥʽʡ ʽʟ ʧʦʣʠʯʦʢ ʥʝ ʤʝʥʰʝ ʥʽʞ 40 ʢʥʠʛ. 

ʇʨʦʪʝ ʥʘʡʯʘʩʪʽʰʝ ʧʨʠʥʮʠʧ ɼʽʨʽʭʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʨʠʥʮʠʧ ɼʽʨʽʭʣʝ. ʗʢʱʦ nk + 1 ʧʨʝʜʤʝʪ ʨʦʟʢʣʘʜʝʥʦ ʚ n 

ʷʱʠʢʽʚ, ʪʦ ʧʨʠʥʘʡʤʥʽ ʚ ʦʜʥʦʤʫ ʟ ʷʱʠʢʽʚ ʧʝʨʝʙʫʚʘʻ ʥʝ ʤʝʥʰʝ ʥʽʞ k + 1 

ʧʨʝʜʤʝʪ.  
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ɼʦʚʝʜʝʥʥʷ. ʅʝʭʘʡ 
ix  (  ̔= 1, ..., n) ð ʢʽʣʴʢʽʩʪʴ ʧʨʝʜʤʝʪʽʚ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ i-ʤʫ ʷʱʠʢʫ. ɿʘ ʫʤʦʚʦʶ ὼ ὼ ȢȢȢὼ ὲὯ ρ . 

ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ i ʚʠʢʦʥʫʻʪʴʩʷ ὼ Ὧ. ʊʦʜʽ ὼ ὼ ȢȢȢὼ

ὲὯ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʫʤʦʚʽ. ʆʪʞʝ, ʥʘʰʝ ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʭʠʙʥʠʤ, ʪʦʙʪʦ ʚ 

ʦʜʥʦʤʫ ʟ ʷʱʠʢʽʚ ʻ ʧʨʠʥʘʡʤʥʽ k + 1 ʧʨʝʜʤʝʪ. ʎʝʡ ʩʧʦʩʽʙ ʜʦʚʝʜʝʥʥʷ ʥʘʜʘʣʽ 

ʩʧʨʦʱʝʥʦ ʪʘʢʦʞ ʥʘʟʠʚʘʪʠʤʝʤʦ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ. 

ʇʨʠʢʣʘʜ 2.13. ʋ ʤʽʩʪʽ ʧʦʥʘʜ 8 ʤʽʣʴʡʦʥʽʚ ʞʠʪʝʣʽʚ. ʅʘʫʢʦʚʮʽ ʚʚʘʞʘʶʪʴ, 

ʱʦ ʚ ʢʦʞʥʦʾ ʣʶʜʠʥʠ ʤʝʥʰ ʥʽʞ 200 000 ʚʦʣʦʩʠʥ ʥʘ ʛʦʣʦʚʽ. ɼʦʚʝʜʽʪʴ, ʱʦ ʻ 

ʧʨʠʥʘʡʤʥʽ 41 ʞʠʪʝʣʴ ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʣʦʩʠʥ ʥʘ ʛʦʣʦʚʽ.  

ɼʦʚʝʜʝʥʥʷ. ʆʩʢʽʣʴʢʠ 40 ï 200 000 = 8 000 000 (ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʩʠʥ ʫ 

ʣʶʜʠʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0 ʜʦ 199 999, ʫʩʴʦʛʦ 200 000 ʚʘʨʽʘʥʪʽʚ), ʪʦ ʟʛʽʜʥʦ ʟ 

ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ ʟʥʘʡʜʝʪʴʩʷ ʧʨʠʥʘʡʤʥʽ 41 ʞʠʪʝʣʴ, ʢʦʪʨʠʡ ʤʘʻ ʦʜʥʘʢʦʚʫ 

ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʩʠʥ ʥʘ ʛʦʣʦʚʽ. ʊʫʪ ʨʦʣʴ ʧʨʝʜʤʝʪʽʚ ʚʽʜʽʛʨʘʶʪʴ ʞʠʪʝʣʽ, ʘ ʨʦʣʴ 

ʷʱʠʢʽʚ ï ʫʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʩʠʥ ʥʘ ʛʦʣʦʚʽ. 

ʇʨʠʢʣʘʜ 2.14. ɼʘʥʦ ʜʚʘ ʤʥʦʛʦʯʣʝʥʠ ʚʽʜ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ 

ï ʩʫʤʘ 9 ʯʣʝʥʽʚ ʧʘʨʥʦʛʦ ʩʪʝʧʝʥ,ʁ ʥʝ ʙʽʣʴʰʦʛʦ ʟʘ 36. ɼʦʚʝʜʽʪʴ, ʱʦ ʚ 

ʜʦʙʫʪʢʫ ʦʙʦʚô̫ ʟʢʦʚʦ ʟʥʘʡʜʫʪʴʩʷ ʪʨʠ ʧʦʜʽʙʥ ̔ʯʣʝʥʠ. 

ɼʦʚʝʜʝʥʥʷ. ʗʢʱʦ ʤʠ ʧʝʨʝʤʥʦʞʠʤʦ ʮ ̔ʜʚʘ ʤʥʦʛʦʯʣʝʥʠ, ʪʦ ʦʪʨʠʤʘʻʤʦ 

ʥʦʚʠʡ ʤʥʦʛʦʯʣʝʥ ʩʪʝʧʝʥ,ʁ ʥʝ ʙʽʣʴʰʦʛʦ ʟʘ 72, ʢʦʞʥʠʡ ʽʟ 81 ʦʜʥʦʯʣʝʥʘ ʷʢʦʛʦ 

ʤʘʻ ʧʘʨʥʠʡ ʩʪʝʧʽʥʴ. ʆʩʢʽʣʴʢʠ ʧʘʨʥʠʭ ʯʠʩʝʣ ʚʽʜ 0 ʜʦ 72 ʻ 37, ʪʦ, ʟʛʽʜʥʦ ʟ 

ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʟʥʘʡʜʫʪʴʩʷ ʧʨʠʥʘʡʤʥʽ ʪʨʠ ʧʦʜʽʙʥ ̔ʯʣʝʥʠ.  

ʇʨʠʢʣʘʜ 2.15. ɼʦʚʝʜʽʪʴ, ʱʦ ʩʝʨʝʜ 82 ʢʫʙʠʢʽʚ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ 

ʧʦʤʘʣʴʦʚʘʥʦ ʧʝʚʥʠʤ ʢʦʣʴʦʨʦʤ, ʽʩʥʫʻ 10 ʢʫʙʠʢʽʚ ʨʽʟʥʦʛʦ ʢʦʣʴʦʨʫ ʘʙʦ 10 

ʢʫʙʠʢʽʚ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ.  

ɼʦʚʝʜʝʥʥʷ. ʗʢʱʦ ʜʣʷ ʨʦʟʤʘʣʶʚʘʥʥʷ 82 ʢʫʙʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʥʝ ʤʝʥʰʝ 

ʥʽʞ 10 ʢʦʣʴʦʨʽʚ, ʪʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʟʥʘʡʜʝʪʴʩʷ 10 ʢʫʙʠʢʽʚ ʨʽʟʥʦʛʦ ʢʦʣʴʦʨʫ. 

ʗʢʱʦ ʞ ʜʣʷ ʨʦʟʤʘʣʶʚʘʥʥʷ 82 ʢʫʙʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 9 ʨʽʟʥʠʭ 

ʢʦʣʴʦʨʽʚ, ʪʦ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʟʥʘʡʜʝʪʴʩʷ ʧʨʠʥʘʡʤʥʽ 10 ʢʫʙʠʢʽʚ 

ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ.  

ʊʫʪ ʫ ʨʦʣʽ ʧʨʝʜʤʝʪʽʚ ʚʠʩʪʫʧʘʶʪʴ ʢʫʙʠʢʠ, ʘ ʚ ʨʦʣʽ ʷʱʠʢʽʚ ï ʢʦʣʴʦʨʠ. 

ʇʨʠʢʣʘʜ 2.16. ʎʠʬʨʠ 1, 2, ..., 9 ʨʦʟʙʠʣʠ ʥʘ ʪʨʠ ʛʨʫʧʠ. ɼʦʚʝʩʪʠ, ʱʦ 

ʜʦʙʫʪʦʢ ʮʠʬʨ ʚ ʦʜʥʽʡ ʽʟ ʛʨʫʧ ʥʝ ʤʝʥʰʠʡ ʟʘ 72.  

ɼʦʚʝʜʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

9! = 1Ŀ2Ŀ...Ŀ9 = (8Ŀ9)Ŀ(3Ŀ4Ŀ6)Ŀ(7Ŀ5Ŀ2) = 70Ŀ722 = (712 ï 1)(71 + 1) = 713 + 712 ï 

ï 71 ï 1 > 713, ʪʦ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʜʦʙʫʪʦʢ ʮʠʬʨ ʚ ʦʜʥʽʡ ʽʟ ʛʨʫʧ 

ʥʝ ʤʝʥʰʠʡ ʟʘ 72. 
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ʇʨʠʢʣʘʜ 2.17. 15 ʭʣʦʧʯʠʢʽʚ ʟʽʙʨʘʣʠ 100 ʛʨʠʙʽʚ. ɼʦʚʝʜʽʪʴ, ʱʦ 

ʧʨʠʥʘʡʤʥʽ ʜʚʦʻ ʟ ʥʠʭ ʟʽʙʨʘʣʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ.  

ɼʦʚʝʜʝʥʥʷ. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʪʚʝʨʜʞʝʥʥʷ ʟʘʜʘʯʽ ʥʝʧʨʘʚʠʣʴʥʝ. ʊʦʜʽ 15 

ʭʣʦʧʯʠʢʽʚ ʟʽʙʨʘʣʠ ʱʦʥʘʡʤʝʥʰʝ 0 + 1 + 2 + ... + 14 = 14Ŀ15 : 2 = 105 ʛʨʠʙʽʚ. 

ʎʝ ʩʫʧʝʨʝʯʠʪʴ ʫʤʦʚʽ.  

ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʨʠʥʮʠʧ ɼʽʨʽʭʣʝ. ɯʥʢʦʣʠ ʙʫʚʘʻ ʢʦʨʠʩʥʠʤ ʱʝ ʪʘʢʝ 

ʧʝʨʝʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ɼʽʨʽʭʣʝ: ʢ̫ʱʦ ʦʜʥʝ ʟ ʢʽʣʴʢʦʭ ʯʠʩʝʣ ʙʽʣʴʰʝ ʚʽʜ 

ʾʭ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ, ʪʦ ʩʝʨʝʜ ʮʠʭ ʯʠʩʝʣ ʟʥʘʡʜʝʪʴʩʷ ʽʥʰʝ, ʱʦ ʻ 

ʤʝʥʰʠʤ ʟʘ ʾʭ ʩʝʨʝʜʥ ̒ʘʨʠʬʤʝʪʠʯʥʝ.  

ʇʨʠʢʣʘʜ 2.18. ʋ ʙʨʠʛʘʜʽ 7 ʯʦʣʦʚʽʢ, ʽ ʾʭ ʩʫʤʘʨʥʠʡ ʚʽʢ ʩʪʘʥʦʚʠʪʴ 322 

ʨʦʢʠ. ɼʦʚʝʜʽʪʴ, ʱʦ ʟ ʥʠʭ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʨʴʦʭ ʦʩʽʙ, ʩʫʤʘʨʥʠʡ ʚʽʢ ʷʢʠʭ ʥʝ 

ʤʝʥʰʠʡ ʟʘ 138 ʨʦʢʽʚ. 

ɼʦʚʝʜʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʩʝʨʝʜʥʽʡ ʚʽʢ ʯʣʝʥʽʚ ʙʨʠʛʘʜʠ ʩʪʘʥʦʚʠʪʴ 46 ʨʦʢʽʚ, 

ʪʦ ʩʫʤʘʨʥʠʡ ʚʽʢ ʪʨʴʦʭ ʥʘʡʩʪʘʨʰʠʭ ʣʶʜʝʡ ʥʝ ʤʝʥʰʠʡ ʟʘ 3 Ŀ 46 = 138 ʨʦʢʽʚ. 

ʇʨʠʥʮʠʧ ɼʽʨʽʭʣʝ ʤʦʞʥʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʦʚʩʽʤ çʧʦ-ʥʘʫʢʦʚʦʤʫè, 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʽʪʦʢ ʽ ʟʘʡʮʽʚ. 

ʅʝʭʘʡ ɸ ʽ ɺ ï ʩʢʽʥʯʝʥʽ ʤʥʦʞʠʥʠ, ʧʨʠʯʦʤʫ m ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʤʥʦʞʠʥʠ ɸ, ʘ n ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ɺ (m > n). ʊʦʜʽ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥ ̫ʤʥʦʞʠʥʠ ɸ ʚ ʤʥʦʞʠʥʫ ɺ ʟʥʘʡʜʫʪʴʩʷ ʜʚʘ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ 

ɸ, ʱʦ ʤʘʶʪʴ ʪʦʡ ʩʘʤʠʡ ʦʙʨʘʟ.  

ʇʨʠʥʮʠʧ ɼʽʨʽʭʣʝ ʜʦʧʫʩʢʘʻ ʪʘʢʦʞ ʽʥʰʽ ʧʝʨʝʬʦʨʤʫʣʶʚʘʥʥʷ ʡ 

ʫʟʘʛʘʣʴʥʝʥʥʷ. ɸʣʝ ʥʘʩ ʥʘʜʘʣʽ ʙʽʣʴʰʝ ʮʽʢʘʚʠʪʠʤʫʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʟʘʜʘʯ ʧʨʦ ʟʥʘʡʦʤʩʪʚʘ, ʟʫʩʪʨʽʯʽ ʪʦʱʦ.  

ʇʨʠʢʣʘʜ 2.19. ʂʽʣʴʢʘ ʬʫʪʙʦʣʴʥʠʭ ʢʦʤʘʥʜ ʧʨʦʚʦʜʷʪʴ ʪʫʨʥʽʨ ʚ ʦʜʥʝ 

ʢʦʣʦ. ɼʦʚʝʜʽʪʴ, ʱʦ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʪʫʨʥʽʨʫ ʟʥʘʡʜʫʪʴʩʷ ʜʚʽ ʢʦʤʘʥʜʠ, ʱʦ 

ʟʽʛʨʘʣʠ ʜʦ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʯʽʚ.  

ɼʦʚʝʜʝʥʥʷ. ʅʝʭʘʡ n ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʘʥʜ, ʱʦ ʧʨʦʚʦʜʷʪʴ ʪʫʨʥʽʨ. 

 ʈʦʟʛʣʷʥʴʤʦ ʜʚʘ ʚʠʧʘʜʢʠ: 

1) ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʪʫʨʥʽʨʫ ʟʥʘʡʜʝʪʴʩʷ ʢʦʤʘʥʜʘ, ʱʦ ʥʝ ʧʨʦʚʝʣʘ ʞʦʜʥʦʾ 

ʛʨʠ; 

2) ʧʨʦʪʠʣʝʞʥʠʡ. 

 ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 1 ʪʘʢʘ ʢʦʤʘʥʜʘ ʦʜʥʘ. ʗʢʙʠ ʾʭ ʙʫʣʦ ʜʚʽ, ʪʦ 

ʚʩʝ ʜʦʚʝʜʝʥʦ. ʊʦʤʫ ʫ ʚʠʧʘʜʢʫ 1 ʥʝ ʙʫʜʝ ʞʦʜʥʦʾ ʢʦʤʘʥʜʠ, ʱʦ ʟʽʛʨʘʣʘ n ï 1 

ʤʘʪʯ ʜʦʜʘʥʦʛʦ ʤʦʤʝʥʪʫ. ʊʦʜʽ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʩʝʨʝʜ n ï 1 

ʢʦʤʘʥʜ (ʢʨʽʤ ʪʽʻʾ, ʱʦ ʥʝ ʟʽʛʨʘʣʘ ʞʦʜʥʦʛʦ ʤʘʪʯʫ) ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʜʚʽ, ʱʦ 

ʟʽʛʨʘʣʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʯʽʚ. ʊʫʪ ʫ ʨʦʣʽ ʟʘʡʮʽʚ ʚʠʩʪʫʧʘʶʪʴ n ï 1 
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ʢʦʤʘʥʜ, ʘ ʚ ʨʦʣʽ ʢʣʽʪʦʢ ï ʤʦʞʣʠʚʽ ʢʽʣʴʢʦʩʪʽ ʤʘʪʯʽʚ ʚʽʜ 1 ʜʦ n ï 2, ʷʢʽ ʚʦʥʠ 

ʟʽʛʨʘʣʠ. ʋ ʚʠʧʘʜʢʫ 2 ʢʽʣʴʢʽʩʪʴ ʤʘʪʯʽʚ, ʱʦ ʧʨʦʚʝʣʠ ʢʦʤʘʥʜʠ ʜʦ ʜʘʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ n ï 1. ɯ ʪʦʤʫ ʟʥʦʚʫ, ʟʘ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, 

ʩʝʨʝʜ n ʢʦʤʘʥʜ ʟʥʘʡʜʫʪʴʩʷ ʜʚʽ, ʱʦ ʟʽʛʨʘʣʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʯʽʚ. 

ʇʨʠʢʣʘʜ 2.20. 10 ʜʨʫʟʽʚ ʥʘʜʽʩʣʘʣʠ ʦʜʠʥ ʦʜʥʦʤʫ ʩʚʷʪʢʦʚʽ ʣʠʩʪʽʚʢʠ. 

ʂʦʞʥʠʡ ʽʟ ʥʠʭ ʥʘʜʽʩʣʘʚ 5 ʣʠʩʪʽʚʦʢ. ɼʦʚʝʜʽʪʴ, ʱʦ ʷʢʽʩʴ ʜʚʦʻ ʜʨʫʟʽʚ 

ʚʽʜʧʨʘʚʠʣʠ ʣʠʩʪʽʚʢʠ ʦʜʠʥ ʦʜʥʦʤʫ. 

ɼʦʚʝʜʝʥʥʷ. ʆʙʯʠʩʣʽʤʦ, ʩʢʽʣʴʢʠ ʚʩʴʦʛʦ ʧʘʨ ʣʶʜʝʡ ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ ʟ 10 

ʜʨʫʟʽʚ: 10 Ŀ 9 : 2 = 45. ʆʩʢʽʣʴʢʠ ʚʩʴʦʛʦ ʙʫʣʦ ʚʽʜʧʨʘʚʣʝʥʦ 10 Ŀ 5 = 50 ʣʠʩʪʽʚʦʢ, 

ʪʦ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʥʘ ʷʢʫʩʴ ʧʘʨʫ ʜʨʫʟʽʚ ʧʨʠʧʘʜʘʻ ʜʚʽ ʣʠʩʪʽʚʢʠ. 

ʇʨʠʢʣʘʜ 2.21. ʋ ʨʦʙʦʪʽ ʜʝʷʢʦʛʦ ʟʘʩʽʜʘʥʥʷ ʙʨʘʣʠ ʫʯʘʩʪʴ 200 ʯʦʣʦʚʽʢ, 

ʧʨʠʯʦʤʫ ʢʦʞʝʥ ʽʟ ʥʠʭ ʙʫʚ ʟʥʘʡʦʤʠʡ ʥʝ ʤʝʥʰʝ ʥʽʞ ʟʽ 100 ʧʨʠʩʫʪʥʽʤʠ. 

ɼʦʚʝʜʽʪʴ, ʱʦ ʟʘ ʢʨʫʛʣʠʡ ʩʪʽʣ ʜʣʷ 4 ʦʩʽʙ ʤʦʞʥʘ ʧʦʩʘʜʠʪʠ 4 ʽʟ ʧʨʠʩʫʪʥʽʭ ʪʘʢ, 

ʱʦʙ ʢʦʞʝʥ ʽʟ ʥʠʭ ʩʠʜʽʚ ʤʽʞ ʩʚʦʾʤʠ ʟʥʘʡʦʤʠʤʠ. 

ɼʦʚʝʜʝʥʥʷ. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʩʝʨʝʜ ʧʨʠʩʫʪʥʽʭ ʻ ʜʚʦʻ ʥʝʟʥʘʡʦʤʠʭ ɸ ʽ ɺ, 

ʽʥʘʢʰʝ ʚʩʝ ʜʦʚʝʜʝʥʦ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʽʟ ɸ ʽ ɺ ʟʥʘʡʦʤʠʡ ʥʝ ʤʝʥʰʝ ʥʽʞ ʟʽ 

100 ʧʨʠʩʫʪʥʽʤʠ, ʪʦ ʚʦʥʠ ʤʘʪʠʤʫʪʴ ʧʨʠʥʘʡʤʥʽ ʜʚʦʭ ʩʧʽʣʴʥʠʭ ʟʥʘʡʦʤʠʭ 

(200 > 198). ʊʦʜʽ ʮʽ ʜʚʦʻ ʩʧʽʣʴʥʠʭ ʟʥʘʡʦʤʠʭ ʨʘʟʦʤ ʟ ɸ ʽ ɺ ʫʪʚʦʨʶʚʘʪʠʤʫʪʴ 

ʰʫʢʘʥʫ ʯʝʪʚʽʨʢʫ ʦʩʽʙ.  

ʇʨʠʢʣʘʜ 2.22. ʋ ʢʦʥʛʨʝʩʽ ʙʨʘʣʠ ʫʯʘʩʪʴ 2000 ʚʯʝʥʠʭ, ʦʜʥʽ ʟ ʥʠʭ ʙʫʣʠ 

ʨʘʥʽʰʝ ʟʥʘʡʦʤʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʽʥʰʽ ï ʥʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʠʣʦʩʷ: ʢʦʞʥʽ ʜʚʦʻ 

ʚʯʝʥʠʭ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʡʦʤʠʭ, ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʠʭ 

ʟʥʘʡʦʤʠʭ. ɼʦʚʝʜʽʪʴ, ʱʦ ʩʝʨʝʜ ʧʨʠʩʫʪʥʽʭ ʥʘ ʢʦʥʛʨʝʩʽ ʚʯʝʥʠʭ ʟʥʘʡʜʝʪʴʩʷ 

ʚʯʝʥʠʡ, ʟʥʘʡʦʤʠʡ ʣʠʰʝ ʟ ʦʜʥʠʤ ʫʯʘʩʥʠʢʦʤ ʢʦʥʛʨʝʩʫ.  

ɼʦʚʝʜʝʥʥʷ. ʅʝʭʘʡ ɸ ï ʮʝ ʚʯʝʥʠʡ, ʷʢʠʡ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʟʥʘʡʦʤʠʭ ʩʝʨʝʜ ʧʨʠʩʫʪʥʽʭ (ʘʙʦ ʦʜʥʦʛʦ ʟ ʥʠʭ, ʷʢʱʦ ʾʭ ʢʽʣʴʢʘ). ʋʩʽʭ ʟʥʘʡʦʤʠʭ 

ɸ ʧʦʟʥʘʯʠʤʦ
kAAA ,...,, 21
. ɿʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʟʘʜʘʯʽ, ʫʩʽ 

iA  (  ̔= 1, ..., k) ʤʘʶʪʴ 

ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʡʦʤʠʭ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ k. ʊʦʜʽ ʟʥʘʡʜʝʪʴʩʷ ʪʘʢʠʡ 

ʫʯʝʥʠʡ, ʢʦʪʨʠʡ ʤʘʻ ʨʽʚʥʦ ʦʜʥʦʛʦ ʟʥʘʡʦʤʦʛʦ. 

ʇʨʠʢʣʘʜ 2.23. ʋʟʜʦʚʞ ʢʨʫʛʣʦʛʦ ʩʪʦʣʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʽʱʝʥʦ 

ʪʘʙʣʠʯʢʠ ʟ ʧʨʽʟʚʠʱʘʤʠ ʜʠʧʣʦʤʘʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʤʦʚʠʥʘʭ. ʇʽʩʣʷ 

ʧʦʯʘʪʢʫ ʧʝʨʝʤʦʚʠʥ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʞʦʜʝʥ ʽʟ ʜʠʧʣʦʤʘʪʽʚ ʥʝ ʩʠʜʠʪʴ ʥʘʧʨʦʪʠ 

ʩʚʦʾ ʪʘʙʣʠʯʢʠ. ʏʠ ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ ʩʪʽʣ ʪʘʢ, ʱʦʙ ʧʨʠʥʘʡʤʥʽ ʜʚʦʻ 

ʜʠʧʣʦʤʘʪʽʚ ʩʠʜʽʣʠ ʥʘʧʨʦʪʠ ʩʚʦʾʭ ʪʘʙʣʠʯʦʢ?  

ʈʦʟʚô̫ ʟʦʢ. ɿʘʫʚʘʞʤʦ, ʱʦ ʩʝʨʝʜ ʫʩʽʭ ʤʦʞʣʠʚʠʭ n ʧʦʣʦʞʝʥʴ ʩʪʦʣʫ 

ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʦʜʥʝ, ʢʦʣʠ ʷʢʠʡʩʴ ʜʠʧʣʦʤʘʪ ʩʠʜʠʪʴ ʥʘʧʨʦʪʠ ʩʚʦʻʾ 
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ʪʘʙʣʠʯʢʠ. ʊʦʜʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʟʘ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʥ ̫ʩʪʦʣʫ ʪʘʢʦʛʦ ʜʠʧʣʦʤʘʪʘ 

ʥʝʤʘʻ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ ʩʪʽʣ ʪʘʢ, ʱʦʙ 

ʧʨʠʥʘʡʤʥʽ ʜʚʦʻ ʜʠʧʣʦʤʘʪʽʚ ʩʠʜʽʣʠ ʥʘʧʨʦʪʠ ʩʚʦʾʭ ʪʘʙʣʠʯʦʢ. ʏʘʩʪʦ ʜʣʷ 

ʨʦʟʚô̫ ʟʫʚʘʥʥ ̫ʟʘʜʘʯ, ʜʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠʥʮʠʧ ɼʽʨʽʭʣʝ, ʧʦʪʨʽʙʥʦ ʥʝ ʣʠʰʝ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʯʠʩʝʣ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʝʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʻ ʥʝ ʙʽʣʴʰʝ ʟʘ 

ʜʝʷʢʝ k, ʘʣʝ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʢʘʟʘʪʠ ʤʥʦʞʠʥʫ ʟ k ʝʣʝʤʝʥʪʽʚ, ʱʦ ʪʘʢʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʻ.  

ʇʨʠʢʣʘʜ 2.24. ʂʘʨʪʢʠ ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ ʚʽʜ 

1 ʜʦ 2n + 1. ʗʢʫ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʘʨʪʦʢ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʘʢ, ʱʦʙ ʞʦʜʝʥ 

ʽʟ ʥʦʤʝʨʽʚ ʥʝ ʜʦʨʽʚʥʶʚʘʚ ʩʫʤʽ ʷʢʠʭʦʩʴ ʜʚʦʭ ʽʥʰʠʭ ʥʦʤʝʨʽʚ ʢʘʨʪʦʢ? 

ʈʦʟʚô̫ ʟʦʢ. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʪʘʢʠʭ ʢʘʨʪʦʢ ʽʩʥʫʻ ʥʝ ʤʝʥʰʝ ʥʽʞ n + 2. 

ʈʦʟʪʘʰʫʚʘʚʰʠ ʚʠʙʨʘʥʽ ʢʘʨʪʢʠ ʟʘ ʧʦʨʷʜʢʦʤ ʟʨʦʩʪʘʥʥʷ ʾʭ ʥʦʤʝʨʽʚ, ʚʽʜʥʽʤʝʤʦ 

ʚʽʜ ʫʩʽʭ ʥʦʤʝʨʽʚ ʥʘʡʤʝʥʰʠʡ ʥʦʤʝʨ ʢʘʨʪʢʠ. ʆʪʨʠʤʘʻʤʦ n + 1 ʨʽʟʥʠʭ ʯʠʩʝʣ, 

ʚʽʜʤʽʥʥʠʭ ʚʽʜ 0. ʊʦʜʽ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ɼʽʨʽʭʣʝ, ʦʪʨʠʤʘʥʘ ʤʥʦʞʠʥʘ ʤʘʻ 

ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʩʧʽʣʴʥʠʡ ʽʟ ʧʦʯʘʪʢʦʚʦʶ ʥʦʤʝʨ (ʙʝʟ ʢʘʨʪʢʠ ʟ ʥʘʡʤʝʥʰʠʤ 

ʥʦʤʝʨʦʤ), ʪʦʙʪʦ ʫʤʦʚʠ ʟʘʜʘʯʽ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ. ʃʝʛʢʦ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʜʣʷ 

n + 1 ʢʘʨʪʢʠ ʟ ʥʝʧʘʨʥʠʤʠ ʥʦʤʝʨʘʤʠ {1, 3, 5, ..., 2n + 1} ʫʤʦʚʠ ʟʘʜʘʯʽ ʚʞʝ 

ʚʠʢʦʥʫʶʪʴʩʷ. 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʉʢʽʣʴʢʠ ʽʩʥʫʻ ʚʠʛʨʘʰʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟ 2 ʢʘʨʪ ʫ ʛʨʽ ʚ çʦʯʢʦè?  

ɼʣʷ ʪʠʭ, ʭʪʦ ʥʝ ʟʥʘʻ: ʚʠʛʨʘʻ ʢʦʤʙʽʥʘʮʽʷ 10 + ʊʋɿ (11 ʦʯʦʢ) = 21 ʦʯʢʦ, 

ʽ ʜʘʚʘʡʪʝ ʚʚʘʞʘʪʠʤʝʤʦ ʚʠʛʨʘʰʥʦʶ ʢʦʤʙʽʥʘʮʽʶ ʟ ʜʚʦʭ ʪʫʟʽʚ (ʧʦʨʷʜʦʢ ʢʘʨʪ ʫ 

ʙʫʜʴ-ʷʢʠʡ ʧʘʨʽ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ). ɼʦ ʨʝʯʽ, ʥʝ ʪʨʝʙʘ ʚʚʘʞʘʪʠ ʧʨʠʢʣʘʜ 

ʧʨʠʤʽʪʠʚʥʠʤ. çɹʣʝʢ ʜʞʝʢè ï ʮʝ ʤʘʣʦ ʥʝ ʻʜʠʥʘ ʛʨʘ, ʜʣʷ ʷʢʦʾ ʽʩʥʫʻ 

ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʚʠʛʨʘʚʘʪʠ ʚ ʢʘʟʠʥʦ. 

2. ʋ ʣʽʬʪ 12-ʧʦʚʝʨʭʦʚʦʛʦ ʜʦʤʫ ʟʘʡʰʣʠ 3 ʧʘʩʘʞʠʨʠ. ʂʦʞʥʠʡ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʽʥʰʠʭ ʟ ʦʜʥʘʢʦʚʦʶ ʤ̔ʦʚʽʨʥʽʩʪʶ ʤʦʞʝ ʚʠʡʪʠ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ (ʧʦʯʠʥʘʶʯʠ 

ʟ 2-ʛʦ) ʧʦʚʝʨʭʫ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

1) ʧʘʩʘʞʠʨʠ ʤʦʞʫʪʴ ʚʠʡʪʠ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʧʦʚʝʨʩʽ (ʧʦʨʷʜʦʢ ʚʠʭʦʜʫ 

ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ); 

2) ʜʚʽ ʣʶʜʠʥʠ ʤʦʞʫʪʴ ʚʠʡʪʠ ʥʘ ʦʜʥʦʤʫ ʧʦʚʝʨʩʽ, ʘ ʪʨʝʪ ̫ï ʥʘ ʜʨʫʛʦʤʫ; 

3) ʣʶʜʠ ʤʦʞʫʪʴ ʚʠʡʪʠ ʥʘ ʨʽʟʥʠʭ ʧʦʚʝʨʭʘʭ; 

4) ʧʘʩʘʞʠʨʠ ʤʦʞʫʪʴ ʚʠʡʪʠ ʟ ʣʽʬʪʫ? 

ɯ ʪʫʪ ʯʘʩʪʦ ʧʝʨʝʧʠʪʫʶʪʴ, ʧʦʪʦʯʥʶʶ: ʷʢʱʦ 2 ʘʙʦ 3 ʣʶʜʠʥʠ ʚʠʭʦʜʷʪʴ ʥʘ 

ʦʜʥʦʤʫ ʧʦʚʝʨʩʽ, ʪʦ ʧʦʨʷʜʦʢ ʚʠʭʦʜʫ ʟʥʘʯʝʥʥʷ ʥʝ ʤʘʻ. ɼʋʄɸʁʊɽ, 
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ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʬʦʨʤʫʣʠ ʽ ʧʨʘʚʠʣʘ ʜʦʜʘʚʘʥʥʷ / ʜʦʙʫʪʢʫ ʢʦʤʙʽʥʘʮʽʡ. ʋ 

ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʦʩʪ ̔ʢʦʨʠʩʥʦ ʥʘʜʘʪʠ ʧʘʩʘʞʠʨʘʤ ʽʤʝʥʘ ʡ ʧʦʤʽʨʢʫʚʘʪʠ, ʫ ʷʢʠʭ 

ʢʦʤʙʽʥʘʮʽʷʭ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʡʪʠ ʟ ʣʽʬʪʘ. ʅʝ ʪʨʝʙʘ ʟʘʩʤʫʯʫʚʘʪʠʩʷ, ʷʢʱʦ ʱʦʩʴ 

ʥʝ ʚʠʭʦʜʠʪʴ, ʪʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʫʥʢʪ ˉ 2 ʜʦʩʪʘʪʥʴʦ ʧʽʜʩʪʫʧʥʠʡ. 

3. ʆʣʝʢʩʽʡ ʟʘʡʤʘʻʪʴʩʷ ʩʧʦʨʪʦʤ, ʧʨʠʯʦʤʫ 4 ʜʥʽ ʥʘ ʪʠʞʜʝʥʴ ï ʣʝʛʢʦʶ 

ʘʪʣʝʪʠʢʦʶ, 2 ʜʥʽ ï ʩʠʣʦʚʠʤʠ ʚʧʨʘʚʘʤʠ ʽ 1 ʜʝʥʴ ʚʽʜʧʦʯʠʚʘʻ. ʉʢʽʣʴʢʦʤʘ 

ʩʧʦʩʦʙʘʤʠ ʚʽʥ ʤʦʞʝ ʩʢʣʘʩʪʠ ʩʦʙʽ ʛʨʘʬʽʢ ʟʘʥʷʪʴ ʥʘ ʪʠʞʜʝʥʴ? 

ʌʦʨʤʫʣʘ ʪʫʪ ʥʝ ʧʨʠʜʘʪʥʘ, ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʻ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʱʦ 

ʟʙʽʛʘʶʪʴʩʷ (ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʤʽʥʷʶʪʴʩʷ ʤʽʩʮʷʤʠ ʩʠʣʦʚʽ ʚʧʨʘʚʠ ʚ ʩʝʨʝʜʫ ʟ̔ 

ʩʠʣʦʚʠʤʠ ʚʧʨʘʚʘʤʠ ʚ ʯʝʪʚʝʨ). ɯ ʟʥʦʚʫ ï ʟʘ ʬʘʢʪʦʤ ʪʽ ʞ 2 ʩʠʣʦʚʽ ʪʨʝʥʫʚʘʥʥʷ 

ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʥʝ ʚʽʜ ʽʥʰʦʛʦ, ʘʣʝ ʟʛʽʜʥʦ ʟ ʫʤʦʚʦ  ʁʟʘʜʘʯʽ (ʟ 

ʧʦʛʣʷʜʫ ʨʦʟʢʣʘʜʫ) ʚʦʥʠ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

4. ʋ ʛʘʤʘʥʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 1-, 2-, 5- ʽ  

10-ʢʦʧʽʡʯʘʥʠʭ ʤʦʥʝʪ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʜʽʩʪʘʪʠ ʪʨʠ ʤʦʥʝʪʠ ʟ 

ʛʘʤʘʥʮʷ? ɿ ʤʝʪʦʶ ʩʘʤʦʢʦʥʪʨʦʣʶ ʜʘʡʪʝ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʘʨʫ ʧʨʦʩʪʠʭ ʟʘʧʠʪʘʥʴ: 

1) ʏʠ ʤʦʞʫʪʴ ʚʩʽ ʤʦʥʝʪʠ ʫ ʚʠʙʽʨʮʽ ʙʫʪʠ ʨʽʟʥʠʤʠ?  

2) ʅʘʟʚʽʪʴ çʥʘʡʜʝʰʝʚʰʫè ʽ çʥʘʡʜʦʨʦʞʯʫè ʢʦʤʙʽʥʘʮʽʶ ʤʦʥʝʪ.  

5. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʥʦʤʝʨʥʠʡ ʟʥʘʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʮʠʬʨ ʽ 3 ʣʽʪʝʨ. ʇʨʠ 

ʮʴʦʤʫ ʥʝʜʦʧʫʩʪʠʤʠʤ ʻ ʥʦʤʝʨ ʟ ʪʨʴʦʤʘ ʥʫʣʷʤʠ, ʘ ʣʽʪʝʨʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟ 

ʥʘʙʦʨʫ ɸ, ɺ, ɽ, ʂ, ʄ, ʅ, ʆ, ʈ, ʉ, ʊ, ʋ, ʍ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ ʣʽʪʝʨʠ 

ʢʠʨʠʣʠʮʽ, ʥʘʧʠʩʘʥʥʷ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟ ʣʘʪʠʥʩʴʢʠʤʠ ʣʽʪʝʨʘʤʠ). ʉʢʽʣʴʢʠ 

ʨʽʟʥʠʭ ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʜʣʷ ʨʝʛʽʦʥʽʚ? 

6. ʋ ʤʽʰʢʫ ʣʝʞʘʪʴ 5 ʯʦʨʥʠʭ ʽ 5 ʙʽʣʠʭ ʢʫʣʴʦʢ. ʗʢʫ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʢʫʣʴʦʢ ʧʦʪʨʽʙʥʦ ʚʟʷʪʠ ʟ ʤʽʰʢʘ, ʱʦʙ ʩʝʨʝʜ ʥʠʭ ʪʦʯʥʦ ʚʠʷʚʠʣʦʩʷ 3 ʢʫʣʴʢʠ 

ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ?  

7. ʋʯʝʥʽ ʜʦʩʣʽʜʠʣʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʛʦʣʦʢ ʫ ʾʞʘʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 

200 ʪʠʩʷʯ. ɼʦʚʝʜʽʪʴ, ʱʦ ʟ 250 ʪʠʩʷʯ ʾʞʘʢʽʚ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʧʨʠʥʘʡʤʥʽ ʜʚ,̔ ʱʦ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʛʦʣʦʢ. 

8. ʋ ɺʝʨʭʦʚʥʫ ʈʘʜʫ ʦʙʨʘʥʦ 336 ʥʘʨʦʜʥʠʭ ʜʝʧʫʪʘʪʽʚ, ʧʨʠʯʦʤʫ ʩʝʨʝʜ 

ʥʠʭ 123 ʞʽʥʢʠ ʽ 245 ʦʩʦʙʠ ï ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʨʘʚʠʭ ʩʠʣ. ɼʦʚʝʜʽʪʴ, ʱʦ ʩʝʨʝʜ 

ʧʨʘʚʠʭ ʻ ʥʝ ʤʝʥʰʝ ʥʽʞ 32 ʞʽʥʢʠ. 

9. ʋ ʰʢʦʣʽ 30 ʢʣʘʩʽʚ ʽ 1000 ʫʯʥʽʚ. ɼʦʚʝʜʽʪʴ, ʱʦ ʫ ʰʢʦʣʽ ʻ ʢʣʘʩ, ʫ ʷʢʦʤʫ 

ʥʝ ʤʝʥʰʝ ʥʽʞ 34 ʫʯʥʽʚ. 

10. ʅʘ ɿʝʤʣʽ ʙʽʣʴʰʝ ʥʽʞ 4 ʤʽʣʴʷʨʜʠ ʣʶʜʝʡ, ʚʽʢ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 

100 ʨʦʢʽʚ. ɼʦʚʝʜʽʪʴ, ʱʦ ʥʘ ɿʝʤʣʽ ʻ ʜʚʦʻ ʣʶʜʝʡ, ʱʦ ʥʘʨʦʜʠʣʠʩʷ ʪʽʻʾ ʩʘʤʦʾ 

ʩʝʢʫʥʜʠ. 
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11. ʗʢʫ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʘʨʪʦʢ ʩʧʦʨʪ ʣʦʪʦ ç6 ʽʟ 49è ʧʦʪʨʽʙʥʦ 

ʢʫʧʠʪʠ, ʱʦʙ ʥʘ ʦʜʥʽʡ ʽʟ ʥʠʭ ʦʙʦʚô̫ ʟʢʦʚʦ ʙʫʣʦ ʚʛʘʜʘʥʦ ʭʦʯʘ ʙ ʦʜʠʥ ʥʦʤʝʨ? 

12. ʋ ʤʘʛʘʟʠʥ ʟʘʚʝʟʣʠ 25 ʷʱʠʢʽʚ ʽʟ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʩʦʨʪʘʤʠ ʷʙʣʫʢ (ʫ 

ʢʦʞʥʦʤʫ ʷʱʠʢʫ ʷʙʣʫʢʘ ʣʠʰʝ ʦʜʥʦʛʦ ʩʦʨʪʫ). ɼʦʚʝʜʽʪʴ, ʱʦ ʩʝʨʝʜ ʥʠʭ ʻ 

ʧʨʠʥʘʡʤʥʽ 9 ʷʱʠʢʽʚ ʦʜʥʦʛʦ ʩʦʨʪʫ ʷʙʣʫʢ. 

13. ʋ ʰʢʦʣʽ ʥʘʚʯʘʪʁʴʩʷ 962 ʫʯʥʽ. ɼʦʚʝʜʽʪʴ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʫ ʜʚʦʭ ʫʯʥʽʚ 

ʟʙʽʛʘʶʪʴʩʷ ʽʥʽʮʽʘʣʠ. 

14. ʋ ʪʝʤʥʽʡ ʢʦʤʦʨʽ ʣʝʞʘʪʴ ʯʝʨʝʚʠʢʠ ʦʜʥʦʛʦ ʨʦʟʤʽʨʫ: 10 ʧʘʨ ʯʦʨʥʠʭ ʽ 

10 ʧʘʨ ʢʦʨʠʯʥʝʚʠʭ. ʗʢʫ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʯʝʨʝʚʠʢʽʚ ʧʦʪʨʽʙʥʦ ʚʟʷʪʠ ʟ 

ʢʦʤʦʨʠ, ʱʦʙ ʩʝʨʝʜ ʥʠʭ ʪʦʯʥʦ ʤʦʞʥʘ ʙʫʣʦ ʚʠʙʨʘʪʠ ʦʜʥʫ ʧʘʨʫ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ 

(ʫ ʪʝʤʨʷʚʽ ʥʝ ʤʦʞʥʘ ʚʽʜʨʽʟʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʢʦʣʽʨ ʯʝʨʝʚʠʢʘ, ʘʣʝ ʡ ʣʽʚʠʡ ʚʽʜ 

ʧʨʘʚʦʛʦ)? 

15. ɯʟ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʜʦʤʽʥʦ ʚʠʢʠʥʫʣʠ ʚʩʽ ʢʽʩʪʦʯʢʠ ʟ̔ ʰʽʩʪʢʘʤʠ. ʏʠ 

ʤʦʞʥʘ ʚʠʢʣʘʩʪʠ ʚ ʣʘʥʮʶʛ ʫʩʽ ʢʽʩʪʦʯʢʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ? 

16. ʋ ʧʦʭʽʜ ʧʽʰʣʠ 12 ʪʫʨʠʩʪʽʚ. ʅʘʡʤʦʣʦʜʰʦʤʫ ʟ ʥʠʭ ï 20 ʨʦʢʽʚ, ʘ 

ʥʘʡʩʪʘʨʰʦʤʫ ï 30. ʏʠ ʻ ʩʝʨʝʜ ʥʠʭ ʦʜʥʦʣʽʪʢʠ? 

17. ʋ ʰʢʦʣʽ ʥʘʚʯʘʶʪʴʩʷ 400 ʫʯʥʽʚ. ɼʦʚʝʜʽʪʴ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʜʚʦʻ ʟ ʥʠʭ 

ʥʘʨʦʜʠʣʠʩʷ ʚ ʦʜʠʥ ʜʝʥʴ. 

18. ʍʣʦʧʯʠʢ ʤʘʚ 100 ʪʘʙʣʠʯʦʢ ʽʟ ʯʠʩʣʘʤʠ 1, 2, ..., 100, ʘʣʝ ʟʘʛʫʙʠʚ 79 

ʽʟ ʥʠʭ. ʏʠ ʦʙʦʚô̫ ʟʢʦʚʦ ʩʝʨʝʜ ʨʝʰʪʠ ʪʘʙʣʠʯʦʢ ʟʥʘʡʜʫʪʴʩʷ ʯʦʪʠʨʠ ʪʘʢʽ, ʱʦ 

ʩʫʤʘ ʯʠʩʝʣ ʥʘ ʜʚʦʭ ʽʟ ʥʠʭ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʩʫʤʽ ʯʠʩʝʣ ʥʘ ʜʚʦʭ ʽʥʰʠʭ? 

19. ɼʦʚʝʜʽʪʴ, ʱʦ ʩʝʨʝʜ ʙʫʜʴ-ʷʢʠʭ ʰʝʩʪʠ ʮʽʣʠʭ ʯʠʩʝʣ ʟʥʘʡʜʫʪʴʩʷ ʜʚʘ 

ʯʠʩʣʘ, ʨʽʟʥʠʮʷ ʷʢʠʭ ʙʫʜʝ ʢʨʘʪʥʦʶ 5.  

20. ʋ ʩʴʦʤʦʤʫ ʢʣʘʩʽ ʥʘʚʯʘʶʪʴʩʷ 30 ʫʯʥʽʚ. ʋ ʜʠʢʪʘʥʪʽ ʦʜʠʥ ʫʯʝʥʴ 

ʧʨʠʧʫʩʪʠʚʩʷ 12 ʧʦʤʠʣʦʢ, ʘ ʨʝʰʪʘ ï ʤʝʥʰʝ. ɼʦʚʝʩʪʠ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʪʨʦʻ 

ʫʯʥʽʚ ʧʨʠʧʫʩʪʠʣʠʩʷ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ. 

21. ɼʘʥʦ 12 ʜʦʚʽʣʴʥʠʭ ʜʚʦʮʠʬʨʦʚʠʭ ʯʠʩʝʣ. ɼʦʚʝʜʽʪʴ, ʱʦ ʩʝʨʝʜ ʥʠʭ ʻ 

ʜʚʘ, ʨʽʟʥʠʮʷ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʜʚʦʮʠʬʨʦʚʦʤʫ ʯʠʩʣʫ, ʟʘʧʠʩʘʥʦʤʫ ʦʜʥʘʢʦʚʠʤʠ 

ʮʠʬʨʘʤʠ. 

 

ʂʦʤʙʽʥʘʪʦʨʥʽ ʩʭʝʤʠ 

ʅʝʭʘʡ ὃ ὥȟὥȟȢȢȢȟὥ  ï ʤʥʦʞʠʥʘ ʦʙô̒ ʢʪʽʚ, ʯʠʩʣʦ Ὧ ὲ (k ʤʦʞʝ 

ʙʫʪʠ ʥʫʣʝʤ). ʗʢ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʟ ʤʥʦʞʠʥʠ ɸ ʨʽʚʥʦ k ʦʙô̒ ʢʪʽʚ? ʄʦʞʥʘ 

ʚʠʙʨʘʪʠ ʮʽ ʦʙô̒ ʢʪʠ ʧʦʩʣʽʜʦʚʥʦ ʙʝʟ ʧʦʚʝʨʥʝʥʥʷ, ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ k ʨʘʟʽʚ; 
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1) ʚʠʙʠʨʘʪʠ ʟ ʧʦʚʝʨʥʝʥʥʷʤ, ʘ ʩʘʤʝ ʚʠʙʠʨʘʪʠ ʦʜʠʥ ʦʙô̒ ʢʪ ʟ ʤʥʦʞʠʥʠ ɸ, 

ʧʦʚʝʨʥʫʪʠ ʥʘʟʘʜ, ʚʠʙʨʘʪʠ ʥʘʩʪʫʧʥʠʡ ʦʙô̒ ʢʪ, ʧʦʚʝʨʥʫʪʠ ʥʘʟʘʜ ʽ ʪ. ʜ. k 

ʨʘʟʽʚ; 

2) ʚʠʙʨʘʪʠ ʙʝʟ ʧʦʚʝʨʥʝʥʥʷ ʚʜ̔ʨʘʟʫ ʚʩʽ k ʦʙô̒ ʢʪʽʚ ʦʜʥʽʻʶ ʢʫʧʦʶ ʙʝʟ 

ʧʦʚʪʦʨʽʚ (ʥʝʚʧʦʨʷʜʢʦʚʘʥʦ); 

3) ʚʠʙʨʘʪʠ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦ k ʦʙô̒ ʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʚʠʙʦʨʫ ʤʦʞʝ ʙʫʪʠ ʪʘʢʘ ʟʘʜʘʯʘ: ʥʝʭʘʡ ʫ ʤʘʛʘʟʠʥʽ ʻ 

ʙʝʟʢʽʥʝʯʥʘ ʢʽʣʴʢʽʩʪʴ ʣʠʤʦʥʽʚ, ʷʙʣʫʢ ʽ ʛʨʫʰ. ʈʦʟʛʣʷʥʝʤʦ ʤʥʦʞʠʥʫ  

ὃ ʣʠʤʦʥȟ̫ ʙʣʫʢʦȟʛʨʫʰʘ. ʄʠ ʭʦʯʝʤʦ ʢʫʧʠʪʠ 5 ʬʨʫʢʪʽʚ. ʗʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʩʧʦʩʦʙʽʚ ʤʠ ʟʙʝʨʝʤʦ ʚ ʪʦʨʙʠʥʢʫ 5 ʬʨʫʢʪʽʚ? ʆʩʢʽʣʴʢʠ ʧʦʨʷʜʦʢ ʥʝʚʘʞʣʠʚʠʡ, 

ʪʦ ʮʷ ʢʽʣʴʢʽʩʪʴ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʢʽʣʴʢʦʩʪʽ ʩʧʦʩʦʙʽʚ ʚʠʣʫʯʠʪʠ 5 ʬʨʫʢʪʽʚ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦ ʟ ʤʥʦʞʠʥʠ ὃ ʣʠʤʦʥȟ̫ ʙʣʫʢʦȟʛʨʫʰʘ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ. 

ʈʦʟʙʝʨʝʤʦ ʾʭ ʜʝʪʘʣʴʥʽʰʝ. ʇʦʧʝʨʝʜʥʴʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ  ɲʧʦʟʥʘʯʘʻ 

ʧʦʨʦʞʥʶ ʤʥʦʞʠʥʫ ʽ ʚʚʘʞʘʻʪʴʩʷ (ʪʫʪ n! ʯʠʪʘʻʪʴʩʷ n-ʬʘʢʪʦʨʽʘʣ): 

0! = 1, 1! = 1, ὲȦ ὲẗὲ ρȦ ὲẗὲ ρẗὲ ςẗȢȢȢẗςẗρ, 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯʦʪʠʨʴʦʭ ʪʠʧ̔ʚ ʚʠʙʽʨʦʢ ʚʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: 

1) ʯʠʩʣʦ k-ʨʦʟʤʽʱʝʥʴ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ n ʦʙô̒ ʢʪʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ, ʷʢ ὃ  

(ʯʠʪʘʻʪʴʩʷ ɸ ʟ n ʧʦ k); 

2) ʯʠʩʣʦ k-ʨʦʟʤʽʱʝʥʴ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ n ʦʙô̒ ʢʪʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ ὃ ; 

3) ʯʠʩʣʦ k-ʢʦʤʙʽʥʘʮʽʡ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ n ʦʙô̒ ʢʪʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ ὅ  

(ʯʠʪʘʻʪʴʩʷ ʉ ʟ n ʧʦ k, ʮʝ ʧʦʟʥʘʯʝʥʥʷ ʧʨʠʜʫʤʘʚ ʇʘʩʢʘʣʴ ʫ XVII ʩʪʦʨʽʯʯʽ, 

ʘʣʝ ʟʘʨʘʟ ʚ ʘʥʛʣʦʤʦʚʥʦʤʫ ʩʚʽʪʽ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʝʥʥʷ 
ὲ
Ὧ

ὅ ; 

4) ʯʠʩʣʦ k-ʢʦʤʙʽʥʘʮʽʡ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ n ʦʙô̒ ʢʪʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ ὅ . 

 

ʈʦʟʤʽʱʝʥʥʷ ʙʝʟ ʧʦʚʪʦʨʝʥʴ 

ɺʠʙʽʨʢʠ, ʫ ʷʢʠʭ ʚʩʽ ʝʣʝʤʝʥʪʠ ʨʽʟʥʽ, ʘ ʾʭ ʧʦʨʷʜʦʢ ʫ ʚʠʙʽʨʮʽ ʻ ʩʫʪʪʻʚʠʤ, 

ʥʘʟʠʚʘʶʪʴ ʨʦʟʤʽʱʝʥʥʷʤʠ ʙʝʟ ʧʦʚʪʦʨʝʥʴ.  

ʋ ʮʴʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʚʠʜʽʣʠʤʦ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʦʟʥʘʢʠ ʨʦʟʤʽʱʝʥʴ 

ʙʝʟ ʧʦʚʪʦʨʝʥʴ: 

1) ʝʣʝʤʝʥʪʠ ʚʠʙʽʨʢʠ ʨʽʟʥʽ; 

2) ʧʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ ʚʘʞʣʠʚʠʡ; 

3) ▓ ▪. 

ʇʨʠʢʣʘʜ 2.25. ɿ ʪʨʴʦʭʝʣʝʤʝʥʪʥʦʾ ʤʥʦʞʠʥʠ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʰʽʩʪʴ 

ʜʚʦʭʝʣʝʤʝʥʪʥʠʭ ʚʠʙʽʨʦʢ. ʂʦʞʥʘ ʪʘʢʘ ʚʠʙʽʨʢʘ ʥʝ ʤʽʩʪʠʪʴ ʦʜʥʘʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʇʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʙʽʨʮʽ ʻ ʩʫʪʪʻʚʠʤ, ʦʩʢʽʣʴʢʠ, ʥʘʧʨʠʢʣʘʜ, 
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ʧʝʨʰʘ ʽ ʜʨʫʛʘ ʚʠʙʽʨʢʠ ʚʚʘʞʘʶʪʴʩʷ ʨʽʟʥʠʤʠ, ʭʦʯʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʘʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʆʪʞʝ, ʢʦʞʥʘ ʪʘʢʘ ʚʠʙʽʨʢʘ ʻ ʨʦʟʤʽʱʝʥʥʷʤ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ 3 

ʝʣʝʤʝʥʪʽʚ ʧʦ 2. 

ʈʦʟʚô̫ ʟʦʢ. ʂʽʣʴʢʽʩʪʴ ʨʦʟʤʽʱʝʥʴ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʽʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ K 

ʝʣʝʤʝʥʪʽʚ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ὃ . 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʧʦʟʥʘʯʝʥʥʷ ʤʠ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ, ʱʦ ʥʘʤ ʪʨʝʙʘ ʟʥʘʡʪʠ 
2

3A . ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʠ ʤʦʛʣʠ ʙ ʦʙʨʘʪʠ ʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ ʞʠʚʦʾ 

ʧʨʠʨʦʜʠ? ʆʩʢʽʣʴʢʠ ʚʩʽ ʚʦʥʠ ʨʽʟʥʽ, ʪʦ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʦʙʨʘʚʰʠ 

ʘʙʦ ʧʝʨʰʦʛʦ, ʘʙʦ ʜʨʫʛʦʛʦ, ʘʙʦ ʪʨʝʪʴʦʛʦ ʟ ʥʠʭ). ʊʦʤʫ ὃ σ. ʇʽʩʣʷ ʥʘʰʦʛʦ 

ʚʠʙʦʨʫ ʧʝʨʰʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ ʟʘʣʠʰʠʣʦʩʷ 2 ʥʝʦʙʨʘʥʠʭ. ɿ ʥʠʭ 2 ʤʠ 

ʦʙʠʨʘʻʤʦ ʢʦʛʦʩʴ ʥʘ ʨʦʣʴ ʜʨʫʛʦʛʦ ʫ ʚʠʙʽʨʮʽ. ʉʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ? ʊʘʢ, ʜʚʦʤʘ, ʘʜʞʝ, ʢʦʞʥʠʡ ʟ̔ ʜʚʦʭ ʱʝ ʥʝʦʙʨʘʥʠʭ ʤʦʞʝ 

ʩʪʘʪʠ ʜʨʫʛʠʤ ʫ ʚʠʙʽʨʮʽ. ɿʘ ʧʨʘʚʠʣʦʤ ʜʦʙʫʪʢʫ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʜʚʦʭ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʜʦʨʽʚʥʶʻ 32³, ʪʦʙʪʦ ὃ σ ς φȢ 

 

 

 

ʇʨʠʢʣʘʜ 2.26. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʨʦʟʢʣʘʜ ʟʘʥʷʪʴ ʟ̔ 

5 ʨʽʟʥʠʭ ʫʨʦʢʽʚ, ʷʢʱʦ ʫ ʢʣʘʩʽ ʚʠʚʯʘʻʪʴʩʷ 10 ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʽʚ? 

ʈʦʟʚô̫ ʟʦʢ. ʂʦʞʥʠʡ ʨʦʟʢʣʘʜ ï ʮʝ ʚʠʙʽʨ 5 ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʽʚ ʽʟ ʩʧʠʩʢʫ, ʫ 

ʷʢʦʤʫ 10 ʧʨʝʜʤʝʪʽʚ. ʅʘʤ ʚʘʞʣʠʚʠʡ ʣʠʰʝ ʥʘʙʽʨ ʟ̔ 5 ʧʨʝʜʤʝʪʽʚ, ʘ ʽ ʾʭ ʧʦʨʷʜʦʢ. 

ʆʪʞʝ, ʢʦʞʝʥ ʨʦʟʢʣʘʜ ï ʮʝ ʚʧʦʨʷʜʢʦʚʘʥʘ ʧʽʜʤʥʦʞʠʥʘ ʟ 5 ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʥʦʞʠʥʠ ʟ 10 ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ ʨʦʟʤʽʱʝʥʥʷ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ 10 ʝʣʝʤʝʥʪʽʚ ʧʦ 

5. ʅʘʤ ʪʨʝʙʘ ʧʽʜʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʤʥʦʞʠʥ, ʪʦʙʪʦ ὃ . 

ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʠ ʤʦʛʣʠ ʙ ʩʢʣʘʩʪʠ ʨʦʟʢʣʘʜ ʟ ʦʜʥʦʛʦ ʧʨʝʜʤʝʪʘ? 

ʆʩʢʽʣʴʢʠ ʚʩʽ ʚʦʥʠ ʨʽʟʥʽ, ʪʦ 10 ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʚʠʙʨʘʚʰʠ ʘʙʦ ʧʝʨʰʠʡ, 

ʘʙʦ ʜʨʫʛʠʡ, ʘʙʦé, ʘʙʦ ʜʝʩʷʪʠʡ ʧʨʝʜʤʝʪ). ʊʦʤʫ ὃ ρπ. ʇʽʩʣʷ ʥʘʰʦʛʦ 
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ʚʠʙʦʨʫ ʧʝʨʰʦʛʦ ʧʨʝʜʤʝʪʘ ʚ ʨʦʟʢʣʘʜʽ ʫ ʩʧʠʩʢʫ ʟʘʣʠʰʠʣʦʩʷ 9 ʧʨʝʜʤʝʪʽʚ. ɯʟ 

ʮʠʭ 9 ʤʠ ʚʠʙʠʨʘʻʤʦ ʙʫʜʴ-ʷʢʠʡ ʧʨʝʜʤʝʪ ʥʘ ʨʦʣʴ ʜʨʫʛʦʛʦ ʫ ʨʦʟʢʣʘʜʽ. 

ʉʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ? ʊʘʢ, 9, ʘʜʞʝ, ʢʦʞʥʠʡ ʟ 9 

ʱʝ ʥʝ ʦʙʨʘʥʠʭ ʧʨʝʜʤʝʪʽʚ ʤʦʞʝ ʩʪʘʪʠ ʜʨʫʛʠʤ ʫ ʨʦʟʢʣʘʜʽ. ɿʘ ʧʨʘʚʠʣʦʤ 

ʜʦʙʫʪʢʫ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʫ ʨʦʟʢʣʘʜ ʜʚʦʭ ʧʝʨʰʠʭ ʧʨʝʜʤʝʪʽʚ 

ʜʦʨʽʚʥʶʻ 10³9, ʪʦʙʪʦ ὃ ρπω . ʊʦʙʪʦ, ʘʥʘʣʦʛʽʯʥʦ ʤʽʨʢʫʶʯʠ, ʤʦʞʝʤʦ 

ʧʽʜʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʫ ʨʦʟʢʣʘʜ ʧʝʨʰʠʭ ʪʨʴʦʭ ʽ ʯʦʪʠʨʴʦʭ 

ʧʨʝʜʤʝʪʽʚ. ʎʝ ὃ ρπω ψ ʽ ὃ ρπω ψ χ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ 

ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʩʢʣʘʩʪʠ ʨʦʟʢʣʘʜ ʟ̔ 5 ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʽʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

ὃ ρπω ψ χ φ σπ ςτπ. 

 

ʈʦʟʤʽʱʝʥʥʷ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ 

ɺʠʙʽʨʢʠ, ʫ ʷʢʠʭ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ ʽ ʧʦʨʷʜʦʢ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʻ ʩʫʪʪʻʚʠʤ (ʪʦʙʪʦ ʚʠʙʽʨʢʠ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʨʷʜʢʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʥʘʟʠʚʘʶʪʴ 

ʨʦʟʤʽʱʝʥʥʷʤ ʟ̔ ʧʦʚʪʦʨʝʥʥʷʤʠ. ʋ ʮʴʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʚʠʜʽʣʠʤʦ ʪʘʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʦʟʥʘʢʠ ʨʦʟʤʽʱʝʥʴ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ: 

1) ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ; 

2) ʧʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ ʚʘʞʣʠʚʠʡ. 

ʂʽʣʴʢʽʩʪʴ ʨʦʟʤʽʱʝʥʴ ʟ̔ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ k ʝʣʝʤʝʥʪʽʚ 

ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ὃ, ʽ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ ὃ ὲ. ʎʝ ʚʠʧʣʠʚʘʻ ʟ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʨʘʚʠʣʘ ʜʦʙʫʪʢʫ: ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʡ ʟ n 

ʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘ ʜʨʫʛʦʤʫ ï ʪʘʢʦʞ ʙʫʜʴ-ʷʢʠʡ ʟ n ʝʣʝʤʝʥʪʽʚ, é, ʥʘ k-ʤʫ 

ʤʽʩʮʽ ï ʪʘʢʦʞ ʙʫʜʴ-ʷʢʠʡ ʟ n ʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠʢʣʘʜ 2.27. ʉʢʽʣʴʢʠ ʯʦʪʠʨʠʣʽʪʝʨʥʠʭ ʩʣʽʚ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʟ ʣʽʪʝʨ ʄ 

ʽ ɸ? ɺʠʧʠʰʪ̔ʴ ʮʽ ʩʣʦʚʘ ʡ ʧʝʨʝʚʽʨʪʝ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʈʦʟʚô̫ ʟʦʢ. ʉʢʣʘʜʝʤʦ ʜʝʢʽʣʴʢʘ ʪʘʢʠʭ çʩʣʽʚè: ʄʄʄɸ, ʄɸʄɸ, 

ʄɸɸɸé ɹʘʯʠʤʦ, ʱʦ ʩʢʣʘʜ ʚʠʙʽʨʢʠ ʟʤʽʥʶʻʪʴʩʷ, ʧʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ ʫ 

ʚʠʙʽʨʮʽ ʽʩʪʦʪʥʠʡ. ʆʪʞʝ, ʮʝ ʨʦʟʤʽʱʝʥʥʷ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ 2 ʣʽʪʝʨ ʄ ʽ ɸ ʧʦ 4. 

ὃ ς ρφ. ɺʠʧʠʰʝʤʦ ʚʩʽ ʮʽ 16 çʩʣʽʚè: ʄʄʄɸ, ʄʄɸɸ, ʄɸɸɸ, ʄɸʄɸ, 

ɸɸɸʄ, ɸɸʄʄ, ɸʄʄʄ, ɸʄɸʄ, ɸʄʄɸ, ʄɸɸʄ, ɸɸʄɸ, ɸʄɸɸ, 

ʄʄɸʄ, ʄɸʄʄ, ʄʄʄʄ, ɸɸɸɸ. 

ɺʽʜʧʦʚʽʜʴ: 16. 
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ʇʨʠʢʣʘʜ 2.28. ʋʟʜʦʚʞ ʜʦʨʦʛʠ ʨʦʟʪʘʰʦʚʘʥʽ 6 ʩʚʽʪʣʦʬʦʨʽʚ, ʢʦʞʝʥ ʟ̔ 

ʥʠʭ ʤʘʻ 3 ʩʪʘʥʠ: çʯʝʨʚʦʥʠʡè, çʞʦʚʪʠʡè, çʟʝʣʝʥʠʡè. ʉʢʽʣʴʢʠ ʤʦʞʝ ʙʫʪʠ 

ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʜʦʨʦʟʽ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʩʪʘʥʘʤʠ ʩʚʽʪʣʦʬʦʨʽʚ? 

ʈʦʟʚô̫ ʟʦʢ. ɺʠʧʠʰʝʤʦ ʜʝʢʽʣʴʢʘ ʢʦʤʙʽʥʘʮʽʡ: ʏʏɾɿɿʏ, ɾɾɾɾɾɾ, 

ɿɾɾɿʏʏé. ʄʠ ʙʘʯʠʤʦ, ʱʦ ʩʢʣʘʜ ʚʠʙʽʨʢʠ ʟʤʽʥʶʻʪʴʩʷ ʽ ʧʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ 

ʽʩʪʦʪʥʠʡ (ʘʜʞʝ, ʷʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʙʽʨʮʽ ʏʏɾɿɿʏ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ ɾ ʽ 

ɿ, ʩʠʪʫʘʮʽʷ ʥʘ ʜʦʨʦʟʽ ʙʫʜʝ ʽʥʰʦʶ). ʊʦʤʫ ʟʘʩʪʦʩʦʚʫʻʤʦ ʬʦʨʤʫʣʫ ʨʦʟʤʽʱʝʥʴ 

ʟ̔ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ 3 ʧʦ 6:ὃ σ χςω. 

ɺʽʜʧʦʚʽʜʴ: 729. 

 

ʇʦʻʜʥʘʥʥʷ (ʢʦʤʙʽʥʘʮʽ)ʾ ʙʝʟ ʧʦʚʪʦʨʝʥʴ 

(ὅ ʙʝʟ ʧʦʚʪʦʨʝʥʴ, ὅ  ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ) (ʥʝʫʧʦʨʷʜʢʦʚʘʥʘ ʚʠʙʽʨʢʘ ʟ 

ʧʦʚʪʦʨʝʥʥʷʤʠ ʘʙʦ ʙʝʟ ʧʦʚʪʦʨʝʥʴ). 

ʋ ʧʽʜʨʫʯʥʠʢʘʭ ʥʘʜʘʻʪʴʩʷ ʣʘʢʦʥʽʯʥʝ ʡ ʥʝ ʜʫʞʝ ʟʨʦʟʫʤʽʣʝ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʻʜʥʘʥʥʷ, ʪʦʤʫ ʤʦʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʙʫʜʝ ʥʝ ʜʫʞʝ ʨʘʮʽʦʥʘʣʴʥʠʤ, ʘʣʝ, 

ʩʧʦʜʽʚʘʶʩʴ, ʟʨʦʟʫʤʽʣʠʤ. 

ʇʦʻʜʥʘʥʥʷʤʠ ʥʘʟʠʚʘʶʪʴ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʟ k ʦʙô̒ ʢʪʽʚ, ʱʦ ʚʠʙʨʘʥʽ ʟ 

ʤʥʦʞʠʥʠ n ʨʽʟʥʠʭ ʦʙô̒ ʢʪʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʭʦʯʘ ʙ ʦʜʥʠʤ 

ʦʙô̒ ʢʪʦʤ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʦʢʨʝʤʝ ʧʦʻʜʥʘʥʥʷ ï ʮʝ ʫʥʽʢʘʣʴʥʘ ʚʠʙʽʨʢʘ ʟ k 

ʝʣʝʤʝʥʪʽʚ, ʫ ʷʢʽʡ ʥʝʚʘʞʣʠʚʠʡ ʾʭ ʧʦʨʷʜʦʢ (ʨʦʟʪʘʰʫʚʘʥʥʷ). ɿʘʛʘʣʴʥʘ ʞ 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʫʥʽʢʘʣʴʥʠʭ ʧʦʻʜʥʘʥʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ὅ
Ȧ

ȦẗȦ
. 

ʂʽʣʴʢʽʩʪʴ ʩʧʦʣʫʢ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ k ʚʠʟʥʘʯʘʶʪʴ, 

ʚʠʭʦʜʷʯʠ ʟ ʯʠʩʣʘ ʨʦʟʤʽʱʝʥʴ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ὃ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʨʽʟʥʠʭ 

ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʚʠʙʽʨʦʢ (ʧʽʜʤʥʦʞʠʥ ʚʠʭʽʜʥʦʾ ʤʥʦʞʠʥʠ) ʙʫʜʝ ʤʝʥʰʝ ʚ 

ʯʠʩʣʦ ʨʘʟ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʧʝʨʝʩʪʘʥʦʚʮʽ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʟ k ʝʣʝʤʝʥʪʽʚ 

 
kP : ὅ

Ȧ

ȦẗȦ
. 

ʇʨʠʢʣʘʜ 2.29. ʋ ʷʱʠʢʫ ʻ 15 ʜʝʪʘʣʝʡ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ 

ʚʟʷʪʠ 4 ʜʝʪʘʣʽ? 

ʈʦʟʚô̫ ʟʦʢ. ʇʦ-ʧʝʨʰʝ, ʟʥʦʚʫ ʟʚʝʨʪʘʶ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ, ʟʘ ʣʦʛʽʢʦʶ ʫʤʦʚʠ, 

ʜʝʪʘʣʽ ʚʚʘʞʘʶʪʴʩʷ ʨʽʟʥʠʤʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʥʘʩʧʨʘʚʜʽ ʦʜʥʦʪʠʧʥʽ ʡ 

ʚʽʟʫʘʣʴʥʦ ʦʜʥʘʢʦʚʽ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʾʭ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʥʫʤʝʨʫʚʘʪʠ). 
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ʋ ʟʘʜʘʯʽ ʡʜʝʪʴʩʷ ʧʨʦ ʚʠʙʽʨʢʫ ʟ̔ 4 ʜʝʪʘʣʝʡ, ʫ ʷʢʡ̔ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ ʾʭ 

çʧʦʜʘʣʴʰʘ ʜʦʣʷè ï ʛʨʫʙʦ ʢʘʞʫʯʠ, çʧʨʦʩʪʦ ʦʙʨʘʣʠ 4 ʰʪʫʢʠ ʽ ʚʩʝè. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʘʻʤʦ ʧʦʻʜʥʘʥʥʷ ʜʝʪʘʣʝʡ. ʈʘʭʫʻʤʦ ʾʭ ʢʽʣʴʢʽʩʪʴ: 

 

ʊʫʪ, ʟʚʽʩʥʦ ʞ, ʥʝ ʪʨʝʙʘ ʦʙʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʚʝʣʠʢʽ ʯʠʩʣʘ

  

      ʋ ʩʭʦʞʽʡ ʩʠʪʫʘʮʽʾ ʷ ʧʨʦʧʦʥʫʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʠʡ ʧʨʠʡʦʤ: ʫ 

ʟʥʘʤʝʥʥʠʢʫ ʚʠʙʠʨʘʻʤʦ ʥʘʡʙʽʣʴʰʠʡ ʟ̔ ʬʘʢʪʦʨʽʘʣʽʚ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 11!) ʽ 

ʩʢʦʨʦʯʫʻʤʦ ʥʘ ʥʴʦʛʦ ʜʨʽʙ. ɼʣʷ ʮʴʦʛʦ ʯʠʩʝʣʴʥʠʢ ʧʦʪʨʽʙʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ 15! = 11! 15141312 ÖÖÖÖ . ʈʦʟʧʠʰʫ ʜʫʞʝ ʜʝʪʘʣʴʥʦ: 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʟʷʪʠ 4 

ʜʝʪʘʣʽ ʟ ʷʱʠʢʫ. 

ʑʝ ʨʘʟ: ʱʦ ʮʝ ʦʟʥʘʯʘʻ? ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟ ʥʘʙʦʨʫ 15 ʨʽʟʥʠʭ ʜʝʪʘʣʝʡ 

ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʦʜʥʫ ʪʠʩʷʯʫ ʪʨʠʩʪʘ ʰʽʩʪʜʝʩʷʪ ʧô̫ ʪʴ ʫʥʽʢʘʣʴʥʠʭ ʧʦʻʜʥʘʥʴ 

ʟ̔ 4 ʜʝʪʘʣʝʡ. ʊʦʙʪʦ ʢʦʞʥʘ ʪʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʟ̔ ʯʦʪʠʨʴʦʭ ʜʝʪʘʣʝʡ 

ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʢʦʤʙʽʥʘʮʽʡ ʭʦʯʘ ʙ ʦʜʥʽʻʶ ʜʝʪʘʣʣʶ. 

ɺʽʜʧʦʚʽʜʴ: 1365 ʩʧʦʩʦʙʘʤʠ. 

ʌʦʨʤʫʣʽ ὅ
Ȧ

ȦẗȦ
  ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʠʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʘ ʻ çʭʽʪʦʤè ʢʦʤʙʽʥʘʪʦʨʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʥʦ ʨʦʟʫʤʽʪʠ ʡ ʙʝʟ ʙʫʜʴ-

ʷʢʠʭ ʦʙʯʠʩʣʝʥʴ ʟʘʧʠʩʫʚʘʪʠ çʢʨʘʡʥʽè ʟʥʘʯʝʥʥʷ: 

. ʉʪʦʩʦʚʥʦ ʨʦʟʽʙʨʘʥʦʾ ʟʘʜʘʯʽ: ï ʪʽʣʴʢʠ 

ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʥʝ ʚʠʙʨʘʪʠ ʞʦʜʥʦʾ ʜʝʪʘʣʽ; 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʟʷʪʠ 1 ʜʝʪʘʣʴ (ʙʫʜʴ-ʷʢʫ ʟ ʧô̫ ʪʥʘʜʮʷʪʠ); 

 ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʚʟʷʪʠ 14 ʜʝʪʘʣʝʡ (ʧʨʠ ʮʴʦʤʫ ʷʢʘʩʴ ʦʜʥʘ ʟ 15 

ʟʘʣʠʰʠʪʴʩʷ ʚ ʷʱʠʢʫ); 

 ï ʪʽʣʴʢʠ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʚʩʽ ʧô̫ ʪʥʘʜʮʷʪʴ ʜʝʪʘʣʝʡ. 

ʈʝʢʦʤʝʥʜʫʶ ʫʚʘʞʥʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʙʽʥʦʤʦʤ ʅʴʶʪʦʥʘ ʽ 

ʪʨʠʢʫʪʥʠʢʦʤ ʇʘʩʢʘʣʷ, ʟʘ ̫ ʢʠʤ, ʜʦ ʨʝʯʽ, ʜʫʞʝ ʟʨʫʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʚʽʨʢʫ 

ʦʙʯʠʩʣʝʥʴ 
m

nC  ʟʘ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥ ɹçnè. 

ʇʨʠʢʣʘʜ 2.30. ʋ h ʘʭʦʚʦʤʫ ʪʫʨʥʽʨʽ ʙʝʨʝ ʫʯʘʩʪʴ k ʣʶʜʝʡ ʽ ʦʜʠʥ ʟ ʦʜʥʠʤ 

ʛʨʘʻ ʪʽʣʴʢʠ ʧʦ ʦʜʥʽʡ ʧʘʨʪʽʾ. ʉʢʽʣʴʢʠ ʚʩʴʦʛʦ ʧʘʨʪʽʡ ʟʽʛʨʘʥʦ ʚ ʪʫʨʥʽʨʽ? 
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ɺʜ̔ʨʘʟʫ ʞ ʟʦʨʽʻʥʪʫʻʤʦʩ ̫ ʟʘ ʪʫʨʥʽʨʥʦʶ ʪʘʙʣʠʮʝʶ ʨʦʟʤʽʨʦʤ

kkÖ  ʢʣʽʪʠʥʦʢ, ʫ ʷʢʽʡ ʨʝʟʫʣʴʪʘʪ ʢʦʞʥʦʾ ʧʘʨʪʽʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʚʽʯʽ ʽ, ʢʨʽʤ ʪʦʛʦ, 

ʟʘʢʨʝʩʣʶʶʪʴʩʷ ʢʣʽʪʠʥʢʠ çʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽè (ʦʩʢʽʣʴʢʠ ʫʯʘʩʥʠʢʠ ʥʝ ʛʨʘʶʪʴ 

ʩʘʤʽ ʟ̔ ʩʦʙʦʶ). ɺʠʭʦʜʷʯʠ ʟ ʧʨʠʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʽʛʨʘʥʠʭ ʧʘʨʪʽʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ. ʊʘʢʝ ʨʽʰʝʥʥʷ 

ʮʽʣʢʦʤ ʢʦʨʝʢʪʥʝ, ʘʣʝ ʢʦʣʠʩʴ ʦʜʠʥ ʟʽ ʩʪʫʜʝʥʪʽʚ ʧʦʤʽʪʠʚ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʪʫʪ 

ʤʦʞʥʘ ʢʝʨʫʚʘʪʠʩʷ ʩʘʤʠʤʠ ʙʘʥʘʣʴʥʠʤʠ ʧʦʻʜʥʘʥʥʷʤʠ: 

 ʨʽʟʥʠʭ ʧʘʨ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʟ 

k ʩʫʧʝʨʥʠʢʽʚ (ʭʪʦ ʛʨʘʻ ʙʽʣʠʤʠ, ʭʪʦ ʯʦʨʥʠʤʠ ï ʥʝʚʘʞʣʠʚʦ). 

ɽʢʚʽʚʘʣʝʥʪʥʦʶ ʻ ʟʘʜʘʯʘ ʧʨʦ ʨʫʢʦʩʪʠʩʢʘʥʥʷ: ʫ ʚʽʜʜʽʣʽ ʧʨʘʮʶʶʪʴ 

k ʯʦʣʦʚʽʢʽʚ ʽ ʢʦʞʥʠʡ ʟ ʢʦʞʥʠʤ ʚʽʪʘʶʪʴʩʷ ʟʘ ʨʫʢʫ, ʩʢʽʣʴʢʠ ʨʫʢʦʩʪʠʩʢʘʥʴ ʚʦʥʠ 

ʟʜʽʡʩʥʶʶʪʴ? ʅʫ ʘ ʚʠʩʥʦʚʢʽʚ ʪʫʪ ʜʚʘ: 

ʧʦ-ʧʝʨʰʝ, ʥʝ ʚʩʝ ʦʯʝʚʠʜʥʝ  ̒ʦʯʝʚʠʜʥʠʤ, ʧʦ-ʜʨʫʛʝ, ʥʝ ʙʽʡʪʝʩʷ ʚʠʨʽʰʫʚʘʪʠ 

ʟʘʜʘʯʽ çʥʝʩʪʘʥʜʘʨʪʥʦè! 

 

ʇʦʻʜʥʘʥʥʷ (ʢʦʤʙʽʥʘʮʽʾ) ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ 

ʉʫʤʫ k ʢʨʘʪʥʦʩʪʝʡ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʥʘʟʠʚʘʶʪʴ ʧʦʨʷʜʢʦʤ ʩʧʦʣʫʢʠ. 

ʉʧʦʣʫʢʫ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ k-ʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʩʢʣʘʜʝʥʘ ʟ ʤʥʦʞʠʥʠ, ʷʢʘ ʤʽʩʪʠʪʴ 

n ʝʣʝʤʝʥʪʽʚ, ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʢʦʤʙʽʥʘʮʽʻʶ ʟ ʧʦʚʪʦʨʝʥʥʷʤ ʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ 

k. ʗʢʱʦ ὯȟὯȟȢȢȢȟὯï ʢʨʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ὥȟὥȟȢȢȢȟὥ, ʪʦ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ 

Ὧ Ὧ ȢȢȢὯʻ ʧʦʨʷʜʦʢ ʢʦʤʙʽʥʘʮʽʾ 

 

ʂʽʣʴʢʽʩʪʴ ʚʠʙʽʨʦʢ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ k ʚʠʨʘʞʘʶʪʴ ʬʦʨʤʫʣʦʶ: 

ὅ ὅ ὅ
ὲ Ὧ ρȦ

ὯȦẗὲ ρȦ
 

ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʮʴʦʛʦ ʚʠʜʫ ʢʦʤʙʽʥʘʮʽʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʠʙʽʨʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʛʨʫʧ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʘʢʦʚʠʭ 

ʦʙô̒ ʢʪʽʚ.  

ʇʨʠʢʣʘʜ 2.31. ʋ ʩʪʫʜʝʥʪʩʴʢʽʡ ʩʪʦʣʦʚʽʡ ʧʨʦʜʘʶʪʴ ʩʦʩʠʩʢʠ ʚ ʪʽʩʪʽ, 

ʚʘʪʨʫʰʢʠ ʡ ʧʦʥʯʠʢʠ. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʢʫʧʠʪʠ 5 ʧʠʨʽʞʢʽʚ? 

ʈʦʟʚô̫ ʟʦʢ. ɺʜ̔ʨʘʟʫ ʟʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʠʧʦʚʠʡ ʢʨʠʪʝʨʽʡ ʧʦʻʜʥʘʥʴ ʟ̔ 

ʧʦʚʪʦʨʝʥʥʷʤʠ ï ʟʘ ʫʤʦʚʦʶ ʥʘ ʚʠʙʽʨ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʽ ʤʥʦʞʠʥʘ ʦʙô̒ ʢʪʽʚ ʷʢ 
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ʪʘʢʘ, ʘ ʨʽʟʥʽ ʚʠʜʠ ʦʙô̒ ʢʪʽʚ; ʧʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʚ ʧʨʦʜʘʞʫ ʻ ʥʝ 

ʤʝʥʰ ʥʽʞ 5 ʭʦʪ-ʜʦʛʽʚ, 5 ʚʘʪʨʫʰʦʢ ʽ 5 ʧʦʥʯʠʢʽʚ. ʇʠʨʽʞʢʠ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ, 

ʟʨʦʟʫʤʽʣʦ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʙʦ ʘʙʩʦʣʶʪʥʦ ʽʜʝʥʪʠʯʥʽ ʧʦʥʯʠʢʠ ʤʦʞʥʘ 

ʟʤʦʜʝʣʶʚʘʪʠ ʭʽʙʘ ʱʦ ʥʘ ʢʦʤʧôʁ ʪʝʨʽ. ʆʜʥʘʢ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʠʨʽʞʢʽʚ ʟʘ ʫʤʦʚʦʶ ʟʘʜʘʯʽ ʥʝ ʩʫʪʪʻʚʽ, ʽ ʭʦʪ-ʜʦʛʠ / ʚʘʪʨʫʰʢʠ / ʧʦʥʯʠʢʠ ʫ ʩʚʦʾʭ 

ʛʨʫʧʘʭ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ. 

ʑʦ ʤʦʞʝ ʙʫʪʠ ʫ ʚʠʙʽʨʮʽ? ʇʦ-ʧʝʨʰʝ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʠʙʽʨʮʽ 

ʦʙʦʚô̫ ʟʢʦʚʦ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʽ ʧʠʨʽʞʢʠ (ʦʩʢʽʣʴʢʠ ʚʠʙʠʨʘʻʤʦ 5 ʰʪʫʢ, ʘ ʥʘ 

ʚʠʙʽʨ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 3 ʚʠʜʠ). ɺʘʨʽʘʥʪʠ ʪʫʪ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʩʤʘʢ: 5 ʭʦʪ-ʜʦʛʽʚ, 5 

ʚʘʪʨʫʰʦʢ, 5 ʧʦʥʯʠʢʽʚ, 3 ʭʦʪ-ʜʦʛʠ + 2 ʚʘʪʨʫʰʢʠ, 1 ʭʦʪ-ʜʦʛ + 2 ʚʘʪʨʫʰʢʠ + 2 

ʧʦʥʯʠʢʠ ʽ ʪ.ʜ. ʗʢ ʽ ʟʘ çʟʚʠʯʘʡʥʠʭè ʧʦʻʜʥʘʥ,ɹ ʧʦʨʷʜʦʢ ʚʠʙʦʨʫ ʡ ʨʦʟʤʽʱʝʥʥʷ 

ʥʝ ʤʘ ̒ʟʥʘʯʝʥʥʷ ï ʧʨʦʩʪʦ ʚʠʙʨʘʣʠ 5 ʰʪʫʢ ʧʠʨʽʞʢʽʚ ʽ ʚʩʝ. 

ɿʘʩʪʦʩʫʻʤʦ ʬʦʨʤʫʣʫ  ʢʽʣʴʢʦʩʪʽ ʧʦʻʜʥʘʥʴ ʟ̔ 

ʧʦʚʪʦʨʝʥʥʷʤʠ:  ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʢʫʧʠʪʠ 5 

ʧʠʨʽʞʢʽʚ. 

ɺʽʜʧʦʚʽʜʴ: 21. 

ʗʢʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟ ʙʘʛʘʪʴʦʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ? 

ʅʘʡʩʢʣʘʜʥʽʰʝ ï ʮʝ ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʫʤʦʚʽ ʟʘʜʘʯʽ. 

ʑʝ ʜʝʢʽʣʴʢʘ ʟʘʜʘʯ ʮʴʦʛʦ ʪʠʧʫ: 

ʇʨʠʢʣʘʜ 2.32. ʋ ʤʘʛʘʟʠʥʽ ʧʨʦʜʘʶʪʴ 4 ʩʦʨʪʠ ʪʽʩʪʝʯʦʢ: ʟʘʚʘʨʥʝ, 

ʙʽʣʢʦʚʝ, çɻʨʠʙʦʢè, çʅʽʯʢʘè. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʢʫʧʠʪʠ 8 ʪʽʩʪʝʯʦʢ? 

ʈʦʟʚô̫ ʟʦʢ. ʈʦʟʛʣʷʥʝʤʦ ʤʥʦʞʠʥʫ S = {ʟ, ʙ, ʛ, ʥ}, ʫ ʷʢʽʡ ʢʦʞʝʥ ʝʣʝʤʝʥʪ 

ʢʦʜʫʻ ʥʘʟʚʫ ʪʽʩʪʝʯʢʘ ʧʦ ʧʝʨʰʽʡ ʣʽʪʝʨʽ. ɹʫʜʴ-ʷʢʠʡ ʚʠʙʽʨ 8 ʪʽʩʪʝʯʦʢ ʧʦʨʦʜʞʫʻ 

ʢʦʤʙʽʥʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ S, ʧʨʠ ʮʴʦʤʫ ʧʦʨʷʜʦʢ ʟʘʧʠʩʫ ʝʣʝʤʝʥʪʽʚ 

ʥʝʤʘʻ ʟʥʘʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚʠʙʨʘʚʰʠ 2 ʟʘʚʘʨʥ ̔ʪʽʩʪʝʯʢʘ, 4 ʙʽʣʢʦʚʽ ʡ ʧʦ 

ʦʜʥʦʤʫ ʪʽʩʪʝʯʢʫ ʽʥʰʠʭ ʩʦʨʪʽʚ, ʤʘʻʤʦ ʢʦʤʙʽʥʘʮʽʶ ʟʟʙʙʙʙʛʥ, ʱʦ ʻ ʧʦʻʜʥʘʥʥʷʤ 

ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ʟ 4 ʧʦ 8. ʅʘʚʧʘʢʠ, ʙʫʜʴ-ʷʢʝ ʪʘʢʝ ʧʦʻʜʥʘʥʥʷ ʦʜʥʦʟʥʘʯʥʦ ʜʘʩʪʴ 

ʜʝʷʢʠʡ ʥʘʙʽʨ ʪʽʩʪʝʯʦʢ. ʆʪʞʝ, ʯʠʩʣʦ ʩʧʦʩʦʙʽʚ ʢʫʧʠʪʠ ʚʢʘʟʘʥʝ ʯʠʩʣʦ ʪʽʩʪʝʯʦʢ 

ʦʜʥʝ ὅ ʧʦʚʪὅ ὅ
Ȧ

ȦẗȦ

ẗ ẗ ẗ ẗ
σẗυẗρρ ρφυ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʤʦʞʥʘ ʙʫʣʦ ʟʨʦʙʠʪʠ ʧʽʜʨʘʭʫʥʦʢ ʥʝ ʟʘ ʬʦʨʤʫʣʦ ,ʁ ʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʧʨʦʮʝʜʫʨʫ, ʦʧʠʩʘʥʫ ʧʽʜ ʯʘʩ ʚʠʚʝʜʝʥʥ ̫ʮʽʻʾ 

ʬʦʨʤʫʣʠ. ʂʦʞʝʥ ʥʘʙʽʨ ʟ̔ 8 ʪʽʩʪʝʯʦʢ ʤʦʞʥʘ ʟʘʢʦʜʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʟ 8 

ʥʫʣʽʚ ʽ 3 ʦʜʠʥʠʮʴ. ʅʘʧʨʠʢʣʘʜ, ʥʘʙʦʨʫ ʟʟʙʙʙʙʛʥ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
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11011110101, ʘ ʥʘʙʦʨʫ ʛʛʛʛʥʥʥʥ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 00111101111 (ʟʘʚʘʨʥʠʭ ʽ 

ʙʽʣʢʦʚʠʭ ʪʽʩʪʝʯʦʢ ʥʝ ʚʠʙʨʘʣʠ ʞʦʜʥʦʛʦ). ʇʦʩʣʽʜʦʚʥʽʩʪʴ 11110011011 

ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻ ʪʘʢʠʡ ʥʘʙʽʨ ʪʽʩʪʝʯʦʢ: ʟʘʚʘʨʥ ̔ï 4 ʰʪʫʢʠ, çɻʨʠʙʦʢè ï 

2 ʰʪʫʢʠ, çʅʽʯʢʘè ï 2 ʰʪʫʢʠ, ʙʽʣʢʦʚʠʭ ʥʝʤʘʻ. ʆʪʞʝ, 8 ʪʽʩʪʝʯʦʢ ʤʦʞʥʘ 

ʚʠʙʨʘʪʠ (8, 3) = 165 ʯʠʩʣʦʤ ʩʧʦʩʦʙʽʚ.  

ɺʽʜʧʦʚʽʜʴ: 165 ʩʧʦʩʦʙʘʤʠ. 

ʇʨʠʢʣʘʜ 2.33. ɺ ʫʤʦʚʘʭ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʢʣʘʜʫ ʟʥʘʡʜʝʤʦ, ʩʢʽʣʴʢʦʤʘ 

ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʢʫʧʠʪʠ 8 ʪʽʩʪʝʯʦʢ ʟʘ ʜʦʜʘʪʢʦʚʦ ʾʫʤʦʚʠ: ʧʦʪʨʽʙʥʦ ʢʫʧʠʪʠ 

ʭʦʯʘ ʙ ʧʦ ʦʜʥʦʤʫ ʪʽʩʪʝʯʢʫ ʢʦʞʥʦʛʦ ʩʦʨʪʫ. 

ʈʦʟʚô̫ ʟʦʢ. ɼʦʜʘʪʢʦʚʘ ʫʤʦʚʘ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʚʠʙʽʨʮʽ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ 

S ʩʚʽʜʦʤʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʝʣʝʤʝʥʪʠ ʟ, ʙ, ʛ, ʥ. ʇʨʠʙʝʨʝʤʦ ʟ ʚʠʙʽʨʢʠ ʧʦ ʦʜʥʦʤʫ 

ʝʣʝʤʝʥʪʫ ʢʦʞʥʦʛʦ ʪʠʧʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʪʨʠʤʘʻʤʦ ʧʦʻʜʥʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ 

ʪʽʣʴʢʠ 4 ʝʣʝʤʝʥʪʠ ʟ ʪʠʭ ʞʝ 4 ʩʦʨʪʽʚ. ʏʠʩʣʦ ʪʘʢʠʭ ʧʦʻʜʥʘʥʴ  

ὅ
Ȧ

ȦẗȦ

ẗẗ
συ. 

ʆʪʦʪʦʞʥʝʥʥʷ ʥʘʙʦʨʫ ʦʙô̒ ʢʪʽʚ ʟ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʟ ʥʫʣʽʚ ʽ ʦʜʠʥʠʮʴ ʻ 

ʚʘʞʣʠʚʦʶ ʽʜʝʻʶ ʜʣʷ ʚʠʨʽʰʝʥʥ ̫ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʚʜʘʥʴ. ʎʝʡ ʧʨʠʡʦʤ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ 0ï1-ʢʦʜʫʚʘʥʥʷʤ. 

ʇʨʠʢʣʘʜ 2.34. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʰʽʩʪʴ ʦʜʥʘʢʦʚʠʭ ʦʣʽʚʮʽʚ ʤʦʞʥʘ 

ʨʦʟʧʦʜʽʣʠʪʠ ʤʽʞ ʪʨʴʦʤʘ ʜʽʪʴʤʠ? 

ʈʦʟʚô̫ ʟʦʢ. ʆʩʢʽʣʴʢʠ ʦʣʽʚʮʽ ʦʜʥʘʢʦʚʽ, ʪʦ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʨʦʟʧʦʜʽʣʫ 

ʦʣʽʚʮʽʚ ʤʽʞ ʜʽʪʴʤʠ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʣʠʰʝ ʢʽʣʴʢʽʩʪʶ ʦʣʽʚʮʽʚ ʫ ʢʦʞʥʦʾ 

ʜʠʪʠʥʠ. ɿʘʩʪʦʩʫʻʤʦ ʽʜʝʶ 0ï1-ʢʦʜʫʚʘʥʥʷ. ɿʦʙʨʘʟʠʤʦ ʢʦʞʝʥ ʦʣʽʚʝʮʴ ʮʠʬʨʦʶ 

1. ʆʪʨʠʤʘʻʤʦ ʥʘʙʽʨ ʟ 6 ʦʜʠʥʠʮʴ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʨʦʟʧʦʜʽʣʠʪʠ ʾʭ ʤʽʞ ʪʨʴʦʤʘ 

ʜʽʪʴʤʠ, ʜʦʜʘʤʦ ʜʦ ʥʘʙʦʨʫ ʜʚʽ ʮʠʬʨʠ 0, ʱʦ ʨʦʟʽʙô̒  6 ʦʜʠʥʠʮʴ ʥʘ ʪʨʠ ʛʨʫʧʠ. 

ʆʪʨʠʤʘʥʠʡ ʥʘʙʽʨ ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʦ ʨʦʟʧʦʜʽʣʷʻ ʦʣʽʚʮʽ ʤʽʞ ʜʽʪʴʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘʙʽʨ 11101011 ʦʟʥʘʯʘʻ, ʱʦ ʧʝʨʰʘ ʜʠʪʠʥʘ ʦʪʨʠʤʘʣʘ ʪʨʠ ʦʣʽʚʮʷ, 

ʜʨʫʛʘ ï ʦʜʠʥ ʦʣʽʚʝʮʴ, ʘ ʪʨʝʪʷ ï ʜʚʘ ʦʣʽʚʮʷ. ɿʘʣʠʰʠʣʦʩʷ ʧʦʨʘʭʫʚʘʪʠ ʯʠʩʣʦ 

ʥʘʙʦʨʽʚ ʟ̔ ʜʚʦʭ ʥʫʣʽʚ ʽ ʰʝʩʪʠ ʦʜʠʥʠʮʴ, ʯʠʩʣʦ ʷʢʠʭ ʜʦʨʽʚʥʶʻ Pg (2,6) ʘʙʦ ὅ , 

ʪʦʙʪʦ 28. 

ɺʽʜʧʦʚʽʜʴ: 28. 

ʋ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʨʠʢʣʘʜʘʭ ʟʘʚʜʘʥʴ ʮʴʦʛʦ ʧʫʥʢʪʫ ʧʦʪʨʽʙʥʦ 

ʧʦʨʘʭʫʚʘʪʠ ʯʠʩʣʦ ʧʦʻʜʥʘʥʴ ʟ̔ ʧʦʚʪʦʨʝʥʥʷʤʠ. ʗʢ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʮʝ ʯʠʩʣʦ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ʧʦʻʜʥʘʥʴ ʟ̔ ʧʦʚʪʦʨʝʥʥʷʤʠ. ʇʨʦʪʝ ʟʘʤʽʩʪʴ ʪʦʛʦ, 

ʱʦʙ ʧʝʨʝʚʦʜʠʪʠ ʟʘʚʜʘʥʥʷ ʥʘ ʤʦʚʫ ʧʦʻʜʥʘʥʴ, ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʽʜʝʻʶ 0ï1-ʢʦʜʫʚʘʥʥʷ, ʱʦ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ ʨʷʜʽ 
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ʧʨʠʢʣʘʜʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, ʥʝ ʚʜʘʶʯʠʩʴ ʜʦ 

ʽʜʝʾ ʢʦʜʫʚʘʥʥʷ ʘʙʦ ʟʘ ʬʦʨʤʫʣʦʶ. 

ʇʨʠʢʣʘʜ 2.35. ʉʝʨʝʜ ʘʟʘʨʪʥʠʭ ʽʛʦʨ ʧʦʰʠʨʝʥʘ ʛʨʘ ʚ ʜʦʤʽʥʦ. ʂʽʩʪʢʘ 

ʜʦʤʽʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʜʚʦʭ ʯʠʩʝʣ, ʫʪʚʦʨʝʥʫ ʟ 7 ʝʣʝʤʝʥʪʽʚ: 0, 1, 2, 

3, 4, 5, 6. ʂʦʤʙʽʥʘʮʽʾ ʯʠʩʝʣ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ (1: 2 ʽ 2: 1 ï ʮʝ ʪʘ ʩʘʤʘ ʢʽʩʪʢʘ), 

ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʧʦʚʪʦʨʝʥʥʷ ʯʠʩʝʣ (0: 0, 1: 1, 2: 2, ... ï ʪʘʢ ʟʚʘʥʽ ʜʫʙʣʽ). 

ʇʦʨʘʭʫʻʤʦ, ʩʢʽʣʴʢʠ ʚʩʴʦʛʦ ʽʩʥʫʻ ʢʽʩʪʦʢ ʜʦʤʽʥʦ. 

ʈʦʟʚô̫ ʟʦʢ. ʅʝʚʘʞʢʦ ʙʘʯʠʪʠ, ʱʦ ʢʽʩʪʢʘ ï ʮʝ ʧʦʻʜʥʘʥʥʷ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ 

ʟ 7 ʧʦ 2. ɰʭ ʯʠʩʣʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ὅ ὅ
Ȧ

ȦẗȦ

ẗ
ςψ. 

ɿʥʘʡʜʝʤʦ ʮʝ ʯʠʩʣʦ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ. ʉʧʦʯʘʪʢʫ ʧʝʨʝʙʝʨʝʤʦ ʚʩʝ ʜʫʙʣʽ: 

ʾʭ 7. ʇʦʨʘʭʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʢʽʩʪʦʢ, ʷʢʽ ʥʝ ʻ ʜʫʙʣʷʤʠ. ɰʭ ʯʠʩʣʦ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ 

ʩʧʦʣʫʯʝʥʴ (ʙʝʟ ʧʦʚʪʦʨʝʥʴ) ʟ 7 ʧʦ 2, ʪʦʙʪʦ = 21. ʋʩʴʦʛʦ ʤʘʻʤʦ 7 + 21 = 28 

ʢʽʩʪʦʢ ʜʦʤʽʥʦ.  

ɺʽʜʧʦʚʽʜʴ: 28 ʢʽʩʪʦʢ. 

ɿ ʤʦʛʦ ʦʩʦʙʠʩʪʦʛʦ ʜʦʩʚʽʜʫ ʤʦʞʫ ʩʢʘʟʘʪʠ, ʱʦ ʧʦʻʜʥʘʥʥʷ ʟ 

ʧʦʚʪʦʨʝʥʥʷʤʠ ï ʥʘʡʙʽʣʴʰ ʨʽʜʢʽʩʥʠʡ çʛʽʩʪʴè ʥʘ ʧʨʘʢʪʠʮʽ, ʯʦʛʦ ʥʝ ʩʢʘʞʝʰ ʧʨʦ 

ʟʘʟʥʘʯʝʥʠʡ ʥʠʞʯʝ ʚʠʜ ʢʦʤʙʽʥʘʮʽʡ.  

 

ʇʝʨʝʩʪʘʥʦʚʢʘ (╟▪ʙʝʟ ʧʦʚʪʦʨʝʥʴ, ╟▓ȟȢȢȢȟ▓□ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ) 

(ʫʧʦʨʷʜʢʦʚʘʥʘ ʧʦʚʥʘ ʚʠʙʽʨʢʘ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʪʘ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ). 

ʇʝʨʝʩʪʘʥʦʚʢʘ ʙʝʟ ʧʦʚʪʦʨʝʥʴ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʫʧʦʨʷʜʢʫʚʘʥʥʷ n-ʝʣʝʤʝʥʪʥʦʾ ʤʥʦʞʠʥʠ A 

(ʬʦʨʤʫʚʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʚʠʙʽʨʢʠ ʜʦʚʞʠʥʠ n , ʩʢʣʘʜʝʥʦʾ ʟ n-ʝʣʝʤʝʥʪʥʦʾ 

ʤʥʦʞʠʥʠ). ʆʪʨʠʤʘʥʽ ʧʨʠ ʮʴʦʤʫ ʚʠʙʽʨʢʠ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʣʠʰʝ ʧʦʨʷʜʢʦʤ 

ʩʣʽʜʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʽ ʚʠʙʽʨʢʠ ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʙʝʟ 

ʧʦʚʪʦʨʝʥʴ ʽʟ n ʝʣʝʤʝʥʪʽʚ. 

ʏʠʩʣʦ ʧʝʨʝʩʪʘʥʦʚʦʢ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʽʟ n ʝʣʝʤʝʥʪʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ ὖ. ɼʦ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʤʦʞʥʘ ʜʽʡʪʠ, ʚʚʘʞʘʶʯʠ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʦʟʤʽʱʝʥʥʷ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʽʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ n.  

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʥʘʟʠʚʘʶʪʴ ʢʦʤʙʽʥʘʮʽʾ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʠʭ ʩʘʤʠʭ n ʨʽʟʥʠʭ ʦʙô̒ ʢʪʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ 

ʧʦʨʷʜʢʦʤ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ 

ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ὖ ὃ
Ȧ

Ȧ
ὲȦ

 
ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʧʝʨʝʩʪʘʥʦʚʦʢ ʻ ʪʝ, ʱʦ ʚ ʢʦʞʥʽʡ ʟ ʥʠʭ ʙʝʨʝ ʫʯʘʩʪʴ 

ʫʩ ̫ʤʥʦʞʠʥʘ, ʪʦʙʪʦ ʚʩʽ n ʦʙô̒ ʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʨʫʞʥʷ ʨʦʜʠʥʘ. 
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ʇʨʠʢʣʘʜ 2.36. ʉʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʘ ʨʦʟʩʘʜʠʪʠ 5 ʣʶʜʝʡ ʟʘ 

ʩʪʦʣʦʤ? 

ʈʦʟʚô̫ ʟʦʢ. ɺʠʢʦʨʠʩʪʘʻʤʦ ʬʦʨʤʫʣʫ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʩʪʘʥʦʚʦʢ:

 

ɺʽʜʧʦʚʽʜʴ: 120 ʩʧʦʩʦʙʘʤʠ. 

ʅʝʡʤʦʚʽʨʥʦ, ʘʣʝ ʬʘʢʪ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʷʢʦʾ ʬʦʨʤʠ ʩʪʽʣ ʘʙʦ ʚʟʘʛʘʣʽ 

ʚʩʽ ʣʶʜʠ ʩʽʣʠ (ʚʩʪʘʣʠ, ʧʦʣʷʛʘʣʠ) ʥʘ ʣʘʚʢʫ ʚʟʜʦʚʞ ʩʪʽʥʠ, ï ʚʘʞʣʠʚʘ ʣʠʰʝ 

ʢʽʣʴʢʽʩʪʴ ʦʙô̒ ʢʪʽʚ ʽ ʾʭ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ.  

ʇʨʠʢʣʘʜ 2.37. ʉʢʽʣʴʢʠ ʯʦʪʠʨʠʟʥʘʯʥʠʭ ʯʠʩʝʣ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʟ̔ 

ʯʦʪʠʨʴʦʭ ʢʘʨʪʦʢ ʟ̔ ʮʠʬʨʘʤʠ 0, 5, 7, 9? ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʢʣʘʩʪʠ ʯʦʪʠʨʠʟʥʘʯʥʝ 

ʯʠʩʣʦ, ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʚʩʽ ʯʦʪʠʨʠ ʢʘʨʪʢʠ (ʮʠʬʨʠ ʥʘ ʷʢʠʭ ʨʽʟʥʽ! ), ʽ ʮʝ 

ʜʫʞʝ ʚʘʞʣʠʚʦ ʫʩʚʽʜʦʤʠʪʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ . ɺʦʯʝʚʠʜʴ, ʱʦ, 

ʧʝʨʝʩʪʘʚʣʷʶʯʠ ʢʘʨʪʢʠ, ʤʠ ʦʪʨʠʤʫʚʘʪʠʤʝʤʦ ʨʽʟʥʽ ʯʦʪʠʨʠʟʥʘʯʥʽ ʯʠʩʣʘé 

ʩʪʦʧ, ʘ ʪʫʪ ʚʩʝ ʚ ʧʦʨʷʜʢʫ? ɺʟʘʛʘʣʽ, ʮʝ ʭʘʨʘʢʪʝʨʥʘ ʨʠʩʘ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʽ 

ʡʤʦʚʽʨʥʽʩʥʠʭ ʟʘʜʘʯ ï ʪʫʪ ʧʦʪʨʽʙʥʦ ʜʫʤʘʪʠ. ɯ ʯʘʩʪʦ ʜʫʤʘʪʠ ʧʦ-ʞʠʪʪʻʚʦʤʫ. 

ʅʽ, ʟʚʽʩʥʦ, ʷ ʥʝ ʧʨʦʧʦʥʫʶ ʥʝʛʘʡʥʦ ʧʨʦʨʦʙʣʷʪʠ ʽʥʰʽ ʨʦʟʜʽʣʠ ʤʘʪʝʤʘʪʠʢʠ, ʘʣʝ 

ʡ ʽʥʪʝʛʨʘʣʠ ʤʦʞʥʘ ʥʘʚʯʠʪʠʩʷ ʚʠʨʽʰʫʚʘʪʠ ʤʝʭʘʥʽʯʥʦ. 

ʈʦʟʚô̫ ʟʦʢ. ɿʥʘʡʜʝʤʦ ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ 4 ʢʘʨʪʦʢ. 

ʂʦʣʠ ʢʘʨʪʢʘ ʟ ʥʫʣʝʤ ʦʧʠʥʷʻʪʴʩʷ ʥʘ 1-ʤʫ ʤʽʩʮʽ, ʪʦ ʯʠʩʣʦ ʩʪʘʻ 

ʪʨʠʟʥʘʯʥʠʤ, ʪʦʤʫ ʮ̔  ʢʦʤʙʽʥʘʮʽʾ ʩʣʽʜ ʚʠʢʣʶʯʠʪʠ. ʗʢʱʦ ʥʫʣʴ ʧʝʨʝʙʫʚʘʻ ʥʘ 1-

ʤʫ ʤʽʩʮʽ, ʪʦʜʽ 3 ʮʠʬʨʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʚ ʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʘʭ, ʤʦʞʥʘ 

ʧʝʨʝʩʪʘʚʠʪʠ ʩʧʦʩʦʙʘʤʠ: 

0579 

0597 

0759 

0795 

0957 

0975 

ʇʨʠʤʽʪʢʘ: ʦʩʢʽʣʴʢʠ ʢʘʨʪʦʢ ʥʝʙʘʛʘʪʦ, ʪʦ ʪʫʪ ʥʝ ʩʢʣʘʜʥʦ ʧʝʨʝʨʘʭʫʚʘʪʠ 

ʚʩʽ ʪʘʢʽ ʚʘʨʽʘʥʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ̔ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʤʦʞʥʘ ʩʢʣʘʩʪʠ: 24 ï 6 = 18 

ʯʦʪʠʨʠʟʥʘʯʥʠʭ ʯʠʩʝʣ. 

ɺʽʜʧʦʚʽʜʴ: 18. 
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ʇʝʨʝʩʪʘʥʦʚʢʠ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ 

ʇ̔ ʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥ ̫ ʧʝʨʝʩʪʘʥʦʚʦʢ ʙʝʟ ʧʦʚʪʦʨʝʥʴ ʤʠ ʨʦʟʛʣʷʜʘʣʠ 

ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʚ ʧʦʯʘʪʢʦʚʽʡ n-ʤʥʦʞʠʥʽ A ʚʩʽ ʝʣʝʤʝʥʪʠ ʫʥʽʢʘʣʴʥʽ. ʆʜʥʘʢ 

ʽʩʥʫʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʤʥʦʞʠʥʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʪʠʧʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ. ʏʠʩʣʦ ʨʽʟʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʷʢʽ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟ n 

ʝʣʝʤʝʥʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ 
1k ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʛʦ ʪʠʧʫ, 2k ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʪʠʧʫ, 

é, 
mk ʝʣʝʤʝʥʪʽʚ m-ʛʦ ʪʠʧʫ, ʜʦʨʽʚʥʶʻ: 

 ὖὯȟὯȟȢȢȢȟὯ
Ȧ

Ȧẗ ȦẗȢȢȢẗ Ȧ
. 

ʋ ʧʝʨʝʩʪʘʥʦʚʢʘʭ ʟ ʧʦʚʪʦʨʝʥʥʷʤ, ʷʢ ʽ ʫ çʟʚʠʯʘʡʥʠʭè ʧʝʨʝʩʪʘʥʦʚʢʘʭ, 

ʙʝʨʝ ʫʯʘʩʪʴ ʚʜ̔ʨʘʟʫ ʚʩʷ ʤʥʦʞʠʥʘ ʦʙô̒ ʢʪʽʚ, ʘʣʝ ʻ ʦʜʥʝ ʘʣʝ: ʫ ʮʽʡ ʤʥʦʞʠʥʽ 

ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (ʦʙô̒ ʢʪʽʚ) ʧʦʚʪʦʨʶʶʪʴʩʷ. ɿʫʩʪʨʽʯʘʡʪʝ 

ʱʝ ʦʜʠʥ ʩʪʘʥʜʘʨʪ. 

ʇʨʠʢʣʘʜ 2.38. ʉʢʽʣʴʢʠ ʨʽʟʥʠʭ ʩʧʦʣʫʯʝʥʴ ʣʽʪʝʨ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʢʘʨʪʦʢ ʟ̔ ʪʘʢʠʤʠ ʣʽʪʝʨʘʤʠ: ʂ, ʆ, ʃ, ʆ, ʂ, ʆ, ʃ, ʔ, ʏ, ʀ, ʂ? 

ʈʦʟʚô̫ ʟʦʢ. ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʩʽ ʣʽʪʝʨʠ ʙʫʣʠ ʙ ʨʽʟʥʠʤʠ, ʪʦ ʩʣʽʜ 

ʙʫʣʦ ʙ ʟʘʩʪʦʩʫʚʘʪʠ ʙʘʥʘʣʴʥʫ ʬʦʨʤʫʣʫ, ʦʜʥʘʢ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʢʘʨʪʦʢ ʜʝʷʢʽ ʤʘʥʽʧʫʣʷʮʽʾ ʩʧʨʘʮʴʦʚʫʚʘʪʠʤʫʪʴ 

çʚʭʦʣʦʩʪʫè, ʪʘʢ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʢʘʨʪʢʠ ʟ 

ʣʽʪʝʨʘʤʠ çʂè ʚ ʙʫʜʴ-ʷʢʦʤʫ ʩʣʦʚʽ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʪʝ ʞ ʩʘʤʝ ʩʣʦʚʦ. ʇʨʠʯʦʤʫ 

ʬʽʟʠʯʥʦ ʢʘʨʪʢʠ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ: ʦʜʥʘ ʤʦʞʝ ʙʫʪʠ 

ʢʨʫʛʣʦʶ ʟ ʥʘʜʨʫʢʦʚʘʥʦʶ ʣʽʪʝʨʦʶ çʂè, ʽʥʰʘ ï ʢʚʘʜʨʘʪʥʘ ʟ ʥʘʤʘʣʴʦʚʘʥʦʶ 

ʣʽʪʝʨʦʶ çʂè. ɸʣʝ ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ ʥʘʚʽʪʴ ʪʘʢʽ ʢʘʨʪʢʠ ʚʚʘʞʘʶʪʴʩʷ 

ʦʜʥʘʢʦʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʟʘ ʫʤʦʚʦʶ ʧʠʪʘʶʪʴ ʧʨʦ ʩʧʦʣʫʯʝʥʥʷ ʣʽʪʝʨ. 

ʋʩʝ ʜʫʞʝ ʧʨʦʩʪʦ: ʫʩʴʦʛʦ 11 ʢʘʨʪʦʢ, ʩʝʨʝʜ ʷʢʠʭ ʣʽʪʝʨʘ 

ʂ ï ʧʦʚʪʦʨʶʻʪʴʩʷ 3 ʨʘʟʠ; 

ʆ ï ʧʦʚʪʦʨʶʻʪʴʩʷ 3 ʨʘʟʠ; 

ʃ ï ʧʦʚʪʦʨʶʻʪʴʩʷ 2 ʨʘʟʠ; 

ʔ ï ʧʦʚʪʦʨʶʻʪʴʩʷ 1 ʨʘʟ; 

ʏ ï ʧʦʚʪʦʨʶʻʪʴʩʷ 1 ʨʘʟ; 

ʀ                       ï                       ʧʦʚʪʦʨʶʻʪʴʩʷ                       1                        ʨʘʟ. 

ʇʝʨʝʚʽʨʢʘ: 3 + 3 + 2 + 1 + 1 + 1 = 11, ʱʦ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʜʦʚʝʩʪʠ. 
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ɿʘ ʬʦʨʤʫʣʦʶ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ: 

 ʨʽʟʥʠʭ 

ʩʧʦʣʫʯʝʥʴ ʣʽʪʝʨ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ. ʇʦʥʘʜ ʧʽʚ ʤʽʣʴʡʦʥʘ! 

ʅʘ ʧʨʘʢʪʠʮʽ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʧʫʩʪʠʤʠʤ ʥʝ ʟʘʧʠʩʫʚʘʪʠ ʟʘʛʘʣʴʥʫ 

ʬʦʨʤʫʣʫ, ʢʨʽʤ ʪʦʛʦ, ʦʧʫʩʢʘʶʪʴ ʦʜʠʥʠʯʥʽ ʬʘʢʪʦʨʽʘʣʠ: 

 

 ɸʣʝ ʧʦʧʝʨʝʜʥʽ ʢʦʤʝʥʪʘʨʽ ʧʨʦ ʧʦʚʪʦʨʶʚʘʥʽ ʣʽʪʝʨʠ ʦʙʦʚô̫ ʟʢʦʚʽ! 

ɺʽʜʧʦʚʽʜʴ: 554400. 

 

ʈʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ ʧʽʜʤʥʦʞʠʥʠ 

ʅʝʭʘʡ ʜʘʥʘ n-ʤʥʦʞʠʥʘ A. ɻʦʚʦʨʷʪʴ, ʱʦ ʤʥʦʞʠʥʘ A ʨʦʟʙʠʪʘ ʥʘ k 

ʧʽʜʤʥʦʞʠʥ 
iA , ʜʝ (1, 2, ..., k), ʷʢʱʦ: 

1) ὃ  ɲ, Ὥɴ ρȟςȟȢȢȢȟὯ; 

2) ὃ᷊ὃ ,ɲ ὭȟὮɴ ρȟςȟȢȢȢȟὯ; 

3) AA
k

i

i =
=

8
1

. 

ʇʦʟʥʘʯʠʤʦ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʫ ʧʽʜʤʥʦʞʠʥʽ 
iA ʯʝʨʝʟ ὲὃ ὲ . 

ʆʯʝʚʠʜʥʦ, ʱʦ ὲ ὲ ȢȢȢὲ ὲ. ʂʽʣʴʢʽʩʪʴ ʨʦʟʙʠʪʪʽʚ ʤʥʦʞʠʥʠ ʥʘ 

ʧʽʜʤʥʦʞʠʥʠ ʧʦʟʥʘʯʠʤʦ: ὅὲȠὲȟὲȟȢȢȢȟὲ . 

 

ʈʠʩ. 44. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʩʭʝʤʠ 
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ɺʠʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʨʦʟʙʠʪʪʽʚ. ʂʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ 

ʝʣʝʤʝʥʪʽʚ ʧʽʜʤʥʦʞʠʥʠ 
1A  ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʩʧʦʣʫʢ 1n

nC .  

ʂʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʧʽʜʤʥʦʞʠʥʠ 2 A ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ 2

1

n

nnC - . 

ʂʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʮʠʭ ʜʚʦʭ ʧʽʜʤʥʦʞʠʥ ʜʦʨʽʚʥʶʻ ʽ ὅ ẗ

ὅ  ̨ ʪʘʢ ʜʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʚʠʙʦʨʫ ʚʩʽʭ ʨʦʟʙʠʪʪʽʚ ʜʦʨʽʚʥʶʻ: 

ὅ ẗὅ ẗὅ ȢȢȢ  

Ȧ

Ȧ Ȧ
ẗ

Ȧ

Ȧ Ȧ
ẗȢȢȢẗ

ȢȢȢ Ȧ

Ȧ ȢȢȢ Ȧ

Ȧ

Ȧẗ ȦẗȢȢȢẗ Ȧ
. 

ὅ ẗὅ ẗȢȢȢẗὅ ȢȢȢ

ὲȦ

ὲȦẗὲȦẗȢȢȢẗὲȦ
 

ʇʦʨʽʚʥʷʻʤʦ ʮʝʡ ʚʠʨʘʟ ʟ̔ ʬʦʨʤʫʣʦʶ ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʢ ʟ̔ ʧʦʚʪʦʨʝʥʥʷʤʠ. 

ὖὲȟὲȟȢȢȢȟὲ
Ȧ

Ȧẗ ȦẗȢȢȢẗ Ȧ
. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʷʚʠʱʝ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ 

ʧʽʜʤʥʦʞʠʥʠ ʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ʟ ʧʦʚʪʦʨʝʥʥʷʤʠ ï ʮʝ ʪʘ ʩʘʤʘ ʢʦʤʙʽʥʘʪʦʨʥʘ 

ʜʽʷ ʟ ʨʽʟʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ. 

ʇʨʠʢʣʘʜ 2.39. ɯʟ ʧʨʦʧʦʨʮʽʾ ὅȡὅ ȡὅ σȡσȡς ʟʥʘʡʪʠ x ʽ y. 

ʈʦʟʚô̫ ʟʦʢ. ɿʘʧʠʩʘʚʰʠ ʦʢʨʝʤʦ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʰʦʛʦ ʯʣʝʥʘ ʧʨʦʧʦʨʮʽʾ ʜʦ 

ʜʨʫʛʦʛʦ  ̔ʜʨʫʛʦʛʦ ʜʦ ʪʨʝʪʴʦʛʦ, ʧʽʩʣʷ ʩʢʦʨʦʯʝʥʥʷ ʦʜʝʨʞʠʤʦ: 

ὼȦ

ώȦὼ ώȦ
ȡ

ὼȦ

ώ ρȦὼ ώ ρȦ

ώ ρȦὼ ώ ρȦ

ώȦὼ ώȦ

ώ ρȦὼ ώȦὼ ώ ρ

ώȦὼ ώȦ

ὼ ώ ρ

ώ
 

ὼȦ

ώ ρȦὼ ώ ρȦ
ȡ

ὼȦ

ώ ςȦὼ ώ ςȦ

ώ ςȦὼ ώ ςȦ

ώ ρȦὼ ώ ρȦ

ώ ςȦὼ ώ ρȦὼ ώ ς

ώ ςȦώ ρ ὼ ώ ρȦ

ὼ ώ ς

ώ ρ
 

ɿ ʫʤʦʚʠ ʟʘʜʘʯʽ ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 
ρ
  

ʈʦʟʚô̫ ʟʫʻʤʦ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 

ὼ ώ ρ ώ; ὼ ςώ ρ. 

ςὼ ςώ τ σώ σ; ςὼ υώ χ. 

τώ ς υώ χ; y=5; ʭ = 9. 
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ʊʦʪʦʞʥʦʩʪʽ ʜʣʷ ʧʦʻʜʥʘʥʴ (ʢʦʤʙʽʥʘʮʽʡ) 

ʆʩʥʦʚʥʘ ʬʦʨʤʫʣʘ ʢʽʣʴʢʦʩʪʽ ʧʦʻʜʥʘʥʴ: ὅ
Ȧ

Ȧ Ȧ
 ʜʘʻ ʟʤʦʛʫ 

ʦʜʝʨʞʘʪʠ ʨʷʜ ʧʨʦʩʪʠʭ ʪʦʪʦʞʥʦʩʪʝʡ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ.  

ʊʝʦʨʝʤʘ 2.1. ὅ ὅ . 

ɼʦʚʝʜʝʥʥʷ. ὅ
Ȧ

Ȧ Ȧ

Ȧ

ȦȦ
ὅ . 

ʊʝʦʨʝʤʘ 2.2. ὅ ὅ ὅ . 

ɼʦʚʝʜʝʥʥὅ̫ ὅ
Ȧ

Ȧ Ȧ

Ȧ

Ȧ Ȧ
 

ὲ ρȦ

ὯȦὲ Ὧ ρȦ

ὲ ρȦ

Ὧ ρȦὲ Ὧ ὲ Ὧ ρȦ
 

ὲ Ὧ ὲ ρȦ Ὧὲ ρȦ

ὯὯ ρȦὲ Ὧ ὲ Ὧ ρȦ

ὲ Ὧ Ὧ ὲ ρȦ

ὯȦὲ ὯȦ

ὲȦ

ὯȦὲ ὯȦ
ὅȢ 

ʊʝʦʨʝʤʘ 2.3.ὅὅ ὅὅ . 

ɼʦʚʝʜʝʥʥʷ. ὅὅ
Ȧ

Ȧ Ȧ
ẗ

Ȧ

Ȧ Ȧ

Ȧ

Ȧ Ȧ Ȧ
 

Ȧ Ȧ

Ȧ Ȧ Ȧ Ȧ

Ȧ

Ȧ Ȧ
ẗ

Ȧ

Ȧ Ȧ
ὅ ẗὅ . 

ʊʝʦʨʝʤʘ 2.4. ɹʽʥʦʤ ʅʴʶʪʦʥʘ: ( ) ä
=

-=+
n

k

knkk

n

n
yxCyx

0

. 

ὼ ώ ὅὼ ὅὼ ώ ȢȢȢὅὼ ώ ȢȢȢὅώ , 

ʘʙʦ ὼ ώ ὼ ὲὼ ώ ȢȢȢ
ȢȢȢ

Ȧ
ὼ ώ ȢȢȢώ, ʜʝ 

n ï ʥʘʪʫʨʘʣʴʥʝ ʯʠʩʣʦ ʽ ὅὼ ώ Ὕ  ʻ Ὧ ρ-ʡ ʯʣʝʥ ʚ ʨʦʟʢʣʘʜʽ ʙʽʥʦʤʫ 

Ὧ πȟρȟςȟȢȢȢȟὲ. 

ʅʘʩʣʽʜʦʢ 1. ʉʫʤʘ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʨʽʚʥʶʻ ς: n
n

k

k

nC 2
0

=ä
=

. 

ʅʘʩʣʽʜʦʢ 2.( ) 01
0

=-ä
=

k

n

kn

k

C . 

ʊʝʦʨʝʤʘ 2.5.
1

0

2 -=ä n
n

k

k

n nkC . 

ʊʝʦʨʝʤʘ 2.6.
ik

k

k

i

i

n

k

kn CCC -

=

+ ä=
0
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ʇʨʠʢʣʘʜ 2.40. ʂʦʤʘʥʜʘ ʜʝʷʢʦʾ ɽʆʄ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʟ 

ʚʦʩʴʤʠ ʮʠʬʨʦʚʠʭ ʟʥʘʢʽʚ ï ʥʫʣʽʚ ʽ ʦʜʠʥʠʮʴ. ʗʢʘ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ 

ʢʦʤʘʥʜ? 

ʈʦʟʚô̫ ʟʦʢ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʤʦʞʣʠʚʽ ʣʠʰʝ ʜʚʘ ʟʥʘʯʝʥʥʷ 

(0 ʘʙʦ 1), ʪʦ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʢʦʤʘʥʜ ʻ 2562...22 =ÖÖ)()'& . ʄʦʞʥʘ 

ʨʦʟʤʽʨʢʦʚʫʚʘʪʠ ʽʥʘʢʰʝ. ʈʦʟʛʣʷʥʫʪʠ ʚʩʽ ʜʚʽʡʢʦʚʽ ʯʠʩʣʘ ʚʽʜ 00000000 ʜʦ 

11111111. ʊʘʢʠʭ ʯʠʩʝʣ ʪʘʢʦʞ ʙʫʜʝ 256. 

ʇʨʠʢʣʘʜ 2.41. ʋ ʨʦʟʢʣʘʜʽ ρ ὼ ʯʝʪʚʝʨʪʠʡ ʯʣʝʥ ʜʦʨʽʚʥʶʻ 0,96. 

ɿʥʘʡʪʠ ʟʥʘʯʝʥʥʷ x n̔, ̫ ʢʱʦ ʩʫʤʘ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʨʽʚʥʶʻ 1024. 

ʈʦʟʚô̫ ʟʦʢ. ʆʩʢʽʣʴʢʠ ʩʫʤʘ ʙʽʥʦʤʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʨʽʚʥʶʻ n2 , ʘ  

ρπςτς ȟ ʪʦ n = 10. ʏʝʪʚʝʨʪʠʡ ʯʣʝʥ ʨʦʟʢʣʘʜʫ 

 Ὕ ὅὼ
ẗẗ

ẗẗ
ὼ ρςπὼ. ɿʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ρςπὼ πȟωφ, 

 ɿʚʽʜʢʠ ὼ πȟππψ, ʪʦʙʪʦ ʭ = 0,2. 

ʇʨʠʢʣʘʜ 2.42. ɿʘ ʷʢʠʭ ʟʥʘʯʝʥ ɹ ʭ ʽ y ʤʦʞʣʠʚʘ ʨʽʚʥʽʩʪʴ 

 ὅȡὅ ȡὃ ρȡσȡςτ? 

ʈʦʟʚô̫ ʟʦʢ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʬʦʨʤʫʣʠ, ʤʘʻʤʦ: 

 
Ȧ

Ȧ Ȧ
ȡ

Ȧ

Ȧ Ȧ
ȠὅȡὼȦẗὅ ρȡςτȢ 

ɯʟ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ x! = 24, ʪʦʙʪʦ x = 4, ʦʩʢʽʣʴʢʠ 

(24 = 1*2*3*4), ʘ ʟ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʟʥʘʭʦʜʠʤʦ . 

ʆʩʢʽʣʴʢʠ x = 4, ʪʦ ώ ωώ ψ π, ʟʚʽʜʢʠ y = 1 ʽ y = 8, y = 1ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ 

ʫʤʦʚʽ ώ ὼ τ. ʆʪʞʝ, x = 4; y = 8. 

ʇʨʠʢʣʘʜ 2.43. ɼʦʚʝʩʪʠ ʪʦʪʦʞʥʽʩʪʴ: ὖ ὲ ρ ὖ ὖ . 

ʈʦʟʚô̫ ʟʦʢ. ʄʘʻʤʦ ὖ ὲ ρȦȠὖ ὲ ςȦ ʊʘʢʠʤ ʯʠʥʦʤ, 

ὲ ρ ὲ ρȦ ὲ ςȦ ὲ ρ ὲ ςȦὲ ρ ρ ὲȦ ὖ. 

ʇʨʠʢʣʘʜ 2.44. ɼʦʚʝʩʪʠ ʪʦʪʦʞʥʽʩʪʴ: ὅὅ ὅὅ . 

ʈʦʟʚô̫ ʟʦʢ. ʃʽʚʘ ʯʘʩʪʠʥʘ ʰʫʢʘʥʦʾ ʪʦʪʦʞʥʦʩʪʽ 

Ȧ

Ȧ Ȧ
ẗ

Ȧ

Ȧ Ȧ

Ȧ

Ȧ Ȧ Ȧ
ȟ  

ʘ ʧʨʘʚʘ ʯʘʩʪʠʥʘ 
□Ȧ

▓Ȧ□ ▓Ȧ
ẗ

▪Ȧ

□Ȧ▪ □ Ȧ

▪Ȧ

▓Ȧ□ ▓Ȧ▪ □ Ȧ
. 

ʆʪʞʝ, ʪʦʪʦʞʥʽʩʪʴ ʜʦʚʝʜʝʥʦ. 
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ʇʨʠʢʣʘʜ 2.45. ɿʘ ʷʢʦʛʦ ʟʥʘʯʝʥʥ ̫ x ʯʝʪʚʝʨʪʠʡ ʜʦʜʘʥʦʢ ʨʦʟʢʣʘʜʫ 

Ѝς Ѝς ʫ 20 ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʟʘ m, ʷʢʱʦ ʙʽʥʦʤʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ  

4-ʛʦ ʜʦʜʘʥʢʫ ʥʘʣʝʞʠʪʴ ʜʦ ʙʽʥʦʤʽʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 2-ʛʦ ʜʦʜʘʥʢʫ ʷʢ 5:1? 

ʈʦʟʚô̫ ʟʦʢ. ɹʽʥʦʤʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 4-ʛʦ ʽ 2-ʛʦ ʜʦʜʘʥʢʽʚ ʜʦʨʽʚʥʶʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ὅ  ʽ m. ʆʪʞʝ, 
Ȧ

υ, ʘʙʦ ά ρ ά ς σπ. ɿʚʽʜʢʠ 

m = 7. ʊʦʜʽ 4-ʡ ʜʦʜʘʥʦʢ ʨʦʟʢʣʘʜʫ ʤʘʻ ʚʠʛʣʷʜ Ὕὅς ȟ ʽ ʧʨʠʭʦʜʠʤʦ 

ʜʦ ʨʽʚʥʷʥʥʷ ὅς ρτπ, ʟʚʽʜʢʠ ʟʥʘʭʦʜʠʤʦ 
ẗẗ
ς ρτπ; ς τ; 

ʭ = 4. 

ʇʨʠʢʣʘʜ 2.46. ɺʠʨʽʰʠʪʠ ʨʽʚʥʷʥʥʷ χς. 

ʈʦʟʚô̫ ʟʦʢ. ʄʘʻʤʦὃ ὼ ρȦὼ ώȦ ;  ὖ ὼ ώȦȠ 

 ὖ ὼ ρȦȟ ʟʚʽʜʢʠ
Ȧ Ȧ

Ȧ Ȧ
χςȟ ʘʙʦ ὼὼ ρ χςȟ ʪʦʙʪʦ x = 8. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ὼ ώ π ʽ y ï ʮʽʣʝ ʯʠʩʣʦ, ʦʪʨʠʤʫʻʤʦ y = 0, y = 1, é, y = 7. 

ʇʨʠʢʣʘʜ 2.47. ɺʠʨʽʰʠʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 
ὃȡὖ ὅ ρςφ

ὖ χςπ
. 

ʈʦʟʚô̫ ʟʦʢ. ɯʟ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʻʤʦ: (x + 1)! = 720. ʆʩʢʽʣʴʢʠ 720 = 6!, 

ʪʦ x =5 . ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ὅ ὅȟ ʧʝʨʝʧʠʰʝʤʦ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: ὃȡὖ ὅ ρςφȢ ɸʣʝ ὃȡὖ υὅȟʟʚʽʜʢʠ φὅ ρςφʘʙʦ 

 ώώ ρ ώ ς ώ σ ώ τ ςρẗρςπ. 

ɼʘʣʽ ʤʘʻʤʦ ςρẗρςπςẗσẗυẗχ χẗφẗυẗτẗσ, ʪʦʙʪʦ y = 7.  

ʇʨʠʢʣʘʜ 2.48. ɼʦʚʝʩʪʠ ʪʦʪʦʞʥʽʩʪʴ ὅ ὅ ὅ Ȣ 

ʈʦʟʚô̫ ʟʦʢ. ʇʝʨʝʪʚʦʨʠʤʦ ʣʽʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʦʩʪʽ  

ὲȦ

ὯȦὲ ὯȦ

ὲȦ

Ὧ ρȦὲ Ὧ ρȦ

ὲȦ

Ὧ ρȦὲ ὯȦ

ρ

Ὧ

ρ

ὲ Ὧ ρ

ὲ ρȦ

ὯȦὲ Ὧ ρȦ
 

ɸʣʝ ὅ
Ȧ

Ȧ Ȧ
 ̔ ʪʦʪʦʞʥʽʩʪʴ ʜʦʚʝʜʝʥʦ. 

ʇʨʠʢʣʘʜ 2.49. ɿʥʘʡʪʠ ʥʘʡʙʽʣʴʰʠʡ ʙʽʥʦʤʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʢʣʘʜʫ 

ὲ , ʷʢʱʦ ʜʦʙʫʪʦʢ 4-ʛʦ ʚʽʜ ʧʦʯʘʪʢʫ ʽ 4-ʛʦ ʟ ʢʽʥʮʷ ʜʦʜʘʥʢʽʚ ʜʦʨʽʚʥʶʻ 

14400. 
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ʈʦʟʚô̫ ʟʦʢ. ʏʝʪʚʝʨʪʠʡ ʜʦʜʘʥʦʢ ʩʧʦʯʘʪʢʫ ʤʘʻ ʚʠʛʣʷʜ Ὕ ὅὲ ,  

ʘ 4-ʡ ʜʦʜʘʥʦʢ ʚʽʜ ʢʽʥʮʷ ï ʚʠʜ Ὕ ὅ ὲ . ɺʽʜʧʦʚʽʜʥʦ 

 ὝὝ ὅ ρττππ, ʟʚʽʜʢʠ ὅ ρςπ.  

ɼʘʣʽ ʤʘʻʤʦ ὲὲ ρ ὲ ς χςπ; ὲὲ ρ ὲ ς ρπẗωẗψȟ 

n = 10. ʆʪʞʝ, ʥʘʡʙʽʣʴʰʠʡ ʙʽʥʦʤʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʜʦʜʘʥʦʢ, 

ʦʜʥʘʢʦʚʦ ʚʽʜʜʘʣʝʥʠʡ ʚʽʜ ʢʽʥʮʽʚ ʨʦʟʢʣʘʜʫ ʻ ὅ ςυς. 

ʇʨʠʢʣʘʜ 2.50. ʉʫʤʘ ʪʨʝʪʴʦʛʦ ʚʽʜ ʧʦʯʘʪʢʫ ʽ ʪʨʝʪʴʦʛʦ ʚʽʜ ʢʽʥʮʷ 

ʙʽʥʦʤʽʘʣʴʥʠʭ ʯʣʝʥʽʚ ʨʦʟʢʣʘʜʫЍσ Ѝτ ʜʦʨʽʚʥʶʻ 9900. ʉʢʽʣʴʢʠ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʯʣʝʥʽʚ ʤʽʩʪʠʪʴ ʮʝʡ ʨʦʟʢʣʘʜ? 

ʈʦʟʚô̫ ʟʦʢ. ʋʢʘʟʘʥʽ ʚ ʫʤʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʦʨʽʚʥʶʶʪʴ ὅ . ʄʘʻʤʦ 
ẗ

ωωππʘʙʦ ὲὲ ρ ρππẗωω , ʟʚʽʜʢʠ n = 100. ʊʦʜʽ 

 Ὕ ὅ σ ȾτȾ; ʟʛʽʜʥʦ ʟ ʫʤʦʚʦʶ k/3 ʽ ρππὯȡτ ï ʮʽʣʽ ʯʠʩʣʘ, 

ʪʦʙʪʦ k ʜʽʣʠʪʴʩʷ ʥʘ 12. ɼʣʷ n = 100 ʪʘʢʠʭ ʯʠʩʝʣ ʻ ρ ω. 

 

ʈ̔ ʰʝʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ 

ʇʨʠʢʣʘʜ 2.51. ὃ τςȢ 

ʈʦʟʚô̫ ʟʦʢ. ʆɼɿ: ὼɴ ὔȠὼ ς 
Ȧ

Ȧ
τς 

Ȧ

Ȧ
τςȢ 

ὼ ὼ τς π ὼ φ (ʚʠʜʘʣʠʪʠ ï ʥʝ ʚʭʦʜʠʪʴ ʚ ʆɼɿ); ὼ χȢ 

ɺʽʜʧʦʚʽʜʴ: 7. 

ʇʨʠʢʣʘʜ 2.52.  υὅ ὅ Ȣ 

ʈʦʟʚô̫ ʟʦʢ. ʆɼɿ: 
ὼ σ
ὼ ς τ

ὼ σ
ὼ τ ς

ὼ σ
ὼ ς

 ὼ σȢ 

ὅ
Ȧ

Ȧ Ȧ
ὅ

Ȧ

Ȧ Ȧ
; 

υὼ σȦὼ ς ὼ ρὼ

σȦὼ σȦ

ὼ ςȦὼ ρὼὼ ρ ὼ ς

τȦὼ ςȦ
 

υὼ ς ὼ ρὼ

ρẗςẗσ

ὼ ρὼὼ ρ ὼ ς

ρẗςẗσẗτ
 

ςπὼ ς ὼ ρὼ ὼ ρὼὼ ρ ὼ ς 

ςπὼ ς ὼ ρ ὼ ς 

ςπὼ τπ ὼ σὼ ς 

ὼ ρχὼ τς π; ὼ π; ὼ ρ ï ʢʦʨʝʥʽ 0 ʽ 1 ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʆɼɿ;  

ὼ σ; ὼ ρτ. 
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ɺʽʜʧʦʚʽʜʴ: 3; 14.  

ʇʨʠʢʣʘʜ 2.53. 
ὃȡὃ ρπ

ὅȡὅ
   ʆɼɿ: 

ὼ ώ
ώ ὔ
ὼɴ ὔ

 

ừ
Ừ

ứ
ὼȦ

ὼ ώȦ
ȡ

ὼȦ

ὼ ώ ρȦ
ρπ

ὼȦ

ὼ ώȦώȦ
ȡ

ὼȦ

ώ ρȦὼ ώ ρȦ

υ

σ

 

ừ
Ử
Ừ

Ử
ứ ὼȦ

ὼ ώȦ
ẗ
ὼ ώ ρȦ

ὼȦ
ρπ

ὼȦ

ὼ ώȦώȦ
ẗ
ώ ρȦὼ ώ ρȦ

ὼȦ

υ

σ

 

ừ
Ử
Ừ

Ử
ứὼ ώȦὼ ώ ρ

ὼ ώȦ
ρπ

ώ ρȦὼ ώ ρȦ

ὼ ώȦώȦ

υ

σ

ᵾ

ὼ ώ ρ ρπ
ὼ ώ ρ

ώ

υ

σ

ᵾ
ὼ ώ ω
σὼ ψώ σ

 

σὼ σώ ςχ
σὼ ψώ σ

ʚʠʨʽʰʫʻʤʦ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʥʥʷ υώ σπ; y = 6; 

ʭ ï 6 = 9; ʭ = 15. 

ɺʽʜʧʦʚʽʜʴ: (15; 6).  

ʇʨʠʢʣʘʜ 2.54. 
ὅ ςȟυὼ

ὅ ρπ
 ʆɼɿ: 

ὼ ώ ρ
ὼ ρ ώ
ὼ πȟώ πȟὼ ρ

 

ừ
Ử
Ừ

Ử
ứ

ὼȦ

ὼ ώ ρ Ȧώ ρȦ
ςȟυ

ὼ ρȦ

ὼ ώ ρ ȦώȦ
ρπ

ᵾ

ừ
Ử
Ừ

Ử
ứ

ὼὼ ρȦ

ὼ ώ ρ Ȧώ ρώȦ
ςȟυὼ

ὼ ρȦ

ὼ ώ ρ ȦώȦ
ρπ

 

ừ
Ử
Ừ

Ử
ứ
ὼ

ώ ρ
πȟςυὼ

ὼ ρȦ

ὼ ώ ρ ȦώȦ
ρπ
ᵾ

ώ ρ τ

ὼ ρȦ

ὼ ώ ρ ȦώȦ
ρπ
ᵾ

ώ σ

ὼ ρȦ

ὼ τȦσȦ
ρπ

 

ώ σ

ὼ τȦὼ σ ὼ ς ὼ ρ

ρẗςẗσẗὼ τȦ
ρπ

 

(ʭ ï 3) (ʭ ï 2) (ʭ ï 1) = 60 

(ʭ ï 3) (ʭ ï 2) (ʭ ï 1) = 3ẗτẗυ 
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ʭ ï 3 = 3; ʭ = 6. 

ɺʽʜʧʦʚʽʜʴ: (6; 3) 

ʇʨʠʢʣʘʜ 2.55. 
ὃȡὃ ψ

ὅȡὅ ρȟφ
. 

ừ
Ử
Ừ

Ử
ứ
ὼȦ

ὼ ώȦ
ȡ

ὼȦ

ὼ ώ ρ Ȧ
ψ

ὼȦ

ὼ ώȦώȦ
ȡ

ὼȦ

ώ ρȦὼ ώ ρ Ȧ
ρȟφ

 

ừ
Ử
Ừ

Ử
ứ ὼȦ

ὼ ώȦ
ẗ
ὼ ώ ρ Ȧ

ὼȦ
ψ

ὼȦ

ὼ ώȦώώ ρȦ
ẗ
ώ ρȦὼ ώ ρ Ȧ

ὼȦ
ρȟφ

 

ὼ ώ ρ ψ

ὼ ώȦὼ ώ ρ

ὼ ώȦώ
ρȟφ

 

ὼ ώ ρ ψ
ψ

ώ
ρȟφ

ᵾ
ὼ ώ χ
ώ ψȡρȟφ

ᵾ
ὼ χ υ
ώ υ

ᵾ
ὼ ρς
ώ υ

 

ɺʽʜʧʦʚʽʜʴ: (12; 5). 

ʑʝ ʜʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ 

ʤʥʦʛʦʯʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ ʙʽʥʦʤʘ ʅʴʶʪʦʥʘ: 

ʇʨʠʢʣʘʜ 2.56. ʅʘʧʠʩʘʪʠ ʨʦʟʢʣʘʜ ʟʘ ʬʦʨʤʫʣʦʶ ʙʽʥʦʤʘ ʅʴʶʪʦʥʘ ʽ 

ʩʧʨʦʩʪʠʪʠ ὥ ὦ . 

ʈʦʟʚô̫ ʟʦʢ: ὥ ὦ ὅὥὦ ὅὥὦ ὅὥὦ ὅὥὦ

ὅὥὦ
Ȧ

ȦȦ
ὥ

Ȧ

ȦȦ
ὥὦ

Ȧ

ȦȦ
ὥὦ

Ȧ

ȦȦ
ὥὦ  

τȦ

τȦπȦ
ὦ ὥ τὥὦ φὥὦ τὥὦ ὦȢ 

ʇʨʠʢʣʘʜ 2.57. ɿʥʘʡʪʠ ʘʣʛʝʙʨʘʾʯʥʫ ʩʫʤʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʥʦʛʦʯʣʝʥʘ 

ʚʽʜʥʦʩʥʦ x, ʷʢʠʡ ʦʪʨʠʤʘʥʠʡ ʨʦʟʢʣʘʜʦʤ ʙʽʥʦʤʘ ʅʴʶʪʦʥʘ σὼ τ .  

ʈʦʟʚô̫ ʟʦʢ. 

σὼ τ ὅ σὼ τ ὅ σὼ τ ὅ σὼ τ

ὅ σὼ τ ȢȢȢὅ σὼ τ Ȣ 

ʎʷ ʨʽʚʥʽ ʩʪʠʩʥʝʥʘ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʟʥʘʯʝʥ ɹʭ. 

ʗʢʱʦ x = 1, ʣʽʚʘ ʯʘʩʪʠʥʘ ʜʦʨʽʚʥʶʻ σ τ ρ ρ, ʘ ʚ 

ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʦʪʨʠʤʫʻʤʦ ʘʣʛʝʙʨʘʾʯʥʫ ʩʫʤʫ ʢʦʝʬʽʮʽʻʥʪʽʚ: 
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 ὅ σ ρ ὅ σ ρ τ ὅ σ ρ τ ȢȢȢὅ τ  

ὅ σ τẗσ ὅ ρφẗσ ὅ ȢȢȢ τ ẗὅ   

ʆʪʞʝ, ʘʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʮʴʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʜʦʨʽʚʥʶʻ ï1. 

ʇʨʠʢʣʘʜ 2.58. ɿʥʘʡʪʠ 13-ʡ ʯʣʝʥ ʨʦʟʢʣʘʜʫ ʙʽʥʦʤʘ Ѝσ Ѝς Ȣ 

ʈʦʟʚô̫ ʟʦʢ. ɿʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ ʟʘʛʘʣʴʥʦʛʦ ʯʣʝʥʘ ʨʦʟʢʣʘʜʫ ʙʽʥʦʤʘ, 

Ὕ Ὕ ὅ Ѝσ Ѝς ὅ ẗσẗς
ẗ ẗ

ẗẗ
ẗσẗς ψχσφπ. 

ʇʨʠʢʣʘʜ 2.59. ɿʥʘʡʪʠ ʥʦʤʝʨ ʯʣʝʥʘ ʨʦʟʢʣʘʜʫ ʙʽʥʦʤʘ Ѝὼ , ʱʦ 

ʥʝ ʤʽʩʪʠʪʴ ʭ. 

ʈʦʟʚô̫ ʟʦʢ. ɼʣʷ ʟʘʛʘʣʴʥʦʛʦ ʯʣʝʥʘ ʨʦʟʢʣʘʜʫ ʤʘʻʤʦ  

 Ὕ ὅ Ѝὼ ὅ ὼ ὼ ὅ ὼ Ȣ   

ʏʣʝʥ ʨʦʟʢʣʘʜʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ x; ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʢʘʟʥʠʢ 

ʩʪʝʧʝʥʽ x ʜʦʨʽʚʥʶʻ 0, ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 
,0

3

416
=

-m

 16 ï 4m = 0, m = 4. ʆʪʞʝ, 

ʧô̫ ʪʠʡ ʯʣʝʥ ʜʘʥʦʛʦ ʨʦʟʢʣʘʜʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭ. 

ʇʨʠʢʣʘʜ 2.60. ʇʦʙʫʜʫʚʘʪʠ ʪʨʠʢʫʪʥʠʢ ʇʘʩʢʘʣʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʙʽʥʦʤʘ ʅʴʶʪʦʥʘ ( )7ba+ .  

ʈʦʟʚô̫ ʟʦʢ. 

n 
                              

0                              1 

1                             1  1 

2                            1  2  1 

3                           1  3  3  1 

4                         1  4  6  4  1 

5                       1  5  10  10 5  1 

6                     1  6  15  20  15  6  1 

7                    1  7  21  35  35  21  7  1 

 
                          

ʇʨʠʢʣʘʜ 2.61. ɿʥʘʡʪʠ ʥʘʡʙʽʣʴʰʠʡ ʯʣʝʥ ʨʦʟʢʣʘʜʫЍ Ѝ . 

ʈʦʟʚô̫ ʟʦʢ. ɿʘ ʫʤʦʚʦʶ ʤʘʻʤʦ: Ὕ Ὕ  ʽ Ὕ Ὕ , ʪʦʙʪʦ  
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ὅ ẗЍυ ẗЍς ὅ ẗЍυ ẗЍς

ὅ ẗЍυ ẗЍς ὅ ẗЍυ ẗЍς
ᵾ 

ᵾ

ừ
Ử
Ừ

Ử
ứ ςπȦ

άȦςπ άȦ
ẗ
Ѝυ

Ѝυ
ẗЍς

ςπȦ

ά ρȦςπ ά ρȦ
ẗ
Ѝυ

Ѝυ
ẗ
Ѝς

Ѝς

ςπȦ

άȦςπ άȦ
ẗ
Ѝυ

Ѝυ
ẗЍς

ςπȦ

ά ρȦςπ ά ρȦ
ẗ
Ѝυ

Ѝυ
ẗЍςẗЍς

ᵾ 

ᵾ
Ѝ Ѝ

Ѝ Ѝ
ά

Ѝ

Ѝ Ѝ
ȟ 7,1 < m < 8,1. 

ɺʽʜʧʦʚʽʜʴ: m = 8. ʊʦʜʽ Ὕ Ὕ ὅ ẗЍυ ẗЍς
Ȧ

ȦȦ
ẗЍυ ẗ

Ѝς σρτωςυẗρπï 9-ʡ ʯʣʝʥ ʨʦʟʢʣʘʜʫ. 

ʇʨʠʢʣʘʜ 2.62. ɿʘ ʷʢʠʭ ʟʥʘʯʝʥ ɹ ʭ ʥʘʡʙʽʣʴʰʠʤ ʯʣʝʥʦʤ ʨʦʟʢʣʘʜʫ 

● ʻ ʯʝʪʚʝʨʪʠʡ? 

ʈʦʟʚô̫ ʟʦʢ. ɿʘ ʫʤʦʚʦʶ ʤʘʻʤʦ: 
Ὕ Ὕ
Ὕ Ὕ

ᵾ

ὅ ẗυẗσὼ ὅ ẗυẗσὼ

ὅ ẗυẗσὼ ὅ ẗυẗσὼ
ᵾ 

ᵾ

ρπȦ

σȦẗχȦ
ẗυẗσὼ

ρπȦ

τȦẗφȦ
ẗυẗσὼ

ρπȦ

σȦẗχȦ
ẗυẗσὼ

ρπȦ

ςȦẗψȦ
ẗυẗσὼ

ᵾ

υ

χ

σ

τ
ὼ

ὼ
υ

ψ

ᵾ
ὼ
ςπ

ςρ

ὼ
υ

ψ

Ȣ 

ɺʽʜʧʦʚʽʜʴ: 
υ
ψ
ὼ ςπ

ςρ
Ȣ 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ɺʠʨʽʰʠʪʠ ʨʽʚʥʷʥʥʷ χςπ. 

2. ɺʠʨʽʰʠʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ:
ὃ σὅ ωπ

ὃ ςὅ τπ
Ȣ 

3. ɿʥʘʡʪʠ x ʽ y, ʷʢʱʦ 

ʘ) ὅ ȡὅ ȡὅ φȡυȡς; 

ʙ) ʉ ȡὅ ὅ ςὅ ȡὅ σȡυȡυ. 
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4. ʈʽʟʥʠʮʷ ʤʽʞ ʪʨʝʪʽʤ ʙʽʥʦʤʽʘʣʴʥʠʤ ʯʣʝʥʦʤ ʨʦʟʢʣʘʜʽʚ╪ ╫▪  ̔

╪ ╫▪ ʜʦʨʽʚʥʶʻ 225. ɿʥʘʡʪʠ ʢʽʣʴʢʽʩʪʴ ʨʘʮʽʦʥʘʣʴʥʠʭ ʯʣʝʥʽʚ 

ʨʦʟʢʣʘʜʫЍ● ◐
▪
. 

 

 

ʈʦʟʜʽʣ 3. ʊʝʦʨʽʷ ʛʨʘʬʽʚ 

 

3.1. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ 

ɯʩʪʦʨʽʷ ʚʠʥʠʢʥʝʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ 

ɯʩʪʦʨʽʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʧʦʯʘʣʘʩʷ ʽʟ ʟʘʜʘʯʽ ʧʨʦ ʢʝʥʽʛʩʙʝʨʟʴʢʽ ʤʦʩʪʠ, 

ʧʨʠʜʫʤʘʥʦʾ ʽ ʨʦʟʚô̫ ʟʘʥʦʾ ɽʡʣʝʨʦʤ ʫ 1736 ʨʦʮʽ. ɽʡʣʝʨ ʧʦʩʪʘʚʠʚ ʩʦʙʽ ʟʘʜʘʯʫ, 

ʷʢ ʦʙʽʡʪʠ ʚʩʽ ʯʦʪʠʨʠ ʯʘʩʪʠʥʠ ʩʫʰʽ, ʧʨʦʡʰʦʚʰʠ ʧʦ ʢʦʞʥʦʤʫ ʟ ʤʦʩʪʽʚ ʨʽʚʥʦ 

ʦʜʠʥ ʨʘʟ, ʽ ʧʦʚʝʨʥʫʪʠʩʷ ʫ ʧʦʯʘʪʢʦʚʝ ʤʽʩʮʝ. ʄʦʩʪʠ, ʧʦ ʷʢʠʭ ʭʦʜʠʚ ɽʡʣʝʨ, 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1. 

ɼʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ɽʡʣʝʨ ʧʦʟʥʘʯʠʚ ʜʽʣʷʥʢʠ ʩʫʰʽ ʪʦʯʢʘʤʠ, ʘ 

ʤʦʩʪʠ, ʱʦ ʾʭ ʟô̒ ʜʥʫʶʪʴ, ʣʽʥʽʷʤʠ, ʦʜʝʨʞʘʚʰʠ ʪʘʢʠʤ ʯʠʥʦʤ ʧʝʨʰʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʘ. 

ʆʜʠʥ ʟ̔ ʚʘʨʽʘʥʪʽʚ ʛʨʘʬʘ ʟʘʜʘʯʽ ʧʨʦ ʢʝʥʽʛʩʙʝʨʟʴʢʽ ʤʦʩʪʠ ʤʘʻ ʪʘʢʠʡ 

ʚʠʛʣʷʜ. 

 

 

ʈʠʩ. 3.1. ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʝʥʽʛʩʙʝʨʟʴʢʠʭ ʤʦʩʪʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.2, ʛʨʘʬ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʯʦʢ  ̔ʣʽʥʽʡ. ʊʦʯʢʠ ʥʘʟʠʚʘʶʪʴ 

ʚʝʨʰʠʥʘʤʠ. ʃʽʥʽʾ, ʱʦ ʟô̒ ʜʥʫʶʪʴ ʚʝʨʰʠʥʠ, ʥʘʟʠʚʘʶʪʴ ʨʝʙʨʘʤʠ. 
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ʈʠʩ. 3.2. ɻʨʘʬ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʝʥʽʛʩʙʝʨʟʴʢʠʭ ʤʦʩʪʽʚ 

 

ʊʝʦʨʽʷ ʛʨʘʬʽʚ ʫ ʤʘʪʝʤʘʪʠʮʽ ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʦʩʦʙʣʠʚʦʛʦ ʚʠʜʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ï ʛʨʘʬʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʘʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʦʙô̒ ʢʪʘʤʠ. ɻʨʘʬʠ ʚ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʝʨʰʠʥ (ʪʦʯʦʢ), ʷʢʽ ʟô̒ ʜʥʘʥʽ ʨʝʙʨʘʤʠ (ʣʽʥʽʷʤʠ). 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘʙʽʨ ʚʝʨʰʠʥ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʘʙʩʪʨʘʛʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʜʘʥʠʭ, ʪʝʦʨʽʷ ʛʨʘʬʽʚ ʛʣʠʙʦʢʦ 

ʚʠʚʯʘʻ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʥʠʤʠ ʪʘ ʜʘʻ ʚʽʜʧʦʚʽʜʽ ʥʘ ʨʷʜ ʧʠʪʘʥʴ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʦʧʪʠʤʽʟʘʮʽʾ, ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʽʥ. 

ʋ ʪʘʢʦʤʫ ʢʣʶʯʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʧʝʨʰʝ ʨʦʟʛʣʷʥʫʚ 

ʚʽʜʦʤʠʡ ʤʘʪʝʤʘʪʠʢ ʃʝʦʥʘʨʜ ɽʡʣʝʨ, ʷʢʠʡ ʩʬʦʨʤʫʣʶʚʘʚ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ 

ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʷʢ ʨʦʟʜʽʣʫ ʤʘʪʝʤʘʪʠʢʠ. 

ʊʝʦʨʽʷ ʛʨʘʬʽʚ ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʙʘʛʘʪʴʦʭ ʧʨʦʙʣʝʤʘʭ 

ʽʥʬʦʨʤʘʪʠʢʠ. ɿʦʢʨʝʤʘ, ʪʝʦʨʽʷ ʛʨʘʬʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʘʨʥʠʭ ʚʟʘʻʤʦʟʚô̫ ʟʢʽʚ ʤʽʞ ʦʙô̒ ʢʪʘʤʠ ʧʝʚʥʦʾ ʤʥʦʞʠʥʠ. ʈʷʜ ʢʦʤʧôʁ ʪʝʨʥʠʭ 

ʧʽʜʭʦʜʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʷʢ SPANTREE ʘʙʦ GTP ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʊʦʙʪʦ ʛʨʘʬʠ ï ʮʝ ʤʝʪʦʜ ʚʽʟʫʘʣʴʥʦʾ ʽʣʶʩʪʨʘʮʽʾ ʜʘʥʠʭ  ̔ʚʽʜʥʦʰʝʥʴ ʤʽʞ 

ʥʠʤʠ. 

ʄʝʪʘ ʛʨʘʬʽʚ ï ʧʨʝʜʩʪʘʚʠʪʠ ʟʘʥʘʜʪʦ ʯʠʩʣʝʥʥʽ ʘʙʦ ʩʢʣʘʜʥʽ ʜʘʥʽ ʜʣʷ ʾʭ 

ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʚ ʪʝʢʩʪʽ ʘʙʦ ʘʣʛʦʨʠʪʤʽ. ʏʽʪʢʽʩʪʴ ʽ ʢʦʨʝʢʪʥʽʩʪʴ ʦʧʠʩʫ ʜʘʥʠʭ 

ʫ ʛʨʘʬʘʭ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʚ. 

 

ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʬʽʚ 

ɿʦʙʨʘʞʝʥʥʷ ʛʨʘʬʘ ʤʽʩʪʠʪʴ ʪʦʯʢʠ ʪʘ ʨʝʙʨʘ. ʆʜʥʘʢ ʪʦʯʢʠ ʪʘ ʨʝʙʨʘ ʥʝ ʻ 

ʛʨʘʬʦʤ, ʮʝ ʣʠʰʝ ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʛʨʘʬʘ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.3. 
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ʈʠʩ. 3.3. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʛʨʘʬʘ 

 

ʑʦʙ ʧʝʨʝʡʪʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʬʘ, ʨʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʢʽʣʴʢʘ 

ʧʨʠʢʣʘʜʽʚ. 

ʇʨʠʢʣʘʜ 3.1. ʈʦʟʛʣʷʥʝʤʦ ʤʥʦʞʠʥʫ V ʩʪʫʜʝʥʪʽʚ ʚ ʘʫʜʠʪʦʨʽʾ. 

ʇʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ |V| = 21. ʗʢʱʦ ʩʪʫʜʝʥʪʠ ʩʠʜʷʪʴ ʧʦ ʜʚʦʻ ʟʘ ʧʘʨʪʦʶ ʽ 

ʩʪʫʜʝʥʪʽʚ ʧʦʟʥʘʯʠʤʦ ʪʦʯʢʘʤʠ, ʪʦ ʩʪʫʜʝʥʪʽʚ ʟʘ ʦʜʥʽʻʶ ʧʘʨʪʦʶ ʤʦʞʥʘ 

ʧʦʟʥʘʯʠʪʠ ʨʝʙʨʦʤ. ʄʘʻʤʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2. ɯʟ 

ʟʦʙʨʘʞʝʥʥʷ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʧʘʨʪʠ ʩʪʦʷʪʴ ʫ ʜʚʘ ʨʷʜʠ, ʯʦʪʠʨʥʘʜʮʷʪʴ ʩʪʫʜʝʥʪʽʚ 

ʩʠʜʷʪʴ ʧʦ ʜʚʦʻ ʟʘ ʧʘʨʪʦʶ, ʧô̫ ʪʴ ʩʪʫʜʝʥʪʽʚ ʩʠʜʷʪʴ ʧʦ ʦʜʥʦʤʫ. 

 

ʈʠʩ. 3.4. ʈʦʟʤʽʱʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟʘ ʧʘʨʪʘʤʠ 

 

ʅʘ ʨʠʩ. 3.2. ʧʦʢʘʟʘʥʦ ʨʦʟʤʽʱʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟʘ ʧʘʨʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʠʢʣʘʜʫ 3.1. ɯʟ ʨʠʩ. 3.3 ʚʠʜʥʦ, ʱʦ ʚ ʘʫʜʠʪʦʨʽʾ ʟʘʣʠʰʠʣʦʩʷ 7 ʩʪʫʜʝʥʪʽʚ, ʦʜʠʥ 

ʩʪʫʜʝʥʪ ʩʠʜʠʪʴ ʩʘʤ ʟʘ ʧʘʨʪʦʶ, ʘ ʱʝ ʰʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʩʠʜʷʪʴ ʧʦʧʘʨʥʦ, ʧʨʦʪʝ 

ʧʘʨʪʠ ʧʝʨʝʢʦʤʙʽʥʦʚʘʥʽ, ʘʣʝ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʨʦʟʤʽʱʝʥʽ ʦʜʥʘ ʥʘ ʦʜʥʽʡ. 

 

ʈʠʩ. 3.3. ʈʦʟʤʽʱʝʥʥʷ 7 ʩʪʫʜʝʥʪʽʚ ʟʘ ʧʘʨʪʘʤʠ 

 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ, ʦʧʠʩʘʥʠʭ ʫ ʧʨʠʢʣʘʜʽ 3.1 ʽ ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 3.2ï3.3, 

ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʛʨʘʬʦʤ. ʊʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʘ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ. ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 

ʛʨʘʬ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʣʦʱʠʥʽ. 
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ɻʨʘʬ ï ʮʝ ʘʙʩʪʨʘʢʪʥʠʡ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʦʙô̒ ʢʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʤʥʦʞʠʥ: V (vertex) ï ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ ʽ ɽ (edge) ï ʤʥʦʞʠʥʠ ʨʝʙʝʨ. ʉʘʤʝ 

ʪʦʤʫ ʚ ʧʨʠʢʣʘʜʽ 3.1 ʢʦʞʥʝ ʨʝʙʨʦ ʤʘʻ ʜʚʽ ʚʝʨʰʠʥʠ ï ʜʚʦʭ ʩʪʫʜʝʥʪʽʚ, ʱʦ 

ʩʠʜʷʪʴ ʟʘ ʦʜʥʽʻʶ ʧʘʨʪʦʶ. 

 

ʅʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʦʨʽʻʥʪʦʚʘʥʠʤ ʛʨʘʬʦʤ G (V, E) ʥʘʟʠʚʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ 

ʜʚʦʭ ʤʥʦʞʠʥ: 

ï ʥʝʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ V, ̫ ʢʫ ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʦʶ ʚʝʨʰʠʥ; 

ï ʤʥʦʞʠʥʠ E ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʘʨ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ V, ʷʢʫ 

ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʦʶ ʨʝʙʝʨ. ʄʥʦʞʠʥʘ ʨʝʙʝʨ ʫ ʛʨʘʬʽ ʤʦʞʝ ʙʫʪʠ ʧʦʨʦʞʥʴʦʶ. 

ʋʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ G (V, E) ʟʘʜʘʶʪʴ ʪʘʢʠʤʠ 

ʧʨʘʚʠʣʘʤʠ: 

1. Å̧V . ʄʥʦʞʠʥʘ ʚʝʨʰʠʥ ʛʨʘʬʘ ʥʝʧʦʨʦʞʥʷ. 

2. VVE ³Ë . ɽʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ʨʝʙʝʨ ʻ ʚʽʜʥʦʰʝʥʥʷ, ʝʣʝʤʝʥʪʘʤʠ 

ʷʢʦʛʦ ʻ ʜʚʽʡʢʠ ʟ ʚʝʨʰʠʥ ʛʨʘʬʘ. ʂʽʣʴʢʽʩʪʴ ʜʚʽʡʦʢ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʜʝʢʘʨʪʦʚʦʛʦ 

ʜʦʙʫʪʢʫ V Ĭ V. 

3. E = 1-E . ʄʥʦʞʠʥʘ ʨʝʙʝʨ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ï ʮʝ ʩʠʤʝʪʨʠʯʥʝ 

ʚʽʜʥʦʰʝʥʥʷ. 

ʇʨʠʢʣʘʜ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.4. 

 

ʈʠʩ. 3.4. ʅʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ 

 

ʂʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʛʨʘʬʘ G ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ p, ʘ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʛʨʘʬʘ 

G ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ q: p = p (G) = V, q = q (G) = E, 

ὴ ὴὋ ȿὠȿ , ή ήὋ ȿὉȿ , ὠ ὺȟὺȟὺȟὺ , Ὁ

ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ , 

Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ . 

ʇʨʠʢʣʘʜ 3.2. ʈʦʟʛʣʷʥʝʤʦ ʪʫ ʞ ʤʥʦʞʠʥʫ ʩʪʫʜʝʥʪʽʚ ʚ ʘʫʜʠʪʦʨʽʾ V, ʱʦ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʝʨʰʠʥʠ ʛʨʘʬʘ. ɸ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʚʽʟʴʤʝʤʦ 

ʟʙʽʛʘʥʥʷ ʜʥʽʚ ʥʘʨʦʜʞʝʥʥʷ ï ʮʝ ʙʫʜʝ ʤʥʦʞʠʥʘ ʨʝʙʝʨ E. ʊʦʙʪʦ V ï ʤʥʦʞʠʥʘ 

ʩʪʫʜʝʥʪʽʚ ʚ ʘʫʜʠʪʦʨʽʾ, ɽ ï ʤʥʦʞʠʥʘ ʣʶʜʝʡ ʟ ʜʥʝʤ ʥʘʨʦʜʞʝʥʥʷ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ. 
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ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ 3.3 ʟʽ ʩʢʣʘʜʥʽʰʦ  ʁ ʢʦʥʩʪʨʫʢʮʽʻ  ʁ ï ʟʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʨʝʙʨʘʤʠ. 

ʇʨʠʢʣʘʜ 3.3. ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʤʥʦʞʠʥʠ ʩʪʫʜʝʥʪʽʚ ʚ ʘʫʜʠʪʦʨʽʾ V, ʘ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʥʦʞʠʥʫ ʨʝʙʝʨ, ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʩʠʤʧʘʪʽʶ 

ʤʽʞ ʥʠʤʠ. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʩʠʤʧʘʪʽʷ ʻ ʥʘʧʨʘʚʣʝʥʦʶ. ɯ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʶ, ʪʘʢ ʽ ʚʟʘʻʤʦʩʧʨʷʤʦʚʘʥʦʶ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.5. 

ʗʢ ʚʠʜʥʦ ʟ ʚʝʨʭʥʴʦʛʦ ʛʨʘʬʘ ʥʘ ʨʠʩ. 3.5, ɽ = (x, y), ʪʦʙʪʦ x ʩʠʤʧʘʪʠʟʫʻ 

y. ʇʨʦʪʝ ʟʚʦʨʦʪʥʝ ʥʝ ʧʨʘʚʠʣʴʥʝ (x, y) Í (y, x). ʋ ʮʴʦʤʫ ʨʘʟʽ ʨʝʙʨʘ ʟʦʙʨʘʞʘʶʪʴ 

ʟʽ ʩʪʨʽʣʢʦʶ ʽ ʥʘʟʠʚʘʶʪʴ ʜʫʛʘʤʠ, ʘ ʩʘʤ ʛʨʘʬ ʥʘʟʠʚʘʶʪʴ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ, 

ʘʙʦ ʩʢʦʨʦʯʝʥʦ ʦʨʛʨʘʬ. ɯʟ ʥʠʞʥʴʦʛʦ ʛʨʘʬʘ ʥʘ ʨʠʩ. 3.5. ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ (a, b) = (b, a), ʪʦʙʪʦ ʤʽʞ ʘ ʽ b ʽʩʥʫʻ ʚʟʘʻʤʥʘ ʩʠʤʧʘʪʽʷ. 

 

 

ʈʠʩ. 3.5. ʆʨʽʻʥʪʦʚʘʥʽ ʛʨʘʬʠ 

 

ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ʆʨʽʻʥʪʦʚʘʥʠʤ ʛʨʘʬʦʤ G (V, E) ʥʘʟʠʚʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ 

ʜʚʦʭ ʤʥʦʞʠʥ: 

ï ʥʝʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ V, ̫ ʢʫ ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʦʶ ʚʫʟʣʽʚ; 

ï ʤʥʦʞʠʥʠ E ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʘʨ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ V, ̫ ʢʫ ʥʘʟʠʚʘʶʪʴ 

ʤʥʦʞʠʥʦʶ ʜʫʛ. 

ʋʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ G (V, E) ʟʘʜʘʶʪʴ ʪʘʢʠʤʠ 

ʧʨʘʚʠʣʘʤʠ: 

1. Å̧V . ʄʥʦʞʠʥʘ ʚʫʟʣʽʚ ʛʨʘʬʘ ʥʝʧʦʨʦʞʥʷ. 

2. VVE ³Ë . ɽʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ʜʫʛ ʻ ʚʽʜʥʦʰʝʥʥʷ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ï

ʮʝ ʜʚʽʡʢʠ ʟ ʚʫʟʣʽʚ ʛʨʘʬʘ. ʂʽʣʴʢʽʩʪʴ ʜʚʽʡʦʢ ʻ ʧʽʜʤʥʦʞʠʥʦʶ ʜʝʢʘʨʪʦʚʦʛʦ 

ʜʦʙʫʪʢʫ V Ĭ V. 

3. E = 1-E  . ʄʥʦʞʠʥʘ ʜʫʛ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ï ʮʝ ʘʥʪʠʩʠʤʝʪʨʠʯʥʝ 

ʚʽʜʥʦʰʝʥʥʷ. 
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ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ʻ ʚʧʦʨʷʜʢʦʚʘʥʽ ʧʘʨʠ, ʪʦ 

ʛʨʘʬ ʥʘʟʠʚʘʶʪʴ ʦʨʽʻʥʪʦʚʘʥʠʤ (ʘʙʦ ʦʨʛʨʘʬʦʤ). ɼʫʛʠ ʟʦʙʨʘʞʫʶʪʴ ʣʽʥʽʷʤʠ ʟʽ 

ʩʪʨʽʣʢʘʤʠ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘʧʨʷʤʦʢ. ʇʨʠʢʣʘʜ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 3.6. 

 

 

ʈʠʩ. 3.6. ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ 

 

ὠ ὺȟὺȟὺȟὺ , Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ . 

ʇʨʠʢʣʘʜ 3.4. ɼʘʥʦ ʦʨʛʨʘʬ G (V, E), ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.7: 

 

 

ʈʠʩ. 3.7. ʆʨʛʨʘʬ G (V, E) 

 

ɺʠʟʥʘʯʠʪʠ ʚʧʦʨʷʜʢʦʚʘʥʽ ʧʘʨʠ ʤʥʦʞʠʥ Ὁ ὩȿὭ ρȟςȟσȟȢȢȢȟχ, ʱʦ 

ʟʘʜʘʻ ʜʫʛʠ ʜʘʥʦʛʦ ʛʨʘʬʘ. 

ʈʦʟʚô̫ ʟʦʢ. ɿʘʧʠʰʝʤʦ ʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʤʥʦʞʠʥʽ 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʧʘʨ ʚʫʟʣʽʚ V/ 

Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ , Ὡ

ὺȟὺ , Ὡ ὺȟὺ , 

Ὡ ὺȟὺ . 

 

ʇʦʤʽʯʝʥʽ ʛʨʘʬʠ. ɻʨʘʬ ʟ̔ ʧʝʪʣʷʤʠ 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ F:V­M ʘʙʦ F: E­M, ʪʦ ʤʥʦʞʠʥʫ 

M ʥʘʟʠʚʘʶʪʴ ʤʥʦʞʠʥʦʶ ʤʽʪʦʢ, ʘ ʛʨʘʬ ʥʘʟʠʚʘʶʪʴ ʧʦʤʽʯʝʥʠʤ ʛʨʘʬʦʤ.  
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ʈʠʩ. 3.8. ʇʦʤʽʯʝʥʽ (ɹ, ɺ) ʽ ʥʝʧʦʤʽʯʝʥʽ ʛʨʘʬʠ (A) 

 

ʊʘʢʽ ʛʨʘʬʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.8: ɸ ï ʥʝʧʦʤʽʯʝʥʠʡ ʛʨʘʬ, ɹ ï ʛʨʘʬ ʟ̔ 

ʧʦʤʽʯʝʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ὠ ὺȟὺȟὺȟὺ  (ʚʝʨʰʠʥʥʦ-ʧʦʤʽʯʝʥʠʡ ʛʨʘʬ), ɺ ï 

ʛʨʘʬ ʟ̔ ʧʦʤʽʯʝʥʠʤʠ ʨʝʙʨʘʤʠ Ὁ ὩȟὩȟὩȟὩ  (ʨʝʙʝʨʥʦ-ʧʦʤʽʯʝʥʠʡ ʛʨʘʬ). 

ʗʢʱʦ ʩʝʨʝʜ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ E ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʘʨʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʦʜʥʘʢʦʚʽ ʚʝʨʰʠʥʠ, ʪʦ ʪʘʢʠʡ ʛʨʘʬ ʥʘʟʠʚʘʶʪʴ ʛʨʘʬʦʤ ʟ̔ ʧʝʪʣʷʤʠ. 

ʇʨʠʢʣʘʜ 3.5. ʅʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥʦ ʛʨʘʬ ʟ̔ ʧʝʪʣʷʤʠ ʽ ʦʨʛʨʘʬ ʟ̔ ʧʝʪʣʷʤʠ. 

 

 

ʈʠʩ. 3.9. ɻʨʘʬ Ὃ ὠȟὉ  ʪʘ ʦʨʛʨʘʬ Ὃ ὠȟὉ  ̨ʟ ʧʝʪʣʷʤʠ 

 

ɿʘʜʘʪʠ ʮʽ ʛʨʘʬʠ ʘʥʘʣʽʪʠʯʥʦ. 

ʈʦʟʚô̫ ʟʦʢ. Ὃ ὠȟὉ Ƞ  ὠ ὺȟὺȟὺ Ƞ  

Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ; 

Ὃ ὠȟὉ Ƞ  ὠ ὺȟὺȟὺ Ƞ   

Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ . 

ʇʨʠʢʣʘʜ 3.6. ʇʦʚʝʨʥʝʤʦʩʴ ʜʦ ʟʘʜʘʯʽ ʧʨʦ ʢʝʥʽʛʩʙʝʨʛʩʴʢʽ ʤʦʩʪʠ. ʎʷ 

ʟʘʜʘʯʘ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ XVIII ʩʪ. ʃʝʦʥʘʨʜʦ ɽʡʣʝʨʦʤ, ʧʦʢʣʘʣʘ ʧʦʯʘʪʦʢ 

ʪʝʦʨʽʾ ʛʨʘʬʽʚ. ʉʫʪʴ ʟʘʜʘʯʽ ʚ ʪʘʢʘ. ɽʡʣʝʨ, ʞʠʚʫʯʠ ʚ ʂʝʥʽʛʩʙʝʨʟʽ, ʧʦʣʶʙʣʷʚ 

ʧʨʦʛʫʣʶʚʘʪʠʩʷ ʚʟʜʦʚʞ ʨʽʯʢʠ ̔  ʯʝʨʝʟ ʤʦʩʪʠ. ɯ ʦʪ ʫ ʥʴʦʛʦ ʚʠʥʠʢʘʣʦ ʟʘʧʠʪʘʥʥʷ, 

ʯʠ ʽʩʥʫʻ ʪʘʢʠʡ ʰʣʷʭ, ʱʦʙ ʚʠʡʪʠ ʟ ʜʦʤʫ, ʦʙʽʡʪʠ ʚʩʽ ʤʦʩʪʠ ʡ ʧʦʚʝʨʥʫʪʠʩʷ 

ʜʦʜʦʤʫ, ʘʣʝ ʦʙʽʡʪʠ ʤʦʩʪʠ ʪʘʢ, ʱʦʙ ʢʦʞʝʥ ʤʽʩʪ ʧʨʦʡʪʠ ʨʽʚʥʦ ʦʜʠʥ ʨʘʟ. ɽʡʣʝʨ 

ʩʘʤ ʮʶ ʟʘʜʘʯʫ ʩʬʦʨʤʫʣʶʚʘʚ ʽ ʩʘʤ ʾʾ ʨʦʟʚô̫ ʟʘʚ, ʪʠʤ ʩʘʤʠʤ ʧʦʢʣʘʚʰʠ ʧʦʯʘʪʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʛʨʘʬʽʚ ʫ ʤʘʪʝʤʘʪʠʮʽ. ɼʦ ʪʦʛʦ ʞ ʫ ʮʴʦʤʫ ʨʘʟʽ ʩʫʰʘ ï ʮʝ 

ʚʝʨʰʠʥʠ ʛʨʘʬʘ, ʤʦʩʪʠ ï ʨʝʙʨʘ. ʊʦʜʽ ʩʭʝʤʘ ʤʦʩʪʽʚ ʫ ʟʘʜʘʯʽ ɽʡʣʝʨʘ ʧʨʠʚʦʜʠʪʴ 

ʥʘʩ ʜʦ ʛʨʘʬʘ, ʱʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.10. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.10, ʟ ʚʝʨʰʠʥʠ ʜʦ 
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ʚʝʨʰʠʥʠ ʻ ʢʽʣʴʢʘ ʨʝʙʝʨ. ʊʘʢʽ ʨʝʙʨʘ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʘʪʥʠʤʠ, ʘ ʩʘʤ ʛʨʘʬ ʥʦʩʠʪʴ 

ʥʘʟʚʫ ʤʫʣʴʪʠʛʨʘʬʘ. 

 

ʈʠʩ. 3.10. ʉʭʝʤʘ ʤʦʩʪʽʚ ʫ ʟʘʜʘʯʽ ɽʡʣʝʨʘ 

 

ʈʠʩ. 3.11. ʄʫʣʴʪʠʛʨʘʬ ʜʦ ʟʘʜʘʯʽ ɽʡʣʝʨʘ 

 

ʄʫʣʴʪʠʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʤʥʦʞʠʥʘ E ʤʽʩʪʠʪʴ ʧʦʚʪʦʨʶʚʘʥʽ ʝʣʝʤʝʥʪʠ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ʛʨʘʬ G (V, E) ʚʢʣʶʯʘʻ ʢʨʘʪʥʽ ʨʝʙʨʘ. ʊʦʜʽ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ 

ʤʫʣʴʪʠʛʨʘʬʦʤ. 

ʇʨʠʢʣʘʜ 3.7. ʄʫʣʴʪʠʛʨʘʬ ʟ̔ ʧʝʪʣʷʤʠ G (V, E) ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.12. 

 

 

 

ʈʠʩ. 3.12. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʫʣʴʪʠʛʨʘʬʘ 

 

ʆʧʠʩʘʪʠ ʮʝʡ ʛʨʘʬ ʘʥʘʣʽʪʠʯʥʦ. 

ʈʦʟʚô̫ ʟʦʢ. 

ʄʥʦʞʠʥʘ ʚʝʨʰʠʥ: ὠ ὺȟὺȟὺȟὺȟὺȟὺ , 
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ʄʥʦʞʠʥʘ ʨʝʙʝʨ: Ὁ

ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟ

ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟ

ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ

 

ɿʘʛʘʣʦʤ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʯʦʪʠʨʠ ʚʠʜʠ ʛʨʘʬʽʚ: ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ, 

ʦʨʽʻʥʪʦʚʘʥʠʡ, ʛʨʘʬ ʟ̔ ʧʝʪʣʷʤʠ ʽ ʤʫʣʴʪʠʛʨʘʬ. 

ʇʨʠʢʣʘʜ 3.8. ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʫ ʧʝʚʥʦʛʦ web-ʩʘʡʪʫ ʜʝ ʚʝʨʰʠʥʘʤʠ 

ʙʫʜʫʪʴ ʩʘʡʪʠ, ʘ ʨʝʙʨʘʤʠ ï ʛʽʧʝʨʣʽʥʢʠ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʟʦʙʨʘʞʝʥʥʷ ʛʨʘʬʘ ʤʦʞʝ 

ʤʘʪʠ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.13. ɿʣʽʚʘ ʥʘ ʨʠʩ. ʧʦʢʘʟʘʥʦ ʛʽʧʝʨʣʽʥʢ 

ʩʪʦʨʽʥʢʠ ʥʘ ʩʘʤʫ ʩʝʙʝ. ʈʝʙʨʦ ʪʘʢʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʪʣʷ. ʗʢ ʙʘʯʠʤʦ ʟ 

ʨʠʩ. 3.13, ʧʝʪʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʢʨʘʪʥʽ. ɻʨʘʬ, ʱʦ ʤʽʩʪʠʪʴ ʣʠʰʝ ʧʝʪʣʽ (x, x), 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʩʝʚʜʦʛʨʘʬʦʤ. 

 

 

ʈʠʩ. 3.13. ɻʨʘʬ web-ʩʘʡʪʫ 

 

ɿʘʛʘʣʦʤ ʛʨʘʬ ʥʘ ʨʠʩ. 3.13 ʻ ʦʨ-, ʤʫʣʴʪʠ-, ʧʩʝʚʜʦʛʨʘʬʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʽʜʭʦʜʠʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ. ɻʨʘʬ G = <V, E> ï ʮʝ ʘʙʩʪʨʘʢʪʥʠʡ ʢʦʤʙʽʥʘʪʦʨʥʠʡ 

ʦʙô̒ ʢʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʤʥʦʞʠʥ. V ï ʜʦʚʽʣʴʥʘ ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ, ʘʙʦ 

ʦʙô̒ ʢʪʽʚ. ʄʥʦʞʠʥʘ ʤʦʞʝ ʙʫʪʠ ʥʝʩʢʽʥʯʝʥʥʦʶ. E ï ʤʥʦʞʠʥʘ ʨʝʙʝʨ, ʘʙʦ ʧʘʨ 

ʦʙô̒ ʢʪʽʚ ʟ V. 

ʇʨʠ ʮʴʦʤʫ 

1) ʢ̫ʱʦ ʥʝʤʘʻ ʢʨʘʪʥʠʭ ʨʝʙʝʨ, ʪʦ ʢʦʞʥʘ ʧʘʨʘ ʦʙô̒ ʢʪʽʚ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ 

ʤʥʦʞʠʥʽ V ʥʝ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʨʘʟʫ; 

2) ʢ̫ʱʦ ʮʝ ʥʝ ʦʨʛʨʘʬ, ʪʦ ʧʘʨʠ ʚ ɽ ï ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ; 

3) ʢ̫ʱʦ ʥʝʤʘʻ ʧʝʪʝʣʴ, ʪʦ (x, x) ÎE. 

ʗʢʱʦ ʧʫʥʢʪ 1 ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʤʘʻʤʦ ʤʫʣʴʪʠʛʨʘʬ. ʗʢʱʦ ʧʫʥʢʪ 2 ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ï ʦʨʛʨʘʬ. ʗʢʱʦ ʧʫʥʢʪ 3 ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʤʘʻʤʦ ʧʩʝʚʜʦʛʨʘʬ. 

ʄʦʞʣʠʚʘ ʪʘʢʦʞ ʢʦʤʙʽʥʘʮʽʷ ʮʠʭ ʧʫʥʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʧʩʝʚʜʦʤʫʣʴʪʠʛʨʘʬ ʽ 

ʪ. ʽʥ. ʊʦʙʪʦ ʛʨʘʬʦʤ ʤʦʞʥʘ ʦʧʝʨʫʚʘʪʠ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʡʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʧʣʦʱʠʥʽ. 
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ʇʦʚʥʠʡ ʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʢʦʞʥʘ ʧʘʨʘ ʚʝʨʰʠʥ ʛʨʘʬʘ G (V, E) ʟô̒ ʜʥʘʥʘ 

ʨʝʙʨʦʤ, ʪʦ ʪʘʢʠʡ ʛʨʘʬ ʥʘʟʠʚʘʶʪʴ ʧʦʚʥʠʤ. ʂʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʫ ʧʦʚʥʦʤʫ ʛʨʘʬʽ 

ʜʦʨʽʚʥʶʻ ά . ʇʦʚʥʠʡ ʛʨʘʬ ʟ n ʚʝʨʰʠʥ ʧʦʟʥʘʯʘʶʪʴ 
nK . 

ʅʘʩʠʯʝʥʽʩʪʴ ʛʨʘʬʘ D ʚʠʟʥʘʯʘʻʪʴʩʷ: Ὀ . ɼʣʷ ʧʦʚʥʦʛʦ ʛʨʘʬʘ 

D = 1. 

ʅʘʩʠʯʝʥʠʡ ʛʨʘʬ ï ʮʝ ʛʨʘʬ, ʫ ʷʢʦʤʫ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ: ȿὉȿ ὕȿὠȿ. 

ʈʦʟʨʽʜʞʝʥʠʡ ʛʨʘʬ ï ʮʝ ʛʨʘʬ, ʫ ʷʢʦʤʫ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ: ȿὉȿ ὕȿὠȿ. 

 

 

 

ʈʠʩ. 3.14. ʅʘʩʠʯʝʥʠʡ ʽ ʨʦʟʨʽʜʞʝʥʠʡ ʛʨʘʬʠ 

 

ɼʣʷ ʥʘʩʠʯʝʥʦʛʦ ʛʨʘʬʘ Ὀ
ẗ

ẗ
πȟψ πȟυ. 

ɼʣʷ ʨʦʟʨʽʜʞʝʥʦʛʦ ʛʨʘʬʘ: Ὀ
ẗ

ẗ
πȟτ πȟυ 

ʇʨʠʢʣʘʜ 3.9. ʅʘ ʨʠʩ. 3.15 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʚʥʽ ʛʨʘʬʠ: 

 

 

 

ʈʠʩ. 3.15. ʇʦʚʥʽ ʛʨʘʬʠ: a ï 
2K , b ï 

3K , c ï 
4K , d ï 

5K , e ï 
6K  

 

a b 

 

c 

 

d 

 

e 

 



128 

 

ɼʚʦʜʦʣʴʥʠʡ ʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ɻʨʘʬ G (V, E) ʥʘʟʠʚʘʶʪʴ ʜʚʦʜʦʣʴʥʠʤ, ʷʢʱʦ ʤʥʦʞʠʥʫ 

ʡʦʛʦ ʚʝʨʰʠʥ V ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʦʙô̒ ʜʥʘʥʥʷʤ ʤʥʦʞʠʥ, ʷʢʽ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ.  

ʅʝʭʘʡ V = A ᷾ B , ὃ ,ɲ ὄ ,ɲ A B᷊ = Å, ʜʝ A = ὥȟȢȢȢȟὥȟȢȢȢȟὥ  ̔ B 

= ὦȟȢȢȢȟὦȟȢȢȢȟὦ . ʊʦʜʽ ʚ ʜʚʦʜʦʣʴʥʦʤʫ ʛʨʘʬʽ ʽʩʥʫʶʪʴ ʪʽʣʴʢʠ 

ʨʝʙʨʘὥȟὦ ʘʙʦ ὦȟὥ , ρ Ὥ ὲ, ρ Ὦ ά. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʝ ʨʝʙʨʦ ʟʚô̫ ʟʫʻ ʚʝʨʰʠʥʫ, ʷʢʘ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ A, 

ʟ ʚʝʨʰʠʥʦʶ, ʷʢʘ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ B, ʘʣʝ ʞʦʜʥʽ ʜʚʽ ʚʝʨʰʠʥʠ ʟ A ʘʙʦ ʜʚʽ 

ʚʝʨʰʠʥʠ ʟ B ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʠʭ ʨʝʙʝʨ. ʇʨʠʢʣʘʜʠ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʚʦʜʦʣʴʥʠʭ ʛʨʘʬʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.15. 

 

ʈʠʩ. 3.16. ɼʚʦʜʦʣʴʥʽ ʛʨʘʬʠ 

 

ʇʦʚʥʠʡ ʜʚʦʜʦʣʴʥʠʡ ʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ɼʚʦʜʦʣʴʥʠʡ ʛʨʘʬ ʥʘʟʠʚʘʶʪʴ ʧʦʚʥʠʤ ʜʚʦʜʦʣʴʥʠʤ 

ʛʨʘʬʦʤ ὑ ȟ, ʷʢʱʦ A ʤʽʩʪʠʪʴ m ʚʝʨʰʠʥ, B ʤʽʩʪʠʪʴ n ʚʝʨʰʠʥ ʽ ʢʦʞʥʘ ʚʝʨʰʠʥʘ 

ʟ ʤʥʦʞʠʥʠ A ʟô̒ ʜʥʘʥʘ ʨʝʙʨʦʤ ʟ ʢʦʞʥʦʶ ʚʝʨʰʠʥʦʶ ʟ ʤʥʦʞʠʥʠ B. 

ὑ ȟᴼὠ ὃ᷾ὄ, ὃ᷊ὄ ,ɲ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ὥᶰὃ, ὦɴ ὄ, ʷʢʱʦ ὥȟὦᶰὉ. 

ʅʘ ʨʠʩ. 3.17 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʚʥʽ ʜʚʦʜʦʣʴʥʽ ʛʨʘʬʠ ὑȟ, ὑȟ, ὑȟ, ὑȟ. 

 

 

ʈʠʩ. 3.17. ʇʦʚʥʽ ʜʚʦʜʦʣʴʥʽ ʛʨʘʬʠ 

 

ɻʨʘʬ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʧʣʦʱʠʥʽ (ʙʝʟ ʧʝʨʝʪʠʥʫ ʨʝʙʝʨ), 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʘʥʘʨʥʠʤ.  
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ʈʠʩ. 3.18. ʇʣʘʥʘʨʥʠʡ ʽ ʥʝʧʣʘʥʘʨʥʠʡ ʛʨʘʬʠ 

 

ɻʨʘʬ, ʚʝʨʰʠʥʠ ʷʢʦʛʦ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ n ʥʝʧʝʨʝʩʽʯʥʠʭ ʧʽʜʤʥʦʞʠʥʠ 

ʪʘʢ, ʱʦ ʥʽʷʢʽ ʜʚʽ ʚʝʨʰʠʥʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʽʡ ʧʽʜʤʥʦʞʠʥʽ, ʥʝ ʩʫʤʽʞʥʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ n-ʜʦʣʴʥʠʤ. 

 

ʈʠʩ. 3.19. ʊʨʠʜʦʣʴʥʠʡ ʛʨʘʬ 

 

ʉʫʤʽʞʥʽʩʪʴ 

ʅʝʭʘʡ ὺᶰὠ̔  ὺᶰὠï ʚʝʨʰʠʥʠ, e = ὺȟὺ ï ʨʝʙʨʦ, ʱʦ ʟô̒ ʜʥʫʻ 

ʚʝʨʰʠʥʠ ὺʪʘ ὺ , Ὡɴ Ὁ. ʊʦʜʽ ʚʝʨʰʠʥʘ 
1v ʪʘ ʨʝʙʨʦ e ʽʥʮʠʜʝʥʪʥʽ. ʊʘʢʦʞ 

ʚʝʨʰʠʥʘ ὺʪʘ ʨʝʙʨʦ e ̔ ʥʮʠʜʝʥʪʥʽ. 

ɼʚʘ ʨʝʙʨʘ, ʷʢʽ ʽʥʮʠʜʝʥʪʥʽ ʦʜʥʽʡ ʚʝʨʰʠʥʽ, ʥʘʟʠʚʘʶʪʴ ʩʫʤʽʞʥʠʤʠ 

ʨʝʙʨʘʤʠ (ʨʠʩ. 3.20, ʘ). 

ɼʚʽ ʚʝʨʰʠʥʠ, ʷʢʽ ʽʥʮʠʜʝʥʪʥʽ ʦʜʥʦʤʫ ʨʝʙʨʫ, ʥʘʟʠʚʘʶʪʴ ʩʫʤʽʞʥʠʤʠ 

ʚʝʨʰʠʥʘʤʠ (ʨʠʩ. 3.20, ʙ). 

 

ʈʠʩ. 3.20. ʉʫʤʽʞʥʽ ʨʝʙʨʘ (ʘ) ʪʘ ʩʫʤʽʞʥʽ ʚʝʨʰʠʥʠ (ʙ) 

 

ɺʠʟʥʘʯʝʥʥʷ. ʄʥʦʞʠʥʫ ʚʝʨʰʠʥ, ʩʫʤʽʞʥʠʭ ʟ̔ ʚʝʨʰʠʥʦʶ v, ʥʘʟʠʚʘʶʪʴ 

ʤʥʦʞʠʥʦʶ ʩʫʤʽʞʥʦʩʪʽ ʚʝʨʰʠʥʠ, ʘʙʦ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʝʨʰʠʥʠ v, ʽ 

ʧʦʟʥʘʯʘʶʪʴ G(v). ʅʘ ʨʠʩ. 3.21 ʧʦʢʘʟʘʥʦ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ όȟόȟόȟόȟό , 

ʩʫʤʽʞʥʠʭ ʟ̔ ʚʝʨʰʠʥʦʶ v. 
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ʈʠʩ. 3.21. ɺʝʨʰʠʥʠ όȟόȟόȟόȟό , ʩʫʤʽʞʥʽ ʟ v 

 

ɺʝʨʰʠʥʠ ʫʪʚʦʨʶʶʪʴ ʤʥʦʞʠʥʫ ʚʽʜʦʙʨʘʞʝʥʴ G(v) ʚʝʨʰʠʥʠ v. ɿʚʽʜʩʠ 

Ὃὺ όᶰὠȿόȟὺᶰὉȟπ Ὥ ὴ ρ, ʜʝ ὴ ȿὠȿ. 

ʇʨʠʢʣʘʜ 3.10. ʅʝʭʘʡ ʜʘʥʦ ʛʨʘʬ G (V, E), ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.22. 

. 

ʈʠʩ. 3.22. ʅʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E) 

 

ʆʧʠʩʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ  ̔ʨʝʙʝʨ ʮʴʦʛʦ ʛʨʘʬʘ ʪʘ ʟʘʜʘʪʠ 

ʤʥʦʞʠʥʫ G(v) ʧʨʝʜʠʢʘʪʦʤ. 

ʈʦʟʚô̫ ʟʦʢ. ʄʥʦʞʠʥʘ ʚʝʨʰʠʥ: ὠ όȟόȟόȟόȟό , p = ȿὠȿ υ. 

ʄʥʦʞʠʥʘ ʨʝʙʝʨ:  

Ὁ όȟὺȟόȟὺȟόȟὺȟόȟὺȟόȟό ȟόȟό ȟόȟό ȟόȟό , ή

ȿὉȿ ψ.. 

ʄʥʦʞʠʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʝʨʰʠʥʠ v: Ὃὺ όᶰὠȿόȟὺᶰὉȟὭ

ρȟȢȢȢȟτ. 

 

ʉʪʝʧʽʥʴ ʚʝʨʰʠʥʠ 

ɺʠʟʥʘʯʝʥʥʷ. ʉʪʝʧʝʥʝʤ ʚʝʨʰʠʥʠ v ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ, 

ʽʥʮʠʜʝʥʪʥʠʭ ʮʽʡ ʚʝʨʰʠʥʽ. ʉʪʝʧʽʥʴ ʚʝʨʰʠʥʠ ʧʦʟʥʘʯʘʶʪʴ deg (v) ʘʙʦ d (v), ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ VvÍ π ὨὩὫὺ ὴ ρ, ʜʝ ὴ ȿὠȿ. 

ɿʘʫʚʘʞʝʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʧʝʪʣʽ ʥʝ ʟʙʽʣʴʰʫʻ ʩʪʝʧʽʥʴ ʚʝʨʰʠʥʠ. ʉʪʝʧʽʥʴ 

ʚʝʨʰʠʥʠ ʜʦʨʽʚʥʶʻ ʧʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥʠ ʩʫʤʽʞʥʦʩʪʽ: ὨὩὫὺ ȿὋὺȿ. 
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ʈʠʩ. 3.23. ʉʪʝʧʽʥʴ ʚʝʨʰʠʥʠ ʟ ʧʝʪʣʝʶ 

 

ʇʦʟʥʘʯʠʤʦ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʝʧʽʥʴ ʚʝʨʰʠʥʠ ʛʨʘʬʘ G ʯʝʨʝʟ ()Gd , ʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ï ʯʝʨʝʟ ()GD . ʊʦʜʽ () ()
Vv

vG
Í

= degmind , () ()
Vv

vG
Í

=D degmax . 

ʈʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ( )EVG , , 

ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.24. 

 

ʈʠʩ. 3.24. ʅʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E) 

 

╥ ○ȟ○ȟ○ȟ○ , ▬ ȿ╥ȿ Ȣ 

╔ ○ȟ○ ȟ○ȟ○ ȟ○ȟ○ ȟ○ȟ○ ȟ○ȟ○ . 

ɺʝʨʰʠʥʘ○ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷʤ Ὃὺ  ʽ ʧʦʪʫʞʥʽʩʪʶ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ȿὋὺȿ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʩʪʝʧʝʥʶ ʮʽʻʾ ʚʝʨʰʠʥʠ ὨὩὫὺ : ╖○

○ȟ○ȟ○ , ȿ╖○ ȿ , ὨὩὫὺ . 

ɺʝʨʰʠʥʘ ὺ : Ὃὺ ὺȟὺ , ȿ╖○ ȿ , ὨὩὫὺ . 

ɺʝʨʰʠʥʘ ὺ:  Ὃὺ ὺȟὺȟὺ , ȿ╖○ ȿ , ὨὩὫὺ . 

ɺʝʨʰʠʥʘ ὺ:  Ὃὺ ὺȟὺ , ȿ╖○ ȿ , ὨὩὫ○ . 

ʆʪʞʝ,  

Ὃ‏ ὨὩὫὺ ὨὩὫὺ ς, ῳὋ ὨὩὫὺ ὨὩὫὺ σ. 

 

ʈʝʛʫʣʷʨʥʠʡ ʛʨʘʬ 

ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʩʪʝʧʝʥʽ ʚʩʽʭ ʚʝʨʰʠʥ ʜʦʨʽʚʥʶʶʪʴ k, ʪʦ ʛʨʘʬ 

ʥʘʟʠʚʘʶʪʴ ʨʝʛʫʣʷʨʥʠʤ ʛʨʘʬʦʤ ʟʽ ʩʪʝʧʝʥʝʤ k. 

ʇʨʠʢʣʘʜ ʨʝʛʫʣʷʨʥʦʛʦ ʛʨʘʬʘ G (V, E), ʜʣʷ ʷʢʦʛʦ ‏Ὃ ῳὋ  = 4, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.25. 
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ʈʠʩ. 3.25. ʈʝʛʫʣʷʨʥʠʡ ʛʨʘʬ 

 

ɼʣʷ ʨʝʛʫʣʷʨʥʦʛʦ k-ʛʨʘʬʘ ʩʧʨʘʚʝʜʣʠʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  

Ὃ‏ ῳὋ  = k. 

ʇʨʠʢʣʘʜ 3.11. ɺʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʧʦʚʥʠʤ ʛʨʘʬʦʤ ʛʨʘʬ ὑ . 

ʈʦʟʚô̫ ʟʦʢ. ʇʦʚʥʠʡ ʛʨʘʬ 
5K ʻ ʨʝʛʫʣʷʨʥʠʤ ʛʨʘʬʦʤ, ʦʩʢʽʣʴʢʠ ‏ὑ τ, 

ῳὑ τ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.26. 

 

ɯʟʦʣʴʦʚʘʥʘ ʚʝʨʰʠʥʘ 

ɺʠʟʥʘʯʝʥʥʷ. ɺʝʨʰʠʥʫ v, ʜʣʷ ʷʢʦʾ deg (v) = 0, ʥʘʟʠʚʘʶʪʴ ʽʟʦʣʴʦʚʘʥʦʶ. 

ʅʘ ʨʠʩ. 3.26 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʛʨʘʬʘ ʟ ʽʟʦʣʴʦʚʘʥʦʶ ʚʝʨʰʠʥʦʶ deg (4) = 0. 

 

 

ʈʠʩ. 3.26. ɻʨʘʬ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʽʟʦʣʴʦʚʘʥʫ ʚʝʨʰʠʥʫ 4 

 

ɺʠʩʷʯʘ ʚʝʨʰʠʥʘ 

ɺʠʟʥʘʯʝʥʥʷ. ɺʝʨʰʠʥʫ v, ʜʣʷ ʷʢʦʾ deg (v) = 1, ʥʘʟʠʚʘʶʪʴ ʢʽʥʮʝʚʦʶ ʘʙʦ 

ʚʠʩʷʯʦʶ. ʅʘ ʨʠʩ. 3.27 ʧʦʢʘʟʘʥʦ ʛʨʘʬ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʠʩʷʯʫ ʚʝʨʰʠʥʫ 

deg (4) = 1. 

 

ʈʠʩ. 3.27. ɻʨʘʬ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʠʩʷʯʫ ʚʝʨʰʠʥʫ 4 
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ʅʘʧʽʚʩʪʝʧʝʥʽ ʚ ʦʨʛʨʘʬʽ 

ɺʠʟʥʘʯʝʥʥʷ. ʅʘʧʽʚʩʪʝʧʝʥʝʤ ʚʠʭʦʜʫ ʚʫʟʣʘ ʘʙʦ ʧʨʷʤʠʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʫʟʣʘ ʚ ʦʨʛʨʘʬʽ ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʜʫʛ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟ̔ 

ʮʴʦʛʦ ʚʫʟʣʘ. ʅʘʧʽʚʩʪʝʧʽʥʴ ʚʠʭʦʜʫ ʜʣʷ ʚʫʟʣʘ v ʧʦʟʥʘʯʘʶʪʴ ʷʢ ὨὩὫὺ

ȿὋ ὺȿ.  

ɺʠʟʥʘʯʝʥʥʷ. ʅʘʧʽʚʩʪʝʧʝʥʝʤ ʚʭʦʜʫ ʚʫʟʣʘ ʘʙʦ ʟʚʦʨʦʪʥʠʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʫʟʣʘ ʚ ʦʨʛʨʘʬʽ ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʜʫʛ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʮʝʡ 

ʚʫʟʦʣ. ʅʘʧʽʚʩʪʝʧʽʥʴ ʚʭʦʜʫ ʜʣʷ ʚʫʟʣʘ v ʧʦʟʥʘʯʘʶʪʴ ʷʢ ὨὩὫὺ ȿὋ ὺȿ . 

 

ʈʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ G (V, E), ʧʦʢʘʟʘʥʦʛʦ 

ʥʘ ʨʠʩ. 3.28. 

 

 

ʈʠʩ. 3.28. ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E) 

 

ὠ ὺȟὺȟὺȟὺ , 4==Vp , 

Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ , ή ȿὉȿ υ, 

Ὃ ὺ ὺȟὺ , ὨὩὫὺ ȿὋ ὺ ȿ ς, 

Ὃ ὺ ὺȟὺȟὺ , ὨὩὫὺ ȿὋ ὺ ȿ σ, 

Ὃ ὺ ὺȟὺ , ὨὩὫὺ ȿὋ ὺ ȿ ς, 

Ὃ ὺ ὺ , ὨὩὫὺ ȿὋ ὺ ȿ ρ, 

Ὃ ὺ ὺ , ὨὩὫὺ ȿὋ ὺ ȿ ρ, 

Ὃ ὺ ὺ , ὨὩὫὺ ȿὋ ὺ ȿ ρ. 

 

ʊʝʦʨʝʤʠ ʧʨʦ ʩʪʝʧʝʥʽ ʚʝʨʰʠʥ ʛʨʘʬʘ 

ʊʝʦʨʝʤʘ 3.1. ʉʫʤʘ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ ʛʨʘʬʘ ʟʘʚʞʜʠ ʧʘʨʥʘ. 

ɼʦʚʝʜʝʥʥʷ. ʂʦʞʥʝ ʨʝʙʨʦ ʛʨʘʬʘ ʤʘʻ ʜʚʘ ʢʽʥʮʽ. ʊʦʤʫ ʢʦʞʥʝ ʨʝʙʨʦ 

ʟʙʽʣʴʰʫʻ ʩʪʝʧʽʥʴ ʢʦʞʥʦʾ ʟ 2 ̔ ʥʮʠʜʝʥʪʥʠʭ ʚʝʨʰʠʥ ʥʘ ʦʜʠʥʠʮʶ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʢʦʞʥʝ ʨʝʙʨʦ ʟʙʽʣʴʰʫʻ ʩʫʤʫ ʩʪʝʧʝʥʽʚ ʫʩʽʭ ʚʝʨʰʠʥ ʥʘ 2. ʆʪʞʝ, ʩʫʤʘ ʩʪʝʧʝʥʽʚ 

ʫʩʽʭ ʚʝʨʰʠʥ ʟʘʚʞʜʠ ʢʨʘʪʥʘ 2, ʪʦʙʪʦ ʧʘʨʥʘ. 
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ʇʨʠʢʣʘʜ 3.12. ɿʦʙʨʘʟʠʪʠ 4 ʜʦʚʽʣʴʥ ̔ ʛʨʘʬʠ ʡ ʚʠʟʥʘʯʠʪʠ ʩʫʤʫ ʾʭ 

ʩʪʝʧʝʥʽʚ. 

ʈʦʟʚô̫ ʟʦʢ. ʈʦʟʛʣʷʥʝʤʦ 4 ʛʨʘʬʠ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.28, ̔  ʚʠʟʥʘʯʠʤʦ ʩʫʤʫ 

ʾʭ ʩʪʝʧʝʥʽʚ 
iS , ʜʝ i = 1, ..., 4. 

 

ʈʠʩ. 3.29. ʅʝʦʨʽʻʥʪʦʚʘʥʽ ʛʨʘʬʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʠ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ 

 

ʊʝʦʨʝʤʘ 3.2. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʛʨʘʬʽ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʥʝʧʘʨʥʦʛʦ ʩʪʝʧʝʥʷ 

ʧʘʨʥʘ. 

ɼʦʚʝʜʝʥʥʷ. ɼʦʚʝʜʝʥʥʷ ʚʠʢʦʥʫʚʘʪʠʤʝʤʦ ʤʝʪʦʜʦʤ ʚʽʜ ʧʨʦʪʠʣʝʞʥʦʛʦ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʪʝʦʨʝʤʘ ʥʝ ʚʽʨʥʘ. 

1. ʗʢʱʦ ʪʝʦʨʝʤʘ ʥʝ ʚʽʨʥʘ, ʪʦ ʽʩʥʫʻ ʥʝʧʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ, ʩʪʝʧʝʥʽ 

ʷʢʠʭ ʥʝʧʘʨʥʽ. 

2. ʗʢʱʦ ʚ ʛʨʘʬʽ ʥʝʤʘʻ ʚʝʨʰʠʥ ʟ ʧʘʨʥʠʤʠ ʩʪʝʧʝʥʷʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.30, ʪʦ ʚʽʜʨʘʟʫ ʚʠʥʠʢʘʻ ʧʨʦʪʠʨʽʯʯʷ ʟ ʧʝʨʰʦʶ ʪʝʦʨʝʤʦʶ. 

 

ʈʠʩ. 3.30. ɻʨʘʬʠ ʟ ʚʝʨʰʠʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʪʽʣʴʢʠ ʥʝʧʘʨʥʽ ʩʪʝʧʝʥʽ 

 

ʇʨʦʪʠʨʽʯʯʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʘʨʥʦʶ, ʦʩʢʽʣʴʢʠ ʩʫʤʘ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ ʛʨʘʬʘ ʟʘʚʞʜʠ ʧʘʨʥʘ. 

3. ʗʢʱʦ ʚ ʛʨʘʬʽ ʻ ʚʝʨʰʠʥʠ ʟ ʧʘʨʥʠʤʠ ʽ ʥʝʧʘʨʥʠʤʠ ʩʪʝʧʝʥʷʤʠ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.31, ʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʩʫʤʘ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ ʟ ʧʘʨʥʠʤʠ 

ʩʪʝʧʝʥʷʤʠ ʧʘʨʥʘ. 

 

ʈʠʩ. 3.31. ɻʨʘʬʠ ʟ ʚʝʨʰʠʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʥʝʧʘʨʥʽ ʡ ʧʘʨʥʽ ʩʪʝʧʝʥʽ 
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4. ʇʨʦʪʝ, ʦʩʢʽʣʴʢʠ ʩʫʤʘ ʚʩʽʭ ʩʪʝʧʝʥʽʚ ʛʨʘʬʘ ʧʘʨʥʘ, ʟʥʦʚʫ ʚʠʥʠʢʘʻ 

ʧʨʦʪʠʨʽʯʯʷ ʟ ʧʦʯʘʪʢʦʚʠʤ ʧʨʠʧʫʱʝʥʥʷʤ. ʇʨʦʪʠʨʽʯʯʷ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: 

ʦʩʢʽʣʴʢʠ ʩʫʤʘ ʥʝʧʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽ ʧʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʻ ʯʠʩʣʦ ʥʝʧʘʨʥʝ, ʪʦ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘ ʩʪʝʧʝʥʽʚ ʫʩʽʭ ʚʝʨʰʠʥ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʧʘʨʥʦʶ. ɸʣʝ ʮʝ 

ʩʫʧʝʨʝʯʠʪʴ ʪʝʦʨʝʤʽ, ʪʦʤʫ ʤʠ ʧʨʠʡʰʣʠ ʜʦ ʧʨʦʪʠʨʽʯʯʷ.  

ʆʪʞʝ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʦʨʝʤʫ ʜʦʚʝʜʝʥʦ. 

ʊʝʦʨʝʤʘ 3.3. ʊʝʦʨʝʤʘ ɽʡʣʝʨʘ. ʉʫʤʘ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ ʛʨʘʬʘ ʜʦʨʽʚʥʶʻ 

ʧʦʜʚʦʻʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʝʙʝʨ: 

() 2deg =ä
ÍVv

v  ï ʜʣʷ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ, 

() () qvv
VvVv

2degdeg =+ää
Í

+

Í

-
 ï ʜʣʷ ʦʨʛʨʘʬʘ, ʜʝ ή ȿὉȿï ʧʦʪʫʞʥʽʩʪʴ 

ʤʥʦʞʠʥʠ ʨʝʙʝʨ. 

ɼʦʚʝʜʝʥʥʷ. ʇ̔ ʜ ʯʘʩ ʧʽʜʨʘʭʫʥʢʫ ʩʫʤʠ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ ʢʦʞʥʝ ʨʝʙʨʦ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʚʽʯʽ: ʜʣʷ ʦʜʥʦʛʦ ʢʽʥʮʷ ʨʝʙʨʘ ʽ ʜʣʷ ʽʥʰʦʛʦ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʫ ʛʨʘʬʽ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʧʦʣʦʚʠʥʽ ʩʫʤʠ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ. 

ʊʝʦʨʝʤʫ ʜʦʚʝʜʝʥʦ. 

ʇʨʠʢʣʘʜ 3.13. ʇʝʨʝʚʽʨʠʪʠ ʟʘʜʘʥʝ ʪʝʦʨʝʤʦʶ ɽʡʣʝʨʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʝʨʰʠʥ ʥʘ ʛʨʘʬʘʭ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 3.32. 

ʅʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ Ὃ ὠȟὉ : () 10deg
3

1

=ä
=i

iv , ή ȿὉȿ υ, 

ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ Ὃ ὠȟὉ  () 8deg
5

1

=ä
=

-

i

iv , () 8deg
5

1

=ä
=

+

i

iv , ή ȿὉȿ ψ. 

 

 

ʈʠʩ. 3.32. ɻʨʘʬʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʝʨʰʠʥ ʽ ʨʝʙʝʨ 

 

ʇʽʜʛʨʘʬ ʛʨʘʬʘ 

ɺʠʟʥʘʯʝʥʥʷ. ɻʨʘʬ ( )EVG ¡¡=¡ , ʥʘʟʠʚʘʶʪʴ ʧʽʜ ʛʨʘʬʦʤ ʛʨʘʬʘ G (V, E) 

ὋǋὠǋȟὉǋ ὋὠȟὉ , ̫ ʢʱʦ ὠǋṖὠ̔  ὉǋṖὉ.ʆʪʞʝ, 
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ï ʢʦʞʥʘ ʚʝʨʰʠʥʘ ʚ G¡̒  ʦʜʥʦʯʘʩʥʦ ʚʝʨʰʠʥʦʶ ʚ G, 

ï ʢʦʞʥʝ ʨʝʙʨʦ ʚ G¡̒  ʦʜʥʦʯʘʩʥʦ ʨʝʙʨʦʤ ʚ G. 

ɺʠʟʥʘʯʝʥʥʷ. ɻʨʘʬ ὋǋὠǋȟὉǋʥʘʟʠʚʘʶʪʴ ʦʩʪʦʚʥʠʤ ʧʽʜʛʨʘʬʦʤ G ʘʙʦ 

ʩʫʛʨʘʬʦʤ ʛʨʘʬʘ G, ̫ ʢʱʦ ὠǋ ὠ̔  ὉǋṖὉ. ʆʪʞʝ, 

ï ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ ʛʨʘʬʘ G¡ʪʘ ʛʨʘʬʘ G ʟʙʽʛʘʶʪʴʩʷ, 

ï ʢʦʞʥʝ ʨʝʙʨʦ ʚ G¡̒  ʦʜʥʦʯʘʩʥʦ ʨʝʙʨʦʤ ʚ G. 

ɺʠʟʥʘʯʝʥʥʷ. ɻʨʘʬ Ὃǋὠǋȟ Ὁǋʥʘʟʠʚʘʶʪʴ ʧʨʘʚʠʣʴʥʠʤ ʧʽʜʛʨʘʬʦʤ 

ʛʨʘʬʘ G, ̫ ʢʱʦ VV Ë¡ ʽ G¡ʤʽʩʪʠʪʴ ʫʩʽ ʤʦʞʣʠʚʽ ʨʝʙʨʘ G: ʜʣʷ ʙʫʜʴ-ʷʢʠʭ όȟὺᶰ

Ὃǋόȟὺ ʪʘʢʠʭ, ʱʦ όȟὺᶰὉᵼ όȟὺᶰὉǋ. 

ʇʨʘʚʠʣʴʥʠʡ ʧʽʜʛʨʘʬ ʫʪʚʦʨʶʶʪʴ ʰʣʷʭʦʤ ʚʠʢʣʶʯʝʥʥʷ ʟ ʛʨʘʬʘ ʧʝʚʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʪʘ ʽʥʮʠʜʝʥʪʥʠʭ ʜʦ ʥʠʭ ʨʝʙʝʨ. 

ʇʨʠʢʣʘʜ 3.14. ʅʘ ʨʠʩʫʥʢʫ (a) ʧʦʢʘʟʘʥʠʡ ʛʨʘʬ G (V, E). ɺʠʟʥʘʯʠʪʠ, 

ʷʢʠʤʠ ʻ ʡʦʛʦ ʧʽʜʛʨʘʬʠ (b), (c) ʽ (d). 

ʈʦʟʚô̫ ʟʦʢ. 

(b) ʅʘ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʽʜʛʨʘʬ ╖ ╥ȟ╔  ʛʨʘʬʘ G (V, E), 

ʦʩʢʽʣʴʢʠ ὠṒὠ ʽ ὉṒὉ. 

(ʩ) ɻʨʘʬ ╖ ╥ȟ╔ ʻ ʦʩʪʦʚʥʠʤ ʛʨʘʬʦʤ ʘʙʦ ʩʫʛʨʘʬʦʤ ʛʨʘʬʘ G (V, E), 

ʪʦʤʫ ʱʦ ὠ ὠ ʡ Ὁ ṒὉ. 

(d) ɻʨʘʬ ╖ ╥ȟ╔ ʻ ʧʨʘʚʠʣʴʥʠʤ ʧʽʜʛʨʘʬʦʤ ʛʨʘʬʘ G (V, E), ʦʩʢʽʣʴʢʠ 

ʤʽʩʪʠʪʴ ʫʩʽ ʡʦʛʦ ʤʦʞʣʠʚʽ ʨʝʙʨʘ. 

 

ʈʠʩ. 3.33. ɻʨʘʬ G (V, E) (ʘ) ʪʘ ʡʦʛʦ ʧʽʜʛʨʘʬʠ (b), (c) ʽ (d) 

 

ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʽʚ 

ʅʝʭʘʡ G = (V, E) ï ʩʢʽʥʯʝʥʥʠʡ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ. ʉʢʽʥʯʝʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʝʨʰʠʥ  ̔ʨʝʙʝʨ ʛʨʘʬʘ ὺὩὺὩὺȢȢȢὺ Ὡὺ , ʫ ʷʢʽʡ ʢʦʞʥʝ 

ʨʝʙʨʦ Ὡʻ ʨʝʙʨʦ, ʷʢʝ ʟô̒ ʜʥʫʻ ʚʝʨʰʠʥʠ ὺ ʪʘ ὺ, ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʨʰʨʫʪʦʤ 

ʥʘ ʛʨʘʬʽ G. 

ʄʘʨʰʨʫʪ ʟô̒ ʜʥʫʻ ʚʝʨʰʠʥʠ ὺʪʘ ὺ.  

ʏʠʩʣʦ k ʥʘʟʠʚʘʶʪʴ ʜʦʚʞʠʥʦʶ ʤʘʨʰʨʫʪʫ, ʪʦʙʪʦ ʮʝ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʘʨʰʨʫʪʫ.  

a b c d 
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ʄʘʨʰʨʫʪ ʥʘʟʠʚʘʶʪʴ ʟʘʤʢʥʝʥʠʤ, ʷʢʱʦ ὺ = ὺ. 

ʄʘʨʰʨʫʪ, ʫ ʷʢʦʤʫ ʚʩʽ ʨʝʙʨʘ ʻ ʨʽʟʥʽ, ʥʘʟʠʚʘʶʪʴ ʣʘʥʮʶʛʦʤ.  

ɿʘʤʢʥʝʥʠʡ ʣʘʥʮʶʛ ʥʘʟʠʚʘʶʪʴ ʮʠʢʣʦʤ. 

ʎʠʢʣ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴ ʤʥʦʞʠʥʦʶ ʡʦʛʦ ʨʝʙʝʨ. ʊʦʤʫ ʯʘʩʪʦ ʧʽʜ 

ʮʠʢʣʦʤ ʤʠ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʚʽʜʧʦʚʽʜʥʫ ʡʦʤʫ ʤʥʦʞʠʥʫ ʨʝʙʝʨ. 

ʇʝʪʣʷ ʜʘʻ ʮʠʢʣ ʜʦʚʞʠʥʠ 1. 

ʇʘʨʘ ʢʨʘʪʥʠʭ ʨʝʙʝʨ ʫʪʚʦʨʶʻ ʮʠʢʣ ʜʦʚʞʠʥʠ 2. 

ʎʠʢʣʠ ʜʦʚʞʠʥʠ 3 ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʪʨʠʢʫʪʥʠʢʘʤʠ. 

ʃʘʥʮʶʛ ʥʘʟʠʚʘʶʪʴ ʧʨʦʩʪʠʤ, ʷʢʱʦ ʚʩʽ ʡʦʛʦ ʚʝʨʰʠʥʠ ʻ ʨʽʟʥʽ. 

ʇʨʦʩʪʠʡ ʮʠʢʣ ï ʮʝ ʮʠʢʣ, ʫ ʷʢʦʤʫ ʚʩʽ ʚʝʨʰʠʥʠ, ʢʨʽʤ ʧʝʨʰʦʾ ʪʘ 

ʦʩʪʘʥʥʴʦʾ, ʻ ʨʽʟʥʠʤʠ. 

ɻʨʘʬ ʙʝʟ ʮʠʢʣʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʘʮʠʢʣʽʯʥʠʤ, ʚ ʽʥʰʦʤʫ ʨʘʟʽ ʛʨʘʬ 

ʥʘʟʠʚʘʻʪʴʩʷ ʮʠʢʣʽʯʥʠʤ. 

ʂʦʞʥʘ ʚʝʨʰʠʥʘ ʟô̒ ʜʥʫʻʪʴʩʷ ʩʘʤʘ ʟ ʩʦʙʦʶ ʤʘʨʰʨʫʪʦʤ ʜʦʚʞʠʥʠ 0 ̔  ʮʝʡ 

ʤʘʨʰʨʫʪ ʻ ʧʨʦʩʪʠʤ ʮʠʢʣʦʤ. ʊʘʢʠʡ ʮʠʢʣ ʥʘʟʠʚʘʶʪʴ ʥʫʣʴʦʚʠʤ (ʷʢʱʦ ʩʢʘʟʘʥʦ 

ʧʨʦʩʪʦ ʮʠʢʣ, ʪʦ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʚʽʥ ʥʝ ʻ ʥʫʣʴʦʚʠʡ). 

ʃʝʤʘ. ʗʢʱʦ ʜʣʷ ʜʝʷʢʠʭ ʜʚʦʭ ʚʝʨʰʠʥ u ̔  v ʚ ʛʨʘʬʽ ʽʩʥʫʻ (u, v)-ʤʘʨʰʨʫʪ, 

ʪʦ ʽʩʥʫʻ ʽ ʧʨʦʩʪʠʡ (u, v)-ʣʘʥʮʶʛ. 

ɼʦʚʝʜʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʚ ʛʨʘʬʽ (ʨʠʩ. 3.34) (u, v) ï ʤʘʨʰʨʫʪ ʥʘʡʤʝʥʰʦʾ 

ʜʦʚʞʠʥʠ. 

 

ʈʠʩ. 3.34. ɻʨʘʬ ʟ̔ ʤʘʨʰʨʫʪʦʤ (u, v) 

 

ʇʦʢʘʞʝʤʦ, ʱʦ ʮʝʡ ʤʘʨʰʨʫʪ ʻ ʧʨʦʩʪʠʤ ʣʘʥʮʶʛʦʤ. ʗʢʱʦ ʚ ʥʴʦʤʫ ʻ 

ʧʦʚʪʦʨʶʚʘʥʘ ʚʝʨʰʠʥʘ w, ʪʦ, ʟʘʤʽʥʷʶʯʠ ʯʘʩʪʠʥʫ ʤʘʨʰʨʫʪʫ ʚʽʜ ʧʝʨʰʦʛʦ 

ʚʭʦʜʞʝʥʥʷ ʚʝʨʰʠʥʠ w ʜʦ ʾʾ ʜʨʫʛʦʛʦ ʚʭʦʜʞʝʥʥʷ ʥʘ ʦʜʥʫ ʚʝʨʰʠʥʫ w, ʤʠ 

ʦʜʝʨʞʠʤʦ ʙʽʣʴʰ ʢʦʨʦʪʢʠʡ (u, v)-ʤʘʨʰʨʫʪ. 

ʇʨʠʢʣʘʜ 3.15. ɺʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ. 

ʄʘʨʰʨʫʪ ï ὺὩὺὩὺὩὺὩὺὩὺὩὺ. 
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ʃʘʥʮʶʛ (ʚʩʽ ʨʝʙʨʘ ʨʽʟʥʽ) ï ὺὩὺὩὺὩὺὩὺὩὺ.  

ʇʨʦʩʪʠʡ ʣʘʥʮʶʛ (ʚʩʽ ʨʝʙʨʘ ʽ ʚʝʨʰʠʥʠ ʨʽʟʥʽ) ï ὺὩὺὩὺὩὺὩὺ. 

ʎʠʢʣ ï ὺὩὺὩὺὩὺὩὺὩὺὩὺ.  

ʇʨʦʩʪʠʡ ʮʠʢʣ ï ὺὩὺὩὺὩὺ. 

 

 

ʈʠʩ. 3.35. ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ 

 

ʆʨʽʻʥʪʦʚʘʥʽ ʤʘʨʰʨʫʪʠ: ʚ ʦʨʛʨʘʬʽ ʨʫʭ ʟʘ ʤʘʨʰʨʫʪʦʤ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʣʠʰʝ ʚ ʥʘʧʨʷʤʢʘʭ, ʟʘʟʥʘʯʝʥʠʭ ʩʪʨʽʣʢʘʤʠ (ʨʠʩ. 3.36). 

ʄʘʨʰʨʫʪ, ʷʢʠʡ ʥʝ ʤʽʩʪʠʪʴ ʧʦʚʪʦʨʥʠʭ ʜʫʛ, ʥʘʟʠʚʘʻʪʴʩʷ ʰʣʷʭʦʤ, ʘ ʪʦʡ, 

ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʧʦʚʪʦʨʥʠʭ ʚʝʨʰʠʥ, ï ʧʨʦʩʪʠʤ ʰʣʷʭʦʤ. ɿʘʤʢʥʝʥʠʡ ʰʣʷʭ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʪʫʨʦʤ, ʘ ʧʨʦʩʪʠʡ ʟʘʤʢʥʝʥʠʡ ʰʣʷʭ ï ʧʨʦʩʪʠʤ ʢʦʥʪʫʨʦʤ. 

ɻʨʘʬ ʙʝʟ ʮʠʢʣʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʙʝʟʢʦʥʪʫʨʥʠʤ, ʚ ʽʥʰʦʤʫ ʨʘʟʽ ʦʨʛʨʘʬ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʪʫʨʥʠʤ. 

 

ʈʠʩ. 3.36. ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ 

 

ʄʘʨʰʨʫʪ ï ὺὩὺὩὺὩὺὩὺὩὺ. 

ʐʣʷʭ (ʚʩʽ ʨʝʙʨʘ ʨʽʟʥʽ) ï ὺὩὺὩὺὩὺὩὺ. 

ʇʨʦʩʪʠʡ ʰʣʷʭ (ʚʩʽ ʨʝʙʨʘ ʽ ʚʝʨʰʠʥʠ ʨʽʟʥʽ) ï ὺὩὺὩὺὩὺὩὺ. 

ʂʦʥʪʫʨ ï ὺὩὺὩὺὩὺὩὺὩὺ. 

ʇʨʦʩʪʠʡ ʢʦʥʪʫʨ ï ὺὩὺὩὺὩὺ. 
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3.2. ʉʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʽʚ 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʘ ʚ ʧʘʤô̫ ʪʽ (ʬʦʨʤʘʪ ʟʙʝʨʝʞʝʥʥʷ) ʚʠʟʥʘʯʘʻ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʥʘʜ ʛʨʘʬʦʤ ʽ ʦʙô̒ ʤ ʥʝʦʙʭʽʜʥʦʾ ʧʘʤô̫ ʪʽ.  

ʋ ʜʠʩʢʨʝʪʥʽʡ ʤʘʪʝʤʘʪʠʮʽ ʨʦʟʛʣʷʜʘʶʪʴ ʪʨʠ ʩʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʛʨʘʬʽʚ: 

 

1. ɸʥʘʣʽʪʠʯʥʠʡ ʩʧʦʩʽʙ  

ɸʥʘʣʽʪʠʯʥʠʡ ʩʧʦʩʽʙ ʧʨʠʧʫʩʢʘʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʘ G (V, E) ʫ ʚʠʛʣʷʜʽ 

ʤʥʦʞʠʥ V ̔  E. ɼʣʷ ʟʘʜʘʚʘʥʥʷ ʮʠʭ ʤʥʦʞʠʥ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʩʽ ʪʨʠ 

ʩʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʤʥʦʞʠʥ. ʅʘ ʨʠʩ. 3.37 ʧʦʢʘʟʘʥʦ ʛʨʘʬ G ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ.  

 

 

ʈʠʩ. 3.37. ɻʨʘʬ G 

ʗʚʥʠʡ ʩʧʦʩʽʙ ʫ ʚʠʛʣʷʜʽ ʢʦʨʪʝʞʫ ὋὠȟὉ, ʜʝ ὠ ὺȟὺȟὺȟὺȟὺ  ï 

ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ, Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ  ï 

ʤʥʦʞʠʥʘ ʨʝʙʝʨ. 

ɿʘʜʘʚʘʥʥʷ ʧʨʝʜʠʢʘʪʦʤ: ὠ ὺȿὭ ρȟȢȢȢȟὲ , Ὁ ὺȟὺ ȿὭ ςὯ

ρȟὮ ςὯȟὯ ρ ȢȢȢȟςὲ ρ. 

ʈʝʢʫʨʩʠʚʥʦʶ ʧʨʦʮʝʜʫʨʦʶ: ὠ ὺȿὭ Ὥ ρȟὭ ά ,  

Ὁ ὺȟὺȿὮ Ὦ ρȟὭ Ὥ ςȟὭȟὮ ὲ. 

 

2. ɻʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ  

ɺʝʨʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʦʯʢʘʤʠ, ʘ ʨʝʙʨʘ ï ʣʽʥʽʷʤʠ, ʷʢʽ ʟô̒ ʜʥʫʶʪʴ ʮʽ 

ʪʦʯʢʠ.  

ʅʘ ʨʠʩ. 3.38 ʧʦʢʘʟʘʥʽ ʩʧʦʩʦʙʠ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʛʨʘʬʽʚ. 



140 

 

 

ʈʠʩ. 3.38. ʉʧʦʩʦʙʠ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ  

ʦʨʽʻʥʪʦʚʘʥʠʭ ʽ ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ 

 

3. ʄʘʪʨʠʯʥʠʡ ʩʧʦʩʽʙ 

ɻʨʘʬ ʟʘʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʘʙʦ ʤʘʪʨʠʮʽ 

ʩʫʤʽʞʥʦʩʪʽ. 

ɿʘʜʘʚʘʥʥʷ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ 

ʽʥʮʠʜʝʥʪʥʦʩʪʽ 

ʅʝʭʘʡ G ï ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ. ʅʝʭʘʡ ɺ ï ʤʘʪʨʠʮʷ, ʢʦʞʥʠʡ ʨʷʜʦʢ 

ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʰʠʥʽ ʛʨʘʬʘ, ʘ ʢʦʞʥʠʡ ʩʪʦʚʧʝʮʴ ʚʽʜʧʦʚʽʜʘʻ ʨʝʙʨʫ ʛʨʘʬʘ.  

 

G (V, E), ὠ ὺȟὺȟȢȢȢȟὺȟȢȢȢȟὺ , Ὁ ὩȟὩȟȢȢȢȟὩȟȢȢȢȟὩ . 

ɽʣʝʤʝʥʪ i-ʛʦ ʨʷʜʢʘ ʪʘ j-ʛʦ ʩʪʦʚʧʮʷ ʤʘʪʨʠʮʽ ɺ ʧʦʟʥʘʯʘʶʪʴ ὦ . ὦ =1, ʷʢʱʦ  

i-ʪʘ ʚʝʨʰʠʥʘ ʽʥʮʠʜʝʥʪʥʘ j-ʤʫ ʨʝʙʨʫ ʡ ʜʦʨʽʚʥʶʻ 0 ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ.  
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ʈʠʩ. 3.39. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʘ, ʟʘʜʘʥʦʛʦ ʤʘʪʨʠʮʝʶ B 

ʄʘʪʨʠʮʶ ɺ ʥʘʟʠʚʘʶʪʴ ʤʘʪʨʠʮʝʶ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʛʨʘʬʘ G.  

ʆʪʞʝ, ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ὄ ὦ  ʟʘʜʘʶʪʴʩʷ 

ʬʦʨʤʫʣʦʶ: 

ὦ
ρȟ̫ ʢʱʦ ʨʝʙʨʦ Ὡ ʽʥʮʠʜʝʥʪʥʝ ʚʝʨʰʠʥ ̔ὺ

π ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫȢ
 

ʇʨʠʢʣʘʜ 3.16. ɻʨʘʬ G=(V, E) ʟʘʜʘʥʦ ʘʥʘʣʽʪʠʯʥʦ ʤʥʦʞʠʥʘʤʠ 

 ὠ ὺȟὺȟὺȟὺ ȟὉ ὩȟὩȟὩȟὩȟὩ

ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ . 

ʉʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʶ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʪʘ ʟʦʙʨʘʟʠʪʠ ʮʝʡ ʛʨʘʬ ʛʨʘʬʽʯʥʦ.  

ʈʦʟʚô̫ ʟʦʢ. 

ʄʘʪʨʠʮʷ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʛʨʘʬʘ G= (V, E) ʤʘʻ ʚʠʛʣʷʜ: 

 

ʘʙʦ ʫ ʙʽʣʴʰ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʘ, ʟʘʜʘʥʦʛʦ ʤʘʪʨʠʮʝʶ B, ʚʽʜʧʦʚʽʜʘʻ 

ʟʦʙʨʘʞʝʥʥʶ ʛʨʘʬʘ ʥʘ ʨʠʩ. 3.39.  

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ 

1. ɼʣʷ ʚʝʨʰʠʥ ʙʝʟ ʧʝʪʝʣʴ ʩʪʝʧʽʥʴ ʚʝʨʰʠʥʠ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʦʜʠʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʷʜʢʘ ʤʘʪʨʠʮʽ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʦʜʠʥʠʮʷ ʚ ʮʴʦʤʫ 

ʨʷʜʢʫ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʮʠʜʝʥʪʥʽʩʪʴ ʮʽʻʾ ʚʝʨʰʠʥʠ ʨʝʙʨʫ.  

2. ʋ ʢʦʞʥʦʤʫ ʩʪʦʚʧʮʽ, ʷʢʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʨʝʙʨʦ ʧʝʪʣʽ, ʙʫʜʫʪʴ ʜʚʽ 

ʦʜʠʥʠʮʽ, ʪʦʤʫ ʱʦ ʢʦʞʥʝ ʪʘʢʝ ʨʝʙʨʦ ʽʥʮʠʜʝʥʪʥʝ ʜʚʦʤ ʚʝʨʰʠʥʘʤ.  

3. ʋ ʨʷʜʢʫ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʰʠʥʽ ʟ ʧʝʪʣʝʶ, 

ʩʫʤʘ ʦʜʠʥʠʮʴ ʥʘ ʦʜʥʫ ʙʽʣʴʰʝ ʩʪʝʧʝʥ ̫ʮʽʻʾ ʚʝʨʰʠʥʠ.  

4. ʉʪʦʚʧʝʮʴ, ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʙʨʫ ʧʝʪʣʽ, ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʥʫ ʦʜʠʥʠʮʶ.  

ɿʘʜʘʚʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ 

ʅʝʭʘʡ G ï ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ. ʊʦʜʽ ʤʘʪʨʠʮʷ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ὄ ὦ  

ʚʢʣʶʯʘʻ ʝʣʝʤʝʥʪʠ, ̫ ʢʽ ʜʦʨʽʚʥʶʶʪʴ 1, ̫ ʢʱʦ ʚʝʨʰʠʥʘ ʽʥʮʠʜʝʥʪʥʘ ʟ ʧʦʯʘʪʢʦʤ 

ʨʝʙʨʘ, ʜʦʨʽʚʥʶʶʪʴ ï1, ʷʢʱʦ ʚʝʨʰʠʥʘ ʽʥʮʠʜʝʥʪʥʘ ʟ ʢʽʥʮʝʤ ʨʝʙʨʘ, 

ʜʦʨʽʚʥʶʶʪʴ 0, ̫ ʢʱʦ ʚʝʨʰʠʥʘ ʡ ʨʝʙʨʦ ʥʝ ʽʥʮʠʜʝʥʪʥʽ, ʜʦʨʽʚʥʶʶʪʴ 2 ʘʙʦ ʙʫʜʴ-

ʷʢʦʤʫ ʯʠʩʣʫ, ̫ ʢʱʦ ʚʝʨʰʠʥʘ ʤʽʩʪʠʪʴ ʧʝʪʣʶ.  

 

ʇʨʠʢʣʘʜ 3.17. ʅʝʭʘʡ ʟʘʜʘʥʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G= (V, E), ʜʝ 

 ὠ ὺȟὺȟὺȟὺ ȟὉ ὩȟὩȟὩȟὩȟὩȟὩ Ȣ ʆʧʠʩʘʪʠ ʮʝʡ ʛʨʘʬ ʤʘʪʨʠʮʝʶ 

ʪʘ ʟʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ.  

ʈʦʟʚô̫ ʟʦʢ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʴʦʛʦ ʦʨʛʨʘʬʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.39:  

 

ʈʠʩ. 3.40. ʆʨʛʨʘʬ G = (V, E) 
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ʄʘʪʨʠʮʷ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʦʨʛʨʘʬʘ ʤʘʻ ʚʠʛʣʷʜ: 

 

ʘʙʦ 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʦʨʛʨʘʬʘ 

1. ɼʣʷ ʚʝʨʰʠʥ ʙʝʟ ʧʝʪʝʣʴ ʥʘʧʽʚʩʪʝʧʽʥʴ ʚʠʭʦʜʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʦʜʘʪʥʠʭ 

ʦʜʠʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʷʜʢʘ. 

2. ɼʣʷ ʚʝʨʰʠʥ ʙʝʟ ʧʝʪʝʣʴ ʥʘʧʽʚʩʪʝʧʽʥʴ ʚʭʦʜʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʚʽʜô̒ ʤʥʠʭ 

ʦʜʠʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʷʜʢʘ.  

3. ʋ ʢʦʞʥʦʤʫ ʩʪʦʚʧʮʽ, ʷʢʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʨʝʙʨʦ ʧʝʪʣʽ, ʩʫʤʘ 

ʝʣʝʤʝʥʪʽʚ ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  

4. ʗʢʱʦ ʜʫʛʘ ï ʮʝ ʧʝʪʣʷ, ʪʦ ʚ ʩʪʦʚʧʮʽ ʦʜʠʥ ʝʣʝʤʝʥʪ, ̫ ʢʠʡ ʜʦʨʽʚʥʶʻ 2.  

ɿʘʜʘʚʘʥʥʷ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ 

ʅʝʭʘʡ G ï ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ. ʅʝʭʘʡ ʉ ï ʤʘʪʨʠʮʷ, ʨʷʜʢʠ ʷʢʦʾ 

ʧʦʟʥʘʯʝʥʽ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʽ ʩʪʦʚʧʮʽ ʧʦʟʥʘʯʝʥʽ ʪʠʤʠ ʞ ʚʝʨʰʠʥʘʤʠ ʚ ʪʦʤʫ 

ʞ ʩʘʤʦʤʫ ʧʦʨʷʜʢʫ.  

ɽʣʝʤʝʥʪ -̔ʛʦ ʨʷʜʢʘ ʪʘ j-ʛʦ ʩʪʦʚʧʮʷ ʤʘʪʨʠʮʽ ʉ ʧʦʟʥʘʯʘʻʪʴʩʷ ὧ , ̔ : 

ï ʜʦʨʽʚʥʶʻ 1, ̫ ʢʱʦ ʽʩʥʫʻ ʦʜʥʝ ʨʝʙʨʦ ʟ i-ʾ ʚʝʨʰʠʥʠ ʚ j-ʫ ʚʝʨʰʠʥʫ; 

ï ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʨʝʙʝʨ ʟ i-ʾ ʚʝʨʰʠʥʠ ʚ j-ʫ ʚʝʨʰʠʥʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʜʝʢʽʣʴʢʦʭ ʨʝʙʝʨ; 

ï ʜʦʨʽʚʥʶʻ 0, ̫ ʢʱʦ ʨʝʙʝʨ ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʥʝ ʽʩʥʫʻ.  
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ʄʘʪʨʠʮʶ ʉ ʥʘʟʠʚʘʶʪʴ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ G.  

ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ: 

 

ʇʨʠʢʣʘʜ 3.18. ʈʦʟʛʣʷʥʝʤʦ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E), ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 3.58.  

 

ʈʠʩ. 3.41. ʅʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E) 

ʉʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʜʣʷ ʮʴʦʛʦ ʛʨʘʬʘ.  

ʈʦʟʚô̫ ʟʦʢ. 

ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʮʴʦʛʦ ʛʨʘʬʘ ʤʘʻ ʚʠʛʣʷʜ:  
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ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ  

1. ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ 

ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ.  

2. ʗʢʱʦ ʚʝʨʰʠʥʘ ʤʘʻ ʧʝʪʣʽ, ʪʦ ʾʭ ʯʠʩʣʦ ʨʦʟʤʽʱʘʻʪʴʩʷ ʥʘ ʛʦʣʦʚʥʽʡ 

ʜʽʘʛʦʥʘʣʽ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ.  

3. ʗʢʱʦ ʤʽʞ ʜʚʦʤʘ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʽʩʥʫʻ ʢʽʣʴʢʘ ʨʝʙʝʨ, ʪʦ ʥʘ ʧʝʨʝʪʠʥʽ 

ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ ʧʨʦʩʪʘʚʣʷʶʪʴ ʾʭ ʢʽʣʴʢʽʩʪʴ.  

ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ 

ʅʝʭʘʡ G ï ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ. ʅʝʭʘʡ ʉ ï ʤʘʪʨʠʮʷ, ʨʷʜʢʠ ʷʢʦʾ 

ʧʦʟʥʘʯʝʥʽ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʽ ʩʪʦʚʧʮʽ ʧʦʟʥʘʯʝʥʽ ʪʠʤʠ ʞ ʚʝʨʰʠʥʘʤʠ ʚ ʪʦʤʫ 

ʞ ʩʘʤʦʤʫ ʧʦʨʷʜʢʫ.  

ɽʣʝʤʝʥʪ i-ʛʦ ʨʷʜʢʘ ʡ j-ʛʦ ʩʪʦʚʧʮʷ ʤʘʪʨʠʮʽ ʉ, ʧʦʟʥʘʯʘʻʪʴʩʷ ὧ , ̔ : 

ï ʜʦʨʽʚʥʶʻ 1, ʷʢʱʦ ʨʝʙʨʦ ʚʠʭʦʜʠʪʴ ʽʟ ʚʝʨʰʠʥʠὺ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ i-ʤ 

ʨʷʜʢʦʤ ʽ ʚʭʦʜʠʪʴ ʫ ʚʝʨʰʠʥʫ ὺ, ʧʨʝʜʩʪʘʚʣʝʥʫ j-ʤ ʩʪʦʚʧʮʝʤ ʤʘʪʨʠʮʽ; 

ï ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʨʝʙʝʨ ʟ i-ʾ ʚʝʨʰʠʥʠ ʚ j-ʫ ʚʝʨʰʠʥʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʜʝʢʽʣʴʢʦʭ ʨʝʙʝʨ; 

ï ʜʦʨʽʚʥʶʻ 0, ̫ ʢʱʦ ʨʝʙʝʨ ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʥʝ ʽʩʥʫʻ.  

ʄʘʪʨʠʮʶ ʉ ʥʘʟʠʚʘʶʪʴ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ ʦʨʛʨʘʬʘ G.  

ʇʨʠʢʣʘʜ 3.19. ʈʦʟʛʣʷʥʝʤʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E), ɦ ʦ ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 3.42:  

 

ʈʠʩ. 3.42. ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E) 
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ʉʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʜʣʷ ʮʴʦʛʦ ʛʨʘʬʘ.  

ʈʦʟʚô̫ ʟʦʢ. 

ʁʦʛʦ ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ 

1. ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʥʝʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ.  

2. ʉʫʤʘ ʯʠʩʝʣ ʫ ʨʷʜʢʫ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʯʠʩʝʣ ʥʘ 

ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘʧʽʚʩʪʝʧʝʥʷ ʚʠʭʦʜʫ ʜʣʷ 

ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʦʨʛʨʘʬʘ: ὨὩὫὺ , ʜʝ ρ Ὥ ὲ.  

3. ʉʫʤʘ ʯʠʩʝʣ ʫ ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʯʠʩʝʣ ʥʘ 

ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘʧʽʚʩʪʝʧʝʥʷ ʚʭʦʜʫ ʜʣʷ 

ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʦʨʛʨʘʬʘ: ὨὩὫὺ , ʜʝ ρ Ὥ ὲ.  

ɿʘʜʘʚʘʥʥʷ ʛʨʘʬʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʠʩʢʫ ʨʝʙʝʨ 

ʉʧʠʩʦʢ ʨʝʙʝʨ ʛʨʘʬʘ (ʦʨʛʨʘʬʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʦʤʘ ʩʪʦʚʧʮʷʤʠ. 

ʇʝʨʰʠʡ ʩʪʦʚʧʝʮʴ ʤʽʩʪʠʪʴ ʨʝʙʨʘ, ʘ ʜʨʫʛʠʡ ï ̔ ʥʮʠʜʝʥʪʥʽ ʟ ʥʠʤʠ ʚʝʨʰʠʥʠ. ɼʣʷ 

ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ʧʦʨʷʜʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʚʝʨʰʠʥ ʜʦʚʽʣʴʥʠʡ. ɼʣʷ 

ʦʨʛʨʘʬʘ ʧʝʨʰʠʤ ʩʪʦʾʪʴ ʥʦʤʝʨ ʚʝʨʰʠʥʠ, ʟ ʷʢʦʾ ʨʝʙʨʦ ʚʠʭʦʜʠʪʴ. ʉʧʠʩʦʢ ʨʝʙʝʨ 

ʛʨʘʬʘ (ʦʨʛʨʘʬʘ) ʤʦʞʝ ʪʘʢʦʞ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ, 

ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʨʝʙʨʦ ʪʘ ʽʥʮʠʜʝʥʪʥʫ ʡʦʤʫ ʧʘʨʫ ʚʝʨʰʠʥ.  

ʇʨʠʢʣʘʜ 3.20. ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬ G (V, E), ʧʦʢʘʟʥʠʡ ʥʘ ʨʠʩ. 3.43.  

 

 

ʈʠʩ. 3.43. ɻʨʘʬ G (V, E) 

ʆʧʠʩʘʪʠ ʮʝʡ ʛʨʘʬ ʩʧʠʩʢʦʤ ʡʦʛʦ ʨʝʙʝʨ.  
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ʈʦʟʚô̫ ʟʦʢ.  

ʆʨʛʨʘʬ ʽ ʩʧʠʩʦʢ ʡʦʛʦ ʨʝʙʝʨ  

Ὡᴼ ὺȟὺ ȟὩᴼ ὺȟὺ ȟ Ὡᴼ ὺȟὺ ȟὩᴼ ὺȟὺ ȟὩᴼ ὺȟὺ ȟὩ

ᴼ ὺȟὺ  

 

ɯʟʦʤʦʨʬʽʟʤ ʛʨʘʬʽʚ 

ɿ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʠ ʜʽʟʥʘʣʠʩʷ ʧʨʦ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʟʘʜʘʚʘʥʥʷ ʛʨʘʬʽʚ. 

ʆʪʞʝ, ʜʦʚʽʣʴʥʠʡ ʛʨʘʬ ʤʦʞʥʘ ʟʘʜʘʪʠ ʛʨʘʬʽʯʥʦ (ʨʠʩʫʥʢʦʤ), ʤʘʪʨʠʮʝʶ 

ʽʥʮʠʜʝʥʪʥʦʩʪʽ, ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ ʽ ʩʧʠʩʢʦʤ ʨʝʙʝʨ.  

ʋ ʨʘʟʽ ʛʨʘʬʽʯʥʦʛʦ ʟʘʜʘʚʘʥʥ ̫ʛʨʘʬʘ ʚʠʛʣʷʜ ʨʠʩʫʥʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ 

ʣʽʥʽʡ ʽ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʰʠʥ. ʊʦʤʫ ʥʝ ʟʘʚʞʜʠ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ, ʯʠ 

ʦʜʥʘʢʦʚʽ ʛʨʘʬʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʽʟʥʠʭ ʨʠʩʫʥʢʘʭ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩʫʥʢʘʭ 

3.44, ʘ ʪʘ 3.44, ʙ ʟʦʙʨʘʞʝʥʦ ʪʦʡ ʩʘʤʠʡ ʛʨʘʬ.  

 

ʈʠʩ. 3.44. ʈʽʟʥʽ ʛʨʘʬʽʯʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʥʦʛʦ ʛʨʘʬʘ 

 

ʋ ʨʘʟʽ ʟʘʜʘʚʘʥʥ ̫ ʛʨʘʬʘ ʤʘʪʨʠʮʷʤʠ ʘʙʦ ʩʧʠʩʢʦʤ ʨʝʙʝʨ ʾʭ ʚʠʛʣʷʜ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʫʤʝʨʘʮʽʾ ʚʝʨʰʠʥ ʽ ʨʝʙʝʨ ʛʨʘʬʘ. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʛʨʘʬ 

ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʠʡ, ̫ ʢʱʦ ʥʫʤʝʨʘʮʽʷ ʡʦʛʦ ʚʝʨʰʠʥ ʟʘʬʽʢʩʦʚʘʥʘ.  

ɺʠʟʥʘʯʝʥʥʷ. ɻʨʘʬʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʥʫʤʝʨʘʮʽʻʶ ʚʝʨʰʠʥ, 

ʥʘʟʠʚʘʶʪʴ ʽʟʦʤʦʨʬʥʠʤʠ ʛʨʘʬʘʤʠ. 

ʅʝʭʘʡ Ὃ ὠȟὉ  ʽ Ὄ ὠȟὉ ï ʛʨʘʬʠ. ʄʽʞ ʚʝʨʰʠʥʘʤʠ ʮʠʭ ʛʨʘʬʽʚ 

ʽʩʥʫʻ ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ (ʙʽʻʢʮʽʷ) Ὑȡὠᴼὠ. ʇʦʪʫʞʥʦʩʪʽ 

ʤʥʦʞʠʥ ὠʪʘ ὠ ʟʙʽʛʘʶʪʴʩʷ: ȿὠȿ ȿὠȿ.  

ɺʠʟʥʘʯʝʥʥʷ. ɺʽʜʦʙʨʘʞʝʥʥʷ R ʥʘʟʠʚʘʶʪʴ ʽʟʦʤʦʨʬʽʟʤʦʤ ʛʨʘʬʽʚ G ̔  H, 

ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʩʫʤʽʞʥʠʭ ʚʝʨʰʠʥ ὺȟὺᶰὋ ʾʭ ʦʙʨʘʟʠ όȟό ᶰὌ 

ʪʘʢʦʞ ʩʫʤʽʞʥʽ.  
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ɺʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʚʽʜʦʙʨʘʞʝʥʥʷ R ʽʩʥʫʻ ʥʘ ʛʨʘʬʘʭ G ʽ H, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʧʝʨʝʜʥʽʤ ʫʤʦʚʘʤ, ʪʦ ʪʘʢʽ ʛʨʘʬʠ ʥʘʟʠʚʘʶʪʴ ʽʟʦʤʦʨʬʥʠʤʠ 

ʛʨʘʬʘʤʠ.  

ʇʨʠʢʣʘʜ 3.21. ʅʘ ʨʠʩ. 3.45 ʧʦʢʘʟʘʥʽ ʛʨʘʬʠ G (V, E) (a) ʪʘ H (U, F) (ʙ).  

 

ʈʠʩ. 3.45. ɻʨʘʬʠ G (V, E) (a) ʪʘ H (U, F) (ʙ). 

 

ɺʠʟʥʘʯʠʪʠ, ʯʠ ʮ̔  ʛʨʘʬʠ ʻ ʽʟʦʤʦʨʬʥʠʤʠ.  

ʈʦʟʚô̫ ʟʦʢ. 

ʇʦʨʽʚʥʷʻʤʦ ʤʥʦʞʠʥʠ ʚʽʜʦʙʨʘʞʝʥʴ ʜʣʷ ʚʝʨʰʠʥʠ ὺʫ ʛʨʘʬʽ G (V, E) ʪʘ 

όʫ ʛʨʘʬʽ H (U, F). 

 

ɯʟ ʮʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ɦ ʦ Ὑȡὺᴼό. 

ʆʪʞʝ, ʚʽʜʥʦʰʝʥʥʷ, ̫ ʢʝ ʟʘʜʘʥʝ ʧʝʨʝʨʘʭʫʚʘʥʥʷʤ, ʤʘʻ ʚʠʛʣʷʜ:  

Ὑ ὺȟό ȟὺȟό ȟὺȟό ȟὺȟό . 

ʇʨʠʢʣʘʜ 3.22. ʅʘ ʨʠʩ. 3.46 ʧʦʢʘʟʘʥʽ ʛʨʘʬʠ ὋὠȟὉ  ʪʘ ὌὠȟὉ .  

ɺʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʮ̔  ʛʨʘʬʠ ʽʟʦʤʦʨʬʥʠʤʠ. 

ʈʦʟʚô̫ ʟʦʢ. 

1. ɺʠʟʥʘʯʘʻʤʦ ʧʦʪʫʞʥʽʩʪʴ ʚʝʨʰʠʥ ʛʨʘʬʽʚ: ȿὠȿ ψ, ȿὠȿ ψ, ȿὠȿ

ȿὠȿ 

2. ɿʥʘʭʦʜʠʤʦ ʦʜʥʦʟʥʘʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʝʨʰʠʥ. 

a 

 

ʙ 
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ʈʠʩ. 3.46. ɻʨʘʬʠ ὋὠȟὉ  ʪʘ ὌὠȟὉ  

 

3. ʆʜʝʨʞʫʻʤʦ ʚʽʜʥʦʰʝʥʥʷ:  

Ὑ ὥȟρȟὦȟφȟὧȟψȟὨȟσȟȟςȟὫȟυȟὭȟτȟὮȟχ . 

ʇʨʠʢʣʘʜ 3.23. ʅʘ ʨʠʩ. 3.47 ʧʦʢʘʟʘʥʽ ʽʟʦʤʦʨʬʥʽ ʛʨʘʬʠ G ʡ H.  

 

ʈʠʩ. 3.47. ɯʟʦʤʦʨʬʥʽ ʛʨʘʬʠ G ̔  H 

 

ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʜʘʥʠʭ ʛʨʘʬʽʚ.  

ʈʦʟʚô̫ ʟʦʢ. 

Ὃʩʫʤ ï ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ G ʡ Ὄʩʫʤ ï ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ 

ʛʨʘʬʘ H.  
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ɺʣʘʩʪʠʚʽʩʪʴ ʤʘʪʨʠʮʴ ʩʫʤʽʞʥʦʩʪʽ ʽʟʦʤʦʨʬʥʠʭ ʛʨʘʬʽʚ 

ʗʢʱʦ ʛʨʘʬʠ G ʡ H ʽʟʦʤʦʨʬʥʽ, ʪʦ ʟ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ Ὃʩʫʤ ʛʨʘʬʘ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ Ὄʩʫʤ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ὲȦ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʜʝ n ï ʯʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ.  

 

ɯʟʦʤʦʨʬʽʟʤ ʦʨʛʨʘʬʽʚ 

ɺʠʟʥʘʯʝʥʥʷ. ʆʨʛʨʘʬʠ, ɦ ʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʫʤʝʨʘʮʽʻʶ ʚʝʨʰʠʥ  ̔ʤʘʶʪʴ 

ʟ̔ ʪʦʯʥʽʩʪʶ ʜʦ ʥʫʤʝʨʘʮʽʾ ʦʜʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʽ ʨʝʙʨʘ, ʥʘʟʠʚʘʶʪʴ 

ʽʟʦʤʦʨʬʥʠʤʠ ʦʨʛʨʘʬʘʤʠ. 

 

ɸʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʟʦʤʦʨʬʽʟʤʫ ʛʨʘʬʽʚ 

1. ʇʝʨʝʚʽʨʷʻʤʦ ʫʤʦʚʫ ȿὠȿ ȿὡȿ ὲ. ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʛʨʘʬʘ 

ȿὠȿʥʝ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʛʨʘʬʘ ȿὡȿȟ ʪʦ ʛʨʘʬʠ ʦʜʥʦʟʥʘʯʥʦ 

ʥʝʽʟʦʤʦʨʬʥʽ.  

2. ʉʦʨʪʫʻʤʦ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥ ὠ ὺȟὺȟὺȟȢȢȢȟὺ   ̔ 

ὡ ύȟύȟύȟȢȢȢȟύ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʝʣʠʯʠʥʠ ʩʪʝʧʝʥʷʜʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ.  

3. ɺ ʦʪʨʠʤʘʥʠʭ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ ʚʝʨʰʠʥ ʰʫʢʘʻʤʦ 

ʚʝʨʰʠʥʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʨʠʪʝʨʽʷ ʫʧʦʨʷʜʢʫʚʘʥʥʷ, ʪʦʙʪʦ ʰʫʢʘʥʽ 

ʚʝʨʰʠʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʽ ʩʪʝʧʝʥʽ.  

4. ʗʢʱʦ ʪʘʢʽ ʚʝʨʰʠʥʠ ʟʥʘʡʜʝʥʽ, ʪʦ ʟô̒ ʜʥʫʻʤʦ ʾʭ ʨʝʙʨʦʤ ʟ̔ ʤʝʪʦʶ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʘ ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. ʗʢʱʦ ʪʘʢʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʝʤʘʻ, ʪʦʙʪʦ ʦʜʥʘ ʟʽ ʟʥʘʡʜʝʥʠʭ ʚʝʨʰʠʥ ʫʞʝ ʚʢʣʶʯʝʥʘ ʚ ʛʨʘʬ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʪʦ ʧʦʯʘʪʢʦʚʽ ʛʨʘʬʠ G ʡ H ʥʝʽʟʦʤʦʨʬʥʽ.  
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5. ʗʢʱʦ ʛʨʘʬ ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʠʡ, ʪʦ 

ʨʦʟʛʣʷʥʫʪʽ ʛʨʘʬʠ ʽʟʦʤʦʨʬʥʽ, ʘ ʡʦʛʦ ʨʝʙʨʘ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʜʣʷ ʽʟʦʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʨʘʬʘ G ʚ ʛʨʘʬ H.  

ʅʘ ʨʠʩ. 3.48 ʚʽʜʧʦʚʽʜʥʽ ʚʝʨʰʠʥʠ ʽʟʦʤʦʨʬʥʠʭ ʛʨʘʬʽʚ ʟô̒ ʜʥʘʥʽ ʣʽʥʽʷʤʠ.  

 

ʈʠʩ. 3.48. ɯʟʦʤʦʨʬʥʽ ʛʨʘʬʠ 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʋ ʛʨʘʬʽ, ʟʘʜʘʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ, ʚʠʟʥʘʯʠʪʠ ʤʘʨʰʨʫʪ, ʣʘʥʮʶʛ ʽ 

ʧʨʦʩʪʠʡ ʣʘʥʮʶʛ. 

 

2. ɺʚʘʞʘʶʯʠ ʜʘʥʠʡ ʛʨʘʬ ʥʝʦʨʽʻʥʪʦʚʘʥʠʤ, ʧʦʟʥʘʯʠʪʠ ʡʦʛʦ ʚʝʨʰʠʥʠ ʽ 

ʨʝʙʨʘ ʨʽʟʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʽ ʚʠʟʥʘʯʠʪʠ: 

1.1) ʣʦʢʘʣʴʥʽ ʩʪʝʧʝʥʽ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ; 

1.2) ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʡ ʽʥʮʠʜʝʥʪʥʦʩʪʽ;  

1.3) ʧʦʢʘʟʘʪʠ ʧʽʜʛʨʘʬ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʚʝʨʰʠʥ;  

1.4) ʥʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ ʮʠʢʣʽʯʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʣʘʥʮʶʛʘ, ʧʨʦʩʪʦʛʦ 

ʣʘʥʮʶʛʘ.  

ɺʚʘʞʘʶʯʠ ʛʨʘʬ ʦʨʽʻʥʪʦʚʘʥʠʤ, ʚʠʟʥʘʯʠʪʠ:  

2.1) ʩʪʝʧʝʥʽ ʚʝʨʰʠʥ;  

2.2) ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʡ ʩʫʤʽʞʥʦʩʪʽ;  

2.3) ʥʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ ʰʣʷʭʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʣʘʥʮʶʛʘ, ʧʨʦʩʪʦʛʦ 

ʣʘʥʮʶʛʘ, ʢʦʥʪʫʨʫ, ʮʠʢʣʫ ʽ ʧʨʦʩʪʦʛʦ ʮʠʢʣʫ. 

3. ʇʦʙʫʜʫʡʪʝ ʛʨʘʬ ʚʽʜʥʦʰʝʥʥʷ ὼ ώ χ  ʥʘ ʤʥʦʞʠʥʽ  

ὓ ρȟςȟσȟτȟυȟφ. ɺʠʟʥʘʯʪʝ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. 

4. ʅʝʭʘʡ ʟʘʜʘʥʦ ʛʨʘʬ Ὃ ὠȟὉ ; ὠ ρȟςȟσȟτ,  
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Ὁ ρȟσȟςȟσȟσȟτȟτȟρȟτȟς . ʇʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ, ʤʘʪʨʠʮʽ 

ʩʫʤʽʞʥʦʩʪʽ ʡ ʽʥʮʠʜʝʥʪʥʦʩʪʽ. 

 

 

ɺʠʟʥʘʯʠʪʠ ʩʪʝʧʽʥʴ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʛʨʘʬʽʚ ὋȟὋ. ʇʦʙʫʜʫʚʘʪʠ ʧʦ ʜʚʘ 

ʧʽʜʛʨʘʬʠ ʜʣʷ ʢʦʞʥʦʛʦ ʛʨʘʬʘ.  

 

 

3.3. ʆʧʝʨʘʮʽʾ ʥʘʜ ʛʨʘʬʘʤʠ 

ʋʥʘʨʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʛʨʘʬʘʤʠ 

ɼʦʧʦʚʥʝʥʥʷʤ ʛʨʘʬʘ G = (V, E) ʥʘʟʠʚʘʶʪʴ ʛʨʘʬ G = (V, Ὁǋ), ʷʢʱʦ ʡʦʛʦ 

ʨʝʙʨʦ ὺȟὺ  ʚʭʦʜʠʪʴ ʚ ὠǋ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʦ ʥʝ ʚʭʦʜʠʪʴ ʚ V. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʜʚʽ ʚʝʨʰʠʥʠ ὺ ʽ ὺʩʫʤʽʞʥʽ ʚ Ὃ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʩʫʤʽʞʥʽ ʚ G. 

 

 

G = (V, E)                          G = (V, E¡) 

ʈʠʩ. 3.49. ʆʧʝʨʘʮʽʷ ʜʦʧʦʚʥʝʥʥʷ 

 

ɺʠʜʘʣʝʥʥʷ ʚʝʨʰʠʥʠ 

ʅʝʭʘʡ ὺ ï ʚʝʨʰʠʥʘ ʛʨʘʬʘ G = (V, E). G ï ὺ ï ʛʨʘʬ, ʱʦ ʦʪʨʠʤʘʥʠʡ 

ʚʠʜʘʣʝʥʥʷʤ ʟ ʛʨʘʬʘ G ʚʝʨʰʠʥʠ ὺ ʪʘ ʨʝʙʝʨ, ʽʥʮʠʜʝʥʪʥʠʭ ʮʽʡ ʚʝʨʰʠʥʽ. 
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G = (V, E)                                                            G-ὺ 

ʈʠʩ. 3.50. ʆʧʝʨʘʮʽʷ ʚʠʜʘʣʝʥʥʷ ʚʝʨʰʠʥʠ 

 

ɺʠʜʘʣʝʥʥʷ ʨʝʙʝʨ 

ʅʝʭʘʡ Ὡ ï ʨʝʙʨʦ ʛʨʘʬʘ G = (V, E). ʊʦʜʽ G ï Ὡ ï ʧʽʜʛʨʘʬ ʛʨʘʬʘ G, ʷʢʠʡ 

ʦʪʨʠʤʘʥʦ ʧʽʩʣʷ ʚʠʢʠʜʘʥʥʷ ʨʝʙʨʘ Ὡ. 

 

G = (V, E)                                            G-Ὡ 

ʈʠʩ. 3.51. ʆʧʝʨʘʮʽʷ ʚʠʜʘʣʝʥʥʷ ʨʝʙʨʘ 

 

ʉʪʷʛʫʚʘʥʥʷ ï ʦʧʝʨʘʮʽʷ ʚʠʜʘʣʝʥʥʷ ʨʝʙʨʘ Ὡ ʽ ʦʪʦʪʦʞʥʶʚʘʥʥʷ ʡʦʛʦ 

ʢʽʥʮʝʚʠʭ ʚʝʨʰʠʥ. ɻʨʘʬ G ʥʘʟʠʚʘʶʪʴ ʩʪʷʛʥʝʥʠʤ ʜʦ ʛʨʘʬʘ ʅ, ʷʢʱʦ ʅ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟ G ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʩʪʷʛʫʚʘʥʴ. 

 

 

 

G                                  H 

ʈʠʩ. 3.52. ʆʧʝʨʘʮʽʷ ʩʪʷʛʫʚʘʥʥʷ 
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ɿʘʤʢʥʝʥʥʷ ʘʙʦ ʦʪʦʪʦʞʥʶʚʘʥʥʷ 

ʂʘʞʫʪʴ, ʱʦ ʧʘʨʘ ʚʝʨʰʠʥ ʛʨʘʬʘ G  ὺ  ʪʘ ὺ  ʟʘʤʠʢʘʶʪʴʩʷ 

(ʦʪʦʪʦʞʥʶʶʪʴʩʷ), ʷʢʱʦ ʚʦʥʠ ʟʘʤʽʥʶʶʪʴʩʷ ʥʦʚʦʶ ʚʝʨʰʠʥʦʶ, ʫʩʽ ʨʝʙʨʘ 

ʛʨʘʬʘ G, ʽʥʮʠʜʝʥʪʥʽ ὺ ʪʘ ὺ, ʩʪʘʶʪʴ ʽʥʮʠʜʝʥʪʥʠʤʠ ʥʦʚʽʡ ʚʝʨʰʠʥʽ. 

 

 

 

 

ʈʠʩ. 3.53. ʆʧʝʨʘʮʽʷ ʟʘʤʢʥʝʥʥʷ 

 

ɹʽʥʘʨʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʛʨʘʬʘʤʠ 

 

ʆʙô̒ ʜʥʘʥʥʷ ʛʨʘʬʽʚ 

ʆʙô̒ ʜʥʘʥʥʷʤ ʛʨʘʬʽʚ Ὃ  ʪʘ Ὃ , ʧʦʟʥʘʯʘʻʪʴʩʷ Ὃ᷾Ὃȟ ʻ ʛʨʘʬ 

 Ὃ ὠ᷾ὠȟὉ᷾Ὁ ȟ ʤʥʦʞʠʥʘ ʡʦʛʦ ʚʝʨʰʠʥ ʻ ʦʙô̒ ʜʥʘʥʥʷʤ ὠ ʪʘ ὠ, ʘ 

ʤʥʦʞʠʥʘ ʡʦʛʦ ʨʝʙʝʨ ʻ ʦʙô̒ ʜʥʘʥʥʷʤ Ὁ ʪʘ Ὁ. 

 

 

 

 

ʈʠʩ. 3.54. ʆʧʝʨʘʮʽʷ ʦʙô̒ ʜʥʘʥʥʷ 

 

ʇʨʠʢʣʘʜ. 3.24. ʆʙô̒ ʜʥʘʥʥʷ ʛʨʘʬʽʚ Ὃʽ Ὃ, ɦ ʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ Ὃ᷾Ὃ, 

ʚ̫ʣʷʻ ʪʘʢʠʡ ʛʨʘʬ Ὃ ὢ᷾ὢȟὃ᷾ὃ ȟ ʱʦ ʤʥʦʞʠʥʘ ʡʦʛʦ ʚʝʨʰʠʥ ʻ 
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ʦʙô̒ ʜʥʘʥʥʷʤ ὢ ̔ ὢ, ʘ ʤʥʦʞʠʥʘ ʨʝʙʝʨ ï ʦʙô̒ ʜʥʘʥʥʷʤ ὃ ̔ ὃ. ɻʨʘʬ Ὃ, ʱʦ 

ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʦʙô̒ ʜʥʘʥʥʷ ʛʨʘʬʽʚ Ὃ ̔ Ὃ, ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩ. 3.55, ʜ, ʘ ʡʦʛʦ ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ï ʥʘ ʨʠʩ. 3.55, ʝ.  

ʄʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʛʨʘʬʘ ʦʪʨʠʤʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʝʨʘʮʽʾ ʧʦʝʣʝʤʝʥʪʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʤʘʪʨʠʮʴ ʩʫʤʽʞʥʦʩʪʽ ʚʭʽʜʥʠʭ 

ʛʨʘʬʽʚ Ὃʽ Ὃ.  

 

ʈʠʩ. 3.55. ʇʨʠʢʣʘʜ ʦʙô̒ ʜʥʘʥʥʷ ʛʨʘʬʽʚ Ὃ ʽ Ὃ 

 

ʇʝʨʝʪʠʥʦʤ ʛʨʘʬʽʚ Ὃ  ʪʘ Ὃ , ʧʦʟʥʘʯʘʻʪʴʩʷ Ὃ᷊Ὃ  ʻ ʛʨʘʬ 

 Ὃ ὠ᷊ὠȟὉ᷊Ὁ , ʪʦʙʪʦ ʤʥʦʞʠʥʘ ʡʦʛʦ ʚʝʨʰʠʥ ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʪʠʭ 

ʘ ʙ 

 

ʚ ʛ 

 

ʜ 

 

ʝ 
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ʚʝʨʰʠʥ, ʷʢʽ ʻ ʦʜʥʦʯʘʩʥʦ ʚ Ὃ ʪʘ Ὃ, ʘ ʤʥʦʞʠʥʘ ʨʝʙʝʨ Ὃ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʙʝʨ, 

ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʧʨʠʩʫʪʥʽ ʚ Ὃ ʪʘ Ὃ. 

 

 

ʈʠʩ. 3.56. ʆʧʝʨʘʮʽʷ ʧʝʨʝʪʠʥʫ 

 

ʇʨʠʢʣʘʜ 3.25. ʇʝʨʝʪʠʥ ʛʨʘʬʽʚ Ὃʽ Ὃ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ Ὃ᷊Ὃ , 

ʚ̫ʣʷʻ ʩʦʙʦʶ ʛʨʘʬ Ὃ ὢ᷊ὢȟὃ᷊ὃ . ʊʘʢʠʤ ʯʠʥʦʤ, ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ 

ʛʨʘʬʘ Ὃʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʰʠʥ, ʱʦ ʧʨʠʩʫʪʥʽ ʦʜʥʦʯʘʩʥʦ ʚ Ὃʽ Ὃ. ʆʧʝʨʘʮʽʷ 

ʧʝʨʝʪʠʥʫ ʛʨʘʬʽʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.57, ʚ, ʘ ʨʝʟʫʣʴʪʫʶʯʫ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ 

ʦʪʨʠʤʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʧʦʝʣʝʤʝʥʪʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʜʦʙʫʪʢʫ 

ʤʘʪʨʠʮʴ ʩʫʤʽʞʥʦʩʪʽ ʚʭʽʜʥʠʭ ʛʨʘʬʽʚ 
1Gʽ 2G , ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.57, ʛ.  

 

 

 

 ͊  ͋
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ʈʠʩ. 3.57. ʆʧʝʨʘʮʽʷ ʧʝʨʝʪʠʥʫ ʽ ʢʽʣʴʮʝʚʦʾ ʩʫʤʠ: 

ʘ ï ʛʨʘʬ Ὃ; ʙ ï ʛʨʘʬ Ὃ; ʚ ï ʛʨʘʬ Ὃ᷊Ὃ; ʛ ï ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ 

Ὃ᷊Ὃ; ʜ ï ʛʨʘʬ ὋṥὋ; ʝ ï ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ ὋṥὋ 

 

ʂʽʣʴʮʝʚʘ ʩʫʤʘ ʜʚʦʭ ʛʨʘʬʽʚ Ὃ  ʪʘ Ὃ  ʧʦʟʥʘʯʘʻʪʴʩʷ ὋṥὋ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʛʨʘʬ Ὃ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʙʝʨ, ʱʦ ʧʨʠʩʫʪʥʽ ʘʙʦ ʚ Ὃ, ʘʙʦ ʚ Ὃ, ʘʣʝ 

ʥʝ ʚ ʦʙʦʭ ʦʜʥʦʯʘʩʥʦ. 

 

ʈʠʩ. 3.58. ʆʧʝʨʘʮʽʷ ʢʽʣʴʮʝʚʦʾ ʩʫʤʠ 

 

 ͍  ͎

 ͒  ͔
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ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ɺʠʟʥʘʯʪʝ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ  ̔ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʥʘʜ ʛʨʘʬʦʤ 

1G  ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʫ ʛʨʘʬ 
2G . 

 

2. ɼʣʷ ʛʨʘʬʘ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ., ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʡ 

ʽʥʮʠʜʝʥʪʥʦʩʪʽ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʨʠʮʴ, ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʘ. 

 

3. ɼʦʚʝʩʪʠ ʽʟʦʤʦʨʬʽʟʤ ʛʨʘʬʽʚ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ.  

 

4. ʇʦʙʫʜʫʚʘʪʠ ʜʦʧʦʚʥʝʥʥʷ ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 

 

5. ɺʠʟʥʘʯʠʪʠ ʦʙô̒ ʜʥʘʥʥʷ, ʧʝʨʝʪʠʥ ʽ ʢʽʣʴʮʝʚʫ ʩʫʤʫ ʜʚʦʭ ʛʨʘʬʽʚ Ὃʽ Ὃ. 

 

 



159 

 

3.4. ɻʨʘʬʠ ʪʘ ʙʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ɺʽʜʥʦʰʝʥʥʶ R, ʟʘʜʘʥʦʤʫ ʥʘ ʤʥʦʞʠʥʽ V, ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʦ 

ʚʽʜʧʦʚʽʜʘʻ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G(R) ʙʝʟ ʢʨʘʪʥʠʭ ʨʝʙʝʨ ʟ ʤʥʦʞʠʥʦʶ ʚʝʨʰʠʥ 

V, ʫ ʷʢʦʤʫ ʨʝʙʨʦ ὺȟὺ  ʽʩʥʫʻ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʠʢʦʥʘʥʦ ὺὙὺȢ 

ʇʨʝʜʩʪʘʚʠʤʦ ʥʘ ʛʨʘʬʘʭ ʜʝʷʢʽ ʙʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ. 

 

ʈʝʬʣʝʢʩʠʚʥʽʩʪ ɹ

ɺʽʜʥʦʰʝʥʥʷ Rʥʘ ʤʥʦʞʠʥʽ V ʨʝʬʣʝʢʩʠʚʥʝ, ̫ ʢʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ὺᶰὠʩʧʨʘʚʝʜʣʠʚʝ ὺȟὺᶰὙ. ʅʘ ʛʨʘʬʽ ʮʝ ʟʦʙʨʘʞʫʻʪʴʩʷ ʧʝʪʣʝʶ, ʘ ʤʘʪʨʠʮʷ 

ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬʘ ʟ ʨʝʬʣʝʢʩʠʚʥʠʤʠ ʚʽʜʥʦʰʝʥʥʷʤʠ ʤʽʩʪʠʪʴ ʦʜʠʥʠʮʽ ʥʘ 

ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ R ʨʝʬʣʝʢʩʠʚʥʝ, ʪʦ 

ʛʨʘʬ G(R) ʙʝʟ ʢʨʘʪʥʠʭ ʨʝʙʝʨ ʤʘʻ ʧʝʪʣʽ ʫ ʚʩʽʭ ʚʝʨʰʠʥʘʭ.  

ʇʨʠʢʣʘʜ 3.26. ɿʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ ʪʘ ʟʘʜʘʪʠ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ 

ʛʨʘʬ G(R), ʟʘʜʘʥʠʡ ʨʝʬʣʝʢʩʠʚʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ R.  

ʈʦʟʚô̫ ʟʦʢ.  

ʅʘ ʨʠʩ. 3.59 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʛʨʘʬʘ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ.  

 

ʈʠʩ. 3.59. ɻʨʘʬ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ɻʦʣʦʚʥʘ ʜʽʘʛʦʥʘʣʴ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ G(R) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʠʥʠʮʴ. 

 

ɸʥʪʠʨʝʬʣʝʢʩʠʚʥʽʩʪʴ 

ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ R ʥʘ ʤʥʦʞʠʥʽ V ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʝ, ʪʦ ʜʣʷ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ v ʤʥʦʞʠʥʠ V ʩʧʨʘʚʝʜʣʠʚʝ ὺȟὺᶱὙ. ʗʢʱʦ R ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʝ, 

ʪʦ ʛʨʘʬ G(R) ʙʝʟ ʢʨʘʪʥʠʭ ʨʝʙʝʨ ʥʝ ʤʘʻ ʧʝʪʝʣʴ.  
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ʇʨʠʢʣʘʜ 3.27. ɿʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ ʡ ʟʘʜʘʪʠ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ 

ʛʨʘʬ G (R), ʟʘʜʘʥʠʡ ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ R.  

ʈʦʟʚô̫ ʟʦʢ. 

ʅʘ ʨʠʩ. 3.60 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʛʨʘʬʘ ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ.  

 

ʈʠʩ. 3.60. ɻʨʘʬ ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

 

ɻʦʣʦʚʥʘ ʜʽʘʛʦʥʘʣʴ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ G(R) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʫʣʽʚ 

 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʝʬʣʝʢʩʠʚʥʽʩʪʶ, 

ʩʠʤʝʪʨʠʯʥʽʩʪʶ ʽ ʪʨʘʥʟʠʪʠʚʥʽʩʪʶ. 

2. ɿʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ ʡ ʟʘʜʘʪʠ ʤʘʪʨʠʮʝʶ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʬ G (R), 

ʟʘʜʘʥʠʡ ʘʥʪʠʪʨʘʥʟʠʪʠʚʥʠʤ ʪʘ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ R. 

3. ʅʝʭʘʡ ʜʘʥʦ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ: ὠ ὺȟὺȟὺȟὺȟὺ  ʪʘ ʤʥʦʞʠʥʫ,  

ʥʘ ʷʢʽʡ ʟʘʜʘʥʦ ʜʚʘ ʚʽʜʥʦʰʝʥʥʷ: 

Ὑ ὺȟὺ Ȣὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ , 

Ὑ ὺȟὺ Ȣὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ Ȣ 

ʇʦʙʫʜʫʚʘʪʠ ʤʥʦʞʠʥʫ ʨʝʙʝʨ ʛʨʘʬʘ, ʟʘʜʘʥʫ ʥʘ ʦʙô̒ ʜʥʘʥʥʽ ʚʽʜʥʦʰʝʥʴ Ὑ ʪʘ Ὑ . 

ʇʨʝʜʩʪʘʚʠʪʠ ʛʨʘʬʽʯʥʦ ʛʨʘʬʠ ὋὙ᷾Ὑ , ὋὙ  ʪʘ ὋὙ . 

ʈʦʟʛʣʷʥʝʤʦ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G (V, E), ʜʝ  

ὠ ὺȟὺȟὺȟὺȟὺȟὺȟὺȟὺȟὺȟὺ ȟὺ . 

ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬ G (V, E ).  
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3.5. ɿʚô̫ ʟʥʽʩʪʴ ʛʨʘʬʘ 

ɿʚô̫ ʟʥʽʩʪʴ ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ 

ʅʝʭʘʡ ʛʨʘʬ G = (V, E) ï ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ. ɺʝʨʰʠʥʘ a ʥʘʟʠʚʘʻʪʴʩʷ 

ʟʚô̫ ʟʘʥʦʶ ʟ ʚʝʨʰʠʥʦʶ b, ʷʢʱʦ ʽʩʥʫʻ ʤʘʨʰʨʫʪ, ʷʢʠʡ ʟô̒ ʜʥʫʻ ʮʽ ʚʝʨʰʠʥʠ. 

ʉʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʝʨʰʠʥʘ b ʜʦʩʷʞʥʘ ʟ ʚʝʨʰʠʥʠ a. 

ɻʨʘʬ, ʙʫʜʴ-ʷʢʘ ʧʘʨʘ ʚʝʨʰʠʥ ʷʢʦʛʦ ʻ ʟʚô̫ ʟʘʥʘ, ʥʘʟʠʚʘʻʪʴʩʷ ʟʚô̫ ʟʥʠʤ. 

ɺʽʜʥʦʰʝʥʥʷ ʟʚô̫ ʟʥʦʩʪʽ ʨʝʬʣʝʢʩʠʚʥʝ (ʚʝʨʰʠʥʘ ʟʘʚʞʜʠ ʟʚô̫ ʟʘʥʘ ʩʘʤʘ ʟ̔ 

ʩʦʙʦʶ), ʩʠʤʝʪʨʠʯʥʝ (ʽʟ ʟʚô̫ ʟʥʦʩʪʽ ʚʝʨʰʠʥʠ ʟ ʚʝʨʰʠʥʦʶ ʚʠʧʣʠʚʘʻ ʟʚô̫ ʟʥʽʩʪʴ 

ʚʝʨʰʠʥʠ ʟ ʚʝʨʰʠʥʦʶ ) ʽ ʪʨʘʥʟʠʪʠʚʥʝ (ʷʢʱʦ ʚ ʜʦʚʽʣʴʥʦʤʫ ʛʨʘʬʽ G ʚʝʨʰʠʥʘ 

a ʟʚô̫ ʟʘʥʘ ʟ b, ʘ ʚʝʨʰʠʥʘ b ʟʚô̫ ʟʘʥʘ ʟ̔ c, ʪʦ, ʚʦʯʝʚʠʜʴ, ʱʦ a ʻ ʟʚô̫ ʟʘʥʘ ʟ̔ c). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʰʝʥʥʷ ʟʚô̫ ʟʥʦʩʪʽ ʜʣʷ ʚʝʨʰʠʥ ʻ ʚʽʜʥʦʰʝʥʥʷʤ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʊʦʤʫ ʽʩʥʫʻ ʪʘʢʝ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ ʛʨʘʬʘ ʥʘ 

ʧʽʜʤʥʦʞʠʥʠ (ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ), ʷʢʽ ʧʦʧʘʨʥʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʱʦ ʚʩʽ 

ʚʝʨʰʠʥʠ ʚ ʢʦʞʥʽʡ ʧʽʜʤʥʦʞʠʥʽ ʟʚô̫ ʟʘʥʽ, ʘ ʚʝʨʰʠʥʠ ʟ ʨʽʟʥʠʭ ʧʽʜʤʥʦʞʠʥ ʥʝ 

ʟʚô̫ ʟʘʥʽ. ʂʦʞʥʘ ʪʘʢʘ ʧʽʜʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʛʨʘʬʘ ʨʘʟʦʤ ʟ̔ ʨʝʙʨʘʤʠ, 

ʽʥʮʠʜʝʥʪʥʠʤʠ ʮʠʤ ʚʝʨʰʠʥʘʤ, ʩʪʚʦʨʶʻ ʟʚô̫ ʟʥʠʡ ʧʽʜʛʨʘʬ. ʆʪʞʝ, 

ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʻʜʠʥʠʤ ʯʠʥʦʤ ʫ ʚʠʛʣʷʜʽ 

ʦʙô̒ ʜʥʘʥʥʷ ʟʚô̫ ʟʥʠʭ ʧʽʜʛʨʘʬʽʚ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʎʽ ʧʽʜʛʨʘʬʠ 

ʥʘʟʠʚʘʶʪʴ ʟʚô̫ ʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʨʘʬʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɿʚô̫ ʟʥʠʡ 

ʛʨʘʬ ʻ ʩʚʦʻʶ  ̔ʻʜʠʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʟʚô̫ ʟʥʦʩʪʽ. 

ɺʽʜʥʦʰʝʥʥʷ ʟʚô̫ ʟʥʦʩʪʽ ʜʣʷ ʚʝʨʰʠʥ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

ʆʪʞʝ, ʽʩʥʫʻ ʪʘʢʝ ʨʦʟʢʣʘʜʘʥʥʷ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ V: 

1) V= ╥ ᷾╥ é᷾ ᷾ ὠ, ὠž ὠ=  ɲ ʟʘ iÍ j, ʥʘ ʧʦʧʘʨʥʦ ʥʝʧʝʨʝʨʽʟʫʚʘʥʽ 

ʧʽʜʤʥʦʞʠʥʠ, ʱʦ ʚʩʽ ʚʝʨʰʠʥʠ b ʦʜʥʽʻʾ ʤʥʦʞʠʥʠ 
iV ʻ ʟʚô̫ ʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ, 

ʘ ʚʝʨʰʠʥʠ ʟ ʨʽʟʥʠʭ ʤʥʦʞʠʥ 
iVʥʝ ʻ ʟʚô̫ ʟʘʥʽ.  

2) E = ╔ Ὁ᷾ é᷾ ᷾Ὁ, Ὁž Ὁ=  ɲʟʘ i Í j. 

ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 1) ʪʘ 2), ʤʘʪʠʤʝ ʧʨʷʤʝ ʨʦʟʢʣʘʜʘʥʥʷ. 

3) G = ╖  ᷾Ὃ ᷾é ᷾ ╖▬ȟʜʝ ╖  = (╥ , ╔ ), ╖  = (╥ , ╔), é, ╖▪= (╥▬, ╔▬) ï 

ʥʝʧʝʨʝʨʽʟʫʚʘʥʽ ʟʚô̫ ʟʥʽ ʧʽʜʛʨʘʬʠ. 

ʎʽ ʧʽʜʛʨʘʬʠ ʥʘʟʠʚʘʶʪʴʩʷ ʟʚô̫ ʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʨʘʬʘ G, ʘʙʦ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ G. 

ʏʠʩʣʦ ʨ ï ɦ ʝ ʦʜʥʘ ʯʠʩʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʘʬʘ. ɼʣʷ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ 

ʨ = 1; ʷʢʱʦ ʛʨʘʬ ʻ ʥʝʟʚô̫ ʟʥʠʡ, ʪʦ ʨ Ó 2. 

ʊʝʦʨʝʤʘ. ʂʦʞʝʥ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʚ ʻʜʠʥʠʡ ʩʧʦʩʽʙ 

ʥʘ ʧʨʷʤʫ ʩʫʤʫ 3) ʚʣʘʩʥʠʭ ʟʚô̫ ʟʥʠʭ ʢʦʤʧʦʥʝʥʪ. 
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ɿʘʫʚʘʞʝʥʥʷ. ʗʢʱʦ ʧʝʚʥʠʡ ʛʨʘʬ ʥʝ ʻ ʟʚô̫ ʟʥʠʤ ʽ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʜʝʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦ ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ 

ʜʦʩʣʽʜʞʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʻ ʟʚô̫ ʟʥʽ.  

ʊʦʤʫ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ  ̒ʩʝʥʩ ʧʨʠʧʫʩʢʘʪʠ, ʱʦ ʟʘʜʘʥʠʡ 

ʛʨʘʬ ʻ ʟʚô̫ ʟʥʠʡ. 

ɻʨʘʬ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3.61, ʤʘʻ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ ʟʚô̫ ʟʥʦʩʪʽ.  

ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʟʚô̫ ʟʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʟʚô̫ ʟʥʠʭ ʧʽʜʛʨʘʬʽʚ ʛʨʘʬʘ, ʪʦ ʥʘʚʝʜʝʥʠʡ ʛʨʘʬ ï ʪʨʠʟʚô̫ ʟʥʠʡ (ʯʠʩʣʦ ʟʚô̫ ʟʥʦʩʪʽ 

ʨ = 3). 

 

ʈʠʩ. 3.61. ʊʨʠʟʚô̫ ʟʥʠʡ ʛʨʘʬ 

 

ɿʚô̫ ʟʥʽʩʪʴ ʜʣʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ (ʦʨʛʨʘʬʽʚ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ, ʪʦʙʪʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʥʘʧʨʷʤʢʽʚ ʜʫʛ.  

ʗʢʱʦ ʚ ʦʨʛʨʘʬʽ ʽʩʥʫʻ ʤʘʨʰʨʫʪ, ʱʦ ʧʦʚô̫ ʟʫʻ ʚʝʨʰʠʥʠ, ʪʦ ʢʘʞʫʪʴ, ʱʦ 

ʚʝʨʰʠʥʘ ʜʦʩʷʞʥʘ ʟ ʚʝʨʰʠʥʠ. ɹʫʜʴ-ʷʢʘ ʚʝʨʰʠʥʘ ʚʚʘʞʘʻʪʴʩʷ ʜʦʩʷʞʥʦʶ ʟ̔ 

ʩʝʙʝ ʩʘʤʦʾ. ɺʝʨʰʠʥʘ ʦʨʛʨʘʬʘ ʥʘʟʠʚʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ, ʷʢʱʦ ʟ ʥʝʾ ʜʦʩʷʞʥʘ 

ʙʫʜʴ-ʷʢʘ ʚʝʨʰʠʥʘ ʦʨʛʨʘʬʘ.  

ɿʚô̫ ʟʥʽʩʪʴ ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʠʥʮʠʧʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ, ʪʦʙʪʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʜʫʛ. ʉʧʝʮʠʬʽʯʥʠʤ ʜʣʷ 

ʦʨʛʨʘʬʘ ʻ ʧʦʥʷʪʪʷ ʩʠʣʴʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ.  

ʆʨʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʣʴʥʠʤ (ʘʙʦ ʩʠʣʴʥʦ ʟʚô̫ ʟʥʠʤ), ʷʢʱʦ ʙʫʜʴ-ʷʢʽ 

ʜʚʽ ʡʦʛʦ ʚʝʨʰʠʥʠ ʜʦʩʷʞʥʽ ʦʜʥʘ ʟ ʦʜʥʦʾ. ʆʨʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦʩʪʦʨʦʥʥʽʤ 

(ʘʙʦ ʦʜʥʦʩʪʦʨʦʥʥʻ ʟʚô̫ ʟʥʠʤ), ʷʢʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʘʨʠ ʡʦʛʦ ʚʝʨʰʠʥ, 

ʤʝʥʰʦʶ ʤʽʨʦʶ, ʦʜʥʘ ʟ ʥʠʭ ʜʦʩʷʞʥʘ ʟ ʽʥʰʦʾ. ʆʨʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʣʴʥʦ 

ʟʚô̫ ʟʥʠʤ, ʷʢʱʦ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʡʦʛʦ ʚʝʨʰʠʥ ʘ ʪʘ b ̔ ʩʥʫʻ ʰʣʷʭ ʟ ʚʝʨʰʠʥʠ ʘ 

ʜʦ ʚʝʨʰʠʥʠ b. 

 

ʈʠʩ. 3.62. ʆʨʛʨʘʬʠ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ): ʩʠʣʴʥʠʡ, ʦʜʥʦʩʪʦʨʦʥʥʽʡ ʽ ʩʣʘʙʢʠʡ 
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ʆʨʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʩʣʘʙʢʠʤ (ʘʙʦ ʩʣʘʙʦ ʟʚô̫ ʟʥʠʤ), ʷʢʱʦ ʟʚô̫ ʟʥʠʤ 

ʛʨʘʬʦʤ ʻ ʡʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʜʫʙʣʽʢʘʪ. ʆʩʢʽʣʴʢʠ ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʜʦʩʷʞʥʘ ʟ̔ 

ʩʝʙʝ ʩʘʤʦʾ, ʪʦ ʦʜʥʦʚʝʨʰʠʥʥʠʡ ʦʨʛʨʘʬ ʙʫʜʝ ʦʜʥʦʯʘʩʥʦ ʽ ʩʠʣʴʥʠʤ, ʽ 

ʦʜʥʦʩʪʦʨʦʥʥʽʤ, ʽ ʩʣʘʙʢʠʤ. ʂʦʞʥʠʡ ʩʠʣʴʥʠʡ ʦʨʛʨʘʬ ʻ ʦʜʥʦʩʪʦʨʦʥʥʽʤ, ʘ 

ʢʦʞʥʠʡ ʦʜʥʦʩʪʦʨʦʥʥʽʡ ï ʩʣʘʙʢʠʤ. ɺʦʯʝʚʠʜʴ, ʜʚʽ ʙʫʜʴ-ʷʢʽ ʚʝʨʰʠʥʠ ʩʠʣʴʥʦʛʦ 

ʦʨʛʨʘʬʘ, ʱʦ ʥʝ ʟʙʽʛʘʶʪʴʩʷ, ʥʘʣʝʞʘʪʴ ʧʝʚʥʦʤʫ ʢʦʥʪʫʨʫ.  

ʋ ʜʝʷʢʠʭ ʟʘʜʘʯʘʭ ʽʩʪʦʪʥʦʶ ʻ ʚʠʤʦʛʘ ʩʠʣʴʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ. 

ʅʘʧʨʠʢʣʘʜ, ʛʨʘʬ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʣʘʥ ʤʽʩʪʘ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʨʫʭʦʤ ʧʦ 

ʜʝʷʢʠʭ ʚʫʣʠʮʷʭ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʠʣʴʥʦ ʟʚô̫ ʟʘʥʠʤ, ʽʥʘʢʰʝ ʟʥʘʡʜʫʪʴʩʷ 

ʚʝʨʰʠʥʠ (ʧʣʦʱʽ ʡ ʧʝʨʝʭʨʝʩʪʷ), ʤʽʞ ʷʢʠʤʠ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʦʾʭʘʪʠ ʤʽʩʪʦʤ 

ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʨʫʭʫ.  

ʄʘʨʰʨʫʪ, ʱʦ ʤʽʩʪʠʪʴ ʚʩʽ ʚʝʨʰʠʥʠ ʦʨʛʨʘʬʘ, ʥʘʟʠʚʘʻʪʴʩʷ ʦʩʪʦʚʥʠʤ.  

ʊʝʦʨʝʤʘ. ʆʨʛʨʘʬ ʻ ʩʠʣʴʥʠʤ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚ ʥʴʦʤʫ ʻ 

ʦʩʪʦʚʥʠʡ ʢʦʥʪʫʨ, ʻ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚ ʥʴʦʤʫ ʻ 

ʦʩʪʦʚʥʠʡ ʰʣʷʭ. 

ɺʽʜʥʦʰʝʥʥʷ ʚʟʘʻʤʥʦʾ ʜʦʩʷʞʥʦʩʪʽ ʚʝʨʰʠʥ ʦʨʛʨʘʬʘ ʨʝʬʣʝʢʩʠʚʥʦ, ʩʠʤʝʪʨʠʯʥʦ 

ʽ ʪʨʘʥʟʠʪʠʚʥʦ. ʗʢʱʦ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʪʦ ʚʦʥʦ ʨʦʟʙʠʚʘʻ 

ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ ʦʨʛʨʘʬʘ ʥʘ ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʦʙô̒ ʜʥʫʶʯʠ ʚ ʦʜʠʥ ʢʣʘʩ 

ʚʩʽ ʚʝʨʰʠʥʠ, ʱʦ ʜʦʩʷʞʥʽ ʦʜʥʘ ʟ ʦʜʥʦʾ. ɺʝʨʰʠʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʪʘʢʽ ʢʣʘʩʠ, 

ʨʘʟʦʤ ʟ̔ ʜʫʛʘʤʠ, ʾʤ ʽʥʮʠʜʝʥʪʥʠʤʠ, ʦʙʠʜʚʽ ʢʽʥʮʝʚʽ ʚʝʨʰʠʥʠ ʷʢʠʭ ʥʘʣʝʞʘʪʴ 

ʮʴʦʤʫ ʞ ʢʣʘʩʫ, ʩʪʚʦʨʶʶʪʴ ʧʽʜʛʨʘʬʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʣʴʥʠʤʠ (ʘʙʦ ʩʠʣʴʥʦ 

ʟʚô̫ ʟʥʠʤʠ) ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʨʛʨʘʬʘ.  

ʆʨʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʟʚô̫ ʟʥʠʤ, ʢʦʣʠ ʡʦʛʦ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʜʫʙʣʽʢʘʪ ʥʝ 

ʻ ʟʚô̫ ʟʥʠʤ ʛʨʘʬʦʤ. 

ʆʨʛʨʘʬ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.38, ʤʘʻ ʯʦʪʠʨʠ ʩʠʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ 

ʤʥʦʞʠʥʘʤʠ ʚʝʨʰʠʥ ὺȟὺȟὺȟὺ , ὺȟὺȟὺ , ὺ , ὺ . ɺ ʦʨʛʨʘʬʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʫʛʠ, ʱʦ ʥʝ ʚʭʦʜʷʪʴ ʚ ʞʦʜʥʫ ʟ ʡʦʛʦ ʩʠʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʥʘʧʨʠʢʣʘʜ, 

ʜʫʛʠ ὺȟὺ , ὺȟὺ , ὺȟὺ  ̔ ὺȟὺ ʫ ʦʨʛʨʘʬʘ ʥʘ ʨʠʩ. 3.63. 

 

ʈʠʩ. 3.63. ʏʦʪʠʨʠʟʚô̫ ʟʥʠʡ ʦʨʛʨʘʬ 
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ɺʝʨʰʠʥʥʘ ʟʚô̫ ʟʥʽʩʪʴ 

ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬ, ʚʝʨʰʠʥʠ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʷʢʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʙô̒ ʢʪʘʤ, ʘ ʨʝʙʨʘ ʧʦʢʘʟʫʶʪʴ, ʷʢʽ ʦʙô̒ ʢʪʠ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʜʠʥ ʟ ʦʜʥʠʤ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʯʝʨʝʟ ʽʥʰʽ ʦʙô̒ ʢʪʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʠʤ ʛʨʘʬʦʤ, ʚʚʘʞʘʻʪʴʩʷ 

ʬʫʥʢʮʽʦʥʫʶʯʦʶ, ʷʢʱʦ ʢʦʞʥʘ ʧʘʨʘ ʾʾ ʦʙô̒ ʢʪʽʚ ʟʚô̫ ʟʘʥʘ ʤʽʞ ʩʦʙʦʶ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʩʠʩʪʝʤʠ ʻ ʾʾ ʥʘʜʽʡʥʽʩʪʴ, ʧʽʜ ʷʢʦʶ ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ ʟʜʽʙʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʨʘʟʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʦʙô̒ ʢʪʽʚ ʽ (ʘʙʦ) 

ʧʦʨʫʰʝʥʥ ̫ʟʚô̫ ʟʢʫ ʤʽʞ ʜʝʷʢʠʤʠ ʟ ʥʠʭ. ɺʦʯʝʚʠʜʴ, ʱʦ ʤʝʥʰ ʥʘʜʽʡʥʦʶ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʪʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʧʝʨʝʩʪʘʻ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʟ ʚʠʭʦʜʦʤ ʽʟ ʣʘʜʫ ʤʝʥʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʾʾ ʝʣʝʤʝʥʪʽʚ. ʆʮʽʥʠʪʠ ʩʪʝʧʽʥʴ ʥʘʜʽʡʥʦʩʪʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʪʽ ʧʦʥʷʪʪʷ, ʧʨʦ ʷʢʽ ʟʛʘʜʫʚʘʣʦʩʷ ʚʠʱʝ ʽ ʷʢʽ ʟʘʨʘʟ ʙʫʜʫʪʴ ʚʠʟʥʘʯʝʥʽ.  

ɺʠʟʥʘʯʝʥʥʷ. ʏʠʩʣʦʤ ʚʝʨʰʠʥʦʶ ʟʚô̫ ʟʥʦʩʪʽ (ʘʙʦ ʧʨʦʩʪʦ ʯʠʩʣʦʤ 

ʟʚô̫ ʟʥʦʩʪʽ) …Ὃ ʛʨʘʬʘ G ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦ, ʱʦ ʜʦʨʽʚʥʶʻ ʥʘʡʤʝʥʰʦʤʫ 

ʯʠʩʣʫ ʚʝʨʰʠʥ, ʚʠʜʘʣʝʥʥʷ ʷʢʠʭ ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʟʚô̫ ʟʥʦʛʦ ʘʙʦ 

ʦʜʥʦʚʝʨʰʠʥʥʦʛʦ ʛʨʘʬʘ.  

ɻʨʘʬ G, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.64, ʟʚô̫ ʟʥʠʡ, ʘʣʝ ʚʽʥ ʧʝʨʝʩʪʘʥʝ ʙʫʪʠ 

ʟʚô̫ ʟʥʠʤ, ʷʢʱʦ ʚʠʜʘʣʠʪʠ ʚʝʨʰʠʥʫ 4. ʊʦʤʫ …Ὃ ρ. 

 

ʈʠʩ. 3.64                                ʈʠʩ. 3.65 

ʄʦʞʥʘ ʧʦʨʫʰʫʚʘʪʠ ʟʚô̫ ʟʥʽʩʪʴ ʛʨʘʬʘ, ʚʠʜʘʣʷʶʯʠ ʜʝʷʢʽ ʡʦʛʦ ʨʝʙʨʘ 

(ʜʫʛʠ). ʋ ʛʨʘʬʘ (ʨʠʩ. 3.64) ʜʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʚʠʜʘʣʠʪʠ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʨʝʙʝʨ. 

ʅʘʧʨʠʢʣʘʜ, ʛʨʘʬ ʨʦʟʧʘʜʝʪʴʩʷ ʥʘ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʨʝʙʝʨ 4&5, 

4&6, 4&7. 

 

ʈʝʙʝʨʥʘ ʟʚô̫ ʟʥʽʩʪʴ 

ɺʠʟʥʘʯʝʥʥʷ. ʏʠʩʣʦʤ ʨʝʙʝʨʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ ⱦ╖ ʛʨʘʬʘ G ʥʘʟʠʚʘʻʪʴʩʷ 

ʯʠʩʣʦ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʥʘʡʤʝʥʰʦʤʫ ʯʠʩʣʫ ʨʝʙʝʨ, ʚʠʜʘʣʝʥʥʷ ʷʢʠʭ ʧʨʠʚʝʜʝ ʜʦ 

ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ. ʏʠʩʣʦ ʨʝʙʝʨʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ ʦʜʥʦʚʝʨʰʠʥʥʦʛʦ ʛʨʘʬʘ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  

ɺʠʱʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʛʨʘʬʘ G (ʨʠʩ. 3.61) ⱦ╖ .  
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ɺʝʨʰʠʥʘ ὺ ʛʨʘʬʘ G ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʟʯʣʝʥʫʚʘʥʥʷ, ʷʢʱʦ ʛʨʘʬ 

 G-v, ʦʪʨʠʤʘʥʠʡ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʚʠʜʘʣʝʥʥʷ ʫ ʛʨʘʬʘ G ʚʝʨʰʠʥʠ v, ʤʘʻ ʙʽʣʴʰʝ 

ʢʦʤʧʦʥʝʥʪ ʟʚô̫ ʟʥʦʩʪʽ, ʥʽʞ ʩʘʤ ʛʨʘʬ G. ʗʢʱʦ G ʟʚô̫ ʟʥʠʡ ʽ v ʪʦʯʢʘ 

ʟʯʣʝʥʫʚʘʥʥʷ, ʪʦ G-v ʥʝ ʟʚô̫ ʟʥʠʡ. 

ʈʝʙʨʦ e ʛʨʘʬʘ G ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʩʪʦʤ, ʷʢʱʦ ʡʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʙʽʣʴʰʫʻ 

ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʢʠ ʟʯʣʝʥʫʚʘʥʥʷ ʡ ʤʦʩʪʠ ï ʮʝ ʩʚʦʛʦ ʨʦʜʫ çʚʫʟʴʢʽ 

ʤʽʩʮʷè ʛʨʘʬʘ. ɻʨʘʬ ʥʘ ʨʠʩ. 3.65 ʤʘʻ ʪʨʠ ʪʦʯʢʠ ʟʯʣʝʥʫʚʘʥʥʷ ï ʮʝ ʚʝʨʰʠʥʠ a, 

b, c, ʽ ʦʜʠʥ ʤʽʩʪ ï ʨʝʙʨʦ a & b. 

ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʦ ʷʢʫ ʡʰʣʦʩʷ ʩʧʦʯʘʪʢʫ, 

ʟʘʟʥʘʯʠʤʦ, ʱʦ ʯʠʩʣʦ ʚʝʨʰʠʥʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ ʡ ʯʠʩʣʦ ʨʝʙʝʨʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ ʾʾ 

ʛʨʘʬʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʯʫʪʪʻʚʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʧʦʰʢʦʜʞʝʥʴ, ʘ ʪʦʯʢʠ 

ʟʯʣʝʥʫʚʘʥʥʷ ʡ ʤʦʩʪʠ ʛʨʘʬʘ ʩʠʩʪʝʤʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʡʙʽʣʴʰ ʚʫʟʴʢʽ ʤʽʩʮʷ 

ʩʠʩʪʝʤʠ.  

ɻʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʨʦʟʜʽʣʴʥʠʤ, ʷʢʱʦ ʚʽʥ ʟʚô̫ ʟʥʠʡ ʽ ʥʝ ʤʘʻ ʪʦʯʦʢ 

ʟʯʣʝʥʫʚʘʥʥʷ. ɻʨʘʬ, ʱʦ ʤʘʻ ʭʦʯʘ ʙ ʦʜʥʫ ʪʦʯʢʫ ʟʯʣʝʥʫʚʘʥʥʷ, ʻ ʨʦʟʜʽʣʴʥʠʤ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʧʘʨʘʙʝʣʴʥʠʤ. ɺʽʥ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʙʣʦʢʠ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ 

ʚ̫ʣʷʻ ʩʦʙʦʶ ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʝʨʦʟʜʽʣʴʥʠʡ ʧʽʜʛʨʘʬ.  

 

ʈʠʩ. 3.66. ɹʣʦʢʠ ὄ, ὄȟὄ ʛʨʘʬʘ ʟ ʨʠʩ. 3.64 

 

ʗʢʱʦ ‏Ὃʻ ʤʽʥʽʤʘʣʴʥʘ ʩʪʝʧʽʥʴ ʚʝʨʰʠʥ ʛʨʘʬʘ G, ʪʦ ʚʦʯʝʚʠʜʴ, ʱʦ 

‗Ὃ Ὃ, ʦʩʢʽʣʴʢʠ ʚʠʜʘʣʝʥʥʷ ʚʩʽʭ ʨʝʙʝʨ, ʽʥʮʠʜʝʥʪʥʠʭ ʮ̔‏ ʡ ʚʝʨʰʠʥʽ, 

ʧʨʠʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ.  

ʊʝʦʨʝʤʘ. ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʛʨʘʬʘ G ʩʧʨʘʚʝʜʣʠʚʽ ʥʝʨʽʚʥʦʩʪʽ: 

 …Ὃ ‗Ὃ Ὃ‏ .  

ɻʨʘʬ G ʥʘʟʠʚʘʻʪʴʩʷ k-ʟʚô̫ ʟʥʠʤ, ʷʢʱʦ …Ὃ Ὧ, ʨʝʙʝʨʥʦ k-ʟʚô̫ ʟʥʠʤ, 

ʷʢʱʦ ‗Ὃ Ὧ.  

ɻʨʘʬ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.64, 1-ʟʚô̫ ʟʥʠʡ ʽ ʨʝʙʝʨʥʦ 3-ʟʚô̫ ʟʥʠʡ.  

ʆʪʞʝ, ʧʽʜʩʫʤʫʻʤʦ. ʆʟʥʘʯʝʥʥʷ. ɼʚʽ ʚʝʨʰʠʥʠ v ʽ w ʥʘʟʠʚʘʶʪʴʩʷ 

ʟʚô̫ ʟʘʥʠʤʠ, ʷʢʱʦ ʽʩʥʫʻ ʤʘʨʰʨʫʪ ʟ ʢʽʥʮʷʤʠ v ʪʘ w. ɻʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ ʟʚô̫ ʟʥʠʤ, 
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ʷʢʱʦ ʙʫʜʴ-ʷʢʘ ʧʘʨʘ ʡʦʛʦ ʚʝʨʰʠʥ ʻ ʟʚô̫ ʟʘʥʦʶ. ʗʢʱʦ ʛʨʘʬ ʥʝ ʻ ʟʚô̫ ʟʥʠʤ, ʪʦ 

ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʟʚô̫ ʟʥʠʤ.  

ɺʠʟʥʘʯʝʥʥʷ. ɿʚô̫ ʟʥʽʩʪʶ ʛʨʘʬʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʝʨʰʠʥ, ʚʠʣʫʯʝʥʥʷ ʷʢʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ.  

ʇʨʠʢʣʘʜ 3. 26. ɻʨʘʬ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.67, ʻ ʟʚô̫ ʟʥʠʤ, ʪʦʤʫ ʱʦ 

ʙʫʜʴ-ʷʢʘ ʧʘʨʘ ʡʦʛʦ ʚʝʨʰʠʥ ʟʚô̫ ʟʘʥʘ. ɸʣʝ ʷʢʘ ʡʦʛʦ ʟʚô̫ ʟʥʽʩʪʴ? ʊʦʙʪʦ ʷʢʦʶ ʻ 

ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʡʦʛʦ ʛʨʘʬʘ, ʚʠʣʫʯʝʥʥʷ ʷʢʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ?  

 

ʈʠʩ. 3.67. ɿʚô̫ ʟʥʠʡ ʛʨʘʬ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʚô̫ ʟʥʽʩʪʴ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦʤʫ ʱʦ ʚʠʣʫʯʝʥʥʷ ʦʜʥʽʻʾ 

ʚʝʨʰʠʥʠ ὺ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ. 

 

ʈʠʩ. 3.68. ɻʨʘʬ, ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʚʝʨʰʠʥʠ 1v  

 

3.6. ɼʦʩʷʞʥʽʩʪʴ ʽ ʢʦʥʪʨʜʦʩʷʞʥʽʩʪʴ ʚʝʨʰʠʥʠ ʚ ʛʨʘʬʘʭ 

ɺʠʟʥʘʯʝʥʥʷ. ɺʝʨʰʠʥʫ w ʛʨʘʬʘ D (ʘʙʦ ʦʨʛʨʘʬʘ) ʥʘʟʠʚʘʶʪʴ ʜʦʩʷʞʥʦʶ 

ʟ ʚʝʨʰʠʥʠ v, ̫ ʢʱʦ w = v, ʘʙʦ ʽʩʥʫʻ ʰʣʷʭ ʟ v ʫ w (ʤʘʨʰʨʫʪ ʚʽʜ v ʫ w).  

 

ɺʠʟʥʘʯʝʥʥʷ. ɺʝʨʰʠʥʫ w ʛʨʘʬʘ D (ʘʙʦ ʦʨʛʨʘʬʘ) ʥʘʟʠʚʘʶʪʴ 

ʢʦʥʪʨʜʦʩʷʞʥʦʶ ʟ ʚʝʨʰʠʥʠ v, ̫ ʢʱʦ ʽʩʥʫʻ ʰʣʷʭ ʟ w ʫ v (ʤʘʨʰʨʫʪ ʚʽʜ w ʫ v).  
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ʄʘʪʨʠʮʷ ʚʽʜʩʪʘʥʝʡ ʛʨʘʬʘ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ G =(V, E). ɺʽʜʩʪʘʥʥʶ ʧʦʤʽʞ ʜʚʦʤʘ 

ʚʝʨʰʠʥʘʤʠ v ʪʘ w ʛʨʘʬʘ G ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʚʞʠʥʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʣʘʥʮʶʛʘ, 

ʷʢʠʡ ʟʚô̫ ʟʫʻ ʮ ̔ʚʝʨʰʠʥʠ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʚʝʨʰʠʥʘʤʠ v ʪʘ w ʛʨʘʬʘ G ʧʦʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ G d (v, w). 

ɸʢʩʽʦʤʠ ʤʝʪʨʠʢʠ: 

1) d (v, w)> 0; d (v, w) = 0 <=> v = w; 

2) d (v, w) = d (v, w); 

3) d (v, z) = d (v, w) + d (w, z). 

ɼʽʘʤʝʪʨʦʤ ʛʨʘʬʘ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ d (G), ʜʝ ʤʘʢʩʠʤʫʤ ʙʝʨʝʪʴʩʷ 

ʟʘ ʚʩʽʤʘ ʤʦʞʣʠʚʠʤʠ ʧʘʨʘʤʠ ʚʝʨʰʠʥ ʛʨʘʬʘ: ὨὋ άὥὼ
ȟ
ὨὋ

 
ɺʠʟʥʘʯʠʤʦ ʜʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ x ʛʨʘʬʘ G ʚʝʣʠʯʠʥʫ r (x), ʪʦʙʪʦ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʰʠʥʠ x ʜʦ ʥʘʡʚʽʜʜʘʣʝʥʽʰʦʾ ʚʽʜ x ʚʝʨʰʠʥʠ ʛʨʘʬʘ:  

ὶὼ άὥὼὨὼȟώ. 

ʄʽʥʽʤʫʤ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʟʘ ʚʩʽʤʘ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʨʘʜʽʫʩʦʤ ʛʨʘʬʘ G: 

ὶ Ὃ άὭὲ ὶὼ άὭὲ άὥὼ Ὠὼȟώ 

ɺʝʨʰʠʥʘ ὼ, ʷʢʦ ʾʜʦʩʷʛʘʻʪʴʩʷ ʮʝʡ ʤʽʥʽʤʫʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʦʶ. 

ʇʨʠʢʣʘʜ 3.27. ɿʥʘʡʪʠ ʜʽʘʤʝʪʨ  ̔ʨʘʜʽʫʩ ʜʣʷ ʛʨʘʬʘ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ 

ʨʠʩ. 3.69. 

 

ʈʠʩ. 3.69 

 

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟʨʫʯʥʦ ʧʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʠʪʠ ʪʘʢ ʟʚʘʥʫ 

ʤʘʪʨʠʮʶ ʚʽʜʩʪʘʥʝʡ ʧʦʤʽʞ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʮʝ ʙʫʜʝ ʤʘʪʨʠʮʷ 

ʨʦʟʤʽʨʦʤ 9 Ĭ 9, ʝʣʝʤʝʥʪ ʷʢʦʾ, ʱʦ ʩʪʦʾʪʴ ʥʘ ʤʽʩʮʽ (i, j), ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʚʝʨʰʠʥʠ i ʜʦ ʚʝʨʰʠʥʠ j. 



168 

 

 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʜʽʘʤʝʪʨ ʛʨʘʬʘ ʜʦʨʽʚʥʶʻ ʥʘʡʙʽʣʴʰʦʤʫ ʝʣʝʤʝʥʪʦʚʽ 

ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ. ʆʪʞʝ, d = 3. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʘʜʽʫʩʘ ʚʽʜʰʫʢʘʻʤʦ ʚ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʥʘʡʙʽʣʴʰʝ 

ʯʠʩʣʦ; ʮ ̔ʯʠʩʣʘ ʚʠʧʠʩʘʥʦ ʧʨʘʚʦʨʫʯ ʚʽʜ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ. ʅʘʡʤʝʥʰʽ ʟ ʥʠʭ 

ʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ r = 2. ɺʝʨʰʠʥʠ 3-ʪ ̫ʪʘ 5-ʪʘ  ̒ʮʝʥʪʨʘʣʴʥʠʤʠ. 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʅʝʭʘʡ ʜʘʥʦ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ G (V, E) . ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʟʘʛʘʣʴʥʦʛʦ 

ʩʪʝʧʝʥʷ ʚʝʨʰʠʥ ʛʨʘʬʘ ʟʘ ʫʤʦʚʠ, ɦ ʦ V  = 5 ̔  E  = 8. ʇʦʙʫʜʫʚʘʪʠ ʚʘʨʽʘʥʪ ʛʨʘʬʘ 

ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʩʪʝʧʝʥʝʤ ʚʝʨʰʠʥʠ. 

2. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ n ï ʢʽʣʴʢʽʩʪʴ ʙʫʜʠʥʢʽʚ  ̔ m ï ʢʽʣʴʢʽʩʪʴ ʜʦʨʽʛ. 

ɹʫʜʠʥʢʠ ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʚʽʜ 1 ʜʦ n. ʂʦʞʥʘ ʜʦʨʦʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʽʡʢʦʶ 

ʯʠʩʝʣ ï ʜʚʦʤʘ ʥʦʤʝʨʘʤʠ ʙʫʜʠʥʢʽʚ ï ʢʽʥʮʽʚ ʜʦʨʦʛʠ. ʋ ʢʦʞʥʦʤʫ ʙʫʜʠʥʢʫ ʞʠʚʝ 

ʧʦ ʦʜʥʽʡ ʣʶʜʠʥʽ. ɿʥʘʡʪʠ ʪʦʯʢʫ ï ʤʽʩʮʝ ʟʫʩʪʨʽʯʽ ʚʩʽʭ ʣʶʜʝʡ, ʚʽʜ ʷʢʦʾ ʩʫʤʘʨʥʘ 

ʚʽʜʩʪʘʥʴ ʜʦ ʚʩʽʭ ʙʫʜʠʥʢʽʚ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ ʟʘ ʫʤʦʚʠ, ɦ ʦ ʜʦʚʞʠʥʘ ʚʩʽʭ ʜʦʨʽʛ 

ʦʜʥʘʢʦʚʘ. 

3. ʇʦʙʫʜʫʚʘʪʠ ʧʽʜʛʨʘʬ, ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʛʨʘʬ ʪʘ ʦʩʪʦʚʥʠʡ ʧʽʜʛʨʘʬ 

ʛʨʘʬʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ.  

 

 

4. ʇʦʙʫʜʫʚʘʪʠ ʥʝʟʚô̫ ʟʥʠʡ ʛʨʘʬ, ʷʢʠʡ ʤʽʩʪʠʪʴ 12 ʚʝʨʰʠʥ, 3 

ʢʦʤʧʦʥʝʥʪʠ  ̔ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ. 
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3.7. ʎʠʢʣʦʤʘʪʠʢʘ ʛʨʘʬʽʚ 

ʎʠʢʣʦʤʘʪʠʢʘ ï ʮʝ ʚʠʚʯʝʥʥʷ ʮʠʢʣʽʚ ʫ ʛʨʘʬʽ. 

ɿ ʫʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʮʠʢʣʽʚ ʮʴʦʛʦ ʛʨʘʬʘ ʤʦʞʥʘ ʚʽʜʦʢʨʝʤʠʪʠ ʮʽʣʢʦʚʠʪʦ 

ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ (ʙʘʟʠʩʥʠʭ) ʮʠʢʣʽʚ, ʨʝʰʪʫ ʟʜʦʙʫʪʠ ʟ ʙʘʟʠʩʥʠʭ 

ʮʠʢʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ. 

ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʜʦʜʘʚʘʥʥʷ: 

 

ʈʠʩ. 3.70. ʇʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ ʙʘʟʠʩʥʠʭ ʮʠʢʣʽʚ 

 

 

ʎʠʢʣʦʚʽ ʨʝʙʨʘ ʪʘ ʧʝʨʝʰʠʡʢʠ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʛʨʘʬ G = (V, E). ʈʝʙʨʦ ʛʨʘʬʘ, ʯʝʨʝʟ ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʭʦʯʘ 

ʙ ʦʜʠʥ ʮʠʢʣ, ʥʘʟʚʝʤʦ ʮʠʢʣʦʚʠʤ ʨʝʙʨʦʤ. ʈʝʙʨʦ, ʷʢʝ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʞʦʜʥʦʛʦ 

ʮʠʢʣʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʰʠʡʢʦʤ. 

 

ʈʠʩ. 3.71. ɻʨʘʬ ʟ̔ ʧʝʨʝʰʠʡʢʘʤʠ ʪʘ ʮʠʢʣʦʚʠʤʠ ʨʝʙʨʘʤʠ 

 

ʈʝʙʨʘ ό ʪʘ ό ï ʧʝʨʝʰʠʡʢʠ, ʨʝʰʪʘ ʨʝʙʝʨ ī ʮʠʢʣʦʚʽ. 

ʃʝʤʘ. ʋ ʨʘʟʽ ʚʠʣʫʯʝʥʥ ̫ ʟʽ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ ʮʠʢʣʦʚʦʛʦ ʨʝʙʨʘ ʚʽʥ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʚô̫ ʟʥʠʤ. ɯʟ ʚʠʣʫʯʝʥʥʷʤ ʟʽ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ ʧʝʨʝʰʠʡʢʘ ʛʨʘʬ 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ ʟʚô̫ ʟʥʦʩʪʽ. 

ɼʦʚʝʜʝʥʥʷ. ʗʢʱʦ ʨʝʙʨʦ { a, b},  ʷʢʝ ʚʠʣʫʯʘʻʪʴʩʷ,  ̒ʮʠʢʣʦʚʠʤ, ʪʦ ʧʽʩʣʷ 

ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ ʚʝʨʰʠʥʠ a ʪʘ b, ʷʢ  ̔ʨʘʥʽʰʝ, ʤʦʞʥʘ ʟô̒ ʜʥʘʪʠ ʚ ʣʘʥʮʶʛ ï 

ʟʘʣʠʰʢʦʤ ʮʠʢʣʫ, ʜʦ ̫ ʢʦʛʦ ʚʭʦʜʠʣʦ ʨʝʙʨʦ { a, b}.  ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ɦ ʦ ̔  ʢʦʞʥʽ 

ʜʚʽ ʚʝʨʰʠʥʠ ʛʨʘʬʘ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʨʝʙʨʘ {a, b} ʟʘʣʠʰʘʶʪʴʩʷ ʟʚô̫ ʟʘʥʠʤʠ 

ʣʘʥʮʶʛʦʤ. ɯ ʥʘʚʧʘʢʠ, ʷʢʱʦ { a, b}  ï ʧʝʨʝʰʠʡʦʢ, ʪʦ ʧʽʩʣʷ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʚʝʨʰʠʥʠ a ʪʘ b ʥʝ ʤʦʞʥʘ ʟʚô̫ ʟʘʪʠ ʣʘʥʮʶʛʦʤ, ʽʥʘʢʰʝ ʮʝʡ ʣʘʥʮʶʛ ʨʘʟʦʤ ʟ̔ 
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ʨʝʙʨʦʤ { a, b}  ʫʪʚʦʨʠʪʴ ʮʠʢʣ ʫ ʚʠʭʽʜʥʦʤʫ ʛʨʘʬʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʦʞʥʘ 

ʚʝʨʰʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʟʚô̫ ʟʘʥʦʶ ʯʠ ʪʦ ʟ ʚʝʨʰʠʥʦʶ a, ʯʠ ʪʦ ʟ ʚʝʨʰʠʥʦʶ b. 

ʅʘʩʣʽʜʦʢ. ɯʟ ʚʠʣʫʯʝʥʥʷʤ ʟ̔ ʛʨʘʬʘ ʮʠʢʣʦʚʦʛʦ ʨʝʙʨʘ ʢʽʣʴʢʽʩʪʴ ʟʚô̫ ʟʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʛʨʘʬʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɯʟ ʚʠʣʫʯʝʥʥʷʤ ʧʝʨʝʰʠʡʢʘ ʢʽʣʴʢʽʩʪʴ 

ʟʚô̫ ʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʛʨʘʬʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ. 

 

ʎʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʛʨʘʬ G = (V, E), |V| = n, |E| = m; p ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ 

ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ. ɺʝʣʠʯʠʥʘ ɚ = m ï n + p ʥʘʟʠʚʘʻʪʴʩʷ ʮʠʢʣʦʤʘʪʠʯʥʠʤ 

ʯʠʩʣʦʤ ʛʨʘʬʘ. 

ʊʝʦʨʝʤʘ. ɼʣʷ ʢʦʞʥʦʛʦ ʛʨʘʬʘ ʮʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ̒  ʥʝʚʽʜô̒ ʤʥʝ, ʪʦʙʪʦ 

ɚ Ó 0. 

ɼʦʚʝʜʝʥʥʷ. ɺʠʣʫʯʘʻʤʦ ʟ ʛʨʘʬʘ ʧʦ ʦʜʥʦʤʫ ʨʝʙʨʫ ʡ ʚʽʜʩʪʝʞʫʻʤʦ 

ʟʤʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ɚ.  

ʇʘʨʘʤʝʪʨʠ ʚʠʭʽʜʥʦʛʦ ʛʨʘʬʘ ʧʦʟʥʘʯʠʤʦ m, n ̔  p. ʊ ̔ʩʘʤʽ ʚʝʣʠʯʠʥʠ ʧʽʩʣʷ 

ʚʠʣʫʯʝʥʥʷ ʨʝʙʨʘ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ mǋ, nǋ ʪʘ pǋ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʣʫʯʝʥʥʷ ʨʝʙʝʨ ʤʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ: 

ʘ) ʨʝʙʨʦ, ʷʢʝ ʚʠʣʫʯʘʻʪʴʩʷ ï ʮʠʢʣʦʚʝ. mǋ = m ï 1, nǋ = n, pǋ = p; 

ɚǋ = mǋ ï nǋ + pǋ = m ï 1 ï n + p = ɚ ï 1; 

ʙ) ʨʝʙʨʦ, ʷʢʝ ʚʠʣʫʯʘʻʪʴʩʷ ī ʧʝʨʝʰʠʡʦʢ. mǋ = m ï 1, nǋ = n, pǋ= p + 1. 

ɚǋ = mǋ ï nǋ + pǋ = m ï 1 ï n + p + 1 = m ï n + p = ɚ. 

ʆʪʞʝ, ʽʟ ʚʠʣʫʯʝʥʥʷʤ ʨʝʙʨʘ ʚʝʣʠʯʠʥʘ ɚ ʘʙʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘʙʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ.  

ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʚʩʽʭ ʨʝʙʝʨ ʜʽʩʪʘʥʝʤʦ ʧʦʨʦʞʥʽʡ ʛʨʘʬ, ʫ ʷʢʦʤʫ 

 ά π, ὲ ὲ, ὴ ὲ, ʪʦʙʪʦ ‗ ά ὲ ὴ ὲ ὲ π. 

ʆʪʞʝ, ʫ ʚʭʽʜʥʦʛʦ ʛʨʘʬʘ ɚ Ó 0. 

ɿʘʫʚʘʞʝʥʥʷ. ɼʦʚʝʜʝʥʥʷ ʪʝʦʨʝʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʚô̫ ʟʦʢ 

ʮʠʢʣʦʤʘʪʠʯʥʦʛʦ ʯʠʩʣʘ ʟ ʥʘʷʚʥʽʩʪʶ ʮʠʢʣʽʚ ʫ ʛʨʘʬʽ. 

ʗʢʱʦ ɚ > 0, ʪʦ ʫ ʛʨʘʬʽ  ̒ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʮʠʢʣ. ɯʟ ʚʠʣʫʯʝʥʥʷʤ 

ʮʠʢʣʦʚʦʛʦ ʨʝʙʨʘ ʜʝʷʢʽ ʮʠʢʣʠ ʨʦʟʨʠʚʘʶʪʴʩʷ,  ̔ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ɚ. ʗʢʱʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʠʣʫʯʝʥʥʷ ʨʝʙʝʨ, ʪʦ ʟʨʝʰʪʦʶ ʨʦʟʨʠʚʘʶʪʴʩʷ ʚʩʽ 

ʮʠʢʣʠ ī  ̔ɚ ʜʦʨʽʚʥʶʻ 0.  

ʇʽʩʣʷ ʮʴʦʛʦ ɚ ʚʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʚʩʽ ʨʝʙʨʘ cʪʘʣʠ 

ʧʝʨʝʰʠʡʢʘʤʠ. ʎʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ʛʨʘʬʘ ʚʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʝʨʝʚʦ (ʜʣʷ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ) ʘʙʦ ʣʽʩ (ʜʣʷ 

ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ), ʪʦʙʪʦ ʜʦʩʷʛʪʠ ʚʽʜʩʫʪʥʦʩʪʽ ʮʠʢʣʽʚ.  
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ʎʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ʛʨʘʬʘ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʥʝʟʘʣʝʞʥʠʭ ʮʠʢʣʽʚ. 

ɿʥʘʥʥʷ ʮʠʢʣʦʤʘʪʠʯʥʦʛʦ ʯʠʩʣʘ ʢʦʨʠʩʥʝ ʧ̔ ʜ ʯʘʩ ʘʥʘʣʽʟʫ ʪʦʧʦʣʦʛʽʾ 

ʝʣʝʢʪʨʦʩʭʝʤ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʜʘʯ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʥʘ ɽʆʄ. 

ʇʨʠʢʣʘʜ 3.28. ɺʠʟʥʘʯʠʪʠ ʮʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ʛʨʘʬʘ G (V, E), 

ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.72.  

 

 

ʈʠʩ. 3.72: ʘ ï ʛʨʘʬ G (V, E), ʙ ï ʛʨʘʬ G (V, E) ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ 

ʮʠʢʣʦʚʠʭ ʨʝʙʝʨ 

 

ʈʦʟʚô̫ ʟʦʢ: m = 11; n = 9; p = 1; l= 11 ï 9 + 1 = 3. 

ʇʨʠʢʣʘʜ 3.29. ɺʠʟʥʘʯʠʪʠ ʮʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ʛʨʘʬʘ G (V, E), 

ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.73.  

 

ʈʠʩ. 3.73: ʘ ï ʛʨʘʬ G (V, E), ʙ ï ʛʨʘʬ G (V, E) ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ 

ʮʠʢʣʦʚʠʭ ʨʝʙʝʨ 

 

ʈʦʟʚô̫ ʟʦʢ: m = 9; n = 6; p = 1; l= 9 ï 6 + 1 = 4. 

 

 ͊  ͋

 ͊

 ͋
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ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ɺʠʟʥʘʯʠʪʠ ʮʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ G (V, E), ̫ ʢʱʦ ʛʨʘʬ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʚʝʨʰʠʥ ὠ ὺȟὺȟὺȟὺȟὺȟὺ ȟ ʘ ʧʦʪʫʞʥʽʩʪʴ 

ʤʥʦʞʠʥʠ ʨʝʙʝʨ 12=E .  

2. ʅʝʭʘʡ ʜʘʥʦ ʛʨʘʬ G (V, E), ʜʝ ὠ ὺȟὺȟὺȟὺȟὺ . 

Ὁ ὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ ȟὺȟὺ . 

ʉʢʽʣʴʢʠ ʨʝʙʝʨ ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ, ʱʦʙ ʛʨʘʬ ʩʪʘʚ ʜʝʨʝʚʦʤ? ɺʠʟʥʘʯʠʪʠ 

ʧʽʜʤʥʦʞʠʥʠ ʨʝʙʝʨ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʣʝʥʽ ʙʝʟ ʚʪʨʘʪʠ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ.  

 

 

3.8. ɼʝʨʝʚʘ ʪʘ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʣʽʩ, ʮʠʢʣʠ 

ɺʠʟʥʘʯʝʥʥʷ ʜʝʨʝʚʘ. ɺʣʘʩʪʠʚʦʩʪʽ ʜʝʨʝʚ 

ɼʝʨʝʚʦ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʚʫʟʣʘʤʠ (ʦʜʠʥ ʟ 

ʷʢʠʭ ʢʦʨʽʥʴ),  ̔ ʚʽʜʥʦʰʝʥʴ (çʙʘʪʴʢʽʚʩʴʢʠʭè), ʱʦ ʫʪʚʦʨʶʶʪʴ ʽʻʨʘʨʭʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʚʫʟʣʽʚ. ɺʫʟʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʝʣʝʤʝʥʪʘʤʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ 

(ʣʽʪʝʨʘʤʠ, ʨʷʜʢʘʤʠ, ʯʠʩʣʘʤʠ).  

ʇʽʜʜʝʨʝʚʦ, ʢʦʨʽʥʴ ʷʢʦʛʦ ʧʝʨʝʙʫʚʘʻ ʚ ʣʽʚʦʤʫ (ʧʨʘʚʦʤʫ) ʥʘʱʘʜʢʫ 

ʚʝʨʰʠʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʚʠʤ (ʧʨʘʚʠʤ) ʧʽʜʜʝʨʝʚʦʤ ʮʽʻʾ ʚʝʨʰʠʥʠ. 

 

ʈʠʩ. 3.74. ʇʨʠʢʣʘʜ ʜʝʨʝʚʘ 

ɺʠʩʦʪʘ ʚʫʟʣʘ ʜʝʨʝʚʘ ï ʮʝ ʜʦʚʞʠʥʘ ʩʘʤʦʛʦ ʜʦʚʛʦʛʦ ʰʣʷʭʫ ʟ̔ ʮʴʦʛʦ 

ʚʫʟʣʘ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʣʠʩʪʘ. 

ɻʣʠʙʠʥʘ ʚʫʟʣʘ ï ʮʝ ʜʦʚʞʠʥʘ ʰʣʷʭʫ ʚʽʜ ʢʦʨʝʥʷ ʜʦ ʮʴʦʛʦ ʚʫʟʣʘ. 

ʉʪʝʧʽʥʴ ʚʫʟʣʘ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʜʫʛ, ʱʦ ʟ ʥʴʦʛʦ ʚʠʭʦʜʠʪʴ.  

ʉʪʝʧʽʥʴ ʜʝʨʝʚʘ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʪʝʧʝʥʶ ʚʫʟʣʘ, ʱʦ ʚʭʦʜʠʪʴ 

ʫ ʜʝʨʝʚʦ.  

ʃʠʩʪʷ ʚ ʜʝʨʝʚʽ ï ʮʝ ʚʫʟʣʠ, ʱʦ ʤʘʶʪʴ ʩʪʝʧʽʥʴ ʥʫʣʴ. 

ɹʽʥʘʨʥʝ ʜʝʨʝʚʦ ï ʮʝ ʜʝʨʝʚʦ, ʩʪʝʧʽʥʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʜʚʘ. ɼʝʨʝʚʘ, 

ʩʪʝʧʽʥʴ ʷʢʠʭ ʙʽʣʴʰʝ ʜʚʦʭ, ʥʘʟʠʚʘʶʪʴʩʷ ʨʦʟʛʘʣʫʞʝʥʠʤʠ. 
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ʇʦʚʥʝ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ ï ʮʝ ʜʝʨʝʚʦ, ʜʣʷ ̫ ʢʦʛʦ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʤʝʥʰʝ ʯʠʤ 

n ʚʫʟʣʠ ʤʘʶʪʴ ʩʪʝʧʽʥʴ 2, ʘ ʥʘ ʨʽʚʥʽ n ï ʩʪʝʧʽʥʴ 0.  

 

ʈʠʩ. 3.75. ɹʽʥʘʨʥʽ ʜʝʨʝʚʘ: ʘ ï ʥʝʧʦʚʥʝ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ;  

ʙ ï ʧʦʚʥʝ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ 

 

ʉʪʨʦʛʦ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ ʩʢʣʘʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʚʫʟʣʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʝʧʽʥʴ 

2 ʘʙʦ 0. 

ʅʝ ʩʪʨʦʛʦ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ ʤʽʩʪʠʪʴ ʚʫʟʣʠ ʟʽ ʩʪʝʧʝʥʝʤ 1.  

 

ʈʠʩ. 3.76. ɹʽʥʘʨʥʽ ʜʝʨʝʚʘ: ʘ ï ʩʪʨʦʛʦ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ;  

ʙ ï ʥʝ ʩʪʨʦʛʦ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ 

 

ɹʽʥʘʨʥʝ ʜʝʨʝʚʦ ʧʦʰʫʢʫ (binary search tree ï BST) ï ʮʝ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ, 

ʫ ʷʢʦʤʫ: 

¶ ʢʦʞʝʥ ʚʫʟʦʣ ʤʘʻ ʥʝ ʙʽʣʴʰʝ ʜʚʦʭ ʥʘʱʘʜʢʽʚ; 

¶ ʢʦʞʝʥ ʚʫʟʦʣ ʤʘʻ ʢʣʶʯ (key)  ̔ʟʥʘʯʝʥʥʷ (value);  

¶ ʢʣʶʯʽ ʚʩʽʭ ʚʫʟʣʽʚ ʣʽʚʦʛʦ ʧʽʜʜʝʨʝʚʘ ʤʝʥʰʽ ʟʘ ʟʥʘʯʝʥʥʷ ʢʣʶʯʘ 

ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ; 

¶ ʢʣʶʯʽ ʚʩʽʭ ʚʫʟʣʽʚ ʧʨʘʚʦʛʦ ʧʽʜʜʝʨʝʚʘ ʙʽʣʴʰʽ ʟʘ ʟʥʘʯʝʥʥʷ ʢʣʶʯʘ 

ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʣʦʚʥʠʢʽʚ  ̔ʤʥʦʞʠʥ. 

ɸʣʛʦʨʠʪʤ ʚʩʪʘʚʢʠ ʝʣʝʤʝʥʪʘ 

1. ʇʦʯʠʥʘʻʤʦ ʟ ʢʦʨʝʥʷ.  

2. ʗʢʱʦ ʝʣʝʤʝʥʪ < ʦʙô̒ ʢʪʘ ʫ ʚʝʨʰʠʥʽ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʣʽʚʦʛʦ ʩʠʥʘ.  

 ͊  ͋

 ͊

 

 ͋
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3. ʗʢʱʦ ʝʣʝʤʝʥʪ > ʦʙô̒ ʢʪʘ ʫ ʚʝʨʰʠʥʽ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧʨʘʚʦʛʦ ʩʠʥʘ.  

4. ʇʦʚʪʦʨʶʻʤʦ ʢʨʦʢʠ 2  ̔ 3, ʜʦʢʠ ʥʝ ʜʦʩʷʛʥʝʤʦ ʚʝʨʰʠʥʠ, ʷʢʘ ʥʝ 

ʚʠʟʥʘʯʝʥʘ.  

5. ʗʢʱʦ ʜʦʩʷʛʥʫʪʘ ʚʝʨʰʠʥʘ ʥʝ ʚʠʟʥʘʯʝʥʘ, ʪʦ ʚʠʟʥʘʯʘʻʤʦ ʚʝʨʰʠʥʫ 

 ̔ʚʩʪʘʚʣʷʻʤʦ ʝʣʝʤʝʥʪ.  

ʇʨʠʢʣʘʜ 3.30. ʇʦʙʫʜʫʚʘʪʠ ʜʝʨʝʚʦ ʧʦʰʫʢʫ: 54, 37, 63, 21, 46, 73, 59, 

12, 40, 60.  

 

 

ʈʠʩ. 3.77. ɹʽʥʘʨʥʝ ʜʝʨʝʚʦ ʧʦʰʫʢʫ 

 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʝʣʝʤʝʥʪʘ 

1. ʇʦʯʠʥʘʻʤʦ ʟ ʢʦʨʝʥʷ.  

2. ʗʢʱʦ ʝʣʝʤʝʥʪ < ʦʙô̒ ʢʪʘ ʫ ʚʝʨʰʠʥʽ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʣʽʚʦʛʦ ʩʠʥʘ.  

3. ʗʢʱʦ ʝʣʝʤʝʥʪ > ʦʙô̒ ʢʪʘ ʫ ʚʝʨʰʠʥʽ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧʨʘʚʦʛʦ ʩʠʥʘ.  

4. ʗʢʱʦ ʝʣʝʤʝʥʪ = ʦʙô̒ ʢʪʘ ʫ ʚʝʨʰʠʥʽ, ʪʦ ʝʣʝʤʝʥʪ ʟʥʘʡʜʝʥʦ; 

ʚʠʢʦʥʫʻʤʦ ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ  ̔ʚʠʭʦʜʠʤʦ.  

5. ʇʦʚʪʦʨʶʻʤʦ ʢʨʦʢʠ 2, 3  ̔4, ʜʦʢʠ ʥʝ ʜʦʩʷʛʥʝʤʦ ʚʝʨʰʠʥʠ, ʷʢʘ ʥʝ 

ʚʠʟʥʘʯʝʥʘ.  

6. ʗʢʱʦ ʜʦʩʷʛʥʫʪʘ ʚʝʨʰʠʥʘ ʥʝ ʚʠʟʥʘʯʝʥʘ  ̔ ʚ ʜʝʨʝʚʽ ʥʝʤʘʻ 

ʰʫʢʘʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʦ ʚʠʢʦʥʫʻʤʦ ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ  ̔ʚʠʭʦʜʠʤʦ.  

ɸʣʛʦʨʠʪʤ ʚʠʜʘʣʝʥʥʷ ʝʣʝʤʝʥʪʘ 

1. ʗʢʱʦ ʚʝʨʰʠʥʘ v0 ʥʝ ʤʘʻ ʩʠʥʽʚ, ʧʨʦʩʪʦ ʚʠʜʘʣʷʻʤʦ ʾʾ.  

2. ʗʢʱʦ ʚʝʨʰʠʥʘ v0 ʤʘʻ ʦʜʥʦʛʦ ʩʠʥʘ, ʚʠʜʘʣʷʻʤʦ v0  ̔ʟʘʤʽʥʷʻʤʦ ʾʾ 

ʩʠʥʦʤ.  

3. ʗʢʱʦ v0 ʤʘʻ ʜʚʦʭ ʩʠʥʽʚ, ʟʥʘʭʦʜʠʤʦ ʧʨʘʚʦʛʦ ʩʠʥʘ v1 ʚʝʨʰʠʥʠ v0, 

ʘ ʧʦʪʽʤ ʟʥʘʭʦʜʠʤʦ ʣʽʚʦʛʦ ʩʠʥʘ ʚʝʨʰʠʥʠ v1 (ʷʢʱʦ ʚʽʥ ʽʩʥʫʻ). ʇʨʦʜʦʚʞʫʻʤʦ 

ʚʠʙʠʨʘʪʠ ʣʽʚʠʭ ʩʠʥʽʚ ʢʦʞʥʦʾ ʟʥʘʡʜʝʥʦʾ ʚʝʨʰʠʥʠ, ʜʦʢʠ ʥʝ ʟʥʘʡʜʝʪʴʩʷ ʪʘʢʘ 

ʚʝʨʰʠʥʘ v, ʫ ʷʢʦʾ ʥʝ ʙʫʜʝ ʣʽʚʦʛʦ ʩʠʥʘ. ɿʘʤʽʥʠʤʦ v0 ʥʘ v  ̔ʟʨʦʙʠʤʦ ʧʨʘʚʦʛʦ 

ʩʠʥʘ ʚʝʨʰʠʥʠ v ʣʽʚʠʤ ʩʠʥʦʤ ʙʘʪʴʢʘ ʚʝʨʰʠʥʠ v.  
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ʇʨʠʢʣʘʜ 3.31. 

 

ʈʠʩ. 3.78: ʘ ï ʟʘʜʘʥʝ ʜʝʨʝʚʦ; ʙ ï ʜʝʨʝʚʦ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʚʝʨʰʠʥʠ ʭ;  

ʚ ï ʜʝʨʝʚʦ, ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʚʝʨʰʠʥʠ k 

 

ʗʢʱʦ v0 ʤʘʻ ʜʚʦʭ ʩʠʥʽʚ, ʟʥʘʭʦʜʠʤʦ ʧʨʘʚʦʛʦ ʩʠʥʘ v1 ʚʝʨʰʠʥʠ v0, ʘ ʧʦʪʽʤ 

ʟʥʘʭʦʜʠʤʦ ʣʽʚʦʛʦ ʩʠʥʘ ʚʝʨʰʠʥʠ v1 (ʷʢʱʦ ʚʽʥ ʽʩʥʫʻ). ʇʨʦʜʦʚʞʫʻʤʦ ʚʠʙʠʨʘʪʠ 

ʣʽʚʠʭ ʩʠʥʽʚ ʢʦʞʥʦʾ ʟʥʘʡʜʝʥʦʾ ʚʝʨʰʠʥʠ, ʜʦʢʠ ʥʝ ʟʥʘʡʜʝʪʴʩʷ ʪʘʢʘ ʚʝʨʰʠʥʘ v, 

ʫ ʷʢʦʾ ʥʝ ʙʫʜʝ ʣʽʚʦʛʦ ʩʠʥʘ. ɿʘʤʽʥʠʤʦ v0 ʥʘ v  ̔ʟʨʦʙʠʤʦ ʧʨʘʚʦʛʦ ʩʠʥʘ ʚʝʨʰʠʥʠ 

v ʣʽʚʠʤ ʩʠʥʦʤ ʙʘʪʴʢʘ ʚʝʨʰʠʥʠ v. 

 

ʈʠʩ. 3.79. ɼʝʨʝʚʦ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʚʝʨʰʠʥʠ q 

 

ɿʙʘʣʘʥʩʦʚʘʥʝ ʜʝʨʝʚʦ ʧʦʰʫʢʫ ï ʮʝ ʜʝʨʝʚʦ ʧʦʰʫʢʫ, ʫ ʷʢʦʤʫ ʯʠʩʣʦ 

ʚʝʨʰʠʥ ʫ ʡʦʛʦ ʣʽʚʠʭ  ̔ʧʨʘʚʠʭ ʧʽʜʜʝʨʝʚʘʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 1. 

ɿʙʘʣʘʥʩʦʚʘʥʽ ʜʝʨʝʚʘ ʧʦʰʫʢʫ: 

¶ ʯʝʨʚʦʥʦ-ʯʦʨʥʽ ʜʝʨʝʚʘ  

¶ ɸɺʃ-ʜʝʨʝʚʘ 

͊

 ͊

 ͋  ͍
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¶ 2-3-ʜʝʨʝʚʘ 

¶ ɺ-ʜʝʨʝʚʘ 

¶ é  

ʆʙʭʽʜ ʜʝʨʝʚ 

ʇʽʜ ʦʙʭʦʜʦʤ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʨʦʟʫʤʽʶʪʴ ʚʠʟʥʘʯʝʥʠʡ ʧʦʨʷʜʦʢ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʽʭ ʚʝʨʰʠʥ ʜʝʨʝʚʘ. ʈʦʟʨʽʟʥʷʶʪʴ: ʧʨʷʤʠʡ, ʟʚʦʨʦʪʥʠʡ  ̔

ʩʠʤʝʪʨʠʯʥʠʡ ʧʦʨʷʜʢʠ ʦʙʭʦʜʫ. 

ʇʨʷʤʠʡ ʧʦʨʷʜʦʢ ʦʙʭʦʜʫ:  

1) ʧʦʯʘʪʠ ʟ ʢʦʨʝʥʷ R; 

2) ʧʨʦʡʪʠ ʚ ʧʨʷʤʦʤʫ ʧʦʨʷʜʢʫ ʣʽʚʝ ʧʽʜʜʝʨʝʚʦ A; 

3) ʧʨʦʡʪʠ ʚ ʧʨʷʤʦʤʫ ʧʦʨʷʜʢʫ ʧʨʘʚʝ ʧʽʜʜʝʨʝʚʦ B . 

 

ʈʠʩ. 3.80. ɯʣʶʩʪʨʘʮʽʷ ʧʨʷʤʦʛʦ ʧʦʨʷʜʦʢ ʦʙʭʦʜʫ ʜʝʨʝʚʘ 

 

ʈʠʩ. 3.81. ʇʨʷʤʠʡ ʧʦʨʷʜʦʢ ʦʙʭʦʜʫ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ: a b c d e f g h i 

 

ʆʙʭʽʜ ʜʝʨʝʚʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ:  

· ʧʨʦʡʪʠ ʚ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ ʣʽʚʝ ʧʽʜʜʝʨʝʚʦ ɸ 

· ʧʨʦʡʪʠ ʚ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ ʧʨʘʚʝ ʧʽʜʜʝʨʝʚʦ ɺ 

· ʧʦʪʨʘʧʠʪʠ ʚ ʢʦʨʽʥʴ R 
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ʈʠʩ. 3.82. ɯʣʶʩʪʨʘʮʽʷ ʟʚʦʨʦʪʥʦʛʦ ʧʦʨʷʜʢʫ ʦʙʭʦʜʫ ʜʝʨʝʚʘ 

 

 

ʈʠʩ. 3.83. ɿʚʦʨʦʪʥʠʡ ʧʦʨʷʜʦʢ ʦʙʭʦʜʫ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ: c d b f h i g e a 

 

ʉʠʤʝʪʨʠʯʥʠʡ ʧʦʨʷʜʦʢ ʦʙʭʦʜʫ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ:  

· ʧʨʦʡʪʠ ʚ ʩʠʤʝʪʨʠʯʥʦʤʫ ʧʦʨʷʜʢʫ ʣʽʚʝ ʧʽʜʜʝʨʝʚʦ ɸ  

· ʧʦʪʨʘʧʠʪʠ ʚ ʢʦʨʽʥʴ R  

· ʧʨʦʡʪʠ ʚ ʩʠʤʝʪʨʠʯʥʦʤʫ ʧʦʨʷʜʢʫ ʧʨʘʚʝ ʧʽʜʜʝʨʝʚʦ ɺ 

 
ʈʠʩ. 3.84. ɯʣʶʩʪʨʘʮʽʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʦʨʷʜʢʫ ʦʙʭʦʜʫ ʜʝʨʝʚʘ 

 

ʈʠʩ. 3.85. ʉʠʤʝʪʨʠʯʥʠʡ ʧʦʨʷʜʦʢ ʦʙʭʦʜʫ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ: c b d a f e h g i 

R 

ɸ ɺ 

R 

ɸ ɺ 
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ɼʝʨʝʚʘ ʚʠʨʘʟʽʚ 

ʏʘʩʪʦ ʧ̔ ʜ ʯʘʩ ʦʙʭʦʜʫ ʜʝʨʝʚ ʩʢʣʘʜʘʻʪʴʩʷ ʩʧʠʩʦʢ ʥʝ ʽʤʝʥ ʚʫʟʣʽʚ, ʘ ʾʭ 

ʤʽʪʦʢ (label) ï ʟʥʘʯʝʥʴ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʫʟʣʽ. ʊʘʢʽ ʜʝʨʝʚʘ ʥʘʟʠʚʘʶʪʴʩʷ 

ʜʝʨʝʚʘ ʟ ʤʽʪʢʘʤʠ. ʇʨʦʚʦʜʷʪʴ ʪʘʢʫ ʘʥʘʣʦʛʽʶ: ʜʝʨʝʚʦ ï ʩʧʠʩʦʢ, ʚʫʟʦʣ ï 

ʧʦʟʠʮʽʷ, ʤʽʪʢʘ ï ʝʣʝʤʝʥʪ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʝʨʝʚ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʜʦʚʽʣʴʥʽ ʘʨʠʬʤʝʪʠʯʥʽ 

ʚʠʨʘʟʠ. ʂʦʞʥʦʤʫ ʣʠʩʪʦʚʽ ʚ ʪʘʢʦʤʫ ʜʝʨʝʚʽ ʚʽʜʧʦʚʽʜʘʻ ʦʧʝʨʘʥʜ, ʘ ʢʦʞʥʦʤʫ 

ʙʘʪʴʢʽʚʩʴʢʦʤʫ ʚʫʟʣʫ ï ʦʧʝʨʘʮʽʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʝʨʝʚʦ ʧʨʠ ʮʴʦʤʫ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩ ̫ʥʝ ʙʽʥʘʨʥʠʤ. 

ʇʨʠʢʣʘʜ 3.32. ʅʘ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʦ ʜʝʨʝʚʦ ʟ ʤʽʪʢʘʤʠ, ɦ ʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʘʨʠʬʤʝʪʠʯʥʠʡ ʚʠʨʘʟ (a + b)*(a + c), ʜʝ n1, n2é n7 ï ʽʤʝʥʘ ʚʫʟʣʽʚ, ʘ ʤʽʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʨʫʯ ʟ̔ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʫʟʣʘʤʠ. 

 

· ɿʘ ʧʨʷʤʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥ ̫ʤʽʪʦʢ ʦʪʨʠʤʫʻʤʦ ʧʨʝʬʽʢʩʥʫ ʬʦʨʤʫ 

ʚʠʨʘʟʽʚ, ʜʝ ʦʧʝʨʘʪʦʨ ʧʝʨʝʜʫʻ  ̔ ʣ̔ʚʦʤʫ,  ̔ʧʨʘʚʦʤʫ ʦʧʝʨʘʥʜʘʤ. ʇʨʝʬʽʢʩʥʠʡ 

ʚʠʨʘʟ: * + ʘb + ʘʩ. 

· ɿʚʦʨʦʪʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʤʽʪʦʢ ʜʝʨʝʚʘ ʚʠʨʘʟʽʚ ʜʘʻ ʧʦʩʪʬʽʢʩʥʝ 

(ʘʙʦ ʧʦʣʴʩʴʢʝ) ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʨʘʟʽʚ, ʟʘ ʷʢʦʛʦ ʦʧʝʨʘʪʦʨ ʽʜʝ ʧʽʩʣʷ ʣʽʚʦʛʦ  ̔

ʧʨʘʚʦʛʦ ʦʧʝʨʘʥʜʽʚ. ʇʦʩʪʬʽʢʩʥʘ ʬʦʨʤʘ: ʘb + ʘʩ + *. 

· ɿʘ ʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙʭʦʜʫ ʜʝʨʝʚ ʚʠʨʘʟʽʚ ʦʪʨʠʤʘʻʤʦ ʪʘʢ ʟʚʘʥʫ 

ʽʥʬʽʢʩʥʫ ʬʦʨʤʫ ʚʠʨʘʟʫ, ʷʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʟʚʠʯʘʡʥʦʶ ʩʪʘʥʜʘʨʪʥʦʶ ʬʦʨʤʦʶ 

ʟʘʧʠʩʫ ʚʠʨʘʟʫ, ʘʣʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʫʞʦʢ. ɯʥʬʽʢʩʥʠʡ ʚʠʨʘʟ: ʘ + b*ʘ + ʩ. 

ʆʨʽʻʥʪʦʚʘʥʠʤ ʜʝʨʝʚʦʤ ʥʘʟʠʚʘʶʪʴ ʟʚô̫ ʟʥʠʡ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʙʝʟ 

ʮʠʢʣʽʚ, ʫ ʷʢʦʤʫ ʥʘʧʽʚʩʪʝʧʽʥʴ ʚʭʦʜʫ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʢʦʨʝʥʝʚʦʾ, 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʘ ʥʘʧʽʚʩʪʝʧʽʥʴ ʚʭʦʜʫ ʢʦʨʝʥʝʚʦʾ ʚʝʨʰʠʥʠ ʜʦʨʽʚʥʶʻ 0 

(ʨʠʩ. 3.77). 



179 

 

 

ʈʠʩ. 3.86. ʆʨʽʻʥʪʦʚʘʥʝ ʜʝʨʝʚʦ 

 

ʆʩʪʦʚʥʠʤ ʧʽʜʛʨʘʬʦʤ ʥʘʟʠʚʘʶʪʴ ʪʘʢʠʡ ʧʽʜʛʨʘʬ, ʫ ʷʢʦʤʫ ʤʥʦʞʠʥʘ 

ʡʦʛʦ ʚʝʨʰʠʥ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʦʶ ʚʝʨʰʠʥ ʩʘʤʦʛʦ ʛʨʘʬʘ. 

ʆʩʪʦʚʥʠʤ ʜʝʨʝʚʦʤ ʛʨʘʬʘ G ʥʘʟʠʚʘʶʪʴ ʦʩʪʦʚʥʠʡ ʧʽʜʛʨʘʬ ʛʨʘʬʘ G, 

ʷʢʠʡ  ̒ʜʝʨʝʚʦʤ. 

ʇʦʯʘʪʢʦʚʠʡ ʛʨʘʬ, ʦʩʪʦʚʥʠʡ ʧʽʜʛʨʘʬ ʪʘ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ, ʷʢʽ ʫʪʚʦʨʝʥʽ 

ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʨʝʙʝʨ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.78. 

 

ʈʠʩ. 3.87. ʋʪʚʦʨʝʥʥʷ ʦʩʪʦʚʥʦʛʦ ʧʽʜʛʨʘʬʘ ʡ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʰʣʷʭʦʤ 

ʚʠʜʘʣʝʥʥʷ ʨʝʙʝʨ: ʘ ï ʧʦʯʘʪʢʦʚʠʡ ʛʨʘʬ; ʙ ï ʦʩʪʦʚʥʠʡ ʧʽʜʛʨʘʬ; ʚ ï ʦʩʪʦʚʥʝ 

ʜʝʨʝʚʦ 

 

ʊʝʦʨʝʤʘ 3.1. ɻʨʘʬ  ̒ʜʝʨʝʚʦʤ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʡʦʛʦ 

ʚʝʨʰʠʥʠ ʟʚô̫ ʟʘʥʽ ʻʜʠʥʠʤ ʣʘʥʮʶʛʦʤ. 

ɼʦʚʝʜʝʥʥʷ. ʅʝʭʘʡ ʛʨʘʬ  ̒ʜʝʨʝʚʦʤ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ ʽʩʥʫʚʘʥʥʷ ʙʽʣʴʰ 

ʥʽʞ ʦʜʥʦʛʦ ʣʘʥʮʶʛʘ, ɦ ʦ ʟʚô̫ ʟʫʻ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʡʦʛʦ ʚʝʨʰʠʥʠ, ʪʦ ʚ ʪʘʢʦʤʫ ʛʨʘʬʽ 

ʽʩʥʫʻ ʮʠʢʣ, ʪʦʙʪʦ ʛʨʘʬ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʝʨʝʚʦʤ (ʨʠʩ. 3.88). 

 ͊  ͋  ͍
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ʈʠʩ. 3.88. ɻʨʘʬ ʟ̔ ʮʠʢʣʦʤ  ̔ʥʝʦʨʽʻʥʪʦʚʘʥʝ ʜʝʨʝʚʦ 

 

ɯ ʥʘʚʧʘʢʠ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʚʝʨʰʠʥʠ ʛʨʘʬʘ ʟô̒ ʜʥʘʥʽ ʣʘʥʮʶʛʦʤ, ʪʦ 

ʛʨʘʬ ʟʚô̫ ʟʥʠʡ, ʘ ʚ ʩʠʣʫ ʪʦʛʦ, ɦ ʦ ʮʝʡ ʣʘʥʮʶʛ ̒ ʜʠʥʠʡ, ʚʽʥ ʥʝ ʤʘʻ ʮʠʢʣʽʚ. ʆʪʞʝ, 

ʛʨʘʬ  ̒ʜʝʨʝʚʦʤ. ʊʝʦʨʝʤʫ ʜʦʚʝʜʝʥʦ. 

ʅʘʩʣʽʜʦʢ 1. ʗʢʱʦ T ï ʜʝʨʝʚʦ  ̔u ï ʡʦʛʦ ʢʽʥʮʝʚʘ ʚʝʨʰʠʥʘ (ʣʠʩʪʦʢ), ʪʦ 

ʛʨʘʬ T ī u (T ʤʽʥʫʩ u) ï ʜʝʨʝʚʦ. ɼʽʡʩʥʦ, ʛʨʘʬ T īu ï ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʛʨʘʬ 

ʜʝʨʝʚʘ T, ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʽ ʫʤʦʚʠ ʪʝʦʨʝʤʠ (ʨʠʩ. 3.89). 

 

ʈʠʩ. 3.89. ʅʝʦʨʽʻʥʪʦʚʘʥʽ ʜʝʨʝʚʘ T  ̔T ī u 

 

ʅʘʩʣʽʜʦʢ 2. ɹʫʜʴ-ʷʢʝ ʥʝʧʫʩʪʝ ʜʝʨʝʚʦ ʤʘʻ ʧʨʠʥʘʡʤʥʽ ʜʚʽ ʚʠʩʷʯʽ 

ʚʝʨʰʠʥʠ ʡ ʦʜʥʝ ʚʠʩʷʯʝ ʨʝʙʨʦ. 

1. ɺʠʩʷʯʘ ʚʝʨʰʠʥʘ ʚ ʥʝʦʨʽʻʥʪʦʚʘʥʦʤʫ ʛʨʘʬʽ ï ʮʝ ʚʝʨʰʠʥʘ 

ʩʪʝʧʝʥʷ 1. 

2. ɺʠʩʷʯʘ ʚʝʨʰʠʥʘ ʚ ʦʨʛʨʘʬʽ ï ʚʝʨʰʠʥʘ ʟ ʥʘʧʽʚʩʪʝʧʝʥʝʤ ʚʭʦʜʫ, ʱʦ 

ʜʦʨʽʚʥʶʻ 1,  ̔ʥʘʧʽʚʩʪʝʧʝʥʝʤ ʚʠʭʦʜʫ, ʱʦ ʜʦʨʽʚʥʶʻ 0. 

3. ɺʠʩʷʯʝ ʨʝʙʨʦ ï ʮʝ ʨʝʙʨʦ, ʽʥʮʠʜʝʥʪʥʝ ʚʝʨʰʠʥʽ ʟʽ ʩʪʝʧʝʥʝʤ 1. 

ɺʠʟʥʘʯʝʥʥʷ. ʈʝʙʨʦ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ ʥʘʟʠʚʘʶʪʴ ʽʩʪʦʪʥʠʤ, ʷʢʱʦ ʡʦʛʦ 

ʚʠʜʘʣʝʥʥʷ ʚʝʜʝ ʜʦ ʧʦʨʫʰʝʥʥʷ ʟʚô̫ ʟʥʦʩʪʽ ʮʴʦʛʦ ʛʨʘʬʘ. 

ɺʠʟʥʘʯʝʥʥʷ. ʋ ʥʝʦʨʽʻʥʪʦʚʘʥʦʤʫ ʛʨʘʬʽ ʽʩʪʦʪʥʠʤ ʨʝʙʨʦʤ  ̒ʤʽʩʪ. 

ʊʝʦʨʝʤʘ 3.2. ʋ ʜʝʨʝʚʽ ʢʦʞʥʝ ʨʝʙʨʦ ʽʩʪʦʪʥʝ. 

ɼʦʚʝʜʝʥʥʷ. ɼʦʚʝʜʝʥʥʷ ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ ʚʠʜʘʣʝʥʥʷ ʨʝʙʨʘ e = (u, v) 

ʫ ʜʝʨʝʚʽ ʊ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ̒ ʜʠʥʦʛʦ ʣʘʥʮʶʛʘ, ̫ ʢʠʡ ʟô̒ ʜʥʫʻ ʚʝʨʰʠʥʠ u ̔  v, ʚʝʜʝ 

ʜʦ ʧʦʷʚʠ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʚô̫ ʟʥʦʩʪʽ: ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʤʽʩʪʠʪʴ ʚʝʨʰʠʥʫ u, 
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ʘ ʽʥʰʠʡ ï ʚʝʨʰʠʥʫ v . ʆʪʞʝ, ʛʨʘʬ T ī e ʥʝ  ̒ʟʚô̫ ʟʥʠʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.90. 

 

ʈʠʩ. 3.90. ɿʚô̫ ʟʥʠʡ ʛʨʘʬ T  ̔ʥʝʟʚô̫ ʟʥʠʡ ʛʨʘʬ T ī e 

 

ʊʝʦʨʝʤʘ 3.3. ʗʢʱʦ T = (V, E) ï ʜʝʨʝʚʦ  ̔v ɵὠ ï ʚʝʨʰʠʥʘ, u ï ʜʦʚʽʣʴʥʘ 

ʚʝʨʰʠʥʘ uÍV, ʪʦ ʛʨʘʬ Ὕǋ ὠ᷾ὺȟὉ᷾ όȟὺ , ʪʝʞ  ̒ʜʝʨʝʚʦʤ.  

ɼʦʚʝʜʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʊ ï ʜʝʨʝʚʦ, ʪʦ ʽʩʥʫʻ ʻʜʠʥʠʡ ʣʘʥʮʶʛ, ʱʦ ʟô̒ ʜʥʫʻ 

ʙʫʜʴ-ʷʢʫ ʚʝʨʰʠʥʫ u¡ ʟ ʚʝʨʰʠʥʦʶ u . ʆʩʢʽʣʴʢʠ ʚʝʨʰʠʥʘ v ɵὠ , ʪʦ ʜʦʜʘʚʘʥʥʷ 

ʦʜʥʦʛʦ ʢʽʥʮʝʚʦʛʦ ʨʝʙʨʘ (u, v) ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʟ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ u¡

ʤʘʻʤʦ ʣʠʰʝ ʻʜʠʥʠʡ ʣʘʥʮʶʛ, ʷʢʠʡ ʟô̒ ʜʥʫʻ ʚʝʨʰʠʥʠ όǋ  ̔ v. ɺʠʭʦʜʷʯʠ ʟ 

ʪʝʦʨʝʤʠ, ʛʨʘʬ T¡̒ ʜʝʨʝʚʦʤ. 

 

ʈʠʩ. 3.91. ɿʚô̫ ʟʥʽ ʛʨʘʬʠ-ʜʝʨʝʚʘ T  ̔T + e 

 

ʊʝʦʨʝʤʘ 3.4. ʅʝʭʘʡ ʜʝʨʝʚʦ T ʤʘʻ n ʚʝʨʰʠʥ. ʊʦʜʽ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ̒  ʪʘʢʽ 

ʪʚʝʨʜʞʝʥʥʷ: 

1. ʊ ʥʝ ʤʘʻ ʮʠʢʣʽʚ  ̔ʤʘʻ n ī 1 ʨʝʙʨʦ. 

2. ʊ ï ʟʚô̫ ʟʥʠʡ ʛʨʘʬ  ̔ʤʘʻ n ī 1 ʨʝʙʨʦ. 

3. ʊ ï ʟʚô̫ ʟʥʠʡ ʛʨʘʬ  ̔ʢʦʞʥʝ ʡʦʛʦ ʨʝʙʨʦ  ̒ʤʦʩʪʦʤ. 

4. ɹʫʜʴ-ʷʢʽ ʜʚʽ ʚʝʨʰʠʥʠ ʛʨʘʬʘ T ʟô̒ ʜʥʘʥʽ ʪʽʣʴʢʠ ʦʜʥʠʤ ʧʨʦʩʪʠʤ 

ʣʘʥʮʶʛʦʤ. 
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5. T ʥʝ ʤʘʻ ʮʠʢʣʽʚ, ʘʣʝ ʜʦʜʘʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʦʚʦʛʦ ʨʝʙʨʘ ʜʦ T ʩʧʨʠʷʻ 

ʚʠʥʠʢʥʝʥʥʶ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʮʠʢʣʫ. 

ɺʠʟʥʘʯʝʥʥʷ. ʃʽʩ ï ʥʝʟʚô̫ ʟʥʠʡ n ï ʛʨʘʬ ʙʝʟ ʮʠʢʣʽʚ. 

1. ɿʚô̫ ʟʥʽ ʢʦʤʧʦʥʝʥʪʠ ʣʽʩʫ  ̒ʜʝʨʝʚʘʤʠ. 

2. ɹʫʜʴ-ʷʢʘ ʯʘʩʪʠʥʘ ʣʽʩʫ ʘʙʦ ʜʝʨʝʚʘ ʪʘʢʦʞ ʥʝ ʤʘʻ ʮʠʢʣʽʚ. 

3. ɹʫʜʴ-ʷʢʘ ʯʘʩʪʠʥʘ ʣʽʩʫ  ̒ʣʽʩʦʤ ʘʙʦ ʜʝʨʝʚʦʤ. 

ʇʨʠʢʣʘʜ ʣʽʩʫ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.92. 

 

ʈʠʩ. 3.92. ʃʽʩ ʟ̔ ʯʦʪʠʨʴʦʭ ʜʝʨʝʚ 

 

ʊʝʦʨʝʤʘ 3.5. ʅʝʭʘʡ ʣʽʩ G ʤʽʩʪʠʪʴ n ʚʝʨʰʠʥ  ̔k ʢʦʤʧʦʥʝʥʪʽʚ. ʊʦʜʽ ʣʽʩ 

G ʤʘʻ n ī k ʨʝʙʝʨ. 

ɼʦʚʝʜʝʥʥʷ. ɿ ʫʤʦʚʠ 2 ʪʝʦʨʝʤʠ 3.4 ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʞʥʠʡ ʢʦʤʧʦʥʝʥʪ 
iG

ʤʘʻ ὲ ρ  ī ʨʝʙʨʦ. ɸʣʝ ʪʦʜʽ ʯʠʩʣʦ ʨʝʙʝʨ ʫ G ʜʦʨʽʚʥʶʻ 

 ὲ ρ ὲ ρ ȢȢȢ ὲ ρ ὲ ὲ ȢȢȢὲ Ὧ ὲ Ὧȟ ʱʦ  ̔

ʧʦʪʨʽʙʥʦ ʜʦʚʝʩʪʠ. 

ʊʝʦʨʝʤʘ 3.6. ʊʝʦʨʝʤʘ ʂʝʣʽ. ʏʠʩʣʦ ʨʽʟʥʠʭ ʜʝʨʝʚ, ʷʢʽ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʥʘ n ʚʝʨʰʠʥʘʭ, ʜʦʨʽʚʥʶʻ 2-nn . 

 

ʇʨʦʮʝʜʫʨʠ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʪʘ ʣʽʩʫ 

ʇʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ 

1. ɺʠʜʘʣʝʥʥʷ ̔ ʟ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ G ʦʜʥʦʛʦ ʨʝʙʨʘ, ɦ ʦ ʥʘʣʝʞʠʪʴ ʜʝʷʢʦʤʫ 

ʮʠʢʣʫ, ʥʝ ʧʦʨʫʰʫʻ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ G. 

2. ɿʘʩʪʦʩʫʻʤʦ ʧʨʦʮʝʜʫʨʫ ʚʠʜʘʣʝʥʥʷ ʨʝʙʨʘ ʜʦ ʦʜʥʦʛʦ ʟ̔ ʮʠʢʣʽʚ ʫ ʛʨʘʬʽ 

G. 

3. ɹʫʜʝʤʦ ʧʦʚʪʦʨʶʚʘʪʠ ʚʠʜʘʣʝʥʥʷ ʜʦʪʠ, ʜʦʢʠ ʚ G ʥʝ ʟʘʣʠʰʠʪʴʩʷ 

ʞʦʜʥʦʛʦ ʮʠʢʣʫ. 

4. ʋ ʧʽʜʩʫʤʢʫ ʦʜʝʨʞʠʤʦ ʜʝʨʝʚʦ, ʱʦ ʤʽʩʪʠʪʴ ʫʩʽ ʚʝʨʰʠʥʠ ʛʨʘʬʘ G. ʎʝ 

ʜʝʨʝʚʦ ʥʘʟʠʚʘʶʪʴ ʦʩʪʦʚʥʠʤ ʜʝʨʝʚʦʤ ʛʨʘʬʘ G. 

ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʰʣʷʭʦʤ ʧʦʯʝʨʛʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ 

ʨʝʙʝʨ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.93. 
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ʈʠʩ. 3.93. ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ 

 

ʇʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʣʽʩʫ 

ʅʝʭʘʡ G  ̒ʛʨʘʬʦʤ ʟ n ʚʝʨʰʠʥʘʤʠ, m ʨʝʙʨʘʤʠ  ̔k ʢʦʤʧʦʥʝʥʪʘʤʠ. 

1. ɿʘʩʪʦʩʫʻʤʦ ʧʨʦʮʝʜʫʨʫ ʚʠʜʘʣʝʥʥʷ ʨʝʙʨʘ ʜʦ ʦʜʥʦʛʦ ʟ̔ ʮʠʢʣʽʚ ʫ 

ʢʦʞʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ G. 

2. ɹʫʜʝʤʦ ʧʦʚʪʦʨʶʚʘʪʠ ʚʠʜʘʣʝʥʥʷ ʜʦʪʠ, ʜʦʢʠ ʚ ʢʦʞʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ 

G ʥʝ ʟʘʣʠʰʠʪʴʩʷ ʞʦʜʥʦʛʦ ʮʠʢʣʫ. 

3. ʋ ʧʽʜʩʫʤʢʫ ʦʜʝʨʞʠʤʦ ʛʨʘʬ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʦʩʪʦʚʥʠʤ ʣʽʩʦʤ. 

4. ʏʠʩʣʦ ʨʝʙʝʨ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʜʘʣʷʶʪʴʩʷ, ʥʘʟʠʚʘʶʪʴ 

ʮʠʢʣʦʤʘʪʠʯʥʠʤ ʯʠʩʣʦʤ, ʘʙʦ ʮʠʢʣʽʯʥʠʤ ʨʘʥʛʦʤ ʛʨʘʬʘ, G  ̔ʧʦʟʥʘʯʘʶʪʴ 

C(G). ʊʘʢʠʤ ʯʠʥʦʤ, ʮʠʢʣʦʤʘʪʠʯʥʝ ʯʠʩʣʦ  ̒ʤʽʨʦʶ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ. 

ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ ʰʣʷʭʦʤ ʧʦʯʝʨʛʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ 

ʨʝʙʝʨ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.94. 

 

ʈʠʩ. 3.94. ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ: C (G) = 3 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʮʠʢʣʽʯʥʦʛʦ ʨʘʥʛʫ 

1. ʎʠʢʣʽʯʥʠʡ ʨʘʥʛ ʜʝʨʝʚʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

2. ʎʠʢʣʽʯʥʠʡ ʨʘʥʛ ʮʠʢʣʽʯʥʦʛʦ ʛʨʘʬʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ɺʠʟʥʘʯʝʥʥʷ. ʎʠʢʣʽʯʥʠʡ ʛʨʘʬ ï ʟʚô̫ ʟʥʠʡ ʨʝʛʫʣʷʨʥʠʡ ʛʨʘʬ ʩʪʝʧʝʥʷ 2, 

ʻʜʠʥʠʡ ʢʦʤʧʦʥʝʥʪ ʟʚô̫ ʟʥʦʩʪʽ ʮʠʢʣʽʯʥʦʛʦ ʛʨʘʬʘ  ̒ ʧʨʦʩʪʠʤ ʮʠʢʣʦʤ 

(ʨʠʩ. 3.95). 
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ʈʠʩ. 3.95. ʎʠʢʣʽʯʥʠʡ ʛʨʘʬ 

 

ɺʠʟʥʘʯʝʥʥʷ. ʆʩʪʦʚʥʝ ʜʝʨʝʚʦ ʛʨʘʬʘ ï ʮʝ ʜʝʨʝʚʦ, ʱʦ ʤʽʩʪʠʪʴ ʫʩʽ 

ʚʝʨʰʠʥʠ ʛʨʘʬʘ. 

ɺʠʟʥʘʯʝʥʥʷ. ʆʩʪʦʚʥʠʤ ʣʽʩʦʤ ʥʘʟʠʚʘʶʪʴ ʥʝʟʚô̫ ʟʥʠʡ ʛʨʘʬ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ  ̒ʦʩʪʦʚʥʠʤʠ ʜʝʨʝʚʘʤʠ. 

ʊʝʦʨʝʤʘ 3.7. ʅʝʭʘʡ ʊ ï ʦʩʪʦʚʥʠʡ ʣʽʩ ʛʨʘʬʘ G. ɻʨʘʬ G¡, ʦʪʨʠʤʘʥʠʡ ʽʟ 

ʛʨʘʬʘ G ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʚʩʽʭ ʨʝʙʝʨ ʛʨʘʬʘ T, ʥʘʟʠʚʘʶʪʴ ʜʦʧʦʚʥʝʥʥʷʤ 

ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ T ʛʨʘʬʘ G (ʨʠʩ. 3.96). 

 

ʈʠʩ. 3.96. ʇʦʙʫʜʦʚʘ ʜʦʧʦʚʥʝʥʥʷ ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ G¡ 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʮʠʢʣʽʚ ʛʨʘʬʘ 

ʅʝʭʘʡ T ï ʦʩʪʦʚʥʠʡ ʣʽʩ ʛʨʘʬʘ G. ʗʢʱʦ ʜʦʜʘʪʠ ʜʦ T ʙʫʜʴ-ʷʢʝ ʨʝʙʨʦ 

ʛʨʘʬʘ G, ʱʦ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʥʴʦʛʦ, ʪʦ ʟʘ ʧ. 5 ʪʝʦʨʝʤʠ 3.4 ʦʜʝʨʞʠʤʦ ʻʜʠʥʠʡ 

ʮʠʢʣ. 

ɺʠʟʥʘʯʝʥʥʷ. ʄʥʦʞʠʥʫ ʚʩʽʭ ʮʠʢʣʽʚ, ̫ ʢʽ ʦʜʝʨʞʫʶʪʴ h ʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 

ʦʢʨʝʤʦ ʢʦʞʥʦʛʦ ʨʝʙʨʘ ʟ G, ɦ ʦ ʥʝ ʚʭʦʜʠʪʴ ʜʦ T, ʥʘʟʠʚʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʮʠʢʣʽʚ, ʘʩʦʮʽʡʦʚʘʥʦʶ ʟ T. 

ʎʠʢʣʠ ʮʽʻʾ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ, ʘʣʝ ʾʭ ʢʽʣʴʢʽʩʪʴ 

ʜʦʨʽʚʥʶʻ ʮʠʢʣʽʯʥʦʤʫ ʨʘʥʛʫ ʛʨʘʬʘ G. 

ʅʘ ʨʠʩ. 3.97 ʛʨʘʬʠ ʧʦʢʘʟʫʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʩʠʩʪʝʤʫ ʮʠʢʣʽʚ. 
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ʈʠʩ. 3.97. ɻʨʘʬ ʪʘ ʡʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʮʠʢʣʠ: ʘ ï ʛʨʘʬ G; ʙ ï ʦʩʪʦʚʥʝ 

ʜʝʨʝʚʦ ʛʨʘʬʘ G; ʚ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʮʠʢʣʽʚ, ʘʩʦʮʽʡʦʚʘʥʘ ʟ 

ʦʩʪʦʚʥʠʤ ʜʝʨʝʚʦʤ ʛʨʘʬʘ G 

 

ʊʝʦʨʝʤʘ 3.8. ʅʝʭʘʡ G = (V, E) ï ʜʦʚʽʣʴʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʛʨʘʬ. ʏʠʩʣʦ 

ʨʝʙʝʨ ʛʨʘʬʘ G, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʣʫʯʠʪʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ ʊ, ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʷʜʢʫ ʾʭ ʚʠʜʘʣʝʥʥʷ  ̔ʜʦʨʽʚʥʶʻ C (G) = E ī V + k, ʜʝ k ï ʯʠʩʣʦ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʚô̫ ʟʥʦʩʪʽ ʛʨʘʬʘ G. 

ʅʘʩʣʽʜʦʢ 3.8.1. ɻʨʘʬ G  ̒ʦʩʪʦʚʥʠʤ ʣʽʩʦʤ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ  

C (G) = 0. 

ʅʘʩʣʽʜʦʢ 3.8.2. ɻʨʘʬ G ʤʘʻ ʻʜʠʥʠʡ ʮʠʢʣ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ  

C (G) = 1. 

ʅʘʩʣʽʜʦʢ 3.8.3. ɻʨʘʬ G, ʫ ̫ ʢʦʛʦ ʯʠʩʣʦ ʨʝʙʝʨ ʧʝʨʝʚʠʱʫʻ ʯʠʩʣʦ ʚʝʨʰʠʥ, 

ʤʘʻ ʮʠʢʣ. 

ʅʘʩʣʽʜʦʢ 3.8.4. ɹʫʜʴ-ʷʢʝ ʜʝʨʝʚʦ ʧʦʨʷʜʢʫ ²n  2 ʤʘʻ ʧʨʠʥʘʡʤʥʽ ʜʚʽ 

ʢʽʥʮʝʚʽ ʚʝʨʰʠʥʠ (ʨʠʩ. 3.98). 

 

ʈʠʩ. 3.98. ʄʽʥʽʤʘʣʴʥʠʡ ʛʨʘʬ ʟ̔ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʝʨʰʠʥʘʤʠ 

 

ʆʩʪʦʚʥʽ ʜʝʨʝʚʘ. ʇʦʰʫʢ ʫ ʛʣʠʙʠʥʫ 

ʄʝʪʦʜʘʤʠ ʧʦʰʫʢʫ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʥʘʟʠʚʘʶʪʴ ʘʣʛʦʨʠʪʤʠ ʦʙʭʦʜʫ 

ʚʝʨʰʠʥ ʛʨʘʬʘ, ʟʘ ʷʢʦʛʦ ʢʦʞʥʘ ʚʝʨʰʠʥʘ ʦʪʨʠʤʫʻ ʫʥʽʢʘʣʴʥʠʡ ʧʦʨʷʜʢʦʚʠʡ 

ʥʦʤʝʨ. 

 ͊  ͋

 ͍
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ʎʝʡ ʤʝʪʦʜ ʥʘʟʠʚʘʶʪʴ ʧʦʰʫʢʦʤ ʫ ʛʣʠʙʠʥʫ, ʘʙʦ DFS-ʤʝʪʦʜʦʤ ʚʽʜ 

ʘʥʛʣʽʡʩʴʢʦʛʦ Depth First Search.  

ʅʝʭʘʡ G = (V, E) ï ʧʨʦʩʪʠʡ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ, ʫʩʽ ʚʝʨʰʠʥʠ ʷʢʦʛʦ 

ʧʦʟʥʘʯʝʥʽ ʧʦʧʘʨʥʦ ʨʽʟʥʠʤʠ ʩʠʤʚʦʣʘʤʠ. ʋ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʚʝʨʰʠʥʘʤ 

ʥʘʜʘʶʪʴ ʥʦʤʝʨʠ (DFS-ʥʦʤʝʨʠ), ʷʢʽ ʜʣʷ ʚʝʨʰʠʥʠ ʭ ʧʦʟʥʘʯʘʶʪʴ DFS(x). 

ʇʦʰʫʢ ʫ ʛʣʠʙʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʤʥʦʞʠʥ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ 

ʩʪʝʢ.  

DFS ʩʣʽʜʫʻ ʢʦʥʮʝʧʮʽʾ çʧʦʨʠʥʘʡ ʛʣʠʙʝh, ʛʦʣʦʚʦʶ ʚʧʝʨʝʜè (godeep, 

headfirst). ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʠ ʨʫʭʘʻʤʦʩʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʚʝʨʰʠʥʠ 

(ʪʦʯʢʠ, ʤʽʩʮʷ) ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʟʘ ʟʘʜʘʥʠʤ ʰʣʷʭʦʤ) ʜʦʪʠ, ʜʦʢʠ ʥʝ 

ʜʦʩʷʛʥʝʤʦ ʢʽʥʮʷ ʰʣʷʭʫ ʘʙʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ (ʰʫʢʘʥʦʾ ʚʝʨʰʠʥʠ). ʗʢʱʦ 

ʤʠ ʜʦʩʷʛʣʠ ʢʽʥʮʷ ʰʣʷʭʫ, ʘʣʝ ʚʽʥ ʥʝ  ̒ ʧʫʥʢʪʦʤ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦ ʤʠ 

ʧʦʚʝʨʪʘʻʤʦʩʷ ʥʘʟʘʜ (ʜʦ ʪʦʯʢʠ ʨʦʟʛʘʣʫʞʝʥʥʷ ʰʣʷʭʽʚ)  ̔ ʡʜʝʤʦ ʽʥʠhʤ 

ʤʘʨʰʨʫʪʦʤ. 

ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ. ʅʝʭʘʡ ʫ ʥʘʩ  ̒ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ, ʷʢʠʡ 

ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

 

ʄʠ ʧʝʨʝʙʫʚʘʻʤʦ ʚ ʪʦʯʮʽ s,  ̔ ʥʘʤ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʚʝʨʰʠʥʫ t. 

ɿʘʩʪʦʩʦʚʫʶʯʠ DFS, ʜʦʩʣʽʜʞʫʻʤʦ ʦʜʠʥ ʟ̔ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ, ʨʫʭʘʻʤʦʩʷ ʧʦ 

ʥʴʦʤʫ ʜʦ ʢʽʥʮʷ ʽ, ʷʢʱʦ ʥʝ ʟʥʘʡʰʣʠ t, ʧʦʚʝʨʪʘʻʤʦʩʷ ʡ ʜʦʩʣʽʜʞʫʻʤʦ ʽʥʰʠʡ 

ʰʣʷʭ. ʆʩʴ ʷʢʠʡ ʚʠʛʣʷʜ ʤʘ ̒ʧʨʦʮʝʩ: 

 

ʊʫʪ ʤʠ ʨʫʭʘʻʤʦʩʷ ʧʦ ʤʘʨʰʨʫʪʫ (p1) ʜʦ ʥʘʡʙʣʠʞʯʦʾ ʚʝʨʰʠʥʠ ʡ ʙʘʯʠʤʦ, 

ʱʦ ʮʝ ʥʝ ʢʽʥʝʮʴ ʰʣʷʭʫ. ʊʦʤʫ ʤʠ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʚʝʨʰʠʥʠ.  
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ʄʠ ʜʦʩʷʛʣʠ ʢʽʥʮʷ p1, ʘʣʝ ʥʝ ʟʥʘʡʰʣʠ t, ʪʦʤʫ ʧʦʚʝʨʪʘʻʤʦʩʷ ʚ s  ̔

ʨʫʭʘʻʤʦʩʷ ʽʥʠhʤ ʤʘʨʰʨʫʪʦʤ.  

 

ɼʦʩʷʛʥʫʚʰʠ ʥʘʡʙʣʠʞʯʦʾ ʜʦʪʦʯʢʠ s ʚʝʨʰʠʥʠ ʰʣʷʭʫ p2, ʤʠ ʙʘʯʠʤʦ ʪʨʠ 

ʤʦʞʣʠʚ ̔ʥʘʧʨʷʤʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʫʭʫ. ʆʩʢʽʣʴʢʠ ʚʝʨʰʠʥʫ, ʜʝ ʟʘʢʽʥʯʫʚʘʚʩʷ 

ʧʝʨʰʠʡ ʥʘʧʨʷʤʦʢ, ʤʠ ʚʞʝ ʚʽʜʚʽʜʫʚʘʣʠ, ʪʦ ʨʫʭʘʻʤʦʩʷ ʜʨʫʛʠʤ.  

 

 

 

 

 

 

 

ʄʠ ʟʥʦʚʫ ʜʦʩʷʛʣʠ ʢʽʥʮʷ ʰʣʷʭʫ, ʘʣʝ ʥʝ ʟʥʘʡʰʣʠ t, ʪʦʤʫ ʧʦʚʝʨʪʘʻʤʦʩʷ 

ʥʘʟʘʜ. ʉʣʽʜʫʻʤʦ ʟʘ ʪʨʝʪʽʤ ʰʣʷʭʦʤ  ̔ʥʘʨʝʰʪʽ ʜʦʩʷʛʘʻʤʦ ʰʫʢʘʥʦʾ ʚʝʨʰʠʥʠ t.  

 

ʊʘʢ ʧʨʘʮʶʻ DFS. ʈʫʭʘʻʤʦʩʷ ʟʘ ʟʘʜʘʥʠʤ h ʣ̫ ʭʦʤ ʜʦ ʢʽʥʮʷ. ʗʢʱʦ ʢʽʥʝʮʴ 

ʰʣʷʭʫ ï ʮʝ ʰʫʢʘʥʘ ʚʝʨʰʠʥʘ, ʤʠ ʟʘʢʽʥʯʠʣʠ. ʗʢʱʦ ʥʽ, ʧʦʚʝʨʪʘʻʤʦʩʷ ʥʘʟʘʜ  ̔

ʨʫʭʘʻʤʦʩʷ ʽʥʰʠʤ ʰʣʷʭʦʤ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʜʦʩʣʽʜʠʤʦ ʚʩʽ ʚʘʨʽʘʥʪʠ. 
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ʄʠ ʩʣʽʜʫʻʤʦ ʟʘ ʮʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʡʦʛʦ ʜʦ ʢʦʞʥʦʾ 

ʚʽʜʚʽʜʫʚʘʥʦʾ ʚʝʨʰʠʥʠ. 

ʇʦʪʨʝʙʘ ʚ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʧʦʚʪʦʨʝʥʥ ̔ʧʨʦʮʝʜʫʨʠ ʚʢʘʟʫʻ ʥʘ ʧʦʪʨʝʙʫ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥ ̔ʨʝʢʫʨʩʽʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ. 

ʇʨʠʤʽʪʢʘ. ʎʝʡ ʩʧʝʮʽʘʣʴʥʠʡ DFS-ʘʣʛʦʨʠʪʤ ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ 

ʤʦʞʣʠʚʦ ʜʽʩʪʘʪʠʩʷ ʟ ʦʜʥʦʛʦ ʤʽʩʮʷ ʚ ʽʥʰʝ. DFS ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʟ 

ʨʽʟʥʦʶ ʤʝʪʦʶ. ɺʽʜ ʮʽʻʾ ʤʝʪʠ ʟʘʣʝʞʠʪʴ ʪʝ, ʷʢ ʚʠʛʣʷʜ ʤʘʪʠʤʝ ʩʘʤ ʘʣʛʦʨʠʪʤ. 

ʇʨʦʪʝ ʟʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʤʘʻ ʩʘʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ.  

ʆʩʴ JavaScript-ʢʦʜ:  

// ʟʘ ʫʤʦʚʠ, ʱʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʩʫʤʽʞʥʠʤ ʩʧʠʩʢʦʤ  

// ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ: adj = {A:  [B, C], B: [D, F], ...}  

Function dfs (adj, v, t) {   

 // adj ï ʩʫʤʽʞʥʠʡ ʩʧʠʩʦʢ  

 // v ï ʚʽʜʚʽʜʘʥʠʡ ʚʫʟʦʣ (ʚʝʨʰʠʥʘ)  

 // t ï ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ  

 // ʮʝ ʟʘʛʘʣʴʥʽ ʚʠʧʘʜʢʠ  

 // ʘʙʦ ʜʦʩʷʛʣʠ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʘʙʦ ʚʞʝ ʚʽʜʚʽʜʫʚʘʣʠ ʚʫʟʦʣ  

 If  (v === t) return true  

 if  (v. visited) return false  

 // ʧʦʤʽʯʘʻʤʦ ʚʫʟʦʣ ʷʢ ʚʽʜʚʽʜʘʥʠʡ  

 v.visited = true  

 // ʜʦʩʣʽʜʞʫʻʤʦ ʚʩʽʭ ʩʫʩʽʜʽʚ (ʥʘʡʙʣʠʞʯʽ ʩʫʩʽʜʥʽ ʚʝʨʰʠʥʠ) v  

 For (let neighbor of adj[v]) {   

  // ʷʢʱʦ ʩʫʩʽʜ ʥʝ ʚʽʜʚʽʜʫʚʘʚʩʷ  

  If  (! neighbor. visited) {ʽ  

   // ʨʫʭʘʻʤʦʩʷ h ʣʷʭʦʤ ̔  ʧʝʨʝʚʽʨʷʻʤʦ, ʯʠ ʥʝ ʜʦʩʷʛʣʠ ʤʠ 

ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ  

   let reached = dfs (adj, neighbor, t)  

   // ʧʦʚʝʨʪʘʻʤʦ true, ʷʢʱʦ ʜʦʩʷʛʣʠ  

   if  (reached) return true  

  }   

 }   

 // ʷʢʱʦ ʚʽʜ v ʜʦ t ʜʽʩʪʘʪʠʩʷ ʥʝʤʦʞʣʠʚʦ  

 return false  

}   
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ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʚ ʛʣʠʙʠʥʫ 

ʂʨʦʢ 1. ʇʦʯʘʪʠ ʟ ʜʦʚʽʣʴʥʦʾ ʚʝʨʰʠʥʠ ὺ. ʇʦʢʣʘʩʪʠ DFS ὺ ρ. 

ɺʢʣʶʯʠʪʠ ʚʝʨʰʠʥʫ ὺ ʫ ʩʪʝʢ. 

ʂʨʦʢ 2. ʈʦʟʛʣʷʥʫʪʠ ʚʝʨʰʠʥʫ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʚʝʨʰʠʥʽ ʩʪʝʢʘ: ʥʝʭʘʡ 

ʮʝ ʙʫʜʝ ʚʝʨʰʠʥʽ ʭ. ʗʢʱʦ ʚʩʽ ʨʝʙʨʘ, ʱʦ ʽʥʮʠʜʝʥʪʥʽ ʚʝʨʰʠʥʽ ʭ, ʧʦʟʥʘʯʝʥʽ, ʪʦ 

ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 4, ʽʥʘʢʰʝ ï ʜʦ ʢʨʦʢʫ 3. 

ʂʨʦʢ 3. ʅʝʭʘʡ ὼȟώ ï ʥʝʧʦʟʥʘʯʝʥʝ ʨʝʙʨʦ. ʗʢʱʦ DFS (y) ʚʞʝ 

ʚʠʟʥʘʯʝʥʠʡ, ʪʦ ʨʝʙʨʦ ὼȟώ  ʧʦʟʥʘʯʠʪʠ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ  ̔ ʧʝʨʝʡʪʠ ʜʦ 

ʢʨʦʢʫ 2. ʗʢʱʦ DFS (y) ʥʝ ʚʠʟʥʘʯʝʥʠʡ, ʪʦ ʨʝʙʨʦ ʧʦʟʥʘʯʠʪʠ ʧʦʪʦʚʱʝʥʦʶ 

ʣʽʥʽʻʶ, ʚʠʟʥʘʯʠʪʠ DFS (y) ʷʢ ʯʝʨʛʦʚʠʡ DFS-ʥʦʤʝʨ, ʚʢʣʶʯʠʪʠ ʮ  ʁʚʝʨʰʠʥʫ ʚ 

ʩʪʝʢ  ̔ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2. 

ʂʨʦʢ 4. ɺʠʢʣʶʯʠʪʠ ʚʝʨʰʠʥʫ ʟʽ ʩʪʝʢʘ. ʗʢʱʦ ʩʪʝʢ ʧʦʨʦʞʥʽʡ, ʪʦ 

ʟʫʧʠʥʠʪʠʩʴ, ʽʥʘʢʰʝ ï ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2. 

· ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʠʙʦʨʫ ʥʦʤʝʨʽʚ ʜʦʮʽʣʴʥʦ ʜʦʤʦʚʠʪʠʩ,̫ ʱʦ 

ʘʥʘʣʽʟ ʚʝʨʰʠʥ, ʩʫʤʽʞʥʠʭ ʟ̔ ʚʝʨʰʠʥʦʶ, ʷʢʘ ʚʞʝ ʦʪʨʠʤʘʣʘ DFS-ʥʦʤʝʨ, 

ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ (ʘʙʦ ʚ ʘʣʬʘʚʽʪʥʦʤʫ 

ʧʦʨʷʜʢʫ). 

· ɼʠʥʘʤʽʢʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʟʨʫʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʙʣʠʮʽ ʟ ʪʨʴʦʤʘ ʩʪʦʚʧʮʷʤʠ: ʚʝʨʰʠʥʘ, DFS-ʥʦʤʝʨ, ʚʤʽʩʪ ʩʪʝʢʘ. ʎ  ʁʪʘʙʣʠʮʶ 

ʥʘʟʠʚʘʶʪʴ ʧʨʦʪʦʢʦʣʦʤ ʦʙʭʦʜʫ ʛʨʘʬʘ ʧʦʰʫʢʦʤ ʫ ʛʣʠʙʠʥʫ.  

ɸʥʘʣʽʟ DFS -ʘʣʛʦʨʠʪʤʫ 

ɼʘʚʘʡʪʝ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʮʝʡ ʘʣʛʦʨʠʪʤ. ʆʩʢʽʣʴʢʠ ʤʠ ʦʙʭʦʜʠʤʦ ʢʦʞʥʦʛʦ 

çʩʫʩʽʜʘè ʢʦʞʥʦʛʦ ʚʫʟʣʘ, ʽʛʥʦʨʫʶʯʠ ʪʠʭ, ʷʢʠʭ ʚʽʜʚʽʜʫʚʘʣʠ ʨʘʥʽʰʝ, ʤʠ ʤʘʻʤʦ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ O (V + E). ʂʦʨʦʪʢʝ ʧʦʷʩʥʝʥʥʷ ʪʦʛʦ, ʱʦ ʦʟʥʘʯʘʻ 

V + E:  

V ð ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ. E ð ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʝʡ (ʨʝʙʝʨ). 

ʄʦʞʝ ʟʜʘʪʠʩʷ, ʱʦ ʧʨʘʚʠʣʴʥʽʰʝ ʟʘʩʪʦʩʫʚʘʪʠ V*E, ʦʜʥʘʢ ʜʘʚʘʡʪʝ ʧʦʜʫʤʘʻʤʦ, 

ʱʦ ʦʟʥʘʯʘʻ V*E. V*E ʦʟʥʘʯʘʻ, ʱʦ ʩʪʦʩʦʚʥʦ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʤʠ ʧʦʚʠʥʥʽ 

ʜʦʩʣʽʜʠʪʠ ʚʩʽ ʛʨʘʥʽ ʛʨʘʬʘ ʙʝʟʚʽʜʥʦʩʥʦ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʮʠʭ ʛʨʘʥʝʡ ʢʦʥʢʨʝʪʥʽʡ 

ʚʝʨʰʠʥʽ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, V + E ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʤʠ ʦʮʽʥʶʻʤʦ 

ʣʠʰʝ ʛʨʘʥʽ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʥʝʾ. ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʧʨʠʢʣʘʜʫ, ʟʘʟʥʘʯʠʤʦ, 

ʱʦ ʢʦʞʥʘ ʚʝʨʰʠʥʘ ʤʘʻ ʚʠʟʥʘʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʝʡ,  ̔ʚ ʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ 

ʦʙʽʡʜʝʤʦ ʚʩʽ ʚʝʨʰʠʥʠ (O(V))  ̔ ʜʦʩʣʽʜʠʤʦ ʚʩʽ ʛʨʘʥʽ (O(E)). ʄʠ ʤʘʻʤʦ V 

ʚʝʨʰʠʥ  ̔E ʛʨʘʥʝʡ, ʪʦʤʫ ʦʪʨʠʤʘʻʤʦ V + E. 
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ɼʘʣʽ, ʦʩʢʽʣʴʢʠ ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʨʝʢʫʨʩʽʶ ʜʣʷ ʦʙʭʦʜʫ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ, 

ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʝʢ (ʙʝʟʢʽʥʝʯʥʘ ʨʝʢʫʨʩʽʷ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʦʤʠʣʢʠ ʧʝʨʝʧʦʚʥʝʥʥʷ).  

ʇʨʠʢʣʘʜ 3.33. 

 

 

ʆʩʪʦʚʥʽ ʜʝʨʝʚʘ. ʇʦʰʫʢ ʫ ʰʠʨʠʥʫ 

ʎʝʡ ʤʝʪʦʜ ʥʘʟʠʚʘʶʪʴ ʧʦʰʫʢʦʤ ʫ ʰʠʨʠʥʫ, ʘʙʦ BFS-ʤʝʪʦʜʦʤ ï ʚʽʜ 

ʘʥʛʣ. Breadth First Search. 

ʋ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʚʝʨʰʠʥʘʤ ʥʘʜʘʶʪʴ ʥʦʤʝʨʠ (BFS-ʥʦʤʝʨʠ), ʷʢʽ ʜʣʷ 

ʚʝʨʰʠʥʠ ʭ ʧʦʟʥʘʯʘʶʪʴ BFS (x). ʇʦʰʫʢ ʫ ʰʠʨʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʤʥʦʞʠʥ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ï ʯʝʨʛʘ.  

ɼʣʷ ʪʦʛʦ ʱʦʙ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʙʫʚ ʦʜʥʦʟʥʘʯʥʠʤ, 

ʚʝʨʰʠʥʠ ʩʫʤʽʞʥʽ ʟ ʚʝʨʰʠʥʦʶ ʭ, ʘʥʘʣʽʟʫʻʤʦ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʾʭʥʽʭ ʧʦʨʷʜʢʦʚʠʭ 

ʥʦʤʝʨʽʚ (ʘʙʦ ʚ ʘʣʬʘʚʽʪʥʦʤʫ ʧʦʨʷʜʢʫ).  

ɼʠʥʘʤʽʢʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚʽʜʦʙʨʘʞʘʻʤʦ ʧʨʦʪʦʢʦʣʦʤ ʦʙʭʦʜʫ ʛʨʘʬʘ 

ʧʦʰʫʢʦʤ ʫ ʰʠʨʠʥʫ. 

BFS ʩʣʽʜʫʻ ʢʦʥʮʝʧʮʽʾ çʨʦʟʰʠʨʶʡʩʷ, ʧʽʜʥʽʤʘʶʯʠʩʴ ʥʘ ʚʠʩʦʪʫ 

ʧʪʘʰʠʥʦʛʦ ʧʦʣʴʦʪʫè (gowide, birdôseye-view). ɿʘʤʽʩʪʴ ʪʦʛʦ ʱʦʙ ʨʫʭʘʪʠʩʷ 

ʟʘʜʘʥʠʤ ʰʣʷʭʦʤ ʜʦ ʢʽʥʮʷ, BFS ʧʝʨʝʜʙʘʯʘʻ ʨʫʭ ʚʧʝʨʝʜ ʧʦ ʦʜʥʦʤʫ ʩʫʩʽʜʫ ʟʘ 

ʨʘʟ. ʎʝ ʦʟʥʘʯʘʻ ʪʘʢʝ: 
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ɿʘʤʽʩʪʴ ʩʣʽʜʫʚʘʥʥʷ ʰʣʷʭʦʤ BFS ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʚʽʜʫʚʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʜʦ s 

ʩʫʩʽʜʽʚ ʟʘ ʦʜʠʥ ʢʨʦʢ, ʧʦʪʽʤ ʚʽʜʚʽʜʫʚʘʥʥʷ ʩʫʩʽʜʽʚ  ̔ʪʘʢ ʜʘʣʽ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʙʫʜʝ 

ʜʦʩʷʛʥʫʪʘ t. 

 

 

 

ʏʠʤ DFS ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ BFS? ʄʝʥʽ ʟʜʘʻʪʴʩʷ ɦ ʦ, DFS ʡʜʝ ʥʘʧʨʦʣʦʤ, 

ʘ BFS ʥʝ ʧʦʩʧʽʰʘʻ, ʘ ʜʦʩʣʽʜʞʫʻ ʚʩʝ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʢʨʦʢʫ. 

ɼʘʣʽ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʷʢ ʜʽʟʥʘʪʠʩʷ, ʷʢʠʭ ʩʫʩʽʜʽʚ ʩʣʽʜ ʚʽʜʚʽʜʘʪʠ 

ʧʝʨʰʠʤʠ? 

ɼʣʷ ʮʴʦʛʦ ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʥʮʝʧʮʽʶ çʧʝʨʰʠʤ ʟʘʡʰʦʚ, 

ʧʝʨʰʠʤ ʚʠʡʰʦʚè (first-in-first-out, FIFO) ʟ̔ ʯʝʨʛʠ (queue). ʄʠ ʟʘʥʦʩʠʤʦ ʚ 

ʯʝʨʛʫ ʩʧʦʯʘʪʢʫ ʥʘʡʙʣʠʞʯʫ ʜʦ ʥʘʩ ʚʝʨʰʠʥʫ, ʧʦʪʽʤ ʾʾ ʥʝʚʽʜʚʽʜʘʥʠʭ ʩʫʩʽʜʽʚ  ̔

ʧʨʦʜʦʚʞʫʻʤʦ ʮʝʡ ʧʨʦʮʝʩ, ʜʦʢʠ ʯʝʨʛʠ ʥʝ ʟʘʣʠʰʠʪʴʩʷ ʘʙʦ ʜʦʢʠ ʤʠ ʥʝ 

ʟʥʘʡʜʝʤʦ ʰʫʢʘʥʫ ʚʝʨʰʠʥʫ. 

ʆʩʴ JavaScript-ʢʦʜ:  

// ʟʘ ʫʤʦʚʦʶ, ʱʦ ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ̔ ʩʫʤʽʞʥʠʤ ʩʧʠʩʢʦʤ  

// ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ: adj = {A:[B,  C, D], B:[E, F], ... }   

functionbfs (adj, s, t) {   

 // adj ï ʩʫʤʽʞʥʠʡ ʩʧʠʩʦʢ  

 // s ï ʧʦʯʘʪʢʦʚʘ ʚʝʨʰʠʥʘ  

 // t ï ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ  

 // ʽʥʽʮʽʘʣʽʟʫʻʤʦ ʯʝʨʛʫ  
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 letqueue = []   

 // ʜʦʜʘʻʤʦ s ʚ ʯʝʨʛʫ  

 queue. push(s)  

 // ʧʦʤʽʯʘʻʤʦ s ʷʢ ʚʽʜʚʽʜʘʥʫ ʚʝʨʰʠʥʫ, ʱʦʙ ʥʝ ʧʦʚʪʦʨʠʪʠ 

ʜʦʜʘʚʘʥʥʷ ʚ ʯʝʨʛʫ  

 s. visited = true  

 while (queue. length > 0) {   

  // ʚʠʜʘʣʷʻʤʦ ʧʝʨʰʠʡ (ʚʝʨʭʥʽʡ) ʝʣʝʤʝʥʪ ʟ̔ ʯʝʨʛʠ  

  let v = queue. shift ()  

  // abj[v] ï ʩʫʩʽʜʠ v  

  for (let neighbor of adj[v]) {   

   // ʷʢʱʦ ʩʫʩʽʜ ʥʝ ʚʽʜʚʽʜʫʚʘʚʩʷ  

   if  (! neighbor. visited) {   

    // ʜʦʜʘʻʤʦ ʡʦʛʦ ʚ ʯʝʨʛʫ  

    queue. push (neighbor)  

    // ʧʦʤʽʯʘʻʤʦ ʚʝʨʰʠʥʫ ʷʢ ʚʽʜʚʽʜʘʥʫ  

    neighbor. visited = true  

    // ʷʢʱʦ ʩʫʩʽʜ  ̒ʧʫʥʢʪʦʤ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʠ 

ʧʝʨʝʤʦʛʣʠ  

    if  (neighbor === t) return true  

   }   

  }   

 }   

 // ʷʢʱʦ t ʥʝ ʟʥʘʡʜʝʥʘ, ʟʥʘʯʠʪʴ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʩʷʛʪʠ 

ʥʝʤʦʞʣʠʚʦ  

 returnfalse  

}   

 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʚ ʰʠʨʠʥʫ 

¶ ʂʨʦʢ 1. ʇʦʯʘʪʠ ʟ ʜʦʚʽʣʴʥʦʾ ʚʝʨʰʠʥʠ ὺ. ʇʦʢʣʘʩʪʠ BFS(ὺ) = 1. 

ɺʢʣʶʯʠʪʠ ʚʝʨʰʠʥʫ 
iv  ʚ ʯʝʨʛʫ. 

¶ ʂʨʦʢ 2. ʈʦʟʛʣʷʥʫʪʠ ʚʝʨʰʠʥʫ, ̫ ʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʦʯʘʪʢʫ ʯʝʨʛʠ: 

ʥʝʭʘʡ ʮʝ ʙʫʜʝ ʚʝʨʰʠʥʘ ʭ. ʗʢʱʦ ʜʣʷ ʚʩʽʭ ʚʝʨʰʠʥ, ʩʫʤʽʞʥʠʭ ʟ̔ ʚʝʨʰʠʥʦʶ ʭ, 

ʫʞʝ ʚʠʟʥʘʯʝʥʽ BFS-ʥʦʤʝʨʠ, ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 4, ʽʥʘʢʰʝ ï ʜʦ ʢʨʦʢʫ 3. 
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¶ ʂʨʦʢ 3. ʅʝʭʘʡ { }yx,  ï ʨʝʙʨʦ, ʫ ʷʢʦʤʫ ʥʦʤʝʨ BFS (y) ʥʝ 

ʚʠʟʥʘʯʝʥʠʡ. ʇʦʟʥʘʯʠʪʠ ʮʝ ʨʝʙʨʦ ʧʦʪʦʚʱʝʥʦʶ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ, ʚʠʟʥʘʯʠʪʠ 

BFS (y) ʷʢ ʯʝʨʛʦʚʠʡ ɺFS-ʥʦʤʝʨ, ʚʢʣʶʯʠʪʠ ʚʝʨʰʠʥʫ ʜʦ ʯʝʨʛʠ ʡ ʧʝʨʝʡʪʠ ʜʦ 

ʢʨʦʢʫ 2. 

¶ ʂʨʦʢ 4. ɺʠʢʣʶʯʠʪʠ ʚʝʨʰʠʥʫ ʭ ʟ̔ ʯʝʨʛʠ. ʗʢʱʦ ʯʝʨʛʘ ʧʦʨʦʞʥʷ, ʪʦ 

ʟʫʧʠʥʠʪʠʩʴ, ʽʥʘʢʰʝ ï ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2. 

ɸʥʘʣʽʟ BFS  

ʄʦʞʝ ʟʜʘʪʠʩʷ, ʱʦ BFS ʧʨʘʮʶʻ ʧʦʚʽʣʴʥʽʰʝ. ʆʜʥʘʢ, ʷʢʱʦ ʫʚʘʞʥʦ 

ʧʨʠʜʠʚʠʪʠʩʷ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʡ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ.  

ʏʝʨʛʘ ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʢʫ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʧʝʨʝʜ ʜʦʩʷʛʥʝʥʥʷʤ ʧʫʥʢʪʫ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ɦ ʦ ʚ ʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ BFS ʜʦʩʣʽʜʞʫʻ ʚʩʽ ʚʝʨʰʠʥʠ 

ʪʘ ʛʨʘʥʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ BFS ʤʦʞʝ ʟʜʘʚʘʪʠʩʷ ʧʦʚʽʣʴʥʽʰʠʤ, ʘʣʝ ʚʽʥ 

ʩʢʦʨʽʰʠʡ, ʦʩʢʽʣʴʢʠ ʧ̔ ʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʛʨʘʬʘʤʠ ʚʠʷʚʣʷʻʪʴʩʷ, ɦ ʦ DFS 

ʚʠʪʨʘʯʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʩʣʽʜʫʚʘʥʥʷ ʰʣʷʭʘʤʠ, ʷʢʽ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ 

ʚʠʷʚʣʷʶʪʴʩʷ ʭʠʙʥʠʤʠ. BFS ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʤʽʞ ʜʚʦʤʘ ʚʝʨʰʠʥʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʥʷ BFS ʪʘʢʦʞ ʩʢʣʘʜʘʻ O (V + E), ʘ ʦʩʢʽʣʴʢʠ ʤʠ 

ʟʘʩʪʦʩʦʚʫʻʤʦ ʯʝʨʛʫ, ʱʦ ʚʤʽʱʫʻ ʚʩʽ ʚʝʨʰʠʥʠ, ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʘ ʩʢʣʘʜʥʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ O (V).  

ʇʨʠʢʣʘʜ 3.34. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʦʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʭʦʜʫ ʦʜʥʘʢʦʚʘ ʡ ʫ 

ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʥʷ ʛʨʘʬʘ ʩʧʠʩʢʘʤʠ ʩʫʤʽʞʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ O (|V| + |E|).  

ɸʥʘʣʦʛʠ ʟ ʨʝʘʣʴʥʦʛʦ ʞʠʪʪʷ  

ʗʢʱʦ ʥʘʚʦʜʠʪʠ ʧʨʠʢʣʘʜʠ ʟ ʨʝʘʣʴʥʦʛʦ ʞʠʪʪʷ, ʪʦ ʦʩʴ ʷʢ  ̫ʧʨʝʜʩʪʘʚʣʷʶ 

ʩʦʙʽ ʨʦʙʦʪʫ DFS  ̔BFS. ʂʦʣʠ  ̫ʜʫʤʘʶ ʧʨʦ DFS, ʪʦ ʧʨʝʜʩʪʘʚʣʷʶ ʩʦʙʽ ʤʠʰʫ ʚ 

ʣʘʙʽʨʠʥʪʽ ʚ ʧʦʰʫʢʫ ʾʞʽ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʦʪʨʘʧʠʪʠ ʜʦ ʾʞʽ, ʤʠʰʘ ʟʤʫʰʝʥʘ 

ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʦʪʨʘʧʣʷʪʠ ʚ ʪʫʧʠʢ, ʧʦʚʝʨʪʘʪʠʩʷ ʡ ʨʫʭʘʪʠʩʷ ʚ ʽʥʰʦʤʫ 

ʥʘʧʨʷʤʢʫ,  ̔ʪʘʢ, ʜʦʢʠ ʚʦʥʘ ʥʝ ʟʥʘʡʜʝ ʚʠʭʽʜ ʟ̔ ʣʘʙʽʨʠʥʪʫ ʘʙʦ ʾʞʫ.  
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ʈʠʩ. 3.99. ɯʣʶʩʪʨʘʮʽʷ DFS-ʘʣʛʦʨʠʪʤʫ 

 

ʉʧʨʦʱʝʥʘ ʚʝʨʩʽʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ:  

 

 

 

ʈʠʩ. 3.100. ʉʧʨʦʱʝʥʘ ʚʝʨʩʽʷ DFS-ʘʣʛʦʨʠʪʤʫ 
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ɿʽ ʩʚʦʛʦ ʙʦʢʫ, ʢʦʣʠ ̫  ʜʫʤʘʶ ʧʨʦ BFS, ʪʦ ʧʨʝʜʩʪʘʚʣʷʶ ʩʦʙʽ ʢʦʣʘ ʥʘ ʚʦʜʽ. 

ʇʘʜʽʥʥʷ ʢʘʤʝʥ ̫ʫ ʚʦʜʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʽʣ ʧʦ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ ʚʽʜ 

ʮʝʥʪʨʘ.  

 

 

 

ʈʠʩ. 3.101. ɯʣʶʩʪʨʘʮʽʷ ɺFS-ʘʣʛʦʨʠʪʤʫ 

 

ʉʧʨʦʱʝʥʘ ʚʝʨʩʽʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ:  

 

 

 

ʈʠʩ. 3.102. ʉʧʨʦʱʝʥʘ ʚʝʨʩʽʷ ɺFS-ʘʣʛʦʨʠʪʤʫ 

 

ɺʠʩʥʦʚʢʠ  

Å ʇʦʰʫʢ ʫ ʛʣʠʙʠʥʫ ̔  ʧʦʰʫʢ ʫ h ʠʨʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʙʭʦʜʫ 

ʛʨʘʬʘ.  

Å DFS ʨʫʭʘʻʪʴʩʷ ʧʦ ʛʨʘʥʷʭ (ʨʝʙʨʘʭ) ʪʫʜʠ  ̔ ʥʘʟʘʜ, ʘ BFS 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ ʩʫʩʽʜʘʭ ʫ ʧʦʰʫʢʫ ʧʨʠʟʥʘʯʝʥʥʷ.  

Å DFS ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʝʢ, ʘ BFS ð ʯʝʨʛʫ.  

Å ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʦʙʦʭ ʩʪʘʥʦʚʠʪʴ O (V + E), ʘ ʧʨʦʩʪʦʨʦʚʘ 

ʩʢʣʘʜʥʽʩʪʴ ï O (V).  

Å ʎ̔ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʨʽʟʥʫ ʬʽʣʦʩʦʬʽʶ, ʘʣʝ ʦʜʥʘʢʦʚʦ ʚʘʞʣʠʚʽ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʛʨʘʬʘʤʠ.  
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ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʪʦʚʥʠʭ ʜʝʨʝʚ  

ʎʝʡ ʘʣʛʦʨʠʪʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ G (V, E) 

ʟ ʧʦʤʽʯʝʥʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʫ ʷʢʦʤʫ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʦʩʪʦʚʥʽ 

ʜʝʨʝʚʘ.  

ʂʨʦʢʠ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʪʦʚʥʠʭ ʜʝʨʝʚ  

Å ɿʥʘʡʪʠ ʩʪʝʧʝʥʽ ʚʝʨʰʠʥ ʮʴʦʛʦ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ. 

Å ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʶ ʩʪʝʧʝʥʽʚ ʚʝʨʰʠʥ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ. 

Å ʇʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ. 

Å ɿʥʘʡʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʤʘʪʨʠʮʷʤʠ ʩʪʝʧʝʥʽʚ  ̔ʩʫʤʽʞʥʦʩʪʽ ʟʚô̫ ʟʥʦʛʦ 

ʛʨʘʬʘ G (V, E). 

Å ɿʥʘʡʪʠ ʙʫʜʴ-ʷʢʝ ʟ ʘʣʛʝʙʨʘʾʯʥʠʭ ʜʦʧʦʚʥʝʥʴ ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ 

ʨʽʟʥʠʮʽ ʥʘ ʢʨʦʮʽ 4 ʘʣʛʦʨʠʪʤʫ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ  ̒ ʢʽʣʴʢʽʩʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʦʩʪʦʚʥʠʭ ʜʝʨʝʚ ʜʣʷ ʛʨʘʬʘ G (V, E).  

ʇʨʠʢʣʘʜ 3.35. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʛʣʷʥʫʪʠʡ ʘʣʛʦʨʠʪʤ, ʟʥʘʡʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʦʩʪʦʚʥʠʭ ʜʝʨʝʚ ʜʣʷ ʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ G (V, E), 

ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ:  

 

 

 

 

ʈʦʟʚô̫ ʟʦʢ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʦʢʫ 1 ʘʣʛʦʨʠʪʤʫ, ʟʥʘʡʜʝʤʦ ʩʪʫʧʝʥʽ ʚʝʨʰʠʥ ʛʨʘʬʘ 

G (V, E), ʷʢʽ ʜʦʨʽʚʥʶʶʪʴ: deg(
1V ) = deg(

4V ) =2; deg(
2V ) = deg(

3V  ). ɿʛʽʜʥʦ ʟ 

ʢʨʦʢʦʤ 2 ʘʣʛʦʨʠʪʤʫ ʙʫʜʫʻʤʦ ʩʪʝʧʝʥʥʫ ʚʝʨʰʠʥʥʫ ʤʘʪʨʠʮʶ ʉ  ̔ʢʨʦʢʦʤ 3 ï 

ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ɸ ʛʨʘʬʘ G (V, E). ʂʦʨʠʩʪʫʶʯʠʩʴ ʢʨʦʢʦʤ 4 ʘʣʛʦʨʠʪʤʫ, 

ʟʥʘʭʦʜʠʤʦ ʨʽʟʥʠʮʶ ʤʽʞ ʜʚʦʤʘ ʤʘʪʨʠʮʷʤʠ ʉ  ̔ɸ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʦʪʨʠʤʫʻʤʦ 

ʪʨʝʪʶ ʤʘʪʨʠʮʶ ʂ:  
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʦʢ 5 ʘʣʛʦʨʠʪʤʫ, ʟʥʘʭʦʜʠʤʦ ʘʣʛʝʙʨʘʾʯʥʝ 

ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʤʘʪʨʠʮʽ ʂ, ʥʘʧʨʠʢʣʘʜ ʂ11, ʷʢʝ ʜʦʨʽʚʥʶʻ  

 

 

 

 

 

ɺʠʭʦʜʷʯʠ ʽʟ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʜʦʧʦʚʥʝʥʥʷ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʛʨʘʬ 

G(V,E), ʷʢʠʡ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ, ʤʘʻ ʚʽʩʽʤ ʦʩʪʦʚʥʠʭ ʜʝʨʝʚ:  

 

 

 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʉʬʦʨʤʫʣʶʡʪʝ ʟʘʜʘʯʫ ʦʙʭʦʜʫ ʛʨʘʬʘ ʪʘ ʙʘʟʦʚʠʡ ʘʣʛʦʨʠʪʤ ʦʙʭʦʜʫ. 

ʗʢʫ ʚʝʨʰʠʥʫ ʥʘʟʠʚʘʶʪʴ ʟʘʢʨʠʪʦʶ ʚʝʨʰʠʥʦʶ? 
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2. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧʠ, ʥʘ ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʦʙʭʦʜʫ ʛʨʘʬʘ ʚ 

ʛʣʠʙʠʥʫ. ʗʢʘ ʫʤʦʚʘ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ ʦʙʭʦʜʫ ʛʨʘʬʘ ʚ ʛʣʠʙʠʥʫ? 

3. ʅʘʧʠʩʘʪʠ ʧʨʦʛʨʘʤʫ ʪʘ ʚʠʚʝʩʪʠ ʥʘ ʜʨʫʢ ʧʨʦʤʽʞʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʭʦʜʫ 

ʛʨʘʬʘ (ʨʠʩ. 3.103) ʚ ʛʣʠʙʠʥʫ. 

 

ʈʠʩ. 3.103. ɻʨʘʬ ʜʦ ʟʘʜʘʯ 3 ʪʘ 4 

 

4. ʉʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʫ ʦʙʭʦʜʫ ʛʨʘʬʘ ʚ ʰʠʨʠʥʫ. ɿʘʩʪʦʩʫʚʘʪʠ ʮ  ʁ

ʧʨʦʛʨʘʤʫ ʜʦ ʛʨʘʬʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.103. 

 

ʆʩʥʦʚʥʝ ʜʝʨʝʚʦ ʥʘʡʤʝʥʰʦʾ ʚʘʛʠ 

ʅʝʭʘʡ ʢʦʞʥʦʤʫ ʨʝʙʨʫ ʛʨʘʬʘ G = (V, E) ʧʦʩʪʘʚʣʝʥʘ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʝʷʢʘ ʚʘʛʘ Ὠ ὨὩ , ὩᶰὉ, Ὥ ρȟςȟȢȢȢȟȿὉȿ. 

ʇʦʪʨʽʙʥʦ ʚ ʛʨʘʬʽ G ʟʥʘʡʪʠ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ, ʩʫʤʘ ʚʘʛ 
id  ʫ ʷʢʦʤʫ 

ʥʘʡʤʝʥʰʘ. 

()( )ä
Í

=
iEe

iedS min . ʏʠʩʣʦ 
id  ʥʘʟʠʚʘʶʪʴ ʚʘʛʦʶ ʨʝʙʨʘ Ὡ , ʘ ʩʘʤ ʛʨʘʬ G ï ʪʘʢʠʤ, 

ʱʦ ʤʘʻ ʚʘʛʫ (ʟʚʘʞʝʥʠʤ). ʆʪʞʝ, ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ 

ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ ʟ ʥʘʡʤʝʥʰʦʶ ʚʘʛʦʶ. 

ʇʨʘʢʪʠʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʚʘʛʦʶ. 

ʎ  ̫ʟʘʜʘʯʘ ʚʠʥʠʢʘʻ ʧ̔ ʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥ ̫ʜʦʨʽʛ, ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʽʥ., ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʟô̒ ʜʥʘʪʠ ʟʘʜʘʥʽ ʪʦʯʢʠ ʜʝʷʢʦʶ ʩʠʩʪʝʤʦʶ 

ʟʚô̫ ʟʢʫ ʪʘʢ, ʱʦʙ ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ. ʅʘ 

ʨʠʩ. 3.91 ʧʦʢʘʟʘʥʽ ʦʙô̒ ʢʪʠ, ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ 

ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʘʛʦʶ. 
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ʈʠʩ. 3.104. ʇʨʠʢʣʘʜʠ ʦʙô̒ ʢʪʽʚ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʘ ʤʽʥʽʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. 

ʈʦʟʚô̫ ʟʫʚʘʥʥʷ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʪʝʦʨʝʤʠ ʂʝʣʽ 

1. ʈʦʟʛʣʷʥʝʤʦ ʚʩʽ ʤʦʞʣʠʚʽ ʦʩʪʦʚʥʽ ʜʝʨʝʚʘ ʧʦʚʥʦʛʦ ʛʨʘʬʘ G ʟ n 

ʚʝʨʰʠʥʘʤʠ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʂʝʣʽ ʯʠʩʣʦ ʨʽʟʥʠʭ ʜʝʨʝʚ, ʷʢʽ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʥʘ n ʚʝʨʰʠʥʘʭ, ʜʦʨʽʚʥʶʻ ὲ . 

2. ʇ̔ ʜ ʯʘʩ ʚʠʙʦʨʫ ʢʦʞʥʦʛʦ ʜʝʨʝʚʘ ʚʠʟʥʘʯʠʤʦ ʩʫʤʫ ʡʦʛʦ ʚʘʛ. 

3. ɿʘʩʪʦʩʫʚʘʚʰʠ ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʫʤʠ ʚʘʛ, ʥʘ ʧʦʯʘʪʢʫ 

ʩʧʠʩʢʫ ʦʜʝʨʞʠʤʦ ʪʽ ʦʩʪʦʚʥʽ ʜʝʨʝʚʘ, ʷʢʽ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʩʫʤʫ ʚʘʛ. ɸʣʝ 

ʦʩʢʽʣʴʢʠ ʯʠʩʣʦ ὲ  ʥʘʚʽʪʴ ʟʘ ʥʝʚʝʣʠʢʦʛʦ n ʙʫʜʝ ʜʫʞʝ ʚʝʣʠʢʠʤ, ʪʦ ʪʘʢʠʡ 

ʰʣʷʭ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʡ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ  ̒

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

 

ʇʦʧʝʨʝʜʥʽ ʟʘʫʚʘʞʝʥʥʷ 

1. ʇʦʨʷʜʦʢ ʛʨʘʬʘ ï ʯʠʩʣʦ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʛʨʘʬʘ. 

2. ʇʦʨʦʞʥʽʡ ʛʨʘʬ ï ʛʨʘʬ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʨʝʙʝʨ ʘʙʦ ʨʝʛʫʣʷʨʥʠʡ ʛʨʘʬ 

ʩʪʝʧʝʥʷ 0. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʜʘʥʦ ʟʚô̫ ʟʥʠʡ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ G = (V, E), 

ʜʝ V ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ, ʘ E ï ʤʥʦʞʠʥʘ ʨʝʙʝʨ  ̔ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʙʨʘ (u, v) Í E 

ʟʘʜʘʥʦ ʚʘʛʫ w (u, v). ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʘʮʠʢʣʽʯʥʫ ʧʽʜʤʥʦʞʠʥʫ ʊ Í E, ʷʢʘ 

ʟô̒ ʜʥʫʻ ʚʩʽ ʚʝʨʰʠʥʠ ʡ ʟʘʛʘʣʴʥʘ ʚʘʛʘ ʷʢʦʾ  

 ʤʽʥʽʤʘʣʴʥʘ.  

ɿʘʜʘʯʘ ʧʦʰʫʢʫ ʜʝʨʝʚʘ ʊ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʜʘʯʝʶ ʧʦʰʫʢʫ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ. 

ʄʠ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚô̫ ʟʢʫ ʮʽʻʾ ʟʘʜʘʯʽ ï ʘʣʛʦʨʠʪʤ ʇʨʠʤʘ 

ʡ ʘʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʘ. 
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ɸʣʛʦʨʠʪʤ ʇʨʠʤʘ 

ɯʟʦʣʴʦʚʘʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʨʰʠʥʘ, ʷʢʘ ʥʘ ʜʝʷʢʦʤʫ ʝʪʘʧʽ ʧʦʙʫʜʦʚʠ ʥʝ 

ʟʚô̫ ʟʘʥʘ ʟ ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ. ʌʨʘʛʤʝʥʪ ï ʮʝ ʧʽʜʤʥʦʞʠʥʘ ʚʝʨʰʠʥ 

ʟʚô̫ ʟʘʥʠʭ ʨʝʙʨʘʤʠ.  

ɯʟʦʣʴʦʚʘʥʠʤ ʬʨʘʛʤʝʥʪʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʬʨʘʛʤʝʥʪ, ʷʢʠʡ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʧʦʙʫʜʦʚʠ ʥʝ ʟʚô̫ ʟʘʥʠʡ ʟ ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ ʘʙʦ ʬʨʘʛʤʝʥʪʘʤʠ. 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ: 

¶ ɼʦʚʽʣʴʥʘ ̔ ʟʦʣʴʦʚʘʥʘ ʚʝʨʰʠʥʘ ʟô̒ ʜʥʫʻʪʴʩʷ ʟ ʥʘʡʙʣʠʞʯʠʤ ʩʫʩʽʜʦʤ 

ï ʚʝʨʰʠʥʦʶ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʥʘʡʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʽʻʾ ʚʝʨʰʠʥʠ. 

¶ ɼʦʚʽʣʴʥʠʡ ʽʟʦʣʴʦʚʘʥʠʡ ʬʨʘʛʤʝʥʪ ʟô̒ ʜʥʫʻʪʴʩʷ ʟ ʥʘʡʙʣʠʞʯʠʤ 

ʩʫʩʽʜʦʤ ʥʘʡʢʦʨʦʪʰʠʤ ʨʝʙʨʦʤ. 

ɸʣʛʦʨʠʪʤ ʇʨʠʤʘ 

1. ʇʦʙʫʜʦʚʘ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʚʘʛ.  

ʗʢʱʦ ʚʝʨʰʠʥʠ u ʪʘ v ʥʝ ʟô̒ ʜʥʘʥʽ, ʪʦ ʚ ʤʘʪʨʠʮʽ ʥʘ ʧʝʨʝʪʠʥʽ ʨʷʜʢʘ u ʪʘ 

ʩʪʦʚʧʯʠʢʘ v ʩʪʘʚʠʪʴʩʷ ʥʝʩʢʽʥʯʝʥʽʩʪʴ (¤). ɼʽʘʛʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʫʤʦʚʥʦ 

ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʥʝʩʢʽʥʯʝʥʦʩʪʽ (¤). ʋʩʽ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ 

ʜʦʨʽʚʥʶʶʪʴ w (u, v). 

2. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ ʬʨʘʛʤʝʥʪʘ.  

ɿʘ ʧʦʯʘʪʢʦʚʫ ʚʠʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʘ ʚʝʨʰʠʥʘ. ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʫ 1 ʜʣʷ 

ʮʽʻʾ ʚʝʨʰʠʥʠ ʟʥʘʭʦʜʠʤʦ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ. ɼʣʷ ʮʴʦʛʦ ʚ ʤʘʪʨʠʮʽ 

ʚʠʙʠʨʘʻʪʴʩʷ ʨʷʜʦʢ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʚʠʙʨʘʥʦʾ ʚʝʨʰʠʥʠ ʜʦ ʚʩʽʭ ʽʥʰʠʭ  ̔

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʨʰʠʥʘ, ʜʦ ʷʢʦʾ ʚʽʜʩʪʘʥʴ ʥʘʡʤʝʥʰʘ.  

3. ʈʦʟʰʠʨʝʥʥʷ ʬʨʘʛʤʝʥʪʘ.  

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʧʦʨʽʚʥʶʶʪʴʩʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʪʨʠʤʘʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʜʦ ʢʦʞʥʦʾ ʽʟʦʣʴʦʚʘʥʦʾ ʚʝʨʰʠʥʠ. ɿ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʟô̒ ʜʥʘʥʴ 

ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʘ ʽʟʦʣʴʦʚʘʥʘ ʚʝʨʰʠʥʘ, ʚʽʜʩʪʘʥʴ ʜʦ ʷʢʦʾ ʥʘʡʤʝʥʰʘ.  

4. ɿʘʢʽʥʯʝʥʥʷ.  

ʗʢʱʦ ʚʩʽ ̔ ʟʦʣʴʦʚʘʥʽ ʚʝʨʰʠʥʠ ʧʨʠʻʜʥʘʥʽ, ʪʦ ʤʽʥʽʤʘʣʴʥʝ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ 

ʧʦʙʫʜʦʚʘʥʝ (ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʟʘʚʝʨʰʝʥʦ), ʷʢʱʦ ï ʥʽ, ʪʦ ʧʝʨʝʡʪʠ ʥʘ ʢʨʦʢ 3. 

ʇʩʝʚʜʦʢʦʜ ʘʣʛʦʨʠʪʤʫ ʇʨʠʤʘ: 

// ɺʭʽʜʥʽ ʜʘʥʽ:  ɿʚʘʞʝʥʠʡ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ G = (V, E) 

//ɺʠʭʽʜʥʽ ʜʘʥʽ:  ɽʊ, ʤʥʦʞʠʥʘ ʨʝʙʝʨ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʦʩʪʦʚʥʝ 

ʜʝʨʝʚʦ ʊ 

Vʊ « { v0 } //ʄʥʦʞʠʥʘ ʚʝʨʰʠʥ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʊ  

ɽʊ « Å //ʄʥʦʞʠʥʘ ʨʝʙʝʨ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʊ  
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for  i « 1 to ¼V¼-1 do  

// ʇʦʰʫʢ ʨʝʙʨʘ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʘʛʦʶ e*  = (u*,v*) ʩʝʨʝʜ ʚʩʽʭ ʨʝʙʝʨ (u, v) ʪʘʢʠʭ, 

ʱʦ v Í Vʊ ʪʘ u Í V-Vʊ  

 VT « Vʊ Ç{u*}  

ɽʊ « ɽʊ Ç{e*}  

return  ɽʊ  

ʇʨʠʢʣʘʜ 3.35. ɼʣʷ ʟʘʜʘʥʦʛʦ ʛʨʘʬʘ G ʧʦʙʫʜʫʚʘʪʠ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ʇʨʠʤʘ. 

 
ʇʦʙʫʜʫʻʤʦ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ʚʘʛ W:  

 

ɿʘ ʧʦʯʘʪʢʦʚʫ ʚʠʙʠʨʘʻʤʦ ʜʦʚʽʣʴʥʫ ʚʝʨʰʠʥʫ, ʥʝʭʘʡ ʮʝ ʙʫʜʝ ʚʝʨʰʠʥʘ V1, 

 ̔ ʜʣʷ ʥʝʾ ʰʫʢʘʻʤʦ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʪʦʙʪʦ ʚʝʨʰʠʥʫ ʚʽʜʩʪʘʥʴ ʜʦ ʷʢʦʾ 

ʥʘʡʤʝʥʰʘ: 

±

±

±

±
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ʈʦʟʰʠʨʶʻʤʦ ʬʨʘʛʤʝʥʪ 

 

 

 

ʈʦʟʰʠʨʶʻʤʦ ʬʨʘʛʤʝʥʪ 
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ʈʦʟʰʠʨʶʻʤʦ ʬʨʘʛʤʝʥʪ 

 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʇʨʠʤʘ 

1. ɸʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʘʞʝʥʠʭ ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ 

ʟʚô̫ ʟʥʠʭ ʛʨʘʬʽʚ. 

2. ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʇʨʠʤʘ ὕὲ , ʜʝ n ï 

ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʛʨʘʬʘ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ n ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʝ, ʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʘʣʛʦʨʠʪʤ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ. 

3. ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ e ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʟʘ ▪ , ʪʦ ʘʣʛʦʨʠʪʤ 

ʂʨʫʩʢʘʣʘ ʢʨʘʱʠʡ, ʘʣʝ ʷʢʱʦ e ʥʘʙʣʠʞʝʥʘ ʜʦ ▪ , ʪʦ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʇʨʠʤʘ. 
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ɸʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʘ 

ɸʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʘ ʙʫʜʫʻ ʤʽʥʽʤʘʣʴʥʝ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ ̫ ʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʽʜʛʨʘʬʽʚ, ʢʦʪʨʽ ʟʘʚʞʜʠ ʘʮʠʢʣʽʯʥʽ, ʘʣʝ ʥʘ ʧʨʦʤʽʞʥʠʭ ʩʪʘʜʽʷʭ ʥʝ ʟʘʚʞʜʠ 

ʟʚô̫ ʟʥʽ. 

ɸʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʘ 

1. ɺʽʜʩʦʨʪʫʚʘʪʠ ʨʝʙʨʘ ʛʨʘʬʘ G ʚ ʟʨʦʩʪʘʶʯʦʤʫ ʧʦʨʷʜʢʫ. 

2. ɺʠʙʨʘʪʠ ʨʝʙʨʦ ʝ1, ʷʢʝ ʤʘʻ ʚ ʛʨʘʬʽ G ʥʘʡʤʝʥʰʫ ʚʘʛʫ. 

3. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚʠʙʠʨʘʪʠ ʨʝʙʨʦ (ʚʽʜʤʽʥʥʝ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ) ʟ 

ʥʘʡʤʝʥʰʦʶ ʚʘʛʦʶ  ̔ʪʘʢʝ, ʱʦ ʥʝ ʫʪʚʦʨʶʻ ʧʨʦʩʪʠʭ ʮʠʢʣʽʚ ʟ̔ ʧʦʧʝʨʝʜʥʽʤʠ 

ʨʝʙʨʘʤʠ. ʆʪʨʠʤʘʥʝ ʜʝʨʝʚʦ ʊ ʟ ʤʥʦʞʠʥʦʶ ʨʝʙʝʨ  

ɽʊ = {ʝ1, ʝ2, ʝ3, é, ʝn-1}  ̒ʤʽʥʽʤʘʣʴʥʠʤ ʦʩʪʦʚʥʠʤ ʧʽʜʛʨʘʬʦʤ ʛʨʘʬʘ G.  

ʇʩʝʚʜʦʢʦʜ ʘʣʛʦʨʠʪʤʫ ʂʨʫʩʢʘʣʘ:  

// ɺʭʽʜʥʽ ʜʘʥʽ:  ɿʚʘʞʝʥʠʡ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ G = (V, E) 

//ɺʠʭʽʜʥʽ ʜʘʥʽ:  ɽʊ, ʤʥʦʞʠʥʘ ʨʝʙʝʨ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʽʥʽʤʘʣʴʥʝ 

ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ ʊ  

ʉʦʨʪʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ɽ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʚʘʛ ʨʝʙʝʨ w(ʝ1)¢ é¢ w(ʝn), n = ¼ɽ¼  

ɽʊ « Å //ʄʥʦʞʠʥʘ ʨʝʙʝʨ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʊ  

ecounter « 0//ʨʦʟʤʽʨ ʜʝʨʝʚʘ ʊ  

k « 0  //ʢʽʣʴʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʨʝʙʝʨ 

while ecounter < ¼V¼-1 do  

k « k + 1 

 if  ɽʊ Ç{ek} - ʘʮʠʢʣʽʯʥʠʡ ʛʨʘʬ then  
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 ɽʊ « ɽʊ Ç{ ek }; ecounter « ecounter + 1 

return  ɽʊ  

ʆʜʥʘ ʟ ʤʦʞʣʠʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ʘʣʛʦʨʠʪʤʫ ʂʨʫʩʢʘʣʘ 

ʇʦʯʘʪʦʢ. ʋʧʦʨʷʜʢʫʚʘʪʠ ʤʥʦʞʠʥʫ ʨʝʙʝʨ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʚʘʛ: ʝ1, ʝ2, ʝ3, 

é, ʝn. ɺʠʢʦʥʘʪʠ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ.  

ɯʪʝʨʘʮʽʷ. ɺʠʙʨʘʪʠ ʪʘʢʝ ʯʝʨʛʦʚʝ ʨʝʙʨʦ ʟ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʨʝʙʝʨ, ʢʽʥʮʽ ʷʢʦʛʦ ʤʽʩʪʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʥʦʞʠʥʘʭ ʨʦʟʙʠʪʪʷ. ʅʝʭʘʡ ʚʠʙʨʘʥʦ 

ʨʝʙʨʦ ʝ̔ (u, v), ʪʦʜʽ ʤʥʦʞʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʚʝʨʰʠʥʠ u ʪʘ v, ʦʙô̒ ʜʥʫʶʪʴʩʷ ʚ 

ʦʜʥʫ ʤʥʦʞʠʥʫ. 

ɿʘʢʽʥʯʝʥʥʷ. ʈʦʙʦʪʫ ʟʘʢʽʥʯʠʪʠ, ʢʦʣʠ ʙʫʜʝ ʚʠʙʨʘʥʝ (n - 1) ʨʝʙʨʦ, ʧʨʠ 

ʮʴʦʤʫ ʚʩʽ ʧʽʜʤʥʦʞʠʥʠ ʨʦʟʙʠʪʪʷ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʚ ʦʜʥʫ. 

ʇʨʠʢʣʘʜ 3.36. ɼʣʷ ʟʘʜʘʥʦʛʦ ʛʨʘʬʘ G ʧʦʙʫʜʫʚʘʪʠ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʘ. 
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ɯʟ ʧʨʠʻʜʥʘʥʥʷʤ ʨʝʙʨʘ ʝ11 ʨʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʞʝ 

ʧʨʠʻʜʥʘʥʦ n - 1 = 7-1 = 6 ʨʝʙʝʨ  ̔ʚʩʽ ʧʽʜʤʥʦʞʠʥʠ ʨʦʟʙʠʪʪʷ ʦʙô̒ ʜʥʘʣʠʩʷ ʚ 

ʦʜʥʫ r6 = {{v1, v2, v3, v4, v5, v6, v7}}. ʆʩʪʦʚʥʝ ʜʝʨʝʚʦ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ ʊ 

ʫʪʚʦʨʶʶʪʴ ʨʝʙʨʘ e1, ʝ2, ʝ3, ʝ4, ʝ5, ʝ11.  

 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʂʨʘʩʢʘʣʘ 

1. ɸʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʘʞʝʥʠʭ ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʬʽʚ. 

2. ɸʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ ʚ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʥʝʟʚô̫ ʟʥʠʭ ʛʨʘʬʘʭ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʢʦʞʥʫ ʟ ʢʦʤʧʦʥʝʥʪ 

ʟʚô̫ ʟʥʦʩʪʽ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʢʨʝʤʠʤʠ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʂʨʘʩʢʘʣʘ O (e Ĭ loge), ʜʝ e ï 

ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʫ ʮʦɹʤʫ ʛʨʘʬʽ. 

 

ʆʙʦʚô̫ ʟʢʦʚʽ ʟʘʚʜʘʥʥʷ 

1. ʈʦʟʛʣʷʥʝʤʦ ʣʽʩ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʄʥʦʞʠʥʘ 

ʚʝʨʰʠʥ ʣʽʩʫ { }10987654321 ,,,,,,... vvvvvvvvvvV = . ɿʥʘʡʪʠ ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ 

ʨʝʙʝʨ ʣʽʩʫ. 

2. ɼʘʥʦ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ ʛʨʘʬʘ { }4321 ... vvvvV = . ʆʙʯʠʩʣʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʜʝʨʝʚ, ̫ ʢʽ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʥʘ ʤʥʦʞʠʥʽ ʚʝʨʰʠʥ V. ʇʦʙʫʜʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ 

ʜʝʨʝʚʘ. 

3. ʇʦʙʫʜʫʚʘʪʠ ʦʩʪʦʚʥʠʡ ʣʽʩ  ̔ ʜʦʧʦʚʥʝʥʥʷ ʦʩʪʦʚʥʦʛʦ ʣʽʩʫ ʜʣʷ 

ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.105. 

 

ʈʠʩ. 3.105. ɻʨʘʬ ʜʦ ʟʘʜʘʯʽ 3 
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4. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʮʠʢʣʽʚ ʫ ʛʨʘʬʽ, ʧʦʢʘʟʘʥʦʤʫ 

ʥʘ ʨʠʩ. 3.106  ̔ ʧʦʙʫʜʫʚʘʪʠ ʧʽʜʛʨʘʬʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʠʥ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʮʠʢʣ ʮʦɹʛʦ ʛʨʘʬʘ. 

 

ʈʠʩ. 3.106. ɻʨʘʬ ʜʦ ʟʘʜʘʯʽ 4 

 

5. ɼʘʥʦ ʟʚô̫ ʟʥʠʡ ʥʝʦʨʽʻʥʪʦʚʘʥʠʡ ʟʚʘʞʝʥʠʡ ʛʨʘʬ G, ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩ. 3.107. ʇʦʙʫʜʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʂʨʫʩʢʘʣʘ. 

 

ʈʠʩ. 3.107. ɻʨʘʬ ʜʦ ʟʘʜʘʯ 5  ̔6 

 

6. ʇʦʙʫʜʫʚʘʪʠ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʇʨʠʤʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʨʘʬ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.107.  

 

3.9. ɸʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʫ ʛʨʘʬʽ 

ɿʘʜʘʯʘ ʧʨʦ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚʽʜ ʟʘʜʘʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʚʝʨʰʠʥʠ ʘ ʜʦ ʟʘʜʘʥʦʾ 

ʚʝʨʰʠʥʠ z. 

ʅʘʩʪʫʧʥʽ ʜʚʽ ʟʘʜʘʯʽ ̒  ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʫʟʘʛʘʣʴʥʝʥʥʷʤʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ 

ʟʘʜʘʯʽ ʧʨʦ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ. 

1. ɼʣʷ ʟʘʜʘʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʚʝʨʰʠʥʠ ʟʥʘʡʪʠ ʥʘʡʢʦʨʦʪʰʽ ʰʣʷʭʠ ʚʽʜ ʘ ʜʦ 

ʚʩʽʭ ʽʥʰʠʭ ʚʝʨʰʠʥ. 

2. ɿʥʘʡʪʠ ʥʘʡʢʦʨʦʪʰʽ ʰʣʷʭʠ ʤʽʞ ʚʩʽʤʘ ʧʘʨʘʤʠ ʚʝʨʰʠʥ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʘʣʛʦʨʠʪʤʠ. ʇʝʨʰʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚô̫ ʟʫʻ ʟʘʜʘʯʫ ʥʦʤʝʨ 

ʦʜʠʥ, ʜʨʫʛʠʡ ï ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʚʘ. 
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ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʘʣʛʦʨʠʪʤʦʤ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʚʞʠʥʠ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʰʣʷʭʫ ʚʽʜ ʬʽʢʩʦʚʘʥʦʾ ʚʝʨʰʠʥʠ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ  ̒ ʘʣʛʦʨʠʪʤ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 1959 ʨ. ʥʽʜʝʨʣʘʥʜʩʴʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɽ. ɼʝʡʢʩʪʨʦʶ 

(ɽ. Dijkstra).  

ʎʝʡ ʘʣʛʦʨʠʪʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʘʛʘ ʢʦʞʥʦʾ ʜʫʛʠ 

ʜʦʜʘʪʥʘ.  

ʅʝʭʘʡ G = (V, E) ï ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ, w (vi, vj) ï ʚʘʛʘ ʜʫʛʠ (vi, vj). 

ʇʦʰʫʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʚʦʶʚʘʥʥʷ ʚʝʨʰʠʥʘʤ ʤʽʪʦʢ. ʄʽʪʢʠ  ̒ʜʚʦʭ ʪʠʧʽʚ ï ʪʠʤʯʘʩʦʚʽ ʡ ʧʦʩʪʽʡʥʽ. 

ɺʝʨʰʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʽʪʢʘʤʠ ʛʨʫʧʫʶʪʴ ʫ ʤʥʦʞʠʥʫ ʄ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ 

ʤʥʦʞʠʥʦʶ ʧʦʟʥʘʯʝʥʠʭ ʚʝʨʰʠʥ. ʈʝʰʪʘ ʚʝʨʰʠʥ ʤʘʻ ʪʠʤʯʘʩʦʚʽ ʤʽʪʢʠ,  ̔

ʤʥʦʞʠʥʫ ʪʘʢʠʭ ʚʝʨʰʠʥ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ T (T = V\M).  

ɺʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʦʾ ʤʽʪʢʠ ʚʝʨʰʠʥʠ l (v) ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ 

ʥʘʡʢʦʨʦʪʰʦʛʦ h ʣʷʭʫ ʚʽʜ ʚʝʨʰʠʥʠ a ʜʦ ʚʝʨʰʠʥʠ v. ʗʢʱʦ ʞ ʤʽʪʢʘ ʪʠʤʯʘʩʦʚʘ, 

ʪʦ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʥʘʡʢʦʨʦʪʰʦʛʦ h ʣʷʭʫ, ̫ ʢʠʡ ʧʨʦʭʦʜʠʪʴ ʣʠʰʝ ʯʝʨʝʟ 

ʚʝʨʰʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʽʪʢʘʤʠ. 

ʌʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ: 

ʂʨʦʢ 1. ʇʨʠʩʚʦʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ. ɺʠʢʦʥʘʪʠ l (a) = 0  ̔

ʚʚʘʞʘʪʠ ʮ  ʁʤʽʪʢʫ ʧʦʩʪʽʡʥʦʶ. ɺʠʢʦʥʘʪʠ l (v) = Ð ʜʣʷ ʚʩʽʭ v Í a  ̔ʚʚʘʞʘʪʠ ʮ ̔

ʤʽʪʢʠ ʪʠʤʯʘʩʦʚʠʤʠ. ɺʠʢʦʥʘʪʠ x = a, M = { a}.   

ʂʨʦʢ 2. ʆʥʦʚʣʝʥʥʷ ʤʽʪʦʢ. ɼʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ vÍV\M ʟʘʤʽʥʠʪʠ 

ʤʽʪʢʠ:  

l (v) = min{ l(v), l (x) + w (x, v)},  ʪʦʙʪʦ ʦʥʦʚʣʶʚʘʪʠ ʪʠʤʯʘʩʦʚʽ ʤʽʪʢʠ 

ʚʝʨʰʠʥ, ʫ ʷʢʽ ʟ ʚʝʨʰʠʥʠ x ʽʜʝ ʜʫʛʘ. 

ʂʨʦʢ 3. ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʽʪʢʠ ʫ ʧʦʩʪʽʡʥʫ. ʉʝʨʝʜ ʫʩʽʭ ʚʝʨʰʠʥ ʟ 

ʪʠʤʯʘʩʦʚʠʤʠ ʤʽʪʢʘʤʠ ʟʥʘʡʪʠ ʚʝʨʰʠʥʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʤʽʪʢʦʶ, ʪʦʙʪʦ ʟʥʘʡʪʠ 

ʚʝʨʰʠʥʫ v*  ʟ ʫʤʦʚʠ  

l (v*)  = min l (v), v Í T, T = V\M.  

ʂʨʦʢ 4. ɺʚʘʞʘʪʠ ʤʽʪʢʫ ʚʝʨʰʠʥʠ v*  ʧʦʩʪʽʡʥʦʶ  ̔ʧʦʢʣʘʩʪʠ ʄ = ʄ Ç v*, 

ʭ = v*.  

ʂʨʦʢ 5. (ʘ) (ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʰʣʷʭ ʚʽʜ a ʜʦ z.) ʗʢʱʦ x = z, ʪʦ l (z) 

ï ʜʦʚʞʠʥʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚʽʜ a ʜʦ z; ʟʫʧʠʥʠʪʠʩʴ. ʗʢʱʦ x Í z, ʪʦ 

ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2. 

(ʙ) (ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ h ʣʷʭ ʚʽʜ a ʜʦ ʚʩʽʭ ̔ ʥʰʠʭ ʚʝʨʰʠʥ.) ʗʢʱʦ ʚʩʽ 

ʚʝʨʰʠʥʠ ʦʪʨʠʤʘʣʠ ʧʦʩʪʽʡʥʽ ʤʽʪʢʠ (ʚʢʣʶʯʝʥʽ ʫ ʤʥʦʞʠʥʫ ʄ), ʪʦ ʮ ̔ʤʽʪʢʠ 
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ʜʘʶʪʴ ʜʦʚʞʠʥʠ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ; ʟʫʧʠʥʠʪʠʩʴ. ʗʢʱʦ ʜʝʷʢʽ ʚʝʨʰʠʥʠ 

ʤʘʶʪʴ ʪʠʤʯʘʩʦʚʽ ʤʽʪʢʠ, ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2. 

ʇʨʠʢʣʘʜ 3.37. ɿʥʘʡʪʠ ʥʘʡʢʦʨʦʪʰʠʡ h ʣʷʭ ʚʽʜ ʚʝʨʰʠʥʠ 
1V  ʜʦ ʚʝʨʰʠʥʠ 

7V . 

 

ʇʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ:  

ʄ = {ὠ},  ʊ = Å, l (ὠ) = 0, l (
2V ) = l (ὠ)=é l (ὠ) = Ð  

ʂʨʦʢ 1. Ὕ = {
2V (1, ὠ), 

4V (4, ὠ), 
5V (8, ὠ)}  ï min ὠ 

  
1M  = {ὠ,ὠ (1, ὠ)}  

ʂʨʦʢ 2. Ὕ= {
4V (4, 

1V ), 
5V (8, 

1V ), 
4V (4, 

2V ), 
5V (3, 

2V ), 
3V (8, 

2V )}=  {
4V (4, 

1V ), 

ὠ (3, ὠ), ὠ (8, ὠ)}ï min ὠ 

  ὓ = {ὠ, ὠ (1, ὠ), ὠ (3, ὠ)}   

ʂʨʦʢ 3. Ὕ= {ὠ (4, ὠ), ὠ (8, ὠ), ὠ (7, ὠ), ὠ (8, ὠ)}=  {ὠ (4, ὠ), ὠ (7, 

ὠ), ὠ (8, ὠ)}  ï min ὠ 

 ὓ = {ὠ, ὠ (1, ὠ), ὠ (3, ὠ), ὠ (4, ὠ)}  

ʂʨʦʢ 4. Ὕ= {ὠ (7, ὠ), ὠ (8, ὠ)}  ï min 
3V  

 ὓ = {ὠ, ὠ (1, ὠ), ὠ (3, ὠ), ὠ (4, ὠ), ὠ (7, ὠ)}  

ʂʨʦʢ 5. Ὕ= {ὠ (8, ὠ), ὠ (14, ὠ), ὠ (15, ὠ)}=  {ὠ (8, ὠ), ὠ (15, ὠ)}  ï 

min ὠ 

 ὓ = {ὠ, ὠ (1, ὠ), ὠ (3, ὠ), ὠ (4, ὠ), ὠ (7, ὠ), ὠ (8, ὠ)}  

ʂʨʦʢ 6. Ὕ= {ὠ (15, ὠ), ὠ (17, ὠ)}=  {ὠ (15, ὠ)}  

 ὓ = {ὠ, ὠ (1, ὠ), ὠ (3, ὠ), ὠ (4, ὠ), ὠ (7, ὠ), ὠ (8, ὠ), ὠ (15, 

ὠ)}  
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ʄʘʰʠʥʥʠʡ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʠʭ 

1. ʃʦʛʽʯʥʠʡ ʤʘʩʠʚ visited[n]: False ï ʚʝʨʰʠʥʘ ʥʝ ʨʦʟʛʣʷʥʫʪʘ; True ï

ʚʝʨʰʠʥʘ ʨʦʟʛʣʷʥʫʪʘ. 

2. ʄʘʩʠʚ nlen[n] ʤʽʩʪʠʪʴ ʧʦʪʦʯʥʽ ʥʘʡʢʦʨʦʪʰʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ 

ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʨʰʠʥʠ. 

3. ʄʘʩʠʚ path[n] ʤʽʩʪʠʪʴ ʥʦʤʝʨʠ ʚʝʨʰʠʥ. path[k] ʤʽʩʪʠʪʴ ʥʦʤʝʨ 

ʧʝʨʝʜʦʩʪʘʥʥʴʦʾ ʚʝʨʰʠʥʠ ʥʘ ʧʦʪʦʯʥʦʤʫ ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ ʟ ʧʦʯʘʪʢʦʚʦʾ 

ʚʝʨʰʠʥʠ ʫ ʚʝʨʰʠʥʫ k. 

4. matrix [i, j] ʤʘʪʨʠʮʷ ʚʽʜʩʪʘʥʝʡ; ni ¢¢1 ; nj ¢¢1 . 

ʂʨʦʢʠ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ: 

1. ɯʥʽʮʽʘʣʽʟʘʮʽʷ 

ʆʯʠʩʪʠʤʦ ʤʘʩʠʚ visited ʜʣʷ ʚʩʽʭ ʚʝʨʰʠʥ ʛʨʘʬʘ: for  i in range (1, n+1): 

visited[i]=False. 

ɺʠʙʝʨʝʤʦ ʩʪʘʨʪʦʚʫ ʚʝʨʰʠʥʫ s. 

ɿʘʧʦʚʥʠʤʦ ʤʘʩʠʚ ʰʣʷʭʫ ʩʪʘʨʪʦʚʦʶ ʚʝʨʰʠʥʦʶ s. 

for  i in range (1, n+1): path[i]=s. 

ʇʝʨʝʧʠʰʝʤʦ ʨʷʜʦʢ ʩʪʘʨʪʦʚʦʾ ʚʝʨʰʠʥʠ ʟ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʝʡ ʫ ʤʘʩʠʚ 

nlen 

for  i in range (1, n+1): nlen[i]=matrix [s, i].  

ɺʠʢʦʥʘʻʤʦ ʧʦʯʘʪʢʦʚʫ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʩʪʘʨʪʦʚʦʾ ʚʝʨʰʠʥʠ s. 

visited[d]=True; path[s]=0. 

2. ɿʘʛʘʣʴʥʠʡ ʢʨʦʢ 

ɺʠʢʦʥʫʻʤʦ ʧʝʨʝʚʽʨʢʫ ʥʘ ʪʝ, ʯʠ ʟʘʣʠʰʠʣʠʩʷ ʥʝʚʽʜʤʽʯʝʥʽ ʚʝʨʰʠʥʠ. 

def possible (): 

  r=True 

  for  i in range (1, n+1): 

±

±

±

±

±

±

±

м т 
у 

п 
у о 
н 
п 
т 

о р 
ф 
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     if  not visited[i]: exit 

     r=False 

  return =r 

ɿʥʘʡʜʝʤʦ ʩʝʨʝʜ ʥʝʚʽʜʤʽʯʝʥʠʭ ʪʫ ʚʝʨʰʠʥʫ, ɦ ʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʧʦʪʦʯʥʦʾ ʚʝʨʰʠʥʠ. 

def min (): 

   minvalue=infinity 

   for  i in range (1, n+1): 

      if  not visited[i]: 

       if  nlen[i]<minvalue: 

currentmin=i 

minvalue=nlen[i] 

min=currentmin 

ɿʥʘʡʜʝʥʫ ʚʝʨʰʠʥʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʧʦʪʦʯʥʦʾ ʧʦʟʥʘʯʘʻʤʦ 

ʷʢ ʧʦʟʥʘʯʝʥʫ: visited[k]=True (ʇʦʟʥʘʯʢʘ ʩʪʘʻ ʧʦʩʪʽʡʥʦʶ) 

ʇʦʪʽʤ ʤʦʜʠʬʽʢʫʻʤʦ ʩʧʠʩʢʠ nlen ʡ path ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʽʞʥʠʭ 

ʚʝʨʰʠʥ  ̔ʚʽʜʩʪʘʥʽ ʜʦ ʥʠʭ ʚʽʜ ʩʪʘʨʪʦʚʦʾ ʚʝʨʰʠʥʠ. 

for  i in range (1, n+1): 

   if  nlen[i]>nlen[k]+mattr [i,  k]: 

     nlen[i]=nlen[k]+mattr [i,  k] 

path[i]=k 

3. ɿʘʚʝʨʰʘʣʴʥʽ ʜʽʾ 

ʗʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʩʧʠʩʢʫ visited ʜʦʨʽʚʥʶʶʪʴ True, ʪʦʙʪʦ ʚʩʽ ʚʝʨʰʠʥʠ 

ʛʨʘʬʘ ʧʦʟʥʘʯʝʥʽ, ʪʦ ʜʦʚʞʠʥʘ ʰʣʷʭʫ ʚʽʜ i v ʜʦ k v ʜʦʨʽʚʥʶʻ nlen[k]. 

ɺʠʚʽʜ ʚʝʨʰʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʰʣʷʭ. 

input (óʂʽʥʮʝʚʘ ʚʝʨʰʠʥʘ: ó, finish) 

print(finish) 

k=finish 

finish=path[pinish] 

while finish! = start: 

  print (ó <- ó, finish) 

  finish=path[finish] 

print (ó <- ó, start) 

print (óɼʦʚʞʠʥʘ ʰʣʷʭʫ = ó, nlen[k]) 

 

 




